
From: Michael E. Mann
To: Edward Cook
Cc: Michael E. Mann; tom crowley; esper@ldeo.columbia.edu; Jonathan Overpeck; Keith Briffa;

mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; p.jones@uea.ac.uk; srutherford@virginia.edu
Subject: Re: hockey stick
Date: Wednesday, May 02, 2001 11:54:24 AM

Hi Ed,

This is fair enough, and I'm sorry if my spelling out my concerns
sounded defensive to you. It wasn't meant to be that way.

Lets figure this
all out based on good, careful
work and see what the data has to say in the end. We're working towards
this ourselves, using revised methods and including borehole data, etc.
and will keep everyone posted on this.

I don't in any way doubt yours and Jan's integrity here.

I'm just a bit concerned that the result is getting used publically, by
some, before it has gone through the gauntlet of peer review.
Especially because it is, whether you condone it or not, being used as
we speak to discredit the work of us, and Phil et al, this is dangerous.
I think there are some legitimate issues that need to be sorted out
with regard to the standardization method, and would like to see
this play out before we jump to conclusions regarding revised estimates
of the northern hemisphere mean temperature record and the nature of
the "MWP".

I'd
be interested to be kept posted on what the status of the manuscript is.

Thanks,

mike

On Wed, 2 May 2001, Edward Cook wrote:

> Hi Mike,
>
> >A few quick points Ed,
> >
> >These "Wally seminars" are  self-promoting acts on Broecker's part, and I
> >think the community has to reject them as having any broader significance.
> >If Broecker had pulled this w/ Ray, Malcolm, Keith, Phil, and Tom around,
> >he wouldn't get away w/ such a one-sided treatment of the issue. I've been
> >extremely troubled by what I have heard here.
>
> It appears that you are responding in a way that is a bit overly defensive,
> which I regret. I am not supporting Broecker per se and only explained in a
> very detailed fashion the origin of the work by Esper and me and how it was
> presented to refute a very unfair characterization of tree-ring data in
> Wally's perspective piece. The fact that Esper compared his series with
> Jones, Briffa, and Mann et al. should not be viewed as an attack on your
> work. It was never intended to be so, but it is was a clearly legitimate
> thing to do. As I said, I have no control over Broecker. But it is unfair
> and indeed incorrect to start out by dismissing the "Special Wally

ABOR/MH/Priv-000037

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



> Seminars" as self-promoting acts. To say that is simply wrong. He doesn't
> bring people in to only express support for his point of view or pet
> theory, as you are implying. So, I suggest that you cool down a bit on this
> matter. It detracts from the scientific issues that should properly be
> debated here. This is the only point on which I will defend Broecker.
>
> >I'm also a bit troubled by your comparisons w/ glacial advances, etc. and
> >how these correlate w/ your reconstruction. Malcolm, Ray, Phil, and others
> >have been over this stuff time and again, and have pointed out that these
> >data themselves don't support the notion of globally-synchronoous changes.
> >You seem to be arguing otherwise? And with regard to association w/
> >volcanic forcing, Tom has already shown that the major volcanic events are
> >captured correctly in the existing reconstructions, whether or not the
> >longer-term trends are correct or not...
>
> I am not arguing for "globally-synchronous changes" and never have. To
> quote what I said about neo-glacial advances, some of the fluctuations in
> Esper's series "correspond well with known histories of neo-glacial advance
> in some parts of the NH". Note the use of the word "some" in that quote.
> That is a fair statement and why shouldn't I say it if it is true,
> coincidently or not. Whether or not it argues for "globally-synchronous
> changes" is up to you. I would never argue that everything happening on
> multi-decadal time scales is phase-locked across the NH. That would be a
> silly thing to say. But it is perfectly valid to point out the degree to
> which independent evidence for cold periods based on glacier advances
> appears to agree with a larger-scale indicator of temperature variablity. I
> thought this is how science to supposed to proceed. I also don't see your
> point about volcanic forcing. I mentioned this purely in the spirit of the
> work of Crowley and others to suggest that the Esper series is probably
> capturing this kind of signal as well. It has nothing to do with the issue
> of centennial trends in temperature. You are reading far more into what I
> wrote than I ever intended or meant.
>
> >Re the boreholes. Actually, if  Tom's estimates are correct, and it is also
> >correct that the boreholes have the low-frequency signal correct over the
> >past few centuries, we are forced to also accept Tom's result that the
> >so-called "MWP", at the hemispheric scale, is actually even COOLER relative
> >to present than our result shows! That was clear in Tom's presentation at
> >the workshop. So lets be clear about that--Tom's work and the boreholes in
> >no way support Broecker's conclusion that the MWP was warmer than we have
> >it--it actually implies the MWP is colder than we have it!
> >Tom, please speak up if I'm not correct in this regard!
>
> I am not saying that Tom's results are wrong. And, I am certainly not
> saying that Broecker is right. I merely described the results of a new
> analysis of a somewhat new set of long tree-ring records from the
> extra-tropics. My statement that the MWP appeared to be comparable to the
> 20th century does not imply, nor was it meant to imply, that somehow the
> 20th century temperature is not truly anomalous and being driven by
> greenhouse gases. To quote from my email, "I would not claim (and nor would
> Jan) that it exceeded the warmth of the late 20th century. We simply do not
> have the precision or the proxy replication to say that yet." Note the use
> of the word "precision". This clearly relates to the issue of error
> variance and confidence intervals, a point that you clearly emphasize in
> describing your series. Also note the emphasis on "late 20th century". I
> think that most researchers in global change research would agree that the
> emergence of a clear greenhouse forcing signal has really only occurred
> since after 1970. I am not debating this point, although I do think that
> there still exists a signficant uncertainty as to the relative
> contributions of natural and greenhouse forcing to warming during the past
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> 20-30 years at least. Note that I also tried to emphasize the
> extra-tropical nature of this series, and it may be that the tropics do not
> show the same strength of warming. But I do argue strongly that we do not
> have the high-resolution proxy data needed to test for a MWP in the
> tropics. Please correct me if I am wrong here.
>
> >We are in the process of incorporating the borehole data into the
> >low-frequency component of the reconstruction. The key difference will be
> >that they are going to be calibrated against the instrumental record and
> >weighted by the spatial coherence within the borehole data rather than what
> >Pollack has done. I expect the results will be different, but in any case
> >quite telling...
>
> Fine.
>
> >I'll let Malcolm and Keith respond to the issues related to the
> >standardization of the Esper chronologies, though it immediately sounds to
> >me quite clear that there is the likelihood of of having contaminated the
> >century-scales w/ non-climatic info. Having now done some work w/
> >chronologies in disturbed forests myself now (in collaboration w/ Dave
> >Stahle), I know how easy it is to get lots of century-scale variability
> >that has nothing to do w/ climate. I imagine the reviewers of the
> >manuscript will have to be convinced that this is the case w/ what Esper
> >has done. I'm very skeptical. I'm also bothered that Broecker has promoted
> >this work prior to any formal peer review. There are some real issues w/
> >the standardization approach and there is a real stretch in promoting this
> >as a hemispheric temperature reconstruction.
>
> I appreciate your skepticism and I hope that Jan and I can convince you
> otherwise. I also encourage you to continue getting your shoulders sore and
> hands dirty on tree-ring sampling and analysis. Esper's analysis is not
> perfect. Nor is anyone elses who works in this game. But if Esper's series
> is wrong on century time scales, then Jones and Briffa are wrong too. If
> Esper's series is also wrong on inter-decadal time scales, then your series
> is wrong as well because on that time scale of variablity, his series
> agrees very well with yours. So, I would be very cautious about declaring
> that Esper's series is in some sense invalid. Finally, as I have said ad
> nausem, I have no control over what Broecker thinks or does beyond
> presenting to him a convincing case for the ability of certain tree-ring
> series to preserve long-term temperature variability. And again, "I also
> tried to emphasize the extra-tropical nature of this series." Please give
> me a break here.
>
> >Finally, what is the exact spatial distribution of the sparse data he used.
> >Scott R. drove home the point regarding the importance of taking into
> >account spatial sampling in his talk at the workshop. A sparse
> >extratratropical set of indicators, no matter how
> >locally-temperature-sensitive they are,  will not, unless you're *very*
> >lucky w/ the locations, be an accurate indicator of true N. Hem temp. In
> >general it will overestimate the variance at all timescales. The true N.Hem
> >temperature (ie, weighted largely by tropical ocean SST) has much less
> >variance than extratrpoical continents. There may be a large apples and
> >oranges component to the comparisons you describe.
>
> I know your argument and I am sensitive to it, hence my emphasis on
> "extra-tropical". So, don't look for disagreement on the importance of the
> tropical SSTs to any estimate of NH temperatures. But let's be honest here.
> Your reconstruction prior to roughly AD 1600 is dominated by extra-tropical
> proxies. So, in a way, you are caught in the same dilemma as all other
> people who have tried to do this.
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>
> >We've shown that are reconstructions in continental extratropical regions
> >have lots more variance and variability. It is, as we have all shown, the
> >averaging over many regions that reduces the amplitude of variability. Our
> >regional reconstructions show far more significant warm and cold periods.
> >But they cancel out spatially!
>
> Understood, but it is still unclear how this all happens as your
> reconstruction proceeds back in time with an increasingly limited and
> spatially-restricted set of proxies. Confidence limits that you place on
> your series is laudable and I agree, to first order, that the MWP in your
> series could easily have been cooler than what you show. But it implicitly
> assumes that the estimates are equally unbiased (or equally biased for that
> matter) back in time. I don't know if that is an issue here, but I believe
> that the issue of bias using an increasingly sparse number of predictors
> scattered irregularly over space has not be investigated. Please correct me
> if I am wrong here.
>
> >If a legitimate argument were to be made that we have significnatly
> >understiamted, within the context of our uncertainty estimates, the
> >amplitude of the MWP at the hemispheric scale, I'd be the first to accept
> >it (note that, as Phil et al pointed out in their recent review article in
> >Science, we do not dispute that temperatures eearly in the millennium,
> >within the uncertainty estimates, may have been comparable to early/mid
> >20th centurys--just not late 20th century temperatures).
>
> We are in agreement here. See my earlier comments.
>
> >Frankly though Ed, I really don't see it here. We may have to let the
> >peer-review process decid this, but I think you might benefit from knowing
> >the  consensus  of the very able group we have assembled in this email
> >list,  on what Esper/you have done?
>
> Of course, I know everyone in this "very able group" and respect their
> opinions and scientific credentials. The same obviously goes for you. That
> is not to say that we can't disagree. Afterall, consensus science can
> impede progress as much as promote understanding.
>
> Cheers,
>
> Ed
>
> >Comments or thoughts?
> >
> >cheers,
> >
> >mike
> >
> >At 10:59 AM 5/2/01 -0400, Edward Cook wrote:
> >> >Ed,
> >> >
> >> >heard some rumor that you are involved in a non-hockey stick reconstruction
> >> >of northern hemisphere temperatures.  I am very intrigued to learn about
> >> >this - are these results suggesting the so called Medieval Warm Period may
> >> >be warmer than the early/mid 20th century?
> >> >
> >> >any enlightenment on this would be most appreciated, Tom
> >> >
> >> >
> >> >
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> >> >Thomas J.  Crowley
> >> >Dept. of Oceanography
> >> >Texas A&M University
> >> >College Station, TX  77843-3146
> >> >979-845-0795
> >> >979-847-8879 (fax)
> >> >979-845-6331 (alternate fax)
> >>
> >>Hi Tom,
> >>
> >>As rumors often are, the one you heard is not entirely accurate. So, I will
> >>take some time here to explain for you, Mike, and others exactly what was
> >>done and what the motivation was, in an effort to hopefully avoid any
> >>misunderstanding. I especially want to avoid any suggestion that this work
> >>was being done to specifically counter or refute the "hockey stick".
> >>However, it does suggest (as do other results from your EBM, Peck's work,
> >>the borehole data, and Briffa and Jones large-scale proxy estimates) that
> >>there are unresolved (I think) inconsistencies in the low-frequency aspects
> >>of the hockey stick series compared to other results. So, any comparisons
> >>with the hockey stick were made with that spirit in mind.
> >>
> >>What Jan Esper and I are working on (mostly Jan with me as second author)
> >>is a paper that was in response to Broecker's Science Perspectives piece on
> >>the Medieval Warm Period. Specifically, we took strong exception to his
> >>claim that tree rings are incapable of preserving century time scale
> >>temperature variability. Of course, if Broecker had read the literature, he
> >>would have known that what he claimed was inaccurate. Be that as it may,
> >>Jan had been working on a project, as part of his post-doc here, to look at
> >>large-scale, low-frequency patterns of tree growth and climate in long
> >>tree-ring records provided to him by Fritz Schweingruber. With the addition
> >>of a couple of sites from foxtail pine in California, Jan amassed a
> >>collection of 14 tree-ring sites scattered somewhat uniformly over the
> >>30-70 degree NH latitude band, with most extending back 1000-1200 years.
> >>All of the sites are from temperature-sensitive locations (i.e. high
> >>elevation or high northern latitude. It is, as far as I know, the largest,
> >>longest, and most spatially representative set of such
> >>temperature-sensitive tree-ring data yet put together for the NH
> >>extra-tropics.
> >>
> >>In order to preserve maximum low-frequency variance, Jan used the Regional
> >>Curve Standardization (RCS) method, used previously by Briffa and myself
> >>with great success. Only here, Jan chose to do things in a somewhat radical
> >>fashion. Since the replication at each site was generally insufficient to
> >>produce a robust RCS chronology back to, say, AD 1000, Jan pooled all of
> >>the original measurement series into 2 classes of growth trends: non-linear
> >>(~700 ring-width series) and linear (~500 ring-width series). He than
> >>performed independent RCS on the each of the pooled sets and produced 2 RCS
> >>chronologies with remarkably similar multi-decadal and centennial
> >>low-frequency characteristics. These chronologies are not good at
> >>preserving high-frquency climate information because of the scattering of
> >>sites and the mix of different species, but the low-frequency patterns are
> >>probably reflecting the same long-term changes in temperature. Jan than
> >>averaged the 2 RCS chronologies together to produce a single chronology
> >>extending back to AD 800. It has a very well defined Medieval Warm Period -
> >>Little Ice Age - 20th Century Warming pattern, punctuated by strong decadal
> >>fluctuations of inferred cold that correspond well with known histories of
> >>neo-glacial advance in some parts of the NH. The punctuations also appear,
> >>in some cases, to be related to known major volcanic eruptions.
> >>
> >>Jan originally only wanted to show this NH extra-tropical RCS chronology in
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> >>a form scaled to millimeters of growth to show how forest productivity and
> >>carbon sequestration may be modified by climate variability and change over
> >>relatively long time scales. However, I encouraged him to compare his
> >>series with NH instrumental temperature data and the proxy estimates
> >>produced by Jones, Briffa, and Mann in order bolster the claim that his
> >>unorthodox method of pooling the tree-ring data was producing a record that
> >>was indeed related to temperatures in some sense. This he did by linearly
> >>rescaling his RCS chronology from mm of growth to temperature anomalies. In
> >>so doing, Jan demonstrated that his series, on inter-decadal time scales
> >>only, was well correlated to the annual NH instrumental record. This result
> >>agreed extremely well with those of Jones and Briffa. Of course, some of
> >>the same data were used by them, but probably not more than 40 percent
> >>(Briffa in particular), so the comparison is based on mostly, but not
> >>fully, independent data. The similarity indicated that Jan's approach was
> >>valid for producing a useful reconstruction of multi-decadal temperature
> >>variability (probably weighted towards the warm-season months, but it is
> >>impossible to know by how much) over a larger region of the NH
> >>extra-tropics than that produced before by Jones and Briffa. It also
> >>revealed somewhat more intense cooling in the Little Ice Age that is more
> >>consistent with what the borehole temperatures indicate back to AD 1600.
> >>This result also bolsters the argument for a reasonably large-scale
> >>Medieval Warm Period that may not be as warm as the late 20th century, but
> >>is of much(?) greater significance than that produced previously.
> >>
> >>Of course, Jan also had to compare his record with the hockey stick since
> >>that is the most prominent and oft-cited record of NH temperatures covering
> >>the past 1000 years. The results were consistent with the differences shown
> >>by others, mainly in the century-scale of variability. Again, the Esper
> >>series shows a very strong, even canonical, Medieval Warm Period - Little
> >>Ice Age - 20th Century Warming pattern, which is largely missing from the
> >>hockey stick. Yet the two series agree reasonably well on inter-decadal
> >>timescales, even though they may not be 1:1 expressions of the same
> >>temperature window (i.e. annual vs. warm-season weighted). However, the
> >>tree-ring series used in the hockey stick are warm-season weighted as well,
> >>so the difference between "annual" and "warm-season weighted" is probably
> >>not as large as it might seem, especially before the period of instrumental
> >>data (e.g. pre-1700) in the hockey stick. So, they both share a significant
> >>degree of common interdecal temperature information (and some, but not
> >>much, data), but do not co-vary well on century timescales. Again, this has
> >>all been shown before by others using different temperature
> >>reconstructions, but Jan's result is probably the most comprehensive
> >>expression (I believe) of extra-tropical NH temperatures back to AD 800 on
> >>multi-decadal and century time scales.
> >>
> >>Now back to the Broecker perspectives piece. I felt compelled to refute
> >>Broecker's erroneous claim that tree rings could not preserve long-term
> >>temperature information. So, I organized a "Special Wally Seminar" in which
> >>I introduced the topic to him and the packed audience using Samuel
> >>Johnson's famous "I refute it thus" statement in the form of "Jan Esper and
> >>I refute Broecker thus". Jan than presented, in a very detailed and well
> >>espressed fashion, his story and Broecker became an instant convert. In
> >>other words, Wally now believes that long tree-ring records, when properly
> >>selected and processed, can preserve low-frequency temperature variability
> >>on centennial time scales. Others in the audience came away with the same
> >>understanding, one that we dendrochronologists always knew to be the case.
> >>This was the entire purpose of Jan's work and the presentation of it to
> >>Wally and others. Wally had expressed some doubts about the hockey stick
> >>previously to me and did so again in his perspectives article. So, Jan's
> >>presentation strongly re-enforced Wally's opinion about the hockey stick,
> >>which he has expressed to others including several who attended a
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> >>subsequent NOAA meeting at Lamont. I have no control over what Wally says
> >>and only hope that we can work together to reconcile, in a professional,
> >>friendly manner, the differences between the hockey stick and other proxy
> >>temperature records covering the past 1000 years. This I would like to do.
> >>
> >>I do think that the Medieval Warm Period was a far more significant event
> >>than has been recognized previously, as much because the high-resolution
> >>data to evaluate it had not been available before. That is much less so the
> >>case now. It is even showing up strongly now in long SH tree-ring series.
> >>However, there is still the question of how strong this event was in the
> >>tropics. I maintain that we do not have the proxies to tell us that now.
> >>The tropical ice core data are very difficult to interpret as temperature
> >>proxies (far worse than tree rings for sure and maybe even unrelated to
> >>temperatures in any simple linear sense as is often assumed), so I do not
> >>believe that they can be used alone as records to test for the existence of
> >>a Medieval Warm Period in the tropics. That being the case, there are
> >>really no other high-resolution records from the tropics to use, and the
> >>teleconnections between long extra-tropical proxies and the tropics are, I
> >>believe, far too tenuous and probably unstable to use to sort out this
> >>issue.
> >>
> >>So, at this stage I would argue that the Medieval Warm Period was probably
> >>a global extra-tropical event, at the very least, with warmth that was
> >>persistent and probably comparable to much of what we have experienced in
> >>the 20th century. However, I would not claim (and nor would Jan) that it
> >>exceeded the warmth of the late 20th century. We simply do not have the
> >>precision or the proxy replication to say that yet. This being said, I do
> >>find the dismissal of the Medieval Warm Period as a meaningful global event
> >>to be grossly premature and probably wrong. Kind of like Mark Twain's
> >>commment that accounts of his death were greatly exaggerated. If, as some
> >>people believe, a degree of symmetry in climate exists between the
> >>hemispheres, which would appear to arise from the tropics, then the
> >>existence of a Medieval Warm Period in the extra-tropics of the NH and SH
> >>argues for its existence in the tropics as well. Only time and an enlarged
> >>suite of proxies that extend into the tropics will tell if this is true.
> >>
> >>I hope that what I have written clarifies the rumor and expresses my views
> >>more completely and accurately.
> >>
> >>Cheers,
> >>
> >>Ed
> >>
> >>==================================
> >>Dr. Edward R. Cook
> >>Doherty Senior Scholar
> >>Tree-Ring Laboratory
> >>Lamont-Doherty Earth Observatory
> >>Palisades, New York  10964  USA
> >>Phone:  1-845-365-8618
> >>Fax:    1-845-365-8152
> >>Email:  drdendro@ldeo.columbia.edu
> >>==================================
> >
> >_______________________________________________________________________
> >                     Professor Michael E. Mann
> >            Department of Environmental Sciences, Clark Hall
> >                       University of Virginia
> >                      Charlottesville, VA 22903
> >_______________________________________________________________________
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> >e-mail: mann@virginia.edu   Phone: (804) 924-7770   FAX: (804) 982-2137
> >          http://www.evsc.virginia.edu/faculty/people/mann.shtml
>
>
> ==================================
> Dr. Edward R. Cook
> Doherty Senior Scholar
> Tree-Ring Laboratory
> Lamont-Doherty Earth Observatory
> Palisades, New York  10964  USA
> Phone:  1-845-365-8618
> Fax:    1-845-365-8152
> Email:  drdendro@ldeo.columbia.edu
> ==================================
>
>
>

_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone: (804) 924-7770   FAX: (804) 982-2137
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: Raymond S. Bradley; mhughes@ltrr.arizona.edu; k.briffa@uea.ac.uk; tom@ocean.tamu.edu; p.jones@uea.ac.uk
Subject: Re: Science letter
Date: Friday, March 02, 2001 9:25:55 AM

Dear All:

Given the feedback, and pressures on my own time, we're dropping it. If
someone else wants to take the lead role in drafting something in the
future, that is fine with me...

mike

At 10:45 AM 3/2/01 -0500, Raymond S. Bradley wrote:
>i was just about to email you'all re my thoughts on the letter when the
>phone rang--Malcolm, on the road ....expressing his views about the letter
>as it now stands.  He will be in touch as soon as he can get to a
>computer.  While we were talking Keith's email arrived...so this is all
>very timely!
>My own view is that the letter does not address the key limitations of
>Broecker's argument, namely his minimal and selective use of data to prop
>up a hypothesis.  His title should really be "Is there a 1500 year year
>Seesaw in the N. Atlantic" as he does not really provide any new info on
>the MWP.  As I said earlier, he does in fact state that the issue of
>whether there was, or was not a MWP remains in doubt.  I agree with
>that.  I don't think that any of us can definitively rule out the notion
>that temperatures were "warm" (whatever that means) globally in "Medieval
>times" (whenever that was!)...the issue is whether such conditions were
>"warmer" than "today" .  If you argue that solar forcing was responsible,
>then we might expect to find more evidence in areas around the world for
>which we don't yet have data.  But...this is where I think a longer
>article is needed, and as I said before...you can't capture all that needs
>to be said in a short letter.  I agree with Keith that we just muddy the water.
>
>If you want to criticise WB, it should be focused on his "evidence"  ---
>one borehole record in Greenland (that shows temps >today), one in
>Antarctica that shows temps <today, and evidence that Swiss glaciers had
>receded around AD1200.  He ties this together with his TH circulation
>argument.  Not very convincing....but that's his "perspective" i guess.
>
>The bottom line for me is that I would rather not sign on to the current
>letter.  If I have time today I will try & write a letter that
>encapsulates my criticism of his article.  But the best thing to do is
>just get on with our revised reconstruction-- and make as strong a case as
>we can.
>Ray
>
>
>Raymond S. Bradley
>Professor and Head of Department
>Department of Geosciences
>University of Massachusetts
>Amherst, MA 01003-5820
>
>Tel: 413-545-2120
>Fax: 413-545-1200
>Climate System Research Center: 413-545-0659
>Climate System Research Center Web Page:
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><http://www.geo.umass.edu/climate/climate.html>
>Paleoclimatology Book Web Site (1999):
>http://www.geo.umass.edu/climate/paleo/html
>
>
>

_______________________________________________________________________
                      Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone: (804) 924-7770   FAX: (804) 982-2137
        http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Keith Briffa
To: mann@multiproxy.evsc.virginia.edu; tom@ocean.tamu.edu
Cc: Phil Jones; mann@virginia.edu; Malcolm Hughes; rbradley@geo.umass.edu; td@gfdl.gov
Subject: Re: Version 1.4
Date: Friday, March 02, 2001 8:12:32 AM
Attachments: letteretal.doc

Hi Mike and Tom and all
Please see the attached thoughts . My silence up to now should not be
interpreted as lack of interest - indeed passion- on this topic and the
Broecker letter in particular. I don't like his letter but I have agonized
over the best course of action. I have read all the comments and feel like
the best way forward is not to give him room for melodramatic responses.
His letter is confused and serves to muddy rather than clarify the issues,
let alone the evidence. By trying to answer all this in a short response
you come out being too rigid and end up putting words in his mouth and then
attacking them. The issue needs a longer more detailed untangling and
discussion. You can't do it here . If a response is merited , it simply
needs to hammer home that the Mann et reconstruction (and others) DO INDEED
show evidence of Medieval warmth. The problem is that it needs to be better
represented in terms of timing, magnitude and detail and simple , poorly
resolved and subjectively weighted data (especially when they are complex
responders to different seasonal climate parameters) do not clarify the
picture at all . Anyway - please take the time to read my  thoughts in the
accompanying attachment
Very best wishes to all
Keith
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2 March 2001 
 
Mike, Tom et al., 
 
I share your frustration with the handwaving argument and implied criticism contained in 
Broecker’s piece.  The general unsubstantiated content, and the selective ignorance (or 
indifference) to much published work, would normally preclude publication - if, of course, it 
was not Wally writing it.  However, what irks me most is the over-simplification he imposes 
on this issue, which reads as if forcing must be all from the THC of the Atlantic and not from 
external causes. 
 
The problem I have with the draft response(s) is that it is falling into a trap of further polarising 
the issue - i.e. it reads like the opposite of Broecker’s premise - that is, it is saying that all of 
the forcing is external.  Sure, there are several factual errors in his piece, but after careful 
reading again, I urge caution.  Why?  Well first, nowhere does Broecker actually say that the 
MWP was warmer than the late 20th century.  Second, he is, even by his own admission, 
speculating as regards the role of THC.  This is his prerogative and there is no ‘burden of 
proof’ on him at all.  You know that I really believe we have problems with the proxies, as 
regards being sure we are reconstructing the correct level of absolute temperature change.  
Indeed the data are very scarce and, I believe, more unreliable as regards providing an accurate 
record of MWP warmth globally than is suggested by Mike’s verification statistics (re the 
Nature paper) per se.  Of course these are genuine doubts, freely exchanged in an intended 
constructive way within our community.  I am clearly on record as stating that the evidence, 
such as it is, supports the conclusion of unprecedented warmth in the late 20th century.  [Indeed 
I clearly say this and have rewritten this in the imminent piece with Phil and Tim.]  Broeker 
does nothing but muddy the waters by his subjective choice of evidence, loose definitions and 
implied criticism.  But I am simply undecided as to the tone to take in addressing this.  The 
response letter, though very much better than the original drafts, serves to reinforce an over-
simplification in the interpretation of the evidence.  I simply do not feel qualified to state, with 
such assurity, that solar and volcanic forcing were “primarily responsible” for 100-1000 year 
variability.  Also remember that our proxies do not reflect the magnitude of late 20th Century 
warming on a global scale - because we don’t have them at this time! 
 
None of this says that I agree with Wally.  On the contrary, I think he is guilty of somewhat 
over-confident preaching here - but it is clearly couched as armwaving and this is his 
prerogative.  Be careful not to put too many words into his mouth.  He actually says: that the 
LIA and subsequent warming are global in extent (fine); several Holocene fluctuations in snow 
line [of equal scale to modern] occurred in Swiss Alps (maybe - but so what?); various 
borehole data suggest “the existence of a MWP (true - but only as a relative variation of 
unknown absolute magnitude); and two multidecadal droughts occurred in the US within his 
loosely-defined MWP (definite, but again so what?).  He concludes we need more Holocene 
research and hints at importance of underlying variability on modern greenhouse forcing - but 
fails to see or describe why his evidence is basically useless for addressing this. 
 
I offer the following specific comments on the latest draft: 
 
Broecker says that the Mann reconstruction shows “no hint of MWP” - he is plain wrong - the 
early ( A.D.1000-1200) part does. This is probably the main point to correct. 
 
With regard to the response introduction - the interpretation of his “suggestion” doesn’t 
disagree with the proxies because he never says outright that the MWP was as warm as the 
present anyway, and the proxies do not cover the late 20th century.  Similarly, the proxies used 
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don’t say anything about forcing.  Our just-published JGR paper doesn’t extend back 1000 
years, so in the list of four references you cite do you mean the paper with the average of three 
long chronologies (which again clearly support Medieval warmth?  If not, best to remove this.  
The records contained in the early part of the reconstructions (i.e. ≈ 1000 years ago) are still 
based on very few data - they are certainly not independent and they are potentially subject to 
larger uncertainty than has been described.  The Raper reference refers to only one (small) area 
in N. Sweden - but the evidence does fit the Alps as well.  Note though, that glacier evidence in 
W. America points to a complicated (different) glacier behaviour, even in the LIA.  I can’t 
comment on the modelling work - but don’t fall into the old trap (as has Broecker) of selecting 
regional evidence when it suits.  There is room for differing forcings (internal and external) to 
contribute. 
 
All in all, and after talking with Ray and Phil at length (or despite talking with them) I 
sympathise with your annoyance but my response would be along different lines to the stress 
given in this draft on the external forcing.  Given this, and my ignorance of the details of Tom 
D’s (and Mike’s) modelling experiments, and a lack of time to follow up on Broecker’s 
selected references, I would prefer not to join the list of authors.  Please don’t misinterpret this 
- I am still a believer in greenhouse warming and I certainly disagree with the interpretation 
Broecker puts on the data he chooses to accept- but I will stick with an insistence that the proxy 
data are not yet sufficient to get too confrontational, especially where the target is more of an 
implication than a clear attack.  I agree with much of what you say, but I feel that the tone of 
this response will polarise the debate where neither lot of evidence justifies it.  
Best wishes, 
 
Keith Briffa 
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu
Cc: raymond s. bradley; srutherford@rwu.edu
Subject: Re: Yang et al 2002
Date: Thursday, March 17, 2005 5:54:18 AM

Malcolm,

Apparently you missed the followup message.

I'm forwarding that. Ray seemed to be satisfied w/ my suggestion...

Message to follow shortly,

mike

At 11:28 PM 3/16/2005, mhughes@ltrr.arizona.edu wrote:

Hi guys - I vote against including anything just because it has a significant 
correlation with some climate variable in the 20th century. This is a 
necessary but far from sufficient condition. Someone who knows a particular 
kind of proxy can often give very good reasons, related to consistent 
criteria, for excluding such a record - for example, if the quality of the 
chronology is unknown or not good enough (e.g. just based on a couple of 
radiocarbon dates). Or, if no consistent case has been made by the original 
authors of the record for a climate signal, beyond mere correlation. My 
understanding was that it was precisely to check such matters that Ray and I 
have been working through all this stuff. If we're going to include "mystery 
proxies" solely on the basis of a correlation, he and I and the people working 
with us have been wasting our time.
In the case of the Yang et al, we already have good records from the Tibetan 
plateau from Shao Xuemei (not used by Yang) and Achim Brauening. He
(Achim) is 
one of the authors of the Yang et al paper, and, when asked, volunteered the 
eastern Tibet record we have included. I hope tomorrow to check up on the 
JApanese tree-ring del C13 record. If it's the one I think, it's worthless as 
it's based on only a single tree with no good case for a climate signal and no 
cross-dating.
Cheers, Malcolm

 Quoting "Michael E. Mann" <mann@virginia.edu>:

> 
> 
> HI Ray,
> 
> 
> Well, one thing that is different here is that we are actually screening
> all proxies to see if they have a verifiable signal (temperature or
> precip) against the instrumental record. So we're trying to use an
> objective measure, rather than just deciding what we think is good or
> not.
> 
> 
> I agree we have to eliminate redundant proxies, but for the non-redundant
> proxies, I vote for letting the screening process decide if we use them
> or not.
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> 
> 
> Now, w/ other issues, I agree w/ Malcolm that we have to apply other
> considerations. For example. the screening process cannot protect us from
> tree-ring series that degrade back in time because of decreasing # of
> contributing chronologies, etc., so here we have to apply an explicit
> quality control (e.g. minimum of 10 samples).  If there is reason to
> believe that some of the other proxies may degrade back in time, I agree
> that they should be eliminated where we believe the degradation begins to
> happen.
> 
> 
> Do you think there are any issues of this sort w/ any of the other
> proxies (including the ones used by Yang et al)?
> 
> 
> Thanks,
> 
> 
> Mike
> 
> 
> At 11:56 AM 3/16/2005, raymond s. bradley wrote:
> 
> Mike:
> 
> You suggested that we include the Yang et al data set.  I don't
> think we should.  It is made up of a rag-bag of records (a la
> Crowley) that either already duplicate series that we have, or are
> records that have an unclear relationship to temperature/climate.
> 
> Specifically, their composite series is made up of:
> 
> 
> ice core data from Guliya & Dunde--we
> have
> 
> Dulan
> "
> tree-ring indices" and "Tibet" tree ring record [" 12 temperature-sensitive
> tree-ring series from various parts of Tibet"]-we may have some of these?
> 
> winter temperature from Eastern China--we have
> 
> d13C in wood cellulose in tree9s) from Japan-- I don't know if this means
> anything
> 
> d18O in peat cellulose from Jinchuan---- I don't know if this means anything
> 
> total organic carbon content (TOC) and the C/N ratio records from Great
Ghost
> Lake and Jiaming Lake in Taiwan----I don't know if this means anything
> 
> 
> So...I suggest that we do not include these composite series.
> 
> I have now sent Scott the Black et al. G. Bulloides series
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> 
> ray
> 
> 
> 
> 
> 
> 
> 
> 
> 
> 
> Raymond S. Bradley 
> 
> Director, Climate System Research Center*
> 
> Department of Geosciences, University of Massachusetts
> 
> Morrill Science Center
> 
> 611 North Pleasant Street
> 
> AMHERST, MA 01003-9297
> 
> 
> Tel: 413-545-2120 
> 
> Fax: 413-545-1200 
> 
> *Climate System Research Center: 413-545-0659 
> 
>         < http://www.paleoclimate.org> 
> 
> Paleoclimatology Book Web Site:
http://www.geo.umass.edu/climate/paleo/html 
> 
> Publications (download .pdf files):
> http://www.geo.umass.edu/faculty/bradley/bradleypub.html 
> 
> ______________________________________________________________
> 
>                     Professor Michael E. Mann
> 
>            Department of Environmental Sciences, Clark Hall
> 
>                       University of Virginia
> 
>                      Charlottesville, VA 22903
> 
>
_______________________________________________________________________

> 
> e-mail: mann@virginia.edu   Phone: (434) 924-7770   FAX: (434) 982-2137
> 
>          http://www.evsc.virginia.edu/faculty/people/mann.shtml
> 
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> 
>

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone: (434) 924-7770   FAX: (434) 982-2137
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Subject: revisions...
Date: Wednesday, May 19, 2004 6:00:47 PM
Attachments: Supplementary1.doc

Supplementary2.doc
MMNatureResponseRevised.doc

Hi Ray, Malcolm

Revised version of the comment attached. Its a bit long, but I think it hits all the key
points now?

I've attached a slight revision of Supplementary Information #1, and I've added a
new "Supplementary Information #2" which deals w/ the synthetic PCA experiments.
The story isn't quite as clean as I'd like, but it supports our claims. 

Meanwhile, I'm going to work on finishing a draft of the replies to the reviewer/MM
comments, hopefully will have that to you tomorrow evening, in time for our friday
morning discussion...

Mike

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone: (434) 924-7770   FAX: (434) 982-2137
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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Supplementary Information #1 
 
PCA Analysis of North American ITRDB Data (70 Series available back to 1400) 
 
a. Eigenvalue spectrum for MBH98 PCA analysis (1902-1980 zero reference period, data normalized by 
detrended 1902-1980 standard deviation): 
 
 
Rank   Explained Variance    Cumulative Variance 
  1           0.3818        0.3818 
  2           0.0976      0.4795 
______________________________________ 
  3         0.0491      0.5286 
  4          0.0354        0.5640 
 
First 2 PCs were retained based on selection rules of MBH98. 
 
b. Eigenvalue spectrum for PCA analysis Based on Convention of MM04  (1400-1971 zero reference period, data 
unnormalized) 
 
Rank  Explained Variance    Cumulative Variance 
  1    0.1946     0.1946 
  2    0.0905      0.2851 
  3    0.0783      0.3634 
  4    0.0663     0.4297 
  5    0.0549      0.4846 
______________________________________ 
  6    0.0373      0.5219 
 
5 PCs should be  retained in this case using the selection rules of MBH98 
 
However, only the first 2 PCs were retained by MM04, which eliminates the dominant pattern of low-frequency 
variability in the 70 series dataset, which appears as PC#4, rather than PC#1, in this case.  This PC is nearly 
identical to ITRDB PC#1 of MBH98 (Figure 1) and  therefore that pattern cannot possibly, as argued by MM04, 
arise as an  artifact of the standardization procedures used by MBH98. The change in choice of reference period, 
which changes the centering of the data, simply changes the rank, in relative variance explained, of the few leading 
patterns of variance in the data. 

 
 
 
 
 
 
FIGURE 1. Comparison 
of  ITRDB PC #1 from 
MBH98 (red) and PC #4 
resulting from a  PCA 
Analysis using the MM04 
centering convention 
(blue--for visual 
comparison the blue curve 
has been adjusted to have 
the mean and amplitude of 
the red curve). 
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The  MBH98 reconstruction was  then performed using the MM04 PCA convention to represent the North American 
ITRDB data, but retaining the first 5 PCs (which  follows from the selection protocol of MBH98-see above).  A 
1902-1971 calibration interval was employed to avoid any missing data, and tthe 'Gaspe' series challenged by 
MM04 was eliminated. The resulting NH mean  reconstruction is broadly consistent with that of MBH98 (Figure 2), 
though with a somewhat lower verification resolved variance (RE=0.22 rather than RE=0.51 for MBH98).  
 
 

 
FIGURE 2. Reconstruction 
retaining first 5 PCs of North 
American ITRDB data show 
below, along w/ MBH98. Note 
that the MBH98 reconstruction 
show is stepwise,  based on 
increasingly widespread 
networks of proxy data in 
subsequent centuries, while the 
revised reconstruction using the 
MM04 PCA convention is 
based on the sparse dataset 
available back to AD 1400 over 
the entire interval 1400-1971. 
The two should thus strictly 
only be compared over the AD 
1400-1500 interval. 
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Supplementary Information # 2 
 
We performed the experiments described by MM04 , producing various realizations of  M=70 statistically 
independent  red noise series of length N=581 'years', using an N(0,1) Gaussian innovation forcing and  the  lag one 
autocorrelation coefficients of each of the  actual M=70 North American ITRDB data for  the interval  1902-1980. 
 
PCA was calculated based on the un-normalized synthetic data using both a 502-581 zero reference  (corresponding 
to  the "1902-1980" centering of MBH98) and a 1-581 zero reference (corresponding to the 1400-1980  centering of 
MM04).  
 
We performed more than a dozen realizations of this process, and in no case were we able to identify a situation 
where the 502-581 centering  generated a spurious PC pattern that did not exist in the actual data. We did however 
find cases where such a pattern appeared slightly farther down in the eigenvalue spectrum or as a linear combination 
of  a few other highly ranked PCs. We provide such an example (Figure 1). In this case, the PC#1 series using the 
two conventions (502-581 vs. 1-581 centered) are, as in the example shown by MM04, completely uncorrelated 
(annual correlation r=-0.06). However, PC#4 from the 1-581 centered analysis carries much of  the signature of  the 
502-581 PC#1 (annual correlation r=0.65), with a similar 'hockey stick' low-frequency shape.  In fact, the  502-581 
centered PC#1 is almost completely described as a linear combination of  the 1-581 centered PC #4 and PC#2 (the 
annual correlation with PC#2 is r=-0.45).  
 
We stress, however, that the synthetic  red noise example is not an appropriate model for the actual data. Many of 
the actual 70 tree-ring chronologies in the ITRDB dataset have 20th century trends that are highly significant 
relative to the null hypothesis of red noise, and there is large-scale structure in the data that belies the null hypothesis 
of M=70 statistically independent red noise time series.  Under such circumstances, the low-frequency patterns of 
the individual PCs are far more robust with respect to the centering of the data. For example, the PC#1 pattern of the 
actual North American ITRDB data based on the MBH98 centering convention appears as the nearly identical 
pattern in the PCA analysis based on the MM04 centering convention, albeit slightly farther down in the eigenvalue 
spectrum (see Supplementary Information #1). 
 
 
 
FIGURE 1. 
Comparison of PC#1 
from year 1-581 
centered analysis and 
PC #4 from the year 
502-581 centered 
analysis. Both PCs are 
standardized to have 
the same mean and 
standard deviation, for 
purposes of 
comparison. A 100 
year smooth of both 
series is also shown to 
highlight the low-
frequency variations. 
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REPLY TO "Global-scale temperature patterns and climate

forcings over the past six centuries: A comment." By S.

Mclntyre and R. McKitrick

Michael E. Mann1. Raymond S. Bradley2. Malcolm K. Hughes3

'Department ofEnvironmental Sciences, University of Virginia, Clark Hall, Charlottesville,

Virginia, 22903, USA

2Geosciences Department, University ofMassachusetts, Amherst, MA 01003, USA

'Laboratory ofTree Ring Research, University of Virginia, Tucson, AZ 85721, USA

Mclntyre and McKitrick (1) (henceforth 'MM03') claim to have 'corrected' the Mann et

al (henceforth 'MBH98') reconstruction (2). Thev produced then result bv eliminating over 70%

of the proxy data used by MBH98 prior to AD 1600 (precisely the period during which their

result differs significantly from MBH98) to produce a spurious reconstruction that fails statistical

verification (3). The authors now ("MM04't falsely claim that the unusual late 20th century

warmth of the MBH98 reconstruction is an artifact of (a) the standardization procedure used by

MBH98 hi calculating principal components (PCs) to represent -tree-ring networks and (b) the

use of infilled values in one tree-ring series from AD 1400-1403. We demonstrate these claims to

be specious.

Their claim that the standardization procedure used on the North American ITRDB data

produces the 'hockey stick' pattern of low-freauencv variability is false. The choice of centering

of the data in PCA simply changes the relative ordering of the leading patterns of variance.

, - -j Formatted: Font: Italic

*| Formatted: Font: Italic
convention, ^lbeit slightly lower down in the eigenvalue spectrum_(PC#4) (Figure l a). 	 	. -[ Formatted: Font: Not italic

Undisclosed bv MM04. precisely the same 'liockev stick' PC pattern pvpears usine theirL
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Application of the MBH selection criterion (winch retained approximately 50% of the variance

in the data"), selects 2 PCs for the MBH98 centering (1 902- 19801. but 5 PCs for the MM04

centering 11400-19711. Using the designated 5 PC indictors. rather than, as MM04. incorrectly

truncating at two PCs, yields a reconstruction similar to MBH98.

To further underscore the falseness of their claim, we demonstrate similar results

whether or not proxy networks are represented in terms of PCs at all. We use the procedure of

MBH98 employing all 95 individual proxy indicators of MBH98 available back to AD 1404.

Each proxy record was standardized to have unit variance and zero mean over a 1902-1971

calibration period and was given equal weight in the analysis (the 1902-1971 interval avoids a

modest number ofmissing proxy values after 1972. thereby avoiding further discussion of

whether this creates a problem!. We performed an additional analysis back to AD 1400

eliminating the 'Gaspe' series challenged by MM04. The results of these analyses (Figure lbl.

each of which demonstr ate statistical skill against independent 19th century instrumental (4) data

„ - 4 Formatted: Font: Italic(RE=0.39, 0.33, respectively—only moderately lower than the MBH98 result fiE=01 5 l i are

virtually indistinguishable and similar to the MBH98 reconstruction. The anomalous early 15th

century warmth of MM04 is reproduced only when both the 'Gaspe' series and the entire ITRDB

North American data set is censored from the proxy network (Figure lc). These data were

explicitly eliminated by MM03 prior to AD 1600. while MM04 have instead filtered out the

leading pattern of low-frequency variability in the data through an inappropriate PCA truncation.

Unlike the MBH98 reconstruction, this reconstruction (Figure ldf clearly fails the standard

Formatted: Font: Italic

exhibits no skill, with RE=- 1 is the average value for a random estimate). While MM04 pccept _ \ Formatted: Font: italic

that their reconstruction fails this essential standard, they also made an error in their calculation

measure of skill verification (5-7), the 'reduction of error' statistic QtE). whh_RE=-0._76 (RE<0
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of verification scores that underestimating the resolved variance of the MBH98 bv almost a

factor of two. Tliev also fail to recognize that the R~ scores thev cite in defense of their estimates

(which are also incorrect'), are widely recognized as inappropriate measures of forecastnm or

reconstructive skill since thev do not account for systematic changes in mean or variance in the

prediction (81 As for the potential impact of 'co2 fertilization' on certain high-elevation

Western tree-ring chronologies, this is hardly new to us. This was both discussed and dealt with

bv us in a follow-up to MBH98 (9).

*	[ Formatted: Indent: First line: 0.5"A comparison (Figure lc) ofvarious published Northern Hemisphere temperature

reconstructions (9-14). demonstrates the robustness of the main features of MBH98 to the use of

entirely different statistical reconstruction methodologies and proxy datasets. In particular, all

reconstructions show anomalous late 20th century wannth and no evidence of MM04's

anomalous early 15th century warmth.

Correspondence and requests for materials should be addressed to M.E.Mann (e-mail:

mann@Virginia . edu) .
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Figure 1.

(A) Comparison of leading pattern of low-frequency variability based MBH98 PCA - - Formatted: Indent: Left: 0", Hanging: 0.39",

Numbered + Level: 1 + Numbering Style: A, B,

C, ... + Start at: 1 + Alignment: Left + Aligned

N at: 0.15" + Tab after: 0.91" + Indent at:

* 0.91", Tab stops: 0.39", List tab

| Formatted: Bullets and Numbering

procedure (PC#1--red) and MM04 PCA procedure (PC#5--blue: mean and

standard deviation set to that of red curve for comparison).

(B1 Comparison of MBH98 reconstruction from AD 1400-1980 (blue) with alternative

reconstructions from AD 1400-1971 based on the use of the individual 95 proxy

series available back to AD 1403 (vellowl and the 94 proxy series fall 95 series

except the 'Gaspe' series discussed in text) available back to AD 1400 (green)

Shown for comparison is the instrumental NH annual mean record 1856-1980

(redl. The MBH98 reconstruction is based on a 'stepwise' approach employing

increasingly more proxy data over time, while the other two reconstructions shown

are based on the 'frozen' proxy network available back through the earlv 15th

century.

(CI Comparison of MBH98 reconstruction (blue) from AD 1400-1980 (thick black curve

is 40 year smoothed version) with a reconstruction over AD 1400-1600 (yellow)

based on the 'censored' network described in the text, arising from the elimination

of the 'Gaspe' and North American ITRDB data from the predictor network prior to

AD 1600. A suitable approximation to the stepwise MM04 reconstruction is

provided bv a splice of the vellow curve from AD 1400-1500 with the MBH98

reconstruction (blue) from AD 1500-1971. The resulting series is shown smoothed

, . -( Formatted: Not Highlighton a 40 year timescale (thick orange). A
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(D) Comparison as in (B), but showing the continuation of the reconstruction based on 

the 'censored' network after AD 1600 (green dashed curve), and the full 

instrumental Northern Hemisphere temperature record (1856-2003). The failure of 

the MM04 reconstruction to verify against independent instrumental temperature is 

evident from the extremely large discrepancy in variance between the yellow and 

red series during the pre-1902 verification interval. 

(E) [Reprinted from Jones and Mann (2004), (C) American Geophysical Union]. 

Reconstructions of different proxy-based NH estimates (9-14) over the past 1000 

years, smoothed on 40 year and longer timescales. Shown also (yellow shading) is 

the 95% confidence interval for (14).  The various other reconstructions have been 

scaled by linear regression against the smoothed instrumental NH series over the 

common interval 1856–1980, with the exception of (12), which has been scaled 

over the shorter 1856–1940 interval owing to a late 20th century decline in 

temperature response in the underlying data discussed elsewhere (12). Series 

(10) represents the extension of MBH98 back to AD 1000. 
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From: Michael E. Mann
To: Langenberg  Heike
Cc: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; Scott Rutherford; mann@virginia.edu
Subject: RE: MBH98 Data
Date: Monday, December 15, 2003 3:47:05 PM

Hi Heike,

Just to provide some additional further help, so in the main directory of the ftp site, there is a file
"MASTER" that gives an overview of the contents of all the various sub-directories.

If you look for example, in the sub-direcotry "PROXY" there is then a "README" file that has detailed
information for the contents of that sub-directory. Among other things, that files explains that the file
"mbhdatasummary.txt" contains the updated listing of the full network, correcting a few minor errors
in the original listing.

You'll note that the files ARGE030, ARGE060, and ARGE065 are not in that listing--they were never
included in the network, and the listing of them was a typo. All such typos have been corrected in
that listing.

In the "METHODS" sub-directory, there are some additional methodological details, like how the series
were normalized, etc.

So, again, we feel that the documentation that we have provided on the website does address each
and every issue raised by these people.

If you feel, after looking over the documentation, that it still isn't clear, we would be happy to try to
make further changes. We were even going to have a graduate student independently go through the
ftp site and make sure that they couldn't find any inconsistencies, etc. So please let us know if you
think that would be helpful.

Thanks again for your patience and understanding,

mike

At 09:04 PM 12/15/2003 +0000, Langenberg, Heike wrote:

Dear Mike,

 <?xml:namespace prefix = o ns = "urn:schemas-microsoft-com:office:office" />

We have downloaded the data from the ftp site that Scott Rutherford kindly supplied to us,
and I hope we have all the data on our server now. Thanks for organising that. 

 

I am writing regarding a complaint from Stephen McIntyre and Ross McKitrick (see below)
we received, where they describe their attempts to obtain your data and methods and
claim not to have been provided with all necessary information to reproduce the results.
Could you please provide a point-by-point response to their letter? 

 

I went through the letter, your paper (including Supplementary Information) and the data
you supplied to us, and I have a few questions which I list below. Could you please also
clarify these issues for me?

 

1. There seems to be some confusion over the proxy series used in the reconstruction. In
your paper, 112 indicators back to 1820 are mentioned, whereas only 22 indicator go all
the way back to 1400. McIntyre and McKitrick refer to 112 proxy series back to 1400, but
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then introduce the number of 159 series, which they say cam from you. 

I went back to the Supplementary Information for clarification, but I am not sure what
counts as an "indicator" - the time series listed or the PC's derived from those time series?
Under the assumption that the data sets just listed count as an indicator, and where there
is a heading like "9 PCs" these nine PCs replace the listed data sets, I arrive at a number
of 117 indicators altogether - neither 112 nor 159.  

So could you please send a list of the 112 indicators, and can you comment on McIntyre
and McKitrick's claim that you advised them that 159 series should be used?

Also, for example, within the last data set, ITRDB North America, some series go back to
1400, others are shorter. Were still nine PCs for these data used for the longest
reconstruction back to 1400 or did you just use the longest time series?

 

2. In their point 3, McIntyre and McKitrick state that of the 18 time series for South
America listed in Supplementary Information, only 11 are used. I note that, for example,
ARGE030, ARGE060 and ARGE065, listed in the Supplementary Information, do not seem
to be on the ftp site we were pointed to by Scott Rutherford. 

Could you please clarify which data sets were used?

 

3. Regarding McIntyre and McKitrick's point 4, could you please state whether you used
annual or summertime temperatures, and if you did indeed truncate the time series (and if
yes, why)? 

 

I look forward to receiving your point-by-point responses. I hope you understand that we
need to ensure clarity in the data and methods used in this paper. On receiving your
responses we will decide how best to proceed (which may involve forwarding your
responses to McIntyre and McKitrick). We will keep you updated of the progress. 

 

Best wishes, 

Heike 

 

PS I was unable to open the .dat files from the ftp site on my computer. Is there anything
I'd need to know about the data format?

 

*****************************************************

Letter from Stephen McIntyre and Ross McKitrick:

 
Dear Sirs,

 

We have been carrying out a detailed examination of the paper: Mann, M.E., Bradley, R.S. & Hughes, M.K. (1998) Global-
Scale Temperature Patterns and Climate Forcing Over the Past Six Centuries, Nature, 392, 779-787, 1998
("MBH98"). We have consulted the Nature on-line Supplementary Information, used two
data files sent to us by Professor Mann's group in April 2003 (responding to a request for
the FTP location of proxy data used in the above study) and, since Oct. 29, 2003, the
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information at the FTP site ftp://holocene.evsc.virginia.edu/pub/. This site is not identified
through nature.com nor was it given to us upon specific request in April 2003, but is now
identified by Professor Mann as the actual repository of MBH98 data.

 

There are a number of points in MBH98 which need substantial clarification, some of which could
be resolved with through more adequate Supplementary Information. We have sought such
clarification from Professor Mann without success. With reference to the policies stated at
http://www nature.com/nature/submit/policies/index.html, in particular item number 6, we are
writing to advise you of a persistent refusal to comply with the guidelines and other issues. We
draw your attention to the following issues:

 

1)   There is a listing in the Nature Supplementary Information of 112 proxy series said to have
been used in MBH98. In April 2003, in response to our request for an FTP site where these data
could be found, an associate of Professor Mann (acting on his instructions) sent us a file
(pcproxy.txt) containing 112 data series for the entire period back to 1400, together with a file
apparently identifying these 112 data series. No FTP site containing these proxy series was
identified to us at that time nor in subsequent correspondence with either Professor Mann nor his
associate prior to October 29, 2003. 

 

      In our analysis, we identified nontrivial problems with the data in the file we had been sent.
Professor Mann's associate was unable to shed any light on them. When we sought additional
information from Professor Mann, he informed us that demands on his time prevented him from
considering this or other inquiries. 

 

      We published our findings in Energy and Environment 14 (2003). Subsequently, on Oct. 29,
2003, Professor Mann stated that the errors we found in pcproxy.txt were inadvertently introduced
into the file at the time it was sent to us, that we failed to consult the correct data at his University
of Virginia FTP site and that our study wrongly used 112 proxy series, whereas MBH98 is based on
159 series. Upon inspecting the FTP site on October 29, 2003 (the first we learned of its existence),
we identified the identical file we had been sent in April 2003 (pcproxy.txt), together with its
Matlab predecessor pcproxy.mat, both dated August 8, 2002, well before our request. Sometime
between October 29 and November 8, 2003, both of these files were deleted from Professor Mann's
FTP site.

 

      As to the number of proxies, MBH98 clearly refers to only 112 series, as does the on-line
Supplementary Information. There is no reference to the use of 159 proxy series. We have requested
a listing of these series from Mann. He has responded that the series are located on his FTP site and
has refused, despite several requests, to provide more particulars. The difficulty is that the FTP site
contains over 430 principal component series commencing in periods after 1400, and the relevant
series are not flagged. The FTP site also includes many proxy series seemingly left out of MBH98.
This level of disclosure is clearly inadequate. The deletion of archived data files in response to a
controversy is also very disquieting. At a minimum, we believe that Nature should archive the 159
series now disclosed to have been used in the MBH98 calculations together with a reconciliation of
the difference between the 159 series stated to have been actually used and the 112 series reported
in Nature.

 

2)   Some important data relating to MBH98, such as temperature principal components and EOFs,
was located at Professor Mann's former University of Massachusetts FTP site. Indeed, Professor
Mann's webpage on MBH98 contains no link or reference to the University of Virginia FTP site, but
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does contain links to this University of Massachusetts FTP site. On November 13, 2003, this FTP
site was deleted. Important data pertaining to MBH98 formerly located at the University of
Massachusetts FTP site is not located at the University of Virginia FTP site.

 

3)   There are numerous discrepancies between the data listing at the Nature SI site and that in the
newly-disclosed FTP site at the University of Virginia. Many of the proxy series used in MBH98
are principal components calculated from larger collections of tree ring site "chronologies". The
Nature SI site provides listings of the sites reported to have been used in these calculations, with
rosters identified for five regions (Oklahoma, US Southwest/Mexico, North America, South
America, and Australia) plus a listing of the number of series used for a Vaganov (Russian)
collection. We have compared these listings with the information on the sites actually used at the
FTP site and found many inconsistencies. For example, in the South American region, only 11 of
the 18 sites listed in the Supplementary Information are actually used in MBH98 calculations,
according to the evidence of the FTP site. Moreover there is evidence archived at Professor Mann's
FTP site of intentional exclusion of a disclosed South American site. An archived email from
Hughes to Mann, dated July 29, 1997, and located at
ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/VAGANOV/ORIG/malcolm_29-JUL-97 states
that exclusion of the site arge030 would be "better for our purposes". This site arge030 can be
shown to be Rio Cisne (through the World Data Center for Paleoclimatology) and is listed in the
Nature Supplementary Information, but is excluded from the actual data in the FTP site.

 

4)   We found multiple versions at the FTP site of several series, in which a secondary series is a
truncated version of the full underlying data. For instance the FTP site contains a correct and
complete record of the historical annual Central England Temperature data and historical annual
Central Europe Temperature data. Evidence at the site indicates that MBH98 instead used
summertime averages from these series, in which the first 70 and 25 years of data, respectively,
were intentionally deleted. No explanation is available for this, and the Nature SI site does not
indicate or explain this editing of source data.

 

5)   MBH98 states that "conventional" principal components methods were used in the calculation
of temperature principal components. The underlying temperature dataset contains endemic missing
data; indeed, 4 temperature grid cells from the UK Climate Research Unit selected by MBH98
contain no observations at all. "Conventional" principal components algorithms fail with missing
data. Accordingly, MBH98 could not have used conventional methods and a proper description of
the methodology actually employed is required. We sought specific clarification on this matter from
Professor Mann and were refused. Nor is any available at the FTP site. Disclosure would be
trivially easy (simply posting a command file for a statistics package would suffice). Without such
information it is effectively impossible for an independent researcher to replicate his calculations.

 

6)   We attempted in our Energy and Environment article to assess the impact of the data errors and
quality control defects in the proxy data, which we had identified. For the calculation of principal
components for the various tree ring regions, we used a standard principal components algorithm
(princomp in R), which provides values only for periods in which there are no missing values. In
response, MBH98 have stated that they used something called a "stepwise principal components
approach", a phrase which is not used in the Nature article or Supplementary Information. Based on
their recent comments, this "approach" apparently involves changing the proxy rosters at some
points in the PC series, leading to different values of the regional PC depending on the period being
analyzed. Whatever the merits of the approach, there is no disclosure of it in MBH98, leaving the
reader uninformed about the existence and formulae of a fundamental methodology as well as such
basic details as the number and composition of principal components used in each region on a
period-by-period bases. We have requested information from Professor Mann allowing us to
identify the PC proxy rosters on a period-by-period basis and were refused. He deems it sufficient
to merely point to his FTP site, but having examined this site we are unable to uniquely identify the
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"stepwise" PC rosters or the procedures used to splice different series together.

 

7)   MBH98 states that for the temperature data  "the mean was removed, and the series was
normalized by its standard deviation". This is, therefore, the method we employed. In their reply to
our article, MBH criticized us on the grounds that they actually used  "de-trended gridpoint standard
deviations" to normalize temperature data. Whether the difference is material or not, the fact that
their employed methodology contradicts the description in MBH98 means that independent
researchers are unable to replicate their work.

 

8)   Prior to the publication of our article, we  requested other particulars on the computational
methodology from Professor Mann and were refused. Accordingly, we attempted to assess the
impact of the data problems by following the methodology publicly disclosed in MBH98. Professor
Mann then criticized us for failing to replicate previously undisclosed details of his methodology.
We once again requested particulars on his methodology, including copies of the computer
programs used to read in the proxy and temperature series and to produce the Northern Hemisphere
temperature index-but we have been categorically refused.

 

  

The policies of Nature rightly place a burden on authors to disclose data and methods to any
interested readers. We have been systematically and deliberately stymied by Professor Mann on the
most elementary requests: a proper listing of his data series and the exact computational procedures
used. In the process of trying to obtain this information we have concluded that the disclosure at the
Nature SI site is not merely inadequate, but in some cases it contradicts what is now revealed at the
University of Virginia FTP site. 

 

Under the circumstances, we believe that the full data set and accompanying programs for MBH98
should now be included in the Nature Supplementary Information, along with an accounting of any
discrepancies between what has been listed at Nature.com to date and what was actually used in
MBH98.

 

We can make copies of all correspondence and our extensive notes on the data issues available for
your inspection if needed. Thank you for your consideration.

 

 

Yours truly

 

Stephen McIntyre

Toronto, Canada

 

Ross McKitrick

University of Guelph
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Guelph, Canada 
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From: Michael E. Mann
To: Malcolm Hughes; Malcolm Hughes; scott Rutherford; rbradley@geo.umass.edu; fenbiao@ltrr.arizona.edu
Subject: Re: dataset
Date: Thursday, September 04, 2003 3:16:03 PM

fair enough Malcolm,

mike

At 03:11 PM 9/4/2003 -0700, Malcolm Hughes wrote:

Mike - Segment lengths were only one of several criteria, including 
replication by and until certain dates - for example, when coring for
density, it 
is much more likely that one will lose some years at the outside, and so 
replication falls to unacceptable levels before the end of the series, right
in the 
most vital part of the record. Its also rather poor early on in quite a lot of 
Schweingruber's series, because he visited most of his sites only once,
and 
took what he could get, not, at first, being too concerned with replication.I

have done field woork with Fritz, so this comment is based on direct 
experience. He was, after all, mostly concernd to get the big spatial
picture, 
focussing on the interannual - see all his early publicaitons. Correlation 
between trees is also an important criterion that some of them might
have 
failed on. Individual segment lengths can, on occasion, be very short
indeed 
in density series because of some details of how the measurements are
made, 
so this is not as insignificant as one might think at first sight. So, I think
there 
could be some effect even in the high frequency component, especially in
the 
late 20th century and the 16th, 17th, and in some regions, even the 18th 
century. As we want to push the spatial picure back, this could be
important. 
So, I think the exercise I proposed would help assess these problems, and

hopefully, rule them out. Cheers, Malcolm
.
.Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________
                    Professor Michael E. Mann
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           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone: (434) 924-7770   FAX: (434) 982-2137
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Malcolm Hughes
To: scott Rutherford; mann@virginia.edu; rbradley@geo.umass.edu; fenbiao@ltrr.arizona.edu
Subject: dataset
Date: Thursday, September 04, 2003 10:48:35 AM

Gentlemen - I have been mulling over the structure of the tree-ring part of the
dataset, as we settled on it a week or two back, and wonder if a variant might
also be tried. Briefly, the present set will consist of those culled from the
ITRDB (excluding the Schweingruber contributions) and by our direct
approaches to authors, all of which have to meet certain a priori standards,
plus two versions of the Schweingruber density data chosen to represent low
frequency and high frequency respectively. I like this arrnagement because,
although different standards were used by Keith, at least those two datasets
are well documented.
On the other hand, many of the Schweingruber chronologies do not meet the
standards we have applied to the other tree-ring data - usually because of
short segment lengths and poor replication in some cases. This could give rise
to criticism (not unjustified). SO, if it were not too big a hassle, I propose the
following procedure when the reconstruction process starts:
a)Use the tree ring data as described at the beginning of this message, along
with all the corals, ice cores,. etc.
b) Compare this with runs done using the Schweingruber chronologies that
did pass our standards (about 130 series I think) ans were excluded from the
ITRDB set we sent to Scott, instead of the Briffa datasets.
All being well the results will be rather similar and we can continue with
option a, else....?
What do you think?
Cheers, Malcolm
.
.
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From: Raymond S. Bradley
To: mann@multiproxy.evsc.virginia.edu; srutherford@virginia.edu; mhughes@ltrr.arizona.edu
Subject: Fwd: Paleo Data
Date: Friday, March 07, 2003 9:29:56 AM
Attachments: paleodata-catalogue11.xls

I attach a spread sheet summarizing the paleo-data sets currently held
here.  I have not attempted any kind of "quality control" in this
inventory--clearly some of these records are suspect (at best) and maybe
just rubbish (e.g. some of Lamb's early anecdotal compilations).  There is
also a fair amount of duplication (or shingling) in certain sets (eg the
different Agassiz ice core records based on varying sets of core
combinations...).  Nevertheless, this gets us to the point where we can
start to fill in additional gaps.  No doubt many of the tree-ring series
listed here are duplicated in the ITRDB or in Malcolm's holdings.
we also have digitized some long low frequency types of data --glacier
positions, for example, but these are no included here.
Comments welcome...
Ray
PS I'll be at the Aston hotel in Nice, april 6-11.  Given the Bush stance,
better bring a gas mask...

>Date: Thu, 06 Mar 2003 11:59:16 -0500
>From: Frank Keimig <frank@geo.umass.edu>
>User-Agent: Mozilla/5.0 (Windows; U; Win98; en-US; rv:1.0.2)
>Gecko/20021120 Netscape/7.01
>X-Accept-Language: en-us, en
>To: "Raymond S. Bradley" <rbradley@geo.umass.edu>
>Subject: Paleo Data
>
>Ray,
>
>Attached is the up to date paleo data catalog.  I have a few files I need
>to identify:
>elephant.dat
>hankou.win
>riaotemp.sum
>santpcp.win
>shanghai.win
>Any of these look familiar?
>
>Also, is any of the "grapes" data I inherited when I got here of any use?
>
>Frank
>
>--
>Frank Keimig
>Climate System Research Center
>Department of Geosciences
>University of Massachusetts
>Amherst, MA 01003
>413-545-0659
>Fax: 413-545-1200
>
>
>

Raymond S. Bradley
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Distinguished Professor
Director, Climate System Research Center*
Department of Geosciences
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel: 413-545-2120
Fax: 413-545-1200
*Climate System Research Center: 413-545-0659
         <http://www.paleoclimate.org>
Paleoclimatology Book Web Site: http://www.geo.umass.edu/climate/paleo/html
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Description Type Resolution File Dates Location Notes

Cebu Island, Philippines coral 18O CI ANN cebu.o18 1859-1980 vortex c:\frank\climate1\paleo\paleo.zip From Patzold

Galapagos coral 18O CI ANN galapago.2 1607-1981 vortex c:\frank\climate5\corals\allfiles.zip From Rob Dunbar
Great Barrier Reef coral calcification CO ANN jlough 1615-1982 vortex c:\frank\climate1\paleo\paleo.zip From J. Lough
Wetness/dryness index at 120 stations in China HO ANN china.wet 1470-1979 vortex c:\frank\climate5\histser\allfiles.zip 1 value for each station (stations found in china.stn)*
Beijing reconstructed April to August temperatures HO ANN beijsum.dat 1724-1986 vortex c:\frank\climate5\histser\allfiles.zip 5 monthly values per year*
East China decadal dust rain frequency HO DEC zhandust.frq 1400-1930 vortex c:\frank\climate5\histser\allfiles.zip # years with notable dust fall at various locations*
East China reconstructed winter temperature anomalies HO DEC wangechi.win 1470-1979 vortex c:\frank\climate5\histser\allfiles.zip Anomalies from 1880-1979*
East China reconstructed spring temperature anomalies HO DEC wangechi.spr 1470-1979 vortex c:\frank\climate5\histser\allfiles.zip Anomalies from 1880-1979*
East China reconstructed summer temperature anomalies HO DEC wangechi.sum 1470-1979 vortex c:\frank\climate5\histser\allfiles.zip Anomalies from 1880-1979*
East China reconstructed fall temperature anomalies HO DEC wangechi.fal 1470-1979 vortex c:\frank\climate5\histser\allfiles.zip Anomalies from 1880-1979*
East China reconstructed annual temperature anomalies HO DEC wangechi.ann 1470-1979 vortex c:\frank\climate5\histser\allfiles.zip Anomalies from 1880-1979*
North China reconstructed winter temperature anomalies HO DEC wangnchi.win 1380-1979 vortex c:\frank\climate5\histser\allfiles.zip Anomalies from 1880-1979*
North China reconstructed spring temperature anomalies HO DEC wangnchi.spr 1380-1979 vortex c:\frank\climate5\histser\allfiles.zip Anomalies from 1880-1979*
North China reconstructed summer temperature anomalies HO DEC wangnchi.sum 1380-1979 vortex c:\frank\climate5\histser\allfiles.zip Anomalies from 1880-1979*
North China reconstructed fall temperature anomalies HO DEC wangnchi.fal 1380-1979 vortex c:\frank\climate5\histser\allfiles.zip Anomalies from 1880-1979*
North China reconstructed annual temperature anomalies HO DEC wangnchi.ann 1380-1979 vortex c:\frank\climate5\histser\allfiles.zip Anomalies from 1880-1979*
China winter thunder frequency HO 30Y wangthun.win 1160-1880 vortex c:\frank\climate5\histser\allfiles.zip Nov, Dec, Jan*
China regional winter temperature indices HO DEC zhang.rg1 1470-1979 vortex c:\frank\climate5\histser\allfiles.zip Eastern part of Chiangjiang Basin*
China regional winter temperature indices HO DEC zhang.rg2 1470-1979 vortex c:\frank\climate5\histser\allfiles.zip Central part of Chiangjiang Basin*
China regional winter temperature indices HO DEC zhang.rg3 1470-1979 vortex c:\frank\climate5\histser\allfiles.zip Hunan and Jangxi provinces*
China regional winter temperature indices HO DEC zhang.rg4 1470-1979 vortex c:\frank\climate5\histser\allfiles.zip Southeastern provinces*
China regional winter temperature indices HO DEC zhang.rg5 1470-1979 vortex c:\frank\climate5\histser\allfiles.zip Guangdong and Guangxi provinces*
Shandong Province, China cold winter index HO DEC wuyin.win 1470-1979 vortex c:\frank\climate5\histser\allfiles.zip *
S.E. China reconstructed winter temperature anomalies HO DEC wngwngfr.win 1470-1979 vortex c:\frank\climate5\histser\allfiles.zip 24-35N, E of 112E*
S.E. China reconstructed spring temperature anomalies HO DEC wngwngfr.spr 1470-1979 vortex c:\frank\climate5\histser\allfiles.zip 24-35N, E of 112E*
S.E. China reconstructed summer temperature anomalies HO DEC wngwngfr.sum 1470-1979 vortex c:\frank\climate5\histser\allfiles.zip 24-35N, E of 112E*
S.E. China reconstructed fall temperature anomalies HO DEC wngwngfr.fal 1470-1979 vortex c:\frank\climate5\histser\allfiles.zip 24-35N, E of 112E*
S.E. China reconstructed annual temperature anomalies HO DEC wngwngfr.ann 1470-1979 vortex c:\frank\climate5\histser\allfiles.zip 24-35N, E of 112E*
Shanghai, China reconstructed winter temperature anomali HO DEC wangwang.win 1470-1979 vortex c:\frank\climate5\histser\allfiles.zip Based on freezing index and modified snowfall index*
Haihe Basin China frequency of cold winters HO DEC wuyinc.win 1500-1979 vortex c:\frank\climate5\histser\allfiles.zip *
Haihe Basin China frequency of warm winters HO DEC wuyinw.win 1500-1979 vortex c:\frank\climate5\histser\allfiles.zip *
Eastern China number of cold winters HO DEC zhangong.win 1500-1979 vortex c:\frank\climate5\histser\allfiles.zip *
Lower Yellow R., China summer temperature anomalies HO DEC wngwng1.sum 1470-1979 vortex c:\frank\climate5\histser\allfiles.zip 35N,110E;35N,120E;41N,120E;41N,110E*
Lower Yangtze R., China summer temperature anomalies HO DEC wngwng2.sum 1470-1979 vortex c:\frank\climate5\histser\allfiles.zip 25N,110E;25N,120E;35N,120E;35N,110E*
Lower Yellow R., China number of frosts HO DEC zhangong.frs 1440-1949 vortex c:\frank\climate5\histser\allfiles.zip *
Mid and lower Changjiang R., China winter temp index HO 30Y zhenfeng.win 1471-1979 vortex c:\frank\climate5\histser\allfiles.zip *
Moose Factory, Canada date of first breaking of ice HO ANN moosefac.ice 1736-1871 vortex c:\frank\climate5\histser\allfiles.zip On Moose River - julian day - ~51N, ~81W*
Fort Albany, Canada date of first breaking of ice HO ANN ftalbany.ice 1722-1866 vortex c:\frank\climate5\histser\allfiles.zip On Albany River - julian day - ~52N, ~82W*
Greenland west coast greatest extent drift ice HO ANN arcdrift.ice 1821-1939 vortex c:\frank\climate5\histser\allfiles.zip See paper file*
Santiago District, Chile winter rainfall index HO ANN chilrain.dat 1535-1973 vortex c:\frank\climate5\histser\allfiles.zip Digitized from Lamb -see paper file*
England July/August wetness/dryness index HO DEC lambeng.sum 1100-1969 vortex c:\frank\climate5\histser\allfiles.zip ~50N, ~0E - digitized from Lamb -see paper file*
England DJF mildness/severity index HO DEC lambeng.sum 1100-1969 vortex c:\frank\climate5\histser\allfiles.zip ~50N, ~0E - digitized from Lamb -see paper file*
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Bohemia, Czechoslovakia winter temperature index HO DEC bohtemp.win 1501-1900 vortex c:\frank\climate5\histser\allfiles.zip Difference in # extremely warm & extremely cold seasons*
Bohemia, Czechoslovakia spring temperature index HO DEC bohtemp.spr 1501-1900 vortex c:\frank\climate5\histser\allfiles.zip Difference in # extremely warm & extremely cold seasons*
Bohemia, Czechoslovakia summer temperature index HO DEC bohtemp.sum 1501-1900 vortex c:\frank\climate5\histser\allfiles.zip Difference in # extremely warm & extremely cold seasons*
Bohemia, Czechoslovakia fall temperature index HO DEC bohtemp.fal 1501-1900 vortex c:\frank\climate5\histser\allfiles.zip Difference in # extremely warm & extremely cold seasons*
Bohemia, Czechoslovakia winter precipitation index HO DEC bohprec.win 1501-1900 vortex c:\frank\climate5\histser\allfiles.zip Difference in # extremely wet & extremely dry seasons*
Bohemia, Czechoslovakia spring precipitation index HO DEC bohprec.spr 1501-1900 vortex c:\frank\climate5\histser\allfiles.zip Difference in # extremely wet & extremely dry seasons*
Bohemia, Czechoslovakia summer precipitation index HO DEC bohprec.sum 1501-1900 vortex c:\frank\climate5\histser\allfiles.zip Difference in # extremely wet & extremely dry seasons*
Bohemia, Czechoslovakia fall precipitation index HO DEC bohprec.fal 1501-1900 vortex c:\frank\climate5\histser\allfiles.zip Difference in # extremely wet & extremely dry seasons*
Germany DJF mildness/severity index HO DEC lambger.win 1100-1969 vortex c:\frank\climate5\histser\allfiles.zip ~50N, ~12E - digitized from Lamb -see paper file*
Germany July/August wetness/dryness index HO DEC lambger.sum 1100-1969 vortex c:\frank\climate5\histser\allfiles.zip ~50N, ~12E - digitized from Lamb -see paper file*
Russia DJF mildness/severity index HO DEC lambrus.win 1100-1969 vortex c:\frank\climate5\histser\allfiles.zip ~50N, ~35E - digitized from Lamb -see paper file*
Russia July/August wetness/dryness index HO DEC lambrus.sum 1100-1969 vortex c:\frank\climate5\histser\allfiles.zip ~50N, ~35E - digitized from Lamb -see paper file*
Central Russia winter temperature HO 30Y boriswin.dat 1500-1980 vortex c:\frank\climate5\histser\allfiles.zip 47N-65N, 25E-50E*
Central Russia spring temperature HO 30Y borisspr.dat 1500-1980 vortex c:\frank\climate5\histser\allfiles.zip 47N-65N, 25E-50E*
Central Russia summer temperature HO 30Y borissum.dat 1500-1980 vortex c:\frank\climate5\histser\allfiles.zip 47N-65N, 25E-50E*
Central Russia fall temperature HO 30Y borisfal.dat 1500-1980 vortex c:\frank\climate5\histser\allfiles.zip 47N-65N, 25E-50E*
Oresund (Danish Sound), Denmark # days with ice HO ANN oresund.ice 1763-1926 vortex c:\frank\climate5\histser\allfiles.zip Digitized from Lamb -see paper file*
Baltic Sea greatest area attained by ice HO ANN baltic.ice 1720-1957 vortex c:\frank\climate5\histser\allfiles.zip 1000s of sq km*
Riga, Latvia julian date of final opening of port HO ANN rigaopen.dat 1530-1958 vortex c:\frank\climate5\histser\allfiles.zip Digitized from Lamb -see paper file - not continuous before 1710*
China - geographic characteristics of droughts and floods HO ANN chidrout.fld 950-1984 vortex c:\frank\climate5\histser\allfiles.zip See paper file*
Japan degree of storm damage HO ANN japanstm.dmg 1650-1982 vortex c:\frank\climate5\histser\allfiles.zip Geometric mean of yearly loss of life and residential buildings*
Hirosaki, Japan est. value of winter temperature deviation HO O maejtagt.win 1661-1870 vortex c:\frank\climate5\histser\allfiles.zip From 1661-1868 mean - 20 to 40 year intervals*
Hirosaki, Japan est. value of spring temperature deviation HO O maejtagt.spr 1661-1870 vortex c:\frank\climate5\histser\allfiles.zip From 1661-1868 mean - 20 to 40 year intervals*
Hirosaki, Japan est. value of summer temperature deviationHO O maejtagt.sum 1661-1870 vortex c:\frank\climate5\histser\allfiles.zip From 1661-1868 mean - 20 to 40 year intervals*
Hirosaki, Japan est. value of fall temperature deviation HO O maejtagt.fal 1661-1870 vortex c:\frank\climate5\histser\allfiles.zip From 1661-1868 mean - 20 to 40 year intervals*
Hirosaki, Japan est. value of annual temperature deviation HO O maejtagt.ann 1661-1870 vortex c:\frank\climate5\histser\allfiles.zip From 1661-1868 mean - 20 to 40 year intervals*
Hirosaki, Japan est. value of winter precip deviation HO O maejtagp.win 1661-1870 vortex c:\frank\climate5\histser\allfiles.zip From 1661-1868 mean - 20 to 40 year intervals*
Hirosaki, Japan est. value of spring precip deviation HO O maejtagp.spr 1661-1870 vortex c:\frank\climate5\histser\allfiles.zip From 1661-1868 mean - 20 to 40 year intervals*
Hirosaki, Japan est. value of summer precip deviation HO O maejtagp.sum 1661-1870 vortex c:\frank\climate5\histser\allfiles.zip From 1661-1868 mean - 20 to 40 year intervals*
Hirosaki, Japan est. value of fall precip deviation HO O maejtagp.fal 1661-1870 vortex c:\frank\climate5\histser\allfiles.zip From 1661-1868 mean - 20 to 40 year intervals*
Hirosaki, Japan est. value of annual precip deviation HO O maejtagp.ann 1661-1870 vortex c:\frank\climate5\histser\allfiles.zip From 1661-1868 mean - 20 to 40 year intervals*
Honshu, Japan winter weather type indices HO DEC maejtagi.win 600-1900 vortex c:\frank\climate5\histser\allfiles.zip 51 year weighted running mean*
Honshu, Japan summer weather type indices HO DEC maejtagi.sum 600-1900 vortex c:\frank\climate5\histser\allfiles.zip 51 year weighted running mean*
Seoul, Korea # April-June drought months HO DEC korea.drt 1010-1969 vortex c:\frank\climate5\histser\allfiles.zip Combination of historical and instrumental*
Korea indices of warm winter weather states HO DEC koreawrm.win 1010-1979 vortex c:\frank\climate5\histser\allfiles.zip *
Korea indices of cold winter weather states HO DEC koreacld.win 1010-1979 vortex c:\frank\climate5\histser\allfiles.zip *
Korea indices of warm weather states during spr, sum, fal HO DEC koreawrm.ssf 1010-1979 vortex c:\frank\climate5\histser\allfiles.zip *
Korea indices of cold weather states during spr, sum, fal HO DEC koreacld.ssf 1010-1979 vortex c:\frank\climate5\histser\allfiles.zip *
South Korea frequency of dry and extremely dry events HO 50Y korea.dry 1392-1900 vortex c:\frank\climate5\histser\allfiles.zip *
South Korea frequency of abnormal great rainfall events HO 50Y korea.wet 1392-1900 vortex c:\frank\climate5\histser\allfiles.zip *
Ayuthya, Thailand flood levels HO ANN thaifld.ann 1831-1959 vortex c:\frank\climate5\histser\allfiles.zip For Chao Phya River*
Indian O.,Indonesia,W. Cent. Pac. O SST anomalies HO ANN wang.sst 1470-1989 vortex c:\frank\climate5\histser\allfiles.zip From 1880-1979 - 0N,180W; 0N,90W; 10S,90W; 10S,180W*
NAO reconstruction (Luterbacher) HO MON naomlyrecon.txt 1659-1995 vortex c:\frank\paleo Based on principal components regression analysis
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NAO reconstruction (Luterbacher) HO SEA naoseasrecon.txt 1500-1658 vortex c:\frank\paleo Based on principal components regression analysis
Indices of summer sea ice severity in Hudson Strait HO ANN ch1.dat 1751-1889 vortex c:\frank\climate5\histser\allfiles.zip From Climate Since A.D. 1500 - Chapter 2
Indices of summer ice severity in western Hudson Bayt HO ANN ch1.dat 1751-1869 vortex c:\frank\climate5\histser\allfiles.zip From Climate Since A.D. 1500 - Chapter 2
Indices of summer ice severity in eastern Hudson Bayt HO ANN ch1.dat 1751-1870 vortex c:\frank\climate5\histser\allfiles.zip From Climate Since A.D. 1500 - Chapter 2
Recon May/Jun Temp Anom east coast Hud./James Bay HO ANN ch1.dat 1800-1899 vortex c:\frank\climate5\histser\allfiles.zip From Climate Since A.D. 1500 - Chapter 2
Central Europe temperature and precipitation indices HO MLY ch6.dat 1525-1979 vortex c:\frank\climate5\histser\allfiles.zip From Pfister-see Climate Since A.D. 1500, Chap 6 & pfist89.dat below
Beijing May/June/July rain days and rain hours HO ANN ch11.dat 1724-1903 vortex c:\frank\climate5\histser\allfiles.zip From W.C. Wang et al. - see Climate Since A.D. 1500, Chapter 11
Honshu, Japan index of summer weather type frequencies HO DEC maejsum.csv 600-1900 vortex c:\frank\climate5\histser\allfiles.zip From Maejima and Tagami
Honshu, Japan index of winter weather type frequencies HO DEC maejwin.csv 600-1900 vortex c:\frank\climate5\histser\allfiles.zip From Maejima and Tagami
Central Europe temperature indices HO MLY pfist89.dat 1525-1989 vortex c:\frank\climate5\histser\allfiles.zip From C. Pfister - see ch6.dat and readme.pfi in allfiles.zip
South China - 3 regions - number cold winters HO DEC wng16rg6.win (also rg7,rg8) 1510-1960 vortex c:\frank\climate5\histser\allfiles.zip From Wang et al.
Milcent, Greenland ice core accumulation IA ANN l73mc.mil 1176-1967 vortex c:\frank\climate5\histser\fisher\allfiles1973 core*
Crete, Greenland ice core accumulation IA ANN l74-12.crt 553-1974 vortex c:\frank\climate5\histser\fisher\allfiles1974 core*
Mt. Logan net accumulation IA ANN ch25.dat 1721-1987 vortex c:\frank\climate5\histser\allfiles.zip From Holdsworth - see Climate Since A.D. 1500, Chap 25
Lomonosovfonna, Svalbard accumulation IA ANN ch26.dat 1657-1973 vortex c:\frank\climate5\histser\allfiles.zip From Tarussov - see Climate Since A.D. 1500, Chap 26
Milcent, Greenland accumulation IA ANN ch26.dat 1657-1973 vortex c:\frank\climate5\histser\allfiles.zip From Tarussov - see Climate Since A.D. 1500, Chap 26
Agassiz/Crete/Milcent normalized average accumulation IA ANN acmnorm3.crt 1622-1983 vortex c:\frank\climate5\histser\fisher\allfiles.zip
Agassiz Ice Cap accumulation IA ANN lamdg-1y.p89 1883-1988 vortex c:\frank\climate5\histser\fisher\allfiles.zip
E. Central Greenland normalized accumulation IA ANN lnorme2.crt 1677-1983 vortex c:\frank\climate5\histser\fisher\allfiles.zip

Central west Greenland super stack 18O II ANN delnorm6.cwg 553-1982 vortex c:\frank\climate1\paleo\paleo.zip From D. Fisher - see file fisher1 in paleo.zip

Penny 2 core 18O II ANN bld1yr.p95 1718-1992 vortex c:\frank\climate1\paleo\paleo.zip From D. Fisher

Agassiz Ice Cap 18O II ANN mg79s1y.a79 973-1972 vortex c:\frank\climate5\histser\fisher\reform1979 core*

Agassiz Ice Cap 18O II ANN mg84s1y.a84 1217-1973 vortex c:\frank\climate5\histser\fisher\allfiles1984 core*

Agassiz Ice Cap 18O II ANN mg87s1yr.a87 1313-1961 vortex c:\frank\climate5\histser\fisher\allfiles1987 core*

Agassiz Ice Cap 18O II ANN mer77s1y.a77 1349-1977 vortex c:\frank\climate5\histser\fisher\allfiles1977 core*

Devon Island Ice Cap 18O II ANN bld-1.dev 1512-1973 vortex c:\frank\climate5\histser\fisher\allfiles1972+1973 cores*

Agassiz Ice Cap 18O II 5Y mg84s5y2.a84 42 BC-1973 vortex c:\frank\climate5\histser\fisher\allfiles1984 core*

Agassiz Ice Cap 18O II 5Y mg87s5yr.a87 304 BC-1961 vortex c:\frank\climate5\histser\fisher\allfiles1987 core*

Agassiz Ice Cap 18O II 5Y mer77s5y.a77 518 BC-1977 vortex c:\frank\climate5\histser\fisher\allfiles1977 core*

Devon Island Ice Cap 18O II 5Y bld-5.dev 727 BC-1973 vortex c:\frank\climate5\histser\fisher\allfiles1972+1973 cores*

Greenland 18O II ANN mayewski.o18 1868-1984 vortex c:\frank\climate5\histser\allfiles.zip 65.01N, 44.87W*

Camp Century, Greenland 18O II 5Y cc-5ynew.ccc 1217-1972 vortex c:\frank\climate5\histser\fisher\allfiles*

Milcent, Greenland 18O II ANN mc73-1y.mil 1176-1967 vortex c:\frank\climate5\histser\fisher\allfiles1973 core*

Camp Century, Greenland 18O II ANN cc-1y.ccc 1176-1967 vortex c:\frank\climate5\histser\fisher\allfiles*

Milcent, Greenland 18O II O mc73-8.mil 1177-1967 vortex c:\frank\climate5\histser\fisher\allfiles1973 core - 8 values/year*

Crete, Greenland 18O II O ct74-12.crt 554-1974 vortex c:\frank\climate5\histser\fisher\allfiles1974 core - 12 values/yr*

North Grip 18O II 20Y northgrip.txt 10064 BC-1996 vortex c:\frank\paleo\data

Quelccaya 18O II ANN queld018.new 1481-1984 vortex c:\frank\climate5\histser\allfiles.zip

Mt. Logan core 18O II ANN ch25.dat 1736-1987 vortex c:\frank\climate5\histser\allfiles.zip From Holdsworth - see Climate Since A.D. 1500, Chap 25
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Dunde, China 18O II ANN d1strat.tim 1606-1987 vortex c:\frank\climate5\histser\allfiles.zip From L. Thompson

Dunde, China 18O II DEC d1oxtim.ave last 1500 yrs vortex c:\frank\climate5\histser\allfiles.zip From L. Thompson
Vostok deuterium content/temperature II VAR deutnat.txt last ~423,000 years vortex c:\frank\ray\nature1.zip From Petit et al., 1999, Nature - see readme1.doc in same zip file

Dasuopu 18O II ANN dasuopu.o18 1950-1997 vortex c:\frank\sajdel18o\allfiles.zip 3 cores - annual averages

Agassiz Ice Cap 18O II 25Y a8487s25.a84 9064BC-1961 vortex c:\frank\climate5\histser\fisher\allfiles2 core average

Agassiz Ice Cap 18O - scoured minus unscoured II ANN a84-bld.1yr 1888-1973 vortex c:\frank\climate5\histser\fisher\allfiles.zip

Agassiz Ice Cap 18O - blended II ANN bldmer77.1yr 1892-1977 vortex c:\frank\climate5\histser\fisher\allfiles.zip

Crete, Greenland 18O II ANN ct74-1y.crt 553-1974 vortex c:\frank\climate5\histser\fisher\allfiles.zip

Agassiz Ice Cap Denis Greg pit 18O II ANN deldg-1y.p89 1883-1988 vortex c:\frank\climate5\histser\fisher\allfiles.zip

Crete, Greenland normalized averaged 18O II ANN delnorm3.crt 1622-1983 vortex c:\frank\climate5\histser\fisher\allfiles3 cores

Crete, Greenland normalized averaged 18O II ANN delnorm4.crt 1622-1983 vortex c:\frank\climate5\histser\fisher\allfiles4 cores

Camp Century, Greenland normalized stacked 18O II ANN delnort3.stk 1761-1972 vortex c:\frank\climate5\histser\fisher\allfiles3 cores

Crete, Greenland? normalized averaged 18O II ANN dnorme2.crt 1777-1983 vortex c:\frank\climate5\histser\fisher\allfiles.zip

Milcent, Greenland 18O II 8/YR mc73-8.mil 1176-1967 vortex c:\frank\climate5\histser\fisher\allfiles.zip

Agassiz Ice Cap normalized 18O II ANN mg77norm.1yr 1349-1977 vortex c:\frank\climate5\histser\fisher\allfiles.zip

Agassiz Ice Cap normalized 18O II ANN mg79norm.1yr 1173-1972 vortex c:\frank\climate5\histser\fisher\allfiles.zip

Agassiz Ice Cap normalized 18O II ANN mg848779.1yr 1300-1961 vortex c:\frank\climate5\histser\fisher\allfiles.zip

Agassiz Ice Cap normalized 18O II ANN mg8487nm.1yr 1340-1971 vortex c:\frank\climate5\histser\fisher\allfiles.zip

Agassiz Ice Cap normalized 18O II ANN mg84norm.1yr 1217-1973 vortex c:\frank\climate5\histser\fisher\allfiles.zip

Agassiz Ice Cap normalized 18O II ANN mg87norm.1yb 1304-1961 vortex c:\frank\climate5\histser\fisher\allfiles.zip

Agassiz Ice Cap 18O II ANN mg87s1yb.a87 1304-1961 vortex c:\frank\climate5\histser\fisher\allfiles.zip

Agassiz Ice Cap normalized 18O II ANN mgnorm.1yr 1340-1971 vortex c:\frank\climate5\histser\fisher\allfiles.zip

Agassiz Ice Cap normalized 18O II ANN norm7789.1yr 1892-1977 vortex c:\frank\climate5\histser\fisher\allfiles.zip
Agassiz Ice Cap % melt IM ANN pc84-1y2.a84 1242-1961 vortex c:\frank\climate5\histser\fisher\reform1984 core*
Agassiz Ice Cap % melt IM ANN pc87-1yr.a87 1231-1961 vortex c:\frank\climate5\histser\fisher\reform1987 core*
Agassiz Ice Cap % melt IM 5Y pca77vol.a77 466-1966 vortex c:\frank\climate5\histser\fisher\reform1977 core*
Devon Island Ice Cap % melt IM 5Y melt.dev 1335-1960 vortex c:\frank\climate5\histser\fisher\allfiles1973 core*
Devon Island Ice Cap % melt IM 5Y pc5bld.dev 1161-1971 vortex c:\frank\climate5\histser\fisher\reform1971+1972+1973 cores*
Agassiz Ice Cap % melt IM 5Y pc87-5yr.a87 51-1961 vortex c:\frank\climate5\histser\fisher\reform1987 core*
Agassiz Ice Cap % melt IM 5Y pc84-5y2.a84 9 BC-1961 vortex c:\frank\climate5\histser\fisher\reform1984 core*
Austfonna, Svalbard melt percentage IM ANN ch26.dat 575BC-1987 vortex c:\frank\climate5\histser\allfiles.zip From Tarussov - see Climate Since A.D. 1500, Chap 26
South Greenland reconstructed summer temperature IM ANN kameda.dat 1545-1988 vortex c:\frank\climate5\histser\allfiles.zip From T. Kameda
Lomonosov, Svalbard Ice Cap summer melt IM ANN tarussov.dat 1400-1985 vortex c:\frank\climate5\histser\allfiles.zip From Tarussov
Agassiz Ice Cap normalized % melt IM 5Y norm8477.5pc 462-1961 vortex c:\frank\climate5\histser\fisher\allfiles.zip
Agassiz Ice Cap normalized % melt IM 5Y pc778487.5yr 1802-1961 vortex c:\frank\climate5\histser\fisher\allfiles.zip
Agassiz Ice Cap normalized % melt IM 5Y pc7787.5yr 1802-1961 vortex c:\frank\climate5\histser\fisher\allfiles.zip
Agassiz Ice Cap % melt IM ANN pc79-1y.a79 613-1971 vortex c:\frank\climate5\histser\fisher\allfiles.zip
Agassiz Ice Cap % melt IM 5Y pca79-5y.a79 617-1971? vortex c:\frank\climate5\histser\fisher\allfiles.zip
Agassiz Ice Cap % melt IM 50Y pcavhol3.a84 8388BC-1961 vortex c:\frank\climate5\histser\fisher\allfiles.zip
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Agassiz Ice Cap normalized averaged % melt IM 5Y pcnorm-5.all 617-1961 vortex c:\frank\climate5\histser\fisher\allfiles.zip
Salem, MA reconstructed winter temperature IN ANN holytem.win 1754-1828 vortex c:\frank\climate5\histser\allfiles.zip *
Salem, MA reconstructed spring temperature IN ANN holytem.spr 1754-1828 vortex c:\frank\climate5\histser\allfiles.zip *
Salem, MA reconstructed summer temperature IN ANN holytem.sum 1754-1828 vortex c:\frank\climate5\histser\allfiles.zip *
Salem, MA reconstructed fall temperature IN ANN holytem.fal 1754-1828 vortex c:\frank\climate5\histser\allfiles.zip *
Salem, MA reconstructed annual temperature IN ANN holytem.ann 1754-1828 vortex c:\frank\climate5\histser\allfiles.zip *
Eastern U.S. reconstructed winter precipitation IN ANN eastuspr.win 1738-1967 vortex c:\frank\climate5\histser\allfiles.zip mm - digitized from Lamb*
Eastern U.S. reconstructed spring precipitation IN ANN eastuspr.spr 1738-1967 vortex c:\frank\climate5\histser\allfiles.zip mm - digitized from Lamb*
Eastern U.S. reconstructed summer precipitation IN ANN eastuspr.sum 1738-1967 vortex c:\frank\climate5\histser\allfiles.zip mm - digitized from Lamb*
Eastern U.S. reconstructed fall precipitation IN ANN eastuspr.fal 1738-1967 vortex c:\frank\climate5\histser\allfiles.zip mm - digitized from Lamb*
Eastern U.S. reconstructed annual precipitation IN ANN eastuspr.ann 1738-1967 vortex c:\frank\climate5\histser\allfiles.zip mm - digitized from Lamb*
Eastern U.S. reconstructed winter temperature IN ANN eastus.win 1738-1967 vortex c:\frank\climate5\histser\allfiles.zip digitized from Lamb*
Eastern U.S. reconstructed spring temperature IN ANN eastus.spr 1738-1967 vortex c:\frank\climate5\histser\allfiles.zip digitized from Lamb*
Eastern U.S. reconstructed summer temperature IN ANN eastus.sum 1738-1967 vortex c:\frank\climate5\histser\allfiles.zip digitized from Lamb*
Eastern U.S. reconstructed fall temperature IN ANN eastus.fal 1738-1967 vortex c:\frank\climate5\histser\allfiles.zip digitized from Lamb*
Eastern U.S. reconstructed annual temperature IN ANN eastus.ann 1738-1967 vortex c:\frank\climate5\histser\allfiles.zip digitized from Lamb*
Central England IN O cengtmp.dat 1659-1897 vortex c:\frank\climate5\histser\allfiles.zip Monthly - see paper file*
Prague-Klementinim, Czech. winter temperature anom. IN DEC pragtemp.win 1761-1900 vortex c:\frank\climate5\histser\allfiles.zip Anomalies from 1771-1980*
Prague-Klementinim, Czech. spring temperature anom. IN DEC pragtemp.spr 1761-1900 vortex c:\frank\climate5\histser\allfiles.zip Anomalies from 1771-1980*
Prague-Klementinim, Czech. summer temperature anom. IN DEC pragtemp.sum 1761-1900 vortex c:\frank\climate5\histser\allfiles.zip Anomalies from 1771-1980*
Prague-Klementinim, Czech. fall temperature anom. IN DEC pragtemp.fal 1761-1900 vortex c:\frank\climate5\histser\allfiles.zip Anomalies from 1771-1980*
Seoul, Korea annual total precipitation IN ANN seoulpre.ann 1771-1961 vortex c:\frank\climate5\histser\allfiles.zip mm*
Long term NH station seasonal temperatures IN SEA ch13.dat 1701-1987 (varies) vortex c:\frank\climate5\histser\allfiles.zip See Climate Since A.D. 1500, Chapter 13
Agassiz Ice Cap volcanic scratch volts IO ANN sch84s1y.a84 1223-1961 vortex c:\frank\climate5\histser\fisher\allfilesBore hole A84*
Agassiz Ice Cap electrical conductivity IO ANN a77sc.a77 433-1853 vortex c:\frank\climate5\histser\fisher\allfilesBore hole A77*
Crete, Greenland ice core acidity IO ANN crete.acd 553-1972 vortex c:\frank\climate5\histser\allfiles.zip 71°07'N, 37°19'W*
CH4 mixing ratio from Law Dome, Ant. IO O ethch498.xls 1008-1992 vortex c:\frank\paleo\allfiles.zip Irregular time intervals

CO2 concentration ratio from Antarctic ice and firn IO O ethco296.xls 1006-1969 vortex c:\frank\paleo\allfiles.zip Irregular time intervals
GISP2 volcanic sulfate IO VAR 110k volcanic SO4.GISP2 last ~110,000 years vortex c:\frank\paleo\zielinski From Zielinski
Solar irradiance reconstructed from 14C and 10Be IO VAR bardirrad.txt 843-1961 vortex c:\frank\paleo\data From Bard et al., Tellus, 2000
Vostok dust concentration IO VAR dustnat1.txt ~4500 BP-421,000 BP vortex c:\frank\ray\nature1.zip From Petit et al., 1999, Nature - see readme1.doc in same zip file
Vostok sodium concentration IO VAR nanat1.txt last ~420,000 years vortex c:\frank\ray\nature1.zip From Petit et al., 1999, Nature - see readme1.doc in same zip file
Vostok methane concentration IO VAR ch4nat1.txt ~2300 BP-417,000 BP vortex c:\frank\ray\nature1.zip From Petit et al., 1999, Nature - see readme1.doc in same zip file
Vostok CO2 concentration IO VAR co2nat1.txt ~2300 BP-414,000 BP vortex c:\frank\ray\nature1.zip From Petit et al., 1999, Nature - see readme1.doc in same zip file
Hoyt reconstructed solar irradiance O ANN hoyt 1700-1992 vortex c:\frank\climate1\paleo\paleo.zip From D. Hoyt
Lean reconstructed solar irradiance O ANN lean.196 1600-1999 vortex c:\frank\climate1\paleo\paleo.zip From J. Lean
Lean reconstructed solar irradiance O ANN lean1012 1600-1999 vortex c:\frank\climate1\paleo\paleo.zip From J. Lean
Lean reconstructed solar irradiance O ANN jlean 1611-1988 vortex c:\frank\climate1\paleo\paleo.zip From J. Lean
Cumulative NH dust veil index O ANN cumnh.dvi 1500-1985 vortex c:\frank\climate1\paleo\paleo.zip See program cumnhdvi.f in paleo.zip-uses NDP013 from CDIAC
Lean reconstructed solar irradiance O ANN lean900.doc 900-1800 vortex c:\frank\paleo\allfiles.zip From J. Lean
N. Urals upper limit of trees above modern treeline O 50Y russtree.dat 850-1990 vortex c:\frank\paleo\data\allfiles.zip From Shiyatov, 1993
10Be concentration OI VAR be10-jlean 898-1947 vortex c:\frank\climate1\paleo\paleo.zip From Judith Lean - McHargue and Damon Be10
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10Be concentration OI ANN beer 1423-1985 vortex c:\frank\climate1\paleo\paleo.zip From Juerg Beer - Dye 3, Greenland
E. N. America summer temp and annual precip PO VAR gaje88.prn 67 BC-1974 (varies) vortex c:\frank\climate5\histser\gajewski\allf From K. Gajewski - cores from 8 ponds and lakes
N. America tree ring reconstructions TR ANN northern.data 1400-1980 (varies) vortex c:\frank\climate1\paleo\paleo.zip From Gordon Jacoby - several sites
Kolyma River tree ring reconstruction TR ANN kolyma.temp 1545-1989 vortex c:\frank\climate1\paleo\paleo.zip From C. Earle - see kolyma.treering for more info
Mongolia tree ring reconstruction TR ANN mongolia 1550-1994 vortex c:\frank\climate1\paleo\paleo.zip From Gordon Jacoby - see file mongolia2 in paleo.zip
Oroko Swamp, New Zealand temperature reconstruction TR O orokonztr.txt 900-1957 vortex c:\frank\paleo Jan to Mar - silver pine tree rings
Northern Patagonia summer temperature departures TR ANN boninraw.new 1500-1974 vortex c:\frank\climate5\histser\allfiles.zip From J. A. Boninsegna
British Columbia/Pacific NW temp reconstruction TR ANN briffa.bcp 1600-1982 vortex c:\frank\climate5\histser\allfiles.zip From K. Briffa - see briffreg.dat and wusrec.dat
California temperature reconstruction TR ANN briffa.cal 1600-1982 vortex c:\frank\climate5\histser\allfiles.zip From K. Briffa - see briffreg.dat and wusrec.dat
Eastern Rockies/Northern High Plains temp reconstruction TR ANN briffa.ern 1600-1982 vortex c:\frank\climate5\histser\allfiles.zip From K. Briffa - see briffreg.dat and wusrec.dat
Southwest desert temperature reconstruction TR ANN briffa.swd 1600-1982 vortex c:\frank\climate5\histser\allfiles.zip From K. Briffa - see briffreg.dat and wusrec.dat
Western U.S. temperature reconstruction TR ANN briffa.wus 1600-1982 vortex c:\frank\climate5\histser\allfiles.zip From K. Briffa - see briffreg.dat and wusrec.dat
Northern N. America reconstructed temp departures TR ANN ch15.dat 1601-1974 vortex c:\frank\climate5\histser\allfiles.zip From Darrigo and Jacoby - see Climate Since A.D. 1500, Chapter 15
Grt Plains stand. regional tree ring series & eigen. scores TR ANN ch16.dat 1750-1964 vortex c:\frank\climate5\histser\allfiles.zip From D. Meko - see Climate Since A.D. 1500, Chapter 16
East US rotated drought fator scores TR ANN ch17.dat 1700-1972 vortex c:\frank\climate5\histser\allfiles.zip From E. Cook - see Climate Since A.D. 1500, Chapter 17
Northern Fennoscandia recon July/Aug temperatures TR ANN chap19.dat 1580-1978 vortex c:\frank\climate5\histser\allfiles.zip Fr Briffa and Schweingruber-see Climate Since A.D. 1500, Chap 19
UK, Scand, and C. Eur. Recon of Apr-Sep temperature TR ANN chap19.dat 1750-1975 vortex c:\frank\climate5\histser\allfiles.zip Fr Briffa and Schweingruber-see Climate Since A.D. 1500, Chap 19
NW Russia reconstructed June/July temperature TR ANN chap20.dat 961-1969 vortex c:\frank\climate5\histser\allfiles.zip From Graybill and Shiyatov-see Climate Since A.D. 1500, Chap 20
Santiago de Chile reconstructed winter precipitation TR ANN ch23.dat 1500-1972 vortex c:\frank\climate5\histser\allfiles.zip From Boninsegna - see Climate Since A.D. 1500, Chap 23
Subtrop.anticyclone belt summer and winter positions TR ANN ch23.dat 1500-1974 vortex c:\frank\climate5\histser\allfiles.zip From Boninsegna - see Climate Since A.D. 1500, Chap 23
Chiloe reconstructed summer precipitation TR ANN ch23.dat 1556-1985 vortex c:\frank\climate5\histser\allfiles.zip From Boninsegna - see Climate Since A.D. 1500, Chap 23
Ushuaia first eigenvactor amplitudes TR ANN ch23.dat 1751-1984 vortex c:\frank\climate5\histser\allfiles.zip From Boninsegna - see Climate Since A.D. 1500, Chap 23
N. Patagonia reconstructed summer temperature TR ANN ch23.dat 1500-1974 vortex c:\frank\climate5\histser\allfiles.zip From Boninsegna - see Climate Since A.D. 1500, Chap 23
Rio Alerce reconstructed summer temperature TR ANN ch23.dat 1500-1983 vortex c:\frank\climate5\histser\allfiles.zip From Boninsegna - see Climate Since A.D. 1500, Chap 23
Atuel, Neuquen, and Limay R. mean annual flow TR ANN ch23.dat 1575-1970 vortex c:\frank\climate5\histser\allfiles.zip From Boninsegna - see Climate Since A.D. 1500, Chap 23
Lake Coleridge, NZ reconstructed summer rainfall TR ANN ch24.dat 1880-1977 vortex c:\frank\climate5\histser\allfiles.zip From Norton and Palmer - see Climate Since A.D. 1500, Chap 24
Hurunui, NZ reconstructed summer river flow TR ANN ch24.dat 1880-1977 vortex c:\frank\climate5\histser\allfiles.zip From Norton and Palmer - see Climate Since A.D. 1500, Chap 24
New Zealand reconstructed summer temperature TR ANN ch24.dat 1730-1982 vortex c:\frank\climate5\histser\allfiles.zip From Norton and Palmer - see Climate Since A.D. 1500, Chap 24
N. America northern treeline reconstructed temperature TR ANN darrigo.dat 1601-1974 vortex c:\frank\climate5\histser\allfiles.zip From R. D'Arrigo
Western U.S. temperature reconstruction TR ANN frittslo.dat 1602-1961 vortex c:\frank\climate5\histser\allfiles.zip From Fritts and Lough (1985 Climatic Change)
Eastern U.S. temperature reconstruction TR ANN frittslo.dat 1602-1961 vortex c:\frank\climate5\histser\allfiles.zip From Fritts and Lough (1985 Climatic Change)
U.S. and SW Canada temperature reconstruction TR ANN frittslo.dat 1602-1961 vortex c:\frank\climate5\histser\allfiles.zip From Fritts and Lough (1985 Climatic Change)
Srinagar, India reconstructed summer temperature TR ANN srinagar.dat 1660-1980 vortex c:\frank\climate5\histser\allfiles.zip 34 11 N, 74 49 E
Tasmania reconstructed summer temperature TR ANN tasmania.ser 900-1989 vortex c:\frank\climate5\histser\allfiles.zip From Cook et al.
Rio Alerce reconstructed summer temperature TR ANN villalba.dat 869-1983 vortex c:\frank\climate5\histser\allfiles.zip From Villalba - also see ch23.dat (Boninsegna uses this series)
U.S. annual, spring, and summer regional (15) temps TR ANN wusfrtts.dat 1602-1961 vortex c:\frank\climate5\histser\allfiles.zip From Fritts book, Fig. 3.1, p. 36
Tornetrask, Sweden temperature reconstruction TR ANN tornrec.dat 500-1980 vortex c:\frank\paleo\data\allfiles.zip From Briffa et al.
Northeast US tree ring data TR ANN 225 files 1509-1994 (varies) vortex c:\frank\paleo\treering New England + NY,NJ,PA,MD - various parameters
Lake Tuborg (3 core) varve thicknesses VR ANN tuborg.xls 1694-1995 vortex c:\frank\paleo
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From: Raymond S. Bradley
To: Michael E. Mann
Cc: mhughes@ltrr.arizona.edu
Subject: Re: data
Date: Friday, September 27, 2002 7:59:13 AM

I'm familiar with this paper (& another similar one that I believe is in
press in The Holocene).  But this GRL paper mixes up some decent records
with a few crappy ones (Jinchuan peat oxygen isotopes, Taiwan C/N in lake
sediments, C-13 in Japanese trees...) that are not clearly related to
temperature, as claimed.  So, we should use these data selectively.
Malcolm & I will be at a meeting in China in mid-October, with a main goal
to find the best East Asian records and capture them...
By the way, did you se Cook et al, GRL 29, 14, 10.1029/2001GL014580 2002 [I
hate these new citations!]
"Evidence for a "Medieval Warm Period" in a 1100 year tree-ring
reconstruction of past austral summer temperatures in New Zealand"

Ray

.At 12:53 PM 9/25/02 -0400, you wrote:
>Dear All,
>
>Please check this out:
>
>GEOPHYSICAL RESEARCH LETTERS, VOL. 29, NO. 9, 10.1029/2001GL014485, 2002
>General characteristics of temperature variation in China during the last
>two millennia
>Bao Yang
>Institute of Cold and Arid Regions Environmental and Engineering, Chinese
>Academy of Sciences,
>China
>Achim Braeuning
>Institute for Geography, University of Stuttgart,
>Stuttgart, Germany
>Kathleen R. Johnson
>Department of Earth and Planetary Science, University of California,
>Berkeley, CA, USA
>Shi Yafeng
>Institute of Geography and Limnology, Chinese Academy of Sciences,
>Nanjing, China
>Abstract
>[1] Three alternate China-wide temperature composites covering the last
>2000 years were established by combining multiple paleoclimate proxy
>records obtained from ice cores, tree rings, lake sediments and historical
>documents. Five periods of temperature variation can be identified: a warm
>stage in AD 0–240, a cold interval between AD 240 and 800, a return to
>warm conditions from AD 800–1400, including the Medieval Warm Period
>between AD 800–1100, the cool Little Ice Age period between 1400–1920, and
>the present warm stage since 1920. Regional temperature variation is found
>during AD 800–1100, when warm conditions occurred in Eastern China and in
>the northeastern Tibetan Plateau and in AD 1150–1380, when the southern
>Tibetan Plateau experienced a warm interval. In contrast, evidence for
>cool conditions during the LIA is more consistent among the proxy records.
>The temperature reconstructions for China and the Northern Hemisphere show
>good agreement over the past millennium.
>Received 30 November 2001; revised 21 February 2002; accepted 28 February
>2002; published 11 May 2002.
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>
>
>We should get ahold of these data, if possible, to add to the candidate
>predictors for our reconstructions.
>
>Hopefully, the authors will make them available (does anyone have good
>contacts w/ these folks?). At worst, they can be digitized at decadal
>resolution...
>
>cheers,
>
>mike
>
>_______________________________________________________________________
>                     Professor Michael E. Mann
>            Department of Environmental Sciences, Clark Hall
>                       University of Virginia
>                      Charlottesville, VA 22903
>_______________________________________________________________________
>e-mail: mann@virginia.edu   Phone: (434) 924-7770   FAX: (434) 982-2137
>          http://www.evsc.virginia.edu/faculty/people/mann.shtml

Raymond S. Bradley
Distinguished Professor and Head of Department
Department of Geosciences
Morrill Science Center
611  North Pleasant Street
AMHERST, MA 01003-9297

Tel: 413-545-2120
Fax: 413-545-1200
Climate System Research Center: 413-545-0659
Climate System Research Center Web Page: <http://www.paleoclimate.org>
Paleoclimatology Book Web Site: http://www.geo.umass.edu/climate/paleo/html
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From: Michael E. Mann
To: tom crowley
Cc: mann@virginia.edu; mhughes@ltrr.arizona.edu
Subject: Re: 70 year cycle
Date: Monday, May 28, 2001 11:09:01 AM

Thanks Tom,

Will check that out...

mike

At 01:02 PM 5/28/01 -0500, you wrote:
>Mike thought you might be interested in this too, Tom
>
> >Date: Mon, 28 May 2001 12:52:44 -0500
> >To: "Malcolm K. Hughes" <mhughes@ltrr.arizona.edu>
> >From: tom crowley <tom@ocean.tamu.edu>
> >Subject: 70 year cycle
> >Cc: tcrowley@ocean.tamu.edu
> >Bcc:
> >X-Attachments: :Macintosh HD:28321:Arizona_GDI2.pc:
> >
> >Hi Malcolm,
> >
> >attached is a ps comparison of the band passed 70 yr oscillation from my
> >"conveyor index" with your sw U.S. ppt reconstruction - the GDI2 refers to
> >a composite from Gisp2, Dye3, and Iceland sea ice back to AD 1000.
> >
> >two things can be stated -
> >
> >(1) the correlation from 1600-present is spectacular - 0.96 this is v nice
> >(2) the correlation is nonstationary - over the whole record r=0.64 (still
> >nice) but there are clearly times when the indeces are almost out of
> >phase.  this creates problems - one could rationalize that the correlation
> >depends on the basic state of the atmosphere, which changes as climate
> >changes, blah blah blah - but it does require more thought before it can
> >be written up
> >
> >if something convincing could be stated this correlation has interesting
> >implications for desert ecology - my understanding is that the correlation
> >in the instrumental part of the record is mainly with summer ppt - winter
> >ppt may be more influenced by the Pacific.  If so one would predict a
> >rough cyclicity in the diversity of desert biota - during times of high
> >summer ppt one might have a more Chihuaha Desert assemblage, during times
> >of lower ppt it might be more Sonoran - but this may be going too far.
> >
> >it is also necessary to redo the correlation - a particular band is
> >instructive but not convincing when discussing an oscillation that is only
> >quasi-cyclical.  There are smoothing techniques that can be applied to the
> >raw data that restore more of the irregularity in the oscillation - I have
> >done that with the GDI2 index but would need you data to repeat the same
> >pattern.  can you send the composited data used for the time series
> >analysis?
> >
> >regards, Tom
> >
>
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>
>
>Thomas J.  Crowley
>Dept. of Oceanography
>Texas A&M University
>College Station, TX  77843-3146
>979-845-0795
>979-847-8879 (fax)
>979-845-6331 (alternate fax)

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone: (804) 924-7770   FAX: (804) 982-2137
          http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu
Subject: stuff
Date: Thursday, November 16, 2000 1:58:01 PM

Hi Malcolm,

Emails flying back and forth! Unfortunately, I've got to head off to a
tenure talk by one of my colleagues.

But wanted to get the results to you on the comparison. IN a separate email,
I've attached 30 year lowpassed versions of your PDO recon and the MBH98 PC#5.
FOr the latter, I have lagged it (adanced it forward in time) by 30 years,
which
represents roughly about 1/2 cycle, and corresponds to the negative phase
of EOF #5, ie, a colder than normal central north Pacific. This correlates
with the positive anomaly in your PDO recon (r=0.52 for the 30 year
lowpassed series,
not perfect, but statistically significant). So I would say the comparison
is favorable. One intepretation of the differences is that the global and
North American data may be saying different things about the phase of the
signal. An argument for merging the data!

You may like to plot the two series yourself and compare. Let me know what you
think

mike
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone: (804) 924-7770   FAX: (804) 982-2137
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: srutherford@virginia.edu
Cc: Malcolm Hughes; alexeyk@rosie.ldgo.columbia.edu; mevans@lgo3.harvard.edu
Subject: Re: yesterday"s visit
Date: Friday, May 19, 2000 9:45:22 AM

Dear all,

For all of those who don't know, Scott Rutherford is a research scientist
now working with me at U.Va (and w/ Ray and Malcolm)  on expansions and
methodological improvements of the multiproxy climate reconstruction work,
for the next couple years.

I am asking Scott, when he has the chance, if we would please post the
original MBH98 dataset of 100+ indicators on an anonymous location on our
server (holocene.evsc.virginia.edu) which will be available to those who
are interested.

We will notify you all when this is available. Questions should be directed
to Scott.

mike

At 05:32 AM 5/19/00 -0700, Malcolm Hughes wrote:
>Dear Mike - it would be good if we can find the file structure you
>had. THere is no longer any problem with the Stockton data - I think
>I mentioned to you last Fall that Chuck was happy for them to be
>released. I think we stand to gain quite a lot by making the dataset
>easily available - there could be a cottage industry of Kaplans,
>Evans's, maybe even Lalls and Crowleys trying to do new things
>and each time they would have to refer back to the work for which
>the dataset was collated. In that sense I think Mike is probably right
>in saying that it could be a 'commodity'. I don't see that we have
>anything to lose, as we're well on the way to having something even
>better.
>THe issue came up precisely on the point that you predicted, and
>Aleksei had expressed genuine puzzlement at their failure to do
>better with the tree rings and their Pacific SST stuff. There are
>some aspects of it that I find puzzling too, but the obvious comment
>was that they hadn't 'high-graded' their data set for the target signal.
>I also suspect that your approach is getting the large scale patterns
>better because: a) of the global (+/-) extent of the dataset; and b)
>because although it only looks as if we were looking at 110
>records, we were really using the distilled information from three or
>four times as many, and even that was a quality-controlled set. Plus
>of course the value of hte specific methods used. CHeers, Malcolm
>Malcolm Hughes
>Professor of Dendrochronology
>Laboratory of Tree-Ring Research
>University of Arizona
>Tucson, AZ 85721
>520-621-6470
>fax 520-621-8229
>
>
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
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                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone: (804) 924-7770   FAX: (804) 982-2137
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: Raymond S. Bradley; p.jones@uea.ac.uk; mhughes@ltrr.arizona.edu; wigley@ncar.ucar.edu
Cc: Tim Osborn; Keith Briffa
Subject: Re: Yang et al
Date: Sunday, June 22, 2003 6:04:46 PM
Attachments: proxymap.pdf

Hi Ray,

I'm in Volcano national park on my Honeymoon, so comment will be brief, by
necessity...

In our GRL article, Phil and I weighted the records we used with respect to their
decadal correlations with the instrumental gridpoint surface temperature data for the
same region (numbers in parentheses in attached figure 1 from the paper), so if a
series is truly crap in an objectively determined sense, it got very low weight. The
China series has a reasonable (r=0.22), but not great correlation--and it  gets a
moderate low weight.

In my opinion, this is a better approach then simply deeming a record crap a priori
(and then getting criticized for not considering it). We considered all available records
with appropriate resolution that are putative temperature estimates, and weighted
them objectively.

We also did careful cross-validation on the resulting reconstruction using independent
instrumental data, etc.---so I hardly think we are subject to criticism in how we used
the available data, relative to other analyses that have been done...

As for the Eos piece, I think a similar point holds--not showing it at all would seem a
conspicuous omission. We could add the local correlation values to each of the panels
of Figure 2, and comment briefly--this could be done at the proof stage.

I'll leave this to Phil (or Keith or Tim, who are helping out since Phil is also on
vacation) to take care of, as I have promised not to get involved with this sort of
stuff until my honeymoon is over. Phil and I can discuss this, if need be, when we
meet in Sapporo in a couple weeks,

mike

At 06:37 PM 6/22/2003 -0400, Raymond S. Bradley wrote:

Phil:
You commented that the Chinese series of Yang et al (GRL 2002) looked
weird.  Well, that's because it's crap--no further comment on what stuff
gets into GRL!

You appear to have used their so-called "complete" China record.  You
really should consider what went into this --2 ice core delta 18O records
of dubious relationship to temperature (one is cited as correlating with
NW China temperatures at r=0.2-0.4), 3 tree ring series, one of which is a
delta C-13 record of questionable climatic significance (to be generous). 
The other series include two records from a Taiwan lake--a
carbon/nitrogen isotope and a total organic carbon series (interpreted as
high="warm, wet") and an oxygen isotope series from cellulose in peat!!!
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(& don't ask about the C-14 based chronology, interpolated to decadal
averages!)
I loved this sentence:
"Although a quantitative relationship between the proxy records of the
Jinchuan peat, the Japan tree-ring series and the Taiwanese sediment
records with modern climate data are not given in the original works, the
qualitative connectivity with temperature as the dominant controlling
factor has undoubtedly been verified"
Oh, undoubtedly!!  And these are 4 of the 9 series going into the
"complete China" record..
Finally, they use another record based on "phenology" and (somehow)
this provides a winter temperature series....

You just shouldn't grab anything that's in print and just use it 'cos it's
there---that just perpetuates rubbish.  This series needs to be removed
from Figure 2 in the EOS forum piece--and if you included it in your GRL
paper, I suggest that you reconsider it.
Ray

Raymond S. Bradley
Distinguished Professor
Director, Climate System Research Center*
Department of Geosciences
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel: 413-545-2120
Fax: 413-545-1200
*Climate System Research Center: 413-545-0659
        <http://www.paleoclimate.org>
Paleoclimatology Book Web Site:
http://www.geo.umass.edu/climate/paleo/html

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone: (434) 924-7770   FAX: (434) 982-2137
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Tim Osborn
Cc: srutherford@virginia.edu; k.briffa@uea; p.jones@uea
Subject: Re: my visit
Date: Friday, September 22, 2000 12:35:16 PM

HI Tim,

Very busy, so just a short response for the time being.

Regarding our MBH98 and GRL99 datasets, I'm pretty sure that Scott put those
on anonymous ftp for you some months ago. So you *should* already have had
access to all the data we used. In fact, it was only a few select series of
Malcolm's that weren't made available from the get-go.  So data has never
been an issue for us. I'm happy to hear that it is not an issue for
you/keith/phil and that you are ready to make your density data available...

A few points of clarification might help here:

The revised method (based on ridge regression) is currently in development
as far as paleoreconstruction is concerned (we have a paper to be submitted
on application to the instrumental record only). We intend to test it on
synthetic proxy datasets (as described in my previous email) before
applying it to actual proxy data, so your visit, unfortunately, occurs at a
time that is too premature for comparison with results from this method.
Rather, we were hoping
you shared some of the interest along the lines of
developmental/methodological
issues.

Comparison between warm-season reconstructions would be fine, but you should
be aware of the extreme caveats with regard to our seasonal
reconstructions, as spelled out in detail in our "Earth Interactions"
article. We don't do nearly as well for warm-season or cold-season as for
annual-mean, and we believe this is consistent w/ the mix of seasonal
information contained in the multiproxy dataset. Obviously, things are
somewhat different for the more seasonally homogeneous density chronology
dataset. So to us, this comparison might not
seem as worthwhile as it would for you all, but we can do it if all provisos
and caveats are fully recognized and embraced from the start...

The idea of testing wavelet methods of distinguish contributions on
different timescales sounds like it is of interest to all of us, and
perhaps we can
move in that direction during your visit.

In any case, we'll have more than enough to do, talk about, investigate,
and no need to necessarily hammer it all out beforehand.

Comments from others (Scott, Phil, Keith?) welcome,

mike

At 09:24 AM 9/22/00 +0100, Tim Osborn wrote:
>At 10:11 19/09/00 -0400, you wrote:
>>I will put you up at the "Red Roof Inn" for the 10 nights...
>>Will have reservations made for you for the night of the 10th through 19th,
>>checking out morning of the 20th...
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>
>That sounds great. Thanks.
>
>
>Mike,
>
>I've talked over various ideas with Keith and Phil (and I'm cc'ing this to
>them as well as to Scott), and I've now made some slightly firmer/clearer
>suggestions, combining your ideas and ours.
>
>(1) We're still keen to spend part of the time on reconstruction method
>issues, since that is one of the specifics that our current funded project
>needs to address.  To avoid being too retrospective, we could do something
>that combined both your Nature98 and your revised methods:
>
>(a) compare your summer/warm season reconstructions (old & new methods)
>with our reconstructions of Apr-Sep temperature from tree-ring densities
>(regional/hemispheric averages and spatial comparisons). 
>
>(b) In (a), we would be comparing reconstructions based on different
>palaeodata *and* different statistical reconstruction methods.  So a better
>approach would be to use your (old & new) methods with our tree-ring
>density data set to reconstruct Apr-Sep temperature fields, and then
>compare with our reconstructions.  This would be a good way of comparing
>methods.
>
>(c) We could exchange data/methods to continue comparisons after the end of
>my visit.  We would be keen, for example, to obtain your Nature98 & GRL99
>datasets and software to play around with after my return.  In exchange, we
>can provide you with our tree-ring density data set and the reconstructions
>that we have produced from it.  Of course, such subsequent work would
>continue to be collaborative, keeping each other informed/involved with the
>work.
>
>(d) If the tree-ring density data provided useful "added value" to your
>reconstructions (perhaps at the higher frequencies and providing finer
>spatial detail?), then we could use an appropriate method (perhaps your new
>revised one) to produce a new reconstruction using all palaeodata.  Such a
>reconstruction might prove to be an important and well-used product.
>
>(2) Of your two specific suggestions I quite strongly prefer the first.
>The reason is that, again, our project specifically requires comparison of
>palaeo and model data and the development of appropriate methods to do
>this.  Your first suggestion would take us along those lines.  There are
>two related strands here.  The first is to use the model outputs to assess
>the reliability of the reconstructions (i.e., following the ideas you laid
>out in your e-mail), which is certainly of interest.  The second is to use
>the reconstructions to evaluate the model simulations of "natural"
>variability.  We've done some comparisons with the HadCM2 and HadCM3
>simulations - I shall brings papers/results along.  What we need to develop
>further are ways of incorporating the paleo biases/errors in such
>comparisons.  We have begun this, but when I visit we might be able to come
>up with better methods and apply them to Hadley Centre and/or GFDL
>comparisons.
>
>Your second suggestion, while interesting, is less appealing at this stage,
>principally because we won't have time to do everything.  As it happens,
>Keith and I have just submitted a paper (to that well-known(!) journal
>"Dendrochronologia") about timescale-dependent calibration of tree-ring
>data - I shall bring a copy with me.  My feeling is that the quantity of
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>data overlap available for calibration would be a strongly limiting factor
>in most timescale-dependent approaches, whether they use wavelets or some
>other filtering-type approach.  What interests me more would be the
>application of wavelets to the full palaeorecords to facilitate in the
>definition of timescale-dependent coherent patterns (PCs?), rather than
>just to the calibration period.  Anyway, we can talk these ideas over even
>if there's no time to begin any work yet.
>
>I think that a chance to exchange preprints, data, and discuss ongoing
>developments of our work and yours will, in itself, prove to be a useful
>outcome of my visit.
>
>Best regards
>
>Tim
>
>
>
>Dr Timothy J Osborn                 | phone:    +44 1603 592089
>Senior Research Associate           | fax:      +44 1603 507784
>Climatic Research Unit              | e-mail:   t.osborn@uea.ac.uk
>School of Environmental Sciences    | web-site:
>University of East Anglia __________|   http://www.cru.uea.ac.uk/~timo/
>Norwich  NR4 7TJ         | sunclock:
>UK                       |   http://www.cru.uea.ac.uk/~timo/sunclock.htm
>
>
>
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone: (804) 924-7770   FAX: (804) 982-2137
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: raymond s. bradley
To: mhughes@ltrr.arizona.edu; mann@multiproxy.evsc.virginia.edu
Subject: possible response?
Date: Tuesday, October 28, 2003 4:02:53 PM

Now I've read their paper, there are some wierd things that we should look
into, though I am sure they will have no bearing on our overall
results.  But in this "death by 1000 cuts" approach to science, we have to
make sure we can't be slowly bled to death...
Do you think we should respond as below, or forget about it?
ray

To The Editor

Energy and The Environment

Dear XX,
We request that the following statement be published in your journal at the
earliest opportunity.

The recent paper by McIntyre and McKitrick (Energy and Environment, 14,
751-771) claims to be an "audit"of the analysis of Mann, Bradley and Hughes
(1998).  An audit involves a careful examination, using the same data and
following the exact procedures used in the report or study being
audited.  McIntyre and McKitrick did not use the same data or procedures,
and so their results have no bearing on ours, and certainly do not
constitute an audit.  Their results are notable only in how remarkably
inconsistent they are with every published study of temperature variations
of the last 600 years.
             Journals that receive critical comments on a previously
published paper always provide the authors who are being criticized an
opportunity to review the study prior to publication, and offer them the
chance to respond.  This is standard operating procedure in all
peer-reviewed scientific journals.  We were never given this
opportunity.  It is unfortunate that many of the errors that now appear in
print in the McIntyre and McKitrick article could have been corrected, so
that readers who are less familiar with the topic would not have been misled.

Raymond S. Bradley
Distinguished Professor
Director, Climate System Research Center*
Department of Geosciences
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel: 413-545-2120
Fax: 413-545-1200
*Climate System Research Center: 413-545-0659
         <http://www.paleoclimate.org>
Paleoclimatology Book Web Site: http://www.geo.umass.edu/climate/paleo/html
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu; raymond s. bradley
Subject: Re: possible response?
Date: Tuesday, October 28, 2003 7:28:47 PM

Malcolm, Ray, forget about all of this.

E&E will need to issue a retraction, I promise!  All will be revealed in about 10
minutes...

mike

At 07:19 PM 10/28/2003 -0700, mhughes@ltrr.arizona.edu wrote:

Dear Ray and Mike - I'm in Krasnoyarsk at a conference, and today is my
one 
limited opportunity to check e-mail. I have not read this latest attack, and

will not be able to before the middle of next week, so I cannot say
anything 
definite. Certainly the tone and content of the proposed reply look good,
but 
I'd better read what we respond to before committing. Cheers, Malcolm
Quoting "raymond s. bradley" <rbradley@geo.umass.edu>:

> Now I've read their paper, there are some wierd things that we should
look 
> into, though I am sure they will have no bearing on our overall 
> results.  But in this "death by 1000 cuts" approach to science, we have
to 
> make sure we can't be slowly bled to death...
> Do you think we should respond as below, or forget about it?
> ray
> 
> 
> To The Editor
> 
> Energy and The Environment
> 
> Dear XX,
> We request that the following statement be published in your journal at
the 
> earliest opportunity.
> 
> The recent paper by McIntyre and McKitrick (Energy and Environment,
14, 
> 751-771) claims to be an "audit"of the analysis of Mann, Bradley and
Hughes 
> (1998).  An audit involves a careful examination, using the same data
and 
> following the exact procedures used in the report or study being 
> audited.  McIntyre and McKitrick did not use the same data or
procedures, 
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> and so their results have no bearing on ours, and certainly do not 
> constitute an audit.  Their results are notable only in how remarkably 
> inconsistent they are with every published study of temperature
variations 
> of the last 600 years.
>              Journals that receive critical comments on a previously 
> published paper always provide the authors who are being criticized an 
> opportunity to review the study prior to publication, and offer them the 
> chance to respond.  This is standard operating procedure in all 
> peer-reviewed scientific journals.  We were never given this 
> opportunity.  It is unfortunate that many of the errors that now appear
in 
> print in the McIntyre and McKitrick article could have been corrected, so

> that readers who are less familiar with the topic would not have been
> misled.
> 
> Raymond S. Bradley
> Distinguished Professor
> Director, Climate System Research Center*
> Department of Geosciences
> Morrill Science Center
> 611 North Pleasant Street
> AMHERST, MA 01003-9297
> 
> Tel: 413-545-2120
> Fax: 413-545-1200
> *Climate System Research Center: 413-545-0659
>          <http://www.paleoclimate.org>
> Paleoclimatology Book Web Site:
http://www.geo.umass.edu/climate/paleo/html
> 
> 
> 
>

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone: (434) 924-7770   FAX: (434) 982-2137
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; Scott Rutherford
Cc: mann@multiproxy.evsc.virginia.edu
Subject: Re: the usual stuff
Date: Thursday, October 30, 2003 2:46:35 AM
Attachments: mcintyre_02.pdf

Malcolm, Ray, Scott...

It looks like they've severely misrepresented the Mann et al proxy data in their supposed
recreation of the dataset (what give the result Figure 6d and their Fig 7 (bottom) that look
so ridiculous.

I'll need your help to confirm this isn't my imagine. I believe this is what they've done:

Look at table 7.5 in their paper (attached). If I'm reading correctly, they've completely
misrepresented the PC series. They've obliterated most of our data prior to 1600 based on
their inability to find the same versions of the data underlying our PCs on the WDCP (even
though we clearly have those individual series that make up the PCs in the appropriate
subdirectory of our public ftp site: ftp://holocene.evsc.virginia.edu/pub/MBH98/

If so, the pre-1600 proxy data set they have created has nothing whatsoever to do w/ the
MBH proxy data set. They've eliminated all of the early ITRDB and Stahle PC series,
because they couldn't find the corresponding series on the WDCP site! Is this really what
they've done???

Please all read and let me know if this is your interpretation too. If so, this is scandalous,
absolutely scandalous. A brazen act of intellectual dishonesty. But I need some 2nd, 3rd,
etc. opinions as to whether or not they've really done something so alarming here!!!

thanks, now back to sleep for me...

mike

At 12:22 AM 10/30/2003 -0700, mhughes@ltrr.arizona.edu wrote:

Mike - I don't know if I've been getting all the correspondence, but I've 
certainly got plenty! I did see the one with the submitted version of the 
riposte to USA Today, but didn't see anything about whether they will carry it. 
As for the other point, we might want to consider sending the response to 
Energy and Environment - after all, their turn-round time is fast - in the 
expectation that they will not publish it. Maybe there are other possibilities 
as well as web sites? My gut feeling is to avoid advocacy outlets even though 
they are sympathetic - in the long run that would damage our credibility with, 
for example, the lieberan/McCains of this world. How about Scientific American, 
or the Chronicle? Dick Kerr and his ilk could also be vlable too. I hope you 
are getting some sleep and rest now - adrenaline cold turkey is a horrible 
sensation so be careful! Also - heed Mike Oppenheimer's wise and kind words! 
These guys  (or their allies) will hit back in some way, so let's not shoot all 
our bullets at once.
Back to the middle taiga.... CHeers, Malcolm
Quoting "Michael E. Mann" <mann@virginia.edu>:

> 
> 
> Hi Malcolm,
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> 
> 
> have you been recieving all the correspondences? There is still the
> possibility that the op-ed will run in USA Today tomorrow. We took the
> liberty of signing you on, even though we couldn't get confirmation from
> you on the final draft...
> 
> 
> Meanwhile, I've already discovered numerous major errors, and still
> finding some more. I'm taking the initial stab that you and Ray took at
> drafting a more formal response, and turning it into a detailed
> description of their mistakes.
> 
> 
> I'm still open to thoughts about what to do with this. I personally don't
> think that we should submit a response to E&E--that implicitly would
> recognize it as a legitimate forum. And we can't do that.
> 
> 
> We could post the response on an appropriate website, and broadcast its
> availability to the community. I'm guessing that David Appell would be
> more than happy to provide a link from his blog to this...
> 
> 
> mike
> 
> 
> At 08:33 PM 10/29/2003 -0700, mhughes@ltrr.arizona.edu wrote:
> 
> 
> 
> 
> Mike - I assume you were dealing
> with the following all along  - 
> 
> http://www.uoguelph.ca/~rmckitri/research/trc.html
> 
> Cheers, malcolm
> 
> ______________________________________________________________
> 
>                    
> Professor Michael E. Mann
> 
>            Department
> of Environmental Sciences, Clark Hall
> 
>                      
> University of Virginia
> 
>                     
> Charlottesville, VA 22903
> 
>
_______________________________________________________________________

> 
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> e-mail: mann@virginia.edu   Phone: (434) 924-7770  
> FAX: (434) 982-2137
> 
>         
> http://www.evsc.virginia.edu/faculty/people/mann.shtml
> 
> 
>

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone: (434) 924-7770   FAX: (434) 982-2137
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Tim Osborn
Cc: k.briffa@uea.ac.uk; Phil Jones; raymond s.bradley; mhughes@ltrr.arizona.edu
Subject: Re: Fwd: op ed for USA Today
Date: Thursday, October 30, 2003 4:24:49 AM

Thanks a bunch Tim,

Well, we didn't add your name because we weren't sure, but USA Today probably
won't publish it--if not we may try to distribute it.

But more importantly, as we speak, I am drafting a long description of what they
done wrong. Just over the last 24 hours I've discovered something extremely
dishonest that it appears they did. In their reconstruction based on their 'redo' of the
MBH98 proxy network, the one that shows the ridiculous warming in the early
centuries, it appears that they eliminated all of our ITRDB Western North American
(and Stahle max latewood chronologies) from our network. As you guys know, the
ITRDB WNA data are fairly important to our reconstruction. Based on Table 7.5 in
their paper, if you read the fine details, it looks like they've just eradicated the earlier
data because they claim they couldn't find it on the NGDC website--even though we
all know the data are there. And more importantly, all of those data were on our
public ftp site on holocene. 

So in one extremely dishonest stroke of data eradication, they removed the most
important indicators from our network from 1400-1600--and I'm pretty sure that's
how they get their spike. Would be interesting to see what cross-validation they get
using *their* network available from 1400-present. I bet we're talking REs
approaching negative infinity...

So I think that is what they did! Do you guys have the paper--does anyone mind
double-checking, and assuring that I'm correct about this. If I am, this is really
scandalous, and it should be as broadcast as widely as possible. Note that they don't
even report how many proxy data were available in their network back in time, they
only show the # of reported/found proxies in the Mann et al network (apparently our
data site was missing a few of the series). This is probably intentional as well--they
didn't want to show how many series they had actually eliminated from the set. And
of course, if they're using a completely different set of proxies, then the would have
to reapply the selection rules, they can't just use the basis set that we had
determined, based on application of the selection rules to the data at hand...

So its looking increasingly dishonest, deceptive, and intentionally so. I've identified
other problems, they used an incorrect version of the the Mann et al proxy dataset
that Scott had put into excel format, so the early PC proxy series were overprinted
w/ later ones kept in the same column. And they used inconsistent CRU surface
temperature datasets and inconsistent normalization conventions to un-normalize the
Mann et al EOFs, etc.  And all of this could lead to significant differences. But I think
its the dropping of the key predictors w/ barely a mention, that gives them the AD
1400-1600 spike

Second opinions--am I imagining this?

Thanks,
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mike

At 10:44 AM 10/30/2003 +0000, Tim Osborn wrote:

At 17:45 29/10/2003, you wrote:

We need to submit within the next hour or so, so its really do-
or-die time!

Mike,

was away yesterday, so I missed all the fun-and-games!  If you went
ahead and submitted it with my name on anyway, then that's fine
because I would have agreed had I been here.  If you dropped me in my
absence, then fine too - you had enough co-signees, I'm sure.

Going back to an earlier email when you were asking whether anyone had
reviewed the E&E piece by M&M (have I got the initials correct? have to
avoid confusion with M&M sweets - do you get them in the US? some are
nuts, which seems appropriate!).  Anyway, just wanted to confirm that I
did not review it.

Despite the hard and time consuming work that it evidently took you to
get to the bottom of their work's problems, I think it was essential to get
this cleared up so soon.  It's important to get this information out as
publicly as possible, so that nobody who wants to push the M&M
conclusions can do so while claiming ignorance of the fact that data
problems make their conclusions baseless and wrong.  If you want to
avoid the climatesceptics list then perhaps one of us (or all of us?) here in
CRU could circulate a note to that list, hence the cc to Keith and Phil.  Let
us know.  Do you ever use the CLIMLIST mailing list?  It's not generally a
debating type list, but I'm sure it would be relevant to post something
there that makes clear the M&M conclusions are invalid - as a public
information service?

Cheers

Tim

Dr Timothy J Osborn
Climatic Research Unit
School of Environmental Sciences, University of East Anglia
Norwich  NR4 7TJ, UK

e-mail:   t.osborn@uea.ac.uk
phone:    +44 1603 592089
fax:      +44 1603 507784
web:      http://www.cru.uea.ac.uk/~timo/
sunclock: http://www.cru.uea.ac.uk/~timo/sunclock.htm

______________________________________________________________
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                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone: (434) 924-7770   FAX: (434) 982-2137
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Keith Briffa
To: Michael E. Mann; Tim Osborn
Cc: raymond s.bradley; mhughes@ltrr.arizona.edu; Phil Jones; Scott Rutherford
Subject: Re: Can you believe it???
Date: Thursday, October 30, 2003 10:02:59 AM

Mike and others
I am sorry but been in a meeting all day - my first impression of reading
the text is to caution against releasing this statement without more
discussion. Do not be bounced into saying stuff you are not sure of , and
using emotive language that smacks of too emotional a response . I am
staying a while to read and comment in detail - and will try to fax
something. Have to go soon because of daughter and need to write 2 PhD
proposals tonight . Please clarify if there is a deadline that you are
working too and what target is this piece aimed at.?

Keith

At 09:35 AM 10/30/03 -0500, Michael E. Mann wrote:
>Guys,
>
>I'm right, aren't I????
>
>mike
>
>At 02:13 PM 10/30/2003 +0000, Tim Osborn wrote:
>
>>At 14:02 30/10/2003, you wrote:
>>>Guys, can you take a look at this.
>>>
>>>I think that everything I say here is true! But we've got to be sure.
>>>
>>>There are more technical things they did wrong that I want to add, but
>>>this is the critical bit--what do you think. Comments? Thanks...
>>>
>>>mike
>>>
>>>________________________________________
>>>The recent paper by McIntyre and McKitrick (Energy and Environment, 14,
>>>751-771) claims to be an "audit" of the analysis of Mann, Bradley and
>>>Hughes (1998) or "MBH98".  An audit involves a careful examination,
>>>using the same data and following the exact procedures used in the
>>>report or study being audited.  McIntyre and McKitrick ("MM") have done
>>>no such thing, having used neither the data nor the procedures of MBH98.
>>>Their analysis is notable only in how deeply they have misrepresented
>>>the data, methods, and results of MBH98. Journals that receive critical
>>>comments on a previously published papers always provide the authors who
>>>are being criticized an opportunity to review the study prior to
>>>publication, and offer them the chance to respond.  This is standard
>>>operating procedure in any legitimate peer-reviewed scientific journal.
>>>Mann and colleagues were never given this opportunity, nor were any
>>>other leading paleoclimate scientists that we're familiar with.  It is
>>>unfortunate that the profound errors, and false and misleading
>>>statements, and entirely spurious results provided in the  McIntyre and
>>>McKitrick article were ever allowed to see the light of day by those
>>>would have been able to detect them. . We suspect the extremely
>>>checkered history of "Energy and Environment" has some role to play in
>>>this. The authors should retract their article immediately, and issue a
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>>>public apology to the climate research community for the injustice they
>>>have done in publishing and promoting this deeply deceptive and flawed
>>>analysis.
>>>
>>>
>>>
>>>Not only were critical errors made in their analysis that render it
>>>thoroughly invalid, but there appear to have been several strikingly
>>>subjective decisions made to remove key indicators of the original MBH98
>>>network prior to AD 1600, with a dramatic impact on the resulting
>>>reconstruction.  It is precisely the over which the numerous indicators
>>>were removed (pre 1600 period) during which MM reconstruct anomalous
>>>warmth  that is in sharp opposition to the cold conditions observed in
>>>MBH98 and  nearly  all other independent published estimates that we know of.
>>>
>>>
>>>
>>>While the authors dutifully cite the small inconsistency between the
>>>number of proxy indicators reported by, and found in the public data
>>>archive, of Mann et al back in time (there indeed appear to have been
>>>some minor typos in the MBH98 paper), it is odd that they do not cite
>>>the number of indicators in their putative version of the Mann et al
>>>network based on the independent collection of data, back time. The
>>>reader is literally left to do a huge amount of detective work, based on
>>>the tables in their pages 20-23, to determine just what data have been
>>>eliminated from the original Mann et al network. It seems odd, indeed,
>>>that their "substitutions" of other versions (or in some case, only
>>>apparent, and not actual, versions) of proxy data series for those in
>>>the original Mann et al (1998) network has the selective effect of
>>>deleting key proxy indicators that contribute dramatic cooling during
>>>the 16th century, when the MM reconstruction shows an anomalous warming
>>>departure from the Mann et al (1998) and all other published Northern
>>>Hemisphere temperature reconstructions.
>>>
>>>
>>>
>>>Here are some blatant examples:
>>>
>>>
>>>
>>>1) The authors (see their Figure 4) substitute a younger version of one
>>>of the Jacoby et al Northern Treeline series for the older version used
>>>by MBH98. This substitution has effect of removing a predictor of 15th
>>>century cooling [Incidentally, MM make much of the tendency for some
>>>tree ring series, such as this one, to show an apparent cooling over the
>>>past couple decades. Scientists with expertise in dendroclimatology know
>>>that this behavior represents a  decrease in the sensitivity to
>>>temperature in recent decades that likely is related to conditions other
>>>than temperature which are limiting tree growth]
>>>
>>>
>>>
>>>2) The authors eliminate, without any justification, the entire dataset
>>>of 70 Western North American (WNA) tree-ring series available between
>>>1400 and 1600 (this dataset is represented, by MBH98, in terms of a
>>>smaller number of representative Principal Component time series). The
>>>leading pattern of variance in this data set exhibits conditions from
>>>1400-1800 that are dramatically colder than the mid and late
>>>20th  century, and a very prominent cooling in the 15th century in
>>>particular. The authors eliminated this entire dataset because they
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>>>claimed that the underlying data was not available in the public domain.
>>>
>>>
>>>
>>>In point of fact, not only were the individual WNA data all available on
>>>the public ftp site provided by Mann and colleagues:
>>>ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/ITRDB/NOAMER/, but they
>>>were also available, despite the claims to the contrary by MM, on NOAA's
>>>website as well:
>>>ftp://ftp.ngdc.noaa.gov/paleo/treering/chronologies/northamerica/usa
>>>
>>>
>>>
>>>The deletion of this critical (see Mann et al, 1999) dataset appears
>>>to  one of the more important censorings performed by MM  that allows
>>>them to achieve their spurious result of apparent 15th-16th century warmth.
>>>
>>>
>>>
>>>We have not, as yet, finished determining just how many important
>>>indicators were subtly censored from the MBH98 dataset by the various
>>>subjective substitutions described on pages 20-23. However, given the
>>>relatively small number of indicators available between 1400-1500 in the
>>>MBH98 network (22-24) and their elimination of some of the more critical
>>>ones, it would appear that this subjective censoring of data, alone,
>>>explains the spurious, misleading, and deceptive result achieved by the
>>>authors.
>>>
>>>
>>>
>>>Incidentally, MBH98 go to great depths to perform careful
>>>cross-validation experiments as a function of increasing sparseness of
>>>the candidate predictors back in time, to demonstrate statistically
>>>significant reconstructive skill even for their earlier (1400-1450)
>>>reconstruction interval. MM describe no cross-validation experiments. We
>>>wonder what the verification resolved variance is for their
>>>reconstruction based on their 1400-1450 available network, during the
>>>independent latter 19th century period?
>>>
>>>
>>>
>>>There are numerous other serious problems that would render the MM
>>>analysis completely invalid, even in the absence of the serious issue
>>>raised above, and these are detailed below
>>>
>>>
>>>
>>>.
>>>
>>>.
>>>
>>>.
>>>
>>>______________________________________________________________
>>>                     Professor Michael E. Mann
>>>            Department of Environmental Sciences, Clark Hall
>>>                       University of Virginia
>>>                      Charlottesville, VA 22903
>>>_______________________________________________________________________
>>>e-mail: mann@virginia.edu   Phone: (434) 924-7770   FAX: (434) 982-2137
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>>>          http://www.evsc.virginia.edu/faculty/people/mann.shtml
>>
>>Dr Timothy J Osborn
>>Climatic Research Unit
>>School of Environmental Sciences, University of East Anglia
>>Norwich  NR4 7TJ, UK
>>
>>e-mail:   t.osborn@uea.ac.uk
>>phone:    +44 1603 592089
>>fax:      +44 1603 507784
>>web:      http://www.cru.uea.ac.uk/~timo/
>>sunclock: http://www.cru.uea.ac.uk/~timo/sunclock.htm
>______________________________________________________________
>                     Professor Michael E. Mann
>            Department of Environmental Sciences, Clark Hall
>                       University of Virginia
>                      Charlottesville, VA 22903
>_______________________________________________________________________
>e-mail: mann@virginia.edu   Phone: (434) 924-7770   FAX: (434) 982-2137
>          http://www.evsc.virginia.edu/faculty/people/mann.shtml

--
Professor Keith Briffa,
Climatic Research Unit
University of East Anglia
Norwich, NR4 7TJ, U.K.

Phone: +44-1603-593909
Fax: +44-1603-507784

http://www.cru.uea.ac.uk/cru/people/briffa/
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From: Michael E. Mann
To: Keith Briffa; raymond s. bradley; Tim Osborn; p.jones@uea.ac.uk
Cc: mhughes@ltrr.arizona.edu
Subject: Re: One way out....
Date: Thursday, October 30, 2003 10:44:49 AM

Thanks Keith,

I see the mutual collaboration as well underway now, w/ the Rutherford et al paper
sort of representing our pilot effort. I much look forward to increasingly closer
interaction among the group-that can only lead to good things, better science, a
better understanding of the science--so this all sounds good to me. 

I think its appropriate to note that are still legitimate differences and uncertainties
(as indicated in the spread of different empirical and model estimates shown in the
various spaghetti plots we've all produced ). But that *this* is not one of them--I
think all of the errors I've documented in MM are correct, in particular the very
convenient censoring of ITRDB PC #1 and one of the oldest Jacoby tree-ring series
of the network, and that's how they get that ridiculous result...But if you think some
details aren't clear, I'd like to discuss them/try to clarify them. I'd like to hear what
everyone thinks about the facts.

We can soften the tone. I'm pretty darned sure of the facts, having spent about 4
days pouring over this, looking at the data series, re-reading their descriptions,
looking at their codes, etc...So I'd like to discuss any questions in what I've written,
after you all have had time to read over the paper, my response, etc...

thanks,

mike

At 05:11 PM 10/30/2003 +0000, Keith Briffa wrote:

Ray et al
I agree with this idea in principle . Whatever scientific differences and
fascination with the nuances of techniques we may /may not share, this
whole process represents the most despicable example of slander and
down right deliberate perversion of the scientific process , and bias
(unverified) work being used to influence public perception and due
political process. It is , however, essential that you (we) do not get caught
up in the frenzy that these people are trying to generate, and that will
more than likely lead to error on our part or some premature remarks
that we might regret. I do think the statement re Mike's results needs
making , but only after it can be based on repeated work and in full
collaboration of us all. I am happy to push Tim to take the lead and
collaborate in this - and I feel we could get sanction very quickly from the
DEFRA if needed. BUT this must be done calmly , and in the meantime a
restrained statement but out saying we have full confidence in Mike's
objectivity and independence - which we can not say of the sceptics. In
fact I am moved tomorrow to contact Nature and urge them to do an
editorial on this . The political machinations in Washington should NOT
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dictate the agenda or scheduling of the work - but some cool statement
can be made saying we believe the "prats have really fucked up
someway" - and that the premature publication of their paper is
reprehensible . Much of the detail in Mikes response though is not sensible
(sorry Mike) and is rising to their bate.
Keith

At 11:55 AM 10/30/03 -0500, raymond s. bradley wrote:

Tim, Phil, Keef:
I suggest a way out of this mess.  Because of the complexity
of the arguments involved, to an uniformed observer it all
might be viewed as just scientific nit-picking by "for" and
"against" global warming proponents.  However, if an
"independent group" such as you guys at CRU could make a
statement as to whether the M&M effort is truly an "audit",
and if they did it right, I think that would go a long way to
defusing the issue.
It's clear from the figure that Reno Knuti sent yesterday that
something pretty whacky happened in their analysis prior to
~AD1600, and this led Mike to figure out the problem.  See:
file:///c:/eudora/attach/nh_temp_rec.jpg

If you are willing, a quick and forceful statement from The
Distinguished CRU Boys would help quash further arguments,
although here, at least, it is already quite out of
control.....yesterday in the US Senate the debate opened on
the McCain-Lieberman bill to control CO2 emissions from
power plants.  Sen Inhofe stood up & showed the M & M
figure and stated that Mann et al--& the IPCC assessment --
was now disproven and so there was no reason to control CO2
emissions.....I wonder how many times a "scientific" paper
gets reported on in the Senate 3 days after it is published....
Ray

--
Professor Keith Briffa,
Climatic Research Unit
University of East Anglia
Norwich, NR4 7TJ, U.K.

Phone: +44-1603-593909
Fax: +44-1603-507784

http://www.cru.uea.ac.uk/cru/people/briffa/

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
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_______________________________________________________________________

e-mail: mann@virginia.edu   Phone: (434) 924-7770   FAX: (434) 982-2137
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: raymond s. bradley
To: mann@multiproxy.evsc.virginia.edu; mhughes@ltrr.arizona.edu
Subject: revised commentary
Date: Thursday, October 30, 2003 7:51:33 PM
Attachments: Rebuttal1.doc

Mike--see attached edited version.  I think a figure comparing the two
series is essential. I've heavily edited the text and inserted some
comments for you to consider.  I think the overall statement is great--just
needs to pass through the diplomatic filter
Ray
(I just see there's a "rebuttal2 file, so I hope I didn't waste my time on
an old version....too many messages with the same subject line flying by
today, so it became confusing...)

Raymond S. Bradley
Distinguished Professor
Director, Climate System Research Center*
Department of Geosciences
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel: 413-545-2120
Fax: 413-545-1200
*Climate System Research Center: 413-545-0659
         <http://www.paleoclimate.org>
Paleoclimatology Book Web Site: http://www.geo.umass.edu/climate/paleo/html
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The recent paper by McIntyre and McKitrick (Energy and Environment, 14, 751-771) claims to 
be an "audit" of the analysis of Mann, Bradley and Hughes (1998) or "MBH98".  An audit 
involves a careful examination, using the same data and following the exact procedures used in 
the report or study being audited.  McIntyre and McKitrick ("MM") have done no such thing, 
having used neither the data nor the procedures of MBH98. Thus, it is entirely understandable 
that they do not obtain the same results.  Their effort has no bearing on the work of MBH98, and 
is in no way a “correction” of that study, as they claim.  Their analysis is notable only in how 
deeply they have misrepresented the data, methods, and results of MBH98.  
 
Journals that receive critical comments on a previously published papers always provide the 
authors who are being criticized an opportunity to review the study prior to publication, and offer 
them the chance to respond.  This is standard operating procedure in any all legitimate peer-
reviewed scientific journals. Mann and colleagues were never given this opportunity, nor were 
any other leading paleoclimate scientists asked to evaluate the purported “corrections”.  that 
we're familiar with.  It is unfortunate that the profound errors, and false and misleading 
statements, and entirely spurious results provided in the  McIntyre and McKitrick article were 
ever allowed to see the light of day. We suspect the extremely checkered history of "Energy and 
Environment" has some role to play in this. The authors should retract their article immediately, 
and issue a public apology to the climate research community foracknowledge publically that 
their claim that they undertook a careful audit of our work is completely incorrect.  They have 
done no such thing.  Furthermore, the journal Energy and Environment should immediately 
publish a statement that the so-called “corrections” to MBH98 were wrong, and in fact 
completely unwarranted.  the MM and the journal Editor have greatly misled the scientific 
community and the public at large byinjustice they have done in publishing and promoting this 
deeply extraordinarily deceptive and flawed analysis. 
 
Not only were critical errors made in their analysis that render it thoroughly invalid, but there 
appear to have been several strikingly subjective decisions made to remove key indicators of the 
original MBH98 network prior to AD 1600, with a dramatic impact on the resulting 
reconstruction (see Figure 1).  It is precisely the interval (1400-1600) ) -- whenover which  
numerous indicators were over which MM reconstruct anomalous warmth  warmth -- that is in 
sharp opposition to the cold conditions observed inreconstructed by MBH98.  Furthermore, the 
MM results are in stark disagreement with and  nearly  all other independent published estimates  
of past trends in Northern Hemisphere mean temperature.  Their results also make no sense in 
that the interval of apparent warmth that they “discover” in their “correction” to our work, 
corresponds to one of the coldest periods of the “Little Ice Age”.  Had MM been more familiar 
with the scientific literature, this alone should have alerted them to some problems in their 
analysis.   
 
While the authors dutifully cite the some minorsmall inconsistency inconsistencies between the 
number of proxy indicators reported by MBH98 and those, and found in the our public data 
archive, of Mann et al back in time (there indeed appear to have been some minor typos in the 
MBH98 paper), it is odd curious that they do not cite the number of indicators in their putative 
“corrected” version of the Mann et al network based on the independent collection of data, back 
in time. The reader is literally left to do a huge amount of detective work, based on the tables in 
their pages 20-23, to determine just what data have been eliminated from the original Mann et al 
network. It seems odd, indeed, that their "substitutions" of other versions of proxy data series (or 
in some case, only apparent, and not actual, versions) of proxy data series for those in the 
original Mann et al (1998) network has the selective effect of deleting key proxy indicators that 
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Comment [RSB1]:   Mike—we need a plot here 
of their reconstruction & ours, annotated to point out 
how the two records diverge before ~1600.  You 
subsequent text explains (a) why these differences 
exist, and (b) why there are also small discrepancies 
between MBH98 and MM03.  But a picture is worth 
~1000 words… 
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contribute dramatic cooling during the 15th century, . Hence, when the MM reconstruction 
erroneously shows an an anomalous warming warm period at that time, unlike Mann et al (1998) 
and all other published Northern Hemisphere temperature reconstructions. 
 
For readers interested in more specific details of the data and analytical problems in the MM03 
paper, we provide further details below. 
Here are some blatant examples: 
 
1) The authors (see their Figure 4) substitute a shorter version (back to mid 16th century) of one 
of the Jacoby et al Northern Treeline series for the longer version (back to mid 15th century) 
used by MBH98. This substitution the has effect of removing a predictor of 15th century cooling 
[Incidentally, MM make much of the tendency for some tree ring series, such as this one, to 
show an apparent cooling over the past couple decades. Scientists with expertise in 
dendroclimatology know that this behavior represents a  decrease in the sensitivity to 
temperature in recent decades that likely is related to conditions other than temperature which are 
limiting modern tree growth]  
 
2) The authors eliminate, without any justification, the entire dataset of 70 Western North 
American (WNA) tree-ring series available between 1400 and 1600 (this dataset is represented, 
by MBH98, in terms of a smaller number of representative Principal Component time series). 
The leading pattern of variance in this data set exhibits conditions from 1400-1800 that are 
dramatically colder than the mid and late 20th  century, and a very prominent cooling trend in the 
15th century in particular. The authors eliminated this entire dataset because they claimed that 
the underlying data was were not available in the public domain.  In point of fact, not only were 
the individual WNA data all available on the public ftp site provided by Mann and colleagues: 
ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/ITRDB/NOAMER/, but they were also available, 
despite the claims to the contrary by MM, on NOAA's website as well: 
ftp://ftp.ngdc.noaa.gov/paleo/treering/chronologies/northamerica/usa 
 
The deletion of this critical dataset appears to  be one of the key censoring operationerrors 
performed by MM  that allows them to achieveleads to their spurious results of apparent 15th-
16th century warmth. 
 
3) The entire  dataset of Stahle and coworkers of Southwestern U.S./Mexican late wood ring 
width measurements prior to the 17th century (12  back to 1500, 6 back to 1400) was eliminated, 
again based on a false claim that the underlying data series were not available in the public 
domain. Once again, the data were available at the  Mann et al ftp site: 
ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/STAHLE/SWM/ 
 
We have not determined yet, just how many important indicators were subtly censored 
eliminated from the MBH98 dataset by the various subjective substitutions described on pages 
20-23. However, given the relatively small number of indicators available between 1400-1500 in 
the MBH98 network (22-24) and their elimination of some of the more critical ones, it would 
appear that this subjective censoring of data, alone, explains the spurious, misleading, and 
deceptive result achieved by the authors.  Most importantly, any claim of an “audit” must use the 
same data and procedures that we did.  MM03 did no such thing. 
 
MBH98 go to great depths lengths to perform careful cross-validation experiments as a function 
of the time interval of the reconstruction, verifying the reconstructive skill of the predictor 
network as it becomes  increasing sparse back in time. Mann et al are able  to demonstrate 
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statistically significant reconstructive skill even for their earlier (1400-1450) reconstruction 
interval, though the ability to obtain a skillful statistical reconstruction at this time critically 
depends on a relatively modest number of key predictors. MM have, in effect, eliminated those 
predictors from the proxy data network.  MM describe no cross-validation experiments. We 
wonder what the verification resolved variance is for their reconstruction based on their 1400-
1450 available network (based on cross-validation of the reconstruction during the independent 
latter 19th century period of the instrumental record), and how it compares with that provided by 
our reconstruction? 
  
The selective censoring elimination of key indicators in the Mann et al network is an especially 
devious way to achieve an entirely different reconstruction. MM have effectively censored our 
key indicators from the 1400-1600 period.   
 
We feel that the above description should be adequate to provide a reader with a sense of why 
MM have achieved a reconstruction that is markedly inconsistent with at least a dozen other 
recently published empirical and model-based estimates of Northern Hemisphere mean 
temperature changes during the 15th-16th centuries.  
 
There are, nonetheless, numerous other more technical  problems, however, that would that 
render the MM analysis invalid for independent reasons: 
 
(a) the use of an EOF decomposition based on one surface temperature data set (MBH98-old 
version of CRU instrumental surface temperature data) with standardization factors (used to un-
normalized normalized EOFS) based on a different temperature data set (MM-new version of 
CRU dataset) leads to a spatial pattern of bias in the projection of a given eigenvector onto the 
surface temperature field. 
 
(b) The use of gridpoint standardization factors based on undetrended data (MM) to un-
normalize EOFs that had been normalized by standardization factors of detrended data (MBH98) 
implies a pattern of bias in the projection of an eigenvector onto the surface temperature field 
that is increasingly large in regions where the 20th century warming is large. Either convention 
would be okacceptable, but since MM combine EOFs from MBH98 with inconsistent 
standardization factors from a different temperature data set, they have effectively convoluted 
the statistics of a detrended and undetrended dataset.  Once again, this is inappropriate for 
somebody who claims to be “auditing” our work.  If you don’t use the same data and follow the 
same procedures, you can not expect to obtain the same results. 
 
(c) In the case of the effort to by MM to reproduce the MBH98 results using the MBH98 proxy 
data set, our preparation of a flawed spreadsheet representation of the data: caused unfortunate 
confusion.   
 
We take responsibility for this error, though we (Mann) had encouraged the authors to go to the 
public ftp site and obtain the raw data used by MBH98. Instead, an associate of Mann's was 
asked to provide (or in any case, did provide, I'm not sure) a spreadsheet format version of the 
dataset.  Unfortunately, in this spreadsheet in which, PCs representing leading patterns of 
variance in particular proxy sub-networks (evaluated from different sub-intervals) were 
overprinted into the same column [Because MBH98 used a different PC basis representation of 
the various sub-networks during each interval of their stepwise reconstruction approach, 159, 
rather than 112 indicators, were necessary to provide all of the proxy indicators necessary to 

Comment [RSB4]:   Need to re-phrase this to 
clarify use of different data sets and “cross 
normalization”.   Is there a better way of saying un-
normalise? (here and in next paragraph) 
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perform the stepwise regression. Instead, the corresponding, but obviously incommensurate, PC 
series from different subintervals were successively printed over older values in the spreadsheet.  
This is why the authors observed a diminished apparent explained variance spectrum in these 
eigenvector sets. This is also likely the main reason that MM do not reproduce, even using the 
supposedly 'same' dataset, the precise details of the MBH98 reconstruction, even in the period 
after AD1600 (See Figure 1). For the earlier reconstructions, the part of the PC series that is used 
for calibration and for early reconstruction is increasingly inconsistent, due to the overprinting 
problem. This is probably the reason for an apparent warm bias in the earlier centuries even for 
the analysis based on the "Mann et al" proxy dataset. 
 
(d) The various 1 year offsets, etc. noted by the authors are an artifact of spreadsheet preparation 
problems. MM appear to have correctly detected and corrected for these but these minor 
discrepancies are irrelevant in explaining the large differences MM report in their “correction” of 
our results.. 
 
(e) Lack of the use of an objective criterion in the determination of the number of retained 
instrumental PCs in the reconstruction creates additional errors in the MM “audit” of our work.  : 
 
Since the proxy data network developed by MM appears to have differed dramatically 
(particularly during the 14th-15th century) from that used by MBH98,  as discussed earlier, it is 
inappropriate to use the same instrumental temperature eigenvector sub-basis for the 
reconstruction. The sub-basis sets were selected by MBH98 based on the application of an 
objective criterion to the specific available proxy networks available, and were optimized with 
respect to those networks. It is completely inappropriate (and simply wrong if undertaking an 
“audit”) to apply the same sub-basis for a different set of proxy indicators than those used by 
MBH98 in a particular sub-period.   
 
(e) Related to the point raised in (c), MBH98 actually use different PC basis sets of proxy data 
networks over different intervals of available data to maximize the available statistical 
information increasingly forward in time, as new series become available. MM appear to have 
only used PCs over the full (or supposedly full) available interval--thus they have a maximum of 
112 indicators, while MBH98 actually have a total of 159 proxy indicator series, with different 
PC series specific to the particular sub-interval. 
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From: Michael E. Mann
To: raymond s. bradley; mhughes@ltrr.arizona.edu
Subject: Re: revised commentary
Date: Thursday, October 30, 2003 8:00:46 PM

HI Ray,

Yes, you were working on a 6 hour old version--I've sent you a version w/ a figure,
etc that's much nicer.

Shall I just plan to try to incorporate the suggestions from this one into the newer
version, where the suggestions still make sense?

mike

At 09:48 PM 10/30/2003 -0500, raymond s. bradley wrote:

Mike--see attached edited version.  I think a figure comparing the two
series is essential. I've heavily edited the text and inserted some
comments for you to consider.  I think the overall statement is great--just
needs to pass through the diplomatic filter
Ray
(I just see there's a "rebuttal2 file, so I hope I didn't waste my time on an
old version....too many messages with the same subject line flying by
today, so it became confusing...)

Raymond S. Bradley
Distinguished Professor
Director, Climate System Research Center*
Department of Geosciences
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel: 413-545-2120
Fax: 413-545-1200
*Climate System Research Center: 413-545-0659
        <http://www.paleoclimate.org>
Paleoclimatology Book Web Site:
http://www.geo.umass.edu/climate/paleo/html

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone: (434) 924-7770   FAX: (434) 982-2137
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         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: raymond s. bradley
Cc: Keith Briffa; Tim Osborn; Phil Jones; Malcolm Hughes
Subject: Re: Malcolm just called READ THIS NOW
Date: Friday, October 31, 2003 8:15:32 AM
Attachments: EandEPaperProblem.pdf

EandEPaperProblem.doc

All of Malcolm's suggestions are right on target and in keeping w/ advice from people
w/ a legal background I've talked to.

So all of those changes have been made.

Can you guys give this one final read through and just say if you think this is now
adequate for release. Sorry for the multiple emails--its the nature of the beast...

mike

p.s. I'm trying to talk Andy Revkin at the New York Times into doing a story on this...

At 09:50 AM 10/31/2003 -0500, raymond s. bradley wrote:

mike:
I just spoke to MKH  (he'll call you as soon as he can).  I read him the
latest version...
He requests:
1) changing word "censor" to "remove" throughout text;
2) use phrase "appear to have" rather than definitive statements like
"have"  when refering to MM actions.
3) Eliminate words "reputable scientific journal" (see  my suggestion
below that I was writing as he called...)
He doesn't want to be included unless these changes are made.  If they
are, he's happy to sign on.  He just wants to make it watertight so they
can't come back at us...

I agree with these suggested changes.

In the original version that I edited, the text read:

Journals that receive critical comments on a previously published papers
always provide the authors who are being criticized an opportunity to
review the study prior to publication, and offer them the chance to
respond. This is standard operating procedure in all peer-reviewed
scientific journals.  Mann and colleagues [We] were never given this
opportunity.

I think this is all that is needed on this matter....
Ray

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
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                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone: (434) 924-7770   FAX: (434) 982-2137
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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NOTE ON PAPER BY MCINTYRE AND MCKITRICK IN "ENERGY AND ENVIRONMENT" 
 
Michael E. Mann, Raymond S. Bradley, Malcolm K. Hughes   
 
The recent paper by McIntyre and McKitrick (Energy and Environment, 14, 751-771, 2003) 
claims to be an "audit" of the analysis of Mann, Bradley and Hughes (Nature, 392, 779-787, 
1998) or "MBH98".  An audit involves a careful examination, using the same data and following 
the exact procedures used in the report or study being audited.  McIntyre and McKitrick ("MM") 
have done no such thing, having used neither the data nor the procedures of MBH98. Thus, it is 
entirely understandable that they do not obtain the same result. Their effort has no bearing on the 
work of MBH98, and is no way a "correction" of that study as they claim. On the contrary, their 
analysis appears seriously flawed and amounts to a gross misrepresentation of the work of 
MBH98. The standard protocol  for scientific  journals receiving critical comments on a 
published paper is to  provide the authors being criticized with an opportunity to review the 
criticism prior to publication, and offer them the chance to respond.  Mann and colleagues were 
given no such opportunity.  
 
It seems clear that MM have made critical errors in their analysis that have the effect of grossly 
distorting the reconstruction of MBH98. Key indicators of the original MBH98 network appear 
to have been omitted for the early period 1400-1600, with major consequences for the character 
of the MM reconstruction of Northern Hemisphere temperatures over that interval. 
 
MM do not list the number of indicators in their putative version of the MBH network (which is 
based on an odd combination of data from MBH98 and other sources). The reader must do a 
considerable amount of detective work, based on scrutiny of the Tables in their pages 20-23 and 
the indicated data links, to determine just what data have been eliminated from the original MBH 
network. A preliminary attempt to do this already demonstrates that their deletion of key early 
proxy information produces anomalous warming in the 15th century at odds with the 
reconstructed cold conditions of the period by MBH98 and virtually all other published Northern 
Hemisphere temperature reconstructions. 
 
MM appear to have eliminated key proxy indicators from the MBH98 network by the following 
actions: 
 
1) MM (see their Figure 4) describe the substitution of a shorter version (available back to mid 
16th century) of one of the Jacoby et al (1989) Northern Treeline ring width series for the longer 
version (available back to mid 15th century) used by MBH98.  
 
2) MM appear to eliminate, without any justification, the entire dataset of 70 Western North 
American (WNA) tree-ring series available between 1400 and 1600. This dataset, as several 
other regional tree-ring data networks, is represented by MBH98 in terms of a smaller number of 
representative Principal Component (PC) time series for each interval.  The authors eliminate all 
of these data by not following (see technical point "b" later on in this document) the procedure of 
MBH98 of calculating the PC series separately for all intervals used in their stepwise 
reconstruction approach. The leading pattern of variance in this data set exhibits conditions from 
1400-1800 that are dramatically colder than the mid and late 20th  century, and a very prominent 
cooling in the 15th century in particular. The original individual proxy data used by MBH, 
including all of the WNA data have been available since May 2000 on the public ftp site 
provided by Mann and colleagues: ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/ITRDB/NOAMER/, 
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and on the  NOAA Paleoclimatology website: 
ftp://ftp.ngdc.noaa.gov/paleo/treering/chronologies/northamerica/usa 
 
3) MM appear to eliminate the entire  dataset of Stahle and coworkers of Southwestern 
U.S./Mexican late wood ring width measurements prior to the 17th century (12  back to 1500, 6 
back to 1400) under the same false procedural premise described in (2). Once again, the data 
were available at the  Mann et al public ftp site: 
ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/STAHLE/SWM/ 
 
We have not determined yet, just how many important indicators were eliminated from the 
MBH98 dataset by the various subjective substitutions described by MM on pages 20-23. 
However, we have confirmed that elimination of the critical datasets (1)-(3) alone from the 
MBH98 network during the interval AD 1400-1500 yields the spurious result obtained by MM. 
(see Figure 1). 

 
FIGURE 1.  COMPARISON OF MBH98 RECONSTRUCTION (BLUE) WITH RECONSTRUCTION 
RESULTING FROM THE ELIMINATION OF KEY PROXY DATA SETS (1)-(3) OVER THE AD 1400-
1500 INTERVAL. THIS YIELDS ESSENTIALLY THE SAME RESULT OBTAINED BY MM BY 
ELIMINATING A SIGNIFICANT FRACTION OF THE MBH98 DATA AVAILABLE FOR THAT 
PERIOD (BOTH SERIES HAVE BEEN SMOOTHED WITH A 40 YEAR LOWPASS FILTER). 
 
MBH98 employed the standard statistical tool of cross-validation to verify the skill of their 
reconstructions. MM describe no such tests. Since increasingly sparse networks are used 
progressively farther back in time, a series of cross-validation experiments have to be performed 
to estimate the skill for different time intervals. For the AD 1400-1500 period, this involves, in 
MBH98, performing the reconstruction over the interval 1400-1901 based on calibration against 
the instrumental record over the interval 1902-1980,  using  the specific network of proxy 
indicators available for the AD 1400-1500 period. The reconstruction is then independently 
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compared against the instrumental record over the interval (1854-1901) not used for calibration. 
The skill can be described by a verification coefficient of determination (RE), which is bounded 
by negative infinity and positive one, with substantially positive numbers indicative of  
predictive skill. The mean expected value for a random estimate is -1.  
 
For the reconstruction with the data censored in a manner similar to that implicit in the MM 
approach, the RE score (-6.6) is far worse than even a typical random estimate, and such a result 
would have been discarded as unreliable based on the cross-validation protocol used by MBH98. 
 
The anomalous warm values during the 15th century are the artifact of an entirely unreliable 
statistical estimate.   By contrast, the MBH98 reconstruction indicates an RE of 0.42 for the 
1400-1500 interval, indicative of significant predictive skill during that time interval. 
 
The above discussion  should be adequate to provide readers with a sense of the depth of the 
flaws underlying the reconstruction achieved by  MM that is so at odds with  at least a dozen 
other recently published empirical and model-based estimates of Northern Hemisphere mean 
temperature changes in past centuries.   
 
There are numerous other additional, more technical  problems in their approach that would 
appear to have rendered the MM analysis flawed irrespective of the censoring of important data. 
We briefly list the few most significant of these: 
 
(a) Use of Internally Inconsistent Surface Temperature Estimates 
 
MM appear to combine gridpoint standard deviations estimated from one version of the University of 
East Anglia surface temperature record, with standardized EOFs from MBH98 based on a different 
temperature data set. MM also appear to inconsistently use standard deviations of un-detrended data, 
while MBH98 had normalized their EOFs by detrended gridpoint standard deviations. 
 
(b) Incorrect representation of the MBH98 proxy data set.  
 
MBH98 calculated PCs of proxy sub-networks separately for each interval in their stepwise 
reconstruction. This is the only sensible approach, as it allows all data available over each sub-interval to 
be used. This requires 159 independent time series to represent all indicators required for reconstructions 
of all possible sub-intervals, even though the maximum number ever used for a particular sub-interval is 
112. By not following this protocol, MM appear to have eliminated in the range of 100 proxy series used 
by MBH98 over the interval 1400-1600. 
 
(c) Lack of the use of an objective criterion in the determination of the number of retained instrumental 
PCs in the reconstruction: 
 
Since the proxy data network developed by MM differed from that used by MBH98 for all intervals, it 
was inappropriate for MM to use the same instrumental temperature eigenvector subsets that had been 
selected by MBH98 for their reconstruction. The subsets were selected by MBH98 based on the 
application of an objective criterion to the specific available proxy networks available, and were 
optimized with respect to those networks. The basis sets used by MM have thus appear not to have been 
optimized with respect to the different proxy network they actually use. 
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From: Michael E. Mann
To: Malcolm Hughes; rbradley@geo.umass.edu
Subject: Re: in confidence
Date: Wednesday, November 12, 2003 10:56:57 AM

Malcolm

Thanks--by all means, you guys should look into this. I'm happy to keep
hands off!

mike

At 11:08 AM 11/12/03 -0700, Malcolm Hughes wrote:
>Dear Mike and Ray,
>One thing I think we should be able to say in the Climatic Change
>manuscript is
>that there is an easily available, well documented and thoroughly checked
>file
>containing the data we used in MBH98. This may well be what you referred to
>in the recent e-mail to McIntyre- i.e. the version of the fateful file Scott
>produced, but with all sets of PCs. If so, I suggest that we (Ray and
>Frank, me
>and Fenbiao) in collaboration with Scott, and to a lesser extent yourself
>(mainly
>through what you have already done), give it a thorough looking over. We
>should especially make sure that the data in the file really are those
>used in the
>preparation of MBH98.
>I see this as an activity for RSB, MKH nd SR rather that yourself. I think
>it is
>important that we dispose of the data problems completely, and, if any errors
>crept in during the original collation of the dataset, we document them.
>I fully understand and agree with your approach of not being drawn into a
>guerilla campaign with these guys. They are not my main concern. I am
>concerned, however, about how our scientific colleagues view our work in the
>future, and I believe we need to do this for this reason. This affects all
>three of
>us.
>I also understand that this is likely to produce a delay of at least a
>week or two
>in submission of the manuscript, given my involvement next week in the
>CLIVAR/IPCC drought meeting here, and Ray's travel. Even so, I believe
>this to
>be an essential step with considerable long-term benefits.
>Please note that I am sending this only to you two - this is a discussion we
>should have privately.
>Cheers, Malcolm
>.
>.
>
>  Malcolm Hughes
>Professor of Dendrochronology
>Laboratory of Tree-Ring Research
>University of Arizona
>Tucson, AZ 85721
>520-621-6470
>fax 520-621-8229
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_______________________________________________________________________
                      Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone: (434) 924-7770   FAX: (434) 982-2137
        http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Raymond S. Bradley; mhughes@ltrr.arizona.edu
Cc: mann@virginia.edu
Subject: Re: CC pt 1
Date: Friday, November 21, 2003 3:40:28 PM

Hi Ray,

Thanks, this sounds good.

Basically, this is my thinking now. We want to go w/ the current analysis, etc. but we
should also use this as an opportunity to clear about any uncertainties about
methodology, data, etc. Malcolm indicated he would add something on the
importance of having carefully filtered the ITRDB data as we did.

Scott is busy preparing the complete documentation of the data, etc. My feeling is
that we should refer to the revised website in the Climatic Change paper, before we
relay the data to Nature. That way, it can be viewed as a pro-active move on our
part (as part of our formal response), rather than a simple reply to a request from
Nature. We can make it clear that the data was on ftp the whole time, but that
because we are very supportive of other climate/paleoclimate scientists attempting to
repeat our analysis, we have made the information available in as transparent a
format as possible, etc. You guys can suggest revised wording, etc. but the idea here
is that the
revised complete data site will be *part* of our "Climatic Change" paper, and then
we can pass that along to Nature.

So I'll await a revised word version from you, a contribution from Malcolm on the
description of how we filtered the ITRDB, etc. then incorporate some discussion along
the lines above, and then send you guys a revised version for another (final?) round
of comments.

I'll be way through sunday afternoon, so probably won't get to looking at any
revisions/comments from either of you before then in any case...

Thanks,

mike

At 04:40 PM 11/21/2003 -0500, Raymond S. Bradley wrote:

I re-wrote the intro....will send you the "Word tracking" version soon, but
it was so butchered 9by me) that it's hard to follow.  Here's the amended
version--see what you think.  It avoids redundancy & gets straight to the
point better than the first draft, I think:

1. Introduction

A recent paper by McIntyre and McKitrick (henceforth "MM03") claims to
provide evidence that late 20th century hemispheric warmth is not
anomalous in the context of the past several centuries, with the specific
claim that 15th century temperatures were warmer than those of the late
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20th century. MM03 make this claim based on the purported application of
the same methodology and datasets used by Mann et al (1998--
henceforth "MBH98"), but their results are very different from those
reported by MBH98. MM03 go on to draw far broader implications from
their results, arguing against the existence of anthropogenic climate
change, and, moreover, the importance of taking action to mitigate
it.[could omit this as a diversion....] Their results contrast markedly with a
number of studies carried out over the past decade, which reconstruct
large-scale surface temperature variations from proxy data (Figure 1). 
These all arrived at the conclusion that late 20th century Northern
Hemisphere mean warmth is anomalous in the context of past centuries
and even millennia  (Bradley and Jones, 1995; Crowley and Kim, 1996;
Overpeck et al, 1997, Jones et al, 1998, Mann et al, 1998; Pollack et al,
1998; Crowley and Lowery, 2000; Huang et al, 2000; Jones et al, 2001,
Folland et al, 2001; Briffa et al, 2001; Mann and Jones, 2003; Mann et al,
2003a; Pollack et al, 1998; Huang et al, 2000; Hegerl et al, 2003). Studies
employing models of varying complexity forced with estimated past
natural and anthropogenic radiative forcing histories have arrived at
similar conclusions (Free and Robock, 1999; Crowley and Kim, 1999;
Crowley et al, 2000; Bertrand et al, 2002; Gerber et al, 2003; Bauer et al,
2003; Hegerl et al 2003), providing theoretical estimates of Northern
Hemisphere mean temperature variations that are statistically
indistinguishable from the empirical reconstructions (e.g. Mann et al,
2003).  The MM03 study thus conflicts with the work that they claim to
have auditedand corrected(i.e. MBH98) and also with most other studies
of large-scale temperature variations.

An audit involves a careful examination, using the same data and
following the exact procedures used in the report or study being audited. 
McIntyre and McKitrick ("MM03") have done no such thing, having used
neither the data nor the procedures of MBH98. Their effort has no bearing
on the validity of the conclusions reported in MBH98, and is no way a
"correction" of that study as they claim. On the contrary, their analysis
seriously misrepresents MBH98.  Here we examine the claim that MM03
undertook exactly the same analysis as MBH98 and found errors in this
work, and we seek to understand how they came to this erroneous
conclusion.  We show that their results derive from the incorrect
application of the method of Mann et al (1998) and the use of a different
(more restricted) version of the proxy data set used by MBH98.We identify
the omission of key early proxy indicators that were used by MBH98 in
their network (section 2). We also note a number of erroneous criticisms
made of MBH98 in MM03 (section 3), and a number of significant
additional technical errors made by MM03 (section 4) that would have
rendered their analysis invalid even if they had employed the same key
early data as MBH98.  Furthermore, we show that the reconstruction
presented by MM03 fails the fundamental statistical test of "cross-
validation" with independent instrumental data, emphasized in MBH98 and
other paleoclimate reconstruction studies (see e.g. Cook et al, 1994;
Luterbacher et al, 2002).We present our conclusions in section 5.

Raymond S. Bradley
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Distinguished Professor
Director, Climate System Research Center*
Department of Geosciences
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel: 413-545-2120
Fax: 413-545-1200
*Climate System Research Center: 413-545-0659
        <http://www.paleoclimate.org>
Paleoclimatology Book Web Site:
http://www.geo.umass.edu/climate/paleo/html

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone: (434) 924-7770   FAX: (434) 982-2137
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes; rbradley@geo.umass.edu
Subject: Re: back..
Date: Monday, February 02, 2004 11:37:32 AM

Hi Malcolm,

We don't want to belabor this point because, as you note, we get a similar result (an
even more similar result when we use the correct 98, rather than 110, series) by
using the individual series rather than PCs. This is the point we want to emphasize,
because otherwise we get into a distracting technical argument with them.

The technical issue is that the series are not stationary AR(1) series. They are
perhaps approximately AR(1) prior to the 20th century, and then decidedly not (i.e.,
they have trends highly significant relative to red noise) during the 20th century. So
their experiments are unrealistic, and not useful for the case at hand. I think we
want to leave it at that, because the much stronger point is the first one...

Feel free to call later to discuss. I have to head out for an hour or so,

mike

At 11:32 AM 2/2/2004 -0700, Malcolm Hughes wrote:

Mike - I'm interacting with Ray to produce an edited versionof 
the response, but there's one point that worries me, and I'd be 
grateful for your help in my coming to grips with it. It relates to 
MM's claim that a bias is introduced by the standardization of 
the ITRDB N American tree ring data prior to calculating PCs 
using the calibration period. I understand that a result is obtained 
not unlike our result even if one uses the original variables rather 
than the PCs, or if this standardization stage is omitted. You then 
say that MM's "red noise" synthetic data experiments are 
meaningless, presumably because real instrumental and proxy 
data do not in fact conform to the red noise model, but in fact 
have bigger trends than would be expected under that model. 
Might not the same effect they describe be produced if their 
experiments been run with a more appropriate model, as 
described in your reference 9?
 I assume that the problem they describe would arise if the 
standard deviation of the instrumental period is bigger than the 
whole period standard deviation in a significant subset of the 70 
series - those weighting most strongly are almost certainly those 
with a dramatic growth surge in the last 100-140 years.
Hope you had a good trip, Cheers, MalcolmMalcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________
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                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone: (434) 924-7770   FAX: (434) 982-2137
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes; rbradley@geo.umass.edu
Subject: Re: again...
Date: Wednesday, February 04, 2004 10:47:54 AM

HI Malcolm,

I'll work on this this afternoon. Most of these changes are ok, though I'm not at all
happy with changes to one sentence:

"Given a large data set such as we used, alternative reconstructions of the past,
[VSC1] , can easily result from the inclusion of particular data". This is an important
sentence, and we may need to dicuss this over the phone.

I will try to find a simple and clear way of dealing with the MM03 vs MM04
distinction.

I'll modify the legend/figure captions as suggested, but I'm not sure I'm happy
eliminating all of the series you mention. Will reconsider this...

Keep in mind that this reply is intended to get Nature to *reject* the MM04
comment, our aim isn't really to get the back-and-forth exchange published. So I
don't think we want to worry about how Nature will reduce our figures, etc. at this
point. We want to make sure that the results are clear enough to the Nature editor
and possible reviewers that they see MM03 are completely bogus, and recommend
rejection...

more later,

mike

At 10:47 AM 2/4/2004 -0700, Malcolm Hughes wrote:

Mike - I was able to read that version. I make a few more 
editorial changes, some of which  have explanatory comments 
that you will need to be sure to delete before submission. There 
may also be the odd comment not linked to a tracked change. I 
am afraid that the mss will still be difficult for a reader to 
understand, and this is made worse by the references to MM03. 
We really must be very careful to limit ourselves as far as 
possible to the points they raise in MM04 if we are not to lose 
readers in the first couple of lines. On this point, the figures 
could still stand simplification - they are going to be one column 
wide only, and so the text in the "in-figure" legends will be 
indecipherable withut the use of a magnifying glass. I strongly 
support Ray's idea of moving all that text to the caption. The 
reader would also be greatly helped by the removal of certain 
lines from the diagrams, and any text in the main body or 
appendix that refer to them. These are:
Figure 1a: line 5
Figure 1b:line 3
Figure 1c line 2
Ray had a concern about whether we are free to put all the data 
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we usedin the public domain- he will call you about this in an 
hour or so.
I have edited to the calibrate/verify convention throughout (as 
opposed to the cross validation terminology) for two reasons - 
1)- consistency within this manuscript; 2) anumber of colleages 
in this area of work understand very specific set of procedures 
when they read  the phrase "cross-validation", and will balk at or 
misunderstand  the way it was used here.
I will now be at a major doctor's appointment for a couple of 
hours, and may not get to looking at the reply to Heike L untill 
tomorow morning, as  have class this evening.
Cheers, Malcolm
.
.  Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone: (434) 924-7770   FAX: (434) 982-2137
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Malcolm Hughes
To: Michael E. Mann
Subject: Re: Fwd: NATURE: 2004-01-14277B
Date: Friday, May 14, 2004 1:10:39 PM

I'm teaching 9 to 5 every day for the next three weeks (intensive
summer school, two lectures and a 4-hour lab every day, long
weekend field work trip). It would be a lot easier for me to talk
early morning (before 8 my time). On a quick perusal, I note that
they failed to understand another point, which is that there is no
requirement that a record have a linear relationship to local
climate. Thus they make it easier to demonstrate that they
misunderstood the method used in MBH98. CHeers, Malcolm

On 14 May 2004 at 14:15, Michael E. Mann wrote:

> Ray, Malcolm
>
> Looking over this, I see we need to tighten this up so that the
> reviewers understand what we've shown. If they do, I'm confident we
> can get the MM comment rejected. The main problem here is that we
> apparently weren't crystal clear enough in our explanation.
>
> Unfortunately, at least one of the reviewers clearly was confused
> about MM04c--that reconstruction *is* the best fit to the instrumental
> data during the calibration period based on the restricted available
> predictors--I think our labeling of the figure might have confused
> them into thinking that the calibration RE was negative, when the
> calibration RE is of course positive, while its the verification RE
> that is negative. This was a critical source of confusion.
>
> Finally, I don't see any need to get into the discussion of the
> supposed experiments with 'red noise' series described by MM. We
> simply have to emphasize that the reconstruction based on all 415
> proxies (rather than using PCs of the tree-ring networks) gives the
> same result, so that the standardization used to calculate the PCs
> clearly is not an issue.
>
> In short, we clearly need to simply and only hit the key points, and
> probably only show 2 simplified plots (simplified versions of Figures
> 1a and 1b). We can mention the results of the other experiments
> without showing them, since this appears to have confused reviewers.
>
> I'll get working on a revised version and response, but lets plan to
> discuss early next week. Does monday afternoon work for both of you?
>
> mike
>
>     X-Mailer: MIME::Lite 3.01 (F2.6; B2.11; Q2.03)
>     Date: Fri, 14 May 2004 16:36:48 UT
>     To: mann@virginia.edu
>     Subject: NATURE: 2004-01-14277B
>     From: r.cotter@nature.com
>
>     Content-Disposition: inline
>     Content-Length: 8182
>     Content-Transfer-Encoding: binary
>     Content-Type: text/plain
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>
>     Dear Professor Mann
>
>     Some time ago you saw an earlier version of the enclosed comment
>     on your paper published in Nature. In the light of the comments
>     from our referees, which are enclosed, we asked the authors to
>     revise their comment and to reduce it into the correct format for
>     a Communication Arising.
>
>     Before we reach a decision on publication of this comment and your
>     reply to it, we would like you to revise your reply as suggested
>     by our referees and to recast it into the correct format for Brief
>     Communications Arising. Please accompany your revised reply with a
>     short letter explaining the changes you have made in response to
>     the comments from the authors and the referees.
>
>     We ask you reduce the length of your text to under 600 words and
>     the reference list to 15 references or less to conform with our
>     guidelines (see www.nature.com/nature/submit/gta/index.html#8).
>     Supplementary material is permitted for reviewing purposes only.
>
>     We ask you to email the final version of your text to
>     m.hutchinson@nature.com as a PC-formatted Word document.
>
>     We look forward to receiving your final reply within 4 weeks;
>     please let us know if the delay is likely to be longer. Once we
>     receive your revised text we send the exchange back out to review.
>    
>
>     Yours sincerely
>     Rosalind Cotter
>     Editor, Communications Arising
>
>     ***************************
>
>
>
>     Referee #1(Remarks to the Author)
>
>     I find merit in the arguments of both protagonists, though MBH is
>     much more difficult to read than MM. Their explanations are (at
>     least superficially) less clear and they cram too many things onto
>     the same diagram, so I find it harder to judge whether I agree
>     with them.
>
>     There are two main points of dispute:
>
>     1. The principal component technique used.
>
>     2. The quality of the early data.
>
>     I deal with 1. first. It is an area where I have expertise, but it
>     is not at all clear what exactly is being done. MM talk about
>     'scaling to 1902-1980 mean and standard deviation', whereas MBH's
>     phrase is 'restandardisation by detrended standard deviation'.
>     These suggest different things to me. The latter seems more
>     appropriate than the former, but I am still uneasy about applying
>     a standardisation based on a small segment of the series to the
>     whole series, if that is what is being done. MBH seem to be too
>     dismissive of MM's red noise simulations. Even if red noise is not
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>     the best model for the series, they should have reservations about
>     a procedure that gives the 'hockey stick' shape for all 10
>     simulations, when such a shape would not be expected. Having said
>     this, MM's corrected series in their Figure 4c still has the
>     upward trend towards the end of the series, so this trend is not
>     just an artifact of MBH's PCA procedure.
>
>     I am not qualified to say much on 2. but it seems to be the
>     crucial point. Both sets of authors agree that the omission of
>     some early data changes the early reconstruction considerably. MBH
>     say that the omitted data are reliable; MM say they are not. Does
>     anyone know who is correct? If there is disagreement among
>     experts, then the true behaviour of the series must be very
>     uncertain. Incidentally, I am not entirely convinced by MBH's
>     dismissal of the MM model reconstruction on the basis of RE. I
>     suspect that a lot of the difference is due to the much larger
>     variance in the MM model reconstruction compare to MBH's. This is
>     probably inevitable, given the reduced sample size for the early
>     data.
>
>
>     Referee #2(Remarks to the Author)
>
>     The technical criticisms raised by McIntyre and McKritik (MM)
>     concerning the temperature reconstructions by Mann et al (MBH98),
>     and the reply to this criticism by Mann et al is quite difficult
>     to evaluate in a short period of time, since they are aimed at
>     particular technical points of the statistical methods used by
>     Mann et al, or at the use ofparticular time series of proxy data.
>     A proper evaluation would require to redo most of the calculations
>     presented in both manuscripts, something which is obviously out of
>     reach in two weeks time. Furthermore, both manuscripts seem to
>     contradict each other in some basic facts.
>
>     Therefore, my comments are based on my impression of the
>     consistency of the results presented, but there is a wide margin
>     of uncertainty that could be resolved only by by looking in detail
>     into the whole data set and the whole software used by the
>     authors. In general terms I found the criticisms raised by
>     McIntyre and McKritik worth of being taken seriously. They have
>     made an in depth analysis of the MBH reconstructions and they have
>     found several technical errors that are only partially addressed
>     in the reply by Mann et al.
>
>     1)Mann et al assert that important features in the reconstruction
>     by MM, for instance the increased warmth in the 15th century, is
>     due to the fact that they completely ignore the time series from
>     the NOAM tree ring data sets. However, MM explicitly state that
>     they have used the two leading PCs of this data sets. Of course,
>     it is impossible to ascertain who is right and who is wrong in
>     this particular point, but I feel that Mann et al should have
>     taken into account in their reply the statement by MM concerning
>     the NOAM time series.
>
>     2)My doubts expressed in point 1 are strengthen by Figure 1b in
>     Mann et al. reply. Mann et al. have tried to replicate in this
>     figure the MM reconstruction (MM04c, green line). But one can
>     clearly see that the variance of this reconstruction is much
>     larger than the observations even in the calibration period.
>     Although it might be possible, it seems a very awkward result. Any
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>     linear regression method that I am aware of must produce a
>     reconstructed predictand with less variance than the observed
>     predictand (the rest of the variance being the residuals). It
>     seems to me that the something is technically not correct in the
>     replication by Mann et al of the MM reconstruction. If the main
>     difference between the original MBH98 and the MM04c reconstruction
>     is just the elimination of the NOAM data set, why is the variance
>     of the reconstruction in the calibration period inflated by a
>     factor of 2-3?.
>
>     3)The reply by Mann et al is in my opinion correct when
>     requiringMM to present some validation statistics in a validation
>     period, and the RE statistics seems to me adequate in this
>     context. Since this is the main argument in Mann et al reply I
>     would urge MM to address this criticism. The low value of the RE
>     statistics in the replicated MM reconstruction (MM04c) indicated
>     by Mann et al. seems to be due to the erroneous replication of the
>     MM reconstruction. An inspection by eye of the MM04c
>     reconstruction seems to indicate that both reconstructions, the
>     replicated MM04c and the MBH98 method (1400-1500 model) are more
>     or less equally correlated with the instrumental temperature in
>     the calibration period, and that the low RE value of the MM04c
>     reconstruction stems from its much larger variance. I think that
>     this large variance is unrealistic and therefore the real RE value
>     should be positive.
>
>     4) The MM reconstruction presented by MM (Fig 4, bottom) should be
>     in principle very similar to the replicated reconstruction MM04c,
>     but it seems to me that they are not. For instance in Fig4, I do
>     not see this excess variance compared to the original MBH98
>     reconstruction. This suggests again that something is not correct
>     in the calculation of MM04c by Mann et al.
>
>     In summary, my recommendation is that MM offer validation
>     statistics for their reconstruction and that they make their
>     original reconstruction (Fig 4 , bottom) available to MBH, so that
>     these authors can also compute validation statistics with the
>     original MM reconstruction. Furthermore, it should be explicitly
>     cleared up if MM are using or not the NOAM data set. Should this
>     validation be successful, I would recommend the publication of
>     both manuscripts. Further evaluation requires months of work and
>     should be left, in my opinion, to the scientific community. This
>     should be the normal scientific process. At this stage, I think
>     any Correction or Retraction by MBH98 is premature and really not
>     required.
>
>
>
>
>
>
>
>
>
>
> ____________________________________________________________
> __
> Professor Michael E. Mann
>  Department of Environmental Sciences, Clark Hall
> University of Virginia

ABOR/MH/Priv-002066

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



> Charlottesville, VA 22903
> ______________________________________________________________________
> _ e-mail: mann@virginia.edu Phone: (434) 924-7770FAX: (434) 982-2137
> http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes; raymond s. bradley; Scott Rutherford
Subject: Re: [Fwd: huybers on MM05]
Date: Thursday, May 05, 2005 10:50:53 AM

So in case you're keeping count, there are actually 4 comments submitted on MM05,
all of them quite critical.

Huybers is one, Ritson is another, Ammann and Wahl comment to GRL on MM05 was
rejected w/out review, and an appeal/complaint/investigation is currently underway.
There may be malfeasance at GRL--Tom Wigley, Gavin Schmidt, and others have
been discussing a possible formal complaint to the president of AGU.  Also, there is
the von Storch criticism of MM05 (but submitted as a stand-alone paper rather than
a comment).

Will keep you all posted,

Mike

p.s. we have some initial *new* reconstructions now! But Zhang, Scott, and I are still
ironing out a few small issues. The initial results are promising. Very similar to the
past reconstructions, but some interesting differences too. More soon on that...

At 01:23 PM 5/5/2005, Malcolm Hughes wrote:

Kevin Anchukaitis just passed this on to me- I wasn't aware of it, Malcolm

Return-Path: <kanchuka@ltrr.arizona.edu>
Received: from schulman.ltrr.arizona.edu ([unix socket])
        by schulman.ltrr.arizona.edu (Cyrus v2.1.9) with LMTP; Wed, 04 May
2005 22:10:51 -0700
X-Sieve: CMU Sieve 2.2
Received: from douglass.ltrr.arizona.edu (douglass.ltrr.arizona.edu
[128.196.218.203])
        by schulman.ltrr.arizona.edu (8.12.8/8.12.2/LTRR) with ESMTP id
j455AphH027922
        for <mhughes@schulman.ltrr.arizona.edu>; Wed, 4 May 2005
22:10:51 -0700
Received: from [128.196.218.173] (one.ltrr.arizona.edu
[128.196.218.173])
        (authenticated bits=0)
        by douglass.ltrr.arizona.edu (8.12.10/8.12.10/LTRR) with ESMTP id
j455AkSF014646
        (version=TLSv1/SSLv3 cipher=RC4-MD5 bits=128 verify=NO)
        for <mhughes@ltrr.arizona.edu>; Wed, 4 May 2005 22:10:50 -0700
Message-ID: <4279AAFD.20604@ltrr.arizona.edu>
Date: Wed, 04 May 2005 22:11:25 -0700
From: Kevin Anchukaitis <kanchuka@ltrr.arizona.edu>
User-Agent: Mozilla Thunderbird 1.0 (Windows/20041206)
X-Accept-Language: en-us, en
MIME-Version: 1.0
To: Malcolm Hughes <mhughes@ltrr.arizona.edu>
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Subject: huybers on MM05
References: <1114807579.42729d1b14ec0@schulman.ltrr.arizona.edu>
<4272A1E5.5030303@ltrr.arizona.edu>
<4272A44A.7080700@ltrr.arizona.edu>
In-Reply-To: <4272A44A.7080700@ltrr.arizona.edu>
Content-Type: text/plain; charset=ISO-8859-1
Content-Transfer-Encoding: 7bit

hi malcolm,

you are probably already aware, but I see that Peter Huybers has
submitted a
comment on the M&M 2005 GRL article:

http://www.mit.edu/~phuybers/

cheers,
k

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone: (434) 924-7770   FAX: (434) 982-2137
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: raymond s. bradley; mhughes@ltrr.arizona.edu
Subject: Re: being reviewed by Nature
Date: Wednesday, March 09, 2005 8:16:48 PM
Attachments: figure1.pdf

figure2.pdf
figure3.pdf

oops, sorry. here they are...

mike

At 10:10 PM 3/9/2005, raymond s. bradley wrote:

can you send the 3 figs too
thanks
ray
At 09:29 PM 3/9/2005, you wrote:

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone: (434) 924-7770   FAX: (434) 982-
2137
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

Raymond S. Bradley 
Director, Climate System Research Center*
Department of Geosciences, University of Massachusetts
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel: 413-545-2120 
Fax: 413-545-1200 
*Climate System Research Center: 413-545-0659 
        < http://www.paleoclimate.org> 
Paleoclimatology Book Web Site: http://www.geo.umass.edu/climate/paleo/html 
Publications (download .pdf files):
http://www.geo.umass.edu/faculty/bradley/bradleypub.html

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone: (434) 924-7770   FAX: (434) 982-2137
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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— Actual Model NH mean

— Standard CPS reconstruction
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From: Michael E. Mann
To: Malcolm Hughes; Scott Rutherford; fenbiao@ltrr.arizona.edu; Raymond Bradley
Subject: Re: some more data questions
Date: Friday, February 11, 2005 5:19:16 PM

HI Malcolm,

Sounds good.

Only comment is that we do, of course, want to make use of any conservatively
standardized tree-ring series for both low and high-frequencies.  We should,
however, have a standard for minimum replication, so that should be included in the
metadatafile....

Mike

At 06:33 PM 2/11/2005, Malcolm Hughes wrote:

Gentlemen - I seek you approval of the following:
1. On reflection, I think we could/should omit the 60 "Soviet" tree-ring
width series we got from Vaganov. We included them in 1997 because we
did not have access to the Schweingruber data and so had nothing else
up there. It's a pretty good dataset, but we are missing some specific
information about it. They were cored from the same tree-line trees as
the Schweingruber density data. This does not apply to many of the
Vaganov/Shishov data from the rest of Siberia, so leave them in. OK?

2. Back in 2002/2003 when we were discussing strategy for this exercise,
we saw the ITRDB tree rings as almost exclusively a high-frequency
source. As a result, we only required 8 trees as far back as 1800, thus
including a huge mass of data for the 19th (and 18th) centuries. OK. The
problem comes as we step back further -by the time we get to the 15th
and 16th centuries we may be including really poorly replicated series.
This of course, becomes very hairy the further back we go.What I suggest
is that we include 1(2) more column(s) in Scott's metadatafile containing
for each (non-Osborn) tree-ring based chronology the first year in which it
is based on 5(10) series. In this way, you could avoid using the early,
really poorly replicated, very dangerous parts of any of the tree-ring
series. This make sense?
Cheers, Malcolm

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone: (434) 924-7770   FAX: (434) 982-2137
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes; Scott Rutherford
Cc: Bradley Raymond; Zhihua Zhang; Frank Keimig; Tim Cook; fenbiao@ltrr.arizona.edu; Anderson Justin;

mann@virginia.edu
Subject: Re: Ice core data inventory
Date: Thursday, February 03, 2005 6:50:03 PM

Hi Malcolm,

Thanks--I concur fully on issues #1 and #2...

Regarding issue #3, I think we should remove the redundant chronologies from the
ITRDB for which we have more conservatively standardized versions. What do others
thing?

mike

At 07:22 PM 2/3/2005, Malcolm Hughes wrote:

Gentlemen - in clearing up redundancies in the tree-ring part of the
dataset some general issues arise on which decisions need to be made. I
think we are already clear that the only density data to include, other
than the Osborn gridded set, are those contributed by others and not
included in the original Schweingruber set from which the Osborn is
derived. That's easy.
The second thing that I think is easy is that there are a number of
locations for which more than one tree-ring chronology is included
because more than one variable was used, for example ring-width and
maximum density chronologies from the same places in Kashmir submitted
by me. The Stahle set including ring width, earlywood width and latewood
width falls into the same category. Although they may be well correlated,
they are not redundant, so I think they should all stay in.
The third issue may be more difficult. A number of authors have gone to
great trouble to produce tree-ring chronologies, for example using RCS,
retaining as much centenniial-scale variation as possible. This would apply,
for example, to the reworked set Ricardo Villalba gave us in 98. It seems
to me that these are very important to our objectives (especially for the
pre AD 1000 part) and should be included. My question is, however,
whether to also include the less conservatively standardized versions of
hte same chronologies that we may have picked up in our search of the
ITRDB, or to go in and remove those?
CHeers, Malcolm

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone: (434) 924-7770   FAX: (434) 982-2137
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: raymond s. bradley; srutherford@rwu.edu; mhughes@ltrr.arizona.edu; zz9t@virginia.edu
Cc: frank@geo.umass.edu; mann@virginia.edu
Subject: Re: Ice core data inventory
Date: Tuesday, February 01, 2005 9:07:51 AM

Dear All,

This should complete the data for our initial revised reconstructions. We can always
add in more proxy data towards the final stages, and redo the reconstructions.

But I suggest we now "freeze" the proxy data set based on what has now been
received.

Scott, Zhang: Can you go through, make sure there are no data problems (missing
values, obvious outliers, etc.), add any metadata necessary to include in the
reconstructions, marking those data taht should only be used in decadal band, etc.

Then, pending resolution w/ Malcolm on ITRDB data, we should proceed immediately
with the new reconstructions.

Scott should have the Monte Carlo procedure working shortly (Scott-any updates on
this?).

Thanks,

Mike

At 11:00 AM 2/1/2005, raymond s. bradley wrote:

I attach the ice core data inventory.  This includes a number of files from
Dave Fisher that are not available elsewhere, plus some other records
(GISP2 accumulation, Vostok del 18O) that are also otherwise
unavailable.  

This completes the non-tree-ring data sets that I have compiled.  I will
continue to dig around for more data, and distribute additional files as
these become available.

You should all now have data inventories, & associated data files, for:

ice cores
historical documentary records
lake sediments
speleothems
corals
...& of course, tree rings.

I have tried to be careful in putting these files together, but there may be
still some errors (M&M, please note...).  If anybody sees something that
looks strange, let me know right away & I'll try to correct the problem.  

I will ask Tim Cook here to compile new maps on the non-tree ring data
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distribution and circulate these asap.

I'll be away Feb 2-14 & 2/16-18..with intermittent email contact.
Ray

Raymond S. Bradley 
Director, Climate System Research Center*
Department of Geosciences, University of Massachusetts
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel: 413-545-2120 
Fax: 413-545-1200 
*Climate System Research Center: 413-545-0659 
        <http://www.paleoclimate.org> 
Paleoclimatology Book Web Site:
http://www.geo.umass.edu/climate/paleo/html 
Publications (download .pdf files):
http://www.geo.umass.edu/faculty/bradley/bradleypub.html

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone: (434) 924-7770   FAX: (434) 982-2137
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: raymond s. bradley; srutherford@rwu.edu; mhughes@ltrr.arizona.edu; zz9t@virginia.edu
Cc: drdendro@ldeo.columbia.edu; frank@geo.umass.edu
Subject: Re: Ice core data inventory
Date: Tuesday, February 01, 2005 9:03:28 AM

HI Ray,

Thanks--not sure why you sent this to Ed Cook. I think you meant to send to Tim
Cook?

Sorry Ed!

mike

At 11:00 AM 2/1/2005, raymond s. bradley wrote:

I attach the ice core data inventory.  This includes a number of files from
Dave Fisher that are not available elsewhere, plus some other records
(GISP2 accumulation, Vostok del 18O) that are also otherwise
unavailable.  

This completes the non-tree-ring data sets that I have compiled.  I will
continue to dig around for more data, and distribute additional files as
these become available.

You should all now have data inventories, & associated data files, for:

ice cores
historical documentary records
lake sediments
speleothems
corals
...& of course, tree rings.

I have tried to be careful in putting these files together, but there may be
still some errors (M&M, please note...).  If anybody sees something that
looks strange, let me know right away & I'll try to correct the problem.  

I will ask Tim Cook here to compile new maps on the non-tree ring data
distribution and circulate these asap.

I'll be away Feb 2-14 & 2/16-18..with intermittent email contact.
Ray

Raymond S. Bradley 
Director, Climate System Research Center*
Department of Geosciences, University of Massachusetts
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297
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Tel: 413-545-2120 
Fax: 413-545-1200 
*Climate System Research Center: 413-545-0659 
        <http://www.paleoclimate.org> 
Paleoclimatology Book Web Site:
http://www.geo.umass.edu/climate/paleo/html 
Publications (download .pdf files):
http://www.geo.umass.edu/faculty/bradley/bradleypub.html

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone: (434) 924-7770   FAX: (434) 982-2137
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: raymond s. bradley
To: srutherford@rwu.edu; mann@multiproxy.evsc.virginia.edu; mhughes@ltrr.arizona.edu; zz9t@virginia.edu
Cc: drdendro@ldeo.columbia.edu; frank@geo.umass.edu
Subject: Ice core data inventory
Date: Tuesday, February 01, 2005 9:01:22 AM
Attachments: Ice core data inventory 2005.xls

I attach the ice core data inventory.  This includes a number of files from Dave
Fisher that are not available elsewhere, plus some other records (GISP2
accumulation, Vostok del 18O) that are also otherwise unavailable.  

This completes the non-tree-ring data sets that I have compiled.  I will continue to
dig around for more data, and distribute additional files as these become available.

You should all now have data inventories, & associated data files, for:

ice cores
historical documentary records
lake sediments
speleothems
corals
...& of course, tree rings.

I have tried to be careful in putting these files together, but there may be still some
errors (M&M, please note...).  If anybody sees something that looks strange, let me
know right away & I'll try to correct the problem.  

I will ask Tim Cook here to compile new maps on the non-tree ring data distribution
and circulate these asap.

I'll be away Feb 2-14 & 2/16-18..with intermittent email contact.
Ray

Raymond S. Bradley 
Director, Climate System Research Center*
Department of Geosciences, University of Massachusetts
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel: 413-545-2120 
Fax: 413-545-1200 
*Climate System Research Center: 413-545-0659 
        <http://www.paleoclimate.org> 
Paleoclimatology Book Web Site: http://www.geo.umass.edu/climate/paleo/html 
Publications (download .pdf files):
http://www.geo.umass.edu/faculty/bradley/bradleypub.html
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KEY to COLUMN E

Ice 8001 = O-18
8002 = deuterium
8003 = accumulation
8004 = melt %
8005 = other (dust, gases etc)
8006= derived parameter (PC, or other index)

Mann et al 1998 used:
Greenland                  Ice melt             summer air temp   66N   45W   1545     Kameda et al, 1996
Svalbard                   Ice melt             summer air temp   79N   17W   1400     Tarussov 1992
Penny                      Ice O-18             (temp)            70N   70W   1718     Fisher et al 1998
Central Greenland (Stack)  Ice O-18             (temp)            77N   60W    553     Fisher et al 1996
Quelccaya summit core         Ice O-18             (air temp)        14S   71W    470     Thompson 1982
Quelccaya summit core         Ice accumulation     precip             "     "     488          "
Quelccaya Core  2           Ice O-18             (air temp)         "     "     744          "
Quelccaya Core  2     Ice accumulation     precip             "     "     744          "
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Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

1971 -5.64 1961 2.721 1985.499 94 1972 -1.357 1973 2907 1971 16.8 1982 -0.418 1970 -23.5096

1970 -4.3665 1956 3.038 1983.994 100 1971 0.445 1972 2911 1966 18.8 1981 -0.482 1969 -24.313

1969 2.3865 1951 1.611 1982.485 100 1970 0.125 1971 2782 1961 21.06 1980 -0.415 1968 -22.6863

1968 -1.464 1946 1.209 1980.972 75 1969 0.255 1970 2650 1956 24.72 1979 -1.674 1967 -24.3011

1967 -2.499 1941 2.156 1979.454 26 1968 0.465 1969 2719 1951 17.61 1978 0.602 1966 -24.8912

1966 -2.4345 1936 4.495 1977.933 60 1967 -0.568 1968 3100 1946 5.91 1977 1.614 1965 -24.0107

1965 -0.4005 1931 1.794 1976.407 71 1966 -0.769 1967 2950 1941 8.83 1976 0.658 1964 -23.4773

1964 -0.6105 1926 0.914 1974.878 100 1965 0.258 1966 2722 1936 9.23 1975 0.246 1963 -25.6888

1963 -2.3234 1921 0.832 1973.344 91 1964 -0.994 1965 2688 1931 23.81 1974 0.081 1962 -24.4631

1962 -3.6105 1916 1.077 1971.806 100 1963 -0.957 1964 2706 1926 19.75 1973 -0.169 1961 -23.0196

1961 -5.282 1911 1.012 1970.264 100 1962 -0.567 1963 2729 1921 10.19 1972 -0.373 1960 -23.556

1960 -5.855 1906 1.795 1968.717 100 1961 -0.089 1962 2771 1916 11.94 1971 -0.381 1959 -23.2763

1959 -7.295 1901 0.715 1967.167 100 1960 0.864 1961 2740 1911 7.61 1970 -0.109 1958 -23.5929

1958 -6.429 1896 -0.176 1965.612 100 1959 -0.545 1960 2896 1906 6.4 1969 0.239 1957 -23.0596

1957 -6.964 1891 -0.247 1964.053 97 1958 -0.685 1959 2753 1901 8.97 1968 0.781 1956 -23.8126

1956 -6.351 1886 0.654 1962.49 37 1957 -0.275 1958 2684 1896 10.69 1967 -0.199 1955 -23.172

1955 -5.922 1881 1.024 1960.922 82 1956 -0.608 1957 2541 1891 8 1966 0.399 1954 -24.5723

1954 -2.55 1876 0.877 1959.35 81 1955 -0.209 1956 2699 1886 8.02 1965 0.855 1953 -23.9662

1953 -2.404 1871 2.028 1957.774 100 1954 -0.005 1955 2850 1881 7.31 1964 1.019 1952 -24.6786

1952 -2.435 1866 0.17 1956.194 75 1953 -0.21 1954 2793 1876 13.39 1963 0.335 1951 -24.5105

1951 -1.526 1861 0.475 1954.609 81 1952 0.251 1953 2801 1871 11.05 1962 0.347 1950 -24.7239

1950 -0.221 1856 -0.227 1953.019 100 1951 -0.401 1952 2707 1866 8.63 1961 0.651 1949 -24.6144

1949 0.323 1851 0.224 1951.426 77 1950 -1.425 1951 2702 1861 8.96 1960 0.008 1948 -23.9863

1948 1.076 1846 -0.459 1949.828 100 1949 -1.053 1950 2626 1856 9.53 1959 0.736 1947 -23.987

1947 1.501 1841 -0.357 1948.225 37 1948 0.127 1949 2674 1851 7.87 1958 -0.175 1946 -24.6633

1946 1.744 1836 -0.161 1946.619 38 1947 0.056 1948 2743 1846 3.34 1957 -1.138 1945 -25.5653

1945 0.589 1831 -0.184 1945.007 27 1946 1.125 1947 2650 1841 3.27 1956 -0.447 1944 -25.201

1944 0.445 1826 -0.339 1943.391 100 1945 0.629 1946 2697 1836 3.39 1955 -0.138 1943 -25.4229

1943 -1.895 1821 -0.198 1941.771 93 1944 -0.626 1945 2698 1831 3.35 1954 -0.272 1942 -25.2679
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

1992 92.9664 1992 44.4792 1970 10.43 1974 -25.69 2000 0.7 1984 -19.93 1.521 2000 -16.55 1987 -10.09
1991 47.9194 1991 62.5768 1969 10.28 1973 -25.96 1999 0.73 1983 -13.92 1.1205 1990 -17.70 1980 -10.33
1990 21.9141 1990 55.9624 1968 10.14 1972 -26.97 1998 0.58 1982 -19.22 1.649 1980 -18.48 1970 -10.39
1989 40.6818 1989 51.7287 1967 9.82 1971 -25.05 1997 0.59 1981 -17.435 1.389 1970 -16.75 1960 -9.74
1988 64.9196 1988 39.3125 1966 9.96 1970 -25.38 1996 0.56 1980 -16.005 1.596 1960 -17.93 1950 -9.22
1987 124.9296 1987 26.9923 1965 10.42 1969 -26.08 1995 0.45 1979 -17.375 1.6675 1950 -16.86 1940 -9.43
1986 78.875 1986 30.5221 1964 10.27 1968 -24.78 1994 0.69 1978 -17.27 1.0605 1940 -17.21 1930 -9.85
1985 20.7219 1985 34.3026 1963 10.1 1967 -25.29 1993 0.54 1977 -17.94 1.0235 1930 -17.71 1920 -9.74
1984 43.3371 1984 24.9611 1962 10.52 1966 -26.41 1992 0.37 1976 -17.865 1.2445 1920 -17.90 1910 -10.86
1983 22.0658 1983 36.6259 1961 10.66 1965 -24.01 1991 0.48 1975 -18.745 1.31 1910 -17.42 1900 -10.16
1982 40.5861 1982 27.8089 1960 10.53 1964 -25.84 1990 0.6 1974 -19.75 1.5855 1900 -18.74 1890 -9.89
1981 35.5733 1981 15.5919 1959 10.39 1963 -25.88 1989 0.36 1973 -19.625 1.1395 1890 -18.05 1880 -11.63
1980 3.5976 1980 31.7976 1958 10.54 1962 -26.92 1988 1972 -19.01 1.24 1880 -18.89 1870 -10.00
1979 40.3557 1979 25.0735 1957 10.6 1961 -25.53 1987 0.51 -33.2 1971 -18.815 1.69 1870 -18.50 1860 -10.08
1978 33.509 1978 35.3064 1956 10.07 1960 -24.41 1986 0.76 -31.1 1970 -18.965 1.162 1860 -18.26 1850 -10.56
1977 12.6134 1977 32.3278 1955 8.93 1959 -24.12 1985 0.49 -30.5 1969 -16.315 1.641 1850 -17.87 1840 -10.24
1976 30.6641 1976 56.5204 1954 9.15 1958 -26.31 1984 0.41 -33.5 1968 -15.39 1.016 1840 -18.30 1830 -10.77
1975 83.2648 1975 40.362 1953 9.61 1957 -26.81 1983 0.32 -30.7 1967 -16.07 1.3875 1830 -18.10 1820 -10.70
1974 23.5785 1974 46.0031 1952 10.07 1956 -26.27 1982 0.33 -31.2 1966 -16.11 1.523 1820 -20.00 1810 -10.19
1973 13.1359 1973 57.3903 1951 10.36 1955 -25.28 1981 0.68 -25.5 1965 -16.285 1.6815 1810 -18.57 1800 -10.60
1972 44.5998 1972 33.7742 1950 10.58 1954 -24.4 1980 0.39 -31.3 1964 -16.545 1.711 1800 -18.41 1790 -11.38
1971 61.5169 1971 25.4983 1949 10.78 1953 -24.93 1979 0.38 -32.2 1963 -17.01 1.4305 1790 -18.94 1780 -11.63
1970 57.1726 1970 33.2736 1948 10.87 1952 -25.04 1978 0.4 -31.3 1962 -18.055 1.772 1780 -18.72 1770 -10.82
1969 22.4167 1969 37.4955 1947 10.86 1951 -26.43 1977 0.21 -34.5 1961 -17.96 1.2465 1770 -18.67 1760 -10.19
1968 80.1001 1968 36.6398 1946 10.29 1950 -25.66 1976 0.39 -34 1960 -17.615 1.586 1760 -19.35 1750 -10.60
1967 45.9719 1967 45.9995 1945 10.02 1949 -27.17 1975 0.27 -34.8 1959 -17.79 1.3215 1750 -18.61 1740 -10.51
1966 9.9629 1966 17.2957 1944 10.22 1948 -26.51 1974 0.42 -35.8 1958 -15.905 1.4755 1740 -19.38 1730 -10.43
1965 40.5406 1965 48.2466 1943 10.05 1947 -25.89 1973 0.52 -28.2 1957 -15.915 1.502 1730 -17.85 1720 -9.74
1964 107.7721 1964 39.5118 1942 9.23 1946 -25.14 1972 0.29 -32.9 1956 -16.52 1.501 1720 -18.54 1710 -9.75
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.

1989 -12.35 1997 -17.34 1995 -15.87 1997 -16.91 1950 -9.335 2000 -147.472 1970 -22.422 1970 -20.37 1970 -25.02 1970 -55.3449 1996

1979 -13.75 1990 -18.58 1990 -17.32 1990 -17.20 1940 -9.605 1999 -147.023 1969 -22.229 1969 -20.9 1969 -25.28 1969 -55.4754 1995

1969 -12.63 1980 -17.67 1980 -18.20 1980 -18.72 1930 -9.42 1998 -147.023 1968 -21.786 1968 -21.15 1968 -25.72 1968 -55.4969 1994

1959 -13.74 1970 -17.97 1970 -16.46 1970 -16.40 1920 -9.005 1997 -146.392 1967 -21.917 1967 -18.14 1967 -24.83 1967 -55.69 1993

1949 -12.78 1960 -17.91 1960 -17.88 1960 -16.39 1910 -9.575 1996 -147.199 1966 -22.908 1966 -21.74 1966 -26.67 1966 -55.69 1992

1939 -13.46 1950 -17.14 1950 -17.18 1950 -15.41 1900 -10.415 1995 -147.782 1965 -20.465 1965 -20.09 1965 -25.6 1965 -55.5254 1991

1929 -13.29 1940 -18.41 1940 -16.93 1940 -16.92 1890 -10.145 1994 -148.375 1964 -21.136 1964 -18.5 1964 -25.23 1964 -55.0222 1990

1919 -14.22 1930 -19.01 1930 -17.39 1930 -17.88 1880 -9.32 1993 -148.491 1963 -21.883 1963 -19.01 1963 -26.27 1963 -55.0222 1989

1909 -14.18 1920 -19.78 1920 -18.10 1920 -17.82 1870 -10.075 1992 -148.693 1962 -22.308 1962 -20.84 1962 -24.6 1962 -55.0222 1988

1899 -14.10 1910 -18.58 1910 -17.84 1910 -16.13 1860 -8.775 1991 -149.373 1961 -20.984 1961 -22.65 1961 -26.79 1961 -54.6101 1987

1889 -12.28 1900 -20.24 1900 -18.99 1900 -17.97 1850 -8.085 1990 -149.558 1960 -22.041 1960 -19.36 1960 -24.68 1960 -54.5673 1986

1879 -15.86 1890 -18.65 1890 -17.19 1890 -16.86 1840 -8.215 1989 -148.443 1959 -22.448 1959 -21.14 1959 -25.9 1959 -54.3968 1985

1869 -14.77 1880 -18.65 1880 -16.50 1880 -19.51 1830 -8.595 1988 -148.443 1958 -21.595 1958 -20.7 1958 -24.77 1958 -54.3159 1984

1859 -15.29 1870 -20.20 1870 -17.49 1870 -17.82 1820 -9.335 1987 -147.58 1957 -20.593 1957 -20.24 1957 -25.11 1957 -54.173 1983

1849 -14.75 1860 -18.98 1860 -17.87 1860 -17.06 1810 -9.125 1986 -147.247 1956 -20.266 1956 -20.72 1956 -25.81 1956 -54.1231 1982

1839 -17.14 1850 -19.72 1850 -17.96 1850 -16.35 1800 -9.215 1985 -146.536 1955 -21.498 1955 -21.81 1955 -24.74 1955 -54.1231 1981

1829 -14.38 1840 -19.97 1840 -17.29 1840 -16.06 1790 -9.965 1984 -145.967 1954 -21.789 1954 -20.97 1954 -25.57 1954 -54.0584 1980

1819 -13.59 1830 -19.35 1830 -16.64 1830 -19.77 1780 -12 1983 -145.967 1953 -21.346 1953 -20.64 1953 -26.33 1953 -54.0577 1979

1809 -17.83 1820 -20.67 1820 -18.18 1820 -18.71 1770 -10.825 1982 -146.527 1952 -22.402 1952 -19.29 1952 -24.83 1952 -54.0577 1978

1799 -15.17 1810 -19.63 1810 -17.13 1810 -17.48 1760 -10.725 1981 -146.887 1951 -20.993 1951 -19.76 1951 -25.77 1951 -54.0577 1977

1789 -14.39 1800 -18.67 1800 -16.41 1800 -15.13 1750 -11.53 1980 -146.887 1950 -21.262 1950 -20.04 1950 -26.88 1950 -54.0577 1976

1779 -13.96 1790 -21.52 1790 -16.71 1790 -16.90 1740 -11.59 1979 -147.464 1949 -22.07 1949 -21.08 1949 -26.54 1949 -54.056 1975

1769 -14.86 1780 -21.04 1780 -18.46 1780 -17.23 1730 -10.135 1978 -148.148 1948 -22.06 1948 -21.38 1948 -26.22 1948 -54.0506 1974

1759 -15.60 1770 -21.08 1770 -17.23 1770 -18.22 1720 -9.775 1977 -148.424 1947 -22.311 1947 -20.47 1947 -25.8 1947 -54.0506 1973

1749 -15.16 1760 -19.63 1760 -18.33 1760 -16.59 1710 -9.155 1976 -149.01 1946 -21.396 1946 -18.14 1946 -24.19 1946 -54.0506 1972

1739 -13.24 1750 -19.29 1750 -18.14 1750 -18.32 1700 -8.71 1975 -149.01 1945 -22.163 1945 -22.12 1945 -25.22 1945 -54.0506 1971

1729 -14.92 1740 -21.99 1740 -19.34 1740 -18.60 1690 -8.5 1974 -148.417 1944 -21.484 1944 -20.93 1944 -24.27 1944 -54.0506 1970

1719 -15.11 1730 -19.77 1730 -20.06 1730 -17.20 1680 -8.795 1973 -147.841 1943 -22.033 1943 -19.95 1943 -25.33 1943 -54.0788 1969

1709 -15.60 1720 -20.68 1720 -19.57 1720 -18.35 1670 -9.48 1972 -146.66 1942 -22.21 1942 -20.09 1942 -25.34 1942 -54.1298 1968
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

-319.4 1970 -29.7008 1994 -440.0 1.6 1987 0.19598 2000 -35.19 1970 1.569

-303.1 1969 -29.7051 1993 -439.4 1.7 1986 0.30087 1950 -34.83 1969 1.111

-297.6 1968 -29.8336 1992 -436.2 1.7 1985 0.19773 1900 -35.05 1968 -1.759

-298.8 1967 -29.8336 1991 -435.9 1.7 1984 0.27362 1850 -35.45 1967 -1.098

-263.8 1966 -29.8336 1990 -435.2 1.7 1983 0.30368 1800 -35.42 1966 0.278

-293.9 1965 -29.93 1989 -433.2 1.9 1982 0.20231 1750 -35.63 1965 0.353

-279.3 1964 -29.9376 1988 -433.0 2.1 1981 0.14836 1700 -35.8 1964 1.139

-285.5 1963 -29.9828 1987 -432.5 2.1 1980 0.23168 1650 -35.62 1963 1.368

-288.2 1962 -30.1393 1986 -433.4 2.3 1979 0.26875 1600 -35.48 1962 0.035

-264.6 1961 -30.1393 1985 -433.3 2.3 1978 0.17544 1550 -35.36 1961 0.372

-272.1 1960 -30.1393 1984 -432.3 2.4 1977 0.28773 1500 -35.41 1960 0.96

-286.2 1959 -30.1736 1983 -431.5 2.4 1976 0.28867 1450 -35.1 1959 0.378

-299.3 1958 -30.1975 1982 -430.1 2.4 1975 0.25925 1400 -35.27 1958 0.943

-293.2 1957 -30.1975 1981 -430.5 2.4 1974 0.23824 1350 -35.67 1957 -0.648

-273.8 1956 -30.1982 1980 -430.6 2.5 1973 0.13515 1300 -35.33 1956 0.952

-294.9 1955 -30.1842 1979 -431.5 2.5 1972 0.20761 1250 -35.38 1955 -0.157

-289.5 1954 -30.062 1978 -433.6 2.4 1971 0.26715 1200 -35.63 1954 0.651

-301.4 1953 -30.062 1977 -432.2 2.3 1970 0.20775 1150 -35.49 1953 0.485

-288.7 1952 -29.9991 1976 -431.7 2.4 1969 0.23643 1100 -35.3 1952 -0.472

-295.5 1951 -29.9315 1975 -430.4 2.5 1968 0.23374 1050 -35.66 1951 0.432

-295 1950 -29.9315 1974 -429.4 2.4 1967 0.22544 1000 -35.01 1950 -0.336

-319.7 1949 -29.8193 1973 -429.5 2.3 1966 0.23318 950 -35.09 1949 -0.677

-317.6 1948 -29.8013 1972 -431.5 2.3 1965 0.1583 900 -35.58 1948 0.122

-287.8 1947 -29.8013 1971 -433.9 2.3 1964 0.23702 850 -35.51 1947 2.457

-271.7 1946 -29.6994 1970 -435.3 2.3 1963 0.25048 800 -35.34 1946 1.525

-294.7 1945 -29.6194 1969 -436.4 2.2 1962 0.2473 750 -35.27 1945 0.217

-302.2 1944 -29.6194 1968 -436.9 2.2 1961 0.24952 700 -35.26 1944 -0.134

-294.7 1943 -29.5727 1967 -437.9 2.2 1960 0.17692 650 -35.09 1943 -0.345

-272 1942 -29.5691 1966 -440.8 2.1 1959 0.28236 600 -35.2 1942 0.178
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Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

1942 -4.255 1816 -0.171 1940.146 79 1943 -0.639 1944 2704 1826 3.3 1953 0.826 1941 -24.1934

1941 -3.603 1811 -0.187 1938.517 84 1942 -0.084 1943 2836 1821 3.17 1952 0.634 1940 -26.036

1940 -3.234 1806 -0.42 1936.883 64 100 82 1941 0.129 1942 2944 1816 4.88 1951 0.048 1939 -23.867

1939 -2.853 1801 -0.492 1935.245 100 100 100 1940 0.416 1941 2743 1811 3.86 1950 -0.3 1938 -24.0311

1938 -3.035 1796 -0.464 1933.602 82 100 91 1939 1.485 1940 2692 1806 4.18 1949 -1.353 1937 -23.33

1937 -4.047 1791 -0.002 1931.954 52 100 76 1938 -0.165 1939 2727 1801 4.2 1948 -0.197 1936 -25.7115

1936 -3.753 1786 0.074 1930.302 100 100 100 1937 -0.888 1938 2804 1796 5.24 1947 0.996 1935 -24.3094

1935 -2.223 1781 0.06 1928.645 100 100 100 1936 0.344 1937 2772 1791 7.93 1946 1.157 1934 -24.4617

1934 -1.426 1776 0.104 1926.984 81 100 90.5 1935 1.052 1936 2602 1786 14.74 1945 1.175 1933 -23.2688

1933 -1.931 1771 -0.322 1925.318 100 100 100 1934 0.575 1935 2690 1781 9.81 1944 -0.387 1932 -22.9292

1932 -1.531 1766 -0.453 1923.647 100 95 97.5 1933 0.872 1934 2816 1776 8.32 1943 -0.851 1931 -22.5162

1931 1.585 1761 -0.509 1921.971 95.5 100 97.75 1932 0.491 1933 2733 1771 6.84 1942 0.871 1930 -22.7373

1930 0.731 1756 -0.562 1920.291 100 97 98.5 1931 -0.065 1932 2730 1766 5.37 1941 1.356 1929 -22.4152

1929 -0.841 1751 -0.056 1918.606 100 99 99.5 1930 0.105 1931 2785 1761 3.74 1940 0.018 1928 -22.5007

1928 -1.434 1746 -0.326 1916.917 100 94 97 1929 1.358 1930 2727 1756 6.21 1939 1.233 1927 -23.249

1927 -0.968 1741 -0.295 1915.222 75 94 84.5 1928 2.346 1929 2723 1751 6.14 1938 -0.297 1926 -22.4997

1926 0.896 1736 -0.138 1913.523 74 81 77.5 1927 0.756 1928 2567 1746 4.39 1937 -1.052 1925 -23.5307

1925 1.644 1731 -0.305 1911.819 100 99 99.5 1926 0.716 1927 2549 1741 8.97 1936 0.496 1924 -24.1799

1924 1.619 1726 -0.294 1910.11 73 85 79 1925 -0.835 1926 2662 1736 8.89 1935 0.64 1923 -23.53

1923 0.135 1721 -0.309 1908.396 100 100 100 1924 -1.228 1925 2727 1731 9.28 1934 1.217 1922 -23.721

1922 -0.073 1716 -0.304 1906.677 44 100 72 1923 0.635 1924 2718 1726 4.2 1933 0.897 1921 -25.4473

1921 -1.417 1711 0.024 1904.953 82 100 91 1922 -0.303 1923 2767 1721 2.77 1932 1.817 1920 -24.7698

1920 -0.678 1706 -0.375 1903.225 62 99 80.5 1921 -0.278 1922 2766 1716 2.83 1931 0.876 1919 -24.8764

1919 -0.657 1701 -0.552 1901.492 54 90 72 1920 0.069 1921 2790 1711 4.66 1930 0.454 1918 -23.7288

1918 -0.536 1696 -0.593 1899.753 73 45 59 1919 0.49 1920 2767 1706 5.03 1929 1.388 1917 -24.8085

1917 -0.146 1691 -0.446 1898.01 70 61 65.5 1918 -0.81 1919 2709 1701 6.33 1928 0.64 1916 -23.7471

1916 0.236 1686 -0.504 1896.261 13 91 52 1917 0.223 1918 2739 1696 5.42 1927 0.093 1915 -23.9323

1915 0.041 1681 -0.289 1894.508 62 25 43.5 1916 1.317 1917 2773 1691 4.69 1926 -0.495 1914 -22.8698

1914 -1.055 1676 -0.51 1892.75 100 10 55 1915 0.463 1916 2724 1686 1.56 1925 -0.34 1913 -24.4703
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

1963 10.0757 1963 22.9507 1941 8.77 1945 -25.58 1971 0.2 -27.9 1955 -18.46 1.243 1710 -18.82 1700 -10.02
1962 73.2985 1962 39.8161 1940 8.86 1944 -27.18 1970 0.15 -26.3 1954 -18.38 1.71 1700 -18.87 1690 -10.22
1961 61.2058 1961 36.0018 1939 9.39 1943 -25.34 1969 0.41 -31.5 1953 -19.23 1.264 1690 -18.73 1680 -11.56
1960 42.7099 1960 39.0918 1938 9.66 1942 -26.03 1968 0.49 -34.6 1952 -17.505 1.2085 1680 -19.19 1670 -11.47
1959 80.0996 1959 46.1064 1937 9.92 1941 -24.78 1967 0.24 -31.6 1951 -18.42 1.388 1670 -19.36 1660 -12.18
1958 60.6297 1958 43.6828 1936 10.1 1940 -25.43 1966 0.3 -35 1950 -18.84 1.747 1660 -17.75 1650 -11.98
1957 74.6411 1957 25.3802 1935 10.24 1939 -27.57 1965 0.46 -33.8 1949 -18.065 1.688 1650 -18.48 1640 -10.44
1956 108.2853 1956 52.4782 1934 10.15 1938 -26.56 1964 0.3 -34.3 1948 -17.89 1.3045 1640 -18.21 1630 -11.18
1955 78.6485 1955 41.8218 1933 9.87 1937 -26.53 1963 0.55 -33 1947 -16.85 1.585 1630 -18.97 1620 -12.40
1954 28.5258 1954 54.839 1932 9.68 1936 -25.2 1962 0.43 -36.1 1946 -18.335 1.6785 1620 -18.54 1610 -10.83
1953 108.6844 1953 43.8948 1931 9.85 1935 -26.25 1961 0.57 -32.6 1945 -18.315 1.604 1610 -18.95 1600 -10.61
1952 109.4804 1952 15.0798 1930 10.25 1934 -26.5 1960 0.53 -31.8 1944 -15.5 1.3875 1600 -17.79 1590 -11.15
1951 105.1514 1951 43.0899 1929 10.44 1933 -26.72 1959 0.45 -35.4 1943 -17.39 1.4495 1590 -18.28 1580 -10.24
1950 52.2737 1950 51.0867 1928 10.61 1932 -23.23 1958 0.69 -33.4 1942 -15.565 1.469 1580 -19.16 1570 -10.15
1949 36.0694 1949 44.0369 1927 10.57 1931 -25.66 1957 0.37 -35.4 1941 -16.32 0.8035 1570 -18.50 1560 -11.13
1948 22.92 1948 39.2808 1926 10.4 1930 -27 1956 0.32 -31.9 1940 -14.465 1.269 1560 -18.37 1550 -10.20
1947 79.837 1947 42.0689 1925 10.19 1929 -25.02 1955 0.38 -28.2 1939 -14.86 1.434 1550 -18.66 1540 -11.56
1946 46.7764 1946 32.0651 1924 9.82 1928 -26.23 1954 0.47 -33.5 1938 -15.79 1.2765 1540 -17.57 1530 -10.80
1945 35.9835 1945 26.5386 1923 10.12 1927 -25.74 1953 0.38 -34.2 1937 -15.655 1.4125 1530 -17.24 1520 -10.06
1944 53.8478 1944 43.3287 1922 10.32 1926 -27.09 1952 0.42 -29.7 1936 -15.535 1.258 1520 -18.36 1510 -11.73
1943 75.1606 1943 38.9313 1921 10.28 1925 -26.51 1951 0.3 -28 1935 -16.245 1.3985 1510 -18.05 1500 -10.48
1942 84.7382 1942 48.9221 1920 10.18 1924 -25.49 1950 0.43 -34.5 1934 -17.795 1.5295 1500 -17.71 1490 -10.93
1941 58.3637 1941 40.0811 1919 10.03 1923 -26.23 1949 0.5 -31.2 1933 -18.47 1.5335 1490 -17.71 1480 -11.56
1940 75.8428 1940 27.4226 1918 9.67 1922 -27.6 1948 0.33 -33.9 1932 -18.87 1.5205 1480 -18.49 1470 -11.29
1939 54.0615 1939 29.0142 1917 9.98 1921 -27.29 1947 0.3 -34.6 1931 -19.14 2.0025 1470 -18.14 1460 -11.06
1938 17.5236 1938 25.646 1916 10.47 1920 -26.8 1946 0.26 -31.8 1930 -17.42 1.3925 1460 -18.47 1450 -11.20
1937 7.3588 1937 25.0501 1915 10.06 1919 -26.72 1945 0.4 -34.5 1929 -17.94 1.5225 1450 -17.47 1440 -10.69
1936 23.6559 1936 44.4276 1914 9.62 1918 -27.84 1944 0.32 -34.1 1928 -17.085 1.7735 1440 -18.42 1430 -12.41
1935 14.2622 1935 39.191 1913 9.57 1917 -25.5 1943 0.37 -34.3 1927 -17.535 1.0565 1430 -18.03 1420 -10.89
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.

1699 -14.11 1710 -19.93 1710 -18.16 1710 -18.42 1660 -9.695 1971 -146.533 1941 -22.936 1941 -18.31 1941 -23.09 1941 -54.1298 1967

1689 -15.50 1700 -19.42 1700 -18.74 1700 -16.75 1650 -8.955 1970 -146.533 1940 -21.881 1940 -19.77 1940 -25.06 1940 -54.1298 1966

1679 -15.14 1690 -19.58 1690 -19.04 1690 -17.65 1640 -8.39 1969 -146.102 1939 -21.439 1939 -19.73 1939 -25.83 1939 -54.1375 1965

1669 -13.44 1680 -19.28 1680 -18.97 1680 -16.60 1630 -7.915 1968 -145.793 1938 -22.535 1938 -18.2 1938 -24.5 1938 -54.1413 1964

1659 -12.54 1670 -20.63 1670 -19.12 1670 -16.56 1620 -7.77 1967 -145.385 1937 -22.617 1937 -16.16 1937 -24.49 1937 -54.1413 1963

1649 -13.44 1660 -20.72 1660 -19.19 1660 -18.22 1610 -8.02 1966 -145.548 1936 -22.767 1936 -17.54 1936 -25.18 1936 -54.1413 1962

1639 -14.15 1650 -19.95 1650 -19.27 1650 -17.57 1600 -8 1965 -145.753 1935 -22.385 1935 -17.45 1935 -26.1 1935 -54.1923 1961

1629 -12.91 1640 -20.04 1640 -19.29 1640 -17.68 1590 -9.4 1964 -146.034 1934 -22.966 1934 -18.2 1934 -26.14 1934 -54.2594 1960

1619 -13.44 1630 -20.84 1630 -19.39 1630 -20.36 1580 -9.755 1963 -146.034 1933 -21.115 1933 -19.72 1933 -26.01 1933 -54.2594 1959

1609 -13.70 1620 -21.29 1620 -18.85 1620 -14.50 1570 -9.455 1962 -146.034 1932 -22.25 1932 -20.78 1932 -27.61 1932 -54.2594 1958

1599 -13.80 1610 -20.78 1610 -19.59 1610 -16.21 1560 -9.405 1961 -146.034 1931 -21.202 1931 -19.69 1931 -25.64 1931 -54.279 1957

1589 -14.20 1600 -21.10 1600 -18.74 1600 -17.07 1550 -8.68 1960 -146.673 1930 -22.2 1930 -19.73 1930 -27.43 1930 -54.3005 1956

1579 -14.41 1590 -20.83 1590 -19.76 1590 -16.06 1540 -8.12 1959 -146.81 1929 -22.074 1929 -20.17 1929 -25.71 1929 -54.3005 1955

1569 -14.36 1580 -20.53 1580 -19.37 1580 -17.35 1530 -8.37 1958 -147.183 1928 -21.983 1928 -19 1928 -25.88 1928 -54.3005 1954

1559 -11.71 1570 -20.71 1570 -19.58 1570 -16.75 1520 -8.425 1957 -147.643 1927 -22.103 1927 -18.82 1927 -26.65 1927 -54.3005 1953

1549 -14.56 1560 -20.69 1560 -18.77 1560 -17.54 1510 -8.655 1956 -147.643 1926 -21.85 1926 -19.19 1926 -25.62 1926 -54.2381 1952

1539 -14.68 1550 -19.98 1550 -19.19 1550 -20.27 1500 -8.78 1955 -148.609 1925 -22.115 1925 -20.17 1925 -26.83 1925 -54.0785 1951

1529 -12.87 1540 -20.56 1540 -19.21 1540 -17.09 1490 -9.23 1954 -148.678 1924 -21.796 1924 -19.3 1924 -26.06 1924 -54.0785 1950

1519 -15.19 1530 -20.71 1530 -19.04 1530 -14.94 1480 -9.275 1953 -148.678 1923 -21.849 1923 -19.43 1923 -25.79 1923 -54.0098 1949

1509 -14.84 1520 -21.33 1520 -19.69 1520 -17.67 1470 -9.48 1952 -148.367 1922 -21.904 1922 -20.29 1922 -26.23 1922 -53.9927 1948

1499 -16.23 1510 -20.56 1510 -19.15 1510 -15.16 1460 -9.875 1951 -147.168 1921 -22.635 1921 -19.34 1921 -25.78 1921 -53.9927 1947

1489 -14.67 1500 -19.93 1500 -19.58 1500 -16.82 1450 -10.805 1950 -147.168 1920 -22.229 1920 -19.51 1920 -25.07 1920 -53.9026 1946

1479 -13.07 1490 -20.34 1490 -19.44 1490 -17.99 1440 -11 1949 -146.103 1919 -22.427 1919 -18.3 1919 -24.83 1919 -53.7513 1945

1469 -13.17 1480 -20.58 1480 -19.31 1480 -17.23 1430 -10.715 1948 -145.685 1918 -22.168 1918 -20.89 1918 -25.53 1918 -53.7513 1944

1459 -14.57 1470 -20.77 1470 -19.20 1470 -13.92 1420 -9.72 1947 -144.552 1917 -23.081 1917 -18.78 1917 -25.83 1917 -53.6484 1943

1449 -12.17 1460 -20.24 1460 -19.03 1460 -17.68 1410 -9.585 1946 -143.688 1916 -21.154 1916 -19.35 1916 -24.13 1916 -53.6358 1942

1439 -15.50 1450 -21.29 1450 -19.10 1450 -17.47 1400 -9.065 1945 -142.947 1915 -22.723 1915 -19.77 1915 -25.6 1915 -53.669 1941

1429 -13.14 1440 -20.60 1440 -19.64 1440 -17.94 1390 -9.4 1944 -142.351 1914 -22.261 1914 -18.54 1914 -26.69 1914 -53.6759 1940

1419 -13.42 1430 -21.38 1430 -19.04 1430 -11.68 1380 -11.06 1943 -143.729 1913 -22.12 1913 -17.6 1913 -26.41 1913 -53.6759 1939
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

-291.5 1941 -29.5679 1965 -442.7 1.9 1958 0.24397 550 -35.09 1941 0.13

-305.2 1940 -29.5475 1964 -443.4 1.8 1957 0.24589 500 -35.68 1940 1.941

-290.2 1939 -29.5475 1963 -444.2 1.7 1956 0.25364 450 -35.42 1939 0.163

-300.2 1938 -29.5475 1962 -444.7 1.6 1955 0.21372 400 -34.84 1938 0.004

-306.5 1937 -29.4328 1961 -445.3 1.6 1954 0.29944 350 -35.68 1937 -0.798

-290.3 1936 -29.3999 1960 -445.6 1.7 1953 0.28974 300 -35.22 1936 0.251

-297.5 1935 -29.3999 1959 -446.8 1.7 1952 0.26748 250 -35.72 1935 0.844

-276.5 1934 -29.4007 1958 -447.5 1.7 1951 0.26941 200 -35.43 1934 -0.207

-280.8 1933 -29.4007 1957 -447.7 1.6 1950 0.17216 150 -35.19 1933 -0.468

-274.7 1932 -29.524 1956 -448.1 1.7 1949 0.19777 100 -34.66 1932 0.516

-275.9 1931 -29.5276 1955 -447.7 1.8 1948 0.21736 50 -35.03 1931 -0.113

-274.9 1930 -29.5562 1954 -447.7 1.7 1947 0.35062 0 -35 1930 -0.193

-301.2 1929 -29.5973 1953 -448.7 1.5 1946 0.23286 1929 1.207

-295.8 1928 -29.5973 1952 -449.5 1.7 1945 0.19602 1928 -0.519

-284.2 1927 -29.6499 1951 -449.3 1.8 1944 0.31184 1927 -1.765

-284.5 1926 -29.6724 1950 -447.5 1.8 1943 0.24949 1926 1.147

-282.4 1925 -29.6735 1949 -444.7 1.6 1942 0.28306 1925 -0.431

-269.4 1924 -29.6738 1948 -441.1 1.5 1941 0.33673 1924 -0.562

-302 1923 -29.6738 1947 -437.9 1.5 1940 0.22765 1923 1.43

-309.9 1922 -29.6745 1946 -434.9 1.7 1939 0.24173 1922 -0.624

-288.3 1921 -29.6757 1945 -432.4 1.6 1938 0.28235 1921 -2.14

-261.1 1920 -29.6757 1944 -431.3 1.6 1937 0.21755 1920 -0.518

-268.1 1919 -29.6757 1943 -430.5 1.7 1936 0.17194 1919 -2.461

-295.1 1918 -29.6757 1942 -431.0 1.9 1935 0.23899 1918 -1.649

-277.9 1917 -29.6765 1941 -431.4 1.9 1934 0.28011 1917 2.781

-239.3 1916 -29.677 1940 -433.1 2.1 1933 0.30828 1916 0.861

-261.2 1915 -29.677 1939 -434.8 2.0 1932 0.22196 1915 -1.339

-281.5 1914 -29.6774 1938 -437.0 1.8 1931 0.18216 1914 -1.013

-276.5 1913 -29.678 1937 -439.3 1.9 1930 0.34585 1913 -1.112
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Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

1913 -1.481 1671 -0.416 1890.986 59 8 33.5 1914 -0.274 1915 2719 1681 2.21 1924 -1.535 1912 -24.2578

1912 1.2 1666 -0.463 1889.217 53 60 56.5 1913 0.543 1914 2750 1676 3.13 1923 0.041 1911 -25.9542

1911 1.195 1661 -0.023 1887.444 31 77 54 1912 1.805 1913 2815 1671 3.8 1922 -0.725 1910 -23.8092

1910 0.314 1656 -0.224 1885.665 63 53 58 1911 -0.223 1912 2816 1666 4.77 1921 -1.625 1909 -23.8277

1909 -0.607 1651 0.334 1883.881 94 40 67 1910 -0.986 1911 2808 1661 7.95 1920 -0.333 1908 -25.5795

1908 -0.208 1646 -0.251 1882.092 79 48 63.5 1909 0.605 1910 2939 1656 6.13 1919 -0.426 1907 -23.6832

1907 0.838 1641 -0.433 1880.298 45 49 47 1908 1.842 1909 3038 1651 4.19 1918 -0.61 1906 -23.0676

1906 0.65 1636 -0.47 1878.498 28 63 45.5 1907 -0.247 1908 2970 1646 6.51 1917 -0.854 1905 -23.173

1905 0.022 1631 -0.456 1876.693 51 57 54 1906 0.55 1907 2809 1641 7.4 1916 1.952 1904 -23.023

1904 -2.263 1626 -0.57 1874.884 25 28 26.5 1905 -0.086 1906 2765 1636 11.96 1915 -0.176 1903 -23.8203

1903 -3.003 1621 0.25 1873.068 96 70 83 1904 0.588 1905 2835 1631 9.25 1914 -0.895 1902 -24.1572

1902 -4.024 1616 -0.009 1871.248 92 40 66 1903 -0.361 1904 2776 1626 4 1913 -0.567 1901 -22.5807

1901 -4.194 1611 1.161 1869.422 38 100 69 1902 0.36 1903 2595 1621 6.31 1912 0.024 1900 -22.683

1900 -4.753 1606 0.97 1867.591 67.001 100 83.5005 1901 0.589 1902 2664 1616 7.8 1911 0.177 1899 -23.3728

1899 -6.783 1601 0.515 1865.754 47 89 68 1900 0.165 1901 2817 1611 7.85 1910 -0.243 1898 -22.0945

1898 -6.828 1596 1.325 1863.912 73 86 79.5 1899 -0.072 1900 2902 1606 7.89 1909 0.666 1897 -23.8041

1897 -5.59 1591 0.017 1862.065 92 46 69 1898 -0.629 1899 2750 1601 4.65 1908 1.208 1896 -24.6885

1896 -3.492 1586 0.334 1860.212 45 67 56 1897 -0.287 1898 2622 1596 5.34 1907 -0.989 1895 -24.541

1895 -2.224 1581 -0.108 1858.354 66 81 73.5 1896 0.209 1897 2662 1591 7.59 1906 -1.39 1894 -23.4731

1894 0.031 1576 -0.472 1856.491 40 70 55 1895 0.863 1896 2814 1586 3.23 1905 -1.147 1893 -22.5337

1893 -0.426 1571 -0.174 1854.622 17 70 43.5 1894 1.505 1895 2806 1581 3.29 1904 -0.65 1892 -23.4349

1892 -0.926 1566 0.158 1852.747 27 60 43.5 1893 1.138 1894 2612 1576 3.74 1903 -0.695 1891 -23.7465

1891 -1.948 1561 -0.492 1850.867 5.001 79 42.0005 1892 0.737 1893 2752 1571 4 1902 0.955 1890 -24.2277

1890 -2.595 1556 -0.009 1848.981 15.999 49 32.4995 1891 0.003 1892 2872 1566 7.05 1901 0.485 1889 -24.7986

1889 -3.109 1551 -0.106 1847.09 43 50 46.5 1890 -0.25 1891 2898 1561 8.72 1900 -0.894 1888 -25.1007

1888 -3.109 1546 -0.149 1845.193 15 9 12 1889 0.478 1890 2790 1556 10.66 1899 -0.672 1887 -26.062

1887 -2.772 1541 -0.213 1843.291 26 4 15 1888 -0.748 1889 2789 1551 12.02 1898 0.203 1886 -22.7178

1886 -2.228 1536 0.162 1841.382 67 14 40.5 1887 -0.512 1888 2837 1546 13.97 1897 -0.46 1885 -24.9179

1885 -1.3 1531 0.067 1839.469 56 19 37.5 1886 -0.787 1887 2787 1541 14.25 1896 0.166 1884 -25.2024
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

1934 1.6399 1934 52.2733 1912 9.53 1916 -24.14 1942 0.32 -33.1 1926 -15.795 1.4505 1420 -17.64 1410 -12.03
1933 15.0527 1933 48.4705 1911 9.55 1915 -27.02 1941 0.35 -32.6 1925 -16.455 1.5275 1410 -17.75 1400 -12.80
1932 83.6386 1932 48.583 1910 9.56 1914 -27.6 1940 0.26 -35.9 1924 -16.715 1.3685 1400 -18.38 1390 -11.03
1931 106.01 1931 31.6071 1909 9.78 1913 -26.71 1939 0.3 -35.2 1923 -17.325 1.7755 1390 -17.99 1380 -11.31
1930 105.9103 1930 33.4006 1908 10.02 1912 -26.87 1938 0.36 -33.5 1922 -18.79 1.556 1380 -17.05 1370 -11.36
1929 69.2832 1929 38.9718 1907 10.22 1911 -26.41 1937 0.34 -34.5 1921 -20.135 1.5625 1370 -16.90 1360 -12.83
1928 59.7938 1928 62.848 1906 10.34 1910 -26.35 1936 0.27 -38.2 1920 -19.36 1.9295 1360 -17.41 1350 -11.09
1927 101.1255 1927 45.3062 1905 10.39 1909 -25.51 1935 0.47 -34.9 1919 -17.645 1.4295 1350 -18.74 1340 -11.27
1926 93.0418 1926 60.2025 1904 10.42 1908 -27.33 1934 0.34 -34.2 1918 -19.645 1.544 1340 -16.87 1330 -11.30
1925 83.5824 1925 50.1703 1903 10.41 1907 -26.06 1933 0.23 -33.6 1917 -19.16 1.568 1330 -17.37 1320 -10.10
1924 58.4635 1924 31.8034 1902 10.34 1906 -26.14 1932 0.46 -29.1 1916 -17.785 1.594 1320 -16.95 1310 -11.37
1923 104.234 1923 25.8626 1901 10.35 1905 -25.33 1931 0.26 -33.5 1915 -17.275 1.3645 1310 -17.59 1300 -11.23
1922 101.2409 1922 28.3401 1900 10.69 1904 -26.46 1930 0.21 -35.5 1914 -15.58 1.4745 1300 -18.49 1290 -11.52
1921 103.8114 1921 21.2723 1899 10.67 1903 -24.49 1929 0.31 -33.4 1913 -17.395 1.1975 1290 -18.60 1280 -10.93
1920 60.6448 1920 28.7673 1898 9.71 1902 -25.51 1928 0.21 -33.5 1912 -16.885 1.5755 1280 -16.74 1270 -11.04
1919 61.2911 1919 54.1838 1897 9.23 1901 -25.87 1927 0.47 -33.4 1911 -18 1.6915 1270 -18.72 1260 -10.76
1918 55.5149 1918 30.0896 1896 9.27 1900 -26.99 1926 0.35 -32.6 1910 -19.555 1.3985 1260 -17.62 1250 -10.20
1917 47.5155 1917 48.752 1895 9.57 1899 -27.78 1925 0.27 -35.8 1909 -19.285 1.1205 1250 -16.86 1240 -10.69
1916 45.3434 1916 38.8849 1894 9.95 1898 -25.08 1924 0.34 -37.6 1908 -19.76 1.8045 1240 -18.79 1230 -9.56
1915 21.2334 1915 40.7633 1893 10.25 1897 -26.05 1923 0.39 -34.5 1907 -18.32 1.3855 1230 -17.70 1220 -9.84
1914 14.5528 1914 64.1918 1892 10.66 1896 -27.04 1922 0.45 -33.6 1906 -15.34 1.07 1220 -17.01 1210 -10.58
1913 0.001 1913 46.4937 1891 10.84 1895 -23.67 1921 0.63 -30.6 1905 -14.75 1.2655 1210 -18.37 1200 -9.88
1912 37.3561 1912 54.1286 1890 10.64 1894 -24.86 1920 0.75 -33.4 1904 -18.37 1.6865 1200 -17.98 1190 -10.28
1911 0.001 1911 36.4066 1889 10.58 1893 -23.66 1919 0.33 -35.4 1903 -18.795 1.427 1190 -18.11 1180 -10.86
1910 21.084 1910 63.1664 1888 10.71 1892 -24.97 1918 0.43 -35.6 1902 -17.555 1.601 1180 -18.14 1170 -11.79
1909 6.2899 1909 30.3366 1887 10.81 1891 -25.35 1917 0.54 -36.3 1901 -15.39 0.947 1170 -18.16 1160 -11.76
1908 10.7902 1908 53.6843 1886 10.67 1890 -25.89 1916 0.76 -33.3 1900 -16.155 1.242 1160 -17.27 1150 -10.64
1907 49.5599 1907 40.7034 1885 10.11 1889 -26.51 1915 0.42 -34.9 1899 -18.16 1.5035 1150 -17.99 1140 -11.60
1906 56.1182 1906 44.6362 1884 10 1888 -26.23 1914 0.38 -34.5 1898 -18.465 1.175 1140 -18.17 1130 -11.39
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.

1409 -12.96 1420 -20.79 1420 -19.25 1420 -16.55 1370 -12.37 1942 -144.784 1912 -22.01 1912 -23.04 1912 -25.61 1912 -53.7885 1938

1399 -12.26 1410 -21.09 1410 -19.06 1410 -16.69 1360 -12.825 1941 -144.784 1911 -21.929 1911 -20.13 1911 -26.47 1911 -53.8128 1937

1389 -12.52 1400 -20.46 1400 -18.80 1400 -15.33 1350 -12.14 1940 -144.948 1910 -21.346 1910 -18.9 1910 -24.45 1910 -53.852 1936

1379 -14.24 1390 -19.81 1390 -18.65 1390 -16.99 1340 -11.79 1939 -145.387 1909 -20.624 1909 -19.57 1909 -26.3 1909 -53.9789 1935

1369 -13.92 1380 -20.60 1380 -18.56 1380 -13.79 1330 -11.935 1938 -145.381 1908 -20.099 1908 -20.49 1908 -25.71 1908 -53.9789 1934

1359 -14.58 1370 -20.71 1370 -18.93 1370 -15.43 1320 -11.645 1937 -145.277 1907 -21.72 1907 -20.36 1907 -27.05 1907 -54.0565 1933

1349 -14.17 1360 -20.27 1360 -19.23 1360 -13.79 1310 -11.52 1936 -145.277 1906 -21.634 1906 -18.08 1906 -26.93 1906 -54.1842 1932

1339 -14.83 1350 -20.36 1350 -18.96 1350 -16.14 1300 -11.885 1935 -144.425 1905 -22.312 1905 -19.28 1905 -25.47 1905 -54.1842 1931

1329 -13.34 1340 -20.69 1340 -18.80 1340 -18.39 1290 -11.385 1934 -144.368 1904 -21.895 1904 -19.72 1904 -25.67 1904 -54.1842 1930

1319 -15.78 1330 -21.03 1330 -18.20 1330 -17.73 1280 -10.635 1933 -144.191 1903 -21.369 1903 -19.33 1903 -27.07 1903 -54.4045 1929

1309 -13.93 1320 -20.41 1320 -18.54 1320 -14.68 1270 -9.585 1932 -143.371 1902 -21.016 1902 -18.7 1902 -24.93 1902 -54.639 1928

1299 -14.69 1310 -21.12 1310 -18.35 1310 -17.31 1260 -8.875 1931 -143.299 1901 -20.276 1901 -18.5 1901 -25.27 1901 -54.8356 1927

1289 -16.21 1300 -20.35 1300 -18.46 1300 -16.55 1250 -8.645 1930 -142.604 1900 -20.78 1900 -18.9 1900 -25.98 1900 -54.9612 1926

1279 -17.57 1290 -20.42 1290 -18.84 1290 -14.16 1240 -8.775 1929 -142.604 1899 -20.404 1899 -19.26 1899 -26.14 1899 -55.2053 1925

1269 -16.91 1280 -21.00 1280 -18.62 1280 -15.95 1230 -9.455 1928 -142.777 1898 -22.549 1898 -18.4 1898 -26.87 1898 -55.2053 1924

1259 -17.58 1270 -20.24 1270 -18.49 1270 -17.11 1220 -9.665 1927 -142.894 1897 -23.113 1897 -17.87 1897 -26.64 1897 -55.3561 1923

1249 -14.23 1260 -20.44 1260 -18.12 1260 -16.79 1210 -9.885 1926 -142.9 1896 -22.29 1896 -19.27 1896 -26.34 1896 -55.4004 1922

1239 -13.81 1250 -21.12 1250 -18.41 1250 -16.72 1200 -10.25 1925 -143.271 1895 -21.908 1895 -19.7 1895 -25.59 1895 -55.3359 1921

1229 -13.53 1240 -19.67 1240 -18.71 1240 -15.12 1190 -9.945 1924 -143.271 1894 -20.478 1894 -18.4 1894 -24.26 1894 -55.0624 1920

1219 -13.18 1230 -20.89 1230 -18.27 1230 -15.90 1180 -9.805 1923 -143.257 1893 -21.288 1893 -17.2 1893 -25.6 1893 -55.0624 1919

1209 -15.38 1220 -21.30 1220 -18.54 1220 -15.48 1170 -9.855 1922 -142.76 1892 -21.938 1892 -20.09 1892 -25.84 1892 -55.0624 1918

1199 -15.49 1210 -20.69 1210 -18.44 1210 -18.02 1160 -9.915 1921 -142.76 1891 -22.379 1891 -18.41 1891 -25.78 1891 -54.9404 1917

1189 -12.89 1200 -21.34 1200 -18.31 1200 -16.12 1150 -10.1 1920 -142.458 1890 -22.776 1890 -17.94 1890 -24.27 1890 -54.8219 1916

1179 -13.46 1190 -20.78 1190 -17.68 1190 -15.03 1140 -10.215 1919 -142.393 1889 -22.068 1889 -16.51 1889 -25.12 1889 -54.7448 1915

1169 -12.77 1180 -21.08 1180 -17.81 1180 -15.91 1130 -10.22 1918 -142.488 1888 -22.209 1888 -19.71 1888 -25.39 1888 -54.7448 1914

1159 -13.84 1170 -20.98 1170 -18.21 1170 -16.42 1120 -10.26 1917 -142.83 1887 -21.232 1887 -19.12 1887 -25.07 1887 -54.7448 1913

1149 -13.95 1160 -20.77 1160 -17.54 1160 -14.25 1110 -9.74 1916 -142.83 1886 -21.003 1886 -20.86 1886 -25.05 1886 -54.7864 1912

1139 -13.67 1150 -20.50 1150 -18.26 1150 -15.25 1100 -7.9 1915 -142.83 1885 -21.889 1885 -19.95 1885 -25.44 1885 -55.1334 1911

1129 -12.12 1140 -20.67 1140 -18.24 1140 -15.66 1090 -7.22 1914 -142.83 1884 -22.148 1884 -19.32 1884 -26.12 1884 -55.5412 1910
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

-284.3 1912 -29.678 1936 -440.9 1.9 1929 0.26544 1912 0.771

-269.9 1911 -29.6263 1935 -441.9 1.8 1928 0.25963 1911 -0.703

-282 1910 -29.6106 1934 -441.7 1.9 1927 0.25372 1910 -0.357

-285.3 1909 -29.6106 1933 -440.7 1.9 1926 0.17187 1909 0.312

-281.2 1908 -29.547 1932 -440.8 2.0 1925 0.28292 1908 -0.506

-277.3 1907 -29.5261 1931 -440.4 1.9 1924 0.15218 1907 -2.037

-282.4 1906 -29.5261 1930 -440.1 1.8 1923 0.24976 1906 -2.205

-291.7 1905 -29.5936 1929 -439.3 1.6 1922 0.17382 1905 -1.985

-297.2 1904 -29.6169 1928 -439.2 1.7 1921 0.24415 1904 0.934

-283 1903 -29.6133 1927 -439.3 1.9 1920 0.30816 1903 -1.325

-258.1 1902 -29.6246 1926 -439.8 1.9 1919 0.1473 1902 -0.229

-259.6 1901 -29.7686 1925 -440.4 1.9 1918 0.16873 1901 0.776

-267.3 1900 -29.7686 1924 -440.2 2.0 1917 0.27511 1900 -1.719

-243.4 1899 -29.8226 1923 -440.9 2.1 1916 0.29727 1899 -0.531

-259.5 1898 -29.8269 1922 -441.7 1.9 1915 0.23429 1898 -1.86

-271.1 1897 -29.8271 1921 -441.4 1.8 1914 0.34201 1897 0.253

-259.5 1896 -29.8279 1920 -439.9 1.9 1913 0.21429 1896 -0.109

-294.7 1895 -29.8279 1919 -437.5 1.9 1912 0.27944 1895 1.275

-276.2 1894 -29.7748 1918 -434.6 1.9 1911 0.23708 1894 -1.489

-250.1 1893 -29.7256 1917 -433.1 1.9 1910 0.25934 1893 1.969

-261.7 1892 -29.5777 1916 -431.6 1.7 1909 0.26732 1892 0.014

-282.7 1891 -29.5753 1915 -430.2 1.7 1908 0.26804 1891 -0.993

-265.1 1890 -29.4639 1914 -429.7 1.9 1907 0.20331 1890 -1.466

-275.4 1889 -29.3922 1913 -431.3 1.7 1906 0.3132 1889 -0.642

-279.6 1888 -29.3505 1912 -432.7 1.5 1905 0.11662 1888 2.813

-303.3 1887 -29.3128 1911 -434.5 1.6 1904 0.16799 1887 0.342

-304.8 1886 -29.2199 1910 -436.6 1.6 1903 0.27829 1886 -1.594

-304.7 1885 -29.2199 1909 -439.5 1.6 1902 0.16872 1885 -1.838

-301.6 1884 -29.3725 1908 -442.8 1.5 1901 0.13226 1884 -0.826
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Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

1884 -0.349 1526 -0.19 1837.549 47 32 39.5 1885 -0.83 1886 2860 1536 22.66 1895 0.864 1883 -24.5762

1883 0.4 1521 0.065 1835.624 80 38 59 1884 0.38 1885 2941 1531 22.97 1894 0.681 1882 -25.5098

1882 1.336 1516 -0.369 1833.693 54 73 63.5 1883 -0.464 1884 2853 1526 8.3 1893 0.029 1881 -24.0004

1881 0.616 1511 -0.051 1831.756 88 74 81 1882 0.223 1883 2765 1521 6.67 1892 -0.155 1880 -22.6156

1880 0.308 1506 -0.432 1829.814 86 56 71 1881 0.761 1882 2725 1516 3.3 1891 -0.191 1879 -23.9442

1879 -0.537 1501 0.412 1827.865 92 75 83.5 1880 0.378 1881 2845 1511 3.22 1890 -0.745 1878 -21.9606

1878 0.352 1496 0.051 1825.911 100 79 89.5 1879 0.668 1880 2860 1506 3.84 1889 0.604 1877 -21.6885

1877 0.445 1491 -0.432 1823.951 98 100 99 1878 0.625 1879 2868 1501 7.97 1888 0.829 1876 -24.2868

1876 -0.376 1486 -0.467 1821.985 96 100 98 1877 0.66 1878 2954 1496 10.02 1887 0.011 1875 -24.7865

1875 -1.305 1481 0.182 1820.013 100 100 100 1876 0.786 1877 2952 1491 10.43 1886 -0.686 1874 -24.3751

1874 -1.566 1476 -0.427 1818.035 88 100 94 1875 0.355 1876 2821 1486 11.74 1885 -0.983 1873 -24.1259

1873 -1.092 1471 0.739 1816.051 85 97 91 1874 -0.394 1875 2733 1481 10.83 1884 -0.435 1872 -24.5615

1872 -0.803 1466 0.65 1814.062 100 100 100 1873 -1.398 1874 2743 1476 4.27 1883 -0.339 1871 -22.9355
1871 0.249 1461 0.513 1812.066 100 95 97.5 1872 1.469 1873 2786 1471 3.87 1882 -0.912 1870 -23.456
1870 0.327 1456 0.369 1810.064 100 75 87.5 1871 2.194 1872 2696 1466 6.7 1881 -0.144 1869 -24.6617
1869 -1.118 1451 0.262 1808.056 77 96 86.5 1870 0.352 1871 2599 1461 6.32 1880 0.454 1868 -24.7904
1868 -3.786 1446 -0.394 1806.042 50 99 74.5 1869 -0.807 1870 2647 1456 4.23 1879 0.047 1867 -24.1574
1867 -3.985 1441 -0.287 1804.022 88 61 74.5 1868 -0.649 1869 2798 1451 2.76 1878 0.638 1866 -24.749
1866 -1.807 1436 -0.396 1801.996 90 37 63.5 1867 0.345 1868 2978 1446 9.73 1877 0.236 1865 -25.198
1865 0.46 1431 -0.045 1799.963 100 51 75.5 1866 -0.697 1867 2906 1441 10.55 1876 1.038 1864 -25.5202
1864 2.544 1426 0.179 1797.925 95 77 86 1865 -0.602 1866 2757 1436 7.69 1875 0.808 1863 -25.6727
1863 2.077 1421 -0.402 1795.88 43 97 70 1864 -0.222 1865 2685 1431 6.52 1874 -0.554 1862 -24.6628
1862 1.209 1416 -0.325 1793.829 71 81 76 1863 -0.481 1864 2704 1426 6.41 1873 -0.565 1861 -25.0278
1861 0.98 1411 0.392 1791.771 66 67 66.5 1862 -1.534 1863 2704 1421 7.39 1872 1.086 1860 -24.095
1860 1.001 1406 0.336 1789.708 65 78 71.5 1861 -0.566 1862 2727 1416 7.56 1871 1.43 1859 -22.8943
1859 2.618 1401 -0.369 1787.638 44 64 54 1860 -1.212 1861 2850 1411 6.48 1870 0.369 1858 -23.5742
1858 4.712 1396 0.169 1785.561 78 64 71 1859 -0.474 1860 2863 1406 6.55 1869 -0.414 1857 -23.8866
1857 6.987 1391 0.551 1783.479 61 55 58 1858 -0.073 1859 2793 1401 7.13 1868 -0.53 1856 -25.5411
1856 6.572 1386 0.367 1781.389 74 14 44 1857 0.316 1858 2803 1396 6.06 1867 0.074 1855 -25.0254
1855 5.99 1381 -0.149 1779.294 42 24 33 1856 0.003 1857 2862 1391 4.09 1866 -1.017 1854 -24.3259
1854 5.622 1376 0.019 1777.192 48 59 53.5 1855 -0.931 1856 2897 1386 5.59 1865 -0.826 1853 -23.2087
1853 4.266 1371 0.024 1775.083 37.5 63 50.25 1854 -0.603 1855 2964 1381 8.85 1864 -0.362 1852 -25.1156
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

1905 67.2719 1905 51.8882 1883 9.84 1887 -25.59 1913 0.46 -33.4 1897 -17.18 1.353 1130 -16.97 1120 -11.12
1904 42.1875 1904 46.6216 1882 9.54 1886 -25.36 1912 0.53 -32.8 1896 -16.445 1.3175 1120 -17.57 1110 -9.98
1903 38.8261 1903 36.021 1881 9.17 1885 -26.27 1911 0.43 -33.8 1895 -18.765 1.9685 1110 -17.95 1100 -9.64
1902 42.7988 1902 46.2857 1880 9.02 1884 -25.19 1910 0.31 -32.1 1894 -19.89 1.302 1100 -17.60 1090 -11.19
1901 50.9595 1901 72.0422 1879 9.28 1883 -26.61 1909 0.29 -34.8 1893 -20.015 1.4055 1090 -17.49 1080 -10.49
1900 77.158 1900 66.5334 1878 9.8 1882 -25.79 1908 0.34 -32.6 1892 -18.065 1.565 1080 -15.87 1070 -11.23
1899 66.4748 1899 31.1765 1877 10.34 1881 -26.28 1907 0.39 -31.3 1891 -18.535 1.312 1070 -17.08 1060 -10.80
1898 100.7898 1898 60.7797 1876 10.43 1880 -26.01 1906 0.48 -32.3 1890 -18.68 1.4055 1060 -18.68 1050 -10.98
1897 92.7822 1897 40.8834 1875 10.38 1879 -26.29 1905 0.35 -36.1 1889 -18.625 1.174 1050 -18.23 1040 -11.64
1896 84.7399 1896 39.7272 1874 10.24 1878 -25.29 1904 0.54 -31.6 1888 -16.81 1.525 1040 -18.98 1030 -10.80
1895 11.7829 1895 36.9987 1873 10 1877 -25.34 1903 0.6 -31.9 1887 -17.065 1.423 1030 -18.04 1020 -10.74
1894 59.0846 1894 35.1745 1872 10.27 1876 -26.94 1902 0.38 -33.1 1886 -18.815 1.2605 1020 -17.37 1010 -11.37
1893 91.1628 1893 23.9949 1871 10.39 1875 -26.4 1901 0.52 -33.8 1885 -18.73 1.8055 1010 -18.45
1892 85.7892 1892 26.2116 1870 10.24 1874 -27.77 1900 0.64 -32.7 1884 -18.975 1.4515
1891 85.7193 1891 29.1804 1869 10.05 1873 -26.17 1899 0.4 -32.8 1883 -17.865 1.374
1890 52.2693 1890 30.3054 1868 9.81 1872 -27.37 1898 0.28 -33.5 1882 -18.15 1.1785
1889 45.4752 1889 34.4538 1867 9.63 1871 -27.42 1897 0.49 -32.9 1881 -16.465 1.55
1888 66.7956 1888 30.5583 1866 9.33 1870 -25.74 1896 0.41 -33.1 1880 -17.685 1.215
1887 33.5751 1887 16.1121 1865 9.21 1869 -28.61 1895 0.2 -31.5 1879 -18.4 1.741
1886 33.2656 1886 46.1362 1864 9.12 1868 -28.37 1894 0.2 -27.7 1878 -15.28 2.035
1885 31.8892 1885 35.6686 1863 9.16 1867 -27.12 1893 0.53 -32.2 1877 -18.48 1.4625
1884 5.9658 1884 30.3151 1862 9.2 1866 -25.68 1892 0.53 -35.3 1876 -18.43 1.4485
1883 100.0977 1883 31.6726 1861 9.24 1865 -27.82 1891 0.42 -32.1 1875 -20.1 1.719
1882 60.1682 1882 57.4399 1860 9.32 1864 -28.83 1890 0.63 -32.5 1874 -20.195 1.3915
1881 72.513 1881 57.6606 1859 9.41 1863 -27.79 1889 0.41 -31.7 1873 -19.205 1.353
1880 55.4389 1880 42.4303 1858 9.49 1862 -28.51 1888 0.16 -37.5 1872 -19.325 1.337
1879 78.3733 1879 41.7467 1857 9.39 1861 -26.73 1887 0.25 -32.6 1871 -19.755 1.205
1878 39.5184 1878 39.8111 1856 9.58 1860 -26.51 1886 0.18 -31.2 1870 -19.04 1.5045
1877 84.7747 1877 39.0933 1855 9.87 1859 -25.4 1885 0.15 -30.9 1869 -18.085 1.547
1876 23.2773 1876 31.4186 1854 9.78 1858 -26.89 1884 0.16 -32.3 1868 -19.655 1.3095
1875 36.4804 1875 29.1745 1853 9.63 1857 -26.47 1883 0.38 -33.2 1867 -19.225 1.595
1874 40.3591 1874 45.2076 1852 9.42 1856 -24.69 1882 0.33 -33.5 1866 -15.465 1.331
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.

1119 -14.95 1130 -21.94 1130 -18.29 1130 -14.10 1080 -7.84 1913 -143.166 1883 -21.521 1883 -19.29 1883 -26.88 1883 -55.7746 1909

1109 -14.46 1120 -21.38 1120 -18.57 1120 -16.75 1070 -8.125 1912 -143.29 1882 -22.03 1882 -18.63 1882 -26.27 1882 -56.0097 1908

1099 -12.52 1110 -20.89 1110 -18.43 1110 -16.64 1060 -8.97 1911 -143.423 1881 -21.025 1881 -18.85 1881 -27.03 1881 -56.4164 1907

1089 -14.14 1100 -21.48 1100 -18.50 1100 -17.03 1050 -9.455 1910 -143.525 1880 -20.964 1880 -17.11 1880 -26.21 1880 -56.4164 1906

1079 -14.49 1090 -21.22 1090 -18.75 1090 -17.04 1040 -9.53 1909 -143.525 1879 -21.228 1879 -18.5 1879 -24.96 1879 -56.4164 1905

1069 -14.35 1080 -21.73 1080 -18.03 1080 -19.48 1030 -9.57 1908 -143.483 1878 -21.219 1878 -19.64 1878 -25.01 1878 -56.7352 1904

1059 -14.04 1070 -20.56 1070 -18.05 1070 -14.69 1020 -9.6 1907 -141.845 1877 -21.343 1877 -18.18 1877 -24.29 1877 -56.8538 1903

1049 -14.58 1060 -20.71 1060 -18.45 1060 -17.69 1010 -9.465 1906 -141.845 1876 -20.935 1876 -19.25 1876 -24.82 1876 -56.6413 1902

1039 -14.43 1050 -21.93 1050 -18.37 1050 -17.76 1000 -9.35 1905 -141.845 1875 -21.541 1875 -19.45 1875 -24.79 1875 -56.4863 1901

1029 -13.83 1040 -21.71 1040 -18.41 1040 -19.36 990 -9.195 1904 -141.299 1874 -22.228 1874 -19.39 1874 -25.27 1874 -56.2827 1900

1019 -14.65 1030 -21.52 1030 -18.89 1030 -15.02 980 -9.56 1903 -140.45 1873 -22.468 1873 -19.36 1873 -26.42 1873 -55.5661 1899

1009 -14.75 1020 -21.47 1020 -18.71 1020 -14.38 970 -9.325 1902 -139.997 1872 -21.7 1872 -21.43 1872 -26.36 1872 -55.5661 1898

1010 -22.18 1010 -18.09 1010 -15.47 960 -9.205 1901 -139.852 1871 -22.514 1871 -18.04 1871 -26.35 1871 -55.4486 1897
950 -9.285 1900 -140.235 1870 -22.555 1870 -19.34 1870 -25.81 1870 -54.5892 1896
940 -9.41 1899 -140.6 1869 -21.977 1869 -18.95 1869 -26.5 1869 -54.4714 1895
930 -10.89 1898 -140.6 1868 -21.32 1868 -20.11 1868 -25.61 1868 -54.4714 1894
920 -10.815 1897 -140.902 1867 -21.814 1867 -21.35 1867 -25.25 1867 -53.91 1893
910 -10.885 1896 -140.919 1866 -23.272 1866 -17.9 1866 -26.23 1866 -53.8419 1892
900 -11.205 1895 -140.938 1865 -22.04 1865 -18.48 1865 -25.03 1865 -54.064 1891
890 -11.29 1894 -141.124 1864 -22.03 1864 -18.34 1864 -25.86 1864 -54.1246 1890
880 -11.795 1893 -141.124 1863 -21.99 1863 -18.09 1863 -26.95 1863 -54.1246 1889
870 -11.285 1892 -141.124 1862 -21.99 1862 -16.14 1862 -25.43 1862 -54.2803 1888
860 -11.005 1891 -141.514 1861 -21.99 1861 -15.16 1861 -26.33 1861 -54.5231 1887
850 -10.695 1890 -141.528 1860 -22.462 1860 -17.08 1860 -27.44 1860 -54.6873 1886
840 -10.415 1889 -141.696 1859 -22.169 1859 -19.25 1859 -26.88 1859 -54.8448 1885
830 -10.46 1888 -141.962 1858 -21.97 1858 -19.56 1858 -27.28 1858 -54.8448 1884
820 -10.02 1887 -141.962 1857 -21.95 1857 -17.97 1857 -25.59 1857 -54.8448 1883
810 -9.985 1886 -142.274 1856 -21.74 1856 -18.99 1856 -23.96 1856 -55.0831 1882
800 -10.885 1885 -142.424 1855 -21.94 1855 -18.75 1855 -24.8 1855 -55.2045 1881
790 -10.705 1884 -142.424 1854 -21.91 1854 -17.18 1854 -26.15 1854 -55.4672 1880
780 -10.6 1883 -142.6 1853 -21.9 1853 -17.67 1853 -26.65 1853 -55.5034 1879
770 -10.505 1882 -142.742 1852 -21.87 1852 -18.97 1852 -26.72 1852 -55.6427 1878
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

-298.6 1883 -29.4095 1907 -446.5 1.5 1900 0.23562 1883 -0.35

-301.4 1882 -29.5104 1906 -448.5 1.5 1899 0.33236 1882 -1.36

-312.7 1881 -29.5998 1905 -450.3 1.7 1898 0.20714 1881 1.045

-279.2 1880 -29.5998 1904 -451.8 1.7 1897 0.22247 1880 0.523

-253.6 1879 -29.5998 1903 -452.8 1.6 1896 0.20062 1879 1.387

-252 1878 -29.7087 1902 -452.8 1.5 1895 0.35028 1878 -0.137

-256.3 1877 -29.7437 1901 -452.5 1.7 1894 0.15671 1877 -0.491

-263.7 1876 -29.7672 1900 -451.9 1.7 1893 0.23936 1876 1.67

-252.6 1875 -29.8139 1899 -450.6 1.5 1892 0.29239 1875 1.221

-286.7 1874 -29.8139 1898 -449.2 1.7 1891 0.27054 1874 -1.168

-289.6 1873 -29.8139 1897 -447.6 1.7 1890 0.24102 1873 0.451

-280.3 1872 -29.8917 1896 -445.8 1.7 1889 0.23388 1872 0.103

-291.9 1871 -29.93 1895 -444.4 1.7 1888 0.32534 1871 0.364
-303.5 1870 -29.93 1894 -443.6 1.6 1887 0.27304 1870 -0.666
-298.7 1869 -29.93 1893 -443.2 1.6 1886 0.266 1869 -0.588
-294.9 1868 -29.9131 1892 -442.8 1.5 1885 0.22084 1868 -0.312
-280.9 1867 -29.8793 1891 -442.6 1.7 1884 0.32059 1867 0.18
-265.8 1866 -29.8972 1890 -441.6 1.6 1883 0.23711 1866 -1.161
-268.8 1865 -29.9438 1889 -440.7 1.6 1882 0.1992 1865 -1.045
-300.7 1864 -29.9438 1888 -439.5 1.6 1881 0.18408 1864 -1.577

-297 1863 -29.9438 1887 -437.9 1.6 1880 0.23059 1863 -2.45
-294.5 1862 -29.8628 1886 -437.5 1.8 1879 0.29275 1862 0.22
-293.1 1861 -29.7732 1885 -437.6 1.9 1878 0.31658 1861 0.398
-289.8 1860 -29.7732 1884 -437.4 2.0 1877 0.31741 1860 0.225
-285.2 1859 -29.6114 1883 -437.7 2.2 1876 0.17829 1859 -0.524
-287.7 1858 -29.6084 1882 -437.4 2.1 1875 0.21735 1858 -1.01
-277.6 1857 -29.5642 1881 -436.6 2.2 1874 0.25672 1857 -1.815
-260.8 1856 -29.4836 1880 -435.7 2.0 1873 0.27278 1856 1.468
-263.4 1855 -29.4836 1879 -435.6 2.3 1872 0.29682 1855 -0.29

-272 1854 -29.5853 1878 -436.2 2.3 1871 0.23477 1854 0.353
-270.9 1853 -29.622 1877 -437.2 2.5 1870 0.24306 1853 0.967
-282.5 1852 -29.6268 1876 -438.3 2.5 1869 0.267 1852 2.035
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Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

1852 3.151 1366 0.226 1772.968 37 49 43 1853 1.09 1854 2895 1376 10.68 1863 -1.309 1851 -25.0647
1851 1.966 1361 0.468 1770.846 40 42 41 1852 1.508 1853 2805 1371 7.42 1862 -0.621 1850 -24.3686
1850 -0.532 1356 -0.298 1768.718 55 54 54.5 1851 0.169 1852 2797 1366 6.02 1861 -0.573 1849 -23.038
1849 -0.909 1351 -0.3 1766.584 50 50 50 1850 0.231 1851 2804 1361 4.94 1860 -0.588 1848 -24.2624
1848 -0.905 1346 -0.413 1764.442 86 45 65.5 1849 0.271 1850 2797 1356 3.51 1859 -0.135 1847 -23.485
1847 -1.029 1341 -0.514 1762.294 97 64 80.5 1848 -0.529 1849 2827 1351 2.48 1858 -0.165 1846 -24.4718
1846 -1.099 1336 -0.403 1760.139 82 31 56.5 1847 -0.431 1848 2829 1346 3.27 1857 -0.369 1845 -23.951
1845 -1.083 1331 -0.224 1757.978 89 78 83.5 1846 0.109 1847 2835 1341 5.16 1856 -0.019 1844 -23.1932
1844 -0.883 1326 -0.216 1755.809 48 41 44.5 1845 -0.073 1846 2824 1336 5.54 1855 -0.041 1843 -24.4675
1843 -0.94 1321 0.058 1753.634 63.999 18 40.9995 1844 -0.299 1845 2805 1331 5.73 1854 -0.116 1842 -24.6468
1842 -0.645 1316 -0.019 1751.452 37 29 33 1843 -0.637 1844 2762 1326 6.26 1853 0.557 1841 -25.3722
1841 -0.362 1311 0.337 1749.264 25 56 40.5 1842 -0.872 1843 2757 1321 6.47 1852 1.227 1840 -25.2501
1840 0.298 1306 0.302 1747.068 73 52 62.5 1841 -0.928 1842 2768 1316 5.91 1851 0.711 1839 -26.0968
1839 1.314 1301 -0.428 1744.866 76 45 60.5 1840 0.282 1841 2808 1311 4.02 1850 0.017 1838 -24.2108
1838 1.533 1296 0.211 1742.656 76 50 63 1839 -0.401 1840 2791 1306 3.11 1849 -0.681 1837 -25.2037
1837 1.294 1291 -0.375 1740.44 35.999 85 60.4995 1838 -1.353 1839 2696 1301 2.75 1848 -0.314 1836 -24.6319
1836 0.67 1286 -0.049 1738.217 73 100 86.5 1837 -1.478 1838 2697 1296 3.06 1847 0.648 1835 -25.3707
1835 0.592 1281 -0.108 1735.986 18 81 49.5 1836 -3.048 1837 2775 1291 4.13 1846 -0.138 1834 -23.2696
1834 0.533 1276 -0.38 1733.749 76.001 100 88.0005 1835 -1.975 1836 2818 1286 5.98 1845 -0.019 1833 -22.5596
1833 0.587 1271 0.457 1731.504 34 68 51 1834 -1.7 1835 2751 1281 7.76 1844 -0.493 1832 -23.5188
1832 0.419 1266 1.489 1729.253 37 36 36.5 1833 -1.087 1834 2792 1276 8.7 1843 -0.413 1831 -24.2883
1831 -0.186 1261 0.297 1726.994 29 38 33.5 1832 -0.119 1833 2842 1271 8.36 1842 0.558 1830 -23.9407
1830 -1.579 1256 -0.16 1724.728 26 40 33 1831 -0.085 1832 2767 1266 5.38 1841 0.727 1829 -23.8391
1829 -1.91 1251 -0.102 1722.455 17 60 38.5 1830 0.008 1831 2717 1261 5.03 1840 0.836 1828 -25.3843
1828 -1.37 1246 -0.271 1720.174 51 100 75.5 1829 0.599 1830 2761 1256 4.98 1839 -0.204 1827 -25.9235
1827 -0.144 1241 -0.229 1717.887 46 95 70.5 1828 1.1 1829 2790 1251 4.2 1838 0.893 1826 -23.8175
1826 0.828 1236 0.118 1715.592 97.001 24 60.5005 1827 1.061 1828 2941 1246 4.2 1837 0.166 1825 -23.2865
1825 1.645 1231 0 1713.29 88 62 75 1826 -0.924 1827 2984 1241 5.31 1836 -1.749 1824 -24.2058
1824 1.41 1226 -0.261 1710.98 75 89 82 1825 0.713 1826 2990 1236 6.21 1835 -1.831 1823 -26.4537
1823 2.619 1221 -0.338 1708.663 57 85 71 1824 1.274 1825 2915 1231 6.21 1834 -0.857 1822 -25.3371
1822 2.866 1216 -0.326 1706.338 80 39 59.5 1823 0.258 1824 2828 1226 8.88 1833 -0.368 1821 -24.4901
1821 2.333 1211 -0.045 1704.007 55.999 95 75.4995 1822 -0.451 1823 2746 1221 9.22 1832 -0.32 1820 -24.1758
1820 1.335 1206 -0.313 1701.667 38 22 30 1821 -0.912 1822 2781 1216 9 1831 0.905 1819 -24.7435
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

1873 35.1954 1873 36.1118 1851 9.42 1855 -25.97 1881 0.46 -37.5 1865 -17.395 1.393
1872 23.0163 1872 23.4617 1850 9.63 1854 -26.06 1880 0.19 -31.6 1864 -19.855 1.374
1871 3.8328 1871 37.2877 1849 9.68 1853 -27.1 1879 0.27 -33.5 1863 -18.08 1.2835
1870 7.6647 1870 62.5043 1848 9.48 1852 -25.27 1878 0.42 -33.1 1862 -17.275 1.4685
1869 14.5602 1869 23.6179 1847 9.67 1851 -26.54 1877 0.24 -31.6 1861 -20.33 1.4695
1868 37.0967 1868 18.9607 1846 9.85 1850 -25.2 1876 0.27 -33.4 1860 -19.025 1.3495
1867 4.1264 1867 18.9227 1845 9.53 1849 -25.82 1875 0.42 -32.4 1859 -18.655 1.2825
1866 45.6045 1866 35.3756 1844 8.52 1848 -25.05 1874 0.55 -32.4 1858 -19.145 1.317
1865 38.9541 1865 33.0973 1843 8.93 1847 -24.41 1873 0.27 -31.5 1857 -17.76 1.328
1864 43.4636 1864 14.1473 1842 9.2 1846 -26.3 1872 0.33 -33 1856 -16.585 1.2525
1863 41.6131 1863 36.2291 1841 9.85 1845 -25.73 1871 0.56 -31.2 1855 -17.605 1.2195
1862 29.1741 1862 14.4188 1840 9.8 1844 -26.48 1870 0.48 -34.4 1854 -18.195 1.356
1861 38.0812 1861 37.1178 1839 9.67 1843 -24.86 1869 0.65 -31.3 1853 -18.32 0.9685
1860 17.835 1860 17.784 1838 9.48 1842 -25.82 1868 0.33 -36.1 1852 -18.04 1.5715
1859 46.7823 1859 43.8599 1837 9.2 1841 -27.5 1867 0.2 -32.6 1851 -19.435 1.354
1858 40.5678 1858 41.1881 1836 9.03 1840 -25.56 1866 0.12 -33.3 1850 -18.525 1.13
1857 41.9059 1857 39.9752 1835 8.89 1839 -27.09 1865 0.25 -33.5 1849 -19.21 1.495
1856 18.9577 1856 86.0802 1834 8.85 1838 -25.31 1864 0.17 -35.1 1848 -19.02 0.946
1855 28.9378 1855 28.4528 1833 8.97 1837 -26.48 1863 0.36 -32.8 1847 -16.29 1.129
1854 30.6801 1854 63.6195 1832 9.13 1836 -27.6 1862 0.23 -33.9 1846 -17.985 1.366
1853 47.3062 1853 54.934 1831 9.43 1835 -26.58 1861 0.25 -34.9 1845 -17.355 1.1275
1852 44.1901 1852 50.4282 1830 9.72 1834 -25.95 1860 0.56 -31 1844 -17.11 1.246
1851 41.8796 1851 78.9748 1829 9.77 1833 -29.35 1859 0.51 -30.2 1843 -18.185 1.0765
1850 14.8202 1850 95.3145 1828 9.64 1832 -29.1 1858 0.4 -28.3 1842 -18.82 1.2175
1849 8.6557 1849 67.9808 1827 9.63 1831 -27.83 1857 0.59 -32.2 1841 -16.365 1.215
1848 22.657 1848 88.3682 1826 9.72 1830 -27.51 1856 0.56 -32 1840 -18.12 1.01
1847 15.0521 1847 70.4953 1825 9.86 1829 -26.15 1855 0.3 -34.7 1839 -17.145 1.3745
1846 10.8041 1846 70.1458 1824 10.04 1828 -25.97 1854 0.44 -34.3 1838 -18.895 1.583
1845 44.959 1845 53.0033 1823 9.92 1827 -26.6 1853 0.44 -36.9 1837 -19.03 1.3205
1844 13.2089 1844 43.8521 1822 9.77 1826 -27.44 1852 0.27 -32.8 1836 -17.695 1.1075
1843 10.7309 1843 84.0939 1821 9.73 1825 -27.18 1851 0.24 -32.3 1835 -18.98 1.47
1842 6.1142 1842 100 1820 9.7 1824 -25.8 1850 0.4 -32.7 1834 -16.6 0.768
1841 6.0068 1819 9.79 1823 -25.6 1849 0.23 -28.4 1833 -18.175 1.485
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.

760 -10.455 1881 -142.835 1851 -21.87 1851 -19.21 1851 -25.85 1851 -55.6659 1877
750 -10.47 1880 -143.119 1850 -22.67 1850 -20.25 1850 -27.14 1850 -55.7797 1876
740 -10.075 1879 -143.119 1849 -21.87 1849 -20.08 1849 -25.33 1849 -55.7797 1875
730 -10.385 1878 -143.119 1848 -21.92 1848 -18.77 1848 -25.9 1848 -55.9573 1874
720 -9.08 1877 -143.461 1847 -21.92 1847 -19.59 1847 -26.06 1847 -56.1782 1873
710 -8.45 1876 -143.466 1846 -21.517 1846 -18.03 1846 -26.26 1846 -55.7295 1872
700 -9.52 1875 -143.472 1845 -22.09 1845 -19.45 1845 -24.7 1845 -55.5392 1871
690 -11.39 1874 -143.474 1844 -22.21 1844 -19.78 1844 -26.12 1844 -55.5392 1870
680 -11.355 1873 -143.474 1843 -22.732 1843 -18.96 1843 -27.7 1843 -55.0895 1869
670 -10.225 1872 -143.474 1842 -22.31 1842 -18.54 1842 -26.16 1842 -54.9586 1868
660 -9.63 1871 -143.475 1841 -22.554 1841 -19.23 1841 -27.56 1841 -54.9586 1867
650 -8.77 1870 -143.478 1840 -22.494 1840 -19.05 1840 -25.41 1840 -54.6957 1866
640 -8.74 1869 -143.478 1839 -22.833 1839 -18.1 1839 -24.96 1839 -54.5909 1865
630 -8.565 1868 -141.868 1838 -22.685 1838 -18.7 1838 -23.94 1838 -54.3415 1864
620 -8.65 1867 -141.072 1837 -22.955 1837 -19.83 1837 -23.47 1837 -53.9818 1863
610 -8.655 1866 -140.296 1836 -22.434 1836 -20.2 1836 -25.17 1836 -54.2415 1862
600 -8.765 1865 -140.029 1835 -21.606 1835 -18.5 1835 -24.65 1835 -54.5836 1861
590 -8.82 1864 -139.788 1834 -21.912 1834 -19.99 1834 -25.13 1834 -54.5836 1860
580 -9.395 1863 -139.347 1833 -21.319 1833 -20.08 1833 -26.29 1833 -54.6783 1859
570 -9.32 1862 -139.351 1832 -21.594 1832 -18.54 1832 -25.58 1832 -55.1764 1858
560 -9.745 1861 -140.007 1831 -22.114 1831 -19.27 1831 -24.16 1831 -55.1764 1857
550 -11.58 1860 -140.025 1830 -21.023 1830 -18.9 1830 -25.43 1830 -55.4622 1856
540 -10.69 1859 -140.154 1829 -21.819 1829 -20.11 1829 -28.85 1829 -55.6432 1855
530 -10.71 1858 -140.154 1828 -21.676 1828 -18.61 1828 -25.78 1828 -55.6432 1854
520 -10.785 1857 -140.689 1827 -21.978 1827 -16.35 1827 -25.67 1827 -55.924 1853
510 -10.91 1856 -140.817 1826 -22.238 1826 -17.86 1826 -25.26 1826 -56.003 1852
500 -11.095 1855 -140.817 1825 -21.717 1825 -19.52 1825 -24.84 1825 -55.8268 1851
490 -11.205 1854 -140.92 1824 -22.767 1824 -20.26 1824 -24.71 1824 -55.7712 1850
480 -12.255 1853 -141.509 1823 -23.101 1823 -20.22 1823 -27.17 1823 -55.7234 1849
470 -12.1 1852 -141.509 1822 -22.152 1822 -18.61 1822 -26.64 1822 -55.656 1848
460 -12.005 1851 -141.54 1821 -23.267 1821 -20.12 1821 -24.74 1821 -55.656 1847

1850 -142.37 1820 -22.636 1820 -21.08 1820 -24.63 1820 -55.5585 1846
1849 -142.37 1819 -21.496 1819 -18.44 1819 -25.96 1819 -55.4728 1845
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

-294.4 1851 -29.7435 1875 -438.5 2.4 1868 0.17303 1851 1.168
-294.6 1850 -29.7435 1874 -438.7 2.4 1867 0.22846 1850 1.65
-307.3 1849 -29.7435 1873 -439.6 2.5 1866 0.19718 1849 -0.201
-299.7 1848 -29.7928 1872 -439.9 2.3 1865 0.22909 1848 -0.578
-259.9 1847 -29.8709 1871 -440.1 2.6 1864 0.22153 1847 2.065
-269.6 1846 -29.8709 1870 -440.3 2.5 1863 0.26961 1846 0.196
-284.6 1845 -29.8709 1869 -440.3 2.7 1862 0.2462 1845 -0.324
-303.4 1844 -29.7758 1868 -440.2 2.4 1861 0.18289 1844 -1.042
-295.7 1843 -29.712 1867 -439.4 2.7 1860 0.27885 1843 1.534
-285.2 1842 -29.712 1866 -438.8 2.6 1859 0.28736 1842 -0.672
-291.4 1841 -29.6832 1865 -438.8 2.5 1858 0.26394 1841 0.766
-302.8 1840 -29.6444 1864 -439.3 2.6 1857 0.20819 1840 1.096
-281.7 1839 -29.6444 1863 -439.0 2.6 1856 0.1684 1839 -1.529
-273.5 1838 -29.5906 1862 -438.3 2.6 1855 0.3536 1838 0.66
-287.8 1837 -29.5882 1861 -437.3 2.4 1854 0.26572 1837 0.187
-295.9 1836 -29.5684 1860 -436.5 2.2 1853 0.2904 1836 -1.08
-299.2 1835 -29.5322 1859 -437.3 2.3 1852 0.202 1835 -2.195
-285.8 1834 -29.5322 1858 -437.8 2.3 1851 0.27517 1834 -1.425
-287.6 1833 -29.4835 1857 -438.7 2.5 1850 0.24315 1833 -1.207
-294.2 1832 -29.4304 1856 -440.2 2.1 1849 0.24357 1832 0.5
-287.2 1831 -29.4304 1855 -441.4 2.1 1848 0.22762 1831 1.345
-287.7 1830 -29.3667 1854 -442.9 2.2 1847 0.29323 1830 1.067
-279.3 1829 -29.3227 1853 -443.5 2.2 1846 0.22027 1829 2.188
-274.1 1828 -29.3118 1852 -444.6 2.1 1845 0.21239 1828 0.36
-291.9 1827 -29.2264 1851 -445.7 2.2 1844 0.14719 1827 -0.389
-272.7 1826 -29.2264 1850 -446.8 2.2 1843 0.25386 1826 -1.928
-294.7 1825 -29.303 1849 -448.0 2.3 1842 0.2379 1825 -1.524
-298.6 1824 -29.3254 1848 -448.6 2.2 1841 0.20536 1824 1.952
-283.6 1823 -29.3254 1847 -450.4 2.2 1840 0.15622 1823 -0.246
-264.6 1822 -29.3254 1846 -451.4 2.1 1839 0.32127 1822 -1.309
-254.4 1821 -29.4531 1845 -451.9 2.2 1838 0.17323 1821 0.412
-260.1 1820 -29.5496 1844 -452.4 2.1 1837 0.32232 1820 0.206
-282.1 1819 -29.5496 1843 -452.7 2.0 1836 0.2566 1819 -1.347

ABOR/MH/Priv-002746

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

1819 0.214 1201 -0.379 1699.32 52.001 38 45.0005 1820 0.567 1821 2874 1211 7.84 1830 0.144 1818 -24.5119
1818 -1.276 1196 -0.072 1696.966 54 46 50 1819 -0.087 1820 2883 1206 7.84 1829 0.34 1817 -24.2065
1817 -2.376 1191 -0.461 1694.604 21.999 19 20.4995 1818 -1.008 1819 2820 1201 6.91 1828 0.848 1816 -26.6728
1816 -2.031 1186 -0.367 1692.234 30.001 41 35.5005 1817 -0.798 1818 2812 1196 5.51 1827 0.451 1815 -26.2842
1815 -0.889 1181 -0.332 1689.857 44 32 38 1816 0.772 1817 2838 1191 5.51 1826 -0.631 1814 -24.5076
1814 -0.426 1176 0.068 1687.472 78 74 76 1815 0.455 1816 2906 1186 15.57 1825 0.069 1813 -24.1594
1813 -0.79 1171 0.662 1685.079 91 94 92.5 1814 0.259 1815 2906 1181 22.1 1824 -0.522 1812 -24.5806
1812 -1.424 1166 0.14 1682.678 55.999 76 65.9995 1813 -0.592 1814 2817 1176 21.1 1823 -0.141 1811 -25.5817
1811 -1.963 1161 0.446 1680.27 62.001 84 73.0005 1812 -1.174 1813 2718 1171 7.08 1822 0.447 1810 -23.3711
1810 -2.382 1156 0.563 1677.854 91 100 95.5 1811 -0.16 1812 2694 1166 2.78 1821 -0.243 1809 -25.4865
1809 -2.118 1151 0.492 1675.429 35 66 50.5 1810 0.528 1811 2847 1161 2.79 1820 0.95 1808 -24.2589
1808 -0.936 1146 -0.025 1672.997 49 84 66.5 1809 -0.706 1810 3007 1819 0.246 1807 -25.6182
1807 -0.336 1141 1.912 1670.557 34.999 34 34.4995 1808 0.856 1809 2990 1818 -0.749 1806 -26.5526
1806 -0.261 1136 0.687 1668.11 27.001 73 50.0005 1807 0.285 1808 2877 1817 -1.021 1805 -25.0201
1805 -0.005 1131 0.929 1665.654 36.999 24 30.4995 1806 0.938 1807 2769 1816 -0.529 1804 -26.118
1804 0.544 1126 0.568 1663.19 43.001 40 41.5005 1805 0.484 1806 2715 1815 0.072 1803 -25.1058
1803 -0.5 1121 -0.213 1660.717 20.999 36 28.4995 1804 0.711 1805 2726 1814 -0.371 1802 -24.5262
1802 -1.42 1116 -0.054 1658.237 31.001 38 34.5005 1803 0.324 1804 2806 1813 -0.783 1801 -25.346
1801 -1.645 1111 -0.322 1655.749 33 33 33 1802 0.628 1803 2845 1812 -0.06 1800 -23.8451
1800 -1.36 1106 -0.448 1653.252 64 37 50.5 1801 -0.547 1802 2807 1811 -0.242 1799 -24.5775
1799 -0.911 1101 -0.316 1650.747 48 55 51.5 1800 -0.842 1801 2745 1810 -0.21 1798 -24.3736
1798 -0.684 1096 0.152 1648.234 63 86 74.5 1799 -0.797 1800 2821 1809 0.554 1797 -23.0521
1797 -0.907 1091 -0.26 1645.713 84 25 54.5 1798 -0.389 1799 2789 1808 0.407 1796 -24.1805
1796 -1.427 1086 -0.15 1643.183 17 44 30.5 1797 -0.042 1798 2705 1807 0.104 1795 -25.9831
1795 -0.829 1081 -0.254 1640.645 29 17 23 1796 -0.694 1797 2720 1806 -0.019 1794 -24.0485
1794 -0.733 1076 -0.15 1638.099 70 67 68.5 1795 -0.76 1796 2771 1805 0.84 1793 -23.5937
1793 -1.079 1071 -0.439 1635.544 81 53 67 1794 -0.524 1795 2834 1804 0.974 1792 -23.7792
1792 -1.231 1066 0.016 1632.98 63.001 94 78.5005 1793 -0.48 1794 2898 1803 -0.529 1791 -24.254
1791 -1.223 1061 0.044 1630.408 33.999 60 46.9995 1792 0.422 1793 2921 1802 -1.739 1790 -24.3899
1790 -0.58 1056 -0.13 1627.828 60.001 81 70.5005 1791 0.148 1792 2935 1801 0.538 1789 -23.4479
1789 0.176 1051 -0.45 1625.238 99 36 67.5 1790 0.71 1791 2839 1800 0.622 1788 -24.2136
1788 0.978 1046 0.008 1622.641 87 43 65 1789 0.727 1790 2800 1799 -0.102 1787 -24.9056
1787 1.04 1041 -0.142 1620.034 18.001 38 28.0005 1788 1.424 1789 2838 1798 -0.805 1786 -25.2464
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

1840 4.0171 1818 9.72 1822 -26.98 1848 0.43 -30.7 1832 -17.925 0.9505
1839 22.3641 1817 9.59 1821 -26.75 1847 0.37 -30.7 1831 -19.065 1.376
1838 74.6951 1816 9.35 1820 -24.7 1846 0.34 -30.5 1830 -17.595 1.2535
1837 34.5343 1815 9.29 1819 -25.2 1845 0.26 -29.9 1829 -16.06 1.247
1836 48.0962 1814 9.23 1818 -25.7 1844 0.29 -29.8 1828 -17.415 1.2955
1835 40.3692 1813 9.3 1817 -25.88 1843 0.24 -31.8 1827 -17.305 0.9925
1834 0.001 1812 9.63 1816 -27.66 1842 0.29 -32.1 1826 -14.465 1.3105
1833 52.3442 1811 10.21 1815 -25.63 1841 0.4 -33.5 1825 -19.075 1.382
1832 55.7048 1810 10.14 1814 -26.08 1840 0.23 -29.8 1824 -19.495 1.081
1831 52.1489 1809 9.88 1813 -28.34 1839 0.35 -29.4 1823 -18.24 1.35
1830 33.2038 1808 9.56 1812 -29.09 1838 0.28 -31.1 1822 -19.06 0.957
1829 48.2549 1807 9.67 1811 -26.7 1837 0.48 -26.8 1821 -17.385 1.111
1828 17.286 1806 9.86 1810 -24.91 1836 0.39 -30.6 1820 -23.71 1.439
1827 39.295 1805 10.09 1809 -25.66 1835 0.33 -31.2 1819 -19.61 1.201
1826 28.0159 1804 10.22 1808 -25.06 1834 0.44 -33.4 1818 -20.22 1.345
1825 5.9885 1803 10.03 1807 -25.16 1833 0.44 -30.3 1817 -20.83 1.178
1824 21.0823 1802 9.86 1806 -26.02 1832 0.39 -31.5 1816 -20.755 1.1815
1823 18.1649 1801 9.92 1805 -25.16 1831 0.24 -24.8 1815 -19.805 1.4555
1822 4.6885 1800 10.05 1804 -25.79 1830 0.38 -30.7 1814 -19.015 0.9975
1821 4.7007 1799 10.1 1803 -26.69 1829 0.38 -31.4 1813 -19.56 1.415
1820 30.6159 1798 9.97 1802 -26.69 1828 0.31 -32.8 1812 -18.075 1.174
1819 30.4328 1797 9.83 1801 -26.24 1827 0.58 -30.4 1811 -19.2 1.197
1818 30.9455 1796 9.72 1800 -25.67 1826 0.64 -31.5 1810 -20.42 0.9515
1817 56.8486 1795 9.96 1799 -25.99 1825 0.4 -29.6 1809 -18.845 1.113
1816 31.2995 1794 10.07 1798 -27.94 1824 0.19 -31.3 1808 -18.865 1.348
1815 19.3245 1793 10.15 1797 -27.8 1823 0.23 -30.9 1807 -21.205 1.3465
1814 8.0087 1792 10.24 1796 -25.99 1822 0.32 -30.4 1806 -17.355 1.1365
1813 11.2558 1791 10.35 1795 -26.33 1821 0.28 -25.8 1805 -15.67 0.9485
1812 20.0936 1790 10.67 1794 -26.4 1820 0.18 -31.7 1804 -17.565 1.424
1811 4.6396 1789 10.77 1793 -26.29 1819 0.27 -34.3 1803 -19.435 0.874
1810 71.3992 1788 10.7 1792 -27.05 1818 0.37 -32.8 1802 -19.3 1.534
1809 46.5582 1787 10.51 1791 -25.05 1817 0.22 -29.7 1801 -17.385 0.964
1808 30.2497 1786 10.13 1790 -27.27 1816 0.27 -33.2 1800 -17.16 1.3395

ABOR/MH/Priv-002748

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.

1848 -142.847 1818 -21.868 1818 -17.99 1818 -24.58 1818 -55.4303 1844
1847 -143.147 1817 -22.987 1817 -21.25 1817 -26.27 1817 -55.2509 1843
1846 -143.147 1816 -23.079 1816 -19.14 1816 -25.57 1816 -55.2509 1842
1845 -143.252 1815 -22.703 1815 -20.98 1815 -25 1815 -55.0481 1841
1844 -144.238 1814 -22.152 1814 -21.49 1814 -25.01 1814 -54.7864 1840
1843 -144.238 1813 -22.042 1813 -19.85 1813 -25.75 1813 -54.7864 1839
1842 -144.371 1812 -21.707 1812 -20.96 1812 -26.3 1812 -54.2253 1838
1841 -145.214 1811 -21.707 1811 -19.09 1811 -25.9 1811 -54.1859 1837
1840 -145.214 1810 -22.41 1810 -18.53 1810 -25.25 1810 -53.7033 1836
1839 -145.399 1809 -21.852 1809 -18.92 1809 -25.89 1809 -53.6049 1835
1838 -145.532 1808 -22.698 1808 -19.28 1808 -27.4 1808 -53.3012 1834
1837 -145.392 1807 -23.317 1807 -19.23 1807 -25.77 1807 -53.0919 1833
1836 -145.02 1806 -23.169 1806 -19.34 1806 -25.09 1806 -53.0919 1832
1835 -144.414 1805 -22.216 1805 -22.29 1805 -25.81 1805 -53.7369 1831
1834 -144.191 1804 -22.334 1804 -20.57 1804 -24.93 1804 -53.7718 1830
1833 -143.684 1803 -24.225 1803 -18.21 1803 -24.97 1803 -54.1538 1829
1832 -143.684 1802 -21.995 1802 -19.32 1802 -25.96 1802 -54.3801 1828
1831 -143.314 1801 -21.424 1801 -18.93 1801 -26.73 1801 -54.8889 1827
1830 -143.263 1800 -22.922 1800 -20.36 1800 -26.57 1800 -54.9928 1826
1829 -143.263 1799 -21.997 1799 -17.74 1799 -24.42 1799 -55.3552 1825
1828 -143.263 1798 -22.32 1798 -19.25 1798 -25.62 1798 -55.579 1824
1827 -144.494 1797 -23.575 1797 -20.72 1797 -26.76 1797 -55.7152 1823
1826 -144.867 1796 -21.837 1796 -19.44 1796 -23.55 1796 -55.6663 1822
1825 -144.868 1795 -22.485 1795 -20.5 1795 -25.59 1795 -54.8143 1821
1824 -144.871 1794 -21.998 1794 -19.5 1794 -24.75 1794 -54.8143 1820
1823 -144.871 1793 -22.313 1793 -19.5 1793 -24.8 1793 -54.6511 1819
1822 -144.358 1792 -22.543 1792 -19.5 1792 -26.14 1792 -54.136 1818
1821 -144.075 1791 -21.613 1791 -19.5 1791 -25.7 1791 -53.3554 1817
1820 -143.607 1790 -21.758 1790 -19.5 1790 -26.51 1790 -53.1772 1816
1819 -143.25 1789 -22.122 1789 -19.5 1789 -26.37 1789 -53.1772 1815
1818 -143.252 1788 -22.408 1788 -19.5 1788 -26.45 1788 -52.9839 1814
1817 -143.305 1787 -22.839 1787 -19.5 1787 -25.26 1787 -52.5571 1813
1816 -143.457 1786 -22.808 1786 -19.5 1786 -24.96 1786 -53.2159 1812
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

-279.5 1818 -29.5825 1842 -452.9 1.8 1835 0.18227 1818 -2.626
-276.6 1817 -29.6025 1841 -453.1 1.9 1834 0.21576 1817 -2.406
-291.5 1816 -29.6025 1840 -453.1 1.8 1833 0.23266 1816 1.21
-292.5 1815 -29.6025 1839 -452.5 2.0 1832 0.29965 1815 -0.342
-284.4 1814 -29.38 1838 -451.4 2.0 1831 0.28348 1814 -1.69
-282.4 1813 -29.3689 1837 -449.9 1.9 1830 0.3175 1813 -1.086
-278.9 1812 -29.2629 1836 -448.0 1.7 1829 0.37683 1812 0.93
-285.5 1811 -29.2212 1835 -446.3 1.8 1828 0.29367 1811 -0.254
-292.2 1810 -29.1419 1834 -444.9 2.0 1827 0.3026 1810 -0.105
-299.8 1809 -29.0049 1833 -443.8 1.9 1826 0.18511 1809 1.845
-295.6 1808 -29.0049 1832 -443.4 2.0 1825 0.29504 1808 2.246

-293 1807 -28.8875 1831 -443.2 2.0 1824 0.22785 1807 1.778
-303.2 1806 -28.8689 1830 -442.9 2.0 1823 0.19435 1806 1.24
-299.2 1805 -28.8689 1829 -442.8 2.0 1822 0.25389 1805 0.394
-280.3 1804 -29.1007 1828 -442.8 1.9 1821 0.21179 1804 0.806
-269.7 1803 -29.2016 1827 -442.6 1.8 1820 0.24612 1803 0.179
-273.1 1802 -29.2403 1826 -442.0 2.1 1819 0.28046 1802 -0.246

-288 1801 -29.414 1825 -442.3 2.3 1818 0.20423 1801 1.492
-295.1 1800 -29.4824 1824 -443.9 2.3 1817 0.22155 1800 1.379
-287.9 1799 -29.6266 1823 -445.0 2.2 1816 0.15351 1799 0.708
-285.1 1798 -29.6266 1822 -445.4 2.2 1815 0.23059 1798 -0.454

-287 1797 -29.8279 1821 -444.4 2.4 1814 0.17095 1797 1.61
-277.8 1796 -29.8847 1820 -442.8 2.5 1813 0.23962 1796 0.272
-268.5 1795 -29.7994 1819 -441.1 2.5 1812 0.18849 1795 1.646
-272.9 1794 -29.7772 1818 -440.6 2.6 1811 0.25747 1794 -2.443
-264.8 1793 -29.7772 1817 -441.1 2.6 1810 0.29224 1793 -0.568
-262.8 1792 -29.6329 1816 -442.6 2.6 1809 0.27545 1792 0.737
-286.9 1791 -29.618 1815 -444.9 2.8 1808 0.32777 1791 -1.142
-314.9 1790 -29.5244 1814 -445.7 2.6 1807 0.23327 1790 -0.268
-327.1 1789 -29.4821 1813 -445.2 2.5 1806 0.22488 1789 1.981

-307 1788 -29.4821 1812 -444.9 2.6 1805 0.25116 1788 0.26
-282 1787 -29.4449 1811 -445.1 2.7 1804 0.1561 1787 2.021

-280.9 1786 -29.3857 1810 -446.1 2.4 1803 0.36486 1786 0.975
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Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

1786 0.194 1036 -0.532 1617.419 24.999 58 41.4995 1787 0.742 1788 2846 1797 -0.793 1785 -25.3803
1785 -1.241 1031 -0.619 1614.795 38 26 32 1786 -0.811 1787 2799 1796 -0.151 1784 -23.366
1784 -1.698 1026 0.136 1612.162 82 20 51 1785 -0.631 1786 2779 1795 0.129 1783 -24.2003
1783 -2.062 1021 0.241 1609.52 66 62 64 1784 -1.016 1785 2756 1794 0.353 1782 -23.0678
1782 -2.278 1016 -0.482 1606.87 34 24 29 1783 -0.215 1784 2849 1793 -0.786 1781 -23.3496
1781 -2.53 1011 -0.246 1604.21 24 48 36 1782 0.27 1783 2825 1792 0.506 1780 -22.2599
1780 -2.494 1006 -0.431 1601.542 53 34 43.5 1781 -0.29 1782 2728 1791 0.754 1779 -23.0745
1779 -2.196 1001 -0.483 1598.864 47 67 57 1780 -0.447 1781 2680 1790 0.056 1778 -26.1317
1778 -1.71 996 -0.341 1596.178 70 80 75 1779 -0.4 1780 2737 1789 -0.042 1777 -23.4501
1777 -1.625 991 -0.558 1593.482 61 75 68 1778 0.174 1779 2882 1788 0.068 1776 -23.9768
1776 0.176 986 -0.489 1590.778 62 23 42.5 1777 -0.18 1778 2879 1787 0.699 1775 -25.8986
1775 1.493 981 -0.504 1588.064 75 29 52 1776 0.54 1777 2825 1786 1.451 1774 -23.2491
1774 -0.199 976 -0.328 1585.341 42.5 38 40.25 1775 0.857 1776 2849 1785 0.508 1773 -24.6231
1773 -0.122 971 -0.516 1582.608 34 99 66.5 1774 0.676 1775 2777 1784 -0.244 1772 -25.0309
1772 -0.211 966 -0.362 1579.866 51.5 25 38.25 1773 1.293 1774 2724 1783 -0.022 1771 -22.9596
1771 0.186 961 -0.514 1577.115 69 50 59.5 1772 -0.264 1773 2700 1782 0.117 1770 -24.2278
1770 0.654 956 -0.402 1574.355 46 48 47 1771 -0.934 1772 2695 1781 0.199 1769 -23.1084
1769 0.679 951 -0.434 1571.585 53.5 . 1770 -0.789 1771 2689 1780 -0.544 1768 -24.0868
1768 0.062 946 0.045 1568.806 57 . 1769 -1.029 1770 2746 1779 -0.862 1767 -25.7901
1767 -0.506 941 0.328 1566.017 21.501 . 1768 -1.817 1769 2805 1778 -1.065 1766 -25.546
1766 -0.902 936 -0.001 1563.219 42.999 . 1767 -0.811 1768 2744 1777 -0.562 1765 -24.7946
1765 -1.131 931 0.477 1560.411 38.001 . 1766 -0.26 1767 2633 1776 0.589 1764 -24.5009
1764 -0.743 926 -0.142 1557.593 63.999 . 1765 0.512 1766 2595 1775 0.811 1763 -24.2003
1763 -0.53 921 -0.656 1554.766 24.502 . 1764 0.743 1765 2685 1774 0.379 1762 -23.07
1762 -0.446 916 -0.502 1551.928 31.399 . 1763 -0.064 1764 2800 1773 -0.026 1761 -23.35
1761 -0.418 911 -0.463 1549.082 80.5 . 1762 0.812 1763 2828 1772 0.623
1760 0.542 906 -0.538 1546.225 65 . 1761 0.626 1762 2874 1771 0.546
1759 1.298 901 0.479 1543.358 65 . 1761 2942 1770 -0.656
1758 0.161 896 0.186 1540.482 27.499 . 1760 2955 1769 -0.299
1757 -0.848 891 -0.17 1537.595 94 . 1759 2799 1768 -0.103
1756 -1.641 886 -0.207 1534.699 75 . 1758 2864 1767 -0.254
1755 -2.383 881 0.124 1531.792 38.499 . 1757 3008 1766 0.485
1754 -1.914 876 0.014 1528.876 100 . 1756 2953 1765 0.223
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

1807 53.7724 1785 9.88 1789 -27.03 1815 0.47 -31.7 1799 -20.495 1.381
1806 0.001 1784 9.63 1788 -25.13 1814 0.25 -31.6 1798 -19.72 1.332
1805 27.1003 1783 9.82 1787 -26.77 1813 0.26 -28.9 1797 -19.83 1.0485
1804 12.9403 1782 10.08 1786 -26.23 1812 0.38 -31.8 1796 -17.145 1.3005
1803 18.3358 1781 10.04 1785 -25.81 1811 0.16 -32.4 1795 -17.155 1.1585
1802 19.0438 1780 9.95 1784 -27.29 1810 0.36 -31.6 1794 -16.33 1.192
1801 17.4691 1779 9.88 1783 -27 1809 0.26 -33 1793 -16.485 1.216
1800 40.7599 1778 9.88 1782 -25.73 1808 0.26 -25.8 1792 -16.995 1.024
1799 26.4168 1777 9.88 1781 -27.18 1807 0.26 -27.5 1791 -18.7 1.197
1798 20.1178 1776 9.88 1780 -28.69 1806 0.26 -27.6 1790 -19.64 1.4975
1797 91.4979 1775 9.91 1779 -27.1 1805 0.27 -32.8 1789 -18.545 1.071
1796 2.4546 1774 9.94 1778 -26.66 1804 0.27 -30.6 1788 -18.745 1.1335
1795 100 1773 9.93 1777 -26.94 1803 0.27 -34.1 1787 -19.44 1.1475
1794 100 1772 9.85 1776 -24.7 1802 0.41 -30.3 1786 -19.57 1.433
1793 7.3129 1771 9.58 1775 -28.06 1801 0.41 -30.5 1785 -17.385 1.172
1792 87.4269 1770 9.6 1774 -26.32 1800 0.2 -31.1 1784 -16.555 1.117
1791 46.9854 1769 9.71 1773 -26.96 1799 0.46 -31.7 1783 -18.105 1.3165
1790 41.6021 1768 9.9 1772 -24.71 1798 0.24 -29.4 1782 -18.015 1.153
1789 13.6727 1767 10.21 1771 -26.29 1797 0.35 -33.3 1781 -18.27 1.15
1788 68.6649 1766 10.34 1770 -27.52 1796 0.36 -28.6 1780 -20.915 1.1965
1787 25.8624 1765 10.01 1769 -25.84 1795 0.43 -28.8 1779 -20.235 1.2735
1786 43.4355 1764 9.67 1768 -26.17 1794 0.21 -28.8 1778 -18.4 1.2405
1785 26.4778 1763 9.51 1767 -26.39 1793 0.29 -30.8 1777 -19.62 1.267
1784 25.6721 1762 9.41 1766 -27.16 1792 0.15 -33.9 1776 -20.48 1.2805
1783 40.2838 1761 9.35 1765 -26.28 1791 0.29 -33.2 1775 -18.495 1.465
1782 24.5613 1764 -25.01 1790 0.15 -34.1 1774 -17.865 1.135
1781 37.2687 1763 -26.71 1789 0.29 -34.5 1773 -18.785 1.11
1780 41.3903 1762 -29.23 1788 0.27 -34.5 1772 -17.58 1.2335
1779 31.9831 1761 -24.57 1787 0.18 -30.8 1771 -17.61 0.833
1778 22.0686 1760 -26.42 1786 0.31 -29.5 1770 -18.63 1.6945
1777 9.5468 1759 -26.01 1785 0.31 -30.2 1769 -19.93 1.0245
1776 1.5391 1758 -26.36 1784 0.31 -29.9 1768 -19.715 0.869
1775 16.4681 1757 -26.05 1783 0.39 -31.2 1767 -16.775 1.127
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.

1815 -143.457 1785 -22.518 1785 -19.5 1785 -25.25 1785 -53.6253 1811
1814 -143.806 1784 -23.221 1784 -19.5 1784 -25.62 1784 -53.6253 1810
1813 -143.975 1783 -20.922 1783 -19.5 1783 -25.96 1783 -54.2593 1809
1812 -144.039 1782 -21.485 1782 -19.5 1782 -25.52 1782 -54.2765 1808
1811 -144.607 1781 -22.993 1781 -19.5 1781 -25.19 1781 -54.2765 1807
1810 -144.608 1780 -21.93 1780 -19.5 1780 -24.48 1780 -54.895 1806
1809 -144.61 1779 -21.95 1779 -19.5 1779 -26.02 1779 -54.976 1805
1808 -144.121 1778 -21.864 1778 -19.5 1778 -26.1 1778 -55.1039 1804
1807 -143.5 1777 -22.009 1777 -19.5 1777 -25.11 1777 -55.3457 1803
1806 -143.438 1776 -21.888 1776 -19.5 1776 -25.26 1776 -55.3457 1802
1805 -142.703 1775 -21.227 1775 -19.5 1775 -26.37 1775 -55.009 1801
1804 -142.44 1774 -20.708 1774 -19.5 1774 -25.42 1774 -54.9781 1800
1803 -142.221 1773 -22.502 1773 -19.5 1773 -25.34 1773 -54.6617 1799
1802 -142.186 1772 -21.84 1772 -19.5 1772 -25.88 1772 -54.5232 1798
1801 -142.052 1771 -21.948 1771 -19.5 1771 -24.8 1771 -54.4763 1797
1800 -142.586 1770 -21.336 1770 -19.5 1770 -25.09 1770 -54.2817 1796
1799 -143.002 1769 -21.771 1769 -19.5 1769 -25.89 1769 -54.2817 1795
1798 -143.002 1768 -21.793 1768 -19.5 1768 -26.14 1768 -54.1199 1794
1797 -143.002 1767 -21.145 1767 -19.5 1767 -25.78 1767 -54.1301 1793
1796 -142.871 1766 -21.434 1766 -19.5 1766 -24.66 1766 -54.1385 1792
1795 -142.434 1765 -22.131 1765 -19.5 1765 -25.44 1765 -54.1385 1791
1794 -142.221 1764 -21.506 1764 -19.5 1764 -26.29 1764 -54.1385 1790
1793 -141.912 1763 -22.181 1763 -19.5 1763 -24.73 1763 -54.2323 1789
1792 -142.784 1762 -21.619 1762 -19.5 1762 -25.25 1762 -54.3 1788
1791 -142.784 1761 -23.572 1761 -19.5 1761 -24.81 1761 -54.3 1787

1786
1785
1784
1783
1782
1781
1780
1779
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

-290.4 1785 -29.4454 1809 -447.5 2.5 1802 0.27842 1785 1.973
-293.5 1784 -29.7129 1808 -448.9 2.4 1801 0.20037 1784 1.252
-286.4 1783 -29.7129 1807 -449.4 2.4 1800 0.20059 1783 -0.373
-282.5 1782 -29.7346 1806 -449.3 2.3 1799 0.22708 1782 -0.358
-285.8 1781 -29.8914 1805 -448.6 2.4 1798 0.16604 1781 -0.816
-287.1 1780 -29.8914 1804 -446.9 2.1 1797 0.36785 1780 1.132
-283.7 1779 -29.9335 1803 -446.3 2.0 1796 0.25436 1779 -0.336
-278.1 1778 -30.1498 1802 -446.6 2.2 1795 0.27235 1778 -0.797
-288.4 1777 -30.1498 1801 -446.5 2.0 1794 0.29918 1777 -0.351

-296 1776 -29.9737 1800 -446.2 2.1 1793 0.16736 1776 1.287
-293.3 1775 -29.8708 1799 -445.4 2.1 1792 0.26463 1775 1.893
-301.5 1774 -29.8708 1798 -444.0 1.9 1791 0.2208 1774 0.083
-292.7 1773 -29.7355 1797 -443.0 1.9 1790 0.20336 1773 0.829
-298.8 1772 -29.5575 1796 -442.3 1.8 1789 0.22125 1772 1.44
-298.3 1771 -29.5575 1795 -441.7 1.7 1788 0.23041 1771 -0.098
-283.4 1770 -29.4194 1794 -441.4 1.9 1787 0.2218 1770 -0.008
-278.4 1769 -29.1752 1793 -441.0 1.8 1786 0.21319 1769 0.438
-282.7 1768 -29.1166 1792 -439.7 1.8 1785 0.27579 1768 -0.06
-290.2 1767 -28.9192 1791 -437.3 1.7 1784 0.43698 1767 0.22
-286.2 1766 -28.9192 1790 -436.0 1.7 1783 0.21429 1766 0.491
-283.1 1765 -28.9192 1789 -435.3 1.8 1782 0.21452 1765 0.858
-276.5 1764 -29.2036 1788 -435.2 1.8 1781 0.17897 1764 -0.178
-275.1 1763 -29.2923 1787 -436.0 1.8 1780 0.2419 1763 0.285
-291.5 1762 -29.2923 1786 -436.9 1.9 1779 0.21519 1762 0.561
-303.3 1761 -29.466 1785 -437.4 1.8 1778 0.26046 1761 -2.921
-317.8 1784 -437.9 1.9 1777 0.17975 1760 1.208
-324.7 1783 -438.4 1.8 1776 0.25196 1759 -0.96
-314.2 1782 -439.8 1.9 1775 0.18914 1758 0.318
-295.5 1781 -440.7 1.9 1774 0.24357 1757 -1.108
-281.7 1780 -441.5 1.9 1773 0.30718 1756 -2.277
-290.9 1779 -441.6 2.0 1772 0.27141 1755 0.912
-296.1 1771 0.21731 1754 -1.132
-294.6 1770 0.18131 1753 0.635
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Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

1753 -1.865 871 -0.479 1525.949 53 . 1755 2817 1764 1.255
1752 -1.85 866 -0.477 1523.012 75.5 . 1754 2672 1763 0.722
1751 -1.261 861 -0.551 1520.065 100 . 1753 2764 1762 0.507
1750 -0.696 856 -0.38 1517.107 86 . 1752 2855 1761 -1.145
1749 -0.008 851 -0.131 1514.139 83.999 . 1751 2866 1760 -0.027
1748 1.399 846 -0.254 1511.161 44.5 . 1750 2807 1759 -0.433
1747 2.701 841 -0.499 1508.172 76.5 . 1749 2792 1758 -0.634
1746 2.731 836 -0.318 1505.173 89 . 1748 2877 1757 -0.752
1745 2.161 831 -0.292 1502.163 56.999 . 1747 2959 1756 -0.262
1744 2.103 826 -0.503 1499.143 32.5 . 1746 2917 1755 -0.164
1743 2.927 821 -0.411 1496.112 25.501 . 1745 2810 1754 -0.145
1742 4.011 816 -0.23 1493.07 43 . 1744 2758 1753 0.155
1741 4.605 811 -0.188 1490.018 31.8 . 1743 2697 1752 -0.462
1740 5.044 806 -0.303 1486.955 55.5 . 1742 2730 1751 -0.24
1739 4.052 801 -0.059 1483.881 35 . 1741 2838 1750 -0.395
1738 2.947 796 -0.225 1480.796 98 . 1740 2872 1749 -0.315
1737 0.761 791 -0.6 1477.7 65 . 1739 2823 1748 0.09
1736 -0.363 786 -0.372 1474.593 52.3 . 1738 2832 1747 -0.234
1735 1.526 781 -0.52 1471.476 55 . 1737 2795 1746 -0.24
1734 2.969 776 -0.449 1468.347 79 . 1736 2735 1745 -0.341
1733 5.164 771 -0.39 1465.207 77.5 . 1735 2748 1744 -0.105
1732 6.039 766 -0.438 1462.055 92.999 . 1734 2766 1743 0.262
1731 6.238 761 -0.292 1458.893 69 . 1733 2835 1742 -0.019
1730 7.327 756 -0.541 1455.719 59.3 . 1732 2870 1741 0.756
1729 7.162 751 -0.226 1452.534 63.3 . 1731 2846 1740 1.293
1728 4.798 746 -0.511 1449.337 85.3 . 1730 2827 1739 0.458
1727 3.605 741 -0.493 1446.129 61 . 1729 2786 1738 -0.742
1726 2.319 736 -0.415 1442.91 54.999 . 1728 2812 1737 -1.317
1725 1.354 731 -0.527 1439.679 54 . 1727 2828 1736 0.041
1724 1.255 726 -0.47 1436.436 73.5 . 1726 2742 1735 -1.431
1723 0.93 721 -0.326 1433.182 87.501 . 1725 2805 1734 -0.57
1722 1.547 716 0.624 1429.916 50.999 . 1724 2824 1733 0.683
1721 3.068 711 -0.192 1426.638 31.3 . 1723 2852 1732 0.4
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

1774 41.303 1756 -25.31 1782 0.32 -31.8 1766 -18.665 1.6125
1773 47.5469 1755 -28.72 1781 0.32 -30.2 1765 -19.145 1.104
1772 11.9638 1754 -28.38 1780 0.4 -27.2 1764 -18.285 1.154
1771 36.3844 1753 -26.67 1779 0.32 -35.8 1763 -17.97 1.311
1770 6.3952 1752 -27.23 1778 0.32 -33.2 1762 -19.4 1.295
1769 30.8454 1751 -25.65 1777 0.49 -31.5 1761 -18.745 1.226
1768 21.4119 1750 -24.9 1776 0.49 -32.5 1760 -18.205 1.0565
1767 0.3916 1749 -25.69 1775 0.25 -28.8 1759 -19.9 1.5275
1766 8.723 1748 -26.03 1774 0.34 -32.1 1758 -22.75 1.016
1765 20.7894 1747 -28.27 1773 0.39 -30.9 1757 -20.21 1.214
1764 3.5288 1746 -26.93 1772 0.24 -31.8 1756 -18.8 1.0995
1763 20.3011 1745 -24.96 1771 0.31 -31.7 1755 -18.765 1.613
1762 29.7737 1744 -26.56 1770 0.35 -32.4 1754 -19.79 1.018
1761 67.9639 1743 -26.81 1769 0.49 -35.9 1753 -18.87 1.4795
1760 55.1274 1742 -27.53 1768 0.3 -33.1 1752 -18.68 1.1395
1759 30.5427 1767 0.26 -29.8 1751 -17.625 1.597
1758 27.9548 1766 0.27 -28.1 1750 -18.565 1.2375
1757 37.2161 1765 0.27 -28.8 1749 -17.3 1.019
1756 26.4168 1764 0.37 -32.2 1748 -14.86 1.418
1755 21.8952 1763 0.27 -30 1747 -19.11 1.4735
1754 34.3879 1762 0.27 -30.5 1746 -20.4 1.269
1753 20.0696 1761 0.18 -32.6 1745 -18.655 1.3885
1752 19.7396 1760 0.29 -32.1 1744 -20.425 1.2435
1751 4.0415 1759 0.19 -32.1 1743 -20.635 1.3385
1750 10.9628 1758 0.26 -30.7 1742 -19.535 1.5105
1749 30.3962 1757 0.21 -30.7 1741 -16.545 1.222
1748 28.1379 1756 0.23 -32.1 1740 -17.165 1.318
1747 29.9079 1755 0.34 -31.2 1739 -17.93 1.63
1746 10.8407 1754 0.28 -32.2 1738 -16.625 1.327
1745 12.0736 1753 0.22 -34.2 1737 -18.64 1.178
1744 28.7239 1752 0.24 -33.5 1736 -19.165 1.223
1743 46.6191 1751 0.2 -32.3 1735 -18.57 1.6655
1742 78.9919 1750 0.4 -28.6 1734 -21.16 1.6465
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.

1778
1777
1776
1775
1774
1773
1772
1771
1770
1769
1768
1767
1766
1765
1764
1763
1762
1761
1760
1759
1758
1757
1756
1755
1754
1753
1752
1751
1750
1749
1748
1747
1746
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

-287.5 1769 0.24503 1752 0.247
-287 1768 0.2817 1751 0.21

-283.5 1767 0.20926 1750 -0.475
-274.1 1766 0.17304 1749 0.442

-277 1765 0.16399 1748 0.656
-281.9 1764 0.21898 1747 0.245
-296.7 1763 0.30148 1746 -0.769
-302.2 1762 0.24704 1745 0.723
-297.2 1761 0.24727 1744 0.309
-291.7 1760 0.16499 1743 -0.668
-290.3 1759 0.23865 1742 0.839
-287.6 1758 0.40465 1741 0.916
-283.3 1757 0.16566 1740 1.245

-284 1756 0.27644 1739 0.49
-289.6 1755 0.21217 1738 -2.227
-296.8 1754 0.31412 1737 -2.613

-289 1753 0.24056 1736 0.133
-280.9 1752 0.17595 1735 -2.363
-288.2 1751 0.26884 1734 -0.67
-301.1 1750 0.28774 1733 0.085
-303.8 1749 0.38131 1732 2.102

-295 1748 0.22346 1731 1.791
-284.8 1747 0.34498 1730 1.846
-284.6 1746 0.1773 1729 0.943
-285.1 1745 0.16813 1728 0.851
-294.2 1744 0.25243 1727 1.323
-313.5 1743 0.20592 1726 0.163
-307.2 1742 0.28116 1725 -0.257
-298.1 1741 0.18759 1724 -0.652
-287.4 1740 0.23477 1723 -2.141
-280.2 1739 0.15976 1722 -1.452
-275.3 1738 0.28229 1721 -1.193
-271.1 1737 0.21656 1720 -1.089
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Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

1720 4.472 706 -0.332 1423.348 16.301 . 1722 2901 1731 0.95
1719 4.787 701 0.307 1420.046 41.299 . 1721 2910 1730 1.245
1718 3.477 696 -0.314 1416.733 79.001 . 1720 2917 1729 1.767
1717 2.898 691 -0.142 1413.407 39.2 . 1719 2948 1728 1.321
1716 1.279 686 -0.588 1410.069 84 . 1718 2913 1727 1.391
1715 0.759 681 -0.214 1406.72 55 . 1717 2798 1726 0.304
1714 0.543 676 -0.391 1403.358 50.5 . 1716 2762 1725 0.838
1713 0.636 671 -0.647 1399.984 34.8 . 1715 2750 1724 -0.208
1712 0.409 666 -0.172 1396.597 13.3 . 1714 2735 1723 0.439
1711 0.104 661 0.653 1393.198 19.3 . 1713 2783 1722 -1.358
1710 -0.791 656 1.342 1389.787 53.5 . 1712 2830 1721 -0.762
1709 -1.456 651 0.654 1386.363 50.6 . 1711 2882 1720 -0.418
1708 -0.949 646 -0.283 1382.927 64 . 1710 2885 1719 -0.589
1707 -0.54 641 1.881 1379.478 35.8 . 1709 2912 1718 -0.163
1706 2.305 636 -0.059 1376.016 80 . 1708 2919 1717 -0.3
1705 3.284 631 -0.332 1372.542 76.998 . 1707 2869 1716 0.317
1704 3.904 626 -0.52 1369.055 33.002 . 1706 2828 1715 0.009
1703 4.435 621 -0.091 1365.555 66 . 1705 2850 1714 0.185
1702 4.296 1362.043 41.5 . 1704 2808 1713 0.651
1701 4.114 1358.517 58.5 . 1703 2755 1712 0.4
1700 3.823 1354.978 58.8 . 1702 2815 1711 0.189
1699 3.946 1351.427 81 . 1701 2933 1710 0.006
1698 4.39 1347.862 49 . 1700 2940 1709 0.806
1697 4.426 1344.284 26.599 . 1699 2891 1708 0.118
1696 3.834 1340.692 35.999 . 1698 2887 1707 -0.696
1695 2.887 1337.088 51.002 . 1697 2874 1706 -0.83
1694 1.966 1333.47 31.5 . 1696 2830 1705 -0.456
1693 1.062 1329.838 96 . 1695 2841 1704 0.268
1692 -0.138 1326.193 72.5 . 1694 2889 1703 -0.055
1691 -0.69 1322.535 80 . 1693 2896 1702 0.02
1690 -0.54 1318.862 51 . 1692 2930 1701 -0.042
1689 0.037 1315.176 64.5 . 1691 2813 1700 -0.375
1688 0.309 1311.477 97.5 . 1690 2773 1699 -1.046
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

1741 76.8313 1749 0.3 -27.5 1733 -19.43 1.259
1740 1.2461 1748 0.31 -24.6 1732 -22.9 1.6405
1739 9.1318 1747 0.41 -28.9 1731 -19.935 1.528
1738 46.3628 1746 0.21 -29.9 1730 -19.515 0.8415
1737 27.6863 1745 0.21 -30.3 1729 -16.32 1.421
1736 46.0229 1744 0.3 -34 1728 -17.35 1.2585
1735 81.5772 1743 0.33 -33.3 1727 -19.145 1.3185
1734 72.7542 1742 0.21 -28.8 1726 -20.07 1.379
1733 10.975 1741 0.38 -28.4 1725 -21.565 1.4615
1732 6.3242 1740 0.28 -31.8 1724 -14.96 1.069
1731 51.0381 1739 0.42 -31.9 1723 -15.36 1.2565
1730 12.684 1738 0.44 -32.4 1722 -16.085 1.2665
1729 5.0913 1737 0.34 -32.3 1721 -18.865 1.4455
1728 53.8945 1736 0.57 -28.2 1720 -17.315 1.3805
1727 34.0339 1719 -18.28 1.0725
1726 24.72 1718 -19.375 1.7495
1725 37.1588 1717 -19.935 1.225
1724 27.8328 1716 -20.615 1.441
1723 81.8117 1715 -19.87 1.6295
1722 52.5395 1714 -18.755 1.3625
1721 11.1947 1713 -16.2 1.27
1720 3.4433 1712 -17.21 1.4085
1719 14.2709 1711 -17.035 1.6115
1718 28.1623 1710 -17.21 1.166
1717 26.8806 1709 -15.995 1.3905
1716 16.0165 1708 -20.64 1.3655
1715 13.16 1707 -18.105 1.4885
1714 49.8052 1706 -19.82 1.5
1713 26.7035 1705 -19.58 1.5335
1712 50.0102 1704 -19.67 1.3855
1711 64.7439 1703 -19.815 1.442
1710 46.668 1702 -18.9 1.7235
1709 30.445 1701 -19.745 1.1435
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.

1745
1744
1743
1742
1741
1740
1739
1738
1737
1736
1735
1734
1733
1732
1731
1730
1729
1728
1727
1726
1725
1724
1723
1722
1721
1720
1719
1718
1717
1716
1715
1714
1713
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

-276.4 1736 0.20739 1719 -0.329
-284.7 1735 0.34927 1718 -0.3
-278.4 1734 0.25514 1717 1.028
-271.1 1733 0.24597 1716 1.527
-271.5 1732 0.2368 1715 0.547
-293.6 1731 0.28445 1714 0.029

-297 1730 0.29429 1713 0.423
-277.9 1729 0.29464 1712 0.393
-273.6 1728 0.22833 1711 -0.056
-290.4 1727 0.31443 1710 1.145
-319.6 1726 0.18115 1709 1.091

-328 1725 0.24814 1708 -0.336
-310.8 1724 0.18149 1707 0.028
-309.1 1723 0.34432 1706 -1.104
-310.1 1722 0.2968 1705 -1.657

-304 1721 0.23955 1704 -0.995
-296.7 1720 0.2494 1703 -1.609
-284.2 1719 0.27849 1702 -0.27
-300.2 1718 0.18253 1701 -1.406
-281.9 1717 0.24037 1700 -2.417

-272 1716 0.31767 1699 -2.332
-291.1 1715 0.15414 1698 0.403
-292.9 1714 0.18312 1697 0.394
-296.6 1713 0.16399 1696 -0.643
-294.1 1712 0.38628 1695 1.183
-290.6 1711 0.261 1694 -0.088
-298.4 1710 0.20316 1693 1.026
-293.9 1709 0.27108 1692 1.718
-283.9 1708 0.26159 1691 0.003
-279.9 1707 0.17454 1690 0.56
-279.6 1706 0.22312 1689 -1.198
-284.1 1705 0.12621 1688 -1.436
-283.4 1704 0.30113 1687 0.795
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Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

1687 0.244 1307.763 50.2 . 1689 2829 1698 -1.246
1686 0.7 1304.036 54.5 . 1688 2885 1697 -1.081
1685 1.226 1300.294 69.799 . 1687 2875 1696 -1.343
1684 2.518 1296.539 89.501 . 1686 2831 1695 -0.303
1683 3.144 1292.769 72.999 . 1685 2837 1694 -0.762
1682 3.413 1288.986 70.501 . 1684 2903 1693 0.192
1681 1.768 1285.187 74.699 . 1683 2905 1692 0.726
1680 2.128 1281.375 66.201 . 1682 2863 1691 -0.052
1679 2.829 1277.549 80 . 1681 2783 1690 0.503
1678 2.998 1273.708 64.498 . 1680 2735 1689 -0.612
1677 2.407 1269.852 41.501 . 1679 2666 1688 -1.069
1676 1.599 1265.982 75.2 . 1678 2622 1687 0.626
1675 1.541 1262.097 32.501 . 1677 2707 1686 0.039
1674 0.48 1258.198 61.599 . 1676 2761 1685 -0.375
1673 -0.607 1254.283 57 . 1675 2776 1684 0.866
1672 -0.556 1250.354 70.499 . 1674 2808 1683 0.849
1671 1 1246.41 31 . 1673 2728 1682 -1.485
1670 -0.104 1242.451 69.002 . 1672 2686 1681 0.192
1669 -0.416 1238.477 92.5 . 1671 2776 1680 -1.905
1668 -0.294 1234.488 99 . 1670 2911 1679 0.182
1667 0.164 1230.483 100 . 1669 2898 1678 -0.213
1666 0.649 1226.464 96 . 1668 2651 1677 -0.588
1665 1.318 1222.429 83.3 . 1667 2849 1676 -1.165
1664 1.943 1218.378 68.5 . 1666 2932 1675 0.412
1663 2.58 1214.312 60.3 . 1665 2946 1674 1.266
1662 2.224 1210.231 80.3 . 1664 2888 1673 0.347
1661 1.087 1206.133 91 . 1663 2809 1672 -0.646
1660 1.295 1202.02 63 . 1662 2739 1671 -0.689
1659 1.026 1197.892 58.999 . 1661 2679 1670 0.09
1658 -0.87 1193.747 67.501 . 1660 2656 1669 0.188
1657 -0.319 1189.586 65 . 1659 2763 1668 -0.129
1656 0.037 1185.41 92 . 1658 2809 1667 1.132
1655 -0.171 1181.217 90 . 1657 2845 1666 0.843
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

1708 26.0347 1700 -18.485 2.2415
1707 4.4321 1699 -19.49 1.5365
1706 22.6326 1698 -21.77 1.1865
1705 31.9587 1697 -19.275 1.321
1704 70.4593 1696 -18.595 1.5865
1703 0.001 1695 -18.095 1.5265
1702 40.0885 1694 -16.385 1.0745
1701 59.9356 1693 -17.975 1.47
1700 11.683 1692 -19.725 1.7735
1699 14.1122 1691 -16.515 1.516
1698 25.5501 1690 -20.755 1.521
1697 12.4215 1689 -20.825 1.491
1696 15.8456 1688 -17.435 1.564
1695 23.7142 1687 -16.51 2.0365

1686 -19.745 1.34
1685 -19.48 1.2435
1684 -18.31 1.4165
1683 -19.03 1.7605
1682 -17.01 1.3585
1681 -18.79 1.159
1680 -20.37 2.0165
1679 -20.195 2.2605
1678 -19.835 1.619
1677 -17.715 1.621
1676 -19.85 1.8
1675 -18.55 1.841
1674 -19.465 1.532
1673 -20.285 1.677
1672 -19.235 1.8945
1671 -17.195 1.8315
1670 -19.135 1.4885
1669 -18.875 1.7675
1668 -18.675 1.3895
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.

1712
1711
1710
1709
1708
1707
1706
1705
1704
1703
1702
1701
1700
1699
1698
1697
1696
1695
1694
1693
1692
1691
1690
1689
1688
1687
1686
1685
1684
1683
1682
1681
1680
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

-270.5 1703 0.33068 1686 -0.07
-274.2 1702 0.17514 1685 -0.227
-282.2 1701 0.15578 1684 1.399
-283.4 1700 0.21432 1683 -0.968
-290.4 1699 0.33152 1682 -0.273
-289.5 1698 0.30245 1681 -0.175
-278.5 1697 0.26362 1680 -0.667
-272.2 1696 0.35185 1679 0.702
-272.8 1695 0.31302 1678 -0.086
-282.7 1694 0.19571 1677 -0.636
-292.6 1693 0.21542 1676 -0.288
-308.3 1692 0.28418 1675 0.091
-299.5 1691 0.22552 1674 -0.094
-291.8 1690 0.33361 1673 0.05
-293.2 1689 0.23563 1672 -1.185
-291.1 1688 0.30454 1671 -2.025
-284.5 1687 0.24575 1670 1.441
-292.2 1686 0.26549 1669 0.035

-318 1685 0.18686 1668 -0.326
-303.5 1684 0.31504 1667 0.803
-274.3 1683 0.31518 1666 1.314
-267.8 1682 0.19709 1665 1.069
-277.5 1681 0.29573 1664 0.777
-292.1 1680 0.25641 1663 1.25
-300.8 1679 0.27627 1662 -1.547

-306 1678 0.28637 1661 -0.469
-301 1677 0.32598 1660 1.15

-283.9 1676 0.29652 1659 -1.385
-281 1675 0.17793 1658 0.723

-281.5 1674 0.26707 1657 1.658
-273.8 1673 0.29682 1656 -1.463
-263.4 1672 0.22765 1655 0.681

-255 1671 0.18818 1654 -0.385
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Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

1654 -0.492 1177.008 77 . 1656 2866 1665 -0.014
1653 -0.08 1172.783 81 . 1655 2881 1664 1.314
1652 -0.332 1168.542 68 . 1654 2860 1663 1.01
1651 0.623 1164.284 73 . 1653 2693 1662 -0.635
1650 2.558 1160.01 63.499 . 1652 2913 1661 -0.645
1649 2.823 1155.719 36.501 . 1651 2917 1660 0.494
1648 3.12 1151.411 87.2 . 1650 2871 1659 -0.459
1647 3.207 1147.087 77 . 1649 2828 1658 -0.163
1646 2.938 1142.746 68 . 1648 2789 1657 0.995
1645 3.199 1138.388 85 . 1647 2767 1656 0.359
1644 4.809 1134.014 82 . 1646 2824 1655 -0.548
1643 6.556 1129.622 100 . 1645 2971 1654 -0.379
1642 3.789 1125.213 94 . 1644 2912 1653 -0.223
1641 2.722 1120.787 62.5 . 1643 2919 1652 0.272
1640 2.719 1116.344 73 . 1642 2948 1651 1.122
1639 -0.477 1111.883 47.501 . 1641 2950 1650 -0.075
1638 -1.759 1107.405 41.499 . 1640 2891 1649 1.049
1637 -2.104 1102.91 82 . 1639 2787 1648 -0.696
1636 -2.5 1098.397 62 . 1638 2722 1647 -0.693
1635 -2.564 1093.866 58.5 . 1637 2676 1646 0.059
1634 -2.394 1089.318 79.8 . 1636 2616 1645 -0.324
1633 -0.988 1084.752 100 . 1635 2616 1644 -0.848
1632 -0.238 1080.167 89.5 . 1634 2695 1643 -0.458
1631 0.166 1075.565 69.501 . 1633 2808 1642 0.004
1630 0.141 1070.945 76.699 . 1632 2830 1641 -0.813
1629 0.083 1066.307 34.199 . 1631 2816 1640 -0.313
1628 -0.441 1061.65 36.499 . 1630 2893 1639 -0.504
1627 -0.782 1056.975 98.002 . 1629 2901 1638 0.149
1626 -0.291 1052.282 89 . 1628 2818 1637 -0.045
1625 0.51 1047.57 89 . 1627 2697 1636 -0.817
1624 0.723 1042.839 93.3 . 1626 2735 1635 0.229
1623 -0.186 1038.09 98 . 1625 2697 1634 -0.848
1622 -0.746 1033.323 85.5 . 1624 2718 1633 -0.275
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

1667 -19.48 2.1005
1666 -18.36 1.7145
1665 -22.48 1.4345
1664 -20.085 2.192
1663 -20.555 1.6225
1662 -15.81 1.4915
1661 -18.575 2.395
1660 -20.28 2.0025
1659 -17.55 1.756
1658 -17.115 1.6805
1657 -14.475 1.6905
1656 -17.37 1.589
1655 -18.35 1.7005
1654 -19.68 1.5575
1653 -18.13 1.7825
1652 -16.705 1.612
1651 -19.84 2.086
1650 -17.99 1.7595
1649 -18.325 1.9905
1648 -15.995 1.434
1647 -16.855 1.959
1646 -18.23 1.635
1645 -17.145 1.639
1644 -20.585 2.1365
1643 -18.71 1.795
1642 -22.4 1.768
1641 -19.145 1.8865
1640 -17.29 1.974
1639 -19.775 2.2325
1638 -19.585 1.6735
1637 -17.655 1.7935
1636 -13.41 1.808
1635 -15.925 1.6695
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.

1679
1678
1677
1676
1675
1674
1673
1672
1671
1670
1669
1668
1667
1666
1665
1664
1663
1662
1661
1660
1659
1658
1657
1656
1655
1654
1653
1652
1651
1650
1649
1648
1647
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

-269.2 1670 0.26749 1653 -1.432
-291.6 1669 0.22792 1652 0.562
-298.8 1668 0.27752 1651 0.048
-302.1 1667 0.37684 1650 1.325
-302.2 1666 0.22821 1649 1.936
-293.2 1665 0.14889 1648 0.219
-292.5 1664 0.1985 1647 1.317
-263.7 1663 0.18864 1646 -0.179
-241.3 1662 0.22838 1645 -1.908
-250.2 1661 0.25826 1644 -0.169
-270.1 1660 0.19868 1643 -0.756

-273 1659 0.22855 1642 -1.964
-278.4 1658 0.26842 1641 0.423

-286 1657 0.34806 1640 0.271
-291.5 1656 0.26859 1639 0.838
-277.5 1655 0.23885 1638 -0.712
-254.6 1654 0.26875 1637 -1.049
-259.8 1653 0.26878 1636 -1.377
-269.5 1652 0.20915 1635 0.051
-270.9 1651 0.24905 1634 -0.954
-268.8 1650 0.25907 1633 -1.108
-271.9 1649 0.21921 1632 -1.711
-281.3 1648 0.25912 1631 0.161
-292.2 1647 0.25925 1630 -0.538
-289.3 1646 0.29918 1629 -0.607
-278.3 1645 0.30922 1628 0.409
-277.2 1644 0.15962 1627 -1.286
-278.8 1643 0.31939 1626 -0.011
-282.7 1642 0.2496 1625 -0.82
-289.3 1641 0.17968 1624 1.542
-293.6 1640 0.22963 1623 -0.007
-297.7 1639 0.23966 1622 -0.703
-306.8 1638 0.29964 1621 1.504
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Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

1621 -1.931 1028.536 67.8 . 1623 2698 1632 -0.241
1620 -1.645 1023.73 70.5 . 1622 2680 1631 -0.073
1619 -1.143 1018.906 87 . 1621 2715 1630 0.392
1618 -1.726 1014.062 67.298 . 1620 2847 1629 0.623
1617 -1.645 1009.2 56.502 . 1619 2869 1628 1.115
1616 -1.016 1004.317 90.499 . 1618 2898 1627 -0.47
1615 -0.574 999.416 62.599 . 1617 2897 1626 -0.239
1614 0.11 994.495 70.502 . 1616 2881 1625 -1.285
1613 -0.612 989.555 85.498 . 1615 2857 1624 -1.039
1612 -1.634 984.59 61.302 . 1614 2788 1623 0.015
1611 -2.341 979.616 69 . 1613 2777 1622 0.079
1610 -0.837 974.616 93.5 . 1612 2740 1621 -0.085
1609 -0.172 969.597 91.7 . 1611 2773 1620 0.696
1608 0.954 964.558 85 . 1610 2826 1619 0.706
1607 0.733 959.499 45.6 . 1609 2848 1618 0.175
1606 0.293 954.419 96 . 1608 2917 1617 0.45
1605 0.053 949.32 58.5 . 1607 2955 1616 0.214
1604 0.379 944.199 94 . 1606 2876 1615 1.205
1603 0.604 939.059 86.5 . 1605 2785 1614 0.823
1602 2.114 933.898 100 . 1604 2720 1613 0.123
1601 1.771 928.717 90 . 1603 2697 1612 0.073
1600 0.837 923.51 81.3 . 1602 2786 1611 0.46
1599 0.822 918.29 100 . 1601 2869 1610 0.308
1598 1.093 913.048 77 . 1600 2856 1609 0.74
1597 1.09 907.78 78 . 1599 2805 1608 0.371
1596 0.634 902.498 59.1 . 1598 2761 1607 -0.376
1595 0.294 897.19 67.6 . 1597 2772 1606 0.675
1594 -0.185 891.86 74.5 . 1596 2758 1605 -0.41
1593 0.261 886.51 55.498 . 1595 2741 1604 -0.422
1592 -0.114 881.14 85.002 . 1594 2740 1603 0.885
1591 -0.401 875.75 85 . 1593 2754 1602 -1.049
1590 0.141 870.337 65.999 . 1592 2771 1601 -0.221
1589 0.947 864.9 76.501 . 1591 2830 1600 0.54
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

1634 -18.03 1.851
1633 -17.645 1.456
1632 -19.085 1.903
1631 -20.31 2.344
1630 -18.885 2.1705
1629 -21.335 1.92
1628 -19.47 1.6475
1627 -19.945 2.07
1626 -19.62 1.753
1625 -17.525 2.028
1624 -17.345 1.6985
1623 -19.85 1.822
1622 -18.79 1.7455
1621 -17.245 1.832
1620 -17.335 1.9895
1619 -16.91 1.481
1618 -18.315 1.308
1617 -18.695 1.1905
1616 -18.705 1.0275
1615 -18.37 1.5875
1614 -18.87 1.919
1613 -18.29 1.5635
1612 -18.725 1.563
1611 -19.79 1.332
1610 -17.875 1.473
1609 -17.155 1.646
1608 -16.83 1.651
1607 -16.94 1.779
1606 -18.265 1.474
1605 -18.835 1.527
1604 -19.02 1.9965
1603 -20.13 1.837
1602 -20.68 1.3645

ABOR/MH/Priv-002772

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.

1646
1645
1644
1643
1642
1641
1640
1639
1638
1637
1636
1635
1634
1633
1632
1631
1630
1629
1628
1627
1626
1625
1624
1623
1622
1621
1620
1619
1618
1617
1616
1615
1614
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

-307.6 1637 0.20978 1620 0.89
-300 1636 0.3798 1619 0.298
-294 1635 0.32989 1618 0.661

-294.3 1634 0.22999 1617 -0.174
-293.2 1633 0.25005 1616 0.01
-286.8 1632 0.21001 1615 1.344
-289.8 1631 0.27013 1614 -0.087
-291.7 1630 0.34019 1613 0.259
-295.5 1629 0.30026 1612 0.592
-286.2 1628 0.26021 1611 -0.042
-279.6 1627 0.22025 1610 0.016
-290.3 1626 0.2303 1609 -0.401

-310 1625 0.17028 1608 1.292
-312 1624 0.18032 1607 -1.289

-300.9 1623 0.36068 1606 0.762
-291.6 1622 0.24051 1605 -1.427
-290.1 1621 0.23051 1604 0.272
-299.7 1620 0.28068 1603 -0.297
-322.4 1619 0.26075 1602 -0.738
-318.2 1618 0.30091 1601 0.95
-295.9 1617 0.24085 1600 -0.102
-284.3 1616 0.29104 1599 0.439
-285.9 1615 0.23087 1598 -1.426
-285.6 1614 0.28117 1597 0.927
-284.1 1613 0.31142 1596 0.242
-293.2 1612 0.24119 1595 0.592
-301.6 1611 0.2111 1594 0.64
-302.7 1610 0.25138 1593 -0.473
-304.5 1609 0.23133 1592 -0.698

-299 1608 0.18104 1591 0.116
-290 1607 0.1912 1590 0.013

-287.1 1606 0.25168 1589 -0.605
-286.2 1605 0.15095 1588 -0.104
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Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

1588 2.011 859.44 87.5 . 1590 2799 1599 -0.722
1587 2.817 853.96 78.4 . 1589 2794 1598 -0.79
1586 2.995 848.46 66.7 . 1588 2808 1597 0.125
1585 1.741 842.94 55.4 . 1587 2827 1596 -0.06
1584 0.578 837.39 58.4 . 1586 2805 1595 0.23
1583 -0.879 831.828 66.9 . 1585 2791 1594 0.472
1582 -2.462 826.238 57.7 . 1584 2747 1593 -0.247
1581 -2.818 820.626 68 . 1583 2713 1592 -1.025
1580 -2.688 814.99 74.499 . 1582 2705 1591 0.239
1579 -2.823 809.33 96.001 . 1581 2679 1590 -0.128
1578 -1.564 803.65 82.2 . 1580 2685 1589 0.332
1577 -1.039 797.95 100 . 1579 2670 1588 0.143
1576 -0.159 792.22 34.5 . 1578 2680 1587 1.126
1575 -0.734 786.476 61 . 1577 2728 1586 0.573
1574 -0.993 780.7 86 . 1576 2793 1585 0.431
1573 -1.346 774.91 73.7 . 1575 2809 1584 -1.144
1572 -1.114 769.09 83.2 . 1574 2843 1583 -0.298
1571 -0.478 763.25 87 . 1573 2878 1582 0.011
1570 -0.627 757.38 86.5 . 1572 2904 1581 0.427
1569 -1.024 751.496 100 . 1571 2908 1580 -0.203
1568 -0.734 745.58 100 . 1570 2854 1579 0.019
1567 -0.241 739.648 100 . 1569 2823 1578 0.273
1566 -1.099 733.689 86.5 . 1568 2767 1577 0.471
1565 -1.068 727.7 100 . 1567 2676 1576 -0.742
1564 -0.972 721.698 100 . 1566 2689 1575 0.411
1563 -1.111 715.667 100 . 1565 2849 1574 0.928
1562 -2.013 709.61 100 . 1564 2918 1573 1.119
1561 1.024 703.53 70.2 . 1563 2950 1572 0.784
1560 1.068 697.426 64.8 . 1562 2975 1571 -0.018
1559 0.548 691.296 61.498 . 1561 2952 1570 0.873
1558 0.438 685.14 53.002 . 1560 2872 1569 0.751
1557 0.249 678.96 62.2 . 1559 2831 1568 -0.793
1556 0.314 672.76 100 . 1558 2827 1567 -1.15
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

1601 -20.87 1.407
1600 -18.78 1.813
1599 -18.67 1.9755
1598 -17.915 1.4735
1597 -17.69 1.6525
1596 -16.805 1.4335
1595 -16.53 1.582
1594 -16.94 1.9215
1593 -17.34 1.285
1592 -17.66 1.4975
1591 -18.155 1.4035
1590 -18.355 1.505
1589 -18.69 2.0935
1588 -19.74 1.724
1587 -18.87 2.1855
1586 -19.78 1.39
1585 -16.87 1.4255
1584 -15.745 1.5105
1583 -17.685 1.6745
1582 -18.025 1.919
1581 -18.895 1.9055
1580 -18.025 1.747
1579 -19.485 1.6395
1578 -21.075 1.686
1577 -19.125 2.0275
1576 -19.36 1.8285
1575 -18.72 1.699
1574 -17.165 1.3315
1573 -20.1 1.842
1572 -21.285 1.1
1571 -16 1.342
1570 -19.27 1.377
1569 -20.425 1.631
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.

1613
1612
1611
1610
1609
1608
1607
1606
1605
1604
1603
1602
1601
1600
1599
1598
1597
1596
1595
1594
1593
1592
1591
1590
1589
1588
1587
1586
1585
1584
1583
1582
1581
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

-279.9 1604 0.30215 1587 1.377
-283.9 1603 0.27195 1586 1.116
-275.2 1602 0.33257 1585 -1.074
-264.3 1601 0.20157 1584 -0.735
-275.6 1600 0.20169 1583 1.07
-281.4 1599 0.25216 1582 1.876
-285.1 1598 0.25219 1581 -0.079
-286.7 1597 0.30279 1580 0.568
-292.2 1596 0.20188 1579 0.693
-291.3 1595 0.26253 1578 -0.009
-280.7 1594 0.21207 1577 -1.18
-276.8 1593 0.22225 1576 -0.64
-283.5 1592 0.11113 1575 -0.177
-292.6 1591 0.30316 1574 -0.286
-290.3 1590 0.23247 1573 1.073
-287.9 1589 0.29327 1572 -0.296
-292.4 1588 0.38449 1571 -0.74
-298.3 1587 0.28339 1570 0.652
-304.4 1586 0.23279 1569 1.455
-294.4 1585 0.23292 1568 0.425
-288.6 1584 0.28358 1567 1.543
-286.7 1583 0.18232 1566 0.296
-299.1 1582 0.32433 1565 -0.373
-284.5 1581 0.22305 1564 -1.092
-278.4 1580 0.2129 1563 0.313
-276.8 1579 0.22309 1562 0.115
-279.1 1578 0.33474 1561 -0.95

-289 1577 0.33489 1560 -0.837
-283 1576 0.14206 1559 -0.57

-278.3 1575 0.24365 1558 -1.38
-290.5 1574 0.29457 1557 0.039
-295.9 1573 0.25399 1556 1.08
-293.5 1572 0.18284 1555 0.519

ABOR/MH/Priv-002778

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

1555 0.236 666.53 80.3 . 1557 2873 1566 -0.565
1554 0.855 660.28 97 . 1556 2811 1565 -0.4
1553 0.284 654 100 . 1555 2768 1564 -0.169
1552 1.163 647.7 100 . 1554 2717 1563 0.261
1551 1.756 641.37 100 . 1553 2676 1562 0.153
1550 2.122 635.02 100 . 1552 2771 1561 -1.197
1549 0.802 628.64 100 . 1551 2654 1560 -1.013
1548 -0.399 622.238 100 . 1550 2636 1559 0.134
1547 0.208 615.809 100 . 1549 2671 1558 0.352
1546 -0.515 609.35 100 . 1548 2749 1557 0.704
1545 0.307 602.87 100 . 1547 2971 1556 0.84
1544 2.845 596.36 100 . 1546 2919 1555 -0.246
1543 3.345 589.83 100 . 1545 2833 1554 0.366
1542 1.753 583.27 100 . 1544 2757 1553 0.565
1541 0.726 576.689 100 . 1543 2848 1552 0.293
1540 -1.333 570.078 100 . 1542 2788 1551 0.362
1539 -0.738 563.44 100 . 1541 2716 1550 0.859
1538 -0.174 556.778 100 . 1540 2678 1549 1.181
1537 0.03 550.087 98.5 . 1539 2716 1548 0.1
1536 -0.056 543.37 100 . 1538 2620 1547 -0.506
1535 0.854 536.628 93 . 1537 2674 1546 -0.585
1534 0.922 529.858 90 . 1536 2684 1545 -0.855
1533 2.318 523.06 100 . 1535 2655 1544 -0.009
1532 2.937 516.238 99.5 . 1534 2743 1543 -0.384
1531 3.305 509.387 83.3 . 1533 2786 1542 -0.723
1530 2.892 502.51 87.5 . 1532 2810 1541 0.836
1529 1.873 495.6 100 . 1531 2826 1540 -0.806
1528 0.418 488.67 100 . 1530 2851 1539 -0.94
1527 -0.256 481.71 100 . 1529 2746 1538 0.405
1526 -0.171 474.728 100 . 1528 2752 1537 0.424
1525 0.968 467.71 100 . 1527 2789 1536 0.658
1524 1.6 460.67 100 . 1526 2842 1535 -0.382
1523 2.588 453.6 100 . 1525 3018 1534 0.76
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

1568 -19.335 1.4465
1567 -19.065 1.1665
1566 -13.04 1.475
1565 -17.57 1.511
1564 -17.01 1.504
1563 -18.085 1.72
1562 -19.89 1.8195
1561 -18.29 1.515
1560 -20.105 1.7335
1559 -17.93 1.6085
1558 -19.48 1.463
1557 -17.52 1.5845
1556 -18.375 1.394
1555 -17.695 1.2885
1554 -17.85 1.565
1553 -20.4 1.2185
1552 -18.495 1.613
1551 -17.03 1.4985
1550 -17.94 1.6595
1549 -18.77 1.7045
1548 -19.9 1.367
1547 -18.725 1.7925
1546 -17.495 1.4215
1545 -18.57 1.986
1544 -19.085 1.6135
1543 -18.28 1.811
1542 -18.6 1.4115
1541 -19.19 1.391
1540 -18.275 1.2735
1539 -16.59 1.3735
1538 -17.92 1.459
1537 -17.26 1.814
1536 -17.845 1.638
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.

1580
1579
1578
1577
1576
1575
1574
1573
1572
1571
1570
1569
1568
1567
1566
1565
1564
1563
1562
1561
1560
1559
1558
1557
1556
1555
1554
1553
1552
1551
1550
1549
1548
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

-290.5 1571 0.24395 1554 -0.12
-286.3 1570 0.22361 1553 1.274
-290.5 1569 0.26437 1552 1.732
-298.5 1568 0.21357 1551 -0.529
-300.5 1567 0.30527 1550 2.109
-303.9 1566 0.19335 1549 0.917

1565 0.25449 1548 -1.196
-262.7 1564 0.19348 1547 -0.005
-262.3 1563 0.21388 1546 0.533

-270 1562 0.27505 1545 0.603
-284.1 1561 0.13239 1544 -0.376
-282.5 1560 0.2751 1543 -1.276
-267.9 1559 0.1427 1542 -0.97
-257.7 1558 0.1733 1541 -0.467
-269.2 1557 0.2039 1540 -0.577
-273.1 1556 0.2345 1539 -0.017

-274 1555 0.25502 1538 -1.539
-276.4 1554 0.28565 1537 1.501
-280.7 1553 0.24498 1536 -1.819
-281.2 1552 0.24501 1535 -0.764
-284.8 1551 0.17352 1534 -1.139
-293.3 1550 0.35749 1533 0.301
-291.9 1549 0.22478 1532 -0.466
-290.1 1548 0.26562 1531 0.455
-292.3 1547 0.24524 1530 0.682
-287.3 1546 0.24537 1529 0.037
-299.3 1545 0.23518 1528 -0.578
-299.3 1544 0.19427 1527 -0.117
-293.4 1543 0.33764 1526 -0.829
-286.7 1542 0.25578 1525 -1.184
-283.7 1541 0.28655 1524 -0.217
-292.5 1540 0.32765 1523 0.247
-289.3 1539 0.19459 1522 1.532
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Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

1522 3.18 446.507 100 . 1524 3032 1533 -0.033
1521 2.548 439.38 100 . 1523 3006 1532 0.655
1520 1.634 432.23 100 . 1522 2947 1531 0.535
1519 0.527 425.05 100 . 1521 2854 1530 1.058
1518 0.477 417.84 100 . 1520 2828 1529 -0.153
1517 1.342 410.606 100 . 1519 2808 1528 -0.73
1516 1.375 403.34 100 . 1518 2797 1527 0.508
1515 1.549 396.049 100 . 1517 2872 1526 -0.68
1514 -0.535 388.728 100 . 1516 2909 1525 -0.552
1513 -1.686 381.379 100 . 1515 2903 1524 0.004
1512 -3.305 374 100 . 1514 2868 1523 -0.003
1511 -2.942 366.59 100 . 1513 2779 1522 -0.233
1510 -2.907 359.16 100 . 1512 2808 1521 -0.263
1509 -0.394 351.697 100 . 1520 0.697
1508 0.315 344.2 100 . 1519 -0.714
1507 1.542 336.68 100 . 1518 -0.643
1506 0.158 329.13 100 . 1517 -0.558
1505 -0.72 321.556 100 . 1516 -0.328
1504 -0.029 313.949 100 . 1515 0.453
1503 0.245 306.31 100 . 1514 1.191
1502 0.684 298.647 100 . 1513 -0.429
1501 0.054 290.95 100 . 1512 0.727
1500 0.202 283.228 100 . 1511 0.208
1499 -0.201 275.47 100 . 1510 0.991
1498 -0.57 267.69 100 . 1509 0.578
1497 0.438 259.88 100 . 1508 -0.442
1496 1.016 252.04 100 . 1507 0.384
1495 1.514 244.17 100 . 1506 -0.266
1494 2.148 236.27 100 . 1505 -0.131
1493 2.798 228.34 100 . 1504 0.462
1492 3.352 220.38 100 . 1503 -0.183
1491 2.978 212.39 100 . 1502 -0.169
1490 3.192 204.37 89 . 1501 0.512
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

1535 -18.81 1.322
1534 -17.515 1.7375
1533 -19.255 1.5675
1532 -18.365 1.5295
1531 -15.905 1.4775
1530 -16.705 1.6965
1529 -18.915 1.532
1528 -18.155 1.639
1527 -16.61 1.257
1526 -16.14 1.3265
1525 -15.805 1.3225
1524 -18.15 1.2075
1523 -16.87 1.336
1522 -18.33 1.392
1521 -15.545 1.589
1520 -15.83 1.306
1519 -18.285 1.3165
1518 -19.025 1.621
1517 -17.81 1.69
1516 -18.16 1.38
1515 -18.44 1.5185
1514 -19.045 1.4765
1513 -19 1.4585
1512 -18.165 1.3325
1511 -16.495 1.568
1510 -17.095 1.7565
1509 -17.455 1.3155
1508 -17.18 1.2225
1507 -17.695 1.708
1506 -17.09 1.6435
1505 -16.835 1.7445
1504 -18.605 1.145
1503 -18.65 1.3705
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.

1547
1546
1545
1544
1543
1542
1541
1540
1539
1538
1537
1536
1535
1534
1533
1532
1531
1530
1529
1528
1527
1526
1525
1524
1523
1522
1521
1520
1519
1518
1517
1516
1515
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

-286.5 1538 0.26632 1521 -0.974
-291 1537 0.18441 1520 0.569

-291.1 1536 0.31767 1519 -0.589
-282.9 1535 0.2152 1518 -1.066
-269.5 1534 0.22555 1517 0.517
-270.4 1533 0.2871 1516 1.177
-279.4 1532 0.26669 1515 0.407
-285.8 1531 0.24617 1514 1.997
-285.9 1530 0.31808 1513 -0.571
-277.3 1529 0.19499 1512 -0.728
-277.9 1528 0.28736 1511 -0.11
-280.9 1527 0.1848 1510 1.46
-276.5 1526 0.25673 1509 -0.387
-273.4 1525 0.25676 1508 -0.222
-274.9 1524 0.25678 1507 1.079
-283.4 1523 0.30828 1506 -0.987
-289.7 1522 0.24661 1505 -0.453

-285 1521 0.20559 1504 0.167
-276.5 1520 0.15423 1503 -0.478
-279.6 1519 0.19539 1502 0.743
-284.5 1518 0.16449 1501 2.454
-289.3 1517 0.27773 1500 -1.291

-289 1516 0.2366 1499 0.383
-282.2 1515 0.16464 1498 -1.118

-276 1514 0.18523 1497 -0.546
-269 1513 0.247 1496 1.582

-275.5 1512 0.25737 1495 -1.686
-283.8 1511 0.36035 1494 -0.117
-284.7 1510 0.25744 1493 -0.101
-288.1 1509 0.25746 1492 0.16
-292.9 1508 0.1957 1491 0.73
-293.5 1507 0.27821 1490 0.635
-293.5 1506 0.22669 1489 1.927
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Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

1489 1.382 196.326 98 . 1500 0.736
1488 0.909 188.248 78 . 1499 -0.201
1487 0.116 180.14 78 . 1498 1.232
1486 -0.669 172 88.6 . 1497 -0.369
1485 -1.712 163.83 73.9 . 1496 0.631
1484 -1.345 155.638 88 . 1495 0.35
1483 -0.726 147.41 98.5 . 1494 0.145
1482 5.38 139.15 97.8 . 1493 -0.676
1481 7.048 130.866 91.7 . 1492 -0.537
1480 9.957 122.549 97 . 1491 0.551
1479 10.306 114.2 97.5 . 1490 0.035
1478 10.878 105.82 90 . 1489 1.1
1477 8 97.417 92 . 1488 0.233
1476 4.914 88.979 92.5 . 1487 -0.291
1475 2.459 80.51 94 . 1486 -0.554
1474 1.333 72.01 100 . 1485 -0.452
1473 -2.101 63.48 100 . 1484 -0.442
1472 -3.3 54.927 100 . 1483 -0.213
1471 -3.642 46.338 96 . 1482 -1.188
1470 -3.277 37.719 100 . 1481 -0.867
1469 -2.683 29.07 100 . 1480 -0.451
1468 -2.099 20.39 100 . 1479 0.86
1467 -0.069 11.68 100 . 1478 0.805
1466 1.718 2.94 100 . 1477 -0.159
1465 3.111 -5.83 99 . 1476 -0.667
1464 1.848 -14.63 100 . 1475 -0.789
1463 1.4 -23.46 100 . 1474 0.024
1462 0.84 -32.32 100 . 1473 -0.585
1461 2.251 -41.21 100 . 1472 -0.638
1460 0.679 -50.131 100 . 1471 -0.734
1459 -1.587 -59.082 . . 1470 0.221
1458 -2.21 -68.063 . . 1469 0.811
1457 -3.74 -77.074 . . 1468 0.17
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

1502 -19.255 1.339
1501 -18.02 1.636
1500 -18.645 1.1215
1499 -17.965 1.4195
1498 -17.805 1.705
1497 -18.575 1.5185
1496 -18.545 1.2955
1495 -18.23 1.3625
1494 -18.145 1.2385
1493 -16.16 1.0415
1492 -17.16 1.3445
1491 -16.105 1.0465
1490 -17.505 1.15
1489 -16.61 0.829
1488 -16.485 1.1925
1487 -17.52 1.2605
1486 -16.92 1.198
1485 -17.25 1.5735
1484 -17.545 1.1675
1483 -17.72 1.273
1482 -17.975 1.54
1481 -18.685 1.4115
1480 -17.5 1.0095
1479 -17.23 1.0785
1478 -18.37 1.422
1477 -17.975 1.3595
1476 -18.675 1.0195
1475 -18.62 1.4045
1474 -18.275 1.168
1473 -18.785 1.277
1472 -18.455 1.309
1471 -17.74 1.1485
1470 -18.245 1.7225
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.

1514
1513
1512
1511
1510
1509
1508
1507
1506
1505
1504
1503
1502
1501
1500
1499
1498
1497
1496
1495
1494
1493
1492
1491
1490
1489
1488
1487
1486
1485
1484
1483
1482
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

-293.1 1505 0.17526 1488 -0.105
-291.2 1504 0.32986 1487 0.495

-288 1503 0.1959 1486 0.614
-281.1 1502 0.27845 1485 -1.087
-277.8 1501 0.38165 1484 0.867
-276.8 1500 0.25791 1483 -0.674
-281.6 1499 0.19609 1482 -1.524
-290.1 1498 0.30967 1481 0.265
-285.1 1497 0.2581 1480 -0.265
-269.2 1496 0.16517 1479 1.706
-264.8 1495 0.34075 1478 -0.118
-267.1 1494 0.09296 1477 -0.069
-275.5 1493 0.15495 1476 0.5
-281.5 1492 0.41319 1475 -0.067
-283.2 1491 0.26862 1474 -1.074
-284.9 1490 0.31002 1473 0.872
-283.8 1489 0.2274 1472 -0.924
-286.5 1488 0.25844 1471 -1.602
-286.6 1487 0.1758 1470 0.451
-281.4 1486 0.2896 1469 1.728
-275.9 1485 0.22749 1468 -0.132

-270 1484 0.24826 1467 -0.789
-266.8 1483 0.10344 1466 -0.336
-270.2 1482 0.32074 1465 -1.164
-280.8 1481 0.19665 1464 -0.179
-288.5 1480 0.24846 1463 0.492
-287.1 1479 0.42444 1462 -1.488
-287.8 1478 0.06207 1461 -1.488
-292.7 1477 0.22777 1460 -0.651
-293.2 1476 0.23817 1459 0.722

-282 1475 0.19676 1458 0.219
-278.9 1474 0.13468 1457 0.227
-279.9 1473 0.19679 1456 -0.768
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Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

1456 -3.89 -86.12 . . 1467 -0.336
1455 -4.221 -95.19 . . 1466 0.575
1454 -3.248 -104.29 . . 1465 0.472
1453 -2.118 -113.421 . . 1464 -0.139
1452 -2.382 -122.582 . . 1463 0.541
1451 -1.735 -131.773 . . 1462 0.131
1450 -1.064 -141 . . 1461 -0.5
1449 -0.221 -150.25 . . 1460 -0.111
1448 0.3 -159.53 . . 1459 0.417
1447 2.998 -168.84 . . 1458 0.588
1446 2.107 -178.18 . . 1457 1.126
1445 0.676 -187.55 . . 1456 0.861
1444 -0.512 -196.95 . . 1455 -0.064
1443 -1.584 -206.38 . . 1454 0.08
1442 -0.766 -215.84 . . 1453 0.518
1441 -0.593 -225.33 . . 1452 1.786
1440 -0.655 -234.85 . . 1451 -0.13
1439 -0.729 -244.392 . . 1450 1.002
1438 0.201 -253.97 . . 1449 0.058
1437 0.658 -263.58 . . 1448 -0.448
1436 0.695 -273.21 . . 1447 -0.498
1435 -0.165 -282.874 . . 1446 -0.095
1434 -1.71 -292.57 . . 1445 0.298
1433 -2.433 -302.29 . . 1444 0.628
1432 -1.792 -312.04 . . 1443 -0.17
1431 -0.583 -321.82 . . 1442 -0.342
1430 1.324 -331.63 . . 1441 0.628
1429 2.181 -341.462 . . 1440 0.313
1428 2.555 -351.33 . . 1439 0.154
1427 1.859 -361.22 . . 1438 -0.13
1426 0.291 -371.14 . . 1437 -0.395
1425 -1.708 -381.09 . . 1436 -0.362
1424 -2.396 -391.07 . . 1435 0.129
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

1469 -18.72 1.4015
1468 -18.455 1.376
1467 -17.79 1.433
1466 -17.775 1.1925
1465 -18.2 1.4015
1464 -17.985 1.542
1463 -18.275 1.202
1462 -18.195 1.343
1461 -18.28 1.375
1460 -17.29 1.1305
1459 -18.205 1.0755
1458 -17.77 1.2465
1457 -18.14 0.9995
1456 -19.905 1.2525
1455 -18.79 1.087
1454 -20.585 1.3705
1453 -18.38 1.374
1452 -16.685 1.1135
1451 -16.44 1.494
1450 -16 1.4265
1449 -17.61 1.445
1448 -16.575 1.165
1447 -17.59 1.1675
1446 -17.6 1.142
1445 -18.44 1.2595
1444 -17.67 1.3775
1443 -17.195 1.2945
1442 -16.985 1.269
1441 -16.155 1.4455
1440 -17.28 1.276
1439 -17.505 1.541
1438 -18.015 1.472
1437 -17.895 1.387
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.

1481
1480
1479
1478
1477
1476
1475
1474
1473
1472
1471
1470
1469
1468
1467
1466
1465
1464
1463
1462
1461
1460
1459
1458
1457
1456
1455
1454
1453
1452
1451
1450
1449
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

-275.1 1472 0.23835 1455 0.072
-262.7 1471 0.29021 1454 -0.059
-265.1 1470 0.16578 1453 -0.208
-273.1 1469 0.12434 1452 0.252
-279.6 1468 0.15552 1451 -0.303
-285.5 1467 0.14514 1450 0.377
-289.8 1466 0.26963 1449 0.855
-297.7 1465 0.25927 1448 0.269
-302.9 1464 0.2593 1447 0.144
-300.6 1463 0.16598 1446 1.469
-296.7 1462 0.19707 1445 0.725
-297.2 1461 0.23867 1444 0.165
-303.8 1460 0.30098 1443 -0.585
-306.7 1459 0.3944 1442 -0.61
-302.5 1458 0.19727 1441 0.097
-293.2 1457 0.32189 1440 -0.939
-286.9 1456 0.25962 1439 -0.932
-287.2 1455 0.31156 1438 -0.514
-287.8 1454 0.10393 1437 0.536
-289.6 1453 0.21817 1436 0.017
-290.1 1452 0.20779 1435 -0.511
-283.5 1451 0.30136 1434 -0.305
-277.3 1450 0.24946 1433 -0.141
-280.9 1449 0.10397 1432 0.767
-290.9 1448 0.31185 1431 -0.614
-296.5 1447 0.23912 1430 -0.215
-293.1 1446 0.23914 1429 -1.28

-288 1445 0.2704 1428 0.258
-288.9 1444 0.2393 1427 -0.447
-297.7 1443 0.23932 1426 0.499

-308 1442 0.12487 1425 -0.639
-310.7 1441 0.24977 1424 0.307
-305.9 1440 0.29147 1423 -0.209
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Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

1423 -2.124 -401.071 . . 1434 -0.222
1422 -1.899 -411.104 . . 1433 -0.499
1421 -1.855 -421.164 . . 1432 -0.326
1420 -2.222 -431.251 . . 1431 0.312
1419 -2.304 -441.37 . . 1430 0.322
1418 -0.925 -451.51 . . 1429 0.085
1417 0.735 -461.68 . . 1428 -0.368
1416 0.555 -471.87 . . 1427 -0.06
1415 0.183 -482.093 . . 1426 -0.149
1414 -1.407 -492.342 . . 1425 -0.24
1413 -3.492 -502.62 . . 1424 0.126
1412 -3.762 -512.92 . . 1423 -0.088
1411 -3.747 -523.25 . . 1422 -0.246
1410 -2.857 -533.6 . . 1421 -0.33
1409 -2.407 -543.98 . . 1420 0.04
1408 -3.092 -554.383 . . 1419 0.269
1407 -3.117 -564.814 . . 1418 0.682
1406 -2.476 -575.27 . . 1417 0.759
1405 -0.976 1416 -0.006
1404 1.07 1415 0.109
1403 2.155 1414 0.898
1402 2.658 1413 -0.071
1401 2.538 1412 0.69
1400 1.443 1411 0.529
1399 0.253 1410 0.334
1398 0.445 1409 0.388
1397 -0.494 1408 0.565
1396 -0.854 1407 -0.039
1395 -1.524 1406 0.539
1394 -2.197 1405 -0.038
1393 -2.812 1404 -0.487
1392 -3.356 1403 0.249
1391 -2.243 1402 0.374
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

1436 -20.2 1.4635
1435 -18.85 1.1745
1434 -18.94 1.3245
1433 -17.955 1.2995
1432 -17.095 1.156
1431 -17.275 1.3345
1430 -17.755 1.31
1429 -17.235 1.6555
1428 -17.96 1.391
1427 -17.205 1.543
1426 -16.485 1.2765
1425 -18.025 1.28
1424 -17.34 1.433
1423 -17.71 1.2115
1422 -19.04 1.0645
1421 -18.265 1.615
1420 -18.435 1.2485
1419 -18.575 1.3755
1418 -18.505 1.2275
1417 -17.535 1.507
1416 -17.385 1.234
1415 -18.09 1.111
1414 -18.335 1.366
1413 -17.09 1.649
1412 -17.855 1.2465
1411 -16.52 1.48
1410 -17.245 1.3295
1409 -17.445 1.102
1408 -18.33 1.388
1407 -18.09 1.3915
1406 -18.745 1.1625
1405 -18.235 1.0615
1404 -16.2 1.247
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.

1448
1447
1446
1445
1444
1443
1442
1441
1440
1439
1438
1437
1436
1435
1434
1433
1432
1431
1430
1429
1428
1427
1426
1425
1424
1423
1422
1421
1420
1419
1418
1417
1416
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

-296.5 1439 0.33308 1422 0.385
-295.4 1438 0.1666 1421 -0.382
-296.4 1437 0.13535 1420 0.069
-295.1 1436 0.34369 1419 0.772
-288.9 1435 0.23951 1418 0.742
-282.9 1434 0.27081 1417 0.866
-281.8 1433 0.2917 1416 0.332
-286.9 1432 0.20842 1415 -0.101
-293.8 1431 0.21887 1414 0.993
-294.7 1430 0.35449 1413 -0.363
-282.3 1429 0.35455 1412 0.464
-287.8 1428 0.29201 1411 0.917
-288.8 1427 0.19813 1410 0.953
-289.2 1426 0.22946 1409 0.723
-290.6 1425 0.25046 1408 -0.998
-283.3 1424 0.30269 1407 0.178
-277.3 1423 0.28185 1406 0.489

-277 1422 0.2088 1405 -0.503
-290.5 1421 0.27147 1404 -0.606
-295.3 1420 0.21929 1403 -0.35
-295.8 1419 0.30288 1402 0.122
-293.5 1418 0.22979 1401 -0.482
-288.2 1417 0.26116 1400 0.238
-284.4 1416 0.33445 1399 0.898
-281.5 1415 0.26134 1398 0.074
-285.9 1414 0.1463 1397 1.04
-296.4 1413 0.30321 1396 1.004
-293.6 1412 0.25098 1395 2.046
-275.9 1411 0.20919 1394 0.486
-274.9 1410 0.33469 1393 -0.219
-270.4 1409 0.30337 1392 -0.411
-268.8 1408 0.21973 1391 1.008
-272.8 1407 0.17791 1390 0.631
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Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

1390 -2.174 1401 -0.644
1389 -0.211 1400 -0.564
1388 -0.916 1399 0.343
1387 -1.958 1398 0.616
1386 -1.896 1397 0.699
1385 -1.675 1396 0.656
1384 -1.337 1395 1.445
1383 -0.676 1394 0.714
1382 -0.08 1393 0.439
1381 2.024 1392 0.369
1380 2.403 1391 -0.3
1379 2.901 1390 0.043
1378 3.009 1389 0.254
1377 2.424 1388 0.69
1376 1.323 1387 -0.071
1375 0.732 1386 -0.069
1374 0.429 1385 -0.282
1373 -0.355 1384 0.354
1372 1.027 1383 -0.117
1371 0.71 1382 -1.187
1370 0.284 1381 -1.668
1369 -0.168 1380 -1.862
1368 -0.022 1379 -0.646
1367 -0.142 1378 -0.853
1366 -0.786 1377 -0.298
1365 -1.7 1376 -0.943
1364 -2.355 1375 -0.618
1363 -2.274 1374 -0.622
1362 -2.759 1373 -0.223
1361 -2.654 1372 0.49
1360 -2.113 1371 -0.064
1359 -0.305 1370 -0.143
1358 1.879 1369 1.42
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

1403 -16.525 1.015
1402 -16.775 1.148
1401 -17.19 1.414
1400 -17.72 1.1285
1399 -17.93 1.4215
1398 -18.27 1.2925
1397 -18.975 1.5865
1396 -18.64 1.299
1395 -18.48 1.1685
1394 -18.32 1.5985
1393 -17.59 1.15
1392 -17.655 1.299
1391 -18.66 1.1805
1390 -17.955 1.5355
1389 -18.18 1.4025
1388 -18.065 0.9485
1387 -18.76 1.273
1386 -18.035 1.319
1385 -18.6 1.3365
1384 -19.005 1.6405
1383 -17.55 1.084
1382 -17.325 1.289
1381 -16.305 1.0475
1380 -17.19 1.331
1379 -17.15 1.3795
1378 -18.305 1.5245
1377 -16.86 1.5055
1376 -17.66 1.368
1375 -17.17 1.536
1374 -17.29 1.683
1373 -17.69 1.4
1372 -17.23 1.0725
1371 -16.685 1.5295
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.

1415
1414
1413
1412
1411
1410
1409
1408
1407
1406
1405
1404
1403
1402
1401
1400
1399
1398
1397
1396
1395
1394
1393
1392
1391
1390
1389
1388
1387
1386
1385
1384
1383
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

-285.5 1406 0.2407 1389 1.453
-298.4 1405 0.19887 1388 0.87
-301.6 1404 0.15704 1387 -0.345
-297.6 1403 0.33506 1386 0.236
-291.9 1402 0.20941 1385 0.323
-289.6 1401 0.17803 1384 0.561
-288.8 1400 0.2933 1383 0.192
-286.1 1399 0.24099 1382 1.179
-278.6 1398 0.37726 1381 0.044
-276.7 1397 0.1887 1380 -1.884
-284.2 1396 0.22014 1379 -0.265
-285.8 1395 0.23064 1378 -0.102
-280.6 1394 0.27267 1377 -0.474
-274.8 1393 0.24117 1376 -0.936
-279.4 1392 0.38812 1375 -1.344
-285.6 1391 0.28327 1374 -1.393
-286.6 1390 0.30428 1373 -1.016

-290 1389 0.17841 1372 -0.077
-284.3 1388 0.27289 1371 0.174
-272.5 1387 0.17845 1370 -0.067
-257.6 1386 0.30452 1369 1.146
-253.6 1385 0.14703 1368 -0.493
-277.7 1384 0.30459 1367 -1.285
-297.5 1383 0.26256 1366 0.016
-297.5 1382 0.30467 1365 -0.283
-285.3 1381 0.11562 1364 -1.274
-276.7 1380 0.26275 1363 0.654
-274.3 1379 0.33637 1362 0.085
-267.7 1378 0.24173 1361 0.388
-268.3 1377 0.26286 1360 0.207
-271.7 1376 0.3155 1359 0.438
-271.1 1375 0.23143 1358 0.838
-269.7 1374 0.28397 1357 -1.182
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Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

1357 2.715 1368 0.677
1356 3.072 1367 -0.746
1355 3.328 1366 -0.266
1354 3.471 1365 -0.929
1353 3.711 1364 -1.236
1352 4.32 1363 -0.058
1351 4.437 1362 -0.723
1350 2.637 1361 -0.198
1349 2.133 1360 -0.175
1348 -2.01 1359 0.219
1347 -1.816 1358 -0.227
1346 -0.786 1357 -0.082
1345 0.3 1356 -1.268
1344 1.121 1355 -0.845
1343 0.613 1354 0.563
1342 0.042 1353 -0.756
1341 -1.522 1352 -1.58
1340 -1.599 1351 -1.423

1350 -0.464
1349 -0.174
1348 0.222
1347 0.275
1346 0.349
1345 -0.413
1344 0.521
1343 0.235
1342 0.209
1341 -0.58
1340 -0.459
1339 0.499
1338 0.242
1337 -0.153
1336 -0.327
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

1370 -16.37 1.078
1369 -18.11 1.538
1368 -17.13 1.2505
1367 -17.655 1.4205
1366 -15.61 0.9425
1365 -16.375 1.2595
1364 -16.435 1.095
1363 -17.06 1.414
1362 -16.595 0.719
1361 -16.2 1.168
1360 -16.39 1.256
1359 -16.185 1.109
1358 -17.11 1.301
1357 -16.625 0.964
1356 -16.355 1.3355
1355 -16.235 1.358
1354 -16.235 1.685
1353 -17.745 1.2975
1352 -17.72 1.368
1351 -18.885 1.44
1350 -19.275 1.307
1349 -19.935 1.3105
1348 -18.625 1.296
1347 -19.07 1.3165
1346 -17.645 1.32
1345 -17.34 1.3065
1344 -17.85 1.1525
1343 -17.985 1.4005
1342 -18.745 1.2455
1341 -20.165 1.495
1340 -20.785 1.6745
1339 -19.33 1.0225
1338 -17.8 1.3305

ABOR/MH/Priv-002804

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.

1382
1381
1380
1379
1378
1377
1376
1375
1374
1373
1372
1371
1370
1369
1368
1367
1366
1365
1364
1363
1362
1361
1360
1359
1358
1357
1356
1355
1354
1353
1352
1351
1350
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

-278.6 1373 0.24199 1356 -0.471
-286 1372 0.19989 1355 1.686

-288.4 1371 0.26306 1354 0.66
-286.8 1370 0.16842 1353 -0.898
-279.1 1369 0.27373 1352 -1.796
-287.9 1368 0.27376 1351 -0.87
-286.9 1367 0.23165 1350 0.759
-297.1 1366 0.26332 1349 -0.245
-305.8 1365 0.36871 1348 1.19
-302.2 1364 0.24226 1347 0.636
-291.2 1363 0.26343 1346 -0.276
-284.5 1362 0.25294 1345 -0.11
-265.5 1361 0.21079 1344 -0.091
-273.5 1360 0.22133 1343 0.032
-289.4 1359 0.2425 1342 -0.205
-284.3 1358 0.2319 1341 0.203
-280.2 1357 0.21088 1340 -0.343
-282.5 1356 0.31637 1339 1.491
-281.8 1355 0.22146 1338 -0.301

-278 1354 0.20043 1337 -1.92
-282.9 1353 0.29542 1336 -0.101
-293.1 1352 0.29547 1335 0.704
-295.6 1351 0.22168 1334 -0.402
-289.7 1350 0.23223 1333 1.343

-294 1349 0.20055 1332 -1.077
-294 1348 0.25335 1331 -0.407

-289.1 1347 0.17952 1330 0.218
-268 1346 0.29566 1329 0.512

-267.7 1345 0.31689 1328 -0.768
-273 1344 0.26413 1327 0.266
-274 1343 0.28525 1326 1.72

-269.7 1342 0.23246 1325 0.737
-267.2 1341 0.20075 1324 0.191
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Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

1335 0.538
1334 -0.152
1333 -0.204
1332 -0.076
1331 -0.538
1330 -0.798
1329 0.132
1328 -0.454
1327 -0.89
1326 -0.085
1325 0.244
1324 -0.046
1323 -0.372
1322 -0.96
1321 -0.594
1320 -0.365
1319 0.062
1318 -0.361
1317 -0.096
1316 -0.375
1315 -0.095
1314 0.19
1313 -0.472
1312 -0.221
1311 -0.148
1310 -0.525
1309 0.123
1308 0.904
1307 0.782
1306 0.572
1305 0.667
1304 -0.158
1303 -0.448
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

1337 -15.905 1.51
1336 -15.95 0.853
1335 -16.285 1.8565
1334 -17.365 1.359
1333 -17.52 1.362
1332 -17.055 1.351
1331 -16.57 1.369
1330 -18.45 1.3585
1329 -18.35 1.3755
1328 -18.12 1.3655
1327 -19.615 1.7275
1326 -16.95 1.3855
1325 -16.95 0.8615
1324 -16.09 1.3795
1323 -17.135 1.3955
1322 -16.45 1.3865
1321 -16.45 1.113
1320 -17.45 1.4845
1319 -17.78 1.1475
1318 -17.335 1.492
1317 -16.4 1.831
1316 -16.305 1.4295
1315 -16.215 1.1475
1314 -16.215 1.08
1313 -18.665 1.4185
1312 -16.525 1.4325
1311 -16.825 1.3535
1310 -17.72 1.6235
1309 -18.3 1.6175
1308 -18.08 1.3525
1307 -17.145 1.3565
1306 -16.855 1.7225
1305 -17.625 1.4475
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.

1349
1348
1347
1346
1345
1344
1343
1342
1341
1340
1339
1338
1337
1336
1335
1334
1333
1332
1331
1330
1329
1328
1327
1326
1325
1324
1323
1322
1321
1320
1319
1318
1317
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

-276.1 1340 0.26425 1323 -0.991
-274.6 1339 0.21145 1322 -1.993
-268.6 1338 0.24322 1321 0.019
-273.2 1337 0.30665 1320 -0.13
-284.9 1336 0.26438 1319 -1.205
-295.7 1335 0.26442 1318 -0.142
-297.4 1334 0.22213 1317 -0.689
-291.5 1333 0.30681 1316 0.524
-290.2 1332 0.21163 1315 0.326
-297.3 1331 0.15876 1314 -1.643
-290.6 1330 0.27523 1313 -1.3

-296 1329 0.23292 1312 0.018
-312.4 1328 0.22228 1311 0.025

-277 1327 0.23297 1310 -1.118
-289.5 1326 0.39188 1309 0.25
-297.8 1325 0.19068 1308 2.186
-292.2 1324 0.21183 1307 0.471
-292.2 1323 0.21185 1306 1.013
-296.4 1322 0.36026 1305 0.51
-301.2 1321 0.25429 1304 -0.023
-304.7 1320 0.16954 1303 0.688
-303.6 1319 0.19081 1302 -0.716
-298.1 1318 0.23322 1301 0.257
-295.7 1317 0.28623 1300 0.329
-298.2 1316 0.28627 1299 -0.604
-299.7 1315 0.20148 1298 -1.085
-295.1 1314 0.23334 1297 -0.085
-293.5 1313 0.20152 1296 0.153
-294.7 1312 0.3501 1295 0.77
-293.7 1311 0.21226 1294 -0.261
-285.4 1310 0.24403 1293 -1.204
-280.7 1309 0.24406 1292 -0.105
-281.4 1308 0.2335 1291 -0.577
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Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

1302 0.603
1301 -0.314
1300 0.521
1299 0.179
1298 -0.493
1297 -0.592
1296 -0.112
1295 0.426
1294 0.669
1293 -0.979
1292 -0.312
1291 -0.427
1290 -0.474
1289 -0.108
1288 0.17
1287 0.593
1286 0.466
1285 0.535
1284 -0.638
1283 0.283
1282 0.482
1281 0.734
1280 1.403
1279 0.464
1278 0.299
1277 -0.033
1276 -0.267
1275 0.233
1274 0.63
1273 -0.052
1272 0.571
1271 -0.073
1270 -0.406
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

1304 -18.715 1.3655
1303 -17.23 1.743
1302 -18.095 1.466
1301 -18.2 1.657
1300 -18.41 1.473
1299 -18.86 1.5705
1298 -19.1 1.0085
1297 -18.36 1.476
1296 -18.615 1.2975
1295 -18.355 1.3005
1294 -18.22 0.93
1293 -18.15 1.3065
1292 -17.825 1.0325
1291 -17.315 0.847
1290 -18.29 1.1355
1289 -18.04 1.2255
1288 -18.075 1.4155
1287 -18.14 1.3275
1286 -19.72 1.1405
1285 -18.975 1.3315
1284 -17.045 1.431
1283 -17.665 0.9545
1282 -17.13 0.961
1281 -17.59 1.344
1280 -18.955 1.1555
1279 -17.875 1.2525
1278 -16.49 0.9665
1277 -17.96 1.4535
1276 -17.11 1.5525
1275 -17.045 1.2665
1274 -18.35 1.073
1273 -18.405 0.881
1272 -18.495 1.078
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.

1316
1315
1314
1313
1312
1311
1310
1309
1308
1307
1306
1305
1304
1303
1302
1301
1300
1299
1298
1297
1296
1295
1294
1293
1292
1291
1290
1289
1288
1287
1286
1285
1284
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

-278.5 1307 0.21236 1290 0.872
-271.8 1306 0.21238 1289 -0.852
-266.9 1305 0.29733 1288 -1.067
-265.3 1304 0.31866 1287 0.21
-270.5 1303 0.24435 1286 1.259
-277.1 1302 0.21249 1285 -0.178

-283 1301 0.255 1284 -1.165
-284.6 1300 0.18064 1283 0.777
-282.2 1299 0.15936 1282 -0.094
-277.2 1298 0.34007 1281 0.854
-276.4 1297 0.25511 1280 2.258
-282.3 1296 0.26574 1279 -0.965
-286.6 1295 0.19135 1278 -0.279
-285.8 1294 0.2552 1277 -1.88
-284.7 1293 0.22331 1276 1.25

-283 1292 0.22333 1275 0.647
-286 1291 0.23407 1274 0.343

-292.2 1290 0.27664 1273 0.364
-296.3 1289 0.20219 1272 0.647
-300.6 1288 0.15967 1271 -0.817
-300.3 1287 0.22345 1270 0.249
-295.3 1286 0.36187 1269 0.91
-284.9 1285 0.29803 1268 -0.978
-284.2 1284 0.18098 1267 -0.504
-288.1 1283 0.25552 1266 -0.119
-290.3 1282 0.22359 1265 -1.219

-282 1281 0.26631 1264 -1.092
-277.8 1280 0.22365 1263 -1.112
-275.1 1279 0.26637 1262 -0.995
-280.6 1278 0.19183 1261 -0.621
-290.1 1277 0.29841 1260 -1.039
-290.6 1276 0.25574 1259 -0.501
-281.1 1275 0.22389 1258 0.454
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Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

1269 0.488
1268 -0.292
1267 0.654
1266 -0.367
1265 -1.293
1264 -0.57
1263 -1.399
1262 -1.268
1261 -0.774
1260 0.289
1259 -0.265
1258 -0.162
1257 -0.636
1256 0.011
1255 -0.058
1254 1.276
1253 1.831
1252 0.017
1251 -1.209
1250 0.349
1249 1.242
1248 0.259
1247 -0.66
1246 -0.893
1245 -0.484
1244 -0.399
1243 -0.351
1242 -0.212
1241 -0.281
1240 0.174
1239 0.224
1238 1.077
1237 -0.041
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

1271 -17.895 1.2765
1270 -18.135 1.378
1269 -18.62 1.282
1268 -18.17 1.384
1267 -18.725 1.3875
1266 -18.135 1.0925
1265 -17.85 1.194
1264 -17.855 1.396
1263 -19.24 1.0995
1262 -19.575 1.3025
1261 -19.075 1.4055
1260 -17.73 1.6105
1259 -15.845 1.0085
1258 -17.565 1.313
1257 -18.02 1.6215
1256 -17.73 1.421
1255 -17.4 1.1005
1254 -17.755 1.3055
1253 -15.715 1.225
1252 -16.54 1.1055
1251 -17.97 1.7445
1250 -16.84 1.4395
1249 -15.03 0.9255
1248 -16.89 1.1355
1247 -17.88 1.4525
1246 -18.04 1.243
1245 -18.56 1.249
1244 -18.315 1.252
1243 -18.465 0.7305
1242 -17.545 1.2535
1241 -18.595 1.6785
1240 -18.05 1.258
1239 -18.585 1.6855
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.

1283
1282
1281
1280
1279
1278
1277
1276
1275
1274
1273
1272
1271
1270
1269
1268
1267
1266
1265
1264
1263
1262
1261
1260
1259
1258
1257
1256
1255
1254
1253
1252
1251
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

-290.4 1274 0.2558 1257 0.389
-300.5 1273 0.26657 1256 0.523
-297.9 1272 0.2986 1255 0.91
-295.1 1271 0.27727 1254 1.712
-282.6 1270 0.21329 1253 0.031
-287.6 1269 0.20268 1252 0.179
-276.8 1268 0.26673 1251 -0.485
-286.4 1267 0.21336 1250 2.373
-299.2 1266 0.22413 1249 0.025
-296.2 1265 0.22415 1248 -0.38

-283 1264 0.22418 1247 -0.284
-294 1263 0.27752 1246 0.45

-294.3 1262 0.24552 1245 0.572
-281.8 1261 0.19222
-283.1 1260 0.24557

-294 1259 0.267
-289.6 1258 0.25639
-289.8 1257 0.24566
-299.2 1256 0.18168
-288.6 1255 0.27777
-282.9 1254 0.24574
-296.8 1253 0.22446
-302.6 1252 0.0962
-291.5 1251 0.2245
-282.2 1250 0.23518
-292.4 1249 0.27806

-298 1248 0.25667
-303.2 1247 0.20318
-295.7 1246 0.29948
-278.6 1245 0.22466
-272.9 1244 0.20325
-262.5 1243 0.33169
-263.3 1242 0.2783
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Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

1236 -0.45
1235 0.119
1234 0.4
1233 0.023
1232 -0.421
1231 0.461
1230 0.318
1229 -1.395
1228 -1.106
1227 -0.276
1226 -0.129
1225 0.49
1224 1.764
1223 0.869
1222 1.85
1221 1.184
1220 0.382
1219 0.313
1218 -0.317
1217 -1.201
1216 0.229
1215 0.885
1214 0.642
1213 0.456
1212 0.331
1211 -0.805
1210 0.475
1209 2.133
1208 -0.28
1207 -0.328
1206 1.139
1205 1.125
1204 -0.063
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

1238 -17.425 1.3725
1237 -19.27 1.375
1236 -18.61 1.581
1235 -18.015 1.584
1234 -17.43 2.0175
1233 -18.325 1.387
1232 -18.875 0.9635
1231 -16.57 1.179
1230 -16.365 1.181
1229 -17.19 1.405
1228 -16.9 1.288
1227 -18.395 1.298
1226 -18.72 1.399
1225 -18.09 1.1825
1224 -17.99 1.0855
1223 -16.485 1.5215
1222 -15.84 1.631
1221 -16.585 1.199
1220 -17.82 1.193
1219 -18.295 1.9705
1218 -17.785 1.4205
1217 -17.97 1.4405
1216 -18.805 1.0935
1215 -16.345 1.3205
1214 -15.375 1.323
1213 -16.365 1.325
1212 -17.845 1.2195
1211 -18.5 1.1035
1210 -17.705 1.106
1209 -18.595 1.2265
1208 -19.475 1.5655
1207 -18.545 1.3395
1206 -18.285 1.9095
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.

1250
1249
1248
1247
1246
1245
1244
1243
1242
1241
1240
1239
1238
1237
1236
1235
1234
1233
1232
1231
1230
1229
1228
1227
1226
1225
1224
1223
1222
1221
1220
1219
1218
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

-274.5 1241 0.23544
-280 1240 0.26759

-285.7 1239 0.22483
-288.5 1238 0.22485
-283.5 1237 0.23555
-278.7 1236 0.24636
-282.8 1235 0.17133
-301.2 1234 0.28923
-304.4 1233 0.22498
-306.4 1232 0.27862
-292.6 1231 0.31081

-271 1230 0.18223
-275.8 1229 0.20361
-272.1 1228 0.28944

-269 1227 0.20366
-275.5 1226 0.17151
-284.1 1225 0.27884
-287.4 1224 0.21452
-290.3 1223 0.24673
-291.4 1222 0.19308
-295.4 1221 0.1824
-294.3 1220 0.13943
-291.7 1219 0.19313
-291.1 1218 0.26834
-292.8 1217 0.24687
-283.6 1216 0.2147
-281.6 1215 0.32204

-275 1214 0.23626
-290.2 1213 0.2577
-294.2 1212 0.25773
-288.3 1211 0.23635
-286.3 1210 0.11818
-282.5 1209 0.17193

ABOR/MH/Priv-002822

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

1203 -0.642
1202 -1.148
1201 -1.089
1200 0.124
1199 0.21
1198 0.838
1197 1.225
1196 -0.864
1195 -0.749
1194 0.5
1193 0.363
1192 -0.611
1191 -1.018
1190 -0.354
1189 0.135
1188 0.072
1187 -0.411
1186 -0.676
1185 -1.231
1184 -0.517
1183 -0.263
1182 -0.164
1181 0.426
1180 -0.221
1179 -0.207
1178 -0.691
1177 0.479
1176 1.602
1175 1.303
1174 0.24
1173 -0.243
1172 -0.823
1171 0.048
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

1205 -17.745 1.684
1204 -17.44 0.7885
1203 -17.44 0.8995
1202 -17.74 1.352
1201 -18.05 1.3655
1200 -18.32 1.3675
1199 -18.155 1.481
1198 -17.52 0.9075
1197 -19.015 1.486
1196 -18.8 1.6
1195 -18.065 1.492
1194 -17.49 1.2595
1193 -18.17 1.1505
1192 -18.135 1.3875
1191 -17.955 1.266
1190 -17.515 0.909
1189 -18.43 1.0345
1188 -18 1.7225
1187 -18.12 1.5125
1186 -18.035 1.4925
1185 -17.955 1.505
1184 -17.73 1.508
1183 -18.05 1.397
1182 -17.745 1.292
1181 -16.535 1.5085
1180 -17.245 1.29
1179 -18.735 2.1025
1178 -19.94 1.536
1177 -19.75 1.424
1176 -18.685 1.2855
1175 -17.845 1.759
1174 -16.365 1.188
1173 -17.57 1.305
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.

1217
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

-282 1208 0.05374
1207 0.23642
1206 0.31163
1205 0.23648
1204 0.22568
1203 0.24724
1202 0.22574
1201 0.29038
1200 0.30114
1199 0.22582
1198 0.17214
1197 0.22587
1196 0.21517
1195 0.2583
1194 0.21522
1193 0.21524
1192 0.1937
1191 0.27987
1190 0.25845
1189 0.19377
1188 0.23693
1187 0.24769
1186 0.25856
1185 0.24775
1184 0.21546
1183 0.24781
1182 0.21551
1181 0.23712
1180 0.19397
1179 0.28025
1178 0.22635
1177 0.25883
1176 0.21566
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Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

1170 0.051
1169 -0.13
1168 -1.438
1167 -0.526
1166 0.265
1165 -0.228
1164 0.542
1163 0.84
1162 -1.52
1161 -0.665
1160 0.379
1159 -0.058
1158 -0.492
1157 0.093
1156 0.346
1155 -0.567
1154 -0.762
1153 -0.967
1152 -1.144
1151 -0.684
1150 -0.469
1149 -0.661
1148 -0.482
1147 0.088
1146 0.571
1145 0.449
1144 0.763
1143 0.429
1142 -0.501
1141 0.568
1140 0.273
1139 -0.569
1138 0.503
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

1172 -17.485 1.192
1171 -17.055 1.4245
1170 -18 0.836
1169 -17.42 1.558
1168 -17.03 1.431
1167 -17.69 1.4335
1166 -17.505 1.203
1165 -17.63 1.931
1164 -17.465 1.0765
1163 -19.2 1.559
1162 -19.135 1.8235
1161 -18.245 1.3295
1160 -18.235 1.8005
1159 -18.405 1.216
1158 -17.01 1.336
1157 -17.13 1.206
1156 -17.115 1.4715
1155 -17.775 1.592
1154 -16.725 1.699
1153 -16.82 1.4645
1152 -17.15 1.3475
1151 -17.53 1.2165
1150 -17.1 1.604
1149 -16.665 1.354
1148 -18.215 0.9835
1147 -17.985 1.3575
1146 -17.485 1.479
1145 -17.485 0.9875
1144 -17.775 1.738
1143 -17.375 1.245
1142 -17.35 1.6225
1141 -17.435 1.249
1140 -17.14 1.357
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

1175 0.19408
1174 0.2157
1173 0.25894
1172 0.16178
1171 0.16179
1170 0.21578
1169 0.36691
1168 0.18347
1167 0.23749
1166 0.24827
1165 0.20516
1164 0.18355
1163 0.21596
1162 0.24837
1161 0.25928
1160 0.24843
1159 0.32416
1158 0.19445
1157 0.27017
1156 0.29186
1155 0.2919
1154 0.2162
1153 0.17302
1152 0.2379
1151 0.23793
1150 0.23795
1149 0.32454
1148 0.21635
1147 0.25972
1146 0.24886
1145 0.25978
1144 0.24892
1143 0.24895
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Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

1137 0.24
1136 0.432
1135 0.687
1134 1.024
1133 1.395
1132 1.507
1131 0.16
1130 -0.314
1129 -0.492
1128 -0.292
1127 1.145
1126 -0.334
1125 0.419
1124 1.503
1123 0.472
1122 0.088
1121 0.465
1120 0.777
1119 0.23
1118 -0.309
1117 0.555
1116 0.676
1115 -0.045
1114 -1.206
1113 -0.557
1112 -0.161
1111 -0.149
1110 0.195
1109 -0.761
1108 -0.489
1107 -0.651
1106 -0.837
1105 0.175
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

1139 -18.37 1.494
1138 -18.105 1.361
1137 -18.16 1.512
1136 -18.02 1.5005
1135 -18.185 1.5025
1134 -18.195 1.1245
1133 -16.685 1.3845
1132 -17.97 1.6305
1131 -17.93 1.143
1130 -17.665 1.635
1129 -17.665 1.1325
1128 -16.835 1.148
1127 -16.605 1.6555
1126 -17.09 1.274
1125 -18.195 1.5225
1124 -15.16 1.512
1123 -17.525 1.527
1122 -18.295 1.4045
1121 -18.17 1.506
1120 -17.58 1.657
1119 -16.95 1.2855
1118 -17.195 1.412
1117 -17.075 0.9005
1116 -16.675 1.804
1115 -16.99 1.793
1114 -16.71 1.294
1113 -16.71 1.295
1112 -17.085 1.158
1111 -17.085 1.2985
1110 -17.21 1.944
1109 -16.395 1.036
1108 -16.895 1.1765
1107 -17.635 1.3045
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

1142 0.31393
1141 0.29239
1140 0.27074
1139 0.25999
1138 0.20583
1137 0.26004
1136 0.32508
1135 0.32513
1134 0.23845
1133 0.3035
1132 0.19508
1131 0.26025
1130 0.28189
1129 0.28193
1128 0.2169
1127 0.30373
1126 0.16269
1125 0.3038
1124 0.23874
1123 0.24958
1122 0.2388
1121 0.16278
1120 0.26059
1119 0.17374
1118 0.27147
1117 0.16285
1116 0.29328
1115 0.34766
1114 0.23902
1113 0.31517
1112 0.20649
1111 0.35868
1110 0.26092
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Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

1104 0.254
1103 0.261
1102 -0.495
1101 -0.827
1100 0.258
1099 0.506
1098 0.477
1097 0.328
1096 0.76
1095 0.114
1094 -0.162
1093 -0.042
1092 -0.054
1091 0.755
1090 -0.352
1089 -0.154
1088 0.2
1087 0.762
1086 0.31
1085 -0.001
1084 -0.188
1083 0.251
1082 0.738
1081 0.623
1080 0.03
1079 -0.024
1078 -1.136
1077 -1.224
1076 -0.411
1075 -0.161
1074 -0.17
1073 -0.37
1072 -1.15
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

1106 -16.95 1.1795
1105 -17.175 1.308
1104 -18.085 1.1825
1103 -18.085 1.038
1102 -17.095 1.1725
1101 -17.095 1.1805
1100 -19.06 1.3155
1099 -19.06 1.061
1098 -19.545 1.447
1097 -19.37 1.32
1096 -18.04 1.579
1095 -17.15 1.441
1094 -18.01 1.9815
1093 -18.01 1.326
1092 -17.335 1.058
1091 -17.635 1.459
1090 -17.335 0.9305
1089 -16.835 1.332
1088 -17.97 1.464
1087 -18.1 1.4655
1086 -17.94 1.467
1085 -18.52 1.469
1084 -17.755 1.34
1083 -18.075 1.6035
1082 -18.075 1.4735
1081 -18.165 1.344
1080 -17.805 1.468
1079 -17.15 1.4695
1078 -16.735 1.49
1077 -16.58 1.6145
1076 -16.58 0.804
1075 -16.935 1.0785
1074 -16.935 1.62
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

1109 0.25012
1108 0.26098
1107 0.25018
1106 0.26105
1105 0.25024
1104 0.21754
1103 0.2503
1102 0.23938
1101 0.29384
1100 0.2068
1099 0.30487
1098 0.2395
1097 0.28314
1096 0.18509
1095 0.28321
1094 0.31592
1093 0.45764
1092 0.19617
1091 0.25069
1090 0.25072
1089 0.22892
1088 0.22895
1087 0.22897
1086 0.21813
1085 0.22902
1084 0.22905
1083 0.22907
1082 0.2291
1081 0.22912
1080 0.21828
1079 0.22917
1078 0.2292
1077 0.22922
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Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

1071 -0.582
1070 0.791
1069 1.421
1068 0.362
1067 -0.281
1066 -0.59
1065 -0.574
1064 -0.222
1063 -0.417
1062 0.3
1061 -0.492
1060 -1.525
1059 -0.597
1058 1.16
1057 -1.035
1056 -0.322
1055 -0.716
1054 -0.029
1053 0.725
1052 -0.616
1051 -0.053
1050 0.101
1049 -0.134
1048 0.052
1047 1.369
1046 -0.782
1045 -0.467
1044 0.803
1043 1.779
1042 0.412
1041 -0.685
1040 -0.126
1039 1.108
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

1073 -17.57 1.3555
1072 -15.555 1.349
1071 -15.37 1.6255
1070 -16.65 1.085
1069 -17.215 1.629
1068 -17.775 1.9065
1067 -16.945 1.3645
1066 -16.16 1.224
1065 -17.965 1.5015
1064 -17.965 1.092
1063 -16.735 1.785
1062 -18.315 1.098
1061 -18.315 1.238
1060 -18.45 1.2325
1059 -19.74 1.4835
1058 -17.68 1.513
1057 -17.68 1.2365
1056 -18.34 1.2435
1055 -18.34 1.218
1054 -18.13 2.0715
1053 -17.265 0.9405
1052 -17.265 1.1065
1051 -17.17 1.387
1050 -17.17 1.109
1049 -17.235 1.11
1048 -17.995 1.1115
1047 -18.32 1.5305
1046 -17.995 1.1135
1045 -17.025 1.2575
1044 -17.22 1.397
1043 -17.625 1.256
1042 -17.71 1.261
1041 -17.71 0.9805
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

1076 0.24024
1075 0.19653
1074 0.13107
1073 0.20755
1072 0.21846
1071 0.21848
1070 0.29501
1069 0.19666
1068 0.16391
1067 0.25134
1066 0.36069
1065 0.2733
1064 0.20777
1063 0.30626
1062 0.3391
1061 0.26255
1060 0.4048
1059 0.12041
1058 0.16412
1057 0.29549
1056 0.36127
1055 0.29558
1054 0.22997
1053 0.20807
1052 0.28478
1051 0.39436
1050 0.15339
1049 0.13147
1048 0.28491
1047 0.263
1046 0.26303
1045 0.31798
1044 0.2631
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Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

1038 -0.365
1037 0.308
1036 -0.164
1035 -1.378
1034 -0.63
1033 -0.632
1032 -0.2
1031 -0.124
1030 -0.329
1029 -1.141
1028 0.372
1027 0.136
1026 -1.38
1025 -1.542
1024 -0.549
1023 0.932
1022 -0.713
1021 0.828
1020 0.443
1019 1.14
1018 -0.545
1017 -0.243
1016 0.608
1015 1.732
1014 0.867
1013 -0.695
1012 -1.508
1011 0.654
1010 0.573
1009 1.219
1008 -0.299
1007 1.594
1006 1.157
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

1040 -18.425 1.5385
1039 -18.13 1.4045
1038 -19.035 1.266
1037 -18.06 1.5465
1036 -17.915 1.5485
1035 -17.795 1.2695
1034 -18.985 1.692
1033 -18.365 1.1295
1032 -17.46 1.414
1031 -17.375 1.5565
1030 -17.725 1.2735
1029 -17.24 1.275
1028 -17.45 1.9855
1027 -17.68 0.853
1026 -17.38 1.5645
1025 -18.3 1.281
1024 -19.46 1.2835
1023 -17.885 1.8545
1022 -17.65 1.2855
1021 -17.475 1.43
1020 -17.98 1.431
1019 -16.91 1.719
1018 -17.12 1.864
1017 -17.12 1.292
1016 -17.835 1.2935
1015 -17.575 1.5825
1014 -17.58 1.441
1013 -18.205 1.1535
1012 -18.205 1.155
1011 -18.28 1.0115
1010 -18.67 1.1575
1009 -18.16 1.3055
1008 -17.215 1.16

ABOR/MH/Priv-002844

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.

ABOR/MH/Priv-002845

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

1043 0.30703
1042 0.26328
1041 0.19745
1040 0.38393
1039 0.25234
1038 0.24144
1037 0.26343
1036 0.16467
1035 0.35125
1034 0.25248
1033 0.19763
1032 0.26358
1031 0.17569
1030 0.2306
1029 0.14281
1028 0.20877
1027 0.35164
1026 0.18683
1025 0.20884
1024 0.17581
1023 0.34073
1022 0.29679
1021 0.30788
1020 0.23096
1019 0.28595
1018 0.43995
1017 0.28604
1016 0.23109
1015 0.33014
1014 0.20912
1013 0.25319
1012 0.20917
1011 0.24217
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Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

1005 0.854
1004 -0.694
1003 -1.14
1002 0.001
1001 0.887
1000 0.028

999 -0.889
998 -0.802
997 -1.219
996 -0.634
995 -0.996
994 0.777
993 0.228
992 0.15
991 0.451
990 -0.005
989 -0.027
988 1.825
987 0.509
986 -0.154
985 0.139
984 0.544
983 -0.225
982 -0.023
981 -0.671
980 0.158
979 0.718
978 1.156
977 -0.315
976 0.44
975 -0.001
974 0.353
973 -0.802
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

1007 -17.295 1.7415
1006 -17.795 1.4535
1005 -18.21 1.5995
1004 -18.475 1.7475
1003 -18.285 1.6025
1002 -18.855 1.607
1001 -17.795 1.606
1000 -17.795 0.8785

999 -17.795 1.465
998 -17.18 1.7555
997 -18.72 1.4685
996 -17.91 1.3195
995 -17.065 1.6165
994 -17.415 1.622
993 -16.425 1.298
992 -16.425 0.8835
991 -16.515 1.33
990 -16.89 1.4505
989 -17.88 1.478
988 -17.88 1.1855
987 -17.215 1.1865
986 -16.98 1.6325
985 -16.665 0.8895
984 -16.575 1.491
983 -17.785 1.347
982 -17.93 1.043
981 -17.65 1.9425
980 -17.915 1.6435
979 -17.65 1.0465
978 -17.145 1.35
977 -18.045 1.649
976 -18.045 1.3535
975 -17.82 1.5065
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

1010 0.28626
1009 0.2533
1008 0.28633
1007 0.24229
1006 0.25339
1005 0.24234
1004 0.19839
1003 0.34166
1002 0.12121
1001 0.37476
1000 0.2315

999 0.43007
998 0.19853
997 0.25366
996 0.23162
995 0.28676
994 0.24276
993 0.25377
992 0.29795
991 0.11038
990 0.25384
989 0.19872
988 0.14347
987 0.22084
986 0.36438
985 0.13253
984 0.27608
983 0.22093
982 0.29824
981 0.30939
980 0.27622
979 0.25415
978 0.24318
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Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

972 0.647
971 0.297
970 0.859
969 2.069
968 2.028
967 -0.38
966 0.171
965 0.196
964 0.448
963 0.95
962 -0.343
961 -0.144
960 -1.645
959 1.067
958 1.188
957 -0.521
956 0.407
955 -0.079
954 -0.735
953 0.1
952 0.729
951 0.933
950 0.294
949 0.026
948 0.04
947 -0.119
946 -0.757
945 -0.421
944 -0.407
943 -1.623
942 -2.023
941 -0.461
940 0.862
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

974 -17.905 0.9005
973 -16.915 1.8085
972 -17.71 1.3595
971 -16.925 1.66
970 -17.5 1.662
969 -18.03 1.814
968 -18.58 1.969
967 -17.885 1.061
966 -16.56 1.369
965 -16.56 1.371
964 -17.82 1.3725
963 -18.19 1.676
962 -17.79 1.2215
961 -17.79 1.3775
960 -17.12 1.379
959 -16.48 1.3805
958 -16.79 0.917
957 -16.79 0.925
956 -17.4 1.693
955 -17.96 1.695
954 -17.605 2.0055
953 -17.655 1.3905
952 -17.38 1.2365
951 -18.585 1.5505
950 -18.2 1.2395
949 -18.39 1.2405
948 -18.88 1.092
947 -16.725 1.3975
946 -16.725 1.249
945 -18.355 1.404
944 -18.355 0.7755
943 -18.13 1.25
942 -18.13 1.0935
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

977 0.2542
976 0.24323
975 0.27637
974 0.30964
973 0.28756
972 0.24335
971 0.28763
970 0.18803
969 0.30982
968 0.22132
967 0.40947
966 0.15497
965 0.23242
964 0.23244
963 0.26574
962 0.27679
961 0.21037
960 0.28798
959 0.24371
958 0.26589
957 0.21046
956 0.19945
955 0.2438
954 0.24383
953 0.3214
952 0.19954
951 0.34377
950 0.22177
949 0.26616
948 0.27733
947 0.29956
946 0.19968
945 0.22189
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Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

939 2.129
938 0.232
937 -0.863
936 0.166
935 0.966
934 1.239
933 0.637
932 0.295
931 0.774
930 1.964
929 0.935
928 -1.055
927 0.19
926 0.847
925 0.915
924 -0.715
923 -1.07
922 0.52
921 0.514
920 0.971
919 0.673
918 0.125
917 -1.185
916 -0.643
915 0.713
914 0.077
913 0.335
912 0.009
911 2.481
910 -0.713
909 -0.73
908 2.17
907 -0.554
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

941 -17.69 1.4115
940 -18.19 1.565
939 -18.57 1.2565
938 -18.57 1.417
937 -18.94 1.107
936 -18.32 1.261
935 -17.89 1.1035
934 -17.055 1.737
933 -17.355 1.266
932 -17.355 1.588
931 -17.765 1.43
930 -17.28 1.432
929 -17.84 1.433
928 -17.595 1.4035
927 -17.96 1.282
926 -18.155 1.278
925 -18.595 1.7575
924 -18.41 1.572
923 -18.145 1.1245
922 -18.68 1.4465
921 -17.625 1.608
920 -18.515 1.4505
919 -17.86 2.0975
918 -17.23 0.969
917 -16.485 1.296
916 -16.57 2.106
915 -17.535 1.916
914 -17.535 1.462
913 -17.37 1.951
912 -18.1 1.466
911 -18.1 1.466
910 -18.15 0.9795
909 -17.645 1.7975
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

944 0.24411
943 0.23309
942 0.29972
941 0.23315
940 0.33304
939 0.22205
938 0.44418
937 0.18885
936 0.33321
935 0.21111
934 0.30001
933 0.40002
932 0.06667
931 0.15558
930 0.33343
929 0.24454
928 0.27798
927 0.26684
926 0.22238
925 0.1891
924 0.26692
923 0.2892
922 0.25591
921 0.23369
920 0.20027
919 0.30051
918 0.17806
917 0.30057
916 0.23381
915 0.28956
914 0.2116
913 0.21162
912 0.27846
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Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

906 -2.017
905 0.868
904 1.78
903 0.127
902 1.2
901 0.058
900 0.416
899 -0.331
898 -0.178
897 0.171
896 -0.568
895 -1.113
894 -0.909
893 0.541
892 1
891 0.463
890 -0.453
889 -0.049
888 -1.098
887 -0.833
886 1.307
885 -0.364
884 0.075
883 -2.602
882 -1.118
881 -0.537
880 0.315
879 0.821
878 -0.271
877 -1.326
876 -0.88
875 -0.906
874 -2.715
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

908 -17.985 1.4745
907 -17.485 1.4765
906 -18.26 1.642
905 -18.74 1.6455
904 -18.055 1.481
903 -18.405 1.155
902 -18.405 1.654
901 -18.725 1.4885
900 -18.32 1.16
899 -18.31 1.328
898 -18.155 1.8285
897 -18.17 1.331
896 -17.6 1.6645
895 -18.045 1.3335
894 -18.41 1.002
893 -18.61 1.506
892 -17.505 2.011
891 -17.505 1.6785
890 -17.49 1.513
889 -17.585 1.851
888 -18.58 1.6855
887 -18.125 1.0125
886 -18.125 1.5215
885 -17.02 1.3545
884 -17.02 1.1875
883 -17.53 1.189
882 -17.97 1.5305
881 -17.795 1.5335
880 -17.825 1.3635
879 -17.945 1.1955
878 -17.15 1.2
877 -17.15 1.2005
876 -17.465 1.199
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

911 0.22274
910 0.25624
909 0.17823
908 0.28977
907 0.23404
906 0.20057
905 0.21179
904 0.2341
903 0.27872
902 0.26766
901 0.22309
900 0.25651
899 0.29005
898 0.25657
897 0.26781
896 0.25663
895 0.26787
894 0.2679
893 0.2344
892 0.22332
891 0.23445
890 0.335
889 0.34628
888 0.17876
887 0.18989
886 0.26814
885 0.21227
884 0.23463
883 0.257
882 0.24591
881 0.29064
880 0.2572
879 0.3243
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Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

873 -1.291
872 1.163
871 1.242
870 -0.125
869 -0.177
868 0.359
867 0.281
866 -0.917
865 1.184
864 -0.525
863 -0.81
862 -0.304
861 -2.027
860 -0.108
859 -0.711
858 1.709
857 -1.148
856 0.241
855 -0.045
854 0.478
853 -1.197
852 -1.21
851 0.233
850 -1.341
849 -0.708
848 -3.187
847 -1.576
846 -0.552
845 -0.72
844 0.764
843 0.2
842 1.688
841 1.514
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

875 -17.465 1.717
874 -16.99 1.5465
873 -16.695 1.0345
872 -16.67 1.5535
871 -17.195 1.73
870 -18.265 1.214
869 -18.265 1.216
868 -18.475 1.3905
867 -18.33 1.3925
866 -17.95 1.395
865 -18.155 1.57
864 -17.345 1.9255
863 -17.435 1.3975
862 -17.13 1.368
861 -17.005 1.228
860 -17.005 0.882
859 -17.195 1.902
858 -16.63 1.238
857 -16.86 1.2355
856 -17.17 1.417
855 -17.905 1.7685
854 -18.65 1.7825
853 -17.74 1.78
852 -17.56 1.601
851 -17.56 1.2525
850 -17.845 1.079
849 -17.73 1.609
848 -17.805 1.0765
847 -17.805 0.902
846 -17.745 0.9035
845 -17.81 1.258
844 -17.81 1.2675
843 -18.345 1.6235
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

878 0.3803
877 0.27967
876 0.27971
875 0.14543
874 0.20141
873 0.24617
872 0.41407
871 0.17911
870 0.24626
869 0.22391
868 0.1903
867 0.16793
866 0.36955
865 0.26878
864 0.16799
863 0.2129
862 0.40337
861 0.19045
860 0.19046
859 0.34743
858 0.34749
857 0.17939
856 0.25791
855 0.22425
854 0.28038
853 0.34768
852 0.25803
851 0.24679
850 0.24682
849 0.31426
848 0.20201
847 0.28061
846 0.31437
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Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

840 0.22
839 0.851
838 0.408
837 -1.069
836 -1.742
835 -0.271
834 -1.82
833 -1.309
832 -1.741
831 -2.398
830 -0.95
829 1.474
828 1.021
827 -0.565
826 -0.727
825 -0.079
824 -0.657
823 -0.665
822 0.105
821 -1.102
820 -0.078
819 1.463
818 1.079
817 1.871
816 -0.393
815 0.471
814 0.243
813 -0.857
812 -2.057
811 -0.77
810 -0.188
809 0.733
808 0.713
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

842 -18.355 1.618
841 -18.95 1.4515
840 -18.06 1.4625
839 -18.06 1.8205
838 -18.37 1.4585
837 -17.025 1.2735
836 -17.11 1.276
835 -17.11 2.0105
834 -17.625 1.4585
833 -18.555 1.659
832 -18.685 1.4625
831 -18.55 1.2955
830 -17.81 1.8465
829 -18.4 2.029
828 -17.805 1.471
827 -17.51 1.8555
826 -17.51 1.115
825 -16.995 1.489
824 -16.995 1.6835
823 -16.985 1.6625
822 -16.54 1.689
821 -16.54 1.136
820 -17.78 1.5135
819 -17.78 1.5035
818 -17.92 1.7005
817 -17.725 1.508
816 -17.98 1.4965
815 -18.675 1.681
814 -17.86 1.725
813 -16.64 1.503
812 -17.41 1.5195
811 -17.185 1.507
810 -17.185 1.445
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

845 0.30313
844 0.28073
843 0.28076
842 0.24706
841 0.20218
840 0.21348
839 0.25842
838 0.2922
837 0.19109
836 0.37095
835 0.28102
834 0.19116
833 0.23612
832 0.2811
831 0.19122
830 0.21372
829 0.32616
828 0.28123
827 0.22498
826 0.23631
825 0.29262
824 0.30385
823 0.23639
822 0.28142
821 0.23645
820 0.28149
819 0.27032
818 0.31538
817 0.34926
816 0.29296
815 0.27047
814 0.22534
813 0.25921
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Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

807 0.081
806 0.82
805 -0.178
804 0.032
803 -0.27
802 -1.149
801 -1.849
800 0.929
799 1.059
798 -0.038
797 1.092
796 0.243
795 0.174
794 -0.243
793 1.466
792 0.897
791 1.223
790 0.578
789 0.745
788 -0.321
787 0.264
786 -0.625
785 0.734
784 0.182
783 -0.229
782 0.154
781 0.103
780 -0.668
779 -0.194
778 -0.475
777 0.039
776 -0.459
775 0.306
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

809 -17.425 1.209
808 -17.07 1.633
807 -17.32 1.228
806 -17.32 1.094
805 -17.295 0.976
804 -17.295 1.434
803 -17.28 1.444
802 -17.005 1.6225
801 -17.475 1.424
800 -17.475 1.5065
799 -17.965 1.7345
798 -17.965 1.696
797 -17.24 1.3275
796 -17.24 1.4565
795 -16.77 2.0745
794 -17.31 1.379
793 -17.31 1.5885
792 -17.585 1.7915
791 -17.585 1.421
790 -17.64 1.6285
789 -17.945 1.365
788 -18.27 1.5535
787 -18.27 1.5555
786 -17.18 1.7835
785 -17.18 1.786
784 -17.95 1.5615
783 -17.95 1.521
782 -17.82 1.3135
781 -18.765 1.378
780 -17.79 1.485
779 -17.245 1.402
778 -17.75 1.5925
777 -17.24 1.1955
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

812 0.3043
811 0.30434
810 0.30438
809 0.19173
808 0.31578
807 0.28195
806 0.19179
805 0.21436
804 0.28203
803 0.23696
802 0.22565
801 0.24823
800 0.14668
799 0.3273
798 0.30478
797 0.23711
796 0.29362
795 0.2484
794 0.271
793 0.19207
792 0.30499
791 0.31638
790 0.31642
789 0.28252
788 0.22602
787 0.22604
786 0.35041
785 0.2487
784 0.26009
783 0.23751
782 0.23753
781 0.29403
780 0.28282
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Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

774 0.596
773 1.519
772 0.091
771 0.646
770 -0.752
769 0.678
768 0.583
767 0.842
766 0.609
765 0.698
764 3.015
763 0.746
762 0.01
761 0.259
760 0.636
759 1.349
758 0.079
757 -0.055
756 0.523
755 1.316
754 0.281
753 -2.401
752 0.691
751 -0.369
750 -0.539
749 -0.701
748 -0.008
747 0.498
746 0.035
745 0.581
744 -1.771
743 0.404
742 0.962
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

776 -17.24 1.7005
775 -17.455 1.5355
774 -17.395 1.263
773 -17.395 1.3695
772 -16.99 1.2655
771 -17.35 1.4145
770 -18.285 1.416
769 -18.285 1.883
768 -17.35 1.7155
767 -17.35 2.014
766 -17.31 1.931
765 -16.72 0.977
764 -16.71 1.4455
763 -16.71 1.468
762 -16.71 1.001
761 -17.165 1.6195
760 -17.165 1.8985
759 -17.855 1.217
758 -17.855 1.6665
757 -17.355 1.198
756 -17.655 1.669
755 -17.935 1.927
754 -17.935 1.821
753 -17.795 1.394
752 -17.525 1.9095
751 -17.64 1.4375
750 -17.64 1.418
749 -18.29 1.139
748 -18.29 1.5475
747 -17.795 0.8825
746 -17.795 0.926
745 -18.22 1.4215
744 -18.22 1.6365
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

779 0.28285
778 0.26027
777 0.23768
776 0.21508
775 0.22635
774 0.16975
773 0.24902
772 0.26042
771 0.28309
770 0.29439
769 0.23788
768 0.28319
767 0.21529
766 0.32855
765 0.26064
764 0.21536
763 0.31728
762 0.20403
761 0.22671
760 0.23812
759 0.28348
758 0.22678
757 0.24948
756 0.22683
755 0.26092
754 0.29492
753 0.27227
752 0.30639
751 0.41988
750 0.19291
749 0.27242
748 0.28385
747 0.27248
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Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

741 1.408
740 -0.844
739 0.43
738 0.763
737 1.543
736 1.291
735 1.152
734 -1.119
733 -0.059
732 0.609
731 1.288
730 -0.48
729 0.488
728 0.598
727 0.784
726 1.611
725 0.097
724 -0.373
723 0.432
722 -0.257
721 1.075
720 -0.005
719 0.994
718 0.57
717 -0.277
716 -0.344
715 0.756
714 0.057
713 -0.07
712 0.365
711 -0.849
710 -1.336
709 -1.147
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

743 -18.58 1.559
742 -18.29 0.78
741 -18.29 1.562
740 -18.31 2.345
739 -18.31 1.174
738 -18.14 1.175
737 -18.14 1.959
736 -17.77 1.177
735 -17.77 1.57
734 -17.77 1.179
733 -17.39 1.18
732 -17.39 1.968
731 -17.41 1.182
730 -17.41 1.183
729 -17.57 1.184
728 -17.57 1.106
727 -16.48 1.186
726 -16.48 1.583
725 -17.35 1.188
724 -18.41 1.981
723 -18.41 1.19
722 -18.41 0.794
721 -18 1.589
720 -18 0.795
719 -17.67 1.592
718 -17.67 1.195
717 -16.59 0.797
716 -16.59 1.596
715 -17.54 0.799
714 -17.54 1.199
713 -18.13 1.2
712 -18.13 1.201
711 -17.89 0.801
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

746 0.22711
745 0.29525
744 0.26128
743 0.31803
742 0.38634
741 0.18183
740 0.23869
739 0.27274
738 0.23875
737 0.22735
736 0.30698
735 0.21598
734 0.29563
733 0.31841
732 0.27297
731 0.19335
730 0.26171
729 0.19339
728 0.23901
727 0.29586
726 0.27315
725 0.2391
724 0.23912
723 0.26191
722 0.2505
721 0.25053
720 0.22779
719 0.23925
718 0.23928
717 0.25064
716 0.27344
715 0.19368
714 0.22793
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Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

708 -1.469
707 -1.378
706 -0.329
705 0.023
704 -2.433
703 0.414
702 -0.753
701 0.027
700 1.38
699 1.055
698 -1.055
697 -1.332
696 1.092
695 0.275
694 -0.709
693 -0.306
692 -0.962
691 -0.316
690 0.408
689 1.164
688 0.102
687 0.759
686 -3.107
685 -2.177
684 -1.725
683 -1.927
682 -0.632
681 -1.605
680 -0.567
679 -1.072
678 -0.661
677 -0.601
676 1.172
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

710 -17.89 1.604
709 -17.9 0.401
708 -17.9 1.205
707 -18.56 1.206
706 -18.56 1.207
705 -18.56 0.805
704 -18.01 1.209
703 -18.01 1.21
702 -17.66 1.211
701 -17.66 1.212
700 -17.8 1.618
699 -17.8 0.809
698 -17.31 1.215
697 -17.31 1.216
696 -18.22 1.217
695 -18.76 1.624
694 -18.76 1.625
693 -17.88 0.813
692 -17.88 1.628
691 -17.45 1.63
690 -17.45 1.631
689 -17.45 1.224
688 -17.89 1.225
687 -17.89 1.635
686 -17.52 1.636
685 -17.52 0.819
684 -17.31 0.819
683 -17.31 1.64
682 -17.31 0.821
681 -17.09 0.821
680 -17.09 1.644
679 -16.49 1.645
678 -16.49 0.823
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

713 0.20517
712 0.23943
711 0.25079
710 0.20523
709 0.33068
708 0.17103
707 0.21675
706 0.19397
705 0.2624
704 0.18255
703 0.33088
702 0.25103
701 0.19407
700 0.26254
699 0.31968
698 0.19414
697 0.26263
696 0.36545
695 0.21704
694 0.2399
693 0.26276
692 0.28563
691 0.31998
690 0.21717
689 0.16002
688 0.28587
687 0.26293
686 0.32016
685 0.41176
684 0.22882
683 0.2517
682 0.34331
681 0.17167
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Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

675 0.105
674 -0.084
673 1.65
672 0.882
671 -0.871
670 0.033
669 -0.641
668 0.38
667 -0.102
666 -1.348
665 -0.477
664 0.078
663 -0.65
662 -0.381
661 0.949
660 1.392
659 0.95
658 -0.422
657 -0.085
656 0.366
655 -0.606
654 0.573
653 0.99
652 -1.505
651 -1.159
650 0.369
649 1.166
648 0.988
647 -0.374
646 -0.747
645 -0.323
644 -1.065
643 0.278
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

677 -16.08 1.648
676 -16.08 0.825
675 -16.17 0.825
674 -16.17 0.826
673 -16.26 1.653
672 -16.26 1.655
671 -16.87 0.828
670 -16.87 0.414
669 -17.03 1.659
668 -17.03 1.245
667 -17.03 0.831
666 -17.41 1.663
665 -17.31 1.248
664 -17.31 1.249
663 -17.69 1.25
662 -17.69 1.167
661 -17.04 1.669
660 -17.04 1.67
659 -16.99 0.836
658 -16.99 0.837
657 -16.99 1.675
656 -17.95 1.257
655 -17.95 1.258
654 -17.61 1.259
653 -17.61 0.84
652 -17.32 1.681
651 -17.18 1.682
650 -17.18 0.842
649 -17.78 1.685
648 -17.78 1.686
647 -18.24 1.266
646 -18.24 1.689
645 -18.16 0.845
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

680 0.28615
679 0.26331
678 0.24047
677 0.40077
676 0.21754
675 0.28633
674 0.30926
673 0.17183
672 0.29793
671 0.20627
670 0.17189
669 0.36684
668 0.21785
667 0.20636
666 0.20638
665 0.44726
664 0.26378
663 0.18354
662 0.32129
661 0.18358
660 0.24095
659 0.29834
658 0.28697
657 0.2181
656 0.26409
655 0.30999
654 0.31003
653 0.31006
652 0.21822
651 0.27577
650 0.25273
649 0.14944
648 0.0919
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Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

642 0.409
641 -0.941
640 -3.294
639 -0.002
638 1.306
637 0.179
636 -1.14
635 0.09
634 1.422
633 0.347
632 -0.496
631 -0.916
630 -3.217
629 -0.586
628 0.037
627 1.634
626 0.958
625 -0.244
624 0.219
623 -1.59
622 -1.544
621 -1.844
620 0.489
619 1.63
618 0.219
617 -0.179
616 0.239
615 -1.369
614 -1.583
613 -0.947
612 0.825
611 -0.636
610 -0.04
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

644 -18.16 0.846
643 -17.75 1.693
642 -17.75 1.271
641 -17.32 0.848
640 -17.32 1.273
639 -17.11 1.274
638 -17.11 1.275
637 -17.2 0.85
636 -17.2 1.277
635 -17.18 2.13
634 -17.18 1.705
633 -18.14 2.559
632 -18 1.708
631 -18 1.282
630 -18 1.283
629 -17.29 1.712
628 -17.59 1.713
627 -17.59 1.286
626 -17.34 2.145
625 -17.34 0.859
624 -17.34 1.718
623 -16.95 2.15
622 -16.95 0.86
621 -17.55 1.722
620 -17.77 1.724
619 -17.77 1.294
618 -17.69 1.726
617 -17.9 2.16
616 -17.9 1.297
615 -17.9 1.731
614 -17.28 1.732
613 -17.15 2.167
612 -17.15 0.867
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

647 0.26432
646 0.32179
645 0.19539
644 0.26439
643 0.20696
642 0.26444
641 0.24151
640 0.52916
639 0.24158
638 0.21863
637 0.14961
636 0.25318
635 0.35679
634 0.19573
633 0.25326
632 0.28782
631 0.21877
630 0.25333
629 0.27635
628 0.21883
627 0.2534
626 0.31099
625 0.23046
624 0.32261
623 0.21894
622 0.19596
621 0.12683
620 0.16141
619 0.14985
618 0.18444
617 0.24205
616 0.25364
615 0.21907
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Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

609 1.51
608 -0.443
607 -0.964
606 -0.463
605 -0.535
604 0.292
603 1.032
602 2.689
601 0.582
600 0.196
599 1.148
598 0.977
597 1.164
596 1.381
595 1.596
594 -0.769
593 -1.479
592 -1.357
591 -1.545
590 -1.304
589 -0.732
588 -1.156
587 -0.148
586 0.004
585 1.482
584 -0.413
583 0.152
582 -0.4
581 0.88
580 0.714
579 -2.333
578 -2.957
577 -0.687
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

611 -17.15 1.302
610 -17.3 0.869
609 -17.3 1.304
608 -17.25 2.175
607 -17.7 1.741
606 -17.7 0.871
605 -17.33 2.18
604 -17.44 1.309
603 -17.44 1.747
602 -17.4 1.311
601 -17.4 0.875
600 -17.4 0.876
599 -17.28 1.314
598 -17.24 1.754
597 -17.24 1.229
596 -17.82 1.757
595 -18.01 1.758
594 -18.01 0.88
593 -17.12 1.321
592 -17.12 1.322
591 -16.42 1.323
590 -16.42 0.882
589 -16.42 0.883
588 -16.21 0.884
587 -16.21 1.769
586 -16.22 0.885
585 -16.22 0.886
584 -17.19 0.887
583 -17.19 1.331
582 -17.2 0.888
581 -17.2 1.333
580 -17.2 0.89
579 -17.26 0.89
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

614 0.23066
613 0.23068
612 0.2307
611 0.23072
610 0.23074
609 0.23076
608 0.23078
607 0.2308
606 0.23082
605 0.23084
604 0.23087
603 0.23089
602 0.23091
601 0.23093
600 0.23095
599 0.23097
598 0.23099
597 0.23101
596 0.23103
595 0.23105
594 0.23107
593 0.23109
592 0.23111
591 0.23113
590 0.23115
589 0.23117
588 0.23119
587 0.23121
586 0.23123
585 0.23125
584 0.23127
583 0.2313
582 0.23132
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Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

576 0.637
575 -0.352
574 -0.93
573 -0.354
572 0.901
571 0.288
570 0.745
569 0.414
568 0.633
567 -0.501
566 -0.945
565 -0.039
564 1.664
563 0.824
562 -0.152
561 1.121
560 2.898
559 1.488
558 -0.116
557 1.093
556 -0.012
555 0.752
554 2.401
553 0.86
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

578 -17.26 1.337
577 -17.26 0.892
576 -17.42 0.892
575 -17.69 0.893
574 -17.69 0.894
573 -17.69 0.895
572 -17.69 0.896
571 -17.69 1.344
570 -17.69 0.897
569 -17.69 0.898
568 -17.69 0.898
567 -17.69 0.899
566 -17.69 0.9
565 -17.69 1.351
564 -17.69 1.352
563 -17.69 1.353
562 -17.58 1.354
561 -17.58 1.807
560 -17.31 1.809
559 -17.57 1.358
558 -17.57 1.359
557 -17.73 1.36
556 -17.79 1.361
555 -17.79 1.816
554 -18.2 0.909
553 -18.2 0.91
552 -18.08 1.821
551 -18.22 1.823
550 -18.25 1.824
549 -18.25 0.913
548 -18.25 0.914
547 -17.89 1.829
546 -17.29 0.915
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

581 0.23122
580 0.23124
579 0.23126
578 0.23128
577 0.2313
576 0.23132
575 0.23134
574 0.23136
573 0.23138
572 0.23141
571 0.23143
570 0.23145
569 0.23147
568 0.23149
567 0.23151
566 0.23153
565 0.23155
564 0.23157
563 0.23159
562 0.23161
561 0.23163
560 0.23165
559 0.23167
558 0.23169
557 0.23171
556 0.23173
555 0.23176
554 0.23178
553 0.2318
552 0.23182
551 0.23184
550 0.23186
549 0.23188
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Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

545 -17.29 1.832
544 -16.9 0.917
543 -16.9 0.918
542 -16.9 0.918
541 -17.2 1.838
540 -17.32 1.38
539 -17.32 1.381
538 -17.57 1.382
537 -17.57 0.922
536 -18.04 1.385
535 -18.04 1.386
534 -18.3 0.462
533 -18.3 0.926
532 -18.3 0.927
531 -18.19 0.835
530 -18.19 0.928
529 -17.97 1.394
528 -17.97 0.93
527 -17.84 0.931
526 -17.84 1.397
525 -17.98 1.399
524 -17.98 1.4
523 -17.7 2.335
522 -17.88 0.935
521 -17.88 1.404
520 -18.01 1.873
519 -18.01 0.938
518 -17.97 1.408
517 -17.97 1.409
516 -17.52 0.94
515 -17.52 0.941
514 -17.14 1.413
513 -17.14 1.886
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

548 0.31313
547 0.22041
546 0.26675
545 0.22045
544 0.24363
543 0.27847
542 0.2785
541 0.23206
540 0.22055
539 0.18575
538 0.31342
537 0.27863
536 0.19734
535 0.29033
534 0.29036
533 0.10452
532 0.17421
531 0.23227
530 0.22075
529 0.22077
528 0.19758
527 0.18594
526 0.20916
525 0.26736
524 0.372
523 0.31385
522 0.20925
521 0.25581
520 0.25584
519 0.32564
518 0.15122
517 0.26758
516 0.16292
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Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

512 -17.28 0.472
511 -17.28 0.945
510 -17.68 1.418
509 -17.68 1.42
508 -17.93 1.421
507 -17.93 0.948
506 -17.93 0.475
505 -17.99 1.9
504 -17.99 0.951
503 -18.21 1.904
502 -17.98 1.906
501 -17.61 2.861
500 -17.34 0.955
499 -17.34 0.956
498 -17.34 1.435
497 -17.22 1.915
496 -17.01 1.438
495 -17.01 1.439
494 -16.63 1.441
493 -16.63 0.961
492 -16.7 1.444
491 -16.7 1.445
490 -17.23 0.965
489 -17.23 1.448
488 -17.87 1.45
487 -17.87 0
486 -18.16 0
485 -18.16 0
484 -17.97 0
483 -17.97 0
482 -18.02 0
481 -17.76 0
480 -17.76 0
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

515 0.16293
514 0.27932
513 0.27935
512 0.27938
511 0.20958
510 0.19792
509 0.10474
508 0.13966
507 0.2678
506 0.22122
505 0.20967
504 0.26787
503 0.25633
502 0.19804
501 0.12818
500 0.27964
499 0.20978
498 0.26801
497 0.15148
496 0.43127
495 0.11656
494 0.25653
493 0.27983
492 0.27986
491 0.24491
490 0.29161
489 0.18658
488 0.24498
487 0.18661
486 0.28001
485 0.21005
484 0.15167
483 0.25679
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Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

479 -17.76 0
478 -17.47 0
477 -17.49 0
476 -17.49 0
475 -17.77 0
474 -17.77 0
473 -17.77 0
472 -18.49 0
471 -18.49 0
470 -18.49 0
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

482 0.2334
481 0.39686
480 0.25687
479 0.18676
478 0.25692
477 0.31527
476 0.26857
475 0.29203
474 0.28034
473 0.2103
472 0.29211
471 0.21034
470 0.33894
469 0.24544
468 0.23374
467 0.24548
466 0.24551
465 0.25726
464 0.30396
463 0.22212
462 0.22214
461 0.23389
460 0.21057
459 0.26901
458 0.28078
457 0.32763
456 0.23401
455 0.21067
454 0.22231
453 0.26917
452 0.22235
451 0.29259
450 0.23414
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Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

449 0.25753
448 0.23419
447 0.29271
446 0.24586
445 0.17563
444 0.2459
443 0.21079
442 0.24595
441 0.16405
440 0.30464
439 0.24601
438 0.21089
437 0.16399
436 0.25783
435 0.36334
434 0.21097
433 0.26967
432 0.23441
431 0.3049
430 0.24623
429 0.24625
428 0.23451
427 0.2463
426 0.24632
425 0.21115
424 0.18774
423 0.26981
422 0.2112
421 0.31684
420 0.34032
419 0.11741
418 0.18784
417 0.10564
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Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.

ABOR/MH/Priv-002921

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

416 0.29353
415 0.24655
414 0.28181
413 0.30529
412 0.18795
411 0.15272
410 0.32894
409 0.29373
408 0.23494
407 0.23496
406 0.23498
405 0.235
404 0.23502
403 0.23504
402 0.23506
401 0.23508
400 0.23511
399 0.23513
398 0.23515
397 0.23517
396 0.23519
395 0.23521
394 0.23523
393 0.23525
392 0.23527
391 0.2353
390 0.23532
389 0.23534
388 0.27067
387 0.32964
386 0.23541
385 0.29439
384 0.23546
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Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

383 0.30615
382 0.318
381 0.15316
380 0.21203
379 0.24739
378 0.24742
377 0.24744
376 0.24746
375 0.24749
374 0.24751
373 0.24753
372 0.24756
371 0.24758
370 0.24761
369 0.24763
368 0.24765
367 0.24768
366 0.2477
365 0.24772
364 0.18879
363 0.35396
362 0.22424
361 0.22426
360 0.28325
359 0.27144
358 0.15349
357 0.12981
356 0.25977
355 0.18895
354 0.23611
353 0.11812
352 0.27158
351 0.27161

ABOR/MH/Priv-002926

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

350 0.28349
349 0.23622
348 0.2954
347 0.20082
346 0.26
345 0.27177
344 0.2482
343 0.2009
342 0.31917
341 0.14186
340 0.1064
339 0.17735
338 0.27204
337 0.27207
336 0.28385
335 0.31937
334 0.28391
333 0.30769
332 0.20122
331 0.23674
330 0.26039
329 0.26042
328 0.27232
327 0.24859
326 0.22498
325 0.24864
324 0.26054
323 0.17763
322 0.10658
321 0.2606
320 0.24874
319 0.26065
318 0.21324
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Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

317 0.28447
316 0.22517
315 0.2963
314 0.249
313 0.28459
312 0.27273
311 0.22529
310 0.16606
309 0.16607
308 0.20166
307 0.26093
306 0.2136
305 0.2373
304 0.21363
303 0.21365
302 0.27295
301 0.21369
300 0.2374
299 0.17812
298 0.26114
297 0.18994
296 0.18996
295 0.27311
294 0.18999
293 0.22563
292 0.20194
291 0.24949
290 0.29707
289 0.23763
288 0.26149
287 0.21395
286 0.29718
285 0.2258

ABOR/MH/Priv-002934

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.

ABOR/MH/Priv-002937

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

284 0.23774
283 0.24969
282 0.27345
281 0.23781
280 0.23783
279 0.24978
278 0.26174
277 0.24983
276 0.2736
275 0.23795
274 0.22615
273 0.2023
272 0.32134
271 0.28568
270 0.26195
269 0.20238
268 0.19046
267 0.17865
266 0.16672
265 0.23816
264 0.23818
263 0.2382
262 0.22639
261 0.22641
260 0.26216
259 0.26219
258 0.26222
257 0.25029
256 0.25031
255 0.22654
254 0.1192
253 0.1907
252 0.22659
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Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18
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t

plato210.
ant O-18 Years A.D.
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

251 0.25041
250 0.21467
249 0.28622
248 0.17895
247 0.27431
246 0.26249
245 0.22674
244 0.32214
243 0.21482
242 0.23865
241 0.21485
240 0.25067
239 0.22687
238 0.20294
237 0.27456
236 0.27459
235 0.22695
234 0.22697
233 0.23885
232 0.21503
231 0.23889
230 0.21507
229 0.29874
228 0.2271
227 0.26296
226 0.251
225 0.26302
224 0.28691
223 0.25109
222 0.19127
221 0.10757
220 0.25115
219 0.17944
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Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18
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t

plato210.
ant O-18 Years A.D.
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

218 0.25119
217 0.26321
216 0.22725
215 0.16751
214 0.13164
213 0.20341
212 0.23932
211 0.26335
210 0.32317
209 0.25141
208 0.32325
207 0.23946
206 0.28741
205 0.2156
204 0.27545
203 0.25157
202 0.2516
201 0.21569
200 0.26367
199 0.15576
198 0.14375
197 0.17982
196 0.25173
195 0.2158
194 0.27571
193 0.27574
192 0.19182
191 0.21589
190 0.19185
189 0.26381
188 0.17997
187 0.22788
186 0.2279
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Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.

ABOR/MH/Priv-002949

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

185 0.20397
184 0.22794
183 0.14395
182 0.17995
181 0.28807
180 0.24006
179 0.21612
178 0.13209
177 0.19207
176 0.26411
175 0.10803
174 0.19211
173 0.20417
172 0.28829
171 0.15614
170 0.21628
169 0.09615
168 0.40855
167 0.22828
166 0.25241
165 0.20433
164 0.25246
163 0.26442
162 0.21645
161 0.25253
160 0.2405
159 0.32473
158 0.26457
157 0.31274
156 0.21648
155 0.24063
154 0.20457
153 0.27677
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Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

152 0.22863
151 0.20463
150 0.30089
149 0.2287
148 0.18054
147 0.16859
146 0.18056
145 0.30102
144 0.25285
143 0.27704
142 0.18064
141 0.24096
140 0.32535
139 0.26507
138 0.24104
137 0.26513
136 0.27725
135 0.24112
134 0.27731
133 0.22908
132 0.2291
131 0.20504
130 0.2894
129 0.26535
128 0.34986
127 0.31371
126 0.26545
125 0.20519
124 0.2534
123 0.22932
122 0.24146
121 0.25347
120 0.18107
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Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

119 0.27775
118 0.28977
117 0.21735
116 0.20537
115 0.20539
114 0.19329
113 0.25366
112 0.21745
111 0.31421
110 0.29
109 0.24177
108 0.20554
107 0.24182
106 0.20558
105 0.25387
104 0.20561
103 0.26605
102 0.21767
101 0.22982
100 0.24198

99 0.29032
98 0.24203
97 0.22992
96 0.24208
95 0.32675
94 0.23
93 0.25419
92 0.23004
91 0.21792
90 0.21794
89 0.23011
88 0.09683
87 0.16962
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Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

86 0.27864
85 0.25437
84 0.19386
83 0.26657
82 0.24241
81 0.38786
80 0.30303
79 0.2425
78 0.20616
77 0.27892
76 0.21824
75 0.26681
74 0.25467
73 0.20626
72 0.2305
71 0.26692
70 0.24272
69 0.24274
68 0.29135
67 0.27921
66 0.23065
65 0.29145
64 0.2793
63 0.29152
62 0.34005
61 0.43736
60 0.21864
59 0.25523
58 0.20661
57 0.23089
56 0.23091
55 0.25533
54 0.23096
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Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

53 0.29185
52 0.15807
51 0.24323
50 0.21897
49 0.31624
48 0.20682
47 0.27982
46 0.27985
45 0.27988
44 0.27991
43 0.27995
42 0.27998
41 0.28001
40 0.32878
39 0.24356
38 0.28011
37 0.31668
36 0.26796
35 0.3533
34 0.23148
33 0.18285
32 0.19497
31 0.28033
30 0.20724
29 0.18292
28 0.29263
27 0.18296
26 0.29269
25 0.26838
24 0.26841
23 0.2562
22 0.24399
21 0.30509
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Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

20 0.24405
19 0.26856
18 0.21974
17 0.24412
16 0.24415
15 0.2198
14 0.31756
13 0.28086
12 0.24426
11 0.20765
10 0.21992

9 0.32986
8 0.19546
7 0.20773
6 0.22001
5 0.22003
4 0.22005
3 0.29339
2 0.3301
1 0.318
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Author
description (red if used in 

Mann et al 98)

sample 
interval 
(years)

Data 
type

site 
id/chronid latitude longitude elevation

start 
year

end 
year

instrumental 
correlations

use for high 
frequency?

use for low 
frequency?

is it 
public?

Fisher & Koerner 1995 Agassiz Ice Cap, Ellesmere Is., N. Canad 1 8001 80.75 -72.83 1670

Fisher & Koerner 1994 Agassiz Ice Cap, Ellesmere Is., N. Canad 1 and 5 8004 80.75 -72.83 1670 617 1961 no yes no

Tarusov, 1992 Svalbard 2 to 20 8004 hole 85 & 87 78 20 -575 1985 no yes no
Fi h D A 2003 N G l d 1 8001 75 9 47 7 1761 1972Fisher, D.A., 2003 N. Greenland 1 8001 75.9 -47.7 1761 1972 no
Fisher, D.A., 2002 Devon Island Ice Cap, N. Canada 1 8001 75.42 -82.5 1800 1512 1973 no
Fisher, D.A., 2003 Devon Island Ice Cap, N. Canada 5 8004 75.42 -82.5 1800 1161 1971 no yes no

Fisher, D.A., 1996 C. Greenland (GISP2/GRIP) 1 8001 71.26 -37.7 3200 553 1982 yes yes no
Fisher, D.A., 1998 Penny Ice Cap, Baffin Is., Canada 1 8001 67.25 -65.5 1900 1761 1970 no
Fisher et al 1999 Penny Ice Cap Baffin Is Canada 1 8004 67 25 -65 5 1900 1694 1992 yes yes noFisher et al., 1999 Penny Ice Cap, Baffin Is., Canada 1 8004 67.25 -65.5 1900 1694 1992 yes yes no
Fisher et al., 1998 Penny Ice Cap, Baffin Is., Canada 25 8004 67.25 -65.5 1900 1790 1992 no yes no
Kameda et al., 1996 S. Greenland 1 8004 66.87 -46.27 1761 1970 no
Fisher, D.A., 2004 S. Greenland 1 8001 66.48 -46.33 1742 1974 no

Holdsworth et al., 1992 Mt Logan, Alaska 1 8001 60.6 -140.5 5340 1736 1987 yes

Holdsworth et al., 1993 Mt Logan, Alaska 1 8003 60.6 -140.5 5340 1736 2000 yesg y

Thompson, L. G., E. Mosley-Thompson, JQuelccaya, Peru 1 8001 Core 1 & summ -13.93 -70.83 5670 470 1984 yesThompson, L. G., E. Mosley Thompson, JQuelccaya, Peru 1 8001 Core 1 & summ 13.93 70.83 5670 470 1984 yes

Thompson L G E Mosley Thompson JQuelccaya Peru 1 8003 Core 1 & Summ 13 93 70 83 5670 470 1984 yesThompson, L. G., E. Mosley-Thompson, JQuelccaya, Peru 1 8003 Core 1 & Summ -13.93 -70.83 5670 470 1984 yes
Thompson, L. G., E. Mosley-Thompson, JQuelccaya, Peru 10 8001 -13.93 -70.83 5670 1001 2000 yes
Lin, P.N., L.G. Thompson, M.E. Davis andDunde, W. China 10 8001 38.1 96.4 5325 1001 1987 no
Thompson, L.G., E. Mosley-Thompson, MGuliya, W. China 10 8001 35.28 81.5 6710 1000 1989 no
Thompson, L.G., T. Yao, E. Mosley-TDasuopu, W. China 10 8001 28 85 6900 1001 1997 no
Thompson, L.G., E. Mosley-Thompson, MHuascaran, Peru 10 8001 -9.11 -77.6 6048 1001 1995 no
Thompson, L.G., M.E. Davis, E. Mos Sajama, Bolivia 10 8001 -18 -68 6,548 1001 1997 no
Thompson L G E Mosley Thompson MKilimanjaro Tanzania 10 8001 KNIF 2 & 3 3 08 37 3 5893 460 1950 yes yesThompson, L. G., E. Mosley-Thompson, Kilimanjaro, Tanzania 10 8001 KNIF 2 & 3 -3.08 37.3 5893 460 1950 yes yes
Fisher, D.A., 2002 James Ross 1 8001 -64.22 -57.68 1791 2000 no
Fisher, D.A., 2002 Law Dome, Antarctica 1 8001 -66.1 111 1390 1761 1970 no
Fisher, D.A., 2002 Dolleman, Antarctica 1 8001 -70.58 -60.93 1761 1970 no
Fi h D A 2002 D Pl t A t ti 1 8001 70 67 64 87 1761 1970Fisher, D.A., 2002 Dyer Plateau, Antarctica 1 8001 -70.67 -64.87 1761 1970 no
Fisher, D.A., 2002 Plateau 1 8001 -84 43 1761 1970 no

Stenni, B., et al., 2002 Talos Dome, Antarctica 1 8002 -72.8 159.1 89 1217 1996 yes, , , , y
Fisher, D.A., 2002 Siple Dome, Antarctica Jan-00 8001 -81.65 -148.81 650 1761 1970 no
Ekaykin et al, in press Vostok, Antarctica 1 8001 & 8003 -78.5 106.8 3421 1779 1994 no yes no
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Meese et al, 1994 GISP2, Greenland 1 8003 72.6 -38.5 3200 1 1988 no yes no

NGRIP members 2004 NGRIP 50 8001 75 -42 2975 0 2000 no yes yes

Vinther et al, 2003 S. & C.  Greenland 1 8006 7 cores (PC) 66.48 -46.33 1245 1970 yes, ( ) y
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do we 
have it? location in database notes

each core series normalised then AVERAGED; cores 
Fisher 2004 CD (pers. comm): file MGNORM.1YR

each core series normalised then AVERAGED; cores 
A79, A84 A87

yes Fisher 2004 CD (pers. comm): file PCNORM-5.ALL
each core series normalised then AVERAGED; cores 
A84 A87 A77 A79
Data digitized; hole 85 spans 1574-1936 & hole 85

yes Fisher 2004 CD (pers. comm): Tarussov data set; file SVALBARD

Data digitized; hole 85 spans 1574-1936, & hole 85 
spans -575-1985…mean thus available only for 1574-
1936; data irreg. Spaced but mostly ~2 yr for last 
1500yr

Fi h D A 2002 CD 2004 ( ) fil DELNORT3 STK t k f 3 N li d th dyes Fisher, D.A., 2002.  CD 2004 (pers. comm.) file DELNORT3.STK stack of 3 cores,. Normalized then averaged.
yes Fisher 2004 CD (pers. comm): file BLD-1.DEV
yes Fisher 2004 CD (pers. comm): file PC5BLD.DEV Average of 3 cores: 1971, 72, 73

yes Fisher, D.A., 2002.  CD 2004 (pers. comm.) file DELNORM6.CWG
285 years; stack of 13 series, normalized; claims zero 
time error (volcanic signal synchronized for timescale)

yes Fisher 2004 CD (pers. comm): file PENNYDEL.P95
yes Fisher 2004 CD (pers. comm): file Penny 95.4 core/ice layers/ PC1YR2yes Fisher 2004 CD (pers. comm): file Penny 95.4 core/ice layers/ PC1YR2
yes Fisher 2004 CD (pers. comm): file PC25YRSP
yes Fisher 2004 CD (pers. comm): Kameda data set; file SGREENPC Kameda et al., 1996
yes Fisher, D.A., 2002.  CD 2004 (pers. comm.) file DEL1DYE2.DYE

Moore et al 2002; IGBP Pages/WDC A for Paleoclimatology Contribution Series #
yes

Moore et al., 2002; IGBP Pages/WDC-A for Paleoclimatology Contribution Series # 
2002-79

yes
Moore et al., 2002; IGBP Pages/WDC-A for Paleoclimatology Contribution Series # 
2002-81 1988 missingy

yes
Thompson, 1992; IGBP PAGES/World Data Center-A for Paleoclimatology Data 
Contribution Series # 92-008

ftp://ftp.ngdc.noaa.gov/paleo/icecore/trop/quelccaya/q83
cor1.txt

Mean of 2 cores back to AD 
744 (Core 1 extends to 
AD470; summit to AD744)yes Contribution Series # 92 008 cor1.txt AD470; summit to AD744)

yes
Thompson, 1992; IGBP PAGES/World Data Center-A for Paleoclimatology Data 
Contribution Series # 92 008

ftp://ftp.ngdc.noaa.gov/paleo/icecore/trop/quelccaya/q83
cor1 txt

Mean of 2 cores back to AD 
744 (Core 1 extends to 
AD470; summit to AD744)yes Contribution Series # 92-008 cor1.txt AD470; summit to AD744)

yes juniper/data sets/ice core data/6 ice-core-composite-for-Bradley-Jones-Mann 10 year means 1001-1010 to 1991-2000
yes juniper/data sets/ice core data/6 ice-core-composite-for-Bradley-Jones-Mann
yes juniper/data sets/ice core data/6 ice-core-composite-for-Bradley-Jones-Mann

yes juniper/data sets/ice core data/6 ice-core-composite-for-Bradley-Jones-Mann

yes juniper/data sets/ice core data/6 ice-core-composite-for-Bradley-Jones-Mann

yes juniper/data sets/ice core data/6 ice-core-composite-for-Bradley-Jones-Mann

yes juniper/data sets/ice core data/kibo isotopes last 2ka mean of 2 NIF sitesyes juniper/data sets/ice core data/kibo isotopes last 2ka mean of 2 NIF sites
yes Fisher 2004 CD (pers. comm): file JROSS210.ANT
yes Fisher 2004 CD (pers. comm): file LAWA210.ANT
yes Fisher 2004 CD (pers. comm): file DOLL210.ANT

Fi h 2004 CD ( ) fil DYER210 ANTyes Fisher 2004 CD (pers. comm): file DYER210.ANT
yes Fisher 2004 CD (pers. comm): file PLATO210.ANT

yes

Stenni, B., et al., 2002; IGBP Pages/WDC-A for Paleoclimatology Contribution 
Series # 2002-68y

yes Fisher 2004 CD (pers. comm): file SIPLE210.ANT
yes Vostok 200 yrs data.xls
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Deb Meese; Pers. comm.9/6/04: data available back 
through Holocene--only last ~2000 years shown here; 
"It's based on the depth age scale which incorporated 
del 18O and is the accum model that Bolzan, 

yes Juniper1: data sets/ice cores/GISPage+accum.xls
del 18O and is the accum model that Bolzan, 
Waddington, etc put together"

yes http://www.glaciology.gfy.ku.dk/index_e.html
Data avaialable back to 12,950 BP, but not included 
here.
In Vinther et al [GRL vol. 30, no. 1387, In Vinther et al [GRL vol. 30, no. 1387, 
doi:10.1029/2002GL016193, 2003.] this is the PC1 time 
series, based on winter delta-O18 data from 7 
Greenland ice cores (Crete, Dye3-71, Dye3-79, GRIP 

yes http://www.glaciology.gfy.ku.dk/index_e.html

( , y , y ,
89-1, GRIP 93,Milcent, Renland). winters are dated 
according to the month of January; series mean =0, 
SD=1y
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KEY to COLUMN E

Ice 8001 = O-18
8002 = deuterium
8003 = accumulation
8004 = melt %
8005 = other (dust, gases etc)
8006= derived parameter (PC, or other index)

Mann et al 1998 used:
Greenland                  Ice melt             summer air temp   66N   45W   1545     Kameda et al, 1996
Svalbard                   Ice melt             summer air temp   79N   17W   1400     Tarussov 1992
Penny                      Ice O-18             (temp)            70N   70W   1718     Fisher et al 1998
Central Greenland (Stack)  Ice O-18             (temp)            77N   60W    553     Fisher et al 1996
Quelccaya summit core         Ice O-18             (air temp)        14S   71W    470     Thompson 1982
Quelccaya summit core         Ice accumulation     precip             "     "     488          "
Quelccaya Core  2           Ice O-18             (air temp)         "     "     744          "
Quelccaya Core  2     Ice accumulation     precip             "     "     744          "
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From: raymond s. bradley
To: srutherford@rwu.edu; mann@multiproxy.evsc.virginia.edu; zz9t@virginia.edu; mhughes@ltrr.arizona.edu
Cc: tcook@geo.umass.edu
Subject: Coral data inventory
Date: Monday, January 24, 2005 12:35:28 PM
Attachments: CORAL inventory 2005.xls

I attach the latest inventory of coral data; the data itself is found on sheet 2 of the
file.  This provides a significant improvement over Mann et al 1998, though the
records are generally short.  Note too that some are sub-annual, some are annual
and some are multi-annual in resolution, and there are cautionary notes in the last
column.  
If you have any questions, let me know.  This supercedes any earlier versions of
these data you may have received.

I am working on the other proxies (sediments, speleothems, historical & ice core
data) and will send similar file to you soon.  If you see problems in the way this
version is formatted, let me know so I can perhaps amend other versions.
Ray

Raymond S. Bradley 
Director, Climate System Research Center*
Department of Geosciences, University of Massachusetts
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel: 413-545-2120 
Fax: 413-545-1200 
*Climate System Research Center: 413-545-0659 
        <http://www.paleoclimate.org> 
Paleoclimatology Book Web Site: http://www.geo.umass.edu/climate/paleo/html 
Publications (download .pdf files):
http://www.geo.umass.edu/faculty/bradley/bradleypub.html
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In Databas Author

descrip
tion 

(red if 

sample 
interval 
(years)

Data 
type

site 
id/chro

nid

latitude
North=

+

longitu
de: 

East=+ species
elevatio

n
sample 
depth

start 
year

end 
year

instrum
ental 

correlat

use for 
high 

frequen

use for 
low 

frequen
is it 

public?
do we 

have it?

location 
in 

databas

Readm
e file--
data notes

yes Lough, J. &Great Barr 1; 5 yr gau 7004 -18 147.2 Porites 1746 1982 no yes no yes Lough and ftp://ftp.ngdUse 5 yr gaussian. Alt

yes Heiss, 199 Aquaba, J 1 7001 29.4 35 Porites sp. -1 1788 1992 yes yes yes Heiss (199 ftp://ftp.ngdno statistically signif

yes Felis et al. Ras Umm, 0.167 7001 27.8 34.3 Porites sp. -5.5 1751 1995 no yes yes Felis et al. ftp://ftp.ngdgenerally (-) relations

yes Haase-SchMontego B var: 2 to 6 7001 18.5 -77.9 Ceratopore -20 1344 1991 no yes yes Haase-Schftp://ftp.ngdsclerosponges (Cerato
yes Haase-SchMontego B var: 2 to 6 7003 18.5 -77.9 Ceratoporella nicholsoni 1356 1991 yes yes yes Haase-Schftp://ftp.ngdsclerosponges (Cerato
yes Linsley, et Secas Is, E0.125 to 0. 7001 7.9 -82 Porites lobata 1708 1983 yes yes yes Linsley et aftp://ftp.ngdcore gap between 200
yes Urban et a Maiana Ato 0.167 7001 1 173 Porites sp 1840 1993 yes yes yes Urban et a ftp://ftp.ngdgood, generally cons
yes Dunbar et Urvina,Ga 1 7001 0.4 -91.2 Pavona cla 0 1607 1953 yes yes yes Dunbar et ftp://ftp.ngdgood, generally cons

yes Cole et al., Malindi, Ke 1 7001 -3 40 Porites lute -6 1801 1994 yes yes yes Cole et al. ftp://ftp.ngd(-) relationship with S

yes Charles et Seychelles 0.083 7001 -4.6 55.8 Porites lute -7 1847 1994 yes yes yes Charles et ftp://ftp.ngdgenerally consistent 
yes Quinn et alEspiritu S 1:mean of 7001 -15 167 Platygyra lamellina 1807 1979 yes yes yes Quinn et alftp://ftp.ngdno statistically signifyes Quinn et alEspiritu S 1:mean of 7001 -15 167 Platygyra lamellina 1807 1979 yes yes yes Quinn et al ftp://ftp.ngdno statistically signif
yes Isdale, P.J Havannah 1* 7005 -18.85 146.55 Porites sp 1644 1870 yes yes yes Isdale, P.J ftp://ftp.ngd*Burdekin River runoff

yes McCulloch Havannah 1* 7003 -18.85 146.55 Porites sp 1758 1870 yes yes yes McCulloch ftp://ftp.ngd*Burdekin River runoff
yes Linsley et aRaratonga 0.08 7003 -21.2 -159.8 Porites lute -18.3 1727 1996 yes yes yes Linsley et aftp://ftp.ngdgenerally (-) relations
yes Quinn et alAmedee,N 0.5 7001 -22.5 166.5 Porites sp -3 1658 1992 yes yes yes Quinn et alftp://ftp.ngdgenerally (-) relations

yes Kuhnert, H Houtman A 0.16 7001 -28.5 113.8 Porites lute -5 1795 1993 yes yes yes Kuhnert, H ftp://ftp.ngdgenerally (-) relations
yes Zinke et al Indian Oce 0.16 7001,2,3 -23.15 43.58 Porites lob -1.1 1659 1995 yes yes yes Zinke et al ftp://ftp.ngdSr/Ca data discontin
no Linsley et aVanua Levi, Fiji, SW P 7003 -16.82 179.23 Porites lute -10 1780 1997 not yet! Willing to provide data
no Linsley et aVanua Levi, Fiji, SW P 7001 -16.82 179.23 Porites lute -10 1780 1997 Willing to provide data
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Main 
Signal 
(Lough 

though there is a significant relationship with average SSTs the explained variance is low although it is slightly better for the 5-year gaussian filtered series but still <30%.  This 10-coral average series would be the one to use ra

f relationship with SSTs, SOI or Use core 18 data set

ship to SSTs PDO ENSO NAO SST salinity rainfall

oporella nicholsoni)
oporella nicholsoni)
09 and 2010 mm, with no statistically signif relationship with SSTs, SOI or rainfall
sistent (+) r1901-05 patched from Tarawa "through straightforward comparisonSST rainfall ENSO
sistent (+) relationship with SOI; P. Clavus produces aragonite about 0.40 paSST ENSO

SSTs 1961-90 only

(-) relationship with SSTs, + with SOI SST
f relationship with SSMean of 4 samples year used -revised from QSR paperf relationship with SSMean of 4 samples year used -revised from QSR paper
f Oct-Sept discharge year; anthropogenic influence after AD1870

f Oct-Sept discharge year; after ~1870, anthropgenic disturbance dominates signal; chronology checked with known floods in 1819, 1826, 1831, 1859, 1860 and 1864
ship to SSTs & SOI SST PDO
ship to SSTs & SOI Use file "NC.Published.1992-1657.Qtr.txt" SST

ship to SSTs & SOI, but mostly not signif. Errors are estimated to be ±1 year per 100 years (due to unclear banding and d18O cycles near 1853 and 1869, respectively)
uous

a in 2005
a in 2006
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1982 -0.61 -0.29 1992 -3.16 0.05 1995.583 -4.12 1991 -0.91 1991 9.525 0.068 1984.5 -0.72 -6.12 1840 -4.69144 1981 -4.13 1994 -4.705 1995.13
1981 0.17 -0.06 1991 -2.98 0.03 1995.417 -3.82 1986 -0.79 1986 9.494 0.072 1984.44 -0.23 -5.85 1840.17 -4.78337 1980 -4.26 1993 -4.658 1995.04
1980 0.07 -0.02 1990 -2.72 0.02 1995.25 -3.05 1982 -0.88 1982 9.52 0.053 1984.38 -0.64 -5.91 1840.33 -4.5927 1979 -4.44 1992 -4.664 1994.96
1979 -0.28 -0.18 1989 -2.74 0.03 1995.083 -3.02 1976 -0.82 1975 9.54 0.034 1984.33 -0.75 -5.72 1840.5 -4.36152 1978 -4.15 1991 -4.627 1994.88
1978 -0.30 -0.20 1988 -2.63 0.02 1994.917 -3.62 1971 -0.72 1971 9.518 0.051 1984.27 -0.85 -6.18 1840.67 -4.31497 1977 -4.26 1990 -4.598 1994.79
1977 -0.02 -0.01 1987 -2.93 0.05 1994.75 -3.96 1967 -0.77 1971 9.431 0.044 1984.21 -0.93 -6.27 1840.83 -4.27524 1976 -4.48 1989 -4.532 1994.71
1976 0.37 0.08 1986 -2.72 0.03 1994.583 -3.92 1960 -0.91 1967 9.518 0.042 1984.15 -0.72 -5.99 1841 -4.26358 1975 -4.17 1988 -4.577 1994.63
1975 -0.37 -0.09 1985 -2.83 0.03 1994.417 -3.66 1954 -0.89 1967 9.5 0.039 1984.1 -0.87 -5.62 1841.17 -4.23649 1974 1987 -4.59 1994.54
1974 0.01 -0.04 1984 -2.73 0.03 1994.25 -3.38 1947 -0.87 1962 9.483 0.028 1984.04 -0.74 -5.55 1841.33 -4.35253 1973 1986 -4.449 1994.46
1973 0.12 0.11 1983 -2.98 0.03 1994.083 -2.99 1940 -0.85 1960 9.584 0.079 1983.98 -1.28 -5.62 1841.5 -4.26747 1972 -4.65 1985 -4.477 1994.38
1972 0.21 0.20 1982 -2.69 0.02 1993.917 -3.42 1932 -0.78 1957 9.536 0.056 1983.92 -1.19 -5.94 1841.67 -4.23536 1971 -4.37 1984 -4.498 1994.29
1971 0.24 0.32 1981 -2.73 0.04 1993.75 -3.72 1926 -0.78 1954 9.267 0.03 1983.87 -1.25 -5.77 1841.83 -4.2388 1970 -4.35 1983 -4.571 1994.21
1970 0.64 0.41 1980 -2.74 0.02 1993.583 -3.9 1921 -0.89 1947 9.468 0.059 1983.75 -0.67 -6.17 1842 -4.26778 1969 -4.54 1982 -4.552 1994.13
1969 0.20 0.20 1979 -2.99 0.05 1993.417 -3.81 1915 -0.86 1940 9.618 0.017 1983.66 -1.1 -6.19 1842.17 -4.25513 1968 -4.35 1981 -4.544 1994.04
1968 -0.23 0.01 1978 -2.69 0.03 1993.25 -3.55 1909 -0.87 1932 9.435 0.053 1983.57 -1.03 -6.02 1842.33 -4.28571 1967 -4.14 1980 -4.629 1993.96
1967 0.25 0.07 1977 -2.8 0.03 1993.083 -2.74 1904 -0.78 1926 9.696 0.063 1983.48 -0.45 -6.17 1842.5 -4.33083 1966 -4.23 1979 -4.557 1993.88
1966 0.04 0.02 1976 -2.77 0.02 1992.917 -3.14 1899 -0.87 1921 9.604 0.03 1983.39 0.03 -5.6 1842.67 -4.41569 1965 -4.54 1978 -4.521 1993.79
1965 -0.25 -0.01 1975 -2.78 0.02 1992.75 -3.64 1893 -0.82 1915 9.603 0.006 1983.3 -0.01 -5.6 1842.83 -4.39296 1964 -4.31 1977 -4.5 1993.71
1964 0.40 0.10 1974 -2.54 0.02 1992.583 -3.79 1888 -0.82 1909 9.728 0.068 1983.2 -0.23 -5.85 1843 -4.39101 1963 -4.38 1976 -4.56 1993.63
1963 -0.15 0.02 1973 -2.7 0.02 1992.417 -3.95 1883 -0.84 1904 9.774 0.054 1983.11 -0.65 -6.2 1843.17 -4.35964 1962 -4.44 1975 -4.334 1993.54
1962 0.02 -0.01 1972 -2.75 0.03 1992.25 -3.17 1878 -0.94 1899 9.658 0.02 1983.02 -0.97 -6.41 1843.33 -4.33743 1961 1974 -4.411 1993.46
1961 0.07 -0.04 1971 -2.84 0.03 1992.083 -2.84 1873 -0.84 1893 9.665 0.054 1982.93 -0.92 -6.5 1843.5 -4.34084 1960 1973 -4.423 1993.38
1960 -0.27 -0.18 1970 -2.72 0.03 1991.917 -3.37 1869 -0.83 1888 9.755 0.041 1982.75 -0.93 -6.51 1843.67 -4.41615 1959 1972 -4.378 1993.29
1959 -0.25 -0.23 1969 -2.92 0.02 1991.75 -3.69 1864 -0.82 1883 9.541 0.054 1982.64 -1.26 -6.56 1843.83 -4.54832 1958 1971 -4.345 1993.21
1958 -0.27 -0.05 1968 -2.87 0.02 1991.583 -3.68 1864 -0.81 1878 9.668 0.071 1982.53 -1.13 -6.5 1844 -4.48642 1957 1970 -4.376 1993.13
1957 0.62 0.22 1967 -2.65 0.04 1991.417 -3.59 1860 -0.87 1873 9.702 0.03 1982.42 -0.45 -6.21 1844.17 -4.41777 1956 1969 -4.349 1993.04
1956 0.02 0.03 1966 -2.89 0.03 1991.25 -3.32 1855 -0.91 1869 9.712 0.051 1982.31 -0.73 -5.81 1844.33 -4.30936 1955 1968 -4.323 1992.96
1955 -0.50 -0.24 1965 -2.9 0.02 1991.083 -3.12 1850 -0.74 1864 9.64 0.034 1982.19 -0.37 -5.9 1844.5 -4.35426 1954 1967 -4.369 1992.88
1954 -0.13 -0.14 1964 -3.02 0.02 1990.917 -3.5 1845 -0.87 1860 9.729 0.044 1982.08 -0.32 -5.79 1844.67 -4.27631 1953 1966 -4.351 1992.79
1953 0.17 0.05 1963 -2.88 0.03 1990.75 -3.65 1840 -0.8 1855 9.63 0.041 1981.97 -0.84 -6.14 1844.83 -4.15608 1953 -4.18 1965 -4.279 1992.71
1952 0.06 0.06 1962 -2.88 0.02 1990.583 -3.85 1834 -0.71 1850 9.81 0.076 1981.75 -0.98 -6.5 1845 -4.11232 1952 -3.94 1964 -4.186 1992.63
1951 0.03 -0.10 1961 -2.64 0.02 1990.417 -3.58 1830 -0.68 1845 9.727 0.057 1981.65 -1.28 -6.28 1845.17 -4.1459 1951 -3.92 1963 -4.288 1992.54
1950 -0.57 -0.28 1960 -2.78 0.02 1990.25 -3.16 1826 -0.73 1840 9.849 0.057 1981.55 -0.47 -5.94 1845.33 -4.33724 1950 -3.5 1962 -4.294 1992.46
1949 -0.05 -0.22 1959 -2.96 0.01 1990.083 -2.92 1821 -0.66 1834 9.761 0.021 1981.45 -0.49 -5.95 1845.5 -4.56093 1949 -3.84 1961 -4.318 1992.38
1948 -0.24 -0.21 1958 -2.79 0.03 1989.917 -3.25 1817 -0.68 1830 9.82 0.082 1981.35 -0.03 -5.58 1845.67 -4.71767 1948 -4.03 1960 -4.369 1992.29
1947 -0.27 -0.22 1957 -2.91 0.03 1989.75 -3.73 1813 -0.68 1821 9.685 0.078 1981.25 -0.05 -5.38 1845.83 -4.67119 1947 -3.67 1959 -4.34 1992.21
1946 -0.16 -0.09 1956 -2.75 0.02 1989.583 -3.9 1808 -0.65 1817 9.902 0.039 1981.15 -0.07 -5.54 1846 -4.64852 1946 -3.79 1958 -4.291 1992.13
1945 0.23 0.08 1955 -2.82 0.03 1989.417 -3.57 1805 -0.95 1813 9.874 0.065 1981.05 0.07 -5.41 1846.17 -4.6036 1945 -3.69 1957 -4.356 1992.04
1944 0.04 0.11 1954 -3.13 0.01 1989.25 -3.29 1800 -0.73 1808 9.887 0.067 1980.95 -0.65 -6.25 1846.33 -4.71372 1944 -3.68 1956 -4.387 1991.96
1943 0.16 0.14 1953 -3.06 0.01 1989.083 -3.04 1795 -0.77 1805 9.878 0.082 1980.75 -1.18 -6.43 1846.5 -4.43077 1943 -3.88 1955 -4.349 1991.88
1942 0.18 0.16 1953 -3.15 0.03 1988.917 -3.48 1784 -0.61 1800 9.827 0.081 1980.66 -1.14 -6.24 1846.67 -4.27175 1942 -4.09 1954 -4.41 1991.79
1941 0.10 0.20 1952 -2.67 0.03 1988.75 -3.84 1780 -0.67 1795 9.797 0.233 1980.57 -0.7 -6.25 1846.83 -4.23166 1941 -4.29 1953 -4.369 1991.71
1940 0.50 0.20 1951 -2.75 0.01 1988.583 -4.02 1775 -0.79 1784 9.706 0.03 1980.48 -0.75 -6.23 1847 -4.25714 1940 -4.2 1952 -4.408 1991.63
1939 -0.31 -0.02 1950 -2.69 0.04 1988.417 -3.84 1770 -0.68 1784 9.84 0.048 1980.39 -0.25 -6.07 1847.17 -4.24717 1939 -4.04 1951 -4.343 1991.54
1938 0.02 -0.03 1949 -2.81 0.01 1988.25 -3.54 1765 -0.71 1780 9.62 0.102 1980.3 -0.6 -5.94 1847.33 -4.10298 1938 -3.81 1950 -4.35 1991.46
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-5.089 1979 -4.72 1986 -1.08 1998.75 4.08E-06 1996.92 9.58 24.14 -0.27 1979.58 -4.72 1993.91667 -2.953931113 -4.163073644 1995.625 -0.75 -4.02 9.1801
-5.105 1978 -4.78 1985 -0.63 1998.736 4.13E-06 1996.84 9.51 25.04 -0.26 1979.08 -4.69 1993.75 -3.14779926 -3.860750918 1995.458 -0.58 -4.42 9.14187
-4.839 1977 -5.03 1984 -1.23 1998.722 4.17E-06 1996.75 9.51 25.04 -0.25 1978.58 -4.87 1993.58333 -3.232123358 -3.850605294 1995.291 -0.54 -4.59 9.013
-4.832 1976 -5.13 1983 -1.14 1998.708 4.11E-06 1996.67 9.59 24.03 -0.24 1978.08 -5.14 1993.41667 -3.271564343 -4.011093962 1995.125 -0.04 -4.91 8.9092
-4.925 1975 -5.16 1982 -1.44 1998.694 4.05E-06 1996.59 9.55 24.52 -0.23 1977.58 -4.79 1993.25 -3.302203716 -3.996311172 1994.958 -0.54 -4.61 9.0079
-4.937 1974 -5.24 1981 -0.43 1998.68 0.000004 1996.5 9.54 24.63 -0.22 1977.08 -5.19 1993.08333 -3.075897673 -3.95995029 1994.791 -0.8 -4.25 9.1113
-4.915 1973 -5.13 1980 -1.95 1998.666 0.000004 1996.42 9.35 26.95 -0.21 1976.58 -4.91 1992.91667 -2.609109598 -3.899417728 1994.625 -0.48 -3.91 9.1597
-4.807 1972 -4.87 1979 -0.55 1998.653 4.01E-06 1996.34 9.37 26.66 -0.2 1976.08 -5.4 1992.75 -2.896120587 -3.587032185 1994.458 -0.58 -4.16 9.03513
-4.849 1971 -4.79 1978 -1.51 1998.639 4.01E-06 1996.25 9.27 27.89 -0.19 1975.58 -5 1992.58333 -3.481747858 -4.018050989 1994.291 -0.65 -4.72 9.00261
-4.925 1970 -4.93 1977 -0.35 1998.625 4.01E-06 1996.17 9.28 27.76 -0.18 1975.08 -5.34 1992.41667 -3.389033932 -4.215138895 1994.125 -0.44 -4.76 8.99384

-5.06 1969 -4.92 1976 -0.45 1998.611 0.000004 1996.09 9.33 27.13 -0.17 1974.58 -4.79 1992.25 -3.202335846 -4.078640306 1993.958 -0.66 -4.61 9.06273
-5.129 1968 -4.93 1975 -0.16 1998.597 0.000004 1996 9.35 26.95 -0.16 1974.08 -5.1 1992.08333 -3.184196324 -4.1239853 1993.791 -0.59 -4.25 9.2065

-4.98 1967 -5.1 1974 1.61 1998.583 4.04E-06 1995.92 9.48 25.37 -0.15 1973.58 -4.83 1991.91667 -3.496986206 -4.111652842 1993.625 -0.54 -4.01 9.20897
-4.864 1966 -4.97 1973 -1.22 1998.569 4.08E-06 1995.84 9.5 25.17 -0.15 1973.08 -4.96 1991.75 -3.105815657 -3.732402071 1993.458 -0.57 -4.42 9.17053
-4.844 1965 -4.88 1972 0.34 1998.555 4.13E-06 1995.75 9.55 24.57 -0.14 1972.58 -4.61 1991.58333 -3.443547943 -3.842578668 1993.291 -0.45 -4.8 8.98748
-4.837 1964 -4.82 1971 -0.35 1998.535 4.11E-06 1995.67 9.54 24.59 -0.13 1972.08 -4.9 1991.41667 -3.142527049 -4.205119876 1993.125 -0.34 -4.93 8.8423

-4.84 1963 -4.84 1970 -1.03 1998.514 4.09E-06 1995.59 9.5 25.13 -0.13 1971.58 -4.9 1991.25 -2.946478608 -4.427054064 1992.958 -0.49 -4.8 8.97667
-4.791 1962 -5.15 1969 -1.5 1998.494 4.07E-06 1995.5 9.48 25.42 -0.12 1971.08 -5.11 1991.08333 -2.727240849 -4.229353781 1992.791 -0.54 -4.33 9.07307
-4.672 1961 -5.24 1968 0.8 1998.473 4.13E-06 1995.42 9.43 25.98 -0.12 1970.58 -4.97 1990.91667 -2.702833693 -3.910885052 1992.625 -0.9 -4.11 9.2167
-4.614 1960 -5.27 1967 -1.74 1998.453 4.18E-06 1995.34 9.38 26.62 -0.11 1970.08 -5.1 1990.75 -3.644862376 -3.563157893 1992.458 -1.31 -4.46 9.08423
-4.658 1959 -5.1 1966 -2.05 1998.433 4.21E-06 1995.25 9.31 27.4 -0.11 1969.58 -4.72 1990.58333 -3.746701756 -3.88116237 1992.291 -0.93 -4.65 8.9586
-4.826 1958 -5.13 1965 -1.49 1998.412 4.2E-06 1995.17 9.35 27 -0.1 1969.08 -5.2 1990.41667 -3.457305078 -4.143209432 1992.125 -0.41 -4.82 8.96838

-4.95 1957 -5.05 1964 -1.38 1998.392 4.16E-06 1995.09 9.38 26.55 -0.1 1968.58 -4.78 1990.25 -3.318681952 -4.214743274 1991.958 -0.63 -4.47 9.03786
-5.181 1956 -4.91 1963 -0.73 1998.371 4.12E-06 1995 9.41 26.23 -0.1 1968.08 -5.19 1990.08333 -3.504789969 -4.388641305 1991.791 -0.59 -4.33 9.17196
-5.158 1955 -4.73 1962 -0.87 1998.351 4.17E-06 1994.92 9.49 25.23 -0.1 1967.58 -4.91 1989.91667 -3.042924937 -3.933110374 1991.625 -0.58 -3.92 9.1882

-4.93 1954 -5.23 1961 -1.6 1998.331 4.24E-06 1994.84 9.52 24.85 -0.09 1967.08 -5.19 1989.75 -2.914769338 -3.822120203 1991.458 -0.58 -4.34 9.07809
-4.815 1953 -5.14 1960 -1.53 1998.31 4.32E-06 1994.75 9.55 24.58 -0.09 1966.58 -4.56 1989.58333 -3.40098103 -4.114410242 1991.291 -0.38 -4.83 8.95574
-4.862 1952 -5.1 1959 -0.61 1998.29 4.42E-06 1994.67 9.6 23.91 -0.09 1966.08 -4.99 1989.41667 -3.415758572 -4.24135092 1991.125 -0.42 -5.22 8.92015
-4.838 1951 -5.04 1958 0.5 1998.269 4.53E-06 1994.59 9.58 24.2 -0.09 1965.58 -4.65 1989.25 -3.141883048 -4.336428675 1990.958 -0.63 -4.57 8.97981
-4.743 1950 -5.1 1957 -1.37 1998.249 4.65E-06 1994.5 9.54 24.63 -0.08 1965.08 -5.14 1989.08333 -2.746871604 -4.383555777 1990.791 -0.69 -4.24 9.13896
-4.647 1949 -5.21 1956 -0.03 1998.228 4.74E-06 1994.42 9.45 25.73 -0.08 1964.58 -4.88 1988.91667 -3.138137798 -4.043173582 1990.625 -0.67 -4.01 9.2503
-4.571 1948 -5.21 1955 0.41 1998.208 4.84E-06 1994.34 9.36 26.85 -0.08 1964.08 -5 1988.75 -3.11536133 -3.822884867 1990.458 -0.48 -4.21 9.13372
-4.703 1947 -5.06 1954 0.75 1998.188 4.93E-06 1994.25 9.3 27.57 -0.08 1963.58 -4.78 1988.58333 -3.235267324 -3.969551677 1990.291 -0.32 -4.53 9.14498
-4.982 1946 -5.08 1953 -0.07 1998.167 5.19E-06 1994.17 9.24 28.28 -0.08 1963.08 -5.35 1988.41667 -3.497342093 -4.105980945 1990.125 0.23 -4.63 8.9489
-5.217 1945 -4.92 1952 -1.04 1998.147 5.4E-06 1994.09 9.32 27.29 -0.08 1962.58 -5.1 1988.25 -2.971316859 -4.18450184 1989.958 -0.38 -4.55 8.97735
-5.124 1944 -5.06 1951 0.56 1998.126 6.54E-06 1994 9.37 26.73 -0.07 1962.08 -5.36 1988.08333 -3.184933833 -4.19887648 1989.791 -0.47 -4.21 9.08821
-5.014 1943 -5.1 1950 0.54 1998.106 7.97E-06 1993.92 9.48 25.37 -0.07 1961.58 -5.1 1987.91667 -3.034741377 -3.847791147 1989.625 -0.42 -4.08 9.12629
-4.908 1942 -5.04 1949 -0.73 1998.086 7.72E-06 1993.84 9.49 25.2 -0.07 1961.08 -5.42 1987.75 -3.074770616 -3.761650528 1989.458 -0.3 -4.37 9.10043
-4.957 1941 -4.94 1948 -1.29 1998.065 5.98E-06 1993.75 9.59 24.08 -0.07 1960.58 -4.84 1987.58333 -3.112723852 -3.836681794 1989.291 -0.07 -4.74 8.99855
-4.941 1940 -5.09 1947 -0.8 1998.045 4.12E-06 1993.67 9.63 23.55 -0.07 1960.08 -5.06 1987.41667 -3.119804226 -4.023695669 1989.125 0.15 -4.67 9.03014
-4.994 1939 -4.94 1946 -0.28 1998.024 3.73E-06 1993.59 9.6 23.88 -0.07 1959.58 -4.35 1987.25 -2.940227373 -4.05732882 1988.958 -0.45 -4.37 9.09614
-4.958 1938 -5.1 1945 -1.43 1998.004 3.62E-06 1993.5 9.56 24.37 -0.07 1959.08 -5.01 1987.08333 -2.868193119 -4.143704702 1988.791 -0.1 -4.32 9.16035
-4.778 1937 -5.02 1944 -0.6 1997.984 3.54E-06 1993.42 9.52 24.88 -0.07 1958.58 -4.98 1986.91667 -2.68654334 -4.130249085 1988.625 -0.39 -4.07 9.2572
-4.685 1936 -5.08 1943 -0.79 1997.963 3.69E-06 1993.34 9.44 25.85 -0.07 1958.08 -4.83 1986.75 -2.620629128 -3.577602583 1988.458 -0.68 -4.31 9.12235

-4.74 1935 -5.08 1942 -1.35 1997.943 3.71E-06 1993.25 9.38 26.61 -0.06 1957.58 -4.74 1986.58333 -3.56359247 -3.768208741 1988.291 0.4 -5 8.96524
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1937 0.08 0.06 1948 -2.96 0.03 1988.083 -3.23 1761 -0.76 1780 9.787 0.046 1980.2 -0.47 -5.75 1847.5 -4.02996 1937 -3.93 1949 -4.524 1991.38
1936 0.08 0.07 1947 -3.18 0.04 1987.917 -3.38 1756 -0.78 1765 9.702 0.097 1980.11 -0.54 -5.75 1847.67 -4.13412 1936 -3.96 1948 -4.457 1991.29
1935 0.07 0.07 1946 -2.81 0.03 1987.75 -3.69 1754 -0.75 1756 9.763 0.172 1980.02 -0.58 -5.8 1847.83 -4.289 1935 -3.83 1947 -4.441 1991.21
1934 0.05 0.05 1945 -2.93 0.02 1987.583 -3.76 1747 -0.67 1754 9.751 0.059 1979.93 -0.73 -6.12 1848 -4.33473 1934 -4.05 1946 -4.45 1991.13
1933 0.09 -0.04 1944 -2.72 0.01 1987.417 -3.45 1744 -0.76 1747 9.564 0.047 1979.75 -1.11 -6.32 1848.17 -4.26245 1933 -3.86 1945 -4.489 1991.04
1932 -0.38 -0.20 1943 -2.68 0.02 1987.25 -3.22 1739 -0.74 1744 9.735 0.148 1979.67 -1.23 -6.34 1848.33 -4.24121 1932 -4.09 1944 -4.417 1990.96
1931 -0.14 -0.18 1942 -2.92 0.01 1987.083 -3.32 1735 -0.77 1739 9.779 0.075 1979.58 -1.08 -6.25 1848.5 -4.31697 1931 -4.01 1943 -4.387 1990.88
1930 -0.12 -0.08 1941 -3.13 0.02 1986.917 -3.81 1730 -0.79 1739 9.662 0.034 1979.5 -0.96 -6.03 1848.67 -4.29409 1930 -4.12 1942 -4.507 1990.79
1929 0.09 -0.02 1940 -2.86 0.03 1986.75 -3.91 1726 -0.78 1735 9.811 0.17 1979.42 -0.98 -6.08 1848.83 -4.20666 1929 -3.9 1941 -4.506 1990.71
1928 -0.15 -0.06 1939 -3.11 0.01 1986.583 -3.88 1722 -0.84 1730 9.65 0.093 1979.33 -1.31 -6.11 1849 -4.20363 1928 -3.71 1940 -4.476 1990.63
1927 0.00 -0.12 1938 -2.93 0.02 1986.417 -3.79 1718 -0.72 1726 9.806 0.117 1979.25 -0.41 -5.78 1849.17 -4.19193 1927 -3.88 1939 -4.517 1990.54
1926 -0.36 -0.23 1937 -2.91 0.01 1986.25 -3.45 1714 -0.78 1722 9.769 0.027 1979.17 -0.47 -5.72 1849.33 -4.32478 1926 -3.81 1938 -4.441 1990.46
1925 -0.21 -0.21 1936 -2.72 0.01 1986.083 -3.23 1705 -0.8 1718 9.704 0.077 1979.08 -0.47 -5.75 1849.5 -4.5007 1925 -4.02 1937 -4.414 1990.38
1924 -0.05 -0.19 1935 -2.76 0.01 1985.917 -3.43 1705 -0.75 1714 9.704 0.026 1979 -0.6 -5.91 1849.67 -4.52619 1924 -4 1936 -4.452 1990.29
1923 -0.43 -0.26 1934 -2.88 0.03 1985.75 -3.8 1701 -0.78 1709 9.827 0.118 1978.92 -0.64 -5.97 1849.83 -4.54406 1923 -4.04 1935 -4.427 1990.21
1922 -0.13 -0.25 1933 -2.94 0.02 1985.583 -4.08 1698 -0.8 1705 9.767 0.201 1978.75 -0.91 -6.12 1850 -4.46622 1922 -4.17 1934 -4.323 1990.13
1921 -0.35 -0.25 1932 -3 0.02 1985.417 -3.68 1694 -0.78 1701 9.832 0.178 1978.64 -0.82 -6.1 1850.17 -4.46001 1921 -3.99 1933 -4.48 1990.04
1920 -0.21 -0.16 1931 -2.78 0.04 1985.25 -3.34 1690 -0.81 1698 9.798 0.026 1978.53 -0.83 -6.14 1850.33 -4.35585 1920 -3.89 1932 -4.51 1989.96
1919 0.19 -0.13 1930 -2.74 0.02 1985.083 -3.32 1686 -0.81 1694 9.826 0.128 1978.42 -0.87 -5.87 1850.5 -4.30938 1919 -4.02 1931 -4.53 1989.88
1918 -0.64 -0.34 1929 -2.87 0.02 1984.917 -3.8 1682 -0.76 1694 9.789 0.039 1978.31 -0.42 -5.46 1850.67 -4.33952 1918 -4.16 1930 -4.453 1989.79
1917 -0.34 -0.26 1928 -2.74 0.02 1984.75 -3.93 1682 -0.73 1690 9.98 0.072 1978.19 -0.73 -5.41 1850.83 -4.40717 1917 -3.65 1929 -4.382 1989.71
1916 0.27 -0.09 1927 -2.74 0.02 1984.583 -3.78 1677 -0.82 1690 9.82 0.046 1978.08 -0.22 -5.31 1851 -4.5177 1916 -4 1928 -4.35 1989.63
1915 -0.52 -0.25 1926 -2.76 0.04 1984.417 -3.56 1674 -0.75 1690 9.759 0.026 1977.97 0.17 -5.65 1851.17 -4.66379 1915 -3.89 1927 -4.408 1989.54
1914 -0.19 -0.26 1925 -2.79 0.03 1984.25 -3.33 1671 -0.84 1686 9.792 0.11 1977.75 -0.18 -6.09 1851.33 -4.8209 1914 -3.81 1926 -4.388 1989.46
1913 -0.21 -0.21 1924 -2.8 0.04 1984.083 -3.2 1667 -0.82 1686 9.758 0.076 1977.66 -0.64 -5.9 1851.5 -4.63063 1913 -3.9 1925 -4.361 1989.38
1912 -0.21 -0.16 1923 -2.78 0.05 1983.917 -3.3 1663 -0.77 1682 9.836 0.05 1977.57 -0.52 -5.95 1851.67 -4.52546 1912 -3.95 1924 -4.342 1989.29
1911 -0.04 -0.07 1922 -2.79 0.02 1983.75 -3.67 1660 -0.76 1682 9.687 0.075 1977.48 -0.18 -5.92 1851.83 -4.46985 1911 -4.08 1923 -4.352 1989.21
1910 0.02 -0.02 1921 -2.65 0.02 1983.583 -3.71 1656 -0.69 1677 9.861 0.133 1977.39 -0.77 -5.76 1852 -4.45546 1910 -3.82 1922 -4.368 1989.13
1909 -0.05 -0.07 1920 -2.81 0.03 1983.417 -3.53 1654 -0.81 1677 9.732 0.054 1977.3 0.15 -5.47 1852.17 -4.55776 1906 -4.13 1921 -4.356 1989.04
1908 -0.19 -0.15 1919 -2.48 0.02 1983.25 -3.05 1650 -0.73 1674 9.902 0.064 1977.2 0.26 -5.27 1852.33 -4.53621 1905 -4.34 1920 -4.337 1988.96
1907 -0.21 -0.13 1918 -2.85 0.03 1983.083 -2.93 1646 -0.81 1674 9.75 0.016 1977.11 -0.03 -5.43 1852.5 -4.48287 1904 -3.94 1919 -4.352 1988.88
1906 0.10 -0.10 1917 -2.87 0.03 1982.917 -3.44 1643 -0.7 1671 9.792 0.024 1977.02 -0.1 -5.51 1852.67 -4.4805 1903 -4.21 1918 -4.338 1988.79
1905 -0.36 -0.27 1916 -2.57 0.03 1982.75 -3.83 1639 -0.73 1671 9.704 0.074 1976.93 -0.28 -6.11 1852.83 -4.50311 1902 -4.32 1917 -4.341 1988.71
1904 -0.51 -0.27 1915 -2.51 0.05 1982.583 -3.97 1636 -0.68 1667 9.529 0.04 1976.75 -0.59 -6.4 1853 -4.40261 1901 -4.14 1916 -4.354 1988.63
1903 0.22 0.05 1914 -2.8 0.05 1982.417 -3.86 1633 -0.77 1667 9.608 0.092 1976.68 -0.93 -6.21 1853.17 -4.39529 1900 -3.75 1915 -4.436 1988.54
1902 0.35 0.14 1913 -2.71 0.04 1982.25 -3.38 1630 -0.81 1663 9.75 0.068 1976.55 -1 -6.14 1853.33 -4.39959 1899 -3.71 1914 -4.464 1988.46
1901 -0.27 -0.03 1912 -2.55 1982.083 -3.08 1627 -0.77 1663 9.769 0.017 1976.48 -1.27 -6.26 1853.5 -4.36106 1898 -3.96 1913 -4.406 1988.38
1900 0.08 -0.11 1911 -2.92 0.02 1981.917 -3.26 1624 -0.67 1660 9.773 0.07 1976.42 -0.92 -5.97 1853.67 -4.27042 1897 -3.85 1912 -4.398 1988.29
1899 -0.42 -0.14 1910 -2.76 0.02 1981.75 -3.55 1624 -0.74 1660 9.681 0.082 1976.35 -0.29 -5.74 1853.83 -4.23562 1896 -4.15 1911 -4.245 1988.21
1898 0.32 -0.18 1909 -2.65 0.03 1981.583 -4.03 1622 -0.73 1656 9.845 0.049 1976.28 -0.26 -6 1854 -4.31626 1895 -4 1910 -4.266 1988.13
1897 -1.01 -0.44 1908 -2.79 0.03 1981.417 -3.99 1621 -0.81 1656 9.735 0.062 1976.22 -0.3 -5.58 1854.17 -4.40589 1894 -4.07 1909 -4.352 1988.04
1896 -0.05 -0.33 1907 -2.8 0.04 1981.25 -3.59 1618 -0.76 1654 9.656 0.057 1976.15 -0.19 -5.48 1854.33 -4.44774 1893 -4.06 1908 -4.279 1987.96
1895 -0.33 -0.20 1906 -2.76 0.02 1981.083 -3.32 1618 -0.74 1650 9.824 0.117 1976.08 -0.16 -5.69 1854.5 -4.30546 1892 -3.9 1907 -4.387 1987.88
1894 0.01 -0.13 1905 -2.72 0.03 1980.917 -3.52 1616 -0.81 1650 9.77 0.065 1976.02 -0.18 -5.6 1854.67 -4.18683 1891 -4.05 1906 -4.511 1987.79
1893 -0.16 -0.21 1904 -2.9 0.03 1980.75 -3.73 1614 -0.74 1646 9.778 0.074 1975.95 -0.71 -5.81 1854.83 -4.27428 1890 -3.69 1905 -4.355 1987.71
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.792 1934 -5.21 1941 -0.65 1997.922 3.56E-06 1993.17 9.29 27.68 -0.06 1957.08 -4.77 1986.41667 -3.378316447 -4.004048641 1988.125 -0.1 -4.92 9.0876
-5.017 1933 -5.13 1940 0.86 1997.902 3.59E-06 1993.09 9.3 27.5 -0.06 1956.58 -4.84 1986.25 -2.923389839 -3.970842162 1987.958 -0.6 -4.53 9.00573
-5.033 1932 -5.13 1939 -0.9 1997.882 3.76E-06 1993 9.39 26.41 -0.06 1956.08 -4.44 1986.08333 -3.214199692 -4.119873051 1987.791 -0.74 -4.23 9.0894
-4.887 1931 -5.23 1938 -0.9 1997.861 3.7E-06 1992.92 9.43 25.93 -0.06 1955.58 -4.58 1985.91667 -3.09095314 -3.698366446 1987.625 -0.84 -3.93 9.1838
-4.865 1930 -5.15 1937 -0.84 1997.841 3.69E-06 1992.84 9.44 25.89 -0.06 1955.08 -5.3 1985.75 -3.242642443 -3.696303826 1987.458 -0.66 -4.32 9.15084
-4.887 1929 -5.09 1936 -0.83 1997.82 3.87E-06 1992.75 9.49 25.25 -0.06 1954.58 -5.06 1985.58333 -3.417114088 -3.77787052 1987.291 -0.57 -4.79 9.03109
-4.818 1928 -4.89 1935 -1.22 1997.8 3.69E-06 1992.67 9.53 24.8 -0.06 1954.08 -5 1985.41667 -3.449036022 -4.001584228 1987.125 0.05 -4.73 8.9452
-4.761 1927 -5.08 1934 0.46 1997.779 3.71E-06 1992.59 9.55 24.46 -0.06 1953.58 -4.82 1985.25 -3.062372592 -4.259604064 1986.958 -0.53 -4.52 8.98393
-4.748 1926 -5.17 1933 0.62 1997.759 3.7E-06 1992.5 9.51 25.03 -0.06 1953.08 -5.03 1985.08333 -2.691973988 -3.838967809 1986.791 -0.61 -4.22 9.10593
-4.666 1925 -5.08 1932 -1.24 1997.739 3.66E-06 1992.42 9.4 26.34 -0.06 1952.58 -5.13 1984.91667 -2.851718124 -3.920786773 1986.625 -0.7 -3.95 9.2007
-4.505 1924 -5.12 1931 -1.6 1997.718 3.64E-06 1992.34 9.35 26.94 -0.06 1952.08 -5.05 1984.75 -2.811684436 -3.656780203 1986.458 -0.53 -4.33 9.06733
-4.547 1923 -5.19 1930 -0.28 1997.698 3.72E-06 1992.25 9.33 27.18 -0.06 1951.58 -5.16 1984.58333 -3.08974681 -4.070168227 1986.291 -0.44 -4.71 8.97192
-4.671 1922 -5.13 1929 -0.58 1997.677 3.74E-06 1992.17 9.34 27.1 -0.06 1951.08 -5.39 1984.41667 -3.134929342 -4.209543885 1986.125 -0.62 -4.72 8.9672
-4.962 1921 -5.03 1928 -0.97 1997.657 3.66E-06 1992.09 9.36 26.77 -0.06 1950.58 -5.14 1984.25 -2.78310234 -4.156895068 1985.958 -0.01 -4.64 8.97486
-4.996 1920 -5.17 1927 0.42 1997.637 3.78E-06 1992 9.4 26.29 -0.06 1950.08 -5.2 1984.08333 -2.713657188 -4.025910967 1985.791 -0.38 -4.39 8.97061
-4.947 1919 -5.33 1926 -0.96 1997.616 3.75E-06 1991.92 9.45 25.76 -0.06 1949.58 -5.43 1983.91667 -2.839001518 -4.009848478 1985.625 -0.63 -4.04 9.0617
-4.879 1918 -5.07 1925 -0.05 1997.596 3.76E-06 1991.84 9.49 25.24 -0.07 1949.08 -5.06 1983.75 -2.602277242 -3.634906379 1985.458 -0.68 -4.28 9.1142
-4.815 1917 -5.09 1924 -0.3 1997.575 3.81E-06 1991.75 9.52 24.9 -0.07 1948.58 -5.41 1983.58333 -2.829800407 -3.756444554 1985.291 -0.72 -4.51 9.11018
-4.823 1916 -5.22 1923 -1.22 1997.555 3.78E-06 1991.67 9.54 24.58 -0.07 1948.08 -5.47 1983.41667 -3.186921062 -4.230894873 1985.125 -0.28 -4.75 8.98257
-4.783 1915 -5.04 1922 0.46 1997.535 3.91E-06 1991.59 9.61 23.85 -0.07 1947.58 -4.8 1983.25 -2.816481973 -4.223035002 1984.958 -0.4 -4.62 8.9863

-4.74 1914 -5.14 1921 -1.33 1997.515 3.89E-06 1991.5 9.54 24.59 -0.07 1947.08 -5.18 1983.08333 -2.881369109 -4.341944127 1984.791 -0.51 -4.3 9.01976
-4.652 1913 -4.94 1920 -1.2 1997.495 3.95E-06 1991.42 9.52 24.88 -0.08 1946.58 -5.19 1982.91667 -2.780374575 -3.908436949 1984.625 -0.85 -4.04 9.15
-4.626 1912 -5.01 1919 -1.66 1997.475 3.96E-06 1991.34 9.36 26.77 -0.08 1946.08 -5.18 1982.75 -3.013970405 -3.658384581 1984.458 -1.27 -4.14 9.02171
-4.678 1911 -5.19 1918 -0.05 1997.455 4.05E-06 1991.25 9.28 27.79 -0.08 1945.58 -4.86 1982.58333 -3.369198425 -3.988874102 1984.291 -0.95 -4.64 8.91059
-4.872 1910 -5.15 1917 0.56 1997.435 4.01E-06 1991.17 9.33 27.21 -0.08 1945.08 -5.03 1982.41667 -2.947630149 -4.077226949 1984.125 -0.32 -5.25 8.8972
-4.999 1909 -5.31 1916 -0.62 1997.415 4.04E-06 1991.09 9.38 26.61 -0.08 1944.58 -5.04 1982.25 -3.111922315 -4.386791413 1983.958 -0.63 -4.84 8.94967
-4.986 1908 -5.34 1915 -1.69 1997.395 3.95E-06 1991 9.43 25.95 -0.09 1944.08 -5.24 1982.08333 -2.630451721 -3.834384778 1983.791 -0.34 -4.32 9.02805
-4.763 1907 -5.13 1914 -0.84 1997.375 3.8E-06 1990.92 9.48 25.35 -0.09 1943.58 -4.96 1981.91667 -2.911866311 -3.770986069 1983.625 -0.44 -3.97 9.1817
-4.716 1906 -5.08 1913 -0.46 1997.355 3.69E-06 1990.84 9.52 24.87 -0.09 1943.08 -5.32 1981.75 -3.067184088 -3.690506043 1983.458 -0.78 -4.31 9.02654
-4.789 1905 -5 1912 -1.22 1997.335 3.79E-06 1990.75 9.56 24.44 -0.1 1942.58 -4.66 1981.58333 -3.16164984 -3.752710621 1983.291 -0.74 -4.61 8.96159
-4.995 1904 -5.23 1911 1.46 1997.315 4.4E-06 1990.67 9.6 23.91 -0.1 1942.08 -4.99 1981.41667 -3.153034423 -3.963753076 1983.125 -0.44 -4.76 9.02178
-4.878 1903 -5.16 1910 1 1997.295 5.22E-06 1990.59 9.54 24.59 -0.1 1941.58 -4.64 1981.25 -2.943853406 -4.124106365 1982.958 -0.46 -4.27 9.11384
-4.856 1902 -4.93 1909 -0.71 1997.275 5.59E-06 1990.5 9.48 25.35 -0.1 1941.08 -5.15 1981.08333 -2.984819831 -4.03010695 1982.791 -0.41 -4.04 9.06389
-4.665 1901 -5.05 1908 -0.88 1997.255 5.61E-06 1990.42 9.47 25.53 -0.11 1940.58 -4.85 1980.91667 -2.982175243 -3.838617553 1982.625 -0.68 -4.02 9.12483
-4.483 1900 -5.01 1907 -0.93 1997.235 5.79E-06 1990.34 9.38 26.54 -0.11 1940.08 -4.75 1980.75 -2.626830275 -3.575459158 1982.458 -0.49 -4.59 9.04428

-4.76 1899 -5.07 1906 1.01 1997.215 5.97E-06 1990.25 9.37 26.7 -0.12 1939.58 -5 1980.58333 -2.867098302 -3.686519975 1982.291 -0.4 -4.88 8.90961
-5.086 1898 -5.18 1905 -0.12 1997.195 5.98E-06 1990.17 9.38 26.61 -0.12 1939.08 -5.31 1980.41667 -3.240957174 -4.054337713 1982.125 -0.55 -4.76 8.91128
-5.169 1897 -5.18 1904 -0.71 1997.175 0.000006 1990.09 9.39 26.51 -0.12 1938.58 -5.11 1980.25 -2.614564113 -4.136274984 1981.958 -0.42 -4.48 8.99134
-4.974 1896 -4.97 1903 -0.13 1997.155 6.02E-06 1990 9.39 26.52 -0.13 1938.08 -5.36 1980.08333 -2.424337715 -4.402018473 1981.791 -0.29 -4.12 9.06001

-4.82 1895 -5.08 1902 -1.14 1997.135 5.92E-06 1989.92 9.41 26.22 -0.14 1937.58 -5.02 1979.91667 -2.423752768 -4.134338249 1981.625 -0.57 -3.76 9.2207
-4.932 1894 -5.04 1901 -0.55 1997.115 5.18E-06 1989.84 9.49 25.3 -0.14 1937.08 -5.28 1979.75 -2.680471713 -3.651192428 1981.458 -0.66 -4.07 9.05045
-4.872 1893 -5.25 1900 -1.14 1997.095 4.42E-06 1989.75 9.52 24.9 -0.15 1936.58 -4.74 1979.58333 -3.098118044 -4.039568934 1981.291 -0.67 -4.57 9.00245
-4.912 1892 -5.27 1899 -0.01 1997.075 3.84E-06 1989.67 9.48 25.37 -0.16 1936.08 -5.21 1979.41667 -3.008304729 -4.125789609 1981.125 -0.67 -5.04 9.0094
-4.916 1891 -5.29 1898 0.68 1997.055 3.78E-06 1989.59 9.48 25.42 -0.16 1935.58 -4.99 1979.25 -2.547957143 -4.171740639 1980.958 -0.49 -4.51 8.95533
-4.891 1890 -5.2 1897 -1.8 1997.035 3.68E-06 1989.5 9.45 25.71 -0.17 1935.08 -5.23 1979.08333 -2.454635058 -4.054158228 1980.791 -0.5 -4.16 9.08697
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1892 -0.50 -0.32 1903 -2.96 0.04 1980.583 -3.92 1612 -0.72 1643 9.782 0.027 1975.88 -0.67 -5.99 1855 -4.27224 1889 -4.08 1904 -4.449 1987.63
1891 -0.25 -0.09 1902 -2.77 0.02 1980.417 -3.8 1612 -0.76 1642 9.758 0.009 1975.75 -0.72 -6.21 1855.17 -4.00024 1888 -4.54 1903 -4.428 1987.54
1890 0.69 0.15 1901 -2.79 0.02 1980.25 -3.47 1610 -0.68 1642 9.756 0.073 1975.67 -0.64 -6.13 1855.33 -4.12791 1887 -4.29 1902 -4.439 1987.46
1889 -0.50 -0.03 1900 -2.57 0.04 1980.083 -3.27 1609 -0.72 1639 9.78 0.051 1975.58 -0.77 -6.24 1855.5 -4.37962 1886 -4.19 1901 -4.394 1987.38
1888 0.27 -0.02 1899 -2.71 0.02 1979.917 -3.48 1606 -0.67 1639 9.739 0.055 1975.5 -0.43 -6.05 1855.67 -4.32601 1885 -4.08 1900 -4.517 1987.29
1887 -0.24 -0.04 1898 -2.83 0.02 1979.75 -4.03 1605 -0.74 1639 9.757 0.056 1975.42 0.1 -5.92 1855.83 -4.20963 1884 -4.25 1899 -4.39 1987.21
1886 0.05 0.05 1897 -2.66 0.03 1979.583 -3.97 1603 -0.75 1636 9.731 0.025 1975.33 -0.3 -5.6 1856 -4.1877 1883 -3.79 1898 -4.523 1987.13
1885 0.33 0.14 1896 -2.74 0.02 1979.417 -3.63 1600 -0.76 1636 9.682 0.04 1975.25 -0.19 -5.75 1856.17 -4.20747 1882 -3.84 1897 -4.499 1987.04
1884 -0.06 -0.01 1895 -2.755 1979.25 -3.16 1597 -0.77 1636 9.677 0.055 1975.17 -0.23 -5.68 1856.33 -4.23195 1881 -4.02 1896 -4.534 1986.96
1883 -0.26 -0.15 1894 -2.75 0.04 1979.083 -3.23 1594 -0.85 1634 9.797 0.066 1975.08 -0.5 -6.04 1856.5 -4.25642 1880 -3.97 1895 -4.555 1986.88
1882 -0.03 -0.16 1893 -2.58 0.02 1978.917 -3.63 1591 -0.75 1634 9.67 0.071 1975 -0.54 -5.99 1856.67 -4.16683 1879 -3.72 1894 -4.381 1986.79
1881 -0.33 -0.21 1892 -2.78 0.04 1978.75 -3.8 1589 -0.73 1633 9.672 0.078 1974.92 -0.73 -6.23 1856.83 -4.03921 1878 -3.99 1893 -4.393 1986.71
1880 -0.13 -0.26 1891 -2.86 0.03 1978.583 -3.85 1585 -0.82 1631 9.731 0.04 1974.75 -1.13 -6.54 1857 -3.9116 1877 -4.05 1892 -4.444 1986.63
1879 -0.46 -0.36 1890 -2.65 0.02 1978.417 -3.69 1582 -0.74 1631 9.722 0.044 1974.69 -1.39 -6.62 1857.17 -3.97137 1876 -4.15 1891 -4.375 1986.54
1878 -0.38 -0.44 1889 -2.74 0.03 1978.25 -3.28 1580 -0.81 1630 9.701 0.038 1974.64 -1.07 -6.3 1857.33 -4.09362 1875 -4.04 1890 -4.432 1986.46
1877 -0.60 -0.44 1888 -2.79 0.03 1978.083 -3.03 1577 -0.87 1627 9.807 0.039 1974.58 -1.3 -6.37 1857.5 -4.16856 1874 -4.12 1889 -4.504 1986.38
1876 -0.21 -0.28 1887 -2.6 0.03 1977.917 -3.32 1575 -0.76 1627 9.722 0.055 1974.53 -1.33 -6.41 1857.67 -4.18042 1873 -4.3 1888 -4.444 1986.29
1875 -0.17 -0.08 1886 -2.92 0.03 1977.75 -3.71 1572 -0.84 1627 9.724 0.079 1974.47 -0.76 -6.08 1857.83 -4.1765 1872 -4 1887 -4.393 1986.21
1874 0.32 0.02 1885 -2.75 0.04 1977.583 -3.97 1570 -0.79 1624 9.792 0.018 1974.42 -0.42 -5.82 1858 -4.24251 1871 -4.3 1886 -4.406 1986.13
1873 -0.30 -0.19 1884 -2.67 0.01 1977.417 -3.66 1567 -0.81 1624 9.741 0.051 1974.36 -0.87 -5.89 1858.17 -4.32899 1870 -4.32 1885 -4.379 1986.04
1872 -0.47 -0.34 1883 -2.7 0.02 1977.25 -3.31 1565 -0.86 1624 9.737 0.041 1974.31 -0.72 -5.68 1858.33 -4.40603 1869 -4.15 1884 -4.314 1985.96
1871 -0.25 -0.19 1882 -2.82 0.03 1977.083 -3.05 1562 -0.81 1622 9.624 0.06 1974.25 -0.5 -5.7 1858.5 -4.42789 1868 -4.13 1883 -4.348 1985.88
1870 0.19 0.05 1881 -2.69 0.02 1976.917 -3.45 1559 -0.76 1622 9.539 0.095 1974.19 -0.88 -5.51 1858.67 -4.37995 1867 -4 1882 -4.408 1985.79
1869 0.22 0.00 1880 -2.88 0.02 1976.75 -3.68 1555 -0.87 1621 9.753 0.021 1974.14 -0.48 -5.66 1858.83 -4.19171 1866 -4.26 1881 -4.429 1985.71
1868 -0.62 -0.26 1879 -2.69 0.05 1976.583 -3.76 1551 -0.81 1618 9.851 0.055 1974.08 -0.95 -5.79 1859 -3.92156 1865 -4.41 1880 -4.561 1985.63
1867 -0.10 -0.19 1878 -2.79 0.03 1976.417 -3.74 1548 -0.78 1618 9.724 0.054 1974.03 -0.87 -6.27 1859.17 -3.90911 1864 -4.34 1879 -4.561 1985.54
1866 -0.02 -0.08 1877 -2.8 0.01 1976.25 -3.59 1546 -0.79 1618 9.668 0.063 1973.97 -1.14 -6.24 1859.33 -3.96686 1863 -4.17 1878 -4.568 1985.46
1865 -0.14 -0.05 1876 -2.88 0.04 1976.083 -3.02 1544 -0.88 1616 9.828 0.116 1973.92 -0.91 -6.59 1859.5 -4.03397 1862 -4.02 1877 -4.505 1985.38
1864 0.19 -0.08 1875 -2.61 0.04 1975.917 -3.29 1541 -0.89 1616 9.798 0.03 1973.86 -0.76 -6.55 1859.67 -4.10644 1861 -4.06 1876 -4.467 1985.29
1863 -0.58 -0.30 1874 -2.49 0.02 1975.75 -3.61 1537 -0.86 1616 9.557 0.075 1973.75 -0.55 -6.76 1859.83 -4.08618 1860 -4.1 1875 -4.492 1985.21
1862 -0.20 -0.36 1873 -2.74 0.02 1975.583 -3.87 1535 -0.74 1614 9.756 0.021 1973.64 -0.83 -6.6 1860 -4.04945 1859 -3.91 1874 -4.495 1985.13
1861 -0.53 -0.42 1872 -2.77 0.03 1975.417 -3.68 1532 -0.85 1610 9.805 0.053 1973.53 -0.46 -6.15 1860.17 -4.0138 1858 -3.9 1873 -4.548 1985.04
1860 -0.43 -0.34 1871 -2.68 0.02 1975.25 -3.35 1529 -0.84 1605 9.751 0.028 1973.42 -0.26 -5.96 1860.33 -4.04939 1857 -3.85 1872 -4.327 1984.96
1859 -0.04 -0.12 1870 -2.74 0.03 1975.083 -3.12 1527 -0.8 1603 9.787 0.024 1973.31 -0.06 -5.96 1860.5 -4.10047 1856 -4.01 1871 -4.481 1984.88
1858 0.02 0.03 1869 -2.72 0.03 1974.917 -3.8 1524 -0.83 1600 9.762 0.044 1973.19 -0.12 -5.68 1860.67 -4.14467 1855 -3.96 1870 -4.476 1984.79
1857 0.15 0.13 1868 -2.8 0.03 1974.75 -3.7 1520 -0.87 1597 9.742 0.046 1973.08 -0.3 -6.01 1860.83 -4.19467 1854 -4.11 1869 -4.474 1984.71
1856 0.28 0.08 1867 -2.57 0.02 1974.583 -4.19 1517 -0.86 1594 9.703 0.025 1972.97 -0.76 -6.58 1861 -4.20977 1853 -4.26 1868 -4.472 1984.63
1855 -0.39 -0.10 1866 -2.77 0.02 1974.417 -3.74 1514 -0.82 1591 9.666 0.012 1972.75 -1.24 -6.83 1861.17 -4.22018 1852 -4 1867 -4.514 1984.54
1854 0.08 0.00 1865 -2.67 0.02 1974.25 -3.26 1510 -0.8 1589 9.77 0.051 1972.67 -0.97 -6.64 1861.33 -4.25877 1851 -4.09 1866 -4.413 1984.46
1853 0.12 0.22 1864 -2.76 0.02 1974.083 -3.16 1510 -0.76 1585 9.738 0.01 1972.58 -0.94 -6.56 1861.5 -4.30871 1850 -3.97 1865 -4.436 1984.38
1852 0.60 0.40 1863 -2.69 0.03 1973.917 -3.54 1508 -0.78 1582 9.73 0.06 1972.5 -0.54 -6.49 1861.67 -4.30847 1849 -3.77 1864 -4.317 1984.29
1851 0.35 0.32 1862 -2.7 1973.75 -3.67 1505 -0.82 1580 9.74 0.022 1972.42 -0.43 -6.37 1861.83 -4.26482 1848 -3.67 1863 -4.441 1984.21
1850 0.07 0.06 1861 -2.68 0.02 1973.583 -3.75 1503 -0.88 1577 9.787 0.085 1972.33 -0.05 -5.67 1862 -4.24321 1847 -4.15 1862 -4.377 1984.13
1849 -0.35 -0.06 1860 -2.73 0.05 1973.417 -3.44 1503 -0.88 1575 9.761 0.017 1972.25 -0.36 -5.8 1862.17 -4.26143 1846 -3.98 1861 -4.345 1984.04
1848 0.24 0.28 1859 -2.72 0.02 1973.25 -3.13 1500 -0.94 1572 9.789 0.012 1972.17 -0.4 -5.96 1862.33 -4.28829 1845 -3.94 1860 -4.302 1983.96
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.737 1889 -5.17 1896 0.77 1997.015 3.77E-06 1989.42 9.53 24.76 -0.18 1934.58 -5.14 1978.91667 -2.700802817 -4.351410891 1980.625 -0.77 -3.83 9.2304
-4.71 1888 -5.2 1895 0.01 1996.995 3.56E-06 1989.34 9.37 26.74 -0.19 1934.08 -5.19 1978.75 -2.496280011 -3.893129421 1980.458 -0.43 -4.48 9.03263

-4.734 1887 -5.22 1894 0.68 1996.975 3.55E-06 1989.25 9.28 27.79 -0.2 1933.58 -5.43 1978.58333 -2.796022838 -3.816720545 1980.291 -0.13 -4.85 8.99743
-4.905 1886 -5.1 1893 -0.36 1996.955 3.58E-06 1989.17 9.38 26.64 -0.21 1933.08 -5.32 1978.41667 -3.273292014 -4.3031303 1980.125 -0.28 -4.59 8.9219
-5.098 1885 -4.95 1892 -0.59 1996.935 3.65E-06 1989.09 9.38 26.6 -0.22 1932.58 -5.02 1978.25 -3.074585206 -4.559071832 1979.958 -0.51 -4.23 9.01243
-5.054 1884 -4.93 1891 2.39 1996.915 3.48E-06 1989 9.43 26.02 -0.23 1932.08 -5.22 1978.08333 -2.786642326 -4.380709182 1979.791 -0.48 -4.1 9.09597
-5.096 1883 -5 1890 2.3 1996.895 3.53E-06 1988.92 9.46 25.63 -0.25 1931.58 -5.01 1977.91667 -2.804364104 -4.203183398 1979.625 -0.82 -3.87 9.195
-4.929 1882 -5.16 1889 -1.55 1996.875 3.59E-06 1988.84 9.48 25.36 -0.26 1931.08 -5.15 1977.75 -2.814290945 -3.833024418 1979.458 -0.92 -4.26 8.99107

-5.08 1881 -5.22 1888 -0.23 1996.855 3.58E-06 1988.75 9.53 24.76 -0.27 1930.58 -4.8 1977.58333 -3.062286961 -3.878945287 1979.291 -0.4 -4.77 8.96659
-4.992 1880 -5.15 1887 1.57 1996.835 3.47E-06 1988.67 9.6 23.91 -0.29 1930.08 -5.19 1977.41667 -3.463189713 -3.984230766 1979.125 -0.39 -4.71 8.8942
-4.825 1879 -5.34 1886 -0.71 1996.815 3.44E-06 1988.59 9.54 24.61 -0.3 1929.58 -5.07 1977.25 -3.357647275 -4.159156924 1978.958 -0.52 -4.51 8.95399
-4.696 1878 -4.9 1885 -1.45 1996.795 3.61E-06 1988.5 9.48 25.37 -0.31 1929.08 -5.16 1977.08333 -2.899413275 -4.042701415 1978.791 -0.4 -4.26 9.06248
-4.523 1877 -4.83 1884 0.47 1996.775 3.72E-06 1988.42 9.4 26.28 -0.33 1928.58 -4.97 1976.91667 -2.816079348 -4.098973469 1978.625 -0.44 -3.93 9.10924
-4.476 1876 -4.82 1883 -0.03 1996.755 3.57E-06 1988.34 9.32 27.33 -0.34 1928.08 -5.15 1976.75 -2.601589645 -3.881222555 1978.458 -0.36 -4.03 9.07325

-4.6 1875 -5.06 1882 0.33 1996.735 3.42E-06 1988.25 9.3 27.55 -0.36 1927.58 -5.15 1976.58333 -2.96015608 -3.903490093 1978.291 0.13 -4.65 8.99986
-4.883 1874 -4.97 1881 1.21 1996.715 3.37E-06 1988.17 9.31 27.43 -0.37 1927.08 -5.15 1976.41667 -3.225678644 -4.136600817 1978.125 0.07 -4.71 8.90428
-5.075 1873 -5.14 1880 0.33 1996.695 3.49E-06 1988.09 9.37 26.76 -0.39 1926.58 -5.28 1976.25 -2.723082096 -4.132359953 1977.958 -0.57 -4.43 8.93728

-5.06 1872 -4.96 1879 0.73 1996.675 3.59E-06 1988 9.38 26.59 -0.41 1926.08 -4.9 1976.08333 -2.700192642 -4.355667593 1977.791 -0.45 -4.3 9.02902
-4.873 1871 -5.17 1878 0.15 1996.655 3.54E-06 1987.92 9.49 25.25 -0.42 1925.58 -5.3 1975.91667 -2.543742304 -4.026965738 1977.625 -0.92 -3.97 9.1603
-4.683 1870 -5.34 1877 1.04 1996.635 3.4E-06 1987.84 9.64 23.43 -0.44 1925.08 -5.36 1975.75 -2.658562616 -3.887313099 1977.458 -0.7 -4.3 9.008
-4.604 1869 -4.94 1876 0.41 1996.615 3.03E-06 1987.75 9.62 23.66 -0.45 1924.58 -4.84 1975.58333 -2.96660893 -3.836988809 1977.291 -0.69 -4.53 8.97027
-4.748 1868 -5.14 1875 2.3 1996.595 3.01E-06 1987.67 9.69 22.82 -0.47 1924.08 -5.33 1975.41667 -3.302221148 -4.281961307 1977.125 -0.41 -4.99 8.8937
-4.582 1867 -4.99 1874 -0.51 1996.575 3.33E-06 1987.59 9.63 23.55 -0.48 1923.58 -5.09 1975.25 -2.703985488 -4.187209337 1976.958 -0.03 -4.41 8.99597
-4.401 1866 -4.88 1873 0.74 1996.555 3.44E-06 1987.5 9.66 23.13 -0.5 1923.08 -5.01 1975.08333 -2.548399916 -3.993746047 1976.791 -0.16 -4.24 9.0661
-4.297 1865 -4.93 1872 -1.23 1996.535 3.67E-06 1987.42 9.64 23.4 -0.51 1922.58 -5.11 1974.91667 -2.484861587 -3.78531173 1976.625 -0.49 -3.71 9.1959
-4.232 1864 -5.01 1871 -0.24 1996.515 3.91E-06 1987.34 9.45 25.75 -0.52 1922.08 -5.14 1974.75 -2.838767528 -3.796762504 1976.458 -1.26 -4.08 9.06237
-4.354 1863 -4.87 1870 1.31 1996.495 3.69E-06 1987.25 9.37 26.68 -0.53 1921.58 -4.94 1974.58333 -3.589867882 -4.173740477 1976.291 -0.49 -4.74 8.90078
-4.538 1862 -4.9 1869 0.84 1996.475 3.79E-06 1987.17 9.37 26.7 -0.54 1921.08 -5.35 1974.41667 -3.124368414 -4.273095898 1976.125 -0.19 -4.89 8.94603
-4.823 1861 -4.98 1868 -0.72 1996.455 3.76E-06 1987.09 9.43 25.92 -0.56 1920.58 -5.09 1974.25 -2.771275183 -4.229629069 1975.958 -0.89 -4.76 9.07317
-4.757 1860 -4.8 1867 -0.66 1996.435 3.85E-06 1987 9.43 25.97 -0.57 1920.08 -5.48 1974.08333 -2.576776914 -3.960044687 1975.791 -0.82 -4.19 9.12518
-4.792 1859 -4.94 1866 -0.14 1996.415 3.94E-06 1986.92 9.49 25.25 -0.58 1919.58 -5.17 1973.91667 -2.388841389 -3.793375351 1975.625 -0.62 -3.88 9.1655
-4.755 1858 -4.9 1865 -0.58 1996.395 3.9E-06 1986.84 9.52 24.87 -0.59 1919.08 -5.09 1973.75 -2.895439805 -3.758303298 1975.458 -0.71 -4.14 9.11061
-4.732 1857 -5.09 1864 0.82 1996.375 3.86E-06 1986.75 9.55 24.57 -0.6 1918.58 -4.75 1973.58333 -3.783879099 -3.914602376 1975.291 -0.64 -4.44 9.02259
-4.649 1856 -4.83 1863 0.48 1996.355 4.07E-06 1986.67 9.57 24.27 -0.61 1918.08 -5.26 1973.41667 -3.391643846 -3.977386147 1975.125 -0.49 -4.8 8.8912
-4.569 1855 -4.75 1862 -0.01 1996.335 4.08E-06 1986.59 9.54 24.59 -0.62 1917.58 -5.08 1973.25 -2.895065476 -4.036190652 1974.958 -0.56 -4.57 8.94209
-4.518 1854 -4.8 1861 -0.35 1996.315 3.99E-06 1986.5 9.6 23.94 -0.63 1917.08 -5.34 1973.08333 -2.595667108 -4.12494692 1974.791 -0.47 -4.14 9.08181
-4.513 1853 -4.69 1860 -0.11 1996.295 3.76E-06 1986.42 9.48 25.37 -0.64 1916.58 -5.11 1972.91667 -2.483607468 -3.925047194 1974.625 -0.32 -3.87 9.1345
-4.459 1852 -4.66 1859 -0.17 1996.275 3.7E-06 1986.34 9.38 26.57 -0.64 1916.08 -5.46 1972.75 -2.795870904 -3.80592052 1974.458 -0.74 -4.21 9.07639
-4.648 1851 -4.59 1858 -1.53 1996.255 3.75E-06 1986.25 9.39 26.47 -0.65 1915.58 -4.9 1972.58333 -3.149811567 -3.840841087 1974.291 -0.53 -4.52 8.97349
-4.725 1850 -4.6 1857 -0.18 1996.235 3.96E-06 1986.17 9.32 27.31 -0.66 1915.08 -5.09 1972.41667 -3.386378096 -4.231312555 1974.125 -0.44 -4.98 8.8489

-4.74 1849 -4.56 1856 -0.37 1996.215 3.95E-06 1986.09 9.41 26.27 -0.67 1914.58 -4.92 1972.25 -2.791061066 -4.214344686 1973.958 -0.43 -4.51 8.9662
-4.854 1848 -4.87 1855 -1.19 1996.195 3.96E-06 1986 9.44 25.84 -0.68 1914.08 -5.22 1972.08333 -2.253295546 -4.025567433 1973.791 -0.25 -4.19 9.06307
-4.827 1847 -4.79 1854 -0.73 1996.175 3.98E-06 1985.92 9.49 25.19 -0.69 1913.58 -4.84 1971.91667 -2.227594089 -4.02872783 1973.625 -0.39 -3.82 9.1809
-4.834 1846 -4.53 1853 -1.07 1996.155 4.01E-06 1985.84 9.56 24.42 -0.69 1913.08 -4.91 1971.75 -2.279479753 -3.694830986 1973.458 -0.73 -4.16
-4.839 1845 -4.59 1852 0.99 1996.135 4.05E-06 1985.75 9.67 23 -0.7 1912.58 -4.87 1971.58333 -2.924115082 -3.804099572 1973.291 -0.15 -4.7
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1847 1.06 0.49 1858 -2.82 0.02 1973.083 -3.17 1496 -0.87 1570 9.784 0.055 1972.08 -0.66 -6 1862.5 -4.30188 1844 -3.7 1859 -4.362 1983.88
1846 -0.26 0.05 1857 -2.55 0.02 1972.917 -3.77 1493 -0.9 1567 9.698 0.012 1972 -0.8 -6.28 1862.67 -4.20817 1843 -4.03 1858 -4.309 1983.79
1845 -0.29 -0.31 1856 -2.81 0.01 1972.75 -3.81 1490 -0.91 1565 9.74 0.036 1971.92 -0.83 -6.44 1862.83 -4.10869 1842 -4.12 1857 -4.331 1983.71
1844 -0.59 -0.38 1855 -2.84 0.02 1972.583 -3.67 1486 -0.87 1562 9.646 0.058 1971.75 -0.78 -6.52 1863 -4.21637 1841 -4.04 1856 -4.371 1983.63
1843 -0.09 -0.22 1854 -2.64 0.04 1972.417 -3.53 1483 -0.78 1559 9.624 0.041 1971.65 -0.61 -6.4 1863.17 -4.32181 1840 -4.45 1855 -4.382 1983.54
1842 -0.11 -0.09 1853 -2.64 0.05 1972.25 -3.19 1480 -0.85 1555 9.592 0.039 1971.55 -0.23 -6.21 1863.33 -4.35807 1839 -4.05 1854 -4.353 1983.46
1841 -0.04 0.00 1852 -2.71 0.03 1972.083 -3 1477 -0.75 1551 9.65 0.028 1971.45 -0.14 -5.69 1863.5 -4.38232 1838 -4.23 1853 -4.352 1983.38
1840 0.29 -0.04 1851 -2.55 0.01 1971.917 -3.4 1475 -0.81 1547 9.611 0.025 1971.35 0.04 -5.66 1863.67 -4.44862 1837 -4.25 1852 -4.518 1983.29
1839 -0.79 -0.20 1850 -2.48 0.02 1971.75 -3.79 1472 -0.78 1545 9.701 0.048 1971.25 -0.16 -5.82 1863.83 -4.45629 1836 -3.95 1851 -4.366 1983.21
1838 0.56 -0.10 1849 -2.61 0.03 1971.583 -3.85 1469 -0.79 1542 9.68 0.067 1971.15 -0.22 -5.94 1864 -4.4169 1835 -3.81 1850 -4.286 1983.13
1837 -0.81 -0.26 1848 -2.6 0.02 1971.417 -3.7 1466 -0.72 1539 9.683 0.05 1971.05 -0.34 -6.19 1864.17 -4.38878 1834 -3.67 1849 -4.28 1983.04
1836 0.07 -0.13 1847 -2.64 0.03 1971.25 -3.63 1466 -0.77 1537 9.602 0.035 1970.95 -0.66 -6.32 1864.33 -4.40597 1833 -3.91 1848 -4.266 1982.96
1835 0.03 0.03 1846 -2.82 0.02 1971.083 -3.22 1463 -0.78 1535 9.667 0.095 1970.75 -0.87 -6.5 1864.5 -4.47467 1832 -4 1847 -4.205 1982.88
1834 0.06 0.07 1845 -2.84 0.04 1970.917 -3.29 1460 -0.78 1532 9.595 0.037 1970.65 -0.67 -6.16 1864.67 -4.57491 1831 -4.33 1846 -4.22 1982.79
1833 0.19 0.02 1844 -2.53 1970.75 -3.7 1457 -0.81 1529 9.691 0.034 1970.55 -0.59 -6.4 1864.83 -4.61168 1830 -4.25 1845 -4.257 1982.71
1832 -0.21 -0.35 1843 -2.61 0.03 1970.583 -3.85 1454 -0.8 1527 9.594 0.035 1970.45 -0.37 -6.2 1865 -4.49266 1829 -3.94 1844 -4.254 1982.63
1831 -1.19 -0.78 1842 -2.67 0.03 1970.417 -3.6 1451 -0.78 1524 9.626 0.014 1970.35 0.31 -5.75 1865.17 -4.50751 1828 -4.17 1843 -4.289 1982.54
1830 -0.62 -0.73 1841 -2.93 1970.25 -3.25 1447 -0.78 1520 9.683 0.035 1970.25 0.05 -5.56 1865.33 -4.58086 1827 -4.26 1842 -4.329 1982.46
1829 -0.63 -0.56 1840 -2.72 1970.083 -3.34 1447 -0.71 1517 9.642 0.084 1970.15 -0.09 -5.79 1865.5 -4.43084 1826 -3.99 1841 -4.273 1982.38
1828 -0.24 -0.49 1839 -2.79 1969.917 -3.7 1445 -0.72 1514 9.646 0.05 1970.05 -0.12 -6.04 1865.67 -4.39374 1825 -4.13 1840 -4.333 1982.29
1827 -0.85 -0.57 1838 -2.67 0.03 1969.75 -3.87 1445 -0.71 1510 9.758 0.003 1969.95 -0.62 -6.19 1865.83 -4.4209 1824 -4 1839 -4.332 1982.21
1826 -0.34 -0.42 1837 -2.62 0.02 1969.583 -3.93 1441 -0.67 1508 9.669 0.045 1969.85 -0.56 -6.34 1866 -4.49902 1823 -4.28 1838 -4.413 1982.13
1825 -0.25 -0.15 1836 -2.65 0.02 1969.417 -3.67 1438 -0.77 1508 9.664 0.036 1969.75 -0.45 -6.48 1866.17 -4.58318 1822 -3.86 1837 -4.204 1982.04
1824 0.33 0.05 1835 -2.48 0.02 1969.25 -3.24 1436 -0.77 1503 9.589 0.054 1969.67 -0.73 -6.1 1866.33 -4.60589 1821 -3.84 1836 -4.243 1981.96
1823 -0.16 -0.04 1834 -2.42 0.03 1969.083 -3.22 1433 -0.86 1500 9.658 0.046 1969.58 -0.68 -6.3 1866.5 -4.51013 1820 -4.04 1835 -4.426 1981.88
1822 -0.24 0.04 1833 -2.31 0.04 1968.917 -3.66 1430 -0.73 1496 9.698 0.046 1969.5 -0.79 -6.26 1866.67 -4.40483 1819 -4 1834 -4.419 1981.79
1821 0.82 0.26 1832 -2.18 0.04 1968.75 -3.89 1427 -0.83 1493 9.65 0.064 1969.42 -0.09 -5.98 1866.83 -4.30186 1818 -3.95 1833 -4.344 1981.71
1820 -0.27 0.00 1831 -2.6 0.03 1968.583 -3.77 1425 -0.78 1491 9.642 0.045 1969.33 0.17 -5.66 1867 -4.20944 1817 -4.02 1832 -4.375 1981.63
1819 -0.26 -0.14 1830 -2.67 0.03 1968.417 -3.48 1421 -0.81 1490 9.785 0.016 1969.25 -0.02 -5.23 1867.17 -4.22781 1816 -3.93 1831 -4.323 1981.54
1818 0.11 -0.03 1829 -2.53 0.02 1968.25 -3.11 1418 -0.73 1486 9.597 0.034 1969.17 -0.12 -5.44 1867.33 -4.28669 1815 -3.84 1830 -4.298 1981.46
1817 -0.02 -0.05 1828 -2.67 0.01 1968.083 -2.98 1416 -0.82 1483 9.569 0.048 1969.08 -0.68 -5.42 1867.5 -4.38435 1814 -3.78 1829 -4.29 1981.38
1816 -0.24 -0.18 1827 -2.64 0.02 1967.917 -3.4 1412 -0.82 1480 9.568 0.059 1969 -0.83 -5.58 1867.67 -4.41591 1813 -3.89 1828 -4.287 1981.29
1815 -0.21 -0.26 1826 -2.52 0.03 1967.75 -3.55 1409 -0.85 1477 9.669 0.023 1968.92 -0.94 -5.89 1867.83 -4.38243 1812 -3.79 1827 -4.168 1981.21
1814 -0.39 -0.40 1825 -2.48 0.03 1967.583 -3.94 1405 -0.76 1475 9.638 0.042 1968.83 -1.03 -6.01 1868 -4.33498 1811 -3.54 1826 -4.398 1981.13
1813 -0.56 -0.57 1824 -2.14 0.02 1967.417 -3.36 1402 -0.87 1472 9.577 0.021 1968.75 -0.55 -6.22 1868.17 -4.28517 1810 -3.67 1825 -4.424 1981.04
1812 -0.84 -0.66 1823 -2.91 0.03 1967.25 -3.1 1399 -0.76 1469 9.672 0.036 1968.65 0.22 -5.88 1868.33 -4.15045 1809 -3.97 1824 -4.38 1980.96
1811 -0.47 -0.52 1822 -2.56 0.02 1967.083 -3.2 1395 -0.92 1466 9.606 0.031 1968.55 0.29 -5.51 1868.5 -4.14559 1808 -3.81 1823 -4.479 1980.88
1810 -0.32 -0.31 1821 -2.83 0.03 1966.917 -3.64 1393 -0.79 1460 9.642 0.051 1968.45 0.78 -5.57 1868.67 -4.28901 1807 -4.09 1822 -4.472 1980.79
1809 -0.18 -0.02 1820 -2.71 0.03 1966.75 -3.85 1390 -0.83 1457 9.625 0.046 1968.35 0.44 -5.51 1868.83 -4.43928 1806 -3.69 1821 -4.302 1980.71
1808 0.63 0.27 1819 -2.72 0.06 1966.583 -3.82 1386 -0.82 1454 9.688 0.033 1968.25 0.62 -5.32 1869 -4.51587 1805 -3.69 1820 -4.25 1980.63
1807 0.11 0.16 1818 -2.64 0.02 1966.417 -3.65 1383 -0.85 1451 9.699 0.026 1968.15 -0.09 -5.81 1869.17 -4.44112 1804 -4 1819 -4.276 1980.54
1806 -0.13 -0.02 1817 -2.42 0.03 1966.25 -3.38 1380 -0.81 1447 9.687 0.041 1968.05 0.08 -5.49 1869.33 -4.29274 1803 -3.83 1818 -4.327 1980.46
1805 0.00 -0.04 1816 -2.47 0.03 1966.083 -3.17 1377 -0.86 1445 9.684 0.076 1967.95 -0.62 -6 1869.5 -4.23112 1802 -3.81 1817 -4.298 1980.38
1804 -0.06 -0.02 1815 -2.54 0.03 1965.917 -3.25 1372 -0.84 1441 9.699 0.036 1967.75 -0.77 -6.48 1869.67 -4.19245 1801 -4.03 1816 -4.1 1980.29
1803 0.08 -0.07 1814 -2.6 0.02 1965.75 -3.65 1369 -0.84 1438 9.67 0.051 1967.65 -0.91 -6.23 1869.83 -4.15843 1800 -4.29 1815 -4.208 1980.21
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.804 1844 -4.66 1851 -1.6 1996.115 4.15E-06 1985.67 9.61 23.81 -0.71 1912.08 -5.15 1971.41667 -2.942938846 -3.86088854 1973.125 0.17 -4.52
-4.797 1843 -4.88 1850 -0.97 1996.095 4.27E-06 1985.59 9.62 23.71 -0.72 1911.58 -5.04 1971.25 -2.519937767 -3.912866702 1972.958 -0.46 -4.35
-4.784 1842 -4.87 1849 -0.35 1996.075 4.46E-06 1985.5 9.61 23.79 -0.72 1911.08 -5.33 1971.08333 -2.362646572 -4.07858126 1972.791 -0.33 -4.12
-4.771 1841 -4.89 1848 -0.4 1996.055 4.56E-06 1985.42 9.48 25.37 -0.73 1910.58 -4.98 1970.91667 -2.202908716 -3.888462615 1972.625 -0.22 -3.88
-4.708 1840 -4.64 1847 -0.06 1996.035 4.79E-06 1985.34 9.46 25.64 -0.74 1910.08 -5.45 1970.75 -2.284244574 -3.622980663 1972.458 -0.54 -4.27
-4.844 1839 -4.38 1846 0.79 1996.015 5.03E-06 1985.25 9.31 27.47 -0.74 1909.58 -5.28 1970.58333 -2.442504348 -3.606671729 1972.291 -0.38 -4.65
-4.907 1838 -4.63 1845 -0.53 1995.995 4.65E-06 1985.17 9.36 26.83 -0.75 1909.08 -5.47 1970.41667 -3.448444802 -3.837111407 1972.125 -0.66 -4.82
-4.989 1837 -4.67 1844 -0.88 1995.975 4.85E-06 1985.09 9.38 26.6 -0.75 1908.58 -5.47 1970.25 -3.169258357 -4.095184724 1971.958 -0.55 -4.3
-4.989 1836 -4.84 1843 0.5 1995.955 4.62E-06 1985 9.41 26.23 -0.76 1908.08 -5.52 1970.08333 -2.562095683 -4.218421801 1971.791 -0.24 -4.07
-4.887 1835 -4.69 1842 0.26 1995.935 4.76E-06 1984.92 9.43 25.98 -0.77 1907.58 -5.04 1969.91667 -2.476287042 -4.116427579 1971.625 -0.31 -3.93
-4.816 1834 -4.64 1841 -0.13 1995.915 4.55E-06 1984.84 9.44 25.81 -0.77 1907.08 -5.3 1969.75 -2.609825387 -3.77483454 1971.458 -0.11 -4.38
-4.863 1833 -4.7 1840 -0.31 1995.895 4.15E-06 1984.75 9.53 24.8 -0.78 1906.58 -5.31 1969.58333 -3.027746261 -3.734826395 1971.291 -0.29 -4.71
-4.848 1832 -4.87 1839 0.23 1995.875 3.85E-06 1984.67 9.68 22.94 -0.78 1906.08 -5.05 1969.41667 -3.163584138 -4.056550272 1971.125 -0.37 -4.89
-4.886 1831 -4.96 1838 -0.01 1995.855 3.76E-06 1984.59 9.65 23.28 -0.79 1905.58 -4.66 1969.25 -2.367373846 -4.11940292 1970.958 -0.65 -4.43
-4.864 1830 -5.06 1837 0.05 1995.835 3.8E-06 1984.5 9.64 23.46 -0.79 1905.08 -5.21 1969.08333 -2.208263544 -4.018847874 1970.791 -0.54 -4.18
-4.682 1829 -5.27 1836 -0.03 1995.815 3.9E-06 1984.42 9.62 23.73 -0.8 1904.58 -5.05 1968.91667 -2.599072208 -3.705611865 1970.625 -0.38 -4.01
-4.608 1828 -4.94 1835 -0.48 1995.795 4.11E-06 1984.34 9.49 25.25 -0.8 1904.08 -5.32 1968.75 -2.972287989 -3.545528982 1970.458 -0.33 -4.08

-4.67 1827 -5.15 1834 -0.57 1995.775 4.33E-06 1984.25 9.42 26.08 -0.8 1903.58 -5.12 1968.58333 -2.819582807 -3.550844449 1970.291 -0.53 -4.28
-4.969 1826 -5 1833 0.07 1995.755 4.25E-06 1984.17 9.34 27.07 -0.81 1903.08 -5 1968.41667 -2.741551625 -3.782178 1970.125 -0.88 -4.75
-5.156 1825 -4.96 1832 -0.76 1995.735 3.63E-06 1984.09 9.37 26.72 -0.81 1902.58 -4.87 1968.25 -2.706206901 -4.063043479 1969.958 -0.91 -4.36
-5.025 1824 -4.81 1831 -0.81 1995.715 3.63E-06 1984 9.43 26 -0.81 1902.08 -4.9 1968.08333 -2.317070678 -4.07274731 1969.791 -0.72 -4
-4.764 1823 -4.83 1830 -0.58 1995.695 3.67E-06 1983.92 9.45 25.73 -0.81 1901.58 -4.99 1967.91667 -2.160835582 -3.916856906 1969.625 -0.6 -3.92
-4.727 1822 -4.8 1829 -0.79 1995.675 3.5E-06 1983.84 9.59 23.99 -0.82 1901.08 -5.32 1967.75 -2.416574821 -3.657469303 1969.458 -0.2 -4.38
-4.716 1821 -4.64 1828 -0.48 1995.655 3.58E-06 1983.75 9.65 23.3 -0.82 1900.58 -4.98 1967.58333 -2.567824907 -3.692870149 1969.291 -0.12 -5.08
-4.681 1820 -4.71 1827 -0.44 1995.635 3.58E-06 1983.67 9.69 22.82 -0.82 1900.08 -5.05 1967.41667 -2.727582176 -4.05682113 1969.125 0 -4.86
-4.556 1819 -4.93 1826 0.87 1995.615 3.52E-06 1983.59 9.67 23.03 -0.81 1899.58 -4.97 1967.25 -2.930095459 -4.092606517 1968.958 -0.45 -4.22
-4.481 1818 -4.81 1825 0.92 1995.595 3.68E-06 1983.5 9.59 24.07 -0.81 1899.08 -4.99 1967.08333 -2.460112539 -4.171592695 1968.791 -0.41 -4.03
-4.436 1817 -4.88 1824 -0.53 1995.575 3.64E-06 1983.42 9.49 25.25 -0.81 1898.58 -5.33 1966.91667 -2.402034456 -4.161795411 1968.625 -0.72 -3.68
-4.365 1816 -4.88 1823 -1.06 1995.555 3.62E-06 1983.34 9.44 25.81 -0.81 1898.08 -5.15 1966.75 -2.616163487 -3.699674259 1968.458 -0.32 -4.06
-4.689 1815 -5.08 1822 -0.78 1995.536 3.68E-06 1983.25 9.42 26.06 -0.8 1897.58 -5.14 1966.58333 -3.129228879 -3.663946087 1968.291 -0.25 -4.52
-4.923 1814 -5.13 1821 -1.33 1995.517 3.79E-06 1983.17 9.36 26.83 -0.8 1897.08 -5.12 1966.41667 -3.137310765 -4.025148604 1968.125 -0.54 -4.83
-5.028 1813 -4.88 1820 -0.74 1995.497 3.82E-06 1983.09 9.42 26.08 -0.8 1896.58 -4.95 1966.25 -2.621380385 -4.043012853 1967.958 -0.66 -4.38
-5.121 1812 -5.06 1819 0.85 1995.478 3.76E-06 1983 9.49 25.26 -0.79 1896.08 -5.07 1966.08333 -2.288547228 -4.060603479 1967.791 -0.66 -4.39
-4.971 1811 -5.16 1818 -0.53 1995.459 3.71E-06 1982.92 9.54 24.6 -0.79 1895.58 -4.68 1965.91667 -2.410746067 -3.934977221 1967.625 -0.82 -3.98
-4.726 1810 -5 1817 1.36 1995.44 3.72E-06 1982.84 9.65 23.28 -0.78 1895.08 -5.75 1965.75 -2.548684023 -3.656650355 1967.458 -0.96 -4.36
-4.821 1809 -5.02 1816 -0.83 1995.42 3.67E-06 1982.75 9.68 22.94 -0.77 1894.58 -4.99 1965.58333 -2.98822863 -4.077328109 1967.291 -0.5 -4.93
-4.862 1808 -4.95 1815 -0.87 1995.401 3.68E-06 1982.67 9.63 23.5 -0.77 1894.08 -5.4 1965.41667 -3.807619285 -4.149887169 1967.125 -0.34 -4.94
-4.898 1807 -4.86 1814 2.09 1995.382 3.76E-06 1982.59 9.62 23.65 -0.76 1893.58 -5.05 1965.25 -3.054824206 -4.402766631 1966.958 -0.45 -4.46
-4.775 1813 -0.05 1995.363 3.93E-06 1982.5 9.57 24.25 -0.75 1893.08 -5.45 1965.08333 -2.563091854 -4.35925638 1966.791 -0.33 -4.22
-4.716 1812 0.01 1995.343 3.82E-06 1982.42 9.46 25.61 -0.74 1892.58 -5.12 1964.91667 -2.705303471 -3.976484974 1966.625 -0.63 -4.12
-4.601 1811 1.41 1995.324 3.93E-06 1982.34 9.39 26.46 -0.74 1892.08 -5.31 1964.75 -2.795588974 -3.599900906 1966.458 -1.04 -4.35
-4.692 1810 1.38 1995.305 4.04E-06 1982.25 9.32 27.29 -0.73 1891.58 -5.14 1964.58333 -3.300125283 -3.802497064 1966.291 -0.54 -4.57
-4.783 1809 -0.27 1995.286 3.95E-06 1982.17 9.36 26.81 -0.72 1891.08 -5.46 1964.41667 -3.438622569 -3.832683032 1966.125 -0.51 -4.92
-4.924 1808 -0.14 1995.267 3.82E-06 1982.09 9.35 27 -0.71 1890.58 -5.23 1964.25 -2.726958132 -3.883890546 1965.958 -0.56 -4.38
-4.952 1807 0.36 1995.247 3.77E-06 1982 9.35 26.95 -0.7 1890.08 -5.48 1964.08333 -2.551068351 -4.018175024 1965.791 -0.71 -4.29
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1802 -0.41 -0.18 1813 -2.59 0.02 1965.583 -3.81 1365 -0.86 1436 9.673 0.059 1967.55 -0.9 -6.05 1870 -4.13478 1799 -4.24 1814 -4.373 1980.13
1801 0.02 -0.13 1812 -2.59 0.02 1965.417 -3.8 1361 -0.83 1433 9.625 0.078 1967.45 -0.77 -6.2 1870.17 -4.25506 1798 -4.19 1813 -4.342 1980.04
1800 -0.21 -0.05 1811 -2.49 0.02 1965.25 -3.55 1356 -0.84 1430 9.754 0.038 1967.35 -0.36 -5.47 1870.33 -4.3614 1797 -3.83 1812 -4.25 1979.96
1799 0.20 0.12 1810 -2.55 0.02 1965.083 -3 1353 -0.86 1427 9.638 0.032 1967.25 -0.65 -5.51 1870.5 -4.34511 1796 -4.12 1811 -4.165 1979.88
1798 0.27 0.23 1809 -2.51 0.03 1964.917 -3.19 1348 -0.81 1425 9.599 0.118 1967.15 -0.1 -5.47 1870.67 -4.31095 1795 -4.34 1810 -4.122 1979.79
1797 0.30 0.16 1808 -2.61 0.02 1964.75 -3.7 1344 -0.85 1421 9.701 0.04 1967.05 -0.04 -5.38 1870.83 -4.30637 1794 -3.93 1809 -4.249 1979.71
1796 -0.21 -0.05 1807 -2.36 0.02 1964.583 -3.92 1418 9.765 0.12 1966.95 0 -6.03 1871 -4.28637 1793 -4.02 1808 -4.248 1979.63
1795 -0.10 -0.10 1806 -2.48 0.01 1964.417 -3.41 1416 9.698 0.089 1966.75 0.03 -6.23 1871.17 -4.28323 1792 -4.22 1807 -4.159 1979.54
1794 0.00 -0.17 1805 -2.47 0.01 1964.25 -3.17 1412 9.72 0.246 1966.67 -0.33 -6.14 1871.33 -4.29082 1791 -4.29 1806 -4.26 1979.46
1793 -0.59 -0.34 1804 -2.49 0.02 1964.083 -3.3 1409 9.741 0.042 1966.6 -0.34 -5.75 1871.5 -4.30428 1790 -4.17 1805 -4.294 1979.38
1792 -0.23 -0.29 1803 -2.3 0.04 1963.917 -3.8 1405 9.728 0.067 1966.52 -0.19 -5.99 1871.67 -4.32444 1789 -3.89 1804 -4.294 1979.29
1791 -0.19 -0.13 1802 -2.6 0.03 1963.75 -3.98 1402 9.682 0.043 1966.44 -0.02 -5.92 1871.83 -4.34878 1788 -3.95 1803 -4.182 1979.21
1790 0.17 -0.02 1801 -2.57 0.02 1963.583 -3.94 1399 9.621 0.022 1966.37 0.29 -5.73 1872 -4.32743 1787 -3.86 1802 -4.24 1979.13
1789 -0.22 -0.04 1800 -2.71 0.03 1963.417 -3.55 1395 9.673 0.021 1966.29 0.69 -5.63 1872.17 -4.31621 1786 -4.23 1801 -4.214 1979.04
1788 0.11 0.06 1799 -2.59 0.03 1963.25 -3.38 1393 9.723 0.05 1966.21 0.23 -5.64 1872.33 -4.28183 1785 -3.88 1978.96
1787 0.19 0.20 1798 -2.7 0.02 1963.083 -3.23 1390 9.556 0.089 1966.13 -0.1 -5.74 1872.5 -4.23535 1784 -3.99 1978.88
1786 0.34 0.25 1797 -2.85 0.06 1962.917 -3.55 1386 9.686 0.048 1966.06 -0.64 -5.89 1872.67 -4.22426 1783 -3.78 1978.79
1785 0.25 0.09 1796 -2.63 0.02 1962.75 -3.92 1383 9.683 0.088 1965.98 -0.32 -5.91 1872.83 -4.17612 1782 -4.01 1978.71
1784 -0.57 -0.06 1795 -2.75 0.02 1962.583 -3.97 1380 9.681 0.025 1965.9 -0.78 -6.3 1873 -4.18338 1781 -3.95 1978.63
1783 0.65 0.13 1794 -2.73 0.02 1962.417 -3.54 1377 9.615 0.034 1965.75 -0.8 -6.48 1873.17 -4.2017 1780 -3.98 1978.54
1782 -0.33 0.16 1793 -2.87 0.03 1962.25 -3.14 1372 9.675 0.074 1965.67 -0.98 -6.36 1873.33 -4.23011 1779 -4.26 1978.46
1781 0.87 0.15 1792 -2.44 0.02 1962.083 -2.93 1369 9.672 0.046 1965.58 -1.03 -6.39 1873.5 -4.25935 1778 -4.1 1978.38
1780 -0.88 -0.25 1791 -2.96 0.02 1961.917 -3.22 1365 9.639 0.032 1965.5 -0.94 -6.21 1873.67 -4.27286 1777 -3.74 1978.29
1779 -0.07 -0.31 1790 -2.58 0.02 1961.75 -3.73 1361 9.661 0.029 1965.42 0.16 -5.88 1873.83 -4.27585 1776 -4.04 1978.21
1778 -0.42 -0.18 1789 -2.37 0.04 1961.583 -4.05 1356 9.744 0.016 1965.33 0.4 -5.61 1874 -4.27394 1775 -3.96 1978.13
1777 0.24 0.01 1788 -2.48 0.01 1961.417 -3.44 1965.25 0.22 -5.24 1874.17 -4.20958 1774 -3.96 1978.04
1776 -0.01 -0.01 1961.25 -3.1 1965.17 -0.02 -5.69 1874.33 -4.35907 1773 -4.05 1977.96
1775 -0.27 -0.04 1961.083 -3.19 1965.08 -0.56 -5.87 1874.5 -4.58667 1772 -4.12 1977.88
1774 0.37 0.14 1960.917 -3.62 1965 -0.66 -6.18 1874.67 -4.49142 1771 -4.23 1977.79
1773 0.02 0.28 1960.75 -3.72 1964.92 -1.08 -6.36 1874.83 -4.33533 1770 -3.99 1977.71
1772 0.79 0.46 1960.583 -3.66 1964.75 -0.67 -6.39 1875 -4.34499 1769 -3.86 1977.63
1771 0.26 0.36 1960.417 -3.39 1964.68 -0.76 -6.24 1875.17 -4.39999 1768 -4.09 1977.54
1770 0.13 0.27 1960.25 -3.16 1964.61 -0.18 -6.16 1875.33 -4.4451 1767 -4.08 1977.46
1769 0.60 0.22 1960.083 -3.05 1964.54 -0.35 -6.19 1875.5 -4.54544 1766 -4.03 1977.38
1768 -0.46 -0.10 1959.917 -3.22 1964.46 0.07 -6.05 1875.67 -4.46839 1765 -3.82 1977.29
1767 -0.11 -0.12 1959.75 -3.38 1964.39 -0.37 -5.97 1875.83 -4.46201 1764 -3.98 1977.21
1766 0.15 -0.03 1959.583 -3.74 1964.32 -0.1 -5.88 1876 -4.50105 1763 -4.37 1977.13
1765 -0.24 -0.16 1959.417 -3.76 1964.25 -0.06 -5.8 1876.17 -4.46244 1762 -4.44 1977.04
1764 -0.26 -0.35 1959.25 -3.29 1964.18 -0.43 -5.78 1876.33 -4.39796 1761 -4.38 1976.96
1763 -0.69 -0.50 1959.083 -3.04 1964.11 -0.28 -5.96 1876.5 -4.37424 1760 -4.25 1976.88
1762 -0.45 -0.37 1958.917 -3.54 1964.04 -0.29 -6.1 1876.67 -4.36412 1759 -4 1976.79
1761 0.03 -0.01 1958.75 -3.63 1963.96 -0.51 -6.03 1876.83 -4.38455 1758 -4.17 1976.71
1760 0.37 0.27 1958.583 -3.78 1963.89 -0.27 -5.94 1877 -4.41515 1757 -4.1 1976.63
1759 0.42 0.30 1958.417 -3.8 1963.75 -0.94 -6.75 1877.17 -4.49888 1756 -3.85 1976.54
1758 -0.01 0.23 1958.25 -3.6 1963.67 -0.78 -6.57 1877.33 -4.6003 1755 -4.08 1976.46
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-5.085 1806 -0.08 1995.228 3.82E-06 1981.92 9.41 26.17 -0.69 1889.58 -5.24 1963.91667 -2.812191851 -3.932337679 1965.625 -0.68 -3.96
-5.063 1805 -1.11 1995.209 3.81E-06 1981.84 9.48 25.43 -0.69 1889.08 -5.08 1963.75 -3.014785352 -3.857976352 1965.458 -0.73 -4.43
-5.001 1804 -0.77 1995.19 3.81E-06 1981.75 9.58 24.11 -0.68 1888.58 -5.22 1963.58333 -3.599237215 -4.026674123 1965.291 -0.57 -4.88
-4.925 1803 -0.78 1995.17 3.84E-06 1981.67 9.75 22.09 -0.67 1888.08 -5.58 1963.41667 -3.459324177 -4.409814854 1965.125 -0.53 -4.99
-4.847 1802 0.28 1995.151 4.16E-06 1981.59 9.62 23.71 -0.66 1887.58 -4.98 1963.25 -2.629092097 -4.588504349 1964.958 -0.53 -4.6

-4.73 1801 2.36 1995.132 4.27E-06 1981.5 9.58 24.15 -0.65 1887.08 -5.47 1963.08333 -2.791124555 -4.557786005 1964.791 -0.8 -4.36
-4.523 1800 -0.81 1995.113 4.37E-06 1981.42 9.49 25.25 -0.64 1886.58 -5.13 1962.91667 -2.988954577 -4.077001014 1964.625 -0.92 -3.83
-4.442 1799 -1.12 1995.093 4.18E-06 1981.34 9.45 25.78 -0.64 1886.08 -5.22 1962.75 -3.038989622 -3.845290047 1964.458 -0.88 -4.08
-4.543 1798 0.09 1995.074 3.96E-06 1981.25 9.32 27.36 -0.63 1885.58 -5.02 1962.58333 -2.873852131 -3.800065896 1964.291 -0.43 -4.65
-4.854 1797 -0.84 1995.055 3.99E-06 1981.17 9.3 27.55 -0.62 1885.08 -5.1 1962.41667 -3.496440274 -4.178775919 1964.125 -0.41 -4.95

-5.06 1796 -0.51 1995.036 3.97E-06 1981.09 9.32 27.27 -0.61 1884.58 -4.91 1962.25 -2.467699655 -4.229204458 1963.958 -0.7 -4.49
-5.096 1795 0.75 1995.017 3.93E-06 1981 9.41 26.26 -0.6 1884.08 -5.3 1962.08333 -2.644104583 -4.222523913 1963.791 -0.74 -4.27
-5.075 1794 -0.58 1994.997 3.78E-06 1980.92 9.51 25 -0.59 1883.58 -4.68 1961.91667 -2.532638079 -3.989989531 1963.625 -0.96 -3.93
-4.981 1793 -1.15 1994.978 3.93E-06 1980.84 9.63 23.54 -0.58 1883.08 -5.25 1961.75 -2.873832115 -3.724728869 1963.458 -0.86 -4.19
-4.774 1792 -0.95 1994.959 4.25E-06 1980.75 9.49 25.29 -0.57 1882.58 -5.29 1961.58333 -3.076975368 -3.798903968 1963.291 -0.77 -4.62
-4.766 1791 0.36 1994.94 4.08E-06 1980.67 9.6 23.86 -0.57 1882.08 -5.29 1961.41667 -3.173123314 -4.076621152 1963.125 -0.73 -4.99
-4.778 1790 1.21 1994.92 3.71E-06 1980.59 9.68 23 -0.56 1881.58 -5.08 1961.25 -2.476917956 -4.245072708 1962.958 -0.75 -4.74
-4.794 1789 -0.25 1994.901 3.67E-06 1980.5 9.62 23.65 -0.55 1881.08 -5.33 1961.08333 -2.252557097 -4.200082673 1962.791 -0.7 -4.39
-4.638 1788 0.14 1994.882 3.71E-06 1980.42 9.57 24.27 -0.53 1880.58 -5.08 1960.91667 -2.872400223 -3.903222995 1962.625 -0.83 -4.16
-4.594 1787 -0.1 1994.863 3.86E-06 1980.34 9.42 26.12 -0.52 1880.08 -5.25 1960.75 -2.651659705 -3.601605035 1962.458 -0.63 -4.6
-4.825 1786 1.01 1994.843 3.73E-06 1980.25 9.23 28.4 -0.51 1879.58 -5.28 1960.58333 -3.180368911 -3.780956211 1962.291 -0.11 -4.82
-4.976 1785 -0.68 1994.824 3.51E-06 1980.17 9.33 27.19 -0.5 1879.08 -5.47 1960.41667 -2.968526385 -3.989724906 1962.125 -0.13 -4.84
-5.108 1784 -0.78 1994.805 3.49E-06 1980.09 9.4 26.33 -0.49 1878.58 -4.91 1960.25 -2.77653898 -3.802398792 1961.958 -0.35 -4.51
-5.063 1783 -0.6 1994.786 3.54E-06 1980 9.56 24.38 -0.48 1878.08 -4.78 1960.08333 -2.558784678 -3.740965247 1961.791 -0.35 -4.41
-5.006 1782 0.3 1994.767 3.75E-06 1979.92 9.56 24.36 -0.46 1877.58 -4.96 1959.91667 -2.520604248 -3.706354301 1961.625 -0.44 -4.21
-4.884 1781 -2.01 1994.747 3.75E-06 1979.84 9.57 24.29 -0.45 1877.08 -4.93 1959.75 -2.279267967 -3.628094233 1961.458 -0.96 -4.35
-4.895 1780 0.92 1994.728 3.67E-06 1979.75 9.61 23.81 -0.44 1876.58 -5 1959.58333 -3.115313355 -3.920656025 1961.291 -0.34 -4.67
-4.982 1779 1.6 1994.709 3.65E-06 1979.67 9.58 24.1 -0.42 1876.08 -5.19 1959.41667 -3.258119647 -3.789843442 1961.125 -0.55 -5.01
-4.957 1778 0.87 1994.69 3.86E-06 1979.59 9.49 25.28 -0.41 1875.58 -5.32 1959.25 -2.609845607 -4.296236724 1960.958 -0.55 -4.8

-4.87 1777 -0.43 1994.67 3.87E-06 1979.5 9.46 25.55 -0.39 1875.08 -5.34 1959.08333 -2.44733518 -4.307498768 1960.791 -0.54 -4.39
-4.709 1776 0.29 1994.651 3.45E-06 1979.42 9.39 26.41 -0.38 1874.58 -5.2 1958.91667 -2.463033603 -3.984114542 1960.625 -0.53 -4.07
-4.615 1775 -0.2 1994.632 3.48E-06 1979.34 9.37 26.73 -0.36 1874.08 -4.89 1958.75 -2.666191099 -3.606608376 1960.458 -0.74 -4.24
-4.725 1774 0.48 1994.613 3.65E-06 1979.25 9.37 26.7 -0.35 1873.58 -5.16 1958.58333 -3.217209211 -3.868690657 1960.291 -0.58 -4.69
-4.878 1773 0.04 1994.593 3.59E-06 1979.17 9.33 27.19 -0.33 1873.08 -5.07 1958.41667 -3.471744224 -3.96783425 1960.125 -0.22 -4.81
-5.094 1772 -0.53 1994.574 3.74E-06 1979.09 9.39 26.47 -0.32 1872.58 -5.32 1958.25 -3.064908813 -4.085444979 1959.958 -0.38 -4.59
-5.088 1771 -0.31 1994.555 3.83E-06 1979 9.47 25.53 -0.3 1872.08 -5.08 1958.08333 -2.513461643 -4.339162973 1959.791 -0.27 -4.35
-5.096 1770 -1.09 1994.538 3.82E-06 1978.92 9.52 24.88 -0.28 1871.58 -4.9 1957.91667 -2.353681926 -4.08211729 1959.625 -0.5 -4.25
-5.132 1769 1.31 1994.521 3.94E-06 1978.84 9.54 24.59 -0.27 1871.08 -5.59 1957.75 -2.309648449 -3.731222927 1959.458 -0.84 -4.47
-5.002 1768 0 1994.503 3.82E-06 1978.75 9.56 24.44 -0.25 1870.58 -5.08 1957.58333 -2.890817578 -3.842614244 1959.291 -0.59 -4.68
-4.993 1767 -1.11 1994.486 3.88E-06 1978.67 9.64 23.42 -0.23 1870.08 -5.48 1957.41667 -2.89589979 -4.136345495 1959.125 -0.27 -5.11
-4.877 1766 0.01 1994.469 3.99E-06 1978.59 9.6 23.9 -0.21 1869.58 -5.19 1957.25 -3.514408963 -4.032162709 1958.958 -0.63 -4.62
-4.684 1765 2.64 1994.452 0.000004 1978.5 9.5 25.07 -0.19 1869.08 -5.12 1957.08333 -2.516395007 -4.178738678 1958.791 -0.55 -4.28
-4.606 1764 -0.41 1994.434 3.89E-06 1978.42 9.44 25.79 -0.17 1868.58 -4.91 1956.91667 -2.304445683 -3.832360198 1958.625 -1.05 -4.2
-4.565 1763 0.98 1994.417 3.91E-06 1978.34 9.42 26.14 -0.15 1868.08 -5.38 1956.75 -2.618769541 -3.404831443 1958.458 -0.78 -4.78
-4.759 1762 1.03 1994.4 3.85E-06 1978.25 9.41 26.2 -0.13 1867.58 -5.11 1956.58333 -3.027220743 -3.620358741 1958.291 -0.55 -5.15

ABOR/MH/Priv-002988

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1757 0.55 0.23 1958.083 -3.37 1963.6 -0.91 -6.55 1877.5 -4.62482 1754 -4.13 1976.38
1756 -0.18 0.04 1957.917 -3.38 1963.52 -0.49 -6.54 1877.67 -4.6237 1753 -4.07 1976.29
1755 0.01 -0.04 1957.75 -3.83 1963.44 -0.49 -6.24 1877.83 -4.63717 1752 -3.99 1976.21
1754 -0.09 -0.01 1957.583 -3.89 1963.37 0.22 -5.91 1878 -4.65552 1751 -4.3 1976.13
1753 0.22 -0.04 1957.417 -3.69 1963.29 0.3 -5.69 1878.17 -4.64429 1750 -3.74 1976.04
1752 -0.52 -0.23 1957.25 -3.27 1963.21 0.71 -5.29 1878.33 -4.62871 1749 -4.26 1975.96
1751 -0.12 -0.20 1957.083 -2.94 1963.13 0.09 -5.61 1878.5 -4.55279 1748 -4.29 1975.88
1750 -0.08 -0.18 1956.917 -3.28 1963.06 0.1 -5.66 1878.67 -4.50021 1747 -4.13 1975.79
1749 -0.38 -0.29 1956.75 -3.86 1962.98 -0.46 -5.96 1878.83 -4.48815 1746 -4.01 1975.71
1748 -0.37 -0.29 1956.583 -4.03 1962.9 -0.51 -6.29 1879 -4.43643 1745 -3.95 1975.63
1747 -0.14 -0.07 1956.417 -3.47 1962.75 -0.75 -6.53 1879.17 -4.3296 1744 -4.25 1975.54
1746 0.43 0.13 1956.25 -2.97 1962.67 -0.68 -6.4 1879.33 -4.2197 1743 -3.84 1975.46

1956.083 -2.99 1962.58 -0.95 -6.44 1879.5 -4.15031 1742 -4.1 1975.38
1955.917 -3.46 1962.5 -0.4 -6.18 1879.67 -4.11816 1741 -4.24 1975.29

1955.75 -3.67 1962.42 -0.18 -6.09 1879.83 -4.0324 1740 -4.06 1975.21
1955.583 -3.74 1962.33 -0.31 -5.63 1880 -3.82874 1739 -4.13 1975.13
1955.417 -3.45 1962.25 -0.06 -5.53 1880.17 -3.87437 1738 -3.94 1975.04

1955.25 -3.4 1962.17 0.39 -5.46 1880.33 -4.02763 1737 -4.03 1974.96
1955.083 -3.15 1962.08 0.34 -5.46 1880.5 -4.02522 1736 -4.1 1974.88
1954.917 -3.24 1962 -0.22 -5.79 1880.67 -4.06261 1735 -4.12 1974.79

1954.75 -3.6 1961.92 0.29 -6.02 1880.83 -4.12169 1734 -4.1 1974.71
1954.583 -3.92 1961.75 0.18 -6.28 1881 -4.14014 1733 -4.39 1974.63
1954.417 -3.55 1961.67 0.32 -6.2 1881.17 -4.14052 1732 -3.95 1974.54

1954.25 -3.26 1961.6 -0.05 -6.14 1881.33 -4.13068 1731 -4.01 1974.46
1954.083 -3.09 1961.52 0.2 -6.03 1881.5 -4.12211 1730 -3.93 1974.38
1953.917 -3.59 1961.44 0.2 -5.94 1881.67 -4.1176 1729 -4.27 1974.29

1953.75 -3.61 1961.37 0.25 -5.76 1881.83 -4.10549 1728 -4 1974.21
1953.583 -3.77 1961.29 0.23 -5.76 1882 -4.08844 1727 -4.08 1974.13
1953.417 -3.55 1961.21 0.2 -5.58 1882.17 -4.15022 1726 -4.06 1974.04

1953.25 -3.32 1961.13 0.11 -5.74 1882.33 -4.23418 1725 -4.02 1973.96
1953.083 -3.13 1961.06 0.04 -5.81 1882.5 -4.12269 1724 -4.08 1973.88
1952.917 -3.55 1960.98 0.12 -5.85 1882.67 -3.96706 1723 -4.03 1973.79

1952.75 -3.78 1960.9 0.33 -5.89 1882.83 -3.83881 1722 -4.08 1973.71
1952.583 -3.89 1960.75 -0.04 -6.17 1883 -3.87486 1721 -4.29 1973.63
1952.417 -3.54 1960.67 -0.06 -5.95 1883.17 -4.03926 1720 -4.06 1973.54

1952.25 -3.19 1960.58 -0.35 -5.92 1883.33 -4.23891 1719 -4.13 1973.46
1952.083 -2.95 1960.5 0.19 -5.95 1883.5 -4.27586 1718 -4.13 1973.38
1951.917 -3.34 1960.42 -0.01 -5.89 1883.67 -4.24129 1717 -4.06 1973.29

1951.75 -3.58 1960.33 0.11 -5.69 1883.83 -4.18512 1716 -4.04 1973.21
1951.583 -3.73 1960.25 -0.22 -5.68 1884 -4.20207 1715 -4.17 1973.13
1951.417 -3.52 1960.17 0.13 -5.62 1884.17 -4.25099 1714 -4.24 1973.04

1951.25 -3.26 1960.08 -0.05 -5.77 1884.33 -4.2455 1713 -4.12 1972.96
1951.083 -3.08 1960 -0.44 -6.01 1884.5 -4.21206 1712 -4.17 1972.88
1950.917 -3.39 1959.92 -0.78 -6.38 1884.67 -4.1756 1711 -3.99 1972.79

1950.75 -3.76 1959.75 -0.88 -6.43 1884.83 -4.15767 1710 -3.93 1972.71

ABOR/MH/Priv-002989

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.994 1761 2.67 1994.383 3.85E-06 1978.17 9.35 26.95 -0.11 1867.08 -5.04 1956.41667 -2.936924294 -3.973436051 1958.125 -0.34 -5
-5.082 1760 1.49 1994.365 3.97E-06 1978.09 9.38 26.54 -0.09 1866.58 -5.11 1956.25 -2.411717015 -4.149626075 1957.958 -0.84 -4.56
-5.079 1759 1.07 1994.348 4.15E-06 1978 9.42 26.14 -0.07 1866.08 -4.8 1956.08333 -2.511735887 -4.064566108 1957.791 -0.65 -4.33
-4.983 1758 1.63 1994.331 4.14E-06 1977.92 9.45 25.73 -0.05 1865.58 -4.71 1955.91667 -2.440305159 -3.65970743 1957.625 -0.9 -4.02
-4.739 1757 1.17 1994.314 4.15E-06 1977.84 9.49 25.29 -0.03 1865.08 -4.75 1955.75 -2.792140966 -3.538351026 1957.458 -0.92 -4.6
-4.727 1756 -0.4 1994.296 4.18E-06 1977.75 9.52 24.84 -0.01 1864.58 -4.73 1955.58333 -3.629005758 -3.876804551 1957.291 -0.4 -4.9
-4.611 1755 0.68 1994.279 4.47E-06 1977.67 9.56 24.4 0.01 1864.08 -4.82 1955.41667 -2.974847254 -4.200686823 1957.125 -0.43 -4.68
-4.586 1754 1.74 1994.262 4.94E-06 1977.59 9.51 24.97 0.04 1863.58 -4.81 1955.25 -2.488078809 -4.196676165 1956.958 -0.55 -4.44
-4.562 1753 1.14 1994.245 4.58E-06 1977.5 9.44 25.83 0.06 1863.08 -4.26 1955.08333 -2.555923823 -3.984991407 1956.791 -0.5 -4.19
-4.655 1752 -0.33 1994.227 4.14E-06 1977.42 9.35 27 0.08 1862.58 -4.63 1954.91667 -2.490733088 -3.727224589 1956.625 -0.71 -4.01
-4.633 1751 -1.26 1994.21 4.05E-06 1977.34 9.31 27.4 0.1 1862.08 -4.61 1954.75 -2.945592589 -3.616339939 1956.458 -0.58 -4.53
-4.715 1750 -0.09 1994.193 0.000004 1977.25 9.26 28.01 0.12 1861.58 -4.72 1954.58333 -3.380481704 -3.73517963 1956.291 -0.4 -5.08
-4.845 1749 1.2 1994.176 3.9E-06 1977.17 9.3 27.61 0.14 1861.08 -5.03 1954.41667 -3.154317391 -3.806435665 1956.125 -0.61 -5.05

-4.89 1748 0.12 1994.158 3.84E-06 1977.09 9.39 26.43 0.16 1860.58 -5 1954.25 -2.648796293 -3.923379032 1955.958 -0.45 -4.56
-4.764 1747 0.47 1994.141 3.87E-06 1977 9.44 25.88 0.18 1860.08 -4.51 1954.08333 -2.283591139 -3.956806066 1955.791 -0.52 -4.21
-4.744 1746 0.36 1994.124 3.87E-06 1976.92 9.48 25.33 0.19 1859.58 -4.89 1953.91667 -2.304493464 -3.61615113 1955.625 -0.62 -4.01
-4.819 1745 -0.96 1994.107 4.2E-06 1976.84 9.49 25.21 0.21 1859.08 -4.75 1953.75 -2.832950282 -3.5925297 1955.458 -0.7 -4.25
-4.795 1744 0.33 1994.089 4.18E-06 1976.75 9.47 25.43 0.23 1858.58 -5.17 1953.58333 -3.259357983 -3.685535249 1955.291 -0.08 -4.81
-4.773 1743 0.07 1994.072 3.86E-06 1976.67 9.6 23.91 0.25 1858.08 -5.23 1953.41667 -3.728572559 -3.971487985 1955.125 -0.2 -4.98
-4.738 1742 0.35 1994.055 3.8E-06 1976.59 9.51 24.98 0.27 1857.58 -5.09 1953.25 -3.145000112 -4.003843922 1954.958 -0.34 -4.61
-4.723 1741 -0.71 1994.038 3.94E-06 1976.5 9.48 25.39 0.28 1857.08 -5.22 1953.08333 -2.854513937 -4.004320978 1954.791 -0.6 -4.11
-4.673 1740 -0.53 1994.021 4.01E-06 1976.42 9.4 26.34 0.3 1856.58 -5.06 1952.91667 -2.409872572 -3.956544907 1954.625 -1.19 -3.93
-4.679 1739 -0.44 1994.003 3.97E-06 1976.34 9.37 26.76 0.31 1856.08 -4.5 1952.75 -2.769314416 -3.757991731 1954.458 -0.96 -4.34
-4.711 1738 -0.54 1993.986 3.81E-06 1976.25 9.32 27.34 0.33 1855.58 -4.76 1952.58333 -2.751152975 -3.725749735 1954.291 -0.66 -5
-4.764 1737 -0.94 1993.969 3.84E-06 1976.17 9.31 27.43 0.34 1855.08 -4.7 1952.41667 -3.329092793 -3.952752149 1954.125 -0.52 -4.57
-4.906 1736 0.79 1993.952 3.87E-06 1976.09 9.31 27.39 0.36 1854.58 -4.62 1952.25 -3.274977613 -4.282179604 1953.958 -0.6 -4.48
-5.003 1735 -0.91 1993.934 3.71E-06 1976 9.35 26.99 0.37 1854.08 -4.71 1952.08333 -2.678976318 -4.176361735 1953.791 -0.69 -4.12

-4.89 1734 0.53 1993.917 3.72E-06 1975.92 9.41 26.22 0.38 1853.58 -4.8 1951.91667 -2.457579627 -3.887788848 1953.625 -1 -3.8
-4.795 1733 1.53 1993.9 3.7E-06 1975.84 9.45 25.79 0.4 1853.08 -4.34 1951.75 -2.200722927 -3.516776954 1953.458 -1.1 -4.53
-4.752 1732 1.79 1993.883 3.59E-06 1975.75 9.47 25.49 0.41 1852.58 -4.43 1951.58333 -2.958713401 -3.636875321 1953.291 -0.88 -5.06
-4.724 1731 2.71 1993.865 3.53E-06 1975.67 9.51 25 0.42 1852.08 -4.38 1951.41667 -3.296892789 -3.747025643 1953.125 -0.47 -5.01
-4.781 1730 0.91 1993.848 3.63E-06 1975.59 9.45 25.75 0.43 1851.58 -4.77 1951.25 -2.787262916 -4.154034861 1952.958 -0.87 -4.6
-4.743 1729 1.42 1993.831 3.78E-06 1975.5 9.38 26.54 0.43 1851.08 -4.51 1951.08333 -2.682398824 -3.991491309 1952.791 -0.8 -4.33

-4.68 1728 -0.21 1993.814 3.76E-06 1975.42 9.34 27.09 0.44 1850.58 -4.31 1950.91667 -2.998565311 -3.786189937 1952.625 -1.55 -4.19
-4.622 1727 -0.06 1993.796 3.73E-06 1975.34 9.32 27.33 0.45 1850.08 -4.75 1950.75 -3.008865524 -3.71952136 1952.458 -1.73 -4.36

-4.76 1726 1.06 1993.779 3.65E-06 1975.25 9.3 27.55 0.45 1849.58 -4.13 1950.58333 -2.931501201 -3.773199731 1952.291 -0.81 -4.91
-4.793 1725 0.47 1993.762 3.74E-06 1975.17 9.32 27.26 0.46 1849.08 -4.48 1950.41667 -3.549723724 -3.961615638 1952.125 -0.52 -4.97
-4.909 1724 -0.61 1993.745 3.79E-06 1975.09 9.35 26.93 0.46 1848.58 -4.07 1950.25 -2.96460128 -4.051189619 1951.958 -0.12 -4.68
-4.905 1723 -0.69 1993.727 3.79E-06 1975 9.39 26.41 0.47 1848.08 -4.27 1950.08333 -2.657391834 -4.019046403 1951.791 -0.35 -4.33

-4.94 1722 0.84 1993.71 3.91E-06 1974.92 9.42 26.1 0.47 1847.58 -4.9 1949.91667 -2.731600639 -3.889891588 1951.625 -0.54 -3.78
-4.948 1721 0.01 1993.693 3.81E-06 1974.84 9.43 26.03 0.47 1847.08 -4.21 1949.75 -2.671828215 -3.714966468 1951.458 -0.56 -4.11
-4.876 1720 0.98 1993.676 3.74E-06 1974.75 9.45 25.71 0.47 1846.58 -4.83 1949.58333 -3.302750727 -4.135360445 1951.291 -0.48 -4.51
-4.914 1719 -1.41 1993.658 3.86E-06 1974.67 9.51 25 0.47 1846.08 -4.39 1949.41667 -3.20939122 -4.097716495 1951.125 -0.27 -4.53
-4.902 1718 0.98 1993.641 3.88E-06 1974.59 9.48 25.4 0.47 1845.58 -4.3 1949.25 -2.865329346 -4.269467231 1950.958 -0.44 -4.6
-4.801 1717 0.78 1993.624 3.86E-06 1974.5 9.41 26.19 0.47 1845.08 -4.63 1949.08333 -2.558107489 -3.987536417 1950.791 -0.38 -4.33

ABOR/MH/Priv-002990

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1950.583 -3.85 1959.68 -0.76 -6.31 1885 -4.16774 1709 -4.19 1972.63
1950.417 -3.53 1959.61 -0.3 -6.29 1885.17 -4.21851 1708 -4.05 1972.54

1950.25 -3.2 1959.54 -0.5 -6.14 1885.33 -4.28275 1707 -4.18 1972.46
1950.083 -3.02 1959.46 -0.39 -6.15 1885.5 -4.31936 1706 -4.21 1972.38
1949.917 -3.05 1959.39 -0.29 -6.07 1885.67 -4.31803 1705 -4.01 1972.29

1949.75 -3.27 1959.32 -0.05 -5.72 1885.83 -4.32694 1704 -4.18 1972.21
1949.583 -3.53 1959.25 0.11 -5.63 1886 -4.2504 1703 -4.5 1972.13
1949.417 -3.61 1959.18 0.13 -5.7 1886.17 -4.20919 1702 -4.13 1972.04

1949.25 -3.17 1959.11 -0.06 -5.73 1886.33 -4.25851 1701 -3.67 1971.96
1949.083 -2.76 1959.04 -0.41 -5.88 1886.5 -4.23521 1700 -3.73 1971.88
1948.917 -2.99 1958.96 -0.07 -6.13 1886.67 -4.17672 1699 -4 1971.79

1948.75 -3.44 1958.89 -0.2 -6.3 1886.83 -4.11371 1698 -4.18 1971.71
1948.583 -3.66 1958.75 -0.32 -6.4 1887 -4.10761 1697 -3.87 1971.63
1948.417 -3.78 1958.67 -0.16 -6.08 1887.17 -4.12088 1696 -3.62 1971.54

1948.25 -3.31 1958.6 -0.29 -5.92 1887.33 -4.13414 1695 -3.9 1971.46
1948.083 -2.93 1958.52 -0.19 -6.13 1887.5 -4.19943 1694 -4.03 1971.38
1947.917 -3.35 1958.44 0.18 -5.65 1887.67 -4.28206 1693 -3.99 1971.29

1947.75 -3.61 1958.37 0.18 -5.53 1887.83 -4.37053 1692 -3.98 1971.21
1947.583 -3.74 1958.29 0.18 -5.58 1888 -4.46676 1691 -3.85 1971.13
1947.417 -3.58 1958.21 0.3 -5.63 1888.17 -4.56494 1690 -3.99 1971.04

1947.25 -3.12 1958.13 -0.17 -5.86 1888.33 -4.52818 1689 -3.96 1970.96
1947.083 -3.13 1958.06 -0.68 -6.09 1888.5 -4.48826 1688 -3.99 1970.88
1946.917 -3.54 1957.98 -0.85 -6.45 1888.67 -4.60213 1687 -4.21 1970.79

1946.75 -3.78 1957.9 -0.9 -6.53 1888.83 -4.76251 1686 -4.1 1970.71
1946.583 -3.9 1957.75 -1.05 -6.56 1889 -4.80322 1685 -4.05 1970.63
1946.417 -3.54 1957.66 -0.54 -6.37 1889.17 -4.5104 1684 -3.77 1970.54

1946.25 -3.3 1957.57 -0.32 -6.27 1889.33 -4.4335 1683 -3.95 1970.46
1946.083 -2.91 1957.48 -0.01 -6.14 1889.5 -4.32812 1682 -3.88 1970.38
1945.917 -3.11 1957.39 0.32 -5.81 1889.67 -4.21669 1681 -4.06 1970.29

1945.75 -3.48 1957.3 0.03 -5.9 1889.83 -4.1606 1680 -3.94 1970.21
1945.583 -3.68 1957.2 -0.31 -5.87 1890 -4.09856 1679 -4.1 1970.13
1945.417 -3.69 1957.11 -0.2 -5.95 1890.17 -4.14866 1678 -3.75 1970.04

1945.25 -3.42 1957.02 -0.56 -5.99 1890.33 -4.27524 1677 -3.75 1969.96
1945.083 -3.01 1956.93 -0.96 -6.35 1890.5 -4.2718 1676 -3.84 1969.88
1944.917 -3.27 1956.75 -0.96 -6.43 1890.67 -4.24935 1675 -4.1 1969.79

1944.75 -3.62 1956.66 -0.98 -6.23 1890.83 -4.20465 1674 -4.32 1969.71
1944.583 -3.85 1956.57 -0.29 -5.94 1891 -4.21179 1673 -4.02 1969.63
1944.417 -3.6 1956.48 0.12 -5.83 1891.17 -4.33086 1672 -4.15 1969.54

1944.25 -3.16 1956.39 0.23 -5.73 1891.33 -4.42626 1671 -4.07 1969.46
1944.083 -2.98 1956.3 0.36 -5.52 1891.5 -4.50364 1670 -4.31 1969.38
1943.917 -3.51 1956.2 0.27 -5.6 1891.67 -4.48689 1669 -4.06 1969.29

1943.75 -3.9 1956.11 -0.14 -5.73 1891.83 -4.4519 1668 -4.08 1969.21
1943.583 -3.59 1956.02 -0.03 -5.79 1892 -4.41451 1667 -4.08 1969.13
1943.417 -3.32 1955.93 -0.3 -5.94 1892.17 -4.3517 1666 -4.21 1969.04

1943.25 -3.05 1955.75 -0.6 -6.17 1892.33 -4.27645 1665 -4.11 1968.96
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.687 1716 0.54 1993.607 3.98E-06 1974.42 9.41 26.22 0.46 1844.58 -4.24 1948.91667 -2.731554754 -3.720676269 1950.625 -0.37 -3.97
-4.637 1715 0.06 1993.589 4.15E-06 1974.34 9.34 27.08 0.46 1844.08 -4.39 1948.75 -2.821646361 -3.67608596 1950.458 -0.92 -4.27
-4.783 1714 0.54 1993.572 4.1E-06 1974.25 9.31 27.42 0.46 1843.58 -4.65 1948.58333 -3.026755179 -4.080821623 1950.291 -0.25 -4.76
-4.813 1713 1.22 1993.555 4.13E-06 1974.17 9.26 28.04 0.45 1843.08 -4.99 1948.41667 -3.180636849 -4.239104689 1950.125 0.13 -4.96
-4.845 1712 0.21 1993.539 4.09E-06 1974.09 9.28 27.82 0.44 1842.58 -4.83 1948.25 -2.704439177 -4.202031692 1949.958 -0.71 -4.7
-4.788 1711 1.88 1993.523 4.06E-06 1974 9.29 27.64 0.44 1842.08 -4.8 1948.08333 -2.472011314 -4.06815143 1949.791 -0.25 -4.43
-4.821 1710 -0.58 1993.507 4.05E-06 1973.92 9.37 26.7 0.43 1841.58 -4.37 1947.91667 -2.661171734 -4.094551895 1949.625 -0.63 -4.05
-4.726 1709 0.06 1993.492 4.02E-06 1973.84 9.44 25.84 0.42 1841.08 -5.05 1947.75 -2.959301397 -3.763018386 1949.458 -0.76 -4.23
-4.709 1708 0.1 1993.476 4.12E-06 1973.75 9.49 25.22 0.41 1840.58 -4.5 1947.58333 -2.680378739 -3.685451837 1949.291 -0.47 -4.58
-4.672 1707 2.15 1993.46 4.01E-06 1973.67 9.52 24.88 0.4 1840.08 -4.48 1947.41667 -3.025118736 -3.871537689 1949.125 -0.55 -4.73
-4.623 1706 1.05 1993.444 3.96E-06 1973.59 9.48 25.39 0.39 1839.58 -4.53 1947.25 -3.085662125 -4.111263302 1948.958 -0.29 -4.49
-4.607 1705 2.43 1993.428 3.91E-06 1973.5 9.43 26.01 0.38 1839.08 -4.24 1947.08333 -2.416251497 -4.117488657 1948.791 -0.63 -4.28
-4.484 1704 0.65 1993.412 3.97E-06 1973.42 9.38 26.63 0.37 1838.58 -4.38 1946.91667 -2.446131847 -3.990941034 1948.625 -0.49 -3.97
-4.397 1703 1.27 1993.396 3.88E-06 1973.34 9.33 27.17 0.36 1838.08 -4.38 1946.75 -2.526937301 -3.698269652 1948.458 -0.83 -4.31
-4.549 1702 0.32 1993.38 4.01E-06 1973.25 9.3 27.54 0.35 1837.58 -4.61 1946.58333 -3.017748176 -3.634622748 1948.291 -0.7 -4.72
-4.724 1701 0.47 1993.365 3.99E-06 1973.17 9.33 27.23 0.34 1837.08 -4.57 1946.41667 -3.155824265 -4.110957491 1948.125 -0.25 -4.93
-4.785 1700 -0.13 1993.349 3.93E-06 1973.09 9.39 26.46 0.33 1836.58 -4.52 1946.25 -2.779010108 -4.157441382 1947.958 -0.42 -4.77
-4.846 1699 1.44 1993.333 3.94E-06 1973 9.47 25.47 0.32 1836.08 -4.78 1946.08333 -2.581673085 -4.017441474 1947.791 -0.58 -4.48
-4.865 1698 0.65 1993.317 3.95E-06 1972.92 9.51 24.95 0.31 1835.58 -4.63 1945.91667 -2.860755639 -3.923537616 1947.625 -0.71 -3.9
-4.777 1697 -0.15 1993.301 3.88E-06 1972.84 9.54 24.63 0.3 1835.08 -4.74 1945.75 -2.701955658 -3.697360815 1947.458 -0.88 -4.04
-4.727 1696 1.35 1993.285 3.87E-06 1972.75 9.59 24.05 0.29 1834.58 -4.58 1945.58333 -3.586760494 -3.8460176 1947.291 -0.66 -4.71
-4.721 1695 0.32 1993.269 3.94E-06 1972.67 9.57 24.32 0.28 1834.08 -5.16 1945.41667 -3.141141472 -4.231047463 1947.125 -0.41 -4.86
-4.698 1694 -0.16 1993.253 4.08E-06 1972.59 9.53 24.74 0.27 1833.58 -4.16 1945.25 -2.894221095 -4.225333579 1946.958 -0.85 -4.35
-4.704 1693 0.85 1993.238 4.19E-06 1972.5 9.49 25.23 0.26 1833.08 -4.58 1945.08333 -2.628121523 -4.019477424 1946.791 -0.27 -4.2
-4.603 1692 -0.89 1993.222 4.15E-06 1972.42 9.42 26.07 0.25 1832.58 -4.75 1944.91667 -2.595133262 -3.8680927 1946.625 -0.65 -3.81
-4.461 1691 1.4 1993.206 4.11E-06 1972.34 9.34 27.04 0.24 1832.08 -4.82 1944.75 -2.535822781 -3.697611091 1946.458 -0.48 -4.44
-4.458 1690 0.01 1993.19 4.06E-06 1972.25 9.32 27.33 0.23 1831.58 -4.91 1944.58333 -2.596537782 -3.691655836 1946.291 -0.07 -4.79
-4.667 1689 -1.74 1993.174 4.17E-06 1972.17 9.31 27.43 0.22 1831.08 -5.06 1944.41667 -2.598343459 -3.772905352 1946.125 -0.1 -4.79
-4.957 1688 -1.01 1993.158 4.26E-06 1972.09 9.31 27.38 0.21 1830.58 -4.65 1944.25 -2.544720759 -3.860057276 1945.958 -0.31 -4.38
-5.083 1687 -1.7 1993.142 4.08E-06 1972 9.36 26.85 0.21 1830.08 -5.12 1944.08333 -2.533150454 -3.93005429 1945.791 -0.25 -4.07
-4.991 1686 0.5 1993.126 4.09E-06 1971.92 9.41 26.22 0.2 1829.58 -4.97 1943.91667 -2.567958753 -3.981131553 1945.625 -0.57 -3.73
-4.835 1685 1.34 1993.111 4.17E-06 1971.84 9.51 24.99 0.19 1829.08 -5.25 1943.75 -2.264335625 -3.775901024 1945.458 -0.6 -4.33
-4.834 1684 1.75 1993.095 4.11E-06 1971.75 9.53 24.76 0.18 1828.58 -5.14 1943.58333 -2.921405688 -3.81798718 1945.291 -0.47 -4.76
-4.703 1683 -0.31 1993.079 4.18E-06 1971.67 9.57 24.27 0.17 1828.08 -5.04 1943.41667 -2.876321191 -3.935025377 1945.125 -0.4 -4.63
-4.708 1682 -0.09 1993.063 4.16E-06 1971.59 9.5 25.17 0.16 1827.58 -4.81 1943.25 -2.647632593 -4.302103451 1944.958 -0.28 -4.41
-4.565 1681 -0.83 1993.047 4.07E-06 1971.5 9.47 25.53 0.15 1827.08 -5.13 1943.08333 -2.73116374 -4.160546405 1944.791 -0.52 -4.02
-4.443 1680 0.31 1993.031 3.86E-06 1971.42 9.4 26.32 0.14 1826.58 -5.18 1942.91667 -2.494355125 -3.932596233 1944.625 -0.82 -3.84
-4.413 1679 1.6 1993.015 3.92E-06 1971.34 9.32 27.3 0.13 1826.08 -4.95 1942.75 -2.423824461 -3.70074719 1944.458 -0.59 -4.24
-4.454 1678 0.76 1992.999 3.78E-06 1971.25 9.27 27.91 0.13 1825.58 -5.18 1942.58333 -3.117405707 -3.810401138 1944.291 -0.45 -4.8
-4.681 1677 1.11 1992.984 3.72E-06 1971.17 9.32 27.31 0.12 1825.08 -5.18 1942.41667 -3.139521721 -4.00363744 1944.125 -0.44 -4.82
-4.892 1676 1.55 1992.968 3.75E-06 1971.09 9.37 26.7 0.11 1824.58 -5.04 1942.25 -2.406298842 -4.127742008 1943.958 -0.52 -4.62
-4.999 1675 1.16 1992.952 3.79E-06 1971 9.42 26.09 0.1 1824.08 -5.25 1942.08333 -2.374698401 -3.982339345 1943.791 -0.47 -4.36
-4.881 1674 0.47 1992.936 3.67E-06 1970.92 9.49 25.31 0.09 1823.58 -4.36 1941.91667 -2.40415492 -3.569894971 1943.625 -0.41 -4.2
-4.719 1673 3.12 1992.92 3.72E-06 1970.84 9.5 25.08 0.08 1823.08 -5.11 1941.75 -2.856298838 -3.568395756 1943.458 -0.67 -4.31
-4.812 1672 0.87 1992.904 3.77E-06 1970.75 9.54 24.68 0.07 1822.58 -4.47 1941.58333 -2.995502241 -3.90947328 1943.291 -0.89 -4.73
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1943.083 -3.05 1955.68 -0.63 -6.17 1892.5 -4.21813 1664 -4.04 1968.88
1942.917 -3.55 1955.62 -0.94 -6.13 1892.67 -4.15777 1663 -3.98 1968.79

1942.75 -3.7 1955.55 -0.34 -5.64 1892.83 -4.16185 1662 -4.1 1968.71
1942.583 -3.82 1955.48 -0.05 -6.23 1893 -4.26884 1661 -4.14 1968.63
1942.417 -3.54 1955.42 0.27 -6.09 1893.17 -4.33362 1660 -4.12 1968.54

1942.25 -3.24 1955.35 0.1 -5.79 1893.33 -4.33245 1659 -4.07 1968.46
1942.083 -3.01 1955.28 0.06 -5.77 1893.5 -4.32159 1658 -4.23 1968.38
1941.917 -3.09 1955.22 0.11 -5.68 1893.67 -4.35819 1657 -3.91 1968.29

1941.75 -3.55 1955.15 0.14 -5.43 1893.83 -4.34853 1656 -3.96 1968.21
1941.583 -3.87 1955.08 -0.13 -5.58 1894 -4.31771 1655 -3.79 1968.13
1941.417 -3.9 1955.02 -0.33 -5.63 1894.17 -4.33077 1654 -3.98 1968.04

1941.25 -3.78 1954.95 -0.27 -6.17 1894.33 -4.3397 1653 -4.12 1967.96
1941.083 -3.22 1954.88 -0.47 -6.47 1894.5 -4.36677 1652 -4.27 1967.88
1940.917 -3.34 1954.75 -0.29 -6.55 1894.67 -4.41132 1651 -4.01 1967.79

1940.75 -3.75 1954.67 -0.19 -6.13 1894.83 -4.43025 1650 -3.9 1967.71
1940.583 -3.79 1954.6 0.03 -6.04 1895 -4.441 1649 -3.61 1967.63
1940.417 -3.57 1954.52 0.28 -5.73 1895.17 -4.42644 1648 -3.67 1967.54

1940.25 -3.39 1954.44 0.34 -5.69 1895.33 -4.33622 1647 -4.06 1967.46
1940.083 -3.45 1954.37 0.63 -5.73 1895.5 -4.2673 1646 -3.98 1967.38
1939.917 -3.76 1954.29 0.39 -5.75 1895.67 -4.31308 1645 -3.73 1967.29

1939.75 -4.03 1954.21 0.51 -5.74 1895.83 -4.41202 1644 -3.83 1967.21
1939.583 -4.08 1954.13 0.14 -5.8 1896 -4.3151 1643 -4.01 1967.13
1939.417 -3.74 1954.06 0.08 -5.88 1896.17 -4.06929 1642 -3.92 1967.04

1939.25 -3.27 1953.98 -0.01 -6.01 1896.33 -3.94842 1641 -3.74 1966.96
1939.083 -2.99 1953.9 0.09 -5.9 1896.5 -4.26695 1640 -3.94 1966.88
1938.917 -3.37 1953.75 0.33 -6.13 1896.67 -4.54833 1639 -3.62 1966.79

1938.75 -3.59 1953.67 0.17 -6.06 1896.83 -4.68395 1638 -3.58 1966.71
1938.583 -3.85 1953.6 0.04 -5.89 1897 -4.61128 1637 -3.63 1966.63
1938.417 -3.61 1953.52 0.29 -5.69 1897.17 -4.47912 1636 -3.97 1966.54

1938.25 -3.28 1953.44 0.42 -5.64 1897.33 -4.34665 1635 -3.73 1966.46
1938.083 -3.16 1953.37 0.39 -5.41 1897.5 -4.24547 1634 -3.99 1966.38
1937.917 -3.34 1953.29 0.4 -5.4 1897.67 -4.20182 1633 -4.31 1966.29

1937.75 -3.6 1953.21 0.58 -5.5 1897.83 -4.15575 1632 -4.05 1966.21
1937.583 -3.8 1953.13 0.38 -5.7 1898 -4.09157 1631 -3.38 1966.13
1937.417 -3.67 1953.06 -0.04 -5.98 1898.17 -3.94486 1630 -3.85 1966.04

1937.25 -3.42 1952.98 -0.06 -6.14 1898.33 -3.75234 1629 -3.87 1965.96
1937.083 -3.14 1952.9 -0.03 -6.6 1898.5 -4.0093 1628 -4.16 1965.88
1936.917 -3.48 1952.75 0.28 -6.78 1898.67 -4.19866 1627 -4.01 1965.79

1936.75 -3.69 1952.67 0.11 -6.43 1898.83 -4.26978 1626 -3.82 1965.71
1936.583 -4 1952.6 0.35 -6.59 1899 -4.26099 1625 -3.77 1965.63
1936.417 -3.62 1952.52 0 -6.5 1899.17 -4.31144 1624 -3.7 1965.54

1936.25 -3.33 1952.44 0.34 -6.12 1899.33 -4.39381 1623 -4.32 1965.46
1936.083 -3.26 1952.37 0.28 -5.92 1899.5 -4.55711 1622 -4.11 1965.38
1935.917 -3.56 1952.29 0.39 -6.02 1899.67 -4.6504 1621 -4.27 1965.29

1935.75 -3.83 1952.21 0.63 -5.8 1899.83 -4.71154 1620 -3.86 1965.21
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.86 1671 0.98 1992.888 3.74E-06 1970.67 9.53 24.76 0.06 1822.08 -5.2 1941.41667 -2.833538187 -4.060668578 1943.125 -0.61 -4.89
-4.808 1670 1.19 1992.872 3.77E-06 1970.59 9.46 25.66 0.05 1821.58 -4.56 1941.25 -2.015091466 -3.874150499 1942.958 -0.63 -4.72
-4.769 1669 0.04 1992.857 3.75E-06 1970.5 9.39 26.43 0.03 1821.08 -4.37 1941.08333 -2.176537138 -3.936341692 1942.791 -0.47 -4.26
-4.679 1668 0.15 1992.841 3.78E-06 1970.42 9.37 26.7 0.02 1820.58 -4.43 1940.91667 -2.380417738 -3.847685337 1942.625 -0.94 -4.1
-4.674 1667 1.04 1992.825 3.7E-06 1970.34 9.33 27.19 0.01 1820.08 -4.41 1940.75 -2.339292724 -3.488574733 1942.458 -1.17 -4.35
-4.733 1666 -0.47 1992.809 3.82E-06 1970.25 9.33 27.19 0 1819.58 -4.6 1940.58333 -2.714838974 -3.638327862 1942.291 -0.82 -4.75
-4.809 1665 0.24 1992.793 3.73E-06 1970.17 9.31 27.43 -0.01 1819.08 -5.07 1940.41667 -3.345463417 -3.90904471 1942.125 -0.38 -4.98
-4.992 1664 -0.63 1992.777 3.71E-06 1970.09 9.39 26.47 -0.02 1818.58 -4.86 1940.25 -2.607697656 -3.976311959 1941.958 -0.3 -4.68
-4.992 1663 1.17 1992.761 3.74E-06 1970 9.46 25.56 -0.03 1818.08 -4.71 1940.08333 -2.080537285 -4.121855897 1941.791 -0.58 -4.43
-4.862 1662 1.7 1992.745 3.8E-06 1969.92 9.53 24.76 -0.04 1817.58 -4.91 1939.91667 -2.284579077 -4.034317906 1941.625 -0.81 -4.14
-4.609 1661 0.51 1992.73 3.85E-06 1969.84 9.56 24.34 -0.06 1817.08 -4.91 1939.75 -2.33582234 -3.517277433 1941.458 -1 -4.37
-4.598 1660 0.61 1992.714 3.89E-06 1969.75 9.6 23.96 -0.07 1816.58 -4.57 1939.58333 -3.39384648 -3.880786977 1941.291 -0.16 -4.68

-4.73 1659 2.35 1992.698 3.92E-06 1969.67 9.63 23.55 -0.08 1816.08 -4.82 1939.41667 -3.245666114 -4.150931073 1941.125 -0.1 -4.8
-4.814 1658 -0.09 1992.682 3.94E-06 1969.59 9.6 23.95 -0.09 1815.58 -4.72 1939.25 -2.443289094 -4.205459047 1940.958 -0.66 -4.7
-4.788 1657 1.85 1992.666 3.95E-06 1969.5 9.51 25.03 -0.1 1815.08 -5.32 1939.08333 -2.547102979 -4.096250451 1940.791 -0.59 -4.26
-4.715 1656 0.83 1992.65 3.94E-06 1969.42 9.39 26.4 -0.11 1814.58 -4.7 1938.91667 -2.37986239 -3.930282133 1940.625 -1.19 -4.08
-4.558 1655 0.78 1992.634 4.18E-06 1969.34 9.36 26.85 -0.12 1814.08 -5.02 1938.75 -2.616412544 -3.605157822 1940.458 -0.85 -4.53
-4.734 1654 -1.23 1992.618 3.59E-06 1969.25 9.32 27.33 -0.13 1813.58 -5.24 1938.58333 -3.038429457 -3.632959109 1940.291 -0.41 -5.06
-4.929 1653 -0.4 1992.603 3.49E-06 1969.17 9.31 27.46 -0.15 1813.08 -4.81 1938.41667 -2.897150208 -4.035136706 1940.125 -0.74 -4.88
-4.868 1652 -0.46 1992.587 3.29E-06 1969.09 9.35 26.92 -0.16 1812.58 -4.81 1938.25 -2.549881669 -4.07158158 1939.958 -0.68 -4.49
-4.695 1651 -0.56 1992.571 3.39E-06 1969 9.39 26.45 -0.17 1812.08 -5.01 1938.08333 -2.514195071 -4.03295834 1939.791 -0.64 -4.28
-4.634 1650 -1.3 1992.555 3.51E-06 1968.92 9.46 25.56 -0.18 1811.58 -5.25 1937.91667 -2.287495137 -3.672926446 1939.625 -0.84 -4.18

-4.71 1649 0.68 1992.548 3.48E-06 1968.84 9.48 25.34 -0.2 1811.08 -5.18 1937.75 -2.580647175 -3.510726234 1939.458 -0.5 -4.47
-4.775 1648 2.23 1992.541 3.57E-06 1968.75 9.53 24.81 -0.21 1810.58 -5.08 1937.58333 -3.18654862 -3.708249669 1939.291 -0.37 -5.14
-4.829 1647 -0.82 1992.534 3.58E-06 1968.67 9.54 24.64 -0.22 1810.08 -4.99 1937.41667 -3.18934199 -4.020168558 1939.125 -0.07 -4.87
-4.778 1646 -0.48 1992.527 3.71E-06 1968.59 9.53 24.77 -0.23 1809.58 -4.9 1937.25 -2.336800098 -3.897884815 1938.958 -0.52 -4.44
-4.709 1645 -0.51 1992.521 3.81E-06 1968.5 9.51 24.97 -0.25 1809.08 -4.94 1937.08333 -2.225172562 -3.783111917 1938.791 -0.34 -4.63
-4.713 1644 0.23 1992.514 3.94E-06 1968.42 9.47 25.49 -0.26 1808.58 -4.8 1936.91667 -2.510025094 -3.72655696 1938.625 -0.68 -4.04
-4.651 1992.507 4.03E-06 1968.34 9.37 26.66 -0.27 1808.08 -4.66 1936.75 -2.883297708 -3.691953752 1938.458 -0.65 -4.15
-4.848 1992.5 4.1E-06 1968.25 9.35 26.94 -0.29 1807.58 -4.83 1936.58333 -3.30203499 -3.762836617 1938.291 -0.67 -4.46
-4.963 1992.493 4.13E-06 1968.17 9.35 26.91 -0.3 1807.08 -4.75 1936.41667 -3.102363828 -3.932152166 1938.125 -0.15 -4.65
-5.046 1992.486 4.11E-06 1968.09 9.38 26.58 -0.32 1806.58 -4.82 1936.25 -2.661793519 -4.085508318 1937.958 -0.58 -4.45
-4.976 1992.479 4.02E-06 1968 9.38 26.53 -0.33 1806.08 -4.99 1936.08333 -2.570496773 -4.117000705 1937.791 -0.64 -4.25
-4.968 1992.472 4.05E-06 1967.92 9.43 25.96 -0.35 1935.91667 -2.765112459 -3.980484107 1937.625 -0.73 -3.76
-4.895 1992.466 3.91E-06 1967.84 9.51 25.06 -0.36 1935.75 -2.978662971 -3.719711258 1937.458 -0.88 -3.92

-4.85 1992.459 3.78E-06 1967.75 9.57 24.32 -0.38 1935.58333 -3.45468145 -3.891717233 1937.291 -0.77 -4.3
-4.829 1992.452 3.81E-06 1967.67 9.58 24.15 -0.39 1935.41667 -3.112779859 -3.977694488 1937.125 -0.59 -4.57
-4.867 1992.445 3.91E-06 1967.59 9.57 24.3 -0.4 1935.25 -2.15366809 -3.892129324 1936.958 -0.75 -4.95
-4.802 1992.438 3.79E-06 1967.5 9.53 24.78 -0.42 1935.08333 -2.260037482 -3.966622244 1936.791 -0.54 -4.64
-4.565 1992.431 3.82E-06 1967.42 9.53 24.82 -0.43 1934.91667 -2.240530291 -3.896155067 1936.625 -0.79 -4.09
-4.532 1992.424 3.92E-06 1967.34 9.43 26.02 -0.45 1934.75 -2.608221956 -3.630190664 1936.458 -1.06 -4.26
-4.591 1992.417 4.1E-06 1967.25 9.35 26.94 -0.46 1934.58333 -3.085731383 -3.652595071 1936.291 -1.04 -4.56
-4.742 1992.41 3.94E-06 1967.17 9.35 26.92 -0.47 1934.41667 -3.286492401 -4.380868429 1936.125 -0.03 -4.89
-4.903 1992.404 4.18E-06 1967.09 9.36 26.79 -0.49 1934.25 -2.992052535 -4.669671729 1935.958 -0.47 -4.76
-4.953 1992.397 3.97E-06 1967 9.41 26.23 -0.5 1934.08333 -2.39714876 -4.35194721 1935.791 -0.54 -4.15

ABOR/MH/Priv-002994

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1935.583 -3.9 1952.13 0.13 -5.91 1900 -4.7555 1619 -4.04 1965.13
1935.417 -3.78 1952.06 -0.23 -6.34 1900.17 -4.79373 1618 -4.02 1965.04

1935.25 -3.51 1951.98 -0.06 -6.31 1900.33 -4.69826 1617 -3.9 1964.96
1935.083 -3.32 1951.9 -0.41 -6.4 1900.5 -4.55822 1616 -3.89 1964.88
1934.917 -3.38 1951.75 -0.78 -6.73 1900.67 -4.41817 1615 -3.76 1964.79

1934.75 -3.59 1951.67 -0.6 -6.59 1900.83 -4.1963 1614 -3.8 1964.71
1934.583 -3.88 1951.58 -0.04 -6.37 1901 -3.95319 1613 -3.77 1964.63
1934.417 -3.75 1951.5 0.24 -6.33 1901.17 -4.1791 1612 -3.88 1964.54

1934.25 -3.34 1951.42 0.8 -5.56 1901.33 -4.40592 1611 -4.09 1964.46
1934.083 -3.11 1951.33 0.34 -5.7 1901.5 -4.37753 1610 -4.12 1964.38
1933.917 -3.35 1951.25 0.6 -5.56 1901.67 -4.38516 1609 -3.57 1964.29

1933.75 -3.59 1951.17 0.55 -5.58 1901.83 -4.45235 1608 -3.94 1964.21
1933.583 -3.81 1951.08 0.12 -5.81 1902 -4.3486 1607 -4.42 1964.13
1933.417 -3.82 1951 -0.29 -6.18 1902.17 -4.38136 1964.04

1933.25 -3.59 1950.92 -0.38 -6 1902.33 -4.54612 1963.96
1933.083 -3.02 1950.75 -0.32 -6.16 1902.5 -4.70393 1963.88
1932.917 -3.3 1950.66 -0.04 -5.87 1902.67 -4.78967 1963.79

1932.75 -3.78 1950.57 0.34 -5.79 1902.83 -4.78047 1963.71
1932.583 -4 1950.48 0.14 -5.66 1903 -4.71813 1963.63
1932.417 -3.67 1950.39 -0.13 -5.63 1903.17 -4.60165 1963.54

1932.25 -3.12 1950.3 0.01 -5.55 1903.33 -4.45413 1963.46
1932.083 -2.89 1950.2 0.26 -5.39 1903.5 -4.43949 1963.38
1931.917 -3.15 1950.11 0.11 -5.41 1903.67 -4.4716 1963.29

1931.75 -3.52 1950.02 -0.13 -5.82 1903.83 -4.53184 1963.21
1931.583 -3.84 1949.93 0.01 -6.23 1904 -4.45555 1963.13
1931.417 -3.9 1949.75 -0.48 -6.36 1904.17 -4.34467 1963.04

1931.25 -3.51 1949.68 -0.48 -6.07 1904.33 -4.31947 1962.96
1931.083 -3.16 1949.62 -0.34 -5.82 1904.5 -4.36057 1962.88
1930.917 -3.35 1949.55 -0.33 -5.94 1904.67 -4.61007 1962.79

1930.75 -3.47 1949.48 0.25 -5.71 1904.83 -4.73072 1962.71
1930.583 -3.66 1949.42 0.16 -5.68 1905 -4.77277 1962.63
1930.417 -3.8 1949.35 0.42 -5.59 1905.17 -4.78512 1962.54

1930.25 -3.36 1949.28 0.94 -5.3 1905.33 -4.73959 1962.46
1930.083 -3.04 1949.22 0.27 -5.43 1905.5 -4.59016 1962.38
1929.917 -3.16 1949.15 0 -5.69 1905.67 -4.60761 1962.29

1929.75 -3.54 1949.08 -0.08 -5.97 1905.83 -4.5973 1962.21
1929.583 -3.84 1949.02 -0.24 -5.93 1906 -4.48057 1962.13
1929.417 -3.47 1948.95 -0.31 -6.02 1906.17 -4.40083 1962.04

1929.25 -3 1948.88 -0.77 -5.96 1906.33 -4.38669 1961.96
1929.083 -3.14 1948.75 -0.85 -6.17 1906.5 -4.27041 1961.88
1928.917 -3.62 1948.64 -0.7 -6.08 1906.67 -4.2087 1961.79

1928.75 -3.72 1948.53 0.42 -5.78 1906.83 -4.49424 1961.71
1928.583 -3.93 1948.42 0.25 -5.65 1907 -4.46336 1961.63
1928.417 -3.78 1948.31 0.39 -5.6 1907.17 -4.28981 1961.54

1928.25 -3.1 1948.19 0.72 -5.27 1907.33 -4.20741 1961.46

ABOR/MH/Priv-002995

CONFIDENTIAL -  
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.827 1992.39 4.13E-06 1966.92 9.49 25.3 -0.51 1933.91667 -2.259618521 -4.082690856 1935.625 -1.02 -3.77
-4.747 1992.383 4.12E-06 1966.84 9.56 24.36 -0.53 1933.75 -2.216128455 -3.404402867 1935.458 -1.29 -4.13
-4.691 1992.376 3.98E-06 1966.75 9.59 23.99 -0.54 1933.58333 -2.885406089 -3.689849325 1935.291 -0.65 -4.22
-4.689 1992.369 4.04E-06 1966.67 9.63 23.55 -0.55 1933.41667 -2.893186553 -3.971616991 1935.125 -0.61 -4.72
-4.677 1992.362 4.15E-06 1966.59 9.6 23.88 -0.56 1933.25 -2.671988382 -4.004656861 1934.958 -0.71 -4.32
-4.668 1992.355 4.23E-06 1966.5 9.54 24.63 -0.57 1933.08333 -2.636667845 -4.133670219 1934.791 -0.82 -4.09
-4.622 1992.348 4.05E-06 1966.42 9.52 24.93 -0.58 1932.91667 -2.625765962 -3.829466915 1934.625 -1.2 -4.02
-4.573 1992.342 4.05E-06 1966.34 9.47 25.51 -0.59 1932.75 -2.811625015 -3.567155024 1934.458 -1.31 -4.44
-4.801 1992.335 3.94E-06 1966.25 9.41 26.17 -0.6 1932.58333 -3.36498482 -3.871223865 1934.291 -0.81 -4.77
-5.013 1992.328 3.84E-06 1966.17 9.4 26.38 -0.61 1932.41667 -3.108176781 -4.000288542 1934.125 -0.41 -4.63
-5.054 1992.321 3.75E-06 1966.09 9.42 26.12 -0.62 1932.25 -2.329169388 -4.386210652 1933.958 -0.53 -4.38
-4.964 1992.314 3.89E-06 1966 9.44 25.87 -0.62 1932.08333 -2.203870854 -4.212610278 1933.791 -0.88 -4.21

-4.88 1992.307 3.9E-06 1965.92 9.53 24.82 -0.63 1931.91667 -2.665189182 -3.776884389 1933.625 -1 -3.87
-4.873 1992.3 3.84E-06 1965.84 9.59 23.99 -0.64 1931.75 -3.354351807 -3.641007189 1933.458 -1.5 -3.98
-4.873 1992.293 3.66E-06 1965.75 9.62 23.72 -0.64 1931.58333 -3.390257364 -3.988557903 1933.291 -1.24 -4.38
-4.786 1992.287 3.53E-06 1965.67 9.66 23.18 -0.65 1931.41667 -2.887761575 -3.90976276 1933.125 -0.29 -4.47
-4.673 1992.28 3.74E-06 1965.59 9.59 24.08 -0.65 1931.25 -2.67318193 -3.915940388 1932.958 -0.39 -4.4
-4.569 1992.273 3.5E-06 1965.5 9.55 24.46 -0.65 1931.08333 -2.135103524 -3.740997633 1932.791 -0.64 -4.26
-4.561 1992.266 3.51E-06 1965.42 9.48 25.37 -0.66 1930.91667 -2.54029124 -3.7239435 1932.625 -0.98 -3.95
-4.556 1992.259 3.36E-06 1965.34 9.43 25.95 -0.66 1930.75 -2.63289932 -3.648222312 1932.458 -1.06 -4.31
-4.737 1992.252 3.56E-06 1965.25 9.4 26.29 -0.66 1930.58333 -2.998850724 -3.689330034 1932.291 -0.65 -4.61

-4.83 1992.245 3.57E-06 1965.17 9.39 26.46 -0.66 1930.41667 -3.48738222 -3.901211451 1932.125 -0.18 -4.62
-4.901 1992.238 3.75E-06 1965.09 9.43 26.04 -0.66 1930.25 -3.322418146 -4.130889782 1931.958 -0.37 -4.31
-4.992 1992.231 3.91E-06 1965 9.4 26.32 -0.66 1930.08333 -2.774016476 -4.162305589 1931.791 -0.76 -4.13
-4.943 1992.225 3.9E-06 1964.92 9.45 25.79 -0.66 1929.91667 -3.120166015 -3.936452158 1931.625 -1.36 -3.86

-4.91 1992.218 3.87E-06 1964.84 9.48 25.33 -0.66 1929.75 -3.466315553 -3.710598727 1931.458 -1.33 -4.37
-4.81 1992.211 3.9E-06 1964.75 9.54 24.66 -0.66 1929.58333 -3.039180143 -3.98115717 1931.291 -1.31 -4.91

-4.681 1992.204 4.19E-06 1964.67 9.65 23.3 -0.66 1929.41667 -3.04898469 -4.131247743 1931.125 -1.28 -4.46
-4.781 1992.197 4.19E-06 1964.59 9.62 23.61 -0.66 1929.25 -2.887417367 -3.995883092 1930.958 -1.26 -4.48
-4.712 1992.19 3.92E-06 1964.5 9.54 24.66 -0.66 1929.08333 -2.682868946 -3.943572023 1930.791 -1.23 -4.1
-4.581 1992.183 3.79E-06 1964.42 9.44 25.81 -0.66 1928.91667 -2.670519991 -3.76248317 1930.625 -1.21 -3.76
-4.494 1992.176 3.74E-06 1964.34 9.38 26.62 -0.66 1928.75 -2.658171036 -3.581394317 1930.458 -1.18 -4.05
-4.551 1992.17 3.5E-06 1964.25 9.32 27.31 -0.66 1928.58333 -2.941333926 -3.839181065 1930.291 -1.15 -4.59
-4.772 1992.163 3.55E-06 1964.17 9.33 27.15 -0.66 1928.41667 -3.268507198 -3.837831973 1930.125 -1.13 -4.65
-4.943 1992.156 3.6E-06 1964.09 9.41 26.27 -0.66 1928.25 -2.621459294 -4.090378015 1929.958 -1.1 -4.46
-4.981 1992.149 3.57E-06 1964 9.52 24.87 -0.65 1928.08333 -2.413199105 -4.171029619 1929.791 -1.08 -4.24
-4.918 1992.142 3.64E-06 1963.92 9.58 24.19 -0.65 1927.91667 -2.394512916 -3.96958034 1929.625 -1.05 -4.03
-4.897 1992.135 3.56E-06 1963.84 9.6 23.87 -0.65 1927.75 -2.595958727 -3.699088166 1929.458 -0.91 -4.21
-4.935 1992.128 3.61E-06 1963.75 9.62 23.64 -0.65 1927.58333 -3.121087946 -3.853088098 1929.291 -0.62 -4.72
-4.846 1992.121 3.65E-06 1963.67 9.65 23.3 -0.64 1927.41667 -3.485551905 -4.221622963 1929.125 -0.34 -4.83
-4.722 1992.114 3.68E-06 1963.59 9.59 24.06 -0.64 1927.25 -2.960128342 -4.198545651 1928.958 -0.61 -4.49
-4.664 1992.108 3.81E-06 1963.5 9.57 24.28 -0.64 1927.08333 -2.570823741 -3.957608027 1928.791 -0.59 -4.17
-4.644 1992.101 3.91E-06 1963.42 9.53 24.7 -0.63 1926.91667 -2.613857288 -3.899126798 1928.625 -1.4 -3.86
-4.588 1992.094 3.89E-06 1963.34 9.47 25.43 -0.63 1926.75 -2.751313772 -3.606406269 1928.458 -0.89 -4.31
-4.671 1992.087 3.91E-06 1963.25 9.37 26.65 -0.62 1926.58333 -3.199052071 -3.725208227 1928.291 -0.93 -4.15

ABOR/MH/Priv-002996

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1928.083 -3.03 1948.08 0.32 -5.61 1907.5 -4.24956 1961.38
1927.917 -3.5 1947.97 -0.36 -5.87 1907.67 -4.24452 1961.29

1927.75 -3.67 1947.75 -0.33 -6.28 1907.83 -4.30876 1961.21
1927.583 -3.53 1947.67 0.04 -6.1 1908 -4.24671 1961.13
1927.417 -3.58 1947.6 -0.12 -6.12 1908.17 -4.07559 1961.04

1927.25 -3.16 1947.52 0.31 -5.98 1908.33 -4.11484 1960.96
1927.083 -2.87 1947.44 0.67 -5.64 1908.5 -4.19622 1960.88
1926.917 -3.51 1947.37 0.85 -5.61 1908.67 -4.16891 1960.79

1926.75 -3.68 1947.29 1.04 -5.34 1908.83 -4.10917 1960.71
1926.583 -3.69 1947.21 0.9 -5.09 1909 -4.07321 1960.63
1926.417 -3.61 1947.13 0.7 -5.43 1909.17 -4.04518 1960.54

1926.25 -3.24 1947.06 0.51 -5.42 1909.33 -4.12696 1960.46
1926.083 -3.01 1946.98 0.04 -5.92 1909.5 -4.30398 1960.38
1925.917 -3.47 1946.9 -0.39 -6.3 1909.67 -4.44025 1960.29

1925.75 -3.73 1946.75 -0.64 -6.47 1909.83 -4.41124 1960.21
1925.583 -3.76 1946.67 0.03 -6.21 1910 -4.28219 1960.13
1925.417 -3.61 1946.6 0 -6.36 1910.17 -4.17926 1960.04

1925.25 -3.33 1946.52 0.31 -6.1 1910.33 -4.16669 1959.96
1925.083 -3.22 1946.44 0.49 -6.12 1910.5 -4.19251 1959.88
1924.917 -3.36 1946.37 0.32 -5.78 1910.67 -4.21126 1959.79

1924.75 -3.67 1946.29 0.06 -5.66 1910.83 -4.10433 1959.71
1924.583 -3.9 1946.21 0.63 -5.75 1911 -3.99453 1959.63
1924.417 -3.44 1946.13 0.51 -5.79 1911.17 -4.35567 1959.54

1924.25 -3.21 1946.06 0.24 -5.78 1911.33 -4.67118 1959.46
1924.083 -3.09 1945.98 -0.31 -6.33 1911.5 -4.72251 1959.38
1923.917 -3.57 1945.9 -0.42 -6.47 1911.67 -4.70723 1959.29

1923.75 -3.75 1945.75 -0.46 -6.64 1911.83 -4.6891 1959.21
1923.583 -3.84 1945.67 -0.72 -6.5 1912 -4.66116 1959.13
1923.417 -3.77 1945.6 -0.7 -6.57 1912.17 -4.59663 1959.04

1923.25 -3.43 1945.52 0 -6.18 1912.33 -4.52144 1958.96
1923.083 -3.3 1945.44 0.5 -5.93 1912.5 -4.45985 1958.88
1922.917 -3.75 1945.37 0.36 -5.72 1912.67 -4.48216 1958.79

1922.75 -3.86 1945.29 0.41 -5.47 1912.83 -4.63754 1958.71
1922.583 -3.76 1945.21 0.71 -5.22 1913 -4.7704 1958.63
1922.417 -3.48 1945.13 0.69 -5.28 1913.17 -4.6246 1958.54

1922.25 -3.36 1945.06 0.56 -5.46 1913.33 -4.41297 1958.46
1922.083 -3.33 1944.98 0.42 -5.77 1913.5 -4.41849 1958.38
1921.917 -3.52 1944.9 -0.02 -5.98 1913.67 -4.46774 1958.29

1921.75 -3.63 1944.75 -0.18 -6.1 1913.83 -4.51701 1958.21
1921.583 -3.58 1944.65 0.69 -5.62 1914 -4.6037 1958.13
1921.417 -3.53 1944.55 0.53 -5.89 1914.17 -4.73364 1958.04

1921.25 -3.27 1944.45 0.95 -5.76 1914.33 -4.85604 1957.96
1921.083 -3.05 1944.35 0.96 -5.5 1914.5 -4.88834 1957.88
1920.917 -3.49 1944.25 0.57 -5.42 1914.67 -4.87678 1957.79

1920.75 -3.89 1944.15 0.72 -5.47 1914.83 -4.78199 1957.71

ABOR/MH/Priv-002997

CONFIDENTIAL -  
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.772 1992.08 3.84E-06 1963.17 9.38 26.56 -0.62 1926.41667 -3.222192137 -3.847166193 1928.125 -0.39 -4.66
-4.842 1992.073 3.78E-06 1963.09 9.38 26.55 -0.61 1926.25 -2.689068229 -3.932891722 1927.958 -0.22 -4.4
-4.922 1992.066 3.68E-06 1963 9.41 26.18 -0.61 1926.08333 -2.401758765 -3.996731778 1927.791 -0.44 -4.21
-4.848 1992.059 3.8E-06 1962.92 9.47 25.51 -0.6 1925.91667 -2.571620803 -3.808092375 1927.625 -0.69 -3.81
-4.864 1992.053 3.8E-06 1962.84 9.52 24.9 -0.6 1925.75 -2.644505924 -3.668003148 1927.458 -0.96 -4.07
-4.802 1992.046 0.000004 1962.75 9.61 23.82 -0.59 1925.58333 -2.641081824 -3.634146634 1927.291 -1.03 -4.78
-4.767 1992.039 3.79E-06 1962.67 9.66 23.18 -0.59 1925.41667 -2.728155138 -3.721588724 1927.125 -0.21 -4.76
-4.726 1992.032 3.61E-06 1962.59 9.6 23.89 -0.59 1925.25 -2.543469212 -3.950797172 1926.958 -0.57 -4.54
-4.646 1992.025 3.62E-06 1962.5 9.5 25.07 -0.58 1925.08333 -2.476069213 -4.056122902 1926.791 -0.62 -4.17
-4.556 1992.018 3.38E-06 1962.42 9.46 25.65 -0.58 1924.91667 -2.57653157 -3.963092938 1926.625 -0.99 -3.81
-4.436 1992.011 3.49E-06 1962.34 9.38 26.53 -0.57 1924.75 -2.70376584 -3.60296271 1926.458 -1.26 -4.07
-4.566 1992.004 3.59E-06 1962.25 9.37 26.74 -0.57 1924.58333 -2.817926707 -3.606968813 1926.291 -0.25 -4.61
-4.687 1991.997 3.91E-06 1962.17 9.4 26.34 -0.57 1924.41667 -2.333849677 -3.775698874 1926.125 -0.63 -4.99
-4.838 1991.991 4.21E-06 1962.09 9.46 25.55 -0.56 1924.25 -3.041165336 -3.945929286 1925.958 -0.52 -4.71
-4.925 1991.984 4.32E-06 1962 9.52 24.94 -0.56 1924.08333 -3.153332795 -4.190375728 1925.791 -0.61 -4.17
-4.857 1991.977 4.4E-06 1961.92 9.55 24.49 -0.56 1923.91667 -2.675760836 -3.873110237 1925.625 -0.68 -3.84
-4.715 1991.97 4.28E-06 1961.84 9.57 24.3 -0.56 1923.75 -2.82279058 -3.678351698 1925.458 -0.77 -4.42
-4.643 1991.963 4.41E-06 1961.75 9.57 24.27 -0.56 1923.58333 -3.10815464 -3.684616004 1925.291 -0.45 -4.89
-4.655 1991.956 4.49E-06 1961.67 9.57 24.27 -0.56 1923.41667 -3.14498419 -3.642764055 1925.125 -0.84 -4.93

-4.68 1991.949 4.43E-06 1961.59 9.49 25.29 -0.56 1923.25 -2.547651171 -4.26932705 1924.958 -0.66 -4.42
-4.619 1991.942 4.64E-06 1961.5 9.43 25.92 -0.56 1923.08333 -2.634659577 -4.012273645 1924.791 -0.68 -3.99
-4.461 1991.935 4.65E-06 1961.42 9.37 26.68 -0.56 1922.91667 -2.387530408 -3.605664081 1924.625 -0.75 -3.84
-4.404 1991.729 4.49E-06 1961.34 9.32 27.31 -0.56 1922.75 -3.001908104 -3.483792238 1924.458 -0.43 -4.4
-4.579 1991.722 4.59E-06 1961.25 9.33 27.24 -0.57 1922.58333 -3.546611551 -3.702705948 1924.291 0.11 -4.76
-4.744 1991.715 4.52E-06 1961.17 9.34 27.1 -0.57 1922.41667 -3.294603882 -3.961323654 1924.125 -0.32 -4.67

-5.05 1991.708 4.35E-06 1961.09 9.32 27.27 -0.58 1922.25 -2.507757135 -4.057763862 1923.958 -0.63 -4.32
-5.113 1991.701 4.26E-06 1961 9.39 26.4 -0.58 1922.08333 -3.133529018 -4.22309383 1923.791 -0.69 -4.22

-5.02 1991.695 4.22E-06 1960.92 9.45 25.78 -0.59 1921.91667 -3.104115109 -4.18381247 1923.625 -0.68 -4
-4.925 1991.688 4.06E-06 1960.84 9.51 25 -0.6 1921.75 -2.878795554 -3.941483593 1923.458 -0.75 -4.3
-4.948 1991.681 3.84E-06 1960.75 9.57 24.32 -0.6 1921.58333 -3.366316264 -4.189762538 1923.291 -0.44 -4.73
-4.806 1991.674 4.08E-06 1960.67 9.63 23.55 -0.61 1921.41667 -2.858866949 -4.38485098 1923.125 -0.52 -4.7
-4.777 1991.667 4.19E-06 1960.59 9.59 24.02 -0.62 1921.25 -2.970098172 -4.298721638 1922.958 -0.56 -4.36

-4.73 1991.66 4.02E-06 1960.5 9.51 24.96 -0.63 1921.08333 -2.393140301 -4.157812752 1922.791 -0.82 -4.31
-4.683 1991.653 4.4E-06 1960.42 9.48 25.33 -0.64 1920.91667 -2.487371742 -4.043927276 1922.625 -0.86 -4.03
-4.576 1991.646 4.63E-06 1960.34 9.42 26.12 -0.65 1920.75 -2.743408906 -3.713936479 1922.458 -0.85 -4.32
-4.675 1991.639 4.54E-06 1960.25 9.36 26.77 -0.66 1920.58333 -3.47096386 -4.173371748 1922.291 -0.56 -4.78
-4.759 1991.633 4.16E-06 1960.17 9.37 26.7 -0.66 1920.41667 -3.191017078 -4.299877374 1922.125 -0.5 -4.74
-4.868 1991.626 4.25E-06 1960.09 9.4 26.31 -0.67 1920.25 -2.60939517 -4.087380474 1921.958 -0.44 -4.44
-5.098 1991.619 4.13E-06 1960 9.43 25.96 -0.68 1920.08333 -2.463521315 -4.113750107 1921.791 -0.6 -4.11

-5.12 1991.612 4.51E-06 1959.92 9.49 25.25 -0.69 1919.91667 -2.654581596 -3.878905828 1921.625 -0.9 -3.79
-4.997 1991.605 4.08E-06 1959.84 9.56 24.42 -0.7 1919.75 -3.003957153 -3.703866758 1921.458 -0.7 -4.22
-4.825 1991.598 3.97E-06 1959.75 9.63 23.58 -0.71 1919.58333 -3.909808887 -3.926640247 1921.291 -0.68 -4.86
-4.677 1991.591 4.09E-06 1959.67 9.66 23.18 -0.71 1919.41667 -3.228029071 -3.994262881 1921.125 -0.97 -4.75
-4.645 1991.584 4.04E-06 1959.59 9.61 23.84 -0.72 1919.25 -2.707127397 -3.974026608 1920.958 -1 -4.45
-4.596 1991.578 4.29E-06 1959.5 9.57 24.26 -0.72 1919.08333 -2.462203465 -3.871811089 1920.791 -1.21 -4.16

ABOR/MH/Priv-002998

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1920.583 -3.55 1944.05 0.7 -5.53 1915 -4.79976 1957.63
1920.417 -3.29 1943.95 0.28 -6.24 1915.17 -4.85315 1957.54

1920.25 -3.28 1943.75 -0.3 -6.49 1915.33 -4.77458 1957.46
1920.083 -3.33 1943.68 -0.48 -6.21 1915.5 -4.63586 1957.38
1919.917 -3.53 1943.61 -0.51 -6.04 1915.67 -4.48919 1957.29

1919.75 -3.74 1943.54 -0.32 -6.08 1915.83 -4.38777 1957.21
1919.583 -3.84 1943.46 0.31 -6.07 1916 -4.33945 1957.13
1919.417 -3.92 1943.39 0.57 -5.93 1916.17 -4.33325 1957.04

1919.25 -3.8 1943.32 0.68 -5.43 1916.33 -4.34299 1956.96
1919.083 -3.42 1943.25 0.84 -5.6 1916.5 -4.29558 1956.88
1918.917 -3.46 1943.18 0.3 -5.43 1916.67 -4.19434 1956.79

1918.75 -3.65 1943.11 0.34 -5.51 1916.83 -4.10133 1956.71
1918.583 -3.69 1943.04 0.08 -5.97 1917 -4.08162 1956.63
1918.417 -3.47 1942.96 0 -6.08 1917.17 -4.10035 1956.54

1918.25 -3.17 1942.89 -0.42 -6.1 1917.33 -4.13304 1956.46
1918.083 -3.07 1942.75 -0.18 -6.12 1917.5 -4.18418 1956.38
1917.917 -3.55 1942.67 0.17 -6.01 1917.67 -4.2631 1956.29

1917.75 -3.83 1942.58 0.4 -5.97 1917.83 -4.34318 1956.21
1917.583 -3.86 1942.5 0.32 -5.81 1918 -4.39145 1956.13
1917.417 -3.56 1942.42 0.44 -5.69 1918.17 -4.40955 1956.04

1917.25 -3.39 1942.33 0.24 -5.76 1918.33 -4.40999 1955.96
1917.083 -3.32 1942.25 0.59 -5.64 1918.5 -4.6624 1955.88
1916.917 -3.41 1942.17 0.48 -5.61 1918.67 -4.91493 1955.79

1916.75 -3.65 1942.08 0.45 -5.71 1918.83 -4.96418 1955.71
1916.583 -3.77 1942 0.31 -5.73 1919 -4.95512 1955.63
1916.417 -3.7 1941.92 0.06 -6 1919.17 -4.94606 1955.54

1916.25 -3.43 1941.75 0.01 -6.14 1919.33 -4.78502 1955.46
1916.083 -3.3 1941.69 0.14 -6.05 1919.5 -4.65516 1955.38
1915.917 -3.91 1941.63 -0.02 -5.88 1919.67 -4.91255 1955.29

1915.75 -4.01 1941.57 0.03 -5.95 1919.83 -4.88849 1955.21
1915.583 -3.93 1941.51 0.2 -5.78 1920 -4.67607 1955.13
1915.417 -3.35 1941.46 0.05 -5.86 1920.17 -4.51898 1955.04

1915.25 -3.14 1941.4 0.18 -5.75 1920.33 -4.52326 1954.96
1915.083 -2.95 1941.34 0.17 -5.72 1920.5 -4.54124 1954.88
1914.917 -3.25 1941.28 0.43 -5.43 1920.67 -4.51771 1954.79

1914.75 -3.58 1941.22 0.31 -5.53 1920.83 -4.46431 1954.71
1914.583 -3.54 1941.16 0.34 -5.59 1921 -4.39793 1954.63
1914.417 -3.2 1941.1 0.41 -5.38 1921.17 -4.33269 1954.54

1914.25 -3.01 1941.04 0.44 -5.57 1921.33 -4.27656 1954.46
1914.083 -3.08 1940.99 -0.42 -5.84 1921.5 -4.37543 1954.38
1913.917 -3.4 1940.93 -0.2 -5.9 1921.67 -4.44636 1954.29

1913.75 -3.73 1940.87 -0.42 -5.81 1921.83 -4.48363 1954.21
1913.583 -3.69 1940.75 -0.82 -6.2 1922 -4.4779 1954.13
1913.417 -3.55 1940.67 -0.55 -6.04 1922.17 -4.47413 1954.04

1913.25 -3.29 1940.6 -0.2 -5.93 1922.33 -4.47741 1953.96

ABOR/MH/Priv-002999

CONFIDENTIAL -  
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.602 1991.571 4.16E-06 1959.42 9.54 24.64 -0.72 1918.91667 -2.471660284 -3.782940338 1920.625 -1.51 -4.08
-4.466 1991.564 4.36E-06 1959.34 9.45 25.68 -0.73 1918.75 -2.653995055 -3.753883148 1920.458 -0.87 -4.48
-4.511 1991.557 4.17E-06 1959.25 9.4 26.32 -0.73 1918.58333 -3.179637128 -3.827700714 1920.291 -0.67 -4.99

-4.72 1991.55 4.48E-06 1959.17 9.39 26.44 -0.73 1918.41667 -3.484183126 -4.24332178 1920.125 -0.86 -4.5
-4.942 1991.541 4.43E-06 1959.09 9.49 25.26 -0.73 1918.25 -2.736188791 -4.368109495 1919.958 -1.08 -4.32
-5.014 1991.531 4.41E-06 1959 9.63 23.59 -0.72 1918.08333 -2.369647403 -4.284181453 1919.791 -1.41 -4.13
-5.108 1991.522 4.87E-06 1958.92 9.6 23.93 -0.72 1917.91667 -2.306849408 -4.130759458 1919.625 -1.33 -3.84
-5.036 1991.513 4.9E-06 1958.84 9.63 23.53 -0.71 1917.75 -2.600132921 -3.693261658 1919.458 -0.86 -4.34
-4.936 1991.503 4.84E-06 1958.75 9.66 23.23 -0.71 1917.58333 -3.587254925 -3.820411486 1919.291 -0.42 -4.49
-4.818 1991.494 4.71E-06 1958.67 9.7 22.7 -0.7 1917.41667 -3.415628708 -3.92012525 1919.125 -0.35 -4.39
-4.753 1991.485 5.04E-06 1958.59 9.61 23.82 -0.69 1917.25 -2.889479228 -4.056399901 1918.958 -0.47 -4.2
-4.728 1991.475 5.08E-06 1958.5 9.56 24.39 -0.68 1917.08333 -2.732316095 -4.07096249 1918.791 -0.61 -4.04
-4.712 1991.466 4.7E-06 1958.42 9.47 25.49 -0.66 1916.91667 -2.700600745 -3.651588435 1918.625 -1.17 -3.76
-4.498 1991.457 4.71E-06 1958.34 9.42 26.05 -0.65 1916.75 -2.937076132 -3.602633498 1918.458 -1.3 -3.9
-4.545 1991.447 4.88E-06 1958.25 9.43 26.02 -0.63 1916.58333 -3.549485333 -3.951392107 1918.291 -1.29 -4.12
-4.713 1991.438 5.04E-06 1958.17 9.42 26.1 -0.62 1916.41667 -3.213808116 -4.021654284 1918.125 -1.1 -4.63

-4.86 1991.429 5.06E-06 1958.09 9.47 25.43 -0.6 1916.25 -2.760261949 -3.845263555 1917.958 -1.58 -4.83
-4.96 1991.419 5.17E-06 1958 9.53 24.82 -0.58 1916.08333 -2.442705396 -4.018135486 1917.791 -1.35 -4.4

-4.982 1991.41 5.3E-06 1957.92 9.52 24.91 -0.56 1915.91667 -2.432140781 -4.06689499 1917.625 -1.11 -3.95
-4.87 1991.4 5.23E-06 1957.84 9.51 25 -0.54 1915.75 -2.84016732 -3.804686899 1917.458 -1.72 -4.17

-4.813 1991.391 5.01E-06 1957.75 9.56 24.42 -0.52 1915.58333 -3.67803382 -3.89911307 1917.291 -1.44 -4.6
-4.825 1991.382 5.11E-06 1957.67 9.61 23.79 -0.5 1915.41667 -3.087000171 -4.0157057 1917.125 -1.24 -4.85
-4.778 1991.372 5.48E-06 1957.59 9.58 24.15 -0.48 1915.25 -2.591676345 -4.232701645 1916.958 -1.41 -4.62
-4.672 1991.363 5.82E-06 1957.5 9.53 24.81 -0.46 1915.08333 -2.694442229 -4.220710187 1916.791 -1.29 -4.19
-4.742 1991.354 5.92E-06 1957.42 9.51 25.04 -0.43 1914.91667 -3.118215181 -3.607901639 1916.625 -1.44 -3.92
-4.654 1991.344 5.93E-06 1957.34 9.42 26.13 -0.41 1914.75 -3.263129715 -3.395571533 1916.458 -1.25 -4.19
-4.702 1991.335 5.52E-06 1957.25 9.34 27.03 -0.39 1914.58333 -2.945909054 -3.614864807 1916.291 -0.76 -4.67

-4.84 1991.326 6.14E-06 1957.17 9.33 27.17 -0.37 1914.41667 -2.743029384 -4.084457013 1916.125 -0.69 -4.8
-4.959 1991.316 5.95E-06 1957.09 9.33 27.18 -0.35 1914.25 -2.608431095 -3.86475637 1915.958 -1.34 -4.43

-5.06 1991.307 6.32E-06 1957 9.35 26.96 -0.32 1914.08333 -2.455598213 -3.877185994 1915.791 -1.24 -4.13
-5.125 1991.298 6.41E-06 1956.92 9.39 26.46 -0.3 1913.91667 -3.077133038 -3.677231116 1915.625 -1.15 -3.95
-4.985 1991.288 6.11E-06 1956.84 9.44 25.81 -0.28 1913.75 -3.004169954 -3.524005079 1915.458 -1.2 -4.14
-4.896 1991.279 5.37E-06 1956.75 9.51 25 -0.26 1913.58333 -3.406086446 -3.897283036 1915.291 -1.09 -4.61

-4.86 1991.27 5.5E-06 1956.67 9.57 24.27 -0.24 1913.41667 -3.2791999 -3.969139878 1915.125 -0.24 -4.48
-4.844 1991.26 6.1E-06 1956.59 9.52 24.87 -0.22 1913.25 -2.954376112 -3.764544165 1914.958 -0.79 -4.38
-4.784 1991.251 6.48E-06 1956.5 9.5 25.12 -0.21 1913.08333 -2.553042326 -3.899759578 1914.791 -0.72 -4.2
-4.676 1991.242 6.48E-06 1956.42 9.43 25.98 -0.19 1912.91667 -2.626578679 -4.083071947 1914.625 -1.18 -3.86
-4.668 1991.232 7.03E-06 1956.34 9.34 27.09 -0.17 1912.75 -2.916374443 -3.667155215 1914.458 -1.34 -4.12
-4.686 1991.223 9.25E-06 1956.25 9.35 26.99 -0.16 1912.58333 -3.221077283 -3.646620677 1914.291 -1.19 -4.34
-4.789 1991.214 1.08E-05 1956.17 9.33 27.19 -0.14 1912.41667 -3.405577826 -3.918114191 1914.125 -0.41 -4.76
-4.888 1991.204 1.37E-05 1956.09 9.34 27.04 -0.13 1912.25 -2.903076302 -3.99180496 1913.958 -0.99 -4.58
-5.151 1991.195 1.17E-05 1956 9.4 26.31 -0.11 1912.08333 -2.303099743 -3.9308969 1913.791 -0.8 -4.14
-5.078 1991.186 1.05E-05 1955.92 9.45 25.77 -0.1 1911.91667 -2.254305281 -3.855793285 1913.625 -1 -3.78
-5.081 1991.176 8.91E-06 1955.84 9.49 25.26 -0.09 1911.75 -2.721181789 -3.641788694 1913.458 -1.25 -4.31
-5.093 1991.167 9.09E-06 1955.75 9.54 24.66 -0.08 1911.58333 -3.096357444 -3.776795569 1913.291 -0.81 -4.6

ABOR/MH/Priv-003000

CONFIDENTIAL -  
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1913.083 -2.88 1940.52 -0.08 -5.64 1922.5 -4.44578 1953.88
1912.917 -3.45 1940.44 0.3 -5.51 1922.67 -4.46148 1953.79

1912.75 -3.62 1940.37 0.51 -5.41 1922.83 -4.41982 1953.71
1912.583 -3.87 1940.29 0.48 -5.51 1923 -4.36609 1953.63
1912.417 -3.66 1940.21 0.32 -5.16 1923.17 -4.36626 1953.54

1912.25 -3.36 1940.13 0.03 -5.19 1923.33 -4.40012 1953.46
1912.083 -3.04 1940.06 -0.4 -5.42 1923.5 -4.45264 1953.38
1911.917 -3.26 1939.98 -0.83 -5.86 1923.67 -4.5219 1953.29

1911.75 -3.59 1939.9 -0.87 -6.11 1923.83 -4.64324 1953.21
1911.583 -3.87 1939.75 -0.86 -6.12 1924 -4.70459 1953.13
1911.417 -3.57 1939.67 -0.77 -6.09 1924.17 -4.55225 1953.04

1911.25 -3.13 1939.58 -0.88 -6.1 1924.33 -4.40876 1952.96
1911.083 -3.08 1939.5 -0.56 -6.11 1924.5 -4.33926 1952.88
1910.917 -3.48 1939.42 -0.68 -5.96 1924.67 -4.39817 1952.79

1910.75 -3.7 1939.33 -0.13 -5.78 1924.83 -4.50216 1952.71
1910.583 -3.79 1939.25 -0.07 -5.34 1925 -4.43064 1952.63
1910.417 -3.31 1939.17 -0.24 -5.72 1925.17 -4.44553 1952.54

1910.25 -2.95 1939.08 -0.36 -5.58 1925.33 -4.50902 1952.46
1910.083 -3.03 1939 -0.45 -5.99 1925.5 -4.58066 1952.38
1909.917 -3.39 1938.92 -0.98 -6.08 1925.67 -4.65909 1952.29

1909.75 -3.69 1938.75 -1.1 -6.59 1925.83 -4.73119 1952.21
1909.583 -3.8 1938.68 -1.28 -6.34 1926 -4.78537 1952.13
1909.417 -3.68 1938.61 -1.06 -6.37 1926.17 -4.83443 1952.04

1909.25 -3.25 1938.54 -0.76 -6.23 1926.33 -4.64094 1951.96
1909.083 -2.9 1938.46 -0.4 -6.16 1926.5 -4.51263 1951.88
1908.917 -3.18 1938.39 -0.08 -6.01 1926.67 -4.44858 1951.79

1908.75 -3.48 1938.32 -0.04 -5.8 1926.83 -4.38748 1951.71
1908.583 -3.83 1938.25 0.07 -5.61 1927 -4.31759 1951.63
1908.417 -3.79 1938.18 -0.16 -5.64 1927.17 -4.21797 1951.54

1908.25 -3.57 1938.11 -0.45 -5.89 1927.33 -4.20876 1951.46
1908.083 -3.02 1938.04 -0.44 -6.11 1927.5 -4.36314 1951.38
1907.917 -3.26 1937.96 -0.45 -6.31 1927.67 -4.39672 1951.29

1907.75 -3.57 1937.89 -0.76 -6.41 1927.83 -4.38933 1951.21
1907.583 -3.63 1937.75 -0.84 -6.66 1928 -4.48845 1951.13
1907.417 -3.52 1937.68 -0.9 -6.46 1928.17 -4.3597 1951.04

1907.25 -3.19 1937.62 -0.66 -6.47 1928.33 -4.32569 1950.96
1907.083 -2.99 1937.55 -0.28 -6.3 1928.5 -4.34751 1950.88
1906.917 -3.39 1937.48 -0.42 -6.1 1928.67 -4.36229 1950.79

1906.75 -3.54 1937.42 -0.57 -6.34 1928.83 -4.37859 1950.71
1906.583 -3.63 1937.35 -0.16 -6.34 1929 -4.36131 1950.63
1906.417 -3.6 1937.28 -0.9 -6.36 1929.17 -4.34432 1950.54

1906.25 -3.37 1937.22 -1.18 -6.18 1929.33 -4.34488 1950.46
1906.083 -3.02 1937.15 -0.14 -6.01 1929.5 -4.41039 1950.38
1905.917 -3.5 1937.08 -0.29 -5.73 1929.67 -4.49286 1950.29

1905.75 -3.71 1937.02 -0.17 -5.55 1929.83 -4.55318 1950.21

ABOR/MH/Priv-003001

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-5.04 1991.157 7.64E-06 1955.67 9.55 24.52 -0.07 1911.41667 -2.973493634 -3.928214854 1913.125 -0.54 -4.81
-4.99 1991.148 6.11E-06 1955.59 9.5 25.17 -0.06 1911.25 -2.545982756 -4.057682546 1912.958 -0.47 -4.49

-4.896 1991.139 6.35E-06 1955.5 9.44 25.83 -0.05 1911.08333 -2.145199865 -4.260289639 1912.791 -0.48 -4
-4.863 1991.129 4.66E-06 1955.42 9.38 26.58 -0.04 1910.91667 -2.164700684 -4.062843006 1912.625 -1.09 -3.65
-4.575 1991.12 3.97E-06 1955.34 9.32 27.28 -0.04 1910.75 -2.359689421 -3.611731323 1912.458 -1.15 -4.2
-4.651 1991.111 3.89E-06 1955.25 9.31 27.41 -0.03 1910.58333 -2.670889696 -3.664785782 1912.291 -0.9 -4.47
-4.926 1991.101 3.89E-06 1955.17 9.3 27.55 -0.02 1910.41667 -2.735688044 -3.929015357 1912.125 -0.66 -4.66
-5.079 1991.092 3.97E-06 1955.09 9.31 27.43 -0.02 1910.25 -2.4644721 -4.227705454 1911.958 -0.38 -4.54
-5.107 1991.083 3.85E-06 1955 9.42 26.1 -0.01 1910.08333 -2.505100279 -4.297171585 1911.791 -0.11 -4.03
-5.079 1991.073 3.86E-06 1954.92 9.47 25.49 -0.01 1909.91667 -2.571498848 -3.97969814 1911.625 -0.45 -3.75
-5.014 1991.064 3.67E-06 1954.84 9.51 25.03 -0.01 1909.75 -3.015135125 -3.641835467 1911.458 -0.8 -3.79
-4.907 1991.055 3.58E-06 1954.75 9.54 24.66 0 1909.58333 -3.162777143 -4.017567772 1911.291 -0.49 -4.24

-4.85 1991.045 3.89E-06 1954.67 9.54 24.64 0 1909.41667 -2.9989801 -4.146717743 1911.125 -0.38 -4.59
-4.895 1991.036 3.67E-06 1954.59 9.52 24.86 0 1909.25 -2.62434299 -4.149717716 1910.958 -0.39 -4.58
-4.848 1991.027 3.51E-06 1954.5 9.48 25.4 0.01 1909.08333 -2.181511233 -4.294621355 1910.791 -0.29 -4.24
-4.754 1991.017 3.54E-06 1954.42 9.44 25.83 0.01 1908.91667 -2.086908956 -4.220718742 1910.625 -0.63 -3.91 9.28676
-4.634 1991.008 3.95E-06 1954.34 9.42 26.12 0.01 1908.75 -2.312829119 -3.72955875 1910.458 -0.31 -4 9.27244
-4.652 1990.999 4.22E-06 1954.25 9.38 26.6 0.02 1908.58333 -3.22144623 -3.758952551 1910.291 -0.14 -4.49 9.16543
-4.714 1990.989 4.55E-06 1954.17 9.37 26.66 0.02 1908.41667 -3.04573542 -3.874970105 1910.125 -0.23 -4.64 8.96573

-5.02 1990.98 3.58E-06 1954.09 9.41 26.19 0.02 1908.25 -2.631710373 -3.879923055 1909.958 -0.62 -4.53 9.09911
-5.119 1990.971 3.8E-06 1954 9.43 26 0.03 1908.08333 -2.716819986 -3.772695785 1909.791 -1.04 -4.4 9.08492
-5.133 1990.961 3.6E-06 1953.92 9.48 25.39 0.03 1907.91667 -2.466079297 -3.705555647 1909.625 -0.7 -4.05 9.23047
-5.145 1990.952 3.51E-06 1953.84 9.56 24.42 0.04 1907.75 -2.930260002 -3.676214457 1909.458 -0.5 -4.43 9.06911
-5.026 1990.943 3.66E-06 1953.75 9.6 23.96 0.04 1907.58333 -2.919837781 -4.001616407 1909.291 -0.02 -4.72 8.98661

-4.91 1990.933 3.58E-06 1953.67 9.61 23.79 0.05 1907.41667 -2.760451481 -4.304115437 1909.125 0.04 -4.93 8.91064
-4.725 1990.924 3.57E-06 1953.59 9.6 23.93 0.05 1907.25 -2.567212413 -4.101483313 1908.958 -0.17 -4.84 8.98198
-4.649 1990.914 3.56E-06 1953.5 9.55 24.53 0.06 1907.08333 -2.404435412 -3.991691129 1908.791 -0.32 -4.37 9.06894
-4.631 1990.905 3.38E-06 1953.42 9.45 25.76 0.06 1906.91667 -2.658039798 -3.708891975 1908.625 -0.63 -3.99 9.24025
-4.467 1990.896 3.58E-06 1953.34 9.37 26.7 0.07 1906.75 -3.019094933 -3.45882636 1908.458 -0.59 -4.31 9.13346
-4.669 1990.886 3.84E-06 1953.25 9.3 27.5 0.08 1906.58333 -3.131198159 -3.591175976 1908.291 -0.35 -4.61 8.94955
-4.837 1990.877 3.83E-06 1953.17 9.28 27.77 0.08 1906.41667 -2.790895626 -4.029891047 1908.125 0.1 -4.89 8.9127
-4.919 1990.868 3.95E-06 1953.09 9.28 27.8 0.09 1906.25 -2.389345155 -3.893806263 1907.958 -0.01 -4.61 9.06918
-4.906 1990.858 3.85E-06 1953 9.31 27.47 0.09 1906.08333 -2.374341885 -4.330005645 1907.791 -0.13 -4.18 9.20135
-4.826 1990.849 4.25E-06 1952.92 9.37 26.7 0.1 1905.91667 -2.696107305 -3.776435369 1907.625 -0.27 -3.61 9.30494

-4.73 1990.84 4.56E-06 1952.84 9.42 26.1 0.11 1905.75 -2.979726476 -3.467490056 1907.458 -0.56 -4.05 9.20248
-4.746 1990.83 3.69E-06 1952.75 9.49 25.25 0.11 1905.58333 -2.992597451 -3.714295898 1907.291 -0.69 -4.42 9.06712
-4.743 1990.821 3.88E-06 1952.67 9.57 24.27 0.12 1905.41667 -2.847926848 -3.890512544 1907.125 -0.22 -4.85 8.93683
-4.705 1990.812 3.96E-06 1952.59 9.54 24.59 0.12 1905.25 -2.61307277 -3.867542425 1906.958 0.1 -4.89 8.97504
-4.615 1990.802 4.03E-06 1952.5 9.55 24.51 0.13 1905.08333 -2.33755006 -3.869707672 1906.791 -0.31 -4.35 9.1118
-4.591 1990.793 4.11E-06 1952.42 9.48 25.33 0.13 1904.91667 -2.181280499 -4.066493961 1906.625 -0.39 -4.07 9.18703
-4.495 1990.784 4.09E-06 1952.34 9.42 26.12 0.14 1904.75 -2.512732928 -3.595773081 1906.458 -0.47 -4.3 9.1117
-4.648 1990.774 3.85E-06 1952.25 9.38 26.59 0.14 1904.58333 -3.051865973 -3.74632139 1906.291 -0.32 -4.79 9.05205
-4.811 1990.765 3.83E-06 1952.17 9.31 27.46 0.15 1904.41667 -2.861994136 -3.909225657 1906.125 0.02 -4.9 8.89131
-4.856 1990.756 3.71E-06 1952.09 9.33 27.19 0.15 1904.25 -2.012098658 -4.09712417 1905.958 -0.1 -4.38 9.1142

-4.87 1990.746 3.71E-06 1952 9.35 27 0.16 1904.08333 -2.264722305 -3.924411321 1905.791 -0.38 -4.24 9.18994

ABOR/MH/Priv-003002

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1905.583 -3.86 1936.95 0.14 -5.51 1930 -4.67849 1950.13
1905.417 -3.74 1936.88 0.3 -5.58 1930.17 -4.62235 1950.04

1905.25 -3.35 1936.75 -0.86 -6.24 1930.33 -4.49772 1949.96
1905.083 -3 1936.67 -0.76 -6.24 1930.5 -4.48055 1949.88
1904.917 -3.23 1936.6 -0.25 -6.22 1930.67 -4.65588 1949.79

1904.75 -3.61 1936.52 -0.4 -6.32 1930.83 -4.74731 1949.71
1904.583 -3.7 1936.44 -0.03 -6.07 1931 -4.70321 1949.63
1904.417 -3.48 1936.37 0.15 -5.51 1931.17 -4.59529 1949.54

1904.25 -3.2 1936.29 -0.33 -5.76 1931.33 -4.48639 1949.46
1904.083 -3.1 1936.21 0.09 -5.66 1931.5 -4.39323 1949.38
1903.917 -3.2 1936.13 0.31 -5.51 1931.67 -4.32128 1949.29

1903.75 -3.4 1936.06 -0.19 -5.52 1931.83 -4.32005 1949.21
1903.583 -3.62 1935.98 -0.92 -6.22 1932 -4.28307 1949.13
1903.417 -3.64 1935.9 -0.77 -6.49 1932.17 -4.34852 1949.04

1903.25 -3.42 1935.75 -0.97 -6.62 1932.33 -4.36982 1948.96
1903.083 -3.24 1935.67 -0.54 -6.28 1932.5 -4.34327 1948.88
1902.917 -3.31 1935.6 -0.34 -6.17 1932.67 -4.35166 1948.79

1902.75 -3.48 1935.52 -0.15 -5.92 1932.83 -4.41127 1948.71
1902.583 -3.72 1935.44 -0.11 -5.67 1933 -4.39008 1948.63
1902.417 -3.77 1935.37 0.16 -5.37 1933.17 -4.37639 1948.54

1902.25 -3.37 1935.29 0.34 -5.32 1933.33 -4.36145 1948.46
1902.083 -3.2 1935.21 0.2 -5.45 1933.5 -4.29183 1948.38
1901.917 -3.47 1935.13 0.13 -5.45 1933.67 -4.29102 1948.29

1901.75 -3.64 1935.06 -0.08 -5.76 1933.83 -4.27019 1948.21
1901.583 -3.77 1934.98 -0.53 -6.16 1934 -4.20916 1948.13
1901.417 -3.77 1934.9 -0.13 -6.12 1934.17 -4.3155 1948.04

1901.25 -3.28 1934.75 -1.04 -6.27 1934.33 -4.38823 1947.96
1901.083 -3.01 1934.69 -0.77 -6.11 1934.5 -4.41121 1947.88
1900.917 -3.32 1934.63 -0.85 -6.15 1934.67 -4.41809 1947.79

1900.75 -3.64 1934.57 -0.35 -5.93 1934.83 -4.42198 1947.71
1900.583 -3.76 1934.51 -0.62 -6.39 1935 -4.42559 1947.63
1900.417 -3.25 1934.46 0.08 -5.53 1935.17 -4.41741 1947.54

1900.25 -3.01 1934.4 0.42 -5.48 1935.33 -4.39247 1947.46
1900.083 -2.99 1934.34 0.37 -5.48 1935.5 -4.38475 1947.38
1899.917 -3.41 1934.28 0.26 -5.35 1935.67 -4.40707 1947.29

1899.75 -3.66 1934.22 -0.38 -5.4 1935.83 -4.45997 1947.21
1899.583 -3.78 1934.16 -0.04 -5.32 1936 -4.46681 1947.13
1899.417 -3.57 1934.1 -0.34 -5.77 1936.17 -4.45449 1947.04

1899.25 -3.22 1934.04 -0.39 -5.96 1936.33 -4.45751 1946.96
1899.083 -2.96 1933.99 -1.03 -6.15 1936.5 -4.4788 1946.88
1898.917 -3.28 1933.93 -1.08 -6.1 1936.67 -4.49025 1946.79

1898.75 -3.77 1933.87 -1.04 -6.19 1936.83 -4.48191 1946.71
1898.583 -3.64 1933.75 -0.76 -6.28 1937 -4.46323 1946.63
1898.417 -3.54 1933.66 -0.65 -6.23 1937.17 -4.42395 1946.54

1898.25 -3.13 1933.57 -0.62 -6.14 1937.33 -4.40731 1946.46

ABOR/MH/Priv-003003

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.812 1990.737 3.66E-06 1951.92 9.41 26.22 0.16 1903.91667 -2.704170334 -3.638494081 1905.625 -0.65 -4.1 9.26532
-4.707 1990.728 3.73E-06 1951.84 9.46 25.57 0.16 1903.75 -2.834359004 -3.537942734 1905.458 -0.4 -4.52 9.21719
-4.793 1990.718 3.6E-06 1951.75 9.57 24.27 0.17 1903.58333 -3.044994687 -3.724717318 1905.291 -0.29 -4.7 9.04367

-4.77 1990.709 3.65E-06 1951.67 9.62 23.67 0.17 1903.41667 -2.85380458 -3.806960898 1905.125 -0.3 -4.64 8.9554
-4.725 1990.7 3.55E-06 1951.59 9.6 23.87 0.17 1903.25 -2.576018748 -3.761108876 1904.958 -0.31 -4.39 9.13005
-4.716 1990.69 3.51E-06 1951.5 9.6 23.87 0.18 1903.08333 -2.299726919 -3.747437505 1904.791 -0.43 -4.25 9.20011
-4.651 1990.681 4.34E-06 1951.42 9.4 26.36 0.18 1902.91667 -2.174311832 -3.658110342 1904.625 -0.66 -4.23 9.28313
-4.636 1990.671 4.78E-06 1951.34 9.29 27.67 0.18 1902.75 -2.767843875 -3.802813883 1904.458 -0.38 -4.69 9.20527

-4.73 1990.662 4.53E-06 1951.25 9.26 28.06 0.18 1902.58333 -3.280209374 -3.857164508 1904.291 -0.27 -5 9.03903
-4.932 1990.653 4.58E-06 1951.17 9.28 27.86 0.18 1902.41667 -3.356604541 -3.962646826 1904.125 -0.22 -5.01 8.83943
-5.026 1990.643 4.34E-06 1951.09 9.29 27.63 0.18 1902.25 -2.908322994 -4.03677326 1903.958 -0.19 -4.76 9.03932
-4.947 1990.634 4.76E-06 1951 9.32 27.33 0.18 1902.08333 -2.711028516 -3.989790353 1903.791 -0.21 -4.42 9.12536
-4.903 1990.625 4.26E-06 1950.92 9.38 26.64 0.17 1901.91667 -2.740900504 -3.86411777 1903.625 -0.36 -4.17 9.23144
-4.811 1990.615 3.82E-06 1950.84 9.46 25.6 0.17 1901.75 -2.844800903 -3.696513159 1903.458 -0.73 -4.22 9.11456
-4.817 1990.606 3.38E-06 1950.75 9.48 25.37 0.16 1901.58333 -2.855876184 -3.842721489 1903.291 -0.49 -4.42 9.03301
-4.808 1990.597 3.45E-06 1950.67 9.48 25.37 0.16 1901.41667 -3.060375439 -3.899414614 1903.125 -0.22 -4.53 8.77339
-4.746 1990.587 3.62E-06 1950.59 9.46 25.59 0.15 1901.25 -2.872394683 -4.097038225 1902.958 -0.1 -4.4 9.11246
-4.757 1990.578 3.6E-06 1950.5 9.45 25.71 0.14 1901.08333 -2.348558418 -4.118064293 1902.791 -0.14 -4.1 9.01275
-4.745 1990.569 4.66E-06 1950.42 9.37 26.67 0.14 1900.91667 -2.122525597 -4.058700083 1902.625 -0.4 -3.97 9.18759
-4.563 1990.559 3.99E-06 1950.34 9.31 27.43 0.13 1900.75 -1.897934503 -3.614518638 1902.458 -0.91 -4.16 9.13625
-4.726 1990.55 3.93E-06 1950.25 9.26 28.05 0.12 1900.58333 -3.057233207 -3.812098128 1902.291 -0.5 -4.32 8.98346
-4.894 1990.539 3.95E-06 1950.17 9.24 28.24 0.1 1900.41667 -3.076394477 -4.12330442 1902.125 -0.51 -4.8 8.82873
-5.083 1990.527 3.86E-06 1950.09 9.26 28.01 0.09 1900.25 -2.525143106 -4.100470575 1901.958 -0.24 -4.49 8.95451
-5.094 1990.516 4.14E-06 1950 9.34 27.12 0.08 1900.08333 -2.301021033 -4.133961992 1901.791 -0.33 -4.34 9.03613
-4.993 1990.505 4.16E-06 1949.92 9.41 26.28 0.07 1899.91667 -2.501933488 -3.781930139 1901.625 -1.01 -4.04 9.2197
-4.849 1990.493 4.49E-06 1949.84 9.42 26.06 0.05 1899.75 -3.039400696 -3.747077019 1901.458 -1.8 -4.22 9.20707
-4.773 1990.482 4.08E-06 1949.75 9.53 24.82 0.04 1899.58333 -3.063186036 -3.943167599 1901.291 -1.02 -4.65 9.02635
-4.759 1990.471 4.18E-06 1949.67 9.61 23.79 0.02 1899.41667 -2.708195959 -4.245369606 1901.125 -0.31 -4.87 8.72401
-4.851 1990.46 4.28E-06 1949.59 9.57 24.24 0.01 1899.25 -2.765781326 -4.056210347 1900.958 -0.68 -4.52 8.89613
-4.827 1990.448 4.33E-06 1949.5 9.53 24.79 0 1899.08333 -2.694864476 -3.909260843 1900.791 -1.01 -4.13 9.02227
-4.598 1990.437 4.4E-06 1949.42 9.56 24.46 -0.02 1898.91667 -2.417209703 -3.78556252 1900.625 -1.61 -4.08 9.20045
-4.489 1990.426 4.67E-06 1949.34 9.52 24.85 -0.03 1898.75 -2.789387383 -3.686989379 1900.458 -1.09 -4.6 9.08243
-4.539 1990.414 5.15E-06 1949.25 9.42 26.13 -0.05 1898.58333 -3.254900315 -3.81539364 1900.291 -0.75 -4.71 9.00064
-4.673 1990.403 5.86E-06 1949.17 9.37 26.74 -0.06 1898.41667 -3.027556495 -3.967880151 1900.125 -0.67 -4.5 8.9419
-4.835 1990.392 6.75E-06 1949.09 9.42 26.15 -0.07 1898.25 -2.418046372 -4.094088294 1899.958 -0.76 -4.22 8.98046
-5.054 1990.38 7.39E-06 1949 9.38 26.56 -0.08 1898.08333 -2.537602459 -3.955078613 1899.791 -1 -4.08 9.11053
-5.186 1990.369 6.89E-06 1948.92 9.41 26.17 -0.09 1897.91667 -2.529524159 -3.72911653 1899.625 -1.54 -3.85 9.25888
-5.096 1990.358 0.000006 1948.84 9.48 25.39 -0.11 1897.75 -2.260991951 -3.504471175 1899.458 -1.27 -4.04 8.9671
-4.837 1990.346 5.52E-06 1948.75 9.55 24.53 -0.12 1897.58333 -2.218154323 -3.7292649 1899.291 -0.57 -4.64 8.95887
-4.818 1990.335 5.31E-06 1948.67 9.59 24.03 -0.13 1897.41667 -2.501709717 -3.746275372 1899.125 -0.38 -4.55 8.88671
-4.793 1990.324 5.7E-06 1948.59 9.57 24.27 -0.13 1897.25 -3.034359621 -3.884759624 1898.958 -0.76 -4.29 9.00046
-4.802 1990.313 6.02E-06 1948.5 9.56 24.4 -0.14 1897.08333 -2.393689218 -3.871901326 1898.791 -1.36 -4 9.06986
-4.712 1990.301 6.25E-06 1948.42 9.52 24.92 -0.15 1896.91667 -2.468530806 -3.887594704 1898.625 -1.3 -3.92 9.2125

-4.59 1990.29 6.56E-06 1948.34 9.48 25.31 -0.16 1896.75 -2.566650698 -3.643071523 1898.458 -1.05 -4.51 9.12382
-4.679 1990.279 6.51E-06 1948.25 9.39 26.43 -0.16 1896.58333 -2.926640536 -3.663896215 1898.291 -0.73 -4.88 8.91798

ABOR/MH/Priv-003004

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1898.083 -3.02 1933.48 -0.07 -5.72 1937.5 -4.41715 1946.38
1897.917 -3.26 1933.39 -0.24 -6.14 1937.67 -4.43894 1946.29

1897.75 -3.78 1933.3 0.18 -5.38 1937.83 -4.41376 1946.21
1897.583 -3.92 1933.2 -0.58 -5.63 1938 -4.31828 1946.13
1897.417 -3.58 1933.11 -0.55 -5.88 1938.17 -4.276 1946.04

1897.25 -3.14 1933.02 -0.69 -6.21 1938.33 -4.30527 1945.96
1897.083 -3.05 1932.93 -0.8 -6.29 1938.5 -4.36228 1945.88
1896.917 -3.49 1932.75 -0.75 -6.36 1938.67 -4.39706 1945.79

1896.75 -3.9 1932.67 -0.77 -6.24 1938.83 -4.37783 1945.71
1896.583 -4.09 1932.6 -0.45 -6.14 1939 -4.41067 1945.63
1896.417 -3.63 1932.52 -0.17 -5.99 1939.17 -4.43648 1945.54

1896.25 -3.16 1932.44 0.1 -5.68 1939.33 -4.43891 1945.46
1896.083 -3.07 1932.37 0.17 -5.52 1939.5 -4.44334 1945.38
1895.917 -3.36 1932.29 0.27 -5.56 1939.67 -4.45988 1945.29

1895.75 -3.57 1932.21 0.19 -5.41 1939.83 -4.46385 1945.21
1895.583 -3.82 1932.13 -0.1 -5.54 1940 -4.50721 1945.13
1895.417 -3.53 1932.06 -0.3 -5.52 1940.17 -4.74447 1945.04

1895.25 -3.07 1931.98 -0.47 -5.73 1940.33 -4.84461 1944.96
1895.083 -2.98 1931.9 -0.77 -5.95 1940.5 -4.82089 1944.88
1894.917 -3.3 1931.75 -0.93 -6.24 1940.67 -4.77974 1944.79

1894.75 -3.71 1931.67 -1.04 -6.23 1940.83 -4.76415 1944.71
1894.583 -3.7 1931.6 -1.16 -6.18 1941 -4.75112 1944.63
1894.417 -3.44 1931.52 -0.8 -6.05 1941.17 -4.68127 1944.54

1894.25 -2.99 1931.44 -0.75 -6.09 1941.33 -4.5567 1944.46
1894.083 -2.91 1931.37 -1.11 -6.14 1941.5 -4.57446 1944.38
1893.917 -3.23 1931.29 0.21 -5.68 1941.67 -4.62791 1944.29

1893.75 -3.45 1931.21 -0.18 -5.52 1941.83 -4.58869 1944.21
1893.583 -3.62 1931.13 -0.27 -5.6 1942 -4.48963 1944.13
1893.417 -3.71 1931.06 -0.15 -5.7 1942.17 -4.39934 1944.04

1893.25 -3.49 1930.98 -0.36 -5.8 1942.33 -4.33257 1943.96
1893.083 -3.02 1930.9 -0.88 -6.31 1942.5 -4.28127 1943.88
1892.917 -3.3 1930.75 -0.93 -6.81 1942.67 -4.24113 1943.79

1892.75 -3.8 1930.68 -1 -6.58 1942.83 -4.22913 1943.71
1892.583 -3.78 1930.61 -1.22 -6.49 1943 -4.22621 1943.63
1892.417 -3.36 1930.54 -0.83 -6.52 1943.17 -4.21568 1943.54

1892.25 -2.89 1930.46 -0.35 -6.42 1943.33 -4.19691 1943.46
1892.083 -3.02 1930.39 0.13 -6.25 1943.5 -4.17605 1943.38
1891.917 -3.64 1930.32 0.23 -5.9 1943.67 -4.15499 1943.29

1891.75 -3.77 1930.25 -0.01 -5.94 1943.83 -4.19913 1943.21
1891.583 -3.94 1930.18 0.17 -5.58 1944 -4.2814 1943.13
1891.417 -3.73 1930.11 0.11 -5.42 1944.17 -4.35467 1943.04

1891.25 -3.59 1930.04 0.02 -5.6 1944.33 -4.32155 1942.96
1891.083 -3.06 1929.96 -0.22 -6.04 1944.5 -4.25419 1942.88
1890.917 -3.28 1929.89 -0.4 -6.3 1944.67 -4.2294 1942.79

1890.75 -3.75 1929.75 -0.55 -6.47 1944.83 -4.28602 1942.71
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.719 1990.267 6.58E-06 1948.17 9.4 26.34 -0.17 1896.41667 -3.381595669 -3.93356839 1898.125 -0.35 -5.03 8.84678
-4.903 1990.256 6.51E-06 1948.09 9.41 26.18 -0.17 1896.25 -3.102958168 -3.935622022 1897.958 -0.34 -4.72 8.94151
-4.853 1990.245 6.75E-06 1948 9.43 26.02 -0.18 1896.08333 -2.578745838 -4.194575154 1897.791 -0.43 -4.44 9.01619
-4.884 1990.233 6.71E-06 1947.92 9.44 25.85 -0.18 1895.91667 -2.460085243 -4.043630339 1897.625 -0.62 -4.21 9.1165
-4.663 1990.222 6.68E-06 1947.84 9.5 25.17 -0.19 1895.75 -2.581257347 -3.759376509 1897.458 -1 -4.22 9.05367
-4.672 1990.211 6.17E-06 1947.75 9.56 24.36 -0.19 1895.58333 -2.869240559 -3.735127772 1897.291 -0.61 -4.55 8.97538
-4.696 1990.199 6.39E-06 1947.67 9.65 23.3 -0.19 1895.41667 -3.259386007 -3.948774741 1897.125 -0.31 -4.76 8.89736
-4.663 1990.188 7.09E-06 1947.59 9.58 24.15 -0.2 1895.25 -2.851246447 -4.026340934 1896.958 -0.37 -4.65 8.93763

-4.56 1990.177 7.11E-06 1947.5 9.51 24.96 -0.2 1895.08333 -2.002523651 -3.707431302 1896.791 -0.76 -4.32 9.05993
-4.546 1990.166 7.04E-06 1947.42 9.39 26.48 -0.2 1894.91667 -2.881471368 -3.762905679 1896.625 -1.39 -4.14 9.10384
-4.474 1990.154 6.76E-06 1947.34 9.3 27.56 -0.2 1894.75 -2.971312951 -3.509746534 1896.458 -0.89 -4.65 8.90968

-4.51 1990.143 0.000006 1947.25 9.32 27.3 -0.21 1894.58333 -3.516687693 -4.002810515 1896.291 -0.61 -4.84 8.88098
-4.536 1990.132 5.4E-06 1947.17 9.3 27.55 -0.21 1894.41667 -3.152851878 -4.152852656 1896.125 -0.53 -4.71 8.8575
-4.748 1990.12 5.06E-06 1947.09 9.36 26.84 -0.21 1894.25 -2.83392615 -4.170039672 1895.958 -0.54 -4.32 9.16816
-4.864 1990.109 4.56E-06 1947 9.43 26.02 -0.21 1894.08333 -2.570804865 -4.039072644 1895.791 -0.7 -4.06 9.06975
-4.869 1990.098 4.62E-06 1946.92 9.5 25.09 -0.22 1893.91667 -2.608237831 -3.950438877 1895.625 -1.01 -3.95 9.30154
-4.773 1990.086 4.65E-06 1946.84 9.54 24.59 -0.22 1893.75 -2.451903031 -3.529271459 1895.458 -0.45 -4.3 9.10114
-4.718 1990.075 4.71E-06 1946.75 9.58 24.17 -0.22 1893.58333 -2.759720409 -3.833587895 1895.291 -0.71 -3.97 8.90608
-4.751 1990.064 4.9E-06 1946.67 9.61 23.79 -0.23 1893.41667 -3.243450189 -3.795171719 1895.125 -0.35 -4.88 8.88239
-4.713 1990.053 4.96E-06 1946.59 9.57 24.3 -0.23 1893.25 -2.816153403 -3.974057732 1894.958 -0.76 -4.73 8.99882
-4.614 1990.041 4.94E-06 1946.5 9.51 24.94 -0.24 1893.08333 -2.44892504 -4.183156385 1894.791 -0.78 -4.35 9.10387
-4.534 1990.03 5.09E-06 1946.42 9.35 26.95 -0.24 1892.91667 -2.237418036 -3.886425517 1894.625 -0.56 -4.14 9.16214
-4.443 1990.019 5.37E-06 1946.34 9.3 27.61 -0.25 1892.75 -2.87498422 -3.496710776 1894.458 -0.57 -4.77 9.07065
-4.518 1990.007 5.18E-06 1946.25 9.3 27.53 -0.25 1892.58333 -3.165885262 -3.580201276 1894.291 -0.59 -5.13 8.83943

-4.69 1989.996 5.12E-06 1946.17 9.29 27.69 -0.26 1892.41667 -2.84748034 -3.73566913 1894.125 -0.5 -5.05 8.77989
-4.865 1989.985 5.29E-06 1946.09 9.33 27.19 -0.27 1892.25 -2.628052933 -3.831402329 1893.958 -0.42 -4.77 9.09823
-4.804 1989.973 5.37E-06 1946 9.41 26.26 -0.28 1892.08333 -2.505932568 -3.874766557 1893.791 -0.49 -4.58 9.12949
-4.777 1989.962 5.33E-06 1945.92 9.47 25.46 -0.29 1891.91667 -2.119191824 -3.922319493 1893.625 -0.64 -4.33 9.13836
-4.746 1989.951 5.46E-06 1945.84 9.49 25.26 -0.3 1891.75 -2.568036366 -3.57760463 1893.458 -0.41 -4.42 9.04993
-4.738 1989.939 5.46E-06 1945.75 9.55 24.57 -0.31 1891.58333 -2.984971087 -3.747192688 1893.291 -0.15 -4.72 8.96717
-4.701 1989.928 5.59E-06 1945.67 9.62 23.67 -0.32 1891.41667 -3.115737639 -4.113966526 1893.125 -0.12 -4.91 8.81607
-4.646 1989.917 5.48E-06 1945.59 9.55 24.56 -0.33 1891.25 -2.529426005 -3.973860217 1892.958 -0.19 -4.77 9.01479
-4.597 1989.906 5.49E-06 1945.5 9.51 25 -0.34 1891.08333 -2.353917276 -3.85555111 1892.791 -0.21 -4.35 9.13753
-4.507 1989.894 5.47E-06 1945.42 9.44 25.91 -0.35 1890.91667 -2.318693894 -3.68791349 1892.625 -0.4 -4.05 9.17557
-4.386 1989.883 5.51E-06 1945.34 9.3 27.6 -0.37 1890.75 -3.097498836 -3.6729736 1892.458 -0.55 -4.38 9.05703
-4.428 1989.872 5.24E-06 1945.25 9.24 28.28 -0.38 1890.58333 -3.612557102 -4.074183234 1892.291 -0.52 -4.64 8.92556
-4.712 1989.86 5.05E-06 1945.17 9.28 27.85 -0.4 1890.41667 -3.012237623 -4.252941713 1892.125 -0.29 -4.77 8.86298
-4.858 1989.849 5.09E-06 1945.09 9.35 26.91 -0.41 1890.25 -2.519577863 -4.018438594 1891.958 -0.22 -4.69 8.99829
-4.795 1989.838 4.73E-06 1945 9.46 25.57 -0.42 1890.08333 -2.479470136 -3.920907619 1891.791 -0.46 -4.42 9.10883
-4.737 1989.826 4.72E-06 1944.92 9.62 23.68 -0.44 1889.91667 -2.256635826 -3.746408575 1891.625 -0.38 -4.1 9.20704

-4.76 1989.815 4.66E-06 1944.84 9.71 22.61 -0.45 1889.75 -2.913503569 -3.538474264 1891.458 -0.53 -4.22
-4.768 1989.804 4.76E-06 1944.75 9.63 23.49 -0.47 1889.58333 -3.279796443 -3.612289499 1891.291 -0.32 -4.69
-4.716 1989.792 4.49E-06 1944.67 9.69 22.82 -0.48 1889.41667 -2.983436703 -3.888180651 1891.125 -0.41 -5.09
-4.667 1989.781 3.94E-06 1944.59 9.59 24.07 -0.5 1889.25 -2.79315985 -4.075774688 1890.958 -0.48 -4.84
-4.615 1989.77 3.87E-06 1944.5 9.53 24.77 -0.51 1889.08333 -1.99369361 -4.04038871 1890.791 -0.56 -4.54
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1890.583 -3.94 1929.67 -0.77 -6.23 1945 -4.29892 1942.63
1890.417 -3.7 1929.6 -0.76 -6.29 1945.17 -4.39298 1942.54

1890.25 -3.27 1929.52 -0.9 -6.58 1945.33 -4.43119 1942.46
1890.083 -3.05 1929.44 -1.03 -6.3 1945.5 -4.41689 1942.38
1889.917 -3.46 1929.37 -0.4 -6.16 1945.67 -4.40447 1942.29

1889.75 -3.58 1929.29 -0.18 -5.92 1945.83 -4.28036 1942.21
1889.583 -3.75 1929.21 -0.16 -5.58 1946 -4.32306 1942.13
1889.417 -3.77 1929.13 0.03 -5.6 1946.17 -4.41629 1942.04

1889.25 -3.6 1929.06 -0.44 -5.78 1946.33 -4.43053 1941.96
1889.083 -3.19 1928.98 -0.37 -6.2 1946.5 -4.43632 1941.88
1888.917 -3.39 1928.9 -0.66 -6.47 1946.67 -4.46972 1941.79

1888.75 -3.8 1928.75 -0.77 -6.41 1946.83 -4.51313 1941.71
1888.583 -3.85 1928.68 -0.73 -6.44 1947 -4.60436 1941.63
1888.417 -3.75 1928.61 -0.88 -6.49 1947.17 -4.56118 1941.54

1888.25 -3.43 1928.54 -0.56 -6.29 1947.33 -4.51154 1941.46
1888.083 -3.14 1928.46 -0.36 -6.33 1947.5 -4.46601 1941.38
1887.917 -3.23 1928.39 -0.46 -6.16 1947.67 -4.36842 1941.29

1887.75 -3.79 1928.32 -0.33 -5.78 1947.83 -4.4574 1941.21
1887.583 -3.79 1928.25 -0.12 -5.42 1948 -4.52191 1941.13
1887.417 -3.48 1928.18 -0.15 -5.49 1948.17 -4.71797 1941.04

1887.25 -3.18 1928.11 -0.39 -5.78 1948.33 -4.78599 1940.96
1887.083 -3.05 1928.04 -0.55 -5.68 1948.5 -4.72948 1940.88
1886.917 -3.46 1927.96 -0.75 -5.93 1948.67 -4.50501 1940.79

1886.75 -3.85 1927.89 -0.67 -6.32 1948.83 -4.51022 1940.71
1886.583 -3.65 1927.75 -0.74 -6.58 1949 -4.60829 1940.63
1886.417 -3.31 1927.68 -0.65 -6.1 1949.17 -4.52997 1940.54

1886.25 -3.15 1927.61 0.01 -5.93 1949.33 -4.51779 1940.46
1886.083 -3.16 1927.54 0.26 -5.85 1949.5 -4.51324 1940.38
1885.917 -3.52 1927.46 0.28 -5.81 1949.67 -4.50199 1940.29

1885.75 -3.67 1927.39 0.04 -5.81 1949.83 -4.4557 1940.21
1885.583 -3.8 1927.32 0.13 -5.66 1950 -4.3685 1940.13
1885.417 -3.61 1927.25 0.22 -5.46 1950.17 -4.30782 1940.04

1885.25 -3.21 1927.18 0.03 -5.73 1950.33 -4.33212 1939.96
1885.083 -2.98 1927.11 -0.18 -5.87 1950.5 -4.34841 1939.88
1884.917 -3.25 1927.04 -0.47 -6.26 1950.67 -4.3784 1939.79

1884.75 -3.36 1926.96 -0.66 -6.36 1950.83 -4.40113 1939.71
1884.583 -3.57 1926.89 -0.17 -6.34 1951 -4.4598 1939.63
1884.417 -3.18 1926.75 -0.35 -6.46 1951.17 -4.45907 1939.54

1884.25 -3.07 1926.66 -0.36 -6.31 1951.33 -4.50579 1939.46
1884.083 -2.94 1926.57 -0.06 -6.11 1951.5 -4.60617 1939.38
1883.917 -3.33 1926.48 0.16 -5.88 1951.67 -4.71883 1939.29

1883.75 -3.61 1926.39 0.12 -5.82 1951.83 -4.70306 1939.21
1883.583 -3.35 1926.3 0.41 -5.54 1952 -4.69031 1939.13
1883.417 -3.21 1926.2 1.23 -5.1 1952.17 -4.59254 1939.04

1883.25 -2.84 1926.11 0.57 -5.35 1952.33 -4.45962 1938.96
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.498 1989.759 3.83E-06 1944.42 9.46 25.59 -0.52 1888.91667 -2.474159003 -3.928120478 1890.625 -0.64 -4.25 9.2782
-4.408 1989.747 3.95E-06 1944.34 9.34 27.08 -0.54 1888.75 -2.778052301 -3.394963404 1890.458 -0.19 -4.58 9.14449
-4.696 1989.736 3.93E-06 1944.25 9.32 27.36 -0.55 1888.58333 -2.885010884 -3.638699711 1890.291 0.07 -4.89 9.01077
-4.959 1989.725 3.87E-06 1944.17 9.37 26.7 -0.57 1888.41667 -2.915818101 -3.815003423 1890.125 -0.02 -4.76 8.94106
-5.102 1989.713 4.39E-06 1944.09 9.54 24.68 -0.58 1888.25 -2.363267286 -4.21594582 1889.958 -0.3 -4.46 9.01496
-5.092 1989.702 3.88E-06 1944 9.56 24.34 -0.59 1888.08333 -2.268304755 -4.189156633 1889.791 -0.49 -4.32 9.08887
-5.077 1989.691 4.02E-06 1943.92 9.58 24.14 -0.61 1887.91667 -2.294570007 -3.801195569 1889.625 -0.52 -4.08 9.16277
-4.988 1989.679 4.18E-06 1943.84 9.6 23.94 -0.62 1887.75 -2.949416968 -3.500210107 1889.458 -0.26 -4.7 9.13483
-4.901 1989.668 4.35E-06 1943.75 9.61 23.74 -0.63 1887.58333 -2.876418187 -3.629948772 1889.291 -0.34 -5.03 8.97284
-4.902 1989.657 4.65E-06 1943.67 9.63 23.55 -0.65 1887.41667 -2.766462383 -3.820974276 1889.125 -0.57 -4.84 8.90942
-4.856 1989.645 4.74E-06 1943.59 9.49 25.23 -0.66 1887.25 -2.452142713 -3.887478527 1888.958 -0.63 -4.41 9.07359
-4.756 1989.634 4.54E-06 1943.5 9.45 25.68 -0.67 1887.08333 -2.148454971 -3.951231829 1888.791 -0.43 -4.14 9.17935
-4.732 1989.623 4.31E-06 1943.42 9.46 25.65 -0.68 1886.91667 -2.578212991 -3.71572864 1888.625 -0.45 -4.1 9.22669

-4.69 1989.612 4.42E-06 1943.34 9.45 25.76 -0.7 1886.75 -3.099818231 -3.524591702 1888.458 -0.47 -4.54 9.07749
-4.78 1989.6 4.32E-06 1943.25 9.39 26.42 -0.71 1886.58333 -3.167596344 -3.651175014 1888.291 -0.3 -5 9.04932

-4.792 1989.589 4.24E-06 1943.17 9.37 26.7 -0.72 1886.41667 -2.93121696 -3.81232418 1888.125 -0.32 -5.02 8.89724
-4.797 1989.578 4.53E-06 1943.09 9.4 26.31 -0.74 1886.25 -2.282404563 -3.819567661 1887.958 -0.33 -4.71 8.94524
-4.773 1989.566 4.94E-06 1943 9.39 26.48 -0.75 1886.08333 -2.667231874 -4.006608874 1887.791 -0.18 -4.39 9.06301
-4.721 1989.555 4.99E-06 1942.92 9.4 26.4 -0.77 1885.91667 -2.92097591 -3.913878529 1887.625 -0.43 -4.06 9.25058
-4.797 1989.538 4.95E-06 1942.84 9.5 25.19 -0.78 1885.75 -3.110077987 -3.614917053 1887.458 -0.54 -4.18 9.16436
-4.768 1989.522 5.24E-06 1942.75 9.59 24.07 -0.8 1885.58333 -3.058296278 -3.782506364 1887.291 -0.16 -4.71 9.09969
-4.725 1989.505 5.36E-06 1942.67 9.6 23.91 -0.81 1885.41667 -3.165205798 -3.934144133 1887.125 -0.15 -5.03 8.93756
-4.686 1989.488 5.1E-06 1942.59 9.57 24.32 -0.82 1885.25 -2.635150017 -3.976976237 1886.958 -0.39 -4.92 8.95647
-4.646 1989.472 5.37E-06 1942.5 9.48 25.33 -0.84 1885.08333 -2.172087485 -3.836847272 1886.791 -0.51 -4.51 9.14077
-4.606 1989.455 6.28E-06 1942.42 9.43 26.02 -0.85 1884.91667 -2.856374693 -3.801501787 1886.625 -0.6 -4.12 9.22204
-4.597 1989.438 6.91E-06 1942.34 9.39 26.52 -0.87 1884.75 -3.093340142 -3.597674378 1886.458 -0.37 -4.33 9.11496

-4.74 1989.422 7.34E-06 1942.25 9.35 26.89 -0.88 1884.58333 -2.823059479 -3.752034592 1886.291 -0.4 -4.81 9.01803
-4.844 1989.405 7.31E-06 1942.17 9.35 26.93 -0.9 1884.41667 -3.166059543 -3.95774415 1886.125 0.44 -5.01 8.92474
-4.917 1989.388 6.73E-06 1942.09 9.41 26.18 -0.91 1884.25 -2.529587236 -3.98649948 1885.958 -0.53 -4.68 8.99946
-4.973 1989.372 5.91E-06 1942 9.53 24.8 -0.92 1884.08333 -2.159153015 -4.061903558 1885.791 -0.21 -4.12 9.15092

-4.95 1989.355 5.56E-06 1941.92 9.6 23.96 -0.94 1883.91667 -1.994461767 -3.81280653 1885.625 -0.63 -4.04 9.37912
-4.851 1989.338 5.27E-06 1941.84 9.64 23.45 -0.95 1883.75 -2.422376548 -3.498861143 1885.458 -0.67 -4.89 9.13086
-4.788 1989.322 5.16E-06 1941.75 9.66 23.18 -0.96 1883.58333 -3.043174864 -3.628110388 1885.291 -0.35 -5.19 8.94225
-4.725 1989.305 5.38E-06 1941.67 9.7 22.69 -0.97 1883.41667 -3.054144097 -3.791335756 1885.125 -0.32 -4.82 8.81328
-4.697 1989.288 4.96E-06 1941.59 9.69 22.78 -0.98 1883.25 -2.618772082 -3.8521786 1884.958 -0.48 -4.74 8.90665
-4.631 1989.272 4.89E-06 1941.5 9.56 24.44 -0.99 1883.08333 -2.385670147 -4.101839099 1884.791 -0.53 -4.38 9.11241
-4.544 1989.255 4.88E-06 1941.42 9.49 25.2 -0.99 1882.91667 -2.079108428 -3.997584388 1884.625 -0.76 -4 9.19776
-4.492 1989.238 5.18E-06 1941.34 9.51 25.01 -1 1882.75 -2.139166899 -3.671036875 1884.458 -0.48 -4.36 9.03477
-4.522 1989.222 5.43E-06 1941.25 9.45 25.73 -1 1882.58333 -3.066093259 -3.611761461 1884.291 -0.35 -4.75 8.98583

-4.79 1989.205 5.46E-06 1941.17 9.5 25.14 -1 1882.41667 -2.775700028 -3.911484594 1884.125 -0.19 -4.83 8.9369
-4.985 1989.188 5.59E-06 1941.09 9.6 23.86 -1 1882.25 -2.563978368 -4.149980708 1883.958 -0.11 -4.66 9.07033
-4.905 1989.172 5.54E-06 1941 9.66 23.19 -1 1882.08333 -2.313314904 -4.101206554 1883.791 -0.23 -4.39 9.17029
-4.822 1989.155 5.45E-06 1940.92 9.62 23.71 -1 1881.91667 -2.426286631 -3.908543799 1883.625 -0.42 -4 9.23679
-4.691 1989.138 5.12E-06 1940.84 9.64 23.41 -1 1881.75 -3.298951992 -3.757040491 1883.458 -0.25 -4.02 9.08212
-4.756 1989.122 5.16E-06 1940.75 9.65 23.26 -1 1881.58333 -2.964667862 -3.980341474 1883.291 -0.37 -4.48 8.95717

ABOR/MH/Priv-003008

CONFIDENTIAL -  
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1883.083 -2.74 1926.02 -0.06 -5.96 1952.5 -4.38 1938.88
1882.917 -3.06 1925.93 -0.83 -6.39 1952.67 -4.40689 1938.79

1882.75 -3.32 1925.75 -1.11 -6.41 1952.83 -4.44145 1938.71
1882.583 -3.58 1925.67 -0.81 -6.15 1953 -4.6338 1938.63
1882.417 -3.91 1925.6 -0.47 -5.93 1953.17 -4.61898 1938.54

1882.25 -3.44 1925.52 -0.46 -6.08 1953.33 -4.51183 1938.46
1882.083 -2.95 1925.44 -0.22 -5.89 1953.5 -4.55015 1938.38
1881.917 -3.04 1925.37 -0.15 -5.68 1953.67 -4.6624 1938.29

1881.75 -3.45 1925.29 0.22 -5.46 1953.83 -4.65338 1938.21
1881.583 -3.72 1925.21 0.37 -5.23 1954 -4.5838 1938.13
1881.417 -3.93 1925.13 0.35 -5.36 1954.17 -4.50843 1938.04

1881.25 -3.44 1925.06 0.26 -5.56 1954.33 -4.46736 1937.96
1881.083 -3.22 1924.98 0.33 -5.38 1954.5 -4.45488 1937.88
1880.917 -3.46 1924.9 0.01 -5.55 1954.67 -4.43423 1937.79

1880.75 -3.63 1924.75 -0.13 -5.84 1954.83 -4.38118 1937.71
1880.583 -3.78 1924.68 -0.22 -5.87 1955 -4.31888 1937.63
1880.417 -3.38 1924.62 0.14 -5.75 1955.17 -4.31303 1937.54

1880.25 -3.05 1924.55 0.16 -5.87 1955.33 -4.36878 1937.46
1880.083 -3.02 1924.48 0.35 -5.95 1955.5 -4.40844 1937.38
1879.917 -3.46 1924.42 -0.09 -5.96 1955.67 -4.33107 1937.29

1879.75 -3.72 1924.35 0.02 -5.82 1955.83 -4.28923 1937.21
1879.583 -3.83 1924.28 0 -5.32 1956 -4.19137 1937.13
1879.417 -3.68 1924.22 0.81 -5.23 1956.17 -4.23055 1937.04

1879.25 -3.42 1924.15 0.72 -5.25 1956.33 -4.2847 1936.96
1879.083 -3.06 1924.08 0.69 -5.31 1956.5 -4.2942 1936.88
1878.917 -3.23 1924.02 0.24 -5.54 1956.67 -4.32804 1936.79

1878.75 -3.63 1923.95 -0.11 -5.91 1956.83 -4.33817 1936.71
1878.583 -3.91 1923.88 -0.16 -6.16 1957 -4.34729 1936.63
1878.417 -3.67 1923.75 -0.26 -6.2 1957.17 -4.37074 1936.54

1878.25 -3.31 1923.67 -0.64 -5.9 1957.33 -4.43132 1936.46
1878.083 -2.93 1923.6 -0.41 -5.7 1957.5 -4.50668 1936.38
1877.917 -3.21 1923.52 -0.79 -6 1957.67 -4.55686 1936.29

1877.75 -3.57 1923.44 -0.17 -5.79 1957.83 -4.62202 1936.21
1877.583 -3.92 1923.37 0.09 -5.62 1958 -4.68658 1936.13
1877.417 -3.78 1923.29 0.35 -5.47 1958.17 -4.70107 1936.04

1877.25 -3.39 1923.21 0.66 -5.21 1958.33 -4.6139 1935.96
1877.083 -3.05 1923.13 0.47 -5.39 1958.5 -4.55752 1935.88
1876.917 -3.22 1923.06 0.51 -5.34 1958.67 -4.48949 1935.79

1876.75 -3.55 1922.98 0.21 -5.52 1958.83 -4.53299 1935.71
1876.583 -3.68 1922.9 -0.16 -6.15 1959 -4.63069 1935.63
1876.417 -3.5 1922.75 0.3 -7.13 1959.17 -4.61166 1935.54

1876.25 -3.07 1922.68 -0.43 -6.57 1959.33 -4.46681 1935.46
1876.083 -2.84 1922.61 -0.67 -6.62 1959.5 -4.33714 1935.38
1875.917 -3.18 1922.54 -0.14 -6.24 1959.67 -4.33593 1935.29

1875.75 -3.28 1922.46 0.5 -5.82 1959.83 -4.36098 1935.21

ABOR/MH/Priv-003009
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.727 1989.105 5.01E-06 1940.67 9.7 22.7 -0.99 1881.41667 -2.817048878 -4.311109623 1883.125 -0.14 -4.89 8.88136
-4.729 1989.088 4.94E-06 1940.59 9.61 23.79 -0.98 1881.25 -2.583078876 -4.090530903 1882.958 -0.39 -4.76 8.89447
-4.627 1989.072 5.12E-06 1940.5 9.59 24.04 -0.98 1881.08333 -2.088945699 -4.028666082 1882.791 -0.02 -4.48 9.10519
-4.563 1989.055 4.93E-06 1940.42 9.49 25.19 -0.97 1880.91667 -2.406534557 -3.878730404 1882.625 -0.17 -4.11 9.19992
-4.528 1989.038 4.99E-06 1940.34 9.44 25.89 -0.96 1880.75 -3.052299554 -3.753665296 1882.458 -0.3 -4.3 9.12936
-4.609 1989.022 4.82E-06 1940.25 9.41 26.27 -0.95 1880.58333 -3.651822936 -4.117941563 1882.291 -0.19 -4.8 9.0205
-4.725 1989.005 4.76E-06 1940.17 9.42 26.12 -0.94 1880.41667 -3.313170385 -4.167736001 1882.125 -0.27 -4.93 8.87334
-4.956 1988.988 4.83E-06 1940.09 9.43 25.94 -0.93 1880.25 -2.760604646 -4.287216046 1881.958 -0.59 -4.54 8.92998
-5.079 1988.972 4.61E-06 1940 9.43 25.95 -0.92 1880.08333 -2.366877972 -4.194957661 1881.791 -0.6 -4.13 9.13687
-4.969 1988.955 4.69E-06 1939.92 9.46 25.56 -0.91 1879.91667 -2.29734737 -4.162994346 1881.625 -0.7 -4.11 9.20785
-4.943 1988.938 0.000004 1939.84 9.49 25.19 -0.9 1879.75 -2.479881401 -3.860310966 1881.458 -0.59 -4.43 9.01484
-4.832 1988.358 0.000004 1939.75 9.58 24.12 -0.89 1879.58333 -3.041437133 -3.828737876 1881.291 -0.67 -4.97 8.89271
-4.773 1988.342 4.7E-06 1939.67 9.62 23.67 -0.88 1879.41667 -3.249419134 -4.322190406 1881.125 -0.45 -4.88 8.84147
-4.841 1988.326 4.92E-06 1939.59 9.58 24.11 -0.87 1879.25 -2.760062591 -4.539281211 1880.958 -0.69 -4.45 8.91868
-4.768 1988.31 4.86E-06 1939.5 9.58 24.15 -0.86 1879.08333 -2.69056989 -4.143114698 1880.791 -0.64 -4.21 9.07439
-4.624 1988.294 5.17E-06 1939.42 9.47 25.54 -0.85 1878.91667 -2.378491123 -3.77589856 1880.625 -0.94 -4.17 9.18855
-4.514 1988.278 5.31E-06 1939.34 9.4 26.32 -0.84 1878.75 -2.972795718 -3.629603508 1880.458 -0.36 -4.66 9.11306
-4.762 1988.263 5.52E-06 1939.25 9.32 27.34 -0.83 1878.58333 -3.38222564 -3.886041834 1880.291 -0.05 -5.09 8.93638
-5.035 1988.247 5.39E-06 1939.17 9.33 27.25 -0.82 1878.41667 -2.923601216 -3.821681667 1880.125 -0.02 -4.96 8.90842
-5.076 1988.231 6.35E-06 1939.09 9.38 26.59 -0.81 1878.25 -2.517027273 -4.087206941 1879.958 -0.49 -4.69 9.00169

-5.09 1988.215 6.89E-06 1939 9.44 25.85 -0.8 1878.08333 -2.427972735 -4.068970665 1879.791 -0.53 -4.18 9.13384
-4.996 1988.199 8.14E-06 1938.92 9.47 25.48 -0.8 1877.91667 -1.807193873 -3.982799031 1879.625 -0.6 -4.16 9.21289
-4.848 1988.183 6.75E-06 1938.84 9.51 25.01 -0.79 1877.75 -2.641319754 -3.710668799 1879.458 -0.34 -4.43 9.19322
-4.777 1988.168 6.15E-06 1938.75 9.56 24.4 -0.79 1877.58333 -3.222291168 -3.807808214 1879.291 -0.53 -4.79 9.03247
-4.778 1988.152 5.43E-06 1938.67 9.62 23.67 -0.78 1877.41667 -3.336115665 -4.024385198 1879.125 -0.59 -4.82 8.906
-4.764 1988.136 5.39E-06 1938.59 9.56 24.42 -0.78 1877.25 -2.898923686 -4.054243547 1878.958 -0.52 -4.59 9.03054

-4.73 1988.12 4.66E-06 1938.5 9.53 24.72 -0.77 1877.08333 -2.351509609 -3.992238279 1878.791 -0.52 -4.38 9.14098
-4.76 1988.104 4.62E-06 1938.42 9.51 24.96 -0.77 1876.91667 -1.916199395 -3.947394618 1878.625 -0.71 -4.22 9.15434

-4.576 1988.088 4.77E-06 1938.34 9.41 26.22 -0.76 1876.75 -2.126767779 -3.839993494 1878.458 -0.48 -4.32 9.08223
-4.626 1988.073 4.79E-06 1938.25 9.42 26.14 -0.76 1876.58333 -2.915754162 -3.864648224 1878.291 -0.31 -4.75 8.94855
-4.861 1988.057 4.73E-06 1938.17 9.39 26.5 -0.76 1876.41667 -3.051772353 -4.053995166 1878.125 -0.14 -4.95 8.9378
-5.114 1988.041 4.6E-06 1938.09 9.51 25 -0.76 1876.25 -2.407983145 -3.963841238 1877.958 -0.09 -4.77 9.07279
-5.113 1988.025 4.32E-06 1938 9.5 25.15 -0.75 1876.08333 -2.324440428 -4.240843591 1877.791 -0.2 -4.35 9.17962
-5.016 1988.009 4.32E-06 1937.92 9.58 24.1 -0.75 1875.91667 -2.297217596 -4.1405742 1877.625 -0.21 -4 9.25828
-4.885 1987.993 4.26E-06 1937.84 9.6 23.94 -0.75 1875.75 -2.394337089 -3.842203617 1877.458 -0.57 -4.04 9.19026
-4.766 1987.978 4.15E-06 1937.75 9.56 24.35 -0.75 1875.58333 -2.897864066 -3.86775677 1877.291 0.04 -4.65 9.08467
-4.742 1987.962 4.08E-06 1937.67 9.6 23.91 -0.75 1875.41667 -3.138996616 -4.125623132 1877.125 -0.46 -4.8 8.94149
-4.732 1987.946 4.15E-06 1937.59 9.52 24.91 -0.74 1875.25 -2.810760134 -4.230014021 1876.958 -0.39 -4.3 8.96382
-4.632 1987.93 4.13E-06 1937.5 9.46 25.64 -0.74 1875.08333 -2.508772965 -4.206635873 1876.791 -0.09 -4.1 9.06446
-4.549 1987.914 4.12E-06 1937.42 9.4 26.28 -0.74 1874.91667 -2.361323757 -4.120598935 1876.625 -0.29 -4.1 9.24342
-4.516 1987.898 3.97E-06 1937.34 9.38 26.54 -0.74 1874.75 -2.427364432 -3.819046344 1876.458 -0.07 -4.57 9.06429

-4.56 1987.883 3.96E-06 1937.25 9.36 26.87 -0.74 1874.58333 -2.878086414 -3.702469526 1876.291 0.17 -4.92 8.95806
-4.576 1987.867 4.11E-06 1937.17 9.37 26.67 -0.74 1874.41667 -3.064180626 -4.047092118 1876.125 0.04 -4.84 8.93279
-4.745 1987.851 3.86E-06 1937.09 9.44 25.84 -0.74 1874.25 -2.407552502 -4.306430623 1875.958 -0.21 -4.72 8.99752
-4.824 1987.835 0.000004 1937 9.51 25.01 -0.74 1874.08333 -2.291676068 -4.238459816 1875.791 -0.13 -4.47 9.25547

ABOR/MH/Priv-003010
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1875.583 -3.38 1922.39 0.45 -5.4 1960 -4.37203 1935.13
1875.417 -3.8 1922.32 0.59 -5.13 1960.17 -4.37317 1935.04

1875.25 -3.48 1922.25 0.33 -5.05 1960.33 -4.37629 1934.96
1875.083 -3.05 1922.18 0.24 -5.05 1960.5 -4.37919 1934.88
1874.917 -3.3 1922.11 0.02 -5.3 1960.67 -4.37446 1934.79

1874.75 -3.48 1922.04 0.36 -5.67 1960.83 -4.35634 1934.71
1874.583 -3.52 1921.96 0.08 -5.54 1961 -4.31974 1934.63
1874.417 -3.61 1921.89 0.07 -5.44 1961.17 -4.58151 1934.54

1874.25 -3.13 1921.75 0.06 -6.18 1961.33 -4.57774 1934.46
1874.083 -2.75 1921.64 0.56 -5.64 1961.5 -4.53625 1934.38
1873.917 -3.1 1921.53 0.48 -5.41 1961.67 -4.54938 1934.29

1873.75 -3.55 1921.42 0.71 -5.26 1961.83 -4.44658 1934.21
1873.583 -3.74 1921.31 0.45 -5.13 1962 -4.3274 1934.13
1873.417 -3.58 1921.19 0.39 -5.32 1962.17 -4.3409 1934.04

1873.25 -3.19 1921.08 0.24 -5.78 1962.33 -4.39321 1933.96
1873.083 -2.96 1920.97 -0.11 -5.71 1962.5 -4.44248 1933.88
1872.917 -3.44 1920.75 -0.43 -6.08 1962.67 -4.38103 1933.79

1872.75 -3.77 1920.68 -0.26 -6.06 1962.83 -4.30995 1933.71
1872.583 -3.75 1920.62 -0.02 -5.5 1963 -4.20935 1933.63
1872.417 -3.48 1920.55 0.49 -5.44 1963.17 -4.22702 1933.54

1872.25 -3.24 1920.48 0.4 -5.38 1963.33 -4.28852 1933.46
1872.083 -3.14 1920.42 0.16 -5.74 1963.5 -4.31739 1933.38
1871.917 -3.3 1920.35 0.35 -5.5 1963.67 -4.38388 1933.29

1871.75 -3.57 1920.28 0.68 -5.55 1963.83 -4.46081 1933.21
1871.583 -3.7 1920.22 0.6 -5.35 1964 -4.5184 1933.13
1871.417 -3.51 1920.15 0.53 -5.68 1964.17 -4.46597 1933.04

1871.25 -3.21 1920.08 0.21 -5.9 1964.33 -4.35402 1932.96
1871.083 -3.01 1920.02 -0.22 -6.1 1964.5 -4.21818 1932.88
1870.917 -3.35 1919.95 -0.57 -6.41 1964.67 -4.29895 1932.79

1870.75 -3.6 1919.88 -0.45 -6.34 1964.83 -4.39911 1932.71
1870.583 -3.88 1919.75 0.19 -6.36 1965 -4.51386 1932.63
1870.417 -3.75 1919.67 -0.19 -6.13 1965.17 -4.5268 1932.54

1870.25 -3.24 1919.58 -0.05 -6.02 1965.33 -4.54758 1932.46
1870.083 -3.11 1919.5 -0.09 -5.93 1965.5 -4.66677 1932.38
1869.917 -3.32 1919.42 0.4 -5.71 1965.67 -4.93675 1932.29

1869.75 -3.74 1919.33 0.16 -5.31 1965.83 -5.07253 1932.21
1869.583 -4.01 1919.25 0.04 -5.59 1966 -4.99247 1932.13
1869.417 -3.58 1919.17 0.14 -5.41 1966.17 -4.77681 1932.04

1869.25 -3.12 1919.08 0.35 -5.52 1966.33 -4.59338 1931.96
1869.083 -2.98 1919 -0.23 -6.09 1966.5 -4.55815 1931.88
1868.917 -3.49 1918.92 0.02 -6.24 1966.67 -4.55959 1931.79

1868.75 -3.82 1918.75 -0.27 -6.33 1966.83 -4.54207 1931.71
1868.583 -3.79 1918.66 0 -6.24 1967 -4.41701 1931.63
1868.417 -3.67 1918.57 -0.16 -6.33 1967.17 -4.4155 1931.54

1868.25 -3.28 1918.48 -0.21 -5.99 1967.33 -4.43723 1931.46

ABOR/MH/Priv-003011

CONFIDENTIAL -  
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.893 1987.819 4.08E-06 1936.92 9.58 24.12 -0.73 1873.91667 -2.111319818 -4.049594351 1875.625 -0.3 -3.9 9.2583
-4.826 1987.803 4.07E-06 1936.84 9.62 23.67 -0.73 1873.75 -2.881217394 -3.799543243 1875.458 -0.71 -4.61 9.06154
-4.779 1987.788 4.04E-06 1936.75 9.64 23.37 -0.73 1873.58333 -2.994800938 -3.868721989 1875.291 0 -5.11 8.95362
-4.743 1987.772 4.24E-06 1936.67 9.69 22.82 -0.73 1873.41667 -3.069570692 -4.315221226 1875.125 -0.28 -4.93 8.93454
-4.789 1987.756 4.06E-06 1936.59 9.65 23.3 -0.73 1873.25 -2.459420878 -4.419339087 1874.958 -0.11 -4.5 8.99141
-4.716 1987.74 4.29E-06 1936.5 9.63 23.49 -0.72 1873.08333 -2.178411158 -4.410941951 1874.791 -0.45 -4.3 9.12291
-4.651 1987.724 4.22E-06 1936.42 9.57 24.27 -0.72 1872.91667 -1.971601616 -4.239799144 1874.625 -0.67 -4.3 9.30345
-4.563 1987.708 4.14E-06 1936.34 9.51 24.96 -0.71 1872.75 -2.465889161 -3.868391171 1874.458 -0.26 -4.87 9.06095
-4.596 1987.693 3.95E-06 1936.25 9.39 26.45 -0.71 1872.58333 -2.944982139 -3.943235875 1874.291 -0.04 -5.12 8.93267
-4.648 1987.677 3.98E-06 1936.17 9.37 26.77 -0.71 1872.41667 -3.209073301 -4.138514187 1874.125 0.01 -5.07 8.91861
-4.693 1987.661 4.16E-06 1936.09 9.37 26.7 -0.7 1872.25 -2.787701949 -4.153518879 1873.958 -0.23 -4.8 9.00572
-4.706 1987.645 4.05E-06 1936 9.4 26.36 -0.7 1872.08333 -2.658778892 -4.182390739 1873.791 -0.31 -4.5 9.15323
-4.697 1987.629 4.14E-06 1935.92 9.43 25.95 -0.69 1871.91667 -2.336667479 -3.889927153 1873.625 -0.23 -4.15 9.29698
-4.653 1987.613 4.16E-06 1935.84 9.43 25.95 -0.69 1871.75 -2.562563036 -3.755413939 1873.458 -0.07 -4.47 9.13522
-4.482 1987.598 4.14E-06 1935.75 9.47 25.51 -0.68 1871.58333 -2.828662838 -3.836832611 1873.291 -0.03 -4.67 9.17883
-4.544 1987.582 4.16E-06 1935.67 9.56 24.4 -0.68 1871.41667 -3.139820371 -4.012648224 1873.125 0.04 -4.82 9.09511
-4.569 1987.566 4.17E-06 1935.59 9.52 24.84 -0.67 1871.25 -2.705366707 -4.030110582 1872.958 -0.02 -4.73 9.13419
-4.591 1987.55 4.22E-06 1935.5 9.51 24.96 -0.67 1871.08333 -2.141751726 -4.064109677 1872.791 -0.26 -4.37 9.17327
-4.542 1987.533 4.23E-06 1935.42 9.53 24.8 -0.66 1870.91667 -2.030028308 -4.05422782 1872.625 -0.31 -4.12 9.21235

-4.51 1987.516 4.17E-06 1935.34 9.46 25.58 -0.66 1870.75 -2.578434882 -3.749987562 1872.458 -0.71 -4.44 9.1793
-4.593 1987.499 4.08E-06 1935.25 9.44 25.8 -0.65 1870.58333 -3.101048323 -3.870817469 1872.291 -0.52 -4.79 9.05116

-4.8 1987.483 4.09E-06 1935.17 9.42 26.06 -0.64 1870.41667 -2.738209164 -4.243459479 1872.125 -0.21 -4.91 8.82793
-4.962 1987.466 4.09E-06 1935.09 9.47 25.54 -0.64 1870.25 -2.678946935 -4.190238011 1871.958 -0.03 -4.69 8.89264
-5.074 1987.449 4.1E-06 1935 9.53 24.72 -0.63 1870.08333 -2.398774467 -3.932497716 1871.791 -0.08 -4.28 9.0508
-4.924 1987.432 4.08E-06 1934.92 9.57 24.22 -0.62 1869.91667 -2.334185153 -3.950188358 1871.625 -0.59 -4.28 9.2482
-4.893 1987.415 4.24E-06 1934.84 9.54 24.68 -0.62 1869.75 -2.625909875 -3.713184707 1871.458 -0.48 -4.6 9.18308
-4.818 1987.398 4.03E-06 1934.75 9.64 23.47 -0.61 1869.58333 -3.15623713 -3.785765252 1871.291 -0.21 -5.08 8.98916
-4.685 1987.381 4.07E-06 1934.67 9.71 22.57 -0.6 1869.41667 -2.814897044 -3.918396694 1871.125 0.23 -5.13 8.87804
-4.573 1987.364 4.02E-06 1934.59 9.61 23.83 -0.59 1869.25 -2.349876352 -4.049248598 1870.958 -0.14 -4.82 8.90281
-4.484 1987.348 3.96E-06 1934.5 9.53 24.79 -0.58 1869.08333 -2.09229438 -4.076605375 1870.791 0.19 -4.4 8.97387
-4.383 1987.331 3.95E-06 1934.42 9.5 25.16 -0.57 1868.91667 -2.296852392 -3.872470254 1870.625 -0.25 -4.12 9.24025
-4.297 1987.314 4.07E-06 1934.34 9.41 26.18 -0.56 1868.75 -2.974854229 -3.808056849 1870.458 -0.56 -4.42 9.12338
-4.437 1987.297 4.06E-06 1934.25 9.35 26.92 -0.55 1868.58333 -2.456211928 -4.117662808 1870.291 -0.39 -4.89 9.00269

-4.61 1987.28 4.13E-06 1934.17 9.34 27.07 -0.54 1868.41667 -2.94265159 -4.130900518 1870.125 0.02 -5.17 8.92955
-4.778 1987.263 4.26E-06 1934.09 9.39 26.45 -0.53 1868.25 -2.475663914 -4.210115592 1869.958 -0.25 -4.46 9.08223
-4.777 1987.246 4.1E-06 1934 9.43 25.96 -0.52 1868.08333 -2.282124148 -4.231606577 1869.791 -0.13 -4.27 9.18342
-4.705 1987.23 4.2E-06 1933.92 9.43 25.95 -0.51 1867.91667 -2.37809514 -4.179868069 1869.625 -0.59 -4.08 9.23314
-4.692 1987.213 3.99E-06 1933.84 9.49 25.21 -0.5 1867.75 -2.598315184 -3.659460166 1869.458 -0.2 -4.47 9.20105
-4.719 1987.196 3.95E-06 1933.75 9.58 24.19 -0.49 1867.58333 -2.718413019 -3.741640942 1869.291 -0.13 -4.67 9.12113
-4.741 1987.179 4.07E-06 1933.67 9.62 23.67 -0.48 1867.41667 -3.039731181 -3.699201047 1869.125 -0.37 -4.67 8.9934
-4.718 1987.162 4.31E-06 1933.59 9.6 23.9 -0.47 1867.25 -3.19500539 -3.916950087 1868.958 -0.28 -4.54 9.0086
-4.663 1987.145 4.31E-06 1933.5 9.55 24.49 -0.46 1867.08333 -2.728832027 -3.987850809 1868.791 -0.17 -4.36 9.1798
-4.589 1987.128 4.47E-06 1933.42 9.53 24.76 -0.45 1866.91667 -2.360832454 -3.927254631 1868.625 -0.02 -4.13 9.29728
-4.502 1987.112 4.33E-06 1933.34 9.45 25.76 -0.45 1866.75 -2.423249194 -3.544332079 1868.458 -0.29 -4.28 9.09882
-4.677 1987.095 4.22E-06 1933.25 9.42 26.09 -0.44 1866.58333 -2.722976789 -3.662996504 1868.291 -0.1 -4.65 8.98041
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1868.083 -2.99 1918.39 0.3 -5.7 1967.5 -4.4248 1931.38
1867.917 -3.18 1918.3 0.84 -5.57 1967.67 -4.41149 1931.29

1867.75 -3.36 1918.2 0.28 -5.47 1967.83 -4.45263 1931.21
1867.583 -3.73 1918.11 -0.15 -5.45 1968 -4.57354 1931.13
1867.417 -3.84 1918.02 -0.25 -6.03 1968.17 -4.56987 1931.04

1867.25 -3.46 1917.93 -0.33 -6.22 1968.33 -4.50444 1930.96
1867.083 -3.14 1917.75 -0.59 -6.29 1968.5 -4.4425 1930.88
1866.917 -3.53 1917.65 -0.82 -5.97 1968.67 -4.41485 1930.79

1866.75 -3.75 1917.55 -0.23 -5.68 1968.83 -4.46804 1930.71
1866.583 -3.82 1917.45 0.02 -5.76 1969 -4.63696 1930.63
1866.417 -3.57 1917.35 0.36 -5.57 1969.17 -4.77229 1930.54

1866.25 -3.42 1917.25 0.12 -5.59 1969.33 -4.65427 1930.46
1866.083 -3.14 1917.15 -0.24 -5.67 1969.5 -4.62167 1930.38
1865.917 -3.61 1917.05 -0.28 -6.62 1969.67 -4.60034 1930.29

1865.75 -3.72 1916.95 -0.74 -6.31 1969.83 -4.48431 1930.21
1865.583 -3.9 1916.75 -1.2 -6.83 1970 -4.42058 1930.13
1865.417 -4.05 1916.67 -0.92 -6.36 1970.17 -4.44801 1930.04

1865.25 -3.63 1916.6 -0.67 -6.11 1970.33 -4.45163 1929.96
1865.083 -3.29 1916.52 -0.65 -6.03 1970.5 -4.42776 1929.88
1864.917 -3.35 1916.44 -0.67 -5.87 1970.67 -4.37507 1929.79

1864.75 -3.87 1916.37 -0.08 -6 1970.83 -4.3277 1929.71
1864.583 -3.75 1916.29 0.12 -5.83 1971 -4.29163 1929.63
1864.417 -3.47 1916.21 0.11 -5.59 1971.17 -4.3103 1929.54

1864.25 -3.17 1916.13 0.25 -5.72 1971.33 -4.36722 1929.46
1864.083 -3.03 1916.06 0.12 -5.97 1971.5 -4.51554 1929.38
1863.917 -3.22 1915.98 0.07 -5.85 1971.67 -4.53428 1929.29

1863.75 -3.51 1915.9 -0.15 -6.09 1971.83 -4.5027 1929.21
1863.583 -3.65 1915.75 -0.23 -6.29 1972 -4.526 1929.13
1863.417 -3.68 1915.67 -0.28 -6.02 1972.17 -4.61493 1929.04

1863.25 -3.28 1915.6 0.14 -5.88 1972.33 -4.67057 1928.96
1863.083 -2.59 1915.52 -0.07 -5.87 1972.5 -4.70891 1928.88
1862.917 -2.64 1915.44 -0.11 -5.93 1972.67 -4.85747 1928.79

1862.75 -3.27 1915.37 0.23 -5.63 1972.83 -5.05686 1928.71
1862.583 -3.64 1915.29 0.43 -5.5 1973 -5.10109 1928.63
1862.417 -3.64 1915.21 0.38 -5.4 1973.17 -4.99904 1928.54

1862.25 -3.37 1915.13 0.33 -5.44 1973.33 -4.6487 1928.46
1862.083 -3.05 1915.06 0.23 -5.65 1973.5 -4.42153 1928.38
1861.917 -3.42 1914.98 0.11 -5.96 1973.67 -4.39444 1928.29

1861.75 -3.64 1914.9 -0.1 -6.27 1973.83 -4.35914 1928.21
1861.583 -3.72 1914.75 -0.53 -6.38 1974 -4.35275 1928.13
1861.417 -3.47 1914.66 -0.1 -6.31 1974.17 -4.37698 1928.04

1861.25 -3.09 1914.57 -0.04 -6.44 1974.33 -4.49134 1927.96
1861.083 -2.89 1914.48 0.78 -5.94 1974.5 -4.58489 1927.88
1860.917 -3.3 1914.39 0.46 -5.63 1974.67 -4.51655 1927.79

1860.75 -3.58 1914.3 0.52 -5.51 1974.83 -4.42461 1927.71
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.885 1987.078 4.2E-06 1933.17 9.38 26.62 -0.43 1866.41667 -3.191637597 -3.858887468 1868.125 -0.06 -4.84 8.94206
-5.043 1987.061 4.58E-06 1933.09 9.39 26.5 -0.42 1866.25 -2.063181222 -3.827367681 1867.958 -0.25 -4.72 8.95042
-5.073 1987.044 4.45E-06 1933 9.37 26.71 -0.41 1866.08333 -2.494167985 -3.782342795 1867.791 -0.47 -4.34 9.09084
-4.971 1987.027 4.43E-06 1932.92 9.31 27.43 -0.41 1865.91667 -2.550711293 -3.745888838 1867.625 -0.51 -3.85 9.20141
-4.809 1987.01 4.43E-06 1932.84 9.39 26.42 -0.4 1865.75 -2.714724013 -3.524686047 1867.458 -0.78 -4.32 9.02119
-4.771 1986.993 5.51E-06 1932.75 9.5 25.08 -0.4 1865.58333 -2.745144828 -3.587585252 1867.291 -0.6 -5.06 8.87246
-4.724 1986.977 5.12E-06 1932.67 9.57 24.27 -0.39 1865.41667 -2.811804537 -3.760930563 1867.125 -0.22 -5.05 8.75011
-4.771 1986.96 5.17E-06 1932.59 9.54 24.6 -0.39 1865.25 -2.702613521 -3.883524535 1866.958 -0.5 -4.4 8.93275
-4.746 1986.943 4.59E-06 1932.5 9.47 25.5 -0.38 1865.08333 -2.661331026 -3.849636672 1866.791 -0.52 -4.16 9.09719
-4.633 1986.926 3.81E-06 1932.42 9.48 25.34 -0.38 1864.91667 -2.181316315 -4.201117037 1866.625 -0.61 -4.11 9.24342
-4.533 1986.909 3.84E-06 1932.34 9.41 26.19 -0.38 1864.75 -2.167828009 -3.686422485 1866.458 -0.37 -4.44 9.17386
-4.683 1986.892 3.88E-06 1932.25 9.34 27.1 -0.38 1864.58333 -2.843072592 -3.685638643 1866.291 -0.31 -4.8 9.06867
-4.944 1986.875 3.96E-06 1932.17 9.33 27.2 -0.37 1864.41667 -3.321000601 -3.909976511 1866.125 -0.31 -5 8.92783
-4.993 1986.859 3.94E-06 1932.09 9.37 26.75 -0.37 1864.25 -2.866784922 -4.024518801 1865.958 -0.25 -4.83 8.9628

-4.99 1986.842 4.09E-06 1932 9.39 26.47 -0.37 1864.08333 -2.492235894 -4.147445014 1865.791 -0.1 -4.29 9.12321
-4.844 1986.825 4.06E-06 1931.92 9.38 26.61 -0.37 1863.91667 -2.353698728 -3.946954278 1865.625 -0.05 -3.8 9.24228
-4.746 1986.808 4.01E-06 1931.84 9.53 24.79 -0.37 1863.75 -2.850072849 -3.579779506 1865.458 -0.27 -4.03 9.0885
-4.704 1986.791 4.15E-06 1931.75 9.63 23.51 -0.37 1863.58333 -3.152368524 -3.619527024 1865.291 -0.02 -4.63 8.98105
-4.709 1986.774 4.07E-06 1931.67 9.67 23.06 -0.37 1863.41667 -3.167832116 -4.155341491 1865.125 -0.14 -4.76 8.91994
-4.621 1986.757 4.22E-06 1931.59 9.64 23.38 -0.37 1863.25 -2.47955085 -4.595417851 1864.958 -0.4 -4.53 9.09454

-4.55 1986.741 4.38E-06 1931.5 9.61 23.78 -0.37 1863.08333 -2.575455515 -4.147671381 1864.791 -0.39 -4.3 9.14342
-4.484 1986.724 4.47E-06 1931.42 9.57 24.32 -0.37 1862.91667 -2.593459105 -3.943103597 1864.625 -0.62 -4.08 9.18952
-4.449 1986.707 4.56E-06 1931.34 9.48 25.41 -0.37 1862.75 -2.578516229 -3.719722161 1864.458 -0.53 -4.18 8.99085
-4.572 1986.69 4.4E-06 1931.25 9.43 25.98 -0.37 1862.58333 -2.832113173 -3.766736027 1864.291 -0.41 -4.62 8.94515
-4.802 1986.673 4.09E-06 1931.17 9.37 26.69 -0.36 1862.41667 -3.165192494 -4.206504329 1864.125 -0.33 -4.81 8.87798
-4.915 1986.656 4.16E-06 1931.09 9.39 26.49 -0.36 1862.25 -2.52916427 -4.260197156 1863.958 -0.34 -4.71 9.00069

-4.86 1986.639 4.03E-06 1931 9.44 25.88 -0.36 1862.08333 -2.305444563 -4.016085915 1863.791 -0.4 -4.46 9.1234
-4.724 1986.622 4.02E-06 1930.92 9.43 26.01 -0.36 1861.91667 -2.332057427 -3.910615105 1863.625 -0.26 -4.02 9.24612
-4.657 1986.606 4.05E-06 1930.84 9.55 24.53 -0.36 1861.75 -2.684951547 -3.6395961 1863.458 -0.78 -4.12 9.14081
-4.564 1986.589 4.09E-06 1930.75 9.62 23.67 -0.36 1861.58333 -3.026650781 -3.77370734 1863.291 -0.32 -4.7 8.98613
-4.588 1986.572 4.03E-06 1930.67 9.67 23.06 -0.36 1861.41667 -3.172422332 -3.952922413 1863.125 0.11 -4.9 8.94991
-4.574 1986.555 3.95E-06 1930.59 9.62 23.64 -0.36 1861.25 -2.721792597 -4.024349141 1862.958 -0.56 -4.65 9.0472
-4.582 1986.54 4.01E-06 1930.5 9.54 24.68 -0.35 1861.08333 -2.156187316 -4.006066083 1862.791 -0.06 -4.13 9.10309
-4.496 1986.525 4.02E-06 1930.42 9.49 25.23 -0.35 1860.91667 -2.714821849 -3.857373346 1862.625 -0.53 -3.84 9.11756
-4.407 1986.51 3.97E-06 1930.34 9.39 26.48 -0.35 1860.75 -2.807788982 -3.613475546 1862.458 -0.28 -4.3
-4.533 1986.494 4.14E-06 1930.25 9.34 27.12 -0.35 1860.58333 -3.238221915 -3.556884633 1862.291 -0.07 -4.76
-4.666 1986.479 4.09E-06 1930.17 9.3 27.5 -0.35 1860.41667 -2.859744458 -3.772980997 1862.125 -0.1 -4.74
-4.793 1986.464 4.09E-06 1930.09 9.34 27.12 -0.36 1860.25 -2.283238564 -3.884098276 1861.958 -0.3 -4.39
-4.861 1986.449 4.19E-06 1930 9.38 26.55 -0.36 1860.08333 -2.194390594 -3.991885251 1861.791 -0.48 -4.1
-4.832 1986.434 4.15E-06 1929.92 9.41 26.25 -0.36 1859.91667 -2.26985513 -4.035511584 1861.625 -0.47 -3.98
-4.746 1986.419 4.4E-06 1929.84 9.47 25.44 -0.36 1859.75 -2.341679701 -3.670022167 1861.458 -0.33 -4.2
-4.702 1986.403 4.48E-06 1929.75 9.51 25.05 -0.37 1859.58333 -2.786640164 -3.567767714 1861.291 -0.18 -4.51

-4.64 1986.388 4.57E-06 1929.67 9.58 24.15 -0.37 1859.41667 -2.958245291 -3.758754627 1861.125 -0.02 -4.9
-4.631 1986.373 4.39E-06 1929.59 9.56 24.41 -0.38 1859.25 -2.312259569 -3.984741157 1860.958 -0.33 -4.73

-4.58 1986.358 4.4E-06 1929.5 9.52 24.82 -0.39 1859.08333 -2.049118541 -3.828065175 1860.791 -0.46 -4.49
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1860.583 -3.72 1914.2 0.32 -5.47 1975 -4.47754 1927.63
1860.417 -3.67 1914.11 0.43 -5.32 1975.17 -4.50201 1927.54

1860.25 -3.36 1914.02 0.09 -5.82 1975.33 -4.45929 1927.46
1860.083 -3.05 1913.93 0.01 -6.09 1975.5 -4.39234 1927.38
1859.917 -3.34 1913.75 -0.09 -6.17 1975.67 -4.34927 1927.29

1859.75 -3.54 1913.68 -0.14 -6.02 1975.83 -4.31655 1927.21
1859.583 -3.7 1913.62 -0.57 -6.18 1976 -4.27606 1927.13
1859.417 -3.44 1913.55 0.08 -6.22 1976.17 -4.32935 1927.04

1859.25 -3.2 1913.48 0.6 -5.66 1976.33 -4.55072 1926.96
1859.083 -3.19 1913.42 0.41 -5.9 1976.5 -4.8621 1926.88
1858.917 -3.48 1913.35 0.61 -5.62 1976.67 -4.97778 1926.79

1858.75 -3.59 1913.28 0.65 -5.54 1976.83 -4.98903 1926.71
1858.583 -3.46 1913.22 0.69 -5.3 1977 -4.95462 1926.63
1858.417 -3.34 1913.15 0.58 -5.22 1977.17 -4.87173 1926.54

1858.25 -3.23 1913.08 0.58 -5.41 1977.33 -4.79203 1926.46
1858.083 -2.87 1913.02 0.19 -5.75 1977.5 -4.73306 1926.38
1857.917 -3.27 1912.95 0.19 -5.84 1977.67 -4.83768 1926.29

1857.75 -3.7 1912.88 0.39 -6.07 1977.83 -4.95766 1926.21
1857.583 -3.71 1912.75 -0.02 -6.25 1978 -5.02575 1926.13
1857.417 -3.42 1912.66 0.29 -5.88 1978.17 -5.06569 1926.04

1857.25 -3.31 1912.57 -0.07 -6.12 1978.33 -4.77841 1925.96
1857.083 -3.24 1912.48 0.33 -5.81 1978.5 -4.62554 1925.88
1856.917 -3.65 1912.39 0.82 -5.65 1978.67 -4.62299 1925.79

1856.75 -3.94 1912.3 0.54 -5.87 1978.83 -4.64368 1925.71
1856.583 -3.71 1912.2 0.2 -5.33 1979 -4.71652 1925.63
1856.417 -3.28 1912.11 0.04 -5.44 1979.17 -4.81011 1925.54

1856.25 -3.27 1912.02 0.11 -5.64 1979.33 -4.73817 1925.46
1856.083 -3.26 1911.93 0.06 -6.05 1979.5 -4.70264 1925.38
1855.917 -3.75 1911.75 0.17 -6.41 1979.67 -4.77214 1925.29

1855.75 -3.87 1911.68 0 -6.23 1979.83 -4.82839 1925.21
1855.583 -3.82 1911.62 -0.1 -5.95 1980 -4.85719 1925.13
1855.417 -3.58 1911.55 -0.13 -5.96 1980.17 -4.85764 1925.04

1855.25 -3.16 1911.48 -0.08 -5.85 1980.33 -4.87922 1924.96
1855.083 -3.07 1911.42 0.04 -5.58 1980.5 -4.97333 1924.88
1854.917 -3.37 1911.35 -0.84 -5.27 1980.67 -5.02594 1924.79

1854.75 -3.63 1911.28 -0.84 -5.45 1980.83 -5.05267 1924.71
1854.583 -3.7 1911.22 0.17 -5.17 1981 -4.98802 1924.63
1854.417 -3.63 1911.15 0.12 -6.06 1981.17 -5.01384 1924.54

1854.25 -3.2 1911.08 -0.05 -5.8 1981.33 -5.0471 1924.46
1854.083 -3 1911.02 -0.33 -6.15 1981.5 -4.96268 1924.38
1853.917 -3.41 1910.95 -0.52 -5.88 1981.67 -4.80661 1924.29

1853.75 -3.55 1910.88 -0.71 -6.24 1981.83 -4.82074 1924.21
1853.583 -3.86 1910.75 -0.98 -6.6 1982 -4.81364 1924.13
1853.417 -3.56 1910.67 -1.18 -6.22 1982.17 -4.8504 1924.04

1853.25 -3.3 1910.6 -0.7 -6.23 1982.33 -4.85709 1923.96

ABOR/MH/Priv-003015

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.503 1986.343 4.47E-06 1929.42 9.37 26.7 -0.39 1858.91667 -2.827177844 -3.422326408 1860.625 -0.4 -4.18
-4.401 1986.328 4.75E-06 1929.34 9.33 27.14 -0.4 1858.75 -2.439368703 -3.297912664 1860.458 -0.41 -4.24
-4.469 1986.313 4.62E-06 1929.25 9.31 27.4 -0.41 1858.58333 -2.25170266 -3.736712093 1860.291 -0.34 -4.52
-4.706 1986.297 4.56E-06 1929.17 9.31 27.43 -0.42 1858.41667 -2.665356896 -3.543596567 1860.125 -0.45 -4.93
-4.939 1986.282 4.62E-06 1929.09 9.33 27.18 -0.43 1858.25 -3.07912143 -4.025359998 1859.958 -0.81 -4.94
-4.953 1986.267 4.46E-06 1929 9.4 26.34 -0.45 1858.08333 -2.457058172 -4.03923446 1859.791 -0.45 -4.48
-4.778 1986.252 4.37E-06 1928.92 9.48 25.34 -0.46 1857.91667 -2.302097933 -4.024579697 1859.625 -0.24 -4.02
-4.755 1986.237 4.44E-06 1928.84 9.51 25.03 -0.47 1857.75 -2.621060178 -3.459939622 1859.458 -0.47 -4.16
-4.741 1986.222 4.38E-06 1928.75 9.55 24.5 -0.49 1857.58333 -3.184942736 -3.803792779 1859.291 -0.42 -4.7
-4.697 1986.207 4.45E-06 1928.67 9.61 23.79 -0.5 1857.41667 -2.850511234 -3.940189888 1859.125 -0.34 -4.93
-4.653 1986.191 4.54E-06 1928.59 9.57 24.29 -0.52 1857.25 -2.417505308 -3.964432257 1858.958 -0.33 -4.8
-4.591 1986.176 4.51E-06 1928.5 9.52 24.94 -0.53 1857.08333 -2.277780631 -4.012846224 1858.791 -0.39 -4.52
-4.496 1986.161 4.67E-06 1928.42 9.51 25 -0.55 1856.91667 -2.181662089 -3.870422432 1858.625 -0.34 -4.09
-4.471 1986.146 4.98E-06 1928.34 9.5 25.17 -0.56 1856.75 -2.672860946 -3.58888117 1858.458 -0.81 -4.37
-4.607 1986.131 5.26E-06 1928.25 9.41 26.16 -0.58 1856.58333 -2.883729819 -3.692248005 1858.291 -0.42 -4.75
-4.775 1986.116 5.18E-06 1928.17 9.41 26.17 -0.59 1856.41667 -2.764388334 -3.895728654 1858.125 -0.41 -5.02
-4.958 1986.1 5.22E-06 1928.09 9.44 25.8 -0.61 1856.25 -2.490275501 -4.102100959 1857.958 -0.56 -4.71
-4.949 1986.085 4.73E-06 1928 9.46 25.67 -0.62 1856.08333 -2.146996875 -4.187794605 1857.791 -0.64 -4.26
-4.919 1986.07 4.76E-06 1927.92 9.47 25.44 -0.64 1855.91667 -2.10135931 -3.944244155 1857.625 -0.45 -4.13
-4.805 1986.055 4.88E-06 1927.84 9.53 24.71 -0.65 1855.75 -2.551664222 -3.463098716 1857.458 -0.24 -4.7
-4.684 1986.04 4.73E-06 1927.75 9.59 24.09 -0.67 1855.58333 -2.727160753 -3.671365439 1857.291 -0.19 -4.94
-4.676 1986.025 4.34E-06 1927.67 9.63 23.55 -0.68 1855.41667 -2.094154715 -3.987007202 1857.125 -0.26 -4.9
-4.663 1986.01 3.92E-06 1927.59 9.6 23.95 -0.7 1855.25 -2.542049191 -3.74018757 1856.958 -0.39 -4.69
-4.576 1985.994 4.12E-06 1927.5 9.57 24.27 -0.71 1855.08333 -2.974549517 -3.632875685 1856.791 -0.51 -4.44
-4.541 1985.979 3.93E-06 1927.42 9.53 24.71 -0.72 1854.91667 -2.347761997 -3.996693941 1856.625 -0.55 -4.2
-4.496 1985.964 4.2E-06 1927.34 9.48 25.32 -0.73 1854.75 -2.831134405 -3.660445936 1856.458 -0.84 -4.58
-4.492 1985.949 3.8E-06 1927.25 9.35 26.89 -0.75 1854.58333 -3.493363337 -3.546969234 1856.291 -0.52 -5.12
-4.541 1985.934 3.65E-06 1927.17 9.36 26.83 -0.76 1854.41667 -3.387333628 -3.525914529 1856.125 -0.49 -5.15
-4.593 1985.919 3.8E-06 1927.09 9.35 26.93 -0.77 1854.25 -3.281303918 -3.504859824 1855.958 -0.6 -4.75
-4.617 1985.903 3.69E-06 1927 9.38 26.6 -0.78 1854.08333 -3.175274209 -3.483805119 1855.791 -0.5 -4.36
-4.594 1985.888 3.8E-06 1926.92 9.54 24.64 -0.79 1853.91667 -3.0692445 -3.462750414 1855.625 -0.54 -4.13
-4.576 1985.873 3.95E-06 1926.84 9.57 24.23 -0.8 1853.75 -2.963214791 -3.441695709 1855.458 -0.78 -4.33
-4.616 1985.858 3.8E-06 1926.75 9.62 23.7 -0.81 1853.58333 -2.733194895 -3.659386143 1855.291 -0.58 -4.77
-4.627 1985.843 3.73E-06 1926.67 9.66 23.18 -0.81 1853.41667 -2.454290609 -3.545777559 1855.125 -0.23 -4.97
-4.627 1985.828 3.92E-06 1926.59 9.64 23.42 -0.82 1853.25 -2.942287071 -3.929937949 1854.958 -0.6 -4.41
-4.586 1985.813 3.95E-06 1926.5 9.55 24.5 -0.83 1853.08333 -2.789199086 -3.90163394 1854.791 -0.31 -4.11
-4.463 1985.797 3.94E-06 1926.42 9.5 25.07 -0.83 1852.91667 -2.305300874 -3.917786157 1854.625 -0.63 -3.88

-4.32 1985.782 0.000004 1926.34 9.47 25.5 -0.83 1852.75 -2.70049776 -3.682615381 1854.458 -0.25 -4.45
-4.458 1985.767 3.98E-06 1926.25 9.46 25.64 -0.83 1852.58333 -2.719113904 -3.852933677 1854.291 -0.08 -4.85
-4.656 1985.752 3.96E-06 1926.17 9.47 25.52 -0.84 1852.41667 -2.547903155 -4.003178141 1854.125 -0.29 -4.74
-4.807 1985.737 4.01E-06 1926.09 9.51 25.02 -0.84 1852.25 -2.222719668 -4.039822545 1853.958 -0.48 -4.36
-4.858 1985.722 3.85E-06 1926 9.54 24.6 -0.83 1852.08333 -2.102625848 -4.131372422 1853.791 -0.36 -4.09

-4.78 1985.707 3.85E-06 1925.92 9.56 24.44 -0.83 1851.91667 -2.17351506 -4.006959008 1853.625 -0.49 -3.99
-4.627 1985.691 3.87E-06 1925.84 9.58 24.13 -0.83 1851.75 -2.541045838 -3.677969779 1853.458 -0.44 -4.4
-4.676 1985.676 3.76E-06 1925.75 9.59 23.99 -0.83 1851.58333 -3.075027265 -3.714836357 1853.291 -0.22 -4.81

ABOR/MH/Priv-003016

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1853.083 -2.98 1910.52 -0.99 -6.21 1982.5 -4.99148 1923.88
1852.917 -3.31 1910.44 -0.37 -6.21 1982.67 -5.164 1923.79

1852.75 -3.61 1910.37 -0.22 -6.12 1982.83 -5.2398 1923.71
1852.583 -3.69 1910.29 0.06 -5.87 1983 -5.08795 1923.63
1852.417 -3.22 1910.21 -0.01 -5.66 1983.17 -4.78105 1923.54

1852.25 -2.88 1910.13 0.01 -5.52 1983.33 -4.83419 1923.46
1852.083 -2.92 1910.06 -0.19 -5.47 1983.5 -4.86522 1923.38
1851.917 -3.39 1909.98 -0.32 -5.71 1983.67 -4.74766 1923.29

1851.75 -3.6 1909.9 0.04 -5.88 1983.83 -4.70014 1923.21
1851.583 -3.88 1909.75 0.1 -6.08 1984 -4.56099 1923.13
1851.417 -3.5 1909.67 0.17 -6 1984.17 -4.58361 1923.04

1851.25 -3.12 1909.6 -0.14 -6 1984.33 -4.70705 1922.96
1851.083 -2.95 1909.52 -0.1 -5.87 1984.5 -4.79235 1922.88
1850.917 -3.3 1909.44 0.22 -5.78 1984.67 -4.76538 1922.79

1850.75 -3.6 1909.37 0.34 -5.62 1984.83 -4.7536 1922.71
1850.583 -3.75 1909.29 0.26 -5.49 1985 -4.70801 1922.63
1850.417 -3.75 1909.21 0.03 -5.53 1985.17 -4.62773 1922.54

1850.25 -3.3 1909.13 0.12 -5.05 1985.33 -4.6608 1922.46
1850.083 -3.04 1909.06 -0.3 -5.88 1985.5 -4.69645 1922.38
1849.917 -3.46 1908.98 -0.52 -5.99 1985.67 -4.68331 1922.29

1849.75 -3.54 1908.9 -0.74 -6.15 1985.83 -4.7498 1922.21
1849.583 -3.6 1908.75 -1.22 -6.25 1986 -4.76513 1922.13
1849.417 -3.38 1908.67 -0.79 -6.17 1986.17 -4.67847 1922.04

1849.25 -2.96 1908.58 -0.38 -6.2 1986.33 -4.68102 1921.96
1849.083 -3 1908.5 0.07 -6.07 1986.5 -4.72568 1921.88
1848.917 -3.41 1908.42 -0.2 -5.74 1986.67 -4.83493 1921.79

1848.75 -3.78 1908.33 -0.31 -5.46 1986.83 -4.96524 1921.71
1848.583 -3.73 1908.25 0.77 -5.07 1987 -5.07148 1921.63
1848.417 -3.68 1908.17 0.25 -5.1 1987.17 -5.0598 1921.54

1848.25 -3.47 1908.08 0.33 -5.29 1987.33 -5.09706 1921.46
1848.083 -3.3 1908 -0.08 -5.63 1987.5 -5.2768 1921.38
1847.917 -3.8 1907.92 -0.67 -5.85 1987.67 -5.30443 1921.29

1847.75 -3.67 1907.75 -0.87 -5.95 1987.83 -5.18609 1921.21
1847.583 -3.51 1907.68 -0.3 -5.92 1988 -5.03899 1921.13
1847.417 -3.36 1907.61 -0.53 -5.77 1988.17 -4.87811 1921.04

1847.25 -3.12 1907.54 -0.51 -5.88 1988.33 -4.68045 1920.96
1847.083 -3.07 1907.46 -0.29 -5.78 1988.5 -4.49724 1920.88
1846.917 -3.67 1907.39 -0.24 -5.47 1988.67 -4.46983 1920.79

1846.75 -3.66 1907.32 -0.13 -5.62 1988.83 -4.48363 1920.71
1846.583 -3.72 1907.25 -0.03 -5.32 1989 -4.48843 1920.63
1846.417 -3.5 1907.18 -0.21 -5.63 1989.17 -4.50704 1920.54

1846.25 -3.06 1907.11 -0.26 -5.6 1989.33 -4.54648 1920.46
1846.083 -2.98 1907.04 -0.18 -5.54 1989.5 -4.56043 1920.38
1845.917 -3.24 1906.96 -0.41 -5.83 1989.67 -4.59001 1920.29

1845.75 -3.46 1906.89 -0.64 -6.2 1989.83 -4.63121 1920.21

ABOR/MH/Priv-003017

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.613 1985.661 3.86E-06 1925.67 9.64 23.42 -0.82 1851.41667 -2.623954028 -4.067176151 1853.125 -0.34 -4.72
-4.606 1985.646 3.8E-06 1925.59 9.68 22.99 -0.81 1851.25 -2.194742421 -4.000406916 1852.958 -0.66 -4.37
-4.489 1985.631 3.97E-06 1925.5 9.57 24.25 -0.81 1851.08333 -2.337724539 -3.993279032 1852.791 -0.87 -4.18
-4.436 1985.616 4.07E-06 1925.42 9.57 24.27 -0.8 1850.91667 -2.564215436 -3.820539141 1852.625 -0.92 -4.06
-4.425 1985.6 4.17E-06 1925.34 9.32 27.28 -0.79 1850.75 -2.735213387 -3.585323541 1852.458 -0.66 -4.34

-4.45 1985.585 4.2E-06 1925.25 9.34 27.07 -0.78 1850.58333 -2.677351697 -3.682435879 1852.291 -0.59 -4.76
-4.6 1985.57 4.31E-06 1925.17 9.4 26.3 -0.77 1850.41667 -2.172627432 -3.868434294 1852.125 -0.55 -4.73

-4.846 1985.555 4.09E-06 1925.09 9.39 26.46 -0.76 1850.25 -2.324827495 -3.961974768 1851.958 -0.51 -4.42
-4.899 1985.538 4.19E-06 1925 9.41 26.19 -0.75 1850.08333 -2.283037273 -3.904966545 1851.791 -0.48 -4.27
-4.736 1985.522 4.23E-06 1924.92 9.45 25.77 -0.73 1849.91667 -2.485372273 -3.935736997 1851.625 -0.53 -4.26
-4.715 1985.505 4.03E-06 1924.84 9.54 24.66 -0.72 1849.75 -2.935887431 -3.707759453 1851.458 -0.45 -4.4
-4.679 1985.488 4.04E-06 1924.75 9.63 23.59 -0.71 1849.58333 -2.868484719 -3.902685067 1851.291 -0.3 -4.48
-4.689 1985.472 4.15E-06 1924.67 9.64 23.42 -0.7 1849.41667 -2.512372425 -4.156730111 1851.125 -0.23 -4.68
-4.605 1985.455 4.2E-06 1924.59 9.55 24.46 -0.68 1849.25 -2.333254419 -4.001420578 1850.958 -0.23 -4.69
-4.529 1985.438 4.16E-06 1924.5 9.49 25.23 -0.67 1849.08333 -2.366689069 -3.882531592 1850.791 -0.33 -4.25
-4.471 1985.422 4.14E-06 1924.42 9.46 25.65 -0.65 1848.91667 -2.520666164 -3.643902322 1850.625 -0.71 -3.67
-4.335 1985.405 4.19E-06 1924.34 9.42 26.08 -0.64 1848.75 -3.230547064 -3.497853412 1850.458 -0.72 -4.1

-4.44 1985.388 4.24E-06 1924.25 9.4 26.4 -0.62 1848.58333 -3.157984504 -3.647630429 1850.291 -1.04 -4.44
-4.541 1985.372 4.15E-06 1924.17 9.48 25.42 -0.6 1848.41667 -2.584299707 -3.745125509 1850.125 -0.94 -4.79
-4.753 1985.355 4.24E-06 1924.09 9.59 24.08 -0.59 1848.25 -2.249053568 -3.758715814 1849.958 -0.6 -4.74
-4.817 1985.338 4.25E-06 1924 9.57 24.25 -0.57 1848.08333 -2.85511612 -3.662703847 1849.791 -0.45 -4.16
-4.803 1985.322 3.97E-06 1923.92 9.54 24.67 -0.55 1847.91667 -3.384501935 -3.360590975 1849.625 -0.55 -3.94
-4.794 1985.305 4.36E-06 1923.84 9.53 24.7 -0.54 1847.75 -2.861073872 -3.355774701 1849.458 -0.91 -3.97
-4.766 1985.288 4.47E-06 1923.75 9.59 23.99 -0.52 1847.58333 -3.535434882 -3.736075149 1849.291 -0.61 -4.64

-4.65 1985.272 4.22E-06 1923.67 9.58 24.15 -0.5 1847.41667 -2.289541456 -3.922302099 1849.125 -0.38 -4.97
-4.546 1985.255 4.2E-06 1923.59 9.56 24.44 -0.48 1847.25 -2.805600398 -3.673532298 1848.958 -0.43 -4.6
-4.442 1985.238 3.95E-06 1923.5 9.46 25.57 -0.47 1847.08333 -2.854389898 -4.227964046 1848.791 -0.43 -4.17
-4.339 1985.222 3.88E-06 1923.42 9.4 26.31 -0.45 1846.91667 -2.344509491 -3.982275001 1848.625 -0.46 -3.79
-4.288 1985.205 3.95E-06 1923.34 9.39 26.43 -0.43 1846.75 -2.682023672 -3.496147032 1848.458 -1.2 -4.4
-4.351 1985.188 3.71E-06 1923.25 9.36 26.81 -0.41 1846.58333 -2.972265556 -3.698324441 1848.291 -0.79 -4.82
-4.669 1985.172 3.79E-06 1923.17 9.39 26.44 -0.4 1846.41667 -3.074400552 -3.934443703 1848.125 -0.24 -4.74
-4.755 1985.155 3.83E-06 1923.09 9.42 26.15 -0.38 1846.25 -2.720288152 -4.049661464 1847.958 -0.1 -4.34
-4.718 1985.138 3.97E-06 1923 9.44 25.91 -0.37 1846.08333 -2.250688244 -3.920047349 1847.791 -0.42 -3.91
-4.717 1985.122 3.98E-06 1922.92 9.45 25.7 -0.35 1845.91667 -2.312089783 -3.737138102 1847.625 -0.88 -3.88
-4.695 1985.105 3.84E-06 1922.84 9.46 25.55 -0.34 1845.75 -2.520544589 -3.411203356 1847.458 -0.99 -4.25
-4.588 1985.088 3.74E-06 1922.75 9.49 25.23 -0.33 1845.58333 -3.282309005 -3.881401439 1847.291 -0.85 -4.56
-4.473 1985.072 3.64E-06 1922.67 9.53 24.76 -0.31 1845.41667 -3.247272742 -4.234011795 1847.125 -0.45 -4.83
-4.487 1985.055 3.62E-06 1922.59 9.53 24.72 -0.3 1845.25 -2.723662772 -4.078469915 1846.958 -0.37 -4.44
-4.553 1985.038 3.62E-06 1922.5 9.48 25.34 -0.29 1845.08333 -2.789305238 -3.92936662 1846.791 -0.41 -4.08
-4.525 1985.022 3.79E-06 1922.42 9.37 26.7 -0.28 1844.91667 -2.696814118 -3.79789627 1846.625 -0.57 -3.76
-4.434 1985.005 3.98E-06 1922.34 9.31 27.42 -0.27 1844.75 -2.869280566 -3.673176919 1846.458 -1.39 -4.19
-4.653 1984.988 4.02E-06 1922.25 9.31 27.43 -0.27 1844.58333 -3.869471016 -3.995832714 1846.291 -0.91 -4.66
-4.854 1984.972 4.1E-06 1922.17 9.39 26.5 -0.26 1844.41667 -3.057672725 -3.932066835 1846.125 -0.54 -4.66
-4.891 1984.955 4.09E-06 1922.09 9.41 26.16 -0.25 1844.25 -2.827438596 -3.956664803 1845.958 -0.48 -4.35
-4.861 1984.938 3.81E-06 1922 9.43 25.99 -0.25 1844.08333 -2.468767927 -3.759190883 1845.791 -0.58 -4.11

ABOR/MH/Priv-003018

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1845.583 -3.65 1906.75 -0.96 -6.39 1990 -4.77761 1920.13
1845.417 -3.67 1906.68 -0.88 -6.3 1990.17 -5.04868 1920.04

1845.25 -3.46 1906.61 -0.82 -6.24 1990.33 -5.01844 1919.96
1845.083 -3.39 1906.54 -0.7 -6.11 1990.5 -4.80892 1919.88
1844.917 -3.41 1906.46 -0.58 -5.98 1990.67 -4.86757 1919.79

1844.75 -3.84 1906.39 -0.7 -6.17 1990.83 -5.01768 1919.71
1844.583 -3.92 1906.32 -0.62 -5.92 1991 -5.1529 1919.63
1844.417 -3.75 1906.25 -0.35 -5.68 1991.17 -5.16222 1919.54

1844.25 -3.28 1906.18 -0.15 -5.52 1991.33 -5.04997 1919.46
1844.083 -2.79 1906.11 -0.23 -5.54 1991.5 -5.07075 1919.38
1843.917 -3.1 1906.04 -0.43 -5.46 1991.67 -5.09249 1919.29

1843.75 -3.3 1905.96 -0.48 -5.61 1991.83 -4.97454 1919.21
1843.583 -3.29 1905.89 -0.58 -5.85 1992 -4.88077 1919.13
1843.417 -3.08 1905.75 -0.77 -6.17 1992.17 -4.85192 1919.04

1843.25 -3 1905.68 -1.22 -6.22 1992.33 -5.13784 1918.96
1843.083 -3.06 1905.62 -1.27 -6.14 1992.5 -4.9788 1918.88
1842.917 -3.48 1905.55 -0.99 -6.08 1992.67 -4.63502 1918.79

1842.75 -3.6 1905.48 -0.01 -6.04 1992.83 -4.62057 1918.71
1842.583 -3.6 1905.42 0.13 -6.04 1993 -4.71623 1918.63
1842.417 -3.4 1905.35 -0.17 -6.04 1993.17 -4.79548 1918.54

1842.25 -3.09 1905.28 -0.22 -5.95 1993.33 -4.86926 1918.46
1842.083 -2.83 1905.22 -0.16 -5.9 1993.5 -4.83694 1918.38
1841.917 -3.09 1905.15 -0.37 -6 1993.67 -5.09007 1918.29

1841.75 -3.41 1905.08 -0.37 -5.97 1993.83 -5.0886 1918.21
1841.583 -3.74 1905.02 -0.36 -6.04 1994 -4.85999 1918.13
1841.417 -3.34 1904.95 -0.48 -6.11 1994.17 -4.69942 1918.04

1841.25 -2.99 1904.88 -0.88 -6.31 1994.33 -4.725 1917.96
1841.083 -2.87 1904.75 -1.2 -6.34 1994.5 -4.80113 1917.88
1840.917 -3.33 1904.67 -1.6 -6.47 1917.79

1840.75 -3.58 1904.6 -1.31 -6.33 1917.71
1840.583 -3.7 1904.52 -1.51 -6.4 1917.63
1840.417 -3.46 1904.44 -0.81 -5.96 1917.54

1840.25 -3.06 1904.37 -1 -6.21 1917.46
1840.083 -2.83 1904.29 -0.71 -6.09 1917.38
1839.917 -3.12 1904.21 -0.31 -5.76 1917.29

1839.75 -3.58 1904.13 -0.03 -5.55 1917.21
1839.583 -3.57 1904.06 0.36 -5.41 1917.13
1839.417 -3.28 1903.98 0.44 -5.75 1917.04

1839.25 -2.74 1903.9 0.74 -5.73 1916.96
1839.083 -2.78 1903.75 0.9 -6.11 1916.88
1838.917 -3.22 1903.65 0.48 -6.22 1916.79

1838.75 -3.52 1903.55 0.43 -6.13 1916.71
1838.583 -3.69 1903.45 0.29 -5.95 1916.63
1838.417 -3.55 1903.35 0.38 -5.74 1916.54

1838.25 -3.25 1903.25 0.47 -5.76 1916.46

ABOR/MH/Priv-003019

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.793 1984.922 3.86E-06 1921.92 9.51 25.06 -0.24 1843.91667 -2.758790742 -3.708160301 1845.625 -1.08 -4.05
-4.734 1984.905 4.01E-06 1921.84 9.54 24.59 -0.24 1843.75 -2.947905806 -3.527152011 1845.458 -0.79 -4.53
-4.633 1984.888 4.1E-06 1921.75 9.59 24.03 -0.24 1843.58333 -3.158346069 -3.848015398 1845.291 -0.6 -4.84
-4.611 1984.872 4.13E-06 1921.67 9.55 24.52 -0.24 1843.41667 -2.70282526 -3.991685419 1845.125 -0.5 -4.97

-4.62 1984.855 4.06E-06 1921.59 9.51 25.02 -0.24 1843.25 -2.448256842 -4.128691307 1844.958 -0.33 -4.69
-4.528 1984.838 3.88E-06 1921.5 9.43 25.92 -0.24 1843.08333 -2.354997611 -3.92746539 1844.791 -0.19 -4.35
-4.467 1984.822 3.82E-06 1921.42 9.35 26.95 -0.24 1842.91667 -3.048421228 -3.713490291 1844.625 -0.09 -3.94
-4.413 1984.805 3.79E-06 1921.34 9.31 27.45 -0.24 1842.75 -2.948416812 -3.511693882 1844.458 -0.55 -4.28
-4.557 1984.788 3.63E-06 1921.25 9.31 27.48 -0.24 1842.58333 -2.828622573 -3.607635733 1844.291 -0.32 -4.73
-4.898 1984.772 3.73E-06 1921.17 9.33 27.16 -0.24 1842.41667 -2.538168164 -3.904861784 1844.125 -0.15 -4.87

-5.06 1984.755 3.59E-06 1921.09 9.37 26.76 -0.25 1842.25 -2.406834591 -3.911444192 1843.958 -0.14 -4.7
-5 1984.738 3.6E-06 1921 9.4 26.36 -0.25 1842.08333 -2.175139873 -3.661788782 1843.791 -0.21 -4.41

-4.81 1984.722 3.61E-06 1920.92 9.54 24.59 -0.26 1841.91667 -2.288696253 -3.504788283 1843.625 -0.43 -4.15
-4.594 1984.705 3.74E-06 1920.84 9.56 24.38 -0.26 1841.75 -2.354391597 -3.331023303 1843.458 -0.8 -4.27
-4.513 1984.688 3.84E-06 1920.75 9.56 24.4 -0.27 1841.58333 -2.519342531 -3.394876222 1843.291 -0.75 -4.71
-4.455 1984.672 3.75E-06 1920.67 9.62 23.67 -0.27 1841.41667 -2.772284639 -3.65726555 1843.125 -0.5 -4.93
-4.464 1984.655 3.75E-06 1920.59 9.58 24.19 -0.28 1841.25 -2.515585714 -3.964816077 1842.958 -0.4 -4.72
-4.446 1984.638 3.94E-06 1920.5 9.51 25.03 -0.28 1841.08333 -2.170565838 -4.076951675 1842.791 -0.58 -4.36
-4.387 1984.622 3.88E-06 1920.42 9.47 25.43 -0.29 1840.91667 -2.108820642 -4.006878678 1842.625 -0.62 -3.87
-4.386 1984.605 3.97E-06 1920.34 9.41 26.22 -0.3 1840.75 -2.153633261 -3.654304042 1842.458 -0.29 -4.38
-4.491 1984.588 4.01E-06 1920.25 9.36 26.78 -0.3 1840.58333 -2.674291322 -3.604194135 1842.291 -0.45 -4.95
-4.667 1984.572 4.14E-06 1920.17 9.36 26.77 -0.31 1840.41667 -2.925046684 -3.644429178 1842.125 -0.37 -4.74
-4.769 1984.555 4.2E-06 1920.09 9.39 26.46 -0.32 1840.25 -2.557785239 -3.716360179 1841.958 -0.5 -4.38
-4.638 1984.536 4.13E-06 1920 9.41 26.22 -0.32 1840.08333 -2.368546889 -3.673565349 1841.791 -0.52 -4.09
-4.523 1984.517 4.02E-06 1919.92 9.46 25.65 -0.33 1839.91667 -2.650757784 -3.539101449 1841.625 -0.59 -3.93
-4.488 1984.498 4.09E-06 1919.84 9.56 24.34 -0.33 1839.75 -2.99394733 -3.366078221 1841.458 -0.3 -4.47
-4.509 1984.48 0.000004 1919.75 9.62 23.67 -0.34 1839.58333 -2.887128788 -3.536446503 1841.291 -0.4 -4.85
-4.565 1984.461 4.15E-06 1919.67 9.67 23.06 -0.35 1839.41667 -2.621678827 -3.750869575 1841.125 -0.28 -4.96
-4.524 1984.442 4.05E-06 1919.59 9.57 24.27 -0.35 1839.25 -2.324067756 -3.900452479 1840.958 0 -4.75
-4.485 1984.423 4.37E-06 1919.5 9.57 24.27 -0.36 1839.08333 -2.30633439 -3.937737692 1840.791 0.07 -4.31
-4.431 1984.404 4.4E-06 1919.42 9.46 25.58 -0.36 1838.91667 -2.349511418 -3.629158139 1840.625 -0.52 -3.96
-4.471 1984.385 4.26E-06 1919.34 9.4 26.32 -0.37 1838.75 -2.816742205 -3.339819612 1840.458 -0.66 -4.07
-4.509 1984.366 4.26E-06 1919.25 9.39 26.49 -0.37 1838.58333 -2.849727287 -3.438799014 1840.291 -0.57 -4.38
-4.553 1984.347 4.38E-06 1919.17 9.41 26.18 -0.37 1838.41667 -2.855804226 -3.845782782 1840.125 -0.39 -5.22
-4.637 1984.329 4.85E-06 1919.09 9.42 26.07 -0.38 1838.25 -2.826019803 -4.027174208 1839.958 0.12 -4.53
-4.659 1984.31 5.11E-06 1919 9.41 26.25 -0.38 1838.08333 -2.510509013 -3.971023518 1839.791 -0.34 -4.23
-4.675 1984.291 5.25E-06 1918.92 9.42 26.07 -0.39 1837.91667 -3.23475874 -3.428477671 1839.625 -0.5 -4.22
-4.606 1984.272 5.24E-06 1918.84 9.52 24.93 -0.39 1837.75 -2.940833546 -3.362032193 1839.458 -0.16 -4.56
-4.543 1984.253 5.47E-06 1918.75 9.61 23.77 -0.4 1837.58333 -3.145393367 -3.815446701 1839.291 -0.13 -4.93

-4.53 1984.234 5.52E-06 1918.67 9.63 23.55 -0.4 1837.41667 -2.704864899 -3.867308961 1839.125 -0.11 -4.85
-4.518 1984.215 5.47E-06 1918.59 9.64 23.44 -0.4 1837.25 -2.168106348 -3.747410648 1838.958 -0.18 -4.5
-4.507 1984.197 5.55E-06 1918.5 9.58 24.13 -0.41 1837.08333 -2.614098486 -3.4880205 1838.791 -0.42 -4.24
-4.434 1984.178 5.66E-06 1918.42 9.48 25.37 -0.41 1836.91667 -3.037041004 -3.511122836 1838.625 -0.51 -3.96
-4.369 1984.159 5.85E-06 1918.34 9.43 26.03 -0.42 1836.75 -2.545027464 -3.388910361 1838.458 -0.52 -4.29

-4.39 1984.14 6.15E-06 1918.25 9.34 27.04 -0.42 1836.58333 -2.661395919 -3.432869923 1838.291 -0.36 -4.68

ABOR/MH/Priv-003020

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1838.083 -2.99 1903.15 0.85 -5.56 1916.38
1837.917 -3.07 1903.05 0.54 -5.78 1916.29

1837.75 -3.25 1902.95 -0.03 -6.31 1916.21
1837.583 -3.48 1902.75 0.05 -6.22 1916.13
1837.417 -3.54 1902.64 0.72 -6.04 1916.04

1837.25 -3.1 1902.53 0.82 -5.87 1915.96
1837.083 -2.67 1902.42 0.46 -5.24 1915.88
1836.917 -3.06 1902.31 0.62 -5.19 1915.79

1836.75 -3.58 1902.19 0.55 -5.29 1915.71
1836.583 -3.52 1902.08 0.27 -5.7 1915.63
1836.417 -3.15 1901.97 0.04 -5.98 1915.54

1836.25 -2.85 1901.75 0 -6.03 1915.46
1836.083 -2.83 1901.67 -0.23 -5.91 1915.38
1835.917 -3.4 1901.58 -0.45 -5.91 1915.29

1835.75 -3.36 1901.5 -0.52 -5.79 1915.21
1835.583 -3.11 1901.42 -0.35 -5.83 1915.13
1835.417 -2.9 1901.33 0.24 -5.52 1915.04

1835.25 -2.74 1901.25 0.27 -5.46 1914.96
1835.083 -2.76 1901.17 0.36 -5.55 1914.88
1834.917 -3.1 1901.08 0.32 -5.37 1914.79

1834.75 -3.24 1901 0.08 -4.89 1914.71
1834.583 -3.24 1900.92 -0.13 -5.47 1914.63
1834.417 -3.43 1900.75 -0.34 -6.32 1914.54

1834.25 -2.84 1900.7 -0.75 -6.18 1914.46
1834.083 -2.64 1900.64 -0.61 -6.02 1914.38
1833.917 -3.17 1900.59 -0.69 -5.92 1914.29

1833.75 -3.43 1900.54 0.03 -6.21 1914.21
1833.583 -3.34 1900.49 -0.08 -6.17 1914.13
1833.417 -3.16 1900.43 -0.08 -5.99 1914.04

1833.25 -2.98 1900.38 -0.03 -5.82 1913.96
1833.083 -3 1900.33 0.18 -5.68 1913.88
1832.917 -3.31 1900.28 0.23 -5.49 1913.79

1832.75 -3.5 1900.22 0.26 -5.61 1913.71
1832.583 -3.38 1900.17 -0.03 -5.89 1913.63
1832.417 -3.05 1900.12 -0.05 -5.99 1913.54

1832.25 -2.85 1900.07 -0.17 -6.14 1913.46
1832.083 -2.87 1900.01 -0.33 -6.09 1913.38
1831.917 -3.2 1899.96 -0.57 -6.22 1913.29

1831.75 -3.56 1899.91 -0.49 -6.39 1913.21
1831.583 -3.69 1899.86 -0.34 -6.31 1913.13
1831.417 -3.45 1899.75 -0.33 -6.49 1913.04

1831.25 -3.03 1899.66 -0.45 -6.38 1912.96
1831.083 -3.02 1899.57 -0.21 -6.16 1912.88
1830.917 -3.55 1899.48 0.37 -5.81 1912.79

1830.75 -3.42 1899.39 0.43 -5.61 1912.71

ABOR/MH/Priv-003021

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.544 1984.121 5.91E-06 1918.17 9.31 27.47 -0.42 1836.41667 -2.529376066 -3.680927999 1838.125 -0.18 -4.74
-4.796 1984.102 5.49E-06 1918.09 9.32 27.31 -0.43 1836.25 -2.420534744 -3.976740847 1837.958 -0.09 -4.47
-4.918 1984.083 5.11E-06 1918 9.37 26.73 -0.44 1836.08333 -2.390544448 -4.136657105 1837.791 -0.2 -4.08
-4.792 1984.064 4.47E-06 1917.92 9.45 25.7 -0.44 1835.91667 -2.520938507 -3.915815655 1837.625 -0.63 -3.9
-4.771 1984.046 0.000004 1917.84 9.53 24.77 -0.45 1835.75 -2.675044812 -3.474428468 1837.458 -0.66 -4.53
-4.788 1984.027 4.07E-06 1917.75 9.56 24.44 -0.46 1835.58333 -2.486678487 -3.521247079 1837.291 -0.64 -4.81
-4.771 1984.008 4.08E-06 1917.67 9.53 24.76 -0.46 1835.41667 -2.758474205 -3.877750053 1837.125 -0.58 -4.72
-4.726 1983.989 4.17E-06 1917.59 9.55 24.52 -0.47 1835.25 -2.385736708 -4.178200756 1836.958 -0.4 -4.48
-4.689 1983.97 3.93E-06 1917.5 9.53 24.71 -0.48 1835.08333 -2.22021747 -4.336618721 1836.791 -0.35 -4.2

-4.53 1983.951 3.79E-06 1917.42 9.46 25.55 -0.49 1834.91667 -2.871844481 -4.102617063 1836.625 -0.41 -3.87
-4.44 1983.932 3.67E-06 1917.34 9.42 26.06 -0.5 1834.75 -2.76223797 -3.452220044 1836.458 -0.59 -3.95

-4.555 1983.913 3.71E-06 1917.25 9.4 26.39 -0.51 1834.58333 -2.370852577 -3.768725634 1836.291 -0.57 -4.27
-4.784 1983.895 3.95E-06 1917.17 9.32 27.36 -0.52 1834.41667 -2.47021715 -4.037375194 1836.125 -0.38 -4.65
-4.917 1983.876 3.85E-06 1917.09 9.36 26.83 -0.53 1834.25 -2.589954772 -3.970316987 1835.958 -0.23 -4.69
-4.896 1983.857 3.8E-06 1917 9.42 26.07 -0.55 1834.08333 -2.954055432 -3.727053149 1835.791 -0.35 -4.27
-4.785 1983.838 3.88E-06 1916.92 9.47 25.47 -0.56 1833.91667 -2.877044352 -3.632781422 1835.625 -0.77 -3.94
-4.702 1983.819 3.88E-06 1916.84 9.58 24.21 -0.57 1833.75 -2.806850573 -3.459136185 1835.458 -0.76 -4.08
-4.715 1983.8 3.99E-06 1916.75 9.56 24.38 -0.59 1833.58333 -2.687948738 -3.670934037 1835.291 -0.36 -4.71

-4.63 1983.781 4.1E-06 1916.67 9.59 24.03 -0.6 1833.41667 -2.518580004 -3.804876406 1835.125 -0.31 -4.9
-4.636 1983.763 4.02E-06 1916.59 9.62 23.69 -0.61 1833.25 -2.294101626 -3.764661775 1834.958 -0.44 -4.67
-4.741 1983.744 4.01E-06 1916.5 9.58 24.16 -0.63 1833.08333 -2.597094811 -3.921617043 1834.791 -0.5 -4.19
-4.612 1983.725 3.88E-06 1916.42 9.49 25.21 -0.64 1832.91667 -2.787425473 -3.906456 1834.625 -0.63 -4.12
-4.391 1983.706 3.94E-06 1916.34 9.42 26.05 -0.66 1832.75 -2.633679248 -3.495242422 1834.458 -0.24 -4.4

-4.51 1983.687 3.91E-06 1916.25 9.4 26.37 -0.68 1832.58333 -2.577247915 -3.539236305 1834.291 -0.04 -4.81
-4.752 1983.668 4.07E-06 1916.17 9.4 26.32 -0.69 1832.41667 -2.552921542 -3.73514897 1834.125 -0.13 -4.77
-5.016 1983.649 4.57E-06 1916.09 9.37 26.68 -0.71 1832.25 -2.508908329 -3.889391786 1833.958 -0.44 -4.46
-5.027 1983.63 4.6E-06 1916 9.37 26.71 -0.72 1832.08333 -2.481340549 -3.980284256 1833.791 -0.69 -4.26
-4.862 1983.612 4.15E-06 1915.92 9.49 25.3 -0.74 1831.91667 -2.488794387 -3.936268037 1833.625 -0.55 -3.99
-4.798 1983.593 4.15E-06 1915.84 9.55 24.55 -0.76 1831.75 -2.497392527 -3.80190324 1833.458 -0.4 -4.26
-4.736 1983.574 4.49E-06 1915.75 9.65 23.34 -0.78 1831.58333 -2.839624908 -3.799413226 1833.291 -0.35 -4.8
-4.814 1983.555 4.65E-06 1915.67 9.75 22.09 -0.79 1831.41667 -2.963750412 -3.963916691 1833.125 -0.56 -4.87
-4.693 1983.532 4.85E-06 1915.59 9.75 22.14 -0.81 1831.25 -2.89667826 -3.857616731 1832.958 -0.75 -4.44
-4.607 1983.508 4.96E-06 1915.5 9.63 23.5 -0.83 1831.08333 -2.563644149 -4.052833055 1832.791 -0.46 -4.28
-4.506 1983.485 4.82E-06 1915.42 9.46 25.58 -0.85 1830.91667 -2.664258892 -3.727896904 1832.625 -0.66 -4.02

-4.4 1983.462 5.54E-06 1915.34 9.38 26.57 -0.87 1830.75 -2.616814925 -3.57515286 1832.458 -0.86 -4.15
-4.5 1983.439 6.33E-06 1915.25 9.31 27.43 -0.88 1830.58333 -2.953183079 -3.987512719 1832.291 -0.65 -4.54

-4.718 1983.415 7.14E-06 1915.17 9.35 26.95 -0.9 1830.41667 -2.713769035 -4.096627273 1832.125 -0.54 -4.84
-4.815 1983.392 7.55E-06 1915.09 9.41 26.21 -0.92 1830.25 -2.628426468 -4.172002534 1831.958 -0.54 -4.79

-4.85 1983.369 0.000006 1915 9.42 26.1 -0.94 1830.08333 -2.40425139 -3.980981109 1831.791 -0.48 -4.38
-4.829 1983.346 5.56E-06 1914.92 9.47 25.47 -0.96 1829.91667 -2.129315973 -3.783773098 1831.625 -0.35 -3.88
-4.818 1983.322 4.92E-06 1914.84 9.57 24.23 -0.98 1829.75 -2.65073855 -3.484649263 1831.458 -0.91 -3.96
-4.681 1983.299 4.66E-06 1914.75 9.64 23.42 -1 1829.58333 -3.339330436 -3.921994273 1831.291 -0.38 -4.34
-4.565 1983.276 4.58E-06 1914.67 9.7 22.7 -1.02 1829.41667 -2.764384212 -3.861821611 1831.125 -0.54 -4.91
-4.601 1983.253 4.38E-06 1914.59 9.65 23.34 -1.04 1829.25 -2.309471981 -4.024345234 1830.958 -0.36 -4.61

-4.58 1983.229 4.25E-06 1914.5 9.52 24.92 -1.06 1829.08333 -2.145668407 -3.921509087 1830.791 -0.57 -4.49

ABOR/MH/Priv-003022

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1830.583 -3.75 1899.3 0.07 -5.66 1912.63
1830.417 -3.44 1899.2 0.05 -5.68 1912.54

1830.25 -3.09 1899.11 0.09 -5.92 1912.46
1830.083 -2.94 1899.02 0.15 -5.97 1912.38
1829.917 -3.05 1898.93 0.11 -6.34 1912.29

1829.75 -3.39 1898.75 -0.31 -6.5 1912.21
1829.583 -3.84 1898.67 -0.45 -6.29 1912.13
1829.417 -3.18 1898.58 -0.46 -6.57 1912.04

1829.25 -2.94 1898.5 0.04 -6.43 1911.96
1829.083 -2.93 1898.42 -0.33 -6.26 1911.88
1828.917 -3.25 1898.33 0.12 -5.94 1911.79

1828.75 -3.83 1898.25 0.23 -5.66 1911.71
1828.583 -3.8 1898.17 0.32 -5.55 1911.63
1828.417 -3.33 1898.08 -0.18 -5.65 1911.54

1828.25 -2.98 1898 -0.17 -5.85 1911.46
1828.083 -3.05 1897.92 -0.6 -6.36 1911.38
1827.917 -3.53 1897.75 -0.75 -6.61 1911.29

1827.75 -3.77 1897.68 -0.97 -6.43 1911.21
1827.583 -3.59 1897.62 -1.08 -6.47 1911.13
1827.417 -3.25 1897.55 -0.63 -6.34 1911.04

1827.25 -2.82 1897.48 -0.34 -6.18 1910.96
1827.083 -2.94 1897.42 -0.32 -6.12 1910.88
1826.917 -3.54 1897.35 0.13 -5.94 1910.79

1826.75 -3.5 1897.28 0.32 -5.89 1910.71
1826.583 -3.27 1897.22 0.27 -5.65 1910.63
1826.417 -3.04 1897.15 0.27 -5.54 1910.54

1826.25 -2.81 1897.08 0.03 -5.77 1910.46
1826.083 -2.74 1897.02 -0.33 -6.09 1910.38
1825.917 -3.16 1896.95 -0.42 -5.93 1910.29

1825.75 -3.44 1896.88 -0.42 -6.07 1910.21
1825.583 -3.45 1896.75 -0.57 -6.31 1910.13
1825.417 -3.48 1896.67 -0.22 -5.98 1910.04

1825.25 -3.28 1896.6 -0.45 -5.95 1909.96
1825.083 -2.78 1896.52 -0.47 -6.25 1909.88
1824.917 -3.05 1896.44 -0.15 -6.18 1909.79

1824.75 -3.3 1896.37 0.48 -5.77 1909.71
1824.583 -3.47 1896.29 0.61 -5.48 1909.63
1824.417 -3.56 1896.21 0.39 -5.32 1909.54

1824.25 -3.25 1896.13 0.26 -5.41 1909.46
1824.083 -2.85 1896.06 -0.05 -5.56 1909.38
1823.917 -2.95 1895.98 -0.26 -5.9 1909.29

1823.75 -3.25 1895.9 -0.65 -6.19 1909.21
1823.583 -3.53 1895.75 -0.58 -6.24 1909.13
1823.417 -3.37 1895.67 -0.61 -6.14 1909.04

1823.25 -2.87 1895.6 -0.38 -6.18 1908.96

ABOR/MH/Priv-003023

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.502 1983.206 4.11E-06 1914.42 9.43 25.94 -1.08 1828.91667 -2.485326703 -3.833664353 1830.625 -0.83 -3.87
-4.454 1983.183 4.11E-06 1914.34 9.4 26.36 -1.1 1828.75 -2.51071754 -3.531588556 1830.458 -0.48 -4.33
-4.772 1983.16 4.16E-06 1914.25 9.4 26.29 -1.12 1828.58333 -2.649404895 -3.623336188 1830.291 -0.61 -4.93
-4.957 1983.136 4.23E-06 1914.17 9.44 25.81 -1.14 1828.41667 -2.401906789 -4.160967176 1830.125 -0.61 -5.16
-4.987 1983.113 4.13E-06 1914.09 9.45 25.7 -1.15 1828.25 -2.372691811 -4.02151121 1829.958 -0.5 -4.25
-4.973 1983.09 4.49E-06 1914 9.45 25.78 -1.17 1828.08333 -2.096025721 -3.81897705 1829.791 -0.44 -3.84
-4.851 1983.067 4.4E-06 1913.92 9.49 25.26 -1.19 1827.91667 -2.176667194 -3.710662028 1829.625 -0.7 -3.85
-4.778 1983.043 4.61E-06 1913.84 9.6 23.85 -1.21 1827.75 -2.737830753 -3.536221976 1829.458 -0.51 -4.32
-4.741 1983.02 4.46E-06 1913.75 9.69 22.84 -1.23 1827.58333 -2.907279034 -3.587109237 1829.291 -0.16 -4.55
-4.642 1982.997 4.25E-06 1913.67 9.66 23.18 -1.25 1827.41667 -2.659208607 -3.668750818 1829.125 -0.48 -4.87
-4.581 1982.974 4.04E-06 1913.59 9.64 23.38 -1.26 1827.25 -2.203956102 -3.78206401 1828.958 -0.6 -4.44
-4.568 1982.95 3.96E-06 1913.5 9.62 23.68 -1.28 1827.08333 -2.384803597 -3.964216542 1828.791 -0.27 -4.17

-4.48 1982.927 3.8E-06 1913.42 9.5 25.13 -1.29 1826.91667 -2.004574744 -3.719978899 1828.625 -0.79 -3.91
-4.315 1982.904 3.8E-06 1913.34 9.47 25.52 -1.31 1826.75 -1.852879182 -3.285138724 1828.458 -0.61 -4.29
-4.353 1982.881 3.84E-06 1913.25 9.49 25.23 -1.32 1826.58333 -2.631714991 -3.715137074 1828.291 -0.46 -4.75
-4.566 1982.857 3.93E-06 1913.17 9.52 24.91 -1.33 1826.41667 -2.403524706 -4.11725613 1828.125 -0.48 -4.84
-4.645 1982.834 4.04E-06 1913.09 9.56 24.37 -1.34 1826.25 -1.847722994 -4.171666308 1827.958 -0.46 -4.64
-4.653 1982.811 4.41E-06 1913 9.62 23.69 -1.35 1826.08333 -1.64412711 -3.902559783 1827.791 -0.25 -4.37
-4.666 1982.788 4.35E-06 1912.92 9.66 23.24 -1.36 1825.91667 -1.522208144 -3.630328056 1827.625 -0.35 -4
-4.698 1982.764 4.33E-06 1912.84 9.65 23.32 -1.37 1825.75 -2.492385195 -3.393179934 1827.458 -0.4 -4.07
-4.672 1982.741 4.16E-06 1912.75 9.7 22.7 -1.37 1825.58333 -2.740155584 -3.525722756 1827.291 -0.32 -4.58
-4.587 1982.718 4.18E-06 1912.67 9.69 22.82 -1.38 1825.41667 -2.290499032 -3.893243311 1827.125 -0.27 -4.97
-4.555 1982.695 3.95E-06 1912.59 9.71 22.57 -1.38 1825.25 -2.256715563 -4.133268102 1826.958 -0.32 -4.88
-4.431 1982.671 4.05E-06 1912.5 9.63 23.52 -1.39 1825.08333 -2.233861244 -4.216087153 1826.791 -0.43 -4.36

-4.35 1982.648 3.88E-06 1912.42 9.52 24.88 -1.39 1824.91667 -2.145207172 -3.980882113 1826.625 -0.61 -3.99
-4.336 1982.625 3.9E-06 1912.34 9.46 25.61 -1.39 1824.75 -2.116010275 -3.452032549 1826.458 -0.48 -4.22
-4.378 1982.602 4.29E-06 1912.25 9.43 25.99 -1.39 1824.58333 -2.516639186 -3.664481493 1826.291 -0.46 -4.86
-4.451 1982.578 4.56E-06 1912.17 9.44 25.85 -1.39 1824.41667 -2.644570677 -4.212444621 1826.125 -0.34 -4.75
-4.716 1982.555 4.75E-06 1912.09 9.48 25.35 -1.38 1824.25 -2.312219948 -4.552298259 1825.958 -0.42 -4.62
-4.718 1982.535 4.81E-06 1912 9.55 24.56 -1.38 1824.08333 -1.80423023 -4.436462775 1825.791 -0.47 -4.33
-4.697 1982.515 4.34E-06 1911.92 9.61 23.79 -1.38 1823.91667 -2.049345453 -4.157171516 1825.625 -0.81 -4.18
-4.631 1982.495 4.34E-06 1911.84 9.65 23.28 -1.38 1823.75 -2.492558007 -3.437936146 1825.458 -0.38 -4.56
-4.604 1982.475 4.31E-06 1911.75 9.67 23.06 -1.37 1823.58333 -2.866081914 -3.64919606 1825.291 -0.22 -4.75
-4.654 1982.455 4.52E-06 1911.67 9.67 23.06 -1.37 1823.41667 -2.847767182 -3.671468794 1825.125 -0.25 -4.81
-4.468 1982.435 4.38E-06 1911.59 9.64 23.48 -1.36 1823.25 -2.173640728 -3.72507586 1824.958 -0.35 -4.61
-4.439 1982.415 4.41E-06 1911.5 9.64 23.46 -1.36 1823.08333 -2.101349569 -4.007916033 1824.791 -0.44 -4.19
-4.374 1982.395 4.27E-06 1911.42 9.57 24.27 -1.35 1822.91667 -1.871225464 -4.209473699 1824.625 -0.54 -3.91
-4.264 1982.375 4.64E-06 1911.34 9.45 25.73 -1.34 1822.75 -2.393887884 -3.289491658 1824.458 -0.23 -4.56

-4.39 1982.355 4.31E-06 1911.25 9.4 26.32 -1.34 1822.58333 -2.56731593 -3.287318936 1824.291 -0.02 -5.06
-4.563 1982.335 4.14E-06 1911.17 9.4 26.29 -1.33 1822.41667 -2.621619811 -3.565690856 1824.125 0.02 -5.15

-4.81 1982.315 4.29E-06 1911.09 9.39 26.43 -1.32 1822.25 -2.608118682 -3.718557797 1823.958 -0.01 -4.83
-4.953 1982.295 4.15E-06 1911 9.44 25.88 -1.32 1822.08333 -2.27067317 -3.674895137 1823.791 0.01 -4.27
-4.854 1982.275 4.23E-06 1910.92 9.51 25.06 -1.31 1821.91667 -2.174189066 -3.526706434 1823.625 0.09 -3.83
-4.758 1982.255 4.09E-06 1910.84 9.58 24.1 -1.31 1821.75 -2.701565683 -3.363946335 1823.458 -0.28 -4.39

-4.72 1982.235 4.09E-06 1910.75 9.64 23.42 -1.3 1821.58333 -2.607334343 -3.355370932 1823.291 -0.41 -3.93

ABOR/MH/Priv-003024

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1823.083 -2.88 1895.52 -0.01 -6.11 1908.88
1822.917 -3.24 1895.44 0.21 -6 1908.79

1822.75 -3.49 1895.37 0.35 -5.76 1908.71
1822.583 -3.54 1895.29 0.04 -5.51 1908.63
1822.417 -3.56 1895.21 -0.18 -5.61 1908.54

1822.25 -3.06 1895.13 -0.08 -5.59 1908.46
1822.083 -2.79 1895.06 0.03 -5.84 1908.38
1821.917 -3.05 1894.98 -0.19 -6.21 1908.29

1821.75 -3.37 1894.9 -0.54 -6.35 1908.21
1821.583 -3.66 1894.75 -0.99 -6.66 1908.13
1821.417 -3.49 1894.68 -1.51 -6.77 1908.04

1821.25 -2.88 1894.61 -0.98 -6.46 1907.96
1821.083 -2.78 1894.54 -0.9 -6.42 1907.88
1820.917 -3.12 1894.46 -0.67 -6.08 1907.79

1820.75 -3.47 1894.39 -0.35 -5.85 1907.71
1820.583 -3.66 1894.32 -0.2 -5.67 1907.63
1820.417 -3.47 1894.25 0.02 -5.56 1907.54

1820.25 -3.33 1894.18 0.34 -5.6 1907.46
1820.083 -2.91 1894.11 0.35 -5.72 1907.38
1819.917 -3.15 1894.04 -0.08 -5.9 1907.29

1819.75 -3.4 1893.96 -0.66 -5.88 1907.21
1819.583 -3.68 1893.89 -0.75 -5.79 1907.13
1819.417 -3.77 1893.75 -0.71 -6.15 1907.04

1819.25 -3.3 1893.65 -0.38 -6.12 1906.96
1819.083 -2.77 1893.55 0.26 -5.61 1906.88
1818.917 -2.93 1893.45 -0.03 -5.37 1906.79

1818.75 -3.19 1893.35 0.28 -5.26 1906.71
1818.583 -3.47 1893.25 0.02 -5.57 1906.63
1818.417 -3.52 1893.15 -0.14 -5.78 1906.54

1818.25 -2.93 1893.05 0.14 -5.77 1906.46
1818.083 -2.93 1892.95 -0.56 -5.89 1906.38
1817.917 -3.44 1892.75 -0.47 -6.08 1906.29

1817.75 -3.54 1892.66 -0.47 -6.09 1906.21
1817.583 -3.44 1892.57 -0.31 -5.92 1906.13
1817.417 -3.29 1892.48 -0.05 -5.68 1906.04

1817.25 -2.78 1892.39 0.56 -5.56 1905.96
1817.083 -2.61 1892.3 0.5 -5.73 1905.88
1816.917 -3.07 1892.2 -0.24 -5.97 1905.79

1816.75 -3.39 1892.11 -0.37 -6.24 1905.71
1816.583 -3.68 1892.02 0.05 -6.31 1905.63
1816.417 -3.52 1891.93 -0.2 -6.28 1905.54

1816.25 -3.17 1891.75 -0.75 -6.55 1905.46
1816.083 -3.01 1891.66 -0.24 -6.34 1905.38
1815.917 -3.13 1891.57 0.1 -5.86 1905.29

1815.75 -3.37 1891.48 0.02 -5.7 1905.21

ABOR/MH/Priv-003025

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.611 1982.215 4.29E-06 1910.67 9.67 23.06 -1.3 1821.41667 -2.597584813 -3.67068633 1823.125 -0.14 -4.53
-4.508 1982.195 4.7E-06 1910.59 9.61 23.8 -1.29 1821.25 -2.025522157 -4.000614419 1822.958 -0.15 -4.97
-4.532 1982.175 4.84E-06 1910.5 9.58 24.2 -1.29 1821.08333 -1.889997407 -3.839110333 1822.791 -0.23 -4.26
-4.445 1982.155 4.45E-06 1910.42 9.52 24.85 -1.28 1820.91667 -2.704893811 -3.705996089 1822.625 -0.78 -3.97
-4.383 1982.135 4.59E-06 1910.34 9.46 25.63 -1.28 1820.75 -2.913485987 -3.440906418 1822.458 -0.67 -4.24
-4.391 1982.115 4.52E-06 1910.25 9.43 25.98 -1.28 1820.58333 -2.457534843 -3.619988789 1822.291 -0.48 -4.59
-4.518 1982.095 4.42E-06 1910.17 9.42 26.11 -1.27 1820.41667 -1.704947588 -3.903368516 1822.125 -0.22 -5.01
-4.731 1982.075 4.17E-06 1910.09 9.42 26.13 -1.27 1820.25 -1.941815701 -3.940108094 1821.958 -0.3 -4.76
-4.848 1982.055 4.01E-06 1910 9.47 25.52 -1.27 1820.08333 -2.247518416 -3.872609141 1821.791 -0.38 -4.42
-4.698 1982.035 3.95E-06 1909.92 9.51 25.02 -1.27 1819.91667 -2.380665639 -3.619202965 1821.625 -0.47 -3.98
-4.601 1982.015 3.93E-06 1909.84 9.57 24.3 -1.26 1819.75 -2.141971199 -3.407829271 1821.458 -0.6 -4.11
-4.616 1981.995 4.07E-06 1909.75 9.63 23.55 -1.26 1819.58333 -2.723842945 -3.657214579 1821.291 -0.45 -4.5

-4.6 1981.975 4.26E-06 1909.67 9.65 23.3 -1.26 1819.41667 -2.665027068 -3.961195908 1821.125 -0.35 -4.81
-4.569 1981.955 4.3E-06 1909.59 9.64 23.43 -1.26 1819.25 -2.068522158 -3.804405187 1820.958 -0.31 -4.74
-4.427 1981.935 4.13E-06 1909.5 9.62 23.63 -1.26 1819.08333 -1.465117835 -3.824015765 1820.791 -0.26 -4.33
-4.275 1981.915 3.93E-06 1909.42 9.54 24.58 -1.26 1818.91667 -1.981734822 -3.979890045 1820.625 -0.38 -4.05
-4.276 1981.895 3.89E-06 1909.34 9.49 25.2 -1.26 1818.75 -2.070671324 -3.577319441 1820.458 -0.4 -4.35
-4.601 1981.875 3.99E-06 1909.25 9.45 25.78 -1.26 1818.58333 -2.926313863 -3.470363542 1820.291 -0.45 -4.81
-4.605 1981.855 4.14E-06 1909.17 9.41 26.25 -1.26 1818.41667 -2.7885012 -3.569458741 1820.125 -0.53 -5.04
-4.838 1981.835 4.17E-06 1909.09 9.45 25.71 -1.26 1818.25 -2.467361257 -3.645771313 1819.958 -0.55 -4.9
-4.886 1981.815 4.41E-06 1909 9.49 25.28 -1.26 1818.08333 -1.97357035 -3.742509211 1819.791 -0.51 -4.48
-4.779 1981.795 4.39E-06 1908.92 9.49 25.21 -1.26 1817.91667 -2.17363912 -3.990714454 1819.625 -0.64 -4
-4.708 1981.775 4.47E-06 1908.84 9.55 24.53 -1.26 1817.75 -2.319368797 -3.711706479 1819.458 -0.44 -4.23
-4.666 1981.755 4.65E-06 1908.75 9.6 23.89 -1.26 1817.58333 -2.789393287 -3.733435148 1819.291 -0.2 -4.48
-4.601 1981.735 4.84E-06 1908.67 9.62 23.67 -1.26 1817.41667 -2.827788111 -3.909390187 1819.125 -0.1 -4.7
-4.555 1981.715 4.88E-06 1908.59 9.66 23.13 -1.26 1817.25 -2.562119013 -4.037451005 1818.958 -0.15 -4.63
-4.473 1981.695 4.96E-06 1908.5 9.63 23.53 -1.25 1817.08333 -2.366165568 -3.788433131 1818.791 -0.28 -4.22
-4.381 1981.675 4.72E-06 1908.42 9.59 24.03 -1.25 1816.91667 -2.543902866 -3.730816857 1818.625 -0.33 -4.04
-4.346 1981.655 4.74E-06 1908.34 9.51 24.98 -1.25 1816.75 -2.681786183 -3.65236324 1818.458 -0.53 -4.37
-4.601 1981.635 4.56E-06 1908.25 9.43 25.98 -1.25 1816.58333 -3.009415138 -3.665378947 1818.291 -0.41 -4.65
-5.039 1981.615 4.58E-06 1908.17 9.44 25.81 -1.24 1816.41667 -2.333596019 -3.795622343 1818.125 0.03 -4.89

-5.15 1981.595 4.44E-06 1908.09 9.49 25.3 -1.24 1816.25 -2.203888611 -3.735424509 1817.958 -0.21 -4.68
-5.062 1981.575 4.56E-06 1908 9.55 24.54 -1.24 1816.08333 -2.072540161 -3.587666658 1817.791 -0.4 -4.38
-4.862 1981.555 4.51E-06 1907.92 9.59 24.09 -1.23 1815.91667 -2.515872194 -3.569928089 1817.625 -0.56 -3.99
-4.807 1981.538 4.45E-06 1907.84 9.58 24.2 -1.23 1815.75 -2.959204228 -3.552189519 1817.458 -0.38 -4.16
-4.762 1981.522 4.47E-06 1907.75 9.62 23.72 -1.22 1815.58333 -2.626412366 -3.715451445 1817.291 -0.39 -4.5
-4.766 1981.505 4.81E-06 1907.67 9.69 22.82 -1.21 1815.41667 -2.322627921 -3.946780504 1817.125 -0.38 -4.8
-4.697 1981.488 5.17E-06 1907.59 9.71 22.57 -1.21 1815.25 -2.303912601 -4.069696252 1816.958 -0.34 -4.8
-4.667 1981.472 5.03E-06 1907.5 9.67 23.11 -1.2 1815.08333 -2.11356417 -3.793735201 1816.791 -0.29 -4.4
-4.681 1981.455 4.84E-06 1907.42 9.65 23.35 -1.19 1814.91667 -1.705193688 -3.540307012 1816.625 -0.21 -3.74
-4.575 1981.438 4.69E-06 1907.34 9.6 23.86 -1.18 1814.75 -2.544449613 -3.456079582 1816.458 -0.37 -4.31
-4.915 1981.422 4.56E-06 1907.25 9.48 25.33 -1.17 1814.58333 -2.931667966 -3.818692646 1816.291 -0.17 -4.68
-4.901 1981.405 4.46E-06 1907.17 9.47 25.52 -1.16 1814.41667 -2.884500604 -3.889251511 1816.125 -0.26 -4.78
-4.867 1981.388 4.48E-06 1907.09 9.43 26.01 -1.14 1814.25 -2.66411657 -3.938338413 1815.958 -0.39 -4.6
-4.853 1981.372 4.65E-06 1907 9.42 26.1 -1.13 1814.08333 -2.373425296 -3.923436273 1815.791 -0.22 -4.26

ABOR/MH/Priv-003026

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1815.583 -3.43 1891.39 0.02 -5.74 1905.13
1815.417 -3.39 1891.3 0.11 -5.89 1905.04

1815.25 -2.96 1891.2 -0.15 -6.03 1904.96
1815.083 -2.96 1891.11 -0.43 -6.14 1904.88
1814.917 -3.36 1891.02 -0.5 -6.35 1904.79

1814.75 -3.58 1890.93 -0.49 -6.32 1904.71
1814.583 -3.92 1890.75 -0.68 -6.34 1904.63
1814.417 -3.33 1890.67 -0.43 -6.36 1904.54

1814.25 -3.16 1890.58 -0.57 -6.43 1904.46
1814.083 -3.1 1890.5 -0.18 -6.14 1904.38
1813.917 -3.32 1890.42 -0.02 -5.84 1904.29

1813.75 -3.58 1890.33 0.18 -5.65 1904.21
1813.583 -3.45 1890.25 0.12 -5.66 1904.13
1813.417 -3.37 1890.17 -0.2 -5.8 1904.04

1813.25 -2.97 1890.08 -0.49 -5.87 1903.96
1813.083 -2.79 1890 -0.86 -6.02 1903.88
1812.917 -3.26 1889.92 -0.84 -6.21 1903.79

1812.75 -3.67 1889.75 -0.93 -6.3 1903.71
1812.583 -3.92 1889.67 -0.96 -6.24 1903.63
1812.417 -3.37 1889.58 -0.4 -5.98 1903.54

1812.25 -3.12 1889.5 -0.23 -6.02 1903.46
1812.083 -2.93 1889.42 -0.21 -6 1903.38
1811.917 -3.27 1889.33 -0.03 -5.83 1903.29

1811.75 -3.62 1889.25 -0.21 -5.75 1903.21
1811.583 -3.79 1889.17 -0.37 -5.59 1903.13
1811.417 -3.42 1889.08 -0.07 -5.57 1903.04

1811.25 -3.27 1889 -0.03 -5.9 1902.96
1811.083 -3.04 1888.92 -0.45 -6.22 1902.88
1810.917 -3.17 1888.75 -0.67 -6.27 1902.79

1810.75 -3.53 1888.67 -0.42 -6.23 1902.71
1810.583 -3.67 1888.6 0.17 -6.03 1902.63
1810.417 -3.45 1888.52 -0.07 -5.97 1902.54

1810.25 -3.28 1888.44 -0.15 -6.06 1902.46
1810.083 -3 1888.37 0.04 -5.82 1902.38
1809.917 -3.39 1888.29 0.04 -5.53 1902.29

1809.75 -3.56 1888.21 -0.09 -5.49 1902.21
1809.583 -3.31 1888.13 -0.2 -5.72 1902.13
1809.417 -3.19 1888.06 -0.29 -5.71 1902.04

1809.25 -3.13 1887.98 -0.71 -6.03 1901.96
1809.083 -3.16 1887.9 -0.9 -6.21 1901.88
1808.917 -3.45 1887.75 -0.77 -6.33 1901.79

1808.75 -3.78 1887.68 -0.55 -6.19 1901.71
1808.583 -3.67 1887.61 -0.38 -6.06 1901.63
1808.417 -3.57 1887.54 -0.14 -5.96 1901.54

1808.25 -3.19 1887.46 -0.29 -5.86 1901.46

ABOR/MH/Priv-003027

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.836 1981.355 4.76E-06 1906.92 9.49 25.28 -1.12 1813.91667 -2.234249585 -3.777421348 1815.625 -0.31 -4.09
-4.775 1981.338 5.14E-06 1906.84 9.54 24.59 -1.11 1813.75 -2.185282375 -3.590999448 1815.458 -0.26 -4.42
-4.728 1981.322 5.43E-06 1906.75 9.56 24.4 -1.1 1813.58333 -2.729852013 -3.582400499 1815.291 -0.28 -4.79
-4.727 1981.305 5.33E-06 1906.67 9.58 24.15 -1.08 1813.41667 -2.912402039 -3.700042961 1815.125 -0.31 -4.95
-4.702 1981.288 5.66E-06 1906.59 9.56 24.4 -1.07 1813.25 -2.666220239 -3.796160013 1814.958 -0.38 -4.68

-4.67 1981.272 5.92E-06 1906.5 9.55 24.55 -1.06 1813.08333 -2.362542775 -4.047323634 1814.791 -0.48 -4.11
-4.666 1981.255 5.86E-06 1906.42 9.5 25.09 -1.04 1812.91667 -2.434409802 -4.012689226 1814.625 -0.38 -3.9
-4.528 1981.238 5.61E-06 1906.34 9.43 25.95 -1.03 1812.75 -2.09212375 -3.484529611 1814.458 -0.33 -4.39
-4.781 1981.222 5.96E-06 1906.25 9.39 26.46 -1.02 1812.58333 -2.649150204 -3.374809345 1814.291 -0.29 -4.64
-4.876 1981.205 6.34E-06 1906.17 9.42 26.04 -1 1812.41667 -2.928051624 -3.67315065 1814.125 -0.25 -4.74
-4.875 1981.188 6.49E-06 1906.09 9.46 25.64 -0.99 1812.25 -3.06074927 -3.870387453 1813.958 -0.31 -4.62
-4.832 1981.172 6.5E-06 1906 9.54 24.69 -0.97 1812.08333 -2.478039092 -3.920229796 1813.791 -0.43 -4.26
-4.863 1981.155 6.54E-06 1905.92 9.57 24.22 -0.96 1811.91667 -2.014815018 -3.717374406 1813.625 -0.19 -3.8
-4.717 1981.138 6.66E-06 1905.84 9.56 24.34 -0.95 1811.75 -2.485239133 -3.487755409 1813.458 -0.26 -4.5
-4.597 1981.122 6.93E-06 1905.75 9.6 23.95 -0.93 1811.58333 -2.871340566 -3.521421804 1813.291 -0.3 -4.93
-4.564 1981.105 0.000007 1905.67 9.64 23.42 -0.92 1811.41667 -3.09713532 -3.888586965 1813.125 -0.37 -4.96
-4.568 1981.088 9.35E-06 1905.59 9.6 23.86 -0.9 1811.25 -2.665477927 -3.825541984 1812.958 -0.4 -4.6
-4.538 1981.072 1.53E-05 1905.5 9.54 24.64 -0.89 1811.08333 -2.63793081 -3.701887688 1812.791 -0.4 -4.07
-4.472 1981.055 1.37E-05 1905.42 9.46 25.61 -0.88 1810.91667 -2.630294887 -3.654033889 1812.625 -0.58 -3.98
-4.558 1981.038 1.23E-05 1905.34 9.35 26.95 -0.86 1810.75 -2.8631 -3.596921282 1812.458 -0.44 -4.61
-4.652 1981.022 1.03E-05 1905.25 9.37 26.74 -0.85 1810.58333 -2.832530405 -3.879403101 1812.291 -0.38 -4.99
-4.828 1981.005 8.26E-06 1905.17 9.37 26.73 -0.83 1810.41667 -1.958490856 -4.215695915 1812.125 -0.54 -4.96

-4.92 1980.988 5.14E-06 1905.09 9.43 25.97 -0.82 1810.25 -2.03786655 -4.145163741 1811.958 -0.68 -4.62
-4.916 1980.972 4.27E-06 1905 9.51 24.94 -0.81 1810.08333 -2.309791586 -3.936659051 1811.791 -0.61 -4.25
-4.923 1980.955 4.14E-06 1904.92 9.56 24.38 -0.79 1809.91667 -2.511803682 -3.656640723 1811.625 -0.52 -4.16
-4.827 1980.938 4.22E-06 1904.84 9.61 23.75 -0.78 1809.75 -2.787303804 -3.457157941 1811.458 -0.72 -4.58

-4.75 1980.922 4.38E-06 1904.75 9.69 22.81 -0.76 1809.58333 -2.780362029 -3.597550616 1811.291 -0.61 -5
-4.755 1980.905 4.06E-06 1904.67 9.7 22.7 -0.75 1809.41667 -2.720363545 -4.227867107 1811.125 -0.65 -5.04
-4.758 1980.888 4.09E-06 1904.59 9.63 23.56 -0.73 1809.25 -2.294788811 -3.990574634 1810.958 -0.67 -4.72

-4.62 1980.872 4.06E-06 1904.5 9.59 24.03 -0.72 1809.08333 -1.873820266 -3.872028908 1810.791 -0.47 -4.3
-4.558 1980.855 4.15E-06 1904.42 9.47 25.49 -0.7 1808.91667 -2.110282249 -3.834720079 1810.625 -0.44 -3.96 9.11894
-4.588 1980.838 4.11E-06 1904.34 9.38 26.55 -0.69 1808.75 -2.867945356 -3.404253815 1810.458 -0.36 -4.64 9.02469
-4.588 1980.822 4.03E-06 1904.25 9.37 26.65 -0.67 1808.58333 -2.895475053 -3.459691636 1810.291 -0.43 -4.89 8.93956
-4.703 1980.805 3.83E-06 1904.17 9.33 27.16 -0.66 1808.41667 -2.908635638 -3.604346026 1810.125 -0.4 -4.98 8.86354
-4.773 1980.788 3.83E-06 1904.09 9.38 26.57 -0.64 1808.25 -2.104790711 -3.903927746 1809.958 -0.22 -4.86 9.05866
-4.728 1980.772 3.83E-06 1904 9.44 25.88 -0.63 1808.08333 -1.821444991 -3.866215417 1809.791 -0.07 -4.5 9.21068
-4.713 1980.755 3.84E-06 1903.92 9.57 24.22 -0.61 1807.91667 -1.821764023 -3.574326077 1809.625 -0.41 -4.23 9.31961
-4.782 1980.738 3.8E-06 1903.84 9.6 23.96 -0.6 1807.75 -2.26034164 -3.482161638 1809.458 -0.45 -4.57 9.29177
-4.719 1980.722 3.9E-06 1903.75 9.63 23.59 -0.59 1807.58333 -2.570076521 -3.770815255 1809.291 -0.42 -5.23 9.1172
-4.687 1980.705 3.95E-06 1903.67 9.57 24.27 -0.57 1807.41667 -2.232487765 -3.684766383 1809.125 -0.25 -5.05 9.03434
-4.601 1980.688 3.94E-06 1903.59 9.49 25.24 -0.56 1807.25 -2.276368534 -3.87598511 1808.958 -0.36 -4.66 9.1117
-4.441 1980.672 3.97E-06 1903.5 9.5 25.17 -0.55 1807.08333 -2.417521913 -3.63503028 1808.791 -0.48 -4.44 9.09899
-4.235 1980.655 3.97E-06 1903.42 9.44 25.88 -0.53 1806.91667 -2.147940027 -3.472290868 1808.625 -0.58 -4.24 9.25342
-4.339 1980.638 3.98E-06 1903.34 9.36 26.81 -0.52 1806.75 -2.613140163 -3.330230961 1808.458 -0.23 -4.69 9.04288
-4.546 1980.622 4.03E-06 1903.25 9.35 26.93 -0.51 1806.58333 -2.53984286 -3.528995109 1808.291 0.15 -4.81 8.92733

ABOR/MH/Priv-003028

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1808.083 -2.93 1887.39 -0.22 -5.55 1901.38
1807.917 -3 1887.32 0.1 -5.73 1901.29

1807.75 -3.4 1887.25 -0.1 -5.56 1901.21
1807.583 -3.71 1887.18 0.45 -5.4 1901.13
1807.417 -3.56 1887.11 0.6 -5.23 1901.04

1807.25 -3.21 1887.04 0.47 -5.42 1900.96
1807.083 -2.96 1886.96 0.38 -5.54 1900.88
1806.917 -3.02 1886.89 0.59 -5.65 1900.79

1806.75 -3.33 1886.75 0.11 -5.94 1900.71
1806.583 -3.6 1886.68 -0.02 -5.92 1900.63
1806.417 -3.47 1886.61 0.52 -5.77 1900.54

1806.25 -3.03 1886.46 0.39 -5.52 1900.46
1806.083 -2.74 1886.32 0.51 -5.04 1900.38
1805.917 -3.22 1886.25 0.91 -5.24 1900.29

1805.75 -3.65 1886.18 0.92 -5.29 1900.21
1805.583 -3.75 1886.11 0.35 -5.59 1900.13
1805.417 -3.4 1886.04 0.1 -5.91 1900.04

1805.25 -3.31 1885.96 -0.64 -6.1 1899.96
1805.083 -3.34 1885.89 -0.61 -6.2 1899.88
1804.917 -3.48 1885.75 -0.19 -6.24 1899.79

1804.75 -3.71 1885.64 0.21 -6.13 1899.71
1804.583 -3.86 1885.53 0.77 -5.68 1899.63
1804.417 -3.6 1885.42 0.83 -5.57 1899.54

1804.25 -3.38 1885.31 0.88 -5.59 1899.46
1804.083 -3.25 1885.19 1.04 -5.41 1899.38
1803.917 -3.43 1885.08 0.56 -5.53 1899.29

1803.75 -3.76 1884.97 0.12 -6.04 1899.21
1803.583 -3.71 1884.75 0.01 -6.02 1899.13
1803.417 -3.48 1884.66 0.39 -5.84 1899.04

1803.25 -3.05 1884.57 1.08 -5.86 1898.96
1803.083 -3.11 1884.48 1.05 -5.65 1898.88
1802.917 -3.39 1884.39 1.01 -5.5 1898.79

1802.75 -3.65 1884.3 0.6 -5.42 1898.71
1802.583 -3.67 1884.2 0.54 -5.37 1898.63
1802.417 -3.57 1884.11 0.34 -5.47 1898.54

1802.25 -3.24 1884.02 0.05 -5.79 1898.46
1802.083 -2.97 1883.93 -0.55 -6.07 1898.38
1801.917 -3.05 1883.75 -1 -6.19 1898.29

1801.75 -3.2 1883.67 -0.67 -6.15 1898.21
1801.583 -3.56 1883.6 0.67 -5.51 1898.13
1801.417 -3.85 1883.52 0.27 -5.85 1898.04

1801.25 -3.29 1883.44 0.63 -5.81 1897.96
1801.083 -3.17 1883.37 0.75 -5.47 1897.88
1800.917 -3.22 1883.29 0.93 -5.21 1897.79

1800.75 -3.48 1883.21 1.11 -5.18 1897.71

ABOR/MH/Priv-003029

CONFIDENTIAL -  
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.725 1980.605 4.24E-06 1903.17 9.37 26.7 -0.5 1806.41667 -2.317502308 -3.587848204 1808.125 -0.06 -4.72 8.92639
-4.916 1980.588 4.37E-06 1903.09 9.38 26.61 -0.49 1806.25 -2.244941534 -3.964331792 1807.958 -0.45 -4.44 9.05518
-4.929 1980.572 4.05E-06 1903 9.41 26.17 -0.48 1806.08333 -1.873525212 -4.119350189 1807.791 -0.52 -4.1 9.16709
-4.954 1980.555 4.1E-06 1902.92 9.48 25.33 -0.47 1805.91667 -1.956829991 -4.128510545 1807.625 -0.58 -3.98 9.2621
-4.885 1980.536 4.07E-06 1902.84 9.54 24.63 -0.46 1805.75 -1.967470725 -3.733863693 1807.458 -0.53 -4.54 9.12428
-4.823 1980.518 4.16E-06 1902.75 9.6 23.9 -0.45 1805.58333 -2.833307203 -3.558293637 1807.291 -0.31 -4.85 9.04589
-4.762 1980.499 4.32E-06 1902.67 9.61 23.79 -0.44 1805.41667 -2.757545176 -3.808022315 1807.125 -0.39 -4.82 8.91537

-4.68 1980.481 4.45E-06 1902.59 9.57 24.32 -0.44 1805.25 -2.34485873 -3.686197635 1806.958 -0.64 -4.53 8.98958
-4.663 1980.462 4.39E-06 1902.5 9.48 25.42 -0.43 1805.08333 -1.999685712 -3.84503173 1806.791 -0.75 -4.18 9.10558

-4.57 1980.444 4.48E-06 1902.42 9.38 26.54 -0.42 1804.91667 -1.970187613 -3.904243394 1806.625 -0.73 -4.02 9.26337
-4.553 1980.425 4.71E-06 1902.34 9.35 26.97 -0.41 1804.75 -2.197852673 -3.51593056 1806.458 -0.48 -4.65 9.1732
-4.658 1980.407 4.44E-06 1902.25 9.36 26.83 -0.41 1804.58333 -2.250601013 -3.449129841 1806.291 -0.63 -4.97 8.93717
-4.757 1980.388 4.4E-06 1902.17 9.39 26.51 -0.4 1804.41667 -2.513349184 -4.040298386 1806.125 -0.65 -4.93 8.89878
-4.739 1980.37 4.3E-06 1902.09 9.44 25.86 -0.4 1804.25 -2.221965219 -3.87850768 1805.958 -0.57 -4.66 9.01508
-4.822 1980.351 4.39E-06 1902 9.49 25.3 -0.39 1804.08333 -2.344529119 -4.135424109 1805.791 -0.56 -4.32 9.11586
-4.795 1980.333 4.45E-06 1901.92 9.53 24.78 -0.38 1803.91667 -2.47459964 -3.880805157 1805.625 -0.55 -3.96 9.20111
-4.768 1980.314 4.46E-06 1901.84 9.56 24.34 -0.38 1803.75 -2.394817801 -3.437577692 1805.458 -0.69 -4.51 9.16436
-4.836 1980.296 4.69E-06 1901.75 9.58 24.11 -0.37 1803.58333 -2.664738059 -3.572193538 1805.291 -0.74 -4.83 9.06682
-4.649 1980.277 4.68E-06 1901.67 9.59 24.03 -0.37 1803.41667 -2.676635391 -3.868816477 1805.125 -0.51 -4.81 8.90849
-4.602 1980.259 4.88E-06 1901.59 9.57 24.29 -0.36 1803.25 -2.446402936 -4.12120549 1804.958 -0.3 -4.51 8.9265
-4.559 1980.24 5.24E-06 1901.5 9.53 24.72 -0.36 1803.08333 -2.735362748 -3.827205462 1804.791 -0.35 -4.18 9.05329
-4.473 1980.222 5.38E-06 1901.42 9.45 25.73 -0.35 1802.91667 -2.392660116 -3.363637298 1804.625 -0.41 -4.06 9.22562
-4.421 1980.203 5.5E-06 1901.34 9.39 26.43 -0.35 1802.75 -2.447068264 -3.270468483 1804.458 -0.55 -4.58 9.16587
-4.595 1980.185 5.03E-06 1901.25 9.42 26.06 -0.34 1802.58333 -2.81755426 -3.775111886 1804.291 -0.19 -4.83 8.99357

-4.82 1980.166 4.51E-06 1901.17 9.44 25.89 -0.34 1802.41667 -2.678861147 -3.976844834 1804.125 -0.24 -4.84 8.94755
-4.807 1980.148 4.42E-06 1901.09 9.39 26.47 -0.33 1802.25 -2.433602923 -3.785195712 1803.958 -0.45 -4.66 9.05116
-4.677 1980.129 4.99E-06 1901 9.37 26.7 -0.33 1802.08333 -2.827459276 -3.706881017 1803.791 -0.38 -4.37 9.14203
-4.774 1980.111 4.62E-06 1900.92 9.41 26.25 -0.33 1801.91667 -2.585313508 -3.618280189 1803.625 -0.44 -4.06 9.21612
-4.656 1980.092 4.38E-06 1900.84 9.43 25.99 -0.32 1801.75 -2.189280718 -3.45553612 1803.458 -0.55 -4.32 9.12972
-4.635 1980.074 4.33E-06 1900.75 9.51 24.96 -0.32 1801.58333 -2.467334433 -3.565428397 1803.291 -0.37 -4.66 9.0231
-4.601 1980.055 4.11E-06 1900.67 9.58 24.15 -0.32 1801.41667 -2.571864992 -3.774290406 1803.125 -0.31 -4.71 8.89626
-4.523 1980.036 3.98E-06 1900.59 9.6 23.87 -0.32 1801.25 -2.421820867 -3.757061513 1802.958 -0.37 -4.52 9.09892
-4.464 1980.018 3.75E-06 1900.5 9.54 24.59 -0.31 1801.08333 -2.27911408 -3.520538594 1802.791 -0.43 -4.23 9.16218
-4.439 1979.999 3.69E-06 1900.42 9.5 25.13 -0.31 1800.91667 -2.791538843 -3.32941006 1802.625 -0.46 -3.83 9.25024
-4.371 1979.981 3.65E-06 1900.34 9.43 26.02 -0.31 1800.75 -2.585286602 -3.304037754 1802.458 -0.59 -4.35 9.05257
-4.365 1979.962 3.74E-06 1900.25 9.32 27.26 -0.31 1800.58333 -2.568002778 -3.470259564 1802.291 -0.03 -4.98 8.99
-4.608 1979.944 4.1E-06 1900.17 9.4 26.35 -0.31 1800.41667 -2.449369747 -3.736919859 1802.125 -0.56 -4.96 8.94144
-4.937 1979.925 4.08E-06 1900.09 9.46 25.57 -0.3 1800.25 -2.356951291 -3.83126987 1801.958 -0.37 -4.5 9.0278
-4.992 1979.907 4.04E-06 1900 9.48 25.42 -0.3 1800.08333 -2.432000074 -3.85319063 1801.791 -0.35 -4.07 9.12398
-4.899 1979.888 3.88E-06 1899.92 9.49 25.27 -0.3 1799.91667 -2.529387723 -3.947502192 1801.625 -0.58 -4.05 9.22999
-4.849 1979.87 3.8E-06 1899.84 9.48 25.31 -0.3 1799.75 -2.660070635 -3.319291104 1801.458 -0.05 -4.59 9.02309
-4.769 1979.851 3.78E-06 1899.75 9.51 24.99 -0.3 1799.58333 -2.631720602 -3.520391202 1801.291 -0.18 -5.01 8.99428
-4.774 1979.833 4.07E-06 1899.67 9.53 24.76 -0.3 1799.41667 -3.235970621 -3.59486949 1801.125 -0.41 -5.02 8.84321
-4.778 1979.814 4.55E-06 1899.59 9.52 24.93 -0.3 1799.25 -2.860501215 -3.650559282 1800.958 -0.6 -4.66 8.96297
-4.598 1979.796 4.55E-06 1899.5 9.48 25.31 -0.3 1799.08333 -1.916779387 -3.86755809 1800.791 -0.78 -4.22 9.09535

ABOR/MH/Priv-003030

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1800.583 -3.75 1883.13 0.62 -5.25 1897.63
1800.417 -3.62 1883.06 0.59 -5.6 1897.54

1800.25 -3.25 1882.98 0.38 -6.03 1897.46
1800.083 -3.08 1882.9 -0.11 -6.09 1897.38
1799.917 -3.25 1882.75 0.27 -6.1 1897.29

1799.75 -3.41 1882.65 0.12 -5.97 1897.21
1799.583 -3.57 1882.55 0.17 -5.71 1897.13
1799.417 -3.71 1882.45 0.64 -5.49 1897.04

1799.25 -3.7 1882.35 0.28 -5.5 1896.96
1799.083 -3.01 1882.25 0.25 -5.56 1896.88
1798.917 -3.35 1882.15 0.17 -5.63 1896.79

1798.75 -3.85 1882.05 0 -5.9 1896.71
1798.583 -3.96 1881.95 -0.21 -6.2 1896.63
1798.417 -3.8 1881.75 -0.53 -6.37 1896.54

1798.25 -3.44 1881.67 -0.43 -6.33 1896.46
1798.083 -2.88 1881.58 -0.7 -6.1 1896.38
1797.917 -3.39 1881.5 -0.73 -6.18 1896.29

1797.75 -3.61 1881.42 0.03 -6.23 1896.21
1797.583 -3.62 1881.33 0.65 -5.81 1896.13
1797.417 -3.51 1881.25 0.01 -5.52 1896.04

1797.25 -3 1881.17 0.12 -5.37 1895.96
1797.083 -2.94 1881.08 0.23 -5.58 1895.88
1796.917 -3.49 1881 -0.24 -5.99 1895.79

1796.75 -3.59 1880.92 -0.48 -6.38 1895.71
1796.583 -3.83 1880.75 -0.7 -6.63 1895.63
1796.417 -3.56 1880.67 -0.6 -6.25 1895.54

1796.25 -3.22 1880.6 -0.68 -6.41 1895.46
1796.083 -2.97 1880.52 -0.3 -6.28 1895.38
1795.917 -3.49 1880.44 0.1 -6.08 1895.29

1795.75 -3.52 1880.37 -0.44 -6.29 1895.21
1795.583 -3.79 1880.29 -0.54 -6.15 1895.13
1795.417 -3.49 1880.21 -0.18 -6.03 1895.04

1795.25 -2.97 1880.13 0.27 -5.79 1894.96
1795.083 -3.02 1880.06 0.09 -5.75 1894.88
1794.917 -3.48 1879.98 0.02 -5.85 1894.79

1794.75 -3.58 1879.9 -0.27 -6.24 1894.71
1794.583 -3.81 1879.75 -0.19 -6.42 1894.63
1794.417 -3.47 1879.68 -0.4 -6.36 1894.54

1794.25 -2.89 1879.61 -0.76 -6.25 1894.46
1794.083 -2.91 1879.54 -0.26 -6.21 1894.38
1793.917 -3.29 1879.46 0.19 -6.1 1894.29

1793.75 -3.41 1879.39 -0.28 -6.4 1894.21
1793.583 -3.76 1879.32 -0.11 -6.29 1894.13
1793.417 -3.43 1879.25 0.1 -6.07 1894.04

1793.25 -3.09 1879.18 0.11 -5.83 1893.96

ABOR/MH/Priv-003031

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.578 1979.777 4.37E-06 1899.42 9.44 25.89 -0.31 1798.91667 -2.768092943 -3.759086564 1800.625 -0.87 -4.14 9.24034
-4.584 1979.759 4.41E-06 1899.34 9.38 26.57 -0.31 1798.75 -2.299674737 -3.365544491 1800.458 -0.57 -4.48 9.09728
-4.635 1979.74 4.41E-06 1899.25 9.32 27.29 -0.31 1798.58333 -2.239771465 -3.592212722 1800.291 -0.41 -4.84 9.01646
-4.696 1979.722 4.41E-06 1899.17 9.28 27.76 -0.31 1798.41667 -2.14767293 -3.639941671 1800.125 -0.39 -4.89 8.95691
-4.887 1979.703 4.7E-06 1899.09 9.32 27.35 -0.32 1798.25 -2.687404492 -3.897983207 1799.958 -0.49 -4.69 9.01466
-4.941 1979.685 4.94E-06 1899 9.38 26.53 -0.32 1798.08333 -2.965317527 -4.146992342 1799.791 -0.64 -4.39 9.15116
-4.934 1979.666 4.77E-06 1898.92 9.45 25.73 -0.32 1797.91667 -2.495720224 -4.034923248 1799.625 -0.52 -3.96 9.26243
-4.879 1979.648 4.65E-06 1898.84 9.5 25.11 -0.33 1797.75 -3.239855779 -3.880546129 1799.458 -0.67 -4.19 9.02741
-4.882 1979.629 4.45E-06 1898.75 9.6 23.91 -0.33 1797.58333 -3.212880901 -3.907375063 1799.291 -0.39 -4.74 8.92588
-4.692 1979.611 4.54E-06 1898.67 9.62 23.67 -0.34 1797.41667 -2.926120154 -3.995252025 1799.125 -0.22 -5.01 8.91304
-4.698 1979.592 4.5E-06 1898.59 9.55 24.53 -0.34 1797.25 -2.51979619 -4.025561317 1798.958 -0.32 -4.85 9.02414
-4.711 1979.574 4.51E-06 1898.5 9.51 24.99 -0.35 1797.08333 -1.84228407 -3.71115314 1798.791 -0.53 -4.46 9.13468
-4.643 1979.555 4.48E-06 1898.42 9.42 26.13 -0.35 1796.91667 -2.122167255 -3.490670307 1798.625 -0.39 -4.18 9.24465
-4.557 1979.533 4.7E-06 1898.34 9.36 26.87 -0.36 1796.75 -2.546432147 -3.367713113 1798.458 -0.44 -4.33 9.06437
-4.595 1979.511 4.76E-06 1898.25 9.31 27.42 -0.36 1796.58333 -2.801087909 -3.644901357 1798.291 -0.24 -4.9 8.93844
-4.742 1979.488 4.67E-06 1898.17 9.39 26.46 -0.37 1796.41667 -2.641992006 -4.103398792 1798.125 -0.45 -5.07 8.91912
-4.854 1979.466 4.68E-06 1898.09 9.38 26.57 -0.37 1796.25 -2.226504284 -4.19503071 1797.958 -0.69 -4.93 9.01263
-4.909 1979.444 4.49E-06 1898 9.45 25.74 -0.37 1796.08333 -1.85288852 -3.814159367 1797.791 -0.55 -4.34 9.11787
-4.908 1979.422 4.42E-06 1897.92 9.51 25 -0.38 1795.91667 -1.750870634 -3.266042986 1797.625 -0.46 -4.07 9.24136
-4.762 1979.399 4.49E-06 1897.84 9.58 24.1 -0.38 1795.75 -2.310424383 -3.320707885 1797.458 -0.58 -4.36 9.09239
-4.714 1979.377 4.55E-06 1897.75 9.6 23.87 -0.38 1795.58333 -2.923461554 -3.80951293 1797.291 -0.5 -4.82 9.02727
-4.653 1979.355 4.66E-06 1897.67 9.6 23.91 -0.38 1795.41667 -2.986938117 -4.129915431 1797.125 -0.41 -4.94 8.928
-4.571 1979.333 4.56E-06 1897.59 9.56 24.44 -0.39 1795.25 -2.59116429 -4.143012673 1796.958 -0.62 -4.58 9.04607

-4.51 1979.311 4.75E-06 1897.5 9.51 24.97 -0.39 1795.08333 -2.607779708 -3.792849005 1796.791 -0.61 -4.16 9.19244
-4.403 1979.288 4.88E-06 1897.42 9.48 25.39 -0.38 1794.91667 -2.563765606 -3.91104813 1796.625 -0.55 -4.03 9.20148
-4.296 1979.266 5.71E-06 1897.34 9.47 25.48 -0.38 1794.75 -2.404018557 -3.621078034 1796.458 -0.25 -4.56 9.12872
-4.415 1979.244 6.03E-06 1897.25 9.46 25.57 -0.38 1796.291 -0.16 -4.8 9.04954
-4.534 1979.222 6.77E-06 1897.17 9.45 25.68 -0.38 1796.125 -0.29 -4.75 8.96394
-4.648 1979.199 7.4E-06 1897.09 9.5 25.18 -0.37 1795.958 -0.33 -4.53 9.00432
-4.772 1979.177 7.27E-06 1897 9.51 25 -0.37 1795.791 -0.36 -4.29 9.18539
-4.847 1979.155 6.38E-06 1896.92 9.55 24.55 -0.36 1795.625 -0.4 -4.02 9.28704
-4.831 1979.133 6.22E-06 1896.84 9.61 23.8 -0.35 1795.458 -0.87 -4.11 9.20172
-4.773 1979.111 5.56E-06 1896.75 9.63 23.55 -0.35 1795.291 -0.48 -4.68 9.05323
-4.701 1979.088 5.19E-06 1896.67 9.62 23.67 -0.34 1795.125 -0.18 -4.93 8.95626
-4.663 1979.066 4.41E-06 1896.59 9.57 24.32 -0.33 1794.958 -0.6 -4.81 8.96929
-4.542 1979.044 4.26E-06 1896.5 9.48 25.35 -0.32 1794.791 -0.65 -4.53 9.15026
-4.452 1979.022 4.2E-06 1896.42 9.4 26.34 -0.31 1794.625 -0.59 -4.16 9.18323
-4.315 1978.999 3.97E-06 1896.34 9.38 26.55 -0.3 1794.458 -0.77 -4.37 9.05783
-4.426 1978.977 3.85E-06 1896.25 9.34 27.02 -0.29 1794.291 -0.21 -4.78 8.97653
-4.592 1978.955 4.03E-06 1896.17 9.35 26.95 -0.28 1794.125 -0.48 -4.79 8.94746
-4.723 1978.933 4.32E-06 1896.09 9.38 26.58 -0.27 1793.958 -0.46 -4.57 9.00695
-4.721 1978.911 4.17E-06 1896 9.41 26.23 -0.26 1793.791 -0.51 -4.35 9.16499
-4.748 1978.888 4.31E-06 1895.92 9.52 24.86 -0.25 1793.625 -0.61 -4.09 9.19746
-4.712 1978.866 4.26E-06 1895.84 9.56 24.4 -0.24 1793.458 -0.7 -4.35 9.01077
-4.638 1978.844 4.36E-06 1895.75 9.56 24.36 -0.23 1793.291 -0.43 -4.93 8.8159

ABOR/MH/Priv-003032

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1793.083 -2.8 1879.11 0.17 -5.74 1893.88
1792.917 -3.22 1879.04 0.31 -5.69 1893.79

1792.75 -3.62 1878.96 0.48 -5.96 1893.71
1792.583 -4.01 1878.89 0.36 -6.16 1893.63
1792.417 -3.82 1878.75 0.22 -6.37 1893.54

1792.25 -3.26 1878.67 0.08 -6.29 1893.46
1792.083 -2.88 1878.58 0.16 -6.15 1893.38
1791.917 -3.06 1878.5 -0.01 -6.13 1893.29

1791.75 -3.5 1878.42 -0.6 -6.04 1893.21
1791.583 -3.54 1878.33 -0.63 -5.73 1893.13
1791.417 -3.46 1878.25 -0.74 -5.67 1893.04

1791.25 -3.19 1878.17 -0.55 -5.59 1892.96
1791.083 -2.62 1878.08 -0.3 -5.44 1892.88
1790.917 -3.06 1878 -0.27 -5.45 1892.79

1790.75 -3.4 1877.92 -0.33 -6.11 1892.71
1790.583 -3.56 1877.75 -0.73 -6.44 1892.63
1790.417 -3.65 1877.66 -0.82 -6.14 1892.54

1790.25 -3.35 1877.57 -0.64 -6.13 1892.46
1790.083 -2.76 1877.48 -0.36 -6.08 1892.38
1789.917 -3.01 1877.39 -0.81 -5.99 1892.29

1789.75 -3.51 1877.3 -1.05 -5.7 1892.21
1789.583 -3.78 1877.2 -0.56 -5.55 1892.13
1789.417 -3.59 1877.11 -0.28 -5.69 1892.04

1789.25 -3.09 1877.02 -0.12 -5.92 1891.96
1789.083 -2.77 1876.93 -0.06 -6.15 1891.88
1788.917 -3.15 1876.75 -0.71 -6.25 1891.79

1788.75 -3.47 1876.65 -0.83 -6.21 1891.71
1788.583 -3.52 1876.55 -0.34 -6.07 1891.63
1788.417 -3.34 1876.45 -0.39 -5.74 1891.54

1788.25 -3.21 1876.35 -0.09 -5.57 1891.46
1788.083 -3.05 1876.25 -0.26 -5.57 1891.38
1787.917 -3.3 1876.15 -0.46 -5.58 1891.29

1787.75 -3.37 1876.05 -0.84 -5.86 1891.21
1787.583 -3.65 1875.95 -0.8 -6.12 1891.13
1787.417 -3.64 1875.75 -1.02 -6.32 1891.04

1787.25 -3.21 1875.65 -0.99 -6.12 1890.96
1787.083 -3.06 1875.55 -0.49 -6.08 1890.88
1786.917 -3.39 1875.45 -0.25 -6.08 1890.79

1786.75 -3.74 1875.35 -0.62 -5.83 1890.71
1786.583 -3.75 1875.25 0.13 -5.55 1890.63
1786.417 -3.43 1875.15 0.32 -5.49 1890.54

1786.25 -3.34 1875.05 0.72 -5.56 1890.46
1786.083 -3.02 1874.95 0.41 -6.06 1890.38
1785.917 -3.15 1874.75 -0.26 -6.15 1890.29

1785.75 -3.41 1874.65 0.14 -6.06 1890.21

ABOR/MH/Priv-003033

CONFIDENTIAL -  
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.621 1978.822 4.41E-06 1895.67 9.52 24.88 -0.22 1793.125 -0.65 -5.01 8.78517
-4.561 1978.799 4.49E-06 1895.59 9.46 25.56 -0.21 1792.958 -0.65 -4.67 9.14638
-4.432 1978.777 4.51E-06 1895.5 9.43 26.01 -0.21 1792.791 -0.57 -4.12 9.21539
-4.417 1978.755 4.11E-06 1895.42 9.4 26.32 -0.2 1792.625 -0.63 -4.01 9.23665
-4.316 1978.733 4.25E-06 1895.34 9.37 26.74 -0.19 1792.458 -0.47 -4.45 9.07588
-4.439 1978.711 4.04E-06 1895.25 9.34 27.05 -0.19 1792.291 -0.38 -4.77 8.97052

-4.62 1978.688 4.23E-06 1895.17 9.35 26.95 -0.19 1792.125 -0.48 -4.91 8.92059
-4.834 1978.666 4.23E-06 1895.09 9.37 26.68 -0.18 1791.958 -0.59 -4.79 8.99167
-4.837 1978.644 4.47E-06 1895 9.39 26.49 -0.18 1791.791 -0.55 -4.46 9.13137
-4.858 1978.622 0.000005 1894.92 9.46 25.61 -0.18 1791.625 -0.68 -4.15 9.25313
-4.833 1978.599 5.48E-06 1894.84 9.5 25.16 -0.18 1791.458 -1 -4.2 9.178
-4.802 1978.577 5.1E-06 1894.75 9.52 24.88 -0.18 1791.291 -0.67 -4.66 9.00577
-4.741 1978.555 4.45E-06 1894.67 9.58 24.15 -0.18 1791.125 -0.55 -4.93 8.87787
-4.619 1978.535 4.31E-06 1894.59 9.52 24.92 -0.19 1790.958 -0.64 -4.78 9.03302
-4.467 1978.516 4.19E-06 1894.5 9.44 25.83 -0.19 1790.791 -0.72 -4.4 9.16858
-4.428 1978.496 4.41E-06 1894.42 9.35 26.92 -0.2 1790.625 -0.52 -4.05 9.32406
-4.328 1978.477 4.44E-06 1894.34 9.29 27.73 -0.2 1790.458 -0.88 -4.25 9.16576
-4.429 1978.457 4.33E-06 1894.25 9.25 28.12 -0.21 1790.291 -0.96 -4.68 9.01571
-4.726 1978.437 4.39E-06 1894.17 9.28 27.76 -0.22 1790.125 -0.7 -4.89 8.94137
-4.848 1978.418 4.49E-06 1894.09 9.33 27.18 -0.23 1789.958 -0.64 -4.67 8.96988
-4.919 1978.398 4.65E-06 1894 9.34 27.07 -0.25 1789.791 -0.69 -4.38 9.12728
-4.998 1978.379 4.93E-06 1893.92 9.36 26.81 -0.26 1789.625 -0.67 -4.03 9.20124
-4.815 1978.359 5.82E-06 1893.84 9.45 25.72 -0.27 1789.458 -0.44 -4.19 9.11432
-4.765 1978.339 4.93E-06 1893.75 9.53 24.81 -0.29 1789.291 -0.27 -4.59 8.97984
-4.735 1978.32 4.42E-06 1893.67 9.59 24.03 -0.3 1789.125 0.3 -5.02 8.94625
-4.679 1978.3 4.53E-06 1893.59 9.61 23.84 -0.32 1788.958 -0.36 -4.43 9.12953
-4.588 1978.28 4.39E-06 1893.5 9.59 24 -0.33 1788.791 -0.34 -4.14 9.23696
-4.385 1978.261 4.32E-06 1893.42 9.51 25 -0.35 1788.625 -0.55 -3.97 9.2521
-4.333 1978.241 4.15E-06 1893.34 9.44 25.82 -0.36 1788.458 -0.28 -4.15 9.15954
-4.519 1978.222 4.17E-06 1893.25 9.39 26.48 -0.38 1788.291 -0.08 -4.75 9.06538
-4.689 1978.202 4.15E-06 1893.17 9.4 26.37 -0.4 1788.125 -0.11 -4.83 8.96962
-4.815 1978.182 4.55E-06 1893.09 9.4 26.31 -0.41 1787.958 -0.3 -4.49 9.07372
-4.827 1978.163 5.08E-06 1893 9.45 25.76 -0.43 1787.791 -0.41 -4.19 9.19187
-4.833 1978.143 5.49E-06 1892.92 9.49 25.3 -0.44 1787.625 -0.18 -3.91 9.27546
-4.833 1978.124 5.35E-06 1892.84 9.51 24.95 -0.46 1787.458 -0.36 -4.17 9.09941
-4.713 1978.104 4.81E-06 1892.75 9.55 24.52 -0.47 1787.291 -0.1 -4.72 8.97242
-4.548 1978.084 4.6E-06 1892.67 9.65 23.3 -0.49 1787.125 -0.05 -4.95 8.90986
-4.537 1978.065 4.18E-06 1892.59 9.62 23.67 -0.5 1786.958 -0.3 -4.49 9.07765
-4.348 1978.045 4.31E-06 1892.5 9.54 24.66 -0.51 1786.791 -0.45 -4 9.1872
-4.272 1978.026 4.2E-06 1892.42 9.45 25.76 -0.52 1786.625 -0.63 -3.95 9.23852
-4.188 1978.006 4.12E-06 1892.34 9.4 26.33 -0.53 1786.458 -0.59 -4.34 9.1909

-4.27 1977.986 4.09E-06 1892.25 9.42 26.11 -0.54 1786.291 -0.46 -4.98 9.06364
-4.633 1977.967 4.15E-06 1892.17 9.38 26.58 -0.55 1786.125 -0.02 -4.98 8.88422
-4.932 1977.947 4.04E-06 1892.09 9.43 25.93 -0.56 1785.958 -0.43 -4.45 8.91615
-4.909 1977.928 4.36E-06 1892 9.55 24.58 -0.56 1785.791 -0.32 -4.08 9.08954

ABOR/MH/Priv-003034

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1785.583 -3.86 1874.55 0.4 -5.85 1890.13
1785.417 -3.45 1874.45 0.08 -5.68 1890.04

1785.25 -3.26 1874.35 0.44 -5.35 1889.96
1785.083 -3.03 1874.25 0.72 -5.31 1889.88
1784.917 -3.31 1874.15 0.98 -5.53 1889.79

1784.75 -3.55 1874.05 0.75 -5.99 1889.71
1784.583 -3.65 1873.95 -0.27 -6.3 1889.63
1784.417 -3.34 1873.75 0.66 -6.35 1889.54

1784.25 -3.16 1873.63 0.15 -6.29 1889.46
1784.083 -2.91 1873.5 0.37 -6.09 1889.38
1783.917 -3.25 1873.38 0 -5.65 1889.29

1783.75 -3.54 1873.25 0.27 -5.5 1889.21
1783.583 -3.58 1873.13 0.1 -5.58 1889.13
1783.417 -3.02 1873 0.37 -5.89 1889.04

1783.25 -2.94 1872.75 0.29 -6.31 1888.96
1783.083 -2.74 1872.66 -0.16 -6.01 1888.88
1782.917 -2.9 1872.57 0.56 -6.07 1888.79

1782.75 -3.27 1872.48 0.73 -6.01 1888.71
1782.583 -3.7 1872.39 0.38 -5.64 1888.63
1782.417 -3.37 1872.3 0.19 -5.55 1888.54

1782.25 -3.19 1872.2 0.3 -5.66 1888.46
1782.083 -2.91 1872.11 0.19 -5.67 1888.38
1781.917 -3.04 1872.02 0.55 -5.81 1888.29

1781.75 -3.3 1871.93 0.27 -5.91 1888.21
1781.583 -3.5 1871.75 -0.17 -5.92 1888.13
1781.417 -3.5 1871.63 -0.21 -5.91 1888.04

1781.25 -2.85 1871.5 0.09 -5.67 1887.96
1781.083 -2.98 1871.38 0.13 -5.64 1887.88
1780.917 -3.68 1871.25 -0.21 -5.47 1887.79

1780.75 -3.55 1871.13 1.1 -5.42 1887.71
1780.583 -3.67 1871 0.99 -5.83 1887.63
1780.417 -3.55 1870.75 0.62 -5.86 1887.54

1780.25 -3.19 1870.66 0.69 -5.83 1887.46
1780.083 -2.84 1870.57 0.09 -5.65 1887.38
1779.917 -3.04 1870.48 0.34 -5.45 1887.29

1779.75 -3.37 1870.39 0.37 -5.48 1887.21
1779.583 -3.53 1870.3 0.35 -5.55 1887.13
1779.417 -3.38 1870.2 0.53 -5.55 1887.04

1779.25 -3.1 1870.11 0.82 -5.78 1886.96
1779.083 -3.07 1870.02 0.41 -5.94 1886.88
1778.917 -3.48 1869.93 0.19 -6.17 1886.79

1778.75 -3.7 1869.75 0.15 -6.18 1886.71
1778.583 -3.48 1869.66 0.32 -6.19 1886.63
1778.417 -3.33 1869.57 0.65 -5.76 1886.54

1778.25 -3.2 1869.48 0.83 -5.41 1886.46

ABOR/MH/Priv-003035

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.798 1977.908 4.19E-06 1891.92 9.54 24.66 -0.57 1785.625 -0.45 -4.07 9.28632
-4.713 1977.888 4.14E-06 1891.84 9.59 23.99 -0.57 1785.458 -0.24 -4.34 9.18109
-4.692 1977.869 0.000004 1891.75 9.65 23.3 -0.57 1785.291 -0.2 -4.53 9.06263
-4.691 1977.849 3.89E-06 1891.67 9.68 22.94 -0.57 1785.125 -0.32 -4.64 8.93092
-4.721 1977.83 3.86E-06 1891.59 9.69 22.86 -0.57 1784.958 -0.39 -4.37 8.94364
-4.705 1977.81 3.94E-06 1891.5 9.59 23.99 -0.57 1784.791 -0.49 -4.13 9.05703
-4.608 1977.79 3.92E-06 1891.42 9.52 24.91 -0.57 1784.625 -0.62 -3.94 9.27109

-4.4 1977.771 4.2E-06 1891.34 9.46 25.65 -0.56 1784.458 -0.43 -4.47 9.16192
-4.533 1977.751 4.69E-06 1891.25 9.4 26.34 -0.56 1784.291 -0.22 -4.92 9.02011
-4.753 1977.731 4.68E-06 1891.17 9.4 26.34 -0.55 1784.125 -0.28 -4.91 8.92697
-4.886 1977.712 4.7E-06 1891.09 9.41 26.24 -0.54 1783.958 -0.5 -4.61
-4.842 1977.692 4.92E-06 1891 9.46 25.59 -0.53 1783.791 -0.62 -4.36
-4.723 1977.673 4.72E-06 1890.92 9.49 25.22 -0.53 1783.625 -0.56 -4.23
-4.749 1977.653 4.52E-06 1890.84 9.52 24.91 -0.52 1783.458 -0.38 -4.39
-4.755 1977.633 4.48E-06 1890.75 9.54 24.59 -0.51 1783.291 -0.19 -4.91
-4.695 1977.614 4.38E-06 1890.67 9.57 24.27 -0.5 1783.125 -0.08 -5.08
-4.607 1977.594 4.84E-06 1890.59 9.55 24.53 -0.48 1782.958 -0.17 -4.89
-4.582 1977.575 4.96E-06 1890.5 9.52 24.9 -0.47 1782.791 -0.4 -4.56
-4.371 1977.555 4.99E-06 1890.42 9.48 25.35 -0.46 1782.625 -0.34 -4.12
-4.401 1977.536 5.26E-06 1890.34 9.45 25.77 -0.45 1782.458 -0.54 -4.33
-4.643 1977.517 5.41E-06 1890.25 9.37 26.74 -0.43 1782.291 -0.14 -4.92

-4.8 1977.498 5.67E-06 1890.17 9.32 27.31 -0.42 1782.125 0.33 -4.98
-4.854 1977.48 5.59E-06 1890.09 9.34 27.03 -0.41 1781.958 -0.11 -4.46
-4.795 1977.461 5.81E-06 1890 9.45 25.67 -0.4 1781.791 -0.43 -4.28
-4.766 1977.442 5.49E-06 1889.92 9.47 25.44 -0.38 1781.625 -0.55 -4.01
-4.689 1977.423 5.13E-06 1889.84 9.52 24.83 -0.37 1781.458 -0.32 -4.53
-4.652 1977.404 5.3E-06 1889.75 9.57 24.31 -0.36 1781.291 -0.13 -4.84
-4.566 1977.385 5.36E-06 1889.67 9.54 24.64 -0.35 1781.125 -0.26 -4.78
-4.483 1977.366 5.34E-06 1889.59 9.54 24.66 -0.34 1780.958 -0.48 -4.5
-4.535 1977.347 5.25E-06 1889.5 9.5 25.15 -0.33 1780.791 -0.51 -4.22
-4.482 1977.329 5.47E-06 1889.42 9.47 25.52 -0.32 1780.625 -0.43 -3.87
-4.441 1977.31 5.94E-06 1889.34 9.41 26.19 -0.31 1780.458 -0.39 -4.06
-4.506 1977.291 7.02E-06 1889.25 9.34 27.03 -0.3 1780.291 -0.17 -4.39
-4.674 1977.272 8.2E-06 1889.17 9.3 27.56 -0.29 1780.125 0.24 -4.86
-4.679 1977.253 8.7E-06 1889.09 9.32 27.28 -0.28 1779.958 0.01 -4.68
-4.645 1977.234 7.39E-06 1889 9.31 27.42 -0.27 1779.791 -0.12 -4.29
-4.706 1977.215 6.95E-06 1888.92 9.39 26.44 -0.26 1779.625 -0.16 -3.69
-4.715 1977.197 6.53E-06 1888.84 9.42 26.1 -0.26 1779.458 -0.46 -3.9
-4.652 1977.178 6.06E-06 1888.75 9.51 24.96 -0.25 1779.291 -0.18 -4.48
-4.601 1977.159 5.68E-06 1888.67 9.57 24.27 -0.25 1779.125 0.69 -5.43
-4.554 1977.14 5.26E-06 1888.59 9.53 24.78 -0.24 1778.958 0.04 -4.8
-4.533 1977.121 5.16E-06 1888.5 9.5 25.15 -0.24 1778.791 -0.35 -4.24
-4.405 1977.102 4.87E-06 1888.42 9.47 25.49 -0.23 1778.625 -0.46 -3.76

-4.34 1977.083 4.42E-06 1888.34 9.43 25.96 -0.23 1778.458 -0.36 -4.19
-4.425 1977.064 4.25E-06 1888.25 9.41 26.26 -0.22 1778.291 -0.41 -4.83

ABOR/MH/Priv-003036

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1778.083 -3.12 1869.39 0.99 -5.4 1886.38
1777.917 -3.21 1869.3 0.75 -5.46 1886.29

1777.75 -3.46 1869.2 0.67 -5.64 1886.21
1777.583 -3.58 1869.11 0.56 -5.83 1886.13
1777.417 -3.5 1869.02 0.12 -6.24 1886.04

1777.25 -3.51 1868.93 0.33 -6.37 1885.96
1777.083 -3.05 1868.75 0.18 -6.32 1885.88
1776.917 -3.39 1868.66 -0.01 -6.33 1885.79

1776.75 -3.37 1868.57 0.36 -6.2 1885.71
1776.583 -3.51 1868.48 0.37 -6 1885.63
1776.417 -3.32 1868.39 0.54 -5.75 1885.54

1776.25 -2.98 1868.3 0.33 -5.66 1885.46
1776.083 -2.89 1868.2 0.38 -5.59 1885.38
1775.917 -3.17 1868.11 0.16 -5.85 1885.29

1775.75 -3.44 1868.02 0.07 -6.13 1885.21
1775.583 -3.78 1867.93 -0.25 -6.1 1885.13
1775.417 -3.4 1867.75 -0.32 -6.14 1885.04

1775.25 -3.04 1867.65 -0.25 -6.25 1884.96
1775.083 -2.97 1867.55 0.28 -6.13 1884.88
1774.917 -3.32 1867.45 0.6 -5.72 1884.79

1774.75 -3.7 1867.35 0.8 -5.39 1884.71
1774.583 -3.83 1867.25 0.67 -5.48 1884.63
1774.417 -3.42 1867.15 0.47 -5.51 1884.54

1774.25 -3.18 1867.05 0.01 -5.81 1884.46
1774.083 -2.96 1866.95 -0.19 -6.32 1884.38
1773.917 -3.25 1866.75 -0.1 -6.38 1884.29

1773.75 -3.44 1866.67 -0.33 -6.19 1884.21
1773.583 -3.63 1866.6 0.02 -5.92 1884.13
1773.417 -3.4 1866.52 0.36 -5.77 1884.04

1773.25 -2.97 1866.44 0.47 -5.75 1883.96
1773.083 -2.9 1866.37 0.39 -5.44 1883.88
1772.917 -3.06 1866.29 0.49 -5.47 1883.79

1772.75 -3.36 1866.21 0.55 -5.57 1883.71
1772.583 -3.64 1866.13 0.37 -5.84 1883.63
1772.417 -3.47 1866.06 0.24 -6.04 1883.54

1772.25 -3.32 1865.98 0.29 -6.12 1883.46
1772.083 -2.9 1865.9 0.14 -6.15 1883.38
1771.917 -3.06 1865.75 0.13 -6.22 1883.29

1771.75 -3.26 1865.64 0.13 -5.98 1883.21
1771.583 -3.57 1865.53 0.5 -5.7 1883.13
1771.417 -3.67 1865.42 0.54 -5.49 1883.04

1771.25 -3.24 1865.31 0.52 -5.52 1882.96
1771.083 -3.13 1865.19 0.33 -5.89 1882.88
1770.917 -3.29 1865.08 -0.08 -6.39 1882.79

1770.75 -3.5 1864.97 -0.07 -6.32 1882.71

ABOR/MH/Priv-003037

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.623 1977.046 4.24E-06 1888.17 9.38 26.61 -0.22 1778.125 -0.24 -5.05
-4.855 1977.027 4.16E-06 1888.09 9.37 26.68 -0.22 1777.958 -0.08 -4.84
-4.953 1977.008 4.05E-06 1888 9.42 26.07 -0.22 1777.791 -0.23 -4.44

-4.93 1976.989 4.05E-06 1887.92 9.47 25.49 -0.21 1777.625 -0.5 -3.97
-4.869 1976.97 4.02E-06 1887.84 9.55 24.46 -0.21 1777.458 -0.73 -4.15
-4.924 1976.951 4.34E-06 1887.75 9.64 23.43 -0.21 1777.291 -0.44 -4.52
-4.831 1976.932 4.21E-06 1887.67 9.63 23.55 -0.21 1777.125 -0.26 -4.73
-4.701 1976.913 4.2E-06 1887.59 9.61 23.76 -0.2 1776.958 -0.32 -4.63
-4.699 1976.895 4.21E-06 1887.5 9.6 23.91 -0.2 1776.791 -0.54 -4.29

-4.64 1976.876 4.12E-06 1887.42 9.54 24.6 -0.2 1776.625 -0.86 -4.06
-4.394 1976.857 4.08E-06 1887.34 9.49 25.27 -0.2 1776.458 -0.79 -4.55
-4.464 1976.838 4.01E-06 1887.25 9.39 26.52 -0.2 1776.291 -0.54 -4.86

-4.71 1976.819 4.02E-06 1887.17 9.32 27.26 -0.19 1776.125 -0.11 -4.99
-4.858 1976.8 3.93E-06 1887.09 9.32 27.32 -0.19 1775.958 -0.32 -4.73
-4.725 1976.781 4.53E-06 1887 9.34 27.09 -0.19 1775.791 -0.46 -4.38
-4.765 1976.763 4.39E-06 1886.92 9.38 26.64 -0.19 1775.625 -0.55 -3.93
-4.748 1976.744 4.94E-06 1886.84 9.41 26.23 -0.19 1775.458 -0.77 -4.19
-4.757 1976.725 5.2E-06 1886.75 9.45 25.73 -0.19 1775.291 -0.54 -4.8
-4.737 1976.706 5.39E-06 1886.67 9.53 24.76 -0.2 1775.125 -0.41 -4.96
-4.583 1976.687 5.44E-06 1886.59 9.56 24.4 -0.2 1774.958 -0.36 -4.7
-4.457 1976.668 5.48E-06 1886.5 9.54 24.59 -0.2 1774.791 -0.33 -4.35
-4.407 1976.649 5.63E-06 1886.42 9.48 25.31 -0.21 1774.625 -0.73 -3.99
-4.337 1976.63 5.58E-06 1886.34 9.43 25.99 -0.21 1774.458 -0.62 -4.51
-4.384 1976.612 5.55E-06 1886.25 9.35 27.01 -0.21 1774.291 -0.35 -4.8
-4.491 1976.593 5.62E-06 1886.17 9.34 27.03 -0.22 1774.125 -0.38 -4.89

-4.6 1976.574 5.51E-06 1886.09 9.3 27.53 -0.23 1773.958 -0.48 -4.68
-4.654 1976.555 5.5E-06 1886 9.3 27.61 -0.23 1773.791 -0.49 -4.27
-4.533 1976.533 5.6E-06 1885.92 9.39 26.46 -0.24 1773.625 -0.89 -4.19
-4.477 1976.51 5.72E-06 1885.84 9.42 26.15 -0.25 1773.458 -0.94 -4.38
-4.466 1976.488 5.56E-06 1885.75 9.42 26.1 -0.26 1773.291 -0.72 -4.63
-4.481 1976.466 5.7E-06 1885.67 9.53 24.76 -0.27 1773.125 -0.23 -4.96
-4.472 1976.443 5.69E-06 1885.59 9.57 24.25 -0.28 1772.958 -0.28 -4.8
-4.368 1976.421 5.58E-06 1885.5 9.46 25.62 -0.29 1772.791 -0.35 -4.41
-4.258 1976.399 5.33E-06 1885.42 9.42 26.1 -0.3 1772.625 -0.43 -3.78
-4.229 1976.376 5.43E-06 1885.34 9.36 26.85 -0.31 1772.458 -0.78 -3.89
-4.287 1976.354 5.51E-06 1885.25 9.38 26.63 -0.33 1772.291 -0.42 -4.58
-4.448 1976.332 5.93E-06 1885.17 9.39 26.52 -0.34 1772.125 -0.34 -4.85
-4.711 1976.309 6.09E-06 1885.09 9.45 25.71 -0.35 1771.958 -0.53 -4.65
-4.834 1976.287 6.2E-06 1885 9.5 25.17 -0.36 1771.791 -0.72 -4.37
-4.746 1976.265 6.7E-06 1884.92 9.53 24.79 -0.37 1771.625 -0.99 -4.14
-4.632 1976.242 6.28E-06 1884.84 9.6 23.85 -0.38 1771.458 -0.86 -4.72
-4.573 1976.22 6.69E-06 1884.75 9.69 22.8 -0.39 1771.291 -0.61 -4.93
-4.511 1976.198 6.81E-06 1884.67 9.71 22.57 -0.4 1771.125 -0.34 -4.97
-4.523 1976.175 6.54E-06 1884.59 9.66 23.16 -0.4 1770.958 -0.26 -4.83
-4.468 1976.153 6.45E-06 1884.5 9.62 23.68 -0.41 1770.791 -0.57 -4.48

ABOR/MH/Priv-003038

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1770.583 -3.84 1864.75 -0.39 -6.39 1882.63
1770.417 -3.44 1864.65 0.52 -6.17 1882.54

1770.25 -3.16 1864.55 0.97 -5.76 1882.46
1770.083 -3.15 1864.45 0.53 -5.48 1882.38
1769.917 -3.41 1864.35 0.27 -5.47 1882.29

1769.75 -3.47 1864.25 0.52 -5.41 1882.21
1769.583 -3.57 1864.15 0.56 -5.56 1882.13
1769.417 -3.1 1864.05 0.04 -5.82 1882.04

1769.25 -3 1863.95 -0.4 -6.17 1881.96
1769.083 -2.94 1863.75 -0.43 -6.39 1881.88
1768.917 -3.34 1863.67 -0.45 -6.21 1881.79

1768.75 -3.64 1863.6 -0.65 -6.21 1881.71
1768.583 -3.47 1863.52 -0.29 -6.18 1881.63
1768.417 -3.1 1863.44 0.19 -5.78 1881.54

1768.25 -3.16 1863.37 0.22 -5.5 1881.46
1768.083 -3.09 1863.29 0.04 -5.48 1881.38
1767.917 -3.46 1863.21 -0.01 -5.69 1881.29

1767.75 -3.63 1863.13 -0.1 -6.01 1881.21
1767.583 -3.82 1863.06 0.12 -6.17 1881.13
1767.417 -3.33 1862.98 -0.72 -6.69 1881.04

1767.25 -3.1 1862.9 -0.47 -6.42 1880.96
1767.083 -2.92 1862.75 -1.03 -6.65 1880.88
1766.917 -3.14 1862.65 -0.54 -6.58 1880.79

1766.75 -3.49 1862.55 -0.29 -6.53 1880.71
1766.583 -3.55 1862.45 -0.11 -6.16 1880.63
1766.417 -3.4 1862.35 0.1 -5.88 1880.54

1766.25 -3.2 1862.25 0.48 -5.96 1880.46
1766.083 -3.1 1862.15 0.4 -5.79 1880.38
1765.917 -3.51 1862.05 0.32 -5.95 1880.29

1765.75 -3.71 1861.95 0.23 -6.36 1880.21
1765.583 -3.85 1861.75 -0.18 -6.56 1880.13
1765.417 -3.63 1861.68 -0.04 -6.23 1880.04

1765.25 -3.37 1861.61 -0.02 -5.68 1879.96
1765.083 -3.14 1861.54 0.63 -5.8 1879.88
1764.917 -3.21 1861.46 0.44 -5.83 1879.79

1764.75 -3.27 1861.39 0.66 -5.77 1879.71
1764.583 -3.34 1861.32 0.51 -5.38 1879.63
1764.417 -3.45 1861.25 0.69 -5.56 1879.54

1764.25 -3.7 1861.18 0.4 -5.53 1879.46
1764.083 -2.91 1861.11 0.12 -5.54 1879.38
1763.917 -3.4 1861.04 0.14 -6.05 1879.29

1763.75 -3.46 1860.96 -0.15 -5.99 1879.21
1763.583 -3.46 1860.89 0 -6 1879.13
1763.417 -3.43 1860.75 0.35 -6.05 1879.04

1763.25 -3 1860.63 0.21 -5.69 1878.96

ABOR/MH/Priv-003039

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.324 1976.131 6.24E-06 1884.42 9.58 24.19 -0.42 1770.625 -1.2 -4.19
-4.295 1976.108 5.91E-06 1884.34 9.52 24.87 -0.42 1770.458 -1.04 -4.45
-4.383 1976.086 6.91E-06 1884.25 9.45 25.74 -0.43 1770.291 -0.44 -4.95
-4.575 1976.064 6.96E-06 1884.17 9.34 27.11 -0.43 1770.125 -0.02 -5.1
-4.754 1976.041 6.43E-06 1884.09 9.36 26.87 -0.43 1769.958 -0.08 -4.73
-4.839 1976.019 6.01E-06 1884 9.39 26.4 -0.44 1769.791 -0.25 -4.24
-4.661 1975.997 5.74E-06 1883.92 9.42 26.14 -0.44 1769.625 -0.87 -4.17
-4.661 1975.974 5.84E-06 1883.84 9.47 25.48 -0.44 1769.458 -0.29 -4.5
-4.697 1975.952 4.82E-06 1883.75 9.56 24.4 -0.45 1769.291 -0.06 -4.88
-4.721 1975.93 4.94E-06 1883.67 9.55 24.52 -0.45 1769.125 -0.19 -5.32
-4.683 1975.907 4.7E-06 1883.59 9.49 25.21 -0.45 1768.958 -0.28 -4.9
-4.609 1975.885 4.54E-06 1883.5 9.48 25.33 -0.45 1768.791 -0.28 -4.37
-4.573 1975.863 4.5E-06 1883.42 9.39 26.42 -0.46 1768.625 -0.21 -3.73
-4.415 1975.84 4.4E-06 1883.34 9.33 27.18 -0.46 1768.458 -0.33 -4.05
-4.493 1975.818 4.32E-06 1883.25 9.37 26.66 -0.46 1768.291 -0.4 -4.83
-4.579 1975.796 4.43E-06 1883.17 9.36 26.84 -0.46 1768.125 -0.4 -4.91

-4.68 1975.773 4.45E-06 1883.09 9.43 25.93 -0.46 1767.958 -0.24 -4.32
-4.741 1975.751 4.43E-06 1883 9.41 26.2 -0.47 1767.791 -0.49 -4.02

-4.8 1975.729 4.61E-06 1882.92 9.51 25.02 -0.47 1767.625 -0.46 -4.01
-4.731 1975.706 4.33E-06 1882.84 9.58 24.1 -0.47 1767.458 -0.14 -4.4
-4.599 1975.684 4.23E-06 1882.75 9.6 23.95 -0.47 1767.291 0.07 -4.75
-4.542 1975.662 4.35E-06 1882.67 9.62 23.67 -0.47 1767.125 -0.14 -4.68
-4.508 1975.639 4.42E-06 1882.59 9.59 24.07 -0.47 1766.958 -0.5 -4.36

-4.46 1975.617 4.53E-06 1882.5 9.54 24.61 -0.48 1766.791 -0.67 -4.11
-4.337 1975.595 4.41E-06 1882.42 9.45 25.73 -0.48 1766.625 -0.75 -4.02
-4.172 1975.572 4.67E-06 1882.34 9.41 26.24 -0.48 1766.458 -0.32 -4.35
-4.217 1975.55 5.1E-06 1882.25 9.4 26.29 -0.48 1766.291 -0.2 -4.8
-4.335 1975.529 4.99E-06 1882.17 9.42 26.14 -0.48 1766.125 -0.25 -4.85
-4.568 1975.507 4.7E-06 1882.09 9.41 26.2 -0.48 1765.958 -0.31 -4.55
-4.733 1975.486 4.69E-06 1882 9.43 26.01 -0.48 1765.791 -0.35 -4.17
-4.825 1975.465 4.98E-06 1881.92 9.44 25.91 -0.48 1765.625 -0.51 -3.75
-4.776 1975.444 4.95E-06 1881.84 9.49 25.19 -0.48 1765.458 -0.19 -4.35
-4.709 1975.422 5.31E-06 1881.75 9.52 24.84 -0.48 1765.291 0.03 -4.66
-4.727 1975.401 5.19E-06 1881.67 9.57 24.27 -0.48 1765.125 -0.03 -4.65
-4.731 1975.38 5.42E-06 1881.59 9.55 24.54 -0.48 1764.958 -0.22 -4.42
-4.725 1975.359 5.21E-06 1881.5 9.5 25.16 -0.48 1764.791 -0.34 -4.1
-4.569 1975.337 5.56E-06 1881.42 9.46 25.64 -0.48 1764.625 -0.5 -3.8
-4.449 1975.316 5.46E-06 1881.34 9.41 26.27 -0.47 1764.458 -0.47 -4.15
-4.535 1975.295 5.48E-06 1881.25 9.38 26.61 -0.47 1764.291 -0.2 -4.69
-4.697 1975.273 5.95E-06 1881.17 9.37 26.7 -0.47 1764.125 -0.13 -4.77
-4.893 1975.252 5.88E-06 1881.09 9.43 25.99 -0.47 1763.958 -0.21 -4.48
-5.006 1975.231 6.16E-06 1881 9.46 25.61 -0.47 1763.791 -0.27 -4.16
-5.098 1975.21 6.9E-06 1880.92 9.51 25 -0.47 1763.625 -0.3 -3.79
-4.962 1975.188 7.2E-06 1880.84 9.62 23.61 -0.47 1763.458 -0.05 -4.41
-5.059 1975.167 6.56E-06 1880.75 9.6 23.91 -0.46 1763.291 -0.05 -4.66

ABOR/MH/Priv-003040

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1763.083 -2.87 1860.5 0.42 -5.32 1878.88
1762.917 -3.41 1860.38 0.22 -5.4 1878.79

1762.75 -3.63 1860.25 -0.46 -6.09 1878.71
1762.583 -3.67 1860.13 -0.61 -6.09 1878.63
1762.417 -3.08 1860 -0.73 -6.03 1878.54

1762.25 -2.92 1859.75 -1 -6.3 1878.46
1762.083 -3.05 1859.64 -0.4 -6.2 1878.38
1761.917 -3.76 1859.53 0.24 -5.54 1878.29

1761.75 -3.48 1859.42 0.54 -5.36 1878.21
1761.583 -3.32 1859.31 0.5 -5.17 1878.13
1761.417 -3.09 1859.19 0.25 -5.41 1878.04

1761.25 -2.94 1859.08 -0.47 -6.1 1877.96
1761.083 -2.89 1858.97 -0.97 -6.33 1877.88
1760.917 -3.14 1858.75 -0.77 -6.41 1877.79

1760.75 -3.4 1858.67 -0.45 -6.12 1877.71
1760.583 -3.68 1858.6 -0.11 -6.23 1877.63
1760.417 -3.76 1858.52 -0.18 -6.06 1877.54

1760.25 -3.32 1858.44 -0.25 -5.79 1877.46
1760.083 -2.74 1858.37 0.24 -5.71 1877.38
1759.917 -3.3 1858.29 0.63 -5.49 1877.29

1759.75 -3.61 1858.21 0.2 -5.46 1877.21
1759.583 -3.97 1858.13 -0.01 -5.82 1877.13
1759.417 -3.43 1858.06 -0.47 -6.06 1877.04

1759.25 -3.29 1857.98 -0.85 -6.05 1876.96
1759.083 -2.97 1857.9 -0.61 -6.04 1876.88
1758.917 -2.99 1857.75 -0.18 -6.21 1876.79

1758.75 -3.34 1857.64 0.31 -5.83 1876.71
1758.583 -3.45 1857.53 0.37 -5.69 1876.63
1758.417 -3.37 1857.42 0.24 -5.32 1876.54

1758.25 -2.95 1857.31 0.57 -5.46 1876.46
1758.083 -2.92 1857.19 0.79 -5.71 1876.38
1757.917 -3.55 1857.08 1.3 -6.06 1876.29

1757.75 -3.75 1856.97 0.57 -6.34 1876.21
1757.583 -3.36 1856.75 -0.11 -6.84 1876.13
1757.417 -3.07 1856.66 -0.47 -6.55 1876.04

1757.25 -2.94 1856.57 -0.49 -6.4 1875.96
1757.083 -2.96 1856.48 0.07 -6.35 1875.88
1756.917 -3.18 1856.39 -0.34 -6.24 1875.79

1756.75 -3.36 1856.3 -0.15 -5.89 1875.71
1756.583 -3.54 1856.2 -0.11 -5.86 1875.63
1756.417 -3.48 1856.11 0.08 -5.79 1875.54

1756.25 -2.97 1856.02 0.06 -5.68 1875.46
1756.083 -2.48 1855.93 -0.03 -6.17 1875.38
1755.917 -2.53 1855.75 -0.19 -6.37 1875.29

1755.75 -2.71 1855.65 -0.26 -6.09 1875.21

ABOR/MH/Priv-003041

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.814 1975.146 5.68E-06 1880.67 9.69 22.82 -0.46 1763.125 -0.22 -4.72
-4.784 1975.124 4.27E-06 1880.59 9.6 23.93 -0.46 1762.958 -0.43 -4.58

-4.75 1975.103 4.12E-06 1880.5 9.56 24.36 -0.45 1762.791 -0.47 -4.25
-4.689 1975.082 0.000004 1880.42 9.46 25.58 -0.45 1762.625 -0.09 -3.92
-4.565 1975.061 3.9E-06 1880.34 9.35 26.95 -0.45 1762.458 -0.02 -4.44
-4.779 1975.039 4.31E-06 1880.25 9.36 26.85 -0.44 1762.291 0.16 -4.73
-5.112 1975.018 4.09E-06 1880.17 9.36 26.84 -0.44 1762.125 0.17 -4.66
-5.214 1974.997 4.11E-06 1880.09 9.38 26.58 -0.43 1761.958 0.08 -4.37
-5.258 1974.976 4.01E-06 1880 9.46 25.65 -0.43 1761.791 -0.03 -4.08
-5.215 1974.954 4.24E-06 1879.92 9.58 24.21 -0.43 1761.625 -0.3 -3.82
-5.158 1974.933 4.36E-06 1879.84 9.58 24.15 -0.42 1761.458 -0.13 -4.1
-4.963 1974.912 4.49E-06 1879.75 9.58 24.11 -0.42 1761.291 0.08 -4.56
-4.881 1974.89 4.57E-06 1879.67 9.61 23.79 -0.41 1761.125 0.06 -4.66
-4.877 1974.869 4.93E-06 1879.59 9.57 24.32 -0.41 1760.958 -0.13 -4.36
-4.744 1974.848 4.63E-06 1879.5 9.47 25.47 -0.41 1760.791 -0.28 -3.96
-4.699 1974.827 4.88E-06 1879.42 9.38 26.52 -0.4 1760.625 -0.25 -3.78
-4.664 1974.805 4.94E-06 1879.34 9.36 26.78 -0.4 1760.458 -0.31 -4.15
-4.876 1974.784 4.96E-06 1879.25 9.32 27.32 -0.4 1760.291 -0.19 -4.63

-4.99 1974.763 5.15E-06 1879.17 9.32 27.35 -0.4 1760.125 -0.05 -4.87
-5.018 1974.741 5.21E-06 1879.09 9.33 27.16 -0.39 1759.958 -0.31 -4.75
-4.927 1974.72 5.59E-06 1879 9.36 26.8 -0.39 1759.791 -0.32 -4.25
-4.817 1974.699 5.49E-06 1878.92 9.4 26.38 -0.39 1759.625 -0.14 -4
-4.804 1974.678 5.75E-06 1878.84 9.45 25.69 -0.39 1759.458 -0.21 -4.3
-4.719 1974.656 5.68E-06 1878.75 9.58 24.19 -0.39 1759.291 -0.03 -4.63
-4.681 1974.635 5.72E-06 1878.67 9.58 24.15 -0.4 1759.125 0.03 -4.77
-4.631 1974.614 5.52E-06 1878.59 9.51 25.02 -0.4 1758.958 -0.06 -4.64
-4.531 1974.593 5.49E-06 1878.5 9.47 25.47 -0.4 1758.791 -0.14 -4.32
-4.405 1974.571 5.21E-06 1878.42 9.38 26.55 -0.4 1758.625 -0.21 -4.02
-4.339 1974.55 5.59E-06 1878.34 9.35 26.93 -0.4 1758.458 -0.38 -4.16

-4.4 1974.528 5.56E-06 1878.25 9.31 27.42 -0.41 1758.291 -0.24 -4.53
-4.654 1974.506 5.23E-06 1878.17 9.3 27.52 -0.41 1758.125 -0.33 -4.77
-4.833 1974.483 5.68E-06 1878.09 9.4 26.29 -0.41 1757.958 -0.48 -4.68
-4.794 1974.461 0.000006 1878 9.52 24.93 -0.41 1757.791 -0.44 -4.32
-4.702 1974.439 6.39E-06 1877.92 9.57 24.26 -0.41 1757.625 -0.41 -3.95
-4.754 1974.417 6.69E-06 1877.84 9.56 24.34 -0.42 1757.458 -0.53 -4.09
-4.692 1974.394 6.41E-06 1877.75 9.6 23.91 -0.42 1757.291 -0.48 -4.45
-4.613 1974.372 7.44E-06 1877.67 9.63 23.55 -0.42 1757.125 -0.17 -4.83
-4.588 1974.35 7.19E-06 1877.59 9.62 23.63 -0.42 1756.958 -0.18 -4.46
-4.467 1974.328 7.14E-06 1877.5 9.59 24.08 -0.41 1756.791 -0.44 -4.14
-4.377 1974.306 7.06E-06 1877.42 9.52 24.82 -0.41 1756.625 -0.38 -3.72
-4.342 1974.283 7.21E-06 1877.34 9.46 25.58 -0.41 1756.458 -0.36 -4.23
-4.498 1974.261 7.34E-06 1877.25 9.43 26.03 -0.4 1756.291 -0.18 -4.63
-4.748 1974.239 1E-05 1877.17 9.38 26.62 -0.4 1756.125 -0.17 -4.7
-4.868 1974.217 1.14E-05 1877.09 9.39 26.43 -0.39 1755.958 -0.17 -4.46
-4.728 1974.194 1.23E-05 1877 9.45 25.72 -0.39 1755.791 -0.09 -4.13

ABOR/MH/Priv-003042

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1755.583 -3.51 1855.55 0.19 -6.08 1875.13
1755.417 -3.22 1855.45 0.37 -5.92 1875.04

1755.25 -3.1 1855.35 0.42 -5.46 1874.96
1755.083 -2.87 1855.25 0.13 -5.35 1874.88
1754.917 -2.89 1855.15 0.02 -5.49 1874.79

1754.75 -3.06 1855.05 0.11 -5.53 1874.71
1754.583 -3.37 1854.95 -0.02 -5.86 1874.63
1754.417 -3.55 1854.75 -0.43 -6.31 1874.54

1754.25 -3.45 1854.67 -0.59 -6.25 1874.46
1754.083 -3.05 1854.58 0.08 -6.12 1874.38
1753.917 -3.19 1854.5 0.55 -6.03 1874.29

1753.75 -3.17 1854.42 0.67 -6.06 1874.21
1753.583 -3.59 1854.33 0.18 -5.73 1874.13
1753.417 -3.52 1854.25 0.79 -5.3 1874.04

1753.25 -2.98 1854.17 0.93 -5.68 1873.96
1753.083 -2.97 1854.08 0.56 -6.03 1873.88
1752.917 -3.33 1854 0.08 -6.14 1873.79

1752.75 -3.65 1853.92 -0.04 -6.26 1873.71
1752.583 -3.5 1853.75 0 -6.28 1873.63
1752.417 -3.21 1853.63 0.5 -6.01 1873.54

1752.25 -3.02 1853.5 0.57 -5.75 1873.46
1752.083 -2.79 1853.38 0.47 -5.42 1873.38
1751.917 -3.09 1853.25 0.38 -5.56 1873.29

1751.75 -3.35 1853.13 0.28 -5.6 1873.21
1751.583 -3.61 1853 0.15 -5.78 1873.13
1751.417 -3.41 1852.75 0.17 -6 1873.04

1751.25 -3.01 1852.66 0.24 -5.89 1872.96
1751.083 -2.79 1852.57 0.08 -5.57 1872.88

1852.48 -0.01 -5.31 1872.79
1852.39 -0.09 -5.48 1872.71

1852.3 0.18 -5.47 1872.63
1852.2 0.31 -5.55 1872.54

1852.11 -0.14 -5.8 1872.46
1852.02 0.02 -5.9 1872.38
1851.93 0 -5.94 1872.29
1851.75 0.14 -6.21 1872.21
1851.65 0.14 -6.16 1872.13
1851.55 0.19 -5.99 1872.04
1851.45 0.31 -5.8 1871.96
1851.35 0.45 -5.61 1871.88
1851.25 0.37 -5.52 1871.79
1851.15 0.61 -5.63 1871.71
1851.05 0.41 -6.04 1871.63
1850.95 0.1 -6.14 1871.54
1850.75 -0.29 -6.37 1871.46

ABOR/MH/Priv-003043

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.762 1974.172 1.02E-05 1876.92 9.54 24.64 -0.38 1755.625 -0.44 -4.04
-4.737 1974.15 9.68E-06 1876.84 9.61 23.84 -0.37 1755.458 -0.19 -4.42
-4.691 1974.128 9.43E-06 1876.75 9.62 23.63 -0.36 1755.291 0.03 -4.89
-4.626 1974.106 9.5E-06 1876.67 9.61 23.79 -0.35 1755.125 -0.11 -4.87
-4.589 1974.083 9.22E-06 1876.59 9.57 24.29 -0.34 1754.958 -0.36 -4.54

-4.56 1974.061 7.48E-06 1876.5 9.52 24.86 -0.33 1754.791 -0.39 -4.26
-4.492 1974.039 5.18E-06 1876.42 9.44 25.88 -0.31 1754.625 -0.26 -3.95
-4.364 1974.017 4.28E-06 1876.34 9.42 26.12 -0.3 1754.458 -0.09 -4.23
-4.535 1973.994 4.13E-06 1876.25 9.38 26.6 -0.28 1754.291 0.02 -4.76
-4.795 1973.972 4.12E-06 1876.17 9.36 26.83 -0.27 1754.125 0.02 -4.95

-4.89 1973.95 3.99E-06 1876.09 9.37 26.73 -0.26 1753.958 -0.1 -4.73
-4.788 1973.928 4.04E-06 1876 9.39 26.47 -0.24 1753.791 -0.22 -4.31

-4.69 1973.906 4.03E-06 1875.92 9.46 25.66 -0.22 1753.625 -0.09 -3.86
-4.738 1973.883 3.83E-06 1875.84 9.5 25.14 -0.21 1753.458 -0.46 -4.07
-4.766 1973.861 3.8E-06 1875.75 9.56 24.44 -0.19 1753.291 -0.24 -4.57
-4.692 1973.839 3.73E-06 1875.67 9.53 24.76 -0.18 1753.125 -0.08 -4.8
-4.653 1973.817 3.88E-06 1875.59 9.56 24.44 -0.16 1752.958 -0.19 -4.72

-4.57 1973.794 3.98E-06 1875.5 9.47 25.46 -0.14 1752.791 -0.51 -4.48
-4.482 1973.772 3.8E-06 1875.42 9.4 26.31 -0.13 1752.625 -0.78 -4.08
-4.501 1973.75 3.95E-06 1875.34 9.38 26.57 -0.11 1752.458 -0.46 -4.76
-4.495 1973.728 3.87E-06 1875.25 9.31 27.43 -0.1 1752.291 -0.34 -4.8
-4.649 1973.706 4.14E-06 1875.17 9.34 27.03 -0.08 1752.125 -0.4 -4.62
-4.884 1973.683 4.17E-06 1875.09 9.34 27.03 -0.06 1751.958 -0.44 -4.4
-4.926 1973.661 4.64E-06 1875 9.41 26.19 -0.05 1751.791 -0.38 -4.17
-4.899 1973.639 4.74E-06 1874.92 9.44 25.81 -0.03 1751.625 -0.42 -3.9
-4.821 1973.617 4.67E-06 1874.84 9.5 25.14 -0.02 1751.458 -0.39 -4.34
-4.757 1973.594 4.6E-06 1874.75 9.55 24.52 0 1751.291 0.12 -4.72
-4.696 1973.572 4.4E-06 1874.67 9.57 24.27 0.01 1751.125 0.01 -4.66

-4.65 1973.55 4.23E-06 1874.59 9.51 25.04 0.02 1750.958 -0.42 -4.34
-4.615 1973.531 3.93E-06 1874.5 9.42 26.08 0.04 1750.791 -0.59 -4.07
-4.513 1973.513 4.31E-06 1874.42 9.34 27.07 0.05 1750.625 -0.71 -3.97
-4.305 1973.494 4.43E-06 1874.34 9.34 27.03 0.07 1750.458 -0.37 -4.37
-4.353 1973.476 4.32E-06 1874.25 9.33 27.18 0.08 1750.291 -0.04 -4.64
-4.562 1973.457 4.67E-06 1874.17 9.31 27.39 0.09 1750.125 -0.06 -4.6
-4.757 1973.439 4.44E-06 1874.09 9.34 27.06 0.1 1749.958 -0.2 -4.36
-4.865 1973.42 4.29E-06 1874 9.37 26.68 0.11 1749.791 -0.22 -4.16

-4.84 1973.402 4.08E-06 1873.92 9.4 26.34 0.13 1749.625 -0.37 -4.14
-4.81 1973.383 4.12E-06 1873.84 9.41 26.23 0.14 1749.458 -0.12 -4.62

-4.763 1973.365 4.07E-06 1873.75 9.47 25.53 0.15 1749.291 0 -4.75
-4.659 1973.346 4.31E-06 1873.67 9.55 24.52 0.16 1749.125 -0.05 -4.6
-4.661 1973.328 4.83E-06 1873.59 9.54 24.65 0.17 1748.958 -0.18 -4.35
-4.592 1973.309 4.24E-06 1873.5 9.52 24.93 0.18 1748.791 -0.31 -4.14
-4.439 1973.291 4.19E-06 1873.42 9.48 25.34 0.19 1748.625 -0.4 -4.03

-4.31 1973.272 4.19E-06 1873.34 9.45 25.67 0.2 1748.458 -0.33 -4.49
-4.367 1973.254 4.07E-06 1873.25 9.36 26.8 0.21 1748.291 -0.23 -4.73

ABOR/MH/Priv-003044

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1850.64 0.07 -6.15 1871.38
1850.53 0.26 -5.75 1871.29
1850.42 0.41 -5.72 1871.21
1850.31 0.48 -5.58 1871.13
1850.19 0.7 -5.23 1871.04
1850.08 0.13 -5.5 1870.96
1849.97 -0.14 -5.9 1870.88
1849.75 -0.28 -6.11 1870.79
1849.66 -0.42 -6.02 1870.71
1849.48 0.13 -5.92 1870.63
1849.39 0 -5.62 1870.54

1849.3 0.18 -5.45 1870.46
1849.2 0.03 -5.52 1870.38

1849.11 0 -5.43 1870.29
1849.02 0.04 -5.52 1870.21
1848.93 -0.23 -6.02 1870.13
1848.75 -0.54 -6.19 1870.04
1848.66 -0.82 -6.09 1869.96
1848.57 -0.72 -6.03 1869.88
1848.48 -0.38 -6.06 1869.79
1848.39 -0.06 -5.84 1869.71

1848.3 -0.11 -5.42 1869.63
1848.2 0.07 -5.13 1869.54

1848.11 -0.05 -5.19 1869.46
1848.02 -0.13 -5.51 1869.38
1847.93 -0.51 -5.94 1869.29
1847.75 -0.5 -6.25 1869.21
1847.67 -0.89 -6.25 1869.13

1847.6 -0.5 -6.03 1869.04
1847.52 0.28 -5.87 1868.96
1847.44 0.05 -5.44 1868.88
1847.37 -0.07 -5.38 1868.79
1847.29 0.43 -5.54 1868.71
1847.21 0.11 -5.61 1868.63
1847.13 -0.06 -5.69 1868.54
1847.06 0.2 -5.7 1868.46
1846.98 0.36 -5.96 1868.38

1846.9 -0.34 -5.98 1868.29
1846.75 -0.37 -6.05 1868.21
1846.63 0.61 -5.52 1868.13

1846.5 0.55 -5.24 1868.04
1846.38 0.67 -5.05 1867.96
1846.25 0.6 -5.08 1867.88
1846.13 0.4 -5.78 1867.79

1846 0.32 -6 1867.71

ABOR/MH/Priv-003045

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.507 1973.235 4.33E-06 1873.17 9.34 27.03 0.22 1748.125 -0.11 -4.76
-4.744 1973.217 4.41E-06 1873.09 9.33 27.19 0.23 1747.958 -0.24 -4.53
-4.789 1973.198 5.17E-06 1873 9.34 27.01 0.24 1747.791 -0.28 -4.27
-4.567 1973.18 5.46E-06 1872.92 9.43 26.02 0.25 1747.625 -0.21 -3.97

-4.67 1973.161 4.88E-06 1872.84 9.52 24.84 0.26 1747.458 -0.35 -4.29
-4.71 1973.143 4.52E-06 1872.75 9.58 24.15 0.27 1747.291 -0.01 -4.62

-4.672 1973.124 3.96E-06 1872.67 9.56 24.4 0.28 1747.125 0.02 -4.71
-4.528 1973.106 3.85E-06 1872.59 9.53 24.8 0.29 1746.958 -0.15 -4.52
-4.417 1973.087 3.86E-06 1872.5 9.46 25.65 0.3 1746.791 -0.21 -4.19
-4.332 1973.069 3.95E-06 1872.42 9.42 26.13 0.31 1746.625 -0.34 -3.87
-4.227 1973.05 3.76E-06 1872.34 9.37 26.76 0.32 1746.458 -0.2 -4.23
-4.316 1973.031 3.67E-06 1872.25 9.32 27.28 0.33 1746.291 -0.02 -4.69
-4.563 1973.013 3.6E-06 1872.17 9.33 27.19 0.34 1746.125 -0.04 -4.71
-4.749 1972.994 3.48E-06 1872.09 9.37 26.69 0.35 1745.958 -0.2 -4.4
-4.847 1972.976 3.86E-06 1872 9.39 26.44 0.35 1745.791 -0.33 -4.09
-4.859 1972.957 4.09E-06 1871.92 9.4 26.39 0.36 1745.625 -0.35 -3.81
-4.769 1972.939 4.42E-06 1871.84 9.4 26.29 0.37 1745.458 -0.24 -4.01
-4.766 1972.92 4.25E-06 1871.75 9.43 25.95 0.38 1745.291 -0.13 -4.35

-4.67 1972.902 4.3E-06 1871.67 9.46 25.61 0.38 1745.125 -0.02 -4.83
-4.557 1972.883 4.2E-06 1871.59 9.36 26.88 0.39 1744.958 -0.04 -4.54
-4.465 1972.865 4.19E-06 1871.5 9.49 25.29 0.39 1744.791 -0.1 -4.22
-4.382 1972.846 3.98E-06 1871.42 9.45 25.76 0.4 1744.625 -0.2 -3.89

-4.37 1972.828 3.78E-06 1871.34 9.42 26.14 0.4 1744.458 -0.5 -3.98
-4.464 1972.809 3.64E-06 1871.25 9.34 27.01 0.41 1744.291 -0.1 -4.53

-4.72 1972.791 3.93E-06 1871.17 9.29 27.64 0.41 1744.125 -0.08 -4.8
-4.972 1972.772 4.15E-06 1871.09 9.28 27.77 0.41 1743.958 -0.23 -4.52
-5.085 1972.754 4.28E-06 1871 9.34 27.05 0.41 1743.791 -0.16 -4.17
-4.987 1972.735 4.23E-06 1870.92 9.37 26.7 0.41 1743.625 -0.49 -4.14
-4.817 1972.717 4.25E-06 1870.84 9.45 25.69 0.41 1743.458 -0.49 -4.42
-4.752 1972.698 4.28E-06 1870.75 9.46 25.57 0.41 1743.291 -0.1 -4.6
-4.761 1972.68 4.46E-06 1870.67 9.49 25.25 0.41 1743.125 -0.1 -4.47

-4.74 1972.661 4.8E-06 1870.59 9.48 25.33 0.4 1742.958 -0.23 -4.25
-4.685 1972.643 4.56E-06 1870.5 9.47 25.47 0.4 1742.791 -0.14 -4.15
-4.508 1972.624 4.6E-06 1870.42 9.45 25.77 0.4 1742.625 -0.33 -3.87

-4.39 1972.606 5.01E-06 1870.34 9.39 26.45 0.39 1742.458 -0.25 -4.6
-4.53 1972.587 5.19E-06 1870.25 9.33 27.17 0.39 1742.291 -0.16 -4.89

-4.829 1972.569 5.15E-06 1870.17 9.29 27.72 0.38 1742.125 -0.05 -4.73
-4.912 1972.55 5.45E-06 1870.09 9.28 27.74 0.37 1741.958 -0.13 -4.36
-4.857 1972.527 5.51E-06 1870 9.27 27.96 0.36 1741.791 -0.28 -4.1
-4.821 1972.505 5.44E-06 1869.92 9.35 26.95 0.36 1741.625 -0.5 -3.95
-4.754 1972.482 5.52E-06 1869.84 9.38 26.57 0.35 1741.458 -0.36 -4.34
-4.794 1972.459 5.45E-06 1869.75 9.46 25.65 0.34 1741.291 -0.15 -4.67
-4.754 1972.436 6.28E-06 1869.67 9.54 24.64 0.32 1741.125 -0.2 -4.72
-4.715 1972.414 6.74E-06 1869.59 9.56 24.44 0.31 1740.958 -0.33 -4.51
-4.639 1972.391 6.93E-06 1869.5 9.47 25.45 0.3 1740.791 -0.38 -4.19

ABOR/MH/Priv-003046

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1845.75 -0.24 -6.18 1867.63
1845.66 0.12 -5.9 1867.54
1845.57 -0.06 -5.69 1867.46
1845.48 0.35 -5.86 1867.38
1845.39 -0.06 -5.57 1867.29

1845.3 -0.15 -5.4 1867.21
1845.2 0.13 -5.37 1867.13

1845.11 0.06 -5.66 1867.04
1845.02 0.26 -5.81 1866.96
1844.93 -0.12 -6.05 1866.88
1844.75 -0.59 -6.23 1866.79
1844.66 0.22 -6.12 1866.71
1844.57 0.18 -6.1 1866.63
1844.48 0.47 -6.11 1866.54
1844.39 0.29 -5.83 1866.46

1844.3 0.81 -5.66 1866.38
1844.2 0.5 -5.56 1866.29

1844.11 0.31 -5.58 1866.21
1844.02 -0.06 -5.82 1866.13
1843.93 -0.22 -6.11 1866.04
1843.75 -0.59 -6.32 1865.96
1843.67 -0.34 -6.15 1865.88
1843.58 -0.1 -5.99 1865.79

1843.5 -0.02 -6.05 1865.71
1843.42 -0.01 -5.67 1865.63
1843.33 0.22 -5.72 1865.54
1843.25 0.5 -5.4 1865.46
1843.17 0.25 -5.3 1865.38
1843.08 0.16 -5.52 1865.29

1843 -0.13 -5.75 1865.21
1842.92 -0.95 -6.21 1865.13
1842.75 -0.54 -6.25 1865.04
1842.66 -0.59 -6.24 1864.96
1842.57 -0.47 -6.24 1864.88
1842.48 -0.11 -6.07 1864.79
1842.39 0.29 -5.72 1864.71

1842.3 0.06 -5.55 1864.63
1842.2 0.57 -5.57 1864.54

1842.11 0.4 -5.63 1864.46
1842.02 0.59 -5.92 1864.38
1841.93 -0.18 -6.1 1864.29
1841.75 -0.68 -6.23 1864.21
1841.68 -0.26 -6.09 1864.13
1841.62 0 -5.9 1864.04
1841.55 0.7 -5.78 1863.96

ABOR/MH/Priv-003047

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.533 1972.368 6.57E-06 1869.42 9.38 26.52 0.29 1740.625 -0.68 -3.96
-4.499 1972.345 7.32E-06 1869.34 9.31 27.47 0.28 1740.458 -0.68 -4.31
-4.541 1972.323 8.51E-06 1869.25 9.31 27.46 0.26 1740.291 -0.33 -4.69
-4.713 1972.3 8.89E-06 1869.17 9.33 27.24 0.25 1740.125 -0.02 -4.76
-4.817 1972.277 8.47E-06 1869.09 9.34 27.1 0.23 1739.958 0.1 -4.56
-4.885 1972.255 7.96E-06 1869 9.36 26.84 0.22 1739.791 0.01 -4.28
-4.807 1972.232 7.62E-06 1868.92 9.46 25.56 0.2 1739.625 -0.32 -3.89
-4.824 1972.209 6.91E-06 1868.84 9.54 24.66 0.19 1739.458 -0.39 -4.2

-4.86 1972.186 7.5E-06 1868.75 9.58 24.15 0.17 1739.291 -0.19 -4.6
-4.711 1972.164 6.72E-06 1868.67 9.53 24.76 0.16 1739.125 -0.14 -4.75
-4.662 1972.141 6.56E-06 1868.59 9.54 24.59 0.15 1738.958 -0.12 -4.55
-4.598 1972.118 6.66E-06 1868.5 9.52 24.83 0.13 1738.791 -0.02 -4.14
-4.407 1972.095 5.42E-06 1868.42 9.48 25.39 0.12 1738.625 -0.27 -3.82
-4.427 1972.073 4.87E-06 1868.34 9.43 25.98 0.1 1738.458 -0.35 -4.36
-4.488 1972.05 4.02E-06 1868.25 9.41 26.24 0.09 1738.291 -0.13 -4.71
-4.618 1972.027 3.8E-06 1868.17 9.38 26.55 0.07 1738.125 -0.1 -4.69

-4.88 1972.005 3.7E-06 1868.09 9.34 27.07 0.06 1737.958 -0.18 -4.46
-4.873 1971.982 3.82E-06 1868 9.36 26.84 0.05 1737.791 -0.25 -4.23
-4.847 1971.959 3.91E-06 1867.92 9.39 26.51 0.03 1737.625 -0.43 -3.98
-4.812 1971.936 3.86E-06 1867.84 9.44 25.91 0.02 1737.458 -0.53 -4.36
-4.726 1971.914 3.78E-06 1867.75 9.45 25.77 0 1737.291 -0.25 -4.82
-4.747 1971.891 3.77E-06 1867.67 9.57 24.27 -0.01 1737.125 0.07 -4.85
-4.703 1971.868 3.72E-06 1867.59 9.55 24.49 -0.03 1736.958 -0.15 -4.4
-4.631 1971.845 3.88E-06 1867.5 9.55 24.54 -0.04 1736.791 -0.27 -4.14
-4.621 1971.823 3.62E-06 1867.42 9.41 26.22 -0.06 1736.625 -0.58 -4.09

-4.51 1971.8 3.82E-06 1867.34 9.35 26.97 -0.07 1736.458 -0.2 -4.39
-4.626 1971.777 3.79E-06 1867.25 9.3 27.57 -0.08 1736.291 -0.11 -4.71
-4.781 1971.755 4.16E-06 1867.17 9.29 27.68 -0.1 1736.125 -0.16 -4.77
-4.909 1971.732 3.89E-06 1867.09 9.3 27.54 -0.11 1735.958 -0.3 -4.57
-4.955 1971.709 3.88E-06 1867 9.34 27.06 -0.13 1735.791 -0.42 -4.29
-4.938 1971.686 4.07E-06 1866.92 9.4 26.38 -0.14 1735.625 -0.07 -4.12
-4.979 1971.664 4.13E-06 1866.84 9.42 26.04 -0.16 1735.458 -0.1 -4.39
-4.871 1971.641 4.26E-06 1866.75 9.46 25.66 -0.17 1735.291 -0.14 -4.71
-4.892 1971.618 4.32E-06 1866.67 9.53 24.76 -0.18 1735.125 -0.04 -4.77
-4.777 1971.595 4.47E-06 1866.59 9.63 23.48 -0.2 1734.958 0.06 -4.58
-4.716 1971.573 4.16E-06 1866.5 9.52 24.89 -0.21 1734.791 0 -4.32
-4.573 1971.55 4.22E-06 1866.42 9.5 25.09 -0.22 1734.625 -0.13 -4.27
-4.427 1971.531 4.86E-06 1866.34 9.46 25.62 -0.23 1734.458 -0.07 -4.44
-4.538 1971.512 5.62E-06 1866.25 9.39 26.45 -0.24 1734.291 -0.02 -4.76
-4.574 1971.493 5.58E-06 1866.17 9.37 26.72 -0.25 1734.125 0.02 -4.59
-4.678 1971.475 5.06E-06 1866.09 9.41 26.22 -0.26 1733.958 -0.11 -4.55
-4.716 1971.456 5.05E-06 1866 9.49 25.29 -0.27 1733.791 -0.28 -4.02
-4.753 1971.437 5.4E-06 1865.92 9.57 24.33 -0.28 1733.625 0.12 -3.62
-4.797 1971.418 5.39E-06 1865.84 9.62 23.65 -0.28 1733.458 -0.15 -3.76
-4.787 1971.399 5.41E-06 1865.75 9.63 23.55 -0.29 1733.291 -0.22 -4.19

ABOR/MH/Priv-003048

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1841.42 0.31 -5.49 1863.88
1841.35 -0.11 -5.29 1863.79
1841.28 0.06 -5.38 1863.71
1841.22 -0.05 -5.43 1863.63
1841.15 -0.09 -5.61 1863.54
1841.08 -0.26 -5.89 1863.46
1841.02 -0.7 -5.67 1863.38
1840.95 -0.35 -5.87 1863.29
1840.88 -0.05 -5.89 1863.21
1840.75 -0.06 -5.98 1863.13
1840.65 0.71 -5.62 1863.04
1840.55 0.99 -5.37 1862.96
1840.45 0.79 -5.1 1862.88
1840.35 0.78 -5.1 1862.79
1840.25 0.63 -5.26 1862.71
1840.15 0.66 -5.55 1862.63
1840.05 0.17 -5.93 1862.54
1839.95 -0.65 -6.11 1862.46
1839.75 -0.78 -6.2 1862.38
1839.67 0.35 -5.94 1862.29
1839.58 0.41 -5.79 1862.21

1839.5 0.59 -5.63 1862.13
1839.42 -0.02 -5.57 1862.04
1839.33 0.19 -5.45 1861.96
1839.25 0.06 -5.55 1861.88
1839.17 -0.47 -5.71 1861.79
1839.08 -0.37 -5.91 1861.71

1839 -0.28 -5.9 1861.63
1838.92 -0.51 -5.99 1861.54
1838.75 -0.72 -6.13 1861.46
1838.68 -0.65 -6.03 1861.38
1838.61 -0.6 -6.07 1861.29
1838.54 -0.53 -5.96 1861.21
1838.46 -0.41 -5.85 1861.13
1838.39 -0.12 -5.7 1861.04
1838.32 0.05 -5.57 1860.96
1838.25 0 -5.47 1860.88
1838.18 -0.19 -5.5 1860.79
1838.11 -0.22 -5.61 1860.71
1838.04 -0.53 -5.85 1860.63
1837.96 -0.82 -6.01 1860.54
1837.89 -0.87 -6.08 1860.46
1837.75 -0.83 -6.14 1860.38
1837.67 -0.83 -6.09 1860.29
1837.58 -0.64 -6.05 1860.21

ABOR/MH/Priv-003049

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.734 1971.38 5.54E-06 1865.67 9.62 23.67 -0.29 1733.125 0.13 -4.83
-4.619 1971.361 5.56E-06 1865.59 9.65 23.27 -0.29 1732.958 0.09 -4.39
-4.545 1971.342 5.6E-06 1865.5 9.52 24.92 -0.29 1732.791 -0.1 -4.08
-4.471 1971.324 5.78E-06 1865.42 9.43 25.98 -0.29 1732.625 -0.23 -3.78
-4.345 1971.305 5.62E-06 1865.34 9.37 26.68 -0.29 1732.458 -0.28 -4.11
-4.573 1971.286 5.77E-06 1865.25 9.38 26.62 -0.29 1732.291 -0.1 -4.58
-4.821 1971.267 6.27E-06 1865.17 9.35 26.93 -0.29 1732.125 -0.01 -4.63
-4.989 1971.248 6.97E-06 1865.09 9.37 26.66 -0.28 1731.958 -0.05 -4.39
-4.942 1971.229 6.95E-06 1865 9.44 25.8 -0.28 1731.791 -0.12 -4.16

-4.86 1971.21 6.44E-06 1864.92 9.49 25.29 -0.28 1731.625 -0.13 -3.88
-4.65 1971.192 5.61E-06 1864.84 9.51 24.97 -0.27 1731.458 -0.08 -4.46

-4.687 1971.173 5.58E-06 1864.75 9.53 24.75 -0.26 1731.291 -0.03 -4.56
-4.666 1971.154 5.66E-06 1864.67 9.54 24.64 -0.26 1731.125 -0.16 -4.21
-4.667 1971.135 5.12E-06 1864.59 9.57 24.32 -0.25 1730.958 -0.36 -4.23

-4.63 1971.116 4.61E-06 1864.5 9.49 25.3 -0.24 1730.791 -0.41 -4
-4.545 1971.097 4.29E-06 1864.42 9.43 26.01 -0.23 1730.625 -0.11 -3.85
-4.478 1971.078 3.94E-06 1864.34 9.38 26.64 -0.22 1730.458 0.05 -4.09
-4.619 1971.059 3.83E-06 1864.25 9.34 27.02 -0.21 1730.291 0.11 -4.57
-4.754 1971.041 3.71E-06 1864.17 9.36 26.88 -0.2 1730.125 0.15 -4.71
-4.816 1971.022 3.71E-06 1864.09 9.36 26.83 -0.19 1729.958 0.14 -4.56
-4.849 1971.003 3.67E-06 1864 9.42 26.13 -0.18 1729.791 0.03 -4.3
-4.865 1970.984 3.8E-06 1863.92 9.47 25.54 -0.17 1729.625 -0.29 -3.76
-4.783 1970.965 3.81E-06 1863.84 9.5 25.08 -0.16 1729.458 -0.47 -4.12
-4.735 1970.946 3.7E-06 1863.75 9.56 24.36 -0.15 1729.291 -0.31 -4.39
-4.728 1970.927 3.68E-06 1863.67 9.58 24.15 -0.14 1729.125 0.07 -4.61
-4.653 1970.908 3.76E-06 1863.59 9.58 24.16 -0.13 1728.958 0.23 -4.6
-4.688 1970.89 3.95E-06 1863.5 9.56 24.39 -0.11 1728.791 -0.02 -4.28
-4.508 1970.871 3.57E-06 1863.42 9.45 25.73 -0.1 1728.625 -0.09 -3.95
-4.343 1970.852 3.7E-06 1863.34 9.37 26.67 -0.09 1728.458 -0.4 -4.02
-4.415 1970.833 3.87E-06 1863.25 9.33 27.24 -0.08 1728.291 -0.07 -4.6
-4.632 1970.814 3.85E-06 1863.17 9.35 26.96 -0.06 1728.125 0.3 -4.76
-4.829 1970.795 4.07E-06 1863.09 9.38 26.61 -0.05 1727.958 0.03 -4.41
-4.984 1970.776 4.02E-06 1863 9.38 26.58 -0.04 1727.791 0.06 -3.9
-4.969 1970.758 3.86E-06 1862.92 9.48 25.35 -0.03 1727.625 -0.41 -3.89
-4.695 1970.739 3.84E-06 1862.84 9.53 24.71 -0.02 1727.458 -0.14 -4.22
-4.811 1970.72 3.79E-06 1862.75 9.58 24.15 -0.01 1727.291 -0.04 -4.47
-4.745 1970.701 3.71E-06 1862.67 9.58 24.15 0.01 1727.125 -0.11 -4.62
-4.716 1970.682 3.78E-06 1862.59 9.53 24.78 0.02 1726.958 -0.19 -4.35
-4.655 1970.663 3.91E-06 1862.5 9.49 25.24 0.03 1726.791 -0.28 -4.07
-4.477 1970.644 4.1E-06 1862.42 9.37 26.64 0.04 1726.625 -0.37 -3.77
-4.231 1970.625 4.17E-06 1862.34 9.28 27.84 0.05 1726.458 -0.23 -3.8
-4.465 1970.607 4.35E-06 1862.25 9.26 28.02 0.05 1726.291 -0.11 -4.23
-4.892 1970.588 4.63E-06 1862.17 9.31 27.41 0.06 1726.125 -0.02 -4.61
-5.028 1970.569 4.61E-06 1862.09 9.3 27.5 0.07 1725.958 -0.06 -4.58
-4.976 1970.55 4.54E-06 1862 9.33 27.15 0.07 1725.791 -0.23 -4.13

ABOR/MH/Priv-003050

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1837.5 -0.31 -5.75 1860.13
1837.42 -0.24 -5.69 1860.04
1837.33 -0.34 -5.38 1859.96
1837.25 -0.29 -5.21 1859.88
1837.17 -0.13 -5.31 1859.79
1837.08 -0.12 -5.64 1859.71

1837 -0.19 -5.82 1859.63
1836.92 -0.61 -6.18 1859.54
1836.75 -0.82 -6.34 1859.46
1836.67 -0.56 -6.19 1859.38

1836.6 -0.67 -6.12 1859.29
1836.52 -0.45 -5.88 1859.21
1836.44 -0.44 -5.65 1859.13
1836.37 -0.46 -5.47 1859.04
1836.29 -0.31 -5.35 1858.96
1836.21 -0.2 -5.49 1858.88
1836.13 -0.4 -5.54 1858.79
1836.06 -0.67 -5.54 1858.71
1835.98 -1.02 -5.67 1858.63

1835.9 -0.57 -5.74 1858.54
1835.75 -0.43 -5.86 1858.46
1835.66 0 -5.81 1858.38
1835.57 -0.37 -5.77 1858.29
1835.48 -0.29 -5.64 1858.21
1835.39 -0.22 -5.37 1858.13

1835.3 0.09 -5.16 1858.04
1835.2 0.15 -5.25 1857.96

1835.11 0.11 -5.35 1857.88
1835.02 -0.01 -5.39 1857.79
1834.93 -0.65 -5.84 1857.71
1834.75 -0.62 -5.96 1857.63
1834.68 -0.38 -5.92 1857.54
1834.61 -0.04 -5.87 1857.46
1834.54 0.07 -5.72 1857.38
1834.46 -0.03 -5.57 1857.29
1834.39 0.25 -5.45 1857.21
1834.32 0.53 -5.35 1857.13
1834.25 0.42 -5.28 1857.04
1834.18 0.46 -4.87 1856.96
1834.11 0.3 -5.54 1856.88
1834.04 0.07 -5.61 1856.79
1833.96 0.05 -5.56 1856.71
1833.89 0.05 -5.63 1856.63
1833.75 0.14 -5.73 1856.54
1833.65 1.81 -5.28 1856.46

ABOR/MH/Priv-003051

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.802 1970.535 4.53E-06 1861.92 9.36 26.8 0.08 1725.625 -0.15 -3.81
-4.829 1970.521 4.79E-06 1861.84 9.45 25.76 0.08 1725.458 -0.39 -3.93
-4.793 1970.506 4.74E-06 1861.75 9.49 25.23 0.08 1725.291 -0.21 -4.59
-4.722 1970.491 4.68E-06 1861.67 9.51 25 0.08 1725.125 0.15 -4.89
-4.605 1970.476 4.49E-06 1861.59 9.54 24.7 0.09 1724.958 -0.05 -4.53
-4.354 1970.462 4.55E-06 1861.5 9.58 24.13 0.09 1724.791 -0.37 -4.29
-4.361 1970.447 4.8E-06 1861.42 9.49 25.21 0.09 1724.625 -0.37 -3.88
-4.318 1970.432 4.77E-06 1861.34 9.4 26.33 0.08 1724.458 -0.23 -4.43
-4.426 1970.418 4.84E-06 1861.25 9.3 27.6 0.08 1724.291 -0.16 -4.77
-4.789 1970.403 4.96E-06 1861.17 9.26 27.99 0.08 1724.125 -0.09 -4.8
-4.821 1970.388 4.76E-06 1861.09 9.27 27.95 0.08 1723.958 -0.06 -4.58
-4.924 1970.374 4.69E-06 1861 9.32 27.34 0.07 1723.791 -0.15 -4.28

-4.95 1970.359 4.88E-06 1860.92 9.36 26.81 0.07 1723.625 -0.37 -4.11
-4.779 1970.344 4.8E-06 1860.84 9.44 25.8 0.06 1723.458 -0.15 -4.27
-4.639 1970.329 4.92E-06 1860.75 9.45 25.73 0.05 1723.291 0.07 -4.75
-4.686 1970.315 5.24E-06 1860.67 9.51 25 0.05 1723.125 -0.17 -4.98
-4.606 1970.3 6.34E-06 1860.59 9.54 24.63 0.04 1722.958 -0.46 -4.59
-4.603 1970.285 6.15E-06 1860.5 9.55 24.55 0.03 1722.791 -0.26 -4.2
-4.548 1970.271 6.66E-06 1860.42 9.49 25.19 0.02 1722.625 -0.56 -4.04
-4.441 1970.256 6.74E-06 1860.34 9.42 26.06 0.01 1722.458 -0.43 -4.19
-4.537 1970.241 7.07E-06 1860.25 9.41 26.16 0 1722.291 -0.29 -4.51
-4.769 1970.226 7.6E-06 1860.17 9.33 27.19 -0.01 1722.125 -0.21 -4.67
-4.815 1970.212 8.26E-06 1860.09 9.39 26.46 -0.01 1721.958 -0.24 -4.6
-4.825 1970.197 8.4E-06 1860 9.44 25.84 -0.02 1721.791 -0.35 -4.36
-4.766 1970.182 8.25E-06 1859.92 9.45 25.73 -0.03 1721.625 -0.37 -4.08
-4.787 1970.168 8.56E-06 1859.84 9.46 25.59 -0.04 1721.458 -0.69 -4.2
-4.647 1970.153 9.01E-06 1859.75 9.55 24.52 -0.05 1721.291 -0.44 -4.54
-4.633 1970.138 7.81E-06 1859.67 9.53 24.76 -0.06 1721.125 -0.29 -4.77
-4.637 1970.124 6.6E-06 1859.59 9.53 24.72 -0.07 1720.958 -0.49 -4.56
-4.555 1970.109 5.78E-06 1859.5 9.42 26.08 -0.08 1720.791 -0.6 -4.29
-4.413 1970.094 4.71E-06 1859.42 9.36 26.79 -0.09 1720.625 -0.65 -4.03
-4.305 1970.079 0.000004 1859.34 9.35 26.99 -0.1 1720.458 -0.8 -4.14
-4.456 1970.065 3.6E-06 1859.25 9.32 27.26 -0.1 1720.291 -0.61 -4.5
-4.756 1970.05 3.68E-06 1859.17 9.36 26.79 -0.11 1720.125 -0.41 -4.66
-4.826 1970.035 3.66E-06 1859.09 9.42 26.13 -0.12 1719.958 -0.48 -4.5
-4.845 1970.021 3.55E-06 1859 9.5 25.15 -0.13 1719.791 -0.56 -4.3

-4.77 1970.006 3.61E-06 1858.92 9.56 24.42 -0.13 1719.625 -1.05 -4.06
-4.834 1969.991 3.44E-06 1858.84 9.62 23.67 -0.14 1719.458 -0.98 -4.26
-4.828 1969.976 3.39E-06 1858.75 9.62 23.67 -0.14 1719.291 -0.84 -4.65
-4.812 1969.962 3.55E-06 1858.67 9.62 23.67 -0.15 1719.125 -0.69 -4.77
-4.546 1969.947 3.56E-06 1858.59 9.58 24.16 -0.15 1718.958 -0.6 -4.52
-4.455 1969.932 3.83E-06 1858.5 9.54 24.58 -0.15 1718.791 -0.65 -3.95
-4.522 1969.918 3.68E-06 1858.42 9.39 26.4 -0.16 1718.625 -0.77 -3.41
-4.399 1969.903 3.76E-06 1858.34 9.36 26.8 -0.16 1718.458 -1.18 -3.74
-4.555 1969.888 3.79E-06 1858.25 9.33 27.22 -0.16 1718.291 -0.99 -4.27

ABOR/MH/Priv-003052

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1833.55 1.75 -5.4 1856.38
1833.45 1.34 -5.48 1856.29
1833.35 1.76 -5.28 1856.21
1833.25 1.24 -5.1 1856.13
1833.15 0.84 -5.28 1856.04
1833.05 0.47 -5.84 1855.96
1832.95 0.2 -5.9 1855.88
1832.75 0.52 -5.92 1855.79
1832.64 1.19 -5.56 1855.71
1832.53 1.19 -5.37 1855.63
1832.42 0.9 -5.43 1855.54
1832.31 0.36 -5.75 1855.46
1832.19 0.13 -6.02 1855.38
1832.08 0.2 -6.1 1855.29
1831.75 -0.08 -6.13 1855.21
1831.61 0.75 -5.95 1855.13
1831.46 0.64 -5.75 1855.04
1831.32 0.86 -5.47 1854.96
1831.18 0.51 -5.61 1854.88
1831.04 0.13 -5.95 1854.79
1830.75 -0.11 -6.15 1854.71
1830.67 -0.02 -6.13 1854.63
1830.58 -0.18 -6 1854.54

1830.5 0.13 -6.02 1854.46
1830.42 0.36 -5.63 1854.38
1830.33 0.7 -5.44 1854.29
1830.25 0.57 -5.47 1854.21
1830.17 -0.14 -5.7 1854.13
1830.08 -0.42 -5.99 1854.04

1830 -0.59 -5.94 1853.96
1829.92 -0.14 -5.9 1853.88
1829.75 -0.11 -6.01 1853.79
1829.66 -0.03 -5.97 1853.71
1829.57 -0.12 -5.8 1853.63
1829.48 -0.27 -5.67 1853.54
1829.39 0.12 -5.3 1853.46

1829.3 0.49 -5.07 1853.38
1829.2 0.54 -5.24 1853.29

1829.11 0.4 -5.38 1853.21
1829.02 0.36 -5.65 1853.13
1828.93 0.03 -5.98 1853.04
1828.75 -0.02 -6.08 1852.96
1828.65 0.52 -5.82 1852.88
1828.55 0.84 -5.78 1852.79
1828.45 0.65 -5.58 1852.71

ABOR/MH/Priv-003053

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.773 1969.874 3.66E-06 1858.17 9.34 27.07 -0.16 1718.125 -0.58 -4.4
-4.939 1969.859 3.56E-06 1858.09 9.35 26.93 -0.16 1717.958 -0.31 -4.15
-4.956 1969.844 3.73E-06 1858 9.38 26.6 -0.16 1717.791 -0.65 -3.93

-4.98 1969.829 3.73E-06 1857.92 9.41 26.18 -0.16 1717.625 -0.8 -3.67
-4.862 1969.815 3.6E-06 1857.84 9.46 25.56 -0.16 1717.458 -0.36 -4.61
-4.837 1969.8 3.62E-06 1857.75 9.49 25.2 -0.16 1717.291 -0.3 -4.53
-4.738 1969.785 3.64E-06 1857.67 9.54 24.64 -0.16 1717.125 -0.34 -4.15
-4.721 1969.771 3.44E-06 1857.59 9.59 24.04 -0.16 1716.958 -0.39 -3.98
-4.613 1969.756 3.63E-06 1857.5 9.58 24.2 -0.15 1716.791 -0.46 -3.71

-4.55 1969.741 3.83E-06 1857.42 9.53 24.73 -0.15 1716.625 -0.35 -3.58
-4.447 1969.726 3.82E-06 1857.34 9.49 25.25 -0.15 1716.458 -0.15 -4.19
-4.669 1969.712 3.8E-06 1857.25 9.41 26.22 -0.15 1716.291 -0.08 -4.51
-4.899 1969.697 3.85E-06 1857.17 9.35 26.99 -0.14 1716.125 -0.15 -4.55
-4.914 1969.682 3.77E-06 1857.09 9.36 26.85 -0.14 1715.958 -0.22 -4.48
-4.911 1969.668 3.77E-06 1857 9.38 26.59 -0.14 1715.791 -0.4 -4.27
-4.841 1969.653 3.88E-06 1856.92 9.42 26.06 -0.13 1715.625 -0.67 -3.92
-4.753 1969.638 4.06E-06 1856.84 9.48 25.31 -0.13 1715.458 -0.54 -4.26
-4.784 1969.624 4.05E-06 1856.75 9.57 24.31 -0.12 1715.291 -0.25 -4.56
-4.802 1969.609 3.98E-06 1856.67 9.6 23.91 -0.12 1715.125 -0.35 -4.73
-4.722 1969.594 4.13E-06 1856.59 9.54 24.68 -0.12 1714.958 -0.49 -4.31
-4.674 1969.579 3.89E-06 1856.5 9.46 25.65 -0.11 1714.791 -0.51 -4.21
-4.701 1969.565 3.94E-06 1856.42 9.42 26.13 -0.11 1714.625 -0.63 -3.72
-4.477 1969.55 4.02E-06 1856.34 9.36 26.83 -0.1 1714.458 -0.83 -3.86

-4.61 1969.532 3.85E-06 1856.25 9.3 27.57 -0.1 1714.291 -0.72 -4.18
-4.844 1969.515 3.94E-06 1856.17 9.26 28.01 -0.1 1714.125 0.04 -4.51
-5.022 1969.497 3.94E-06 1856.09 9.32 27.33 -0.09 1713.958 -0.25 -4.52
-4.803 1969.48 3.87E-06 1856 9.44 25.91 -0.09 1713.791 -0.92 -4.33
-4.886 1969.462 3.84E-06 1855.92 9.55 24.47 -0.09 1713.625 -0.71 -3.73
-4.779 1969.445 3.93E-06 1855.84 9.56 24.41 -0.09 1713.458 -0.65 -3.85
-4.701 1969.427 3.87E-06 1855.75 9.57 24.32 -0.08 1713.291 -0.37 -4.35
-4.604 1969.41 3.9E-06 1855.67 9.57 24.27 -0.08 1713.125 -0.13 -4.75
-4.542 1969.392 4.1E-06 1855.59 9.58 24.09 -0.08 1712.958 -0.43 -4.69
-4.469 1969.375 4.11E-06 1855.5 9.46 25.56 -0.08 1712.791 -0.65 -4.55
-4.513 1969.357 3.88E-06 1855.42 9.4 26.28 -0.08 1712.625 -0.53 -4.14
-4.305 1969.339 3.81E-06 1855.34 9.4 26.36 -0.08 1712.458 -0.76 -4.15
-4.605 1969.322 3.7E-06 1855.25 9.39 26.42 -0.08 1712.291 -0.49 -4.22
-4.744 1969.304 3.71E-06 1855.17 9.35 27 -0.08 1712.125 -0.56 -4.6
-4.796 1969.287 3.82E-06 1855.09 9.36 26.84 -0.08 1711.958 -1.6 -4.48
-4.866 1969.269 3.76E-06 1855 9.4 26.39 -0.09 1711.791 -0.44 -4.69
-4.925 1969.252 3.72E-06 1854.92 9.41 26.27 -0.09 1711.625 -0.49 -3.88
-4.909 1969.234 3.78E-06 1854.84 9.4 26.28 -0.1 1711.458 -0.96 -4.07
-4.865 1969.217 3.87E-06 1854.75 9.49 25.22 -0.1 1711.291 -1.43 -4.26
-4.799 1969.199 3.88E-06 1854.67 9.52 24.88 -0.11 1711.125 -0.65 -4.32 8.9609

-4.68 1969.182 3.95E-06 1854.59 9.47 25.47 -0.11 1710.958 0.13 -4.37 9.13313
-4.62 1969.164 4.01E-06 1854.5 9.4 26.35 -0.12 1710.791 -0.1 -3.96 9.18786

ABOR/MH/Priv-003054

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1828.35 0.65 -5.5 1852.63
1828.25 1.09 -5.36 1852.54
1828.15 1 -5.31 1852.46
1828.05 0.86 -5.5 1852.38
1827.95 0.46 -5.67 1852.29
1827.75 0.47 -5.85 1852.21
1827.63 0.56 -5.8 1852.13

1827.5 0.71 -5.78 1852.04
1827.38 1.14 -5.19 1851.96
1827.25 1.06 -5.1 1851.88
1827.13 0.77 -5.21 1851.79

1827 0.53 -5.38 1851.71
1826.75 0.23 -5.8 1851.63
1826.67 0.45 -5.6 1851.54
1826.58 0.47 -5.67 1851.46

1826.5 0.77 -5.59 1851.38
1826.42 0.71 -5.58 1851.29
1826.33 0.65 -5.51 1851.21
1826.25 0.52 -5.34 1851.13
1826.17 0.65 -5.36 1851.04
1826.08 0.56 -5.43 1850.96

1826 0.58 -5.57 1850.88
1825.92 0.46 -5.78 1850.79
1825.75 0.63 -5.86 1850.71
1825.66 0.53 -5.81 1850.63
1825.57 0.23 -5.79 1850.54
1825.48 0.65 -5.7 1850.46
1825.39 0.55 -5.52 1850.38

1825.3 0.99 -5.36 1850.29
1825.2 0.96 -5.37 1850.21

1825.11 0.45 -5.43 1850.13
1825.02 0.79 -5.57 1850.04
1824.93 -0.14 -6.16 1849.96
1824.75 0.3 -6.23 1849.88
1824.66 0.58 -6 1849.79
1824.57 0.52 -5.93 1849.71
1824.48 0.68 -5.41 1849.63
1824.39 0.94 -5.16 1849.54

1824.3 0.8 -5.02 1849.46
1824.2 0.53 -5.23 1849.38

1824.11 0.31 -5.64 1849.29
1824.02 0.11 -5.87 1849.21
1823.93 0.12 -5.83 1849.13
1823.75 0.12 -5.94 1849.04
1823.64 0.18 -5.93 1848.96

ABOR/MH/Priv-003055

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.453 1969.146 3.88E-06 1854.42 9.33 27.19 -0.13 1710.625 -0.33 -3.55 9.31544
-4.252 1969.129 3.87E-06 1854.34 9.33 27.19 -0.14 1710.458 -0.7 -3.92 9.17232
-4.514 1969.111 3.85E-06 1854.25 9.36 26.82 -0.15 1710.291 -0.47 -4.3 9.09458

-4.7 1969.094 3.82E-06 1854.17 9.36 26.86 -0.16 1710.125 0.37 -4.67 9.05413
-4.947 1969.076 3.79E-06 1854.09 9.38 26.61 -0.17 1709.958 0.04 -4.48 9.18658

-4.91 1969.059 3.72E-06 1854 9.47 25.54 -0.19 1709.791 -0.14 -4.18 9.36894
-4.892 1969.041 3.72E-06 1853.92 9.5 25.09 -0.2 1709.625 -0.16 -3.77 9.39904
-4.556 1969.024 3.79E-06 1853.84 9.53 24.77 -0.21 1709.458 -0.22 -4.1 9.23035
-4.806 1969.006 0.000004 1853.75 9.55 24.46 -0.23 1709.291 -0.26 -4.51 9.0801
-4.771 1968.989 3.93E-06 1853.67 9.56 24.37 -0.24 1709.125 -0.28 -4.98 9.02598

-4.72 1968.971 3.97E-06 1853.59 9.57 24.29 -0.25 1708.958 -0.1 -4.77 9.07539
-4.646 1968.954 3.77E-06 1853.5 9.52 24.83 -0.27 1708.791 -0.17 -4.5 9.35278

-4.66 1968.936 3.81E-06 1853.42 9.46 25.61 -0.28 1708.625 -0.49 -4.16 9.47012
-4.653 1968.918 3.83E-06 1853.34 9.43 26.01 -0.3 1708.458 -0.2 -4.32 9.26694
-4.699 1968.901 3.73E-06 1853.25 9.42 26.14 -0.31 1708.291 0.14 -4.56 9.06577
-4.952 1968.883 3.88E-06 1853.17 9.4 26.36 -0.33 1708.125 0.52 -4.89 8.984

-5.07 1968.866 4.11E-06 1853.09 9.41 26.18 -0.34 1707.958 0.05 -4.6 9.03114
-5.068 1968.848 4.16E-06 1853 9.45 25.75 -0.36 1707.791 -0.12 -4.19 9.23063
-4.981 1968.831 4.01E-06 1852.92 9.5 25.11 -0.38 1707.625 0.02 -3.67 9.42178
-5.016 1968.813 3.91E-06 1852.84 9.58 24.1 -0.39 1707.458 -0.11 -4.1 9.22276
-4.946 1968.796 4.06E-06 1852.75 9.6 23.95 -0.41 1707.291 -0.08 -4.44 9.12247
-4.838 1968.778 3.82E-06 1852.67 9.6 23.91 -0.42 1707.125 0.1 -4.67 8.98123
-4.749 1968.761 3.87E-06 1852.59 9.53 24.78 -0.44 1706.958 0.02 -4.6 9.05526
-4.561 1968.743 3.92E-06 1852.5 9.5 25.17 -0.45 1706.791 -0.06 -4.36 9.15313
-4.536 1968.725 4.18E-06 1852.42 9.44 25.88 -0.47 1706.625 -0.15 -3.93 9.27484
-4.457 1968.708 4.1E-06 1852.34 9.36 26.85 -0.49 1706.458 -0.39 -3.98 9.12525
-4.672 1968.69 4.25E-06 1852.25 9.32 27.33 -0.5 1706.291 -0.27 -4.33 8.87369
-4.673 1968.673 4.24E-06 1852.17 9.3 27.56 -0.52 1706.125 -0.01 -4.58 8.84105
-4.713 1968.655 4.3E-06 1852.09 9.35 26.99 -0.54 1705.958 0.01 -4.47 9.02423
-4.781 1968.638 4.28E-06 1852 9.41 26.17 -0.55 1705.791 -0.32 -4.05 9.11292
-4.742 1968.62 4.19E-06 1851.92 9.47 25.53 -0.57 1705.625 -0.38 -3.86 9.1707
-4.738 1968.603 4.27E-06 1851.84 9.55 24.53 -0.59 1705.458 -0.43 -4.18 9.06566
-4.745 1968.585 4.43E-06 1851.75 9.6 23.97 -0.6 1705.291 -0.36 -4.57 8.91587
-4.653 1968.568 4.56E-06 1851.67 9.62 23.67 -0.62 1705.125 -0.15 -5.02 8.84502
-4.618 1968.55 4.76E-06 1851.59 9.53 24.76 -0.64 1704.958 -0.06 -4.57 8.91305
-4.418 1968.53 4.92E-06 1851.5 9.45 25.76 -0.65 1704.791 -0.17 -4.23 9.02218
-4.416 1968.51 4.91E-06 1851.42 9.4 26.36 -0.67 1704.625 -0.48 -3.98 9.23045
-4.405 1968.49 5.03E-06 1851.34 9.43 25.94 -0.69 1704.458 -0.72 -4.01 9.0478
-4.461 1968.47 5.05E-06 1851.25 9.48 25.41 -0.7 1704.291 -0.52 -4.55 8.86656
-4.609 1968.45 5.11E-06 1851.17 9.51 25.02 -0.72 1704.125 -0.37 -4.91 8.7976
-4.735 1968.43 5.08E-06 1851.09 9.53 24.79 -0.73 1703.958 -0.31 -4.81 8.88058
-4.799 1968.41 5.38E-06 1851 9.53 24.71 -0.74 1703.791 -0.28 -4.35 9.07689
-4.778 1968.39 5.48E-06 1850.92 9.54 24.69 -0.75 1703.625 -0.4 -3.95 9.24407
-4.677 1968.37 5.36E-06 1850.84 9.59 24.03 -0.77 1703.458 -0.48 -3.96 9.11565
-4.678 1968.35 5.32E-06 1850.75 9.59 23.99 -0.78 1703.291 -0.22 -4.37 8.98461

ABOR/MH/Priv-003056

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1823.53 0.57 -5.93 1848.88
1823.42 0.67 -5.45 1848.79
1823.31 0.96 -5.32 1848.71
1823.19 0.52 -5.37 1848.63
1823.08 0.45 -5.62 1848.54
1822.97 -0.06 -6.01 1848.46
1822.75 -0.17 -6.01 1848.38
1822.67 0.2 -5.96 1848.29
1822.58 0.03 -5.74 1848.21

1822.5 0.69 -5.5 1848.13
1822.42 0.96 -5.52 1848.04
1822.33 0.78 -5.32 1847.96
1822.25 0.43 -5.22 1847.88
1822.17 0.24 -5.49 1847.79
1822.08 0.21 -6.03 1847.71

1822 -0.21 -6.16 1847.63
1821.92 -0.36 -6.32 1847.54
1821.75 -0.56 -6.36 1847.46
1821.64 0.32 -6.23 1847.38
1821.53 0.69 -5.71 1847.29
1821.42 0.96 -5.22 1847.21
1821.31 1.03 -5.27 1847.13
1821.19 0.47 -5.46 1847.04
1821.08 -0.39 -6.03 1846.96
1820.97 -0.66 -6.08 1846.88
1820.75 -0.26 -6.23 1846.79
1820.65 0.2 -6.12 1846.71
1820.55 0.62 -5.73 1846.63
1820.45 0.61 -5.34 1846.54
1820.35 0.56 -5.28
1820.25 0.49 -5.51
1820.15 0.67 -5.69
1820.05 0.26 -5.82
1819.95 0.02 -5.71
1819.75 -0.22 -5.86
1819.61 0.25 -5.73
1819.46 0.33 -5.39
1819.32 0.54 -5.18
1819.18 0.65 -5.21
1819.04 0.5 -5.56
1818.75 0.01 -6.16
1818.67 0.03 -5.9
1818.58 0.08 -5.91

1818.5 0.86 -5.71
1818.42 0.64 -5.43

ABOR/MH/Priv-003057

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.579 1968.33 6.44E-06 1850.67 9.64 23.42 -0.79 1703.125 0.04 -4.57 8.96617
-4.471 1968.31 8.31E-06 1850.59 9.67 23.06 -0.8 1702.958 0.07 -4.41 9.0133
-4.438 1968.29 1.01E-05 1850.5 9.55 24.55 -0.8 1702.791 -0.06 -4.03 9.1744
-4.421 1968.27 1.26E-05 1850.42 9.4 26.34 -0.81 1702.625 0.09 -3.65 9.25446
-4.345 1968.25 1.14E-05 1850.34 9.41 26.21 -0.82 1702.458 -0.3 -3.8 9.18538
-4.444 1968.23 9.04E-06 1850.25 9.39 26.44 -0.82 1702.291 0.24 -4.44 9.00493
-4.507 1968.21 8.17E-06 1850.17 9.49 25.19 -0.83 1702.125 0.34 -4.79 8.97631
-4.763 1968.19 7.19E-06 1850.09 9.55 24.57 -0.83 1701.958 0.08 -4.63 9.10644
-4.795 1968.17 6.59E-06 1850 9.58 24.1 -0.83 1701.791 -0.05 -4.15 9.14227
-4.771 1968.15 4.58E-06 1849.92 9.6 23.93 -0.84 1701.625 -0.31 -3.78 9.28156
-4.746 1968.13 4.17E-06 1849.84 9.61 23.82 -0.84 1701.458 -0.59 -4.23 9.26191
-4.628 1968.11 4.1E-06 1849.75 9.59 24 -0.84 1701.291 0.05 -4.57 9.1095
-4.554 1968.09 3.81E-06 1849.67 9.62 23.67 -0.84 1701.125 0.04 -4.48 9.00687
-4.463 1968.07 4.19E-06 1849.59 9.6 23.85 -0.84 1700.958 -0.56 -4.27 9.09229
-4.426 1968.05 4.08E-06 1849.5 9.49 25.22 -0.84 1700.791 -1.2 -3.87 9.11794
-4.352 1968.03 4.04E-06 1849.42 9.5 25.16 -0.83 1700.625 -2.75 -3.81 9.2973
-4.315 1968.01 3.97E-06 1849.34 9.45 25.68 -0.83 1700.458 -2.76 -4.28 9.1275
-4.477 1967.99 3.9E-06 1849.25 9.42 26.13 -0.83 1700.291 -2.36 -4.59 9.12855

-4.72 1967.97 3.92E-06 1849.17 9.4 26.37 -0.83 1700.125 -1.54 -4.74 9.00331
-4.948 1967.95 3.82E-06 1849.09 9.42 26.13 -0.82 1699.958 -1.1 -4.24 9.05792
-4.779 1967.93 3.99E-06 1849 9.46 25.63 -0.82 1699.791 -1.31 -3.91 9.17986
-4.837 1967.91 4.04E-06 1848.92 9.48 25.33 -0.82 1699.625 -2.17 -3.74 9.30677
-4.804 1967.89 4.02E-06 1848.84 9.55 24.52 -0.82 1699.458 -1.86 -4.15 9.1446
-4.704 1967.87 4.01E-06 1848.75 9.56 24.35 -0.81 1699.291 -1.54 -4.55 9.08456
-4.767 1967.85 3.66E-06 1848.67 9.57 24.27 -0.81 1699.125 -1.15 -4.42 8.97269
-4.751 1967.83 3.69E-06 1848.59 9.54 24.61 -0.81 1698.958 -0.76 -4.28 9.13651
-4.685 1967.81 3.95E-06 1848.5 9.5 25.07 -0.81 1698.791 -1.55 -4.12 9.23783
-4.581 1967.79 3.56E-06 1848.42 9.47 25.53 -0.8 1698.625 -2.34 -3.96 9.27666
-4.483 1967.77 3.54E-06 1848.34 9.45 25.7 -0.8 1698.458 -2.18 -4.22 9.15935

1967.75 3.62E-06 1848.25 9.36 26.84 -0.8 1698.291 -2.01 -4.47 9.00313
1967.73 3.78E-06 1848.17 9.34 27.07 -0.8 1698.125 -1.8 -4.61 8.93064
1967.71 3.8E-06 1848.09 9.4 26.33 -0.8 1697.958 -1.58 -4.74 9.07893
1967.69 3.85E-06 1848 9.46 25.64 -0.8 1697.791 -1.44 -4.23 9.22721
1967.67 3.98E-06 1847.92 9.46 25.66 -0.8 1697.625 -1.29 -3.72 9.3755
1967.65 3.94E-06 1847.84 9.52 24.87 -0.8 1697.458 -1.43 -4.14 9.18011
1967.63 4.01E-06 1847.75 9.62 23.63 -0.8 1697.291 -1.57 -4.56 9.02873
1967.61 3.96E-06 1847.67 9.61 23.79 -0.8 1697.125 -1.07 -4.51 8.93085
1967.59 3.77E-06 1847.59 9.59 24.05 -0.8 1696.958 -0.57 -4.45 9.02644
1967.57 3.74E-06 1847.5 9.56 24.44 -0.8 1696.791 -0.81 -4.1 9.17125
1967.55 4.07E-06 1847.42 9.5 25.06 -0.8 1696.625 -1.05 -3.75 9.30337

1967.535 3.96E-06 1847.34 9.45 25.72 -0.8 1696.458 -1.16 -3.91 9.22398
1967.519 3.94E-06 1847.25 9.43 25.98 -0.8 1696.291 -0.77 -3.96 9.11262
1967.504 4.12E-06 1847.17 9.45 25.73 -0.8 1696.125 0.12 -3.9 8.9693
1967.488 4.31E-06 1847.09 9.47 25.54 -0.8 1695.958 -0.01 -4.11 8.99923
1967.473 4.14E-06 1847 9.5 25.13 -0.8 1695.791 -0.21 -3.98 9.10027

ABOR/MH/Priv-003058

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1818.33 0.58 -5.43
1818.25 0.51 -5.53
1818.17 0.31 -5.78
1818.08 0.35 -5.8

1818 -0.07 -6.21
1817.92 -0.23 -6.12
1817.75 0.07 -6.24
1817.63 0.16 -5.77

1817.5 0.65 -5.24
1817.38 0.81 -5.03
1817.25 0.62 -5.3
1817.13 0.51 -5.51

1817 0.3 -5.72
1816.75 0.46 -5.76
1816.64 0.37 -5.68
1816.53 0.37 -5.23
1816.42 0.8 -5.1
1816.31 0.61 -5.3
1816.19 0.07 -5.6
1816.08 0.16 -5.97
1815.97 -0.06 -6.35
1815.75 -0.33 -6.21
1815.67 0.24 -6.07
1815.58 0.08 -5.97

1815.5 0.7 -5.59
1815.42 0.73 -5.38
1815.33 0.75 -5.26
1815.25 0.55 -5.5
1815.17 0.71 -5.29
1815.08 0.51 -5.25

1815 -0.09 -5.57
1814.92 0.73 -6.04
1814.75 0.32 -6.2
1814.66 -0.61 -5.88
1814.57 -0.6 -6.29
1814.48 0.28 -5.83
1814.39 0.35 -5.29

1814.3 0.4 -5.11
1814.2 0.65 -5.09

1814.11 0.86 -5.34
1814.02 0.53 -5.67
1813.93 0.33 -6.01
1813.75 -0.08 -6.18
1813.65 0.34 -6.09
1813.55 0.47 -5.86

ABOR/MH/Priv-003059

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1967.458 4.24E-06 1846.92 9.54 24.64 -0.79 1695.625 -0.46 -3.5 9.25439
1967.442 4.38E-06 1846.84 9.57 24.29 -0.79 1695.458 -0.79 -4.08 9.11473
1967.427 4.14E-06 1846.75 9.62 23.71 -0.79 1695.291 -0.77 -4.56 9.01137
1967.412 4.3E-06 1846.67 9.58 24.15 -0.79 1695.125 -0.42 -4.95 8.86246
1967.396 4.58E-06 1846.59 9.63 23.6 -0.79 1694.958 -0.4 -4.74 8.93939
1967.381 4.23E-06 1846.5 9.51 24.97 -0.79 1694.791 -0.33 -4.43 9.06475
1967.365 4.07E-06 1846.42 9.42 26.05 -0.79 1694.625 -0.2 -4.02 9.18844

1967.35 4.02E-06 1846.34 9.36 26.79 -0.79 1694.458 -0.56 -4.33 9.11762
1967.335 4.17E-06 1846.25 9.37 26.75 -0.78 1694.291 -0.92 -4.63 8.92359
1967.319 4.18E-06 1846.17 9.37 26.72 -0.78 1694.125 -0.48 -4.56 8.88778
1967.304 4.74E-06 1846.09 9.39 26.5 -0.78 1693.958 -0.04 -4.49 8.92698
1967.288 5.54E-06 1846 9.44 25.8 -0.78 1693.791 -0.07 -4.07 9.06794
1967.273 5.83E-06 1845.92 9.51 24.98 -0.77 1693.625 -0.1 -3.64 9.20313
1967.258 5.34E-06 1845.84 9.58 24.15 -0.77 1693.458 -0.37 -4.01 9.17431
1967.242 5.4E-06 1845.75 9.62 23.67 -0.77 1693.291 -1.35 -3.97 9.00445
1967.227 5.1E-06 1845.67 9.64 23.46 -0.76 1693.125 -0.44 -4.71 8.90734
1967.212 4.94E-06 1845.59 9.64 23.44 -0.76 1692.958 0.09 -4.84 8.99863
1967.196 4.67E-06 1845.5 9.54 24.61 -0.75 1692.791 -0.24 -4.19 9.03953
1967.181 4.49E-06 1845.42 9.53 24.72 -0.75 1692.625 -1.57 -3.99 9.20643
1967.165 4.22E-06 1845.34 9.49 25.25 -0.74 1692.458 -1.95 -4.11 9.18196

1967.15 4.04E-06 1845.25 9.4 26.32 -0.73 1692.291 -1.73 -4.4 9.06453
1967.135 3.9E-06 1845.17 9.45 25.79 -0.72 1692.125 -0.98 -4.65 8.90727
1967.119 3.76E-06 1845.09 9.49 25.29 -0.71 1691.958 -0.42 -4.61 8.90732
1967.104 3.78E-06 1845 9.48 25.4 -0.7 1691.791 -0.49 -4.17 8.9943
1967.088 3.76E-06 1844.92 9.49 25.25 -0.69 1691.625 -0.18 -3.55 9.16819
1967.073 3.88E-06 1844.84 9.57 24.31 -0.68 1691.458 -0.25 -4.54 9.12159
1967.058 3.79E-06 1844.75 9.61 23.74 -0.67 1691.291 -0.25 -4.96 8.99727
1967.042 3.84E-06 1844.67 9.66 23.18 -0.66 1691.125 -0.19 -4.83 8.86676
1967.027 3.95E-06 1844.59 9.62 23.67 -0.64 1690.958 0.04 -4.4 8.95158
1967.012 0.000004 1844.5 9.61 23.79 -0.63 1690.791 -0.19 -4.12 9.14789
1966.996 3.84E-06 1844.42 9.59 24.06 -0.62 1690.625 -0.88 -3.97 9.24662
1966.981 3.98E-06 1844.34 9.48 25.31 -0.6 1690.458 -0.43 -4.43 9.16191
1966.965 3.8E-06 1844.25 9.35 26.99 -0.59 1690.291 0.02 -4.89 8.99132

1966.95 3.86E-06 1844.17 9.28 27.76 -0.57 1690.125 -0.07 -4.71 8.95468
1966.935 3.77E-06 1844.09 9.33 27.18 -0.55 1689.958 -0.15 -4.52 9.06968
1966.919 3.74E-06 1844 9.41 26.2 -0.54 1689.791 -0.17 -4.18 9.13926
1966.904 3.87E-06 1843.92 9.5 25.09 -0.52 1689.625 -0.18 -3.84 9.30543
1966.888 4.02E-06 1843.84 9.57 24.22 -0.51 1689.458 -0.15 -4.32 9.07674
1966.873 4.32E-06 1843.75 9.59 24.03 -0.49 1689.291 -0.12 -4.78 8.97416
1966.858 4.32E-06 1843.67 9.54 24.64 -0.47 1689.125 0.03 -4.68 8.91808
1966.842 4.36E-06 1843.59 9.52 24.9 -0.46 1688.958 0.04 -4.35 9.02653
1966.827 4.32E-06 1843.5 9.5 25.17 -0.44 1688.791 -0.34 -4.24 9.17259
1966.812 4.18E-06 1843.42 9.47 25.52 -0.43 1688.625 -1.03 -4.04 9.33895
1966.796 4.16E-06 1843.34 9.42 26.13 -0.41 1688.458 -0.62 -4.32
1966.781 4.1E-06 1843.25 9.37 26.75 -0.39 1688.291 -0.34 -4.61

ABOR/MH/Priv-003060

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1813.45 0.41 -5.73
1813.35 0.24 -5.49
1813.25 0.14 -5.71
1813.15 -0.07 -6.06
1813.05 0.28 -6.02
1812.95 0.05 -6.1
1812.75 -0.14 -6.2
1812.63 -0.27 -5.94

1812.5 -0.39 -5.89
1812.38 -0.04 -5.79
1812.25 -0.22 -5.74
1812.13 0.05 -5.75

1812 0.1 -6.28
1811.75 0.09 -6.31
1811.66 -0.01 -6.27
1811.57 -0.28 -5.83
1811.48 0.21 -5.99
1811.39 0.26 -5.94

1811.3 0.45 -5.42
1811.2 0.44 -5.45

1811.11 0.2 -5.5
1811.02 -0.08 -5.65
1810.93 -0.33 -5.8
1810.75 -0.53 -5.93
1810.67 -0.93 -5.87

1810.6 -1.15 -5.84
1810.52 -0.86 -5.89
1810.44 -0.5 -5.95
1810.37 -0.05 -5.57
1810.29 0.55 -5.41
1810.21 0.45 -5.35
1810.13 0.13 -5.63
1810.06 0.4 -6.09
1809.98 -0.3 -6.23

1809.9 -1.01 -6.34
1809.75 -0.23 -6.41
1809.64 -0.27 -6.29
1809.53 0.05 -5.94
1809.42 0.42 -5.5
1809.31 0.46 -5.16
1809.19 0.39 -5.83
1809.08 -0.16 -6.3
1808.97 -0.46 -6.63
1808.75 -0.49 -6.59
1808.66 -0.71 -6.43

ABOR/MH/Priv-003061

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1966.765 4.02E-06 1843.17 9.34 27.07 -0.38 1688.125 -0.2 -4.9
1966.75 3.89E-06 1843.09 9.4 26.39 -0.36 1687.958 -0.17 -4.33

1966.735 3.8E-06 1843 9.4 26.32 -0.35 1687.791 -0.2 -3.94
1966.719 3.84E-06 1842.92 9.46 25.61 -0.34 1687.625 -0.31 -3.74
1966.704 3.85E-06 1842.84 9.56 24.39 -0.32 1687.458 -0.19 -4.09
1966.688 3.97E-06 1842.75 9.61 23.79 -0.31 1687.291 -0.07 -4.43
1966.673 4.11E-06 1842.67 9.58 24.15 -0.3 1687.125 0.05 -4.77
1966.658 4.22E-06 1842.59 9.53 24.8 -0.28 1686.958 -0.04 -4.5
1966.642 4.22E-06 1842.5 9.38 26.6 -0.27 1686.791 -0.12 -4.22
1966.627 4.18E-06 1842.42 9.39 26.41 -0.26 1686.625 -0.21 -3.95
1966.612 4.28E-06 1842.34 9.36 26.85 -0.25 1686.458 -0.13 -4.75
1966.596 4.09E-06 1842.25 9.34 27.07 -0.24 1686.291 -0.34 -4.72
1966.581 4.1E-06 1842.17 9.44 25.8 -0.23 1686.125 -0.34 -4.73
1966.565 4.19E-06 1842.09 9.52 24.93 -0.22 1685.958 -0.17 -4.61

1966.55 4.32E-06 1842 9.55 24.57 -0.21 1685.791 -0.19 -4.1
1966.534 4.27E-06 1841.92 9.55 24.47 -0.2 1685.625 -0.71 -3.62
1966.518 4.29E-06 1841.84 9.53 24.75 -0.19 1685.458 -0.48 -3.85
1966.502 4.47E-06 1841.75 9.53 24.71 -0.18 1685.291 -0.24 -4.07
1966.485 4.48E-06 1841.67 9.56 24.4 -0.18 1685.125 -0.01 -4.29
1966.469 4.7E-06 1841.59 9.47 25.51 -0.17 1684.958 -0.23 -4.19
1966.453 4.92E-06 1841.5 9.43 26 -0.17 1684.791 -0.46 -4.09
1966.437 4.9E-06 1841.42 9.38 26.58 -0.16 1684.625 -0.7 -3.98
1966.421 4.85E-06 1841.34 9.28 27.78 -0.16 1684.458 -0.49 -4.2
1966.405 4.8E-06 1841.25 9.26 27.99 -0.16 1684.291 -0.23 -4.42
1966.389 4.8E-06 1841.17 9.27 27.87 -0.16 1684.125 0.07 -4.63
1966.373 4.75E-06 1841.09 9.3 27.53 -0.16 1683.958 -0.02 -4.42
1966.356 4.68E-06 1841 9.36 26.85 -0.16 1683.791 -0.23 -4.2

1966.34 4.57E-06 1840.92 9.42 26.12 -0.16 1683.625 -0.58 -3.98
1966.324 4.43E-06 1840.84 9.5 25.13 -0.16 1683.458 -0.61 -4.37
1966.308 4.44E-06 1840.75 9.61 23.77 -0.16 1683.291 -0.48 -4.69
1966.292 4.34E-06 1840.67 9.63 23.55 -0.17 1683.125 -0.22 -4.69
1966.276 4.58E-06 1840.59 9.58 24.15 -0.17 1682.958 -0.11 -4.45

1966.26 4.47E-06 1840.5 9.57 24.22 -0.18 1682.791 -0.35 -4.16
1966.244 4.42E-06 1840.42 9.49 25.25 -0.19 1682.625 -0.65 -3.79
1966.227 4.27E-06 1840.34 9.38 26.55 -0.19 1682.458 -0.52 -4.28
1966.211 4.37E-06 1840.25 9.32 27.25 -0.2 1682.291 -0.38 -4.72
1966.195 4.55E-06 1840.17 9.3 27.61 -0.21 1682.125 -0.22 -5.13
1966.179 4.37E-06 1840.09 9.31 27.41 -0.22 1681.958 -0.15 -4.75
1966.163 4.52E-06 1840 9.36 26.84 -0.23 1681.791 -0.11 -4.35
1966.147 4.46E-06 1839.92 9.4 26.39 -0.24 1681.625 -0.1 -3.92
1966.131 4.87E-06 1839.84 9.46 25.64 -0.25 1681.458 -0.56 -4.05
1966.115 4.52E-06 1839.75 9.5 25.08 -0.26 1681.291 -0.38 -4.52
1966.098 4.55E-06 1839.67 9.55 24.52 -0.27 1681.125 -0.11 -4.82
1966.082 4.23E-06 1839.59 9.55 24.49 -0.28 1680.958 -0.02 -4.75
1966.066 4.15E-06 1839.5 9.52 24.92 -0.29 1680.791 -0.12 -4.38

ABOR/MH/Priv-003062

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1808.57 -0.14 -6.19
1808.48 0.23 -6.02
1808.39 -0.21 -5.62

1808.3 -0.08 -5.72
1808.2 -0.19 -5.79

1808.11 -0.07 -5.76
1808.02 0.17 -6.14
1807.93 -0.53 -6.43
1807.75 -0.49 -6.44
1807.66 -0.47 -6.21
1807.57 -0.2 -6.24
1807.48 -0.56 -6.03
1807.39 -0.24 -5.79

1807.3 0.1 -5.52
1807.2 0.09 -5.55

1807.11 -0.07 -5.67
1807.02 -0.3 -5.69
1806.93 -0.47 -6.09
1806.75 -0.53 -6.38
1806.67 -0.94 -6.2

1806.6 -0.51 -5.93
1806.52 -0.24 -5.95
1806.44 0.26 -5.89
1806.37 -0.04 -5.56
1806.29 0.14 -5.44
1806.21 -0.06 -5.51
1806.13 -0.23 -5.67
1806.06 -0.11 -5.79
1805.98 0.2 -6.04

1805.9 -0.09 -6.33
1805.75 -1.04 -6.42
1805.67 -0.99 -6.28

1805.6 -0.18 -6.04
1805.52 -0.14 -6.01
1805.44 0.12 -5.85
1805.37 0.57 -5.6
1805.29 0.13 -5.49
1805.21 -0.1 -5.41
1805.13 0.01 -5.74
1805.06 -0.24 -5.9
1804.98 -0.26 -6.11

1804.9 0.05 -6.14
1804.75 -0.12 -6.13
1804.67 -0.43 -6.01
1804.58 -0.3 -6.03

ABOR/MH/Priv-003063

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1966.05 4.17E-06 1839.42 9.47 25.45 -0.3 1680.625 -0.15 -3.95
1966.034 4.27E-06 1839.34 9.4 26.36 -0.31 1680.458 -0.58 -4.23
1966.018 4.2E-06 1839.25 9.35 26.96 -0.33 1680.291 -0.4 -4.76
1966.002 4.05E-06 1839.17 9.36 26.79 -0.34 1680.125 -0.23 -4.99
1965.985 4.06E-06 1839.09 9.41 26.21 -0.35 1679.958 -0.16 -4.84
1965.969 3.92E-06 1839 9.46 25.6 -0.36 1679.791 -0.12 -4.42
1965.953 4.05E-06 1838.92 9.51 24.95 -0.37 1679.625 -0.14 -3.75
1965.937 4.01E-06 1838.84 9.57 24.23 -0.38 1679.458 -0.27 -4.23
1965.921 3.83E-06 1838.75 9.6 23.95 -0.39 1679.291 -0.13 -4.65
1965.905 3.83E-06 1838.67 9.59 24.03 -0.4 1679.125 0.28 -5
1965.889 3.82E-06 1838.59 9.52 24.87 -0.4 1678.958 0.23 -4.87
1965.873 3.85E-06 1838.5 9.55 24.51 -0.41 1678.791 0.17 -4.54
1965.856 3.93E-06 1838.42 9.54 24.64 -0.41 1678.625 0.08 -4

1965.84 3.82E-06 1838.34 9.47 25.51 -0.42 1678.458 -0.1 -4.12
1965.824 3.89E-06 1838.25 9.43 25.99 -0.42 1678.291 0.08 -4.57
1965.808 3.92E-06 1838.17 9.4 26.38 -0.42 1678.125 0.06 -4.76
1965.792 3.96E-06 1838.09 9.38 26.54 -0.43 1677.958 -0.13 -4.57
1965.776 3.99E-06 1838 9.43 25.96 -0.43 1677.791 -0.29 -4.23

1965.76 3.93E-06 1837.92 9.54 24.63 -0.43 1677.625 -0.61 -4.09
1965.744 4.07E-06 1837.84 9.59 24.01 -0.42 1677.458 -0.43 -4.48
1965.727 4.03E-06 1837.75 9.66 23.22 -0.42 1677.291 -0.23 -4.86
1965.711 3.95E-06 1837.67 9.62 23.67 -0.42 1677.125 -0.14 -4.85
1965.695 3.84E-06 1837.59 9.59 24 -0.41 1676.958 -0.19 -4.57
1965.679 3.88E-06 1837.5 9.57 24.31 -0.41 1676.791 -0.36 -4.31
1965.663 3.95E-06 1837.42 9.53 24.7 -0.4 1676.625 -0.46 -4.18
1965.647 3.87E-06 1837.34 9.47 25.46 -0.39 1676.458 -0.57 -4.59
1965.631 3.83E-06 1837.25 9.39 26.49 -0.38 1676.291 -0.63 -4.78
1965.615 3.84E-06 1837.17 9.35 26.99 -0.37 1676.125 -0.66 -4.74
1965.598 3.96E-06 1837.09 9.35 26.93 -0.36 1675.958 -0.51 -4.43
1965.582 4.11E-06 1837 9.36 26.87 -0.35 1675.791 -0.45 -4.11
1965.566 4.17E-06 1836.92 9.44 25.89 -0.34 1675.625 -0.49 -3.78

1965.55 4.36E-06 1836.84 9.51 24.96 -0.33 1675.458 -0.71 -4.26
1965.535 4.43E-06 1836.75 9.51 25.04 -0.32 1675.291 -0.58 -4.68
1965.519 4.32E-06 1836.67 9.56 24.4 -0.31 1675.125 -0.58 -4.79
1965.504 4.34E-06 1836.59 9.48 25.41 -0.3 1674.958 -0.55 -4.58
1965.488 4.23E-06 1836.5 9.38 26.54 -0.28 1674.791 -0.38 -4.19
1965.473 4.07E-06 1836.42 9.45 25.76 -0.27 1674.625 -0.57 -3.89
1965.458 3.99E-06 1836.34 9.54 24.68 -0.26 1674.458 -0.5 -4.32
1965.442 3.99E-06 1836.25 9.58 24.2 -0.24 1674.291 -0.34 -4.72
1965.427 3.95E-06 1836.17 9.6 23.97 -0.23 1674.125 -0.25 -4.71
1965.412 3.98E-06 1836.09 9.58 24.17 -0.22 1673.958 -0.21 -4.44
1965.396 0.000004 1836 9.55 24.5 -0.2 1673.791 -0.19 -4.19
1965.381 4.22E-06 1835.92 9.52 24.84 -0.19 1673.625 -0.29 -3.98
1965.365 4.29E-06 1835.84 9.47 25.5 -0.18 1673.458 -0.93 -4.14

1965.35 4.49E-06 1835.75 9.41 26.19 -0.17 1673.291 -0.4 -4.35

ABOR/MH/Priv-003064

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1804.5 -0.02 -5.65
1804.42 -0.24 -5.82
1804.33 -0.02 -5.13
1804.25 -0.24 -5.57
1804.17 -0.01 -5.59
1804.08 -0.06 -5.32

1804 -0.63 -5.83
1803.92 -0.48 -5.96
1803.75 -0.98 -5.98
1803.66 0.19 -5.76
1803.57 0.03 -5.75
1803.48 -0.31 -5.76
1803.39 0.23 -5.49

1803.3 -0.26 -5.3
1803.2 0.07 -5.13

1803.11 -0.5 -5.37
1803.02 -0.65 -5.66
1802.93 -1.19 -6.04
1802.75 -1.41 -6.38
1802.67 -1.22 -6.26

1802.6 -0.54 -6.07
1802.52 -0.83 -6.22
1802.44 -0.69 -6.27
1802.37 -0.34 -5.87
1802.29 0.05 -5.71
1802.21 -0.04 -5.9
1802.13 -0.19 -6.1
1802.06 -0.96 -6.22
1801.98 -1.07 -6.6

1801.9 -1.42 -6.63
1801.75 -1.42 -6.55
1801.68 -1.24 -6.35
1801.61 -0.57 -6.4
1801.54 0.62 -6.18
1801.46 -0.62 -5.89
1801.39 -0.11 -5.63
1801.32 -0.29 -5.67
1801.25 0.02 -5.75
1801.18 -0.08 -5.84
1801.11 0.46 -5.87
1801.04 -0.34 -6.43
1800.96 -1.28 -6.55
1800.89 -1.39 -6.53
1800.75 -1.22 -6.63
1800.67 -1.32 -6.28

ABOR/MH/Priv-003065

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1965.335 4.97E-06 1835.67 9.36 26.87 -0.15 1673.125 -0.35 -4.75
1965.319 5.45E-06 1835.59 9.32 27.32 -0.14 1672.958 -0.47 -4.64
1965.304 5.57E-06 1835.5 9.3 27.59 -0.13 1672.791 -0.57 -4.25
1965.288 5.12E-06 1835.42 9.29 27.67 -0.13 1672.625 -1.23 -3.86
1965.273 5.05E-06 1835.34 9.3 27.53 -0.12 1672.458 -1.32 -4.19
1965.258 4.75E-06 1835.25 9.31 27.43 -0.11 1672.291 -0.51 -4.46
1965.242 4.72E-06 1835.17 9.31 27.43 -0.11 1672.125 -0.26 -4.74
1965.227 4.63E-06 1835.09 9.4 26.31 -0.1 1671.958 -0.47 -4.75
1965.212 4.31E-06 1835 9.39 26.5 -0.1 1671.791 -0.62 -4.35
1965.196 4.28E-06 1834.92 9.45 25.77 -0.1 1671.625 -0.8 -3.92
1965.181 4.17E-06 1834.84 9.47 25.44 -0.1 1671.458 -1.4 -4.06
1965.165 4.5E-06 1834.75 9.49 25.3 -0.1 1671.291 -0.75 -4.65

1965.15 4.13E-06 1834.67 9.53 24.75 -0.1 1671.125 -0.24 -5
1965.135 4.05E-06 1834.59 9.54 24.63 -0.11 1670.958 -0.69 -4.95
1965.119 4.11E-06 1834.5 9.47 25.5 -0.11 1670.791 -0.55 -4.58
1965.104 4.01E-06 1834.42 9.39 26.42 -0.11 1670.625 -0.68 -4.01
1965.088 4.45E-06 1834.34 9.3 27.5 -0.12 1670.458 -0.99 -4.45
1965.073 4.37E-06 1834.25 9.33 27.22 -0.13 1670.291 -0.88 -4.92
1965.058 4.31E-06 1834.17 9.3 27.56 -0.13 1670.125 -0.84 -5.08
1965.042 4.63E-06 1834.09 9.3 27.51 -0.14 1669.958 -0.73 -4.79
1965.027 4.71E-06 1834 9.34 27.02 -0.15 1669.791 -0.81 -4.38
1965.012 4.3E-06 1833.92 9.44 25.84 -0.16 1669.625 -1 -3.92
1964.996 3.88E-06 1833.84 9.46 25.64 -0.16 1669.458 -1.53 -4.25
1964.981 3.91E-06 1833.75 9.48 25.34 -0.17 1669.291 -1.34 -4.56
1964.965 3.87E-06 1833.67 9.57 24.27 -0.18 1669.125 -0.87 -4.65

1964.95 0.000004 1833.59 9.6 23.89 -0.19 1668.958 -0.41 -4.51
1964.935 4.3E-06 1833.5 9.53 24.74 -0.2 1668.791 -0.29 -4.26
1964.919 4.22E-06 1833.42 9.44 25.85 -0.2 1668.625 -0.95 -3.98
1964.904 4.14E-06 1833.34 9.43 26 -0.21 1668.458 -1.08 -4.4
1964.888 4.21E-06 1833.25 9.4 26.29 -0.21 1668.291 -0.6 -4.76
1964.873 4.09E-06 1833.17 9.38 26.58 -0.22 1668.125 -0.2 -4.84
1964.858 4.34E-06 1833.09 9.45 25.68 -0.22 1667.958 -0.06 -4.62
1964.842 4.09E-06 1833 9.54 24.68 -0.22 1667.791 -0.2 -4.22
1964.827 4.13E-06 1832.92 9.61 23.83 -0.22 1667.625 -0.77 -3.88
1964.812 3.95E-06 1832.84 9.68 22.97 -0.22 1667.458 -1.21 -3.98
1964.796 4.08E-06 1832.75 9.71 22.57 -0.22 1667.291 -0.74 -4.37
1964.781 4.05E-06 1832.67 9.67 23.01 -0.21 1667.125 -0.21 -4.49
1964.765 4.04E-06 1832.59 9.62 23.68 -0.21 1666.958 -0.06 -4.31

1964.75 3.9E-06 1832.5 9.57 24.23 -0.2 1666.791 -0.47 -4.02
1964.735 3.9E-06 1832.42 9.48 25.35 -0.19 1666.625 -1.44 -3.81
1964.719 3.94E-06 1832.34 9.38 26.62 -0.18 1666.458 -1.61 -4.31
1964.704 3.99E-06 1832.25 9.36 26.84 -0.17 1666.291 -1.1 -4.69
1964.688 3.97E-06 1832.17 9.35 26.95 -0.16 1666.125 -0.51 -4.81
1964.673 3.92E-06 1832.09 9.38 26.61 -0.15 1665.958 -0.2 -4.57
1964.658 4.21E-06 1832 9.43 25.93 -0.13 1665.791 -0.16 -4.09

ABOR/MH/Priv-003066

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1800.6 -1.28 -6.24
1800.52 -0.56 -6.32
1800.44 -0.49 -5.93
1800.37 -0.62 -5.41
1800.29 0.05 -5.32
1800.21 -0.12 -5.41
1800.13 -0.61 -5.85
1800.06 -0.93 -6.16
1799.98 -1.39 -6.34

1799.9 -1.31 -6.48
1799.75 -1.58 -6.5
1799.63 -1.35 -6.41

1799.5 -0.04 -6.2
1799.38 -0.09 -5.81
1799.25 -0.22 -5.55

1799 -0.16 -5.55

1798 0.32 -5.82
1797.94 0.56 -5.78
1797.88 0.76 -6
1797.75 0.29 -6.15
1797.63 0.52 -5.9

1797.5 0.94 -5.87
1797.38 0.88 -5.65
1797.25 1.61 -5.2
1797.13 1.89 -5.19

1797 1.56 -5.74
1796.75 0.98 -6.06
1796.66 0.51 -5.75
1796.57 0.36 -5.83
1796.48 0.77 -5.71
1796.39 1.07 -5.56

1796.3 0.84 -5.54
1796.2 0.9 -5.21

1796.11 1.45 -5.15
1796.02 1.7 -5.31
1795.93 1.3 -5.38
1795.75 0.86 -5.7

ABOR/MH/Priv-003067

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1964.642 4.31E-06 1831.92 9.46 25.57 -0.12 1665.625 -1.07 -3.9
1964.627 4.12E-06 1831.84 9.52 24.84 -0.1 1665.458 -0.89 -4.37
1964.612 3.99E-06 1831.75 9.55 24.52 -0.08 1665.291 -0.46 -4.75
1964.596 4.05E-06 1831.67 9.53 24.75 -0.07 1665.125 -0.21 -4.85
1964.581 3.96E-06 1831.59 9.49 25.2 -0.05 1664.958 -0.13 -4.67
1964.565 3.89E-06 1831.5 9.44 25.88 -0.03 1664.791 -0.2 -4.32

1964.55 4.02E-06 1831.42 9.4 26.35 -0.01 1664.625 -0.77 -4
1964.534 0.000004 1831.34 9.36 26.86 0 1664.458 -1.04 -4.26
1964.517 3.99E-06 1831.25 9.34 27.09 0.02 1664.291 -2.54 -4.11
1964.501 4.02E-06 1831.17 9.32 27.31 0.04 1664.125 -0.25 -4.95
1964.484 4.03E-06 1831.09 9.36 26.83 0.06 1663.958 -1.25 -4.72
1964.468 4.15E-06 1831 9.37 26.74 0.08 1663.791 -0.64 -4.45
1964.452 4.19E-06 1830.92 9.45 25.79 0.1 1663.625 -1.19 -3.93
1964.435 4.24E-06 1830.84 9.5 25.07 0.12 1663.458 -1.36 -4.11
1964.419 4.3E-06 1830.75 9.54 24.69 0.13 1663.291 -0.86 -4.59
1964.402 4.31E-06 1830.67 9.5 25.13 0.15 1663.125 -0.76 -4.83
1964.386 4.24E-06 1830.59 9.45 25.69 0.17 1662.958 -0.77 -4.7

1964.37 4.11E-06 1830.5 9.4 26.28 0.19 1662.791 -0.56 -4.34
1964.353 4.15E-06 1830.42 9.34 27.1 0.2 1662.625 -0.96 -3.89
1964.337 4.11E-06 1830.34 9.31 27.41 0.22 1662.458 -0.95 -4.47

1964.32 4.06E-06 1830.25 9.3 27.53 0.23 1662.291 -0.72 -4.89
1964.304 0.000004 1830.17 9.3 27.55 0.25 1662.125 -0.49 -4.98
1964.288 4.16E-06 1830.09 9.36 26.88 0.26 1661.958 -0.3 -4.69
1964.271 4.5E-06 1830 9.38 26.59 0.28 1661.791 -0.32 -4.13
1964.255 4.48E-06 1829.92 9.48 25.37 0.29 1661.625 -1.04 -3.67
1964.239 4.21E-06 1829.84 9.52 24.92 0.3 1661.458 -1.46 -4.3
1964.222 4.08E-06 1829.75 9.56 24.42 0.31 1661.291 -0.93 -4.86
1964.206 3.95E-06 1829.67 9.54 24.64 0.33 1661.125 -0.54 -5.01
1964.189 3.88E-06 1829.59 9.52 24.86 0.34 1660.958 -0.45 -4.71
1964.173 3.97E-06 1829.5 9.52 24.88 0.35 1660.791 -0.47 -4.21
1964.157 3.79E-06 1829.42 9.44 25.85 0.36 1660.625 -0.62 -3.86

1964.14 3.76E-06 1829.34 9.36 26.87 0.37 1660.458 -1.3 -4.18
1964.124 3.88E-06 1829.25 9.31 27.41 0.38 1660.291 -0.87 -4.96
1964.107 3.81E-06 1829.17 9.24 28.28 0.38 1660.125 -0.75 -5.04
1964.091 3.96E-06 1829.09 9.28 27.83 0.39 1659.958 -0.44 -4.93
1964.075 4.08E-06 1829 9.3 27.61 0.4 1659.791 -0.39 -4.38
1964.058 3.99E-06 1828.92 9.29 27.72 0.4 1659.625 -0.99 -3.99
1964.042 4.08E-06 1828.84 9.35 26.93 0.4
1964.025 4.02E-06 1828.75 9.43 26.02 0.41
1964.009 3.94E-06 1828.67 9.49 25.19 0.41
1963.993 4.17E-06 1828.59 9.54 24.65 0.41
1963.976 4.13E-06 1828.5 9.51 24.99 0.41

1963.96 4.01E-06 1828.42 9.48 25.38 0.41
1963.943 4.17E-06 1828.34 9.43 26.03 0.4
1963.927 4.11E-06 1828.25 9.34 27.11 0.4

ABOR/MH/Priv-003068

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1795.64 0.97 -5.6
1795.53 0.92 -5.32
1795.42 0.7 -5.15
1795.31 0.72 -5.15
1795.19 1.5 -5.17
1795.08 1.55 -5.67
1794.97 0.78 -5.64
1794.75 0.3 -5.63
1794.65 1.04 -5.51
1794.55 0.41 -5.29
1794.45 0.16 -5.22
1794.35 0.14 -5.28
1794.25 0.57 -5.4
1794.15 0.79 -5.52
1794.05 0.4 -5.82
1793.95 -0.15 -5.92
1793.75 -0.6 -6.08
1793.64 0.28 -5.95
1793.53 0.17 -5.57
1793.42 0.25 -5.5
1793.31 0.52 -5.41
1793.19 0.58 -5.5
1793.08 0.72 -5.54
1792.97 0.44 -5.77
1792.75 -0.01 -6.01
1792.63 0.33 -5.94

1792.5 0.32 -5.85
1792.38 0.12 -5.78
1792.25 0.19 -5.28
1792.13 0.59 -5.56

1792 0.88 -5.66
1791.75 0.36 -6.2
1791.64 0.26 -6.09
1791.53 0.68 -5.78
1791.42 0.73 -5.74
1791.31 0.84 -5.5
1791.19 1.05 -5.22
1791.08 1.24 -5.32
1790.97 0.99 -5.71
1790.75 0.09 -6.09
1790.64 0.3 -5.88
1790.53 -0.09 -5.43
1790.42 0.08 -5.27
1790.31 0.35 -5.22
1790.19 0.55 -5.14

ABOR/MH/Priv-003069

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1963.911 4.09E-06 1828.17 9.29 27.68 0.4
1963.894 4.02E-06 1828.09 9.24 28.25 0.39
1963.878 4.08E-06 1828 9.3 27.51 0.38
1963.861 4.03E-06 1827.92 9.33 27.13 0.38
1963.845 4.08E-06 1827.84 9.36 26.85 0.37
1963.829 4.07E-06 1827.75 9.48 25.41 0.36
1963.812 4.03E-06 1827.67 9.49 25.19 0.35
1963.796 4.04E-06 1827.59 9.49 25.23 0.34

1963.78 4.12E-06 1827.5 9.52 24.86 0.33
1963.763 4.22E-06 1827.42 9.49 25.28 0.32
1963.747 4.09E-06 1827.34 9.41 26.26 0.31

1963.73 3.99E-06 1827.25 9.35 26.97 0.29
1963.714 4.25E-06 1827.17 9.31 27.43 0.28
1963.698 4.28E-06 1827.09 9.34 27.05 0.27
1963.681 4.27E-06 1827 9.39 26.46 0.25
1963.665 4.37E-06 1826.92 9.41 26.2 0.24
1963.648 4.3E-06 1826.84 9.46 25.66 0.22
1963.632 4.62E-06 1826.75 9.47 25.47 0.21
1963.616 4.66E-06 1826.67 9.54 24.69 0.19
1963.599 4.59E-06 1826.59 9.54 24.63 0.17
1963.583 4.73E-06 1826.5 9.53 24.76 0.16
1963.566 4.68E-06 1826.42 9.4 26.28 0.14

1963.55 4.83E-06 1826.34 9.35 26.99 0.12
1963.535 4.77E-06 1826.25 9.31 27.43 0.11

1963.52 4.52E-06 1826.17 9.27 27.92 0.09
1963.505 4.7E-06 1826.09 9.33 27.13 0.07
1963.489 4.67E-06 1826 9.41 26.23 0.05
1963.474 4.76E-06 1825.92 9.42 26.06 0.04
1963.459 4.74E-06 1825.84 9.49 25.23 0.02
1963.444 4.92E-06 1825.75 9.56 24.39 0
1963.429 4.91E-06 1825.67 9.57 24.32 -0.02
1963.414 5.13E-06 1825.59 9.55 24.56 -0.04
1963.398 5.2E-06 1825.5 9.53 24.78 -0.06
1963.383 5.37E-06 1825.42 9.48 25.31 -0.07
1963.368 5.43E-06 1825.34 9.42 26.14 -0.09
1963.353 5.4E-06 1825.25 9.34 27.11 -0.11
1963.338 5.61E-06 1825.17 9.29 27.68 -0.13
1963.323 5.82E-06 1825.09 9.3 27.58 -0.14
1963.308 5.99E-06 1825 9.33 27.23 -0.16
1963.292 6.05E-06 1824.92 9.35 27.01 -0.18
1963.277 5.64E-06 1824.84 9.35 26.91 -0.19
1963.262 5.55E-06 1824.75 9.37 26.74 -0.21
1963.247 5.54E-06 1824.67 9.4 26.34 -0.23
1963.232 5.5E-06 1824.59 9.43 26.04 -0.24
1963.217 5.72E-06 1824.5 9.52 24.84 -0.26

ABOR/MH/Priv-003070

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1790.08 0.56 -5.4
1789.97 0.51 -5.64
1789.75 0.4 -5.85
1789.64 0.31 -5.83
1789.53 0.21 -5.63
1789.42 0.4 -5.37
1789.31 0.2 -5.3
1789.19 0.26 -5.16
1789.08 0.2 -5.37
1788.97 -0.27 -5.67
1788.75 0.06 -5.71
1788.66 -0.19 -5.61
1788.57 0.34 -5.37
1788.48 -0.21 -5.37
1788.39 0.21 -5.4

1788.3 0.53 -5.3
1788.2 -0.01 -5.21

1788.11 0.03 -5.2
1788.02 -0.33 -5.41
1787.93 -0.12 -5.81
1787.75 -0.34 -6.02
1787.64 0.16 -5.99
1787.53 0.07 -5.59
1787.42 0.58 -5.22
1787.31 0.12 -5.16
1787.19 0.21 -5.18
1787.08 -0.38 -5.81
1786.97 -0.71 -6.09
1786.75 -0.69 -6.24
1786.65 0.1 -6.21
1786.55 0.57 -5.99
1786.45 0.15 -5.95
1786.35 0.63 -5.41
1786.25 0.65 -5.42
1786.15 0.71 -5.58
1786.05 0.54 -5.96
1785.95 0.1 -6.19
1785.75 -0.16 -6.15
1785.64 -0.25 -6.15
1785.53 -0.06 -5.63
1785.42 0.24 -5.31
1785.31 0.17 -5.36
1785.19 -0.47 -5.82
1785.08 -0.41 -6.16
1784.97 -0.35 -6.22

ABOR/MH/Priv-003071

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1963.202 5.79E-06 1824.42 9.62 23.73 -0.27
1963.186 6.16E-06 1824.34 9.63 23.55 -0.28
1963.171 6.35E-06 1824.25 9.53 24.8 -0.29
1963.156 0.000006 1824.17 9.31 27.43 -0.3
1963.141 5.52E-06 1824.09 9.4 26.31 -0.31
1963.126 5.17E-06 1824 9.45 25.75 -0.31
1963.111 5.16E-06 1823.92 9.52 24.88 -0.32
1963.095 5.1E-06 1823.84 9.61 23.8 -0.32

1963.08 4.72E-06 1823.75 9.67 23.11 -0.32
1963.065 4.16E-06 1823.67 9.72 22.51 -0.32

1963.05 3.98E-06 1823.59 9.74 22.24 -0.31
1963.035 3.82E-06 1823.5 9.69 22.84 -0.3

1963.02 3.76E-06 1823.42 9.66 23.21 -0.29
1963.005 3.92E-06 1823.34 9.64 23.46 -0.28
1962.989 3.87E-06 1823.25 9.54 24.64 -0.27
1962.974 0.000004 1823.17 9.29 27.68 -0.25
1962.959 3.88E-06 1823.09 9.33 27.21 -0.24
1962.944 3.98E-06 1823 9.32 27.37 -0.22
1962.929 3.95E-06 1822.92 9.32 27.29 -0.2
1962.914 3.94E-06 1822.84 9.37 26.72 -0.18
1962.898 3.91E-06 1822.75 9.4 26.39 -0.16
1962.883 3.95E-06 1822.67 9.52 24.88 -0.13
1962.868 3.9E-06 1822.59 9.53 24.74 -0.11
1962.853 3.99E-06 1822.5 9.54 24.67 -0.08
1962.838 0.000004 1822.42 9.5 25.13 -0.06
1962.823 3.97E-06 1822.34 9.44 25.91 -0.03
1962.808 3.9E-06 1822.25 9.37 26.69 -0.01
1962.792 3.79E-06 1822.17 9.27 27.92 0.02
1962.777 3.64E-06 1822.09 9.33 27.15 0.05
1962.762 3.77E-06 1822 9.36 26.83 0.07
1962.747 3.93E-06 1821.92 9.41 26.25 0.1
1962.732 3.96E-06 1821.84 9.46 25.6 0.13
1962.717 4.03E-06 1821.75 9.48 25.37 0.16
1962.702 3.88E-06 1821.67 9.59 24.03 0.19
1962.686 3.9E-06 1821.59 9.6 23.89 0.22
1962.671 4.01E-06 1821.5 9.59 24.08 0.24
1962.656 3.91E-06 1821.42 9.48 25.42 0.27
1962.641 4.04E-06 1821.34 9.34 27.1 0.3
1962.626 4.04E-06 1821.25 9.28 27.8 0.33
1962.611 4.07E-06 1821.17 9.26 28.04 0.36
1962.595 4.13E-06 1821.09 9.28 27.82 0.38

1962.58 4.13E-06 1821 9.32 27.33 0.41
1962.565 4.1E-06 1820.92 9.3 27.6 0.43

1962.55 4.27E-06 1820.84 9.37 26.65 0.46
1962.534 4.22E-06 1820.75 9.43 25.98 0.48

ABOR/MH/Priv-003072

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1784.75 -0.53 -6.35
1784.63 -0.45 -6.15

1784.5 -0.1 -5.95
1784.38 0.14 -5.63
1784.25 0.21 -5.53
1784.13 0.06 -5.63

1784 -0.18 -5.72
1783.75 -0.18 -6.25
1783.66 -0.84 -6.21
1783.57 -0.45 -6.1
1783.48 -0.1 -6.06
1783.39 0.13 -5.89

1783.3 0.32 -5.56
1783.2 0.32 -5.37

1783.11 0.23 -5.63
1783.02 -0.06 -6.03
1782.93 -0.13 -6.16
1782.75 -0.39 -6.15
1782.63 -0.31 -6.19

1782.5 -0.08 -5.69
1782.38 -0.12 -5.51
1782.25 0.12 -5.42
1782.13 -0.3 -5.71

1782 -0.27 -6.2
1781.75 -0.49 -6.28
1781.63 -0.18 -6.12

1781.5 0.05 -5.76
1781.38 0.13 -5.39
1781.25 0.15 -5.31
1781.13 -0.24 -5.64

1781 -0.49 -5.67
1780.75 -0.4 -6.14
1780.66 -0.18 -6.07
1780.57 -0.22 -6.08
1780.48 0.36 -5.94
1780.39 0.2 -5.65

1780.3 0.22 -5.45
1780.2 0.23 -5.43

1780.11 0.01 -5.45
1780.02 -0.12 -5.96
1779.93 -0.21 -6.18
1779.75 -0.64 -6.21
1779.65 -0.5 -6.18
1779.55 -0.42 -6.06
1779.45 -0.35 -5.74

ABOR/MH/Priv-003073

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1962.518 4.28E-06 1820.67 9.43 25.93 0.5
1962.502 4.47E-06 1820.59 9.47 25.46 0.53
1962.485 4.46E-06 1820.5 9.51 24.97 0.55
1962.469 4.46E-06 1820.42 9.49 25.23 0.57
1962.453 4.28E-06 1820.34 9.38 26.55 0.59
1962.437 4.33E-06 1820.25 9.34 27.09 0.6
1962.421 4.24E-06 1820.17 9.32 27.31 0.62
1962.405 4.37E-06 1820.09 9.33 27.2 0.64
1962.389 4.28E-06 1820 9.34 27.1 0.65
1962.373 4.3E-06 1819.92 9.39 26.42 0.66
1962.356 4.62E-06 1819.84 9.44 25.81 0.68

1962.34 4.63E-06 1819.75 9.43 25.93 0.69
1962.324 4.63E-06 1819.67 9.43 25.95 0.69
1962.308 4.55E-06 1819.59 9.46 25.66 0.7
1962.292 4.58E-06 1819.5 9.44 25.91 0.71
1962.276 4.63E-06 1819.42 9.39 26.42 0.71

1962.26 4.81E-06 1819.34 9.36 26.87 0.72
1962.244 4.95E-06 1819.25 9.28 27.83 0.72
1962.227 4.71E-06 1819.17 9.25 28.16 0.72
1962.211 4.82E-06 1819.09 9.26 28.05 0.71
1962.195 4.5E-06 1819 9.32 27.34 0.71
1962.179 4.34E-06 1818.92 9.27 27.92 0.7
1962.163 4.31E-06 1818.84 9.21 28.71 0.69
1962.147 4.34E-06 1818.75 9.25 28.19 0.68
1962.131 4.33E-06 1818.67 9.36 26.83 0.67
1962.115 4.18E-06 1818.59 9.37 26.71 0.65
1962.098 4.09E-06 1818.5 9.44 25.89 0.64
1962.082 4.1E-06 1818.42 9.39 26.46 0.62
1962.066 4.18E-06 1818.34 9.37 26.69 0.6

1962.05 4.05E-06 1818.25 9.28 27.75 0.58
1962.034 0.000004 1818.17 9.28 27.8 0.55
1962.018 4.2E-06 1818.09 9.32 27.34 0.53
1962.002 4.63E-06 1818 9.34 27.08 0.5
1961.985 4.91E-06 1817.92 9.36 26.81 0.48
1961.969 4.58E-06 1817.84 9.41 26.26 0.45
1961.953 4.7E-06 1817.75 9.46 25.63 0.43
1961.937 4.21E-06 1817.67 9.48 25.31 0.4
1961.921 4.04E-06 1817.59 9.49 25.22 0.37
1961.905 3.99E-06 1817.5 9.5 25.13 0.34
1961.889 3.98E-06 1817.42 9.46 25.66 0.31
1961.873 3.97E-06 1817.34 9.39 26.5 0.29
1961.856 3.94E-06 1817.25 9.33 27.22 0.26

1961.84 3.86E-06 1817.17 9.32 27.31 0.23
1961.824 3.89E-06 1817.09 9.34 27.13 0.21
1961.808 3.8E-06 1817 9.4 26.38 0.18

ABOR/MH/Priv-003074

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1779.35 0.1 -5.61
1779.25 0.5 -5.5
1779.15 0.23 -5.54
1779.05 -0.37 -5.65
1778.95 -0.69 -6.21
1778.75 -0.61 -6.41
1778.66 -0.48 -6.17
1778.57 0.26 -5.85
1778.48 0.17 -5.62
1778.39 0.4 -5.39

1778.3 0.11 -5.28
1778.2 -0.12 -5.61

1778.11 0.17 -5.89
1778.02 -0.21 -5.81
1777.93 -0.49 -5.87
1777.75 0.11 -5.97
1777.64 0.13 -5.88
1777.53 -0.05 -5.72
1777.42 0.16 -5.46
1777.31 0.28 -5.5
1777.19 -0.43 -5.75
1777.08 -0.33 -5.92
1776.97 -0.53 -5.94
1776.75 -0.01 -6.06
1776.64 0.03 -5.96
1776.53 -0.06 -5.83
1776.42 -0.02 -5.67
1776.31 -0.21 -5.49
1776.19 -0.44 -5.72
1776.08 -0.68 -6.06
1775.97 -0.96 -6.08
1775.75 -0.76 -6.26
1775.66 -0.76 -6.24
1775.57 -0.2 -6.23
1775.48 0.03 -6.13
1775.39 0.38 -6

1775.3 0.81 -5.75
1775.2 0.73 -5.43

1775.11 0.72 -5.34
1775.02 0.27 -5.63
1774.93 0.05 -6.14
1774.75 -0.07 -6.27
1774.64 -0.39 -6.25
1774.53 0.26 -5.79
1774.42 0.92 -5.66

ABOR/MH/Priv-003075

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1961.792 3.75E-06 1816.92 9.48 25.35 0.15
1961.776 3.85E-06 1816.84 9.57 24.24 0.13

1961.76 3.88E-06 1816.75 9.6 23.9 0.11
1961.744 3.86E-06 1816.67 9.61 23.73 0.09
1961.727 3.78E-06 1816.59 9.61 23.85 0.07
1961.711 3.85E-06 1816.5 9.55 24.49 0.05
1961.695 3.9E-06 1816.42 9.47 25.49 0.03
1961.679 3.92E-06 1816.34 9.4 26.38 0.02
1961.663 4.13E-06 1816.25 9.35 27.01 0
1961.647 4.14E-06 1816.17 9.33 27.19 -0.01
1961.631 3.86E-06 1816.09 9.36 26.79 -0.02
1961.615 3.92E-06 1816 9.43 25.98 -0.03
1961.598 3.99E-06 1815.92 9.49 25.25 -0.03
1961.582 4.05E-06 1815.84 9.56 24.4 -0.04
1961.566 4.19E-06 1815.75 9.63 23.48 -0.04

1961.55 4.34E-06 1815.67 9.61 23.79 -0.04
1961.531 4.23E-06 1815.59 9.53 24.7 -0.04
1961.513 4.33E-06 1815.5 9.49 25.21 -0.04
1961.494 4.11E-06 1815.42 9.46 25.55 -0.04
1961.476 4.06E-06 1815.34 9.43 25.98 -0.03
1961.457 4.01E-06 1815.25 9.39 26.48 -0.03
1961.439 3.96E-06 1815.17 9.38 26.58 -0.02

1961.42 4.09E-06 1815.09 9.41 26.28 -0.01
1961.402 4.02E-06 1815 9.46 25.65 0
1961.383 4.18E-06 1814.92 9.54 24.7 0.01
1961.365 4.45E-06 1814.84 9.58 24.19 0.03
1961.346 4.41E-06 1814.75 9.55 24.56 0.04
1961.328 4.56E-06 1814.67 9.53 24.76 0.06
1961.309 4.76E-06 1814.59 9.49 25.27 0.07
1961.291 4.53E-06 1814.5 9.41 26.26 0.09
1961.272 4.32E-06 1814.42 9.34 27.07 0.11
1961.254 4.16E-06 1814.34 9.31 27.39 0.12
1961.235 4.32E-06 1814.25 9.31 27.43 0.14
1961.217 4.36E-06 1814.17 9.26 28.04 0.16
1961.198 4.27E-06 1814.09 9.3 27.53 0.18

1961.18 4.01E-06 1814 9.39 26.46 0.2
1961.161 4.34E-06 1813.92 9.45 25.73 0.22
1961.143 4.34E-06 1813.84 9.49 25.29 0.23
1961.124 4.23E-06 1813.75 9.53 24.82 0.25
1961.106 4.37E-06 1813.67 9.55 24.52 0.27
1961.087 4.27E-06 1813.59 9.48 25.33 0.29
1961.069 4.25E-06 1813.5 9.48 25.41 0.31

1961.05 4.1E-06 1813.42 9.43 25.98 0.32
1961.031 4.07E-06 1813.34 9.34 27.11 0.34
1961.013 4.07E-06 1813.25 9.25 28.18 0.36

ABOR/MH/Priv-003076

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1774.31 0.93 -5.16
1774.19 0.54 -4.95
1774.08 0.45 -5.36
1773.97 0.24 -5.76
1773.75 0.12 -5.76
1773.64 0.21 -5.74
1773.53 0.26 -5.69
1773.42 0.3 -5.38
1773.31 0.4 -5.12
1773.19 0.27 -5.08
1773.08 0.39 -5.18
1772.97 0.09 -5.58
1772.75 0.17 -6.03
1772.66 -0.24 -5.85
1772.57 0.13 -5.94
1772.48 0.41 -5.54
1772.39 0.54 -5.36

1772.3 0.17 -5.44
1772.2 0.17 -5.59

1772.11 -0.04 -5.78
1772.02 -0.08 -5.46
1771.93 -0.56 -5.71
1771.75 -0.03 -5.87
1771.63 0.32 -5.63

1771.5 0.38 -4.8
1771.38 0.22 -5.24
1771.25 0.23 -5.3
1771.13 0.1 -5.19

1771 -0.13 -5.98
1770.75 -0.25 -6.05
1770.64 -0.27 -5.95
1770.53 -0.11 -5.78
1770.42 -0.33 -5.66
1770.31 0.12 -5.39
1770.19 0.01 -5.56
1770.08 -0.29 -6.04
1769.97 -0.46 -6.01
1769.75 -0.28 -6.14
1769.64 0.08 -5.92
1769.53 0.11 -5.61
1769.42 0.44 -5.46
1769.31 0.57 -5.34
1769.19 0.39 -5.53
1769.08 0.22 -5.82
1768.97 -0.46 -5.61

ABOR/MH/Priv-003077

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1960.994 4.01E-06 1813.17 9.24 28.28 0.37
1960.976 0.000004 1813.09 9.29 27.68 0.39
1960.957 3.83E-06 1813 9.31 27.39 0.4
1960.939 3.87E-06 1812.92 9.39 26.46 0.42

1960.92 3.86E-06 1812.84 9.48 25.41 0.43
1960.902 0.000004 1812.75 9.51 24.98 0.44
1960.883 3.97E-06 1812.67 9.52 24.88 0.45
1960.865 4.19E-06 1812.59 9.49 25.19 0.46
1960.846 3.95E-06 1812.5 9.44 25.81 0.47
1960.828 3.92E-06 1812.42 9.35 26.89 0.48
1960.809 3.95E-06 1812.34 9.3 27.55 0.49
1960.791 4.04E-06 1812.25 9.31 27.45 0.49
1960.772 3.96E-06 1812.17 9.25 28.16 0.5
1960.754 3.9E-06 1812.09 9.26 28.05 0.5
1960.735 3.8E-06 1812 9.3 27.58 0.51
1960.717 3.76E-06 1811.92 9.37 26.7 0.51
1960.698 3.82E-06 1811.84 9.4 26.37 0.51

1960.68 3.75E-06 1811.75 9.46 25.64 0.51
1960.661 3.97E-06 1811.67 9.53 24.76 0.51
1960.643 3.85E-06 1811.59 9.49 25.21 0.51
1960.624 3.97E-06 1811.5 9.47 25.48 0.51
1960.606 3.88E-06 1811.42 9.38 26.58 0.51
1960.587 3.89E-06 1811.34 9.33 27.15 0.5
1960.569 3.96E-06 1811.25 9.3 27.54 0.5

1960.55 4.18E-06 1811.17 9.3 27.55 0.49
1960.534 4.3E-06 1811.09 9.33 27.24 0.49
1960.517 4.19E-06 1811 9.36 26.88 0.48
1960.501 4.41E-06 1810.92 9.39 26.46 0.47
1960.484 4.25E-06 1810.84 9.41 26.23 0.47
1960.468 4.3E-06 1810.75 9.44 25.87 0.46
1960.452 4.46E-06 1810.67 9.48 25.37 0.45
1960.435 4.35E-06 1810.59 9.47 25.45 0.44
1960.419 4.34E-06 1810.5 9.46 25.56 0.43
1960.402 4.53E-06 1810.42 9.45 25.73 0.42
1960.386 4.71E-06 1810.34 9.4 26.36 0.41

1960.37 4.75E-06 1810.25 9.35 26.96 0.4
1960.353 4.95E-06 1810.17 9.3 27.55 0.39
1960.337 4.83E-06 1810.09 9.32 27.33 0.38

1960.32 4.59E-06 1810 9.32 27.31 0.37
1960.304 4.55E-06 1809.92 9.36 26.83 0.36
1960.288 4.54E-06 1809.84 9.39 26.44 0.35
1960.271 4.49E-06 1809.75 9.45 25.71 0.34
1960.255 4.62E-06 1809.67 9.53 24.8 0.33
1960.239 5.1E-06 1809.59 9.55 24.58 0.32
1960.222 5.2E-06 1809.5 9.51 25.03 0.31

ABOR/MH/Priv-003078

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1768.75 -0.53 -6.06
1768.64 -0.37 -5.85
1768.53 -0.1 -5.82
1768.42 -0.1 -5.79
1768.31 0.48 -5.06
1768.19 0.72 -5.21
1768.08 0.19 -5.48
1767.97 -0.05 -5.9
1767.75 0.63 -6.05
1767.65 -0.23 -5.8
1767.55 0.08 -5.99
1767.45 0.32 -5.64
1767.35 -0.12 -5.45
1767.25 0.61 -5.11
1767.15 0.86 -5.23
1767.05 0.56 -5.63
1766.95 0.57 -5.91
1766.75 0.06 -6.12
1766.65 0.03 -6.08
1766.55 -0.1 -6.17
1766.45 0.18 -5.85
1766.35 0.09 -5.75
1766.25 -0.04 -5.27
1766.15 0.08 -5.23
1766.05 -0.3 -5.51
1765.95 -0.63 -5.85
1765.75 -0.96 -6.15
1765.66 -0.96 -6.1
1765.57 -0.23 -5.84
1765.48 -0.53 -5.98
1765.39 -0.09 -5.71

1765.3 -0.05 -5.66
1765.2 0.12 -5.85

1765.11 0 -5.96
1765.02 -0.33 -5.86
1764.93 0.11 -5.91
1764.75 -0.01 -6.02
1764.63 0.57 -5.64

1764.5 0.69 -5.44
1764.38 1.06 -5.47
1764.25 0.31 -6
1764.13 -0.28 -5.98

1764 -0.27 -5.98
1763.75 -0.23 -5.95
1763.61 0.24 -5.67

ABOR/MH/Priv-003079

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1960.206 5.77E-06 1809.42 9.47 25.48 0.3
1960.189 5.6E-06 1809.34 9.43 26.02 0.3
1960.173 5.71E-06 1809.25 9.34 27.01 0.29
1960.157 5.81E-06 1809.17 9.28 27.8 0.28

1960.14 5.56E-06 1809.09 9.31 27.39 0.27
1960.124 5.16E-06 1809 9.39 26.42 0.27
1960.107 5.08E-06 1808.92 9.49 25.31 0.26
1960.091 4.94E-06 1808.84 9.53 24.76 0.26
1960.075 4.96E-06 1808.75 9.53 24.82 0.26
1960.058 4.85E-06 1808.67 9.6 23.91 0.25
1960.042 5.2E-06 1808.59 9.55 24.52 0.25
1960.025 5.32E-06 1808.5 9.53 24.72 0.25
1960.009 5.21E-06 1808.42 9.5 25.13 0.25
1959.993 4.84E-06 1808.34 9.44 25.85 0.25
1959.976 4.71E-06 1808.25 9.37 26.68 0.25

1959.96 4.42E-06 1808.17 9.33 27.19 0.25
1959.943 4.16E-06 1808.09 9.34 27.08 0.26
1959.927 4.05E-06 1808 9.34 27.07 0.26
1959.911 0.000004 1807.92 9.35 26.95 0.26
1959.894 3.92E-06 1807.84 9.41 26.16 0.27
1959.878 4.18E-06 1807.75 9.48 25.4 0.27
1959.861 4.11E-06 1807.67 9.5 25.12 0.28
1959.845 4.16E-06 1807.59 9.56 24.34 0.28
1959.829 4.07E-06 1807.5 9.51 24.97 0.29
1959.812 4.17E-06 1807.42 9.45 25.73 0.29
1959.796 4.21E-06 1807.34 9.36 26.86 0.3

1959.78 4.21E-06 1807.25 9.3 27.53 0.3
1959.763 3.88E-06 1807.17 9.29 27.68 0.3
1959.747 3.76E-06 1807.09 9.3 27.56 0.31

1959.73 3.9E-06 1807 9.32 27.32 0.31
1959.714 3.84E-06 1806.92 9.4 26.34 0.32
1959.698 0.000004 1806.84 9.47 25.44 0.32
1959.681 4.05E-06 1806.75 9.54 24.67 0.32
1959.665 4.01E-06 1806.67 9.55 24.52 0.33
1959.648 4.21E-06 1806.59 9.47 25.53 0.33
1959.632 4.39E-06 1806.5 9.44 25.84 0.33
1959.616 4.22E-06 1806.42 9.38 26.58 0.34
1959.599 4.32E-06 1806.34 9.32 27.37 0.34
1959.583 4.22E-06 1806.25 9.28 27.78 0.34
1959.566 4.32E-06 1806.17 9.28 27.8 0.34

1959.55 4.48E-06 1806.09 9.28 27.8 0.34
1959.536 4.49E-06 1806 9.31 27.43 0.34
1959.523 4.73E-06 1805.92 9.37 26.74 0.33
1959.509 5.12E-06 1805.84 9.44 25.89 0.33
1959.495 5.1E-06 1805.75 9.5 25.17 0.33

ABOR/MH/Priv-003080

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1763.46 0.61 -5.37
1763.32 0.97 -5.08
1763.18 1.31 -5.43
1763.04 0.34 -6.01
1762.75 0.11 -5.98
1762.63 -0.21 -5.95

1762.5 0.22 -5.88
1762.38 1.46 -5.58
1762.25 1.65 -5.16
1762.13 1.55 -5.49

1762 0.04 -5.87
1761.75 -0.36 -6.01
1761.63 -0.05 -5.88

1761.5 0.41 -5.69
1761.38 0.87 -5.07
1761.25 0.89 -4.97
1761.13 0.46 -5.46

1761 0.41 -5.84
1760.75 -0.04 -6.14
1760.64 0.1 -6.01
1760.53 0.33 -5.73
1760.42 0.63 -5.43
1760.31 0.15 -5.35
1760.19 0.22 -5.55
1760.08 0.11 -5.71
1759.97 -0.02 -5.74
1759.75 0.06 -5.88
1759.63 -0.02 -5.84

1759.5 0.45 -5.79
1759.38 0.78 -5.54
1759.25 0.79 -5.3
1759.13 0.83 -5.51

1759 0.33 -5.79
1758.75 -0.15 -5.88
1758.63 0.49 -5.87

1758.5 0.92 -5.6
1758.38 0.55 -5.28
1758.25 0.29 -5.44
1758.13 0.18 -5.92

1758 0 -5.95
1757.75 0.42 -5.99
1757.63 0.8 -5.89

1757.5 0.67 -5.59
1757.38 0.7 -5.54
1757.25 0.39 -5.66

ABOR/MH/Priv-003081

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1959.482 4.99E-06 1805.67 9.55 24.56 0.32
1959.468 4.89E-06 1805.59 9.57 24.29 0.32
1959.454 4.65E-06 1805.5 9.53 24.73 0.32

1959.44 4.97E-06 1805.42 9.47 25.46 0.31
1959.427 5.2E-06 1805.34 9.4 26.36 0.31
1959.413 5.69E-06 1805.25 9.33 27.24 0.3
1959.399 5.6E-06 1805.17 9.27 27.92 0.29
1959.386 5.65E-06 1805.09 9.27 27.89 0.29
1959.372 5.46E-06 1805 9.33 27.19 0.28
1959.358 5.41E-06 1804.92 9.34 27.1 0.27
1959.345 5.69E-06 1804.84 9.36 26.79 0.26
1959.331 5.55E-06 1804.75 9.39 26.47 0.25
1959.317 5.68E-06 1804.67 9.46 25.67 0.24
1959.303 6.28E-06 1804.59 9.5 25.18 0.23

1959.29 6.91E-06 1804.5 9.44 25.9 0.22
1959.276 7.13E-06 1804.42 9.35 26.9 0.21
1959.262 6.61E-06 1804.34 9.32 27.36 0.2
1959.249 6.17E-06 1804.25 9.33 27.23 0.18
1959.235 6.27E-06 1804.17 9.3 27.55 0.17
1959.221 5.44E-06 1804.09 9.32 27.33 0.16
1959.208 5.48E-06 1804 9.39 26.5 0.15
1959.194 5.03E-06 1803.92 9.5 25.12 0.14

1959.18 4.63E-06 1803.84 9.55 24.56 0.13
1959.166 4.2E-06 1803.75 9.55 24.52 0.12
1959.153 4.38E-06 1803.67 9.56 24.4 0.11
1959.139 4.47E-06 1803.59 9.62 23.72 0.11
1959.125 4.19E-06 1803.5 9.55 24.48 0.1
1959.112 4.33E-06 1803.42 9.44 25.85 0.09
1959.098 4.48E-06 1803.34 9.46 25.63 0.09
1959.084 4.29E-06 1803.25 9.46 25.61 0.09
1959.071 4.26E-06 1803.17 9.43 25.98 0.08
1959.057 4.71E-06 1803.09 9.45 25.74 0.08
1959.043 4.44E-06 1803 9.5 25.09 0.08
1959.029 4.66E-06 1802.92 9.6 23.91 0.09
1959.016 4.63E-06 1802.84 9.61 23.83 0.09
1959.002 4.71E-06 1802.75 9.59 23.97 0.09
1958.988 4.61E-06 1802.67 9.56 24.4 0.1
1958.975 4.57E-06 1802.59 9.52 24.94 0.1
1958.961 4.51E-06 1802.5 9.45 25.73 0.11
1958.947 4.53E-06 1802.42 9.36 26.83 0.11
1958.934 4.47E-06 1802.34 9.33 27.14 0.12

1958.92 4.55E-06 1802.25 9.31 27.46 0.13
1958.906 4.49E-06 1802.17 9.28 27.8 0.14
1958.892 4.43E-06 1802.09 9.31 27.48 0.14
1958.879 4.3E-06 1802 9.31 27.41 0.15

ABOR/MH/Priv-003082

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1757.13 0.35 -5.59
1757 0.28 -5.94

1756.75 -0.07 -5.94
1756.63 0.31 -5.81

1756.5 0.71 -5.47
1756.38 0.58 -5.12
1756.25 0.56 -5.15
1756.13 0.39 -5.41

1756 0.14 -6.15
1755.75 -0.45 -6.3
1755.65 -0.17 -6.08
1755.55 1.12 -5.75
1755.45 1.12 -5.43
1755.35 0.5 -5.18
1755.25 0.64 -5.43
1755.15 -0.18 -5.88
1755.05 -0.19 -6.2
1754.95 -0.12 -6.15
1754.75 -0.38 -6.18
1754.64 -0.16 -5.95
1754.53 0.31 -5.46
1754.42 0.42 -5.33
1754.31 0.68 -5.42
1754.19 0.43 -5.55
1754.08 0.32 -5.72
1753.97 0.28 -5.67
1753.75 0.51 -5.85
1753.64 0.44 -5.79
1753.53 0.45 -5.38
1753.42 0.7 -5.16
1753.31 0.47 -5.09
1753.19 0.41 -5.44
1753.08 -0.26 -5.84
1752.97 -0.7 -5.86
1752.75 0.14 -5.96
1752.63 0.14 -5.84

1752.5 0.41 -5.29
1752.38 0.25 -5.12
1752.25 -0.05 -5.49
1752.13 0.54 -5.64

1752 0.27 -5.86
1751.75 -0.32 -5.98
1751.63 0.17 -5.58

1751.5 0.17 -5.48
1751.38 0.53 -5.02

ABOR/MH/Priv-003083

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1958.865 4.29E-06 1801.92 9.38 26.55 0.16
1958.851 4.24E-06 1801.84 9.45 25.68 0.16
1958.838 4.29E-06 1801.75 9.48 25.34 0.17
1958.824 4.43E-06 1801.67 9.49 25.19 0.17

1958.81 5.01E-06 1801.59 9.5 25.13 0.18
1958.797 0.000005 1801.5 9.4 26.28 0.18
1958.783 4.81E-06 1801.42 9.37 26.64 0.19
1958.769 4.86E-06 1801.34 9.35 27.01 0.19
1958.755 4.89E-06 1801.25 9.33 27.15 0.19
1958.742 4.96E-06 1801.17 9.29 27.68 0.2
1958.728 4.96E-06 1801.09 9.34 27.12 0.2
1958.714 4.96E-06 1801 9.39 26.43 0.2
1958.701 4.97E-06 1800.92 9.44 25.9 0.2
1958.687 4.9E-06 1800.84 9.42 26.08 0.2
1958.673 4.8E-06 1800.75 9.49 25.25 0.19

1958.66 5.07E-06 1800.67 9.53 24.77 0.19
1958.646 5.2E-06 1800.59 9.53 24.77 0.19
1958.632 5.31E-06 1800.5 9.49 25.23 0.19
1958.618 5.47E-06 1800.42 9.43 25.95 0.18
1958.605 5.71E-06 1800.34 9.38 26.63 0.18
1958.591 5.8E-06 1800.25 9.33 27.16 0.17
1958.577 5.83E-06 1800.17 9.31 27.43 0.17
1958.564 5.71E-06 1800.09 9.32 27.32 0.16

1958.55 5.79E-06 1800 9.33 27.22 0.15
1958.538 5.97E-06 1799.92 9.35 26.95 0.15
1958.526 6.07E-06 1799.84 9.38 26.61 0.14
1958.515 6.2E-06 1799.75 9.45 25.77 0.13
1958.503 6.7E-06 1799.67 9.51 24.96 0.12
1958.491 6.27E-06 1799.59 9.52 24.85 0.11
1958.479 6.21E-06 1799.5 9.49 25.26 0.1
1958.468 6.1E-06 1799.42 9.42 26.04 0.09
1958.456 6.32E-06 1799.34 9.37 26.74 0.08
1958.444 5.96E-06 1799.25 9.34 27.02 0.06
1958.432 6.23E-06 1799.17 9.27 27.92 0.05
1958.421 6.06E-06 1799.09 9.33 27.24 0.04
1958.409 6.2E-06 1799 9.49 25.21 0.03
1958.397 6.24E-06 1798.92 9.54 24.64 0.02
1958.385 6.72E-06 1798.84 9.59 24.08 0.01
1958.374 7.42E-06 1798.75 9.53 24.73 0
1958.362 7.86E-06 1798.67 9.58 24.15 -0.01

1958.35 1.05E-05 1798.59 9.6 23.93 -0.02
1958.338 1.03E-05 1798.5 9.48 25.31 -0.03
1958.326 9.03E-06 1798.42 9.38 26.58 -0.04
1958.315 8.48E-06 1798.34 9.38 26.58 -0.05
1958.303 8.05E-06 1798.25 9.36 26.82 -0.06

ABOR/MH/Priv-003084

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1751.25 2.14 -4.97
1751.13 1.44 -5.27

1751 0.82 -5.63
1750.75 0.36 -5.82
1750.64 1.06 -5.79
1750.53 0.68 -5.28
1750.42 0.45 -5.3
1750.31 0.64 -5.31
1750.19 -0.42 -5.9
1750.08 -0.36 -6.08
1749.97 -0.29 -5.95
1749.75 -0.6 -6.11
1749.61 -0.24 -5.98
1749.46 0.29 -5.71
1749.32 -0.08 -5.73
1749.04 -0.21 -6.04
1748.75 -0.53 -6.12
1748.65 -0.77 -5.94
1748.55 -0.18 -5.92
1748.45 0.03 -5.5
1748.35 -0.58 -5.38
1748.25 0.31 -5.3
1748.15 0.03 -5.26
1748.05 0.1 -5.68
1747.95 -0.76 -6.3
1747.75 -0.85 -6.55
1747.64 -0.63 -6.39
1747.53 -0.12 -6.23
1747.42 -0.01 -6.09
1747.31 0.21 -5.65
1747.19 0.17 -5.62
1747.08 0.04 -5.74
1746.97 -0.3 -6
1746.75 -0.23 -6.29
1746.63 -0.46 -6.22

1746.5 0.01 -6.07
1746.38 -0.16 -5.76
1746.25 0.36 -5.53
1746.13 0.28 -5.22

1746 -0.39 -5.87
1745.75 -0.52 -6.14
1745.64 -0.34 -5.73
1745.53 -0.24 -5.74
1745.42 0.02 -5.66
1745.31 -0.19 -5.37

ABOR/MH/Priv-003085

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1958.291 7.69E-06 1798.17 9.32 27.31 -0.07
1958.279 7.53E-06 1798.09 9.39 26.41 -0.07
1958.268 7.5E-06 1798 9.48 25.41 -0.08
1958.256 8.81E-06 1797.92 9.53 24.8 -0.09
1958.244 0.000009 1797.84 9.56 24.35 -0.09
1958.232 0.00001 1797.75 9.6 23.96 -0.1
1958.221 9.53E-06 1797.67 9.58 24.17 -0.1
1958.209 9.05E-06 1797.59 9.52 24.86 -0.11
1958.197 8.49E-06 1797.5 9.47 25.5 -0.11
1958.185 6.44E-06 1797.42 9.4 26.31 -0.11
1958.174 5.48E-06 1797.34 9.34 27.11 -0.12
1958.162 4.45E-06 1797.25 9.32 27.31 -0.12

1958.15 4.08E-06 1797.17 9.32 27.31 -0.12
1958.138 4.08E-06 1797.09 9.34 27.05 -0.13
1958.126 4.67E-06 1797 9.38 26.64 -0.13
1958.115 4.42E-06 1796.92 9.46 25.67 -0.13
1958.103 4.42E-06 1796.84 9.57 24.34 -0.13
1958.091 4.28E-06 1796.75 9.65 23.26 -0.13
1958.079 4.37E-06 1796.67 9.64 23.42 -0.13
1958.068 4.1E-06 1796.59 9.57 24.26 -0.13
1958.056 4.2E-06 1796.5 9.48 25.33 -0.13
1958.044 4.27E-06 1796.42 9.39 26.43 -0.13
1958.032 4.2E-06 1796.34 9.32 27.28 -0.13
1958.021 4.49E-06 1796.25 9.31 27.43 -0.13
1958.009 4.16E-06 1796.17 9.29 27.68 -0.13
1957.997 4.26E-06 1796.09 9.3 27.56 -0.13
1957.985 3.99E-06 1796 9.35 27 -0.13
1957.974 3.9E-06 1795.92 9.4 26.34 -0.13
1957.962 3.89E-06 1795.84 9.46 25.59 -0.13

1957.95 3.88E-06 1795.75 9.55 24.55 -0.13
1957.938 3.95E-06 1795.67 9.67 23.1 -0.13
1957.926 4.19E-06 1795.59 9.69 22.76 -0.13
1957.915 4.13E-06 1795.5 9.59 24.09 -0.13
1957.903 3.94E-06 1795.42 9.52 24.84 -0.13
1957.891 4.08E-06 1795.34 9.42 26.16 -0.13
1957.879 3.96E-06 1795.25 9.33 27.2 -0.13
1957.868 3.91E-06 1795.17 9.32 27.31 -0.12
1957.856 4.04E-06 1795.09 9.36 26.79 -0.12
1957.844 4.06E-06 1795 9.35 26.92 -0.12
1957.832 4.1E-06 1794.92 9.38 26.58 -0.12
1957.821 4.15E-06 1794.84 9.44 25.8 -0.12
1957.809 4.23E-06 1794.75 9.57 24.31 -0.11
1957.797 4.31E-06 1794.67 9.57 24.27 -0.11
1957.785 4.19E-06 1794.59 9.55 24.54 -0.11
1957.774 4.26E-06 1794.5 9.5 25.16 -0.11

ABOR/MH/Priv-003086

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1745.19 0.14 -5.26
1745.08 0.35 -5.65
1744.97 -0.41 -6.04
1744.86 -0.65 -6.2
1744.75 -0.7 -6.2
1744.65 -1.02 -6.03
1744.55 -0.57 -6.16
1744.45 1.03 -5.84
1744.35 0.44 -5.61
1744.25 0.14 -5.29
1744.15 -0.37 -5.52
1744.05 -0.71 -5.6
1743.95 -0.73 -5.72
1743.75 -0.63 -5.85
1743.65 -0.54 -5.72
1743.55 -0.33 -5.71
1743.45 0.3 -5.57
1743.35 0.1 -5.37
1743.25 0.11 -5.28
1743.15 -0.09 -5.46
1743.05 -0.32 -5.88
1742.95 -0.39 -6.04
1742.75 -0.47 -6.2
1742.65 -0.59 -6.1
1742.55 -0.12 -6.02
1742.45 0.27 -5.75
1742.35 0.16 -5.51
1742.25 0.07 -5.36
1742.15 0.13 -5.47
1742.05 0.04 -5.82
1741.95 -0.12 -5.89
1741.75 -0.27 -6.08
1741.64 -0.32 -5.9
1741.53 -0.05 -5.68
1741.42 -0.09 -5.75
1741.31 -0.09 -5.59
1741.19 0.24 -5.71
1741.08 0.56 -5.64
1740.97 0.43 -6.03
1740.75 -0.21 -6.1
1740.65 0.23 -5.94
1740.55 0.42 -5.61
1740.45 0.03 -5.46
1740.35 0.04 -5.31
1740.25 0.01 -5.22

ABOR/MH/Priv-003087

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1957.762 4.47E-06 1794.42 9.44 25.85 -0.11
1957.75 4.38E-06 1794.34 9.34 27.07 -0.1

1957.738 4.22E-06 1794.25 9.35 26.92 -0.1
1957.726 4.27E-06 1794.17 9.3 27.55 -0.1
1957.715 4.25E-06 1794.09 9.32 27.33 -0.1
1957.703 4.48E-06 1794 9.34 27.03 -0.1
1957.691 4.55E-06 1793.92 9.38 26.54 -0.09
1957.679 4.51E-06 1793.84 9.47 25.48 -0.09
1957.668 4.5E-06 1793.75 9.55 24.57 -0.09
1957.656 4.68E-06 1793.67 9.57 24.22 -0.09
1957.644 4.88E-06 1793.59 9.56 24.42 -0.09
1957.632 4.87E-06 1793.5 9.5 25.1 -0.08
1957.621 4.89E-06 1793.42 9.45 25.75 -0.08
1957.609 4.91E-06 1793.34 9.4 26.33 -0.08
1957.597 4.77E-06 1793.25 9.35 26.99 -0.08
1957.585 4.85E-06 1793.17 9.3 27.56 -0.07
1957.574 4.99E-06 1793.09 9.3 27.55 -0.07
1957.562 5.03E-06 1793 9.32 27.36 -0.06

1957.55 4.83E-06 1792.92 9.38 26.55 -0.06
1957.534 4.74E-06 1792.84 9.43 25.96 -0.05
1957.519 4.94E-06 1792.75 9.5 25.15 -0.04
1957.503 4.93E-06 1792.67 9.59 24.03 -0.04
1957.488 5.04E-06 1792.59 9.62 23.67 -0.03
1957.472 5.16E-06 1792.5 9.63 23.6 -0.02
1957.456 5.39E-06 1792.42 9.59 23.98 -0.01
1957.441 5.39E-06 1792.34 9.55 24.54 0
1957.425 5.15E-06 1792.25 9.48 25.35 0.02
1957.409 5.1E-06 1792.17 9.35 26.95 0.03
1957.394 5.35E-06 1792.09 9.45 25.73 0.05
1957.378 5.17E-06 1792 9.49 25.25 0.07
1957.363 5.09E-06 1791.92 9.53 24.76 0.08
1957.347 5.08E-06 1791.84 9.56 24.36 0.1
1957.331 5.14E-06 1791.75 9.55 24.48 0.12
1957.316 5.02E-06 1791.67 9.47 25.49 0.14

1957.3 5.06E-06 1791.59 9.4 26.3 0.17
1957.284 5.03E-06 1791.5 9.34 27.11 0.19
1957.269 4.94E-06 1791.42 9.32 27.31 0.21
1957.253 4.75E-06 1791.34 9.33 27.19 0.23
1957.238 4.81E-06 1791.25 9.33 27.21 0.26
1957.222 4.97E-06 1791.17 9.32 27.31 0.28
1957.206 4.89E-06 1791.09 9.41 26.2 0.3
1957.191 4.98E-06 1791 9.51 25 0.33
1957.175 4.78E-06 1790.92 9.56 24.46 0.35
1957.159 5.07E-06 1790.84 9.55 24.48 0.38
1957.144 5.25E-06 1790.75 9.52 24.84 0.4

ABOR/MH/Priv-003088

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1740.15 -0.54 -5.54
1740.05 -0.1 -5.86
1739.95 -0.53 -5.8
1739.75 -0.38 -5.98
1739.61 0.4 -5.94
1739.46 0.36 -5.63
1739.32 0.33 -5.25
1739.18 0.91 -5.23
1739.04 0.53 -5.31
1738.75 -0.12 -5.86
1738.63 -0.05 -5.65

1738.5 0.36 -5.7
1738.38 0.19 -5.44
1738.25 0.11 -5.33
1738.13 0.2 -5.51

1738 -0.33 -5.83
1737.75 -0.5 -6.07
1737.65 -0.13 -5.94
1737.55 0.16 -5.67
1737.45 0 -5.66
1737.35 0.02 -5.52
1737.25 0.22 -5.48
1737.15 0.09 -5.57
1737.05 -0.03 -5.93
1736.95 0.15 -6
1736.75 -0.22 -6.03
1736.67 0.31 -5.91
1736.58 0.16 -5.65

1736.5 0.49 -5.35
1736.42 0.58 -5.33
1736.33 0.58 -5.15
1736.25 0.59 -4.95
1736.17 -0.56 -5.75
1736.08 -1 -5.97

1736 -0.51 -5.82
1735.92 -0.31 -5.8
1735.75 -0.36 -5.89
1735.65 0.25 -5.16
1735.55 -0.4 -5.42
1735.45 -0.26 -5.26
1735.25 0.18 -5.28
1735.15 0.32 -5.74
1735.05 -0.52 -5.63
1734.92 -0.44 -5.69
1734.75 -0.02 -5.87

ABOR/MH/Priv-003089

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1957.128 5.27E-06 1790.67 9.44 25.85 0.42
1957.113 5.03E-06 1790.59 9.36 26.77 0.45
1957.097 4.83E-06 1790.5 9.33 27.19 0.47
1957.081 4.45E-06 1790.42 9.33 27.19 0.49
1957.066 4.81E-06 1790.34 9.32 27.27 0.52

1957.05 4.54E-06 1790.25 9.29 27.72 0.54
1957.034 4.59E-06 1790.17 9.27 27.92 0.56
1957.019 4.45E-06 1790.09 9.34 27.02 0.58
1957.003 4.35E-06 1790 9.38 26.57 0.6
1956.988 4.14E-06 1789.92 9.42 26.14 0.62
1956.972 4.13E-06 1789.84 9.42 26.05 0.63
1956.956 4.13E-06 1789.75 9.41 26.22 0.65
1956.941 4.1E-06 1789.67 9.41 26.23 0.66
1956.925 4.16E-06 1789.59 9.39 26.5 0.68
1956.909 4.17E-06 1789.5 9.31 27.48 0.69
1956.894 4.15E-06 1789.42 9.25 28.11 0.7
1956.878 4.3E-06 1789.34 9.27 27.92 0.71
1956.863 4.41E-06 1789.25 9.27 27.94 0.72
1956.847 4.54E-06 1789.17 9.25 28.16 0.73
1956.831 4.4E-06 1789.09 9.27 27.94 0.73
1956.816 4.58E-06 1789 9.31 27.45 0.74

1956.8 4.58E-06 1788.92 9.41 26.18 0.74
1956.784 4.85E-06 1788.84 9.47 25.47 0.75
1956.769 4.94E-06 1788.75 9.5 25.18 0.75
1956.753 4.76E-06 1788.67 9.52 24.84 0.75
1956.738 4.93E-06 1788.59 9.53 24.77 0.75
1956.722 5.15E-06 1788.5 9.48 25.33 0.75
1956.706 5.89E-06 1788.42 9.4 26.37 0.76
1956.691 5.75E-06 1788.34 9.31 27.44 0.76
1956.675 5.75E-06 1788.25 9.25 28.17 0.75
1956.659 6.29E-06 1788.17 9.24 28.28 0.75
1956.644 6.34E-06 1788.09 9.26 28.04 0.75
1956.628 6.22E-06 1788 9.27 27.95 0.75
1956.613 6.15E-06 1787.92 9.32 27.36 0.75
1956.597 6.14E-06 1787.84 9.41 26.27 0.74
1956.581 0.000006 1787.75 9.46 25.56 0.74
1956.566 0.000006 1787.67 9.53 24.76 0.73

1956.55 6.29E-06 1787.59 9.56 24.44 0.73
1956.528 6.41E-06 1787.5 9.55 24.49 0.73
1956.507 6.23E-06 1787.42 9.4 26.34 0.72
1956.485 6.03E-06 1787.34 9.33 27.2 0.72
1956.463 6.27E-06 1787.25 9.32 27.34 0.71
1956.441 6.43E-06 1787.17 9.28 27.8 0.71

1956.42 6.12E-06 1787.09 9.36 26.85 0.7
1956.398 6.22E-06 1787 9.41 26.2 0.7

ABOR/MH/Priv-003090

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1734.63 0.26 -5.46
1734.5 0.93 -5.48

1734.38 0.42 -5.2
1734.25 -0.03 -5.34
1734.13 -0.04 -5.76

1734 -0.24 -6.15
1733.75 -0.17 -6.19
1733.55 0.35 -5.55
1733.45 0.4 -5.37
1733.35 0.52 -5.12
1733.25 0.11 -5.4
1733.15 -0.06 -5.66
1733.05 -0.39 -5.95
1732.95 -0.35 -5.87
1732.75 0.34 -5.89
1732.63 0.35 -5.36

1732.5 0.37 -5.31
1732.38 0.48 -5.44
1732.25 -0.1 -5.82
1732.13 -0.08 -5.94

1732 0.02 -5.86
1731.75 -0.19 -6.08
1731.65 0.2 -5.85
1731.55 0.44 -5.49
1731.45 0.38 -5.16
1731.35 0.44 -5.11
1731.25 0.14 -5.39
1731.15 -0.25 -5.95
1731.05 -0.27 -6.07
1730.95 -0.41 -5.8
1730.75 -0.5 -6.02
1730.63 -0.49 -5.78

1730.5 0.39 -5.51
1730.38 0.4 -5.24
1730.25 0.36 -5.51
1730.13 -0.1 -6.06

1730 0.13 -5.93
1729.75 -0.07 -5.98
1729.64 -0.03 -5.88
1729.53 -0.06 -5.55
1729.42 -0.19 -5.59
1729.31 0.23 -5.52
1729.19 0.1 -5.42
1729.08 0.16 -6.09
1728.97 0.06 -6.24

ABOR/MH/Priv-003091

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1956.376 6.32E-06 1786.92 9.46 25.58 0.69
1956.354 6.46E-06 1786.84 9.49 25.29 0.69
1956.333 6.57E-06 1786.75 9.5 25.15 0.68
1956.311 6.29E-06 1786.67 9.48 25.37 0.68
1956.289 6.29E-06 1786.59 9.44 25.89 0.67
1956.267 6.25E-06 1786.5 9.41 26.21 0.66
1956.246 6.33E-06 1786.42 9.37 26.74 0.66
1956.224 4.48E-06 1786.34 9.33 27.17 0.65
1956.202 3.92E-06 1786.25 9.26 28 0.64

1956.18 3.9E-06 1786.17 9.23 28.41 0.64
1956.159 4.32E-06 1786.09 9.3 27.55 0.63
1956.137 4.33E-06 1786 9.32 27.32 0.62
1956.115 4.46E-06 1785.92 9.42 26.1 0.61
1956.093 4.43E-06 1785.84 9.45 25.73 0.6
1956.072 4.43E-06 1785.75 9.45 25.78 0.59

1956.05 4.53E-06 1785.67 9.43 25.98 0.58
1956.028 4.49E-06 1785.59 9.45 25.7 0.56
1956.007 4.73E-06 1785.5 9.44 25.79 0.55
1955.985 4.58E-06 1785.42 9.36 26.88 0.54
1955.963 4.63E-06 1785.34 9.29 27.67 0.52
1955.941 4.59E-06 1785.25 9.27 27.9 0.51

1955.92 4.46E-06 1785.17 9.26 28.04 0.49
1955.898 4.58E-06 1785.09 9.28 27.82 0.48
1955.876 4.78E-06 1785 9.3 27.57 0.46
1955.854 5.11E-06 1784.92 9.37 26.7 0.44
1955.833 5.82E-06 1784.84 9.42 26.14 0.42
1955.811 6.44E-06 1784.75 9.47 25.51 0.4
1955.789 6.41E-06 1784.67 9.53 24.76 0.39
1955.767 5.99E-06 1784.59 9.53 24.76 0.37
1955.746 5.75E-06 1784.5 9.47 25.46 0.35
1955.724 5.78E-06 1784.42 9.47 25.49 0.33
1955.702 5.57E-06 1784.34 9.44 25.83 0.31

1955.68 5.15E-06 1784.25 9.35 26.9 0.29
1955.659 5.25E-06 1784.17 9.29 27.68 0.27
1955.637 5.31E-06 1784.09 9.3 27.51 0.25
1955.615 5.78E-06 1784 9.33 27.17 0.23
1955.593 5.71E-06 1783.92 9.35 26.91 0.21
1955.572 5.91E-06 1783.84 9.36 26.81 0.2

1955.55 5.64E-06 1783.75 9.47 25.5 0.18
1955.536 5.94E-06 1783.67 9.44 25.85 0.16
1955.522 6.14E-06 1783.59 9.57 24.31 0.14
1955.508 6.08E-06 1783.5 9.59 24.08 0.12
1955.494 6.06E-06 1783.42 9.5 25.11 0.11

1955.48 5.65E-06 1783.34 9.44 25.88 0.09
1955.465 5.56E-06 1783.25 9.43 25.98 0.08

ABOR/MH/Priv-003092

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1728.75 -0.61 -6.48
1728.65 -0.23 -6.26
1728.55 0.05 -5.79
1728.45 0.36 -5.52
1728.35 0.25 -5.54
1728.25 0.64 -5.51
1728.15 0.28 -5.82
1728.05 -0.39 -6.1
1727.95 -0.24 -6.02
1727.75 -0.11 -6.06
1727.61 -0.04 -5.97
1727.46 -0.22 -5.64
1727.32 0.1 -5.51
1727.18 0.05 -5.47
1727.04 -0.06 -5.74
1726.89 -0.14 -5.76
1726.75 -0.45 -5.89
1726.63 -0.06 -5.84

1726.5 -0.13 -5.52
1726.38 -0.29 -5.25
1726.25 -0.27 -5.45
1726.13 -0.53 -5.57

1726 -0.61 -5.92
1725.75 -0.46 -5.93
1725.63 -0.39 -5.69

1725.5 -0.21 -5.76
1725.38 -0.07 -5.55
1725.25 0.34 -5.24
1725.13 0.39 -5.15

1725 -0.02 -5.17
1724.75 0.42 -5.34
1724.63 0.29 -5.15

1724.5 0.56 -4.9
1724.38 0.13 -5.38
1724.25 -0.1 -5.21
1724.13 -0.12 -5

1724 1.13 -5.44
1723.75 0 -5.79
1723.64 0.38 -5.54
1723.53 0.88 -4.98
1723.42 0.59 -5.06
1723.31 1.24 -4.92
1723.19 1.25 -5.39
1723.08 0.42 -5.76
1722.97 -0.23 -5.96

ABOR/MH/Priv-003093

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1955.451 5.45E-06 1783.17 9.33 27.19 0.07
1955.437 5.47E-06 1783.09 9.36 26.79 0.05
1955.423 5.68E-06 1783 9.43 25.92 0.04
1955.409 6.29E-06 1782.92 9.46 25.58 0.03
1955.395 6.36E-06 1782.84 9.49 25.29 0.02
1955.381 6.98E-06 1782.75 9.55 24.46 0.01
1955.367 8.59E-06 1782.67 9.62 23.67 0
1955.353 8.76E-06 1782.59 9.59 24.07 0
1955.339 8.82E-06 1782.5 9.56 24.39 -0.01
1955.325 7.46E-06 1782.42 9.5 25.13 -0.01
1955.311 7.65E-06 1782.34 9.43 25.99 -0.01
1955.296 7.14E-06 1782.25 9.39 26.42 -0.02
1955.282 5.9E-06 1782.17 9.33 27.19 -0.02
1955.268 5.48E-06 1782.09 9.36 26.85 -0.02
1955.254 5.51E-06 1782 9.37 26.71 -0.02

1955.24 4.84E-06 1781.92 9.4 26.34 -0.01
1955.226 4.93E-06 1781.84 9.44 25.89 -0.01
1955.212 5.74E-06 1781.75 9.47 25.5 -0.01
1955.198 4.83E-06 1781.67 9.49 25.25 -0.01
1955.184 4.62E-06 1781.59 9.54 24.68 0

1955.17 4.77E-06 1781.5 9.52 24.87 0
1955.156 4.31E-06 1781.42 9.55 24.52 0.01
1955.142 4.22E-06 1781.34 9.55 24.52 0.02
1955.127 4.17E-06 1781.25 9.39 26.5 0.02
1955.113 4.58E-06 1781.17 9.32 27.31 0.03
1955.099 4.64E-06 1781.09 9.35 26.95 0.04
1955.085 4.49E-06 1781 9.37 26.72 0.04
1955.071 4.3E-06 1780.92 9.38 26.58 0.05
1955.057 4.23E-06 1780.84 9.35 26.93 0.06
1955.043 4.11E-06 1780.75 9.4 26.39 0.07
1955.029 4.43E-06 1780.67 9.48 25.37 0.08
1955.015 4.51E-06 1780.59 9.55 24.57 0.09
1955.001 4.3E-06 1780.5 9.52 24.91 0.09
1954.987 4.16E-06 1780.42 9.51 25 0.1
1954.973 4.17E-06 1780.34 9.4 26.31 0.11
1954.958 4.11E-06 1780.25 9.33 27.14 0.12
1954.944 4.1E-06 1780.17 9.32 27.31 0.13

1954.93 4.05E-06 1780.09 9.35 26.91 0.14
1954.916 4.05E-06 1780 9.38 26.56 0.14
1954.902 3.97E-06 1779.92 9.49 25.27 0.15
1954.888 4.14E-06 1779.84 9.56 24.42 0.16
1954.874 3.97E-06 1779.75 9.55 24.5 0.17

1954.86 4.21E-06 1779.67 9.57 24.34 0.17
1954.846 4.5E-06 1779.59 9.49 25.26 0.18
1954.832 4.38E-06 1779.5 9.4 26.29 0.19

ABOR/MH/Priv-003094

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1722.75 0.36 -5.99
1722.61 0.78 -5.6
1722.46 0.91 -5.27
1722.32 1.57 -4.95
1722.18 1.64 -5.21
1722.04 0.52 -5.97
1721.75 0.1 -6.05
1721.63 0.82 -5.55

1721.5 0.99 -5.14
1721.38 1.07 -4.96
1721.25 1.29 -5.42
1721.13 0.25 -5.85

1721 -0.09 -5.79
1720.75 0.13 -6
1720.61 0.45 -5.82
1720.46 0.72 -5.38
1720.32 0.94 -5.45
1720.18 1.42 -5.39
1720.04 -0.45 -6.04
1719.75 -0.51 -6.04
1719.65 -0.23 -5.85
1719.55 0.42 -5.54
1719.45 0.11 -5.52
1719.35 0.52 -5.54
1719.25 -0.46 -5.48
1719.15 0.13 -5.47
1719.05 0.3 -5.73
1718.95 0.42 -5.89
1718.75 0.17 -6.08
1718.64 0.67 -5.92
1718.53 0.33 -6.01
1718.42 0.97 -5.19
1718.31 1.28 -5.03
1718.19 1.11 -5.58
1718.08 0.77 -5.87
1717.97 0.81 -5.97
1717.75 0.43 -6.08
1717.61 0.34 -5.6
1717.46 0.3 -5.41
1717.32 1.08 -5.23
1717.18 0.96 -5.42
1717.04 0.85 -5.6
1716.75 0.34 -6.03
1716.67 0.02 -5.95
1716.58 -0.1 -5.5

ABOR/MH/Priv-003095

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1954.818 4.56E-06 1779.42 9.37 26.66 0.19
1954.804 4.78E-06 1779.34 9.29 27.67 0.2
1954.789 4.72E-06 1779.25 9.29 27.62 0.21
1954.775 4.43E-06 1779.17 9.28 27.8 0.21
1954.761 4.52E-06 1779.09 9.34 27.06 0.21
1954.747 4.37E-06 1779 9.35 26.89 0.22
1954.733 4.54E-06 1778.92 9.41 26.25 0.22
1954.719 4.47E-06 1778.84 9.44 25.8 0.22
1954.705 4.26E-06 1778.75 9.47 25.46 0.22
1954.691 4.33E-06 1778.67 9.48 25.37 0.22
1954.677 4.65E-06 1778.59 9.49 25.26 0.22
1954.663 4.66E-06 1778.5 9.46 25.65 0.22
1954.649 4.92E-06 1778.42 9.43 25.94 0.22
1954.635 5.15E-06 1778.34 9.38 26.55 0.21

1954.62 5.12E-06 1778.25 9.3 27.51 0.21
1954.606 5.32E-06 1778.17 9.28 27.8 0.21
1954.592 4.91E-06 1778.09 9.33 27.2 0.2
1954.578 4.99E-06 1778 9.32 27.27 0.2
1954.564 4.95E-06 1777.92 9.39 26.52 0.19

1954.55 5.08E-06 1777.84 9.47 25.43 0.18
1954.536 5.22E-06 1777.75 9.5 25.1 0.18
1954.522 5.34E-06 1777.67 9.49 25.31 0.17
1954.508 0.000005 1777.59 9.47 25.43 0.16
1954.494 4.75E-06 1777.5 9.44 25.84 0.16
1954.481 4.55E-06 1777.42 9.5 25.14 0.15
1954.467 4.53E-06 1777.34 9.51 25.05 0.14
1954.453 4.95E-06 1777.25 9.39 26.44 0.13
1954.439 5.37E-06 1777.17 9.34 27.07 0.13
1954.425 5.43E-06 1777.09 9.37 26.7 0.12
1954.411 5.92E-06 1777 9.4 26.3 0.11
1954.397 6.34E-06 1776.92 9.44 25.91 0.1
1954.383 5.8E-06 1776.84 9.46 25.63 0.1
1954.369 6.63E-06 1776.75 9.52 24.93 0.09
1954.356 7.59E-06 1776.67 9.55 24.47 0.08
1954.342 7.97E-06 1776.59 9.57 24.25 0.08
1954.328 8.57E-06 1776.5 9.58 24.16 0.07
1954.314 8.37E-06 1776.42 9.53 24.77 0.07

1954.3 8.68E-06 1776.34 9.44 25.89 0.06
1954.286 7.73E-06 1776.25 9.34 27.12 0.05
1954.272 5.13E-06 1776.17 9.26 28.04 0.05
1954.258 4.42E-06 1776.09 9.28 27.83 0.04
1954.244 4.07E-06 1776 9.33 27.16 0.04
1954.231 4.06E-06 1775.92 9.45 25.78 0.03
1954.217 3.86E-06 1775.84 9.49 25.26 0.03
1954.203 4.02E-06 1775.75 9.51 25.04 0.02

ABOR/MH/Priv-003096

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1716.5 -0.21 -5.01
1716.42 0.47 -5.07
1716.33 0.2 -4.9
1716.25 0.01 -4.76
1716.17 0.84 -5.4
1716.08 0.78 -5.34

1716 0.34 -5.69
1715.92 0.38 -6.03
1715.75 -0.01 -6.15
1715.64 0.17 -5.58
1715.53 0.44 -5.33
1715.42 0.74 -5.13
1715.31 0.11 -5.31
1715.19 -0.12 -5.64
1715.08 -0.25 -5.92
1714.97 -0.31 -5.98
1714.75 0.14 -6.01
1714.64 0.4 -5.7
1714.53 0.66 -5.37
1714.42 1.48 -4.89
1714.31 0.69 -5.42
1714.19 0.95 -5.37
1714.08 0.54 -5.78
1713.97 0.39 -5.67
1713.75 0.62 -5.75
1713.64 0.91 -5.4
1713.53 1.25 -5.04
1713.42 0.93 -5.25
1713.31 1.28 -5.33
1713.19 1.2 -5.77
1713.08 1.21 -5.68
1712.97 0.5 -5.93
1712.75 -0.35 -6.29
1712.63 0.16 -5.96

1712.5 0.12 -5.72
1712.38 0.77 -5.35
1712.25 0.89 -5.31
1712.13 0.48 -5.41

1712 -0.21 -5.87
1711.75 -0.82 -6.35
1711.65 0.03 -5.79
1711.55 -0.18 -5.79
1711.45 -0.04 -5.6
1711.35 0.18 -5.28
1711.25 0.1 -5.54

ABOR/MH/Priv-003097

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1954.189 3.82E-06 1775.67 9.57 24.29 0.02
1954.175 3.75E-06 1775.59 9.56 24.42 0.01
1954.161 3.81E-06 1775.5 9.5 25.1 0.01
1954.147 3.7E-06 1775.42 9.45 25.77 0
1954.133 3.84E-06 1775.34 9.4 26.32 0
1954.119 4.24E-06 1775.25 9.37 26.7 0
1954.106 3.8E-06 1775.17 9.33 27.19 -0.01
1954.092 4.08E-06 1775.09 9.37 26.69 -0.01
1954.078 4.16E-06 1775 9.43 26 -0.02
1954.064 4.1E-06 1774.92 9.48 25.37 -0.02

1954.05 4.16E-06 1774.84 9.5 25.15 -0.03
1954.036 4.28E-06 1774.75 9.54 24.62 -0.03
1954.022 4.45E-06 1774.67 9.48 25.37 -0.04
1954.008 4.31E-06 1774.59 9.42 26.08 -0.04
1953.994 4.29E-06 1774.5 9.36 26.83 -0.05
1953.981 4.58E-06 1774.42 9.34 27.07 -0.06
1953.967 4.65E-06 1774.34 9.33 27.19 -0.06
1953.953 4.25E-06 1774.25 9.34 27.12 -0.07
1953.939 4.28E-06 1774.17 9.33 27.19 -0.08
1953.925 3.99E-06 1774.09 9.41 26.19 -0.08
1953.911 4.13E-06 1774 9.53 24.81 -0.09
1953.897 4.12E-06 1773.92 9.54 24.59 -0.1
1953.883 4.18E-06 1773.84 9.52 24.88 -0.1
1953.869 4.28E-06 1773.75 9.43 26.03 -0.11
1953.856 4.2E-06 1773.67 9.43 25.98 -0.11
1953.842 4.1E-06 1773.59 9.51 24.98 -0.12
1953.828 4.05E-06 1773.5 9.62 23.71 -0.13
1953.814 4.25E-06 1773.42 9.61 23.76 -0.13

1953.8 4.54E-06 1773.34 9.53 24.71 -0.14
1953.786 4.8E-06 1773.25 9.36 26.84 -0.14
1953.772 4.62E-06 1773.17 9.31 27.43 -0.15
1953.758 4.96E-06 1773.09 9.33 27.21 -0.15
1953.744 5.4E-06 1773 9.43 26.03 -0.16
1953.731 5.75E-06 1772.92 9.46 25.61 -0.16
1953.717 5.48E-06 1772.84 9.51 25.05 -0.17
1953.703 5.68E-06 1772.75 9.52 24.89 -0.17
1953.689 5.63E-06 1772.67 9.58 24.15 -0.17
1953.675 5.5E-06 1772.59 9.59 24.04 -0.18
1953.661 5.47E-06 1772.5 9.59 24.03 -0.18
1953.647 5.54E-06 1772.42 9.53 24.76 -0.19
1953.633 5.38E-06 1772.34 9.41 26.22 -0.19
1953.619 5.16E-06 1772.25 9.36 26.81 -0.19
1953.606 5.09E-06 1772.17 9.33 27.19 -0.2
1953.592 5.13E-06 1772.09 9.35 26.97 -0.2
1953.578 5.06E-06 1772 9.35 26.95 -0.21

ABOR/MH/Priv-003098

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1711.15 0.65 -5.41
1711.05 -0.45 -6.17
1710.95 -0.14 -5.78
1710.75 -0.25 -6.05
1710.67 -0.19 -5.91

1710.6 -0.33 -5.76
1710.52 -0.11 -5.42
1710.44 0.29 -5.36
1710.37 0.61 -5.54
1710.29 -0.75 -5.5
1710.21 1.18 -5.5
1710.13 0.14 -5.43
1710.06 -0.51 -5.77
1709.98 -0.42 -5.64

1709.9 -0.76 -5.75
1709.75 -0.48 -6.01
1709.64 -0.08 -5.68
1709.53 -0.42 -5.79
1709.42 1.12 -5.5
1709.31 0.6 -5.4
1709.19 0.2 -5.3
1709.08 -0.15 -5.64
1708.97 -0.28 -5.64
1708.75 0.1 -5.7
1708.63 0.43 -5.7

1708.5 -0.46 -5.63
1708.38 -0.05 -5.1
1708.25 0.17 -5.09
1708.13 -0.09 -5.09

1708 -0.52 -5.74
1707.75 -0.66 -5.78

ABOR/MH/Priv-003099

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1953.564 5.08E-06 1771.92 9.37 26.7 -0.21
1953.55 4.97E-06 1771.84 9.43 26.01 -0.22

1953.535 5.05E-06 1771.75 9.46 25.61 -0.22
1953.521 4.8E-06 1771.67 9.48 25.34 -0.23
1953.506 0.000005 1771.59 9.52 24.87 -0.23
1953.491 5.39E-06 1771.5 9.51 25.04 -0.24
1953.476 5.44E-06 1771.42 9.42 26.14 -0.25
1953.462 5.43E-06 1771.34 9.37 26.69 -0.25
1953.447 5.14E-06 1771.25 9.38 26.61 -0.26
1953.432 4.72E-06 1771.17 9.35 26.95 -0.27
1953.418 5.36E-06 1771.09 9.35 26.95 -0.28
1953.403 5.33E-06 1771 9.41 26.25 -0.28
1953.388 5.46E-06 1770.92 9.5 25.12 -0.29
1953.374 5.58E-06 1770.84 9.55 24.56 -0.3
1953.359 0.000006 1770.75 9.57 24.28 -0.31
1953.344 6.17E-06 1770.67 9.63 23.55 -0.31
1953.329 5.81E-06 1770.59 9.6 23.88 -0.32
1953.315 6.02E-06 1770.5 9.48 25.42 -0.33

1953.3 5.94E-06 1770.42 9.49 25.25 -0.33
1953.285 5.76E-06 1770.34 9.35 26.93 -0.34
1953.271 6.4E-06 1770.25 9.37 26.72 -0.35
1953.256 6.98E-06 1770.17 9.35 26.95 -0.35
1953.241 7.47E-06 1770.09 9.51 25.06 -0.36
1953.226 6.83E-06 1770 9.62 23.62 -0.36
1953.212 5.28E-06 1769.92 9.59 23.98 -0.37
1953.197 0.000005 1769.84 9.57 24.23 -0.37
1953.182 4.91E-06 1769.75 9.56 24.37 -0.37
1953.168 4.11E-06 1769.67 9.5 25.13 -0.38
1953.153 3.99E-06 1769.59 9.44 25.91 -0.38
1953.138 3.88E-06 1769.5 9.41 26.25 -0.38
1953.124 3.91E-06 1769.42 9.37 26.7 -0.39
1953.109 3.83E-06 1769.34 9.32 27.35 -0.39
1953.094 3.77E-06 1769.25 9.3 27.56 -0.39
1953.079 3.85E-06 1769.17 9.3 27.55 -0.39
1953.065 3.66E-06 1769.09 9.36 26.8 -0.39

1953.05 3.75E-06 1769 9.42 26.11 -0.4
1953.035 3.84E-06 1768.92 9.52 24.85 -0.4
1953.021 4.53E-06 1768.84 9.59 23.98 -0.4
1953.006 4.29E-06 1768.75 9.65 23.35 -0.4
1952.991 3.86E-06 1768.67 9.6 23.91 -0.4
1952.976 3.87E-06 1768.59 9.64 23.47 -0.39
1952.962 3.87E-06 1768.5 9.54 24.69 -0.39
1952.947 3.94E-06 1768.42 9.46 25.63 -0.39
1952.932 3.74E-06 1768.34 9.4 26.28 -0.38
1952.918 3.77E-06 1768.25 9.38 26.62 -0.38

ABOR/MH/Priv-003100

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003101

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1952.903 3.84E-06 1768.17 9.34 27.07 -0.37
1952.888 3.85E-06 1768.09 9.41 26.21 -0.37
1952.874 3.85E-06 1768 9.45 25.77 -0.36
1952.859 3.83E-06 1767.92 9.38 26.58 -0.35
1952.844 3.77E-06 1767.84 9.43 25.92 -0.34
1952.829 3.83E-06 1767.75 9.54 24.58 -0.33
1952.815 3.81E-06 1767.67 9.57 24.29 -0.32

1952.8 3.7E-06 1767.59 9.59 24.07 -0.31
1952.785 3.81E-06 1767.5 9.58 24.15 -0.29
1952.771 4.26E-06 1767.42 9.51 25.02 -0.28
1952.756 4.12E-06 1767.34 9.42 26.08 -0.26
1952.741 4.73E-06 1767.25 9.36 26.79 -0.24
1952.726 4.07E-06 1767.17 9.32 27.31 -0.23
1952.712 0.000004 1767.09 9.32 27.31 -0.21
1952.697 4.12E-06 1767 9.43 26.01 -0.19
1952.682 3.94E-06 1766.92 9.5 25.12 -0.16
1952.668 4.08E-06 1766.84 9.56 24.45 -0.14
1952.653 4.2E-06 1766.75 9.57 24.28 -0.11
1952.638 4.14E-06 1766.67 9.56 24.4 -0.09
1952.624 4.06E-06 1766.59 9.57 24.22 -0.06
1952.609 4.1E-06 1766.5 9.59 24.09 -0.03
1952.594 4.4E-06 1766.42 9.52 24.84 0
1952.579 4.18E-06 1766.34 9.43 26.01 0.04
1952.565 4.18E-06 1766.25 9.41 26.26 0.07

1952.55 4.23E-06 1766.17 9.36 26.83 0.11
1952.533 4.3E-06 1766.09 9.39 26.43 0.14
1952.517 4.28E-06 1766 9.47 25.53 0.18

1952.5 4.42E-06 1765.92 9.55 24.55 0.22
1952.483 4.33E-06 1765.84 9.6 23.95 0.26
1952.467 4.23E-06 1765.75 9.59 24.08 0.3

1952.45 4.86E-06 1765.67 9.53 24.76 0.34
1952.433 4.28E-06 1765.59 9.47 25.43 0.38
1952.417 4.29E-06 1765.5 9.43 25.99 0.43

1952.4 4.28E-06 1765.42 9.37 26.69 0.47
1952.383 4.34E-06 1765.34 9.36 26.83 0.51
1952.367 4.5E-06 1765.25 9.33 27.23 0.56

1952.35 4.09E-06 1765.17 9.29 27.68 0.6
1952.333 4.23E-06 1765.09 9.38 26.56 0.64
1952.317 4.09E-06 1765 9.41 26.18 0.68

1952.3 4.31E-06 1764.92 9.42 26.1 0.72
1952.283 4.42E-06 1764.84 9.41 26.26 0.76
1952.267 4.32E-06 1764.75 9.37 26.75 0.8

1952.25 4.41E-06 1764.67 9.3 27.56 0.84
1952.233 4.48E-06 1764.59 9.27 27.96 0.87
1952.217 4.47E-06 1764.5 9.26 28.04 0.91

ABOR/MH/Priv-003102

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003103

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1952.2 4.49E-06 1764.42 9.24 28.28 0.94
1952.183 4.42E-06 1764.34 9.23 28.45 0.97
1952.167 4.61E-06 1764.25 9.23 28.39 1

1952.15 4.46E-06 1764.17 9.19 28.89 1.02
1952.133 4.6E-06 1764.09 9.25 28.18 1.04
1952.117 4.58E-06 1764 9.33 27.15 1.07

1952.1 4.57E-06 1763.92 9.37 26.77 1.08
1952.083 4.44E-06 1763.84 9.38 26.58 1.1
1952.067 4.6E-06 1763.75 9.41 26.2 1.12

1952.05 4.46E-06 1763.67 9.37 26.7 1.13
1952.033 4.52E-06 1763.59 9.26 28.02 1.14
1952.017 4.36E-06 1763.5 9.25 28.12 1.15

1952 4.21E-06 1763.42 9.26 28.04 1.15
1951.983 4.27E-06 1763.34 9.26 28.08 1.16
1951.967 4.11E-06 1763.25 9.25 28.2 1.16

1951.95 4.16E-06 1763.17 9.23 28.41 1.16
1951.933 3.87E-06 1763.09 9.26 28.04 1.16
1951.917 3.93E-06 1763 9.31 27.4 1.16

1951.9 4.17E-06 1762.92 9.37 26.65 1.15
1951.883 3.9E-06 1762.84 9.44 25.91 1.15
1951.867 3.98E-06 1762.75 9.45 25.68 1.14

1951.85 3.77E-06 1762.67 9.48 25.33 1.13
1951.833 3.72E-06 1762.59 9.48 25.36 1.13
1951.817 3.83E-06 1762.5 9.37 26.65 1.12

1951.8 3.67E-06 1762.42 9.34 27.06 1.1
1951.783 3.89E-06 1762.34 9.31 27.49 1.09
1951.767 3.84E-06 1762.25 9.28 27.86 1.08

1951.75 3.97E-06 1762.17 9.26 28.04 1.07
1951.733 3.96E-06 1762.09 9.28 27.82 1.06
1951.717 3.77E-06 1762 9.27 27.89 1.04

1951.7 3.9E-06 1761.92 9.32 27.35 1.03
1951.683 3.78E-06 1761.84 9.38 26.56 1.01
1951.667 3.8E-06 1761.75 9.43 25.97 1

1951.65 4.06E-06 1761.67 9.45 25.68 0.98
1951.633 4.21E-06 1761.59 9.43 26.02 0.97
1951.617 4.25E-06 1761.5 9.35 26.96 0.95

1951.6 4.15E-06 1761.42 9.28 27.77 0.94
1951.583 4.29E-06 1761.34 9.22 28.53 0.92
1951.567 4.27E-06 1761.25 9.22 28.54 0.91

1951.55 4.71E-06 1761.17 9.21 28.65 0.89
1951.536 5.15E-06 1761.09 9.45 25.77 0.88
1951.521 5.04E-06 1761 9.58 24.15 0.87
1951.507 5.11E-06 1760.92 9.58 24.15 0.86
1951.493 5.5E-06 1760.84 9.55 24.46 0.85
1951.479 5.56E-06 1760.75 9.53 24.79 0.84

ABOR/MH/Priv-003104

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003105

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1951.464 5.55E-06 1760.67 9.5 25.13 0.83
1951.45 5.39E-06 1760.59 9.46 25.67 0.82

1951.436 5.72E-06 1760.5 9.41 26.24 0.82
1951.421 5.6E-06 1760.42 9.36 26.83 0.81
1951.407 5.63E-06 1760.34 9.33 27.22 0.81
1951.393 5.49E-06 1760.25 9.31 27.47 0.81
1951.379 5.55E-06 1760.17 9.3 27.56 0.8
1951.364 5.72E-06 1760.09 9.31 27.43 0.8

1951.35 6.16E-06 1760 9.33 27.2 0.8
1951.336 6.11E-06 1759.92 9.39 26.51 0.81
1951.321 5.78E-06 1759.84 9.4 26.36 0.81
1951.307 5.93E-06 1759.75 9.43 26.02 0.81
1951.293 5.6E-06 1759.67 9.43 25.98 0.82
1951.279 5.52E-06 1759.59 9.45 25.69 0.82
1951.264 5.67E-06 1759.5 9.46 25.58 0.83

1951.25 5.5E-06 1759.42 9.41 26.22 0.84
1951.236 5.49E-06 1759.34 9.34 27.08 0.85
1951.221 5.95E-06 1759.25 9.31 27.41 0.86
1951.207 5.83E-06 1759.17 9.24 28.28 0.87
1951.193 5.91E-06 1759.09 9.31 27.38 0.88
1951.179 5.88E-06 1759 9.33 27.2 0.89
1951.164 5.97E-06 1758.92 9.35 26.95 0.9

1951.15 5.8E-06 1758.84 9.36 26.84 0.92
1951.136 5.96E-06 1758.75 9.45 25.78 0.93
1951.121 5.57E-06 1758.67 9.46 25.61 0.95
1951.107 6.16E-06 1758.59 9.5 25.16 0.96
1951.093 7.27E-06 1758.5 9.44 25.82 0.98
1951.079 6.6E-06 1758.42 9.32 27.31 1
1951.064 7.16E-06 1758.34 9.48 25.4 1.01

1951.05 7.31E-06 1758.25 9.33 27.23 1.03
1951.036 7.44E-06 1758.17 9.22 28.53 1.05
1951.021 7.73E-06 1758.09 9.23 28.41 1.07
1951.007 7.4E-06 1758 9.31 27.38 1.09
1950.993 8.05E-06 1757.92 9.36 26.83 1.11
1950.979 7.29E-06 1757.84 9.38 26.56 1.13
1950.964 7.16E-06 1757.75 9.4 26.4 1.15

1950.95 5.8E-06 1757.67 9.41 26.23 1.17
1950.936 5.73E-06 1757.59 9.42 26.14 1.19
1950.921 5.53E-06 1757.5 9.39 26.43 1.21
1950.907 5.34E-06 1757.42 9.33 27.19 1.23
1950.893 5.37E-06 1757.34 9.26 28.08 1.25
1950.879 5.08E-06 1757.25 9.24 28.31 1.27
1950.864 5.21E-06 1757.17 9.21 28.65 1.29

1950.85 5.02E-06 1757.09 9.22 28.54 1.31
1950.836 4.95E-06 1757 9.25 28.15 1.33

ABOR/MH/Priv-003106

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003107

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1950.821 4.71E-06 1756.92 9.28 27.8 1.35
1950.807 4.82E-06 1756.84 9.34 27.03 1.36
1950.793 4.67E-06 1756.75 9.42 26.14 1.38
1950.779 4.49E-06 1756.67 9.45 25.79 1.4
1950.764 4.53E-06 1756.59 9.45 25.67 1.42

1950.75 4.63E-06 1756.5 9.46 25.58 1.43
1950.736 4.12E-06 1756.42 9.39 26.5 1.45
1950.721 3.78E-06 1756.34 9.27 27.97 1.47
1950.707 3.63E-06 1756.25 9.24 28.32 1.48
1950.693 3.67E-06 1756.17 9.2 28.77 1.5
1950.679 4.11E-06 1756.09 9.21 28.69 1.51
1950.664 4.16E-06 1756 9.24 28.23 1.53

1950.65 4.28E-06 1755.92 9.29 27.73 1.54
1950.636 4.44E-06 1755.84 9.34 27.09 1.55
1950.621 4.87E-06 1755.75 9.37 26.65 1.57
1950.607 5.33E-06 1755.67 9.38 26.58 1.58
1950.593 5.31E-06 1755.59 9.34 27.07 1.59
1950.579 5.33E-06 1755.5 9.28 27.76 1.6
1950.564 5.19E-06 1755.42 9.22 28.51 1.61

1950.55 5.07E-06 1755.34 9.18 29.06 1.62
1950.536 4.96E-06 1755.25 9.18 29.01 1.63
1950.521 5.23E-06 1755.17 9.23 28.41 1.63
1950.507 5.25E-06 1755.09 9.26 28.02 1.64
1950.492 5.04E-06 1755 9.29 27.69 1.64
1950.478 5.03E-06 1754.92 9.31 27.43 1.65
1950.463 5.24E-06 1754.84 9.35 26.89 1.65
1950.449 5.1E-06 1754.75 9.39 26.51 1.66
1950.434 5.2E-06 1754.67 9.4 26.34 1.66

1950.42 5.2E-06 1754.59 9.43 26.03 1.67
1950.405 5.3E-06 1754.5 9.4 26.34 1.67
1950.391 5.94E-06 1754.42 9.31 27.43 1.67
1950.376 5.65E-06 1754.34 9.27 27.98 1.68
1950.362 7.16E-06 1754.25 9.23 28.36 1.68
1950.347 7.25E-06 1754.17 9.22 28.53 1.68
1950.333 7.59E-06 1754.09 9.23 28.43 1.68
1950.318 7.6E-06 1754 9.23 28.41 1.68
1950.304 9.15E-06 1753.92 9.25 28.22 1.68
1950.289 0.000009 1753.84 9.28 27.84 1.69
1950.275 7.74E-06 1753.75 9.32 27.33 1.69

1950.26 8.09E-06 1753.67 9.36 26.83 1.69
1950.246 6.98E-06 1753.59 9.4 26.32 1.69
1950.231 6.43E-06 1753.5 9.44 25.89 1.69
1950.217 6.03E-06 1753.42 9.42 26.1 1.69
1950.202 5.73E-06 1753.34 9.35 26.95 1.69
1950.188 5.09E-06 1753.25 9.25 28.1 1.69

ABOR/MH/Priv-003108

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003109

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1950.173 4.42E-06 1753.17 9.18 29.01 1.69
1950.159 4.41E-06 1753.09 9.22 28.5 1.69
1950.144 4.42E-06 1753 9.27 27.94 1.69

1950.13 4.26E-06 1752.92 9.26 28.01 1.69
1950.115 4.34E-06 1752.84 9.32 27.31 1.69
1950.101 4.48E-06 1752.75 9.39 26.52 1.69
1950.086 4.29E-06 1752.67 9.42 26.16 1.69
1950.072 4.14E-06 1752.59 9.4 26.36 1.69
1950.057 4.08E-06 1752.5 9.37 26.72 1.69
1950.043 4.31E-06 1752.42 9.3 27.61 1.69
1950.028 4.31E-06 1752.34 9.25 28.11 1.69
1950.014 4.16E-06 1752.25 9.2 28.77 1.69
1949.999 4.1E-06 1752.17 9.18 29.01 1.69
1949.985 4.08E-06 1752.09 9.23 28.45 1.69

1949.97 4.09E-06 1752 9.28 27.85 1.69
1949.956 4.12E-06 1751.92 9.31 27.43 1.69
1949.941 4.24E-06 1751.84 9.33 27.17 1.69
1949.927 4.13E-06 1751.75 9.36 26.88 1.69
1949.912 4.01E-06 1751.67 9.37 26.7 1.69
1949.898 4.14E-06 1751.59 9.35 26.93 1.69
1949.883 4.31E-06 1751.5 9.31 27.46 1.68
1949.869 4.31E-06 1751.42 9.27 27.93 1.68
1949.854 4.25E-06 1751.34 9.23 28.44 1.68

1949.84 4.1E-06 1751.25 9.21 28.66 1.68
1949.825 4.08E-06 1751.17 9.2 28.77 1.68
1949.811 3.99E-06 1751.09 9.23 28.41 1.67
1949.796 4.16E-06 1751 9.26 28.06 1.67
1949.782 3.98E-06 1750.92 9.27 27.87 1.67
1949.767 3.69E-06 1750.84 9.29 27.69 1.67
1949.753 3.62E-06 1750.75 9.32 27.33 1.66
1949.738 3.72E-06 1750.67 9.35 26.95 1.66
1949.724 3.65E-06 1750.59 9.35 27.01 1.66
1949.709 3.74E-06 1750.5 9.34 27.07 1.66
1949.695 3.56E-06 1750.42 9.35 26.95 1.66

1949.68 4.18E-06 1750.34 9.36 26.84 1.66
1949.666 3.85E-06 1750.25 9.31 27.47 1.66
1949.651 3.97E-06 1750.17 9.25 28.16 1.66
1949.637 3.93E-06 1750.09 9.35 26.92 1.66
1949.622 3.98E-06 1750 9.37 26.73 1.66
1949.608 4.03E-06 1749.92 9.38 26.54 1.66
1949.593 4.1E-06 1749.84 9.4 26.39 1.66
1949.579 4.49E-06 1749.75 9.41 26.28 1.66
1949.564 4.64E-06 1749.67 9.4 26.38 1.67

1949.55 4.34E-06 1749.59 9.36 26.81 1.67
1949.533 4.66E-06 1749.5 9.32 27.33 1.67

ABOR/MH/Priv-003110

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003111

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1949.516 4.53E-06 1749.42 9.28 27.76 1.68
1949.499 4.74E-06 1749.34 9.25 28.11 1.68
1949.481 4.64E-06 1749.25 9.22 28.55 1.69
1949.464 4.81E-06 1749.17 9.2 28.77 1.69
1949.447 4.71E-06 1749.09 9.23 28.38 1.7

1949.43 5.01E-06 1749 9.27 27.98 1.7
1949.413 4.95E-06 1748.92 9.3 27.55 1.71
1949.396 5.12E-06 1748.84 9.35 26.93 1.71
1949.378 5.05E-06 1748.75 9.39 26.51 1.72
1949.361 4.79E-06 1748.67 9.4 26.34 1.73
1949.344 4.63E-06 1748.59 9.36 26.89 1.73
1949.327 4.63E-06 1748.5 9.34 27.08 1.74

1949.31 0.000005 1748.42 9.36 26.83 1.74
1949.293 4.92E-06 1748.34 9.26 28.07 1.74
1949.276 5.22E-06 1748.25 9.19 28.92 1.75
1949.258 5.66E-06 1748.17 9.16 29.26 1.75
1949.241 5.86E-06 1748.09 9.18 29.05 1.76
1949.224 5.95E-06 1748 9.21 28.68 1.76
1949.207 5.42E-06 1747.92 9.23 28.46 1.76

1949.19 5.34E-06 1747.84 9.26 28.04 1.76
1949.173 6.1E-06 1747.75 9.3 27.55 1.76
1949.155 5.39E-06 1747.67 9.38 26.58 1.76
1949.138 5.53E-06 1747.59 9.43 26.02 1.76
1949.121 5.07E-06 1747.5 9.36 26.88 1.76
1949.104 5.61E-06 1747.42 9.31 27.38 1.76
1949.087 4.62E-06 1747.34 9.27 27.95 1.76

1949.07 4.77E-06 1747.25 9.2 28.73 1.76
1949.053 4.58E-06 1747.17 9.16 29.26 1.75
1949.035 4.57E-06 1747.09 9.18 29.02 1.75
1949.018 4.22E-06 1747 9.24 28.31 1.75
1949.001 4.04E-06 1746.92 9.29 27.69 1.74
1948.984 4.34E-06 1746.84 9.33 27.23 1.74
1948.967 4.28E-06 1746.75 9.35 26.9 1.73

1948.95 4.18E-06 1746.67 9.38 26.6 1.72
1948.932 4.32E-06 1746.59 9.31 27.39 1.72
1948.915 4.25E-06 1746.5 9.23 28.37 1.71
1948.898 4.36E-06 1746.42 9.22 28.51 1.71
1948.881 4.11E-06 1746.34 9.24 28.29 1.7
1948.864 4.15E-06 1746.25 9.24 28.32 1.69
1948.847 4.25E-06 1746.17 9.21 28.65 1.68
1948.829 4.15E-06 1746.09 9.27 27.91 1.68
1948.812 4.09E-06 1746 9.36 26.87 1.67
1948.795 4.14E-06 1745.92 9.43 25.95 1.66
1948.778 4.17E-06 1745.84 9.44 25.86 1.66
1948.761 3.97E-06 1745.75 9.44 25.85 1.65

ABOR/MH/Priv-003112

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003113

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1948.744 4.14E-06 1745.67 9.4 26.3 1.65
1948.727 4.01E-06 1745.59 9.37 26.75 1.64
1948.709 4.18E-06 1745.5 9.39 26.47 1.64
1948.692 4.29E-06 1745.42 9.3 27.61 1.63
1948.675 4.19E-06 1745.34 9.24 28.34 1.63
1948.658 4.35E-06 1745.25 9.21 28.71 1.62
1948.641 4.43E-06 1745.17 9.19 28.89 1.62
1948.624 4.47E-06 1745.09 9.22 28.55 1.62
1948.606 4.45E-06 1745 9.23 28.41 1.61
1948.589 4.2E-06 1744.92 9.38 26.58 1.61
1948.572 4.34E-06 1744.84 9.48 25.35 1.61
1948.555 4.38E-06 1744.75 9.47 25.48 1.61
1948.537 4.35E-06 1744.67 9.41 26.22 1.61
1948.519 4.32E-06 1744.59 9.4 26.33 1.6

1948.5 4.32E-06 1744.5 9.41 26.22 1.6
1948.482 4.32E-06 1744.42 9.39 26.46 1.6
1948.464 4.41E-06 1744.34 9.32 27.36 1.6
1948.446 4.57E-06 1744.25 9.22 28.48 1.6
1948.428 4.5E-06 1744.17 9.14 29.5 1.6

1948.41 4.72E-06 1744.09 9.17 29.2 1.6
1948.391 4.67E-06 1744 9.2 28.8 1.6
1948.373 4.57E-06 1743.92 9.22 28.47 1.6
1948.355 4.47E-06 1743.84 9.23 28.41 1.6
1948.337 4.73E-06 1743.75 9.29 27.72 1.6
1948.319 4.83E-06 1743.67 9.33 27.19 1.59

1948.3 5.13E-06 1743.59 9.36 26.85 1.59
1948.282 4.95E-06 1743.5 9.35 26.89 1.59
1948.264 5.02E-06 1743.42 9.35 26.91 1.59
1948.246 4.97E-06 1743.34 9.29 27.64 1.58
1948.228 4.58E-06 1743.25 9.24 28.31 1.58

1948.21 4.45E-06 1743.17 9.22 28.53 1.58
1948.191 4.41E-06 1743.09 9.28 27.85 1.58
1948.173 4.49E-06 1743 9.27 27.91 1.57
1948.155 4.28E-06 1742.92 9.31 27.43 1.57
1948.137 4.29E-06 1742.84 9.35 26.98 1.57
1948.119 4.21E-06 1742.75 9.39 26.48 1.56

1948.1 4.03E-06 1742.67 9.42 26.1 1.56
1948.082 3.98E-06 1742.59 9.39 26.43 1.56
1948.064 4.06E-06 1742.5 9.36 26.81 1.55
1948.046 4.11E-06 1742.42 9.33 27.19 1.55
1948.028 4.06E-06 1742.34 9.27 27.98 1.55

1948.01 4.03E-06 1742.25 9.23 28.39 1.55
1947.991 3.98E-06 1742.17 9.21 28.65 1.54
1947.973 3.98E-06 1742.09 9.24 28.24 1.54
1947.955 3.96E-06 1742 9.26 27.98 1.54

ABOR/MH/Priv-003114

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003115

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1947.937 3.86E-06 1741.92 9.3 27.54 1.54
1947.919 3.96E-06 1741.84 9.37 26.74 1.54

1947.9 3.93E-06 1741.75 9.41 26.17 1.53
1947.882 3.95E-06 1741.67 9.45 25.73 1.53
1947.864 4.26E-06 1741.59 9.45 25.77 1.53
1947.846 4.26E-06 1741.5 9.36 26.87 1.53
1947.828 4.08E-06 1741.42 9.25 28.11 1.53

1947.81 4.07E-06 1741.34 9.22 28.53 1.53
1947.791 4.24E-06 1741.25 9.22 28.53 1.53
1947.773 4.06E-06 1741.17 9.21 28.65 1.53
1947.755 4.34E-06 1741.09 9.22 28.5 1.53
1947.737 4.21E-06 1741 9.29 27.73 1.53
1947.719 4.26E-06 1740.92 9.35 27.01 1.53

1947.7 4.38E-06 1740.84 9.39 26.51 1.53
1947.682 4.26E-06 1740.75 9.45 25.69 1.53
1947.664 4.5E-06 1740.67 9.43 26.04 1.53
1947.646 4.54E-06 1740.59 9.36 26.79 1.53
1947.628 4.6E-06 1740.5 9.33 27.21 1.53

1947.61 4.52E-06 1740.42 9.28 27.75 1.54
1947.591 4.57E-06 1740.34 9.25 28.11 1.54
1947.573 4.55E-06 1740.25 9.23 28.37 1.54
1947.555 4.55E-06 1740.17 9.17 29.13 1.55
1947.535 4.59E-06 1740.09 9.29 27.67 1.55
1947.515 4.49E-06 1740 9.35 27 1.55
1947.495 4.84E-06 1739.92 9.43 26.02 1.56
1947.475 4.57E-06 1739.84 9.45 25.76 1.56
1947.455 5.21E-06 1739.75 9.43 25.98 1.56
1947.435 5.32E-06 1739.67 9.41 26.21 1.57
1947.415 5.84E-06 1739.59 9.37 26.7 1.57
1947.395 5.94E-06 1739.5 9.31 27.42 1.58
1947.375 5.92E-06 1739.42 9.28 27.81 1.58
1947.355 7.36E-06 1739.34 9.24 28.32 1.59
1947.335 6.34E-06 1739.25 9.22 28.56 1.59
1947.315 6.58E-06 1739.17 9.18 29.01 1.6
1947.295 6.62E-06 1739.09 9.24 28.23 1.6
1947.275 6.94E-06 1739 9.24 28.28 1.61
1947.255 7.19E-06 1738.92 9.33 27.19 1.61
1947.235 7.43E-06 1738.84 9.39 26.4 1.61
1947.215 6.06E-06 1738.75 9.39 26.46 1.62
1947.195 5.05E-06 1738.67 9.42 26.1 1.62
1947.175 4.99E-06 1738.59 9.42 26.1 1.62
1947.155 5.23E-06 1738.5 9.33 27.14 1.62
1947.135 4.49E-06 1738.42 9.24 28.28 1.63
1947.115 4.07E-06 1738.34 9.22 28.51 1.63
1947.095 4.02E-06 1738.25 9.19 28.88 1.63

ABOR/MH/Priv-003116

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003117

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1947.075 3.81E-06 1738.17 9.18 29.01 1.63
1947.055 4.07E-06 1738.09 9.24 28.23 1.63
1947.035 3.75E-06 1738 9.26 28.07 1.63
1947.015 3.98E-06 1737.92 9.28 27.8 1.63
1946.995 3.8E-06 1737.84 9.31 27.46 1.62
1946.975 4.03E-06 1737.75 9.33 27.19 1.62
1946.955 3.87E-06 1737.67 9.33 27.18 1.62
1946.935 3.93E-06 1737.59 9.33 27.18 1.61
1946.915 3.99E-06 1737.5 9.34 27.02 1.61
1946.895 0.000004 1737.42 9.32 27.27 1.6
1946.875 3.87E-06 1737.34 9.29 27.68 1.6
1946.855 4.06E-06 1737.25 9.23 28.44 1.59
1946.835 4.14E-06 1737.17 9.19 28.89 1.58
1946.815 4.12E-06 1737.09 9.3 27.59 1.58
1946.795 3.97E-06 1737 9.23 28.35 1.57
1946.775 3.96E-06 1736.92 9.22 28.59 1.56
1946.755 3.83E-06 1736.84 9.34 27.1 1.55
1946.735 4.08E-06 1736.75 9.4 26.35 1.54
1946.715 4.34E-06 1736.67 9.43 26.04 1.54
1946.695 4.67E-06 1736.59 9.44 25.9 1.53
1946.675 4.75E-06 1736.5 9.41 26.23 1.52
1946.655 4.78E-06 1736.42 9.32 27.28 1.51
1946.635 4.5E-06 1736.34 9.28 27.84 1.5
1946.615 4.91E-06 1736.25 9.27 27.92 1.49
1946.595 5.39E-06 1736.17 9.26 28.04 1.48
1946.575 6.28E-06 1736.09 9.29 27.7 1.47
1946.555 6.58E-06 1736 9.34 27.12 1.46
1946.539 6.37E-06 1735.92 9.37 26.7 1.45
1946.524 6.63E-06 1735.84 9.39 26.51 1.44
1946.508 6.24E-06 1735.75 9.4 26.4 1.44
1946.493 6.29E-06 1735.67 9.4 26.34 1.43
1946.477 6.54E-06 1735.59 9.38 26.57 1.42
1946.462 6.56E-06 1735.5 9.32 27.27 1.41
1946.446 6.57E-06 1735.42 9.26 28.04 1.4
1946.431 6.49E-06 1735.34 9.25 28.11 1.39
1946.415 6.44E-06 1735.25 9.22 28.55 1.38

1946.4 6.6E-06 1735.17 9.2 28.77 1.37
1946.384 6.13E-06 1735.09 9.26 28.09 1.36
1946.369 6.13E-06 1735 9.27 27.91 1.35
1946.353 6.01E-06 1734.92 9.27 27.95 1.34
1946.338 6.3E-06 1734.84 9.3 27.5 1.34
1946.322 6.36E-06 1734.75 9.35 26.92 1.33
1946.307 6.27E-06 1734.67 9.42 26.15 1.32
1946.291 6.65E-06 1734.59 9.46 25.56 1.31
1946.276 7.57E-06 1734.5 9.39 26.42 1.3

ABOR/MH/Priv-003118

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003119

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1946.26 6.9E-06 1734.42 9.38 26.62 1.29
1946.245 6.43E-06 1734.34 9.36 26.83 1.29
1946.229 7.24E-06 1734.25 9.31 27.39 1.28
1946.214 7.37E-06 1734.17 9.27 27.92 1.27
1946.198 1.03E-05 1734.09 9.28 27.81 1.27
1946.183 9.24E-06 1734 9.36 26.87 1.26
1946.167 8.3E-06 1733.92 9.37 26.7 1.25
1946.152 9.72E-06 1733.84 9.42 26.14 1.25
1946.136 8.79E-06 1733.75 9.47 25.51 1.25
1946.121 8.88E-06 1733.67 9.46 25.61 1.24
1946.105 8.31E-06 1733.59 9.4 26.29 1.24

1946.09 7.53E-06 1733.5 9.47 25.52 1.24
1946.074 6.33E-06 1733.42 9.38 26.58 1.24
1946.059 7.51E-06 1733.34 9.29 27.71 1.23
1946.043 7.95E-06 1733.25 9.25 28.15 1.23
1946.028 7.22E-06 1733.17 9.23 28.41 1.23
1946.012 7.01E-06 1733.09 9.27 27.94 1.23
1945.996 5.87E-06 1733 9.27 27.88 1.23
1945.981 4.73E-06 1732.92 9.33 27.24 1.23
1945.965 4.34E-06 1732.84 9.4 26.3 1.23

1945.95 5.33E-06 1732.75 9.43 26.01 1.22
1945.934 4.8E-06 1732.67 9.44 25.84 1.22
1945.919 4.18E-06 1732.59 9.37 26.68 1.22
1945.903 4.34E-06 1732.5 9.28 27.76 1.22
1945.888 4.21E-06 1732.42 9.23 28.39 1.22
1945.872 3.96E-06 1732.34 9.25 28.17 1.21
1945.857 3.84E-06 1732.25 9.23 28.37 1.21
1945.841 3.89E-06 1732.17 9.21 28.65 1.21
1945.826 3.88E-06 1732.09 9.27 27.97 1.2

1945.81 4.3E-06 1732 9.35 26.99 1.2
1945.795 4.5E-06 1731.92 9.37 26.7 1.2
1945.779 3.98E-06 1731.84 9.36 26.82 1.19
1945.764 4.1E-06 1731.75 9.34 27.06 1.19
1945.748 3.98E-06 1731.67 9.45 25.73 1.18
1945.733 4.12E-06 1731.59 9.39 26.52 1.18
1945.717 4.11E-06 1731.5 9.35 26.93 1.17
1945.702 4.03E-06 1731.42 9.3 27.56 1.17
1945.686 3.94E-06 1731.34 9.28 27.78 1.16
1945.671 3.93E-06 1731.25 9.26 28.03 1.15
1945.655 3.71E-06 1731.17 9.24 28.28 1.15

1945.64 4.03E-06 1731.09 9.33 27.15 1.14
1945.624 4.02E-06 1731 9.42 26.15 1.14
1945.609 4.37E-06 1730.92 9.46 25.58 1.13
1945.593 4.56E-06 1730.84 9.44 25.85 1.13
1945.578 4.87E-06 1730.75 9.43 25.99 1.12

ABOR/MH/Priv-003120

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003121

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1945.562 5.34E-06 1730.67 9.41 26.28 1.11
1945.547 5.16E-06 1730.59 9.37 26.73 1.11
1945.531 4.27E-06 1730.5 9.32 27.35 1.1
1945.516 5.14E-06 1730.42 9.29 27.73 1.1

1945.5 4.62E-06 1730.34 9.28 27.8 1.09
1945.479 4.45E-06 1730.25 9.29 27.7 1.09
1945.458 7.23E-06 1730.17 9.29 27.68 1.08
1945.437 6.49E-06 1730.09 9.3 27.58 1.08
1945.416 7.03E-06 1730 9.37 26.74 1.07
1945.395 5.55E-06 1729.92 9.42 26.16 1.07
1945.374 5.83E-06 1729.84 9.44 25.89 1.07
1945.353 4.52E-06 1729.75 9.46 25.65 1.06
1945.332 4.15E-06 1729.67 9.49 25.25 1.06
1945.311 4.04E-06 1729.59 9.42 26.16 1.05

1945.29 3.98E-06 1729.5 9.37 26.66 1.05
1945.269 3.96E-06 1729.42 9.34 27.13 1.05
1945.248 4.03E-06 1729.34 9.3 27.6 1.05
1945.227 4.37E-06 1729.25 9.27 27.98 1.04
1945.206 4.36E-06 1729.17 9.24 28.28 1.04
1945.185 5.17E-06 1729.09 9.26 28.03 1.04
1945.164 6.19E-06 1729 9.29 27.64 1.04
1945.143 5.99E-06 1728.92 9.34 27.04 1.03
1945.122 5.47E-06 1728.84 9.41 26.18 1.03
1945.101 5.96E-06 1728.75 9.44 25.87 1.03

1945.08 4.67E-06 1728.67 9.47 25.49 1.03
1945.059 4.38E-06 1728.59 9.46 25.62 1.02
1945.038 4.17E-06 1728.5 9.43 26.02 1.02
1945.017 4.37E-06 1728.42 9.36 26.83 1.02
1944.996 4.34E-06 1728.34 9.33 27.17 1.02
1944.975 3.9E-06 1728.25 9.3 27.6 1.02
1944.954 3.92E-06 1728.17 9.25 28.16 1.01
1944.933 3.7E-06 1728.09 9.26 28.02 1.01
1944.912 3.78E-06 1728 9.31 27.39 1.01
1944.891 3.56E-06 1727.92 9.36 26.89 1.01

1944.87 3.63E-06 1727.84 9.37 26.74 1
1944.849 3.55E-06 1727.75 9.38 26.64 1
1944.828 3.89E-06 1727.67 9.43 25.98 1
1944.807 3.71E-06 1727.59 9.44 25.81 1
1944.786 3.8E-06 1727.5 9.41 26.26 0.99
1944.765 3.71E-06 1727.42 9.33 27.16 0.99
1944.744 3.71E-06 1727.34 9.29 27.63 0.99
1944.723 4.06E-06 1727.25 9.28 27.78 0.99
1944.702 4.1E-06 1727.17 9.27 27.92 0.98
1944.681 4.12E-06 1727.09 9.29 27.66 0.98

1944.66 0.000004 1727 9.33 27.14 0.98

ABOR/MH/Priv-003122

CONFIDENTIAL -  
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003123

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1944.639 4.17E-06 1726.92 9.39 26.46 0.97
1944.618 4.21E-06 1726.84 9.45 25.77 0.97
1944.597 4.19E-06 1726.75 9.42 26.13 0.96
1944.576 4.2E-06 1726.67 9.38 26.59 0.96
1944.555 4.2E-06
1944.533 4.4E-06

1944.51 4.75E-06
1944.488 5.22E-06
1944.466 5.28E-06
1944.443 5.18E-06
1944.421 5.74E-06
1944.399 5.03E-06
1944.376 5.41E-06
1944.354 5.62E-06
1944.332 5.85E-06
1944.309 5.82E-06
1944.287 6.39E-06
1944.265 6.33E-06
1944.242 5.96E-06

1944.22 6.13E-06
1944.198 4.89E-06
1944.175 4.22E-06
1944.153 4.09E-06
1944.131 4.17E-06
1944.108 4.09E-06
1944.086 3.93E-06
1944.064 3.95E-06
1944.041 3.76E-06
1944.019 3.69E-06
1943.997 3.85E-06
1943.974 3.87E-06
1943.952 3.82E-06

1943.93 3.7E-06
1943.907 3.69E-06
1943.885 3.73E-06
1943.863 3.89E-06

1943.84 3.85E-06
1943.818 3.75E-06
1943.796 3.73E-06
1943.773 3.91E-06
1943.751 4.13E-06
1943.729 4.27E-06
1943.706 4.22E-06
1943.684 4.05E-06
1943.662 4.06E-06

ABOR/MH/Priv-003124

CONFIDENTIAL -  
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003125

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1943.639 3.88E-06
1943.617 3.98E-06
1943.595 4.35E-06
1943.572 4.34E-06

1943.55 4.38E-06
1943.522 4.2E-06
1943.494 4.15E-06
1943.467 4.07E-06
1943.439 4.3E-06
1943.411 4.27E-06
1943.383 4.41E-06
1943.356 4.38E-06
1943.328 4.81E-06

1943.3 5.27E-06
1943.272 5.13E-06
1943.244 4.76E-06
1943.217 4.64E-06
1943.189 4.49E-06
1943.161 4.34E-06
1943.133 4.4E-06
1943.106 4.21E-06
1943.078 4.12E-06

1943.05 3.98E-06
1943.022 4.03E-06
1942.994 0.000004
1942.967 3.94E-06
1942.939 3.93E-06
1942.911 3.98E-06
1942.883 3.87E-06
1942.856 4.07E-06
1942.828 3.71E-06

1942.8 3.83E-06
1942.772 3.82E-06
1942.744 3.96E-06
1942.717 4.06E-06
1942.689 3.98E-06
1942.661 3.98E-06
1942.633 0.000004
1942.606 3.82E-06
1942.578 3.89E-06

1942.55 4.16E-06
1942.538 3.96E-06
1942.526 4.11E-06
1942.515 4.1E-06
1942.503 4.15E-06

ABOR/MH/Priv-003126
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003127

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1942.491 4.54E-06
1942.479 4.2E-06
1942.468 4.22E-06
1942.456 4.22E-06
1942.444 4.21E-06
1942.432 4.13E-06
1942.421 4.5E-06
1942.409 4.25E-06
1942.397 4.16E-06
1942.385 4.06E-06
1942.374 4.41E-06
1942.362 4.45E-06

1942.35 4.46E-06
1942.338 4.28E-06
1942.326 4.15E-06
1942.315 4.08E-06
1942.303 3.55E-06
1942.291 3.03E-06
1942.279 3.23E-06
1942.268 3.01E-06
1942.256 2.95E-06
1942.244 3.06E-06
1942.232 3.3E-06
1942.221 3.38E-06
1942.209 4.01E-06
1942.197 3.91E-06
1942.185 3.73E-06
1942.174 3.71E-06
1942.162 3.81E-06

1942.15 3.94E-06
1942.138 3.83E-06
1942.126 3.8E-06
1942.115 3.94E-06
1942.103 3.71E-06
1942.091 3.83E-06
1942.079 3.85E-06
1942.068 3.85E-06
1942.056 3.69E-06
1942.044 3.81E-06
1942.032 3.94E-06
1942.021 4.04E-06
1942.009 4.08E-06
1941.997 4.11E-06
1941.985 3.91E-06
1941.974 4.06E-06

ABOR/MH/Priv-003128
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003129

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1941.962 3.96E-06
1941.95 3.85E-06

1941.938 3.83E-06
1941.926 4.05E-06
1941.915 4.02E-06
1941.903 3.93E-06
1941.891 3.93E-06
1941.879 0.000004
1941.868 4.01E-06
1941.856 4.11E-06
1941.844 0.000004
1941.832 3.88E-06
1941.821 3.98E-06
1941.809 3.98E-06
1941.797 3.86E-06
1941.785 3.87E-06
1941.774 3.82E-06
1941.762 3.76E-06

1941.75 3.96E-06
1941.738 3.93E-06
1941.726 3.97E-06
1941.715 3.91E-06
1941.703 3.9E-06
1941.691 3.88E-06
1941.679 3.78E-06
1941.668 4.11E-06
1941.656 4.06E-06
1941.644 4.03E-06
1941.632 4.12E-06
1941.621 3.77E-06
1941.609 4.03E-06
1941.597 4.06E-06
1941.585 4.19E-06
1941.574 4.28E-06
1941.562 4.22E-06

1941.55 4.4E-06
1941.53 4.53E-06

1941.509 4.4E-06
1941.489 4.45E-06
1941.468 4.47E-06
1941.448 4.57E-06
1941.428 4.55E-06
1941.407 4.57E-06
1941.387 4.49E-06
1941.366 4.51E-06

ABOR/MH/Priv-003130
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003131

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1941.346 4.39E-06
1941.326 4.51E-06
1941.305 4.48E-06
1941.285 4.54E-06
1941.264 4.66E-06
1941.244 5.32E-06
1941.223 5.41E-06
1941.203 5.12E-06
1941.183 4.98E-06
1941.162 5.3E-06
1941.142 5.28E-06
1941.121 5.1E-06
1941.101 5.11E-06
1941.081 4.99E-06

1941.06 5.19E-06
1941.04 4.99E-06

1941.019 4.63E-06
1940.999 4.66E-06
1940.979 4.58E-06
1940.958 4.4E-06
1940.938 4.28E-06
1940.917 4.15E-06
1940.897 3.94E-06
1940.877 0.000004
1940.856 3.92E-06
1940.836 3.82E-06
1940.815 3.99E-06
1940.795 4.61E-06
1940.774 4.88E-06
1940.754 4.86E-06
1940.734 4.8E-06
1940.713 4.89E-06
1940.693 5.01E-06
1940.672 4.8E-06
1940.652 5.02E-06
1940.632 4.62E-06
1940.611 5.17E-06
1940.591 5.36E-06

1940.57 5.21E-06
1940.55 5.41E-06

1940.532 6.57E-06
1940.514 6.48E-06
1940.496 6.13E-06
1940.479 7.57E-06
1940.461 6.85E-06

ABOR/MH/Priv-003132

CONFIDENTIAL -  
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003133

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1940.443 7.92E-06
1940.425 9.4E-06
1940.407 9.32E-06
1940.389 8.17E-06
1940.371 8.36E-06
1940.354 7.15E-06
1940.336 6.37E-06
1940.318 5.96E-06

1940.3 4.4E-06
1940.282 3.72E-06
1940.264 3.59E-06
1940.246 3.48E-06
1940.229 3.59E-06
1940.211 3.45E-06
1940.193 3.81E-06
1940.175 3.57E-06
1940.157 3.58E-06
1940.139 3.49E-06
1940.121 3.57E-06
1940.104 3.82E-06
1940.086 3.77E-06
1940.068 3.81E-06

1940.05 3.85E-06
1940.032 3.84E-06
1940.014 3.92E-06
1939.996 4.01E-06
1939.979 3.91E-06
1939.961 4.01E-06
1939.943 4.06E-06
1939.925 4.02E-06
1939.907 4.07E-06
1939.889 3.97E-06
1939.871 4.4E-06
1939.854 4.28E-06
1939.836 4.35E-06
1939.818 4.33E-06

1939.8 4.26E-06
1939.782 4.28E-06
1939.764 4.3E-06
1939.746 4.12E-06
1939.729 4.11E-06
1939.711 4.09E-06
1939.693 4.1E-06
1939.675 3.97E-06
1939.657 0.000004

ABOR/MH/Priv-003134
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003135

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1939.639 0.000004
1939.621 3.76E-06
1939.604 3.88E-06
1939.586 3.99E-06
1939.568 4.05E-06

1939.55 4.06E-06
1939.522 4.02E-06
1939.494 4.02E-06
1939.467 3.89E-06
1939.439 3.97E-06
1939.411 3.98E-06
1939.383 3.86E-06
1939.356 3.82E-06
1939.328 3.81E-06

1939.3 3.93E-06
1939.272 3.9E-06
1939.244 3.8E-06
1939.217 3.95E-06
1939.189 0.000004
1939.161 3.86E-06
1939.133 4.2E-06
1939.106 0.000004
1939.078 3.92E-06

1939.05 4.03E-06
1939.022 3.91E-06
1938.994 4.09E-06
1938.967 4.07E-06
1938.939 3.93E-06
1938.911 3.92E-06
1938.883 3.91E-06
1938.856 3.96E-06
1938.828 3.96E-06

1938.8 4.12E-06
1938.772 4.07E-06
1938.744 4.18E-06
1938.717 0.000004
1938.689 4.3E-06
1938.661 4.29E-06
1938.633 4.34E-06
1938.606 4.17E-06
1938.578 4.17E-06

1938.55 4.27E-06
1938.519 4.35E-06
1938.488 4.45E-06
1938.456 4.76E-06

ABOR/MH/Priv-003136
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Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003137

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1938.425 4.84E-06
1938.394 4.96E-06
1938.363 4.91E-06
1938.331 4.97E-06

1938.3 4.97E-06
1938.269 4.85E-06
1938.238 4.68E-06
1938.206 4.49E-06
1938.175 4.48E-06
1938.144 4.44E-06
1938.113 4.39E-06
1938.081 4.25E-06

1938.05 4.02E-06
1938.019 3.98E-06
1937.988 3.66E-06
1937.956 3.99E-06
1937.925 4.09E-06
1937.894 4.1E-06
1937.863 3.92E-06
1937.831 3.79E-06

1937.8 3.86E-06
1937.769 3.88E-06
1937.738 0.000004
1937.706 3.99E-06
1937.675 3.96E-06
1937.644 4.13E-06
1937.613 4.13E-06
1937.581 4.27E-06

1937.55 4.13E-06
1937.53 4.06E-06
1937.51 3.99E-06
1937.49 4.08E-06
1937.47 3.79E-06
1937.45 3.81E-06
1937.43 3.81E-06
1937.41 5.04E-06
1937.39 5.35E-06
1937.37 5.23E-06
1937.35 5.04E-06
1937.33 4.83E-06
1937.31 4.75E-06
1937.29 4.51E-06
1937.27 4.3E-06
1937.25 4.06E-06
1937.23 4.1E-06

ABOR/MH/Priv-003138

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003139

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1937.21 3.96E-06
1937.19 4.13E-06
1937.17 4.36E-06
1937.15 4.43E-06
1937.13 4.08E-06
1937.11 3.98E-06
1937.09 3.94E-06
1937.07 3.88E-06
1937.05 4.05E-06
1937.03 3.86E-06
1937.01 3.81E-06
1936.99 3.84E-06
1936.97 3.81E-06
1936.95 3.83E-06
1936.93 3.73E-06
1936.91 4.03E-06
1936.89 3.68E-06
1936.87 3.48E-06
1936.85 3.6E-06
1936.83 3.62E-06
1936.81 3.84E-06
1936.79 3.99E-06
1936.77 4.09E-06
1936.75 4.4E-06
1936.73 4.17E-06
1936.71 4.12E-06
1936.69 4.09E-06
1936.67 4.03E-06
1936.65 4.09E-06
1936.63 3.93E-06
1936.61 4.12E-06
1936.59 4.1E-06
1936.57 4.03E-06
1936.55 4.12E-06

1936.528 0.000004
1936.506 3.96E-06
1936.483 4.19E-06
1936.461 4.16E-06
1936.439 3.99E-06
1936.417 4.23E-06
1936.394 4.3E-06
1936.372 4.62E-06

1936.35 6.73E-06
1936.328 9.34E-06
1936.306 9.68E-06

ABOR/MH/Priv-003140
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IN CAMERA REVIEW ONLY 
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003141

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1936.283 7.3E-06
1936.261 5.62E-06
1936.239 5.02E-06
1936.217 4.33E-06
1936.194 3.85E-06
1936.172 3.64E-06

1936.15 3.61E-06
1936.128 3.53E-06
1936.106 3.52E-06
1936.083 3.49E-06
1936.061 3.51E-06
1936.039 3.51E-06
1936.017 3.54E-06
1935.994 3.65E-06
1935.972 3.73E-06

1935.95 3.84E-06
1935.928 3.88E-06
1935.906 3.73E-06
1935.883 3.8E-06
1935.861 3.62E-06
1935.839 3.8E-06
1935.817 3.75E-06
1935.794 3.63E-06
1935.772 3.64E-06

1935.75 3.56E-06
1935.728 3.69E-06
1935.706 3.91E-06
1935.683 3.98E-06
1935.661 4.18E-06
1935.639 4.24E-06
1935.617 4.39E-06
1935.594 4.15E-06
1935.572 4.02E-06

1935.55 4.22E-06
1935.527 4.19E-06
1935.505 4.33E-06
1935.482 4.4E-06
1935.459 4.3E-06
1935.436 4.25E-06
1935.414 4.31E-06
1935.391 4.17E-06
1935.368 3.87E-06
1935.345 3.74E-06
1935.323 3.75E-06

1935.3 3.59E-06

ABOR/MH/Priv-003142
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003143

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1935.277 3.46E-06
1935.255 3.49E-06
1935.232 3.39E-06
1935.209 3.44E-06
1935.186 3.62E-06
1935.164 3.92E-06
1935.141 3.83E-06
1935.118 3.77E-06
1935.095 4.04E-06
1935.073 3.69E-06

1935.05 3.85E-06
1935.027 3.84E-06
1935.005 3.92E-06
1934.982 4.05E-06
1934.959 3.9E-06
1934.936 3.93E-06
1934.914 3.7E-06
1934.891 3.71E-06
1934.868 3.78E-06
1934.845 3.65E-06
1934.823 3.76E-06

1934.8 3.77E-06
1934.777 3.67E-06
1934.755 3.75E-06
1934.732 3.88E-06
1934.709 3.75E-06
1934.686 3.89E-06
1934.664 3.88E-06
1934.641 3.95E-06
1934.618 4.08E-06
1934.595 4.09E-06
1934.573 4.21E-06

1934.55 4.32E-06
1934.53 3.87E-06
1934.51 4.09E-06
1934.49 4.16E-06
1934.47 4.05E-06
1934.45 4.11E-06
1934.43 4.06E-06
1934.41 4.03E-06
1934.39 4.05E-06
1934.37 4.17E-06
1934.35 4.19E-06
1934.33 4.51E-06
1934.31 4.47E-06

ABOR/MH/Priv-003144
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003145

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1934.29 4.69E-06
1934.27 4.57E-06
1934.25 5.21E-06
1934.23 6.14E-06
1934.21 5.95E-06
1934.19 5.32E-06
1934.17 6.43E-06
1934.15 6.33E-06
1934.13 6.01E-06
1934.11 5.63E-06
1934.09 5.12E-06
1934.07 4.5E-06
1934.05 4.73E-06
1934.03 4.34E-06
1934.01 4.32E-06
1933.99 4.34E-06
1933.97 4.5E-06
1933.95 3.88E-06
1933.93 3.94E-06
1933.91 3.81E-06
1933.89 3.77E-06
1933.87 3.76E-06
1933.85 3.92E-06
1933.83 4.1E-06
1933.81 3.83E-06
1933.79 3.82E-06
1933.77 3.98E-06
1933.75 3.86E-06
1933.73 3.89E-06
1933.71 3.79E-06
1933.69 4.04E-06
1933.67 3.93E-06
1933.65 4.17E-06
1933.63 4.18E-06
1933.61 4.27E-06
1933.59 4.23E-06
1933.57 4.22E-06
1933.55 4.35E-06

1933.527 4.59E-06
1933.505 4.44E-06
1933.482 4.58E-06
1933.459 4.7E-06
1933.436 4.47E-06
1933.414 4.75E-06
1933.391 4.55E-06

ABOR/MH/Priv-003146

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003147

CONFIDENTIAL -  
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Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1933.368 4.87E-06
1933.345 4.71E-06
1933.323 4.86E-06

1933.3 5.08E-06
1933.277 5.39E-06
1933.255 5.18E-06
1933.232 5.46E-06
1933.209 5.53E-06
1933.186 6.22E-06
1933.164 6.45E-06
1933.141 6.29E-06
1933.118 5.06E-06
1933.095 5.05E-06
1933.073 5.41E-06

1933.05 4.82E-06
1933.027 5.13E-06
1933.005 4.42E-06
1932.982 3.63E-06
1932.959 3.66E-06
1932.936 3.77E-06
1932.914 3.78E-06
1932.891 3.82E-06
1932.868 3.92E-06
1932.845 4.15E-06
1932.823 4.24E-06

1932.8 4.14E-06
1932.777 4.09E-06
1932.755 4.06E-06
1932.732 4.07E-06
1932.709 4.1E-06
1932.686 4.16E-06
1932.664 4.05E-06
1932.641 4.09E-06
1932.618 3.87E-06
1932.595 3.63E-06
1932.573 3.64E-06

1932.55 4.03E-06
1932.536 3.97E-06
1932.521 3.87E-06
1932.507 3.86E-06
1932.492 3.91E-06
1932.478 4.09E-06
1932.463 4.1E-06
1932.449 4.32E-06
1932.434 4.89E-06

ABOR/MH/Priv-003148

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003149

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1932.42 4.11E-06
1932.405 3.92E-06
1932.391 3.9E-06
1932.376 4.11E-06
1932.362 4.14E-06
1932.347 4.12E-06
1932.333 4.25E-06
1932.318 4.52E-06
1932.304 4.52E-06
1932.289 4.39E-06
1932.275 4.45E-06

1932.26 4.42E-06
1932.246 4.39E-06
1932.231 4.51E-06
1932.217 4.42E-06
1932.202 4.32E-06
1932.188 4.25E-06
1932.173 4.48E-06
1932.159 4.52E-06
1932.144 4.55E-06

1932.13 4.44E-06
1932.115 4.67E-06
1932.101 5.27E-06
1932.086 6.01E-06
1932.072 5.51E-06
1932.057 5.73E-06
1932.043 5.38E-06
1932.028 4.86E-06
1932.014 4.37E-06
1931.999 4.32E-06
1931.985 4.49E-06

1931.97 4.21E-06
1931.956 4.18E-06
1931.941 4.18E-06
1931.927 3.99E-06
1931.912 3.96E-06
1931.898 3.91E-06
1931.883 4.06E-06
1931.869 3.98E-06
1931.854 4.03E-06

1931.84 4.24E-06
1931.825 4.06E-06
1931.811 4.04E-06
1931.796 4.03E-06
1931.782 4.04E-06

ABOR/MH/Priv-003150

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003151

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1931.767 3.87E-06
1931.753 0.000004
1931.738 3.87E-06
1931.724 3.97E-06
1931.709 3.92E-06
1931.695 4.05E-06

1931.68 4.07E-06
1931.666 3.93E-06
1931.651 3.91E-06
1931.637 4.02E-06
1931.622 4.04E-06
1931.608 4.19E-06
1931.593 4.26E-06
1931.579 4.2E-06
1931.564 4.02E-06

1931.55 4.02E-06
1931.536 4.09E-06
1931.521 4.04E-06
1931.507 0.000004
1931.493 4.03E-06
1931.479 3.93E-06
1931.464 3.98E-06

1931.45 4.03E-06
1931.436 4.09E-06
1931.421 4.15E-06
1931.407 4.12E-06
1931.393 4.13E-06
1931.379 3.91E-06
1931.364 4.04E-06

1931.35 4.06E-06
1931.336 4.12E-06
1931.321 4.18E-06
1931.307 4.02E-06
1931.293 4.05E-06
1931.279 3.93E-06
1931.264 3.92E-06

1931.25 3.89E-06
1931.236 3.92E-06
1931.221 3.91E-06
1931.207 3.91E-06
1931.193 3.72E-06
1931.179 3.8E-06
1931.164 3.55E-06

1931.15 3.44E-06
1931.136 3.44E-06

ABOR/MH/Priv-003152
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IN CAMERA REVIEW ONLY 
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003153

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1931.121 3.31E-06
1931.107 3.59E-06
1931.093 3.68E-06
1931.079 3.64E-06
1931.064 3.66E-06

1931.05 3.36E-06
1931.036 3.59E-06
1931.021 3.55E-06
1931.007 3.66E-06
1930.993 3.62E-06
1930.979 3.53E-06
1930.964 3.62E-06

1930.95 4.14E-06
1930.936 4.01E-06
1930.921 0.000004
1930.907 4.03E-06
1930.893 4.05E-06
1930.879 3.97E-06
1930.864 4.23E-06

1930.85 4.03E-06
1930.836 3.96E-06
1930.821 4.05E-06
1930.807 0.000004
1930.793 4.17E-06
1930.779 4.28E-06
1930.764 4.15E-06

1930.75 4.15E-06
1930.736 4.09E-06
1930.721 4.27E-06
1930.707 4.52E-06
1930.693 4.57E-06
1930.679 4.94E-06
1930.664 5.24E-06

1930.65 5.08E-06
1930.636 5.19E-06
1930.621 5.4E-06
1930.607 5.32E-06
1930.593 5.2E-06
1930.579 4.89E-06
1930.564 4.76E-06

1930.55 4.96E-06
1930.534 4.75E-06
1930.519 4.71E-06
1930.503 4.52E-06
1930.488 4.39E-06

ABOR/MH/Priv-003154

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003155

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1930.472 4.41E-06
1930.456 4.34E-06
1930.441 4.29E-06
1930.425 4.54E-06
1930.409 4.53E-06
1930.394 4.49E-06
1930.378 4.4E-06
1930.363 4.58E-06
1930.347 4.79E-06
1930.331 5.04E-06
1930.316 4.88E-06

1930.3 5.2E-06
1930.284 5.11E-06
1930.269 5.37E-06
1930.253 5.39E-06
1930.238 5.15E-06
1930.222 5.52E-06
1930.206 6.1E-06
1930.191 6.58E-06
1930.175 5.54E-06
1930.159 6.13E-06
1930.144 5.86E-06
1930.128 5.78E-06
1930.113 5.33E-06
1930.097 4.93E-06
1930.081 4.95E-06
1930.066 4.68E-06

1930.05 4.63E-06
1930.034 4.48E-06
1930.019 4.55E-06
1930.003 4.39E-06
1929.988 4.63E-06
1929.972 4.75E-06
1929.956 4.53E-06
1929.941 4.38E-06
1929.925 4.74E-06
1929.909 4.57E-06
1929.894 4.3E-06
1929.878 4.35E-06
1929.863 4.36E-06
1929.847 4.47E-06
1929.831 4.1E-06
1929.816 4.13E-06

1929.8 4.21E-06
1929.784 4.09E-06

ABOR/MH/Priv-003156

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003157

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1929.769 4.23E-06
1929.753 4.06E-06
1929.738 4.29E-06
1929.722 4.2E-06
1929.706 4.3E-06
1929.691 4.33E-06
1929.675 4.05E-06
1929.659 4.03E-06
1929.644 4.18E-06
1929.628 4.41E-06
1929.613 4.42E-06
1929.597 4.48E-06
1929.581 5.01E-06
1929.566 4.41E-06

1929.55 4.73E-06
1929.529 4.82E-06
1929.508 4.82E-06
1929.488 4.79E-06
1929.467 4.95E-06
1929.446 5.35E-06
1929.425 5.48E-06
1929.404 5.81E-06
1929.383 0.000006
1929.363 5.57E-06
1929.342 5.84E-06
1929.321 5.41E-06

1929.3 5.09E-06
1929.279 5.21E-06
1929.258 5.02E-06
1929.238 5.11E-06
1929.217 5.24E-06
1929.196 5.22E-06
1929.175 5.22E-06
1929.154 5.32E-06
1929.133 5.77E-06
1929.113 5.6E-06
1929.092 5.19E-06
1929.071 5.44E-06

1929.05 5.15E-06
1929.029 4.97E-06
1929.008 4.76E-06
1928.988 4.49E-06
1928.967 4.48E-06
1928.946 4.57E-06
1928.925 4.69E-06

ABOR/MH/Priv-003158

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003159

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1928.904 4.23E-06
1928.883 4.35E-06
1928.863 4.3E-06
1928.842 4.25E-06
1928.821 4.18E-06

1928.8 0.000004
1928.779 4.08E-06
1928.758 4.01E-06
1928.738 4.03E-06
1928.717 4.17E-06
1928.696 4.33E-06
1928.675 4.06E-06
1928.654 4.53E-06
1928.633 4.9E-06
1928.613 4.7E-06
1928.592 4.96E-06
1928.571 5.13E-06

1928.55 5.34E-06
1928.521 4.85E-06
1928.491 4.6E-06
1928.462 4.4E-06
1928.432 4.57E-06
1928.403 4.59E-06
1928.374 4.23E-06
1928.344 4.4E-06
1928.315 4.33E-06
1928.285 4.23E-06
1928.256 4.51E-06
1928.226 5.19E-06
1928.197 5.45E-06
1928.168 5.54E-06
1928.138 5.71E-06
1928.109 5.44E-06
1928.079 4.48E-06

1928.05 4.16E-06
1928.021 4.13E-06
1927.991 4.06E-06
1927.962 4.3E-06
1927.932 4.12E-06
1927.903 4.28E-06
1927.874 4.45E-06
1927.844 4.36E-06
1927.815 4.39E-06
1927.785 4.48E-06
1927.756 4.13E-06

ABOR/MH/Priv-003160

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003161

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1927.726 4.11E-06
1927.697 4.21E-06
1927.668 4.13E-06
1927.638 4.24E-06
1927.609 4.33E-06
1927.579 4.24E-06

1927.55 4.54E-06
1927.525 4.55E-06

1927.5 0.000005
1927.475 5.66E-06

1927.45 5.79E-06
1927.425 6.21E-06

1927.4 7.35E-06
1927.375 8.26E-06

1927.35 8.79E-06
1927.325 1E-05

1927.3 1.08E-05
1927.275 1.05E-05

1927.25 1.09E-05
1927.225 1.19E-05

1927.2 1.21E-05
1927.175 1.17E-05

1927.15 9.98E-06
1927.125 8.89E-06

1927.1 8.01E-06
1927.075 6.96E-06

1927.05 5.64E-06
1927.025 4.82E-06

1927 4.25E-06
1926.975 4.11E-06

1926.95 3.99E-06
1926.925 3.98E-06

1926.9 3.89E-06
1926.875 4.02E-06

1926.85 3.87E-06
1926.825 4.02E-06

1926.8 4.06E-06
1926.775 4.15E-06

1926.75 3.99E-06
1926.725 4.06E-06

1926.7 3.99E-06
1926.675 3.94E-06

1926.65 4.21E-06
1926.625 4.42E-06

1926.6 4.15E-06

ABOR/MH/Priv-003162

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003163

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1926.575 4.1E-06
1926.55 4.12E-06

1926.528 4.54E-06
1926.507 4.7E-06
1926.485 4.74E-06
1926.463 4.49E-06
1926.441 4.38E-06

1926.42 4.5E-06
1926.398 4.86E-06
1926.376 4.75E-06
1926.354 4.28E-06
1926.333 4.08E-06
1926.311 3.86E-06
1926.289 4.03E-06
1926.267 5.41E-06
1926.246 5.61E-06
1926.224 3.96E-06
1926.202 3.82E-06

1926.18 3.49E-06
1926.159 3.56E-06
1926.137 3.74E-06
1926.115 3.87E-06
1926.093 3.95E-06
1926.072 4.18E-06

1926.05 4.06E-06
1926.028 4.03E-06
1926.007 4.09E-06
1925.985 3.99E-06
1925.963 4.06E-06
1925.941 3.88E-06

1925.92 4.02E-06
1925.898 3.99E-06
1925.876 3.96E-06
1925.854 4.03E-06
1925.833 4.1E-06
1925.811 3.96E-06
1925.789 3.58E-06
1925.767 3.34E-06
1925.746 3.46E-06
1925.724 3.68E-06
1925.702 4.08E-06

1925.68 4.2E-06
1925.659 4.21E-06
1925.637 4.13E-06
1925.615 4.13E-06

ABOR/MH/Priv-003164

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003165

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1925.593 4.23E-06
1925.572 4.43E-06

1925.55 4.37E-06
1925.532 4.54E-06
1925.514 4.52E-06
1925.495 4.44E-06
1925.477 4.11E-06
1925.459 4.21E-06
1925.441 4.06E-06
1925.423 4.02E-06
1925.405 4.25E-06
1925.386 4.35E-06
1925.368 5.24E-06

1925.35 5.11E-06
1925.332 5.02E-06
1925.314 5.51E-06
1925.295 5.58E-06
1925.277 7.25E-06
1925.259 7.37E-06
1925.241 6.86E-06
1925.223 7.13E-06
1925.205 6.92E-06
1925.186 6.09E-06
1925.168 5.17E-06

1925.15 4.71E-06
1925.132 5.3E-06
1925.114 4.68E-06
1925.095 4.49E-06
1925.077 4.42E-06
1925.059 4.39E-06
1925.041 4.35E-06
1925.023 4.31E-06
1925.005 4.01E-06
1924.986 3.91E-06
1924.968 3.81E-06

1924.95 3.81E-06
1924.932 3.95E-06
1924.914 3.69E-06
1924.895 3.83E-06
1924.877 3.69E-06
1924.859 3.97E-06
1924.841 3.97E-06
1924.823 3.91E-06
1924.805 4.16E-06
1924.786 4.11E-06

ABOR/MH/Priv-003166

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003167

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1924.768 4.24E-06
1924.75 4.09E-06

1924.732 4.17E-06
1924.714 4.14E-06
1924.695 4.31E-06
1924.677 4.39E-06
1924.659 4.43E-06
1924.641 4.41E-06
1924.623 4.54E-06
1924.605 5.35E-06
1924.586 5.64E-06
1924.568 5.4E-06

1924.55 5.67E-06
1924.52 6.1E-06

1924.489 6.56E-06
1924.459 6.53E-06
1924.429 7.18E-06
1924.398 6.32E-06
1924.368 4.53E-06
1924.338 4.29E-06
1924.308 4.36E-06
1924.277 4.21E-06
1924.247 4.2E-06
1924.217 3.92E-06
1924.186 3.76E-06
1924.156 3.65E-06
1924.126 3.64E-06
1924.095 3.69E-06
1924.065 3.84E-06
1924.035 3.9E-06
1924.005 3.87E-06
1923.974 3.86E-06
1923.944 3.82E-06
1923.914 3.93E-06
1923.883 4.02E-06
1923.853 4.02E-06
1923.823 4.19E-06
1923.792 4.09E-06
1923.762 3.99E-06
1923.732 4.02E-06
1923.702 3.74E-06
1923.671 3.84E-06
1923.641 3.8E-06
1923.611 3.96E-06

1923.58 4.03E-06

ABOR/MH/Priv-003168

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003169

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1923.55 3.93E-06
1923.532 3.94E-06
1923.514 3.94E-06
1923.495 4.08E-06
1923.477 4.82E-06
1923.459 4.9E-06
1923.441 4.26E-06
1923.423 0.000004
1923.405 0.000004
1923.386 3.81E-06
1923.368 3.73E-06

1923.35 3.68E-06
1923.332 3.74E-06
1923.314 3.67E-06
1923.295 4.01E-06
1923.277 4.26E-06
1923.259 4.35E-06
1923.241 4.1E-06
1923.223 4.37E-06
1923.205 4.19E-06
1923.186 4.19E-06
1923.168 4.26E-06

1923.15 4.21E-06
1923.132 4.05E-06
1923.114 4.17E-06
1923.095 4.03E-06
1923.077 3.87E-06
1923.059 3.82E-06
1923.041 3.7E-06
1923.023 3.77E-06
1923.005 3.61E-06
1922.986 3.83E-06
1922.968 3.74E-06

1922.95 3.74E-06
1922.932 3.84E-06
1922.914 3.93E-06
1922.895 3.82E-06
1922.877 3.92E-06
1922.859 3.86E-06
1922.841 3.8E-06
1922.823 3.65E-06
1922.805 3.5E-06
1922.786 3.58E-06
1922.768 3.65E-06

1922.75 3.81E-06

ABOR/MH/Priv-003170

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003171

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1922.732 3.8E-06
1922.714 3.84E-06
1922.695 3.96E-06
1922.677 4.02E-06
1922.659 4.12E-06
1922.641 4.29E-06
1922.623 4.2E-06
1922.605 4.22E-06
1922.586 4.14E-06
1922.568 4.22E-06

1922.55 4.24E-06
1922.524 4.05E-06
1922.499 3.97E-06
1922.473 4.02E-06
1922.447 4.13E-06
1922.422 4.43E-06
1922.396 4.69E-06
1922.371 5.32E-06
1922.345 5.14E-06
1922.319 5.52E-06
1922.294 5.4E-06
1922.268 5.6E-06
1922.242 5.65E-06
1922.217 5.35E-06
1922.191 5.59E-06
1922.165 5.17E-06

1922.14 4.55E-06
1922.114 5.28E-06
1922.088 4.21E-06
1922.063 3.95E-06
1922.037 4.05E-06
1922.012 3.98E-06
1921.986 4.12E-06

1921.96 4.03E-06
1921.935 4.02E-06
1921.909 3.97E-06
1921.883 4.1E-06
1921.858 3.94E-06
1921.832 3.93E-06
1921.806 3.98E-06
1921.781 4.14E-06
1921.755 3.88E-06
1921.729 4.37E-06
1921.704 4.09E-06
1921.678 4.11E-06

ABOR/MH/Priv-003172

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003173

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1921.653 4.19E-06
1921.627 4.06E-06
1921.601 4.15E-06
1921.576 4.07E-06

1921.55 4.21E-06
1921.525 4.12E-06

1921.5 4.25E-06
1921.475 4.86E-06

1921.45 4.44E-06
1921.425 4.57E-06

1921.4 4.56E-06
1921.375 4.11E-06

1921.35 4.09E-06
1921.325 4.1E-06

1921.3 4.01E-06
1921.275 4.15E-06

1921.25 4.35E-06
1921.225 4.58E-06

1921.2 4.47E-06
1921.175 4.33E-06

1921.15 4.39E-06
1921.125 4.19E-06

1921.1 4.16E-06
1921.075 4.29E-06

1921.05 4.19E-06
1921.025 4.08E-06

1921 4.26E-06
1920.975 4.11E-06

1920.95 4.04E-06
1920.925 4.01E-06

1920.9 4.14E-06
1920.875 4.3E-06

1920.85 4.47E-06
1920.825 4.48E-06

1920.8 4.3E-06
1920.775 4.44E-06

1920.75 4.43E-06
1920.725 4.43E-06

1920.7 4.61E-06
1920.675 4.49E-06

1920.65 4.38E-06
1920.625 4.36E-06

1920.6 4.49E-06
1920.575 4.54E-06

1920.55 4.37E-06

ABOR/MH/Priv-003174

CONFIDENTIAL -  
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003175

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1920.521 4.26E-06
1920.493 4.22E-06
1920.464 4.24E-06
1920.436 4.45E-06
1920.407 4.62E-06
1920.379 5.08E-06

1920.35 5.03E-06
1920.321 5.12E-06
1920.293 5.07E-06
1920.264 4.66E-06
1920.236 4.2E-06
1920.207 4.1E-06
1920.179 4.23E-06

1920.15 4.11E-06
1920.121 4.04E-06
1920.093 4.19E-06
1920.064 4.01E-06
1920.036 4.21E-06
1920.007 4.01E-06
1919.979 4.24E-06

1919.95 4.17E-06
1919.921 3.98E-06
1919.893 4.02E-06
1919.864 3.88E-06
1919.836 4.02E-06
1919.807 4.01E-06
1919.779 4.49E-06

1919.75 4.49E-06
1919.721 4.57E-06
1919.693 4.56E-06
1919.664 4.44E-06
1919.636 4.32E-06
1919.607 4.18E-06
1919.579 4.22E-06

1919.55 4.27E-06
1919.518 75    0.00000427
1919.487 5     0.00000435
1919.456 25    0.00000438
1919.425 4.57E-06
1919.393 75    0.00000430
1919.362 5     0.00000436
1919.331 25    0.00000438

1919.3 4.31E-06
1919.268 75    0.00000420
1919.237 5     0.00000412

ABOR/MH/Priv-003176

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003177

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1919.206 25    0.00000400
1919.175 3.97E-06
1919.143 75    0.00000408
1919.112 5     0.00000419
1919.081 25    0.00000429

1919.05 4.12E-06
1919.018 75    0.00000440
1918.987 5     0.00000445
1918.956 25    0.00000444
1918.925 4.51E-06
1918.893 75    0.00000444
1918.862 5     0.00000436
1918.831 25    0.00000442

1918.8 4.32E-06
1918.768 75    0.00000420
1918.737 5     0.00000413
1918.706 25    0.00000424
1918.675 4.14E-06
1918.643 75    0.00000426
1918.612 5     0.00000409
1918.581 25    0.00000431

1918.55 4.42E-06
1918.519 7     0.00000446
1918.489 39    0.00000477
1918.459 09    0.00000518
1918.428 79    0.00000523
1918.398 48    0.00000506
1918.368 18    0.00000509
1918.337 88    0.00000521
1918.307 58    0.00000512
1918.277 27    0.00000533
1918.246 97    0.00000498
1918.216 67    0.00000541
1918.186 36    0.00000565
1918.156 06    0.00000575
1918.125 76    0.00000662
1918.095 45    0.00000772
1918.065 15    0.00000821
1918.034 85    0.00000756
1918.004 55    0.00000606
1917.974 24    0.00000501
1917.943 94    0.00000449
1917.913 64    0.00000443
1917.883 33    0.00000436
1917.853 03    0.00000462

ABOR/MH/Priv-003178

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003179

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1917.822 73    0.00000474
1917.792 42    0.00000435
1917.762 12    0.00000409
1917.731 82    0.00000411
1917.701 52    0.00000405
1917.671 21    0.00000408

1917.64 91    0.00000409
1917.61 61    0.00000403
1917.58 3     0.00000422
1917.55 4.34E-06

1917.508 33    0.00000454
1917.466 67    0.00000445
1917.425 4.53E-06
1917.383 33    0.00000449
1917.341 67    0.00000450

1917.3 4.14E-06
1917.258 33    0.00000402
1917.216 67    0.00000389
1917.175 3.9E-06
1917.133 33    0.00000401
1917.091 67    0.00000386

1917.05 4.01E-06
1917.008 33    0.00000383
1916.966 67    0.00000404
1916.925 4.09E-06
1916.883 33    0.00000393
1916.841 67    0.00000391

1916.8 3.91E-06
1916.758 33    0.00000405
1916.716 67    0.00000404
1916.675 4.3E-06
1916.633 33    0.00000417
1916.591 67    0.00000415

1916.55 4.26E-06
1916.515 52    0.00000425
1916.481 03    0.00000495
1916.446 55    0.00000572
1916.412 07    0.00000501
1916.377 59    0.00000471
1916.343 1     0.00000460
1916.308 62    0.00000496
1916.274 14    0.00000457
1916.239 66    0.00000422
1916.205 17    0.00000436

1916.17 69    0.00000410

ABOR/MH/Priv-003180
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003181

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1916.136 21    0.00000415
1916.101 72    0.00000399
1916.067 24    0.00000401
1916.032 76    0.00000394
1915.998 28    0.00000390
1915.963 79    0.00000379
1915.929 31    0.00000377
1915.894 83    0.00000382

1915.86 34    0.00000382
1915.825 86    0.00000385
1915.791 38    0.00000383
1915.756 9     0.00000372
1915.722 41    0.00000358
1915.687 93    0.00000350
1915.653 45    0.00000378
1915.618 97    0.00000390
1915.584 48    0.00000392

1915.55 4.05E-06
1915.527 78    0.00000394
1915.505 56    0.00000404
1915.483 33    0.00000405
1915.461 11    0.00000399
1915.438 89    0.00000397
1915.416 67    0.00000394
1915.394 44    0.00000394
1915.372 22    0.00000394

1915.35 4.06E-06
1915.327 78    0.00000397
1915.305 56    0.00000399
1915.283 33    0.00000407
1915.261 11    0.00000394
1915.238 89    0.00000393
1915.216 67    0.00000382
1915.194 44    0.00000390
1915.172 22    0.00000380

1915.15 3.77E-06
1915.127 78    0.00000377
1915.105 56    0.00000364
1915.083 33    0.00000354
1915.061 11    0.00000348
1915.038 89    0.00000344
1915.016 67    0.00000361
1914.994 44    0.00000370
1914.972 22    0.00000382

1914.95 3.84E-06

ABOR/MH/Priv-003182
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003183

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1914.927 78    0.00000381
1914.905 56    0.00000375
1914.883 33    0.00000384
1914.861 11    0.00000384
1914.838 89    0.00000385
1914.816 67    0.00000410
1914.794 44    0.00000417
1914.772 22    0.00000394

1914.75 3.97E-06
1914.727 78    0.00000372
1914.705 56    0.00000370
1914.683 33    0.00000387
1914.661 11    0.00000377
1914.638 89    0.00000388
1914.616 67    0.00000401
1914.594 44    0.00000407
1914.572 22    0.00000398

1914.55 4.07E-06
1914.525 4.05E-06

1914.5 4.14E-06
1914.475 4.23E-06

1914.45 4.18E-06
1914.425 4.25E-06

1914.4 4.27E-06
1914.375 4.42E-06

1914.35 4.22E-06
1914.325 4.28E-06

1914.3 4.46E-06
1914.275 4.33E-06

1914.25 4.41E-06
1914.225 4.53E-06

1914.2 4.74E-06
1914.175 4.74E-06

1914.15 4.38E-06
1914.125 4.3E-06

1914.1 4.28E-06
1914.075 4.28E-06

1914.05 4.16E-06
1914.025 0.000004

1914 4.17E-06
1913.975 3.95E-06

1913.95 3.97E-06
1913.925 3.91E-06

1913.9 3.76E-06
1913.875 3.67E-06

ABOR/MH/Priv-003184

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003185

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1913.85 3.63E-06
1913.825 3.8E-06

1913.8 3.77E-06
1913.775 4.02E-06

1913.75 4.03E-06
1913.725 4.12E-06

1913.7 4.09E-06
1913.675 3.93E-06

1913.65 4.01E-06
1913.625 3.86E-06

1913.6 0.000004
1913.575 4.21E-06

1913.55 4.16E-06
1913.526 19    0.00000413
1913.502 38    0.00000415
1913.478 57    0.00000429
1913.454 76    0.00000425

1913.43 95    0.00000421
1913.407 14    0.00000419
1913.383 33    0.00000427
1913.359 52    0.00000446
1913.335 71    0.00000433
1913.311 9     0.00000510
1913.288 1     0.00000527
1913.264 29    0.00000525

1913.24 48    0.00000475
1913.216 67    0.00000437
1913.192 86    0.00000430
1913.169 05    0.00000424
1913.145 24    0.00000397
1913.121 43    0.00000396
1913.097 62    0.00000381
1913.073 81    0.00000377

1913.05 3.86E-06
1913.026 19    0.00000386
1913.002 38    0.00000394
1912.978 57    0.00000373
1912.954 76    0.00000380

1912.93 95    0.00000368
1912.907 14    0.00000427
1912.883 33    0.00000377
1912.859 52    0.00000394
1912.835 71    0.00000406
1912.811 9     0.00000400
1912.788 1     0.00000389

ABOR/MH/Priv-003186

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003187

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1912.764 29    0.00000388
1912.74 48    0.00000398

1912.716 67    0.00000404
1912.692 86    0.00000407
1912.669 05    0.00000423
1912.645 24    0.00000420
1912.621 43    0.00000441
1912.597 62    0.00000450
1912.573 81    0.00000432

1912.55 4.4E-06
1912.524 36    0.00000428
1912.498 72    0.00000435
1912.473 08    0.00000430
1912.447 44    0.00000426
1912.421 79    0.00000409
1912.396 15    0.00000387

1912.37 51    0.00000406
1912.344 87    0.00000394
1912.319 23    0.00000393
1912.293 59    0.00000393
1912.267 95    0.00000392
1912.242 31    0.00000380
1912.216 67    0.00000398
1912.191 03    0.00000418
1912.165 38    0.00000408
1912.139 74    0.00000404
1912.114 1     0.00000413
1912.088 46    0.00000395
1912.062 82    0.00000387
1912.037 18    0.00000401
1912.011 54    0.00000387
1911.985 9     0.00000406

1911.96 26    0.00000405
1911.934 62    0.00000411
1911.908 97    0.00000423
1911.883 33    0.00000430
1911.857 69    0.00000390
1911.832 05    0.00000396
1911.806 41    0.00000432

1911.78 77    0.00000461
1911.755 13    0.00000487
1911.729 49    0.00000489
1911.703 85    0.00000521
1911.678 21    0.00000518
1911.652 56    0.00000506

ABOR/MH/Priv-003188

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003189

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1911.626 92    0.00000480
1911.601 28    0.00000497
1911.575 64    0.00000509

1911.55 4.92E-06
1911.522 22    0.00000475
1911.494 44    0.00000511
1911.466 67    0.00000504
1911.438 89    0.00000513
1911.411 11    0.00000539
1911.383 33    0.00000588
1911.355 56    0.00000635
1911.327 78    0.00000724

1911.3 7.54E-06
1911.272 22    0.00000692
1911.244 44    0.00000642
1911.216 67    0.00000576
1911.188 89    0.00000507
1911.161 11    0.00000493
1911.133 33    0.00000479
1911.105 56    0.00000522
1911.077 78    0.00000470

1911.05 4.52E-06
1911.022 22    0.00000424
1910.994 44    0.00000432
1910.966 67    0.00000430
1910.938 89    0.00000442
1910.911 11    0.00000436
1910.883 33    0.00000442
1910.855 56    0.00000425
1910.827 78    0.00000435

1910.8 4.36E-06
1910.772 22    0.00000464
1910.744 44    0.00000451
1910.716 67    0.00000437
1910.688 89    0.00000454
1910.661 11    0.00000457
1910.633 33    0.00000450
1910.605 56    0.00000459
1910.577 78    0.00000465

1910.55 4.62E-06
1910.527 27    0.00000432
1910.504 55    0.00000412
1910.481 82    0.00000477
1910.459 09    0.00000507
1910.436 36    0.00000485

ABOR/MH/Priv-003190

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003191

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1910.413 64    0.00000458
1910.39 91    0.00000494

1910.368 18    0.00000581
1910.345 45    0.00000623
1910.322 73    0.00000718

1910.3 5.54E-06
1910.277 27    0.00000520
1910.254 55    0.00000526
1910.231 82    0.00000586
1910.209 09    0.00000664
1910.186 36    0.00000653
1910.163 64    0.00000564

1910.14 91    0.00000451
1910.118 18    0.00000425
1910.095 45    0.00000412
1910.072 73    0.00000431

1910.05 4.05E-06
1910.027 27    0.00000425
1910.004 55    0.00000401
1909.981 82    0.00000378
1909.959 09    0.00000423
1909.936 36    0.00000423
1909.913 64    0.00000409

1909.89 91    0.00000400
1909.868 18    0.00000407
1909.845 45    0.00000423
1909.822 73    0.00000391

1909.8 3.88E-06
1909.777 27    0.00000383
1909.754 55    0.00000388
1909.731 82    0.00000372
1909.709 09    0.00000366
1909.686 36    0.00000375
1909.663 64    0.00000422

1909.64 91    0.00000380
1909.618 18    0.00000364
1909.595 45    0.00000369
1909.572 73    0.00000377

1909.55 3.87E-06
1909.524 36    0.00000384
1909.498 72    0.00000393
1909.473 08    0.00000392
1909.447 44    0.00000411
1909.421 79    0.00000434
1909.396 15    0.00000453

ABOR/MH/Priv-003192

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003193

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1909.37 51    0.00000438
1909.344 87    0.00000420
1909.319 23    0.00000422
1909.293 59    0.00000420
1909.267 95    0.00000445
1909.242 31    0.00000417
1909.216 67    0.00000402
1909.191 03    0.00000397
1909.165 38    0.00000430
1909.139 74    0.00000397
1909.114 1     0.00000399
1909.088 46    0.00000409
1909.062 82    0.00000404
1909.037 18    0.00000401
1909.011 54    0.00000392
1908.985 9     0.00000400

1908.96 26    0.00000378
1908.934 62    0.00000380
1908.908 97    0.00000386
1908.883 33    0.00000404
1908.857 69    0.00000393
1908.832 05    0.00000377
1908.806 41    0.00000383

1908.78 77    0.00000374
1908.755 13    0.00000362
1908.729 49    0.00000366
1908.703 85    0.00000384
1908.678 21    0.00000377
1908.652 56    0.00000397
1908.626 92    0.00000396
1908.601 28    0.00000413
1908.575 64    0.00000432

1908.55 4.12E-06
1908.522 97    0.00000411
1908.495 95    0.00000411
1908.468 92    0.00000421
1908.441 89    0.00000417
1908.414 86    0.00000435
1908.387 84    0.00000478

1908.36 81    0.00000447
1908.333 78    0.00000427
1908.306 76    0.00000445
1908.279 73    0.00000430
1908.252 7     0.00000479
1908.225 68    0.00000495

ABOR/MH/Priv-003194

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003195

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1908.198 65    0.00000505
1908.171 62    0.00000510
1908.144 59    0.00000494
1908.117 57    0.00000458

1908.09 54    0.00000403
1908.063 51    0.00000401
1908.036 49    0.00000429
1908.009 46    0.00000417
1907.982 43    0.00000420
1907.955 41    0.00000418
1907.928 38    0.00000420
1907.901 35    0.00000428
1907.874 32    0.00000388
1907.847 3     0.00000369

1907.82 27    0.00000377
1907.793 24    0.00000400
1907.766 22    0.00000401
1907.739 19    0.00000420
1907.712 16    0.00000415
1907.685 14    0.00000400
1907.658 11    0.00000402
1907.631 08    0.00000414
1907.604 05    0.00000404
1907.577 03    0.00000407

1907.55 0.000004
1907.527 78    0.00000410
1907.505 56    0.00000411
1907.483 33    0.00000429
1907.461 11    0.00000449
1907.438 89    0.00000431
1907.416 67    0.00000469
1907.394 44    0.00000471
1907.372 22    0.00000470

1907.35 4.62E-06
1907.327 78    0.00000458
1907.305 56    0.00000435
1907.283 33    0.00000447
1907.261 11    0.00000447
1907.238 89    0.00000466
1907.216 67    0.00000447
1907.194 44    0.00000439
1907.172 22    0.00000434

1907.15 4.16E-06
1907.127 78    0.00000432
1907.105 56    0.00000464

ABOR/MH/Priv-003196

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003197

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1907.083 33    0.00000477
1907.061 11    0.00000472
1907.038 89    0.00000450
1907.016 67    0.00000427
1906.994 44    0.00000426
1906.972 22    0.00000452

1906.95 4.51E-06
1906.927 78    0.00000433
1906.905 56    0.00000435
1906.883 33    0.00000448
1906.861 11    0.00000418
1906.838 89    0.00000411
1906.816 67    0.00000420
1906.794 44    0.00000403
1906.772 22    0.00000388

1906.75 3.97E-06
1906.727 78    0.00000420
1906.705 56    0.00000394
1906.683 33    0.00000413
1906.661 11    0.00000417
1906.638 89    0.00000438
1906.616 67    0.00000439
1906.594 44    0.00000408
1906.572 22    0.00000392

1906.55 3.95E-06
1906.529 59    0.00000411
1906.509 18    0.00000400
1906.488 78    0.00000424
1906.468 37    0.00000435
1906.447 96    0.00000457
1906.427 55    0.00000478
1906.407 14    0.00000503
1906.386 73    0.00000595
1906.366 33    0.00000563
1906.345 92    0.00000522
1906.325 51    0.00000580
1906.305 1     0.00000625
1906.284 69    0.00000672
1906.264 29    0.00000736
1906.243 88    0.00000747
1906.223 47    0.00000743
1906.203 06    0.00000750
1906.182 65    0.00000682
1906.162 24    0.00000593
1906.141 84    0.00000470

ABOR/MH/Priv-003198

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003199

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1906.121 43    0.00000435
1906.101 02    0.00000422

1906.08 61    0.00000403
1906.06 2     0.00000374

1906.039 8     0.00000380
1906.019 39    0.00000385
1905.998 98    0.00000417
1905.978 57    0.00000403
1905.958 16    0.00000399
1905.937 76    0.00000390
1905.917 35    0.00000376
1905.896 94    0.00000390
1905.876 53    0.00000380
1905.856 12    0.00000368
1905.835 71    0.00000386
1905.815 31    0.00000388
1905.794 9     0.00000395
1905.774 49    0.00000385
1905.754 08    0.00000395
1905.733 67    0.00000400
1905.713 27    0.00000416
1905.692 86    0.00000404
1905.672 45    0.00000411
1905.652 04    0.00000415
1905.631 63    0.00000416
1905.611 22    0.00000403

1905.59 82    0.00000404
1905.57 41    0.00000434
1905.55 4.39E-06

1905.526 19    0.00000461
1905.502 38    0.00000496
1905.478 57    0.00000429
1905.454 76    0.00000426

1905.43 95    0.00000442
1905.407 14    0.00000471
1905.383 33    0.00000448
1905.359 52    0.00000453
1905.335 71    0.00000440
1905.311 9     0.00000453
1905.288 1     0.00000465
1905.264 29    0.00000446

1905.24 48    0.00000439
1905.216 67    0.00000434
1905.192 86    0.00000401
1905.169 05    0.00000375

ABOR/MH/Priv-003200

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003201

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1905.145 24    0.00000411
1905.121 43    0.00000422
1905.097 62    0.00000430
1905.073 81    0.00000418

1905.05 3.99E-06
1905.026 19    0.00000407
1905.002 38    0.00000388
1904.978 57    0.00000384
1904.954 76    0.00000380

1904.93 95    0.00000381
1904.907 14    0.00000396
1904.883 33    0.00000393
1904.859 52    0.00000399
1904.835 71    0.00000391
1904.811 9     0.00000393
1904.788 1     0.00000400
1904.764 29    0.00000392

1904.74 48    0.00000383
1904.716 67    0.00000381
1904.692 86    0.00000384
1904.669 05    0.00000366
1904.645 24    0.00000386
1904.621 43    0.00000386
1904.597 62    0.00000391
1904.573 81    0.00000396

1904.55 3.87E-06
1904.527 27    0.00000363
1904.504 55    0.00000419
1904.481 82    0.00000421
1904.459 09    0.00000410
1904.436 36    0.00000425
1904.413 64    0.00000427

1904.39 91    0.00000451
1904.368 18    0.00000441
1904.345 45    0.00000417
1904.322 73    0.00000425

1904.3 3.94E-06
1904.277 27    0.00000403
1904.254 55    0.00000390
1904.231 82    0.00000381
1904.209 09    0.00000387
1904.186 36    0.00000394
1904.163 64    0.00000443

1904.14 91    0.00000420
1904.118 18    0.00000414

ABOR/MH/Priv-003202

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003203

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1904.095 45    0.00000450
1904.072 73    0.00000447

1904.05 4.2E-06
1904.027 27    0.00000402
1904.004 55    0.00000407
1903.981 82    0.00000413
1903.959 09    0.00000400
1903.936 36    0.00000380
1903.913 64    0.00000400

1903.89 91    0.00000416
1903.868 18    0.00000397
1903.845 45    0.00000398
1903.822 73    0.00000395

1903.8 3.93E-06
1903.777 27    0.00000417
1903.754 55    0.00000397
1903.731 82    0.00000399
1903.709 09    0.00000395
1903.686 36    0.00000411
1903.663 64    0.00000401

1903.64 91    0.00000435
1903.618 18    0.00000430
1903.595 45    0.00000440
1903.572 73    0.00000421

1903.55 4.56E-06
1903.526 19    0.00000449
1903.502 38    0.00000433
1903.478 57    0.00000440
1903.454 76    0.00000450

1903.43 95    0.00000442
1903.407 14    0.00000429
1903.383 33    0.00000458
1903.359 52    0.00000430
1903.335 71    0.00000426
1903.311 9     0.00000478
1903.288 1     0.00000467
1903.264 29    0.00000502

1903.24 48    0.00000548
1903.216 67    0.00000618
1903.192 86    0.00000650
1903.169 05    0.00000637
1903.145 24    0.00000584
1903.121 43    0.00000497
1903.097 62    0.00000423
1903.073 81    0.00000437

ABOR/MH/Priv-003204

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003205

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1903.05 4.32E-06
1903.026 19    0.00000426
1903.002 38    0.00000417
1902.978 57    0.00000417
1902.954 76    0.00000417

1902.93 95    0.00000398
1902.907 14    0.00000381
1902.883 33    0.00000387
1902.859 52    0.00000408
1902.835 71    0.00000418
1902.811 9     0.00000430
1902.788 1     0.00000426
1902.764 29    0.00000407

1902.74 48    0.00000403
1902.716 67    0.00000398
1902.692 86    0.00000376
1902.669 05    0.00000363
1902.645 24    0.00000373
1902.621 43    0.00000399
1902.597 62    0.00000383
1902.573 81    0.00000386

1902.55 4.28E-06
1902.518 75    0.00000418
1902.487 5     0.00000421
1902.456 25    0.00000394
1902.425 4.15E-06
1902.393 75    0.00000432
1902.362 5     0.00000374
1902.331 25    0.00000372

1902.3 3.73E-06
1902.268 75    0.00000393
1902.237 5     0.00000395
1902.206 25    0.00000399
1902.175 3.93E-06
1902.143 75    0.00000380
1902.112 5     0.00000381
1902.081 25    0.00000371

1902.05 3.72E-06
1902.018 75    0.00000352
1901.987 5     0.00000372
1901.956 25    0.00000379
1901.925 3.67E-06
1901.893 75    0.00000372
1901.862 5     0.00000377
1901.831 25    0.00000402

ABOR/MH/Priv-003206

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003207

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1901.8 0.000004
1901.768 75    0.00000388
1901.737 5     0.00000392
1901.706 25    0.00000397
1901.675 0.000004
1901.643 75    0.00000398
1901.612 5     0.00000420
1901.581 25    0.00000404

1901.55 4.36E-06
1901.519 7     0.00000444
1901.489 39    0.00000427
1901.459 09    0.00000399
1901.428 79    0.00000399
1901.398 48    0.00000417
1901.368 18    0.00000422
1901.337 88    0.00000416
1901.307 58    0.00000413
1901.277 27    0.00000406
1901.246 97    0.00000418
1901.216 67    0.00000451
1901.186 36    0.00000469
1901.156 06    0.00000471
1901.125 76    0.00000507
1901.095 45    0.00000499
1901.065 15    0.00000496
1901.034 85    0.00000496
1901.004 55    0.00000492
1900.974 24    0.00000437
1900.943 94    0.00000405
1900.913 64    0.00000365
1900.883 33    0.00000361
1900.853 03    0.00000358
1900.822 73    0.00000357
1900.792 42    0.00000362
1900.762 12    0.00000390
1900.731 82    0.00000400
1900.701 52    0.00000406
1900.671 21    0.00000406

1900.64 91    0.00000398
1900.61 61    0.00000394
1900.58 3     0.00000394
1900.55 3.86E-06

1900.527 27    0.00000371
1900.504 55    0.00000386
1900.481 82    0.00000365

ABOR/MH/Priv-003208

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003209

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1900.459 09    0.00000362
1900.436 36    0.00000398
1900.413 64    0.00000385

1900.39 91    0.00000385
1900.368 18    0.00000401
1900.345 45    0.00000392
1900.322 73    0.00000394

1900.3 3.99E-06
1900.277 27    0.00000420
1900.254 55    0.00000417
1900.231 82    0.00000388
1900.209 09    0.00000406
1900.186 36    0.00000426
1900.163 64    0.00000420

1900.14 91    0.00000399
1900.118 18    0.00000381
1900.095 45    0.00000388
1900.072 73    0.00000407

1900.05 4.31E-06
1900.027 27    0.00000435
1900.004 55    0.00000458
1899.981 82    0.00000464
1899.959 09    0.00000440
1899.936 36    0.00000415
1899.913 64    0.00000401

1899.89 91    0.00000397
1899.868 18    0.00000388
1899.845 45    0.00000409
1899.822 73    0.00000402

1899.8 0.000004
1899.777 27    0.00000391
1899.754 55    0.00000376
1899.731 82    0.00000370
1899.709 09    0.00000364
1899.686 36    0.00000371
1899.663 64    0.00000390

1899.64 91    0.00000398
1899.618 18    0.00000431
1899.595 45    0.00000435
1899.572 73    0.00000434

1899.55 4.6E-06
1899.526 74    0.00000447
1899.503 49    0.00000442

1899.48 23    0.00000432
1899.456 98    0.00000406

ABOR/MH/Priv-003210

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003211

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1899.433 72    0.00000398
1899.41 47    0.00000456

1899.387 21    0.00000462
1899.363 95    0.00000483

1899.34 7     0.00000547
1899.317 44    0.00000543
1899.294 19    0.00000567

1899.27 93    0.00000571
1899.247 67    0.00000583
1899.224 42    0.00000604
1899.201 16    0.00000600
1899.177 91    0.00000579
1899.154 65    0.00000499
1899.131 4     0.00000469
1899.108 14    0.00000407
1899.084 88    0.00000409
1899.061 63    0.00000400
1899.038 37    0.00000417
1899.015 12    0.00000424
1898.991 86    0.00000432
1898.968 6     0.00000442
1898.945 35    0.00000436
1898.922 09    0.00000426
1898.898 84    0.00000431
1898.875 58    0.00000434
1898.852 33    0.00000423
1898.829 07    0.00000427
1898.805 81    0.00000443
1898.782 56    0.00000458
1898.759 3     0.00000453
1898.736 05    0.00000472
1898.712 79    0.00000454
1898.689 53    0.00000449
1898.666 28    0.00000457
1898.643 02    0.00000447
1898.619 77    0.00000481
1898.596 51    0.00000471
1898.573 26    0.00000445

1898.55 4.58E-06
1898.53 39    0.00000460
1898.51 78    0.00000516

1898.491 18    0.00000498
1898.471 57    0.00000471
1898.451 96    0.00000482
1898.432 35    0.00000504

ABOR/MH/Priv-003212

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003213

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1898.412 75    0.00000510
1898.393 14    0.00000484
1898.373 53    0.00000528
1898.353 92    0.00000499
1898.334 31    0.00000481
1898.314 71    0.00000523
1898.295 1     0.00000517
1898.275 49    0.00000520
1898.255 88    0.00000602
1898.236 27    0.00000612
1898.216 67    0.00000656
1898.197 06    0.00000659
1898.177 45    0.00000550
1898.157 84    0.00000530
1898.138 24    0.00000539
1898.118 63    0.00000513
1898.099 02    0.00000505
1898.079 41    0.00000462
1898.059 8     0.00000430

1898.04 2     0.00000434
1898.02 59    0.00000438

1898 98    0.00000406
1897.981 37    0.00000402
1897.961 76    0.00000417
1897.942 16    0.00000421
1897.922 55    0.00000439
1897.902 94    0.00000449
1897.883 33    0.00000431
1897.863 73    0.00000430
1897.844 12    0.00000429
1897.824 51    0.00000415
1897.804 9     0.00000417
1897.785 29    0.00000422
1897.765 69    0.00000401
1897.746 08    0.00000412
1897.726 47    0.00000411
1897.706 86    0.00000428
1897.687 25    0.00000417
1897.667 65    0.00000410
1897.648 04    0.00000409
1897.628 43    0.00000447
1897.608 82    0.00000426
1897.589 22    0.00000425
1897.569 61    0.00000452

1897.55 4.25E-06

ABOR/MH/Priv-003214

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003215

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1897.532 46    0.00000438
1897.514 91    0.00000428
1897.497 37    0.00000426
1897.479 82    0.00000429
1897.462 28    0.00000450
1897.444 74    0.00000445
1897.427 19    0.00000457
1897.409 65    0.00000484
1897.392 11    0.00000471
1897.374 56    0.00000454
1897.357 02    0.00000470
1897.339 47    0.00000460
1897.321 93    0.00000468
1897.304 39    0.00000464
1897.286 84    0.00000479
1897.269 3     0.00000486
1897.251 75    0.00000472
1897.234 21    0.00000462
1897.216 67    0.00000444
1897.199 12    0.00000416
1897.181 58    0.00000474
1897.164 04    0.00000496
1897.146 49    0.00000475
1897.128 95    0.00000476
1897.111 4     0.00000464
1897.093 86    0.00000465
1897.076 32    0.00000484
1897.058 77    0.00000490
1897.041 23    0.00000514
1897.023 68    0.00000481
1897.006 14    0.00000485
1896.988 6     0.00000480
1896.971 05    0.00000443
1896.953 51    0.00000479
1896.935 96    0.00000487
1896.918 42    0.00000483

1896.9 88    0.00000509
1896.883 33    0.00000497
1896.865 79    0.00000497
1896.848 25    0.00000485

1896.83 7     0.00000480
1896.813 16    0.00000445
1896.795 61    0.00000447
1896.778 07    0.00000458

1896.76 53    0.00000453
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1896.742 98    0.00000446
1896.725 44    0.00000451
1896.707 89    0.00000433

1896.69 35    0.00000432
1896.672 81    0.00000446
1896.655 26    0.00000418
1896.637 72    0.00000435

1896.62 18    0.00000389
1896.602 63    0.00000409
1896.585 09    0.00000441
1896.567 54    0.00000460

1896.55 4.64E-06
1896.533 61    0.00000452
1896.517 21    0.00000464

1896.5 82    0.00000511
1896.484 43    0.00000515
1896.468 03    0.00000435
1896.451 64    0.00000516
1896.435 25    0.00000491
1896.418 85    0.00000524
1896.402 46    0.00000578
1896.386 07    0.00000550
1896.369 67    0.00000549
1896.353 28    0.00000566
1896.336 89    0.00000582

1896.32 49    0.00000607
1896.304 1     0.00000517
1896.287 7     0.00000551
1896.271 31    0.00000569
1896.254 92    0.00000619
1896.238 52    0.00000850
1896.222 13    0.00001007
1896.205 74    0.00001021
1896.189 34    0.00000879
1896.172 95    0.00000861
1896.156 56    0.00000741

1896.14 16    0.00000672
1896.123 77    0.00000496
1896.107 38    0.00000455

1896.09 98    0.00000395
1896.074 59    0.00000360
1896.058 2     0.00000371
1896.041 8     0.00000386
1896.025 41    0.00000400
1896.009 02    0.00000399
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1895.992 62    0.00000381
1895.976 23    0.00000384
1895.959 84    0.00000396
1895.943 44    0.00000377
1895.927 05    0.00000384

1895.91 66    0.00000398
1895.894 26    0.00000409
1895.877 87    0.00000393
1895.861 48    0.00000406
1895.845 08    0.00000381
1895.828 69    0.00000386
1895.812 3     0.00000382
1895.795 9     0.00000387
1895.779 51    0.00000375
1895.763 11    0.00000379
1895.746 72    0.00000412

1895.73 33    0.00000406
1895.713 93    0.00000395
1895.697 54    0.00000409
1895.681 15    0.00000403
1895.664 75    0.00000411
1895.648 36    0.00000423
1895.631 97    0.00000423
1895.615 57    0.00000407
1895.599 18    0.00000456
1895.582 79    0.00000418
1895.566 39    0.00000416

1895.55 4.45E-06
1895.537 01    0.00000444
1895.524 03    0.00000432
1895.511 04    0.00000484
1895.498 05    0.00000427
1895.485 06    0.00000444
1895.472 08    0.00000455
1895.459 09    0.00000479
1895.446 1     0.00000497
1895.433 12    0.00000580

1895.42 13    0.00000638
1895.407 14    0.00000618
1895.394 16    0.00000521
1895.381 17    0.00000509
1895.368 18    0.00000459
1895.355 19    0.00000445
1895.342 21    0.00000444
1895.329 22    0.00000449

ABOR/MH/Priv-003220

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1895.316 23    0.00000446
1895.303 25    0.00000456

1895.29 26    0.00000459
1895.277 27    0.00000461
1895.264 29    0.00000444
1895.251 3     0.00000457
1895.238 31    0.00000447
1895.225 32    0.00000466
1895.212 34    0.00000458
1895.199 35    0.00000454
1895.186 36    0.00000446
1895.173 38    0.00000465

1895.16 39    0.00000462
1895.147 4     0.00000516
1895.134 42    0.00000564
1895.121 43    0.00000571
1895.108 44    0.00000504
1895.095 45    0.00000508
1895.082 47    0.00000576
1895.069 48    0.00000682
1895.056 49    0.00000716
1895.043 51    0.00000644

1895.03 52    0.00000652
1895.017 53    0.00000697
1895.004 55    0.00000758
1894.991 56    0.00000748
1894.978 57    0.00000556
1894.965 58    0.00000527
1894.952 6     0.00000424
1894.939 61    0.00000529
1894.926 62    0.00000440
1894.913 64    0.00000418

1894.9 65    0.00000412
1894.887 66    0.00000452
1894.874 68    0.00000394
1894.861 69    0.00000433
1894.848 7     0.00000427
1894.835 71    0.00000429
1894.822 73    0.00000407
1894.809 74    0.00000388
1894.796 75    0.00000407
1894.783 77    0.00000414

1894.77 78    0.00000415
1894.757 79    0.00000407
1894.744 81    0.00000413
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1894.731 82    0.00000404
1894.718 83    0.00000404
1894.705 84    0.00000432
1894.692 86    0.00000435
1894.679 87    0.00000446
1894.666 88    0.00000426
1894.653 9     0.00000392

1894.64 91    0.00000434
1894.627 92    0.00000429
1894.614 94    0.00000482
1894.601 95    0.00000473
1894.588 96    0.00000453
1894.575 97    0.00000469
1894.562 99    0.00000468

1894.55 4.66E-06
1894.533 61    0.00000464
1894.517 21    0.00000538

1894.5 82    0.00000607
1894.484 43    0.00000716
1894.468 03    0.00000727
1894.451 64    0.00000660
1894.435 25    0.00000530
1894.418 85    0.00000566
1894.402 46    0.00000563
1894.386 07    0.00000557
1894.369 67    0.00000610
1894.353 28    0.00000631
1894.336 89    0.00000609

1894.32 49    0.00000629
1894.304 1     0.00000619
1894.287 7     0.00000723
1894.271 31    0.00000717
1894.254 92    0.00000690
1894.238 52    0.00000631
1894.222 13    0.00000667
1894.205 74    0.00000621
1894.189 34    0.00000496
1894.172 95    0.00000396
1894.156 56    0.00000421

1894.14 16    0.00000454
1894.123 77    0.00000423
1894.107 38    0.00000433

1894.09 98    0.00000384
1894.074 59    0.00000415
1894.058 2     0.00000401
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1894.041 8     0.00000387
1894.025 41    0.00000382
1894.009 02    0.00000388
1893.992 62    0.00000374
1893.976 23    0.00000389
1893.959 84    0.00000373
1893.943 44    0.00000380
1893.927 05    0.00000368

1893.91 66    0.00000389
1893.894 26    0.00000375
1893.877 87    0.00000374
1893.861 48    0.00000371
1893.845 08    0.00000362
1893.828 69    0.00000360
1893.812 3     0.00000377
1893.795 9     0.00000364
1893.779 51    0.00000370
1893.763 11    0.00000384
1893.746 72    0.00000377

1893.73 33    0.00000412
1893.713 93    0.00000373
1893.697 54    0.00000380
1893.681 15    0.00000372
1893.664 75    0.00000383
1893.648 36    0.00000380
1893.631 97    0.00000390
1893.615 57    0.00000391
1893.599 18    0.00000398
1893.582 79    0.00000384
1893.566 39    0.00000405

1893.55 4.16E-06
1893.53 4.19E-06
1893.51 4.63E-06
1893.49 4.24E-06
1893.47 4.4E-06
1893.45 4.48E-06
1893.43 4.47E-06
1893.41 4.66E-06
1893.39 4.79E-06
1893.37 4.45E-06
1893.35 4.59E-06
1893.33 4.34E-06
1893.31 4.24E-06
1893.29 4.35E-06
1893.27 4.4E-06
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1893.25 4.44E-06
1893.23 4.36E-06
1893.21 3.98E-06
1893.19 3.86E-06
1893.17 3.77E-06
1893.15 3.76E-06
1893.13 3.85E-06
1893.11 3.77E-06
1893.09 3.81E-06
1893.07 3.7E-06
1893.05 3.65E-06
1893.03 3.85E-06
1893.01 3.77E-06
1892.99 3.84E-06
1892.97 3.8E-06
1892.95 3.69E-06
1892.93 3.72E-06
1892.91 3.85E-06
1892.89 3.76E-06
1892.87 3.85E-06
1892.85 3.76E-06
1892.83 3.65E-06
1892.81 3.68E-06
1892.79 3.82E-06
1892.77 3.54E-06
1892.75 3.52E-06
1892.73 3.47E-06
1892.71 3.72E-06
1892.69 3.38E-06
1892.67 3.03E-06
1892.65 3.77E-06
1892.63 4.03E-06
1892.61 3.8E-06
1892.59 3.74E-06
1892.57 3.95E-06
1892.55 3.83E-06

1892.528 72    0.00000374
1892.507 45    0.00000423
1892.486 17    0.00000412
1892.464 89    0.00000435
1892.443 62    0.00000421
1892.422 34    0.00000417
1892.401 06    0.00000413
1892.379 79    0.00000446
1892.358 51    0.00000426
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1892.337 23    0.00000408
1892.315 96    0.00000396
1892.294 68    0.00000402
1892.273 4     0.00000389
1892.252 13    0.00000380

1892.23 85    0.00000384
1892.209 57    0.00000389
1892.188 3     0.00000373
1892.167 02    0.00000362
1892.145 74    0.00000370
1892.124 47    0.00000391
1892.103 19    0.00000380
1892.081 91    0.00000382

1892.06 64    0.00000386
1892.039 36    0.00000415
1892.018 09    0.00000405
1891.996 81    0.00000409
1891.975 53    0.00000412
1891.954 26    0.00000402
1891.932 98    0.00000411
1891.911 7     0.00000390

1891.89 43    0.00000376
1891.869 15    0.00000376
1891.847 87    0.00000398
1891.826 6     0.00000394
1891.805 32    0.00000388
1891.784 04    0.00000363
1891.762 77    0.00000405
1891.741 49    0.00000402

1891.72 21    0.00000398
1891.698 94    0.00000413
1891.677 66    0.00000415
1891.656 38    0.00000426
1891.635 11    0.00000442
1891.613 83    0.00000433
1891.592 55    0.00000432
1891.571 28    0.00000427

1891.55 4.19E-06
1891.532 76    0.00000431
1891.515 52    0.00000442
1891.498 28    0.00000450
1891.481 03    0.00000464
1891.463 79    0.00000463
1891.446 55    0.00000474
1891.429 31    0.00000448
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1891.412 07    0.00000520
1891.394 83    0.00000500
1891.377 59    0.00000505

1891.36 34    0.00000518
1891.343 1     0.00000495
1891.325 86    0.00000519
1891.308 62    0.00000569
1891.291 38    0.00000558
1891.274 14    0.00000530
1891.256 9     0.00000545
1891.239 66    0.00000514
1891.222 41    0.00000505
1891.205 17    0.00000480
1891.187 93    0.00000431

1891.17 69    0.00000398
1891.153 45    0.00000392
1891.136 21    0.00000379
1891.118 97    0.00000380
1891.101 72    0.00000384
1891.084 48    0.00000359
1891.067 24    0.00000401

1891.05 4.08E-06
1891.032 76    0.00000416
1891.015 52    0.00000404
1890.998 28    0.00000378
1890.981 03    0.00000387
1890.963 79    0.00000384
1890.946 55    0.00000402
1890.929 31    0.00000382
1890.912 07    0.00000379
1890.894 83    0.00000383
1890.877 59    0.00000389

1890.86 34    0.00000397
1890.843 1     0.00000366
1890.825 86    0.00000372
1890.808 62    0.00000425
1890.791 38    0.00000473
1890.774 14    0.00000482
1890.756 9     0.00000502
1890.739 66    0.00000475
1890.722 41    0.00000490
1890.705 17    0.00000485
1890.687 93    0.00000484

1890.67 69    0.00000496
1890.653 45    0.00000522
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1890.636 21    0.00000532
1890.618 97    0.00000538
1890.601 72    0.00000557
1890.584 48    0.00000510
1890.567 24    0.00000506

1890.55 5.19E-06
1890.537 18    0.00000531
1890.524 36    0.00000495
1890.511 54    0.00000509
1890.498 72    0.00000500
1890.485 9     0.00000528
1890.473 08    0.00000524

1890.46 26    0.00000512
1890.447 44    0.00000474
1890.434 62    0.00000439
1890.421 79    0.00000457
1890.408 97    0.00000518
1890.396 15    0.00000562
1890.383 33    0.00000559

1890.37 51    0.00000601
1890.357 69    0.00000665
1890.344 87    0.00000584
1890.332 05    0.00000583
1890.319 23    0.00000601
1890.306 41    0.00000602
1890.293 59    0.00000585

1890.28 77    0.00000564
1890.267 95    0.00000544
1890.255 13    0.00000541
1890.242 31    0.00000540
1890.229 49    0.00000555
1890.216 67    0.00000570
1890.203 85    0.00000551
1890.191 03    0.00000527
1890.178 21    0.00000446
1890.165 38    0.00000439
1890.152 56    0.00000456
1890.139 74    0.00000432
1890.126 92    0.00000420
1890.114 1     0.00000428
1890.101 28    0.00000423
1890.088 46    0.00000430
1890.075 64    0.00000455
1890.062 82    0.00000450

1890.05 4.19E-06
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1890.037 18    0.00000417
1890.024 36    0.00000391
1890.011 54    0.00000416
1889.998 72    0.00000401
1889.985 9     0.00000393
1889.973 08    0.00000406

1889.96 26    0.00000390
1889.947 44    0.00000395
1889.934 62    0.00000389
1889.921 79    0.00000389
1889.908 97    0.00000390
1889.896 15    0.00000382
1889.883 33    0.00000377

1889.87 51    0.00000393
1889.857 69    0.00000388
1889.844 87    0.00000370
1889.832 05    0.00000387
1889.819 23    0.00000361
1889.806 41    0.00000401
1889.793 59    0.00000379

1889.78 77    0.00000351
1889.767 95    0.00000366
1889.755 13    0.00000366
1889.742 31    0.00000372
1889.729 49    0.00000368
1889.716 67    0.00000425
1889.703 85    0.00000427
1889.691 03    0.00000415
1889.678 21    0.00000420
1889.665 38    0.00000383
1889.652 56    0.00000377
1889.639 74    0.00000399
1889.626 92    0.00000420
1889.614 1     0.00000391
1889.601 28    0.00000380
1889.588 46    0.00000414
1889.575 64    0.00000396
1889.562 82    0.00000418

1889.55 4.33E-06
1889.53 4.35E-06
1889.51 4.37E-06
1889.49 0.000004
1889.47 4.17E-06
1889.45 4.14E-06
1889.43 4.2E-06
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003237

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1889.41 4.07E-06
1889.39 3.97E-06
1889.37 3.91E-06
1889.35 3.87E-06
1889.33 3.77E-06
1889.31 3.77E-06
1889.29 3.82E-06
1889.27 3.86E-06
1889.25 3.87E-06
1889.23 3.79E-06
1889.21 3.71E-06
1889.19 3.63E-06
1889.17 3.63E-06
1889.15 3.72E-06
1889.13 3.7E-06
1889.11 3.68E-06
1889.09 3.75E-06
1889.07 3.88E-06
1889.05 3.84E-06
1889.03 3.77E-06
1889.01 3.77E-06
1888.99 3.72E-06
1888.97 3.86E-06
1888.95 3.8E-06
1888.93 3.75E-06
1888.91 3.67E-06
1888.89 3.73E-06
1888.87 3.8E-06
1888.85 3.81E-06
1888.83 3.85E-06
1888.81 3.72E-06
1888.79 3.72E-06
1888.77 3.65E-06
1888.75 3.57E-06
1888.73 3.66E-06
1888.71 3.79E-06
1888.69 3.8E-06
1888.67 3.86E-06
1888.65 3.91E-06
1888.63 4.27E-06
1888.61 4.31E-06
1888.59 4.19E-06
1888.57 4.13E-06
1888.55 4.04E-06

1888.523 68    0.00000380
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1888.497 37    0.00000359
1888.471 05    0.00000387
1888.444 74    0.00000407
1888.418 42    0.00000402
1888.392 11    0.00000400
1888.365 79    0.00000412
1888.339 47    0.00000411
1888.313 16    0.00000412
1888.286 84    0.00000410

1888.26 53    0.00000410
1888.234 21    0.00000381
1888.207 89    0.00000383
1888.181 58    0.00000386
1888.155 26    0.00000356
1888.128 95    0.00000351
1888.102 63    0.00000367
1888.076 32    0.00000395

1888.05 4.14E-06
1888.023 68    0.00000390
1887.997 37    0.00000393
1887.971 05    0.00000404
1887.944 74    0.00000408
1887.918 42    0.00000419
1887.892 11    0.00000398
1887.865 79    0.00000396
1887.839 47    0.00000388
1887.813 16    0.00000409
1887.786 84    0.00000388

1887.76 53    0.00000407
1887.734 21    0.00000423
1887.707 89    0.00000411
1887.681 58    0.00000414
1887.655 26    0.00000434
1887.628 95    0.00000503
1887.602 63    0.00000533
1887.576 32    0.00000456

1887.55 4.35E-06
1887.529 3.73E-06
1887.508 3.59E-06
1887.488 3.83E-06
1887.467 4.33E-06
1887.446 3.81E-06
1887.425 4.08E-06
1887.404 4.53E-06
1887.383 4.96E-06
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1887.363 5.63E-06
1887.342 4.9E-06
1887.321 5.01E-06

1887.3 4.92E-06
1887.279 5.17E-06
1887.258 5.14E-06
1887.238 4.47E-06
1887.217 4.47E-06
1887.196 4.48E-06
1887.175 4.49E-06
1887.154 4.34E-06
1887.133 4.31E-06
1887.113 4.11E-06
1887.092 3.97E-06
1887.071 3.66E-06

1887.05 3.61E-06
1887.029 3.62E-06
1887.008 3.55E-06
1886.988 3.53E-06
1886.967 3.7E-06
1886.946 3.96E-06
1886.925 4.04E-06
1886.904 4.25E-06
1886.883 3.88E-06
1886.863 3.89E-06
1886.842 3.8E-06
1886.821 3.82E-06

1886.8 3.84E-06
1886.779 3.85E-06
1886.758 3.88E-06
1886.738 3.95E-06
1886.717 4.02E-06
1886.696 4.05E-06
1886.675 4.05E-06
1886.654 3.91E-06
1886.633 3.94E-06
1886.613 3.89E-06
1886.592 3.84E-06
1886.571 3.77E-06

1886.55 3.93E-06
1886.521 3.67E-06
1886.491 3.24E-06
1886.462 3.11E-06
1886.432 3.5E-06
1886.403 3.7E-06
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1886.374 3.64E-06
1886.344 3.56E-06
1886.315 3.59E-06
1886.285 3.69E-06
1886.256 3.65E-06
1886.226 3.7E-06
1886.197 3.66E-06
1886.168 3.86E-06
1886.138 3.92E-06
1886.109 3.89E-06
1886.079 4.11E-06

1886.05 3.91E-06
1886.021 3.78E-06
1885.991 3.76E-06
1885.962 3.8E-06
1885.932 3.86E-06
1885.903 3.79E-06
1885.874 3.6E-06
1885.844 3.64E-06
1885.815 3.61E-06
1885.785 3.78E-06
1885.756 4.1E-06
1885.726 4.1E-06
1885.697 4.11E-06
1885.668 4.32E-06
1885.638 4.11E-06
1885.609 4.22E-06
1885.579 4.09E-06

1885.55 4.07E-06
1885.521 4.02E-06
1885.493 3.93E-06
1885.464 3.9E-06
1885.436 4.24E-06
1885.407 4.43E-06
1885.379 4.49E-06

1885.35 4.37E-06
1885.321 4.14E-06
1885.293 4.38E-06
1885.264 4.5E-06
1885.236 4.54E-06
1885.207 4.39E-06
1885.179 4.6E-06

1885.15 4.62E-06
1885.121 4.59E-06
1885.093 4.9E-06
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1885.064 4.24E-06
1885.036 3.72E-06
1885.007 3.52E-06
1884.979 3.6E-06

1884.95 4.09E-06
1884.921 4.06E-06
1884.893 4.04E-06
1884.864 3.82E-06
1884.836 3.82E-06
1884.807 3.71E-06
1884.779 3.72E-06

1884.75 3.71E-06
1884.721 3.51E-06
1884.693 3.03E-06
1884.664 3.74E-06
1884.636 4.07E-06
1884.607 3.97E-06
1884.579 4.07E-06

1884.55 4.41E-06
1884.526 4.42E-06
1884.502 4.41E-06
1884.479 4.47E-06
1884.455 4.66E-06
1884.431 4.8E-06
1884.407 4.85E-06
1884.383 4.78E-06

1884.36 4.64E-06
1884.336 4.48E-06
1884.312 4.55E-06
1884.288 4.65E-06
1884.264 5.34E-06

1884.24 5.16E-06
1884.217 5.03E-06
1884.193 4.34E-06
1884.169 3.91E-06
1884.145 3.66E-06
1884.121 3.88E-06
1884.098 3.72E-06
1884.074 3.93E-06

1884.05 4.16E-06
1884.026 3.97E-06
1884.002 3.78E-06
1883.979 3.87E-06
1883.955 3.95E-06
1883.931 3.83E-06

ABOR/MH/Priv-003246

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003247

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1883.907 3.77E-06
1883.883 3.75E-06

1883.86 3.74E-06
1883.836 3.69E-06
1883.812 3.84E-06
1883.788 3.98E-06
1883.764 3.73E-06

1883.74 3.69E-06
1883.717 3.5E-06
1883.693 3.61E-06
1883.669 3.64E-06
1883.645 3.85E-06
1883.621 3.8E-06
1883.598 3.97E-06
1883.574 3.93E-06

1883.55 3.94E-06
1883.527 4.39E-06
1883.503 4.35E-06

1883.48 4.36E-06
1883.457 4.2E-06
1883.434 4.35E-06

1883.41 4.43E-06
1883.387 4.26E-06
1883.364 3.97E-06
1883.341 3.84E-06
1883.317 4.42E-06
1883.294 4.58E-06
1883.271 5.05E-06
1883.248 5.43E-06
1883.224 4.71E-06
1883.201 4.28E-06
1883.178 3.93E-06
1883.155 3.67E-06
1883.131 3.59E-06
1883.108 3.84E-06
1883.085 3.84E-06
1883.062 4.14E-06
1883.038 4.05E-06
1883.015 3.86E-06
1882.992 3.93E-06
1882.969 4.1E-06
1882.945 4.15E-06
1882.922 4.25E-06
1882.899 4.37E-06
1882.876 4.31E-06

ABOR/MH/Priv-003248

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003249

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1882.852 4.23E-06
1882.829 4.22E-06
1882.806 4.3E-06
1882.783 4.45E-06
1882.759 4.45E-06
1882.736 4.33E-06
1882.713 4.44E-06

1882.69 4.32E-06
1882.666 4.39E-06
1882.643 4.25E-06

1882.62 4.25E-06
1882.597 4.13E-06
1882.573 4.26E-06

1882.55 4.52E-06
1882.524 4.69E-06
1882.499 5.14E-06
1882.473 5.05E-06
1882.447 5.11E-06
1882.422 5.04E-06
1882.396 5.4E-06
1882.371 6.19E-06
1882.345 6.26E-06
1882.319 7.44E-06
1882.294 9.18E-06
1882.268 9.21E-06
1882.242 7.02E-06
1882.217 5.56E-06
1882.191 4.66E-06
1882.165 4.11E-06

1882.14 3.91E-06
1882.114 3.67E-06
1882.088 3.73E-06
1882.063 3.67E-06
1882.037 3.73E-06
1882.012 3.62E-06
1881.986 3.71E-06

1881.96 3.73E-06
1881.935 3.88E-06
1881.909 4.21E-06
1881.883 4.13E-06
1881.858 3.94E-06
1881.832 3.87E-06
1881.806 3.63E-06
1881.781 3.76E-06
1881.755 3.85E-06

ABOR/MH/Priv-003250

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003251

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1881.729 3.87E-06
1881.704 4.1E-06
1881.678 4.04E-06
1881.653 4.13E-06
1881.627 4.01E-06
1881.601 4.15E-06
1881.576 4.23E-06

1881.55 4.48E-06
1881.524 4.58E-06
1881.499 4.64E-06
1881.473 4.86E-06
1881.447 4.83E-06
1881.422 5.33E-06
1881.396 5.9E-06
1881.371 5.89E-06
1881.345 5.64E-06
1881.319 5.36E-06
1881.294 4.34E-06
1881.268 4.14E-06
1881.242 3.77E-06
1881.217 3.89E-06
1881.191 3.52E-06
1881.165 3.64E-06

1881.14 3.45E-06
1881.114 3.46E-06
1881.088 3.64E-06
1881.063 3.66E-06
1881.037 3.98E-06
1881.012 3.92E-06
1880.986 4.01E-06

1880.96 4.05E-06
1880.935 3.83E-06
1880.909 3.72E-06
1880.883 3.6E-06
1880.858 3.33E-06
1880.832 3.26E-06
1880.806 3.17E-06
1880.781 3.13E-06
1880.755 3.65E-06
1880.729 3.56E-06
1880.704 3.51E-06
1880.678 3.92E-06
1880.653 3.88E-06
1880.627 4.22E-06
1880.601 4.15E-06

ABOR/MH/Priv-003252

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003253

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1880.576 4.5E-06
1880.55 4.49E-06

1880.526 4.64E-06
1880.501 4.79E-06
1880.477 4.59E-06
1880.452 4.98E-06
1880.428 4.63E-06
1880.404 4.55E-06
1880.379 4.31E-06
1880.355 4.03E-06

1880.33 4.16E-06
1880.306 3.96E-06
1880.282 4.26E-06
1880.257 4.53E-06
1880.233 0.000005
1880.209 6.69E-06
1880.184 5.4E-06

1880.16 5.14E-06
1880.135 4.74E-06
1880.111 4.08E-06
1880.087 3.89E-06
1880.062 0.000004
1880.038 4.11E-06
1880.013 3.99E-06
1879.989 4.01E-06
1879.965 3.85E-06

1879.94 3.95E-06
1879.916 3.95E-06
1879.891 4.13E-06
1879.867 4.15E-06
1879.843 4.25E-06
1879.818 4.26E-06
1879.794 4.18E-06

1879.77 4.06E-06
1879.745 3.94E-06
1879.721 4.03E-06
1879.696 4.38E-06
1879.672 4.34E-06
1879.648 4.31E-06
1879.623 4.27E-06
1879.599 3.93E-06
1879.574 4.55E-06

1879.55 4.5E-06
1879.523 4.53E-06
1879.496 4.35E-06

ABOR/MH/Priv-003254

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003255

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1879.469 4.29E-06
1879.442 4.61E-06
1879.415 5.77E-06
1879.388 5.71E-06
1879.361 4.74E-06
1879.334 4.05E-06
1879.307 4.12E-06

1879.28 4.18E-06
1879.253 3.93E-06
1879.226 4.12E-06
1879.199 3.93E-06
1879.172 3.97E-06
1879.145 4.01E-06
1879.118 3.83E-06
1879.091 3.72E-06
1879.064 3.65E-06
1879.036 3.62E-06
1879.009 3.75E-06
1878.982 3.71E-06
1878.955 3.69E-06
1878.928 3.43E-06
1878.901 3.71E-06
1878.874 3.73E-06
1878.847 3.88E-06

1878.82 4.13E-06
1878.793 3.84E-06
1878.766 3.69E-06
1878.739 3.64E-06
1878.712 3.17E-06
1878.685 3.44E-06
1878.658 3.57E-06
1878.631 3.66E-06
1878.604 3.78E-06
1878.577 3.79E-06

1878.55 3.98E-06
1878.531 3.8E-06
1878.513 3.56E-06
1878.494 3.93E-06

1878.47 4.41E-06
1878.45 4.34E-06

1878.429 7     0.00000450
1878.409 3     0.00000496
1878.389 5.21E-06
1878.368 6     0.00000533
1878.348 3     0.00000551

ABOR/MH/Priv-003256

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003257

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1878.328 6.21E-06
1878.307 6     0.00000632
1878.287 3     0.00000614
1878.266 9     0.00000562
1878.246 6     0.00000570
1878.226 3     0.00000473
1878.205 9     0.00000421
1878.185 6     0.00000398
1878.165 2     0.00000392
1878.144 9     0.00000380
1878.124 5     0.00000352
1878.104 2     0.00000363
1878.083 9     0.00000372
1878.063 5     0.00000382
1878.043 2     0.00000413
1878.022 8     0.00000398
1878.002 5     0.00000396
1877.982 2     0.00000413
1877.961 8     0.00000396
1877.941 5     0.00000412
1877.921 1     0.00000398

1877.9 8     0.00000410
1877.88 5     0.00000404
1877.86 1     0.00000419

1877.839 8     0.00000434
1877.819 4     0.00000420
1877.799 1     0.00000387
1877.778 8     0.00000402
1877.758 4     0.00000418
1877.738 1     0.00000420
1877.717 7     0.00000455
1877.697 4     0.00000480
1877.677 4.42E-06
1877.656 7     0.00000407
1877.636 4     0.00000416
1877.616 4.12E-06
1877.595 7     0.00000418
1877.575 3     0.00000429
1877.555 4.43E-06
1877.534 2     0.00000418
1877.513 3     0.00000424
1877.492 5     0.00000461
1877.471 7     0.00000433

1877.45 8     0.00000465
1877.43 4.54E-06

ABOR/MH/Priv-003258

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003259

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1877.409 2     0.00000467
1877.388 3     0.00000468
1877.367 5     0.00000513
1877.346 7     0.00000499
1877.325 8     0.00000520
1877.305 4.6E-06
1877.284 2     0.00000480
1877.263 3     0.00000489
1877.242 5     0.00000472
1877.221 7     0.00000468

1877.2 8     0.00000451
1877.18 4.4E-06

1877.159 2     0.00000397
1877.138 3     0.00000435
1877.117 5     0.00000446
1877.096 7     0.00000401
1877.075 8     0.00000422
1877.055 4.3E-06
1877.034 2     0.00000461
1877.013 3     0.00000450
1876.992 5     0.00000424
1876.971 7     0.00000430

1876.95 8     0.00000434
1876.93 4.3E-06

1876.909 2     0.00000404
1876.888 3     0.00000410
1876.867 5     0.00000424
1876.846 7     0.00000425
1876.825 8     0.00000400
1876.805 3.84E-06
1876.784 2     0.00000405
1876.763 3     0.00000442
1876.742 5     0.00000364
1876.721 7     0.00000374

1876.7 8     0.00000402
1876.68 4.11E-06

1876.659 2     0.00000457
1876.638 3     0.00000470
1876.617 5     0.00000446
1876.596 7     0.00000455
1876.575 8     0.00000435
1876.555 4.27E-06
1876.533 7     0.00000406
1876.512 4     0.00000399
1876.491 2     0.00000432

ABOR/MH/Priv-003260

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003261

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1876.469 9     0.00000461
1876.448 6     0.00000471
1876.427 3     0.00000415
1876.406 1     0.00000427
1876.384 8     0.00000466
1876.363 5     0.00000443
1876.342 2     0.00000461
1876.321 4.86E-06
1876.299 7     0.00000487
1876.278 4     0.00000561
1876.257 1     0.00000608
1876.235 9     0.00000588
1876.214 6     0.00000572
1876.193 3     0.00000495
1876.172 4.54E-06

1876.15 7     0.00000437
1876.129 5     0.00000465
1876.108 2     0.00000461
1876.086 9     0.00000465
1876.065 6     0.00000436
1876.044 4     0.00000430
1876.023 1     0.00000435
1876.001 8     0.00000470

1875.98 5     0.00000474
1875.959 3     0.00000434
1875.938 4.64E-06
1875.916 7     0.00000440
1875.895 4     0.00000427
1875.874 1     0.00000427
1875.852 9     0.00000423
1875.831 6     0.00000391

1875.81 3     0.00000377
1875.789 3.84E-06
1875.767 8     0.00000367
1875.746 5     0.00000353
1875.725 2     0.00000333
1875.703 9     0.00000437
1875.682 7     0.00000409
1875.661 4     0.00000463

1875.64 1     0.00000468
1875.618 8     0.00000441
1875.597 6     0.00000433
1875.576 3     0.00000469
1875.555 4.22E-06
1875.533 3     0.00000443

ABOR/MH/Priv-003262

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003263

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1875.511 5     0.00000499
1875.489 8     0.00000488
1875.468 5.57E-06
1875.446 3     0.00000584
1875.424 6     0.00000645
1875.402 8     0.00000636
1875.381 1     0.00000622
1875.359 3     0.00000632
1875.337 6     0.00000654
1875.315 9     0.00000710
1875.294 1     0.00000683
1875.272 4     0.00000753

1875.25 7     0.00000805
1875.228 9     0.00000745
1875.207 2     0.00000644
1875.185 4     0.00000560
1875.163 7     0.00000746
1875.142 6.6E-06

1875.12 2     0.00000514
1875.098 5     0.00000460
1875.076 7     0.00000435
1875.055 4.3E-06
1875.033 3     0.00000435
1875.011 5     0.00000433
1874.989 8     0.00000437
1874.968 4.34E-06
1874.946 3     0.00000413
1874.924 6     0.00000432
1874.902 8     0.00000428
1874.881 1     0.00000424
1874.859 3     0.00000408
1874.837 6     0.00000405
1874.815 9     0.00000407
1874.794 1     0.00000389
1874.772 4     0.00000399

1874.75 7     0.00000446
1874.728 9     0.00000381
1874.707 2     0.00000389
1874.685 4     0.00000409
1874.663 7     0.00000394
1874.642 3.86E-06

1874.62 2     0.00000398
1874.598 5     0.00000435
1874.576 7     0.00000431
1874.555 4.4E-06

ABOR/MH/Priv-003264

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003265

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1874.533 7     0.00000455
1874.512 4     0.00000438
1874.491 2     0.00000437
1874.469 9     0.00000424
1874.448 6     0.00000426
1874.427 3     0.00000436
1874.406 1     0.00000429
1874.384 8     0.00000416
1874.363 5     0.00000435
1874.342 2     0.00000473
1874.321 4.51E-06
1874.299 7     0.00000451
1874.278 4     0.00000461
1874.257 1     0.00000431
1874.235 9     0.00000447
1874.214 6     0.00000452
1874.193 3     0.00000516
1874.172 5.33E-06

1874.15 7     0.00000511
1874.129 5     0.00000503
1874.108 2     0.00000493
1874.086 9     0.00000432
1874.065 6     0.00000417
1874.044 4     0.00000416
1874.023 1     0.00000414
1874.001 8     0.00000391

1873.98 5     0.00000380
1873.959 3     0.00000385
1873.938 3.99E-06
1873.916 7     0.00000408
1873.895 4     0.00000413
1873.874 1     0.00000382
1873.852 9     0.00000395
1873.831 6     0.00000380

1873.81 3     0.00000372
1873.789 4.01E-06
1873.767 8     0.00000422
1873.746 5     0.00000402
1873.725 2     0.00000411
1873.703 9     0.00000411
1873.682 7     0.00000401
1873.661 4     0.00000418

1873.64 1     0.00000419
1873.618 8     0.00000422
1873.597 6     0.00000417

ABOR/MH/Priv-003266

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003267

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1873.576 3     0.00000405
1873.555 4.06E-06
1873.528 7     0.00000426
1873.502 4     0.00000415
1873.476 1     0.00000418
1873.449 7     0.00000453
1873.423 4     0.00000415
1873.397 1     0.00000394

1873.37 8     0.00000410
1873.344 5     0.00000386
1873.318 2     0.00000420
1873.291 8     0.00000448
1873.265 5     0.00000500
1873.239 2     0.00000563
1873.212 9     0.00000581
1873.186 6     0.00000591

1873.16 3     0.00000581
1873.133 9     0.00000610
1873.107 6     0.00000530
1873.081 3     0.00000557
1873.055 7.05E-06
1873.028 7     0.00000670
1873.002 4     0.00000581
1872.976 1     0.00000379
1872.949 7     0.00000387
1872.923 4     0.00000422
1872.897 1     0.00000359

1872.87 8     0.00000355
1872.844 5     0.00000361
1872.818 2     0.00000366
1872.791 8     0.00000363
1872.765 5     0.00000353
1872.739 2     0.00000359
1872.712 9     0.00000352
1872.686 6     0.00000367

1872.66 3     0.00000380
1872.633 9     0.00000378
1872.607 6     0.00000379
1872.581 3     0.00000364
1872.555 3.47E-06
1872.533 3     0.00000347
1872.511 5     0.00000370
1872.489 8     0.00000432
1872.468 0.000004
1872.446 3     0.00000403

ABOR/MH/Priv-003268

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003269

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1872.424 6     0.00000403
1872.402 8     0.00000394
1872.381 1     0.00000396
1872.359 3     0.00000436
1872.337 6     0.00000500
1872.315 9     0.00000474
1872.294 1     0.00000356
1872.272 4     0.00000339

1872.25 7     0.00000365
1872.228 9     0.00000363
1872.207 2     0.00000396
1872.185 4     0.00000378
1872.163 7     0.00000365
1872.142 3.83E-06

1872.12 2     0.00000358
1872.098 5     0.00000377
1872.076 7     0.00000384
1872.055 3.48E-06
1872.033 3     0.00000345
1872.011 5     0.00000366
1871.989 8     0.00000371
1871.968 3.53E-06
1871.946 3     0.00000379
1871.924 6     0.00000353
1871.902 8     0.00000361
1871.881 1     0.00000360
1871.859 3     0.00000354
1871.837 6     0.00000356
1871.815 9     0.00000354
1871.794 1     0.00000375
1871.772 4     0.00000375

1871.75 7     0.00000374
1871.728 9     0.00000362
1871.707 2     0.00000380
1871.685 4     0.00000376
1871.663 7     0.00000394
1871.642 4.19E-06

1871.62 2     0.00000441
1871.598 5     0.00000434
1871.576 7     0.00000459
1871.555 4.4E-06
1871.535 8     0.00000423
1871.516 5     0.00000458
1871.497 3     0.00000450
1871.478 1     0.00000482

ABOR/MH/Priv-003270

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003271

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1871.458 8     0.00000451
1871.439 6     0.00000434

1871.42 4     0.00000420
1871.401 2     0.00000341
1871.381 9     0.00000317
1871.362 7     0.00000334
1871.343 5     0.00000373
1871.324 2     0.00000408
1871.305 3.86E-06
1871.285 8     0.00000395
1871.266 5     0.00000399
1871.247 3     0.00000386
1871.228 1     0.00000373
1871.208 8     0.00000372
1871.189 6     0.00000371

1871.17 4     0.00000383
1871.151 2     0.00000373
1871.131 9     0.00000357
1871.112 7     0.00000378
1871.093 5     0.00000401
1871.074 2     0.00000401
1871.055 3.79E-06
1871.035 8     0.00000397
1871.016 5     0.00000376
1870.997 3     0.00000376
1870.978 1     0.00000355
1870.958 8     0.00000380
1870.939 6     0.00000379

1870.92 4     0.00000409
1870.901 2     0.00000400
1870.881 9     0.00000397
1870.862 7     0.00000407
1870.843 5     0.00000400
1870.824 2     0.00000419
1870.805 4.18E-06
1870.785 8     0.00000414
1870.766 5     0.00000428
1870.747 3     0.00000389
1870.728 1     0.00000397
1870.708 8     0.00000424
1870.689 6     0.00000420

1870.67 4     0.00000443
1870.651 2     0.00000454
1870.631 9     0.00000485
1870.612 7     0.00000487

ABOR/MH/Priv-003272

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003273

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1870.593 5     0.00000501
1870.574 2     0.00000477
1870.555 4.45E-06
1870.526 4     0.00000472
1870.497 9     0.00000518
1870.469 3     0.00000523

1870.44 7     0.00000533
1870.412 1     0.00000498
1870.383 6     0.00000489
1870.355 5.17E-06
1870.326 4     0.00000530
1870.297 9     0.00000546
1870.269 3     0.00000632

1870.24 7     0.00000714
1870.212 1     0.00000738
1870.183 6     0.00000746
1870.155 8.39E-06
1870.126 4     0.00000832
1870.097 9     0.00000787
1870.069 3     0.00000785

1870.04 7     0.00000613
1870.012 1     0.00000471
1869.983 6     0.00000434
1869.955 3.98E-06
1869.926 4     0.00000372
1869.897 9     0.00000362
1869.869 3     0.00000394

1869.84 7     0.00000382
1869.812 1     0.00000374
1869.783 6     0.00000347
1869.755 3.38E-06
1869.726 4     0.00000322
1869.697 9     0.00000333
1869.669 3     0.00000354

1869.64 7     0.00000331
1869.612 1     0.00000347
1869.583 6     0.00000358
1869.555 3.68E-06
1869.535 4     0.00000431
1869.515 8     0.00000419
1869.496 2     0.00000416
1869.476 6     0.00000407
1869.457 3.99E-06
1869.437 4     0.00000379
1869.417 7     0.00000429

ABOR/MH/Priv-003274

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003275

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1869.398 1     0.00000392
1869.378 5     0.00000381
1869.358 9     0.00000359
1869.339 3     0.00000370
1869.319 7     0.00000358

1869.3 1     0.00000358
1869.28 5     0.00000386
1869.26 9     0.00000394

1869.241 3     0.00000407
1869.221 7     0.00000416
1869.202 1     0.00000376
1869.182 5     0.00000374
1869.162 8     0.00000370
1869.143 2     0.00000354
1869.123 6     0.00000330
1869.104 3.32E-06
1869.084 4     0.00000334
1869.064 8     0.00000308
1869.045 2     0.00000318
1869.025 6     0.00000334
1869.006 3.53E-06
1868.986 4     0.00000391
1868.966 8     0.00000356
1868.947 2     0.00000367
1868.927 5     0.00000383
1868.907 9     0.00000364
1868.888 3     0.00000347
1868.868 7     0.00000346
1868.849 1     0.00000339
1868.829 5     0.00000358
1868.809 9     0.00000347

1868.79 3     0.00000380
1868.77 7     0.00000400

1868.751 1     0.00000360
1868.731 5     0.00000348
1868.711 9     0.00000381
1868.692 3     0.00000386
1868.672 6     0.00000363
1868.653 3.64E-06
1868.633 4     0.00000396
1868.613 8     0.00000377
1868.594 2     0.00000402
1868.574 6     0.00000408
1868.555 3.81E-06

1868.53 4.07E-06

ABOR/MH/Priv-003276

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003277

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1868.505 3.94E-06
1868.48 4.04E-06

1868.455 3.55E-06
1868.43 3.66E-06

1868.405 4.04E-06
1868.38 3.88E-06

1868.355 3.94E-06
1868.33 3.87E-06

1868.305 3.96E-06
1868.28 4.06E-06

1868.255 3.78E-06
1868.23 3.66E-06

1868.205 3.6E-06
1868.18 3.63E-06

1868.155 3.48E-06
1868.13 3.46E-06

1868.105 3.43E-06
1868.08 3.92E-06

1868.055 3.97E-06
1868.03 3.68E-06

1868.005 3.68E-06
1867.98 3.48E-06

1867.955 3.55E-06
1867.93 3.66E-06

1867.905 3.78E-06
1867.88 3.52E-06

1867.855 3.49E-06
1867.83 3.44E-06

1867.805 3.5E-06
1867.78 3.56E-06

1867.755 3.5E-06
1867.73 3.78E-06

1867.705 3.99E-06
1867.68 3.78E-06

1867.655 3.85E-06
1867.63 3.72E-06

1867.605 3.79E-06
1867.58 3.71E-06

1867.555 3.75E-06
1867.53 4.05E-06

1867.505 4.8E-06
1867.48 4.07E-06

1867.455 4.01E-06
1867.43 4.25E-06

1867.405 4.11E-06

ABOR/MH/Priv-003278

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003279

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1867.38 0.000004
1867.355 4.37E-06

1867.33 4.19E-06
1867.305 4.38E-06

1867.28 4.64E-06
1867.255 4.52E-06

1867.23 4.38E-06
1867.205 4.25E-06

1867.18 4.23E-06
1867.155 3.74E-06

1867.13 3.63E-06
1867.105 3.36E-06

1867.08 3.63E-06
1867.055 3.56E-06

1867.03 3.72E-06
1867.005 3.67E-06

1866.98 3.51E-06
1866.955 3.43E-06

1866.93 3.35E-06
1866.905 3.39E-06

1866.88 3.37E-06
1866.855 3.55E-06

1866.83 3.7E-06
1866.805 3.75E-06

1866.78 3.67E-06
1866.755 3.52E-06

1866.73 3.56E-06
1866.705 3.51E-06

1866.68 3.63E-06
1866.655 3.52E-06

1866.63 3.83E-06
1866.605 3.89E-06

1866.58 4.26E-06
1866.555 4.07E-06

1866.53 6     0.00000378
1866.506 2     0.00000367
1866.481 8     0.00000404
1866.457 4     0.00000401
1866.433 4.22E-06
1866.408 7     0.00000401
1866.384 3     0.00000386
1866.359 9     0.00000362
1866.335 5     0.00000359
1866.311 1     0.00000381
1866.286 7     0.00000386

ABOR/MH/Priv-003280

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003281

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1866.262 3     0.00000381
1866.237 9     0.00000390
1866.213 5     0.00000352
1866.189 1     0.00000369
1866.164 8     0.00000375

1866.14 4     0.00000386
1866.116 3.69E-06
1866.091 6     0.00000393
1866.067 2     0.00000382
1866.042 8     0.00000406
1866.018 4     0.00000388
1865.994 3.66E-06
1865.969 6     0.00000358
1865.945 2     0.00000364

1865.92 9     0.00000348
1865.896 5     0.00000360
1865.872 1     0.00000345
1865.847 7     0.00000363
1865.823 3     0.00000366
1865.798 9     0.00000355
1865.774 5     0.00000340

1865.75 1     0.00000343
1865.725 7     0.00000341
1865.701 3     0.00000351
1865.677 3.78E-06
1865.652 6     0.00000346
1865.628 2     0.00000351
1865.603 8     0.00000353
1865.579 4     0.00000326
1865.555 3.3E-06
1865.533 3     0.00000379
1865.511 5     0.00000370
1865.489 8     0.00000358
1865.468 3.47E-06
1865.446 3     0.00000342
1865.424 6     0.00000351
1865.402 8     0.00000347
1865.381 1     0.00000382
1865.359 3     0.00000351
1865.337 6     0.00000383
1865.315 9     0.00000356
1865.294 1     0.00000316
1865.272 4     0.00000327

1865.25 7     0.00000345
1865.228 9     0.00000354

ABOR/MH/Priv-003282

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003283

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1865.207 2     0.00000352
1865.185 4     0.00000357
1865.163 7     0.00000380
1865.142 3.86E-06

1865.12 2     0.00000363
1865.098 5     0.00000379
1865.076 7     0.00000363
1865.055 3.65E-06
1865.033 3     0.00000381
1865.011 5     0.00000373
1864.989 8     0.00000366
1864.968 3.8E-06
1864.946 3     0.00000399
1864.924 6     0.00000394
1864.902 8     0.00000416
1864.881 1     0.00000402
1864.859 3     0.00000395
1864.837 6     0.00000389
1864.815 9     0.00000379
1864.794 1     0.00000358
1864.772 4     0.00000360

1864.75 7     0.00000387
1864.728 9     0.00000403
1864.707 2     0.00000436
1864.685 4     0.00000406
1864.663 7     0.00000387
1864.642 3.89E-06

1864.62 2     0.00000381
1864.598 5     0.00000380
1864.576 7     0.00000358
1864.555 3.52E-06

1864.53 6     0.00000329
1864.506 2     0.00000295
1864.481 8     0.00000310
1864.457 4     0.00000365
1864.433 4.58E-06
1864.408 7     0.00000513
1864.384 3     0.00000464
1864.359 9     0.00000487
1864.335 5     0.00000499
1864.311 1     0.00000481
1864.286 7     0.00000466
1864.262 3     0.00000477
1864.237 9     0.00000462
1864.213 5     0.00000456

ABOR/MH/Priv-003284

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003285

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1864.189 1     0.00000488
1864.164 8     0.00000427

1864.14 4     0.00000398
1864.116 3.94E-06
1864.091 6     0.00000389
1864.067 2     0.00000395
1864.042 8     0.00000394
1864.018 4     0.00000381
1863.994 3.86E-06
1863.969 6     0.00000375
1863.945 2     0.00000374

1863.92 9     0.00000371
1863.896 5     0.00000372
1863.872 1     0.00000395
1863.847 7     0.00000390
1863.823 3     0.00000371
1863.798 9     0.00000330
1863.774 5     0.00000344

1863.75 1     0.00000343
1863.725 7     0.00000355
1863.701 3     0.00000344
1863.677 3.52E-06
1863.652 6     0.00000356
1863.628 2     0.00000382
1863.603 8     0.00000376
1863.579 4     0.00000416
1863.555 0.000004

1863.53 3.96E-06
1863.505 3.79E-06

1863.48 3.95E-06
1863.455 3.8E-06

1863.43 3.9E-06
1863.405 4.02E-06

1863.38 4.18E-06
1863.355 4.25E-06

1863.33 4.14E-06
1863.305 4.03E-06

1863.28 3.86E-06
1863.255 3.8E-06

1863.23 3.57E-06
1863.205 3.38E-06

1863.18 3.28E-06
1863.155 3.25E-06

1863.13 3.4E-06
1863.105 3.36E-06

ABOR/MH/Priv-003286

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003287

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1863.08 3.39E-06
1863.055 3.33E-06

1863.03 3.28E-06
1863.005 3.51E-06

1862.98 3.36E-06
1862.955 3.73E-06

1862.93 3.49E-06
1862.905 3.81E-06

1862.88 3.6E-06
1862.855 3.66E-06

1862.83 3.64E-06
1862.805 3.85E-06

1862.78 3.61E-06
1862.755 3.69E-06

1862.73 3.84E-06
1862.705 4.15E-06

1862.68 4.11E-06
1862.655 3.9E-06

1862.63 3.92E-06
1862.605 3.78E-06

1862.58 3.61E-06
1862.555 3.45E-06
1862.526 4     0.00000368
1862.497 9     0.00000377
1862.469 3     0.00000361

1862.44 7     0.00000380
1862.412 1     0.00000369
1862.383 6     0.00000372
1862.355 3.95E-06
1862.326 4     0.00000382
1862.297 9     0.00000373
1862.269 3     0.00000397

1862.24 7     0.00000369
1862.212 1     0.00000359
1862.183 6     0.00000375
1862.155 3.58E-06
1862.126 4     0.00000368
1862.097 9     0.00000367
1862.069 3     0.00000377

1862.04 7     0.00000376
1862.012 1     0.00000365
1861.983 6     0.00000367
1861.955 3.44E-06
1861.926 4     0.00000372
1861.897 9     0.00000373

ABOR/MH/Priv-003288

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003289

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1861.869 3     0.00000383
1861.84 7     0.00000365

1861.812 1     0.00000361
1861.783 6     0.00000432
1861.755 3.61E-06
1861.726 4     0.00000339
1861.697 9     0.00000326
1861.669 3     0.00000334

1861.64 7     0.00000373
1861.612 1     0.00000388
1861.583 6     0.00000392
1861.555 4.53E-06
1861.535 4     0.00000406
1861.515 8     0.00000410
1861.496 2     0.00000413
1861.476 6     0.00000398
1861.457 4.33E-06
1861.437 4     0.00000422
1861.417 7     0.00000389
1861.398 1     0.00000397
1861.378 5     0.00000391
1861.358 9     0.00000400
1861.339 3     0.00000442
1861.319 7     0.00000435

1861.3 1     0.00000414
1861.28 5     0.00000436
1861.26 9     0.00000483

1861.241 3     0.00000472
1861.221 7     0.00000439
1861.202 1     0.00000420
1861.182 5     0.00000430
1861.162 8     0.00000414
1861.143 2     0.00000417
1861.123 6     0.00000406
1861.104 3.83E-06
1861.084 4     0.00000345
1861.064 8     0.00000350
1861.045 2     0.00000364
1861.025 6     0.00000368
1861.006 3.83E-06
1860.986 4     0.00000389
1860.966 8     0.00000393
1860.947 2     0.00000416
1860.927 5     0.00000401
1860.907 9     0.00000382

ABOR/MH/Priv-003290

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003291

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1860.888 3     0.00000351
1860.868 7     0.00000359
1860.849 1     0.00000375
1860.829 5     0.00000351
1860.809 9     0.00000355

1860.79 3     0.00000389
1860.77 7     0.00000387

1860.751 1     0.00000386
1860.731 5     0.00000380
1860.711 9     0.00000366
1860.692 3     0.00000345
1860.672 6     0.00000325
1860.653 3.15E-06
1860.633 4     0.00000314
1860.613 8     0.00000326
1860.594 2     0.00000350
1860.574 6     0.00000394
1860.555 3.73E-06
1860.536 5     0.00000354
1860.518 3.75E-06
1860.499 4     0.00000375

1860.48 9     0.00000406
1860.462 4     0.00000431
1860.443 9     0.00000405
1860.425 4     0.00000417
1860.406 9     0.00000412
1860.388 3     0.00000450
1860.369 8     0.00000467
1860.351 3     0.00000435
1860.332 8     0.00000459
1860.314 3     0.00000485
1860.295 7     0.00000486
1860.277 2     0.00000478
1860.258 7     0.00000452

1860.24 2     0.00000441
1860.221 7     0.00000420
1860.203 1     0.00000402
1860.184 6     0.00000381
1860.166 1     0.00000387
1860.147 6     0.00000375
1860.129 1     0.00000361

1860.11 6     0.00000345
1860.092 3.67E-06
1860.073 5     0.00000393
1860.055 3.93E-06

ABOR/MH/Priv-003292

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003293

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1860.036 5     0.00000415
1860.018 3.96E-06
1859.999 4     0.00000396

1859.98 9     0.00000414
1859.962 4     0.00000416
1859.943 9     0.00000381
1859.925 4     0.00000388
1859.906 9     0.00000372
1859.888 3     0.00000387
1859.869 8     0.00000391
1859.851 3     0.00000377
1859.832 8     0.00000361
1859.814 3     0.00000358
1859.795 7     0.00000348
1859.777 2     0.00000342
1859.758 7     0.00000364

1859.74 2     0.00000385
1859.721 7     0.00000395
1859.703 1     0.00000402
1859.684 6     0.00000391
1859.666 1     0.00000399
1859.647 6     0.00000419
1859.629 1     0.00000413

1859.61 6     0.00000393
1859.592 3.73E-06
1859.573 5     0.00000382
1859.555 4.37E-06
1859.535 2     0.00000434
1859.515 4     0.00000424
1859.495 7     0.00000389
1859.475 9     0.00000422
1859.456 1     0.00000403
1859.436 3     0.00000413
1859.416 5     0.00000396
1859.396 7     0.00000388
1859.377 4.08E-06
1859.357 2     0.00000448
1859.337 4     0.00000439
1859.317 6     0.00000444
1859.297 8     0.00000478
1859.278 4.05E-06
1859.258 3     0.00000415
1859.238 5     0.00000456
1859.218 7     0.00000404
1859.198 9     0.00000446

ABOR/MH/Priv-003294

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003295

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1859.179 1     0.00000539
1859.159 3     0.00000610
1859.139 6     0.00000543
1859.119 8     0.00000512

1859.1 5.54E-06
1859.078 3.33E-06
1859.056 3.93E-06
1859.034 4.05E-06
1859.012 3.14E-06

1858.99 4.05E-06
1858.968 3.94E-06
1858.946 2.95E-06
1858.924 3.64E-06
1858.902 3.63E-06

1858.88 3.32E-06
1858.858 4.07E-06
1858.836 3.9E-06
1858.814 2.8E-06
1858.792 2.71E-06

1858.77 2.76E-06
1858.748 3.27E-06
1858.726 3.44E-06
1858.704 3.71E-06
1858.682 3.3E-06

1858.66 3.99E-06
1858.638 3.31E-06
1858.616 3.53E-06
1858.594 3.79E-06
1858.572 3.93E-06

1858.55 3.72E-06
1858.524 3.98E-06
1858.497 3.56E-06
1858.471 3.25E-06
1858.445 3.38E-06
1858.418 3.41E-06
1858.392 3.57E-06
1858.366 3.64E-06
1858.339 3.61E-06
1858.313 3.55E-06
1858.287 3.65E-06
1858.261 3.6E-06
1858.234 3.58E-06
1858.208 3.41E-06
1858.182 3.56E-06
1858.155 3.48E-06

ABOR/MH/Priv-003296

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003297

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1858.129 3.52E-06
1858.103 3.81E-06
1858.076 3.76E-06

1858.05 3.68E-06
1858.024 3.6E-06
1857.997 3.74E-06
1857.971 3.81E-06
1857.945 3.58E-06
1857.918 3.42E-06
1857.892 3.68E-06
1857.866 3.3E-06
1857.839 3.45E-06
1857.813 3.5E-06
1857.787 3.83E-06
1857.761 3.73E-06
1857.734 3.79E-06
1857.708 3.84E-06
1857.682 3.55E-06
1857.655 3.81E-06
1857.629 3.9E-06
1857.603 3.31E-06
1857.576 3.11E-06

1857.55 3.32E-06
1857.528 3.51E-06
1857.507 3.74E-06
1857.485 4.01E-06
1857.463 3.93E-06
1857.441 3.94E-06

1857.42 4.05E-06
1857.398 4.1E-06
1857.376 3.95E-06
1857.354 3.83E-06
1857.333 3.87E-06
1857.311 3.94E-06
1857.289 0.000004
1857.267 4.09E-06
1857.246 4.24E-06
1857.224 3.96E-06
1857.202 3.81E-06

1857.18 3.78E-06
1857.159 3.5E-06
1857.137 3.41E-06
1857.115 3.34E-06
1857.093 3.22E-06
1857.072 3.11E-06

ABOR/MH/Priv-003298

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003299

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1857.05 3.04E-06
1857.028 3.78E-06
1857.007 2.98E-06
1856.985 3.23E-06
1856.963 3.19E-06
1856.941 3.08E-06

1856.92 3.37E-06
1856.898 3.56E-06
1856.876 3.74E-06
1856.854 3.72E-06
1856.833 3.65E-06
1856.811 3.76E-06
1856.789 3.56E-06
1856.767 3.37E-06
1856.746 3.51E-06
1856.724 3.61E-06
1856.702 3.74E-06

1856.68 3.57E-06
1856.659 3.73E-06
1856.637 3.8E-06
1856.615 3.87E-06
1856.593 3.58E-06
1856.572 3.77E-06

1856.55 3.65E-06
1856.502 3.43E-06
1856.455 3.4E-06
1856.407 3.76E-06

1856.36 3.47E-06
1856.312 3.55E-06
1856.264 3.54E-06
1856.217 3.44E-06
1856.169 3.08E-06
1856.121 3.39E-06
1856.074 3.54E-06
1856.026 3.59E-06
1855.979 3.75E-06
1855.931 3.55E-06
1855.883 3.75E-06
1855.836 3.56E-06
1855.788 3.44E-06

1855.74 3.53E-06
1855.693 3.47E-06
1855.645 3.34E-06
1855.598 3.72E-06

1855.55 4.07E-06

ABOR/MH/Priv-003300

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003301

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1855.518 4.04E-06
1855.485 4.39E-06
1855.453 4.66E-06
1855.421 4.65E-06
1855.389 4.23E-06
1855.356 3.72E-06
1855.324 3.69E-06
1855.292 3.31E-06

1855.26 3.47E-06
1855.227 3.68E-06
1855.195 3.29E-06
1855.163 3.32E-06
1855.131 3.32E-06
1855.098 3.38E-06
1855.066 3.44E-06
1855.034 3.52E-06
1855.002 3.44E-06
1854.969 3.68E-06
1854.937 3.86E-06
1854.905 3.93E-06
1854.873 3.91E-06

1854.84 3.77E-06
1854.808 3.68E-06
1854.776 3.7E-06
1854.744 3.43E-06
1854.711 3.38E-06
1854.679 3.5E-06
1854.647 3.66E-06
1854.615 3.81E-06
1854.582 3.91E-06

1854.55 3.82E-06
1854.499 3.59E-06
1854.473 3.71E-06
1854.447 0.000004
1854.422 4.43E-06
1854.396 3.86E-06
1854.371 3.77E-06
1854.345 3.85E-06
1854.319 3.71E-06
1854.294 3.97E-06
1854.268 4.55E-06
1854.242 4.11E-06
1854.217 4.12E-06
1854.191 3.97E-06
1854.165 4.31E-06

ABOR/MH/Priv-003302

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003303

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1854.14 4.07E-06
1854.114 3.72E-06
1854.088 3.73E-06
1854.063 3.82E-06
1854.037 3.4E-06
1854.012 3.38E-06
1853.986 3.01E-06

1853.96 3.17E-06
1853.935 3.1E-06
1853.909 3.37E-06
1853.883 3.43E-06
1853.858 3.72E-06
1853.832 3.22E-06
1853.806 3.36E-06
1853.781 3.13E-06
1853.755 3.46E-06
1853.729 3.43E-06
1853.704 3.66E-06
1853.678 3.54E-06
1853.653 3.68E-06
1853.627 3.47E-06
1853.601 3.46E-06
1853.576 3.64E-06

1853.55 3.71E-06
1853.535 3.6E-06
1853.519 3.64E-06
1853.504 3.45E-06
1853.488 3.21E-06
1853.473 3.59E-06
1853.458 3.65E-06
1853.442 3.63E-06
1853.427 3.09E-06
1853.412 3.14E-06
1853.396 3.36E-06
1853.381 3.74E-06
1853.365 3.94E-06

1853.35 3.28E-06
1853.335 3.54E-06
1853.319 3.19E-06
1853.304 3.33E-06
1853.288 3.15E-06
1853.273 3.68E-06
1853.258 3.85E-06
1853.242 3.77E-06
1853.227 3.25E-06

ABOR/MH/Priv-003304

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003305

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1853.212 3.08E-06
1853.196 3.41E-06
1853.181 3.65E-06
1853.165 3.31E-06

1853.15 3.63E-06
1853.135 3.6E-06
1853.119 3.55E-06
1853.104 3.49E-06
1853.088 3.64E-06
1853.073 3.56E-06
1853.058 3.95E-06
1853.042 3.17E-06
1853.027 3.47E-06
1853.012 4.02E-06
1852.996 3.87E-06
1852.981 3.86E-06
1852.965 3.35E-06

1852.95 3.41E-06
1852.935 3.42E-06
1852.919 3.36E-06
1852.904 3.53E-06
1852.888 3.21E-06
1852.873 3.19E-06
1852.858 3.15E-06
1852.842 3.44E-06
1852.827 3.55E-06
1852.812 3.37E-06
1852.796 3.55E-06
1852.781 3.78E-06
1852.765 3.07E-06

1852.75 3.15E-06
1852.735 3.44E-06
1852.719 3.01E-06
1852.704 3.34E-06
1852.688 3.39E-06
1852.673 3.13E-06
1852.658 3.29E-06
1852.642 3.24E-06
1852.627 3.59E-06
1852.612 3.65E-06
1852.596 3.73E-06
1852.581 3.37E-06
1852.565 3.59E-06

1852.55 4.05E-06
1852.535 3.69E-06

ABOR/MH/Priv-003306

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003307

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1852.521 3.37E-06
1852.506 3.78E-06
1852.491 3.88E-06
1852.476 3.8E-06
1852.462 3.91E-06
1852.447 3.53E-06
1852.432 3.62E-06
1852.418 3.79E-06
1852.403 3.78E-06
1852.388 3.91E-06
1852.374 3.26E-06
1852.359 3.94E-06
1852.344 3.17E-06
1852.329 3.82E-06
1852.315 3.52E-06

1852.3 3.34E-06
1852.285 3.25E-06
1852.271 2.83E-06
1852.256 2.94E-06
1852.241 3.01E-06
1852.226 3.68E-06
1852.212 3.13E-06
1852.197 3.12E-06
1852.182 3.09E-06
1852.168 2.87E-06
1852.153 3.03E-06
1852.138 3.12E-06
1852.124 3.19E-06
1852.109 2.88E-06
1852.094 2.89E-06
1852.079 2.99E-06
1852.065 3.14E-06

1852.05 3.31E-06
1852.035 3.52E-06
1852.021 3.49E-06
1852.006 3.62E-06
1851.991 3.38E-06
1851.976 3.29E-06
1851.962 3.59E-06
1851.947 3.06E-06
1851.932 3.74E-06
1851.918 3.82E-06
1851.903 3.43E-06
1851.888 3.27E-06
1851.874 3.15E-06

ABOR/MH/Priv-003308

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003309

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1851.859 3.07E-06
1851.844 3.21E-06
1851.829 3.53E-06
1851.815 3.39E-06

1851.8 3.01E-06
1851.785 3.21E-06
1851.771 3.3E-06
1851.756 3.37E-06
1851.741 3.29E-06
1851.726 3.49E-06
1851.712 3.42E-06
1851.697 3.49E-06
1851.682 3.78E-06
1851.668 3.74E-06
1851.653 3.89E-06
1851.638 3.86E-06
1851.624 3.85E-06
1851.609 3.78E-06
1851.594 3.75E-06
1851.579 3.76E-06
1851.565 3.55E-06

1851.55 3.82E-06
1851.527 4.03E-06
1851.505 3.78E-06
1851.482 3.87E-06
1851.459 0.000004
1851.436 4.03E-06
1851.414 3.92E-06
1851.391 3.39E-06
1851.368 3.79E-06
1851.345 4.06E-06
1851.323 4.19E-06

1851.3 4.18E-06
1851.277 3.71E-06
1851.255 3.47E-06
1851.232 3.18E-06
1851.209 3.32E-06
1851.186 3.3E-06
1851.164 3.09E-06
1851.141 2.99E-06
1851.118 3.15E-06
1851.095 3.55E-06
1851.073 3.62E-06

1851.05 3.58E-06
1851.027 3.43E-06

ABOR/MH/Priv-003310

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003311

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1851.005 3.56E-06
1850.982 3.37E-06
1850.959 3.54E-06
1850.936 3.69E-06
1850.914 3.74E-06
1850.891 3.36E-06
1850.868 3.54E-06
1850.845 3.48E-06
1850.823 3.2E-06

1850.8 3.21E-06
1850.777 3.32E-06
1850.755 3.74E-06
1850.732 3.96E-06
1850.709 3.62E-06
1850.686 3.54E-06
1850.664 3.38E-06
1850.641 3.47E-06
1850.618 3.5E-06
1850.595 3.59E-06
1850.573 3.56E-06

1850.55 3.25E-06
1850.535 3.45E-06
1850.521 3.5E-06
1850.506 3.68E-06
1850.491 3.38E-06
1850.476 3.08E-06
1850.462 3.25E-06
1850.447 3.28E-06
1850.432 3.54E-06
1850.418 3.58E-06
1850.403 3.74E-06
1850.388 3.8E-06
1850.374 3.74E-06
1850.359 3.53E-06
1850.344 3.62E-06
1850.329 3.66E-06
1850.315 3.24E-06

1850.3 3.3E-06
1850.285 3.6E-06
1850.271 3.7E-06
1850.256 3.56E-06
1850.241 3.48E-06
1850.226 3.46E-06
1850.212 3.32E-06
1850.197 3.12E-06

ABOR/MH/Priv-003312

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003313

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1850.182 3.41E-06
1850.168 3.49E-06
1850.153 3.96E-06
1850.138 4.11E-06
1850.124 3.78E-06
1850.109 3.67E-06
1850.094 3.56E-06
1850.079 3.85E-06
1850.065 3.5E-06

1850.05 3.64E-06
1850.035 3.64E-06
1850.021 3.36E-06
1850.006 3.51E-06
1849.991 3.47E-06
1849.976 3.47E-06
1849.962 3.22E-06
1849.947 3.22E-06
1849.932 3.21E-06
1849.918 3.26E-06
1849.903 3.61E-06
1849.888 3.61E-06
1849.874 3.56E-06
1849.859 3.51E-06
1849.844 3.46E-06
1849.829 3.44E-06
1849.815 3.56E-06

1849.8 3.65E-06
1849.785 3.61E-06
1849.771 3.64E-06
1849.756 3.14E-06
1849.741 3.06E-06
1849.726 3.27E-06
1849.712 3.39E-06
1849.697 3.63E-06
1849.682 3.56E-06
1849.668 3.47E-06
1849.653 3.46E-06
1849.638 3.27E-06
1849.624 3.27E-06
1849.609 3.16E-06
1849.594 3.14E-06
1849.579 3.17E-06
1849.565 3.1E-06

1849.55 2.9E-06
1849.531 2.86E-06

ABOR/MH/Priv-003314

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003315

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1849.512 2.74E-06
1849.492 2.87E-06
1849.473 3.01E-06
1849.454 3.56E-06
1849.435 3.24E-06
1849.415 3.09E-06
1849.396 3.47E-06
1849.377 3.66E-06
1849.358 3.56E-06
1849.338 3.48E-06
1849.319 3.41E-06

1849.3 3.23E-06
1849.281 3.18E-06
1849.262 3.48E-06
1849.242 3.19E-06
1849.223 2.77E-06
1849.204 3.25E-06
1849.185 3.17E-06
1849.165 3.2E-06
1849.146 3.31E-06
1849.127 3.05E-06
1849.108 2.95E-06
1849.088 3.14E-06
1849.069 3.45E-06

1849.05 3.31E-06
1849.031 3.06E-06
1849.012 3.25E-06
1848.992 3.19E-06
1848.973 3.13E-06
1848.954 3.18E-06
1848.935 3.25E-06
1848.915 3.4E-06
1848.896 3.37E-06
1848.877 3.49E-06
1848.858 3.58E-06
1848.838 3.81E-06
1848.819 3.58E-06

1848.8 3.49E-06
1848.781 3.54E-06
1848.762 3.46E-06
1848.742 3.4E-06
1848.723 3.65E-06
1848.704 3.66E-06
1848.685 3.52E-06
1848.665 3.76E-06

ABOR/MH/Priv-003316

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003317

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1848.646 3.46E-06
1848.627 3.5E-06
1848.608 3.45E-06
1848.588 3.67E-06
1848.569 3.54E-06

1848.55 3.48E-06
1848.534 3.59E-06
1848.517 3.54E-06
1848.501 3.64E-06
1848.484 3.3E-06
1848.468 3.24E-06
1848.452 3.6E-06
1848.435 3.55E-06
1848.419 3.36E-06
1848.402 3.44E-06
1848.386 3.47E-06

1848.37 3.54E-06
1848.353 3.5E-06
1848.337 3.55E-06

1848.32 3.18E-06
1848.304 3.63E-06
1848.288 3.77E-06
1848.271 3.44E-06
1848.255 3.72E-06
1848.239 4.01E-06
1848.222 3.58E-06
1848.206 3.31E-06
1848.189 3.58E-06
1848.173 3.55E-06
1848.157 3.63E-06

1848.14 3.55E-06
1848.124 3.57E-06
1848.107 3.61E-06
1848.091 3.65E-06
1848.075 3.35E-06
1848.058 3.33E-06
1848.042 3.71E-06
1848.025 3.71E-06
1848.009 3.66E-06
1847.993 3.6E-06
1847.976 3.75E-06

1847.96 3.61E-06
1847.943 3.8E-06
1847.927 3.73E-06
1847.911 3.84E-06

ABOR/MH/Priv-003318

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003319

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1847.894 3.73E-06
1847.878 3.75E-06
1847.861 3.76E-06
1847.845 3.87E-06
1847.829 3.77E-06
1847.812 3.61E-06
1847.796 3.3E-06

1847.78 3.4E-06
1847.763 3.38E-06
1847.747 3.34E-06

1847.73 3.36E-06
1847.714 3.63E-06
1847.698 3.13E-06
1847.681 3.21E-06
1847.665 3.26E-06
1847.648 3.29E-06
1847.632 3.44E-06
1847.616 3.71E-06
1847.599 3.51E-06
1847.583 3.63E-06
1847.566 3.4E-06

1847.55 3.75E-06
1847.534 3.38E-06
1847.518 3.25E-06
1847.502 3.75E-06
1847.485 3.68E-06
1847.469 3.57E-06
1847.453 3.6E-06
1847.437 3.91E-06
1847.421 3.78E-06
1847.405 3.56E-06
1847.389 3.48E-06
1847.373 3.43E-06
1847.356 3.44E-06

1847.34 3.37E-06
1847.324 3.54E-06
1847.308 3.48E-06
1847.292 3.49E-06
1847.276 3.37E-06

1847.26 3.48E-06
1847.244 3.43E-06
1847.227 3.53E-06
1847.211 3.63E-06
1847.195 3.51E-06
1847.179 3.42E-06

ABOR/MH/Priv-003320

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003321

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1847.163 3.3E-06
1847.147 3.37E-06
1847.131 3.05E-06
1847.115 3.21E-06
1847.098 3.42E-06
1847.082 3.46E-06
1847.066 3.62E-06

1847.05 3.52E-06
1847.034 3.4E-06
1847.018 3.67E-06
1847.002 3.4E-06
1846.985 3.7E-06
1846.969 3.57E-06
1846.953 3.26E-06
1846.937 3.59E-06
1846.921 3.53E-06
1846.905 3.57E-06
1846.889 3.77E-06
1846.873 3.83E-06
1846.856 0.000004

1846.84 3.82E-06
1846.824 3.57E-06
1846.808 4.15E-06
1846.792 4.34E-06
1846.776 4.24E-06

1846.76 4.08E-06
1846.744 4.05E-06
1846.727 3.64E-06
1846.711 4.03E-06
1846.695 4.15E-06
1846.679 4.17E-06
1846.663 4.16E-06
1846.647 3.8E-06
1846.631 3.82E-06
1846.615 4.05E-06
1846.598 4.2E-06
1846.582 4.38E-06
1846.566 3.87E-06

1846.55 3.98E-06
1846.531 3.94E-06
1846.512 3.92E-06
1846.493 4.18E-06
1846.475 4.37E-06
1846.456 4.69E-06
1846.437 4.11E-06

ABOR/MH/Priv-003322

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003323

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1846.418 3.97E-06
1846.399 4.14E-06

1846.38 4.3E-06
1846.361 4.93E-06
1846.342 5.56E-06
1846.324 5.56E-06
1846.305 5.77E-06
1846.286 4.87E-06
1846.267 4.21E-06
1846.248 4.16E-06
1846.229 4.09E-06

1846.21 3.7E-06
1846.192 3.67E-06
1846.173 3.79E-06
1846.154 3.53E-06
1846.135 3.32E-06
1846.116 3.67E-06
1846.097 3.52E-06
1846.078 3.72E-06
1846.059 3.65E-06
1846.041 3.67E-06
1846.022 3.63E-06
1846.003 3.38E-06
1845.984 3.4E-06
1845.965 3.42E-06
1845.946 3.19E-06
1845.927 3.37E-06
1845.908 3.35E-06

1845.89 3.43E-06
1845.871 3.37E-06
1845.852 3.42E-06
1845.833 3.49E-06
1845.814 3.44E-06
1845.795 3.27E-06
1845.776 3.23E-06
1845.758 3.1E-06
1845.739 3.45E-06

1845.72 3.65E-06
1845.701 3.79E-06
1845.682 3.64E-06
1845.663 3.57E-06
1845.644 3.39E-06
1845.625 3.69E-06
1845.607 3.44E-06
1845.588 3.68E-06

ABOR/MH/Priv-003324

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003325

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1845.569 3.5E-06
1845.55 3.35E-06

1845.538 3.56E-06
1845.526 3.84E-06
1845.514 3.64E-06
1845.502 3.61E-06

1845.49 3.94E-06
1845.478 3.83E-06
1845.466 3.65E-06
1845.454 3.55E-06
1845.442 3.39E-06

1845.43 3.72E-06
1845.417 3.48E-06
1845.405 3.55E-06
1845.393 3.4E-06
1845.381 3.45E-06
1845.369 3.32E-06
1845.357 3.38E-06
1845.345 3.41E-06
1845.333 3.47E-06
1845.321 4.09E-06
1845.309 3.65E-06
1845.297 3.7E-06
1845.285 3.48E-06
1845.273 3.63E-06
1845.261 3.65E-06
1845.249 3.69E-06
1845.237 3.63E-06
1845.225 3.65E-06
1845.213 3.47E-06
1845.201 3.25E-06
1845.189 3.32E-06
1845.177 3.41E-06
1845.164 3.37E-06
1845.152 3.61E-06

1845.14 3.42E-06
1845.128 3.47E-06
1845.116 3.62E-06
1845.104 3.49E-06
1845.092 3.55E-06

1845.08 3.44E-06
1845.068 3.41E-06
1845.056 3.53E-06
1845.044 3.6E-06
1845.032 3.57E-06

ABOR/MH/Priv-003326

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003327

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1845.02 3.63E-06
1845.008 3.51E-06
1844.996 3.5E-06
1844.984 3.54E-06
1844.972 3.54E-06

1844.96 3.64E-06
1844.948 3.58E-06
1844.936 3.52E-06
1844.923 3.54E-06
1844.911 3.59E-06
1844.899 3.39E-06
1844.887 3.36E-06
1844.875 3.5E-06
1844.863 3.36E-06
1844.851 3.32E-06
1844.839 3.5E-06
1844.827 3.36E-06
1844.815 3.52E-06
1844.803 3.68E-06
1844.791 3.38E-06
1844.779 3.47E-06
1844.767 3.57E-06
1844.755 3.55E-06
1844.743 3.35E-06
1844.731 3.53E-06
1844.719 3.63E-06
1844.707 3.38E-06
1844.695 3.67E-06
1844.683 3.52E-06

1844.67 3.69E-06
1844.658 3.76E-06
1844.646 3.45E-06
1844.634 3.44E-06
1844.622 3.53E-06

1844.61 3.76E-06
1844.598 3.92E-06
1844.586 3.89E-06
1844.574 3.59E-06
1844.562 3.84E-06

1844.55 3.66E-06
1844.538 3.39E-06
1844.525 3.49E-06
1844.513 3.69E-06
1844.501 3.89E-06
1844.488 3.98E-06

ABOR/MH/Priv-003328

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003329

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1844.476 3.68E-06
1844.464 3.48E-06
1844.451 3.5E-06
1844.439 3.37E-06
1844.427 3.68E-06
1844.414 3.55E-06
1844.402 3.73E-06

1844.39 3.73E-06
1844.377 4.13E-06
1844.365 3.63E-06
1844.352 4.24E-06

1844.34 3.83E-06
1844.328 4.08E-06
1844.315 3.92E-06
1844.303 3.83E-06
1844.291 3.51E-06
1844.278 3.7E-06
1844.266 3.34E-06
1844.254 3.91E-06
1844.241 3.9E-06
1844.229 3.51E-06
1844.217 3.45E-06
1844.204 3.25E-06
1844.192 3.7E-06

1844.18 3.64E-06
1844.167 3.87E-06
1844.155 3.58E-06
1844.143 3.91E-06

1844.13 3.65E-06
1844.118 3.42E-06
1844.106 3.73E-06
1844.093 3.44E-06
1844.081 3.29E-06
1844.069 3.23E-06
1844.056 3.78E-06
1844.044 3.4E-06
1844.031 3.5E-06
1844.019 3.1E-06
1844.007 3.05E-06
1843.994 3.01E-06
1843.982 3.72E-06

1843.97 3.52E-06
1843.957 3.58E-06
1843.945 3.71E-06
1843.933 3.67E-06

ABOR/MH/Priv-003330

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003331

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1843.92 3.71E-06
1843.908 3.73E-06
1843.896 3.3E-06
1843.883 3.46E-06
1843.871 3.59E-06
1843.859 3.05E-06
1843.846 3.63E-06
1843.834 3.97E-06
1843.822 3.5E-06
1843.809 3.56E-06
1843.797 3.56E-06
1843.785 3.54E-06
1843.772 3.5E-06

1843.76 3.54E-06
1843.748 3.25E-06
1843.735 3.43E-06
1843.723 3.65E-06

1843.71 3.47E-06
1843.698 3.36E-06
1843.686 3.44E-06
1843.673 3.39E-06
1843.661 3.56E-06
1843.649 3.47E-06
1843.636 3.55E-06
1843.624 3.54E-06
1843.612 3.98E-06
1843.599 3.71E-06
1843.587 3.14E-06
1843.575 3.45E-06
1843.562 3.1E-06

1843.55 3.15E-06
1843.537 3.27E-06
1843.524 3.72E-06
1843.511 3.78E-06
1843.498 3.79E-06
1843.485 3.64E-06
1843.472 4.2E-06
1843.459 3.21E-06
1843.446 3.56E-06
1843.433 3.22E-06

1843.42 3.08E-06
1843.407 3.47E-06
1843.394 4.2E-06
1843.381 3.33E-06
1843.368 3.24E-06

ABOR/MH/Priv-003332

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003333

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1843.355 3.21E-06
1843.342 3.17E-06
1843.329 3.19E-06
1843.316 3.49E-06
1843.303 3.24E-06

1843.29 3.46E-06
1843.277 3.22E-06
1843.264 3.21E-06
1843.251 3.05E-06
1843.238 3.28E-06
1843.225 2.89E-06
1843.212 3.07E-06
1843.199 2.97E-06
1843.186 2.87E-06
1843.173 3.02E-06

1843.16 3.35E-06
1843.147 2.92E-06
1843.134 3.1E-06
1843.121 2.85E-06
1843.108 3.19E-06
1843.095 3.77E-06
1843.082 3.27E-06
1843.069 2.91E-06
1843.056 2.95E-06
1843.044 3.3E-06
1843.031 3.48E-06
1843.018 3.16E-06
1843.005 3.27E-06
1842.992 3.16E-06
1842.979 3.25E-06
1842.966 2.88E-06
1842.953 2.85E-06

1842.94 3.27E-06
1842.927 3.51E-06
1842.914 3.2E-06
1842.901 3.58E-06
1842.888 3.38E-06
1842.875 3.25E-06
1842.862 3.39E-06
1842.849 2.97E-06
1842.836 3.01E-06
1842.823 2.83E-06

1842.81 2.92E-06
1842.797 2.89E-06
1842.784 3.22E-06

ABOR/MH/Priv-003334

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003335

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1842.771 3.03E-06
1842.758 3.09E-06
1842.745 3.12E-06
1842.732 3.15E-06
1842.719 3.11E-06
1842.706 3.53E-06
1842.693 3.81E-06

1842.68 3.6E-06
1842.667 3.29E-06
1842.654 3.8E-06
1842.641 3.84E-06
1842.628 3.31E-06
1842.615 2.77E-06
1842.602 2.98E-06
1842.589 3.58E-06
1842.576 3.18E-06
1842.563 2.82E-06

1842.55 3.09E-06
1842.526 3.53E-06
1842.501 3.86E-06
1842.477 3.53E-06
1842.452 3.45E-06
1842.428 3.16E-06
1842.404 2.98E-06
1842.379 3.07E-06
1842.355 3.34E-06

1842.33 3.31E-06
1842.306 3.36E-06
1842.282 3.21E-06
1842.257 3.29E-06
1842.233 3.2E-06
1842.209 3.06E-06
1842.184 3.01E-06

1842.16 3.01E-06
1842.135 2.99E-06
1842.111 3.24E-06
1842.087 3.2E-06
1842.062 3.33E-06
1842.038 3.28E-06
1842.013 3.35E-06
1841.989 3.51E-06
1841.965 3.49E-06

1841.94 3.54E-06
1841.916 3.41E-06
1841.891 3.77E-06

ABOR/MH/Priv-003336

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003337

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1841.867 3.72E-06
1841.843 3.24E-06
1841.818 3.42E-06
1841.794 3.54E-06

1841.77 3.54E-06
1841.745 3.55E-06
1841.721 3.33E-06
1841.696 3.29E-06
1841.672 3.31E-06
1841.648 3.25E-06
1841.623 3.12E-06
1841.599 3.2E-06
1841.574 3.2E-06

1841.55 3.25E-06
1841.53 3.24E-06

1841.511 3.36E-06
1841.491 3.41E-06
1841.472 3.38E-06
1841.452 3.31E-06
1841.432 3.44E-06
1841.413 3.39E-06
1841.393 3.41E-06
1841.374 3.49E-06
1841.354 3.62E-06
1841.334 3.45E-06
1841.315 3.27E-06
1841.295 3.25E-06
1841.275 3.69E-06
1841.256 3.71E-06
1841.236 3.71E-06
1841.217 3.52E-06
1841.197 3.54E-06
1841.177 3.72E-06
1841.158 3.58E-06
1841.138 2.96E-06
1841.119 3.07E-06
1841.099 3.36E-06
1841.079 3.42E-06

1841.06 3.33E-06
1841.04 3.56E-06

1841.021 3.58E-06
1841.001 3.6E-06
1840.981 3.67E-06
1840.962 3.64E-06
1840.942 3.66E-06

ABOR/MH/Priv-003338

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003339

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1840.923 3.41E-06
1840.903 3.57E-06
1840.883 3.38E-06
1840.864 3.55E-06
1840.844 3.36E-06
1840.825 3.49E-06
1840.805 3.75E-06
1840.785 3.8E-06
1840.766 4.01E-06
1840.746 4.03E-06
1840.726 3.78E-06
1840.707 3.76E-06
1840.687 3.63E-06
1840.668 3.78E-06
1840.648 3.74E-06
1840.628 3.5E-06
1840.609 3.43E-06
1840.589 3.45E-06

1840.57 3.38E-06
1840.55 3.44E-06

1840.528 3.56E-06
1840.507 3.47E-06
1840.485 3.53E-06
1840.463 3.56E-06
1840.441 3.87E-06

1840.42 3.42E-06
1840.398 3.51E-06
1840.376 3.37E-06
1840.354 3.35E-06
1840.333 3.41E-06
1840.311 3.3E-06
1840.289 3.41E-06
1840.267 3.52E-06
1840.246 3.83E-06
1840.224 3.66E-06
1840.202 4.07E-06

1840.18 4.16E-06
1840.159 4.33E-06
1840.137 4.12E-06
1840.115 3.87E-06
1840.093 3.76E-06
1840.072 3.86E-06

1840.05 3.76E-06
1840.028 3.39E-06
1840.007 3.57E-06

ABOR/MH/Priv-003340

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003341

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1839.985 3.57E-06
1839.963 3.66E-06
1839.941 3.55E-06

1839.92 3.66E-06
1839.898 3.57E-06
1839.876 3.73E-06
1839.854 3.57E-06
1839.833 3.66E-06
1839.811 3.62E-06
1839.789 3.58E-06
1839.767 3.52E-06
1839.746 3.57E-06
1839.724 3.61E-06
1839.702 3.9E-06

1839.68 3.65E-06
1839.659 3.72E-06
1839.637 3.87E-06
1839.615 3.67E-06
1839.593 3.59E-06
1839.572 3.57E-06

1839.55 3.64E-06
1839.536 3.46E-06
1839.523 3.38E-06
1839.509 3.63E-06
1839.496 3.72E-06
1839.482 3.54E-06
1839.469 3.45E-06
1839.455 3.46E-06
1839.442 3.31E-06
1839.428 3.35E-06
1839.415 3.28E-06
1839.401 3.43E-06
1839.388 3.44E-06
1839.374 3.51E-06
1839.361 3.5E-06
1839.347 3.51E-06
1839.334 3.34E-06

1839.32 3.31E-06
1839.307 3.54E-06
1839.293 3.59E-06

1839.28 3.69E-06
1839.266 3.84E-06
1839.253 3.62E-06
1839.239 3.45E-06
1839.226 3.45E-06

ABOR/MH/Priv-003342

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003343

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1839.212 3.71E-06
1839.199 3.45E-06
1839.185 3.48E-06
1839.172 3.48E-06
1839.158 3.69E-06
1839.145 4.09E-06
1839.131 3.95E-06
1839.118 3.69E-06
1839.104 3.74E-06
1839.091 3.69E-06
1839.077 3.7E-06
1839.064 3.69E-06

1839.05 3.52E-06
1839.036 3.6E-06
1839.023 3.4E-06
1839.009 3.54E-06
1838.996 3.45E-06
1838.982 3.57E-06
1838.969 3.38E-06
1838.955 3.42E-06
1838.942 3.53E-06
1838.928 4.01E-06
1838.915 3.73E-06
1838.901 4.04E-06
1838.888 3.63E-06
1838.874 3.79E-06
1838.861 3.68E-06
1838.847 3.15E-06
1838.834 3.31E-06

1838.82 3.36E-06
1838.807 3.2E-06
1838.793 3.44E-06

1838.78 3.69E-06
1838.766 3.73E-06
1838.753 3.68E-06
1838.739 3.77E-06
1838.726 4.1E-06
1838.712 4.13E-06
1838.699 4.17E-06
1838.685 4.23E-06
1838.672 4.2E-06
1838.658 3.8E-06
1838.645 0.000004
1838.631 3.84E-06
1838.618 4.04E-06

ABOR/MH/Priv-003344
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003345

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1838.604 3.97E-06
1838.591 4.37E-06
1838.577 3.64E-06
1838.564 3.65E-06

1838.55 3.53E-06
1838.51 3.5E-06
1838.47 3.64E-06
1838.43 3.81E-06
1838.39 3.83E-06
1838.35 4.04E-06
1838.31 3.83E-06
1838.27 3.81E-06
1838.23 3.66E-06
1838.19 3.34E-06
1838.15 3.56E-06
1838.11 3.45E-06
1838.07 3.47E-06
1838.03 3.82E-06
1837.99 3.7E-06
1837.95 3.79E-06
1837.91 3.87E-06
1837.87 3.7E-06
1837.83 3.85E-06
1837.79 3.88E-06
1837.75 3.91E-06
1837.71 4.21E-06
1837.67 4.3E-06
1837.63 4.16E-06
1837.59 4.05E-06
1837.55 3.9E-06
1837.53 3.88E-06
1837.51 3.75E-06
1837.49 3.61E-06
1837.47 3.52E-06
1837.45 3.44E-06
1837.43 3.32E-06
1837.41 3.42E-06
1837.39 3.28E-06
1837.37 3.17E-06
1837.35 3.63E-06
1837.33 3.54E-06
1837.31 3.61E-06
1837.29 3.46E-06
1837.27 3.6E-06
1837.25 3.88E-06

ABOR/MH/Priv-003346
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003347

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1837.23 3.64E-06
1837.21 3.48E-06
1837.19 3.76E-06
1837.17 3.51E-06
1837.15 3.62E-06
1837.13 3.52E-06
1837.11 3.59E-06
1837.09 3.32E-06
1837.07 3.28E-06
1837.05 3.38E-06
1837.03 3.53E-06
1837.01 3.61E-06
1836.99 3.51E-06
1836.97 3.68E-06
1836.95 3.43E-06
1836.93 3.3E-06
1836.91 3.56E-06
1836.89 2.99E-06
1836.87 2.48E-06
1836.85 2.96E-06
1836.83 3.09E-06
1836.81 2.85E-06
1836.79 2.56E-06
1836.77 2.56E-06
1836.75 2.65E-06
1836.73 2.71E-06
1836.71 2.71E-06
1836.69 3.12E-06
1836.67 3.18E-06
1836.65 2.56E-06
1836.63 2.39E-06
1836.61 3.67E-06
1836.59 3.56E-06
1836.57 3.48E-06
1836.55 3.71E-06
1836.53 3.87E-06

1836.511 3.85E-06
1836.491 3.7E-06
1836.472 4.05E-06
1836.452 4.44E-06
1836.432 3.95E-06
1836.413 3.79E-06
1836.393 4.12E-06
1836.374 3.79E-06
1836.354 3.72E-06

ABOR/MH/Priv-003348
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003349

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1836.334 3.54E-06
1836.315 3.61E-06
1836.295 3.57E-06
1836.275 3.59E-06
1836.256 3.52E-06
1836.236 3.76E-06
1836.217 3.56E-06
1836.197 3.47E-06
1836.177 3.47E-06
1836.158 3.38E-06
1836.138 3.53E-06
1836.119 3.39E-06
1836.099 3.43E-06
1836.079 3.6E-06

1836.06 3.82E-06
1836.04 3.85E-06

1836.021 3.61E-06
1836.001 3.81E-06
1835.981 3.66E-06
1835.962 3.62E-06
1835.942 3.66E-06
1835.923 3.76E-06
1835.903 3.72E-06
1835.883 3.75E-06
1835.864 3.68E-06
1835.844 3.8E-06
1835.825 3.86E-06
1835.805 3.86E-06
1835.785 3.93E-06
1835.766 3.87E-06
1835.746 3.56E-06
1835.726 3.47E-06
1835.707 3.75E-06
1835.687 3.5E-06
1835.668 3.33E-06
1835.648 3.5E-06
1835.628 3.92E-06
1835.609 3.7E-06
1835.589 3.76E-06

1835.57 3.75E-06
1835.55 3.59E-06

1835.513 3.64E-06
1835.476 3.57E-06
1835.439 3.49E-06
1835.402 3.73E-06

ABOR/MH/Priv-003350
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003351

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1835.365 3.82E-06
1835.328 3.85E-06
1835.291 3.77E-06
1835.254 3.68E-06
1835.217 3.46E-06

1835.18 3.58E-06
1835.143 3.65E-06
1835.106 3.59E-06
1835.069 3.52E-06
1835.031 3.72E-06
1834.994 3.5E-06
1834.957 3.58E-06

1834.92 3.55E-06
1834.883 3.23E-06
1834.846 3.45E-06
1834.809 3.13E-06
1834.772 3.13E-06
1834.735 3.21E-06
1834.698 3.53E-06
1834.661 3.63E-06
1834.624 3.94E-06
1834.587 3.91E-06

1834.55 3.8E-06
1834.508 3.58E-06
1834.467 3.76E-06
1834.425 3.82E-06
1834.383 3.29E-06
1834.342 3.38E-06

1834.3 3.25E-06
1834.258 3.17E-06
1834.217 3.31E-06
1834.175 3.38E-06
1834.133 3.51E-06
1834.092 3.54E-06

1834.05 3.44E-06
1834.008 3.58E-06
1833.967 3.54E-06
1833.925 3.65E-06
1833.883 3.4E-06
1833.842 3.34E-06

1833.8 3.24E-06
1833.758 3.25E-06
1833.717 3.27E-06
1833.675 3.27E-06
1833.633 3.28E-06

ABOR/MH/Priv-003352
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IN CAMERA REVIEW ONLY 
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003353

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1833.592 3.21E-06
1833.55 3.2E-06
1833.53 3.17E-06
1833.51 3.44E-06
1833.49 3.54E-06
1833.47 3.66E-06
1833.45 3.67E-06
1833.43 3.49E-06
1833.41 3.39E-06
1833.39 3.44E-06
1833.37 3.42E-06
1833.35 3.48E-06
1833.33 3.61E-06
1833.31 3.7E-06
1833.29 3.69E-06
1833.27 3.58E-06
1833.25 3.67E-06
1833.23 3.54E-06
1833.21 3.69E-06
1833.19 3.67E-06
1833.17 3.9E-06
1833.15 3.75E-06
1833.13 3.77E-06
1833.11 3.6E-06
1833.09 3.62E-06
1833.07 3.78E-06
1833.05 3.48E-06
1833.03 3.44E-06
1833.01 3.3E-06
1832.99 3.23E-06
1832.97 3.22E-06
1832.95 3.32E-06
1832.93 3.54E-06
1832.91 3.46E-06
1832.89 3.55E-06
1832.87 3.67E-06
1832.85 3.81E-06
1832.83 3.84E-06
1832.81 3.65E-06
1832.79 3.48E-06
1832.77 3.5E-06
1832.75 3.34E-06
1832.73 3.22E-06
1832.71 3.17E-06
1832.69 2.98E-06

ABOR/MH/Priv-003354

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003355

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1832.67 3.29E-06
1832.65 3.37E-06
1832.63 3.28E-06
1832.61 3.35E-06
1832.59 3.2E-06
1832.57 3.18E-06
1832.55 3.36E-06

1832.529 3.58E-06
1832.507 3.71E-06
1832.486 3.67E-06
1832.465 3.48E-06
1832.444 3.69E-06
1832.422 3.54E-06
1832.401 3.5E-06

1832.38 3.23E-06
1832.359 3.23E-06
1832.337 3.13E-06
1832.316 3.47E-06
1832.295 3.71E-06
1832.273 3.67E-06
1832.252 3.58E-06
1832.231 3.63E-06

1832.21 3.46E-06
1832.188 3.43E-06
1832.167 3.44E-06
1832.146 3.27E-06
1832.124 3.25E-06
1832.103 3.28E-06
1832.082 3.15E-06
1832.061 3.29E-06
1832.039 3.56E-06
1832.018 3.65E-06
1831.997 3.6E-06
1831.976 3.39E-06
1831.954 3.29E-06
1831.933 3.16E-06
1831.912 3.28E-06

1831.89 3.09E-06
1831.869 3.29E-06
1831.848 3.08E-06
1831.827 3.19E-06
1831.805 3.22E-06
1831.784 3.22E-06
1831.763 3.29E-06
1831.741 3.47E-06

ABOR/MH/Priv-003356

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003357

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1831.72 3.44E-06
1831.699 3.42E-06
1831.678 3.36E-06
1831.656 3.36E-06
1831.635 3.43E-06
1831.614 3.32E-06
1831.593 3.41E-06
1831.571 3.6E-06

1831.55 3.19E-06
1831.533 3.41E-06
1831.516 3.29E-06
1831.498 3.15E-06
1831.481 3.26E-06
1831.464 3.11E-06
1831.447 3.26E-06
1831.429 3.24E-06
1831.412 3.36E-06
1831.395 3.14E-06
1831.378 3.36E-06

1831.36 3.38E-06
1831.343 3.33E-06
1831.326 3.59E-06
1831.309 3.33E-06
1831.291 3.47E-06
1831.274 3.7E-06
1831.257 3.63E-06

1831.24 3.58E-06
1831.222 3.87E-06
1831.205 3.75E-06
1831.188 4.01E-06
1831.171 3.89E-06
1831.153 3.6E-06
1831.136 3.47E-06
1831.119 3.49E-06
1831.102 3.54E-06
1831.084 3.4E-06
1831.067 3.26E-06

1831.05 3.23E-06
1831.033 3.22E-06
1831.016 3.23E-06
1830.998 3.3E-06
1830.981 3.26E-06
1830.964 3.48E-06
1830.947 3.35E-06
1830.929 3.39E-06

ABOR/MH/Priv-003358

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003359

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1830.912 3.39E-06
1830.895 3.3E-06
1830.878 3.33E-06

1830.86 3.26E-06
1830.843 3.21E-06
1830.826 3.21E-06
1830.809 3.16E-06
1830.791 3.11E-06
1830.774 3.07E-06
1830.757 3.2E-06

1830.74 3.5E-06
1830.722 3.55E-06
1830.705 3.62E-06
1830.688 3.64E-06
1830.671 3.8E-06
1830.653 3.69E-06
1830.636 3.58E-06
1830.619 3.68E-06
1830.602 3.41E-06
1830.584 3.57E-06
1830.567 3.23E-06

1830.55 3.16E-06
1830.531 3.46E-06
1830.512 3.3E-06
1830.492 3.47E-06
1830.473 3.39E-06
1830.454 3.42E-06
1830.435 3.34E-06
1830.415 3.42E-06
1830.396 3.42E-06
1830.377 3.17E-06
1830.358 3.27E-06
1830.338 3.1E-06
1830.319 3.27E-06

1830.3 3.7E-06
1830.281 3.5E-06
1830.262 3.29E-06
1830.242 3.12E-06
1830.223 3.2E-06
1830.204 3.27E-06
1830.185 3.29E-06
1830.165 3.4E-06
1830.146 3.5E-06
1830.127 3.67E-06
1830.108 3.41E-06

ABOR/MH/Priv-003360

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003361

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1830.088 3.4E-06
1830.069 3.29E-06

1830.05 3.36E-06
1830.031 3.16E-06
1830.012 3.14E-06
1829.992 3.14E-06
1829.973 3.19E-06
1829.954 3.39E-06
1829.935 3.67E-06
1829.915 3.39E-06
1829.896 3.43E-06
1829.877 3.56E-06
1829.858 3.79E-06
1829.838 3.61E-06
1829.819 3.46E-06

1829.8 3.48E-06
1829.781 3.17E-06
1829.762 3.28E-06
1829.742 3.31E-06
1829.723 3.39E-06
1829.704 3.51E-06
1829.685 3.52E-06
1829.665 3.37E-06
1829.646 3.43E-06
1829.627 3.53E-06
1829.608 3.5E-06
1829.588 3.68E-06
1829.569 3.59E-06

1829.55 3.58E-06
1829.53 3.55E-06

1829.509 3.49E-06
1829.489 3.42E-06
1829.468 3.02E-06
1829.448 3.19E-06
1829.428 3.29E-06
1829.407 3.19E-06
1829.387 3.12E-06
1829.366 3.34E-06
1829.346 3.46E-06
1829.326 3.56E-06
1829.305 3.37E-06
1829.285 3.3E-06
1829.264 3.35E-06
1829.244 3.2E-06
1829.223 3.24E-06

ABOR/MH/Priv-003362

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003363

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1829.203 3.34E-06
1829.183 3.47E-06
1829.162 3.24E-06
1829.142 3.2E-06
1829.121 2.92E-06
1829.101 3.14E-06
1829.081 3.08E-06

1829.06 3.27E-06
1829.04 3.4E-06

1829.019 3.44E-06
1828.999 3.21E-06
1828.979 3.2E-06
1828.958 3.14E-06
1828.938 3.17E-06
1828.917 3.23E-06
1828.897 3.23E-06
1828.877 3.28E-06
1828.856 3.19E-06
1828.836 3.33E-06
1828.815 3.12E-06
1828.795 3.32E-06
1828.774 3.42E-06
1828.754 3.5E-06
1828.734 3.47E-06
1828.713 3.24E-06
1828.693 3.22E-06
1828.672 3.1E-06
1828.652 3.36E-06
1828.632 3.26E-06
1828.611 3.11E-06
1828.591 2.96E-06

1828.57 3.2E-06
1828.55 3.24E-06

1828.527 3.3E-06
1828.505 3.12E-06
1828.482 3.03E-06
1828.459 3.18E-06
1828.436 2.91E-06
1828.414 3.05E-06
1828.391 3.22E-06
1828.368 3.35E-06
1828.345 3.28E-06
1828.323 3.46E-06

1828.3 3.41E-06
1828.277 3.38E-06

ABOR/MH/Priv-003364

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003365

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1828.255 3.17E-06
1828.232 0.000003
1828.209 2.99E-06
1828.186 3.23E-06
1828.164 2.99E-06
1828.141 3.14E-06
1828.118 3.46E-06
1828.095 3.37E-06
1828.073 3.3E-06

1828.05 3.23E-06
1828.027 3.38E-06
1828.005 3.28E-06
1827.982 3.34E-06
1827.959 3.43E-06
1827.936 3.18E-06
1827.914 3.34E-06
1827.891 3.29E-06
1827.868 3.25E-06
1827.845 3.14E-06
1827.823 3.19E-06

1827.8 3.24E-06
1827.777 3.44E-06
1827.755 3.24E-06
1827.732 3.21E-06
1827.709 3.38E-06
1827.686 3.38E-06
1827.664 3.23E-06
1827.641 3.25E-06
1827.618 3.04E-06
1827.595 3.13E-06
1827.573 3.19E-06

1827.55 3.2E-06
1827.533 3.41E-06
1827.516 3.11E-06
1827.499 3.53E-06
1827.482 3.17E-06
1827.465 3.51E-06
1827.448 3.64E-06
1827.431 3.45E-06
1827.414 3.44E-06
1827.397 3.88E-06
1827.381 3.57E-06
1827.364 3.38E-06
1827.347 3.23E-06

1827.33 3.07E-06

ABOR/MH/Priv-003366

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003367

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1827.313 3.4E-06
1827.296 3.49E-06
1827.279 3.22E-06
1827.262 2.85E-06
1827.245 2.85E-06
1827.228 2.9E-06
1827.211 3.23E-06
1827.194 3.4E-06
1827.177 3.41E-06

1827.16 3.48E-06
1827.143 3.56E-06
1827.126 3.63E-06
1827.109 3.6E-06
1827.092 3.58E-06
1827.075 3.5E-06
1827.058 3.53E-06
1827.042 3.28E-06
1827.025 3.28E-06
1827.008 3.25E-06
1826.991 3.51E-06
1826.974 3.61E-06
1826.957 3.75E-06

1826.94 3.49E-06
1826.923 3.61E-06
1826.906 3.68E-06
1826.889 3.37E-06
1826.872 3.22E-06
1826.855 3.37E-06
1826.838 3.53E-06
1826.821 3.47E-06
1826.804 3.48E-06
1826.787 3.43E-06

1826.77 3.18E-06
1826.753 3.03E-06
1826.736 3.07E-06
1826.719 3.06E-06
1826.703 3.13E-06
1826.686 3.21E-06
1826.669 3.28E-06
1826.652 3.45E-06
1826.635 3.61E-06
1826.618 3.34E-06
1826.601 3.33E-06
1826.584 3.27E-06
1826.567 3.17E-06

ABOR/MH/Priv-003368

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003369

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1826.55 3.25E-06
1826.532 3.54E-06
1826.514 3.52E-06
1826.495 3.75E-06
1826.477 3.64E-06
1826.459 3.74E-06
1826.441 3.62E-06
1826.423 3.24E-06
1826.405 3.3E-06
1826.386 4.05E-06
1826.368 3.91E-06

1826.35 3.57E-06
1826.332 3.52E-06
1826.314 3.47E-06
1826.295 3.51E-06
1826.277 3.51E-06
1826.259 3.25E-06
1826.241 3.31E-06
1826.223 3.32E-06
1826.205 3.37E-06
1826.186 3.3E-06
1826.168 3.13E-06

1826.15 3.17E-06
1826.132 3.22E-06
1826.114 3.33E-06
1826.095 3.52E-06
1826.077 3.42E-06
1826.059 3.33E-06
1826.041 3.22E-06
1826.023 3.16E-06
1826.005 3.15E-06
1825.986 3.1E-06
1825.968 3.01E-06

1825.95 3.05E-06
1825.932 3.03E-06
1825.914 3.23E-06
1825.895 3.04E-06
1825.877 2.83E-06
1825.859 2.91E-06
1825.841 3.02E-06
1825.823 3.12E-06
1825.805 3.1E-06
1825.786 3.09E-06
1825.768 3.24E-06

1825.75 3.5E-06

ABOR/MH/Priv-003370

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003371

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1825.732 3.34E-06
1825.714 3.24E-06
1825.695 3.52E-06
1825.677 3.45E-06
1825.659 3.23E-06
1825.641 3.09E-06
1825.623 3.21E-06
1825.605 3.33E-06
1825.586 3.19E-06
1825.568 3.1E-06

1825.55 3.09E-06
1825.532 2.91E-06
1825.514 3.33E-06
1825.496 3.35E-06
1825.479 3.33E-06
1825.461 3.26E-06
1825.443 3.52E-06
1825.425 3.8E-06
1825.407 4.12E-06
1825.389 4.6E-06
1825.371 4.04E-06
1825.354 3.57E-06
1825.336 3.5E-06
1825.318 3.43E-06

1825.3 3.3E-06
1825.282 3.21E-06
1825.264 3.55E-06
1825.246 3.66E-06
1825.229 3.35E-06
1825.211 3.46E-06
1825.193 3.42E-06
1825.175 3.2E-06
1825.157 3.17E-06
1825.139 3.03E-06
1825.121 2.96E-06
1825.104 3.04E-06
1825.086 2.95E-06
1825.068 3.11E-06

1825.05 3.16E-06
1825.032 3.27E-06
1825.014 3.23E-06
1824.996 3.33E-06
1824.979 3.23E-06
1824.961 3.16E-06
1824.943 3.14E-06

ABOR/MH/Priv-003372
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Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003373

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1824.925 3.05E-06
1824.907 3.06E-06
1824.889 3.3E-06
1824.871 3.49E-06
1824.854 3.36E-06
1824.836 3.41E-06
1824.818 3.34E-06

1824.8 3.17E-06
1824.782 3.15E-06
1824.764 3.27E-06
1824.746 3.26E-06
1824.729 3.27E-06
1824.711 3.19E-06
1824.693 3.19E-06
1824.675 3.18E-06
1824.657 3.3E-06
1824.639 3.42E-06
1824.621 3.38E-06
1824.604 3.44E-06
1824.586 3.41E-06
1824.568 3.46E-06

1824.55 3.58E-06
1824.527 3.43E-06
1824.503 3.44E-06

1824.48 3.53E-06
1824.457 3.36E-06
1824.434 3.29E-06

1824.41 3.16E-06
1824.387 3.13E-06
1824.364 3.15E-06
1824.341 3.1E-06
1824.317 2.95E-06
1824.294 2.99E-06
1824.271 3.2E-06
1824.248 3.47E-06
1824.224 2.97E-06
1824.201 3.13E-06
1824.178 3.17E-06
1824.155 3.26E-06
1824.131 3.13E-06
1824.108 3.28E-06
1824.085 3.5E-06
1824.062 3.44E-06
1824.038 3.26E-06
1824.015 3.31E-06

ABOR/MH/Priv-003374
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003375

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1823.992 3.37E-06
1823.969 3.22E-06
1823.945 3.24E-06
1823.922 3.26E-06
1823.899 3.33E-06
1823.876 3.35E-06
1823.852 3.33E-06
1823.829 3.29E-06
1823.806 3.43E-06
1823.783 3.68E-06
1823.759 3.66E-06
1823.736 3.7E-06
1823.713 3.52E-06

1823.69 3.26E-06
1823.666 3.83E-06
1823.643 3.66E-06

1823.62 3.54E-06
1823.597 3.53E-06
1823.573 3.45E-06

1823.55 3.52E-06
1823.528 3.54E-06
1823.506 3.62E-06
1823.483 3.48E-06
1823.461 3.54E-06
1823.439 3.51E-06
1823.417 3.39E-06
1823.394 3.17E-06
1823.372 3.19E-06

1823.35 3.11E-06
1823.328 3.05E-06
1823.306 2.96E-06
1823.283 3.17E-06
1823.261 3.24E-06
1823.239 3.28E-06
1823.217 3.2E-06
1823.194 3.38E-06
1823.172 3.38E-06

1823.15 3.34E-06
1823.128 3.33E-06
1823.106 3.57E-06
1823.083 3.46E-06
1823.061 3.67E-06
1823.039 3.15E-06
1823.017 3.23E-06
1822.994 3.07E-06

ABOR/MH/Priv-003376
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003377

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1822.972 3.16E-06
1822.95 3.2E-06

1822.928 3.17E-06
1822.906 3.58E-06
1822.883 3.34E-06
1822.861 3.76E-06
1822.839 3.69E-06
1822.817 3.72E-06
1822.794 4.07E-06
1822.772 4.08E-06

1822.75 3.84E-06
1822.728 3.81E-06
1822.706 3.42E-06
1822.683 3.44E-06
1822.661 3.23E-06
1822.639 3.17E-06
1822.617 3.46E-06
1822.594 3.47E-06
1822.572 3.54E-06

1822.55 3.76E-06
1822.533 3.46E-06
1822.516 3.7E-06
1822.498 3.68E-06
1822.481 3.72E-06
1822.464 3.78E-06
1822.447 3.71E-06
1822.429 3.57E-06
1822.412 3.51E-06
1822.395 3.42E-06
1822.378 3.51E-06

1822.36 3.39E-06
1822.343 3.38E-06
1822.326 3.26E-06
1822.309 3.21E-06
1822.291 3.13E-06
1822.274 3.05E-06
1822.257 3.41E-06

1822.24 3.2E-06
1822.222 3.25E-06
1822.205 3.34E-06
1822.188 3.57E-06
1822.171 3.67E-06
1822.153 3.94E-06
1822.136 3.83E-06
1822.119 3.34E-06

ABOR/MH/Priv-003378
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003379

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1822.102 3.29E-06
1822.084 3.2E-06
1822.067 3.38E-06

1822.05 3.31E-06
1822.033 3.11E-06
1822.016 3.27E-06
1821.998 3.09E-06
1821.981 3.15E-06
1821.964 3.13E-06
1821.947 3.04E-06
1821.929 3.31E-06
1821.912 3.17E-06
1821.895 3.17E-06
1821.878 3.13E-06

1821.86 3.42E-06
1821.843 3.59E-06
1821.826 3.44E-06
1821.809 3.48E-06
1821.791 3.44E-06
1821.774 3.29E-06
1821.757 3.16E-06

1821.74 3.18E-06
1821.722 3.27E-06
1821.705 3.33E-06
1821.688 3.26E-06
1821.671 3.03E-06
1821.653 2.98E-06
1821.636 2.96E-06
1821.619 3.02E-06
1821.602 3.12E-06
1821.584 2.8E-06
1821.567 2.93E-06

1821.55 3.03E-06
1821.534 2.9E-06
1821.519 2.97E-06
1821.503 2.87E-06
1821.488 2.92E-06
1821.472 2.75E-06
1821.456 2.74E-06
1821.441 2.83E-06
1821.425 2.77E-06
1821.409 2.64E-06
1821.394 2.67E-06
1821.378 2.53E-06
1821.363 2.48E-06

ABOR/MH/Priv-003380
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IN CAMERA REVIEW ONLY 
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003381

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1821.347 2.73E-06
1821.331 2.76E-06
1821.316 2.87E-06

1821.3 2.64E-06
1821.284 2.87E-06
1821.269 2.9E-06
1821.253 2.76E-06
1821.238 2.75E-06
1821.222 2.8E-06
1821.206 3.18E-06
1821.191 3.09E-06
1821.175 2.94E-06
1821.159 3.01E-06
1821.144 3.28E-06
1821.128 3.67E-06
1821.113 3.98E-06
1821.097 3.67E-06
1821.081 3.69E-06
1821.066 3.51E-06

1821.05 3.66E-06
1821.034 4.02E-06
1821.019 3.59E-06
1821.003 3.28E-06
1820.988 3.56E-06
1820.972 3.63E-06
1820.956 3.61E-06
1820.941 3.48E-06
1820.925 3.41E-06
1820.909 3.58E-06
1820.894 3.66E-06
1820.878 3.74E-06
1820.863 3.81E-06
1820.847 3.55E-06
1820.831 3.52E-06
1820.816 3.43E-06

1820.8 3.49E-06
1820.784 3.39E-06
1820.769 3.61E-06
1820.753 3.95E-06
1820.738 3.67E-06
1820.722 3.57E-06
1820.706 3.74E-06
1820.691 3.72E-06
1820.675 3.43E-06
1820.659 3.5E-06

ABOR/MH/Priv-003382
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003383

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1820.644 3.41E-06
1820.628 3.22E-06
1820.613 3.2E-06
1820.597 3.73E-06
1820.581 3.62E-06
1820.566 3.51E-06

1820.55 3.73E-06
1820.528 4.14E-06
1820.506 4.29E-06
1820.483 4.1E-06
1820.461 4.09E-06
1820.439 3.9E-06
1820.417 3.82E-06
1820.394 3.52E-06
1820.372 3.89E-06

1820.35 3.55E-06
1820.328 4.05E-06
1820.306 4.35E-06
1820.283 4.04E-06
1820.261 3.94E-06
1820.239 3.85E-06
1820.217 3.88E-06
1820.194 3.66E-06
1820.172 3.68E-06

1820.15 3.65E-06
1820.128 3.71E-06
1820.106 3.44E-06
1820.083 3.5E-06
1820.061 3.53E-06
1820.039 3.47E-06
1820.017 3.72E-06
1819.994 3.55E-06
1819.972 3.61E-06

1819.95 3.51E-06
1819.928 3.61E-06
1819.906 3.69E-06
1819.883 3.6E-06
1819.861 3.1E-06
1819.839 3.62E-06
1819.817 3.57E-06
1819.794 3.91E-06
1819.772 3.82E-06

1819.75 3.19E-06
1819.728 3.73E-06
1819.706 3.98E-06

ABOR/MH/Priv-003384

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003385

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1819.683 4.1E-06
1819.661 3.89E-06
1819.639 3.56E-06
1819.617 4.22E-06
1819.594 4.19E-06
1819.572 4.09E-06

1819.55 4.06E-06
1819.534 4.09E-06
1819.518 4.39E-06
1819.502 4.62E-06
1819.487 3.94E-06
1819.471 4.09E-06
1819.455 3.91E-06
1819.439 3.91E-06
1819.423 3.82E-06
1819.407 3.94E-06
1819.391 3.8E-06
1819.375 3.66E-06

1819.36 3.89E-06
1819.344 3.7E-06
1819.328 4.04E-06
1819.312 4.48E-06
1819.296 5.16E-06

1819.28 5.09E-06
1819.264 5.37E-06
1819.248 0.000005
1819.233 4.28E-06
1819.217 4.07E-06
1819.201 3.74E-06
1819.185 3.71E-06
1819.169 3.65E-06
1819.153 3.36E-06
1819.137 3.52E-06
1819.121 3.58E-06
1819.106 3.51E-06

1819.09 3.43E-06
1819.074 3.26E-06
1819.058 3.79E-06
1819.042 3.47E-06
1819.026 3.62E-06

1819.01 3.69E-06
1818.994 3.55E-06
1818.979 3.98E-06
1818.963 3.62E-06
1818.947 3.76E-06

ABOR/MH/Priv-003386

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003387

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1818.931 3.6E-06
1818.915 3.61E-06
1818.899 3.89E-06
1818.883 3.41E-06
1818.867 3.68E-06
1818.852 3.68E-06
1818.836 3.7E-06

1818.82 3.6E-06
1818.804 3.55E-06
1818.788 3.6E-06
1818.772 3.23E-06
1818.756 3.32E-06

1818.74 3.72E-06
1818.725 3.38E-06
1818.709 3.31E-06
1818.693 3.75E-06
1818.677 3.47E-06
1818.661 3.92E-06
1818.645 3.8E-06
1818.629 4.14E-06
1818.613 3.7E-06
1818.598 3.93E-06
1818.582 4.1E-06
1818.566 3.66E-06

1818.55 3.65E-06
1818.53 3.77E-06

1818.511 3.8E-06
1818.491 3.61E-06
1818.472 3.93E-06
1818.452 3.97E-06
1818.432 3.66E-06
1818.413 3.64E-06
1818.393 3.45E-06
1818.374 3.4E-06
1818.354 3.45E-06
1818.334 3.26E-06
1818.315 3.49E-06
1818.295 3.83E-06
1818.275 3.59E-06
1818.256 3.41E-06
1818.236 3.05E-06
1818.217 3.36E-06
1818.197 3.34E-06
1818.177 3.05E-06
1818.158 3.33E-06

ABOR/MH/Priv-003388

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003389

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1818.138 3.57E-06
1818.119 3.68E-06
1818.099 3.73E-06
1818.079 3.58E-06

1818.06 3.5E-06
1818.04 3.44E-06

1818.021 3.44E-06
1818.001 3.57E-06
1817.981 3.68E-06
1817.962 3.52E-06
1817.942 3.65E-06
1817.923 3.49E-06
1817.903 3.55E-06
1817.883 3.44E-06
1817.864 3.37E-06
1817.844 3.3E-06
1817.825 3.39E-06
1817.805 3.89E-06
1817.785 3.81E-06
1817.766 3.41E-06
1817.746 3.46E-06
1817.726 3.51E-06
1817.707 3.49E-06
1817.687 3.54E-06
1817.668 3.42E-06
1817.648 3.14E-06
1817.628 3.25E-06
1817.609 3.21E-06
1817.589 3.44E-06

1817.57 3.67E-06
1817.55 3.69E-06

1817.523 3.43E-06
1817.496 3.44E-06
1817.469 3.24E-06
1817.442 3.24E-06
1817.415 3.38E-06
1817.388 3.68E-06
1817.361 3.83E-06
1817.334 3.44E-06
1817.307 3.2E-06

1817.28 3.67E-06
1817.253 3.61E-06
1817.226 3.52E-06
1817.199 3.93E-06
1817.172 3.81E-06

ABOR/MH/Priv-003390

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003391

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1817.145 3.79E-06
1817.118 3.76E-06
1817.091 3.66E-06
1817.064 3.48E-06
1817.036 3.09E-06
1817.009 3.62E-06
1816.982 3.27E-06
1816.955 3.47E-06
1816.928 3.41E-06
1816.901 3.51E-06
1816.874 3.51E-06
1816.847 3.78E-06

1816.82 3.42E-06
1816.793 3.55E-06
1816.766 3.85E-06
1816.739 4.03E-06
1816.712 3.99E-06
1816.685 3.79E-06
1816.658 3.97E-06
1816.631 4.25E-06
1816.604 4.32E-06
1816.577 4.3E-06

1816.55 3.94E-06
1816.526 3.92E-06
1816.502 3.93E-06
1816.479 3.77E-06
1816.455 3.66E-06
1816.431 4.15E-06
1816.407 4.39E-06
1816.383 3.9E-06

1816.36 3.8E-06
1816.336 3.88E-06
1816.312 3.75E-06
1816.288 3.37E-06
1816.264 3.21E-06

1816.24 3.14E-06
1816.217 3.03E-06
1816.193 3.21E-06
1816.169 3.4E-06
1816.145 3.52E-06
1816.121 3.38E-06
1816.098 3.64E-06
1816.074 3.53E-06

1816.05 3.48E-06
1816.026 3.26E-06

ABOR/MH/Priv-003392

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003393

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1816.002 3.22E-06
1815.979 3.48E-06
1815.955 3.39E-06
1815.931 3.41E-06
1815.907 3.7E-06
1815.883 3.96E-06

1815.86 0.000004
1815.836 3.67E-06
1815.812 3.52E-06
1815.788 3.62E-06
1815.764 3.5E-06

1815.74 3.4E-06
1815.717 3.28E-06
1815.693 3.2E-06
1815.669 3.42E-06
1815.645 3.12E-06
1815.621 3.24E-06
1815.598 3.44E-06
1815.574 3.41E-06

1815.55 3.35E-06
1815.521 3.14E-06
1815.493 3.28E-06
1815.464 3.25E-06
1815.436 3.76E-06
1815.407 3.64E-06
1815.379 3.54E-06

1815.35 3.77E-06
1815.321 3.78E-06
1815.293 3.81E-06
1815.264 3.93E-06
1815.236 3.81E-06
1815.207 3.71E-06
1815.179 3.61E-06

1815.15 3.58E-06
1815.121 3.55E-06
1815.093 3.88E-06
1815.064 3.86E-06
1815.036 3.7E-06
1815.007 3.53E-06
1814.979 3.32E-06

1814.95 3.18E-06
1814.921 3.49E-06
1814.893 3.59E-06
1814.864 3.68E-06
1814.836 3.48E-06

ABOR/MH/Priv-003394

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003395

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1814.807 3.54E-06
1814.779 3.4E-06

1814.75 3.35E-06
1814.721 3.14E-06
1814.693 3.11E-06
1814.664 3.32E-06
1814.636 3.46E-06
1814.607 3.24E-06
1814.579 3.09E-06

1814.55 3.24E-06
1814.532 3.52E-06
1814.514 3.83E-06
1814.496 3.7E-06
1814.479 3.54E-06
1814.461 3.37E-06
1814.443 3.58E-06
1814.425 4.07E-06
1814.407 3.96E-06
1814.389 4.03E-06
1814.371 0.000004
1814.354 0.000004
1814.336 3.88E-06
1814.318 3.89E-06

1814.3 4.09E-06
1814.282 3.74E-06
1814.264 3.72E-06
1814.246 3.9E-06
1814.229 3.62E-06
1814.211 3.88E-06
1814.193 3.93E-06
1814.175 3.79E-06
1814.157 3.67E-06
1814.139 3.88E-06
1814.121 4.05E-06
1814.104 4.07E-06
1814.086 3.9E-06
1814.068 4.32E-06

1814.05 4.17E-06
1814.032 3.81E-06
1814.014 3.9E-06
1813.996 3.82E-06
1813.979 3.6E-06
1813.961 3.61E-06
1813.943 3.72E-06
1813.925 3.84E-06

ABOR/MH/Priv-003396

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003397

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1813.907 3.78E-06
1813.889 3.94E-06
1813.871 3.74E-06
1813.854 3.76E-06
1813.836 3.77E-06
1813.818 3.31E-06

1813.8 3.62E-06
1813.782 3.6E-06
1813.764 3.67E-06
1813.746 3.75E-06
1813.729 3.57E-06
1813.711 3.76E-06
1813.693 3.87E-06
1813.675 3.96E-06
1813.657 3.54E-06
1813.639 3.56E-06
1813.621 3.6E-06
1813.604 3.4E-06
1813.586 3.66E-06
1813.568 3.76E-06

1813.55 3.67E-06
1813.53 4.02E-06

1813.511 4.22E-06
1813.491 4.03E-06
1813.472 4.35E-06
1813.452 4.22E-06
1813.433 4.27E-06
1813.413 3.99E-06
1813.393 4.14E-06
1813.374 4.16E-06
1813.354 4.04E-06
1813.335 4.19E-06
1813.315 4.08E-06
1813.296 4.12E-06
1813.276 4.25E-06
1813.257 3.88E-06
1813.237 3.72E-06
1813.217 4.33E-06
1813.198 4.62E-06
1813.178 4.64E-06
1813.159 0.000005
1813.139 4.94E-06

1813.12 4.31E-06
1813.1 3.76E-06

1813.046 2.75E-06

ABOR/MH/Priv-003398

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003399

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1812.991 2.78E-06
1812.937 3.48E-06
1812.882 3.5E-06
1812.828 3.64E-06
1812.773 3.16E-06
1812.719 3.19E-06
1812.664 3.41E-06

1812.61 3.11E-06
1812.555 3.09E-06
1812.526 3.18E-06
1812.498 3.95E-06
1812.469 3.95E-06
1812.441 3.77E-06
1812.412 3.92E-06
1812.384 3.91E-06
1812.355 4.36E-06
1812.326 3.93E-06
1812.298 3.82E-06
1812.269 3.68E-06
1812.241 3.66E-06
1812.212 3.37E-06
1812.184 3.34E-06
1812.155 3.35E-06
1812.126 3.21E-06
1812.098 3.61E-06
1812.069 3.64E-06
1812.041 3.34E-06
1812.012 3.43E-06
1811.984 4.31E-06
1811.955 3.95E-06
1811.926 4.01E-06
1811.898 3.77E-06
1811.869 4.29E-06
1811.841 4.99E-06
1811.812 4.28E-06
1811.784 3.83E-06
1811.755 3.46E-06
1811.726 3.54E-06
1811.698 3.52E-06
1811.669 3.37E-06
1811.641 3.39E-06
1811.612 3.12E-06
1811.584 3.54E-06
1811.555 3.7E-06
1811.523 3.85E-06

ABOR/MH/Priv-003400

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003401

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1811.49 4.37E-06
1811.458 4.39E-06
1811.426 0.000004
1811.394 3.96E-06
1811.361 3.94E-06
1811.329 3.96E-06
1811.297 4.26E-06
1811.265 4.09E-06
1811.232 3.86E-06

1811.2 3.55E-06
1811.168 3.5E-06
1811.136 3.3E-06
1811.103 3.59E-06
1811.071 3.71E-06
1811.039 4.17E-06
1811.007 4.31E-06
1810.974 3.99E-06
1810.942 4.79E-06

1810.91 5.02E-06
1810.878 4.28E-06
1810.845 3.32E-06
1810.813 3.19E-06
1810.781 3.28E-06
1810.749 3.59E-06
1810.716 3.75E-06
1810.684 3.39E-06
1810.652 3.49E-06

1810.62 3.23E-06
1810.587 3.93E-06
1810.555 4.19E-06
1810.529 3.51E-06
1810.504 3.56E-06
1810.478 3.57E-06
1810.452 3.12E-06
1810.427 3.24E-06
1810.401 3.79E-06
1810.376 4.3E-06

1810.35 3.88E-06
1810.324 4.43E-06
1810.299 3.2E-06
1810.273 3.42E-06
1810.247 3.6E-06
1810.222 3.68E-06
1810.196 4.14E-06

1810.17 4.08E-06

ABOR/MH/Priv-003402

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003403

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1810.145 4.13E-06
1810.119 3.8E-06
1810.093 3.72E-06
1810.068 3.81E-06
1810.042 4.03E-06
1810.017 4.04E-06
1809.991 3.47E-06
1809.965 3.43E-06

1809.94 3.54E-06
1809.914 3.44E-06
1809.888 3.32E-06
1809.863 3.51E-06
1809.837 3.3E-06
1809.811 3.45E-06
1809.786 3.35E-06

1809.76 3.31E-06
1809.734 3.15E-06
1809.709 3.3E-06
1809.683 4.15E-06
1809.658 3.8E-06
1809.632 3.86E-06
1809.606 3.77E-06
1809.581 3.49E-06
1809.555 3.82E-06
1809.532 3.84E-06
1809.508 4.24E-06
1809.485 3.64E-06
1809.462 3.31E-06
1809.439 3.42E-06
1809.415 3.73E-06
1809.392 3.42E-06
1809.369 3.17E-06
1809.346 3.25E-06
1809.322 3.24E-06
1809.299 3.39E-06
1809.276 3.24E-06
1809.253 3.34E-06
1809.229 3.23E-06
1809.206 3.11E-06
1809.183 3.26E-06

1809.16 3.43E-06
1809.136 3.4E-06
1809.113 3.5E-06

1809.09 3.56E-06
1809.067 3.44E-06

ABOR/MH/Priv-003404

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003405

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1809.043 3.52E-06
1809.02 3.42E-06

1808.997 4.07E-06
1808.974 3.63E-06

1808.95 3.08E-06
1808.927 3.16E-06
1808.904 3.22E-06
1808.881 3.28E-06
1808.857 3.22E-06
1808.834 3.32E-06
1808.811 3.74E-06
1808.788 3.8E-06
1808.764 3.44E-06
1808.741 3.47E-06
1808.718 3.16E-06
1808.695 3.78E-06
1808.671 3.49E-06
1808.648 3.44E-06
1808.625 3.57E-06
1808.602 3.7E-06
1808.578 3.08E-06
1808.555 3.16E-06
1808.532 3.09E-06

1808.51 3.07E-06
1808.487 3.02E-06
1808.464 3.36E-06
1808.441 3.14E-06
1808.419 3.17E-06
1808.396 3.05E-06
1808.373 2.98E-06

1808.35 3.24E-06
1808.328 3.43E-06
1808.305 3.71E-06
1808.282 3.02E-06

1808.26 3.41E-06
1808.237 3.37E-06
1808.214 3.38E-06
1808.191 3.32E-06
1808.169 3.05E-06
1808.146 3.14E-06
1808.123 2.91E-06

1808.1 0.000003
1808.078 2.95E-06
1808.055 2.97E-06
1808.032 3.18E-06

ABOR/MH/Priv-003406

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003407

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1808.01 3.26E-06
1807.987 3.15E-06
1807.964 3.14E-06
1807.941 3.21E-06
1807.919 0.000003
1807.896 3.01E-06
1807.873 3.36E-06

1807.85 3.19E-06
1807.828 3.29E-06
1807.805 3.59E-06
1807.782 3.66E-06

1807.76 3.48E-06
1807.737 3.4E-06
1807.714 3.64E-06
1807.691 3.81E-06
1807.669 3.49E-06
1807.646 3.27E-06
1807.623 3.01E-06

1807.6 3.39E-06
1807.578 2.87E-06
1807.555 3.03E-06
1807.534 3.28E-06
1807.513 3.94E-06
1807.493 3.55E-06
1807.472 3.24E-06
1807.451 3.37E-06

1807.43 3.44E-06
1807.409 3.42E-06
1807.388 3.53E-06
1807.368 3.47E-06
1807.347 3.75E-06
1807.326 3.58E-06
1807.305 3.57E-06
1807.284 3.32E-06
1807.263 3.63E-06
1807.243 3.44E-06
1807.222 3.25E-06
1807.201 3.29E-06

1807.18 3.21E-06
1807.159 3.32E-06
1807.138 3.5E-06
1807.118 3.33E-06
1807.097 3.41E-06
1807.076 3.04E-06
1807.055 3.25E-06

ABOR/MH/Priv-003408

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003409

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1807.034 3.39E-06
1807.013 4.61E-06
1806.993 3.41E-06
1806.972 3.29E-06
1806.951 4.25E-06

1806.93 3.65E-06
1806.909 3.92E-06
1806.888 4.25E-06
1806.868 5.24E-06
1806.847 3.94E-06
1806.826 3.44E-06
1806.805 3.19E-06
1806.784 3.15E-06
1806.763 3.16E-06
1806.743 3.53E-06
1806.722 3.33E-06
1806.701 3.34E-06

1806.68 3.55E-06
1806.659 3.49E-06
1806.638 3.24E-06
1806.618 3.12E-06
1806.597 3.15E-06
1806.576 3.19E-06
1806.555 3.11E-06
1806.538 3.13E-06
1806.521 3.79E-06
1806.504 3.33E-06
1806.487 3.53E-06

1806.47 3.64E-06
1806.453 3.61E-06
1806.436 3.91E-06
1806.419 3.63E-06
1806.402 3.21E-06
1806.386 3.49E-06
1806.369 3.67E-06
1806.352 4.37E-06
1806.335 3.91E-06
1806.318 4.3E-06
1806.301 3.45E-06
1806.284 4.32E-06
1806.267 4.68E-06

1806.25 3.77E-06
1806.233 3.88E-06
1806.216 3.63E-06
1806.199 3.48E-06

ABOR/MH/Priv-003410

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003411

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1806.182 3.05E-06
1806.165 3.06E-06
1806.148 3.22E-06
1806.131 3.2E-06
1806.114 3.34E-06
1806.097 3.36E-06

1806.08 3.42E-06
1806.063 4.23E-06
1806.047 3.72E-06

1806.03 3.65E-06
1806.013 3.54E-06
1805.996 3.6E-06
1805.979 3.83E-06
1805.962 3.57E-06
1805.945 3.61E-06
1805.928 4.14E-06
1805.911 3.78E-06
1805.894 3.6E-06
1805.877 3.46E-06

1805.86 3.49E-06
1805.843 3.83E-06
1805.826 4.16E-06
1805.809 3.79E-06
1805.792 3.89E-06
1805.775 3.74E-06
1805.758 3.9E-06
1805.741 3.77E-06
1805.724 3.81E-06
1805.708 0.000004
1805.691 3.95E-06
1805.674 3.51E-06
1805.657 3.53E-06

1805.64 3.4E-06
1805.623 3.67E-06
1805.606 4.22E-06
1805.589 3.97E-06
1805.572 4.13E-06
1805.555 4.11E-06
1805.535 3.5E-06
1805.514 3.5E-06
1805.494 3.14E-06
1805.473 3.31E-06
1805.453 3.87E-06
1805.433 3.78E-06
1805.412 3.38E-06

ABOR/MH/Priv-003412

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003413

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1805.392 3.46E-06
1805.371 3.53E-06
1805.351 4.16E-06
1805.331 4.03E-06

1805.31 3.73E-06
1805.29 4.14E-06

1805.269 3.7E-06
1805.249 3.82E-06
1805.228 3.72E-06
1805.208 3.54E-06
1805.188 3.39E-06
1805.167 3.38E-06
1805.147 3.44E-06
1805.126 3.09E-06
1805.106 3.09E-06
1805.086 3.26E-06
1805.065 3.25E-06
1805.045 3.36E-06
1805.024 3.79E-06
1805.004 3.66E-06
1804.984 3.52E-06
1804.963 3.33E-06
1804.943 3.51E-06
1804.922 3.35E-06
1804.902 3.33E-06
1804.882 3.32E-06
1804.861 3.26E-06
1804.841 3.25E-06

1804.82 3.28E-06
1804.8 3.79E-06

1804.779 3.87E-06
1804.759 3.47E-06
1804.739 0.000004
1804.718 0.000004
1804.698 3.67E-06
1804.677 3.44E-06
1804.657 3.15E-06
1804.637 3.38E-06
1804.616 3.43E-06
1804.596 4.39E-06
1804.575 3.73E-06
1804.555 3.38E-06
1804.534 3.64E-06
1804.512 3.97E-06
1804.491 3.87E-06

ABOR/MH/Priv-003414

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003415

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1804.47 3.64E-06
1804.449 3.5E-06
1804.427 3.8E-06
1804.406 3.83E-06
1804.385 4.47E-06
1804.364 4.04E-06
1804.342 3.96E-06
1804.321 3.89E-06

1804.3 3.98E-06
1804.278 4.22E-06
1804.257 3.82E-06
1804.236 3.81E-06
1804.215 3.68E-06
1804.193 3.75E-06
1804.172 3.55E-06
1804.151 3.72E-06
1804.129 4.38E-06
1804.108 4.72E-06
1804.087 4.29E-06
1804.066 4.02E-06
1804.044 3.85E-06
1804.023 4.12E-06
1804.002 4.1E-06
1803.981 4.02E-06
1803.959 3.97E-06
1803.938 3.9E-06
1803.917 3.85E-06
1803.895 3.84E-06
1803.874 3.92E-06
1803.853 3.8E-06
1803.832 3.46E-06

1803.81 3.55E-06
1803.789 3.62E-06
1803.768 3.48E-06
1803.746 3.6E-06
1803.725 4.49E-06
1803.704 3.46E-06
1803.683 3.49E-06
1803.661 3.17E-06

1803.64 3.4E-06
1803.619 3.12E-06
1803.598 3.59E-06
1803.576 3.71E-06
1803.555 3.58E-06
1803.532 3.7E-06

ABOR/MH/Priv-003416

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1803.508 3.6E-06
1803.485 3.69E-06
1803.462 3.74E-06
1803.439 3.92E-06
1803.415 4.09E-06
1803.392 3.87E-06
1803.369 4.29E-06
1803.346 4.02E-06
1803.322 4.04E-06
1803.299 4.14E-06
1803.276 3.9E-06
1803.253 3.9E-06
1803.229 3.99E-06
1803.206 4.24E-06
1803.183 4.01E-06

1803.16 4.19E-06
1803.136 3.82E-06
1803.113 3.43E-06

1803.09 3.21E-06
1803.067 3.3E-06
1803.043 3.79E-06

1803.02 3.73E-06
1802.997 3.91E-06
1802.974 4.09E-06

1802.95 3.61E-06
1802.927 3.61E-06
1802.904 3.75E-06
1802.881 0.000004
1802.857 3.93E-06
1802.834 3.91E-06
1802.811 4.05E-06
1802.788 3.87E-06
1802.764 3.76E-06
1802.741 3.94E-06
1802.718 3.88E-06
1802.695 3.75E-06
1802.671 3.98E-06
1802.648 4.04E-06
1802.625 3.89E-06
1802.602 3.85E-06
1802.578 4.02E-06
1802.555 4.15E-06

1802.53 4.7E-06
1802.505 4.71E-06

1802.48 4.17E-06
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1802.455 3.93E-06
1802.43 3.82E-06

1802.405 4.03E-06
1802.38 3.66E-06

1802.355 3.87E-06
1802.33 4.56E-06

1802.305 4.15E-06
1802.28 3.76E-06

1802.255 3.79E-06
1802.23 4.35E-06

1802.205 4.75E-06
1802.18 4.66E-06

1802.155 4.85E-06
1802.13 3.97E-06

1802.105 4.12E-06
1802.08 3.81E-06

1802.055 3.9E-06
1802.03 3.68E-06

1802.005 3.54E-06
1801.98 3.83E-06

1801.955 4.04E-06
1801.93 4.05E-06

1801.905 4.25E-06
1801.88 3.82E-06

1801.855 3.74E-06
1801.83 4.09E-06

1801.805 3.93E-06
1801.78 4.18E-06

1801.755 0.000004
1801.73 3.98E-06

1801.705 3.74E-06
1801.68 3.39E-06

1801.655 3.41E-06
1801.63 3.78E-06

1801.605 3.91E-06
1801.58 3.9E-06

1801.555 4.21E-06
1801.542 3.82E-06
1801.528 3.69E-06
1801.515 3.74E-06
1801.502 3.74E-06
1801.488 3.47E-06
1801.475 3.6E-06
1801.462 3.57E-06
1801.448 3.73E-06
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1801.435 3.86E-06
1801.422 3.82E-06
1801.408 3.7E-06
1801.395 5.06E-06
1801.382 4.54E-06
1801.368 4.96E-06
1801.355 5.58E-06
1801.342 6.53E-06
1801.328 6.37E-06
1801.315 5.04E-06
1801.302 4.52E-06
1801.288 4.18E-06
1801.275 3.86E-06
1801.262 3.66E-06
1801.248 3.58E-06
1801.235 3.7E-06
1801.222 3.83E-06
1801.208 3.93E-06
1801.195 3.56E-06
1801.182 3.7E-06
1801.168 4.01E-06
1801.155 3.84E-06
1801.142 3.69E-06
1801.128 3.74E-06
1801.115 3.78E-06
1801.102 3.52E-06
1801.088 3.74E-06
1801.075 3.66E-06
1801.062 3.58E-06
1801.048 3.42E-06
1801.035 3.39E-06
1801.022 3.13E-06
1801.008 3.31E-06
1800.995 3.46E-06
1800.982 3.21E-06
1800.968 3.23E-06
1800.955 3.06E-06
1800.942 3.17E-06
1800.928 2.94E-06
1800.915 0.000004
1800.902 3.48E-06
1800.888 3.28E-06
1800.875 3.56E-06
1800.862 4.53E-06
1800.848 4.79E-06
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1800.835 3.49E-06
1800.822 3.34E-06
1800.808 3.26E-06
1800.795 3.36E-06
1800.782 3.46E-06
1800.768 3.58E-06
1800.755 3.89E-06
1800.742 3.45E-06
1800.728 3.42E-06
1800.715 3.37E-06
1800.702 3.61E-06
1800.688 3.62E-06
1800.675 3.49E-06
1800.662 3.91E-06
1800.648 3.42E-06
1800.635 3.51E-06
1800.622 3.71E-06
1800.608 3.39E-06
1800.595 3.28E-06
1800.582 3.38E-06
1800.568 2.99E-06
1800.555 3.26E-06
1800.531 3.23E-06
1800.507 3.23E-06
1800.484 3.27E-06

1800.46 3.38E-06
1800.436 3.29E-06
1800.412 3.76E-06
1800.388 3.44E-06
1800.365 3.28E-06
1800.341 3.45E-06
1800.317 3.45E-06
1800.293 3.18E-06
1800.269 3.05E-06
1800.245 3.02E-06
1800.222 3.21E-06
1800.198 3.24E-06
1800.174 3.3E-06

1800.15 3.48E-06
1800.126 3.65E-06
1800.103 3.42E-06
1800.079 3.55E-06
1800.055 3.39E-06
1800.031 3.86E-06
1800.007 3.58E-06
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1799.984 3.48E-06
1799.96 3.62E-06

1799.936 3.79E-06
1799.912 3.19E-06
1799.888 3.45E-06
1799.865 3.78E-06
1799.841 3.46E-06
1799.817 3.32E-06
1799.793 3.41E-06
1799.769 3.71E-06
1799.745 3.46E-06
1799.722 3.47E-06
1799.698 3.26E-06
1799.674 3.18E-06

1799.65 3.28E-06
1799.626 3.15E-06
1799.603 3.6E-06
1799.579 3.45E-06
1799.555 3.52E-06
1799.535 3.33E-06
1799.516 3.51E-06
1799.496 3.58E-06
1799.477 3.22E-06
1799.457 3.12E-06
1799.437 3.52E-06
1799.418 3.48E-06
1799.398 3.88E-06
1799.379 3.45E-06
1799.359 3.14E-06
1799.339 3.22E-06

1799.32 3.84E-06
1799.3 4.86E-06

1799.28 4.27E-06
1799.261 3.41E-06
1799.241 3.34E-06
1799.222 3.08E-06
1799.202 2.97E-06
1799.182 3.08E-06
1799.163 3.13E-06
1799.143 3.16E-06
1799.124 2.96E-06
1799.104 2.9E-06
1799.084 2.81E-06
1799.065 3.27E-06
1799.045 3.49E-06
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1799.026 3.58E-06
1799.006 3.66E-06
1798.986 3.63E-06
1798.967 3.78E-06
1798.947 3.28E-06
1798.928 3.38E-06
1798.908 3.47E-06
1798.888 3.35E-06
1798.869 3.56E-06
1798.849 3.87E-06

1798.83 3.81E-06
1798.81 3.79E-06
1798.79 3.77E-06

1798.771 3.72E-06
1798.751 3.5E-06
1798.731 3.67E-06
1798.712 3.78E-06
1798.692 3.46E-06
1798.673 3.33E-06
1798.653 3.47E-06
1798.633 3.71E-06
1798.614 3.49E-06
1798.594 3.6E-06
1798.575 3.49E-06
1798.555 3.46E-06
1798.536 3.14E-06
1798.518 3.88E-06
1798.499 3.5E-06
1798.481 3.69E-06
1798.462 3.68E-06
1798.444 3.69E-06
1798.425 4.01E-06
1798.407 3.63E-06
1798.388 3.4E-06

1798.37 3.33E-06
1798.351 2.96E-06
1798.333 3.16E-06
1798.314 3.14E-06
1798.296 3.54E-06
1798.277 3.81E-06
1798.259 3.68E-06

1798.24 3.19E-06
1798.222 3.17E-06
1798.203 3.44E-06
1798.185 3.37E-06
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1798.166 3.4E-06
1798.148 3.19E-06
1798.129 3.24E-06
1798.111 3.16E-06
1798.092 3.86E-06
1798.074 3.53E-06
1798.055 3.41E-06
1798.036 3.61E-06
1798.018 3.57E-06
1797.999 3.35E-06
1797.981 3.44E-06
1797.962 3.5E-06
1797.944 3.39E-06
1797.925 3.69E-06
1797.907 3.7E-06
1797.888 3.93E-06

1797.87 3.36E-06
1797.851 3.39E-06
1797.833 3.57E-06
1797.814 3.69E-06
1797.796 0.000004
1797.777 4.24E-06
1797.759 4.1E-06

1797.74 4.24E-06
1797.722 4.01E-06
1797.703 3.56E-06
1797.685 3.18E-06
1797.666 3.27E-06
1797.648 3.29E-06
1797.629 3.27E-06
1797.611 3.24E-06
1797.592 3.18E-06
1797.574 3.42E-06
1797.555 4.22E-06
1797.539 3.9E-06
1797.522 3.5E-06
1797.506 3.62E-06
1797.489 3.18E-06
1797.473 3.29E-06
1797.457 3.24E-06

1797.44 3.12E-06
1797.424 3.27E-06
1797.407 3.09E-06
1797.391 3.37E-06
1797.375 3.68E-06
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1797.358 3.32E-06
1797.342 4.08E-06
1797.325 3.76E-06
1797.309 3.79E-06
1797.293 3.4E-06
1797.276 3.35E-06

1797.26 3.08E-06
1797.244 3.35E-06
1797.227 3.79E-06
1797.211 3.3E-06
1797.194 3.83E-06
1797.178 3.65E-06
1797.162 3.13E-06
1797.145 3.85E-06
1797.129 3.47E-06
1797.112 3.7E-06
1797.096 3.21E-06

1797.08 3.46E-06
1797.063 3.25E-06
1797.047 3.6E-06

1797.03 3.64E-06
1797.014 3.86E-06
1796.998 3.6E-06
1796.981 3.72E-06
1796.965 3.7E-06
1796.948 3.53E-06
1796.932 4.09E-06
1796.916 3.73E-06
1796.899 3.7E-06
1796.883 3.84E-06
1796.866 4.37E-06

1796.85 4.19E-06
1796.834 3.84E-06
1796.817 3.34E-06
1796.801 3.02E-06
1796.785 3.08E-06
1796.768 3.96E-06
1796.752 3.54E-06
1796.735 3.59E-06
1796.719 4.1E-06
1796.703 4.76E-06
1796.686 4.65E-06

1796.67 4.1E-06
1796.653 3.59E-06
1796.637 3.9E-06
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1796.621 3.83E-06
1796.604 3.53E-06
1796.588 3.71E-06
1796.571 3.88E-06
1796.555 3.87E-06
1796.539 3.82E-06
1796.522 3.76E-06
1796.506 4.01E-06
1796.489 3.83E-06
1796.473 3.7E-06
1796.457 3.5E-06

1796.44 3.29E-06
1796.424 3.77E-06
1796.407 4.41E-06
1796.391 4.59E-06
1796.375 3.65E-06
1796.358 3.69E-06
1796.342 5.8E-06
1796.325 5.67E-06
1796.309 4.8E-06
1796.293 4.61E-06
1796.276 4.74E-06

1796.26 3.95E-06
1796.244 3.93E-06
1796.227 3.9E-06
1796.211 3.3E-06
1796.194 3.7E-06
1796.178 3.82E-06
1796.162 3.37E-06
1796.145 3.71E-06
1796.129 3.94E-06
1796.112 3.97E-06
1796.096 4.73E-06

1796.08 4.4E-06
1796.063 4.08E-06
1796.047 4.09E-06

1796.03 3.93E-06
1796.014 3.76E-06
1795.998 4.13E-06
1795.981 3.71E-06
1795.965 3.3E-06
1795.948 3.13E-06
1795.932 3.21E-06
1795.916 3.41E-06
1795.899 3.2E-06
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1795.883 3.12E-06
1795.866 2.97E-06

1795.85 3.48E-06
1795.834 4.1E-06
1795.817 3.96E-06
1795.801 3.43E-06
1795.785 3.39E-06
1795.768 3.28E-06
1795.752 3.91E-06
1795.735 3.63E-06
1795.719 3.52E-06
1795.703 3.62E-06
1795.686 3.72E-06

1795.67 3.32E-06
1795.653 3.32E-06
1795.637 4.02E-06
1795.621 3.62E-06
1795.604 3.25E-06
1795.588 3.45E-06
1795.571 3.44E-06
1795.555 4.93E-06
1795.543 4.84E-06
1795.531 4.27E-06
1795.519 3.66E-06
1795.507 3.92E-06
1795.495 4.39E-06
1795.483 4.11E-06
1795.471 3.03E-06
1795.459 2.95E-06
1795.447 3.32E-06
1795.435 3.28E-06
1795.422 4.42E-06

1795.41 4.29E-06
1795.398 4.82E-06
1795.386 4.58E-06
1795.374 4.29E-06
1795.362 3.84E-06

1795.35 3.85E-06
1795.338 3.83E-06
1795.326 3.94E-06
1795.314 3.76E-06
1795.302 3.8E-06

1795.29 3.93E-06
1795.278 3.99E-06
1795.266 3.85E-06
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1795.254 5.92E-06
1795.242 4.7E-06

1795.23 0.000005
1795.218 5.31E-06
1795.206 5.1E-06
1795.194 5.27E-06
1795.182 4.68E-06
1795.169 4.33E-06
1795.157 3.9E-06
1795.145 0.000003
1795.133 3.62E-06
1795.121 3.35E-06
1795.109 3.3E-06
1795.097 3.21E-06
1795.085 3.43E-06
1795.073 3.29E-06
1795.061 3.44E-06
1795.049 3.03E-06
1795.037 3.51E-06
1795.025 3.16E-06
1795.013 3.01E-06
1795.001 3.56E-06
1794.989 3.14E-06
1794.977 3.85E-06
1794.965 3.4E-06
1794.953 3.34E-06
1794.941 2.82E-06
1794.928 3.2E-06
1794.916 3.61E-06
1794.904 3.43E-06
1794.892 3.51E-06

1794.88 3.51E-06
1794.868 3.36E-06
1794.856 3.51E-06
1794.844 3.73E-06
1794.832 3.42E-06

1794.82 3.27E-06
1794.808 3.26E-06
1794.796 3.5E-06
1794.784 3.51E-06
1794.772 3.36E-06

1794.76 3.53E-06
1794.748 3.66E-06
1794.736 3.58E-06
1794.724 3.65E-06
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1794.712 3.65E-06
1794.7 3.34E-06

1794.688 3.34E-06
1794.675 3.42E-06
1794.663 3.49E-06
1794.651 3.34E-06
1794.639 3.77E-06
1794.627 3.72E-06
1794.615 3.53E-06
1794.603 3.88E-06
1794.591 3.79E-06
1794.579 3.87E-06
1794.567 3.56E-06
1794.555 3.33E-06
1794.535 3.19E-06
1794.515 3.4E-06
1794.495 3.85E-06
1794.475 3.47E-06
1794.455 3.35E-06
1794.435 3.84E-06
1794.415 3.66E-06
1794.395 3.32E-06
1794.375 3.43E-06
1794.355 3.35E-06
1794.335 3.38E-06
1794.315 3.27E-06
1794.295 3.28E-06
1794.275 3.24E-06
1794.255 2.97E-06
1794.235 2.97E-06
1794.215 3.17E-06
1794.195 3.13E-06
1794.175 3.23E-06
1794.155 3.22E-06
1794.135 3.48E-06
1794.115 3.54E-06
1794.095 3.61E-06
1794.075 3.56E-06
1794.055 3.57E-06
1794.035 3.65E-06
1794.015 3.6E-06
1793.995 3.49E-06
1793.975 3.53E-06
1793.955 3.58E-06
1793.935 3.45E-06
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1793.915 3.45E-06
1793.895 3.46E-06
1793.875 3.55E-06
1793.855 3.52E-06
1793.835 3.56E-06
1793.815 3.86E-06
1793.795 3.5E-06
1793.775 3.26E-06
1793.755 3.13E-06
1793.735 3.44E-06
1793.715 3.36E-06
1793.695 3.05E-06
1793.675 3.13E-06
1793.655 3.3E-06
1793.635 3.48E-06
1793.615 3.78E-06
1793.595 3.97E-06
1793.575 3.24E-06
1793.555 3.19E-06
1793.535 3.48E-06
1793.514 3.02E-06
1793.494 3.32E-06
1793.473 3.05E-06
1793.453 3.14E-06
1793.433 3.05E-06
1793.412 3.05E-06
1793.392 3.81E-06
1793.371 3.54E-06
1793.351 3.48E-06
1793.331 3.54E-06

1793.31 3.64E-06
1793.29 0.000004

1793.269 4.06E-06
1793.249 3.98E-06
1793.228 3.73E-06
1793.208 3.66E-06
1793.188 3.48E-06
1793.167 3.69E-06
1793.147 3.57E-06
1793.126 3.15E-06
1793.106 3.32E-06
1793.086 3.25E-06
1793.065 3.46E-06
1793.045 3.55E-06
1793.024 3.49E-06
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1793.004 3.76E-06
1792.984 3.6E-06
1792.963 3.54E-06
1792.943 3.83E-06
1792.922 4.03E-06
1792.902 3.9E-06
1792.882 3.66E-06
1792.861 3.52E-06
1792.841 3.24E-06

1792.82 3.34E-06
1792.8 3.19E-06

1792.779 3.25E-06
1792.759 3.29E-06
1792.739 3.25E-06
1792.718 3.87E-06
1792.698 3.68E-06
1792.677 3.59E-06
1792.657 3.64E-06
1792.637 3.4E-06
1792.616 3.23E-06
1792.596 3.45E-06
1792.575 3.26E-06
1792.555 3.87E-06
1792.531 4.57E-06
1792.506 3.82E-06
1792.482 3.55E-06
1792.457 3.65E-06
1792.433 3.6E-06
1792.409 3.56E-06
1792.384 3.69E-06

1792.36 3.86E-06
1792.335 3.34E-06
1792.311 3.54E-06
1792.287 3.54E-06
1792.262 4.43E-06
1792.238 4.44E-06
1792.214 3.82E-06
1792.189 3.59E-06
1792.165 3.59E-06

1792.14 3.33E-06
1792.116 3.35E-06
1792.092 3.94E-06
1792.067 3.78E-06
1792.043 3.67E-06
1792.018 3.88E-06
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1791.994 3.05E-06
1791.97 3.18E-06

1791.945 3.38E-06
1791.921 3.05E-06
1791.896 3.24E-06
1791.872 3.36E-06
1791.848 3.55E-06
1791.823 3.29E-06
1791.799 3.38E-06
1791.775 3.5E-06

1791.75 3.56E-06
1791.726 3.42E-06
1791.701 2.96E-06
1791.677 3.09E-06
1791.653 2.86E-06
1791.628 3.03E-06
1791.604 3.04E-06
1791.579 3.59E-06
1791.555 3.71E-06
1791.531 3.59E-06
1791.507 3.5E-06
1791.484 3.24E-06

1791.46 2.99E-06
1791.436 3.38E-06
1791.412 3.81E-06
1791.388 3.49E-06
1791.365 3.74E-06
1791.341 3.59E-06
1791.317 3.62E-06
1791.293 3.83E-06
1791.269 4.1E-06
1791.245 4.44E-06
1791.222 4.7E-06
1791.198 4.98E-06
1791.174 4.99E-06

1791.15 4.58E-06
1791.126 4.9E-06
1791.103 4.72E-06
1791.079 4.5E-06
1791.055 4.32E-06
1791.031 4.41E-06
1791.007 4.48E-06
1790.984 4.09E-06

1790.96 3.89E-06
1790.936 3.85E-06
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003447

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1790.912 3.91E-06
1790.888 3.94E-06
1790.865 3.97E-06
1790.841 3.93E-06
1790.817 0.000004
1790.793 3.94E-06
1790.769 3.85E-06
1790.745 4.09E-06
1790.722 3.68E-06
1790.698 3.84E-06
1790.674 3.88E-06

1790.65 3.58E-06
1790.626 3.82E-06
1790.603 3.69E-06
1790.579 3.54E-06
1790.555 3.98E-06
1790.529 3.8E-06
1790.504 4.07E-06
1790.478 4.17E-06
1790.452 3.55E-06
1790.427 3.89E-06
1790.401 3.73E-06
1790.376 3.98E-06

1790.35 3.66E-06
1790.324 3.71E-06
1790.299 3.41E-06
1790.273 3.4E-06
1790.247 3.58E-06
1790.222 3.89E-06
1790.196 3.89E-06

1790.17 3.85E-06
1790.145 3.9E-06
1790.119 4.28E-06
1790.093 4.28E-06
1790.068 3.94E-06
1790.042 3.8E-06
1790.017 3.94E-06
1789.991 3.85E-06
1789.965 4.08E-06

1789.94 3.59E-06
1789.914 3.56E-06
1789.888 3.6E-06
1789.863 3.63E-06
1789.837 3.97E-06
1789.811 3.91E-06

ABOR/MH/Priv-003448

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003449

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1789.786 3.82E-06
1789.76 3.59E-06

1789.734 3.58E-06
1789.709 3.76E-06
1789.683 4.37E-06
1789.658 3.91E-06
1789.632 3.51E-06
1789.606 3.61E-06
1789.581 4.1E-06
1789.555 4.39E-06
1789.533 3.92E-06
1789.512 4.17E-06

1789.49 3.99E-06
1789.468 4.61E-06
1789.446 4.64E-06
1789.425 4.84E-06
1789.403 4.89E-06
1789.381 4.53E-06
1789.359 4.08E-06
1789.338 5.11E-06
1789.316 4.84E-06
1789.294 5.2E-06
1789.272 5.44E-06
1789.251 4.79E-06
1789.229 5.1E-06
1789.207 4.63E-06
1789.185 4.65E-06
1789.164 4.8E-06
1789.142 5.03E-06

1789.12 4.95E-06
1789.098 3.98E-06
1789.077 3.88E-06
1789.055 3.85E-06
1789.033 3.59E-06
1789.012 3.72E-06

1788.99 3.6E-06
1788.968 3.61E-06
1788.946 3.48E-06
1788.925 3.64E-06
1788.903 3.52E-06
1788.881 3.43E-06
1788.859 3.59E-06
1788.838 3.75E-06
1788.816 3.91E-06
1788.794 3.8E-06

ABOR/MH/Priv-003450

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003451

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1788.772 3.6E-06
1788.751 3.51E-06
1788.729 3.59E-06
1788.707 3.58E-06
1788.685 3.52E-06
1788.664 3.33E-06
1788.642 3.66E-06

1788.62 3.94E-06
1788.598 4.19E-06
1788.577 3.53E-06
1788.555 3.54E-06
1788.529 3.32E-06
1788.502 3.86E-06
1788.476 3.91E-06

1788.45 3.73E-06
1788.423 3.83E-06
1788.397 3.8E-06
1788.371 3.97E-06
1788.344 3.89E-06
1788.318 3.68E-06
1788.292 3.68E-06
1788.266 3.86E-06
1788.239 3.73E-06
1788.213 3.67E-06
1788.187 3.7E-06

1788.16 3.87E-06
1788.134 3.82E-06
1788.108 3.52E-06
1788.081 3.92E-06
1788.055 3.89E-06
1788.029 0.000004
1788.002 3.95E-06
1787.976 3.81E-06

1787.95 3.31E-06
1787.923 3.36E-06
1787.897 3.34E-06
1787.871 3.47E-06
1787.844 3.52E-06
1787.818 3.63E-06
1787.792 3.61E-06
1787.766 3.58E-06
1787.739 3.68E-06
1787.713 3.62E-06
1787.687 3.67E-06

1787.66 3.63E-06

ABOR/MH/Priv-003452
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003453

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1787.634 3.49E-06
1787.608 3.33E-06
1787.581 3.44E-06
1787.555 4.38E-06
1787.524 4.34E-06
1787.493 4.57E-06
1787.461 4.37E-06

1787.43 4.12E-06
1787.399 3.91E-06
1787.368 4.01E-06
1787.336 4.81E-06
1787.305 5.6E-06
1787.274 6.76E-06
1787.243 6.33E-06
1787.211 4.94E-06

1787.18 5.29E-06
1787.149 5.66E-06
1787.118 3.77E-06
1787.086 3.37E-06
1787.055 3.18E-06
1787.024 3.55E-06
1786.993 3.38E-06
1786.961 3.6E-06

1786.93 3.56E-06
1786.899 3.35E-06
1786.868 3.73E-06
1786.836 3.13E-06
1786.805 3.03E-06
1786.774 3.1E-06
1786.743 3.21E-06
1786.711 3.28E-06

1786.68 3.43E-06
1786.649 3.26E-06
1786.618 3.21E-06
1786.586 3.56E-06
1786.555 3.75E-06
1786.531 3.96E-06
1786.507 4.02E-06
1786.484 3.72E-06

1786.46 3.59E-06
1786.436 4.34E-06
1786.412 4.14E-06
1786.388 4.05E-06
1786.365 4.4E-06
1786.341 3.66E-06

ABOR/MH/Priv-003454
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003455

CONFIDENTIAL -  
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1786.317 3.42E-06
1786.293 3.94E-06
1786.269 3.69E-06
1786.245 4.66E-06
1786.222 3.9E-06
1786.198 3.67E-06
1786.174 3.89E-06

1786.15 3.87E-06
1786.126 3.6E-06
1786.103 3.94E-06
1786.079 3.12E-06
1786.055 3.32E-06
1786.031 3.06E-06
1786.007 3.34E-06
1785.984 3.59E-06

1785.96 3.79E-06
1785.936 3.46E-06
1785.912 3.49E-06
1785.888 3.69E-06
1785.865 3.52E-06
1785.841 3.61E-06
1785.817 3.8E-06
1785.793 3.88E-06
1785.769 3.99E-06
1785.745 4.2E-06
1785.722 4.36E-06
1785.698 4.14E-06
1785.674 3.96E-06

1785.65 3.89E-06
1785.626 3.72E-06
1785.603 3.77E-06
1785.579 3.79E-06
1785.555 3.47E-06
1785.534 3.57E-06
1785.512 3.46E-06
1785.491 3.49E-06

1785.47 3.37E-06
1785.449 3.68E-06
1785.427 3.56E-06
1785.406 3.4E-06
1785.385 3.4E-06
1785.364 3.32E-06
1785.342 3.48E-06
1785.321 3.17E-06

1785.3 3.24E-06

ABOR/MH/Priv-003456
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003457

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1785.278 3.35E-06
1785.257 3.78E-06
1785.236 3.76E-06
1785.215 3.96E-06
1785.193 3.4E-06
1785.172 3.47E-06
1785.151 3.31E-06
1785.129 3.52E-06
1785.108 3.64E-06
1785.087 3.39E-06
1785.066 3.35E-06
1785.044 3.32E-06
1785.023 3.51E-06
1785.002 3.53E-06
1784.981 4.03E-06
1784.959 3.84E-06
1784.938 3.56E-06
1784.917 3.4E-06
1784.895 3.48E-06
1784.874 3.77E-06
1784.853 3.76E-06
1784.832 3.58E-06

1784.81 3.32E-06
1784.789 3.24E-06
1784.768 3.48E-06
1784.746 3.76E-06
1784.725 3.86E-06
1784.704 4.32E-06
1784.683 4.4E-06
1784.661 3.52E-06

1784.64 3.73E-06
1784.619 3.71E-06
1784.598 3.65E-06
1784.576 3.85E-06
1784.555 3.81E-06
1784.529 3.69E-06
1784.502 4.05E-06
1784.476 3.63E-06

1784.45 3.21E-06
1784.423 3.54E-06
1784.397 3.8E-06
1784.371 4.48E-06
1784.344 4.01E-06
1784.318 3.72E-06
1784.292 3.57E-06

ABOR/MH/Priv-003458
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IN CAMERA REVIEW ONLY 
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003459

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1784.266 3.49E-06
1784.239 3.45E-06
1784.213 3.26E-06
1784.187 3.73E-06

1784.16 3.64E-06
1784.134 3.81E-06
1784.108 3.78E-06
1784.081 3.89E-06
1784.055 3.72E-06
1784.029 3.56E-06
1784.002 3.29E-06
1783.976 3.89E-06

1783.95 4.54E-06
1783.923 3.93E-06
1783.897 4.48E-06
1783.871 4.05E-06
1783.844 3.61E-06
1783.818 3.77E-06
1783.792 3.57E-06
1783.766 3.36E-06
1783.739 3.18E-06
1783.713 3.2E-06
1783.687 3.01E-06

1783.66 2.84E-06
1783.634 3.28E-06
1783.608 4.03E-06
1783.581 4.47E-06
1783.555 3.21E-06
1783.529 3.89E-06
1783.504 3.55E-06
1783.478 2.86E-06
1783.452 3.37E-06
1783.427 3.02E-06
1783.401 3.43E-06
1783.376 3.63E-06

1783.35 3.55E-06
1783.324 3.65E-06
1783.299 3.8E-06
1783.273 3.7E-06
1783.247 3.42E-06
1783.222 3.6E-06
1783.196 3.57E-06

1783.17 3.57E-06
1783.145 3.91E-06
1783.119 4.21E-06

ABOR/MH/Priv-003460
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IN CAMERA REVIEW ONLY 
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003461

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1783.093 3.64E-06
1783.068 4.07E-06
1783.042 3.42E-06
1783.017 3.19E-06
1782.991 3.28E-06
1782.965 3.54E-06

1782.94 3.95E-06
1782.914 3.56E-06
1782.888 3.32E-06
1782.863 3.29E-06
1782.837 3.34E-06
1782.811 3.36E-06
1782.786 3.56E-06

1782.76 3.33E-06
1782.734 3.41E-06
1782.709 3.16E-06
1782.683 3.32E-06
1782.658 3.32E-06
1782.632 3.29E-06
1782.606 3.9E-06
1782.581 4.18E-06
1782.555 4.83E-06
1782.536 0.000005
1782.517 4.42E-06
1782.497 4.23E-06
1782.478 3.39E-06
1782.459 3.6E-06

1782.44 3.58E-06
1782.42 3.87E-06

1782.401 4.55E-06
1782.382 3.54E-06
1782.363 4.04E-06
1782.343 3.34E-06
1782.324 3.67E-06
1782.305 3.83E-06
1782.286 3.74E-06
1782.267 4.4E-06
1782.247 4.18E-06
1782.228 4.47E-06
1782.209 4.05E-06

1782.19 3.74E-06
1782.17 3.83E-06

1782.151 3.83E-06
1782.132 3.5E-06
1782.113 3.7E-06

ABOR/MH/Priv-003462
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003463

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1782.093 3.82E-06
1782.074 3.96E-06
1782.055 3.97E-06
1782.036 4.12E-06
1782.017 3.58E-06
1781.997 3.79E-06
1781.978 3.54E-06
1781.959 4.07E-06

1781.94 4.6E-06
1781.92 4.26E-06

1781.901 4.04E-06
1781.882 4.11E-06
1781.863 3.95E-06
1781.843 3.82E-06
1781.824 3.8E-06
1781.805 3.76E-06
1781.786 3.74E-06
1781.767 3.89E-06
1781.747 3.48E-06
1781.728 4.28E-06
1781.709 3.36E-06

1781.69 3.46E-06
1781.67 4.06E-06

1781.651 3.45E-06
1781.632 3.71E-06
1781.613 3.79E-06
1781.593 3.55E-06
1781.574 3.69E-06
1781.555 3.44E-06
1781.525 3.68E-06
1781.494 3.49E-06
1781.464 3.44E-06
1781.434 3.39E-06
1781.403 2.9E-06
1781.373 3.12E-06
1781.343 3.51E-06
1781.313 3.17E-06
1781.282 3.06E-06
1781.252 2.79E-06
1781.222 2.75E-06
1781.191 2.96E-06
1781.161 3.26E-06
1781.131 3.06E-06

1781.1 3.67E-06
1781.07 3.6E-06

ABOR/MH/Priv-003464
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003465

CONFIDENTIAL -  
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1781.04 4.2E-06
1781.01 4.2E-06

1780.979 3.73E-06
1780.949 3.93E-06
1780.919 3.65E-06
1780.888 4.1E-06
1780.858 4.47E-06
1780.828 4.72E-06
1780.797 4.14E-06
1780.767 3.58E-06
1780.737 3.74E-06
1780.707 3.97E-06
1780.676 3.46E-06
1780.646 3.93E-06
1780.616 3.87E-06
1780.585 4.13E-06
1780.555 4.23E-06
1780.525 3.64E-06
1780.494 0.000004
1780.464 3.81E-06
1780.434 3.39E-06
1780.403 3.23E-06
1780.373 3.52E-06
1780.343 3.6E-06
1780.313 4.22E-06
1780.282 4.97E-06
1780.252 3.94E-06
1780.222 4.12E-06
1780.191 3.32E-06
1780.161 3.2E-06
1780.131 3.23E-06

1780.1 3.11E-06
1780.07 3.77E-06
1780.04 3.31E-06
1780.01 3.3E-06

1779.979 3.74E-06
1779.949 3.63E-06
1779.919 3.58E-06
1779.888 3.42E-06
1779.858 3.53E-06
1779.828 3.46E-06
1779.797 3.65E-06
1779.767 3.73E-06
1779.737 3.55E-06
1779.707 3.54E-06

ABOR/MH/Priv-003466
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003467

CONFIDENTIAL -  
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1779.676 3.79E-06
1779.646 3.68E-06
1779.616 4.07E-06
1779.585 4.63E-06
1779.555 4.04E-06
1779.527 3.86E-06
1779.499 3.95E-06
1779.472 4.18E-06
1779.444 4.45E-06
1779.416 4.5E-06
1779.388 4.71E-06
1779.361 5.13E-06
1779.333 4.89E-06
1779.305 4.59E-06
1779.277 4.2E-06
1779.249 3.99E-06
1779.222 3.85E-06
1779.194 3.68E-06
1779.166 3.55E-06
1779.138 3.39E-06
1779.111 3.39E-06
1779.083 3.44E-06
1779.055 3.61E-06
1779.027 3.84E-06
1778.999 3.84E-06
1778.972 3.51E-06
1778.944 3.42E-06
1778.916 3.62E-06
1778.888 3.7E-06
1778.861 3.82E-06
1778.833 3.88E-06
1778.805 3.93E-06
1778.777 3.87E-06
1778.749 3.63E-06
1778.722 3.48E-06
1778.694 3.53E-06
1778.666 3.73E-06
1778.638 3.46E-06
1778.611 3.32E-06
1778.583 3.22E-06
1778.555 3.24E-06
1778.531 3.4E-06
1778.506 3.26E-06
1778.482 3.3E-06
1778.457 3.44E-06

ABOR/MH/Priv-003468
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003469
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1778.433 3.4E-06
1778.409 3.53E-06
1778.384 3.73E-06

1778.36 3.96E-06
1778.335 4.66E-06
1778.311 4.25E-06
1778.287 3.08E-06
1778.262 3.08E-06
1778.238 2.89E-06
1778.214 3.17E-06
1778.189 3.49E-06
1778.165 3.51E-06

1778.14 3.12E-06
1778.116 3.1E-06
1778.092 3.22E-06
1778.067 3.2E-06
1778.043 3.06E-06
1778.018 3.71E-06
1777.994 3.69E-06

1777.97 3.57E-06
1777.945 3.84E-06
1777.921 4.13E-06
1777.896 3.34E-06
1777.872 3.69E-06
1777.848 3.68E-06
1777.823 3.6E-06
1777.799 3.6E-06
1777.775 3.69E-06

1777.75 3.45E-06
1777.726 3.31E-06
1777.701 3.24E-06
1777.677 3.14E-06
1777.653 3.31E-06
1777.628 3.65E-06
1777.604 3.48E-06
1777.579 3.48E-06
1777.555 3.67E-06
1777.527 3.46E-06
1777.499 3.42E-06
1777.472 3.55E-06
1777.444 3.42E-06
1777.416 3.25E-06
1777.388 3.5E-06
1777.361 3.59E-06
1777.333 3.63E-06

ABOR/MH/Priv-003470
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003471
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1777.305 3.37E-06
1777.277 3.27E-06
1777.249 3.48E-06
1777.222 3.2E-06
1777.194 3.28E-06
1777.166 3.11E-06
1777.138 3.6E-06
1777.111 4.02E-06
1777.083 3.57E-06
1777.055 3.13E-06
1777.027 3.2E-06
1776.999 3.31E-06
1776.972 3.03E-06
1776.944 3.24E-06
1776.916 3.62E-06
1776.888 3.75E-06
1776.861 3.55E-06
1776.833 3.4E-06
1776.805 3.29E-06
1776.777 3.18E-06
1776.749 3.14E-06
1776.722 2.93E-06
1776.694 2.95E-06
1776.666 2.79E-06
1776.638 2.94E-06
1776.611 3.25E-06
1776.583 3.03E-06
1776.555 3.08E-06
1776.533 3.26E-06
1776.511 3.34E-06
1776.488 4.1E-06
1776.466 3.78E-06
1776.444 4.14E-06
1776.422 3.88E-06
1776.399 3.96E-06
1776.377 3.63E-06
1776.355 3.36E-06
1776.333 3.69E-06
1776.311 4.73E-06
1776.288 3.94E-06
1776.266 3.68E-06
1776.244 3.51E-06
1776.222 3.31E-06
1776.199 3.22E-06
1776.177 3.33E-06

ABOR/MH/Priv-003472
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003473

CONFIDENTIAL -  
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1776.155 3.28E-06
1776.133 0.000003
1776.111 3.13E-06
1776.088 3.49E-06
1776.066 3.4E-06
1776.044 3.26E-06
1776.022 3.34E-06
1775.999 3.27E-06
1775.977 3.21E-06
1775.955 3.16E-06
1775.933 3.08E-06
1775.911 3.3E-06
1775.888 3.52E-06
1775.866 3.76E-06
1775.844 3.35E-06
1775.822 3.62E-06
1775.799 3.53E-06
1775.777 3.4E-06
1775.755 3.5E-06
1775.733 3.53E-06
1775.711 3.77E-06
1775.688 3.61E-06
1775.666 3.26E-06
1775.644 3.47E-06
1775.622 3.67E-06
1775.599 3.45E-06
1775.577 3.58E-06
1775.555 3.87E-06
1775.536 3.35E-06
1775.518 3.19E-06
1775.499 3.24E-06
1775.481 3.28E-06
1775.462 2.95E-06
1775.444 3.13E-06
1775.425 3.53E-06
1775.407 3.17E-06
1775.388 3.32E-06

1775.37 3.55E-06
1775.351 3.53E-06
1775.333 2.88E-06
1775.314 2.84E-06
1775.296 2.96E-06
1775.277 3.03E-06
1775.259 2.75E-06

1775.24 2.91E-06

ABOR/MH/Priv-003474
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003475

CONFIDENTIAL -  
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1775.222 2.91E-06
1775.203 3.18E-06
1775.185 3.09E-06
1775.166 3.02E-06
1775.148 3.18E-06
1775.129 3.09E-06
1775.111 3.29E-06
1775.092 3.19E-06
1775.074 3.54E-06
1775.055 3.37E-06
1775.036 3.1E-06
1775.018 3.18E-06
1774.999 3.16E-06
1774.981 3.43E-06
1774.962 3.24E-06
1774.944 3.14E-06
1774.925 3.21E-06
1774.907 3.29E-06
1774.888 3.4E-06

1774.87 3.41E-06
1774.851 3.16E-06
1774.833 3.35E-06
1774.814 3.48E-06
1774.796 3.39E-06
1774.777 3.35E-06
1774.759 3.42E-06

1774.74 3.73E-06
1774.722 3.35E-06
1774.703 3.69E-06
1774.685 3.14E-06
1774.666 3.37E-06
1774.648 3.58E-06
1774.629 3.55E-06
1774.611 3.63E-06
1774.592 3.36E-06
1774.574 3.17E-06
1774.555 3.55E-06
1774.535 3.51E-06
1774.515 3.85E-06
1774.495 4.09E-06
1774.475 3.64E-06
1774.455 3.16E-06
1774.435 3.06E-06
1774.415 3.21E-06
1774.395 3.5E-06

ABOR/MH/Priv-003476
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003477
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1774.375 3.22E-06
1774.355 3.36E-06
1774.335 3.55E-06
1774.315 3.65E-06
1774.295 3.61E-06
1774.275 3.56E-06
1774.255 3.54E-06
1774.235 3.49E-06
1774.215 3.44E-06
1774.195 3.76E-06
1774.175 3.31E-06
1774.155 3.28E-06
1774.135 3.68E-06
1774.115 3.75E-06
1774.095 3.59E-06
1774.075 3.7E-06
1774.055 3.33E-06
1774.035 3.26E-06
1774.015 3.17E-06
1773.995 3.13E-06
1773.975 2.99E-06
1773.955 2.79E-06
1773.935 3.02E-06
1773.915 3.34E-06
1773.895 3.76E-06
1773.875 3.52E-06
1773.855 3.39E-06
1773.835 3.43E-06
1773.815 3.21E-06
1773.795 3.39E-06
1773.775 3.46E-06
1773.755 3.6E-06
1773.735 3.58E-06
1773.715 3.39E-06
1773.695 3.68E-06
1773.675 3.37E-06
1773.655 3.22E-06
1773.635 3.33E-06
1773.615 3.69E-06
1773.595 3.52E-06
1773.575 3.66E-06
1773.555 3.84E-06
1773.541 3.31E-06
1773.528 3.12E-06
1773.514 3.57E-06

ABOR/MH/Priv-003478
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IN CAMERA REVIEW ONLY 
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003479

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1773.501 3.65E-06
1773.487 3.6E-06
1773.474 3.25E-06

1773.46 3.41E-06
1773.447 3.24E-06
1773.433 3.33E-06

1773.42 3.4E-06
1773.406 3.78E-06
1773.393 3.91E-06
1773.379 4.47E-06
1773.366 4.65E-06
1773.352 4.29E-06
1773.339 4.01E-06
1773.325 3.83E-06
1773.312 3.77E-06
1773.298 3.37E-06
1773.285 4.12E-06
1773.271 4.49E-06
1773.258 4.46E-06
1773.244 3.82E-06
1773.231 3.86E-06
1773.217 3.9E-06
1773.204 4.19E-06

1773.19 4.1E-06
1773.177 3.67E-06
1773.163 3.04E-06

1773.15 3.36E-06
1773.136 3.37E-06
1773.123 3.45E-06
1773.109 3.86E-06
1773.096 3.39E-06
1773.082 3.52E-06
1773.069 3.53E-06
1773.055 3.34E-06
1773.041 3.73E-06
1773.028 3.67E-06
1773.014 3.73E-06
1773.001 3.58E-06
1772.987 3.72E-06
1772.974 3.52E-06

1772.96 3.67E-06
1772.947 3.45E-06
1772.933 3.43E-06

1772.92 3.52E-06
1772.906 3.37E-06

ABOR/MH/Priv-003480
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003481

CONFIDENTIAL -  
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1772.893 3.2E-06
1772.879 3.25E-06
1772.866 3.06E-06
1772.852 3.09E-06
1772.839 3.2E-06
1772.825 3.83E-06
1772.812 4.22E-06
1772.798 3.72E-06
1772.785 3.65E-06
1772.771 3.55E-06
1772.758 3.5E-06
1772.744 3.81E-06
1772.731 4.04E-06
1772.717 3.79E-06
1772.704 3.11E-06

1772.69 3.12E-06
1772.677 3.38E-06
1772.663 3.68E-06

1772.65 3.69E-06
1772.636 3.86E-06
1772.623 4.22E-06
1772.609 3.3E-06
1772.596 3.44E-06
1772.582 3.48E-06
1772.569 3.32E-06
1772.555 3.39E-06
1772.541 3.78E-06
1772.527 3.79E-06
1772.513 3.53E-06
1772.499 3.81E-06
1772.486 3.58E-06
1772.472 3.6E-06
1772.458 3.72E-06
1772.444 3.5E-06

1772.43 3.43E-06
1772.416 3.18E-06
1772.402 3.56E-06
1772.388 3.81E-06
1772.374 3.61E-06
1772.361 3.79E-06
1772.347 3.38E-06
1772.333 3.17E-06
1772.319 3.23E-06
1772.305 3.96E-06
1772.291 0.000004

ABOR/MH/Priv-003482
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003483

CONFIDENTIAL -  
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1772.277 4.57E-06
1772.263 3.96E-06
1772.249 3.7E-06
1772.236 3.78E-06
1772.222 3.83E-06
1772.208 3.67E-06
1772.194 3.12E-06

1772.18 3.1E-06
1772.166 3.06E-06
1772.152 3.35E-06
1772.138 3.45E-06
1772.124 3.47E-06
1772.111 3.12E-06
1772.097 3.21E-06
1772.083 3.54E-06
1772.069 3.71E-06
1772.055 4.23E-06
1772.041 4.29E-06
1772.027 3.48E-06
1772.013 3.41E-06
1771.999 3.44E-06
1771.986 3.73E-06
1771.972 3.48E-06
1771.958 3.39E-06
1771.944 3.35E-06

1771.93 3.66E-06
1771.916 3.56E-06
1771.902 3.58E-06
1771.888 3.41E-06
1771.874 3.17E-06
1771.861 3.28E-06
1771.847 3.45E-06
1771.833 3.8E-06
1771.819 3.89E-06
1771.805 3.45E-06
1771.791 3.01E-06
1771.777 3.22E-06
1771.763 3.38E-06
1771.749 3.01E-06
1771.736 3.04E-06
1771.722 3.83E-06
1771.708 3.92E-06
1771.694 4.27E-06

1771.68 4.76E-06
1771.666 4.09E-06

ABOR/MH/Priv-003484
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003485
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1771.652 3.92E-06
1771.638 3.54E-06
1771.624 3.64E-06
1771.611 3.34E-06
1771.597 3.39E-06
1771.583 3.4E-06
1771.569 3.63E-06
1771.555 3.35E-06
1771.542 4.05E-06
1771.529 5.57E-06
1771.516 4.79E-06
1771.502 4.79E-06
1771.489 4.42E-06
1771.476 3.58E-06
1771.463 0.000003

1771.45 3.5E-06
1771.437 3.56E-06
1771.423 4.03E-06

1771.41 4.91E-06
1771.397 4.04E-06
1771.384 4.13E-06
1771.371 3.95E-06
1771.358 3.6E-06
1771.344 3.57E-06
1771.331 3.99E-06
1771.318 4.04E-06
1771.305 4.19E-06
1771.292 0.000004
1771.279 3.9E-06
1771.266 3.63E-06
1771.252 4.03E-06
1771.239 3.62E-06
1771.226 3.84E-06
1771.213 3.98E-06

1771.2 3.93E-06
1771.187 4.36E-06
1771.173 3.34E-06

1771.16 3.61E-06
1771.147 3.8E-06
1771.134 3.53E-06
1771.121 3.74E-06
1771.108 4.01E-06
1771.094 3.23E-06
1771.081 3.36E-06
1771.068 3.7E-06

ABOR/MH/Priv-003486
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003487

CONFIDENTIAL -  
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1771.055 3.61E-06
1771.042 3.91E-06
1771.029 3.99E-06
1771.016 3.82E-06
1771.002 3.61E-06
1770.989 3.57E-06
1770.976 3.89E-06
1770.963 4.25E-06

1770.95 4.34E-06
1770.937 3.42E-06
1770.923 3.55E-06

1770.91 3.14E-06
1770.897 3.66E-06
1770.884 3.83E-06
1770.871 3.48E-06
1770.858 3.4E-06
1770.844 3.46E-06
1770.831 3.89E-06
1770.818 3.86E-06
1770.805 3.64E-06
1770.792 3.86E-06
1770.779 4.53E-06
1770.766 4.36E-06
1770.752 3.85E-06
1770.739 3.93E-06
1770.726 3.6E-06
1770.713 3.35E-06

1770.7 3.25E-06
1770.687 3.3E-06
1770.673 3.42E-06

1770.66 3.79E-06
1770.647 3.83E-06
1770.634 3.82E-06
1770.621 3.96E-06
1770.608 3.97E-06
1770.594 0.000004
1770.581 4.14E-06
1770.568 4.25E-06
1770.555 3.88E-06
1770.539 3.39E-06
1770.524 3.92E-06
1770.508 4.03E-06
1770.493 4.1E-06
1770.477 3.88E-06
1770.461 3.77E-06

ABOR/MH/Priv-003488
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003489
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1770.446 3.69E-06
1770.43 3.89E-06

1770.414 3.76E-06
1770.399 3.59E-06
1770.383 3.45E-06
1770.368 3.76E-06
1770.352 3.98E-06
1770.336 4.68E-06
1770.321 4.23E-06
1770.305 3.9E-06
1770.289 3.75E-06
1770.274 3.8E-06
1770.258 3.75E-06
1770.243 3.63E-06
1770.227 4.04E-06
1770.211 4.07E-06
1770.196 3.48E-06

1770.18 3.55E-06
1770.164 3.58E-06
1770.149 3.62E-06
1770.133 3.55E-06
1770.118 4.15E-06
1770.102 4.32E-06
1770.086 4.65E-06
1770.071 4.96E-06
1770.055 4.56E-06
1770.039 4.67E-06
1770.024 4.12E-06
1770.008 4.1E-06
1769.993 4.07E-06
1769.977 4.04E-06
1769.961 4.51E-06
1769.946 4.55E-06

1769.93 4.58E-06
1769.914 4.52E-06
1769.899 3.51E-06
1769.883 3.46E-06
1769.868 3.51E-06
1769.852 3.66E-06
1769.836 3.33E-06
1769.821 3.06E-06
1769.805 3.12E-06
1769.789 2.96E-06
1769.774 2.76E-06
1769.758 3.11E-06

ABOR/MH/Priv-003490
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003491
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1769.743 3.48E-06
1769.727 3.65E-06
1769.711 4.04E-06
1769.696 3.32E-06

1769.68 3.01E-06
1769.664 3.11E-06
1769.649 3.59E-06
1769.633 3.93E-06
1769.618 3.36E-06
1769.602 2.88E-06
1769.586 3.06E-06
1769.571 3.4E-06
1769.555 3.69E-06
1769.532 3.91E-06

1769.51 4.18E-06
1769.487 3.35E-06
1769.464 3.65E-06
1769.441 3.42E-06
1769.419 3.35E-06
1769.396 3.64E-06
1769.373 3.21E-06

1769.35 4.26E-06
1769.328 4.79E-06
1769.305 5.68E-06
1769.282 5.43E-06

1769.26 4.42E-06
1769.237 4.77E-06
1769.214 4.71E-06
1769.191 4.25E-06
1769.169 3.83E-06
1769.146 3.76E-06
1769.123 4.07E-06

1769.1 3.99E-06
1769.078 3.59E-06
1769.055 3.55E-06
1769.032 3.66E-06

1769.01 3.71E-06
1768.987 3.74E-06
1768.964 3.6E-06
1768.941 3.87E-06
1768.919 4.24E-06
1768.896 4.36E-06
1768.873 3.91E-06

1768.85 3.91E-06
1768.828 3.9E-06

ABOR/MH/Priv-003492
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003493

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1768.805 3.82E-06
1768.782 3.35E-06

1768.76 3.91E-06
1768.737 3.67E-06
1768.714 3.75E-06
1768.691 3.42E-06
1768.669 3.89E-06
1768.646 4.07E-06
1768.623 3.84E-06

1768.6 3.81E-06
1768.578 3.53E-06
1768.555 3.66E-06
1768.517 3.34E-06
1768.478 3.37E-06

1768.44 4.39E-06
1768.401 4.52E-06
1768.363 4.89E-06
1768.324 4.4E-06
1768.286 3.37E-06
1768.247 3.57E-06
1768.209 3.44E-06

1768.17 3.24E-06
1768.132 3.35E-06
1768.093 4.04E-06
1768.055 3.85E-06
1768.017 3.65E-06
1767.978 4.23E-06

1767.94 3.67E-06
1767.901 4.01E-06
1767.863 3.66E-06
1767.824 3.77E-06
1767.786 3.61E-06
1767.747 3.77E-06
1767.709 3.37E-06

1767.67 3.7E-06
1767.632 3.73E-06
1767.593 3.32E-06
1767.555 3.73E-06
1767.537 4.32E-06
1767.519 3.68E-06
1767.501 3.45E-06
1767.484 3.87E-06
1767.466 3.65E-06
1767.448 3.67E-06

1767.43 3.46E-06

ABOR/MH/Priv-003494

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003495

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1767.412 3.34E-06
1767.394 3.45E-06
1767.376 3.17E-06
1767.359 3.61E-06
1767.341 3.83E-06
1767.323 3.69E-06
1767.305 3.24E-06
1767.287 3.38E-06
1767.269 3.56E-06
1767.251 3.77E-06
1767.234 3.26E-06
1767.216 3.56E-06
1767.198 3.42E-06

1767.18 3.3E-06
1767.162 3.63E-06
1767.144 3.54E-06
1767.126 3.37E-06
1767.109 3.48E-06
1767.091 3.57E-06
1767.073 3.15E-06
1767.055 3.63E-06
1767.037 3.96E-06
1767.019 3.95E-06
1767.001 3.94E-06
1766.984 3.54E-06
1766.966 3.35E-06
1766.948 3.51E-06

1766.93 3.61E-06
1766.912 3.56E-06
1766.894 3.85E-06
1766.876 3.61E-06
1766.859 3.29E-06
1766.841 3.58E-06
1766.823 3.44E-06
1766.805 3.41E-06
1766.787 3.48E-06
1766.769 3.39E-06
1766.751 3.66E-06
1766.734 3.58E-06
1766.716 3.64E-06
1766.698 3.82E-06

1766.68 3.74E-06
1766.662 3.84E-06
1766.644 4.95E-06
1766.626 4.41E-06

ABOR/MH/Priv-003496

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003497

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1766.609 4.36E-06
1766.591 4.15E-06
1766.573 4.25E-06
1766.555 4.16E-06
1766.536 4.64E-06
1766.517 3.9E-06
1766.497 3.41E-06
1766.478 3.81E-06
1766.459 3.87E-06

1766.44 3.88E-06
1766.42 3.77E-06

1766.401 3.46E-06
1766.382 3.88E-06
1766.363 3.72E-06
1766.343 3.92E-06
1766.324 3.83E-06
1766.305 3.99E-06
1766.286 3.92E-06
1766.267 3.96E-06
1766.247 3.75E-06
1766.228 3.63E-06
1766.209 3.61E-06

1766.19 3.5E-06
1766.17 3.67E-06

1766.151 3.54E-06
1766.132 3.4E-06
1766.113 3.12E-06
1766.093 3.13E-06
1766.074 3.13E-06
1766.055 3.41E-06
1766.036 3.74E-06
1766.017 3.63E-06
1765.997 3.49E-06
1765.978 4.1E-06
1765.959 4.06E-06

1765.94 3.94E-06
1765.92 4.15E-06

1765.901 3.95E-06
1765.882 4.09E-06
1765.863 4.14E-06
1765.843 4.28E-06
1765.824 3.91E-06
1765.805 3.95E-06
1765.786 4.14E-06
1765.767 3.87E-06

ABOR/MH/Priv-003498

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003499

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1765.747 4.08E-06
1765.728 3.65E-06
1765.709 3.99E-06

1765.69 4.83E-06
1765.67 4.02E-06

1765.651 3.94E-06
1765.632 0.000004
1765.613 4.46E-06
1765.593 3.97E-06
1765.574 3.89E-06
1765.555 3.64E-06

1765.54 3.67E-06
1765.525 4.28E-06

1765.51 4.06E-06
1765.495 4.28E-06

1765.48 4.38E-06
1765.465 4.56E-06
1765.451 4.38E-06
1765.436 4.31E-06
1765.421 4.67E-06
1765.406 5.14E-06
1765.391 4.98E-06
1765.376 4.22E-06
1765.361 4.82E-06
1765.346 4.33E-06
1765.331 4.27E-06
1765.316 4.48E-06
1765.301 7.62E-06
1765.286 6.91E-06
1765.271 6.51E-06
1765.256 6.04E-06
1765.242 4.6E-06
1765.227 4.88E-06
1765.212 4.8E-06
1765.197 4.67E-06
1765.182 4.52E-06
1765.167 4.79E-06
1765.152 4.59E-06
1765.137 4.21E-06
1765.122 4.17E-06
1765.107 4.95E-06
1765.092 4.77E-06
1765.077 4.4E-06
1765.062 3.66E-06
1765.048 3.85E-06

ABOR/MH/Priv-003500

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003501

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1765.033 4.26E-06
1765.018 4.29E-06
1765.003 3.9E-06
1764.988 3.69E-06
1764.973 3.93E-06
1764.958 3.74E-06
1764.943 3.89E-06
1764.928 3.99E-06
1764.913 3.76E-06
1764.898 3.27E-06
1764.883 3.45E-06
1764.868 3.81E-06
1764.854 3.66E-06
1764.839 3.84E-06
1764.824 3.84E-06
1764.809 3.86E-06
1764.794 3.75E-06
1764.779 3.94E-06
1764.764 4.06E-06
1764.749 3.94E-06
1764.734 3.93E-06
1764.719 3.62E-06
1764.704 3.95E-06
1764.689 3.95E-06
1764.674 3.8E-06
1764.659 3.81E-06
1764.645 3.47E-06

1764.63 3.52E-06
1764.615 3.47E-06

1764.6 3.52E-06
1764.585 4.05E-06

1764.57 4.29E-06
1764.555 3.98E-06
1764.528 3.88E-06
1764.501 3.89E-06
1764.474 4.83E-06
1764.447 4.31E-06

1764.42 4.43E-06
1764.393 4.18E-06
1764.366 4.26E-06
1764.339 4.85E-06
1764.312 5.04E-06
1764.285 4.41E-06
1764.258 4.67E-06
1764.231 4.12E-06

ABOR/MH/Priv-003502

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003503

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1764.204 4.08E-06
1764.177 3.85E-06

1764.15 3.91E-06
1764.123 4.06E-06
1764.096 3.88E-06
1764.069 3.89E-06
1764.041 3.67E-06
1764.014 4.17E-06
1763.987 4.03E-06

1763.96 3.9E-06
1763.933 3.97E-06
1763.906 3.66E-06
1763.879 3.43E-06
1763.852 3.27E-06
1763.825 3.29E-06
1763.798 3.06E-06
1763.771 3.26E-06
1763.744 3.68E-06
1763.717 3.96E-06

1763.69 4.04E-06
1763.663 4.15E-06
1763.636 4.28E-06
1763.609 4.27E-06
1763.582 4.17E-06
1763.555 3.84E-06
1763.536 3.76E-06
1763.517 4.14E-06
1763.498 4.09E-06

1763.48 3.74E-06
1763.461 4.39E-06
1763.442 4.44E-06
1763.423 4.11E-06
1763.404 3.63E-06
1763.385 4.3E-06
1763.366 4.36E-06
1763.347 4.92E-06
1763.329 5.61E-06

1763.31 5.03E-06
1763.291 4.9E-06
1763.272 3.81E-06
1763.253 3.81E-06
1763.234 3.58E-06
1763.215 3.45E-06
1763.197 3.31E-06
1763.178 3.53E-06

ABOR/MH/Priv-003504

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003505

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1763.159 3.54E-06
1763.14 3.49E-06

1763.121 3.75E-06
1763.102 3.66E-06
1763.083 3.56E-06
1763.064 3.68E-06
1763.046 3.37E-06
1763.027 3.3E-06
1763.008 3.64E-06
1762.989 3.87E-06

1762.97 3.44E-06
1762.951 3.73E-06
1762.932 3.95E-06
1762.913 3.67E-06
1762.895 3.65E-06
1762.876 3.73E-06
1762.857 3.62E-06
1762.838 3.29E-06
1762.819 3.35E-06

1762.8 4.2E-06
1762.781 3.74E-06
1762.763 3.52E-06
1762.744 3.47E-06
1762.725 4.05E-06
1762.706 3.66E-06
1762.687 3.71E-06
1762.668 3.56E-06
1762.649 3.88E-06

1762.63 3.88E-06
1762.612 3.67E-06
1762.593 4.17E-06
1762.574 3.91E-06
1762.555 3.93E-06
1762.522 4.3E-06
1762.488 4.03E-06
1762.455 4.5E-06
1762.422 3.85E-06
1762.388 3.63E-06
1762.355 4.15E-06
1762.322 3.9E-06
1762.288 3.69E-06
1762.255 4.31E-06
1762.222 3.74E-06
1762.188 3.8E-06
1762.155 3.75E-06

ABOR/MH/Priv-003506

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003507

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1762.122 3.7E-06
1762.088 3.52E-06
1762.055 3.57E-06
1762.022 3.49E-06
1761.988 3.84E-06
1761.955 3.63E-06
1761.922 4.04E-06
1761.888 4.24E-06
1761.855 3.86E-06
1761.822 3.56E-06
1761.788 4.5E-06
1761.755 5.09E-06
1761.722 5.39E-06
1761.688 3.6E-06
1761.655 3.82E-06
1761.622 3.74E-06
1761.588 4.08E-06
1761.555 3.87E-06
1761.541 3.69E-06
1761.526 3.96E-06
1761.512 3.74E-06
1761.498 4.04E-06
1761.484 4.13E-06
1761.469 4.46E-06
1761.455 4.24E-06
1761.441 4.52E-06
1761.426 4.85E-06
1761.412 4.86E-06
1761.398 8.07E-06
1761.384 6.95E-06
1761.369 6.62E-06
1761.355 5.72E-06
1761.341 4.61E-06
1761.326 4.29E-06
1761.312 4.46E-06
1761.298 3.78E-06
1761.284 3.89E-06
1761.269 4.24E-06
1761.255 4.06E-06
1761.241 3.98E-06
1761.226 3.96E-06
1761.212 3.9E-06
1761.198 3.41E-06
1761.184 4.08E-06
1761.169 3.14E-06

ABOR/MH/Priv-003508

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1761.155 3.54E-06
1761.141 4.52E-06
1761.126 6.02E-06
1761.112 3.82E-06
1761.098 3.43E-06
1761.084 3.79E-06
1761.069 3.5E-06
1761.055 3.98E-06
1761.041 4.2E-06
1761.026 4.16E-06
1761.012 4.28E-06
1760.998 3.85E-06
1760.984 3.74E-06
1760.969 3.91E-06
1760.955 3.68E-06
1760.941 3.83E-06
1760.926 3.69E-06
1760.912 4.23E-06
1760.898 3.65E-06
1760.884 3.58E-06
1760.869 4.15E-06
1760.855 3.67E-06
1760.841 4.13E-06
1760.826 4.79E-06
1760.812 3.62E-06
1760.798 4.3E-06
1760.784 4.01E-06
1760.769 0.000004
1760.755 3.72E-06
1760.741 3.87E-06
1760.726 4.09E-06
1760.712 4.08E-06
1760.698 3.96E-06
1760.684 4.05E-06
1760.669 3.92E-06
1760.655 4.27E-06
1760.641 4.29E-06
1760.626 3.65E-06
1760.612 3.24E-06
1760.598 3.46E-06
1760.584 3.24E-06
1760.569 3.22E-06
1760.555 3.47E-06
1760.529 3.7E-06
1760.504 3.89E-06
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1760.478 3.99E-06
1760.452 3.58E-06
1760.427 3.36E-06
1760.401 3.41E-06
1760.376 3.57E-06

1760.35 3.48E-06
1760.324 3.59E-06
1760.299 3.64E-06
1760.273 3.85E-06
1760.247 3.42E-06
1760.222 4.09E-06
1760.196 4.81E-06

1760.17 5.28E-06
1760.145 3.74E-06
1760.119 3.31E-06
1760.093 3.51E-06
1760.068 3.74E-06
1760.042 3.86E-06
1760.017 3.85E-06
1759.991 3.57E-06
1759.965 3.62E-06

1759.94 3.68E-06
1759.914 3.2E-06
1759.888 3.28E-06
1759.863 3.6E-06
1759.837 3.7E-06
1759.811 3.59E-06
1759.786 3.77E-06

1759.76 3.24E-06
1759.734 3.48E-06
1759.709 3.83E-06
1759.683 4.1E-06
1759.658 4.06E-06
1759.632 3.91E-06
1759.606 3.73E-06
1759.581 3.59E-06
1759.555 3.77E-06
1759.524 3.76E-06
1759.493 3.57E-06
1759.461 3.98E-06

1759.43 4.28E-06
1759.399 4.49E-06
1759.368 4.69E-06
1759.336 4.07E-06
1759.305 3.7E-06
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1759.274 3.79E-06
1759.243 3.62E-06
1759.211 3.37E-06

1759.18 3.56E-06
1759.149 3.6E-06
1759.118 3.85E-06
1759.086 3.65E-06
1759.055 3.43E-06
1759.024 3.39E-06
1758.993 2.99E-06
1758.961 3.93E-06

1758.93 3.76E-06
1758.899 3.37E-06
1758.868 3.33E-06
1758.836 3.65E-06
1758.805 3.33E-06
1758.774 3.57E-06
1758.743 3.44E-06
1758.711 4.62E-06

1758.68 4.05E-06
1758.649 5.22E-06
1758.618 5.15E-06
1758.586 4.31E-06
1758.555 4.37E-06
1758.527 4.76E-06

1758.5 4.02E-06
1758.472 4.32E-06
1758.444 3.95E-06
1758.416 4.46E-06
1758.389 4.01E-06
1758.361 3.77E-06
1758.333 3.7E-06
1758.305 4.08E-06
1758.278 4.38E-06

1758.25 4.58E-06
1758.222 4.65E-06
1758.194 5.68E-06
1758.167 4.33E-06
1758.139 4.63E-06
1758.111 3.49E-06
1758.083 3.96E-06
1758.056 4.03E-06
1758.028 4.31E-06

1758 4.45E-06
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KEY to COLUMN E in Data inventory

Coral 7001 = O-18;    
7002 = C-13;
7003 = Sr/Ca;
7004 = calcification;
7005 = other (fluorescence, density, etc)

Mann et al 1998 used:
Burdekin River             Coral-fluorescence   Precip/Runoff     20S  147E   1746     Lough 1991
Galapagos Isabel Island    Coral-O-18           SST                1S   91W   1607     Dunbar et al 1994
Gulf of Chiriqui, Panama   Coral-O-18           Precip           7.5N   81W   1708     Linsley et al, 1994
Gulf of Chiriqui, Panama   Coral-C-13           ocean circ          "     "   1708          "
Espiritu Santu             Coral-O-18           SST               15S  167E   1806     Quinn et al 1993
New Caledonia              Coral-O-18           SST               22S  166E   1658     Quinn et al 1996
Great Barrier Reef         Coral-band thickness SST               19S  148E   1615     Lough, personal comm
Red Sea                    Coral-O-18           SST/Precip      29.5N   35E   1788     Heiss, 1994
Red Sea                     Coral-C13            ocean circ          "     "   1788          "
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From: Michael E. Mann
To: Malcolm Hughes
Subject: Re: proposal
Date: Friday, September 17, 2004 2:31:02 PM

Hi Malcolm.

Sorry to hear about the virus--I hope its ok now...I guess Norton failed?

suggestions look good. I've heard from everyone now, so I should be able to finalize
the proposal shortly.

Please update me on your estimated budget and the status of your fastlane
temporary proposal ID, PIN, etc. as soon as you have the chance...

Thanks, and enjoy the weekend (tornados here!),

mike

At 05:43 PM 9/17/2004, Malcolm Hughes wrote:

Mike - later than I thought - I've lost 36 hours with a virus attack 
on my computer. Anyway, just some typos, as you'll see in the 
attached file. Cheers, Malcolm
.
.
Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

The following section of this message contains a file attachment
prepared for transmission using the Internet MIME message format.
If you are using Pegasus Mail, or any other MIME-compliant system,
you should be able to save it or view it from within your mailer.
If you cannot, please ask your system administrator for assistance.

   ---- File information -----------
     File: nsf-esh04913
     Date:  17 Sep 2004, 14:16
     Size:  2165760 bytes.
     Type:  Unknown

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
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e-mail: mann@virginia.edu   Phone: (434) 924-7770   FAX: (434) 982-2137
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: raymond s. bradley; mhughes@ltrr.arizona.edu
Cc: wahle@alfred.edu; mann@virginia.edu; Scott Rutherford
Subject: Re: proposal question
Date: Friday, September 10, 2004 8:08:46 AM

HI Ray,

Thanks for the comments.

comments below...

Mike

At 10:37 AM 9/10/2004, raymond s. bradley wrote:

I'm working on the Holocene proxy records section.  In the text the focus
is on "paleotemperature" reconstructions.  There are a number of these,
but many more that reconstruct something else--"strength of the
monsoon" (Steve Burns speleothem isotopes in the Indian Ocean), rainfall
over the loess plateau (magnetic susceptibility in Chinese loess), etc, or
other parameters related to some feature of the climate system (upwelling
strength in Cariaco Basin, arguably related to Trade wind strength...or
glaciochemical records from ice cores, related to size &/or intensity of the
polar vortex...)etc etc.  In our previous work we have gladly accepted
proxies that carry some sort of signal of the larger temperature field, via
an ENSO-related connection or the NAO etc.  Should we make the
argument here too that many Holocene time series, not strictly calibrated
in terms of temperature, may be useful in our quest for paleotemperature
reconstruction?  If this seems reasonable, it opens up a much larger
potential database than just paleotemperature reconstructions.

Yes, I don't see any reason why we shouldn't try to be more general here. In fact,
we can frame this in w/ Hugues Goosse's latest work. The point being, that we could
use long series of temperature, Monsoon strength, etc.. all simultaneously as a
constraint on the long model simulations. No reason to stick to just surface
temperature.

The sampling strategy experiments (e.g. Eugene and Scott's contribution) could look
at which regions proxies are most likely to constrain such features (e.g. monsoon,
ENSO, etc.) as well as just the surface temperature field.

Second point: to what extent in this section of the proposal should I
include references to such studies....I started to do this but it quickly gets
out of hand; the danger is that you may include a record that can be
seized upon as crap by somebody specialising in that area, or omit some
key study by a reviewer!  Furthermore, to do this right will be a large part
of what we propose to do...

Yes, we should be careful not to claim to rely on the more dodgy records--I'll trust
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your judgement here...

Third:  I assume we are not planning to re-do
paleotemperature/paleoclimate reconstructions based on raw data (ie
delving into, e.g.,  the pollen data banks at WDC-A).  I am working on the
assumption that we will use published time series of diverse parameters
that others have argued represent one or more aspects of the climate
system.  This is a key point as there have been several studies using such
raw data sets to reconstruct paleoclimate (Guyot, Bartlein etc) over
selected continental areas.  I'll cc this to Gene for his thoughts on this.

Yes, see above. I think the ideal way to use these data is on constraints on which of
an ensemble of long simulations best matches the observed paleo record (again,
drawing on Goosse's latest work).

Finally, I will say a word or two about the dating uncertainties (which may
be the biggest problem in many records) but probably all we can say is
that we will careful screen records to selected those that are the best
dated...

sounds good to me...

All thoughts welcome..

Raymond S. Bradley 
Director, Climate System Research Center*
Department of Geosciences, University of Massachusetts
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel: 413-545-2120 
Fax: 413-545-1200 
*Climate System Research Center: 413-545-0659 
        <http://www.paleoclimate.org> 
Paleoclimatology Book Web Site:
http://www.geo.umass.edu/climate/paleo/html 
Publications (download .pdf files):
http://www.geo.umass.edu/faculty/bradley/bradleypub.html

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone: (434) 924-7770   FAX: (434) 982-2137
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

ABOR/MH/Priv-003538

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



From: Michael E. Mann
To: Malcolm Hughes
Cc: Zhang, Zhihua; fenbiao@ltrr.arizona.edu; Scott Rutherford; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu;

mann@virginia.edu
Subject: Re: chronoloy file
Date: Thursday, September 02, 2004 4:39:01 PM

Hi Malcolm,

OK, thanks for clarifying. Well, lets see how the analyses that Zhang does pan out. The initial
analyzes using the MXD data should address some of these questions. Clealry, we'll need to do
some sensitivity analyes along the same lines using the full database, which includes variously
processed tree-ring chronologies, and see how it plays out.

In any case, this is an important issue for us to be keeping in mind as we proceed now. So
thanks for the heads up on this.

I'm hoping  Zhang and Scott may have some comparisons for us to look at soon,

Mike

At 07:24 PM 9/2/2004, Malcolm Hughes wrote:

Michael E. Mann wrote:

Malcolm, I might be misunderstanding you.

Many of these (e.g. MXD network) have been processed already to
remove these sorts of things, other individuals (Jacoby etc.) don't do this,
and I would be extremely hesistant to pre-whiten their data, especially for
the low-frequency component.

I'm not a big fan of pre-whitening without good reason, i.e. potentially
throwing out the baby w/ the bathwater. Scott tried prewhitening the data
in the J. Climate paper, and found this degraded the quality of the
reconstructions. This is the nature of the point made in the mail I sent the
other day.

i believe we should use the data as processed and advocated by the
original authors. Maybe I'm misunderstanding you though?

mike

At 03:06 PM 9/2/2004, Malcolm Hughes wrote:

Gentlemen - another nasty thought (!) just crossed my mind.
Many of the tree-
ring chronologies (including some of the density series) will
contain non-
climatic persistence (Zhang's recent comment reminded me of
this). What do
you want to do about it? Maybe whiten all of them? If we
ignore this we a) have
fewer degrees of freedom than we appear to have, and b)
introduce phoney
persistenceinto the reconstructions. THis could be partucularly
important on, for
example, "ENSO" or volcano time scales. Sorry I didn't raise
this earlier in the
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discussion (I did raise it in 1997 (!*@)). Cheers, Malcolm
.
.
Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone: (434) 924-7770   FAX: (434) 982-
2137
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

Mike - I had indeed not seen the message you sent yesterday. My intent was to draw
attention to the issue, which you had in fact already done. I do have one question,
however. Are we sure that the apparently  better skill you refer to is real, once one
has made the necessary adjustments arising from the non-independence of the
yearly values?
By the way, whilst most maximum latewood density index series are whiter than
most ring-width series, not all are. It depends, inter alia, on species, so that true firs,
for example, have 1st-order serial correlation coefficients similar to those of some
ring-width series, but larch do not. Many of the ITRDB ring-width series  have not 
been prewhitened, many have, and a significant  number have had the pooled
persistence structure  reimposed, as Zhang described it. So we have a really mixed
bag.
My concern is that you folks who know how to do this stuff are aware of the actual
data situation we have. Cheers, Malcolm

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone: (434) 924-7770   FAX: (434) 982-2137
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: mem6u@multiproxy.evsc.virginia.edu
To: srutherford@rwu.edu; zz9t@virginia.edu; mann@virginia.edu; rbradley@geo.umass.edu;

mhughes@ltrr.arizona.edu; fenbiao@ltrr.arizona.edu
Subject: Re: mxd data
Date: Wednesday, August 25, 2004 9:17:41 AM

Dear All,

There is a fine line between guarding ourselves against legitimate
criticisms, and bending over so far backwards in fear of spurious
criticisms by contrarians that we impose deleterious decisions.

I don't see any problem w/ doing the correlations w/ infilled data.
It is very hard to argue that the infilling will produce a false
positive--it is much more likely to produce a false negative, and
that's being conservative.

So that's my two cents on this. Sounds like we're making good progress.
I have only intermittent email access this week, but will try to stay
tuned in..

Thanks,

mike
Original Message:
-----------------
From: Scott Rutherford srutherford@rwu.edu
Date: Wed, 25 Aug 2004 11:54:03 -0400
To: zz9t@virginia.edu, mann@virginia.edu, rbradley@geo.umass.edu,
mhughes@ltrr.arizona.edu, fenbiao@ltrr.arizona.edu
Subject: Re: mxd data

Zhang,

Just to clarify. When you say "Some test experiments of reconstruction
are based on the infilled gridded climate data. That is easy to do all
the calculations."  I think you mean that the correlations between the
proxy data and the instrumental data are done on the infilled SLP data
and infilled SAT data that we have been working with? if so, then that
means that every proxy has a nearby instrumental gridbox (with some
number of infilled values) for comparison. This may allow us to keep
proxies that otherwise might be discarded due to lack of instrumental
data for the correlation. On the other hand, it may be a point of
attack by others. Comments anyone?

It sounds like we are just about ready to go then. If you have it all
working for the SLP data and the 1099 dendro chronologies we just need
to incorporate the remaining proxies and get our selection programs to
talk to each other. Can you please send me your latest matlab scripts
to do all this so I can see how I have to integrate things?

Thanks,

Scott
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On Aug 25, 2004, at 11:23 AM, Zhang, Zhihua wrote:

> Hi Scott,
>
> Thanks for the update. I'm pleased to see that the hybrid approach is
> an improvement. Do you think we should split the MXD data into 115
> separate files and treat each one as a separate series? That may be the
> easiest way to handle it because it would be consistent with how we
> deal with every other series.
>
> I will split the MXD and put it somewhere in the Holocene.
>
> It seems from your e-mail that the selection process based on
> correlation with instrumental data is in place and working for the tree
> rings? Does that mean all we have left to do is get all the proxies
> together and that all the other steps are working?
>
> Some test experiments of reconstruction are based on the infilled
> gridded
> climate data. That is easy to do all the calculations. I think if all
> the
> proxies are ready, we can do reconstruction.
>
>
> On Aug 24, 2004, at 8:08 PM, Zhang, Zhihua wrote:
>
>>
>> Hi Scott,
>>
>> Thanks for sending me the gridded schweinggruber tree ring dataset.
>> Currently I am testing cold/warm season SLP reconstruction based on
>> 1099-tree ring data-matrix using hybrid frequency approach as well as
>> using
>> raw tree ring/SLP dataset. I am pleasant to tell you that limited
>> results
>> indicate that  hybrid frequency approach provides better verification
>> scores. I will do a few more experiments then I will show you and Mike
>> the
>> results. Hope it wouldn't take too long for doing that.  Because 115
>> gridded
>> schweingruber series come from 130 schweingruber chronologies and
>> would not
>> provide any more climate information, the 1099-tree ring matrix may be
>> good
>> enough for some test experiments. Deleting 130 chronologies from
>> 1099-data
>> matrix and adding 115 gridded tree ring series may not be a difficult
>> thing.
>> If we have enough time we can do some extra experiments with 115
>> gridded
>> schweingruber series. In my current test, I make use of tree rings
>> that
>> significantly (95% confidence level) correlate with at least one of
>> the two
>> closest SLP grids. If time permit, I may test more schemes.
>>
>> Again, I am happy to have better verification scores with hybrid
>> frequency
>> approach.
>>
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>> Cheers,
>>
>> Zhang
>>
>> -----Original Message-----
>> From: Scott Rutherford [mailto:srutherford@rwu.edu]
>> Sent: Tuesday, August 24, 2004 3:34 PM
>> To: zhihua zhang
>> Subject: mxd data
>>
>>
>> Zhang,
>>
>> Attached is a matlab file with the mxd data. There are three
>> variabiles
>> in the file. "Year" is the year from 1400-1994, "mxdlonglatnew" is the
>> latitude and longitude of the 115 gridboxes.
>> "schweingruber_mxdabd_grid" is the data with the first column having
>> the lat/long of the first row in "mxdlatlongnew".  Let me know if this
>> is too difficult for you to deal with. I'm not sure of the best way to
>> deal with this. Should we break the newwork into 115 separate files or
>> keep it together? Some of the gridboxes might pass our test while
>> others might not. What do you think?
>>
>> Thanks,
>>
>> Scott
>>
>>
>>
>>
> ______________________________________________
> Assistant Professor
> Dept. of Natural Sciences
> Roger Williams University
> e-mail: srutherford@rwu.edu
> http://fox.rwu.edu/~rutherfo
> phone: (401) 254-3208
> snail mail:
> One Ferry Road
> Bristol, RI 02809
>
> <winmail.dat>
______________________________________________
Assistant Professor
Dept. of Natural Sciences
Roger Williams University
e-mail: srutherford@rwu.edu
http://fox.rwu.edu/~rutherfo
phone: (401) 254-3208
snail mail:
One Ferry Road
Bristol, RI 02809

--------------------------------------------------------------------
mail2web - Check your email from the web at
http://mail2web.com/ .
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From: Michael E. Mann
To: Jonathan Overpeck
Cc: mhughes@ltrr.arizona.edu; mann@multiproxy.evsc.virginia.edu; mark.eakin@noaa.gov;

mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu
Subject: Re: revised press release
Date: Saturday, November 18, 2000 5:43:25 PM

Dear All,

I like Ray's revised version too.

I think it retains enough "punch" to justify a press-release, but properly
separates out what is truly new about *this* paper from what it isn't.

I say we go w/ this version (or, rather, send it on to Patricia for final
revisions) unless there are futher objections??

thanks all (and particular, to Ray!) for the feedback and help,

mike

At 03:32 PM 11/18/00 -0700, Jonathan Overpeck wrote:
>I'm happy with Ray's version too, but can go either way. Thx, Peck
>
>
>>I strongly prefer Ray's version. Malcolm
>>
>>
>>Quoting "Raymond S. Bradley" <rbradley@geo.umass.edu>:
>>
>>>  attached (& pasted below) you can find my suggestions for a revised
>>>  press
>>>  release.  You can change it but compare with the earlier version to see
>>>  the
>>>  change in emphasis.  I prefer this, obviously.
>>>  Comments?
>>>  ray
>>>           Patterns of Global Climate Changes Over Recent Centuries
>>>  Reported
>>>  By NOAA and University Scientists
>>>
>>>  Year-by-year patterns of global temperature over the past few centuries
>>>  have now been revealed for the first time by a team of University and
>>>  NOAA
>>>  scientists.  Evidence from ice cores, tree rings, corals, historical
>>>  records and sediments in lakes was used to obtain the yearly maps,
>>>  extending the history of global climate to a time before people began
>>>  taking measurements with weather instruments.
>>>
>>>  Writing in the online journal Earth Interactions, the scientists note
>>>  that
>>>  their work highlights periods of unusual climatic conditions, such as
>>>  the
>>>  period of "dry fogs" that were reported by Benjamin Franklin in the
>>>  1780s.  The new study shows that the hazy conditions Franklin described
>>>  from his home (at that time, in Paris) was related to a cold episode
>>>  that
>>>  affected all of Europe for several years following the eruption of a
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>>>  volcano in Iceland (Laki) in 1784.  Other major eruptions have had
>>>  similar
>>>  climatic effects.  After the eruption of Tambora in Indonesia in 1815,
>>>  temperatures in North America and Europe fell sharply, and cool
>>>  conditions
>>>  prevailed for several years.
>>>
>>>  The current study provides an interactive database that can be used to
>>>  examine maps of global temperature patterns for any year since 1730
>>>  These
>>>  are based on natural archives such as ice cores, tree-rings, lake
>>>  sediments, and corals, which record seasonal or annual climate
>>>  conditions.  Data from the natural archives were calibrated by the
>>>  instrumental surface temperature data available during the 20th century.
>>>
>>>  The study also provided a longer-term view of temperatures across the
>>>  northern hemisphere.  "The best evidence, based on the extension of
>>>  hemispheric climate reconstructions back a full millennium is that late
>>>  20th century conditions are probably warmer than those which prevailed
>>>  any
>>>  time this millennium," the scientists wrote. They noted that conditions
>>>  during the 11th through 14th centuries appear warmer than those which
>>>  prevailed during the 15th through 19th centuries in general.
>>>
>>>  The scientists also studied the statistical relationship between
>>>  variations
>>>  in the northern hemisphere mean temperatures and estimates of the
>>>  histories
>>>  of solar, greenhouse gas, and volcanic factors.  "While the natural --
>>>  solar and volcanic -- forcings appear to be important factors governing
>>>  the
>>>  natural variations of temperatures in past centuries, only human
>>>  greenhouse
>>>  gas forcing alone....can statistically explain the unusual warmth of the
>>>
>>>  past few decades," they wrote.
>>>
>>>  The scientists are:  lead author Michael E. Mann, from the University of
>>>
>>>  Virginia; Ed Gille and  Wendy Gross,  NOAA's National Geophysical Data
>>>  Center; Raymond S. Bradley and Frank Keimig, University of
>>>  Massachusetts;
>>>  Jonathan Overpeck, formerly of NOAA, now with the University of Arizona,
>>>
>>>  and Malcolm K. Hughes, University of Arizona.
>>>
>>>  The publication, titled Global Temperature Patterns in Past Centuries,
>>>  contains the latest look at temperatures over the last 600 years, and
>>>  includes data and animations of global temperatures from paleoclimatic
>>>  records starting in 1730, up through instrumental data through 1993.
>>>  The
>>>  publication is available at the NGDC web site in pdf form at
>>>  http://www.ngdc.noaa.gov/paleo/ei/ei_pdf.html and in interactive form at
>>  >
>>>  http://www.ngdc.noaa.gov/paleo/ei/ei cover.html and at Earth
>>>  Interactions
>>>  at: http://www.earthinteractions.org
>>>
>>>
>>>  ###
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>>>
>>>
>>>
>>>
>>>  .
>>>
>>>
>
>--
>Jonathan T. Overpeck
>Director, Institute for the Study of Planet Earth
>Professor, Department of Geosciences
>
>Mail and Fedex Address:
>
>Institute for the Study of Planet Earth
>715 N. Park Ave. 2nd Floor
>University of Arizona
>Tucson, AZ 85721
>direct tel: +1 520 622-9065
>fax: +1 520 792-8795
>http://www.geo.arizona.edu/Faculty_Pages/Overpeck.J.html
>http://www.ispe.arizona.edu/
>
>
_______________________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone: (804) 924-7770   FAX: (804) 982-2137
         http://www.evsc.virginia.edu/faculty/people/mann.html             
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu
Subject: revisions
Date: Monday, November 20, 2000 2:08:24 PM

HI Malcolm,

Don't know if you had a chance to look over Jeff's revisions. I think you
can do a fair amount of editing in incorporating them. The discussion of
the specifics results of Park and Mann regarding ENSO and global mean
temperature,  etc. seems a bit superfluous, and would be better to use that
space to relate the multiwavelet approach to the proposal at hand.

In any case, why don't you make  a stab at incorporating  the changes (and
I would advise, doing so sparingly everywhere but the description of the
multiwavelet method) then I can have another stab.

I take off for Thanksgiving on wednesday afternoon and don't get back until
Sunday afternoon, so I'll only have a slow connection (read, no large
attachments please) between those dates. If you can get a revised draft for
me to look at wednesday morning or earlier, that'd be great...

mike
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone: (804) 924-7770   FAX: (804) 982-2137
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu
Cc: Jeffrey Park
Subject: revised proposal
Date: Wednesday, November 22, 2000 9:19:03 AM
Attachments: statement-revised.doc

Untitled attachment 00270.txt

Dear Malcolm (and Jeff),

I've taken the latest draft, edited/revised further, and I'm pretty happy
w/ it at this point. Since Malcolm needs to get this off today, I'm happy
to leave it in Malcolm's hands at this point.

I'll be away for the next 5 days, but will have intermittent access to email.

Cheers, and thanks both for the effort on this,

mike
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Untitled attachment 00270.txt
_______________________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone: (804) 924-7770   FAX: (804) 982-2137
         http://www.evsc.virginia.edu/faculty/people/mann.html              

Page 1
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Statement of work: 
 
Global multidecadal to century-scale climate oscillations during the last 
1000 years 
 

Problem statement 

The problem we address is the detection, distribution and analysis of 
quasiperiodic features in the climate system at time scales approaching the length of 
the instrumental record. Schlesinger and Ramankutty (1994a) used singular spectrum 
analysis to identify an oscillation with a period of 65-70 years in 4 global-mean 
instrumental temperature records. After analyzing 11 regional records, they suggested 
that this was the statistical result of oscillations at 50-88 years in the North Atlantic 
Ocean and its bounding Northern Hemisphere continents. Their analytical approach and 
findings were questioned by Elsner and Tsonis (1994), and defended by them 
(Schlesinger and Ramankutty, 1994b) on both statistical and modeling grounds. Mann 
and Park (1994), in an analysis of 100 years of global temperature anomaly data designed 
to identify coherent spatiotemporal ‘modes’ of global climate variability, found a 
significant share of the secular variance to be linked to a roughly centennial mode linked 
to the North Atlantic. They pointed out that an instrumental record of 100-150 years in 
length was of limited help in identifying and explaining such oscillations. Mann et al. 
(1995), in a multivariate analysis of a globally distributed set of temperature proxy 
records of several centuries’ duration, produced evidence for persistent natural 
interdecadal and century-scale climate oscillations. They saw a coherent signal with 
roughly 50-year period before AD 1650, which got stronger and more significant after 
that date, drifting into a 60-70 year periodicity in recent centuries. Both the time scale 
and North Atlantic emphasis of the signal was similar to that identified by Delworth and 
coworkers (Delworth et al., 1993; see also Delworth et al., 1997; Delworth and Mann, 
2000) in the GFDL coupled ocean-atmosphere model, suggesting an underlying 
thermohaline circulation dynamical mechanism of oscillatory behavior. 

Interestingly, Dettinger et al., (1998) identified an oscillatory mode of similar 
period in instrumental and tree-ring records of precipitation back to AD 1705 in western 
North America. This was clearest and strongest in the 20th century, but weaker before 
then, especially in the 18th century. Hughes and Funkhouser (1998) observed a similar 
pattern in moisture-sensitive trees in a region centered on the Great Basin, where 
fluctuations with a period of around 60 to 80 years appear clearly from AD 200 to 600, 
from 1300 to 1600, and then after 1850. Unpublished results (M.K.Hughes) suggest 
associations with both SST variation in the Pacific and in the Atlantic for ~70 year 
features in moisture availability in the American Southwest since AD 1000. The Atlantic 
connection is particularly intriguing, given the teleconnection in the global precipitation 
field between the American Southwest and North Africa (Cayan et al. 1998). 

We plan to place these changing patterns of oscillation in a global perspective 
for the past 1000 years. This should lead to a clearer knowledge of their spatiotemporal 
relations, their links to other oscillations (ENSO, AO, NAO) and major climatic 
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phenomena. This in turn should lead to the formulation of hypotheses concerning the 
causes of the multidecadal- to century scale global climate oscillations.  

This work has clear relevance to the scientific goals of the NOAA/OGP Climate 
Change Data and Detection program element, particularly goal (3) ”document the 
quantitative character of observed climate variations and changes”. High-resolution, 
quality-controlled natural archives of the kinds the PIs have accumulated considerable 
experience in analyzing present a unique opportunity to address the problem of very 
large-scale climate variations whose time-scale is close to the total length of the 
instrumental record. These fluctuations are short enough to be of fairly immediate human 
concern, especially if they are implicated in modifying the expression of higher-
frequency variability such as ENSO (Gershunov and Barnett, 1998). They are long 
enough to confound the task of detecting anthropogenic climate change. They also seem 
to be of periods long enough to benefit from an analysis based on 1000 years of record 
rather than 100. For all these reasons, we argue that this work will be of relevance to the 
overall NOAA Climate and Global Change Program as well as to the Climate Change 
Data and Detection program element.  

 
Scientific background 

Natural archives and multi-decade to century periodic phenomena.  
Multidecadal to century-scale oscillations have been detected in many high-

resolution (usually annual) proxy climate records covering recent centuries. Compilations 
of spectra for proxy records on a worldwide basis have been made by at least three sets of 
authors, all finding evidence for widespread oscillations of 50-100 years (highlighted). 
Pulwarty and Diaz (1994) find ‘significant spectral peaks’ as follows in a set of records 
covering all or much of the last 1000 years, using multi-taper spectral estimates (MTM):   
Historical evidence for El Nino effects in Peru (Quinn) ~40-60 yr. 

Historical evidence for degree of severity of Nile River floods ~40-60yr., ~90 yr. 

Oxygen isotopic ration in Quelccaya Ice core, Peru (Thompson) ~25-50 yr. 

Tree-ring reconstructed winter rainfall, Santiago, Chile (Boninsegna) ~94 & 125 yr. 

SOI Index based on Chinese drought (Zhang) ~70-85 yr.  

Tree-ring reconstructed winter precipitation, Sierra Nevada, Ca. (Graumlich) ~35-60  
and 100 yr. 

Following the earlier study of Mann et al., 1995, Mahasenan et al., 1997, using 
singular spectrum analysis (SSA), also found ~160 and ~80 yrs to be the ‘most 
predominant modes’ of oscillation in most of 27 ‘temperature-proxy records’ –tree rings, 
ice cores and corals. Similarly Stocker and Mysak (1992) calculated or compiled power 
spectra from some dozens of proxy records of these same types, plus varves and early 
instrumental records, in an examination of century scale  fluctuations. They found notable 
fluctuations at 300~330, 250, ~200, 160~170, 125~130, 90~110, 60~70 and 50~60 yrs. 
Minobe (1997) used MTM to identify a 50-70 yr oscillation in N. American temperatures 
reconstructed from tree rings. Many other authors have identified similar effects in 
several kinds of proxy records in diverse locations, as indicated in the text box. 
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An example 
Hughes, Ni and Funkhouser (unpublished work) have reconstructed the Pacific 

Decadal Oscillation from AD 1000 to 1987, using a set of very strongly replicated 
moisture-sensitive tree-ring chronologies from the western U.S. (Figure 1a). The PDO is 
described by Mantua et al. (1997) as a ‘robust, recurring pattern of ocean-atmosphere 

PROXY CLIMATE DATA WITH EVIDENCE FOR NOTABLE 25 –500 YEAR 
OSCILLATIONS 

Northern Hemisphere tree rings 

Tree-ring reconstructed Fennoscandian summer temperature, 33~38 years, 89 yrs. Briffa 
and Schweingruber, 1992, using variance spectrum. 

Drought-sensitive tree-ring chronologies from the Colorado Plateau 20 – 80 yrs. Taylor et 
al., 1992, using evolutive power spectra. 

Southern Hemisphere tree rings 

Tree-ring reconstructed warm-season temperatures, Tasmania, 31, 57, 77 and 200 yrs.  
Cook et al., 1996, using power spectra. 

8 long Fitzroya cuppressoides   tree-ring width index chronologies from the southern 
Andes, 33, 50, 77, 250 yrs. Villalba et al., 1996, using  Maximum Entropy (ME) spectra 
and Singular Spectrum Analysis (SSA).  

Greenland ice       

Deuterium excess in the GISP2 Greenland ice core. Intermittent 44-80 yrs. White et al, 
1996, using evolutionary  power spectra. 

Various chemical species in the GISP2 Greenland ice core, 455, 204, 168, 156, 143, 135, 
112, 73, 64, 54, 43, 31yrs, several of these intermittent. Mayewski et al., 1993, using 
evolutionary power spectra. 

Coral geochemistry 

Urvina Bay, Galapagos Islands coral oxygen isotope record ~ 33 yrs;Gulf of Chiriqui, 
Panama coral oxygen isotope record ~30 yrs. Dunbar et al., 1996, using evolutionary 
power spectra. 

Laminated marine sediments 

Santa Barbara Basin, California, sediment mass accumulation rate, ~26.5, 58 yrs. Biondi 
et al., 2000, using singular spectrum analysis (SSA). 

Early instrumental data 
 
Central England temperature data, ~100 yrs. Baliunas et al., 1997 using wavelet analysis. 
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climate variability centered over the mid-latitude North Pacific basin’. As index they use 
the leading eigenvectors of North Pacific sea surface temperatures. The calibrated tree 
ring records (Figure 1b) were used to extend the PDO record in time (Figure 1c), 
allowing a comparison with other data for the decades before the calibration period. The 
trees do capture a major PDO reversal in the late 1800s observed in both instrumental 
data and other proxy records. There is a striking and significant 73-year periodicity in the 
PDO reconstruction (Figure 1d), present at varying amplitude throughout the millennium 
(Figure 1e).  

Integrated analyses 

Although abundant evidence for multidecade to century scale climate oscillations 
exists, only limited attempts have been made to examine relationships between these 
records. Mann et al. (1995), compiled a climate-proxy data set for the last 500 years 
(Figure 2), which they analyzed using the MTM-SVD method (Mann and Park, 
1994;1996;1999). The MTM-SVD method (see further discussion below) allows for the 
detection of coherent patterns of variability among multiple records which have a 
common preferred oscillatory timescale. The method provides a multivariate spectrum, 
the "LFV" spectrum, which can be used to detect the presence of coherent oscillatory 
patterns at varying frequencies.  The LFV spectrum for the sparse dataset used by Mann 
et al (1995) is shown along with that of the global surface temperature dataset, and that of 
a sparse, approximately spatially co-located set of instrumental summer temperature 
gridpoint series during a period of overlap during the 20th century (Figure 3). The 
comparison indicates the potential faithfulness with which the frequency-domain analysis 
of the multiproxy data captures the frequency-domain structure of the  instrumental 
record itself, given an adequate enough spatial network of proxy data.  

Of particular interest in Figure 3 is a "multidecadal" 50-70 year oscillatory signal 
described by Mann et al (1995), corresponding to the frequency range where the proxy-
instrumental comparison is most favorable. An "evolutive" version of the MTM-SVD 
spectrum shows evidence for a robust signal on this timescale in the data during the past 
few centuries (Figure 4). The pattern of is the signal (Figure 5) is global, but there is 
particularly prominent North Atlantic signature, suggesting a possible origin in this 
region.  Recent comparison between  model simulations and the Mann et al (1998; 1999) 
spatial temperature reconstructions shows consistency between the signal in the 
paleoclimate record during the past few centuries, and that exhibited in long control 
integrations of the GFDL R15 and R30 coupled ocean-atmosphere model (Delworth and 
Mann, 2000). Furthermore, the model simulations substantiate an origin of the signal in 
the North Atlantic thermohaline circulation, with an apparent larger-scale atmospheric 
response. The comparison, however, is hampered somewhat by the limited spatial detail  
in key regions in the Mann et al reconstructions, which approximate the signal in 
question in terms of a small number of standing temperature patterns. This limitation is 
further discussed below. 

We will apply an analogous signal-detection approach in the proposed work, 
taking advantage of a greatly enhanced proxy data set, and exploiting recent refinements 
in the multivariate signal detection techniques discussed above (Mann and Park, 1999; 
Park and Mann, 2000). This includes supplementing the "evolutive" multivariate spectral 
analysis of Mann et al (1995) with a wavelet-based signal detection approach that Park 
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and Mann (2000) have successfully applied to examining changes in the spatiotemporal 
character of ENSO in the instrumental record. We plan to extend the climate proxy 
analyses to cover at least the period since AD 1000.  
 
 

Statement of research questions 
What robust multidecadal to century scale features of climate fluctuation does a global 
multivariate analysis of the last 1000 years reveal?  
 
What are the characteristic features of these fluctuations in space and time, in particular, 
how do they migrate spatially, and how do their periods fluctuate through time? 
 
How do the multidecadal to century-scale features of the instrumental period compare to 
those of the last 1000 years? In particular, does the 20th-century relationship between the 
~70 year fluctuation in the North Atlantic and multidecadal features elsewhere in the 
world extend into the past? Are mid-millennium changes in the multidecadal oscillations, 
inferred in western North America and its continental margin, expressed elsewhere? 
 
What reasonable dynamical interpretations can be made of the patterns of spatially-
coherent multidecadal variability  in long-term proxy data? 

Methods 
Selection of records to use.  

We plan to use existing quality-controlled annual resolution proxy records valid 
for all or most of the last 1000 years, as there is reason to expect a change in behavior of 
the climate system about 500 years ago (Biondi et al., 2000, Hughes and Graumlich, 
1996). The records we use will be drawn from as many parts of the world as possible, and 
as representative of its different major regions and components as possible. We would 
also consider using records of decadal resolution if their age control is adequate for this 
task. In addition to sound chronology, these records must have a demonstrable 
relationship to some element of local climate. There has been a considerable growth in 
the availability of such records since Mann et al. published their 1995 analysis, and an 
increase in the care and attention given to conserving multidecadal to century scale 
fluctuations in their preparation (e.g. Hughes and Graumlich, 1996; Hughes and 
Funkhouser, 1998). We are at a late stage in assembling this data set for our work on 
reconstructing global temperature fields from natural archives (Mann, Bradley and 
Hughes, 1998) but had not planned to conduct the type of analyses proposed here as part 
of that work. We hope to take advantage of currently funded efforts to assemble a global 
database in this proposal to investigate past oscillatory climate fluctuations. We will 
screen the available data for those with annual to decadal resolution and chronological 
precision, evidence of a simple relationship to local climate, absence of distortion of 30-
100-year time scale signal and coverage of all or most of the period AD 1000-2000. We 
will use proxy records of soil moisture, precipitation and other climate system variables, 
as well as temperature. Such an approach allows the examination of seasons and regions 
for which good temperature proxies are rare, and contributes to the capture of information 
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on large-scale climate patterns, as demonstrated in our work on reconstructing 
hemispheric temperatures (see below). 

This approach will allow us to include newly available annual resolution data, 
including the latest millennial-scale dendroclimatic reconstructions (see Figure 6)  and 
ice core data (O-18, and chemical species) from Greenland (e.g.,Mayewski et al, 1994), 
the Canadian Arctic, low latitude sites and Antarctica which were not used in our prior 
work, and other sources of information with lower temporal resolution but long temporal 
coverage e.g. high resolution (varved) lacustrine and (varved or high deposition rate) 
sediment records (e.g., Keigwin, 1996), banded speleothems and  historical documentary 
data from China and Europe (e.g. Pfister, 1998).   

 
Quantitative methods. 

One approach to analyzing the complementary information in a diverse set of 
proxy climate indicators in paleoclimate reconstruction is to statistically relate this 
information to the leading patterns of variability which can be resolved in the modern 
instrumental record, and use this modern "calibration" between the instrumental record 
and proxy indicators to estimate large-scale climate patterns back in time, prior to the 
instrumental record.  This approach has been highlighted in the recent work of Mann, 
Bradley, and Hughes (Mann et al, 1998;1999;in press; Bradley et al, in press), with 
applications to large-scale surface temperature pattern reconstruction (Mann et al, 
1998;1999), reconstruction of the ENSO phenomenon (Mann et al, 2000), the North 
Atlantic Oscillation (Mann, in press; Cullen et al, in press), multidecadal North Atlantic 
surface temperature patterns (Delworth and Mann, 2000), and patterns of forced climate 
variability (Mann et al, 1998;in press; Waple et al; accepted). Cross-validation 
experiments (Mann et al, 1998;1999) have demonstrated the considerable skill with 
which it is possible to reconstruct the spatiotemporal patterns of past climate change 
using such an approach. Furthermore, the frequency-domain structure of these climate 
reconstructions has been examined (Mann et al, 1999; Delworth and Mann, 2000). 
However, the underlying approach, while optimal in terms of its  time domain properties, 
is not optimal in terms of its frequency-domain properties (see Mann and Park, 1999).  
Oscillatory climate signals typically contain spatially-propagating features, which are 
associated with variable lag-lead relationships between fluctuations in different regions. 
Such variable time delays are best analyzed with frequency-domain methods at the level 
of the raw data series, which naturally describe a coherent oscillatory pattern with a 
spatially-variable pattern of phase.  The use of time-domain eigenvectors as an 
intermediary step offers no real advantage in this context. In fact, it represents a 
hindrance. When the data contain an oscillatory climate signal with spatially propagating 
features (e.g. as in a typical El Nino event),  the true lag-lead relationships are unlikely to 
be faithfully retained in an  "eigenvector" reconstruction which approximates the data as 
a superposition of a small number of standing (rather than propagating) patterns. See 
Mann and Park (1999) for a thorough discussion of this point. 

For this reason, we propose to revisit the work of Mann et al (1995), which was 
based on the direct application such a method (the MTM-SVD method) using the 
considerably more widespread and longer proxy climate database that is now available 
(see previous paragraph and Mann et al, 1998;1999). These proposed investigations are 
synergistic with a currently NOAA-funded proposal supporting the investigators' efforts 
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to expand the multiproxy database for improved spatial pattern reconstructions, since 
these enhancements of the database will allow for improved analyses of frequency-
domain structure.  Moreover, the frequency-domain approach lifts the restriction of 
annually-resolved proxy data which was required in the time-domain reconstructions of 
Mann et al (1998;1999), allowing lower (ie, decadal)  resolution proxy indicators to 
potentially supplement the network of annual resolution indicators in analyzing 
spatiotemporal patterns of past climate variability in the frequency domain. 

The MTM-SVD approach of Mann and Park is described in detail by Mann and 
Park (1994;1996;1999). It exploits the optimal properties of multiple taper spectral 
analysis (Thomson, 1982; Park et al 1987) in isolating narrowband patterns of climate 
variability that are statistically significant relative to the null hypothesis of spatially-
correlated colored climate noise. The use of multiple tapers allows for a spatiotemporal 
decomposition that is performed locally in the frequency-domain, as opposed to other 
multivariate frequency-domain decompositions (e.g. Complex Harmonic Principal 
Components Analysis-see Mann and Park, 1999). This important distinction allows for a 
higher signal-to-noise ratio in the detection of narrowband spatiotemporal signals than 
conventional methods. Moreover, this attribute of MTM-SVD naturally provides for an 
extremely flexible null hypothesis of spatially-correlated colored to be invoked in signal 
detection. The MTM-SVD analysis produces a multivariate spectrum (the local fractional 
variance or "LFV" spectrum) which measures the amplitude of the principle mode of 
spatiotemporal variability at a particular frequency, relative to the expected noise 
background at that frequency. This parameter can be compared against expectations 
under the null hypothesis of spatially correlated colored noise to determine the statistical 
significance of an apparent narrowband spatiotemporal climate signal. The method also 
allows for the reconstruction of the spatial and temporal pattern of an associated signal. 
Earlier in this proposal (see ‘Scientific background’) we cite the example of the work of 
Mann et al, 1995, using this approach, as evidence of its potential.  With the more 
widespread proxy data set we are currently collating, we expect to be able to describe in 
far more detail the spatiotemporal attributes of past multidecadal climate variability.  

A generalization of the MTM-SVD method employing wavelets rather than a 
Fourier basis has recently been developed and applied to the instrumental temperature 
record (Park and Mann, 2000). The "multiwavelet" analysis is similar to the "evolutive" 
MTM-SVD analysis, which uses a fixed-duration time window that steps through a 
longer time series.  The "multiwavelet" SVD method allows the time window to stretch 
with the targeted oscillatory period, cross-correlating different data series over a fixed 
number of oscillations. The "multiwavelet" approach is suited for the analysis of 
oscillatory climate signals, such as ENSO, that have a strongly event-like character, 
remaining coherent for  little more than an oscillatory cycle or two. Using this approach, 
Park and Mann (2000) found that decade-long ENSO "episodes" could be isolated in the 
20th century, each consisting of a few El-Niño/La-Niña cycles with a similar 
spatiotemporal pattern.  Evolutive MTM-SVD analysis of multiproxy data (Mann et al 
1995) suggests secular modulation in the amplitude and frequency of multidecadal and 
century-scale climate signals over the past few centuries.  Changes in the spatial pattern 
of this variability, however, have not yet been investigated.  We propose to apply the 
multiwavelet analysis approach to the longer and more complete multiproxy dataset now 
being assembled.  Comparison of inferences from the MTM-SVD and multiwavelet 
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analyses of the data will lead to more robust description of the spatial and frequency-
domain character of past multidecadal climate variability. 

 
Interpretation and climatic implications 

Two main categories of explanation have so far been advanced for the existence 
of persistent, spatially coherent climate oscillations whose wavelength approaches the 
length of the instrumental record. In one, these oscillations are forced externally by 
changes in the quantity or nature of solar receipts. In the other, they result from the 
unforced natural variability of the climate system. Taylor et al. (1992) note ‘a close 
correspondence between times of low sunspot activity and abrupt changes in the power 
spectrum observed….’ in tree-ring width chronologies from the Colorado Plateau. 
Stocker and Mysak (1992), on the other hand, use a two-dimensional ocean model to 
demonstrate that the ‘thermohaline circulation of the Pacific-Atlantic basin may exhibit 
such cycles, and further describe the spatial expression of these cycles in their model in a 
manner that would allow testing against proxy data. By producing evidence of the global 
spatial expression of these oscillations for a time period 10 to 14 times their length, we 
will provide opportunities for testing such hypotheses. 
 

Responsibilities 
The PI will be responsible for general oversight of the project, supervision of the 
postdoctoral fellow, and the coordination of publication of results. Drs. M.E. Mann and 
J.Park, through subcontracts to the University of Virginia and Yale University, will be 
responsible for the tasks that are the subjects of those subcontracts.  

Products  
The results of this work will be submitted for publication in relevant peer-reviewed 
journals. No new data will be generated, but where derived data are produced, they will 
be made available through World Data Center ‘A’ for Paleoclimatology. 

Benefits of proposed project to general public and scientific community  
The proposed project will provide insight into low frequency changes in the climate 
system that will underlie whatever anthropogenic changes take place in the future.  
Recognizing that both "natural" and anthropogenic changes can be expected in future is 
of great importance in anticipating the overall changes that may take place. 
Understanding the spatial and temporal expression of such changes in climate is an 
important goal to verify that model simulations have incorporated all relevant processes. 
With the release of the 2001 IPCC assessment, public interest in climatic change and 
media discussion of the various issues will be high and research on this project will be of 
direct relevance to public concerns over past and future climate changes. 
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Figure 1a: location of tree-ring sites 
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Figure 1e: The 73 yr waveform over the last millennium. 
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Figure 2. Distribution of a relatively sparse network of decadal or higher resolution proxy climate 
indicators used in MTM-SVD analysis to determine significant narrowband signals (from Mann et al, 1995-
-see for an explanation of the symbols for different types of proxy climate information). The proxy data in 
this case were largely, though not exclusively, believed to be summer temperature indicators. 
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Figure 3. LFV spectrum (from Mann et al, 1995) resulting from  MTM-SVD of  (i) sparse proxy data shown 
in Figure 1, (ii) co-located instrumental surface temperature data, and (iii) globally extensive surface temperature 
gridpoint data used by Mann and Park (1994). Note how closely the  LFV spectrum of the sparse proxy data 
approximates that of the co-located instrumental surface temperature data during the period of overlap, 
particularly at multidecadal timescales. 
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Figure 4. Evolutive LFV spectrum (from Mann et al, 1995) resulting from  MTM-SVD of decadal and 
higher-resolution proxy data shown in Figure (1) with a 200 year moving window. Features visible above 
the purple background are significant above the 90% confidence level, with "warmer" colors indicating 
greater significance. 
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Figure 5. Spatial pattern of multidecadal oscillatory climate signal evident in Figure 3. The length of the 
arrow at each site indicates the relative amplitude of the signal, while the direction represents the relative 
lead/lag between peak amplitude of the signal spatially, with counterclockwise rotation indicating positive 
lag. For example, peak amplitude of signal in Svalbard is approximately twice that in Southern Greenland 
or Fennoscandia, with peak amplitude occuring roughly 1/4 cycle (approximately 50yr/4 = 12 years) earlier 
in Svalbard than in Fennoscandia, and approximately 12 years later in Svalbard than in Southern 
Greenland, with Southern Greenland and Fennoscandia roughly anticorrelated. These lag-lead relationships 
are interpreted dynamically by Mann et al (1995) and related to the model-based observations of Delworth 
et al (1993).

 

ABOR/MH/Priv-004367

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



ABOR/MH/Priv-004368

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963

CONFIDENTIAL -

IN CAMERA REVIEW ONLY

Pima County Superior Ct. . C2013-4963

Figure 6. Locations of regions with strong dendroclimatic reconstructions extending back to before AD

1000 (see Jones et al. 1996 and chapters within; Briffa et al. 1992; 1995; Naurzbaev and Vaganov. 19998;

Hughes et al. 1999; Chbouki. et al. 1995). All have been prepared by methods designed to conserve

century-scale variability, and most show evidence of such features. Several, notably those in the

conterminous United States and southern South America, are based on multiple site chronologies.
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From: Jeffrey Park
To: mhughes@ltrr.arizona.edu; mann@virginia.edu
Subject: try again
Date: Monday, November 20, 2000 1:32:28 PM

Dear Malcolm and Mike,

In the next email message is a WORD document based on the last proposal
draft that was sent to me.  If you do not receive it or cannot read it,
send email.

I have chewed the prose of the technical description to make the
sentences shorter and to intersperse time-series jargon with some
descriptive comments. I have also described the multiwavelet algorithm
by analogy to evolutive spectrum analysis and described its past
application to 20th century ENSO.  My changes are underlined in the
text, using WORD formatting.

Note that the take-home results of Mann et al (1995) were not spelled
out in the last text version.  Since we are proposing to apply the same
methodology to a larger dataset, I took a stab at writing a
reviewer-teaser.  Please feel free to modify.  Also, Mike should be the
final arbiter of what level of technical description is best suited for
getting the proposal a positive review.  My bias is to add sentences
that a non-specialist can latch onto.  You need to check that my
down-homisms, such as they are, have not introduced any naive statements
into the text.

Jeffrey

additional references in text:

Park, J., C. R. Lindberg and F. L. Vernon III, Multitaper spectral
analysis of high frequency seismograms, J. Geophys. Res., v92,
12675-12684, 1987.

Park, J. and M. E. Mann, Interannual temperature events and shifts in
global temperature: A multiwavelet correlation approach, Earth
Interactions, v. 4, online paper 4-001, 2000. PDF of accepted
manuscript at ftp://love.geology.yale.edu/pub/park/EI012/ei012final.pdf

Thomson, D. J., Spectrum estimation and harmonic analysis, IEEE
Proceedings, v70, 1055-1096, 1982.

Coming next:  prop3.doc in WORD97 format
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From: Michael E. Mann
To: Malcolm K. Hughes
Cc: Michael E. Mann; Malcolm Hughes; srutherford@virginia.edu; ray Bradley
Subject: Re: Luterbacher
Date: Friday, January 04, 2002 9:13:40 AM

Hi Malcolm,

Do you want to send off the same email to Phil, Keith and Tim?

Thanks,

mike

At 08:05 AM 1/4/02 -0700, Malcolm K. Hughes wrote:
>I agree and suggest tat you add in comparison with the pressure
>reconstructions
>reported in the paper with a thousand authors headed up by Phil (in the
>file I
>sent Scott). CHeers, Malcolm
>Quoting "Michael E. Mann" <mann@virginia.edu>:
>
> > HI Malcolm,
> >
> > This letter looks great to me. Regarding Phil, you make a good point. We
> >
> > could ask Tim, Phil, and Keith to write a letter indicating their
> > interest
> > in continuing w/ the comparisons that Scott, Tim, and I have already
> > been
> > doing w/ the MXD and multiproxy datasets.
> >
> > Thoughts?
> >
> > mike
> >
> > At 11:01 PM 1/3/02 -0700, Malcolm Hughes wrote:
> > >Here's the text of the message I propose sending to the Swiss
> > >guys - we should probably also send something similar to Phil
> > >Jones. What do you think? Malcolm:
> > >Dear Heinz and Juerg,
> > >Many thanks for the Christmas card. I have a request. Mike
> > >Mann, Scott Rutherford, Ray Bradley and I are preparing a
> > >proposal to continue our large-scale reconstruction work. One
> > >of its major emphases will be the use of proxies to reconstruct
> > >sea level pressure on a hemispheric scale for as far back as the
> > >available paleoclimatic data will allow. Obviously, the work in
> > >which you have been involved, reconstructing both pressure
> > >over a very significant sector of the Northern Hemisphere, and
> > >the North Atlantic Oscillation, has provided a wonderful basis
> > >for comparison for any effort such as the one we propose.
> > >Therefore, we very much hope that it will be possible for us to
> > >collaborate in this way, using your reconstructions as an
> > >independent source of verification data back to AD 1675, of
> > >course, in consultation with you.
> > >If you agree, it would be very helpful if you could fax a letter
> > >saying this to me at 1-520-621-8229. If you have any
> > >questions about this, please do not hesitate to contact me.
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> > >Happy New Year! Malcolm
> > >Malcolm Hughes
> > >Professor of Dendrochronology
> > >Laboratory of Tree-Ring Research
> > >University of Arizona
> > >Tucson, AZ 85721
> > >520-621-6470
> > >fax 520-621-8229
> >
> > _______________________________________________________________________
> >                      Professor Michael E. Mann
> >             Department of Environmental Sciences, Clark Hall
> >                        University of Virginia
> >                       Charlottesville, VA 22903
> > _______________________________________________________________________
> > e-mail: mann@virginia.edu   Phone: (434) 924-7770   FAX: (434) 982-2137
> >          http://www.evsc.virginia.edu/faculty/people/mann.shtml
> >
> >
> >
>
>
>
>Professor Malcolm K. Hughes
>Laboratory of Tree-Ring Research
>W.Stadium 105
>University of Arizona
>Tucson, AZ 85721
>phone 520-621-6470
>fax 520-621-8229

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone: (434) 924-7770   FAX: (434) 982-2137
         http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Raymond S. Bradley
To: Michael E. Mann
Cc: mhughes@ltrr.arizona.edu
Subject: Re: GRL etc
Date: Tuesday, July 15, 2003 8:44:08 AM

No problems really, other than the need to keep lines of communication
clearer.  Of course, I'm not trying to limit who you collaborate with, but
this topic seemed absolutely central to what we said in our ESH proposal
that we were planning to do! And, as you know, in the current "climate",
any "new" series that gets published becomes an instant celebrity, so you
have to be pretty confident that it will stand up to scrutiny.
I did not know about the GRL work until it surfaced in the EOS article  ---
& as I noted to Phil, there were some series included in that that I would
not have recommended.  In Nice, you talked about the planned Reviews of
Geophysics article, but the GRL paper took me by surprise.  Given the
weighting exercise that you employed, it seems that the 2000 year record is
pretty much dominated by Yamal/Taimyr/Tornestrask, W. US & the Yang China
series in the NH.  The map shows three sites in Greenland, but Phil shows
only a composite (stacked) series from Dave Fisher that extends back to
~AD500...
I don't know what Antarctic series you used in the SH but otherwise, that
series is dominated by just Tasmania.  So, given the dominance of tree-ring
records, & the duplication with Briffa et al. for the NH, it would have
been useful to get Malcolm's input on the data selected.  He knows much
more about this than Phil, or you & I.  I am particularly sceptical about
the tree ring series used in the Yang et al composite, but again Malcolm is
in the best position to evaluate these, &/or to suggest better series.  And
he nows the Siberian data particularly well...

Anyway, we do probably need to meet more often--either by phone or
collectively to make sure we are not crossing wires.  With relatively few
series available, there's not much point in us all pursuing them
independently.  But more importantly, we don't want to end up with two
papers within a few months of each other postulating different
results.  This will only provide fire for you-know-who...
I'm not sure if Malcolm is back yet from Taimyr....maybe later this
week.  So, maybe it's best to schedule a conference call for early next
week.  I go to INQUA on 7/23.

Ray

At 10:24 AM 7/15/2003 -0400, you wrote:
>HI Ray,
>
>I had no idea you or Malcolm fealt like this.
>
>It looks like there has been a communication breakdown,where I didn't
>perceive their was one. I'm pretty sure that I had informed you and
>Malcolm fully of the limited two-millennium extension I was doing w/ Phil,
>which is just a composite (like Bradley and Jones), not the full pattern
>reconstructions that we're in the process of doing together. It was an
>'initial' result that Phil and I tried to work on quickly (hence we didn't
>involve a whole bunch of others, which hopelessly slows down the process)
>to both confront the recent controversy, and to provide a longer-term
>framework to discuss in the review article we're working on. But the more
>interesting work, in my opinion, is the full pattern reconstructions. The

ABOR/MH/Priv-004551

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



>composite that Phil and I have done will provide a useful comparison for a
>more rigorous N. Hem reconstruction based on the average of our patterns
>back 2K--and the patterns themselves will tell a lot more. I'm sure there
>is a Nature article in that (note that Phil and I didn't try to go to
>Nature or Science w/ this).
>
>By the way, the data was only for that GRL article. Lonnie/Ellen just sent
>us some of Lonnie's ice core data, but it was too late (see forwarded
>email!). But I put it in my data directory and made a note to give it to
>Scott for use in our work!!
>
>I thought that collaborating w/ Phil on a couple papers would go a very
>long way (in combination w/ our joint paper Scott is working on
>finalizing) to restoring an appropriate level of collegiality between our
>respective groups (you, me, and Malcolm vs. Phil, Keith, and Tim), and
>that's part of the impetus for doing the GRL and the Reviews of Geophysics
>paper w/ him in the context of a "two-body" problem (writing either of
>these would have been difficult w/ multiple authors)
>I didn't think think the paper w/ Phil was a problem--Malcolm has been
>working independently of you and me w/ other groups (Alexey Kaplan, Mike
>Evans, and others) on reconstructions of PDO, drought, etc. and you've
>been doing work w/ Lonnie, Alexey, Mike Evans, Alexey Kaplan, etc.
>independently of us on tropical Pacific SST reconstructions. You and
>Malcolm have a nice chapter in the PAGES book that I'm not involved in,
>and there is this medieval paper that you're working on w/ no involvement
>on my part--and I've always been fully comfortable with this. So I assumed
>(perhaps incorrectly?) that we had all become comfortable w/ the idea that
>we might collaborate occasionally w/ others on related projects, though I
>expect we'll remain the closest of colleagues (and friends!) for the rest
>of our careers.
>
>So if I've done anything that might interfere w/ this, we should talk
>about. We could try to organize a conference call w/ the 3 of us this
>morning (I'm at home, 434-244-9955). I have to leave for the airport
>(flight to seattle) around 1:30 pm, so it should be in the morning,
>
>mike
>
>At 09:40 AM 7/15/2003 -0400, you wrote:
>>Mike:
>>I think we (MKH & I) need to know what your further plans are with
>>Phil.  The GRL paper came as a complete surprise to Malcolm & I -- we
>>thought that this was the sort of thing that we were funded by NOAA to
>>do!  I've been gathering together long-term data sets & now find that
>>both you & Phil have been in touch with Ellen M-T to get the oxygen
>>isotope data for the S. American & Tibetan ice cores that I showed in my
>>EGS Nice talk...
>>This all reminds me of the DoE project that I was supposedly
>>collaborating on with Phil years ago where every time I turned around I
>>found that we were reading on each others toes.  We need to get it clear
>>what we are all doing.  I know Malcolm was surprised to see the tree ring
>>series that you selected in the GRL piece, as he has been evaluating what
>>the best records are that we should be using in our reconstructions...
>>Anyway, we need to be upfront about what we are working on, or this will
>>become very frustrating..
>>As you know, I'm (slowly!) working on a short piece on Climate in
>>Medieval Time, but this will not include anything more than what I said
>>in Nice.  If it seems justified once I get that done, it might be worth
>>extending this theme to a longer review-type article, but I'm not sure
>>yet if there is anything sufficiently new to justify that.
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>>ray
>>
>>
>>
>>Raymond S. Bradley
>>Distinguished Professor
>>Director, Climate System Research Center*
>>Department of Geosciences
>>Morrill Science Center
>>611 North Pleasant Street
>>AMHERST, MA 01003-9297
>>
>>Tel: 413-545-2120
>>Fax: 413-545-1200
>>*Climate System Research Center: 413-545-0659
>>         <http://www.paleoclimate.org>
>>Paleoclimatology Book Web Site: http://www.geo.umass.edu/climate/paleo/html
>>
>>
>______________________________________________________________
>                     Professor Michael E. Mann
>            Department of Environmental Sciences, Clark Hall
>                       University of Virginia
>                      Charlottesville, VA 22903
>_______________________________________________________________________
>e-mail: mann@virginia.edu   Phone: (434) 924-7770   FAX: (434) 982-2137
>          http://www.evsc.virginia.edu/faculty/people/mann.shtml

Raymond S. Bradley
Distinguished Professor
Director, Climate System Research Center*
Department of Geosciences
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel: 413-545-2120
Fax: 413-545-1200
*Climate System Research Center: 413-545-0659
         <http://www.paleoclimate.org>
Paleoclimatology Book Web Site: http://www.geo.umass.edu/climate/paleo/html
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From: Michael E. Mann
To: Ray Bradley; mhughes@ltrr.arizona.edu
Cc: mann@virginia.edu
Subject: Re: helpful comments from Henry
Date: Tuesday, February 22, 2000 12:52:42 PM

Thanks Ray,

Good advice from Henry. The discussion of Waple et al, Cubasch et al,
sensitivity, etc. is seeming gratuitous to me now, although I'm the one who
put it in there. I think we *would* do well to excise that and shorten the
piece in the process.

The more important point is in the discussion of Crowley and Kim (1999), which
could, as Henry suggests, be rephrased:

Crowley and Kim (1999), using an energy balance model, estimate that as
much as 18-34% of low frequency variability in proxy-based hemispheric
temperature reconstructions over the preanthropogenic interval could be
forced by volcanism and solar variability. Most importantly, they show that
the spectrum of the residuals (ie, the remaining component when this forced
variability is accounted for) agrees  with that of unforced variability
from control runs of coupled models at the 90% significance level. In other
words, the estimated level of natural variability in the proxy-based
temperature series is as similar to the models as the models are to each
other.

At 02:15 PM 2/22/00 -0500, Ray Bradley wrote:
>Hi Ray -
>
>I read over the reply text.  It artfully sticks the knife in with the
>proper reserve.
>
>Some comments.  On page 3, second para.  Change the word "thoroughly
>unwise" to:
>
>Finally, we believe that relying on computer models without the validated
>ability to model century and longer timescale variability to estimate the
>actual low-frequency variability of the climate is emphatically unwise.
>
>In the same para.:
>
>it is self-evident that global climate models can never be relied upon to
>give a definitive description of the natural variability of the true
>climate system.
>Change to:  "it is self-evident that global climate models can not now, or
>in the foreseeable future, be relied upon to give a definitive description
>of the natural variability of the true climate system.
>
>and  change
>
>and numerous potential surprises regarding the true global climate system
>(e.g., the role of gas hydrates) will forever limit the ability of models
>to accurately represent the true system.
>
>to
>
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From: Ray Bradley
To: mann@virginia.edu; mhughes@ltrr.arizona.edu
Subject: BAMS final?
Date: Wednesday, March 01, 2000 9:58:13 AM
Attachments: BAMS final.doc

Untitled attachment 00319.txt

I was about to send this out, but took one final look. It seems to me the message
we wish to get over has been diluted by going into too much detail in one or two
places, which may divert attention from the main points. 
In the attached file, I have highlighted 3 places in red font. Take a quick look and
see what you think. Removing these sections tightens it up a bit, without losing the
focus. I'm not saying these points are wrong, just a distraction.....& the final
sentence leaves the argument a bit flat -- and confusing to the reader who might
wonder: aren't we all in agreement in the end? (this is due to the many
inconsistencies in their paper -- but we don't need to acknowledge with that).
ray
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Untitled attachment 00319.txt

Raymond S. Bradley

Professor and Head of Department 

Department of Geosciences

University of Massachusetts

Amherst, MA 01003-5820

                                                    

Tel: 413-545-2120

Fax: 413-545-1200

Climate System Research Center:  413-545-0659

Climate System Research Center Web Page:
<<http://www.geo.umass.edu/climate/climate.html>

<italic>Paleoclimatology</italic> Book Web Site (1999):
http://www.geo.umass.edu/climate/paleo/html

Page 1
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 1

Comments on  

“Detection and Attribution of Recent Climate Change: A Status Report” 

 
Raymond S. Bradley1, Malcolm K. Hughes2 and Michael E. Mann3 

 

Barnett et al (1999) provide an excellent review of progress in model-based detection and 

attribution during the past few years.  Unfortunately, the section on “Paleoclimate 

proxies” is flawed.  Here we point out several issues that lead to erroneous conclusions in 

their paper. 

 

1. They state: “Straightforward comparisons via cross-spectral analysis…show that most 

of the paleodata are not simple proxies of temperature”.  The authors might have added, 

“…, as most paleoclimatologists familiar with such data already know.”  Those who 

routinely work with such data recognize that careful calibration of each record is required 

to extract the appropriate signal, which may be primarily temperature or precipitation, or 

sometimes both, and is often very specific to a particular season.  No information is given 

on what temperature variable for which season was used in the calculation of correlations 

and coherency-squared in their Table 1, and so the reader is not able to judge the 

appropriateness of the comparisons reported there. The reference to Jones et al. (1998) is 

not as helpful as might be hoped. The correlations reported by Barnett et al. (1999) and 

                                                           
1   Department of Geosciences, University of Massachusetts, Amherst, MA 01003-5820 
2  Laboratory for Tree Ring Research, University of Arizona, Tucson, AR 85721 
3  Department of Environmental Sciences, University of Virginia, Charlottesville, VA  22903 
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Jones et al. (1998) differ in most cases, and 4 of the 21 records used by Barnett et al. are 

not documented by Jones et al. . The set of records that they use is one in which ice cores 

and corals, with their particularly weak temperature signals and dating uncertainties, are 

more strongly represented than in any of the rigorous reconstructions reported in the last 

two or three years. However, Barnett et al.’s (op.cit.) inability to identify a strong local 

temperature signal in some of the proxies they select is almost irrelevant to the detection 

and attribution problem at hand.  The authors imply that this is a fundamental limitation 

to the use of paleoclimatic data in large-scale temperature reconstructions.  This is not so.  

Several studies (e.g., Bradley, 1996; Mann et al, 1998a; Evans et al., 1998) have shown 

that the available network of proxy climate records is more than adequate to reconstruct 

the principal patterns of climate variability.  These studies have pointed out that the main 

issue is whether or not a particular distribution of data is adequate to sample the key 

patterns of climate variability on interannual and longer timescales  (associated, for 

example, with ENSO, the NAO, and various decadal and multidecadal patterns of 

intrinsic climate variability; cf. Kelly et al., 1999).  Proxies that may be unrelated to local 

temperature may nonetheless capture some of the variance of the large scale climate 

system as a result of their relationship to another local climate factor or set of factors.  

Consider, for example, the drought-sensitive tree ring latewood width chronologies from 

Mexico and the southwestern U.S. (Stahle et al, 1998) which show very strong (and 

statistically significant) correlations with the Southern Oscillation Index, an index that 

characterizes a phenomenon of global significance. Similarly, trees that are sensitive to 

drought in Morocco (Stockton and Glueck, 1999) appear to be effective indicators of the 
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North Atlantic Oscillation, a primary mode of extra-tropical cold-season temperature 

variability.  Correlating such records against local instrumental temperature data is not a 

useful assessment of their potential usefulness in large-scale temperature pattern 

reconstruction.  Barnett et al. (1999) confuse the issue of the usefulness of a proxy record 

in calibrating a local temperature signal, and the potential usefulness of the same record 

in calibrating a large-scale pattern of climate variability.  Indeed, the two are often largely 

uncorrelated (see the discussion in Mann et al, 1998b). 

 

2.  The statement that “only a few of the tree-ring records from mid to high-latitude sites 

can be interpreted directly as temperature changes” is factually incorrect; the authors 

overlook several decades of dendroclimatological research which demonstrates otherwise 

(e.g. Briffa et al, 1988a, 1990; Graybill and Shiyatov, 1992; Hughes et al., 1999; Jacoby 

and Cook, 1981; Vaganov et al., 1996). There is a body of careful work, in which the 

difficulties of using natural archives are addressed explicitly (for example, Briffa et al., 

1998; Vaganov et al, 1999). More preposterous still is the notion that there is such a thing 

as a small handful of “good records” that should be used to reconstruct hemispheric 

temperatures.  This argument is not based on any rigorous statistical considerations, but 

rather a flawed preconception about the means by which optimal pattern reconstructions 

are obtained. More careful considerations of optimal proxy networks, which take into 

account the covariance structure of the instrumental and proxy observations, are available 

in the literature (Bradley 1996; Cook et al., 1999, Evans et al, 1998; Fritts, 1991, Mann et 

al, 1998a). As discussed above, non-temperature related proxies may sometimes be more 
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vital in this problem than temperature-related proxies. When the proxy data sets have 

been limited to records with strong, clear, local or regional temperature signal, valuable 

reconstructions on continental to hemispheric scales have been established (e.g. Briffa et 

al., 1988b; Briffa and Osborne, 1999), but they are largely limited to high latitudes. 

 

3.  The statement  “The disparity between these reconstructions at some times over the 

last 400 years is as large as the observed changes in global temperature over the last 100 

years” [in reference to the comparison shown in  their Figure 2 between the hemispheric 

temperature estimates of Mann et al (1998a), Briffa et al (1998a), and Jones et al (1998)]  

is incorrect.  The maximum discrepancy during the 400 year interval shown is 0.45ºC,  

between the Briffa et al (1998) and Jones et al (1998) estimates around 1840.  In contrast, 

the mean 20th century warming indicated by the smoothed instrumental record is 

approximately 0.8ºC.  In fact, by appropriate measures, the proxy reconstructions of 

hemispheric mean temperature are more similar to some of the model simulations in 

terms of the amplitude of estimated internal variability, than the models are to each other. 

Crowley and Kim (1999), using an energy balance model, estimate that as much as 18-

34% of low frequency variability in proxy-based hemispheric temperature 

reconstructions over the pre-anthropogenic interval could be forced by volcanism and 

solar variability. Most importantly, they show that the spectrum of the residuals (i.e. the 

remaining component when this forced variability is accounted for) agrees with that of 

unforced variability from control runs of coupled models at the 90% significance level.  

 

ABOR/MH/Priv-004979

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



 5

4. The claim that the disparity between the three reconstructions shown in Figure 2 is 

largely due to intrinsic uncertainties in our ability to estimate hemispheric mean 

temperature ignores evidence to the contrary.  A large part of the difference between the 

Mann et al (1998a) and Jones et al. (1998) reconstruction, for example, is to be expected, 

because the reconstructions were designed to cover different regions and seasons (Mann 

et al., 2000). The Jones et al estimate is calibrated as an indicator of extratropical summer 

temperatures, while the Mann et al 1998a (and 1999) series is calibrated as a Northern 

Hemisphere and annual-mean estimate. Other series, such as the Overpeck et al (1997) 

estimate, are based on a yet different, high-latitude summer sampling emphasis.  These 

seasonal and latitudinal sampling issues appear to be the primary reason for differences 

between the estimates.  If the Mann et al. pattern reconstructions are sampled in a similar  

extra-tropical latitude band (30-70N), the two reconstructions lie well within the self-

consistently estimated uncertainties of Mann et al (1998a).  Furthermore a more recent 

version of the Briffa et al. (1998) series, using more conservative standardization 

techniques (Briffa and Osborn in press) is far more similar to the Mann et al. (1998a) 

series than their earlier study reported.  

 

5. Barnett et al.’s  statement  that it is “debatable whether there is enough temperature 

proxy data to be representative of hemispheric, let alone global climate changes 

given…lack of large spatial coherence in the data” is incorrect on at least two counts. 

a) The ability to skillfully reconstruct northern hemisphere mean temperature with such 

data has been rigorously demonstrated with careful cross-validation exercises by Mann et 
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al (1998a; 1999) using independent large-scale temperature measurements from the 19th 

century, and the sparse available measurements several centuries back in time in Europe 

and North America, to test the pattern reconstructions.  

b) Highly significant coherence in these data has been clearly demonstrated; Mann et al.   

(1995) showed that interdecadal (15-35 year) and multidecadal (50-100 year)  frequency-

bands exhibit clearly enhanced amplitude climate variability in global proxy data during 

the past 5 centuries, even relative to the null hypothesis of spatially-correlated colored 

climatic noise. 

Finally, we believe that relying on computer models to estimate the actual low-

frequency variability of the climate without the validated ability to model century and 

longer timescale variability is decidedly unwise. Despite the comments of Barnett et al 

(1999), it is self-evident that global climate models cannot now, or in the foreseeable 

future, be relied upon to give a definitive description of the natural variability of the true 

climate system. Models cannot estimate variability associated with processes or 

feedbacks that are not present in the models themselves. The potential non-linearities of 

small-scale processes that are not resolved,  dynamical feedbacks which are not 

accurately represented (cf. Cane et al, 1997), and numerous potential surprises regarding 

the true global climate system (e.g., the role of gas hydrates) will probably always limit 

the ability of models to accurately represent the true system.  The arguments of Barnett et 

al. fly in the face of some of the most basic tenets of natural science, whereby the real-

word truth must always be the target for our theoretical  models.  In the control 

integrations that Barnett et al suggest we should rely upon to estimate natural variability, 
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most of the very factors that may have led to that variability are missing.  For example, 

there is absolutely no representation of long-term changes in solar irradiance forcing, 

volcanic forcing, astronomical variations, land use changes and other factors which may 

influence climate on decadal to millennial timescales.  Without a consideration of such 

effects, model-based estimates of “natural variability” must necessarily be very imperfect 

approximations to reality.  

In contrast to the conclusion of Barnett et al., we argue that, in fact, paleo data 

offer the best and only hope of validating the low-frequency behavior of models.  They 

add a critical element to the detection and attribution problem that will never be possible 

from a comparison of 20th century model simulations and instrumental observations 

alone. The paleo data allow us to look at potential forcing mechanisms prior to the era of 

anthropogenic forcing, potentially validating or testing model-based estimates of climate 

sensitivity.   

In summary, Barnett et al. (1999) completely undervalue the role of paleoclimatic 

data in assessing and documenting climate variability. The utility of these data is not 

limited to the study of past fluctuations in seasonal or annual temperature, but extends to 

precipitation, circulation patterns, the past behavior of the oceans and of the cryosphere, 

and several important forcing factors such as atmospheric composition, solar receipts and 

volcanic eruptions (Alverson et al., 2000; Bradley, 1999). Models are useful tools to 

understand the complexities of past and future climate variations, but they are no 

substitute for reality.  We would delude ourselves if we were to think that models alone 

can tell us more about climate system variability than natural archives of past climate. 
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We agree with Barnett et al. when they assert that proxy records are ‘our only means to 

determine levels of natural variability over the last 1000 or so years from real data’ (page 

2652, op.cit.). 
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>and numerous potential surprises regarding the true global climate system
>(e.g., the role of gas hydrates) will likely always limit the ability of
>models to accurately represent the true system.
>
>Same paragraph:
>
>In the control integrations that Barnett et al suggest we rely upon to
>estimate natural variability
>
>change to:
>
>In the control integrations that Barnett et al suggest we should rely upon
>to estimate natural variability..
>
>Last sentence of the same pargraph:
>
>.  Without a consideration of such effects, how meaningful can model-based
>estimates of "natural variability" really be?
>
>You shouldn't ask the question, because the exercise can be meaningful, in
>the sense that it will be a "useful" exercise.
>
>You should state that,   "Without a consideration of such effects, model
>estimates of natural variability will always come up short of reproducing
>"reality."
>
>You also have to be careful you don't open a line of riposte.  In the
>paragraph:
>
>.. " In fact, model experiments with various forcings have shown close
>similarities between empirically estimated and modeled variations.  Mann et
>al (1998a) estimate a sensitivity to solar irradiance forcing of ~0.4W m-2
>from the relationship between their hemispheric temperature reconstruction
>and the Lean et al (1995) solar irradiance reconstruction. This estimate is
>nearly identical to that estimated in the modeling study of Cubasch et al.
>(1997).  Furthermore, Waple et al. (2000) show that the empirical patterns
>of sensitivity to estimated solar-irradiance variations during the
>pre-anthropogenic interval 1650-1850 are remarkably similar to the
>model-estimated pattern of Cubasch et al. (1997) both in terms of global
>mean sensitivity, and the underlying spatial pattern"
>
>Remember that a modeling study "sensitivity" is not the same as measuring
>the "true" sensitivity of the global climate to solar irradiance
>variations--those can only be ascertained by measurement--say of the solar
>output and the earth's tempeature from properly and long-term calibrated
>satellite measurements.  A model number depends on the parameter values
>specified apriori--you get a number back that is commensurate with the
>explicitly coded mathematics.  I'm not sure that what you said above is
>totally germain to your argument.
>
>Finally:
>
>"Crowley and Kim (1999) have shown that when estimates of naturally-forced
>variability are removed from the proxy estimates, the residual variability
>is quite similar in its spectrum to the low-frequency variability of the
>models, in fact as similar as the different models are to each other!"
>
>This last sentence is imporant, but it's a bit opaque.  Rephrase perhaps?
>
>
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>Cheers, Henry
>
>
>
>Henry F. Diaz
>NOAA/ERL/CDC
>325 Broadway
>Boulder, CO USA 80303
>
>Office ph. (303) 497 6649
>Fax. (303) 497 7013
>e-mail: hfd@cdc.noaa.gov
>
>
>
>
>Raymond S. Bradley
>Professor and Head of Department
>Department of Geosciences
>University of Massachusetts
>Amherst, MA 01003-5820
>                                                   
>Tel: 413-545-2120
>Fax: 413-545-1200
>Climate System Research Center:  413-545-0659
>Climate System Research Center Web Page:
><http://www.geo.umass.edu/climate/climate.html>
>Paleoclimatology Book Web Site (1999):
>http://www.geo.umass.edu/climate/paleo/html
>
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone: (804) 924-7770   FAX: (804) 982-2137
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Malcolm Hughes
To: Michael E. Mann
Cc: rbradley@geo.umass.edu; mann@virginia.edu
Subject: Re: Globe
Date: Wednesday, May 21, 2003 7:03:19 AM

Mike - of course not. He did not have me say anything I did not, but he omitted my central point
- that Soon et al did not apply these essential standards but rather compared centuries with decades,
material with poor chronology, uncalibrated against present, and so on. This
is, of course, the usual thing to be expected from journalists. Cheers, Malcolm
> Kevin, Malcolm:
>
> This piece appeared in the globe yesterday:
> http://www.boston.com/dailyglobe2/140/science/Coaxing_nature_to_reveal

> > _1_000_years _of_the_Earth_s_climate+.shtml
>
> The piece seemed inappropriately uncritical given the emphasis of the
> story on Soon/Baliunas, and I'm wondering if the reporter adequately
> represented your comments and views in the piece,
>
> mike
> ____________________________________________________________
> __
> Professor Michael E. Mann
>  Department of Environmental Sciences, Clark Hall
> University of Virginia
> Charlottesville, VA 22903
> ______________________________________________________________________
> _ e-mail: mann@virginia.edu Phone: (434) 924-7770FAX: (434) 982-2137
> http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Tom Wigley; Phil Jones; Keith Briffa; Michael Oppenheimer; Raymond Bradley; Malcolm Hughes; Jonathan

Overpeck; Kevin Trenberth; Tom Crowley; Ben Santer; Steve Schneider; Caspar Ammann
Subject: Re: letter to CR
Date: Thursday, July 31, 2003 8:41:11 AM

Thanks Tom,

Had a chance to look over this briefly, and it looks really good--you raise some good
questions, which I'll try to get around to responding to ASAP, after I put other
various fires...

I have one concern about submitting this to CR. My own personal feeling is that we
have collectively now entered into an implicit boycott of the journal (including
submission, reviewing, and perhaps(?) even citing). I think that Von Storch et al's
resignation from the editorial board raises the bar, in this regard, now. The best thing
is to let this journal waste away into utter disrepute, so that the skeptics can't use it
the way they've been trying to...

So if are to submit this piece to CR, we violate any such implicit boycott. Is there
another alternative? You've put a lot of work into this, and I'd hate to see the effort
wasted. I'm open to suggestions,

mike

At 09:20 AM 7/31/2003 -0600, Tom Wigley wrote:

Dear all,

I voluntered some time back to write a critique of the Soon and Balliunas
paper (which I refer to as BS) to send to CR. I still plan to do this, and
hope for your support. I think it is important to have a pointed and
specific critique of this work published in the journal in which the original
work appeared.

In beginning this task, I went through the paper again carefully. This
raised a number of issues in my mind, articulated as questions in the
attached Word document. I am not suggesting here that all of these
issues be raised in any critique. Rather, answers from you to the various
questions will help me in formulating a critique that I will then bounce off
you for improvement.

Thanks for your help,

Tom.

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
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e-mail: mann@virginia.edu   Phone: (434) 924-7770   FAX: (434) 982-2137
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Keith Briffa; Tom Wigley; Phil Jones; Michael Oppenheimer; Raymond Bradley; Malcolm Hughes; Jonathan Overpeck; Kevin

Trenberth; Tom Crowley; Ben Santer; Steve Schneider; Caspar Ammann
Subject: Re: letter to CR
Date: Thursday, July 31, 2003 9:18:29 AM

Dear all,

I'm open to Keith's suggestion. Submission to CR, w/ Holocene as a backup plan, might be a
reasonable way to do. Will provide some answers to Tom's inquiries which I expect will be
complimentary to Keith's comments...

I share Keith's concern also about keeping Ed Cook too much outside the loop. He is, by
necessity, a player in all of this...

Perhaps Keith, who knows him best, might contact Ed and see what his feelings are about
potentially becoming constructively involved with this effort (Keith?)...

mike

At 05:02 PM 7/31/2003 +0100, Keith Briffa wrote:

Tom et al.
I am glad you are still prepared to do this. I think it is important that a dispassionate
, more-detailed critique of the paper is published . The EOS letter was a position
statement , kept brief so as not to dilute the message. 
I have to leave work now but will respond tomorrow to some of your points ,
obviously including some comments on the tree-ring questions. However, in response
to Mike's comments re the target journal - I still favour a submission to CR , as the
publisher of the original piece. The fact that it may be "rejected out of hand" is good
in my opinion and merely serves to emphasize to the neutral , the bias in the
editorial regime there. Of course The Holocene , would then be glad to consider the
rejected paper in such an event.
 I am also forwarding your questions directly to Ed , as it would be inappropriate to
comment without keeping him in the loop, and a waste not to seek his response
about the Esper et al paper and wider tree-ring questions , at least. 
best wishes
Keith

At 11:40 AM 7/31/03 -0400, Michael E. Mann wrote:

Thanks Tom,

Had a chance to look over this briefly, and it looks really good--you raise
some good questions, which I'll try to get around to responding to ASAP,
after I put other various fires...

I have one concern about submitting this to CR. My own personal feeling
is that we have collectively now entered into an implicit boycott of the
journal (including submission, reviewing, and perhaps(?) even citing). I
think that Von Storch et al's resignation from the editorial board raises the
bar, in this regard, now. The best thing is to let this journal waste away
into utter disrepute, so that the skeptics can't use it the way they've been
trying to...

So if are to submit this piece to CR, we violate any such implicit boycott.
Is there another alternative? You've put a lot of work into this, and I'd
hate to see the effort wasted. I'm open to suggestions,

mike
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At 09:20 AM 7/31/2003 -0600, Tom Wigley wrote:

Dear all,

I voluntered some time back to write a critique of the Soon
and Balliunas paper (which I refer to as BS) to send to CR. I
still plan to do this, and hope for your support. I think it is
important to have a pointed and specific critique of this work
published in the journal in which the original work appeared.

In beginning this task, I went through the paper again
carefully. This raised a number of issues in my mind,
articulated as questions in the attached Word document. I am
not suggesting here that all of these issues be raised in any
critique. Rather, answers from you to the various questions will
help me in formulating a critique that I will then bounce off
you for improvement.

Thanks for your help,

Tom.

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone: (434) 924-7770   FAX: (434) 982-
2137
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

--
Professor Keith Briffa, 
Climatic Research Unit 
University of East Anglia 
Norwich, NR4 7TJ, U.K.
  
Phone: +44-1603-593909    
Fax: +44-1603-507784

http://www.cru.uea.ac.uk/cru/people/briffa/

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone: (434) 924-7770   FAX: (434) 982-2137
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Tim Osborn; Malcolm Hughes; Keith Briffa; Kevin Trenberth
Cc: Caspar Ammann; rbradley@geo.umass.edu; tcrowley@duke.edu; omichael@princeton.edu; jto@u.arizona.edu;

Scott Rutherford; Tom Wigley; p.jones@uea.ac.uk; mann@virginia.edu
Subject: Re: draft
Date: Tuesday, October 14, 2003 6:31:09 AM
Attachments: SoonReply.doc

Thanks Tim and Malcolm,

The latest round of suggestions were extremely helpful. I've accepted them w/ a few
minor tweaks (attached). We're at 765 words--I think AGU will let us get away w/
that...

So, comments from others?

Thanks,

mike

At 02:11 PM 10/14/2003 +0100, Tim Osborn wrote:

SO3 argue that borehole data provide a conflicting view of past
temperature histories.  To the contrary, the borehole estimates for recent
centuries shown in M03 may be consistent with other estimates, provided
consideration is given to statistical uncertainties, spatial sampling and
possible influences on the ground surface [e.g., snow cover changes--
Beltrami and Kellman, 2003].  It is not meaningful to compare the late
20th century with a much longer period 1000 years ago [Bradley et al.,
2003], especially given the acknowledged limitations [Pollack et al., 1998]
of borehole data.

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone: (434) 924-7770   FAX: (434) 982-2137
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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Soon and colleagues ('S03') fail to address any of the three specific issues we raised  in our Eos criticism  ('M03') of 
their previous work  ('SB03'). These were the need for critical evaluation of proxy data to be used; consistent 
assimilation of widespread, well dated and resolved records; and the objective, quantitative calibration of these 
records [see also  Bradley et al, 2003].  S03, instead, start with the implausible claim  that we agree with their 
assertion "knowledge of past climatic changes does not have a direct bearing on the climatic effects of 
anthropogenic carbon dioxide...".  Reconstructions of past temperature histories do, indeed, have such a bearing. 
They provide one of several independent lines of evidence supporting the  consensus scientific conclusion expressed 
in  the 2001 report of the Intergovernmental Panel on Climate Change (IPCC) that anomalous hemispheric late 20th 
century warmth cannot be explained by natural factors.  S03 follow with an equally puzzling assertion  that "M03 
relies mainly on a Northern Hemisphere reconstruction of average annual temperature by Mann et al. [1999]". Our 
article, quite to the contrary, demonstrated that nearly a dozen different published estimates based on proxy data and 
model simulations give the same picture--anomalous late 20th century warmth that is unprecedented in a millennial 
or longer context.  
 
These straw man arguments set  the tone for the ensuing list of myths and discredited claims. Ironically, many of the 
criticisms raised might better be applied to the ill-conceived,  largely subjective approach taken by SB03.  While the 
claims made by S03 are too numerous to address each in detail, several are so at variance with the accepted science 
that they deserve special attention:  
 
1) The contention  that the conclusions expressed by M03 for the period prior to AD 1400 rely mainly "on tree 
growth from one region" belies the fact that several of the proxy estimates shown were based on composites of 
estimates from regions across the Northern Hemisphere, some based primarily on  non-tree ring proxy sources. The 
claims of S03 regarding non-climatic impacts on tree growth, even if valid, would thus be irrelevant. Nonetheless, 
the claims aren't valid.  Their assertion that "[20th century]tree growth indices...show declining patterns of tree 
growth, despite rising temperatures" is misleading. Declines in the response of tree-growth to temperature are found 
in certain high-latitude regions only. In such cases, relatively recent (i.e. post 1950) data are not used in calibrating 
temperature reconstructions. In many other (even high-latitude) areas  density or ring-width records display no such 
bias. 
 
2) The statement by S03 that the Mann and Jones [2003] reconstruction "clearly shows temperatures in the MWP 
that are as high as those in the 20th century" is misleading if not false. Mann and Jones emphasize conclusions for 
the Northern Hemisphere, noting that those for the Southern Hemisphere (and globe), are  indeterminate due to a 
paucity of southern hemisphere data.  For the Northern Hemisphere, late 20th century warmth clearly is shown by 
Mann and Jones to be anomalous in a long-term (nearly two millennium) context, consistent with the conclusions of  
M03. 
 
3) SO3 argue that borehole data provide a conflicting view of past temperature histories.  To the contrary, the 
borehole estimates for recent centuries shown in M03 are potentially consistent with other estimates, provided 
consideration is given to statistical uncertainties, spatial sampling and possible influences on the ground surface 
[e.g., snow cover changes--Beltrami and Kellman, 2003].  It is not meaningful to compare the late 20th century with 
much lower (millennial) resolution borehole information 1000 years ago, especially given the acknowledged 
limitations of borehole data beyond the past five centuries  [Pollack et al, 1998]. 
 
4) They promote the myth that "urban heat island"  effects lead to significant biases in  the instrumental record of 
surface temperature used to calibrate proxy data. A recent case study of modern urban thermometer measurements in 
the U.S. [Peterson, 2003] supports previous findings that the influence of urban heat bias on estimates of global 
surface temperature change is minimal [Hansen et al, 1999]. 
 
5) In contrast to their claims, land use changes are believed  to have led to an overall cooling, not a warming, of 
global surface temperatures during the 19th and 20th century [Govindasamy et al, 2001]. 
 
Articles in Scientific American and the Chronicle of Higher Education, have quoted numerous other leading climate 
scientists as indicating that SB03 misrepresented not just mainstream scientific opinion, but the results of their own 
individual  research.  The controversy over the  publication of SB03 has now led, since the publication of M03, to 
the resignation of the editor-in-chief and five other editors at the journal "Climate Research". We believe that these 
developments speak for themselves. 
 
Author Affiliations 
 
Michael Mann, Dept. of Environmental Sciences, University of Virginia, Charlottesville, VA. 
Caspar Amman, CGD (Paleo), NCAR, Boulder, CO. 
Raymond Bradley, Dept. of Geosciences, University of Massachusetts, Amherst, MA. 
Keith  Briffa, Philip Jones, Timothy Osborn, Climatic Research Unit, University of East Anglia, Norwich, UK. 

ABOR/MH/Priv-005259

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



Thomas Crowley, Nicholas School of the Environment and Earth Science, Duke University, Durham, NC. 
Malcolm Hughes, Laboratory of Tree-Ring Research, University of Arizona, Tucson, AZ. 
Michael Oppenheimer, Princeton University, Princeton, NJ. 
Jonathan Overpeck, Dept. of Geosciences and Institute for the Study of Planet Earth, University of Arizona, 
Tucson, AZ. 
Scott Rutherford, Roger Williams University, Bristol, RI. 
Kevin Trenberth, NCAR, Boulder, CO. 
Tom Wigley, NCAR, Boulder, CO. 
 
References 
 
Beltrami, H.., Kellman, L., An examination of short- and long-term air-ground  temperature coupling, Global and 

Planetary Change, 38, 291-303, 2003. 
 
Bradley, R.S., M.K.Hughes and H.F. Diaz., Climate in Medieval Time. Science, October 17, 2003, in press. 
 
Govindasamy, B., P.B. Duffy, and K. Caldeira, Land use changes and Northern Hemisphere cooling, Geophysical 

Research Letters, 28, 291-294, 2001. 
 
Hansen, J., R. Ruedy, J. Clascoe, and M. Sato, GISS analysis of surface temperature change, Journal of Geophysical 

Research, 104D, 30997-31022, 1999. 
 
Pollack, H.N., S. Huang, and P.-Y. Shen, Climate Change Record in Subsurface Temperatures: A Global 

Perspective, Science, 282, 279-281, 1998. 
 
Peterson, T.C., Assessment of urban versus rural in situ surface temperatures in the contiguous United States: No 

difference found. Journal of Climate, 16, 2941-2959, 2003. 
 
 

ABOR/MH/Priv-005260

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



From: Michael E. Mann
To: Michael Oppenheimer
Cc: Phil Jones; Ray Bradley; Malcolm Hughes; Mike MacCracken; Steve Schneider; tom crowley; Tom Wigley; Jonathan Overpeck; asocci@cox.net; Keith Briffa; Tim

Osborn; Tim Profeta@lieberman.senate.gov; Ben Santer; Gabi Hegerl; Ellen Mosley-Thompson; Lonnie G. Thompson; Kevin Trenberth; mann@virginia.edu
Subject: Re: CONFIDENTIAL Fwd:
Date: Monday, October 27, 2003 8:05:09 AM

Thanks Michael,

I recognize and heed the wisdom in these words. This sentiment come across loud and clear in both yours and others
comments. I'm  trying to do the "bare minimum" in providing others w/ the ammunition to fight the disinformation
effort, if necessary, walking that fine light between making sure that any spurious claims are addressed, but not
allowing myself to get into the fray. 

I'll just hang back for a while and see how this plays out...

Thanks again for the help and useful advice,

mike

At 09:52 AM 10/27/2003 -0500, Michael Oppenheimer wrote:

Mike: 

From my point of view, the critical thing now is that you NOT spend too much time or psychological energy
on this stuff.  I know that's a tall order, but it could effectively take you away from your real business for
much too long, and potentially exact an even higher price upon you. Your decision to let others do the
heavy lifting to the extent that's feasible is wise.  Also, at this point, it is unlikely that the vote would be
affected later this week by these goings-on.  All this sounds very familiar, reeking of what happened to
Ben.  Their real objective is to neutralize you by dragging you into time-consuming and eventually fruitless
fighting, and to send a message to other scientists who might be tempted to enter the public arena. 

Michael 

"Michael E. Mann" wrote: 

Thanks Phil, 

I guess we just have to wait and see what happens w/ this, 

mike 

At 01:50 PM 10/27/2003 +0000, Phil Jones wrote: 
  

 Mike, 
    Steve McIntyre is the person who asked me for the series he couldn't get from the
M+J 
 article. Told him I couldn't send them - back in August. He's sent emails to the Finn
(Timo) 
 saying some of the series weren't available, blaming us for using data that aren't
readily 
 available. 
    Some years ago I sent him loads of temperature stations and discussed
homogeneity issues, 
 but never heard anything else. 
    From my recollection of the emails I suspect the article isn't likely to be up to
much. 

 Cheers 
 Phil 
  

At 08:35 27/10/2003 -0500, Michael E. Mann wrote: 

Thanks Phil, 

Got your email just as I sent off my latest. 

I agree fully with what you say--it is very difficult to repeat such an
analysis exactly, and the real point here is, who knows what this guy
(Steven McIntyre--I don't know who the supposed 2nd author is) actually
did. The Mann et al '99 paper was clear that the results were sensitive to
a small number of skillful predictors prior to AD 1400, and that non-
climate biases had to be corrected for in some of the longer series to get
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a skillfully cross-validated reconstruction. Without knowing what the guy
did, I'm guessing that  he doesn't even demonstrate that his alternative
"reconstruction" passes cross-validation. If not, its all moot... 

But more fundamentally, this wasn't submitted to a legitimate peer-
reviewed scientific journal. Its a social science journal, and one that has
shown a disdain for peer review (e.g. in publishing the Soon et al Climate
Research paper essentially in its original unedited form--and see the
recent documented comments of the editor). 

I agree this might blow over, but the folks in DC, such as McCain and
Lieberman,  who are fighting to represent what the legitimate scientific
community has to say, need to be prepared in case the special interests
try to use this. Hence, the short response I sent out. 

cheers, 

mike 

At 01:23 PM 10/27/2003 +0000, Phil Jones wrote: 

 Mike, 
    Depending exactly on what it says I suggest we should do
our best to ignore it. E&E is 
 edited ( a very loose use of the word) by Sonia Boehmer-
Christiansen, who's generally 
 involved, in some way, in all skeptic stuff here in Britain. 
    It is rather odd that the email said the two had rerun his
(Mann's) exact analysis and got 
 quite different results. I know I couldn't do this, as when
Keith, Tim and me wanted to do 
 some comparisons with MBH98 a few years ago a few of the
series could not be made 
 available. I'm not trying to make any sort of point here, just
to state that repeating an 
 analysis with exactly the same data is normally very difficult.
Missing values is an odd 
 phrase also, as all the series used are complete from first to
last year.  If it isn't MBH98/99 
 then for M+J03 in GRL, there at least three series that are not
available for use, without 
 contacting the authors of the original papers. 

   So let's wait to see what it says. Suggested response would
seem follow response 2. 

 Cheers 
 Phil 

At 13:47 26/10/2003 -0500, Michael E. Mann wrote: 

Dear All, 

This has been passed along to me by someone
whose identity will remain in confidence. 

Who knows what trickery has been pulled or
selective use of data  made. Its clear that "Energy
and Environment" is being run by the baddies--only
a shill  for industry would have republished the
original Soon and Baliunas paper as submitted to
"Climate Research" without even editing it. Now
apparently they're at it again... 

My suggested response is: 

1) to dismiss this as stunt, appearing in a so-called
"journal" which is already known to have defied
standard practices of peer-review. It is clear, for
example, that nobody we know has been asked to
"review" this so-called paper 

2) to point out the claim is nonsense since the
same basic result  has been obtained by numerous
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other researchers, using different data, elementary
compositing techniques, etc. 

Who knows what sleight of hand the authors of this
thing have pulled. Of course, the usual suspects are
going to try to peddle this crap. The important
thing is to deny that this has any intellectual
credibility whatsoever and, if contacted by any
media, to dismiss this for the stunt that it is.. 

Thanks for your help, 

mike 
  
  

 two people have a forthcoming
'Energy & Environment' paper
that's being unveiled tomoro
(monday) that -- in the words of
one Cato / Marshall/ CEI type -- "will
claim that Mann arbitrarily ignored paleo data
within his own record and substituted other data
for missing values that dramatically affected his
results. 
        When his exact analysis is rerun with all
the data and with no data substitutions, two very
large warming spikes will appear that are greater
than the 20th century. 
        Personally, I'd offer that this was known by
most people who understand Mann's
methodology:  it can be quite sensitive to the
input data in the early centuries. Anyway, there's
going to be a lot of noise on this one, and
knowing Mann's very hin skin I am afraid he will
react strongly, unless he has learned (as I hope
he has) from the past...."

______________________________________________________________

                    Professor Michael E. Mann 
           Department of Environmental Sciences,
Clark Hall 
                      University of Virginia 
                     Charlottesville, VA 22903 
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone: (434) 924-
7770   FAX: (434) 982-2137 
       
http://www.evsc.virginia.edu/faculty/people/mann.shtml

Prof. Phil Jones 
Climatic Research Unit        Telephone +44 (0) 1603 592090 
School of Environmental Sciences    Fax +44 (0) 1603 507784 
University of East Anglia 
Norwich                          Email    p.jones@uea.ac.uk 
NR4 7TJ 
UK                                                                                 ----
------------------------------------------------------------------------

______________________________________________________________

                    Professor Michael E. Mann 
           Department of Environmental Sciences, Clark Hall 
                      University of Virginia 
                     Charlottesville, VA 22903 
_______________________________________________________________________
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e-mail: mann@virginia.edu   Phone: (434) 924-7770   FAX: (434) 982-
2137 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

Prof. Phil Jones 
Climatic Research Unit        Telephone +44 (0) 1603 592090 
School of Environmental Sciences    Fax +44 (0) 1603 507784 
University of East Anglia 
Norwich                          Email    p.jones@uea.ac.uk 
NR4 7TJ 
UK                                                                                 -------------------------------
---------------------------------------------

______________________________________________________________ 
                    Professor Michael E. Mann 
           Department of Environmental Sciences, Clark Hall 
                      University of Virginia 
                     Charlottesville, VA 22903 
_______________________________________________________________________ 
e-mail: mann@virginia.edu   Phone: (434) 924-7770   FAX: (434) 982-2137 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone: (434) 924-7770   FAX: (434) 982-2137
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Edward Cook
Cc: Michael E. Mann; jto@u.arizona.edu; mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu;

tcrowley@nc.rr.com; Jan Esper; srutherford@gso.uri.edu; drdendro@ldeo.columbia.edu
Subject: Re: Esper/Cook paper
Date: Thursday, September 06, 2001 11:01:08 AM

Hi Ed,

Fair enough on all points. Actually, I think the models *do* demonstrate
the differeence between true hemispheric mean and extratropical mean in
question, and this is something Scott Rutherford and I will be describing
in a publication to come out shortly....

As for the trpoical records, you are right, only a few before 1600--but
there are a dozen or so for the past several centuries, and some of the
most significant differences between our reconstrucitons are during the
"Little Ice Age"--during that period, we have adequate tropical
representation given, again, the standard correlation length arguments...

cheers,

mike

At 01:55 PM 9/6/01 -0400, Edward Cook wrote:
>Hi Mike,
>
>Honest differences of opinion are good for science because they often spawn
>good research to sort out the differences. So, I will briefly respond to
>your reiterations.
>
> >HI Ed,
> >
> >Thanks for your responses, which are reasonable.
> >
> >We do maintain some significant honest differences of opinion on a few
> >matters, which I've reiterated below:
> >
> >1) I think the 19th century instrumental record is a whole lot better than
> >you give credit, and certainly is more trustworthy than even the best proxy
> >records. It'll take a *very* convincing argument to favor proxy data over
> >the 19th century instrumental record.
>
>I agree that instrumental data is better in general and I freely admit that
>I am probably wrong here. However, I just worry about the imprecise
>(inaccurate?) methods used to correct for time of observation bias and
>shelter/exposure changes before max-min thermometers and Stephenson screens
>became standard. These corrections could introduce a systematic bias.
>
> >
> >2) The correlations you cite still sound odd to me. What is the nature of
> >the highpass (what timescales are retained)? I would expect the interannual
> >correlation to be much smaller since ENSOs and the NAO have an almost
> >exclusively cold-season influence which expresses itself in the annual
> >calender mean but not the warm-season mean. Scott has computed these series
> >from our infilled Jones data and perhaps can compare with our own
> >calculations (Scott?). There may also be an important distinction between
> >the extratropical and tropical behavior in this case.
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>
>I am using data directly from Phil's grid. The 0-90N comes from the CRU web
>site and the 30-70N data come from Tim Osborn at CRU who pulled off that
>zonal average for me. So, I am simply reporting what I have calculated from
>those data sets. The filter is approximately a 15yr hp using 10% lowess
>smoothing to provide the lp. This I admit is crude, but I seriously doubt
>that it will differ much if I use a proper digital filter. The lowess
>smoother preserves phase pretty well. However, I am going to do it again
>with a proper digital filter to convince myself and you(?) that the
>correlations are correct. I will let you know in a bit.
>
> >
> >3)  The difference in amplitude and behavior of the tropics vs. the
> >extratropics is *real* and quite evident in the instrumental record. There
> >are a number of extratropical processes (e.g. the NAO) which have little
> >tropical influence, and little influence on the full Northern Hemisphere.
> >The NAO, for example, has a correlation of r=0.35 or so w/ extratropical
> >Northern Hemisphere winter temperature, but only r=0.09 with annual mean
> >full (0-90N) Northern Hemisphere temperature.  Clearly there is a big
> >difference in the behavior of extatropical vs. tropical northern hemisphere
> >temperature.
>
>I agree with you here on the amplitude issue. That is a given. However, I
>don't believe that your argument is sufficient to explain the differences
>between our multi-centennial trends. Necessary perhaps, but not sufficient
>because it doesn't explain how such large multi-centennial differences
>arose. What do the coupled models say about this issue? Is there the same
>level of disagreement at multi-centennial timescales between zonally
>averaged temperatures in the tropics and extratropics in 1000 year model
>runs?
>
> >
> >4) Regarding your correlation scale argument, if 14 tree ring series are
> >good enough to capture the entire Northern Hemisphere extratropics, why
> >don't you believe that our more than   a dozen tropical proxies can capture
> >the tropical band (wherein the correlation scale of temperature variability
> >is actually less!). Our own experiments w/ the Jones record and model data
> >(unpublished) suggest such a sampling should be more than adequate!
>
>Fair point to a point, although I don't believe that I said that the 14
>series capture the "entire" NH extratropics. If I did, point it out to me
>and I will correct it. I guess I am thinking in terms of coverage of the
>past millennium, which is impossible on an annually resolved basis from
>tropical proxies. Once you get before AD 1600, what tropical series are
>still in your estimates? Only Quelccaya according to your list of proxies.
>
> >
> >5) Re, high-elevation temperature sensitive  chronologies in the western
> >U.S. and co2 fertilization, I'll leave you and Malcolm to debate that one...
>
>I am happy to debate this issue with anyone. The evidence for a direct CO2
>fertilization effect in tree rings is extremely weak and almost wholly
>circumstantial. Matching trends does not a causal mechanism make. A
>concomitant trend exists for N deposition as well, I suspect.
>
>These debates are fun, even if they don't necessarily lead to closure.
>
>Cheers,
>
>Ed
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>
>=================================
>Dr. Edward R. Cook
>Doherty Senior Scholar
>Tree-Ring Laboratory
>Lamont-Doherty Earth Observatory
>Palisades, New York  10964  USA
>Phone: 1-845-365-8618
>Fax:   1-845-365-8152
>Email: drdendro@ldeo.columbia.edu
>=================================

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone: (434) 924-7770   FAX: (434) 982-2137
         http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: Malcolm Hughes
Cc: Edward Cook; Michael E. Mann; Crowley Hegerl; jto@u.arizona.edu; mhughes@ltrr.arizona.edu;

rbradley@geo.umass.edu; tcrowley@nc.rr.com; Jan Esper; srutherford@gso.uri.edu
Subject: Re: Esper/Cook paper
Date: Thursday, September 06, 2001 3:23:25 PM

Malcolm--thanks for clarifying: The co2 fertilization argument is somewhat
speculative, but what is significant is that there does appear to be a
non-temperature component to growth that emerges in some of the
high-elevation chronologies in the early 19th century (and that is what we
attempted to remove in MBH99); so it would be interesting to hear if there
is evidence for that in these chronologies...

mike
At 03:38 PM 9/6/01 -0700, Malcolm Hughes wrote:
>Dear Ed et al,
>This is a fascinating discussion, which I'm only able to skim over
>quickly until (I hope) I get a bit of time this weekend to read the mss
>carefully. One point that did come up in the discussion should,
>however, be cleared up quickly, namely the change in behavior of
>some of the long tree-ring records in Western North America about
>150 years ago. Ed is quite right that we do not know what caused this
>- I do think that some variant of direct carbon dioxide fertilization may
>have played a part, but as he said so might some other factors. In any
>case we don't know. I think that the formulation used in MBH99 - the
>GRL paper - is the best one for the time being, namely: "For our
>purposes, however, it suffices that we consider the residual [between
>the 1st PC of ITRDB N. American data and the Jacoby/D'Arrigo
>N.American dendroclimatic series] to be non-climatic in nature...".
>So, the relevant point here is whether there is evidence for any such
>century-scale non-climate related change in the last 150 years in the
>materials Ed and Jan have used - did you compare them with their
>regional temperatires?.
>I do note that when Henry Diaz and I (Hughes and Diaz, 1994)
>compared several long tree-ring reconstructions from around the
>world with instrumental temperature records (of course a correlation
>with annual values of seasonal temperatures) the reconstructions from
>the Sierra Nevada (both Lisa Graumlich's and Don Graybill's) came
>out worse than the Polar Urals, Tornetrask, and Rio Alerce from
>South America, and about the same as Tasmania.
>More later, Malcolm
>Malcolm Hughes
>Professor of Dendrochronology
>Laboratory of Tree-Ring Research
>University of Arizona
>Tucson, AZ 85721
>520-621-6470
>fax 520-621-8229

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone: (434) 924-7770   FAX: (434) 982-2137
         http://www.evsc.virginia.edu/faculty/people/mann.shtml             

ABOR/MH/Priv-005358

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



From: Michael E. Mann
To: Edward Cook
Cc: Scott Rutherford; mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu
Subject: Re: Esper et al paper
Date: Friday, March 22, 2002 1:34:57 PM

Ed,

I'm assuming you don't have any problem in making the 14 series used by Esper et al available
to us in our next round of hemispheric temperature reconstructions, (which Scott is in the
process of doing)? Thanks in advance for your help,

mike

At 05:29 PM 3/21/02 -0500, you wrote:

Hi Mike,

Obviously, I am sorry that you found the revised paper wanting and in some sense
unfair. That of course was never the intention of the paper. The changes in the
paper were due in part to the reviewers' comments and in part to the large degree of
editing and reduction that was required by Science. In that case, I tried (apparently
without success in your view) to maintain the same thrust of the paper as before. I
thought that I did a reasonable job in that regard. Perhaps I should have passed it
by you again, but I was out the door for more fieldwork shortly after the revision was
due back to Science. I certainly apologize if you feel that this was unfair. There was
never any intent on my part for this to be the case.

Thanks for the telephone call as well. I really do enjoy working with you and don't
want to jeopardize any future collaboration between us.

Regards,

Ed

Dear Ed,

I'm really sorry I couldn't be more supportive of the final version of the
manuscript. I fully expected to be able to be more positive in my
assessment.  I was frankly very disappointed when I saw the final version-
-it is overwhelmingly different from the version you shared with us
originally. Sadly, it seems to have suffered, and not benefited, from the
review process--a very odd scenario. I fault the reviewers as much (in
fact more) that I fault you for this. There are some really basic problems
that they didn't seem to catch.  I hope neither you nor your co-authors
take this personally.

I'm trying to be as diplomatic as I can be in my discussions w/ reporters,
etc. but I really wish you hadn't sprung this  on us w/ no warning of the
dramatic changes that were made. I'm forced to be somewhat critical,
because the flaws in some of your conclusions need to be pointed out, or
they will be exploited by those w/ alterior motives. You certainly must
have foreseen this, as must have the reviewers. I'm very disappointed,
very disappointed indeed.

I'm sharing my comments w/ Keith, Phil, Tim, Tom, Ray, and Malcolm. I
am resisting the temptation to write a letter of response to Science,
although my better judgement dictates that I should...
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Mike
_______________________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone: (434) 924-7770   FAX: (434) 982-
2137
        http://www.evsc.virginia.edu/faculty/people/mann.shtml            

Attachment converted: Macintosh HD:treerings-comments.doc
(WDBN/MSWD) (0008C7BF)

-- 

=================================
Dr. Edward R. Cook
Doherty Senior Scholar
Tree-Ring Laboratory
Lamont-Doherty Earth Observatory
Palisades, New York  10964  USA
Phone: 1-845-365-8618
Fax:   1-845-365-8152
Email: drdendro@ldeo.columbia.edu
=================================

_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone: (434) 924-7770   FAX: (434) 982-2137
       http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Raymond S. Bradley; mann@multiproxy.evsc.virginia.edu
Cc: mhughes@ltrr.arizona.edu
Subject: Re: Nature letter
Date: Friday, July 21, 2000 1:29:47 PM

HI Ray,

Well, there is no time in the forseeable future where I can do any
additional analyses. W/ everything else going on (including 2 courses to
prepare for Fall), Scott Rutherford is really carrying the load, and is
busy w/ other analyses right now. Eventually, we will be able to
sysematically address all of this in more detail when scott gets around to
doing the analyses using the expanded data from Malcolm (and any you have
to provide).

The analysis I did was simply to show that the warming *does* persist in
our reconstructions based on the data we used in our previous publications,
through the 1990s. This contradicts claims that proxies show cooling over
that period of time. I feel that we protect ourselves by stressing the fact
that the very sparse data necessarily undercalibrate the variance and trend
in the calibration period, so it isn't suprising they do so during the
post-calibration period. The skeptics will always mis-represent what we've
done, so that can't be our standard. The point is that the skeptics get
more marginalized each time, because when a reporter cites a criticism of
theirs, we can directly counteract it from published, peer-reviewed
science. This is yet another case where we will be able to prevent them
from making the spurious claim that proxies don't show warming after 1980.

Anyways, lets wait for Malcolm's comments on this. I would prefer to have
you as a co-author on this, but I  am willing to publish this solo if you
and Malcolm are not comfortable with it...

Around for 1 more day before leaving for BC...

mike

At 04:13 PM 7/21/00 -0400, Raymond S. Bradley wrote:
>I fear that the revised analysis does not serve the original purpose in
>showing a close [enough] coherence with the instrumental data.....it will
>only provide ammunition to sceptics.  You are right in pointing out that
>even this limited data set shows an enhanced rate of warming, but it does
>not do this "well enough" to make a note to Nature worthwhile, in my
>opinion.  Sorry to say that, as I know you worked hard on this & are
>excited about the result.  But I would say it is better to wait until we
>have a better, updated data set than to publish something that we may later
>have to live down....
>I wonder now if you can re-assess the pre-1400 study by systematically
>eliminating each proxy, one by one, to determine which of these drove the
>early millennial warming (or perhaps reduced it?) vis a vis the other data
>series....?  This might provide clues as to the relative signal in the
>Tropics v. extra-tropics, for example....or in the low frequency
>contribution of tree ring data v. ice core....
>Now you're going to tell me we already did this and it was published
>.....OK, so I have a hard time keeping up with the literature!
>What do you think?   Maybe let MKH be the arbitrator....
>Ray
>
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>
>Raymond S. Bradley
>Professor and Head of Department
>Department of Geosciences
>University of Massachusetts
>Amherst, MA 01003-5820
>
>Tel: 413-545-2120
>Fax: 413-545-1200
>Climate System Research Center: 413-545-0659
>Climate System Research Center Web Page:
><http://www.geo.umass.edu/climate/climate.html>
>Paleoclimatology Book Web Site (1999):
>http://www.geo.umass.edu/climate/paleo/html
>
>
>
>
>
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone: (804) 924-7770   FAX: (804) 982-2137
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Malcolm Hughes
To: Michael E. Mann
Cc: rbradley@geo.umass.edu
Subject: Re: close call
Date: Monday, July 31, 2000 3:00:26 PM

Dear Mike - I have read and re-read the draft, and have come to the
conclusion that it would be a mistake to publish it. I would also urge
you not to publish it. I think my enthusiasm aroused by the first
version of the figure allowed me to ignore the most important
problem. In the 1999 GRL paper the dangers of using too few
proxies for a hemispheric reconstruction were rehearsed - that was
our intention. That this new version of your post-1980 calculations
should be so sensitive to the omission of a single record is very
worrying indeed. It should also be noted that nothing much happens
in the 'new' reconstruction until the last three years. I fear this would
give a wonderful opportunity to those who would discredit the
approach we used in MBH 1998 and 1999. They would almost
certainly seize it to attack the use of the MBH99 reconstruction in
the IPCC.
On reflection, I think it would be much wiser for use to keep our
powder dry, and if challenged in a creditable forum point out that we
are working on assembling a dense and high quality proxy data set
that comes out nearer to present.
When will you next be in Amherst? Cheers, Malcolm
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From: Michael E. Mann
To: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Cc: mann@virginia.edu; srutherford@virginia.edu
Subject: borehole paper
Date: Thursday, June 07, 2001 8:41:56 AM

Hi Ray (in Europe) and Malcolm,

Scott and I are finalizing the results of the borehole analysis. They are
more surprising than even we expected, and will certainly merit the Nature
submission we had talked about.
We expect to have a draft within the next day or two. I will attach this to
both of you, w/ figures embedded, as a word97 document.

I think we can now make a concise and convincing argument that Huang et al
didn't weight the boreholes appropriately, and, if you do weight the data
reasonably (using a number of methods, one as simple as weighting the
boreholes by their linear correlation coefficient w/ the instrumental
record), you get something much closer to Mann et al (or Jones et al,
etc.). We lay out the story pretty nicely, formulating the whole problem as
linear regression problem where you can choose the weights borehole data in
the simplest, but entirely un-optimal (ie, uniform as in Huang et al) way,
or in an increasingly more objectively optimal manner. And as you do this,
you get closer and closer to Mann et al. The map of weights also gives us
some good insights into the sources of bias in the borehole data. Your
feedback on my interpretation here will be very useful...

We also show that the results using Mann et al no-dendro or Mann et al
dendro-only give similar century-scale trends, and similar to the properly
weighted boreholes. Including this (which is just a couple extra traces in
one of the plot panels) should satisfy Malcolm's concern that we get this
result out more prominently as well.

Now, I'm not sure we'll want to show any more results than what Scott and I
are already planning on showing, though I know Frank has some other
interesting results, many of which are probably redundant w/ what we have
done (e.g. the gridding scheme). Given
all the work that Frank has put in, I'd like to suggest that we offer him
co-authorship on the paper, even if we don't actually use his own analyses
per se. I'll leave this to Ray to decide...

A manuscript should be shortly forthcoming. I'm hoping I can then get
comments within the next week from both of you. I will be in Amherst from
June 15-20th, and Scott and I talked about the possibility of us all (sans
Malcolm, unfortunately) meeting at Raos the morning of the 19th to discuss
any final revisions of the manuscript.

cheers,

mike

_______________________________________________________________________
                      Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone: (804) 924-7770   FAX: (804) 982-2137
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        http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Raymond S. Bradley
To: mann@multiproxy.evsc.virginia.edu; srutherford@virginia.edu; mhughes@ltrr.arizona.edu
Subject: Comments on Borehole paper
Date: Thursday, June 14, 2001 6:28:20 AM
Attachments: borehole01-draft1.1.doc

Untitled attachment 00491.txt

I’ve gone over the ms and suggested changes using the “Track changes”
option in WORD.  Hopefully you latex guys can figure this out….

I have a few of concerns:
1) There is no point in showing on Fig 2 any data after 1980, as it’s
irrelevant.  Similarly we should excise this part of any text
discussion.  The actual median date of the NH borehole logging is
(conveniently) 1978.9 (not 1977) so there is no point at all in using data
from the last 2 decades.  All data should end (or be concatenated back
from) 1980.
2) I am concerned that the borehole trend data provide only 2 estimates in
the relevant calibration period  values for trends in the 1800s and 1900s
(or rather two single values, at 1800 and 1900, from which we infer the
trends…or was it that H00 extracted the 1800 & 1900 point values from their
estimated trends…).  How then can we justify a calibration against
instrumental data that start in 1856?  If one wanted to be awkward, one
could argue that the trends 1800-1856 were exactly opposite to those after
1856, confounding this approach…how do we respond to that?  Indeed, this is
a critical point as we point out the sign of trend differences at many
sites in the 19th century, yet we are in a sense comparing apples &
oranges…..[of course in our own reconstruction the overall 19th century
trend was negative, but that’s not just based on the instrumental data….]
3) In the final figure, I do not follow how Jones et al changes so
dramatically when calibrated  to the 1856-1980 period v. 1900-1980….
4) the point about signal to noise problems in the borehole data, and the
residual tiny signal (p.4, para 1) is a crucial one that should be given
more prominence.  I suggest a figure that simply plots all 400+ borehole
trends to illustrate this, or some histograms that show the distribution of
trends by century, for all sites.
5) the procedure for gridding the data needs to be explained  was it an
inverse-distance weighting scheme (which is generally the procedure adopted
for the instrumental data).  I believe Frank did it this way  was that the
data set used?

Other changes are in the ms, attached.
Finally, cAN sCOTT SEND ME BETTER COPIES OF figure 2HARD TO DISTINGUISH THE
LINES

I look forward to you responses to these points
ray
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Untitled attachment 00491.txt
Raymond S. Bradley
Professor and Head of Department
Department of Geosciences
University of Massachusetts
Amherst, MA 01003-5820

Tel: 413-545-2120
Fax: 413-545-1200
Climate System Research Center: 413-545-0659
Climate System Research Center Web Page: 
<http://www.geo.umass.edu/climate/climate.html>
Paleoclimatology Book Web Site (1999): 
http://www.geo.umass.edu/climate/paleo/html

Page 1
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RECONCILING BOREHOLE AND PROXY-BASED ESTIMATES OF 
TEMPERATURE TRENDS IN PAST CENTURIES 

 
Michael E. Mann(1) 
Scott Rutherford(1) 

Raymond S.Bradley(2) 
Malcolm Hughes(3) 

Frank Keimig(2) 
 

1. Department of Environmental Sciences, University of Virginia, Charlottesville, VA 
22902 
2. Department of Geosciences Department, University of Massachusetts, Amherst, MA 
0100201003 
3. Laboratory of Tree Tree-?Ring Research, University of Arizona, Tucson AZ [zip?] 
 
 
comments in parentheses  [….]  are for you to consider 
 
 
Estimated tTrends  in Northern Hemisphere ground temperature based on 
estimated from terrestrial borehole temperature profiles (Harris and Chapman, 
1997; Pollack et al, 1998; Huang et al, 2000--henceforth "H00"; Harris and 
Chapman, 2001) have been argued, in previous compilations, to show a greater 
cooling back in time over the past five[I THINK WE NEED TO CHANGE THE 
CONCEPT OF “COOLING BACK IN TIME” TO “WARMING FORWARD IN 
TIME”]  show much lower temperatures in recent  
centuries than reconstructions of hemispheric surface temperature trends based on 
a combinations of high and medium resolution "proxy" climate indicators (such as 
tree rings, corals, ice cores, lake and ocean sediments, and historical documentary 
records) that have been calibrated against the modern instrumental temperature 
record (e.g. Bradley and Jones, 1993; Mann et al, 1998; 1999--henceforth 
"MBH99"; Jones et al, 1998; Crowley and Lowery, 2000)[C & L did not “calibrate” 
anything, they just scaled the mean].  While tThe proxy-based temperature 
estimates appear mostare consistent with model-based, theoretical estimates of 
temperature trends over the past millennium (Free and Robock 1999; Crowley, 
2001; Mann, 2000), these latter estimates exhibit a but these models are strongly 
dependence dependent on the sensitivity to radiative forcing that is assumed in the 
model; if the larger borehole-based trends estimated by Huang et al (2000) are 
correct, they imply a moderately higher climate sensitivity than do  the proxy-based 
reconstructions.  Resolving the discrepancy between borehole and conventional 
proxy climate indicators is thus essential for a better understanding of long-term 
natural climate variability, and for constraining, from an empirical perspective, the 
true sensitivity of the climate to radiative forcing (Crowley, 2001). We show that 
borehole-based estimates of surface temperature changes available over the past five 
centuries, when properly combined and calibrated to form a hemispheric surface 
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temperature reconstruction, are in fact consistent with, and independently validate, 
proxy-based hemispheric temperature reconstructions. 
 
An apparent advantage of geothermal borehole data vis a vis conventional proxy climate 
indicators is that they seem to provide an absolute estimate of past temperatures,  that is 
independently of any need for calibration against the instrumental surface temperature 
record. Using the temperature information contained directly down the borehole, 
temperature profiles are used, in combination with a simple heat diffusion inverse model, 
to estimate ground surface temperature changes back in time (Pollack et al, 1997; Huang 
et al, 2000; Harris and Chapman, 1997; 2000). It is typically assumed (e.g. H00) that 
boreholes sample mean annual mean ground temperature variations. However, in regions 
with seasonal snowcover, the ground will be insulated, to varying degree, from cold-
season air temperature variations. Changes over time in the duration and extent of 
insulating seasonal snowcover can thus influence the borehole temperature profiles, 
independently of annual temperature variations. Indeed, a number of other factors may 
influence borehole thermal profiles, including inhomogeneities in the sub-surface not 
adequately represented in the parameterizations of the diffusion model, sub-surface fluid 
heat advection, changes in permafrost depth in polar regions, and human and 
anthropogenic land usage changes. Any such factors will compromise the relationship 
between putative reconstructions of annual ground temperature and the actual annual 
surface temperature trends in the same region (see e.g. Skinner and Majorowicz, 1999). 
In fact, plausible, if somewhat ad hoc, corrections for land usage effects alone can bring 
the estimates of H00 in line w/ the proxy based estimates (Mann, 2001). It can thus be 
argued thatHence boreholes, just aslike other types of proxy climate information (see e.g. 
Mann et al, 1998), must indeed be calibrated against actual surface temperature 
measurements for a reliable reconstruction of past temperature trends. Furthermore, this 
calibration should be subject to an independent verification based on statistical cross-
validation.  
 
Hemispheric Large-scale temperature reconstructions from borehole data have recently 
been attempted by assimilating networks of borehole information, based on two distinct 
methods of obtaining past temperature histories from borehole information at a given 
borehole site. This includes the approach of Harris and Chapman (1997; 2001) whereby a 
single pre-instrumental mean ground temperature is estimated from the borehole 
temperature profile, and that of Pollack and coworkers (Pollack et al, 1998; H00) who use 
a Bayesian inverse method to estimate rates of century-long trends in ground surface 
temperature change for each of the past 5 centuries. H00 estimate temperature 
reconstructions at each borehole site by integrating these rates back in time, leading to 
putative centennial resolution temperature histories over the past 500 years. H00 average 
a set of 439 individual such borehole site temperature reconstructions available over the 
Northern Hemisphere (out of a global distribution of 616 sites) to obtain a reconstruction 
of Northern Hemisphere mean temperature over the past 500 years. They claim a close 
agreement with the annual instrumental Northern Hemisphere mean surface (combined 
land air and sea surface) temperature record (Jones et al, 1999).  However, there are some 
important discrepancies with the instrumental record as discussed in more detail below. 
There are even more substantial discrepancies between the H00 reconstruction and other 
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long-term proxy-based reconstructions ofhemispheric temperature variations. We

fundamentally inconsistent information in the borehole-Mwk_instrumental or -proxy data

sources, and they can be explained in terms of how the individual borehole

reconstructions must be appropriately weighted ia-to forming a representative

hemispheric mean temperature estimate.

We use the same 439 Northern Hemisphere borehole temperature reconstructions of HOO

but. for convenience, average and grid them onto a 5 x 5 latitude/longitude grid

| rEXPLAIN PROCEDURE: cf procedure used in instrumental data processing!
commensurate with the instrumental surface temperature grid of Jones et al (1999). This

yields 91 gridpoints (Figure 1) out of a total of 1024 covering the Northern Hemisphere.

The sampling is almost entirely in the middle latitudes, with only terrestrial regions

represented, and covers less than 10% of the total area of the Northern Hemisphere.

Without appropriate calibration against the foil Northern Hemisphere temperature record,

the simple arithmetic averaging approach of HOO will impose a sampling bias in the

estimate of true Northern Hemisphere mean surface temperature. More importantly,

however, there are notable discrepancies between the pattern of 20th century trends in the

gridded borehole temperature reconstructions and instrumental temperature record for the

same gridpoints (Figure 1), with more than one in four (25/91)rCHECK—A QUICK

GLANCE CAME UP WITH <25 DISCREPANCIES..! of the borehole gridpoints

exhibiting the wrong sign in trend for the 20th century. The discrepancy (Figure 1.

lower panel) is particularly large over western North America, where the boreholes show

| greater warming, likely due to the influence of anthropogenic land usageuse changes in
the past century (Skinner and Majorowicz. 1999). A large discrepancy is also observed in

the Arctic region, where the available borehole gridpoints show strong cooling while the

same instrumental temperature gridpoints shows strong warming. This seems to conflict

with the suggestion by HOO that the borehole estimates are consistent with estimated

Arctic (e.g. Overpeck et al, 1997) temperature trends. We suspect that this discrepancy

arises from the fact that wanner Arctic temperatures may be leading to a melting of

permafrost which goes into latent, rather than sensible heating of the ground, combined

perhaps with increased exposure of the ground to cold air outbreaks owing to decreases in

winter snow or ice over.

flS IT WORTH MAKING A BIG DEAL OUT OF THIS—THERE .ARE ONLY 3 GRID

BOXES NORTH OF 60N AND OVERPECK ET AL DATA WERE ALL >60N1

Jhe borehole trends showfar Iess_ spatial coherence,_ in general, than the instrumental \ Formatted
temperature trends (Figure 1). The approach ofHOO imposes uniform weight on the

borehole data, regardless ofsignal-to-noise considerations. This is problematic in

estimating a hemispheric mean temperature because it is evidentfrom the considerations

above that the borehole data contain a considerable amount ofspatial noise and non-

temperature related influences which will contaminate any underlying coherent

temperature signal. A proper estimate ofhemispheric ground temperaturefrom these

data must appropriately identify the actual temperature signal in the dataset.

rITALICISED TEXT SEEMS TO ME TO BE THE CRUCIAL POINT—CAN IT BE

MOVED UP TOWARDS THE FRONT OF THIS PARAGRAPH?!

ABOR/MH/Priv-005673



One can formulate more generally the reconstruction of hemispheric mean temperature T 
from the borehole temperature reconstructions bi  as a linear regression problem: 

 
Where r and s are the slope and constant respectively in a linear regression of B against 
the instrumental temperature calibration series TC , and where B is a weighted 
combination of the borehole (individual or gridded) reconstructions, 
 

 
 
The character of the hemispheric temperature reconstruction prior to the calibration 
interval will be determined, in large part, by  the weights ci, so it is essential that these 
weights be chosen as appropriately as possible. Calibrating  B to the full Northern 
Hemisphere mean temperature series nominally removes the regional sampling bias in 
the H00 estimate discussed earlier. Because the regression coefficients r and s determine 
the relationship with the instrumental record, the reconstruction TR will also show some 
sensitivity to the precise calibration interval used, with greater sensitivity resulting in the 
less robust weighting approaches.  We use the Jones et al (1999) Northern Hemisphere 
annual mean temperature estimates from 1856-1998  for the calibration series TC . One 
could argue that tThe most appropriate calibration interval is 1900-1980. The 1980 upper 
termination  is appropriate because it is close to the median logging date (19771979) for 
the network of boreholes used (i.e., since the borehole network, on the average, can only 
have seen warming observed through around 1980, it is inappropriate to calibrate in the 
enhanced warming of the past two decades).  The 1900 lower termination is motivated by 
the fact that the 19th century (and, to a lesser extent, early 20th century) Jones et al 
(1999) hemispheric estimates are slightly biased (on the cold side) due to an extratropical 
sampling bias in the time-evolving mask used [this small bias is easily corrected for 
(Rutherford et al, 2001), and its impact here, though non-zero, is relatively minimal]. 
However, on the other hand, a 1900-1980 calibration suffers from the fact that there are 
only two degrees of freedom (mean and slope) in the calibration of the century-resolution 
borehole reconstructions, while an 1856-1980 calibration interval provides 3 degrees of 
freedom (a mean and a hinge with separate 19th and 20th century slopes) and therefore 
provides a potentially more robust calibration. We thus investigate the sensitivity of the 
reconstruction to three different calibration intervals: 1) 1856-1980, 2) 1900-1980, and 3) 
1900-1998. We note that the latter two calibration intervals allow for the possibility of 
independent cross-validation of the 19th century borehole trends [with the calibration and 
cross-validation periods having  two and one statistical degrees of freedom respectively--
one degree of freedom is lost in the cross-validation period owing to the required 
piecewise continuity of the 19th and 20th century trends]. 
 
There are a number of simple weighting schemes that can readily be motivatedused. 
Perhaps the least defensible of these is that of  (1) uniform weights (ci=1), which is 
equivalent to the methodology used by H00, although H00 do not calibrate their estimate 

 (1)      srBTR 

 (2)      
1

i

N

i
ibcB 
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| against the iiiatnimentnl record. fBEEN THERE. POKE THAT! Using the calibrated H00
(uniform) weighting scheme applied to the 439 individual borehole records yields a

reconstruction similar to, if slightly wanner than, the imcahbrated H00 reconstruction

(wiiose mean we have referenced to the period 1900-1980 for comparison to the

instrumental record; Figure 2, panel a). The reconstructions, however, shows

considerable sensitivity to the calibration interval used, [omit the following discussion re

1900-1998 datalUsing the entir e 20th century (1900-1998). which forces the borehole

data to conform to the wanning trend of the hill 20th century, leads to a greater cooling

back hi time, and a slightly colder reconstniction than H00, while using the interv al 1856

1980 interval yields less cooling back hi time, and a significantly wanner reconstniction

than H00. This result arises from the fact that the 19th century instrumental series

actually exhibits a cooling trend counter f in contrast to the strong wanning 19th century

warming trend hi the H00 reconstmction-Aor any mhfonn weighting of the borehole

data), and this strongly constrains the amount of 19th century cooling allowed by the

borehole reconstniction. ifused for calibration. The most defensible "uniform" weighting

scheme involves forming a weighted sum of the 91 gridded borehole series,, accounting

for their areal representation over the hemisphere (i.e., using a latitudinal weighting

factor Cj=eos[<J>i]. where <)>i is the latitude of the associated borehole gridpohit). Tins,

nevertheless, yields a reconstniction (Figure 2, panel a) that is qualitatively similar to the

H00 reconstruction. Though the amplitude of the reconstniction is variable, any imifoim

weighting of the borehole data imposes a monotonic cooling back hi time to 1500, and a

hemispheric temperature reconstruction ofpast centuries that is significantly colder than

that of MBH99. Moreover, because of this long-tenn monotonic trend, a small increase

hi the calibrated modem wanning trend extrapolates to significantly colder baseline

temperature during the 15th- 18th centuries. The H00 reconstniction itself resolves 53%

percent of the 1900-1980 decadal histnunental temperature variance, but only 6% of the

variance during the 1856-1899 period. The calibrated H00 reconstniction (and any best-

fit linear trend to the instrumental record) resolves 54% of the decadal temperature

variance over the 1900-1980 calibration period [the figure is 73% for 1900 1998

calibration, the larger number owhig to the greater relative prominence of the recent

trend] . However, the verification 1856-1899 resolved variances are negative ( 26%) for

the 1900 1998 calibration, and a modest is 36% for the 1900-1980 calibration. A

moderately better cross-validation resolved variance results from the latitude-weighted

borehole reconstniction 13 7%HIS THIS WORTH MENTIONING EVEN? it leads to one

more confusing line on the figure. . ..]. hi each of these cases, however, the skillfulness of

verification is limited by the fact that the uniform weighting scheme imposes a wanning 	

19th century, counter to the cooling trend in the instrumental record.Jhe monotonic longy_ \ Formatted
term warming trend that arises in the uniform weighting scheme represents a very small

residuaI that results from theefcancellation ofmuch larger, nearly spatially random

positive and negative trends over thefirst 4 centuries (this is less truefor the 20th

century). . Because ofthe very low signal-to-noise ratios in the individual borehole

reconstructions, the uniform weighting scheme isfarfrom the optimal weighting scheme,

and the long-term trend will be seen to be is^highly sensitive tpjrerturbingthe weights_	

3
Formatted

Formatted
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will be seen to diminishes'L moreover, as the_ methodology takes_ into account signal vs.	„ - - { Formatted
noise issues in weighting the borehole data.

(this italicsed section makes a crucial point and deserves a fiame—see mv notes]

A preferable approach (2) involves weighting the borehole gridpoint data by the strength

of then relationship with local temperature trends, based on a local linear regression

between the borehole and associated instrumental temperature gridpoint data (c,-= r,

cos[<t>J, where r, is the correlation coefficient between the borehole and temperature

gridpoint series during the calibration interval). The associated pattern ofweights is

shown in Figure 3. Tins approach appropriately gives greater weight to boreholes in areas

where the signal-to-noise in the associated temperature fiend signal is greatest. The

method also allows for a negative relationship between the borehole and temperatine

gridpoint trends (which, as shown earlier, occurs for more than one in four gridpoints).

Such a relationship might arise. for example, as discussed earlier, in polar arena where

surface ah wanning has influenced seasonal pemiafiost. or in areas with increased

seasoned snow cover where the wanning ground temperature is nil artifact of increased

insulation of the ground from cold winter air outbreaks in a scenar io of anomalously cold

but snowy winters. The local regression based weighting approach, however, cannot

identity and remove patterns of trend that arc associated with non climatic (i.e.. land

. . .lTtiis local regression weighting scheme yields a

hemispheric temperature reconstruction that is considerably warmer hi past centuries than

the H00 reconstniction. though still somewhat colder, in general, that the MBH99

reconstruction (Figure 2, panel b. The reconstniction is far less sensitive to the precise

calibration interval used than hi the uniform weighting scheme. For the 1856-1980

calibration, the borehole reconstniction is nearly within the uncertainties of the MBH99

reconstniction, and the earliest (15th) century estimates from the borehole reconstniction

are consistent with the MBH99 reconstruction within estimated uncertainties. The

reconstructed 19th century wanning trend is strongly diminished, though still positive,

and the cross-validation resolved variance (44%) is only moderately lower than die 1900

1980 calibration resolved variance of 54%.

| A third, and. we assert. yet more optimal approach -(^generalizes upon the local
regression weight scheme discussed above, but uses both local and non-local information

to weigh the borehole gridpoint data by the strength of their relationship with large-scale

patterns of variance in both the instrumental temperature data and long-term borehole

reconstructions. To accomplish this, we use a_technique developed for imputing

estimating values fw-ofmissing data based on an iterative estimate of the covariance

structure of the incomplete dataset (Schneider, 2000; Rutherford et al. 2001). We apply

this technique to the joint borehole and instrumental gridpoint data formulated as a single

combined dataset in which values for the instrumental series are prescribed as absent

prior to the calibration interval, but are optimally infilled based on the covariance

information in the available data. We can then readily diagnose the set ofweights on the

borehole gridpoint data that yield the optimal temperature pattern reconstructions. Tins

approach favors the weighting ofborehole gridpoints which correlate dining the

calibration period w/ patterns ofvariance hi the instrumental data, but also penalizes

those boreholes which covary least well w/ the other borehole data dining the entire 5

century interval. Figure 2 (panel c) shows the resulting reconstruction. It is noteworthy
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that the long-term reconstruction is largely robust with respect to the calibration interval 
used, with only slight differences between the 1856-1980 and 1900-1980 calibrations. 
For both calibration periods, the borehole hemispheric temperature reconstruction is 
statistically indistinguishable from the MBH99 reconstruction. The borehole 
reconstruction based on 20th century calibration independently  produces the 19th 
century cooling trend in the instrumental temperature record (and MBH reconstruction) 
and yields a remarkably high (80%) cross-validation resolved variance for the 1856-1899 
period (this is larger than the 54% calibration period resolved variance primarily because 
of the lesser prominence of decadal variability, relative to trend, during this period of the 
instrumental record). Interestingly, the resulting trend is also similar to the borehole 
temperature reconstructions of  Skinner and Majorowicz (1999) for northwestern North 
America and Beltrami et al (1995) for eastern Canada,  using alternative functional space 
inversion techniques to that used by H00. In the latter case, the reconstruction was also 
shown to be similar to temperature reconstructions from tree ring information (Beltrami 
et al, 1995).  
 
The resulting spatial distribution of weights from the covariance-based approach is 
shown in Figure 3. It is instructive to  compare with the pattern of weights based on local 
calibration weighting method. A considerably larger fraction of the borehole gridpoints 
are ascribed negative weights (50% vs. 29% in the case of local regression weighting 
approach).  Unlike the local regression weights, the covariance-based weighting scheme 
allows for the removal of patterns of warming in the borehole data that are not identified 
as relating to observed large-scale temperature changes. The negative gridpoint weights 
do not indicate, in the covariance-based approach,  the assumption of a negative local 
relationship between the borehole and  temperature gridpoint data. Rather, they imply 
that a combination of positive and negative weights on different patterns of variance in 
the borehole data can be used to remove patterns of bias in the borehole data network that 
appear unrelated to large-scale patterns of variation in the instrumental record during the 
calibration period. Such patterns of bias are evident in the discrepancy between the 20th 
century gridpoint temperature and borehole trends (Figure 1, lower panel).  Negative 
weights thus arise in regions where this pattern of bias has larger projections in certain 
regions, even if the local temperature relationship is a positive one. Substantial negative 
weights are observed (for both calibration periods) in particular, over large parts of North 
America (especially western North America) where borehole 20th century trends show 
too much warming relative to the instrumental record  (Figure 1, lower panel). We 
interpret these negative weights here, as well as perhaps in other regions, as an attempt of 
the covariance algorithm to remove this spurious pattern of ground warming (likely 
associated with land usageuse changes--i.e., Skinner and Majorowicz, 1999) in 
calibrating a surface temperature relationship.  By removing this spurious pattern from 
the calibrated relationship, the method effectively, teases out a substantial pattern of 19th 
and 20th century warming in the borehole data, which it identifies as non-temperature 
related, yielding for example a 19th century cooling trend, while still matching the 
observed 20th century hemispheric warming. 
 
The borehole-based reconstruction of hemispheric temperature variations are most 
directly comparable to proxy-based estimates of annual hemispheric mean temperatures  
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(e.g. Mann et al. 1998:1999; Crowley and Lowery, 2000) and less comparable to those of

hemispheric/mid-latitiide warm-season (Jones et al. 1998; Briffa et al, 2001) or. in

| particular, high-latitude warm-season (Overpeck et al, 1997) temperatures. These latter
reconstructions, nonetheless, can be recalibrated against the instrumental frill hemisphere

annual mean series for comparison. Figure 4 compares the borehole temperature

reconstructions from the covariance-based weighting scheme described above, to the

Jjest-fSt piecewise continuous linear centennial f???? come aaain??rephrase

this! Mtrends for a number of different proxy-based Northern Hemisphere temperature

reconstructions. Tire borehole reconstruction is observed to be statistically

indistinguishable not only from the MBH99 reconstruction, but also other recent proxy-

based reconstructions (Crowley and Lowery 1999; and Jones et al, 1998—the latter, if

calibrated against the 1856-1980 instrumental record). Also shown for comparison are

the MBH99 reconstruction based both on only non-tree ring, and only tree ring indicators

(see Mann et al, 2001). The considerable overall similarity between even the ytree-ring

only)) proxy reconstruction and the optimal borehole temperature reconstructions refute

the argument (Broecker. 2001) that tr ee-ring indicators, when appropriately processed

and quality-controlled, ar e inherently less able to resolve century-scale variability than

borehole data (Beltrami et al, 1995 have indeed already demonstrated otherwise).

^ - -{ Formatted

hi summary, we have shown that previous estimates of ground temperature changes over

the past five centuries based on uniformly weighted means of spatial borehole data are

not a reliable estimate of surface ah temperature variations hi past centuries. As one

| introduces a weighting method winch, m an increasingly plausible manner, distinguishes
between signal and noise hi the data, one achieves an estimate of hemispheric

estimates (Maim et al, 1998; MBH99; Jones et al, 1998; Crowley and Lowery, 2000). The

most defensible weighting scheme, which takes into account the coherence within the

borehole data and between borehole and instrumental data, and effectively removes non-

temperature related patterns of bias from the borehole data, yields a reconstruction of

Northern Hemisphere surface temperature variation which is statistically

indistinguishable from the MBH99 reconstruction, and other independent proxy-based

reconstructions ofNorthern Hemisphere temperature changes (e.g. Crowley and Lowery,

2000). It is thus incorrect to ar gue (e.g. Broecker, 2001; and response by Bradley et al.

2001) that the information from terrestrial borehole data conflict with conclusions

regarding past hemispheric temperature changes from MBH99 or other proxy-based

reconstructions. Rather, it appears that borehole data, properly analyzed, reinforce

| conclusions based on other proxy information. Moreover. There would, moreover, appear
to be considerable merit in efforts to combine borehole and other low-resolution proxy

climate indicators with high-resolution information from tree rings, corals, ice cores, and

other high-resolution proxy data, in reconstructions of large-scale temperature patterns

over the past millennium and further. Such efforts are currently underway, and should

lead to increasingly robust estimates ofpast climate change.
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FIGURE CAPTIONS 
 
Figure 1 
 
Comparison of linear 20th century gridpoint trends 1900-1980 with the (91 gridpoint) 
borehole grid mask applied  for (top) gridded borehole reconstructions, (middle) 
instrumental surface temperature record and (c) difference between borehole and 
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instrumental trends. Scales are oC for the instrumental gridpoint data and nominal oC 
(based on H00 inversion) for the borehole gridpoint data.  
 
Figure 2 
 
Comparison of borehole reconstructions using different weighting schemes described in 
text, with MBH99 reconstruction. The MBH99 reconstruction is smoothed on timescales 
longer than 40 years (thick magenta) with best-fit  century piecewise continuous linear 
trends (thick magenta, dashed),  shown for comparison with borehole, along with the 
associated   95% uncertainty (yellow shaded) region (see MBH99; Mann, 2000).  Raw 
instrumental Northern Hemisphere series (light gray) is shown for comparison. A)  
Comparisons between Huang et al hemispheric reconstruction (referenced to the 1900-
1980 mean of the instrumental record) and calibrated borehole reconstructions based on 
the uniform weighting scheme (scheme "1" in text), using different calibration periods 
and/or areal corrections, B) Comparison with calibrated borehole reconstructions based 
on local-regression weighting scheme  (scheme "2" in text), C) Comparisons with 
calibrated borehole reconstructions based on covariance-based weighting scheme 
(scheme "3" in text). 
 
Figure 3 
 
Spatial map of relative weights on borehole gridpoint data, based on (a) local calibration 
method (scheme "2" in text), and (b) covariance-based weighting method (scheme "3" in 
text). Weights are shown based on both 1900-1980 and 1856-1980 calibration periods. 
For comparison, the simple uniform weighting scheme approach (scheme "1" in text) 
would have spatially-uniform weights, while the areally-adjusted uniform weighting 
scheme would show all positive weights, with only a small zonally-uniform variation 
with latitude. 
 
Figure 4 
 
Comparison of H00 and alternative borehole-based hemispheric trend reconstructions 
with best-fit piecewise continuous linear centennial scale trends for alternative proxy-
based hemispheric temperature reconstructions, showing the 95% uncertainty region for 
the MBH99 centennial trend series. In the case of the Jones et al (1998) reconstruction, 
which is nominally an extratropical warm-season estimate, the series has been re-
calibrated to the full Northern Hemisphere annual mean instrumental record based on 
both 1856-1980 and 1900-1980 calibration periods. All other proxy-series shown are 
based on the original published calibrations, but aligned to conform to a 1961-1990 zero 
reference period. Raw instrumental Northern Hemisphere series (light gray) is shown for 
comparison. 
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FIGURE 2 
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From: Michael E. Mann
To: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; srutherford@gso.uri.edu; mann@virginia.edu
Subject: revised analyses
Date: Tuesday, September 18, 2001 2:21:31 PM

Dear Malcolm/Ray,

Scott and I have discussed this at some length. We feel that all of the
substantial criticisms can be addressed through the following additional
analyses. Some of these can be shown explicitly in the revised paper, some
will be made available to reviewers/as supplementary information, but,
because of length restrictions, won't necessarily be shown.

Comments welcome,

mike

1. revisit the sensitivity to the precise 20th century calibration interval
(1900-1960, 1900-1980, 1900-2000) to address the issue of  logging date and
sensitivity of boreholes to past warming. Note that reviewer A and Pollack
are completely inconsistent on their belief as to whether the full 20th
century or only early 20th century warming are captured by the data. The
inconsistencies are remarkable, and will be thoroughly exploited in our
response...

2. We can nip in the bud the argument that the early 19th century might
have been much colder than the latter 19th century, and that this might
account for the 19th century borehole warming. Albeit obviously imperfectly
and w/ considerable sampling uncertainty, the instrumental N. Hem annual
mean temperature record can be extended back to 1800 based on the dozen or
so available gridpoints (all in Europe and North America), scaling the
variance to account for the sparse sampling. The match w/ the Jones annual
full N. Hem record from 1856-1980 is pretty good (r=0.45) and the long-term
trend is much like what we reconstruct, long-term cooling during the
*entire* 19th century, and actually a warming in the late 18th century.
Obviously this is an imperfect extension of the instrumental record, but
the point is that it *is* an objective set of data, independent of both
proxy and borehole data, that shows that the cooling in the 19th century is
not at all restricted to the latter half of the 19th century.  And the
scaled instrumental series available back  to 1762 is consistent w/ MBH98,
and clearly not consistent w/ Pollack. Another nail in the coffin for the
boreholes.

3. To reinforce how lousy the borehole data are, Scott did another
calculation of the correlation of each individual borehole w/ the
associated instrumental gridpoint series (rather than, as in the paper,
using the gridded borehole data which gets rid of a good deal of noise).
50% have the wrong sign! 50%!!!! We will not allow the borehole crowd to
get out of this one. Their data, as they present it (surface temperature
indicator) is crap, and the world needs to know it...

4. We will do an analysis where the borehole gridpoint data are preserved
prior to 1900, but where the 20th century trend is set *precisely* equal to
the 20th century instrumental trend for the associated gridpoint. We will
(hopefully) be able to show that in this case, our methods reconstruct a
long-term monotonic warming (ie, cooling back in time) a la Pollack et al.
In other words, that the RegEM approach *will* reconstruct a long-term
monotonic trend like Pollack et al find *if* that is truly the signal that

ABOR/MH/Priv-005797

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



is carried by the data (as is the case, if we force it to be!). This will
head off any criticism that our method is in any way forcing the result we
get...

5. Finally, we will do a Monte Carlo analysis to estimate the robustness of
the local regression and  RegEM approach given the data at
hand  (addressing reviewer 2's legitimate concerns, but also, at the same
time, the comments of reviewer 1 and Pollack). The idea here is that we
will take the the borehole trends and perturb them based on the standard
errors in the regressions of the borehole gridpoint against the associated
temperature gridpoint.   We'll do maybe 5 realizations of this, which will
produce 5 independent realizations of a process consistent w/ both the
surface temperature signal and the noise we believe is contained in the
borehole data, but varying the noise realization to produce a distribution.
This will give us an idea of what the robustness in our reconstructions is,
given the limited information in the data, and addresses most of the
statistical issues brought up by reviewer 2. But hopefully it will also
show that our local regression weights and RegEM reconstructions are
centered within an envelope of uncertainty that closely overlaps the
uncertainty in the multiproxy reconstruction, though, I expect not the
Pollack et al reconstruction.

If this all works out as I hope, I don't see any legitimate arguments the
borehole crowd can come up with, and if an arbitrating non-borehole
reviewer is required to settle this, I'm quite convinced we'll win out...If
this doesn't make it in Nature, it'll make a great Science article,

mike

_______________________________________________________________________
                      Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone: (434) 924-7770   FAX: (434) 982-2137
        http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Malcolm Hughes
To: Michael E. Mann; Raymond S. Bradley
Cc: mhughes@ltrr.arizona.edu
Subject: Re: response to GRL
Date: Thursday, April 04, 2002 5:14:16 PM

Dear Mike - I was dismayed by the reviews, too, although
I guess I've seen enough ill-considered reviews and
editorial decisions (from my point of view)  over the years
to have acquired some degree of immunity. Of course, I
have often been helped greatly by reviewers and
thoughtful editors.
I must also say, however, that I was also dismayed by the
tone and intensity of  your response, for the same reasons
as Ray. Dealing with unknown professional colleagues is
a little like what I was told about working in China -
never let your frustration or anger show, because it will
diminish you in the eyes of those you need to influence.
Believe me, I know it can be very hard to stick to this, so
I hope I'm not being santimonious.
Probably, all that the  folks you have written to about the
decision know about you now is that you are angry. This
will register much more strongly than your reputation as a
scientist, or the merits of the case, which is a terrible
shame. Therefore, I am not too optimistic about the
decision being reviewed, let along reversed. I think we
could, as a group, have crafted a persuasive case, based
on the inadequacies of the reviews, for further 
consideration of the manuscript. I take your point that as
first author you catch the brunt of the flak in the very
politicized atmosphere surrounding this kind of work, and
this distresses me. That does not mean, however, that you
need to respond alone. Reviewer 'A' was pretty well
saying that I am an idiot who knows less about tree rings
than his students. I would certainly have wanted to
respond to this editorial decision, but by focussing on the
issues, and so leaving "the other guy", in this case the
editor,  some room in which to back off.
The best remedy is probably to get another, good, journal,
to accept it, and then, at least in our view, the loss will all
be GRL's. Would this fit into 'The Holocene's" new
"rapid" category?

Sticking to our strengths, which are ideas, methods and
data, will serve us especially well even if, as may well be
the case, this field in the U.S. is operating in a changed
ideological atmosphere. One thing we can try  is to
continue to do a really good job, and that will outlast any
particular Congressional cycle.

Whilst I'm playing the ancient prof., I have to say that the
experiences of the last few years, on several fronts, have
caused me to revise downward my opinion of "Nature"
and "Science" in general, and to revise upward my view
of the value of publishing in specialist journals where, as
you must know from "Journal of Climate", the review
process seems to be much more thorough.
Finally - on a cheerful note, the plots of Juerg's new
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reconstruction vs MBH Europe are really cool - isn't that
a strongly common centennial trend of almost exactly the
same amplitude I spy from the mid-18th to late-19th
century? I'm taking Heinz Wanner and Henry Diaz to
dinner this evening, and it will be a pleasure to show
them the plots.
Let's learn and move forward,
Cheers, Malcolm
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From: Scott Rutherford
To: Malcolm Hughes; Raymond Bradley; Tim Osborn; Keith Briffa; Phil Jones; Mann Mike
Subject: Re: revised NH comparison manuscript
Date: Friday, July 11, 2003 12:29:24 PM

Dear All,

This is a reminder that I would like your comments on the revised NH
comparison manuscript by mid next week so I can incorporate everyone's
comments and submit a manuscript by late this month. If I don't hear
from you by 5:00pm EDT on Wednesday, July 16, I will assume that you
are comfortable submitting the manuscript as it is.

The general consensus was to send it to Journal of Climate. This means
that we have to have all authors sign the copyright form when the
manuscript is submitted. I will let everyone know when I submit the
manuscript and will e-mail a PDF of the copyright form for everyone to
sign and fax to AMS to be followed by hard copy.

Regards,

Scott

On Tuesday, June 3, 2003, at 02:51 PM, Scott Rutherford wrote:

>
>
> Attached to this e-mail is a revision of the northern hemisphere
> comparison manuscript. First some general comments. I tried as best as
> possible to incorporate everyone's suggestions. Typically this meant
> adding/deleting or clarifying text. There were cases where we
> disagreed with the suggested changes and tried to clarify in the text
> why.
>
> In this next round of changes I encourage everyone to make specific
> suggestions in terms of wording and references (e.g. Rutherford et al.
> GRL 1967 instead of "see my GRL paper").  I also encourage everyone to
> make suggestions directly in the file in coloured text or by using
> Microsquish Word's "Track Changes" function (this will save me
> deciphering cryptic penmanship; although I confess, my writing is
> worse than anyone's). If you would prefer to use the editing functions
> in Adobe Acrobat let me know and I will send a PDF file. If you still
> feel strongly that I have not adequately addressed an issue please say
> so.  I will incorporate the suggestions from this upcoming round into
> a manuscript to be submitted. After review, everyone will get a crack
> at it again.
>
> I will not detail every change made (if anyone wants the file with the
> changes tracked I can send it).  Here are the major changes:
>
> 1) removal of mixed-hybrid approach and revised discussions/figures
> 2) removal of CE scores from the verification tables
> 3) downscaling of the Esper comparison to a single figure panel and
> one paragraph.
> 4) revised discussion of spatial maps and revised figure (figure 8).
> 5) seasonal comparisons have been revised
>
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> Several suggestions have been made for where to submit. These are
> listed on page 1 of the manuscript. Please indicate your preference
> ASAP and I will tally the votes.
>
> I would like to submit by late July, so if you could please get me
> comments by say July 15 that would be great. I will send out a
> reminder in early July.  If I don't hear from you by July 15 I will
> assume that you are comfortable with the manuscript.
>
> Please let me know if you have difficulty with the file or would
> prefer a different format.
>
> Regards,
>
> Scott
>
> <nhcomparison_v7_1.doc>
> ______________________________________________
>                     Scott Rutherford 
>
> Marine Research Scientist
> Graduate School of Oceanography
> University of Rhode Island
> e-mail: srutherford@gso.uri.edu
> phone: (401) 874-6599
> fax: (401) 874-6811
> snail mail:
> South Ferry Road
> Narragansett, RI 02882
______________________________________________
                      Scott Rutherford 

Marine Research Scientist
Graduate School of Oceanography
University of Rhode Island
e-mail: srutherford@gso.uri.edu
phone: (401) 874-6599
fax: (401) 874-6811
snail mail:
South Ferry Road
Narragansett, RI 02882
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From: Michael E. Mann
To: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Cc: Scott Rutherford; mann@virginia.edu
Subject: Fwd: Mann et al 1998
Date: Friday, December 19, 2003 10:48:19 AM

Hi Ray,

Well said!

Lets see what they say. I'm placing on my calander "Jan 31st" as the deadline to
respond to the various inquiries. Meanwhile, we can address any remaining data
issues in the time being.

Scott: We could approach Dave Stahle for some specific information on which
chronologies are which, and what the proper references are. Can you send me the
names of the chronologies we definitely used from Stahle's dataset, and I'll forward
to him for any further information he can provide. 

Thanks all,

mike

X-Sender: rbradley@eclogite.geo.umass.edu
X-Mailer: QUALCOMM Windows Eudora Version 6.0.1.1
Date: Fri, 19 Dec 2003 12:38:19 -0500
To: H.Langenberg@nature.com
From: "raymond s. bradley" <rbradley@geo.umass.edu>
Subject: Mann et al 1998
Cc: mhughes@ltrr.arizona.edu, mann@multiproxy.evsc.virginia.edu,
   srutherford@rwu.edu

Hi Heike:
With reference to the questions posed (endlessly, it seems) by McIntyre
and colleague, this is to let you know that we are preparing a complete
response which will be our last word on the matter.
These inquiries have taken an enormous amount of Mike Mann's time. 
You no doubt recognise that this work was carried out in 1996-1997 so
there are questions that require some thought to try and recall why a
particular decision was made 6 or 7 years ago.  The implication that data
selections were made to deliberately fix the results are contemptuous and
insulting.  Nobody seems to have asked the question as to why in
McIntyre's "audit" and "correction" of our work, he comes up with a
totally implausible result that - if true --- would show that the onset of the
main phase of the "Little Ice Age" occurred at a time when temperatures
were as warm as in the 20th century --a remarkable result indeed.   
Despite this asinine result, you can rest assured, we are doing the best
job we can to supplement what we had previously provided to document
our data and procedures, and will provide what is necessary to respond to
the questions posed.  I would note, however, that the US NSF is satisfied
that we have met our obligations already in this matter....nevertheless,
we are prepared to go the extra mile to be as open and clear as we can
be.  However, given the holiday season now upon us and the fact that
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Malcolm Hughes will be away until mid-january, and I'll be gone until Jan
23rd, it's not likely that we can provide a final response before the end of
tat month.  We don't want to come up with something incomplete that
will then provide fodder for another round of queries.
Sincerely
Ray

Raymond S. Bradley
University Distinguished Professor
Director, Climate System Research Center*
Department of Geosciences, University of Massachusetts
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel: 413-545-2120
Fax: 413-545-1200
*Climate System Research Center: 413-545-0659
        <http://www.paleoclimate.org>
Paleoclimatology Book Web Site:
http://www.geo.umass.edu/climate/paleo/html

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone: (434) 924-7770   FAX: (434) 982-2137
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Scott Rutherford; Bradley Raymond; Hughes Malcolm; Jones Phil; Osborn Tim; Briffa Keith; mann@virginia.edu
Subject: Re: J. Climate reviews
Date: Friday, January 16, 2004 1:08:06 PM

Dear All,

The first review is insightful and helpful, the 2nd review provides relatively little
insight. It promotes a number of myths, and plays gratuitous homage to the work of
the Hamburg group (a hint as to where the reviewer might be from!). However,
where reasonable points are raised by this reviewer, too they should be dealt with
too.

I don't think the paper can be split up, but it can probably be shortened a bit. I
propose Scott and I take the first stab at revising and responding to reviewer
comments, and then send it on to the others. Scott and I had discussed  plan to
make the matlab codes and data used available in a website mentioned in the paper,
to avoid any possible criticisms of availability. Is there any problem in posting the
version of the MXD data set used publiclly (Tim, Keith?), and any other thoughts on
this?

Please feel free to send any comments, while Scott and I begin to work on the
revised version...

Thanks,

mike

I At 02:25 PM 1/16/2004 -0500, Scott Rutherford wrote:

Dear All,

Attached are the reviews from the Journal of Climate manuscript. One
generally good, one generally weird.

Scott

______________________________________________
                      Scott Rutherford  

Assistant Professor
Dept. of Natural Sciences
Roger Williams University
e-mail: srutherford@rwu.edu
phone: (401) 254-3208
snail mail:
One Ferry Road
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From: Scott Rutherford
To: Malcolm Hughes; Raymond Bradley; Tim Osborn; Keith Briffa; Phil Jones; Mann Mike
Subject: Re: revised NH comparison manuscript
Date: Friday, July 11, 2003 12:29:24 PM

Dear All,

This is a reminder that I would like your comments on the revised NH
comparison manuscript by mid next week so I can incorporate everyone's
comments and submit a manuscript by late this month. If I don't hear
from you by 5:00pm EDT on Wednesday, July 16, I will assume that you
are comfortable submitting the manuscript as it is.

The general consensus was to send it to Journal of Climate. This means
that we have to have all authors sign the copyright form when the
manuscript is submitted. I will let everyone know when I submit the
manuscript and will e-mail a PDF of the copyright form for everyone to
sign and fax to AMS to be followed by hard copy.

Regards,

Scott

On Tuesday, June 3, 2003, at 02:51 PM, Scott Rutherford wrote:

>
>
> Attached to this e-mail is a revision of the northern hemisphere
> comparison manuscript. First some general comments. I tried as best as
> possible to incorporate everyone's suggestions. Typically this meant
> adding/deleting or clarifying text. There were cases where we
> disagreed with the suggested changes and tried to clarify in the text
> why.
>
> In this next round of changes I encourage everyone to make specific
> suggestions in terms of wording and references (e.g. Rutherford et al.
> GRL 1967 instead of "see my GRL paper").  I also encourage everyone to
> make suggestions directly in the file in coloured text or by using
> Microsquish Word's "Track Changes" function (this will save me
> deciphering cryptic penmanship; although I confess, my writing is
> worse than anyone's). If you would prefer to use the editing functions
> in Adobe Acrobat let me know and I will send a PDF file. If you still
> feel strongly that I have not adequately addressed an issue please say
> so.  I will incorporate the suggestions from this upcoming round into
> a manuscript to be submitted. After review, everyone will get a crack
> at it again.
>
> I will not detail every change made (if anyone wants the file with the
> changes tracked I can send it).  Here are the major changes:
>
> 1) removal of mixed-hybrid approach and revised discussions/figures
> 2) removal of CE scores from the verification tables
> 3) downscaling of the Esper comparison to a single figure panel and
> one paragraph.
> 4) revised discussion of spatial maps and revised figure (figure 8).
> 5) seasonal comparisons have been revised
>
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> Several suggestions have been made for where to submit. These are
> listed on page 1 of the manuscript. Please indicate your preference
> ASAP and I will tally the votes.
>
> I would like to submit by late July, so if you could please get me
> comments by say July 15 that would be great. I will send out a
> reminder in early July.  If I don't hear from you by July 15 I will
> assume that you are comfortable with the manuscript.
>
> Please let me know if you have difficulty with the file or would
> prefer a different format.
>
> Regards,
>
> Scott
>
> <nhcomparison_v7_1.doc>
> ______________________________________________
>                     Scott Rutherford 
>
> Marine Research Scientist
> Graduate School of Oceanography
> University of Rhode Island
> e-mail: srutherford@gso.uri.edu
> phone: (401) 874-6599
> fax: (401) 874-6811
> snail mail:
> South Ferry Road
> Narragansett, RI 02882
______________________________________________
                      Scott Rutherford 

Marine Research Scientist
Graduate School of Oceanography
University of Rhode Island
e-mail: srutherford@gso.uri.edu
phone: (401) 874-6599
fax: (401) 874-6811
snail mail:
South Ferry Road
Narragansett, RI 02882
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From: Michael E. Mann
To: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Cc: Scott Rutherford; mann@virginia.edu
Subject: Fwd: Mann et al 1998
Date: Friday, December 19, 2003 10:48:19 AM

Hi Ray,

Well said!

Lets see what they say. I'm placing on my calander "Jan 31st" as the deadline to
respond to the various inquiries. Meanwhile, we can address any remaining data
issues in the time being.

Scott: We could approach Dave Stahle for some specific information on which
chronologies are which, and what the proper references are. Can you send me the
names of the chronologies we definitely used from Stahle's dataset, and I'll forward
to him for any further information he can provide. 

Thanks all,

mike

X-Sender: rbradley@eclogite.geo.umass.edu
X-Mailer: QUALCOMM Windows Eudora Version 6.0.1.1
Date: Fri, 19 Dec 2003 12:38:19 -0500
To: H.Langenberg@nature.com
From: "raymond s. bradley" <rbradley@geo.umass.edu>
Subject: Mann et al 1998
Cc: mhughes@ltrr.arizona.edu, mann@multiproxy.evsc.virginia.edu,
   srutherford@rwu.edu

Hi Heike:
With reference to the questions posed (endlessly, it seems) by McIntyre
and colleague, this is to let you know that we are preparing a complete
response which will be our last word on the matter.
These inquiries have taken an enormous amount of Mike Mann's time. 
You no doubt recognise that this work was carried out in 1996-1997 so
there are questions that require some thought to try and recall why a
particular decision was made 6 or 7 years ago.  The implication that data
selections were made to deliberately fix the results are contemptuous and
insulting.  Nobody seems to have asked the question as to why in
McIntyre's "audit" and "correction" of our work, he comes up with a
totally implausible result that - if true --- would show that the onset of the
main phase of the "Little Ice Age" occurred at a time when temperatures
were as warm as in the 20th century --a remarkable result indeed.   
Despite this asinine result, you can rest assured, we are doing the best
job we can to supplement what we had previously provided to document
our data and procedures, and will provide what is necessary to respond to
the questions posed.  I would note, however, that the US NSF is satisfied
that we have met our obligations already in this matter....nevertheless,
we are prepared to go the extra mile to be as open and clear as we can
be.  However, given the holiday season now upon us and the fact that
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Malcolm Hughes will be away until mid-january, and I'll be gone until Jan
23rd, it's not likely that we can provide a final response before the end of
tat month.  We don't want to come up with something incomplete that
will then provide fodder for another round of queries.
Sincerely
Ray

Raymond S. Bradley
University Distinguished Professor
Director, Climate System Research Center*
Department of Geosciences, University of Massachusetts
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel: 413-545-2120
Fax: 413-545-1200
*Climate System Research Center: 413-545-0659
        <http://www.paleoclimate.org>
Paleoclimatology Book Web Site:
http://www.geo.umass.edu/climate/paleo/html

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone: (434) 924-7770   FAX: (434) 982-2137
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Scott Rutherford; Bradley Raymond; Hughes Malcolm; Jones Phil; Osborn Tim; Briffa Keith; mann@virginia.edu
Subject: Re: J. Climate reviews
Date: Friday, January 16, 2004 1:08:06 PM

Dear All,

The first review is insightful and helpful, the 2nd review provides relatively little
insight. It promotes a number of myths, and plays gratuitous homage to the work of
the Hamburg group (a hint as to where the reviewer might be from!). However,
where reasonable points are raised by this reviewer, too they should be dealt with
too.

I don't think the paper can be split up, but it can probably be shortened a bit. I
propose Scott and I take the first stab at revising and responding to reviewer
comments, and then send it on to the others. Scott and I had discussed  plan to
make the matlab codes and data used available in a website mentioned in the paper,
to avoid any possible criticisms of availability. Is there any problem in posting the
version of the MXD data set used publiclly (Tim, Keith?), and any other thoughts on
this?

Please feel free to send any comments, while Scott and I begin to work on the
revised version...

Thanks,

mike

I At 02:25 PM 1/16/2004 -0500, Scott Rutherford wrote:

Dear All,

Attached are the reviews from the Journal of Climate manuscript. One
generally good, one generally weird.

Scott

______________________________________________
                      Scott Rutherford  

Assistant Professor
Dept. of Natural Sciences
Roger Williams University
e-mail: srutherford@rwu.edu
phone: (401) 254-3208
snail mail:
One Ferry Road
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From: Michael E. Mann
To: Tim Osborn; Scott Rutherford; Bradley Raymond; Hughes Malcolm; Briffa Keith; Jones Phil; mann@virginia.edu
Subject: Re: revised manuscript
Date: Wednesday, June 16, 2004 6:51:25 AM

HI Tim,

Thanks--your suggestions (w/ Keith and Phil) all are very helpful, and improve the
manuscript significantly. This was exactly what was needed! 

A couple minor clarifications on some points that were raised:

1. In discussing how spatial reconstructions are averaged to get hemispheric means,
we just meant that, not that these spatial reconstructions were the results of CFR
approaches. I believe it is true that Briffa et al, 1998a does average gridpoint
reconstructions to get a hemispheric mean, right? We should clarify the wording to
make sure that this is clear. The issue of different approaches (CFR vs local
calibration) is discussed later in the paper...

2. Re, McINtyre/McKitrick: they didn't identify any "errors" at all. They (a) used an
incorrect spreadsheet representation of the data (which Scott prepared based on a
misunderstanding of precisely what they were looking for, since the predictors cannot
be included in a single matrix because of the stepwise nature) and (b) used different
versions of certain series that were on the NGDC site. There were some minor errors
in the supplementary information, and we have a corrigendum in press in "Nature"
that makes note of these. I agree that we should add a sentence clarifying how PCs
were calculated in the PC/proxy network at the beginning of that section.

3. You're right that RE is not necessarily less than r^2 in calibration. That statement
is rightfully removed...

4. I believe that including weights in the hybrid approach that are proportional to the
fraction of variance resolved by the indicator is essential. In fact, we know that we
get completely wild results if we don't do that. The reason is that an indicator that
has essentially no low-frequency variability left (say, an already pre-whitened tree-
ring chronology) has essentially only noise left in the low-frequency band. Now, if
you use the weighting convention we use, it gets almost no weight. On the other
hand, if you give it full weight in that band, you magnify that tiny bit of residual noise
up to the full amplitude of all other indicators, and now you've got completely noise
competing w/ other series that have much more signal. I think a sentence needs to
be added to clarify this point, and also a sentence added that indicates that highly
unconstrained results are possible if this is not done. The example of weights of 0
and 1 is an extreme limiting case, which is probably never realized (Scott?).

5., Re the ECHO-G simulations, yes we can certainly downplay the discussion of this
in our response. However, I stand by the claim that they appear to use a solar
forcing that is about twice that of Crowley's! In the talk they gave in Nice (Phil was
there), they showed their solar constant varying between 1362 and 1368 W/m^2
over the past millennium! That is much larger than Crowley. As no details are
provided in the Gonzalez-Rouco paper, this is very difficult to discern. However, the
huge Medieval peak, and the claim that 40% of 20th century warming is solar-driven
(they make both claims) is ONLY consistent w/ a much larger solar forcing then
anyone else has used. Christiensen's group has used Crowley's forcings on the same
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exact model, and gets nothing near the amplitude of variability they got (like the
GKSS paper, I believe this paper is in submission). There is something very odd in
what the GKSS group has done, and I think Phil agrees w/ this. It would be
unfortunate if the issue of precisely how large a solar forcing they used isn't
examined closely before they publish their results in more detail. 

But I agree we don't need to get into this in the paper or the response. We can
make the point, as you suggested, that as shown in Jones and Mann, the
reconstructions are broadly consistent with the vast majority of simulations that have
been done...

I don't think it should be a problem waiting about a week for Scott to resubmit (in
time for the Osborn et al '04 paper to have been submitted). We still need to give
Malcolm and Ray a chance to get back w/ any additional comments, if they have
them...

cheers,

mike

At 07:00 AM 6/16/2004, Tim Osborn wrote:

Dear Scott et al.

the manuscript reads well - the results section in particular does a good
job at presenting the sequence of many experiments in a logical and
structured way.

We've combined all our (me, Keith and Phil) comments together, and put
them in the attached files (one for the manuscript, one for the response
to the editor).

Many are simple changes.  Some are questions/comments for you, that
I've put in CAPITALS.  I've also written an improved description of the
MXD data.

And the "Osborn et al. (in preparation)" paper that describes the gridding
and low-frequency aspects of the MXD data (as well as our "local"
calibration of it) is now referred to as Osborn et al. (2004, submitted to
Global and Planetary Change).  It is not, in fact, submitted as I write, but
should be very soon - a full draft is complete and I have comments from
Phil and Fritz, and Keith is halfway through providing his comments.  I'll
let you know as soon as its submitted - it would be preferable if you could
hold off returning your revised manuscript until we have actually sent off
Osborn et al. - it should be done by the end of the week.  Then "Osborn
et al. (submitted)" will be true!

Cheers

Tim

At 19:15 28/05/2004, Scott Rutherford wrote:

Dear All,
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Attached is a revision of the Northern Hemisphere comparison
for J. Climate. Also attached is a reply to reviewers.  (both
microsoft word format)

I've been getting extensions for the submission of the revision
and would like to try to get it in around June 15. If you want
to make suggestions/comments directly in the text, please use
Microsoft Word's "track changes" feature if possible. There are
a few highlighted parts that need particular attention.

Please let me know if you have question or difficulty with the
files.

Regards,

Scott

______________________________________________
                      Scott Rutherford

Assistant Professor
Dept. of Natural Sciences
Roger Williams University
e-mail: srutherford@rwu.edu
phone: (401) 254-3208
snail mail:
One Ferry Road
Bristol, RI 02809

Dr Timothy J Osborn
Climatic Research Unit
School of Environmental Sciences, University of East Anglia
Norwich  NR4 7TJ, UK

e-mail:   t.osborn@uea.ac.uk
phone:    +44 1603 592089
fax:      +44 1603 507784
web:      http://www.cru.uea.ac.uk/~timo/
sunclock: http://www.cru.uea.ac.uk/~timo/sunclock.htm

______________________________________________________________
                    Professor Michael E. Mann
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           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone: (434) 924-7770   FAX: (434) 982-2137
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Raymond S. Bradley
To: mann@multiproxy.evsc.virginia.edu; mhughes@ltrr.arizona.edu; srutherford@virginia.edu;

frank@geo.umass.edu
Subject: fyi
Date: Wednesday, May 23, 2001 11:30:31 AM

Once refs are fixed, I will send this to Science:

S. F. Singer states, “…the overwhelming balance of evidence shows no
appreciable warming trend in the past 60 years; hence, it is unlikely to be
significant in  the future.” (1).  He is wrong on both counts.  The
evidence for warming over the last 60 years is unequivocal.  The change in
temperature has led to a major reduction in the mass of alpine glaciers in
almost all parts of the world (2-4), an increase in permafrost thawing at
high latitudes (5) and at high altitudes (6), a reduction in the extent and
thickness of Arctic and Antarctic sea-ice (7-9), later freeze-up and
earlier break-up dates of ice on rivers and lakes (10), an increase in the
calving rate of Antarctic ice shelves (11).  There is no evidence or reason
to think that these systems have a lag response to warming of 50 years or
more (e.g. 12).  There have also been shifts in the distribution of plant
and animal species, latitudinally and altitudinally (13, 14), changes in
the phenology of plant leafing and flowering (15) and the storage of
significant quantities of heat in the near-surface ocean (16) as well as an
overall rise in sea-level driven by both continental ice melting and a
steric change due to the increase in overall ocean temperature (17).  Thus,
regardless of arguments over instrumental versus satellite-based estimates
of warming in recent decades (18) there are multiple indicators of warming
in the 20th century that paint a vivid picture of the global-scale
environmental consequences of the temperature increase.  Going forward in
time, the accelerating rate of fossil fuel consumption will drive global
temperatures to levels not seen in at least a millennium, and probably
higher than for many thousands of years.  This scenario will play out in a
world whose population will increase by 50% over the next century.
Singer and like-minded colleagues can continue to ignore the overwhelming
evidence all around them or continue to bury their heads in the sand.  If
they do so, they would also note remarkable increases in borehole
temperatures over the last millennium (19, 20)  another diagnostic
indicator of all they seek to deny.
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From: Michael E. Mann
To: Malcolm Hughes; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; Scott Rutherford
Cc: mann@virginia.edu
Subject: Re: abstract to EGS Spring "02
Date: Thursday, January 10, 2002 9:49:42 AM

HI Malcolm,

Sounds good to me. Will make the chance and submit,

mike

At 09:47 AM 1/10/02 -0700, Malcolm Hughes wrote:
>I's like a week in France, but, no time. Have fun!
>The abstract ooks great to me, most recent proposed author order also fine. I
>do however, have a question about the passage :
>" the possible dynamical underpinnings of the "Little Ice Age"--a period
>during which temperatures in certain regions, such as Europe, appear to have
>exhibited a cooling that is significantly larger than that estimated in both
>empirical climate reconstructions and model simulations of past temperatures
>at the hemispheric scale"
>how about? :
>"the possible dynamical underpinnings of the "Little Ice Age" - a period of
>much stronger cooling in certain regions, such as Europe, than elsewhere at
>the hemispheric scale, as estimated in both empirical climate reconstructions
>and model simulations"
>Cheers, MalcolmMalcolm Hughes
>Professor of Dendrochronology
>Laboratory of Tree-Ring Research
>University of Arizona
>Tucson, AZ 85721
>520-621-6470
>fax 520-621-8229

_______________________________________________________________________
                      Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone: (434) 924-7770   FAX: (434) 982-2137
        http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; Scott Rutherford;

dshindell@giss.nasa.gov; gavin@isis.giss.nasa.gov
Subject: Re: "Perspective"
Date: Monday, July 15, 2002 10:48:48 AM

HI Malcolm,

Thanks for the comments. I sent the draft off on Friday, as required by the
deadline, but I'll try to incorporate your suggestions into the revisions,

mike

At 10:47 AM 7/15/02 -0700, Malcolm Hughes wrote:
>Dear Mike - sorry I couldn't get back to you by Friday -
>life is a little frantic as I leave for almost a month on
>Wednesday.
>I like the article, and have only a few minor suggestions.
>These are shown in the attached "track changes" version
>of the mss.Some need a little explanation, so here goes:
>
>Second para:  "They only provide information in subpolar
>terrestrial regions.." - it doesn't seem too subpolar here,
>and good material relevant to this (regular douglas fir, like
>those here) are being sampled by Stahle as far south as
>Oaxaca (17degrees N). The change I suggest is a little
>denser, but I think it captures the reality better. In the next
>sentence, I suggest that if you were going to stick with
>"poorly representative" you ought to really also say, "but
>better than anything else". I hope the change I suggest
>gets round this.
>I also suggest a change to the sentence about "Most tree-
>ring data describe warm-season conditions...". I think it's
>probably wrong - we have more moisture-sensitive sites
>from regions where winter ppt is important in the western
>US alone, than all the summer-temp responding
>Schweingruber chronologies for the world.  I think the
>suggested change deals with this.
>End of second paragraph - I think that precise annual
>dating need not be difficult in regions where they have
>replicate cores - it's just that most ice core folks didn't get
>the point. The suggested change might help.
>There are two or three typo- type things later in the mss.
>Hope this helps! Cheers, Malcolm
>
>
>
> >
> > Dear All:
> >
> > Attached is (final?) draft of a "perspective" article I've been
> > solicited to write for Science, along with an accompanying Figure. I'd
> > appreciate any comments or feedback you might be able to provide
> > before I send this off to Science. I'd plan to send if off Friday, so
> > if you can get back to me within the next day or so that would be
> > particularly helpful.
> >
> > Thanks in advance,
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> >
> > mike
> > _____________________________________________
> > __________________________
> > Professor Michael E. Mann
> >  Department of Environmental
> > Sciences, Clark Hall
> > University of Virginia
> > Charlottesville, VA 22903
> > _____________________________________________
> > __________________________
> > e-mail: mann@virginia.edu Phone: (804) 924-
> > 7770FAX: (804) 982-2137
> > http://www.evsc.virginia.edu/faculty/
> > people/mann.shtml
>
>Malcolm Hughes
>Professor of Dendrochronology
>Laboratory of Tree-Ring Research
>University of Arizona
>Tucson, AZ 85721
>520-621-6470
>fax 520-621-8229

_______________________________________________________________________
                      Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone: (434) 924-7770   FAX: (434) 982-2137
        http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Malcolm Hughes
To: Michael E. Mann
Subject: Re: one thought
Date: Monday, January 20, 2003 12:30:19 PM

I still don't know. If it were carbon dioxide, one would expect similar patterns
on other continents in similarly arid mountain ranges, but they have not been
found. This problem really bothers me, so I am worrying away at it, trying to
get a more refined definition fo the conditions under which this occurs. It's
worth noting that, some others (e.g. Lisa Graumlich) did not find the same
thing in some of the datasets we are using - she used less conservative
standardization.
Paul Sheppard in our lab is looking again at the hypothesis that there was
fertilization by nitrogen pollution from central and southern California, by
direct analyses of wood chemistry, but he's some way from results. Hapy New
Year! MAlcolm
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From: Michael E. Mann
To: Malcolm K. Hughes
Cc: Michael E. Mann; Scott Rutherford; Ray Bradley
Subject: Re: ESH proposal
Date: Tuesday, January 01, 2002 12:28:34 PM

Hi Malcolm,

(happy New Year to everyone!)

Thanks for the quick response.

I agree entirely, the extension of the temperature reconstructions back in
time is *very* important, and I see the SLP reconstructions as occuring in
parallel w/ that.

The only tricky thing is in deciding exactly how to divide our description
of all this between "previous work" that is in progress associated w/ our
current funding (we did promise these extensions back in time, but we have
to try to anticipate what we'll actually have done by the end of next
summer, and what is reasonable to propose as "new" research to be funded.
Personally, I don't think we can be held to everything we promised, so I
think we can take a bit of liberty w/ what we're actually calling "new"...

So we have to finesse this issue a bit as we iron out the proposal, and
I've tried to sketch out where I think the break between these two most
naturally falls, but this is free to evolve...

Re, Luterbacher et al, etc. Yes, I think that would be a great idea. Can
you perhaps work on that angle, drafting some sentences along these lines
and fitting them into the appropriate place in the proposal, and
contracting Juerg (on all our part) soliciting his potential interest in
collaboration?

Will be available all week, so feel free to email or phone (home) me,

mike

At 08:16 PM 12/31/01 -0700, Malcolm K. Hughes wrote:
>Dear Mike - a first quick question - it's clearly a good idea to move on to
>circulation, etc., but we should probably also plan to continue extending the
>temperature reconstructions back in time. WHat do you think? Another
>point is that a similar collaboration to that you propose with Ed Cook
>could almost certainly be set up with Wanner and Luterbacher, probably at
>no cost. CHeers, Malcolm
>
>
>
>Quoting "Michael E. Mann" <mann@virginia.edu>:
>
> > Dear Scott (et al):
> >
> > I won't blame you if you don't even look at this email until tomorrow.
> > However, I wanted to get this in your court as soon as possible to give
> > us
> > as much of a head start in finalizing this as possible.
> >
> > Attached is a (rough) draft of the proposal.
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> >
> > A fair amount of work still needs to be done. I have put place-holders
> > and/or captions for figures that I have in mind to show, but we can
> > include
> > the actual figures later (better to keep the document small while we
> > iterate). The important thing is to get a sense of the over all strategy
> >
> > and emphasis I'm proposing, so you can provide any feedback on the big
> > picture as soon as possible.
> >
> > I'm requesting that Scott act from here on as the coordinator (Scott:
> > please let me know if this is a problem). Scott can incorporate
> > subsequent
> > changes and comments, both his and yours, into one central copy of the
> > proposal, and deal w/ format issues, etc. Scott: I'm forwarding you
> > separately the NSF proposal format guidelines. We need to coordinate w/
> > Neal Grandy (nrg2p@virginia.edu) regarding budgets & statements of work,
> >
> > etc., and need to get our CVs and C&Ps together in a format acceptable
> > by
> > NSF Fastline (best to get these to Scott in the form of word files, and
> > let
> > Scott render these in appropriate pdf format--NSF is very particular
> > about
> > which pdf documents are and are not acceptable (I've forwarded a
> > relevant
> > email).
> >
> > I will forward the various emails/letters I get form collaborators to
> > Scott
> > to be included in our proposal. As I see it, we need to have this in
> > close-to-final-shape by next sunday (when I'm hoping that Ray, Scott,
> > and I
> > can meet in Amherst: Ray, Scott--does this work???), so we can finalize
> > the
> > paperwork and get the budgets in on time, etc.
> >
> > Please let me know if any question/comments.
> >
> > Happy New Year,
> >
> > Mike
> >
> > _______________________________________________________________________
> >                      Professor Michael E. Mann
> >             Department of Environmental Sciences, Clark Hall
> >                        University of Virginia
> >                       Charlottesville, VA 22903
> > _______________________________________________________________________
> > e-mail: mann@virginia.edu   Phone: (434) 924-7770   FAX: (434) 982-2137
> >          http://www.evsc.virginia.edu/faculty/people/mann.shtml
> >
>
>
>
>Professor Malcolm K. Hughes
>Laboratory of Tree-Ring Research
>W.Stadium 105
>University of Arizona
>Tucson, AZ 85721
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>phone 520-621-6470
>fax 520-621-8229

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone: (434) 924-7770   FAX: (434) 982-2137
         http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Raymond S. Bradley
To: mann@multiproxy.evsc.virginia.edu; mhughes@ltrr.arizona.edu
Subject: budget issue
Date: Friday, January 04, 2002 12:10:56 PM

I see from your proposed budget notes that you propose to have  2 @50% time
graduate students at UVa....I wonder if we can justify 2 grads, a 50%
post-doc, plus 4 months PI time/year (yours @ 2mo/year, & presumably MKH &
me @ 1 month...?).  Rough guess is that this will be ~$95-100K/year in
personnel costs....plus fringe & IC...My guess is that reviewers will
regard this as overweight on personnel time...apart from it adding up to
~$430k over 3 years
What do you'all think?

ray

Raymond S. Bradley
Professor and Head of Department
Department of Geosciences
University of Massachusetts
Amherst, MA 01003-5820

Tel: 413-545-2120
Fax: 413-545-1200
Climate System Research Center: 413-545-0659
Climate System Research Center Web Page:
<http://www.geo.umass.edu/climate/climate.html>
Paleoclimatology Book Web Site (1999):
http://www.geo.umass.edu/climate/paleo/html
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From: Michael E. Mann
To: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Subject: draft of ESH proposal
Date: Friday, August 13, 2004 1:39:23 PM
Attachments: nsf-esh04.doc

Dear Ray, Malcolm

Attached is a draft of the proposal to be submitted to ESH in October. Please pay
particular attention to those places where you've been flagged (yellow highlighted
"Malcolm" and "Ray").

I'm hoping to get comments back from everyone by labor day, so I can begin to
produce a final version, and can start working out budgets...

Feel free to ignore this until after the weekend!

Thanks,

Mike

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone: (434) 924-7770   FAX: (434) 982-2137
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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PROJECT SUMMARY  
 

Mechanisms of Climate Change and Variability During the Late Holocene 
 

The proposed project will build on previous efforts to both reconstruct and model patterns of climate 
variability during past millennia.  This project will make use of detailed proxy-based reconstructions of 
large-scale surface temperature and atmospheric circulation patterns over the past two millennia. 
Comparisons will be made with forced climate model simulations in collaboration with colleagues at 
three different climate modeling centers (NASA/GISS, NCAR, and ECBILT) to elucidate plausible 
mechanisms underlying patterns of climate variability over this timeframe. Concurrent with these 
activities, preliminary extensions of climate reconstructions to the past 3-5 millennia will be attempted 
based on the use of coarsely resolved proxy climate indicators. The Intellectual Merit of the project is 
characterized by three inter-related scientific research components: 

1. Empirical proxy-based climate reconstruction: This component will involve (a) preliminary 
extensions of large-scale temperature reconstructions over the past 3-5 millennia based on the careful 
consideration of a restricted set of less temporally resolve proxy temperature records in conjunction 
with (b) testing of sparse sampling strategies for large-scale climate reconstruction based on the use 
of 'pseudoproxy' networks derived from long climate model simulations (see "2" below). 

2. Modeling of past climate changes: This component will involve a set of experiments designed to 
assess the underlying external and dynamical factors consistent with reconstructed patterns of past 
climate change. These experiments will include (a) specified SST forcing of atmosphere-only models 
(GISS and NCAR) using proxy-reconstructed of observed SST changes; (b) external radiative forcing 
of an atmospheric model with interactive stratospheric photochemistry and mixed-layer ocean (GISS) 
and (c) external radiative forcing of a fully coupled ocean-atmosphere model (NCAR; ECBILT). 
These modeling experiments will also be used in tests of proxy network sampling strategies (see "1" 
above). 

3. Model/Data comparison: This component will involve the quantitative assessment of the extent to 
which model simulations can explain observed patterns of changes in surface temperature, 
atmospheric circulation, and continental drought. These assessments will draw upon established tools 
including multivariate frequency-domain analyses, pattern correlations, and composite analysis.  

Broader Impacts of the proposed research involve significant expected progress towards addressing key 
outstanding issues regarding the spatial and temporal details of past changes in the Earth's climate, the 
factors underlying those changes, and implications for our understanding of future climate change. 
Among the primary issues to be investigated are: 

1) The role of combined natural and anthropogenic radiative forcing in explaining large-scale 
temperature changes over the past 1000-2000 years 

2) The nature of the response of tropical Pacific coupled ocean-atmosphere dynamics to changes in 
external radiative forcing. 

3) The role of tropical Pacific climate changes in explaining larger-scale patterns of climate (surface 
temperature and atmospheric circulation) variability and change in past centuries 

4) The role of both tropical Pacific and tropical Atlantic SST forcing in explaining patterns of North 
American drought in past centuries 

5) The nature of the response of the Northern and Southern Annular modes (NAM and SAM) to 
changes in external radiative forcing. 

6) The role of changes in the NAM and SAM in explaining observed patterns of large-scale climate  
(surface temperature and atmospheric circulation) variability and change  in past centuries 
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PROJECT DESCRIPTION 

Mechanisms of Climate Change and Variability During the Late Holocene 

Results from prior NSF support 

Multiproxy Climate Reconstruction: Extension in Space and Time, and Model/Data Inter-comparison 
Earth Systems History (ESH) NOAA/NSF joint  (NOAA NA96GP0404) 
1/1/99 - 8/31/02, $382,000 (U.Va award), P.I.: M.E. Mann, co-investigators: R.S. Bradley, M.K. 
Hughes 

This project built on previous work by Mann and colleagues reconstructing large-scale surface 
temperature patterns in past centuries (Mann et al, 1998). Seasonally-resolved versions of the Mann et al 
(1998) surface temperature reconstructions (Mann et al, 2000b) were produced, and proxy climate 
reconstructions were analyzed for insights into the nature of long-term internal climate variability (e.g. 
Braganza et al, 2003; Covey et al, 2003) including analysis of modes of climate variability related to the  
El Nino/Southern Oscillation or 'ENSO' (Mann et al, 2000ab; Mann 2001ab), the North Atlantic 
Oscillation or 'NAO' (Cullen et al, 2001; Mann 2001ab; Mann 2002a; Cook et al, 2002), and multidecadal 
North Atlantic ocean-atmosphere processes (Delworth and Mann, 2000). The role of external forcing in 
climate changes in past centuries was examined at the hemispheric-mean scale (Mann 2000; Mann, 
2002b; Gerber et al, 2002) and in terms of spatial patterns of forced response  (Shindell et al, 2001; Waple 
et al, 2002).  The possible role of biases related to dendroclimatic processing and standardization issues in 
paleoclimate reconstruction were examined (Mann et al, 2000b; Mann and Hughes, 2002). Discrepancies 
between borehole and proxy-based temperature reconstructions were examined, and signal-detection 
techniques were used to produce optimal borehole surface temperature estimates (Mann et al., 2003).  

Methodological refinements of  the original Mann et al (1998) climate field reconstruction (CFR) 
approach were introduced  (Mann and Rutherford, 2002; Rutherford et al, 2003), and the fidelity of CFR 
was tested using networks of ''pseudoproxies''  obtained by resampling the instrumental surface 
temperature record using sparse networks of data of varying size and additive noise level (Mann and 
Rutherford, 2002). These tests supported conclusions from previous studies regarding the level of 
statistical skill in proxy-based climate reconstruction, placing limits on the potential skill and suggesting 
alternative strategies for improved proxy-based surface temperature pattern reconstructions.   The issue of 
whether or not calibration of proxy data against non-stationary late 20th century instrumental data may 
produce a biased reconstruction was addressed through analyses of control and forced integrations of the 
Geophysical Fluid Dynamics Laboratory (GFDL) R30 coupled ocean-atmosphere model and instrumental 
temperature records, establishing that climate reconstructions of the 19th and previous centuries are 
unbiased when the 20th century is used as a calibration period (Rutherford et al., 2003).  
 
This project resulted in more than 20 peer-reviewed publications. Results from this project were featured 
prominently in several chapters of the 2001 IPCC report, and the numerous resulting datasets were made 
publicly available through the NOAA World Data Center for Paleoclimatology.  This proposal has also 
helped support Brad Adams' and Zhihua Zhang's progress towards their dissertations in the Department of 
Environmental Sciences at the University of Virginia, and has furthered the post-graduate scientific 
development of University of Virginia postdoctoral researcher Dr. Scott Rutherford. 

Reconstruction and Analysis of Patterns of Climate Variability Over the Last One to Two Millennia 
Earth Systems History (ESH) NOAA/NSF joint  (NOAA NA16GP2913) 
9/1/02 - 8/31/04, $315,000 (U.Va award), P.I.: M.E. Mann, co-investigators and collaborators: R.S. 
Bradley, M.K. Hughes, T. Delworth, R. Stouffer, M. Cane, S. Zebiak 
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This project, currently in progress, has built on previous proxy climate reconstruction and model/data 
intercomparison work by Mann and colleagues. Among the accomplishments thusfar are  the 
development of a hybrid frequency domain approach (Rutherford et al 2004) to climate field 
reconstruction, which has been found to yield verification scores that are comparable or better than the 
non-hybrid approach (Rutherford et al, 2004), and allows for the inclusion of proxies with lower than 
annual resolution (e.g., lake and high-resolution ocean sediments) in climate field reconstruction (CFR). 

In collaboration with colleagues at the Climatic Research Unit (CRU) of the University of East Anglia, an 
analysis was performed of the sensitivity of Northern Hemisphere surface temperature reconstructions to 
different methods and proxy networks (Rutherford et al, 2004) and have applied  the 'RegEM' Climate 
Field Reconstruction (CFR) technique developed under a prior award to the improved reconstruction of 
proxy-based continental  drought in the conterminous United States in past centuries (Zhang et al, 2004).  
In collaboration w/ colleague P. Jones of  CRU, an extension of proxy-based estimates of hemispheric and 
global-mean temperature changes back to AD 2000 has been performed (Mann and Jones, 2003), and in 
collaboration w/ colleagues N. Andronova and M. Schlesinger, these hemispheric reconstructions have 
been used to  assess the sensitivity of the climate system to radiative forcing based on comparisons with 
forced EBM model simulations (Andronova et al, 2004).   Progress has also been made in elucidating 
possible dynamical mechanisms consistent with reconstructed climate histories. This progress includes 
the analysis of the role of radiative (volcanic and solar) forcing of the Arctic Oscillation on past seasonal 
temperature changes based on experiments with a stratosphere-resolving climate model in collaboration 
with D. Shindell and G. Schmidt of NASA/GISS (Shindell et al, 2003, 2004), and publication of an 
analysis describing a statistical linkage between long-term volcanic forcing and ENSO-related climate 
variability (Adams et al, 2003). In collaboration with Columbia Univ. colleagues M. Cane and S. Zebiak, 
and A. Clement of University of Miami, a compelling theoretical mechanism for natural (volcanic and 
solar) radiative forcing of the El Nino/Southern Oscillation (ENSO) over the past 1000 years has been 
described (Mann et al, 2004), explaining both the empirical evidence of linkages between explosive 
volcanism and El Nino events detailed by Adams et al (2003),  and the evidence for century-scale 
variations in tropical Pacific climate conditions in past centuries. These changes can potentially explain 
long-term changes in drought conditions in the western U.S. over the past 1000 years, which hold 
implications for assessing present-day drought vulnerability to radiative forcing of climate.  

Heading into the final stages of the project, the groundwork has been laid for proceeding with detailed 
proxy-based reconstructions of global patterns of seasonal Sea Level Pressure and Surface Temperature 
spanning the past two millennia, based on the revised systematic methodology described by Rutherford et 
al (2004) to assimilate networks of proxy indicators into CFR. These reconstructions are based on 
dynamically constructed proxy networks based on  an appropriate set of a priori criteria and screening 
process targeted to produce optimal verification scores for the  particular seasonal window and climate 
field of interest. The resulting reconstructions will be available for analysis by the completion of this 
project. Concurrently, we are making progress on the analysis of networks of synthetic proxy data or 
'pseudoproxies' to test the CFR approach developed under our previous award.  

This project produced 14 peer-reviewed publications published, in press, or submitted at the time of this 
proposal, including two recent reviews of climate change during the late Holocene years (Jones and 
Mann, 2004; Schmidt et al, 2004). Several sets have been made available to the NOAA World Data 
Center for Paleoclimatology, and the graphical interface designed for selecting proxy networks in CFR in 
this project will be made available upon completion of this project.  The masters thesis of University of 
Virginia graduate student Brad Adams, which was supported by this project,  resulted in a high profile 
article in  Nature (2003) detailing empirical proxy-based evidence for a relationship between explosive 
tropical volcanic forcing of climate and probability of El Nino events over the past several centuries. This 
project has also supported the progress of Zhihua Zhang's towards his dissertations in the Department of 
Environmental Sciences at the University of Virginia, and has furthered the professional development of 
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University of Virginia postdoctoral researcher Dr. Scott Rutherford, who has since taken a faculty 
position at Roger Williams University in Rhode Island. 
 
Remote Observations of Ice Sheet Surface Temperature: Toward Multi-Proxy Reconstruction of 
Antarctic Climate Variability 
NSF Office of Polar Programs, Antarctic Oceans and Climate System Program  
9/02 - 8/05, $133,000 (U.Va award), P.I.s: M.E. Mann (Univ. of Virginia), E. Steig (Univ. 
Washington), D. Weinbrenner (Univ. Washington) 
 
This project is aimed at reconstructing patterns of climate variability in Antarctica over the past one to 
two millennia based on calibration of annual resolution ice core oxygen isotopes against modern 
instrumental data. This involves the development of statistically reliable, spatially extensive estimates of 
surface temperature variations over the past century, based on cross-calibration of ground-based 
instrumental and satellite data. An 'infilled' version of the instrumental surface temperature record 
available over Antarctic during the 20th century has been produced using the covariance-based 
spatiotemporal infilling techniques described by Rutherford et al (2003). This record has, in turn, been 
statistically merged with satellite skin temperature measurements over Antarctic available during the past 
two decades to yield a spatially-extensive long-term instrumental surface temperature dataset.  The 
remainder of the project will be devoted to using this dataset to calibration currently available long-term 
annually resolved ice core oxygen isotopic records to yield a preliminary reconstruction of long-term 
temperature trends in Antarctica. 

A manuscript describing Antarctic surface temperature reconstructions over the historical period (Steig, 
Schneider, Mann, Rutherford, and Weinbrenner) is currently in preparation. This proposal has supported 
in part the professional development of U.Va graduate student Zhihua Zhang. 
 
1. Introduction 
 
Considerable progress has been made over the past several years with regard to our knowledge and 
understanding of the climate variability of the period spanned by the past one-to-two millennia (see Jones 
and Mann, 2004).  One important development has been the generation of multiple independent (or quasi-
independent) proxy-based reconstructions of hemispheric and global mean temperature changes in past 
centuries (see Mann et al, 1998;1999; Jones et al, 1998; Briffa et al, 1998; Briffa and Osborn, 1999; 
Crowley and Lowery, 2000; Huang et al, 2003; Folland et al, 2001; Jones et al, 2001; Mann 2001a; Esper 
et al, 2002; Mann and Jones, 2003; Crowley et al, 2003) and  numerous independent attempts to model 
hemispheric mean temperature changes using climate models of varying complexity forced by estimated 
past radiative forcing histories (Rind et al, 1999; Free and Robock, 1999; Crowley, 2000; Bertrand et al., 
2002; Gerber et al, 2003; Bauer et al, 2003; Hegerl et al, 2003; Goose et al, 2003; Gonzales-Rouco et al, 
2003, Crowley et al, 2003; Andronova et al, 2004; Crowley, 2004). Comparisons of model and 
observations at the hemispheric-mean scale yield a  generally consistent picture (Jones et al, 2001; Mann 
et al, 2003; Crowley et al, 2003; Jones and Mann, 2004; Schmidt et al, 2004), suggesting anomalous late 
20th century warmth in the context of at least the past one-to-two millennia  (Mann et al, 2003; Jones and 
Mann, 2004; Rutherford et al, 2004; Cook et al., 2004; Crowley, 2004) that appears to be associated with 
anthropogenic forcing (Crowley, 2000; Crowley et al, 2003; Hegerl et al, 2003; Andronova et al, 2004).  

Insights into regional responses and the underlying dynamical mechanisms are equally, if not more, 
important to our understanding of past climate changes. Significant progress has also been made in recent 
years in attempting more spatially and seasonally-resolved temperature reconstructions (Mann et al, 2000; 
Rutherford et al, 2004), and targeted reconstructions for key specific regions such as Europe (e.g. 
Luterbacher et al, 2004) and the tropical Pacific (e.g. Evans et al, 2003). Analyses have been performed 
addressing the influence of statistical methodology and type of proxy network used on spatial temperature 
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reconstructions, suggesting that alternative reconstructions appear consistent when seasonal and spatial 
sampling details are controlled for (Rutherford et al, 2004). 

Recent efforts have also emphasized proxy reconstructions of modes of climate variability such as  such 
as the North Atlantic Oscillation (NAO)/Arctic Oscillation(AO) (Appenzeller et al, 1998; Luterbacher et 
al., 1999; Schmutz et al, 2000; Cullen et al., 2001; Mann, 2002a; Cook et al., 2002a; D'Arrigo et al, 
2003b), the Antarctic Oscillation (AAO) (Jones and Widmann, 2003), the PDO index (Minobe, 1997; 
Biondi et al., 2001, Gedalof et al, 2002), the 'Atlantic Multidecadal Oscillation' or 'AMO' (Delworth and 
Mann, 2000; D'Arrigo et al, 2003a; Gray et al, 2003; 2004) and indices of the El Nino/Southern 
Oscillation including the SOI (Stahle et al., 1998) and  Niño3 (Mann et al., 2000a,b; Evans et al., 2002). 
In addition, detailed reconstructions of continental drought from tree-ring data have been performed in 
recent years (Cook et al, 1997;1999; Zhang et al, 2004). 

These regionally and seasonally detailed reconstructions, and reconstructions of particular modes of 
climate variability can, in conjunction with regionally-focused climate modeling experiments, allow us an 
opportunity to infer the dynamical mechanisms underlying observed patterns of past climate variability. 
Experiments using the NASA/GISS model suggest that the dynamical response of the AO/NAO or 
"Northern Annular Mode" (NAM) to past radiative forcing changes can explain some important features 
in reconstructed climate changes of past centuries (Shindell et al, 2001, 2003, 2004). The response of the 
NAM to solar forcing, for example, may explain the greater cooling observed in Europe during the 
17th/early 18th century height of the European "Little Ice Age" (Shindell et al, 2001), while the 
seasonally-opposite response of dynamically-induced winter warming and radiative induced summer 
cooling emphasizing the extratropical continents (Shindell et al, 2003, 2004), may explain evidence of 
enhanced summer extratropical cooling during certain intervals in the past (Mann et al, 2003; Mann and 
Schmidt, 2003; Shindell et al, 2003, Rutherford et al, 2004). Changes in the North Atlantic meridional 
overturning circulation in response to may also be important on multidecadal and multi-century to 
millennial timescales (Bond et al, 2001; Waple et al, 2002; Goose et al, 2003). 

The possible role of ENSO-scale feedbacks has not been incorporated into model estimates of externally-
forced hemispheric or global temperature changes in past centuries (e.g., Rind et al, 1999; Crowley, 2000; 
Goose et al, 2003).  Coupled ocean-atmosphere models used thusfar in forced millennial simulations 
(Gonzales-Rouco et al, 2003; Goose et al, 2003) do not faithfully reproduce the Bjerknes feedbacks 
governing coupled ocean-atmosphere variability in the tropical Pacific (though simulations in progress 
with the NCAR CCSM3 coupled model may realistically resolve such variability--Amman et all, pers. 
comm.). However, simulations employing the low-order 'Cane-Zebiak' model (Zebiak and Cane, 1997) 
model of the tropical coupled ocean-atmosphere dynamics using estimated tropical solar and volcanic 
radiative forcing over the past millennium, reproduce (Mann et al, 2004) some important empirical 
observations, including an observed relationship between explosive tropical volcanic forcing and the 
enhanced probability of ENSO conditions (Adams et al, 2003), and  regarding climate variability in past 
centuries.   They suggest... ENSO: Evans, Cobb, Waple et al, Adams et al, Mann et al (2004) and 
evidence from fossil corals in the central tropical Pacific spanning various intervals of the past 1000 years   
for an El Niño-like state during the otherwise generally cold 17th century  (e.g. Crowley, 2000; Mann et 
al, 2003) and a La Niña-like state during the otherwise relatively mild  12th/13th centuries (Crowley, 
2000; Mann et al, 2003). These results suggests a possible damping of the hemispheric-mean temperature 
changes estimated in the previous simulations discussed above that resolve possible ENSO-scale 
responses (see Mann et al, 2004) and may help to explain apparent evidence that extratropical temperature 
changes in past centuries (e.g. Esper et al, 2002) have been greater in amplitude than tropical (Hendy et 
al, 2002) or full hemispheric-scale (e.g. Mann et al, 2003) temperature changes. 

Possible such changes in tropical Pacific may provide an understanding of past changes in patterns of 
continental drought. Verschuren et al (2000) provide lake-level evidence in equatorial east Africa (Kenya) 
for  peak wet conditions during the mid-7th to the mid-18th centuries, and dry conditions during the early 
(11th-13th) centuries of the millennium,  reminiscent of anomalies typically associated with El Niño and 

ABOR/MH/Priv-007174

CONFIDENTIAL -  
IN CAMERA REVIEW ONLY 
Pima County Superior Ct. . C2013-4963



FIGURE 1  Maps of the full field 
reconstruction for interesting years 
using the three different proxy 
networks (multiproxy/PC, MXD and 
Combined) to reconstruct three 
seasonal targets.  The years shown 
are the following: 1600, the year of 
the Huaynaputina (Peru) eruption; 
1783, the year of the Laki eruption 
in Iceland; 1791, an El Nino year 
(Quinn and Neal 1992); 1816, the 
“Year Without a Summer” 
following the Tambora eruption in 
1815; and 1834, an exceptionally 
warm year in Europe (Mann et al., 
1998).  

La Niña conditions, respectively. A similar pattern of drought in earlier centuries and wet conditions in 
later centuries in the desert southwest of North America (Woodhouse and Overpeck, 1998) also favors 
interpretation in terms of the radiatively forced changes in ENSO in past centuries described by Mann et 
al (2004).   

Within a time frame of the next several half year, more spatially extensive, seasonally-resolved 
reconstructions of surface temperature and atmospheric circulation over the past 1-2 millennia currently 
under preparation by Rutherford and coworkers, will be submitted for publication and available for 
analysis and comparison with reconstructions of related climate fields (e.g. North American summer 
drought reconstructions) and climate model simulation results. In conjunction with concurrent advances 
in modeling of climate changes on this timeframe, including experiments using high resolution coupled 
ocean-atmosphere models capable of resolving ENSO-scale responses models that resolve coupled 
stratospheric/tropospheric processes, the detailed analysis of these reconstructions will provide an as-yet 
unparalleled opportunity to both characterize and understand, on a more fundamental level, the climate 
variability of the late Holocene. Such assessments may not only provide additional insight into the factors 
underlying past climate variability and change, but in addition may hold important implications for our 
understanding  of possible future climate change. 

 
2. Previous Work 
 
2.1. Proxy-Based Reconstructions Surface Temperature, Sea Level Pressure, and Continental 
Drought 

Building on earlier work (e.g. Bradley and Jones, 1993; Overpeck et al, 1997; Jones et al 1998; Mann et 
al, 1998; Briffa et al, 1998), Climate Field Reconstruction (CFR) techniques have recently been applied to 
more spatially extensive and seasonally resolved proxy data to yield seasonal reconstructions of surface 
air and sea surface temperature patterns spanning the past several centuries (Mann et al, 2000; Evans et al, 
2002; Rutherford et al, 2004). The spatially- and seasonally-resolved information in these reconstructions 
(Figure 1) has formed the basis for a number of studies seeking to identify the signature of expected 
patterns of response to known forcings of past climate (Shindell et al, 2003; 2004; Braganza et al, 2003; 
Adams et al, 2003).  
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Further building on these developments, Mann and colleagues are in the process of preparing a more 
extensive set of reconstructions of seasonal (cold-and warm-half year) large-scale surface temperature 
and sea level pressure spanning more than the past millennium. These reconstructions are based on a 
considerably expanded database (Figure 2) from that used by Mann and coworkers in previous years 
including a large number of previously unused annually-resolved tree-ring, coral, and ice core proxy 
records, and other lower-resolution, decadally resolved proxy indicators. An expansion of the data base 
has been accomplished by including additional proxy records that have been developed in the recent past, 
and by using the hybrid calibration procedure discussed below, which allows for the use of mid-
resolution data not included in the previous multiproxy reconstructions (e.g., decadally, but not annually 
resolved,  lake and sediment core data, and other more coarsely resolved proxy records) that can be used 
to better resolve low-frequency patterns of variance, and allows for the inclusion of dendroclimatic 
climate indicators in the International Tree Ring Data Bank (ITRDB) that were previously excluded from 
the proxy network because of their poor retention of low-frequency variability. Relaxing that requirement 
permits a more than three-fold increase in the usable tree-ring series from the ITRDB than were used by 
Mann et al (1998).  In addition, we are making use of an age banded version (Osborn et al, 2004) of the 
maximum latewood density (MXD) network originally developed by Briffa and coworkers (Briffa et al, 
1996;1998;2001)  developed to improve the retention of low frequency climatic information that might 
otherwise be reduced or removed by conventional standardization methods during chronology 
development. 

he recently developed 'hybrid' methodology described by Rutherford et al (2004) is currently being used 
to assimilate these networks of annual and decadal resolution proxy indicators into CFR in separate high 
(interannual) and low-frequency (decadal and longer period) bands.  By dynamically building different 
proxy networks using a variety of selection criteria and a screening process tailored to a particular field 
(surface temperature or sea level pressure), season (annual, cold-season or warm-season), and frequency 
band (low or high), proxy networks are chosen to produce optimal seasonal climate field reconstructions 
(as determined from  verification skill diagnostics) in these analyses. Based on initial analyses, these 
reconstructions are expected to exhibit greatest skill at regional scales during the past four or five 
centuries, while spatially coarse trends are expected one to two millennia back in time. The surface 
temperature reconstructions make use of the spatially infilled instrumental surface temperature record of 
Rutherford et al (2003) available back to 1856 (similar analyses have been performed by Smith et al, 
1996; Kaplan et al, 1998), for calibration, while the sea level pressure reconstructions make use of the 
infilled instrumental Sea Level Pressure record of Zhang and Mann (2004), available back to 1871. The 
resulting reconstructions will be completed by the beginning of the proposed project. Preliminary results 
are shown in Figure 3. 
 
 
 
 
 
[FIGURE 2-SCOTT/ZHANG SHOW MAP OF REVISED PROXY NETWORK!] 
  
 
 
 
 
 
 
[FIGURE 3--SCOTT/ZHANG SHOW PRELIMINARY RESULTS FROM SURFACE 
TEMPERATURE AND/OR  SLP RECONSTRUCTIONS] 
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FIGURE 4  Reconstructions of North American 
Palmer Drought Severity (PDSI) Index from Zhang 
et al (2004). Shown is the spatial PDSI 
reconstruction for a particular year (top) and the 
time series for the spatial region (region '5' from 
Zhang et al) spanned by the desert southwest of the 
U.S. (bottom--uncertainties shown by gray 
shading). 

Zhang et al (2004) have recently produced spatially complete reconstructions of the Palmer Drought 
Severity Index (PDSI) over the conterminous U.S. back to AD 1700 (see Figure 4), complimenting 
previous analyses by Cook and coworkers (Cook et al 1997;1999). These more recent drought 
reconstructions make use of a statistical approach known as "Regularized Expectation Maximization" or 
"RegEM" with some preferred statistical properties (Schneider, 2001; Rutherford et al, 2003; 2004), 
achieving a high level of verified statistical skill (Zhang et al, 2004).  While extensions of these 
reconstructions back over the past millennium are currently underway, at least for certain regions such as 
the western U.S. (E. Cook, pers. comm.), these currently available continental-scale reconstructions 
provide a baseline for the evaluation of detailed patterns of continental North American drought over the  
past several centuries. Longer millennial-scale, but more regionally-isolated evidence of drought 
variations in North America are available from lake sediment data (Laird et al, 1996). 
 

The state-of-the-art reconstructions of large-scale surface temperature, atmospheric circulation, and 
continental drought described above will provide the baseline for the analysis and comparison with 
results from modeling studies, described in this proposal.  These comparisons will focus on the past 
several centuries over which the most detailed regional information will be available, but it is expected 
that more limited but still useful regionally-resolved information will be available more than a 
millennium back in time. 
 
2.2. CFR Sampling Strategies 

The analysis of both model simulations (e.g. Shindell et al, 2003; Mann and Schmidt, 2003) and 
empirical reconstructions (Mann et al, 2003; Rutherford et al, 2004) demonstrates the importance of 
considering spatial and seasonal sampling dials in interpretation both  spatial patterns, and large-scale 
means from CFR results. For example,  biased estimates of hemispheric annual mean temperature 
variations are likely if using networks emphasizing only warm-season and continent-only conditions 
(Shindell et al, 2003; Mann et al, 2003; 2004; Rutherford et al, 2004; Mann et al, 2004). This is one 
example of the importance of careful network design and spatial/seasonal sampling strategies in pursuing 
proxy-based CFR.  

One important tool in the design of strategies for improved proxy-based CFR has been the testing of 
reconstruction strategies based on the analysis of synthetic networks of indicators taken from model 
simulations (Bradley, 1996; Zorita et al, 2003; Rutherford et al, 2003) or based on resampling of the 
instrumental record (Evans et al, 1998; Mann and Rutherford, 2002).  Mann and Rutherford (2002) 
analyzed reconstructions using ''pseudoproxy'' networks obtained by resampling the instrumental surface 
temperature record with gridpoint subsets of varying distribution and sparseness, seasonal window, and 
additive noise level (representing the 'signal-to-noise' of proxy), and character ('white', 'red', or 'blue'). 
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These tests demonstrated the increasing importance of the precise spatial location of indicators as 
networks become increasingly sparse (e.g., in the neighborhood of 20 or so independent samples). 
Rutherford et al (2003) took a similar strategy, constructing varyingly sparse networks of 'indicators' 
instead from the surface temperature field output of control and forced integrations of the Geophysical 
Fluid Dynamics Laboratory (GFDL) R30 coupled ocean-atmosphere model. This primary aim of this 
latter study was to test the influence of anthropogenic non-stationarity on the calibration/reconstruction 
process using 'noise-free' model pseudoproxy networks (i.e., simple sparse subsets of gridpoints from the 
actual model surface temperature field. This study yielded, among other insights,  the conclusion that 
unbiased proxy reconstructions result even in the presence of anthropogenic influence on the 20th 
century temperature record used for calibration.  

More recent experiments, currently in progress, combine the approaches of Mann and Rutherford (2002) 
and Rutherford et al (2003), designing pseudoproxy networks from long integrations of the Geophysical 
Fluid Dynamics Laboratory’s (GFDL) coupled General Circulation Model (GCM), and using both forced 
and long-term control simulations to examine issues related to the longer-term stationarity of CFR 
results. The derivation of pseudoproxy networks from these model integrations allows for a far more 
flexible set of experiments. Using a combined 900 yr control run with a  natural multi-century cooling 
trend and a 225 year forced run the long-term performance of the hybrid frequency-domain RegEM  CFR 
approach described by Rutherford et al (2004) is being investigated with respect to the length of the 
calibration period, and allowing for varying distribution and sparseness, seasonal window, and additive 
noise level and character.  Preliminary results (Figure 5) show... [SCOTT?? (briefly!)]. 
 
 
 
 
 
[FIGURE 5-SCOTT: GFDL PSEUDOPROXY EXPERIMENT RESULT] 
 
 
 
 
 
 
 
2.3. Model/Data Comparison and Establishing Underlying  Dynamical Mechanisms 
 
A large number of simulations of Northern Hemisphere mean temperature spanning the past millennium 
or longer have been performed over the past few years (see Figure 7)  using the full hierarchy of available 
climate models and estimates of past natural and anthropogenic radiative forcing histories  (Bertrand et 
al., 2002; Gerber et al, 2003; Bauer et al, 2003; Hegerl et al, 2003; Goose et al, 2003; Gonzales-Rouco et 
al, 2003, Crowley et al, 2003; Andronova et al, 2004; Schmidt et al, 2004; Crowley, 2004). These 
simulations have yielded a number of important conclusions  including (a) The modeled late 20th century  
hemispheric-mean warmth is anomalous in a long-term context, (b) this anomalous warmth can only be 
explained by anthropogenic (greenhouse gas plus sulfate aerosol) forcing and (c) the modeled natural 
variability is consistent with long-term proxy-based reconstructions within published uncertainties.  The 
comparisons of modeled and reconstructed hemispheric temperature histories implies a sensitivity of the 
climate to radiative forcing consistent with the typical range of estimates of 1.5-4.5oC/2xCO2 (see Jones 
and Mann, 2004). Experiments with a coupled climate/carbon cycle model by Gerber et al (2003) suggest 
a low-to-medium range sensitivity based on additional constraints from the observed CO2 record.  

Several of the simulations over-predict the net warming that has occurred since the early/mid 19th century 
as evident from the instrumental record (and reconstructions), leading to the appearance of colder 
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temperatures in past centuries when aligned with the modern instrumental record (Figure 6).  Simulations 
that take into account 19th and 20th century land use changes (Bauer et al in Figure 6), however, more 
closely match the observations, suggesting the importance of including land use changes as a significant 
19th and 20th century external radiative forcing (Govindasamy et al, 2001). One model simulation that 
produces especially large-amplitude variations (e.g. "GKSS" in Figure 6) assumes an extremely high 
amplitude solar forcing (nearly 8W/m2 change in solar constant over the course of the simulation), leading 
to substantial solar-forced hemispheric mean temperature changes in the past.   By contrast, other studies 
find little evidence to support such a substantial solar forcing of hemispheric mean temperature changes 
(e.g. Crowley, Gerber et al, and CSM in Figure 6; see also Hegerl et al, 2003).  
 
FIGURE 6  Model-based estimates of 
northern hemisphere temperature 
variations over the past two millennia 
(from Jones and Mann, 2004).  Shown 
are 40 year smoothed series. The 
simulations are based on varying 
radiative forcing histories (see Figure 
7), employing a hierarchy of models 
including one-dimensional energy 
based models (Crowley, 2000), two-
dimensional reduced complexity 
models (Bauer et al., 2003; Bertrand et 
al., 2002; Gerber et al., 2003), and full three-dimensional atmosphere-ocean general circulation ('GKSS'--
Gonzalez-Rouco et al, 2003; 'CSM'--Ammann et al., submitted). Shown for comparison is instrumental northern 
hemisphere record 1856-2003, and the proxy-based estimate of Mann and Jones (2003) extended through 1995 (see 
Jones and Mann, 2004) with its 95% confidence interval. Models have been aligned vertically to have the same 
mean over the common 1856-1980 period as the instrumental series (which is assigned zero mean during the 1961-
1990 reference period).  
 
A significant limitation in these previous  coarse-scale studies  is that the models used in these studies do 
not satisfactorily resolve important dynamical processes with the climate  that may in fact mediate much 
of the response to radiative forcing changes, and thus may be of primary  importance in interpreting 
reconstructed patterns of past climate change. These dynamical processes include (a) detailed 
stratospheric dynamics, photochemistry, and stratosphere/troposphere dynamical coupling (which have an 
important influence on the behavior of the Annular Modes, e.g. the AO/NAO--e.g. Shindell et al, 
1999;2001), and (b) the tropical wave dynamics (i.e., the Bjerknes feedbacks) responsible for ENSO, and 
potentially the forced response of the climate (e.g. Cane et al, 1997).   Other more targeted studies, using 
models capable of resolving these processes, have been recently used to examine more closely the 
potential role of such dynamical responses to forcing in interpreting climate changes in past centuries.   
Indeed, much of the recent progress in interpreting paleoreconstructions of climate in past centuries has 
come from more regionally focused studies using models capable of addressing such dynamical changes 
in the climate. 

Ongoing collaborative work with the NASA GISS modeling group (Shindell et al, 2001;2003;2004) has 
identified a prominent role in the planetary wave response to past radiative forcing changes in explaining 
observed patterns of spatial temperature change in past centuries. While solar forcing leads to only 
moderate changes in hemispheric mean temperature, the reinforcing seasonal patterns of continental 
summer cooling (due to decreased summer irradiance combined with the lesser thermal inertia over land) 
and regional temperature changes  associated with a dynamical stratospherically-forced tendency towards 
the negative phase of the NAO/AO during the Northern winter, leads to a tendency of strong cooling in 
some regions, such as Europe, but warming in other regions during times of decreased solar irradiance. 
This prediction matches the spatial pattern of response to solar forcing estimated from  proxy-
reconstructed surface temperature patterns  (Shindell et al, 2001).  The response to solar forcing contrasts 
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with the response to explosive tropical volcanic forcing which is associated with a tendency for

continental summer wanning, but an offsetting tendency for dynamically-induced winter wanning in

substantial regions of the continents. This latter response results from the differential heating/cooling of

lower stratosphere/upper troposphere associated with volcanic aerosol forcing, which leads, through

thermal wind considerations, to a tendency for the positive phase of the NAO/AO (see also Robock ,

2000). While volcanic forcing exhibits a greater hemispheric-mean temperature influence, due to the

substantially greater associated radiative forcing changes, the tendency for seasonally-opposite direct

radiative and dynamical responses leads to a muted pattern of spatial variation. The combination of the

responses to the two natural forcings matches well obseived proxy-reconstructed patterns of temperature

change in past centuries (Figure 7).
Proxy data reconstruction, 1660-80 vs 1770-90, ANN surface temperature
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The model-predicted spatial pattern of radiatively induced continental summer cooling combined with

dynamically induced winter wanning in substantial regions of the continents is in good agreement

between the simulations and post-volcanic event composites detennined from seasonally-resolved proxy-

reconstnicted temperature patterns (Shindell et al, 2004; see also Figure 1). The seasonally-opposing

trends over continental regions associated with volcanic forcing appears to explain (see Mann, 2002b;

Shindell et al. 2004: Rutherford et al, 2004) the greater amplitude variations in surface temperature

reconstructions that emphasize continental regions and summer season conditions (e.g. Esper et al, 2002;

Huang et al. 2000). Analyses underway for the past two millennia described in section 2. 1 should soon

complement current isolated longer-term evidence (Keigwin and Pickart. 1999: Noren et al. 2002; Rirnbu

et al. 2003) for a prominent role of the AO/NAO on region climate variability over the past several
millennia

Other recent modeling work has focused on the response of the tropical Pacific to natural radiative forcing

changes over the past 1000 years. Maim et al (2004) investigated the response of El Nino to natural

radiative forcing changes over the past 1000 years based on numerical experiments employing the

Zebiak-Cane (Zebiak and Cane, 1987) model of the tropical Pacific coupled ocean-atmosphere system.

Previously published empirical results (Adams et al, 2003) demonstrating a statistically significant

tendency towards El Nino conditions in response to past volcanic radiative forcing are reproduced in the

model experiments. A combination of responses to past changes hi volcanic and solar radiative forcing

closely reproduces changes hi the mean state and interannual variability hi El Niiio in past centuries

recorded from fossil corals (Cobb et al. 2003). These experiments suggest that the dynamics of El Nino

may have played an important role in the response of the global climate to past changes hi radiative

forcing hi past centuries. The ENSO-scale response isolated hi this study implies both a decrease hi the

.6 .8
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amplitude of the global or hemispheric-mean warming (cooling) associated with increased (decreased) 
radiative forcing in past centuries, and a decrease (increase) in  the poleward temperature gradient 
between equator and midlatitudes in response to increased (decreased) radiative forcing.  Such a response 
would argue for somewhat lower amplitude variability in actual hemispheric or global mean temperature 
in past centuries than is predicted by models which either do no resolve at all, or resolve incompletely, the 
physics underlying ENSO (e.g. Rind et al, 1999; Crowley, 2000; Gonzalez-Rouco et al, 2003). This 
response would furthermore help to explain apparent evidence that extratropical temperature changes in 
past centuries (e.g. Esper et al, 2002) have been greater in amplitude than tropical (Hendy et al, 2002) or 
full hemispheric-scale (e.g. Mann et al, 2003) temperature changes.  
 
FIGURE 8  Comparison (from Mann et al, 2004)  of 
the ensemble annual mean Niño3 response to 
combined natural radiative forcing (volcanic+solar) 
over the interval AD 1000-1999 (gray--anomaly in oC 
relative to AD1950-1980 reference period; 40 year 
smoothed values shown by thick maroon curve) with 
reconstructions of ENSO behavior from Palmyra 
coral oxygen isotopes (blue--the annual means of the 
published monthly isotope data are shown). The coral 
data are scaled as described in the ttext, with warm-
event (cold-event) conditions associated with negative 
(positive) isotopic departures. Thick dashed lines 
indicate averages of the scaled coral data for the 
three available time segments (blue) and the 
ensemble-mean averages from the model (red) for the 
corresponding time intervals. The associated inter-
fourth quartile range for the model means (the 
interval within which the mean lies for 50% of the model realizations) is also shown. The ensemble mean is not at 
the center of this range, due to the skewed nature of the underlying distribution of the model Niño3 series. Also 
shown (green curve) is the 40 year smoothed model result based on the response to volcanic forcing only, with the 
mean shifted to match that of the coral segments. 
 
The conclusions from Mann et al (2004) of an El Niño-like state during the otherwise generally cold  17th 
century  (e.g. Crowley, 2000; Mann et al, 2003) and a La Niña-like state during the otherwise relatively 
mild  12th/13th centuries (Crowley, 2000; Mann et al, 2003) appears to be consistent with changes 
observed in ENSO-sensitive drought regions.  Verschuren et al (2000) provide lake-level evidence in 
equatorial east Africa (Kenya) for  peak wet conditions during the mid-17th to the mid-18th centuries, and 
dry conditions during the early (11th-13th) centuries of the millennium,  reminiscent of anomalies 
typically associated with El Niño and La Niña conditions, respectively. A similar pattern of drought in 
earlier centuries and wet conditions in later centuries in the desert southwest of North America 
(Woodhouse and Overpeck, 1998) favors this interpretation as well.   
 
3. Proposed Research 
 
3.1 Empirical proxy-based climate reconstruction  

The proposed work attempt to extend reconstructions further back in time, over the past several millennia, 
based on the analysis of available proxy archives for course resolution proxy indicators possessing 
reliable information about temperature variations on multi-millennial timescales. [RAY, THIS IS 
REALLY  YOUR STUFF-PLEASE FEEL FREE TO EXPAND BRIEFLY]. ALSO, MALCOLM: ANY 
THOUGHTS ABOUT POSSIBLE USE OF SELECT TREE-RING RECORDS ON THESE 
TIMESCALES]. Hemispheric or global mean temperature composites estimates will be determined based 
on compositing approaches used in earlier studies using multiproxy temperature indicators to reconstruct 
hemispheric and global mean temperatures (Bradley and Jones, 1993; Jones et al, 1998; Crowley and 
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Lowery, 2000; Mann and Jones, 2003). The possibility of using CFR approaches (Mann et al, 1998; 
Evans et al, 2002; Luterbacher et al, 1999;2000;2004; Rutherford et al, 2003; 2004) applied to these more 
coarsely resolved indicators (potentially including, in this case, non-temperature proxy records) will also 
be investigated. The strategy, here, would be to use available higher-resolution surface temperature field 
reconstructions over the past two millennia (rather than the instrumental surface temperature record) as a 
template for calibration of the longer-term (multi-millennial) temperature proxy data. These analyses will 
be guided by the use of models and  analyses of the instrumental record to determine optimal sampling 
strategies (Bradley, 1996; Evans et al, 1998; Mann and Rutherford, 2002; Zorita et al, 2003; Rutherford et 
al, 2003), building on current work in this area described in section 2.2.  The optimal sampling 
experiments will make use of available climate field output from the GFDL R30 simulations used 
previously (section 2.2), and more realistic natural and anthropogenic forced millennial simulations (see 
section 3.2) of the coupled NCAR CCSM1 model and ECBILT model (in collaboration with H. Goosse 
of the University of Louvain, Belgium [HUGUES: ANY COMMENTS HERE?]). These experiments 
will be particularly important in guiding the proposed extensions, as we expect that only on the order of 
10-30 (guess! Ray?) proxy records with reliable regional temperature information on these timescales. 
With such sparse networks, the reliability of the resulting reconstruction is likely to be more sensitive to 
the precise location of available proxy information (see Mann and Rutherford, 2002). [SCOTT AND 
GENE: CARE TO ELABORATE ON ANY OF THIS (BRIEFLY)]. 
 

3.2 Modeling of past climate changes  

Several different models and modeling experiments will be used to analyze to investigate processes and 
forcings that may be responsible for past observed climate changes.  

a. Specified SST forcing of atmosphere 

Here we will use proxy estimates of Sea Surface Temperature diagnosed to drive atmospheric GCMs to 
assess possible SST forcing of large-scale atmospheric circulation changes in past centuries. In one set of 
experiments (collaborative with Schmidt and Shindell at NASA/GISS [GAVIN/DREW: ANYTHING 
TO ADD HERE?]) we will use the GISS ModelE atmosphere forced with proxy-reconstructed Sea 
Surface Temperatures patterns (as described in section 2.1) available with greatest spatial detail back to 
AD 1600 to diagnose the large-scale atmospheric response to estimated past SST forcing. In another set 
of experiments (collaborative with Ammann at NCAR), we will drive the NCAR CSM1 atmosphere with 
a reconstruction over the past millennium of tropical Pacific SSTs only (using the coral-based Nino3 
estimate described in Mann et al, 2004) to diagnose the large-scale atmospheric response to ENSO 
variability in past centuries.  Of particular interest here is the potential relationship between tropical SST 
forcing and patterns of continental drought in North America and Africa in past centuries. This work is 
synergistic with and complimentary too a separate collaboration between Mann and colleagues at Lamont 
Doherty/Columbia (M. Cane, S. Zebiak) and U. Miami (A. Clement) to diagnose the response of ENSO 
to past radiative forcing, a current collaboration between Mann, Ammann and N. Graham of Scripps Inst. 
Of Oceanography aimed at diagnosing the relationship between ENSO and western drought in past 
centuries from proxy records and climate model simulations [CASPAR: ANYTHING YOU'D LIKE TO 
ADD HERE?], and a currently funded project involving coral-based reconstructions of IndoPacific 
climate changes in past centuries involving Mann and collaborators J. Cole (Univ. Arizona) and V. Mehta 
(CRCES, Maryland). 

b) External radiative forcing of the atmosphere 

Here we will focus on experiments using the GISS atmospheric model with interactive stratospheric 
photochemistry and mixed-layer ocean (GISS), similar to that used in previous studies (Shindell et al, 
2001;2003;2004). In particular, using the expanded seasonal reconstructions of both temperature and SLP 
described in section 2.1, we hope to address (see section 3.3) the role of the NAM response to solar and 
volcanic radiative forcing. These analyses will expand on the analyses of Shindell et al (2001;2003;2004) 
by focusing on a longer timeframe (past millennium or further, rather than just the past few centuries) and 
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looking at both SLP and temperature fields as diagnostics of the atmospheric dynamical response to 
forcing [DREW/GAVIN: ANYTHING TO ADD HERE?]. Building on these past studies, the behavior 
of the Southern Annual Mode (SAM) or "Antarctic Oscillation" over the past millennium will also be 
analyzed. These latter analyses will be synergistic with a currently funded NSF project involving Mann 
and collaborators E. Steig and D. Weinbrenner at the University of Washington aimed at reconstructing 
past Antarctic climate patterns  (including the SAM) from high-resolution ice core data. 

c) External radiative forcing of coupled ocean-atmosphere model  

Here, we will make use of simulations using coupled ocean-atmosphere models (NCAR CCSM1 coupled 
model in collaboration w/ C. Amman of NCAR and we will collaborate with H. Goosse of Louvain in 
similar experiments using the ECBILT model. The model experiments will be forced by detailed 
estimates of past radiative natural and anthropogenic radiative forcing histories to address the response of 
the large-scale climate system to past radiative forcing [CASPAR, HUGUES COMMENTS?]. These 
modeling experiments will also be used in tests of proxy network sampling strategies as described in 
section 3.1 above. 

The NCAR simulations make use [CASPAR?] of the coupled CCSM1 ocean-atmosphere model which 
includes faithful representation of the ocean and atmospheric processes underlying tropical Pacific 
coupled ocean-atmosphere dynamics and can thus provide insights into the potential response of such 
dynamics to past radiative forcing changes, building on preliminary studies based on a low-order 
modeling approach  (Mann et al, 2004). Particular focus will be payed to ENSO-scale responses (and 
implications for continental drought patterns in past centuries). These simulations will be complimentary 
to those obtained by the specified SST experiments described in section "a" above. While the specified 
SST approach seeks to investigate relationships based on what is interpreted to be the particular unique 
realization of the tropical Pacific climate and extratropical responses exhibited by the actual climate, the 
coupled modeling approach will yield an ensemble of possible realizations in response to estimated 
radiative forcing histories. The resulting ensemble may or may not envelope the actual observed climate 
trajectory depending on the extent to which the response of the model to past radiative forcing actually 
captures the processes relevant to the observed  history. The role of other large-scale dynamical responses 
involving the Annual Modes and changes in meridional overturning ocean circulation, will also be 
investigated in these simulations. 

The NCAR model will be forced by estimated natural (volcanic and solar) radiative forcing changes over 
the past one to two millennia. A range of solar and volcanic forcing estimates have been used in past 
studies (e.g. Crowley et al. 2003; Bertrand et al, 2003; Ammann et al, 2003--see Figure 7 of Jones and 
Mann, 2004 for a comparison of different estimates) The radiative forcing estimates of Ammann et al 
(2003) will be used, as they offer both seasonal and  latitudinal resolution, and  certain dynamical 
responses to radiative forcing appear to depend on such details (Shindell et al, 2003;2004; Mann et al, 
2004). Given recent evidence (Lean et al, 2002) that estimates of long-term solar radiative forcing used in 
most other recent studies (Crowley, 2000; Shindell et al, 2001; 2003; Bertrand et al., 2002; Gerber et al, 
2003; Bauer et al, 2003; Hegerl et al, 2003; Goose et al, 2003; Gonzales-Rouco et al, 2003, Crowley et al, 
2003; Andronova et al, 2004; Schmidt et al, 2004; Crowley, 2004) are potentially overestimated, we 
intend to use both the previous estimates of Ammann et al (2003), and a newer, more conservative 
estimate of past solar irradiance change (Ammann, pers. comm.) based only on the 11 year solar cycle, as 
motivated by Lean et al (2002). This will allow us to examine the sensitivity of estimates to the assumed 
long-term solar forcing (see also Mann et al, 2004). In addition to the anthropogenic (greenhouse gas and 
sulphate aerosol) forcings, we will (CASPAR: REASONABLE TO PROPOSE?) include estimates of  
radiative forcing due to 19th and 20th century land use changes (Ramankutty and Foley, 1999; see also 
Bauer et al, 2003).  

In addition, experiments will be performed to address possible pre-industrial non-natural (human) 
influence on atmospheric CO2 levels (CASPAR, BILL: COMMENTS?). While one past study has 
interpreted pre-industrial CO2  changes over the past 1000 years as entirely due to changes in terrestrial 
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carbon uptake resulting from surface temperature changes themselves (Gerber et al, 2002), this 
conclusion depends on an averaging of different ice core CO2 histories with potentially inconsistent age 
models. If one uses instead the single (Law Dome) record with highest  (multidecadal) temporal 
resolution (Etheridge et al., 1996), the pre-industrial estimates show greater than 10ppm peak-to-peak 
variations, which are in fact radiatively significant, and could plausibly have arisen from human 
influences:  pandemics/disease and other population fluctuations in various regions of the world during 
various periods over the past 2000 years. We propose to address this issue by prescribing the CO2 changes 
as a "forcing" over the past 1000-2000 years, potentially decreasing the estimate by various fractions (e.g. 
0.75, 0.5) to allow for varying levels to which the  CO2 variations may represent a 'response' (e.g. Gerber 
et al, 2003)  rather than  'forcing'.  The CO2 series to be used as a forcing will be based on  a composite of 
Law and Taylor dome cores, using age model adjustments and linear interpolations between available 
dates as appropriate.  
 
A separate set of experiments are being performed by collaborator H. Goose [HUGUES: COMMENTS 
HERE? DO I HAVE THIS RIGHT?] using several different versions of the  ECBILT model driven by 
natural (volcanic, solar from Ammann et al, 2003) and anthropogenic (greenhouse gas and aerosol) 
forcing over the past 1000 years. Experiments are being performed using ECBILT-CLIO, a fully coupled 
3-D atmosphere-ocean-sea-ice model, and ECBILT-CLIO3-VECODE which additional includes an 
interactive dynamic vegetation model (DVM) 'Vecode'. In the ECBILT-CLIO3-VECODE, experiments, 
greenhouse gases are prescribed over the whole period and forcing by  natural volcanc, solar, and land-
use change is provided. In other experiments with ECBILT-CLIO2,  pre-industrial greenhouse gas 
concentrations and land surface properties are constant. While the ECBILT model does not resolve 
ENSO-scale dynamics, it has been used with considerable success to analyze possible feedbacks and 
delays in the large-scale climate response to radiative forcing changes associated with the behavior of the 
meridional overturning ocean circulation. Such responses appear to  include a delay of temperature 
changes in  Southern Hemisphere temperatures in response to radiative forcing changes (Goosse et al, 
2004). These simulation results should thus provide insight into existing empirical evidence of 
multidecadal/century-scale variability associated with changes in the meridional overturning circulation 
and "Atlantic Multidecadal Oscillation" (e.g. Delworth and Mann, 2000; D'Arrigo et al, 2003a; Gray et al, 
2003;2004) and connections with radiative forcing (Cubasch et al, 1997; Bond et al, 2001; Waple et al, 
2002).  Possible influence on drought (Gray et al, 2003).  Influence on drought, conbined with pacific 
influence on drought Gray et al, 2003). 
 

3.3 Model/Data Comparison 

Conclusions regarding the forcings and processes underlying reconstructed past climate histories  will 
draw upon standard statistical univariate and multivariate approaches to the problem of model/data 
comparisons: 

a) Composite  Analyses: 

To establish whether a model-predicted response to an episodic (e.g. volcanic) forcing exists in an 
empirical climate reconstruction, we will apply 'superposed epoch analyses' (e.g. Adams et al, 2003; 
Mann et al '04) in the case of time series (e.g. Nino3 vs. volcanic events) or conventional composite 
analyses (e.g. as in Shindell et al, 2004 with respect to the evaluation of post-volcanic seasonal large-scale 
surface temperature response) in the case of spatial fields. 

b) Model/Data Misfit Analyses  

We will use simple objective metrics, such as mean-square error ('MSE') (or potential alternative penalty 
functions) to characterize the degree of misfit between an observed and model-predicted time series. 
When a set of alternative forcing scenarios are used in a set of simulations (see section 3.2 "c"), such an 
objective metric can be used to determine the set of forcings (and their amplitudes) most consistent with a 
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reconstructed target index such as the Northern Hemisphere mean temperature, or Nino3 index of the 
tropical Pacific climate.  Applying such metrics, we will seek to identify the forcing histories most 
consistent with empirical, reconstructed past climate changes.  Such an approach will, for example, be 
taken to assessing the relative apportioning of forcing vs. response that is most consistent with past 
hemispheric temperature changes and CO2 histories as discussed in section 3.2 (In addition, other strictly 
empirical comparison, such as a convolution filter accommodating timescale dependent lags, applied to 
CO2 and temperature records, might be attempted).  

For comparisons of fields, rather than time series, we will also use  standard available methods. 
Correlation fields will be used  to provide a empirical estimate of the spatial pattern of response to a 
forcing (e.g. the spatial pattern of correlation of surface temperature reconstructions against reconstructed 
solar forcing indices--e.g. Waple et al, 2002). When both a model and empirical pattern of response are 
available (e.g. Shindell et al, 2001;2003) both conventional spatial correlation and multivariate penalty 
functions (e.g. spatially-integrated MSE) will be used to assess the level of agreement between model-
predicted and empirically-estimated response. Such comparisons might be restricted to particular 
frequency-bands of interest (e.g. Waple et al, 2002).  An example of such an application in this project 
would be the statistical comparison of  spatial patterns of multidecadal timescale (e.g. 40-100 year band-
passed) reconstructed drought or Sea Level Pressure against the corresponding model-predicted fields, 
identically filtered, produced in a specified SST forcing simulation (see section 3.2 "a"), over a particular 
common interval (e.g. AD 1600-1900). 

c) Frequency-Domain analyses:  We will use the MTM-SVD approach (see Mann and Park, 1999 for an 
extensive review) which has previously been applied to networks of proxy data (e.g. Mann et al, 1995) or 
proxy-reconstructed surface temperature fields (Delworth and Mann, 2000; Mann et al, 2000a) to identify 
coupled patterns of variability with preferred timescales that are evident simultaneously in reconstructed 
fields of surface temperature, sea level pressure, and continental drought (see e.g. Zhang and Mann, 2004 
for such an application). Of particular interest will be the identification of coherent patterns of climate 
response on timescales associated with specific radiative forcings (e.g. solar--i.e., 11 year, 22 year and 70-
80 year timescales--see Waple et al, 2002).  

 
4. Work Plan/Division of Labor 
 
Year 1:  

 ? 
 ? 
  

 
Year 2:  

 ? 
 ? 
  

 
Year 3:  

 ? 
 ? 
  

 
Year 4:  

 ? 
 ? 
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Division of Labor: 

P.I. Mann will coordinate the 3 main components of the project with the assistance of a project-supported 
postdoctoral research associate. The specific breakdown of responsibilities is as follows: 

1. Empirical proxy-based climate reconstruction  

P.I.s: Mann (???); Bradley (Univ. Mass); Hughes (Univ. Arizona),  Rutherford (Roger Williams Univ);; 
Wahl (Alfred Univ) 

Collaborator/s: Goosse (Louvain, Belgium) 

2. Modeling of past climate changes:  

P.I.s: Mann (consulting role) 

Collaborator/s: Schmidt, Shindell and Columbia Univ. graduate student (NASA/GISS and Columbia); 
Ammann (NCAR);   Goosse (Louvain); Ruddiman (Univ. of Virginia) 

3. Model/Data comparison:  

P.I.s: Mann and ??? post-doctoral research associate
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Budget Justification 
 
Personnel: 
 
Michael E. Mann (XXX Professor, XX University XX) will be the coordinator for this project, playing a 
prominent role in each of the 3 core components of the project (participating in empirical reconstructions 
and investigation of sampling strategies, the design of modeling experiments, and model/data comparison 
activities). We request 2 months summer salary for each of the 4 years for Dr. Mann. 
 
We request support for a postdoctoral research associate who will devote 12 months/year for each year of 
this project, assisting P.I. Mann w/ the coordination of the various project activities including a focus on 
data/model comparisons analyses. We also request 4 months/year towards the salary of a technical 
assistant to U.Va. who will devote the majority of his/her time to this project. Mann will provide the 
remaining 8 months support  from internal funds at XX University. 
 
We also request full-time funding for one graduate student at XX University  who will assist in the 
analysis of model results and comparison of model-produced and proxy-reconstructed patterns. 
experiments 
 
Fringe benefit rates for XX University, are XX% on summer effort by faculty with nine-month 
appointments (Mann) and by graduate research assistants, and YY% on salary for Research Associates. 
 
Travel:  
 
A modest travel budget is requested to attend an annual meeting of PI and collaborators in either XX or 
the host institutions of the various consultants (NASA/GISS New York, NCAR, Boulder CO, Amherst 
MA) who will be advising on testing of methodologies, comparison with coupled model simulation 
results, and comparison of reconstructions and model results. 
 
We request funds for travel to the Fall American Geophysical Union Meeting for the purpose of reporting 
on the progress of the project, and interacting with other members of the paleoclimate and climate 
modeling communities.  
 
Publications: 
 
We request funds to cover color page charges/reprint costs for 4 to 5 journal articles. 
 
Equipment: 
 
We request funds for a PC and basic required hardware (disk drives) for the servers for data storage, as 
well as software licenses (e.g., MATLAB), for use in project-related activities. 
 
Materials and Supplies: 
 
Funds are requested to support the purchase of technical software (e.g., MATLAB) and software licenses  
for use in project-related activities. 
 
Tuition: 
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The XX University XX requires that graduate research assistants be supported for the in-state portion of 
their tuition. Tuition rates in this proposal are based on the current rates for the 2001-2002 academic year 
($5,188) and inflated 4% each year, as follows: Year 1 -- $5396; Year 2 -- $5,611; and Year 3 -- $5836. 
 
Indirect Costs: 
 
The indirect cost (F&A) rate approved by DHHS for use by the XX University XX is 48%. That rate is 
applied to Modified Total Indirect Costs, which in this proposal are Total Direct Costs minus equipment 
and tuition. 
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We intend to engage in collaborations with climate modelers to compare patterns of observed climate 
variation of the past few centuries to one to two millennia with those generated in model simulations as a 
consequence of both internal and forced variability, to allow for a more fundamental understanding of this 
observed climate variability. We intend to concentrate on three particular issues: 
 
1. Dynamical insight from multiple climate fields: We will use the state-of-the art global annual and 
seasonal reconstructions of surface temperature and sea level pressure variations over the past one to two 
millennia as a baseline for diagnosing inter-relationships between patterns of past variability in different 
climate fields. We plan, in collaboration with European colleagues, to compare our SLP reconstructions 
with those they have produced for the European and North Atlantic sectors based on early pressure 
records back to 1780 (Jones et all, 1999), or other documentary evidence for the North Atlantic 
Oscillation and the EU index back to 1675 (Luterbacher et al., 1999) and SLP over Europe for periods as 
early as 1675 (Luterbacher et al., 2000). These records provide a valuable opportunity to verify our SLP 
and circulation indices.  We will compare the reconstructed climate fields (surface air temperature and 
SLP) with existing continental drought reconstructions (in collaboration with Cook of Lamont/Columbia 
and Woodhouse of NOAA/CIRES for insights into the oceanic and atmospheric dynamics underlying 
climate variability over the past few one-to-two millennia.  Various indices of SST (e.g., the "PDO" and 
Nino3) and atmospheric (e.g., the NAO/AO) variability will be used for inferences regarding mechanism 
of climate variability and to strengthen long-term detection/attribution exercises (e.g. as in Braganza et al, 
2001; Covey et a, 2001; Crowley, 2000). 

2. AO/NAO forcing and North Atlantic Patterns of Climate Variability: This makes us of collaborations 
with individuals at NASA/GISS (G. Schmidt and D. Shindell) in seeking to understand forced patterns of 
winter-season climate variability in the Northern Hemisphere. This work proposes to build on fruitful 
initial collaborations examining the role of the response of the atmospheric circulation to solar irradiance 
changes in explaining observed spatial patterns of temperature change estimated in past centuries possibly 
associated with forcing modulated through the tropics (Shindell et al., 2001; Figure 8). Proposed 
extensions of this work involve an examination of the additional role of oceanic dynamical responses to 
atmospheric forcing in explaining patterns of surface temperature variation estimated for the Northern 
Hemisphere over the past 1000 years. Evidence both from high deposition-rate sediment cores, which 
resolve climate changes at relatively low resolution (century-scale) in situ in the North Atlantic ocean, 
and hemispheric-scale climate reconstructions from a variety of high-resolution proxy sources, will be  
employed.  The proposed comparisons will also make use of new seasonal hemispheric surface 
temperature and sea level pressure reconstructions employing both high and low-resolution indicators 
expected to be available over the next several months. The proposed analyses will help to elucidate the 
role of  natural radiative forcing changes in governing patterns of climate (e.g., surface temperature and 
atmospheric circulation) variation in past centuries and tropical/extratropical interactions, with 
implications for an improved understanding of past climate epochs such as the "Little Ice Age" and so-
called "Medieval Warm Period". 
 
3. Role of forcing in past tropical SST changes: These analyses are synergistic with an  independent 
proposed project (Mehta, Cole, Mann) to reconstruct patterns of surface temperature and SLP in the Indo-
Pacific region.  Improved reconstructions of ENSO will be used to test the viability of theoretical 
mechanisms of the response of tropical Pacific ocean-atmosphere dynamics to radiative forcing (Cane et 
al, 1997). Preliminary analyses indicate the viability of an ENSO-like response to volcanic (negative 
radiative) forcing in past centuries (Figure 9), a possibility originally proposed based on limited modern 
instrumental data (Handler, 1984), but recently extended over the past few centuries using paleoclimate 
data (C. Ammann, Ph.D. thesis; University of Massachusetts, unpublished; B. Adams et al, M.S. Thesis, 
University of Virginia, unpublished). The results of these empirical comparisons will be compared 
directly against results of experiments (in collaboration with M. Cane of Lamont/Columbia) employing 
volcanic forcing reconstructions (e.g., Crowley, 2000) to drive multi-century simulations of the Cane-
Zebiak (Zebiak and Cane, 1987) model of the tropical Pacific ocean-atmosphere system, which predicts a 
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positive (i.e., El Nino-like) response to negative tropical radiative forcing.  These experiments will be 
extended to estimate the response of the tropical Pacific ocean-atmosphere system to combined solar and 
volcanic radiative forcing over the past few centuries. Such experiments will be used to test, for example, 
the viability of external radiative forcing in explaining the apparent tendency for El Nino conditions 
during the late 17th/early 18th century discussed earlier. We believe that such experiments are essential to 
estimate the potential for tropical ocean-atmosphere dynamical responses in modifying the 
hemispheric/global pattern of climate response to external forcing in past centuries, and as such, these 
experiments will be complementary to similar recent experiments with global energy-balance models 
(Crowley, 2000).  
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From: Michael E. Mann
To: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; tom crowley; p.jones@uea.ac.uk
Subject: Fwd: Recent Events
Date: Friday, May 04, 2001 4:43:58 PM

>From: Socci.Tony@epamail.epa.gov
>Date: Fri, 04 May 2001 13:07:18 -0400
>Subject: Recent Events
>To: mann@multiproxy.evsc.virginia.edu
>X-Mailer: Lotus Notes Release 5.0.5  September 22, 2000
>X-MIMETrack: Serialize by Router on EPAHUB11/USEPA/US(Release 5.0.6a |January
>  17, 2001) at 05/04/2001 01:12:05 PM
>
>Mike:
>
>As you may or may not be aware, there have been a recent spate of climate
>hearings on the science of global warming featuring people like Dick
>Lindzen, Kevin Trenberth, John Christy, etc....  Lindzen has been a witness
>at all of the hearings (2) thus far.
>
>In the most recent hearing sponsored by Senator Smith of New Hampshire,
>Chair of the Environment and Public works Committee, Lindzen made a number
>of accusations involving the IPCC science summaries for policymakers and
>the IPCC process.  In his banter about the "real" state of scientific
>knowledge regarding the science of climate change, Lindzen made specific
>reference to the Mann figure of temperature over the last 1,000 years, and
>cited Wally Broecker's paper as a basis for suggesting that the methodology
>that went into the construct of the figure was flawed.  In addition,
>Lindzen also repeated the claim that significant parts of the
>reconstruction were based upon a handful of tree rings which, in addition,
>have dubious significance with respect to a temperature signal.
>
>  I'm relaying this because I'm wondering what the status is of your
>response to Broecker's letter.
>
>By the way, I really enjoyed the paleo meeting you hosted and learned a lot
>as well.  It was also great to catch up with you and others, in person.
>
>Cheers Mike.
>
>
>Tony
>
>PS - Check out this web site.
>
>(See attached file: www.nhes.com)

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone: (804)    FAX: (804) 
          http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: Edward Cook
Cc: Michael E. Mann; tom crowley; esper@ldeo.columbia.edu; Jonathan Overpeck; Keith Briffa;

mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; p.jones@uea.ac.uk; srutherford@virginia.edu
Subject: Re: hockey stick
Date: Wednesday, May 02, 2001 11:54:24 AM

Hi Ed,

This is fair enough, and I'm sorry if my spelling out my concerns
sounded defensive to you. It wasn't meant to be that way.

Lets figure this
all out based on good, careful
work and see what the data has to say in the end. We're working towards
this ourselves, using revised methods and including borehole data, etc.
and will keep everyone posted on this.

I don't in any way doubt yours and Jan's integrity here.

I'm just a bit concerned that the result is getting used publically, by
some, before it has gone through the gauntlet of peer review.
Especially because it is, whether you condone it or not, being used as
we speak to discredit the work of us, and Phil et al, this is dangerous.
I think there are some legitimate issues that need to be sorted out
with regard to the standardization method, and would like to see
this play out before we jump to conclusions regarding revised estimates
of the northern hemisphere mean temperature record and the nature of
the "MWP".

I'd
be interested to be kept posted on what the status of the manuscript is.

Thanks,

mike

On Wed, 2 May 2001, Edward Cook wrote:

> Hi Mike,
>
> >A few quick points Ed,
> >
> >These "Wally seminars" are  self-promoting acts on Broecker's part, and I
> >think the community has to reject them as having any broader significance.
> >If Broecker had pulled this w/ Ray, Malcolm, Keith, Phil, and Tom around,
> >he wouldn't get away w/ such a one-sided treatment of the issue. I've been
> >extremely troubled by what I have heard here.
>
> It appears that you are responding in a way that is a bit overly defensive,
> which I regret. I am not supporting Broecker per se and only explained in a
> very detailed fashion the origin of the work by Esper and me and how it was
> presented to refute a very unfair characterization of tree-ring data in
> Wally's perspective piece. The fact that Esper compared his series with
> Jones, Briffa, and Mann et al. should not be viewed as an attack on your
> work. It was never intended to be so, but it is was a clearly legitimate
> thing to do. As I said, I have no control over Broecker. But it is unfair
> and indeed incorrect to start out by dismissing the "Special Wally
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> Seminars" as self-promoting acts. To say that is simply wrong. He doesn't
> bring people in to only express support for his point of view or pet
> theory, as you are implying. So, I suggest that you cool down a bit on this
> matter. It detracts from the scientific issues that should properly be
> debated here. This is the only point on which I will defend Broecker.
>
> >I'm also a bit troubled by your comparisons w/ glacial advances, etc. and
> >how these correlate w/ your reconstruction. Malcolm, Ray, Phil, and others
> >have been over this stuff time and again, and have pointed out that these
> >data themselves don't support the notion of globally-synchronoous changes.
> >You seem to be arguing otherwise? And with regard to association w/
> >volcanic forcing, Tom has already shown that the major volcanic events are
> >captured correctly in the existing reconstructions, whether or not the
> >longer-term trends are correct or not...
>
> I am not arguing for "globally-synchronous changes" and never have. To
> quote what I said about neo-glacial advances, some of the fluctuations in
> Esper's series "correspond well with known histories of neo-glacial advance
> in some parts of the NH". Note the use of the word "some" in that quote.
> That is a fair statement and why shouldn't I say it if it is true,
> coincidently or not. Whether or not it argues for "globally-synchronous
> changes" is up to you. I would never argue that everything happening on
> multi-decadal time scales is phase-locked across the NH. That would be a
> silly thing to say. But it is perfectly valid to point out the degree to
> which independent evidence for cold periods based on glacier advances
> appears to agree with a larger-scale indicator of temperature variablity. I
> thought this is how science to supposed to proceed. I also don't see your
> point about volcanic forcing. I mentioned this purely in the spirit of the
> work of Crowley and others to suggest that the Esper series is probably
> capturing this kind of signal as well. It has nothing to do with the issue
> of centennial trends in temperature. You are reading far more into what I
> wrote than I ever intended or meant.
>
> >Re the boreholes. Actually, if  Tom's estimates are correct, and it is also
> >correct that the boreholes have the low-frequency signal correct over the
> >past few centuries, we are forced to also accept Tom's result that the
> >so-called "MWP", at the hemispheric scale, is actually even COOLER relative
> >to present than our result shows! That was clear in Tom's presentation at
> >the workshop. So lets be clear about that--Tom's work and the boreholes in
> >no way support Broecker's conclusion that the MWP was warmer than we have
> >it--it actually implies the MWP is colder than we have it!
> >Tom, please speak up if I'm not correct in this regard!
>
> I am not saying that Tom's results are wrong. And, I am certainly not
> saying that Broecker is right. I merely described the results of a new
> analysis of a somewhat new set of long tree-ring records from the
> extra-tropics. My statement that the MWP appeared to be comparable to the
> 20th century does not imply, nor was it meant to imply, that somehow the
> 20th century temperature is not truly anomalous and being driven by
> greenhouse gases. To quote from my email, "I would not claim (and nor would
> Jan) that it exceeded the warmth of the late 20th century. We simply do not
> have the precision or the proxy replication to say that yet." Note the use
> of the word "precision". This clearly relates to the issue of error
> variance and confidence intervals, a point that you clearly emphasize in
> describing your series. Also note the emphasis on "late 20th century". I
> think that most researchers in global change research would agree that the
> emergence of a clear greenhouse forcing signal has really only occurred
> since after 1970. I am not debating this point, although I do think that
> there still exists a signficant uncertainty as to the relative
> contributions of natural and greenhouse forcing to warming during the past
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> 20-30 years at least. Note that I also tried to emphasize the
> extra-tropical nature of this series, and it may be that the tropics do not
> show the same strength of warming. But I do argue strongly that we do not
> have the high-resolution proxy data needed to test for a MWP in the
> tropics. Please correct me if I am wrong here.
>
> >We are in the process of incorporating the borehole data into the
> >low-frequency component of the reconstruction. The key difference will be
> >that they are going to be calibrated against the instrumental record and
> >weighted by the spatial coherence within the borehole data rather than what
> >Pollack has done. I expect the results will be different, but in any case
> >quite telling...
>
> Fine.
>
> >I'll let Malcolm and Keith respond to the issues related to the
> >standardization of the Esper chronologies, though it immediately sounds to
> >me quite clear that there is the likelihood of of having contaminated the
> >century-scales w/ non-climatic info. Having now done some work w/
> >chronologies in disturbed forests myself now (in collaboration w/ Dave
> >Stahle), I know how easy it is to get lots of century-scale variability
> >that has nothing to do w/ climate. I imagine the reviewers of the
> >manuscript will have to be convinced that this is the case w/ what Esper
> >has done. I'm very skeptical. I'm also bothered that Broecker has promoted
> >this work prior to any formal peer review. There are some real issues w/
> >the standardization approach and there is a real stretch in promoting this
> >as a hemispheric temperature reconstruction.
>
> I appreciate your skepticism and I hope that Jan and I can convince you
> otherwise. I also encourage you to continue getting your shoulders sore and
> hands dirty on tree-ring sampling and analysis. Esper's analysis is not
> perfect. Nor is anyone elses who works in this game. But if Esper's series
> is wrong on century time scales, then Jones and Briffa are wrong too. If
> Esper's series is also wrong on inter-decadal time scales, then your series
> is wrong as well because on that time scale of variablity, his series
> agrees very well with yours. So, I would be very cautious about declaring
> that Esper's series is in some sense invalid. Finally, as I have said ad
> nausem, I have no control over what Broecker thinks or does beyond
> presenting to him a convincing case for the ability of certain tree-ring
> series to preserve long-term temperature variability. And again, "I also
> tried to emphasize the extra-tropical nature of this series." Please give
> me a break here.
>
> >Finally, what is the exact spatial distribution of the sparse data he used.
> >Scott R. drove home the point regarding the importance of taking into
> >account spatial sampling in his talk at the workshop. A sparse
> >extratratropical set of indicators, no matter how
> >locally-temperature-sensitive they are,  will not, unless you're *very*
> >lucky w/ the locations, be an accurate indicator of true N. Hem temp. In
> >general it will overestimate the variance at all timescales. The true N.Hem
> >temperature (ie, weighted largely by tropical ocean SST) has much less
> >variance than extratrpoical continents. There may be a large apples and
> >oranges component to the comparisons you describe.
>
> I know your argument and I am sensitive to it, hence my emphasis on
> "extra-tropical". So, don't look for disagreement on the importance of the
> tropical SSTs to any estimate of NH temperatures. But let's be honest here.
> Your reconstruction prior to roughly AD 1600 is dominated by extra-tropical
> proxies. So, in a way, you are caught in the same dilemma as all other
> people who have tried to do this.
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>
> >We've shown that are reconstructions in continental extratropical regions
> >have lots more variance and variability. It is, as we have all shown, the
> >averaging over many regions that reduces the amplitude of variability. Our
> >regional reconstructions show far more significant warm and cold periods.
> >But they cancel out spatially!
>
> Understood, but it is still unclear how this all happens as your
> reconstruction proceeds back in time with an increasingly limited and
> spatially-restricted set of proxies. Confidence limits that you place on
> your series is laudable and I agree, to first order, that the MWP in your
> series could easily have been cooler than what you show. But it implicitly
> assumes that the estimates are equally unbiased (or equally biased for that
> matter) back in time. I don't know if that is an issue here, but I believe
> that the issue of bias using an increasingly sparse number of predictors
> scattered irregularly over space has not be investigated. Please correct me
> if I am wrong here.
>
> >If a legitimate argument were to be made that we have significnatly
> >understiamted, within the context of our uncertainty estimates, the
> >amplitude of the MWP at the hemispheric scale, I'd be the first to accept
> >it (note that, as Phil et al pointed out in their recent review article in
> >Science, we do not dispute that temperatures eearly in the millennium,
> >within the uncertainty estimates, may have been comparable to early/mid
> >20th centurys--just not late 20th century temperatures).
>
> We are in agreement here. See my earlier comments.
>
> >Frankly though Ed, I really don't see it here. We may have to let the
> >peer-review process decid this, but I think you might benefit from knowing
> >the  consensus  of the very able group we have assembled in this email
> >list,  on what Esper/you have done?
>
> Of course, I know everyone in this "very able group" and respect their
> opinions and scientific credentials. The same obviously goes for you. That
> is not to say that we can't disagree. Afterall, consensus science can
> impede progress as much as promote understanding.
>
> Cheers,
>
> Ed
>
> >Comments or thoughts?
> >
> >cheers,
> >
> >mike
> >
> >At 10:59 AM 5/2/01 -0400, Edward Cook wrote:
> >> >Ed,
> >> >
> >> >heard some rumor that you are involved in a non-hockey stick reconstruction
> >> >of northern hemisphere temperatures.  I am very intrigued to learn about
> >> >this - are these results suggesting the so called Medieval Warm Period may
> >> >be warmer than the early/mid 20th century?
> >> >
> >> >any enlightenment on this would be most appreciated, Tom
> >> >
> >> >
> >> >
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> >> >Thomas J.  Crowley
> >> >Dept. of Oceanography
> >> >Texas A&M University
> >> >College Station, TX  77843-3146
> >> >
> >> >  (fax)
> >> >  (alternate fax)
> >>
> >>Hi Tom,
> >>
> >>As rumors often are, the one you heard is not entirely accurate. So, I will
> >>take some time here to explain for you, Mike, and others exactly what was
> >>done and what the motivation was, in an effort to hopefully avoid any
> >>misunderstanding. I especially want to avoid any suggestion that this work
> >>was being done to specifically counter or refute the "hockey stick".
> >>However, it does suggest (as do other results from your EBM, Peck's work,
> >>the borehole data, and Briffa and Jones large-scale proxy estimates) that
> >>there are unresolved (I think) inconsistencies in the low-frequency aspects
> >>of the hockey stick series compared to other results. So, any comparisons
> >>with the hockey stick were made with that spirit in mind.
> >>
> >>What Jan Esper and I are working on (mostly Jan with me as second author)
> >>is a paper that was in response to Broecker's Science Perspectives piece on
> >>the Medieval Warm Period. Specifically, we took strong exception to his
> >>claim that tree rings are incapable of preserving century time scale
> >>temperature variability. Of course, if Broecker had read the literature, he
> >>would have known that what he claimed was inaccurate. Be that as it may,
> >>Jan had been working on a project, as part of his post-doc here, to look at
> >>large-scale, low-frequency patterns of tree growth and climate in long
> >>tree-ring records provided to him by Fritz Schweingruber. With the addition
> >>of a couple of sites from foxtail pine in California, Jan amassed a
> >>collection of 14 tree-ring sites scattered somewhat uniformly over the
> >>30-70 degree NH latitude band, with most extending back 1000-1200 years.
> >>All of the sites are from temperature-sensitive locations (i.e. high
> >>elevation or high northern latitude. It is, as far as I know, the largest,
> >>longest, and most spatially representative set of such
> >>temperature-sensitive tree-ring data yet put together for the NH
> >>extra-tropics.
> >>
> >>In order to preserve maximum low-frequency variance, Jan used the Regional
> >>Curve Standardization (RCS) method, used previously by Briffa and myself
> >>with great success. Only here, Jan chose to do things in a somewhat radical
> >>fashion. Since the replication at each site was generally insufficient to
> >>produce a robust RCS chronology back to, say, AD 1000, Jan pooled all of
> >>the original measurement series into 2 classes of growth trends: non-linear
> >>(~700 ring-width series) and linear (~500 ring-width series). He than
> >>performed independent RCS on the each of the pooled sets and produced 2 RCS
> >>chronologies with remarkably similar multi-decadal and centennial
> >>low-frequency characteristics. These chronologies are not good at
> >>preserving high-frquency climate information because of the scattering of
> >>sites and the mix of different species, but the low-frequency patterns are
> >>probably reflecting the same long-term changes in temperature. Jan than
> >>averaged the 2 RCS chronologies together to produce a single chronology
> >>extending back to AD 800. It has a very well defined Medieval Warm Period -
> >>Little Ice Age - 20th Century Warming pattern, punctuated by strong decadal
> >>fluctuations of inferred cold that correspond well with known histories of
> >>neo-glacial advance in some parts of the NH. The punctuations also appear,
> >>in some cases, to be related to known major volcanic eruptions.
> >>
> >>Jan originally only wanted to show this NH extra-tropical RCS chronology in
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> >>a form scaled to millimeters of growth to show how forest productivity and
> >>carbon sequestration may be modified by climate variability and change over
> >>relatively long time scales. However, I encouraged him to compare his
> >>series with NH instrumental temperature data and the proxy estimates
> >>produced by Jones, Briffa, and Mann in order bolster the claim that his
> >>unorthodox method of pooling the tree-ring data was producing a record that
> >>was indeed related to temperatures in some sense. This he did by linearly
> >>rescaling his RCS chronology from mm of growth to temperature anomalies. In
> >>so doing, Jan demonstrated that his series, on inter-decadal time scales
> >>only, was well correlated to the annual NH instrumental record. This result
> >>agreed extremely well with those of Jones and Briffa. Of course, some of
> >>the same data were used by them, but probably not more than 40 percent
> >>(Briffa in particular), so the comparison is based on mostly, but not
> >>fully, independent data. The similarity indicated that Jan's approach was
> >>valid for producing a useful reconstruction of multi-decadal temperature
> >>variability (probably weighted towards the warm-season months, but it is
> >>impossible to know by how much) over a larger region of the NH
> >>extra-tropics than that produced before by Jones and Briffa. It also
> >>revealed somewhat more intense cooling in the Little Ice Age that is more
> >>consistent with what the borehole temperatures indicate back to AD 1600.
> >>This result also bolsters the argument for a reasonably large-scale
> >>Medieval Warm Period that may not be as warm as the late 20th century, but
> >>is of much(?) greater significance than that produced previously.
> >>
> >>Of course, Jan also had to compare his record with the hockey stick since
> >>that is the most prominent and oft-cited record of NH temperatures covering
> >>the past 1000 years. The results were consistent with the differences shown
> >>by others, mainly in the century-scale of variability. Again, the Esper
> >>series shows a very strong, even canonical, Medieval Warm Period - Little
> >>Ice Age - 20th Century Warming pattern, which is largely missing from the
> >>hockey stick. Yet the two series agree reasonably well on inter-decadal
> >>timescales, even though they may not be 1:1 expressions of the same
> >>temperature window (i.e. annual vs. warm-season weighted). However, the
> >>tree-ring series used in the hockey stick are warm-season weighted as well,
> >>so the difference between "annual" and "warm-season weighted" is probably
> >>not as large as it might seem, especially before the period of instrumental
> >>data (e.g. pre-1700) in the hockey stick. So, they both share a significant
> >>degree of common interdecal temperature information (and some, but not
> >>much, data), but do not co-vary well on century timescales. Again, this has
> >>all been shown before by others using different temperature
> >>reconstructions, but Jan's result is probably the most comprehensive
> >>expression (I believe) of extra-tropical NH temperatures back to AD 800 on
> >>multi-decadal and century time scales.
> >>
> >>Now back to the Broecker perspectives piece. I felt compelled to refute
> >>Broecker's erroneous claim that tree rings could not preserve long-term
> >>temperature information. So, I organized a "Special Wally Seminar" in which
> >>I introduced the topic to him and the packed audience using Samuel
> >>Johnson's famous "I refute it thus" statement in the form of "Jan Esper and
> >>I refute Broecker thus". Jan than presented, in a very detailed and well
> >>espressed fashion, his story and Broecker became an instant convert. In
> >>other words, Wally now believes that long tree-ring records, when properly
> >>selected and processed, can preserve low-frequency temperature variability
> >>on centennial time scales. Others in the audience came away with the same
> >>understanding, one that we dendrochronologists always knew to be the case.
> >>This was the entire purpose of Jan's work and the presentation of it to
> >>Wally and others. Wally had expressed some doubts about the hockey stick
> >>previously to me and did so again in his perspectives article. So, Jan's
> >>presentation strongly re-enforced Wally's opinion about the hockey stick,
> >>which he has expressed to others including several who attended a

ABOR/MH/Priv-000042



> >>subsequent NOAA meeting at Lamont. I have no control over what Wally says
> >>and only hope that we can work together to reconcile, in a professional,
> >>friendly manner, the differences between the hockey stick and other proxy
> >>temperature records covering the past 1000 years. This I would like to do.
> >>
> >>I do think that the Medieval Warm Period was a far more significant event
> >>than has been recognized previously, as much because the high-resolution
> >>data to evaluate it had not been available before. That is much less so the
> >>case now. It is even showing up strongly now in long SH tree-ring series.
> >>However, there is still the question of how strong this event was in the
> >>tropics. I maintain that we do not have the proxies to tell us that now.
> >>The tropical ice core data are very difficult to interpret as temperature
> >>proxies (far worse than tree rings for sure and maybe even unrelated to
> >>temperatures in any simple linear sense as is often assumed), so I do not
> >>believe that they can be used alone as records to test for the existence of
> >>a Medieval Warm Period in the tropics. That being the case, there are
> >>really no other high-resolution records from the tropics to use, and the
> >>teleconnections between long extra-tropical proxies and the tropics are, I
> >>believe, far too tenuous and probably unstable to use to sort out this
> >>issue.
> >>
> >>So, at this stage I would argue that the Medieval Warm Period was probably
> >>a global extra-tropical event, at the very least, with warmth that was
> >>persistent and probably comparable to much of what we have experienced in
> >>the 20th century. However, I would not claim (and nor would Jan) that it
> >>exceeded the warmth of the late 20th century. We simply do not have the
> >>precision or the proxy replication to say that yet. This being said, I do
> >>find the dismissal of the Medieval Warm Period as a meaningful global event
> >>to be grossly premature and probably wrong. Kind of like Mark Twain's
> >>commment that accounts of his death were greatly exaggerated. If, as some
> >>people believe, a degree of symmetry in climate exists between the
> >>hemispheres, which would appear to arise from the tropics, then the
> >>existence of a Medieval Warm Period in the extra-tropics of the NH and SH
> >>argues for its existence in the tropics as well. Only time and an enlarged
> >>suite of proxies that extend into the tropics will tell if this is true.
> >>
> >>I hope that what I have written clarifies the rumor and expresses my views
> >>more completely and accurately.
> >>
> >>Cheers,
> >>
> >>Ed
> >>
> >>==================================
> >>Dr. Edward R. Cook
> >>Doherty Senior Scholar
> >>Tree-Ring Laboratory
> >>Lamont-Doherty Earth Observatory
> >>Palisades, New York  10964  USA
> >>Phone:  
> >>Fax:    
> >>Email:  drdendro@ldeo.columbia.edu
> >>==================================
> >
> >_______________________________________________________________________
> >                     Professor Michael E. Mann
> >            Department of Environmental Sciences, Clark Hall
> >                       University of Virginia
> >                      Charlottesville, VA 22903
> >_______________________________________________________________________
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> >e-mail: mann@virginia.edu   Phone: (804)    FAX: (804) 
> >          http://www.evsc.virginia.edu/faculty/people/mann.shtml
>
>
> ==================================
> Dr. Edward R. Cook
> Doherty Senior Scholar
> Tree-Ring Laboratory
> Lamont-Doherty Earth Observatory
> Palisades, New York  10964  USA
> Phone:  
> Fax:    
> Email:  drdendro@ldeo.columbia.edu
> ==================================
>
>
>

_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone: (804)    FAX: (804) 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: Malcolm K. Hughes
Cc: Raymond S. Bradley; Michael E. Mann
Subject: Re: MWE
Date: Wednesday, May 02, 2001 10:02:38 AM

Hi Malcolm,

Thanks--yes, I agree--the key thing is for us not to get distracted, and
pursue the things we discussed in Charlottesville. In a couple weeks,
Scott may have some results to show us w/ the inclusion of the borehole
data and the split low/high freq domaint approach. If there results are
significant enough, I'm going to want to write that up quickly and
submit
(amaybe Nature) so that we have our own say on the effect of including
low-res info from boreholes into the reconstructions of past centuries.
Obviously can't go back to the beginning of the millennium w/ these data,
but it will show how different a picture we get over the past 5 centuries
including them.

more soon,

mike

p.s. as you've gathered, I really don't like the personal attacks I've
been
receiving from Broecker. I realize that reacting to him has its severe
dangers, but come on, sooner or later somebody has to stand up to the
neighborhood bully!

Wed, 2 May 2001, Malcolm K. Hughes wrote:

> Dear Both - I think we should focus on continuing our reconstructions, but it's
> clear that it is a good thing we will meet in a couple of weeks' time to
> brainstorm about future directions. I have long since given up worrying about
> others' (for example, at Lamont, or elsewhere) motivations. Our function is to
> do the best job we can of doing the reconstructions, and of checking others'
> work. I'll be interested to see the detail of Jan Esper's calculations, and
> whether the conclusions he draws in print are supported by them. Even Ed's
> careful description does not yet give a basis for doing this.
> Some issues we need to consider when we meet, and in discussions with others,
> are:
> How high a priority should we give to truly independent reconstructions - i.e.
> those with no data overlap?
> What latitudinal/ seasonal windows are likely to be most diagnostic for the
> issues that are of greatest scientific and social significance?
>
> Remember, too, that it is truly remarkable that almost three years have passed
> since the Nature paper, and only recently have others started to come up with
> something new and sufficiently different that might cause consideration of
> revisions. This is testimony to the difficulty of doing this stuff and the
> achievement that the MBH98,99 recosnructions represent. I suggest that the trick
> now will be to find a way to stay ahead of the game, learning from
> everything that has been done recently. Looking forward to seeing you all,
> Malcolm
> Quoting "Raymond S. Bradley" <rbradley@geo.umass.edu>:
>
> > I don't follow--ed is just reporting his work in progress...presumably
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> > it
> > will go out for review at some point.  Whether he convinces Broecker
> > that
> > trees work is irrelevant to me, and to you.  I have not yet seen any
> > propaganda by Broecker--did I miss something?
> > Until things appear in print, they are just talking points and I took
> > ed's
> > message as just that.
> > I did not focus too much on the methodology, or (perhaps more
> > importantly)
> > the distribution of sites---certainly a lot of overlap with Briffa et al
> >
> > 2001 is inevitable.  But my point is that
> > a) the MWP remains enigmatic & ill-defined
> > b) it's important (scientifically & politically) to focus on it
> > c) I don't think it alters the important conclusion re RATE of 20th
> > century
> > temperature changes.
> > Clearly, if you (or rather Ed) has to confine his reconstruction to the
> > use
> > of high latitude NH trees, the amplitude of any variations (at any
> > frequncy) is likely to be larger than we found for the NH mean.  But,
> > remember that in our 1000 year reconstruction, the only data we used for
> >
> > the NH extra-tropics was from Quelccaya, Tasmania and Patagonia.  I
> > would
> > not want to defend those data sets as contributing a lot to our
> > understanding of NH temperature...
> >
> > Ray
> >
> > At 11:55 AM 5/2/01 -0400, you wrote:
> > >Ray, you should read the email I just sent.
> > >
> > >Malcolm and Keith and I discussed this w/ Ed at the meeting, and were
> > not
> > >at all convinced that the methodology is sound. there are some real
> > >potential problems w/ what has been done, and this "reconstruction"
> > >appears to be getting oversold and is already being used, prior to peer
> >
> > >review, as a propoganda piece by Broecker. Science cannot be allowed to
> >
> > >work this way. I reject Broecker's machine selling un-peer reviewed
> > work
> > >w/ some real questionmarks regarding methodology, because it supports
> > his
> > >bias. Do you support this approach to science?
> > >
> > >mike
> > >
> > >At 11:42 AM 5/2/01 -0400, you wrote:
> > >>I liked your report on work with Esper.  I agree that the MWE is a
> > very
> > >>important period, with big implications re anthropogenic effects on
> > >>climate (as opposed to natural forcing).  I have always been concerned
> >
> > >>that what little evidence we have for solar forcing points to the 20th
> >
> > >>century as having the highest radiation receipts since the MWE....and
> > >>orbitally-related radiation was higher --by a few W m-2 --in summer
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> > 1000
> > >>years ago too (at high NH latitudes) [see Fig. in Bradley 2000--QSR).
> > >>I said in my Science perspectives article after Wally's LIA meeting
> > last
> > >>year:
> > >>"...we cannot entirely rule out the possibility of a globally
> > extensive
> > >>warm episode (or episodes) for at least part of the period from A.D.
> > 1000
> > >>to A.D. 1300, because of the paucity of high-resolution records
> > >>(especially from the oceans and the southern hemisphere) spanning that
> >
> > >>interval.....Until a more extensive set of data is available, the
> > absence
> > >>of evidence does not necessarily mean evidence of absence."
> > >>So, I'm not too surprised by your findings.  Note, however, that Wang
> > >>Shao Wu in the recent Holocene reckons there was no Medieval warm
> > period
> > >>(relative to today) in China, but as with all of these things what you
> >
> > >>mean by "today" becomes important.
> > >>A few other things:
> > >>I suggest we get serious about what we all mean by MWE/MWP as the term
> > is
> > >>ill-defined.  Anything between about AD 800 and 1300 seems fair game
> > but
> > >>clearly there was a lot of variability within that period and we need
> > to
> > >>use the term more judiciously.  Were just a few decades warm?  In your
> >
> > >>network of 14 sites, is there more warmth around the N. Atlantic
> > compared
> > >>to other sites?  Were high elevation sites "warmer" than high latitude
> > sites?
> > >>Finally, since:
> > >>"The 20th century warming is unprecedented in both rate and magnitude,
> >
> > >>compared to the last 1000 years..."
> > >>can you examine your new series in the light of this "fact" (which
> > seems
> > >>clear from all reconstructions so far) -- can we still say that?  This
> >
> > >>may be the most important thing, in terms of the anthropogenic aspects
> > of
> > >>the record.
> > >>ray
> > >>
> > >>Raymond S. Bradley
> > >>Professor and Head of Department
> > >>Department of Geosciences
> > >>University of Massachusetts
> > >>Amherst, MA 01003-5820
> > >>
> > >>Tel: 
> > >>Fax: 
> > >>Climate System Research Center: 
> > >>Climate System Research Center Web Page:
> > >><http://www.geo.umass.edu/climate/climate.html>
> > >>Paleoclimatology Book Web Site (1999):
> > >>http://www.geo.umass.edu/climate/paleo/html
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> > >>
> > >>
> > >
> > >_______________________________________________________________________
> > >                     Professor Michael E. Mann
> > >            Department of Environmental Sciences, Clark Hall
> > >                       University of Virginia
> > >                      Charlottesville, VA 22903
> > >_______________________________________________________________________
> > >e-mail: mann@virginia.edu   Phone: (804)    FAX: (804) 
> > >          http://www.evsc.virginia.edu/faculty/people/mann.shtml
> > >
> >
> > Raymond S. Bradley
> > Professor and Head of Department
> > Department of Geosciences
> > University of Massachusetts
> > Amherst, MA 01003-5820
> >
> > Tel: 
> > Fax: 
> > Climate System Research Center: 
> > Climate System Research Center Web Page:
> > <http://www.geo.umass.edu/climate/climate.html>
> > Paleoclimatology Book Web Site (1999):
> > http://www.geo.umass.edu/climate/paleo/html
> >
> >
> >
> >
>
>
>
> Professor Malcolm K. Hughes
> Laboratory of Tree-Ring Research
> W.Stadium 105
> University of Arizona
> Tucson, AZ 85721
> phone 
> fax 
>

_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone: (804)    FAX: (804) 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Raymond S. Bradley
To: mann@multiproxy.evsc.virginia.edu; mhughes@ltrr.arizona.edu; tom@ocean.tamu.edu; p.jones@uea.ac.uk;

k.briffa@uea.ac.uk
Subject: Fwd: Re: Comments on Broecker
Date: Wednesday, May 02, 2001 9:44:46 AM

>From: "Julia Uppenbrink" <juppenbrink@science-int.co.uk>
>To: "Raymond S. Bradley" <rbradley@geo.umass.edu>
>Cc: <griddiho@aaas.org>
>Subject: Re: Comments on Broecker
>Date: Wed, 2 May 2001 17:30:03 +0100
>X-Mailer: Microsoft Outlook Express 5.00.2919.6600
>
>Dear Ray:
>
>Thanks for the reminder. I have just been in touch with the Letters editor,
>Guy Riddihough, and have recommended that we publish the letter. I copy him
>above; please contact Guy regarding the likely publication date.
>
>Best wishes
>
>      Julia
>
>----- Original Message -----
>From: "Raymond S. Bradley" <rbradley@geo.umass.edu>
>To: "Julia Uppenbrink" <Juppenbrink@science-int.co.uk>
>Sent: Tuesday, May 01, 2001 5:40 PM
>Subject: Comments on Broecker
>
>
> > Did anything ever come of my letter, commenting on Broecker's Perspective,
> > on the Medieval warm Period?
> > Thanks
> > Ray Bradley
> >
> >
> > Raymond S. Bradley
> > Professor and Head of Department
> > Department of Geosciences
> > University of Massachusetts
> > Amherst, MA 01003-5820
> >
> > Tel: 
> > Fax: 
> > Climate System Research Center: 
> > Climate System Research Center Web Page:
> > <http://www.geo.umass.edu/climate/climate.html>
> > Paleoclimatology Book Web Site (1999):
> > http://www.geo.umass.edu/climate/paleo/html
> >
> >
> >
> >

Raymond S. Bradley
Professor and Head of Department
Department of Geosciences
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University of Massachusetts
Amherst, MA 01003-5820

Tel: 
Fax: 
Climate System Research Center: 
Climate System Research Center Web Page:
<http://www.geo.umass.edu/climate/climate.html>
Paleoclimatology Book Web Site (1999):
http://www.geo.umass.edu/climate/paleo/html
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From: Michael E. Mann
To: Raymond S. Bradley
Cc: Michael E. Mann; mhughes@ltrr.arizona.edu
Subject: Re: MWE
Date: Wednesday, May 02, 2001 9:26:32 AM

Hi Ray,

The key point here is that even though it is *not* yet peer-reviewed,
Ed/Esper have been sending this around. Dave Battisti put up a plot of this
reconstruction and asked me about it yesteday in a guest lecture I gave
here at U. Washington!!!

Broecker has been using this work to argue that our work is incorrect, and
has been broadcasting that message. They are not treating it as if it is
work in progress, and allowing Broecker to use it for his own agenda.

I know you get this, Ray???

mike

At 12:14 PM 5/2/01 -0400, Raymond S. Bradley wrote:
>I don't follow--ed is just reporting his work in progress...presumably it
>will go out for review at some point.  Whether he convinces Broecker that
>trees work is irrelevant to me, and to you.  I have not yet seen any
>propaganda by Broecker--did I miss something?
>Until things appear in print, they are just talking points and I took ed's
>message as just that.
>I did not focus too much on the methodology, or (perhaps more importantly)
>the distribution of sites---certainly a lot of overlap with Briffa et al
>2001 is inevitable.  But my point is that
>a) the MWP remains enigmatic & ill-defined
>b) it's important (scientifically & politically) to focus on it
>c) I don't think it alters the important conclusion re RATE of 20th
>century temperature changes.
>Clearly, if you (or rather Ed) has to confine his reconstruction to the
>use of high latitude NH trees, the amplitude of any variations (at any
>frequncy) is likely to be larger than we found for the NH mean.  But,
>remember that in our 1000 year reconstruction, the only data we used for
>the NH extra-tropics was from Quelccaya, Tasmania and Patagonia.  I would
>not want to defend those data sets as contributing a lot to our
>understanding of NH temperature...
>
>Ray
>
>At 11:55 AM 5/2/01 -0400, you wrote:
>>Ray, you should read the email I just sent.
>>
>>Malcolm and Keith and I discussed this w/ Ed at the meeting, and were not
>>at all convinced that the methodology is sound. there are some real
>>potential problems w/ what has been done, and this "reconstruction"
>>appears to be getting oversold and is already being used, prior to peer
>>review, as a propoganda piece by Broecker. Science cannot be allowed to
>>work this way. I reject Broecker's machine selling un-peer reviewed work
>>w/ some real questionmarks regarding methodology, because it supports his
>>bias. Do you support this approach to science?
>>
>>mike
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>>
>>At 11:42 AM 5/2/01 -0400, you wrote:
>>>I liked your report on work with Esper.  I agree that the MWE is a very
>>>important period, with big implications re anthropogenic effects on
>>>climate (as opposed to natural forcing).  I have always been concerned
>>>that what little evidence we have for solar forcing points to the 20th
>>>century as having the highest radiation receipts since the MWE....and
>>>orbitally-related radiation was higher --by a few W m-2 --in summer 1000
>>>years ago too (at high NH latitudes) [see Fig. in Bradley 2000--QSR).
>>>I said in my Science perspectives article after Wally's LIA meeting last
>>>year:
>>>"...we cannot entirely rule out the possibility of a globally extensive
>>>warm episode (or episodes) for at least part of the period from A.D.
>>>1000 to A.D. 1300, because of the paucity of high-resolution records
>>>(especially from the oceans and the southern hemisphere) spanning that
>>>interval.....Until a more extensive set of data is available, the
>>>absence of evidence does not necessarily mean evidence of absence."
>>>So, I'm not too surprised by your findings.  Note, however, that Wang
>>>Shao Wu in the recent Holocene reckons there was no Medieval warm period
>>>(relative to today) in China, but as with all of these things what you
>>>mean by "today" becomes important.
>>>A few other things:
>>>I suggest we get serious about what we all mean by MWE/MWP as the term
>>>is ill-defined.  Anything between about AD 800 and 1300 seems fair game
>>>but clearly there was a lot of variability within that period and we
>>>need to use the term more judiciously.  Were just a few decades
>>>warm?  In your network of 14 sites, is there more warmth around the N.
>>>Atlantic compared to other sites?  Were high elevation sites "warmer"
>>>than high latitude sites?
>>>Finally, since:
>>>"The 20th century warming is unprecedented in both rate and magnitude,
>>>compared to the last 1000 years..."
>>>can you examine your new series in the light of this "fact" (which seems
>>>clear from all reconstructions so far) -- can we still say that?  This
>>>may be the most important thing, in terms of the anthropogenic aspects
>>>of the record.
>>>ray
>>>
>>>Raymond S. Bradley
>>>Professor and Head of Department
>>>Department of Geosciences
>>>University of Massachusetts
>>>Amherst, MA 01003-5820
>>>
>>>Tel: 
>>>Fax: 
>>>Climate System Research Center: 
>>>Climate System Research Center Web Page:
>>><http://www.geo.umass.edu/climate/climate.html>
>>>Paleoclimatology Book Web Site (1999):
>>>http://www.geo.umass.edu/climate/paleo/html
>>>
>>
>>_______________________________________________________________________
>>                     Professor Michael E. Mann
>>            Department of Environmental Sciences, Clark Hall
>>                       University of Virginia
>>                      Charlottesville, VA 22903
>>_______________________________________________________________________
>>e-mail: mann@virginia.edu   Phone: (804)    FAX: (804) 
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>>          http://www.evsc.virginia.edu/faculty/people/mann.shtml
>
>Raymond S. Bradley
>Professor and Head of Department
>Department of Geosciences
>University of Massachusetts
>Amherst, MA 01003-5820
>
>Tel: 
>Fax: 
>Climate System Research Center: 
>Climate System Research Center Web Page:
><http://www.geo.umass.edu/climate/climate.html>
>Paleoclimatology Book Web Site (1999):
>http://www.geo.umass.edu/climate/paleo/html
>
>
>

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone: (804)    FAX: (804) 
          http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: Raymond S. Bradley; mhughes@ltrr.arizona.edu
Cc: mann@virginia.edu
Subject: Re: MWE
Date: Wednesday, May 02, 2001 8:51:53 AM

Ray, you should read the email I just sent.

Malcolm and Keith and I discussed this w/ Ed at the meeting, and were not
at all convinced that the methodology is sound. there are some real
potential problems w/ what has been done, and this "reconstruction" appears
to be getting oversold and is already being used, prior to peer review, as
a propoganda piece by Broecker. Science cannot be allowed to work this way.
I reject Broecker's machine selling un-peer reviewed work w/ some real
questionmarks regarding methodology, because it supports his bias. Do you
support this approach to science?

mike

At 11:42 AM 5/2/01 -0400, you wrote:
>I liked your report on work with Esper.  I agree that the MWE is a very
>important period, with big implications re anthropogenic effects on
>climate (as opposed to natural forcing).  I have always been concerned
>that what little evidence we have for solar forcing points to the 20th
>century as having the highest radiation receipts since the MWE....and
>orbitally-related radiation was higher --by a few W m-2 --in summer 1000
>years ago too (at high NH latitudes) [see Fig. in Bradley 2000--QSR).
>I said in my Science perspectives article after Wally's LIA meeting last year:
>"...we cannot entirely rule out the possibility of a globally extensive
>warm episode (or episodes) for at least part of the period from A.D. 1000
>to A.D. 1300, because of the paucity of high-resolution records
>(especially from the oceans and the southern hemisphere) spanning that
>interval.....Until a more extensive set of data is available, the absence
>of evidence does not necessarily mean evidence of absence."
>So, I'm not too surprised by your findings.  Note, however, that Wang Shao
>Wu in the recent Holocene reckons there was no Medieval warm period
>(relative to today) in China, but as with all of these things what you
>mean by "today" becomes important.
>A few other things:
>I suggest we get serious about what we all mean by MWE/MWP as the term is
>ill-defined.  Anything between about AD 800 and 1300 seems fair game but
>clearly there was a lot of variability within that period and we need to
>use the term more judiciously.  Were just a few decades warm?  In your
>network of 14 sites, is there more warmth around the N. Atlantic compared
>to other sites?  Were high elevation sites "warmer" than high latitude sites?
>Finally, since:
>"The 20th century warming is unprecedented in both rate and magnitude,
>compared to the last 1000 years..."
>can you examine your new series in the light of this "fact" (which seems
>clear from all reconstructions so far) -- can we still say that?  This may
>be the most important thing, in terms of the anthropogenic aspects of the
>record.
>ray
>
>Raymond S. Bradley
>Professor and Head of Department
>Department of Geosciences
>University of Massachusetts
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>Amherst, MA 01003-5820
>
>Tel: 
>Fax: 
>Climate System Research Center: 
>Climate System Research Center Web Page:
><http://www.geo.umass.edu/climate/climate.html>
>Paleoclimatology Book Web Site (1999):
>http://www.geo.umass.edu/climate/paleo/html
>
>
>

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone: (804)    FAX: (804) 
          http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: Edward Cook
Cc: tom crowley; Michael E. Mann; esper@ldeo.columbia.edu; Jonathan Overpeck; Keith Briffa;

mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; p.jones@uea.ac.uk; srutherford@virginia.edu
Subject: Re: hockey stick
Date: Wednesday, May 02, 2001 8:47:58 AM

A few quick points Ed,

These "Wally seminars" are  self-promoting acts on Broecker's part, and I
think the community has to reject them as having any broader significance.
If Broecker had pulled this w/ Ray, Malcolm, Keith, Phil, and Tom around,
he wouldn't get away w/ such a one-sided treatment of the issue. I've been
extremely troubled by what I have heard here.

I'm also a bit troubled by your comparisons w/ glacial advances, etc. and
how these correlate w/ your reconstruction. Malcolm, Ray, Phil, and others
have been over this stuff time and again, and have pointed out that these
data themselves don't support the notion of globally-synchronoous changes.
You seem to be arguing otherwise? And with regard to association w/
volcanic forcing, Tom has already shown that the major volcanic events are
captured correctly in the existing reconstructions, whether or not the
longer-term trends are correct or not...

Re the boreholes. Actually, if  Tom's estimates are correct, and it is also
correct that the boreholes have the low-frequency signal correct over the
past few centuries, we are forced to also accept Tom's result that the
so-called "MWP", at the hemispheric scale, is actually even COOLER relative
to present than our result shows! That was clear in Tom's presentation at
the workshop. So lets be clear about that--Tom's work and the boreholes in
no way support Broecker's conclusion that the MWP was warmer than we have
it--it actually implies the MWP is colder than we have it!
Tom, please speak up if I'm not correct in this regard!

We are in the process of incorporating the borehole data into the
low-frequency component of the reconstruction. The key difference will be
that they are going to be calibrated against the instrumental record and
weighted by the spatial coherence within the borehole data rather than what
Pollack has done. I expect the results will be different, but in any case
quite telling...

I'll let Malcolm and Keith respond to the issues related to the
standardization of the Esper chronologies, though it immediately sounds to
me quite clear that there is the likelihood of of having contaminated the
century-scales w/ non-climatic info. Having now done some work w/
chronologies in disturbed forests myself now (in collaboration w/ Dave
Stahle), I know how easy it is to get lots of century-scale variability
that has nothing to do w/ climate. I imagine the reviewers of the
manuscript will have to be convinced that this is the case w/ what Esper
has done. I'm very skeptical. I'm also bothered that Broecker has promoted
this work prior to any formal peer review. There are some real issues w/
the standardization approach and there is a real stretch in promoting this
as a hemispheric temperature reconstruction.

Finally, what is the exact spatial distribution of the sparse data he used.
Scott R. drove home the point regarding the importance of taking into
account spatial sampling in his talk at the workshop. A sparse
extratratropical set of indicators, no matter how
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locally-temperature-sensitive they are,  will not, unless you're *very*
lucky w/ the locations, be an accurate indicator of true N. Hem temp. In
general it will overestimate the variance at all timescales. The true N.Hem
temperature (ie, weighted largely by tropical ocean SST) has much less
variance than extratrpoical continents. There may be a large apples and
oranges component to the comparisons you describe.

We've shown that are reconstructions in continental extratropical regions
have lots more variance and variability. It is, as we have all shown, the
averaging over many regions that reduces the amplitude of variability. Our
regional reconstructions show far more significant warm and cold periods.
But they cancel out spatially!

If a legitimate argument were to be made that we have significnatly
understiamted, within the context of our uncertainty estimates, the
amplitude of the MWP at the hemispheric scale, I'd be the first to accept
it (note that, as Phil et al pointed out in their recent review article in
Science, we do not dispute that temperatures eearly in the millennium,
within the uncertainty estimates, may have been comparable to early/mid
20th centurys--just not late 20th century temperatures).

Frankly though Ed, I really don't see it here. We may have to let the
peer-review process decid this, but I think you might benefit from knowing
the  consensus  of the very able group we have assembled in this email
list,  on what Esper/you have done?

Comments or thoughts?

cheers,

mike

At 10:59 AM 5/2/01 -0400, Edward Cook wrote:
> >Ed,
> >
> >heard some rumor that you are involved in a non-hockey stick reconstruction
> >of northern hemisphere temperatures.  I am very intrigued to learn about
> >this - are these results suggesting the so called Medieval Warm Period may
> >be warmer than the early/mid 20th century?
> >
> >any enlightenment on this would be most appreciated, Tom
> >
> >
> >
> >Thomas J.  Crowley
> >Dept. of Oceanography
> >Texas A&M University
> >College Station, TX  77843-3146
> >
> >  (fax)
> >  (alternate fax)
>
>Hi Tom,
>
>As rumors often are, the one you heard is not entirely accurate. So, I will
>take some time here to explain for you, Mike, and others exactly what was
>done and what the motivation was, in an effort to hopefully avoid any
>misunderstanding. I especially want to avoid any suggestion that this work
>was being done to specifically counter or refute the "hockey stick".
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>However, it does suggest (as do other results from your EBM, Peck's work,
>the borehole data, and Briffa and Jones large-scale proxy estimates) that
>there are unresolved (I think) inconsistencies in the low-frequency aspects
>of the hockey stick series compared to other results. So, any comparisons
>with the hockey stick were made with that spirit in mind.
>
>What Jan Esper and I are working on (mostly Jan with me as second author)
>is a paper that was in response to Broecker's Science Perspectives piece on
>the Medieval Warm Period. Specifically, we took strong exception to his
>claim that tree rings are incapable of preserving century time scale
>temperature variability. Of course, if Broecker had read the literature, he
>would have known that what he claimed was inaccurate. Be that as it may,
>Jan had been working on a project, as part of his post-doc here, to look at
>large-scale, low-frequency patterns of tree growth and climate in long
>tree-ring records provided to him by Fritz Schweingruber. With the addition
>of a couple of sites from foxtail pine in California, Jan amassed a
>collection of 14 tree-ring sites scattered somewhat uniformly over the
>30-70 degree NH latitude band, with most extending back 1000-1200 years.
>All of the sites are from temperature-sensitive locations (i.e. high
>elevation or high northern latitude. It is, as far as I know, the largest,
>longest, and most spatially representative set of such
>temperature-sensitive tree-ring data yet put together for the NH
>extra-tropics.
>
>In order to preserve maximum low-frequency variance, Jan used the Regional
>Curve Standardization (RCS) method, used previously by Briffa and myself
>with great success. Only here, Jan chose to do things in a somewhat radical
>fashion. Since the replication at each site was generally insufficient to
>produce a robust RCS chronology back to, say, AD 1000, Jan pooled all of
>the original measurement series into 2 classes of growth trends: non-linear
>(~700 ring-width series) and linear (~500 ring-width series). He than
>performed independent RCS on the each of the pooled sets and produced 2 RCS
>chronologies with remarkably similar multi-decadal and centennial
>low-frequency characteristics. These chronologies are not good at
>preserving high-frquency climate information because of the scattering of
>sites and the mix of different species, but the low-frequency patterns are
>probably reflecting the same long-term changes in temperature. Jan than
>averaged the 2 RCS chronologies together to produce a single chronology
>extending back to AD 800. It has a very well defined Medieval Warm Period -
>Little Ice Age - 20th Century Warming pattern, punctuated by strong decadal
>fluctuations of inferred cold that correspond well with known histories of
>neo-glacial advance in some parts of the NH. The punctuations also appear,
>in some cases, to be related to known major volcanic eruptions.
>
>Jan originally only wanted to show this NH extra-tropical RCS chronology in
>a form scaled to millimeters of growth to show how forest productivity and
>carbon sequestration may be modified by climate variability and change over
>relatively long time scales. However, I encouraged him to compare his
>series with NH instrumental temperature data and the proxy estimates
>produced by Jones, Briffa, and Mann in order bolster the claim that his
>unorthodox method of pooling the tree-ring data was producing a record that
>was indeed related to temperatures in some sense. This he did by linearly
>rescaling his RCS chronology from mm of growth to temperature anomalies. In
>so doing, Jan demonstrated that his series, on inter-decadal time scales
>only, was well correlated to the annual NH instrumental record. This result
>agreed extremely well with those of Jones and Briffa. Of course, some of
>the same data were used by them, but probably not more than 40 percent
>(Briffa in particular), so the comparison is based on mostly, but not
>fully, independent data. The similarity indicated that Jan's approach was
>valid for producing a useful reconstruction of multi-decadal temperature
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>variability (probably weighted towards the warm-season months, but it is
>impossible to know by how much) over a larger region of the NH
>extra-tropics than that produced before by Jones and Briffa. It also
>revealed somewhat more intense cooling in the Little Ice Age that is more
>consistent with what the borehole temperatures indicate back to AD 1600.
>This result also bolsters the argument for a reasonably large-scale
>Medieval Warm Period that may not be as warm as the late 20th century, but
>is of much(?) greater significance than that produced previously.
>
>Of course, Jan also had to compare his record with the hockey stick since
>that is the most prominent and oft-cited record of NH temperatures covering
>the past 1000 years. The results were consistent with the differences shown
>by others, mainly in the century-scale of variability. Again, the Esper
>series shows a very strong, even canonical, Medieval Warm Period - Little
>Ice Age - 20th Century Warming pattern, which is largely missing from the
>hockey stick. Yet the two series agree reasonably well on inter-decadal
>timescales, even though they may not be 1:1 expressions of the same
>temperature window (i.e. annual vs. warm-season weighted). However, the
>tree-ring series used in the hockey stick are warm-season weighted as well,
>so the difference between "annual" and "warm-season weighted" is probably
>not as large as it might seem, especially before the period of instrumental
>data (e.g. pre-1700) in the hockey stick. So, they both share a significant
>degree of common interdecal temperature information (and some, but not
>much, data), but do not co-vary well on century timescales. Again, this has
>all been shown before by others using different temperature
>reconstructions, but Jan's result is probably the most comprehensive
>expression (I believe) of extra-tropical NH temperatures back to AD 800 on
>multi-decadal and century time scales.
>
>Now back to the Broecker perspectives piece. I felt compelled to refute
>Broecker's erroneous claim that tree rings could not preserve long-term
>temperature information. So, I organized a "Special Wally Seminar" in which
>I introduced the topic to him and the packed audience using Samuel
>Johnson's famous "I refute it thus" statement in the form of "Jan Esper and
>I refute Broecker thus". Jan than presented, in a very detailed and well
>espressed fashion, his story and Broecker became an instant convert. In
>other words, Wally now believes that long tree-ring records, when properly
>selected and processed, can preserve low-frequency temperature variability
>on centennial time scales. Others in the audience came away with the same
>understanding, one that we dendrochronologists always knew to be the case.
>This was the entire purpose of Jan's work and the presentation of it to
>Wally and others. Wally had expressed some doubts about the hockey stick
>previously to me and did so again in his perspectives article. So, Jan's
>presentation strongly re-enforced Wally's opinion about the hockey stick,
>which he has expressed to others including several who attended a
>subsequent NOAA meeting at Lamont. I have no control over what Wally says
>and only hope that we can work together to reconcile, in a professional,
>friendly manner, the differences between the hockey stick and other proxy
>temperature records covering the past 1000 years. This I would like to do.
>
>I do think that the Medieval Warm Period was a far more significant event
>than has been recognized previously, as much because the high-resolution
>data to evaluate it had not been available before. That is much less so the
>case now. It is even showing up strongly now in long SH tree-ring series.
>However, there is still the question of how strong this event was in the
>tropics. I maintain that we do not have the proxies to tell us that now.
>The tropical ice core data are very difficult to interpret as temperature
>proxies (far worse than tree rings for sure and maybe even unrelated to
>temperatures in any simple linear sense as is often assumed), so I do not
>believe that they can be used alone as records to test for the existence of
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>a Medieval Warm Period in the tropics. That being the case, there are
>really no other high-resolution records from the tropics to use, and the
>teleconnections between long extra-tropical proxies and the tropics are, I
>believe, far too tenuous and probably unstable to use to sort out this
>issue.
>
>So, at this stage I would argue that the Medieval Warm Period was probably
>a global extra-tropical event, at the very least, with warmth that was
>persistent and probably comparable to much of what we have experienced in
>the 20th century. However, I would not claim (and nor would Jan) that it
>exceeded the warmth of the late 20th century. We simply do not have the
>precision or the proxy replication to say that yet. This being said, I do
>find the dismissal of the Medieval Warm Period as a meaningful global event
>to be grossly premature and probably wrong. Kind of like Mark Twain's
>commment that accounts of his death were greatly exaggerated. If, as some
>people believe, a degree of symmetry in climate exists between the
>hemispheres, which would appear to arise from the tropics, then the
>existence of a Medieval Warm Period in the extra-tropics of the NH and SH
>argues for its existence in the tropics as well. Only time and an enlarged
>suite of proxies that extend into the tropics will tell if this is true.
>
>I hope that what I have written clarifies the rumor and expresses my views
>more completely and accurately.
>
>Cheers,
>
>Ed
>
>==================================
>Dr. Edward R. Cook
>Doherty Senior Scholar
>Tree-Ring Laboratory
>Lamont-Doherty Earth Observatory
>Palisades, New York  10964  USA
>Phone:  
>Fax:    
>Email:  drdendro@ldeo.columbia.edu
>==================================

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone: (804)    FAX: (804) 
          http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: Edward Cook
Cc: tom crowley; Michael E. Mann; esper@ldeo.columbia.edu; Jonathan Overpeck; Keith Briffa;

mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; p.jones@uea.ac.uk; srutherford@virginia.edu
Subject: Re: hockey stick
Date: Wednesday, May 02, 2001 8:47:58 AM

A few quick points Ed,

These "Wally seminars" are  self-promoting acts on Broecker's part, and I
think the community has to reject them as having any broader significance.
If Broecker had pulled this w/ Ray, Malcolm, Keith, Phil, and Tom around,
he wouldn't get away w/ such a one-sided treatment of the issue. I've been
extremely troubled by what I have heard here.

I'm also a bit troubled by your comparisons w/ glacial advances, etc. and
how these correlate w/ your reconstruction. Malcolm, Ray, Phil, and others
have been over this stuff time and again, and have pointed out that these
data themselves don't support the notion of globally-synchronoous changes.
You seem to be arguing otherwise? And with regard to association w/
volcanic forcing, Tom has already shown that the major volcanic events are
captured correctly in the existing reconstructions, whether or not the
longer-term trends are correct or not...

Re the boreholes. Actually, if  Tom's estimates are correct, and it is also
correct that the boreholes have the low-frequency signal correct over the
past few centuries, we are forced to also accept Tom's result that the
so-called "MWP", at the hemispheric scale, is actually even COOLER relative
to present than our result shows! That was clear in Tom's presentation at
the workshop. So lets be clear about that--Tom's work and the boreholes in
no way support Broecker's conclusion that the MWP was warmer than we have
it--it actually implies the MWP is colder than we have it!
Tom, please speak up if I'm not correct in this regard!

We are in the process of incorporating the borehole data into the
low-frequency component of the reconstruction. The key difference will be
that they are going to be calibrated against the instrumental record and
weighted by the spatial coherence within the borehole data rather than what
Pollack has done. I expect the results will be different, but in any case
quite telling...

I'll let Malcolm and Keith respond to the issues related to the
standardization of the Esper chronologies, though it immediately sounds to
me quite clear that there is the likelihood of of having contaminated the
century-scales w/ non-climatic info. Having now done some work w/
chronologies in disturbed forests myself now (in collaboration w/ Dave
Stahle), I know how easy it is to get lots of century-scale variability
that has nothing to do w/ climate. I imagine the reviewers of the
manuscript will have to be convinced that this is the case w/ what Esper
has done. I'm very skeptical. I'm also bothered that Broecker has promoted
this work prior to any formal peer review. There are some real issues w/
the standardization approach and there is a real stretch in promoting this
as a hemispheric temperature reconstruction.

Finally, what is the exact spatial distribution of the sparse data he used.
Scott R. drove home the point regarding the importance of taking into
account spatial sampling in his talk at the workshop. A sparse
extratratropical set of indicators, no matter how
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locally-temperature-sensitive they are,  will not, unless you're *very*
lucky w/ the locations, be an accurate indicator of true N. Hem temp. In
general it will overestimate the variance at all timescales. The true N.Hem
temperature (ie, weighted largely by tropical ocean SST) has much less
variance than extratrpoical continents. There may be a large apples and
oranges component to the comparisons you describe.

We've shown that are reconstructions in continental extratropical regions
have lots more variance and variability. It is, as we have all shown, the
averaging over many regions that reduces the amplitude of variability. Our
regional reconstructions show far more significant warm and cold periods.
But they cancel out spatially!

If a legitimate argument were to be made that we have significnatly
understiamted, within the context of our uncertainty estimates, the
amplitude of the MWP at the hemispheric scale, I'd be the first to accept
it (note that, as Phil et al pointed out in their recent review article in
Science, we do not dispute that temperatures eearly in the millennium,
within the uncertainty estimates, may have been comparable to early/mid
20th centurys--just not late 20th century temperatures).

Frankly though Ed, I really don't see it here. We may have to let the
peer-review process decid this, but I think you might benefit from knowing
the  consensus  of the very able group we have assembled in this email
list,  on what Esper/you have done?

Comments or thoughts?

cheers,

mike

At 10:59 AM 5/2/01 -0400, Edward Cook wrote:
> >Ed,
> >
> >heard some rumor that you are involved in a non-hockey stick reconstruction
> >of northern hemisphere temperatures.  I am very intrigued to learn about
> >this - are these results suggesting the so called Medieval Warm Period may
> >be warmer than the early/mid 20th century?
> >
> >any enlightenment on this would be most appreciated, Tom
> >
> >
> >
> >Thomas J.  Crowley
> >Dept. of Oceanography
> >Texas A&M University
> >College Station, TX  77843-3146
> >
> >  (fax)
> >  (alternate fax)
>
>Hi Tom,
>
>As rumors often are, the one you heard is not entirely accurate. So, I will
>take some time here to explain for you, Mike, and others exactly what was
>done and what the motivation was, in an effort to hopefully avoid any
>misunderstanding. I especially want to avoid any suggestion that this work
>was being done to specifically counter or refute the "hockey stick".
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>However, it does suggest (as do other results from your EBM, Peck's work,
>the borehole data, and Briffa and Jones large-scale proxy estimates) that
>there are unresolved (I think) inconsistencies in the low-frequency aspects
>of the hockey stick series compared to other results. So, any comparisons
>with the hockey stick were made with that spirit in mind.
>
>What Jan Esper and I are working on (mostly Jan with me as second author)
>is a paper that was in response to Broecker's Science Perspectives piece on
>the Medieval Warm Period. Specifically, we took strong exception to his
>claim that tree rings are incapable of preserving century time scale
>temperature variability. Of course, if Broecker had read the literature, he
>would have known that what he claimed was inaccurate. Be that as it may,
>Jan had been working on a project, as part of his post-doc here, to look at
>large-scale, low-frequency patterns of tree growth and climate in long
>tree-ring records provided to him by Fritz Schweingruber. With the addition
>of a couple of sites from foxtail pine in California, Jan amassed a
>collection of 14 tree-ring sites scattered somewhat uniformly over the
>30-70 degree NH latitude band, with most extending back 1000-1200 years.
>All of the sites are from temperature-sensitive locations (i.e. high
>elevation or high northern latitude. It is, as far as I know, the largest,
>longest, and most spatially representative set of such
>temperature-sensitive tree-ring data yet put together for the NH
>extra-tropics.
>
>In order to preserve maximum low-frequency variance, Jan used the Regional
>Curve Standardization (RCS) method, used previously by Briffa and myself
>with great success. Only here, Jan chose to do things in a somewhat radical
>fashion. Since the replication at each site was generally insufficient to
>produce a robust RCS chronology back to, say, AD 1000, Jan pooled all of
>the original measurement series into 2 classes of growth trends: non-linear
>(~700 ring-width series) and linear (~500 ring-width series). He than
>performed independent RCS on the each of the pooled sets and produced 2 RCS
>chronologies with remarkably similar multi-decadal and centennial
>low-frequency characteristics. These chronologies are not good at
>preserving high-frquency climate information because of the scattering of
>sites and the mix of different species, but the low-frequency patterns are
>probably reflecting the same long-term changes in temperature. Jan than
>averaged the 2 RCS chronologies together to produce a single chronology
>extending back to AD 800. It has a very well defined Medieval Warm Period -
>Little Ice Age - 20th Century Warming pattern, punctuated by strong decadal
>fluctuations of inferred cold that correspond well with known histories of
>neo-glacial advance in some parts of the NH. The punctuations also appear,
>in some cases, to be related to known major volcanic eruptions.
>
>Jan originally only wanted to show this NH extra-tropical RCS chronology in
>a form scaled to millimeters of growth to show how forest productivity and
>carbon sequestration may be modified by climate variability and change over
>relatively long time scales. However, I encouraged him to compare his
>series with NH instrumental temperature data and the proxy estimates
>produced by Jones, Briffa, and Mann in order bolster the claim that his
>unorthodox method of pooling the tree-ring data was producing a record that
>was indeed related to temperatures in some sense. This he did by linearly
>rescaling his RCS chronology from mm of growth to temperature anomalies. In
>so doing, Jan demonstrated that his series, on inter-decadal time scales
>only, was well correlated to the annual NH instrumental record. This result
>agreed extremely well with those of Jones and Briffa. Of course, some of
>the same data were used by them, but probably not more than 40 percent
>(Briffa in particular), so the comparison is based on mostly, but not
>fully, independent data. The similarity indicated that Jan's approach was
>valid for producing a useful reconstruction of multi-decadal temperature
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>variability (probably weighted towards the warm-season months, but it is
>impossible to know by how much) over a larger region of the NH
>extra-tropics than that produced before by Jones and Briffa. It also
>revealed somewhat more intense cooling in the Little Ice Age that is more
>consistent with what the borehole temperatures indicate back to AD 1600.
>This result also bolsters the argument for a reasonably large-scale
>Medieval Warm Period that may not be as warm as the late 20th century, but
>is of much(?) greater significance than that produced previously.
>
>Of course, Jan also had to compare his record with the hockey stick since
>that is the most prominent and oft-cited record of NH temperatures covering
>the past 1000 years. The results were consistent with the differences shown
>by others, mainly in the century-scale of variability. Again, the Esper
>series shows a very strong, even canonical, Medieval Warm Period - Little
>Ice Age - 20th Century Warming pattern, which is largely missing from the
>hockey stick. Yet the two series agree reasonably well on inter-decadal
>timescales, even though they may not be 1:1 expressions of the same
>temperature window (i.e. annual vs. warm-season weighted). However, the
>tree-ring series used in the hockey stick are warm-season weighted as well,
>so the difference between "annual" and "warm-season weighted" is probably
>not as large as it might seem, especially before the period of instrumental
>data (e.g. pre-1700) in the hockey stick. So, they both share a significant
>degree of common interdecal temperature information (and some, but not
>much, data), but do not co-vary well on century timescales. Again, this has
>all been shown before by others using different temperature
>reconstructions, but Jan's result is probably the most comprehensive
>expression (I believe) of extra-tropical NH temperatures back to AD 800 on
>multi-decadal and century time scales.
>
>Now back to the Broecker perspectives piece. I felt compelled to refute
>Broecker's erroneous claim that tree rings could not preserve long-term
>temperature information. So, I organized a "Special Wally Seminar" in which
>I introduced the topic to him and the packed audience using Samuel
>Johnson's famous "I refute it thus" statement in the form of "Jan Esper and
>I refute Broecker thus". Jan than presented, in a very detailed and well
>espressed fashion, his story and Broecker became an instant convert. In
>other words, Wally now believes that long tree-ring records, when properly
>selected and processed, can preserve low-frequency temperature variability
>on centennial time scales. Others in the audience came away with the same
>understanding, one that we dendrochronologists always knew to be the case.
>This was the entire purpose of Jan's work and the presentation of it to
>Wally and others. Wally had expressed some doubts about the hockey stick
>previously to me and did so again in his perspectives article. So, Jan's
>presentation strongly re-enforced Wally's opinion about the hockey stick,
>which he has expressed to others including several who attended a
>subsequent NOAA meeting at Lamont. I have no control over what Wally says
>and only hope that we can work together to reconcile, in a professional,
>friendly manner, the differences between the hockey stick and other proxy
>temperature records covering the past 1000 years. This I would like to do.
>
>I do think that the Medieval Warm Period was a far more significant event
>than has been recognized previously, as much because the high-resolution
>data to evaluate it had not been available before. That is much less so the
>case now. It is even showing up strongly now in long SH tree-ring series.
>However, there is still the question of how strong this event was in the
>tropics. I maintain that we do not have the proxies to tell us that now.
>The tropical ice core data are very difficult to interpret as temperature
>proxies (far worse than tree rings for sure and maybe even unrelated to
>temperatures in any simple linear sense as is often assumed), so I do not
>believe that they can be used alone as records to test for the existence of
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>a Medieval Warm Period in the tropics. That being the case, there are
>really no other high-resolution records from the tropics to use, and the
>teleconnections between long extra-tropical proxies and the tropics are, I
>believe, far too tenuous and probably unstable to use to sort out this
>issue.
>
>So, at this stage I would argue that the Medieval Warm Period was probably
>a global extra-tropical event, at the very least, with warmth that was
>persistent and probably comparable to much of what we have experienced in
>the 20th century. However, I would not claim (and nor would Jan) that it
>exceeded the warmth of the late 20th century. We simply do not have the
>precision or the proxy replication to say that yet. This being said, I do
>find the dismissal of the Medieval Warm Period as a meaningful global event
>to be grossly premature and probably wrong. Kind of like Mark Twain's
>commment that accounts of his death were greatly exaggerated. If, as some
>people believe, a degree of symmetry in climate exists between the
>hemispheres, which would appear to arise from the tropics, then the
>existence of a Medieval Warm Period in the extra-tropics of the NH and SH
>argues for its existence in the tropics as well. Only time and an enlarged
>suite of proxies that extend into the tropics will tell if this is true.
>
>I hope that what I have written clarifies the rumor and expresses my views
>more completely and accurately.
>
>Cheers,
>
>Ed
>
>==================================
>Dr. Edward R. Cook
>Doherty Senior Scholar
>Tree-Ring Laboratory
>Lamont-Doherty Earth Observatory
>Palisades, New York  10964  USA
>Phone:  
>Fax:    
>Email:  drdendro@ldeo.columbia.edu
>==================================

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone: (804)    FAX: (804) 
          http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: Edward Cook
Cc: tom crowley; Michael E. Mann; esper@ldeo.columbia.edu; Jonathan Overpeck; Keith Briffa;

mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu
Subject: Re: hockey stick
Date: Wednesday, May 02, 2001 8:11:07 AM

Hi Ed,

Thanks for your message. I'm forwarding this to Ray and Malcolm to reply to
some of your statements below,

mike

At 10:59 AM 5/2/01 -0400, Edward Cook wrote:
> >Ed,
> >
> >heard some rumor that you are involved in a non-hockey stick reconstruction
> >of northern hemisphere temperatures.  I am very intrigued to learn about
> >this - are these results suggesting the so called Medieval Warm Period may
> >be warmer than the early/mid 20th century?
> >
> >any enlightenment on this would be most appreciated, Tom
> >
> >
> >
> >Thomas J.  Crowley
> >Dept. of Oceanography
> >Texas A&M University
> >College Station, TX  77843-3146
> >
> >  (fax)
> >  (alternate fax)
>
>Hi Tom,
>
>As rumors often are, the one you heard is not entirely accurate. So, I will
>take some time here to explain for you, Mike, and others exactly what was
>done and what the motivation was, in an effort to hopefully avoid any
>misunderstanding. I especially want to avoid any suggestion that this work
>was being done to specifically counter or refute the "hockey stick".
>However, it does suggest (as do other results from your EBM, Peck's work,
>the borehole data, and Briffa and Jones large-scale proxy estimates) that
>there are unresolved (I think) inconsistencies in the low-frequency aspects
>of the hockey stick series compared to other results. So, any comparisons
>with the hockey stick were made with that spirit in mind.
>
>What Jan Esper and I are working on (mostly Jan with me as second author)
>is a paper that was in response to Broecker's Science Perspectives piece on
>the Medieval Warm Period. Specifically, we took strong exception to his
>claim that tree rings are incapable of preserving century time scale
>temperature variability. Of course, if Broecker had read the literature, he
>would have known that what he claimed was inaccurate. Be that as it may,
>Jan had been working on a project, as part of his post-doc here, to look at
>large-scale, low-frequency patterns of tree growth and climate in long
>tree-ring records provided to him by Fritz Schweingruber. With the addition
>of a couple of sites from foxtail pine in California, Jan amassed a
>collection of 14 tree-ring sites scattered somewhat uniformly over the
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>30-70 degree NH latitude band, with most extending back 1000-1200 years.
>All of the sites are from temperature-sensitive locations (i.e. high
>elevation or high northern latitude. It is, as far as I know, the largest,
>longest, and most spatially representative set of such
>temperature-sensitive tree-ring data yet put together for the NH
>extra-tropics.
>
>In order to preserve maximum low-frequency variance, Jan used the Regional
>Curve Standardization (RCS) method, used previously by Briffa and myself
>with great success. Only here, Jan chose to do things in a somewhat radical
>fashion. Since the replication at each site was generally insufficient to
>produce a robust RCS chronology back to, say, AD 1000, Jan pooled all of
>the original measurement series into 2 classes of growth trends: non-linear
>(~700 ring-width series) and linear (~500 ring-width series). He than
>performed independent RCS on the each of the pooled sets and produced 2 RCS
>chronologies with remarkably similar multi-decadal and centennial
>low-frequency characteristics. These chronologies are not good at
>preserving high-frquency climate information because of the scattering of
>sites and the mix of different species, but the low-frequency patterns are
>probably reflecting the same long-term changes in temperature. Jan than
>averaged the 2 RCS chronologies together to produce a single chronology
>extending back to AD 800. It has a very well defined Medieval Warm Period -
>Little Ice Age - 20th Century Warming pattern, punctuated by strong decadal
>fluctuations of inferred cold that correspond well with known histories of
>neo-glacial advance in some parts of the NH. The punctuations also appear,
>in some cases, to be related to known major volcanic eruptions.
>
>Jan originally only wanted to show this NH extra-tropical RCS chronology in
>a form scaled to millimeters of growth to show how forest productivity and
>carbon sequestration may be modified by climate variability and change over
>relatively long time scales. However, I encouraged him to compare his
>series with NH instrumental temperature data and the proxy estimates
>produced by Jones, Briffa, and Mann in order bolster the claim that his
>unorthodox method of pooling the tree-ring data was producing a record that
>was indeed related to temperatures in some sense. This he did by linearly
>rescaling his RCS chronology from mm of growth to temperature anomalies. In
>so doing, Jan demonstrated that his series, on inter-decadal time scales
>only, was well correlated to the annual NH instrumental record. This result
>agreed extremely well with those of Jones and Briffa. Of course, some of
>the same data were used by them, but probably not more than 40 percent
>(Briffa in particular), so the comparison is based on mostly, but not
>fully, independent data. The similarity indicated that Jan's approach was
>valid for producing a useful reconstruction of multi-decadal temperature
>variability (probably weighted towards the warm-season months, but it is
>impossible to know by how much) over a larger region of the NH
>extra-tropics than that produced before by Jones and Briffa. It also
>revealed somewhat more intense cooling in the Little Ice Age that is more
>consistent with what the borehole temperatures indicate back to AD 1600.
>This result also bolsters the argument for a reasonably large-scale
>Medieval Warm Period that may not be as warm as the late 20th century, but
>is of much(?) greater significance than that produced previously.
>
>Of course, Jan also had to compare his record with the hockey stick since
>that is the most prominent and oft-cited record of NH temperatures covering
>the past 1000 years. The results were consistent with the differences shown
>by others, mainly in the century-scale of variability. Again, the Esper
>series shows a very strong, even canonical, Medieval Warm Period - Little
>Ice Age - 20th Century Warming pattern, which is largely missing from the
>hockey stick. Yet the two series agree reasonably well on inter-decadal
>timescales, even though they may not be 1:1 expressions of the same
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>temperature window (i.e. annual vs. warm-season weighted). However, the
>tree-ring series used in the hockey stick are warm-season weighted as well,
>so the difference between "annual" and "warm-season weighted" is probably
>not as large as it might seem, especially before the period of instrumental
>data (e.g. pre-1700) in the hockey stick. So, they both share a significant
>degree of common interdecal temperature information (and some, but not
>much, data), but do not co-vary well on century timescales. Again, this has
>all been shown before by others using different temperature
>reconstructions, but Jan's result is probably the most comprehensive
>expression (I believe) of extra-tropical NH temperatures back to AD 800 on
>multi-decadal and century time scales.
>
>Now back to the Broecker perspectives piece. I felt compelled to refute
>Broecker's erroneous claim that tree rings could not preserve long-term
>temperature information. So, I organized a "Special Wally Seminar" in which
>I introduced the topic to him and the packed audience using Samuel
>Johnson's famous "I refute it thus" statement in the form of "Jan Esper and
>I refute Broecker thus". Jan than presented, in a very detailed and well
>espressed fashion, his story and Broecker became an instant convert. In
>other words, Wally now believes that long tree-ring records, when properly
>selected and processed, can preserve low-frequency temperature variability
>on centennial time scales. Others in the audience came away with the same
>understanding, one that we dendrochronologists always knew to be the case.
>This was the entire purpose of Jan's work and the presentation of it to
>Wally and others. Wally had expressed some doubts about the hockey stick
>previously to me and did so again in his perspectives article. So, Jan's
>presentation strongly re-enforced Wally's opinion about the hockey stick,
>which he has expressed to others including several who attended a
>subsequent NOAA meeting at Lamont. I have no control over what Wally says
>and only hope that we can work together to reconcile, in a professional,
>friendly manner, the differences between the hockey stick and other proxy
>temperature records covering the past 1000 years. This I would like to do.
>
>I do think that the Medieval Warm Period was a far more significant event
>than has been recognized previously, as much because the high-resolution
>data to evaluate it had not been available before. That is much less so the
>case now. It is even showing up strongly now in long SH tree-ring series.
>However, there is still the question of how strong this event was in the
>tropics. I maintain that we do not have the proxies to tell us that now.
>The tropical ice core data are very difficult to interpret as temperature
>proxies (far worse than tree rings for sure and maybe even unrelated to
>temperatures in any simple linear sense as is often assumed), so I do not
>believe that they can be used alone as records to test for the existence of
>a Medieval Warm Period in the tropics. That being the case, there are
>really no other high-resolution records from the tropics to use, and the
>teleconnections between long extra-tropical proxies and the tropics are, I
>believe, far too tenuous and probably unstable to use to sort out this
>issue.
>
>So, at this stage I would argue that the Medieval Warm Period was probably
>a global extra-tropical event, at the very least, with warmth that was
>persistent and probably comparable to much of what we have experienced in
>the 20th century. However, I would not claim (and nor would Jan) that it
>exceeded the warmth of the late 20th century. We simply do not have the
>precision or the proxy replication to say that yet. This being said, I do
>find the dismissal of the Medieval Warm Period as a meaningful global event
>to be grossly premature and probably wrong. Kind of like Mark Twain's
>commment that accounts of his death were greatly exaggerated. If, as some
>people believe, a degree of symmetry in climate exists between the
>hemispheres, which would appear to arise from the tropics, then the

ABOR/MH/Priv-000068



>existence of a Medieval Warm Period in the extra-tropics of the NH and SH
>argues for its existence in the tropics as well. Only time and an enlarged
>suite of proxies that extend into the tropics will tell if this is true.
>
>I hope that what I have written clarifies the rumor and expresses my views
>more completely and accurately.
>
>Cheers,
>
>Ed
>
>==================================
>Dr. Edward R. Cook
>Doherty Senior Scholar
>Tree-Ring Laboratory
>Lamont-Doherty Earth Observatory
>Palisades, New York  10964  USA
>Phone:  
>Fax:    
>Email:  drdendro@ldeo.columbia.edu
>==================================

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone: (804)    FAX: (804) 
          http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: Edward Cook
Cc: tom crowley; Michael E. Mann; esper@ldeo.columbia.edu; Jonathan Overpeck; Keith Briffa;

mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu
Subject: Re: hockey stick
Date: Wednesday, May 02, 2001 8:11:07 AM

Hi Ed,

Thanks for your message. I'm forwarding this to Ray and Malcolm to reply to
some of your statements below,

mike

At 10:59 AM 5/2/01 -0400, Edward Cook wrote:
> >Ed,
> >
> >heard some rumor that you are involved in a non-hockey stick reconstruction
> >of northern hemisphere temperatures.  I am very intrigued to learn about
> >this - are these results suggesting the so called Medieval Warm Period may
> >be warmer than the early/mid 20th century?
> >
> >any enlightenment on this would be most appreciated, Tom
> >
> >
> >
> >Thomas J.  Crowley
> >Dept. of Oceanography
> >Texas A&M University
> >College Station, TX  77843-3146
> >
> >  (fax)
> >  (alternate fax)
>
>Hi Tom,
>
>As rumors often are, the one you heard is not entirely accurate. So, I will
>take some time here to explain for you, Mike, and others exactly what was
>done and what the motivation was, in an effort to hopefully avoid any
>misunderstanding. I especially want to avoid any suggestion that this work
>was being done to specifically counter or refute the "hockey stick".
>However, it does suggest (as do other results from your EBM, Peck's work,
>the borehole data, and Briffa and Jones large-scale proxy estimates) that
>there are unresolved (I think) inconsistencies in the low-frequency aspects
>of the hockey stick series compared to other results. So, any comparisons
>with the hockey stick were made with that spirit in mind.
>
>What Jan Esper and I are working on (mostly Jan with me as second author)
>is a paper that was in response to Broecker's Science Perspectives piece on
>the Medieval Warm Period. Specifically, we took strong exception to his
>claim that tree rings are incapable of preserving century time scale
>temperature variability. Of course, if Broecker had read the literature, he
>would have known that what he claimed was inaccurate. Be that as it may,
>Jan had been working on a project, as part of his post-doc here, to look at
>large-scale, low-frequency patterns of tree growth and climate in long
>tree-ring records provided to him by Fritz Schweingruber. With the addition
>of a couple of sites from foxtail pine in California, Jan amassed a
>collection of 14 tree-ring sites scattered somewhat uniformly over the
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>30-70 degree NH latitude band, with most extending back 1000-1200 years.
>All of the sites are from temperature-sensitive locations (i.e. high
>elevation or high northern latitude. It is, as far as I know, the largest,
>longest, and most spatially representative set of such
>temperature-sensitive tree-ring data yet put together for the NH
>extra-tropics.
>
>In order to preserve maximum low-frequency variance, Jan used the Regional
>Curve Standardization (RCS) method, used previously by Briffa and myself
>with great success. Only here, Jan chose to do things in a somewhat radical
>fashion. Since the replication at each site was generally insufficient to
>produce a robust RCS chronology back to, say, AD 1000, Jan pooled all of
>the original measurement series into 2 classes of growth trends: non-linear
>(~700 ring-width series) and linear (~500 ring-width series). He than
>performed independent RCS on the each of the pooled sets and produced 2 RCS
>chronologies with remarkably similar multi-decadal and centennial
>low-frequency characteristics. These chronologies are not good at
>preserving high-frquency climate information because of the scattering of
>sites and the mix of different species, but the low-frequency patterns are
>probably reflecting the same long-term changes in temperature. Jan than
>averaged the 2 RCS chronologies together to produce a single chronology
>extending back to AD 800. It has a very well defined Medieval Warm Period -
>Little Ice Age - 20th Century Warming pattern, punctuated by strong decadal
>fluctuations of inferred cold that correspond well with known histories of
>neo-glacial advance in some parts of the NH. The punctuations also appear,
>in some cases, to be related to known major volcanic eruptions.
>
>Jan originally only wanted to show this NH extra-tropical RCS chronology in
>a form scaled to millimeters of growth to show how forest productivity and
>carbon sequestration may be modified by climate variability and change over
>relatively long time scales. However, I encouraged him to compare his
>series with NH instrumental temperature data and the proxy estimates
>produced by Jones, Briffa, and Mann in order bolster the claim that his
>unorthodox method of pooling the tree-ring data was producing a record that
>was indeed related to temperatures in some sense. This he did by linearly
>rescaling his RCS chronology from mm of growth to temperature anomalies. In
>so doing, Jan demonstrated that his series, on inter-decadal time scales
>only, was well correlated to the annual NH instrumental record. This result
>agreed extremely well with those of Jones and Briffa. Of course, some of
>the same data were used by them, but probably not more than 40 percent
>(Briffa in particular), so the comparison is based on mostly, but not
>fully, independent data. The similarity indicated that Jan's approach was
>valid for producing a useful reconstruction of multi-decadal temperature
>variability (probably weighted towards the warm-season months, but it is
>impossible to know by how much) over a larger region of the NH
>extra-tropics than that produced before by Jones and Briffa. It also
>revealed somewhat more intense cooling in the Little Ice Age that is more
>consistent with what the borehole temperatures indicate back to AD 1600.
>This result also bolsters the argument for a reasonably large-scale
>Medieval Warm Period that may not be as warm as the late 20th century, but
>is of much(?) greater significance than that produced previously.
>
>Of course, Jan also had to compare his record with the hockey stick since
>that is the most prominent and oft-cited record of NH temperatures covering
>the past 1000 years. The results were consistent with the differences shown
>by others, mainly in the century-scale of variability. Again, the Esper
>series shows a very strong, even canonical, Medieval Warm Period - Little
>Ice Age - 20th Century Warming pattern, which is largely missing from the
>hockey stick. Yet the two series agree reasonably well on inter-decadal
>timescales, even though they may not be 1:1 expressions of the same
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>temperature window (i.e. annual vs. warm-season weighted). However, the
>tree-ring series used in the hockey stick are warm-season weighted as well,
>so the difference between "annual" and "warm-season weighted" is probably
>not as large as it might seem, especially before the period of instrumental
>data (e.g. pre-1700) in the hockey stick. So, they both share a significant
>degree of common interdecal temperature information (and some, but not
>much, data), but do not co-vary well on century timescales. Again, this has
>all been shown before by others using different temperature
>reconstructions, but Jan's result is probably the most comprehensive
>expression (I believe) of extra-tropical NH temperatures back to AD 800 on
>multi-decadal and century time scales.
>
>Now back to the Broecker perspectives piece. I felt compelled to refute
>Broecker's erroneous claim that tree rings could not preserve long-term
>temperature information. So, I organized a "Special Wally Seminar" in which
>I introduced the topic to him and the packed audience using Samuel
>Johnson's famous "I refute it thus" statement in the form of "Jan Esper and
>I refute Broecker thus". Jan than presented, in a very detailed and well
>espressed fashion, his story and Broecker became an instant convert. In
>other words, Wally now believes that long tree-ring records, when properly
>selected and processed, can preserve low-frequency temperature variability
>on centennial time scales. Others in the audience came away with the same
>understanding, one that we dendrochronologists always knew to be the case.
>This was the entire purpose of Jan's work and the presentation of it to
>Wally and others. Wally had expressed some doubts about the hockey stick
>previously to me and did so again in his perspectives article. So, Jan's
>presentation strongly re-enforced Wally's opinion about the hockey stick,
>which he has expressed to others including several who attended a
>subsequent NOAA meeting at Lamont. I have no control over what Wally says
>and only hope that we can work together to reconcile, in a professional,
>friendly manner, the differences between the hockey stick and other proxy
>temperature records covering the past 1000 years. This I would like to do.
>
>I do think that the Medieval Warm Period was a far more significant event
>than has been recognized previously, as much because the high-resolution
>data to evaluate it had not been available before. That is much less so the
>case now. It is even showing up strongly now in long SH tree-ring series.
>However, there is still the question of how strong this event was in the
>tropics. I maintain that we do not have the proxies to tell us that now.
>The tropical ice core data are very difficult to interpret as temperature
>proxies (far worse than tree rings for sure and maybe even unrelated to
>temperatures in any simple linear sense as is often assumed), so I do not
>believe that they can be used alone as records to test for the existence of
>a Medieval Warm Period in the tropics. That being the case, there are
>really no other high-resolution records from the tropics to use, and the
>teleconnections between long extra-tropical proxies and the tropics are, I
>believe, far too tenuous and probably unstable to use to sort out this
>issue.
>
>So, at this stage I would argue that the Medieval Warm Period was probably
>a global extra-tropical event, at the very least, with warmth that was
>persistent and probably comparable to much of what we have experienced in
>the 20th century. However, I would not claim (and nor would Jan) that it
>exceeded the warmth of the late 20th century. We simply do not have the
>precision or the proxy replication to say that yet. This being said, I do
>find the dismissal of the Medieval Warm Period as a meaningful global event
>to be grossly premature and probably wrong. Kind of like Mark Twain's
>commment that accounts of his death were greatly exaggerated. If, as some
>people believe, a degree of symmetry in climate exists between the
>hemispheres, which would appear to arise from the tropics, then the
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>existence of a Medieval Warm Period in the extra-tropics of the NH and SH
>argues for its existence in the tropics as well. Only time and an enlarged
>suite of proxies that extend into the tropics will tell if this is true.
>
>I hope that what I have written clarifies the rumor and expresses my views
>more completely and accurately.
>
>Cheers,
>
>Ed
>
>==================================
>Dr. Edward R. Cook
>Doherty Senior Scholar
>Tree-Ring Laboratory
>Lamont-Doherty Earth Observatory
>Palisades, New York  10964  USA
>Phone:  
>Fax:    
>Email:  drdendro@ldeo.columbia.edu
>==================================

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone: (804)    FAX: (804) 
          http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu
Cc: rbradley@geo.umass.edu
Subject: Re: latest iteration
Date: Thursday, March 08, 2001 7:44:22 PM

Looks good to me too. I'm on board. I hope keith and Phil are too...

mike
At 03:41 PM 3/8/01 -0700, you wrote:
>Looks good to me, CHeers, MAlcolm
>Quoting "Raymond S. Bradley" <rbradley@geo.umass.edu>:
>
> > After several discussions with Malcolm, here's the latest & hopefully
> > final
> > version.
> > If OK, I'll send it to Keef & Fill and see if they are on board,
> > otherwise,,,off it goes
> > Ray
> >
> >

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone: (804)    FAX: (804) 
          http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Raymond S. Bradley
To: mhughes@ltrr.arizona.edu; mann@multiproxy.evsc.virginia.edu
Subject: latest iteration
Date: Thursday, March 08, 2001 11:57:26 AM
Attachments: Broecker response by RSB.doc

Untitled attachment 00034.txt

After several discussions with Malcolm, here's the latest & hopefully final
version.
If OK, I'll send it to Keef & Fill and see if they are on board,
otherwise,,,off it goes
Ray
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Hemispheric mean temperatures reconstructed using a wide range of climate proxies 
indicate that temperatures were warmer in Medieval times than during the subsequent 
“Little Ice Age” (~1550-1850) (1-3).  However, all studies of large scale climate 
variations reveal some regions which do not follow the global or hemispheric trend (e.g. 
4) so selecting a few data points, as Broecker does, (5) adds little to resolving the 
question he poses (“Was the Medieval Warm Period Global?”).  Furthermore, his claim 
that only borehole temperatures and snowlines can reconstruct temperatures to within 
0.5ºC is not supported in the literature.  Reconstructing global temperature requires a 
geographically extensive network of data, not just a few points.  Could you begin to 
appreciate the beauty and complexity of a symphony by just listening to the percussion 
section of an orchestra?  Studies that have listened to a wide range of “instruments” (1-3, 
6-7) conclude that 20th century warming is unprecedented in both rate and magnitude, 
compared to the last 1000 years.  This view may change as additional records become 
available, but that is the state of play right now.   

Medieval climate was clearly unusual in some areas (8-12) and further regional 
studies are needed.  These may help to determine if Broecker's hypothesis (13) of a 
change in thermohaline circulation holds water.  
 
 
Raymond S. Bradley 
Malcolm K. Hughes 
Michael E. Mann 
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Untitled attachment 00034.txt
Raymond S. Bradley
Professor and Head of Department
Department of Geosciences
University of Massachusetts
Amherst, MA 01003-5820

Tel: 
Fax: 
Climate System Research Center: 
Climate System Research Center Web Page: 
<http://www.geo.umass.edu/climate/climate.html>
Paleoclimatology Book Web Site (1999): 
http://www.geo.umass.edu/climate/paleo/html
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From: Raymond S. Bradley
To: mann@multiproxy.evsc.virginia.edu; mhughes@ltrr.arizona.edu; p.jones@uea.ac.uk; k.briffa@uea.ac.uk;

tom@ocean.tamu.edu
Subject: RSB Broecker response
Date: Monday, March 05, 2001 1:52:33 PM

Here's what I propose to send to Science.  I have just focused on a few
major points rather than trying to address all of the egregious errors &
distractions in his article.  Join me if you wish...but I don't plan to
spend much more time on multiple iterations!  I believe Scott Stine is also
writing a response (basically saying that what Broecker said about his data
is true, but irrelevant to the question he poses).
ray
____________________________________________________________________________
__________________________________________

Paleoclimate reconstructions (1-4) using all available climate proxies
indicate that temperatures were warmer in Medieval times than during the
subsequent “Little Ice Age” (~1550-1850).  But there is very little
evidence outside of Greenland and western Europe that temperatures in
Medieval times exceeded those of recent decades (5,6).  All studies of
large scale climate variations reveal regions which do not follow the
global or hemispheric trend (e.g. 7) so selecting a few data points, as
Broecker does, (8) adds little to resolving the question he poses (“Was the
Medieval Warm Period Global?”).  Furthermore, his claim that only borehole
temperatures and snowlines can reconstruct temperatures to within 0.5ºC is
not supported in the literature.  Reconstructing global temperature
requires a geographically extensive network of data, not just a few
points.  Could you begin to appreciate the beauty and complexity of a
symphony by just listening to the percussion section of an
orchestra?  Studies that have listened to all the “instruments” that are
currently available (1-4, 9,10) conclude that 20th century warming is
unprecedented in both rate and magnitude, compared to the last 1000
years.  This view may change as additional records become available, but
that is the state of play right now.
I could add:
Medieval climate was clearly unusual in some areas (cite Stine) and further
regional studies are needed; these may help to determine if Broecker's
hypothesis of a change in thermohaline circulation holds water.
[This may be too confusing an allusion for non-English Science readers!!]

1.  M. K. Hughes and H. F. Diaz, Clim. Change 26, 109 (1996).
2.  P. D. Jones et al., The Holocene 8, 455 (1998).
3.  Mann, M.E., et al., Geophys. Res. Lett. 26, 759 (1999).
4.  T.J. Crowley and T.S. Lowery, Ambio 29, 51 (2000).
5.  Dahl-Jenssen et al., Science, 282, 268 (1998).
6.  Pfister, C. et al.,  The Holocene, 8, 535 (1998)
7.  Jones, P.D. et al., Reviews of Geophysics, 37, 173 (1999).
8.  Broecker, W.S., Science, 291, 1497 (2001).
9.  K. Briffa et al., J. Geophys. Res., (2001)
10.  Pollack, H.N. and S. Huang, Ann. Rev. Earth and Planet. Sci., 28, 339
(2000).

Raymond S. Bradley
Professor and Head of Department
Department of Geosciences
University of Massachusetts
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Amherst, MA 01003-5820

Tel: 
Fax: 
Climate System Research Center: 
Climate System Research Center Web Page:
<http://www.geo.umass.edu/climate/climate.html>
Paleoclimatology Book Web Site (1999):
http://www.geo.umass.edu/climate/paleo/html
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From: Michael E. Mann
To: tom crowley
Cc: Raymond S. Bradley; mhughes@ltrr.arizona.edu; k.briffa@uea.ac.uk; tom@ocean.tamu.edu;

p.jones@uea.ac.uk; td@gfdl.noaa.gov; hpollack@geo.lsa.umich.edu
Subject: Re: Science letter
Date: Friday, March 02, 2001 9:54:58 AM

Thanks for clarifying Tom,

Yes, these are my sentiments as well, and I would conditionally sign-on to
this effort. In the meantime, I think there is a lot of good science to be
done!

mike

At 10:53 AM 3/2/01 -0600, tom crowley wrote:
>Dear All,
>
>A few more comments re Mikes note - Mike and I thought that if we cannot
>make a case to our colleagues, why muddy the waters further (as either
>Keith, Malcolm, or Ray said)?
>
>That said, I don't think this has been wasted time.  I still think a
>thoughtful short paper on the subject of Holocene climate change wold be
>useful, this time stating it from OUR perspective (i.e., not focusing
>exculsively on Broeckers message).  By broadening this it may be more
>interesting; we could also include a couple of figures and maybe add some
>input from Tom Delworth and Henry Pollack.  I would be willing to take a
>crack at this, and if anyone wants to CONDITIONALLY sign on, I would be
>more than happy to include you.
>
>I probably would not begin this until late April, after our trip to Germany
>and the meeting in Virginia.
>
>Tom
>
>ps  fyi I  counted the average spacing between the warm and cold
>oscillations in the iron oscillations illustrated by Broecker.  Regardless
>of whether warm or cold are used, the mean spacing is indeed 1.5 k,
>although the s.d. is 0.4k  HOWEVER, the mean spacing between the four main
>warm phases illustrated by Broecker on the same figure is, believe it or
>not, 2.15!  much closer to the solar peak.  This calls to mind the
>interesting (and clever) Wigley and Raper paper  in Proc. Roy. Soc. (1990)
>indicating that, given the uncertainties in chronology, solar forcing plays
>a role i n Holocenn climate change.  It therefore seems that the conveyor
>is indeed oscillating but the time scale of the larger scale CLIMATE shifts
>may be more regulated by solar, with volcanism adding some stochastic
>contribution.  Something like this is worth adding to the proposed Eos
>piece.
>
>Tom
>
>
>
>Thomas J.  Crowley
>Dept. of Oceanography
>Texas A&M University
>College Station, TX  77843-3146
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>
>  (fax)
>  (alternate fax)

_______________________________________________________________________
                      Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone: (804)    FAX: (804) 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: tom crowley
To: Michael E. Mann
Cc: Raymond S. Bradley; mhughes@ltrr.arizona.edu; k.briffa@uea.ac.uk; tom@ocean.tamu.edu;

p.jones@uea.ac.uk; td@gfdl.noaa.gov; hpollack@geo.lsa.umich.edu
Subject: Re: Science letter
Date: Friday, March 02, 2001 9:50:32 AM

Dear All,

A few more comments re Mikes note - Mike and I thought that if we cannot
make a case to our colleagues, why muddy the waters further (as either
Keith, Malcolm, or Ray said)?

That said, I don't think this has been wasted time.  I still think a
thoughtful short paper on the subject of Holocene climate change wold be
useful, this time stating it from OUR perspective (i.e., not focusing
exculsively on Broeckers message).  By broadening this it may be more
interesting; we could also include a couple of figures and maybe add some
input from Tom Delworth and Henry Pollack.  I would be willing to take a
crack at this, and if anyone wants to CONDITIONALLY sign on, I would be
more than happy to include you.

I probably would not begin this until late April, after our trip to Germany
and the meeting in Virginia.

Tom

ps  fyi I  counted the average spacing between the warm and cold
oscillations in the iron oscillations illustrated by Broecker.  Regardless
of whether warm or cold are used, the mean spacing is indeed 1.5 k,
although the s.d. is 0.4k  HOWEVER, the mean spacing between the four main
warm phases illustrated by Broecker on the same figure is, believe it or
not, 2.15!  much closer to the solar peak.  This calls to mind the
interesting (and clever) Wigley and Raper paper  in Proc. Roy. Soc. (1990)
indicating that, given the uncertainties in chronology, solar forcing plays
a role i n Holocenn climate change.  It therefore seems that the conveyor
is indeed oscillating but the time scale of the larger scale CLIMATE shifts
may be more regulated by solar, with volcanism adding some stochastic
contribution.  Something like this is worth adding to the proposed Eos
piece.

Tom

Thomas J.  Crowley
Dept. of Oceanography
Texas A&M University
College Station, TX  77843-3146

 (fax)
 (alternate fax)
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From: Michael E. Mann
To: Raymond S. Bradley; mhughes@ltrr.arizona.edu; k.briffa@uea.ac.uk; tom@ocean.tamu.edu; p.jones@uea.ac.uk
Subject: Re: Science letter
Date: Friday, March 02, 2001 9:25:55 AM

Dear All:

Given the feedback, and pressures on my own time, we're dropping it. If
someone else wants to take the lead role in drafting something in the
future, that is fine with me...

mike

At 10:45 AM 3/2/01 -0500, Raymond S. Bradley wrote:
>i was just about to email you'all re my thoughts on the letter when the
>phone rang--Malcolm, on the road ....expressing his views about the letter
>as it now stands.  He will be in touch as soon as he can get to a
>computer.  While we were talking Keith's email arrived...so this is all
>very timely!
>My own view is that the letter does not address the key limitations of
>Broecker's argument, namely his minimal and selective use of data to prop
>up a hypothesis.  His title should really be "Is there a 1500 year year
>Seesaw in the N. Atlantic" as he does not really provide any new info on
>the MWP.  As I said earlier, he does in fact state that the issue of
>whether there was, or was not a MWP remains in doubt.  I agree with
>that.  I don't think that any of us can definitively rule out the notion
>that temperatures were "warm" (whatever that means) globally in "Medieval
>times" (whenever that was!)...the issue is whether such conditions were
>"warmer" than "today" .  If you argue that solar forcing was responsible,
>then we might expect to find more evidence in areas around the world for
>which we don't yet have data.  But...this is where I think a longer
>article is needed, and as I said before...you can't capture all that needs
>to be said in a short letter.  I agree with Keith that we just muddy the water.
>
>If you want to criticise WB, it should be focused on his "evidence"  ---
>one borehole record in Greenland (that shows temps >today), one in
>Antarctica that shows temps <today, and evidence that Swiss glaciers had
>receded around AD1200.  He ties this together with his TH circulation
>argument.  Not very convincing....but that's his "perspective" i guess.
>
>The bottom line for me is that I would rather not sign on to the current
>letter.  If I have time today I will try & write a letter that
>encapsulates my criticism of his article.  But the best thing to do is
>just get on with our revised reconstruction-- and make as strong a case as
>we can.
>Ray
>
>
>Raymond S. Bradley
>Professor and Head of Department
>Department of Geosciences
>University of Massachusetts
>Amherst, MA 01003-5820
>
>Tel: 
>Fax: 
>Climate System Research Center: 
>Climate System Research Center Web Page:
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><http://www.geo.umass.edu/climate/climate.html>
>Paleoclimatology Book Web Site (1999):
>http://www.geo.umass.edu/climate/paleo/html
>
>
>

_______________________________________________________________________
                      Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone: (804)    FAX: (804) 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Raymond S. Bradley
To: mann@multiproxy.evsc.virginia.edu; mhughes@ltrr.arizona.edu; k.briffa@uea.ac.uk; tom@ocean.tamu.edu;

p.jones@uea.ac.uk
Subject: Science letter
Date: Friday, March 02, 2001 8:46:41 AM

i was just about to email you'all re my thoughts on the letter when the
phone rang--Malcolm, on the road ....expressing his views about the letter
as it now stands.  He will be in touch as soon as he can get to a
computer.  While we were talking Keith's email arrived...so this is all
very timely!
My own view is that the letter does not address the key limitations of
Broecker's argument, namely his minimal and selective use of data to prop
up a hypothesis.  His title should really be "Is there a 1500 year year
Seesaw in the N. Atlantic" as he does not really provide any new info on
the MWP.  As I said earlier, he does in fact state that the issue of
whether there was, or was not a MWP remains in doubt.  I agree with
that.  I don't think that any of us can definitively rule out the notion
that temperatures were "warm" (whatever that means) globally in "Medieval
times" (whenever that was!)...the issue is whether such conditions were
"warmer" than "today" .  If you argue that solar forcing was responsible,
then we might expect to find more evidence in areas around the world for
which we don't yet have data.  But...this is where I think a longer article
is needed, and as I said before...you can't capture all that needs to be
said in a short letter.  I agree with Keith that we just muddy the water.

If you want to criticise WB, it should be focused on his "evidence"  ---
one borehole record in Greenland (that shows temps >today), one in
Antarctica that shows temps <today, and evidence that Swiss glaciers had
receded around AD1200.  He ties this together with his TH circulation
argument.  Not very convincing....but that's his "perspective" i guess.

The bottom line for me is that I would rather not sign on to the current
letter.  If I have time today I will try & write a letter that encapsulates
my criticism of his article.  But the best thing to do is just get on with
our revised reconstruction-- and make as strong a case as we can.
Ray

Raymond S. Bradley
Professor and Head of Department
Department of Geosciences
University of Massachusetts
Amherst, MA 01003-5820

Tel: 
Fax: 
Climate System Research Center: 
Climate System Research Center Web Page:
<http://www.geo.umass.edu/climate/climate.html>
Paleoclimatology Book Web Site (1999):
http://www.geo.umass.edu/climate/paleo/html
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From: Keith Briffa
To: mann@multiproxy.evsc.virginia.edu; tom@ocean.tamu.edu
Cc: Phil Jones; mann@virginia.edu; Malcolm Hughes; rbradley@geo.umass.edu; td@gfdl.gov
Subject: Re: Version 1.4
Date: Friday, March 02, 2001 8:12:32 AM
Attachments: letteretal.doc

Hi Mike and Tom and all
Please see the attached thoughts . My silence up to now should not be
interpreted as lack of interest - indeed passion- on this topic and the
Broecker letter in particular. I don't like his letter but I have agonized
over the best course of action. I have read all the comments and feel like
the best way forward is not to give him room for melodramatic responses.
His letter is confused and serves to muddy rather than clarify the issues,
let alone the evidence. By trying to answer all this in a short response
you come out being too rigid and end up putting words in his mouth and then
attacking them. The issue needs a longer more detailed untangling and
discussion. You can't do it here . If a response is merited , it simply
needs to hammer home that the Mann et reconstruction (and others) DO INDEED
show evidence of Medieval warmth. The problem is that it needs to be better
represented in terms of timing, magnitude and detail and simple , poorly
resolved and subjectively weighted data (especially when they are complex
responders to different seasonal climate parameters) do not clarify the
picture at all . Anyway - please take the time to read my  thoughts in the
accompanying attachment
Very best wishes to all
Keith
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2 March 2001 
 
Mike, Tom et al., 
 
I share your frustration with the handwaving argument and implied criticism contained in 
Broecker’s piece.  The general unsubstantiated content, and the selective ignorance (or 
indifference) to much published work, would normally preclude publication - if, of course, it 
was not Wally writing it.  However, what irks me most is the over-simplification he imposes 
on this issue, which reads as if forcing must be all from the THC of the Atlantic and not from 
external causes. 
 
The problem I have with the draft response(s) is that it is falling into a trap of further polarising 
the issue - i.e. it reads like the opposite of Broecker’s premise - that is, it is saying that all of 
the forcing is external.  Sure, there are several factual errors in his piece, but after careful 
reading again, I urge caution.  Why?  Well first, nowhere does Broecker actually say that the 
MWP was warmer than the late 20th century.  Second, he is, even by his own admission, 
speculating as regards the role of THC.  This is his prerogative and there is no ‘burden of 
proof’ on him at all.  You know that I really believe we have problems with the proxies, as 
regards being sure we are reconstructing the correct level of absolute temperature change.  
Indeed the data are very scarce and, I believe, more unreliable as regards providing an accurate 
record of MWP warmth globally than is suggested by Mike’s verification statistics (re the 
Nature paper) per se.  Of course these are genuine doubts, freely exchanged in an intended 
constructive way within our community.  I am clearly on record as stating that the evidence, 
such as it is, supports the conclusion of unprecedented warmth in the late 20th century.  [Indeed 
I clearly say this and have rewritten this in the imminent piece with Phil and Tim.]  Broeker 
does nothing but muddy the waters by his subjective choice of evidence, loose definitions and 
implied criticism.  But I am simply undecided as to the tone to take in addressing this.  The 
response letter, though very much better than the original drafts, serves to reinforce an over-
simplification in the interpretation of the evidence.  I simply do not feel qualified to state, with 
such assurity, that solar and volcanic forcing were “primarily responsible” for 100-1000 year 
variability.  Also remember that our proxies do not reflect the magnitude of late 20th Century 
warming on a global scale - because we don’t have them at this time! 
 
None of this says that I agree with Wally.  On the contrary, I think he is guilty of somewhat 
over-confident preaching here - but it is clearly couched as armwaving and this is his 
prerogative.  Be careful not to put too many words into his mouth.  He actually says: that the 
LIA and subsequent warming are global in extent (fine); several Holocene fluctuations in snow 
line [of equal scale to modern] occurred in Swiss Alps (maybe - but so what?); various 
borehole data suggest “the existence of a MWP (true - but only as a relative variation of 
unknown absolute magnitude); and two multidecadal droughts occurred in the US within his 
loosely-defined MWP (definite, but again so what?).  He concludes we need more Holocene 
research and hints at importance of underlying variability on modern greenhouse forcing - but 
fails to see or describe why his evidence is basically useless for addressing this. 
 
I offer the following specific comments on the latest draft: 
 
Broecker says that the Mann reconstruction shows “no hint of MWP” - he is plain wrong - the 
early ( A.D.1000-1200) part does. This is probably the main point to correct. 
 
With regard to the response introduction - the interpretation of his “suggestion” doesn’t 
disagree with the proxies because he never says outright that the MWP was as warm as the 
present anyway, and the proxies do not cover the late 20th century.  Similarly, the proxies used 
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don’t say anything about forcing.  Our just-published JGR paper doesn’t extend back 1000 
years, so in the list of four references you cite do you mean the paper with the average of three 
long chronologies (which again clearly support Medieval warmth?  If not, best to remove this.  
The records contained in the early part of the reconstructions (i.e. ≈ 1000 years ago) are still 
based on very few data - they are certainly not independent and they are potentially subject to 
larger uncertainty than has been described.  The Raper reference refers to only one (small) area 
in N. Sweden - but the evidence does fit the Alps as well.  Note though, that glacier evidence in 
W. America points to a complicated (different) glacier behaviour, even in the LIA.  I can’t 
comment on the modelling work - but don’t fall into the old trap (as has Broecker) of selecting 
regional evidence when it suits.  There is room for differing forcings (internal and external) to 
contribute. 
 
All in all, and after talking with Ray and Phil at length (or despite talking with them) I 
sympathise with your annoyance but my response would be along different lines to the stress 
given in this draft on the external forcing.  Given this, and my ignorance of the details of Tom 
D’s (and Mike’s) modelling experiments, and a lack of time to follow up on Broecker’s 
selected references, I would prefer not to join the list of authors.  Please don’t misinterpret this 
- I am still a believer in greenhouse warming and I certainly disagree with the interpretation 
Broecker puts on the data he chooses to accept- but I will stick with an insistence that the proxy 
data are not yet sufficient to get too confrontational, especially where the target is more of an 
implication than a clear attack.  I agree with much of what you say, but I feel that the tone of 
this response will polarise the debate where neither lot of evidence justifies it.  
Best wishes, 
 
Keith Briffa 
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From: Phil Jones
To: Michael E. Mann; tom crowley
Cc: mann@virginia.edu; Malcolm Hughes; rbradley@geo.umass.edu; k.briffa@uea.ac.uk; td@gfdl.gov
Subject: Re: Version 1.4
Date: Friday, March 02, 2001 3:33:07 AM

  Mike, Tom et al.,
      I'm happy to sign up subject to a few small alterations/additions.
This version reads
  a lot better than the first and is shorter and more succinct.
      First I agree with Mike's first point re the MWP - the so-called etc.
The distinction
  between the early/mid 20th century and the late 20th century is good.
Happy with the
  second point, but it would be good to run this by Tom Delworth.
      What does REDUX mean by the way ?  It's not in our dictionaries. Will
non-colonials
  like me understand it. I presume it means something like revisited ?

     Now to my few points :

  1. In the first paragraph add 'against instrumental records' after
'calibrated and verified' .
      This is needed.

  2. (1) Few minor wording changes :

         Although regional warmth during the Middle Ages MAY HAVE sometimes
been
  significantly warmer than present .....

     -- all of them showing warmth in the Middle Ages that is cooler than
late-20th century
  warmth.

      (By the way what period do historians mean when they say Middle Ages ?)

     Such HETEROGENEOUS patterns of change also occur during the two warming
  periods (~1920-45 and since 1975) in the 20th century (Jones et al., 1999
Rev. Geophys),
  but the magnitude of THEIR OVERALL warming is sufficiently large to yield
  significant hemispheric- and global-scale increases.

  3. (2)  Remove INDEPENDENT.  They aren't in the strictest definition of
the word.

      Also

        Even the centennial-scale trends within the so-called 'Little Ice
Age' of the 16th-19th
  centuries are largely in agreement among the surface proxies.  Also,
contrary to
  Broecker, evidence from alpine glacier movements agrees with local tree-based
  summer temperature reconstructions (Raper et al Ref). Only a few such
comparisons have
  been undertaken.
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     Could also add Luckman, BH, Briffa, KR , Jones, PD and Schweingruber, FH
       The Holocene 7 375-389  (1997) to Raper et al.

   Finally,  send a copy of what is submitted. I'll be able to pick
something up here on
  Monday early before going to Japan.

    Keith says he'll respond later today.

  Cheers
  Phil

At 17:32 01/03/01 -0500, Michael E. Mann wrote:
>Dear All,
>
>I agree w/  most of Tom's latest changes. However, I feel that the
>following two further changes need to made:
>
>1. The first sentence should read:
>
>In a recent "Perspectives"  piece, W. Broecker suggests that 20th century
>global warming did not exceed the warmth of the so-called "Medieval Warm
>Period", and was due to oscillations in the thermohaline circulation.
>
>[two important changes here from Tom's wording: Malcolm, Phil, Ray, and I
>have all challenged, with good reason, the imprecise use of the term
>"Medieval Warm Period", and I  see no reason to back down from that here.
>"So-called" is a key qualifier, secondly the essential distinction between
>mean 20th century or early/mid 20th century warmth and *late* 20th century
>warmth must be made clear from the outset. Broecker blurs this in his
>choice of wording. I see no reason for us to be similarly sloppy. Best to
>nip that one in the bud at the outset!]
>
>2. Point 4 should be again modified. As a co-author of the Delworth and
>Mann paper in question, I assert my privilege to summarize the key result
>therein, which regard *century-scale* (multidecadal) changes in the
>thermohaline circulation. In this paper we did show (see the spatial
>snapshot plots!!!) that  the signal in question has a small projection
>onto mean hemispheric temperature in both model and observations. This is
>independent of discussion Tom and Tom D had of other additional
>experiments that Tom D has performed which are not yet published, which
>address the issue of projection of thermohaline circulation changes onto
>hemispheric temperature, in a different manner.  However, the Delworth and
>Mann result stands on its own, and supports the statement made, in my
>opinion.  I'm cc'ing this to Tom D just to make sure that Tom D doesn't
>disagree w/ my statement regarding the Delworth and Mann signal and its
>projection onto northern hemisphere mean temperature.
>
>Revised Point #4:
>
>(4) The burden of proof is on the author if he is to conclude that changes
>in the thermohaline circulation cause hemispheric or global increases in
>temperature.  Even in the North Atlantic there is a complex regional
>response to century-scale changes in the thermohaline circulation which
>projects  weakly onto hemispheric mean temperature in both models and
>observations (Delworth and Mann),
>and changes in the southern hemisphere can sometimes be of the opposite
>sign to changes in the northern hemisphere (Crowley 1992).
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>At 03:32 PM 3/1/01 -0600, tom crowley wrote:
>>Hi all, Mike asked me to incorporate my suggestions into a modified text -
>>here it is.  I made a few other minor changes for clarity.  Please responsd
>>to this one, Tom
>>
>>ps  moved the borehole discussion to pt 1, where it seemed more appropriate
>>
>>
>>Medieval Warming Redux
>>
>>In a recent "Perspectives" piece, W. Broecker suggests that the "Medieval
>>Warm Period" (MWP) was at least as warm as the 20th century and that
>>fluctuations in the North Atlantic thermohaline circulation were
>>responsible for the MWP/"Little Ice Age" transition.  This conclusion
>>disagrees with "surface proxy" reconstructions (e.g. tree rings, ice
>>cores), which are calibrated and validated using standard methods employed
>>in paleoclimatology, and with recent modeling results.  Broecker rejects
>>the surface proxy data sources because he argues they are unable to
>>register lower frequency trends in the climate system.  Broecker's
>>conclusions can be disputed on several grounds:
>>
>>(1) The available evidence does not support the conclusion that the Middle
>>Ages were as
>>warm as the late 20th century at global or hemispheric scales (in this
>>regard we interpret we interpret Broecker's statement to mean "late 20th
>>century global warmth", which is substantially greater than early-to-mid
>>20th century warmth).  Although regional warmth during the Middle Ages was
>>sometimes been significantly greater than present, four different
>>hemispheric-scale reconstructions (Jones, Mann, Briffa, Crowley) have been
>>completed for the last 1000 years -- all of them showing warmth in the
>>Middle Ages that is either no warmer or significantly cooler than mid-20th
>>century warmth.  These reconstructions also agree that a subsequent cooling
>>then occurred, which was interrupted by several centennial-scale warm
>>oscillations, before the onset of 20th century warming. The conclusion
>>about heterogenous patterns of warmth in the Middle Ages has been known for
>>a quarter of a century (Lamb, Dansgaard, Hughes).  Such patterns also occur
>>during the two largest warming periods (~1920-45 and since 1975) in the
>>20th century significant (Jones et al., 1999 Rev Geophys.), but the spatial
>>scale and magnitude of this warming is sufficiently large to yield a
>>significant hemispheric and global increase. As discussed by Broecker, some
>>borehole heat flow data suggest a more  prominent warming in the Middle
>>Ages (ref.). These conclusions, however, are not as robust as those based
>>on high-resolution borehole temperature measruements; within the
>>sensitivity of the estimates, the borehole data are not inconsistent with
>>the conclusion of Mann et al and others that the medieval temperature peak
>>was at most comparable to mid 20th century, but not late 20th century
>>temperatures.  This conclusion is supported by measurements  from tropical
>>glaciers indicating an unprecedented level of recent warming with respect
>>to the last 1,000-2,000 years (Thompson).
>>
>>(2) High-resolution proxy climate records, which form the foundation of
>>recent hemispheric temperature reconstructions, are far more reliable
>>indicators of  century-to-millennial scale climate variability than is
>>implied by Broecker.  The potential limitations in interpreting long-term
>>climate change from proxy indicators such as tree rings, have been long
>>recognized by dendroclimatologists.  However, several independent
>>reconstructions (Jones et al and Crowley and Lowery ), using a wide variety
>>of proxy climate indicators and different statistical approaches, yield
>>similar hemispheric temperature trends.  Even the centennial-scale trends
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>>within the so-called "Little Ice Age" of the 15th-19th centuries are
>>largely in agreement among the surface proxies and, contrary to Broecker,
>>with evidence from alpine glacial advances (Raper reference).
>>
>>(3) Recent studies show that external forcing, not internal variability,
>>played the dominant role in the transition from the moderately warm
>>interval from about 1000-1300 to the subsequent cool intervals.  Before
>>invoking internal variability as an explanation it is necessary to consider
>>radiative forcing changes due to volcanism and low frequency changes in
>>solar irradiance (although the latter is still not well constrained, there
>>are a number of independent lines of evidence suggesting such changes
>>(Lean, Lockwood).  Two recent studies using independently derived estimates
>>of volcanism and solar irradiance (Free, Crowley) demonstrate at a high
>>significance level (>99%) that about 50% of the pre-anthropogenic
>>(pre-1850) decadal-scale variance can be explained by changes in volcanism
>>and low frequency solar irradiance.  The transition from mild warmth in the
>>Middle Ages to a cooler interval is caused by a small decrease in solar
>>irradiance and a large increase in the intensity of and frequency of
>>volcanic eruptions. These hemispheric changes may have been accompanied by
>>larger regional overprints associated with trends in regional patterns such
>>as the North Atlantic Oscillation (Keigwin and Pickart), explaining why
>>enhanced warm and cold anomalies may have occurred in regions such as
>>Europe.
>>
>>(4) The burden of proof is on the author if he is to conclude that changes
>>in the thermohaline circulation cause hemispheric or global increases in
>>temperature.  Even in the North Atlantic there is a complex regional
>>response to changes in the thermohaline circulation (Delworth and Mann),
>>and changes in the southern hemisphere can sometimes be of the opposite
>>sign to changes in the northern hemisphere (Crowley 1992).
>>
>>The above arguments lead us to conclude that, although the conveyor may be
>>changing, radiative forcing perturbations from volcanism and solar
>>variability were primarily responsible for centennial-millennial changes in
>>the last 1000 years, with attendant implications for interpretation of
>>earlier Holocene oscillations (e.g, Denton and Karlen).  Furthermore, the
>>weight of evidence indicates that the late 20th century hemispheric warming
>>is significantly greater than the Middle Ages.
>>
>>Michael E. Mann
>>Thomas J. Crowley
>>Malcolm (Pending approval of final version)
>>Phil  (Pending approval of final version, I think?)
>>Ray (no word recently!)
>>Keith (no word!!)
>>
>>
>>
>>Thomas J.  Crowley
>>Dept. of Oceanography
>>Texas A&M University
>>College Station, TX  77843-3146
>>
>>  (fax)
>>  (alternate fax)
>
>_______________________________________________________________________
>                      Professor Michael E. Mann
>           Department of Environmental Sciences, Clark Hall
>                       University of Virginia
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>                      Charlottesville, VA 22903
>_______________________________________________________________________
>e-mail: mann@virginia.edu   Phone: (804)    FAX: (804) 
>        http://www.evsc.virginia.edu/faculty/people/mann.shtml

Prof. Phil Jones
Climatic Research Unit        Telephone +
School of Environmental Sciences    Fax 
University of East Anglia
Norwich                          Email    p.jones@uea.ac.uk
NR4 7TJ
UK
----------------------------------------------------------------------------
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From: Michael E. Mann
To: tom crowley
Cc: Phil Jones; mann@virginia.edu; Malcolm Hughes; rbradley@geo.umass.edu; k.briffa@uea.ac.uk; td@gfdl.gov
Subject: Re: Version 1.4
Date: Thursday, March 01, 2001 3:27:37 PM

Dear All,

I agree w/  most of Tom's latest changes. However, I feel that the
following two further changes need to made:

1. The first sentence should read:

In a recent "Perspectives"  piece, W. Broecker suggests that 20th century
global warming did not exceed the warmth of the so-called "Medieval Warm
Period", and was due to oscillations in the thermohaline circulation.

[two important changes here from Tom's wording: Malcolm, Phil, Ray, and I
have all challenged, with good reason, the imprecise use of the term
"Medieval Warm Period", and I  see no reason to back down from that here.
"So-called" is a key qualifier, secondly the essential distinction between
mean 20th century or early/mid 20th century warmth and *late* 20th century
warmth must be made clear from the outset. Broecker blurs this in his
choice of wording. I see no reason for us to be similarly sloppy. Best to
nip that one in the bud at the outset!]

2. Point 4 should be again modified. As a co-author of the Delworth and
Mann paper in question, I assert my privilege to summarize the key result
therein, which regard *century-scale* (multidecadal) changes in the
thermohaline circulation. In this paper we did show (see the spatial
snapshot plots!!!) that  the signal in question has a small projection onto
mean hemispheric temperature in both model and observations. This is
independent of discussion Tom and Tom D had of other additional experiments
that Tom D has performed which are not yet published, which address the
issue of projection of thermohaline circulation changes onto hemispheric
temperature, in a different manner.  However, the Delworth and Mann result
stands on its own, and supports the statement made, in my opinion.  I'm
cc'ing this to Tom D just to make sure that Tom D doesn't disagree w/ my
statement regarding the Delworth and Mann signal and its projection onto
northern hemisphere mean temperature.

Revised Point #4:

(4) The burden of proof is on the author if he is to conclude that changes
in the thermohaline circulation cause hemispheric or global increases in
temperature.  Even in the North Atlantic there is a complex regional
response to century-scale changes in the thermohaline circulation which
projects  weakly onto hemispheric mean temperature in both models and
observations (Delworth and Mann),
and changes in the southern hemisphere can sometimes be of the opposite
sign to changes in the northern hemisphere (Crowley 1992).

At 03:32 PM 3/1/01 -0600, tom crowley wrote:
>Hi all, Mike asked me to incorporate my suggestions into a modified text -
>here it is.  I made a few other minor changes for clarity.  Please responsd
>to this one, Tom
>
>ps  moved the borehole discussion to pt 1, where it seemed more appropriate
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>
>
>Medieval Warming Redux
>
>In a recent "Perspectives" piece, W. Broecker suggests that the "Medieval
>Warm Period" (MWP) was at least as warm as the 20th century and that
>fluctuations in the North Atlantic thermohaline circulation were
>responsible for the MWP/"Little Ice Age" transition.  This conclusion
>disagrees with "surface proxy" reconstructions (e.g. tree rings, ice
>cores), which are calibrated and validated using standard methods employed
>in paleoclimatology, and with recent modeling results.  Broecker rejects
>the surface proxy data sources because he argues they are unable to
>register lower frequency trends in the climate system.  Broecker's
>conclusions can be disputed on several grounds:
>
>(1) The available evidence does not support the conclusion that the Middle
>Ages were as
>warm as the late 20th century at global or hemispheric scales (in this
>regard we interpret we interpret Broecker's statement to mean "late 20th
>century global warmth", which is substantially greater than early-to-mid
>20th century warmth).  Although regional warmth during the Middle Ages was
>sometimes been significantly greater than present, four different
>hemispheric-scale reconstructions (Jones, Mann, Briffa, Crowley) have been
>completed for the last 1000 years -- all of them showing warmth in the
>Middle Ages that is either no warmer or significantly cooler than mid-20th
>century warmth.  These reconstructions also agree that a subsequent cooling
>then occurred, which was interrupted by several centennial-scale warm
>oscillations, before the onset of 20th century warming. The conclusion
>about heterogenous patterns of warmth in the Middle Ages has been known for
>a quarter of a century (Lamb, Dansgaard, Hughes).  Such patterns also occur
>during the two largest warming periods (~1920-45 and since 1975) in the
>20th century significant (Jones et al., 1999 Rev Geophys.), but the spatial
>scale and magnitude of this warming is sufficiently large to yield a
>significant hemispheric and global increase. As discussed by Broecker, some
>borehole heat flow data suggest a more  prominent warming in the Middle
>Ages (ref.). These conclusions, however, are not as robust as those based
>on high-resolution borehole temperature measruements; within the
>sensitivity of the estimates, the borehole data are not inconsistent with
>the conclusion of Mann et al and others that the medieval temperature peak
>was at most comparable to mid 20th century, but not late 20th century
>temperatures.  This conclusion is supported by measurements  from tropical
>glaciers indicating an unprecedented level of recent warming with respect
>to the last 1,000-2,000 years (Thompson).
>
>(2) High-resolution proxy climate records, which form the foundation of
>recent hemispheric temperature reconstructions, are far more reliable
>indicators of  century-to-millennial scale climate variability than is
>implied by Broecker.  The potential limitations in interpreting long-term
>climate change from proxy indicators such as tree rings, have been long
>recognized by dendroclimatologists.  However, several independent
>reconstructions (Jones et al and Crowley and Lowery ), using a wide variety
>of proxy climate indicators and different statistical approaches, yield
>similar hemispheric temperature trends.  Even the centennial-scale trends
>within the so-called "Little Ice Age" of the 15th-19th centuries are
>largely in agreement among the surface proxies and, contrary to Broecker,
>with evidence from alpine glacial advances (Raper reference).
>
>(3) Recent studies show that external forcing, not internal variability,
>played the dominant role in the transition from the moderately warm
>interval from about 1000-1300 to the subsequent cool intervals.  Before
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>invoking internal variability as an explanation it is necessary to consider
>radiative forcing changes due to volcanism and low frequency changes in
>solar irradiance (although the latter is still not well constrained, there
>are a number of independent lines of evidence suggesting such changes
>(Lean, Lockwood).  Two recent studies using independently derived estimates
>of volcanism and solar irradiance (Free, Crowley) demonstrate at a high
>significance level (>99%) that about 50% of the pre-anthropogenic
>(pre-1850) decadal-scale variance can be explained by changes in volcanism
>and low frequency solar irradiance.  The transition from mild warmth in the
>Middle Ages to a cooler interval is caused by a small decrease in solar
>irradiance and a large increase in the intensity of and frequency of
>volcanic eruptions. These hemispheric changes may have been accompanied by
>larger regional overprints associated with trends in regional patterns such
>as the North Atlantic Oscillation (Keigwin and Pickart), explaining why
>enhanced warm and cold anomalies may have occurred in regions such as
>Europe.
>
>(4) The burden of proof is on the author if he is to conclude that changes
>in the thermohaline circulation cause hemispheric or global increases in
>temperature.  Even in the North Atlantic there is a complex regional
>response to changes in the thermohaline circulation (Delworth and Mann),
>and changes in the southern hemisphere can sometimes be of the opposite
>sign to changes in the northern hemisphere (Crowley 1992).
>
>The above arguments lead us to conclude that, although the conveyor may be
>changing, radiative forcing perturbations from volcanism and solar
>variability were primarily responsible for centennial-millennial changes in
>the last 1000 years, with attendant implications for interpretation of
>earlier Holocene oscillations (e.g, Denton and Karlen).  Furthermore, the
>weight of evidence indicates that the late 20th century hemispheric warming
>is significantly greater than the Middle Ages.
>
>Michael E. Mann
>Thomas J. Crowley
>Malcolm (Pending approval of final version)
>Phil  (Pending approval of final version, I think?)
>Ray (no word recently!)
>Keith (no word!!)
>
>
>
>Thomas J.  Crowley
>Dept. of Oceanography
>Texas A&M University
>College Station, TX  77843-3146
>
>  (fax)
>  (alternate fax)

_______________________________________________________________________
                      Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone: (804)    FAX: (804) 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: tom crowley
To: Michael E. Mann
Cc: Phil Jones; tom@ocean.tamu.edu; Malcolm Hughes; rbradley@geo.umass.edu; k.briffa@uea.ac.uk
Subject: Version 1.4
Date: Thursday, March 01, 2001 2:29:30 PM

Hi all, Mike asked me to incorporate my suggestions into a modified text -
here it is.  I made a few other minor changes for clarity.  Please responsd
to this one, Tom

ps  moved the borehole discussion to pt 1, where it seemed more appropriate

Medieval Warming Redux

In a recent "Perspectives" piece, W. Broecker suggests that the "Medieval
Warm Period" (MWP) was at least as warm as the 20th century and that
fluctuations in the North Atlantic thermohaline circulation were
responsible for the MWP/"Little Ice Age" transition.  This conclusion
disagrees with "surface proxy" reconstructions (e.g. tree rings, ice
cores), which are calibrated and validated using standard methods employed
in paleoclimatology, and with recent modeling results.  Broecker rejects
the surface proxy data sources because he argues they are unable to
register lower frequency trends in the climate system.  Broecker's
conclusions can be disputed on several grounds:

(1) The available evidence does not support the conclusion that the Middle
Ages were as
warm as the late 20th century at global or hemispheric scales (in this
regard we interpret we interpret Broecker's statement to mean "late 20th
century global warmth", which is substantially greater than early-to-mid
20th century warmth).  Although regional warmth during the Middle Ages was
sometimes been significantly greater than present, four different
hemispheric-scale reconstructions (Jones, Mann, Briffa, Crowley) have been
completed for the last 1000 years -- all of them showing warmth in the
Middle Ages that is either no warmer or significantly cooler than mid-20th
century warmth.  These reconstructions also agree that a subsequent cooling
then occurred, which was interrupted by several centennial-scale warm
oscillations, before the onset of 20th century warming. The conclusion
about heterogenous patterns of warmth in the Middle Ages has been known for
a quarter of a century (Lamb, Dansgaard, Hughes).  Such patterns also occur
during the two largest warming periods (~1920-45 and since 1975) in the
20th century significant (Jones et al., 1999 Rev Geophys.), but the spatial
scale and magnitude of this warming is sufficiently large to yield a
significant hemispheric and global increase. As discussed by Broecker, some
borehole heat flow data suggest a more  prominent warming in the Middle
Ages (ref.). These conclusions, however, are not as robust as those based
on high-resolution borehole temperature measruements; within the
sensitivity of the estimates, the borehole data are not inconsistent with
the conclusion of Mann et al and others that the medieval temperature peak
was at most comparable to mid 20th century, but not late 20th century
temperatures.  This conclusion is supported by measurements  from tropical
glaciers indicating an unprecedented level of recent warming with respect
to the last 1,000-2,000 years (Thompson).

(2) High-resolution proxy climate records, which form the foundation of
recent hemispheric temperature reconstructions, are far more reliable
indicators of  century-to-millennial scale climate variability than is

ABOR/MH/Priv-000097



implied by Broecker.  The potential limitations in interpreting long-term
climate change from proxy indicators such as tree rings, have been long
recognized by dendroclimatologists.  However, several independent
reconstructions (Jones et al and Crowley and Lowery ), using a wide variety
of proxy climate indicators and different statistical approaches, yield
similar hemispheric temperature trends.  Even the centennial-scale trends
within the so-called "Little Ice Age" of the 15th-19th centuries are
largely in agreement among the surface proxies and, contrary to Broecker,
with evidence from alpine glacial advances (Raper reference).

(3) Recent studies show that external forcing, not internal variability,
played the dominant role in the transition from the moderately warm
interval from about 1000-1300 to the subsequent cool intervals.  Before
invoking internal variability as an explanation it is necessary to consider
radiative forcing changes due to volcanism and low frequency changes in
solar irradiance (although the latter is still not well constrained, there
are a number of independent lines of evidence suggesting such changes
(Lean, Lockwood).  Two recent studies using independently derived estimates
of volcanism and solar irradiance (Free, Crowley) demonstrate at a high
significance level (>99%) that about 50% of the pre-anthropogenic
(pre-1850) decadal-scale variance can be explained by changes in volcanism
and low frequency solar irradiance.  The transition from mild warmth in the
Middle Ages to a cooler interval is caused by a small decrease in solar
irradiance and a large increase in the intensity of and frequency of
volcanic eruptions. These hemispheric changes may have been accompanied by
larger regional overprints associated with trends in regional patterns such
as the North Atlantic Oscillation (Keigwin and Pickart), explaining why
enhanced warm and cold anomalies may have occurred in regions such as
Europe.

(4) The burden of proof is on the author if he is to conclude that changes
in the thermohaline circulation cause hemispheric or global increases in
temperature.  Even in the North Atlantic there is a complex regional
response to changes in the thermohaline circulation (Delworth and Mann),
and changes in the southern hemisphere can sometimes be of the opposite
sign to changes in the northern hemisphere (Crowley 1992).

The above arguments lead us to conclude that, although the conveyor may be
changing, radiative forcing perturbations from volcanism and solar
variability were primarily responsible for centennial-millennial changes in
the last 1000 years, with attendant implications for interpretation of
earlier Holocene oscillations (e.g, Denton and Karlen).  Furthermore, the
weight of evidence indicates that the late 20th century hemispheric warming
is significantly greater than the Middle Ages.

Michael E. Mann
Thomas J. Crowley
Malcolm (Pending approval of final version)
Phil  (Pending approval of final version, I think?)
Ray (no word recently!)
Keith (no word!!)

Thomas J.  Crowley
Dept. of Oceanography
Texas A&M University
College Station, TX  77843-3146

 (fax)
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 (alternate fax)
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From: tom crowley
To: Michael E. Mann
Cc: Phil Jones; tom@ocean.tamu.edu; Malcolm Hughes; rbradley@geo.umass.edu; k.briffa@uea.ac.uk
Subject: Re: letter to Science
Date: Thursday, March 01, 2001 1:51:33 PM

MIKE ET AL., A FEW RELATIVELY MINOR CHANGES, IN CAPS  TOM

>Dear All,
>
>Taking into account all comments we have received, Tom and I have spent
>considerable time iterating back on forth on the Science letter. There
>isn't much room for any substantial additions given length restrictions,
>but we're still interested in any minor comments you may have, particularly
>with regard to fine points in the language. We need to turn this around as
>soon as possible, so we have to ask that those interested in signing on get
>back to us w/ comments ASAP and indicate  explicitly your interest in
>signing on. We will take the lack of a positive near-term response as a
>negative response.
>
>Thanks in advance for your feedback,
>
>mike
>________________________
>
>Medieval Warming Redux
>
>In a recent "Perspectives" [DELETE OPINION] opinion piece, W. Broecker
>suggests that 20th
>century global warming (MOVE THIS PARENTHETICAL COMMENT TO END OF LAST
>SENTENCE OF POINT ONE - IT DISRUPTS THE FLOW OF THE DISCUSSION TOO EARLY
>we interpret this as  "late 20th century global
>warmth", which is substantially greater than early-to-mid 20th century
>warmth) did not exceed the warmth of  the so-called  "Medieval Warm
>Period", and was due to  oscillations in the thermohaline circulation. This
>conclusion disagrees  with reconstructions based on surface "proxy"
>indicators (e.g. tree rings and ice cores), which are calibrated and
>validated using standard methods employed in  paleoclimatology. Broecker
>rejects these data sources because he argues  they are unable to register
>lower frequency trends in the climate system.
>Broecker's conclusions can be disputed on several grounds:
>
>(1) The available evidence does *not* support the conclusion that the
>Middle Ages were as
>warm as the late 20th century at global or hemispheric scales.
>Although  regional warmth during the Middle Ages WAS sometimes
>been  greater than present, four different
>hemispheric-scale  reconstructions (Jones, Mann, Briffa, Crowley) have been
>completed for the  last 1000 years -- all of them showing warmth in the
>Middle Ages that is
>either no warmer or cooler than mid-20th century warmth for the Northern
>Hemisphere as a whole. These reconstructions also agree that a subsequent
>cooling trend occurred,
>which was interrupted by several centennial-scale warm periods, before
>the onset of 20th century warming. The conclusion that patterns of warmth
>in the Middle Ages were heterogeneous, rather than uniform, has been
>established for a quarter of a
>century (Lamb, Dansgaard, Hughes). Spatially heterogeneous warming trends
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>are also observed during the two largest warming periods (~1920-45 and
>since 1975) in the 20th century, (Jones et al., 1999 Rev Geophys.), but the
>spatial scale and
>magnitude of this warming is sufficiently large to yield a significant
>hemispheric and global increase. Our conclusion about the unusual level of
>20th century warmth is supported by measurements from tropical glaciers
>indicating an unprecedented level of recent warming with respect to the
>last 1,000-2,000 years (Thompson).
>
>(2) High-resolution proxy climate records, which form the foundation of
>recent hemispheric temperature reconstructions, are far more reliable
>indicators of century-to-millennial scale climate variability than is
>implied by Broecker. The potential limitations in interpreting long-term
>climate change from proxy indicators such as tree rings, have been long
>recognized by paleoclimatologists. DOES SOMEONE WANT TO ADD A SENTENCE
>ABOUT THE LEVEL OF CORRELATIOIN WITH INSTRUMENTAL DATA?  However, several
>independent
>reconstructions (Mann et al, Jones et al and Crowley and Lowery ), using a
>wide variety
>of proxy climate indicators and different statistical approaches, yield
>similar hemispheric temperature trends. Even the centennial-scale TRENDS
>within the so-called "Little Ice Age" of the 15th-19th centuries are
>largely in agreement WITH EACH OTHER AND, CONTRARY TO BROECKER, WITH
>EVIDENCE FROM ALPINE DATA. [DELETE THIS SENTENCE NOW - FOLDED INTO
>ABOVEFurthermore these centennial changes have been shown
>to be in "agreement", rather than "in opposition" (as argued by Broecker),
>with evidence from alpine glacial advances (Raper reference)] As discussed
>by Broecker, some borehole heat flow data suggest a more  prominent warming
>in the Middle Ages (ref.). TheSE data, however, are not as
>robust as later borehole temperature estimates [MIKE - THERE IS NO
>INTRINSIC REASON WHY BOREHOLE DATA THIS FAR BACK CAN'T BE PRODUCED WITH
>HIGHER CONFIDENCE - HENRY JUST DID NOT HAVE SUCH A SET AVAILABLE. In fact,
>within the
>sensitivity of the estimates, the BOREHOLE data are not inconsistent with
>the conclusion of Mann et al and others that the medieval temperature peak
>was at most comparable to  mid 20th century, but not late 20th century
>temperatures.
>
>(3) Recent studies show that external forcing, not internal variability,
>played the dominant role in the transition from the moderately warm
>interval from about 1000-1300 to the subsequent cool intervals. Before
>invoking internal variability as an explanation it is necessary to consider
>radiative forcing changes due to volcanism and low frequency changes in
>solar irradiance. Two recent studies using independently derived estimates
>of volcanism and solar irradiance (Free, Crowley) demonstrate at a high
>significance level (>99%) that about 50% of the pre-anthropogenic
>(pre-1850) decadal-scale variance can be explained by changes in volcanism
>and low frequency solar irradiance. The transition from mild warmth in the
>Middle Ages to a cooler interval is caused by a small decrease in solar
>irradiance and a large increase in the intensity of and frequency of
>volcanic eruptions. These mild hemispheric changes may have been
>accompanied by larger regional overprints associated with trends in
>regional patterns such as the North Atlantic Oscillation (Keigwin and
>Pickart),
>explaining why enhanced warm and cold anomalies may have occurred in
>regions such as Europe.
>
>(4) The burden of proof is on the author if he is to conclude that changes
>in the thermohaline circulation cause hemispheric or global increases in
>temperature. Even in the North Atlantic there is a complex regional
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>response to century-scale changes in the thermohaline circulation which
>projects only weakly onto hemispheric mean temperature in both models and
>observations
>(Delworth and Mann). [DELETE As Broecker himself has pointed ou] IN FACT,
>changes in the
>southern hemisphere can sometimes be of the opposite sign to changes in the
>northern hemisphere
>(Crowley 1992). NO SENSE GIVING TO CREDIT TO BROECKER FOR AN IDEA HE DID
>NOT ORIGINATE
>
>The above arguments lead us to conclude that, although the conveyor may be
>changing, radiative forcing perturbations from volcanism and solar
>variability were primarily responsible for centennial-millennial changes in
>the last 1000 years, with attendant implications for interpretation of
>earlier Holocene oscillations (e.g, Denton and Karlen). Furthermore, the
>weight of evidence indicates that the late 20th century hemispheric warming
>is significantly greater than the Middle Ages.
>
>Michael E. Mann
>Thomas J. Crowley
>Malcolm (Pending approval of final version)
>Phil  (Pending approval of final version, I think?)
>Ray (no word recently!)
>Keith (no word!!)

Thomas J.  Crowley
Dept. of Oceanography
Texas A&M University
College Station, TX  77843-3146

 (fax)
 (alternate fax)
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From: Michael E. Mann
To: Phil Jones; tom@ocean.tamu.edu; Malcolm Hughes; rbradley@geo.umass.edu; k.briffa@uea.ac.uk
Cc: mann@virginia.edu
Subject: letter to Science
Date: Thursday, March 01, 2001 1:18:25 PM

Dear All,

Taking into account all comments we have received, Tom and I have spent
considerable time iterating back on forth on the Science letter. There
isn't much room for any substantial additions given length restrictions,
but we're still interested in any minor comments you may have, particularly
with regard to fine points in the language. We need to turn this around as
soon as possible, so we have to ask that those interested in signing on get
back to us w/ comments ASAP and indicate  explicitly your interest in
signing on. We will take the lack of a positive near-term response as a
negative response.

Thanks in advance for your feedback,

mike
________________________

Medieval Warming Redux

In a recent "Perspectives" opinion piece, W. Broecker suggests that 20th
century global warming (we interpret this as  "late 20th century global
warmth", which is substantially greater than early-to-mid 20th century
warmth) did not exceed the warmth of  the so-called  "Medieval Warm
Period", and was due to  oscillations in the thermohaline circulation. This
conclusion disagrees  with reconstructions based on surface "proxy"
indicators (e.g. tree rings and ice cores), which are calibrated and
validated using standard methods employed in  paleoclimatology. Broecker
rejects these data sources because he argues  they are unable to register
lower frequency trends in the climate system.
Broecker's conclusions can be disputed on several grounds:

(1) The available evidence does *not* support the conclusion that the
Middle Ages were as
warm as the late 20th century at global or hemispheric scales.
Although  regional warmth during the Middle Ages may have sometimes
been  greater than present, four different
hemispheric-scale  reconstructions (Jones, Mann, Briffa, Crowley) have been
completed for the  last 1000 years -- all of them showing warmth in the
Middle Ages that is
either no warmer or cooler than mid-20th century warmth for the Northern
Hemisphere as a whole. These reconstructions also agree that a subsequent
cooling trend occurred,
which was interrupted by several centennial-scale warm periods, before
the onset of 20th century warming. The conclusion that patterns of warmth
in the Middle Ages were heterogeneous, rather than uniform, has been
established for a quarter of a
century (Lamb, Dansgaard, Hughes). Spatially heterogeneous warming trends
are also observed during the two largest warming periods (~1920-45 and
since 1975) in the 20th century, (Jones et al., 1999 Rev Geophys.), but the
spatial scale and
magnitude of this warming is sufficiently large to yield a significant
hemispheric and global increase. Our conclusion about the unusual level of
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20th century warmth is supported by measurements from tropical glaciers
indicating an unprecedented level of recent warming with respect to the
last 1,000-2,000 years (Thompson).

(2) High-resolution proxy climate records, which form the foundation of
recent hemispheric temperature reconstructions, are far more reliable
indicators of century-to-millennial scale climate variability than is
implied by Broecker. The potential limitations in interpreting long-term
climate change from proxy indicators such as tree rings, have been long
recognized by paleoclimatologists. However, several independent
reconstructions (Mann et al, Jones et al and Crowley and Lowery ), using a
wide variety
of proxy climate indicators and different statistical approaches, yield
similar hemispheric temperature trends. Even the centennial-scale changes
within the so-called "Little Ice Age" of the 15th-19th centuries are
largely in agreement. Furthermore these centennial changes have been shown
to be in "agreement", rather than "in opposition" (as argued by Broecker),
with evidence from alpine glacial advances (Raper reference). As discussed
by Broecker, some borehole heat flow data suggest a more  prominent warming
in the Middle Ages (ref.). The data this far back, however, are not as
robust as later borehole temperature estimates. In fact, within the
sensitivity of the estimates, the data are not inconsistent with
the conclusion of Mann et al and others that the medieval temperature peak
was at most comparable to  mid 20th century, but not late 20th century
temperatures.

(3) Recent studies show that external forcing, not internal variability,
played the dominant role in the transition from the moderately warm
interval from about 1000-1300 to the subsequent cool intervals. Before
invoking internal variability as an explanation it is necessary to consider
radiative forcing changes due to volcanism and low frequency changes in
solar irradiance. Two recent studies using independently derived estimates
of volcanism and solar irradiance (Free, Crowley) demonstrate at a high
significance level (>99%) that about 50% of the pre-anthropogenic
(pre-1850) decadal-scale variance can be explained by changes in volcanism
and low frequency solar irradiance. The transition from mild warmth in the
Middle Ages to a cooler interval is caused by a small decrease in solar
irradiance and a large increase in the intensity of and frequency of
volcanic eruptions. These mild hemispheric changes may have been
accompanied by larger regional overprints associated with trends in
regional patterns such as the North Atlantic Oscillation (Keigwin and Pickart),
explaining why enhanced warm and cold anomalies may have occurred in
regions such as Europe.

(4) The burden of proof is on the author if he is to conclude that changes
in the thermohaline circulation cause hemispheric or global increases in
temperature. Even in the North Atlantic there is a complex regional
response to century-scale changes in the thermohaline circulation which
projects only weakly onto hemispheric mean temperature in both models and
observations
(Delworth and Mann). As Broecker himself has pointed out, changes in the
southern hemisphere can sometimes be of the opposite sign to changes in the
northern hemisphere
(Crowley 1992).

The above arguments lead us to conclude that, although the conveyor may be
changing, radiative forcing perturbations from volcanism and solar
variability were primarily responsible for centennial-millennial changes in
the last 1000 years, with attendant implications for interpretation of
earlier Holocene oscillations (e.g, Denton and Karlen). Furthermore, the
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weight of evidence indicates that the late 20th century hemispheric warming
is significantly greater than the Middle Ages.

Michael E. Mann
Thomas J. Crowley
Malcolm (Pending approval of final version)
Phil  (Pending approval of final version, I think?)
Ray (no word recently!)
Keith (no word!!)
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From: Michael E. Mann
To: Phil Jones; tom@ocean.tamu.edu; Malcolm Hughes; rbradley@geo.umass.edu; k.briffa@uea.ac.uk
Cc: mann@virginia.edu
Subject: letter to Science
Date: Thursday, March 01, 2001 1:18:25 PM

Dear All,

Taking into account all comments we have received, Tom and I have spent
considerable time iterating back on forth on the Science letter. There
isn't much room for any substantial additions given length restrictions,
but we're still interested in any minor comments you may have, particularly
with regard to fine points in the language. We need to turn this around as
soon as possible, so we have to ask that those interested in signing on get
back to us w/ comments ASAP and indicate  explicitly your interest in
signing on. We will take the lack of a positive near-term response as a
negative response.

Thanks in advance for your feedback,

mike
________________________

Medieval Warming Redux

In a recent "Perspectives" opinion piece, W. Broecker suggests that 20th
century global warming (we interpret this as  "late 20th century global
warmth", which is substantially greater than early-to-mid 20th century
warmth) did not exceed the warmth of  the so-called  "Medieval Warm
Period", and was due to  oscillations in the thermohaline circulation. This
conclusion disagrees  with reconstructions based on surface "proxy"
indicators (e.g. tree rings and ice cores), which are calibrated and
validated using standard methods employed in  paleoclimatology. Broecker
rejects these data sources because he argues  they are unable to register
lower frequency trends in the climate system.
Broecker's conclusions can be disputed on several grounds:

(1) The available evidence does *not* support the conclusion that the
Middle Ages were as
warm as the late 20th century at global or hemispheric scales.
Although  regional warmth during the Middle Ages may have sometimes
been  greater than present, four different
hemispheric-scale  reconstructions (Jones, Mann, Briffa, Crowley) have been
completed for the  last 1000 years -- all of them showing warmth in the
Middle Ages that is
either no warmer or cooler than mid-20th century warmth for the Northern
Hemisphere as a whole. These reconstructions also agree that a subsequent
cooling trend occurred,
which was interrupted by several centennial-scale warm periods, before
the onset of 20th century warming. The conclusion that patterns of warmth
in the Middle Ages were heterogeneous, rather than uniform, has been
established for a quarter of a
century (Lamb, Dansgaard, Hughes). Spatially heterogeneous warming trends
are also observed during the two largest warming periods (~1920-45 and
since 1975) in the 20th century, (Jones et al., 1999 Rev Geophys.), but the
spatial scale and
magnitude of this warming is sufficiently large to yield a significant
hemispheric and global increase. Our conclusion about the unusual level of

ABOR/MH/Priv-000106



20th century warmth is supported by measurements from tropical glaciers
indicating an unprecedented level of recent warming with respect to the
last 1,000-2,000 years (Thompson).

(2) High-resolution proxy climate records, which form the foundation of
recent hemispheric temperature reconstructions, are far more reliable
indicators of century-to-millennial scale climate variability than is
implied by Broecker. The potential limitations in interpreting long-term
climate change from proxy indicators such as tree rings, have been long
recognized by paleoclimatologists. However, several independent
reconstructions (Mann et al, Jones et al and Crowley and Lowery ), using a
wide variety
of proxy climate indicators and different statistical approaches, yield
similar hemispheric temperature trends. Even the centennial-scale changes
within the so-called "Little Ice Age" of the 15th-19th centuries are
largely in agreement. Furthermore these centennial changes have been shown
to be in "agreement", rather than "in opposition" (as argued by Broecker),
with evidence from alpine glacial advances (Raper reference). As discussed
by Broecker, some borehole heat flow data suggest a more  prominent warming
in the Middle Ages (ref.). The data this far back, however, are not as
robust as later borehole temperature estimates. In fact, within the
sensitivity of the estimates, the data are not inconsistent with
the conclusion of Mann et al and others that the medieval temperature peak
was at most comparable to  mid 20th century, but not late 20th century
temperatures.

(3) Recent studies show that external forcing, not internal variability,
played the dominant role in the transition from the moderately warm
interval from about 1000-1300 to the subsequent cool intervals. Before
invoking internal variability as an explanation it is necessary to consider
radiative forcing changes due to volcanism and low frequency changes in
solar irradiance. Two recent studies using independently derived estimates
of volcanism and solar irradiance (Free, Crowley) demonstrate at a high
significance level (>99%) that about 50% of the pre-anthropogenic
(pre-1850) decadal-scale variance can be explained by changes in volcanism
and low frequency solar irradiance. The transition from mild warmth in the
Middle Ages to a cooler interval is caused by a small decrease in solar
irradiance and a large increase in the intensity of and frequency of
volcanic eruptions. These mild hemispheric changes may have been
accompanied by larger regional overprints associated with trends in
regional patterns such as the North Atlantic Oscillation (Keigwin and Pickart),
explaining why enhanced warm and cold anomalies may have occurred in
regions such as Europe.

(4) The burden of proof is on the author if he is to conclude that changes
in the thermohaline circulation cause hemispheric or global increases in
temperature. Even in the North Atlantic there is a complex regional
response to century-scale changes in the thermohaline circulation which
projects only weakly onto hemispheric mean temperature in both models and
observations
(Delworth and Mann). As Broecker himself has pointed out, changes in the
southern hemisphere can sometimes be of the opposite sign to changes in the
northern hemisphere
(Crowley 1992).

The above arguments lead us to conclude that, although the conveyor may be
changing, radiative forcing perturbations from volcanism and solar
variability were primarily responsible for centennial-millennial changes in
the last 1000 years, with attendant implications for interpretation of
earlier Holocene oscillations (e.g, Denton and Karlen). Furthermore, the
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weight of evidence indicates that the late 20th century hemispheric warming
is significantly greater than the Middle Ages.

Michael E. Mann
Thomas J. Crowley
Malcolm (Pending approval of final version)
Phil  (Pending approval of final version, I think?)
Ray (no word recently!)
Keith (no word!!)
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From: Michael E. Mann
To: SWStine@aol.com
Cc: mann@virginia.edu
Subject: Re: No Subject
Date: Thursday, March 01, 2001 8:10:44 AM

Hi Scott,

Thanks for your message. It is indeed a bit disconcerting that people like
Wally Broecker (let alone non-scientists like Daly who is to be ignored)
continue to misrepresent the evidence.

I've followed w/ interest your work, and I think its an important part of
the global picture of what is going on. I comment on this in a recent
review article to appear any day now in "Weather" (preprint available
here:  ftp://holocene.evsc.virginia.edu/pub/mann/weather01-preprint.pdf)
and there is also some mention in the IPCC report, chapter 2. Hopefully,
I've given justice to it!

I am happy that people like you are  helping to put together the complex
global picture of climate changes in past centuries. Many of us have indeed
been fighting the naive notion of a "Medieval Warm Period", but old habits
die hard!

looking forward to staying in touch. Best regards,

mike mann

At 07:06 PM 2/28/01 -0500, you wrote:
>Hi, Michael. Scott Stine here.  I have kept up with your contributions, and
>find myself in agreement with the great bulk of your conclusions.  As you may
>know, since around 1990 I have been admonishing the climate community to
>dispense with the "Medieval Warm Epoch" business.  While I am convinced that
>the upper Medieval was a time of (not necessarily synchronous) climatic
>shifts over many areas of the planet, I do not believe that it was uniformly
>warm (or that the planet uniformly warmed) throughout the period. Hence the
>phrase I favor, "Medieval Climatic Anomaly".
>So, with all this in mind:  Who the fuck is John Daly?  A friend just sent me
>his "hockey stick" paper.  It is so full of red herrings that it stinks of
>fish.  What is this guy's training?  My guess is economics and journalism.
>Don't let the bastards get you down,
>Scott

_______________________________________________________________________
                      Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone: (804)    FAX: (804) 
        http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Phil Jones
To: Michael E. Mann; Henry N. Pollack; Michael E. Mann
Cc: tom@ocean.tamu.edu; td@gfdl.gov; Malcolm Hughes; mann@virginia.edu; rbradley@geo umass.edu; k.briffa@uea.ac.uk
Subject: Re: letter to Science
Date: Thursday, March 01, 2001 5:11:34 AM

 Dear Mike et al,
      Here's my input. I'll be here tomorrow till about 11am British time then I'm away all
 next week. Maybe you'll have time to do something today and email another copy
 at the end.
      First a minor thing. Science's new endnote style means that you can have only
 one reference in each and a wordy endnote with a reference has to have this referenced
 as a separate endnote.  So you'll need to be very careful which 15 or so are chosen.
      Two other small things. First we should not stoop to the skeptic level and use the
 phrase 'hockey stick' in print. Just say recent.  Also I think the references you do use
 should be mostly earlier ones than 1999 or 2000 (except for our few recent compilation
 papers) so they are clearly references that have been around sometime and if Broecker
 is going to write such an article he should have been aware of.

     Specific points.

 First, I think it is a bit long - I'll suggest reductions.

 1. Sentence 2 'To reach this conclusion ...' .  Add in here that these records are 
 calibrated against instrumental records.  Just say  ... that are calibrated against
 instrumental records and are the foundation ...

   Could add and verified as well after calibrated.  This will make it clear in the
 second sentence that Broecker is rejecting the standard practice in much of
 paleoclimatology.

  2. Just reference Hughes and Diaz  (possibly Lamb as well) re MWP.

   After this sentence could say:

    The two warming periods (~1920-45 and since 1975) in the 20th century show patterns
 of warming (which predominate) but there are a few regions that show cooling. Even
 during these two strong warming periods (~0.4C over the NH) few of temperature
 trends are locally significant  ( Jones et al., 1999 Rev Geophys.) .

 3. The final sentence of (1) is the most important of all. Needs to be emphasised
 and expanded upon. Thompson estimates that some of these ice caps/glaciers
 (which have ice layers in the Middle Ages) will disappear in the next 20 years.
 This is our best piece of evidence.  I know we don't use them in many of the compilations,
 but if these areas had layers in the Middle Ages and are disappearing arguments that
 globally it was warmer in the MWP are shot to pieces.

 4)  Remove the whole of the middle of section (2) from Cook to the sentence begining
 'Several.. ' . This material was in the papers but it didn't convince Broecker then, so
 it's not worth repeating here.  Just reference Cook - not the seg length curse, and
 possibly add Briffa et al (2001) if this is out in JGR. Don't say that dendroclimatologists
 always take these trends into account in interpretation because they clearly don't.
 Try and keep the text short, pointed and don't leave ends that can be used against us.

  I'd make the points after several into a different bullet point. This just needs to
 say that even the LIA wasn't ubiquitous cold from the 15th to the 19th centuries.
 The 'near instrumental' period - trying to think of name like the Middle Ages for the MWP
 to use instead of LIA - is characterised in many regions by a cool 17th and 19th centuries
 and a milder 18th century. It wasn't ubiquitously cold. Long European temperature
 records clearly show this - and they agree with borehole evidence back to 1659.

 5. The glacier point could perhaps be a separate bullet. Broecker here thinks you
 can develop an NH glacial record which he says can be related to temperatures.
 Glaciers respond mainly to summer temperatures. Need to compare single glaciers
 or a regional average if they respond similarly. They can't be lumped. The reference
 is for northern Fennoscandia :

   Raper, SCB, Briffa, KR and Wigley, TML, 1996  J. Glaciology 42, 341-351.

 6.  (3) is mostly OK. Need to say decadal-scale variance. Also we know from the
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 instrumental period that the two main factors explaining much of the variability are solar
 and volcanoes. Why bring in something else before you've exhausted these two.
 Solar is the important one here. The record isn't great but it is the best we have. It is a
 good job the 14C or 10Be records didn't have a 1500 yr cycle as Broecker would have
 had the cause of his supposed 'cycle' .  He has looked for this, but can't find anything.

 7 (4) I think the first part of this is week and like the arm-waiving we are accusing 
 Broecker of. Hopefully Tom Delworth can help here. I don't know much about this,
 but what is there doesn't sound at all convincing.

 8 (4) Second part. Isn't that convincing either. Final para is fine.

 Cheers
 Phil

 

At 13:35 28/02/01 -0500, Michael E. Mann wrote:

Hi Henry,

None of us are disputing that conditions were relatively warmer in the earlier centuries (ie, 11th-14th)
than in the later centuries (15th-19th), but the main point is that they were not as warm as the latter
20th century. At the face of it, your GRL article does certainly seem to suggest otherwise, and this
how Wally has interpreted it. My point was that there is a sensitivity of that conclusion to a priori
constraints. What  we need then is a clear and defensible statement from you as to why that paper
isn't in conflict with what we're saying. If you can suggest a specific rephrasing to replace what we
have, I would appreciate that.

I thought you and Tom had already consulted on this, but perhaps I'm mistaken.

Thanks in advance,

mike

At 01:22 PM 2/28/01 -0500, Henry N. Pollack wrote:

Hello everyone!

On Wed, 28 Feb 2001, Michael E. Mann wrote:

> ........................................... Although one analysis of
> heat flow measurements suggests warmer temperatures than the surface
> proxies during the Middle Ages (Huang and Pollack, GRL. 1997), the
> considerable sensitivity of the resulting trends to a priori statistical
> assumptions has lead borehole researchers to restrict their attention to
> the more reliably interpretable temperature fluctuations during the past
> five centuries (Huang and Pollack, Nature). .........................

Henry Pollack comments on the above statement:

 Linking the two geothermal studies (1997, 2000) is not quite kosher. We
did not later "restrict our attention" to the last five centuries because
of the considerable sensitivity to the a priori assumptions in the 1997
GRL paper. Throughout the range of the a priori assumptions there is an
indication of warmth in the middle ages. But as I mentioned in my comments
to Tom Crowley yesterday, whether that warmth exceeded the end-of-20th
century temperatures is perhaps debatable. I said to Tom that the hockey
stick will not rise or fall on the basis of the 1997 GRL paper that
analyzed heat flow variations with depth.

Our later emphasis on the past five centuries was intended to bring into
sharper focus the late pre-industrial and industrial eras. The five
century study reported in Nature used much higher quality data, actual
temperature vs. depth data rather than inferred heat flow vs. depth data.
It is no secret that the results of this five century study show some
disagreement with the hockey stick also, in the magnitude and timing of
the LIA minimum. That is another issue, not one directly addressing Wally
Broecker's discussion of the MWP.
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Cheers,
Henry

p.s. I will be traveling as of this afternoon (2/28), returning on 3/5. I
would be grateful to receive a final copy of what you submit, but
respectfully decline to sign on as a co-author.

_______________________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
__________________________________________ ______________
e-mail: mann@virginia.edu   Phone: (804)    FAX: (804) 
         http://www.evsc.virginia.edu/fac ple/mann.html   

Prof. Phil Jones
Climatic Research Unit        Telephone  
School of Environmental Sciences    Fax  
University of East Anglia               
Norwich                          Email    p.jones@uea.ac.uk 
NR4 7TJ
UK                                                                                
----------------------------------------------------------------------------
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From: Michael E. Mann
To: Henry N. Pollack; Michael E. Mann
Cc: tom@ocean.tamu.edu; td@gfdl.gov; Malcolm Hughes; mann@virginia.edu; rbradley@geo.umass.edu; Phil Jones;

k.briffa@uea.ac.uk
Subject: Re: letter to Science
Date: Wednesday, February 28, 2001 11:32:56 AM

Hi Henry,

None of us are disputing that conditions were relatively warmer in the earlier centuries (ie,
11th-14th) than in the later centuries (15th-19th), but the main point is that they were not as
warm as the latter 20th century. At the face of it, your GRL article does certainly seem to
suggest otherwise, and this how Wally has interpreted it. My point was that there is a
sensitivity of that conclusion to a priori constraints. What  we need then is a clear and
defensible statement from you as to why that paper isn't in conflict with what we're saying. If
you can suggest a specific rephrasing to replace what we have, I would appreciate that.

I thought you and Tom had already consulted on this, but perhaps I'm mistaken.

Thanks in advance,

mike

At 01:22 PM 2/28/01 -0500, Henry N. Pollack wrote:

Hello everyone!

On Wed, 28 Feb 2001, Michael E. Mann wrote:

> ........................................... Although one analysis of
> heat flow measurements suggests warmer temperatures than the surface
> proxies during the Middle Ages (Huang and Pollack, GRL. 1997), the
> considerable sensitivity of the resulting trends to a priori statistical
> assumptions has lead borehole researchers to restrict their attention to
> the more reliably interpretable temperature fluctuations during the past
> five centuries (Huang and Pollack, Nature). .........................

Henry Pollack comments on the above statement:

 Linking the two geothermal studies (1997, 2000) is not quite kosher. We
did not later "restrict our attention" to the last five centuries because
of the considerable sensitivity to the a priori assumptions in the 1997
GRL paper. Throughout the range of the a priori assumptions there is an
indication of warmth in the middle ages. But as I mentioned in my comments
to Tom Crowley yesterday, whether that warmth exceeded the end-of-20th
century temperatures is perhaps debatable. I said to Tom that the hockey
stick will not rise or fall on the basis of the 1997 GRL paper that
analyzed heat flow variations with depth.

Our later emphasis on the past five centuries was intended to bring into
sharper focus the late pre-industrial and industrial eras. The five
century study reported in Nature used much higher quality data, actual
temperature vs. depth data rather than inferred heat flow vs. depth data.
It is no secret that the results of this five century study show some
disagreement with the hockey stick also, in the magnitude and timing of
the LIA minimum. That is another issue, not one directly addressing Wally
Broecker's discussion of the MWP.
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Cheers,
Henry

p.s. I will be traveling as of this afternoon (2/28), returning on 3/5. I
would be grateful to receive a final copy of what you submit, but
respectfully decline to sign on as a co-author.

_______________________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

il: mann@virginia.edu   Phone: (804)    FAX: 

    
http://www.evsc.virginia.edu/faculty/people/mann.html           
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From: Michael E. Mann
To: Michael E. Mann; tom@ocean.tamu.edu; td@gfdl gov; hpollack@geo.lsa.umich.edu; mhughes@ltrr.arizona.edu; mann@virginia.edu;

rbradley@geo.umass.edu; p.jones@uea.ac.uk; k.briffa@uea.ac.uk
Subject: Re: letter to Science
Date: Wednesday, February 28, 2001 10:28:34 AM

Dear all,

Forgot to mention, we would appreciate (a) your feedback but also (b) your co-authorship, if
you're comfortable w/ signing on. Thanks again,

mike

At 12:28 PM 2/28/01 -0500, Michael E. Mann wrote:

Dear Colleagues,

Below is a draft of a short letter to Science that Tom Crowley and I have put together,
after discussing  w/ Phil, Ray, and Malcolm. We feel that a reply to Broecker's recent
"Perspectives" piece is warranted to correct several misconceptions that Wally
unfortunately chose to perpetuate (attached as an html file FYI). We have been given
encouragement to submit this by Julia Uppenbrink at Science.

We are working under a very tight timeline owing to Tom's travel schedule (leaves on
an extended travel on friday) so we would greatly appreciate it if you could respond
ASAP w/ comments, suggestions, etc. Please note that we are currently near the length
limitations (and probably shouldn't include more than 15 references) so we're looking to
sharpen and hone, but not lengthen the piece at this point.

Thanks in advance for your feedback,

mike

_________________________________________

Medieval Warming Redux
In a recent "Perspectives" opinion piece, W. Broecker suggests that the 
"hockey stick" reconstruction of climate change over the past 1000 years - 
with extreme warming only in the late 20th century - is incorrect, and that 
the so-called "Medieval Warm Period" was at least as warm as the 20th 
century and due to oscillations in the thermohaline circulation. To reach 
this conclusion, Dr. Broecker rejects traditional empirical "proxy" climate 
indicators of past climate (e.g. tree ring, ice core, coral, and long 
historical documentary records) that are the foundation of a number of 
hemispheric reconstructions, as well as our current best physical 
understanding of the factors controlling climate at century-to-millennial 
timescales. We disagree with Broecker on several major points:
(1) It cannot reasonably be argued that the Middle Ages were as warm as the 
20th century at global or hemispheric scales. Although regional warmth 
during the Middle Ages may have sometimes been significantly greater than 
present, four different hemispheric-scale reconstructions (Jones, Mann, 
Briffa, Crowley) have been completed for the last 1000 years -- all of them 
showing warmth in the Middle Ages that is either no warmer or significantly 
less than mid-20th century warmth. This is because it has been known for a 
quarter of a century that the timing of warmth during the Middle Ages was 
significantly different in different regions (Lamb, Dansgaard, Hughes). 
Failure to take this observation into account can lead to serious errors in 
the inference of hemispheric temperature trends. Although one analysis of 
heat flow measurements suggests warmer temperatures than the surface 
proxies during the Middle Ages (Huang and Pollack, GRL. 1997), the 
considerable sensitivity of the resulting trends to a priori statistical 
assumptions has lead borehole researchers to restrict their attention to 
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the more reliably interpretable temperature fluctuations during the past 
five centuries (Huang and Pollack, Nature). Our conclusion is also 
supported by measurements from tropical glaciers indicating an 
unprecedented level of recent warming with respect to the last 1,000-2,000 
years (Thompson).
(2) High-resolution proxy climate records which form the foundation of 
recent hemispheric temperature reconstructions are far more reliable 
indicators of century-to-millennial scale climate variability than is 
implied by Broecker. The potential limitations in interpreting long-term 
climate change from proxy indicators such as tree rings, have been long 
recognized by dendroclimatologists (e.g., Cook "segment curse" paper) and 
are almost always taken into account in framing interpretations of 
long-term trends. For example, Mann et al (1999) verified that a 
significant subset of multiple-millennial length tree ring and ice core 
proxy climate indicators used to reconstruct the trend over the past 
millennium passed rigorous statistical tests for fidelity at the millennial 
timescale, and that the basic attributes of the hemispheric reconstruction 
using more recent non-tree ring proxies available over the past few 
centuries yielded essentially the same result as that based on both tree 
ring and non-tree ring based information (Mann et al, Earth Interactions, 
2000). Several independent reconstructions (Jones et al and Crowley and 
Lowery ), using a wide variety of proxy climate indicators and different 
statistical approaches, yield similar hemispheric temperature trends. Even 
the centennial-scale changes within the so-called "Little Ice Age" of the 
15th-19th centuries are largely in agreement. Furthermore these centennial 
changes have been shown to be in "agreement" , rather than "in opposition" 
(as argued by Broecker) with evidence from alpine glacial advances (Raper 
reference).
(3) Physical considerations show that external forcing, not internal 
variability, played the dominant role in the transition from the "Medieval 
Warm Period" to "Little Ice Age" (these terms are used loosely and are, in 
fact, ill advised in the context of hemispheric or global temperature 
changes -see e.g. Bradley and Jones, 1993; Hughes and Diaz, 1994). One of 
the major points of Broecker's argument is that changes in the 
thermohaline circulation are a primary driver of climate change on this 
time scale. These results do not consider recent modeling studies (Free, 
Crowley) that demonstrate at a high significance level (>99%) that about 
50% of the pre-anthropogenic (pre-1850) variance can be explained by 
changes in volcanism and low frequency solar irradiance. Although the 
latter term is still not well constrained from observational studies, there 
are a number of independent lines of evidence suggesting such changes 
(Hoyt, Lean, Lockwood).
(4) It is not justifiable to argue that changes in the thermohaline 
circulation cause significant hemispheric or global changes in temperature. 
Although changes in the conveyor play a major role in the Atlantic Basin, 
to a first approximation changes in ocean circulation simply redistribute 
heat on the planet without significantly raising global temperature, or 
even hemispheric temperature. This conclusion is born out by very low 
correlations between warmth in the Greenland sector and the hemispheric 
indices over the last 1000 years (Crowley footnote ref.), a low correlation 
that is shared by coupled model experiments (Delworth citation)? In fact, 
sediment core data from the subtropical North Atlantic often cited as 
indicative of a distinct "Medieval Warm Period" and "Little Ice Age" 
(Keigwin Sargasso Sea), has recently been shown to be more consistent with 
changes in the North Atlantic Oscillation (Keigwin and Pickart), implying a 
zero sum pattern of regionally alternating warm and cold superimposed on 
far more modest hemispheric variations over the past 1000 years. This 
pattern itself may be forced, rather than internal in nature, and would 
explain the limited evidence for more dramatic cold and warm periods in 
regions such as Europe (see Mann, Sci Perspective, 2000).
The above arguments lead us to conclude that, although the conveyor may be 
changing, radiative forcing perturbations were primarily responsible for 
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centennial-millennial changes in the last 1000 years, with attendant 
implications for interpretation of earlier Holocene oscillations (e.g, 
Denton and Karlen). Furthermore, the weight of evidence indicates that the 
late 20th century hemispheric warming is significantly greater than the 
Middle Ages.

Michael E. Mann 
Thomas J. Crowley 
WHO ELSE???

_______________________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

mann@virginia.edu   Phone: (804)    FAX: (804)

http://www.evsc.virginia.edu/faculty/people/mann.html          

_______________________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
__________________________________________ ______________
e-mail: mann@virginia.edu   Phone: (804)    FAX: (804) 
         http://www.evsc.virginia.edu/fac ple/mann.html    
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From: Michael E. Mann
To: tom@ocean.tamu.edu; td@gfdl.gov; hpollack@geo.lsa.umich.edu; mhughes@ltrr.arizona.edu; mann@virginia.edu;

rbradley@geo.umass.edu; p.jones@uea.ac.uk; k.briffa@uea.ac.uk
Subject: letter to Science
Date: Wednesday, February 28, 2001 10:26:12 AM
Attachments: broecker.html

Dear Colleagues,

Below is a draft of a short letter to Science that Tom Crowley and I have put together, after
discussing  w/ Phil, Ray, and Malcolm. We feel that a reply to Broecker's recent "Perspectives"
piece is warranted to correct several misconceptions that Wally unfortunately chose to
perpetuate (attached as an html file FYI). We have been given encouragement to submit this
by Julia Uppenbrink at Science.

We are working under a very tight timeline owing to Tom's travel schedule (leaves on an
extended travel on friday) so we would greatly appreciate it if you could respond ASAP w/
comments, suggestions, etc. Please note that we are currently near the length limitations
(and probably shouldn't include more than 15 references) so we're looking to sharpen and
hone, but not lengthen the piece at this point.

Thanks in advance for your feedback,

mike

_________________________________________

Medieval Warming Redux
In a recent "Perspectives" opinion piece, W. Broecker suggests that the 
"hockey stick" reconstruction of climate change over the past 1000 years - 
with extreme warming only in the late 20th century - is incorrect, and that 
the so-called "Medieval Warm Period" was at least as warm as the 20th 
century and due to oscillations in the thermohaline circulation. To reach 
this conclusion, Dr. Broecker rejects traditional empirical "proxy" climate 
indicators of past climate (e.g. tree ring, ice core, coral, and long 
historical documentary records) that are the foundation of a number of 
hemispheric reconstructions, as well as our current best physical 
understanding of the factors controlling climate at century-to-millennial 
timescales. We disagree with Broecker on several major points:
(1) It cannot reasonably be argued that the Middle Ages were as warm as the 
20th century at global or hemispheric scales. Although regional warmth 
during the Middle Ages may have sometimes been significantly greater than 
present, four different hemispheric-scale reconstructions (Jones, Mann, 
Briffa, Crowley) have been completed for the last 1000 years -- all of them 
showing warmth in the Middle Ages that is either no warmer or significantly 
less than mid-20th century warmth. This is because it has been known for a 
quarter of a century that the timing of warmth during the Middle Ages was 
significantly different in different regions (Lamb, Dansgaard, Hughes). 
Failure to take this observation into account can lead to serious errors in 
the inference of hemispheric temperature trends. Although one analysis of 
heat flow measurements suggests warmer temperatures than the surface 
proxies during the Middle Ages (Huang and Pollack, GRL. 1997), the 
considerable sensitivity of the resulting trends to a priori statistical 
assumptions has lead borehole researchers to restrict their attention to 
the more reliably interpretable temperature fluctuations during the past 
five centuries (Huang and Pollack, Nature). Our conclusion is also 
supported by measurements from tropical glaciers indicating an 
unprecedented level of recent warming with respect to the last 1,000-2,000 
years (Thompson).
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(2) High-resolution proxy climate records which form the foundation of 
recent hemispheric temperature reconstructions are far more reliable 
indicators of century-to-millennial scale climate variability than is 
implied by Broecker. The potential limitations in interpreting long-term 
climate change from proxy indicators such as tree rings, have been long 
recognized by dendroclimatologists (e.g., Cook "segment curse" paper) and 
are almost always taken into account in framing interpretations of 
long-term trends. For example, Mann et al (1999) verified that a 
significant subset of multiple-millennial length tree ring and ice core 
proxy climate indicators used to reconstruct the trend over the past 
millennium passed rigorous statistical tests for fidelity at the millennial 
timescale, and that the basic attributes of the hemispheric reconstruction 
using more recent non-tree ring proxies available over the past few 
centuries yielded essentially the same result as that based on both tree 
ring and non-tree ring based information (Mann et al, Earth Interactions, 
2000). Several independent reconstructions (Jones et al and Crowley and 
Lowery ), using a wide variety of proxy climate indicators and different 
statistical approaches, yield similar hemispheric temperature trends. Even 
the centennial-scale changes within the so-called "Little Ice Age" of the 
15th-19th centuries are largely in agreement. Furthermore these centennial 
changes have been shown to be in "agreement" , rather than "in opposition" 
(as argued by Broecker) with evidence from alpine glacial advances (Raper 
reference).
(3) Physical considerations show that external forcing, not internal 
variability, played the dominant role in the transition from the "Medieval 
Warm Period" to "Little Ice Age" (these terms are used loosely and are, in 
fact, ill advised in the context of hemispheric or global temperature 
changes -see e.g. Bradley and Jones, 1993; Hughes and Diaz, 1994). One of 
the major points of Broecker's argument is that changes in the 
thermohaline circulation are a primary driver of climate change on this 
time scale. These results do not consider recent modeling studies (Free, 
Crowley) that demonstrate at a high significance level (>99%) that about 
50% of the pre-anthropogenic (pre-1850) variance can be explained by 
changes in volcanism and low frequency solar irradiance. Although the 
latter term is still not well constrained from observational studies, there 
are a number of independent lines of evidence suggesting such changes 
(Hoyt, Lean, Lockwood).
(4) It is not justifiable to argue that changes in the thermohaline 
circulation cause significant hemispheric or global changes in temperature. 
Although changes in the conveyor play a major role in the Atlantic Basin, 
to a first approximation changes in ocean circulation simply redistribute 
heat on the planet without significantly raising global temperature, or 
even hemispheric temperature. This conclusion is born out by very low 
correlations between warmth in the Greenland sector and the hemispheric 
indices over the last 1000 years (Crowley footnote ref.), a low correlation 
that is shared by coupled model experiments (Delworth citation)? In fact, 
sediment core data from the subtropical North Atlantic often cited as 
indicative of a distinct "Medieval Warm Period" and "Little Ice Age" 
(Keigwin Sargasso Sea), has recently been shown to be more consistent with 
changes in the North Atlantic Oscillation (Keigwin and Pickart), implying a 
zero sum pattern of regionally alternating warm and cold superimposed on 
far more modest hemispheric variations over the past 1000 years. This 
pattern itself may be forced, rather than internal in nature, and would 
explain the limited evidence for more dramatic cold and warm periods in 
regions such as Europe (see Mann, Sci Perspective, 2000).
The above arguments lead us to conclude that, although the conveyor may be 
changing, radiative forcing perturbations were primarily responsible for 
centennial-millennial changes in the last 1000 years, with attendant 
implications for interpretation of earlier Holocene oscillations (e.g, 
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Denton and Karlen). Furthermore, the weight of evidence indicates that the 
late 20th century hemispheric warming is significantly greater than the 
Middle Ages.

Michael E. Mann 
Thomas J. Crowley 
WHO ELSE???

_______________________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

il: mann@virginia.edu   Phone: (804)    FAX: 

    
http://www.evsc.virginia.edu/faculty/people/mann.html           
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The reconstruction of global temperatures during

the last millennium can provide important clues for

how climate may change in the future. A recent,

widely cited reconstruction (1) leaves the

impression that the 20th century warming was

unique during the last millennium. It shows no hint

of the Medieval Warm Period (from around 800 to

1200 A.D.) during which the Vikings colonized

Greenland (2), suggesting that this warm event

was regional rather than global. It also remains

unclear why just at the dawn of the Industrial

Revolution and before the emission of substantial amounts of anthropogenic

greenhouse gases, Earth's temperature began to rise steeply.
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Was it a coincidence? I do not think so. Rather, I suspect that the post-1860

natural warming was the most recent in a series of similar warmings spaced at

roughly 1500-year intervals throughout the present interglacial, the Holocene.

Bond et al. have argued, on the basis of the ratio of iron-stained to clean grains

in ice-rafted debris in North Atlantic sediments, that climatic conditions have

oscillated steadily over the past 100,000 years (3), with an average period

close to 1500 years. They also find evidence for the Little Ice Age (from about

1350 to 1860) (3). I agree with the authors that the swing from the Medieval

Warm Period to the Little Ice Age was the penultimate of these oscillations and

will try to make the case that the Medieval Warm Period was global rather than

regional.

One difficulty encountered when trying to reconstruct Holocene temperature

fluctuations is that they were probably less than 1°C. In my estimation, at least

for time scales greater than a century or two, only two proxies can yield

temperatures that are accurate to 0.5°C: the reconstruction of temperatures
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from the elevation of mountain snowlines and borehole thermometry. Tree ring

records are useful for measuring temperature fluctuations over short time

periods but cannot pick up long-term trends because there is no way to

establish the long-term evolution in ring thickness were temperatures to have

remained constant. Corals also are not accurate enough, especially because few

records extend back a thousand years. The accuracy of the temperature

estimates based on floral or faunal remains from lake and bog sediments is

likely no better than ±1.3°C (4) and hence not sufficiently sensitive for

Holocene thermometry.

The Mountain Glaciation Record
At the Last Glacial Maximum, mountain snowlines throughout the world were on

average about 900 m lower than today (5). On the basis of today's rates of

temperature change with elevation, this required an air temperature cooling at

the elevation of the glacier of about 5°C (and a corresponding tropical sea

surface temperature cooling of about 3°C). During the Younger Dryas--a cold

"spell" of about 1200 years during the last deglaciation--snowlines in the Swiss

and New Zealand Alps dropped to about 300 m below the lowest levels reached

in the subsequent Holocene.

Since their 1860 maximum at the end of the Little Ice Age, the retreat of Swiss

glaciers represents a rise in snowline of about 90 m (6). If this rise could be

attributed entirely to air temperature, the required warming would be between

0.5° and 0.6°C. However, simple considerations suggest that precipitation

changes result in a negative feedback of about 20% (7). The warming required

to account for the post-1860 retreat of Alpine snowlines would then be between

0.6° and 0.7°C.

The post-1860 glacier retreat is not confined to Switzerland. With the exception

of Antarctica, it has been well documented everywhere on Earth where ice-

covered mountains are present (2). There is no doubt that the Little Ice Age

was global in extent and that the post-1860 warming was also global. In this

regard, the Mann eta/. (1) reconstruction is consistent with the mountain

snowline record.

The Medieval Warm Period has also left its traces in the Swiss Alps. Holzhauser

has reconstructed the history of a larchwood aqueduct constructed by medieval

farmers (8). It ran from a small mountain lake along the valley occupied by the

Grosser Aletsch Glacier, supplying water to an Alpine village. The aqueduct was

first constructed around 1200 A.D. (toward the end of the Medieval Warm

Period). It was partially destroyed when the glacier advanced in 1240 A.D. and

had to be totally rerouted after a further advance in 1370 A.D.

Swiss geologists and geomorphologists agree that the large moraines marking

the maximum glacier extent during the Little Ice Age are a composite of debris

left behind by a series of Holocene advances (9). For example, soils separating

individual advance episodes have been found within the moraines. Precise
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dating has proven difficult, however, and the chronology of these prior

advances remains uncertain.

Two recent studies of Holocene climate cycles in the Swiss Alps have greatly

improved this situation. Both focus on establishing the times of glacial retreats

rather than advances. Holzhauser (8), on the basis of radiocarbon dating of

larchwood stumps exposed by the ongoing retreat of the Grosser Aletsch

Glacier, finds warm episodes 2400 ± 300 and 1500 ± 200 calendar years ago.

Hormes and Schluchter f 10-121 have dated wood and peat fragments that are

being disgorged from beneath a number of Swiss glaciers. Radiocarbon dates of

a large number of these samples cluster in three major groups centered at

8700, 6600, and 4300 calendar years before present. The correlation between

these Alpine warm phases and the warm phases of Bond's North Atlantic ice-

rafting record, although imperfect, is encouraging (see the figure).

Figure 1

Climatic oscillations during the Holocene. Circles show the ratios of iron-

stained to total grains (for grains with diameters >63 |rm) in a North Atlantic

core (3). The chronology is taken from (22). The green (10-12) and yellow (8)

boxes are based on radiocarbon dating on wood and peat formed when the

glaciers had retreated to positions similar to or up-valley from those at present

(see text).

CREDIT: FIGURE PREPARED BY AUTHOR FOR THIS PUBLICATION

Borehole Thermometry
Geothermal heat is produced deep inside Earth, and the shape of the vertical

temperature profile measured in a borehole from any point on Earth's surface

thus reflects the depth dependence of the thermal conductivity of the crustal

material. The temperature at the surface does not remain constant, however,

and the thermal profiles therefore have kinks that reflect past air temperature

fluctuations. Mathematical deconvolutions are used to reconstruct these

fluctuations from the temperature profile, but because of smoothing due to

diffusive spreading of past thermal anomalies, many different time histories fit

the observed downhole temperature record. The modeler selects from these

possibilities the temperature history with the least complicated shape. The

details are thus lost, and only the broad features of the time history are

captured.

Deconvolutions of thermal records from holes drilled through the polar ice caps

reveal broad maxima that reflect the colder temperatures during glacial times.

In Greenland boreholes, this broad glacial feature is preceded by a narrower

one, which requires a temperature oscillation to have occurred in the late

Holocene. The timing of this swing broadly matches that of the Medieval Warm

Period to Little Ice Age oscillation. Its magnitude is about 2°C (13). The
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borehole temperature record for Greenland thus appears to reflect the climate

changes thought to have led to the establishment and eventual abandonment of

the Viking colonies in southern Greenland (2). It is also consistent with records

in the Swiss Alps.

Far Field Evidence
Evidence for the Medieval Warm Period from other parts of the world exists but

is spotty and/or circumstantial. From an analysis of 6000 continental borehole

thermal records from around the world (14), Huang et al. conclude that 500 to

1000 years ago, temperatures were warmer than today, but that about 200

years ago, they cooled to a minimum some 0.2° to 0.7°C below present.

However, as is the case for the thermal profiles in ice, those for continental

boreholes are highly smoothed. Although suggestive, the fluctuation postulated

by Huang et al. does not prove that the Medieval Warm Period was global in

extent.

Evidence that climate during the latter part of the Medieval Warm Period was

much different from today's comes from moisture records for the western

United States. Stine has studied lodgepole pine trees rooted at 8 to 19 m depth

in Lake Tenaya in the high Sierra Nevada (15). For the trees to have grown, the

lake must have been nearly dry. In contrast, only once during the past 50 years

has the lake not overflown during snowmelt. Using radiocarbon dating and ring

counting, Stine has shown that for 70 years before 1093 A.D., the lake stood at

least 13 m below its outflow spillway, and for 141 years before 1333 A.D., it

stood at least 11m below its spillway (16). Stine has documented similar

events at Mono Lake and the Walker River (17). He concludes that late in the

Medieval Warm Period, California experienced several decade-long periods of

profound drought.

If, as Bond et al. (3) suggest, the cyclic changes in ice-rafted debris

composition reflect oscillations in the strength of the Atlantic's conveyor

circulation, one might expect temperature changes in Antarctica to have been

opposite in phase to those in the North Atlantic, as was the case during the last

deglaciation (18). Clow has carried out a deconvolution of the temperature

record at the Antarctic Taylor Dome site (19). His reconstruction shows that the

air temperature was 3°C colder during the time of the Medieval Warm Period

than during that of the Little Ice Age. This record suggests that conditions in

Antarctica underwent an antiphased oscillation during the Medieval Warm

Period-Little Ice Age period.

The Case for a Global Event

The case for a global Medieval Warm Period admittedly remains inconclusive.

But keeping in mind that most proxies do not have adequate sensitivity, it is

interesting that those capable of resolving temperature changes of less than 1°

C yield results consistent with a global Medieval Warm Period. To test whether

this is indeed the case, we require Holocene snowline fluctuation records for

tropical and Southern Hemisphere sites and continued studies of wood and peat
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exposed by the continuing retreat of Northern Hemisphere glaciers. As the

world's mountain glaciers continue to retreat, ever more evidence for past

Holocene warm episodes will be exposed.

One might ask why the strength of the Atlantic's conveyor circulation oscillates

on a time scale of one cycle per 1000 to 2000 years. I suspect that it has to do

with the export through the atmosphere of water vapor from the Atlantic to the

Pacific Ocean. The magnitude of this export has been estimated to be (0.25 ±

0.10) x 106 m3/s (20). If this freshwater loss were not balanced by the export
of salt from the Atlantic, the latter's salt content would rise at the rate of about

one gram per liter each 1500 years. Such an increase in salt content would

density cold surface water by an amount equivalent to a 4 to 5 K cooling,

thereby strongly altering the buoyancy of surface waters in the North Atlantic

and hence their ability to sink to the abyss.

I believe that this salt export is not continuous but episodic. The salt content of

the Atlantic periodically builds up until a strong conveyor circulation mode is

turned on, causing the salt content to drain down. Eventually, a weak

circulation mode kicks in, allowing the salt content to build up again. I have

suggested previously (21) that an apparent mismatch between radiocarbon and

chlorofluorocarbon-based estimates of the rate of deep-water formation in the

Southern Ocean may reflect a change in circulation after the Little Ice Age.

The geographic pattern of Holocene climate fluctuations remains murky, but

several things are clear. The Little Ice Age and the subsequent warming were

global in extent. Several Holocene fluctuations in snowline, comparable in

magnitude to that of the post-Little Ice Age warming, occurred in the Swiss

Alps. Borehole records both in polar ice and in wells from all continents suggest

the existence of a Medieval Warm Period. Finally, two multidecade-duration

droughts plagued the western United States during the latter part of the

Medieval Warm Period. I consider this evidence sufficiently convincing to merit

an intensification of studies aimed at elucidating Holocene climate fluctuations,

upon which the warming due to greenhouse gases is superimposed.
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From: Michael E. Mann
To: tom@ocean.tamu.edu; td@gfdl.gov; hpollack@geo.lsa.umich.edu; mhughes@ltrr.arizona.edu; mann@virginia.edu;

rbradley@geo.umass.edu; p.jones@uea.ac.uk; k.briffa@uea.ac.uk
Subject: letter to Science
Date: Wednesday, February 28, 2001 10:26:12 AM
Attachments: broecker.html

Dear Colleagues,

Below is a draft of a short letter to Science that Tom Crowley and I have put together, after
discussing  w/ Phil, Ray, and Malcolm. We feel that a reply to Broecker's recent "Perspectives"
piece is warranted to correct several misconceptions that Wally unfortunately chose to
perpetuate (attached as an html file FYI). We have been given encouragement to submit this
by Julia Uppenbrink at Science.

We are working under a very tight timeline owing to Tom's travel schedule (leaves on an
extended travel on friday) so we would greatly appreciate it if you could respond ASAP w/
comments, suggestions, etc. Please note that we are currently near the length limitations
(and probably shouldn't include more than 15 references) so we're looking to sharpen and
hone, but not lengthen the piece at this point.

Thanks in advance for your feedback,

mike

_________________________________________

Medieval Warming Redux
In a recent "Perspectives" opinion piece, W. Broecker suggests that the 
"hockey stick" reconstruction of climate change over the past 1000 years - 
with extreme warming only in the late 20th century - is incorrect, and that 
the so-called "Medieval Warm Period" was at least as warm as the 20th 
century and due to oscillations in the thermohaline circulation. To reach 
this conclusion, Dr. Broecker rejects traditional empirical "proxy" climate 
indicators of past climate (e.g. tree ring, ice core, coral, and long 
historical documentary records) that are the foundation of a number of 
hemispheric reconstructions, as well as our current best physical 
understanding of the factors controlling climate at century-to-millennial 
timescales. We disagree with Broecker on several major points:
(1) It cannot reasonably be argued that the Middle Ages were as warm as the 
20th century at global or hemispheric scales. Although regional warmth 
during the Middle Ages may have sometimes been significantly greater than 
present, four different hemispheric-scale reconstructions (Jones, Mann, 
Briffa, Crowley) have been completed for the last 1000 years -- all of them 
showing warmth in the Middle Ages that is either no warmer or significantly 
less than mid-20th century warmth. This is because it has been known for a 
quarter of a century that the timing of warmth during the Middle Ages was 
significantly different in different regions (Lamb, Dansgaard, Hughes). 
Failure to take this observation into account can lead to serious errors in 
the inference of hemispheric temperature trends. Although one analysis of 
heat flow measurements suggests warmer temperatures than the surface 
proxies during the Middle Ages (Huang and Pollack, GRL. 1997), the 
considerable sensitivity of the resulting trends to a priori statistical 
assumptions has lead borehole researchers to restrict their attention to 
the more reliably interpretable temperature fluctuations during the past 
five centuries (Huang and Pollack, Nature). Our conclusion is also 
supported by measurements from tropical glaciers indicating an 
unprecedented level of recent warming with respect to the last 1,000-2,000 
years (Thompson).
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(2) High-resolution proxy climate records which form the foundation of 
recent hemispheric temperature reconstructions are far more reliable 
indicators of century-to-millennial scale climate variability than is 
implied by Broecker. The potential limitations in interpreting long-term 
climate change from proxy indicators such as tree rings, have been long 
recognized by dendroclimatologists (e.g., Cook "segment curse" paper) and 
are almost always taken into account in framing interpretations of 
long-term trends. For example, Mann et al (1999) verified that a 
significant subset of multiple-millennial length tree ring and ice core 
proxy climate indicators used to reconstruct the trend over the past 
millennium passed rigorous statistical tests for fidelity at the millennial 
timescale, and that the basic attributes of the hemispheric reconstruction 
using more recent non-tree ring proxies available over the past few 
centuries yielded essentially the same result as that based on both tree 
ring and non-tree ring based information (Mann et al, Earth Interactions, 
2000). Several independent reconstructions (Jones et al and Crowley and 
Lowery ), using a wide variety of proxy climate indicators and different 
statistical approaches, yield similar hemispheric temperature trends. Even 
the centennial-scale changes within the so-called "Little Ice Age" of the 
15th-19th centuries are largely in agreement. Furthermore these centennial 
changes have been shown to be in "agreement" , rather than "in opposition" 
(as argued by Broecker) with evidence from alpine glacial advances (Raper 
reference).
(3) Physical considerations show that external forcing, not internal 
variability, played the dominant role in the transition from the "Medieval 
Warm Period" to "Little Ice Age" (these terms are used loosely and are, in 
fact, ill advised in the context of hemispheric or global temperature 
changes -see e.g. Bradley and Jones, 1993; Hughes and Diaz, 1994). One of 
the major points of Broecker's argument is that changes in the 
thermohaline circulation are a primary driver of climate change on this 
time scale. These results do not consider recent modeling studies (Free, 
Crowley) that demonstrate at a high significance level (>99%) that about 
50% of the pre-anthropogenic (pre-1850) variance can be explained by 
changes in volcanism and low frequency solar irradiance. Although the 
latter term is still not well constrained from observational studies, there 
are a number of independent lines of evidence suggesting such changes 
(Hoyt, Lean, Lockwood).
(4) It is not justifiable to argue that changes in the thermohaline 
circulation cause significant hemispheric or global changes in temperature. 
Although changes in the conveyor play a major role in the Atlantic Basin, 
to a first approximation changes in ocean circulation simply redistribute 
heat on the planet without significantly raising global temperature, or 
even hemispheric temperature. This conclusion is born out by very low 
correlations between warmth in the Greenland sector and the hemispheric 
indices over the last 1000 years (Crowley footnote ref.), a low correlation 
that is shared by coupled model experiments (Delworth citation)? In fact, 
sediment core data from the subtropical North Atlantic often cited as 
indicative of a distinct "Medieval Warm Period" and "Little Ice Age" 
(Keigwin Sargasso Sea), has recently been shown to be more consistent with 
changes in the North Atlantic Oscillation (Keigwin and Pickart), implying a 
zero sum pattern of regionally alternating warm and cold superimposed on 
far more modest hemispheric variations over the past 1000 years. This 
pattern itself may be forced, rather than internal in nature, and would 
explain the limited evidence for more dramatic cold and warm periods in 
regions such as Europe (see Mann, Sci Perspective, 2000).
The above arguments lead us to conclude that, although the conveyor may be 
changing, radiative forcing perturbations were primarily responsible for 
centennial-millennial changes in the last 1000 years, with attendant 
implications for interpretation of earlier Holocene oscillations (e.g, 
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Denton and Karlen). Furthermore, the weight of evidence indicates that the 
late 20th century hemispheric warming is significantly greater than the 
Middle Ages.

Michael E. Mann 
Thomas J. Crowley 
WHO ELSE???

_______________________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

il: mann@virginia.edu   Phone: (804)    FAX: 

    
http://www.evsc.virginia.edu/faculty/people/mann.html           
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Was it a coincidence? I do not think so. Rather, I suspect that the post-1860

natural warming was the most recent in a series of similar warmings spaced at

roughly 1500-year intervals throughout the present interglacial, the Holocene.

Bond et al. have argued, on the basis of the ratio of iron-stained to clean grains

in ice-rafted debris in North Atlantic sediments, that climatic conditions have

oscillated steadily over the past 100,000 years (3), with an average period

close to 1500 years. They also find evidence for the Little Ice Age (from about

1350 to 1860) (3). I agree with the authors that the swing from the Medieval

Warm Period to the Little Ice Age was the penultimate of these oscillations and

will try to make the case that the Medieval Warm Period was global rather than

regional.

One difficulty encountered when trying to reconstruct Holocene temperature

fluctuations is that they were probably less than 1°C. In my estimation, at least

for time scales greater than a century or two, only two proxies can yield

temperatures that are accurate to 0.5°C: the reconstruction of temperatures
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from the elevation of mountain snowlines and borehole thermometry. Tree ring

records are useful for measuring temperature fluctuations over short time

periods but cannot pick up long-term trends because there is no way to

establish the long-term evolution in ring thickness were temperatures to have

remained constant. Corals also are not accurate enough, especially because few

records extend back a thousand years. The accuracy of the temperature

estimates based on floral or faunal remains from lake and bog sediments is

likely no better than ±1.3°C (4) and hence not sufficiently sensitive for

Holocene thermometry.

The Mountain Glaciation Record
At the Last Glacial Maximum, mountain snowlines throughout the world were on

average about 900 m lower than today (5). On the basis of today's rates of

temperature change with elevation, this required an air temperature cooling at

the elevation of the glacier of about 5°C (and a corresponding tropical sea

surface temperature cooling of about 3°C). During the Younger Dryas--a cold

"spell" of about 1200 years during the last deglaciation--snowlines in the Swiss

and New Zealand Alps dropped to about 300 m below the lowest levels reached

in the subsequent Holocene.

Since their 1860 maximum at the end of the Little Ice Age, the retreat of Swiss

glaciers represents a rise in snowline of about 90 m (6). If this rise could be

attributed entirely to air temperature, the required warming would be between

0.5° and 0.6°C. However, simple considerations suggest that precipitation

changes result in a negative feedback of about 20% (7). The warming required

to account for the post-1860 retreat of Alpine snowlines would then be between

0.6° and 0.7°C.

The post-1860 glacier retreat is not confined to Switzerland. With the exception

of Antarctica, it has been well documented everywhere on Earth where ice-

covered mountains are present (2). There is no doubt that the Little Ice Age

was global in extent and that the post-1860 warming was also global. In this

regard, the Mann eta/. (1) reconstruction is consistent with the mountain

snowline record.

The Medieval Warm Period has also left its traces in the Swiss Alps. Holzhauser

has reconstructed the history of a larchwood aqueduct constructed by medieval

farmers (8). It ran from a small mountain lake along the valley occupied by the

Grosser Aletsch Glacier, supplying water to an Alpine village. The aqueduct was

first constructed around 1200 A.D. (toward the end of the Medieval Warm

Period). It was partially destroyed when the glacier advanced in 1240 A.D. and

had to be totally rerouted after a further advance in 1370 A.D.

Swiss geologists and geomorphologists agree that the large moraines marking

the maximum glacier extent during the Little Ice Age are a composite of debris

left behind by a series of Holocene advances (9). For example, soils separating

individual advance episodes have been found within the moraines. Precise
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dating has proven difficult, however, and the chronology of these prior

advances remains uncertain.

Two recent studies of Holocene climate cycles in the Swiss Alps have greatly

improved this situation. Both focus on establishing the times of glacial retreats

rather than advances. Holzhauser (8), on the basis of radiocarbon dating of

larchwood stumps exposed by the ongoing retreat of the Grosser Aletsch

Glacier, finds warm episodes 2400 ± 300 and 1500 ± 200 calendar years ago.

Hormes and Schluchter f 10-121 have dated wood and peat fragments that are

being disgorged from beneath a number of Swiss glaciers. Radiocarbon dates of

a large number of these samples cluster in three major groups centered at

8700, 6600, and 4300 calendar years before present. The correlation between

these Alpine warm phases and the warm phases of Bond's North Atlantic ice-

rafting record, although imperfect, is encouraging (see the figure).

Figure 1

Climatic oscillations during the Holocene. Circles show the ratios of iron-

stained to total grains (for grains with diameters >63 |rm) in a North Atlantic

core (3). The chronology is taken from (22). The green (10-12) and yellow (8)

boxes are based on radiocarbon dating on wood and peat formed when the

glaciers had retreated to positions similar to or up-valley from those at present

(see text).

CREDIT: FIGURE PREPARED BY AUTHOR FOR THIS PUBLICATION

Borehole Thermometry
Geothermal heat is produced deep inside Earth, and the shape of the vertical

temperature profile measured in a borehole from any point on Earth's surface

thus reflects the depth dependence of the thermal conductivity of the crustal

material. The temperature at the surface does not remain constant, however,

and the thermal profiles therefore have kinks that reflect past air temperature

fluctuations. Mathematical deconvolutions are used to reconstruct these

fluctuations from the temperature profile, but because of smoothing due to

diffusive spreading of past thermal anomalies, many different time histories fit

the observed downhole temperature record. The modeler selects from these

possibilities the temperature history with the least complicated shape. The

details are thus lost, and only the broad features of the time history are

captured.

Deconvolutions of thermal records from holes drilled through the polar ice caps

reveal broad maxima that reflect the colder temperatures during glacial times.

In Greenland boreholes, this broad glacial feature is preceded by a narrower

one, which requires a temperature oscillation to have occurred in the late

Holocene. The timing of this swing broadly matches that of the Medieval Warm

Period to Little Ice Age oscillation. Its magnitude is about 2°C (13). The
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borehole temperature record for Greenland thus appears to reflect the climate

changes thought to have led to the establishment and eventual abandonment of

the Viking colonies in southern Greenland (2). It is also consistent with records

in the Swiss Alps.

Far Field Evidence
Evidence for the Medieval Warm Period from other parts of the world exists but

is spotty and/or circumstantial. From an analysis of 6000 continental borehole

thermal records from around the world (14), Huang et al. conclude that 500 to

1000 years ago, temperatures were warmer than today, but that about 200

years ago, they cooled to a minimum some 0.2° to 0.7°C below present.

However, as is the case for the thermal profiles in ice, those for continental

boreholes are highly smoothed. Although suggestive, the fluctuation postulated

by Huang et al. does not prove that the Medieval Warm Period was global in

extent.

Evidence that climate during the latter part of the Medieval Warm Period was

much different from today's comes from moisture records for the western

United States. Stine has studied lodgepole pine trees rooted at 8 to 19 m depth

in Lake Tenaya in the high Sierra Nevada (15). For the trees to have grown, the

lake must have been nearly dry. In contrast, only once during the past 50 years

has the lake not overflown during snowmelt. Using radiocarbon dating and ring

counting, Stine has shown that for 70 years before 1093 A.D., the lake stood at

least 13 m below its outflow spillway, and for 141 years before 1333 A.D., it

stood at least 11m below its spillway (16). Stine has documented similar

events at Mono Lake and the Walker River (17). He concludes that late in the

Medieval Warm Period, California experienced several decade-long periods of

profound drought.

If, as Bond et al. (3) suggest, the cyclic changes in ice-rafted debris

composition reflect oscillations in the strength of the Atlantic's conveyor

circulation, one might expect temperature changes in Antarctica to have been

opposite in phase to those in the North Atlantic, as was the case during the last

deglaciation (18). Clow has carried out a deconvolution of the temperature

record at the Antarctic Taylor Dome site (19). His reconstruction shows that the

air temperature was 3°C colder during the time of the Medieval Warm Period

than during that of the Little Ice Age. This record suggests that conditions in

Antarctica underwent an antiphased oscillation during the Medieval Warm

Period-Little Ice Age period.

The Case for a Global Event

The case for a global Medieval Warm Period admittedly remains inconclusive.

But keeping in mind that most proxies do not have adequate sensitivity, it is

interesting that those capable of resolving temperature changes of less than 1°

C yield results consistent with a global Medieval Warm Period. To test whether

this is indeed the case, we require Holocene snowline fluctuation records for

tropical and Southern Hemisphere sites and continued studies of wood and peat
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exposed by the continuing retreat of Northern Hemisphere glaciers. As the

world's mountain glaciers continue to retreat, ever more evidence for past

Holocene warm episodes will be exposed.

One might ask why the strength of the Atlantic's conveyor circulation oscillates

on a time scale of one cycle per 1000 to 2000 years. I suspect that it has to do

with the export through the atmosphere of water vapor from the Atlantic to the

Pacific Ocean. The magnitude of this export has been estimated to be (0.25 ±

0.10) x 106 m3/s (20). If this freshwater loss were not balanced by the export
of salt from the Atlantic, the latter's salt content would rise at the rate of about

one gram per liter each 1500 years. Such an increase in salt content would

density cold surface water by an amount equivalent to a 4 to 5 K cooling,

thereby strongly altering the buoyancy of surface waters in the North Atlantic

and hence their ability to sink to the abyss.

I believe that this salt export is not continuous but episodic. The salt content of

the Atlantic periodically builds up until a strong conveyor circulation mode is

turned on, causing the salt content to drain down. Eventually, a weak

circulation mode kicks in, allowing the salt content to build up again. I have

suggested previously (21) that an apparent mismatch between radiocarbon and

chlorofluorocarbon-based estimates of the rate of deep-water formation in the

Southern Ocean may reflect a change in circulation after the Little Ice Age.

The geographic pattern of Holocene climate fluctuations remains murky, but

several things are clear. The Little Ice Age and the subsequent warming were

global in extent. Several Holocene fluctuations in snowline, comparable in

magnitude to that of the post-Little Ice Age warming, occurred in the Swiss

Alps. Borehole records both in polar ice and in wells from all continents suggest

the existence of a Medieval Warm Period. Finally, two multidecade-duration

droughts plagued the western United States during the latter part of the

Medieval Warm Period. I consider this evidence sufficiently convincing to merit

an intensification of studies aimed at elucidating Holocene climate fluctuations,

upon which the warming due to greenhouse gases is superimposed.
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From: Michael E. Mann
To: Raymond S. Bradley
Cc: p.jones@uea.ac.uk; k.briffa@uea.ac.uk; mhughes@ltrr.arizona.edu; tom@ocean.tamu.edu; mann@virginia.edu
Subject: Re: my thoughts on broecker"s article
Date: Tuesday, February 27, 2001 12:58:49 PM

Hi Ray,

Thanks--yes, this is what frustrated me most. Broecker ignored everything
that you said in your piece, which I thought was more than fair to his own
point of view.

Tom C. and I are already working on drafting the piece, addressing several
of the points you raise, correcting for example the facts on the borehole
stuff. We're thinking of asking Henry P. to climb on board too. We should
be sending it around soon,

mike

More soonAt 02:49 PM 2/27/01 -0500, Raymond S. Bradley wrote:
>I just re-read Broecker 2001 Perspective.
>He does, in fact state: "The case for a global Medieval Warm Period
>admittedly remains inconclusive".  This is true.  He got something right.
>
>But he makes a mess of supporting evidence....
>He cites Steig et al (ref 13) re the Greenland borehole temperature
>change.  There is nothing in Steig et al about this --he should have cited
>Dahl-Jenssen et al.
>He cites Clow:
>"Clow has  carried out a deconvolution of the temperature record at the
>Antarctic Taylor Dome site (19). His reconstruction shows that the air
>temperature was 3°C colder  during the time of the Medieval Warm Period
>than during that of the Little Ice Age. This record suggests that
>conditions in Antarctica underwent an antiphased  oscillation during the
>Medieval Warm Period-Little Ice Age period."
>At Broecker's own LIA shindig at Lamont, Clow clearly stated that while the
>Taylor Dome borehole showed warmer conditions in "Medieval times" another
>Antarctic site (I forget where) did not.  Nothing on this has been
>published, but Wally chose to ignore the info. Clow provided, which would
>otherwise eliminate one of his few lines of argument.
>He then says:
>"Evidence for the Medieval Warm Period from other parts of the world exists
>but is spotty and/or circumstantial.  From an analysis of 6000 continental
>borehole  thermal records from around the world (14), Huang et al. conclude
>that 500 to 1000 years ago, temperatures were warmer than today, but that
>about 200 years  ago, they cooled to a minimum some 0.2° to 0.7°C below
>present."
>Huang et al did not examine 6000 boreholes--they looked at 616 records of
>which 479 showed a net warming, and there is NOTHING in that article about
>the Medieval period.  It is all about the last 500 years.
>
>Broecker's argument thus boils down to this:
>1.  Trees can't reproduce log-term climate change because I know they can't
>2.  We know it was warmer because Vikings went to Greenland
>3. One borehole in Greenland shows warmer temperatures ~1000 years ago
>4.  Swiss glaciers (well some of them) were less extensive (than what?)
>around AD 1200 and 1500 BP.  [What this says about the magnitude of warming
>beats me]
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>5.  One (of two) boreholes in Antarctica show warmer temperatures ~1000
>years ago
>6.  The Bond cycle explains everything because I say it does.
>
>I think any response should just point out  these errors (perhaps more
>diplomatically) and conclude that while there is no evidence at present for
>a global MWP it deserves further study.  This is, in fact, what I said in
>my Perspectives article last year...
>
>
>
>Raymond S. Bradley
>Professor and Head of Department
>Department of Geosciences
>University of Massachusetts
>Amherst, MA 01003-5820
>
>Tel: 
>Fax: 
>Climate System Research Center: 
>Climate System Research Center Web Page:
><http://www.geo.umass.edu/climate/climate.html>
>Paleoclimatology Book Web Site (1999):
>http://www.geo.umass.edu/climate/paleo/html
>
>
>
>
>
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone: (804)    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: Phil Jones
Cc: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; tom@ocean.tamu.edu; k.briffa@uea.ac.uk;

t.osborn@uea.ac.uk; mann@virginia.edu
Subject: Re: Fwd: RE: Science issue Feb 22/23
Date: Tuesday, February 27, 2001 8:09:15 AM

Thanks Phil,

Hmmm. Well everyone makes good points and clearly there is some range of
opinion. However, I take away from this a *near* concensus that some sort
of measured response is appropriate and perhaps necessary.

Phil makes a number of very important specific points about what needs to
be addressed here, which could effectively be considered an outline for the
letter. Regardless of who takes the lead role, we'll want to make sure
everyone has an opportunity for some input on the content. One thing that
Phil doesn't mention, but which I think is also a key point, is that
community has evolved beyond the point where we need to invoke handwaiving
arguments about millennial oscillations to explain the large-scale climate
history of the past millennium. Tom has clearly shown this in his work, and
its very convenient for Broecker to ignore this entirely (as well as
Bradley and Jones, Hughes & Diaz, etc.). Now, none of us are saying that
there could not have been an enhanced regional overprint in the North
Atlantic of the "LIA" vs "MWP" sort, associated with ocean circulation
changes. Keigwin, someone Broecker loves to cite in general when talking
about this stuff, has in fact reinterpreted his Sargasso sea record (w/ the
new evidence from the Laurentian fan) as associated with a regional
overprints of an NAO-type pattern at the millennial timescale. Furthermore,
these may have been paced by the same millennial-scale solar insolation
variations forcing hemispheric mean temperature changes (I commented on
this in my perspective on Tom's piece last year). These are points that are
worth hitting, because they provide a physically reasonable (rather than
absolutely ad hoc) interpretation of the evidence.

My own suggestion is that Tom and Malcolm take the lead. Malcolm, because
much of this really, as Phil points out, gets at Hughes & Diaz  more than
Bradley & Jones and Mann et al, etc. And Tom, because of the importance of
the recent modeling evidence that huge internal millennial swings of the
"conveyor belt" are no longer tenable in the fact of far more rigorous
understanding of climate forcing of the past millennium. Now since Tom has
already offered to be principle author, I for one would like to take him up
on it! Tom???

thanks in advance for comments, further ideas...

mike

As Phil At 10:14 AM 2/27/01 +0000, Phil Jones wrote:
>
>  Mike et al,
>      Sorry about the multiple sendings. I've forgotten my glasses and
>couldn't see I'd
>  missed a comma.
>      Another thing to point to is the special issue of Climatic Change by
>Astrid Ogilbie
>  and Trausti Jonsson.  They point to the LIA not being very appropriate in
>Iceland.
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>
>  Cheers
>  Phil
>
>
>
>
>  Mike,
>       So Julia handled it. Even she thought it was handwaving, but it
>passed the usual
>  Science review process.  Obviously this isn't great as none of us got to
>review it. Odd
>  that she didn't send it to one of us here as she knew we were writing the
>article she
>  asked us to !  Anyway that is water under the bridge.
>       As for authorship we have this article coming out so this rules us
>out.  Tom isn't
>  keen and he's away.  Wally told me he didn't reckon Tom, so Tom has got
>the right
>  vibes. Julia is asking us to go ahead and hinting at a joint response.
>One possibility is
>  either you or Macolm taking the lead.  Malcom and Henry wrote the MWP
>piece in
>  Climate Change in 94. Keith and I think something pointed about the MWP
>is the way
>  to go. Could add in that even the two warming periods in the 20th century
>don't show
>  warming everywhere - especially the early 20th century.
>      Remember that we are all basically averaging long series together and
>if one site
>  shows a big warming/cooling then the average will to a lesser extent.
>Also bring in
>  a few of the papers where people have compared tree based reconstructions
>with
>  glacial advances/retreats (eg Raper et al in J. Glaciology and Luckman et
>al in the
>  Holocene. Also there are more in that Interhemispheric Linkages Book of
>Vera amd
>  work by Ricardo Villalba and others).
>      Basically need to point to a load of literature that we would expect
>someone writing
>  an article of this type to be aware of. Also the North Atlantic isn't the
>last word in NH
>  and global averages. Clearly said in Hughes and Diaz and papers therein.
>      Also the latest IPCC report will use and reference the latest curves,
>but from
>  1400 they are not that different from Bradley and Jones (1993), so why
>the fuss now.
>  Clearly the MWP is the issue that has got a few worked up, but we have
>concluded
>  nothing that couldn't have been gleaned in 1994. Maybe we're stating it
>more clearly
>  now, but the recent warmth of the 1990s is a factor as well.
>
>  Cheers
>  Phil
>
>>From: "Julia Uppenbrink" <Juppenbrink@science-int.co.uk>
>>To: "Phil Jones" <p.jones@uea.ac.uk>
>>Subject: RE: Science issue Feb 22/23
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>>Date: Mon, 26 Feb 2001 17:05:45 -0000
>>X-Mailer: Microsoft Outlook IMO, Build 9.0.2416 (9.0.2910.0)
>>Importance: Normal
>>
>>Dear Phil
>>
>>Thanks for your message regarding Wally Broecker's Perspective. I am of
>>course aware of this Perspective coming out - I did handle it - I realized
>>that it was perhaps a bit handwaving in parts but I thought the message was
>>interesting and the article passed the usual screening. But we are always
>>open to criticism! So please do send a letter to us; you can send it
>>directly to me, and you may cowrite it with Tom Crowley and Mike Mann or you
>>can send separate letters (if the concerns overlap a lot then one letter is
>>perhaps better than several). The letter will be handled through our letters
>>department, and we will get a response from Wally plus possibly outside
>>review before we make a decision to publish.
>>
>>I look forward to receiving your letter.
>>
>>Best wishes
>>
>>      Julia
>>
>>-----Original Message-----
>>From: Phil Jones [mailto:p.jones@uea.ac.uk]
>>Sent: 26 February 2001 14:40
>>To: Julia Uppenbrink
>>Subject: Science issue Feb 22/23
>>
>>
>>
>> >
>> >  Dear Julia,
>>          I don't know if you have seen the Perspectives piece in last
>>week's issue of
>>   Science by Wally Broecker.  I guess it was nothing to do with you and it
>>contains
>>   several inaccuracies and sweeping statements. I accept it is a personal
>>view
>>   and I've not seen the issue yet , only a copy that I was ironically given
>>by Wally
>>   Broecker as we were both guest speakers at a meeting at Bowdoin College,
>>ME
>>   on Saturday. I got back this morning to Norwich.
>>         I talked to Wally about it over the weekend and will send him a few
>>reprints
>>   pointing out a few of the things he should have read. Some things he
>>states are just
>>   wrong.
>>         I don't want to change the article already accepted, but what are
>>the possibilities
>>   of writing a response to Wally's piece in a later issue. I've been
>>contacted by a couple
>>   of people in the US about Broecker's piece (Mike Mann and Tom Crowley),
>>who are
>>   quite unhappy about it and would like to respond. They both know about
>>the invited
>>   piece and wanted me to comment, hence my email to you. The invited piece
>>does
>>   address some of the issues, but not the link between high and low
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>>frequency
>>   proxy series.
>>
>>   Best Regards
>>   Phil
>>
>>
>>
>>
>>
>>Prof. Phil Jones
>>Climatic Research Unit        Telephone +
>>School of Environmental Sciences    Fax 
>>University of East Anglia
>>Norwich                          Email    p.jones@uea.ac.uk
>>NR4 7TJ
>>UK
>>----------------------------------------------------------------------------
>
>Prof. Phil Jones
>Climatic Research Unit        Telephone +
>School of Environmental Sciences    Fax 
>University of East Anglia
>Norwich                          Email    p.jones@uea.ac.uk
>NR4 7TJ
>UK
>---------------------------------------------------------------------------
-
    
>
>
>
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: tom crowley
Cc: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; k.briffa@uea.ac.uk; p.jones@uea.ac.uk;

t.osborn@uea.ac.uk
Subject: Re: Wally
Date: Monday, February 26, 2001 9:27:42 AM

HI Tom,

Thanks--I was thinking this too. Ray held out a real olive branch to Wally
by the extremely balanced piece he wrote in Science last year (some of us
thought he caved in a bit too much!). So there was absolutely no reason for
Wally to write this piece.

If Julie Uppenbrink gives us the go-ahead, I say lets do as Tom suggests. I
think this has a lot more cachet if all on this list are willing to sign on
as co-authors.

Regarding primary authorship: On the one hand, it would be appropriate for
me tsince it is primarily Mann et al that is explicitly under attack here,
though all of us are implicitly under attack. However, I think the piece
carries a lot more weight if it is authored by someone of Wally's stature,
and I think Tom far better fits the bill in this regard. So if Tom  is
willing to bear the brunt of this, I would definitely endorse him being
primary author.

I would argue to include Peck too, but I think this would be a conflict for
him, as he is pretty close to Wally. So best to leave it w/ the current
group in my opinion. Lets pursue this further once Phil hears back from J.U...

mike

At 09:16 AM 2/26/01 -0600, tom crowley wrote:
>Hi all,
>
>I vote for a response - quick and to the point - itemized in fact.
>
>The only problem is somehow has to volunteer to be the sacrificial lamb as
>first author - that person will almost certainly be badgered by Wally and
>probably charged with some trumped up unethical piece - he will also
>probably try to subvert the review process by contacting the Editor of
>Science.  This is not paranoia - Wally did exactly this when some people
>(some at Lamont!) questioned his conveyor explanation for the LIA that came
>out in Science a year or so ago.  He was actually screaming at some of
>these people in the Lamont lunch room.
>
>That said, I say we must bite the bullet and do it - Wally doesn't like me
>anyway so it wouldnt make as much a difference to me if I volunteered to go
>to the slaughter but if there is anyone else who wants to take the lead,
>thats fine with me!!
>
>Tom
>
>ps  as I indicated the other day I will be in only until this Friday after
>which I am out for a month - I could write enough to get us going and then
>hand it over to someone else to deal with the submission business (MIke?)
>
>
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>>Thanks a bunch Phil,
>>
>>Will look forward to hearing back w/ more info. I talked to Dick Kerr last
>>week about related stuff (an IPCC article he's writing) and he made no
>>mention of this at all! I wonder who did commission this, and why?
>>
>>mike
>>
>>At 02:51 PM 2/26/01 +0000, Phil Jones wrote:
>>>A
>>>
>>>
>>>
>>>
>>>
>>>
>>>   Mike,
>>>     I've had a quick read and sent an email to Julia Uppenbrink to get her
>>>views as
>>>  she commissioned our piece. Also asked about a response, particularly on
>>the
>>>  high and low frequency indicators.  I was going to send Wally two papers
>>>  (Sarah Raper's on linking trees and glaciers in J. Glaciol. and Brian
>>>Luckman's
>>>  in The Holocene, where the two are also linked but only in a qualitative
>>>way).
>>>  From the weekend it was clear he had no ideas about these. His lack of
>>>knowledge
>>>  of density data in trees come through in the article as well.
>>>     In Maine he also went on at length about the Stine work. and seems to
>>>in this
>>>  piece as well.  Malcolm should know all about this.
>>>     I'm going to go home soon as I'm getting knackered, but I'll email you
>>>Julia's
>>>  response.  I think she'll find out who asked Wally to do it, as he
>>>implied to me it
>>>  was.
>>>
>>>  Cheers
>>>  Phil
>>>
>>>  PS Meant to say at the start that I see your points. Thanks for pasting
>>>it to us.
>>>
>>>
>>>
>>>Prof. Phil Jones
>>>Climatic Research Unit        Telephone +
>>>School of Environmental Sciences    Fax 
>>>University of East Anglia
>>>Norwich                          Email    p.jones@uea.ac.uk
>>>NR4 7TJ
>>>UK
>>>---------------------------------------------------------------------------
>>-
>>
>>>
>>>
>>>
>>_______________________________________________________________________
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>>                     Professor Michael E. Mann
>>          Department of Environmental Sciences, Clark Hall
>>                      University of Virginia
>>                     Charlottesville, VA 22903
>>_______________________________________________________________________
>>e-mail: mann@virginia.edu   Phone:    FAX: 
>>       http://www.evsc.virginia.edu/faculty/people/mann.html
>
>
>
>
>Thomas J.  Crowley
>Dept. of Oceanography
>Texas A&M University
>College Station, TX  77843-3146
>979-845-0795
>979-847-8879 (fax)
>979-845-6331 (alternate fax)
>
>
>
>
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: Phil Jones
Cc: mhughes@ltrr.arizona.edu; tom crowley; rbradley@geo.umass.edu; tom@ocean.tamu.edu; k.briffa@uea.ac.uk;

t.osborn@uea.ac.uk
Subject: Re: Wally
Date: Monday, February 26, 2001 7:59:16 AM

Thanks a bunch Phil,

Will look forward to hearing back w/ more info. I talked to Dick Kerr last
week about related stuff (an IPCC article he's writing) and he made no
mention of this at all! I wonder who did commission this, and why?

mike

At 02:51 PM 2/26/01 +0000, Phil Jones wrote:
>A
>
>
>
>
>
>
>   Mike,
>     I've had a quick read and sent an email to Julia Uppenbrink to get her
>views as
>  she commissioned our piece. Also asked about a response, particularly on
the
>  high and low frequency indicators.  I was going to send Wally two papers
>  (Sarah Raper's on linking trees and glaciers in J. Glaciol. and Brian
>Luckman's
>  in The Holocene, where the two are also linked but only in a qualitative
>way).
>  From the weekend it was clear he had no ideas about these. His lack of
>knowledge
>  of density data in trees come through in the article as well.
>     In Maine he also went on at length about the Stine work. and seems to
>in this
>  piece as well.  Malcolm should know all about this.
>     I'm going to go home soon as I'm getting knackered, but I'll email you
>Julia's
>  response.  I think she'll find out who asked Wally to do it, as he
>implied to me it
>  was.
>
>  Cheers
>  Phil
>
>  PS Meant to say at the start that I see your points. Thanks for pasting
>it to us.
>
>
>
>Prof. Phil Jones
>Climatic Research Unit        Telephone +
>School of Environmental Sciences    Fax 
>University of East Anglia
>Norwich                          Email    p.jones@uea.ac.uk
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>NR4 7TJ
>UK
>---------------------------------------------------------------------------
-
    
>
>
>
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: Phil Jones
Cc: mhughes@ltrr.arizona.edu; tom crowley; rbradley@geo.umass.edu; tom@ocean.tamu.edu; k.briffa@uea.ac.uk;

t.osborn@uea.ac.uk; mann@virginia.edu
Subject: Re: Wally
Date: Monday, February 26, 2001 6:58:45 AM

Dear Phil,

Thanks for your response. I agree that I think these folks just don't quite
seem to get it! Anyways, I've pasted in the text of Broecker's piece below
(everything there but the figure. Trust me, the figure isn't worth looking
at anyways). Will be very interested to hear your thoughts after reading
this...

mike

PALEOCLIMATE:
 Was the Medieval Warm Period Global?

 Wallace S. Broecker*

 The reconstruction of global temperatures during the last millennium can
provide important clues for how
 climate may change in the future. A recent, widely cited reconstruction
(1) leaves the impression that the
 20th century warming was unique during the last millennium. It shows no
hint of the Medieval Warm
 Period (from around 800 to 1200 A.D.) during which the Vikings colonized
Greenland (2), suggesting
 that this warm event was regional rather than global. It also remains
unclear why just at the dawn of the
 Industrial Revolution and before the emission of substantial amounts of
anthropogenic greenhouse gases,
 Earth's temperature began to rise steeply.

 Was it a coincidence? I do not think so. Rather, I suspect that the
post-1860 natural warming was the
 most recent in a series of similar warmings spaced at roughly 1500-year
intervals throughout the present
 interglacial, the Holocene. Bond et al. have argued, on the basis of the
ratio of iron-stained to clean
 grains in ice-rafted debris in North Atlantic sediments, that climatic
conditions have oscillated steadily
 over the past 100,000 years (3), with an average period close to 1500
years. They also find evidence for
 the Little Ice Age (from about 1350 to 1860) (3). I agree with the authors
that the swing from the
 Medieval Warm Period to the Little Ice Age was the penultimate of these
oscillations and will try to
 make the case that the Medieval Warm Period was global rather than regional.

 One difficulty encountered when trying to reconstruct Holocene temperature
fluctuations is that they were probably less than 1°C. In my
 estimation, at least for time scales greater than a century or two, only
two proxies can yield temperatures that are accurate to 0.5°C: the
 reconstruction of temperatures from the elevation of mountain snowlines
and borehole thermometry. Tree ring records are useful for measuring
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 temperature fluctuations over short time periods but cannot pick up
long-term trends because there is no way to establish the long-term
 evolution in ring thickness were temperatures to have remained constant.
Corals also are not accurate enough, especially because few records
 extend back a thousand years. The accuracy of the temperature estimates
based on floral or faunal remains from lake and bog sediments is
 likely no better than ±1.3°C (4) and hence not sufficiently sensitive for
Holocene thermometry.

 The Mountain Glaciation Record
 At the Last Glacial Maximum, mountain snowlines throughout the world were
on average about 900 m lower than today (5). On the basis of
 today's rates of temperature change with elevation, this required an air
temperature cooling at the elevation of the glacier of about 5°C (and a
 corresponding tropical sea surface temperature cooling of about 3°C).
During the Younger Dryas--a cold "spell" of about 1200 years during the
 last deglaciation--snowlines in the Swiss and New Zealand Alps dropped to
about 300 m below the lowest levels reached in the subsequent
 Holocene.

 Since their 1860 maximum at the end of the Little Ice Age, the retreat of
Swiss glaciers represents a rise in snowline of about 90 m (6). If this
 rise could be attributed entirely to air temperature, the required warming
would be between 0.5° and 0.6°C. However, simple considerations
 suggest that precipitation changes result in a negative feedback of about
20% (7). The warming required to account for the post-1860 retreat of
 Alpine snowlines would then be between 0.6° and 0.7°C.

 The post-1860 glacier retreat is not confined to Switzerland. With the
exception of Antarctica, it has been well documented everywhere on
 Earth where ice-covered mountains are present (2). There is no doubt that
the Little Ice Age was global in extent and that the post-1860
 warming was also global. In this regard, the Mann et al. (1)
reconstruction is consistent with the mountain snowline record.

 The Medieval Warm Period has also left its traces in the Swiss Alps.
Holzhauser has reconstructed the history of a larchwood aqueduct
 constructed by medieval farmers (8). It ran from a small mountain lake
along the valley occupied by the Grosser Aletsch Glacier, supplying
 water to an Alpine village. The aqueduct was first constructed around 1200
A.D. (toward the end of the Medieval Warm Period). It was
 partially destroyed when the glacier advanced in 1240 A.D. and had to be
totally rerouted after a further advance in 1370 A.D.

 Swiss geologists and geomorphologists agree that the large moraines
marking the maximum glacier extent during the Little Ice Age are a
 composite of debris left behind by a series of Holocene advances (9). For
example, soils separating individual advance episodes have been
 found within the moraines. Precise dating has proven difficult, however,
and the chronology of these prior advances remains uncertain.

 Two recent studies of Holocene climate cycles in the Swiss Alps have
greatly improved this situation. Both focus on establishing the times of
 glacial retreats rather than advances. Holzhauser (8), on the basis of
radiocarbon dating of larchwood stumps exposed by the ongoing retreat of
 the Grosser Aletsch Glacier, finds warm episodes 2400 ± 300 and 1500 ± 200
calendar years ago. Hormes and Schlüchter (10-12) have dated
 wood and peat fragments that are being disgorged from beneath a number of
Swiss glaciers. Radiocarbon dates of a large number of these
 samples cluster in three major groups centered at 8700, 6600, and 4300
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calendar years before present. The correlation between these Alpine
 warm phases and the warm phases of Bond's North Atlantic ice-rafting
record, although imperfect, is encouraging (see the figure).

 Climatic oscillations during the Holocene. Circles show the ratios of
iron-stained to total grains (for grains with diameters >63 mm) in a
 North Atlantic core (3). The chronology is taken from (22). The green
(10-12) and yellow (8) boxes are based on radiocarbon dating on wood
 and peat formed when the glaciers had retreated to positions similar to or
up-valley from those at present (see text).

 CREDIT: FIGURE PREPARED BY AUTHOR FOR THIS PUBLICATION

 Borehole Thermometry
 Geothermal heat is produced deep inside Earth, and the shape of the
vertical temperature profile measured in a borehole from any point on
 Earth's surface thus reflects the depth dependence of the thermal
conductivity of the crustal material. The temperature at the surface does not
 remain constant, however, and the thermal profiles therefore have kinks
that reflect past air temperature fluctuations. Mathematical
 deconvolutions are used to reconstruct these fluctuations from the
temperature profile, but because of smoothing due to diffusive spreading of
 past thermal anomalies, many different time histories fit the observed
downhole temperature record. The modeler selects from these
 possibilities the temperature history with the least complicated shape.
The details are thus lost, and only the broad features of the time history
 are captured.

 Deconvolutions of thermal records from holes drilled through the polar ice
caps reveal broad maxima that reflect the colder temperatures during
 glacial times. In Greenland boreholes, this broad glacial feature is
preceded by a narrower one, which requires a temperature oscillation to have
 occurred in the late Holocene. The timing of this swing broadly matches
that of the Medieval Warm Period to Little Ice Age oscillation. Its
 magnitude is about 2°C (13). The borehole temperature record for Greenland
thus appears to reflect the climate changes thought to have led to
 the establishment and eventual abandonment of the Viking colonies in
southern Greenland (2). It is also consistent with records in the Swiss
 Alps.

 Far Field Evidence
 Evidence for the Medieval Warm Period from other parts of the world exists
but is spotty and/or circumstantial. From an analysis of 6000
 continental borehole thermal records from around the world (14), Huang et
al. conclude that 500 to 1000 years ago, temperatures were warmer
 than today, but that about 200 years ago, they cooled to a minimum some
0.2° to 0.7°C below present. However, as is the case for the thermal
 profiles in ice, those for continental boreholes are highly smoothed.
Although suggestive, the fluctuation postulated by Huang et al. does not
 prove that the Medieval Warm Period was global in extent.

 Evidence that climate during the latter part of the Medieval Warm Period
was much different from today's comes from moisture records for
 the western United States. Stine has studied lodgepole pine trees rooted
at 8 to 19 m depth in Lake Tenaya in the high Sierra Nevada (15). For
 the trees to have grown, the lake must have been nearly dry. In contrast,
only once during the past 50 years has the lake not overflown during
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 snowmelt. Using radiocarbon dating and ring counting, Stine has shown that
for 70 years before 1093 A.D., the lake stood at least 13 m below
 its outflow spillway, and for 141 years before 1333 A.D., it stood at
least 11 m below its spillway (16). Stine has documented similar events at
 Mono Lake and the Walker River (17). He concludes that late in the
Medieval Warm Period, California experienced several decade-long
 periods of profound drought.

 If, as Bond et al. (3) suggest, the cyclic changes in ice-rafted debris
composition reflect oscillations in the strength of the Atlantic's conveyor
 circulation, one might expect temperature changes in Antarctica to have
been opposite in phase to those in the North Atlantic, as was the case
 during the last deglaciation (18). Clow has carried out a deconvolution of
the temperature record at the Antarctic Taylor Dome site (19). His
 reconstruction shows that the air temperature was 3°C colder during the
time of the Medieval Warm Period than during that of the Little Ice
 Age. This record suggests that conditions in Antarctica underwent an
antiphased oscillation during the Medieval Warm Period-Little Ice Age
 period.

 The Case for a Global Event
 The case for a global Medieval Warm Period admittedly remains
inconclusive. But keeping in mind that most proxies do not have adequate
 sensitivity, it is interesting that those capable of resolving temperature
changes of less than 1°C yield results consistent with a global Medieval
 Warm Period. To test whether this is indeed the case, we require Holocene
snowline fluctuation records for tropical and Southern Hemisphere
 sites and continued studies of wood and peat exposed by the continuing
retreat of Northern Hemisphere glaciers. As the world's mountain
 glaciers continue to retreat, ever more evidence for past Holocene warm
episodes will be exposed.

 One might ask why the strength of the Atlantic's conveyor circulation
oscillates on a time scale of one cycle per 1000 to 2000 years. I suspect
 that it has to do with the export through the atmosphere of water vapor
from the Atlantic to the Pacific Ocean. The magnitude of this export
 has been estimated to be (0.25 ± 0.10) x 106 m3/s (20). If this freshwater
loss were not balanced by the export of salt from the Atlantic, the
 latter's salt content would rise at the rate of about one gram per liter
each 1500 years. Such an increase in salt content would densify cold
 surface water by an amount equivalent to a 4 to 5 K cooling, thereby
strongly altering the buoyancy of surface waters in the North Atlantic and
 hence their ability to sink to the abyss.

 I believe that this salt export is not continuous but episodic. The salt
content of the Atlantic periodically builds up until a strong conveyor
 circulation mode is turned on, causing the salt content to drain down.
Eventually, a weak circulation mode kicks in, allowing the salt content to
 build up again. I have suggested previously (21) that an apparent mismatch
between radiocarbon and chlorofluorocarbon-based estimates of the
 rate of deep-water formation in the Southern Ocean may reflect a change in
circulation after the Little Ice Age.

 The geographic pattern of Holocene climate fluctuations remains murky, but
several things are clear. The Little Ice Age and the subsequent
 warming were global in extent. Several Holocene fluctuations in snowline,
comparable in magnitude to that of the post-Little Ice Age warming,
 occurred in the Swiss Alps. Borehole records both in polar ice and in
wells from all continents suggest the existence of a Medieval Warm
 Period. Finally, two multidecade-duration droughts plagued the western
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United States during the latter part of the Medieval Warm Period. I
 consider this evidence sufficiently convincing to merit an intensification
of studies aimed at elucidating Holocene climate fluctuations, upon
 which the warming due to greenhouse gases is superimposed.
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At 12:04 PM 2/26/01 +0000, Phil Jones wrote:
>
>  Dear All,
>       I was away over the weekend at Bowdoin College in Maine, giving a
>talk about the
>  last 1000 years. There were three others as well on other paleo aspects,
>Richard Alley,
>  Gary Clow and Wally Broecker !  The latter briefly mentioned to me that
>he had had
>  something in last Friday's Science, which was getting at the Mann et al.
>series. He
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>  didn't have a copy so we've not seen it here yet.  I tried to get a copy
>of Science on
>  the bookstand at Logan airport last night - I guess it's not sold that
way !
>      Wally was going on about this 1500 yr cycle of Bond's, which seemed
>pretty flimsy.
>  I was showing all the various series in a general talk - and I used some
>of the overheads
>  from the upcoming Science paper. This is due to appear in the issue for
>the last week
>  of April. It is all accepted now.  I will forward if you'll all abide by
>the Science rules. Both
>  Wally and Alley seem convinced that the climate of Greenland changed by
>10 C in
>  the space of 2-3 years at times in the past (Y Dryas etc).  I had long
>talks with both
>  and they don't seem to have got their heads around spatial scales (local
>changes
>  and hemispheric). Also they don't seem to realise where we are coming
>from.  He
>  has a downer on trees (believes all the multiproxy series depend
>exclusively on
>  trees) but he thinks Ed Cook is a great scientist. The latter is true,
>but he might
>  just think that because he's at Lamont. I did tell him that Keith's paper
>on the age
>  banding is out in JGR. I should send him a reprint and maybe ask that great
>  scientist to go and explain it to him ! Ed's in NZ at the moment. Also
>Wally believes
>  much more in glacier advances/retreats. I'll get Keith to send him
>Sarah's paper
>  where the long Tornetrask reconstruction is shown to agree with
Storglaciaren
>  advance/retreat dates from moraine evidence. Also Sarah's been working on
>similar
>  glaciers in the Swiss Alps with long tree-ring reconstructions.  One
>interesting
>  thing was he didn't seem to realise that a lot of the tree-ring
>reconstructions use
>  density. Seemed to think they were all ring widths and there had to be
>moisture
>  changes we were not accounting for.
>        It is easy to respond to a Perspectives piece. Some of you did it
>with respect to
>  one of mine. I'm not sure it will achieve much - it won't come out before
>the paper
>  in the last week of April.  I need to wait to se what he says. Our paper
>(me, Tim and
>  Keith) clearly says that the MWP couldn't have been warmer (for the NH
>average)
>  than the late 20th century.
>       Another possible reason for not doing anything is that the IPCC
>report will be out
>  soon. The summary is written in pretty clear language.
>      The above is my first thoughts, not having read the piece and just
>got off the
>  flight back.
>
>      Best to ignore Woijcek. All he seems to want to do is deflect us into
>responding.
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>
>  Cheers
>  Phil
>
>
>
>At 11:47 25/02/01 -0700, mhughes@ltrr.arizona.edu wrote:
>>Dear all,
>>WHat mechanism does "Science" have for repsonding to Perspective pieces?
Most
>>of the answer to Wally is contained within his own piece - he comments on
the
>>ambiguity of the record, which, in various ways, we have all done. What he
>>doesn't offer, however, is anything other than an anecdotal alternative. As
>>always, he seeks to damn ( in this case with faint praise) the records or
>>work
>>that don't serve his purpose , and to elevate any scrap of evidence that
does
>>serve it. I think it will be important for us to stick closely to what we
>>have
>>written in published papers. CHeers, MAlcolm
>>
>>Quoting "Michael E. Mann" <mann@virginia.edu>:
>>
>> > Dear Phil, Ray,
>> >
>> > What do you guys think. If we're all on board, than an appropriately
>> > toned,
>> > "high road" response here might be appropriate. We don't want to engage
>> > Wally in a personal battle, but simply should correct the record where
>> > Wally has muddied it. Again, Phil et al do have a Science article in
>> > press
>> > that serves this purpose to some extent, so I'm especially interested in
>> > what
>> > Phil thinks (Phil?)...
>> >
>> > mike
>> >
>> > At 02:52 PM 2/24/01 -0700, mhughes@ltrr.arizona.edu wrote:
>> > >Dear Mike et al., I think we should definitely let Wojick stew in his
>> > own
>> > >juice - as Mike pointed out to me the other day he, and his like, have
>> > a
>> > >specific agenda, and anything we write will be pressed into the service
>> > of
>> > that
>> > >agenda. I'm not so sure about Wally. I share Tom's disinclination to
>> > get
>> > into a
>> > >street fight with Wally - generally I take the view that life's too
>> > short and
>> > >uncertain for such activities. On the other hand, would we let such a
>> > shoddy
>> > >piece of work(and editing) go by if it were from another author? There
>> > are so
>> > >many holes in Wally's argument, and such a selective choice of evidence
>> > that it
>> > >should beggar belief. One of the more obvious holes is that he writes
>> > of the
>> > >Great Basin droughts of the 10th through 14th centuries as proof of
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>> > warmer
>> > >conditions then, but doesn't explain why we don't have such conditions
>> > now.
>> > >Interestingly, Larry Benson, Dave Meko and others have good evidence
>> > that
>> > these
>> > >same multidecadal periods were marked by a great excess of
>> > precipitation
>> > just a
>> > >few hundred miles north in northern Nevada and California and southern
>> > Oregon.
>> > >He just hasn't grasped that the methods that are appropriate for
>> > tracking the
>> > >consequences of major changes in boundary conditions don't work in the
>> > late
>> > >Holocene. I've been trying to figure out the issue of "Was there a
>> > Medieval
>> > >Warm Period, and if so where and when" for a decade or so, and still
>> > have the
>> > >impression that the records for the 9th through 14th centuries are
>> > extremely
>> > >mixed. But then, I didn't come to the investigation with a certain
>> > knowledge of
>> > >the absolute truth, and have had to 'misfortune' to work with people
>> > who let
>> > >careful analysis get in the way - Henry Diaz, Ray and Mike, and others.
>> >
>> > >Anyway, the point of this rant is that I think we should give careful
>> > >consideration to making a measured response to Wally. Cheers, Malcolm
>> > >
>> > >
>> > >
>> > >
>> > >Quoting "Michael E. Mann" <mann@virginia.edu>:
>> > >
>> > >> Hi Tom,
>> > >>
>> > >> Thanks for your quick reply. I agree with you entirely. I think its
>> > very
>> > >> unfortunate he's chosen to disinform the community rather than engage
>> > in
>> > >> a
>> > >> constructive dialogue (we tried the latter w/ him in a series of
>> > emails
>> > >> last
>> > >> year, but clearly to no avail).
>> > >>
>> > >> On the other hand, think that a war of words w/ Broecker would be
>> > >> exploited
>> > >> by the skeptics, and perhaps we should just try to let this thing
>> > die...
>> > >>
>> > >> I'm not sure. I'd appreciate knowing what others think?
>> > >>
>> > >> mike
>> > >>
>> > >> At 10:25 AM 2/24/01 -0600, tom crowley wrote:
>> > >> >Mike,
>> > >> >
>> > >> >I was not aware of the Broecker piece - I am dismayed but not
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>> > >> surprised.  I
>> > >> >do not know what to do - I personally cannot stand the combative
>> > >> personal
>> > >> >approach Broecker relishes but it does seem as if some rebuttal is
>> > >> called
>> > >> >for.  Maybe you Ray Phil I and Malcolm could pen a response - we are
>> > >> >heading to Germany in a week, for a month, so I am not sure how much
>> > I
>> > >> can
>> > >> >keep up on this but it seems as if some response is called for.
>> > >> >
>> > >> >What think ye?
>> > >> >
>> > >> >Tom
>> > >> >
>> > >> >
>> > >> >>Dear Mike,
>> > >> >>
>> > >> >>Thanks for passing this along.
>> > >> >>
>> > >> >>Wojick of course completely misrepresents Broecker, and puts his
>> > >> >>conventional intellectually dishonest spin on this.
>> > >> >>
>> > >> >>That having been said, it is a bit disappointing that Wally
>> > continues
>> > >> to
>> > >> >>cling to some of his flawed beliefs which aren't supported from
>> > either
>> > >> our
>> > >> >>best current understanding of the observations or of the results of
>> > >> careful
>> > >> >>modeling experiments. My own perception is that the climate
>> > community,
>> > >> >>modelers as well as observationalists, simply don't take seriously
>> > >> anymore
>> > >> >>the idea that the history of climate change over the past 1000
>> > years
>> > >> is
>> > >> >>part of an internal oscillation. The sediment core evidence oft
>> > cited
>> > >> by
>> > >> >>Broecker (e.g. Bond et al) for this is tremendously weak, and I, as
>> > >> well as
>> > >> >>the vast majority of my colleagues, simply don't buy it for even a
>> > >> second.
>> > >> >>But people don't like to challenge Broecker publically. He can and
>> > >> will
>> > >> >>play hardball.
>> > >> >>
>> > >> >>There is an odd irony. Broecker refused to accept the modeling
>> > >> evidence
>> > >> >>that the 100 kyr ice age Pleistocene variations were part of an
>> > >> internal
>> > >> >>oscillation paced by insolation variations, favoring instead the
>> > >> >>discredited notion that they were a direct response to (too weak)
>> > >> >>eccentricity forcing, until the evidence became insurmountable
>> > (from
>> > >> my
>> > >> >>adviser, Barry Saltzman, may he rest in piece, and people like Dick
>> > >> >>Peltier). Ironically, Broecker then took credit for the very
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>> > >> proposition he
>> > >> >>had fought w/ tooth and nail.
>> > >> >>
>> > >> >>Broecker is even more wrong, and unfortunately equally stubborn, in
>> > >> this case.
>> > >> >>And, again, the reason: because his pet theory, that climate
>> > >> variability is
>> > >> >>a simple millennial oscillation, is finally being challenged w/
>> > hard
>> > >> data
>> > >> >>and hard facts.
>> > >> >>
>> > >> >>Broecker misrepresents the nature of that data that we and others
>> > have
>> > >> >>used, and misunderstands the source of the muted hemispheric trends
>> > >> (there
>> > >> >>*is* a hemispheric "medieval warm period" and "little ice age",
>> > just
>> > >> not of
>> > >> >>the magnitude or the distinctiveness that Broecker imagines).
>> > >> Individual
>> > >> >>regions in our reconstructions, and Phils, and others, vary by
>> > several
>> > >> >>degrees C, ie, the proxies we use have no problem whatsoever in
>> > >> resolving
>> > >> >>high-amplitude temperature variations in the past. The problem is
>> > that
>> > >> when
>> > >> >>we look at  the different regions we find that periods of cold and
>> > >> warm
>> > >> >>often occur at very different times in different regions, and so in
>> > a
>> > >> >>hemispheric or global average, a lot of purely regional variability
>> > >> cancels
>> > >> >>out. The resulting trends are somewhat smaller. I remained
>> > befuddled
>> > >> as to
>> > >> >>why Wally doesn't understand this point. Its been explained to him
>> > >> time and
>> > >> >>time again. Maybe he's just not listening, or doesn't want to
>> > >> listen...
>> > >> >>
>> > >> >>In fact, Tom Crowley has clearly shown that the observed millennial
>> > >> >>temperature reconstruction is precisely consistent w/ our
>> > >> understanding of
>> > >> >>*forced* climate change over the past 1000 years (solar changes,
>> > >> volcancic
>> > >> >>output, and recent greenhouse gas concentrations). There is, simply
>> > >> put, no
>> > >> >>room for a global millennial internal oscillation. Regionally, such
>> > >> types
>> > >> >>of climate phenomena, associated for example with changes in the
>> > North
>> > >> >>Atlantic ocean circulation, are supported by the observations. This
>> > >> >>explains why, for example, European temperature variations are
>> > >> somewhat
>> > >> >>larger than those in other regions not effected so strongly by such
>> > >> climate
>> > >> >>processes.
>> > >> >>
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>> > >> >>Other recent perspectives, by Ray Bradley and myself provide a far
>> > >> more
>> > >> >>balanced and nuanced (and less dogmatic or defensive) viewpoint.
>> > I'm
>> > >> not
>> > >> >>sure a written response to Broecker is worthwhile (this is,
>> > afterall,
>> > >> a
>> > >> >>"perspective" and everyone understands that a scientist may have a
>> > >> flawed
>> > >> >>perspective). If Wally wants this to be his legacy, so be it...
>> > >> >>
>> > >> >>Phil and others have a review article coming out in the near future
>> > >> which
>> > >> >>also provides a much more balanced perspective on the climate
>> > changes
>> > >> of
>> > >> >>the past millennium, and will set the record straight once again
>> > (good
>> > >> >>timing Phil!). Science's embargo policy prevents me from saying
>> > much
>> > >> more
>> > >> >>at this time, but if Phil or anyone else wishes to comment further,
>> > >> I'd
>> > >> >>encourage it.
>> > >> >>
>> > >> >>Well, I've still got some snow to shovel here in Charlottesville!
>> > >> Happy
>> > >> >>weekend to all,
>> > >> >>
>> > >> >>mike
>> > >> >>
>> > >> >>p.s. For those with electronic subscriptions, Broecker's latest
>> > piece
>> > >> can
>> > >> >>be found here:
>> > >> >>
>> > >> >> PALEOCLIMATE:
>> > >> >>        Was the Medieval Warm Period Global?
>> > >> >>        Wallace S. Broecker
>> > >> >>        Science Feb 23 2001: 1497-1499. [Summary] [Full Text]
>> > >> >>
>> > >> >>http://www.sciencemag.org/cgi/content/full/291/5508/1497
>> > >> >>
>> > >> >>While my previous perspective piece is here:
>> > >> >>   CLIMATE CHANGE:
>> > >> >>   Lessons for a New Millennium
>> > >> >>   Michael E. Mann
>> > >> >>   Science 2000 July 14; 289: 253-254. (in Perspectives) [Summary]
>> > >> [Full
>> > >> >>Text]
>> > >> >>URL:
>> > >>
>> > >>http://www.sciencemag.org/cgi/content/full/289/5477/253?maxtoshow=&HIT
>> S=10&h
>> > >>
>> > >>its=10&RESULTFORMAT=&author1=Mann&searchid=QID_NOT_SET&stored_search=&
>> FIRSTI
>> > >> >>NDEX=&fdate=10/1/1995&tdate=2/28/2001
>> > >> >>
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>> > >> >>and Bradley's is here:
>> > >> >>
>> > >> >>   PALEOCLIMATE: Enhanced: 1000 Years of Climate Change
>> > >> >>   Ray Bradley
>> > >> >>   Science 2000 May 26; 288: 1353-1355. (in Perspectives) [Summary]
>> > >> [Full
>> > >> >>Text]
>> > >> >>
>> > >> >>URL:
>> > >>
>> > >>http://www.sciencemag.org/cgi/content/full/288/5470/1353?maxtoshow=&HI
>> TS=10&
>> > >>
>> > >>hits=10&RESULTFORMAT=&author1=Bradley&searchid=QID_NOT_SET&stored_sear
>> ch=&FI
>> > >> >>RSTINDEX=&fdate=10/1/1995&tdate=2/28/2001
>> > >> >>
>> > >> >>>Dear Michael--The third point below has comments on the
>> > controversy
>> > >> >>>betweenyou and Broecker--I'd be interested in your response (did
>> > >> Wally not
>> > >> >>>just understand what your data show?).
>> > >> >>>
>> > >> >>>Mike
>> > >> >>>
>> > >> >>>Three Wojick Pieces on Climate Change.
>> > >> >>>I've been busy busy.
>> > >> >>>
>> > >> >>>David
>> > >> >>>
>> > >> >>>FIRST, the latest issue of Insight Magazine includes a
>> > >> point-counterpoint
>> > >> >>>between measly old me and the great Robert Watson. Boy has he got
>> > >> >>>credentials! Too bad he's wrong.
>> > >> >>>
>> > >> >>><http://www.insightmag.com/archive/200103143.shtml>
>> > >> >>>
>> > >> >>>Symposium: Do scientists have compelling evidence of global
>> > warming?
>> > >> >>>
>> > >> >>>Yes: Rising sea levels worldwide and retreating Arctic glaciers
>> > are
>> > >> ominous
>> > >> >>>signs.
>> > >> >>>
>> > >> >>>By Robert T. Watson -- chairman of the UN Intergovernmental Panel
>> > on
>> > >> >>>Climate Change, chief scientist at the World Bank and former chief
>> > >> science
>> > >> >>>advisor to the Clinton White House.
>> > >> >>>
>> > >> >>>No: Despite the overheated rhetoric, there is no new evidence of
>> > >> warming
>> > >> >>>
>> > >> >>>By David E. Wojick -- covers climate policy for Electricity Daily
>> > and
>> > >> is a
>> > >> >>>science adviser to the Greening Earth Society
>> > >> >>><http://www.greeningearthsociety.org>, as well as Undereditor of
>> > the
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>> > >> >>>Washington Pest <http://www.WashingtonPest.com>
>> > >> >>>
>> > >> >>>SECOND, the February 15 Eco-logic on-line has published "The Black
>> > >> Hole of
>> > >> >>>Global Climate Government" by David Wojick, my detailed attack on
>> > the
>> > >> >>>Framework Convention on Climate Change. It includes a lot of the
>> > >> actual
>> > >> >>>treaty language.
>> > >> >>>
>> > >> >>><http://www.eco.freedom.org/el/20010202/wojick.shtml>
>> > >> >>>
>> > >> >>>THIRD, here is a draft Electricity Daily article of mine. Seems
>> > I'm
>> > >> not the
>> > >> >>>only one who thinks the IPCC is nuts.
>> > >> >>>
>> > >> >>>Climate Guru Kicks The Hockey Stick
>> > >> >>>by David Wojick (dwojick@shentel.net)
>> > >> >>>
>> > >> >>>Global warming is natural and the recent warming is probably no
>> > >> exception.
>> > >> >>>This is the controversial argument made by prominent climatologist
>> > >> Wallace
>> > >> >>>S. Broecker in today's issue of Science.
>> > >> >>>
>> > >> >>>Broecker's bombshell bears the seemingly innocent title "Was the
>> > >> Medieval
>> > >> >>>Warm Period Global?" It may seem esoteric, but whether the
>> > apparent
>> > >> warmth
>> > >> >>>reported in Europe about 1000 years ago was global or simply local
>> > is
>> > >> >>>becoming a central issue in climate science. What makes it
>> > >> contentious is
>> > >> >>>the recent claims by the United Nations Intergovernmental Panel on
>> > >> Climate
>> > >> >>>Change that the earth is warmer now than it has been for
>> > millennia,
>> > >> and
>> > >> >>>that therefore human carbon dioxide emissions are to blame.
>> > Broecker,
>> > >> a
>> > >> >>>leading figure at Lamont-Doherty Earth Observatory, Columbia
>> > >> University,
>> > >> >>>questions both IPCC claims.
>> > >> >>>
>> > >> >>>The focus of the debate is a 1000-year temperature reconstruction
>> > >> known in
>> > >> >>>climate circles as the "hockey stick". Produced in 1999 by M. E.
>> > >> Mann, R.
>> > >> >>>S. Bradley, M. K. Hughes, the long handle of the hockey stick
>> > shows
>> > >> global
>> > >> >>>temperatures for the first 8 centuries as basically unchanging,
>> > >> followed by
>> > >> >>>the sharply up-tilting blade of the last 150 years or so. The Mann
>> > et
>> > >> al
>> > >> >>>hockey stick is the central feature of the recently released IPCC
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>> > >> working
>> > >> >>>group one Summary for Policy makers, which claims to embody the
>> > best
>> > >> of
>> > >> >>>climate science.
>> > >> >>>
>> > >> >>>Broecker does not like the hockey stick, nor the conclusions the
>> > IPCC
>> > >> draws
>> > >> >>>from it. He says " A recent, widely cited reconstruction (Mann's)
>> > >> leaves
>> > >> >>>the impression that the 20th century warming was unique during the
>> > >> last
>> > >> >>>millennium. It shows no hint of the Medieval Warm Period (from
>> > around
>> > >> 800
>> > >> >>>to 1200 A.D.) during which the Vikings colonized Greenland,
>> > >> suggesting that
>> > >> >>>this warm event was regional rather than global. It also remains
>> > >> unclear
>> > >> >>>why just at the dawn of the Industrial Revolution and before the
>> > >> emission
>> > >> >>>of substantial amounts of anthropogenic greenhouse gases, Earth's
>> > >> >>>temperature began to rise steeply. Was it a coincidence? I do not
>> > >> think so.
>> > >> >>>Rather, I suspect that the post-1860 natural warming was the most
>> > >> recent in
>> > >> >>>a series of similar warmings spaced at roughly 1500-year intervals
>> > >> >>>throughout the present inter-glacial, the Holocene."
>> > >> >>>
>> > >> >>>Broecker presents the evidence for a global Medieval Warm Period,
>> > as
>> > >> well
>> > >> >>>as for a Little Ice Age from around 1300 to 1860, when the present
>> > >> >>>temperature rise begins. He also argues that the "proxy" evidence
>> > >> used by
>> > >> >>>Mann et al, such as tree ring data, is ill suited to the time
>> > period
>> > >> and
>> > >> >>>temperature variation -- less than one degree C -- in question.
>> > >> >>>
>> > >> >>>As he puts it, "In my estimation, at least for time scales greater
>> > >> than a
>> > >> >>>century or two, only two proxies can yield temperatures that are
>> > >> accurate
>> > >> >>>to 0.5 C: the reconstruction of temperatures from the elevation of
>> > >> mountain
>> > >> >>>snowlines and borehole thermometry. Tree ring records are useful
>> > for
>> > >> >>>measuring temperature fluctuations over short time periods but
>> > cannot
>> > >> pick
>> > >> >>>up long-term trends because there is no way to establish the
>> > >> long-term
>> > >> >>>evolution in ring thickness were temperatures to have remained
>> > >> constant."
>> > >> >>>
>> > >> >>>Broecker acknowledges that the proxy evidence is necessarily
>> > somewhat
>> > >> >>>"murky", but his conclusion is that "climatic conditions have
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>> > >> oscillated
>> > >> >>>steadily over the past 100,000 years, with an average period close
>> > to
>> > >> 1500
>> > >> >>>years... The swing from the Medieval Warm Period to the Little Ice
>> > >> Age was
>> > >> >>>the penultimate of these oscillations." The implication being that
>> > >> some, if
>> > >> >>>not all, of the present warming is the natural swing out of the
>> > >> Little Ice
>> > >> >>>Age, and that Mann et al, as well as the IPCC, are mistaken.
>> > >> >>>
>> > >> >>>
>> > >> >>>--
>> > >> >>>
>> > >> >>>
>> > >> >>>Dr. David E. Wojick
>> > >> >>>President
>> > >> >>>Climatechangedebate.org
>> > >> >>>Subscribe to the free debate listserv at
>> > >> http://www.climatechangedebate.org
>> > >> >>>Non subscribers can follow the debate at
>> > >> >>>http://www.eScribe.com/science/ClimateChangeDebate/
>> > >> >>>
>> > >> >>>
>> > >> >>>
>> > >> >>>
>> > >>
>> > >>_______________________________________________________________________
>> > >> >>                     Professor Michael E. Mann
>> > >> >>          Department of Environmental Sciences, Clark Hall
>> > >> >>                      University of Virginia
>> > >> >>                     Charlottesville, VA 22903
>> > >>
>> > >>_______________________________________________________________________
>> > >> >>e-mail: mann@virginia.edu   Phone:    FAX: (804)
>> > >> 982-2137
>> > >> >>       http://www.evsc.virginia.edu/faculty/people/mann.html
>> > >> >
>> > >> >
>> > >> >
>> > >> >
>> > >> >Thomas J.  Crowley
>> > >> >Dept. of Oceanography
>> > >> >Texas A&M University
>> > >> >College Station, TX  77843-3146
>> > >> >979-845-0795
>> > >> >979-847-8879 (fax)
>> > >> >979-845-6331 (alternate fax)
>> > >> >
>> > >> >
>> > >> >
>> > >> >
>> > >>
>> > _______________________________________________________________________
>> > >>                     Professor Michael E. Mann
>> > >>            Department of Environmental Sciences, Clark Hall
>> > >>                       University of Virginia
>> > >>                      Charlottesville, VA 22903
>> > >>
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>> > _______________________________________________________________________
>> > >> e-mail: mann@virginia.edu   Phone:    FAX: (804)
>> > 982-2137
>> > >>          http://www.evsc.virginia.edu/faculty/people/mann.html
>> >
>> > >>
>> > >>
>> > >>
>> > >
>> > >
>> > >
>> > >
>> > >
>> > >
>> > _______________________________________________________________________
>> >                     Professor Michael E. Mann
>> >            Department of Environmental Sciences, Clark Hall
>> >                       University of Virginia
>> >                      Charlottesville, VA 22903
>> > _______________________________________________________________________
>> > e-mail: mann@virginia.edu   Phone:    FAX: 
>> >          http://www.evsc.virginia.edu/faculty/people/mann.html
>> >
>> >
>> >
>
>Prof. Phil Jones
>Climatic Research Unit        Telephone +
>School of Environmental Sciences    Fax 
>University of East Anglia
>Norwich                          Email    p.jones@uea.ac.uk
>NR4 7TJ
>UK
>---------------------------------------------------------------------------
-
    
>
>
>
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu
Cc: Michael E. Mann; tom crowley; Michael E. Mann; rbradley@geo.umass.edu; tom@ocean.tamu.edu;

p.jones@uea.ac.uk; mhughes@ltrr.arizona.edu
Subject: Re: Wally
Date: Sunday, February 25, 2001 9:21:03 AM

Dear Phil, Ray,

What do you guys think. If we're all on board, than an appropriately toned,
"high road" response here might be appropriate. We don't want to engage
Wally in a personal battle, but simply should correct the record where
Wally has muddied it. Again, Phil et al do have a Science article in press
that serves this purpose to some extent, so I'm especially interested in what
Phil thinks (Phil?)...

mike

At 02:52 PM 2/24/01 -0700, mhughes@ltrr.arizona.edu wrote:
>Dear Mike et al., I think we should definitely let Wojick stew in his own
>juice - as Mike pointed out to me the other day he, and his like, have a
>specific agenda, and anything we write will be pressed into the service of
that
>agenda. I'm not so sure about Wally. I share Tom's disinclination to get
into a
>street fight with Wally - generally I take the view that life's too short and
>uncertain for such activities. On the other hand, would we let such a shoddy
>piece of work(and editing) go by if it were from another author? There are so
>many holes in Wally's argument, and such a selective choice of evidence
that it
>should beggar belief. One of the more obvious holes is that he writes of the
>Great Basin droughts of the 10th through 14th centuries as proof of warmer
>conditions then, but doesn't explain why we don't have such conditions now.
>Interestingly, Larry Benson, Dave Meko and others have good evidence that
these
>same multidecadal periods were marked by a great excess of precipitation
just a
>few hundred miles north in northern Nevada and California and southern Oregon.
>He just hasn't grasped that the methods that are appropriate for tracking the
>consequences of major changes in boundary conditions don't work in the late
>Holocene. I've been trying to figure out the issue of "Was there a Medieval
>Warm Period, and if so where and when" for a decade or so, and still have the
>impression that the records for the 9th through 14th centuries are extremely
>mixed. But then, I didn't come to the investigation with a certain
knowledge of
>the absolute truth, and have had to 'misfortune' to work with people who let
>careful analysis get in the way - Henry Diaz, Ray and Mike, and others.
>Anyway, the point of this rant is that I think we should give careful
>consideration to making a measured response to Wally. Cheers, Malcolm
>
>
>
>
>Quoting "Michael E. Mann" <mann@virginia.edu>:
>
>> Hi Tom,
>>
>> Thanks for your quick reply. I agree with you entirely. I think its very
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>> unfortunate he's chosen to disinform the community rather than engage in
>> a
>> constructive dialogue (we tried the latter w/ him in a series of emails
>> last
>> year, but clearly to no avail).
>>
>> On the other hand, think that a war of words w/ Broecker would be
>> exploited
>> by the skeptics, and perhaps we should just try to let this thing die...
>>
>> I'm not sure. I'd appreciate knowing what others think?
>>
>> mike
>>
>> At 10:25 AM 2/24/01 -0600, tom crowley wrote:
>> >Mike,
>> >
>> >I was not aware of the Broecker piece - I am dismayed but not
>> surprised.  I
>> >do not know what to do - I personally cannot stand the combative
>> personal
>> >approach Broecker relishes but it does seem as if some rebuttal is
>> called
>> >for.  Maybe you Ray Phil I and Malcolm could pen a response - we are
>> >heading to Germany in a week, for a month, so I am not sure how much I
>> can
>> >keep up on this but it seems as if some response is called for.
>> >
>> >What think ye?
>> >
>> >Tom
>> >
>> >
>> >>Dear Mike,
>> >>
>> >>Thanks for passing this along.
>> >>
>> >>Wojick of course completely misrepresents Broecker, and puts his
>> >>conventional intellectually dishonest spin on this.
>> >>
>> >>That having been said, it is a bit disappointing that Wally continues
>> to
>> >>cling to some of his flawed beliefs which aren't supported from either
>> our
>> >>best current understanding of the observations or of the results of
>> careful
>> >>modeling experiments. My own perception is that the climate community,
>> >>modelers as well as observationalists, simply don't take seriously
>> anymore
>> >>the idea that the history of climate change over the past 1000 years
>> is
>> >>part of an internal oscillation. The sediment core evidence oft cited
>> by
>> >>Broecker (e.g. Bond et al) for this is tremendously weak, and I, as
>> well as
>> >>the vast majority of my colleagues, simply don't buy it for even a
>> second.
>> >>But people don't like to challenge Broecker publically. He can and
>> will
>> >>play hardball.
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>> >>
>> >>There is an odd irony. Broecker refused to accept the modeling
>> evidence
>> >>that the 100 kyr ice age Pleistocene variations were part of an
>> internal
>> >>oscillation paced by insolation variations, favoring instead the
>> >>discredited notion that they were a direct response to (too weak)
>> >>eccentricity forcing, until the evidence became insurmountable (from
>> my
>> >>adviser, Barry Saltzman, may he rest in piece, and people like Dick
>> >>Peltier). Ironically, Broecker then took credit for the very
>> proposition he
>> >>had fought w/ tooth and nail.
>> >>
>> >>Broecker is even more wrong, and unfortunately equally stubborn, in
>> this case.
>> >>And, again, the reason: because his pet theory, that climate
>> variability is
>> >>a simple millennial oscillation, is finally being challenged w/ hard
>> data
>> >>and hard facts.
>> >>
>> >>Broecker misrepresents the nature of that data that we and others have
>> >>used, and misunderstands the source of the muted hemispheric trends
>> (there
>> >>*is* a hemispheric "medieval warm period" and "little ice age", just
>> not of
>> >>the magnitude or the distinctiveness that Broecker imagines).
>> Individual
>> >>regions in our reconstructions, and Phils, and others, vary by several
>> >>degrees C, ie, the proxies we use have no problem whatsoever in
>> resolving
>> >>high-amplitude temperature variations in the past. The problem is that
>> when
>> >>we look at  the different regions we find that periods of cold and
>> warm
>> >>often occur at very different times in different regions, and so in a
>> >>hemispheric or global average, a lot of purely regional variability
>> cancels
>> >>out. The resulting trends are somewhat smaller. I remained befuddled
>> as to
>> >>why Wally doesn't understand this point. Its been explained to him
>> time and
>> >>time again. Maybe he's just not listening, or doesn't want to
>> listen...
>> >>
>> >>In fact, Tom Crowley has clearly shown that the observed millennial
>> >>temperature reconstruction is precisely consistent w/ our
>> understanding of
>> >>*forced* climate change over the past 1000 years (solar changes,
>> volcancic
>> >>output, and recent greenhouse gas concentrations). There is, simply
>> put, no
>> >>room for a global millennial internal oscillation. Regionally, such
>> types
>> >>of climate phenomena, associated for example with changes in the North
>> >>Atlantic ocean circulation, are supported by the observations. This
>> >>explains why, for example, European temperature variations are
>> somewhat
>> >>larger than those in other regions not effected so strongly by such
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>> climate
>> >>processes.
>> >>
>> >>Other recent perspectives, by Ray Bradley and myself provide a far
>> more
>> >>balanced and nuanced (and less dogmatic or defensive) viewpoint. I'm
>> not
>> >>sure a written response to Broecker is worthwhile (this is, afterall,
>> a
>> >>"perspective" and everyone understands that a scientist may have a
>> flawed
>> >>perspective). If Wally wants this to be his legacy, so be it...
>> >>
>> >>Phil and others have a review article coming out in the near future
>> which
>> >>also provides a much more balanced perspective on the climate changes
>> of
>> >>the past millennium, and will set the record straight once again (good
>> >>timing Phil!). Science's embargo policy prevents me from saying much
>> more
>> >>at this time, but if Phil or anyone else wishes to comment further,
>> I'd
>> >>encourage it.
>> >>
>> >>Well, I've still got some snow to shovel here in Charlottesville!
>> Happy
>> >>weekend to all,
>> >>
>> >>mike
>> >>
>> >>p.s. For those with electronic subscriptions, Broecker's latest piece
>> can
>> >>be found here:
>> >>
>> >> PALEOCLIMATE:
>> >>        Was the Medieval Warm Period Global?
>> >>        Wallace S. Broecker
>> >>        Science Feb 23 2001: 1497-1499. [Summary] [Full Text]
>> >>
>> >>http://www.sciencemag.org/cgi/content/full/291/5508/1497
>> >>
>> >>While my previous perspective piece is here:
>> >>   CLIMATE CHANGE:
>> >>   Lessons for a New Millennium
>> >>   Michael E. Mann
>> >>   Science 2000 July 14; 289: 253-254. (in Perspectives) [Summary]
>> [Full
>> >>Text]
>> >>URL:
>>
>>http://www.sciencemag.org/cgi/content/full/289/5477/253?maxtoshow=&HITS=10&h
>>
>>its=10&RESULTFORMAT=&author1=Mann&searchid=QID_NOT_SET&stored_search=&FIRSTI
>> >>NDEX=&fdate=10/1/1995&tdate=2/28/2001
>> >>
>> >>and Bradley's is here:
>> >>
>> >>   PALEOCLIMATE: Enhanced: 1000 Years of Climate Change
>> >>   Ray Bradley
>> >>   Science 2000 May 26; 288: 1353-1355. (in Perspectives) [Summary]

ABOR/MH/Priv-000168



>> [Full
>> >>Text]
>> >>
>> >>URL:
>>
>>http://www.sciencemag.org/cgi/content/full/288/5470/1353?maxtoshow=&HITS=10&
>>
>>hits=10&RESULTFORMAT=&author1=Bradley&searchid=QID_NOT_SET&stored_search=&FI
>> >>RSTINDEX=&fdate=10/1/1995&tdate=2/28/2001
>> >>
>> >>>Dear Michael--The third point below has comments on the controversy
>> >>>betweenyou and Broecker--I'd be interested in your response (did
>> Wally not
>> >>>just understand what your data show?).
>> >>>
>> >>>Mike
>> >>>
>> >>>Three Wojick Pieces on Climate Change.
>> >>>I've been busy busy.
>> >>>
>> >>>David
>> >>>
>> >>>FIRST, the latest issue of Insight Magazine includes a
>> point-counterpoint
>> >>>between measly old me and the great Robert Watson. Boy has he got
>> >>>credentials! Too bad he's wrong.
>> >>>
>> >>><http://www.insightmag.com/archive/200103143.shtml>
>> >>>
>> >>>Symposium: Do scientists have compelling evidence of global warming?
>> >>>
>> >>>Yes: Rising sea levels worldwide and retreating Arctic glaciers are
>> ominous
>> >>>signs.
>> >>>
>> >>>By Robert T. Watson -- chairman of the UN Intergovernmental Panel on
>> >>>Climate Change, chief scientist at the World Bank and former chief
>> science
>> >>>advisor to the Clinton White House.
>> >>>
>> >>>No: Despite the overheated rhetoric, there is no new evidence of
>> warming
>> >>>
>> >>>By David E. Wojick -- covers climate policy for Electricity Daily and
>> is a
>> >>>science adviser to the Greening Earth Society
>> >>><http://www.greeningearthsociety.org>, as well as Undereditor of the
>> >>>Washington Pest <http://www.WashingtonPest.com>
>> >>>
>> >>>SECOND, the February 15 Eco-logic on-line has published "The Black
>> Hole of
>> >>>Global Climate Government" by David Wojick, my detailed attack on the
>> >>>Framework Convention on Climate Change. It includes a lot of the
>> actual
>> >>>treaty language.
>> >>>
>> >>><http://www.eco.freedom.org/el/20010202/wojick.shtml>
>> >>>
>> >>>THIRD, here is a draft Electricity Daily article of mine. Seems I'm
>> not the
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>> >>>only one who thinks the IPCC is nuts.
>> >>>
>> >>>Climate Guru Kicks The Hockey Stick
>> >>>by David Wojick (dwojick@shentel.net)
>> >>>
>> >>>Global warming is natural and the recent warming is probably no
>> exception.
>> >>>This is the controversial argument made by prominent climatologist
>> Wallace
>> >>>S. Broecker in today's issue of Science.
>> >>>
>> >>>Broecker's bombshell bears the seemingly innocent title "Was the
>> Medieval
>> >>>Warm Period Global?" It may seem esoteric, but whether the apparent
>> warmth
>> >>>reported in Europe about 1000 years ago was global or simply local is
>> >>>becoming a central issue in climate science. What makes it
>> contentious is
>> >>>the recent claims by the United Nations Intergovernmental Panel on
>> Climate
>> >>>Change that the earth is warmer now than it has been for millennia,
>> and
>> >>>that therefore human carbon dioxide emissions are to blame. Broecker,
>> a
>> >>>leading figure at Lamont-Doherty Earth Observatory, Columbia
>> University,
>> >>>questions both IPCC claims.
>> >>>
>> >>>The focus of the debate is a 1000-year temperature reconstruction
>> known in
>> >>>climate circles as the "hockey stick". Produced in 1999 by M. E.
>> Mann, R.
>> >>>S. Bradley, M. K. Hughes, the long handle of the hockey stick shows
>> global
>> >>>temperatures for the first 8 centuries as basically unchanging,
>> followed by
>> >>>the sharply up-tilting blade of the last 150 years or so. The Mann et
>> al
>> >>>hockey stick is the central feature of the recently released IPCC
>> working
>> >>>group one Summary for Policy makers, which claims to embody the best
>> of
>> >>>climate science.
>> >>>
>> >>>Broecker does not like the hockey stick, nor the conclusions the IPCC
>> draws
>> >>>from it. He says " A recent, widely cited reconstruction (Mann's)
>> leaves
>> >>>the impression that the 20th century warming was unique during the
>> last
>> >>>millennium. It shows no hint of the Medieval Warm Period (from around
>> 800
>> >>>to 1200 A.D.) during which the Vikings colonized Greenland,
>> suggesting that
>> >>>this warm event was regional rather than global. It also remains
>> unclear
>> >>>why just at the dawn of the Industrial Revolution and before the
>> emission
>> >>>of substantial amounts of anthropogenic greenhouse gases, Earth's
>> >>>temperature began to rise steeply. Was it a coincidence? I do not
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>> think so.
>> >>>Rather, I suspect that the post-1860 natural warming was the most
>> recent in
>> >>>a series of similar warmings spaced at roughly 1500-year intervals
>> >>>throughout the present inter-glacial, the Holocene."
>> >>>
>> >>>Broecker presents the evidence for a global Medieval Warm Period, as
>> well
>> >>>as for a Little Ice Age from around 1300 to 1860, when the present
>> >>>temperature rise begins. He also argues that the "proxy" evidence
>> used by
>> >>>Mann et al, such as tree ring data, is ill suited to the time period
>> and
>> >>>temperature variation -- less than one degree C -- in question.
>> >>>
>> >>>As he puts it, "In my estimation, at least for time scales greater
>> than a
>> >>>century or two, only two proxies can yield temperatures that are
>> accurate
>> >>>to 0.5 C: the reconstruction of temperatures from the elevation of
>> mountain
>> >>>snowlines and borehole thermometry. Tree ring records are useful for
>> >>>measuring temperature fluctuations over short time periods but cannot
>> pick
>> >>>up long-term trends because there is no way to establish the
>> long-term
>> >>>evolution in ring thickness were temperatures to have remained
>> constant."
>> >>>
>> >>>Broecker acknowledges that the proxy evidence is necessarily somewhat
>> >>>"murky", but his conclusion is that "climatic conditions have
>> oscillated
>> >>>steadily over the past 100,000 years, with an average period close to
>> 1500
>> >>>years... The swing from the Medieval Warm Period to the Little Ice
>> Age was
>> >>>the penultimate of these oscillations." The implication being that
>> some, if
>> >>>not all, of the present warming is the natural swing out of the
>> Little Ice
>> >>>Age, and that Mann et al, as well as the IPCC, are mistaken.
>> >>>
>> >>>
>> >>>--
>> >>>
>> >>>
>> >>>Dr. David E. Wojick
>> >>>President
>> >>>Climatechangedebate.org
>> >>>Subscribe to the free debate listserv at
>> http://www.climatechangedebate.org
>> >>>Non subscribers can follow the debate at
>> >>>http://www.eScribe.com/science/ClimateChangeDebate/
>> >>>
>> >>>
>> >>>
>> >>>
>> >>_______________________________________________________________________
>> >>                     Professor Michael E. Mann
>> >>          Department of Environmental Sciences, Clark Hall
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>> >>                      University of Virginia
>> >>                     Charlottesville, VA 22903
>> >>_______________________________________________________________________
>> >>e-mail: mann@virginia.edu   Phone:    FAX: (804)
>> 982-2137
>> >>       http://www.evsc.virginia.edu/faculty/people/mann.html
>> >
>> >
>> >
>> >
>> >Thomas J.  Crowley
>> >Dept. of Oceanography
>> >Texas A&M University
>> >College Station, TX  77843-3146
>> >979-845-0795
>> >979-847-8879 (fax)
>> >979-845-6331 (alternate fax)
>> >
>> >
>> >
>> >
>> _______________________________________________________________________
>>                     Professor Michael E. Mann
>>            Department of Environmental Sciences, Clark Hall
>>                       University of Virginia
>>                      Charlottesville, VA 22903
>> _______________________________________________________________________
>> e-mail: mann@virginia.edu   Phone:    FAX: 
>>          http://www.evsc.virginia.edu/faculty/people/mann.html         
>>   
>>
>>
>
>
>
>
>
>
_______________________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.html             
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From: Michael E. Mann
To: Scott Rutherford
Cc: Malcolm Hughes; raymond s. bradley; fenbiao@ltrr.arizona.edu
Subject: Re: Yang et al 2002
Date: Thursday, March 17, 2005 12:31:02 PM

Thanks Scott,

Malcolm and I just talked, I think we're all on the same page. We will look at sensitivity of the
available network to the tree-ring stringency requirement (e.g. 5 vs. 10 chronology
requirement). Ultimately, we will want to look at how sensitive the tree-ring reconstructions are
to the subsample contributing to them--that can be done at a later time. Important thing right
now is to get the metadata right, so we can do this--Malcolm indicates he'll have any glitches
worked out by tuesday, the close day for the network...

Mike

At 01:45 PM 3/17/2005, Scott Rutherford wrote:

Mike, 

OK, once we are all set I'll make the maps. 

Scott 

On Mar 17, 2005, at 1:05 PM, Michael E. Mann wrote: 

OK--we can omit these. 

Scott--the first thing I'd like to see once we've frozen the data base once
(next tuesday!) is a map of the distribution of proxies we have dating
back to: 

A) AD 1500 
B) AD 1000 
C) AD 500 
D) 0 AD 

I am concerned that we are selectively omitting all of our longest proxies-
-that's why I want to see the above maps and decide if we've got a
problem or not... 

Thanks in advance, 

Mike 

At 12:48 PM 3/17/2005, Malcolm Hughes wrote: 

Gentlemen - I have now had a chance to investigate more thoroughly the
tree-ring series used by Yang et al. My comments are the ones below the
title line for each record: 

Dulan " tree-ring indices" 
Omit. We have (i.e. Scott has) much better replicated series from this
place thanks to Shao Xuemei. You should know however, that tree rings
from this region may have some of the same advantages and problems as
the very long tree-ring chronologies from the American west. To illustrate
this, Yang et al, 2000 point to a decadal (fall) temperature influence,
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whereas both my colleague Sheppard et al (2004 - in Climate Dynamics,
vol 23, 869-881 ) and Professor Shao (Shao et al, in press in  
"Science in China") convincingly demonstrate an interannual to multi-year
precipitation signal. Not so suprising that temp and ppt  are confused in a
place with mean annual ppt of only 188mm, and mean annual
temperature of 3 degrees Celsius (fnumbers for Sheppard et al, op. cit.)! 

and "Tibet" tree ring record [" 12 temperature-sensitive tree-ring series
from various parts of Tibet"]-we may have some of these? 
We don't and in any case, they would not meet our criteria. This is from a
1981 paper by Wu and Lin. The late Professor Wu, an old friend of mine,
wrote (Wu, XD, 1994, TAO 5:365-372, page 367) that modern
dendrochronological techniques got started in China in the 1990s - he told
me in person that they often could only take one tree per site before
then, and did not cross-date. He spent some years here in the early
1980s working with Hal Frtts, and went home to apply the newer methods
he learnt here. In any case, the long chronology we have already in the
database from Achim Brauening can be checked for our criteria, and so it
is in the database. 

d13C in wood cellulose in tree9s) from Japan-- I don't know if this means
anything 
Omit. It is indeed the record I feared it was. It is taken from an individual
tree, and so does not meet even minimal quality control standards. There
is an extensive body of literature from people like Steve Leavitt and others
showing that there is considerable variability in isotopic ratios within and
between trees. One is simply not adequate. 

Cheers, Malcolm 

______________________________________________________________ 
                    Professor Michael E. Mann 
           Department of Environmental Sciences, Clark Hall 
                      University of Virginia 
                     Charlottesville, VA 22903 

_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml 

______________________________________________ 
Dr. Scott Rutherford 
Assistant Professor 
Dept. of Natural Sciences 
Roger Williams University 
e-mail: srutherford@rwu.edu 
http://fox.rwu.edu/~rutherfo 
phone:  
snail mail: 
One Ferry Road 
Bristol, RI 02809 

</blockquote></x-html>

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
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                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes
Cc: raymond s. bradley; Scott Rutherford; Malcolm Hughes; fenbiao@ltrr.arizona.edu; mann@virginia.edu
Subject: Re: Yang et al 2002
Date: Thursday, March 17, 2005 11:29:20 AM
Importance: High

Guys,

One thing we need to do is look at the map of available data for the various periods
(AD 0, AD 500, AD 1000, AD 1500) based on different levels of stringency. I would
suggest that we look at maps of the available data based both on a very stringent
(10 chronology) requirement, and a less stringent (5 chronology) requirement for the
tree-ring data.  My guess is that with the former, there is no hope at all of doing a
reconstruction prior to AD 1000, while with the latter there is (though admittedly it
would be more uncertain). If we throw out Mongolia, Polar Urals, and all of Yang et
al data, and flag all of the long (high-elevation) western U.S. ITRDB series as
contaminated by non-climatic information, there will be nothing left to reconstruction
pre AD 1000. Then, we basically might as well not even bother with all of this!

We can elminate a priori the series that have no replication at all (e.g. the Tibet data,
if that is the case). But for all of the others (i.e., Polar Urals, Mongolia) I feel strongly
that the full-length series should be kept in the data base along w/ the meta data
about how many chronologies were used as a function of date. That way, we can
interactively go back and make the criteria more or less stingent, and see how that
influences the distribution of data. I doubt we will be able to keep the 10 chronology
requirement, and get a skillful reconstruction prior to AD 1000. We will probably need
to sacrifice stringency (e.g. 5 chronology requirement) to do this.

SO I just want to make sure we're all on the same page with this?

Mike

At 12:48 PM 3/17/2005, Malcolm Hughes wrote:

Gentlemen - I have now had a chance to investigate more thoroughly the
tree-ring series used by Yang et al. My comments are the ones below the
title line for each record:

Dulan " tree-ring indices"
Omit. We have (i.e. Scott has) much better replicated series from this
place thanks to Shao Xuemei. You should know however, that tree rings
from this region may have some of the same advantages and problems as
the very long tree-ring chronologies from the American west. To illustrate
this, Yang et al, 2000 point to a decadal (fall) temperature influence,
whereas both my colleague Sheppard et al (2004 - in Climate Dynamics,
vol 23, 869-881 ) and Professor Shao (Shao et al, in press in  
"Science in China") convincingly demonstrate an interannual to multi-year
precipitation signal. Not so suprising that temp and ppt  are confused in a
place with mean annual ppt of only 188mm, and mean annual
temperature of 3 degrees Celsius (fnumbers for Sheppard et al, op. cit.)!

and "Tibet" tree ring record [" 12 temperature-sensitive tree-ring series
from various parts of Tibet"]-we may have some of these?
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We don't and in any case, they would not meet our criteria. This is from a
1981 paper by Wu and Lin. The late Professor Wu, an old friend of mine,
wrote (Wu, XD, 1994, TAO 5:365-372, page 367) that modern
dendrochronological techniques got started in China in the 1990s - he told
me in person that they often could only take one tree per site before
then, and did not cross-date. He spent some years here in the early
1980s working with Hal Frtts, and went home to apply the newer methods
he learnt here. In any case, the long chronology we have already in the
database from Achim Brauening can be checked for our criteria, and so it
is in the database.

d13C in wood cellulose in tree9s) from Japan-- I don't know if this means
anything
Omit. It is indeed the record I feared it was. It is taken from an individual
tree, and so does not meet even minimal quality control standards. There
is an extensive body of literature from people like Steve Leavitt and others
showing that there is considerable variability in isotopic ratios within and
between trees. One is simply not adequate.

Cheers, Malcolm

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes
Cc: raymond s. bradley; Scott Rutherford; fenbiao@ltrr.arizona.edu; mann@virginia.edu
Subject: Re: Yang et al 2002
Date: Thursday, March 17, 2005 11:13:36 AM

OK--we can omit these.

Scott--the first thing I'd like to see once we've frozen the data base once (next
tuesday!) is a map of the distribution of proxies we have dating back to:

A) AD 1500
B) AD 1000
C) AD 500
D) 0 AD 

I am concerned that we are selectively omitting all of our longest proxies--that's why
I want to see the above maps and decide if we've got a problem or not...

Thanks in advance,

Mike

At 12:48 PM 3/17/2005, Malcolm Hughes wrote:

Gentlemen - I have now had a chance to investigate more thoroughly the
tree-ring series used by Yang et al. My comments are the ones below the
title line for each record:

Dulan " tree-ring indices"
Omit. We have (i.e. Scott has) much better replicated series from this
place thanks to Shao Xuemei. You should know however, that tree rings
from this region may have some of the same advantages and problems as
the very long tree-ring chronologies from the American west. To illustrate
this, Yang et al, 2000 point to a decadal (fall) temperature influence,
whereas both my colleague Sheppard et al (2004 - in Climate Dynamics,
vol 23, 869-881 ) and Professor Shao (Shao et al, in press in  
"Science in China") convincingly demonstrate an interannual to multi-year
precipitation signal. Not so suprising that temp and ppt  are confused in a
place with mean annual ppt of only 188mm, and mean annual
temperature of 3 degrees Celsius (fnumbers for Sheppard et al, op. cit.)!

and "Tibet" tree ring record [" 12 temperature-sensitive tree-ring series
from various parts of Tibet"]-we may have some of these?
We don't and in any case, they would not meet our criteria. This is from a
1981 paper by Wu and Lin. The late Professor Wu, an old friend of mine,
wrote (Wu, XD, 1994, TAO 5:365-372, page 367) that modern
dendrochronological techniques got started in China in the 1990s - he told
me in person that they often could only take one tree per site before
then, and did not cross-date. He spent some years here in the early
1980s working with Hal Frtts, and went home to apply the newer methods
he learnt here. In any case, the long chronology we have already in the
database from Achim Brauening can be checked for our criteria, and so it
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is in the database.

d13C in wood cellulose in tree9s) from Japan-- I don't know if this means
anything
Omit. It is indeed the record I feared it was. It is taken from an individual
tree, and so does not meet even minimal quality control standards. There
is an extensive body of literature from people like Steve Leavitt and others
showing that there is considerable variability in isotopic ratios within and
between trees. One is simply not adequate.

Cheers, Malcolm

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu
Cc: raymond s. bradley; srutherford@rwu.edu
Subject: Re: Yang et al 2002
Date: Thursday, March 17, 2005 5:54:18 AM

Malcolm,

Apparently you missed the followup message.

I'm forwarding that. Ray seemed to be satisfied w/ my suggestion...

Message to follow shortly,

mike

At 11:28 PM 3/16/2005, mhughes@ltrr.arizona.edu wrote:

Hi guys - I vote against including anything just because it has a significant 
correlation with some climate variable in the 20th century. This is a 
necessary but far from sufficient condition. Someone who knows a particular 
kind of proxy can often give very good reasons, related to consistent 
criteria, for excluding such a record - for example, if the quality of the 
chronology is unknown or not good enough (e.g. just based on a couple of 
radiocarbon dates). Or, if no consistent case has been made by the original 
authors of the record for a climate signal, beyond mere correlation. My 
understanding was that it was precisely to check such matters that Ray and I 
have been working through all this stuff. If we're going to include "mystery 
proxies" solely on the basis of a correlation, he and I and the people working 
with us have been wasting our time.
In the case of the Yang et al, we already have good records from the Tibetan 
plateau from Shao Xuemei (not used by Yang) and Achim Brauening. He
(Achim) is 
one of the authors of the Yang et al paper, and, when asked, volunteered the 
eastern Tibet record we have included. I hope tomorrow to check up on the 
JApanese tree-ring del C13 record. If it's the one I think, it's worthless as 
it's based on only a single tree with no good case for a climate signal and no 
cross-dating.
Cheers, Malcolm

 Quoting "Michael E. Mann" <mann@virginia.edu>:

> 
> 
> HI Ray,
> 
> 
> Well, one thing that is different here is that we are actually screening
> all proxies to see if they have a verifiable signal (temperature or
> precip) against the instrumental record. So we're trying to use an
> objective measure, rather than just deciding what we think is good or
> not.
> 
> 
> I agree we have to eliminate redundant proxies, but for the non-redundant
> proxies, I vote for letting the screening process decide if we use them
> or not.
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> 
> 
> Now, w/ other issues, I agree w/ Malcolm that we have to apply other
> considerations. For example. the screening process cannot protect us from
> tree-ring series that degrade back in time because of decreasing # of
> contributing chronologies, etc., so here we have to apply an explicit
> quality control (e.g. minimum of 10 samples).  If there is reason to
> believe that some of the other proxies may degrade back in time, I agree
> that they should be eliminated where we believe the degradation begins to
> happen.
> 
> 
> Do you think there are any issues of this sort w/ any of the other
> proxies (including the ones used by Yang et al)?
> 
> 
> Thanks,
> 
> 
> Mike
> 
> 
> At 11:56 AM 3/16/2005, raymond s. bradley wrote:
> 
> Mike:
> 
> You suggested that we include the Yang et al data set.  I don't
> think we should.  It is made up of a rag-bag of records (a la
> Crowley) that either already duplicate series that we have, or are
> records that have an unclear relationship to temperature/climate.
> 
> Specifically, their composite series is made up of:
> 
> 
> ice core data from Guliya & Dunde--we
> have
> 
> Dulan
> "
> tree-ring indices" and "Tibet" tree ring record [" 12 temperature-sensitive
> tree-ring series from various parts of Tibet"]-we may have some of these?
> 
> winter temperature from Eastern China--we have
> 
> d13C in wood cellulose in tree9s) from Japan-- I don't know if this means
> anything
> 
> d18O in peat cellulose from Jinchuan---- I don't know if this means anything
> 
> total organic carbon content (TOC) and the C/N ratio records from Great
Ghost
> Lake and Jiaming Lake in Taiwan----I don't know if this means anything
> 
> 
> So...I suggest that we do not include these composite series.
> 
> I have now sent Scott the Black et al. G. Bulloides series

ABOR/MH/Priv-000181



> 
> ray
> 
> 
> 
> 
> 
> 
> 
> 
> 
> 
> Raymond S. Bradley 
> 
> Director, Climate System Research Center*
> 
> Department of Geosciences, University of Massachusetts
> 
> Morrill Science Center
> 
> 611 North Pleasant Street
> 
> AMHERST, MA 01003-9297
> 
> 
> Tel:  
> 
> Fax:  
> 
> *Climate System Research Center:  
> 
>         < http://www.paleoclimate.org> 
> 
> Paleoclimatology Book Web Site:
http://www.geo.umass.edu/climate/paleo/html 
> 
> Publications (download .pdf files):
> http://www.geo.umass.edu/faculty/bradley/bradleypub.html 
> 
> ______________________________________________________________
> 
>                     Professor Michael E. Mann
> 
>            Department of Environmental Sciences, Clark Hall
> 
>                       University of Virginia
> 
>                      Charlottesville, VA 22903
> 
>
_______________________________________________________________________

> 
> e-mail: mann@virginia.edu   Phone:    FAX: 
> 
>          http://www.evsc.virginia.edu/faculty/people/mann.shtml
> 

ABOR/MH/Priv-000182



> 
>

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: raymond s. bradley
Cc: mhughes@ltrr.arizona.edu; Scott Rutherford; mann@virginia.edu
Subject: Re: Yang et al 2002
Date: Wednesday, March 16, 2005 12:06:02 PM

Hi Ray,

Well, I'm really trying to lean towards the "inclusive" side of things right now, particularly w/ the
very long proxies, so at least for the single (non-composite) records used by them, even if the
variables sound a bit dubious, lets leave them in the for time being, and let the screening
process try to sort out the wheat from the chaff objectively for the *first* round.

Then, I propose in the end, for any prospective final product, we have a final screening (a more
subjective one) where any of us can go in and say "I don't like that record--lets see what
happens if we eliminate it", and we can make sure that the final reconstructions are not
sensitive to any proxies that any of us might consider of questionable reliability.

If we do this in two steps, we're both inclusive for the time being, but protect ourselves in the
end. I promise you'll have final veto power over any proxy used!

How does this sound?

thanks,

mike

At 01:33 PM 3/16/2005, raymond s. bradley wrote:

unfortunately, Yang et al do not provide the separate time series--only their
composites 
["

Three temperature reconstruction time series are presented.
The first, called “H-res”, 
was derived by averaging only the high-resolution proxy records.
Considering the relatively 
large age uncertainties of the lake-sediment and peat records (±50
years), these records 
were not included in this
composite.[presumably,
this means only ice core and tree ring data] The second
composite,
named “Complete”, was derived directly by averaging all 9 proxy
records.  The “Weighted” composite reconstruction was formed by
combining area weighted regional proxy records."]

So, I still think we should forget about these composite
series and deal with the individual records that we know about
ray
At 12:12 PM 3/16/2005, you wrote:

HI Ray,

Well, one thing that is different here is that we are actually screening all
proxies to see if they have a verifiable signal (temperature or precip)
against the instrumental record. So we're trying to use an objective
measure, rather than just deciding what we think is good or not.

I agree we have to eliminate redundant proxies, but for the non-
redundant proxies, I vote for letting the screening process decide if we
use them or not.
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Now, w/ other issues, I agree w/ Malcolm that we have to apply other
considerations. For example. the screening process cannot protect us from
tree-ring series that degrade back in time because of decreasing # of
contributing chronologies, etc., so here we have to apply an explicit
quality control (e.g. minimum of 10 samples).  If there is reason to
believe that some of the other proxies may degrade back in time, I agree
that they should be eliminated where we believe the degradation begins
to happen.

Do you think there are any issues of this sort w/ any of the other proxies
(including the ones used by Yang et al)?

Thanks,

Mike

At 11:56 AM 3/16/2005, raymond s. bradley wrote:

Mike:
You suggested that we include the Yang et al data set.  I don't
think we should.  It is made up of a rag-bag of records (a la
Crowley) that either already duplicate series that we have, or
are records that have an unclear relationship to
temperature/climate.
Specifically, their composite series is made up of:

ice core data from Guliya & Dunde--we have
Dulan " tree-ring indices" and "Tibet" tree ring record [" 12
temperature-sensitive tree-ring series from various parts of
Tibet"]-we may have some of these?
winter temperature from Eastern China--we have
d13C in wood cellulose in tree9s) from Japan-- I don't know
if this means anything
d18O in peat cellulose from Jinchuan---- I don't know if this
means anything
total organic carbon content (TOC) and the C/N ratio records
from Great Ghost Lake and Jiaming Lake in Taiwan----I don't
know if this means anything

So...I suggest that we do not include these composite series.
I have now sent Scott the Black et al. G. Bulloides series
ray

Raymond S. Bradley 
Director, Climate System Research Center*
Department of Geosciences, University of
Massachusetts
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel:  
Fax:  
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*Climate System Research Center:  
        < http://www.paleoclimate.org> 
Paleoclimatology Book Web Site:
http://www.geo.umass.edu/climate/paleo/html 
Publications (download .pdf files):
http://www.geo.umass.edu/faculty/bradley/bradleypub.html

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

Raymond S. Bradley 
Director, Climate System Research Center*
Department of Geosciences, University of Massachusetts
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel:  
Fax:  
*Climate System Research Center:  
        < http://www.paleoclimate.org> 
Paleoclimatology Book Web Site: http://www.geo.umass.edu/climate/paleo/html 
Publications (download .pdf files):
http://www.geo.umass.edu/faculty/bradley/bradleypub.html

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: raymond s. bradley
Cc: mhughes@ltrr.arizona.edu; srutherford@rwu.edu; mann@virginia.edu
Subject: Re: Yang et al 2002
Date: Wednesday, March 16, 2005 10:13:27 AM

HI Ray,

Well, one thing that is different here is that we are actually screening all proxies to
see if they have a verifiable signal (temperature or precip) against the instrumental
record. So we're trying to use an objective measure, rather than just deciding what
we think is good or not.

I agree we have to eliminate redundant proxies, but for the non-redundant proxies, I
vote for letting the screening process decide if we use them or not.

Now, w/ other issues, I agree w/ Malcolm that we have to apply other
considerations. For example. the screening process cannot protect us from tree-ring
series that degrade back in time because of decreasing # of contributing
chronologies, etc., so here we have to apply an explicit quality control (e.g. minimum
of 10 samples).  If there is reason to believe that some of the other proxies may
degrade back in time, I agree that they should be eliminated where we believe the
degradation begins to happen.

Do you think there are any issues of this sort w/ any of the other proxies (including
the ones used by Yang et al)?

Thanks,

Mike

At 11:56 AM 3/16/2005, raymond s. bradley wrote:

Mike:
You suggested that we include the Yang et al data set.  I don't think we
should.  It is made up of a rag-bag of records (a la Crowley) that either
already duplicate series that we have, or are records that have an unclear
relationship to temperature/climate.
Specifically, their composite series is made up of:

ice core data from Guliya & Dunde--we have
Dulan " tree-ring indices" and "Tibet" tree ring record [" 12 temperature-
sensitive tree-ring series from various parts of Tibet"]-we may have
some of these?
winter temperature from Eastern China--we have
d13C in wood cellulose in tree9s) from Japan-- I don't know if this
means anything
d18O in peat cellulose from Jinchuan---- I don't know if this means
anything
total organic carbon content (TOC) and the C/N ratio records from Great
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Ghost Lake and Jiaming Lake in Taiwan----I don't know if this means
anything

So...I suggest that we do not include these composite series.
I have now sent Scott the Black et al. G. Bulloides series
ray

Raymond S. Bradley 
Director, Climate System Research Center*
Department of Geosciences, University of Massachusetts
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel:  
Fax:  
*Climate System Research Center:  
        < http://www.paleoclimate.org> 
Paleoclimatology Book Web Site:
http://www.geo.umass.edu/climate/paleo/html 
Publications (download .pdf files):
http://www.geo.umass.edu/faculty/bradley/bradleypub.html

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes
Cc: fenbiao@ltrr.arizona.edu
Subject: Re: SVD
Date: Thursday, December 09, 2004 6:34:13 PM

oooh, you're asking a lot of my slowly aging brain, Malcolm...

hmmm. I think that's right. I think that if a record was calibrated as a temperature
reconstruction, I normalized it for the purpose of the SVD, and then restored the
standard deviation by multiplying the spatial EOF loading by the standard deviation
that had been normalized out. If it wasn't calibrated as a temperature reconstruction,
I substituted an estimate of the annual standard deviation for temperatures in that
region for the normalizing factor.

I hope that makes sense? I'm not sure it was the best thing to do, but it seemed
reasonable at the time...

Mike

At 06:52 PM 12/9/2004, Malcolm Hughes wrote:

Dear Mike - I have a question that will give your long-term  memory some
exercise. In the Mann, Park, Bradley, 1995 Nature paper you state the
following in the legend to Figure 5. "For the purpose of displaying
patterns in un-normalized units of temperature, the few records that have
not been calibrated in temperature units are scaled using the annual and
decadal variances of nearby instrumental grid-point temperature data.".
Am I right in thinking that you did this scaling before calculating the SVD
spectrum?
I hope all goes well for you there.
Cheers, Malcolm

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Subject: revisions...
Date: Wednesday, May 19, 2004 6:00:47 PM
Attachments: Supplementary1.doc

Supplementary2.doc
MMNatureResponseRevised.doc

Hi Ray, Malcolm

Revised version of the comment attached. Its a bit long, but I think it hits all the key
points now?

I've attached a slight revision of Supplementary Information #1, and I've added a
new "Supplementary Information #2" which deals w/ the synthetic PCA experiments.
The story isn't quite as clean as I'd like, but it supports our claims. 

Meanwhile, I'm going to work on finishing a draft of the replies to the reviewer/MM
comments, hopefully will have that to you tomorrow evening, in time for our friday
morning discussion...

Mike

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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Supplementary Information #1 
 
PCA Analysis of North American ITRDB Data (70 Series available back to 1400) 
 
a. Eigenvalue spectrum for MBH98 PCA analysis (1902-1980 zero reference period, data normalized by 
detrended 1902-1980 standard deviation): 
 
 
Rank   Explained Variance    Cumulative Variance 
  1           0.3818        0.3818 
  2           0.0976      0.4795 
______________________________________ 
  3         0.0491      0.5286 
  4          0.0354        0.5640 
 
First 2 PCs were retained based on selection rules of MBH98. 
 
b. Eigenvalue spectrum for PCA analysis Based on Convention of MM04  (1400-1971 zero reference period, data 
unnormalized) 
 
Rank  Explained Variance    Cumulative Variance 
  1    0.1946     0.1946 
  2    0.0905      0.2851 
  3    0.0783      0.3634 
  4    0.0663     0.4297 
  5    0.0549      0.4846 
______________________________________ 
  6    0.0373      0.5219 
 
5 PCs should be  retained in this case using the selection rules of MBH98 
 
However, only the first 2 PCs were retained by MM04, which eliminates the dominant pattern of low-frequency 
variability in the 70 series dataset, which appears as PC#4, rather than PC#1, in this case.  This PC is nearly 
identical to ITRDB PC#1 of MBH98 (Figure 1) and  therefore that pattern cannot possibly, as argued by MM04, 
arise as an  artifact of the standardization procedures used by MBH98. The change in choice of reference period, 
which changes the centering of the data, simply changes the rank, in relative variance explained, of the few leading 
patterns of variance in the data. 

 
 
 
 
 
 
FIGURE 1. Comparison 
of  ITRDB PC #1 from 
MBH98 (red) and PC #4 
resulting from a  PCA 
Analysis using the MM04 
centering convention 
(blue--for visual 
comparison the blue curve 
has been adjusted to have 
the mean and amplitude of 
the red curve). 
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The  MBH98 reconstruction was  then performed using the MM04 PCA convention to represent the North American 
ITRDB data, but retaining the first 5 PCs (which  follows from the selection protocol of MBH98-see above).  A 
1902-1971 calibration interval was employed to avoid any missing data, and tthe 'Gaspe' series challenged by 
MM04 was eliminated. The resulting NH mean  reconstruction is broadly consistent with that of MBH98 (Figure 2), 
though with a somewhat lower verification resolved variance (RE=0.22 rather than RE=0.51 for MBH98).  
 
 

 
FIGURE 2. Reconstruction 
retaining first 5 PCs of North 
American ITRDB data show 
below, along w/ MBH98. Note 
that the MBH98 reconstruction 
show is stepwise,  based on 
increasingly widespread 
networks of proxy data in 
subsequent centuries, while the 
revised reconstruction using the 
MM04 PCA convention is 
based on the sparse dataset 
available back to AD 1400 over 
the entire interval 1400-1971. 
The two should thus strictly 
only be compared over the AD 
1400-1500 interval. 
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Supplementary Information # 2 
 
We performed the experiments described by MM04 , producing various realizations of  M=70 statistically 
independent  red noise series of length N=581 'years', using an N(0,1) Gaussian innovation forcing and  the  lag one 
autocorrelation coefficients of each of the  actual M=70 North American ITRDB data for  the interval  1902-1980. 
 
PCA was calculated based on the un-normalized synthetic data using both a 502-581 zero reference  (corresponding 
to  the "1902-1980" centering of MBH98) and a 1-581 zero reference (corresponding to the 1400-1980  centering of 
MM04).  
 
We performed more than a dozen realizations of this process, and in no case were we able to identify a situation 
where the 502-581 centering  generated a spurious PC pattern that did not exist in the actual data. We did however 
find cases where such a pattern appeared slightly farther down in the eigenvalue spectrum or as a linear combination 
of  a few other highly ranked PCs. We provide such an example (Figure 1). In this case, the PC#1 series using the 
two conventions (502-581 vs. 1-581 centered) are, as in the example shown by MM04, completely uncorrelated 
(annual correlation r=-0.06). However, PC#4 from the 1-581 centered analysis carries much of  the signature of  the 
502-581 PC#1 (annual correlation r=0.65), with a similar 'hockey stick' low-frequency shape.  In fact, the  502-581 
centered PC#1 is almost completely described as a linear combination of  the 1-581 centered PC #4 and PC#2 (the 
annual correlation with PC#2 is r=-0.45).  
 
We stress, however, that the synthetic  red noise example is not an appropriate model for the actual data. Many of 
the actual 70 tree-ring chronologies in the ITRDB dataset have 20th century trends that are highly significant 
relative to the null hypothesis of red noise, and there is large-scale structure in the data that belies the null hypothesis 
of M=70 statistically independent red noise time series.  Under such circumstances, the low-frequency patterns of 
the individual PCs are far more robust with respect to the centering of the data. For example, the PC#1 pattern of the 
actual North American ITRDB data based on the MBH98 centering convention appears as the nearly identical 
pattern in the PCA analysis based on the MM04 centering convention, albeit slightly farther down in the eigenvalue 
spectrum (see Supplementary Information #1). 
 
 
 
FIGURE 1. 
Comparison of PC#1 
from year 1-581 
centered analysis and 
PC #4 from the year 
502-581 centered 
analysis. Both PCs are 
standardized to have 
the same mean and 
standard deviation, for 
purposes of 
comparison. A 100 
year smooth of both 
series is also shown to 
highlight the low-
frequency variations. 
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REPLY TO "Global-scale temperature patterns and climate

forcings over the past six centuries: A comment." By S.

Mclntyre and R. McKitrick

Michael E. Mann1. Raymond S. Bradley2. Malcolm K. Hughes3

'Department ofEnvironmental Sciences, University of Virginia, Clark Hall, Charlottesville,

Virginia, 22903, USA

2Geosciences Department, University ofMassachusetts, Amherst, MA 01003, USA

'Laboratory ofTree Ring Research, University of Virginia, Tucson, AZ 85721, USA

Mclntyre and McKitrick (1) (henceforth 'MM03') claim to have 'corrected' the Mann et

al (henceforth 'MBH98') reconstruction (2). Thev produced then result bv eliminating over 70%

of the proxy data used by MBH98 prior to AD 1600 (precisely the period during which their

result differs significantly from MBH98) to produce a spurious reconstruction that fails statistical

verification (3). The authors now ("MM04't falsely claim that the unusual late 20th century

warmth of the MBH98 reconstruction is an artifact of (a) the standardization procedure used by

MBH98 hi calculating principal components (PCs) to represent -tree-ring networks and (b) the

use of infilled values in one tree-ring series from AD 1400-1403. We demonstrate these claims to

be specious.

Their claim that the standardization procedure used on the North American ITRDB data

produces the 'hockey stick' pattern of low-freauencv variability is false. The choice of centering

of the data in PCA simply changes the relative ordering of the leading patterns of variance.

, - -j Formatted: Font: Italic

*| Formatted: Font: Italic
convention, ^lbeit slightly lower down in the eigenvalue spectrum_(PC#4) (Figure l a). 	 	. -[ Formatted: Font: Not italic

Undisclosed bv MM04. precisely the same 'liockev stick' PC pattern pvpears usine theirL
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Application of the MBH selection criterion (winch retained approximately 50% of the variance

in the data-), selects 2 PCs for the MBH98 centering 11 902- 19801. but 5 PCs for the MM04

centering 11400-19711. Using the designated 5 PC indictors. rather than, as MM04. incorrectly

truncating at two PCs, yields a reconstruction similar to MBH98.

To further underscore the falseness of their claim, we demonstrate similar results

whether or not proxy networks are represented in terms of PCs at all. We use the procedure of

MBH98 employing all 95 individual proxy indicators of MBH98 available back to AD 1404.

Each proxy record was standardized to have unit variance and zero mean over a 1902-1971

calibration period and was given equal weight in the analysis (the 1902-1971 interval avoids a

modest number ofmissing proxy values after 1972. thereby avoiding further discussion of

whether this creates a problem!. We performed an additional analysis back to AD 1400

eliminating the 'Gaspe' series challenged by MM04. The results of these analyses (Figure lbl.

each of which demonstr ate statistical skill against independent 19th century instrumental (4) data

„ - 4 Formatted: Font: Italic(RE=0.39, 0.33, respectively—only moderately lower than the MBH98 result fiE=01 5 l i are

virtually indistinguishable and similar to the MBH98 reconstruction. The anomalous early 15th

century warmth of MM04 is reproduced only when both the 'Gaspe' series and the entire ITRDB

North American data set is censored from the proxy network (Figure lc). These data were

explicitly eliminated by MM03 prior to AD 1600. while MM04 have instead filtered out the

leading pattern of low-frequency variability in the data through an inappropriate PCA truncation.

Unlike the MBH98 reconstruction, this reconstruction (Figure ldf clearly fails the standard

Formatted: Font: Italic

exhibits no skill, with RE=- 1 is the average value for a random estimate). While MM04 pccept _ \ Formatted: Font: italic

that their reconstruction fails this essential standard, they also made an error in their calculation

measure of skill verification (5-7), the 'reduction of error' statistic QtE). whh_RE=-0._76 (RE<0
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of verification scores that underestimating the resolved variance of the MBH98 bv almost a

factor of two. Tliev also fail to recognize that the R2 scores thev cite in defense of their estimates

(which are also incorrect'), are widely recognized as inappropriate measures of forecastnm or

reconstructive skill since thev do not account for systematic changes in mean or variance in the

prediction (81 As for the potential impact of 'co2 fertilization' on certain high-elevation

Western tree-ring chronologies, this is hardly new to us. This was both discussed and dealt with

bv us in a follow-up to MBH98 (9).

*	[ Formatted: Indent: First line: 0.5"A comparison (Figure lc) ofvarious published Northern Hemisphere temperature

reconstructions (9-14). demonstrates the robustness of the main features of MBH98 to the use of

entirely different statistical reconstruction methodologies and proxy datasets. In particular, all

reconstructions show anomalous late 20th century wannth and no evidence of MM04's

anomalous early 15th century warmth.

Correspondence and requests for materials should be addressed to M.E.Mann (e-mail:

mann@Virginia . edu) .

1. Mclntyre, S. & McKitrick. R. Corrections to the Mann et al (1998) Proxy Data Based

and Northern Hemispheric Average Temperature Series. Energy and Environment, 14. 751-771

(2003).

2. Mami, M.E., Bradley. R.S. & Hughes, M.K. Global-scale temperature patterns and

climate forcing over the past six centuries. Nature, 392. 779-787 (1998).
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Figure 1.

(A) Comparison of leading pattern of low-frequency variability based MBH98 PCA - - Formatted: Indent: Left: 0", Hanging: 0.39",

Numbered + Level: 1 + Numbering Style: A, B,

C, ... + Start at: 1 + Alignment: Left + Aligned

N at: 0.15" + Tab after: 0.91" + Indent at:

* 0.91", Tab stops: 0.39", List tab

| Formatted: Bullets and Numbering

procedure (PC#1--red) and MM04 PCA procedure (PC#5--blue: mean and

standard deviation set to that of red curve for comparison)

(B1 Comparison of MBH98 reconstruction from AD 1400-1980 (blue) with alternative

reconstructions from AD 1400-1971 based on the use of the individual 95 proxy

series available back to AD 1403 (vellowl and the 94 proxy series fall 95 series

except the 'Gaspe' series discussed in text) available back to AD 1400 (green)

Shown for comparison is the instrumental NH annual mean record 1856-1980

(redl. The MBH98 reconstruction is based on a 'stepwise' approach employing

increasingly more proxy data over time, while the other two reconstructions shown

are based on the 'frozen' proxy network available back through the earlv 15th

century.

(CI Comparison of MBH98 reconstruction (blue) from AD 1400-1980 (thick black curve

is 40 year smoothed version) with a reconstruction over AD 1400-1600 (yellow)

based on the 'censored' network described in the text, arising from the elimination

of the 'Gaspe' and North American ITRDB data from the predictor network prior to

AD 1600. A suitable approximation to the stepwise MM04 reconstruction is

provided bv a splice of the vellow curve from AD 1400-1500 with the MBH98

reconstruction (blue) from AD 1500-1971. The resulting series is shown smoothed

, . -( Formatted: Not Highlighton a 40 year timescale (thick orange). A
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(D) Comparison as in (B), but showing the continuation of the reconstruction based on 

the 'censored' network after AD 1600 (green dashed curve), and the full 

instrumental Northern Hemisphere temperature record (1856-2003). The failure of 

the MM04 reconstruction to verify against independent instrumental temperature is 

evident from the extremely large discrepancy in variance between the yellow and 

red series during the pre-1902 verification interval. 

(E) [Reprinted from Jones and Mann (2004), (C) American Geophysical Union]. 

Reconstructions of different proxy-based NH estimates (9-14) over the past 1000 

years, smoothed on 40 year and longer timescales. Shown also (yellow shading) is 

the 95% confidence interval for (14).  The various other reconstructions have been 

scaled by linear regression against the smoothed instrumental NH series over the 

common interval 1856–1980, with the exception of (12), which has been scaled 

over the shorter 1856–1940 interval owing to a late 20th century decline in 

temperature response in the underlying data discussed elsewhere (12). Series 

(10) represents the extension of MBH98 back to AD 1000. 
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From: Michael E. Mann
To: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Subject: PCA routine
Date: Wednesday, May 19, 2004 10:51:49 AM

Ray, Malcolm:

I'm going to do the red noise experiment they describe. Looking at what they show
and what they say, I suspect this is another specious result. They seem to have
chosen one example in their simulations where a 'hockey stick' type pattern showed
up in PC #1 when they used the modern centering. I suspect that the same pattern
showed up slightly further down in the same simulation when they used their own
centering--in other words, once again, the standardization didn't produce a 'spurious
PC', it simply changed rankings. 

I expect to be able to show this performing the same experiments. More as soon as I
have results on this,

mike

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes
Cc: rbradley@geo.umass.edu; mann@virginia.edu
Subject: RE: MBH98 Data
Date: Friday, December 19, 2003 9:12:35 AM

Hi Malcolm,

Just a followup to our conversation last night. Perhaps we should provide a brief
response to the questions (based on an edited version of what I sent yesterday,
perhaps Ray wants to take a stab at rewording, etd), but also indicate that we need
some more time to look into some of these issues in more detail because some of
these involve data quality control procedures that we performed more than 5 years
ago, and we need an opportunity to look into this further. And given your travel
schedule (out of country until Jan 11th, right?), we will need until at least then to
address some of the more technical points.

I think they are going to want responses to some of these questions immediately,
and if we don't do that, it may just create more apprehension on their part.

Please let me know how this sounds. Thanks,

mike

At 03:25 PM 12/18/2003 -0700, Malcolm Hughes wrote:

Mike - there is no way I can give this careful consideration 
before leaving the country tomorrow morning. I must grade 
final exam papers before I leave, and I do not know when 
and if I will again be in e-mail contact - it could be January 
12. I think we should respond to this very carefully indeed. 
There is more to be lost than gained by rushing.
What I did notice is that they made exactly the use of my e-
mail to you that I predicted. That e-mail should never have 
been put in the public domain, and I am really unhappy that 
it got there. 
Two points arise from it:
first about the south American data - Ricardo provided with 
more recent data, more conservatively standardized data, I 
think. I would have to go back through my own e-mail files 
to be sure of that, something I cannot do before I return in 
mid-January.
second - with the Russian data, the e-mail is accurate - we 
did not know for sure whether those chronologies met the 
standards we set, as I made all too clear. As a result we 
cannot claim they were screened in the same way. They 
were digitized, I think, from the book published byVaganov 
et al in 1996. As a result we did not have access to the raw 
ring width data and could not check them as we did the 
ITRDB data. Therefore we cannot invoke the screening 
described in the EI paper in this case. The reasoning behind 
the choice of Russian data was as in the e-mail.
Eventually we could check for which of them the raw data 
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are now available and see of they would pass the test, but 
this would take some time to do.
CHeers, Malcolm
.
.Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Malcolm Hughes
To: Michael E. Mann
Cc: rbradley@geo.umass.edu; srutherford@rwu.edu
Subject: RE: MBH98 Data
Date: Thursday, December 18, 2003 3:25:38 PM

Mike - there is no way I can give this careful consideration
before leaving the country tomorrow morning. I must grade
final exam papers before I leave, and I do not know when
and if I will again be in e-mail contact - it could be January
12. I think we should respond to this very carefully indeed.
There is more to be lost than gained by rushing.
What I did notice is that they made exactly the use of my e-
mail to you that I predicted. That e-mail should never have
been put in the public domain, and I am really unhappy that
it got there.
Two points arise from it:
first about the south American data - Ricardo provided with
more recent data, more conservatively standardized data, I
think. I would have to go back through my own e-mail files
to be sure of that, something I cannot do before I return in
mid-January.
second - with the Russian data, the e-mail is accurate - we
did not know for sure whether those chronologies met the
standards we set, as I made all too clear. As a result we
cannot claim they were screened in the same way. They
were digitized, I think, from the book published byVaganov
et al in 1996. As a result we did not have access to the raw
ring width data and could not check them as we did the
ITRDB data. Therefore we cannot invoke the screening
described in the EI paper in this case. The reasoning behind
the choice of Russian data was as in the e-mail.
Eventually we could check for which of them the raw data
are now available and see of they would pass the test, but
this would take some time to do.
CHeers, Malcolm
.
.
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From: Michael E. Mann
To: Scott Rutherford
Cc: rbradley@geo umass.edu; mhughes@ltrr.arizona.edu; mann@virginia.edu
Subject: Re: MBH98 Data
Date: Thursday, December 18, 2003 2:14:42 PM

Scott,

One other thing that is unclear from the file you sent--are there any records that we *did* use that are
*not* listed in the original supplementary information??

Thanks,

mike

At 04:01 PM 12/18/2003 -0500, Scott Rutherford wrote:

Mike, 

I have the MS-Word file where I used track changes to convert the old data list to the new one
(attached). The MS-Word file has all the changes made to the old file to arrive at the new one.
I'm not interested in making a separate text file with the changes, that is a horrible waste of a
few minutes of my life. MS-Word is a common enough format. Someone can easily look at the
MS-Word file and see the highlighted changes. I've posted the word file as
changesmbh98datasum.doc and attached it here. 

I have no idea what to do about the SWM series. The locations given in Stahle et al. do not match
those in the original data summary. It's not as though there are two listed in Stahle et al. that are
missing from the data summary. There are different sites missing/added to each. Any ideas?
Might some of them really be Stahle and Cleveland? 

Scott 

<br>
<br>

On Thursday, December 18, 2003, at 03:07  PM, Michael E. Mann wrote: 

Ray, Malcolm, Scott: 

Responses/suggested changes to the below? I'd like to respond to them ASAP, but
wanted to run past you first. 

Scott: please pay special attention to where I've flagged "SCOTT" in two locations.
Can you calculate the 'difference' file referred to below (i.e., a list of data series listed
in the original supplementary information that weren't actually used). Also, we should
describe the Central England and Central European series as "summer mean" and use
as a reference "Bradley and Jones (1993)" for clarification, so can you update the
listings in "mbhdatasummary.txt" for those two series? Finally, can you look into the
issue of the "Spruce Canyon CO" series? Sorry for all the hassle. Hopefully, this is
about the last time we need to deal with this... 

Ray, Malcolm: any suggested changes in wording would be helpful. Malcolm, you
might want to pay special note to the email of yours they refer to! 

________________________________________________________________________

Hi Heike, 

Below are our responses. I believe we have addressed all issues raised in the 1st
round of questions in our response to the 2nd round of questions. Please let us know,
however, if there is something we have forgotten to respond to below. 

I hope our responses below address all of the issues raised to Nature's satisfaction. 
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Since the two individuals did not actually submit a commentary to Nature, but instead
have sent what seems be more in the category of informal correspondence or
complaints, it seems a but nfair to us that these individuals could potentially continue
to harass us with such frivolous emails indefinitely, and this is the primary nature of
our concern. We would thus like to know that there is an 'end game'  to all of this
(and hopefully, our responses below, along w/ the exhaustive data, data listings, and
documentations we have provided, bring us there?). 

We believe that it would be helpful for Nature, as you allude to,  to solicit feedback
from an independent reviewer with expertise in the field (paleoclimate reconstruction)
for an independent assessment of the merit of their claims/comments, and of our
responses to them. 

Thanks for your patience and understanding. We look forward to an update on the
status of this matter as soon as possible. 

best regards, 

Mike 

At 05:11 PM 12/18/2003 +0000, Langenberg, Heike wrote: 

Dear Mike, 

 <?xml:namespace prefix = o ns = "urn:schemas-microsoft-com:office:office" /> 

Thank you for your various responses to our request, and for your offer of further
clarification. We appreciate that you feel you have clearly described the data and
methods used in the information on the ftp-site, but the questions raised were more
concerned with differences between the original Nature submission and subsequently
released data (which are difficult to assess based on the ftp site alone), and we
therefore feel that we do need point-by-point responses to the complaint that we have
received. 

  

In the meantime, we have received another letter from Stephen McIntyre and Ross
McKitrick, which I attach below. We will also need point-by-point responses to this
second letter (though obviously, where there is overlap in the question, feel free to
refer to previous answers).  

  

If appropriate, we will ask an independent advisor to assess the complaint, our specific
questions and your responses (but naturally not the material you provided us with
confidentially). 

  

As I noted in my previous letter, the files ARGE030, ARGE060 and ARGE065 are listed
in the Supplementary Information to your Nature paper (MBH98), but not on your ftp
site. You acknowledge in your email that these files were not used in MBH98 and were
listed erroneously. We feel that this error will need to be corrected in our pages. 

[SCOTT!] 

We understand entirely. This is the reason we have updated the list to correct the
typos in the original data listing. The file which we have made available to you in the
PROXY sub-directory of the ftp listing you've been provided, 

ftp://holocene.evsc.virginia.edu/pub/sdr/temp/nature/MANNETAL98/PROXY/mbh98datasummary.txt

This indicates all of the indictors that were used, which can be compared against the
original supplementary information file: 
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By cc of this email to Scott Rutherford who prepared the corrected list, I'm asking if
Scott can in addition place in the same ftp directory  an additional file
('mbh98datacorrections.txt') that lists only the data series that were listed incorrectly,
or for which the begin dates, etc. were incorrect. This is a fairly modest number of
series. 

The listings and data files on our ftp site have indeed been reviewed for their
completeness and accuracy, and extensive documentation has been provided in the
contents of the directories. 

However, from McIntyre and McKitrick's letter, it seems that the Supplementary
Information to MBH98 may contain more errors than the addition of these three files,
and we will need you to provide us with a full list of the corrections that need to be
made, either to the manuscript itself or to the Supplementary Information. And please
confirm explicitly that the revised list is complete. 

  

We will particularly need your responses to the three specific questions I raised in my
previous letter to you. 

  

I should point out that we are not looking for a clearer documentation of your data
and methods on the ftp site at this stage, but instead we need your explicit responses
to a number of queries that have arisen from apparent discrepancies between your
manuscript and Supplementary Information and the data subsequently released. 

  

Finally, I would like to assure you that we are handling the present complaint
according to our normal procedures in such circumstances. 

  

I look forward to receiving your point-by-point responses very soon. 

  

Best wishes, 
Heike 
  
******************************* 
Further points from S. McIntyre and R. McKitrick: 

  
  

1.      The disclosure of data used in MBH98 at the Nature Supplementary Information
("SI") appears to be materially incorrect. We have identified no fewer than 38 cases in
which the series the series listed in the Nature Supplementary Information were not
actually used in MBH98 (as evidenced at the UVA ftp site). This is obviously something
that a reviewer would have been unable to identify since the UVA site was unavailable
until at least the summer of 2002. 

We are checking on the number of series that were incorrectly listed.  I believe it is
fewer than the number indicated (38), but, as mentioned above, we will produce a
specific list of the series that were incorrectly listed, and this will be placed in the
"PROXY" subdirectory, and you will be notified, as soon as have produced this list. 

  

2.        There is evidence that some of these series were intentionally deleted. In this
respect, we have the text of an email message in which an MBH98 co-author
proposed the deletion of a series (arge030) as being "better for our purposes". This
series was deleted in the actual calculations, but was shown in Nature SI as being
included. Under the circumstances, a full explanation is surely required as to the
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"purposes" involved. 

This is a very distasteful--its thinly veiled attack against our integrity, and borders on
the libelous. The email in question (which was in one of our data directories) describes
results of a screening process of the available data used by Malcolm Hughes, based on
considerations of mean segment length, replication of chronologies, and other
technical details, that was used to determine what tree-ring chronologies met our
standards for inclusion in the analysis (see below). The chronologies in question were
never used in our analysis (they were simply listed incorrectly in the supplementary
data, along with several other series, as indicated in the corrected data list) and to
suggest that they were in some way 'deleted' or that there was some ulterior motive
to not including them, is deeply offensive. Malcolm Hughes may like to add to this. 

  

3.      MBH98 states that "the dendroclimatic data used were carefully screened for
conservative standardization and sizeable segment lengths." We have the text of an
email in which the term "wild guess" was used to describe the inclusion or exclusion of
certain series. In this case, the deletion of various series is recommended, but this
recommendation is not implemented in the work shown at the FTP site. 

The precise standards for our filtering of the ITRDB database were described in detail
in this followup publication, 

Mann, M.E., Gille, E., Bradley, R.S., Hughes, M.K., Overpeck, J.T., Keimig, F.T., Gross,
W. , Global Temperature Patterns in Past Centuries: An interactive presentation, Earth
Interactions, 4-4, 1-29,2000. 

including the specific following discussion: 

As noted by MBH98 (and references therein) non-climatic influences related to intrinsic tree growth trends,
difficulty in their removal, and the combining of different tree segments, make the lowest frequency (ie,
century and longer timescale) variations potentially somewhat suspect in studies that rely heavily on
dendroclimatic indicators. 

In selecting data from the International Tree-Ring Data Bank (ITRDB), MBH98 set criteria designed to
minimize these problems. Starting with the full data bank available in 1997, they identified 1589 site
chronologies, each representing a unique combination of species, variable (e.g. ring width or maximum
latewood density) and location. Only the 251 chronologies that met the following criteria were retained: 
Reliable information on the methods used to remove biological trend was available; 
The median length of the individual segments used to build the chronology was
greater than 150 years; 
The mean correlation of these individual segments with the site chronology was
greater than 0.5; 
The first year of the chronology was before AD 1626, and it contained at least 8
segments by 1680; 
The last year was after 1970, and there were still 8 segments after 1960. 
Of the 251 ITRDB chronologies that met these criteria, 229 were ring-width
chronologies, and 22 maximum latewood density. 

This article is available online, 

http://www.ngdc.noaa.gov/paleo/ei/ 

 with the specific discussion above here: 

http://www.ngdc.noaa.gov/paleo/ei/ei_nodendro.html 

I again find it personally offensive that these individuals have sought to quote my
colleague Malcolm Hughes out of context from an email pre-dating our publication, to
entirely misrepresent the nature of our procedure, which was in fact quite objective
and quite rigorous. 

  

4.      MBH have deleted portions of at least 3 series without explanation to the reader.
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In each case, the FTP site contains a parallel series with the correct data. The
deletions include the first 70 years of the Central England historical temperature
series, the first 25 years of the Central Europe historical series and the first 2 years of
chin04. In the first 2 series, the issue is not merely that early decades were removed
but that summer (JJA) data was substituted for annual data without notice to the
reader. 

Each of these claims are false or disingenuous, and again they are distasteful. The
claim that MBH98 unjustifiably eliminated the earlier part of the Central England
temperature (CET) record is unfounded. The decision by MBH98 not to use this record 
prior to 1730 is in keeping with previous studies (e.g. Bradley and Jones, 1993) and is
based on the existence of inhomogeneities that exist in the record prior to the 1730s
(Manley, 1953;1974). Manley (1974), for example, describes a gap from 1707 to 1722
in daily data from the region of Central England he was seeking to cover, and used an
adjusted version of data from the Netherlands to fill this gap. Since 1722 falls within
the stepwise reconstructions for 1700-1980 and 1730-1980, 1730-1980 is the first
interval of our step-wise reconstruction that includes the indicator. 

The use of the summer mean version of these series was in keeping with the use of
these series by Bradley and Jones (1993). The MBH98 reconstruction, furthermore, is
completely insensitive to the use (as in Bradley and Jones, 1993) of summer (rather
than annual) mean CET and Central European temperature series. 

  

5.      MBH have recently stated that the UVA FTP site is the repository of data actually
used in MBH98. This site contains at least 10 series not used in MBH98, including an
instrumental temperature series with decreasing 20th century temperatures. 

Nowhere have we indicated that every single individual series in those directories were
used in our analysis. The directories include the raw tree-ring data used to construct
PC series of the various proxy networks, as well as the networks of the PC series
themselves, and there are some proxy data that are not listed in the supplementary
information, and were in fact never used. We hardly see why this is a valid point of
criticism. We must stress that we were never under any known requirement to post
these data in the first place, and only did so as a service to our scientific colleagues. If
Nature has asked for all of the proxy data used at the time we published our paper,
we would have, of course, provided them. 

  

6.      Some series in the North American PC region occur in duplicate versions. There
is no rational description of the reasons for inclusion or exclusion as individual proxies. 

This claim, as I understand it, is incorrect, and probably results from the author's 
deep misunderstanding of our stepwise reconstruction methodology (see below). 
which is described in 

  

7.      The SWM region used in MBH98 includes a site (Spruce Canyon CO), which is
not in the site roster of the original article and which is in the roster of the NOAMER
region. This apparently small point has a significant impact on 15th century values. 

[SCOTT!-PLEASE CHECK!] 

The corrected list of proxy data has been provided in the "PROXY" sub-directory (see
above). Our reconstruction is in no way, despite the claim made by the authors,
sensitive to whether or not this particular tree-ring series (or any one proxy data
series) is used. The supposed sensitivity, their case, likely arises from the fact that the
authors  eliminated 80% of the proxy data used by MBH98 prior to AD 1600 in their
analysis, yielding in principle much greater sensitivity to the small number of
remaining data actually used by them over that time interval. 
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8.      Some data versions used in MBH98 were obsolete when the paper was
published. Many more versions are now obsolete. The SI refers to WDCP as a
reference for tree ring data, but this reference is inaccurate given the material
differences between the version used in MBH98 and the version actually archived.
Again, the differences can be material. There are other inaccuracies in the references
of MBH98: for example, the citation Bradley-Jones 1992 does not contain several
instrumental sites referred to in MBH98. 

This statement is ridiculous. We listed the specific data used by us (albeit with some
typos, and incorrect references, as noted) in the supplementary information, and
provided all of the data on  our data site. We did not indicate there, or elsewhere, 
that all of the tree ring data used were available in the NOAA databank. The authors
appear to be unaware of the fact that not all proxy data shared between fellow
scientists are placed in the public data archives, nor are same versions of the proxy
data always made available publicly. In general, there is no requirement for scientists
to post their proxy data in these public archives, although they are encouraged  to do
so. general, for scientists to do so. 

In at least one instance that we have pointed out, the authors have confused certain
unrelated data from the NOAA website with data that were in fact never made
available by the original authors to the NOAA website, but which were made available
to us. The authors, based on a thorough misunderstanding of how PC series of tree-
ring data were calculated, and other mistakes, have replaced our network with a
highly depleted version of the network, in which roughly 80% of the proxy indicators
used by MBH98 prior to AD 1600 were eliminated by them in their supposed
reproduction of our anaylsis. 

THe Bradley and Jones (1992) chapter was used as the best available reference for
long instrumental temperature and precipitation records. That doesn't mean that every
single instrumental record used (and described in our supplementary information) was
shown in the article. 

  

9.      The disclosure of methodology for calculating temperature principal components
is inaccurate. MBH98 describe their methodology as "conventional". Conventional
principal components fail with missing data. The underlying data set contains much
missing data and some other procedure was necessarily used. 

This represents the authors fundamental mistake of using a different version of the
CRU surface temperature data site from the one that we used. The pattern of missing
data in the two datasets is different, owing to the use of different reference periods.
Small gaps in the instrumental record we used (an older CRU surface temperature
dataset which goes back to 1856) were filled by linear interpolation, as described in
the README section of the INSTRUMENTAL subdirectory. 

  

10.      The disclosure of methodology for calculating tree ring principal components is
inaccurate. Again MBH98 methodology is not "conventional". In this case, the FTP site
contains computer programs which show that the data was transformed in ways not
disclosed in MBH98. These undisclosed transformations have a material impact on the
final results. 

Each of these statements in incorrect. A conventional PCA was indeed used. The
authors apparently failed to take note of the stepwise procedure used by us, and
described in our paper. This procedure allows  PC series to be calculated
independently for each sub-interval (e.g. 1820-1980, then 1780-1980, ..., 1400-1980)
to allow for the use of an increasingly number of data in the different sub-networks
increasingly later in time. The misunderstanding of this procedure led to them
eliminating roughly 80% of the proxy indicators used by us prior to AD 1600, the
primary reason for the spurious result that they have reported. 
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Once again, all of the original proxy data used, and all of the PC series used, were
available on the public ftp site, though the authors did not download and use the
correct data. The new, revised ftp site provides the data and listings of data in a
thoroughly documented manner such that similar mistakes should not be possible in
the future. 

  

******************************************************** 

  

  

-----Original Message----- 
From: Michael E. Mann [mailto:mann@virginia.edu] 
Sent: 16 December 2003 02:38 
To: Scott Rutherford; Langenberg Heike 
Cc: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu 
Subject: Re: MBH98 Data 

thanks scott, 

Heike--please let me know if we can clarify further.  I'll have intermittent email access
over the next couple weeks, though would be nice to clear this up well in advance of
the holidays for all our sake! 

thanks again, 

mike 

At 09:04 PM 12/15/2003 +0000, Langenberg, Heike wrote: 

Dear Mike, 

 <?xml:namespace prefix = o ns = "urn:schemas-microsoft-com:office:office" /> 

We have downloaded the data from the ftp site that Scott Rutherford kindly supplied
to us, and I hope we have all the data on our server now. Thanks for organising that. 

  

I am writing regarding a complaint from Stephen McIntyre and Ross McKitrick (see
below) we received, where they describe their attempts to obtain your data and
methods and claim not to have been provided with all necessary information to
reproduce the results. Could you please provide a point-by-point response to their
letter? 

  

I went through the letter, your paper (including Supplementary Information) and the
data you supplied to us, and I have a few questions which I list below. Could you
please also clarify these issues for me? 

  

1. There seems to be some confusion over the proxy series used in the reconstruction.
In your paper, 112 indicators back to 1820 are mentioned, whereas only 22 indicator
go all the way back to 1400. McIntyre and McKitrick refer to 112 proxy series back to
1400, but then introduce the number of 159 series, which they say cam from you. 

I went back to the Supplementary Information for clarification, but I am not sure what
counts as an "indicator" - the time series listed or the PC's derived from those time
series? Under the assumption that the data sets just listed count as an indicator, and
where there is a heading like "9 PCs" these nine PCs replace the listed data sets, I
arrive at a number of 117 indicators altogether - neither 112 nor 159.  
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So could you please send a list of the 112 indicators, and can you comment on
McIntyre and McKitrick's claim that you advised them that 159 series should be used? 

Also, for example, within the last data set, ITRDB North America, some series go back
to 1400, others are shorter. Were still nine PCs for these data used for the longest
reconstruction back to 1400 or did you just use the longest time series? 

  

2. In their point 3, McIntyre and McKitrick state that of the 18 time series for South
America listed in Supplementary Information, only 11 are used. I note that, for
example, ARGE030, ARGE060 and ARGE065, listed in the Supplementary Information,
do not seem to be on the ftp site we were pointed to by Scott Rutherford. 

Could you please clarify which data sets were used? 

  

3. Regarding McIntyre and McKitrick's point 4, could you please state whether you
used annual or summertime temperatures, and if you did indeed truncate the time
series (and if yes, why)? 

  

I look forward to receiving your point-by-point responses. I hope you understand that
we need to ensure clarity in the data and methods used in this paper. On receiving
your responses we will decide how best to proceed (which may involve forwarding
your responses to McIntyre and McKitrick). We will keep you updated of the progress. 

  

Best wishes, 

Heike 

  

PS I was unable to open the .dat files from the ftp site on my computer. Is there
anything I'd need to know about the data format? 

  

***************************************************** 

Letter from Stephen McIntyre and Ross McKitrick: 

  
Dear Sirs, 

  

We have been carrying out a detailed examination of the paper: Mann, M.E., Bradley,
R.S. & Hughes, M.K. (1998) Global-Scale Temperature Patterns and Climate Forcing
Over the Past Six Centuries,Nature, 392, 779-787, 1998 ("MBH98"). We have
consulted the Nature on-line Supplementary Information, used two data files sent to
us by Professor Mann's group in April 2003 (responding to a request for the FTP
location of proxy data used in the above study) and, since Oct. 29, 2003, the
information at the FTP site ftp://holocene.evsc.virginia.edu/pub/. This site is not
identified through nature.com nor was it given to us upon specific request in April
2003, but is now identified by Professor Mann as the actual repository of MBH98 data. 

  

There are a number of points in MBH98 which need substantial clarification, some of
which could be resolved with through more adequate Supplementary Information. We
have sought such clarification from Professor Mann without success. With reference to
the policies stated athttp://www.nature.com/nature/submit/policies/index html, in particular
item number 6, we are writing to advise you of a persistent refusal to comply with the
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guidelines and other issues. We draw your attention to the following issues: 

  

1)   There is a listing in the Nature Supplementary Information of 112 proxy series said
to have been used in MBH98. In April 2003, in response to our request for an FTP site
where these data could be found, an associate of Professor Mann (acting on his
instructions) sent us a file (pcproxy.txt) containing 112 data series for the entire
period back to 1400, together with a file apparently identifying these 112 data series.
No FTP site containing these proxy series was identified to us at that time nor in
subsequent correspondence with either Professor Mann nor his associate prior to
October 29, 2003. 

  

      In our analysis, we identified nontrivial problems with the data in the file we had
been sent. Professor Mann's associate was unable to shed any light on them. When
we sought additional information from Professor Mann, he informed us that demands
on his time prevented him from considering this or other inquiries. 

  

      We published our findings in Energy and Environment 14 (2003). Subsequently,
on Oct. 29, 2003, Professor Mann stated that the errors we found in pcproxy.txt were
inadvertently introduced into the file at the time it was sent to us, that we failed to
consult the correct data at his University of Virginia FTP site and that our study
wrongly used 112 proxy series, whereas MBH98 is based on 159 series. Upon
inspecting the FTP site on October 29, 2003 (the first we learned of its existence), we
identified the identical file we had been sent in April 2003 (pcproxy.txt), together with
its Matlab predecessor pcproxy.mat, both dated August 8, 2002, well before our
request. Sometime between October 29 and November 8, 2003, both of these files
were deleted from Professor Mann's FTP site. 

  

      As to the number of proxies, MBH98 clearly refers to only 112 series, as does the
on-line Supplementary Information. There is no reference to the use of 159 proxy
series. We have requested a listing of these series from Mann. He has responded that
the series are located on his FTP site and has refused, despite several requests, to
provide more particulars. The difficulty is that the FTP site contains over 430 principal
component series commencing in periods after 1400, and the relevant series are not
flagged. The FTP site also includes many proxy series seemingly left out of MBH98.
This level of disclosure is clearly inadequate. The deletion of archived data files in
response to a controversy is also very disquieting. At a minimum, we believe that
Nature should archive the 159 series now disclosed to have been used in the MBH98
calculations together with a reconciliation of the difference between the 159 series
stated to have been actually used and the 112 series reported in Nature. 

  

2)   Some important data relating to MBH98, such as temperature principal
components and EOFs, was located at Professor Mann's former University of
Massachusetts FTP site. Indeed, Professor Mann's webpage on MBH98 contains no link
or reference to the University of Virginia FTP site, but does contain links to this
University of Massachusetts FTP site. On November 13, 2003, this FTP site was
deleted. Important data pertaining to MBH98 formerly located at the University of
Massachusetts FTP site is not located at the University of Virginia FTP site. 

  

3)   There are numerous discrepancies between the data listing at the Nature SI site
and that in the newly-disclosed FTP site at the University of Virginia. Many of the
proxy series used in MBH98 are principal components calculated from larger collections
of tree ring site "chronologies". The Nature SI site provides listings of the sites
reported to have been used in these calculations, with rosters identified for five
regions (Oklahoma, US Southwest/Mexico, North America, South America, and
Australia) plus a listing of the number of series used for a Vaganov (Russian)
collection. We have compared these listings with the information on the sites actually
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used at the FTP site and found many inconsistencies. For example, in the South
American region, only 11 of the 18 sites listed in the Supplementary Information are
actually used in MBH98 calculations, according to the evidence of the FTP site.
Moreover there is evidence archived at Professor Mann's FTP site of intentional
exclusion of a disclosed South American site. An archived email from Hughes to Mann,
dated July 29, 1997, and located at
ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/VAGANOV/ORIG/malcolm_29-JUL-97
states that exclusion of the site arge030 would be "better for our purposes". This site
arge030 can be shown to be Rio Cisne (through the World Data Center for
Paleoclimatology) and is listed in the Nature Supplementary Information, but is
excluded from the actual data in the FTP site. 

  

4)   We found multiple versions at the FTP site of several series, in which a secondary
series is a truncated version of the full underlying data. For instance the FTP site
contains a correct and complete record of the historical annual Central England
Temperature data and historical annual Central Europe Temperature data. Evidence at
the site indicates that MBH98 instead used summertime averages from these series, in
which the first 70 and 25 years of data, respectively, were intentionally deleted. No
explanation is available for this, and the Nature SI site does not indicate or explain this
editing of source data. 

  

5)   MBH98 states that "conventional" principal components methods were used in the
calculation of temperature principal components. The underlying temperature dataset
contains endemic missing data; indeed, 4 temperature grid cells from the UK Climate
Research Unit selected by MBH98 contain no observations at all. "Conventional"
principal components algorithms fail with missing data. Accordingly, MBH98 could not
have used conventional methods and a proper description of the methodology actually
employed is required. We sought specific clarification on this matter from Professor
Mann and were refused. Nor is any available at the FTP site. Disclosure would be
trivially easy (simply posting a command file for a statistics package would suffice).
Without such information it is effectively impossible for an independent researcher to
replicate his calculations. 

  

6)   We attempted in our Energy and Environment article to assess the impact of the
data errors and quality control defects in the proxy data, which we had identified. For
the calculation of principal components for the various tree ring regions, we used a
standard principal components algorithm (princomp in R), which provides values only
for periods in which there are no missing values. In response, MBH98 have stated that
they used something called a "stepwise principal components approach", a phrase
which is not used in the Nature article or Supplementary Information. Based on their
recent comments, this "approach" apparently involves changing the proxy rosters at
some points in the PC series, leading to different values of the regional PC depending
on the period being analyzed. Whatever the merits of the approach, there is no
disclosure of it in MBH98, leaving the reader uninformed about the existence and
formulae of a fundamental methodology as well as such basic details as the number
and composition of principal components used in each region on a period-by-period
bases. We have requested information from Professor Mann allowing us to identify the
PC proxy rosters on a period-by-period basis and were refused. He deems it sufficient
to merely point to his FTP site, but having examined this site we are unable to
uniquely identify the "stepwise" PC rosters or the procedures used to splice different
series together. 

  

7)   MBH98 states that for the temperature data  "the mean was removed, and the
series was normalized by its standard deviation". This is, therefore, the method we
employed. In their reply to our article, MBH criticized us on the grounds that they
actually used  "de-trended gridpoint standard deviations" to normalize temperature
data. Whether the difference is material or not, the fact that their employed
methodology contradicts the description in MBH98 means that independent
researchers are unable to replicate their work. 
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8)   Prior to the publication of our article, we  requested other particulars on the
computational methodology from Professor Mann and were refused. Accordingly, we
attempted to assess the impact of the data problems by following the methodology
publicly disclosed in MBH98. Professor Mann then criticized us for failing to replicate
previously undisclosed details of his methodology. We once again requested particulars
on his methodology, including copies of the computer programs used to read in the
proxy and temperature series and to produce the Northern Hemisphere temperature
index-but we have been categorically refused. 

  

  

The policies of Nature rightly place a burden on authors to disclose data and methods
to any interested readers. We have been systematically and deliberately stymied by
Professor Mann on the most elementary requests: a proper listing of his data series
and the exact computational procedures used. In the process of trying to obtain this
information we have concluded that the disclosure at the Nature SI site is not merely
inadequate, but in some cases it contradicts what is now revealed at the University of
Virginia FTP site. 

  

Under the circumstances, we believe that the full data set and accompanying
programs for MBH98 should now be included in the Nature Supplementary
Information, along with an accounting of any discrepancies between what has been
listed at Nature.com to date and what was actually used in MBH98. 

  

We can make copies of all correspondence and our extensive notes on the data issues
available for your inspection if needed. Thank you for your consideration. 

  

  

Yours truly 

  

Stephen McIntyre 

Toronto, Canada 

  

Ross McKitrick 

University of Guelph 

Guelph, Canada 
  

**************************************************************** 

********************************************************************************

DISCLAIMER: This e-mail is confidential and should not be used by anyone who is not
the original intended recipient. If you have received this e-mail in error please inform
the sender and delete it from your mailbox or any other storage mechanism. Neither
Macmillan Publishers Limited nor any of its agents accept liability for any statements
made which are clearly the sender's own and not expressly made on behalf of
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Macmillan Publishers Limited or one of its agents. Please note that neither Macmillan
Publishers Limited nor any of its agents accept any responsibility for viruses that may
be contained in this e-mail or its attachments and it is your responsibility to scan the
email and attachments (if any). No contracts may be concluded on behalf of Macmillan
Publishers Limited or its agents by means of e-mail communication. Macmillan
Publishers Limited Registered in England and Wales with registered number 785998
Registered Office Brunel Road, Houndmills, Basingstoke RG21 6XS
********************************************************************************

______________________________________________________________ 
                    Professor Michael E. Mann 
           Department of Environmental Sciences, Clark Hall 
                      University of Virginia 
                     Charlottesville, VA 22903 
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX:  
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________ 
                      Scott Rutherford  

Assistant Professor 
Dept. of Natural Sciences 
Roger Williams University 
e-mail: srutherford@rwu.edu 
phone:  
snail mail: 
One Ferry Road 
Bristol, RI 02809 
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                    Professor Michael E. Mann
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From: Michael E. Mann
To: Scott Rutherford
Cc: rbradley@geo umass.edu; mhughes@ltrr.arizona.edu; mann@virginia.edu
Subject: Re: MBH98 Data
Date: Thursday, December 18, 2003 2:11:28 PM

HI Scott,

Thanks, I'll think about the best way to deal w/ the Stahle data issue then. Some of the records were Stahle
and Cleaveland, and I'll just point out that these are records provided to us by Stahle used in their work,
and many of them are not at the NCDC site, but are in our data archive...

But do you mind posting the "changes" file as a text file in the PROXY directory, and just listing the records
that were deleted (and eliminating the header) and then deleting the word file from that directory? Also, how
many records do you count?

Thanks,

mike

At 04:01 PM 12/18/2003 -0500, Scott Rutherford wrote:

Mike, 

I have the MS-Word file where I used track changes to convert the old data list to the new one
(attached). The MS-Word file has all the changes made to the old file to arrive at the new one.
I'm not interested in making a separate text file with the changes, that is a horrible waste of a
few minutes of my life. MS-Word is a common enough format. Someone can easily look at the
MS-Word file and see the highlighted changes. I've posted the word file as
changesmbh98datasum.doc and attached it here. 

I have no idea what to do about the SWM series. The locations given in Stahle et al. do not match
those in the original data summary. It's not as though there are two listed in Stahle et al. that are
missing from the data summary. There are different sites missing/added to each. Any ideas?
Might some of them really be Stahle and Cleveland? 

Scott 

<br>
<br>

On Thursday, December 18, 2003, at 03:07  PM, Michael E. Mann wrote: 

Ray, Malcolm, Scott: 

Responses/suggested changes to the below? I'd like to respond to them ASAP, but
wanted to run past you first. 

Scott: please pay special attention to where I've flagged "SCOTT" in two locations.
Can you calculate the 'difference' file referred to below (i.e., a list of data series listed
in the original supplementary information that weren't actually used). Also, we should
describe the Central England and Central European series as "summer mean" and use
as a reference "Bradley and Jones (1993)" for clarification, so can you update the
listings in "mbhdatasummary.txt" for those two series? Finally, can you look into the
issue of the "Spruce Canyon CO" series? Sorry for all the hassle. Hopefully, this is
about the last time we need to deal with this... 

Ray, Malcolm: any suggested changes in wording would be helpful. Malcolm, you
might want to pay special note to the email of yours they refer to! 

________________________________________________________________________

Hi Heike, 
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Below are our responses. I believe we have addressed all issues raised in the 1st
round of questions in our response to the 2nd round of questions. Please let us know,
however, if there is something we have forgotten to respond to below. 

I hope our responses below address all of the issues raised to Nature's satisfaction. 

Since the two individuals did not actually submit a commentary to Nature, but instead
have sent what seems be more in the category of informal correspondence or
complaints, it seems a but nfair to us that these individuals could potentially continue
to harass us with such frivolous emails indefinitely, and this is the primary nature of
our concern. We would thus like to know that there is an 'end game'  to all of this
(and hopefully, our responses below, along w/ the exhaustive data, data listings, and
documentations we have provided, bring us there?). 

We believe that it would be helpful for Nature, as you allude to,  to solicit feedback
from an independent reviewer with expertise in the field (paleoclimate reconstruction)
for an independent assessment of the merit of their claims/comments, and of our
responses to them. 

Thanks for your patience and understanding. We look forward to an update on the
status of this matter as soon as possible. 

best regards, 

Mike 

At 05:11 PM 12/18/2003 +0000, Langenberg, Heike wrote: 

Dear Mike, 

 <?xml:namespace prefix = o ns = "urn:schemas-microsoft-com:office:office" /> 

Thank you for your various responses to our request, and for your offer of further
clarification. We appreciate that you feel you have clearly described the data and
methods used in the information on the ftp-site, but the questions raised were more
concerned with differences between the original Nature submission and subsequently
released data (which are difficult to assess based on the ftp site alone), and we
therefore feel that we do need point-by-point responses to the complaint that we have
received. 

  

In the meantime, we have received another letter from Stephen McIntyre and Ross
McKitrick, which I attach below. We will also need point-by-point responses to this
second letter (though obviously, where there is overlap in the question, feel free to
refer to previous answers).  

  

If appropriate, we will ask an independent advisor to assess the complaint, our specific
questions and your responses (but naturally not the material you provided us with
confidentially). 

  

As I noted in my previous letter, the files ARGE030, ARGE060 and ARGE065 are listed
in the Supplementary Information to your Nature paper (MBH98), but not on your ftp
site. You acknowledge in your email that these files were not used in MBH98 and were
listed erroneously. We feel that this error will need to be corrected in our pages. 

[SCOTT!] 

We understand entirely. This is the reason we have updated the list to correct the
typos in the original data listing. The file which we have made available to you in the
PROXY sub-directory of the ftp listing you've been provided, 

ftp://holocene.evsc.virginia.edu/pub/sdr/temp/nature/MANNETAL98/PROXY/mbh98datasummary.txt
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This indicates all of the indictors that were used, which can be compared against the
original supplementary information file: 

By cc of this email to Scott Rutherford who prepared the corrected list, I'm asking if
Scott can in addition place in the same ftp directory  an additional file
('mbh98datacorrections.txt') that lists only the data series that were listed incorrectly,
or for which the begin dates, etc. were incorrect. This is a fairly modest number of
series. 

The listings and data files on our ftp site have indeed been reviewed for their
completeness and accuracy, and extensive documentation has been provided in the
contents of the directories. 

However, from McIntyre and McKitrick's letter, it seems that the Supplementary
Information to MBH98 may contain more errors than the addition of these three files,
and we will need you to provide us with a full list of the corrections that need to be
made, either to the manuscript itself or to the Supplementary Information. And please
confirm explicitly that the revised list is complete. 

  

We will particularly need your responses to the three specific questions I raised in my
previous letter to you. 

  

I should point out that we are not looking for a clearer documentation of your data
and methods on the ftp site at this stage, but instead we need your explicit responses
to a number of queries that have arisen from apparent discrepancies between your
manuscript and Supplementary Information and the data subsequently released. 

  

Finally, I would like to assure you that we are handling the present complaint
according to our normal procedures in such circumstances. 

  

I look forward to receiving your point-by-point responses very soon. 

  

Best wishes, 
Heike 
  
******************************* 
Further points from S. McIntyre and R. McKitrick: 

  
  

1.      The disclosure of data used in MBH98 at the Nature Supplementary Information
("SI") appears to be materially incorrect. We have identified no fewer than 38 cases in
which the series the series listed in the Nature Supplementary Information were not
actually used in MBH98 (as evidenced at the UVA ftp site). This is obviously something
that a reviewer would have been unable to identify since the UVA site was unavailable
until at least the summer of 2002. 

We are checking on the number of series that were incorrectly listed.  I believe it is
fewer than the number indicated (38), but, as mentioned above, we will produce a
specific list of the series that were incorrectly listed, and this will be placed in the
"PROXY" subdirectory, and you will be notified, as soon as have produced this list. 
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2.        There is evidence that some of these series were intentionally deleted. In this
respect, we have the text of an email message in which an MBH98 co-author
proposed the deletion of a series (arge030) as being "better for our purposes". This
series was deleted in the actual calculations, but was shown in Nature SI as being
included. Under the circumstances, a full explanation is surely required as to the
"purposes" involved. 

This is a very distasteful--its thinly veiled attack against our integrity, and borders on
the libelous. The email in question (which was in one of our data directories) describes
results of a screening process of the available data used by Malcolm Hughes, based on
considerations of mean segment length, replication of chronologies, and other
technical details, that was used to determine what tree-ring chronologies met our
standards for inclusion in the analysis (see below). The chronologies in question were
never used in our analysis (they were simply listed incorrectly in the supplementary
data, along with several other series, as indicated in the corrected data list) and to
suggest that they were in some way 'deleted' or that there was some ulterior motive
to not including them, is deeply offensive. Malcolm Hughes may like to add to this. 

  

3.      MBH98 states that "the dendroclimatic data used were carefully screened for
conservative standardization and sizeable segment lengths." We have the text of an
email in which the term "wild guess" was used to describe the inclusion or exclusion of
certain series. In this case, the deletion of various series is recommended, but this
recommendation is not implemented in the work shown at the FTP site. 

The precise standards for our filtering of the ITRDB database were described in detail
in this followup publication, 

Mann, M.E., Gille, E., Bradley, R.S., Hughes, M.K., Overpeck, J.T., Keimig, F.T., Gross,
W. , Global Temperature Patterns in Past Centuries: An interactive presentation, Earth
Interactions, 4-4, 1-29,2000. 

including the specific following discussion: 

As noted by MBH98 (and references therein) non-climatic influences related to intrinsic tree growth trends,
difficulty in their removal, and the combining of different tree segments, make the lowest frequency (ie,
century and longer timescale) variations potentially somewhat suspect in studies that rely heavily on
dendroclimatic indicators. 

In selecting data from the International Tree-Ring Data Bank (ITRDB), MBH98 set criteria designed to
minimize these problems. Starting with the full data bank available in 1997, they identified 1589 site
chronologies, each representing a unique combination of species, variable (e.g. ring width or maximum
latewood density) and location. Only the 251 chronologies that met the following criteria were retained: 
Reliable information on the methods used to remove biological trend was available; 
The median length of the individual segments used to build the chronology was
greater than 150 years; 
The mean correlation of these individual segments with the site chronology was
greater than 0.5; 
The first year of the chronology was before AD 1626, and it contained at least 8
segments by 1680; 
The last year was after 1970, and there were still 8 segments after 1960. 
Of the 251 ITRDB chronologies that met these criteria, 229 were ring-width
chronologies, and 22 maximum latewood density. 

This article is available online, 

http://www.ngdc.noaa.gov/paleo/ei/ 

 with the specific discussion above here: 

http://www.ngdc.noaa.gov/paleo/ei/ei_nodendro.html 

I again find it personally offensive that these individuals have sought to quote my
colleague Malcolm Hughes out of context from an email pre-dating our publication, to
entirely misrepresent the nature of our procedure, which was in fact quite objective

ABOR/MH/Priv-000220



and quite rigorous. 

  

4.      MBH have deleted portions of at least 3 series without explanation to the reader.
In each case, the FTP site contains a parallel series with the correct data. The
deletions include the first 70 years of the Central England historical temperature
series, the first 25 years of the Central Europe historical series and the first 2 years of
chin04. In the first 2 series, the issue is not merely that early decades were removed
but that summer (JJA) data was substituted for annual data without notice to the
reader. 

Each of these claims are false or disingenuous, and again they are distasteful. The
claim that MBH98 unjustifiably eliminated the earlier part of the Central England
temperature (CET) record is unfounded. The decision by MBH98 not to use this record 
prior to 1730 is in keeping with previous studies (e.g. Bradley and Jones, 1993) and is
based on the existence of inhomogeneities that exist in the record prior to the 1730s
(Manley, 1953;1974). Manley (1974), for example, describes a gap from 1707 to 1722
in daily data from the region of Central England he was seeking to cover, and used an
adjusted version of data from the Netherlands to fill this gap. Since 1722 falls within
the stepwise reconstructions for 1700-1980 and 1730-1980, 1730-1980 is the first
interval of our step-wise reconstruction that includes the indicator. 

The use of the summer mean version of these series was in keeping with the use of
these series by Bradley and Jones (1993). The MBH98 reconstruction, furthermore, is
completely insensitive to the use (as in Bradley and Jones, 1993) of summer (rather
than annual) mean CET and Central European temperature series. 

  

5.      MBH have recently stated that the UVA FTP site is the repository of data actually
used in MBH98. This site contains at least 10 series not used in MBH98, including an
instrumental temperature series with decreasing 20th century temperatures. 

Nowhere have we indicated that every single individual series in those directories were
used in our analysis. The directories include the raw tree-ring data used to construct
PC series of the various proxy networks, as well as the networks of the PC series
themselves, and there are some proxy data that are not listed in the supplementary
information, and were in fact never used. We hardly see why this is a valid point of
criticism. We must stress that we were never under any known requirement to post
these data in the first place, and only did so as a service to our scientific colleagues. If
Nature has asked for all of the proxy data used at the time we published our paper,
we would have, of course, provided them. 

  

6.      Some series in the North American PC region occur in duplicate versions. There
is no rational description of the reasons for inclusion or exclusion as individual proxies. 

This claim, as I understand it, is incorrect, and probably results from the author's 
deep misunderstanding of our stepwise reconstruction methodology (see below). 
which is described in 

  

7.      The SWM region used in MBH98 includes a site (Spruce Canyon CO), which is
not in the site roster of the original article and which is in the roster of the NOAMER
region. This apparently small point has a significant impact on 15th century values. 

[SCOTT!-PLEASE CHECK!] 

The corrected list of proxy data has been provided in the "PROXY" sub-directory (see
above). Our reconstruction is in no way, despite the claim made by the authors,
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sensitive to whether or not this particular tree-ring series (or any one proxy data
series) is used. The supposed sensitivity, their case, likely arises from the fact that the
authors  eliminated 80% of the proxy data used by MBH98 prior to AD 1600 in their
analysis, yielding in principle much greater sensitivity to the small number of
remaining data actually used by them over that time interval. 

  

8.      Some data versions used in MBH98 were obsolete when the paper was
published. Many more versions are now obsolete. The SI refers to WDCP as a
reference for tree ring data, but this reference is inaccurate given the material
differences between the version used in MBH98 and the version actually archived.
Again, the differences can be material. There are other inaccuracies in the references
of MBH98: for example, the citation Bradley-Jones 1992 does not contain several
instrumental sites referred to in MBH98. 

This statement is ridiculous. We listed the specific data used by us (albeit with some
typos, and incorrect references, as noted) in the supplementary information, and
provided all of the data on  our data site. We did not indicate there, or elsewhere, 
that all of the tree ring data used were available in the NOAA databank. The authors
appear to be unaware of the fact that not all proxy data shared between fellow
scientists are placed in the public data archives, nor are same versions of the proxy
data always made available publicly. In general, there is no requirement for scientists
to post their proxy data in these public archives, although they are encouraged  to do
so. general, for scientists to do so. 

In at least one instance that we have pointed out, the authors have confused certain
unrelated data from the NOAA website with data that were in fact never made
available by the original authors to the NOAA website, but which were made available
to us. The authors, based on a thorough misunderstanding of how PC series of tree-
ring data were calculated, and other mistakes, have replaced our network with a
highly depleted version of the network, in which roughly 80% of the proxy indicators
used by MBH98 prior to AD 1600 were eliminated by them in their supposed
reproduction of our anaylsis. 

THe Bradley and Jones (1992) chapter was used as the best available reference for
long instrumental temperature and precipitation records. That doesn't mean that every
single instrumental record used (and described in our supplementary information) was
shown in the article. 

  

9.      The disclosure of methodology for calculating temperature principal components
is inaccurate. MBH98 describe their methodology as "conventional". Conventional
principal components fail with missing data. The underlying data set contains much
missing data and some other procedure was necessarily used. 

This represents the authors fundamental mistake of using a different version of the
CRU surface temperature data site from the one that we used. The pattern of missing
data in the two datasets is different, owing to the use of different reference periods.
Small gaps in the instrumental record we used (an older CRU surface temperature
dataset which goes back to 1856) were filled by linear interpolation, as described in
the README section of the INSTRUMENTAL subdirectory. 

  

10.      The disclosure of methodology for calculating tree ring principal components is
inaccurate. Again MBH98 methodology is not "conventional". In this case, the FTP site
contains computer programs which show that the data was transformed in ways not
disclosed in MBH98. These undisclosed transformations have a material impact on the
final results. 

Each of these statements in incorrect. A conventional PCA was indeed used. The
authors apparently failed to take note of the stepwise procedure used by us, and
described in our paper. This procedure allows  PC series to be calculated
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independently for each sub-interval (e.g. 1820-1980, then 1780-1980, ..., 1400-1980)
to allow for the use of an increasingly number of data in the different sub-networks
increasingly later in time. The misunderstanding of this procedure led to them
eliminating roughly 80% of the proxy indicators used by us prior to AD 1600, the
primary reason for the spurious result that they have reported. 

Once again, all of the original proxy data used, and all of the PC series used, were
available on the public ftp site, though the authors did not download and use the
correct data. The new, revised ftp site provides the data and listings of data in a
thoroughly documented manner such that similar mistakes should not be possible in
the future. 

  

******************************************************** 

  

  

-----Original Message----- 
From: Michael E. Mann [mailto:mann@virginia.edu] 
Sent: 16 December 2003 02:38 
To: Scott Rutherford; Langenberg Heike 
Cc: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu 
Subject: Re: MBH98 Data 

thanks scott, 

Heike--please let me know if we can clarify further.  I'll have intermittent email access
over the next couple weeks, though would be nice to clear this up well in advance of
the holidays for all our sake! 

thanks again, 

mike 

At 09:04 PM 12/15/2003 +0000, Langenberg, Heike wrote: 

Dear Mike, 

 <?xml:namespace prefix = o ns = "urn:schemas-microsoft-com:office:office" /> 

We have downloaded the data from the ftp site that Scott Rutherford kindly supplied
to us, and I hope we have all the data on our server now. Thanks for organising that. 

  

I am writing regarding a complaint from Stephen McIntyre and Ross McKitrick (see
below) we received, where they describe their attempts to obtain your data and
methods and claim not to have been provided with all necessary information to
reproduce the results. Could you please provide a point-by-point response to their
letter? 

  

I went through the letter, your paper (including Supplementary Information) and the
data you supplied to us, and I have a few questions which I list below. Could you
please also clarify these issues for me? 

  

1. There seems to be some confusion over the proxy series used in the reconstruction.
In your paper, 112 indicators back to 1820 are mentioned, whereas only 22 indicator
go all the way back to 1400. McIntyre and McKitrick refer to 112 proxy series back to
1400, but then introduce the number of 159 series, which they say cam from you. 

I went back to the Supplementary Information for clarification, but I am not sure what
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counts as an "indicator" - the time series listed or the PC's derived from those time
series? Under the assumption that the data sets just listed count as an indicator, and
where there is a heading like "9 PCs" these nine PCs replace the listed data sets, I
arrive at a number of 117 indicators altogether - neither 112 nor 159.  

So could you please send a list of the 112 indicators, and can you comment on
McIntyre and McKitrick's claim that you advised them that 159 series should be used? 

Also, for example, within the last data set, ITRDB North America, some series go back
to 1400, others are shorter. Were still nine PCs for these data used for the longest
reconstruction back to 1400 or did you just use the longest time series? 

  

2. In their point 3, McIntyre and McKitrick state that of the 18 time series for South
America listed in Supplementary Information, only 11 are used. I note that, for
example, ARGE030, ARGE060 and ARGE065, listed in the Supplementary Information,
do not seem to be on the ftp site we were pointed to by Scott Rutherford. 

Could you please clarify which data sets were used? 

  

3. Regarding McIntyre and McKitrick's point 4, could you please state whether you
used annual or summertime temperatures, and if you did indeed truncate the time
series (and if yes, why)? 

  

I look forward to receiving your point-by-point responses. I hope you understand that
we need to ensure clarity in the data and methods used in this paper. On receiving
your responses we will decide how best to proceed (which may involve forwarding
your responses to McIntyre and McKitrick). We will keep you updated of the progress. 

  

Best wishes, 

Heike 

  

PS I was unable to open the .dat files from the ftp site on my computer. Is there
anything I'd need to know about the data format? 

  

***************************************************** 

Letter from Stephen McIntyre and Ross McKitrick: 

  
Dear Sirs, 

  

We have been carrying out a detailed examination of the paper: Mann, M.E., Bradley,
R.S. & Hughes, M.K. (1998) Global-Scale Temperature Patterns and Climate Forcing
Over the Past Six Centuries,Nature, 392, 779-787, 1998 ("MBH98"). We have
consulted the Nature on-line Supplementary Information, used two data files sent to
us by Professor Mann's group in April 2003 (responding to a request for the FTP
location of proxy data used in the above study) and, since Oct. 29, 2003, the
information at the FTP site ftp://holocene.evsc.virginia.edu/pub/. This site is not
identified through nature.com nor was it given to us upon specific request in April
2003, but is now identified by Professor Mann as the actual repository of MBH98 data. 
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There are a number of points in MBH98 which need substantial clarification, some of
which could be resolved with through more adequate Supplementary Information. We
have sought such clarification from Professor Mann without success. With reference to
the policies stated athttp://www.nature.com/nature/submit/policies/index html, in particular
item number 6, we are writing to advise you of a persistent refusal to comply with the
guidelines and other issues. We draw your attention to the following issues: 

  

1)   There is a listing in the Nature Supplementary Information of 112 proxy series said
to have been used in MBH98. In April 2003, in response to our request for an FTP site
where these data could be found, an associate of Professor Mann (acting on his
instructions) sent us a file (pcproxy.txt) containing 112 data series for the entire
period back to 1400, together with a file apparently identifying these 112 data series.
No FTP site containing these proxy series was identified to us at that time nor in
subsequent correspondence with either Professor Mann nor his associate prior to
October 29, 2003. 

  

      In our analysis, we identified nontrivial problems with the data in the file we had
been sent. Professor Mann's associate was unable to shed any light on them. When
we sought additional information from Professor Mann, he informed us that demands
on his time prevented him from considering this or other inquiries. 

  

      We published our findings in Energy and Environment 14 (2003). Subsequently,
on Oct. 29, 2003, Professor Mann stated that the errors we found in pcproxy.txt were
inadvertently introduced into the file at the time it was sent to us, that we failed to
consult the correct data at his University of Virginia FTP site and that our study
wrongly used 112 proxy series, whereas MBH98 is based on 159 series. Upon
inspecting the FTP site on October 29, 2003 (the first we learned of its existence), we
identified the identical file we had been sent in April 2003 (pcproxy.txt), together with
its Matlab predecessor pcproxy.mat, both dated August 8, 2002, well before our
request. Sometime between October 29 and November 8, 2003, both of these files
were deleted from Professor Mann's FTP site. 

  

      As to the number of proxies, MBH98 clearly refers to only 112 series, as does the
on-line Supplementary Information. There is no reference to the use of 159 proxy
series. We have requested a listing of these series from Mann. He has responded that
the series are located on his FTP site and has refused, despite several requests, to
provide more particulars. The difficulty is that the FTP site contains over 430 principal
component series commencing in periods after 1400, and the relevant series are not
flagged. The FTP site also includes many proxy series seemingly left out of MBH98.
This level of disclosure is clearly inadequate. The deletion of archived data files in
response to a controversy is also very disquieting. At a minimum, we believe that
Nature should archive the 159 series now disclosed to have been used in the MBH98
calculations together with a reconciliation of the difference between the 159 series
stated to have been actually used and the 112 series reported in Nature. 

  

2)   Some important data relating to MBH98, such as temperature principal
components and EOFs, was located at Professor Mann's former University of
Massachusetts FTP site. Indeed, Professor Mann's webpage on MBH98 contains no link
or reference to the University of Virginia FTP site, but does contain links to this
University of Massachusetts FTP site. On November 13, 2003, this FTP site was
deleted. Important data pertaining to MBH98 formerly located at the University of
Massachusetts FTP site is not located at the University of Virginia FTP site. 

  

3)   There are numerous discrepancies between the data listing at the Nature SI site
and that in the newly-disclosed FTP site at the University of Virginia. Many of the
proxy series used in MBH98 are principal components calculated from larger collections
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of tree ring site "chronologies". The Nature SI site provides listings of the sites
reported to have been used in these calculations, with rosters identified for five
regions (Oklahoma, US Southwest/Mexico, North America, South America, and
Australia) plus a listing of the number of series used for a Vaganov (Russian)
collection. We have compared these listings with the information on the sites actually
used at the FTP site and found many inconsistencies. For example, in the South
American region, only 11 of the 18 sites listed in the Supplementary Information are
actually used in MBH98 calculations, according to the evidence of the FTP site.
Moreover there is evidence archived at Professor Mann's FTP site of intentional
exclusion of a disclosed South American site. An archived email from Hughes to Mann,
dated July 29, 1997, and located at
ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/VAGANOV/ORIG/malcolm_29-JUL-97
states that exclusion of the site arge030 would be "better for our purposes". This site
arge030 can be shown to be Rio Cisne (through the World Data Center for
Paleoclimatology) and is listed in the Nature Supplementary Information, but is
excluded from the actual data in the FTP site. 

  

4)   We found multiple versions at the FTP site of several series, in which a secondary
series is a truncated version of the full underlying data. For instance the FTP site
contains a correct and complete record of the historical annual Central England
Temperature data and historical annual Central Europe Temperature data. Evidence at
the site indicates that MBH98 instead used summertime averages from these series, in
which the first 70 and 25 years of data, respectively, were intentionally deleted. No
explanation is available for this, and the Nature SI site does not indicate or explain this
editing of source data. 

  

5)   MBH98 states that "conventional" principal components methods were used in the
calculation of temperature principal components. The underlying temperature dataset
contains endemic missing data; indeed, 4 temperature grid cells from the UK Climate
Research Unit selected by MBH98 contain no observations at all. "Conventional"
principal components algorithms fail with missing data. Accordingly, MBH98 could not
have used conventional methods and a proper description of the methodology actually
employed is required. We sought specific clarification on this matter from Professor
Mann and were refused. Nor is any available at the FTP site. Disclosure would be
trivially easy (simply posting a command file for a statistics package would suffice).
Without such information it is effectively impossible for an independent researcher to
replicate his calculations. 

  

6)   We attempted in our Energy and Environment article to assess the impact of the
data errors and quality control defects in the proxy data, which we had identified. For
the calculation of principal components for the various tree ring regions, we used a
standard principal components algorithm (princomp in R), which provides values only
for periods in which there are no missing values. In response, MBH98 have stated that
they used something called a "stepwise principal components approach", a phrase
which is not used in the Nature article or Supplementary Information. Based on their
recent comments, this "approach" apparently involves changing the proxy rosters at
some points in the PC series, leading to different values of the regional PC depending
on the period being analyzed. Whatever the merits of the approach, there is no
disclosure of it in MBH98, leaving the reader uninformed about the existence and
formulae of a fundamental methodology as well as such basic details as the number
and composition of principal components used in each region on a period-by-period
bases. We have requested information from Professor Mann allowing us to identify the
PC proxy rosters on a period-by-period basis and were refused. He deems it sufficient
to merely point to his FTP site, but having examined this site we are unable to
uniquely identify the "stepwise" PC rosters or the procedures used to splice different
series together. 

  

7)   MBH98 states that for the temperature data  "the mean was removed, and the
series was normalized by its standard deviation". This is, therefore, the method we
employed. In their reply to our article, MBH criticized us on the grounds that they
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actually used  "de-trended gridpoint standard deviations" to normalize temperature
data. Whether the difference is material or not, the fact that their employed
methodology contradicts the description in MBH98 means that independent
researchers are unable to replicate their work. 

  

8)   Prior to the publication of our article, we  requested other particulars on the
computational methodology from Professor Mann and were refused. Accordingly, we
attempted to assess the impact of the data problems by following the methodology
publicly disclosed in MBH98. Professor Mann then criticized us for failing to replicate
previously undisclosed details of his methodology. We once again requested particulars
on his methodology, including copies of the computer programs used to read in the
proxy and temperature series and to produce the Northern Hemisphere temperature
index-but we have been categorically refused. 

  

  

The policies of Nature rightly place a burden on authors to disclose data and methods
to any interested readers. We have been systematically and deliberately stymied by
Professor Mann on the most elementary requests: a proper listing of his data series
and the exact computational procedures used. In the process of trying to obtain this
information we have concluded that the disclosure at the Nature SI site is not merely
inadequate, but in some cases it contradicts what is now revealed at the University of
Virginia FTP site. 

  

Under the circumstances, we believe that the full data set and accompanying
programs for MBH98 should now be included in the Nature Supplementary
Information, along with an accounting of any discrepancies between what has been
listed at Nature.com to date and what was actually used in MBH98. 

  

We can make copies of all correspondence and our extensive notes on the data issues
available for your inspection if needed. Thank you for your consideration. 

  

  

Yours truly 

  

Stephen McIntyre 

Toronto, Canada 

  

Ross McKitrick 

University of Guelph 

Guelph, Canada 
  

**************************************************************** 

********************************************************************************

ABOR/MH/Priv-000227



DISCLAIMER: This e-mail is confidential and should not be used by anyone who is not
the original intended recipient. If you have received this e-mail in error please inform
the sender and delete it from your mailbox or any other storage mechanism. Neither
Macmillan Publishers Limited nor any of its agents accept liability for any statements
made which are clearly the sender's own and not expressly made on behalf of
Macmillan Publishers Limited or one of its agents. Please note that neither Macmillan
Publishers Limited nor any of its agents accept any responsibility for viruses that may
be contained in this e-mail or its attachments and it is your responsibility to scan the
email and attachments (if any). No contracts may be concluded on behalf of Macmillan
Publishers Limited or its agents by means of e-mail communication. Macmillan
Publishers Limited Registered in England and Wales with registered number 785998
Registered Office Brunel Road, Houndmills, Basingstoke RG21 6XS
********************************************************************************

______________________________________________________________ 
                    Professor Michael E. Mann 
           Department of Environmental Sciences, Clark Hall 
                      University of Virginia 
                     Charlottesville, VA 22903 
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX:  
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________ 
                      Scott Rutherford  

Assistant Professor 
Dept. of Natural Sciences 
Roger Williams University 
e-mail: srutherford@rwu.edu 
phone:  
snail mail: 
One Ferry Road 
Bristol, RI 02809 

<br>
</blockquote></x-html>

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

ABOR/MH/Priv-000228



From: Michael E. Mann
To: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; Scott Rutherford
Cc: mann@virginia.edu
Subject: RE: MBH98 Data
Date: Thursday, December 18, 2003 1:08:32 PM

Ray, Malcolm, Scott:

Responses/suggested changes to the below? I'd like to respond to them ASAP, but wanted to run past
you first.

Scott: please pay special attention to where I've flagged "SCOTT" in two locations. Can you calculate the
'difference' file referred to below (i.e., a list of data series listed in the original supplementary
information that weren't actually used). Also, we should describe the Central England and Central
European series as "summer mean" and use as a reference "Bradley and Jones (1993)" for clarification,
so can you update the listings in "mbhdatasummary.txt" for those two series? Finally, can you look into
the issue of the "Spruce Canyon CO" series? Sorry for all the hassle. Hopefully, this is about the last time
we need to deal with this...

Ray, Malcolm: any suggested changes in wording would be helpful. Malcolm, you might want to pay
special note to the email of yours they refer to!

________________________________________________________________________
Hi Heike,

Below are our responses. I believe we have addressed all issues raised in the 1st round of questions in
our response to the 2nd round of questions. Please let us know, however, if there is something we have
forgotten to respond to below.

I hope our responses below address all of the issues raised to Nature's satisfaction.

Since the two individuals did not actually submit a commentary to Nature, but instead have sent what
seems be more in the category of informal correspondence or complaints, it seems a but nfair to us that
these individuals could potentially continue to harass us with such frivolous emails indefinitely, and this
is the primary nature of our concern. We would thus like to know that there is an 'end game'  to all of
this (and hopefully, our responses below, along w/ the exhaustive data, data listings, and
documentations we have provided, bring us there?).

We believe that it would be helpful for Nature, as you allude to,  to solicit feedback from an independent
reviewer with expertise in the field (paleoclimate reconstruction) for an independent assessment of the
merit of their claims/comments, and of our responses to them.

Thanks for your patience and understanding. We look forward to an update on the status of this matter
as soon as possible.

best regards,

Mike

At 05:11 PM 12/18/2003 +0000, Langenberg, Heike wrote:

Dear Mike,

 <?xml:namespace prefix = o ns = "urn:schemas-microsoft-com:office:office" />

Thank you for your various responses to our request, and for your offer of further
clarification. We appreciate that you feel you have clearly described the data and methods
used in the information on the ftp-site, but the questions raised were more concerned with
differences between the original Nature submission and subsequently released data (which
are difficult to assess based on the ftp site alone), and we therefore feel that we do need
point-by-point responses to the complaint that we have received.
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In the meantime, we have received another letter from Stephen McIntyre and Ross McKitrick,
which I attach below. We will also need point-by-point responses to this second letter
(though obviously, where there is overlap in the question, feel free to refer to previous
answers).  

 

If appropriate, we will ask an independent advisor to assess the complaint, our specific
questions and your responses (but naturally not the material you provided us with
confidentially).

 

As I noted in my previous letter, the files ARGE030, ARGE060 and ARGE065 are listed in the
Supplementary Information to your Nature paper (MBH98), but not on your ftp site. You
acknowledge in your email that these files were not used in MBH98 and were listed
erroneously. We feel that this error will need to be corrected in our pages.

[SCOTT!]

We understand entirely. This is the reason we have updated the list to correct the typos in the original
data listing. The file which we have made available to you in the PROXY sub-directory of the ftp listing
you've been provided,

ftp://holocene.evsc.virginia.edu/pub/sdr/temp/nature/MANNETAL98/PROXY/mbh98datasummary.txt

This indicates all of the indictors that were used, which can be compared against the original
supplementary information file:

By cc of this email to Scott Rutherford who prepared the corrected list, I'm asking if Scott can in addition
place in the same ftp directory  an additional file ('mbh98datacorrections.txt') that lists only the data
series that were listed incorrectly, or for which the begin dates, etc. were incorrect. This is a fairly
modest number of series.

The listings and data files on our ftp site have indeed been reviewed for their completeness and
accuracy, and extensive documentation has been provided in the contents of the directories.

However, from McIntyre and McKitrick's letter, it seems that the Supplementary Information
to MBH98 may contain more errors than the addition of these three files, and we will need
you to provide us with a full list of the corrections that need to be made, either to the
manuscript itself or to the Supplementary Information. And please confirm explicitly that the
revised list is complete.

 

We will particularly need your responses to the three specific questions I raised in my
previous letter to you.

 

I should point out that we are not looking for a clearer documentation of your data and
methods on the ftp site at this stage, but instead we need your explicit responses to a
number of queries that have arisen from apparent discrepancies between your manuscript
and Supplementary Information and the data subsequently released. 

 

Finally, I would like to assure you that we are handling the present complaint according to
our normal procedures in such circumstances. 

 

I look forward to receiving your point-by-point responses very soon. 
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Best wishes, 
Heike
 
*******************************
Further points from S. McIntyre and R. McKitrick:

 
 

1.      The disclosure of data used in MBH98 at the Nature Supplementary Information ("SI")
appears to be materially incorrect. We have identified no fewer than 38 cases in which the
series the series listed in the Nature Supplementary Information were not actually used in
MBH98 (as evidenced at the UVA ftp site). This is obviously something that a reviewer would
have been unable to identify since the UVA site was unavailable until at least the summer of
2002. 

We are checking on the number of series that were incorrectly listed.  I believe it is fewer than the
number indicated (38), but, as mentioned above, we will produce a specific list of the series that were
incorrectly listed, and this will be placed in the "PROXY" subdirectory, and you will be notified, as soon
as have produced this list.

2.        There is evidence that some of these series were intentionally deleted. In this respect,
we have the text of an email message in which an MBH98 co-author proposed the deletion of
a series (arge030) as being "better for our purposes". This series was deleted in the actual
calculations, but was shown in Nature SI as being included. Under the circumstances, a full
explanation is surely required as to the "purposes" involved.

This is a very distasteful--its thinly veiled attack against our integrity, and borders on the libelous. The
email in question (which was in one of our data directories) describes results of a screening process of
the available data used by Malcolm Hughes, based on considerations of mean segment length, replication
of chronologies, and other technical details, that was used to determine what tree-ring chronologies met
our standards for inclusion in the analysis (see below). The chronologies in question were never used in
our analysis (they were simply listed incorrectly in the supplementary data, along with several other
series, as indicated in the corrected data list) and to suggest that they were in some way 'deleted' or
that there was some ulterior motive to not including them, is deeply offensive. Malcolm Hughes may like
to add to this.

3.      MBH98 states that "the dendroclimatic data used were carefully screened for
conservative standardization and sizeable segment lengths." We have the text of an email in
which the term "wild guess" was used to describe the inclusion or exclusion of certain series.
In this case, the deletion of various series is recommended, but this recommendation is not
implemented in the work shown at the FTP site.

The precise standards for our filtering of the ITRDB database were described in detail in this followup
publication, 

Mann, M.E., Gille, E., Bradley, R.S., Hughes, M.K., Overpeck, J.T., Keimig, F.T., Gross, W. , Global
Temperature Patterns in Past Centuries: An interactive presentation, Earth Interactions, 4-4, 1-29,2000. 

including the specific following discussion:

As noted by MBH98 (and references therein) non-climatic influences related to intrinsic tree growth trends, difficulty in
their removal, and the combining of different tree segments, make the lowest frequency (ie, century and longer
timescale) variations potentially somewhat suspect in studies that rely heavily on dendroclimatic indicators. 
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In selecting data from the International Tree-Ring Data Bank (ITRDB), MBH98 set criteria designed to minimize these
problems. Starting with the full data bank available in 1997, they identified 1589 site chronologies, each representing a
unique combination of species, variable (e.g. ring width or maximum latewood density) and location. Only the 251
chronologies that met the following criteria were retained:
Reliable information on the methods used to remove biological trend was available;
The median length of the individual segments used to build the chronology was greater than 150 years;
The mean correlation of these individual segments with the site chronology was greater than 0.5;
The first year of the chronology was before AD 1626, and it contained at least 8 segments by 1680;
The last year was after 1970, and there were still 8 segments after 1960.
Of the 251 ITRDB chronologies that met these criteria, 229 were ring-width chronologies, and 22 maximum latewood
density.

This article is available online,

http://www.ngdc.noaa.gov/paleo/ei/

 with the specific discussion above here:

http://www.ngdc.noaa.gov/paleo/ei/ei_nodendro.html

I again find it personally offensive that these individuals have sought to quote my colleague Malcolm
Hughes out of context from an email pre-dating our publication, to entirely misrepresent the nature of
our procedure, which was in fact quite objective and quite rigorous.

4.      MBH have deleted portions of at least 3 series without explanation to the reader. In
each case, the FTP site contains a parallel series with the correct data. The deletions include
the first 70 years of the Central England historical temperature series, the first 25 years of
the Central Europe historical series and the first 2 years of chin04. In the first 2 series, the
issue is not merely that early decades were removed but that summer (JJA) data was
substituted for annual data without notice to the reader.

Each of these claims are false or disingenuous, and again they are distasteful. The claim that MBH98
unjustifiably eliminated the earlier part of the Central England temperature (CET) record is unfounded.
The decision by MBH98 not to use this record  prior to 1730 is in keeping with previous studies (e.g.
Bradley and Jones, 1993) and is based on the existence of inhomogeneities that exist in the record prior
to the 1730s (Manley, 1953;1974). Manley (1974), for example, describes a gap from 1707 to 1722 in
daily data from the region of Central England he was seeking to cover, and used an adjusted version of
data from the Netherlands to fill this gap. Since 1722 falls within the stepwise reconstructions for 1700-
1980 and 1730-1980, 1730-1980 is the first interval of our step-wise reconstruction that includes the
indicator. 

The use of the summer mean version of these series was in keeping with the use of these series by
Bradley and Jones (1993). The MBH98 reconstruction, furthermore, is completely insensitive to the use
(as in Bradley and Jones, 1993) of summer (rather than annual) mean CET and Central European
temperature series.

5.      MBH have recently stated that the UVA FTP site is the repository of data actually used
in MBH98. This site contains at least 10 series not used in MBH98, including an instrumental
temperature series with decreasing 20th century temperatures. 

Nowhere have we indicated that every single individual series in those directories were used in our
analysis. The directories include the raw tree-ring data used to construct PC series of the various proxy
networks, as well as the networks of the PC series themselves, and there are some proxy data that are
not listed in the supplementary information, and were in fact never used. We hardly see why this is a
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valid point of criticism. We must stress that we were never under any known requirement to post these
data in the first place, and only did so as a service to our scientific colleagues. If Nature has asked for
all of the proxy data used at the time we published our paper, we would have, of course, provided them.

6.      Some series in the North American PC region occur in duplicate versions. There is no
rational description of the reasons for inclusion or exclusion as individual proxies. 

This claim, as I understand it, is incorrect, and probably results from the author's  deep
misunderstanding of our stepwise reconstruction methodology (see below).  which is described in 

7.      The SWM region used in MBH98 includes a site (Spruce Canyon CO), which is not in
the site roster of the original article and which is in the roster of the NOAMER region. This
apparently small point has a significant impact on 15th century values.

[SCOTT!-PLEASE CHECK!]

The corrected list of proxy data has been provided in the "PROXY" sub-directory (see above). Our
reconstruction is in no way, despite the claim made by the authors, sensitive to whether or not this
particular tree-ring series (or any one proxy data series) is used. The supposed sensitivity, their case,
likely arises from the fact that the authors  eliminated 80% of the proxy data used by MBH98 prior to
AD 1600 in their analysis, yielding in principle much greater sensitivity to the small number of remaining
data actually used by them over that time interval.

8.      Some data versions used in MBH98 were obsolete when the paper was published.
Many more versions are now obsolete. The SI refers to WDCP as a reference for tree ring
data, but this reference is inaccurate given the material differences between the version used
in MBH98 and the version actually archived. Again, the differences can be material. There are
other inaccuracies in the references of MBH98: for example, the citation Bradley-Jones 1992
does not contain several instrumental sites referred to in MBH98.

This statement is ridiculous. We listed the specific data used by us (albeit with some typos, and incorrect
references, as noted) in the supplementary information, and provided all of the data on  our data site.
We did not indicate there, or elsewhere,  that all of the tree ring data used were available in the NOAA
databank. The authors appear to be unaware of the fact that not all proxy data shared between fellow
scientists are placed in the public data archives, nor are same versions of the proxy data always made
available publicly. In general, there is no requirement for scientists to post their proxy data in these
public archives, although they are encouraged  to do so. general, for scientists to do so. 

In at least one instance that we have pointed out, the authors have confused certain unrelated data
from the NOAA website with data that were in fact never made available by the original authors to the
NOAA website, but which were made available to us. The authors, based on a thorough
misunderstanding of how PC series of tree-ring data were calculated, and other mistakes, have replaced
our network with a highly depleted version of the network, in which roughly 80% of the proxy indicators
used by MBH98 prior to AD 1600 were eliminated by them in their supposed reproduction of our
anaylsis. 

THe Bradley and Jones (1992) chapter was used as the best available reference for long instrumental
temperature and precipitation records. That doesn't mean that every single instrumental record used
(and described in our supplementary information) was shown in the article.

9.      The disclosure of methodology for calculating temperature principal components is
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inaccurate. MBH98 describe their methodology as "conventional". Conventional principal
components fail with missing data. The underlying data set contains much missing data and
some other procedure was necessarily used.

This represents the authors fundamental mistake of using a different version of the CRU surface
temperature data site from the one that we used. The pattern of missing data in the two datasets is
different, owing to the use of different reference periods. Small gaps in the instrumental record we used
(an older CRU surface temperature dataset which goes back to 1856) were filled by linear interpolation,
as described in the README section of the INSTRUMENTAL subdirectory.

10.      The disclosure of methodology for calculating tree ring principal components is
inaccurate. Again MBH98 methodology is not "conventional". In this case, the FTP site
contains computer programs which show that the data was transformed in ways not disclosed
in MBH98. These undisclosed transformations have a material impact on the final results. 

Each of these statements in incorrect. A conventional PCA was indeed used. The authors apparently
failed to take note of the stepwise procedure used by us, and described in our paper. This procedure
allows  PC series to be calculated independently for each sub-interval (e.g. 1820-1980, then 1780-1980,
..., 1400-1980) to allow for the use of an increasingly number of data in the different sub-networks
increasingly later in time. The misunderstanding of this procedure led to them eliminating roughly 80%
of the proxy indicators used by us prior to AD 1600, the primary reason for the spurious result that they
have reported.

Once again, all of the original proxy data used, and all of the PC series used, were available on the
public ftp site, though the authors did not download and use the correct data. The new, revised ftp site
provides the data and listings of data in a thoroughly documented manner such that similar mistakes
should not be possible in the future.

********************************************************

 

 

-----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu]
Sent: 16 December 2003 02:38
To: Scott Rutherford; Langenberg Heike
Cc: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu
Subject: Re: MBH98 Data

thanks scott,

Heike--please let me know if we can clarify further.  I'll have intermittent email access
over the next couple weeks, though would be nice to clear this up well in advance of
the holidays for all our sake!

thanks again,

mike

At 09:04 PM 12/15/2003 +0000, Langenberg, Heike wrote: 

Dear Mike, 

 <?xml:namespace prefix = o ns = "urn:schemas-microsoft-
com:office:office" /> 
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We have downloaded the data from the ftp site that Scott
Rutherford kindly supplied to us, and I hope we have all the
data on our server now. Thanks for organising that. 

I am writing regarding a complaint from Stephen McIntyre
and Ross McKitrick (see below) we received, where they
describe their attempts to obtain your data and methods
and claim not to have been provided with all necessary
information to reproduce the results. Could you please
provide a point-by-point response to their letter? 

I went through the letter, your paper (including
Supplementary Information) and the data you supplied to
us, and I have a few questions which I list below. Could you
please also clarify these issues for me? 

1. There seems to be some confusion over the proxy series
used in the reconstruction. In your paper, 112 indicators
back to 1820 are mentioned, whereas only 22 indicator go
all the way back to 1400. McIntyre and McKitrick refer to
112 proxy series back to 1400, but then introduce the
number of 159 series, which they say cam from you. 

I went back to the Supplementary Information for
clarification, but I am not sure what counts as an "indicator"
- the time series listed or the PC's derived from those time
series? Under the assumption that the data sets just listed
count as an indicator, and where there is a heading like "9
PCs" these nine PCs replace the listed data sets, I arrive at
a number of 117 indicators altogether - neither 112 nor
159.  

So could you please send a list of the 112 indicators, and
can you comment on McIntyre and McKitrick's claim that
you advised them that 159 series should be used? 

Also, for example, within the last data set, ITRDB North
America, some series go back to 1400, others are shorter.
Were still nine PCs for these data used for the longest
reconstruction back to 1400 or did you just use the longest
time series? 

2. In their point 3, McIntyre and McKitrick state that of the
18 time series for South America listed in Supplementary
Information, only 11 are used. I note that, for example,
ARGE030, ARGE060 and ARGE065, listed in the
Supplementary Information, do not seem to be on the ftp
site we were pointed to by Scott Rutherford. 

Could you please clarify which data sets were used?

3. Regarding McIntyre and McKitrick's point 4, could you
please state whether you used annual or summertime
temperatures, and if you did indeed truncate the time series
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(and if yes, why)? 

I look forward to receiving your point-by-point responses. I
hope you understand that we need to ensure clarity in the
data and methods used in this paper. On receiving your
responses we will decide how best to proceed (which may
involve forwarding your responses to McIntyre and
McKitrick). We will keep you updated of the progress. 

Best wishes, 

Heike 

PS I was unable to open the .dat files from the ftp site on
my computer. Is there anything I'd need to know about the
data format? 

*****************************************************

Letter from Stephen McIntyre and Ross McKitrick: 

Dear Sirs, 

We have been carrying out a detailed examination of the paper: Mann, M.E.,
Bradley, R.S. & Hughes, M.K. (1998) Global-Scale Temperature Patterns and
Climate Forcing Over the Past Six Centuries, Nature, 392, 779-787,
1998 ("MBH98"). We have consulted the Nature on-line
Supplementary Information, used two data files sent to us
by Professor Mann's group in April 2003 (responding to a
request for the FTP location of proxy data used in the above
study) and, since Oct. 29, 2003, the information at the FTP
site ftp://holocene.evsc.virginia.edu/pub/. This site is not
identified through nature.com nor was it given to us upon
specific request in April 2003, but is now identified by
Professor Mann as the actual repository of MBH98 data. 

There are a number of points in MBH98 which need substantial
clarification, some of which could be resolved with through more
adequate Supplementary Information. We have sought such
clarification from Professor Mann without success. With reference
to the policies stated at
http://www.nature.com/nature/submit/policies/index.html, in
particular item number 6, we are writing to advise you of a
persistent refusal to comply with the guidelines and other
issues. We draw your attention to the following issues: 

1)   There is a listing in the Nature Supplementary
Information of 112 proxy series said to have been used in
MBH98. In April 2003, in response to our request for an FTP
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site where these data could be found, an associate of
Professor Mann (acting on his instructions) sent us a file
(pcproxy.txt) containing 112 data series for the entire
period back to 1400, together with a file apparently
identifying these 112 data series. No FTP site containing
these proxy series was identified to us at that time nor in
subsequent correspondence with either Professor Mann nor
his associate prior to October 29, 2003. 

      In our analysis, we identified nontrivial problems with
the data in the file we had been sent. Professor Mann's
associate was unable to shed any light on them. When we
sought additional information from Professor Mann, he
informed us that demands on his time prevented him from
considering this or other inquiries. 

      We published our findings in Energy and Environment
14 (2003). Subsequently, on Oct. 29, 2003, Professor Mann
stated that the errors we found in pcproxy.txt were
inadvertently introduced into the file at the time it was sent
to us, that we failed to consult the correct data at his
University of Virginia FTP site and that our study wrongly
used 112 proxy series, whereas MBH98 is based on 159
series. Upon inspecting the FTP site on October 29, 2003
(the first we learned of its existence), we identified the
identical file we had been sent in April 2003 (pcproxy.txt),
together with its Matlab predecessor pcproxy.mat, both
dated August 8, 2002, well before our request. Sometime
between October 29 and November 8, 2003, both of these
files were deleted from Professor Mann's FTP site. 

      As to the number of proxies, MBH98 clearly refers to
only 112 series, as does the on-line Supplementary
Information. There is no reference to the use of 159 proxy
series. We have requested a listing of these series from
Mann. He has responded that the series are located on his
FTP site and has refused, despite several requests, to
provide more particulars. The difficulty is that the FTP site
contains over 430 principal component series commencing
in periods after 1400, and the relevant series are not
flagged. The FTP site also includes many proxy series
seemingly left out of MBH98. This level of disclosure is
clearly inadequate. The deletion of archived data files in
response to a controversy is also very disquieting. At a
minimum, we believe that Nature should archive the 159
series now disclosed to have been used in the MBH98
calculations together with a reconciliation of the difference
between the 159 series stated to have been actually used
and the 112 series reported in Nature. 

2)   Some important data relating to MBH98, such as
temperature principal components and EOFs, was located at
Professor Mann's former University of Massachusetts FTP
site. Indeed, Professor Mann's webpage on MBH98 contains
no link or reference to the University of Virginia FTP site,
but does contain links to this University of Massachusetts
FTP site. On November 13, 2003, this FTP site was deleted.
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Important data pertaining to MBH98 formerly located at the
University of Massachusetts FTP site is not located at the
University of Virginia FTP site. 

3)   There are numerous discrepancies between the data
listing at the Nature SI site and that in the newly-disclosed
FTP site at the University of Virginia. Many of the proxy
series used in MBH98 are principal components calculated
from larger collections of tree ring site "chronologies". The
Nature SI site provides listings of the sites reported to have
been used in these calculations, with rosters identified for
five regions (Oklahoma, US Southwest/Mexico, North
America, South America, and Australia) plus a listing of the
number of series used for a Vaganov (Russian) collection.
We have compared these listings with the information on
the sites actually used at the FTP site and found many
inconsistencies. For example, in the South American region,
only 11 of the 18 sites listed in the Supplementary
Information are actually used in MBH98 calculations,
according to the evidence of the FTP site. Moreover there is
evidence archived at Professor Mann's FTP site of
intentional exclusion of a disclosed South American site. An
archived email from Hughes to Mann, dated July 29, 1997,
and located at
ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/VAGANOV/ORIG/malcolm_29-
JUL-97 states that exclusion of the site arge030 would be
"better for our purposes". This site arge030 can be shown
to be Rio Cisne (through the World Data Center for
Paleoclimatology) and is listed in the Nature Supplementary
Information, but is excluded from the actual data in the FTP
site. 

4)   We found multiple versions at the FTP site of several
series, in which a secondary series is a truncated version of
the full underlying data. For instance the FTP site contains a
correct and complete record of the historical annual Central
England Temperature data and historical annual Central
Europe Temperature data. Evidence at the site indicates
that MBH98 instead used summertime averages from these
series, in which the first 70 and 25 years of data,
respectively, were intentionally deleted. No explanation is
available for this, and the Nature SI site does not indicate
or explain this editing of source data. 

5)   MBH98 states that "conventional" principal components
methods were used in the calculation of temperature
principal components. The underlying temperature dataset
contains endemic missing data; indeed, 4 temperature grid
cells from the UK Climate Research Unit selected by MBH98
contain no observations at all. "Conventional" principal
components algorithms fail with missing data. Accordingly,
MBH98 could not have used conventional methods and a
proper description of the methodology actually employed is
required. We sought specific clarification on this matter
from Professor Mann and were refused. Nor is any available
at the FTP site. Disclosure would be trivially easy (simply
posting a command file for a statistics package would
suffice). Without such information it is effectively impossible
for an independent researcher to replicate his calculations. 
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6)   We attempted in our Energy and Environment article to
assess the impact of the data errors and quality control
defects in the proxy data, which we had identified. For the
calculation of principal components for the various tree ring
regions, we used a standard principal components algorithm
(princomp in R), which provides values only for periods in
which there are no missing values. In response, MBH98
have stated that they used something called a "stepwise
principal components approach", a phrase which is not used
in the Nature article or Supplementary Information. Based
on their recent comments, this "approach" apparently
involves changing the proxy rosters at some points in the
PC series, leading to different values of the regional PC
depending on the period being analyzed. Whatever the
merits of the approach, there is no disclosure of it in
MBH98, leaving the reader uninformed about the existence
and formulae of a fundamental methodology as well as
such basic details as the number and composition of
principal components used in each region on a period-by-
period bases. We have requested information from
Professor Mann allowing us to identify the PC proxy rosters
on a period-by-period basis and were refused. He deems it
sufficient to merely point to his FTP site, but having
examined this site we are unable to uniquely identify the
"stepwise" PC rosters or the procedures used to splice
different series together. 

7)   MBH98 states that for the temperature data  "the mean
was removed, and the series was normalized by its
standard deviation". This is, therefore, the method we
employed. In their reply to our article, MBH criticized us on
the grounds that they actually used  "de-trended gridpoint
standard deviations" to normalize temperature data.
Whether the difference is material or not, the fact that their
employed methodology contradicts the description in
MBH98 means that independent researchers are unable to
replicate their work. 

8)   Prior to the publication of our article, we  requested
other particulars on the computational methodology from
Professor Mann and were refused. Accordingly, we
attempted to assess the impact of the data problems by
following the methodology publicly disclosed in MBH98.
Professor Mann then criticized us for failing to replicate
previously undisclosed details of his methodology. We once
again requested particulars on his methodology, including
copies of the computer programs used to read in the proxy
and temperature series and to produce the Northern
Hemisphere temperature index-but we have been
categorically refused. 

The policies of Nature rightly place a burden on authors to
disclose data and methods to any interested readers. We
have been systematically and deliberately stymied by
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Professor Mann on the most elementary requests: a proper
listing of his data series and the exact computational
procedures used. In the process of trying to obtain this
information we have concluded that the disclosure at the
Nature SI site is not merely inadequate, but in some cases
it contradicts what is now revealed at the University of
Virginia FTP site. 

Under the circumstances, we believe that the full data set
and accompanying programs for MBH98 should now be
included in the Nature Supplementary Information, along
with an accounting of any discrepancies between what has
been listed at Nature.com to date and what was actually
used in MBH98. 

We can make copies of all correspondence and our
extensive notes on the data issues available for your
inspection if needed. Thank you for your consideration. 

Yours truly 

Stephen McIntyre 

Toronto, Canada 

Ross McKitrick 

University of Guelph 

Guelph, Canada 

****************************************************************
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Publishers Limited nor any of its agents accept liability for any statements made which are
clearly the sender's own and not expressly made on behalf of Macmillan Publishers Limited or
one of its agents. Please note that neither Macmillan Publishers Limited nor any of its agents
accept any responsibility for viruses that may be contained in this e-mail or its attachments
and it is your responsibility to scan the email and attachments (if any). No contracts may be
concluded on behalf of Macmillan Publishers Limited or its agents by means of e-mail
communication. Macmillan Publishers Limited Registered in England and Wales with
registered number 785998 Registered Office Brunel Road, Houndmills, Basingstoke RG21 6XS
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                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
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_______________________________________________________________________
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         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Scott Rutherford; Langenberg Heike
Cc: mhughes@ltrr arizona.edu; rbradley@geo.umass.edu
Subject: Re: MBH98 Data
Date: Monday, December 15, 2003 7:38:10 PM

thanks scott,

Heike--please let me know if we can clarify further.  I'll have intermittent email access over the next couple
weeks, though would be nice to clear this up well in advance of the holidays for all our sake!

thanks again,

mike

At 09:16 PM 12/15/2003 -0500, Scott Rutherford wrote:

Dear Heike, 

The .dat files are plain text with Unix line breaks.  I ftp'd all the datalistXXX.dat and a couple
dataXXXX.dat files back to my computer (Mac) and they open fine in Word/Excel. If you are
using Word/Excel to view the files you may run into the situation where Word/Excel doesn't
think it can read the files. If you choose "All Files" in the "Open" dialog box the .dat files should
appear. They will not appear if you choose "Readable Files". 

With regard to the number of indicators. There has been considerable confusion as to the
various ways the data can be compiled.  The 159 number is one way to consider the data, but if
the goal is to reproduce Mann et al., 1998 using the same methods, it is better to think of the
data in the format we have provided on the web site—11 separate data files, one for each time-
step in the reconstruction with an additional data file containing all the raw proxies (data that
M&M were originally offered but declined). 

The 112 proxies are listed in the file datalist1820.dat. 

Regards, 

Scott 

On Monday, December 15, 2003, at 04:30  PM, Michael E. Mann wrote: 

Dear Heike, 

As I'm in meetings for the next 3 days, and then travelling for 2 weeks, so this
comes at a very bad time. 

I'm forwarding this to Scott Rutherford so he can address any remaining issues that
might exist if necessary.  However, I believe that  each of these issues have  been
addressed in the documentation provided to Nature along with the data (various
"README" and "MASTER" files in the different data directories), and I must say I'm
becoming a bit uncomfortable with the massive burden that is being put on me any
my associates at this point given that the paper by M&M was not published in
Nature, not was it even scientifically peer-reviewed. 

I think we addressed every one of the issues  you have raised in this email in the
detailed documentation provided with the various sub-directories of the ftp site,
though perhaps you simply haven't yet had the opportunity to look at these yet?
These correct some minor typos in the original data lising of MBH98, and should
clarify the distinction between the raw proxy data, and the indicators which represent
processed versions of the proxy data (e.g. PCs of sub-networks) in various instances.
We tried to be as clear as possible about this in the documentation we provided, and
I fear I would be unable to provide a yet clearer explanation. 

In addition, I have provided a copy of a manuscript that is in review in "Climatic
Change" which should address any remaining issues. For example, the use of

ABOR/MH/Priv-000242



summer series in a few cases was in keeping with the earlier study by Bradley and
Jones (1993), several records of which were taken directly from that study. Other
clarifications and corrections of minor typos are provided in this manuscript. Please
consider the information in the attached manuscript as CONFIDENTIAL and for
Nature's internal purposes only(!),  NOT to be forwarded to any others without
permission. Otherwise, this would likely violate the  confidentiality requirements of
the journal "Climatic Change". 

I trust that this manuscript, and the documentation provided in the directories of the
data site that Scott Rutherford provided you, should address your questions. If there
are details that are still not clear, Scott should be able to help clear these up. I 

Frankly, I think Nature is running the danger of allowing itself to be intimidated by
individuals with an obvious political, rather than scientific, agenda. I am forwarding,
in confidence, a correspondence to the same authors from an NSF program director,
in response to similar email threats that have been sent to NSF, that should put this
matter in some perspective  I think that NSF's response provides a better model for
how this sort of thing should be dealt with. 

Best regards, 

Mike 

At 09:04 PM 12/15/2003 +0000, Langenberg, Heike wrote: 

Dear Mike, 

 <?xml:namespace prefix = o ns = "urn:schemas-microsoft-com:office:office" /> 

We have downloaded the data from the ftp site that Scott Rutherford kindly supplied
to us, and I hope we have all the data on our server now. Thanks for organising
that. 

  

I am writing regarding a complaint from Stephen McIntyre and Ross McKitrick (see
below) we received, where they describe their attempts to obtain your data and
methods and claim not to have been provided with all necessary information to
reproduce the results. Could you please provide a point-by-point response to their
letter? 

  

I went through the letter, your paper (including Supplementary Information) and the
data you supplied to us, and I have a few questions which I list below. Could you
please also clarify these issues for me? 

  

1. There seems to be some confusion over the proxy series used in the
reconstruction. In your paper, 112 indicators back to 1820 are mentioned, whereas
only 22 indicator go all the way back to 1400. McIntyre and McKitrick refer to 112
proxy series back to 1400, but then introduce the number of 159 series, which they
say cam from you. 

I went back to the Supplementary Information for clarification, but I am not sure
what counts as an "indicator" - the time series listed or the PC's derived from those
time series? Under the assumption that the data sets just listed count as an
indicator, and where there is a heading like "9 PCs" these nine PCs replace the listed
data sets, I arrive at a number of 117 indicators altogether - neither 112 nor 159.  

So could you please send a list of the 112 indicators, and can you comment on
McIntyre and McKitrick's claim that you advised them that 159 series should be
used? 

Also, for example, within the last data set, ITRDB North America, some series go
back to 1400, others are shorter. Were still nine PCs for these data used for the
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longest reconstruction back to 1400 or did you just use the longest time series? 

  

2. In their point 3, McIntyre and McKitrick state that of the 18 time series for South
America listed in Supplementary Information, only 11 are used. I note that, for
example, ARGE030, ARGE060 and ARGE065, listed in the Supplementary
Information, do not seem to be on the ftp site we were pointed to by Scott
Rutherford. 

Could you please clarify which data sets were used? 

  

3. Regarding McIntyre and McKitrick's point 4, could you please state whether you
used annual or summertime temperatures, and if you did indeed truncate the time
series (and if yes, why)? 

  

I look forward to receiving your point-by-point responses. I hope you understand
that we need to ensure clarity in the data and methods used in this paper. On
receiving your responses we will decide how best to proceed (which may involve
forwarding your responses to McIntyre and McKitrick). We will keep you updated of
the progress. 

  

Best wishes, 

Heike 

  

PS I was unable to open the .dat files from the ftp site on my computer. Is there
anything I'd need to know about the data format? 

  

***************************************************** 

Letter from Stephen McIntyre and Ross McKitrick: 

  
Dear Sirs, 

  

We have been carrying out a detailed examination of the paper: Mann, M.E., Bradley, R.S. & Hughes, M.K. (1998)
Global-Scale Temperature Patterns and Climate Forcing Over the Past Six Centuries, Nature, 392, 779-
787, 1998 ("MBH98"). We have consulted the Nature on-line Supplementary
Information, used two data files sent to us by Professor Mann's group in April 2003
(responding to a request for the FTP location of proxy data used in the above study)
and, since Oct. 29, 2003, the information at the FTP site
ftp://holocene.evsc.virginia.edu/pub/. This site is not identified through nature.com
nor was it given to us upon specific request in April 2003, but is now identified by
Professor Mann as the actual repository of MBH98 data. 

  

There are a number of points in MBH98 which need substantial clarification, some of which
could be resolved with through more adequate Supplementary Information. We have sought
such clarification from Professor Mann without success. With reference to the policies stated
at http://www.nature.com/nature/submit/policies/index html, in particular item number 6, we
are writing to advise you of a persistent refusal to comply with the guidelines and other
issues. We draw your attention to the following issues: 
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1)   There is a listing in the Nature Supplementary Information of 112 proxy series said to
have been used in MBH98. In April 2003, in response to our request for an FTP site where
these data could be found, an associate of Professor Mann (acting on his instructions) sent us
a file (pcproxy.txt) containing 112 data series for the entire period back to 1400, together with
a file apparently identifying these 112 data series. No FTP site containing these proxy series
was identified to us at that time nor in subsequent correspondence with either Professor Mann
nor his associate prior to October 29, 2003. 

  

      In our analysis, we identified nontrivial problems with the data in the file we had been
sent. Professor Mann's associate was unable to shed any light on them. When we sought
additional information from Professor Mann, he informed us that demands on his time
prevented him from considering this or other inquiries. 

  

      We published our findings in Energy and Environment 14 (2003). Subsequently, on Oct.
29, 2003, Professor Mann stated that the errors we found in pcproxy.txt were inadvertently
introduced into the file at the time it was sent to us, that we failed to consult the correct data
at his University of Virginia FTP site and that our study wrongly used 112 proxy series,
whereas MBH98 is based on 159 series. Upon inspecting the FTP site on October 29, 2003
(the first we learned of its existence), we identified the identical file we had been sent in April
2003 (pcproxy.txt), together with its Matlab predecessor pcproxy.mat, both dated August 8,
2002, well before our request. Sometime between October 29 and November 8, 2003, both of
these files were deleted from Professor Mann's FTP site. 

  

      As to the number of proxies, MBH98 clearly refers to only 112 series, as does the on-line
Supplementary Information. There is no reference to the use of 159 proxy series. We have
requested a listing of these series from Mann. He has responded that the series are located on
his FTP site and has refused, despite several requests, to provide more particulars. The
difficulty is that the FTP site contains over 430 principal component series commencing in
periods after 1400, and the relevant series are not flagged. The FTP site also includes many
proxy series seemingly left out of MBH98. This level of disclosure is clearly inadequate. The
deletion of archived data files in response to a controversy is also very disquieting. At a
minimum, we believe that Nature should archive the 159 series now disclosed to have been
used in the MBH98 calculations together with a reconciliation of the difference between the
159 series stated to have been actually used and the 112 series reported in Nature. 

  

2)   Some important data relating to MBH98, such as temperature principal components and
EOFs, was located at Professor Mann's former University of Massachusetts FTP site. Indeed,
Professor Mann's webpage on MBH98 contains no link or reference to the University of
Virginia FTP site, but does contain links to this University of Massachusetts FTP site. On
November 13, 2003, this FTP site was deleted. Important data pertaining to MBH98 formerly
located at the University of Massachusetts FTP site is not located at the University of
Virginia FTP site. 

  

3)   There are numerous discrepancies between the data listing at the Nature SI site and that
in the newly-disclosed FTP site at the University of Virginia. Many of the proxy series used
in MBH98 are principal components calculated from larger collections of tree ring site
"chronologies". The Nature SI site provides listings of the sites reported to have been used in
these calculations, with rosters identified for five regions (Oklahoma, US Southwest/Mexico,
North America, South America, and Australia) plus a listing of the number of series used for
a Vaganov (Russian) collection. We have compared these listings with the information on the
sites actually used at the FTP site and found many inconsistencies. For example, in the South
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American region, only 11 of the 18 sites listed in the Supplementary Information are actually
used in MBH98 calculations, according to the evidence of the FTP site. Moreover there is
evidence archived at Professor Mann's FTP site of intentional exclusion of a disclosed South
American site. An archived email from Hughes to Mann, dated July 29, 1997, and located at
ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/VAGANOV/ORIG/malcolm_29-JUL-97
states that exclusion of the site arge030 would be "better for our purposes". This site arge030
can be shown to be Rio Cisne (through the World Data Center for Paleoclimatology) and is
listed in the Nature Supplementary Information, but is excluded from the actual data in the
FTP site. 

  

4)   We found multiple versions at the FTP site of several series, in which a secondary series
is a truncated version of the full underlying data. For instance the FTP site contains a correct
and complete record of the historical annual Central England Temperature data and historical
annual Central Europe Temperature data. Evidence at the site indicates that MBH98 instead
used summertime averages from these series, in which the first 70 and 25 years of data,
respectively, were intentionally deleted. No explanation is available for this, and the Nature
SI site does not indicate or explain this editing of source data. 

  

5)   MBH98 states that "conventional" principal components methods were used in the
calculation of temperature principal components. The underlying temperature dataset contains
endemic missing data; indeed, 4 temperature grid cells from the UK Climate Research Unit
selected by MBH98 contain no observations at all. "Conventional" principal components
algorithms fail with missing data. Accordingly, MBH98 could not have used conventional
methods and a proper description of the methodology actually employed is required. We
sought specific clarification on this matter from Professor Mann and were refused. Nor is any
available at the FTP site. Disclosure would be trivially easy (simply posting a command file
for a statistics package would suffice). Without such information it is effectively impossible
for an independent researcher to replicate his calculations. 

  

6)   We attempted in our Energy and Environment article to assess the impact of the data
errors and quality control defects in the proxy data, which we had identified. For the
calculation of principal components for the various tree ring regions, we used a standard
principal components algorithm (princomp in R), which provides values only for periods in
which there are no missing values. In response, MBH98 have stated that they used something
called a "stepwise principal components approach", a phrase which is not used in the Nature
article or Supplementary Information. Based on their recent comments, this "approach"
apparently involves changing the proxy rosters at some points in the PC series, leading to
different values of the regional PC depending on the period being analyzed. Whatever the
merits of the approach, there is no disclosure of it in MBH98, leaving the reader uninformed
about the existence and formulae of a fundamental methodology as well as such basic details
as the number and composition of principal components used in each region on a period-by-
period bases. We have requested information from Professor Mann allowing us to identify the
PC proxy rosters on a period-by-period basis and were refused. He deems it sufficient to
merely point to his FTP site, but having examined this site we are unable to uniquely identify
the "stepwise" PC rosters or the procedures used to splice different series together. 

  

7)   MBH98 states that for the temperature data  "the mean was removed, and the series was
normalized by its standard deviation". This is, therefore, the method we employed. In their
reply to our article, MBH criticized us on the grounds that they actually used  "de-trended
gridpoint standard deviations" to normalize temperature data. Whether the difference is
material or not, the fact that their employed methodology contradicts the description in
MBH98 means that independent researchers are unable to replicate their work. 
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8)   Prior to the publication of our article, we  requested other particulars on the computational
methodology from Professor Mann and were refused. Accordingly, we attempted to assess
the impact of the data problems by following the methodology publicly disclosed in MBH98.
Professor Mann then criticized us for failing to replicate previously undisclosed details of his
methodology. We once again requested particulars on his methodology, including copies of
the computer programs used to read in the proxy and temperature series and to produce the
Northern Hemisphere temperature index-but we have been categorically refused. 

  

  

The policies of Nature rightly place a burden on authors to disclose data and methods to any
interested readers. We have been systematically and deliberately stymied by Professor Mann
on the most elementary requests: a proper listing of his data series and the exact
computational procedures used. In the process of trying to obtain this information we have
concluded that the disclosure at the Nature SI site is not merely inadequate, but in some cases
it contradicts what is now revealed at the University of Virginia FTP site. 

  

Under the circumstances, we believe that the full data set and accompanying programs for
MBH98 should now be included in the Nature Supplementary Information, along with an
accounting of any discrepancies between what has been listed at Nature.com to date and what
was actually used in MBH98. 

  

We can make copies of all correspondence and our extensive notes on the data issues
available for your inspection if needed. Thank you for your consideration. 

  

  

Yours truly 

  

Stephen McIntyre 

Toronto, Canada 

  

Ross McKitrick 

University of Guelph 

Guelph, Canada 
  

***************************************************************** 

----------------------------------------------------------- 
Dr Heike Langenberg 
Senior Editor 
Nature 

The Macmillan Building, 4-6 Crinan Street, London N1 9XW, UK 
Tel +44 (0)207 833 4000; Fax +44 (0)207 843 4596; nature@nature.com 

968 National Press Building, 529 14th Street NW, Washington DC 20045, USA 
Tel +1 202 737 2355; Fax +1 202 628 1609; nature@naturedc.com 
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From: Michael E. Mann
To: Langenberg  Heike
Cc: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; Scott Rutherford; mann@virginia.edu
Subject: RE: MBH98 Data
Date: Monday, December 15, 2003 3:47:05 PM

Hi Heike,

Just to provide some additional further help, so in the main directory of the ftp site, there is a file
"MASTER" that gives an overview of the contents of all the various sub-directories.

If you look for example, in the sub-direcotry "PROXY" there is then a "README" file that has detailed
information for the contents of that sub-directory. Among other things, that files explains that the file
"mbhdatasummary.txt" contains the updated listing of the full network, correcting a few minor errors
in the original listing.

You'll note that the files ARGE030, ARGE060, and ARGE065 are not in that listing--they were never
included in the network, and the listing of them was a typo. All such typos have been corrected in
that listing.

In the "METHODS" sub-directory, there are some additional methodological details, like how the series
were normalized, etc.

So, again, we feel that the documentation that we have provided on the website does address each
and every issue raised by these people.

If you feel, after looking over the documentation, that it still isn't clear, we would be happy to try to
make further changes. We were even going to have a graduate student independently go through the
ftp site and make sure that they couldn't find any inconsistencies, etc. So please let us know if you
think that would be helpful.

Thanks again for your patience and understanding,

mike

At 09:04 PM 12/15/2003 +0000, Langenberg, Heike wrote:

Dear Mike,

 <?xml:namespace prefix = o ns = "urn:schemas-microsoft-com:office:office" />

We have downloaded the data from the ftp site that Scott Rutherford kindly supplied to us,
and I hope we have all the data on our server now. Thanks for organising that. 

 

I am writing regarding a complaint from Stephen McIntyre and Ross McKitrick (see below)
we received, where they describe their attempts to obtain your data and methods and
claim not to have been provided with all necessary information to reproduce the results.
Could you please provide a point-by-point response to their letter? 

 

I went through the letter, your paper (including Supplementary Information) and the data
you supplied to us, and I have a few questions which I list below. Could you please also
clarify these issues for me?

 

1. There seems to be some confusion over the proxy series used in the reconstruction. In
your paper, 112 indicators back to 1820 are mentioned, whereas only 22 indicator go all
the way back to 1400. McIntyre and McKitrick refer to 112 proxy series back to 1400, but
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then introduce the number of 159 series, which they say cam from you. 

I went back to the Supplementary Information for clarification, but I am not sure what
counts as an "indicator" - the time series listed or the PC's derived from those time series?
Under the assumption that the data sets just listed count as an indicator, and where there
is a heading like "9 PCs" these nine PCs replace the listed data sets, I arrive at a number
of 117 indicators altogether - neither 112 nor 159.  

So could you please send a list of the 112 indicators, and can you comment on McIntyre
and McKitrick's claim that you advised them that 159 series should be used?

Also, for example, within the last data set, ITRDB North America, some series go back to
1400, others are shorter. Were still nine PCs for these data used for the longest
reconstruction back to 1400 or did you just use the longest time series?

 

2. In their point 3, McIntyre and McKitrick state that of the 18 time series for South
America listed in Supplementary Information, only 11 are used. I note that, for example,
ARGE030, ARGE060 and ARGE065, listed in the Supplementary Information, do not seem
to be on the ftp site we were pointed to by Scott Rutherford. 

Could you please clarify which data sets were used?

 

3. Regarding McIntyre and McKitrick's point 4, could you please state whether you used
annual or summertime temperatures, and if you did indeed truncate the time series (and if
yes, why)? 

 

I look forward to receiving your point-by-point responses. I hope you understand that we
need to ensure clarity in the data and methods used in this paper. On receiving your
responses we will decide how best to proceed (which may involve forwarding your
responses to McIntyre and McKitrick). We will keep you updated of the progress. 

 

Best wishes, 

Heike 

 

PS I was unable to open the .dat files from the ftp site on my computer. Is there anything
I'd need to know about the data format?

 

*****************************************************

Letter from Stephen McIntyre and Ross McKitrick:

 
Dear Sirs,

 

We have been carrying out a detailed examination of the paper: Mann, M.E., Bradley, R.S. & Hughes, M.K. (1998) Global-
Scale Temperature Patterns and Climate Forcing Over the Past Six Centuries, Nature, 392, 779-787, 1998
("MBH98"). We have consulted the Nature on-line Supplementary Information, used two
data files sent to us by Professor Mann's group in April 2003 (responding to a request for
the FTP location of proxy data used in the above study) and, since Oct. 29, 2003, the
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information at the FTP site ftp://holocene.evsc.virginia.edu/pub/. This site is not identified
through nature.com nor was it given to us upon specific request in April 2003, but is now
identified by Professor Mann as the actual repository of MBH98 data.

 

There are a number of points in MBH98 which need substantial clarification, some of which could
be resolved with through more adequate Supplementary Information. We have sought such
clarification from Professor Mann without success. With reference to the policies stated at
http://www nature.com/nature/submit/policies/index.html, in particular item number 6, we are
writing to advise you of a persistent refusal to comply with the guidelines and other issues. We
draw your attention to the following issues:

 

1)   There is a listing in the Nature Supplementary Information of 112 proxy series said to have
been used in MBH98. In April 2003, in response to our request for an FTP site where these data
could be found, an associate of Professor Mann (acting on his instructions) sent us a file
(pcproxy.txt) containing 112 data series for the entire period back to 1400, together with a file
apparently identifying these 112 data series. No FTP site containing these proxy series was
identified to us at that time nor in subsequent correspondence with either Professor Mann nor his
associate prior to October 29, 2003. 

 

      In our analysis, we identified nontrivial problems with the data in the file we had been sent.
Professor Mann's associate was unable to shed any light on them. When we sought additional
information from Professor Mann, he informed us that demands on his time prevented him from
considering this or other inquiries. 

 

      We published our findings in Energy and Environment 14 (2003). Subsequently, on Oct. 29,
2003, Professor Mann stated that the errors we found in pcproxy.txt were inadvertently introduced
into the file at the time it was sent to us, that we failed to consult the correct data at his University
of Virginia FTP site and that our study wrongly used 112 proxy series, whereas MBH98 is based on
159 series. Upon inspecting the FTP site on October 29, 2003 (the first we learned of its existence),
we identified the identical file we had been sent in April 2003 (pcproxy.txt), together with its
Matlab predecessor pcproxy.mat, both dated August 8, 2002, well before our request. Sometime
between October 29 and November 8, 2003, both of these files were deleted from Professor Mann's
FTP site.

 

      As to the number of proxies, MBH98 clearly refers to only 112 series, as does the on-line
Supplementary Information. There is no reference to the use of 159 proxy series. We have requested
a listing of these series from Mann. He has responded that the series are located on his FTP site and
has refused, despite several requests, to provide more particulars. The difficulty is that the FTP site
contains over 430 principal component series commencing in periods after 1400, and the relevant
series are not flagged. The FTP site also includes many proxy series seemingly left out of MBH98.
This level of disclosure is clearly inadequate. The deletion of archived data files in response to a
controversy is also very disquieting. At a minimum, we believe that Nature should archive the 159
series now disclosed to have been used in the MBH98 calculations together with a reconciliation of
the difference between the 159 series stated to have been actually used and the 112 series reported
in Nature.

 

2)   Some important data relating to MBH98, such as temperature principal components and EOFs,
was located at Professor Mann's former University of Massachusetts FTP site. Indeed, Professor
Mann's webpage on MBH98 contains no link or reference to the University of Virginia FTP site, but
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does contain links to this University of Massachusetts FTP site. On November 13, 2003, this FTP
site was deleted. Important data pertaining to MBH98 formerly located at the University of
Massachusetts FTP site is not located at the University of Virginia FTP site.

 

3)   There are numerous discrepancies between the data listing at the Nature SI site and that in the
newly-disclosed FTP site at the University of Virginia. Many of the proxy series used in MBH98
are principal components calculated from larger collections of tree ring site "chronologies". The
Nature SI site provides listings of the sites reported to have been used in these calculations, with
rosters identified for five regions (Oklahoma, US Southwest/Mexico, North America, South
America, and Australia) plus a listing of the number of series used for a Vaganov (Russian)
collection. We have compared these listings with the information on the sites actually used at the
FTP site and found many inconsistencies. For example, in the South American region, only 11 of
the 18 sites listed in the Supplementary Information are actually used in MBH98 calculations,
according to the evidence of the FTP site. Moreover there is evidence archived at Professor Mann's
FTP site of intentional exclusion of a disclosed South American site. An archived email from
Hughes to Mann, dated July 29, 1997, and located at
ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/VAGANOV/ORIG/malcolm_29-JUL-97 states
that exclusion of the site arge030 would be "better for our purposes". This site arge030 can be
shown to be Rio Cisne (through the World Data Center for Paleoclimatology) and is listed in the
Nature Supplementary Information, but is excluded from the actual data in the FTP site.

 

4)   We found multiple versions at the FTP site of several series, in which a secondary series is a
truncated version of the full underlying data. For instance the FTP site contains a correct and
complete record of the historical annual Central England Temperature data and historical annual
Central Europe Temperature data. Evidence at the site indicates that MBH98 instead used
summertime averages from these series, in which the first 70 and 25 years of data, respectively,
were intentionally deleted. No explanation is available for this, and the Nature SI site does not
indicate or explain this editing of source data.

 

5)   MBH98 states that "conventional" principal components methods were used in the calculation
of temperature principal components. The underlying temperature dataset contains endemic missing
data; indeed, 4 temperature grid cells from the UK Climate Research Unit selected by MBH98
contain no observations at all. "Conventional" principal components algorithms fail with missing
data. Accordingly, MBH98 could not have used conventional methods and a proper description of
the methodology actually employed is required. We sought specific clarification on this matter from
Professor Mann and were refused. Nor is any available at the FTP site. Disclosure would be
trivially easy (simply posting a command file for a statistics package would suffice). Without such
information it is effectively impossible for an independent researcher to replicate his calculations.

 

6)   We attempted in our Energy and Environment article to assess the impact of the data errors and
quality control defects in the proxy data, which we had identified. For the calculation of principal
components for the various tree ring regions, we used a standard principal components algorithm
(princomp in R), which provides values only for periods in which there are no missing values. In
response, MBH98 have stated that they used something called a "stepwise principal components
approach", a phrase which is not used in the Nature article or Supplementary Information. Based on
their recent comments, this "approach" apparently involves changing the proxy rosters at some
points in the PC series, leading to different values of the regional PC depending on the period being
analyzed. Whatever the merits of the approach, there is no disclosure of it in MBH98, leaving the
reader uninformed about the existence and formulae of a fundamental methodology as well as such
basic details as the number and composition of principal components used in each region on a
period-by-period bases. We have requested information from Professor Mann allowing us to
identify the PC proxy rosters on a period-by-period basis and were refused. He deems it sufficient
to merely point to his FTP site, but having examined this site we are unable to uniquely identify the
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"stepwise" PC rosters or the procedures used to splice different series together.

 

7)   MBH98 states that for the temperature data  "the mean was removed, and the series was
normalized by its standard deviation". This is, therefore, the method we employed. In their reply to
our article, MBH criticized us on the grounds that they actually used  "de-trended gridpoint standard
deviations" to normalize temperature data. Whether the difference is material or not, the fact that
their employed methodology contradicts the description in MBH98 means that independent
researchers are unable to replicate their work.

 

8)   Prior to the publication of our article, we  requested other particulars on the computational
methodology from Professor Mann and were refused. Accordingly, we attempted to assess the
impact of the data problems by following the methodology publicly disclosed in MBH98. Professor
Mann then criticized us for failing to replicate previously undisclosed details of his methodology.
We once again requested particulars on his methodology, including copies of the computer
programs used to read in the proxy and temperature series and to produce the Northern Hemisphere
temperature index-but we have been categorically refused.

 

  

The policies of Nature rightly place a burden on authors to disclose data and methods to any
interested readers. We have been systematically and deliberately stymied by Professor Mann on the
most elementary requests: a proper listing of his data series and the exact computational procedures
used. In the process of trying to obtain this information we have concluded that the disclosure at the
Nature SI site is not merely inadequate, but in some cases it contradicts what is now revealed at the
University of Virginia FTP site. 

 

Under the circumstances, we believe that the full data set and accompanying programs for MBH98
should now be included in the Nature Supplementary Information, along with an accounting of any
discrepancies between what has been listed at Nature.com to date and what was actually used in
MBH98.

 

We can make copies of all correspondence and our extensive notes on the data issues available for
your inspection if needed. Thank you for your consideration.

 

 

Yours truly

 

Stephen McIntyre

Toronto, Canada

 

Ross McKitrick

University of Guelph
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Guelph, Canada 
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From: Michael E. Mann
To: Langenberg  Heike
Cc: Scott Rutherford; rbradley@geo.umass.edu; mhughes@ltrr arizona.edu; mann@virginia.edu
Subject: RE: MBH98 Data
Date: Monday, December 15, 2003 3:11:44 PM

Heike,

In looking at their email, there are a number of disingenuous or flat-out dishonest statements that
are made by them, which you should be aware of.

The text file that they refer to was prepared expressly in response to a specific request made by
them to Scott Rutherford, even after they were made aware by me that oour data was alreadly
available on our ftp site. The matlab file from which the text file was generated has an earlier date,
which is the date that  that Scott Rutherford had originally read the MBH98 indicators into matlab, to
do subsequent analyses, which we have published. It was from this matlab file that the specific data
matrix they requested was generated. Hence, the earlier date. That data matrix was generated for
them, and only for them, despite their protestations  based on a lack of understanding of how matlab-
generated files are date labeled.

When we realized that the matrix format of the data was incomplete and potentially had some other
problems with it, it was deleted. The raw data was, of course, on our ftp site all along so this is yet
again, a moot issue.

The reconstructions, etc. from our U.Mass were never removed--they have been continuously
available there, other than a few days or or there due to glitches when the Umass people were
updated their ftp site. Seems odd they would hone in on that!

They have been informed of all of these things, yet seem intent on misleading Nature, and others,
about these things. Now that they know their analysis is completely wrong, they've been looking for
other ways to try to create a tempest in a teapot---and that's what all of these "data" issues are
really about.

Once again, all of the legitimate issues raised by them are detailed in our documentation, and the
paper which is submitted to "Climatic Change" (which should be treated as sensitive material until it is
published).

I would advise Nature to be very, very circumspect in dealing with these people.

mike

At 09:04 PM 12/15/2003 +0000, Langenberg, Heike wrote:

Dear Mike,

 <?xml:namespace prefix = o ns = "urn:schemas-microsoft-com:office:office" />

We have downloaded the data from the ftp site that Scott Rutherford kindly supplied to us,
and I hope we have all the data on our server now. Thanks for organising that. 

 

I am writing regarding a complaint from Stephen McIntyre and Ross McKitrick (see below)
we received, where they describe their attempts to obtain your data and methods and
claim not to have been provided with all necessary information to reproduce the results.
Could you please provide a point-by-point response to their letter? 

 

I went through the letter, your paper (including Supplementary Information) and the data
you supplied to us, and I have a few questions which I list below. Could you please also
clarify these issues for me?
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1. There seems to be some confusion over the proxy series used in the reconstruction. In
your paper, 112 indicators back to 1820 are mentioned, whereas only 22 indicator go all
the way back to 1400. McIntyre and McKitrick refer to 112 proxy series back to 1400, but
then introduce the number of 159 series, which they say cam from you. 

I went back to the Supplementary Information for clarification, but I am not sure what
counts as an "indicator" - the time series listed or the PC's derived from those time series?
Under the assumption that the data sets just listed count as an indicator, and where there
is a heading like "9 PCs" these nine PCs replace the listed data sets, I arrive at a number
of 117 indicators altogether - neither 112 nor 159.  

So could you please send a list of the 112 indicators, and can you comment on McIntyre
and McKitrick's claim that you advised them that 159 series should be used?

Also, for example, within the last data set, ITRDB North America, some series go back to
1400, others are shorter. Were still nine PCs for these data used for the longest
reconstruction back to 1400 or did you just use the longest time series?

 

2. In their point 3, McIntyre and McKitrick state that of the 18 time series for South
America listed in Supplementary Information, only 11 are used. I note that, for example,
ARGE030, ARGE060 and ARGE065, listed in the Supplementary Information, do not seem
to be on the ftp site we were pointed to by Scott Rutherford. 

Could you please clarify which data sets were used?

 

3. Regarding McIntyre and McKitrick's point 4, could you please state whether you used
annual or summertime temperatures, and if you did indeed truncate the time series (and if
yes, why)? 

 

I look forward to receiving your point-by-point responses. I hope you understand that we
need to ensure clarity in the data and methods used in this paper. On receiving your
responses we will decide how best to proceed (which may involve forwarding your
responses to McIntyre and McKitrick). We will keep you updated of the progress. 

 

Best wishes, 

Heike 

 

PS I was unable to open the .dat files from the ftp site on my computer. Is there anything
I'd need to know about the data format?

 

*****************************************************

Letter from Stephen McIntyre and Ross McKitrick:

 
Dear Sirs,
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We have been carrying out a detailed examination of the paper: Mann, M.E., Bradley, R.S. & Hughes, M.K. (1998) Global-
Scale Temperature Patterns and Climate Forcing Over the Past Six Centuries, Nature, 392, 779-787, 1998
("MBH98"). We have consulted the Nature on-line Supplementary Information, used two
data files sent to us by Professor Mann's group in April 2003 (responding to a request for
the FTP location of proxy data used in the above study) and, since Oct. 29, 2003, the
information at the FTP site ftp://holocene.evsc.virginia.edu/pub/. This site is not identified
through nature.com nor was it given to us upon specific request in April 2003, but is now
identified by Professor Mann as the actual repository of MBH98 data.

 

There are a number of points in MBH98 which need substantial clarification, some of which could
be resolved with through more adequate Supplementary Information. We have sought such
clarification from Professor Mann without success. With reference to the policies stated at
http://www nature.com/nature/submit/policies/index.html, in particular item number 6, we are
writing to advise you of a persistent refusal to comply with the guidelines and other issues. We
draw your attention to the following issues:

 

1)   There is a listing in the Nature Supplementary Information of 112 proxy series said to have
been used in MBH98. In April 2003, in response to our request for an FTP site where these data
could be found, an associate of Professor Mann (acting on his instructions) sent us a file
(pcproxy.txt) containing 112 data series for the entire period back to 1400, together with a file
apparently identifying these 112 data series. No FTP site containing these proxy series was
identified to us at that time nor in subsequent correspondence with either Professor Mann nor his
associate prior to October 29, 2003. 

 

      In our analysis, we identified nontrivial problems with the data in the file we had been sent.
Professor Mann's associate was unable to shed any light on them. When we sought additional
information from Professor Mann, he informed us that demands on his time prevented him from
considering this or other inquiries. 

 

      We published our findings in Energy and Environment 14 (2003). Subsequently, on Oct. 29,
2003, Professor Mann stated that the errors we found in pcproxy.txt were inadvertently introduced
into the file at the time it was sent to us, that we failed to consult the correct data at his University
of Virginia FTP site and that our study wrongly used 112 proxy series, whereas MBH98 is based on
159 series. Upon inspecting the FTP site on October 29, 2003 (the first we learned of its existence),
we identified the identical file we had been sent in April 2003 (pcproxy.txt), together with its
Matlab predecessor pcproxy.mat, both dated August 8, 2002, well before our request. Sometime
between October 29 and November 8, 2003, both of these files were deleted from Professor Mann's
FTP site.

 

      As to the number of proxies, MBH98 clearly refers to only 112 series, as does the on-line
Supplementary Information. There is no reference to the use of 159 proxy series. We have requested
a listing of these series from Mann. He has responded that the series are located on his FTP site and
has refused, despite several requests, to provide more particulars. The difficulty is that the FTP site
contains over 430 principal component series commencing in periods after 1400, and the relevant
series are not flagged. The FTP site also includes many proxy series seemingly left out of MBH98.
This level of disclosure is clearly inadequate. The deletion of archived data files in response to a
controversy is also very disquieting. At a minimum, we believe that Nature should archive the 159
series now disclosed to have been used in the MBH98 calculations together with a reconciliation of
the difference between the 159 series stated to have been actually used and the 112 series reported
in Nature.
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2)   Some important data relating to MBH98, such as temperature principal components and EOFs,
was located at Professor Mann's former University of Massachusetts FTP site. Indeed, Professor
Mann's webpage on MBH98 contains no link or reference to the University of Virginia FTP site, but
does contain links to this University of Massachusetts FTP site. On November 13, 2003, this FTP
site was deleted. Important data pertaining to MBH98 formerly located at the University of
Massachusetts FTP site is not located at the University of Virginia FTP site.

 

3)   There are numerous discrepancies between the data listing at the Nature SI site and that in the
newly-disclosed FTP site at the University of Virginia. Many of the proxy series used in MBH98
are principal components calculated from larger collections of tree ring site "chronologies". The
Nature SI site provides listings of the sites reported to have been used in these calculations, with
rosters identified for five regions (Oklahoma, US Southwest/Mexico, North America, South
America, and Australia) plus a listing of the number of series used for a Vaganov (Russian)
collection. We have compared these listings with the information on the sites actually used at the
FTP site and found many inconsistencies. For example, in the South American region, only 11 of
the 18 sites listed in the Supplementary Information are actually used in MBH98 calculations,
according to the evidence of the FTP site. Moreover there is evidence archived at Professor Mann's
FTP site of intentional exclusion of a disclosed South American site. An archived email from
Hughes to Mann, dated July 29, 1997, and located at
ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/VAGANOV/ORIG/malcolm_29-JUL-97 states
that exclusion of the site arge030 would be "better for our purposes". This site arge030 can be
shown to be Rio Cisne (through the World Data Center for Paleoclimatology) and is listed in the
Nature Supplementary Information, but is excluded from the actual data in the FTP site.

 

4)   We found multiple versions at the FTP site of several series, in which a secondary series is a
truncated version of the full underlying data. For instance the FTP site contains a correct and
complete record of the historical annual Central England Temperature data and historical annual
Central Europe Temperature data. Evidence at the site indicates that MBH98 instead used
summertime averages from these series, in which the first 70 and 25 years of data, respectively,
were intentionally deleted. No explanation is available for this, and the Nature SI site does not
indicate or explain this editing of source data.

 

5)   MBH98 states that "conventional" principal components methods were used in the calculation
of temperature principal components. The underlying temperature dataset contains endemic missing
data; indeed, 4 temperature grid cells from the UK Climate Research Unit selected by MBH98
contain no observations at all. "Conventional" principal components algorithms fail with missing
data. Accordingly, MBH98 could not have used conventional methods and a proper description of
the methodology actually employed is required. We sought specific clarification on this matter from
Professor Mann and were refused. Nor is any available at the FTP site. Disclosure would be
trivially easy (simply posting a command file for a statistics package would suffice). Without such
information it is effectively impossible for an independent researcher to replicate his calculations.

 

6)   We attempted in our Energy and Environment article to assess the impact of the data errors and
quality control defects in the proxy data, which we had identified. For the calculation of principal
components for the various tree ring regions, we used a standard principal components algorithm
(princomp in R), which provides values only for periods in which there are no missing values. In
response, MBH98 have stated that they used something called a "stepwise principal components
approach", a phrase which is not used in the Nature article or Supplementary Information. Based on
their recent comments, this "approach" apparently involves changing the proxy rosters at some
points in the PC series, leading to different values of the regional PC depending on the period being
analyzed. Whatever the merits of the approach, there is no disclosure of it in MBH98, leaving the
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reader uninformed about the existence and formulae of a fundamental methodology as well as such
basic details as the number and composition of principal components used in each region on a
period-by-period bases. We have requested information from Professor Mann allowing us to
identify the PC proxy rosters on a period-by-period basis and were refused. He deems it sufficient
to merely point to his FTP site, but having examined this site we are unable to uniquely identify the
"stepwise" PC rosters or the procedures used to splice different series together.

 

7)   MBH98 states that for the temperature data  "the mean was removed, and the series was
normalized by its standard deviation". This is, therefore, the method we employed. In their reply to
our article, MBH criticized us on the grounds that they actually used  "de-trended gridpoint standard
deviations" to normalize temperature data. Whether the difference is material or not, the fact that
their employed methodology contradicts the description in MBH98 means that independent
researchers are unable to replicate their work.

 

8)   Prior to the publication of our article, we  requested other particulars on the computational
methodology from Professor Mann and were refused. Accordingly, we attempted to assess the
impact of the data problems by following the methodology publicly disclosed in MBH98. Professor
Mann then criticized us for failing to replicate previously undisclosed details of his methodology.
We once again requested particulars on his methodology, including copies of the computer
programs used to read in the proxy and temperature series and to produce the Northern Hemisphere
temperature index-but we have been categorically refused.

 

  

The policies of Nature rightly place a burden on authors to disclose data and methods to any
interested readers. We have been systematically and deliberately stymied by Professor Mann on the
most elementary requests: a proper listing of his data series and the exact computational procedures
used. In the process of trying to obtain this information we have concluded that the disclosure at the
Nature SI site is not merely inadequate, but in some cases it contradicts what is now revealed at the
University of Virginia FTP site. 

 

Under the circumstances, we believe that the full data set and accompanying programs for MBH98
should now be included in the Nature Supplementary Information, along with an accounting of any
discrepancies between what has been listed at Nature.com to date and what was actually used in
MBH98.

 

We can make copies of all correspondence and our extensive notes on the data issues available for
your inspection if needed. Thank you for your consideration.

 

 

Yours truly

 

Stephen McIntyre

Toronto, Canada
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Ross McKitrick

University of Guelph

Guelph, Canada 
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From: Michael E. Mann
To: Langenberg  Heike
Cc: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; Scott Rutherford
Subject: RE: MBH98 Data
Date: Monday, December 15, 2003 2:30:43 PM
Attachments: ClimaticChange03-lastestrevision.doc

Dear Heike,

As I'm in meetings for the next 3 days, and then travelling for 2 weeks, so this comes at a very bad
time.

I'm forwarding this to Scott Rutherford so he can address any remaining issues that might exist if
necessary.  However, I believe that  each of these issues have  been addressed in the documentation
provided to Nature along with the data (various "README" and "MASTER" files in the different data
directories), and I must say I'm becoming a bit uncomfortable with the massive burden that is being
put on me any my associates at this point given that the paper by M&M was not published in Nature,
not was it even scientifically peer-reviewed.

I think we addressed every one of the issues  you have raised in this email in the detailed
documentation provided with the various sub-directories of the ftp site, though perhaps you simply
haven't yet had the opportunity to look at these yet? These correct some minor typos in the original
data lising of MBH98, and should clarify the distinction between the raw proxy data, and the
indicators which represent processed versions of the proxy data (e.g. PCs of sub-networks) in various
instances. We tried to be as clear as possible about this in the documentation we provided, and I fear
I would be unable to provide a yet clearer explanation.

In addition, I have provided a copy of a manuscript that is in review in "Climatic Change" which
should address any remaining issues. For example, the use of summer series in a few cases was in
keeping with the earlier study by Bradley and Jones (1993), several records of which were taken
directly from that study. Other clarifications and corrections of minor typos are provided in this
manuscript. Please consider the information in the attached manuscript as CONFIDENTIAL and for
Nature's internal purposes only(!),  NOT to be forwarded to any others without permission.
Otherwise, this would likely violate the  confidentiality requirements of the journal "Climatic Change".

I trust that this manuscript, and the documentation provided in the directories of the data site that
Scott Rutherford provided you, should address your questions. If there are details that are still not
clear, Scott should be able to help clear these up. I

Frankly, I think Nature is running the danger of allowing itself to be intimidated by individuals with an
obvious political, rather than scientific, agenda. I am forwarding, in confidence, a correspondence to
the same authors from an NSF program director, in response to similar email threats that have been
sent to NSF, that should put this matter in some perspective  I think that NSF's response provides a
better model for how this sort of thing should be dealt with.

Best regards,

Mike

At 09:04 PM 12/15/2003 +0000, Langenberg, Heike wrote:

Dear Mike,

 <?xml:namespace prefix = o ns = "urn:schemas-microsoft-com:office:office" />

We have downloaded the data from the ftp site that Scott Rutherford kindly supplied to us,
and I hope we have all the data on our server now. Thanks for organising that. 

 

I am writing regarding a complaint from Stephen McIntyre and Ross McKitrick (see below)
we received, where they describe their attempts to obtain your data and methods and
claim not to have been provided with all necessary information to reproduce the results.
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Could you please provide a point-by-point response to their letter? 

 

I went through the letter, your paper (including Supplementary Information) and the data
you supplied to us, and I have a few questions which I list below. Could you please also
clarify these issues for me?

 

1. There seems to be some confusion over the proxy series used in the reconstruction. In
your paper, 112 indicators back to 1820 are mentioned, whereas only 22 indicator go all
the way back to 1400. McIntyre and McKitrick refer to 112 proxy series back to 1400, but
then introduce the number of 159 series, which they say cam from you. 

I went back to the Supplementary Information for clarification, but I am not sure what
counts as an "indicator" - the time series listed or the PC's derived from those time series?
Under the assumption that the data sets just listed count as an indicator, and where there
is a heading like "9 PCs" these nine PCs replace the listed data sets, I arrive at a number
of 117 indicators altogether - neither 112 nor 159.  

So could you please send a list of the 112 indicators, and can you comment on McIntyre
and McKitrick's claim that you advised them that 159 series should be used?

Also, for example, within the last data set, ITRDB North America, some series go back to
1400, others are shorter. Were still nine PCs for these data used for the longest
reconstruction back to 1400 or did you just use the longest time series?

 

2. In their point 3, McIntyre and McKitrick state that of the 18 time series for South
America listed in Supplementary Information, only 11 are used. I note that, for example,
ARGE030, ARGE060 and ARGE065, listed in the Supplementary Information, do not seem
to be on the ftp site we were pointed to by Scott Rutherford. 

Could you please clarify which data sets were used?

 

3. Regarding McIntyre and McKitrick's point 4, could you please state whether you used
annual or summertime temperatures, and if you did indeed truncate the time series (and if
yes, why)? 

 

I look forward to receiving your point-by-point responses. I hope you understand that we
need to ensure clarity in the data and methods used in this paper. On receiving your
responses we will decide how best to proceed (which may involve forwarding your
responses to McIntyre and McKitrick). We will keep you updated of the progress. 

 

Best wishes, 

Heike 

 

PS I was unable to open the .dat files from the ftp site on my computer. Is there anything
I'd need to know about the data format?

 

*****************************************************
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Letter from Stephen McIntyre and Ross McKitrick:

 
Dear Sirs,

 

We have been carrying out a detailed examination of the paper: Mann, M.E., Bradley, R.S. & Hughes, M.K. (1998) Global-
Scale Temperature Patterns and Climate Forcing Over the Past Six Centuries, Nature, 392, 779-787, 1998
("MBH98"). We have consulted the Nature on-line Supplementary Information, used two
data files sent to us by Professor Mann's group in April 2003 (responding to a request for
the FTP location of proxy data used in the above study) and, since Oct. 29, 2003, the
information at the FTP site ftp://holocene.evsc.virginia.edu/pub/. This site is not identified
through nature.com nor was it given to us upon specific request in April 2003, but is now
identified by Professor Mann as the actual repository of MBH98 data.

 

There are a number of points in MBH98 which need substantial clarification, some of which could
be resolved with through more adequate Supplementary Information. We have sought such
clarification from Professor Mann without success. With reference to the policies stated at
http://www nature.com/nature/submit/policies/index.html, in particular item number 6, we are
writing to advise you of a persistent refusal to comply with the guidelines and other issues. We
draw your attention to the following issues:

 

1)   There is a listing in the Nature Supplementary Information of 112 proxy series said to have
been used in MBH98. In April 2003, in response to our request for an FTP site where these data
could be found, an associate of Professor Mann (acting on his instructions) sent us a file
(pcproxy.txt) containing 112 data series for the entire period back to 1400, together with a file
apparently identifying these 112 data series. No FTP site containing these proxy series was
identified to us at that time nor in subsequent correspondence with either Professor Mann nor his
associate prior to October 29, 2003. 

 

      In our analysis, we identified nontrivial problems with the data in the file we had been sent.
Professor Mann's associate was unable to shed any light on them. When we sought additional
information from Professor Mann, he informed us that demands on his time prevented him from
considering this or other inquiries. 

 

      We published our findings in Energy and Environment 14 (2003). Subsequently, on Oct. 29,
2003, Professor Mann stated that the errors we found in pcproxy.txt were inadvertently introduced
into the file at the time it was sent to us, that we failed to consult the correct data at his University
of Virginia FTP site and that our study wrongly used 112 proxy series, whereas MBH98 is based on
159 series. Upon inspecting the FTP site on October 29, 2003 (the first we learned of its existence),
we identified the identical file we had been sent in April 2003 (pcproxy.txt), together with its
Matlab predecessor pcproxy.mat, both dated August 8, 2002, well before our request. Sometime
between October 29 and November 8, 2003, both of these files were deleted from Professor Mann's
FTP site.

 

      As to the number of proxies, MBH98 clearly refers to only 112 series, as does the on-line
Supplementary Information. There is no reference to the use of 159 proxy series. We have requested
a listing of these series from Mann. He has responded that the series are located on his FTP site and
has refused, despite several requests, to provide more particulars. The difficulty is that the FTP site
contains over 430 principal component series commencing in periods after 1400, and the relevant
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series are not flagged. The FTP site also includes many proxy series seemingly left out of MBH98.
This level of disclosure is clearly inadequate. The deletion of archived data files in response to a
controversy is also very disquieting. At a minimum, we believe that Nature should archive the 159
series now disclosed to have been used in the MBH98 calculations together with a reconciliation of
the difference between the 159 series stated to have been actually used and the 112 series reported
in Nature.

 

2)   Some important data relating to MBH98, such as temperature principal components and EOFs,
was located at Professor Mann's former University of Massachusetts FTP site. Indeed, Professor
Mann's webpage on MBH98 contains no link or reference to the University of Virginia FTP site, but
does contain links to this University of Massachusetts FTP site. On November 13, 2003, this FTP
site was deleted. Important data pertaining to MBH98 formerly located at the University of
Massachusetts FTP site is not located at the University of Virginia FTP site.

 

3)   There are numerous discrepancies between the data listing at the Nature SI site and that in the
newly-disclosed FTP site at the University of Virginia. Many of the proxy series used in MBH98
are principal components calculated from larger collections of tree ring site "chronologies". The
Nature SI site provides listings of the sites reported to have been used in these calculations, with
rosters identified for five regions (Oklahoma, US Southwest/Mexico, North America, South
America, and Australia) plus a listing of the number of series used for a Vaganov (Russian)
collection. We have compared these listings with the information on the sites actually used at the
FTP site and found many inconsistencies. For example, in the South American region, only 11 of
the 18 sites listed in the Supplementary Information are actually used in MBH98 calculations,
according to the evidence of the FTP site. Moreover there is evidence archived at Professor Mann's
FTP site of intentional exclusion of a disclosed South American site. An archived email from
Hughes to Mann, dated July 29, 1997, and located at
ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/VAGANOV/ORIG/malcolm_29-JUL-97 states
that exclusion of the site arge030 would be "better for our purposes". This site arge030 can be
shown to be Rio Cisne (through the World Data Center for Paleoclimatology) and is listed in the
Nature Supplementary Information, but is excluded from the actual data in the FTP site.

 

4)   We found multiple versions at the FTP site of several series, in which a secondary series is a
truncated version of the full underlying data. For instance the FTP site contains a correct and
complete record of the historical annual Central England Temperature data and historical annual
Central Europe Temperature data. Evidence at the site indicates that MBH98 instead used
summertime averages from these series, in which the first 70 and 25 years of data, respectively,
were intentionally deleted. No explanation is available for this, and the Nature SI site does not
indicate or explain this editing of source data.

 

5)   MBH98 states that "conventional" principal components methods were used in the calculation
of temperature principal components. The underlying temperature dataset contains endemic missing
data; indeed, 4 temperature grid cells from the UK Climate Research Unit selected by MBH98
contain no observations at all. "Conventional" principal components algorithms fail with missing
data. Accordingly, MBH98 could not have used conventional methods and a proper description of
the methodology actually employed is required. We sought specific clarification on this matter from
Professor Mann and were refused. Nor is any available at the FTP site. Disclosure would be
trivially easy (simply posting a command file for a statistics package would suffice). Without such
information it is effectively impossible for an independent researcher to replicate his calculations.

 

6)   We attempted in our Energy and Environment article to assess the impact of the data errors and
quality control defects in the proxy data, which we had identified. For the calculation of principal
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components for the various tree ring regions, we used a standard principal components algorithm
(princomp in R), which provides values only for periods in which there are no missing values. In
response, MBH98 have stated that they used something called a "stepwise principal components
approach", a phrase which is not used in the Nature article or Supplementary Information. Based on
their recent comments, this "approach" apparently involves changing the proxy rosters at some
points in the PC series, leading to different values of the regional PC depending on the period being
analyzed. Whatever the merits of the approach, there is no disclosure of it in MBH98, leaving the
reader uninformed about the existence and formulae of a fundamental methodology as well as such
basic details as the number and composition of principal components used in each region on a
period-by-period bases. We have requested information from Professor Mann allowing us to
identify the PC proxy rosters on a period-by-period basis and were refused. He deems it sufficient
to merely point to his FTP site, but having examined this site we are unable to uniquely identify the
"stepwise" PC rosters or the procedures used to splice different series together.

 

7)   MBH98 states that for the temperature data  "the mean was removed, and the series was
normalized by its standard deviation". This is, therefore, the method we employed. In their reply to
our article, MBH criticized us on the grounds that they actually used  "de-trended gridpoint standard
deviations" to normalize temperature data. Whether the difference is material or not, the fact that
their employed methodology contradicts the description in MBH98 means that independent
researchers are unable to replicate their work.

 

8)   Prior to the publication of our article, we  requested other particulars on the computational
methodology from Professor Mann and were refused. Accordingly, we attempted to assess the
impact of the data problems by following the methodology publicly disclosed in MBH98. Professor
Mann then criticized us for failing to replicate previously undisclosed details of his methodology.
We once again requested particulars on his methodology, including copies of the computer
programs used to read in the proxy and temperature series and to produce the Northern Hemisphere
temperature index-but we have been categorically refused.

 

  

The policies of Nature rightly place a burden on authors to disclose data and methods to any
interested readers. We have been systematically and deliberately stymied by Professor Mann on the
most elementary requests: a proper listing of his data series and the exact computational procedures
used. In the process of trying to obtain this information we have concluded that the disclosure at the
Nature SI site is not merely inadequate, but in some cases it contradicts what is now revealed at the
University of Virginia FTP site. 

 

Under the circumstances, we believe that the full data set and accompanying programs for MBH98
should now be included in the Nature Supplementary Information, along with an accounting of any
discrepancies between what has been listed at Nature.com to date and what was actually used in
MBH98.

 

We can make copies of all correspondence and our extensive notes on the data issues available for
your inspection if needed. Thank you for your consideration.

 

 

Yours truly
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1. Introduction 
 
A recent article published by McIntyre and McKitrick (henceforth "MM03") claims to provide 
evidence that late 20th century hemispheric warmth is not anomalous in the context of the past 
several centuries, with the specific claim that 15th century temperatures were warmer than those 
of the late 20th century. MM03 make this claim based on the purported application of the same 
methodology and datasets used by Mann et al (1998--henceforth "MBH98"), but their results are 
very different from those reported by MBH98.  Their results contrast markedly with a number of 
studies carried out over the past decade, which reconstruct large-scale surface temperature 
variations from proxy data (Figure 1).  Almost all these studies arrived at the conclusion that late 
20th century Northern Hemisphere mean warmth is anomalous in the context of past centuries 
and even millennia  (Bradley and Jones, 1995; Crowley and Kim, 1996; Overpeck et al, 1997; 
Pollack et al, 1998; Jones et al, 1998, Mann et al, 1998; Pollack et al, 1998; Crowley and Lowery, 
2000; Huang et al, 2000; Jones et al, 2001;  Folland et al, 2001; Harris and Chapman, 2001; 
Briffa et al, 2001; Mann and Jones, 2003; Mann et al, 2003a; Hegerl et al, 2003). Studies 
employing models of varying complexity forced with estimated past natural and anthropogenic 
radiative forcing histories have arrived at similar conclusions (Free and Robock, 1999; Crowley 
and Kim, 1999; Crowley et al, 2000; Bertrand et al, 2002; Gerber et al, 2003; Bauer et al, 2003; 
Hegerl et al 2003), providing theoretical estimates of Northern Hemisphere mean temperature 
variations that are typically statistically indistinguishable from the empirical reconstructions (e.g. 
Mann et al, 2003a).  The MM03 study thus conflicts not only with the work that they claim to 
have “audited” and “corrected” (i.e. MBH98) but also with virtually all other studies of large-
scale temperature variations.   
 
 
An audit involves a careful examination, using the same data and following the exact procedures 
used in the report or study being audited.  McIntyre and McKitrick ("MM03") have done no such 
thing, having used neither the data nor the procedures of MBH98. Their effort has no bearing on 
the validity of the conclusions reported in MBH98, and is no way a "correction" of that study as 
they claim. On the contrary, their analysis seriously misrepresents MBH98.  Here we examine the 
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claim that MM03 undertook exactly the same analysis as MBH98 and found errors in this work, 
and we seek to understand how they came to this erroneous conclusion.  We show that their 
results derive from the incorrect application of the method of Mann et al (1998) and the use of a 
different, severely restricted version of the proxy data set used by MBH98.We identify the 
omission of key early proxy indicators by MM03 that were used by MBH98 (section 2) and show 
that  a reproduction of the reconstruction presented by MM03 fails the fundamental statistical test 
of "cross-validation" with independent instrumental data, emphasized in MBH98 and other 
paleoclimate reconstruction studies (see e.g. Cook et al, 1994; Luterbacher et al, 2002). We also 
note a number of significant additional technical errors made by MM03 (section 3) that would 
have rendered their analysis invalid even if they had employed the same key early data as 
MBH98, and note several other erroneous criticisms  of MBH98 made by MM03 (section 4).  We 
present our conclusions in section 5. 
 
 

2. Impact of Removal by MM03 of Key Proxy Indicators Used by MBH98 
 
Because large-scale climate fields typically have relatively few (on the order of tens of) spatial 
degrees of freedom on climatic timescales (e.g. Jones and Briffa, 1992; Weber and Madden, 
1995; Zwiers and Shen, 1997; Rutherford et al., 2003), climate indices or fields can often be 
efficiently reconstructed from a relatively modest network of proxy indicators (e.g. Bradley, 
1996, Evans et al, 1998), particularly through the use of a lower-dimensional state space 
representation of the underlying fields based on Principal Component Analysis (Mann et al, 1998; 
1999; Luterbacher et al, 2002; Evans et al, 2002; Zorita et al., 2003) or other alternative methods 
employing the data covariance matrix (Mann and Rutherford, 2002; Rutherford et al,, 2003). The 
reliability or 'skill' of the reconstruction, as estimated through cross-validation, depends critically 
on the available data, especially when relatively small numbers of indicators are available (Mann 
et al, 1998;1999; Evans et al., 2002; Mann and Rutherford, 2002; Rutherford et al., 2003; Zorita 
et al., 2003). The putative "correction" of the MBH98 proxy network employed by MM03 
appears to have amounted to little more than a removal of key indicators and the substitution of 
some others, including the removal of the majority of the underlying proxy data in the MBH98 
network prior to AD 1600. It is during this period (in particular, the interval 1400-1500) that the 
removal of these data has major consequences for the character of the MM03 reconstruction of 
Northern Hemisphere temperature. We also show that the removal of these key data prevents the 
possibility of obtaining a skillfully cross-validated reconstruction during the period AD 1400-
1500. 
 
MM03 do not list the number of indicators in their altered version of the MBH98 network that 
forms the basis of their reconstruction. This altered network is based on the substitution of many 
original series used by MBH98,often with shorter data series from other sources and the omission 
of some other series. The reader must do a considerable amount of work, based on scrutiny of the 
tables in MM03 (pages 20-23 therein) and the indicated data internet links, to determine just what 
data have been eliminated from the original MBH98 network. An analysis of these eliminations 
and substitutions reveals the removal by MM03 of key early proxy information. We show that is 
the removal of this information that produces their spurious reconstructed 15th warmth century 
which  is at odds with the reconstructed cold conditions of the period by MBH98 and virtually all 
other published Northern Hemisphere temperature reconstructions. 
 
The primary difference between the reconstruction of MM03 and MBH98, evident prior to about 
AD 1500, appears to stem from the following eliminations or substitutions of MBH98 data by 
MM03: 
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1) MM03 appear to eliminate the entire dataset of 70 Western North American (WNA) tree-ring 
series available between 1400 and 1500 (and a total of 86 series from AD 1500-1600) based on a 
complete misrepresentation of the procedures used by MBH98. This dataset, and several other 
regional tree-ring data networks, was represented by MBH98 in terms of a smaller number of 
representative Principal Component (PC) time series used for each independent reconstruction 
produced by the stepwise procedure employed by MBH98.  MBH98 made use of almost 100 
proxy series over the interval AD 1400-1500. The 70 WNA series thus made up the majority of 
the proxy data used by MBH98 prior to AD 1500. The 70 WNA series were  represented in terms 
of their  two leading patterns of variance from AD 1400-1500. These patterns represented, 
however, a much larger number (70 series) of underlying data spanning western North America, 
and constitute the key early data set in the MBH98  network (see e.g. the discussion in  Mann et 
al, 1999).   MM03 eliminated the entire WNA dataset  (and thus, the majority of the original 
proxy indicators used prior to AD 1500 by MBH98) by not following the procedure of MBH98 
of calculating the PC series separately for all intervals used in their stepwise reconstruction. This 
procedure employs one set of PC series for the AD 1400-1980 interval, another for AD 1450-
1980, and so on (see technical point "b" later on in this document), thus allowing for the use of an 
increasingly large amount of underlying proxy data in their representations of the various data 
sub-networks for later periods as more data joined the set. The leading pattern of variance in 
WNA  data  exhibits conditions from 1400-1800 that are much colder than those of the mid and 
late 20th century, with very prominent cooling in the 15th century.  All of these data were 
available to MM03. The original individual proxy data used by MBH, including all of the WNA 
data have been available since May 2000 on the public ftp site provided by Mann and colleagues:  

ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/ITRDB/NOAMER/ 
as well as  the  NOAA Paleoclimatology website:  

ftp://ftp.ngdc.noaa.gov/paleo/treering/chronologies/northamerica/usa 
It should also be noted that a description of the extensive quality control performed on the public 
domain tree-ring data was given by Mann et al., 2000b and may be found online at : 

http://www.ngdc.noaa.gov/paleo/ei/ei_nodendro.html 
We see no conceivable justification  for MM03 to have eliminated what amounts to the vast 
majority of proxy series used by MBH98 prior to AD 1600. 
 
2) MM03 appear to eliminate the entire dataset of Stahle et al (1998) of southwestern 
U.S./Mexican latewood and earlywood ring width (TXMX), measurements prior to the 17th 
century (12 series back to 1500, 6 back to 1400) under the same false procedural premise 
described in (1).  Once again, the data were available at the public ftp site provided by Mann and 
coworkers:  

ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/STAHLE/SWM/ 
MM03, in fact,  appear to have substituted a completely unrelated set  of tree-ring records  
produced by Stahle and coworkers in earlier work. This is perhaps due to an outdated reference in 
the supplementary information of MBH98 (the Stahle et al, 1998 paper had not yet been 
published at the time of MBH98). Adequate information, however,  was provided in the 
supplementary information to distinguish this unique set of earlywood/latewood chronologies 
derived specifically for their sensitivity to winter ENSO influences (see Stahle et al, 1998),  from 
generic tree-ring data from the Texas/Mexico region produced earlier that MM03 appear to have 
confused with these in their substitutions. 
 
3) MM03 appear to have substituted significantly different series for the original full-length 
Jacoby and D'Arrigo (1989) Northern Treeline series used by MBH98. For example, in their 
Figure 4 they describe the substitution of a shorter version (available back to AD 1530) of the 

ABOR/MH/Priv-000269



 4

"Twisted Tree, Heartrot Hill" Northern Treeline series for the longer version (available back to 
AD 1459) used by MBH98.  
 
We have not determined the full impact of all of the various substitutions and omissions 
performed by MM03. Nor have we accounted for the influence of the various technical errors in 
their analysis (section 4), which alone would make it impossible for them to have correctly 
reproduced the results of MBH98. However, we have re-computed northern hemisphere 
temperatures by incorporating the methodological and data changes outlined above, and obtain a 
qualitatively similar reconstruction to MM03 (Figure 2).  This reconstruction indeed indicates 
warmth during the 15th century that exceeds the warmth reconstructed through the 1980 
termination of the proxy-reconstruction. However, this result should have been discarded by 
MM03 had they correctly followed the cross-validation protocol used by MBH98 and other 
paleoclimate researchers in testing the reliability of their reconstruction. MBH98 employed the 
standard statistical tool of cross-validation to verify the skill of their reconstructions (see also 
Cook et al, 1994; Luterbacher et al, 2002; Evans et al, 2002). MM03 describe no such tests. 
Consistent with the stepwise reconstruction approach employed by MBH98 in which increasingly 
sparse networks were used progressively farther back in time, a series of cross-validation 
experiments were performed by MBH98 to estimate the skill for each separate interval back in 
time.  For the AD 1400-1450 period, for example, MBH98 performed a reconstruction over the 
interval 1400-1901 based on calibration of the indicators available for the 1400-1980 period 
against the instrumental record over the interval 1902-1980. The resulting reconstruction was 
then independently compared against the instrumental record over the interval (1854-1901) not 
used for calibration. The cross-validation skill was diagnosed by a 'Reduction of Error' statistic 
(RE), which is bounded by negative infinity and positive one, with substantially positive numbers 
indicative of predictive skill. The mean expected value for a random estimate is RE= -1. MBH98 
obtained an RE score of 0.51 for the reconstruction over the AD 1400-1500 interval.  The cross-
validation score for our reproductions of the MM03 results  (RE = -0.64) indicates, in stark 
contrast, the absence of any statistical reliability at all.  If they had used this cross-validation 
protocol to verify their reconstruction, MM03 would have been forced to conclude that a skillful 
reconstruction was not possible prior to AD 1500 based on the largely depleted  version of the 
MBH98 proxy network that they used.  It was completely incorrect for MM03 to conclude that 
their reconstruction provided statistically reliable evidence of anomalous warmth prior in the 15th 
century, given the failure of their reconstruction to cross-validate against the instrumental record. 
An alternative reconstruction eliminating only datasets (1) and (2) provides an intermediate 
result, closer to that of MBH98, but with a statistical diagnostic of skill that is at best marginal 
(RE=0.09). Reconstructions resembling that of MM03, based on the elimination of key data, 
consistently fail independent cross-validation. Only when the full data network used by MBH98, 
retaining datasets (1)-(3), is used for the critical AD 1400-1500 period, is a skillful reconstruction 
possible, as obtained by MBH98  (RE=0.51). 
 
MM03 suggest, furthermore,  the existence of  a bias in the MBH98 reconstruction due to the use 
of  infilling of missing values between 1972 and 1980 in a modest number (less than 25%) of 
proxy data terminating prior to the 1980 end of the calibration period (termination dates of proxy 
data were provided in the supplementary online information: 
ftp://eclogite.geo.umass.edu/pub/mann/ONLINE-PREPRINTS/MultiProxy/data-supp.html).  
The infilling was based on extension by persistence of the final available value to the 1980 
boundary. We demonstrate that this has no influence at all on the resulting reconstruction, by 
performing the reconstruction from AD 1400-1500 using the exact MBH98 network, but based 
on the use of a  calibration interval (1902-1971) that entirely pre-dates any infilled data.  The 
resulting reconstruction from AD 1400-1500 is shown in Figure 2. It is quite similar to that of 
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MBH98 based on calibration over the 1902-1980 interval, both in its appearance (Figure 2) and 
cross-validation skill (RE=0.51), demonstrating  that the extension of a small number of proxy 
series to the 1980 boundary has no detectable influence on the reconstruction, and that the 
MBH98 reconstruction is, furthermore, robust with respect to the precise instrumental calibration 
interval used. 
 

3. Important Technical Errors in MM03 
 
There are numerous technical problems in the data and approach used by MM03 that would 
appear to have rendered their analysis flawed irrespective of their elimination of key predictors as 
described in section 2.  We briefly list the few of the most significant of these: 
 
(a) Use of Inconsistent Instrumental Surface Temperature Data Sets 
MM03 did not perform an internally consistent Principal Component Analysis (PCA) of the 
instrumental surface temperature dataset. Instead, they combined gridpoint standard deviations 
estimated from a newer version of the Climatic Research Unit (CRU) of the University of East 
Anglia surface temperature record (Jones et al, 1999), with results (eigenvectors, principal 
components series, and eigenvalues) obtained by MBH98 based on application of PCA to an 
older version of the CRU instrumental surface temperature data (Jones and Briffa, 1992--the 
estimates were updated on the CRU website through 1993, the end of the interval used by 
MBH98 in their PCA; the NH mean temperature series shown by MBH98 was extended through 
1998 based on newer available data).  These two datasets are not equivalent. For example, they 
employ two different base periods for the formation of surface temperature anomalies. The 
convolution of surface temperature statistics from the two surface temperature sets leads to an 
unknown bias in MM03’s reconstructed surface temperature fields. 
 
MM03 also appear to have estimated gridpoint standard deviations from the un-detrended surface 
temperature data, while MBH98 had normalized their EOFs by detrended gridpoint standard 
deviations. Either convention would be equally defensible as long as the analysis was internally 
consistent. However, since MM03 did not perform an internally consistent PCA of the 
instrumental surface temperature data, but instead mixed the PCA results provided by MBH98 on 
their website: 
ftp://eclogite.geo.umass.edu/pub/mann/MANNETAL98/EIGENVECTORS/ 
with gridpoint temperature statistics estimated from a different temperature dataset, they imposed 
a spatially-variable bias in the reconstructed surface temperature field (the bias is larger where 
20th century surface air temperature trends are greatest).  
 
(b) Incorrect representation of the MBH98 proxy data set.  
MBH98 calculated PCs of proxy sub-networks separately for each interval in their stepwise 
reconstruction. This is the only sensible approach, since it allows the use of all data available over 
each sub-interval used in the MBH98 stepwise reconstruction (i.e., one set of PCs for 1400-1980, 
another  for 1450-1980, another for 1500-1980, and so on). This allowed for a greater number of 
series and, accordingly, a larger number of representative proxy network PC series (as determined 
by application of an objective selection criterion to the network) to be used for reconstructions of 
increasingly later periods.  Because the PCA representation of the various proxy networks was 
employed in this step-wise fashion, 159 independent time series were required to represent all 
indicators used in the reconstructions of all the various sub-intervals, even though the maximum 
number ever used for a particular sub-interval is 112. By not following this protocol, MM03 
appear to have eliminated in the range of 100 proxy series used by MBH98 over the interval 
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1400-1600 and, as discussed earlier, proxy indicators that are vital for a skillfully cross-validated 
reconstruction, over the interval AD 1400-1500.  
 
(c) Lack of the use of an objective criterion in the determination of the number of retained 
instrumental PCs in the reconstruction: 
Since the proxy data network developed by MM03 differs dramatically from that used by 
MBH98 for all intervals, it was inappropriate for MM03 to use the same instrumental temperature 
eigenvector subsets that had been selected by MBH98 for their reconstruction. The subsets were 
selected by MBH98 based on the application of an objective selection criteria to the specific 
available proxy networks available, and were optimized with respect to those networks. The basis 
sets used by MM03 thus appear not to have been optimized with respect to the different proxy 
network they actually use. 
 
(d) Incorrect Scaling of Reconstructed Principal Components (RPCS): 
MBH98 insure that each of the reconstructed Principal Components (RPCs) have the same 
variance as the corresponding instrumental annual mean temperature Principal Components (PCs) 
over the calibration period, based on an explicit scaling of each RPC series against its 
corresponding PC series over the 1902-1980 interval. If this step is not followed, qualitatively 
similar results are obtained, but cross-validation scores are found to be modestly lower. It would 
appear from the methodological description provided by MM03 that they did not follow this step, 
providing an additional potential (albeit minor) reason for differences from the MBH98 results. 
 
 

4. Spurious Criticisms of MBH98 by MM03 
 
Numerous other criticisms of MBH98 put forth by MM03 are entirely without merit: 
 
(a) The claim by MM03 that MBH98 calculated statistics for non-existent temperature gridpoints 
was a simple result of MM03 using an inconsistent version of the CRU instrumental surface 
temperature data set with a different base period (see technical mistake 3.a).  
 
(b) The  claim by MM03 that MBH98 employ an EOF decomposition of various proxy sub-
networks that was not optimized with respect to the underlying data is a simple result of MM03’s 
technical mistake (3.b) above. So too is their incorrect assertion that PCs computed by MBH98 
for sparser data prior to AD 1600 were based on the use of data sets with missing data. 
 
(c) The claim by MM03 that certain data sets, such as the Stahle et al (1998) TXMX data were in 
some way artificially separated from other (i.e. the North American ITRDB) data in our 
representation of different data networks  reflects a complete lack of understanding of the climate 
system.  This particular set of  chronologies shows a distinct, consistent sensitivity to winter El 
Nino influences that is largely unique among North American tree-ring data (Stahle et al, 1998). 
Those with relevant expertise in the field of course recognize why these data were treated 
separately from other North American ITRDB data. Similar arguments hold for other proxy data 
sub networks. 
 
(d) The claim by MM03 that MBH98 unjustifiably eliminated the earlier part of the Central 
England temperature (CET) record is unfounded. The decision by MBH98 not to use this record  
prior to 1730 is in keeping with previous studies (e.g. Bradley and Jones, 1993) and is based on 
the existence of inhomogeneities that exist in the record prior to the 1730s (Manley, 1953;1974). 
Manley (1974), for example, describes a gap from 1707 to 1722 in daily data from the region of 
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Central England he was seeking to cover, and used an adjusted version of data from the 
Netherlands to fill this gap. The MBH98 reconstruction, furthermore, is completely insensitive to 
the use (as in Bradley and Jones, 1993) of summer (rather than annual) mean CET and Central 
European temperature series. The MBH98 network, moreover,  was supplemented with several 
long additional annual mean instrumental temperature series from Europe available back through 
the mid 18th century. 
 
(e) The fact that different PCs of a given proxy network displayed repeated values in some cases 
between 1972 and 1980  was based on the fact, clearly described in the Nature supplementary 
information (e.g. ftp://eclogite.geo.umass.edu/pub/mann/ONLINE-
PREPRINTS/MultiProxy/data-supp.html) that persistence infilling had been used (see section 3) 
to infill a modest fraction of proxy indicators, including PCs of proxy networks, that terminate 
between 1972 and 1980. As shown in section 2, the nearly identical results of reconstructions 
based on calibration using an abbreviated 1902-1971 calibration period predating any such 
infilling demonstrates the spurious nature of the claim by MM03 that such  infilling had any 
detrimental influence on the MBH98 analysis. 
 
(f) Two data series 'trd.dat' and 'trw.dat' were indeed, as noted by MM03, set equal after 1961. 
This is due to missing data after 1961 in one of the two series, as used by Bradley and Jones 
(1993).  Elimination of either or both of these indicators yields essentially indetectable changes in 
the MBH98 reconstruction.  
 
(g) Nearly all of the other  reported "errors" in the MBH98 proxy data set (e.g. shifted values in 
time, etc.) are artifacts of MM03’s having used a spreadsheet version of the dataset prepared for 
them (and posted on the public ftp site) by an associated of ours  upon special request. Had 
MM03 used the raw data available on their ftp site, as originally directed by us, they would have 
not encountered these errors. 
 
There are, as noted by MM03, a few minor typographical errors in the original MBH98 paper. 
There were some minor mistakes in the data listings and references listed in the supplementary 
information, available here: 
ftp://eclogite.geo.umass.edu/pub/mann/ONLINE-PREPRINTS/MultiProxy/data-supp.htm.  
The indicated locations of some of the proxy records in Figure 1 were  misplaced from their true 
locations.  Such  issues have no bearing on the validity of the results provided by MBH98 and 
only serve as distractions from the important differences in data and procedures responsible for 
the spurious results provided by MM03.   
 
Owing to the small amount of journal space allotted by Nature for technical details and 
methodological descriptions, the descriptions of data and methods in MBH98 was necessarily 
terse. The description of the methodology used in our analysis in the MBH98 paper was 
nonetheless complete enough that other researchers were able to  independently reproduce it 
without any additional assistance from us (Zorita et al, 2003). 
 
All of the proxy indicators used in our study has been available on our public ftp site from the 
time that the various researchers that contributed data to our network were able to publish their 
own data (July 2002). The data (all individual proxy indicators used as well as the various PC 
representations of proxy sub networks for different time intervals) were provided in the various 
clearly labeled directories here: 
ftp://holocene.evsc.virginia.edu/pub/MBH98/ 
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From the time of publication of our paper, a listing of all of the proxy data (with some minor 
typos as indicated above) was provided here: 
ftp://eclogite.geo.umass.edu/pub/mann/ONLINE-PREPRINTS/MultiProxy/data-supp.html 
Details of the number of proxy indicators used in the stepwise reconstruction approach were 
provided here:  
ftp://eclogite.geo.umass.edu/pub/mann/ONLINE-PREPRINTS/MultiProxy/stats-supp.html 
And the instrumental temperature data, including eigenvectors and eigenvalues, and data shown 
in the various figures were provided here: 
ftp://eclogite.geo.umass.edu/pub/mann/MANNETAL98/ 
 
We provided extensive documentation of the data sets used in the supplementary information 
lodged at Nature’s web site in association with the publication of MBH98, so that those wishing 
to repeat our analyses could either go to the same public domain sources as us, or approach the 
colleagues who had kindly made data available to us. We made considerable efforts to make the 
various data and numerical results readily available online as soon as we were free to do so (in 
2002), by setting up the public ftp site referred to above, although we were under no known 
obligation to provide the data in that particular medium. We gave as detailed a description of our 
methods as was possible in the confines of a short paper, and in all these respects must have 
satisfied the stringent standards set by the editor and reviewers of the journal in which we 
published.   In order to facilitate any attempt to reproduce our results we have taken a further step 
beyond those normally required in the publication of such research. We have set up a new 
website providing, in even more transparent format than that set up in 2002, the complete data 
and methodological details of the MBH98 analysis: 
ftp://holocene.evsc.virginia.edu/pub/Data/MANNETAL98. 
 

5. Conclusions 
 
MM03 did not follow the same procedures or use the same data as MBH98.  Their results should 
not therefore be considered as a “correction” of MBH98, as they claim, but an entirely different 
reconstruction that should be evaluated on its merits.  We show that a close reproduction of their 
reconstruction exhibits no statistical skill for the crucial period prior to AD1500. Thus, the correct 
interpretation of MM03 would have been that a skillful reconstruction prior to AD 1500 was not 
possible based on the severely depleted version of the MBH98 network used by them.  MM03 is 
at odds with a number of independent reconstructions and model simulations that have now been 
published, which yield a quite similar history of past hemispheric temperature variations to that of 
MBH98 (Figure 1). Their conclusion that temperatures in the 15th century were warmer than in 
the 20th century has no support in the literature, and conflicts with the evidence of  widespread 
early “Little Ice Age” conditions during this interval.  It seems remarkable that MM03 appear 
unaware of this fundamental contradiction between their work and virtually all other studies. 
 
Mann and coworkers have clearly noted that the early segment of the MBH98 reconstruction (AD 
1400-1600) which is based on a more restricted network of proxy indicators, is sensitive to a 
small number of important predictors (see Mann et al, '99), and this is reflected in the wider 
uncertainty limits ascribed to this interval (Figure 1). Furthermore, as discussed in Mann et al 
(1999), the WNA tree-ring chronologies (27 are available back to AD 1000) are essential for a 
skillful reconstruction prior to AD 1400 and, the quality of the reconstruction is improved when 
apparent non-climatic influences on tree-growth in some high elevation western sites are 
accounted for. 
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Since MBH98 and Mann et al (1999), numerous other independent reconstructions have been 
produced based on different data and methods (Figure 1). Some of these reconstructions suggest 
slightly different past histories, for example colder conditions during certain past centuries (Esper 
et al, 2002; Huang et al, 2000). It appears that such modest differences can be explained in terms 
of the extratropical, continental and perhaps warm-season sensitivity of the predictors (Shindell et 
al, 2001; 2003; Mann, 2002) and possible non-temperature influences on ground surface 
temperature (Mann et al, 2003b; Mann and Schmidt, 2003). However, none of these 
reconstructions show the anomalous 15th century warmth argued for by MM03  
 
It remains a challenge to further reduce existing uncertainties. Only through careful additional 
work involving the rigorous testing of methodologies, the analysis of the sensitivity of 
reconstructive skill to predictor selection, and the introduction of new and better understood 
proxy information, is this likely to be achieved. The paleoclimate research community is actively 
working towards these goals (e.g. Jones et al, 2001). The flawed critique by MM03 does nothing 
to advance these goals but, instead, obscures the real progress that has been detailed in numerous 
papers published in the peer-reviewed scientific literature. 
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Figure 1. Comparison of Mann et al (1999) reconstruction [the estimates from 1400-1980 are identical to those of 
MBH98] with other independent proxy-based reconstruction of Northern Hemisphere mean temperatures over the 
past one-to-two millennia. Time series have been smoothed using a 40 year Butterworth lowpass filter and a 
minimum-misfit boundary constraint  (see e.g. Ghil et al, 1999). The two standard error uncertainty limits of Mann 
et al (1999) (which were expanded relative to those of MBH98 based on diagnostics of spectrum of calibration 
residuals) are shown (gray   shading). The Mann and Jones (2003) reconstruction has been updated as in Jones and 
Mann (2003), and the uncertainties are shown by purple shading. The various other (smoothed) NH reconstructions 
shown have been scaled by linear regression against the smoothed instrumental NH series over the common interval 
1856-1980, with the exception of the “Briffa et al” series, which has been scaled over the shorter 1856-1940 period 
owing to a decline in temperature response in the underlying data discussed elsewhere (Briffa et al., 1998a) and the 
Crowley and Lowery (2000) reconstruction which terminates in 1965. Independent estimates from the borehole 
data of Huang et al (2000) are shown based on both gridded areally weighted data and an 'optimal' reconstruction of 
the underlying surface temperature signal (Mann et al, 2003b; corrected as in Rutherford and Mann, 2003). 
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Figure 2.  Comparison of  original MBH98 reconstruction (and uncertainties as in Figure 1) with estimates based 
on the  restricted versions of the MBH98 network described in the text, and full network but a restricted (1902-
1971) calibration period. Time series have been smoothed using a 40 year lowpass filter as in Figure 1. The 
reduction of error ('RE') cross-validation scores for the AD 1400-1500 interval are indicated for the different 
reconstructions.  
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From: Michael E. Mann
To: raymond s. bradley; mhughes@ltrr.arizona.edu
Subject: central england
Date: Friday, November 21, 2003 6:22:48 AM

Ray,

One thing they've tried to criticze us for is only using CET back to 1730 (as in Bradley
and Jones, 1993), rather than back to 1610. I remember that there was a
justification for this--there is some change in the quality of the data prior, to 1730,
right? We may need a comment on this..

mike

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Scott Rutherford
Cc: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; mann@virginia.edu
Subject: Re: Re: new directory
Date: Thursday, November 20, 2003 6:56:58 AM

Oh, and we'll need to put all 11 appropriate "proxy weight" files in the PROXYDATA
directory...

mike

At 08:46 AM 11/20/2003 -0500, Michael E. Mann wrote:

Hi Scott,

In the new "MANNETAL98" directory (create this first offline/non-public until
we're sure we're ready to make it public!), lets create 3 sub-directories as
described below. 

PROXYDATA
(this will contain the 11 proxy data matrices w/ an appropriate README file that
I'll help with)

TEMPDATA
Eigenvectors, eigenvalues, and gridpoint locations for the instrumental surface
temperature data used in MBH98 which are available here:
ftp://eclogite.geo.umass.edu/pub/mann/MANNETAL98/EIGENVECTORS/
(take everything but rpc*.dat)
We should also include here the gridpoint temperature standardization factors
from:
/p0/tape/big2/MULTIPROXY/CODE/TPCA/tpca-standard.out

and the raw CRU temperature dataset that these were derived from
/p0/tape/big2/DATA/JONESBRIFFA/anomalies-new

I'll help w/ the "README" file

FIGDATA

Data for Figure 5a:
ftp://eclogite.geo.umass.edu/pub/mann/MANNETAL98/EIGENVECTORS/rpc*.dat

Data for Figure 5b:
ftp://eclogite.geo.umass.edu/pub/mann/MANNETAL98/nhmean.dat

Data for Figure  7:
ftp://eclogite.geo.umass.edu/pub/mann/MANNETAL98/fig7*.dat

I'll help w/ the README file

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
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e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

ABOR/MH/Priv-000285



From: Michael E. Mann
To: Scott Rutherford
Cc: mann@virginia.edu; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Subject: new directory
Date: Thursday, November 20, 2003 6:46:47 AM

Hi Scott,

In the new "MANNETAL98" directory (create this first offline/non-public until we're
sure we're ready to make it public!), lets create 3 sub-directories as described below.

PROXYDATA
(this will contain the 11 proxy data matrices w/ an appropriate README file that I'll
help with)

TEMPDATA
Eigenvectors, eigenvalues, and gridpoint locations for the instrumental surface
temperature data used in MBH98 which are available here:
ftp://eclogite.geo.umass.edu/pub/mann/MANNETAL98/EIGENVECTORS/
(take everything but rpc*.dat)
We should also include here the gridpoint temperature standardization factors from:
/p0/tape/big2/MULTIPROXY/CODE/TPCA/tpca-standard.out

and the raw CRU temperature dataset that these were derived from
/p0/tape/big2/DATA/JONESBRIFFA/anomalies-new

I'll help w/ the "README" file

FIGDATA

Data for Figure 5a:
ftp://eclogite.geo.umass.edu/pub/mann/MANNETAL98/EIGENVECTORS/rpc*.dat

Data for Figure 5b:
ftp://eclogite.geo.umass.edu/pub/mann/MANNETAL98/nhmean.dat

Data for Figure  7:
ftp://eclogite.geo.umass.edu/pub/mann/MANNETAL98/fig7*.dat

I'll help w/ the README file

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

ABOR/MH/Priv-000286



From: Michael E. Mann
To: Scott Rutherford
Cc: mann@virginia.edu; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Subject: new directory
Date: Thursday, November 20, 2003 6:46:47 AM

Hi Scott,

In the new "MANNETAL98" directory (create this first offline/non-public until we're
sure we're ready to make it public!), lets create 3 sub-directories as described below.

PROXYDATA
(this will contain the 11 proxy data matrices w/ an appropriate README file that I'll
help with)

TEMPDATA
Eigenvectors, eigenvalues, and gridpoint locations for the instrumental surface
temperature data used in MBH98 which are available here:
ftp://eclogite.geo.umass.edu/pub/mann/MANNETAL98/EIGENVECTORS/
(take everything but rpc*.dat)
We should also include here the gridpoint temperature standardization factors from:
/p0/tape/big2/MULTIPROXY/CODE/TPCA/tpca-standard.out

and the raw CRU temperature dataset that these were derived from
/p0/tape/big2/DATA/JONESBRIFFA/anomalies-new

I'll help w/ the "README" file

FIGDATA

Data for Figure 5a:
ftp://eclogite.geo.umass.edu/pub/mann/MANNETAL98/EIGENVECTORS/rpc*.dat

Data for Figure 5b:
ftp://eclogite.geo.umass.edu/pub/mann/MANNETAL98/nhmean.dat

Data for Figure  7:
ftp://eclogite.geo.umass.edu/pub/mann/MANNETAL98/fig7*.dat

I'll help w/ the README file

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes; Scott Rutherford
Subject: Re: Fwd: MBH99
Date: Tuesday, September 30, 2003 12:44:55 PM

thanks--looks like that is typo in the paper then; 27 must be the right number.
Fortunately, there are worse crimes...

mike

At 12:47 PM 9/30/2003 -0700, Malcolm Hughes wrote:

Scott - thanks - looks good - it's the same as the list I derived
independently, 
Cheers, Malcolm
> Malcolm,
> 
> If I understand you correctly you are looking for the number of 
> individual chronologies that were used to calculate the PCs? That 
> changes with time. If you want the number used back to AD 1000 (I'm 
> guessing that because of your count) then I think this the answer is 
> below.
> 
> For Mike's info, the list below is from a file called  
> "noamer-itrdb-ad1000.txt" in the directory  
>
"/p0/tape/big2/MULTIPROXY/DATA/TREE/ITRDB/NOAMER/BACKTO_1000". I
can't
>  find any confirmation that this was the list used, but it seems
> likely.
> 
> Scott
> 
> 
> 
>     1   ar052.txt
>      2   az510.txt
>      3   ca528.txt
>      4   ca529.txt
>      5   ca530.txt
>      6   ca533.txt
>      7   ca534.txt
>      8   ca535.txt
>      9   co522.txt
>     10   co524.txt
>     11   ga002.txt
>     12   ga003.txt
>     13   la001.txt
>     14   nc008.txt
>     15   nm560.txt
>     16   nm572.txt
>     17   nv037.txt
>     18   nv510.txt
>     19   nv512.txt
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>     20   nv513.txt
>     21   nv514.txt
>     22   nv515.txt
>     23   nv516.txt
>     24   nv517.txt
>     25   ut508.txt
>     26   ut509.txt
>     27   va021.txt
> 
> 
> 
> Begin forwarded message:
> 
> > From: "Michael E. Mann" <mann@multiproxy.evsc.virginia.edu>
> > Date: Tue Sep 30, 2003  1:59:55  PM US/Eastern
> > To: Scott Rutherford <srutherford@gso.uri.edu>
> > Subject: Fwd: Re: MBH99
> >
> >
> >> Date: Tue, 30 Sep 2003 13:59:39 -0400
> >> To: "Malcolm Hughes" <mhughes@ltrr.arizona.edu>
> >> From: "Michael E. Mann" <mann@multiproxy.evsc.virginia.edu>
> >> Subject: Re: MBH99
> >>
> >> HI Malcolm,
> >>
> >> Hmmm. Scott has worked w/ the data set recently. Maybe he can
> >> confirm  one way or the other?
> >>
> >> mike
> >>
> >> At 10:45 AM 9/30/03 -0700, Malcolm Hughes wrote:
> >>> Hi Mike - I hope all is well. Both Keith Briffa and Jan Esper have
> >>>  asked me which chronologies were used in MBH99 for the western
US
> >>> PCs. The  paper says there were 28, but I only get 27 by searching
> >>> the list for  MBH98. Do you have a record of which you used?
> >>> Cheers, Malcolm . .Malcolm Hughes Professor of Dendrochronology
> >>> Laboratory of Tree-Ring Research University of Arizona Tucson, AZ
> >>> 85721 520-621-6470 fax 520-621-8229
> >>
> >>
___________________________________________________________________

> >> ___ _
> >>                      Professor Michael E. Mann
> >>           Department of Environmental Sciences, Clark Hall
> >>                       University of Virginia
> >>                      Charlottesville, VA 22903
> >>
___________________________________________________________________

> >> ___ _ e-mail: mann@virginia.edu   Phone:    FAX:
> >> 
> >>        http://www.evsc.virginia.edu/faculty/people/mann.shtml
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> >
> >
____________________________________________________________________

> > ___
> >                      Professor Michael E. Mann
> >           Department of Environmental Sciences, Clark Hall
> >                       University of Virginia
> >                      Charlottesville, VA 22903
> >
____________________________________________________________________

> > ___ e-mail: mann@virginia.edu   Phone:    FAX: (434)
> > 982-2137
> >        http://www.evsc.virginia.edu/faculty/people/mann.shtml
> >
> >
> >
> ______________________________________________
>         Scott Rutherford      
> 
> Assistant Professor
> Dept. of Natural Sciences
> Roger Williams University
> e-mail: srutherford@rwu.edu
> phone: 
> snail mail:
> One Ferry Road
> Bristol, RI 02809
> 

Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes
Subject: Re: MBH99
Date: Tuesday, September 30, 2003 10:58:16 AM

HI Malcolm,

Hmmm. Scott has worked w/ the data set recently. Maybe he can confirm one
way or the other?

mike

At 10:45 AM 9/30/03 -0700, Malcolm Hughes wrote:
>Hi Mike - I hope all is well. Both Keith Briffa and Jan Esper have asked me
>which chronologies were used in MBH99 for the western US PCs. The paper
>says there were 28, but I only get 27 by searching the list for MBH98. Do you
>have a record of which you used? Cheers, Malcolm
>.
>.Malcolm Hughes
>Professor of Dendrochronology
>Laboratory of Tree-Ring Research
>University of Arizona
>Tucson, AZ 85721
>520-621-6470
>fax 520-621-8229

_______________________________________________________________________
                      Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Malcolm Hughes
To: mann@virginia.edu
Subject: MBH99
Date: Tuesday, September 30, 2003 10:45:59 AM

Hi Mike - I hope all is well. Both Keith Briffa and Jan Esper have asked me
which chronologies were used in MBH99 for the western US PCs. The paper
says there were 28, but I only get 27 by searching the list for MBH98. Do you
have a record of which you used? Cheers, Malcolm
.
.
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; Scott Rutherford
Subject: new coral records
Date: Thursday, September 18, 2003 2:13:27 PM
Attachments: Schrammetal-Paleocean.pdf

Dear All,

It would be great for us to get ahold of these data, even if we have digitize from the
paper...

If you don't hear from me after today, it means the hurricane got me (scheduled to
arrive late this evening--winds already gusting to 40pmh!),

mike

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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Sr/Ca ratios and oxygen isotopes from sclerosponges:

Temperature history of the Caribbean mixed layer

and thermocline during the Little Ice Age

Alexandra Haase-Schramm,1 Florian Böhm,1 Anton Eisenhauer,1 Wolf-Christian Dullo,1

Michael M. Joachimski,2 Bent Hansen,3 and Joachim Reitner4

Received 16 July 2002; revised 12 May 2003; accepted 23 June 2003; published 19 September 2003.

[1] We investigate aragonitic skeletons of the Caribbean sclerosponge Ceratoporella nicholsoni from Jamaica,
20 m below sea level (mbsl), and Pedro Bank, 125 mbsl. We use d18O and Sr/Ca ratios as temperature proxies to
reconstruct the Caribbean mixed layer and thermocline temperature history since 1400 A.D. with a decadal time
resolution. Our age models are based on U/Th dating and locating of the radiocarbon bomb spike. The modern
temperature difference between the two sites is used to tentatively calibrate the C. nicholsoni Sr/Ca thermometer.
The resulting calibration points to a temperature sensitivity of Sr/Ca in C. nicholsoni aragonite of about
0.1 mmol/mol/K. Our Sr/Ca records reveal a pronounced warming from the early 19th to the late 20th century,

both at 20 and 125 mbsl. Two temperature minima in the shallow water record during the late 17th and early
19th century correspond to the Maunder and Dalton sunspot minima, respectively. Another major cooling
occurred in the late 16th century and is not correlatable with a sunspot minimum. The temperature contrast
between the two sites decreased from the 14th century to a minimum in the late 17th century and subsequently
increased to modern values in the early 19th century. This is interpreted as a long-term deepening and
subsequent shoaling of the Caribbean thermocline. The major trends of the Sr/Ca records are reproduced in both
specimens but hardly reflected in the d18O records. INDEX TERMS: 1050 Geochemistry: Marine geochemistry (4835,

4850); 3344 Meteorology and Atmospheric Dynamics: Paleoclimatology; 9325 Information Related to Geographic Region: Atlantic

Ocean; KEYWORDS: Sr/Ca, sclerosponges, oxygen isotopes, Caribbean Sea, Little Ice Age, temperature, thermocline

Citation: Haase Schramm, A., F. Böhm, A. Eisenhauer, W. C. Dullo, M. M. Joachimski, B. Hansen, and J. Reitner, Sr/Ca ratios and

oxygen isotopes from sclerosponges: Temperature history of the Caribbean mixed layer and thermocline during the Little Ice Age,

Paleoceanography, 18(3), 1073, doi:10.1029/2002PA000830, 2003.

1. Introduction

[2] The last ten years of the 20th century probably
constitute the warmest decade of the last 1000 years, at
least for the Northern Hemisphere [Mann et al., 1999; Jones
et al., 2001]. Nevertheless, it is still under debate how much
of the observed temperature increase over the last 100 years
was caused by anthropogenic climate change and how much
is natural variability induced by solar or volcanic forcing, or
by multidecadal internal variability of the climate system
[Crowley, 2000a; Delworth and Knutson, 2000; Stott et al.,
2000]. Owing to the sparseness of long-term temperature
records reaching back to times before human influence on
climate became significant, our knowledge of natural cli-
mate variations on centennial or millennial timescales is
very limited [Jones et al., 2001].

[3] Reconstructions of sea surface temperatures from reef
coral skeletons on multidecadal, and in some cases even
multicentury, timescales [e.g., Dunbar et al., 1994;Winter et
al., 2000] are well established in climate research
[Fairbanks et al., 1997; Mann et al., 1998; Evans et al.,
2000]. However, these corals are restricted to the uppermost
few meters of the water column and our knowledge of
marine long-term temperature trends is thus largely con-
fined to sea surface temperatures. Only for the last few
decades are temperature data from subsurface waters avail-
able [Molinari et al., 1997; Levitus et al., 2000; Vauclair
and du Penhoat, 2001; Conkright et al., 1998].
[4] Multidecadal to millennial-length deeper water

(10–200 m) temperature records can be derived from
skeletons of sclerosponges [Swart et al., 1998a; Moore et
al., 2000]. Sclerosponges build a calcareous skeleton similar
to reef corals, but with growth rates one or two orders of
magnitude lower, typically less than 0.5 mm per year
[Benavides and Druffel, 1986; Reitner and Gautret, 1996;
Wörheide, 1998; Willenz and Hartman, 1999; Moore et al.,
2000; Böhm et al., 2002]. Sclerosponge skeletons lack
annual growth bands. Sponge sclerochronologies are there-
fore usually based on absolute radiometric dating of discrete
layers [Swart et al., 1998b; Wörheide, 1998; Moore et al.,
2000] or on tracer chronologies like stable carbon isotopes,

PALEOCEANOGRAPHY, VOL. 18, NO. 3, 1073, doi:10.1029/2002PA000830, 2003

1GEOMAR, Forschungszentrum für Marine Geowissenschaften, Kiel,
Germany.
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Figure 1. Sampling localities (stars) at Jamaica and Pedro Bank in the Caribbean Sea Major surface

current paths are shown, simplified from Gordon [1967], Schmitz and McCartney [1993], and Roberts

[1997]. Grid boxes ofthe World Ocean Atlas 1998 climatology [Conkright et al., 1998] used in this study

are marked by gray squares.

Pb/Ca ratios or the radiocarbon "bomb spike" [Druffel and

Benavides, 1986; Joachimski et al., 1995; Bohm et al.,

1996; Lazareth et al., 2000; Swart et al., 2001].

[5] To date, most sclerosponge-derived temperature recon

structions have been based on oxygen isotopes. Oxygen

isotope values measured on several specimens of the Carib

bean Ceratoporella nicholsoni and the Indopacific Astro

sclera willeyana agree with expected equilibrium values for

local mean temperature and water composition [Druffel and

Benavides, 1986; Swart et al., 1998a; Bohm et al., 2000a;

Moore et al., 2000]. However, despite the apparent isotopic

equilibrium, early studies on temperature reconstructions did

not yield reproducible trends [Druffel and Benavides, 1986;

Joachimski et al., 1995; Worheide et al., 1997; Bohm et al.,

1998]. A 700-year oxygen isotope record from a deeper

water setting at Lee Stocking Island, Bahamas [Swart et al. ,

1998b], was the first record showing significant long-term

variations, indicating cold periods during the 17th and 18th

century and a following warming trend through the 19th and

20th centuries. The first study to successfully compare

several oxygen isotope records and interpret reproducible

trends was by Moore et al. [2000]. They measured oxygen

isotopes on up to 100 year old specimens of A. willeyana

from shallow subsurface water settings (10-20 m) in the

Indonesian Seaway. Their sclerosponge records showed

different temperature trends than coral records from the same

area, indicating a significant subsurface cooling during the

last two decades. This was interpreted as evidence for a

recent shoaling of the thermocline in this area.
[6] In this study we apply another common temperature

proxy, the Sr/Ca ratio of skeletal aragonite. Until recently

only few isolated measurements of Sr in sclerosponge

skeletons existed [Veizer and Wendt, 1976; Reitner, 1992],

A first Sr/Ca record of A. willeyana measured by Stewart

Fallon was published in the work of Swart et al. [1998b].

Variations in that record pointed to a temperature depen

dence of the distribution coefficient of Sr/Ca in

sclerosponge aragonite. Initial results indicating correlated

ABOR/MH/Priv-000295
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Pedro Bank, 17.5°N 79.5°W It forms by the mixing of freshwater from the Amazon and

Orinoco Rivers and local sources into tropical Atlantic

surface waters, which are then carried to the Caribbean by

the Guyana Current (Figure 1). The freshwater influx leads

to relatively "low" salinities of about 35.5 to 36 psu

[Morrison and Nowlin, 1982; Hernandez Guerra and

Joyce, 2000], Currently, about 80% of the Caribbean

Surface Water has a South Atlantic source while the rest

0

pycnocline

2 GO
Sponge Ce96

40--I
\ is derived from the North Atlantic [Schmitz and Richardson,

1991],
!E [9] Trade wind-driven coastal upwelling in the southern

part of the Caribbean, strongest during winter and early

spring, also influences the surface water [Gordon, 1967;

Black et al., 1999]. The northward shift of the ITCZ during

boreal summer with increased rainfall in northern South

*
/

\
x: 60-
CL

f
\

0
o thermocline s

a3 80-- America and the southern Caribbean leads to augmented

riverine input that reaches the northern parts of the Carib

bean in late summer and fall [Hernandez Guerra andJoyce,

2000], The interplay of wind and precipitation leads to

seasonal variations in the thickness of the mixed layer

(Figure 2), with thickness maxima in the northwestern

Caribbean in winter and early summer and a pronounced

minimum in September, when a thin surface layer of

relatively fresh water (35.6 psu in the area of our collection

sites) spreads to the northwest [Levitus et al., 1994],
[10] The Caribbean Surface Water is underlain by the

Subtropical Underwater [Mist, 1964]. This subsurface water

mass forms a salinity maximum (>36.4 psu) at a depth of

ro

§

ft100-

120-

Sponge Pb19

140 -M	1	1—\
Jan Mar May

H	1	1	1	1—

Jul Sep Nov
h—v

Figure 2. Long-term average monthly position of pycno

cline (base of mixed layer) and thermocline in the

Caribbean near Pedro Bank. Data from Levitus and Boyer

[1994] and Levitus et al. [1994], Thermocline depth is the

depth where temperature is 0.5 K below sea surface

temperature [Levitus, 1982]. Pycnocline depth is the depth

where density (ctx) is 0.1 kg/m3 higher than surface water
density. Density calculated according to Dietrich et al. f 80-

[1975]. The depths of the sclerosponge sampling sites are s -

marked by disks on the vertical axis. The Jamaica specimen £ 120-

(Ce96) is projected on the Pedro Bank site, as mixed layer

depth is similar at Jamaica and at Pedro Bank.

Caribbean Current Nicaraguan Rise N

28.-27. 27,8

5^40-

26-

w25.

-24.

23.

22.

'21.

20.160-

78.5°W
1£ .

11°N 12°N 13°N 14°N 15'N 16°N 17'N 18°N 19°N
Latitude

200 -| 1 1 I 1 1 1variations of Sr/Ca and SI80 in C. nicholsoni skeletons,
possibly reflecting seasonal temperature changes, were

recently described [Swart et al., 2001, 2002a; Rosenheim

et al., 2001].

[7] In this paper, we compare Sr/Ca ratios of two speci

mens of the sclerosponge C. nicholsoni that grew at

different water temperatures, one in the mixed layer and

the other in the upper thermocline, in the northwestern

Caribbean. This comparison provides evidence for a pro

nounced temperature dependence of Sr/Ca ratios in the

skeleton of C. nicholsoni. We then use the Sr/Ca time series

recorded in the sponge skeletons to reconstruct northwest-

em Caribbean mixed layer and thermocline water temper

ature variations of the last 600 years.

Figure 3. Caribbean annual mean water temperature along

a section at 78.5°W [Conkright et al., 1998], Contour
interval is 1 K below and 0. 1 K above 27°C, respectively.
Isothermal layer (0.5 K criterion) and mixed layer [Levitus

et al., 1994] are shown with light and dark shading,

respectively. Sponge sampling locations are marked by

stars, projected into the plane of the section. The slightly

warmer temperature for the 125 m site compared to the

value given in the text (section 5.1) results from the strong

east-west temperature gradient at the Nicaraguan Rise. The

value used in the text is the average of the two grid squares

at 17.5°N, 78.5°W (26.4°C) and 17.5°N, 79.5°W (25.6°C).
Note shallowing of isothermals in the main flow path of the

Caribbean Current (main surface current path from

Fratantoni [2001] is marked by gray bar) and deepening

above the Nicaraguan Rise.

2. Oceanographic Setting

[8] The uppermost 50-100 m of Caribbean Seawater

were termed "Caribbean Surface Water" by Mist [1964].
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about 150 to 200 m with a temperature of about 23-24°C
[Morrison and Nowlin, 1982], These waters are formed

mainly during the winter in the eastern part of the tropical-

subtropical North Atlantic north of about 20°N from where
it sinks along an isopycnal and is advected into the

Caribbean [Morrison and Nowlin, 1982; Schmitz and

McCartney, 1993; Sprintall and Tomczak, 1992],

[11] The strong salinity gradient between the Caribbean

Surface Water and the Subtropical Underwater defines a

pycnocline forming the base of the surface mixed layer at ^

about 30 mbsl in the area of our collection sites (Figures 2 O
and 3). As the Subtropical Underwater derives from rela- ^ ^ ^j.

tively warm surface waters, a thermocline is developed ^ " :

below the pycnocline at about 60 mbsl (annual average). "oo 26 0^

[12] Sea surface and mixed layer temperatures in the <u

Caribbean and tropical North Atlantic are chiefly controlled 25 5-

by the intensity of the northeast trade winds, both through '
latent heat flux and through Ekman pumping [Curtis and

Hastenrath, 1995; Enfield and Mayer, 1997]. Significant

horizontal temperature gradients in the western Caribbean

are generated by divergence in the south, deflection of the

Caribbean current at the Nicaraguan Rise and convergence

south of Jamaica [Gordon, 1967] (Figure 3). At a fixed site,

variations of wind stress and current intensities can thus

create temperature changes on interannual or longer time-

scales, especially in the deeper water.

[13] The mean seasonal temperature variation in the area of

our collection sites is 2.6°C at 20 mbsl and 0.9°C at 125 mbsl
(Figure 4). At 125 mbsl the timing of the seasonal extrema is

clearly decoupled from the mixed layer and closely follows

the seasonal variations at 150 mbsl, that is the core of the

Subtropical Underwater [Levitus and Boyer, 1994].

29.5
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Figure 4. Annual temperature variation at different depth

levels at Pedro Bank from Levitus and Boyer [1994]. The

average position of the thermocline for summer and winter

is taken from Figure 2. Mixed layer temperature shows a

clear seasonal variation with the minimum around February

and the maximum in September. The Subtropical Under

water (depth level 150 m) takes a different seasonal course

with a temperature maximum in August and a minimum in

October. Temperature at 125 mbsl (specimen Pbl9) follows

the course of the Subtropical Underwater.

3. Material and Methods

[14] We collected two Ceratoporella nicholsoni speci

mens in the northwestern Caribbean (Figure 1) in spring

1996. One collection site is a reef cave at 20 mbsl at

Montego Bay (specimen Ce96), at the north coast of

Jamaica (18°28'N, 77°57'W). It is situated in the Caribbean
Surface Water and is within the mixed layer during most of distinguish long-term trends from high-frequency variation

and noise with the SSA-MTM toolkit version 4.1 [Ghil et

al., 2002]. For the analyses, the records were interpolated to

one year time steps. A window of a tenth of the record

length was used (i.e., of about 60 years). To test the

robustness of the results, all analyses were repeated with

half and double window sizes.

[is] We use the double standard deviation (2sd) to indi

cate the variation of values around a mean. We use the

double standard error of the mean (2sem = 2sd/n0 5; n =
number of measurements) to refer to the 95% confidence

interval of a mean value calculated from repeat measure

ments. Statistical tests (t test, F test) were carried out

according to Press et al. [1989].

Sr/Ca Ratios and Oxygen Isotopes

[19] About 1 -2 mg carbonate powder was collected for

Sr- and Ca- ICP-AES analysis using a dental drill with a

0.5 mm diameter drill bit. This corresponds to a temporal

resolution of 1-3 years per sample. Sampling was per-

the year (Figure 2). The other site is at the NW slope of

Pedro Bank (17°32'N, 78°57'W), at 125 mbsl (specimen
Pbl9), about 200 km southwest from Jamaica. This collec

tion site is situated below the top of the thermocline, in the

upper part of the Subtropical Underwater. Both locations are

exposed to the open sea.

[15] A radiograph was prepared from a slab of specimen

Pbl9 cut along the growth axis and milled to a constant

thickness of 3 mm. The radiograph was scanned at a

resolution of600 dpi. A densitometiic profile was measured

on the resulting gray level image with the line profile

function of UTHSCSA Image Tool version 2.0.

[16] The porosity of a C. nicholsoni skeleton was calcu

lated from measurements of the wet and dry density of a

4 cm long column cut along the growth axis. The resulting

value thus represents the average porosity of 0 to about 150

year old skeletal material.

[17] Singular spectrum analysis (SSA) [Vautard et al.,

1992] of the oxygen isotope and Sr/Ca records was used to

3.1.
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formed parallel to the main growth axis (Figure 5). Car

bonate powder was dissolved in 3N HN03 and analyzed for

Sr and Ca concentrations using an 1CP-AES (Yobin Yvon,

IY170 ULTRACE). For simultaneous measurements of Sr

and Ca, lines at 407.771 nm and 317.933 nm, respectively,

were used. The external reproducibility (2sd) of the Sr/Ca

ratios was determined to be 1.5% from repeated measure- „

ments (n = 123) of the in-house aragonite standard 75

"Ce96-4'." Accuracy was monitored with the international p
standard "KH." Each sponge sample was measured three <

times. The average external reproducibility (2sem) deter

mined from these triplicate analyses is 0.6%.

[20] Samples for oxygen isotope analyses were drilled

with a 0.5 mm dental drill adjacent to the samples used for

Sr/Ca ratios. Offsets between Sr/Ca and oxygen isotope

samples were always smaller than 0.2 mm. The drill was

operated at the slowest possible drill speed to avoid isotope

exchange through heat-induced transformation of the skel

etal aragonite [Aharon, 1991; Kuhlmann, 2000]. Aragonite

powders were dissolved with 100% H3P04 at 75°C in an

online, automated carbonate reaction device (Kiel Device) Fi 6 Fit of the measured radiocarbon values to the

connected to a Fmmgan Mat 252 mass spectrometer at the coral A.4C curye for At]aa&c Qcean surface waters at

University of Erlangen Geological Institute. Isotopic ratios Florida [DntffeL 1989]. Error bars are smaller than symbols

are reported relative to PDB (Peedee belemmte) by assign- except where shown ^width of the symbols is equivalent

to the width of the samples of 1 mm. The upper x axis

shows the sponge sample distance from the outer rim along

the growth axis. We take the position of the sample

intermediate between the prebomb and postbomb values to

represent the year 1964 ± 5 A.D. in the sponge skeleton.

Spacing of the radiocarbon samples is scaled to the lower x

axis (time) with a growth rate of 0.19 mm/a.

15 10 5 mm from rim 0
I I I I175 + +

™ PB19

	 Florida Coral

125 --

25 -

0

25

-75 --1111111111111111111111111111 i'fl I l*t | I I I I | I I I I | I I I I
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Year A.D.

Transect 1 "ransect 2

Pb19 4 v ' Transect 3

5/
C .>j0 •' ,\
I 0.19 mm/a

Krfl
U ing a 6I80 value of —2.19%o (PDB) to standard NBS 19.

External precision (2sd) for 6I80 is ±0.07%o (PDB) based
on multiple analyses (n = 87) of standards NBS 19 and

IAEA COl. Temperature-dependent water-aragonite fractio

nations were calculated based on the equilibrium fraction

ation equation for aragonite [Bohm etal., 2000a]. The Sr/Ca

and oxygen isotope data are available as supplementary

material (Appendices A and B) from the World Data Center

for Paleoclimatology.1

3.2. Age Determination

[21] For U-Th analysis, 0.3 to lg of sponge material was

drilled along visible growth layers. This sample size is a

compromise between the analytical requirements for suffi

ciently large samples and the time comprised in one sample.

The sample size was chosen so that the width and depth of

the sampling groove was equivalent to a period of about

20 years, given a growth rate on the order of 0.2 mm/a.

[22] The powder was dissolved in warm concentrated

HN03 and spiked with a 229Th and a 233U-236U double spike.
The separation of Th and U was performed similar to the

procedures described by Chen et al. [1986] and Edwards et

al. [1987]. Thorium and U were coprecipitated with Fe(OH)2

in alkaline solution (pH 8) using NH4OH. Uranium and Th

were then separated with FIBr and FIC1, using anion exchange

'Supporting appendices are available electronically at World Data
Center-A for Paleoclimatology, NOAA/NGDC, 325 Broadway, CO 80303

(e-mail: paleo@noaa.gov; URL: http://www.ngdc.noaa.gov/paleo).
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Figure 5. Slabs of tiie Ceratoporella nicholsoni specimens

used in this study. Pbl9, Pedro Bank, 125 mbsl. Ce96,

Jamaica, 20 mbsl. Lines of dots are sampling transects.

Three parallel transects were sampled in specimen Pbl9.

Numbers are years (A.D.) with uncertainties as determined

by radiometric dating. Sampling spots of U/Th datings and

radiocarbon sample assigned to the year 1965 are marked

with bold black lines. Average growth rates (mm/a) were

calculated along the sampling transects.
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resin Bio Rad AG 1X8 (100–200 mesh) in chloride form.
Total blanks are 14 to 30 pg for Th and 13 pg for U. U and Th
isotope analyses were carried out on a Finnigan MAT 262
RPQ + mass spectrometer at GEOMAR, Kiel, Germany.
Thorium and U were loaded with 1N HNO3 on an out-gassed
Re filament and measured using the double filament tech-
nique in the ‘‘peak jumping’’ mode. Measurements of the
international standard A112 yield a d234U of �30.3 ± 6.3%
(2sd, n = 29). This value is slightly higher but still in accord
with the previously reported values of Edwards et al. [1993]
(d234U �34.1 ± 3.4%, 2sd, n = 6) and Eisenhauer et al.
[1996] (d234U �33.2 ± 4.3% , 2sd, n = 11).
[23] For radiocarbon analyses, 10 samples (about 15 mg

each) were drilled with a 1 mm dental drill from the
uppermost 1.7 cm of skeleton of specimen Pb19. Samples
were chemically prepared and measured using the AMS
facility at the Leibniz-Labor of the University of Kiel. The
aragonite powder samples were cleaned in an ultrasonic
bath of 15% H2O2 and reacted to graphite using standard
procedures [Nadeau et al., 1997]. Conventional radiocarbon
ages and D

14C values were calculated according to Stuiver
and Polach [1977]. Precision is better than ±30 conven-
tional radiocarbon years.
[24] We compared our D

14C data with a D
14C curve

measured on a Florida surface water coral [Druffel, 1989].
The fit was constrained by assuming that the growth rate
was constant in the relevant part of the sponge skeleton. We
further assume that the timing of the radiocarbon increase at
125 mbsl was similar to surface waters in that region
because the amplitude of change in D

14C is similar to the
surface water change (Figure 6). The sample position
corresponding to the drastic rise in D

14C, caused by
atmospheric nuclear weapon testing, was assigned to the
year 1964 A.D.

4. Results

4.1. Chronology

[25] Results of the U and Th analyses are shown in Table 1.
The d234U ratios, defined as permil deviation of the 234U/238U

activity ratio from radioactive equilibrium, show values
around 154 ± 3%, which is slightly higher than modern
seawater (145 ± 5% [Chen et al., 1986]). Individual
statistical errors on the U/Th ages vary between 10 and 30
years with one exception of 92 years (Table 1). The external
reproducibility of our U/Th dating results was determined as
about ±20 years (2sem) by five replicate analyses of sample
Ce96-40 and confirmed by analysis of three closely spaced
sample pairs (Ce96-45/51, Ce96-170/172, Ce96-123/40).
For one sample pair (Ce96-184/186) U/Th ages could not
be confirmed within external reproducibility.
[26] According to our U/Th dating results, the skeleton of

specimen Ce96 represents a time interval from about 1400
A.D. to 1996 A.D. As the age data of this specimen deviate
significantly from a linear growth curve, we fitted a third-
order polynomial to the U/Th ages (Figure 7). Using the
polynomial instead of a linear fit reduces the RMS error by
40% from 37 to 22 years. The latter value is similar to the
mean uncertainty of the U/Th data. On the basis of the fitted
polynomial, the growth rate of the shallow water sponge
specimen Ce96 varied between 0.23 and 0.43 mm/a. For
specimen Pb19 a mean growth rate of 0.19 mm/a was
calculated from the slope of a linear fit to the dated tie
points. A lifespan from about 1400 A.D. to 1996 A.D. was
determined by extrapolating the mean growth rate to the
base of the skeleton (Figures 5 and 7).
[27] The U/Th chronology is independently confirmed by

the correct localization of the nuclear weapon test radio-
carbon increase at a depth of about 5.9 mm below the
surface of the skeleton (Figure 6, Table 2). Further inde-
pendent support for the reliability of our chronologies is
provided from the fit of d13C data of the investigated
sponge skeletons and atmospheric CO2 records [Böhm et
al., 2002].
[28] Recently, Swart et al. [2002a] postulated short term

growth rate variations on the order of 50% in a C.
nicholsoni skeleton from the Bahamas, based on Sr/Ca ratio
variations interpreted to represent annual temperature cy-
clicity. If this interpretation is correct, such variations could
potentially lead to uncertainties of the interpolated ages

Table 1. Age Dataa

Sample
Distance From

Rim, mm Width, mm Age, Years Year A.D.
Uncertainty,
Years 2sem

232Th/230Th
Measured d234U, % 238U, ppm 232Th, ppb 230Th, ppt

Ce96-rim 0 1 0 1996 1
Ce96-25 34.1 3 135 1862 9 19646 147 7.79 3.64 0.18
Ce96-45 63.8 3 247 1750 13 10787 150 7.71 4.32 0.33
Ce96-51 72.4 4 261 1740 22 6121 155 7.37 2.12 0.33
Ce96-186 111.3 3 327 1673 20 5784 160 7.44 2.54 0.42
Ce96-184 114.9 3 423 1576 15 3966 134 7.29 2.34 0.58
Ce96-123 159.5 3 462 1539 92 3637 161 7.46 2.28 0.60
Ce96-40 170.0 4 511 1490 22 2544 157 7.44 2.00 0.77
Ce96-151 192.3 4 592 1409 29 2795 162 7.41 2.17 0.76
Ce96-170 215.3 3 608 1393 28 2677 155 7.53 2.16 0.79
Ce96-172 218.0 3 620 1377 22 3484 145 7.84 2.81 0.83
Pb19-rim 0 1 0 1996 1
Pb19-14C 5.9 1 32 1964 5
Pb19-64 51.6 3 260 1741 10 7956 159 7.24 2.70 0.33
Pb19-110 99.5 3 505 1493 25 6523 149 7.69 4.48 0.67

aFor each specimen the first value represents the age of the outermost layer of the skeleton, taken as equal to the sampling year. Sample Pb19-14C is the
radiocarbon bomb spike fit described in the text. Distance from rim was measured along the growth axis. Year A.D. is calculated from the age and the year
of the measurements (varying from 1997 to 2001 A.D.). Uncertainties of the U-Th dates are internal errors (2 sd) except for sample Ce96-40. For this sample
multiple analyses (n 5) give an error of about 4% (2sem).
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Figure 7. Ages versus depth in skeletons and fitted growth

curves. Fit to age data of specimen Ce96 is a third-order

polynomial. Age data of Pbl9 are fitted by a linear growth

model. Left y axes give the year before date of collection

(1996 A.D.). Right y axes give the year of formation before

present (1950 A.D.). Curve fit equations refer to the years of

collection.
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10,2
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Figure 8. Measured Sr/Ca ratios (small symbols) plotted

with the long-term mean values from Table 3 (shaded bars,

box height represents ±2sem). Light gray bars refer to

warmer (lower Sr/Ca) and dark gray bars to colder (higher

Sr/Ca) periods. Sr/Ca scale is plotted inversely. Age tie

points are shown as big black dots. Gray dots are uncertain

dates (compare to Figure 7).

between our U-Th tiepoints of up to ±25 years. This is

within our analytical uncertainties.

[29] In summary, several independent observations sup

port the reliability of our U-Th age dates. The 6234U values,
stratigraphic consistency, reproducibility of repeated mea

surements and comparison with atmospheric 613C and A1 C
support the chronology of the two sponges.

4.2. Sr/Ca Ratios

[30] The measured Sr/Ca data are presented in Appendix

A and Figure 8. Sr/Ca ratios of the shallow water specimen

(Ce96) vary between 9.4 and 9.9 mmol/mol, with an average

ratio of 9.69 ± 0.01 mmol/mol (2sem). Sr/Ca ratios of the

deeper water specimen (Pbl9) are generally higher than

those of Ce96. The values range from 9.5 to 10. 1 mmol/mol

with a mean of 9.84 ± 0.02 mmol/mol (2sem). The two

record means differ significantly (p < 0.001, t test).

[31] Both Sr/Ca data sets were approximated using sin

gular spectrum analysis (SSA) (Figure 9a). Although var

iations in the Sr/Ca ratios are relatively small compared to

analytical errors, they allow the reconstruction of statisti

cally significant long-term trends. For Ce96 the long-term

trend is represented by the first two principal components

(PC) found by SSA. These explain 62% and 11%, respec

tively, of the total variance of the Sr/Ca record. For Pbl9 the

first two PCs, representing the trend, explain 54% and 11%

Table 2. Radiocarbon Data Measured on Specimen Pbl9a

A'"C, %oJ5am£le_

Pbl9-500

Pbl 9-501

Pbl9-502

Pbl 9-503

Pbl9-504

Pbl 9-505

Pbl9-506

Pbl 9-507

Pbl9-508

Pbl 9-509

Distance From Rim, mm	 Corrected Modem Carbon, % Conventional 14-C Age, Years BP

885 ± 30
970 ± 30

1040 ± 20

400 ±25

360 ±25

435 ± 25

415 ±35

395 ± 25

415 ±25
420 ± 30	

0.8 111.65 ±0.44

112.81 ±0.42

113.84 ±0.31
105.09 ± 0.35

95.62 ± 0.30

94.70 ± 0.29

94.97 ± 0.42

95.22 ± 0.30

94.97 ± 0.29

94.92 ± 0.36

117.5 ±4.4

130.4 ± 4.2

141.4 ±3.1
55.2 ± 3.5

39.0 ± 3.0

47.0 ± 2.9

43.3 ± 4.2

39.8 ± 3.0

41.3 ±2.9

40.7 ± 3.6

2.7

3.7

5.9

7.4

9.4

11.0

12.7

14.4

16.3

"Distance from rim is measured along the growth axis. "Percentage of corrected modem carbon" is the fraction of ,4C relative to the
"modern" value (1950 A.D.), corrected for fractionation using the l3C/,2C measurements. AI4C values were calculated from the
corrected percentage of modem carbon using estimates of the true age of the samples taken from the U-Th datings. This age correction is

very small (<1% in all samples) so uncertainties introduced by incorrect age estimates are negligible.
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overlain by smaller-scale variations (Figure 9a, Table 3). In

the shallow water record these are: a relative Sr/Ca maxi-

9.2-,	
: —o— Ce96. Jamaica, 20 m

9_3i Pb1 9, Pedro Bank, 125 m
- 4.0

i
9A\ J mum in the early 15th century followed by a minor

~ minimum from about 1450 to 1550 A.D., a sharp increase

| to a maximum after 1550 A.D. and a second, smaller

. o.o 5 increase in the late 1 7th century. The time period around
| 1750 A.D. represents a minor minimum, followed by an

| increase to the absolute maximum shortly after 1800 A.D.

" "2'° £ After 1 800 A.D., the trend curve falls almost monotonically
to the lowest values at about 1950 A.D. Only around 1900

A.D. was this trend briefly interrupted. The trend curve of

Pbl9 is roughly parallel to the Ce96 trend, except for a short

period around 1700 A.D. where the two curves overlap.

Through most of the recorded time the offset between the

two trend lines varies between 0.2 and 0. 1 mmol/mol, with a

general decrease from the 14th century until about 1700

A.D. and a subsequent rise in the 18th and 19th centuries

(Figure 9b). The offset finally decreases in the late 20th

century to about 0. 1 mmol/mol.

[33] The maxima and minima seen in the SSA recon

structions are corroborated by comparing the average Sr/Ca

ratios of the respective time intervals. All interval means

shown in Figure 8 and Table 3 are significantly different

from the neighboring intervals (>99% significance level, t

test). The only exception is the oldest interval of the Pbl9

record with a mean that differs from the mean of the

subsequent interval with only 94% significance. In both

records the 1950-1992 period mean is significantly lower

than any other interval mean.
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Figure 9. (a) Measured Sr/Ca ratios (small symbols) and

long-term trends reconstructed from the first two principal

components of SSA (window size 60 years, thick lines). Sr/

Ca scale on left y axis is plotted inversely. On the right y

axis estimated temperature anomalies (deviation from Ce96

mean) are shown, according to our Sr/Ca temperature

calibration discussed in the text (b) Difference between the

SSA reconstructions of Pbl9 and Ce96 (solid line). Note the

decreasing difference around 1700 A.D. The right y axis

shows the calculated corresponding temperature difference.

The dotted line is the bulk sediment Ti content from ODP

Hole 1002C, Cariaco Basin [Haug et al., 2001a], a proxy

for river runoff from northern South America to the

southern Caribbean. Low Ti values indicate arid conditions

[Haug et al., 2001b]. The durations of the Sporer, Maunder

and Dalton (Da.) sunspot minima are shown for comparison.

4.3. Oxygen Isotopes

[34] Oxygen isotope values are listed in Appendix B and

shown in Figure 10. Unlike the Sr/Ca records, the shallow

and deeper water &l80 curves show no parallel trends. All
oxygen isotope ratios ofthe deeper water sponge (Pbl9) are

higher than those of the shallow water sponge (Ce96). The

difference of the respective mean values is 0.43%o. The mean
of the variance, respectively. The third and fourth PC of the 6I80 for the period 1950-1992 A.D. of the two sponges
Pbl9 record represent a weak periodic component with a differs by 0.44 ± 0.05%o, or 1.9 ± 0.3 K (2sem) if converted

wavelength of 28 years. Together they explain another 13% to temperature with the assumption of a negligible seawater

of the total variance. 6I80 difference between the sites [Bohm et al., 2000a]. This
[32] The SSA reconstructed trend curves of both Sr/Ca is in good agreement with the temperature gradient between

records show a general increase from low values in the the two collection sites of 1.8 ± 0.2 K expected from the

oldest part of the record to a maximum at about 1800 A.D., climatology data [Conkright et al., 1998].

followed by a general decrease to an absolute minimum in [35] The 6I80 of the shallow water specimen (Ce96)
the youngest part of both records. This general trend is varies between -0.95%o and -0.65%o (PDB). The overall

Table 3. Average Sr/Ca Ratios for Alternating Periods With High (Boldface) and Low Sr/Ca Means4

Ce96, Jamaica, 20 m

Sr/Ca Mean ± 2SEM (n)

9.68 ± 0.02 (31)

9.64 ± 0.02 (35)

9.74 ± 0.02 (38)

9.80 ±0.02 (11)

9.72 ± 0.04 (13)

9.81 ±0.04(13)
9.49 ± 0.05 (10)	

Pbl9, Pedro Bank, 125 m

Sr/Ca Mean ± 2SEM (n)

9.84 ± 0.03 (33)

Period T Test Probability

0.003

0.000

0.000

0.001

0.001

0.000

Period T Test Probability

0.0601356 1454

1457 1562

1565 1663

1671 1709

1714 1780

1784 1850

1954 1991

1384 1568

1574 1670 9.88 ± 0.03 (19) 0.003

1676 1785

1791 1885

1952 1992

9.82 ± 0.03 (21)

9.96 ± 0.04 (18)

9.60 ± 0.05 (9)

0.000

0.000

"The mean values are given with standard error intervals (sem standard deviation/n° 5) and the number ofmeasurements (n) for each
time period. The t test significance values give the probability that the mean value of the respective time interval is equal to the mean of

the subsequent interval. The means for the 1950 1990 period are weighted, taking account for the individual confidence intervals (2sem)

of the measured values.
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-1.2 (Figure 10a) reveals multidecadal variations, most promi

nent during the last 300 years, superimposed on a very weak

long-term trend.

a
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3 5.1. Temperature Calibration of Sr/Ca Ratios

:260 | [38] So far no temperature calibration is available for Sr/

At _ ;255 1® Ca ratios in sclerosponge skeletons. In order to translate the
' observed Sr/Ca variations into temperatures, we use the

contrast in water temperature and skeletal Sr/Ca ratios

between the shallow and the deeper water site to establish

a preliminary Sr/Ca temperature calibration for Ceratopor

ella nicholsoni. Annual mean water temperature averaged

over the last 50 years is 27.8 ± 0.2°C (±2sem) at 20 mbsl for
the 1°*1° grid square centered at 18.5°N, 78.5°W (west of
Jamaica) and 26.0 ± 0.2°C at 125 mbsl for the two grid
squares centered at 17.5°N, 78.5°W and 79.5°W (east and
west of the Pedro Bank sampling site, Figure 1) [Conkright

et al., 1998]. This corresponds to a temperature difference

of 1.8 ± 0.2 K between the two locations. The average

temperature difference for the same time interval calculated

from our measured 6180 values is 1.9 ± 0.3 K.
[39] The average Sr/Ca ratios for the 1950 to 1991 A.D.

period are 9.47 ± 0.05 mmol/mol (shallow water, Ce96) and

9.60 ± 0.05 mmol/mol (deeper water, Pbl9), respectively

(Table 3). From the difference between these two average

values of —0.13 ± 0.07 mmol/mol and the temperature

difference of 1.8 ± 0.2 K, a Sr/Ca temperature relation of

—0.07 ± 0.04 mmol/mol/K is calculated.

26.5
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t
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Figure 10. Oxygen isotope data, (a) Shallow and deeper

water record. Thick lines are reconstructions from the first

two principal components of SSA (window size 60 years).

The older part of the Pbl9 record is from transect 1, the

younger part is a stack of the three transects shown in

Figure 10b. Temperatures on the right y axis are calculated

for a constant 6 of 0.8%o (SMOW) applying the

temperature equation of Bohm et al. [2000a]. (b) Three

transects through specimen Pbl9. For position of the

transects compare Figure 5.

[40] Comparison with other marine aragonitic material

shows that the temperature control of Sr/Ca variation of C.

nicholsoni (—0.07 ± 0.04 mmol/mol/K) is similar to reef

corals (—0.05 to —0.08 mmol/mol/K [De Villiers et al.,

1994; Shen et al., 1996; Swart et al., 2002b]) but slightly

stronger than in inorganic aragonite (—0.04 mmol/mol/K

\Kinsman and Holland, 1969]).

[41] Applying the Sr/Ca temperature calibration (—0.07 ±

0.04 mmol/mol/K) to the sponge records we find a temper

ature change between the periods with the highest and the

lowest Sr/Ca ratios (Table 3) of about 5 K (3-12 K, 95%

confidence interval). We realize that temperature variations

of up to 12 K are unrealistic for the Caribbean, compared to

the maximum tropical Atlantic Ocean cooling of less than

5 K during the last glacial maximum [Crowley, 2000b].

Thus we realize that realistic temperature variations are only

found by using the calibration value at the lower limit ofthe

95% confidence interval (—0.11 mmol/mol/K), resulting in

minimal temperature change.

[42] Regional variations of the seawater Sr/Ca ratio,

variable calcification rates and precipitation of secondary

cement in skeletal pores may complicate and obscure the

application of the Sr/Ca temperature proxy. However, for

our case we can largely exclude such complications as

discussed in the following.

5.1.1. Influences From Sr/Ca Variations in the

mean is —0.79 ± 0.0 l%o, the mean for the 1950-1991 A.D.

period is —0.84 ± 0.05%o (2sem). The first two PCs found

by SSA explain 44% and 12% of the variance, respectively.

The 3rd and 4th PC constitute an oscillatory component

with a periodicity of 40 years and together represent 14% of

the total variance. The reconstruction from PCs 1 and 2 is

shown in Figure 10a.

[36] In the deeper water sponge (Pbl9), 6lxO varies
between —0.25%o and — 0.55%o with an overall mean of

—0.36 ± 0.01%o and a 1950-1992 A.D. mean of —0.40 ±

0.03%o (2sem). Three transects were sampled as a test for

reproducibility (Figures 5 and 10b). Correlation between the

transects was carried out by following the growth bands of

the skeleton. The trends and larger features are well-repro

duced in the three transects. However, transect 1 is offset

from the other two transects by about 0. l%o. For the

subsequent discussion we therefore use a stacked record,

averaging the three transects (Figure 10a).

[37] SSA of the stacked record of Pbl9 does not produce

the clear trend components as the other records. The first

two PCs explain only 19% and 17% of the total variance,

respectively. The 3rd and 4th PC, like in the shallow water

record, constitute an oscillatory component with a period

icity of about 40 years. Together the latter explain 24% of

the total variance. The reconstruction from the first two PCs

Seawater

[43] De Villiers [1999] showed an increase of Sr/Ca ratios

from 8.49 mmol/mol at the surface to 8.57 mmol/mol at

100 m in the equatorial central Atlantic. A shallow-deep

water difference of this magnitude would change the scle-

ABOR/MH/Priv-000302



ABOR/MH/Priv-000303

HAASE SCHRAMM ETAL.: SR/CA AND 81S0 FROM SCLEROSPONGES18 - 10

o
rosponge Sr/Ca thermometer to —0.03 mmol/mol/K. The

latter value results in unrealistically large temperature

amplitudes of more than 10 K. The deeper water sponge

(Pbl9) is situated in the transition zone between the

Caribbean Surface Water and the Subtropical Underwater.

Subtropical Underwater originates from the tropical-sub

tropical North Atlantic. This water generally carries higher

Sr/Ca ratios than the waters originating in the South Atlantic

[De Villiers, 1999], which are the main sources for the

Caribbean Surface Water. Thus Pbl9 may be enriched in

Sr/Ca in contrast to sample Ce96, resulting in a possible

effect similar to the one discussed above.
[44] Varying Sr/Ca in the surface water due to local runoff

could add some uncertainty to the calibration. Diagenetic

alteration and chemical weathering of elevated Plio-/Pleis-

tocene coral reefs along the northern coast of Jamaica could

be a Sr source for coastal waters at Montego Bay (Ce96).

However, our Jamaican sponge grew in a reef cave exposed

to the open ocean, where the effect of local Sr input can be

considered to be negligible.

5.1.2. Influences of Calcification Rate and

Secondary Cementation

[45] Various studies have discussed the possible influence

of calcification rates on the Sr/Ca ratios of coral skeletons

i »

mm

-10
. ' s )

v.

-20JL

JI

-30A

Jl

40
Brightness 	

Figure 11. Radiograph of specimen Pbl9 indicating

porosity of the skeleton. The upper rim of the skeleton

(dark lining) is the growth surface, which is covered by soft

tissue. Note dark sponge borings ("b") and faint dark

laminations ("dl") in the radiograph. The curve shows the

image brightness measured along a 0.5 mm wide profile

positioned at the left rim of the black rectangle. Lower

brightness indicates lower density/higher porosity. The

curve shows increasing brightness values (decreasing

porosity) in a roughly 5 mm thick layer below the dark

[De Villiers et al., 1994], Zhong and Mucci [1989] found growth surface. Further inside the skeleton, brightness
rate-independent Sr/Ca ratios for inorganic aragonite, pre- shows fluctuations between bright and dark layers, but no
cipitated with rates ofup to 230 pmol/m2/h, and possibly up further trends, except for the bored zone at the base of the
to 660 (imol/m2/h as indicated by a single data point Reef profile,
corals, on the other hand, show much higher calcification

rates with typical values for Pontes around 20,000 ± 10,000

pmol/m2/h [De Villiers et al., 1994; Lough and Barnes, the youngest to older skeletal parts could be due to a gradual
1997], We estimate calcification rates for C. nicholsoni from addition of secondary cement with a higher Sr/Ca ratio than
the measured extension rates (0.2-0.4 mm/a), porosity the primary aragonite. The necessary amount of secondary
(~4%) and noncarbonate contents (organic carbon and aragonite can be calculated in a simple mass balance:
opaline needles, ~4%). This results in values ranging from

500 to 1400 (imol/m2/h, about an order of magnitude lower
than reef coral calcification rates.

= ((Sr/Ca)b-(Sr/Ca)p)/((Sr/Ca)s-(Sr/Ca)p)xs

[46] De Villiers et al. [1994] suggested that reef corals

incorporate less Sr in their skeletons (DSr = (Sr/Ca)cora|/

rs 1.0 at 27°C) than inorganically precipi
tated aragonite (DSr « 1.1 at 27°C [Kinsman and
Holland, 1969]) because of their high calcification rates.

From the mean Sr/Ca ratios for tropical Atlantic surface

waters [De Villiers, 1999] and the mean Sr/Ca ratio of

specimen Ce96 for the period 1950-1991 A.D., we

estimate DSr « 1.1 (27°C) for the aragonite of C. nicholsoni.
This is in good agreement with the value for inorganic

precipitates.

[47] If calcification rate would influence the Sr uptake of

C. nicholsoni like in reef corals, then the older, fast growing
portion of specimen Ce96 (growth rate 0.4 mm/a) would be

depleted in Sr compared to the slow growing young part

(0.2 mm/a). This would mean that the actual temperature

increase from the 17th century to modern times would

be even larger than calculated from the measured Sr/Ca

ratios.

[48] It has been shown that precipitation of secondary

aragonite can distort the Sr/Ca signal in reef corals [Miiller

et al, 2001; Enmar et al., 2000]. If this were also valid for

our sclerosponges, the roughly 0.3 mmol/mol increase from

where xs is the percentage of secondary cement in the bulk

material and subscripts b, p, and s stand for bulk, primary

and secondary, respectively. We assume a Sr/Ca ratio of

about 9.5 mmol/mol for the pristine skeletal material

(Table 3) and of 10.5 mmol/mol for the secondary cement

[Kinsman and Holland, 1969; Enmar et al., 2000], To

achieve the observed 0.3 mmol/mol increase in Sr/Ca, one

has to add nearly half as much cement as there is primary

aragonite. As shown in the radiograph in Figure 11, there

is no porosity decrease across the zone of Sr increase (top

20 mm in Pbl9, top 40 mm in Ce96). We have measured

the bulk porosity of C. nicholsoni skeletons as less than

5%. A porosity decrease from about 40% below the living

surface to 5% in the older skeleton would be easily visible

in the radiograph. The only porosity change visible in

Figure 1 1 takes place in the outermost 5 mm, which is not

compatible with the observed Sr trend that covers the

youngest 20 mm. We therefore exclude the presence of a

significant secondary aragonite phase in our sponge

skeletons.
[49] We conclude that neither secondary cementation nor

calcification rate variations significantly influenced our Sr/

(Sr/Ca)scawat cr
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variations of up to 2 psu could compensate for no more

than 0.6%o of 6 0. Larger salinity changes are unlikely for

the Caribbean.

[53] The pH-dependent fractionation of oxygen isotopes

in carbonates may further influence the 6I80 of the sponge
skeletons. The 6 0 of carbonates precipitated in a pH range

of 6 to 9 decreases by about 1.5%o per pH unit [Zeebe,

1999]. Thus variations of 0.5 pH units in the fluid from

which the skeletal aragonite is precipitated can account for

the observed oxygen isotope variability. The observation

that sponges precipitate aragonite in chemical and isotopic

equilibrium indicates that the composition of the precipitat

ing fluid is hardly influenced by the sponge metabolism.

Thus pH changes in the ambient seawater may be directly

monitored by the 6I80 record of the sponge aragonite. This
hypothesis is supported by the boron isotopic composition

of sponge skeletons, which indicates mineralization under

seawater pH conditions [Bohm et al., 2000b]. So, other

than for corals, which through symbiont and metabolic

activities strongly control their precipitating fluid pH

[McConnaughey et al., 1997; Hemming et al., 1998], the

6180 of sponge skeletons could be strongly influenced by
seawater pH changes. Measurements from the Pedro Bank

area at water depths of 125 ± 25 mbsl taken in 1972 and
Ca records. Seawater Sr/Ca contrasts between the two 1973 show an average pH of 8.2 with variations of about

sampling sites cannot be excluded, but their contribution ±0.2 (NODC Oceanographic Profile Database, www.nodc.

to the Sr/Ca temperature calibration would be to increase

the amplitudes in the sponge temperature records to unre-

alistically high values.

5.2. Comparison of Sr/Ca and 8,80

[50] Samples for Sr/Ca and 6180 were taken from the £
same growth layers immediately adjacent to each other. This |" 3.0-
allows us to directly compare both parameters from each J 2.0-

sample pair. Linear regression of the measured Sr/Ca ratios g 1 Q_

on the 6 80 values shows a weak but significant correlation f '
(R2 = 0. 1 , p < 0.00 1 ) for specimen Ce96. Variability of 61 80 |

10 .1

Ce96
10 ,o--R2=0.1, p<0.001

O _ O o 0 o

0 c

0 °&%fy0o°
o® 0 o

0 % $>° o %

9.9
3 Cb
E

"o 9.8 -
E

n 9.7 ofl
o 0° 0%
c/5

n"V" D °
9.6-

8
Pb19D9.5

±2SEM

I *2SP | R2=0.03, p<0.06
+9.4 -F	 h + I

-1.0 -0.8 -0.6 -0.4 -0.2

S1sO (%o PDB)

Figure 12. Scatterplot of the measured Sr/Ca ratios and

the corresponding oxygen isotope values. Correlation is

highly significant for Ce96. However, 6180 and Sr/Ca share
only 10% of common variance.
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explains 10% of the Sr/Ca variability. The correlation for £

specimen Pbl9 is not significant (p < 0.06) (Figure 12). ^

[51] The smoothed 6180 and Sr/Ca curves (Figure 13a) of "
- a. Ce96, Jamaica, 20 m	

Sporer |Maunder| |Da.| 1.0 g

"0.5 I

"0.0 |
"-0.5 1

1 -1.0 |

the shallow water record both display a temperature mini

mum at about 1 800 A.D. and a subsequent temperature rise

until the late 19th century. However, while the Sr/Ca

temperatures continue to rise, the 6lsO temperatures show ^ 2.0 J g"o
no further increase. Moreover, the amplitudes of the 6180 | 1.0-
variations are much smaller than expected for the temper- %

ature variations derived from the Sr/Ca record. The deeper §

water oxygen isotope record does not reflect any of the § " ' -
long-term trends seen in the Sr/Ca record (Figure 13b). i"2-0^

[52] The assumption that the Sr/Ca record of C. nicholsoni ^ -3.0-
aragonite is primarily controlled by temperature implies that % -4.0-
the h180 records must be strongly controlled by other
factors as well. Certainly part of the 90% independent

variability of both proxies is introduced by the low signal/

noise ratios. Additional 6lsO variability could originate Figure 13. Comparison of the temperature anomaly
from salinity variations. The &l8Owater salinity relation in estimates (deviation from Ce96 mean) based on Sr/Ca
the Caribbean is on the order of 0.2 to 0.3%o/psu ratios (left y axes, temperature calibration as discussed in

[Riihlemann et al., 1999; Watanabe et al., 2001], The the text) and oxygen isotope values (right y axes,

long-term temperature variations of 3 K derived from the temperature equation from Bohm et al. [2000a]). The

Sr/Ca ratios are equivalent to &I80 variations of 0.7%o, durations of the Sporer, Maunder and Dalton (Da.) sunspot
about twice as much as observed (Figure 12). Salinity minima are shown for comparison.

E

>50.0-

£
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noaa.gov/JOPl/). Thus seawater pH variability could add

about 0.6%o of temperature-independent 6I80 variability.
We conclude that, together with variations in seawater 8IX0, 2 2.0-
the pH effect on 6I80 of carbonates can obscure the > -
temperature signal in the sponge 6I80 record sufficiently | -|_o-
to explain the divergent trends of the Sr/Ca and the oxygen ° _

isotope records. These results indicate that for temperature ^ q q_
reconstructions using C. nicholsoni skeletons, Sr/Ca is a 5 "

more robust proxy than 6180.

3.0
Ce96Maunder Da.

Sr/Ca

j/:AA f. :l VV/\

}

M
r~

./ V2
it0) -1.0-

i -
I- -2.0-

5.3. Urvina Bay

Coral, 5180

Temperature History

[54] Our preliminary Sr/Ca temperature calibration of

C. nicholsoni skeletons shows that the observed record of

Sr/Ca variations can be used to draw conclusions about the T T T T T T

1600 1650 1700 1750 1800 1850 1900 1950 2000

Year (A.D.)
long-term Caribbean temperature history. Applying our

"minimum calibration" (—0.11 mmol/mol/K) to the mea

sured Sr/Ca records, we estimate long-term temperature

variations to be on the order of 3 K, both at Jamaica, Figure 14. Comparison of the temperature anomalies

calculated from the shallow water Sr/Ca record (dotted

lines) and a coral 6,80 SST reconstruction from Urvina Bay,
20 mbsl, and at Pedro Bank, 125 mbsl (Figure 9a).

[55] Both sponges record the coldest temperatures of the

last 600 years at the beginning ofthe 1 9th century (Figure 9a).

The temperature difference between the shallow and deeper

water site was significant most of the time, except for an

interval between 1650 and 1700 A.D., when the two records

became statistically indistinguishable (Table 3, Figure 9).

During this interval the shallow water cooled while the

deeper water warmed. The absence of a significant temper

ature gradient means that the base of the isothermal layer

deepened to a level below the Pbl9 site.

[56] As shown in Figure 9b, the temperature difference

between the two sponge collection sites follows a similar

long-term trend as the Titanium content of sediments from

the Cariaco Basin in the southern Caribbean [Haug et al.,

2001a]. The latter has been interpreted as a proxy for river

runoff from northern South America to the southern Carib-

Galapagos (solid fine) [Dunbar et al., 1994], The annual

coral data are smoothed with a 15 year running average. The

durations of the Maunder and Dalton (Da.) sunspot minima

are shown for comparison.

proxy records were used. This land-based reconstruction

shows two cold periods in the late 17th and in the early 19th

century that agree with our reconstructed shallow water

temperature trend, and also with the early 19th century

minimum being colder than the late 1 7th century minimum.

However, it must be noted that the magnitudes of the

coolings are two to three times smaller in the reconstruction

than implied by our Sr/Ca record, if we apply our prelim

inary sclerosponge calibration to quantify the temperature

variations.

[58] An annually resolved coral SST reconstruction from

the east Pacific Ocean (Urvina Bay, Galapagos [Dunbar et

al., 1994]) shows similar trends as our shallow water tem

perature record between 1650 and 1850 A.D. (Figure 14).

Similar to our Caribbean record, the late 17th and the early

19th century are cold intervals.

[59] Climate model experiments [Shindell et al., 2001;

Waple et al., 2002] have shown that these two cold intervals

can be explained by reduced solar irradiation during the

"Maunder" and "Dalton" sunspot minima, respectively. In

contrast to the cold periods of the late 17th and early 19th

century, the cooling around 1550 A.D., indicated by our

records, does not correlate with known variations of solar

irradiance (Figure 9a).

[60] Our preliminaiy Sr/Ca temperature calibration does

not yet allow us to precisely quantify the warming from the

Little Ice Age to modem temperatures. However, a com

parison of the magnitude of change in Sr/Ca ratios during

the last 200 years with the fluctuations during the preceding

centuries clearly points to the exceptional nature of this

recent warming in the Caribbean Sea (Figure 9).

[61] Most published tropical ocean temperature records

indicate a late 20th century that is 1-2K warmer than the

Little Ice Age [Crowley and North, 1991; Keigwin, 1996;

bean [Haug et al., 2001b]. The decreasing trend of Ti from

the 14th century until about 1750 A.D. is paralleled by the

decreasing shallow-deep temperature contrast of our sponge

records. Lower Ti values point to less freshwater input to the

Caribbean Surface Water and at the same time to an

increased upwelling of Subtropical Underwater in the south-

em Caribbean [Haug etal., 2001b; Black et al., 1999], Both

would lead to a salinity increase in the Caribbean Surface

Waters and with that to a reduced density contrast between

the surface and the Subtropical Underwater. This in turn

would favor the deepening of the thermocline observed to

occur between the 14th and 17th centuries (Figure 9b). A

return to more humid conditions in the southern Caribbean

after 1750 A.D., reflected in increasing Ti values, allowed

the re-establishment of the stable salinity induced density

stratification as it exists in the Caribbean today, and led to a

rise of the thermocline to its modem level.

[57] There are no long-term temperature records available

from the Caribbean or western tropical Atlantic that would

allow a direct comparison with our sclerosponge recon

structions. Closest to our data is the multiproxy reconstruc

tion of tropical North Atlantic temperatures [Mann et al.,

1998; Waple etal., 2002], For the pre-1850 A.D. period it is

mainly based on tree ring data from the North American

continent. No Atlantic or Caribbean marine temperature
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Corrège et al., 2001; Müller et al., 2002]. A stronger
warming on the order of 2–3 K from 1780–85 A.D. to
the present was found in a coral record of sea surface
temperatures from Puerto Rico, northeastern Caribbean
[Winter et al., 2000; Watanabe et al., 2001]. DeMenocal
et al. [2000] found a 3–4 K warming of sea surface
temperatures in the subtropical North Atlantic off West
Africa from about 1650 A.D. to modern times using
planktonic foraminiferal assemblage census counts with a
temporal resolution of 50–100 years.
[62] The strong warming since the early 19th century

reflected in our Sr/Ca records is not seen in the observa-
tional (1856–1991 A.D.) Caribbean SST anomaly time
series of Kaplan et al. [1998]. Correlation of our Sr/Ca
records and the SSTA data (averaged to a triannual resolu-
tion) results in correlation coefficients of �0.4 (Pb19, n =
27, p < 0.02) and �0.3 (Ce96, n = 27, p < 0.08). These
weak correlations indicate a decoupling of the water temper-
atures at both sponge collection sites from local SST at the
interannual timescale resolved by our data. This is not
surprising for the deeper water site which is positioned
below the thermocline (Figure 2) at a water depth clearly
decoupled today from seasonal SST variations (Figure 4).
At our shallow water (20 m) site the relatively sheltered
cave setting may have provided for some decoupling from
the surface environment. A similar decoupling of shallow
water (10–20 m) temperatures from SST on interannual to
decadal timescales was also described from the Indonesian
Seaway by Moore et al. [2000].
[63] The decoupling from SSTs suggests that temper-

atures at both sites are mainly controlled by subsurface
advection of water. The large horizontal temperature gra-
dients found in the Caribbean (Figure 3) allow for the
advection of waters of different temperatures to any one
location just by modifying the wind field or the strength and
flow path of the Caribbean current. Therefore the large
amplitude temperature variations seen in both of the sub-
surface sponge records but not in Caribbean SST records
may be explained by advection of waters with varying
temperatures, possibly in connection with changes in the
thermohaline circulation.

6. Summary and Conclusions

[64] Sr/Ca ratios of Ceratoporella nicholsoni skeletons
are a sensitive and reliable temperature proxy, superior to
d18O. Oxygen isotope records of these sponges do not
reveal reproducible temperature signals. Variations in the
d18O of the ambient water and the pH effect on the oxygen
isotopic composition of carbonates [Zeebe, 1999] may
obscure temperature signals in the d18O records.
[65] Caribbean water temperatures warmed significantly

from the early 19th century until the late 20th century, both at
the shallow and the deeper water site. Neither of our sponge
records represents sea surface temperatures. Even at 20 mbsl
the temperature trend is decoupled from local SST. Subsur-
face advection likely controls thewater temperatures. The two
cold periods during the late 17th and the early 19th century
recorded by the shallow water sponge coincide with the
Maunder and Dalton sunspot minima, respectively, and were
probably caused by solar forcing. Water temperatures were
cooler during these periods compared to the preceding cen-
turies. The major initial cooling step, however, had occurred
already by the late 16th century, after the end of the Spörer
minimum, and cannot be explained by solar forcing.
[66] The long-term decrease of the temperature contrast

between the two sclerosponge sites from the 14th to the late
17th century reflects the aridification of the southern
Caribbean during the Little Ice Age [Haug et al., 2001b].
We propose that the position of the thermocline, reflected by
this temperature contrast, was controlled on multidecadal
timescales by the salinity gradient between the Caribbean
Surface Water and the Subtropical Underwater and by wind
driven mixing and upwelling.
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Corrège, T., T. Quinn, T. Delcroix, F. Le Cornec,
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pp.141 147, Serv. Géol. du Luxembourg,
Luxembourg, 1995.

Jones, P. D., T. J. Osborn, and K. R. Briffa, The
evolution of climate over the last millennium,
Science, 292, 662 667, 2001.

Kaplan, A., M. Cane, Y. Kushnir, A. Clement,
M. Blumenthal, and B. Rajagopalan, Analyses
of global sea surface temperature 1856 1991,
J. Geophys. Res., 103, 18,567 18,589, 1998.

Keigwin, L. D., The Little Ice Age and medieval
warm period in the Sargasso Sea, Science, 274,
1504 1508, 1996.

Kinsman, D. J. J., and H. D. Holland, The
co-precipitation of cations with CaCO3 - IV.
The co-precipitation of Sr2+ with aragonite be-
tween 16� and 96�C, Geochim. Cosmochim.
Acta, 33, 1 17, 1969.

Kuhlmann, K., Reproduzierbarkeit stabiler Isoto-
penwerte in Schwammskeletten, M.S. thesis,
Univ. Kiel, 2000.

Lazareth, C. E., P. Willenz, J. Navez, E. Keppens,
F. Dehairs, and L. André, Sclerosponges as a
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From: Michael E. Mann
To: Malcolm Hughes; Malcolm Hughes; scott Rutherford; rbradley@geo.umass.edu; fenbiao@ltrr.arizona.edu
Subject: Re: dataset
Date: Thursday, September 04, 2003 3:16:03 PM

fair enough Malcolm,

mike

At 03:11 PM 9/4/2003 -0700, Malcolm Hughes wrote:

Mike - Segment lengths were only one of several criteria, including 
replication by and until certain dates - for example, when coring for
density, it 
is much more likely that one will lose some years at the outside, and so 
replication falls to unacceptable levels before the end of the series, right
in the 
most vital part of the record. Its also rather poor early on in quite a lot of 
Schweingruber's series, because he visited most of his sites only once,
and 
took what he could get, not, at first, being too concerned with replication.I

have done field woork with Fritz, so this comment is based on direct 
experience. He was, after all, mostly concernd to get the big spatial
picture, 
focussing on the interannual - see all his early publicaitons. Correlation 
between trees is also an important criterion that some of them might
have 
failed on. Individual segment lengths can, on occasion, be very short
indeed 
in density series because of some details of how the measurements are
made, 
so this is not as insignificant as one might think at first sight. So, I think
there 
could be some effect even in the high frequency component, especially in
the 
late 20th century and the 16th, 17th, and in some regions, even the 18th 
century. As we want to push the spatial picure back, this could be
important. 
So, I think the exercise I proposed would help assess these problems, and

hopefully, rule them out. Cheers, Malcolm
.
.Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________
                    Professor Michael E. Mann
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           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Scott Rutherford
To: Hughes Malcolm; Mann Mike
Subject: Re: dataset
Date: Thursday, September 04, 2003 1:20:52 PM

Malcolm,

I think that's a reasonable thing to do. We can set the Schweingruber set that passed the
initial standards as an option. I think you guys set a minimum segment length for the first
cut? But that is something we have as an option in the building of the database prior to
reconstruction. 

Scott

On Thursday, September 4, 2003, at 01:55 PM, Michael E. Mann wrote:

HI Malcolm,

This sounds reasonable to me, w/ one small proviso.

The issue of segment length is not important if we are only using in the tree-
ring data for the "high frequency" calibration.

So I don't think there should be a "segment length" criterion applied to
candidate predictors in the high-frequency band (I can't imagine segments so
short that interannual-to-barely decadal variability is corrupted). On the other
hand, the replication issue certainly should apply to both frequency bands.

Does our present system correctly make these distinctions (Scott, Fenbiao?)

mike

At 10:48 AM 9/4/2003 -0700, Malcolm Hughes wrote:

Gentlemen - I have been mulling over the structure of the tree-ring part of the
dataset, as we settled on it a week or two back, and wonder if a variant might
also be tried. Briefly, the present set will consist of those culled from the
ITRDB (excluding the Schweingruber contributions) and by our direct
approaches to authors, all of which have to meet certain a priori standards,
plus two versions of the Schweingruber density data chosen to represent low
frequency and high frequency respectively. I like this arrnagement because,
although different standards were used by Keith, at least those two datasets
are well documented.
On the other hand, many of the Schweingruber chronologies do not meet the
standards we have applied to the other tree-ring data - usually because of
short segment lengths and poor replication in some cases. This could give rise
to criticism (not unjustified). SO, if it were not too big a hassle, I propose the
following procedure when the reconstruction process starts:
a)Use the tree ring data as described at the beginning of this message, along
with all the corals, ice cores,. etc.
b) Compare this with runs done using the Schweingruber chronologies that
did pass our standards (about 130 series I think) ans were excluded from the
ITRDB set we sent to Scott, instead of the Briffa datasets.
All being well the results will be rather similar and we can continue with
option a, else....?
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What do you think?
Cheers, Malcolm
.
. Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________
Scott Rutherford 

Assistant Professor
Dept. of Natural Sciences
Roger Williams University
e-mail: srutherford@rwu.edu
phone: 
snail mail:
One Ferry Road
Bristol, RI 02809
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From: Michael E. Mann
To: Malcolm Hughes; scott Rutherford; rbradley@geo.umass.edu; fenbiao@ltrr.arizona.edu
Cc: mann@virginia.edu
Subject: Re: dataset
Date: Thursday, September 04, 2003 10:56:21 AM

HI Malcolm,

This sounds reasonable to me, w/ one small proviso.

The issue of segment length is not important if we are only using in the tree-ring
data for the "high frequency" calibration.

So I don't think there should be a "segment length" criterion applied to candidate
predictors in the high-frequency band (I can't imagine segments so short that
interannual-to-barely decadal variability is corrupted). On the other hand, the
replication issue certainly should apply to both frequency bands.

Does our present system correctly make these distinctions (Scott, Fenbiao?)

mike

At 10:48 AM 9/4/2003 -0700, Malcolm Hughes wrote:

Gentlemen - I have been mulling over the structure of the tree-ring part
of the 
dataset, as we settled on it a week or two back, and wonder if a variant
might 
also be tried. Briefly, the present set will consist of those culled from the 
ITRDB (excluding the Schweingruber contributions) and by our direct 
approaches to authors, all of which have to meet certain a priori
standards, 
plus two versions of the Schweingruber density data chosen to represent
low 
frequency and high frequency respectively. I like this arrnagement
because, 
although different standards were used by Keith, at least those two
datasets 
are well documented.
On the other hand, many of the Schweingruber chronologies do not meet
the 
standards we have applied to the other tree-ring data - usually because of

short segment lengths and poor replication in some cases. This could give
rise 
to criticism (not unjustified). SO, if it were not too big a hassle, I propose
the 
following procedure when the reconstruction process starts:
a)Use the tree ring data as described at the beginning of this message,
along 
with all the corals, ice cores,. etc.
b) Compare this with runs done using the Schweingruber chronologies
that 
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did pass our standards (about 130 series I think) ans were excluded from
the 
ITRDB set we sent to Scott, instead of the Briffa datasets.
All being well the results will be rather similar and we can continue with 
option a, else....?
What do you think?
Cheers, Malcolm
.
. Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Malcolm Hughes
To: scott Rutherford; mann@virginia.edu; rbradley@geo.umass.edu; fenbiao@ltrr.arizona.edu
Subject: dataset
Date: Thursday, September 04, 2003 10:48:35 AM

Gentlemen - I have been mulling over the structure of the tree-ring part of the
dataset, as we settled on it a week or two back, and wonder if a variant might
also be tried. Briefly, the present set will consist of those culled from the
ITRDB (excluding the Schweingruber contributions) and by our direct
approaches to authors, all of which have to meet certain a priori standards,
plus two versions of the Schweingruber density data chosen to represent low
frequency and high frequency respectively. I like this arrnagement because,
although different standards were used by Keith, at least those two datasets
are well documented.
On the other hand, many of the Schweingruber chronologies do not meet the
standards we have applied to the other tree-ring data - usually because of
short segment lengths and poor replication in some cases. This could give rise
to criticism (not unjustified). SO, if it were not too big a hassle, I propose the
following procedure when the reconstruction process starts:
a)Use the tree ring data as described at the beginning of this message, along
with all the corals, ice cores,. etc.
b) Compare this with runs done using the Schweingruber chronologies that
did pass our standards (about 130 series I think) ans were excluded from the
ITRDB set we sent to Scott, instead of the Briffa datasets.
All being well the results will be rather similar and we can continue with
option a, else....?
What do you think?
Cheers, Malcolm
.
.
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From: Michael E. Mann
To: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Cc: mann@virginia.edu
Subject: D"arrigo et al (2001) Mongolia, and Dahl-Jensen et al Dye3 and GRIP borehole records
Date: Monday, May 19, 2003 6:49:56 PM
Attachments: mongolia-darrigo.dat

dahl-jensen-gripbh1yrinterp.txt
dahl-jensen-dye3bh1yrinterp.txt

Fresh off the digitizer!

Enjoy,

mike

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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  264.  .78600204
  265.  1.09711981
  266.  1.10648966
  267.  1.11585951
  268.  1.12522936
  269.  1.13459909
  270.  1.14396894
  271.  .929185569
  272.  .677611351
  273.  .650272965
  274.  .702124476
  275.  .753975987
  276.  .805827498
  277.  .857679009
  278.  .90953052
  279.  .961382031
  280.  1.01323354
  281.  1.06508505
  282.  1.04930091
  283.  .814065218
  284.  .919320226
  285.  1.02457523
  286.  1.12983012
  287.  1.1516993
  288.  1.16991329
  289.  1.1881274
  290.  1.20634139
  291.  1.22455549
  292.  1.24276948
  293.  1.16586912
  294.  1.02475834
  295.  .88364768
  296.  .854434311
  297.  .981667578
  298.  1.1089009
  299.  1.19303036
  300.  1.13839066
  301.  1.08375084
  302.  1.02911115
  303.  .97447145
  304.  1.01457453
  305.  1.055058
  306.  1.09554148
  307.  1.08316922
  308.  1.05887938
  309.  1.03458953
  310.  1.01029956
  311.  .986009717
  312.  .961719871
  313.  .978833079
  314.  1.04534078
  315.  1.11184847

1
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  316.  1.17212713
  317.  1.21606624
  318.  1.26000524
  319.  1.28955078
  320.  1.18198168
  321.  1.07441258
  322.  .966843486
  323.  1.03945768
  324.  1.1288085
  325.  1.2181592
  326.  1.3075099
  327.  1.26921237
  328.  1.169451
  329.  1.06968975
  330.  .969928384
  331.  .937458634
  332.  .992391407
  333.  1.04732418
  334.  1.10225701
  335.  1.15718973
  336.  1.21212256
  337.  1.25365973
  338.  1.12758362
  339.  1.00150752
  340.  .875431538
  341.  .929800093
  342.  1.00556087
  343.  1.0813216
  344.  1.02123129
  345.  .906721652
  346.  .859817922
  347.  .859124064
  348.  .858430207
  349.  .857736409
  350.  .857042551
  351.  1.21775901
  352.  1.12615132
  353.  1.03454351
  354.  .942935705
  355.  .851328015
  356.  .759720206
  357.  .897482276
  358.  1.03685856
  359.  1.17623496
  360.  1.13065875
  361.  1.04253793
  362.  .954417109
  363.  .866296291
  364.  .778175473
  365.  .706450343
  366.  .650352776
  367.  .594255149

2
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  368.  .560698867
  369.  .572496653
  370.  .584294379
  371.  .596092165
  372.  .60788995
  373.  .620323658
  374.  .651986957
  375.  .683650196
  376.  .715313494
  377.  .746976793
  378.  .702279687
  379.  .637527406
  380.  .572775126
  381.  .579811931
  382.  .632555425
  383.  .68529892
  384.  .738042474
  385.  .790786028
  386.  .831550658
  387.  .845777571
  388.  .860004544
  389.  .874231458
  390.  .888458371
  391.  .902195513
  392.  .871840358
  393.  .841485262
  394.  .811130106
  395.  .780775011
  396.  .873096883
  397.  1.0020647
  398.  1.13103271
  399.  1.19050562
  400.  1.20168483
  401.  1.21286392
  402.  1.22404313
  403.  1.23522222
  404.  1.24640131
  405.  1.25758052
  406.  1.26875961
  407.  1.27993882
  408.  1.2884655
  409.  1.24552536
  410.  1.20258522
  411.  1.15964496
  412.  1.11670482
  413.  1.07376468
  414.  1.03082454
  415.  .987884402
  416.  .944944263
  417.  1.0310812
  418.  1.12314594
  419.  1.12661529

3
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  420.  1.13008463
  421.  1.13355398
  422.  1.0801357
  423.  .918529689
  424.  .933566213
  425.  .948602736
  426.  .968127072
  427.  1.14335704
  428.  1.31858706
  429.  1.33733547
  430.  1.34022701
  431.  1.34311843
  432.  1.34600997
  433.  1.34890151
  434.  1.35179305
  435.  .935724854
  436.  .902334392
  437.  .86894387
  438.  .835553408
  439.  .884587705
  440.  1.11967599
  441.  1.20275474
  442.  .697344244
  443.  .689103007
  444.  .680861771
  445.  .672620535
  446.  .664379299
  447.  .683453918
  448.  .706008673
  449.  .728563428
  450.  .711457133
  451.  .677914321
  452.  .64437151
  453.  .645417511
  454.  .677507102
  455.  .709596753
  456.  .741686344
  457.  .78305763
  458.  .847599268
  459.  .912140965
  460.  .976682603
  461.  1.04122424
  462.  1.10576594
  463.  .922887206
  464.  .921152115
  465.  .919417024
  466.  .917681873
  467.  .915946782
  468.  .955183864
  469.  1.01317453
  470.  1.07116508
  471.  1.12915576

4
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  472.  1.18714643
  473.  1.2451371
  474.  1.30312777
  475.  1.30850661
  476.  1.1679734
  477.  1.02744007
  478.  .903657198
  479.  .960206747
  480.  1.0167563
  481.  1.07330596
  482.  1.12985551
  483.  1.18640506
  484.  1.18807852
  485.  1.17463279
  486.  1.16118693
  487.  1.1477412
  488.  1.14562082
  489.  1.15299344
  490.  1.16036594
  491.  1.16773856
  492.  1.04681981
  493.  .7512182
  494.  .824521899
  495.  .897825599
  496.  .971129298
  497.  .876790345
  498.  .878871799
  499.  .880953312
  500.  .883034825
  501.  .885116339
  502.  .887197793
  503.  .84268707
  504.  .77849263
  505.  .799467325
  506.  .881358743
  507.  .96325016
  508.  1.04514158
  509.  1.127033
  510.  1.19883811
  511.  1.24508774
  512.  1.29133737
  513.  1.33256042
  514.  1.32952511
  515.  1.32648969
  516.  1.32345426
  517.  1.32041895
  518.  1.2826128
  519.  1.23923993
  520.  1.22643995
  521.  1.22427022
  522.  1.22210038
  523.  1.21993053
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  524.  1.197366
  525.  1.15457022
  526.  1.11177456
  527.  1.08812213
  528.  1.10477364
  529.  1.12142515
  530.  1.13807666
  531.  1.15472817
  532.  1.17092073
  533.  1.16571629
  534.  1.16051185
  535.  1.15530741
  536.  .902053058
  537.  1.08971334
  538.  1.06013989
  539.  .893581331
  540.  .727022767
  541.  .787552357
  542.  1.04073799
  543.  1.19524086
  544.  1.21345782
  545.  .981065631
  546.  .364746749
  547.  .384525687
  548.  .404304594
  549.  .424083501
  550.  .443862408
  551.  .463641316
  552.  .462381572
  553.  .459778965
  554.  .457176358
  555.  .45457375
  556.  .47646144
  557.  .508844376
  558.  .541227281
  559.  .573610187
  560.  .605993152
  561.  .638376057
  562.  .670758963
  563.  .703141928
  564.  .735524833
  565.  .77117151
  566.  .82408154
  567.  .87699157
  568.  .9299016
  569.  .982811689
  570.  1.03572178
  571.  1.08863175
  572.  1.14154184
  573.  1.19445181
  574.  1.20884371
  575.  1.20494032
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  576.  1.20103705
  577.  1.19713366
  578.  1.18240154
  579.  1.15377414
  580.  1.00514996
  581.  .695179462
  582.  .66134733
  583.  .627515137
  584.  .593683004
  585.  .561396956
  586.  .613436341
  587.  .665475726
  588.  .717515111
  589.  .769554436
  590.  .821593821
  591.  .943300366
  592.  1.09250736
  593.  1.10499942
  594.  1.07483768
  595.  1.0874778
  596.  1.10011804
  597.  1.11275816
  598.  1.1253984
  599.  1.13803852
  600.  1.15067875
  601.  1.15189612
  602.  1.06690919
  603.  .981922269
  604.  .896935344
  605.  1.18217289
  606.  1.17
  607.  1.16
  608.  1.15
  609.  1.14
  610.  1.13241577
  611.  .993616939
  612.  .950604796
  613.  .997442424
  614.  1.04428005
  615.  1.09111762
  616.  1.13795531
  617.  1.184793
  618.  1.23163056
  619.  1.26133251
  620.  1.12773943
  621.  .994146407
  622.  .860553384
  623.  .848242581
  624.  .847201586
  625.  .84616065
  626.  .845119715
  627.  .844078779
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  628.  1.11444688
  629.  1.11514115
  630.  1.11583531
  631.  1.11652958
  632.  1.11722374
  633.  1.09895813
  634.  1.03927541
  635.  .9795928
  636.  .919910133
  637.  .860227466
  638.  .80037266
  639.  .728371084
  640.  .656369448
  641.  .66812408
  642.  .689811349
  643.  .711498678
  644.  .733186007
  645.  .754873335
  646.  .776560664
  647.  1.14766109
  648.  1.04878628
  649.  .949911475
  650.  .851036668
  651.  .75216186
  652.  .701382518
  653.  .808951616
  654.  .916520715
  655.  1.02408981
  656.  1.13165903
  657.  1.23922813
  658.  1.34679723
  659.  1.02421474
  660.  1.01565754
  661.  1.093732
  662.  1.17180634
  663.  1.22049773
  664.  1.25215328
  665.  1.28380883
  666.  1.31546438
  667.  1.30056632
  668.  1.21347141
  669.  1.12637663
  670.  1.03928173
  671.  .952186882
  672.  .896402359
  673.  1.14172101
  674.  1.14519274
  675.  1.14866447
  676.  1.17427707
  677.  1.20202649
  678.  1.22977591
  679.  1.23512733
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  680.  1.23223746
  681.  1.22934747
  682.  1.050228
  683.  .937943697
  684.  1.04377615
  685.  1.14960861
  686.  1.21019936
  687.  1.1705476
  688.  1.13089585
  689.  1.0912441
  690.  1.05159235
  691.  1.0119406
  692.  .972288847
  693.  .932637095
  694.  .917466938
  695.  .905322075
  696.  1.04280436
  697.  1.05559504
  698.  .999209344
  699.  .942823708
  700.  .886438012
  701.  .884682477
  702.  .944538295
  703.  1.00439405
  704.  1.06424987
  705.  1.09278774
  706.  1.01646721
  707.  .940146625
  708.  .863826036
  709.  .787505507
  710.  .814693749
  711.  .843031883
  712.  .871370018
  713.  1.11986637
  714.  .979333937
  715.  .996599555
  716.  1.08508325
  717.  1.17356706
  718.  1.26205075
  719.  1.35053444
  720.  1.28987169
  721.  .994922876
  722.  .795279264
  723.  .85464859
  724.  .914017916
  725.  .973387241
  726.  1.03275657
  727.  1.09212589
  728.  1.15149522
  729.  1.21086454
  730.  1.27023387
  731.  1.3296032
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  732.  1.37126362
  733.  1.40630865
  734.  1.44135356
  735.  1.47639859
  736.  1.5114435
  737.  1.48348761
  738.  1.3713268
  739.  1.259166
  740.  1.09242761
  741.  .822489738
  742.  .827199042
  743.  .831908345
  744.  .836617649
  745.  .841326952
  746.  .846036255
  747.  .850745559
  748.  .855454862
  749.  .864536464
  750.  .874945998
  751.  .885355592
  752.  1.09971011
  753.  1.10352635
  754.  1.1073426
  755.  1.11115897
  756.  1.11497521
  757.  1.05070996
  758.  .886678457
  759.  .963016689
  760.  1.03935492
  761.  1.11369693
  762.  1.14665878
  763.  1.17962074
  764.  1.21258259
  765.  1.24554443
  766.  1.2785064
  767.  1.31146824
  768.  1.34443021
  769.  1.37739205
  770.  1.41035402
  771.  1.41370177
  772.  1.38802254
  773.  1.36234319
  774.  1.33666396
  775.  1.31098461
  776.  1.25251031
  777.  1.0668689
  778.  .907410502
  779.  1.02972639
  780.  1.15204215
  781.  1.06649542
  782.  .973415494
  783.  .880335569

10
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  784.  .878592968
  785.  .902015209
  786.  .925437391
  787.  .948859632
  788.  .949472427
  789.  .930966139
  790.  .912459791
  791.  .916689515
  792.  .960642397
  793.  1.0045954
  794.  1.04854822
  795.  1.09250116
  796.  1.13645411
  797.  1.17979717
  798.  1.07233608
  799.  1.11823666
  800.  1.17340851
  801.  1.22858036
  802.  1.2837522
  803.  1.33892393
  804.  1.34579027
  805.  1.32583725
  806.  1.23737478
  807.  1.07799661
  808.  .908836365
  809.  .914941788
  810.  1.13800585
  811.  1.06029379
  812.  .982581615
  813.  .904869437
  814.  .827157378
  815.  .7494452
  816.  .839025617
  817.  .931673348
  818.  1.02432108
  819.  1.11696887
  820.  1.20961666
  821.  1.30226445
  822.  1.39491224
  823.  1.48756003
  824.  1.58020771
  825.  1.6728555
  826.  1.55952418
  827.  1.11298645
  828.  .954602957
  829.  1.43780577
  830.  1.22787261
  831.  1.01793933
  832.  .812951326
  833.  .838542402
  834.  .864133537
  835.  .889724612
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  836.  .915315747
  837.  .910350621
  838.  .896817565
  839.  .883284509
  840.  .869751453
  841.  .856218398
  842.  .889525592
  843.  .973369777
  844.  1.05721402
  845.  1.14105821
  846.  1.22490239
  847.  1.3087467
  848.  1.38343215
  849.  1.39095116
  850.  1.39847004
  851.  1.40598893
  852.  1.35262036
  853.  1.29536545
  854.  1.28733552
  855.  1.29011047
  856.  1.2928853
  857.  1.29566026
  858.  1.29843521
  859.  1.18406534
  860.  .961119711
  861.  .7381742
  862.  .515228629
  863.  .363195866
  864.  .394425631
  865.  .425655425
  866.  .456885219
  867.  .488994658
  868.  .542779267
  869.  .596563816
  870.  .608891964
  871.  .617566526
  872.  .656271279
  873.  .702530026
  874.  .748788774
  875.  .795047522
  876.  .841306329
  877.  .887565017
  878.  .933537364
  879.  .979142189
  880.  1.02474701
  881.  1.07035184
  882.  1.11595666
  883.  1.16156149
  884.  1.20716631
  885.  1.25244975
  886.  1.28020167
  887.  1.30795372
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  888.  1.33570576
  889.  1.34313416
  890.  1.34660399
  891.  1.35007381
  892.  1.35354364
  893.  1.35701346
  894.  1.31032884
  895.  1.2203989
  896.  1.13046896
  897.  1.04053903
  898.  .950609088
  899.  .86067915
  900.  .794694245
  901.  .840045571
  902.  .885396898
  903.  .930748165
  904.  .976099491
  905.  1.02145076
  906.  1.06680214
  907.  1.11215341
  908.  .951129258
  909.  .954599202
  910.  .958069205
  911.  .961539149
  912.  .965009153
  913.  .968479097
  914.  .991186142
  915.  1.04323506
  916.  1.09528387
  917.  1.11935616
  918.  1.04188597
  919.  .964415789
  920.  .891778767
  921.  .952504158
  922.  1.01322949
  923.  1.07395494
  924.  1.13468027
  925.  1.16735959
  926.  1.19280624
  927.  1.21825278
  928.  1.11494374
  929.  1.05596471
  930.  1.09716284
  931.  1.13836098
  932.  1.17955923
  933.  1.06155026
  934.  1.12285173
  935.  1.18415308
  936.  1.24545455
  937.  1.30675602
  938.  1.36805749
  939.  1.42935896
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  940.  1.02501881
  941.  1.1480583
  942.  1.33630395
  943.  1.38064134
  944.  1.38295579
  945.  1.38527024
  946.  1.30661619
  947.  1.17261875
  948.  1.03862119
  949.  .904623747
  950.  0.885
  951.  0.870
  952.  0.855
  953.  0.840
  954.  .824726105
  955.  .884872258
  956.  .94501847
  957.  1.00516462
  958.  1.06531084
  959.  1.12545705
  960.  1.18560326
  961.  .972955763
  962.  .949251354
  963.  .925546944
  964.  .934588253
  965.  .968129396
  966.  1.0016706
  967.  1.0352118
  968.  1.06875288
  969.  1.10229409
  970.  1.13583517
  971.  1.16937637
  972.  1.20291758
  973.  1.23645878
  974.  1.26999986
  975.  1.30354095
  976.  1.33708215
  977.  1.37062335
  978.  1.40416455
  979.  1.43770564
  980.  1.3462888
  981.  1.19360924
  982.  1.22352743
  983.  1.239
  984.  1.254
  985.  1.269
  986.  1.284
  987.  1.299
  988.  1.31903601
  989.  1.34289217
  990.  1.36674833
  991.  1.39060462
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  992.  1.41446078
  993.  1.31830573
  994.  1.21596563
  995.  1.11362553
  996.  1.01128531
  997.  1.01328528
  998.  1.05789828
  999.  1.10251141
  1000.  1.14712453
  1001.  1.19173753
  1002.  1.23635066
  1003.  1.28096366
  1004.  1.3010695
  1005.  1.26116848
  1006.  1.02326345
  1007.  1.04110849
  1008.  1.05895352
  1009.  1.07679856
  1010.  1.09464359
  1011.  1.11248863
  1012.  1.13033366
  1013.  1.1481787
  1014.  1.07001245
  1015.  .959842384
  1016.  1.03057337
  1017.  1.10568058
  1018.  1.10394478
  1019.  1.10220885
  1020.  1.10047305
  1021.  1.07912707
  1022.  1.01796985
  1023.  .956812501
  1024.  .895655215
  1025.  .85256511
  1026.  .992230535
  1027.  1.13189602
  1028.  1.07662737
  1029.  1.01532388
  1030.  .954020381
  1031.  1.06861472
  1032.  .970965981
  1033.  .777516961
  1034.  .904217005
  1035.  .991618633
  1036.  .879426181
  1037.  .767233729
  1038.  .710193157
  1039.  .74706161
  1040.  .783930123
  1041.  .820798576
  1042.  .853437841
  1043.  .857775152
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  1044.  .862804174
  1045.  .936249793
  1046.  1.00969541
  1047.  1.08314109
  1048.  1.10254228
  1049.  1.11087072
  1050.  1.11919904
  1051.  1.12752748
  1052.  1.13585591
  1053.  1.14666665
  1054.  1.15967846
  1055.  1.17269027
  1056.  1.18570209
  1057.  1.16860521
  1058.  1.07780802
  1059.  .987010777
  1060.  .896213531
  1061.  .805416346
  1062.  .71461916
  1063.  .623821914
  1064.  .63312304
  1065.  .649952233
  1066.  .666781425
  1067.  .683610559
  1068.  .700439811
  1069.  .717268944
  1070.  .734098136
  1071.  .750927329
  1072.  .767756522
  1073.  .784585714
  1074.  .872577667
  1075.  1.04370296
  1076.  1.04889882
  1077.  1.05409455
  1078.  1.05929041
  1079.  1.06448615
  1080.  1.069682
  1081.  1.10902667
  1082.  1.14979553
  1083.  1.17818069
  1084.  1.20420635
  1085.  1.23023212
  1086.  1.04898536
  1087.  .760978103
  1088.  .657738745
  1089.  .711869597
  1090.  .76600039
  1091.  .820131183
  1092.  .874262035
  1093.  .899579585
  1094.  .833650231
  1095.  .781169832
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  1096.  .82731998
  1097.  .873470128
  1098.  .919620275
  1099.  .965770364
  1100.  1.01192057
  1101.  .875117123
  1102.  .674420118
  1103.  .712749481
  1104.  .856753111
  1105.  .837247074
  1106.  .699316084
  1107.  .633765936
  1108.  .653197885
  1109.  .672629833
  1110.  .692061841
  1111.  .71149379
  1112.  .724946916
  1113.  .707019269
  1114.  .689091563
  1115.  .671163857
  1116.  .686674237
  1117.  .702867627
  1118.  .719061077
  1119.  .727850735
  1120.  .742494106
  1121.  .759844482
  1122.  .777194858
  1123.  .839725494
  1124.  .937746525
  1125.  .860586882
  1126.  .698877215
  1127.  .763071716
  1128.  .814484596
  1129.  .829520762
  1130.  .844556987
  1131.  1.00239873
  1132.  .963361025
  1133.  .92432338
  1134.  .885285676
  1135.  .846248031
  1136.  .807210326
  1137.  .768172681
  1138.  .805958509
  1139.  .873624444
  1140.  .941290319
  1141.  .988155067
  1142.  1.01730311
  1143.  1.04645109
  1144.  1.07559919
  1145.  1.10474718
  1146.  1.10732949
  1147.  1.02578247
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  1148.  .944235444
  1149.  .867099762
  1150.  .859003365
  1151.  .850906968
  1152.  .842810571
  1153.  .847946107
  1154.  .854885876
  1155.  .861825705
  1156.  .900542378
  1157.  .952880859
  1158.  1.00521934
  1159.  1.05755782
  1160.  1.1098963
  1161.  1.16223478
  1162.  1.14752889
  1163.  1.00265837
  1164.  .896524608
  1165.  .927754283
  1166.  .958984017
  1167.  .990213692
  1168.  1.02144337
  1169.  1.0526731
  1170.  1.30737293
  1171.  1.30563712
  1172.  1.3039012
  1173.  1.30216539
  1174.  1.31891465
  1175.  1.34436083
  1176.  1.36980689
  1177.  1.35672212
  1178.  1.3051064
  1179.  1.25349069
  1180.  1.20187509
  1181.  1.15676284
  1182.  1.1301595
  1183.  1.10355616
  1184.  .558804154
  1185.  .607094467
  1186.  .655384839
  1187.  .70367521
  1188.  .751965582
  1189.  .800255954
  1190.  .848546267
  1191.  .871229589
  1192.  .883953154
  1193.  .89667666
  1194.  1.00558972
  1195.  1.08428788
  1196.  1.04149008
  1197.  .998692334
  1198.  .937502921
  1199.  .873380661
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  1200.  .935840249
  1201.  .980499566
  1202.  .894617796
  1203.  .808736026
  1204.  .850375235
  1205.  .892014503
  1206.  .822961748
  1207.  .738815308
  1208.  .753234327
  1209.  .79877758
  1210.  .844320834
  1211.  .889864087
  1212.  .91510731
  1213.  .921613455
  1214.  .9281196
  1215.  .934625745
  1216.  .981578708
  1217.  1.13252246
  1218.  1.25366461
  1219.  1.21838844
  1220.  1.18311238
  1221.  1.14783621
  1222.  1.16281891
  1223.  1.17882836
  1224.  1.19483781
  1225.  1.21084714
  1226.  1.24303389
  1227.  1.28120446
  1228.  1.31937504
  1229.  1.28525507
  1230.  1.19199991
  1231.  1.09874475
  1232.  1.00548959
  1233.  1.26561487
  1234.  1.14358926
  1235.  1.02156365
  1236.  1.21362686
  1237.  1.18760312
  1238.  1.16072845
  1239.  1.04968905
  1240.  .938649714
  1241.  .985111713
  1242.  1.14608943
  1243.  1.13103402
  1244.  1.05758643
  1245.  .984138966
  1246.  .977565944
  1247.  1.01747155
  1248.  1.0573771
  1249.  .994133711
  1250.  .921521842
  1251.  1.10716283
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  1252.  1.25609601
  1253.  1.2821244
  1254.  1.29318643
  1255.  1.18313932
  1256.  1.07309234
  1257.  .963045239
  1258.  .852998257
  1259.  .742951155
  1260.  .632904053
  1261.  .52285707
  1262.  1.24564576
  1263.  1.19918656
  1264.  1.15272737
  1265.  1.10626817
  1266.  1.05980897
  1267.  1.01334977
  1268.  .966890574
  1269.  .920431495
  1270.  .873972178
  1271.  .834222734
  1272.  .832487881
  1273.  .830752969
  1274.  .829018116
  1275.  .888203502
  1276.  .949274898
  1277.  1.01034629
  1278.  1.07141769
  1279.  1.13248909
  1280.  1.15380311
  1281.  1.15553892
  1282.  1.15727472
  1283.  1.15249264
  1284.  1.14092636
  1285.  1.12936008
  1286.  1.12514567
  1287.  1.13729084
  1288.  1.149436
  1289.  1.16158128
  1290.  1.17372644
  1291.  1.18374705
  1292.  .983648241
  1293.  .783549428
  1294.  .583450615
  1295.  .5533849
  1296.  .558156133
  1297.  .562927365
  1298.  .567698658
  1299.  .587908924
  1300.  .618849576
  1301.  .649790168
  1302.  .68073082
  1303.  .711671472
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  1304.  .742612123
  1305.  .778407574
  1306.  .830457926
  1307.  .882508218
  1308.  .93455857
  1309.  .986608922
  1310.  1.03865933
  1311.  1.05649984
  1312.  1.07176757
  1313.  1.08703542
  1314.  1.10230315
  1315.  1.117571
  1316.  1.05363011
  1317.  .943171024
  1318.  .832711935
  1319.  1.05735469
  1320.  1.07445598
  1321.  1.09155726
  1322.  1.10865855
  1323.  1.12575972
  1324.  1.14286101
  1325.  1.1599623
  1326.  1.17669332
  1327.  1.18146455
  1328.  1.18623579
  1329.  1.19100702
  1330.  1.19577825
  1331.  1.14469993
  1332.  1.09629238
  1333.  1.05436301
  1334.  1.01243377
  1335.  .970504403
  1336.  .928575039
  1337.  .886645734
  1338.  .859459698
  1339.  .857377589
  1340.  .855295539
  1341.  .853213489
  1342.  .851131439
  1343.  1.0161767
  1344.  .958227396
  1345.  .900278091
  1346.  .842328787
  1347.  .784379482
  1348.  .726430178
  1349.  .719782948
  1350.  .728457987
  1351.  .737132967
  1352.  .745808005
  1353.  .773137212
  1354.  .817006946
  1355.  .86087662
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  1356.  .904746294
  1357.  .948615968
  1358.  .992485642
  1359.  1.03635526
  1360.  1.07513297
  1361.  1.07270455
  1362.  1.07027626
  1363.  1.06784797
  1364.  1.06541967
  1365.  1.06299138
  1366.  1.06056309
  1367.  1.05813479
  1368.  1.05570638
  1369.  1.05327809
  1370.  1.0508498
  1371.  1.05503297
  1372.  1.06556809
  1373.  1.07610333
  1374.  1.08663845
  1375.  1.09717357
  1376.  1.10770869
  1377.  1.11824381
  1378.  1.12877893
  1379.  1.13931417
  1380.  1.1498493
  1381.  1.16038442
  1382.  1.17091954
  1383.  1.18145466
  1384.  1.19198978
  1385.  1.19868708
  1386.  1.20389163
  1387.  1.20909619
  1388.  1.20821154
  1389.  1.20214081
  1390.  1.18258691
  1391.  1.14441705
  1392.  1.10624719
  1393.  1.06807733
  1394.  1.04302776
  1395.  1.07772744
  1396.  1.11242723
  1397.  1.14712691
  1398.  1.18182659
  1399.  1.21652627
  1400.  1.02069092
  1401.  1.00964499
  1402.  1.04608035
  1403.  1.08251572
  1404.  1.11895096
  1405.  1.15538633
  1406.  1.19182169
  1407.  1.22825706
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  1408.  1.26469231
  1409.  1.30112767
  1410.  1.3234731
  1411.  1.30959284
  1412.  1.29571259
  1413.  1.26032233
  1414.  1.04030716
  1415.  1.0364902
  1416.  1.03267324
  1417.  1.0288564
  1418.  1.02503943
  1419.  1.02122247
  1420.  1.06747591
  1421.  1.1313225
  1422.  1.19516909
  1423.  1.25901568
  1424.  1.32286227
  1425.  1.36663449
  1426.  1.38485146
  1427.  1.40306854
  1428.  1.42128551
  1429.  1.4395026
  1430.  1.45771956
  1431.  1.473405
  1432.  1.45995915
  1433.  1.44651341
  1434.  1.43306756
  1435.  1.41962171
  1436.  1.31108725
  1437.  1.18443608
  1438.  1.20310032
  1439.  1.27828431
  1440.  1.3534683
  1441.  1.32246435
  1442.  1.26613855
  1443.  1.28036511
  1444.  1.29459167
  1445.  1.30881834
  1446.  1.3230449
  1447.  1.29816055
  1448.  1.09516859
  1449.  .912338972
  1450.  1.04505897
  1451.  1.17777896
  1452.  1.15639448
  1453.  1.12516332
  1454.  .90981853
  1455.  .833477616
  1456.  .757136643
  1457.  .735682964
  1458.  .745101333
  1459.  .754519761
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  1460.  .763938129
  1461.  .773356557
  1462.  .782774925
  1463.  .792193353
  1464.  .794960141
  1465.  .774139881
  1466.  .753319621
  1467.  .733217239
  1468.  .730325699
  1469.  .727434158
  1470.  .724542677
  1471.  .721651137
  1472.  .718759656
  1473.  .715868115
  1474.  .735393882
  1475.  .765466332
  1476.  .795538783
  1477.  .825611234
  1478.  .855683684
  1479.  .885756135
  1480.  .92526567
  1481.  .984833956
  1482.  1.04440224
  1483.  1.09847581
  1484.  1.11880052
  1485.  1.13912511
  1486.  1.15944982
  1487.  1.17977452
  1488.  1.20009923
  1489.  1.22042382
  1490.  1.24074852
  1491.  1.13901305
  1492.  .989802718
  1493.  .907213986
  1494.  .869044065
  1495.  1.07155478
  1496.  1.02927661
  1497.  .880069613
  1498.  .783310592
  1499.  .808901668
  1500.  .834492803
  1501.  .860083878
  1502.  .886030972
  1503.  .91754961
  1504.  .949068248
  1505.  .980586886
  1506.  1.01210558
  1507.  1.04362416
  1508.  1.07514286
  1509.  1.01416361
  1510.  .913533211
  1511.  .878978491
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  1512.  .89228034
  1513.  .90558219
  1514.  .90130198
  1515.  .870651245
  1516.  .84000051
  1517.  .817427754
  1518.  .823500216
  1519.  .829572618
  1520.  .83564502
  1521.  .841717422
  1522.  .877001166
  1523.  .912881613
  1524.  .948762059
  1525.  .984642506
  1526.  1.02052295
  1527.  1.0564034
  1528.  1.09228384
  1529.  1.12816429
  1530.  1.16404474
  1531.  1.19992518
  1532.  1.14356697
  1533.  1.01111531
  1534.  1.0588268
  1535.  1.1065383
  1536.  1.15424967
  1537.  1.20196116
  1538.  1.24967265
  1539.  1.29738402
  1540.  1.34509552
  1541.  1.39280701
  1542.  1.01190126
  1543.  .988333762
  1544.  1.02095079
  1545.  1.05356789
  1546.  1.08618498
  1547.  1.11880207
  1548.  1.11461818
  1549.  1.06893051
  1550.  1.02324283
  1551.  .977555096
  1552.  .931867361
  1553.  .886179686
  1554.  .846089482
  1555.  .85097611
  1556.  .849819541
  1557.  .848662972
  1558.  .847506404
  1559.  .886601508
  1560.  .931711495
  1561.  1.09262061
  1562.  1.11577559
  1563.  1.0596776
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  1564.  1.0035795
  1565.  1.09731269
  1566.  1.22180474
  1567.  1.20792496
  1568.  1.19404531
  1569.  1.18016553
  1570.  1.17047453
  1571.  1.17654538
  1572.  1.18319392
  1573.  1.19568658
  1574.  1.20817924
  1575.  1.22067177
  1576.  1.23316443
  1577.  1.24565709
  1578.  1.20304644
  1579.  1.14579153
  1580.  1.06935441
  1581.  .983471215
  1582.  1.0183084
  1583.  1.09153986
  1584.  1.1019479
  1585.  1.11235595
  1586.  1.12276399
  1587.  1.05987465
  1588.  .83212316
  1589.  .839063108
  1590.  .846002996
  1591.  .852942884
  1592.  .859882832
  1593.  .86682272
  1594.  .817144275
  1595.  .760469139
  1596.  .703794003
  1597.  .648555219
  1598.  .593903184
  1599.  .539251208
  1600.  .484599173
  1601.  .474269718
  1602.  .513926864
  1603.  .553584039
  1604.  .593241215
  1605.  .632898331
  1606.  .672555506
  1607.  .712212682
  1608.  .751997948
  1609.  .794215262
  1610.  .836432576
  1611.  .87864995
  1612.  .920867264
  1613.  .963084579
  1614.  1.00530195
  1615.  1.04751921
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  1616.  1.08973658
  1617.  1.13195395
  1618.  1.12662578
  1619.  1.07561851
  1620.  1.02461123
  1621.  .973604023
  1622.  .922596753
  1623.  .896870553
  1624.  .966271758
  1625.  1.0356729
  1626.  1.10174835
  1627.  1.06039762
  1628.  1.01904678
  1629.  .977696121
  1630.  .936345339
  1631.  .894994617
  1632.  .853643894
  1633.  .87100029
  1634.  .917266369
  1635.  .963532388
  1636.  1.00979853
  1637.  1.05606449
  1638.  1.10233068
  1639.  1.14859664
  1640.  1.19486272
  1641.  1.2411288
  1642.  .872410059
  1643.  .966098964
  1644.  1.05905497
  1645.  1.07952833
  1646.  1.10000169
  1647.  1.12047505
  1648.  1.14094853
  1649.  1.1614219
  1650.  1.17064416
  1651.  1.17527008
  1652.  1.179896
  1653.  1.19233894
  1654.  1.21171319
  1655.  1.23108745
  1656.  1.2504617
  1657.  1.26983595
  1658.  1.2892102
  1659.  1.26074409
  1660.  1.03922987
  1661.  1.1450603
  1662.  1.25089073
  1663.  1.24765611
  1664.  1.24331892
  1665.  1.2389816
  1666.  1.23464429
  1667.  1.20449913
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  1668.  1.16575134
  1669.  1.12700367
  1670.  .984751821
  1671.  .948897541
  1672.  1.09029794
  1673.  1.10888338
  1674.  .935385883
  1675.  .801263988
  1676.  .773591816
  1677.  .745919645
  1678.  .720903933
  1679.  .726455867
  1680.  .732007861
  1681.  .737559795
  1682.  .743111789
  1683.  .748663783
  1684.  .828039885
  1685.  .928234696
  1686.  1.02842951
  1687.  1.12862432
  1688.  1.16890109
  1689.  1.15814459
  1690.  1.1473881
  1691.  1.13663161
  1692.  1.125875
  1693.  1.11878264
  1694.  1.12329388
  1695.  1.12780523
  1696.  1.13231647
  1697.  1.13682783
  1698.  1.14133906
  1699.  .877406836
  1700.  .842151284
  1701.  .840416431
  1702.  .838681519
  1703.  .836946666
  1704.  .835211754
  1705.  .87406075
  1706.  .942303419
  1707.  1.01054609
  1708.  .798116803
  1709.  .780767441
  1710.  .763418078
  1711.  .771639407
  1712.  .870536208
  1713.  .96943301
  1714.  1.06197333
  1715.  1.00211513
  1716.  .942256987
  1717.  .995732903
  1718.  1.05905807
  1719.  1.02209723
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  1720.  .960072577
  1721.  .898047924
  1722.  .836023211
  1723.  .811043739
  1724.  .815164208
  1725.  .819284678
  1726.  .823405147
  1727.  .827525616
  1728.  .831646085
  1729.  .835766494
  1730.  .839886963
  1731.  .844602823
  1732.  .85616976
  1733.  .867736697
  1734.  .879303634
  1735.  1.02412033
  1736.  1.18373871
  1737.  1.11328971
  1738.  .977961123
  1739.  .933328271
  1740.  .935410321
  1741.  .937492371
  1742.  .93957442
  1743.  .94165647
  1744.  .940490663
  1745.  .933550537
  1746.  .92661047
  1747.  .919670343
  1748.  .920329094
  1749.  .976715267
  1750.  1.03310156
  1751.  1.08948767
  1752.  1.1458739
  1753.  1.10301924
  1754.  1.04663229
  1755.  1.07925272
  1756.  1.13997924
  1757.  1.18960059
  1758.  1.21184421
  1759.  1.2187829
  1760.  1.23928916
  1761.  1.22124374
  1762.  1.12148404
  1763.  1.10795569
  1764.  1.27453804
  1765.  1.29362309
  1766.  1.31201434
  1767.  1.32416058
  1768.  1.33630681
  1769.  1.34845316
  1770.  1.3605994
  1771.  1.37722003
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  1772.  1.39456916
  1773.  1.41191816
  1774.  1.42926729
  1775.  1.43236375
  1776.  1.42672455
  1777.  1.42108548
  1778.  1.41544628
  1779.  1.31503975
  1780.  1.19268072
  1781.  1.32045412
  1782.  1.357584
  1783.  1.39471376
  1784.  1.43184364
  1785.  1.46897352
  1786.  1.5061034
  1787.  1.35352862
  1788.  1.19304144
  1789.  1.03255427
  1790.  .872067094
  1791.  .809221447
  1792.  .784352958
  1793.  .759484529
  1794.  .737114966
  1795.  .716873765
  1796.  .696632624
  1797.  .686957002
  1798.  .696065724
  1799.  .705174506
  1800.  .714283228
  1801.  .723201096
  1802.  .730719209
  1803.  .738237381
  1804.  .745755494
  1805.  .740227282
  1806.  .733865559
  1807.  .727503777
  1808.  .760919988
  1809.  .806896985
  1810.  .852873981
  1811.  .898850977
  1812.  .944827974
  1813.  .99080503
  1814.  .630136132
  1815.  .615822434
  1816.  .601508737
  1817.  .587195039
  1818.  .57794857
  1819.  .595298469
  1820.  .612648368
  1821.  .629998207
  1822.  .647348106
  1823.  .664698005
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  1824.  .682047904
  1825.  .83539325
  1826.  .892731786
  1827.  .901985109
  1828.  .911238372
  1829.  .920491695
  1830.  .929745018
  1831.  .938998342
  1832.  .911832809
  1833.  .822655499
  1834.  .733478248
  1835.  .644300938
  1836.  .555123687
  1837.  .471480131
  1838.  .461417168
  1839.  .451354206
  1840.  .441291213
  1841.  .43122825
  1842.  .421165287
  1843.  .459311545
  1844.  .511856377
  1845.  .564401209
  1846.  .616946101
  1847.  .669490933
  1848.  .722035766
  1849.  .774580598
  1850.  .76699084
  1851.  .647710621
  1852.  .528430402
  1853.  .409150153
  1854.  .309763223
  1855.  .371355087
  1856.  .43294698
  1857.  .494538873
  1858.  .556130767
  1859.  .588504255
  1860.  .616511643
  1861.  .644519031
  1862.  .672526419
  1863.  .700533807
  1864.  .728541195
  1865.  .756548584
  1866.  .622059047
  1867.  .409783661
  1868.  .386535019
  1869.  .363286376
  1870.  .340037733
  1871.  .316789091
  1872.  .298972368
  1873.  .336101562
  1874.  .373230755
  1875.  .410359919

31

ABOR/MH/Priv-000347



  1876.  .447489142
  1877.  .484618306
  1878.  .512289226
  1879.  .537446558
  1880.  .562603831
  1881.  .587761104
  1882.  .612918437
  1883.  .638075709
  1884.  .686363161
  1885.  .765304863
  1886.  .804439425
  1887.  .754995465
  1888.  .725686193
  1889.  .782246768
  1890.  .838807344
  1891.  .89536798
  1892.  .951928496
  1893.  1.00848913
  1894.  .964911222
  1895.  .908958495
  1896.  .853005767
  1897.  .797053099
  1898.  .850212276
  1899.  .962117672
  1900.  .999536932
  1901.  .970910132
  1902.  .942283332
  1903.  .913656533
  1904.  .885029793
  1905.  .856402993
  1906.  .840683222
  1907.  .887960434
  1908.  .935237706
  1909.  .982514977
  1910.  1.02979219
  1911.  1.07706952
  1912.  1.12434673
  1913.  1.17162395
  1914.  1.21890128
  1915.  1.23485684
  1916.  1.23673654
  1917.  1.23861635
  1918.  1.24049604
  1919.  1.24237573
  1920.  1.24425554
  1921.  1.24613523
  1922.  1.24801493
  1923.  1.24989462
  1924.  1.25177443
  1925.  1.25365412
  1926.  1.25553381
  1927.  1.25741363
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  1928.  1.26925075
  1929.  1.28139615
  1930.  1.29354167
  1931.  1.30568707
  1932.  1.31783259
  1933.  1.33160496
  1934.  1.34617829
  1935.  1.36075175
  1936.  1.3753252
  1937.  1.38989866
  1938.  1.38495767
  1939.  1.34678841
  1940.  1.30861926
  1941.  1.22266293
  1942.  .976258934
  1943.  1.01998031
  1944.  1.06370163
  1945.  1.10742295
  1946.  1.15114427
  1947.  1.19486558
  1948.  1.2385869
  1949.  1.28230834
  1950.  1.32602966
  1951.  1.36975098
  1952.  1.41347229
  1953.  1.43976784
  1954.  1.45061219
  1955.  1.46145654
  1956.  1.47230101
  1957.  1.47245181
  1958.  1.44642711
  1959.  1.42040241
  1960.  1.39964437
  1961.  1.42150509
  1962.  1.44336581
  1963.  1.46522641
  1964.  1.48708713
  1965.  1.50894773
  1966.  1.38802552
  1967.  1.23362362
  1968.  1.19724095
  1969.  1.21389592
  1970.  1.23055077
  1971.  1.24720573
  1972.  1.2638607
  1973.  1.27081358
  1974.  1.26259243
  1975.  1.25437117
  1976.  1.24615002
  1977.  1.24138784
  1978.  1.25787139
  1979.  1.27435493
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  1980.  1.29083848
  1981.  1.30732203
  1982.  1.37923574
  1983.  1.45730686
  1984.  1.53537786
  1985.  1.47937512
  1986.  1.371225
  1987.  1.26307487
  1988.  1.23394322
  1989.  1.2721132
  1990.  1.31028306
  1991.  1.34845293
  1992.  1.37438941
  1993.  1.37178802
  1994.  1.36918664
  1995.  1.36658525
  1996.  1.36291039
  1997.  1.34243703
  1998.  1.32196367
  1999.  1.30149019
  2000.  1.28101683
  2001.  1.26054347
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dahl-jensen-dye3bh1yrinterp.txt
  17. -19.905302
  18. -19.9053078
  19. -19.9053116
  20. -19.9053154
  21. -19.9053192
  22. -19.905323
  23. -19.9053268
  24. -19.9053307
  25. -19.9053345
  26. -19.9053383
  27. -19.9053421
  28. -19.9053459
  29. -19.9053497
  30. -19.9053535
  31. -19.9053574
  32. -19.9053612
  33. -19.905365
  34. -19.9053688
  35. -19.9053726
  36. -19.9053764
  37. -19.9053822
  38. -19.905386
  39. -19.9053898
  40. -19.9053936
  41. -19.9053974
  42. -19.9053974
  43. -19.9053936
  44. -19.9053898
  45. -19.905386
  46. -19.9053822
  47. -19.9053783
  48. -19.9053745
  49. -19.9053707
  50. -19.9053669
  51. -19.9053631
  52. -19.9053593
  53. -19.9053555
  54. -19.9053516
  55. -19.9053478
  56. -19.905344
  57. -19.9053383
  58. -19.9053345
  59. -19.9053307
  60. -19.9053268
  61. -19.905323
  62. -19.9053192
  63. -19.9053154
  64. -19.9053116
  65. -19.9053078
  66. -19.905304
  67. -19.9053001
  68. -19.905304
  69. -19.9053078
  70. -19.9053116
  71. -19.9053154
  72. -19.9053192
  73. -19.905323
  74. -19.9053268
  75. -19.9053307
  76. -19.9053364
  77. -19.9053402
  78. -19.905344
  79. -19.9053478
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  80. -19.9053516
  81. -19.9053555
  82. -19.9053593
  83. -19.9053631
  84. -19.9053669
  85. -19.9053707
  86. -19.9053745
  87. -19.9053783
  88. -19.9053822
  89. -19.905386
  90. -19.9053898
  91. -19.9053936
  92. -19.9053974
  93. -19.9050846
  94. -19.9046307
  95. -19.9041748
  96. -19.9037209
  97. -19.903265
  98. -19.9028111
  99. -19.9023552
  100. -19.9019012
  101. -19.9014473
  102. -19.9009914
  103. -19.9005375
  104. -19.9000816
  105. -19.8996277
  106. -19.8991718
  107. -19.8987179
  108. -19.8982639
  109. -19.8978081
  110. -19.8973541
  111. -19.8968983
  112. -19.8964443
  113. -19.8959885
  114. -19.8955345
  115. -19.8950806
  116. -19.894516
  117. -19.8934002
  118. -19.8922825
  119. -19.8911648
  120. -19.8900471
  121. -19.8889294
  122. -19.8878117
  123. -19.886694
  124. -19.8855762
  125. -19.8844585
  126. -19.8833408
  127. -19.8822231
  128. -19.8811054
  129. -19.8799877
  130. -19.87887
  131. -19.8777523
  132. -19.8766346
  133. -19.8755169
  134. -19.8743992
  135. -19.8732815
  136. -19.8721638
  137. -19.8710461
  138. -19.8699284
  139. -19.8688107
  140. -19.8673954
  141. -19.8658085
  142. -19.8642216
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  143. -19.8626347
  144. -19.8610458
  145. -19.8594589
  146. -19.857872
  147. -19.8562851
  148. -19.8546982
  149. -19.8531113
  150. -19.8515224
  151. -19.8499355
  152. -19.8483486
  153. -19.8467617
  154. -19.8451748
  155. -19.843586
  156. -19.8419991
  157. -19.8404121
  158. -19.8388252
  159. -19.8372383
  160. -19.8355732
  161. -19.8338776
  162. -19.8321838
  163. -19.8304901
  164. -19.8287945
  165. -19.8271008
  166. -19.825407
  167. -19.8237114
  168. -19.8220177
  169. -19.8203239
  170. -19.8186283
  171. -19.8169346
  172. -19.8152409
  173. -19.8135452
  174. -19.8118515
  175. -19.8101578
  176. -19.8084621
  177. -19.8067684
  178. -19.8050747
  179. -19.8033791
  180. -19.8016853
  181. -19.7999897
  182. -19.7982006
  183. -19.7964115
  184. -19.7946224
  185. -19.7928333
  186. -19.7910442
  187. -19.7892551
  188. -19.787466
  189. -19.785677
  190. -19.7838879
  191. -19.7820988
  192. -19.7803097
  193. -19.7785206
  194. -19.7767315
  195. -19.7749424
  196. -19.7731533
  197. -19.7713642
  198. -19.7695751
  199. -19.767786
  200. -19.7659969
  201. -19.7642078
  202. -19.7624187
  203. -19.7606277
  204. -19.7588387
  205. -19.7570496

Page 3

ABOR/MH/Priv-000353



dahl-jensen-dye3bh1yrinterp.txt
  206. -19.7552605
  207. -19.7534714
  208. -19.7516823
  209. -19.7498932
  210. -19.7481041
  211. -19.746315
  212. -19.7445259
  213. -19.7427349
  214. -19.7409458
  215. -19.7391567
  216. -19.7373676
  217. -19.7355785
  218. -19.7337894
  219. -19.7320004
  220. -19.7302113
  221. -19.7284203
  222. -19.7266312
  223. -19.7248421
  224. -19.723053
  225. -19.7212639
  226. -19.7194748
  227. -19.7176857
  228. -19.7158966
  229. -19.7143154
  230. -19.7127476
  231. -19.7111797
  232. -19.7096119
  233. -19.7080421
  234. -19.7064743
  235. -19.7049065
  236. -19.7033386
  237. -19.7017708
  238. -19.7002029
  239. -19.6986332
  240. -19.6970654
  241. -19.6954975
  242. -19.6939297
  243. -19.6923618
  244. -19.6907921
  245. -19.6892242
  246. -19.6876564
  247. -19.6860886
  248. -19.6845207
  249. -19.6829529
  250. -19.6813831
  251. -19.6798153
  252. -19.6783829
  253. -19.6771393
  254. -19.6758957
  255. -19.674654
  256. -19.6734104
  257. -19.6721668
  258. -19.6709232
  259. -19.6696815
  260. -19.668438
  261. -19.6671944
  262. -19.6659508
  263. -19.6647072
  264. -19.6634655
  265. -19.6622219
  266. -19.6609783
  267. -19.6597347
  268. -19.658493
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  269. -19.6572495
  270. -19.6560059
  271. -19.6547623
  272. -19.6535206
  273. -19.652277
  274. -19.6510334
  275. -19.6497898
  276. -19.6485481
  277. -19.6472511
  278. -19.6453133
  279. -19.6433735
  280. -19.6414356
  281. -19.6394978
  282. -19.6375599
  283. -19.635622
  284. -19.6336823
  285. -19.6317444
  286. -19.6298065
  287. -19.6278687
  288. -19.6259289
  289. -19.623991
  290. -19.6220531
  291. -19.6201153
  292. -19.6181774
  293. -19.6162376
  294. -19.6142998
  295. -19.6123619
  296. -19.610424
  297. -19.6084862
  298. -19.6065464
  299. -19.6047802
  300. -19.6033249
  301. -19.6018677
  302. -19.6004124
  303. -19.5989552
  304. -19.5974998
  305. -19.5960426
  306. -19.5945873
  307. -19.5931301
  308. -19.5916748
  309. -19.5902176
  310. -19.5887623
  311. -19.5873051
  312. -19.5858498
  313. -19.5843925
  314. -19.5829372
  315. -19.58148
  316. -19.5800228
  317. -19.5785675
  318. -19.5771103
  319. -19.575655
  320. -19.5741978
  321. -19.5727425
  322. -19.5712852
  323. -19.5698299
  324. -19.5683689
  325. -19.5667076
  326. -19.5650463
  327. -19.563385
  328. -19.5617237
  329. -19.5600624
  330. -19.5584011
  331. -19.5567398

Page 5

ABOR/MH/Priv-000355



dahl-jensen-dye3bh1yrinterp.txt
  332. -19.5550785
  333. -19.5534172
  334. -19.5517559
  335. -19.5500946
  336. -19.5484333
  337. -19.5467701
  338. -19.5451088
  339. -19.5434475
  340. -19.5417862
  341. -19.5401249
  342. -19.5384636
  343. -19.5368023
  344. -19.535141
  345. -19.5334797
  346. -19.5318184
  347. -19.5301571
  348. -19.5284958
  349. -19.5268345
  350. -19.5251732
  351. -19.52351
  352. -19.5218487
  353. -19.5201874
  354. -19.5185261
  355. -19.5168648
  356. -19.5152035
  357. -19.5135422
  358. -19.5118809
  359. -19.5102196
  360. -19.5085583
  361. -19.506897
  362. -19.5052357
  363. -19.5035744
  364. -19.5019131
  365. -19.5002499
  366. -19.4985886
  367. -19.4969273
  368. -19.495266
  369. -19.4936047
  370. -19.4919434
  371. -19.4902821
  372. -19.4886208
  373. -19.4869595
  374. -19.4852982
  375. -19.483593
  376. -19.4818039
  377. -19.4800148
  378. -19.4782257
  379. -19.4764366
  380. -19.4746475
  381. -19.4728584
  382. -19.4710674
  383. -19.4692783
  384. -19.4674892
  385. -19.4657001
  386. -19.4639111
  387. -19.462122
  388. -19.4603329
  389. -19.4585438
  390. -19.4567547
  391. -19.4549656
  392. -19.4531765
  393. -19.4513874
  394. -19.4495983
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  395. -19.4478073
  396. -19.4460182
  397. -19.4442291
  398. -19.44244
  399. -19.4397449
  400. -19.4368362
  401. -19.4339294
  402. -19.4310207
  403. -19.428112
  404. -19.4252033
  405. -19.4222965
  406. -19.4193878
  407. -19.4164791
  408. -19.4135723
  409. -19.4106636
  410. -19.4077549
  411. -19.4048462
  412. -19.4019394
  413. -19.3990307
  414. -19.396122
  415. -19.3932152
  416. -19.3903065
  417. -19.3873978
  418. -19.3844891
  419. -19.3822346
  420. -19.3800526
  421. -19.3778706
  422. -19.3756886
  423. -19.3735046
  424. -19.3713226
  425. -19.3691406
  426. -19.3669586
  427. -19.3647766
  428. -19.3625927
  429. -19.3604107
  430. -19.3582287
  431. -19.3560467
  432. -19.3538647
  433. -19.3516808
  434. -19.3494987
  435. -19.3473167
  436. -19.3451347
  437. -19.3429527
  438. -19.3407688
  439. -19.3385868
  440. -19.3363152
  441. -19.3336334
  442. -19.3309498
  443. -19.3282681
  444. -19.3255863
  445. -19.3229046
  446. -19.3202229
  447. -19.3175411
  448. -19.3148594
  449. -19.3121777
  450. -19.3094959
  451. -19.3068142
  452. -19.3041325
  453. -19.3014507
  454. -19.298769
  455. -19.2960873
  456. -19.2934055
  457. -19.2907238
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  458. -19.2880421
  459. -19.2853603
  460. -19.2826786
  461. -19.2799969
  462. -19.2773151
  463. -19.2746334
  464. -19.2722435
  465. -19.2700081
  466. -19.2677727
  467. -19.2655373
  468. -19.2633018
  469. -19.2610664
  470. -19.258831
  471. -19.2565956
  472. -19.2543602
  473. -19.2521248
  474. -19.2498875
  475. -19.2476521
  476. -19.2454166
  477. -19.2431812
  478. -19.2409458
  479. -19.2387104
  480. -19.236475
  481. -19.2342396
  482. -19.2320042
  483. -19.2297688
  484. -19.2275333
  485. -19.2252979
  486. -19.2230625
  487. -19.2208099
  488. -19.2184277
  489. -19.2160473
  490. -19.2136669
  491. -19.2112865
  492. -19.2089062
  493. -19.2065239
  494. -19.2041435
  495. -19.2017632
  496. -19.1993828
  497. -19.1970005
  498. -19.1946201
  499. -19.1922398
  500. -19.1898594
  501. -19.1874771
  502. -19.1850967
  503. -19.1827164
  504. -19.180336
  505. -19.1779556
  506. -19.1755733
  507. -19.1731377
  508. -19.170496
  509. -19.1678543
  510. -19.1652126
  511. -19.162569
  512. -19.1599274
  513. -19.1572857
  514. -19.154644
  515. -19.1520023
  516. -19.1493607
  517. -19.146719
  518. -19.1440773
  519. -19.1414337
  520. -19.138792
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  521. -19.1361504
  522. -19.1335087
  523. -19.130867
  524. -19.1282253
  525. -19.1255836
  526. -19.1229401
  527. -19.1203651
  528. -19.1179371
  529. -19.1155109
  530. -19.1130848
  531. -19.1106586
  532. -19.1082325
  533. -19.1058064
  534. -19.1033783
  535. -19.1009521
  536. -19.098526
  537. -19.0960999
  538. -19.0936737
  539. -19.0912476
  540. -19.0888214
  541. -19.0863934
  542. -19.0839672
  543. -19.0815411
  544. -19.0791149
  545. -19.0766888
  546. -19.0742626
  547. -19.0718346
  548. -19.0694084
  549. -19.0669861
  550. -19.0645638
  551. -19.0621414
  552. -19.059721
  553. -19.0572987
  554. -19.0548763
  555. -19.0524559
  556. -19.0500336
  557. -19.0476112
  558. -19.0451908
  559. -19.0427685
  560. -19.0403461
  561. -19.0379257
  562. -19.0355034
  563. -19.0330811
  564. -19.0306606
  565. -19.0282383
  566. -19.025816
  567. -19.0233955
  568. -19.0209732
  569. -19.0185509
  570. -19.0161304
  571. -19.0137081
  572. -19.0112858
  573. -19.0088634
  574. -19.006443
  575. -19.0040207
  576. -19.0015984
  577. -18.999176
  578. -18.9967556
  579. -18.9943333
  580. -18.9919109
  581. -18.9894886
  582. -18.9870682
  583. -18.9846458
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  584. -18.9822235
  585. -18.9798012
  586. -18.9773788
  587. -18.9749584
  588. -18.9725361
  589. -18.9701138
  590. -18.9676914
  591. -18.965271
  592. -18.9628487
  593. -18.9604206
  594. -18.9579945
  595. -18.9555683
  596. -18.9531422
  597. -18.950716
  598. -18.9482899
  599. -18.9458637
  600. -18.9434376
  601. -18.9410114
  602. -18.9385853
  603. -18.9361572
  604. -18.9337311
  605. -18.9313049
  606. -18.9288788
  607. -18.9264526
  608. -18.9240265
  609. -18.9216003
  610. -18.9191742
  611. -18.916748
  612. -18.9143219
  613. -18.9118938
  614. -18.9097061
  615. -18.9078388
  616. -18.9059734
  617. -18.9041061
  618. -18.9022388
  619. -18.9003735
  620. -18.8985062
  621. -18.8966389
  622. -18.8947735
  623. -18.8929062
  624. -18.8910389
  625. -18.8891716
  626. -18.8873062
  627. -18.8854389
  628. -18.8835716
  629. -18.8817062
  630. -18.8798389
  631. -18.8779716
  632. -18.8761063
  633. -18.874239
  634. -18.8723717
  635. -18.8705063
  636. -18.868639
  637. -18.8667717
  638. -18.8649063
  639. -18.8630447
  640. -18.8612556
  641. -18.8594666
  642. -18.8576775
  643. -18.8558884
  644. -18.8540993
  645. -18.8523102
  646. -18.8505211
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  647. -18.848732
  648. -18.8469429
  649. -18.8451538
  650. -18.8433628
  651. -18.8415737
  652. -18.8397846
  653. -18.8379955
  654. -18.8362064
  655. -18.8344173
  656. -18.8326283
  657. -18.8308392
  658. -18.8290501
  659. -18.827261
  660. -18.8254719
  661. -18.8236828
  662. -18.8218937
  663. -18.8198528
  664. -18.8176136
  665. -18.8153725
  666. -18.8131332
  667. -18.810894
  668. -18.8086548
  669. -18.8064137
  670. -18.8041744
  671. -18.8019352
  672. -18.799696
  673. -18.7974548
  674. -18.7952156
  675. -18.7929764
  676. -18.7907372
  677. -18.7884979
  678. -18.7862568
  679. -18.7840176
  680. -18.7817783
  681. -18.7795391
  682. -18.777298
  683. -18.7750587
  684. -18.7728195
  685. -18.7705803
  686. -18.7683506
  687. -18.7665348
  688. -18.764719
  689. -18.7629013
  690. -18.7610855
  691. -18.7592697
  692. -18.757452
  693. -18.7556362
  694. -18.7538204
  695. -18.7520027
  696. -18.7501869
  697. -18.7483711
  698. -18.7465553
  699. -18.7447376
  700. -18.7429218
  701. -18.741106
  702. -18.7392883
  703. -18.7374725
  704. -18.7356567
  705. -18.733839
  706. -18.7320232
  707. -18.7302074
  708. -18.7283897
  709. -18.7265739
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  710. -18.7247581
  711. -18.7229404
  712. -18.7211246
  713. -18.7193089
  714. -18.7174931
  715. -18.7157001
  716. -18.7142448
  717. -18.7127876
  718. -18.7113323
  719. -18.7098751
  720. -18.7084198
  721. -18.7069626
  722. -18.7055073
  723. -18.7040501
  724. -18.7025948
  725. -18.7011375
  726. -18.6996822
  727. -18.698225
  728. -18.6967697
  729. -18.6953125
  730. -18.6938572
  731. -18.6924
  732. -18.6909447
  733. -18.6894875
  734. -18.6880322
  735. -18.6865749
  736. -18.6851196
  737. -18.6836624
  738. -18.6822071
  739. -18.6807499
  740. -18.6792946
  741. -18.6774883
  742. -18.6755505
  743. -18.6736126
  744. -18.6716747
  745. -18.6697388
  746. -18.6678009
  747. -18.665863
  748. -18.6639252
  749. -18.6619892
  750. -18.6600513
  751. -18.6581135
  752. -18.6561775
  753. -18.6542397
  754. -18.6523018
  755. -18.6503639
  756. -18.648428
  757. -18.6464901
  758. -18.6445522
  759. -18.6426144
  760. -18.6406784
  761. -18.6387405
  762. -18.6368027
  763. -18.6348667
  764. -18.6329288
  765. -18.630991
  766. -18.6290531
  767. -18.6271172
  768. -18.6251335
  769. -18.6231194
  770. -18.6211052
  771. -18.619091
  772. -18.6170769
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  773. -18.6150608
  774. -18.6130466
  775. -18.6110325
  776. -18.6090183
  777. -18.6070023
  778. -18.6049881
  779. -18.6029739
  780. -18.6009598
  781. -18.5989437
  782. -18.5969296
  783. -18.5949154
  784. -18.5929012
  785. -18.5908871
  786. -18.588871
  787. -18.5868568
  788. -18.5848427
  789. -18.5828285
  790. -18.5808125
  791. -18.5788269
  792. -18.5773754
  793. -18.575922
  794. -18.5744705
  795. -18.5730171
  796. -18.5715656
  797. -18.5701141
  798. -18.5686607
  799. -18.5672092
  800. -18.5657578
  801. -18.5643044
  802. -18.5628529
  803. -18.5614014
  804. -18.559948
  805. -18.5584965
  806. -18.5570431
  807. -18.5555916
  808. -18.5541401
  809. -18.5526867
  810. -18.5512352
  811. -18.5497837
  812. -18.5483303
  813. -18.5468788
  814. -18.5454273
  815. -18.5439739
  816. -18.5425224
  817. -18.5419617
  818. -18.5417671
  819. -18.5415726
  820. -18.5413761
  821. -18.5411816
  822. -18.540987
  823. -18.5407906
  824. -18.540596
  825. -18.5403996
  826. -18.540205
  827. -18.5400105
  828. -18.539814
  829. -18.5396194
  830. -18.5394249
  831. -18.5392284
  832. -18.5390339
  833. -18.5388393
  834. -18.5386429
  835. -18.5384483
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  836. -18.5382519
  837. -18.5380573
  838. -18.5378628
  839. -18.5376663
  840. -18.5374718
  841. -18.5372772
  842. -18.5370808
  843. -18.5368862
  844. -18.5366936
  845. -18.5365009
  846. -18.5363102
  847. -18.5361176
  848. -18.5359268
  849. -18.5357361
  850. -18.5355434
  851. -18.5353527
  852. -18.5351601
  853. -18.5349693
  854. -18.5347786
  855. -18.534586
  856. -18.5343952
  857. -18.5342026
  858. -18.5340118
  859. -18.5338211
  860. -18.5336285
  861. -18.5334377
  862. -18.5332451
  863. -18.5330544
  864. -18.5328617
  865. -18.532671
  866. -18.5324802
  867. -18.5322876
  868. -18.5320969
  869. -18.5319042
  870. -18.5317135
  871. -18.5316029
  872. -18.5316067
  873. -18.5316105
  874. -18.5316143
  875. -18.5316162
  876. -18.53162
  877. -18.5316238
  878. -18.5316277
  879. -18.5316315
  880. -18.5316353
  881. -18.5316391
  882. -18.5316429
  883. -18.5316467
  884. -18.5316505
  885. -18.5316544
  886. -18.5316582
  887. -18.5316601
  888. -18.5316639
  889. -18.5316677
  890. -18.5316715
  891. -18.5316753
  892. -18.5316792
  893. -18.531683
  894. -18.5316868
  895. -18.5316906
  896. -18.5316944
  897. -18.5316982
  898. -18.5316505
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  899. -18.5314655
  900. -18.5312786
  901. -18.5310917
  902. -18.5309048
  903. -18.5307198
  904. -18.5305328
  905. -18.5303459
  906. -18.530159
  907. -18.529974
  908. -18.5297871
  909. -18.5296001
  910. -18.5294132
  911. -18.5292282
  912. -18.5290413
  913. -18.5288544
  914. -18.5286674
  915. -18.5284805
  916. -18.5282955
  917. -18.5281086
  918. -18.5279217
  919. -18.5277348
  920. -18.5275497
  921. -18.5273628
  922. -18.5271759
  923. -18.526989
  924. -18.526804
  925. -18.5266171
  926. -18.5264301
  927. -18.5263462
  928. -18.5265007
  929. -18.5266552
  930. -18.5268097
  931. -18.5269642
  932. -18.5271187
  933. -18.5272713
  934. -18.5274258
  935. -18.5275803
  936. -18.5277348
  937. -18.5278893
  938. -18.5280418
  939. -18.5281963
  940. -18.5283508
  941. -18.5285053
  942. -18.5286598
  943. -18.5288124
  944. -18.5289669
  945. -18.5291214
  946. -18.5292759
  947. -18.5294304
  948. -18.5295849
  949. -18.5297375
  950. -18.529892
  951. -18.5300465
  952. -18.530201
  953. -18.5303555
  954. -18.530508
  955. -18.5306625
  956. -18.530817
  957. -18.5309715
  958. -18.531126
  959. -18.5312786
  960. -18.5314331
  961. -18.5315876
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  962. -18.5321331
  963. -18.5327148
  964. -18.5332966
  965. -18.5338783
  966. -18.5344601
  967. -18.5350418
  968. -18.5356236
  969. -18.5362072
  970. -18.5367889
  971. -18.5373707
  972. -18.5379524
  973. -18.5385342
  974. -18.5391159
  975. -18.5396976
  976. -18.5402794
  977. -18.5408611
  978. -18.5414429
  979. -18.5420246
  980. -18.5426083
  981. -18.54319
  982. -18.5437717
  983. -18.5443535
  984. -18.5449352
  985. -18.545517
  986. -18.5460987
  987. -18.5466805
  988. -18.5472622
  989. -18.5505772
  990. -18.5547295
  991. -18.5588837
  992. -18.563036
  993. -18.5671902
  994. -18.5713425
  995. -18.5754967
  996. -18.579649
  997. -18.5838032
  998. -18.5879555
  999. -18.5921097
  1000. -18.596262
  1001. -18.6002579
  1002. -18.6028423
  1003. -18.6054268
  1004. -18.6080112
  1005. -18.6105957
  1006. -18.6131802
  1007. -18.6157646
  1008. -18.6183491
  1009. -18.6209335
  1010. -18.623518
  1011. -18.6261024
  1012. -18.6286869
  1013. -18.6312714
  1014. -18.6338558
  1015. -18.6364403
  1016. -18.6390247
  1017. -18.6416092
  1018. -18.6442204
  1019. -18.6468391
  1020. -18.6494579
  1021. -18.6520767
  1022. -18.6546955
  1023. -18.6573143
  1024. -18.6599331
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  1025. -18.6625519
  1026. -18.6651707
  1027. -18.6677895
  1028. -18.6704102
  1029. -18.6730289
  1030. -18.6756477
  1031. -18.6782665
  1032. -18.6808853
  1033. -18.6835041
  1034. -18.6861229
  1035. -18.6887417
  1036. -18.6910477
  1037. -18.693224
  1038. -18.6954021
  1039. -18.6975803
  1040. -18.6997566
  1041. -18.7019348
  1042. -18.704113
  1043. -18.7062912
  1044. -18.7084675
  1045. -18.7106457
  1046. -18.7128239
  1047. -18.7150002
  1048. -18.7171783
  1049. -18.7193565
  1050. -18.7215347
  1051. -18.723711
  1052. -18.7258892
  1053. -18.7280674
  1054. -18.7302437
  1055. -18.7324219
  1056. -18.7346001
  1057. -18.7367783
  1058. -18.7412777
  1059. -18.7458019
  1060. -18.7503262
  1061. -18.7548504
  1062. -18.7593746
  1063. -18.7638988
  1064. -18.7684231
  1065. -18.7729473
  1066. -18.7774715
  1067. -18.7819958
  1068. -18.78652
  1069. -18.7910442
  1070. -18.7955685
  1071. -18.8000927
  1072. -18.8046169
  1073. -18.8091412
  1074. -18.8125362
  1075. -18.8154449
  1076. -18.8183556
  1077. -18.8212643
  1078. -18.8241749
  1079. -18.8270855
  1080. -18.8299942
  1081. -18.8329048
  1082. -18.8358135
  1083. -18.8387241
  1084. -18.8416328
  1085. -18.8445435
  1086. -18.8474522
  1087. -18.8503628
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  1088. -18.8532734
  1089. -18.8561821
  1090. -18.8590927
  1091. -18.8620014
  1092. -18.864912
  1093. -18.8678207
  1094. -18.8707314
  1095. -18.8736401
  1096. -18.8771152
  1097. -18.8806019
  1098. -18.8840885
  1099. -18.8875751
  1100. -18.8910599
  1101. -18.8945465
  1102. -18.8980331
  1103. -18.9015198
  1104. -18.9050064
  1105. -18.9084911
  1106. -18.9119778
  1107. -18.9154644
  1108. -18.918951
  1109. -18.9224377
  1110. -18.9259224
  1111. -18.929409
  1112. -18.9328957
  1113. -18.9363823
  1114. -18.9398727
  1115. -18.9433651
  1116. -18.9468555
  1117. -18.9503479
  1118. -18.9538403
  1119. -18.9573307
  1120. -18.9608231
  1121. -18.9643154
  1122. -18.9678059
  1123. -18.9712982
  1124. -18.9747906
  1125. -18.978281
  1126. -18.9817734
  1127. -18.9852657
  1128. -18.9887562
  1129. -18.9922485
  1130. -18.9957409
  1131. -18.9992313
  1132. -19.0029469
  1133. -19.0067272
  1134. -19.0105057
  1135. -19.0142841
  1136. -19.0180645
  1137. -19.021843
  1138. -19.0256214
  1139. -19.0293999
  1140. -19.0331802
  1141. -19.0369587
  1142. -19.0407372
  1143. -19.0445156
  1144. -19.048296
  1145. -19.0520744
  1146. -19.0558529
  1147. -19.0596333
  1148. -19.0634117
  1149. -19.0671902
  1150. -19.0743351
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  1151. -19.083065
  1152. -19.091795
  1153. -19.100523
  1154. -19.1092529
  1155. -19.1179829
  1156. -19.1267109
  1157. -19.1354408
  1158. -19.1441708
  1159. -19.1508331
  1160. -19.1562824
  1161. -19.1617298
  1162. -19.1671791
  1163. -19.1726284
  1164. -19.1780777
  1165. -19.1835251
  1166. -19.1889744
  1167. -19.1944237
  1168. -19.199873
  1169. -19.2053204
  1170. -19.2107697
  1171. -19.2162189
  1172. -19.2216682
  1173. -19.2271729
  1174. -19.2329922
  1175. -19.2388115
  1176. -19.2446308
  1177. -19.2504501
  1178. -19.2562695
  1179. -19.2620888
  1180. -19.26791
  1181. -19.2737293
  1182. -19.2795486
  1183. -19.285368
  1184. -19.2913265
  1185. -19.2976246
  1186. -19.3039227
  1187. -19.3102207
  1188. -19.3165207
  1189. -19.3228188
  1190. -19.3291168
  1191. -19.3354149
  1192. -19.341713
  1193. -19.3480129
  1194. -19.354311
  1195. -19.3602219
  1196. -19.3656216
  1197. -19.3710194
  1198. -19.3764172
  1199. -19.3818169
  1200. -19.3872147
  1201. -19.3926125
  1202. -19.3980122
  1203. -19.40341
  1204. -19.4088097
  1205. -19.4142075
  1206. -19.4196053
  1207. -19.425005
  1208. -19.429985
  1209. -19.4348354
  1210. -19.4396858
  1211. -19.4445343
  1212. -19.4493847
  1213. -19.4542332
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  1214. -19.4590836
  1215. -19.4639339
  1216. -19.4687824
  1217. -19.4736328
  1218. -19.4784813
  1219. -19.4833317
  1220. -19.4881821
  1221. -19.4930305
  1222. -19.4978809
  1223. -19.5027294
  1224. -19.5080338
  1225. -19.5138474
  1226. -19.5196629
  1227. -19.5254784
  1228. -19.5312939
  1229. -19.5371075
  1230. -19.542923
  1231. -19.5487385
  1232. -19.5545521
  1233. -19.5603676
  1234. -19.5661831
  1235. -19.5719967
  1236. -19.5778122
  1237. -19.5836277
  1238. -19.5894413
  1239. -19.5948448
  1240. -19.6002426
  1241. -19.6056423
  1242. -19.6110401
  1243. -19.6164398
  1244. -19.6218376
  1245. -19.6272354
  1246. -19.6326351
  1247. -19.6380329
  1248. -19.6434307
  1249. -19.6488304
  1250. -19.6542282
  1251. -19.6596432
  1252. -19.6650925
  1253. -19.6705418
  1254. -19.6759892
  1255. -19.6814384
  1256. -19.6868877
  1257. -19.692337
  1258. -19.6977844
  1259. -19.7032337
  1260. -19.708683
  1261. -19.7141323
  1262. -19.7195816
  1263. -19.725029
  1264. -19.7304783
  1265. -19.7359276
  1266. -19.741991
  1267. -19.7481728
  1268. -19.7543526
  1269. -19.7605343
  1270. -19.7667141
  1271. -19.7728958
  1272. -19.7790775
  1273. -19.7852573
  1274. -19.7914391
  1275. -19.7976208
  1276. -19.8038006
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  1277. -19.8099823
  1278. -19.8161621
  1279. -19.8223438
  1280. -19.8285255
  1281. -19.8347054
  1282. -19.8408871
  1283. -19.8470669
  1284. -19.8532486
  1285. -19.8594303
  1286. -19.8656101
  1287. -19.8717918
  1288. -19.8779716
  1289. -19.8841534
  1290. -19.8903351
  1291. -19.8965149
  1292. -19.9026966
  1293. -19.9088783
  1294. -19.9150581
  1295. -19.9213428
  1296. -19.9276409
  1297. -19.933939
  1298. -19.940237
  1299. -19.9465351
  1300. -19.9528332
  1301. -19.9591331
  1302. -19.9654312
  1303. -19.9717293
  1304. -19.9780273
  1305. -19.9843006
  1306. -19.9893913
  1307. -19.9944801
  1308. -19.9995708
  1309. -20.0046597
  1310. -20.0097504
  1311. -20.0148392
  1312. -20.0199299
  1313. -20.0250206
  1314. -20.0301094
  1315. -20.0352001
  1316. -20.0402889
  1317. -20.0453796
  1318. -20.0504684
  1319. -20.0555592
  1320. -20.0612621
  1321. -20.0674896
  1322. -20.0737171
  1323. -20.0799446
  1324. -20.0861721
  1325. -20.0923996
  1326. -20.0986271
  1327. -20.1048546
  1328. -20.1110821
  1329. -20.1173096
  1330. -20.1235371
  1331. -20.1297646
  1332. -20.1359921
  1333. -20.1418648
  1334. -20.1476879
  1335. -20.1535091
  1336. -20.1593304
  1337. -20.1651535
  1338. -20.1709747
  1339. -20.176796
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  1340. -20.1826172
  1341. -20.1884403
  1342. -20.1942616
  1343. -20.2000828
  1344. -20.2059059
  1345. -20.2117271
  1346. -20.2175484
  1347. -20.2235279
  1348. -20.2297554
  1349. -20.2359829
  1350. -20.2422104
  1351. -20.2484379
  1352. -20.2546654
  1353. -20.2608929
  1354. -20.2671185
  1355. -20.2733459
  1356. -20.2795734
  1357. -20.2858009
  1358. -20.2920284
  1359. -20.2982559
  1360. -20.3037205
  1361. -20.3088894
  1362. -20.3140583
  1363. -20.3192272
  1364. -20.3243961
  1365. -20.329565
  1366. -20.334734
  1367. -20.3399029
  1368. -20.3450718
  1369. -20.3502407
  1370. -20.3554096
  1371. -20.3605785
  1372. -20.3657475
  1373. -20.3709164
  1374. -20.3760853
  1375. -20.3812523
  1376. -20.3862839
  1377. -20.3911343
  1378. -20.3959846
  1379. -20.4008331
  1380. -20.4056835
  1381. -20.410532
  1382. -20.4153824
  1383. -20.4202328
  1384. -20.4250813
  1385. -20.4299316
  1386. -20.4347801
  1387. -20.4396305
  1388. -20.4444809
  1389. -20.4493294
  1390. -20.4541798
  1391. -20.4590282
  1392. -20.4638329
  1393. -20.4683533
  1394. -20.4728737
  1395. -20.477396
  1396. -20.4819164
  1397. -20.4864368
  1398. -20.4909573
  1399. -20.4954796
  1400. -20.5
  1401. -20.5045204
  1402. -20.5090427
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  1403. -20.5135632
  1404. -20.5180836
  1405. -20.522604
  1406. -20.5271263
  1407. -20.5316467
  1408. -20.5361671
  1409. -20.5421619
  1410. -20.5483971
  1411. -20.5546322
  1412. -20.5608673
  1413. -20.5671043
  1414. -20.5733395
  1415. -20.5795746
  1416. -20.5858097
  1417. -20.5920448
  1418. -20.59828
  1419. -20.6045151
  1420. -20.6107502
  1421. -20.6163025
  1422. -20.6189442
  1423. -20.6215858
  1424. -20.6242275
  1425. -20.6268692
  1426. -20.6295128
  1427. -20.6321545
  1428. -20.6347961
  1429. -20.6374378
  1430. -20.6400795
  1431. -20.6427212
  1432. -20.6453629
  1433. -20.6480045
  1434. -20.6506462
  1435. -20.6532879
  1436. -20.6559296
  1437. -20.6585732
  1438. -20.6612148
  1439. -20.6638565
  1440. -20.6664982
  1441. -20.6699123
  1442. -20.6753101
  1443. -20.6807079
  1444. -20.6861076
  1445. -20.6915054
  1446. -20.6969032
  1447. -20.7023029
  1448. -20.7077007
  1449. -20.7131004
  1450. -20.7184982
  1451. -20.723896
  1452. -20.7292957
  1453. -20.7346935
  1454. -20.7389679
  1455. -20.7425213
  1456. -20.7460766
  1457. -20.74963
  1458. -20.7531853
  1459. -20.7567387
  1460. -20.760294
  1461. -20.7638474
  1462. -20.7674026
  1463. -20.7709579
  1464. -20.7745113
  1465. -20.7780666
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  1466. -20.78162
  1467. -20.7851753
  1468. -20.7887287
  1469. -20.792284
  1470. -20.7947636
  1471. -20.7949581
  1472. -20.7951527
  1473. -20.7953491
  1474. -20.7955437
  1475. -20.7957382
  1476. -20.7959347
  1477. -20.7961292
  1478. -20.7963238
  1479. -20.7965202
  1480. -20.7967148
  1481. -20.7969093
  1482. -20.7971058
  1483. -20.7973003
  1484. -20.7974949
  1485. -20.7976913
  1486. -20.7978859
  1487. -20.7980804
  1488. -20.7982769
  1489. -20.7984715
  1490. -20.798666
  1491. -20.7988605
  1492. -20.799057
  1493. -20.7992516
  1494. -20.7994461
  1495. -20.7996426
  1496. -20.7998371
  1497. -20.8000984
  1498. -20.8006802
  1499. -20.8012619
  1500. -20.8018436
  1501. -20.8024254
  1502. -20.8030071
  1503. -20.8035908
  1504. -20.8041725
  1505. -20.8047543
  1506. -20.805336
  1507. -20.8059177
  1508. -20.8064995
  1509. -20.8070812
  1510. -20.807663
  1511. -20.8082466
  1512. -20.8088284
  1513. -20.8094101
  1514. -20.8099918
  1515. -20.8105736
  1516. -20.8111553
  1517. -20.8117371
  1518. -20.8123188
  1519. -20.8129025
  1520. -20.8134842
  1521. -20.8140659
  1522. -20.8146477
  1523. -20.8152294
  1524. -20.8158035
  1525. -20.8160286
  1526. -20.8162556
  1527. -20.8164806
  1528. -20.8167057
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  1529. -20.8169308
  1530. -20.8171558
  1531. -20.8173809
  1532. -20.817606
  1533. -20.817831
  1534. -20.8180561
  1535. -20.8182831
  1536. -20.8185081
  1537. -20.8187332
  1538. -20.8189583
  1539. -20.8191833
  1540. -20.8194084
  1541. -20.8196335
  1542. -20.8198586
  1543. -20.8200836
  1544. -20.8203087
  1545. -20.8205357
  1546. -20.8207607
  1547. -20.8209858
  1548. -20.8186569
  1549. -20.8136673
  1550. -20.8086796
  1551. -20.8036919
  1552. -20.7987041
  1553. -20.7937145
  1554. -20.7887268
  1555. -20.7837391
  1556. -20.7787514
  1557. -20.7737637
  1558. -20.768774
  1559. -20.7637863
  1560. -20.7587986
  1561. -20.7541523
  1562. -20.7495842
  1563. -20.7450142
  1564. -20.7404442
  1565. -20.7358742
  1566. -20.7313042
  1567. -20.7267342
  1568. -20.7221642
  1569. -20.7175941
  1570. -20.7130241
  1571. -20.7084541
  1572. -20.7038841
  1573. -20.6994343
  1574. -20.6956539
  1575. -20.6918755
  1576. -20.688097
  1577. -20.6843166
  1578. -20.6805382
  1579. -20.6767597
  1580. -20.6729794
  1581. -20.6692009
  1582. -20.6654224
  1583. -20.6616421
  1584. -20.6578636
  1585. -20.6540852
  1586. -20.6503048
  1587. -20.6465263
  1588. -20.6427479
  1589. -20.6389675
  1590. -20.6351891
  1591. -20.6313496
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  1592. -20.6263618
  1593. -20.6213741
  1594. -20.6163845
  1595. -20.6113968
  1596. -20.6064091
  1597. -20.6014214
  1598. -20.5964336
  1599. -20.591444
  1600. -20.5864563
  1601. -20.5814686
  1602. -20.5764809
  1603. -20.5714912
  1604. -20.5664654
  1605. -20.5613747
  1606. -20.5562859
  1607. -20.5511951
  1608. -20.5461063
  1609. -20.5410156
  1610. -20.5359268
  1611. -20.5308361
  1612. -20.5257473
  1613. -20.5206566
  1614. -20.5155678
  1615. -20.5104771
  1616. -20.5053883
  1617. -20.5002975
  1618. -20.4952087
  1619. -20.488718
  1620. -20.4820728
  1621. -20.4754276
  1622. -20.4687824
  1623. -20.4621353
  1624. -20.4554901
  1625. -20.4488449
  1626. -20.4421997
  1627. -20.4355545
  1628. -20.4289074
  1629. -20.4222622
  1630. -20.415617
  1631. -20.4083595
  1632. -20.3990555
  1633. -20.3897514
  1634. -20.3804474
  1635. -20.3711433
  1636. -20.3618393
  1637. -20.3525372
  1638. -20.3432331
  1639. -20.3339291
  1640. -20.3248158
  1641. -20.3165741
  1642. -20.3083324
  1643. -20.3000927
  1644. -20.291851
  1645. -20.2836094
  1646. -20.2753677
  1647. -20.267128
  1648. -20.2588863
  1649. -20.2506447
  1650. -20.242403
  1651. -20.2349396
  1652. -20.2291241
  1653. -20.2233086
  1654. -20.217495
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  1655. -20.2116795
  1656. -20.205864
  1657. -20.2000484
  1658. -20.1942348
  1659. -20.1884193
  1660. -20.1826038
  1661. -20.1767902
  1662. -20.1709747
  1663. -20.1651592
  1664. -20.1593456
  1665. -20.1535301
  1666. -20.1438103
  1667. -20.1333466
  1668. -20.1228809
  1669. -20.1124172
  1670. -20.1019535
  1671. -20.0914898
  1672. -20.0810242
  1673. -20.0705605
  1674. -20.0600967
  1675. -20.0539932
  1676. -20.0490475
  1677. -20.0441036
  1678. -20.0391579
  1679. -20.034214
  1680. -20.0292683
  1681. -20.0243244
  1682. -20.0193806
  1683. -20.0144348
  1684. -20.009491
  1685. -20.0045452
  1686. -19.9996014
  1687. -19.9946556
  1688. -19.9897118
  1689. -19.984766
  1690. -19.9798222
  1691. -19.9748764
  1692. -19.9699326
  1693. -19.9643879
  1694. -19.9585724
  1695. -19.9527569
  1696. -19.9469433
  1697. -19.9411278
  1698. -19.9353123
  1699. -19.9294968
  1700. -19.9236832
  1701. -19.9178677
  1702. -19.9120522
  1703. -19.9062386
  1704. -19.900423
  1705. -19.8946075
  1706. -19.8887939
  1707. -19.8828259
  1708. -19.8762856
  1709. -19.8697453
  1710. -19.863205
  1711. -19.8566666
  1712. -19.8501263
  1713. -19.843586
  1714. -19.8370457
  1715. -19.8305054
  1716. -19.8239651
  1717. -19.8174248
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  1718. -19.8108845
  1719. -19.8043461
  1720. -19.7978058
  1721. -19.7912655
  1722. -19.7893353
  1723. -19.7891102
  1724. -19.7888851
  1725. -19.78866
  1726. -19.788435
  1727. -19.7882099
  1728. -19.7879829
  1729. -19.7877579
  1730. -19.7875328
  1731. -19.7873077
  1732. -19.7870827
  1733. -19.7868576
  1734. -19.7866325
  1735. -19.7864075
  1736. -19.7861824
  1737. -19.7859573
  1738. -19.7857323
  1739. -19.7855072
  1740. -19.7852821
  1741. -19.7850571
  1742. -19.784832
  1743. -19.7846069
  1744. -19.78438
  1745. -19.7844696
  1746. -19.7858124
  1747. -19.7871552
  1748. -19.7884979
  1749. -19.7898407
  1750. -19.7911835
  1751. -19.7925262
  1752. -19.793869
  1753. -19.7952118
  1754. -19.7965565
  1755. -19.7978992
  1756. -19.799242
  1757. -19.8005848
  1758. -19.8019276
  1759. -19.8032703
  1760. -19.8046131
  1761. -19.8059559
  1762. -19.8072987
  1763. -19.8086414
  1764. -19.8099842
  1765. -19.811327
  1766. -19.8126717
  1767. -19.8140144
  1768. -19.8153572
  1769. -19.8268433
  1770. -19.8433266
  1771. -19.859808
  1772. -19.8762913
  1773. -19.8927727
  1774. -19.9079151
  1775. -19.9188137
  1776. -19.9297104
  1777. -19.940609
  1778. -19.9515057
  1779. -19.9624043
  1780. -19.9733009
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  1781. -19.9841995
  1782. -20.0016403
  1783. -20.0190792
  1784. -20.03652
  1785. -20.0539589
  1786. -20.0713997
  1787. -20.0863628
  1788. -20.0994568
  1789. -20.1125507
  1790. -20.1256447
  1791. -20.1387386
  1792. -20.1518326
  1793. -20.1649265
  1794. -20.1797771
  1795. -20.1981926
  1796. -20.21661
  1797. -20.2350273
  1798. -20.2534428
  1799. -20.2718601
  1800. -20.2867966
  1801. -20.3013477
  1802. -20.315897
  1803. -20.3304482
  1804. -20.3449993
  1805. -20.3595486
  1806. -20.3740997
  1807. -20.3983917
  1808. -20.4274788
  1809. -20.4565678
  1810. -20.4854374
  1811. -20.5101604
  1812. -20.5348854
  1813. -20.5596085
  1814. -20.5986938
  1815. -20.6568146
  1816. -20.6874638
  1817. -20.7012749
  1818. -20.7150879
  1819. -20.7289009
  1820. -20.742712
  1821. -20.756525
  1822. -20.7703362
  1823. -20.8010063
  1824. -20.8591805
  1825. -20.8974552
  1826. -20.9207153
  1827. -20.9439754
  1828. -20.9672356
  1829. -21.0153732
  1830. -21.0606155
  1831. -21.0800076
  1832. -21.0993996
  1833. -21.1187916
  1834. -21.1381836
  1835. -21.1575756
  1836. -21.1735172
  1837. -21.1880474
  1838. -21.2025776
  1839. -21.2171078
  1840. -21.231638
  1841. -21.2494259
  1842. -21.2755852
  1843. -21.3017464
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  1844. -21.3279057
  1845. -21.3425617
  1846. -21.3512897
  1847. -21.3600197
  1848. -21.3687496
  1849. -21.3774776
  1850. -21.3862076
  1851. -21.3949375
  1852. -21.4036655
  1853. -21.4123955
  1854. -21.4997272
  1855. -21.507967
  1856. -21.5162086
  1857. -21.5244503
  1858. -21.532692
  1859. -21.5409336
  1860. -21.5491753
  1861. -21.557415
  1862. -21.5656567
  1863. -21.5738983
  1864. -21.58214
  1865. -21.580658
  1866. -21.5759335
  1867. -21.571209
  1868. -21.5664864
  1869. -21.5617619
  1870. -21.5570393
  1871. -21.5523148
  1872. -21.5475903
  1873. -21.5428677
  1874. -21.5381432
  1875. -21.5334206
  1876. -21.5286961
  1877. -21.5239716
  1878. -21.519249
  1879. -21.5137596
  1880. -21.5062008
  1881. -21.4986439
  1882. -21.4910851
  1883. -21.4835262
  1884. -21.4759693
  1885. -21.4684105
  1886. -21.4608536
  1887. -21.4532948
  1888. -21.4422836
  1889. -21.4190235
  1890. -21.3957634
  1891. -21.3725033
  1892. -21.3317738
  1893. -21.279398
  1894. -21.2247524
  1895. -21.1695061
  1896. -21.1503525
  1897. -21.1319351
  1898. -21.1135197
  1899. -21.0951023
  1900. -21.0766869
  1901. -20.9609051
  1902. -20.9376469
  1903. -20.9143867
  1904. -20.8911266
  1905. -20.8651428
  1906. -20.8389568
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  1907. -20.8127689
  1908. -20.7865906
  1909. -20.7604313
  1910. -20.7342701
  1911. -20.7081108
  1912. -20.6598606
  1913. -20.6016808
  1914. -20.4330063
  1915. -20.3769684
  1916. -20.3493443
  1917. -20.3217201
  1918. -20.2940941
  1919. -20.2553577
  1920. -20.2030354
  1921. -20.1507149
  1922. -20.0983963
  1923. -20.04846
  1924. -19.9995632
  1925. -19.9777679
  1926. -19.9559727
  1927. -19.9341774
  1928. -19.7358971
  1929. -19.7203903
  1930. -19.7048836
  1931. -19.6893787
  1932. -19.673872
  1933. -19.6583652
  1934. -19.5180225
  1935. -19.4700603
  1936. -19.4148121
  1937. -19.3697453
  1938. -19.3435841
  1939. -19.3174248
  1940. -19.2912636
  1941. -19.246006
  1942. -19.1936836
  1943. -19.1467018
  1944. -18.9972801
  1945. -18.9725571
  1946. -18.9478321
  1947. -18.9231091
  1948. -18.7299862
  1949. -18.7052612
  1950. -18.6805382
  1951. -18.6558132
  1952. -18.6336365
  1953. -18.6118412
  1954. -18.5900459
  1955. -18.5695801
  1956. -18.5530968
  1957. -18.5366154
  1958. -18.5201321
  1959. -18.5036488
  1960. -18.4871674
  1961. -18.4955254
  1962. -18.5093365
  1963. -18.5231495
  1964. -18.5369606
  1965. -18.5507736
  1966. -18.5645866
  1967. -18.5783978
  1968. -18.6095142
  1969. -18.653162

Page 31

ABOR/MH/Priv-000381



dahl-jensen-dye3bh1yrinterp.txt
  1970. -18.6967659
  1971. -18.7403545
  1972. -18.8737698
  1973. -19.1455879
  1974. -19.168848
  1975. -19.2914886
  1976. -19.343811
  1977. -19.4915314
  1978. -19.5351772
  1979. -19.8546009
  1980. -19.879324
  1981. -19.904047
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  20. -31.899435
  21. -31.8976154
  22. -31.8957977
  23. -31.89398
  24. -31.8921623
  25. -31.8903427
  26. -31.888525
  27. -31.8867073
  28. -31.8848896
  29. -31.88307
  30. -31.8812523
  31. -31.8794346
  32. -31.8776169
  33. -31.8757973
  34. -31.8739796
  35. -31.8721619
  36. -31.8703442
  37. -31.8685246
  38. -31.8667068
  39. -31.8648891
  40. -31.8631287
  41. -31.8616371
  42. -31.8601456
  43. -31.858654
  44. -31.8571625
  45. -31.8556709
  46. -31.8541794
  47. -31.8526878
  48. -31.8511963
  49. -31.8497047
  50. -31.8482132
  51. -31.8467197
  52. -31.8452282
  53. -31.8437366
  54. -31.8422451
  55. -31.8407536
  56. -31.839262
  57. -31.8377705
  58. -31.8362789
  59. -31.8347874
  60. -31.8332882
  61. -31.8317738
  62. -31.8302593
  63. -31.8287449
  64. -31.8272305
  65. -31.825716
  66. -31.8241997
  67. -31.8226852
  68. -31.8211708
  69. -31.8196564
  70. -31.8181419
  71. -31.8166275
  72. -31.8151112
  73. -31.8135967
  74. -31.8120823
  75. -31.8105679
  76. -31.8090534
  77. -31.8075371
  78. -31.8060226
  79. -31.8045082
  80. -31.8029938
  81. -31.8014793
  82. -31.7996674
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  83. -31.797617
  84. -31.7955647
  85. -31.7935143
  86. -31.7914639
  87. -31.7894115
  88. -31.7873611
  89. -31.7853088
  90. -31.7832584
  91. -31.7812061
  92. -31.7791557
  93. -31.7771034
  94. -31.775053
  95. -31.7730026
  96. -31.7709675
  97. -31.7691498
  98. -31.7673321
  99. -31.7655144
  100. -31.7636967
  101. -31.761879
  102. -31.7600613
  103. -31.7582436
  104. -31.7564259
  105. -31.7546082
  106. -31.7527905
  107. -31.7509727
  108. -31.749155
  109. -31.7473373
  110. -31.7455196
  111. -31.7437019
  112. -31.7418842
  113. -31.7400665
  114. -31.7382488
  115. -31.7364311
  116. -31.7346134
  117. -31.7327957
  118. -31.730978
  119. -31.7291603
  120. -31.7273426
  121. -31.7255249
  122. -31.7237072
  123. -31.7218895
  124. -31.7200718
  125. -31.7182541
  126. -31.7164364
  127. -31.7146187
  128. -31.712801
  129. -31.7109833
  130. -31.7091656
  131. -31.7073479
  132. -31.7055302
  133. -31.7039967
  134. -31.7025051
  135. -31.7010136
  136. -31.699522
  137. -31.6980305
  138. -31.6965389
  139. -31.6950474
  140. -31.6935539
  141. -31.6920624
  142. -31.6905708
  143. -31.6890793
  144. -31.6875877
  145. -31.6860962
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  146. -31.6846046
  147. -31.6831131
  148. -31.6816216
  149. -31.6801281
  150. -31.6786366
  151. -31.677145
  152. -31.6756535
  153. -31.6725941
  154. -31.6694775
  155. -31.6663589
  156. -31.6632423
  157. -31.6601238
  158. -31.6570072
  159. -31.6538887
  160. -31.6507721
  161. -31.6476536
  162. -31.644537
  163. -31.6414185
  164. -31.6383018
  165. -31.6353874
  166. -31.6329632
  167. -31.630537
  168. -31.6281128
  169. -31.6256886
  170. -31.6232624
  171. -31.6208382
  172. -31.618412
  173. -31.6159878
  174. -31.6135635
  175. -31.6111374
  176. -31.6087132
  177. -31.606287
  178. -31.6038628
  179. -31.6014366
  180. -31.5990124
  181. -31.5965862
  182. -31.5938511
  183. -31.591116
  184. -31.5883808
  185. -31.5856457
  186. -31.5829124
  187. -31.5801773
  188. -31.5774422
  189. -31.574707
  190. -31.5719719
  191. -31.5692368
  192. -31.5665035
  193. -31.5637684
  194. -31.5610332
  195. -31.5582981
  196. -31.5555668
  197. -31.5528393
  198. -31.5501118
  199. -31.5473843
  200. -31.5446548
  201. -31.5419273
  202. -31.5391998
  203. -31.5364723
  204. -31.5337448
  205. -31.5310173
  206. -31.5282879
  207. -31.5255604
  208. -31.5228329
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  209. -31.5201054
  210. -31.5173569
  211. -31.5141735
  212. -31.5109882
  213. -31.5078049
  214. -31.5046215
  215. -31.5014362
  216. -31.4982529
  217. -31.4950695
  218. -31.4918842
  219. -31.4887009
  220. -31.4855175
  221. -31.4823322
  222. -31.4791489
  223. -31.4759655
  224. -31.4727802
  225. -31.4699116
  226. -31.4672852
  227. -31.4646568
  228. -31.4620304
  229. -31.4594021
  230. -31.4567757
  231. -31.4541492
  232. -31.4515209
  233. -31.4488945
  234. -31.4462662
  235. -31.4436398
  236. -31.4410114
  237. -31.438385
  238. -31.4357567
  239. -31.4331303
  240. -31.4305019
  241. -31.427784
  242. -31.4248295
  243. -31.4218731
  244. -31.4189167
  245. -31.4159603
  246. -31.4130058
  247. -31.4100494
  248. -31.407093
  249. -31.4041367
  250. -31.4011822
  251. -31.3982258
  252. -31.3952694
  253. -31.3923149
  254. -31.3893585
  255. -31.3864021
  256. -31.3838634
  257. -31.3814335
  258. -31.3790016
  259. -31.3765717
  260. -31.3741398
  261. -31.3717098
  262. -31.369278
  263. -31.366848
  264. -31.3644161
  265. -31.3619862
  266. -31.3595543
  267. -31.3571243
  268. -31.3546925
  269. -31.3522606
  270. -31.3498306
  271. -31.3473988
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  272. -31.3452797
  273. -31.3434601
  274. -31.3416424
  275. -31.3398247
  276. -31.338007
  277. -31.3361874
  278. -31.3343697
  279. -31.332552
  280. -31.3307323
  281. -31.3289146
  282. -31.3270969
  283. -31.3252792
  284. -31.3234596
  285. -31.3216419
  286. -31.3198242
  287. -31.3180046
  288. -31.3161869
  289. -31.3143692
  290. -31.3125496
  291. -31.3107319
  292. -31.3094158
  293. -31.3084393
  294. -31.3074608
  295. -31.3064842
  296. -31.3055058
  297. -31.3045292
  298. -31.3035507
  299. -31.3025742
  300. -31.3015957
  301. -31.3006191
  302. -31.2996407
  303. -31.2986641
  304. -31.2976856
  305. -31.2967091
  306. -31.2957306
  307. -31.294754
  308. -31.2937756
  309. -31.292799
  310. -31.2918224
  311. -31.290844
  312. -31.2898674
  313. -31.2888889
  314. -31.2879124
  315. -31.2869072
  316. -31.2855396
  317. -31.2841721
  318. -31.2828045
  319. -31.2814369
  320. -31.2800713
  321. -31.2787037
  322. -31.2773361
  323. -31.2759686
  324. -31.274601
  325. -31.2732334
  326. -31.2718658
  327. -31.2704983
  328. -31.2691307
  329. -31.2677631
  330. -31.2663956
  331. -31.265028
  332. -31.2636604
  333. -31.2622929
  334. -31.2609253
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  335. -31.2595577
  336. -31.2581902
  337. -31.2569103
  338. -31.2557926
  339. -31.2546749
  340. -31.2535572
  341. -31.2524395
  342. -31.2513218
  343. -31.2502041
  344. -31.2490864
  345. -31.2479687
  346. -31.246851
  347. -31.2457333
  348. -31.2446156
  349. -31.2434978
  350. -31.2423801
  351. -31.2412624
  352. -31.2401447
  353. -31.239027
  354. -31.2379093
  355. -31.2367916
  356. -31.2356739
  357. -31.2345562
  358. -31.2334385
  359. -31.2323208
  360. -31.2312031
  361. -31.2299671
  362. -31.2287045
  363. -31.2274418
  364. -31.226181
  365. -31.2249184
  366. -31.2236557
  367. -31.222393
  368. -31.2211304
  369. -31.2198677
  370. -31.2186069
  371. -31.2173443
  372. -31.2160816
  373. -31.214819
  374. -31.2135563
  375. -31.2122936
  376. -31.2110329
  377. -31.2097702
  378. -31.2085075
  379. -31.2072449
  380. -31.2059822
  381. -31.2047215
  382. -31.2034588
  383. -31.2021961
  384. -31.2010536
  385. -31.2002068
  386. -31.1993599
  387. -31.198513
  388. -31.1976662
  389. -31.1968193
  390. -31.1959705
  391. -31.1951237
  392. -31.1942768
  393. -31.1934299
  394. -31.1925831
  395. -31.1917362
  396. -31.1908894
  397. -31.1900425
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  398. -31.1891937
  399. -31.1883469
  400. -31.1875
  401. -31.1866531
  402. -31.1858063
  403. -31.1849594
  404. -31.1841125
  405. -31.1832657
  406. -31.1824169
  407. -31.1815701
  408. -31.1807232
  409. -31.1798763
  410. -31.1790295
  411. -31.1781731
  412. -31.1772614
  413. -31.1763496
  414. -31.1754379
  415. -31.1745262
  416. -31.1736145
  417. -31.1727028
  418. -31.1717911
  419. -31.1708794
  420. -31.1699677
  421. -31.1690559
  422. -31.1681442
  423. -31.1672325
  424. -31.1663208
  425. -31.1654091
  426. -31.1644974
  427. -31.1635857
  428. -31.162674
  429. -31.1617622
  430. -31.1608505
  431. -31.1599388
  432. -31.1590271
  433. -31.1581154
  434. -31.1572037
  435. -31.156292
  436. -31.1553802
  437. -31.1543255
  438. -31.1532364
  439. -31.1521454
  440. -31.1510544
  441. -31.1499653
  442. -31.1488743
  443. -31.1477852
  444. -31.1466942
  445. -31.1456032
  446. -31.1445141
  447. -31.1434231
  448. -31.142334
  449. -31.141243
  450. -31.1401539
  451. -31.1390629
  452. -31.1379719
  453. -31.1368828
  454. -31.1357918
  455. -31.1347027
  456. -31.1336117
  457. -31.1325207
  458. -31.1314316
  459. -31.1303406
  460. -31.1292515
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  461. -31.1281605
  462. -31.1270695
  463. -31.1259804
  464. -31.1250057
  465. -31.124094
  466. -31.1231823
  467. -31.1222725
  468. -31.1213608
  469. -31.1204491
  470. -31.1195374
  471. -31.1186256
  472. -31.1177139
  473. -31.1168022
  474. -31.1158905
  475. -31.1149788
  476. -31.1140671
  477. -31.1131554
  478. -31.1122437
  479. -31.1113319
  480. -31.1104202
  481. -31.1095085
  482. -31.1085968
  483. -31.107687
  484. -31.1067753
  485. -31.1058636
  486. -31.1049519
  487. -31.1040401
  488. -31.1031284
  489. -31.102169
  490. -31.1011047
  491. -31.1000423
  492. -31.098978
  493. -31.0979137
  494. -31.0968513
  495. -31.095787
  496. -31.0947227
  497. -31.0936604
  498. -31.0925961
  499. -31.0915318
  500. -31.0904694
  501. -31.0894051
  502. -31.0883408
  503. -31.0872784
  504. -31.0862141
  505. -31.0851498
  506. -31.0840874
  507. -31.0830231
  508. -31.0819588
  509. -31.0808964
  510. -31.0798321
  511. -31.0784416
  512. -31.076828
  513. -31.0752125
  514. -31.0735989
  515. -31.0719833
  516. -31.0703697
  517. -31.0687561
  518. -31.0671406
  519. -31.065527
  520. -31.0639114
  521. -31.0622978
  522. -31.0606842
  523. -31.0590687
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  524. -31.0574551
  525. -31.0558395
  526. -31.0542259
  527. -31.0526009
  528. -31.0509472
  529. -31.0492954
  530. -31.0476418
  531. -31.04599
  532. -31.0443382
  533. -31.0426846
  534. -31.0410328
  535. -31.0393791
  536. -31.0377274
  537. -31.0360756
  538. -31.0344219
  539. -31.0327702
  540. -31.0311165
  541. -31.0294647
  542. -31.027813
  543. -31.0261593
  544. -31.0245075
  545. -31.0228539
  546. -31.0212021
  547. -31.0193386
  548. -31.0171509
  549. -31.0149632
  550. -31.0127754
  551. -31.0105877
  552. -31.0084
  553. -31.0062122
  554. -31.0040245
  555. -31.0018349
  556. -30.9996471
  557. -30.9974594
  558. -30.9952717
  559. -30.993084
  560. -30.9908962
  561. -30.9887085
  562. -30.9865208
  563. -30.984333
  564. -30.9821453
  565. -30.9801998
  566. -30.9788361
  567. -30.9774742
  568. -30.9761105
  569. -30.9747486
  570. -30.9733849
  571. -30.972023
  572. -30.9706593
  573. -30.9692974
  574. -30.9679337
  575. -30.9665718
  576. -30.9652081
  577. -30.9638443
  578. -30.9624825
  579. -30.9611187
  580. -30.9597569
  581. -30.9583931
  582. -30.9570312
  583. -30.9556675
  584. -30.9543056
  585. -30.9529419
  586. -30.95158
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  587. -30.9500427
  588. -30.9483757
  589. -30.9467087
  590. -30.9450417
  591. -30.9433746
  592. -30.9417095
  593. -30.9400425
  594. -30.9383755
  595. -30.9367085
  596. -30.9350414
  597. -30.9333763
  598. -30.9317093
  599. -30.9300423
  600. -30.9283752
  601. -30.9267082
  602. -30.9250431
  603. -30.9233761
  604. -30.9217091
  605. -30.920042
  606. -30.918375
  607. -30.9167099
  608. -30.9150429
  609. -30.9135017
  610. -30.9119816
  611. -30.9104633
  612. -30.9089432
  613. -30.907423
  614. -30.9059048
  615. -30.9043846
  616. -30.9028645
  617. -30.9013462
  618. -30.899826
  619. -30.8983078
  620. -30.8967876
  621. -30.8952675
  622. -30.8937492
  623. -30.8922291
  624. -30.8907089
  625. -30.8891907
  626. -30.8876705
  627. -30.8861523
  628. -30.8846321
  629. -30.883112
  630. -30.881525
  631. -30.8795052
  632. -30.8774853
  633. -30.8754654
  634. -30.8734474
  635. -30.8714275
  636. -30.8694077
  637. -30.8673878
  638. -30.8653679
  639. -30.863348
  640. -30.8613281
  641. -30.8593082
  642. -30.8572903
  643. -30.8552704
  644. -30.8532505
  645. -30.8512306
  646. -30.8492107
  647. -30.8474979
  648. -30.8458405
  649. -30.844183
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  650. -30.8425255
  651. -30.840868
  652. -30.8392105
  653. -30.837553
  654. -30.8358955
  655. -30.8342381
  656. -30.8325806
  657. -30.8309231
  658. -30.8292656
  659. -30.8276081
  660. -30.8259506
  661. -30.8242931
  662. -30.8226357
  663. -30.8209782
  664. -30.8193207
  665. -30.8176632
  666. -30.8160057
  667. -30.8145905
  668. -30.8131924
  669. -30.8117943
  670. -30.8103962
  671. -30.8089981
  672. -30.8076
  673. -30.8062019
  674. -30.8048038
  675. -30.8034058
  676. -30.8020077
  677. -30.8006077
  678. -30.7992096
  679. -30.7978115
  680. -30.7964134
  681. -30.7950153
  682. -30.7936172
  683. -30.7922192
  684. -30.7908211
  685. -30.789423
  686. -30.7880249
  687. -30.7866268
  688. -30.7852287
  689. -30.7838306
  690. -30.7824459
  691. -30.7810841
  692. -30.7797203
  693. -30.7783585
  694. -30.7769947
  695. -30.7756329
  696. -30.7742691
  697. -30.7729053
  698. -30.7715435
  699. -30.7701797
  700. -30.7688179
  701. -30.7674541
  702. -30.7660923
  703. -30.7647285
  704. -30.7633667
  705. -30.7620029
  706. -30.7606411
  707. -30.7592773
  708. -30.7579155
  709. -30.7565517
  710. -30.755188
  711. -30.7538261
  712. -30.7526836
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  713. -30.7516422
  714. -30.7506008
  715. -30.7495575
  716. -30.7485161
  717. -30.7474747
  718. -30.7464333
  719. -30.7453899
  720. -30.7443485
  721. -30.7433071
  722. -30.7422657
  723. -30.7412224
  724. -30.740181
  725. -30.7391396
  726. -30.7380981
  727. -30.7370548
  728. -30.7360134
  729. -30.734972
  730. -30.7339306
  731. -30.7328873
  732. -30.7318459
  733. -30.7308044
  734. -30.729763
  735. -30.7287197
  736. -30.7276783
  737. -30.7265244
  738. -30.7251625
  739. -30.7237988
  740. -30.7224369
  741. -30.7210732
  742. -30.7197113
  743. -30.7183475
  744. -30.7169857
  745. -30.7156219
  746. -30.7142601
  747. -30.7128963
  748. -30.7115326
  749. -30.7101707
  750. -30.708807
  751. -30.7074451
  752. -30.7060814
  753. -30.7047195
  754. -30.7033558
  755. -30.7019939
  756. -30.7006302
  757. -30.6992683
  758. -30.6979046
  759. -30.6969414
  760. -30.6962109
  761. -30.6954823
  762. -30.6947517
  763. -30.6940231
  764. -30.6932945
  765. -30.692564
  766. -30.6918354
  767. -30.6911068
  768. -30.6903763
  769. -30.6896477
  770. -30.6889191
  771. -30.6881886
  772. -30.6874599
  773. -30.6867313
  774. -30.6860008
  775. -30.6852722
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  776. -30.6845436
  777. -30.6838131
  778. -30.6830845
  779. -30.6823559
  780. -30.6816254
  781. -30.6808968
  782. -30.6801682
  783. -30.6794376
  784. -30.678709
  785. -30.6779804
  786. -30.6769772
  787. -30.6756802
  788. -30.6743813
  789. -30.6730824
  790. -30.6717834
  791. -30.6704865
  792. -30.6691875
  793. -30.6678886
  794. -30.6665897
  795. -30.6652927
  796. -30.6639938
  797. -30.6626949
  798. -30.661396
  799. -30.660099
  800. -30.6588001
  801. -30.6575012
  802. -30.6562023
  803. -30.6549053
  804. -30.6536064
  805. -30.6523075
  806. -30.6510086
  807. -30.6497116
  808. -30.6484127
  809. -30.6471138
  810. -30.6458149
  811. -30.6445637
  812. -30.6435909
  813. -30.6426182
  814. -30.6416454
  815. -30.6406727
  816. -30.6397018
  817. -30.6387291
  818. -30.6377563
  819. -30.6367836
  820. -30.6358109
  821. -30.6348381
  822. -30.6338673
  823. -30.6328945
  824. -30.6319218
  825. -30.630949
  826. -30.6299763
  827. -30.6290054
  828. -30.6280327
  829. -30.6270599
  830. -30.6260872
  831. -30.6251144
  832. -30.6241417
  833. -30.6231709
  834. -30.6221981
  835. -30.6212254
  836. -30.6202526
  837. -30.6192799
  838. -30.618309
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  839. -30.6168594
  840. -30.615406
  841. -30.6139526
  842. -30.6125011
  843. -30.6110477
  844. -30.6095943
  845. -30.6081409
  846. -30.6066875
  847. -30.6052341
  848. -30.6037827
  849. -30.6023293
  850. -30.6008759
  851. -30.5994225
  852. -30.5979691
  853. -30.5965176
  854. -30.5950642
  855. -30.5936108
  856. -30.5921574
  857. -30.5908623
  858. -30.5895863
  859. -30.5883083
  860. -30.5870323
  861. -30.5857563
  862. -30.5844803
  863. -30.5832043
  864. -30.5819283
  865. -30.5806522
  866. -30.5793743
  867. -30.5780983
  868. -30.5768223
  869. -30.5755463
  870. -30.5742702
  871. -30.5729942
  872. -30.5717163
  873. -30.5704403
  874. -30.5691643
  875. -30.5695553
  876. -30.570385
  877. -30.5712128
  878. -30.5720425
  879. -30.5728703
  880. -30.5737
  881. -30.5745277
  882. -30.5753574
  883. -30.5761852
  884. -30.5770149
  885. -30.5778427
  886. -30.5786724
  887. -30.5795002
  888. -30.5803299
  889. -30.5811577
  890. -30.5819874
  891. -30.5828152
  892. -30.5836449
  893. -30.5844727
  894. -30.5853024
  895. -30.5860863
  896. -30.5868626
  897. -30.5876408
  898. -30.5884171
  899. -30.5891953
  900. -30.5899734
  901. -30.5907497
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  902. -30.5915279
  903. -30.5923061
  904. -30.5930824
  905. -30.5938606
  906. -30.5946369
  907. -30.5954151
  908. -30.5961933
  909. -30.5969696
  910. -30.5977478
  911. -30.598526
  912. -30.5993023
  913. -30.6000805
  914. -30.6008587
  915. -30.601635
  916. -30.6024132
  917. -30.6031895
  918. -30.6039677
  919. -30.6047459
  920. -30.6055336
  921. -30.6063309
  922. -30.6071301
  923. -30.6079273
  924. -30.6087246
  925. -30.6095219
  926. -30.6103191
  927. -30.6111183
  928. -30.6119156
  929. -30.6127129
  930. -30.6135101
  931. -30.6143074
  932. -30.6151066
  933. -30.6159039
  934. -30.6167011
  935. -30.6174984
  936. -30.6182957
  937. -30.6190948
  938. -30.6198921
  939. -30.6206894
  940. -30.6214867
  941. -30.6222858
  942. -30.6230831
  943. -30.6238804
  944. -30.6246777
  945. -30.6254749
  946. -30.6262741
  947. -30.6270714
  948. -30.6278687
  949. -30.6289082
  950. -30.6301193
  951. -30.6313286
  952. -30.6325397
  953. -30.6337509
  954. -30.6349621
  955. -30.6361732
  956. -30.6373825
  957. -30.6385937
  958. -30.6398048
  959. -30.641016
  960. -30.6422272
  961. -30.6434364
  962. -30.6446476
  963. -30.6458588
  964. -30.6470699
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  965. -30.6482811
  966. -30.6494904
  967. -30.6507015
  968. -30.6519127
  969. -30.6531239
  970. -30.654335
  971. -30.6562176
  972. -30.6582069
  973. -30.6601963
  974. -30.6621857
  975. -30.6641731
  976. -30.6661625
  977. -30.6681519
  978. -30.6701412
  979. -30.6721306
  980. -30.6741199
  981. -30.6761074
  982. -30.6780968
  983. -30.6800861
  984. -30.6820755
  985. -30.6840649
  986. -30.6860542
  987. -30.6880436
  988. -30.6900311
  989. -30.6920204
  990. -30.6940098
  991. -30.6958351
  992. -30.6976547
  993. -30.6994724
  994. -30.7012901
  995. -30.7031078
  996. -30.7049274
  997. -30.7067451
  998. -30.7085629
  999. -30.7103806
  1000. -30.7122002
  1001. -30.7140179
  1002. -30.7158356
  1003. -30.7176533
  1004. -30.7194729
  1005. -30.7212906
  1006. -30.7231083
  1007. -30.724926
  1008. -30.7267456
  1009. -30.7289104
  1010. -30.7311325
  1011. -30.7333546
  1012. -30.7355766
  1013. -30.7378006
  1014. -30.7400227
  1015. -30.7422447
  1016. -30.7444668
  1017. -30.7466888
  1018. -30.7489109
  1019. -30.751133
  1020. -30.753355
  1021. -30.755579
  1022. -30.7578011
  1023. -30.7600231
  1024. -30.7622452
  1025. -30.7644482
  1026. -30.7666359
  1027. -30.7688236
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  1028. -30.7710114
  1029. -30.7731991
  1030. -30.7753868
  1031. -30.7775745
  1032. -30.7797623
  1033. -30.78195
  1034. -30.7841377
  1035. -30.7863255
  1036. -30.7885132
  1037. -30.7907009
  1038. -30.7928886
  1039. -30.7950764
  1040. -30.7972641
  1041. -30.7994518
  1042. -30.8016396
  1043. -30.8050804
  1044. -30.8099327
  1045. -30.814785
  1046. -30.8196373
  1047. -30.8244915
  1048. -30.8293438
  1049. -30.8341961
  1050. -30.8390484
  1051. -30.8439007
  1052. -30.8487549
  1053. -30.8536072
  1054. -30.8588295
  1055. -30.8642883
  1056. -30.8697472
  1057. -30.8752041
  1058. -30.8806629
  1059. -30.8861217
  1060. -30.8915806
  1061. -30.8970394
  1062. -30.9024982
  1063. -30.906683
  1064. -30.9098663
  1065. -30.9130497
  1066. -30.9162331
  1067. -30.9194183
  1068. -30.9226017
  1069. -30.9257851
  1070. -30.9289684
  1071. -30.9321518
  1072. -30.9353371
  1073. -30.9385204
  1074. -30.9417038
  1075. -30.9448872
  1076. -30.9480705
  1077. -30.9513321
  1078. -30.955492
  1079. -30.9596519
  1080. -30.9638119
  1081. -30.9679699
  1082. -30.9721298
  1083. -30.9762897
  1084. -30.9804497
  1085. -30.9846077
  1086. -30.9887676
  1087. -30.9929276
  1088. -30.9970875
  1089. -31.0012455
  1090. -31.0053787
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  1091. -31.0094738
  1092. -31.0135708
  1093. -31.0176659
  1094. -31.0217609
  1095. -31.025856
  1096. -31.0299511
  1097. -31.0340462
  1098. -31.0381413
  1099. -31.0422363
  1100. -31.0463314
  1101. -31.0504284
  1102. -31.0545235
  1103. -31.0586185
  1104. -31.0627136
  1105. -31.0663853
  1106. -31.0700245
  1107. -31.0736637
  1108. -31.0773029
  1109. -31.0809422
  1110. -31.0845814
  1111. -31.0882206
  1112. -31.0918617
  1113. -31.0955009
  1114. -31.0991402
  1115. -31.1027794
  1116. -31.1064186
  1117. -31.1100578
  1118. -31.1136971
  1119. -31.1170635
  1120. -31.1200962
  1121. -31.1231289
  1122. -31.1261616
  1123. -31.1291943
  1124. -31.1322269
  1125. -31.1352596
  1126. -31.1382923
  1127. -31.141325
  1128. -31.1443577
  1129. -31.1473904
  1130. -31.150423
  1131. -31.1534557
  1132. -31.1564884
  1133. -31.1595211
  1134. -31.1625538
  1135. -31.1655235
  1136. -31.1681709
  1137. -31.1708183
  1138. -31.1734638
  1139. -31.1761112
  1140. -31.1787586
  1141. -31.181406
  1142. -31.1840515
  1143. -31.1866989
  1144. -31.1893463
  1145. -31.1919937
  1146. -31.1946392
  1147. -31.1972866
  1148. -31.199934
  1149. -31.2025795
  1150. -31.2052269
  1151. -31.2078743
  1152. -31.2105217
  1153. -31.2131672
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  1154. -31.2158146
  1155. -31.2185955
  1156. -31.2217808
  1157. -31.2249641
  1158. -31.2281475
  1159. -31.2313309
  1160. -31.2345142
  1161. -31.2376995
  1162. -31.2408829
  1163. -31.2440662
  1164. -31.2472496
  1165. -31.250433
  1166. -31.2536182
  1167. -31.2568016
  1168. -31.259985
  1169. -31.2631683
  1170. -31.2660789
  1171. -31.2689095
  1172. -31.27174
  1173. -31.2745686
  1174. -31.2773991
  1175. -31.2802296
  1176. -31.2830582
  1177. -31.2858887
  1178. -31.2887192
  1179. -31.2915478
  1180. -31.2943783
  1181. -31.2972088
  1182. -31.3000374
  1183. -31.3028679
  1184. -31.3056984
  1185. -31.308527
  1186. -31.3114853
  1187. -31.314579
  1188. -31.3176727
  1189. -31.3207664
  1190. -31.3238602
  1191. -31.3269539
  1192. -31.3300476
  1193. -31.3331413
  1194. -31.336235
  1195. -31.3393288
  1196. -31.3424244
  1197. -31.3455181
  1198. -31.3486118
  1199. -31.3517056
  1200. -31.3547993
  1201. -31.357893
  1202. -31.3609867
  1203. -31.3640804
  1204. -31.3671513
  1205. -31.3701839
  1206. -31.3732166
  1207. -31.3762493
  1208. -31.379282
  1209. -31.3823147
  1210. -31.3853474
  1211. -31.3883801
  1212. -31.3914127
  1213. -31.3944454
  1214. -31.3974762
  1215. -31.4005089
  1216. -31.4035416
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  1217. -31.4065742
  1218. -31.4096069
  1219. -31.4126396
  1220. -31.4156361
  1221. -31.4182625
  1222. -31.4208908
  1223. -31.4235191
  1224. -31.4261456
  1225. -31.4287739
  1226. -31.4314003
  1227. -31.4340286
  1228. -31.436655
  1229. -31.4392834
  1230. -31.4419098
  1231. -31.4445381
  1232. -31.4471645
  1233. -31.4497929
  1234. -31.4524193
  1235. -31.4550476
  1236. -31.4576759
  1237. -31.4611111
  1238. -31.4647503
  1239. -31.4683876
  1240. -31.4720268
  1241. -31.4756641
  1242. -31.4793034
  1243. -31.4829426
  1244. -31.4865799
  1245. -31.4902191
  1246. -31.4938564
  1247. -31.4974957
  1248. -31.501133
  1249. -31.5045948
  1250. -31.5068741
  1251. -31.5091534
  1252. -31.5114326
  1253. -31.5137119
  1254. -31.5159912
  1255. -31.5182705
  1256. -31.5205498
  1257. -31.5228271
  1258. -31.5251064
  1259. -31.5273857
  1260. -31.529665
  1261. -31.5319443
  1262. -31.5342236
  1263. -31.5365028
  1264. -31.5387821
  1265. -31.5410614
  1266. -31.5433388
  1267. -31.5456181
  1268. -31.5478973
  1269. -31.5501766
  1270. -31.5524559
  1271. -31.5548782
  1272. -31.5575047
  1273. -31.560133
  1274. -31.5627594
  1275. -31.5653877
  1276. -31.5680141
  1277. -31.5706425
  1278. -31.5732689
  1279. -31.5758972
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  1280. -31.5785236
  1281. -31.5811501
  1282. -31.5837784
  1283. -31.5864048
  1284. -31.5890331
  1285. -31.5916595
  1286. -31.5942879
  1287. -31.5970364
  1288. -31.6006737
  1289. -31.604311
  1290. -31.6079483
  1291. -31.6115856
  1292. -31.6152229
  1293. -31.6188602
  1294. -31.6224976
  1295. -31.6261349
  1296. -31.6297722
  1297. -31.6334095
  1298. -31.6369114
  1299. -31.640028
  1300. -31.6431465
  1301. -31.6462631
  1302. -31.6493816
  1303. -31.6524982
  1304. -31.6556168
  1305. -31.6587334
  1306. -31.6618519
  1307. -31.6649685
  1308. -31.668087
  1309. -31.6712036
  1310. -31.6743221
  1311. -31.678606
  1312. -31.6836987
  1313. -31.6887932
  1314. -31.6938877
  1315. -31.6989822
  1316. -31.7040749
  1317. -31.7091694
  1318. -31.7142639
  1319. -31.7193584
  1320. -31.7233887
  1321. -31.7265129
  1322. -31.7296391
  1323. -31.7327652
  1324. -31.7358894
  1325. -31.7390156
  1326. -31.7421398
  1327. -31.745266
  1328. -31.7483921
  1329. -31.7515163
  1330. -31.7546425
  1331. -31.7577667
  1332. -31.7608929
  1333. -31.7666836
  1334. -31.772871
  1335. -31.7790585
  1336. -31.7852459
  1337. -31.7914352
  1338. -31.7976227
  1339. -31.8038101
  1340. -31.8099995
  1341. -31.8161869
  1342. -31.8217697
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  1343. -31.8272209
  1344. -31.8326721
  1345. -31.8381233
  1346. -31.8435745
  1347. -31.8490257
  1348. -31.8544769
  1349. -31.8599281
  1350. -31.8653793
  1351. -31.8708305
  1352. -31.8762817
  1353. -31.8799934
  1354. -31.8836327
  1355. -31.8872719
  1356. -31.8909111
  1357. -31.8945503
  1358. -31.8981915
  1359. -31.9018307
  1360. -31.9054699
  1361. -31.9091091
  1362. -31.9127483
  1363. -31.9163876
  1364. -31.9200268
  1365. -31.9236679
  1366. -31.9273071
  1367. -31.9307308
  1368. -31.9339218
  1369. -31.9371128
  1370. -31.9403038
  1371. -31.9434929
  1372. -31.9466839
  1373. -31.9498749
  1374. -31.9530659
  1375. -31.9562569
  1376. -31.9594479
  1377. -31.9626389
  1378. -31.9658279
  1379. -31.9690189
  1380. -31.9722099
  1381. -31.9754009
  1382. -31.9783115
  1383. -31.9812241
  1384. -31.9841347
  1385. -31.9870472
  1386. -31.9899578
  1387. -31.9928703
  1388. -31.9957809
  1389. -31.9986935
  1390. -32.001606
  1391. -32.0045166
  1392. -32.0074272
  1393. -32.0103378
  1394. -32.0132523
  1395. -32.0161629
  1396. -32.0190735
  1397. -32.0219841
  1398. -32.0248947
  1399. -32.0278091
  1400. -32.0302811
  1401. -32.032711
  1402. -32.0351372
  1403. -32.0375633
  1404. -32.0399895
  1405. -32.0424156
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  1406. -32.0448418
  1407. -32.0472679
  1408. -32.0496941
  1409. -32.0521202
  1410. -32.0545464
  1411. -32.0569725
  1412. -32.0593987
  1413. -32.0618248
  1414. -32.0642509
  1415. -32.0666771
  1416. -32.0691795
  1417. -32.0717278
  1418. -32.0742722
  1419. -32.0768204
  1420. -32.0793686
  1421. -32.081913
  1422. -32.0844612
  1423. -32.0870094
  1424. -32.0895538
  1425. -32.0921021
  1426. -32.0946503
  1427. -32.0971947
  1428. -32.0997429
  1429. -32.1022911
  1430. -32.1048355
  1431. -32.1073837
  1432. -32.1099319
  1433. -32.1124802
  1434. -32.1140556
  1435. -32.1147385
  1436. -32.1154251
  1437. -32.1161079
  1438. -32.1167908
  1439. -32.1174736
  1440. -32.1181564
  1441. -32.1188431
  1442. -32.1195259
  1443. -32.1202087
  1444. -32.1208916
  1445. -32.1215782
  1446. -32.122261
  1447. -32.1229439
  1448. -32.1236267
  1449. -32.1243095
  1450. -32.1249962
  1451. -32.125679
  1452. -32.1263618
  1453. -32.1270447
  1454. -32.1277275
  1455. -32.1284142
  1456. -32.129097
  1457. -32.1297798
  1458. -32.1304626
  1459. -32.1311493
  1460. -32.1318321
  1461. -32.132515
  1462. -32.1331978
  1463. -32.1339684
  1464. -32.1348038
  1465. -32.135643
  1466. -32.1364784
  1467. -32.1373177
  1468. -32.1381531
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  1469. -32.1389923
  1470. -32.1398277
  1471. -32.140667
  1472. -32.1415024
  1473. -32.1423416
  1474. -32.143177
  1475. -32.1440125
  1476. -32.1448517
  1477. -32.1456871
  1478. -32.1465263
  1479. -32.1473618
  1480. -32.148201
  1481. -32.1490364
  1482. -32.1498756
  1483. -32.1507111
  1484. -32.1515503
  1485. -32.1523857
  1486. -32.1532097
  1487. -32.1536407
  1488. -32.154068
  1489. -32.1544991
  1490. -32.1549263
  1491. -32.1553574
  1492. -32.1557846
  1493. -32.1562157
  1494. -32.1566429
  1495. -32.157074
  1496. -32.1575012
  1497. -32.1579323
  1498. -32.1583595
  1499. -32.1587906
  1500. -32.1592178
  1501. -32.1596489
  1502. -32.1600761
  1503. -32.1605072
  1504. -32.1609344
  1505. -32.1613617
  1506. -32.1617928
  1507. -32.16222
  1508. -32.1626511
  1509. -32.1630783
  1510. -32.1635094
  1511. -32.1639366
  1512. -32.1643677
  1513. -32.1647949
  1514. -32.165226
  1515. -32.1656532
  1516. -32.1660843
  1517. -32.1669197
  1518. -32.1689224
  1519. -32.1709213
  1520. -32.1729202
  1521. -32.1749191
  1522. -32.1769218
  1523. -32.1789207
  1524. -32.1809196
  1525. -32.1829185
  1526. -32.1849213
  1527. -32.1869202
  1528. -32.1889191
  1529. -32.190918
  1530. -32.1929207
  1531. -32.1949196
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  1532. -32.1969185
  1533. -32.1989174
  1534. -32.2009201
  1535. -32.2030067
  1536. -32.205555
  1537. -32.2080994
  1538. -32.2106476
  1539. -32.2131958
  1540. -32.2157402
  1541. -32.2182884
  1542. -32.2208366
  1543. -32.223381
  1544. -32.2259293
  1545. -32.2284775
  1546. -32.2310219
  1547. -32.2335701
  1548. -32.2361183
  1549. -32.2386627
  1550. -32.2412109
  1551. -32.2437592
  1552. -32.2463036
  1553. -32.248745
  1554. -32.249527
  1555. -32.250309
  1556. -32.251091
  1557. -32.251873
  1558. -32.252655
  1559. -32.2534332
  1560. -32.2542152
  1561. -32.2549973
  1562. -32.2557793
  1563. -32.2565613
  1564. -32.2573433
  1565. -32.2581253
  1566. -32.2589035
  1567. -32.2596855
  1568. -32.2604675
  1569. -32.2612495
  1570. -32.2620316
  1571. -32.2628136
  1572. -32.2635956
  1573. -32.2643738
  1574. -32.2651558
  1575. -32.2659378
  1576. -32.2667198
  1577. -32.2675018
  1578. -32.2682838
  1579. -32.267849
  1580. -32.2669411
  1581. -32.2660332
  1582. -32.2651253
  1583. -32.2642174
  1584. -32.2633095
  1585. -32.2624016
  1586. -32.2614937
  1587. -32.2605858
  1588. -32.2596779
  1589. -32.25877
  1590. -32.2578621
  1591. -32.2569542
  1592. -32.2560463
  1593. -32.2551384
  1594. -32.2542305
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  1595. -32.2533226
  1596. -32.2524147
  1597. -32.2515068
  1598. -32.2505989
  1599. -32.249691
  1600. -32.2487831
  1601. -32.2478752
  1602. -32.2469711
  1603. -32.2460632
  1604. -32.2442856
  1605. -32.2410965
  1606. -32.2379036
  1607. -32.2347145
  1608. -32.2315254
  1609. -32.2283325
  1610. -32.2251434
  1611. -32.2219505
  1612. -32.2187614
  1613. -32.2155724
  1614. -32.2123795
  1615. -32.2091904
  1616. -32.2059975
  1617. -32.2028084
  1618. -32.1996193
  1619. -32.1952057
  1620. -32.1906548
  1621. -32.1861076
  1622. -32.1815567
  1623. -32.1770096
  1624. -32.1724625
  1625. -32.1679115
  1626. -32.1633644
  1627. -32.1588135
  1628. -32.1542664
  1629. -32.1496239
  1630. -32.1428032
  1631. -32.1359787
  1632. -32.1291542
  1633. -32.1223335
  1634. -32.115509
  1635. -32.1086845
  1636. -32.1018639
  1637. -32.0958405
  1638. -32.0900154
  1639. -32.0841942
  1640. -32.0783691
  1641. -32.0725479
  1642. -32.0667229
  1643. -32.0609016
  1644. -32.0550766
  1645. -32.0492554
  1646. -32.0431557
  1647. -32.0369682
  1648. -32.0307808
  1649. -32.0245934
  1650. -32.0184059
  1651. -32.0122185
  1652. -32.006031
  1653. -31.9998436
  1654. -31.9936562
  1655. -31.987978
  1656. -31.9825172
  1657. -31.9770584
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  1658. -31.9715977
  1659. -31.9661369
  1660. -31.9606762
  1661. -31.9552155
  1662. -31.9497566
  1663. -31.9442959
  1664. -31.9388351
  1665. -31.9333744
  1666. -31.9267006
  1667. -31.9197941
  1668. -31.9128876
  1669. -31.9059811
  1670. -31.8990746
  1671. -31.89217
  1672. -31.8852634
  1673. -31.8783569
  1674. -31.8714504
  1675. -31.8646107
  1676. -31.8577862
  1677. -31.8509636
  1678. -31.844141
  1679. -31.8373165
  1680. -31.8304939
  1681. -31.8236713
  1682. -31.8188457
  1683. -31.8156548
  1684. -31.8124638
  1685. -31.8092747
  1686. -31.8060837
  1687. -31.8028927
  1688. -31.7997017
  1689. -31.7965107
  1690. -31.7933216
  1691. -31.7901306
  1692. -31.7869396
  1693. -31.7837486
  1694. -31.7805595
  1695. -31.7773685
  1696. -31.7742462
  1697. -31.7720222
  1698. -31.7698002
  1699. -31.7675781
  1700. -31.7653561
  1701. -31.763134
  1702. -31.7609119
  1703. -31.7586899
  1704. -31.7564659
  1705. -31.7542439
  1706. -31.7520218
  1707. -31.7497997
  1708. -31.7475777
  1709. -31.7453556
  1710. -31.7431335
  1711. -31.7409096
  1712. -31.7386875
  1713. -31.7362499
  1714. -31.7337494
  1715. -31.7312489
  1716. -31.7287483
  1717. -31.7262497
  1718. -31.7237492
  1719. -31.7212486
  1720. -31.71875
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  1721. -31.7162495
  1722. -31.7137489
  1723. -31.7112503
  1724. -31.7087498
  1725. -31.7062492
  1726. -31.7037487
  1727. -31.7026672
  1728. -31.7048893
  1729. -31.7071114
  1730. -31.7093334
  1731. -31.7115555
  1732. -31.7137775
  1733. -31.7159996
  1734. -31.7182217
  1735. -31.7204437
  1736. -31.7226658
  1737. -31.7248878
  1738. -31.7271099
  1739. -31.729332
  1740. -31.731554
  1741. -31.733778
  1742. -31.7360001
  1743. -31.7382336
  1744. -31.7416115
  1745. -31.7449894
  1746. -31.7483673
  1747. -31.7517452
  1748. -31.7551231
  1749. -31.7585011
  1750. -31.761879
  1751. -31.7652588
  1752. -31.7686367
  1753. -31.7720146
  1754. -31.7753925
  1755. -31.7787704
  1756. -31.7821598
  1757. -31.7855721
  1758. -31.7889824
  1759. -31.7923946
  1760. -31.7958069
  1761. -31.7992172
  1762. -31.8026295
  1763. -31.8060417
  1764. -31.8094521
  1765. -31.8128643
  1766. -31.8162766
  1767. -31.8196888
  1768. -31.8230991
  1769. -31.8265114
  1770. -31.8299236
  1771. -31.8339767
  1772. -31.8381367
  1773. -31.8422966
  1774. -31.8464565
  1775. -31.8506145
  1776. -31.8547745
  1777. -31.8589344
  1778. -31.8630943
  1779. -31.8672523
  1780. -31.8714123
  1781. -31.8755722
  1782. -31.8797302
  1783. -31.8841381
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  1784. -31.8895988
  1785. -31.8950577
  1786. -31.9005184
  1787. -31.9059792
  1788. -31.9114399
  1789. -31.9169006
  1790. -31.9223595
  1791. -31.9278202
  1792. -31.9332809
  1793. -31.9387417
  1794. -31.9437523
  1795. -31.9478512
  1796. -31.9519482
  1797. -31.9560471
  1798. -31.960146
  1799. -31.9642429
  1800. -31.9683418
  1801. -31.9724407
  1802. -31.9765377
  1803. -31.9806366
  1804. -31.9847355
  1805. -31.9888325
  1806. -31.9929314
  1807. -31.9970284
  1808. -32.0011292
  1809. -32.0075684
  1810. -32.0143929
  1811. -32.0212173
  1812. -32.028038
  1813. -32.0348625
  1814. -32.041687
  1815. -32.0485077
  1816. -32.0542603
  1817. -32.0593529
  1818. -32.0644455
  1819. -32.0695419
  1820. -32.0746346
  1821. -32.0797272
  1822. -32.0848198
  1823. -32.0899162
  1824. -32.0950089
  1825. -32.1054955
  1826. -32.1200523
  1827. -32.134613
  1828. -32.1491699
  1829. -32.1572456
  1830. -32.1649818
  1831. -32.1727142
  1832. -32.1804504
  1833. -32.1881866
  1834. -32.195919
  1835. -32.2036552
  1836. -32.2100334
  1837. -32.2158546
  1838. -32.2216797
  1839. -32.2275009
  1840. -32.233326
  1841. -32.2391472
  1842. -32.2449722
  1843. -32.2507935
  1844. -32.2566185
  1845. -32.2621994
  1846. -32.2676582
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  1847. -32.2731171
  1848. -32.2785759
  1849. -32.2840347
  1850. -32.2894936
  1851. -32.2949524
  1852. -32.3004112
  1853. -32.3058701
  1854. -32.3087387
  1855. -32.3099556
  1856. -32.3111725
  1857. -32.3123856
  1858. -32.3136024
  1859. -32.3148193
  1860. -32.3160324
  1861. -32.3172493
  1862. -32.3184662
  1863. -32.3196793
  1864. -32.3208961
  1865. -32.3221092
  1866. -32.3233261
  1867. -32.324543
  1868. -32.3257561
  1869. -32.326973
  1870. -32.3281898
  1871. -32.3294029
  1872. -32.3306198
  1873. -32.3318367
  1874. -32.3330498
  1875. -32.3342667
  1876. -32.3316994
  1877. -32.3286705
  1878. -32.3256378
  1879. -32.3226051
  1880. -32.3195724
  1881. -32.3165398
  1882. -32.3135071
  1883. -32.3104744
  1884. -32.3074417
  1885. -32.304409
  1886. -32.3013763
  1887. -32.2983437
  1888. -32.295311
  1889. -32.2922783
  1890. -32.2892456
  1891. -32.2862129
  1892. -32.2800865
  1893. -32.2718964
  1894. -32.2637062
  1895. -32.2555122
  1896. -32.2473221
  1897. -32.2391319
  1898. -32.2309418
  1899. -32.2225876
  1900. -32.2139397
  1901. -32.2052956
  1902. -32.1966476
  1903. -32.1880035
  1904. -32.1793556
  1905. -32.1707115
  1906. -32.1618652
  1907. -32.1515503
  1908. -32.1412392
  1909. -32.1309242
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  1910. -32.1206131
  1911. -32.1102982
  1912. -32.0957985
  1913. -32.0794182
  1914. -32.0630341
  1915. -32.0469475
  1916. -32.0348129
  1917. -32.0226784
  1918. -32.01054
  1919. -31.9984035
  1920. -31.986269
  1921. -31.9632645
  1922. -31.9341507
  1923. -31.9193859
  1924. -31.9075642
  1925. -31.8957405
  1926. -31.8847771
  1927. -31.8770409
  1928. -31.8693066
  1929. -31.8615723
  1930. -31.853838
  1931. -31.8461018
  1932. -31.8383675
  1933. -31.8306332
  1934. -31.8153954
  1935. -31.7999268
  1936. -31.7844563
  1937. -31.7635727
  1938. -31.7326317
  1939. -31.7017212
  1940. -31.6708393
  1941. -31.6549721
  1942. -31.644659
  1943. -31.634346
  1944. -31.624033
  1945. -31.6137199
  1946. -31.6023979
  1947. -31.5887222
  1948. -31.5750484
  1949. -31.5613747
  1950. -31.5491714
  1951. -31.5376625
  1952. -31.5261517
  1953. -31.5146408
  1954. -31.5031319
  1955. -31.4957123
  1956. -31.5005646
  1957. -31.5054169
  1958. -31.5102711
  1959. -31.5151234
  1960. -31.5199757
  1961. -31.524828
  1962. -31.5296803
  1963. -31.5345345
  1964. -31.5393867
  1965. -31.544239
  1966. -31.5528774
  1967. -31.5674343
  1968. -31.5819931
  1969. -31.5965519
  1970. -31.6048031
  1971. -31.6111698
  1972. -31.6175365
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dahl-jensen-gripbh1yrinterp.txt
  1973. -31.6239052
  1974. -31.6302719
  1975. -31.6366405
  1976. -31.6430073
  1977. -31.6488914
  1978. -31.6543465
  1979. -31.6598034
  1980. -31.6652584
  1981. -31.6707153
  1982. -31.6761703
  1983. -31.6816254
  1984. -31.6856499
  1985. -31.6861706
  1986. -31.6866932
  1987. -31.6872139
  1988. -31.6877346
  1989. -31.6882553
  1990. -31.688776
  1991. -31.6892967
  1992. -31.6898193
  1993. -31.69034
  1994. -31.6908607
  1995. -31.6913815
  1996. -31.6919022
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F om ich el E  M nn
To   l  h h l  h f
Su j ct e  e n thi ?
Da e u day  Ap l 7  20 3 6 34 1 AM

Dea  All

The e we e wo s m la  a t cles along these lines  one of wh ch (Covey et al) hil and I we e co-autho s on  the the  wh ch was a s udent (Be l) of i a Sloan's  Both a e decent

You can downlo d the Covey a t cle he e

ftp /holocene ev c vi g n a edu/pub/mann/Coveyetal-Glob lanChng03 pdf

I've also pos ed the Bell et al and C on n a icles he e tempo a ly

ftp /holocene ev c vi g n a edu/pub/mann/Belletal-Glob lanChng03 pdf
f

And anothe  pape  wo th checking out is C on n et al (I've al eady sked them fo  the eco d-- t should be useful in ou  effo ts to extend the econst uc ions back towa ds 0AD -wi l keep you a l posted on my effo s o get othe  e o ds)

mike

At 09 18 AM 4/27/2003 -0400  Raymond S  B adley w o e

have not had chance o locate th s ou nal yet

<h / / l h l >Global and lane a y Change
<h / / l l - -

l l f l l l l f l f f l f l l l f l l l l f h l f
>Volume 37  Issues 1-2  10 June 2003  ages 19-32
Evalua ion  nte ompa ison and Applica i n of Global Climate Mod ls
220c6e pg
220c9d pg
This Do ument
220cbc pg Ab t a t
220ccc jpg <h tp /www cien edi ect com/sc ence?_ob=A t cleUR &_ud =B6V 0-47JC R8-1&_use = 0&_ ove Date=06%2 10%2 2003&_al d=88346423&_ doc=1&_fmt=fu l&_o g=sea ch&_qd=1&_cd =599 &_ o t=d&_docancho =&v ew=c&_ac t=C000050221&_ve s on=1&_u lVe s on=0&_use id=10&md5=6b09c2ba907e607fb6b1907867e41a5a> u l Text  inks
220cdb pg < > D  (693 K)

Act ons
220c b pg <h // / l h h f l f f >E-ma l A t cle
220cfa jpg
<h tp /dx doi o g/10 1016/S0921-8181%2802%2900189-3>doi 10 1016/S0921-8181(02)00189-3 <ht p //www sc encedi e t om/ cien e?_ob=HelpUR &_file=h_b owfd tmpl&_ancho =DOI&_acc =C0 0050221&_ e s on= &_u lVe sion=0&_use id=10&md5=7824ed3a755f88c2c988169eac278 db>220d0a jpg<ht p /www s ienc di ct com/sc ence?_ob=HelpUR &_f le=h_b owfd tmpl&_ancho =DOI&_ac t=C000050221&_ve s on=1&_u lVe s on=0&_use id=10&md5=7824ed3a755f88c2c988169ea 278cdb> Ci e o  l nk using doi
Copy ght © 2003 Els vie  Sc ence B V  A l ghts e e ved

Evalua ion of No the n Hem sphe e na u al climate va abil ty n mult ple tempe atu e econst uct ons and global cl ma e model s mulat ons

J   Bell<h // / l - - l f h l f f f f ff >a  <h // / l - -
l f h l f f f f *>220d1a pg  < l l >220d29 jpg   C  Sl an<h / / l - -
l f h l f f f f f >a  J  Revenaugh<h // / l - - l f h l f f f f ff >a

and  B  Du fy h / / l - - l f h l f f f f f >b 

a Depa ment of Ea th Sc ences  Un ve s ty of Califo nia  San a C uz  CA 95064  USA
b Climate and Ca bon Cycle Mod l ng G oup  aw en e ve mo e Na ional bo ato y  i e mo e  CA 94550  USA

R ceiv d 1 Ap il 2001   a cepted 6 July 2002   Ava lable onl ne 28 De embe  2002

Abst ct

The det ct on of anth opogenic climate change n ob e va ions and the val dat on of climate models both ely on unde stand ng na u al climate va ab l ty  To ev lua e nte nal l ma e va iab l ty  we pply spect al analysis to t me se es of u f ce ai  tempe atu e (SAT) f om nine coupled gene l i cula ion model (GCM) s mulat ons  th ee e ent global paleotempe a u e econst uc ions  and No the n Hem sphe e (NH) inst umental co ds  Ou  compa is n s focused on the NH due to the g ea e  pat al and empo al ove age and valid t on of the available NH
tempe atu e econst uct ons  The paleot mpe tu e econst uc ions cap u e the gene al magn tude of NH cl ma e va iab li y  but not the p e ise va ance and spe ific spat al  empo al  o  pe od c s gnals demonst ated in the nst umental e o d  The models ach eved va y ng deg e s of suc ess fo  each measu e of va abil ty naly ed  w th n ne of the models onsi tently captu ing the app op ate va abil ty  In gene al  the models pe fo med be t n the analys s of c mb ned mean annual land and ma ne a abili y

R ymond S  B adley
D s ingu shed ofes o
Di e to  Climate System Res a ch Cen e *
Depa tment of Geo cien es
Mo ll Sc ence Cen e
611 No th leasant S e t
AMHERST  MA 01003-9297

Tel
ax

*Cl ma e Sys em Resea ch Cente
        <ht p //www paleoclimate o g>
aleo l ma ology Book Web S te  t p /www geo uma s edu/cl m te/paleo/h ml

_____________ _________ ______________________________________
                    ofesso  Michael E  Mann
           Depa ment of Envi onmen al Sc ences  Cla k Ha l
                      Unive si y of Vi g nia
                     Cha lo tesv le  VA 22903
___________________ _________________________________________________ _
e-ma l  mann@vi gin a edu   hone    AX
         ht p /www ev c vi g n a edu/faculty/ eople/mann shtml

ABOR/MH/Priv-000415



From: Raymond S. Bradley
To: mann@multiproxy.evsc.virginia.edu; srutherford@virginia.edu; mhughes@ltrr.arizona.edu
Subject: Fwd: Paleo Data
Date: Friday, March 07, 2003 9:29:56 AM
Attachments: paleodata-catalogue11.xls

I attach a spread sheet summarizing the paleo-data sets currently held
here.  I have not attempted any kind of "quality control" in this
inventory--clearly some of these records are suspect (at best) and maybe
just rubbish (e.g. some of Lamb's early anecdotal compilations).  There is
also a fair amount of duplication (or shingling) in certain sets (eg the
different Agassiz ice core records based on varying sets of core
combinations...).  Nevertheless, this gets us to the point where we can
start to fill in additional gaps.  No doubt many of the tree-ring series
listed here are duplicated in the ITRDB or in Malcolm's holdings.
we also have digitized some long low frequency types of data --glacier
positions, for example, but these are no included here.
Comments welcome...
Ray
PS I'll be at the Aston hotel in Nice, april 6-11.  Given the Bush stance,
better bring a gas mask...

>Date: Thu, 06 Mar 2003 11:59:16 -0500
>From: Frank Keimig <frank@geo.umass.edu>
>User-Agent: Mozilla/5.0 (Windows; U; Win98; en-US; rv:1.0.2)
>Gecko/20021120 Netscape/7.01
>X-Accept-Language: en-us, en
>To: "Raymond S. Bradley" <rbradley@geo.umass.edu>
>Subject: Paleo Data
>
>Ray,
>
>Attached is the up to date paleo data catalog.  I have a few files I need
>to identify:
>elephant.dat
>hankou.win
>riaotemp.sum
>santpcp.win
>shanghai.win
>Any of these look familiar?
>
>Also, is any of the "grapes" data I inherited when I got here of any use?
>
>Frank
>
>--
>Frank Keimig
>Climate System Research Center
>Department of Geosciences
>University of Massachusetts
>Amherst, MA 01003
>
>Fax: 
>
>
>

Raymond S. Bradley
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Distinguished Professor
Director, Climate System Research Center*
Department of Geosciences
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel: 
Fax: 
*Climate System Research Center: 
         <http://www.paleoclimate.org>
Paleoclimatology Book Web Site: http://www.geo.umass.edu/climate/paleo/html
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Description Type Resolution File Dates Location Notes

Cebu Island, Philippines coral 18O CI ANN cebu.o18 1859-1980 vortex c:\frank\climate1\paleo\paleo.zip From Patzold

Galapagos coral 18O CI ANN galapago.2 1607-1981 vortex c:\frank\climate5\corals\allfiles.zip From Rob Dunbar
Great Barrier Reef coral calcification CO ANN jlough 1615-1982 vortex c:\frank\climate1\paleo\paleo.zip From J. Lough
Wetness/dryness index at 120 stations in China HO ANN china.wet 1470-1979 vortex c:\frank\climate5\histser\allfiles.zip 1 value for each station (stations found in china.stn)*
Beijing reconstructed April to August temperatures HO ANN beijsum.dat 1724-1986 vortex c:\frank\climate5\histser\allfiles.zip 5 monthly values per year*
East China decadal dust rain frequency HO DEC zhandust.frq 1400-1930 vortex c:\frank\climate5\histser\allfiles.zip # years with notable dust fall at various locations*
East China reconstructed winter temperature anomalies HO DEC wangechi.win 1470-1979 vortex c:\frank\climate5\histser\allfiles.zip Anomalies from 1880-1979*
East China reconstructed spring temperature anomalies HO DEC wangechi.spr 1470-1979 vortex c:\frank\climate5\histser\allfiles.zip Anomalies from 1880-1979*
East China reconstructed summer temperature anomalies HO DEC wangechi.sum 1470-1979 vortex c:\frank\climate5\histser\allfiles.zip Anomalies from 1880-1979*
East China reconstructed fall temperature anomalies HO DEC wangechi.fal 1470-1979 vortex c:\frank\climate5\histser\allfiles.zip Anomalies from 1880-1979*
East China reconstructed annual temperature anomalies HO DEC wangechi.ann 1470-1979 vortex c:\frank\climate5\histser\allfiles.zip Anomalies from 1880-1979*
North China reconstructed winter temperature anomalies HO DEC wangnchi.win 1380-1979 vortex c:\frank\climate5\histser\allfiles.zip Anomalies from 1880-1979*
North China reconstructed spring temperature anomalies HO DEC wangnchi.spr 1380-1979 vortex c:\frank\climate5\histser\allfiles.zip Anomalies from 1880-1979*
North China reconstructed summer temperature anomalies HO DEC wangnchi.sum 1380-1979 vortex c:\frank\climate5\histser\allfiles.zip Anomalies from 1880-1979*
North China reconstructed fall temperature anomalies HO DEC wangnchi.fal 1380-1979 vortex c:\frank\climate5\histser\allfiles.zip Anomalies from 1880-1979*
North China reconstructed annual temperature anomalies HO DEC wangnchi.ann 1380-1979 vortex c:\frank\climate5\histser\allfiles.zip Anomalies from 1880-1979*
China winter thunder frequency HO 30Y wangthun.win 1160-1880 vortex c:\frank\climate5\histser\allfiles.zip Nov, Dec, Jan*
China regional winter temperature indices HO DEC zhang.rg1 1470-1979 vortex c:\frank\climate5\histser\allfiles.zip Eastern part of Chiangjiang Basin*
China regional winter temperature indices HO DEC zhang.rg2 1470-1979 vortex c:\frank\climate5\histser\allfiles.zip Central part of Chiangjiang Basin*
China regional winter temperature indices HO DEC zhang.rg3 1470-1979 vortex c:\frank\climate5\histser\allfiles.zip Hunan and Jangxi provinces*
China regional winter temperature indices HO DEC zhang.rg4 1470-1979 vortex c:\frank\climate5\histser\allfiles.zip Southeastern provinces*
China regional winter temperature indices HO DEC zhang.rg5 1470-1979 vortex c:\frank\climate5\histser\allfiles.zip Guangdong and Guangxi provinces*
Shandong Province, China cold winter index HO DEC wuyin.win 1470-1979 vortex c:\frank\climate5\histser\allfiles.zip *
S.E. China reconstructed winter temperature anomalies HO DEC wngwngfr.win 1470-1979 vortex c:\frank\climate5\histser\allfiles.zip 24-35N, E of 112E*
S.E. China reconstructed spring temperature anomalies HO DEC wngwngfr.spr 1470-1979 vortex c:\frank\climate5\histser\allfiles.zip 24-35N, E of 112E*
S.E. China reconstructed summer temperature anomalies HO DEC wngwngfr.sum 1470-1979 vortex c:\frank\climate5\histser\allfiles.zip 24-35N, E of 112E*
S.E. China reconstructed fall temperature anomalies HO DEC wngwngfr.fal 1470-1979 vortex c:\frank\climate5\histser\allfiles.zip 24-35N, E of 112E*
S.E. China reconstructed annual temperature anomalies HO DEC wngwngfr.ann 1470-1979 vortex c:\frank\climate5\histser\allfiles.zip 24-35N, E of 112E*
Shanghai, China reconstructed winter temperature anomali HO DEC wangwang.win 1470-1979 vortex c:\frank\climate5\histser\allfiles.zip Based on freezing index and modified snowfall index*
Haihe Basin China frequency of cold winters HO DEC wuyinc.win 1500-1979 vortex c:\frank\climate5\histser\allfiles.zip *
Haihe Basin China frequency of warm winters HO DEC wuyinw.win 1500-1979 vortex c:\frank\climate5\histser\allfiles.zip *
Eastern China number of cold winters HO DEC zhangong.win 1500-1979 vortex c:\frank\climate5\histser\allfiles.zip *
Lower Yellow R., China summer temperature anomalies HO DEC wngwng1.sum 1470-1979 vortex c:\frank\climate5\histser\allfiles.zip 35N,110E;35N,120E;41N,120E;41N,110E*
Lower Yangtze R., China summer temperature anomalies HO DEC wngwng2.sum 1470-1979 vortex c:\frank\climate5\histser\allfiles.zip 25N,110E;25N,120E;35N,120E;35N,110E*
Lower Yellow R., China number of frosts HO DEC zhangong.frs 1440-1949 vortex c:\frank\climate5\histser\allfiles.zip *
Mid and lower Changjiang R., China winter temp index HO 30Y zhenfeng.win 1471-1979 vortex c:\frank\climate5\histser\allfiles.zip *
Moose Factory, Canada date of first breaking of ice HO ANN moosefac.ice 1736-1871 vortex c:\frank\climate5\histser\allfiles.zip On Moose River - julian day - ~51N, ~81W*
Fort Albany, Canada date of first breaking of ice HO ANN ftalbany.ice 1722-1866 vortex c:\frank\climate5\histser\allfiles.zip On Albany River - julian day - ~52N, ~82W*
Greenland west coast greatest extent drift ice HO ANN arcdrift.ice 1821-1939 vortex c:\frank\climate5\histser\allfiles.zip See paper file*
Santiago District, Chile winter rainfall index HO ANN chilrain.dat 1535-1973 vortex c:\frank\climate5\histser\allfiles.zip Digitized from Lamb -see paper file*
England July/August wetness/dryness index HO DEC lambeng.sum 1100-1969 vortex c:\frank\climate5\histser\allfiles.zip ~50N, ~0E - digitized from Lamb -see paper file*
England DJF mildness/severity index HO DEC lambeng.sum 1100-1969 vortex c:\frank\climate5\histser\allfiles.zip ~50N, ~0E - digitized from Lamb -see paper file*
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Bohemia, Czechoslovakia winter temperature index HO DEC bohtemp.win 1501-1900 vortex c:\frank\climate5\histser\allfiles.zip Difference in # extremely warm & extremely cold seasons*
Bohemia, Czechoslovakia spring temperature index HO DEC bohtemp.spr 1501-1900 vortex c:\frank\climate5\histser\allfiles.zip Difference in # extremely warm & extremely cold seasons*
Bohemia, Czechoslovakia summer temperature index HO DEC bohtemp.sum 1501-1900 vortex c:\frank\climate5\histser\allfiles.zip Difference in # extremely warm & extremely cold seasons*
Bohemia, Czechoslovakia fall temperature index HO DEC bohtemp.fal 1501-1900 vortex c:\frank\climate5\histser\allfiles.zip Difference in # extremely warm & extremely cold seasons*
Bohemia, Czechoslovakia winter precipitation index HO DEC bohprec.win 1501-1900 vortex c:\frank\climate5\histser\allfiles.zip Difference in # extremely wet & extremely dry seasons*
Bohemia, Czechoslovakia spring precipitation index HO DEC bohprec.spr 1501-1900 vortex c:\frank\climate5\histser\allfiles.zip Difference in # extremely wet & extremely dry seasons*
Bohemia, Czechoslovakia summer precipitation index HO DEC bohprec.sum 1501-1900 vortex c:\frank\climate5\histser\allfiles.zip Difference in # extremely wet & extremely dry seasons*
Bohemia, Czechoslovakia fall precipitation index HO DEC bohprec.fal 1501-1900 vortex c:\frank\climate5\histser\allfiles.zip Difference in # extremely wet & extremely dry seasons*
Germany DJF mildness/severity index HO DEC lambger.win 1100-1969 vortex c:\frank\climate5\histser\allfiles.zip ~50N, ~12E - digitized from Lamb -see paper file*
Germany July/August wetness/dryness index HO DEC lambger.sum 1100-1969 vortex c:\frank\climate5\histser\allfiles.zip ~50N, ~12E - digitized from Lamb -see paper file*
Russia DJF mildness/severity index HO DEC lambrus.win 1100-1969 vortex c:\frank\climate5\histser\allfiles.zip ~50N, ~35E - digitized from Lamb -see paper file*
Russia July/August wetness/dryness index HO DEC lambrus.sum 1100-1969 vortex c:\frank\climate5\histser\allfiles.zip ~50N, ~35E - digitized from Lamb -see paper file*
Central Russia winter temperature HO 30Y boriswin.dat 1500-1980 vortex c:\frank\climate5\histser\allfiles.zip 47N-65N, 25E-50E*
Central Russia spring temperature HO 30Y borisspr.dat 1500-1980 vortex c:\frank\climate5\histser\allfiles.zip 47N-65N, 25E-50E*
Central Russia summer temperature HO 30Y borissum.dat 1500-1980 vortex c:\frank\climate5\histser\allfiles.zip 47N-65N, 25E-50E*
Central Russia fall temperature HO 30Y borisfal.dat 1500-1980 vortex c:\frank\climate5\histser\allfiles.zip 47N-65N, 25E-50E*
Oresund (Danish Sound), Denmark # days with ice HO ANN oresund.ice 1763-1926 vortex c:\frank\climate5\histser\allfiles.zip Digitized from Lamb -see paper file*
Baltic Sea greatest area attained by ice HO ANN baltic.ice 1720-1957 vortex c:\frank\climate5\histser\allfiles.zip 1000s of sq km*
Riga, Latvia julian date of final opening of port HO ANN rigaopen.dat 1530-1958 vortex c:\frank\climate5\histser\allfiles.zip Digitized from Lamb -see paper file - not continuous before 1710*
China - geographic characteristics of droughts and floods HO ANN chidrout.fld 950-1984 vortex c:\frank\climate5\histser\allfiles.zip See paper file*
Japan degree of storm damage HO ANN japanstm.dmg 1650-1982 vortex c:\frank\climate5\histser\allfiles.zip Geometric mean of yearly loss of life and residential buildings*
Hirosaki, Japan est. value of winter temperature deviation HO O maejtagt.win 1661-1870 vortex c:\frank\climate5\histser\allfiles.zip From 1661-1868 mean - 20 to 40 year intervals*
Hirosaki, Japan est. value of spring temperature deviation HO O maejtagt.spr 1661-1870 vortex c:\frank\climate5\histser\allfiles.zip From 1661-1868 mean - 20 to 40 year intervals*
Hirosaki, Japan est. value of summer temperature deviationHO O maejtagt.sum 1661-1870 vortex c:\frank\climate5\histser\allfiles.zip From 1661-1868 mean - 20 to 40 year intervals*
Hirosaki, Japan est. value of fall temperature deviation HO O maejtagt.fal 1661-1870 vortex c:\frank\climate5\histser\allfiles.zip From 1661-1868 mean - 20 to 40 year intervals*
Hirosaki, Japan est. value of annual temperature deviation HO O maejtagt.ann 1661-1870 vortex c:\frank\climate5\histser\allfiles.zip From 1661-1868 mean - 20 to 40 year intervals*
Hirosaki, Japan est. value of winter precip deviation HO O maejtagp.win 1661-1870 vortex c:\frank\climate5\histser\allfiles.zip From 1661-1868 mean - 20 to 40 year intervals*
Hirosaki, Japan est. value of spring precip deviation HO O maejtagp.spr 1661-1870 vortex c:\frank\climate5\histser\allfiles.zip From 1661-1868 mean - 20 to 40 year intervals*
Hirosaki, Japan est. value of summer precip deviation HO O maejtagp.sum 1661-1870 vortex c:\frank\climate5\histser\allfiles.zip From 1661-1868 mean - 20 to 40 year intervals*
Hirosaki, Japan est. value of fall precip deviation HO O maejtagp.fal 1661-1870 vortex c:\frank\climate5\histser\allfiles.zip From 1661-1868 mean - 20 to 40 year intervals*
Hirosaki, Japan est. value of annual precip deviation HO O maejtagp.ann 1661-1870 vortex c:\frank\climate5\histser\allfiles.zip From 1661-1868 mean - 20 to 40 year intervals*
Honshu, Japan winter weather type indices HO DEC maejtagi.win 600-1900 vortex c:\frank\climate5\histser\allfiles.zip 51 year weighted running mean*
Honshu, Japan summer weather type indices HO DEC maejtagi.sum 600-1900 vortex c:\frank\climate5\histser\allfiles.zip 51 year weighted running mean*
Seoul, Korea # April-June drought months HO DEC korea.drt 1010-1969 vortex c:\frank\climate5\histser\allfiles.zip Combination of historical and instrumental*
Korea indices of warm winter weather states HO DEC koreawrm.win 1010-1979 vortex c:\frank\climate5\histser\allfiles.zip *
Korea indices of cold winter weather states HO DEC koreacld.win 1010-1979 vortex c:\frank\climate5\histser\allfiles.zip *
Korea indices of warm weather states during spr, sum, fal HO DEC koreawrm.ssf 1010-1979 vortex c:\frank\climate5\histser\allfiles.zip *
Korea indices of cold weather states during spr, sum, fal HO DEC koreacld.ssf 1010-1979 vortex c:\frank\climate5\histser\allfiles.zip *
South Korea frequency of dry and extremely dry events HO 50Y korea.dry 1392-1900 vortex c:\frank\climate5\histser\allfiles.zip *
South Korea frequency of abnormal great rainfall events HO 50Y korea.wet 1392-1900 vortex c:\frank\climate5\histser\allfiles.zip *
Ayuthya, Thailand flood levels HO ANN thaifld.ann 1831-1959 vortex c:\frank\climate5\histser\allfiles.zip For Chao Phya River*
Indian O.,Indonesia,W. Cent. Pac. O SST anomalies HO ANN wang.sst 1470-1989 vortex c:\frank\climate5\histser\allfiles.zip From 1880-1979 - 0N,180W; 0N,90W; 10S,90W; 10S,180W*
NAO reconstruction (Luterbacher) HO MON naomlyrecon.txt 1659-1995 vortex c:\frank\paleo Based on principal components regression analysis
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NAO reconstruction (Luterbacher) HO SEA naoseasrecon.txt 1500-1658 vortex c:\frank\paleo Based on principal components regression analysis
Indices of summer sea ice severity in Hudson Strait HO ANN ch1.dat 1751-1889 vortex c:\frank\climate5\histser\allfiles.zip From Climate Since A.D. 1500 - Chapter 2
Indices of summer ice severity in western Hudson Bayt HO ANN ch1.dat 1751-1869 vortex c:\frank\climate5\histser\allfiles.zip From Climate Since A.D. 1500 - Chapter 2
Indices of summer ice severity in eastern Hudson Bayt HO ANN ch1.dat 1751-1870 vortex c:\frank\climate5\histser\allfiles.zip From Climate Since A.D. 1500 - Chapter 2
Recon May/Jun Temp Anom east coast Hud./James Bay HO ANN ch1.dat 1800-1899 vortex c:\frank\climate5\histser\allfiles.zip From Climate Since A.D. 1500 - Chapter 2
Central Europe temperature and precipitation indices HO MLY ch6.dat 1525-1979 vortex c:\frank\climate5\histser\allfiles.zip From Pfister-see Climate Since A.D. 1500, Chap 6 & pfist89.dat below
Beijing May/June/July rain days and rain hours HO ANN ch11.dat 1724-1903 vortex c:\frank\climate5\histser\allfiles.zip From W.C. Wang et al. - see Climate Since A.D. 1500, Chapter 11
Honshu, Japan index of summer weather type frequencies HO DEC maejsum.csv 600-1900 vortex c:\frank\climate5\histser\allfiles.zip From Maejima and Tagami
Honshu, Japan index of winter weather type frequencies HO DEC maejwin.csv 600-1900 vortex c:\frank\climate5\histser\allfiles.zip From Maejima and Tagami
Central Europe temperature indices HO MLY pfist89.dat 1525-1989 vortex c:\frank\climate5\histser\allfiles.zip From C. Pfister - see ch6.dat and readme.pfi in allfiles.zip
South China - 3 regions - number cold winters HO DEC wng16rg6.win (also rg7,rg8) 1510-1960 vortex c:\frank\climate5\histser\allfiles.zip From Wang et al.
Milcent, Greenland ice core accumulation IA ANN l73mc.mil 1176-1967 vortex c:\frank\climate5\histser\fisher\allfiles1973 core*
Crete, Greenland ice core accumulation IA ANN l74-12.crt 553-1974 vortex c:\frank\climate5\histser\fisher\allfiles1974 core*
Mt. Logan net accumulation IA ANN ch25.dat 1721-1987 vortex c:\frank\climate5\histser\allfiles.zip From Holdsworth - see Climate Since A.D. 1500, Chap 25
Lomonosovfonna, Svalbard accumulation IA ANN ch26.dat 1657-1973 vortex c:\frank\climate5\histser\allfiles.zip From Tarussov - see Climate Since A.D. 1500, Chap 26
Milcent, Greenland accumulation IA ANN ch26.dat 1657-1973 vortex c:\frank\climate5\histser\allfiles.zip From Tarussov - see Climate Since A.D. 1500, Chap 26
Agassiz/Crete/Milcent normalized average accumulation IA ANN acmnorm3.crt 1622-1983 vortex c:\frank\climate5\histser\fisher\allfiles.zip
Agassiz Ice Cap accumulation IA ANN lamdg-1y.p89 1883-1988 vortex c:\frank\climate5\histser\fisher\allfiles.zip
E. Central Greenland normalized accumulation IA ANN lnorme2.crt 1677-1983 vortex c:\frank\climate5\histser\fisher\allfiles.zip

Central west Greenland super stack 18O II ANN delnorm6.cwg 553-1982 vortex c:\frank\climate1\paleo\paleo.zip From D. Fisher - see file fisher1 in paleo.zip

Penny 2 core 18O II ANN bld1yr.p95 1718-1992 vortex c:\frank\climate1\paleo\paleo.zip From D. Fisher

Agassiz Ice Cap 18O II ANN mg79s1y.a79 973-1972 vortex c:\frank\climate5\histser\fisher\reform1979 core*

Agassiz Ice Cap 18O II ANN mg84s1y.a84 1217-1973 vortex c:\frank\climate5\histser\fisher\allfiles1984 core*

Agassiz Ice Cap 18O II ANN mg87s1yr.a87 1313-1961 vortex c:\frank\climate5\histser\fisher\allfiles1987 core*

Agassiz Ice Cap 18O II ANN mer77s1y.a77 1349-1977 vortex c:\frank\climate5\histser\fisher\allfiles1977 core*

Devon Island Ice Cap 18O II ANN bld-1.dev 1512-1973 vortex c:\frank\climate5\histser\fisher\allfiles1972+1973 cores*

Agassiz Ice Cap 18O II 5Y mg84s5y2.a84 42 BC-1973 vortex c:\frank\climate5\histser\fisher\allfiles1984 core*

Agassiz Ice Cap 18O II 5Y mg87s5yr.a87 304 BC-1961 vortex c:\frank\climate5\histser\fisher\allfiles1987 core*

Agassiz Ice Cap 18O II 5Y mer77s5y.a77 518 BC-1977 vortex c:\frank\climate5\histser\fisher\allfiles1977 core*

Devon Island Ice Cap 18O II 5Y bld-5.dev 727 BC-1973 vortex c:\frank\climate5\histser\fisher\allfiles1972+1973 cores*

Greenland 18O II ANN mayewski.o18 1868-1984 vortex c:\frank\climate5\histser\allfiles.zip 65.01N, 44.87W*

Camp Century, Greenland 18O II 5Y cc-5ynew.ccc 1217-1972 vortex c:\frank\climate5\histser\fisher\allfiles*

Milcent, Greenland 18O II ANN mc73-1y.mil 1176-1967 vortex c:\frank\climate5\histser\fisher\allfiles1973 core*

Camp Century, Greenland 18O II ANN cc-1y.ccc 1176-1967 vortex c:\frank\climate5\histser\fisher\allfiles*

Milcent, Greenland 18O II O mc73-8.mil 1177-1967 vortex c:\frank\climate5\histser\fisher\allfiles1973 core - 8 values/year*

Crete, Greenland 18O II O ct74-12.crt 554-1974 vortex c:\frank\climate5\histser\fisher\allfiles1974 core - 12 values/yr*

North Grip 18O II 20Y northgrip.txt 10064 BC-1996 vortex c:\frank\paleo\data

Quelccaya 18O II ANN queld018.new 1481-1984 vortex c:\frank\climate5\histser\allfiles.zip

Mt. Logan core 18O II ANN ch25.dat 1736-1987 vortex c:\frank\climate5\histser\allfiles.zip From Holdsworth - see Climate Since A.D. 1500, Chap 25
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Dunde, China 18O II ANN d1strat.tim 1606-1987 vortex c:\frank\climate5\histser\allfiles.zip From L. Thompson

Dunde, China 18O II DEC d1oxtim.ave last 1500 yrs vortex c:\frank\climate5\histser\allfiles.zip From L. Thompson
Vostok deuterium content/temperature II VAR deutnat.txt last ~423,000 years vortex c:\frank\ray\nature1.zip From Petit et al., 1999, Nature - see readme1.doc in same zip file

Dasuopu 18O II ANN dasuopu.o18 1950-1997 vortex c:\frank\sajdel18o\allfiles.zip 3 cores - annual averages

Agassiz Ice Cap 18O II 25Y a8487s25.a84 9064BC-1961 vortex c:\frank\climate5\histser\fisher\allfiles2 core average

Agassiz Ice Cap 18O - scoured minus unscoured II ANN a84-bld.1yr 1888-1973 vortex c:\frank\climate5\histser\fisher\allfiles.zip

Agassiz Ice Cap 18O - blended II ANN bldmer77.1yr 1892-1977 vortex c:\frank\climate5\histser\fisher\allfiles.zip

Crete, Greenland 18O II ANN ct74-1y.crt 553-1974 vortex c:\frank\climate5\histser\fisher\allfiles.zip

Agassiz Ice Cap Denis Greg pit 18O II ANN deldg-1y.p89 1883-1988 vortex c:\frank\climate5\histser\fisher\allfiles.zip

Crete, Greenland normalized averaged 18O II ANN delnorm3.crt 1622-1983 vortex c:\frank\climate5\histser\fisher\allfiles3 cores

Crete, Greenland normalized averaged 18O II ANN delnorm4.crt 1622-1983 vortex c:\frank\climate5\histser\fisher\allfiles4 cores

Camp Century, Greenland normalized stacked 18O II ANN delnort3.stk 1761-1972 vortex c:\frank\climate5\histser\fisher\allfiles3 cores

Crete, Greenland? normalized averaged 18O II ANN dnorme2.crt 1777-1983 vortex c:\frank\climate5\histser\fisher\allfiles.zip

Milcent, Greenland 18O II 8/YR mc73-8.mil 1176-1967 vortex c:\frank\climate5\histser\fisher\allfiles.zip

Agassiz Ice Cap normalized 18O II ANN mg77norm.1yr 1349-1977 vortex c:\frank\climate5\histser\fisher\allfiles.zip

Agassiz Ice Cap normalized 18O II ANN mg79norm.1yr 1173-1972 vortex c:\frank\climate5\histser\fisher\allfiles.zip

Agassiz Ice Cap normalized 18O II ANN mg848779.1yr 1300-1961 vortex c:\frank\climate5\histser\fisher\allfiles.zip

Agassiz Ice Cap normalized 18O II ANN mg8487nm.1yr 1340-1971 vortex c:\frank\climate5\histser\fisher\allfiles.zip

Agassiz Ice Cap normalized 18O II ANN mg84norm.1yr 1217-1973 vortex c:\frank\climate5\histser\fisher\allfiles.zip

Agassiz Ice Cap normalized 18O II ANN mg87norm.1yb 1304-1961 vortex c:\frank\climate5\histser\fisher\allfiles.zip

Agassiz Ice Cap 18O II ANN mg87s1yb.a87 1304-1961 vortex c:\frank\climate5\histser\fisher\allfiles.zip

Agassiz Ice Cap normalized 18O II ANN mgnorm.1yr 1340-1971 vortex c:\frank\climate5\histser\fisher\allfiles.zip

Agassiz Ice Cap normalized 18O II ANN norm7789.1yr 1892-1977 vortex c:\frank\climate5\histser\fisher\allfiles.zip
Agassiz Ice Cap % melt IM ANN pc84-1y2.a84 1242-1961 vortex c:\frank\climate5\histser\fisher\reform1984 core*
Agassiz Ice Cap % melt IM ANN pc87-1yr.a87 1231-1961 vortex c:\frank\climate5\histser\fisher\reform1987 core*
Agassiz Ice Cap % melt IM 5Y pca77vol.a77 466-1966 vortex c:\frank\climate5\histser\fisher\reform1977 core*
Devon Island Ice Cap % melt IM 5Y melt.dev 1335-1960 vortex c:\frank\climate5\histser\fisher\allfiles1973 core*
Devon Island Ice Cap % melt IM 5Y pc5bld.dev 1161-1971 vortex c:\frank\climate5\histser\fisher\reform1971+1972+1973 cores*
Agassiz Ice Cap % melt IM 5Y pc87-5yr.a87 51-1961 vortex c:\frank\climate5\histser\fisher\reform1987 core*
Agassiz Ice Cap % melt IM 5Y pc84-5y2.a84 9 BC-1961 vortex c:\frank\climate5\histser\fisher\reform1984 core*
Austfonna, Svalbard melt percentage IM ANN ch26.dat 575BC-1987 vortex c:\frank\climate5\histser\allfiles.zip From Tarussov - see Climate Since A.D. 1500, Chap 26
South Greenland reconstructed summer temperature IM ANN kameda.dat 1545-1988 vortex c:\frank\climate5\histser\allfiles.zip From T. Kameda
Lomonosov, Svalbard Ice Cap summer melt IM ANN tarussov.dat 1400-1985 vortex c:\frank\climate5\histser\allfiles.zip From Tarussov
Agassiz Ice Cap normalized % melt IM 5Y norm8477.5pc 462-1961 vortex c:\frank\climate5\histser\fisher\allfiles.zip
Agassiz Ice Cap normalized % melt IM 5Y pc778487.5yr 1802-1961 vortex c:\frank\climate5\histser\fisher\allfiles.zip
Agassiz Ice Cap normalized % melt IM 5Y pc7787.5yr 1802-1961 vortex c:\frank\climate5\histser\fisher\allfiles.zip
Agassiz Ice Cap % melt IM ANN pc79-1y.a79 613-1971 vortex c:\frank\climate5\histser\fisher\allfiles.zip
Agassiz Ice Cap % melt IM 5Y pca79-5y.a79 617-1971? vortex c:\frank\climate5\histser\fisher\allfiles.zip
Agassiz Ice Cap % melt IM 50Y pcavhol3.a84 8388BC-1961 vortex c:\frank\climate5\histser\fisher\allfiles.zip
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Agassiz Ice Cap normalized averaged % melt IM 5Y pcnorm-5.all 617-1961 vortex c:\frank\climate5\histser\fisher\allfiles.zip
Salem, MA reconstructed winter temperature IN ANN holytem.win 1754-1828 vortex c:\frank\climate5\histser\allfiles.zip *
Salem, MA reconstructed spring temperature IN ANN holytem.spr 1754-1828 vortex c:\frank\climate5\histser\allfiles.zip *
Salem, MA reconstructed summer temperature IN ANN holytem.sum 1754-1828 vortex c:\frank\climate5\histser\allfiles.zip *
Salem, MA reconstructed fall temperature IN ANN holytem.fal 1754-1828 vortex c:\frank\climate5\histser\allfiles.zip *
Salem, MA reconstructed annual temperature IN ANN holytem.ann 1754-1828 vortex c:\frank\climate5\histser\allfiles.zip *
Eastern U.S. reconstructed winter precipitation IN ANN eastuspr.win 1738-1967 vortex c:\frank\climate5\histser\allfiles.zip mm - digitized from Lamb*
Eastern U.S. reconstructed spring precipitation IN ANN eastuspr.spr 1738-1967 vortex c:\frank\climate5\histser\allfiles.zip mm - digitized from Lamb*
Eastern U.S. reconstructed summer precipitation IN ANN eastuspr.sum 1738-1967 vortex c:\frank\climate5\histser\allfiles.zip mm - digitized from Lamb*
Eastern U.S. reconstructed fall precipitation IN ANN eastuspr.fal 1738-1967 vortex c:\frank\climate5\histser\allfiles.zip mm - digitized from Lamb*
Eastern U.S. reconstructed annual precipitation IN ANN eastuspr.ann 1738-1967 vortex c:\frank\climate5\histser\allfiles.zip mm - digitized from Lamb*
Eastern U.S. reconstructed winter temperature IN ANN eastus.win 1738-1967 vortex c:\frank\climate5\histser\allfiles.zip digitized from Lamb*
Eastern U.S. reconstructed spring temperature IN ANN eastus.spr 1738-1967 vortex c:\frank\climate5\histser\allfiles.zip digitized from Lamb*
Eastern U.S. reconstructed summer temperature IN ANN eastus.sum 1738-1967 vortex c:\frank\climate5\histser\allfiles.zip digitized from Lamb*
Eastern U.S. reconstructed fall temperature IN ANN eastus.fal 1738-1967 vortex c:\frank\climate5\histser\allfiles.zip digitized from Lamb*
Eastern U.S. reconstructed annual temperature IN ANN eastus.ann 1738-1967 vortex c:\frank\climate5\histser\allfiles.zip digitized from Lamb*
Central England IN O cengtmp.dat 1659-1897 vortex c:\frank\climate5\histser\allfiles.zip Monthly - see paper file*
Prague-Klementinim, Czech. winter temperature anom. IN DEC pragtemp.win 1761-1900 vortex c:\frank\climate5\histser\allfiles.zip Anomalies from 1771-1980*
Prague-Klementinim, Czech. spring temperature anom. IN DEC pragtemp.spr 1761-1900 vortex c:\frank\climate5\histser\allfiles.zip Anomalies from 1771-1980*
Prague-Klementinim, Czech. summer temperature anom. IN DEC pragtemp.sum 1761-1900 vortex c:\frank\climate5\histser\allfiles.zip Anomalies from 1771-1980*
Prague-Klementinim, Czech. fall temperature anom. IN DEC pragtemp.fal 1761-1900 vortex c:\frank\climate5\histser\allfiles.zip Anomalies from 1771-1980*
Seoul, Korea annual total precipitation IN ANN seoulpre.ann 1771-1961 vortex c:\frank\climate5\histser\allfiles.zip mm*
Long term NH station seasonal temperatures IN SEA ch13.dat 1701-1987 (varies) vortex c:\frank\climate5\histser\allfiles.zip See Climate Since A.D. 1500, Chapter 13
Agassiz Ice Cap volcanic scratch volts IO ANN sch84s1y.a84 1223-1961 vortex c:\frank\climate5\histser\fisher\allfilesBore hole A84*
Agassiz Ice Cap electrical conductivity IO ANN a77sc.a77 433-1853 vortex c:\frank\climate5\histser\fisher\allfilesBore hole A77*
Crete, Greenland ice core acidity IO ANN crete.acd 553-1972 vortex c:\frank\climate5\histser\allfiles.zip 71°07'N, 37°19'W*
CH4 mixing ratio from Law Dome, Ant. IO O ethch498.xls 1008-1992 vortex c:\frank\paleo\allfiles.zip Irregular time intervals

CO2 concentration ratio from Antarctic ice and firn IO O ethco296.xls 1006-1969 vortex c:\frank\paleo\allfiles.zip Irregular time intervals
GISP2 volcanic sulfate IO VAR 110k volcanic SO4.GISP2 last ~110,000 years vortex c:\frank\paleo\zielinski From Zielinski
Solar irradiance reconstructed from 14C and 10Be IO VAR bardirrad.txt 843-1961 vortex c:\frank\paleo\data From Bard et al., Tellus, 2000
Vostok dust concentration IO VAR dustnat1.txt ~4500 BP-421,000 BP vortex c:\frank\ray\nature1.zip From Petit et al., 1999, Nature - see readme1.doc in same zip file
Vostok sodium concentration IO VAR nanat1.txt last ~420,000 years vortex c:\frank\ray\nature1.zip From Petit et al., 1999, Nature - see readme1.doc in same zip file
Vostok methane concentration IO VAR ch4nat1.txt ~2300 BP-417,000 BP vortex c:\frank\ray\nature1.zip From Petit et al., 1999, Nature - see readme1.doc in same zip file
Vostok CO2 concentration IO VAR co2nat1.txt ~2300 BP-414,000 BP vortex c:\frank\ray\nature1.zip From Petit et al., 1999, Nature - see readme1.doc in same zip file
Hoyt reconstructed solar irradiance O ANN hoyt 1700-1992 vortex c:\frank\climate1\paleo\paleo.zip From D. Hoyt
Lean reconstructed solar irradiance O ANN lean.196 1600-1999 vortex c:\frank\climate1\paleo\paleo.zip From J. Lean
Lean reconstructed solar irradiance O ANN lean1012 1600-1999 vortex c:\frank\climate1\paleo\paleo.zip From J. Lean
Lean reconstructed solar irradiance O ANN jlean 1611-1988 vortex c:\frank\climate1\paleo\paleo.zip From J. Lean
Cumulative NH dust veil index O ANN cumnh.dvi 1500-1985 vortex c:\frank\climate1\paleo\paleo.zip See program cumnhdvi.f in paleo.zip-uses NDP013 from CDIAC
Lean reconstructed solar irradiance O ANN lean900.doc 900-1800 vortex c:\frank\paleo\allfiles.zip From J. Lean
N. Urals upper limit of trees above modern treeline O 50Y russtree.dat 850-1990 vortex c:\frank\paleo\data\allfiles.zip From Shiyatov, 1993
10Be concentration OI VAR be10-jlean 898-1947 vortex c:\frank\climate1\paleo\paleo.zip From Judith Lean - McHargue and Damon Be10
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10Be concentration OI ANN beer 1423-1985 vortex c:\frank\climate1\paleo\paleo.zip From Juerg Beer - Dye 3, Greenland
E. N. America summer temp and annual precip PO VAR gaje88.prn 67 BC-1974 (varies) vortex c:\frank\climate5\histser\gajewski\allf From K. Gajewski - cores from 8 ponds and lakes
N. America tree ring reconstructions TR ANN northern.data 1400-1980 (varies) vortex c:\frank\climate1\paleo\paleo.zip From Gordon Jacoby - several sites
Kolyma River tree ring reconstruction TR ANN kolyma.temp 1545-1989 vortex c:\frank\climate1\paleo\paleo.zip From C. Earle - see kolyma.treering for more info
Mongolia tree ring reconstruction TR ANN mongolia 1550-1994 vortex c:\frank\climate1\paleo\paleo.zip From Gordon Jacoby - see file mongolia2 in paleo.zip
Oroko Swamp, New Zealand temperature reconstruction TR O orokonztr.txt 900-1957 vortex c:\frank\paleo Jan to Mar - silver pine tree rings
Northern Patagonia summer temperature departures TR ANN boninraw.new 1500-1974 vortex c:\frank\climate5\histser\allfiles.zip From J. A. Boninsegna
British Columbia/Pacific NW temp reconstruction TR ANN briffa.bcp 1600-1982 vortex c:\frank\climate5\histser\allfiles.zip From K. Briffa - see briffreg.dat and wusrec.dat
California temperature reconstruction TR ANN briffa.cal 1600-1982 vortex c:\frank\climate5\histser\allfiles.zip From K. Briffa - see briffreg.dat and wusrec.dat
Eastern Rockies/Northern High Plains temp reconstruction TR ANN briffa.ern 1600-1982 vortex c:\frank\climate5\histser\allfiles.zip From K. Briffa - see briffreg.dat and wusrec.dat
Southwest desert temperature reconstruction TR ANN briffa.swd 1600-1982 vortex c:\frank\climate5\histser\allfiles.zip From K. Briffa - see briffreg.dat and wusrec.dat
Western U.S. temperature reconstruction TR ANN briffa.wus 1600-1982 vortex c:\frank\climate5\histser\allfiles.zip From K. Briffa - see briffreg.dat and wusrec.dat
Northern N. America reconstructed temp departures TR ANN ch15.dat 1601-1974 vortex c:\frank\climate5\histser\allfiles.zip From Darrigo and Jacoby - see Climate Since A.D. 1500, Chapter 15
Grt Plains stand. regional tree ring series & eigen. scores TR ANN ch16.dat 1750-1964 vortex c:\frank\climate5\histser\allfiles.zip From D. Meko - see Climate Since A.D. 1500, Chapter 16
East US rotated drought fator scores TR ANN ch17.dat 1700-1972 vortex c:\frank\climate5\histser\allfiles.zip From E. Cook - see Climate Since A.D. 1500, Chapter 17
Northern Fennoscandia recon July/Aug temperatures TR ANN chap19.dat 1580-1978 vortex c:\frank\climate5\histser\allfiles.zip Fr Briffa and Schweingruber-see Climate Since A.D. 1500, Chap 19
UK, Scand, and C. Eur. Recon of Apr-Sep temperature TR ANN chap19.dat 1750-1975 vortex c:\frank\climate5\histser\allfiles.zip Fr Briffa and Schweingruber-see Climate Since A.D. 1500, Chap 19
NW Russia reconstructed June/July temperature TR ANN chap20.dat 961-1969 vortex c:\frank\climate5\histser\allfiles.zip From Graybill and Shiyatov-see Climate Since A.D. 1500, Chap 20
Santiago de Chile reconstructed winter precipitation TR ANN ch23.dat 1500-1972 vortex c:\frank\climate5\histser\allfiles.zip From Boninsegna - see Climate Since A.D. 1500, Chap 23
Subtrop.anticyclone belt summer and winter positions TR ANN ch23.dat 1500-1974 vortex c:\frank\climate5\histser\allfiles.zip From Boninsegna - see Climate Since A.D. 1500, Chap 23
Chiloe reconstructed summer precipitation TR ANN ch23.dat 1556-1985 vortex c:\frank\climate5\histser\allfiles.zip From Boninsegna - see Climate Since A.D. 1500, Chap 23
Ushuaia first eigenvactor amplitudes TR ANN ch23.dat 1751-1984 vortex c:\frank\climate5\histser\allfiles.zip From Boninsegna - see Climate Since A.D. 1500, Chap 23
N. Patagonia reconstructed summer temperature TR ANN ch23.dat 1500-1974 vortex c:\frank\climate5\histser\allfiles.zip From Boninsegna - see Climate Since A.D. 1500, Chap 23
Rio Alerce reconstructed summer temperature TR ANN ch23.dat 1500-1983 vortex c:\frank\climate5\histser\allfiles.zip From Boninsegna - see Climate Since A.D. 1500, Chap 23
Atuel, Neuquen, and Limay R. mean annual flow TR ANN ch23.dat 1575-1970 vortex c:\frank\climate5\histser\allfiles.zip From Boninsegna - see Climate Since A.D. 1500, Chap 23
Lake Coleridge, NZ reconstructed summer rainfall TR ANN ch24.dat 1880-1977 vortex c:\frank\climate5\histser\allfiles.zip From Norton and Palmer - see Climate Since A.D. 1500, Chap 24
Hurunui, NZ reconstructed summer river flow TR ANN ch24.dat 1880-1977 vortex c:\frank\climate5\histser\allfiles.zip From Norton and Palmer - see Climate Since A.D. 1500, Chap 24
New Zealand reconstructed summer temperature TR ANN ch24.dat 1730-1982 vortex c:\frank\climate5\histser\allfiles.zip From Norton and Palmer - see Climate Since A.D. 1500, Chap 24
N. America northern treeline reconstructed temperature TR ANN darrigo.dat 1601-1974 vortex c:\frank\climate5\histser\allfiles.zip From R. D'Arrigo
Western U.S. temperature reconstruction TR ANN frittslo.dat 1602-1961 vortex c:\frank\climate5\histser\allfiles.zip From Fritts and Lough (1985 Climatic Change)
Eastern U.S. temperature reconstruction TR ANN frittslo.dat 1602-1961 vortex c:\frank\climate5\histser\allfiles.zip From Fritts and Lough (1985 Climatic Change)
U.S. and SW Canada temperature reconstruction TR ANN frittslo.dat 1602-1961 vortex c:\frank\climate5\histser\allfiles.zip From Fritts and Lough (1985 Climatic Change)
Srinagar, India reconstructed summer temperature TR ANN srinagar.dat 1660-1980 vortex c:\frank\climate5\histser\allfiles.zip 34 11 N, 74 49 E
Tasmania reconstructed summer temperature TR ANN tasmania.ser 900-1989 vortex c:\frank\climate5\histser\allfiles.zip From Cook et al.
Rio Alerce reconstructed summer temperature TR ANN villalba.dat 869-1983 vortex c:\frank\climate5\histser\allfiles.zip From Villalba - also see ch23.dat (Boninsegna uses this series)
U.S. annual, spring, and summer regional (15) temps TR ANN wusfrtts.dat 1602-1961 vortex c:\frank\climate5\histser\allfiles.zip From Fritts book, Fig. 3.1, p. 36
Tornetrask, Sweden temperature reconstruction TR ANN tornrec.dat 500-1980 vortex c:\frank\paleo\data\allfiles.zip From Briffa et al.
Northeast US tree ring data TR ANN 225 files 1509-1994 (varies) vortex c:\frank\paleo\treering New England + NY,NJ,PA,MD - various parameters
Lake Tuborg (3 core) varve thicknesses VR ANN tuborg.xls 1694-1995 vortex c:\frank\paleo
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From: Michael E. Mann
To: Malcolm Hughes
Subject: Re: new dataset
Date: Saturday, November 09, 2002 1:28:02 PM

HI Malcolm,

Yes, I'm getting as anxious as you are over this. Scott promises a draft over the weekend.
Then I'll go through it, possibly make a few small changes, and then send it out. So you
should have it by early next week, promise!

I'm pretty sure what we've used is the age-banded version that Tim produced for the gridded
data (based on using the regional age banding applied to the individual gridded data, which
contrasts from the simply age-banded regional averages). But Scott should be providing a full
description of the data, and the comparison of the results (which compare pretty favorably w/
the multiproxy reconstructions) in the manuscript...

more (very) soon,

mike

At 01:32 PM 11/9/2002 -0700, you wrote:

Mike - any news of the manuscript involving the Schweingruber data? We are 
waiting to see it before deciding how to deal with the data in the new round. 
The guy who has been helping with this (Richard Holmes) is going away for a 
month on Nov 18, and I will probably be away for most of the following 
month, so we are looking at another two-month delay if we cannot resolve 
this in the next couple of days. Both he and I need to be involved in the large 
number of decisions involved: - this is not something that Fenbiao can do 
alone. You may recall that we have been waiting to see the draft paper since 
last spring, at least. It would be crazy to go ahead with structuring the new 
data set in ignorance of that work - exactly what version of the 
Briffa/Schweingruber data set was used? What were the results? . Basically 
we are currently stalled on the whole dataset task, and risk that stall lasting 
well into the New Year if we cannot resolve these questions in the next few 
days.
Cheers, MalcolmMalcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

_______________________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

il: mann@virginia.edu   Phone:    FAX: 

     http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Malcolm Hughes
To: Michael E. Mann
Cc: Scott Rutherford; mann@virginia.edu; fenbiao@ltrr.arizona.edu
Subject: Re: data
Date: Thursday, October 10, 2002 8:15:30 PM

Hi Mike - probably last e-mail until the 22nd, unless we can connect from
China. One thing we should think about is associating key meta -data with
each tree-ring series, so that we could build data-sets on the fly in the context
we've just been discussing. This could be as simple as that chronology's
criteria that we have been using anyway - 1st year, 1st year with n trees, mean
correlation, median segment length, last year with n trees, last year, and so on.
What do you think? Cheers, MAlcolm

> Hi Malcolm,
>
> Wanted to reply in a bit more detail.
>
> Yes, I think we need to carefully consider the issues you've raised
> below, as we move forward with this.
>
> As we proceed to set up the database, its going to be critical to
> decide how we want to deal with these issues. For example, do we want
> to create a beginning-year-dependent hierarchy of datasets, such that
> we might relax the replication requirement or make it more stringent,
> depending on how far back the dataset is supposed to be useful for.
>
> One nice thing is that with the hybrid frequency-domain approach (more
> about that in the draft you're soon to get), it is less important to
> stratify the data for their median age length/frequency-domain
> attributes--this will be sorted out post facto by the method.
>
> And we, of course, need to reconsider how to replace dense clusters of
> tree-ring data with PCs more carefully.
>
> Scott, you, Fenbiao, and I wil need to carefully discuss these matters
> as we proceed with setting up the database. This is next on our agenda
> (once Scott and I turn the revised borehole paper around and get the
> NH recon paper out to you, Ray, Keith, et al).
>
> more soon,
>
> mike
>
> At 05:03 PM 10/9/2002 -0700, you wrote:
>     Dear Mike,
>     

      I'm about to disappear from the e-mail screen
>     after Thursday until October 22, and there are a couple of things
>     I'd like to make progress with before then, because they are
>     holding up the work on the new data set. The first is, what is the
>     status of the manuscript about the Mann, Rutherford, Osborne
>     Briffa work? You may recall that we are holding back on how to
>     include the Schweingruber data until we can see this manuscript.
>     This is now a major roadblock. We can't proceed with building the
>     new tree-ring data set until this has been figured out. The second
>     question concerns the criteria to be used. You may recall that in
>     97/98 we decided that 1625 was a pretty good starting point for
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>     our intensive studies. The chronologies had to have at least 8
>     samples by then and so on. Might we not want selections for other
>     dates? For example, if we want to hit the 19th century in a big
>     way, we might list a (larger ) set that's good from 1750. Growing
>     from this question is another, closely related issue that affects
>     how far back we can push good estimates of something more than the
>     hemispheric mean. One problem that arises from thinning out the
>     dataset by using PCs of dense clusters of tree-ring data, is that
>     there were a considerable number of much longer series that we
>     effectively truncated by this data reduction approach. Any ideas
>     on how we might get around this? I hope thindgs are going well for
>     you in NYCMalcolm Hughes Professor of Dendrochronology Laboratory
>     of Tree-Ring Research University of Arizona Tucson, AZ 85721
>     520-621-6470 fax 520-621-8229
> ____________________________________________________________
> ___________
> Professor Michael E. Mann
>  Department of Environmental Sciences, Clark Hall
> University of Virginia
> Charlottesville, VA 22903
> ____________________________________________________________
> ___________
> e-mail: mann@virginia.edu Phone: 
> 
> http://www.evsc.virginia.edu/faculty/people/mann.sht
> ml
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From: Malcolm Hughes
To: Michael E. Mann
Subject: Re: data
Date: Wednesday, October 09, 2002 4:49:49 PM

Dear Mike,

I'm about to disappear from the e-mail screen after Thursday
until October 22, and there are a couple of things I'd like to
make progress with before then, because they are holding up
the work on the new data set.
The first is, what is the status of the manuscript about the
Mann, Rutherford, Osborne Briffa work? You may recall that
we are holding back on how to include the Schweingruber data
until we can see this manuscript. This is now a major
roadblock. We can't proceed with building the new tree-ring
data set until this has been figured out.
The second question concerns the criteria to be used. You may
recall that in 97/98 we decided that 1625 was a pretty good
starting point for our intensive studies. The chronologies had
to have at least 8 samples by then and so on. Might we not
want selections for other dates? For example, if we want to hit
the 19th century in a big way, we might list a (larger ) set that's
good from 1750.
Growing from this question is another, closely related issue
that affects how far back we can push good estimates of
something more than the hemispheric mean. One problem that
arises from thinning out the dataset by using PCs of dense
clusters of tree-ring data, is that there were a considerable
number of much longer series that we effectively truncated by
this data reduction approach. Any ideas on how we might get
around this?
I hope thindgs are going well for you in NYC
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From: Michael E. Mann
To: Raymond S. Bradley
Cc: mhughes@ltrr.arizona.edu; mann@virginia.edu
Subject: Re: data
Date: Friday, September 27, 2002 8:18:44 AM

I saw the Cook et al paper, and find it quite pathetic really. There is a lack of nuance here that
is unbecoming to a serious scientist. If his agenda is to try to support Broecker's fundamentally
flawed ideas, he''s going down w/ the titantic...

An obvious interpretation of the plot in my perspective article from a month ago is that the
Esper et al reconstruction is probably not very meaningful. I'm sure the same applies here too.
Note that he also mis-states the number of records used in our millennial reconstruction (its 27,
not 12--I will let him know this immediately).

Incidentally, Ed is a co-author on a paper by my graduate student Zhang and me that
demonstrates our RegEM calibration method to be superior to his own 'point-by-point' regression
method in the level of cross-validation skill, based on applying it to the same data he used in his
PDSI reconstructions.

 in his interpretation (over interpretation), and the agenda is clear. Su

At 10:56 AM 9/27/2002 -0400, Raymond S. Bradley wrote:

I'm familiar with this paper (& another similar one that I believe is in press in The
Holocene).  But this GRL paper mixes up some decent records with a few crappy
ones (Jinchuan peat oxygen isotopes, Taiwan C/N in lake sediments, C-13 in
Japanese trees...) that are not clearly related to temperature, as claimed.  So, we
should use these data selectively.
Malcolm & I will be at a meeting in China in mid-October, with a main goal to find
the best East Asian records and capture them...
By the way, did you se Cook et al, GRL 29, 14, 10.1029/2001GL014580 2002 [I hate
these new citations!]
"Evidence for a "Medieval Warm Period" in a 1100 year tree-ring reconstruction of
past austral summer temperatures in New Zealand"

Ray

.At 12:53 PM 9/25/02 -0400, you wrote:

Dear All,

Please check this out:

GEOPHYSICAL RESEARCH LETTERS, VOL. 29, NO. 9,
10.1029/2001GL014485, 2002
General characteristics of temperature variation in China during the last
two millennia
Bao Yang
Institute of Cold and Arid Regions Environmental and Engineering,
Chinese Academy of Sciences,
China
Achim Braeuning
Institute for Geography, University of Stuttgart,
Stuttgart, Germany
Kathleen R. Johnson
Department of Earth and Planetary Science, University of California,
Berkeley, CA, USA
Shi Yafeng
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Institute of Geography and Limnology, Chinese Academy of Sciences,
Nanjing, China
Abstract
[1] Three alternate China-wide temperature composites covering the last
2000 years were established by combining multiple paleoclimate proxy
records obtained from ice cores, tree rings, lake sediments and historical
documents. Five periods of temperature variation can be identified: a
warm stage in AD 0240, a cold interval between AD 240 and 800, a
return to warm conditions from AD 8001400, including the Medieval Warm
Period between AD 8001100, the cool Little Ice Age period between 1400-
1920, and the present warm stage since 1920. Regional temperature
variation is found during AD 8001100, when warm conditions occurred in
Eastern China and in the northeastern Tibetan Plateau and in AD 1150-
1380, when the southern Tibetan Plateau experienced a warm interval. In
contrast, evidence for cool conditions during the LIA is more consistent
among the proxy records. The temperature reconstructions for China and
the Northern Hemisphere show good agreement over the past millennium.
Received 30 November 2001; revised 21 February 2002; accepted 28
February 2002; published 11 May 2002.

We should get ahold of these data, if possible, to add to the candidate
predictors for our reconstructions.

Hopefully, the authors will make them available (does anyone have good
contacts w/ these folks?). At worst, they can be digitized at decadal
resolution...

cheers,

mike

_______________________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

Raymond S. Bradley
Distinguished Professor and Head of Department
Department of Geosciences
Morrill Science Center
611  North Pleasant Street
AMHERST, MA 01003-9297

Tel: 
Fax: 
Climate System Research Center: 
Climate System Research Center Web Page: <http://www.paleoclimate.org>
Paleoclimatology Book Web Site: http://www.geo.umass.edu/climate/paleo/html
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_______________________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
____________________________________ ________ ___

il: mann@virginia.edu   Phone:    FAX: 

     http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Raymond S. Bradley
To: Michael E. Mann
Cc: mhughes@ltrr.arizona.edu
Subject: Re: data
Date: Friday, September 27, 2002 7:59:13 AM

I'm familiar with this paper (& another similar one that I believe is in
press in The Holocene).  But this GRL paper mixes up some decent records
with a few crappy ones (Jinchuan peat oxygen isotopes, Taiwan C/N in lake
sediments, C-13 in Japanese trees...) that are not clearly related to
temperature, as claimed.  So, we should use these data selectively.
Malcolm & I will be at a meeting in China in mid-October, with a main goal
to find the best East Asian records and capture them...
By the way, did you se Cook et al, GRL 29, 14, 10.1029/2001GL014580 2002 [I
hate these new citations!]
"Evidence for a "Medieval Warm Period" in a 1100 year tree-ring
reconstruction of past austral summer temperatures in New Zealand"

Ray

.At 12:53 PM 9/25/02 -0400, you wrote:
>Dear All,
>
>Please check this out:
>
>GEOPHYSICAL RESEARCH LETTERS, VOL. 29, NO. 9, 10.1029/2001GL014485, 2002
>General characteristics of temperature variation in China during the last
>two millennia
>Bao Yang
>Institute of Cold and Arid Regions Environmental and Engineering, Chinese
>Academy of Sciences,
>China
>Achim Braeuning
>Institute for Geography, University of Stuttgart,
>Stuttgart, Germany
>Kathleen R. Johnson
>Department of Earth and Planetary Science, University of California,
>Berkeley, CA, USA
>Shi Yafeng
>Institute of Geography and Limnology, Chinese Academy of Sciences,
>Nanjing, China
>Abstract
>[1] Three alternate China-wide temperature composites covering the last
>2000 years were established by combining multiple paleoclimate proxy
>records obtained from ice cores, tree rings, lake sediments and historical
>documents. Five periods of temperature variation can be identified: a warm
>stage in AD 0–240, a cold interval between AD 240 and 800, a return to
>warm conditions from AD 800–1400, including the Medieval Warm Period
>between AD 800–1100, the cool Little Ice Age period between 1400–1920, and
>the present warm stage since 1920. Regional temperature variation is found
>during AD 800–1100, when warm conditions occurred in Eastern China and in
>the northeastern Tibetan Plateau and in AD 1150–1380, when the southern
>Tibetan Plateau experienced a warm interval. In contrast, evidence for
>cool conditions during the LIA is more consistent among the proxy records.
>The temperature reconstructions for China and the Northern Hemisphere show
>good agreement over the past millennium.
>Received 30 November 2001; revised 21 February 2002; accepted 28 February
>2002; published 11 May 2002.
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>
>
>We should get ahold of these data, if possible, to add to the candidate
>predictors for our reconstructions.
>
>Hopefully, the authors will make them available (does anyone have good
>contacts w/ these folks?). At worst, they can be digitized at decadal
>resolution...
>
>cheers,
>
>mike
>
>_______________________________________________________________________
>                     Professor Michael E. Mann
>            Department of Environmental Sciences, Clark Hall
>                       University of Virginia
>                      Charlottesville, VA 22903
>_______________________________________________________________________
>e-mail: mann@virginia.edu   Phone:    FAX: 
>          http://www.evsc.virginia.edu/faculty/people/mann.shtml

Raymond S. Bradley
Distinguished Professor and Head of Department
Department of Geosciences
Morrill Science Center
611  North Pleasant Street
AMHERST, MA 01003-9297

Tel: 
Fax: 
Climate System Research Center: 
Climate System Research Center Web Page: <http://www.paleoclimate.org>
Paleoclimatology Book Web Site: http://www.geo.umass.edu/climate/paleo/html
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; fenbiao@ltrr.arizona.edu; Scott Rutherford; mann@virginia.edu
Cc: mann@virginia.edu
Subject: data
Date: Wednesday, September 25, 2002 9:54:02 AM

Dear All,

Please check this out:

GEOPHYSICAL RESEARCH LETTERS, VOL. 29, NO. 9, 10.1029/2001GL014485, 2002
General characteristics of temperature variation in China during the last two millennia
Bao Yang
Institute of Cold and Arid Regions Environmental and Engineering, Chinese Academy of
Sciences,
China
Achim Braeuning
Institute for Geography, University of Stuttgart,
Stuttgart, Germany
Kathleen R. Johnson
Department of Earth and Planetary Science, University of California,
Berkeley, CA, USA
Shi Yafeng
Institute of Geography and Limnology, Chinese Academy of Sciences,
Nanjing, China
Abstract
[1] Three alternate China-wide temperature composites covering the last 2000 years were
established by combining multiple paleoclimate proxy records obtained from ice cores, tree
rings, lake sediments and historical documents. Five periods of temperature variation can be
identified: a warm stage in AD 0–240, a cold interval between AD 240 and 800, a return to
warm conditions from AD 800–1400, including the Medieval Warm Period between AD 800–
1100, the cool Little Ice Age period between 1400–1920, and the present warm stage since
1920. Regional temperature variation is found during AD 800–1100, when warm conditions
occurred in Eastern China and in the northeastern Tibetan Plateau and in AD 1150–1380,
when the southern Tibetan Plateau experienced a warm interval. In contrast, evidence for
cool conditions during the LIA is more consistent among the proxy records. The temperature
reconstructions for China and the Northern Hemisphere show good agreement over the past
millennium.
Received 30 November 2001; revised 21 February 2002; accepted 28 February 2002;
published 11 May 2002.

We should get ahold of these data, if possible, to add to the candidate predictors for our
reconstructions.

Hopefully, the authors will make them available (does anyone have good contacts w/ these
folks?). At worst, they can be digitized at decadal resolution...

cheers,

mike

_______________________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
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il: mann@virginia.edu   Phone:    FAX: 

     http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Scott Rutherford
Cc: mann@virginia edu; mhughes@ltrr.arizona edu; fenbiao@holocene.evsc.virginia.edu; rbradley@geo.umass.edu
Subject: Re: database logistics
Date: Tuesday, July 16, 2002 6:57:51 AM

HI Scott,

Thanks--that looks great. The only thing I'd add is that if where asignificant correlation is found w/ one of the
4 seasonal climate field categories, we should store the gridpoint and the regression coefficient so that a local
calibration can readily be determined...

mike

p.s. R.E. RegEM could be used to provided when there is no instrumental gridpoint data available within a
reasonable search radius (say, 300-500 km or so, depending on the field, precip or temp). The question is, is
using the infilled data in such cases better than throwing the proxy into the "UNCLASSIFIED" category, and
filing it subjectively. I'm interested in others thoughts here too?

Otherwise, yourAt 09:50 AM 7/16/2002 -0400, you wrote:

Dear All:

I've been thinking about how to organize the database from a logistics standpoint and would like to
suggest the following.

Currently, each proxy is in a directory named with the type of proxy (e.g. coral, ice, tree). I think
that is still the best way to organize things just because each proxy will be in a logical place.

Next, we create a master data file that contains the following info in simple space delimited text:
proxy file name and location in the directory structure, latitude, longitude, startyear, endyear, cold
season temp correlation, cold season temp flag, warm season temp correlation, warm season temp
flag....

The flags can either be a ranking based on the correlation with the instrumental data with 1 being
the best correlation and X being the worst, or a simple 0/1 for each category based on significant
correlations (e.g. cold temp, warm temp, warm precip etc).

The master file would then be searchable with a simple script to extract the proxies of interest. One
could search for all proxies with a warm season temp correlation greater/less than X or proxies that
were flagged as cold season precip sensitive or any combination.  All proxies that meet the search
criteria could be put together in columns and a separate data file of proxy name and lat/long
assembled.

If I get really ambitious, it would be possible to use a web browser to enter the search criteria.

Comments, suggestions, ideas?

Cheers,

Scott
 
RE: Using RegEM infilled data for correlations. I would prefer to not use infilled data, but stick to
the actual instrumental data.

At 8:48 AM -0400 7/16/02, Michael E. Mann wrote:

Dear All:

One additional point:

We should also plan to save the regression coefficients determined during the screening
correlation analysis.  That way, we have nominal local calibrations in terms of seasonal
precip and temp--we'll probably want do the MTM-SVD analyses on these, rather than
the raw proxy data. It may also prove useful to compare reconstructions based on local
calibrations to the large-scale reconstructions at some point,
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Mike

At 04:23 PM 7/15/2002 -0400, Michael E. Mann wrote:

Dear all,

After discussion w/ Malcolm, who pointed out some additional considerations,
we've decided to refine our approach. It will require a bit more work, but it
will pay off in a much more reliable stratification of the data.

We need to try to employ an *objective* classification of the categories, and
we should allow a given proxy record to potentially exisit in more than one
category (e.g., a tree-ring record could have both a winter and summer
precip response, or maybe both a summer precip and winter temp response!
We need to allow for such a possibility.).

So we will screen the proxy database against gridded cold- and warm-season
averaged 20th century instrumental surface temperature data. We already
have the gridded instrumental data (Jones et al land air/sst dataset) and we
can acquire the Hulme et al gridded precip dataset from the CRU website.
We then need to decide on a reasonable search radius (i.e., if there isn't an
instrumental precip and/or temp record for the gridpoint that the proxy data
is located in, what is "close enough" for use--the alternative is for Scott to
use RegEM to infill both the precip and instrumental temperature data during
the 20th century so that every precip or temp gridpoint that has any 20th
century data is  available over the full 20th century, based on its spatial
relationships with the other data. Thoughts on this point (Scott?).

So we will correlate every proxy with both cold-season and warm-season
precip and temp for the associated gridpoint, and if its correlation is
statistically significant (we need to decide on a threshold significance in this
screening operation. Perhaps 95% signif based on a two-sided significance
criterion?) w/ that variable or season, the indicator is included in the list of
data for that category. If it doesn't pass the criterion for *either* field, for
*either* season, the proxy gets lumped into a fifth "UNCLASSIFIED"
categorization, for us to decide how to deal with. This is likely to happen, by
default, for any of the non-annually resolved proxies. In these cases, we will
have to subjectively decide if the proxy belongs in one more more category.

One additional thing to keep in the database is how far back each record
goes. This will be important, so we can, for example, query the database for
"all cold-season thermal indicators available back to at least AD 1500".

One more important revision in the approach. Rather than initializing our
database as being the full Mann et al database, we should use the Mann et
al database MINUS ALL ITRDB DATA THAT WERE USED, and instead use
Malcolm's NEW ITRDB dataset. Fenbiao and Scott should be in direct
communication w/ Malcolm regarding obtaining these new data.

One the data are all appropriate classified, we can then worry about how to
determine the number of PCs retained for particular sub-networks of tree-
ring data, etc. But this is really "phase 2", while phase 1, the construction
and organization of the database, as described above, is what we need to
concetrate on now.

SO Fenbiao and Scott should begin discussing how best to manage the
database project, and subdivide tasks, keeping the rest of us in the loop.
Please let me know if any questions or comments. Thanks,

mike

_______________________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark
Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
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irginia.edu   Phone:    FAX:

http://www.evsc.virginia.edu/faculty/people/mann.shtml

_______________________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

mann@virginia.edu   Phone:    FAX: 

 http://www.evsc.virginia.edu/faculty/people/mann.shtml

-- 

______________________________________________
                      Scott Rutherford  

University of Virginia          University of Rhode Island
Environmental Sciences          Graduate School of Oceanography
Clark Hall                      South Ferry Road
Charlottesville, VA 22903               Narragansett, RI 02882
srutherford@virginia.edu                srutherford@gso.uri.edu
phone:            

_______________________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
____________________________________ ________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.e ple/mann.
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From: Michael E. Mann
To: Scott Rutherford
Cc: mann@virginia edu; mhughes@ltrr.arizona edu; fenbiao@holocene.evsc.virginia.edu; rbradley@geo.umass.edu
Subject: Re: database logistics
Date: Tuesday, July 16, 2002 6:57:51 AM

HI Scott,

Thanks--that looks great. The only thing I'd add is that if where asignificant correlation is found w/ one of the
4 seasonal climate field categories, we should store the gridpoint and the regression coefficient so that a local
calibration can readily be determined...

mike

p.s. R.E. RegEM could be used to provided when there is no instrumental gridpoint data available within a
reasonable search radius (say, 300-500 km or so, depending on the field, precip or temp). The question is, is
using the infilled data in such cases better than throwing the proxy into the "UNCLASSIFIED" category, and
filing it subjectively. I'm interested in others thoughts here too?

Otherwise, yourAt 09:50 AM 7/16/2002 -0400, you wrote:

Dear All:

I've been thinking about how to organize the database from a logistics standpoint and would like to
suggest the following.

Currently, each proxy is in a directory named with the type of proxy (e.g. coral, ice, tree). I think
that is still the best way to organize things just because each proxy will be in a logical place.

Next, we create a master data file that contains the following info in simple space delimited text:
proxy file name and location in the directory structure, latitude, longitude, startyear, endyear, cold
season temp correlation, cold season temp flag, warm season temp correlation, warm season temp
flag....

The flags can either be a ranking based on the correlation with the instrumental data with 1 being
the best correlation and X being the worst, or a simple 0/1 for each category based on significant
correlations (e.g. cold temp, warm temp, warm precip etc).

The master file would then be searchable with a simple script to extract the proxies of interest. One
could search for all proxies with a warm season temp correlation greater/less than X or proxies that
were flagged as cold season precip sensitive or any combination.  All proxies that meet the search
criteria could be put together in columns and a separate data file of proxy name and lat/long
assembled.

If I get really ambitious, it would be possible to use a web browser to enter the search criteria.

Comments, suggestions, ideas?

Cheers,

Scott
 
RE: Using RegEM infilled data for correlations. I would prefer to not use infilled data, but stick to
the actual instrumental data.

At 8:48 AM -0400 7/16/02, Michael E. Mann wrote:

Dear All:

One additional point:

We should also plan to save the regression coefficients determined during the screening
correlation analysis.  That way, we have nominal local calibrations in terms of seasonal
precip and temp--we'll probably want do the MTM-SVD analyses on these, rather than
the raw proxy data. It may also prove useful to compare reconstructions based on local
calibrations to the large-scale reconstructions at some point,
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Mike

At 04:23 PM 7/15/2002 -0400, Michael E. Mann wrote:

Dear all,

After discussion w/ Malcolm, who pointed out some additional considerations,
we've decided to refine our approach. It will require a bit more work, but it
will pay off in a much more reliable stratification of the data.

We need to try to employ an *objective* classification of the categories, and
we should allow a given proxy record to potentially exisit in more than one
category (e.g., a tree-ring record could have both a winter and summer
precip response, or maybe both a summer precip and winter temp response!
We need to allow for such a possibility.).

So we will screen the proxy database against gridded cold- and warm-season
averaged 20th century instrumental surface temperature data. We already
have the gridded instrumental data (Jones et al land air/sst dataset) and we
can acquire the Hulme et al gridded precip dataset from the CRU website.
We then need to decide on a reasonable search radius (i.e., if there isn't an
instrumental precip and/or temp record for the gridpoint that the proxy data
is located in, what is "close enough" for use--the alternative is for Scott to
use RegEM to infill both the precip and instrumental temperature data during
the 20th century so that every precip or temp gridpoint that has any 20th
century data is  available over the full 20th century, based on its spatial
relationships with the other data. Thoughts on this point (Scott?).

So we will correlate every proxy with both cold-season and warm-season
precip and temp for the associated gridpoint, and if its correlation is
statistically significant (we need to decide on a threshold significance in this
screening operation. Perhaps 95% signif based on a two-sided significance
criterion?) w/ that variable or season, the indicator is included in the list of
data for that category. If it doesn't pass the criterion for *either* field, for
*either* season, the proxy gets lumped into a fifth "UNCLASSIFIED"
categorization, for us to decide how to deal with. This is likely to happen, by
default, for any of the non-annually resolved proxies. In these cases, we will
have to subjectively decide if the proxy belongs in one more more category.

One additional thing to keep in the database is how far back each record
goes. This will be important, so we can, for example, query the database for
"all cold-season thermal indicators available back to at least AD 1500".

One more important revision in the approach. Rather than initializing our
database as being the full Mann et al database, we should use the Mann et
al database MINUS ALL ITRDB DATA THAT WERE USED, and instead use
Malcolm's NEW ITRDB dataset. Fenbiao and Scott should be in direct
communication w/ Malcolm regarding obtaining these new data.

One the data are all appropriate classified, we can then worry about how to
determine the number of PCs retained for particular sub-networks of tree-
ring data, etc. But this is really "phase 2", while phase 1, the construction
and organization of the database, as described above, is what we need to
concetrate on now.

SO Fenbiao and Scott should begin discussing how best to manage the
database project, and subdivide tasks, keeping the rest of us in the loop.
Please let me know if any questions or comments. Thanks,

mike

_______________________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark
Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
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irginia.edu   Phone:    FAX:

http://www.evsc.virginia.edu/faculty/people/mann.shtml

_______________________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

mann@virginia.edu   Phone:    FAX: 

 http://www.evsc.virginia.edu/faculty/people/mann.shtml

-- 

______________________________________________
                      Scott Rutherford  

University of Virginia          University of Rhode Island
Environmental Sciences          Graduate School of Oceanography
Clark Hall                      South Ferry Road
Charlottesville, VA 22903               Narragansett, RI 02882
srutherford@virginia.edu                srutherford@gso.uri.edu
phone:            

_______________________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
____________________________________ ________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.e ple/mann.
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu; Scott Rutherford; fenbiao@holocene.evsc.virginia.edu; rbradley@geo.umass.edu
Cc: mann@virginia.edu
Subject: Re: refinement of data base approach
Date: Tuesday, July 16, 2002 5:56:40 AM

Dear All:

One additional point:

We should also plan to save the regression coefficients determined during the screening correlation
analysis.  That way, we have nominal local calibrations in terms of seasonal precip and temp--we'll
probably want do the MTM-SVD analyses on these, rather than the raw proxy data. It may also
prove useful to compare reconstructions based on local calibrations to the large-scale
reconstructions at some point,

Mike

At 04:23 PM 7/15/2002 -0400, Michael E. Mann wrote:

Dear all,

After discussion w/ Malcolm, who pointed out some additional considerations, we've
decided to refine our approach. It will require a bit more work, but it will pay off in a
much more reliable stratification of the data.

We need to try to employ an *objective* classification of the categories, and we should
allow a given proxy record to potentially exisit in more than one category (e.g., a tree-
ring record could have both a winter and summer precip response, or maybe both a
summer precip and winter temp response! We need to allow for such a possibility.).

So we will screen the proxy database against gridded cold- and warm-season averaged
20th century instrumental surface temperature data. We already have the gridded
instrumental data (Jones et al land air/sst dataset) and we can acquire the Hulme et al
gridded precip dataset from the CRU website. We then need to decide on a reasonable
search radius (i.e., if there isn't an instrumental precip and/or temp record for the
gridpoint that the proxy data is located in, what is "close enough" for use--the
alternative is for Scott to use RegEM to infill both the precip and instrumental
temperature data during the 20th century so that every precip or temp gridpoint that
has any 20th century data is  available over the full 20th century, based on its spatial
relationships with the other data. Thoughts on this point (Scott?).

So we will correlate every proxy with both cold-season and warm-season precip and
temp for the associated gridpoint, and if its correlation is statistically significant (we
need to decide on a threshold significance in this screening operation. Perhaps 95%
signif based on a two-sided significance criterion?) w/ that variable or season, the
indicator is included in the list of data for that category. If it doesn't pass the criterion
for *either* field, for *either* season, the proxy gets lumped into a fifth
"UNCLASSIFIED" categorization, for us to decide how to deal with. This is likely to
happen, by default, for any of the non-annually resolved proxies. In these cases, we will
have to subjectively decide if the proxy belongs in one more more category.

One additional thing to keep in the database is how far back each record goes. This will
be important, so we can, for example, query the database for "all cold-season thermal
indicators available back to at least AD 1500".

One more important revision in the approach. Rather than initializing our database as
being the full Mann et al database, we should use the Mann et al database MINUS ALL
ITRDB DATA THAT WERE USED, and instead use Malcolm's NEW ITRDB dataset.
Fenbiao and Scott should be in direct communication w/ Malcolm regarding obtaining
these new data.
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One the data are all appropriate classified, we can then worry about how to determine
the number of PCs retained for particular sub-networks of tree-ring data, etc. But this is
really "phase 2", while phase 1, the construction and organization of the database, as
described above, is what we need to concetrate on now.

SO Fenbiao and Scott should begin discussing how best to manage the database
project, and subdivide tasks, keeping the rest of us in the loop. Please let me know if
any questions or comments. Thanks,

mike

_______________________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

mann@virginia.edu   Phone:    FAX: 

 http://www.evsc.virginia.edu/faculty/people/mann.shtml

_______________________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
____________________________________ ________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.e ple/mann.
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu; Scott Rutherford; fenbiao@holocene.evsc.virginia.edu; rbradley@geo.umass.edu
Cc: mann@virginia.edu
Subject: Re: refinement of data base approach
Date: Tuesday, July 16, 2002 5:56:40 AM

Dear All:

One additional point:

We should also plan to save the regression coefficients determined during the screening correlation
analysis.  That way, we have nominal local calibrations in terms of seasonal precip and temp--we'll
probably want do the MTM-SVD analyses on these, rather than the raw proxy data. It may also
prove useful to compare reconstructions based on local calibrations to the large-scale
reconstructions at some point,

Mike

At 04:23 PM 7/15/2002 -0400, Michael E. Mann wrote:

Dear all,

After discussion w/ Malcolm, who pointed out some additional considerations, we've
decided to refine our approach. It will require a bit more work, but it will pay off in a
much more reliable stratification of the data.

We need to try to employ an *objective* classification of the categories, and we should
allow a given proxy record to potentially exisit in more than one category (e.g., a tree-
ring record could have both a winter and summer precip response, or maybe both a
summer precip and winter temp response! We need to allow for such a possibility.).

So we will screen the proxy database against gridded cold- and warm-season averaged
20th century instrumental surface temperature data. We already have the gridded
instrumental data (Jones et al land air/sst dataset) and we can acquire the Hulme et al
gridded precip dataset from the CRU website. We then need to decide on a reasonable
search radius (i.e., if there isn't an instrumental precip and/or temp record for the
gridpoint that the proxy data is located in, what is "close enough" for use--the
alternative is for Scott to use RegEM to infill both the precip and instrumental
temperature data during the 20th century so that every precip or temp gridpoint that
has any 20th century data is  available over the full 20th century, based on its spatial
relationships with the other data. Thoughts on this point (Scott?).

So we will correlate every proxy with both cold-season and warm-season precip and
temp for the associated gridpoint, and if its correlation is statistically significant (we
need to decide on a threshold significance in this screening operation. Perhaps 95%
signif based on a two-sided significance criterion?) w/ that variable or season, the
indicator is included in the list of data for that category. If it doesn't pass the criterion
for *either* field, for *either* season, the proxy gets lumped into a fifth
"UNCLASSIFIED" categorization, for us to decide how to deal with. This is likely to
happen, by default, for any of the non-annually resolved proxies. In these cases, we will
have to subjectively decide if the proxy belongs in one more more category.

One additional thing to keep in the database is how far back each record goes. This will
be important, so we can, for example, query the database for "all cold-season thermal
indicators available back to at least AD 1500".

One more important revision in the approach. Rather than initializing our database as
being the full Mann et al database, we should use the Mann et al database MINUS ALL
ITRDB DATA THAT WERE USED, and instead use Malcolm's NEW ITRDB dataset.
Fenbiao and Scott should be in direct communication w/ Malcolm regarding obtaining
these new data.
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One the data are all appropriate classified, we can then worry about how to determine
the number of PCs retained for particular sub-networks of tree-ring data, etc. But this is
really "phase 2", while phase 1, the construction and organization of the database, as
described above, is what we need to concetrate on now.

SO Fenbiao and Scott should begin discussing how best to manage the database
project, and subdivide tasks, keeping the rest of us in the loop. Please let me know if
any questions or comments. Thanks,

mike

_______________________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

mann@virginia.edu   Phone:    FAX: 

 http://www.evsc.virginia.edu/faculty/people/mann.shtml

_______________________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
____________________________________ ________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.e ple/mann.
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu; Scott Rutherford; fenbiao@holocene.evsc.virginia.edu; mann@virginia.edu;

rbradley@geo.umass.edu
Subject: refinement of data base approach
Date: Monday, July 15, 2002 1:28:50 PM

Dear all,

After discussion w/ Malcolm, who pointed out some additional considerations, we've decided
to refine our approach. It will require a bit more work, but it will pay off in a much more
reliable stratification of the data.

We need to try to employ an *objective* classification of the categories, and we should allow
a given proxy record to potentially exisit in more than one category (e.g., a tree-ring record
could have both a winter and summer precip response, or maybe both a summer precip and
winter temp response! We need to allow for such a possibility.).

So we will screen the proxy database against gridded cold- and warm-season averaged 20th
century instrumental surface temperature data. We already have the gridded instrumental
data (Jones et al land air/sst dataset) and we can acquire the Hulme et al gridded precip
dataset from the CRU website. We then need to decide on a reasonable search radius (i.e., if
there isn't an instrumental precip and/or temp record for the gridpoint that the proxy data is
located in, what is "close enough" for use--the alternative is for Scott to use RegEM to infill
both the precip and instrumental temperature data during the 20th century so that every
precip or temp gridpoint that has any 20th century data is  available over the full 20th
century, based on its spatial relationships with the other data. Thoughts on this point (Scott?
).

So we will correlate every proxy with both cold-season and warm-season precip and temp for
the associated gridpoint, and if its correlation is statistically significant (we need to decide on
a threshold significance in this screening operation. Perhaps 95% signif based on a two-sided
significance criterion?) w/ that variable or season, the indicator is included in the list of data
for that category. If it doesn't pass the criterion for *either* field, for *either* season, the
proxy gets lumped into a fifth "UNCLASSIFIED" categorization, for us to decide how to deal
with. This is likely to happen, by default, for any of the non-annually resolved proxies. In
these cases, we will have to subjectively decide if the proxy belongs in one more more
category.

One additional thing to keep in the database is how far back each record goes. This will be
important, so we can, for example, query the database for "all cold-season thermal indicators
available back to at least AD 1500".

One more important revision in the approach. Rather than initializing our database as being
the full Mann et al database, we should use the Mann et al database MINUS ALL ITRDB DATA
THAT WERE USED, and instead use Malcolm's NEW ITRDB dataset. Fenbiao and Scott should
be in direct communication w/ Malcolm regarding obtaining these new data.

One the data are all appropriate classified, we can then worry about how to determine the
number of PCs retained for particular sub-networks of tree-ring data, etc. But this is really
"phase 2", while phase 1, the construction and organization of the database, as described
above, is what we need to concetrate on now.

SO Fenbiao and Scott should begin discussing how best to manage the database project, and
subdivide tasks, keeping the rest of us in the loop. Please let me know if any questions or
comments. Thanks,

mike

_______________________________________________________________________
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                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

il: mann@virginia.edu   Phone:    FAX: 

     http://www.evsc.virginia.edu/faculty/people/mann.shtml

ABOR/MH/Priv-000446



From: Michael E. Mann
To: Malcolm Hughes
Cc: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; Scott Rutherford; frank@geo.umass.edu;

mann@virginia.edu
Subject: Re: inverse distance weighted or not?
Date: Tuesday, April 09, 2002 12:32:15 PM

HI Malcolm,

Well, basically, we know for sure that Phil did not use the inverse
distance gridding scheme in his gridded datasets since '94, so the reviewer
is apparently absolutely correct about this (may be Phil himself, actually).

So the only issue to resolve is whether or not our inverse-distance
gridding of the boreholes gives a significantly different result from the
straight gridding scheme. Since we used the former, which is actually less
easy to justify now given that the surface temperature data used were *not*
gridded this way, it is important for us to verify that this doesn't make a
difference in the results.

According to Scott, this is relativley straightforward for him to do, so
lets just wait out the results, which we should have shortly...

mike

At 10:36 AM 4/9/02 -0700, Malcolm Hughes wrote:
>We should probably also ask Phil, or one of
>the other authors (e.g. Ray). Cheers, Malcolm
>Date sent:              Tue, 09 Apr 2002 11:06:11 -
>0400
>To:                     Scott Rutherford
><srutherford@gso.uri.edu>
>From:                   "Michael E. Mann"
><mann@multiproxy.evsc.virginia.edu>
>Subject:                Re: inverse distance weighted
>or not?
>Copies to:              rbradley@geo.umass.edu,
>mhughes@ltrr.arizona.edu,
>         Scott Rutherford
><srutherford@gso.uri.edu>,
>mann@virginia.edu,
>         frank@geo.umass.edu
>
> > Thanks Scott.
> >
> > Upon discussion w/ Scott, we've decided to do a parallel analysis w/
> > the borehole data simply (rather than inverse-distanced) gridded, to
> > hopefully show that we get the same or very similar result. We'll keep
> > the rest of you posted on that,
> >
> > Mike
> >
> > At 09:35 AM 4/9/02 -0400, Scott Rutherford wrote:
> > >Mike,
> > >
> > >I remember we ran into this problem in the beginning when I didn't
> > >inverse distance weight and Frank did. Here's the deal. In Jones,
> > >Raper, Bradley, Diaz, Kelly and Wiley (1986, "Northern hemisphere
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> > >surface air temperature variations: 1851-1984", Journal of Climate
> > >and Applied Meteorology, 25:161-179) it is stated "For each grid
> > >point, all the available station anomaly values are averaged using
> > >inverse distance weighting..."
> > >
> > >In Jones (1994, "Hemispheric surface air temperature variations: A
> > >reanalysis and update to 1993", J. Climate 7:1794-1902) it is stated.
> > >"The gridding method used is essentially the same as that used by
> > >Jones [1986], although no allowance for a station's position in the
> > >box is made."
> > >
> > >That suggests to me that inverse distance was NOT used in the latest
> > >gridded data. In any case, I ran everything a long time ago with and
> > >without inverse distance gridding and it didn't make a difference to
> > >our results.  I don't know if I still have the results from that, but
> > >I can try to dig them up later.
> > >
> > >-Scott
> > >
> > >
> > >>Scott,
> > >>
> > >>I continue to be very confused over this issue of inverse-weighting
> > >>or not w/ the Jones et al anomaly data (i.e., the data available
> > >>here: http://www.cru.uea.ac.uk/cru/data/temperature/).
> > >>
> > >>The reviewer of the GRL claims the following:
> > >>
> > >>"Jones et al. (1999) on p.4 do not use an inverse distance gridding
> > >>scheme.  Each grid box is the simple average of all station records
> > >>within each box."
> > >>
> > >>Can we get to the bottom of this? We need to resolve this before we
> > >>can revise the manuscript!
> > >>
> > >>Thanks in advance,
> > >>
> > >>Mike
> > >>
> > >>____________________________________________________________________
> > >>___
> > >>                     Professor Michael E. Mann
> > >>            Department of Environmental Sciences, Clark Hall
> > >>                       University of Virginia
> > >>                      Charlottesville, VA 22903
> > >>____________________________________________________________________
> > >>___ e-mail: mann@virginia.edu   Phone:    FAX: (434)
> > >>982-2137
> > >>         http://www.evsc.virginia.edu/faculty/people/mann.shtml
> > >
> > >
> > >--
> > >______________________________________________
> > >                       Scott Rutherford
> > >
> > >University of Virginia          University of Rhode Island
> > >Environmental Sciences          Graduate School of Oceanography
> > >Clark Hall                      South Ferry Road
> > >Charlottesville, VA 22903               Narragansett, RI 02882
> > >srutherford@virginia.edu                srutherford@gso.uri.edu
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> > >phone:            
> >
> > ______________________________________________________________________
> > _
> >                       Professor Michael E. Mann
> >            Department of Environmental Sciences, Clark Hall
> >                        University of Virginia
> >                       Charlottesville, VA 22903
> > ______________________________________________________________________
> > _ e-mail: mann@virginia.edu   Phone:    FAX: (434)
> > 982-2137
> >         http://www.evsc.virginia.edu/faculty/people/mann.shtml
> >
>
>Malcolm Hughes
>Professor of Dendrochronology
>Laboratory of Tree-Ring Research
>University of Arizona
>Tucson, AZ 85721
>520-621-6470
>fax 520-621-8229

_______________________________________________________________________
                      Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Malcolm Hughes
To: Michael E. Mann
Cc: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; Scott Rutherford; mann@virginia.edu;

frank@geo.umass.edu
Subject: Re: inverse distance weighted or not?
Date: Tuesday, April 09, 2002 10:36:41 AM

We should probably also ask Phil, or one of
the other authors (e.g. Ray). Cheers, Malcolm
Date sent:              Tue, 09 Apr 2002 11:06:11 -0400
To:                     Scott Rutherford <srutherford@gso.uri.edu>
From:                   "Michael E. Mann" <mann@multiproxy.evsc.virginia.edu>
Subject:                Re: inverse distance weighted or not?
Copies to:              rbradley@geo.umass.edu, mhughes@ltrr.arizona.edu,
        Scott Rutherford <srutherford@gso.uri.edu>, mann@virginia.edu,
        frank@geo.umass.edu

> Thanks Scott.
>
> Upon discussion w/ Scott, we've decided to do a parallel analysis w/
> the borehole data simply (rather than inverse-distanced) gridded, to
> hopefully show that we get the same or very similar result. We'll keep
> the rest of you posted on that,
>
> Mike
>
> At 09:35 AM 4/9/02 -0400, Scott Rutherford wrote:
> >Mike,
> >
> >I remember we ran into this problem in the beginning when I didn't
> >inverse distance weight and Frank did. Here's the deal. In Jones,
> >Raper, Bradley, Diaz, Kelly and Wiley (1986, "Northern hemisphere
> >surface air temperature variations: 1851-1984", Journal of Climate
> >and Applied Meteorology, 25:161-179) it is stated "For each grid
> >point, all the available station anomaly values are averaged using
> >inverse distance weighting..."
> >
> >In Jones (1994, "Hemispheric surface air temperature variations: A
> >reanalysis and update to 1993", J. Climate 7:1794-1902) it is stated.
> >"The gridding method used is essentially the same as that used by
> >Jones [1986], although no allowance for a station's position in the
> >box is made."
> >
> >That suggests to me that inverse distance was NOT used in the latest
> >gridded data. In any case, I ran everything a long time ago with and
> >without inverse distance gridding and it didn't make a difference to
> >our results.  I don't know if I still have the results from that, but
> >I can try to dig them up later.
> >
> >-Scott
> >
> >
> >>Scott,
> >>
> >>I continue to be very confused over this issue of inverse-weighting
> >>or not w/ the Jones et al anomaly data (i.e., the data available
> >>here: http://www.cru.uea.ac.uk/cru/data/temperature/).
> >>
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> >>The reviewer of the GRL claims the following:
> >>
> >>"Jones et al. (1999) on p.4 do not use an inverse distance gridding
> >>scheme.  Each grid box is the simple average of all station records
> >>within each box."
> >>
> >>Can we get to the bottom of this? We need to resolve this before we
> >>can revise the manuscript!
> >>
> >>Thanks in advance,
> >>
> >>Mike
> >>
> >>____________________________________________________________________
> >>___
> >>                     Professor Michael E. Mann
> >>            Department of Environmental Sciences, Clark Hall
> >>                       University of Virginia
> >>                      Charlottesville, VA 22903
> >>____________________________________________________________________
> >>___ e-mail: mann@virginia.edu   Phone:    FAX: (434)
> >>982-2137
> >>         http://www.evsc.virginia.edu/faculty/people/mann.shtml
> >
> >
> >--
> >______________________________________________
> >                       Scott Rutherford
> >
> >University of Virginia          University of Rhode Island
> >Environmental Sciences          Graduate School of Oceanography
> >Clark Hall                      South Ferry Road
> >Charlottesville, VA 22903               Narragansett, RI 02882
> >srutherford@virginia.edu                srutherford@gso.uri.edu
> >phone:            
>
> ______________________________________________________________________
> _
>                       Professor Michael E. Mann
>            Department of Environmental Sciences, Clark Hall
>                        University of Virginia
>                       Charlottesville, VA 22903
> ______________________________________________________________________
> _ e-mail: mann@virginia.edu   Phone:    FAX: (434)
> 982-2137
>         http://www.evsc.virginia.edu/faculty/people/mann.shtml
>
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From: Michael E. Mann
To: Scott Rutherford
Cc: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; Scott Rutherford; mann@virginia.edu;

frank@geo.umass.edu
Subject: Re: inverse distance weighted or not?
Date: Tuesday, April 09, 2002 8:05:53 AM

Thanks Scott.

Upon discussion w/ Scott, we've decided to do a parallel analysis w/ the
borehole data simply (rather than inverse-distanced) gridded, to hopefully
show that we get the same or very similar result. We'll keep the rest of
you posted on that,

Mike

At 09:35 AM 4/9/02 -0400, Scott Rutherford wrote:
>Mike,
>
>I remember we ran into this problem in the beginning when I didn't inverse
>distance weight and Frank did. Here's the deal. In Jones, Raper, Bradley,
>Diaz, Kelly and Wiley (1986, "Northern hemisphere surface air temperature
>variations: 1851-1984", Journal of Climate and Applied Meteorology,
>25:161-179) it is stated "For each grid point, all the available station
>anomaly values are averaged using inverse distance weighting..."
>
>In Jones (1994, "Hemispheric surface air temperature variations: A
>reanalysis and update to 1993", J. Climate 7:1794-1902) it is stated. "The
>gridding method used is essentially the same as that used by Jones [1986],
>although no allowance for a station's position in the box is made."
>
>That suggests to me that inverse distance was NOT used in the latest
>gridded data. In any case, I ran everything a long time ago with and
>without inverse distance gridding and it didn't make a difference to our
>results.  I don't know if I still have the results from that, but I can
>try to dig them up later.
>
>-Scott
>
>
>>Scott,
>>
>>I continue to be very confused over this issue of inverse-weighting or
>>not w/ the Jones et al anomaly data (i.e., the data available here:
>>http://www.cru.uea.ac.uk/cru/data/temperature/).
>>
>>The reviewer of the GRL claims the following:
>>
>>"Jones et al. (1999) on p.4 do not use an inverse distance gridding
>>scheme.  Each grid box is the simple average of all station records
>>within each box."
>>
>>Can we get to the bottom of this? We need to resolve this before we can
>>revise the manuscript!
>>
>>Thanks in advance,
>>
>>Mike
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>>
>>_______________________________________________________________________
>>                     Professor Michael E. Mann
>>            Department of Environmental Sciences, Clark Hall
>>                       University of Virginia
>>                      Charlottesville, VA 22903
>>_______________________________________________________________________
>>e-mail: mann@virginia.edu   Phone:    FAX: 
>>         http://www.evsc.virginia.edu/faculty/people/mann.shtml
>
>
>--
>______________________________________________
>                       Scott Rutherford
>
>University of Virginia          University of Rhode Island
>Environmental Sciences          Graduate School of Oceanography
>Clark Hall                      South Ferry Road
>Charlottesville, VA 22903               Narragansett, RI 02882
>srutherford@virginia.edu                srutherford@gso.uri.edu
>phone:            

_______________________________________________________________________
                      Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Scott Rutherford
Cc: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; frank@geo.umass.edu; mann@virginia.edu
Subject: inverse distance weighted or not?
Date: Monday, April 08, 2002 2:50:36 PM

Scott,

I continue to be very confused over this issue of inverse-weighting or not
w/ the Jones et al anomaly data (i.e., the data available here:
http://www.cru.uea.ac.uk/cru/data/temperature/).

The reviewer of the GRL claims the following:

"Jones et al. (1999) on p.4 do not use an inverse distance gridding
scheme.  Each grid box is the simple average of all station records within
each box."

Can we get to the bottom of this? We need to resolve this before we can
revise the manuscript!

Thanks in advance,

Mike

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: Scott Rutherford
Cc: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; frank@geo.umass.edu; mann@virginia.edu
Subject: inverse distance weighted or not?
Date: Monday, April 08, 2002 2:50:36 PM

Scott,

I continue to be very confused over this issue of inverse-weighting or not
w/ the Jones et al anomaly data (i.e., the data available here:
http://www.cru.uea.ac.uk/cru/data/temperature/).

The reviewer of the GRL claims the following:

"Jones et al. (1999) on p.4 do not use an inverse distance gridding
scheme.  Each grid box is the simple average of all station records within
each box."

Can we get to the bottom of this? We need to resolve this before we can
revise the manuscript!

Thanks in advance,

Mike

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: Raymond S. Bradley
Cc: mann@multiproxy.evsc.virginia.edu; mhughes@ltrr.arizona.edu; juerg@giub.unibe.ch
Subject: Re: European temperatures
Date: Sunday, February 03, 2002 1:44:55 PM

Thanks Ray,

Yes--this comparison is very impressive indeed, particularly after 1780.

Note that there is a decrease in the number of eigenvectors resolved in
the  MBH98 reconstructions prior to 1780 (decreases from 11 to 9; see

ftp://eclogite.geo.umass.edu/pub/mann/ONLINE-PREPRINTS/MultiProxy/stats-supp.html

This means that there is a greater spatial smoothing in the pre-1780
reconstructions, and not surprisingly, there is less variance resolved at a
spatial scale as small as Europe,

mike

At 03:24 PM 2/3/02 -0500, Raymond S. Bradley wrote:
>I attach a revised comparison of the Luterbacher et al. European
>temperatures, compared to a sub-set of Mann et al., this time for the
>exact same area.  As you will see, r=0.82.  Clearly, there is a
>significant overlap in data from the European area that went into these
>reconstructions, but the methodologies are different and the overall
>geographical domain that was used in Mann et al is quite different...so I
>am quite pleased that they are so similar.
>
>If it's OK with Juerg, I'd like to include this comparison in a graph in
>the PAGES synthesis chapter that he reviewed (in the figure that plotted
>North American & European temperatures).
>
>Ray
>
>
>
>
>Raymond S. Bradley
>Professor and Head of Department
>Department of Geosciences
>University of Massachusetts
>Amherst, MA 01003-5820
>
>Tel: 
>Fax: 
>Climate System Research Center: 
>Climate System Research Center Web Page:
><http://www.geo.umass.edu/climate/climate.html>
>Paleoclimatology Book Web Site (1999):
>http://www.geo.umass.edu/climate/paleo/html
>
>

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
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                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Raymond S. Bradley
To: mann@multiproxy.evsc.virginia.edu; mhughes@ltrr.arizona.edu; juerg@giub.unibe.ch
Subject: European temperatures
Date: Sunday, February 03, 2002 1:29:12 PM
Attachments: mannluteurnew.doc

Untitled attachment 00054.txt

I attach a revised comparison of the Luterbacher et al. European
temperatures, compared to a sub-set of Mann et al., this time for the exact
same area.  As you will see, r=0.82.  Clearly, there is a significant
overlap in data from the European area that went into these
reconstructions, but the methodologies are different and the overall
geographical domain that was used in Mann et al is quite different...so I
am quite pleased that they are so similar.

If it's OK with Juerg, I'd like to include this comparison in a graph in
the PAGES synthesis chapter that he reviewed (in the figure that plotted
North American & European temperatures).

Ray
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; Scott Rutherford; mann@virginia.edu
Subject: MORE DATA WE CAN USE FOR RECONSTRUCTIONS
Date: Monday, June 11, 2001 1:13:00 PM

Can we get ahold of the Mt  Logan (seasonally sampled) ice core published
by Holdsworth (1980)? It would be useful. Also, the Gulf of Alaska tree
ring data of Wiles, Jacoby, D'arrigo?

mike

_______________________________________________________________________
                      Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: srutherford@virginia.edu
Cc: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; mann@virginia.edu
Subject: new proxies to use
Date: Monday, June 04, 2001 1:02:30 PM

Another thing came to mind.

We need to get our hands on *all* instrumental data (temperature, precip,
and SLP!) available over the past few centuries. There are definitely
several of each that weren't used by Mann et al '98 that we should use
(Mann et al '98 didn't use SLP because they are so seasonally-variable, but
since we're doing seasonal reconstructions, these should be more useful)...

mike

_______________________________________________________________________
                      Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: srutherford@virginia.edu; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Cc: mann@virginia.edu
Subject: soper lake
Date: Saturday, June 02, 2001 4:07:33 AM

Guys (Ray?), we will also need to get ahold of Konrad's Soper lake and new
"Donard Lake" records...

mike

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
          http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: Ray Bradley; mhughes@ltrr.arizona.edu; Scott Rutherford; mann@virginia.edu
Subject: data
Date: Wednesday, May 30, 2001 10:48:58 AM

Ray and Malcolm:

Scott and I have sat down and jotted a few records which we agree are
essential in the next round of reconstructions employing both  low-freq and
high-rfreq indicators, and relevant to fields other than temperature (i.e.,
drought, slp, etc).

heres the ones we've come up with initially:

Dye3 and GRIP boreholes
Cronin o18 cheasepeake by salinity recons
Laird U.S. o18 drough reconstructions
Verscheren et al African drought reconstruction
GISP2 isotopes and chemistry
long instrumental precip and temp series we haven't used
Chinese historical records
Cariaco basin sediment record
Santa Barbara basin record
lake sediments used by Overpeck et al

Any important ones we've forgotten. How best to get ahold of each one?

thanks,

mike

_______________________________________________________________________
                      Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Folland, Chris
Subject: RE: GREENLAND V NH -COHERENCE SQUARED
Date: Wednesday, May 30, 2001 7:40:01 AM

HI Chris,

Thanks--that worked. These results aren't too suprising. The earlier period
shows higher coherence (but only at certain timescales). As you've pointed
out, sometimes the multidecadal oscillation contributes to hemispheric
warming, sometimes it opposes it. I really do hesitate to rely mucn on the
earlier data (prior to about 1922) not just because the Greenland mean
isn't well sampled, but because even the Northern Hemisphere sampling is
sparse enough that the two means (Greenland and N. Hem) become less
statistically independent...

This is definitely worth ongoing investigation. But the main point, for the
time being, is that it is difficult to make the argument (which John seems
to want to make, and I'm, to be perfectly frank, a bit concerned about
motives here) that the greenland borehole trends in any way contradict our
discussion in chapter two. Now, we are incorporating these boreholes  (as
well as Pollack's terrestrial boreholes) in our current, next round of
reconstructions employing low-frequency as well as high-frequency indicators.

Will keep you posted on that. Talk to you later,

mike

At 03:23 PM 5/30/01 +0100, you wrote:
>Mike
>
>I could send them as .bmp but the files are much larger. I can import them
>into WORD97 having created them. So try this before I send .bmp versions.
>
>1. Save the .wmf attachment as a file from your emailer in an appropriate
>folder.
>
>Go To WORD
>
>Click
>
>1. Insert
>
>2. Picture
>
>3. From File
>
>Then go to the appropriate folder. The files are listed
>
>Click on the file. It will show as a mini picture before you open it
>preferably into a "new" document.
>
>If this does not work, you must have a pirate version of WORD97! Windows
>metafiles are the basic file systems of Windows programs.
>
>Chris
>Chris Folland
>Head of Climate Variability Research
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>Met Office, Hadley Centre for Climate Prediction and Research, London Road,
>Bracknell, Berkshire, RG12 2SY
>PLEASE NOTE NEW EMAIL ADDRESS:
>email: chris.folland@metoffice.com
>Tel:  +44 (0)1344 856646
>Fax: 
> > http://www.metoffice.gov.uk
> >
> >
> >
> >
> > -----Original Message-----
> > From: Michael E. Mann [SMTP:mann@virginia.edu]
> > Sent: 30 May 2001 15:12
> > To:   Folland, Chris
> > Subject:      Re: GREENLAND V NH -COHERENCE SQUARED
> >
> > Hi Chris,
> >
> > I can't import these into word97. Can you send them in some other format?
> > Thanks,
> >
> > mike
> >
> > At 11:54 AM 5/30/01 +0100, you wrote:
> > >Mike
> > >
> > >Done this analysis using your data to 1998 as a quick way of calculating
> > >correlations for all data lengths. Reactions please. The message from the
> > >graphs is a bit more complicated than your messages.  Got  more related
> > >diagnostics. Is it worth doing a similar analysis for Greenland ice core
> > >temperatures v paleo NH temperatures for both Greenland ice cores?
> > >
> > >The underlying spectra are periodograms; this makes the calculation of
> > >coherence squared significance possible analytically. If we smooth more,
> > the
> > >95% confidence level gets lower and vice versa. I have cut off the plot
> > as
> > >c. half the data length. Very long data series are needed to resolve the
> > >questions raised with more precision.
> > >
> > >.wmf files are imported as "pictures" into Word etc.
> > >
> > >Chris
> > >
> > >  <<COH GREENLAND NH 1861-1998.WMF>>  <<COH GREENLAND NH 1922-1998.WMF>>
> > >
> > >Chris Folland
> > >Head of Climate Variability Research
> > >Met Office, Hadley Centre for Climate Prediction and Research, London
> > Road,
> > >Bracknell, Berkshire, RG12 2SY
> > >PLEASE NOTE NEW EMAIL ADDRESS:
> > >email: chris.folland@metoffice.com
> > >Tel:  +44 (0)1344 856646
> > >Fax: 
> > > > http://www.metoffice.gov.uk
> > > >
> > > >
> > > >
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> > > >
> > >
> >
> > _______________________________________________________________________
> >                      Professor Michael E. Mann
> >             Department of Environmental Sciences, Clark Hall
> >                        University of Virginia
> >                       Charlottesville, VA 22903
> > _______________________________________________________________________
> > e-mail: mann@virginia.edu   Phone:    FAX: 
> >           http://www.evsc.virginia.edu/faculty/people/mann.shtml
> >

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
          http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: srutherford@virginia.edu
Cc: Ray Bradley; mhughes@ltrr.arizona.edu; mann@virginia.edu
Subject: data
Date: Friday, May 25, 2001 9:26:49 AM

HI Scott et al,

Did we discuss varved sediments? We should be using those for the decadal+
variability in the next round of reconstructions. Ray may have most of
these already (?). If not, can be downloaded off the NOAA Paleo site I
think (e.g., the Overpeck et al '97 data, which should be available)...

mike

_______________________________________________________________________
                      Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Raymond S. Bradley
Cc: Michael E. Mann; Scott Rutherford; mhughes@ltrr.arizona.edu
Subject: Re: ice core boreholes
Date: Thursday, May 24, 2001 3:59:43 PM

Hi Ray,

That should be easy to do, since there is so little info/resolution. Scott:
can you get ahold of this, and do you have access to a digitizer up there?

mike

At 06:47 PM 5/24/01 -0400, Raymond S. Bradley wrote:
>D-J has never responded to my request for these data..  so we would have
>to digitize the records, or the mean of her estimates ["...but is the mean
>meaningful ...?"..von Storch]
>
>Ray
>
>At 06:40 PM 5/24/01 -0400, you wrote:
>>Scott: We need to get ahold of the Dye3 and GRIP borehole records from
>>Dahl-Jensen et al, Science, 1998 to use in the low-frequency component of
>>our next round of reconstructions, along w/ the other low-res climate
>>proxy data...
>>
>>mike
>>
>>_______________________________________________________________________
>>                     Professor Michael E. Mann
>>            Department of Environmental Sciences, Clark Hall
>>                       University of Virginia
>>                      Charlottesville, VA 22903
>>_______________________________________________________________________
>>e-mail: mann@virginia.edu   Phone:    FAX: 
>>          http://www.evsc.virginia.edu/faculty/people/mann.shtml
>
>Raymond S. Bradley
>Professor and Head of Department
>Department of Geosciences
>University of Massachusetts
>Amherst, MA 01003-5820
>
>Tel: 
>Fax: 
>Climate System Research Center: 
>Climate System Research Center Web Page:
><http://www.geo.umass.edu/climate/climate.html>
>Paleoclimatology Book Web Site (1999):
>http://www.geo.umass.edu/climate/paleo/html
>
>
>

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
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                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
          http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: Scott Rutherford; mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; Mann@virginia.edu
Subject: ice core boreholes
Date: Thursday, May 24, 2001 3:36:03 PM

Scott: We need to get ahold of the Dye3 and GRIP borehole records from
Dahl-Jensen et al, Science, 1998 to use in the low-frequency component of
our next round of reconstructions, along w/ the other low-res climate proxy
data...

mike

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
          http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: Ray Bradley; mhughes@ltrr.arizona.edu; Scott Rutherford
Cc: mann@virginia.edu
Subject: GISP2 annual data
Date: Thursday, May 24, 2001 11:41:43 AM

Dear Scott et al:

One thing we didn't talk about: we need to get ahold of all annual
resolution new ice core records we can for the next set of reconstructions,
including the GISP2 annual data. Any suggestions as to the easiest way to
get these data in easy-to-read format (ie, year, value 2-column format)?

mike

_______________________________________________________________________
                      Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu; Scott Rutherford
Subject: Fwd: Returned mail: User unknown
Date: Wednesday, May 23, 2001 10:20:47 AM

>Date: Wed, 23 May 2001 13:17:27 -0400
>From: Mail Delivery Subsystem <MAILER-DAEMON@unix.mail.virginia.edu>
>To: <mann@multiproxy.evsc.Virginia.EDU>
>Subject: Returned mail: User unknown
>Auto-Submitted: auto-generated (failure)
>
>The original message was received at Wed, 23 May 2001 13:17:24 -0400
>from mannpc.evsc.Virginia.EDU [128.143.42.178]
>
>    ----- The following addresses had permanent fatal errors -----
><mhughes@itrr.arizona.edu>
>
>    ----- Transcript of session follows -----
>... while talking to mail.virginia.edu.:
> >>> RCPT To:<mhughes@itrr.arizona.edu>
><<< 550 (BHST) Unknown host/domain name in "mhughes@itrr.arizona.edu"
>550 <mhughes@itrr.arizona.edu>... User unknown
>
>    ----- Original message follows -----
>
>Return-Path: <mann@multiproxy.evsc.virginia.edu>
>Received: from MannPC.virginia.edu (mannpc.evsc.Virginia.EDU [128.143.42.178])
>         by smtp.mail.Virginia.EDU (8.9.3/8.9.3) with ESMTP id NAA15354;
>         Wed, 23 May 2001 13:17:24 -0400
>Message-Id: <5.0.2.1.0.20010523131257.01fa9370@multiproxy.evsc.virginia.edu>
>X-Sender: mann@multiproxy.evsc.virginia.edu
>X-Mailer: QUALCOMM Windows Eudora Version 5.0.2
>Date: Wed, 23 May 2001 13:27:49 -0400
>To: Scott Rutherford <srutherford@virginia.edu>, rbradley@geo.umass.edu,
>         mhughes@itrr.arizona.edu
>From: "Michael E. Mann" <mann@multiproxy.evsc.virginia.edu>
>Subject: Re: summary
>Cc: srutherford@virginia.edu, frank@geo.umass.edu
>In-Reply-To: <f05010400b73018fea55a@[131.128.104.237]>
>Mime-Version: 1.0
>Content-Type: text/plain; charset="iso-8859-1"; format=flowed
>Content-Transfer-Encoding: quoted-printable
>
>HI Scott,
>
>That sounds about right. See some other details below.
>
>Looked at the plots. They're actually one directory up from what you=20
>specified (the directory bh is empty at present). To compuare the Huang et=
>=20
>al borehole temperature trends, we should be using Franks gridded version=20
>of that data now (Scott can you get from Frank) and then computing the=20
>areally-weighted N. Hem ave of the gridded borehole data to get a Huang et=
>=20
>al "N. Hemis" estimate (it'll be a bit different from their own, since they=
>=20
>average larger domains together rather than areally weighting the full=20
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>gridpoint distribution, but I expect these will be very similar). That can=
>=20
>be compared w/ our own calibrated NH borehole reconstruction, both full=20
>hemisphere domain, and w/ the actual borehole gridpoint mask applied, to=20
>look at the effects of spatial sampling.
>
>We can then compare time series (consisting of consecutive linear=20
>century-long trends) for each of these, w/ those for the Mann et al=20
>reconstructions.
>
>One other thing--lets do the t-tests on the different century means from=20
>the Huang et al borehole reconstruction (simplest to be done on the=20
>straight average of all the boreholes,
>using each centuries mean and standard deviation) and see if our instinct=20
>is right, that only the 20th century is significantly different from the=20
>others. This will be in important point.
>If we can argue that the simple means of the borehole data don't give=20
>statistically-significant variability from the 15th-19th century, it is=20
>strong support for our approach, which selects
>out from the huge mass those borehole data which do best pick out the=20
>signal! Of course, a simliar thing may be true of our proxy data (will be=20
>very interesting to see this plot) but this is why we don't simply average=
>=20
>our proxy data together!
>
>Rob Harris agrees w/ our take on the latter. He doesn't believe that the=20
>boreholes have the sensitivity to pick out century-scale trends because of=
>=20
>the signal-to-noise issue that we are talking about here. That is why his=20
>approach is to estimate pre-instrumental "mean" alone, as a single=
>  parameter.
>
>Rob would be a good  reviewer of our paper from the borehole side of=20
>things, since he is fairly independent of Pollack/Huang et al...
>
>mike
>
>At 01:42 PM 5/22/01 -0400, Scott Rutherford wrote:
> >Dear all,
> >
> > From my notes yesterday here's what I have as the proposed plan of attack.
> >
> >
> > From Scott/Mike:
> >
> >Our version of a borehole reconstruction with 1856-1980 as the calibration=
>=20
> >period.
> >Our version of a borehole reconstruction with 1900-1980 as the calibration=
>=20
> >period.
> >A combined borehole-multiproxy reconstruction with 1900-1980 as the=20
> >calibration period.
> >Data to Frank for trend mapping
> >
> >
> >Figures:
> >
> > From Scott/Mike:
> >Time series plots of Huang, MBH98 with and without trees, new borehole=20
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> >reconstruction (both traning periods) and the combined borehole-multiproxy=
>=20
> >reconstruction
> >
> >Time series plots showing 0-30=B0 and 30-70=B0 bands
> >Also, time series with spatial masks.
> >
> >Maps of proxy contribution to the reconstruction (2-norm of the=
>  correlations)
> >
> >Plot distrubution of century-scale trends for borehole data (the=20
> >symmetrical plot we looked at yesterday) and for multiproxy network (on=20
> >ftp, see below).
> >
> >
> > From Ray/Frank:
> >maps of the century scale trends for MBH98 versus Huang versus our new=20
> >borehole-based reconstruction
> >
> >----------------------------------
> >Plots of century scale trends in the borehole and multiproxy data are=20
> >available via anonymous ftp at holocene.evsc.virginia.edu/pub/sdr/bh
> >
> >For each time series the mean from 1900-1960 was removed then divided by=20
> >the standard deviation over the whole time series.  There are both=20
> >postscript and high resolution (300 dpi) pdf files available.
> >
> >Let me know if I have the above correct or if you have questions on the=20
> >plots on the ftp site.
> >
> >Regards,
> >
> >Scott
> >--
> >______________________________________________
> >                       Scott Rutherford
> >
> >University of Virginia  University of Rhode Island
> >Environmental Sciences  Graduate School of Oceanography
> >Clark Hall                      South Ferry Road
> >Charlottesville, VA 22903       Narragansett, RI 02882
> >srutherford@virginia.edu        srutherford@gso.uri.edu
> >phone:    
> >fax:      
>
>_______________________________________________________________________
>                       Professor Michael E. Mann
>            Department of Environmental Sciences, Clark Hall
>                        University of Virginia
>                       Charlottesville, VA 22903
>_______________________________________________________________________
>e-mail: mann@virginia.edu   Phone:    FAX: 
>         http://www.evsc.virginia.edu/faculty/people/mann.shtml

_______________________________________________________________________
                      Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
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e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Ray Bradley
Cc: Michael E. Mann; mhughes@ltrr.arizona.edu
Subject: Re: t test
Date: Friday, April 27, 2001 2:11:16 PM

HI Ray,

Nope--I think what we've done is as conservative as is reasonable. Either he accepts our
estimates of uncertainty or not. If he doesn't, then all bets are off. I think we're in the right
here. Everyone I talked to at the workshop seemed to agree (we all discussed this at the
reception after you left, and even Chris Widmann could no longer explain what von Storch's
point was!)...

mike

At 05:08 PM 4/27/01 -0300, Ray Bradley wrote:

Another way of looking at this question is to ask: what would the SE have to be
in order for the differences between the period NOT to be significant.  We can
play with that idea. 
I assume that the 1 sigma SE you cite below are from the (yellow) error bars
(which were 2 sigma, I think) on our GRL paper--I don't have it hand to check. 
Is there a more von Storch-robust test that we should use, rather than a t-test
(though I guss there is no reason to think that the distribution is not normal...) 
Ray 

At 12:48 PM 4/27/01 -0400, you wrote: 
>HI Ray, Frank: 
> 
>Thanks. However, it sounds like you guys just used the nominal standard 
>deviation of the series itself (?) and not the standard error (which takes 
>into account the uncertainties, which are the limiting factor in this case). 
> 
>What we'd really like to know is whether or not the means are significantly 
>different if we use the 1 sigma uncertainties for the appropriate 200 or 
>300 period means. Note that these uncertainties will be considerably larger 
>for the earlier periods than the later periods, and that will limit the 
>establishment of significant t-test results. 
> 
>Here are the approximate 1 sigma uncertainties for a 40 year period mean at 
>different 
>times: 
> 
>AD 1000-1600:  approx 0.18 
>AD 1600-1900: approx 0.10 
> 
>40 year period means in our reconstruction are roughly uncorrelated w/ each 
>other so the uncertainties for longer means just follow square-root statistics: 
> 
>1 sigma uncertainty for AD 1000-1200 mean:  0.11 
>1 sigma uncertainty for AD 1000-1300 mean: 0.066 
>1 sigma uncertainty for AD 1550-1850 mean (this is a bit trickier because 
>it averages between regions w/ very different uncertainties. So need to 
>form a weighted average): 0.041 
> 
>Frank should use these in place of the nominal "sd"s for the different 

ABOR/MH/Priv-000478



>means in the t-test. 
> 
>My guess is that the differences will probably still be significant, but 
>only at say the p=0.1 or so levels (?). Will be interesting to see what 
>these yield. 
> 
>Thanks for keeping me posted on this, 
> 
>mike 
> 
>At 11:03 AM 4/27/01 -0400, Raymond S. Bradley wrote: 
> 
>>>Date: Fri, 27 Apr 2001 10:45:04 -0400 
>>>From: Frank Keimig <frank@geo.umass.edu> 
>>>X-Mailer: Mozilla 4.73 [en] (Win98; U) 
>>>X-Accept-Language: en,pdf 
>>>To: "Raymond S. Bradley" <rbradley@geo.umass.edu> 
>>>Subject: Re: 
>>> 
>>>The t-test for both camparisons gives p values less than .001.  Thus, 
>>>differences in the means are highly significant. 
>>> 
>>>"Raymond S. Bradley" wrote: 
>>> 
>>> > : 
>>> > I got hard questions from Hans von Storch In Va about whether the
Mann et 
>>> > al reconstruction was statistically different in the "MWP" v. the "LIA". 
>>> > Can you do a t-test using the means and sd for 1000-1200 v. 1550-1850
(& 
>>> > 1000-1300 v 1550-1850) & see if the differences are "significant". 
>>> > Ray 
>>> > 
>>> > Raymond S. Bradley 
>>> > Professor and Head of Department 
>>> > Department of Geosciences 
>>> > University of Massachusetts 
>>> > Amherst, MA 01003-5820 
>>> > 
>>> > Tel:  
>>> > Fax:  
>>> > Climate System Research Center:  
>>> > Climate System Research Center Web Page: 
>>> > <http://www.geo.umass.edu/climate/climate.html> 
>>> > Paleoclimatology Book Web Site (1999): 
>>> > http://www.geo.umass.edu/climate/paleo/html 
>>> 
>>>-- 
>>>Frank Keimig 
>>>Department of Geosciences 
>>>University of Massachusetts 
>>>Amherst, MA 01003 
>>>  
>>>Fax:  
>> 
>>Raymond S. Bradley 
>>Professor and Head of Department 
>>Department of Geosciences 
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>>University of Massachusetts 
>>Amherst, MA 01003-5820 
>> 
>>Tel:  
>>Fax:  
>>Climate System Research Center:  
>>Climate System Research Center Web Page: 
>><http://www.geo.umass.edu/climate/climate.html> 
>>Paleoclimatology Book Web Site (1999): 
>>http://www.geo.umass.edu/climate/paleo/html 
>> 
>> 
>> 
> 
>_______________________________________________________________________

>                      Professor Michael E. Mann 
>           Department of Environmental Sciences, Clark Hall 
>                       University of Virginia 
>                      Charlottesville, VA 22903 
>_______________________________________________________________________

>e-mail: mann@virginia.edu   Phone:    FAX:  
>        http://www.evsc.virginia.edu/faculty/people/mann.shtml 
> 
> 
> 
Raymond S. Bradley 
Professor and Head of Department 
Department of Geosciences 
University of Massachusetts 
Amherst, MA 01003-5820 
                                                    
Tel:  
Fax:  
Climate System Research Center:   
Climate System Research Center Web Page:
<http://www.geo.umass.edu/climate/climate.html> 
Paleoclimatology Book Web Site (1999):
http://www.geo.umass.edu/climate/paleo/html 

</blockquote></x-html>

_______________________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: Ray Bradley
Cc: Michael E. Mann; mhughes@ltrr.arizona.edu
Subject: Re: t test
Date: Friday, April 27, 2001 2:11:16 PM

HI Ray,

Nope--I think what we've done is as conservative as is reasonable. Either he accepts our
estimates of uncertainty or not. If he doesn't, then all bets are off. I think we're in the right
here. Everyone I talked to at the workshop seemed to agree (we all discussed this at the
reception after you left, and even Chris Widmann could no longer explain what von Storch's
point was!)...

mike

At 05:08 PM 4/27/01 -0300, Ray Bradley wrote:

Another way of looking at this question is to ask: what would the SE have to be
in order for the differences between the period NOT to be significant.  We can
play with that idea. 
I assume that the 1 sigma SE you cite below are from the (yellow) error bars
(which were 2 sigma, I think) on our GRL paper--I don't have it hand to check. 
Is there a more von Storch-robust test that we should use, rather than a t-test
(though I guss there is no reason to think that the distribution is not normal...) 
Ray 

At 12:48 PM 4/27/01 -0400, you wrote: 
>HI Ray, Frank: 
> 
>Thanks. However, it sounds like you guys just used the nominal standard 
>deviation of the series itself (?) and not the standard error (which takes 
>into account the uncertainties, which are the limiting factor in this case). 
> 
>What we'd really like to know is whether or not the means are significantly 
>different if we use the 1 sigma uncertainties for the appropriate 200 or 
>300 period means. Note that these uncertainties will be considerably larger 
>for the earlier periods than the later periods, and that will limit the 
>establishment of significant t-test results. 
> 
>Here are the approximate 1 sigma uncertainties for a 40 year period mean at 
>different 
>times: 
> 
>AD 1000-1600:  approx 0.18 
>AD 1600-1900: approx 0.10 
> 
>40 year period means in our reconstruction are roughly uncorrelated w/ each 
>other so the uncertainties for longer means just follow square-root statistics: 
> 
>1 sigma uncertainty for AD 1000-1200 mean:  0.11 
>1 sigma uncertainty for AD 1000-1300 mean: 0.066 
>1 sigma uncertainty for AD 1550-1850 mean (this is a bit trickier because 
>it averages between regions w/ very different uncertainties. So need to 
>form a weighted average): 0.041 
> 
>Frank should use these in place of the nominal "sd"s for the different 
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>means in the t-test. 
> 
>My guess is that the differences will probably still be significant, but 
>only at say the p=0.1 or so levels (?). Will be interesting to see what 
>these yield. 
> 
>Thanks for keeping me posted on this, 
> 
>mike 
> 
>At 11:03 AM 4/27/01 -0400, Raymond S. Bradley wrote: 
> 
>>>Date: Fri, 27 Apr 2001 10:45:04 -0400 
>>>From: Frank Keimig <frank@geo.umass.edu> 
>>>X-Mailer: Mozilla 4.73 [en] (Win98; U) 
>>>X-Accept-Language: en,pdf 
>>>To: "Raymond S. Bradley" <rbradley@geo.umass.edu> 
>>>Subject: Re: 
>>> 
>>>The t-test for both camparisons gives p values less than .001.  Thus, 
>>>differences in the means are highly significant. 
>>> 
>>>"Raymond S. Bradley" wrote: 
>>> 
>>> > : 
>>> > I got hard questions from Hans von Storch In Va about whether the
Mann et 
>>> > al reconstruction was statistically different in the "MWP" v. the "LIA". 
>>> > Can you do a t-test using the means and sd for 1000-1200 v. 1550-1850
(& 
>>> > 1000-1300 v 1550-1850) & see if the differences are "significant". 
>>> > Ray 
>>> > 
>>> > Raymond S. Bradley 
>>> > Professor and Head of Department 
>>> > Department of Geosciences 
>>> > University of Massachusetts 
>>> > Amherst, MA 01003-5820 
>>> > 
>>> > Tel:  
>>> > Fax:  
>>> > Climate System Research Center:  
>>> > Climate System Research Center Web Page: 
>>> > <http://www.geo.umass.edu/climate/climate.html> 
>>> > Paleoclimatology Book Web Site (1999): 
>>> > http://www.geo.umass.edu/climate/paleo/html 
>>> 
>>>-- 
>>>Frank Keimig 
>>>Department of Geosciences 
>>>University of Massachusetts 
>>>Amherst, MA 01003 
>>>  
>>>Fax:  
>> 
>>Raymond S. Bradley 
>>Professor and Head of Department 
>>Department of Geosciences 
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>>University of Massachusetts 
>>Amherst, MA 01003-5820 
>> 
>>Tel:  
>>Fax:  
>>Climate System Research Center:  
>>Climate System Research Center Web Page: 
>><http://www.geo.umass.edu/climate/climate.html> 
>>Paleoclimatology Book Web Site (1999): 
>>http://www.geo.umass.edu/climate/paleo/html 
>> 
>> 
>> 
> 
>_______________________________________________________________________

>                      Professor Michael E. Mann 
>           Department of Environmental Sciences, Clark Hall 
>                       University of Virginia 
>                      Charlottesville, VA 22903 
>_______________________________________________________________________

>e-mail: mann@virginia.edu   Phone:    FAX:  
>        http://www.evsc.virginia.edu/faculty/people/mann.shtml 
> 
> 
> 
Raymond S. Bradley 
Professor and Head of Department 
Department of Geosciences 
University of Massachusetts 
Amherst, MA 01003-5820 
                                                    
Tel:  
Fax:  
Climate System Research Center:   
Climate System Research Center Web Page:
<http://www.geo.umass.edu/climate/climate.html> 
Paleoclimatology Book Web Site (1999):
http://www.geo.umass.edu/climate/paleo/html 

</blockquote></x-html>

_______________________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Ray Bradley
To: Michael E. Mann
Cc: mhughes@ltrr.arizona.edu
Subject: Re: t test
Date: Friday, April 27, 2001 2:05:10 PM

Another way of looking at this question is to ask: what would the SE have to be in
order for the differences between the period NOT to be significant. We can play with
that idea.
I assume that the 1 sigma SE you cite below are from the (yellow) error bars (which
were 2 sigma, I think) on our GRL paper--I don't have it hand to check. 
Is there a more von Storch-robust test that we should use, rather than a t-test
(though I guss there is no reason to think that the distribution is not normal...)
Ray

At 12:48 PM 4/27/01 -0400, you wrote:
>HI Ray, Frank:
>
>Thanks. However, it sounds like you guys just used the nominal standard 
>deviation of the series itself (?) and not the standard error (which takes 
>into account the uncertainties, which are the limiting factor in this case).
>
>What we'd really like to know is whether or not the means are significantly 
>different if we use the 1 sigma uncertainties for the appropriate 200 or 
>300 period means. Note that these uncertainties will be considerably larger 
>for the earlier periods than the later periods, and that will limit the 
>establishment of significant t-test results.
>
>Here are the approximate 1 sigma uncertainties for a 40 year period mean at 
>different
>times:
>
>AD 1000-1600: approx 0.18
>AD 1600-1900: approx 0.10
>
>40 year period means in our reconstruction are roughly uncorrelated w/ each 
>other so the uncertainties for longer means just follow square-root statistics:
>
>1 sigma uncertainty for AD 1000-1200 mean: 0.11
>1 sigma uncertainty for AD 1000-1300 mean: 0.066
>1 sigma uncertainty for AD 1550-1850 mean (this is a bit trickier because 
>it averages between regions w/ very different uncertainties. So need to 
>form a weighted average): 0.041
>
>Frank should use these in place of the nominal "sd"s for the different 
>means in the t-test.
>
>My guess is that the differences will probably still be significant, but 
>only at say the p=0.1 or so levels (?). Will be interesting to see what 
>these yield.
>
>Thanks for keeping me posted on this,
>
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>mike
>
>At 11:03 AM 4/27/01 -0400, Raymond S. Bradley wrote:
>
>>>Date: Fri, 27 Apr 2001 10:45:04 -0400
>>>From: Frank Keimig <frank@geo.umass.edu>
>>>X-Mailer: Mozilla 4.73 [en] (Win98; U)
>>>X-Accept-Language: en,pdf
>>>To: "Raymond S. Bradley" <rbradley@geo.umass.edu>
>>>Subject: Re:
>>>
>>>The t-test for both camparisons gives p values less than .001. Thus,
>>>differences in the means are highly significant.
>>>
>>>"Raymond S. Bradley" wrote:
>>>
>>> > :
>>> > I got hard questions from Hans von Storch In Va about whether the Mann et
>>> > al reconstruction was statistically different in the "MWP" v. the "LIA".
>>> > Can you do a t-test using the means and sd for 1000-1200 v. 1550-1850 (&
>>> > 1000-1300 v 1550-1850) & see if the differences are "significant".
>>> > Ray
>>> >
>>> > Raymond S. Bradley
>>> > Professor and Head of Department
>>> > Department of Geosciences
>>> > University of Massachusetts
>>> > Amherst, MA 01003-5820
>>> >
>>> > Tel: 
>>> > Fax: 
>>> > Climate System Research Center: 
>>> > Climate System Research Center Web Page:
>>> > <http://www.geo.umass.edu/climate/climate.html>
>>> > Paleoclimatology Book Web Site (1999):
>>> > http://www.geo.umass.edu/climate/paleo/html
>>>
>>>--
>>>Frank Keimig
>>>Department of Geosciences
>>>University of Massachusetts
>>>Amherst, MA 01003
>>>
>>>Fax: 
>>
>>Raymond S. Bradley
>>Professor and Head of Department
>>Department of Geosciences
>>University of Massachusetts
>>Amherst, MA 01003-5820
>>
>>Tel: 
>>Fax: 
>>Climate System Research Center: 
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>>Climate System Research Center Web Page: 
>><http://www.geo.umass.edu/climate/climate.html>
>>Paleoclimatology Book Web Site (1999): 
>>http://www.geo.umass.edu/climate/paleo/html
>>
>>
>>
>
>_______________________________________________________________________

> Professor Michael E. Mann
> Department of Environmental Sciences, Clark Hall
> University of Virginia
> Charlottesville, VA 22903
>_______________________________________________________________________

>e-mail: mann@virginia.edu Phone:  FAX: 
> http://www.evsc.virginia.edu/faculty/people/mann.shtml
>
>
>
Raymond S. Bradley
Professor and Head of Department 
Department of Geosciences
University of Massachusetts
Amherst, MA 01003-5820

Tel: 
Fax: 
Climate System Research Center: 
Climate System Research Center Web Page:
<http://www.geo.umass.edu/climate/climate.html>
Paleoclimatology Book Web Site (1999): http://www.geo.umass.edu/climate/paleo/html
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From: Michael E. Mann
To: Frank Keimig; Raymond S. Bradley; mhughes@ltrr.arizona.edu; mann@virginia.edu
Subject: Re: t test
Date: Friday, April 27, 2001 11:22:19 AM

HI Frank,

Hmmm. I'm a bit surprised, but if that's what it says, then great! Ought to
shut 'ol Von Storch up for a while anyways...

mike

At 01:38 PM 4/27/01 -0400, Frank Keimig wrote:
>Mike,
>
>Used your numbers and still got p values < .0001.
>
>"Michael E. Mann" wrote:
>
> > HI Ray, Frank:
> >
> > Thanks. However, it sounds like you guys just used the nominal standard
> > deviation of the series itself (?) and not the standard error (which takes
> > into account the uncertainties, which are the limiting factor in this
> case).
> >
> > What we'd really like to know is whether or not the means are significantly
> > different if we use the 1 sigma uncertainties for the appropriate 200 or
> > 300 period means. Note that these uncertainties will be considerably larger
> > for the earlier periods than the later periods, and that will limit the
> > establishment of significant t-test results.
> >
> > Here are the approximate 1 sigma uncertainties for a 40 year period mean at
> > different
> > times:
> >
> > AD 1000-1600:  approx 0.18
> > AD 1600-1900: approx 0.10
> >
> > 40 year period means in our reconstruction are roughly uncorrelated w/ each
> > other so the uncertainties for longer means just follow square-root
> statistics:
> >
> > 1 sigma uncertainty for AD 1000-1200 mean:  0.11
> > 1 sigma uncertainty for AD 1000-1300 mean: 0.066
> > 1 sigma uncertainty for AD 1550-1850 mean (this is a bit trickier because
> > it averages between regions w/ very different uncertainties. So need to
> > form a weighted average): 0.041
> >
> > Frank should use these in place of the nominal "sd"s for the different
> > means in the t-test.
> >
> > My guess is that the differences will probably still be significant, but
> > only at say the p=0.1 or so levels (?). Will be interesting to see what
> > these yield.
> >
> > Thanks for keeping me posted on this,
> >
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> > mike
> >
> > At 11:03 AM 4/27/01 -0400, Raymond S. Bradley wrote:
> >
> > >>Date: Fri, 27 Apr 2001 10:45:04 -0400
> > >>From: Frank Keimig <frank@geo.umass.edu>
> > >>X-Mailer: Mozilla 4.73 [en] (Win98; U)
> > >>X-Accept-Language: en,pdf
> > >>To: "Raymond S. Bradley" <rbradley@geo.umass.edu>
> > >>Subject: Re:
> > >>
> > >>The t-test for both camparisons gives p values less than .001.  Thus,
> > >>differences in the means are highly significant.
> > >>
> > >>"Raymond S. Bradley" wrote:
> > >>
> > >> > :
> > >> > I got hard questions from Hans von Storch In Va about whether the
> Mann et
> > >> > al reconstruction was statistically different in the "MWP" v. the
> "LIA".
> > >> > Can you do a t-test using the means and sd for 1000-1200 v.
> 1550-1850 (&
> > >> > 1000-1300 v 1550-1850) & see if the differences are "significant".
> > >> > Ray
> > >> >
> > >> > Raymond S. Bradley
> > >> > Professor and Head of Department
> > >> > Department of Geosciences
> > >> > University of Massachusetts
> > >> > Amherst, MA 01003-5820
> > >> >
> > >> > Tel: 
> > >> > Fax: 
> > >> > Climate System Research Center: 
> > >> > Climate System Research Center Web Page:
> > >> > <http://www.geo.umass.edu/climate/climate.html>
> > >> > Paleoclimatology Book Web Site (1999):
> > >> > http://www.geo.umass.edu/climate/paleo/html
> > >>
> > >>--
> > >>Frank Keimig
> > >>Department of Geosciences
> > >>University of Massachusetts
> > >>Amherst, MA 01003
> > >>
> > >>Fax: 
> > >
> > >Raymond S. Bradley
> > >Professor and Head of Department
> > >Department of Geosciences
> > >University of Massachusetts
> > >Amherst, MA 01003-5820
> > >
> > >Tel: 
> > >Fax: 
> > >Climate System Research Center: 
> > >Climate System Research Center Web Page:
> > ><http://www.geo.umass.edu/climate/climate.html>
> > >Paleoclimatology Book Web Site (1999):
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> > >http://www.geo.umass.edu/climate/paleo/html
> > >
> > >
> > >
> >
> > _______________________________________________________________________
> >                       Professor Michael E. Mann
> >            Department of Environmental Sciences, Clark Hall
> >                        University of Virginia
> >                       Charlottesville, VA 22903
> > _______________________________________________________________________
> > e-mail: mann@virginia.edu   Phone:    FAX: 
> >         http://www.evsc.virginia.edu/faculty/people/mann.shtml
>
>--
>Frank Keimig
>Department of Geosciences
>University of Massachusetts
>Amherst, MA 01003
>
>Fax: 

_______________________________________________________________________
                      Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm K. Hughes; Raymond S. Bradley
Cc: Scott Rutherford; mann@virginia.edu
Subject: Re: t test
Date: Friday, April 27, 2001 9:45:10 AM

HI Malcolm,

Yes, this is certainly true. But you can't blame Phil et al for that. I'm
sure they didn't claim this was an original results (its a review paper
after all!). Phil et al cite us liberally and fairly in the paper and we
shouldn't have any complaints in that regard.

The paper comes out a good time to counter Broecker's growing attack. Phil
et al note, for example, that within the uncertainties the reconstructions
*dont* argue against the notion that the "MWP" is similar in warmth to most
of the 20th century, but not the past few decades. This is just the point
that we were going to make in our original response, and it appears that
tacked it on in the final revisions. I'm glad they did.

Mark Cane is visiting right now. Talked to him quite a bit last night about
the whole Broecker thing. Broecker doesn't appear to be backing down. But I
welcome the challenge! Scott's current work (as we speak, incorporating the
boreholes!) may put alot of this to rest, and may give us another forum for
Science/Nature in the near future. We'l'l have to see what results Scott
gets. The weights on the different proxies which Scott will back out of the
covariance matrix, will be very telling too...

mike

At 09:02 AM 4/27/01 -0700, Malcolm K. Hughes wrote:
>The news report re: Phil and Keith is a wonderful example of the media's
>short
>memory - I seem to recall some people published these findings in GRL two
>years
>ago, or am I hallucinating? Malcolm
>
>Quoting "Raymond S. Bradley" <rbradley@geo.umass.edu>:
>
> >
> > >Date: Fri, 27 Apr 2001 10:45:04 -0400
> > >From: Frank Keimig <frank@geo.umass.edu>
> > >X-Mailer: Mozilla 4.73 [en] (Win98; U)
> > >X-Accept-Language: en,pdf
> > >To: "Raymond S. Bradley" <rbradley@geo.umass.edu>
> > >Subject: Re:
> > >
> > >The t-test for both camparisons gives p values less than .001.  Thus,
> > >differences in the means are highly significant.
> > >
> > >"Raymond S. Bradley" wrote:
> > >
> > > > :
> > > > I got hard questions from Hans von Storch In Va about whether the
> > Mann et
> > > > al reconstruction was statistically different in the "MWP" v. the
> > "LIA".
> > > > Can you do a t-test using the means and sd for 1000-1200 v.
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> > 1550-1850 (&
> > > > 1000-1300 v 1550-1850) & see if the differences are "significant".
> > > > Ray
> > > >
> > > > Raymond S. Bradley
> > > > Professor and Head of Department
> > > > Department of Geosciences
> > > > University of Massachusetts
> > > > Amherst, MA 01003-5820
> > > >
> > > > Tel: 
> > > > Fax: 
> > > > Climate System Research Center: 
> > > > Climate System Research Center Web Page:
> > > > <http://www.geo.umass.edu/climate/climate.html>
> > > > Paleoclimatology Book Web Site (1999):
> > > > http://www.geo.umass.edu/climate/paleo/html
> > >
> > >--
> > >Frank Keimig
> > >Department of Geosciences
> > >University of Massachusetts
> > >Amherst, MA 01003
> > >
> > >Fax: 
> > >
> >
> > Raymond S. Bradley
> > Professor and Head of Department
> > Department of Geosciences
> > University of Massachusetts
> > Amherst, MA 01003-5820
> >
> > Tel: 
> > Fax: 
> > Climate System Research Center: 
> > Climate System Research Center Web Page:
> > <http://www.geo.umass.edu/climate/climate.html>
> > Paleoclimatology Book Web Site (1999):
> > http://www.geo.umass.edu/climate/paleo/html
> >
> >
> >
> >
>
>
>
>Professor Malcolm K. Hughes
>Laboratory of Tree-Ring Research
>W.Stadium 105
>University of Arizona
>Tucson, AZ 85721
>phone 520-621-6470
>fax 520-621-8229

_______________________________________________________________________
                      Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
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_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Raymond S. Bradley; mhughes@ltrr.arizona.edu; frank@geo.umass.edu; mann@virginia.edu
Subject: Re: t test
Date: Friday, April 27, 2001 9:39:41 AM

HI Ray, Frank:

Thanks. However, it sounds like you guys just used the nominal standard
deviation of the series itself (?) and not the standard error (which takes
into account the uncertainties, which are the limiting factor in this case).

What we'd really like to know is whether or not the means are significantly
different if we use the 1 sigma uncertainties for the appropriate 200 or
300 period means. Note that these uncertainties will be considerably larger
for the earlier periods than the later periods, and that will limit the
establishment of significant t-test results.

Here are the approximate 1 sigma uncertainties for a 40 year period mean at
different
times:

AD 1000-1600:  approx 0.18
AD 1600-1900: approx 0.10

40 year period means in our reconstruction are roughly uncorrelated w/ each
other so the uncertainties for longer means just follow square-root statistics:

1 sigma uncertainty for AD 1000-1200 mean:  0.11
1 sigma uncertainty for AD 1000-1300 mean: 0.066
1 sigma uncertainty for AD 1550-1850 mean (this is a bit trickier because
it averages between regions w/ very different uncertainties. So need to
form a weighted average): 0.041

Frank should use these in place of the nominal "sd"s for the different
means in the t-test.

My guess is that the differences will probably still be significant, but
only at say the p=0.1 or so levels (?). Will be interesting to see what
these yield.

Thanks for keeping me posted on this,

mike

At 11:03 AM 4/27/01 -0400, Raymond S. Bradley wrote:

>>Date: Fri, 27 Apr 2001 10:45:04 -0400
>>From: Frank Keimig <frank@geo.umass.edu>
>>X-Mailer: Mozilla 4.73 [en] (Win98; U)
>>X-Accept-Language: en,pdf
>>To: "Raymond S. Bradley" <rbradley@geo.umass.edu>
>>Subject: Re:
>>
>>The t-test for both camparisons gives p values less than .001.  Thus,
>>differences in the means are highly significant.
>>
>>"Raymond S. Bradley" wrote:
>>
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>> > :
>> > I got hard questions from Hans von Storch In Va about whether the Mann et
>> > al reconstruction was statistically different in the "MWP" v. the "LIA".
>> > Can you do a t-test using the means and sd for 1000-1200 v. 1550-1850 (&
>> > 1000-1300 v 1550-1850) & see if the differences are "significant".
>> > Ray
>> >
>> > Raymond S. Bradley
>> > Professor and Head of Department
>> > Department of Geosciences
>> > University of Massachusetts
>> > Amherst, MA 01003-5820
>> >
>> > Tel: 
>> > Fax: 
>> > Climate System Research Center: 
>> > Climate System Research Center Web Page:
>> > <http://www.geo.umass.edu/climate/climate.html>
>> > Paleoclimatology Book Web Site (1999):
>> > http://www.geo.umass.edu/climate/paleo/html
>>
>>--
>>Frank Keimig
>>Department of Geosciences
>>University of Massachusetts
>>Amherst, MA 01003
>>
>>Fax: 
>
>Raymond S. Bradley
>Professor and Head of Department
>Department of Geosciences
>University of Massachusetts
>Amherst, MA 01003-5820
>
>Tel: 
>Fax: 
>Climate System Research Center: 
>Climate System Research Center Web Page:
><http://www.geo.umass.edu/climate/climate.html>
>Paleoclimatology Book Web Site (1999):
>http://www.geo.umass.edu/climate/paleo/html
>
>
>

_______________________________________________________________________
                      Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Raymond S. Bradley
To: mann@multiproxy.evsc.virginia.edu; mhughes@ltrr.arizona.edu
Subject: t test
Date: Friday, April 27, 2001 8:03:43 AM

>Date: Fri, 27 Apr 2001 10:45:04 -0400
>From: Frank Keimig <frank@geo.umass.edu>
>X-Mailer: Mozilla 4.73 [en] (Win98; U)
>X-Accept-Language: en,pdf
>To: "Raymond S. Bradley" <rbradley@geo.umass.edu>
>Subject: Re:
>
>The t-test for both camparisons gives p values less than .001.  Thus,
>differences in the means are highly significant.
>
>"Raymond S. Bradley" wrote:
>
> > :
> > I got hard questions from Hans von Storch In Va about whether the Mann et
> > al reconstruction was statistically different in the "MWP" v. the "LIA".
> > Can you do a t-test using the means and sd for 1000-1200 v. 1550-1850 (&
> > 1000-1300 v 1550-1850) & see if the differences are "significant".
> > Ray
> >
> > Raymond S. Bradley
> > Professor and Head of Department
> > Department of Geosciences
> > University of Massachusetts
> > Amherst, MA 01003-5820
> >
> > Tel: 
> > Fax: 
> > Climate System Research Center: 
> > Climate System Research Center Web Page:
> > <http://www.geo.umass.edu/climate/climate.html>
> > Paleoclimatology Book Web Site (1999):
> > http://www.geo.umass.edu/climate/paleo/html
>
>--
>Frank Keimig
>Department of Geosciences
>University of Massachusetts
>Amherst, MA 01003
>
>Fax: 
>

Raymond S. Bradley
Professor and Head of Department
Department of Geosciences
University of Massachusetts
Amherst, MA 01003-5820

Tel: 
Fax: 
Climate System Research Center: 
Climate System Research Center Web Page:

ABOR/MH/Priv-000495



<http://www.geo.umass.edu/climate/climate.html>
Paleoclimatology Book Web Site (1999):
http://www.geo.umass.edu/climate/paleo/html
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu
Subject: pc5-lag30.dat
Date: Thursday, November 16, 2000 1:57:29 PM

            1620       -0.0346244
            1621        -0.021648
            1622      -0.00797245
            1623       0.00594225
            1624        0.0195719
            1625        0.0325202
            1626         0.044339
            1627         0.054596
            1628        0.0628799
            1629         0.068889
            1630        0.0723697
            1631         0.073147
            1632         0.071176
            1633        0.0664271
            1634        0.0589933
            1635        0.0490391
            1636        0.0368183
            1637        0.0225925
            1638       0.00670153
            1639        -0.010419
            1640       -0.0283982
            1641       -0.0468278
            1642       -0.0652922
            1643       -0.0834657
            1644        -0.101036
            1645        -0.117711
            1646        -0.133324
            1647        -0.147754
            1648         -0.16097
            1649        -0.172984
            1650        -0.183917
            1651        -0.193918
            1652        -0.203221
            1653        -0.212059
            1654        -0.220716
            1655        -0.229484
            1656        -0.238659
            1657        -0.248478
            1658         -0.25914
            1659        -0.270828
            1660        -0.283593
            1661        -0.297406
            1662        -0.312167
            1663        -0.327679
            1664        -0.343646
            1665        -0.359706
            1666         -0.37538
            1667        -0.390176
            1668        -0.403518
            1669        -0.414806
            1670        -0.423408
            1671        -0.428757
            1672        -0.430268
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            1673        -0.427455
            1674        -0.419912
            1675        -0.407305
            1676        -0.389464
            1677        -0.366336
            1678        -0.337959
            1679        -0.304535
            1680        -0.266404
            1681        -0.224042
            1682        -0.178062
            1683        -0.129212
            1684       -0.0783287
            1685       -0.0262894
            1686        0.0259717
            1687        0.0774272
            1688         0.127113
            1689          0.17407
            1690         0.217414
            1691         0.256302
            1692         0.290073
            1693          0.31811
            1694         0.339939
            1695         0.355207
            1696         0.363804
            1697         0.365709
            1698         0.361059
            1699         0.350135
            1700          0.33335
            1701         0.311268
            1702         0.284561
            1703         0.253964
            1704         0.220251
            1705         0.184276
            1706         0.146907
            1707          0.10902
            1708         0.071493
            1709        0.0351067
            1710       0.00056946
            1711       -0.0314417
            1712       -0.0603588
            1713       -0.0857026
            1714        -0.107184
            1715        -0.124542
            1716         -0.13759
            1717        -0.146331
            1718        -0.150823
            1719        -0.151229
            1720        -0.147735
            1721        -0.140694
            1722        -0.130439
            1723        -0.117413
            1724        -0.102023
            1725       -0.0847598
            1726       -0.0660632
            1727       -0.0464284
            1728       -0.0262602
            1729      -0.00601075
            1730        0.0139347
            1731        0.0332874
            1732         0.051756
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            1733         0.069126
            1734        0.0851869
            1735        0.0997851
            1736         0.112892
            1737          0.12446
            1738         0.134485
            1739         0.143035
            1740         0.150245
            1741         0.156241
            1742         0.161214
            1743          0.16535
            1744         0.168844
            1745          0.17191
            1746         0.174802
            1747         0.177757
            1748          0.18096
            1749         0.184596
            1750         0.188883
            1751         0.193883
            1752         0.199677
            1753         0.206324
            1754         0.213834
            1755         0.222127
            1756          0.23111
            1757         0.240641
            1758           0.2505
            1759         0.260436
            1760         0.270158
            1761         0.279292
            1762         0.287511
            1763         0.294458
            1764          0.29972
            1765         0.302914
            1766         0.303651
            1767         0.301642
            1768         0.296485
            1769         0.287984
            1770         0.275925
            1771         0.260167
            1772         0.240705
            1773          0.21751
            1774         0.190717
            1775         0.160535
            1776         0.127215
            1777        0.0911337
            1778        0.0527375
            1779        0.0124746
            1780        -0.029021
            1781       -0.0712176
            1782        -0.113515
            1783        -0.155291
            1784        -0.195924
            1785        -0.234888
            1786        -0.271631
            1787        -0.305699
            1788        -0.336663
            1789         -0.36424
            1790        -0.388189
            1791        -0.408373
            1792        -0.424735
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            1793        -0.437276
            1794        -0.446136
            1795        -0.451527
            1796        -0.453732
            1797        -0.453085
            1798        -0.449921
            1799        -0.444684
            1800        -0.437805
            1801        -0.429661
            1802        -0.420643
            1803         -0.41112
            1804        -0.401375
            1805        -0.391666
            1806         -0.38209
            1807        -0.372793
            1808        -0.363775
            1809        -0.354981
            1810        -0.346288
            1811        -0.337505
            1812         -0.32844
            1813        -0.318799
            1814        -0.308373
            1815        -0.296861
            1816        -0.283994
            1817        -0.269532
            1818        -0.253271
            1819        -0.235085
            1820        -0.214899
            1821        -0.192729
            1822        -0.168767
            1823        -0.143119
            1824        -0.116066
            1825       -0.0879035
            1826       -0.0590605
            1827       -0.0299382
            1828      -0.00104378
            1829        0.0271508
            1830        0.0541285
            1831        0.0794051
            1832         0.102555
            1833         0.123153
            1834         0.140897
            1835           0.1555
            1836         0.166836
            1837         0.174865
            1838         0.179625
            1839         0.181303
            1840         0.180145
            1841         0.176533
            1842         0.170893
            1843         0.163733
            1844         0.155612
            1845         0.147114
            1846         0.138811
            1847         0.131315
            1848         0.125144
            1849          0.12082
            1850         0.118778
            1851         0.119319
            1852         0.122708
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            1853         0.129093
            1854          0.13847
            1855         0.150734
            1856         0.165677
            1857         0.183006
            1858         0.202227
            1859         0.222882
            1860         0.244293
            1861         0.265903
            1862         0.286998
            1863         0.306917
            1864         0.324972
            1865         0.340502
            1866         0.352937
            1867         0.361672
            1868         0.366286
            1869         0.366336
            1870         0.361583
            1871         0.351893
            1872         0.337173
            1873          0.31745
            1874         0.292888
            1875          0.26372
            1876         0.230334
            1877         0.193132
            1878         0.152609
            1879         0.109313
            1880         0.063847
            1881        0.0168556
            1882       -0.0310152
            1883       -0.0790824
            1884        -0.126685
            1885        -0.173206
            1886        -0.218027
            1887        -0.260546
            1888        -0.300198
            1889        -0.336501
            1890        -0.368959
            1891         -0.39718
            1892        -0.420827
            1893         -0.43955
            1894        -0.453123
            1895        -0.461344
            1896         -0.46407
            1897        -0.461213
            1898        -0.452751
            1899         -0.43872
            1900        -0.419242
            1901        -0.394492
            1902        -0.364726
            1903        -0.330251
            1904        -0.291451
            1905        -0.248782
            1906        -0.202741
            1907        -0.153923
            1908        -0.102981
            1909       -0.0506156
            1910       0.00239259
            1911        0.0553116
            1912         0.107348
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            1913         0.157686
            1914         0.205505
            1915         0.250048
            1916         0.290565
            1917         0.326426
            1918         0.357037
            1919         0.381893
            1920         0.400578
            1921         0.412862
            1922          0.41856
            1923         0.417674
            1924         0.410345
            1925          0.39681
            1926          0.37744
            1927         0.352804
            1928          0.32348
            1929          0.29021
            1930         0.253852
            1931         0.215229
            1932         0.175229
            1933         0.134808
            1934        0.0948405
            1935        0.0561963
            1936        0.0197072
            1937        -0.013925
            1938       -0.0440484
            1939       -0.0701172
            1940       -0.0917276
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu
Subject: malcolmpdo-30yrlp.dat
Date: Thursday, November 16, 2000 1:57:29 PM

    1000.000  -0.410589   0.468000
    1001.000  -0.452418  -0.740000
    1002.000  -0.486608  -0.827000
    1003.000  -0.511872   -1.08000
    1004.000  -0.527176  -0.712000
    1005.000  -0.531758  -0.791000
    1006.000  -0.525160    3.39000E-02
     1007.00  -0.507278   0.234000
     1008.00  -0.478329  -0.871000
     1009.00  -0.438870  -0.215000
     1010.00  -0.389789  -0.560000
     1011.00  -0.332294  -0.328000
     1012.00  -0.267855  -0.548000
     1013.00  -0.198139  -0.628000
     1014.00  -0.125003  -0.925000
     1015.00   -5.04223E-02  -0.496000
     1016.00    2.36107E-02   0.127000
     1017.00    9.51003E-02  -0.189000
     1018.00   0.162119   0.472000
     1019.00   0.222883   0.513000
     1020.00   0.275845   0.110000
     1021.00   0.319670    1.74000E-02
     1022.00   0.353339   0.620000
     1023.00   0.376168   0.487000
     1024.00   0.387826   0.761000
     1025.00   0.388343    1.34000
     1026.00   0.378090   0.131000
     1027.00   0.357775   0.480000
     1028.00   0.328413    1.08000
     1029.00   0.291309   -7.72000E-02
     1030.00   0.248005   -4.02000E-02
     1031.00   0.200217   0.154000
     1032.00   0.149765   0.283000
     1033.00    9.85386E-02   0.448000
     1034.00    4.84004E-02  -0.445000
     1035.00    1.14957E-03  -0.517000
     1036.00   -4.15428E-02  -0.122000
     1037.00   -7.82108E-02  -0.470000
     1038.00  -0.107606   0.137000
     1039.00  -0.128746   0.169000
     1040.00  -0.140959  -0.672000
     1041.00  -0.143874  -0.791000
     1042.00  -0.137435   0.505000
     1043.00  -0.121917  -0.158000
     1044.00   -9.78860E-02   0.267000
     1045.00   -6.61765E-02   0.492000
     1046.00   -2.78577E-02   -4.96000E-02
     1047.00    1.58051E-02  -0.628000
     1048.00    6.33990E-02  -0.125000
     1049.00   0.113437   0.129000
     1050.00   0.164365   0.356000
     1051.00   0.214656   0.632000
     1052.00   0.262872   0.602000
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     1053.00   0.307666   0.239000
     1054.00   0.347862    1.07000E-02
     1055.00   0.382459   0.311000
     1056.00   0.410673   0.174000
     1057.00   0.431973    9.72000E-02
     1058.00   0.446050   0.159000
     1059.00   0.452843   0.676000
     1060.00   0.452527    1.49000
     1061.00   0.445481   0.560000
     1062.00   0.432277   0.220000
     1063.00   0.413626    5.40000E-02
     1064.00   0.390362   0.199000
     1065.00   0.363415   0.822000
     1066.00   0.333749   0.453000
     1067.00   0.302323  -0.204000
     1068.00   0.270095   0.149000
     1069.00   0.237935   -9.42000E-02
     1070.00   0.206638   0.190000
     1071.00   0.176875    2.90000E-03
     1072.00   0.149186   0.753000
     1073.00   0.123973   0.571000
     1074.00    1.01499E-01   0.128000
     1075.00    8.18982E-02  -0.456000
     1076.00    6.51699E-02   -1.96000E-02
     1077.00    5.12097E-02  -0.197000
     1078.00    3.98231E-02   0.336000
     1079.00    3.07675E-02   0.397000
     1080.00    2.37437E-02   0.168000
     1081.00    1.84464E-02   0.289000
     1082.00    1.46063E-02   0.185000
     1083.00    1.19586E-02  -0.587000
     1084.00    1.03147E-02  -0.161000
     1085.00    9.57269E-03  -0.285000
     1086.00    9.72162E-03   0.694000
     1087.00    1.07882E-02   0.419000
     1088.00    1.29307E-02    5.15000E-03
     1089.00    1.63849E-02   -1.09000
     1090.00    2.14599E-02  -0.450000
     1091.00    2.84980E-02   0.143000
     1092.00    3.78952E-02   0.321000
     1093.00    5.00653E-02   0.586000
     1094.00    6.53735E-02   -5.31000E-02
     1095.00    8.41481E-02   0.474000
     1096.00   0.106659   0.258000
     1097.00   0.133066   0.191000
     1098.00   0.163417    5.22000E-02
     1099.00   0.197627   -9.03000E-02
     1100.00   0.235476  -0.166000
     1101.00   0.276589   0.468000
     1102.00   0.320454   0.511000
     1103.00   0.366396   0.144000
     1104.00   0.413629   0.462000
     1105.00   0.461264   0.518000
     1106.00   0.508302   0.622000
     1107.00   0.553708   0.288000
     1108.00   0.596453   0.289000
     1109.00   0.635494   0.311000
     1110.00   0.669845   0.437000
     1111.00   0.698598   0.713000
     1112.00   0.720965    1.09000

ABOR/MH/Priv-000505



     1113.00   0.736306   0.882000
     1114.00   0.744151   0.440000
     1115.00   0.744203    1.07000
     1116.00   0.736378   0.922000
     1117.00   0.720790   0.851000
     1118.00   0.697758   0.694000
     1119.00   0.667769   0.655000
     1120.00   0.631516   0.648000
     1121.00   0.589833   0.299000
     1122.00   0.543694   0.704000
     1123.00   0.494169   0.996000
     1124.00   0.442367   0.572000
     1125.00   0.389436   0.577000
     1126.00   0.336512   0.322000
     1127.00   0.284679  -0.108000
     1128.00   0.234936   0.360000
     1129.00   0.188178   0.730000
     1130.00   0.145148  -0.813000
     1131.00   0.106471   0.265000
     1132.00    7.25865E-02    7.18000E-03
     1133.00    4.37608E-02  -0.313000
     1134.00    2.00893E-02  -0.286000
     1135.00    1.52411E-03  -0.123000
     1136.00   -1.21722E-02  -0.254000
     1137.00   -2.13540E-02   0.199000
     1138.00   -2.64766E-02   0.485000
     1139.00   -2.80883E-02   0.251000
     1140.00   -2.67853E-02   0.348000
     1141.00   -2.32115E-02   0.991000
     1142.00   -1.79760E-02  -0.651000
     1143.00   -1.16834E-02  -0.132000
     1144.00   -4.90126E-03   0.331000
     1145.00    1.89254E-03   0.135000
     1146.00    8.31748E-03  -0.711000
     1147.00    1.40768E-02  -0.294000
     1148.00    1.89896E-02  -0.482000
     1149.00    2.29713E-02  -0.658000
     1150.00    2.60278E-02  -0.714000
     1151.00    2.82673E-02   0.593000
     1152.00    2.98601E-02    1.25000
     1153.00    3.10406E-02   0.955000
     1154.00    3.20632E-02    2.43000E-02
     1155.00    3.32200E-02   0.165000
     1156.00    3.47826E-02    1.77000E-02
     1157.00    3.69991E-02  -0.574000
     1158.00    4.00598E-02  -0.379000
     1159.00    4.41086E-02    3.17000E-02
     1160.00    4.91933E-02  -0.287000
     1161.00    5.52833E-02   0.664000
     1162.00    6.22551E-02   0.799000
     1163.00    6.99200E-02   0.163000
     1164.00    7.80131E-02   -3.12000E-02
     1165.00    8.61984E-02    4.83000E-02
     1166.00    9.40936E-02  -0.643000
     1167.00    1.01300E-01  -0.204000
     1168.00   0.107403  -0.326000
     1169.00   0.111990  -0.109000
     1170.00   0.114725   0.586000
     1171.00   0.115300   0.197000
     1172.00   0.113501    5.61000E-02
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     1173.00   0.109211   0.531000
     1174.00    1.02435E-01  -0.400000
     1175.00    9.33008E-02    5.87000E-02
     1176.00    8.20251E-02  -0.603000
     1177.00    6.89609E-02  -0.412000
     1178.00    5.45681E-02   0.615000
     1179.00    3.93934E-02   0.811000
     1180.00    2.40643E-02   0.829000
     1181.00    9.23930E-03   0.210000
     1182.00   -4.39829E-03   0.211000
     1183.00   -1.61841E-02   0.693000
     1184.00   -2.54856E-02   0.548000
     1185.00   -3.17465E-02  -0.655000
     1186.00   -3.45288E-02  -0.798000
     1187.00   -3.35021E-02   0.237000
     1188.00   -2.84916E-02  -0.389000
     1189.00   -1.95073E-02  -0.471000
     1190.00   -6.72703E-03  -0.171000
     1191.00    9.51977E-03  -0.442000
     1192.00    2.87044E-02  -0.112000
     1193.00    5.01389E-02  -0.124000
     1194.00    7.30134E-02  -0.371000
     1195.00    9.63918E-02   0.369000
     1196.00   0.119248   0.327000
     1197.00   0.140527   0.215000
     1198.00   0.159166    8.71000E-02
     1199.00   0.174127    8.89000E-02
     1200.00   0.184457   0.696000
     1201.00   0.189312   0.574000
     1202.00   0.188040   0.593000
     1203.00   0.180164   -1.67000E-02
     1204.00   0.165421  -0.774000
     1205.00   0.143777   0.351000
     1206.00   0.115463   0.143000
     1207.00    8.09516E-02   0.311000
     1208.00    4.09665E-02   0.398000
     1209.00   -3.54302E-03   0.317000
     1210.00   -5.14366E-02   0.320000
     1211.00   -1.01394E-01    9.72000E-02
     1212.00  -0.151950   -2.50000E-02
     1213.00  -0.201568  -0.732000
     1214.00  -0.248687  -0.371000
     1215.00  -0.291748  -0.659000
     1216.00  -0.329255  -0.599000
     1217.00  -0.359846  -0.823000
     1218.00  -0.382311  -0.153000
     1219.00  -0.395680  -0.498000
     1220.00  -0.399200  -0.463000
     1221.00  -0.392410  -0.129000
     1222.00  -0.375127   0.326000
     1223.00  -0.347497    3.25000E-02
     1224.00  -0.309958  -0.373000
     1225.00  -0.263239  -0.656000
     1226.00  -0.208335   -9.54000E-02
     1227.00  -0.146502  -0.280000
     1228.00   -7.92134E-02  -0.185000
     1229.00   -8.10447E-03  -0.316000
     1230.00    6.51059E-02  -0.547000
     1231.00   0.138609   0.152000
     1232.00   0.210619   0.357000

ABOR/MH/Priv-000507



     1233.00   0.279379    9.16000E-02
     1234.00   0.343248   0.362000
     1235.00   0.400735   0.344000
     1236.00   0.450536   -5.64000E-02
     1237.00   0.491600   0.364000
     1238.00   0.523115    1.03000
     1239.00   0.544556   0.455000
     1240.00   0.555690   0.485000
     1241.00   0.556563    1.24000
     1242.00   0.547493    1.10000
     1243.00   0.529066    1.33000
     1244.00   0.502114    1.30000
     1245.00   0.467658   0.328000
     1246.00   0.426879  -0.268000
     1247.00   0.381088    9.28000E-02
     1248.00   0.331646   0.596000
     1249.00   0.279961   0.307000
     1250.00   0.227409  -0.114000
     1251.00   0.175299  -0.641000
     1252.00   0.124846    8.92000E-02
     1253.00    7.71093E-02  -0.360000
     1254.00    3.29934E-02   -2.85000E-02
     1255.00   -6.76061E-03   0.356000
     1256.00   -4.16156E-02  -0.713000
     1257.00   -7.12459E-02  -0.537000
     1258.00   -9.55085E-02  -0.708000
     1259.00  -0.114442  -0.142000
     1260.00  -0.128274  -0.357000
     1261.00  -0.137369   0.327000
     1262.00  -0.142215   0.737000
     1263.00  -0.143393    1.02000
     1264.00  -0.141538   0.517000
     1265.00  -0.137319   0.284000
     1266.00  -0.131394   -1.03000E-01
     1267.00  -0.124389  -0.257000
     1268.00  -0.116876   0.258000
     1269.00  -0.109345   0.232000
     1270.00   -1.02187E-01    4.41000E-02
     1271.00   -9.56662E-02  -0.598000
     1272.00   -8.99399E-02  -0.554000
     1273.00   -8.50578E-02  -0.424000
     1274.00   -8.09525E-02   0.113000
     1275.00   -7.74444E-02  -0.342000
     1276.00   -7.42944E-02  -0.385000
     1277.00   -7.11725E-02  -0.779000
     1278.00   -6.77392E-02  -0.621000
     1279.00   -6.36032E-02  -0.458000
     1280.00   -5.83918E-02  -0.304000
     1281.00   -5.17512E-02  -0.186000
     1282.00   -4.33684E-02   0.415000
     1283.00   -3.29980E-02   -9.13000E-02
     1284.00   -2.05032E-02   -3.95000E-02
     1285.00   -5.82651E-03   0.741000
     1286.00    1.09945E-02   0.332000
     1287.00    2.98264E-02   0.282000
     1288.00    5.04113E-02   0.242000
     1289.00    7.24225E-02   0.320000
     1290.00    9.54212E-02  -0.333000
     1291.00   0.118911   0.209000
     1292.00   0.142338   0.933000
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     1293.00   0.165147   0.351000
     1294.00   0.186756   0.260000
     1295.00   0.206595    5.47000E-02
     1296.00   0.224144  -0.220000
     1297.00   0.238925  -0.311000
     1298.00   0.250555   0.908000
     1299.00   0.258727  -0.335000
     1300.00   0.263223  -0.241000
     1301.00   0.263954   0.564000
     1302.00   0.260921   -4.18000E-02
     1303.00   0.254245   0.216000
     1304.00   0.244152    7.81000E-02
     1305.00   0.230967   0.454000
     1306.00   0.215076   0.128000
     1307.00   0.196951   -1.79000E-02
     1308.00   0.177110   0.229000
     1309.00   0.156100   0.156000
     1310.00   0.134470   0.297000
     1311.00   0.112738   0.550000
     1312.00    9.14276E-02  -0.147000
     1313.00    7.09881E-02    1.04000
     1314.00    5.17938E-02   0.522000
     1315.00    3.41468E-02  -0.590000
     1316.00    1.82783E-02  -0.884000
     1317.00    4.30687E-03   0.180000
     1318.00   -7.71982E-03   -2.39000E-03
     1319.00   -1.78772E-02    5.62000E-02
     1320.00   -2.63180E-02   0.143000
     1321.00   -3.32480E-02   0.212000
     1322.00   -3.89665E-02   0.136000
     1323.00   -4.38318E-02  -0.429000
     1324.00   -4.82251E-02    8.94000E-02
     1325.00   -5.25169E-02   0.181000
     1326.00   -5.70991E-02  -0.739000
     1327.00   -6.23577E-02  -0.301000
     1328.00   -6.86385E-02   0.360000
     1329.00   -7.62291E-02    3.11000E-02
     1330.00   -8.53654E-02  -0.329000
     1331.00   -9.62128E-02  -0.261000
     1332.00  -0.108861    2.42000E-02
     1333.00  -0.123315   0.555000
     1334.00  -0.139516  -0.161000
     1335.00  -0.157330  -0.568000
     1336.00  -0.176536  -0.124000
     1337.00  -0.196879  -0.113000
     1338.00  -0.218036    1.89000E-02
     1339.00  -0.239628  -0.133000
     1340.00  -0.261271  -0.693000
     1341.00  -0.282560   -1.02000E-01
     1342.00  -0.303111   0.176000
     1343.00  -0.322524   -6.77000E-02
     1344.00  -0.340439  -0.341000
     1345.00  -0.356514  -0.466000
     1346.00  -0.370457   -1.22000
     1347.00  -0.382056   -1.17000
     1348.00  -0.391139  -0.331000
     1349.00  -0.397553  -0.559000
     1350.00  -0.401221  -0.290000
     1351.00  -0.402126  -0.393000
     1352.00  -0.400282  -0.114000
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     1353.00  -0.395768  -0.193000
     1354.00  -0.388663  -0.442000
     1355.00  -0.379099   0.116000
     1356.00  -0.367233   -8.10000E-02
     1357.00  -0.353207  -0.432000
     1358.00  -0.337179   0.286000
     1359.00  -0.319311   0.115000
     1360.00  -0.299732  -0.538000
     1361.00  -0.278580  -0.491000
     1362.00  -0.255977  -0.641000
     1363.00  -0.232025  -0.701000
     1364.00  -0.206805  -0.599000
     1365.00  -0.180394   -4.86000E-02
     1366.00  -0.152851  -0.144000
     1367.00  -0.124225  -0.135000
     1368.00   -9.45683E-02  -0.188000
     1369.00   -6.39418E-02    9.40000E-02
     1370.00   -3.24109E-02   0.359000
     1371.00   -7.35578E-05   0.273000
     1372.00    3.29618E-02   0.272000
     1373.00    6.65340E-02  -0.188000
     1374.00    1.00468E-01  -0.437000
     1375.00   0.134542  -0.730000
     1376.00   0.168491   -1.67000E-03
     1377.00   0.202007   0.506000
     1378.00   0.234757   0.766000
     1379.00   0.266373  -0.308000
     1380.00   0.296457   0.219000
     1381.00   0.324599  -0.476000
     1382.00   0.350386   0.196000
     1383.00   0.373390   0.669000
     1384.00   0.393194   0.494000
     1385.00   0.409403    1.39000
     1386.00   0.421664   0.994000
     1387.00   0.429677    1.51000
     1388.00   0.433189   0.810000
     1389.00   0.432005  -0.580000
     1390.00   0.426013   0.478000
     1391.00   0.415187   0.677000
     1392.00   0.399583   0.201000
     1393.00   0.379357   0.393000
     1394.00   0.354735   0.686000
     1395.00   0.326042   0.270000
     1396.00   0.293696   0.143000
     1397.00   0.258204  -0.177000
     1398.00   0.220130  -0.328000
     1399.00   0.180100   -1.07000
     1400.00   0.138822  -0.308000
     1401.00    9.70087E-02  -0.167000
     1402.00    5.54135E-02    8.24000E-02
     1403.00    1.47970E-02   0.804000
     1404.00   -2.40718E-02   0.486000
     1405.00   -6.04673E-02    1.04000E-01
     1406.00   -9.36861E-02  -0.237000
     1407.00  -0.123073  -0.688000
     1408.00  -0.148036   0.398000
     1409.00  -0.168079    9.79000E-02
     1410.00  -0.182771   0.305000
     1411.00  -0.191786   0.714000
     1412.00  -0.194920    8.66000E-03
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     1413.00  -0.192061   0.210000
     1414.00  -0.183236    8.39000E-02
     1415.00  -0.168579  -0.492000
     1416.00  -0.148330  -0.131000
     1417.00  -0.122850  -0.237000
     1418.00   -9.26142E-02  -0.475000
     1419.00   -5.81840E-02  -0.599000
     1420.00   -2.01951E-02    9.47000E-04
     1421.00    2.06225E-02   0.118000
     1422.00    6.34714E-02  -0.937000
     1423.00   0.107535  -0.904000
     1424.00   0.151971  -0.329000
     1425.00   0.195927   0.562000
     1426.00   0.238552   0.851000
     1427.00   0.279035   0.840000
     1428.00   0.316607    8.95000E-02
     1429.00   0.350597   0.144000
     1430.00   0.380396   0.886000
     1431.00   0.405484   0.352000
     1432.00   0.425477   0.579000
     1433.00   0.440088   0.943000
     1434.00   0.449169   0.494000
     1435.00   0.452685   0.381000
     1436.00   0.450748   -6.61000E-02
     1437.00   0.443587  -0.251000
     1438.00   0.431555   0.337000
     1439.00   0.415096   0.150000
     1440.00   0.394756   0.843000
     1441.00   0.371178   0.526000
     1442.00   0.345033   0.953000
     1443.00   0.317068    1.70000
     1444.00   0.288002   -7.85000E-02
     1445.00   0.258577   0.417000
     1446.00   0.229525   0.318000
     1447.00   0.201494   0.253000
     1448.00   0.175070  -0.512000
     1449.00   0.150771  -0.277000
     1450.00   0.128995    1.84000E-02
     1451.00   0.110016   0.320000
     1452.00    9.40061E-02  -0.202000
     1453.00    8.10104E-02  -0.111000
     1454.00    7.09319E-02   -5.88000E-02
     1455.00    6.35593E-02  -0.393000
     1456.00    5.85577E-02  -0.162000
     1457.00    5.55165E-02   0.360000
     1458.00    5.39412E-02   0.144000
     1459.00    5.32448E-02  -0.313000
     1460.00    5.28249E-02  -0.265000
     1461.00    5.20480E-02   0.596000
     1462.00    5.02995E-02    6.46000E-02
     1463.00    4.70050E-02   0.245000
     1464.00    4.16432E-02   0.458000
     1465.00    3.37996E-02   0.340000
     1466.00    2.31401E-02   0.363000
     1467.00    9.45977E-03  -0.208000
     1468.00   -7.32255E-03   0.651000
     1469.00   -2.71302E-02   0.355000
     1470.00   -4.97365E-02  -0.113000
     1471.00   -7.47690E-02  -0.330000
     1472.00   -1.01741E-01   0.374000
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     1473.00  -0.130022    5.10000E-02
     1474.00  -0.158870  -0.440000
     1475.00  -0.187465  -0.806000
     1476.00  -0.214940  -0.416000
     1477.00  -0.240422  -0.463000
     1478.00  -0.263011  -0.477000
     1479.00  -0.281857   -1.09000
     1480.00  -0.296205  -0.857000
     1481.00  -0.305379  -0.341000
     1482.00  -0.308846   -1.10000
     1483.00  -0.306204  -0.852000
     1484.00  -0.297255   0.630000
     1485.00  -0.281992   0.875000
     1486.00  -0.260615   0.351000
     1487.00  -0.233502   0.220000
     1488.00  -0.201245    9.99000E-02
     1489.00  -0.164609  -0.173000
     1490.00  -0.124527   0.431000
     1491.00   -8.20568E-02   -6.75000E-03
     1492.00   -3.83693E-02   -9.96000E-02
     1493.00    5.29278E-03   -2.24000E-02
     1494.00    4.76298E-02   -1.00000
     1495.00    8.73998E-02  -0.309000
     1496.00   0.123373    4.20000E-02
     1497.00   0.154432   0.602000
     1498.00   0.179589   0.271000
     1499.00   0.198032   0.168000
     1500.00   0.209139   0.437000
     1501.00   0.212527  -0.299000
     1502.00   0.208049  -0.285000
     1503.00   0.195775   0.163000
     1504.00   0.176056   0.558000
     1505.00   0.149468  -0.188000
     1506.00   0.116822  -0.874000
     1507.00    7.91243E-02   -9.29000E-03
     1508.00    3.75536E-02    8.51000E-02
     1509.00   -6.58383E-03  -0.344000
     1510.00   -5.18792E-02   0.788000
     1511.00   -9.68696E-02    1.27000
     1512.00  -0.140114   0.655000
     1513.00  -0.180203  -0.453000
     1514.00  -0.215830   0.505000
     1515.00  -0.245840  -0.503000
     1516.00  -0.269255   -1.12000
     1517.00  -0.285297  -0.841000
     1518.00  -0.293442  -0.437000
     1519.00  -0.293420   0.362000
     1520.00  -0.285214   0.466000
     1521.00  -0.269115    2.24000E-02
     1522.00  -0.245651  -0.868000
     1523.00  -0.215577   -1.08000
     1524.00  -0.179900  -0.696000
     1525.00  -0.139794  -0.199000
     1526.00   -9.65679E-02  -0.283000
     1527.00   -5.16341E-02   0.172000
     1528.00   -6.44621E-03    7.49000E-03
     1529.00    3.75205E-02   0.111000
     1530.00    7.88521E-02   0.556000
     1531.00   0.116244   -7.00000E-02
     1532.00   0.148520  -0.139000
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     1533.00   0.174702   0.169000
     1534.00   0.194025  -0.235000
     1535.00   0.205943    8.70000E-02
     1536.00   0.210174   0.685000
     1537.00   0.206732   0.468000
     1538.00   0.195853   0.398000
     1539.00   0.178045   0.427000
     1540.00   0.154043   0.536000
     1541.00   0.124771   0.441000
     1542.00    9.13094E-02    6.74000E-02
     1543.00    5.48809E-02   0.648000
     1544.00    1.67794E-02  -0.201000
     1545.00   -2.16741E-02  -0.899000
     1546.00   -5.91792E-02  -0.213000
     1547.00   -9.45103E-02  -0.360000
     1548.00  -0.126565   -1.88000E-02
     1549.00  -0.154402  -0.460000
     1550.00  -0.177260  -0.833000
     1551.00  -0.194610  -0.260000
     1552.00  -0.206166  -0.449000
     1553.00  -0.211891  -0.359000
     1554.00  -0.212000   0.153000
     1555.00  -0.206938   0.308000
     1556.00  -0.197412   0.722000
     1557.00  -0.184319   0.374000
     1558.00  -0.168727  -0.190000
     1559.00  -0.151828   -9.89000E-02
     1560.00  -0.134882   -8.93000E-02
     1561.00  -0.119199   -1.00000
     1562.00  -0.106082  -0.312000
     1563.00   -9.67496E-02  -0.455000
     1564.00   -9.23167E-02   -1.41000E-02
     1565.00   -9.37298E-02    1.04000E-01
     1566.00   -1.01751E-01    2.09000E-02
     1567.00  -0.116896  -0.156000
     1568.00  -0.139439  -0.265000
     1569.00  -0.169395   0.146000
     1570.00  -0.206515   -1.03000E-01
     1571.00  -0.250261  -0.222000
     1572.00  -0.299861  -0.523000
     1573.00  -0.354294    1.54000E-02
     1574.00  -0.412353  -0.389000
     1575.00  -0.472675  -0.843000
     1576.00  -0.533777   -3.62000E-02
     1577.00  -0.594110  -0.904000
     1578.00  -0.652128   -1.26000
     1579.00  -0.706300  -0.684000
     1580.00  -0.755197   0.583000
     1581.00  -0.797498   -1.14000
     1582.00  -0.832083   -1.23000
     1583.00  -0.858044   -1.10000
     1584.00  -0.874741  -0.694000
     1585.00  -0.881766   -1.44000
     1586.00  -0.878991   -1.24000
     1587.00  -0.866573   -8.58000E-02
     1588.00  -0.844937  -0.461000
     1589.00  -0.814785  -0.832000
     1590.00  -0.777026  -0.406000
     1591.00  -0.732787  -0.609000
     1592.00  -0.683346  -0.855000
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     1593.00  -0.630102   -1.03000
     1594.00  -0.574521  -0.751000
     1595.00  -0.518094  -0.663000
     1596.00  -0.462263    8.96000E-02
     1597.00  -0.408405  -0.406000
     1598.00  -0.357781  -0.379000
     1599.00  -0.311479   0.194000
     1600.00  -0.270402  -0.766000
     1601.00  -0.235223   -1.35000
     1602.00  -0.206389  -0.319000
     1603.00  -0.184097   -3.95000E-02
     1604.00  -0.168291   -6.47000E-03
     1605.00  -0.158680  -0.312000
     1606.00  -0.154744  -0.278000
     1607.00  -0.155762   -2.79000E-02
     1608.00  -0.160853   0.153000
     1609.00  -0.169012  -0.141000
     1610.00  -0.179123    8.01000E-02
     1611.00  -0.190032   0.118000
     1612.00  -0.200578   0.410000
     1613.00  -0.209639  -0.647000
     1614.00  -0.216169  -0.697000
     1615.00  -0.219236  -0.824000
     1616.00  -0.218064  -0.383000
     1617.00  -0.212039   0.389000
     1618.00  -0.200738  -0.170000
     1619.00  -0.183961   -8.56000E-02
     1620.00  -0.161710   0.184000
     1621.00  -0.134201   0.159000
     1622.00   -1.01858E-01  -0.114000
     1623.00   -6.52716E-02    1.87000E-02
     1624.00   -2.51850E-02   -1.07000
     1625.00    1.74805E-02  -0.183000
     1626.00    6.17521E-02    3.90000E-02
     1627.00   0.106570   -3.05000E-02
     1628.00   0.150839  -0.131000
     1629.00   0.193477    1.04000
     1630.00   0.233444   0.294000
     1631.00   0.269768   -8.60000E-02
     1632.00   0.301586   0.203000
     1633.00   0.328165   0.209000
     1634.00   0.348908   0.618000
     1635.00   0.363380   -5.43000E-02
     1636.00   0.371337   0.969000
     1637.00   0.372655    1.15000
     1638.00   0.367417   0.154000
     1639.00   0.355861  -0.170000
     1640.00   0.338365   0.305000
     1641.00   0.315416   0.129000
     1642.00   0.287625   0.465000
     1643.00   0.255676   0.539000
     1644.00   0.220307    2.87000E-02
     1645.00   0.182278   0.226000
     1646.00   0.142377   -4.65000E-02
     1647.00    1.01369E-01    6.16000E-02
     1648.00    5.99609E-02  -0.653000
     1649.00    1.87870E-02  -0.185000
     1650.00   -2.15766E-02   -3.23000E-02
     1651.00   -6.06402E-02   0.294000
     1652.00   -9.80172E-02    8.08000E-02
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     1653.00  -0.133403   0.775000
     1654.00  -0.166575   0.490000
     1655.00  -0.197420   0.141000
     1656.00  -0.225871  -0.678000
     1657.00  -0.251941  -0.607000
     1658.00  -0.275710  -0.297000
     1659.00  -0.297291  -0.400000
     1660.00  -0.316812  -0.592000
     1661.00  -0.334430   -1.02000E-01
     1662.00  -0.350275   -2.92000E-02
     1663.00  -0.364474  -0.958000
     1664.00  -0.377124   -4.43000E-02
     1665.00  -0.388278  -0.448000
     1666.00  -0.397968  -0.806000
     1667.00  -0.406192   -1.02000
     1668.00  -0.412891  -0.580000
     1669.00  -0.418007   0.350000
     1670.00  -0.421427  -0.466000
     1671.00  -0.423045  -0.586000
     1672.00  -0.422739  -0.465000
     1673.00  -0.420374  -0.512000
     1674.00  -0.415843   -3.70000E-03
     1675.00  -0.409067  -0.203000
     1676.00  -0.400020  -0.227000
     1677.00  -0.388710  -0.593000
     1678.00  -0.375189  -0.340000
     1679.00  -0.359571   -2.13000E-02
     1680.00  -0.342048  -0.604000
     1681.00  -0.322859  -0.146000
     1682.00  -0.302267   0.295000
     1683.00  -0.280609  -0.414000
     1684.00  -0.258252   -1.05000
     1685.00  -0.235577   -6.16000E-02
     1686.00  -0.212993  -0.176000
     1687.00  -0.190895  -0.630000
     1688.00  -0.169665   -4.59000E-02
     1689.00  -0.149668   0.122000
     1690.00  -0.131207  -0.343000
     1691.00  -0.114545   -9.81000E-02
     1692.00   -9.98846E-02   0.358000
     1693.00   -8.73608E-02   -6.63000E-02
     1694.00   -7.70389E-02  -0.367000
     1695.00   -6.88969E-02   -1.28000
     1696.00   -6.28559E-02  -0.390000
     1697.00   -5.87655E-02    5.17000E-02
     1698.00   -5.64285E-02   0.206000
     1699.00   -5.56134E-02  -0.216000
     1700.00   -5.60170E-02    9.96000E-02
     1701.00   -5.73401E-02    2.33000E-02
     1702.00   -5.92721E-02   0.333000
     1703.00   -6.15135E-02   0.568000
     1704.00   -6.37932E-02    4.84000E-03
     1705.00   -6.58767E-02  -0.244000
     1706.00   -6.75839E-02   0.439000
     1707.00   -6.87904E-02   0.535000
     1708.00   -6.94533E-02  -0.119000
     1709.00   -6.95787E-02  -0.281000
     1710.00   -6.92545E-02    8.81000E-02
     1711.00   -6.86278E-02  -0.255000
     1712.00   -6.79144E-02   0.252000
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     1713.00   -6.73596E-02  -0.729000
     1714.00   -6.72637E-02  -0.521000
     1715.00   -6.79449E-02  -0.732000
     1716.00   -6.97223E-02   -8.11000E-02
     1717.00   -7.28970E-02  -0.509000
     1718.00   -7.77520E-02  -0.593000
     1719.00   -8.45267E-02  -0.267000
     1720.00   -9.34004E-02   0.711000
     1721.00   -1.04459E-01   0.894000
     1722.00  -0.117715   0.222000
     1723.00  -0.133081  -0.702000
     1724.00  -0.150376    3.91000E-02
     1725.00  -0.169326  -0.546000
     1726.00  -0.189548    7.10000E-02
     1727.00  -0.210579  -0.318000
     1728.00  -0.231896  -0.253000
     1729.00  -0.252909   -4.57000E-02
     1730.00  -0.272993  -0.526000
     1731.00  -0.291519    4.79000E-02
     1732.00  -0.307850   -1.02000E-01
     1733.00  -0.321373   -7.81000E-02
     1734.00  -0.331547   0.148000
     1735.00  -0.337902    9.41000E-02
     1736.00  -0.340047  -0.726000
     1737.00  -0.337716   -1.08000
     1738.00  -0.330763  -0.680000
     1739.00  -0.319178  -0.620000
     1740.00  -0.303101  -0.635000
     1741.00  -0.282815  -0.112000
     1742.00  -0.258719  -0.391000
     1743.00  -0.231328    8.60000E-02
     1744.00  -0.201278   0.353000
     1745.00  -0.169294   0.228000
     1746.00  -0.136180   0.411000
     1747.00   -1.02751E-01  -0.256000
     1748.00   -6.98636E-02   -1.01000
     1749.00   -3.83486E-02  -0.481000
     1750.00   -8.98778E-03  -0.105000
     1751.00    1.74731E-02  -0.509000
     1752.00    4.04014E-02  -0.302000
     1753.00    5.92675E-02   0.400000
     1754.00    7.36885E-02   0.224000
     1755.00    8.34077E-02   0.174000
     1756.00    8.83371E-02   0.277000
     1757.00    8.85403E-02   0.161000
     1758.00    8.42368E-02   0.323000
     1759.00    7.57780E-02   0.229000
     1760.00    6.36547E-02   0.353000
     1761.00    4.84722E-02   0.491000
     1762.00    3.09327E-02   0.217000
     1763.00    1.18265E-02  -0.186000
     1764.00   -8.01706E-03  -0.613000
     1765.00   -2.77486E-02   -1.03000E-01
     1766.00   -4.65384E-02   0.179000
     1767.00   -6.35819E-02  -0.175000
     1768.00   -7.81372E-02  -0.301000
     1769.00   -8.95368E-02   0.394000
     1770.00   -9.72383E-02  -0.138000
     1771.00   -1.00815E-01   0.489000
     1772.00   -9.99861E-02  -0.603000
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     1773.00   -9.46066E-02  -0.351000
     1774.00   -8.46802E-02  -0.598000
     1775.00   -7.03573E-02  -0.576000
     1776.00   -5.19328E-02   -1.02000E-02
     1777.00   -2.98180E-02   0.720000
     1778.00   -4.56096E-03   -7.95000E-02
     1779.00    2.31971E-02  -0.473000
     1780.00    5.27560E-02  -0.318000
     1781.00    8.33394E-02   0.511000
     1782.00   0.114146   0.137000
     1783.00   0.144366    1.00000
     1784.00   0.173214   0.457000
     1785.00   0.199924    7.88000E-02
     1786.00   0.223808  -0.663000
     1787.00   0.244267   0.141000
     1788.00   0.260770   0.147000
     1789.00   0.272900   -7.47000E-02
     1790.00   0.280349   0.323000
     1791.00   0.282928    1.95000E-02
     1792.00   0.280560   0.767000
     1793.00   0.273321    1.11000
     1794.00   0.261348   0.550000
     1795.00   0.244902   0.909000
     1796.00   0.224354   0.462000
     1797.00   0.200127   0.182000
     1798.00   0.172728   0.126000
     1799.00   0.142705   0.390000
     1800.00   0.110656  -0.546000
     1801.00    7.71892E-02  -0.573000
     1802.00    4.29227E-02  -0.464000
     1803.00    8.47700E-03   -7.69000E-02
     1804.00   -2.55496E-02    1.85000E-03
     1805.00   -5.85831E-02  -0.959000
     1806.00   -9.00788E-02   -4.38000E-02
     1807.00  -0.119561   0.207000
     1808.00  -0.146564  -0.341000
     1809.00  -0.170700  -0.754000
     1810.00  -0.191653   -8.43000E-02
     1811.00  -0.209162  -0.254000
     1812.00  -0.222995   0.750000
     1813.00  -0.233003   0.264000
     1814.00  -0.239095  -0.170000
     1815.00  -0.241239   0.903000
     1816.00  -0.239461   0.725000
     1817.00  -0.233847  -0.403000
     1818.00  -0.224553   -1.16000
     1819.00  -0.211768   -8.42000E-02
     1820.00  -0.195738   0.258000
     1821.00  -0.176783  -0.340000
     1822.00  -0.155249  -0.790000
     1823.00  -0.131518  -0.569000
     1824.00  -0.106026  -0.530000
     1825.00   -7.92468E-02  -0.478000
     1826.00   -5.16749E-02  -0.308000
     1827.00   -2.38219E-02   0.273000
     1828.00    3.80109E-03    9.33000E-02
     1829.00    3.06612E-02  -0.243000
     1830.00    5.62373E-02   0.374000
     1831.00    8.00475E-02  -0.309000
     1832.00    1.01639E-01  -0.596000
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     1833.00   0.120611   0.446000
     1834.00   0.136621   0.580000
     1835.00   0.149388   0.826000
     1836.00   0.158734  -0.121000
     1837.00   0.164575   0.276000
     1838.00   0.166916   0.143000
     1839.00   0.165865   0.872000
     1840.00   0.161642    1.36000
     1841.00   0.154559    6.75000E-02
     1842.00   0.145034   -1.13000
     1843.00   0.133592  -0.192000
     1844.00   0.120820    9.06000E-02
     1845.00   0.107372  -0.214000
     1846.00    9.39412E-02   0.251000
     1847.00    8.12475E-02  -0.535000
     1848.00    7.00053E-02   0.440000
     1849.00    6.08947E-02   0.251000
     1850.00    5.45619E-02  -0.500000
     1851.00    5.15647E-02    1.83000E-02
     1852.00    5.23532E-02   0.235000
     1853.00    5.72780E-02  -0.125000
     1854.00    6.65387E-02   0.726000
     1855.00    8.01694E-02   0.721000
     1856.00    9.80529E-02   0.367000
     1857.00   0.119900   0.187000
     1858.00   0.145255   0.278000
     1859.00   0.173500  -0.146000
     1860.00   0.203881  -0.271000
     1861.00   0.235500  -0.116000
     1862.00   0.267355   0.121000
     1863.00   0.298359    4.04000E-04
     1864.00   0.327381   0.427000
     1865.00   0.353277   0.219000
     1866.00   0.374921   0.739000
     1867.00   0.391245   0.173000
     1868.00   0.401269   0.547000
     1869.00   0.404147   0.783000
     1870.00   0.399184   0.533000
     1871.00   0.385895   0.107000
     1872.00   0.364002    9.52000E-02
     1873.00   0.333453   0.145000
     1874.00   0.294405    1.87000E-02
     1875.00   0.247282    9.59000E-02
     1876.00   0.192715   0.782000
     1877.00   0.131574   0.623000
     1878.00    6.49296E-02   0.299000
     1879.00   -5.99022E-03  -0.275000
     1880.00   -7.97955E-02  -0.348000
     1881.00  -0.155019   0.243000
     1882.00  -0.230113   0.202000
     1883.00  -0.303523  -0.297000
     1884.00  -0.373748  -0.465000
     1885.00  -0.439312  -0.355000
     1886.00  -0.498856  -0.536000
     1887.00  -0.551187   -1.79000E-02
     1888.00  -0.595282  -0.589000
     1889.00  -0.630322   -1.19000
     1890.00  -0.655733   -1.07000
     1891.00  -0.671180  -0.560000
     1892.00  -0.676578  -0.788000
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     1893.00  -0.672090   -1.25000
     1894.00  -0.658131  -0.164000
     1895.00  -0.635310  -0.606000
     1896.00  -0.604442  -0.612000
     1897.00  -0.566513  -0.742000
     1898.00  -0.522626   -7.45000E-02
     1899.00  -0.473994  -0.587000
     1900.00  -0.421888  -0.674000
     1901.00  -0.367589  -0.446000
     1902.00  -0.312360   -9.00000E-02
     1903.00  -0.257367  -0.674000
     1904.00  -0.203699  -0.276000
     1905.00  -0.152308   0.236000
     1906.00   -1.03982E-01  -0.224000
     1907.00   -5.93588E-02   0.346000
     1908.00   -1.88744E-02  -0.175000
     1909.00    1.72188E-02  -0.337000
     1910.00    4.88416E-02    9.53000E-02
     1911.00    7.61063E-02   0.229000
     1912.00    9.92766E-02   -9.49000E-02
     1913.00   0.118748  -0.105000
     1914.00   0.135023   0.831000
     1915.00   0.148695   0.768000
     1916.00   0.160399  -0.180000
     1917.00   0.170758   -1.56000E-02
     1918.00   0.180385   0.342000
     1919.00   0.189846   0.671000
     1920.00   0.199631   0.161000
     1921.00   0.210113  -0.158000
     1922.00   0.221538  -0.759000
     1923.00   0.233991    3.68000E-02
     1924.00   0.247418   0.337000
     1925.00   0.261632  -0.218000
     1926.00   0.276280   0.351000
     1927.00   0.290886   0.255000
     1928.00   0.304869   0.493000
     1929.00   0.317540   -5.69000E-03
     1930.00   0.328158   0.252000
     1931.00   0.335943   0.567000
     1932.00   0.340115   0.807000
     1933.00   0.339947   0.315000
     1934.00   0.334764    3.60000E-02
     1935.00   0.324008   0.822000
     1936.00   0.307228   0.162000
     1937.00   0.284136    1.11000
     1938.00   0.254632    1.71000E-02
     1939.00   0.218744  -0.193000
     1940.00   0.176732    1.08000
     1941.00   0.129036   0.513000
     1942.00    7.62849E-02   -9.24000E-02
     1943.00    1.92615E-02   0.428000
     1944.00   -4.10821E-02   0.358000
     1945.00   -1.03664E-01  -0.579000
     1946.00  -0.167298  -0.581000
     1947.00  -0.230746  -0.107000
     1948.00  -0.292728  -0.525000
     1949.00  -0.351963  -0.701000
     1950.00  -0.407221   -1.45000
     1951.00  -0.457334  -0.917000
     1952.00  -0.501235    3.12000E-02
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     1953.00  -0.538001  -0.698000
     1954.00  -0.566876  -0.452000
     1955.00  -0.587282  -0.856000
     1956.00  -0.598814  -0.934000
     1957.00  -0.601297  -0.679000
     1958.00  -0.594750  -0.810000
     1959.00  -0.579393   0.284000
     1960.00  -0.555644   0.269000
     1961.00  -0.524095   0.297000
     1962.00  -0.485510  -0.398000
     1963.00  -0.440763  -0.493000
     1964.00  -0.390852  -0.226000
     1965.00  -0.336857   0.227000
     1966.00  -0.279910  -0.650000
     1967.00  -0.221141  -0.773000
     1968.00  -0.161684  -0.194000
     1969.00   -1.02640E-01   0.390000
     1970.00   -4.50458E-02   0.423000
     1971.00    1.01615E-02  -0.668000
     1972.00    6.21432E-02  -0.266000
     1973.00   0.110184   0.163000
     1974.00   0.153685  -0.734000
     1975.00   0.192194  -0.631000
     1976.00   0.225409  -0.835000
     1977.00   0.253137   0.508000
     1978.00   0.275324   0.702000
     1979.00   0.292059   0.581000
     1980.00   0.303527   -7.02000E-03
     1981.00   0.309988   0.451000
     1982.00   0.311786   0.328000
     1983.00   0.309326   0.399000
     1984.00   0.303052   0.275000
     1985.00   0.293452   0.911000
     1986.00   0.281013    1.21000
     1987.00   0.266223    1.36000
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From: Michael E. Mann
To: Ray Bradley; mhughes@ltrr.arizona.edu
Cc: mann@virginia.edu
Subject: Winter et al paper
Date: Tuesday, October 24, 2000 9:05:58 AM

Malcolm, Ray,

Have you seen this latest paper by Winter et al (J. Christy is a co-author)
in GRL, on carribean cooling during the "LIA". They're arguing 2-3 degrees
cooler during the 18th century. I think they've completely screwed up the
calibration (based entirely on the seasonal cycle, near as I can tell,
despite the '99 Paleoceanography article by Crowley et al showing that this
overestimates low-frequency variability).

I'm sure the results are completely wrong. What finally happened w/ the
Bermuda corals, Patzold, etc???? It would be very useful to be able to make
a statement regarding coral-based estimates of Bermuda SST based on a
proper isotopic calibration...

mike
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Raymond S. Bradley
To: Michael E. Mann
Cc: mhughes@ltrr.arizona.edu
Subject: misc.
Date: Tuesday, August 29, 2000 8:59:53 AM

I forwarded your message to Anne & spoke to her yesterday at Bomin's
defence (he passed!).  She will get on this now, hopefully.

As promised, here are the data sources I plan to pursue:

Antarctic ice core data
Laminated lake sediments from Europe (mainly Scandinavia, Germany) & North
America (mid-west, & Arctic)
Greenland ice cores (annual where available, plus 5-10 year means of melt data)
Canadian Arctic ice cores (annual where available, plus 5-10 year means of
melt data)
Borehole temperature data from above ice core sites (only a few of these)
Historical data from China (decadal) and Japan (some annual, to 18th
century); possibly some Russian/east European data (annual to decadal means)
Updated Pfister series, plus selected European series from outside
Switzerland (e.g. Spain, France, Iceland)
Lake level records from Africa (decadal, to 18th century at best)
Tropical/low latitude ice core records (annual to decadal)
Coral data from East Africa, Gt Barrier Reef, Taiwan, S. Japan
+
Glacier advance/retreat records from Western N. America & European Alps
(decadal, to multi-decadal).

Ray

Raymond S. Bradley
Professor and Head of Department
Department of Geosciences
University of Massachusetts
Amherst, MA 01003-5820

Tel: 
Fax: 
Climate System Research Center: 
Climate System Research Center Web Page:
<http://www.geo.umass.edu/climate/climate.html>
Paleoclimatology Book Web Site (1999):
http://www.geo.umass.edu/climate/paleo/html
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From: Michael E. Mann
To: Phil Jones; tom crowley
Cc: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu
Subject: Re: mill records
Date: Monday, August 07, 2000 10:42:04 AM

Hi Phil,

Thanks for your response. I appreciate your words regarding IPCC, and the
littany of bozos we've all been dealing w/ on that email distribution list.
I think it is useful to engage them  *once in a while*, but never let them
think that they can drag you into an ongoing debate. That's what they want
to do. If they can waste the time of people doing legitimate science, by
getting them to respond to spurious and ridiculous
accusations/claims/criticisms, then they are achieving their goal...

Clearly these folks have blind faith in the occasional data that *appear*
to substantiate whatever point they are trying to make (usually, the data
they cite don't even support their own arguments), and fundamental
skepticism with that the data that don't. Much of this is disingenuous.
Phil provided
a very honest explanation of the potential shortcoming of hist. doc info,
and they didn't even appear to absorb one bit of it...

Onto some science now:

It is definitely not worth making a big deal of, but I have to tell you that
the rescaling you've performed of our reconstruction is not valid (I won't
speak for Tom's reconstruction, etc. where I think it is more valid).

For our series, a simple re-scaling of the Northern Hemisphere annual mean
series does not yield a valid summer-season reconstruction. Its as simple
as this: Our calibration is intrinsically multivariate. A rescaling of the
hemispheric mean of annual-mean spatial
reconstructions produced by multivariate calibration against the spatial
annual-mean instrumental record is *not* formally equivalent to a simple
rescaling of the hemispheric mean of those reconstructions. What you
have done assumes that it is. I can assure you that it is not, both
from a formal statistical point of few, and because we have produced
independent seasonal reconstructions (Earth Interactions, in press,
I think you've seen these results) which yield summer and annual mean
temperature trends with quite different behavior. Now, we don't yet have
a lot of faith in the seasonal reconstructions (we calibrate considerably
less seasonal variance than annual-mean variance), but the point remains that
the trends are different, and not just by an offset or a scale factor!!

So in fairness, if you publish this, I think you need to be very clear that
this is not equivalent to a true summer version of the Mann et al nothern
hemisphere series. We have already produced such a reconstruction using
our correct formal methodology, and it is available (in press "Earth
Interactions" paper) here:
http://www.ngdc.noaa.gov/paleo/ei/ei_data/nhemwarm-recon.dat

We're not all that enthusiastic about our warm-season reconstruction, but
at least it is produced in a way that is consistent w/ our methodology, which
your version of a "Mann et al warm-season reconstruction" is not!

Thanks in advance for taking the above into account.
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cheers,

mike

At 01:58 PM 8/7/00 +0100, Phil Jones wrote:
>
> Tom and Mike,
>    What Tom said is essentially correct. Tim Osborn here recalibrated
> each series, as a composite, against the same NH series for the April-
> Sept average north of 20N (using land only data). All this does is
> rescale the series as it is simple regression (y=ax+b). Because y is
> based on temps wrt 61-90 this means that the axis is then wrt 61-90.
> Doing this we can then add the same instrumental temp series. It also
> brings the series together and the web page was just for illustrative
> purposes. For Mike's series you get pretty much the same result by
> subtracting 0.12 from Mike's numbers as this is the difference between
> Mike's base period and 1961-90.
>    There is nothing sinister going on !  I'll summarise this to Rob.
>
> Cheers
> Phil
>
> PS I seem to be stirring up loads of emails about historical data. You
> are both on those emails so you can see what crap is being written and my
> (time wasting for me) replies. Apologies for replying. I should know better
> and keep quiet.  We can all expect more of this if IPCC stays in roughly
> the same form pre-Victoria. It's relatively easy to knock historical
> records, so as long as it gets no worse than this we'll be fine.
>Prof. Phil Jones
>Climatic Research Unit        Telephone +
>School of Environmental Sciences    Fax 
>University of East Anglia                     
>Norwich                          Email    p.jones@uea.ac.uk
>NR4 7TJ
>UK
>
>----------------------------------------------------------------------------
>
>   
>
>
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: Malcolm Hughes
Cc: rbradley@geo.umass.edu
Subject: Re: mill records
Date: Friday, August 04, 2000 12:20:50 PM

HI Malcolm, Ray

"Mental Block" is certainly the key word here. Phil and Keith (and sadly,
Tom) simply just don't seem know what the hell they're doing here or, if
they do, they are being intentionally deceptive...Clearly Tom is trying to
patch things up w/ Phil and Keith, after implicitly dissing them w/ his
Science article...

But I wouldn't worry about acceptance (or at least, recognition) of our work
by the community in general. We're already near 100 citations of MBH98, and
nearing 30 already for the '99 GRL paper (with a few more each week in both
cases!)...Phil et al are nowhere near that w/ their papers...

mike

At 12:20 PM 8/4/00 -0700, you wrote:
>Mike - this is the first I've seen of this web site. I would differ from
>what it says not only in terms of the 'recalibration', but also the
>taxonomy of records being either averages or regressed on local
>temeprature. There is clearly no basis for rescaling an annual record
>based on recorders from all seasons to be just a summer record.
>There is clearly a mental block accepting the basic idea of your
>method. Cheers, Malcolm
>Malcolm Hughes
>Professor of Dendrochronology
>Laboratory of Tree-Ring Research
>University of Arizona
>Tucson, AZ 85721
>520-621-6470
>fax 520-621-8229
>
>
_______________________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.html             
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From: Malcolm Hughes
To: Michael E. Mann
Subject: Re: mill records
Date: Friday, August 04, 2000 12:20:49 PM

Mike - this is the first I've seen of this web site. I would differ from
what it says not only in terms of the 'recalibration', but also the
taxonomy of records being either averages or regressed on local
temeprature. There is clearly no basis for rescaling an annual record
based on recorders from all seasons to be just a summer record.
There is clearly a mental block accepting the basic idea of your
method. Cheers, Malcolm
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From: Michael E. Mann
To: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Subject: Re: mill records
Date: Friday, August 04, 2000 11:31:08 AM

Do you guys know about this?

What Phil and Keith have done here is completely invalid. I take
take it that they're upset about the Crowley paper and my perspective
in particular, and this is their response? A poor one...

mike

>X-Sender: tom@astra.tamu.edu
>Date: Fri, 4 Aug 2000 13:30:23 -0500
>To: "Michael E. Mann" <mann@virginia.edu>
>From: tom crowley <tom@ocean.tamu.edu>
>Subject: Re: mill  records
>Cc: p.jones@uea.ac.uk
>
>Mike and Phil,
>
>maybe I have jumped the gun on this and spilled some beans I shouldn't
>have, but the figure looks very similar to the Briffa et al figure in JGR
>submitted, which I reviewed and cc'd a copy to Keith and Phil.
>
>Please forgive me if I am spreading misinformation (that is why I am no
>longer cc'ing Rob on this until it gets straightened out).
>
>Tom
>
>ps  Mike, I think Phil may be going to the Canary Islands or some other
>exotic locale for some sun-climate shootout
>
>>Tom,
>>
>>Thanks for the update, but how do you know this?? There is no mention of that
>>at all. In such ahat *is* the case, what is shown and said is *EXTREMELY*
>>misleading!
>>
>>The "seasonal recalibration" method described is highly questionable, and
>>not in my opinion statistically or physically defensible.
>>
>>Phil, I think we need more explanation here of what you've done!!
>>
>>mike
>>
>>At 01:12 PM 8/4/00 -0500, you wrote:
>>>Rob,
>>>
>>>first off these are summer half-year reconstructions in which Mann and CL
>>>were recalibrated to the instrumental summer-half year record for mid-high
>>>latitude n hemisphere.  Since there are some differences between Mann and
>>>Cl reconstructions in the 19th century, that might explain some of the
>>>differences in the millennial seaonal reconstructions that do not occur
>>>when independent methods were used to estimate mean annual temperatures in
>>>the original time series.
>>>
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>>>I am sure Phil can correct, verify this, or clarify further.
>>>
>>>Tom
>>>
>>>>X-Sender: mann@holocene.evsc.virginia.edu
>>>>Date: Fri, 04 Aug 2000 13:19:52 -0400
>>>>To: Rob Harris <rnharris@mines.utah.edu>
>>>>From: "Michael E. Mann" <mann@holocene.evsc.virginia.edu>
>>>>Subject: Re:
>>>>Cc: p.jones@uea.ac.uk, tom@ocean.tamu.edu
>>>>Mime-Version: 1.0
>>>>
>>>>Dear Rob,
>>>>
>>>>I'm glad you pointed this out.
>>>>
>>>>Yes, something looks dead wrong here! Phil????
>>>>
>>>>mike
>>>>
>>>>>
>>>>>I was looking aroung the CRU data site.  Have you seen
>>>>>http://www.cru.uea.ac.uk/cru/info/milltemp  ?
>>>>>
>>>>>It shows the recent proxy reconstructions all plotted
>>>>>on top of each other, but it doesn't seem correct.  For
>>>>>example it says the temperatures are plotted relative
>>>>>to the 1961-1990 mean value, but some of the proxy records
>>>>>never intersect zero, and your proxy series only extends
>>>>>to 1980.  More troubling is that there appears to be a large
>>>>>offset between your proxy record and Crowley and Lowery,
>>>>>but in the recent science paper (Crowley) the two time series
>>>>>are in very good agreement.  I should probably be asking Phil
>>>>>Jones, but maybe I'm missing something simple.
>>>>>
>>>>>
>>>>>Rob
>>>>>
>>>>>
>>>>>__________________________________
>>>>>Robert N. Harris
>>>>>Assistant Professor (Instructor)
>>>>>University of Utah
>>>>>Dept. of Geology and Geophysics
>>>>>135 S 1460 E, Rm 719
>>>>>Salt Lake City, UT 84112-0111
>>>>>
>>>>>Phone:  
>>>>>Lab:    
>>>>>Fax:    
>>>>>
>>>>>
>>>>>
>>>>>
>>>>_______________________________________________________________________
>>>>                     Professor Michael E. Mann
>>>>          Department of Environmental Sciences, Clark Hall
>>>>                      University of Virginia
>>>>                     Charlottesville, VA 22903
>>>>_______________________________________________________________________
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>>>>e-mail: mann@virginia.edu   Phone:    FAX: 
>>>>       http://www.evsc.virginia.edu/faculty/people/mann.html
>>>>
>>>
>>>
>>>
>>>Thomas J.  Crowley
>>>Dept. of Oceanography
>>>Texas A&M University
>>>College Station, TX  77843-3146
>>>409-845-0795
>>>409-847-8879 (fax)
>>>409-845-6331 (alternate fax)
>>>
>>>
>>>
>>>
>>_______________________________________________________________________
>>                    Professor Michael E. Mann
>>           Department of Environmental Sciences, Clark Hall
>>                      University of Virginia
>>                     Charlottesville, VA 22903
>>_______________________________________________________________________
>>e-mail: mann@virginia.edu   Phone:    FAX: 
>>         http://www.evsc.virginia.edu/faculty/people/mann.html
>
>
>
>
>Thomas J.  Crowley
>Dept. of Oceanography
>Texas A&M University
>College Station, TX  77843-3146
>409-845-0795
>409-847-8879 (fax)
>409-845-6331 (alternate fax)
>
>
>
>
_______________________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.html             
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu
Subject: proxy data
Date: Thursday, July 13, 2000 9:56:16 PM

Malcolm, Ray,

Below is a table of which proxy series (from the back-to-1820 subset)
extend through to 1985, 1988, 1990 respectively.

The Vaganov and Stahle PCs aren't represented because, even though many
of the series extend past 1980, in both cases a few of them don't. In the PC
analysis, I required a uniform interval for all time series in estimating
the PCs. Thus, they were truncated at 1980.

We could have been more conservative here, but for consistency w/ our
previous analyses, I think we should just go w/ what we have below.

I should have a draft for you tomorrow. Let me know if the below lists
seem consistent w/ your information,

mike

1985:
 redsea-o18.dat
 redsea-13c.dat

 newcal-ann.dat
 england.dat
 greenland.dat 
 dunde-o18.dat
 svalbard.dat
 penny-o18.dat 
 tasmania.dat
 kolyma.dat
 seprecip-nc.dat
 seprecip-sc.dat

 seprecip-ga.dat

 mongolia.dat     
 yakut.dat   
 urals-new.dat
 chin04.txt    
 chin04x.txt
 spai012.txt     
 spai011.txt   

 1988:
 redsea-o18.dat
 redsea-13c.dat
 newcal-ann.dat
 greenland.dat  
 penny-o18.dat
 tasmania.dat   
 kolyma.dat
 yakut.dat    
 mongolia.dat 
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 urals-new.dat    
 spai011.txt  
 chin04.txt 
 chin04x.txt  
 spai012.txt                                                                
                                                                          
 1990:
 redsea-o18.dat

 redsea-13c.dat

 newcal-ann.dat

 penny-o18.dat

 mongolia.dat

 yakut.dat

 urals-new.dat

                                                                            
 # indicators through 1985:  20
 # indicators through 1988:  14
 # indicators through 1990:  7

_______________________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.html             
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From: Michael E. Mann
To: Raymond S. Bradley; Frank Oldfield
Cc: alverson@pages.unibe.ch; jto@u.arizona.edu; k.briffa@uea.ac.uk; mhughes@ltrr.arizona.edu;

pedersen@eos.ubc.ca; whitlock@oregon.uoregon.edu; mann@multiproxy.evsc.virginia.edu
Subject: Re: the ghost of futures past
Date: Monday, July 10, 2000 9:36:09 AM

oops. that's "technical summary", not "executive summary"...

At 12:42 PM 7/10/00 -0400, Michael E. Mann wrote:
>Dear all,
>
>For a related perspective on this, you may be interested in
>a graphic prepared last year by Dr. Michael Oppenheimer of EDF (also
>a member of the IPCC TAR executive summary team):
>
>http://www.edf.org/programs/grap/y3k/
>
>A version of this ran in Time magazine last year , though I forget exectly
>when. I don't believe that TAR will be so bold as to show such a graphic.
>Nonetheless, it does provide a very useful perspective on matters!
>
>mike
>
>p.s. look out for this Friday's "Science  for some good stuff!
>
>At 08:57 AM 7/10/00 -0400, Raymond S. Bradley wrote:
>>Sorry this kept you awake...but I have also found it a rather alarming
>>graph.  First, a disclaimer/explanation.
>>The graph patches together 3 things: Mann et al  NH mean annual temps + 2
>>sigma standard error for AD1000-1980, + instrumental data for 1981-1998 +
>>IPCC ("do not quote, do not cite" projections for GLOBAL temperature for
>>the next 100 years, relative to 1998.  The range of shading represents
>>several models of projected emissions scenarios as input to GCMs, but the
>>GCM mean global temperature output (as I understand it) was then reproduced
>>by Sarah Raper's energy balance model, and it is those values that are
>>plotted.  Keith pointed this out to me; I need to go back & read the IPCC
>>TAR to understand why they did that, but it makes no difference to the
>>first order result....neither does it matter that the projection is global
>>rather than NH....the important point is that the range of estimates far
>>exceeds the range estimated by Mann et al in their reconstruction.  Keith
>>also said that the Hadley Center GCM runs are being archived at CRU, so it
>>ought to be possible to get that data and simply compute the NH variability
>>for the projected period & add that to the figure, but it will not add much
>>real information.  However, getting such data would allow us to extract
>>(say) a summer regional series for the Arctic and to then plot it versus
>>the Holocene melt record from Agassiz ice cap....or....well, you can see
>>other possiblities.
>>
>>[......At this point Keith Alverson throws up his hands in despair at the
>>ignorance of non-model amateurs...]
>>
>>But there are real questions to be asked of the paleo
>>reconstruction.  First, I should point out that we calibrated versus
>>1902-1980, then "verified" the approach using an independent data set for
>>1854-1901.  The results were good, giving me confidence that if we had a
>>comparable proxy data set for post-1980 (we don't!) our proxy-based
>>reconstruction would capture that period well.  Unfortunately, the proxy
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>>network we used has not been updated, and furthermore there are many/some/
>>tree ring sites where there has been a "decoupling" between the long-term
>>relationship between climate and tree growth, so that things fall apart in
>>recent decades....this makes it very difficult to demonstrate what I just
>>claimed.  We can only call on evidence from many other proxies for
>>"unprecedented" states in recent years (e.g. glaciers, isotopes in tropical
>>ice etc..).  But there are (at least) two other problems -- Keith Briffa
>>points out that the very strong trend in the 20th century calibration
>>period accounts for much of the success of our calibration and makes it
>>unlikely that we would be able be able to reconstruct such an extraordinary
>>period as the 1990s with much success (I may be mis-quoting him somewhat,
>>but that is the general thrust of his criticism).  Indeed, in the
>>verification period, the biggest "miss" was an apparently very warm year in
>>the late 19th century that we did not get right at all.  This makes
>>criticisms of the "antis" difficult to respond to (they have not yet risen
>>to this level of sophistication, but they are "on the
>>scent").  Furthermore, it may be that Mann et al simply don't have the
>>long-term trend right, due to underestimation of low frequency info. in the
>>(very few) proxies that we used.  We tried to demonstrate that this was not
>>a problem of the tree ring data we used by re-running the reconstruction
>>with & without tree rings, and indeed the two efforts were very similar --
>>but we could only do this back to about 1700.  Whether we have the 1000
>>year trend right is far less certain (& one reason why I hedge my bets on
>>whether there were any periods in Medieval times that might have been
>>"warm", to the irritation of my co-authors!).  So, possibly if you crank up
>>the trend over 1000 years, you find that the envelope of uncertainty is
>>comparable with at least some of the future scenarios, which of course begs
>>the question as to what the likely forcing was 1000 years ago. (My money is
>>firmly on an increase in solar irradiance, based on the 10-Be data..).
>>Another issue is whether we have estimated the totality of uncertainty in
>>the long-term data set used -- maybe the envelope is really much larger,
>>due to inherent characteristics of the proxy data themselves....again this
>>would cause the past and future envelopes to overlap.
>>
>>In Ch 7 we will try to discuss some of these issues, in the limited space
>>available.  Perhaps the best thing at this stage is to simply point out the
>>inherent uncertainties and point the way towards how these uncertainties
>>can be reduced.  Malcolm & I are working with Mike Mann to do just that.
>>
>>I would welcome other thoughts and comments on any of this!
>>
>>Ray
>>
>>
>>
>>At 01:34 PM 7/10/00 +0200, you wrote:
>>>Salut mes amis,
>>>
>>>I've lost sleep fussing about the figure coupling Mann et al. (or any
>>>alternative climate-history time series) to the IPCC scenarios. It seems to
>>>me to encapsulate the whole past-future philosophical dilemma that bugs me
>>>on and off (Ray - don't stop reading just yet!), to provide potentially the
>>>most powerful peg to hang much of PAGES future on, at least in the eyes of
>>>funding agents, and, by the same token, to offer more hostages to fortune
>>>for the politically motivated and malicious. It also links closely to the
>>>concept of being inside or outside 'the envelope' - which begs all kinds of
>>>notions of definition. Given what I see as its its prime importance, I
>>>therefore feel the need to understand the whole thing better. I don't know
>>>how to help move things forward and my ideas, if they have any effect at
>>>all,  will probably do the reverse. At least I might get more sleep having
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>>>unloaded them, so here goes......
>>>
>>>The questions in my mind centre round the following issues. If I've got any
>>>one of them wrong, what follows in each section can be disregarded or (more
>>>kindly) set straight for my benefit.
>>>
>>>1. How can we justify bridging proxy-based reconstruction via the last bit
>>>of instrumental time series to future model-based scenarios.
>>>
>>>2. How can the incompatibilities and logical inconsistencies inherent in
>>>the past-future comparisons be reduced?
>>>
>>>3. More specifically,  what forms of translation between what we know about
>>>the past and the scenarios developed for the future deal adequately with
>>>uncertainty and variability on either side of the 'contemporary hinge' in a
>>>way that improves comparability across the hinge.
>>>
>>>4.  Which, if any, scenarios place our future in or out of 'the envelope'
>>>in terms of experienced climate as distinct from calculated forcing? This
>>>idea of an envelope is an engaging concept, easy to state in a quick and
>>>sexy way (therefore both attractive and dangerous); the future could leave
>>>us hoisted by our own petard unless it is given a lot more thought.
>>>
>>>1. I am more or less assuming that this can already be addressed  from data
>>>available and calculations completed, by pointing to robust calibration
>>>over the chosen time interval and perhaps looking separately at variability
>>>pre 1970, if the last 3 decades really do seem to have distorted the
>>>response signatures for whatever reasons. I imagine developing this line of
>>>argument could feed into the 'detection' theme in significant ways.
>>>
>>>2 & 3. This is where life gets complicated. For the past we have biases,
>>>error bars that combine sources of uncertainty, and temporal variability.
>>>For the future we have no variability, simply a smooth, mean, monotonic
>>>trend to a target 'equilibrium' date. Bandwidths of uncertainty reflect
>>>model construction and behaviour.  So we are comparing apples and oranges
>>>when we make any statement about the significance of the past record for
>>>the future on the basis of the graph. Are there ways of partially
>>>overcoming this by developing different interactions between past data and
>>>future models?
>>>
>>>My own thinking runs as follows:  Take variability.  Do we need to wait for
>>>models to capture this before building it into future scenarios? This seems
>>>unnecessary to me, especially since past variability will be the validation
>>>target for the models.  Is there really no way of building past variability
>>>into the future projections?  One approach would be to first smooth the
>>>past record on the same time-span as the future scenarios.  This would get
>>>us to first base in terms of comparability, but a very dull and pretty
>>>useless first base in and of itself.  It would, however, allow all kinds of
>>>calculations of inter-annual variability relative to a mean time line of
>>>the 'right' length.  This in turn could be used in several ways, for
>>>example:
>>>         - build the total range of past variability into the uncertainty
>>>bands of each future scenario.
>>>         - take the 30,50 or 100 year period (depending on the scenario for
>>>comparison) during which
>>>            there was the greatest net variability, or the greatest net
fall
>>>in Temperature, or the
>>>            greatest net increase in T. and superimpose/add this data-based
>>>variability on the mean
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>>>            trends.
>>>         - take the n-greatest positive anomalies relative to the trend and
>>>use them to define an upper
>>>            limit of natural variability to compare with the (to my mind)
>>>more realistic future scenarios.
>>>
>>>These and cleverer variants I cannot begin to think up seem to me to hold
>>>out the possibility of linking future projections of GHG forcing with what
>>>we know about natrual variability in reasonably realistic ways and perhaps
>>>even of redefining the 'past data-future scenario' relationship in ways
>>>that  benefit both the paleo-community and the quality of future
>>>projections.
>>>
>>>4. I also think the above kinds of exercise might eventually lead us
>>>towards a better definition of 'the envelope' and more confidence in
>>>deciding what is outside and what is not. The same sort of approach can be
>>>taken towards projections of P/E I imagine and, more particularly, at
>>>regional rather than global or hemispheric level.
>>>
>>>Sorry if all this sounds stupid or obvious. I got afflicted with the 'need
>>>to share' bug.
>>>
>>>Frank
>>>
>>>
>>>____________________________________________
>>>Frank Oldfield
>>>
>>>Executive Director
>>>PAGES IPO
>>>Barenplatz 2
>>>CH-3011 Bern, Switzerland
>>>
>>>e-mail: frank.oldfield@pages.unibe.ch
>>>
>>>Phone: +41 31 312 3133; Fax: +41 31 312 3168
>>>http://www.pages.unibe.ch/pages.html
>>>
>>
>>Raymond S. Bradley
>>Professor and Head of Department
>>Department of Geosciences
>>University of Massachusetts
>>Amherst, MA 01003-5820
>>Tel: 
>>Fax: 
>>Climate System Research Center: 
>>Climate System Research Center Web Site:
>><<http://www.geo.umass.edu/climate/climate.html>http://www.geo.umass.edu/c
li
>>mate/climate.html
>>Paleoclimatology Book Web Site (1999):
>><http://www.geo.umass.edu/climate/paleo/html>http://www.geo.umass.edu/clim
at
>>e/paleo/html
>>
>>
>>
>_______________________________________________________________________
>                     Professor Michael E. Mann

ABOR/MH/Priv-000535



>          Department of Environmental Sciences, Clark Hall
>                      University of Virginia
>                     Charlottesville, VA 22903
>_______________________________________________________________________
>e-mail: mann@virginia.edu   Phone:    FAX: 
>       http://www.evsc.virginia.edu/faculty/people/mann.html
>
>
>
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: Raymond S. Bradley; Frank Oldfield
Cc: alverson@pages.unibe.ch; jto@u.arizona.edu; k.briffa@uea.ac.uk; mhughes@ltrr.arizona.edu;

pedersen@eos.ubc.ca; whitlock@oregon.uoregon.edu; mann@multiproxy.evsc.virginia.edu
Subject: Re: the ghost of futures past
Date: Monday, July 10, 2000 9:32:20 AM

Dear all,

For a related perspective on this, you may be interested in
a graphic prepared last year by Dr. Michael Oppenheimer of EDF (also
a member of the IPCC TAR executive summary team):

http://www.edf.org/programs/grap/y3k/

A version of this ran in Time magazine last year , though I forget exectly
when. I don't believe that TAR will be so bold as to show such a graphic.
Nonetheless, it does provide a very useful perspective on matters!

mike

p.s. look out for this Friday's "Science  for some good stuff!

At 08:57 AM 7/10/00 -0400, Raymond S. Bradley wrote:
>Sorry this kept you awake...but I have also found it a rather alarming
>graph.  First, a disclaimer/explanation.
>The graph patches together 3 things: Mann et al  NH mean annual temps + 2
>sigma standard error for AD1000-1980, + instrumental data for 1981-1998 +
>IPCC ("do not quote, do not cite" projections for GLOBAL temperature for
>the next 100 years, relative to 1998.  The range of shading represents
>several models of projected emissions scenarios as input to GCMs, but the
>GCM mean global temperature output (as I understand it) was then reproduced
>by Sarah Raper's energy balance model, and it is those values that are
>plotted.  Keith pointed this out to me; I need to go back & read the IPCC
>TAR to understand why they did that, but it makes no difference to the
>first order result....neither does it matter that the projection is global
>rather than NH....the important point is that the range of estimates far
>exceeds the range estimated by Mann et al in their reconstruction.  Keith
>also said that the Hadley Center GCM runs are being archived at CRU, so it
>ought to be possible to get that data and simply compute the NH variability
>for the projected period & add that to the figure, but it will not add much
>real information.  However, getting such data would allow us to extract
>(say) a summer regional series for the Arctic and to then plot it versus
>the Holocene melt record from Agassiz ice cap....or....well, you can see
>other possiblities.
>
>[......At this point Keith Alverson throws up his hands in despair at the
>ignorance of non-model amateurs...]
>
>But there are real questions to be asked of the paleo
>reconstruction.  First, I should point out that we calibrated versus
>1902-1980, then "verified" the approach using an independent data set for
>1854-1901.  The results were good, giving me confidence that if we had a
>comparable proxy data set for post-1980 (we don't!) our proxy-based
>reconstruction would capture that period well.  Unfortunately, the proxy
>network we used has not been updated, and furthermore there are many/some/
>tree ring sites where there has been a "decoupling" between the long-term
>relationship between climate and tree growth, so that things fall apart in
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>recent decades....this makes it very difficult to demonstrate what I just
>claimed.  We can only call on evidence from many other proxies for
>"unprecedented" states in recent years (e.g. glaciers, isotopes in tropical
>ice etc..).  But there are (at least) two other problems -- Keith Briffa
>points out that the very strong trend in the 20th century calibration
>period accounts for much of the success of our calibration and makes it
>unlikely that we would be able be able to reconstruct such an extraordinary
>period as the 1990s with much success (I may be mis-quoting him somewhat,
>but that is the general thrust of his criticism).  Indeed, in the
>verification period, the biggest "miss" was an apparently very warm year in
>the late 19th century that we did not get right at all.  This makes
>criticisms of the "antis" difficult to respond to (they have not yet risen
>to this level of sophistication, but they are "on the
>scent").  Furthermore, it may be that Mann et al simply don't have the
>long-term trend right, due to underestimation of low frequency info. in the
>(very few) proxies that we used.  We tried to demonstrate that this was not
>a problem of the tree ring data we used by re-running the reconstruction
>with & without tree rings, and indeed the two efforts were very similar --
>but we could only do this back to about 1700.  Whether we have the 1000
>year trend right is far less certain (& one reason why I hedge my bets on
>whether there were any periods in Medieval times that might have been
>"warm", to the irritation of my co-authors!).  So, possibly if you crank up
>the trend over 1000 years, you find that the envelope of uncertainty is
>comparable with at least some of the future scenarios, which of course begs
>the question as to what the likely forcing was 1000 years ago. (My money is
>firmly on an increase in solar irradiance, based on the 10-Be data..).
>Another issue is whether we have estimated the totality of uncertainty in
>the long-term data set used -- maybe the envelope is really much larger,
>due to inherent characteristics of the proxy data themselves....again this
>would cause the past and future envelopes to overlap.
>
>In Ch 7 we will try to discuss some of these issues, in the limited space
>available.  Perhaps the best thing at this stage is to simply point out the
>inherent uncertainties and point the way towards how these uncertainties
>can be reduced.  Malcolm & I are working with Mike Mann to do just that.
>
>I would welcome other thoughts and comments on any of this!
>
>Ray
>
>
>
>At 01:34 PM 7/10/00 +0200, you wrote:
>>Salut mes amis,
>>
>>I've lost sleep fussing about the figure coupling Mann et al. (or any
>>alternative climate-history time series) to the IPCC scenarios. It seems to
>>me to encapsulate the whole past-future philosophical dilemma that bugs me
>>on and off (Ray - don't stop reading just yet!), to provide potentially the
>>most powerful peg to hang much of PAGES future on, at least in the eyes of
>>funding agents, and, by the same token, to offer more hostages to fortune
>>for the politically motivated and malicious. It also links closely to the
>>concept of being inside or outside 'the envelope' - which begs all kinds of
>>notions of definition. Given what I see as its its prime importance, I
>>therefore feel the need to understand the whole thing better. I don't know
>>how to help move things forward and my ideas, if they have any effect at
>>all,  will probably do the reverse. At least I might get more sleep having
>>unloaded them, so here goes......
>>
>>The questions in my mind centre round the following issues. If I've got any
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>>one of them wrong, what follows in each section can be disregarded or (more
>>kindly) set straight for my benefit.
>>
>>1. How can we justify bridging proxy-based reconstruction via the last bit
>>of instrumental time series to future model-based scenarios.
>>
>>2. How can the incompatibilities and logical inconsistencies inherent in
>>the past-future comparisons be reduced?
>>
>>3. More specifically,  what forms of translation between what we know about
>>the past and the scenarios developed for the future deal adequately with
>>uncertainty and variability on either side of the 'contemporary hinge' in a
>>way that improves comparability across the hinge.
>>
>>4.  Which, if any, scenarios place our future in or out of 'the envelope'
>>in terms of experienced climate as distinct from calculated forcing? This
>>idea of an envelope is an engaging concept, easy to state in a quick and
>>sexy way (therefore both attractive and dangerous); the future could leave
>>us hoisted by our own petard unless it is given a lot more thought.
>>
>>1. I am more or less assuming that this can already be addressed  from data
>>available and calculations completed, by pointing to robust calibration
>>over the chosen time interval and perhaps looking separately at variability
>>pre 1970, if the last 3 decades really do seem to have distorted the
>>response signatures for whatever reasons. I imagine developing this line of
>>argument could feed into the 'detection' theme in significant ways.
>>
>>2 & 3. This is where life gets complicated. For the past we have biases,
>>error bars that combine sources of uncertainty, and temporal variability.
>>For the future we have no variability, simply a smooth, mean, monotonic
>>trend to a target 'equilibrium' date. Bandwidths of uncertainty reflect
>>model construction and behaviour.  So we are comparing apples and oranges
>>when we make any statement about the significance of the past record for
>>the future on the basis of the graph. Are there ways of partially
>>overcoming this by developing different interactions between past data and
>>future models?
>>
>>My own thinking runs as follows:  Take variability.  Do we need to wait for
>>models to capture this before building it into future scenarios? This seems
>>unnecessary to me, especially since past variability will be the validation
>>target for the models.  Is there really no way of building past variability
>>into the future projections?  One approach would be to first smooth the
>>past record on the same time-span as the future scenarios.  This would get
>>us to first base in terms of comparability, but a very dull and pretty
>>useless first base in and of itself.  It would, however, allow all kinds of
>>calculations of inter-annual variability relative to a mean time line of
>>the 'right' length.  This in turn could be used in several ways, for
>>example:
>>         - build the total range of past variability into the uncertainty
>>bands of each future scenario.
>>         - take the 30,50 or 100 year period (depending on the scenario for
>>comparison) during which
>>            there was the greatest net variability, or the greatest net fall
>>in Temperature, or the
>>            greatest net increase in T. and superimpose/add this data-based
>>variability on the mean
>>            trends.
>>         - take the n-greatest positive anomalies relative to the trend and
>>use them to define an upper
>>            limit of natural variability to compare with the (to my mind)
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>>more realistic future scenarios.
>>
>>These and cleverer variants I cannot begin to think up seem to me to hold
>>out the possibility of linking future projections of GHG forcing with what
>>we know about natrual variability in reasonably realistic ways and perhaps
>>even of redefining the 'past data-future scenario' relationship in ways
>>that  benefit both the paleo-community and the quality of future
>>projections.
>>
>>4. I also think the above kinds of exercise might eventually lead us
>>towards a better definition of 'the envelope' and more confidence in
>>deciding what is outside and what is not. The same sort of approach can be
>>taken towards projections of P/E I imagine and, more particularly, at
>>regional rather than global or hemispheric level.
>>
>>Sorry if all this sounds stupid or obvious. I got afflicted with the 'need
>>to share' bug.
>>
>>Frank
>>
>>
>>____________________________________________
>>Frank Oldfield
>>
>>Executive Director
>>PAGES IPO
>>Barenplatz 2
>>CH-3011 Bern, Switzerland
>>
>>e-mail: frank.oldfield@pages.unibe.ch
>>
>>Phone: +41 31 312 3133; Fax: +41 31 312 3168
>>http://www.pages.unibe.ch/pages.html
>>
>
>Raymond S. Bradley
>Professor and Head of Department
>Department of Geosciences
>University of Massachusetts
>Amherst, MA 01003-5820
>Tel: 
>Fax: 
>Climate System Research Center: 
>Climate System Research Center Web Site:
><<http://www.geo.umass.edu/climate/climate.html>http://www.geo.umass.edu/cli
>mate/climate.html
>Paleoclimatology Book Web Site (1999):
><http://www.geo.umass.edu/climate/paleo/html>http://www.geo.umass.edu/climat
>e/paleo/html
>
>
>
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: srutherford@virginia.edu
Cc: mhughes@ltrr.arizona.edu
Subject: Re: (Fwd) Second generation tree-ring data, first wave
Date: Tuesday, July 04, 2000 10:38:50 AM

Scott,

Did you receive these materials from malcolm? Please contact him asap. Thanks,

mike

>From: mhughes@ltrr.arizona.edu
>X-Authentication-Warning: schulman.ltrr.arizona.edu: www set sender to
mhughes@ltrr.arizona.edu using -f
>Date: Mon, 03 Jul 2000 09:40:10 -0700
>To: "Michael E. Mann" <mann@virginia.edu>
>Subject: Re: (Fwd) Second generation tree-ring data, first wave
>User-Agent: IMP/PHP IMAP webmail program 2.2.0-pre10
>
>I have been having transmission problems from HF, CHeers, Malcolm
>
>Quoting "Michael E. Mann" <mann@virginia.edu>:
>
>> Malcolm,
>>
>> I can't imagine why that would happen. The email is correct, and the
>> server
>> has been fine. Are you sure? Scott is away for the week. Will check w/
>> him
>> after he returns to see if he got it....
>>
>> mike
>>
>> At 04:37 AM 7/1/00 -0700, you wrote:
>> >Scott and Mike - the system tells me Scott didn't get this - is
>> >there something wrong with the address I used? Malcolm
>> >------- Forwarded message follows -------
>> >From:               Malcolm Hughes <mhughes@ltrr.arizona.edu>
>> >To:                 Scott Rutherford <srutherford@virginia.edu>
>> >Subject:            Second generation tree-ring data, first wave
>> >Copies to:    
>>      mann@virginia.edu,rbradley@geo.umass.edu,rholmes@dakotacom.net
>> >Date sent:          Wed, 28 Jun 2000 12:30:35 -0700
>> >
>> >Dear Scott,
>> >You will find attached to this message the following files:
>> >a) an MS Word document that contains maps of three tree-ring
>> >datasets, with blue symbols for those from the International Tree-
>> >Ring Data Bank b) a file containing details of the selected series for
>> >the 414 chronology data set (middle map in a)), including their
>> >latitudes and longitudes c) a file containing the 414 chronologies.
>> >The first year (row) is -136 (really 135 BC, as we have used a year
>> >'0'), the last 1997. The columns IDs are in the first row, and should
>> >check against those in b). I strongly recommend against using this
>> >data set before AD 1600 to 1625, or after the early 1980s without
>> >my
>> >first having the chance to check the series out. I would be very
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>> >grateful if you could let me know as soon as possible if you can read
>> >these files OK, and if they make any kind of sense. Many thanks,
>> >Malcolm
>> >
>> >Attachments:
>> >  C:\Projects\Bradley and Mann\99project\maps of datasets, June
>> >00.doc
>> >  C:\Projects\Bradley and Mann\99project\lonlat414.txt
>> >  C:\Projects\Bradley and Mann\99project\413set\C_414\C_414.ssh
>> >------- End of forwarded message -------
>> >Malcolm Hughes
>> >Professor of Dendrochronology
>> >Laboratory of Tree-Ring Research
>> >University of Arizona
>> >Tucson, AZ 85721
>> >520-621-6470
>> >fax 520-621-8229
>> >
>> >
>> _______________________________________________________________________
>>                     Professor Michael E. Mann
>>            Department of Environmental Sciences, Clark Hall
>>                       University of Virginia
>>                      Charlottesville, VA 22903
>> _______________________________________________________________________
>> e-mail: mann@virginia.edu   Phone:    FAX: 
>>          http://www.evsc.virginia.edu/faculty/people/mann.html         
>>
>>
>>
>
>
>
>
>
>
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: srutherford@virginia.edu
Cc: mhughes@ltrr.arizona.edu
Subject: Re: (Fwd) Second generation tree-ring data, first wave
Date: Tuesday, July 04, 2000 10:38:50 AM

Scott,

Did you receive these materials from malcolm? Please contact him asap. Thanks,

mike

>From: mhughes@ltrr.arizona.edu
>X-Authentication-Warning: schulman.ltrr.arizona.edu: www set sender to
mhughes@ltrr.arizona.edu using -f
>Date: Mon, 03 Jul 2000 09:40:10 -0700
>To: "Michael E. Mann" <mann@virginia.edu>
>Subject: Re: (Fwd) Second generation tree-ring data, first wave
>User-Agent: IMP/PHP IMAP webmail program 2.2.0-pre10
>
>I have been having transmission problems from HF, CHeers, Malcolm
>
>Quoting "Michael E. Mann" <mann@virginia.edu>:
>
>> Malcolm,
>>
>> I can't imagine why that would happen. The email is correct, and the
>> server
>> has been fine. Are you sure? Scott is away for the week. Will check w/
>> him
>> after he returns to see if he got it....
>>
>> mike
>>
>> At 04:37 AM 7/1/00 -0700, you wrote:
>> >Scott and Mike - the system tells me Scott didn't get this - is
>> >there something wrong with the address I used? Malcolm
>> >------- Forwarded message follows -------
>> >From:               Malcolm Hughes <mhughes@ltrr.arizona.edu>
>> >To:                 Scott Rutherford <srutherford@virginia.edu>
>> >Subject:            Second generation tree-ring data, first wave
>> >Copies to:    
>>      mann@virginia.edu,rbradley@geo.umass.edu,rholmes@dakotacom.net
>> >Date sent:          Wed, 28 Jun 2000 12:30:35 -0700
>> >
>> >Dear Scott,
>> >You will find attached to this message the following files:
>> >a) an MS Word document that contains maps of three tree-ring
>> >datasets, with blue symbols for those from the International Tree-
>> >Ring Data Bank b) a file containing details of the selected series for
>> >the 414 chronology data set (middle map in a)), including their
>> >latitudes and longitudes c) a file containing the 414 chronologies.
>> >The first year (row) is -136 (really 135 BC, as we have used a year
>> >'0'), the last 1997. The columns IDs are in the first row, and should
>> >check against those in b). I strongly recommend against using this
>> >data set before AD 1600 to 1625, or after the early 1980s without
>> >my
>> >first having the chance to check the series out. I would be very
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>> >grateful if you could let me know as soon as possible if you can read
>> >these files OK, and if they make any kind of sense. Many thanks,
>> >Malcolm
>> >
>> >Attachments:
>> >  C:\Projects\Bradley and Mann\99project\maps of datasets, June
>> >00.doc
>> >  C:\Projects\Bradley and Mann\99project\lonlat414.txt
>> >  C:\Projects\Bradley and Mann\99project\413set\C_414\C_414.ssh
>> >------- End of forwarded message -------
>> >Malcolm Hughes
>> >Professor of Dendrochronology
>> >Laboratory of Tree-Ring Research
>> >University of Arizona
>> >Tucson, AZ 85721
>> >520-621-6470
>> >fax 520-621-8229
>> >
>> >
>> _______________________________________________________________________
>>                     Professor Michael E. Mann
>>            Department of Environmental Sciences, Clark Hall
>>                       University of Virginia
>>                      Charlottesville, VA 22903
>> _______________________________________________________________________
>> e-mail: mann@virginia.edu   Phone:    FAX: 
>>          http://www.evsc.virginia.edu/faculty/people/mann.html         
>>
>>
>>
>
>
>
>
>
>
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: Malcolm Hughes
Cc: srutherford@virginia.edu
Subject: Re: (Fwd) Second generation tree-ring data, first wave
Date: Saturday, July 01, 2000 10:10:28 AM

Malcolm,

I can't imagine why that would happen. The email is correct, and the server
has been fine. Are you sure? Scott is away for the week. Will check w/ him
after he returns to see if he got it....

mike

At 04:37 AM 7/1/00 -0700, you wrote:
>Scott and Mike - the system tells me Scott didn't get this - is
>there something wrong with the address I used? Malcolm
>------- Forwarded message follows -------
>From:                  Malcolm Hughes <mhughes@ltrr.arizona.edu>
>To:                    Scott Rutherford <srutherford@virginia.edu>
>Subject:               Second generation tree-ring data, first wave
>Copies to:             mann@virginia.edu,rbradley@geo.umass.edu,rholmes@dakotacom.net
>Date sent:             Wed, 28 Jun 2000 12:30:35 -0700
>
>Dear Scott,
>You will find attached to this message the following files:
>a) an MS Word document that contains maps of three tree-ring
>datasets, with blue symbols for those from the International Tree-
>Ring Data Bank b) a file containing details of the selected series for
>the 414 chronology data set (middle map in a)), including their
>latitudes and longitudes c) a file containing the 414 chronologies.
>The first year (row) is -136 (really 135 BC, as we have used a year
>'0'), the last 1997. The columns IDs are in the first row, and should
>check against those in b). I strongly recommend against using this
>data set before AD 1600 to 1625, or after the early 1980s without
>my
>first having the chance to check the series out. I would be very
>grateful if you could let me know as soon as possible if you can read
>these files OK, and if they make any kind of sense. Many thanks,
>Malcolm
>
>Attachments:
>  C:\Projects\Bradley and Mann\99project\maps of datasets, June
>00.doc
>  C:\Projects\Bradley and Mann\99project\lonlat414.txt
>  C:\Projects\Bradley and Mann\99project\413set\C_414\C_414.ssh
>------- End of forwarded message -------
>Malcolm Hughes
>Professor of Dendrochronology
>Laboratory of Tree-Ring Research
>University of Arizona
>Tucson, AZ 85721
>520-621-6470
>fax 520-621-8229
>
>
_______________________________________________________________________
                    Professor Michael E. Mann
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           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.html             

ABOR/MH/Priv-000551



From: Michael E. Mann
To: Malcolm Hughes
Cc: srutherford@virginia.edu
Subject: Re: (Fwd) Second generation tree-ring data, first wave
Date: Saturday, July 01, 2000 10:10:28 AM

Malcolm,

I can't imagine why that would happen. The email is correct, and the server
has been fine. Are you sure? Scott is away for the week. Will check w/ him
after he returns to see if he got it....

mike

At 04:37 AM 7/1/00 -0700, you wrote:
>Scott and Mike - the system tells me Scott didn't get this - is
>there something wrong with the address I used? Malcolm
>------- Forwarded message follows -------
>From:                  Malcolm Hughes <mhughes@ltrr.arizona.edu>
>To:                    Scott Rutherford <srutherford@virginia.edu>
>Subject:               Second generation tree-ring data, first wave
>Copies to:             mann@virginia.edu,rbradley@geo.umass.edu,rholmes@dakotacom.net
>Date sent:             Wed, 28 Jun 2000 12:30:35 -0700
>
>Dear Scott,
>You will find attached to this message the following files:
>a) an MS Word document that contains maps of three tree-ring
>datasets, with blue symbols for those from the International Tree-
>Ring Data Bank b) a file containing details of the selected series for
>the 414 chronology data set (middle map in a)), including their
>latitudes and longitudes c) a file containing the 414 chronologies.
>The first year (row) is -136 (really 135 BC, as we have used a year
>'0'), the last 1997. The columns IDs are in the first row, and should
>check against those in b). I strongly recommend against using this
>data set before AD 1600 to 1625, or after the early 1980s without
>my
>first having the chance to check the series out. I would be very
>grateful if you could let me know as soon as possible if you can read
>these files OK, and if they make any kind of sense. Many thanks,
>Malcolm
>
>Attachments:
>  C:\Projects\Bradley and Mann\99project\maps of datasets, June
>00.doc
>  C:\Projects\Bradley and Mann\99project\lonlat414.txt
>  C:\Projects\Bradley and Mann\99project\413set\C_414\C_414.ssh
>------- End of forwarded message -------
>Malcolm Hughes
>Professor of Dendrochronology
>Laboratory of Tree-Ring Research
>University of Arizona
>Tucson, AZ 85721
>520-621-6470
>fax 520-621-8229
>
>
_______________________________________________________________________
                    Professor Michael E. Mann

ABOR/MH/Priv-000552



           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.html             
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From: Malcolm Hughes
To: Scott Rutherford; mann@virginia.edu
Subject: (Fwd) Second generation tree-ring data, first wave
Date: Saturday, July 01, 2000 4:37:19 AM

Scott and Mike - the system tells me Scott didn't get this - is
there something wrong with the address I used? Malcolm
------- Forwarded message follows -------
From:                   Malcolm Hughes <mhughes@ltrr.arizona.edu>
To:                     Scott Rutherford <srutherford@virginia.edu>
Subject:                Second generation tree-ring data, first wave
Copies to:              mann@virginia.edu,rbradley@geo.umass.edu,rholmes@dakotacom.net
Date sent:              Wed, 28 Jun 2000 12:30:35 -0700

Dear Scott,
You will find attached to this message the following files:
a) an MS Word document that contains maps of three tree-ring
datasets, with blue symbols for those from the International Tree-
Ring Data Bank b) a file containing details of the selected series for
the 414 chronology data set (middle map in a)), including their
latitudes and longitudes c) a file containing the 414 chronologies.
The first year (row) is -136 (really 135 BC, as we have used a year
'0'), the last 1997. The columns IDs are in the first row, and should
check against those in b). I strongly recommend against using this
data set before AD 1600 to 1625, or after the early 1980s without
my
first having the chance to check the series out. I would be very
grateful if you could let me know as soon as possible if you can read
these files OK, and if they make any kind of sense. Many thanks,
Malcolm

Attachments:
  C:\Projects\Bradley and Mann\99project\maps of datasets, June
00.doc
  C:\Projects\Bradley and Mann\99project\lonlat414.txt
  C:\Projects\Bradley and Mann\99project\413set\C_414\C_414.ssh
------- End of forwarded message -------
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From: Michael E. Mann
To: Malcolm Hughes
Cc: srutherford@virginia.edu
Subject: Re: thoughts?
Date: Tuesday, June 06, 2000 2:11:35 PM

Dear Malcolm,

Could you also forward this to Scott Rutherford? I am traveling, and only
have a modem connection, so attaching the files would be slow. Thanks,

mike

Thanks,

mike

At 01:34 PM 6/6/00 -0700, you wrote:
>Content-type: text/plain; charset=US-ASCII
>Content-transfer-encoding: 7BIT
>Content-description: Mail message body
>
>Dear Mike and Ray - please find attached an MS Word document
>containing three maps. The bottom panel shows the tree ring data
>set used in the 1998 Nature paper (ITRDB in blue, data form other
>sources in red).
>
>The middle panel shows an increased ITRDB data set, where new
>submissions have been included, and we have reprocessed a
>bunch of datasets for which adequate metadata were missing last
>time round, and the criterion of a minimum segment length has
>been removed ( criteria were
> L  Time-span must cover 1626 to 1970.
>  D  Sample-depth must be at least 8 in every year from 1720 to 1960.
>  C  Inter-series correlation must be at least 0.5, computed only on the
>       time span 1626 to 1970, to make it more appropriate to the study.
>We must know standarization method and like it (!). The same 'extras' as in
the bottopm panel
>are also shown.
>
>The top panel shows the dataset arising from a starting data by 1750 and 8
samples by 1800.
>
>The middle one ( which is what I guess we will use when using tree rings
for middle and high
>frequency only for as long as possible) clearly gives us much improved
spatial coverage in
>northern Norht AMerican and Western Europe. The top panel seems to have
even better
>coverage in the ENSO-sensitive belt in N. America.
>Cheers, Malcolm
>Malcolm Hughes
>Professor of Dendrochronology
>Laboratory of Tree-Ring Research
>University of Arizona
>Tucson, AZ 85721
>520-621-6470
>fax 520-621-8229
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>Content-type: text/plain; charset=US-ASCII
>Content-disposition: inline
>Content-description: Attachment information.
>
>The following section of this message contains a file attachment
>prepared for transmission using the Internet MIME message format.
>If you are using Pegasus Mail, or any another MIME-compliant system,
>you should be able to save it or view it from within your mailer.
>If you cannot, please ask your system administrator for assistance.
>
>   ---- File information -----------
>     File:  maps of datasets, June 00.doc
>     Date:  6 Jun 2000, 13:19
>     Size:  153600 bytes.
>     Type:  Unknown
>
>Attachment Converted: c:\program files\eudora\attach\maps of datasets, June
00.doc
>
_______________________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.html             
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From: Michael E. Mann
To: Malcolm Hughes
Cc: srutherford@virginia.edu
Subject: Re: thoughts?
Date: Tuesday, June 06, 2000 2:11:35 PM

Dear Malcolm,

Could you also forward this to Scott Rutherford? I am traveling, and only
have a modem connection, so attaching the files would be slow. Thanks,

mike

Thanks,

mike

At 01:34 PM 6/6/00 -0700, you wrote:
>Content-type: text/plain; charset=US-ASCII
>Content-transfer-encoding: 7BIT
>Content-description: Mail message body
>
>Dear Mike and Ray - please find attached an MS Word document
>containing three maps. The bottom panel shows the tree ring data
>set used in the 1998 Nature paper (ITRDB in blue, data form other
>sources in red).
>
>The middle panel shows an increased ITRDB data set, where new
>submissions have been included, and we have reprocessed a
>bunch of datasets for which adequate metadata were missing last
>time round, and the criterion of a minimum segment length has
>been removed ( criteria were
> L  Time-span must cover 1626 to 1970.
>  D  Sample-depth must be at least 8 in every year from 1720 to 1960.
>  C  Inter-series correlation must be at least 0.5, computed only on the
>       time span 1626 to 1970, to make it more appropriate to the study.
>We must know standarization method and like it (!). The same 'extras' as in
the bottopm panel
>are also shown.
>
>The top panel shows the dataset arising from a starting data by 1750 and 8
samples by 1800.
>
>The middle one ( which is what I guess we will use when using tree rings
for middle and high
>frequency only for as long as possible) clearly gives us much improved
spatial coverage in
>northern Norht AMerican and Western Europe. The top panel seems to have
even better
>coverage in the ENSO-sensitive belt in N. America.
>Cheers, Malcolm
>Malcolm Hughes
>Professor of Dendrochronology
>Laboratory of Tree-Ring Research
>University of Arizona
>Tucson, AZ 85721
>520-621-6470
>fax 520-621-8229
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>Content-type: text/plain; charset=US-ASCII
>Content-disposition: inline
>Content-description: Attachment information.
>
>The following section of this message contains a file attachment
>prepared for transmission using the Internet MIME message format.
>If you are using Pegasus Mail, or any another MIME-compliant system,
>you should be able to save it or view it from within your mailer.
>If you cannot, please ask your system administrator for assistance.
>
>   ---- File information -----------
>     File:  maps of datasets, June 00.doc
>     Date:  6 Jun 2000, 13:19
>     Size:  153600 bytes.
>     Type:  Unknown
>
>Attachment Converted: c:\program files\eudora\attach\maps of datasets, June
00.doc
>
_______________________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.html             
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From: Malcolm Hughes
To: Michael E. Mann
Cc: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Subject: Re: thoughts?
Date: Tuesday, June 06, 2000 1:36:15 PM

Dear Mike and Ray - please find attached an MS Word document
containing three maps. The bottom panel shows the tree ring data
set used in the 1998 Nature paper (ITRDB in blue, data form other
sources in red).

The middle panel shows an increased ITRDB data set, where new
submissions have been included, and we have reprocessed a
bunch of datasets for which adequate metadata were missing last
time round, and the criterion of a minimum segment length has
been removed ( criteria were
 L  Time-span must cover 1626 to 1970.
  D  Sample-depth must be at least 8 in every year from 1720 to 1960.
  C  Inter-series correlation must be at least 0.5, computed only on the
       time span 1626 to 1970, to make it more appropriate to the study.
We must know standarization method and like it (!). The same 'extras' as in the bottopm panel
are also shown.

The top panel shows the dataset arising from a starting data by 1750 and 8 samples by 1800.

The middle one ( which is what I guess we will use when using tree rings for middle and high
frequency only for as long as possible) clearly gives us much improved spatial coverage in
northern Norht AMerican and Western Europe. The top panel seems to have even better
coverage in the ENSO-sensitive belt in N. America.
Cheers, Malcolm

Attachments:
  C:\Projects\Bradley and Mann\99project\maps of datasets, June 00.doc
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From: Michael E. Mann
To: Malcolm Hughes
Subject: Re: thoughts?
Date: Tuesday, June 06, 2000 8:26:03 AM

Hi Malcolm,

Didn't I forward Tony's message to you? I'll do that now.

The new ITRDB set sounds great. I'm hoping we can get around to
incorporating this by summers send. Scott and I will both try to coordinate
a week later
this summer to get together in Amherst (Scott is spending half+ time at URI
in Naragansett, so Amherst would be a convenient meeting place).

By the way, I'll be around for a few days around Jun 11-14 or so. Are you
around?

talk to you soon,

mike

At 05:30 AM 6/6/00 -0700, you wrote:
>Dear Mike - I'd also be interested to see what Tony Socci had to
>say about the impact of these guys on the Hill. I won't be returning to
>Tucson until the end of December, so I certainly intend to get down
>to Virginia. By the way, we have identified an expanded tree ring
>data set (same length as in first exercise) of 413 records, and if we
>only require them to go back to 1750, well replicated by 1800, we
>get a network of 890. THis is only from the ITRDB and doesn't
>include the extra primo datasets we got from Stahle, VIllalba, etc.
>ENhancing that additional set is my next task. CHeers, Malcolm
>Malcolm Hughes
>Professor of Dendrochronology
>Laboratory of Tree-Ring Research
>University of Arizona
>Tucson, AZ 85721
>520-621-6470
>fax 520-621-8229
>
>
_______________________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.html             
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From: Malcolm Hughes
To: Michael E. Mann
Cc: rbradley@geo.umass.edu
Subject: Re: thoughts?
Date: Tuesday, June 06, 2000 5:30:37 AM

Dear Mike - I'd also be interested to see what Tony Socci had to
say about the impact of these guys on the Hill. I won't be returning to
Tucson until the end of December, so I certainly intend to get down
to Virginia. By the way, we have identified an expanded tree ring
data set (same length as in first exercise) of 413 records, and if we
only require them to go back to 1750, well replicated by 1800, we
get a network of 890. THis is only from the ITRDB and doesn't
include the extra primo datasets we got from Stahle, VIllalba, etc.
ENhancing that additional set is my next task. CHeers, Malcolm
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From: Michael E. Mann
To: Malcolm Hughes
Subject: Re: media press release kit
Date: Monday, May 29, 2000 10:57:11 AM

Thanks Malcolm,

Yep, I got the standard reply email from him indicating that. Well, we can
wait until then. Very annoying that the U.Mass News Office people would
delete these w/out notice to us!!

mike

At 10:59 AM 5/29/00 -0700, you wrote:
>Mike - E\Ray left for the Arctic on May 23rd, I think for 3 weeks,
>CHeers, Malcolm
>Malcolm Hughes
>Professor of Dendrochronology
>Laboratory of Tree-Ring Research
>University of Arizona
>Tucson, AZ 85721
>520-621-6470
>fax 520-621-8229
>
>
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: Ray Bradley
Cc: mhughes@ltrr.arizona.edu
Subject: media press release kit
Date: Monday, May 29, 2000 10:44:03 AM

Ray,

Just a friendly reminder.

Can you again as the U.Mass newsoffice to replace, at least temporarily,
these two webpages:

http://www.umass.edu/newsoffice/press/98/0422cli.html
http://www.umass.edu/newsoffice/press/99/0303climate.html

There are several very important resources (photos, final versions of the
FAQs we spent so much time preparing) that we did not have a chance to
archive,
since there was no warning of the deletion!

I was told my Elizabeth Luciano that they would replace these links.
This has not happened, and I'm growing increasingly concerned that
we will lose this valuable information forever!

Please look into this as soon as you have the chance.

Thanks,

mike
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: Malcolm Hughes
Subject: Re: yesterday"s visit
Date: Friday, May 19, 2000 12:12:43 PM

Hi Malcolm,

Yes-I'll try to make sure we get it posted in both forms...

Talk to you soon. Good seeing you in Amherst by the way!

cheers,

mike

At 10:10 AM 5/19/00 -0700, you wrote:
>Mike - just one other thought. If it is practicable, it might be good to
>post the full set of uncondensed records as well as the final version
>you used. CHeers, Malcolm
>Malcolm Hughes
>Professor of Dendrochronology
>Laboratory of Tree-Ring Research
>University of Arizona
>Tucson, AZ 85721
>520-621-6470
>fax 520-621-8229
>
>
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Malcolm Hughes
To: Michael E. Mann
Subject: Re: yesterday"s visit
Date: Friday, May 19, 2000 10:10:33 AM

Mike - just one other thought. If it is practicable, it might be good to
post the full set of uncondensed records as well as the final version
you used. CHeers, Malcolm
X-cs: R
From: Malcolm Hughes <mhughes@ltrr.arizona.edu>
X-RS-Flags: 1,0,1,1,0,0,0
X-RS-Sigset: 0
To: rtouchan@ltrr.arizona.edu
Subject: briffa method
Comments: Confirmation of reading was requested.
MIME-Version: 1.0
Content-type: text/plain; charset=ISO-8859-1
Content-transfer-encoding: 8BIT
Date: Fri, 19 May 2000 13:21:36 -0700

Ramzi - for purposes of illustrating the RCS (Briffa) method, I think
we should use the red one on your graph - i.e. the one that is
labeled AGCRV low and high separate. CHeers, Malcolm
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From: Malcolm Hughes
To: Michael E. Mann
Subject: Re: yesterday"s visit
Date: Friday, May 19, 2000 10:10:33 AM

Mike - just one other thought. If it is practicable, it might be good to
post the full set of uncondensed records as well as the final version
you used. CHeers, Malcolm
X-cs: R
From: Malcolm Hughes <mhughes@ltrr.arizona.edu>
X-RS-Flags: 1,0,1,1,0,0,0
X-RS-Sigset: 0
To: rtouchan@ltrr.arizona.edu
Subject: briffa method
Comments: Confirmation of reading was requested.
MIME-Version: 1.0
Content-type: text/plain; charset=ISO-8859-1
Content-transfer-encoding: 8BIT
Date: Fri, 19 May 2000 13:21:36 -0700

Ramzi - for purposes of illustrating the RCS (Briffa) method, I think
we should use the red one on your graph - i.e. the one that is
labeled AGCRV low and high separate. CHeers, Malcolm
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From: Malcolm Hughes
To: Michael E. Mann
Subject: Re: yesterday"s visit
Date: Friday, May 19, 2000 10:10:33 AM

Mike - just one other thought. If it is practicable, it might be good to
post the full set of uncondensed records as well as the final version
you used. CHeers, Malcolm
X-cs: R
From: Malcolm Hughes <mhughes@ltrr.arizona.edu>
X-RS-Flags: 1,0,1,1,0,0,0
X-RS-Sigset: 0
To: rtouchan@ltrr.arizona.edu
Subject: briffa method
Comments: Confirmation of reading was requested.
MIME-Version: 1.0
Content-type: text/plain; charset=ISO-8859-1
Content-transfer-encoding: 8BIT
Date: Fri, 19 May 2000 13:21:36 -0700

Ramzi - for purposes of illustrating the RCS (Briffa) method, I think
we should use the red one on your graph - i.e. the one that is
labeled AGCRV low and high separate. CHeers, Malcolm
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From: Michael E. Mann
To: srutherford@virginia.edu
Cc: Malcolm Hughes; alexeyk@rosie.ldgo.columbia.edu; mevans@lgo3.harvard.edu
Subject: Re: yesterday"s visit
Date: Friday, May 19, 2000 9:45:22 AM

Dear all,

For all of those who don't know, Scott Rutherford is a research scientist
now working with me at U.Va (and w/ Ray and Malcolm)  on expansions and
methodological improvements of the multiproxy climate reconstruction work,
for the next couple years.

I am asking Scott, when he has the chance, if we would please post the
original MBH98 dataset of 100+ indicators on an anonymous location on our
server (holocene.evsc.virginia.edu) which will be available to those who
are interested.

We will notify you all when this is available. Questions should be directed
to Scott.

mike

At 05:32 AM 5/19/00 -0700, Malcolm Hughes wrote:
>Dear Mike - it would be good if we can find the file structure you
>had. THere is no longer any problem with the Stockton data - I think
>I mentioned to you last Fall that Chuck was happy for them to be
>released. I think we stand to gain quite a lot by making the dataset
>easily available - there could be a cottage industry of Kaplans,
>Evans's, maybe even Lalls and Crowleys trying to do new things
>and each time they would have to refer back to the work for which
>the dataset was collated. In that sense I think Mike is probably right
>in saying that it could be a 'commodity'. I don't see that we have
>anything to lose, as we're well on the way to having something even
>better.
>THe issue came up precisely on the point that you predicted, and
>Aleksei had expressed genuine puzzlement at their failure to do
>better with the tree rings and their Pacific SST stuff. There are
>some aspects of it that I find puzzling too, but the obvious comment
>was that they hadn't 'high-graded' their data set for the target signal.
>I also suspect that your approach is getting the large scale patterns
>better because: a) of the global (+/-) extent of the dataset; and b)
>because although it only looks as if we were looking at 110
>records, we were really using the distilled information from three or
>four times as many, and even that was a quality-controlled set. Plus
>of course the value of hte specific methods used. CHeers, Malcolm
>Malcolm Hughes
>Professor of Dendrochronology
>Laboratory of Tree-Ring Research
>University of Arizona
>Tucson, AZ 85721
>520-621-6470
>fax 520-621-8229
>
>
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
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                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: srutherford@virginia.edu
Cc: Malcolm Hughes; alexeyk@rosie.ldgo.columbia.edu; mevans@lgo3.harvard.edu
Subject: Re: yesterday"s visit
Date: Friday, May 19, 2000 9:45:22 AM

Dear all,

For all of those who don't know, Scott Rutherford is a research scientist
now working with me at U.Va (and w/ Ray and Malcolm)  on expansions and
methodological improvements of the multiproxy climate reconstruction work,
for the next couple years.

I am asking Scott, when he has the chance, if we would please post the
original MBH98 dataset of 100+ indicators on an anonymous location on our
server (holocene.evsc.virginia.edu) which will be available to those who
are interested.

We will notify you all when this is available. Questions should be directed
to Scott.

mike

At 05:32 AM 5/19/00 -0700, Malcolm Hughes wrote:
>Dear Mike - it would be good if we can find the file structure you
>had. THere is no longer any problem with the Stockton data - I think
>I mentioned to you last Fall that Chuck was happy for them to be
>released. I think we stand to gain quite a lot by making the dataset
>easily available - there could be a cottage industry of Kaplans,
>Evans's, maybe even Lalls and Crowleys trying to do new things
>and each time they would have to refer back to the work for which
>the dataset was collated. In that sense I think Mike is probably right
>in saying that it could be a 'commodity'. I don't see that we have
>anything to lose, as we're well on the way to having something even
>better.
>THe issue came up precisely on the point that you predicted, and
>Aleksei had expressed genuine puzzlement at their failure to do
>better with the tree rings and their Pacific SST stuff. There are
>some aspects of it that I find puzzling too, but the obvious comment
>was that they hadn't 'high-graded' their data set for the target signal.
>I also suspect that your approach is getting the large scale patterns
>better because: a) of the global (+/-) extent of the dataset; and b)
>because although it only looks as if we were looking at 110
>records, we were really using the distilled information from three or
>four times as many, and even that was a quality-controlled set. Plus
>of course the value of hte specific methods used. CHeers, Malcolm
>Malcolm Hughes
>Professor of Dendrochronology
>Laboratory of Tree-Ring Research
>University of Arizona
>Tucson, AZ 85721
>520-621-6470
>fax 520-621-8229
>
>
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
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                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: srutherford@virginia.edu
Cc: Malcolm Hughes; alexeyk@rosie.ldgo.columbia.edu; mevans@lgo3.harvard.edu
Subject: Re: yesterday"s visit
Date: Friday, May 19, 2000 9:45:22 AM

Dear all,

For all of those who don't know, Scott Rutherford is a research scientist
now working with me at U.Va (and w/ Ray and Malcolm)  on expansions and
methodological improvements of the multiproxy climate reconstruction work,
for the next couple years.

I am asking Scott, when he has the chance, if we would please post the
original MBH98 dataset of 100+ indicators on an anonymous location on our
server (holocene.evsc.virginia.edu) which will be available to those who
are interested.

We will notify you all when this is available. Questions should be directed
to Scott.

mike

At 05:32 AM 5/19/00 -0700, Malcolm Hughes wrote:
>Dear Mike - it would be good if we can find the file structure you
>had. THere is no longer any problem with the Stockton data - I think
>I mentioned to you last Fall that Chuck was happy for them to be
>released. I think we stand to gain quite a lot by making the dataset
>easily available - there could be a cottage industry of Kaplans,
>Evans's, maybe even Lalls and Crowleys trying to do new things
>and each time they would have to refer back to the work for which
>the dataset was collated. In that sense I think Mike is probably right
>in saying that it could be a 'commodity'. I don't see that we have
>anything to lose, as we're well on the way to having something even
>better.
>THe issue came up precisely on the point that you predicted, and
>Aleksei had expressed genuine puzzlement at their failure to do
>better with the tree rings and their Pacific SST stuff. There are
>some aspects of it that I find puzzling too, but the obvious comment
>was that they hadn't 'high-graded' their data set for the target signal.
>I also suspect that your approach is getting the large scale patterns
>better because: a) of the global (+/-) extent of the dataset; and b)
>because although it only looks as if we were looking at 110
>records, we were really using the distilled information from three or
>four times as many, and even that was a quality-controlled set. Plus
>of course the value of hte specific methods used. CHeers, Malcolm
>Malcolm Hughes
>Professor of Dendrochronology
>Laboratory of Tree-Ring Research
>University of Arizona
>Tucson, AZ 85721
>520-621-6470
>fax 520-621-8229
>
>
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
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                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: srutherford@virginia.edu
Cc: Malcolm Hughes; alexeyk@rosie.ldgo.columbia.edu; mevans@lgo3.harvard.edu
Subject: Re: yesterday"s visit
Date: Friday, May 19, 2000 9:45:22 AM

Dear all,

For all of those who don't know, Scott Rutherford is a research scientist
now working with me at U.Va (and w/ Ray and Malcolm)  on expansions and
methodological improvements of the multiproxy climate reconstruction work,
for the next couple years.

I am asking Scott, when he has the chance, if we would please post the
original MBH98 dataset of 100+ indicators on an anonymous location on our
server (holocene.evsc.virginia.edu) which will be available to those who
are interested.

We will notify you all when this is available. Questions should be directed
to Scott.

mike

At 05:32 AM 5/19/00 -0700, Malcolm Hughes wrote:
>Dear Mike - it would be good if we can find the file structure you
>had. THere is no longer any problem with the Stockton data - I think
>I mentioned to you last Fall that Chuck was happy for them to be
>released. I think we stand to gain quite a lot by making the dataset
>easily available - there could be a cottage industry of Kaplans,
>Evans's, maybe even Lalls and Crowleys trying to do new things
>and each time they would have to refer back to the work for which
>the dataset was collated. In that sense I think Mike is probably right
>in saying that it could be a 'commodity'. I don't see that we have
>anything to lose, as we're well on the way to having something even
>better.
>THe issue came up precisely on the point that you predicted, and
>Aleksei had expressed genuine puzzlement at their failure to do
>better with the tree rings and their Pacific SST stuff. There are
>some aspects of it that I find puzzling too, but the obvious comment
>was that they hadn't 'high-graded' their data set for the target signal.
>I also suspect that your approach is getting the large scale patterns
>better because: a) of the global (+/-) extent of the dataset; and b)
>because although it only looks as if we were looking at 110
>records, we were really using the distilled information from three or
>four times as many, and even that was a quality-controlled set. Plus
>of course the value of hte specific methods used. CHeers, Malcolm
>Malcolm Hughes
>Professor of Dendrochronology
>Laboratory of Tree-Ring Research
>University of Arizona
>Tucson, AZ 85721
>520-621-6470
>fax 520-621-8229
>
>
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
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                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
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From: Michael E. Mann
To: srutherford@virginia.edu
Cc: Malcolm Hughes; alexeyk@rosie.ldgo.columbia.edu; mevans@lgo3.harvard.edu
Subject: Re: yesterday"s visit
Date: Friday, May 19, 2000 9:45:22 AM

Dear all,

For all of those who don't know, Scott Rutherford is a research scientist
now working with me at U.Va (and w/ Ray and Malcolm)  on expansions and
methodological improvements of the multiproxy climate reconstruction work,
for the next couple years.

I am asking Scott, when he has the chance, if we would please post the
original MBH98 dataset of 100+ indicators on an anonymous location on our
server (holocene.evsc.virginia.edu) which will be available to those who
are interested.

We will notify you all when this is available. Questions should be directed
to Scott.

mike

At 05:32 AM 5/19/00 -0700, Malcolm Hughes wrote:
>Dear Mike - it would be good if we can find the file structure you
>had. THere is no longer any problem with the Stockton data - I think
>I mentioned to you last Fall that Chuck was happy for them to be
>released. I think we stand to gain quite a lot by making the dataset
>easily available - there could be a cottage industry of Kaplans,
>Evans's, maybe even Lalls and Crowleys trying to do new things
>and each time they would have to refer back to the work for which
>the dataset was collated. In that sense I think Mike is probably right
>in saying that it could be a 'commodity'. I don't see that we have
>anything to lose, as we're well on the way to having something even
>better.
>THe issue came up precisely on the point that you predicted, and
>Aleksei had expressed genuine puzzlement at their failure to do
>better with the tree rings and their Pacific SST stuff. There are
>some aspects of it that I find puzzling too, but the obvious comment
>was that they hadn't 'high-graded' their data set for the target signal.
>I also suspect that your approach is getting the large scale patterns
>better because: a) of the global (+/-) extent of the dataset; and b)
>because although it only looks as if we were looking at 110
>records, we were really using the distilled information from three or
>four times as many, and even that was a quality-controlled set. Plus
>of course the value of hte specific methods used. CHeers, Malcolm
>Malcolm Hughes
>Professor of Dendrochronology
>Laboratory of Tree-Ring Research
>University of Arizona
>Tucson, AZ 85721
>520-621-6470
>fax 520-621-8229
>
>
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall

ABOR/MH/Priv-000576



                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: srutherford@virginia.edu
Cc: Malcolm Hughes; alexeyk@rosie.ldgo.columbia.edu; mevans@lgo3.harvard.edu
Subject: Re: yesterday"s visit
Date: Friday, May 19, 2000 9:45:22 AM

Dear all,

For all of those who don't know, Scott Rutherford is a research scientist
now working with me at U.Va (and w/ Ray and Malcolm)  on expansions and
methodological improvements of the multiproxy climate reconstruction work,
for the next couple years.

I am asking Scott, when he has the chance, if we would please post the
original MBH98 dataset of 100+ indicators on an anonymous location on our
server (holocene.evsc.virginia.edu) which will be available to those who
are interested.

We will notify you all when this is available. Questions should be directed
to Scott.

mike

At 05:32 AM 5/19/00 -0700, Malcolm Hughes wrote:
>Dear Mike - it would be good if we can find the file structure you
>had. THere is no longer any problem with the Stockton data - I think
>I mentioned to you last Fall that Chuck was happy for them to be
>released. I think we stand to gain quite a lot by making the dataset
>easily available - there could be a cottage industry of Kaplans,
>Evans's, maybe even Lalls and Crowleys trying to do new things
>and each time they would have to refer back to the work for which
>the dataset was collated. In that sense I think Mike is probably right
>in saying that it could be a 'commodity'. I don't see that we have
>anything to lose, as we're well on the way to having something even
>better.
>THe issue came up precisely on the point that you predicted, and
>Aleksei had expressed genuine puzzlement at their failure to do
>better with the tree rings and their Pacific SST stuff. There are
>some aspects of it that I find puzzling too, but the obvious comment
>was that they hadn't 'high-graded' their data set for the target signal.
>I also suspect that your approach is getting the large scale patterns
>better because: a) of the global (+/-) extent of the dataset; and b)
>because although it only looks as if we were looking at 110
>records, we were really using the distilled information from three or
>four times as many, and even that was a quality-controlled set. Plus
>of course the value of hte specific methods used. CHeers, Malcolm
>Malcolm Hughes
>Professor of Dendrochronology
>Laboratory of Tree-Ring Research
>University of Arizona
>Tucson, AZ 85721
>520-621-6470
>fax 520-621-8229
>
>
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall

ABOR/MH/Priv-000578



                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: Malcolm Hughes
Cc: Malcolm Hughes; Alexey Kaplan; geo.umass.edu@virginia.edu
Subject: Re: yesterday"s visit
Date: Friday, May 19, 2000 9:38:17 AM

Thanks for the message Malcolm,

I concur on all of the points you raise. See my next email...

mike.

At 05:32 AM 5/19/00 -0700, Malcolm Hughes wrote:
>Dear Mike - it would be good if we can find the file structure you
>had. THere is no longer any problem with the Stockton data - I think
>I mentioned to you last Fall that Chuck was happy for them to be
>released. I think we stand to gain quite a lot by making the dataset
>easily available - there could be a cottage industry of Kaplans,
>Evans's, maybe even Lalls and Crowleys trying to do new things
>and each time they would have to refer back to the work for which
>the dataset was collated. In that sense I think Mike is probably right
>in saying that it could be a 'commodity'. I don't see that we have
>anything to lose, as we're well on the way to having something even
>better.
>THe issue came up precisely on the point that you predicted, and
>Aleksei had expressed genuine puzzlement at their failure to do
>better with the tree rings and their Pacific SST stuff. There are
>some aspects of it that I find puzzling too, but the obvious comment
>was that they hadn't 'high-graded' their data set for the target signal.
>I also suspect that your approach is getting the large scale patterns
>better because: a) of the global (+/-) extent of the dataset; and b)
>because although it only looks as if we were looking at 110
>records, we were really using the distilled information from three or
>four times as many, and even that was a quality-controlled set. Plus
>of course the value of hte specific methods used. CHeers, Malcolm
>Malcolm Hughes
>Professor of Dendrochronology
>Laboratory of Tree-Ring Research
>University of Arizona
>Tucson, AZ 85721
>520-621-6470
>fax 520-621-8229
>
>
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html

ABOR/MH/Priv-000580



From: Michael E. Mann
To: Malcolm Hughes
Cc: Malcolm Hughes; Alexey Kaplan; geo.umass.edu@virginia.edu
Subject: Re: yesterday"s visit
Date: Friday, May 19, 2000 9:38:17 AM

Thanks for the message Malcolm,

I concur on all of the points you raise. See my next email...

mike.

At 05:32 AM 5/19/00 -0700, Malcolm Hughes wrote:
>Dear Mike - it would be good if we can find the file structure you
>had. THere is no longer any problem with the Stockton data - I think
>I mentioned to you last Fall that Chuck was happy for them to be
>released. I think we stand to gain quite a lot by making the dataset
>easily available - there could be a cottage industry of Kaplans,
>Evans's, maybe even Lalls and Crowleys trying to do new things
>and each time they would have to refer back to the work for which
>the dataset was collated. In that sense I think Mike is probably right
>in saying that it could be a 'commodity'. I don't see that we have
>anything to lose, as we're well on the way to having something even
>better.
>THe issue came up precisely on the point that you predicted, and
>Aleksei had expressed genuine puzzlement at their failure to do
>better with the tree rings and their Pacific SST stuff. There are
>some aspects of it that I find puzzling too, but the obvious comment
>was that they hadn't 'high-graded' their data set for the target signal.
>I also suspect that your approach is getting the large scale patterns
>better because: a) of the global (+/-) extent of the dataset; and b)
>because although it only looks as if we were looking at 110
>records, we were really using the distilled information from three or
>four times as many, and even that was a quality-controlled set. Plus
>of course the value of hte specific methods used. CHeers, Malcolm
>Malcolm Hughes
>Professor of Dendrochronology
>Laboratory of Tree-Ring Research
>University of Arizona
>Tucson, AZ 85721
>520-621-6470
>fax 520-621-8229
>
>
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: Malcolm Hughes
Cc: Malcolm Hughes; Alexey Kaplan; geo.umass.edu@virginia.edu
Subject: Re: yesterday"s visit
Date: Friday, May 19, 2000 9:38:17 AM

Thanks for the message Malcolm,

I concur on all of the points you raise. See my next email...

mike.

At 05:32 AM 5/19/00 -0700, Malcolm Hughes wrote:
>Dear Mike - it would be good if we can find the file structure you
>had. THere is no longer any problem with the Stockton data - I think
>I mentioned to you last Fall that Chuck was happy for them to be
>released. I think we stand to gain quite a lot by making the dataset
>easily available - there could be a cottage industry of Kaplans,
>Evans's, maybe even Lalls and Crowleys trying to do new things
>and each time they would have to refer back to the work for which
>the dataset was collated. In that sense I think Mike is probably right
>in saying that it could be a 'commodity'. I don't see that we have
>anything to lose, as we're well on the way to having something even
>better.
>THe issue came up precisely on the point that you predicted, and
>Aleksei had expressed genuine puzzlement at their failure to do
>better with the tree rings and their Pacific SST stuff. There are
>some aspects of it that I find puzzling too, but the obvious comment
>was that they hadn't 'high-graded' their data set for the target signal.
>I also suspect that your approach is getting the large scale patterns
>better because: a) of the global (+/-) extent of the dataset; and b)
>because although it only looks as if we were looking at 110
>records, we were really using the distilled information from three or
>four times as many, and even that was a quality-controlled set. Plus
>of course the value of hte specific methods used. CHeers, Malcolm
>Malcolm Hughes
>Professor of Dendrochronology
>Laboratory of Tree-Ring Research
>University of Arizona
>Tucson, AZ 85721
>520-621-6470
>fax 520-621-8229
>
>
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: Malcolm Hughes
Cc: Malcolm Hughes; Alexey Kaplan; geo.umass.edu@virginia.edu
Subject: Re: yesterday"s visit
Date: Friday, May 19, 2000 9:38:17 AM

Thanks for the message Malcolm,

I concur on all of the points you raise. See my next email...

mike.

At 05:32 AM 5/19/00 -0700, Malcolm Hughes wrote:
>Dear Mike - it would be good if we can find the file structure you
>had. THere is no longer any problem with the Stockton data - I think
>I mentioned to you last Fall that Chuck was happy for them to be
>released. I think we stand to gain quite a lot by making the dataset
>easily available - there could be a cottage industry of Kaplans,
>Evans's, maybe even Lalls and Crowleys trying to do new things
>and each time they would have to refer back to the work for which
>the dataset was collated. In that sense I think Mike is probably right
>in saying that it could be a 'commodity'. I don't see that we have
>anything to lose, as we're well on the way to having something even
>better.
>THe issue came up precisely on the point that you predicted, and
>Aleksei had expressed genuine puzzlement at their failure to do
>better with the tree rings and their Pacific SST stuff. There are
>some aspects of it that I find puzzling too, but the obvious comment
>was that they hadn't 'high-graded' their data set for the target signal.
>I also suspect that your approach is getting the large scale patterns
>better because: a) of the global (+/-) extent of the dataset; and b)
>because although it only looks as if we were looking at 110
>records, we were really using the distilled information from three or
>four times as many, and even that was a quality-controlled set. Plus
>of course the value of hte specific methods used. CHeers, Malcolm
>Malcolm Hughes
>Professor of Dendrochronology
>Laboratory of Tree-Ring Research
>University of Arizona
>Tucson, AZ 85721
>520-621-6470
>fax 520-621-8229
>
>
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: Malcolm Hughes
Cc: Malcolm Hughes; Alexey Kaplan; geo.umass.edu@virginia.edu
Subject: Re: yesterday"s visit
Date: Friday, May 19, 2000 9:38:17 AM

Thanks for the message Malcolm,

I concur on all of the points you raise. See my next email...

mike.

At 05:32 AM 5/19/00 -0700, Malcolm Hughes wrote:
>Dear Mike - it would be good if we can find the file structure you
>had. THere is no longer any problem with the Stockton data - I think
>I mentioned to you last Fall that Chuck was happy for them to be
>released. I think we stand to gain quite a lot by making the dataset
>easily available - there could be a cottage industry of Kaplans,
>Evans's, maybe even Lalls and Crowleys trying to do new things
>and each time they would have to refer back to the work for which
>the dataset was collated. In that sense I think Mike is probably right
>in saying that it could be a 'commodity'. I don't see that we have
>anything to lose, as we're well on the way to having something even
>better.
>THe issue came up precisely on the point that you predicted, and
>Aleksei had expressed genuine puzzlement at their failure to do
>better with the tree rings and their Pacific SST stuff. There are
>some aspects of it that I find puzzling too, but the obvious comment
>was that they hadn't 'high-graded' their data set for the target signal.
>I also suspect that your approach is getting the large scale patterns
>better because: a) of the global (+/-) extent of the dataset; and b)
>because although it only looks as if we were looking at 110
>records, we were really using the distilled information from three or
>four times as many, and even that was a quality-controlled set. Plus
>of course the value of hte specific methods used. CHeers, Malcolm
>Malcolm Hughes
>Professor of Dendrochronology
>Laboratory of Tree-Ring Research
>University of Arizona
>Tucson, AZ 85721
>520-621-6470
>fax 520-621-8229
>
>
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: Malcolm Hughes
Cc: Malcolm Hughes; Alexey Kaplan; geo.umass.edu@virginia.edu
Subject: Re: yesterday"s visit
Date: Friday, May 19, 2000 9:38:17 AM

Thanks for the message Malcolm,

I concur on all of the points you raise. See my next email...

mike.

At 05:32 AM 5/19/00 -0700, Malcolm Hughes wrote:
>Dear Mike - it would be good if we can find the file structure you
>had. THere is no longer any problem with the Stockton data - I think
>I mentioned to you last Fall that Chuck was happy for them to be
>released. I think we stand to gain quite a lot by making the dataset
>easily available - there could be a cottage industry of Kaplans,
>Evans's, maybe even Lalls and Crowleys trying to do new things
>and each time they would have to refer back to the work for which
>the dataset was collated. In that sense I think Mike is probably right
>in saying that it could be a 'commodity'. I don't see that we have
>anything to lose, as we're well on the way to having something even
>better.
>THe issue came up precisely on the point that you predicted, and
>Aleksei had expressed genuine puzzlement at their failure to do
>better with the tree rings and their Pacific SST stuff. There are
>some aspects of it that I find puzzling too, but the obvious comment
>was that they hadn't 'high-graded' their data set for the target signal.
>I also suspect that your approach is getting the large scale patterns
>better because: a) of the global (+/-) extent of the dataset; and b)
>because although it only looks as if we were looking at 110
>records, we were really using the distilled information from three or
>four times as many, and even that was a quality-controlled set. Plus
>of course the value of hte specific methods used. CHeers, Malcolm
>Malcolm Hughes
>Professor of Dendrochronology
>Laboratory of Tree-Ring Research
>University of Arizona
>Tucson, AZ 85721
>520-621-6470
>fax 520-621-8229
>
>
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html

ABOR/MH/Priv-000585



From: Michael E. Mann
To: Malcolm Hughes
Cc: Malcolm Hughes; Alexey Kaplan; geo.umass.edu@virginia.edu
Subject: Re: yesterday"s visit
Date: Friday, May 19, 2000 9:38:17 AM

Thanks for the message Malcolm,

I concur on all of the points you raise. See my next email...

mike.

At 05:32 AM 5/19/00 -0700, Malcolm Hughes wrote:
>Dear Mike - it would be good if we can find the file structure you
>had. THere is no longer any problem with the Stockton data - I think
>I mentioned to you last Fall that Chuck was happy for them to be
>released. I think we stand to gain quite a lot by making the dataset
>easily available - there could be a cottage industry of Kaplans,
>Evans's, maybe even Lalls and Crowleys trying to do new things
>and each time they would have to refer back to the work for which
>the dataset was collated. In that sense I think Mike is probably right
>in saying that it could be a 'commodity'. I don't see that we have
>anything to lose, as we're well on the way to having something even
>better.
>THe issue came up precisely on the point that you predicted, and
>Aleksei had expressed genuine puzzlement at their failure to do
>better with the tree rings and their Pacific SST stuff. There are
>some aspects of it that I find puzzling too, but the obvious comment
>was that they hadn't 'high-graded' their data set for the target signal.
>I also suspect that your approach is getting the large scale patterns
>better because: a) of the global (+/-) extent of the dataset; and b)
>because although it only looks as if we were looking at 110
>records, we were really using the distilled information from three or
>four times as many, and even that was a quality-controlled set. Plus
>of course the value of hte specific methods used. CHeers, Malcolm
>Malcolm Hughes
>Professor of Dendrochronology
>Laboratory of Tree-Ring Research
>University of Arizona
>Tucson, AZ 85721
>520-621-6470
>fax 520-621-8229
>
>
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Malcolm Hughes
To: Michael E. Mann
Cc: Malcolm Hughes; Alexey Kaplan; geo.umass.edu@virginia.edu
Subject: Re: yesterday"s visit
Date: Friday, May 19, 2000 5:32:40 AM

Dear Mike - it would be good if we can find the file structure you
had. THere is no longer any problem with the Stockton data - I think
I mentioned to you last Fall that Chuck was happy for them to be
released. I think we stand to gain quite a lot by making the dataset
easily available - there could be a cottage industry of Kaplans,
Evans's, maybe even Lalls and Crowleys trying to do new things
and each time they would have to refer back to the work for which
the dataset was collated. In that sense I think Mike is probably right
in saying that it could be a 'commodity'. I don't see that we have
anything to lose, as we're well on the way to having something even
better.
THe issue came up precisely on the point that you predicted, and
Aleksei had expressed genuine puzzlement at their failure to do
better with the tree rings and their Pacific SST stuff. There are
some aspects of it that I find puzzling too, but the obvious comment
was that they hadn't 'high-graded' their data set for the target signal.
I also suspect that your approach is getting the large scale patterns
better because: a) of the global (+/-) extent of the dataset; and b)
because although it only looks as if we were looking at 110
records, we were really using the distilled information from three or
four times as many, and even that was a quality-controlled set. Plus
of course the value of hte specific methods used. CHeers, Malcolm
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From: Malcolm Hughes
To: Michael E. Mann
Cc: Malcolm Hughes; Alexey Kaplan; geo.umass.edu@virginia.edu
Subject: Re: yesterday"s visit
Date: Friday, May 19, 2000 5:32:40 AM

Dear Mike - it would be good if we can find the file structure you
had. THere is no longer any problem with the Stockton data - I think
I mentioned to you last Fall that Chuck was happy for them to be
released. I think we stand to gain quite a lot by making the dataset
easily available - there could be a cottage industry of Kaplans,
Evans's, maybe even Lalls and Crowleys trying to do new things
and each time they would have to refer back to the work for which
the dataset was collated. In that sense I think Mike is probably right
in saying that it could be a 'commodity'. I don't see that we have
anything to lose, as we're well on the way to having something even
better.
THe issue came up precisely on the point that you predicted, and
Aleksei had expressed genuine puzzlement at their failure to do
better with the tree rings and their Pacific SST stuff. There are
some aspects of it that I find puzzling too, but the obvious comment
was that they hadn't 'high-graded' their data set for the target signal.
I also suspect that your approach is getting the large scale patterns
better because: a) of the global (+/-) extent of the dataset; and b)
because although it only looks as if we were looking at 110
records, we were really using the distilled information from three or
four times as many, and even that was a quality-controlled set. Plus
of course the value of hte specific methods used. CHeers, Malcolm
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From: Malcolm Hughes
To: Michael E. Mann
Cc: Malcolm Hughes; Alexey Kaplan; geo.umass.edu@virginia.edu
Subject: Re: yesterday"s visit
Date: Friday, May 19, 2000 5:32:40 AM

Dear Mike - it would be good if we can find the file structure you
had. THere is no longer any problem with the Stockton data - I think
I mentioned to you last Fall that Chuck was happy for them to be
released. I think we stand to gain quite a lot by making the dataset
easily available - there could be a cottage industry of Kaplans,
Evans's, maybe even Lalls and Crowleys trying to do new things
and each time they would have to refer back to the work for which
the dataset was collated. In that sense I think Mike is probably right
in saying that it could be a 'commodity'. I don't see that we have
anything to lose, as we're well on the way to having something even
better.
THe issue came up precisely on the point that you predicted, and
Aleksei had expressed genuine puzzlement at their failure to do
better with the tree rings and their Pacific SST stuff. There are
some aspects of it that I find puzzling too, but the obvious comment
was that they hadn't 'high-graded' their data set for the target signal.
I also suspect that your approach is getting the large scale patterns
better because: a) of the global (+/-) extent of the dataset; and b)
because although it only looks as if we were looking at 110
records, we were really using the distilled information from three or
four times as many, and even that was a quality-controlled set. Plus
of course the value of hte specific methods used. CHeers, Malcolm
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From: Michael E. Mann
To: Michael Evans
Cc: Malcolm Hughes; Alexey Kaplan; geo.umass.edu@virginia.edu
Subject: Re: yesterday"s visit
Date: Thursday, May 18, 2000 9:38:30 PM

Malcolm/Ray,

Do you recall where we posted these a couple years back when Phil and Keith
requested the data. It was somewhere on the umass web site. Can't find it now,

Of course, the vast majority of of the data are from the ITRDB and, as
detailed in our paper and supplementary information, are available directly
through the ITRDB website...And a few of these were provided to us on a
propietary basis and aren't yet in the public domain (e.g. the Stockton data)...

mike.

At 11:38 AM 5/18/00 -0400, you wrote:
>Dear Malcolm,
>
>  Alexey and I very much enjoyed our visit with you at Harvard Forest
>- thank you again for the invitation.  As we discussed, we'd like to
>work with the Mann, Bradley, Hughes (1998) proxy dataset, to look at
>the difference in characteristics of the various proxies, and their
>respective contributions to the reconstruction's skill. We are
>particularly keen in experimenting with the tree ring subset: this set
>of tree ring based climate proxies, compiled by you using prior
>estimates of chronology characteristics, seems to us quite a
>commodity, considering our discussion -- our attempts to use PEP1
>Villalba's set, or even all the ARSTAN chronologies from the ITRDB,
>give disppointing results -- Mike Mann also commented on the
>importance of the representative set of chronologies after Alexey's
>talk in Nice.  We would be happy to get this data set in any format,
>to minimize the effort on your and Mike Mann's part. However, it seems
>pretty obvious, that maintaining the entire proxy data base used in
>your work (both its tree and non-tree (instrumental, coral, ice core,
>etc) parts) on some ftp site would be a very valuable thing for the
>entire paleo climate community, given the interest in the methodology
>and the results and interpretation. For me and Alexey it will help to
>pinpoint the source of spectral differences between coral and tree
>ring reconstructions, which we discussed with you yesterday, in
>particular.
>
>  Thanks and regards,
>Mike
>
>
>
_______________________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.html             
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From: Michael E. Mann
To: Michael Evans
Cc: Malcolm Hughes; Alexey Kaplan; geo.umass.edu@virginia.edu
Subject: Re: yesterday"s visit
Date: Thursday, May 18, 2000 9:38:30 PM

Malcolm/Ray,

Do you recall where we posted these a couple years back when Phil and Keith
requested the data. It was somewhere on the umass web site. Can't find it now,

Of course, the vast majority of of the data are from the ITRDB and, as
detailed in our paper and supplementary information, are available directly
through the ITRDB website...And a few of these were provided to us on a
propietary basis and aren't yet in the public domain (e.g. the Stockton data)...

mike.

At 11:38 AM 5/18/00 -0400, you wrote:
>Dear Malcolm,
>
>  Alexey and I very much enjoyed our visit with you at Harvard Forest
>- thank you again for the invitation.  As we discussed, we'd like to
>work with the Mann, Bradley, Hughes (1998) proxy dataset, to look at
>the difference in characteristics of the various proxies, and their
>respective contributions to the reconstruction's skill. We are
>particularly keen in experimenting with the tree ring subset: this set
>of tree ring based climate proxies, compiled by you using prior
>estimates of chronology characteristics, seems to us quite a
>commodity, considering our discussion -- our attempts to use PEP1
>Villalba's set, or even all the ARSTAN chronologies from the ITRDB,
>give disppointing results -- Mike Mann also commented on the
>importance of the representative set of chronologies after Alexey's
>talk in Nice.  We would be happy to get this data set in any format,
>to minimize the effort on your and Mike Mann's part. However, it seems
>pretty obvious, that maintaining the entire proxy data base used in
>your work (both its tree and non-tree (instrumental, coral, ice core,
>etc) parts) on some ftp site would be a very valuable thing for the
>entire paleo climate community, given the interest in the methodology
>and the results and interpretation. For me and Alexey it will help to
>pinpoint the source of spectral differences between coral and tree
>ring reconstructions, which we discussed with you yesterday, in
>particular.
>
>  Thanks and regards,
>Mike
>
>
>
_______________________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.html             
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From: Michael E. Mann
To: Michael Evans
Cc: Malcolm Hughes; Alexey Kaplan; geo.umass.edu@virginia.edu
Subject: Re: yesterday"s visit
Date: Thursday, May 18, 2000 9:38:30 PM

Malcolm/Ray,

Do you recall where we posted these a couple years back when Phil and Keith
requested the data. It was somewhere on the umass web site. Can't find it now,

Of course, the vast majority of of the data are from the ITRDB and, as
detailed in our paper and supplementary information, are available directly
through the ITRDB website...And a few of these were provided to us on a
propietary basis and aren't yet in the public domain (e.g. the Stockton data)...

mike.

At 11:38 AM 5/18/00 -0400, you wrote:
>Dear Malcolm,
>
>  Alexey and I very much enjoyed our visit with you at Harvard Forest
>- thank you again for the invitation.  As we discussed, we'd like to
>work with the Mann, Bradley, Hughes (1998) proxy dataset, to look at
>the difference in characteristics of the various proxies, and their
>respective contributions to the reconstruction's skill. We are
>particularly keen in experimenting with the tree ring subset: this set
>of tree ring based climate proxies, compiled by you using prior
>estimates of chronology characteristics, seems to us quite a
>commodity, considering our discussion -- our attempts to use PEP1
>Villalba's set, or even all the ARSTAN chronologies from the ITRDB,
>give disppointing results -- Mike Mann also commented on the
>importance of the representative set of chronologies after Alexey's
>talk in Nice.  We would be happy to get this data set in any format,
>to minimize the effort on your and Mike Mann's part. However, it seems
>pretty obvious, that maintaining the entire proxy data base used in
>your work (both its tree and non-tree (instrumental, coral, ice core,
>etc) parts) on some ftp site would be a very valuable thing for the
>entire paleo climate community, given the interest in the methodology
>and the results and interpretation. For me and Alexey it will help to
>pinpoint the source of spectral differences between coral and tree
>ring reconstructions, which we discussed with you yesterday, in
>particular.
>
>  Thanks and regards,
>Mike
>
>
>
_______________________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.html             
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From: Michael E. Mann
To: Ray Bradley; mhughes@ltrr.arizona.edu
Subject: Re: FYI - Twentieth century the warmest of last five centuries
Date: Friday, February 25, 2000 10:19:16 AM

Some clarification on annual report. Malcolm needs to do his own. I'll
pass mine along to Ray for any comments he might want to add, since
Ray is subcontracted through my end.

cheers,

mike

>Date: 25 Feb 2000 10:54:41 -0400
>Sender: Heather Benway <benway@ogp.noaa.gov>
>From: Heather Benway <benway@ogp.noaa.gov>
>Subject: Re: FYI - Twentieth century the warmest of last five centuries
>To: "Michael E. Mann" <mann@multiproxy.evsc.virginia.edu>
>X-Mailer: QuickMail Pro 2.0.4 (Mac)
>Reply-To: Heather Benway <benway@ogp.noaa.gov>
>X-MIME-Autoconverted: from quoted-printable to 8bit by
multiproxy.evsc.Virginia.EDU id KAA23763
>
>Hi Mike,
>Thanks for your input on the borehole study...I'll keep my eye out for
>your comments in NY Times.  Now that this study has been published, you
>should keep at it with ESH.  Nothing like another published
>justification of your proposed work!   From what I've seen, even the
really good
>proposals often go through a couple of rounds with that program before they
>are funded...especially now that the program has gained
>visibility...word has it from NSF that we have gotten almost 200 proposals
into ESH
>this year!
>
>Progress reports....yes, Malcolm needs to submit his own report for his
>portion of the project.  The reports should include the project period
>(in your case, 9/1/99-8/31/02), report period (9/1/99-2/29/00), proposal
>number (NA96GP0404) and title, project PIs, and a brief 1-2 page
>description of what you've done so far, results, publications/presentations,
>and a brief description of what you plan to do in the upcoming year.
>There is no precise format that you need to follow, as long you include the
>information that I mentioned above.
>
>If you have any further questions, feel free to give me a call.  See
>you in Seabrook next week?
>
>Cheers,
>Heather
>
>On Thursday, February 24, 2000, Michael E. Mann <mann@multiproxy.evsc.vi
>rginia.edu> wrote:
>>Hi Heather,
>>
>>Thanks for sending that on. It is interesting work, but the
>complications
>>of land-usage and vegetation changes, and changes in seasonal snow
>cover
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>>duration which can greatly modulate seasonal ground surface heat flux,
>and
>>the issue of terrestrial sampling bias  have not yet been addressed in
>>their work. I'm not yet sure I know how to interpret their estimates
>>meaningfully.
>>
>>Rob Harris and I had proposed to investigate some of these fundamental
>>issues, but sadly ESH wasn't interested in funding the work :(
>>
>>My comments on the study may appear in next weeks Science Times
>section of
>>the New York Times.
>>
>>On another note, where can I get information about the proper format
>for
>>the required annual report on our ESH proposal (does Malcolm submit a
>>separate report since he is on a separate contract)?
>>
>>thanks for any help you can provide. i hope all is well,
>>
>>mike
>>
>>QuestionAt 11:36 AM 2/17/00 -0400, Heather Benway wrote:
>>>FYI, some interesting results...
>>>--------------------------------------
>>>
>>>Twentieth century the warmest of last five centuries16 FEBRUARY 2000
>AT
>>>>14:00 ET US
>>>>Contact: Nancy Ross-Flanigan
>>>>rossflan@umich.edu
>>>>
>>>>University of Michigan
>>>>
>>>>Twentieth century the warmest of last five centuries
>>>>
>>>>ANN ARBOR -- Earth's 500-year warming trend accelerated considerably
>>>in the
>>>>20th century, the warmest of the past five centuries, a new study of
>>>>borehole temperatures from more than 600 sites around the world
>>>confirms.
>>>>What's more, the results suggest that at least in the Northern
>>>Hemisphere,
>>>>the 500-year warm-up has been even greater than previously estimated
>>>with
>>>>other techniques.
>>>>
>>>>The study, co-authored by Shaopeng Huang and Henry N. Pollack of the
>>>>University of Michigan and Po-Yu Shen of the University of Western
>>>Ontario,
>>>>appears in the Feb. 17 issue of Nature.
>>>>
>>>>Since 1500, Earth's temperature has increased about 1 degree Celsius
>>>(1.8
>>>>degrees Fahrenheit), with half of that increase taking place in the
>>>20th
>>>>century alone, says Pollack, a professor of geological sciences. In
>>>the
>>>>Northern Hemisphere, the temperature change has been 1.1 C (2 F)
>over
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>>>the
>>>>past five centuries and 0.6 C (1.1 F) in the 20th century.
>>>>
>>>>The scientists based their analysis on temperature readings taken by
>>>>lowering sensitive thermometers into holes drilled from Earth's
>>>surface.
>>>>These readings reveal how surface temperature changed in the past.
>>>That's
>>>>possible because, thanks to heat conduction, temperature changes at
>>>the
>>>>surface generate "signals" that travel downward into subsurface
>rocks,
>>>says
>>>>Huang, a research scientist at the U-M. Signals from short-term
>daily
>>>or
>>>>seasonal variations penetrate only a few meters, and Earth quickly
>>>"forgets"
>>>>them, but temperature changes that take place over hundreds of years
>>>are
>>>>preserved in deeper rock.
>>>>
>>>>Temperature signals travel slowly through the rocks, penetrating
>only
>>>about
>>>>500 meters in 1,000 years, "so the upper 500 meters is an archive --
>a
>>>>historical record of temperature changes that have occurred in the
>>>last
>>>>thousand years," says Pollack. "Like any historical archive, there
>are
>>>of
>>>>course missing pages, and the ink has run in a few places. But in
>>>principle,
>>>>if you would drill a borehole anywhere on a continent, you could
>>>observe a
>>>>temperature profile and be able to reconstruct what had happened at
>>>that
>>>>location."
>>>>
>>>>But a single borehole can't tell a global story. For that, the
>>>scientists
>>>>calculate averages from hundreds of borehole sites around the world.
>>>Their
>>>>current work builds on a previous analysis of borehole temperature
>>>data from
>>>>358 sites in eastern North America, central Europe, southern Africa
>>>and
>>>>Australia, which showed a similar worldwide warming over the past
>500
>>>years.
>>>>By adding more sites to the analysis and greatly expanding the
>>>geographical
>>>>coverage, the scientists increased their confidence in the results
>and
>>>were
>>>>able to look at regional, as well as global, trends. In the new
>study,
>>>they
>>>>also compared their results with those obtained with other methods
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>of
>>>>estimating past temperature change, such as studies of tree rings,
>ice
>>>>cores, lake sediments and coral growth.
>>>>
>>>>"All the methods generally show a very unusual 20th century, and
>ours
>>>does,
>>>>too. The 20th century is the warmest century of the last five, and
>the
>>>one
>>>>which is most rapidly changing," says Pollack. "What we show that is
>>>>somewhat different is that the total temperature change over the
>past
>>>five
>>>>centuries has been greater than some of the other methods are
>>>showing."
>>>>###
>>>
>>>
>>>
>>>
>>>
>>>
>>>
>>_______________________________________________________________________
>
>>                     Professor Michael E. Mann
>>          Department of Environmental Sciences, Clark Hall
>>                      University of Virginia
>>                     Charlottesville, VA 22903
>>_______________________________________________________________________
>
>>e-mail: mann@virginia.edu   Phone:    FAX: (804)
>982-2137
>>       http://www.evsc.virginia.edu/faculty/people/mann.html
>>
>>
>
>
>
>
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Ray Bradley
To: Michael E. Mann
Cc: mhughes@ltrr.arizona.edu
Subject: Re: Fwd: FYI - Twentieth century the warmest of last five centuries
Date: Thursday, February 24, 2000 3:53:05 PM

Ok..will do
Ray

At 05:38 PM 2/24/00 -0500, you wrote:
>HI Ray,
>
>Yes--I was thinking precisely the same thing. It would be wonderful if
>you could have Frank do that--I wouldn't be able to get around to it for
>months at this point, and I think the answer is going to be very interesting.
>We probably only want to do this back to about AD 1600. Before then, I don't
>think the land/ocean distinction is going to be quite as meaningful.
>
>Please keep me posted on what frank comes up w/, and thanks for
>the suggestion...
>
>mike
>
>At 05:22 PM 2/24/00 -0500, you wrote:
>>Mike:
>> we need to calculate the means for land area v marine only, or land v.
>>marine + land for our 600 (or 1000) year series, to compare with Huang et
>>al.. Do you plan to do that, or should I ask Frank to do it?
>>Ray
>>
>>At 03:56 PM 2/24/00 -0500, you wrote:
>>>Hi Heather,
>>>
>>>Thanks for sending that on. It is interesting work, but the complications
>>>of land-usage and vegetation changes, and changes in seasonal snow cover
>>>duration which can greatly modulate seasonal ground surface heat flux, and
>>>the issue of terrestrial sampling bias have not yet been addressed in
>>>their work. I'm not yet sure I know how to interpret their estimates
>>>meaningfully.
>>>
>>>Rob Harris and I had proposed to investigate some of these fundamental
>>>issues, but sadly ESH wasn't interested in funding the work :(
>>> 
>>>My comments on the study may appear in next weeks Science Times section of
>>>the New York Times. 
>>>
>>>On another note, where can I get information about the proper format for
>>>the required annual report on our ESH proposal (does Malcolm submit a
>>>separate report since he is on a separate contract)?
>>>
>>>thanks for any help you can provide. i hope all is well,
>>>
>>>mike
>>>
>>>QuestionAt 11:36 AM 2/17/00 -0400, Heather Benway wrote:
>>>>FYI, some interesting results...
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>>>>--------------------------------------
>>>>
>>>>Twentieth century the warmest of last five centuries16 FEBRUARY 2000 AT
>>>>>14:00 ET US
>>>>>Contact: Nancy Ross-Flanigan
>>>>>rossflan@umich.edu
>>>>>
>>>>>University of Michigan
>>>>>
>>>>>Twentieth century the warmest of last five centuries
>>>>>
>>>>>ANN ARBOR -- Earth's 500-year warming trend accelerated considerably
>>>>in the
>>>>>20th century, the warmest of the past five centuries, a new study of
>>>>>borehole temperatures from more than 600 sites around the world
>>>>confirms.
>>>>>What's more, the results suggest that at least in the Northern
>>>>Hemisphere,
>>>>>the 500-year warm-up has been even greater than previously estimated
>>>>with
>>>>>other techniques.
>>>>>
>>>>>The study, co-authored by Shaopeng Huang and Henry N. Pollack of the
>>>>>University of Michigan and Po-Yu Shen of the University of Western
>>>>Ontario,
>>>>>appears in the Feb. 17 issue of Nature.
>>>>>
>>>>>Since 1500, Earth's temperature has increased about 1 degree Celsius
>>>>(1.8
>>>>>degrees Fahrenheit), with half of that increase taking place in the
>>>>20th
>>>>>century alone, says Pollack, a professor of geological sciences. In
>>>>the
>>>>>Northern Hemisphere, the temperature change has been 1.1 C (2 F) over
>>>>the
>>>>>past five centuries and 0.6 C (1.1 F) in the 20th century.
>>>>>
>>>>>The scientists based their analysis on temperature readings taken by
>>>>>lowering sensitive thermometers into holes drilled from Earth's
>>>>surface.
>>>>>These readings reveal how surface temperature changed in the past.
>>>>That's
>>>>>possible because, thanks to heat conduction, temperature changes at
>>>>the
>>>>>surface generate "signals" that travel downward into subsurface rocks,
>>>>says
>>>>>Huang, a research scientist at the U-M. Signals from short-term daily
>>>>or
>>>>>seasonal variations penetrate only a few meters, and Earth quickly
>>>>"forgets"
>>>>>them, but temperature changes that take place over hundreds of years
>>>>are
>>>>>preserved in deeper rock.
>>>>>
>>>>>Temperature signals travel slowly through the rocks, penetrating only
>>>>about
>>>>>500 meters in 1,000 years, "so the upper 500 meters is an archive -- a
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>>>>>historical record of temperature changes that have occurred in the
>>>>last
>>>>>thousand years," says Pollack. "Like any historical archive, there are
>>>>of
>>>>>course missing pages, and the ink has run in a few places. But in
>>>>principle,
>>>>>if you would drill a borehole anywhere on a continent, you could
>>>>observe a
>>>>>temperature profile and be able to reconstruct what had happened at
>>>>that
>>>>>location."
>>>>>
>>>>>But a single borehole can't tell a global story. For that, the
>>>>scientists
>>>>>calculate averages from hundreds of borehole sites around the world.
>>>>Their
>>>>>current work builds on a previous analysis of borehole temperature
>>>>data from
>>>>>358 sites in eastern North America, central Europe, southern Africa
>>>>and
>>>>>Australia, which showed a similar worldwide warming over the past 500
>>>>years.
>>>>>By adding more sites to the analysis and greatly expanding the
>>>>geographical
>>>>>coverage, the scientists increased their confidence in the results and
>>>>were
>>>>>able to look at regional, as well as global, trends. In the new study,
>>>>they
>>>>>also compared their results with those obtained with other methods of
>>>>>estimating past temperature change, such as studies of tree rings, ice
>>>>>cores, lake sediments and coral growth.
>>>>>
>>>>>"All the methods generally show a very unusual 20th century, and ours
>>>>does,
>>>>>too. The 20th century is the warmest century of the last five, and the
>>>>one
>>>>>which is most rapidly changing," says Pollack. "What we show that is
>>>>>somewhat different is that the total temperature change over the past
>>>>five
>>>>>centuries has been greater than some of the other methods are
>>>>showing."
>>>>>###
>>>>
>>>>
>>>>
>>>>
>>>>
>>>>
>>>>
>>>_______________________________________________________________________

>>> Professor Michael E. Mann
>>> Department of Environmental Sciences, Clark Hall
>>> University of Virginia
>>> Charlottesville, VA 22903
>>>_______________________________________________________________________
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>>>e-mail: mann@virginia.edu Phone:  FAX: 
>>> http://www.evsc.virginia.edu/faculty/people/mann.html
>>>
>>>
>>>
>>Raymond S. Bradley
>>Professor and Head of Department 
>>Department of Geosciences
>>University of Massachusetts
>>Amherst, MA 01003-5820
>> 
>>Tel: 
>>Fax: 
>>Climate System Research Center: 
>>Climate System Research Center Web Page:
>><http://www.geo.umass.edu/climate/climate.html>
>>Paleoclimatology Book Web Site (1999):
>>http://www.geo.umass.edu/climate/paleo/html
>> 
>_______________________________________________________________________
> Professor Michael E. Mann
> Department of Environmental Sciences, Clark Hall
> University of Virginia
> Charlottesville, VA 22903
>_______________________________________________________________________
>e-mail: mann@virginia.edu Phone:  FAX: 
> http://www.evsc.virginia.edu/faculty/people/mann.html
>
>
>
Raymond S. Bradley
Professor and Head of Department 
Department of Geosciences
University of Massachusetts
Amherst, MA 01003-5820

Tel: 
Fax: 
Climate System Research Center: 
Climate System Research Center Web Page:
<http://www.geo.umass.edu/climate/climate.html>
Paleoclimatology Book Web Site (1999): http://www.geo.umass.edu/climate/paleo/html
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From: Michael E. Mann
To: Ray Bradley
Cc: srutherford@virginia.edu; mhughes@ltrr.arizona.edu
Date: Thursday, January 27, 2000 7:03:40 AM

Ray/Malcolm,

Is it possible for us to get ahold of this record to use in our
next round of reconstructions?

Rainfall and drought in equatorial east Africa during the past 1,100
Nature 27 Jan 00

DIRK VERSCHUREN*†, KATHLEEN R. LAIRD‡ & BRIAN F. CUMMING‡

* Limnological Research Center, University of Minnesota, Minneapolis,
Minnesota 55455, USA
† Department of Biology, University of Gent, Ledeganckstraat 35, B-9000
Gent, Belgium
‡ Paleoecological Environmental Assessment and Research Laboratory,
Department of Biology, Queen's University, Kingston, Ontario K7L 3N6, Canada

Also, the midwest lake sediment drought record of Fritts, Laird, and
coworkers from a couple years back?

mike

_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Subject: piece
Date: Monday, December 06, 1999 3:10:16 PM

Dear Ray, Malcolm,

I forgot, in my rough draft I sent you of the BAMS response, to mention
a key point about model/proxyrecon comparisons--one of which is the
Delworth and Mann paper that shows a good comparison between patterns of
multidecadal
variability in the two.

If Tom Delworth feels comfortable w/ what we come up with, he  *may* be
willing to sign his name to this also. That would be a real coup, since
Tom's name was on the original BAMS article (he said he never even saw
Barnett's tirade on proxies, or at least didn't notice it, and he's not
too happy about it either). Anyways, talk to you soon...

mike
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Malcolm Hughes
To: mann@virginia.edu
Cc: mhughes@ltrr.arizona.edu
Subject: Japan absract
Date: Friday, September 10, 1999 1:12:44 PM

Mike - the abstract is attached. I see Ray's due back on the 11th,
so you'll have time to confer, Cheers,Malcolm

Attachments:
  C:\My Documents\from switzerland\Tokyo99\Tokyoabstract2.rtf
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From: Michael E. Mann
To: Ray Bradley; Scott Rutherford; Malcolm Hughes
Subject: Fwd: Re: individual proxy records
Date: Thursday, May 05, 2005 10:40:53 AM

FYI,

Mike

Date: Tue, 03 May 2005 10:10:22 -0400
To: phuybers@mit.edu
From: "Michael E. Mann" <mann@virginia.edu>
Subject: Re: individual proxy records

Hi Peter,

Thanks for sending. This looks reasonable, and should move this debate forward in a
constructive manner. GRL so far has refused to publish comments on the McIntyre and
McKitrick paper, and there is a complaint  currently being field w/ AGU over this, I'm told.
It will be interesting to see what they do w/ your submission--please keep me informed.

I have some minor comments related to relevant developments you might not be aware
of. I've attached two papers that are in press/soon to be in "Journal of Climate. The first,

Rutherford, S., Mann, M.E., Osborn, T.J., Bradley, R.S., Briffa, K.R., Hughes, M.K., Jones,
P.D., Proxy-based Northern Hemisphere Surface Temperature Reconstructions: Sensitivity
to Methodology, Predictor Network, Target Season and Target Domain, Journal of
Climate, in press, 2005. 

shows that the PCA convention is actually a moot issue, since essentially the same results
are achived using the same proxy data network, without any representation of tree-ring
networks by PCA.
You might take note that we no longer use truncated PCA  in proxy-based climate
reconstruction (haven't in 5 years). We instead use the "RegEM" procedure of Schneider
(2001) described in this paper.

The second of these (article to go to press soon--attached with supplementary table and
figure) shows that the von Storch et al (2004) conclusions are incorrect. This is based on
an analysis of millennial forced simulation of the NCAR CSM1.4 coupled model. We are
trying to get access to the GKSS simulation results to see how they obtained their
published results. So far, they have not made these available. D. Ritson of Stanford
(Physics) is convinced that they made an error in their application of the analysis, but is
having difficulty pinning this down as the authors have discontinued correspondence with
him. We expect further developments here in the near future.

The 3rd attached paper is (I believe) in press. Its by von Storch himself, as also shows
that MM05 claims with regard to influences of PCA normalization procedures is spurious.

Please do not redistribute the 2nd or 3rd  of the papers, as they are not yet in press.

Thanks,

Mike Mann

At 11:29 PM 5/2/2005, you wrote:

Dear Mike Mann,

A comment on MM05's paper is attached.  I hope you find it sensible.  
I'd be interested in any comments, questions, or suggestions you might have. 
I also sent a copy to Caspar Ammann and Eugene Wahl. 
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All the best,
Peter

On Fri, 29 Apr 2005, Michael E. Mann wrote:

> Hi Peter,
> 
> Thanks for your email. It would take me quite a while to dig this up.
> 
> So let me instead refer to you to Caspar Ammann at NCAR (and Gene
Wahl) who have also
> independently reproduced the MBH98 results including the RE values for the
> reconstructions, and have found numerous serious errors w/ MM05.
> 
> My understanding is that they have submitted two related manuscripts, and
will also be
> making their code available online shortly.
> 
> Please feel free to contact them for more information, mentioning that I
directed them to
> you:
> 
> Caspar Ammann: ammann@ucar.edu
> Eugene Wahl: wahle@alfred.edu
> 
> If you can't resolve this by discussion w/ them, I'll be happy to see if I can
find the
> data in question.
> 
> I look forward to seeing your manuscript.
> 
> Best regards,
> 
> Mike Mann
> 
> At 01:00 PM 4/29/2005, you wrote:
>       Dear Mike Mann,
> 
>       Thank you for your earlier help in providing me with the proxy data you
>       used in reconstructing Northern Hemisphere temperatures.  In the
mean time
>       I have been reproducing the results of McIntyre and McKitrick's 2005
GRL
>       paper (MM05), and believe I've come across some discrepancies in their
>       calculations.
> 
>       One outstanding issue involves the RE value MM05 report in their table
3
>       (0.46).  Using MM05's emulation of the AD1400 temperature estimate,
it is
>       necessary to calculate RE statistic dividing by the variance of the proxy
>       estimate, rather than the variance of the instrumental record.  When
the
>       RE statistic is computed in what I think is the correct manner, a much
>       lower RE value is obtained.  I infer that MM05's emulation is probably
>       wrong, but cannot rule out MM05's suggestion that the RE value you
>       reported is too high. To sort this out I would like to compute these
>       statistics using your AD1400 reconstruction of temperatures.  Is this
>       available?
> 
>       I'll be submitting a comment on this and some of the other
discrepancies
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>       in MM05's paper to GRL shortly which, if you're interested, I'm happy to
>       send you.
> 
>       Peter
> 
>       --------------------------------------
>       Peter Huybers
>       Woods Hole Oceanographic Institute
>       Geology and Geophysics Department
>       phuybers@whoi.edu (508)289-3653
>       ---------------------------------------
> 
>       On Tue, 8 Mar 2005, Michael E. Mann wrote:
> 
>       > Dear Peter,
>       >
>       > All of the proxy data used in our '98 article, including the individual
>       tree-ring series as well as PC summaries, are available on Nature's
>       > supplementary website:
>       >
>       >
http://www.nature.com/nature/journal/v430/n6995/suppinfo/nature02478.html

>       >
>       > An independent group of researchers has  reproduced our results
using these
>       data and the method as described (as I understand it, the manuscript is
>       > in press).
>       >
>       > In our '99 GRL article, the ITRDB North American PC series were
based on the
>       same network of tree-ring series used in the '98 article. Obviously
>       > only a smaller number of series extend back to AD 1000.
>       >
>       > The PCA results are available here:
>       >
ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/ITRDB/NOAMER/BACKTO_1000/

>       > while the list of tree-ring series used are available here:
>       >
>      
ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/ITRDB/NOAMER/BACKTO_1000/noamer-
itrdb-ad1000.txt
>       > and all of the individual North American tree-ring series are all
available
>       here:
>       > ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/ITRDB/NOAMER/
>       >
>       > Note that PC#1 was adjusted as described by our article to account
for
>       non-climatic influences. The adjusted PC series is available here:
>       >
>      
ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/ITRDB/NOAMER/BACKTO_1000-
FIXED/
>       >
>       > I trust this information will be adequate for your purposes.
>       >
>       > Best regards,
>       >
>       > Mike Mann
>       >
>       > At 10:01 AM 3/8/2005, Peter Huybers wrote:
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>       >
>       >       Professor Michael Mann,
>       >
>       >       I'm a post-doc at WHOI working on annually resolved
reconstructions of
>       >       climate variability. Having followed recent discussions regarding
>       >       reconstructions of past temperature variability, it appears useful
to
>       make
>       >       an independent assessment of past temperature variability. 
>       Specifically,
>       >       my objective is to understand what inferences can confidently be
made
>       from
>       >       the proxy network you used in your 1998 Nature and 1999 GRL
articles. 
>       My
>       >       agenda is simply to understand past climate variability. I hope
you
>       will
>       >       agree that an independent study of the proxy records will be
useful to
>       >       reorient discussion toward improving our understanding of past
>       temperature
>       >       variations.
>       >
>       >       The data you posted relating to your 1998 Nature article (to
include
>       the
>       >       individual proxy records from which PCs were computed) has
been
>       helpful.
>       >       Most of the data for your 1999 GRL is also available, but I do not
see
>       the
>       >       underlying tree ring chronologies used for calculating the ITRDB
>       principal
>       >       components.  Though these chronologies are available at the
NGDC
>       website,
>       >       in practice I'm unable to ascertain exactly which chronologies
were
>       >       included in the calculation.  Can you provide me with the
underlying
>       tree
>       >       ring data used for calculating the itrdb-namer-pc1 through pc3
files
>       for
>       >       your 1999 GRL paper?
>       >
>       >       Sincerely,
>       >       Peter
>       >
>       >       --------------------------------------
>       >       Peter Huybers
>       >       Woods Hole Oceanographic Institute
>       >       Geology and Geophysics Department
>       >       phuybers@whoi.edu (508)289-3653
>       >       ---------------------------------------
>       >
>       >
______________________________________________________________
>       >                     Professor Michael E. Mann
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>       >            Department of Environmental Sciences, Clark Hall
>       >                       University of Virginia
>       >                      Charlottesville, VA 22903
>       >
_______________________________________________________________________

>       > e-mail: mann@virginia.edu   Phone:    FAX: 

>       >          http://www.evsc.virginia.edu/faculty/people/mann.shtml
>       >
> 
> ______________________________________________________________
>                     Professor Michael E. Mann
>            Department of Environmental Sciences, Clark Hall
>                       University of Virginia
>                      Charlottesville, VA 22903
>
_______________________________________________________________________

> e-mail: mann@virginia.edu   Phone:    FAX: 
>          http://www.evsc.virginia.edu/faculty/people/mann.shtml
>

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Scott Rutherford; Ray Bradley; Malcolm Hughes; Zhang, Zhihua
Cc: mann@virginia.edu
Subject: CLIWOC database
Date: Tuesday, November 16, 2004 9:16:48 AM

Dear All,

Should we think about attempting to incorporate the CLIWOC database into our new
reconstructions. They could provide valuable oceanic data back to AD 1750. More
information, and data, available here:

http://www.ucm.es/info/cliwoc/

Let me know what you think.

Thanks,

Mike

p.s. I believe that our revised database is otherwise now complete, w/ the exception
of some data from Ray which Scott is expecting (Ray, Scott?)

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Zhang, Zhihua
To: Scott Rutherford; Michael E. Mann
Cc: Malcolm Hughes; fenbiao@ltrr.arizona.edu; Bradley Raymond
Subject: reconstruction
Date: Sunday, August 01, 2004 10:44:58 PM

Dear All,
 
I am planning to do some test reconstruction of global SLP based on tree ring proxy that can
be a preparation work for future reconstruction of climate field rest on multi-proxy data when
the multi-proxy dataset is ready.
 
Maybe the most merit of this work is to write the scripts which can server final climate
reconstruction and to go through some specific problems that we may meet later.
 
Mike concerned the potential redundant proxy data problem in the previous discussion. To
solve this problem in performing reconstruction, may we just compare those proxy series
(e.g. tree chronologies) that located at the same sites, if the proxy series exhibit very high
correlation (say r=0.98), then we only take one of the proxy series in the reconstruction while
get rid of the others.
 
Mike suggested using principal components of proxy data in data rich regions. It is a very
good process for solving weight problem. I think, for tree ring, the regions need to do PCs
would be North American and European areas. May it be appropriate we separate North
American into west half and east half to extract PCs for retaining more climate information?
 
Because when we reconstruct climate fields back in time, the available tree sites will be
reduced (e.g. back to 1400 we may have 20 chronologies in east half of North American). Do
we need to set a criterion for the least numbers of proxy series required to use PCs ( if there
are only 5 or 6 proxy series it may not be necessary to use PCs)?
 
It need complete data matrix to calculate PCs (no missing data were allowed). In North
American, some older chronologies end in 1970, so, if we use PCs as proxy data for
reconstruction, the overlapped interval between proxy and instrumental climate data will be
1871-1970 (for global SLP). It would be a great waste of climate information retained in
many chronologies that have more recent data. Can we use RegEM method to extend those
early-ended tree chronologies to 1980 or more before calculating PCs? Doing this is
somewhat like we directly put tree chronologies and instrumental data together to run RegEM
(for reconstruction) when gaps in the early-ended tree chronologies will be treat as missing
data for infilling.
 
Looking forward to more comments from all of you.
 
Many thanks,
 
Fenbiao, there are 6 chronologies (RUSS023,027,030,073,093,099X_CRN) from
briffaSchweingruber130 that have the end year exceed 2100, which may result from one or
two sample shift when forming chronologies. Do you think it would cause some quality
problem?
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Zhang
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From: Michael E. Mann
To: Scott Rutherford
Cc: Zhang, Zhihua; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; mann@virginia.edu
Subject: revised proxy network
Date: Monday, July 12, 2004 9:19:19 AM

Dear Zhang, Scott, et al

We should now be going over the latest NGDC Paleo archives:

http://www.ngdc.noaa.gov/paleo/whatsnew.html
and
http://www.ngdc.noaa.gov/paleo/data.html

 to determine all potentially useful proxy series that have been published and are
available in public domain since about 1997 (i.e., since the MBH98 network was put
together). You guys should discuss w/ Ray, just to make sure we've got all annual
and decadal/multidecadal resolution non-dendro series (historical, lake varve,
speleothem, corals, etc.) including some that may not be in public domain. The
network should include the GISP2 ice core data (all species available), other recent
ice cores, a number of published lake varves and high-res (multidecadal)
ocean/estuarine sediments, etc. 

I also wanted to make sure you had the following notes I made at some time back
regarding the new network, as we proceed w/ putting together the new network. IN
particular, we have to be very careful about making sure to use the MBH98 data, put
fixing minor problems (infilled values), and eliminating all redundant indicators,
including both redundancies within the network (I believe one of the NOrthern
Treeline series is repeated--Scott knows which one), and redundancies w/ the revised
extraction of the ITRDB dataset that is being done by Fenbiao et al now. Also, we
need to be very careful in our use of long instrumental and historical series.

From my notes:

     RE-OBTAIN ALL LONG INSTRUMENTAL (SLP, TEMP, AND PRECIP) AND
HISTORICAL SERIES (INCLUDING CET AND CENTRAL EUROPE). OBTAIN AVAILABLE
CET VALUES BACK TO 1659(?), ELIMINATING THE De BILT VALUES (DISCUSS w/
RAY!). USE INSTRUMENTAL AND HISTORICAL RECORDS AT SEASONAL (COLD,
WARM) AND CALENDER ANNUAL MEAN (JAN-DEC) RESOLUTION, WITH THE
PARTICULAR SEASON DEPENDING ON THE SEASONAL RECONSTRUCTION TO BE
PERFORMED. GRID THE LONG INSTR TEMP SERIES ON JONES INSTR GRID FOR USE
AS LONG-VERIFICATION SERIES. 
      
Please let me know if there are questions. I'm looking forward to us making rapid
progress on this!

Thanks,

mike

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
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                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Zhang, Zhihua
To: Michael E. Mann; fenbiao@ltrr.arizona.edu; Scott Rutherford
Cc: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; Anderson Justin
Subject: RE: new proxy network
Date: Friday, June 11, 2004 7:35:09 AM

Dear all,
 
The new three-column format tree ring files are now available in the Holocene (/users/shared/itrdb/data/),
with the 1st column year, 2rd tree index and 3rd sample number, while the first three rows indicating
location and proxy ID (I use 9000 to represent tree chronologies). The file names are the same as previous
files saved at the (/users/shared/zhang/), but with different extension (.ppd) which means paleo-proxy-
data.
 
Looking forward to taking more suggestion on the further stage of this database project.
 
Many thanks,
 
Zhang

-----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu]
Sent: Tuesday, June 08, 2004 1:59 PM
To: fenbiao@ltrr.arizona.edu; Scott Rutherford
Cc: Zhang, Zhihua; mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; Anderson Justin; mann@virginia.edu
Subject: Re: new proxy network

thanks fenbiao,

great to see us making some real progress on this now...

some feedback below. One general comment is that we have to keep our thinking
general enough so that it applies now just to dendro proxies, but other proxies as well...

mike

At 09:26 PM 6/7/2004, fenbiao@ltrr.arizona.edu wrote:

Hi Scott and everybody,

Some comments on your questions:

1)      Do Malcolm and Fenbiao have a list of those data records that we cannot

make available? We will need that information in the master database.

All the ITRDB files are publicly available, most files from letters are not 
publicly available as indicated in table crn24FromLetter.xls that I have 
already send you last year. All the Russian files from Shishov are not public. 

this would include any records that have been scanned rather than provided by
researchers. Scott should be able to provide info this...

2)      Which standardization should we use? Should we use ARSTD if 
available?
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I think we are using only standard chronologies and use other type of data as 
substitute only when standard is not available or is problematic etc. This was 
discussed with Mike in 1997, and the outcome then was, use the Standard 
Chronology, because not all have been prepared with the same software. This 
means that many will contain some non-climatic persistence, which was 
documented for Miek and Ray back then. It seemed more efficient to deal with 
any persistence at a general level, rather than getting into details that may 
be missing for hindreds of the series.

this is really a question for Malcolm. One important issue is the MXD data. I believe
we have decided to flag one version (age-banded) for use at low-frequencies, and
the other version for use at high frequencies--our database has to allow for such
informaiton to be provided (i.e., which frequency bands data should be used in). Some
proxies will only be used
for low-frequency calibration because of their intrinsic resolution (e.g. varves, etc.)...

3)      I think it we may save a lot of headache down the road if every file 
has the same number of columns with the different
measurements/standardizations 
ALWAYS in the same column, so every file with have the maximum possible
number 
of columns. So column 3 is always raw, column 4 is always std, column 5 is 
always arstd etc. If a measurement/standardization is missing, that column can 
be filled with NaN or -9999 or some other missing value flag.

How about 1st column as year, 2nd column as value (in this case standard 
chronology or other substitutes for example reconstruction, other proxy), 3rd 
column as sample number, which is number of cores (might have missing for 
example if data is reconstruction or other proxies)? Data type can be kept 
track in the file name list (see point 4).

4)      The use of the file name list to gather the proxies is perfect. Will it 
work if we have to jump around directories to get different files? It may be 
that we want to specify the full path to the file name.

The use of the file name list to gather the proxies is fine as long as its ID 
is unique. I think at least we need to have the following attributes in the 
table that keep track all files, type of data, path of data (in which directory 
it is located), publicly available or not, 1st year, last year (length is not 
necessary since it is a derived attribute), latitude, longitude, sources 
(contributor), references ID (if it is available to point to another reference 
table), series intercorelations etc etc. This will allow us to sort out a group 
of sub-data according to some criteria.

5)      I assume that sample number (second column) is number of trees?

Sample number is # of cores. Sometimes 2 cores are taken for every tree, 
sometimes 1, sometimes two are taken but only 1 survives, etc. 

Best regards,

Malcolm and Fenbiao
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Quoting Scott Rutherford <srutherford@rwu.edu>:

> Dear all,
> 
> I have a few comments on the data files:
> 
> 1) Do Malcolm and Fenbiao have a list of those data records that we can 
> NOT make available? We will need that information in the master 
> database.
> 
> 2) Which standardization should we use? Should we use ARSTD if 
> available?
> 
> 3) I think it we may save a lot of headache down the road if every file 
> has the same number of columns with the different 
> measurements/standardizations ALWAYS in the same column, so every file 
> with have the maximum possible number of columns. So column 3 is always 
> raw, column 4 is always std, column 5 is always arstd etc. If a 
> measurement/standardization is missing, that column can be filled with 
> NaN or -9999 or some other missing value flag.
> 
> 4) The use of the file name list to gather the proxies is perfect. Will 
> it work if we have to jump around directories to get different files? 
> It may be that we want to specify the full path to the file name.
> 
> 5) I assume that sample number (second column) is number of trees?
> 
> Those are the things that sprung to mind.
> 
> 
> Also, I've cc'd an undergraduate student, Justin Anderson, on this 
> e-mail. Justin will be working with me on the database. Please include 
> him in your cc-list on future e-mails.
> 
> Thanks,
> 
> Scott
> 
> 
> 
> 
> 
> 
> 
> On Thursday, June 3, 2004, at 01:56  PM, Zhang, Zhihua wrote:
> 
> > Dear all,
> >
> >  
> >
> > I have converted all chronologies into uni-formated data files and 
> > saved them at the Holocene (users\shared\zhang). The files look like 
> > that: First column, year; second column, sample number; third to sixth 
> > column, different types of tree chronologies, say, raw, std, res and 
> > ars. Most files have only three columns with no raw, res and ars 
> > chronologies. The first row of the files is longitude, second is 
> > latitude and the third is identification of chronologies (I used 5555, 
> > 6666, 7777, 8888 represent raw, std, res and ars respectively with NaN 
> > indicating unknown type of chronologies). For these files that have 
> > less than 5 columns, the third column values are mostly std indices, 
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> > files recjj_yy1,2 are reconstructed summer and annual Tem. as 
> > exceptions. For 6-column files, std indices are in the 4th column.
> >
> >  
> >
> > The total numbers of converted files are 1099, which include 912 itrdb 
> > version 5.03 without BriffaSchweingruber, 24 from letter (the original 
> > chronol.rwl is the raw data for yamal2002.txt, so, was not included), 
> > 33 selected from Shishov (in the original dataset the t13jvcrn and 
> > t22jvcrn are the same chronologies with t13crn2 and t22crns with 
> > different format, so deleted. File t09jvcrn have no corresponded data 
> > in the 36selectedfromshishov dataset). 130 BriffaSchweingruber files 
> > were also converted and put in the itrdb pool ( one data file in the 
> > 130-BriffaSchweingruber named russ023x_crns may have some problem
with 
> > one tree sample shifting around 100-year when running arstan).
> >
> >  
> >
> > I wrote a matlab script itrdbmatrix.m (attached) for putting data 
> > files into a big data matrix with first column indicating years and 2 
> > to n columns being tree ring data (first two rows are longitude and 
> > latitude, the third row is chronology ID which is not so important). 
> > The key for the itrdbmatrix.m is the file_name.txt (attached) which 
> > control which chronologies will be used to form the big data_matrix. 
> > For example, if you delete last 130 file names in the file_name.txt, 
> > all 130 BriffaSchweingruber files will not come to the data_matrix. 
> > Implication for that is we can add new proxy files to the itrdb pool 
> > and only need to add the names on the file_name.txt to use these data. 
> > Because the early_year indices usually come from very few tree samples 
> > which may amplify reconstructed climate variability, I added some 
> > control rules in the itrdbmatrix.m for removing these earlier data. 
> > The itrdbmatrix.m also provides a sub_datamatrix for selecting longer 
> > and regional data files (details see the script). If a tree file 
> > having no location information, this will not be put in the 
> > sub_datamatrix (there are 7 chronologies from 24fromletter with no 
> > longitude/latitude).
> >
> >  
> >
> > This is current step I have done for the ITRDB, I will be happy to 
> > take any advicefrom you for this ITRDB project.
> >
> >  
> >
> > I need some help from Scott: Before the Holocene hacker, I can connect 
> > the Holocene through the Blue.unix of Uva from my home PC. Now I cant 
> > do that (I still can ftp to the Holocene). Would you please solve that 
> > problem for me? By the way, could you give me some suggestion about 
> > web page design, say, some reference books or some websites.
> >
> >  
> >
> > Many thanks,
> >
> >  
> >
> > Zhang
> >
> > -----Original Message-----
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> > From: Michael E. Mann [mailto:mann@virginia.edu]
> > Sent: Friday, May 21, 2004 10:09 AM
> > To: Zhang, Zhihua; Scott Rutherford
> > Cc: mhughes@ltrr.arizona.edu; fenbiao@ltrr.arizona.edu; 
> > zz9t@virginia.edu; rbradley@geo.umass.edu; mann@virginia.edu
> > Subject: RE: new proxy network
> >
> > HI Zhang,
> >
> > Thanks for your email.
> >
> > Clearly, it is time for us to really start making some progress on 
> > getting the revised proxy network together. Ray, Malcolm, and I have 
> > discussed this a bit.
> >
> > We're going to need to be very careful about filtering the ITRDB for 
> > precisely the requirements necessary to fulfill quality control, and 
> > in choosing which other datasets to use.
> >
> > Zhang raises the issue of which version of the MXD data 
> > (Schwieingruber et al) to use. We will be using the gridded, 
> > age-banded version of these series prepared by Briffa et al. Scott has 
> > already been working with these data.
> >
> > So what we really need now is good communication, and a coordinated 
> > effort. Scott will hopefully be taking a key role in the coordination 
> > of this effort overe the summer, while it is my hope that Zhang and 
> > Fenbiao can work on helping get the data together, w/ Ray, Malcolm, 
> > and me advising on quality control. It will be useful to cc the entire 
> > group on any emails related to this project, so that everyone is up to 
> > speed.
> >
> > I look forward to us making significant progress on this over the next 
> > month or two,
> >
> > mike
> >
> >  At 01:56 PM 5/20/2004, Zhang, Zhihua wrote:
> >
> > Hi Scott,
> >
> > What's your opinion about the preliminary matlab script for picking up
> > sensitive proxy series based on SLP and some tree ring data I have (it
> > suitable for other climate variables and proxy data if format is 
> > matched),
> > that I sent to you last time. I afraid it would need more effort to 
> > put it
> > works on web interface ("databasegui.html").
> >
> > I have converted some of the tree ring chronologies with ITRDB format 
> > into
> > vectors using Dr. Dave Meko's matlab scripts (it does not work for some
> > other format, I am now revise this script). Since the tree ring 
> > chronologies
> > have three types, say, standard, residual and ARSTND, do we need 
> > category
> > each type of chronology into a matrix or we just focus on the ARSTND
> > chronology?
> >
> > The ITRDB Fenbiao selected is smaller than the ITRDB in the
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> > http://www.ngdc.noaa.gov/paleo/treering.html . Do we have more updated
> > version of ITRDB dataset than crn912NoScweingruberPlusITRDB503. Dr. 
> > Fritz
> > Schweingruber contributed nearly 500 sites of chronologies, which we 
> > only
> > use part of them here, should we add a little more of his chronologies?
> >
> > Many thanks,
> >
> > Zhang
> >
> >
> >
> >
______________________________________________________________
> >                     Professor Michael E. Mann
> >            Department of Environmental Sciences, Clark Hall
> >                       University of Virginia
> >                      Charlottesville, VA 22903
> >
_______________________________________________________________________

> > e-mail: mann@virginia.edu   Phone:    FAX: 
> >          http://www.evsc.virginia.edu/faculty/people/mann.shtml
> >
> > <1099itrdb.xls><itrdbmatrix.m><file_name.txt>
> ______________________________________________
>                     Scott Rutherford  
> 
> Assistant Professor
> Dept. of Natural Sciences
> Roger Williams University
> e-mail: srutherford@rwu.edu
> phone: 
> snail mail:
> One Ferry Road
> Bristol, RI 02809
>

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Zhang, Zhihua; Scott Rutherford
Cc: mhughes@ltrr.arizona.edu; fenbiao@ltrr.arizona.edu; zz9t@virginia.edu; rbradley@geo.umass.edu;

mann@virginia.edu
Subject: RE: new proxy network
Date: Friday, May 21, 2004 7:09:47 AM

HI Zhang,

Thanks for your email.

Clearly, it is time for us to really start making some progress on getting the revised
proxy network together. Ray, Malcolm, and I have discussed this a bit.

We're going to need to be very careful about filtering the ITRDB for precisely the
requirements necessary to fulfill quality control, and in choosing which other datasets
to use.

Zhang raises the issue of which version of the MXD data (Schwieingruber et al) to
use. We will be using the gridded, age-banded version of these series prepared by
Briffa et al. Scott has already been working with these data.

So what we really need now is good communication, and a coordinated effort. Scott
will hopefully be taking a key role in the coordination of this effort overe the summer,
while it is my hope that Zhang and Fenbiao can work on helping get the data
together, w/ Ray, Malcolm, and me advising on quality control. It will be useful to cc
the entire group on any emails related to this project, so that everyone is up to
speed.

I look forward to us making significant progress on this over the next month or two,

mike

 At 01:56 PM 5/20/2004, Zhang, Zhihua wrote:

Hi Scott,

What's your opinion about the preliminary matlab script for picking up
sensitive proxy series based on SLP and some tree ring data I have (it
suitable for other climate variables and proxy data if format is matched),
that I sent to you last time. I afraid it would need more effort to put it
works on web interface ("databasegui.html").

I have converted some of the tree ring chronologies with ITRDB format
into
vectors using Dr. Dave Meko's matlab scripts (it does not work for some
other format, I am now revise this script). Since the tree ring chronologies
have three types, say, standard, residual and ARSTND, do we need
category
each type of chronology into a matrix or we just focus on the ARSTND
chronology?

The ITRDB Fenbiao selected is smaller than the ITRDB in the
http://www.ngdc.noaa.gov/paleo/treering.html . Do we have more
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updated
version of ITRDB dataset than crn912NoScweingruberPlusITRDB503. Dr.
Fritz
Schweingruber contributed nearly 500 sites of chronologies, which we
only
use part of them here, should we add a little more of his chronologies?

Many thanks,

Zhang

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Odling-Smee  Lucy
Cc: Scott Rutherford
Subject: Re: Supplementary Information
Date: Tuesday, April 13, 2004 7:54:42 AM
Importance: High

Dear Lucy,

Thanks for your email. If it is ok w/ you, I'm going to refer you to our associate Scott Rutherford,
who has arranged the supplementary information site, and is in a much better situation to arrange for
the data to be available to you in an alternative format.

Please let me know if there are any additional matters you need input from me, after you've had the
opportunity to consult w/ Scott over the data format.

Thanks again for your help,

Mike M

 At 03:06 PM 4/13/2004 +0100, Odling-Smee, Lucy wrote:

Dear Dr Mann,
Re the supplementary information you have submitted to accompany the
corriegendum 'Global-scale temperature patterns and climate forcing over the
past six centuries), we would like to request that several changes be made
to this submission. 

1. Unfortunately we cannot accept files in the format (.f). This only
applies to one file (see attached), but please could you resubmit this file
saved under a different format.

2. It would be much easier for our production staff and for readers if the
directories could be resubmitted as an html page with descriptions and links
to the relevant files. Please view the Supplementary Information of the
following article as an example of this style of presentation.

Proof and evolutionary analysis of ancient genome duplication in the yeast
Saccharomyces cerevisiae 617
MANOLIS KELLIS, BRUCE W. BIRREN & ERIC S. LANDER
doi:10.1038/nature02424
at
http://www.nature.com/cgi-taf/dynapage.taf?file=/nature/journal/v428/n6983/i
ndex.html#article

(8th April issue 2004, pg 617)

(3. finally, just to inform you that all .dat and .out files will be
converted to .txt format by our production staff for ease of
uploading/viewing).

Please let me know if you have any problems with these requests.
Thanks and best wishes,
Lucy

 <<getdata.f>> 

********************************************************************************

DISCLAIMER: This e-mail is confidential and should not be used by anyone who is not the
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original intended recipient. If you have received this e-mail in error please inform the
sender and delete it from your mailbox or any other storage mechanism. Neither
Macmillan Publishers Limited nor any of its agents accept liability for any statements made
which are clearly the sender's own and not expressly made on behalf of Macmillan
Publishers Limited or one of its agents. Please note that neither Macmillan Publishers
Limited nor any of its agents accept any responsibility for viruses that may be contained in
this e-mail or its attachments and it is your responsibility to scan the email and
attachments (if any). No contracts may be concluded on behalf of Macmillan Publishers
Limited or its agents by means of e-mail communication. Macmillan Publishers Limited
Registered in England and Wales with registered number 785998 Registered Office Brunel
Road, Houndmills, Basingstoke RG21 6XS
********************************************************************************

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: h.langenberg@nature.com
Cc: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; Scott Rutherford; mann@virginia.edu
Subject: MBH98 Data
Date: Friday, December 05, 2003 10:33:56 AM

Dear Heike,

I'm touching base w/ you regarding your request for the data supporting our '98
article in Nature ('MBH98').

We have been working hard over the past couple weeks now to put all of the data
together in a particularly straightforward and user-friendly format for Nature's
supplementary information.

The data is organized in the following way. There is one main directory with an
information file "MASTER" which describes what is contained within each of 4
directories, each of which has its
own additional information file ("README"):

PROXY: All of the proxy data used in the study, including the specific sub-networks of
indicators used in the various segments of our stepwise reconstruction (in text matrix
format), and a file listing the detailed contents of each of those files.

INSTRUMENTAL: All of the instrumental surface temperature data used in our study,
including the various temperature eigenvectors, etc. and the raw temperature data. 
We should warn you that the latter data file, the full 1856-1993 UEA/CRU surface
temperature data (we feel we need to provide this, because CRU now no longer
supports this older version of their temperature data on their own website) is quite
large

FIGUREDATA: All of the time series data shown in the various figures of MBH98

METHODS: A text file providing some additional more subtle details of the MBH98
methodology which was described in a necessarily terse manner in the original paper.

We don't think we've left anything out. In fact, I would imagine that this constitutes
one of the most complete provisions of raw data ever provided to Nature in support
of a manuscript?

I am leaving tomorrow morning for the AGU Fall meeting (San Francisco), and will be
travelling through late December. However, Scott Rutherford, who works with us, will
provide you the data by whatever means, and in whatever format, would be most
useful. 

We can provide Nature with temporary access to the directories on our machine
where the data are posted, and Nature can download the data directly, or we could
compress the data into one single file which could be uncompressed at the other end.
Or perhaps your technical staff has other preferences? Nature should contact Scott
(srutherford@rwu.edu) directly with this information.

Finally, one other issue. We would like to make public the revised ftp area containing
this data on our own website (this would be a sort of "mirror" of what Nature would
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be providing in their own supplementary information). We don't want to do so
prematurely, however, so it would be very useful to us if you could give us some
advance notice as to when the announcement of the posting of this data is to be
made by Nature?

Thanks in advance for all your help, and happy holidays,

mike

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Malcolm Hughes
To: michael E. Mann; rbradley@geo.umass.edu; fenbiao@ltrr.arizona.edu
Subject: request for help from Malcolm and Fenbiao
Date: Wednesday, November 26, 2003 6:37:44 PM

Dear Ray and Mike - we are now under the gun
to do some analysis related to Fenbiao's October 
message (at the very end of this) next week (i.e.,
straight after Thanksgiving), so we'd be very
grateful if you could rapidly give the attached
list a once-over as requested (this is different to
the short list at the end of this introductory
message). If either or both of you have the long
Netherlands summer and winter series and are
free to pass them on, we'd also be most grateful.
There are a number of series from the recent
Bradley, Hughes, Diaz thingy that we do not
have (listed below) - Ray - if you are free to pass
these on with any metadata you have, this would
be really great. That list follows the end of this
introductory message, and Fenbiao's original
message is after that, Happy Turkey Day!
Malcolm
requested from Ray (as in supp mat BHD
perspective piece):
a) 1 to 3 decadal mn del-O18s from ice caps in
Peru and Bolivia (S1)
5. Stalagmite-derived regional  annual max temp
(South Africa) (S3)
9-11. Decadal mn del  O-18 from ice caps in
Tibet (S10)
21. Early summer temperature-driven sediment
flux ....Wit's stuff (s18 )

At 05:44 PM 10/28/2003 -0700,
fenbiao@ltrr.arizona.edu wrote:
    Dear Dr. Bradley and Dr. Mann,
   
    Attached is a file listing a set of 131 proxy
    indicators that Malcolm and I
    have selected for the global multi-decadal
    mtm-svd project. We would very much
    appreciate if you could take a look and let
    us know:
   
    (1)Is there any of our selection problematic
    that should be taken out from the
    list?
    (2)Is there any other important proxy data
    that need to be included?
   
    As you can see from the file, several of the
    proxies still don’t have the info
    of longitude and latitude, hence a map of all
    selected site is not available at
    the moment. I will dig these out by
    contacting the collectors or by reading
    their publications one by one. If you have
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    those info that I state as “NA”
    or “?”, please let me know. Once we have a
    site map for all, we then need to
    decide on ways dealing with problems that
    arises from dense proxies in one area
    but sparse in another area. Any
    suggestions?
   
    Many thanks,
   
    Fenbiao
   
   

________________________________
______________________________
Professor Michael E. Mann
 Department of Environmental Sciences,
Clark Hall
University of Virginia
Charlottesville, VA 22903
______________________________________
_________________________________
e-mail: mann@virginia.edu Phone: 

 
http://www.evsc.virginia.edu/faculty/peopl
e/mann.shtml
------- End of forwarded message -------
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From: Michael E. Mann
To: Phil Jones; Keith Briffa
Cc: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; Scott Rutherford
Subject: info
Date: Thursday, November 20, 2003 10:02:51 AM

Phil/Keith,

As you saw in the previously cc'd email, Nature is getting harrassed about data
availability. So we're trying to make all of the data from our MBH98 paper available,
including the proxy data (which were available, but we're going to clean up the
format) and the instrumental data.

The version of CRU we used is the old one that went from 1854-1993, and it came in
the form of a huge file called "anomalies" that we downloaded of the site.

The question is, is that data still publicaclly availble on the CRU site? If not, we have
to provide it ourselves. I've go the raw data, but I don't seem to have the README
file that went with it. Any chance you've got it? Can you please send ASAP?

Thanks a bunch in advance,

mike

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Tom Wigley
Cc: Phil Jones; Gavin Schmidt; Michael Oppenheimer; Mike MacCracken; Tom Crowley; cfk@lanl.gov; jhansen@giss.nasa.gov; Ellen

Mosley-Thompson; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; Keith Briffa; Kevin Trenberth; Tim Osborn; Gabi Hegerl;
Stefan Rahmstorf; jto@u.arizona.edu; Eric Steig; mann@virginia.edu

Subject: Re: [Fwd: VS: [Climate Sceptics] Mann & Jones on 1800 yrs proxies]
Date: Saturday, August 23, 2003 1:05:12 AM

Thanks Tom,

I agree--the issue is not completely settled, and thanks for the reference (any possibility you can
send me a reprint?). The point here of course is that we are talking a potential effect, w/ as you
say, at best a weak signal--hardly the dominating overprint that is argued by the Idso brothers!
(by the way, weren't they a circus act at one point??),

mike

At 12:48 PM 8/22/2003 -0600, Tom Wigley wrote:

Mike,

Thanks for your clarifications.

With regard to the CO2 fertilization effect on tree ring width, I wrote a paper a
number of years ago pointing out that there were signal-to-noise problems in
identifying and quantifying such factors.

Wigley, T.M.L., Jones, P.D. and Briffa, K.R., 1987:  Detecting the effects of acidic
deposition and CO2-fertilization on tree growth.  (In) Methods of Dendrochronology. 
Vol. 1, Proceedings of the Task Force Meeting on Methodology of Dendrochronology: 
Kraków, Poland, 26 June 1986, (eds. L. Kairiukstis, Z. Bednarz and E. Feliksik),
International Institute for Applied Systems Analysis, Agricultural Academy of Kraków,
Polish Academy of Science, WOSI Wspólna Sprawa 38/37 no. 20, 239253.
1988.

While I am confident that you are correct, and that this is not a crucial factor, I think
one should be careful about denying its existence. There are, furthermore, additional
obfuscating factors that make the effects of CO2 fertilization on ring widths hard to
identify.

Perhaps more important is the fact that many tree ring based reconstructions use
density data, and the jury is still out on whether more CO2 increases or decreases
density.

Tom.
++++++++++++++++++++++++++++++++++

Michael E. Mann wrote:

Dear Colleagues,
Several you have inquired about the below claims by the notorious "Idso
brothers" which relates to the paper by Mann and Jones that appeared in
GRL a couple weeks ago.
Of course, its the usual disinformation we've come to expect from these
folks, but a few details on why:
1) The supposed "Co2 fertilization" argument is a ruse. The only evidence
that such an effect might actually play some role in tree-growth trends
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has been found in high elevation sites in western North America (consult
Malcolm Hughes for more details). As in Mann et al '99 (GRL), any such
effect, to the extent it might exist, has been removed from the relevant
series used in the latest (Mann and Jones) paper through the removal of
anomalous differences between low-elevation and high-elevation western
North American temperature trends during the post 1800 period, prior to
use of the data in climate reconstruction.
2) We haven't in the past extended the proxy reconstruction beyond 1980
because many of the proxy data drop out. However, the repeated claim by
the contrarians that post-1980 proxy data don't show the warming evident
in the instrumental record has finally prompted me  to go ahead and
perform an additional analysis in which the proxy-reconstruction is
extended forward as recently as at all possible (to 1995, for which 3 out
of 8 of the NH records are available, and 1 of the 5 SH records are
available). The SH and GLB reconstructions are thus obviously tenuous at
best, but they do address, to the extent at all possible, the issue as to
whether or not the proxy reconstructions show the post-1980 warming--
and they do.
See the attached plot which compares the NH (blue), SH (green), and
GLB (red) series through 1995. The late 20th century is the nominal
maximum for all 3 series *without any consideration of the information in
the instrumental mean series*. This  thus refutes the 2nd criticism cited
by the Idso brothers.
One note about the 40 year smoothing. As in the trends in the
instrumental series shown by Mann and Jones, a boundary constraint on
the 40-year smooth has been used that minimizes the 2nd derivative at
the boundary--this trends to preserve the trend near the end of the series
and has been argued as the optimal constraint in the present of
nonstationary behavior near the end of a time series (Park, 1992; Ghil et
al, 2002).  I favor the use of this constraint in the smoothing of records
that exhibit a significant trend as one approaches the end of the available
data. This might be worth talking about in the next IPCC when the
subject of adopting uniform standards for smoothing data, etc. are
discussed...
In retrospect, Phil and I should have included this analysis in the GRL
article, but its always hard to know what specifics the contrarians are
going to target in their attacks. This analysis however, will be included in
a review paper by Jones and Mann on "climate in past millennia" that is
presently being finalized for "Reviews of Geophysics".
I hope that helps clarify any questions any of you might have had. Please
feel free to pass this information along to anyone who might benefit from
it.
Now, back to fighting the "Shaviv and Veizer" propaganda along w/ Ben
Santer and David Parker out in Italy...
mike

-------- Original Message --------
Subject: VS: [Climate Sceptics] Mann & Jones on 1800 yrs
proxies
Date: Wed, 20 Aug 2003 13:52:40 +0300
From: Timo Hämeranta <timo.hameranta@pp.inet.fi>
To: <climatesceptics@yahoogroups.com>
CC: "Charles F. \"Chick\" Keller" <cfk@lanl.gov>, "Kirill Ya.
Kondratyev" <kondratyev@KK10221.spb.edu>, "Michael C.
MacCracken"
<mmaccrac@comcast.net>, "S. Fred Singer"
<singer@sepp.org>, "Sallie
Baliunas" <baliunas@cfa.harvard.edu>, "Carl Wunsch"
<cwunsch@mit.edu>,
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"David R. Legates" <legates@udel.edu>, "George Kukla"
<kukla@ldeo.columbia.edu>, "James E. Hansen"
<jhansen@giss.nasa.gov>,
"Tom Wigley" <wigley@meeker.ucar.edu>, "Willie Soon"
<wsoon@cfa.harvard.edu>

Dear all,

GRL finally published the study

Mann, Michael E. and Phil D. Jones, 2003. Global surface
temperatures
over the past two millennia, Geophysical Research Letters Vol.
30, No.
15, 1820, 10.1029/2003GL017814, August 14, 2003

Abstract

[1]   We present reconstructions of Northern and Southern
Hemisphere
mean surface temperature over the past two millennia based
on
high-resolution ?proxy? temperature data which retain
millennial-scale
variability. These reconstructions indicate that late 20th
century
warmth is unprecedented for at least roughly the past two
millennia for
the Northern Hemisphere. Conclusions for the Southern
Hemisphere and
global mean temperature are limited by the sparseness of
available proxy
data in the Southern Hemisphere at present.

We already noticed the study in

Mann, Michael, Caspar Ammann, Kevin Trenberth, Raymond
Bradley, Keith
Briffa, Philip Jones, Tim Osborn, Tom Crowley, Malcolm
Hughes, Michael
Oppenheimer, Jonathan Overpeck, Scott Rutherford, and Tom
Wigley, 2003.
On Past Temperatures and Anomalous Late-20th Century
Warmth. Eos, Vol.
84, No. 27, page 256, July 8, 2003
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There we found that " .... an extension back through the past
2000

years based on eight long reconstructions [Mann and
Jones,2003]."

CO2 Science Magazine today presents the study as follows:

Was Late 20th Century Warming Really Unprecedented Over
the Past Two
Millennia?

Mann, M.E. and Jones, P.D.  2003.  Global surface
temperatures over the
past two millennia.  Geophysical Research Letters 30:
10.1029/2003GL017814.

What was done
Using 23 individual proxy records from 8 distinct regions in the
Northern Hemisphere and 5 proxy records from the Southern
Hemisphere,
the authors constructed Northern and Southern Hemispheric
and global
mean temperature histories over the period AD 200 to as close
as they
could get to the present employing a 40-year lowpass filter of
the data.

What was learned
Mann and Jones say their temperature reconstructions indicate
that "late
20th century warmth is unprecedented for at least roughly the
past two
millennia for the Northern Hemisphere."  They also say their
data and
analysis "suggest a similar, but less definitive conclusion, for
the
global mean."

Although we and many others have many bones to pick with
many aspects of
Mann and Jones' analysis, we will here focus on just a couple
of points
and temporarily grant them the benefit of the doubt in those
other areas.

First of all, granting them almost everything they have done, it
can
readily be seen from their own graph of their own results that
the end
point of their reconstructed global mean temperature history is
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not the
warmest period of the prior 1800 years.  In fact, their
treatment of the
data depicts three earlier warmer periods: one just prior to AD
700, one
just after AD 700 and one just prior to AD 1000 (see figure
below).

Reconstructed global temperature anomaly (based on 1961-
1990
instrumental reference period) adapted from Mann and Jones
(2003).

The globe only becomes warmer in the 20th century when its
measured
temperatures are substituted for its reconstructed
temperatures.  This
approach is clearly unacceptable; it is like comparing apples
and
oranges.  If one has only reconstructed temperatures from the
distant
past, one can only validly compare them with reconstructed
temperatures
from the recent past.

Another important point that is ignored by Mann and Jones is
that the
last century witnessed a dramatic increase in atmospheric CO2
concentration, which everyone knows is an effective aerial
fertilizer.
It also witnessed a dramatic increase in atmospheric nitrogen
deposition, which further enhances plant growth. 
Consequently, as
tree-ring data comprise the bulk of the proxy temperature
information
employed by Mann and Jones, their reconstructed global mean
temperature
history must possess a non-temperature-induced pseudo-
warming signal
driven by CO2- and nitrogen-induced increases in growth that
make 20th
century warming appear significantly greater than it really is. 
Hence,
there could well be still other periods of the past 1800 years
(in
addition to the three we have already noted) when the global
mean
temperature was also warmer than it was at the end of their
reconstructed record in the 20th century.

What it means
Mann and Jones have clearly failed to demonstrate the key
point they
desired to make in their paper.  Their data, however, speak for
themselves in clearly demonstrating that late 20th century
warmth was
not unprecedented over the past two millennia.

????
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We have already discussed about this study in July under title
?Empire
Strikes back on Soon et al.? ´

All the best

Timo Hämeranta

Moderator, Climatesceptics

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Tom Wigley
To: Michael E. Mann
Cc: Phil Jones; Gavin Schmidt; Michael Oppenheimer; Mike MacCracken; Tom Crowley; cfk@lanl.gov;

jhansen@giss.nasa.gov; Ellen Mosley-Thompson; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; Keith
Briffa; Kevin Trenberth; Tim Osborn; Gabi Hegerl; Stefan Rahmstorf; jto@u.arizona.edu; Eric Steig

Subject: Re: [Fwd: VS: [Climate Sceptics] Mann & Jones on 1800 yrs proxies]
Date: Friday, August 22, 2003 11:49:48 AM

Mike,

Thanks for your clarifications.

With regard to the CO2 fertilization effect on tree ring width, I wrote
a paper a number of years ago pointing out that there were
signal-to-noise problems in identifying and quantifying such factors.

Wigley, T.M.L., Jones, P.D. and Briffa, K.R., 1987:  Detecting the
effects of acidic deposition and CO2-fertilization on tree growth.  (In)
Methods of Dendrochronology.  Vol. 1, Proceedings of the Task Force
Meeting on Methodology of Dendrochronology:  Kraków, Poland, 2–6 June
1986, (eds. L. Kairiukstis, Z. Bednarz and E. Feliksik), International
Institute for Applied Systems Analysis, Agricultural Academy of Kraków,
Polish Academy of Science, WOSI Wspólna Sprawa 38/37 no. 20, 239–253.
1988.

While I am confident that you are correct, and that this is not a
crucial factor, I think one should be careful about denying its
existence. There are, furthermore, additional obfuscating factors that
make the effects of CO2 fertilization on ring widths hard to identify.

Perhaps more important is the fact that many tree ring based
reconstructions use density data, and the jury is still out on whether
more CO2 increases or decreases density.

Tom.
++++++++++++++++++++++++++++++++++

Michael E. Mann wrote:
> Dear Colleagues,
>
> Several you have inquired about the below claims by the notorious "Idso
> brothers" which relates to the paper by Mann and Jones that appeared in
> GRL a couple weeks ago.
>
> Of course, its the usual disinformation we've come to expect from these
> folks, but a few details on why:
>
> 1) The supposed "Co2 fertilization" argument is a ruse. The only
> evidence that such an effect might actually play some role in
> tree-growth trends has been found in high elevation sites in western
> North America (consult Malcolm Hughes for more details). As in Mann et
> al '99 (GRL), any such effect, to the extent it might exist, has been
> removed from the relevant series used in the latest (Mann and Jones)
> paper through the removal of anomalous differences between low-elevation
> and high-elevation western North American temperature trends during the

ABOR/MH/Priv-000638



> post 1800 period, prior to use of the data in climate reconstruction.
>
> 2) We haven't in the past extended the proxy reconstruction beyond 1980
> because many of the proxy data drop out. However, the repeated claim by
> the contrarians that post-1980 proxy data don't show the warming evident
> in the instrumental record has finally prompted me  to go ahead and
> perform an additional analysis in which the proxy-reconstruction is
> extended forward as recently as at all possible (to 1995, for which 3
> out of 8 of the NH records are available, and 1 of the 5 SH records are
> available). The SH and GLB reconstructions are thus obviously tenuous at
> best, but they do address, to the extent at all possible, the issue as
> to whether or not the proxy reconstructions show the post-1980
> warming--and they do.
>
> See the attached plot which compares the NH (blue), SH (green), and GLB
> (red) series through 1995. The late 20th century is the nominal maximum
> for all 3 series *without any consideration of the information in the
> instrumental mean series*. This  thus refutes the 2nd criticism cited by
> the Idso brothers.
>
> One note about the 40 year smoothing. As in the trends in the
> instrumental series shown by Mann and Jones, a boundary constraint on
> the 40-year smooth has been used that minimizes the 2nd derivative at
> the boundary--this trends to preserve the trend near the end of the
> series and has been argued as the optimal constraint in the present of
> nonstationary behavior near the end of a time series (Park, 1992; Ghil
> et al, 2002).  I favor the use of this constraint in the smoothing of
> records that exhibit a significant trend as one approaches the end of
> the available data. This might be worth talking about in the next IPCC
> when the subject of adopting uniform standards for smoothing data, etc.
> are discussed...
>
> In retrospect, Phil and I should have included this analysis in the GRL
> article, but its always hard to know what specifics the contrarians are
> going to target in their attacks. This analysis however, will be
> included in a review paper by Jones and Mann on "climate in past
> millennia" that is presently being finalized for "Reviews of Geophysics".
>
> I hope that helps clarify any questions any of you might have had.
> Please feel free to pass this information along to anyone who might
> benefit from it.
>
> Now, back to fighting the "Shaviv and Veizer" propaganda along w/ Ben
> Santer and David Parker out in Italy...
>
> mike
>
>
>> -------- Original Message --------
>> Subject: VS: [Climate Sceptics] Mann & Jones on 1800 yrs proxies
>> Date: Wed, 20 Aug 2003 13:52:40 +0300
>> From: Timo Hämeranta <timo.hameranta@pp.inet.fi>
>> To: <climatesceptics@yahoogroups.com>
>> CC: "Charles F. \"Chick\" Keller" <cfk@lanl.gov>, "Kirill Ya.
>> Kondratyev" <kondratyev@KK10221.spb.edu>, "Michael C. MacCracken"
>> <mmaccrac@comcast.net>, "S. Fred Singer" <singer@sepp.org>, "Sallie
>> Baliunas" <baliunas@cfa.harvard.edu>, "Carl Wunsch" <cwunsch@mit.edu>,
>> "David R. Legates" <legates@udel.edu>, "George Kukla"
>> <kukla@ldeo.columbia.edu>, "James E. Hansen" <jhansen@giss.nasa.gov>,
>> "Tom Wigley" <wigley@meeker.ucar.edu>, "Willie Soon"
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>> <wsoon@cfa.harvard.edu>
>>
>>
>>
>> Dear all,
>>
>>
>>
>> GRL finally published the study
>>
>>
>>
>> Mann, Michael E. and Phil D. Jones, 2003. Global surface temperatures
>> over the past two millennia, Geophysical Research Letters Vol. 30, No.
>> 15, 1820, 10.1029/2003GL017814, August 14, 2003
>>
>>
>>
>> Abstract
>>
>> [1]   We present reconstructions of Northern and Southern Hemisphere
>> mean surface temperature over the past two millennia based on
>> high-resolution ?proxy? temperature data which retain millennial-scale
>> variability. These reconstructions indicate that late 20th century
>> warmth is unprecedented for at least roughly the past two millennia for
>> the Northern Hemisphere. Conclusions for the Southern Hemisphere and
>> global mean temperature are limited by the sparseness of available proxy
>> data in the Southern Hemisphere at present.
>>
>>
>>
>> We already noticed the study in
>>
>>
>>
>> Mann, Michael, Caspar Ammann, Kevin Trenberth, Raymond Bradley, Keith
>> Briffa, Philip Jones, Tim Osborn, Tom Crowley, Malcolm Hughes, Michael
>> Oppenheimer, Jonathan Overpeck, Scott Rutherford, and Tom Wigley, 2003.
>> On Past Temperatures and Anomalous Late-20th Century Warmth. Eos, Vol.
>> 84, No. 27, page 256, July 8, 2003
>>
>>
>>
>> There we found that " .... an extension back through the past 2000
>>
>> years based on eight long reconstructions [Mann and Jones,2003]."
>>
>>
>>
>>
>>
>> CO2 Science Magazine today presents the study as follows:
>>
>>
>>
>>
>>
>> Was Late 20th Century Warming Really Unprecedented Over the Past Two
>> Millennia?
>>
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>>
>> Mann, M.E. and Jones, P.D.  2003.  Global surface temperatures over the
>> past two millennia.  Geophysical Research Letters 30:
>> 10.1029/2003GL017814.
>>
>> What was done
>> Using 23 individual proxy records from 8 distinct regions in the
>> Northern Hemisphere and 5 proxy records from the Southern Hemisphere,
>> the authors constructed Northern and Southern Hemispheric and global
>> mean temperature histories over the period AD 200 to as close as they
>> could get to the present employing a 40-year lowpass filter of the data.
>>
>> What was learned
>> Mann and Jones say their temperature reconstructions indicate that "late
>> 20th century warmth is unprecedented for at least roughly the past two
>> millennia for the Northern Hemisphere."  They also say their data and
>> analysis "suggest a similar, but less definitive conclusion, for the
>> global mean."
>>
>> Although we and many others have many bones to pick with many aspects of
>> Mann and Jones' analysis, we will here focus on just a couple of points
>> and temporarily grant them the benefit of the doubt in those other areas.
>>
>> First of all, granting them almost everything they have done, it can
>> readily be seen from their own graph of their own results that the end
>> point of their reconstructed global mean temperature history is not the
>> warmest period of the prior 1800 years.  In fact, their treatment of the
>> data depicts three earlier warmer periods: one just prior to AD 700, one
>> just after AD 700 and one just prior to AD 1000 (see figure below).
>>
>> Reconstructed global temperature anomaly (based on 1961-1990
>> instrumental reference period) adapted from Mann and Jones (2003).
>>
>> The globe only becomes warmer in the 20th century when its measured
>> temperatures are substituted for its reconstructed temperatures.  This
>> approach is clearly unacceptable; it is like comparing apples and
>> oranges.  If one has only reconstructed temperatures from the distant
>> past, one can only validly compare them with reconstructed temperatures
>> from the recent past.
>>
>> Another important point that is ignored by Mann and Jones is that the
>> last century witnessed a dramatic increase in atmospheric CO2
>> concentration, which everyone knows is an effective aerial fertilizer.
>> It also witnessed a dramatic increase in atmospheric nitrogen
>> deposition, which further enhances plant growth.  Consequently, as
>> tree-ring data comprise the bulk of the proxy temperature information
>> employed by Mann and Jones, their reconstructed global mean temperature
>> history must possess a non-temperature-induced pseudo-warming signal
>> driven by CO2- and nitrogen-induced increases in growth that make 20th
>> century warming appear significantly greater than it really is.  Hence,
>> there could well be still other periods of the past 1800 years (in
>> addition to the three we have already noted) when the global mean
>> temperature was also warmer than it was at the end of their
>> reconstructed record in the 20th century.
>>
>> What it means
>> Mann and Jones have clearly failed to demonstrate the key point they
>> desired to make in their paper.  Their data, however, speak for
>> themselves in clearly demonstrating that late 20th century warmth was
>> not unprecedented over the past two millennia.
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>>
>> ????
>>
>> We have already discussed about this study in July under title ?Empire
>> Strikes back on Soon et al.? ´
>>
>>
>>
>> All the best
>>
>>
>>
>> Timo Hämeranta
>>
>> Moderator, Climatesceptics
>>
>>
> ______________________________________________________________
>                     Professor Michael E. Mann
>            Department of Environmental Sciences, Clark Hall
>                       University of Virginia
>                      Charlottesville, VA 22903
> _______________________________________________________________________
> e-mail: mann@virginia.edu   Phone:    FAX: 
>          http://www.evsc.virginia.edu/faculty/people/mann.shtml
>
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From: Michael E. Mann
To: Tom Wigley; Phil Jones; Gavin Schmidt; Michael Oppenheimer; Mike MacCracken; Tom Crowley; cfk@lanl.gov;

jhansen@giss.nasa.gov; Ellen Mosley-Thompson; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; Keith
Briffa; Kevin Trenberth; Tim Osborn; Gabi Hegerl; Stefan Rahmstorf; jto@u.arizona.edu; Eric Steig

Subject: Re: [Fwd: VS: [Climate Sceptics] Mann & Jones on 1800 yrs proxies]
Date: Friday, August 22, 2003 9:51:50 AM
Attachments: nh-sh-glb-extend-40yrsmoothed.pdf

Dear Colleagues,

Several you have inquired about the below claims by the notorious "Idso brothers"
which relates to the paper by Mann and Jones that appeared in GRL a couple weeks
ago.

Of course, its the usual disinformation we've come to expect from these folks, but a
few details on why:

1) The supposed "Co2 fertilization" argument is a ruse. The only evidence that such
an effect might actually play some role in tree-growth trends has been found in high
elevation sites in western North America (consult Malcolm Hughes for more details).
As in Mann et al '99 (GRL), any such effect, to the extent it might exist, has been
removed from the relevant series used in the latest (Mann and Jones) paper through
the removal of anomalous differences between low-elevation and high-elevation
western North American temperature trends during the post 1800 period, prior to use
of the data in climate reconstruction.

2) We haven't in the past extended the proxy reconstruction beyond 1980 because
many of the proxy data drop out. However, the repeated claim by the contrarians
that post-1980 proxy data don't show the warming evident in the instrumental record
has finally prompted me  to go ahead and perform an additional analysis in which the
proxy-reconstruction is extended forward as recently as at all possible (to 1995, for
which 3 out of 8 of the NH records are available, and 1 of the 5 SH records are
available). The SH and GLB reconstructions are thus obviously tenuous at best, but
they do address, to the extent at all possible, the issue as to whether or not the
proxy reconstructions show the post-1980 warming--and they do.

See the attached plot which compares the NH (blue), SH (green), and GLB (red)
series through 1995. The late 20th century is the nominal maximum for all 3 series
*without any consideration of the information in the instrumental mean series*. This 
thus refutes the 2nd criticism cited by the Idso brothers.

One note about the 40 year smoothing. As in the trends in the instrumental series
shown by Mann and Jones, a boundary constraint on the 40-year smooth has been
used that minimizes the 2nd derivative at the boundary--this trends to preserve the
trend near the end of the series and has been argued as the optimal constraint in the
present of nonstationary behavior near the end of a time series (Park, 1992; Ghil et
al, 2002).  I favor the use of this constraint in the smoothing of records that exhibit a
significant trend as one approaches the end of the available data. This might be
worth talking about in the next IPCC when the subject of adopting uniform standards
for smoothing data, etc. are discussed...

In retrospect, Phil and I should have included this analysis in the GRL article, but its
always hard to know what specifics the contrarians are going to target in their
attacks. This analysis however, will be included in a review paper by Jones and Mann
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on "climate in past millennia" that is presently being finalized for "Reviews of
Geophysics".

I hope that helps clarify any questions any of you might have had. Please feel free to
pass this information along to anyone who might benefit from it.

Now, back to fighting the "Shaviv and Veizer" propaganda along w/ Ben Santer and
David Parker out in Italy...

mike

-------- Original Message --------
Subject: VS: [Climate Sceptics] Mann & Jones on 1800 yrs proxies
Date: Wed, 20 Aug 2003 13:52:40 +0300
From: Timo Hämeranta <timo.hameranta@pp.inet.fi>
To: <climatesceptics@yahoogroups.com>
CC: "Charles F. \"Chick\" Keller" <cfk@lanl.gov>, "Kirill Ya.
Kondratyev" <kondratyev@KK10221.spb.edu>, "Michael C. MacCracken"
<mmaccrac@comcast.net>, "S. Fred Singer" <singer@sepp.org>, "Sallie
Baliunas" <baliunas@cfa.harvard.edu>, "Carl Wunsch"
<cwunsch@mit.edu>,
"David R. Legates" <legates@udel.edu>, "George Kukla"
<kukla@ldeo.columbia.edu>, "James E. Hansen"
<jhansen@giss.nasa.gov>,
"Tom Wigley" <wigley@meeker.ucar.edu>, "Willie Soon"
<wsoon@cfa.harvard.edu>

Dear all,

GRL finally published the study

Mann, Michael E. and Phil D. Jones, 2003. Global surface temperatures
over the past two millennia, Geophysical Research Letters Vol. 30, No.
15, 1820, 10.1029/2003GL017814, August 14, 2003

Abstract

[1]   We present reconstructions of Northern and Southern Hemisphere
mean surface temperature over the past two millennia based on
high-resolution ?proxy? temperature data which retain millennial-scale
variability. These reconstructions indicate that late 20th century
warmth is unprecedented for at least roughly the past two millennia for
the Northern Hemisphere. Conclusions for the Southern Hemisphere and
global mean temperature are limited by the sparseness of available proxy
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data in the Southern Hemisphere at present.

We already noticed the study in

Mann, Michael, Caspar Ammann, Kevin Trenberth, Raymond Bradley,
Keith
Briffa, Philip Jones, Tim Osborn, Tom Crowley, Malcolm Hughes, Michael
Oppenheimer, Jonathan Overpeck, Scott Rutherford, and Tom Wigley,
2003.
On Past Temperatures and Anomalous Late-20th Century Warmth. Eos,
Vol.
84, No. 27, page 256, July 8, 2003

There we found that " .... an extension back through the past 2000

years based on eight long reconstructions [Mann and Jones,2003]."

CO2 Science Magazine today presents the study as follows:

Was Late 20th Century Warming Really Unprecedented Over the Past Two
Millennia?

Mann, M.E. and Jones, P.D.  2003.  Global surface temperatures over the
past two millennia.  Geophysical Research Letters 30:
10.1029/2003GL017814.

What was done
Using 23 individual proxy records from 8 distinct regions in the
Northern Hemisphere and 5 proxy records from the Southern Hemisphere,
the authors constructed Northern and Southern Hemispheric and global
mean temperature histories over the period AD 200 to as close as they
could get to the present employing a 40-year lowpass filter of the data.

What was learned
Mann and Jones say their temperature reconstructions indicate that "late
20th century warmth is unprecedented for at least roughly the past two
millennia for the Northern Hemisphere."  They also say their data and
analysis "suggest a similar, but less definitive conclusion, for the
global mean."
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Although we and many others have many bones to pick with many
aspects of
Mann and Jones' analysis, we will here focus on just a couple of points
and temporarily grant them the benefit of the doubt in those other areas.

First of all, granting them almost everything they have done, it can
readily be seen from their own graph of their own results that the end
point of their reconstructed global mean temperature history is not the
warmest period of the prior 1800 years.  In fact, their treatment of the
data depicts three earlier warmer periods: one just prior to AD 700, one
just after AD 700 and one just prior to AD 1000 (see figure below).

Reconstructed global temperature anomaly (based on 1961-1990
instrumental reference period) adapted from Mann and Jones (2003).

The globe only becomes warmer in the 20th century when its measured
temperatures are substituted for its reconstructed temperatures.  This
approach is clearly unacceptable; it is like comparing apples and
oranges.  If one has only reconstructed temperatures from the distant
past, one can only validly compare them with reconstructed temperatures
from the recent past.

Another important point that is ignored by Mann and Jones is that the
last century witnessed a dramatic increase in atmospheric CO2
concentration, which everyone knows is an effective aerial fertilizer.
It also witnessed a dramatic increase in atmospheric nitrogen
deposition, which further enhances plant growth.  Consequently, as
tree-ring data comprise the bulk of the proxy temperature information
employed by Mann and Jones, their reconstructed global mean
temperature
history must possess a non-temperature-induced pseudo-warming signal
driven by CO2- and nitrogen-induced increases in growth that make 20th
century warming appear significantly greater than it really is.  Hence,
there could well be still other periods of the past 1800 years (in
addition to the three we have already noted) when the global mean
temperature was also warmer than it was at the end of their
reconstructed record in the 20th century.

What it means
Mann and Jones have clearly failed to demonstrate the key point they
desired to make in their paper.  Their data, however, speak for
themselves in clearly demonstrating that late 20th century warmth was
not unprecedented over the past two millennia.

????

We have already discussed about this study in July under title ?Empire
Strikes back on Soon et al.? ´

All the best
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Timo Hämeranta

Moderator, Climatesceptics

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; Scott Rutherford
Cc: mann@virginia.edu
Subject: stalagmite data
Date: Friday, August 15, 2003 11:21:56 AM

Not sure how great these data are, but we should add them to our multiproxy
database:

ftp://ftp.ngdc.noaa.gov/paleo/speleothem/china/shihua_tan2003.txt

mike

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: mskinner@sfu.ca
Cc: rbradley@geo.umass.edu; Julia Cole; Phil Jones; Malcolm Hughes; n.nicholls@bom.gov.au; mann@virginia.edu
Subject: Re: ape teeth and weather (fwd)
Date: Monday, August 04, 2003 6:40:08 AM

Dear Mark,

Thanks for getting in touch with me about this. The information is fascinating, and I
think there are some possibilities here.

The closest analogy I can think of in terms of currently studied proxies are fossil
corals and fossil mollusks which can be analyzed for insights into fairly high-
resolution (seasonal) climate variability in past periods, even if the  absolute dates of
the specimens aren't known, as long as radiometric methods can be used to get an
approximate date. I assume that enamel is actually an organic substance (unlike the
tooth itself) that can be carbon dated? Or is that not the case?

Typically, the procedure paleoclimatologists follow in developoing a new proxy is to
first take a modern specimen for which the dates are exactly known, and compare to
nearby instrumental records over the same period to establish that there is indeed a
statistical relationship between the proxy record (in this case, the tooth enamel
structure) and known weather/climate variations. In this case, it sounds like this
might be done over a roughly 5 year modern period.

If this "calibration" process turns out to yield an apparent signal (e.g. ITCZ-related
seasonal precipitation changes over a 5 year period), then its a good suggestion that
the fossil segments might yield meaningful insights into these processes in the past.
There is a lot of interest in the behavior of ENSO over the past 1000 years and more,
and any new proxy that can provide insight into this would be of considerable
interest. One caveat here, however, is that we typically like to have samples of nearly
at least a century duration of continuous information, because the timescales
associated with the process are typically interannual (3-7 years) and it probably takes
at least a dozen or so episodes to adequately characterize the statistics of tvariability
on that timescale for a particular time period. So if only 5 year fossil segments are
possible, this might be a limitation. Any possibility of considerably longer duration
enamel samples (say, older individuals with perhaps slower growing enamel??).

Anyway, I've exhausted the limits of my expertise on this. I've cc'd your message to
other researchers (Julie Cole, Phil Jones, Malcolm Hughes, and Ray Bradley) with
greater expertise in details of particular proxy methods, who might be able to provide
further insights...

I look forward to following this interesting potential new line of inquiry...

best regards,

Mike

At 06:55 PM 8/3/2003 -0700, you wrote:
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Dear Dr. Mann: Neville Nicholls has suggested in response to my letter
below
that I write to you instead for a reaction and possibly some advice. He
says
that you are the leader of efforts to use high-resolution paleo-proxy data
to reconstruct climate on the scale that relates to my work on
developmental
stress in recent and fossil apes. I apologise for writing at such length but
I suspect my research area will be quite unfamiliar to you. Thank you.
Mark

I wrote as follows: 

Dear Dr. Nicholls; I'm writing to get some advice from you regarding
interannual variability in precipitation and, believe it or not, ape teeth.
My research speciality is in enamel hypoplasia of ape and human teeth.
Starting in 1986 I have been writing articles on the extraordinary tendency
of african and asian recent ape teeth to show multiple transverse grooves
on

their teeth. Other large mammals do not show these grooves (in part
probably

because ape teeth, like ours, form very slowly such that for example, a
canine tooth may exhibit enamel formed over a 5 year span). These are
not
normal (albeit very common in these animals which are typically 50+%
affected). Such grooves in the teeth are fairly regularly spaced and, in
these animals, are formed on average every 6 months. While the etiology
of
this developmental stress (the grooves form while the tooth is growing in
the juvenile ape's jaw prior to eruption of the tooth into the mouth)has
yet

to be proven, I have argued that the twice yearly stress reflects the
double

rainy minima and maxima which these animals experience, living close to
the
equator and subject to the ITCZ.

In modern apes, the duration of the stress lasts about 6 weeks; this
finding

is true of chimpanzees, bonobos, gorillas and, in Asia, orangutans; that is,

the stress is of relatively short duration compared to the unaffected
enamel. Determination of the duration and periodicity of the stress is
accomplished by counting very small, normal ridges on forming teeth;
these
ridges are called perikymata and each tiny ridge and groove is formed in
about 7-10 days (depending on species).

I had inferred that the most likely short duration stressor for these
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animals, linked to moisture cycles of six month periodicity, would be
diseases such as simian malaria, pneumonia or parasites which are
ubiquitous

in these animals, and which on various grounds are thought to become
worse
in the rainy seasons. While I could not rule out malnutrition there was
little literature to support semi-annual seasonality to fruit sources (apes
are frugivores in great part). A detailed discussion of all this is
available online with the American Journal of Physical Anthropology in an
article of mine with D. Hopwood entitled:  An hypothesis for the causes
and
periodicity of repetitive transverse enamel hypoplasia (rTEH) in large, wild

African (Pan troglodytes and Gorilla gorilla) and Asian(Pongo pygmaeus)
apes. Amer. J. Phys. Anthropol. The printed version will be available in
August.

Now to come to my problem. I have recently examined fossil ape teeth
from
Mid Miocene deposits in China and Late Pleistocene deposits in Vietnam
and
Sumatra. The higher latitude apes have a marked tendency to show very
wide
hypoplastic grooves in their enamel lasting about six months; separated
by
pretty good enamel also of six months duration. I cannot imagine that any
disease in these apes would last six months and think it much more likely
that they are reacting to reduced food supply in the dry season which at
least today in Hanoi and Vietnam lasts about six months. Please forgive
me
for glossing all sorts of other considerations.

If I accept that these wide hypoplastic grooves last six months and reflect
reduced precipitation then I can also accept and advance the idea that
these

teeth are a remarkably precise record of an ape's personal experience
with
the weather and that this experience is recorded every week or so over as
much as five years for an individual fossil tooth. Within each groove and
within the overall good enamel are minor perturbations in the perikymata
of
lesser severity which may reflect the combined effects of weather and
food
availability. So the question I am putting to you is: would a source of
weather information from the geological past with a precision of 7-10 days
spanning 5 years be an attractive research tool to climatologists with an
interest in past weather systems and climate. I think it quite likely that
these fossil ape teeth can show interannual seasonal variability.

I hope that I have given you enough background and other information to
enable you to understand the question I have put to you. Of course I
recognize that the animals' biology intervenes between the impact of the
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weather and any effect on a tooth's formation. I guess it boils down to
whether a fossil record of interannual seasonal variability of the precision

I have outlined is available to climatologists by any other means and
whether it is of interest. I will not advance as yet any suggestion that I
might be able to pick up ENSO type events but I suppose the potential is
there in a statistical sense. I might add that the fossil samples available
are on the order of hundreds of teeth, up to a couple of thousand if one
combines Chinese Miocene ape species for example. Well enough said.
Thanks
for reading all this. Mark Skinner, Ph.D. Professor of Physical
Anthropology, Department of Archaeology, Simon Fraser University,
Burnaby,
B.C., V5A 1S6, Canada.

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Raymond S. Bradley; p.jones@uea.ac.uk; mhughes@ltrr.arizona.edu; wigley@ncar.ucar.edu
Cc: Tim Osborn; Keith Briffa
Subject: Re: Yang et al
Date: Sunday, June 22, 2003 6:04:46 PM
Attachments: proxymap.pdf

Hi Ray,

necessity...

In our GRL art cle, Phil and I weighted the records we used with respect to their
decadal correlations with the instrumental gridpoint surface temperature data for the
same region (numbers in parentheses in attached figure 1 from the paper), so if a
series is truly crap in an objectively determined sense, it got very low weight. The
China series has a reasonable (r=0.22), but not great correlation--and it  gets a
moderate low weight.

In my opinion, this is a better approach then simply deeming a record crap a priori
(and then getting criticized for not considering it). We considered all available records
with appropriate resolution that are putative temperature estimates, and weighted
them objectively.

We also did careful cross-validation on the resulting reconstruction using independent
instrumental data, etc.---so I hardly think we are subject to criticism in how we used
the available data, relative to other analyses that have been done...

As for the Eos piece, I think a similar point holds--not showing it at all would seem a
conspicuous omission. We could add the local correlation values to each of the panels
of Figure 2, and comment briefly--this could be done at the proof stage.

I'll leave this to Phil (or Keith or Tim, who are helping out

. Phil and I can discuss this, if need be, when we
meet in Sapporo in a couple weeks,

mike

At 06:37 PM 6/22/2003 -0400, Raymond S. Bradley wrote:

Phil:
You commented that the Chinese series of Yang et al (GRL 2002) looked
weird.  Well, that's because it's crap--no further comment on what stuff
gets into GRL!

You appear to have used their so-called "complete" China record.  You
really should consider what went into this --2 ice core delta 18O records
of dubious relationship to temperature (one is cited as correlating with
NW China temperatures at r=0.2-0.4), 3 tree ring series, one of which is a
delta C-13 record of questionable climatic significance (to be generous). 
The other series include two records from a Taiwan lake--a
carbon/nitrogen isotope and a total organic carbon series (interpreted as
high="warm, wet") and an oxygen isotope series from cellulose in peat!!!
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(& don't ask about the C-14 based chronology, interpolated to decadal
averages!)
I loved this sentence:
"Although a quantitative relationship between the proxy records of the
Jinchuan peat, the Japan tree-ring series and the Taiwanese sediment
records with modern climate data are not given in the original works, the
qualitative connectivity with temperature as the dominant controlling
factor has undoubtedly been verified"
Oh, undoubtedly!!  And these are 4 of the 9 series going into the
"complete China" record..
Finally, they use another record based on "phenology" and (somehow)
this provides a winter temperature series....

You just shouldn't grab anything that's in print and just use it 'cos it's
there---that just perpetuates rubbish.  This series needs to be removed
from Figure 2 in the EOS forum piece--and if you included it in your GRL
paper, I suggest that you reconsider it.
Ray

Raymond S. Bradley
Distinguished Professor
Director, Climate System Research Center*
Department of Geosciences
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel: 
Fax: 
*Climate System Research Center: 
        <http://www.paleoclimate.org>
Paleoclimatology Book Web Site:
http://www.geo.umass.edu/climate/paleo/html

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Sonechkin D.M.
Cc: p.jones@uea.ac.uk; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; srutherford@gso.uri.edu; tom crowley
Subject: Re: from Sonechkin (Russia) a 2000-year NH temper. reconstruction
Date: Tuesday, March 04, 2003 8:46:59 AM
Attachments: recon2000.doc

Dear Dr. Sonenchkin,

Thanks for passing this along. I've taken the liberty of cc'ing some of my colleagues,
who might have some other comments. I  am sorry that I cannot be more positive in
my (unofficial) assessment of your manuscript. My concerns are described below.

1) Other past work have avoided using very low-resolution indicators, such as you
have used in your reconstruction,  for a very important reason--they cannot explicitly
be calibrated or cross-validated against the instrumental record, and so the reliability
of the resulting reconstruction can never be established, even from the point of view
of internal consistency.

2) Reliance on a spatial sparse subset of indicators, particularly on those regions
which often exhibit out-of-phase (rather than in-phase) relationships with hemispheric
mean temperature (e.g. Greenland) to estimate a hemispheric mean is been shown,
time and time again, to be inappropriate. See e.g.:

Mann, M.E. , The Value of Multiple Proxies, Science, 297, 1481-1482, 2002.
ftp://holocene.evsc.virginia.edu/pub/mann/MannPersp2002.pdf

3) Using the spectra of the 20th instrumental record is,  not appropriate for
evaluating the faithfulness of the pre-20th century spectra of the proxy indicators 
because the modern climate record contains substantial non-stationarity in forcing
and large resulting nthropogenic temperature trends that are not representative of 
the qualitatively different behavior associated prior to the  mid 19th century. I
suggest, for example, that you compare the spectra of Crowley's hemispheric
radiative forcing series from AD 1000-1850 and AD 1850-2000--the conclusions will
then be obvious regarding the usefulness of the spectrum of modern variability as a
benchmark for determining the 'appropriateness' of the spectra of long-term proxy
indicators.

You can find a discussion of these issues here:

Braganza, K., Karoly, D.J., Hrist, A.C., Mann, M.E., Stott, P, Stouffer, R.J., Tett,
S.F.B., Simple indices of global climate variability and change: Part I - variability and
correlation structure, Climate Dynamics, in press, 2003.
http://link.springer-ny.com/link/service/journals/00382/contents/02/00286/
and here:

Rutherford, S., Mann, M.E., Delworth, T.L., Stouffer, R., Climate Field Reconstruction
Under Stationary and Nonstationary Forcing, Journal of Climate, 16, 462-479, 2003
ftp://holocene.evsc.virginia.edu/pub/mann/Rutherfordetal-Jclim03.pdf

In past work (Mann et al, 1999) we showed, incidentally, that our pre-20th century
Northern Hemisphere mean reconstruction exhibits the expected null distribution of
spectral power (red noise) at the lowest resolvable frequencies, indicating that there
is, in fact, no obvious loss of spectral power in the reconstruction, though the
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uncertainties, as shown, are nonetheless substantial.

By the way, I've attached a paper (in press) that discusses, and resolves, the
apparent inconsistencies with the borehole data, which you refer to.
Mann, M.E., Rutherford, S., Bradley, R.S., Hughes, M.K., Keimig, F.T., Optimal
Surface Temperature Reconstructions using Terrestrial Borehole Data, Journal of
Geophysical Research, in press, 2003
ftp://holocene.evsc.virginia.edu/pub/mann/Borehole-preprint02.pdf

best regards,

Mike Mann

At 12:32 PM 3/4/2003 +0300, Sonechkin D.M. wrote:

Dear Dr. Michael Mann,

I am Dmitry Sonechkin from Russia.
Maybe, you remember my and my colleagues N. Datsenko and M.
Shabalova
paper in JGR that you have reviewed.

Now I and Nina Datsenko are creating a reconstruction of the NH
temperature
over the latest 2000 years. This research are processed together with
A. Moberg, W. Karlen and K. Holmgren from the Stockholm University.
Royal Swedish Academy granted us by some money for this research.

At the first stage of the research we have tried to estimate by an
indirect manner
the millennial temp. reconstructions before created (your one, Jones et
al.,
Crowly and Lowery, Esper et al.).
For this purpose we evaluated the re-distribution of  temperature
variation energy
across time scales, and compared these with the respective evaluation
concern
the CRU instrumental record. We found the re-distributions for all
reconstructions
to be essentially different (over the multidecadal and centennial
scales) from
the instrumental one. Our impression was that there are some spectral
leakages
within the indicated scales in the reconstructions.
At the second stage we evaluated the same re-distributions for some
proxy records
(tree-rings, ice cores etc.), and we found the same shortcoming is
inherent to
these. In particular, tree-rings are characterized by the leakage within
the scale
of about 250 years even if the RC standartization is used.
Thus, our conclusion was that tree-rings do not informative as concern
the time scales up 250 years (a unique exception is the bristlecone
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pines from California
for which the leakage is shifted to about 500 year scale). Therefore,
the reconstructions based on tree-rings mainly or exceptionally can not
be representative to show such long-term temperature variations as
MedWarmPeriod- LIA-CurrentWarming!
Searching some more representative proxy data in the bank existing, we
found
afew number of such ones.
First of all, and according to your opinion, we believe
that historic records are most representative. Unfortunately, these are
qualitative character mainly, and so, we decided to use these only as an
independent
referies of our 2000reconstruction.
Secondly, we choose boreholes to be relatively representative concern
the
multicentennial scales. Unfortunately, a majority of boreholes seem to
be
aggrevated by essential biases from landuse. Therefore, we finally
chosen
the only Greenland borehole to be included in our reconstruction.
At last, we chosen a record of delta18O in peat cellulose from China
a record of lake sediments from North Scandinavia, and Sargasso Sea
temperature
to represent the lower-frequency component of our reconstruction.
Note, we believe the only reconds covering the whole 2000-year period
may be
used for the reconstruction to prevent any inhomogeneity in the realier
and final
part of that.

As concern the higher-frequency component of our reconstruction we
decided
to create that separately for the Western and Eastern half of NH in
order to admit
a reciprocal comparison between both as a proxy verification of the
reconstruction.

To unite both, lower- and higher-frequency component we used a wavelet
technique (we like this technique!).
Mention, that this technique was also used to to do the position of the
spectral leakage scale to be more accurate.
Firstly, we transformed the records choosen to wavelet pattern, then
used
 the leakage scale as a cutt off from below and at the top respectively
for
tree-rings and lower-resolved records, and unite the obtained parts in a
whole
pattern. The inverse wavelet transforms of the united patterns for both
halfs of NH
are shown in figure (upper - Western and lower - Eastern). In the botton
of figure CRU instrumental NH record, global mean borehole temperature
and the well-known Lamb historic series are shown. Grey lines in
reconstructions
represent low-passed reconstructions created by the inverse w-transform
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limited at the top by the abot 30 year scale. the crosscorrelation value
between the low-passed reconstructions is equal to 0.76. It means both
ones are rather
similar each other.

Note, both reconstructions are not calibrated yet. They are in a
relative unit.
We intend to average both, and only then to calibrate our reconstruction
in terms of
annual (and warm seasonal) NH temperatures.

Even without calibration one can see our reconstruction deviates
essentially from all earlier created as concern the correspondence
between the MedWPer and the Current Warming (certainly, this latter is
shown in its earlier part only because
the proxies used are limited by 1980s mainly.

I shall be glad to read your comments.

Dmitry M. Sonechkin, professor,
Head of the dynamical-stochastical laboratory of the HMC of Russia,
and principal scientist of the P.P. Shirshov Oceanology Institute of RAS

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: f14@zedat.fu-berlin.de
Cc: Scott Rutherford; Zhang; mann@virginia.edu; Tim Osborne; Keith Briffa; Irina Fast; mhughes@ltrr.arizona.edu;

rbradley@geo.umass.edu
Subject: Re: program code
Date: Wednesday, February 05, 2003 11:19:45 AM

Dear Irina,

The code we used in Mann/Bradley/Hughes 1998 was not changed or "improved",
but there may be different versions of the code floating around, and in a previous
email to Uli Cubasch, I indicated that I was not sure the version you have (from Tim
Osborn), is identifical to the version we used in our original paper (it would require
some work on my part to insure it gives precisely the same results, and I don't have
the time to do that). I suspect, however, that the code is the same as the one we
used in our paper and any differences, if they exist, should be minor (as long as the
code compiles and runs correctly on the platform you have--the possible platform-
dependence of fortran is a potential cause for concern here).

Numerous people have coded up our method independently, including Ed Zorita, w/
whom I believe your group has a close collaboration, and my graduate student Zhang
has successfully coded this up independently in Matlab (its a short script, which didn't
take Zhang long to write anyway). I'm copying this message to Zhang, so that he
can provide you with his matlab version of the code if you are interested. Because
Zhang's version is in Matlab, it should run correctly, independently of the particular
platform (an advantage over the fortran code) [As an aside, on a pedagogical note, I
would still encourage you to code this up yourself]. 

As I indicated in a previous email to Uli, the selection of the optimal subset of EOFS
to retain is not automated in the code, and you need to do that yourself...The
methodology we used is described in detail in our publications.

We have tested this method against the approach our group now uses for  climate
field reconstruction (Schneider RegEM approach), and find that the results are
similar, but the cross-validation statistics improve slightly w/ the RegEM approach,
which we now favor and use in place of the old, Mann et al approach.

Details of this latter approach are described in these two manuscripts (as well as the
original paper by Schneider referenced within):

Mann, M.E., Rutherford, S., Climate Reconstruction Using 'Pseudoproxies',
Geophysical Research Letters, 29 (10), 1501, doi: 10.1029/2001GL014554, 2002. 
available at:
ftp://holocene.evsc.virginia.edu/pub/mann/Pseudoproxy02.pdf

Rutherford, S., Mann, M.E., Delworth, T.L., Stouffer, R., Climate Field Reconstruction
Under Stationary and Nonstationary Forcing, Journal of Climate, 16, 462-479, 2003. 
available at:
ftp://holocene.evsc.virginia.edu/pub/mann/Rutherfordetal-Jclim03.pdf

The RegEM code is available over the web, and Scott Rutherford can provide you
with the ftp side if you are interested. It, too, is available only in matlab.

I hope you find this information of help.
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Best of luck w/ your research,

mike mann

At 06:10 PM 2/5/03 +0100, Irina Fast wrote:

Dear Michael,
I believe that you have not heard about me as yet. My name is Irina Fast.

Since the January 2003 I am a PhD student at the Free University in Berlin
in 
the framework of the EU-Project SOAP. My supervisor is Ulrich Cubasch.
 
At the SOAP's start-up meeting it was proposed to use your multiproxy 
calibration method (published in 1998) for the joint analysis of model 
simulations and proxydata.
Because your method was essential improved since 1998 I would like to
know if 
you kann provide us with your program code. 
We could try to code your approach ourselves, but we do not know if this
kind 
of analysis will success in our case. In the case of failure we will have to 
search  for other analyses methodes. And  the timespan for the data 
processing is rather short. Naturally you will not miss our gratitude and 
acknowledgement.

I apologise for my mistakes in this letter.
Best regards
                       Irina Fast
-- 
*************************************
Irina Fast
Freie Universität Berlin
Institut für Meteorologie
Carl-Heinrich-Becker-Weg 6-10
D-12165 Berlin
Germany

e-mail:  f14@zedat.fu-berlin.de
phone:  
fax:      
*************************************

_______________________________________________________________________

                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Scott Rutherford
To: Raymond Bradley; Malcolm Hughes; fenbiao@ltrr.arizona.edu; Mike Mann; zhang zhihua; frank@geo.umass.edu
Subject: multiproxy database
Date: Thursday, January 23, 2003 9:56:30 AM

Dear All,

I've begun to put together an Excel spreadsheet to serve as a master
database description file.  Currently, I only have a list of new
proxies that we desire (a couple of which we have) from a conversation
Mike and I had a while back. I'm sure there are more since our
conversation. I also include 414 dendro proxies that Malcolm sent me a
while back (this should be updated?).

I wanted to get this out now so everyone could make comments and begin
to fill in the blanks and add new proxies where possible.

I will add the MBH98 proxies to the spreadsheet in the near future. My
ultimate goal is to have this database searchable by almost any of the
columns to automatically generate a proxy data set.

Thanks for comments and suggestions. If you have data you want to get
to me you can send it as an e-mail attachment or put it via anonymous
ftp to holocene.evsc.virginia.edu/pub/incoming/sdr

Cheers,

Scott

______________________________________________
                      Scott Rutherford 

University of Virginia          University of Rhode Island
Environmental Sciences          Graduate School of Oceanography
Clark Hall                                      South Ferry Road
Charlottesville, VA 22903       Narragansett, RI 02882
srutherford@virginia.edu                srutherford@gso.uri.edu
phone:            
fax:                      
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From: Michael E. Mann
To: Scott Rutherford; zhang Zhihua; fenbiao@ltrr.arizona.edu; Malcolm Hughes; rbradley@geo.umass.edu
Cc: mann@virginia.edu
Subject: updating/expansion of multiproxy dataset
Date: Thursday, July 11, 2002 2:25:13 PM

Dear everyone:

It is now time for us to assemble our revised proxy data base for the
various analyses we are going to be involved in (this includes Scott
revised seasonal and annual multiproxy global temperature reconstructions,
Zhang's new seasonal large-scale SLP reconstructions, and Fenbiao's mtm-svd
analyses of raw proxy data). Fortunately, we can make use of a single
comprehensive multiproxy data base, which will be centrally located on our
server "holocene" for all of these analyses. Since we've adapted our method
to deal separately w/ high-freq and low-freq calibration, it is no longer
essential to restrict the dataset to the most conservatively standardized
series, which simplifies our task of assembling one common multiproxy data
base useful for all our purposes.

Scott and Fenbiao should probably be in charge of organizing the database
and incorporating data into it as we expand.

One difference now is that we will be classifying *all* proxy indicators in
the database into 4 categories that *best* describe the underlying signal
(admittedly, this will sometime be a bit subjective and will require a
judgement call at times):

            COLD SEASON                     WARM SEASON
    Thermal         Hydrological           Thermal        Hydrological

This stratification is essential to the analyses that Fenbiao will be
doing, since the proxy data won't be converted to reconstructions directly
for those analyses, so meaningful results will require that an analysis is
done only on indicators that represent a similar underlying seasonality and
meteorological variable...

It will  *also* be worthwhile  try the proxy-based pattern reconstructions
(Scott and Zhang) on the stratified data (e.g., only reconstruct winter
season climate patterns with winter indicators, and summer season
variability with summer indicators, etc.).

So this classification will be very useful, if a bit more labor intensive
than the old way of doing things.

We will start out, as a baseline for construction of our new databasee,
with the Mann et al multiproxy data set + the Briffa et al MXD network
(which is now public domain, and with which we have been working with now),
each indicators being classified now in terms of which of the 4 categories
it best fits into (for the MXD data I belive its fair to say that we would
classify the whole dataset as "warm-season" and "thermal", though there may
of course be some cold-season and precip influence).

Then we have to set up an organized strategy for incorporating other, new
data into the database. This should include the expanded set of ITRDB
chronologies as determined by Malcolm (Malcolm?), and any other additional
tree-ring data that Malcolm thinks should be included in our database,
including for example the network of long western U.S. precip and
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PDO-sensitive chronologies Malcolm and Fenbiao have been working with, when
Malcolm  and Fenbiao are ready to make those available.

Then we need to acquire the long list of other proxy data (both annual and
decadal/centennial resolution) that have come online during the period
since Mann et al 1998 (it would be worthwhile to recheck the latest
publications and on-line data at NCDC, here:
http://www.ngdc.noaa.gov/paleo/whatsnew.html).

The additional multiproxy data we need to acquire include:

1. Any proxy records Scott has acquired over the past 1-2 years from
publications I've pointed out...
2. Expanded database of long instrumental series including
    a) madras slp: http://www.cru.uea.ac.uk/cru/data/madrasmslp.htm
    b) jones extended NAO back to
1820:  http://www.cru.uea.ac.uk/cru/data/madrasmslp.htm
    c) Luterbacher et al monthly and seasonal NAO reconstruction back to 1500:
         http://www.cru.uea.ac.uk/cru/data/naojurg.htm
3. Luterbacher European SLP reconstructions:
http://www.ngdc.noaa.gov/paleo/pubs/luterbacher2002/luterbacher2002.html
4. Crowley and Lowery dataset (Scott has)
5. Hendy et al: http://www.ngdc.noaa.gov/paleo/pubs/hendy2002/hendy2002.html
6. Esper et al reconstruction (Scott has)
7. Pedersen et al Mongolia precip reconstructions:
http://www.ngdc.noaa.gov/paleo/pubs/pederson2001/pederson2001.html
8. Biondi et al PDO reconstruction:
http://www.ngdc.noaa.gov/paleo/pubs/biondi2001/biondi2001.html
9. Linsley et al coral data:
http://www.ngdc.noaa.gov/paleo/pubs/linsley2000/linsley2000.html
10. Urban et al coral record:
http://www.ngdc.noaa.gov/paleo/pubs/urban2000/urban2000.html
11. Black et al Carioco basin record
ftp://www.ngdc.noaa.gov/paleo/contributions_by_author/black1999/
12. lake sediments used by Overpeck et al (Soper Lake, etc. NCDC site):
http://www.ngdc.noaa.gov/paleo/sciencepub/figure1.htm
13. Garcia ship data:
http://www.ngdc.noaa.gov/paleo/pubs/garcia2001/garcia2001.html
GISP2 isotopes, accumulation, and chemistry data:
14. http://www.ngdc.noaa.gov/paleo/icecore/icecore-varlist.html
15. Verscheren et al lake level and salinity reconstructions:
http://www.ngdc.noaa.gov/paleo/africa-drought.html
16. chinese speleothems: http://www.ngdc.noaa.gov/paleo/speleothem.html
17.  Dye3 and GRIP borehole temperature reconstructions
18. Cronin o18 chesapeake bay salinity recons
19. Ingram Sacramento delta o18
20. Laird midwestern U.S. o18 drought reconstructions
21. Donnard Lake (Hughen)
22. Chinese historical records
23. Santa Barbara basin record

Please let me know if there are any obvious omissions for this list, or
other things we should discuss.

thanks,

mike

_______________________________________________________________________
                      Professor Michael E. Mann
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           Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Raymond S. Bradley
To: mann@multiproxy.evsc.virginia.edu; mhughes@ltrr.arizona.edu; juerg@giub.unibe.ch; prohom@geo.umass.edu
Subject: Fwd: Plots
Date: Thursday, April 04, 2002 2:14:59 PM
Attachments: mannluteur0402.doc

Untitled attachment 00104.txt

>Date: Thu, 04 Apr 2002 14:15:27 -0500
>From: Frank Keimig <frank@geo.umass.edu>
>X-Mailer: Mozilla 4.61 [en] (Win98; U)
>X-Accept-Language: en
>To: "Raymond S. Bradley" <rbradley@geo.umass.edu>,
>         "Michael E. Mann" <mann@virginia.edu>, mhughes@ltrr.arizonaa.edu,
>         srutherford@virginia.edu, juerg@giub.unibe.ch
>Subject: Plots
>
>Attached (in a Word file) are plots with Juerg's new reconstruction.
>
>--
>Frank Keimig
>Department of Geosciences
>University of Massachusetts
>Amherst, MA 01003
>
>Fax: 
>
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Untitled attachment 00104.txt
Raymond S. Bradley
Distinguished Professor and Head of Department
Department of Geosciences
University of Massachusetts
Amherst, MA 01003-5820

Tel: 
Fax: 
Climate System Research Center: 
Climate System Research Center Web Page: 
<http://www.geo.umass.edu/climate/climate.html>
Paleoclimatology Book Web Site (1999): 
http://www.geo.umass.edu/climate/paleo/html

Page 1
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From: Michael E. Mann
To: Juerg Luterbacher
Cc: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; srutherford@virginia.edu
Subject: Re: European Predictors
Date: Wednesday, February 20, 2002 7:39:04 AM

Hi Juerg,

The information is available here on the web:

http://www.people.virginia.edu/~mem6u/mbh98.html

see specifically "Supplementary Information" and then "Proxy Data". Or you
can go
there directly via:

ftp://eclogite.geo.umass.edu/pub/mann/ONLINE-PREPRINTS/MultiProxy/data-supp.html

We look forward to hearing of your results,

Mike

At 12:44 PM 2/20/02 +0100, Juerg Luterbacher wrote:
>Hello Mike
>
>I hope you are very well.
>
>I just wanted to ask you whether you could
>tell me which instrumental temperature predictors
>from Europe you were using in your TT reconstructions?
>I couldn't find them in the link with 'individual
>proxy records'
>We have now our 500 year TT reconstructions and
>would like to compare them again from 1760-1900
>with your estimates but leaving your instrumental TT predictors
>out, so that we have an independent check.
>
>Thanks very much in advance
>
>Many greetings from Bern
>
>Juerg
>
>

_______________________________________________________________________
                      Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Juerg Luterbacher
Cc: Ray Bradley; frank@geo.umass.edu; mann@virginia.edu; mhughes@ltrr.arizona.edu
Subject: Re: chapter revisions
Date: Thursday, January 17, 2002 6:18:58 AM

HI Juerg,

Yes--this is a problem in comparing ours, or in fact just about any 2 reconstructions
that are out there--more often than not, there are a number of common predictors
used.

The issue of the strength of the proxy vs. instrumental & historical data as predictors
of North Atlantic/European climate was addressed in the following manuscript (on
NAO reconstruction) of Cullen et al:

Cullen, H., D'Arrigo, R., Cook, E., and Mann, M.E., Multiproxy-based reconstructions
of the North Atlantic Oscillation over the past three centuries, Paleoceanography, 15,
27-39, 2001.

reprint available here:

http://www.people.virginia.edu/~mem6u/preprints.html

Best regards,

mike

At 08:45 AM 1/17/02 +0100, Juerg Luterbacher wrote:

Hello Ray, Frank, Mike, and Malcolm

thanks very much for your mail and the
very nice correlation between our
MAT Recons from Europe! This sounds
great.
I am not sure, but I believe for your TT recons you included also some
instrumental series from Europe? If yes, the correlation might be
'artificially' high since we share some common predictors for the
recons?
  
Ray, you were right, the area of
consideration of our European based
TT average is the LAND areas from
30W-40E and 30N-70N (an average over
around 5900 gridpoints, 0.5degx0.5deg
grid).
Yes, the predictor data are instrumental
data, with a very few additional non-instrumental
data.
For further information see
the electronical version of the
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Climate Dynamics paper on the 500 year
SLP and 500 hpa reconstructions.
http://link.springer.de/link/service/journals/00382/contents/01/00196/paper/s00
$

Under supplem. Mat you will find a list with the
predictor data.

As I already mentioned in the last mail, we obtained a lot of 
new predictor data and we are just started the new
500 year reconstructions of TT and RR for the last
500 years which will hopefully improve the
quality. It will then be very interesting to compare the new
release with your new regional estimates.

By the way, good luck for the new proposal!

Many greetings from Bern

Juerg

On Wed, 16 Jan 2002, Ray Bradley wrote:

  [NON-Text Body part not included]

_______________________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: Ed Cook
Cc: mann@virginia.edu
Subject: Re: Confidence limits
Date: Saturday, September 08, 2001 11:16:43 AM

HI Ed,

OK, thanks--I think this does reinforc the notion  that the
(anthropogenic!?) trend is clearly inflating those correlations somewhat.

So, I think that the 20 yr highpass is the most faithful indication of the
natural correlation between the two series. As I understand your numbers,
that is r=0.79 between Northern Hemisphere full calender annual mean and
warm-season extratropical mean, ie they share about 60% of their non-trend
variance in common.

But it *also* means that we should expect Northern Hemisphere 0-90 calender
annual and extratropical warm-season temperature to have 40% of their
variance *not* in common over time...

So the 10K $  question is, do your series and MBH disagree by *more* than
that, taking uncertainties into account?

In my opinion, your paper w/ Jan is "science worthy" irrespective of the
answer to that question (in either case, it will clarify what's going on),
but given the importance of the
issues in question, I think it is imperitive that the above question be
clearly  addressed
in the paper. That's really my only major concern, and if I were to receive
this paper to review from Science, my recommendation would be to publish
pending  the authors satisfactorily addressing *that* question.

Let me know if I can be of further help. Hope we can catch a few beers the
night of the 7th (perhaps Camille can join to)!

mike

At 01:25 PM 9/8/01 -0400, you wrote:
>Hi Mike,
>
>Thanks for the info. I have calculated the correlations between 0-90N and
>30-70N mean annual and Apr-Sep warm season temperatures for unfiltered,
>20-yr low-pass, and 20-yr high-pass. Here they are:
>
>               Unfiltered     20-yr Low-Pass     20-yr High-Pass
>Annual            0.94            0.98                0.84
>Apr-Sep           0.91            0.96                0.79
>
>Not a whole lot of difference, especially for the low-pass correlations.
>Not surprisingly, the warm-season and high-pass correlations show the
>biggest differences.
>
>Ed
>
> >HI Ed,
> >
> >Thanks--those numbers sound reasonable. Would be interesting to know the
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> >correlations between both the MBH Northern Hemisphere mean and 30-70N mean
> >series and the RCS series too on those timescales too...
> >
> >THe uncertainties are +/- 2 standard errors based on the calibration
> >residuals, so if you like, they are the uncertainties estimated from the
> >regression model. But they take into account the relative decrease in
> >resolved century-scale/secular variance (prior to AD 1600), hence the
> >widening of the error bars prior to AD 1600. We think that the within-proxy
> >sampling  uncertainties associated with e.g. number of tree ring series
> >contributing to a given chronology, etc. are minimal because we generally
> >used only massively replicated chronologies (this has been a source of
> >confusion in the past).
> >
> >Of course, the possible bias due to errors in the proxies back in time
> >cannot be estimated.
> >
> >Let me know if I can provide further clarification...
> >
> >mike
> >
> >At 11:09 AM 9/8/01 -0400, Ed Cook wrote:
> >>Hi Mike,
> >>
> >>In trying to come up with confidence limits on the RCS chronology
> >>temperature estimates, after 40-yr smoothing to make it like your low-pass
> >>series and rescaling to temperatures, I plan to use the bootstrap
> >>confidence limits of the chronology also scaled to tempertures. However, I
> >>also want to add the uncertainty of the regression with temperature in a
> >>way that is compatibile with your 'self-consistent' uncertainties. Are your
> >>uncertainties simply based on 2*standard error of the estimate from the
> >>regression model? I haven't read your paper in a while and can't recall
> >>exactly how you did it. Please get back to me on this as soon as possible
> >>as I would like to wrap this up.
> >>
> >>F.Y.I. the correlation I get between your 40-yr low-pass recon and Jones
> >>low-pass Jones annual temperatures over the 1856-1977 period is 0.96. For
> >>the RCS chronology, it is 0.88. Correlations on unsmoothed data are 0.82
> >>(MBH) and 0.59 (RCS) and 0.95 (MBH) and 0.84 (RCS) on 20-yr low-pass. On
> >>20-yr high-pass, the correlations are 0.59 (MBH) and 0.15 (RCS). Of course,
> >>the latter comparison is not really fair because MBH uses instrumental data
> >>during that period. Do you have any disagreements with these correlations?
> >>I am trying to get this as right as possible.
> >>
> >>Cheers,
> >>
> >>Ed
> >>
> >>==================================
> >>Dr. Edward R. Cook
> >>Doherty Senior Scholar
> >>Tree-Ring Laboratory
> >>Lamont-Doherty Earth Observatory
> >>Palisades, New York 10964  USA
> >>Email:  drdendro@ldeo.columbia.edu
> >>Phone:  
> >>Fax:    
> >>==================================
> >
> >_______________________________________________________________________
> >                      Professor Michael E. Mann
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> >           Department of Environmental Sciences, Clark Hall
> >                       University of Virginia
> >                      Charlottesville, VA 22903
> >_______________________________________________________________________
> >e-mail: mann@virginia.edu   Phone:    FAX: 
> >        http://www.evsc.virginia.edu/faculty/people/mann.shtml
>
>
>==================================
>Dr. Edward R. Cook
>Doherty Senior Scholar
>Tree-Ring Laboratory
>Lamont-Doherty Earth Observatory
>Palisades, New York 10964  USA
>Email:  drdendro@ldeo.columbia.edu
>Phone:  
>Fax:    
>==================================

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: Malcolm K. Hughes
Cc: Michael E. Mann; rbradley@geo.umass; srutherford@virginia.edu; mann@virginia.edu
Subject: Re: Data Request
Date: Wednesday, June 13, 2001 5:05:20 PM
Attachments: all.v.possweights.gif

Thanks a bunch Malcolm--your suggestions/changes are very helpful. You and
Scott caught several of the same problems, so clearly we're covering our bases.

We *could* eliminate the 1900-1998 calibration. Scott and I thought it was
useful to span the range of possible calibration periods (since *some* of
the boreholes do extend that recently, but the average borehole termination
date is 1977). What does Ray (Ray?) think about this?

Will be straightforward to incorporate yours and Scott suggestions. Waiting
on Ray, then ready to finalize the draft.

One additional question for everyone though: Is it worth showing in panel b
of Figure 2 the "local calibration weights" where only positive weights are
allowed (ie, negative weights are censored). Readers might want to see what
the effect of including negative weights is, distinct from the effect of
variable positive weights proportional to the strength of correlation. I've
attached the comparison of these, which Scott prepared. We could show
additionally, say the 1856-1980 positive-only weights result, and still not
clutter up Figure 2 panel b too much. This seems to me to be the only
remaining issue, unless Ray uncovers some others...

Thanks,

mike

At 03:41 PM 6/13/01 -0700, Malcolm K. Hughes wrote:
>Dear Mike - I have made some suggested small modifications to the borehole
>manuscript - I like it. They are indicated in yellow highlight on the edited
>version I attach to this message. he only substantive question I have is
>tht I
>don't see the point of the 1900-1998 calibration - I think we should dump it.
>There are comments all the way through to the figure legends. Cheers,Malcolm

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
          http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: Malcolm K. Hughes
Cc: Michael E. Mann; rbradley@geo.umass; srutherford@virginia.edu; mann@virginia.edu
Subject: Re: Data Request
Date: Wednesday, June 13, 2001 5:05:20 PM
Attachments: all.v.possweights.gif

Thanks a bunch Malcolm--your suggestions/changes are very helpful. You and
Scott caught several of the same problems, so clearly we're covering our bases.

We *could* eliminate the 1900-1998 calibration. Scott and I thought it was
useful to span the range of possible calibration periods (since *some* of
the boreholes do extend that recently, but the average borehole termination
date is 1977). What does Ray (Ray?) think about this?

Will be straightforward to incorporate yours and Scott suggestions. Waiting
on Ray, then ready to finalize the draft.

One additional question for everyone though: Is it worth showing in panel b
of Figure 2 the "local calibration weights" where only positive weights are
allowed (ie, negative weights are censored). Readers might want to see what
the effect of including negative weights is, distinct from the effect of
variable positive weights proportional to the strength of correlation. I've
attached the comparison of these, which Scott prepared. We could show
additionally, say the 1856-1980 positive-only weights result, and still not
clutter up Figure 2 panel b too much. This seems to me to be the only
remaining issue, unless Ray uncovers some others...

Thanks,

mike

At 03:41 PM 6/13/01 -0700, Malcolm K. Hughes wrote:
>Dear Mike - I have made some suggested small modifications to the borehole
>manuscript - I like it. They are indicated in yellow highlight on the edited
>version I attach to this message. he only substantive question I have is
>tht I
>don't see the point of the 1900-1998 calibration - I think we should dump it.
>There are comments all the way through to the figure legends. Cheers,Malcolm

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
          http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: Malcolm K. Hughes
Cc: mann@virginia.edu
Subject: Re: Data Request
Date: Wednesday, June 13, 2001 12:38:00 PM

Hi Malcolm,

Part of the problem I realizie now is that (Julie) Jones never provided her
rapporteur report to me (the only one who didn't!), and so when I was
looking at all the report, I never came across the summary of those talks...

Again, if you can provide a couple sentences, that would be very helpful.
Will work it into the paragraph on reconstructions of patterns, and PDO,
and such...

mike

At 11:01 AM 6/13/01 -0700, you wrote:
>Dear Mike - what you got was a copy of Gordon's reply to my request,
>which, as
>you can see, was phrased in a friendly manner.
>I plan to get to the borehole paper today. I've already taken a quick look
>at it
>and was very impressed. Regarding the EOS report, I was somewhat
>distressed to
>seee no reference at all to the topics I dealt with - evidence for
>multidecadal
>and longer oscillations in western North America over recent millennia, the
>possibility of both Atlantic and Pacific teleconnections for these, the
>consistency of very different proxies. I have placed the Pwerpoint
>presentation
>of my talk at http://tree.ltrr.arizona.edu/~mhughes/, in a directory called
>"Mike Mann".
>I am surprised that no mention is made of these topics, as I did provide a
>bunch
>of information to the rapporteur, Jen Jones. As a result, the non-tropical
>Pacific regions once again get short shrift, and I think that's a mistake. As
>for authorship, if the list is to stay as long as you have it, and some
>reference is made to the issues I raised, then perhaps my name should go
>there.
>In fact, I think it would be much better to have only yourself and someone
>from
>each of the countries providing funding - it's not clear why Ray, Keith, Peck
>and Julie are listed, so you could have a much shorter list. I'm much more
>concerned about the content that the author's list. CHeers, Malcolm
>
>Quoting "Michael E. Mann" <mann@virginia.edu>:
>
> > hi malcolm,
> >
> > we probably should have gone through Rosanne, hunh? Gordon's email to me
> >
> > was inappropriate. My cc to all of you was a declicate way of telling
> > him that.
> >
> > Have you looked at the borehole paper yet? Thanks,
> >
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> > mike
> >
> > p.s. I had to make some tough choices on the author list for the Eos
> > meeting report, and figured you didn't mind too much whether or not your
> >
> > name is burried in the list. But if you feel strongly let me know, I'd
> > be
> > happy to add you (though the list is getting long). In any case, I've
> > attached the draft for your comments...
> >
> > At 10:24 AM 6/13/01 -0700, you wrote:
> > >Dear Mike - Gordon was responding to my message - see below, which I
> > hadn't
> > >copied to you and Ray so as not to litter everyone's e-mail with many
> > copies.
> > >Clearly something's brewing here,when "Dear Gordon and Rosanne" gets
> > answered
> > >with "Dear colleague".
> > >Cheers,
> > >Malcolm
> > >
> > >Dear Gordon and Rosanne,
> > >     I have a favor to ask. As you may remember, data that you provided
> >
> > > played an
> > >     important role in the reconstructions of Northern Hemisphere
> > temperature
> > >that
> > >     Mike Mann, Ray Bradley and I published in 1998 and 1999. We are
> > now
> > >developing
> > >     the next generation of these reconstructions, with, we hope,
> > improved
> > >methods,
> > >     and strengthened databases. It would be extremely helpful if you
> > were
> > > again
> > >to
> > >     make available data not yet in the ITRDB. The particular examples
> > we
> > > had in
> > >mind
> > >
> > >     were the series you have been using for your work on North Pacific
> >
> > > SSTs, and
> > >     your exciting extensions of the work in Mongolia, but there may
> > well be
> > >others
> > >     of which I am not aware, for example in SE Asia This time, we are
> > > looking
> > >for
> > >     three kinds of data, in addition to what has been added to the
> > ITRDB:
> > >     1)      well replicated chronologies (cross-dated, as if I needed
> > to
> > > tell
> > >you
> > >     that!) of either temperature or moisture-sensitive materials going
> >
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> > > back to
> > >at
> > >     least AD 1700, especially from regions where there is not much in
> > the
> > > ITRDB.
> > >We
> > >     would also need access to either the raw data, or the COFECHA
> > output,
> > > so as
> > >to
> > >     apply our selection criteria. We would need to know how the
> > > standardization
> > >was
> > >     done.
> > >     2)      A subset of 1), for 1000-year and longer chronologies
> > where
> > > there is
> > >     reason to believe that century-scale or longer change has been
> > > recorded -
> > >the
> > >     Mongolian series seems a likely candidate
> > >     3)      If you know of any other records, such as high-resolution
> > lake
> > >sediment
> > >     records with 10 or 50-year resolution and well-supported
> > chronology,
> > > as well
> > >as
> > >     evidence of strong climate signal, we'd like to hear about them.
> > We are
> > >trying
> > >     to find ways to use such lower-resolution records in our
> > > reconstruction. I
> > >would
> > >
> > >     particularly value your dendrochronological perspective on any
> > such
> > > non-tree
> > >     ring records.
> > >
> > >     Please note that we will need to make any chronologies we use
> > available
> > >publicly
> > >
> > >     once our work is published, but there is no need to make the
> > original
> > > core
> > >data
> > >     available in this way. All colleagues making data available will,
> > of
> > > course
> > >be
> > >     acknowledged. It would be particularly helpful to have
> > bibliographic
> > > details
> > >of
> > >     the publications you would prefer to have cited as references to
> > your
> > > data.
> > >     Your help in this would be very valuable indeed, and we would be
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> > very
> > >grateful
> > >     for your input.
> > >     Cheers, Malcolm
> > >
> > >
> > >Quoting "Michael E. Mann" <mann@virginia.edu>:
> > >
> > > > Gordon: I don't recall the request you're referring to. You might
> > have
> > > > the
> > > > wrong individual in mind.
> > > >
> > > > Thanks,
> > > >
> > > > mike
> > > >
> > > > At 09:48 AM 6/13/01 -0400, you wrote:
> > > > >Dear Colleague:
> > > > >
> > > > >Regarding your request for recent tree-ring data related to
> > Northern
> > > > >Hemisphere temperature. We are in the process of preparing a
> > manuscript
> > > > >presenting and interpreting our data and supplementary data as they
> > > > relate
> > > > >to long-term Northern Hemisphere temperature trends.  When that
> > paper
> > > > is
> > > > >published we will place our recent data in the International
> > Tree-Ring
> > > > Data
> > > > >Bank where they will be accessible for all interested users. We
> > > > estimate
> > > > >that time to be late in the year 2002.
> > > > >
> > > > >Thank you for your interest in our studies.
> > > > >
> > > > >Sincerely,  Gordon C. Jacoby
> > > > >
> > > > >Dr. Gordon C. Jacoby,     Sr. Research Scientist
> > > > >Tree-Ring Laboratory
> > > > >Lamont-Doherty Earth Observatory
> > > > >61 Route 9 W
> > > > >Palisades, New York 10964
> > > > >845 365 8616               845 365 8152 fax
> > > > >email:  druid@ldeo.columbia.edu
> > > > >http://www.ldeo.columbia.edu/trl/
> > > >
> > > >
> > _______________________________________________________________________
> > > >                      Professor Michael E. Mann
> > > >             Department of Environmental Sciences, Clark Hall
> > > >                        University of Virginia
> > > >                       Charlottesville, VA 22903
> > > >
> > _______________________________________________________________________
> > > > e-mail: mann@virginia.edu   Phone:    FAX: (804)
> > 982-2137
> > > >           http://www.evsc.virginia.edu/faculty/people/mann.shtml
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> > > >
> > > >
> > > >
> > >
> > >
> > >
> > >Professor Malcolm K. Hughes
> > >Laboratory of Tree-Ring Research
> > >W.Stadium 105
> > >University of Arizona
> > >Tucson, AZ 85721
> > >phone 520-621-6470
> > >fax 520-621-8229
> >
> > _______________________________________________________________________
> >                      Professor Michael E. Mann
> >             Department of Environmental Sciences, Clark Hall
> >                        University of Virginia
> >                       Charlottesville, VA 22903
> > _______________________________________________________________________
> > e-mail: mann@virginia.edu   Phone:    FAX: 
> >           http://www.evsc.virginia.edu/faculty/people/mann.shtml
> >
>
>
>
>Professor Malcolm K. Hughes
>Laboratory of Tree-Ring Research
>W.Stadium 105
>University of Arizona
>Tucson, AZ 85721
>phone 520-621-6470
>fax 520-621-8229

_______________________________________________________________________
                      Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm K. Hughes
Cc: mann@multiproxy.evsc.virginia.edu
Subject: Re: Data Request
Date: Wednesday, June 13, 2001 11:15:29 AM

Hi Malcolm,

I'd be happy to add your name to the  author list. Can you add a few
sentences dealing with what you describe below, and recommend where to put
it in the document. Unfortunately, given the restrictions, we really can't
add much more than a few sentences. There are too many tough choice I had
to make already, alot of important stuff that was left out. Thanks,

mike

p.s. I'm interested in your comments on the discussion of dendro elsewhere
in the report too. thanks...

At 11:01 AM 6/13/01 -0700, you wrote:
>Dear Mike - what you got was a copy of Gordon's reply to my request,
>which, as
>you can see, was phrased in a friendly manner.
>I plan to get to the borehole paper today. I've already taken a quick look
>at it
>and was very impressed. Regarding the EOS report, I was somewhat
>distressed to
>seee no reference at all to the topics I dealt with - evidence for
>multidecadal
>and longer oscillations in western North America over recent millennia, the
>possibility of both Atlantic and Pacific teleconnections for these, the
>consistency of very different proxies. I have placed the Pwerpoint
>presentation
>of my talk at http://tree.ltrr.arizona.edu/~mhughes/, in a directory called
>"Mike Mann".
>I am surprised that no mention is made of these topics, as I did provide a
>bunch
>of information to the rapporteur, Jen Jones. As a result, the non-tropical
>Pacific regions once again get short shrift, and I think that's a mistake. As
>for authorship, if the list is to stay as long as you have it, and some
>reference is made to the issues I raised, then perhaps my name should go
>there.
>In fact, I think it would be much better to have only yourself and someone
>from
>each of the countries providing funding - it's not clear why Ray, Keith, Peck
>and Julie are listed, so you could have a much shorter list. I'm much more
>concerned about the content that the author's list. CHeers, Malcolm
>
>Quoting "Michael E. Mann" <mann@virginia.edu>:
>
> > hi malcolm,
> >
> > we probably should have gone through Rosanne, hunh? Gordon's email to me
> >
> > was inappropriate. My cc to all of you was a declicate way of telling
> > him that.
> >
> > Have you looked at the borehole paper yet? Thanks,
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> >
> > mike
> >
> > p.s. I had to make some tough choices on the author list for the Eos
> > meeting report, and figured you didn't mind too much whether or not your
> >
> > name is burried in the list. But if you feel strongly let me know, I'd
> > be
> > happy to add you (though the list is getting long). In any case, I've
> > attached the draft for your comments...
> >
> > At 10:24 AM 6/13/01 -0700, you wrote:
> > >Dear Mike - Gordon was responding to my message - see below, which I
> > hadn't
> > >copied to you and Ray so as not to litter everyone's e-mail with many
> > copies.
> > >Clearly something's brewing here,when "Dear Gordon and Rosanne" gets
> > answered
> > >with "Dear colleague".
> > >Cheers,
> > >Malcolm
> > >
> > >Dear Gordon and Rosanne,
> > >     I have a favor to ask. As you may remember, data that you provided
> >
> > > played an
> > >     important role in the reconstructions of Northern Hemisphere
> > temperature
> > >that
> > >     Mike Mann, Ray Bradley and I published in 1998 and 1999. We are
> > now
> > >developing
> > >     the next generation of these reconstructions, with, we hope,
> > improved
> > >methods,
> > >     and strengthened databases. It would be extremely helpful if you
> > were
> > > again
> > >to
> > >     make available data not yet in the ITRDB. The particular examples
> > we
> > > had in
> > >mind
> > >
> > >     were the series you have been using for your work on North Pacific
> >
> > > SSTs, and
> > >     your exciting extensions of the work in Mongolia, but there may
> > well be
> > >others
> > >     of which I am not aware, for example in SE Asia This time, we are
> > > looking
> > >for
> > >     three kinds of data, in addition to what has been added to the
> > ITRDB:
> > >     1)      well replicated chronologies (cross-dated, as if I needed
> > to
> > > tell
> > >you
> > >     that!) of either temperature or moisture-sensitive materials going
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> >
> > > back to
> > >at
> > >     least AD 1700, especially from regions where there is not much in
> > the
> > > ITRDB.
> > >We
> > >     would also need access to either the raw data, or the COFECHA
> > output,
> > > so as
> > >to
> > >     apply our selection criteria. We would need to know how the
> > > standardization
> > >was
> > >     done.
> > >     2)      A subset of 1), for 1000-year and longer chronologies
> > where
> > > there is
> > >     reason to believe that century-scale or longer change has been
> > > recorded -
> > >the
> > >     Mongolian series seems a likely candidate
> > >     3)      If you know of any other records, such as high-resolution
> > lake
> > >sediment
> > >     records with 10 or 50-year resolution and well-supported
> > chronology,
> > > as well
> > >as
> > >     evidence of strong climate signal, we'd like to hear about them.
> > We are
> > >trying
> > >     to find ways to use such lower-resolution records in our
> > > reconstruction. I
> > >would
> > >
> > >     particularly value your dendrochronological perspective on any
> > such
> > > non-tree
> > >     ring records.
> > >
> > >     Please note that we will need to make any chronologies we use
> > available
> > >publicly
> > >
> > >     once our work is published, but there is no need to make the
> > original
> > > core
> > >data
> > >     available in this way. All colleagues making data available will,
> > of
> > > course
> > >be
> > >     acknowledged. It would be particularly helpful to have
> > bibliographic
> > > details
> > >of
> > >     the publications you would prefer to have cited as references to
> > your
> > > data.
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> > >     Your help in this would be very valuable indeed, and we would be
> > very
> > >grateful
> > >     for your input.
> > >     Cheers, Malcolm
> > >
> > >
> > >Quoting "Michael E. Mann" <mann@virginia.edu>:
> > >
> > > > Gordon: I don't recall the request you're referring to. You might
> > have
> > > > the
> > > > wrong individual in mind.
> > > >
> > > > Thanks,
> > > >
> > > > mike
> > > >
> > > > At 09:48 AM 6/13/01 -0400, you wrote:
> > > > >Dear Colleague:
> > > > >
> > > > >Regarding your request for recent tree-ring data related to
> > Northern
> > > > >Hemisphere temperature. We are in the process of preparing a
> > manuscript
> > > > >presenting and interpreting our data and supplementary data as they
> > > > relate
> > > > >to long-term Northern Hemisphere temperature trends.  When that
> > paper
> > > > is
> > > > >published we will place our recent data in the International
> > Tree-Ring
> > > > Data
> > > > >Bank where they will be accessible for all interested users. We
> > > > estimate
> > > > >that time to be late in the year 2002.
> > > > >
> > > > >Thank you for your interest in our studies.
> > > > >
> > > > >Sincerely,  Gordon C. Jacoby
> > > > >
> > > > >Dr. Gordon C. Jacoby,     Sr. Research Scientist
> > > > >Tree-Ring Laboratory
> > > > >Lamont-Doherty Earth Observatory
> > > > >61 Route 9 W
> > > > >Palisades, New York 10964
> > > > >845 365 8616               845 365 8152 fax
> > > > >email:  druid@ldeo.columbia.edu
> > > > >http://www.ldeo.columbia.edu/trl/
> > > >
> > > >
> > _______________________________________________________________________
> > > >                      Professor Michael E. Mann
> > > >             Department of Environmental Sciences, Clark Hall
> > > >                        University of Virginia
> > > >                       Charlottesville, VA 22903
> > > >
> > _______________________________________________________________________
> > > > e-mail: mann@virginia.edu   Phone:    FAX: (804)
> > 982-2137
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> > > >           http://www.evsc.virginia.edu/faculty/people/mann.shtml
> > > >
> > > >
> > > >
> > >
> > >
> > >
> > >Professor Malcolm K. Hughes
> > >Laboratory of Tree-Ring Research
> > >W.Stadium 105
> > >University of Arizona
> > >Tucson, AZ 85721
> > >phone 520-621-6470
> > >fax 520-621-8229
> >
> > _______________________________________________________________________
> >                      Professor Michael E. Mann
> >             Department of Environmental Sciences, Clark Hall
> >                        University of Virginia
> >                       Charlottesville, VA 22903
> > _______________________________________________________________________
> > e-mail: mann@virginia.edu   Phone:    FAX: 
> >           http://www.evsc.virginia.edu/faculty/people/mann.shtml
> >
>
>
>
>Professor Malcolm K. Hughes
>Laboratory of Tree-Ring Research
>W.Stadium 105
>University of Arizona
>Tucson, AZ 85721
>phone 520-621-6470
>fax 520-621-8229

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
          http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: Malcolm K. Hughes
Subject: Re: Data Request
Date: Wednesday, June 13, 2001 10:34:51 AM
Attachments: meetingreport-draft1.0.doc

hi malcolm,

we probably should have gone through Rosanne, hunh? Gordon's email to me
was inappropriate. My cc to all of you was a declicate way of telling him that.

Have you looked at the borehole paper yet? Thanks,

mike

p.s. I had to make some tough choices on the author list for the Eos
meeting report, and figured you didn't mind too much whether or not your
name is burried in the list. But if you feel strongly let me know, I'd be
happy to add you (though the list is getting long). In any case, I've
attached the draft for your comments...

At 10:24 AM 6/13/01 -0700, you wrote:
>Dear Mike - Gordon was responding to my message - see below, which I hadn't
>copied to you and Ray so as not to litter everyone's e-mail with many copies.
>Clearly something's brewing here,when "Dear Gordon and Rosanne" gets answered
>with "Dear colleague".
>Cheers,
>Malcolm
>
>Dear Gordon and Rosanne,
>     I have a favor to ask. As you may remember, data that you provided
> played an
>     important role in the reconstructions of Northern Hemisphere temperature
>that
>     Mike Mann, Ray Bradley and I published in 1998 and 1999. We are now
>developing
>     the next generation of these reconstructions, with, we hope, improved
>methods,
>     and strengthened databases. It would be extremely helpful if you were
> again
>to
>     make available data not yet in the ITRDB. The particular examples we
> had in
>mind
>
>     were the series you have been using for your work on North Pacific
> SSTs, and
>     your exciting extensions of the work in Mongolia, but there may well be
>others
>     of which I am not aware, for example in SE Asia This time, we are
> looking
>for
>     three kinds of data, in addition to what has been added to the ITRDB:
>     1)      well replicated chronologies (cross-dated, as if I needed to
> tell
>you
>     that!) of either temperature or moisture-sensitive materials going
> back to
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>at
>     least AD 1700, especially from regions where there is not much in the
> ITRDB.
>We
>     would also need access to either the raw data, or the COFECHA output,
> so as
>to
>     apply our selection criteria. We would need to know how the
> standardization
>was
>     done.
>     2)      A subset of 1), for 1000-year and longer chronologies where
> there is
>     reason to believe that century-scale or longer change has been
> recorded -
>the
>     Mongolian series seems a likely candidate
>     3)      If you know of any other records, such as high-resolution lake
>sediment
>     records with 10 or 50-year resolution and well-supported chronology,
> as well
>as
>     evidence of strong climate signal, we'd like to hear about them. We are
>trying
>     to find ways to use such lower-resolution records in our
> reconstruction. I
>would
>
>     particularly value your dendrochronological perspective on any such
> non-tree
>     ring records.
>
>     Please note that we will need to make any chronologies we use available
>publicly
>
>     once our work is published, but there is no need to make the original
> core
>data
>     available in this way. All colleagues making data available will, of
> course
>be
>     acknowledged. It would be particularly helpful to have bibliographic
> details
>of
>     the publications you would prefer to have cited as references to your
> data.
>     Your help in this would be very valuable indeed, and we would be very
>grateful
>     for your input.
>     Cheers, Malcolm
>
>
>Quoting "Michael E. Mann" <mann@virginia.edu>:
>
> > Gordon: I don't recall the request you're referring to. You might have
> > the
> > wrong individual in mind.
> >
> > Thanks,
> >
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> > mike
> >
> > At 09:48 AM 6/13/01 -0400, you wrote:
> > >Dear Colleague:
> > >
> > >Regarding your request for recent tree-ring data related to Northern
> > >Hemisphere temperature. We are in the process of preparing a manuscript
> > >presenting and interpreting our data and supplementary data as they
> > relate
> > >to long-term Northern Hemisphere temperature trends.  When that paper
> > is
> > >published we will place our recent data in the International Tree-Ring
> > Data
> > >Bank where they will be accessible for all interested users. We
> > estimate
> > >that time to be late in the year 2002.
> > >
> > >Thank you for your interest in our studies.
> > >
> > >Sincerely,  Gordon C. Jacoby
> > >
> > >Dr. Gordon C. Jacoby,     Sr. Research Scientist
> > >Tree-Ring Laboratory
> > >Lamont-Doherty Earth Observatory
> > >61 Route 9 W
> > >Palisades, New York 10964
> > >845 365 8616               845 365 8152 fax
> > >email:  druid@ldeo.columbia.edu
> > >http://www.ldeo.columbia.edu/trl/
> >
> > _______________________________________________________________________
> >                      Professor Michael E. Mann
> >             Department of Environmental Sciences, Clark Hall
> >                        University of Virginia
> >                       Charlottesville, VA 22903
> > _______________________________________________________________________
> > e-mail: mann@virginia.edu   Phone:    FAX: 
> >           http://www.evsc.virginia.edu/faculty/people/mann.shtml
> >
> >
> >
>
>
>
>Professor Malcolm K. Hughes
>Laboratory of Tree-Ring Research
>W.Stadium 105
>University of Arizona
>Tucson, AZ 85721
>phone 520-621-6470
>fax 520-621-8229

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
          http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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WORKSHOP IN CHARLOTTESVILLE FOCUSES ON RECONSTRUCTING THE 
CLIMATE OF THE LATE HOLOCENE 
 
The "Late Holocene" (defined as the past few millennia) is arguably the most appropriate window 
of time within which to gauge the natural variability of the climate, as the basic boundary 
conditions (e.g. astronomical configuration of earth's orbit) have not changed significantly over 
this period of time. The range of natural climate variability over this period is thus likely 
representative of the current climate.  Because widespread instrumental data sources are not 
available prior to the mid-19th century, an empirical description of both climate and climate 
forcing (i.e. volcanism, solar irradiance changes, and greenhouse gas concentrations) important 
over this period requires the use of proxy sources. These sources include ice cores, corals, tree 
rings, ocean and lake sediments, terrestrial and glacial boreholes, and historical documentary 
records. Three distinct approaches have emerged to the use of such information in reconstructing 
the climate history of past centuries and millennia. These include (1) the calibration of proxy 
climate indicators against modern instrumental records to empirically estimate patterns of past 
climate variability  (e.g., Mann et al, 1998; Briffa et al, 2000), (2) forward modeling of the forced 
component of climate change, using (proxy-based) estimates of past climate forcings to drive 
climate model integrations back in time (e.g. Crowley, 2000), and (3) the assimilation of 
paleoclimate proxy data directly into forced climate model integrations (using physically, 
chemically, or biologically-based forward models to upscale the proxy information), in a manner 
conceptually similar to that by which  meteorological information is assimilated into numerical 
weather forecasting models (Weber and Von Storch, 1999).  
 
These three approaches are complimentary. The first method presumes that the relationships 
between proxy indicators and inferred climate variables remain stable over time, but offers the 
advantage that the unique trajectory taken by the observed realization of climate is estimated. The 
method, furthermore, does not presume to know the complete  physics and dynamics that govern 
the climate system. The second approach estimates only the forced component of past climate 
variability, and even the estimate of this component may be compromised by large uncertainties 
in the estimated history of past climate forcing, as well as imperfect or incomplete representation 
of physical processes in the model. The third approach can be thought of as a hybrid of the first 
two,  as it prescribes the dynamical evolution of the system from climate physics, but is "nudged" 
by information from paleoclimate proxy data. This method is limited by imperfections in the 
forward model used to assimilate proxy information into the climate model, but is more resistant 
to the potential biases specific to purely empirical or purely model-based approaches.  It was our 
belief that a meeting of researchers closely involved with these three distinct approaches to past 
climate reconstruction could help to significantly advance our understanding of Late Holocene 
climate history. To this end, a group of paleoclimate researchers and climate modelers came 
together to discuss and compare such approaches in a workshop "Reconstructing Late Holocene 
Climate" held in Charlottesville Virginia. The workshop was jointly sponsored by the U.S. 
government (NSF and NOAA-sponsored Earth Systems History program), IGBP/PAGES, Royal 
Netherlands Meteorological Institute (KNMI), Swiss government, and the German Federal 
Research Laboratory (GKSS).  
 
An important theme at the workshop involved the resolution of existing discrepancies in proxy-
based climate reconstructions. A number of reconstructions of Northern Hemisphere mean 
temperature based on widespread proxy data available in past centuries (tree rings, corals, ice 
cores, ocean sediments, and historical information) were compared at the meeting. While these 
reconstructions yield similar conclusions regarding the overall pattern of temperature changes 
during the past 1000 years, those reconstructions with an emphasis on higher-latitude data  appear 
to exhibit a more distinct "Little Ice Age"  (LIA) during the 16th-19th centuries. A new "age 
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banded" methods for obtaining enhanced low-frequency variability from tree-ring based climate 
reconstructions was presented. This approach seems promising, but further work  appears 
necessary to eliminate possible bias due to differential impacts of  ecological stresses on trees of 
different ages. Independent borehole temperature reconstructions (Huang et al, 2000) portray a 
colder past few centuries than proxy-based estimates, but considerable current uncertainty was 
expressed in the interpretation of these data owing to possible non-temperature related influences. 
Existing large-scale proxy-based temperature reconstructions are heavily weighted on proxy data 
confined to the Northern Hemisphere extratropics, though tropical information from high-
elevation ice cores and  coral isotopes have been used where available (e.g. Mann et al, 1998). 
Since half of the surface area of the hemisphere resides in the tropics and sub-tropics, this 
potential sampling bias remains a source of uncertainty. When comparing reconstructions it is 
important to take into account the geographic coverage of the reconstruction. Different proxy-
based hemispheric temperature reconstructions were shown to be relatively similar when 
differences in the target seasonality and spatial domain were controlled for.  The issue of the 
possible impact of stationarity assumptions in paleoclimate reconstruction was addressed. Results 
from forced and control coupled model integrations demonstrate that that calibration of 
paleoclimate proxy indicators against a non-stationary 20th century is unlikely to introduce any 
significant bias in reconstructions of past climate patterns if the full covariance information is 
used, over a century or greater-length calibration period. 
 
Considerable focus was placed on reconstructing the past behavior of patterns of climate 
variability, such as the El Nino Southern Oscillation (ENSO), and the North Atlantic Oscillation 
(NAO). A frequency-domain analysis of a reduced space SST  reconstruction using combined 
tree ring/coral proxy information appears to indicate complimentary frequency-domain from 
these two proxy sources. Extratropical decadal Pacific climate variability was argued not to be 
distinct from tropical Pacific variability, and thus it was questioned whether it is worthwhile to 
independently target an extratropical "Pacific Decadal Oscillation" or "PDO" index 
reconstruction from proxy data. While discrepancies have been evident between various 
independent  proxy-based NAO reconstructions in the recent literature, an NAO reconstruction 
which verifies well against the longest instrumental records was shown to be possible if a 
combined 19th/20th century calibration period is used. Emerging evidence (e.g. Keigwin and 
Pickart, 1999) was discussed that the NAO, rather than hemispheric-scale changes, may be 
primarily  responsible for the distinct "LIA" and  "Medieval Warm Period" or "MWP" in Europe 
and certain other North Atlantic regions. Patterns evident in long  instrumental records appear to 
support this interpretation during the past few centuries. 
 
Results from modeling experiments using both an  energy balance model (EBM) and general 
circulation model (GCM-coupled to a mixed layer ocean) forced by estimated changes in 
radiative forcing over the past millennium (solar irradiation changes, volcanic activity, changing 
greenhouse gas concentrations and aerosols) were used to estimate the forced climate history in 
past centuries. The model simulations appear to explain both broad century-scale features and 
decadal variations in proxy-reconstructed Northern Hemisphere temperature over the past 
millennium. Discrepancies, however, are observed during the 19th century, where the modeled 
hemispheric temperatures increases while proxy-based reconstructions (and the 19th century 
instrumental record) show slight cooling. A number of possible explanations were suggested 
including unrepresented forcing due to anthropogenic land usage changes, and the possibility of 
bias in the early instrumental record. It was noted that high-range sensitivities to radiative forcing 
give greater consistency with the large cooling back in time shown by boreholes, while more 
moderate sensitivities show greater agreement with proxy-based hemispheric temperature 
reconstructions.  
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A relatively untested, but promising new "DATUN" (Data Assimilation Through Upscaling and 
Nudging) approach to paleoclimate reconstruction was discussed at length. The aim of this 
method is to obtain a physically-based best guess past annual large-scale climate states. In the 
first step, statistical forward upscaling models are formulated to in order to attempt to reconstruct 
those aspects of continental-scale and hemispheric climate variability that are strongly linked to 
variability in proxy data. Some  promising early results were demonstrated for the forward 
modeling of tree ring data. However, there was considerable concern regarding the limited 
applicability of the forward model, and doubt regarding the  prospects of reliable forward models 
for upscaling proxy data in the near future. In the second step the large-scale variability in the 
coupled atmosphere-ocean general circulation model (GCM) is "nudged" (through e.g. the 
vertical temperature and vorticity fields of the atmospheric model) towards following these 
reconstructions. The second stage is assimilating data into a GCM, to obtain a set of climate 
pattern reconstructions from the proxy data that are consistent with the model physics.  Some 
preliminary results were described based on the nudging of three-patterns: the "Arctic 
Oscillation" or "AO" (closely related to the NAO), the "Antarctic Oscillation" (AAO) and a 
tropical  (ENSO) mode, to obtain a global climate reconstruction.  The nudged run allowed the 
AO index to move closer to its target observed value than a control simulation without nudging, 
validating the approach. While the DATUN concept is appealing, there was a strong belief that 
there is need for an intercomparison of results using a range of models, with differing sensitivities 
and model physics/parameterizations of physical processes, before more robust conclusions 
regarding the efficacy of the approach can be drawn. 
 
The key result of the workshop was an informed, open discussion of the comparative strengths 
and weaknesses of each of the three distinct approaches to the problem of paleoclimate 
reconstruction. It was felt that a more comprehensive database of proxy climate indicators is still 
needed to reduce current uncertainties in empirical reconstructions of climate change in past 
centuries. More data in low-latitude regions and much of the Southern Hemisphere (particularly, 
the extratropics) are still needed, including long, reliable proxy indicators of ENSO-related 
variability. Climatically key but data sparse areas such as Africa should be targeted. Laminated 
lake sediments, speleothems, and molluscan remains may compliment currently emphasized high-
resolution proxies such as tree rings, corals, and ice cores. The reconstruction of climate patterns 
over the past few millennia will require the use of low-resolution proxies such as lake and ocean 
sediments which aren't necessarily laminated, but nonetheless are high enough in resolution to 
resolve century-scale variability (e.g. Verschuren et al, 2000).  Such lower-resolution proxy data 
could be calibrated against more recent reconstructions over the past millennium based on  high-
resolution proxy data. Comparisons of model-based estimates of forced hemispheric temperature 
variations with empirical reconstructions remain limited by the uncertainties in the low-frequency 
component of variability, with different data sources (e.g. boreholes vs. conventional proxy 
indicators) appearing to imply different sensitivity to forcing. It is important to resolve the 
sources of apparent discrepancies between these different data sources. It is also important to 
better constrain the histories of radiative forcings prior to about AD 1600. It is important, finally, 
to better test and validate efforts involving forward modeling of proxy data, which requires an 
understanding of a complicated combination of meteorological, biological, and chemical 
processes.  Such validation should involve experimental process-oriented, as well as theoretical 
approaches.  It was strongly felt that that there should be an emphasis on  developing projects that 
involve international, multidisciplinary efforts. There was support, in particular, for an 
international feasibility pilot study involving a paleoclimate proxy reanalysis for the 20th century. 
The study would focus on issues in forward modeling, data assimilation, proxy calibration, and 
the identification of significant gaps in information. Such a study could provide a framework for 
prioritizing the collection of new proxy data. 
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The Workshop on Reconstructing Late Holocene Climate was held in Charlottesville Virginia, 
April 17-20, 2001. 
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From: Michael E. Mann
To: Gordon Jacoby
Cc: mann@virginia.edu; mhughes@ltrr.arizona.edu; drdendro@ldeo.columbia.edu; druidrd@ldeo.columbia.edu
Subject: Re: Data Request
Date: Wednesday, June 13, 2001 6:52:38 AM

Gordon: I don't recall the request you're referring to. You might have the
wrong individual in mind.

Thanks,

mike

At 09:48 AM 6/13/01 -0400, you wrote:
>Dear Colleague:
>
>Regarding your request for recent tree-ring data related to Northern
>Hemisphere temperature. We are in the process of preparing a manuscript
>presenting and interpreting our data and supplementary data as they relate
>to long-term Northern Hemisphere temperature trends.  When that paper is
>published we will place our recent data in the International Tree-Ring Data
>Bank where they will be accessible for all interested users. We estimate
>that time to be late in the year 2002.
>
>Thank you for your interest in our studies.
>
>Sincerely,  Gordon C. Jacoby
>
>Dr. Gordon C. Jacoby,     Sr. Research Scientist
>Tree-Ring Laboratory
>Lamont-Doherty Earth Observatory
>61 Route 9 W
>Palisades, New York 10964
>845 365 8616               845 365 8152 fax
>email:  druid@ldeo.columbia.edu
>http://www.ldeo.columbia.edu/trl/

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
          http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: Gordon Jacoby
Cc: mann@virginia.edu; mhughes@ltrr.arizona.edu; drdendro@ldeo.columbia.edu; druidrd@ldeo.columbia.edu
Subject: Re: Data Request
Date: Wednesday, June 13, 2001 6:52:38 AM

Gordon: I don't recall the request you're referring to. You might have the
wrong individual in mind.

Thanks,

mike

At 09:48 AM 6/13/01 -0400, you wrote:
>Dear Colleague:
>
>Regarding your request for recent tree-ring data related to Northern
>Hemisphere temperature. We are in the process of preparing a manuscript
>presenting and interpreting our data and supplementary data as they relate
>to long-term Northern Hemisphere temperature trends.  When that paper is
>published we will place our recent data in the International Tree-Ring Data
>Bank where they will be accessible for all interested users. We estimate
>that time to be late in the year 2002.
>
>Thank you for your interest in our studies.
>
>Sincerely,  Gordon C. Jacoby
>
>Dr. Gordon C. Jacoby,     Sr. Research Scientist
>Tree-Ring Laboratory
>Lamont-Doherty Earth Observatory
>61 Route 9 W
>Palisades, New York 10964
>845 365 8616               845 365 8152 fax
>email:  druid@ldeo.columbia.edu
>http://www.ldeo.columbia.edu/trl/

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
          http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: Scott Rutherford; rbradley@geo.umass.edu
Cc: srutherford@virginia.edu; mhughes@ltrr.arizona.edu
Subject: Re: summary
Date: Wednesday, May 23, 2001 10:20:28 AM

Scott: Please fix your email for Malcolm. It is "ltrr" not "itrr". These
mistakes get propagated through email replies!!!

Thanks,

mike

At 01:42 PM 5/22/01 -0400, Scott Rutherford wrote:
>Dear all,
>
> From my notes yesterday here's what I have as the proposed plan of attack.
>
>
> From Scott/Mike:
>
>Our version of a borehole reconstruction with 1856-1980 as the calibration
>period.
>Our version of a borehole reconstruction with 1900-1980 as the calibration
>period.
>A combined borehole-multiproxy reconstruction with 1900-1980 as the
>calibration period.
>Data to Frank for trend mapping
>
>
>Figures:
>
> From Scott/Mike:
>Time series plots of Huang, MBH98 with and without trees, new borehole
>reconstruction (both traning periods) and the combined borehole-multiproxy
>reconstruction
>
>Time series plots showing 0-30° and 30-70° bands
>Also, time series with spatial masks.
>
>Maps of proxy contribution to the reconstruction (2-norm of the correlations)
>
>Plot distrubution of century-scale trends for borehole data (the
>symmetrical plot we looked at yesterday) and for multiproxy network (on
>ftp, see below).
>
>
> From Ray/Frank:
>maps of the century scale trends for MBH98 versus Huang versus our new
>borehole-based reconstruction
>
>----------------------------------
>Plots of century scale trends in the borehole and multiproxy data are
>available via anonymous ftp at holocene.evsc.virginia.edu/pub/sdr/bh
>
>For each time series the mean from 1900-1960 was removed then divided by
>the standard deviation over the whole time series.  There are both
>postscript and high resolution (300 dpi) pdf files available.
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>
>Let me know if I have the above correct or if you have questions on the
>plots on the ftp site.
>
>Regards,
>
>Scott
>--
>______________________________________________
>                       Scott Rutherford
>
>University of Virginia  University of Rhode Island
>Environmental Sciences  Graduate School of Oceanography
>Clark Hall                      South Ferry Road
>Charlottesville, VA 22903       Narragansett, RI 02882
>srutherford@virginia.edu        srutherford@gso.uri.edu
>phone:    
>fax:      

_______________________________________________________________________
                      Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Scott Rutherford; rbradley@geo.umass.edu
Cc: srutherford@virginia.edu; mhughes@ltrr.arizona.edu
Subject: Re: summary
Date: Wednesday, May 23, 2001 10:20:28 AM

Scott: Please fix your email for Malcolm. It is "ltrr" not "itrr". These
mistakes get propagated through email replies!!!

Thanks,

mike

At 01:42 PM 5/22/01 -0400, Scott Rutherford wrote:
>Dear all,
>
> From my notes yesterday here's what I have as the proposed plan of attack.
>
>
> From Scott/Mike:
>
>Our version of a borehole reconstruction with 1856-1980 as the calibration
>period.
>Our version of a borehole reconstruction with 1900-1980 as the calibration
>period.
>A combined borehole-multiproxy reconstruction with 1900-1980 as the
>calibration period.
>Data to Frank for trend mapping
>
>
>Figures:
>
> From Scott/Mike:
>Time series plots of Huang, MBH98 with and without trees, new borehole
>reconstruction (both traning periods) and the combined borehole-multiproxy
>reconstruction
>
>Time series plots showing 0-30° and 30-70° bands
>Also, time series with spatial masks.
>
>Maps of proxy contribution to the reconstruction (2-norm of the correlations)
>
>Plot distrubution of century-scale trends for borehole data (the
>symmetrical plot we looked at yesterday) and for multiproxy network (on
>ftp, see below).
>
>
> From Ray/Frank:
>maps of the century scale trends for MBH98 versus Huang versus our new
>borehole-based reconstruction
>
>----------------------------------
>Plots of century scale trends in the borehole and multiproxy data are
>available via anonymous ftp at holocene.evsc.virginia.edu/pub/sdr/bh
>
>For each time series the mean from 1900-1960 was removed then divided by
>the standard deviation over the whole time series.  There are both
>postscript and high resolution (300 dpi) pdf files available.
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>
>Let me know if I have the above correct or if you have questions on the
>plots on the ftp site.
>
>Regards,
>
>Scott
>--
>______________________________________________
>                       Scott Rutherford
>
>University of Virginia  University of Rhode Island
>Environmental Sciences  Graduate School of Oceanography
>Clark Hall                      South Ferry Road
>Charlottesville, VA 22903       Narragansett, RI 02882
>srutherford@virginia.edu        srutherford@gso.uri.edu
>phone:    
>fax:      

_______________________________________________________________________
                      Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Malcolm Hughes
To: Raymond S. Bradley; mhughes@ltrr.arizona.edu; frank@geo.umass.edu; Michael E. Mann
Cc: srutherford@virginia.edu; mann@virginia.edu
Subject: Re: Fwd: Plots
Date: Wednesday, May 23, 2001 9:16:08 AM

Thanks Frank - I think these maps also reinforce the impression we
were getting Monday, that, with the possible exception of NE N.
America, the main characteristic of the borehole records is their
spatial inconsistency. Cheers, Malcolm
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From: Michael E. Mann
To: Raymond S. Bradley; mhughes@ltrr.arizona.edu; frank@geo.umass.edu
Cc: srutherford@virginia.edu; mann@virginia.edu
Subject: Fwd: Plots
Date: Wednesday, May 23, 2001 7:47:53 AM
Attachments: 20.doc

18.doc
19.doc
17.doc

HI Frank/Ray:

Thanks for sending these on--very interesting, and will be interesting to
compare our "revised" borehole trends vs Mann et al w/ the original Huang
et al/Mann et al comparison Frank has provided. This will be very telling.

A couple things

1) Frank, since you've gridded the borehole data already, can Scott get
these from you directly? No reason re-inventing the wheel

2) The 20th century comparison might be a bit apples-and-oranges depending
on what borehole trends you're using for the 20th century. Are you using
the full 20th century
trend (ie, the 20th century rate of increase x 100 years). Would probably
be more appropriate to use the 20th century rate x 80 years which would be
equivalent to a 1900-1980 trend (which can be compared to Mann et al
1902-1980) vs a 1900-2000 trend (which can't). Just checking...

Thanks,

mike
>X-Sender: rbradley@eclogite.geo.umass.edu
>X-Mailer: QUALCOMM Windows Eudora Pro Version 4.2.2
>Date: Wed, 23 May 2001 10:20:40 -0400
>To: mann@multiproxy.evsc.virginia.edu, mhughes@ltrr.arizona.edu
>From: "Raymond S. Bradley" <rbradley@geo.umass.edu>
>Subject: Fwd: Plots
>
>
>>Date: Wed, 23 May 2001 09:55:50 -0400
>>From: Frank Keimig <frank@geo.umass.edu>
>>X-Mailer: Mozilla 4.73 [en] (Win98; U)
>>X-Accept-Language: en,pdf
>>To: "Raymond S. Bradley" <rbradley@geo.umass.edu>
>>Subject: Plots
>>
>>Ray,
>>
>>There are 4 word docs attached, 1 for each century.  Each contains plots
>>for boreholes, Mann, and difference.  The 20th century doc also contains
>>the difference between instrumental (Jones) trends and borehole trends.
>>
>>--
>>Frank Keimig
>>Department of Geosciences
>>University of Massachusetts
>>Amherst, MA 01003
>>
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>>Fax: 
>>
>>
>>
>
>
>
>
>
>
>Raymond S. Bradley
>Professor and Head of Department
>Department of Geosciences
>University of Massachusetts
>Amherst, MA 01003-5820
>
>Tel: 
>Fax: 
>Climate System Research Center: 
>Climate System Research Center Web Page:
><http://www.geo.umass.edu/climate/climate.html>
>Paleoclimatology Book Web Site (1999):
>http://www.geo.umass.edu/climate/paleo/html
>
>

_______________________________________________________________________
                      Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml
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Borehole 2Gth century trends
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Diff. bet. 20th century Mann trends and borehole trends
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Borehole 18th century trends
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Diff. bet. 18th century Mann trends and borehole trends
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Borehole 19th century trends
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Diff. bet. 19th century Mann trends and borehole trends
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Borehole 17th century trends
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Diff. bet. 17th century Mann trends and borehole trends
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From: Michael E. Mann
To: Raymond S. Bradley; mhughes@ltrr.arizona.edu; frank@geo.umass.edu
Cc: srutherford@virginia.edu; mann@virginia.edu
Subject: Fwd: Plots
Date: Wednesday, May 23, 2001 7:47:53 AM
Attachments: 20.doc

18.doc
19.doc
17.doc

HI Frank/Ray:

Thanks for sending these on--very interesting, and will be interesting to
compare our "revised" borehole trends vs Mann et al w/ the original Huang
et al/Mann et al comparison Frank has provided. This will be very telling.

A couple things

1) Frank, since you've gridded the borehole data already, can Scott get
these from you directly? No reason re-inventing the wheel

2) The 20th century comparison might be a bit apples-and-oranges depending
on what borehole trends you're using for the 20th century. Are you using
the full 20th century
trend (ie, the 20th century rate of increase x 100 years). Would probably
be more appropriate to use the 20th century rate x 80 years which would be
equivalent to a 1900-1980 trend (which can be compared to Mann et al
1902-1980) vs a 1900-2000 trend (which can't). Just checking...

Thanks,

mike
>X-Sender: rbradley@eclogite.geo.umass.edu
>X-Mailer: QUALCOMM Windows Eudora Pro Version 4.2.2
>Date: Wed, 23 May 2001 10:20:40 -0400
>To: mann@multiproxy.evsc.virginia.edu, mhughes@ltrr.arizona.edu
>From: "Raymond S. Bradley" <rbradley@geo.umass.edu>
>Subject: Fwd: Plots
>
>
>>Date: Wed, 23 May 2001 09:55:50 -0400
>>From: Frank Keimig <frank@geo.umass.edu>
>>X-Mailer: Mozilla 4.73 [en] (Win98; U)
>>X-Accept-Language: en,pdf
>>To: "Raymond S. Bradley" <rbradley@geo.umass.edu>
>>Subject: Plots
>>
>>Ray,
>>
>>There are 4 word docs attached, 1 for each century.  Each contains plots
>>for boreholes, Mann, and difference.  The 20th century doc also contains
>>the difference between instrumental (Jones) trends and borehole trends.
>>
>>--
>>Frank Keimig
>>Department of Geosciences
>>University of Massachusetts
>>Amherst, MA 01003
>>
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>>Fax: 
>>
>>
>>
>
>
>
>
>
>
>Raymond S. Bradley
>Professor and Head of Department
>Department of Geosciences
>University of Massachusetts
>Amherst, MA 01003-5820
>
>Tel: 
>Fax: 
>Climate System Research Center: 
>Climate System Research Center Web Page:
><http://www.geo.umass.edu/climate/climate.html>
>Paleoclimatology Book Web Site (1999):
>http://www.geo.umass.edu/climate/paleo/html
>
>

_______________________________________________________________________
                      Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml
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Diff. bet. 20th century Mann trends and borehole trends
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Borehole 18th century trends
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Borehole 19th century trends
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Diff. bet. 19th century Mann trends and borehole trends
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Borehole 17th century trends
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Diff. bet. 17th century Mann trends and borehole trends
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From: Raymond S. Bradley
To: mann@multiproxy.evsc.virginia.edu; mhughes@ltrr.arizona.edu
Subject: Fwd: Plots
Date: Wednesday, May 23, 2001 7:22:39 AM
Attachments: 20.doc

18.doc
19.doc
17.doc
Untitled attachment 00080.txt

>Date: Wed, 23 May 2001 09:55:50 -0400
>From: Frank Keimig <frank@geo.umass.edu>
>X-Mailer: Mozilla 4.73 [en] (Win98; U)
>X-Accept-Language: en,pdf
>To: "Raymond S. Bradley" <rbradley@geo.umass.edu>
>Subject: Plots
>
>Ray,
>
>There are 4 word docs attached, 1 for each century.  Each contains plots
>for boreholes, Mann, and difference.  The 20th century doc also contains
>the difference between instrumental (Jones) trends and borehole trends.
>
>--
>Frank Keimig
>Department of Geosciences
>University of Massachusetts
>Amherst, MA 01003
>
>Fax: 
>
>
>
>
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Borehole 2Gth century trends
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Diff. bet. 20th century Mann trends and borehole trends
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Borehole 18th century trends
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Diff. bet. 18th century Mann trends and borehole trends
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Borehole 19th century trends
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Borehole 17th century trends
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Untitled attachment 00080.txt
Raymond S. Bradley
Professor and Head of Department
Department of Geosciences
University of Massachusetts
Amherst, MA 01003-5820

Tel: 
Fax: 
Climate System Research Center: 
Climate System Research Center Web Page: 
<http://www.geo.umass.edu/climate/climate.html>
Paleoclimatology Book Web Site (1999): 
http://www.geo.umass.edu/climate/paleo/html

Page 1
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From: Michael E. Mann
To: Raymond S. Bradley
Cc: mann@multiproxy.evsc.virginia.edu; srutherford@virginia.edu; mhughes@ltrr.arizona.edu
Subject: Re: help!
Date: Tuesday, May 22, 2001 3:59:13 PM

HI Ray,

I think their standard errors are based on the uncertainties in their
regional averages (which they average to get a global mean) and not the
average over all boreholes.

A straight average of all their boreholes probably won't give the same
series that they show, we should probably produce an average borehole
series based on the average of their 4 (or 5, I forget) regions, as well as
from the straight average of the boreholes. This will be less
important when we grid the boreholes on a 5 x 5 degree grid, and then can
produce a hemispheric average the same way we do w/ the instrumental series
and our own reconstructions...

mike

At 06:11 PM 5/22/01 -0400, Raymond S. Bradley wrote:
>I have thoroughly confused myself this afternoon, playing with the
>borehole data set.  Here is what I found:
>
>MEAN TRENDS (n=616)
>1500s         1600s       1700s    1800s     1900s  Cumulative trend ~0.99
>0.035             0.073   0.135    0.22       0.525
>
>Standard deviations of trends (n=616)
>0.43           0.35     0.35        0.44              1.01
>
>Actually, all this is reasonably clear --if I did the calculations right.
>But looking at Huang et al 2000 they show (in Fig 2)  a standard error
>that increases back in time (as one might expect) to a maximum of ~0.1 in
>the 1500s.  But the actual borehole data has the SD of trend in each
>century more or less constant for the 1500s -1800s, then 2-3 times  larger
>in the 1900s....not at all what Huang et al have plotted.  n does not
>change (=616)...so what's going on?
>
>This all seems fishy.  Any ideas?
>Ray
>
>
>Raymond S. Bradley
>Professor and Head of Department
>Department of Geosciences
>University of Massachusetts
>Amherst, MA 01003-5820
>
>Tel: 
>Fax: 
>Climate System Research Center: 
>Climate System Research Center Web Page:
><http://www.geo.umass.edu/climate/climate.html>
>Paleoclimatology Book Web Site (1999):
>http://www.geo.umass.edu/climate/paleo/html
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>
>
>

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
          http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: Raymond S. Bradley
Cc: mann@multiproxy.evsc.virginia.edu; srutherford@virginia.edu; mhughes@ltrr.arizona.edu
Subject: Re: help!
Date: Tuesday, May 22, 2001 3:59:13 PM

HI Ray,

I think their standard errors are based on the uncertainties in their
regional averages (which they average to get a global mean) and not the
average over all boreholes.

A straight average of all their boreholes probably won't give the same
series that they show, we should probably produce an average borehole
series based on the average of their 4 (or 5, I forget) regions, as well as
from the straight average of the boreholes. This will be less
important when we grid the boreholes on a 5 x 5 degree grid, and then can
produce a hemispheric average the same way we do w/ the instrumental series
and our own reconstructions...

mike

At 06:11 PM 5/22/01 -0400, Raymond S. Bradley wrote:
>I have thoroughly confused myself this afternoon, playing with the
>borehole data set.  Here is what I found:
>
>MEAN TRENDS (n=616)
>1500s         1600s       1700s    1800s     1900s  Cumulative trend ~0.99
>0.035             0.073   0.135    0.22       0.525
>
>Standard deviations of trends (n=616)
>0.43           0.35     0.35        0.44              1.01
>
>Actually, all this is reasonably clear --if I did the calculations right.
>But looking at Huang et al 2000 they show (in Fig 2)  a standard error
>that increases back in time (as one might expect) to a maximum of ~0.1 in
>the 1500s.  But the actual borehole data has the SD of trend in each
>century more or less constant for the 1500s -1800s, then 2-3 times  larger
>in the 1900s....not at all what Huang et al have plotted.  n does not
>change (=616)...so what's going on?
>
>This all seems fishy.  Any ideas?
>Ray
>
>
>Raymond S. Bradley
>Professor and Head of Department
>Department of Geosciences
>University of Massachusetts
>Amherst, MA 01003-5820
>
>Tel: 
>Fax: 
>Climate System Research Center: 
>Climate System Research Center Web Page:
><http://www.geo.umass.edu/climate/climate.html>
>Paleoclimatology Book Web Site (1999):
>http://www.geo.umass.edu/climate/paleo/html
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From: Raymond S. Bradley
To: mann@multiproxy.evsc.virginia.edu; srutherford@virginia.edu; mhughes@ltrr.arizona.edu
Subject: help!
Date: Tuesday, May 22, 2001 3:15:22 PM

I have thoroughly confused myself this afternoon, playing with the borehole
data set.  Here is what I found:

MEAN TRENDS (n=616)
1500s         1600s       1700s    1800s     1900s  Cumulative trend ~0.99
0.035             0.073   0.135    0.22       0.525

Standard deviations of trends (n=616)
0.43           0.35     0.35        0.44              1.01

Actually, all this is reasonably clear --if I did the calculations right.
But looking at Huang et al 2000 they show (in Fig 2)  a standard error that
increases back in time (as one might expect) to a maximum of ~0.1 in the
1500s.  But the actual borehole data has the SD of trend in each century
more or less constant for the 1500s -1800s, then 2-3 times  larger in the
1900s....not at all what Huang et al have plotted.  n does not change
(=616)...so what's going on?

This all seems fishy.  Any ideas?
Ray

Raymond S. Bradley
Professor and Head of Department
Department of Geosciences
University of Massachusetts
Amherst, MA 01003-5820

Tel: 
Fax: 
Climate System Research Center: 
Climate System Research Center Web Page:
<http://www.geo.umass.edu/climate/climate.html>
Paleoclimatology Book Web Site (1999):
http://www.geo.umass.edu/climate/paleo/html
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From: Scott Rutherford
To: mhughes@ltrr.arizona.edu
Date: Tuesday, May 22, 2001 10:57:45 AM

Dear all,

From my notes yesterday here's what I have as the proposed plan of attack.

From Scott/Mike:

Our version of a borehole reconstruction with 1856-1980 as the
calibration period.
Our version of a borehole reconstruction with 1900-1980 as the
calibration period.
A combined borehole-multiproxy reconstruction with 1900-1980 as the
calibration period.
Data to Frank for trend mapping

Figures:

From Scott/Mike:
Time series plots of Huang, MBH98 with and without trees, new
borehole reconstruction (both traning periods) and the combined
borehole-multiproxy reconstruction

Time series plots showing 0-30° and 30-70° bands
Also, time series with spatial masks.

Maps of proxy contribution to the reconstruction (2-norm of the correlations)

Plot distrubution of century-scale trends for borehole data (the
symmetrical plot we looked at yesterday) and for multiproxy network
(on ftp, see below).

From Ray/Frank:
maps of the century scale trends for MBH98 versus Huang versus our
new borehole-based reconstruction

----------------------------------
Plots of century scale trends in the borehole and multiproxy data are
available via anonymous ftp at holocene.evsc.virginia.edu/pub/sdr/bh

For each time series the mean from 1900-1960 was removed then divided
by the standard deviation over the whole time series.  There are both
postscript and high resolution (300 dpi) pdf files available.

Let me know if I have the above correct or if you have questions on
the plots on the ftp site.

Regards,

Scott
--
______________________________________________
                      Scott Rutherford
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University of Virginia  University of Rhode Island
Environmental Sciences  Graduate School of Oceanography
Clark Hall                      South Ferry Road
Charlottesville, VA 22903       Narragansett, RI 02882
srutherford@virginia.edu        srutherford@gso.uri.edu
phone:    
fax:      
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From: Rob Harris
To: Michael E. Mann
Cc: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Subject: Re: synethetic borehole/model comparison?
Date: Monday, May 21, 2001 9:48:50 AM

Dear Mike,

Sorry for the late response.  I have just returned from a research cruise
off Costa Rica.

I think this is a great idea that could be explored quickly with existing
resources.  I would be excited to participate.  As you know I have gridded
the existing borehole data at a 5°x5° scale, and have been working
on an interpretation.  The results but they are a little messy and I not
yet firmed up an interpretation.  The sensitivity tests that you propose
would be very valuable in their own right and might provide the framework
for the interpretation I have been struggling with.  As you know
sensitivity of the temperature-depth profiles to climatic change has been a
somewhat contentious
issue and thus I think research in this area would be of interest to a
broad audience.

Let me know what your plans are.  Lets get started.

Regards
Rob

>HI Rob,
>
>Just has a workshop here on Climate of the Late Holocene. A very
>interesting question arose as people compared model simulations of past
>hemispheric temperature trends to the borehole and multiproxy estimates.
>Depending on what sensitivity you use in the model, the former or the
>latter provide a better fit.
>
>The question that arose is the following: do the predicted spatial patterns
>of past climate change show a similarity w/ the spatial patterns of changes
>in the boreholes? It struck me that this is perfect opportunity for your
>approach. We could take the surface temperature estimates for different
>gridpoints from the models and drive them into the ground using your
>approach, getting a spatial pattern of synthetic borehole profiles which we
>could match to the actual borehole profiles. We can of course do the same
>thing, as have discussed, w/ our multiproxy gridpoint reconstructions, and
>compare.
>
>Ray, Malcolm, and I all thought this would be a very interesting idea. If
>we were to pursue this, it would likely also involve collaboration w/
>Jonathan Overpeck. It would probably be prudent for us to consult, at some
>level, w/ Henry Pollack too, but I think your approach is far more natural
>for this comparison than Henry's.
>
>let us know what you think about this,
>
>mike
>
>_______________________________________________________________________
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>                      Professor Michael E. Mann
>           Department of Environmental Sciences, Clark Hall
>                       University of Virginia
>                      Charlottesville, VA 22903
>_______________________________________________________________________
>e-mail: mann@virginia.edu   Phone:    FAX: 
>        http://www.evsc.virginia.edu/faculty/people/mann.shtml

__________________________________
Robert N. Harris
Assistant Professor (Instructor)
University of Utah
Dept. of Geology and Geophysics
135 S 1460 E, Rm 719
Salt Lake City, UT 84112-0111

Phone:  
Lab:    
Fax:    
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From: Michael E. Mann
To: rnharris@mines.utah.edu
Cc: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Subject: synethetic borehole/model comparison?
Date: Friday, April 20, 2001 11:32:35 AM

HI Rob,

Just has a workshop here on Climate of the Late Holocene. A very
interesting question arose as people compared model simulations of past
hemispheric temperature trends to the borehole and multiproxy estimates.
Depending on what sensitivity you use in the model, the former or the
latter provide a better fit.

The question that arose is the following: do the predicted spatial patterns
of past climate change show a similarity w/ the spatial patterns of changes
in the boreholes? It struck me that this is perfect opportunity for your
approach. We could take the surface temperature estimates for different
gridpoints from the models and drive them into the ground using your
approach, getting a spatial pattern of synthetic borehole profiles which we
could match to the actual borehole profiles. We can of course do the same
thing, as have discussed, w/ our multiproxy gridpoint reconstructions, and
compare.

Ray, Malcolm, and I all thought this would be a very interesting idea. If
we were to pursue this, it would likely also involve collaboration w/
Jonathan Overpeck. It would probably be prudent for us to consult, at some
level, w/ Henry Pollack too, but I think your approach is far more natural
for this comparison than Henry's.

let us know what you think about this,

mike

_______________________________________________________________________
                      Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm K. Hughes
Cc: mann@virginia.edu
Subject: Re: Evolutive MTM spectrum
Date: Tuesday, April 10, 2001 8:18:44 PM

Hi Malcolm,

Off tomorrow for a few days. But did get the file in readable format. Looks
very interesting. What is the window width for reference? I wonder what the
pattern looks like if you use double the window width (say 1500 years or
so, perhaps?). One possibility worth checking for: is there any kind of
discontinuity or spike in the time series near 5000 BP? That would generate
enhanced variability at all frequencies. Is there enhanced variability at
higher frequencies than what is shown (ie, greater than 0.1) at that time?
It does look like there
is a trend in interannual variance over the length of the time series.

one thing that might be worth plotting: the ratio of the standard deviation
in the ENSO band (3-10 year period) divided by the total variance, in a
moving window over the time series. That would clearly show trends in
overall amplitude of ENSO variability.

I'll be happy to try to view any uupdated results, from the road.

Talk to you later,

mike

At 05:59 PM 4/10/01 -0700, you wrote:
>Dear Mike - I ran the best version of the Methuselah Walk 8700-year
>bristlecone
>pine through your MTM evolutive spectrum. I'm interested in ENSO - bank
>stuff,
>and had already run spectra on 1000-year blocks. I have placed the graphic of
>the spectrum at
>http://www.ltrr.arizona.edu/~mhughes
>in a folder called 'Mike Mann'. The spectrum is in a Powerpoint file, which I
>hope you can read. I'd be very grateful for your comments on this, as I am
>toying with the idea of talking about it next week. THere seems to be a
>burst of
>ENSO band activity in the 5th and 6th millennia BC, with a secondary bust
>around
>1000 BC, although this is limited largely to the 2-3.5 band, with little
>action
>around 5 years.
>CHeers, MAlcolm
>Professor Malcolm K. Hughes
>Laboratory of Tree-Ring Research
>W.Stadium 105
>University of Arizona
>Tucson, AZ 85721
>phone 520-621-6470
>fax 520-621-8229

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
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                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
          http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: rbradley@geo.umass.edu; p.jones@uea.ac.uk; tom@ocean.tamu.edu; mhughes@ltrr.arizona.edu
Cc: mann@virginia.edu
Subject: "medieval climatic optimum" and "little ice age"
Date: Friday, February 16, 2001 8:51:41 AM
Attachments: littleiceage.pdf

medclimopt.pdf
Untitled attachment 00071.txt

Dear all,

Thought you'd be interested in these two page proofs, for McCracken's new
Enyclopedia of Environmental Science (due out this year),

mike
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Medieval Climatic Optimum

Michael E Mann
University of Virginia, Charlottesville, VA, USA

The Medieval Climatic Optimum (also known as the Little Climatic
Optimum, Medieval Warm Period, or Medieval Warm Epoch)
refers to a period of climatic history during which temperatures in
Europe and neighboring regions of the North Atlantic are believed
to have been comparable to, or to have even exceeded, those of the
late 20th century. This period is conventionally believed to have
occurred from approximately 900–1300 AD, terminating with the
more moderate conditions of the 15th century, and the Little Ice
Age (seeLittle Ice Age, Volume 1 which impacted Europe dur-
ing the 16th–mid 19th centuries. The Medieval Climatic Optimum
appears to have been in large part a feature of the North Atlantic
and neighboring regions (Wigley, T M L, Ingram, M J, Farmer, G
1981 Past Climates and their Impact on Man: a Review, inCli-
mate and History, eds T M L Wigley, M J Ingram and G Farmer,
Cambridge University Press, NY, 3–50) Indeed, when Lamb, H H
(1965) The Early Medieval Warm Epoch and its Sequel,Palaeo-
geogr., Palaeoclimatol., Palaeoecol., 1, 13–37, coined the term
Medieval Warm Epoch it was based on evidence largely from
Europe and parts of North America. Regional temperature patterns
elsewhere over the globe show equivocal evidence of anomalous
warmth (see Wigley, T M L, Ingram, M J, Farmer, G 1981 Past
Climates and their Impact on Man: A Review, inClimate and His-
tory, eds T M L Wigley, M J Ingram and G Farmer, Cambridge
University Press, NY, 3–50; Hughes, M K, and Diaz, H F 1994
was there a Medieval Warm Period and if so, Where and When?,
Climatic Change, 26, 109–142.) and, as Lamb, H H (1965) The
Early Medieval Warm Epoch and its Sequel,Palaeogeogr., Palaeo-
climatol., Palaeoecol., 1, 13–37, noted, episodes of both cooler
as well as warmer conditions are likely to have punctuated this
period.

It is evident that Europe experienced, on the whole, rela-
tively mild climate conditions during the earliest centuries
of the second millennium (i.e., the early medieval period).
Agriculture was possible at higher latitudes (and higher ele-
vations in the mountains) than is currently possible in many
regions, and there are numerous anecdotal reports of espe-
cially bountiful harvests (e.g., documented yields of grain)
throughout Europe during this interval of time. Grapes are
argued to have grown in England several hundred kilome-
ters north of their current limits of growth, and subtropical
flora such as fig trees and olive trees grew in regions of
Europe (northern Italy and parts of Germany) well north of
the current range. Geological evidence indicates that moun-
tain glaciers throughout Europe retreated substantially at
this time, relative to the glacial advances of later centuries

(Grove and Switsur, 1994). A host of historical docu-
mentary proxy information such as records of frost dates,
freezing of water bodies, duration of snowcover, and phe-
nological evidence (e.g., the dates of flowering of plants)
indicates that severe winters were less frequent and less
extreme at times during the period from about 900–1300
AD in central Europe. Lamb (1965) concluded that winters
in Europe were less severe, and summers far dryer, during
the interval from AD 1080–1200. Farther south in the sub-
tropical North Atlantic, there is also evidence for warmer
sea surface temperatures during Medieval times (Keigwin,
1996).

Some of the most dramatic evidence for Medieval
warmth has been argued to come from Iceland and Green-
land (see Ogilvie, 1991). In Greenland, the Norse settlers,
arriving around AD 1000, maintained a settlement, rais-
ing dairy cattle and sheep. Greenland existed, in effect, as
a thriving European colony for several centuries. While a
deteriorating climate and the onset of the Little Ice Age is
broadly blamed for the demise of these settlements around
AD 1400, the best evidence suggests that it was a combina-
tion of societal factors and trade relationships with mainland
Europe, probably influenced by a variety of seasonal cli-
matic changes which were occurring throughout the North
Atlantic region, rather than any simple local cooling trend,
which led to the collapse of Norse colonies in Greenland,
(see McGovern, 1981, and also seeLittle Ice Age, Vol-
ume 1 discussion).

Although Lamb (1965) did not argue for a globally-
synchronous warm period, his characterization has often
been taken out of context, and used to argue for global-
scale warmth during the early centuries of the millennium
comparable to or greater than that of the latter 20th century.
The best available evidence does not support such a notion.
Outside of Europe and other regions neighboring the North
Atlantic, the evidence for a Medieval Warm Period is inde-
terminate, at best (see Hughes and Diaz, 1994). Even those
regions which appear to have experienced greater warmth
exhibited it at quite different times. Indirect estimates of
temperatures over the globe (based on proxy climate indica-
tors such as tree rings, ice cores, and ocean sediments, and
in certain regions, human documentary and phenological
evidence – seeLittle Ice Age, Volume 1, Figure 2) pro-
vide an estimate of the considerable regional variations in
timing of cold and warm periods around the globe dur-
ing the Medieval period. Estimates of long-term changes in
Central England temperatures (the basis, in large part, for
the original definition of the Medieval Warm Period) sug-
gest warmth during the period from about AD 1150–1350
(though the reliability of these estimates has been called into
question – see Hughes and Diaz, 1994). In contrast, esti-
mates of temperatures in Western Greenland from ice cores
(relevant to the earlier discussion of the Norse coloniza-
tion of Greenland) suggest anomalous warmth locally only
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around AD 1000 (and to a lesser extent, around AD 1400),
and in fact, quite cold temperatures during the latter part
of the 11th century. The seasonality of this warmth (e.g.,
winter or summer) indicated by such proxy information is
however not clear. Estimates of both sea surface tempera-
tures in the subtropical North Atlantic from sediment cores
and tree rings from Scandinavia and Eastern China imply
unusually warm conditions only during the 11th and early
12th centuries. There is no evidence of unusual warmth in
either tree-ring estimates of western North American tem-
peratures or ice-core based estimates of temperature in the
tropical Andes of South America.

Figure 1 compares estimated temperature variations for
the Northern Hemisphere on the whole (based on com-
bined temperature information over the globe from indirect
sources) with estimated temperature trends in Central Eng-
land alone. Northern Hemisphere annual mean temperatures
(Mann et al., 1999) and extratropical summer tempera-
tures (Joneset al., 1998), suggest only slightly warmer
temperatures (a couple tenths of a°C) during the period
AD 1000–1400 relative to the later, colder period AD
1400–1900 (the latter associated with the Little Ice Age).
Moreover, unlike European temperatures that indeed indi-
cate a distinct warm phase earlier in the millennium, the
large-scale trend represents a relatively monotonic long-
term cooling. The less variable long-term fluctuations in
temperature for the entire Northern Hemisphere, result from
the fact that the timing of cold and warm periods, so highly
variable from region to region, tend to cancel in a hemi-
spheric average. If one were to define hemispheric cold
and warm periods during the past millennium by mod-
ern standards, only the 20th century could be termed a
warm period, the period AD 1000–1400 a moderately warm
period, and the period 1400–1900 a moderately cold period.
Evidence for the Southern Hemisphere is far sketchier, and
it is difficult as yet to reach any confident conclusions,
although estimates of Southern Hemisphere temperatures
(Joneset al., 1998), uncertain as they are owing to the
small amount of available information, show no evidence
of a Medieval Climatic Optimum.

Thus, current evidence does not support the notion of
a Medieval Climatic Optimum as an interval of compara-
ble hemispheric or global warmth to the latter 20th cen-
tury. Astronomical climate forcing may have contributed
to a long-term cooling trend throughout the second mil-
lennium that terminated in the 20th century. Increased
northward heat transport by an accelerated Atlantic thermo-
haline ocean circulation during Medieval times may have
emphasized the North Atlantic and neighboring regions, as
the warmest temperatures were evident in either Europe
or neighboring the North Atlantic (albeit at notably vary-
ing times within the broader period of AD 900–1300). A
variety of factors thus may have contributed to both the
moderate warmth of the Northern Hemisphere and the more

Medieval climatic
optimum
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Figure 1 Estimated temperature variations during the
past millennium for (1) the entire Northern Hemisphere
estimated for the annual mean over the entire hemisphere
(solid – Mann et al., 1999) and over the extratropical region
during the warm season (dashed – Jones et al., 1998)
based on global databases of proxy climate indicators,
and (2) central England, based on a combination of ther-
mometer, historical and proxy data records from central
England (Lamb, 1965). Horizontal dashed lines indicate the
moderately different Northern Hemisphere annual mean
temperatures during the periods AD 1000–1400, and AD
1400–190

sizeable and distinct North Atlantic/European warming dur-
ing the early centuries of the second millennium.
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Little Ice Age

Michael E Mann
University of Virginia, Charlottesville, VA, USA

The term Little Ice Age was originally coined by Matthes, F
(1939) Report of Committee on Glaciers,Trans. Am. Geophys.
Union, 20, 518–535 to describe the most recent 4000 year cli-
matic interval (the Late Holocene) associated with a particularly
dramatic series of mountain glacier advances and retreats, analo-
gous to, though considerably more moderate than, the Pleistocene
glacial fluctuations. This relatively prolonged period has now
become known as the Neoglacial period. The term Little Ice Age
is, instead, reserved only for the most extensive recent period of
mountain glacier expansion and is conventionally defined by the
16th–mid 19th century period during which European climate was
most strongly impacted. This period begins with a trend towards
enhanced glacial conditions in Europe following the warmer con-
ditions of the so-called medieval warm period or medieval climatic
optimum of Europe (seeMedieval Climatic Optimum), and ter-
minates with the dramatic retreat of these glaciers during the
20th century. While there is evidence that many other regions
outside Europe exhibited periods of cooler conditions, expanded
glaciation, and significantly altered climate conditions, the tim-
ing and nature of these variations are highly variable from region
to region, and the notion of the Little Ice Age as a globally syn-
chronous cold period has all but been dismissed (Bradley, R S,
and Jones, P D (1993) ‘Little Ice Age’ Summer Temperature Vari-
ations: their Nature and Relevance to Recent Global Warming
Trends, Holocene, 3, 367–376; Mann, M E, Bradley, R S, and
Hughes, M K (1999) Northern Hemisphere Temperatures during
the Past Millennium: Inferences, Uncertainties, and Limitations,
Geophys. Res. Lett., 26, 759–762). If defined as a large-scale
event, the Little Ice Age must instead be considered a time of mod-
est cooling of the Northern Hemisphere, with temperatures drop-
ping by about 0.6°C during the 15th–19th centuries (Bradley, R S,
and Jones, P D (1993) ‘Little Ice Age’ Summer Temperature Vari-
ations: their Nature and Relevance to Recent Global Warming
Trends, Holocene, 3, 367–376; Jones, P D, Briffa, K R, Bar-
nett, T P, and Tett, S F B (1998) High-resolution Palaeoclimatic
Records for the Last Millennium: Interpretation, Integration and
Comparison with General Circulation Model Control Run Tem-
peratures,Holocene, 8, 477–483; Mann, M E, Bradley, R S, and
Hughes, M K (1998) Global-scale Temperature Patterns and Cli-
mate Forcing Over the Past Six Centuries,Nature,392, 779–787;
Mann, M E, Bradley, R S, and Hughes, M K (1999) Northern
Hemisphere Temperatures During the Past Millennium: Infer-
ences, Uncertainties, and Limitations,Geophys. Res. Lett., 26,
759–762).

Human documentary accounts of dramatic mountain glacier
retreats and advance during past centuries, widespread

historical documentation of weather conditions (e.g., Pfister,
1995, 1998) and even a handful of several centuries-long
thermometer measurements (e.g., Bradley and Jones, 1993)
provide incontrovertible evidence of the occurrence of the
Little Ice Age in Europe and other regions neighboring the
North Atlantic during the 16th–19th centuries. This cli-
matic era has, in fact, been pictorially captured in paintings
detailing the greatly expanded range of various mountain
glaciers in the French and Swiss Alps during past cen-
turies. The juxtaposition of such early artists’ renderings
of such glaciers against their modern photographic coun-
terparts, provides a particularly graphic illustration of the
dramatic climatic changes associated with the Little Ice Age
in Europe (Figure 1).

These dramatic glacial advances often had important
practical consequences for nearby human populations. In
the Chamonix valley near Mont Blanc, France, numerous
farms and villages were lost to the advancing front of a
nearby mountain glacier. The damage was so threatening
that the villagers summoned the Bishop of Geneva to per-
form an exorcism of the dark forces presumed responsible
(this procedure, as most human attempts at weather mod-
ification, does not appear to have been successful). Such
societal threats were common during the late 17th and early
18th centuries, as many glaciers expanded well beyond their
previous historical limits. Colder conditions combined with
altered patterns of atmospheric circulation appear to be tied
to the prevalent crop failures in the more northern areas
of Europe of the time. There are widespread reports of
famine, disease, and increased child mortality in Europe
during the 17th–19th century that are probably related, at
least in part, to colder temperatures and altered weather
conditions. Certainly, not all consequences of the associ-
ated climate changes were deleterious for European society.
In London, the freezing of the Thames River, common-
place during the era, was celebrated with a winter carnival.
The colder climate, furthermore, appears to have served as
inspiration for writers of the time. The greater frequency
of cold, icy winters sentimentally framed author Charles
Dickens’ notion of the old-fashioned white Christmas. The
unusually cold summer of 1816 (the year without a sum-
mer – see discussion herein) forced Mary Shelley to spend
her summer vacation at Lake Geneva indoors, where she
and her husband entertained each other with horror stories,
one of which resulted in her writing the novel Frankenstein
(see Le Roy Ladurie, 1971).

The Little Ice Age may have been more significant
in terms of increased variability of the climate, rather
than changes in the average climate itself. The most dra-
matic climate extremes were less associated with prolonged
multiyear periods of cold, than with year to year temper-
ature changes, or even particularly prominent individual
cold spells, and these events were often quite specific to
particular seasons. In Switzerland, for example, the first
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Figure 1 A portrait of the Argentiere glacier in the French Alps from an etching made between 1850 and 1860 just
prior to its dramatic withdrawal, and a modern photograph of the glacier from a similar vantage point taken in 1966.
(Reproduced by permission of Doubleday and Company, Inc, from Le Roy Ladurie, E, 1971 (Plates XXI and XXII))

particularly cold winters appear to have begun in the
1550s, with cold springs beginning around 1568, and 1573
was the first unusually cold summer (Pfister, 1995). The
increased variability of the climate may have led to alterna-
tions between unusually cold winters and relatively warm
summers. A severe winter preceded the hot summer that
precipitated the Great Fire of London in 1666. A harsh
winter followed by a warm summer may have added to the
discontent of peasants who stormed the Bastille in Paris
during the summer of 1789.

The cooling of the Little Ice Age has frequently been
blamed for the demise of Norse settlements in Green-
land that had been established during the early centuries
of the second millennium. This premise appears, however,
to have only limited validity. Expanded sea ice extent in
the North Atlantic certainly created problems for fisher-
men in Iceland and Scandinavia, and for the Norse settle-
ments in Iceland and Greenland. Increased winter sea-ice
cover closed off previously accessible trade routes between
Scandinavia and Greenland during the late 14th century,
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LITTLE ICE AGE 3

cutting off trade with mainland Europe, upon which the
Norse settlements relied. The collapse of Norse colonies
in Greenland, however, represented a complex reaction to
changing climate conditions (including seasonal precipita-
tion/snowfall as well as temperature patterns), and their
interaction with societal dynamics, and cannot be under-
stood simply in terms of a lowering of temperatures in the
region. In fact, as discussed below, temperature variations
in western Greenland in past centuries bear only a limited
resemblance to those in Europe, which conventionally have
best defined the Little Ice Age.

Outside of the North Atlantic region, the large-scale sig-
nature of the Little Ice Age becomes even less clear. Unlike
the true ice ages of the Pleistocene, which were marked by a
clear global expression, associated with dramatic growth of
all the major continental ice sheets, and a substantial lower-
ing of global temperatures (probably 2–3°C below current
levels) the available evidence does not support the existence
of a continuous period of cooler global temperature syn-
chronous with cold conditions in Europe. What evidence is
available suggests, instead, generally colder conditions any-
where from the 13th through 19th century, quite variable in
timing from region to region, and in most cases punctuated
with intermittent periods of warmth (see Bradley and Jones,
1993; Pfister, 1995). Direct indications of climate variability
(e.g., long thermometer measurements or reliable historical
documentary records) are rarely available outside Europe
and neighboring regions. There are some long instrumen-
tal climate records in North America dating back to the
mid 18th century and historical information exists in the
form of documentary evidence from parts of Canada and the
northeastern US from early European settlers, and anecdotal
reports from Native Americans in western North America.
Such evidence gives a mixed picture of the expression of
the Little Ice Age in North America. For example, the 17th
century, the coldest century in Europe, does not appear to
have been unusually cold in North America. By contrast,
during the 19th century, as Europe was recovering from
Little Ice Age conditions, North America was experienc-
ing some of its coldest temperatures. There are reports,
for example, that New York harbor froze over during this
period of time. There is also some long-term human doc-
umentary evidence of climate change in Russia and China
that provide yet a different picture of temperature varia-
tions in past centuries from that of Europe (see Bradley
and Jones, 1993 and references therein).

There is geological information from the position of
moraines or till left behind by receding glaciers that provide
a more global, albeit indirect, picture of the advances (and,
less precisely, the retreats) of mountain glaciers. Such evi-
dence suggests, for example, increased glaciation in certain
regions of the world outside Europe prior to the 20th cen-
tury, including Alaska in North America, and New Zealand
and Patagonia in the Southern Hemisphere (see Grove,

1988). However, the precise timing of glacial advances in
these regions (and even between the western and eastern
Alps) differs considerably from region to region, suggesting
the possibility that they represent roughly coincident, but
independent regional climate changes, rather than globally
synchronous increased glaciation. Owing to the complex
balance between local changes in melting and ice accumu-
lation, and the effects of topography, all of which influence
mountain glacier extent, it is difficult to ascertain the true
nature of climate change simply from evidence of retreat of
mountain glaciers alone. For example, both increased win-
ter precipitation (through greater accumulation) and lower
summer temperatures (through decreased melting or abla-
tion) can lead to increases in glacial mass. Furthermore, the
inertia of large glaciers dictates that they respond relatively
slowly, and with delays of decades to centuries, in response
to any contemporaneous climate changes.

Other information is thus necessary to assess the global-
scale climate variations of past centuries. A variety of other
types of information is fortunately available, to help provide
a truly global-scale picture of climate change during past
centuries (Bradley and Jones, 1993). These include the few
long-term historical documentary records (particularly out-
side Europe), supplemented by proxy climate records such
as growth and density measurements from tree rings, lami-
nated sediment cores, annually resolved ice cores, isotopic
indicators from corals, and long-term ground temperature
trends from borehole data. While these indirect measure-
ments of climate change vary considerably in their reliabil-
ity as indicators of long-term temperatures (varying in the
degree of influence by non-climatic effects, the seasonal
nature of the climate information recorded, and the extent
to which the records have been verified by comparison with
independent data), they are, nonetheless, essential for docu-
menting global-scale patterns of temperature change in past
centuries.

Comparing temperature estimates over the Northern
Hemisphere and globe during past centuries from these
different sources provides considerable insight into the
regional variability and extent of the Little Ice Age
(Figure 2). Slightly preceding the increased growth of
mountain glaciers across Europe during the 17th–19th
centuries is evidence of a depression of temperatures
in the region (Central England – panel e) relative to
modern levels by approximately 0.4°C during the period
1500–1800 and by more than 0.6°C during the 17th
century period of peak cold. The conclusion that the region
exhibited its coldest conditions during the 17th century,
and began warming significantly during the 19th century,
is independently confirmed from tree ring reconstructions
of European summer temperatures (see Joneset al., 1998).
A Little Ice Age is not as plainly evident in temperature
estimates for Western Greenland (panel d), reinforcing the
notion that the collapse of Norse civilization in Greenland
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Figure 2 Estimated relative temperature variations during the past millennium for different regions. The records have
been smoothed to emphasize century and longer-term variations. (a) Northern Hemisphere mean temperatures as
estimated for the annual mean over the entire hemisphere (solid – Mann et al., 1998; 1999) and over the extratropical
region during the warm season (dashed – Jones et al., 1998) based on global databases of proxy climate indicators,
(b) tree ring data from western North America, (c) sediment record from the Sargasso Sea of the tropical North Atlantic,
(d) ice cores from western Greenland, (e) a combination of thermometer, historical and proxy data records from central
England, (f) tree ring data from Fennoscandia, (g) phenological evidence from eastern China and (h) ice core data from the
tropical Andes of South America. Temperature scale is in °C for (a) and (e), and indicates relative temperature variations
otherwise. Panel (e), which best defines the European Little Ice Age, is highlighted, with the large rectangle indicating
more broadly the consensus among regions of the coldest period

was not simply a response to cooling temperatures.
Temperature trends in Scandinavia (panel f) show some
similarities with both those of Greenland and central
England, further emphasizing the importance of regional
variation in temperature trends over the past few centuries
even in the North Atlantic and neighboring regions. In
fact, the Little Ice Age appears to have been most clearly
expressed in the North Atlantic region in terms of altered
patterns of polar atmospheric circulation. Such altered
patterns of circulation likely impacted seasonal snowfall
patterns in a way that the Norse could not easily adapt to,
and may explain differences between temperature variations

in Europe and those in Iceland and Greenland. For example,
the winter of 1833/1834, an unusually warm winter in
central Europe, appears to have been associated with
dramatic changes in storm tracks over Europe, consistent
with colder than normal conditions evident in Iceland that
same year. While the 17th century appears to represent the
timing of peak cooling in Europe, the 19th century was
more clearly the period of peak cold in North America
(panel b). In both the subtropical North Atlantic (panel c)
and the tropical Andes of South America (panel h), peak
cooling is evident during the 17th and 18th centuries.
Even farther afield in eastern China (panel g), there is
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less evidence of any distinct cold period during the latter
centuries of the millennium, with temperatures, rather,
relatively uniformly depressed from about AD 1100–1800.

Some of the regional variability evident during the Lit-
tle Ice Age can be understood in terms of changes in
atmospheric circulation patterns. Such patterns, particularly
the North Atlantic oscillation (seeNorth Atlantic Oscilla-
tion) – the dominant mode of atmospheric circulation vari-
ation in the North Atlantic and neighboring regions – have
a particularly strong influence on winter temperatures in
Europe. While the coldest year overall in Europe, 1838,
was indeed one of the coldest over much of the North-
ern Hemisphere (the late 1830s were generally quite cold,
perhaps due to the effects of the large volcanic eruption in
Coseguina, Nicaragua during 1835 – see discussion herein),
conditions were, nonetheless, relatively mild over signifi-
cant portions of Greenland and Alaska. In fact, unusually
cold, dry winters in central Europe (e.g., 1–2°C below
normal during the late 17th century) appear to have been
associated with the flow of continental air from the north-
east towards western Russia and Europe, conditions which,
along with warmer than normal temperatures in Greenland
and other regions, are consistent with the positive phase of
the North Atlantic oscillation. Warmer than normal winters
in Europe, and cooler than normal temperatures in Green-
land, tend to arise during the opposite phase.

While the peak maximum cooling occurred at quite
different times throughout the Northern Hemisphere, an
overall pattern does emerge when one composites regional
variations into an estimate of large-scale mean tempera-
ture changes (see Mannet al., 1998, 1999; Joneset al.,
1998). For the Northern Hemisphere on the whole (both
and annual mean and extratropical summer – see Figure 2,
panel a), the period 1400–1900 appears to have been mod-
erately cooler (approximately 0.3°C) than the earlier period
1000–1900 AD, and about 0.8°C colder than the late 20th
century. Following the cold late 15th century, the 17th and
19th centuries appear as the coldest centuries within this
period (although, as discussed above, the spatial pattern
of this cooling is quite distinct for the two periods). If
one wishes to define the Little Ice Age proper as a time
of large-scale cooling, it must be defined as a period of
only moderately cooler Northern Hemisphere temperatures
from about 1400–1900 (see Figure 2), preceding the rapid
warming of the 20th century. For the Southern Hemisphere,
evidence for a comparable Little Ice Age is far more diffuse
(e.g., Joneset al., 1998).

The existence of the Little Ice Age (whether defined
by the particularly cold conditions in Europe during the
16th–18th centuries, or the more modest large-scale cooling
of the 15th–19th centuries) invites questions as to what
factors may have led to such a cooling.

This unusual period in climate history occurred before the
likely influence of human activity (e.g,. the burning of fossil

fuels associated with the industrial revolution). Though
some of the long-term cooling of the climate prior to the
20th century might have been associated with astronomical
factors, such factors cannot explain the pronounced and
relatively short-duration cooling observed in many regions.

The explanation for the Little Ice Age must thus lie
in other natural causes, whether associated with external
forces, or internal noise in the climate system. The injection
of sunlight-reflecting sulfate aerosols by explosive volcanic
eruptions, for example, may be responsible for some of
the cooling of the early and mid 19th century in particular
(see Leanet al., 1995; Mannet al., 1998). A prominent
example is the 1815 eruption of Tambora in Indonesia
that is typically blamed for the year without a summer.
While parts of eastern North America and Europe experi-
enced notable cooling, the observation that other regions,
including the western US and the Middle East, appear, in
fact, to have been warmer than usual is consistent with a
hypothesized relationship between volcanic forcing of cli-
mate and the response of the North Atlantic oscillation.
The longer-term variations, and in particular cooler tem-
peratures during the 17th century and warmer temperatures
during the 18th century were likely to have been related
to a concomitant increase in solar output by the sun by
approximately 0.25% following the Maunder Minimum of
the 17th century (Leanet al., 1995; Mannet al., 1998).
Finally, changes in the ocean circulation (e.g., the Gulf
Stream) of the North Atlantic, and associated impacts on
North Atlantic storm tracks, may have emphasized temper-
ature changes in Europe. The relative influences of these
various external and internal factors on climate change dur-
ing past centuries are an area of active climate research.
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From: Michael E. Mann
To: Raymond S. Bradley
Cc: mann@multiproxy.evsc.virginia.edu; mhughes@ltrr.arizona.edu; frank@geo.umass.edu
Subject: Re: boreholes
Date: Friday, January 05, 2001 9:00:22 AM

HI Ray,

A few quick thoughts.

I agree w/ your view on how the borehole trends need to be adjusted. I think
the end point of the borehole trend has to remain fixed (aligned with
the latter 20th century instrumental record, perhaps the 1990s mean or
so), and then only the trend back in time adjusted, based on the way
they did that.

Phil emphasizes that the agreement w/ the CET is probably only because
any land usage changes in that region occured well before the start
of the comparison--NOT true for North America.

The borehole/MBH temp recon reconstruction, w/ different adjustments
that I showed in the AMQUA abstract also appears in a paper I was
invited to write for "Weather" which  in now in press
(sending off the galleys today!):

Mann, M.E., Climate During the Past Millennium, Weather, in press.

which is a more appropriate ref than the AMQUA abstract.

I also talked to Hugh Beltrami last month at AGU, and he seems skeptical
of the Pollack approach. He was doing this kind of stuff (combining
boreholes and dendro records) some time ago, before it was the fashion,
and I think he has some good ideas.

Rob Harris and I are working on some comparisons also now of the Pollack
data w/ the MBH reconstructions, and I'll keep you posted of what we find.

talk to you later,

mike
At 10:51 AM 1/5/01 -0500, Raymond S. Bradley wrote:
>I've reviewed what I did earlier on boreholes--all very interesting, but
>I'm not certain at this point if it is worth a dedicated paper. I will say
>a paragraph or two about it in the synthesis chapter I'm writing for the
>PAGES synthesis book, but the analysis we have done so far does not come to
>any real "conclusion", except to say that the two data sets don't
>agree.  In that sense, I don't feel that we have a very satisfactory,
>self-contained paper..  Read this & then let me know what you think...
>What we have got at this point is basically:
>A comparison of borehole data spatially (maps of trends at co-located grid
>boxes, Mann et al. v. Huang & Pollack) plus maps of differences, by century.
>Trends, averaged regionally, by century (from Mann et al) to compare with
>those in Huang & Pollack
>A few other figs showing that if you arbitrarily reduce Pollack's 20th
>century trends, you can align (sort of) the overall trends in Mann et al &
>Huang & Pollack...
>One puzzling thing that I discovered in reviewing the file was a note from
>Phil Jones about a short paper (in Progress in Physical Geography) in which
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>he compared borehole data from England with Manley's CET record -- & a
>similar comparison with European data.  He shows that in this "detailed"
>comparison the two series are almost identical....BUT, he notes that he
>adjusted upwards the Huang & Pollack data by 0.2C ("to correct for the
>difference between their supposed 2000 value and my base of 1961-90.  This
>is the reverse of what they did").  He goes on that "you should add a
>little more, probably 0.32C as your base of 1902-80 is 0.12C cooler than
>1961-90"
>I don't think this is right at all.  The H & P data are trends for each
>century, concatenated backwards from the 20th century trend line.  They
>assume that each borehole record (whenever it was logged) represents the
>"20th century".  I think you can only compare these data and ours by
>computing a similar trend (I would say from 1900-1980, to exclude the 1990s
>when few boreholes were logged).  You must then "start" the plot at the
>same point--not adjusting either one up or down, as it is the trend not the
>reference period that is relevant here.
>Am I right?
>Unfortunately, if I am right, (which is, by the way, what we've been doing
>all along...) it does not help, as it is mainly in the 20th century that H
>& P's trends are way off ours.  As we have shown (& I think Mike included
>this in his AMQUA Abstract) if you just arbitrarily reduce that value,
>things line up a lot better (optimally a 50% reduction in the 20th century
>& a 33% reduction in the 19th century).  But I don't think it is a simple
>thing to do that, as the differences in trend (regionally) in the 20th
>century are variable--in some places we have stronger (+) trends than H &
>P...(e.g the W. US which is where Skinner & Majorovic found anomalous
>values too....).  But if we ascribe such differences to land-use or snow
>cover changes, it begs the question as to why we don't see any effect of
>these changes on air temperature too...
>
>In short, while there are a number of interesting aspects to this, I'm not
>sure in toto that there is enough here for a paper.  What is needed, as
>Hugo Beltrami said to me is to extract proxy data for sites comparable to
>the borehole records, then "multiply the proxy data by the model resolution
>matrix [from the geothermal data inversion]"...to obtain a series of proxy
>data that are directly comparable with ground temperature history from
>geothermal data.  Hugo did this for some northern sites, but it has not yet
>been done worldwide.  It may not make any difference...but that's a useful
>direction in which to go...
>Any thoughts?
>
>Ray
>PS 

>
>
>Raymond S. Bradley
>Professor and Head of Department
>Department of Geosciences
>University of Massachusetts
>Amherst, MA 01003-5820
>
>Tel: 
>Fax: 
>Climate System Research Center: 
>Climate System Research Center Web Page:
><http://www.geo.umass.edu/climate/climate.html>
>Paleoclimatology Book Web Site (1999):
>http://www.geo.umass.edu/climate/paleo/html
>
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                    Professor Michael E. Mann
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_______________________________________________________________________
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From: Raymond S. Bradley
To: mann@multiproxy.evsc.virginia.edu; mhughes@ltrr.arizona.edu; frank@geo.umass.edu
Subject: boreholes
Date: Friday, January 05, 2001 8:51:56 AM

I've reviewed what I did earlier on boreholes--all very interesting, but
I'm not certain at this point if it is worth a dedicated paper. I will say
a paragraph or two about it in the synthesis chapter I'm writing for the
PAGES synthesis book, but the analysis we have done so far does not come to
any real "conclusion", except to say that the two data sets don't
agree.  In that sense, I don't feel that we have a very satisfactory,
self-contained paper..  Read this & then let me know what you think...
What we have got at this point is basically:
A comparison of borehole data spatially (maps of trends at co-located grid
boxes, Mann et al. v. Huang & Pollack) plus maps of differences, by century.
Trends, averaged regionally, by century (from Mann et al) to compare with
those in Huang & Pollack
A few other figs showing that if you arbitrarily reduce Pollack's 20th
century trends, you can align (sort of) the overall trends in Mann et al &
Huang & Pollack...
One puzzling thing that I discovered in reviewing the file was a note from
Phil Jones about a short paper (in Progress in Physical Geography) in which
he compared borehole data from England with Manley's CET record -- & a
similar comparison with European data.  He shows that in this "detailed"
comparison the two series are almost identical....BUT, he notes that he
adjusted upwards the Huang & Pollack data by 0.2C ("to correct for the
difference between their supposed 2000 value and my base of 1961-90.  This
is the reverse of what they did").  He goes on that "you should add a
little more, probably 0.32C as your base of 1902-80 is 0.12C cooler than
1961-90"
I don't think this is right at all.  The H & P data are trends for each
century, concatenated backwards from the 20th century trend line.  They
assume that each borehole record (whenever it was logged) represents the
"20th century".  I think you can only compare these data and ours by
computing a similar trend (I would say from 1900-1980, to exclude the 1990s
when few boreholes were logged).  You must then "start" the plot at the
same point--not adjusting either one up or down, as it is the trend not the
reference period that is relevant here.
Am I right?
Unfortunately, if I am right, (which is, by the way, what we've been doing
all along...) it does not help, as it is mainly in the 20th century that H
& P's trends are way off ours.  As we have shown (& I think Mike included
this in his AMQUA Abstract) if you just arbitrarily reduce that value,
things line up a lot better (optimally a 50% reduction in the 20th century
& a 33% reduction in the 19th century).  But I don't think it is a simple
thing to do that, as the differences in trend (regionally) in the 20th
century are variable--in some places we have stronger (+) trends than H &
P...(e.g the W. US which is where Skinner & Majorovic found anomalous
values too....).  But if we ascribe such differences to land-use or snow
cover changes, it begs the question as to why we don't see any effect of
these changes on air temperature too...

In short, while there are a number of interesting aspects to this, I'm not
sure in toto that there is enough here for a paper.  What is needed, as
Hugo Beltrami said to me is to extract proxy data for sites comparable to
the borehole records, then "multiply the proxy data by the model resolution
matrix [from the geothermal data inversion]"...to obtain a series of proxy
data that are directly comparable with ground temperature history from
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geothermal data.  Hugo did this for some northern sites, but it has not yet
been done worldwide.  It may not make any difference...but that's a useful
direction in which to go...
Any thoughts?

Ray
PS 

Raymond S. Bradley
Professor and Head of Department
Department of Geosciences
University of Massachusetts
Amherst, MA 01003-5820

Tel: 
Fax: 
Climate System Research Center: 
Climate System Research Center Web Page:
<http://www.geo.umass.edu/climate/climate.html>
Paleoclimatology Book Web Site (1999):
http://www.geo.umass.edu/climate/paleo/html
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From: Michael E. Mann
To: Juerg Luterbacher
Cc: mhughes@ltrr.arizona.edu
Subject: Re: Charlottesville workshop
Date: Friday, October 27, 2000 8:18:48 AM

HI Jeurg,

No, I don't have these.

I've cc'd this message to Malcolm Hughes who might have
some more information.

best regards,

mike

At 09:10 AM 10/27/00 +0200, you wrote:
>Hello Mike
>
>thank you very much for your mail.
>I hope everything is fine with you!
>
>I tried to find the winter NAO reconstructions
>from Stockton and Glueck (1999) back to AD 1429
>for a comparison with our reconstructions.
>Unfortunately, I received the data from
>Mary Glueck only back to 1675 more than
>1,5 years ago. Now, I can't reach her
>anymore and Prof. Stockton is retired.
>Therefore I would like to
>ask you whether you have the pre 1675 NAOIs
>and could provide them to me?
>Or do you know anybody else could have them?
>I talked with Ed Cook and Phil Jones
>but both do not have this time series.
>
>Thank you very much and have a good
>time.
>
>Many greetings from sunny Bern
>
>Juerg
>
>+--------------------------------------------------------------------------
--+
>| Dr. Juerg Luterbacher                        EMAIL: juerg@giub.unibe.ch           |
>| Climatology and Meteorology                                               |
>| Instit. of Geogr. University of Bern PHONE: ++41 31 631 85 45             |
>| Hallerstrasse 12                                                          |
>| CH-3012 Bern                         FAX:   ++41 31 631 85 11             |
>| Switzerland                                                               |
>+--------------------------------------------------------------------------
--+
>
>> Date: Thu, 26 Oct 2000 12:53:36 -0400
>> From: "Michael E. Mann" <mann@multiproxy.evsc.virginia.edu>
>> Subject: Re: Charlottesville workshop
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>> X-Sender: mann@multiproxy.evsc.virginia.edu
>> To: Heinz Wanner <wanner@giub.unibe.ch>, hans.von.storch@gkss.de,
>Oyvind.Nordli@dnmi.no, weber@knmi.nl
>> Cc: juerg@giub.unibe.ch
>> MIME-version: 1.0
>> Content-transfer-encoding: 7BIT
>>
>> Thanks Heinz,
>>
>> Yes, lets try to sort this out in the meantime.
>>
>> Meanwhile, NSF has confirmed 10K in support for the workshop on the part of
>> the U.S. government. The finances will probably be handled by the American
>> Geophysical Union. I should have more details soon. I will be using these
>> funds in part to support an administrative assistant for the workshop, so
>> it will be hard to make too much progress on organizational details until
>> that funding comes through (hopefully soon)...
>>
>> mike
>>
>> At 04:58 PM 10/26/00 +0200, Heinz Wanner wrote:
>> >Dear colleagues,
>> >
>> >thanks a lot for all the mails. We thought to wait with our propositions
>> >because I have now about 10 mails with tentative invitees. I talked with
>> >Juerg Luterbacher. We have the following suggestions:
>> >
>> >(1) We think we have to fix the final criteria for the choice of invitees
>> >or we just make suggestions.
>> >
>> >(2) Classification of the representatives:
>> >First of all Nanne did a good job to give a label to every person, but the
>> >classification is not easy. We had several discussions about this problem,
>> >also in the Bern PAGES office. Per example: If Nanne classifies Juerg
>> >Luterbacher and probably also myself as a "documentary data person", it is
>> >wrong: We studied synoptic climatology, statistics and meteorology, and we
>> >work on the "statistical reconstruction and dynamical interpretation" of
>> >the past climate including proxy AND documentary data. In our opinion have
>> >to have a "dynamical group of observationalists or experimentalists". This
>> >is not a statement against the modellers, but our experience shows that
>> >synoptic climatologists have a different view of the whole cluster
>> >concerning regimes, modes and circulation types (including SST's,
vorticity
>> >considerations, storm tracks, etc.). Therefore we can not only classify
the
>> >participants related to the data types (?). Please comment!
>> >
>> >(3) Tentative list of Swiss invitees:
>> >I will not complicate the process. Therefore I only make a suggestion for
>> >the Swiss (I can send you a European list, if necessary):
>> >- Christian Pfister (documentary data);
>> >- Thomas Stocker (ice cores and modelling);
>> >- Juerg Luterbacher (statistical reconstructions: geopotential,
>> >temperature, precipitation);
>> >- Heinz Wanner (dynamical analysis)
>> >
>> >(4) Problem of spatial coverage with proxy AND documentary data:
>> >I learned from the documentary data community that the spatial coverage
not
>> >only of the data, but also of the scientists (who can read the local
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>> >sources) is essential. I just ask you if we need somebody from southern
and
>> >eastern Europe (the names of M. Barriendos and R. Brazdil were on your
>> >lists), or even more important: from China and Japan, if we want p.e. to
>> >work out a 500 years reconstruction of geoptential, temperature and
>> >precipitation (?).
>> >
>> >(5) Swiss money:
>> >We submit (to our university) a proposal for a 5'000$ support.
>> >
>> >Thanks for all your help and kind regards,   Heinz
>> >
>> >
>> >
>> >
>> >
>> > 
>> >*********************************
>> >Prof. Heinz Wanner
>> >Institute of Geography
>> >Climatology and Meteorology
>> >Hallerstrasse 12
>> >CH-3012 Bern (Switzerland)
>> >Phone   +41 (0)31 631 88 85
>> >Fax     +41 (0)31 631 85 11
>> >e-mail  wanner@giub.unibe.ch
>> >http://www.giub.unibe.ch/klimet/
>> >*********************************
>> >
>> >
>> _______________________________________________________________________
>>                      Professor Michael E. Mann
>>           Department of Environmental Sciences, Clark Hall
>>                       University of Virginia
>>                      Charlottesville, VA 22903
>> _______________________________________________________________________
>> e-mail: mann@virginia.edu   Phone:    FAX: 
>>        http://www.evsc.virginia.edu/faculty/people/mann.html
>>
>
>
>
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: Tim Osborn
Cc: srutherford@virginia.edu; k.briffa@uea; p.jones@uea
Subject: Re: my visit
Date: Friday, September 22, 2000 12:35:16 PM

HI Tim,

Very busy, so just a short response for the time being.

Regarding our MBH98 and GRL99 datasets, I'm pretty sure that Scott put those
on anonymous ftp for you some months ago. So you *should* already have had
access to all the data we used. In fact, it was only a few select series of
Malcolm's that weren't made available from the get-go.  So data has never
been an issue for us. I'm happy to hear that it is not an issue for
you/keith/phil and that you are ready to make your density data available...

A few points of clarification might help here:

The revised method (based on ridge regression) is currently in development
as far as paleoreconstruction is concerned (we have a paper to be submitted
on application to the instrumental record only). We intend to test it on
synthetic proxy datasets (as described in my previous email) before
applying it to actual proxy data, so your visit, unfortunately, occurs at a
time that is too premature for comparison with results from this method.
Rather, we were hoping
you shared some of the interest along the lines of
developmental/methodological
issues.

Comparison between warm-season reconstructions would be fine, but you should
be aware of the extreme caveats with regard to our seasonal
reconstructions, as spelled out in detail in our "Earth Interactions"
article. We don't do nearly as well for warm-season or cold-season as for
annual-mean, and we believe this is consistent w/ the mix of seasonal
information contained in the multiproxy dataset. Obviously, things are
somewhat different for the more seasonally homogeneous density chronology
dataset. So to us, this comparison might not
seem as worthwhile as it would for you all, but we can do it if all provisos
and caveats are fully recognized and embraced from the start...

The idea of testing wavelet methods of distinguish contributions on
different timescales sounds like it is of interest to all of us, and
perhaps we can
move in that direction during your visit.

In any case, we'll have more than enough to do, talk about, investigate,
and no need to necessarily hammer it all out beforehand.

Comments from others (Scott, Phil, Keith?) welcome,

mike

At 09:24 AM 9/22/00 +0100, Tim Osborn wrote:
>At 10:11 19/09/00 -0400, you wrote:
>>I will put you up at the "Red Roof Inn" for the 10 nights...
>>Will have reservations made for you for the night of the 10th through 19th,
>>checking out morning of the 20th...
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>
>That sounds great. Thanks.
>
>
>Mike,
>
>I've talked over various ideas with Keith and Phil (and I'm cc'ing this to
>them as well as to Scott), and I've now made some slightly firmer/clearer
>suggestions, combining your ideas and ours.
>
>(1) We're still keen to spend part of the time on reconstruction method
>issues, since that is one of the specifics that our current funded project
>needs to address.  To avoid being too retrospective, we could do something
>that combined both your Nature98 and your revised methods:
>
>(a) compare your summer/warm season reconstructions (old & new methods)
>with our reconstructions of Apr-Sep temperature from tree-ring densities
>(regional/hemispheric averages and spatial comparisons). 
>
>(b) In (a), we would be comparing reconstructions based on different
>palaeodata *and* different statistical reconstruction methods.  So a better
>approach would be to use your (old & new) methods with our tree-ring
>density data set to reconstruct Apr-Sep temperature fields, and then
>compare with our reconstructions.  This would be a good way of comparing
>methods.
>
>(c) We could exchange data/methods to continue comparisons after the end of
>my visit.  We would be keen, for example, to obtain your Nature98 & GRL99
>datasets and software to play around with after my return.  In exchange, we
>can provide you with our tree-ring density data set and the reconstructions
>that we have produced from it.  Of course, such subsequent work would
>continue to be collaborative, keeping each other informed/involved with the
>work.
>
>(d) If the tree-ring density data provided useful "added value" to your
>reconstructions (perhaps at the higher frequencies and providing finer
>spatial detail?), then we could use an appropriate method (perhaps your new
>revised one) to produce a new reconstruction using all palaeodata.  Such a
>reconstruction might prove to be an important and well-used product.
>
>(2) Of your two specific suggestions I quite strongly prefer the first.
>The reason is that, again, our project specifically requires comparison of
>palaeo and model data and the development of appropriate methods to do
>this.  Your first suggestion would take us along those lines.  There are
>two related strands here.  The first is to use the model outputs to assess
>the reliability of the reconstructions (i.e., following the ideas you laid
>out in your e-mail), which is certainly of interest.  The second is to use
>the reconstructions to evaluate the model simulations of "natural"
>variability.  We've done some comparisons with the HadCM2 and HadCM3
>simulations - I shall brings papers/results along.  What we need to develop
>further are ways of incorporating the paleo biases/errors in such
>comparisons.  We have begun this, but when I visit we might be able to come
>up with better methods and apply them to Hadley Centre and/or GFDL
>comparisons.
>
>Your second suggestion, while interesting, is less appealing at this stage,
>principally because we won't have time to do everything.  As it happens,
>Keith and I have just submitted a paper (to that well-known(!) journal
>"Dendrochronologia") about timescale-dependent calibration of tree-ring
>data - I shall bring a copy with me.  My feeling is that the quantity of
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>data overlap available for calibration would be a strongly limiting factor
>in most timescale-dependent approaches, whether they use wavelets or some
>other filtering-type approach.  What interests me more would be the
>application of wavelets to the full palaeorecords to facilitate in the
>definition of timescale-dependent coherent patterns (PCs?), rather than
>just to the calibration period.  Anyway, we can talk these ideas over even
>if there's no time to begin any work yet.
>
>I think that a chance to exchange preprints, data, and discuss ongoing
>developments of our work and yours will, in itself, prove to be a useful
>outcome of my visit.
>
>Best regards
>
>Tim
>
>
>
>Dr Timothy J Osborn                 | phone:    
>Senior Research Associate           | fax:      
>Climatic Research Unit              | e-mail:   t.osborn@uea.ac.uk
>School of Environmental Sciences    | web-site:
>University of East Anglia __________|   http://www.cru.uea.ac.uk/~timo/
>Norwich  NR4 7TJ         | sunclock:
>UK                       |   http://www.cru.uea.ac.uk/~timo/sunclock.htm
>
>
>
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: Phil Jones
Cc: Michael E. Mann; Folland, Chris; jfbmitchell@meto.gov.uk; k.briffa@uea.ac.uk
Subject: Re: FW: Mann etal
Date: Friday, August 11, 2000 9:30:24 AM

Thanks a bunch Phil for your comments.

They are all right on target. In fact, to thwart this baseless criticism, I
have extended our reconstructions through 1990 recently using the few
available series in our network that are actually that up to date.

Indeed, they indicate continued acceleration of warming through the 1980s up
to 1990. However, the variance resolved with such a sparse network is
unimpressive (less than 40% of the instrumental NH mean for example) and
we thought it probably didn't merit publication at this time, since we
are already working on updating our network more throroughly...

Comments on any of the above welcome.

Thanks again Phil, for clarifying...

mike
series in our newtork that actually At 01:40 PM 8/11/00 +0100, Phil Jones wrote:
>
> Chris and John (and Mike for info),
>    I'm basically reiterating Mike's email. There seem to be two lots of
> suggestions doing the rounds. Both are basically groundless.
>
> 1. Recent paleo doesn't show warming.
>
>    This basically stems back to Keith Briffa's paper in Nature in 1998
>    (Vol 391, pp678-682). In this it was shown that northern boreal forest
>    conifers don't pick up all the observed warming since about the late
>    1950s. It was suggested that some other factor or a combination of
>    factors related to human-induced pollution (e.g. nitrogen deposition,
>    higher levels of CO2, ozone depletion etc). Hence in a new paper
>    submitted to JGR recently we develop a new standardization approach
>    (called age banding) and produce a large-scale reconstruction
>    (calibrated over the period 1881-1960 against NH land north of 20N)
>    back to 1402. If you want a copy of this can you email Keith and he'll
>    send copies 
>
>    This background is to illustrate how Singer et al distort things. The
>    new reconstruction only runs to 1960 as did earlier ones based solely
>    on tree-ring density. All the other long series (Mike's, Tom Crowley's
>    and mine) include other proxy information (ice cores, corals,
>    historical records, sediments and early instrumental records as well as
>    tree-ring width data, which are only marginally affected). All these
>    series end around 1980 or in the early 1980s. We don't have paleo data
>    for much of the last 20 years. It would require tremendous effort and
>    resources to update a lot of the paleo series because they were collected
>    during the 1970s/early 1980s.
>
>    It is possible to add the instrumental series on from about 1980 (Mike
>    sought of did this in his Nature article to say 1998 was the warmest of
>    the millennium - and I did something similar in Rev. Geophys.) but there
>    is no way Singer can say the proxy data doesn't record the last 20 years
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>    of warming, as we don't have enough of the proxy series after about 1980.
>
>    http://www.co2.science.org/edit/editor.html takes the argument further
>    saying that as trees don't see all the warming since about 1960 the
>    instrumental records recently must be in error (i.e. this group believes
>    the trees and not the instrumental records). This piece by Idso and
>    Idso seems to want to have the argument whichever suits them.
>
> 2. Everyone knows it was cooler during the Little Ice Age and warmer in
>    the Medieval Warm Period.
>
>    All of the millennial-long reconstructions show these features, but they
>    are just less pronounced than people believed in the 1960s and 1970s,
>    when there was much less paleo data and its spatial extent was limited
>    to the eastern US/N.Atlantic/European and Far East areas. The issue
>    seems to revolve around the average temperatures we have for earlier
>    centuries in the millennium. I use the argument that for the instrumental
>    period we need sites located over much of the NH (land and marine)
>    regions in order to claim we have a reasonable record for the whole
>    hemisphere. We wouldn't dream of extending the NH series based on longer
>    European records and in the extreme just CET, so with the paleo data we
>    need records from as many regions as possible. The coverage still could
>    be better, but it is far better than it was 25 years ago, when the ideas
>    embodied in the MWP and LIA became sort of mainstream.
>
>    The typical comments I've heard, generally relate to the MWP, and say
>    that crops and vines were grown further north than they are now (the
>    vines grown in York in Viking times etc). Similarly, statements about
>    frost fairs and freezing of the Baltic so armies could cross etc. Frost
>    fairs on the Thames in London occurred more readily because the tidal
>    limit was at the old London Bridge (the 5ft weir under it). The bridge
>    was rebuilt around the 1840s and the frost fairs stopped. If statements
>    continue to be based on historical accounts they will be easy to knock
>    down with all the usual phrases such as the need for contemporary
>    sources, reliable chroniclers and annalists, who witnessed the events
>    rather than through hearsay. As you all know various people in CRU
>    (maybe less so now) have considerable experience in dealing with this
>    type of data. Christian Pfister also has a lifetime of experience of
>    this. There is a paper coming out from the CRU conference with a
>    reconstruction of summer and winter temps for Holland back to about
>    AD 800, which shows the 20th century warmer than all others. Evidence is
>    sparser before 1400 but the workers at KNMI (Aryan van Engelen et al.)
>    take all this into account.
>
>  I hope this is of use and hasn't been a total waste of time.
>
>  In Victoria last month, did you discuss how the policymaker's summary will
>  report the millennial temperature series ? Are there any tentative
>  phrases you're working on a la Balance of evidence etc ? Is Chapter 12
>  thinking of a new sentence to supercede the above ? Any sentence on the
>  millennium record should be in Ch. 2.
>
> Cheers
> Phil
>
>Prof. Phil Jones
>Climatic Research Unit        Telephone +
>School of Environmental Sciences    Fax 
>University of East Anglia                     
>Norwich                          Email    p.jones@uea.ac.uk
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>NR4 7TJ
>UK
>
>----------------------------------------------------------------------------
>
>   
>
>
_______________________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.html             
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From: Michael E. Mann
To: Phil Jones
Cc: Michael E. Mann; Folland, Chris; jfbmitchell@meto.gov.uk; k.briffa@uea.ac.uk
Subject: Re: FW: Mann etal
Date: Friday, August 11, 2000 9:30:24 AM

Thanks a bunch Phil for your comments.

They are all right on target. In fact, to thwart this baseless criticism, I
have extended our reconstructions through 1990 recently using the few
available series in our network that are actually that up to date.

Indeed, they indicate continued acceleration of warming through the 1980s up
to 1990. However, the variance resolved with such a sparse network is
unimpressive (less than 40% of the instrumental NH mean for example) and
we thought it probably didn't merit publication at this time, since we
are already working on updating our network more throroughly...

Comments on any of the above welcome.

Thanks again Phil, for clarifying...

mike
series in our newtork that actually At 01:40 PM 8/11/00 +0100, Phil Jones wrote:
>
> Chris and John (and Mike for info),
>    I'm basically reiterating Mike's email. There seem to be two lots of
> suggestions doing the rounds. Both are basically groundless.
>
> 1. Recent paleo doesn't show warming.
>
>    This basically stems back to Keith Briffa's paper in Nature in 1998
>    (Vol 391, pp678-682). In this it was shown that northern boreal forest
>    conifers don't pick up all the observed warming since about the late
>    1950s. It was suggested that some other factor or a combination of
>    factors related to human-induced pollution (e.g. nitrogen deposition,
>    higher levels of CO2, ozone depletion etc). Hence in a new paper
>    submitted to JGR recently we develop a new standardization approach
>    (called age banding) and produce a large-scale reconstruction
>    (calibrated over the period 1881-1960 against NH land north of 20N)
>    back to 1402. If you want a copy of this can you email Keith and he'll
>    send copies 
>
>    This background is to illustrate how Singer et al distort things. The
>    new reconstruction only runs to 1960 as did earlier ones based solely
>    on tree-ring density. All the other long series (Mike's, Tom Crowley's
>    and mine) include other proxy information (ice cores, corals,
>    historical records, sediments and early instrumental records as well as
>    tree-ring width data, which are only marginally affected). All these
>    series end around 1980 or in the early 1980s. We don't have paleo data
>    for much of the last 20 years. It would require tremendous effort and
>    resources to update a lot of the paleo series because they were collected
>    during the 1970s/early 1980s.
>
>    It is possible to add the instrumental series on from about 1980 (Mike
>    sought of did this in his Nature article to say 1998 was the warmest of
>    the millennium - and I did something similar in Rev. Geophys.) but there
>    is no way Singer can say the proxy data doesn't record the last 20 years
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>    of warming, as we don't have enough of the proxy series after about 1980.
>
>    http://www.co2.science.org/edit/editor.html takes the argument further
>    saying that as trees don't see all the warming since about 1960 the
>    instrumental records recently must be in error (i.e. this group believes
>    the trees and not the instrumental records). This piece by Idso and
>    Idso seems to want to have the argument whichever suits them.
>
> 2. Everyone knows it was cooler during the Little Ice Age and warmer in
>    the Medieval Warm Period.
>
>    All of the millennial-long reconstructions show these features, but they
>    are just less pronounced than people believed in the 1960s and 1970s,
>    when there was much less paleo data and its spatial extent was limited
>    to the eastern US/N.Atlantic/European and Far East areas. The issue
>    seems to revolve around the average temperatures we have for earlier
>    centuries in the millennium. I use the argument that for the instrumental
>    period we need sites located over much of the NH (land and marine)
>    regions in order to claim we have a reasonable record for the whole
>    hemisphere. We wouldn't dream of extending the NH series based on longer
>    European records and in the extreme just CET, so with the paleo data we
>    need records from as many regions as possible. The coverage still could
>    be better, but it is far better than it was 25 years ago, when the ideas
>    embodied in the MWP and LIA became sort of mainstream.
>
>    The typical comments I've heard, generally relate to the MWP, and say
>    that crops and vines were grown further north than they are now (the
>    vines grown in York in Viking times etc). Similarly, statements about
>    frost fairs and freezing of the Baltic so armies could cross etc. Frost
>    fairs on the Thames in London occurred more readily because the tidal
>    limit was at the old London Bridge (the 5ft weir under it). The bridge
>    was rebuilt around the 1840s and the frost fairs stopped. If statements
>    continue to be based on historical accounts they will be easy to knock
>    down with all the usual phrases such as the need for contemporary
>    sources, reliable chroniclers and annalists, who witnessed the events
>    rather than through hearsay. As you all know various people in CRU
>    (maybe less so now) have considerable experience in dealing with this
>    type of data. Christian Pfister also has a lifetime of experience of
>    this. There is a paper coming out from the CRU conference with a
>    reconstruction of summer and winter temps for Holland back to about
>    AD 800, which shows the 20th century warmer than all others. Evidence is
>    sparser before 1400 but the workers at KNMI (Aryan van Engelen et al.)
>    take all this into account.
>
>  I hope this is of use and hasn't been a total waste of time.
>
>  In Victoria last month, did you discuss how the policymaker's summary will
>  report the millennial temperature series ? Are there any tentative
>  phrases you're working on a la Balance of evidence etc ? Is Chapter 12
>  thinking of a new sentence to supercede the above ? Any sentence on the
>  millennium record should be in Ch. 2.
>
> Cheers
> Phil
>
>Prof. Phil Jones
>Climatic Research Unit        Telephone +
>School of Environmental Sciences    Fax 
>University of East Anglia                     
>Norwich                          Email    p.jones@uea.ac.uk
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>NR4 7TJ
>UK
>
>----------------------------------------------------------------------------
>
>   
>
>
_______________________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.html             
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From: Michael E. Mann
To: Folland, Chris
Cc: jfbmitchell@meto.gov.uk
Subject: Re: FW: Mann etal
Date: Thursday, August 10, 2000 9:25:29 PM

Chris,

I do appreciate you passing this on.

that having been said, really, though, this is growing tiring. This is the same
old crap I've been dealing with for more than a year, and my tolerance is
growing thin...

What Singer refers to is old news. This only pertains to high-latitude
tree-ring density data of Schweingruber, Briffa, et al.  It has essentially
no relevance to our work, nor that of Jones et al, nor that of Crowley and
Lowery. Are we
supposed to be responding to this stuff? I can cite a littany of Singer et
al anti-chapter X propoganda, where X is any chapter of IPCC...What is the
standard
here for us actually spending time responding to this sort of stuff. I
personally don't appreciate the distraction...I've got much more important
stuff to be worrying about...

mike

At 05:06 PM 8/10/00 +0100, you wrote:
>Dear Mike
>
>What is your answer to this. Please copy reply to John.

>
>Best wishes
>
>Chris
>
>
>
>> -----Original Message-----
>> From:        Mitchell, John FB
>> Sent:        07 August 2000 17:24
>> To:  Folland, Chris
>> Subject:     Mann etal
>>
>> hi chris
>> Fred Singer atttacks the Mann etal time series as evidence for the the
>> last century being the warmest of the millenium because the proxy data
>> only goes to 1980-
>> Apparently there is some work  (Briffa et al?) that indicates that proxy
>> data does not register the warming after 1980, but suggests a cooling
>>
>> Fred argues, either the post 1980 instruments are wrong, or the palaeo
>> data is unreliable.
>> Any comments from Chapter 2 on this? - no doubt this will come up again in
>> or outside IPCC
>>
>> John
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>>
>> jfbmitchell@meto.gov.uk
>> Hadley Centre for Climate Prediction and Research
>> The Met. Office, Bracknell
>> RG12 2SZ UK
>> Tel +44 1344 856613/6656
>> Fax+44 1344 856912
>>
>
>
_______________________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.html             
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From: Michael E. Mann
To: Heather Benway; Raymond Bradley; Malcolm Hughes
Subject: Re: Fwd: FYI - Twentieth century the warmest of last five centuries
Date: Thursday, February 24, 2000 1:59:01 PM

Hi Heather,

Thanks for sending that on. It is interesting work, but the complications
of land-usage and vegetation changes, and changes in seasonal snow cover
duration which can greatly modulate seasonal ground surface heat flux, and
the issue of terrestrial sampling bias  have not yet been addressed in
their work. I'm not yet sure I know how to interpret their estimates
meaningfully.

Rob Harris and I had proposed to investigate some of these fundamental
issues, but sadly ESH wasn't interested in funding the work :(

My comments on the study may appear in next weeks Science Times section of
the New York Times.

On another note, where can I get information about the proper format for
the required annual report on our ESH proposal (does Malcolm submit a
separate report since he is on a separate contract)?

thanks for any help you can provide. i hope all is well,

mike

QuestionAt 11:36 AM 2/17/00 -0400, Heather Benway wrote:
>FYI, some interesting results...
>--------------------------------------
>
>Twentieth century the warmest of last five centuries16 FEBRUARY 2000 AT
>>14:00 ET US
>>Contact: Nancy Ross-Flanigan
>>rossflan@umich.edu
>>
>>University of Michigan
>>
>>Twentieth century the warmest of last five centuries
>>
>>ANN ARBOR -- Earth's 500-year warming trend accelerated considerably
>in the
>>20th century, the warmest of the past five centuries, a new study of
>>borehole temperatures from more than 600 sites around the world
>confirms.
>>What's more, the results suggest that at least in the Northern
>Hemisphere,
>>the 500-year warm-up has been even greater than previously estimated
>with
>>other techniques.
>>
>>The study, co-authored by Shaopeng Huang and Henry N. Pollack of the
>>University of Michigan and Po-Yu Shen of the University of Western
>Ontario,
>>appears in the Feb. 17 issue of Nature.
>>
>>Since 1500, Earth's temperature has increased about 1 degree Celsius
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>(1.8
>>degrees Fahrenheit), with half of that increase taking place in the
>20th
>>century alone, says Pollack, a professor of geological sciences. In
>the
>>Northern Hemisphere, the temperature change has been 1.1 C (2 F) over
>the
>>past five centuries and 0.6 C (1.1 F) in the 20th century.
>>
>>The scientists based their analysis on temperature readings taken by
>>lowering sensitive thermometers into holes drilled from Earth's
>surface.
>>These readings reveal how surface temperature changed in the past.
>That's
>>possible because, thanks to heat conduction, temperature changes at
>the
>>surface generate "signals" that travel downward into subsurface rocks,
>says
>>Huang, a research scientist at the U-M. Signals from short-term daily
>or
>>seasonal variations penetrate only a few meters, and Earth quickly
>"forgets"
>>them, but temperature changes that take place over hundreds of years
>are
>>preserved in deeper rock.
>>
>>Temperature signals travel slowly through the rocks, penetrating only
>about
>>500 meters in 1,000 years, "so the upper 500 meters is an archive -- a
>>historical record of temperature changes that have occurred in the
>last
>>thousand years," says Pollack. "Like any historical archive, there are
>of
>>course missing pages, and the ink has run in a few places. But in
>principle,
>>if you would drill a borehole anywhere on a continent, you could
>observe a
>>temperature profile and be able to reconstruct what had happened at
>that
>>location."
>>
>>But a single borehole can't tell a global story. For that, the
>scientists
>>calculate averages from hundreds of borehole sites around the world.
>Their
>>current work builds on a previous analysis of borehole temperature
>data from
>>358 sites in eastern North America, central Europe, southern Africa
>and
>>Australia, which showed a similar worldwide warming over the past 500
>years.
>>By adding more sites to the analysis and greatly expanding the
>geographical
>>coverage, the scientists increased their confidence in the results and
>were
>>able to look at regional, as well as global, trends. In the new study,
>they
>>also compared their results with those obtained with other methods of
>>estimating past temperature change, such as studies of tree rings, ice
>>cores, lake sediments and coral growth.
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>>
>>"All the methods generally show a very unusual 20th century, and ours
>does,
>>too. The 20th century is the warmest century of the last five, and the
>one
>>which is most rapidly changing," says Pollack. "What we show that is
>>somewhat different is that the total temperature change over the past
>five
>>centuries has been greater than some of the other methods are
>showing."
>>###
>
>
>
>
>
>
>
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: Caspar Ammann
Cc: Raymond S. Bradley; Malcolm Hughes
Subject: Re: Quinn chronology
Date: Thursday, January 13, 2000 1:47:59 PM

Thanks Caspar,

I think Ray has already forwarded a message to Henry about this...

mike

At 01:36 PM 1/13/00 -0700, Caspar Ammann wrote:
>I sent Luc Ortlieb an email a few months ago but never got a response.
>Maybe someone with higher credentials could try... Definitely this is
>the time-series to use, several people have pointed out some weaknesses
>in the Quinn series.
>
>In the same issue of the Holocene as Malcolms 600 year perspective of
>the 20th century tree ring series from Yakutia there is an article by
>Allan and D'Arrigo. They present a table back to 1706 from a bunch of
>references. Might also be worth a look. (The Holocene, Vol. 9, No. 1, p.
>101-118). But should be compared to the revised Ortlieb-Quinn series.
>
>Caspar
>
>--
>Caspar Ammann
>NCAR CGD
>Boulder, CO 80307
>email: ammann@ucar.edu
>tel: 
>
>
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: Phil Jones; Ray Bradley; Malcolm Hughes; Mike MacCracken; Steve Schneider; tom crowley; Tom Wigley;

Jonathan Overpeck; asocci@cox.net; Keith Briffa; Tim Osborn; Tim_Profeta@lieberman.senate.gov; Ben Santer;
Gabi Hegerl; Ellen Mosley-Thompson; Lonnie G. Thompson; Kevin Trenberth; mann@virginia.edu

Subject: Fw: New Study Questions Kyoto Global Warming Data
Date: Monday, October 27, 2003 11:09:11 AM

Dear All,

So the special interest/front groups are already peddling this as news release.

A few quick comments:

1) Based on an email sent out a long time ago, I have reason to believe the authors
didn't even use the same version of the CRU data set that we did (you'll recall that
revised version was published by Phil and co. in the mid 1990s). So they probably
think its significant that they might have gotten a different result from the PCA!  Who
knows if they properly standardized the data, what they did w/ missing data, etc.
Presumably they don't really know what they're doing...

And they want to overturn about a dozen different studies that say the same thing,
based on this.

That's all for now,

mike

"Adam Mendelsohn" <amendelsohn@dcgpr.com> 

10/27/03 12:41 PM 
To

<jeffn@coxnews.com> 
cc

Subject

New Study Questions Kyoto Global Warming Data 

  

  

[IMAGE] 

  

For Immediate Release 

October 27, 2003 
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Contact:  Laura Braden-Dlugacz (202) 572-6231 

  

Important Global Warming
Study Audited-Numerous Errors

Found 

New research reveals the UN IPCC 

 â€œhockey stickâ€ theory of climate change is flawed 

  

  

Washington, DC – Canadian business executive Stephen McIntyre and
economist Ross McKitrick have presented more evidence that the 20th

century wasnâ€™t the warmest on record.  In their article for the journal
Energy and the Environment, McIntyre and McKitrick cited numerous
errors in data used in Mann, et al. (1998), a temperature record that has
been frequently cited by global warming alarmists.  

  

Previously, Mann, Bradley and Hughes (1998) constructed a temperature
history of the Northern Hemisphere for the period 1400-1980.  The result
was the well-known â€œhockey stickâ€-shaped graph suggesting that the
20th century was unusually warm when comparing it to preceding
centuries.  This graph has been widely cited by global warming alarmists
and advocates of global warming legislation introduced by Senators
McCain and Lieberman (S. 139) now being debated in Congress. 

  

â€œThe particular â€œhockey stickâ€ shape derived in the Mann, et al.
proxy construction – a temperaturre index that decreases slightly between
the early 15th century and early 20th century and then increases
dramatically up to 1980 – is primarily aan artifact of poor data handling,
obsolete data and incorrect calculation of principal components,â€ stated
the report. 

  

The report detailed four categories of errors found in Mann, et al. 
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Â·        Collation errors 

Â·        Unjustified truncation and extrapolation 

Â·        Obsolete data 

Â·        Calculation mistakes 

  

The report by McIntyre and McKitrick was the first published audit that
has been conducted of the data used in Mann, et al.  

  

Please call (202)572-6231 to arrange an interview with Stephen McIntyre
or Ross McKitrick.  For an overview of the study and link to the journal
website, go to http://www.uoguelph.ca/~rmckitri/research/trc.html .  

  

###

  

  

[IMAGE]  

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: mann@virginia.edu
Cc: asocci@cox.net; Gabi Hegerl; Jonathan Overpeck; Keith Briffa; Malcolm Hughes; Mike MacCracken; Phil Jones;

Ray Bradley; Ben Santer; Steve Schneider; Lonnie G. Thompson; Ellen Mosley-Thompson;
Tim_Profeta@lieberman.senate.gov; tom crowley; Kevin Trenberth; Tim Osborn; Tom Wigley;
apetsonk@environmentaldefense.org; Jim Salinger; mann@virginia.edu

Subject: Re: Fw: New Study Questions Kyoto Global Warming Data
Date: Monday, October 27, 2003 12:40:04 PM

Dear All,

The link below has been passed along to me by a colleague (whose name has been
expunged to protect his identity):

Based on the description of data and method provided, which the authors claim is a
complete (!) description [this is important], I  have confidently concluded that they
have neither used the same data (instrumental or proxy) but, more problematically,
the same method as Mann et al (1998). In fact, there is a huge problem in the
statistical calibration procedure they used, which omits an essential step used by
Mann et al (1998) to protect against statistical overfitting in the presence of an
increasingly sparse proxy data network back in time.

1) They used the wrong instrumental data set.

Mann et al (1998) used the older version of the CRU instrumental surface
temperature data set that dates back to 1854; they apparently used the newer
version of the data set that goes back to 1856 which Phil published and updated to
in the mid 90s--the data sets are actually significantly different in places. They differ
significantly, for example, in where they have missing data. Phil can provide people
details. Thus, the eigenvectors are assured as being different, and the missing data
are different. It would have been surprising if they had found otherwise!

2) They used the wrong proxy data.

The authors apparently used an excel spreadsheet version of the MBH98 data that
my associate Scott Rutherford had sent them. It appears that the data got shifted
and scrambled a bit in the process of being converted to an excel spreadsheet or
upon being downloaded or opened. This would explain the numerous transcription
errors the authors find in the file. Of course, we used the uncorrupted data in our
study.  These ascii versions of the data have always been publicly available on our
computer "holocene". Had the authors used the (correct) ascii series on the data set,
they wouldn't have encountered transcription errors. From what I But they appear to
have had a corrupted version of the data. The authors then describe an elaborate
effort to download suitable approximate versions of the proxy data series they
couldn't get ahold of. In many cases, these appear to be substantially different
versions of the proxy series than the ones used by Mann et al (1998) But again, I
don't think this matters.

3) They did not implement the Mann et al approach!!

From the description of the method provided, it appears that the authors skipped the
essential step of (1) applying an objective criterion (i.e., Presidendorffer's Rule N as
used in Mann et al, '98) to determine the optimal size N of the subset of the full (16)
candidate instrumental principal component series to retain in the calibration of the
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proxy data and (2) optimizing the calibration resolved variance with respect to all
subsets of the leading PC series of size N. These crucial aspects of the procedure
were clearly layed out in Mann et al (1998), and is perhaps one of the most essential
steps---it is only the application of this objective criterion that prevents an obvious
statistical overfitting problem--the authors *always* appear to use a subset of all 16
PC series!  However, the criterion used by Mann et al (1998) dictated the retention
of  a maximum of 11 PC series, only a few PC series prior to AD 1600, and only one
prior to AD 1450. So the authors appear to have tried to fit 16 PC series to the
reconstruction from AD 1400-AD 1450, when an objective criterion would only dictate
1!

This is a really basic statistical error, and its likely this massive overfitting that is
responsible for the wild behavior in their reconstruction prior to about AD 1600. Can't
beleive they made such a basic error? See for yourself:
http://www.climate2003.com/computations.html

Any statistical climatologists worth their salt would have picked this up. But I believe
the paper wasn't even reviewed!

4) Their result is, not surprisingly, wacky

The resulting reconstruction they show, with an enormous warm anomaly during the
15th and 16th centuries, looks like nothing ever produced in any objective estimate
of past Northern Hemisphere temperature trends that I'm familiar with. I guess they
could term this the "Renaissance Warm Period", but of course no other model or
empirical Northern Hemisphere temperature reconstruction looks anything like this.
Frankly, the ridiculous result should have let them know they did something wrong.

Mike,

This seems to be the HTML version of McIntyre's paper. (I got this
unsolicited from Gene Avrett, Soon & Baliunas's boss at Harvard.)

---------------------- Original Message -----------------------
 From:    "Eugene H. Avrett"
 To:     
 Date:    Mon, 27 Oct 2003 12:09:22 -0500
 Subject: article in Energy and Environment
----

Dear        ,

You may be interested in the article by McIntyre and McKitrick
just published in Energy and Environment which questions the
validity of the Mann et al. (1998) study that provided the basis 
for the claim that 20th century warming is unprecedented.

See http://www.uoguelph.ca/~rmckitri/research/trc.html.
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Yours sincerely,
Gene Avrett

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: raymond s. bradley
To: mann@multiproxy.evsc.virginia.edu
Cc: mhughes@ltrr.arizona.edu; frank@geo.umass.edu
Subject: question
Date: Monday, October 27, 2003 1:13:03 PM

Hi Mike:
This has been an interesting few days with the recent "Perspectives"
article being decribed as "baseless diatribe"....& now this latest
assault.  It is rather discouraging that people spend their time dreaming
up critiques instead of doing some original work.
Anyway, I have only one concern re the Energy & Emviornment
paper.....  That is this point, from your latest email:

"1) They used the wrong instrumental data set.
Mann et al (1998) used the older version of the CRU instrumental surface
temperature data set that dates back to 1854; they apparently used the
newer version of the data set that goes back to 1856 which Phil published
and updated to in the mid 90s--the data sets are actually significantly
different in places. They differ significantly, for example, in where they
have missing data. Phil can provide people details. Thus, the eigenvectors
are assured as being different, and the missing data are different. It
would have been surprising if they had found otherwise!"

It has always bothered me--and often been a point of some amusement between
Frank & me--that Phil seems to change the CRU data set periodically without
explanation or notification.  He finds some new data, adds a bit here,
takes some away there....quite recently we came to "update" the dataset we
had with data from 2002 only to find everything else had mysteriously
changed.  When Phil & I worked together I urged him repeatedly to stick a
"version number" on the data so everyone knew what they were using.  As far
as I know, CRU never implemented this procedure.  We should take warning of
this and wrap up any analysis that we do with a "data version number" so
it's crystal clear what the state of play was when an analysis was carried
out.
So--here's my question: if our analysis was repeated with the "latest &
greatest" Phil Jones CRU instrumental dataset as calibration data, would it
change the reconstruction very much?  You note that they "differ
significantly" from what we used in 1997, but I have the sense that from
1902-1980 the differences were not very significant--the main changes were
just within the late 19th century...no?
Stay cool!
Ray

Raymond S. Bradley
Distinguished Professor
Director, Climate System Research Center*
Department of Geosciences
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel: 
Fax: 
*Climate System Research Center: 
         <http://www.paleoclimate.org>
Paleoclimatology Book Web Site: http://www.geo.umass.edu/climate/paleo/html
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From: Michael E. Mann
To: mann@virginia.edu
Cc: asocci@cox.net; Gabi Hegerl; Jonathan Overpeck; Keith Briffa; Malcolm Hughes; Mike MacCracken; Phil Jones; Ray

Bradley; Ben Santer; Steve Schneider; Lonnie G. Thompson; Ellen Mosley-Thompson;
Tim_Profeta@lieberman.senate.gov; tom crowley; Kevin Trenberth; Tim Osborn; Tom Wigley;
apetsonk@environmentaldefense.org; Jim Salinger

Subject: Re: Fw: New Study Questions Kyoto Global Warming Data
Date: Monday, October 27, 2003 1:52:23 PM

Dear All,

One small correction upon further reading--they did appear to use subsets of eigenvectors
corresponding to those nominally used by Mann et al (1998) upon further reading of their
description.

However, the eigenvectors aren't the same, because the surface temperature dataset is a
different one from that used by Mann et al! So the eigenvectors #s that they used are not
the same as the corresponding eigenvectors used by Mann et al (1998). Again, because
they didn't apply the objective criterion themselves (they appear to have simply used the
same nominal eigenvectors, but of a different(!) temperature dataset), they didn't appear
to discover the problem...

mike

At 02:38 PM 10/27/2003 -0500, Michael E. Mann wrote:

Dear All,

The link below has been passed along to me by a colleague (whose name has
been expunged to protect his identity):

Based on the description of data and method provided, which the authors claim
is a complete (!) description [this is important], I  have confidently concluded
that they have neither used the same data (instrumental or proxy) but, more
problematically, the same method as Mann et al (1998). In fact, there is a huge
problem in the statistical calibration procedure they used, which omits an
essential step used by Mann et al (1998) to protect against statistical overfitting
in the presence of an increasingly sparse proxy data network back in time.

1) They used the wrong instrumental data set.

Mann et al (1998) used the older version of the CRU instrumental surface
temperature data set that dates back to 1854; they apparently used the newer
version of the data set that goes back to 1856 which Phil published and
updated to in the mid 90s--the data sets are actually significantly different in
places. They differ significantly, for example, in where they have missing data.
Phil can provide people details. Thus, the eigenvectors are assured as being
different, and the missing data are different. It would have been surprising if
they had found otherwise!

2) They used the wrong proxy data.

The authors apparently used an excel spreadsheet version of the MBH98 data
that my associate Scott Rutherford had sent them. It appears that the data got
shifted and scrambled a bit in the process of being converted to an excel
spreadsheet or upon being downloaded or opened. This would explain the
numerous transcription errors the authors find in the file. Of course, we used
the uncorrupted data in our study.  These ascii versions of the data have always

ABOR/MH/Priv-000794



been publicly available on our computer "holocene". Had the authors used the
(correct) ascii series on the data set, they wouldn't have encountered
transcription errors. From what I But they appear to have had a corrupted
version of the data. The authors then describe an elaborate effort to download
suitable approximate versions of the proxy data series they couldn't get ahold
of. In many cases, these appear to be substantially different versions of the
proxy series than the ones used by Mann et al (1998) But again, I don't think
this matters.

3) They did not implement the Mann et al approach!!

From the description of the method provided, it appears that the authors
skipped the essential step of (1) applying an objective criterion (i.e.,
Presidendorffer's Rule N as used in Mann et al, '98) to determine the optimal
size N of the subset of the full (16) candidate instrumental principal component
series to retain in the calibration of the proxy data and (2) optimizing the
calibration resolved variance with respect to all subsets of the leading PC series
of size N. These crucial aspects of the procedure were clearly layed out in Mann
et al (1998), and is perhaps one of the most essential steps---it is only the
application of this objective criterion that prevents an obvious statistical
overfitting problem--the authors *always* appear to use a subset of all 16 PC
series!  However, the criterion used by Mann et al (1998) dictated the retention
of  a maximum of 11 PC series, only a few PC series prior to AD 1600, and only
one prior to AD 1450. So the authors appear to have tried to fit 16 PC series to
the reconstruction from AD 1400-AD 1450, when an objective criterion would
only dictate 1!

This is a really basic statistical error, and its likely this massive overfitting that
is responsible for the wild behavior in their reconstruction prior to about AD
1600. Can't beleive they made such a basic error? See for yourself:
http://www.climate2003.com/computations.html

Any statistical climatologists worth their salt would have picked this up. But I
believe the paper wasn't even reviewed!

4) Their result is, not surprisingly, wacky

The resulting reconstruction they show, with an enormous warm anomaly
during the 15th and 16th centuries, looks like nothing ever produced in any
objective estimate of past Northern Hemisphere temperature trends that I'm
familiar with. I guess they could term this the "Renaissance Warm Period", but
of course no other model or empirical Northern Hemisphere temperature
reconstruction looks anything like this. Frankly, the ridiculous result should have
let them know they did something wrong.

Mike,

This seems to be the HTML version of McIntyre's paper. (I got this
unsolicited from Gene Avrett, Soon & Baliunas's boss at Harvard.)

---------------------- Original Message -----------------------
 From:    "Eugene H. Avrett"
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 To:     
 Date:    Mon, 27 Oct 2003 12:09:22 -0500
 Subject: article in Energy and Environment
----

Dear        ,

You may be interested in the article by McIntyre and McKitrick
just published in Energy and Environment which questions the
validity of the Mann et al. (1998) study that provided the basis 
for the claim that 20th century warming is unprecedented.

See http://www.uoguelph.ca/~rmckitri/research/trc.html.

Yours sincerely,
Gene Avrett

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: asocci@cox.net; Gabi Hegerl; Jonathan Overpeck; Keith Briffa; Malcolm Hughes; Mike MacCracken; Phil Jones;

Ray Bradley; Ben Santer; Steve Schneider; Lonnie G. Thompson; Ellen Mosley-Thompson;
Tim_Profeta@lieberman.senate.gov; tom crowley; Kevin Trenberth; Tim Osborn; Tom Wigley;
apetsonk@environmentaldefense.org; Jim Salinger; Annie_Petsonk@environmentaldefense.org;
rpomerance@aecs-inc.org; mann@virginia.edu

Subject: final for the night
Date: Monday, October 27, 2003 6:12:50 PM
Attachments: EandEResponse-revised.doc

Dear All,

This is my final email for a while--hopefully this is the end of this. Attached is a
revised and expanded statement of response to the paper, having seen more of the
details now. please feel free to use it in any way that may be helpful.

After having gone over their posted analysis and procedure, I've refined my
comments further--some of my previous conclusions about what they have done
were not correct. The main problem is a bit more subtle, probably having to do w/
how the Reconstructed Principal Components are scaled. My attached comments deal
with both the scientific problems w/ what they have done, and the problems w/ the
lack of any legitimate scientific peer review...

The mainstream media doesn't seem to be biting at this thing, but you can be sure
there will be an attempt to use this inside the beltway...

cheers,

mike

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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Having had a brief opportunity to review the paper by  Stephen McIntyre and Ross McKitrick, we can identify 
several  likely sources of error in  the paper: 
 
a) The authors used the wrong instrumental data set. 
 
Mann et al (1998) used an older version of the University of East Anglia 'CRU' instrumental surface temperature 
data set that dates back to 1854; the authors apparently used the newer version of the data set that goes back to 1856 
which  Jones and coworkers updated  in the mid 1990s--the data sets differ significantly in certain respects relevant 
to this study.  For example, owing to the adoption of different base periods, the data sets exhibit different regions of 
missing data.  This would appear to be  the reason that the authors could not, as reported, find  4 gridpoints used by 
Mann et al (1998)--they were using the wrong version of the surface temperature data set. For this reason, the 
normalization factors that they have used in their analysis are likely incorrect. 
 
b) The authors used the wrong proxy data. 
 
The authors apparently used an excel spreadsheet version of the MBH98 data that an associate of Mann et al had 
sent them. Based on the authors description, it appears that the data in that spreadsheet was shifted or scrambled n 
the process of being converted to an excel file.  This would explain the transcription errors the authors report in the 
file. Mann et al (1998) used a version of the data uncorrupted by any such potential problems, and these data have 
been available on a public ftp site provided by Mann and coworkers.  Had the authors used the correct, publicly 
available data, they wouldn't have encountered the excel transcription errors noted in their paper.  The authors 
describe an elaborate effort to descramble the excel file data, but it seems  unlikely that they has corrected any 
transcription errors that might have occurred. The authors also attempt to download other 'updated' versions of the 
various proxy data series. In many cases, however, these appear not to be equivalent to the proxy series used by 
Mann et al (1998).   
 
c) The authors did not implement the Mann et al approach correctly. 
 
From the description of the method provided, it appears that the authors skipped an important step. Nowhere in the 
code that they have made available on their website is there any evidence that they have insured that the 
reconstructed principal components (RPCs) are properly scaled .  Mann et al (1998) insure the proper scaling by 
standardizing each RPC to have the same standard deviation as the annual mean of the corresponding instrumental 
Principal Component (PC) series during the calibration period 1902-1980, and then weighting by the correlation 
between the PC and RPC series over the same time period. This insures that the RPC is the best possible linear 
approximation to the corresponding annual PC during the calibration period. If this step is not applied, the RPC 
series are prone to exhibit an artificial enhancement of  variance.  This is likely the reason for the increasingly 
unstable apparent behavior of the estimate described by the authors as  they go farther back in time.  
 
Had the authors, as in Mann et al (1998),  applied the standard statistical procedure of cross-validation [which 
allows for a test of the self consistency of the statistical model outside the calibration period] they likely would have 
been alarmed to the internal inconsistency in the scaling of their RPC series. However, no such procedure is 
described.  
 
There may be other additional problems in their data and approach. Finding all of the potential mistakes would  take 
considerable time and effort.  The fundamental problem is that this paper did not go through a legitimate peer  
review process, which would likely have detected several of the errors listed above. Peer review, which is so 
essential in helping to guard against the publication of flawed scientific findings, clearly failed  for the following 
reasons: 
 
1) The journal "Energy and Environment" in which the paper was published, is not a scientific journal, it is a social 
science journal (see below). The journal does not obey standard practices of peer-review, as detailed further below.  
The paper in question thus does not constitute peer-reviewed science!  Since the work has not been evaluated by 
scientists with the expertise necessary to judge its validity, there is no way to establish that the study is not seriously 
flawed. Indeed, a  cursory review of the terse description the authors have provided of their analysis already  yields 
major apparent problems as outlined above.   
 
2) "Energy and Environment" has been  publicly discredited. As described by accounts in the popular media, the 
journal published  a previous paper  [Soon, W., S. Baliunas, C. Idso, S. Idso, and D.R. Legates, Reconstructing 
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Climatic and Environmental Changes of the Past 1000 Years: A Reappraisal, Energy & Environment, 14:233-296, 
2003] that was considered deeply flawed by mainstream scientific researchers. The circumstances surrounding the 
publication of the paper were found to be deeply suspicious. This Energy & Environment paper apparently was, in 
fact,  the original (unedited) submitted version of an otherwise nearly identical paper published in the journal  
"Climate Research".  Publication of the same article more than once is frowned upon in scientific circles, and is  
considered by many to be unethical. Professional societies (e.g. the American Geophysical Union) typically have an 
explicit policy against such duplication. Apparently the journal/editor of "Energy and Environment" observes no 
such policy.   Articles in Scientific American and the Chronicle of Higher Education have quoted numerous leading  
climate scientists as indicating that Soon and colleagues misinterpreted the paleoclimatological literature and 
misrepresented the work of other scientists. The controversy over the   publication of the paper has now led to the 
resignation of the editor-in-chief and five other editors  at the journal "Climate Research". That Ms. Boehmer-
Christiansen, apparently, chose to re-publish this article in its original, unedited form in "Energy and Environment" 
seems to speak for itself. 
 
According to reporter Richard Monasterksy of the Chronicle of Higher Education, in his article "Storm Brews Over 
Global Warming" (September 5, 2003), the editor "Energy and Environment", Sonja Boehmer-Christiansen, admits 
to following a political agenda, rather than scientific standards of peer review, in  publishing this and presumably 
other articles: 
 
The two researchers [Soon and Baliunas], with three additional co-authors,  published a longer version of the 
[Climate Research] paper this spring in Energy and Environment, a journal geared mainly to social scientists. The 
journal's editor, Sonja Boehmer-Christiansen, a reader in geography at the University of Hull, in England, says she 
sometimes publishes scientific papers challenging the view  that global warming is a problem, because that position 
is often stifled in other outlets. "I'm following my political agenda -- a bit, anyway," she says. "But isn't that the right 
of the editor?" 
 
The editor has regularly expressed strong policy opinions against the ratification of the Kyoto Protocol, having 
stated in one op-ed piece: " I support Bjørn Lomborg fully, and would go further in his condemnation of the climate 
treaty as unnecessary, unfair and self-interested. I see the whole climate debate in this country as a disguise for 
other policy objectives, as a construct by which several groups, including natural science researchers and 
researchers on 'old' alternative energy technologies tried to obtain more secure public funding (and industries such 
as nuclear power tried to get new or more subsidies or regulations, creating new markets). Enron was among them, 
and more successful here in the UK than in the USA, in lobbying for natural gas and emission trading. And 
government is using the climate scare to raise revenue and force industry to invest." 
 
This would  seem to raise alarm bells with regard to the scientific objectiveness of the editor involved in the 
publication of this paper.. 
 
3) Neither author of the paper in has any prior track record of research in the area of climate or paleoclimate that we 
could find based on a review of the "Science Citation Index". The review revealed no peer-reviewed publications in 
the climate or paleoclimate literature.  Given that the authors claims are in direct conflict with those of  leading 
scientists in the field, that they have no record of training in this field, and that the claims were not submitted for 
legitimate scientific peer review, they cannot be considered as having any scientific credibility. 
 
4) At least one of the two authors (McKitrick) has written op-ed pieces and even a book advocating against taking 
action to curtail greenhouse gas emissions. This would seem relevant to judging the author's scientific objectivity. 
 
5) Their paper criticizes  a  specific paper [Mann, M.E., Bradley, R.S., Hughes, M.K.Global-Scale Temperature 
Patterns and Climate Forcing Over the Past Six Centuries, Nature, 392, 779-787, 1998.]. Yet, the original authors 
were given no opportunity to review or comment on the paper. A survey of  leading paleoclimate scientists who 
have done previous work in this area  (K. Briffa, R. Bradley, T. Crowley, M. Hughes,  P. Jones, T.  Osborn, J. 
Overpeck) reveals that none were in any way involved in any "review" (if there indeed even was any attempt at peer 
review) of this article.  The circumstances surrounding the publication of this paper thus appear deeply suspicious. 
 
6) If the author's scientific arguments had merit, the author most likely would have sought to  publish the work  in 
the respectable scientific literature and, in particular, a journal in which similar research  has typically been 
published (e.g. leading journals such as Science, Nature, Geophysical Research Letters, Journal of Climate, The 
Holocene, Journal of Geophysical Research, Reviews of Geophysics, Paleoceanography, Climate Dynamics, etc.).  
By having chosen to publish the paper in an obscure (let alone discredited), social science journal "Energy and 
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Environment", the author has circumvented any opportunity for a qualified review of the methods or claims 
contained within the paper. Once again, like the previously published paper by Soon and collaborators in Energy 
and Environment, this circumvention of a legitimate peer review process appears to have resulted in the publication 
of a deeply flawed paper.  
 
7) The authors' arguments plainly constitute a  "straw man". The author claims that his reanalysis claiming to have 
used the same data and methods as the previous study by Mann et al (1998) [it appears to have used neither] calls 
into question the primary conclusion from that study: that late 20th century Northern Hemisphere average 
temperatures are anomalous in the context of the past several centuries.  
 
Yet this same basic finding has been confirmed multiple times over the past several years  by independent scientists 
using various different data sources and methodologies. Several different studies have now yielded an essentially 
statistically indistinguishable history from that published by Mann et al  (see Folland et al, 2001; Briffa et al, 2001; 
Jones et al, 2001; Mann et al, 2003). More than a  dozen articles published since that study, have come to the 
conclusion that late 20th century Northern Hemisphere average warmth was not only likely unprecedented over the 
past six centuries, but likely the millennium or longer. The most recent study coming to this conclusion  was 
published by Bradley and coworkers in the prestigious journal "Science" only a couple weeks ago. Thus, even if the 
author's criticism of Mann et al (1998) were correct (which it very much appears not to be),  it would not even begin 
to confront the wealth of evidence supporting the primary conclusion of that study, that late 20th century Northern 
Hemisphere mean warmth is unprecedented in at least the past six centuries (and likely much longer).   The list of 
recent studies supporting this conclusion includes, but is not limited to, the following: 
 
Bauer, E., M. Claussen, and V. Brovkin, Assessing climate forcings of the earth system for the past millennium, Geophys. Res. 
Lett., 30 (6), doi: 10.1029/2002GL016639, 2003. 
 
Bradley, R.S., M.K Hughes and H.F. Diaz., Climate in Medieval Time. Science, 302, 404-405, 2003. 
 
Briffa, K.R., T.J. Osborn, F.H. Schweingruber, I.C. Harris, P.D. Jones, S.G. Shiyatov, S.G. and E.A. Vaganov, Low-frequency 
temperature variations from a northern tree-ring density network. J. Geophys. Res., 106, 2929-2941, 2001. 
 
Crowley, T.J., Causes of Climate Change over the Past 1000 Years, Science, 289, 270-277, 2000. 
 
Crowley, T.J., and T. Lowery, How Warm Was the Medieval Warm Period?, Ambio, 29, 51-54, 2000. 
 
Folland, C.K., T.R. Karl, J.R. Christy, R.A. Clarke, G.V. Gruza, J. Jouzel, M.E. Mann, J. Oerlemans, M.J. Salinger, S.-W. Wang, 
Observed Climate Variability and Change, in Climate Change 2001: The Scientific Basis, edited by J.T. Houghton et al.., pp. 99–
181, Cambridge Univ. Press, New York, 2001. 
 
Gerber, S., F. Joos, P. Brügger, T. F. Stocker, M. E. Mann, S. Sitch, and M. Scholze, Constraining temperature variations over 
the last millennium by comparing simulated and observed atmospheric CO2, Climate Dynamics, 20, 281-299, 2003. 
 
Hegerl, G.C., T.J. Crowley, S.K. Baum, K-Y. Kim, and W. T. Hyde, Detection of volcanic, solar and greenhouse gas signals in 
paleo-reconstructions of Northern Hemispheric temperature. Geophys. Res. Lett., 30 (5), doi: 10.1029/2002GL016635, 2003. 
 
Jones, P.D., K.R. Briffa, T.P. Barnett and S.F.B. Tett, High-resolution palaeoclimatic records for the last millennium: Integration, 
interpretation and comparison with General Circulation Model control run temperatures, Holocene, 8, 455-471, 1998. 
 
Jones, P.D., M. New, D.E. Parker, S. Martin, and I.G. Rigor, Surface air temperature and its changes over the past 150 years, 
Reviews of Geophysics, 37, 173-199, 1999. 
 
Jones, P.D., T.J. Osborn, and K.R. Briffa, The Evolution of Climate Over the Last Millennium, Science, 292, 662-667, 2001. 
 
Mann, M.E., Jones, P.D., Global surface temperature over the past two millennia, Geophysical Research Letters,  30 (15), 1820, 
doi: 10.1029/2003GL017814, 2003.  
 
Mann, M.E., Ammann, C.M., Bradley, R.S., Briffa, K.R., Crowley, T.J., Hughes, M.K., Jones, P.D., Oppenheimer, M.,  Osborn, 
T.J., Overpeck, J.T., Rutherford, S., Trenberth, K.E., Wigley, T.M.L.,  On Past Temperatures and Anomalous Late 20th Century 
Warmth, Eos, 84, 256-258, 2003. 
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From: Michael E. Mann
To: apetsonk@environmentaldefense.org; Jonathan Overpeck; Malcolm Hughes; Ray Bradley; tom crowley; Tom

Wigley
Cc: Michael Oppenheimer
Subject: Re: Your availability to answer press calls, inquiries re McIntyre & McKitrick piece in Energy & Environment
Date: Tuesday, October 28, 2003 3:24:45 AM
Attachments: EandEResponse-final.doc

My "response" has been further revised (attached) based on what additional
suspected error in their paper, and a few other changes have made.

cheers,

Mike M

At 05:30 PM 10/27/2003 -0500, apetsonk@environmentaldefense.org wrote:

Dear Drs. Overpeck, Hughes, Bradley, Crowley, and Wigley,

This Email is from Annie Petsonk of Environmental Defense.   We are
anticipating some press calls from reporters about the McIntyre &
McKitrick
piece that is being published in Energy & Environment.

We'd like to refer reporters to paleoclimatologists.

At Michael Mann's suggestion, I am writing to you to see if you would be
willing to respond to reporters' inquiries.  If so, could you please let me
know your availability Tuesday-Thursday of this week, and how you would
prefer to be contacted (phone, Email, OK to give your phone number to
reporters, would you prefer to call reporters yourself, etc.).

Thanks very much.

Annie Petsonk
International Counsel
Environmental Defense
Tel: 
Email: apetsonk@environmentaldefense.org

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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Having had a brief opportunity to review the paper by  Stephen McIntyre and Ross McKitrick, we can identify 
several  likely sources of error in  the paper: 
 
a) The authors used the wrong instrumental data set. 
 
Mann et al (1998) used an older version of the University of East Anglia 'CRU' instrumental surface temperature 
data set that dates back to 1854; the authors apparently used the newer version of the data set that goes back to 1856 
which  Jones and coworkers updated  in the mid 1990s--the data sets differ significantly in certain respects relevant 
to this study.  For example, owing to the adoption of different base periods, the data sets exhibit different regions of 
missing data.  This would appear to be  the reason that the authors could not, as reported, find  4 gridpoints used by 
Mann et al (1998)--they were using the wrong version of the surface temperature data set. For this reason, the 
normalization factors that they have used in their analysis are likely incorrect. There appear to be even more 
problematic issues with their normalization factors, as discussed below. 
 
b) The authors used the wrong proxy data. 
 
The authors apparently used an excel spreadsheet version of the MBH98 data that an associate of Mann et al had 
sent them. Based on the authors description, it appears that the data in that spreadsheet was shifted or scrambled n 
the process of being converted to an excel file.  This would explain the transcription errors the authors report in the 
file. Mann et al (1998) used a version of the data uncorrupted by any such potential problems, and these data have 
been available on a public ftp site provided by Mann and coworkers.  Had the authors used the correct, publicly 
available data, they wouldn't have encountered the excel transcription errors noted in their paper.  The authors 
describe an elaborate effort to descramble the excel file data, but it seems  unlikely that they has corrected any 
transcription errors that might have occurred. The authors also attempt to download other 'updated' versions of the 
various proxy data series. In many cases, however, these appear not to be equivalent to the proxy series used by 
Mann et al (1998).   
 
c) The authors did not implement the Mann et al approach correctly. 
 
The authors appear to have used incommensurate normalizations of the instrumental temperature record in their 
attempted reconstructions. The authors appear to have adopted normalization factors taken from the raw CRU 
temperature data and, as noted in (a), the wrong temperature data set. Mann et al (1998) normalized the instrumental 
data by the detrended standard deviations of the gridpoint data. Using these standard deviation estimates  in 
reconstructing the temperature field from the normalized eigenvectors of Mann et al  (as the authors do) will 
therefore produce artificially too much variance in the reconstruction, which may in part explain the inflated 
variance in the authors estimates. From the description of the method provided, it also  appears that the authors 
skipped at least one significant step. Nowhere in the their description is  any evidence provided that they have 
insured that the reconstructed principal components (RPCs) are properly scaled .  Mann et al (1998) insure the 
proper scaling by standardizing each RPC to have the same standard deviation as the annual mean of the 
corresponding instrumental Principal Component (PC) series during the calibration period 1902-1980, and then 
weighting by the correlation between the PC and RPC series over the same time period. This insures that the RPC is 
the best possible linear approximation to the corresponding annual PC during the calibration period.  
 
It is difficult to determine precisely what combination of the above problems, or others yet uncovered,  may have led 
to the authors conflicting results. The authors do not, as in Mann et al (1998), provide any evidence of statistical 
cross-validation of their estimates, so they have not demonstrated the internal consistency that Mann et al (1998) 
demonstrate in their own study.  Additional problems with their data and methodological implementation may be 
hidden in the details of their calculations and numerous data manipulations. Finding all of the potential mistakes 
would demand considerable time and effort.  Given that other workers with expertise in paleoclimate reconstruction 
have consistently reproduced the results of Mann et al (1998) within statistical uncertainties (see below), and that 
this current paper did not go through a legitimate scientific peer  review process (which would likely have detected 
several of the potentially important problems listed above) there is little motivation for paleoclimate scientists to 
mount an effort to determine what mistakes these authors might have made.  
 
Peer review, which is so essential in helping to guard against the publication of flawed scientific findings, clearly 
failed in this case for the following reasons: 
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1) The journal "Energy and Environment" in which the paper was published, is not a scientific journal, it is a social 
science journal (see below). The journal does not obey standard practices of peer-review, as detailed further below.  
The paper in question thus does not constitute peer-reviewed science!  Since the work has not been evaluated by 
scientists with the expertise necessary to judge its validity, there is no way to establish that the study is not seriously 
flawed. Indeed, a  cursory review of the terse description the authors have provided of their analysis already  yields 
major apparent problems as outlined above.   
 
2) "Energy and Environment" has been  publicly discredited. As described by accounts in the popular media, the 
journal published  a previous paper  [Soon, W., S. Baliunas, C. Idso, S. Idso, and D.R. Legates, Reconstructing 
Climatic and Environmental Changes of the Past 1000 Years: A Reappraisal, Energy & Environment, 14:233-296, 
2003] that was considered deeply flawed by mainstream scientific researchers. The circumstances surrounding the 
publication of the paper were found to be deeply suspicious. This Energy & Environment paper apparently was, in 
fact,  the original (unedited) submitted version of an otherwise nearly identical paper published in the journal  
"Climate Research".  Publication of the same article more than once is frowned upon in scientific circles, and is  
considered by many to be unethical. Professional societies (e.g. the American Geophysical Union) typically have an 
explicit policy against such duplication. Apparently the journal/editor of "Energy and Environment" observes no 
such policy.   Articles in Scientific American and the Chronicle of Higher Education have quoted numerous leading  
climate scientists as indicating that Soon and colleagues misinterpreted the paleoclimatological literature and 
misrepresented the work of other scientists. The controversy over the   publication of the paper has now led to the 
resignation of the editor-in-chief and five other editors  at the journal "Climate Research". That Ms. Boehmer-
Christiansen, apparently, chose to re-publish this article in its original, unedited form in "Energy and Environment" 
seems to speak for itself. 
 
According to reporter Richard Monasterksy of the Chronicle of Higher Education, in his article "Storm Brews Over 
Global Warming" (September 5, 2003), the editor "Energy and Environment", Sonja Boehmer-Christiansen, admits 
to following a political agenda, rather than scientific standards of peer review, in  publishing this and presumably 
other articles: 
 
The two researchers [Soon and Baliunas], with three additional co-authors,  published a longer version of the 
[Climate Research] paper this spring in Energy and Environment, a journal geared mainly to social scientists. The 
journal's editor, Sonja Boehmer-Christiansen, a reader in geography at the University of Hull, in England, says she 
sometimes publishes scientific papers challenging the view  that global warming is a problem, because that position 
is often stifled in other outlets. "I'm following my political agenda -- a bit, anyway," she says. "But isn't that the right 
of the editor?" 
 
The editor has regularly expressed strong policy opinions against the ratification of the Kyoto Protocol, having 
stated in one op-ed piece: " I support Bjørn Lomborg fully, and would go further in his condemnation of the climate 
treaty as unnecessary, unfair and self-interested. I see the whole climate debate in this country as a disguise for 
other policy objectives, as a construct by which several groups, including natural science researchers and 
researchers on 'old' alternative energy technologies tried to obtain more secure public funding (and industries such 
as nuclear power tried to get new or more subsidies or regulations, creating new markets). Enron was among them, 
and more successful here in the UK than in the USA, in lobbying for natural gas and emission trading. And 
government is using the climate scare to raise revenue and force industry to invest." 
 
This would  seem to raise alarm bells with regard to the scientific objectiveness of the editor involved in the 
publication of this paper.. 
 
3) Neither author of the paper in has any prior track record of research in the area of climate or paleoclimate that we 
could find based on a review of the "Science Citation Index". The review revealed no peer-reviewed publications in 
the climate or paleoclimate literature.  Given that the authors claims are in direct conflict with those of  leading 
scientists in the field, that they have no record of training in this field, and that the claims were not submitted for 
legitimate scientific peer review, they cannot be considered as having any scientific credibility. 
 
4) At least one of the two authors (McKitrick) has written op-ed pieces and even a book advocating against taking 
action to curtail greenhouse gas emissions. This would seem relevant to judging the author's scientific objectivity. 
 
5) Their paper criticizes  a  specific paper [Mann, M.E., Bradley, R.S., Hughes, M.K.Global-Scale Temperature 
Patterns and Climate Forcing Over the Past Six Centuries, Nature, 392, 779-787, 1998.]. Yet, the original authors 
were given no opportunity to review or comment on the paper. A survey of  leading paleoclimate scientists who 
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have done previous work in this area  (K. Briffa, R. Bradley, T. Crowley, M. Hughes,  P. Jones, T.  Osborn, J. 
Overpeck) reveals that none were in any way involved in any "review" (if there indeed even was any attempt at peer 
review) of this article.  The circumstances surrounding the publication of this paper thus appear deeply suspicious. 
 
6) If the author's scientific arguments had merit, the author most likely would have sought to  publish the work  in 
the respectable scientific literature and, in particular, a journal in which similar research  has typically been 
published (e.g. leading journals such as Science, Nature, Geophysical Research Letters, Journal of Climate, The 
Holocene, Journal of Geophysical Research, Reviews of Geophysics, Paleoceanography, Climate Dynamics, etc.).  
By having chosen to publish the paper in an obscure (let alone discredited), social science journal "Energy and 
Environment", the author has circumvented any opportunity for a qualified review of the methods or claims 
contained within the paper. Once again, like the previously published paper by Soon and collaborators in Energy 
and Environment, this circumvention of a legitimate peer review process appears to have resulted in the publication 
of a deeply flawed paper.  
 
7) The authors' arguments plainly constitute a  "straw man". The author claims that his reanalysis claiming to have 
used the same data and methods as the previous study by Mann et al (1998) [it appears to have used neither] calls 
into question the primary conclusion from that study: that late 20th century Northern Hemisphere average 
temperatures are anomalous in the context of the past several centuries.  
 
Yet this same basic finding has been confirmed multiple times over the past several years  by independent scientists 
using various different data sources and methodologies. Several different studies have now yielded an essentially 
statistically indistinguishable history from that published by Mann et al  (see Folland et al, 2001; Briffa et al, 2001; 
Jones et al, 2001; Mann et al, 2003). More than a  dozen articles published since that study, have come to the 
conclusion that late 20th century Northern Hemisphere average warmth was not only likely unprecedented over the 
past six centuries, but likely the millennium or longer. The most recent study coming to this conclusion  was 
published by Bradley and coworkers in the prestigious journal "Science" only a couple weeks ago. Thus, even if the 
author's criticism of Mann et al (1998) were correct (which it very much appears not to be),  it would not even begin 
to confront the wealth of evidence supporting the primary conclusion of that study, that late 20th century Northern 
Hemisphere mean warmth is unprecedented in at least the past six centuries (and likely much longer).   The list of 
recent studies supporting this conclusion includes, but is not limited to, the following: 
 
Bauer, E., M. Claussen, and V. Brovkin, Assessing climate forcings of the earth system for the past millennium, Geophys. Res. 
Lett., 30 (6), doi: 10.1029/2002GL016639, 2003. 
 
Bradley, R.S., M.K Hughes and H.F. Diaz., Climate in Medieval Time. Science, 302, 404-405, 2003. 
 
Briffa, K.R., T.J. Osborn, F.H. Schweingruber, I.C. Harris, P.D. Jones, S.G. Shiyatov, S.G. and E.A. Vaganov, Low-frequency 
temperature variations from a northern tree-ring density network. J. Geophys. Res., 106, 2929-2941, 2001. 
 
Crowley, T.J., Causes of Climate Change over the Past 1000 Years, Science, 289, 270-277, 2000. 
 
Crowley, T.J., and T. Lowery, How Warm Was the Medieval Warm Period?, Ambio, 29, 51-54, 2000. 
 
Folland, C.K., T.R. Karl, J.R. Christy, R.A. Clarke, G.V. Gruza, J. Jouzel, M.E. Mann, J. Oerlemans, M.J. Salinger, S.-W. Wang, 
Observed Climate Variability and Change, in Climate Change 2001: The Scientific Basis, edited by J.T. Houghton et al.., pp. 99–
181, Cambridge Univ. Press, New York, 2001. 
 
Gerber, S., F. Joos, P. Brügger, T. F. Stocker, M. E. Mann, S. Sitch, and M. Scholze, Constraining temperature variations over 
the last millennium by comparing simulated and observed atmospheric CO2, Climate Dynamics, 20, 281-299, 2003. 
 
Hegerl, G.C., T.J. Crowley, S.K. Baum, K-Y. Kim, and W. T. Hyde, Detection of volcanic, solar and greenhouse gas signals in 
paleo-reconstructions of Northern Hemispheric temperature. Geophys. Res. Lett., 30 (5), doi: 10.1029/2002GL016635, 2003. 
 
Jones, P.D., K.R. Briffa, T.P. Barnett and S.F.B. Tett, High-resolution palaeoclimatic records for the last millennium: Integration, 
interpretation and comparison with General Circulation Model control run temperatures, Holocene, 8, 455-471, 1998. 
 
Jones, P.D., M. New, D.E. Parker, S. Martin, and I.G. Rigor, Surface air temperature and its changes over the past 150 years, 
Reviews of Geophysics, 37, 173-199, 1999. 
 
Jones, P.D., T.J. Osborn, and K.R. Briffa, The Evolution of Climate Over the Last Millennium, Science, 292, 662-667, 2001. 
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Mann, M.E., Jones, P.D., Global surface temperature over the past two millennia, Geophysical Research Letters,  30 (15), 1820, 
doi: 10.1029/2003GL017814, 2003.  
 
Mann, M.E., Ammann, C.M., Bradley, R.S., Briffa, K.R., Crowley, T.J., Hughes, M.K., Jones, P.D., Oppenheimer, M.,  Osborn, 
T.J., Overpeck, J.T., Rutherford, S., Trenberth, K.E., Wigley, T.M.L.,  On Past Temperatures and Anomalous Late 20th Century 
Warmth, Eos, 84, 256-258, 2003. 
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From: Michael E. Mann
To: Annie_Petsonk@environmentaldefense.org
Cc: Jonathan Overpeck; Malcolm Hughes; Ray Bradley; tom crowley; Tom Wigley
Subject: Re: Your availability to answer press calls, inquiries re McIntyre & McKitrick piece in Energy & Environment
Date: Tuesday, October 28, 2003 5:50:52 AM

Hi Annie,

The paper has at least one major documented error. The problem is that they didn't
form theAs I noted, they used the wrong instrumental temperature dataset.  They
combined  estimates of the temperature scaling factors based on one temperature
data set, while the results of our study were based on a different temperature
dataset. When they use their scaling factors to back out the effects of our original
scaling factors, they therefore impose a spatially-variable bias in the temperature
pattern. They also didn't even calculate the normalization factors the same way (we
normalized our eigenvectors by the standard deviation of the 'detrended' temperature
series),compounding the error further. So their entire temperature reconstruction is
certainly incorrect for this reason. What additional impacts all of the other problems
listed may have had is difficult to say. 

mike

At 07:18 AM 10/28/2003 -0500, Annie_Petsonk@environmentaldefense.org wrote:

Thanks very much Michael.  One question:  The lead line of your revised
attachment says,

"Having had a brief opportunity to review the paper by  Stephen McIntyre
and Ross McKitrick, we can identify several  likely sources of error in
the paper:"

Does that mean it's likely that the paper has errors?  Or that the paper
has errors, and the likely sources are these?

These are two very different statements.  If the latter, would you be
comfortable revising the opening statement to read,

"The results of the paper appear to contradict the overwhelming weight of
the scientific evidence.  Having had a brief opportunity to review the
paper by  Stephen McIntyre and Ross McKitrick, we can identify errors in
the paper that have likely led to its non-credible conclusion."

What do you think?

Thanks,

Annie

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
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                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Annie_Petsonk@environmentaldefense.org
Cc: Jonathan Overpeck; Malcolm Hughes; Ray Bradley; tom crowley; Tom Wigley; mann@virginia.edu
Subject: Fwd: Re: Your availability to answer press calls, inquiries re McIntyre & McKitrick piece in Energy & Environment
Date: Tuesday, October 28, 2003 6:02:27 AM

Annie,

just to follow up briefly, this highlights one major conceptual problem in what they did.
Rather than producing an independent, self-consistent analysis, they simply combined
results that we had posted on the web from our original analysis, that is based on one
temperature dataset, with scaling factors calculated from a different data set, and not the
same way. So that alone could easily explain their wacky result.

However, they also didn't use the same set of proxy data (they appear to have used a
corrupted version of an excel spreadsheet version of the data that was put together by an
associated of ours) and it isn't at all clear that their method is mathematically equivalent to
ours. A reviewer w/ appropriate background and expertise would have required that they
control for differences in data and methodology independently to establish that the
differences aren't do to differences in the precise data or the precise methodology they
used. Once again, this couldn't have passed a legitimate peer review without establishing
these sorts of things.

A paper that is in review in the "Journal of Climate" co-authored by a number of us who
work in this area independently controls for differences in proxy data, target region,
seasonality, and methodological approach in comparing various estimates of Northern
Hemisphere temperature change in past centuries. The conclusions are that the estimates
are largely insensitive to differences in methodology or proxy data set used, while target
region and seasonality, as expected, leads to modest differences in the estimates (e.g.
extratropical winter continental temperatures vary differently from tropical summer
temperatures).

I hope that helps further clarify the issues at hand,

mike

Date: Tue, 28 Oct 2003 07:49:04 -0500
To: Annie_Petsonk@environmentaldefense.org
From: "Michael E. Mann" <mann@virginia.edu>
Subject: Re: Your availability to answer press calls, inquiries  re  McIntyre &
McKitrick piece in Energy & Environment
Cc: Jonathan Overpeck <jto@u.arizona.edu>, Malcolm Hughes
<mhughes@ltrr.arizona.edu>, Ray Bradley <rbradley@geo.umass.edu>, tom
crowley <tom@ocean.tamu.edu>, Tom Wigley <wigley@meeker.UCAR.EDU>
Bcc: David Appell <appell@nasw.org>, mann@virginia.edu

Hi Annie,

The paper has at least one major documented error. The problem is that they
didn't form theAs I noted, they used the wrong instrumental temperature
dataset.  They combined  estimates of the temperature scaling factors based on
one temperature data set, while the results of our study were based on a
different temperature dataset. When they use their scaling factors to back out
the effects of our original scaling factors, they therefore impose a spatially-
variable bias in the temperature pattern. They also didn't even calculate the
normalization factors the same way (we normalized our eigenvectors by the
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standard deviation of the 'detrended' temperature series),compounding the
error further. So their entire temperature reconstruction is certainly incorrect for
this reason. What additional impacts all of the other problems listed may have
had is difficult to say. 

mike

At 07:18 AM 10/28/2003 -0500, Annie_Petsonk@environmentaldefense.org
wrote:

Thanks very much Michael.  One question:  The lead line of your
revised
attachment says,

"Having had a brief opportunity to review the paper by  Stephen
McIntyre
and Ross McKitrick, we can identify several  likely sources of error in
the paper:"

Does that mean it's likely that the paper has errors?  Or that the
paper
has errors, and the likely sources are these?

These are two very different statements.  If the latter, would you be
comfortable revising the opening statement to read,

"The results of the paper appear to contradict the overwhelming
weight of
the scientific evidence.  Having had a brief opportunity to review the
paper by  Stephen McIntyre and Ross McKitrick, we can identify
errors in
the paper that have likely led to its non-credible conclusion."

What do you think?

Thanks,

Annie

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
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                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: asocci@cox.net; Gabi Hegerl; Jonathan Overpeck; Keith Briffa; Malcolm Hughes; Mike MacCracken; Phil Jones; Ray Bradley; Ben

Santer; Steve Schneider; Lonnie G. Thompson; Ellen Mosley-Thompson; Tim_Profeta@lieberman.senate.gov; tom crowley; Kevin
Trenberth; Tim Osborn; Tom Wigley; apetsonk@environmentaldefense.org; Jim Salinger

Subject: Fwd: Re: Fw: New Study Questions Kyoto Global Warming Data
Date: Tuesday, October 28, 2003 6:47:37 AM
Attachments: EandEResponse-final.doc

Dear All,

Hopefully, the last time. After considerable review of what the authors have done, and some
feedback from others, I've revised and streamlined my "response". The authors convolution of
incommensurate scaling factors with the posted Mann et al eigenvectors, resulting from their use
of a different instrumental temperature data set and inconsistent normalization convention
(standard deviation of detrended series was used in Mann et al while  non-detrended gridpoint
standard deviations have been used by the authors to unnormalize the Mann et al eigenvectors--
this leads to a spatially-variable biased enhancement of variance) appears likely to be the
culprit.

Its clearly an error. There may be several others yet uncovered, but this alone certainly
invalidates what they have done.

The attached, hopefully final version of my "response" should suffice.

Thanks,

mike

Date: Mon, 27 Oct 2003 15:50:38 -0500
To: mann@virginia.edu
From: "Michael E. Mann" <mann@virginia.edu>
Subject: Re: Fw: New Study Questions Kyoto Global Warming Data
Cc: asocci@cox.net, Gabi Hegerl <hegerl@duke.edu>, Jonathan Overpeck
<jto@u.arizona.edu>, Keith Briffa <k.briffa@uea.ac.uk>, Malcolm Hughes
<mhughes@ltrr.arizona.edu>, Mike MacCracken <mmaccrac@comcast.net>, Phil
Jones <p.jones@uea.ac.uk>, Ray Bradley <rbradley@geo.umass.edu>, Ben Santer
<santer1@llnl.gov>, Steve Schneider <shs@stanford.edu>, "Lonnie G. Thompson"
<thompson.3@osu.edu>, Ellen Mosley-Thompson <thompson.4@osu.edu>,
Tim_Profeta@lieberman.senate.gov, tom crowley <tom@ocean.tamu.edu>, Kevin
Trenberth <trenbert@cgd.ucar.edu>, Tim Osborn <t.osborn@uea.ac.uk>, Tom
Wigley <wigley@meeker.UCAR.EDU>, apetsonk@environmentaldefense.org, "Jim
Salinger" <j.salinger@niwa.co.nz>

Dear All,

One small correction upon further reading--they did appear to use subsets of
eigenvectors corresponding to those nominally used by Mann et al (1998) upon
further reading of their description.

However, the eigenvectors aren't the same, because the surface temperature dataset
is a different one from that used by Mann et al! So the eigenvectors #s that they
used are not the same as the corresponding eigenvectors used by Mann et al (1998).
Again, because they didn't apply the objective criterion themselves (they appear to
have simply used the same nominal eigenvectors, but of a different(!) temperature
dataset), they didn't appear to discover the problem...

mike

At 02:38 PM 10/27/2003 -0500, Michael E. Mann wrote:
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Dear All,

The link below has been passed along to me by a colleague (whose name
has been expunged to protect his identity):

Based on the description of data and method provided, which the authors
claim is a complete (!) description [this is important], I  have confidently
concluded that they have neither used the same data (instrumental or
proxy) but, more problematically, the same method as Mann et al (1998).
In fact, there is a huge problem in the statistical calibration procedure
they used, which omits an essential step used by Mann et al (1998) to
protect against statistical overfitting in the presence of an increasingly
sparse proxy data network back in time.

1) They used the wrong instrumental data set.

Mann et al (1998) used the older version of the CRU instrumental surface
temperature data set that dates back to 1854; they apparently used the
newer version of the data set that goes back to 1856 which Phil published
and updated to in the mid 90s--the data sets are actually significantly
different in places. They differ significantly, for example, in where they
have missing data. Phil can provide people details. Thus, the eigenvectors
are assured as being different, and the missing data are different. It
would have been surprising if they had found otherwise!

2) They used the wrong proxy data.

The authors apparently used an excel spreadsheet version of the MBH98
data that my associate Scott Rutherford had sent them. It appears that
the data got shifted and scrambled a bit in the process of being converted
to an excel spreadsheet or upon being downloaded or opened. This would
explain the numerous transcription errors the authors find in the file. Of
course, we used the uncorrupted data in our study.  These ascii versions
of the data have always been publicly available on our computer
"holocene". Had the authors used the (correct) ascii series on the data
set, they wouldn't have encountered transcription errors. From what I But
they appear to have had a corrupted version of the data. The authors
then describe an elaborate effort to download suitable approximate
versions of the proxy data series they couldn't get ahold of. In many
cases, these appear to be substantially different versions of the proxy
series than the ones used by Mann et al (1998) But again, I don't think
this matters.

3) They did not implement the Mann et al approach!!

From the description of the method provided, it appears that the authors
skipped the essential step of (1) applying an objective criterion (i.e.,
Presidendorffer's Rule N as used in Mann et al, '98) to determine the
optimal size N of the subset of the full (16) candidate instrumental
principal component series to retain in the calibration of the proxy data
and (2) optimizing the calibration resolved variance with respect to all
subsets of the leading PC series of size N. These crucial aspects of the
procedure were clearly layed out in Mann et al (1998), and is perhaps one
of the most essential steps---it is only the application of this objective
criterion that prevents an obvious statistical overfitting problem--the
authors *always* appear to use a subset of all 16 PC series!  However,
the criterion used by Mann et al (1998) dictated the retention of  a
maximum of 11 PC series, only a few PC series prior to AD 1600, and only
one prior to AD 1450. So the authors appear to have tried to fit 16 PC
series to the reconstruction from AD 1400-AD 1450, when an objective
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criterion would only dictate 1!

This is a really basic statistical error, and its likely this massive overfitting
that is responsible for the wild behavior in their reconstruction prior to
about AD 1600. Can't beleive they made such a basic error? See for
yourself:
http://www.climate2003.com/computations.html

Any statistical climatologists worth their salt would have picked this up.
But I believe the paper wasn't even reviewed!

4) Their result is, not surprisingly, wacky

The resulting reconstruction they show, with an enormous warm anomaly
during the 15th and 16th centuries, looks like nothing ever produced in
any objective estimate of past Northern Hemisphere temperature trends
that I'm familiar with. I guess they could term this the "Renaissance
Warm Period", but of course no other model or empirical Northern
Hemisphere temperature reconstruction looks anything like this. Frankly,
the ridiculous result should have let them know they did something
wrong.

Mike,

This seems to be the HTML version of McIntyre's paper. (I got
this
unsolicited from Gene Avrett, Soon & Baliunas's boss at
Harvard.)

---------------------- Original Message -----------------------
 From:    "Eugene H. Avrett"
 To:     
 Date:    Mon, 27 Oct 2003 12:09:22 -0500
 Subject: article in Energy and Environment
----

Dear        ,

You may be interested in the article by McIntyre and McKitrick
just published in Energy and Environment which questions the
validity of the Mann et al. (1998) study that provided the basis

for the claim that 20th century warming is unprecedented.

See http://www.uoguelph.ca/~rmckitri/research/trc.html.

Yours sincerely,
Gene Avrett

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
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                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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Having had a brief opportunity to review the paper by  Stephen McIntyre and Ross McKitrick, we can identify 
several  significant sources of error that, aside from other as yet undetermined problems with their analysis, 
invalidate their findings and claims. Rather than producing an independent, self-consistent analysis, they simply 
combined results previously posted on the internet by Mann and colleagues  from their original analysis, which was 
based on one temperature data set and scaling convention,  with temperature scaling factors based on a different 
temperature data set, and different scaling convention.  This alone could easily explain the very odd result that they 
obtain, which is inconsistent not only with Mann et al (1998) but all other known published estimates. 
 
The critical problems in their analysis can be summarized as follows: 
 
a) The authors used the wrong instrumental data set. 
 
Mann et al (1998) used an older version of the University of East Anglia 'CRU' instrumental surface temperature 
data set that dates back to 1854; the authors apparently used the newer version of the data set that goes back to 1856 
which  Jones and coworkers updated  in the mid 1990s--the data sets differ significantly in certain respects relevant 
to this study.  For example, owing to the adoption of different base periods, the data sets exhibit different regions of 
missing data.  This would appear to be  the reason that the authors could not, as reported, find  4 gridpoints used by 
Mann et al (1998)--they were using the wrong version of the surface temperature data set. This would not matter had 
the authors performed a self-consistent analysis, but they did not. They combined results from one temperature 
dataset (as posed by Mann and colleagues) with scaling factors based on a different dataset. For this reason alone, 
the normalization factors that they have used in their analysis are likely incorrect. However, there appears to be even 
more problematic issues with their normalization factors, as discussed below. 
 
b) The authors used the wrong proxy data. 
 
The authors apparently used an excel spreadsheet version of the MBH98 data that an associate of Mann et al had 
sent them. Based on the authors description, it appears that the data in that spreadsheet was shifted or scrambled n 
the process of being converted to an excel file.  This would explain the transcription errors the authors report in the 
file. Mann et al (1998) used a version of the data uncorrupted by any such potential problems, and these data have 
been available on a public ftp site provided by Mann and coworkers.  Had the authors used the correct, publicly 
available data, they wouldn't have encountered the excel transcription errors noted in their paper.  The authors 
describe an elaborate effort to descramble the excel file data, but it seems  unlikely that they has corrected any 
transcription errors that might have occurred. The authors also attempt to download other 'updated' versions of the 
various proxy data series. In many cases, however, these appear not to be equivalent to the proxy series used by 
Mann et al (1998).   
 
c) The authors did not implement the Mann et al approach correctly. 
 
The authors appear to have used incommensurate normalizations of the instrumental temperature record in their 
attempted reconstructions, combining results of the Mann et al (1998) study that were posted on the web, with 
temperature factors diagnosed incorrectly from a different  (see 'a' above)  temperature data set. While Mann et al 
(1998) normalized the instrumental surface temperature data by the detrended standard deviations of the gridpoint 
data, the authors backed out estimates of the temperature normalization factors from the Mann et al results based on 
the use of  undetrended data. Using these incorrect scaling estimates  in reconstructing the temperature field from 
the normalized eigenvectors of Mann et al  (as the authors do) leads to a spatially-variable pattern of biased in the 
reconstructed temperature pattern. It is difficult, as yet, to determine the potential magnitude of the resulting bias. 
Needles to say, however, this error likely helps to explain the inflated variance in the authors estimates relative to 
the originally published Mann et al estimates.  
 
It is difficult to determine precisely what combination of the above problems, or others yet uncovered,  may have led 
to the authors conflicting results. The authors do not, as in Mann et al (1998), provide any evidence of statistical 
cross-validation of their estimates, so they have not demonstrated the internal consistency that Mann et al (1998) 
demonstrate in their own study. (Mann et al show that there estimates match independent instrumental 
measurements back through the mid 18th century--the authors of the present paper show no such result). Additional 
problems with their data and methodological implementation may be hidden in the details of their calculations and 
numerous data manipulations. Finding all of the potential mistakes would demand considerable time and effort.  
Given that other workers with expertise in paleoclimate reconstruction have consistently reproduced the basic results 
of Mann et al (1998) within statistical uncertainties (see below), and that this current paper did not go through a 
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legitimate scientific peer  review process (see below) which would likely have detected several of the potentially 
important problems listed above, there is little motivation for other scientists to seek to determine just what mistakes 
thes authors of the present paper might have made.  
 
Peer review, which is so essential in helping to guard against the publication of flawed scientific findings, clearly 
failed in this case for the following reasons: 
 
1) The journal "Energy and Environment" in which the paper was published, is not a scientific journal, it is a social 
science journal (see below). The journal does not obey standard practices of peer-review, as detailed further below.  
The paper in question thus does not constitute peer-reviewed science!  Since the work has not been evaluated by 
scientists with the expertise necessary to judge its validity, there is no way to establish that the study is not seriously 
flawed. Indeed, a  cursory review of the terse description the authors have provided of their analysis already  yields 
major apparent problems as outlined above.   
 
2) "Energy and Environment" has been  publicly discredited. As described by accounts in the popular media, the 
journal published  a previous paper  [Soon, W., S. Baliunas, C. Idso, S. Idso, and D.R. Legates, Reconstructing 
Climatic and Environmental Changes of the Past 1000 Years: A Reappraisal, Energy & Environment, 14:233-296, 
2003] that was considered deeply flawed by mainstream scientific researchers. The circumstances surrounding the 
publication of the paper were found to be deeply suspicious. This Energy & Environment paper apparently was, in 
fact,  the original (unedited) submitted version of an otherwise nearly identical paper published in the journal  
"Climate Research".  Publication of the same article more than once is frowned upon in scientific circles, and is  
considered by many to be unethical. Professional societies (e.g. the American Geophysical Union) typically have an 
explicit policy against such duplication. Apparently the journal/editor of "Energy and Environment" observes no 
such policy.   Articles in Scientific American and the Chronicle of Higher Education have quoted numerous leading  
climate scientists as indicating that Soon and colleagues misinterpreted the paleoclimatological literature and 
misrepresented the work of other scientists. The controversy over the   publication of the paper has now led to the 
resignation of the editor-in-chief and five other editors  at the journal "Climate Research". That Ms. Boehmer-
Christiansen, apparently, chose to re-publish this article in its original, unedited form in "Energy and Environment" 
seems to speak for itself. 
 
According to reporter Richard Monasterksy of the Chronicle of Higher Education, in his article "Storm Brews Over 
Global Warming" (September 5, 2003), the editor "Energy and Environment", Sonja Boehmer-Christiansen, admits 
to following a political agenda, rather than scientific standards of peer review, in  publishing this and presumably 
other articles: 
 
The two researchers [Soon and Baliunas], with three additional co-authors,  published a longer version of the 
[Climate Research] paper this spring in Energy and Environment, a journal geared mainly to social scientists. The 
journal's editor, Sonja Boehmer-Christiansen, a reader in geography at the University of Hull, in England, says she 
sometimes publishes scientific papers challenging the view  that global warming is a problem, because that position 
is often stifled in other outlets. "I'm following my political agenda -- a bit, anyway," she says. "But isn't that the right 
of the editor?" 
 
The editor has regularly expressed strong policy opinions against the ratification of the Kyoto Protocol, having 
stated in one op-ed piece: " I support Bjørn Lomborg fully, and would go further in his condemnation of the climate 
treaty as unnecessary, unfair and self-interested. I see the whole climate debate in this country as a disguise for 
other policy objectives, as a construct by which several groups, including natural science researchers and 
researchers on 'old' alternative energy technologies tried to obtain more secure public funding (and industries such 
as nuclear power tried to get new or more subsidies or regulations, creating new markets). Enron was among them, 
and more successful here in the UK than in the USA, in lobbying for natural gas and emission trading. And 
government is using the climate scare to raise revenue and force industry to invest." 
 
This would  seem to raise alarm bells with regard to the scientific objectiveness of the editor involved in the 
publication of this paper.. 
 
3) Neither author of the paper in has any prior track record of research in the area of climate or paleoclimate that we 
could find based on a review of the "Science Citation Index". The review revealed no peer-reviewed publications in 
the climate or paleoclimate literature.  Given that the authors claims are in direct conflict with those of  leading 
scientists in the field, that they have no record of training in this field, and that the claims were not submitted for 
legitimate scientific peer review, they cannot be considered as having any scientific credibility. 
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4) At least one of the two authors (McKitrick) has written op-ed pieces and even a book advocating against taking 
action to curtail greenhouse gas emissions. This would seem relevant to judging the author's scientific objectivity. 
 
5) Their paper criticizes  a  specific paper [Mann, M.E., Bradley, R.S., Hughes, M.K.Global-Scale Temperature 
Patterns and Climate Forcing Over the Past Six Centuries, Nature, 392, 779-787, 1998.]. Yet, the original authors 
were given no opportunity to review or comment on the paper. A survey of  leading paleoclimate scientists who 
have done previous work in this area  (K. Briffa, R. Bradley, T. Crowley, M. Hughes,  P. Jones, T.  Osborn, J. 
Overpeck) reveals that none were in any way involved in any "review" (if there indeed even was any attempt at peer 
review) of this article.  The circumstances surrounding the publication of this paper thus appear deeply suspicious. 
 
6) If the author's scientific arguments had merit, the author most likely would have sought to  publish the work  in 
the respectable scientific literature and, in particular, a journal in which similar research  has typically been 
published (e.g. leading journals such as Science, Nature, Geophysical Research Letters, Journal of Climate, The 
Holocene, Journal of Geophysical Research, Reviews of Geophysics, Paleoceanography, Climate Dynamics, etc.).  
By having chosen to publish the paper in an obscure (let alone discredited), social science journal "Energy and 
Environment", the author has circumvented any opportunity for a qualified review of the methods or claims 
contained within the paper. Once again, like the previously published paper by Soon and collaborators in Energy 
and Environment, this circumvention of a legitimate peer review process appears to have resulted in the publication 
of a deeply flawed paper.  
 
7) The authors' arguments plainly constitute a  "straw man". The author claims that his reanalysis claiming to have 
used the same data and methods as the previous study by Mann et al (1998) [it appears to have used neither] calls 
into question the primary conclusion from that study: that late 20th century Northern Hemisphere average 
temperatures are anomalous in the context of the past several centuries.  
 
Yet this same basic finding has been confirmed multiple times over the past several years  by independent scientists 
using various different data sources and methodologies. Several different studies have now yielded an essentially 
statistically indistinguishable history from that published by Mann et al  (see e.g. the reviews by Folland et al, 2001; 
Briffa et al, 2001; Jones et al, 2001; Mann et al, 2003). More than a  dozen articles published since that study, have 
come to the conclusion that late 20th century Northern Hemisphere average warmth was not only likely 
unprecedented over the past six centuries, but likely the millennium or longer. The most recent study coming to this 
conclusion  was published by Bradley and coworkers in the prestigious journal "Science" only a couple weeks ago. 
Thus, even if the author's criticism of Mann et al (1998) were correct (which it very much appears not to be),  it 
would not even begin to confront the wealth of evidence supporting the primary conclusion of that study, that late 
20th century Northern Hemisphere mean warmth is unprecedented in at least the past six centuries (and likely much 
longer).   The list of recent studies supporting this conclusion includes, but is not limited to, the following: 
 
Bauer, E., M. Claussen, and V. Brovkin, Assessing climate forcings of the earth system for the past millennium, Geophys. Res. 
Lett., 30 (6), doi: 10.1029/2002GL016639, 2003. 
 
Bradley, R.S., M.K Hughes and H.F. Diaz., Climate in Medieval Time. Science, 302, 404-405, 2003. 
 
Briffa, K.R., T.J. Osborn, F.H. Schweingruber, I.C. Harris, P.D. Jones, S.G. Shiyatov, S.G. and E.A. Vaganov, Low-frequency 
temperature variations from a northern tree-ring density network. J. Geophys. Res., 106, 2929-2941, 2001. 
 
Crowley, T.J., Causes of Climate Change over the Past 1000 Years, Science, 289, 270-277, 2000. 
 
Crowley, T.J., and T. Lowery, How Warm Was the Medieval Warm Period?, Ambio, 29, 51-54, 2000. 
 
Folland, C.K., T.R. Karl, J.R. Christy, R.A. Clarke, G.V. Gruza, J. Jouzel, M.E. Mann, J. Oerlemans, M.J. Salinger, S.-W. Wang, 
Observed Climate Variability and Change, in Climate Change 2001: The Scientific Basis, edited by J.T. Houghton et al.., pp. 99–
181, Cambridge Univ. Press, New York, 2001. 
 
Gerber, S., F. Joos, P. Brügger, T. F. Stocker, M. E. Mann, S. Sitch, and M. Scholze, Constraining temperature variations over 
the last millennium by comparing simulated and observed atmospheric CO2, Climate Dynamics, 20, 281-299, 2003. 
 
Hegerl, G.C., T.J. Crowley, S.K. Baum, K-Y. Kim, and W. T. Hyde, Detection of volcanic, solar and greenhouse gas signals in 
paleo-reconstructions of Northern Hemispheric temperature. Geophys. Res. Lett., 30 (5), doi: 10.1029/2002GL016635, 2003. 
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Jones, P.D., K.R. Briffa, T.P. Barnett and S.F.B. Tett, High-resolution palaeoclimatic records for the last millennium: Integration, 
interpretation and comparison with General Circulation Model control run temperatures, Holocene, 8, 455-471, 1998. 
 
Jones, P.D., M. New, D.E. Parker, S. Martin, and I.G. Rigor, Surface air temperature and its changes over the past 150 years, 
Reviews of Geophysics, 37, 173-199, 1999. 
 
Jones, P.D., T.J. Osborn, and K.R. Briffa, The Evolution of Climate Over the Last Millennium, Science, 292, 662-667, 2001. 
 
Mann, M.E., Jones, P.D., Global surface temperature over the past two millennia, Geophysical Research Letters,  30 (15), 1820, 
doi: 10.1029/2003GL017814, 2003.  
 
Mann, M.E., Ammann, C.M., Bradley, R.S., Briffa, K.R., Crowley, T.J., Hughes, M.K., Jones, P.D., Oppenheimer, M.,  Osborn, 
T.J., Overpeck, J.T., Rutherford, S., Trenberth, K.E., Wigley, T.M.L.,  On Past Temperatures and Anomalous Late 20th Century 
Warmth, Eos, 84, 256-258, 2003. 
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From: Michael E. Mann
To: Richard Kerr
Subject: Re: Fwd: global warming - explosive paper just published -- open access
Date: Tuesday, October 28, 2003 3:10:53 PM
Attachments: EandEResponse-final.doc

Dick,

Thanks for getting in touch.

This is a political stunt, not a scientific paper. The journal isn't a science journal, and
it doesn't employ peer review.  Apparently, nobody in the paleoclimate community
was ever asked to comment on the paper. Numerous mistakes went unnoticed in the
putative  'peer review' process, not the least of which is the use of the wrong
instrumental surface temperature dataset. 

The editor and one of the authors has been taking an active role against Kyoto, and
have made some rasher outlandish public remarks...

I'm forwarding some emails to you that you will probably find sobering.

I'm  also attaching a response that has already been drafted.

let me know if you can use any additional info. 

Thanks,

mike

At 04:44 PM 10/28/2003 -0500, you wrote:

Mike,

 
Thought you'd be interested in this. If I can't dampen interest in it here, I may be back to you.

 
Regards,

 
Dick

 
Richard A. Kerr
Senior Writer, Science
phone 
fax 
rkerr@aaas.org
1200 New York Avenue, N.W.
Washington, DC 20005
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Having had a brief opportunity to review the paper by  Stephen McIntyre and Ross McKitrick, we can identify 
several  significant sources of error that, aside from other as yet undetermined problems with their analysis, 
invalidate their findings and claims. Rather than producing an independent, self-consistent analysis, they simply 
combined results previously posted on the internet by Mann and colleagues  from their original analysis, which was 
based on one temperature data set and scaling convention,  with temperature scaling factors based on a different 
temperature data set, and different scaling convention.  This alone could easily explain the very odd result that they 
obtain, which is inconsistent not only with Mann et al (1998) but all other known published estimates. 
 
The critical problems in their analysis can be summarized as follows: 
 
a) The authors used the wrong instrumental data set. 
 
Mann et al (1998) used an older version of the University of East Anglia 'CRU' instrumental surface temperature 
data set that dates back to 1854; the authors apparently used the newer version of the data set that goes back to 1856 
which  Jones and coworkers updated  in the mid 1990s--the data sets differ significantly in certain respects relevant 
to this study.  For example, owing to the adoption of different base periods, the data sets exhibit different regions of 
missing data.  This would appear to be  the reason that the authors could not, as reported, find  4 gridpoints used by 
Mann et al (1998)--they were using the wrong version of the surface temperature data set. This would not matter had 
the authors performed a self-consistent analysis, but they did not. They combined results from one temperature 
dataset (as posed by Mann and colleagues) with scaling factors based on a different dataset. For this reason alone, 
the normalization factors that they have used in their analysis are likely incorrect. However, there appear to be even 
more problematic issues with their normalization factors, as discussed below. 
 
b) The authors used the wrong proxy data. 
 
The authors apparently used an excel spreadsheet version of the MBH98 data that an associate of Mann et al had 
sent them. Based on the authors description, it appears that the data in that spreadsheet was shifted or scrambled n 
the process of being converted to an excel file.  This would explain the transcription errors the authors report in the 
file. Mann et al (1998) used a version of the data uncorrupted by any such potential problems, and these data have 
been available on a public ftp site provided by Mann and coworkers.  Had the authors used the correct, publicly 
available data, they wouldn't have encountered the excel transcription errors noted in their paper.  The authors 
describe an elaborate effort to descramble the excel file data, but it seems  unlikely that they has corrected any 
transcription errors that might have occurred. The authors also attempt to download other 'updated' versions of the 
various proxy data series. In many cases, however, these appear not to be equivalent to the proxy series used by 
Mann et al (1998).   
 
c) The authors did not implement the Mann et al approach correctly. 
 
The authors appear to have used incommensurate normalizations of the instrumental temperature record in their 
attempted reconstructions, combining results of the Mann et al (1998) study that were posted on the web, with 
temperature factors diagnosed incorrectly from a different  (see 'a' above)  temperature data set. While Mann et al 
(1998) normalized the instrumental surface temperature data by the detrended standard deviations of the gridpoint 
data, the authors backed out estimates of the temperature normalization factors from the Mann et al results based on 
the use of  undetrended data. Using these incorrect scaling estimates  in reconstructing the temperature field from 
the normalized eigenvectors of Mann et al  (as the authors do) leads to a spatially-variable pattern of bias in the 
reconstructed temperature pattern. It is difficult, as yet, to determine the potential magnitude of the resulting bias. 
Needles to say, however, this error likely helps to explain the inflated variance in the authors estimates relative to 
the originally published Mann et al estimates.  
 
It is difficult to determine precisely what combination of the above problems, or others yet uncovered,  may have led 
to the authors conflicting results. The authors do not, as in Mann et al (1998), provide any evidence of statistical 
cross-validation of their estimates, so they have not demonstrated the internal consistency that Mann et al (1998) 
demonstrate in their own study. (Mann et al show that there estimates match independent instrumental 
measurements back through the mid 18th century--the authors of the present paper show no such result). Additional 
problems with their data and methodological implementation may be hidden in the details of their calculations and 
numerous data manipulations. Finding all of the potential mistakes would demand considerable time and effort.  
Given that other workers with expertise in paleoclimate reconstruction have consistently reproduced the basic results 
of Mann et al (1998) within statistical uncertainties (see below), and that this current paper did not go through a 
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legitimate scientific peer  review process (see below) which would likely have detected several of the potentially 
important problems listed above, there is little motivation for other scientists to seek to determine just what mistakes 
the authors of the present paper might have made.  
 
Peer review, which is so essential in helping to guard against the publication of flawed scientific findings, clearly 
failed in this case for the following reasons: 
 
1) The journal "Energy and Environment" in which the paper was published, is not a scientific journal, it is a social 
science journal (see below). The journal does not obey standard practices of peer-review, as detailed further below.  
The paper in question thus does not constitute peer-reviewed science!  Since the work has not been evaluated by 
scientists with the expertise necessary to judge its validity, there is no way to establish that the study is not seriously 
flawed. Indeed, a  cursory review of the terse description the authors have provided of their analysis already  yields 
major apparent problems as outlined above.   
 
2) "Energy and Environment" has been  publicly discredited. As described by accounts in the popular media, the 
journal published  a previous paper  [Soon, W., S. Baliunas, C. Idso, S. Idso, and D.R. Legates, Reconstructing 
Climatic and Environmental Changes of the Past 1000 Years: A Reappraisal, Energy & Environment, 14:233-296, 
2003] that was considered deeply flawed by mainstream scientific researchers. The circumstances surrounding the 
publication of the paper were found to be deeply suspicious. This Energy & Environment paper apparently was, in 
fact,  the original (unedited) submitted version of an otherwise nearly identical paper published in the journal  
"Climate Research".  Publication of the same article more than once is frowned upon in scientific circles, and is  
considered by many to be unethical. Professional societies (e.g. the American Geophysical Union) typically have an 
explicit policy against such duplication. Apparently the journal/editor of "Energy and Environment" observes no 
such policy.   Articles in Scientific American and the Chronicle of Higher Education have quoted numerous leading  
climate scientists as indicating that Soon and colleagues misinterpreted the paleoclimatological literature and 
misrepresented the work of other scientists. The controversy over the   publication of the paper has now led to the 
resignation of the editor-in-chief and five other editors  at the journal "Climate Research". That Ms. Boehmer-
Christiansen, apparently, chose to re-publish this article in its original, unedited form in "Energy and Environment" 
seems to speak for itself. 
 
According to reporter Richard Monasterksy of the Chronicle of Higher Education, in his article "Storm Brews Over 
Global Warming" (September 5, 2003), the editor "Energy and Environment", Sonja Boehmer-Christiansen, admits 
to following a political agenda, rather than scientific standards of peer review, in  publishing this and presumably 
other articles: 
 
The two researchers [Soon and Baliunas], with three additional co-authors,  published a longer version of the 
[Climate Research] paper this spring in Energy and Environment, a journal geared mainly to social scientists. The 
journal's editor, Sonja Boehmer-Christiansen, a reader in geography at the University of Hull, in England, says she 
sometimes publishes scientific papers challenging the view  that global warming is a problem, because that position 
is often stifled in other outlets. "I'm following my political agenda -- a bit, anyway," she says. "But isn't that the right 
of the editor?" 
 
The editor has regularly expressed strong policy opinions against the ratification of the Kyoto Protocol, having 
stated in one op-ed piece: " I support Bjørn Lomborg fully, and would go further in his condemnation of the climate 
treaty as unnecessary, unfair and self-interested. I see the whole climate debate in this country as a disguise for 
other policy objectives, as a construct by which several groups, including natural science researchers and 
researchers on 'old' alternative energy technologies tried to obtain more secure public funding (and industries such 
as nuclear power tried to get new or more subsidies or regulations, creating new markets). Enron was among them, 
and more successful here in the UK than in the USA, in lobbying for natural gas and emission trading. And 
government is using the climate scare to raise revenue and force industry to invest." 
 
This would  seem to raise alarm bells with regard to the scientific objectiveness of the editor involved in the 
publication of this paper.. 
 
3) Neither author of the paper in has any prior track record of research in the area of climate or paleoclimate that we 
could find based on a review of the "Science Citation Index". The review revealed no peer-reviewed publications in 
the climate or paleoclimate literature.  Given that the authors claims are in direct conflict with those of  leading 
scientists in the field, that they have no record of training in this field, and that the claims were not submitted for 
legitimate scientific peer review, they cannot be considered as having any scientific credibility. 
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4) At least one of the two authors (McKitrick) has written op-ed pieces and even a book advocating against taking 
action to curtail greenhouse gas emissions. This would seem relevant to judging the author's scientific objectivity. 
 
5) Their paper criticizes  a  specific paper [Mann, M.E., Bradley, R.S., Hughes, M.K.Global-Scale Temperature 
Patterns and Climate Forcing Over the Past Six Centuries, Nature, 392, 779-787, 1998.]. Yet, the original authors 
were given no opportunity to review or comment on the paper. A survey of  leading paleoclimate scientists who 
have done previous work in this area  (K. Briffa, R. Bradley, T. Crowley, M. Hughes,  P. Jones, T.  Osborn, J. 
Overpeck) reveals that none were in any way involved in any "review" (if there indeed even was any attempt at peer 
review) of this article.  The circumstances surrounding the publication of this paper thus appear deeply suspicious. 
 
6) If the authors scientific arguments had merit, the authors most likely would have sought to  publish the work  in 
the respectable scientific literature and, in particular, a journal in which similar research  has typically been 
published (e.g. leading journals such as Science, Nature, Geophysical Research Letters, Journal of Climate, The 
Holocene, Journal of Geophysical Research, Reviews of Geophysics, Paleoceanography, Climate Dynamics, etc.).  
By having chosen to publish the paper in an obscure (let alone discredited), social science journal "Energy and 
Environment", the author has circumvented any opportunity for a qualified review of the methods or claims 
contained within the paper. Once again, like the previously published paper by Soon and collaborators in Energy 
and Environment, this circumvention of a legitimate peer review process appears to have resulted in the publication 
of a deeply flawed paper.  
 
7) The authors' arguments plainly constitute a  "straw man". The authors argue that their reanalysis claiming to have 
used the same data and methods as the previous study by Mann et al (1998) [it appears to have used neither] calls 
into question the primary conclusion from that study: that late 20th century Northern Hemisphere average 
temperatures are anomalous in the context of the past several centuries.  
 
Yet this same basic finding has been confirmed multiple times over the past several years  by independent scientists 
using various different data sources and methodologies. Several different studies have now yielded an essentially 
statistically indistinguishable history from that published by Mann et al  (see e.g. the reviews by Folland et al, 2001; 
Briffa et al, 2001; Jones et al, 2001; Mann et al, 2003). More than a  dozen articles published since that study, have 
come to the conclusion that late 20th century Northern Hemisphere average warmth was not only likely 
unprecedented over the past six centuries, but likely the millennium or longer. The most recent study coming to this 
conclusion  was published by Bradley and coworkers in the prestigious journal "Science" only a couple weeks ago. 
Thus, even if the author's criticism of Mann et al (1998) were correct (which it very much appears not to be),  it 
would not even begin to confront the wealth of evidence supporting the primary conclusion of that study, that late 
20th century Northern Hemisphere mean warmth is unprecedented in at least the past six centuries (and likely much 
longer).   The list of recent studies supporting this conclusion includes, but is not limited to, the following: 
 
Bauer, E., M. Claussen, and V. Brovkin, Assessing climate forcings of the earth system for the past millennium, Geophys. Res. 
Lett., 30 (6), doi: 10.1029/2002GL016639, 2003. 
 
Bradley, R.S., M.K Hughes and H.F. Diaz., Climate in Medieval Time. Science, 302, 404-405, 2003. 
 
Briffa, K.R., T.J. Osborn, F.H. Schweingruber, I.C. Harris, P.D. Jones, S.G. Shiyatov, S.G. and E.A. Vaganov, Low-frequency 
temperature variations from a northern tree-ring density network. J. Geophys. Res., 106, 2929-2941, 2001. 
 
Crowley, T.J., Causes of Climate Change over the Past 1000 Years, Science, 289, 270-277, 2000. 
 
Crowley, T.J., and T. Lowery, How Warm Was the Medieval Warm Period?, Ambio, 29, 51-54, 2000. 
 
Folland, C.K., T.R. Karl, J.R. Christy, R.A. Clarke, G.V. Gruza, J. Jouzel, M.E. Mann, J. Oerlemans, M.J. Salinger, S.-W. Wang, 
Observed Climate Variability and Change, in Climate Change 2001: The Scientific Basis, edited by J.T. Houghton et al.., pp. 99–
181, Cambridge Univ. Press, New York, 2001. 
 
Gerber, S., F. Joos, P. Brügger, T. F. Stocker, M. E. Mann, S. Sitch, and M. Scholze, Constraining temperature variations over 
the last millennium by comparing simulated and observed atmospheric CO2, Climate Dynamics, 20, 281-299, 2003. 
 
Hegerl, G.C., T.J. Crowley, S.K. Baum, K-Y. Kim, and W. T. Hyde, Detection of volcanic, solar and greenhouse gas signals in 
paleo-reconstructions of Northern Hemispheric temperature. Geophys. Res. Lett., 30 (5), doi: 10.1029/2002GL016635, 2003. 
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Jones, P.D., K.R. Briffa, T.P. Barnett and S.F.B. Tett, High-resolution palaeoclimatic records for the last millennium: Integration, 
interpretation and comparison with General Circulation Model control run temperatures, Holocene, 8, 455-471, 1998. 
 
Jones, P.D., M. New, D.E. Parker, S. Martin, and I.G. Rigor, Surface air temperature and its changes over the past 150 years, 
Reviews of Geophysics, 37, 173-199, 1999. 
 
Jones, P.D., T.J. Osborn, and K.R. Briffa, The Evolution of Climate Over the Last Millennium, Science, 292, 662-667, 2001. 
 
Mann, M.E., Jones, P.D., Global surface temperature over the past two millennia, Geophysical Research Letters,  30 (15), 1820, 
doi: 10.1029/2003GL017814, 2003.  
 
Mann, M.E., Ammann, C.M., Bradley, R.S., Briffa, K.R., Crowley, T.J., Hughes, M.K., Jones, P.D., Oppenheimer, M.,  Osborn, 
T.J., Overpeck, J.T., Rutherford, S., Trenberth, K.E., Wigley, T.M.L.,  On Past Temperatures and Anomalous Late 20th Century 
Warmth, Eos, 84, 256-258, 2003. 
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You might like to take a look at www.multi-science.co.uk   A paper has been published in
Energy & Environment Vol14 No6 which is a critique of the methodology of Mann et al
1998. Mann et al is the paper which provided the intellectual underpinning for the IPCC
claim that global warming is a man made phenomenon. Clearly, if that claim is wrong, or
even if the arguments to support it cannot bear scrutiny, then the policy flowing from it is
misguided, to say the very least.
 
The publishers regard this paper as being potentially so important they have placed it on
open access on their website, in the public interest.
 
Bill Hughes
Director
Multi-Science Publishing Co Ltd..

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: raymond s. bradley
To: mhughes@ltrr.arizona.edu; mann@multiproxy.evsc.virginia.edu
Subject: possible response?
Date: Tuesday, October 28, 2003 4:02:53 PM

Now I've read their paper, there are some wierd things that we should look
into, though I am sure they will have no bearing on our overall
results.  But in this "death by 1000 cuts" approach to science, we have to
make sure we can't be slowly bled to death...
Do you think we should respond as below, or forget about it?
ray

To The Editor

Energy and The Environment

Dear XX,
We request that the following statement be published in your journal at the
earliest opportunity.

The recent paper by McIntyre and McKitrick (Energy and Environment, 14,
751-771) claims to be an "audit"of the analysis of Mann, Bradley and Hughes
(1998).  An audit involves a careful examination, using the same data and
following the exact procedures used in the report or study being
audited.  McIntyre and McKitrick did not use the same data or procedures,
and so their results have no bearing on ours, and certainly do not
constitute an audit.  Their results are notable only in how remarkably
inconsistent they are with every published study of temperature variations
of the last 600 years.
             Journals that receive critical comments on a previously
published paper always provide the authors who are being criticized an
opportunity to review the study prior to publication, and offer them the
chance to respond.  This is standard operating procedure in all
peer-reviewed scientific journals.  We were never given this
opportunity.  It is unfortunate that many of the errors that now appear in
print in the McIntyre and McKitrick article could have been corrected, so
that readers who are less familiar with the topic would not have been misled.

Raymond S. Bradley
Distinguished Professor
Director, Climate System Research Center*
Department of Geosciences
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel: 
Fax: 
*Climate System Research Center: 
         <http://www.paleoclimate.org>
Paleoclimatology Book Web Site: http://www.geo.umass.edu/climate/paleo/html
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From: Michael E. Mann
To: fenbiao@ltrr.arizona.edu; rbradley@geo.umass.edu
Cc: Malcolm Hughes; Scott Rutherford
Subject: Re:
Date: Tuesday, October 28, 2003 5:55:50 PM

Fenbiao,

You have no idea how ironic it is that you're sending this as an excel file. The joke
will be revealed shortly. Ask Malcolm later...

mike

At 05:44 PM 10/28/2003 -0700, fenbiao@ltrr.arizona.edu wrote:

Dear Dr. Bradley and Dr. Mann,

Attached is a file listing a set of 131 proxy indicators that Malcolm and I 
have selected for the global multi-decadal mtm-svd project. We would
very much 
appreciate if you could take a look and let us know:

(1)Is there any of our selection problematic that should be taken out from
the 
list?
(2)Is there any other important proxy data that need to be included?

As you can see from the file, several of the proxies still don’t have the info

of longitude and latitude, hence a map of all selected site is not available
at 
the moment. I will dig these out by contacting the collectors or by reading

their publications one by one. If you have those info that I state as “NA” 
or “?”, please let me know. Once we have a site map for all, we then
need to 
decide on ways dealing with problems that arises from dense proxies in
one area 
but sparse in another area. Any suggestions?

Many thanks,

Fenbiao

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
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e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu; raymond s. bradley
Subject: Re: possible response?
Date: Tuesday, October 28, 2003 7:28:47 PM

Malcolm, Ray, forget about all of this.

E&E will need to issue a retraction, I promise!  All will be revealed in about 10
minutes...

mike

At 07:19 PM 10/28/2003 -0700, mhughes@ltrr.arizona.edu wrote:

Dear Ray and Mike - I'm in Krasnoyarsk at a conference, and today is my
one 
limited opportunity to check e-mail. I have not read this latest attack, and

will not be able to before the middle of next week, so I cannot say
anything 
definite. Certainly the tone and content of the proposed reply look good,
but 
I'd better read what we respond to before committing. Cheers, Malcolm
Quoting "raymond s. bradley" <rbradley@geo.umass.edu>:

> Now I've read their paper, there are some wierd things that we should
look 
> into, though I am sure they will have no bearing on our overall 
> results.  But in this "death by 1000 cuts" approach to science, we have
to 
> make sure we can't be slowly bled to death...
> Do you think we should respond as below, or forget about it?
> ray
> 
> 
> To The Editor
> 
> Energy and The Environment
> 
> Dear XX,
> We request that the following statement be published in your journal at
the 
> earliest opportunity.
> 
> The recent paper by McIntyre and McKitrick (Energy and Environment,
14, 
> 751-771) claims to be an "audit"of the analysis of Mann, Bradley and
Hughes 
> (1998).  An audit involves a careful examination, using the same data
and 
> following the exact procedures used in the report or study being 
> audited.  McIntyre and McKitrick did not use the same data or
procedures, 
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> and so their results have no bearing on ours, and certainly do not 
> constitute an audit.  Their results are notable only in how remarkably 
> inconsistent they are with every published study of temperature
variations 
> of the last 600 years.
>              Journals that receive critical comments on a previously 
> published paper always provide the authors who are being criticized an 
> opportunity to review the study prior to publication, and offer them the 
> chance to respond.  This is standard operating procedure in all 
> peer-reviewed scientific journals.  We were never given this 
> opportunity.  It is unfortunate that many of the errors that now appear
in 
> print in the McIntyre and McKitrick article could have been corrected, so

> that readers who are less familiar with the topic would not have been
> misled.
> 
> Raymond S. Bradley
> Distinguished Professor
> Director, Climate System Research Center*
> Department of Geosciences
> Morrill Science Center
> 611 North Pleasant Street
> AMHERST, MA 01003-9297
> 
> Tel: 
> Fax: 
> *Climate System Research Center: 
>          <http://www.paleoclimate.org>
> Paleoclimatology Book Web Site:
http://www.geo.umass.edu/climate/paleo/html
> 
> 
> 
>

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Richard Kerr; Andy Revkin; David Appell; Stephen H Schneider; Annie_Petsonk@environmentaldefense.org; Mike

MacCracken; Michael Oppenheimer; Socci.Tony-epamail.epa.gov; Tim_Profeta@lieberman.senate.gov;
rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; Jonathan Overpeck; Phil Jones; Scott Rutherford; Gabi
Hegerl; tom crowley; Tom Wigley; Tim Osborn; Stefan Rahmstorf; mann@virginia.edu; Gavin Schmidt; Rob
Dunbar; zubeke@onid.orst.edu; ross@theworld.com; Ben Santer; thompson.4@osu.edu; thompson.3@osu.edu

Cc: mann@virginia.edu
Subject: STOP THE PRESS!
Date: Tuesday, October 28, 2003 7:45:31 PM
Importance: High

Dear Friends and Colleagues,

I've got a story with a very happy ending to tell.  I't will take a bit of patience to get
through the details of the story, but I think its worth it.

By the way,  please keep this information confidential for about the next day or so. 

OK, well its about 48 hours since I first had the chance to review the E&E paper by
M&M. Haven't had a lot of sleep, but I have had a lot of coffee, and my wife Lorraine
has been kind enough to allow me to stay perpetually glued to the terminal. So what
has this effort produced?

Well, upon first looking at what the authors had done, I  realized that they had used
the wrong CRU surface temperature dataset (post 1995 version) to calculate the
standard deviations for use in un-normalizing the Mann et al (1998) EOF patterns.
Their normalization factors were based on Phil's older dataset. The clues to them
should have been that a) our data set goes back to 1854 and theirs only back to
1856 and (b) why are 4 of the 1082 Mann et al (1998) gridpoints missing??  [its
because the reference periods are different in the two datasets, which leads to a
different spatial pattern of missing values]. So they had used the wrong temperature
standard deviations to un-normalize our EOFs in the process of forming the surface
temperature reconstruction. And I thought to myself, hmm--this could lead to some
minor problems, but I don't see how they get this divergence from the Mann et al
(1998) estimate that increases so much back in time, and becomes huge before 1500
or so. That can't be it, can it?

Then I uncovered that they had used standard deviations of the raw gridpoint
temperature series to un-normalize the EOFs, while we had normalized the data by
the detrended standard deviations. Either convention can be justified, but you can't
mix and match--which is what they effectively did by adopting our EOFs and PCs,
and using their standard deviations. And I thought, hmm--this could certainly lead to
an artificial inflation of the variance in the reconstruction in general, and this could
give an interesting spatial pattern of bias as well (which might have an interesting
influence on the areally-weighted hemispheric mean). But I thought, hmm, this can't
really lead to that tremendous divergence before 1500 that the authors find. I was
still scratching my head a bit at this point.

Then I read about the various transcription errors, values being shifted, etc. that the
authors describe as existing in the dataset. And I thought, hmm, that sounds like an
excel spread sheet problem, not a problem w/ the MBH98 proxy data set. It started
to occur to me at this point that there might be some problems w/ the excel
spreadsheet data that my colleague Scott Rutherford had kindly provided the authors
at their request.  But these problems sounded pretty minor from the authors'
description, and the authors  described a procedure to try to fix any obvious
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transcription errors, shifted cell values, etc. So I thought, hmm, they might not have
fixed things perfectly, and that could also lead to some problems. But I still don't see
how they get that huge divergence back in time from this sort of error...

Still scratching my head at this point...Then finally this afternoon, some clues. After
looking at their on-line description one more time, I became disturbed at something I
read. The data matrix they're using has 112 columns! Well that can't be right! That's
can't constitute the Mann et al (1998) dataset. There are considerably more than that
number of independent proxy indicators necessary to reproduce the stepwise Mann
et al reconstruction. Something is amiss! 

Well, 112 is the number  of proxy indicators used back to 1820. But some of these
indicators are principal components of regional sub-networks (e.g. the Western U.S.
ITRDB tree-ring data) to make the dataset more managable in size, and those
principal components (PCs) are unique to the time interval analyzed. So there is some
set of PC series for the 1820-1980 period. Farther back in time, say, back to 1650
there are fewer data series the regional sub-networks. So we recalculate a completely
different EOF/PC basis set for that period, and that constitutes an additional, unique
set of proxy indicators that are appropriate for a reconstruction of the 1650-1980
period. PC #1 from one interval is not equivalent to PC#1 from a different interval.
This turns out to be the essential detail.   A reconstruction back to 1820 calibrated
against the 20th century needs to make use of the unique set of proxy PCs available
for the 1820-1980 period.  A reconstruction back to 1650 calibrated against the 20th
century needs to make use of the independent (smaller) set of PC series available for
the 1650-1980 period, and so on, back to 1400.

So there have to be significantly more than 112 series available to perform the
iterative,stepwise reconstruction approach of  Mann et al (1998), because each sub
interval actually has a unique set of PC series representations of various proxy sub-
networks. Then it started to hit me.  The PC#1 series calculated for networks of
similar size (say, the network available back to 1820 and that available back to 1750)
should be similar. But as the sub-network gets sparser back in time, the PC#1 series
will resemble less and less the PC#1 series of the denser networks available at later
times. PC#1 of the western ITRDB tree-ring calculated for the 1400-1980 period will
bear  almost no resemblance to the PC#1 series of the western N.Amer ITRDB data
calculated for the 1820-1980 period during their interval (1820-1980) of mutual
overlap.

Then it really hit me. What--just what--if the proxy data had been pigeonholed into a
112 column matrix by the following (completely inappropriate!) procedure: What if it
had been decided that there would only be 1 column for "PC #1 of the Western
ITRDB tree ring data", even though that PC reflects something completely different
over each sub-interval. Well, that can't be done in a reasonable way. But it can be
done in an *unreasonable* way: by successively overprinting the data in that column
as one stores the PCs from later and later intervals. So a given column would reflect
PC#1 of the 1400-1980 data from 1400-1450, PC#1 of the 1450-1980 from 1450-
1500, PC#1 of the 1500-1980 data for 1500-1650, PC#1 of the 1650-1980 data for
1650-1750, etc. and so on. In this process, the information necessary to calibrate the
early PCs would be obliterated with each successive overprint.   The resulting 'series'
corresponding to that column of the data matrix, an amalgam of increasingly
unrelated information down the column,  would be completely useless for calibration
of the earlier data. A reconstruction back to AD 1400 would be reconstructing the
PC#1 of the 1400-1450 interval based on calibration against the almost entirely
unrelated PC#1 of the 1820-1980 interval. The reconstruction of the earliest centuries
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would be based on a completely spurious calibration of an unrelated PC of a much
later proxy sub network. And I thought, gee, what if Scott (sorry Scott), had
*happened* to do this in preparing the excel file that  the authors used. Well it
would mean that, progressively in earlier centuries, one would be  reconstructing an
apple, based on calibration against an orange. It would yield completely meaningless
results more than a few centuries ago. And then came the true epiphany--ahhh, this
could lead to the kind of result the authors produced. In fact, it seemed to me that
this would almost *insure* the result that the authors get--an increasing divergence
back in time, and total nonsense prior to 1500 or so. At this point, I knew that's what
Scott must have done. But I had to confirm.

I simply had to contact Scott, and ask him: Scott, when you prepared that excel file
for these guys, you don't suppose by any chance that you might have....

And, well, I think you know the answer.

So the proxy data back to AD 1820 used by the authors may by-in-large be correct
(aside from the apparent transcription/cell shift errors which they purport to have
caught, and fixed, anyway). The data become progressively corrupted in earlier
centuries. By the time one goes back to AD 1400, the 1400-1980 data series are, in
many cases, entirely meaningless combinations of early and late information, and
have no relation to the actual proxy series used by Mann et al (1998).

And so, the authors results are wrong/meaningless/useless. The mistake made
insures, especially, that the estimates during the 15th and 16th centuries are entirely
spurious.

So whose fault is this? Well, the full, raw ascii proxy data set has been available on
our anonymous ftp site  ftp://holocene.evsc.virginia.edu/pub/MBH98/
and the authors were informed of this in email correspondence. But they specifically
requested that the data be provided to them in excel format. And Scott prepared it
for them in that format, in good faith--but overlooked the fact that all of the required
information couldn't possibly be fit into a 112 column format. So the file Scott
produced was a complete corruption of the actual Mann et al proxy data set, and
essentially useless, transcription errors, etc. aside. The authors had full access to the
uncorrupted data set. We therefore take no reasonability for their use of corrupted
data.

One would have thought that the authors might have tried to reconcile their
completely inconsistent result prior to publication. One might have thought that it
would at least occur to them as odd that the Mann et al (1998) reconstruction is
remarkably similar to entirely independent estimates, for example, by Crowley and
Lowery (2000). Could both have made the same supposed mistake, even though the
data and method are entirely unrelated. Or might M&M have made a mistake? Just
possibly, perhaps???

Of course, a legitimate peer-review process would have caught this problem. In fact,
in about 48 hours if I (or probably, many of my colleagues) had been given the
opportunity to review the paper.  But that isn't quite the way things work at "E&E" I
guess. I guess there may just be some corruption of scientific objectivity when a
journal editor seems more interested in politics than science.

The long and short of this. I think it is morally  incumbent upon E&E to publish a full
retraction of the M&M article immediately. Its unlikely that they'll do this, but its
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reasonable to assert that it would be irresponsible for them not to if the issue arises.

I think that's the end of the story. Please, again, keep this information under wraps
for next day or two. Then, by all means, feel free to disseminate this information as
widely as you like...

Mike

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Richard Kerr; Andy Revkin; David Appell; Stephen H Schneider; Annie_Petsonk@environmentaldefense.org; Mike

MacCracken; Michael Oppenheimer; Socci.Tony-epamail.epa.gov; Tim_Profeta@lieberman.senate.gov;
rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; Jonathan Overpeck; Phil Jones; Scott Rutherford; Gabi Hegerl; tom
crowley; Tom Wigley; Tim Osborn; Stefan Rahmstorf; Gavin Schmidt; Rob Dunbar; zubeke@onid.orst.edu;
ross@theworld.com; Ben Santer; thompson.4@osu.edu; thompson.3@osu.edu

Subject: Re: STOP THE PRESS!
Date: Tuesday, October 28, 2003 7:57:58 PM

Dear All,

Wanted to be clear on one thing-- Scott is a very careful and outstanding scientist who
happened to make an honest mistake in this instance. He's an important member of our
team, and is responsible for a good deal of the recent progress we've made in recent
years. So this incident in know way reflects on him--it reflects on the fact that the authors
didn't have the good sense to look a bit deeper into the obvious problems with the data file
that they had been sent, or to check it against the version of the data on the ftp site, etc...

mike

At 09:43 PM 10/28/2003 -0500, Michael E. Mann wrote:

Dear Friends and Colleagues,

I've got a story with a very happy ending to tell.  I't will take a bit of patience
to get through the details of the story, but I think its worth it.

By the way,  please keep this information confidential for about the next day or
so. 

OK, well its about 48 hours since I first had the chance to review the E&E
paper by M&M. Haven't had a lot of sleep, but I have had a lot of coffee, and
my wife Lorraine has been kind enough to allow me to stay perpetually glued
to the terminal. So what has this effort produced?

Well, upon first looking at what the authors had done, I  realized that they had
used the wrong CRU surface temperature dataset (post 1995 version) to
calculate the standard deviations for use in un-normalizing the Mann et al
(1998) EOF patterns. Their normalization factors were based on Phil's older
dataset. The clues to them should have been that a) our data set goes back to
1854 and theirs only back to 1856 and (b) why are 4 of the 1082 Mann et al
(1998) gridpoints missing??  [its because the reference periods are different in
the two datasets, which leads to a different spatial pattern of missing values].
So they had used the wrong temperature standard deviations to un-normalize
our EOFs in the process of forming the surface temperature reconstruction. And
I thought to myself, hmm--this could lead to some minor problems, but I don't
see how they get this divergence from the Mann et al (1998) estimate that
increases so much back in time, and becomes huge before 1500 or so. That
can't be it, can it?

Then I uncovered that they had used standard deviations of the raw gridpoint
temperature series to un-normalize the EOFs, while we had normalized the data
by the detrended standard deviations. Either convention can be justified, but
you can't mix and match--which is what they effectively did by adopting our
EOFs and PCs, and using their standard deviations. And I thought, hmm--this
could certainly lead to an artificial inflation of the variance in the reconstruction
in general, and this could give an interesting spatial pattern of bias as well
(which might have an interesting influence on the areally-weighted hemispheric
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mean). But I thought, hmm, this can't really lead to that tremendous
divergence before 1500 that the authors find. I was still scratching my head a
bit at this point.

Then I read about the various transcription errors, values being shifted, etc.
that the authors describe as existing in the dataset. And I thought, hmm, that
sounds like an excel spread sheet problem, not a problem w/ the MBH98 proxy
data set. It started to occur to me at this point that there might be some
problems w/ the excel spreadsheet data that my colleague Scott Rutherford had
kindly provided the authors at their request.  But these problems sounded
pretty minor from the authors' description, and the authors  described a
procedure to try to fix any obvious transcription errors, shifted cell values, etc.
So I thought, hmm, they might not have fixed things perfectly, and that could
also lead to some problems. But I still don't see how they get that huge
divergence back in time from this sort of error...

Still scratching my head at this point...Then finally this afternoon, some clues.
After looking at their on-line description one more time, I became disturbed at
something I read. The data matrix they're using has 112 columns! Well that
can't be right! That's can't constitute the Mann et al (1998) dataset. There are
considerably more than that number of independent proxy indicators necessary
to reproduce the stepwise Mann et al reconstruction. Something is amiss! 

Well, 112 is the number  of proxy indicators used back to 1820. But some of
these indicators are principal components of regional sub-networks (e.g. the
Western U.S. ITRDB tree-ring data) to make the dataset more managable in
size, and those principal components (PCs) are unique to the time interval
analyzed. So there is some set of PC series for the 1820-1980 period. Farther
back in time, say, back to 1650 there are fewer data series the regional sub-
networks. So we recalculate a completely different EOF/PC basis set for that
period, and that constitutes an additional, unique set of proxy indicators that
are appropriate for a reconstruction of the 1650-1980 period. PC #1 from one
interval is not equivalent to PC#1 from a different interval. This turns out to be
the essential detail.   A reconstruction back to 1820 calibrated against the 20th
century needs to make use of the unique set of proxy PCs available for the
1820-1980 period.  A reconstruction back to 1650 calibrated against the 20th
century needs to make use of the independent (smaller) set of PC series
available for the 1650-1980 period, and so on, back to 1400.

So there have to be significantly more than 112 series available to perform the
iterative,stepwise reconstruction approach of  Mann et al (1998), because each
sub interval actually has a unique set of PC series representations of various
proxy sub-networks. Then it started to hit me.  The PC#1 series calculated for
networks of similar size (say, the network available back to 1820 and that
available back to 1750) should be similar. But as the sub-network gets sparser
back in time, the PC#1 series will resemble less and less the PC#1 series of the
denser networks available at later times. PC#1 of the western ITRDB tree-ring
calculated for the 1400-1980 period will bear  almost no resemblance to the
PC#1 series of the western N.Amer ITRDB data calculated for the 1820-1980
period during their interval (1820-1980) of mutual overlap.

Then it really hit me. What--just what--if the proxy data had been pigeonholed
into a 112 column matrix by the following (completely inappropriate!)
procedure: What if it had been decided that there would only be 1 column for
"PC #1 of the Western ITRDB tree ring data", even though that PC reflects
something completely different over each sub-interval. Well, that can't be done
in a reasonable way. But it can be done in an *unreasonable* way: by
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successively overprinting the data in that column as one stores the PCs from
later and later intervals. So a given column would reflect PC#1 of the 1400-
1980 data from 1400-1450, PC#1 of the 1450-1980 from 1450-1500, PC#1 of
the 1500-1980 data for 1500-1650, PC#1 of the 1650-1980 data for 1650-1750,
etc. and so on. In this process, the information necessary to calibrate the early
PCs would be obliterated with each successive overprint.   The resulting 'series'
corresponding to that column of the data matrix, an amalgam of increasingly
unrelated information down the column,  would be completely useless for
calibration of the earlier data. A reconstruction back to AD 1400 would be
reconstructing the PC#1 of the 1400-1450 interval based on calibration against
the almost entirely unrelated PC#1 of the 1820-1980 interval. The
reconstruction of the earliest centuries would be based on a completely spurious
calibration of an unrelated PC of a much later proxy sub network. And I
thought, gee, what if Scott (sorry Scott), had *happened* to do this in
preparing the excel file that  the authors used. Well it would mean that,
progressively in earlier centuries, one would be  reconstructing an apple, based
on calibration against an orange. It would yield completely meaningless results
more than a few centuries ago. And then came the true epiphany--ahhh, this
could lead to the kind of result the authors produced. In fact, it seemed to me
that this would almost *insure* the result that the authors get--an increasing
divergence back in time, and total nonsense prior to 1500 or so. At this point, I
knew that's what Scott must have done. But I had to confirm.

I simply had to contact Scott, and ask him: Scott, when you prepared that
excel file for these guys, you don't suppose by any chance that you might
have....

And, well, I think you know the answer.

So the proxy data back to AD 1820 used by the authors may by-in-large be
correct (aside from the apparent transcription/cell shift errors which they
purport to have caught, and fixed, anyway). The data become progressively
corrupted in earlier centuries. By the time one goes back to AD 1400, the 1400-
1980 data series are, in many cases, entirely meaningless combinations of early
and late information, and have no relation to the actual proxy series used by
Mann et al (1998).

And so, the authors results are wrong/meaningless/useless. The mistake made
insures, especially, that the estimates during the 15th and 16th centuries are
entirely spurious.

So whose fault is this? Well, the full, raw ascii proxy data set has been
available on our anonymous ftp site 
ftp://holocene.evsc.virginia.edu/pub/MBH98/
and the authors were informed of this in email correspondence. But they
specifically requested that the data be provided to them in excel format. And
Scott prepared it for them in that format, in good faith--but overlooked the fact
that all of the required information couldn't possibly be fit into a 112 column
format. So the file Scott produced was a complete corruption of the actual
Mann et al proxy data set, and essentially useless, transcription errors, etc.
aside. The authors had full access to the uncorrupted data set. We therefore
take no reasonability for their use of corrupted data.

One would have thought that the authors might have tried to reconcile their
completely inconsistent result prior to publication. One might have thought that
it would at least occur to them as odd that the Mann et al (1998)
reconstruction is remarkably similar to entirely independent estimates, for
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example, by Crowley and Lowery (2000). Could both have made the same
supposed mistake, even though the data and method are entirely unrelated. Or
might M&M have made a mistake? Just possibly, perhaps???

Of course, a legitimate peer-review process would have caught this problem. In
fact, in about 48 hours if I (or probably, many of my colleagues) had been
given the opportunity to review the paper.  But that isn't quite the way things
work at "E&E" I guess. I guess there may just be some corruption of scientific
objectivity when a journal editor seems more interested in politics than science.

The long and short of this. I think it is morally  incumbent upon E&E to publish
a full retraction of the M&M article immediately. Its unlikely that they'll do this,
but its reasonable to assert that it would be irresponsible for them not to if the
issue arises.

I think that's the end of the story. Please, again, keep this information under
wraps for next day or two. Then, by all means, feel free to disseminate this
information as widely as you like...

Mike

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Richard Kerr; Andy Revkin; David Appell; Stephen H Schneider; Annie_Petsonk@environmentaldefense.org; Mike MacCracken;

Michael Oppenheimer; Socci.Tony-epamail.epa.gov; Tim_Profeta@lieberman.senate.gov; rbradley@geo.umass.edu;
mhughes@ltrr.arizona.edu; Jonathan Overpeck; Phil Jones; Scott Rutherford; Gabi Hegerl; tom crowley; Tom Wigley; Tim Osborn;
Stefan Rahmstorf; mann@virginia.edu; Gavin Schmidt; Rob Dunbar; zubeke@onid.orst.edu; ross@theworld.com; Ben Santer;
thompson.4@osu.edu; thompson.3@osu.edu

Subject: Fwd: Re: STOP THE PRESS!
Date: Tuesday, October 28, 2003 8:08:48 PM

Just a little too late,

They've already managed to get an op-ed in "USA Today" even before the mistakes could be
revealed:

http://www.usatoday.com/news/opinion/editorials/2003-10-28-schulz_x.htm

The author runs the industry-funded website "TechCentralStation"--wonder how they
accomplished that one.

Perhaps some other members of the press might want to run a piece exposing the fact that they
used a  completely corrupted version of the proxy data set, and didn't even bother to check it...

mike

Date: Tue, 28 Oct 2003 21:56:03 -0500
To: "Richard Kerr" <rkerr@aaas.org>, Andy Revkin <anrevk@nytimes.com>, David
Appell <appell@nasw.org>, Stephen H Schneider <shs@stanford.edu>,
Annie_Petsonk@environmentaldefense.org, Mike MacCracken
<mmaccrac@comcast.net>, Michael Oppenheimer <omichael@Princeton.EDU>,
"Socci.Tony-epamail.epa.gov" <Socci.Tony@epamail.epa.gov>,
Tim_Profeta@lieberman.senate.gov, rbradley@geo.umass.edu,
mhughes@ltrr.arizona.edu, Jonathan Overpeck <jto@u.arizona.edu>, Phil Jones
<p.jones@uea.ac.uk>, Scott Rutherford <srutherford@rwu.edu>, Gabi Hegerl
<hegerl@duke.edu>, tom crowley <tom@ocean.tamu.edu>, Tom Wigley
<wigley@meeker.UCAR.EDU>, Tim Osborn <t.osborn@uea.ac.uk>, Stefan Rahmstorf
<rahmstorf@pik-potsdam.de>, Gavin Schmidt <gavin@isis.giss.nasa.gov>, Rob
Dunbar <dunbar@stanford.edu>, zubeke@onid.orst.edu, ross@theworld.com, Ben
Santer <santer1@llnl.gov>, thompson.4@osu.edu, thompson.3@osu.edu
From: "Michael E. Mann" <mann@virginia.edu>
Subject: Re: STOP THE PRESS!

Dear All,

Wanted to be clear on one thing-- Scott is a very careful and outstanding scientist
who happened to make an honest mistake in this instance. He's an important
member of our team, and is responsible for a good deal of the recent progress we've
made in recent years. So this incident in know way reflects on him--it reflects on the
fact that the authors didn't have the good sense to look a bit deeper into the obvious
problems with the data file that they had been sent, or to check it against the version
of the data on the ftp site, etc...

mike

At 09:43 PM 10/28/2003 -0500, Michael E. Mann wrote:

Dear Friends and Colleagues,

I've got a story with a very happy ending to tell.  I't will take a bit of
patience to get through the details of the story, but I think its worth it.
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By the way,  please keep this information confidential for about the next
day or so. 

OK, well its about 48 hours since I first had the chance to review the E&E
paper by M&M. Haven't had a lot of sleep, but I have had a lot of coffee,
and my wife Lorraine has been kind enough to allow me to stay
perpetually glued to the terminal. So what has this effort produced?

Well, upon first looking at what the authors had done, I  realized that
they had used the wrong CRU surface temperature dataset (post 1995
version) to calculate the standard deviations for use in un-normalizing the
Mann et al (1998) EOF patterns. Their normalization factors were based
on Phil's older dataset. The clues to them should have been that a) our
data set goes back to 1854 and theirs only back to 1856 and (b) why are
4 of the 1082 Mann et al (1998) gridpoints missing??  [its because the
reference periods are different in the two datasets, which leads to a
different spatial pattern of missing values]. So they had used the wrong
temperature standard deviations to un-normalize our EOFs in the process
of forming the surface temperature reconstruction. And I thought to
myself, hmm--this could lead to some minor problems, but I don't see
how they get this divergence from the Mann et al (1998) estimate that
increases so much back in time, and becomes huge before 1500 or so.
That can't be it, can it?

Then I uncovered that they had used standard deviations of the raw
gridpoint temperature series to un-normalize the EOFs, while we had
normalized the data by the detrended standard deviations. Either
convention can be justified, but you can't mix and match--which is what
they effectively did by adopting our EOFs and PCs, and using their
standard deviations. And I thought, hmm--this could certainly lead to an
artificial inflation of the variance in the reconstruction in general, and this
could give an interesting spatial pattern of bias as well (which might have
an interesting influence on the areally-weighted hemispheric mean). But I
thought, hmm, this can't really lead to that tremendous divergence before
1500 that the authors find. I was still scratching my head a bit at this
point.

Then I read about the various transcription errors, values being shifted,
etc. that the authors describe as existing in the dataset. And I thought,
hmm, that sounds like an excel spread sheet problem, not a problem w/
the MBH98 proxy data set. It started to occur to me at this point that
there might be some problems w/ the excel spreadsheet data that my
colleague Scott Rutherford had kindly provided the authors at their
request.  But these problems sounded pretty minor from the authors'
description, and the authors  described a procedure to try to fix any
obvious transcription errors, shifted cell values, etc. So I thought, hmm,
they might not have fixed things perfectly, and that could also lead to
some problems. But I still don't see how they get that huge divergence
back in time from this sort of error...

Still scratching my head at this point...Then finally this afternoon, some
clues. After looking at their on-line description one more time, I became
disturbed at something I read. The data matrix they're using has 112
columns! Well that can't be right! That's can't constitute the Mann et al
(1998) dataset. There are considerably more than that number of
independent proxy indicators necessary to reproduce the stepwise Mann
et al reconstruction. Something is amiss! 

Well, 112 is the number  of proxy indicators used back to 1820. But some
of these indicators are principal components of regional sub-networks
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(e.g. the Western U.S. ITRDB tree-ring data) to make the dataset more
managable in size, and those principal components (PCs) are unique to
the time interval analyzed. So there is some set of PC series for the 1820-
1980 period. Farther back in time, say, back to 1650 there are fewer data
series the regional sub-networks. So we recalculate a completely different
EOF/PC basis set for that period, and that constitutes an additional,
unique set of proxy indicators that are appropriate for a reconstruction of
the 1650-1980 period. PC #1 from one interval is not equivalent to PC#1
from a different interval. This turns out to be the essential detail.   A
reconstruction back to 1820 calibrated against the 20th century needs to
make use of the unique set of proxy PCs available for the 1820-1980
period.  A reconstruction back to 1650 calibrated against the 20th century
needs to make use of the independent (smaller) set of PC series available
for the 1650-1980 period, and so on, back to 1400.

So there have to be significantly more than 112 series available to
perform the iterative,stepwise reconstruction approach of  Mann et al
(1998), because each sub interval actually has a unique set of PC series
representations of various proxy sub-networks. Then it started to hit me. 
The PC#1 series calculated for networks of similar size (say, the network
available back to 1820 and that available back to 1750) should be similar.
But as the sub-network gets sparser back in time, the PC#1 series will
resemble less and less the PC#1 series of the denser networks available
at later times. PC#1 of the western ITRDB tree-ring calculated for the
1400-1980 period will bear  almost no resemblance to the PC#1 series of
the western N.Amer ITRDB data calculated for the 1820-1980 period
during their interval (1820-1980) of mutual overlap.

Then it really hit me. What--just what--if the proxy data had been
pigeonholed into a 112 column matrix by the following (completely
inappropriate!) procedure: What if it had been decided that there would
only be 1 column for "PC #1 of the Western ITRDB tree ring data", even
though that PC reflects something completely different over each sub-
interval. Well, that can't be done in a reasonable way. But it can be done
in an *unreasonable* way: by successively overprinting the data in that
column as one stores the PCs from later and later intervals. So a given
column would reflect PC#1 of the 1400-1980 data from 1400-1450, PC#1
of the 1450-1980 from 1450-1500, PC#1 of the 1500-1980 data for 1500-
1650, PC#1 of the 1650-1980 data for 1650-1750, etc. and so on. In this
process, the information necessary to calibrate the early PCs would be
obliterated with each successive overprint.   The resulting 'series'
corresponding to that column of the data matrix, an amalgam of
increasingly unrelated information down the column,  would be completely
useless for calibration of the earlier data. A reconstruction back to AD
1400 would be reconstructing the PC#1 of the 1400-1450 interval based
on calibration against the almost entirely unrelated PC#1 of the 1820-
1980 interval. The reconstruction of the earliest centuries would be based
on a completely spurious calibration of an unrelated PC of a much later
proxy sub network. And I thought, gee, what if Scott (sorry Scott), had
*happened* to do this in preparing the excel file that  the authors used.
Well it would mean that, progressively in earlier centuries, one would be 
reconstructing an apple, based on calibration against an orange. It would
yield completely meaningless results more than a few centuries ago. And
then came the true epiphany--ahhh, this could lead to the kind of result
the authors produced. In fact, it seemed to me that this would almost
*insure* the result that the authors get--an increasing divergence back in
time, and total nonsense prior to 1500 or so. At this point, I knew that's
what Scott must have done. But I had to confirm.

I simply had to contact Scott, and ask him: Scott, when you prepared that
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excel file for these guys, you don't suppose by any chance that you might
have....

And, well, I think you know the answer.

So the proxy data back to AD 1820 used by the authors may by-in-large
be correct (aside from the apparent transcription/cell shift errors which
they purport to have caught, and fixed, anyway). The data become
progressively corrupted in earlier centuries. By the time one goes back to
AD 1400, the 1400-1980 data series are, in many cases, entirely
meaningless combinations of early and late information, and have no
relation to the actual proxy series used by Mann et al (1998).

And so, the authors results are wrong/meaningless/useless. The mistake
made insures, especially, that the estimates during the 15th and 16th
centuries are entirely spurious.

So whose fault is this? Well, the full, raw ascii proxy data set has been
available on our anonymous ftp site 
ftp://holocene.evsc.virginia.edu/pub/MBH98/
and the authors were informed of this in email correspondence. But they
specifically requested that the data be provided to them in excel format.
And Scott prepared it for them in that format, in good faith--but
overlooked the fact that all of the required information couldn't possibly
be fit into a 112 column format. So the file Scott produced was a
complete corruption of the actual Mann et al proxy data set, and
essentially useless, transcription errors, etc. aside. The authors had full
access to the uncorrupted data set. We therefore take no reasonability for
their use of corrupted data.

One would have thought that the authors might have tried to reconcile
their completely inconsistent result prior to publication. One might have
thought that it would at least occur to them as odd that the Mann et al
(1998) reconstruction is remarkably similar to entirely independent
estimates, for example, by Crowley and Lowery (2000). Could both have
made the same supposed mistake, even though the data and method are
entirely unrelated. Or might M&M have made a mistake? Just possibly,
perhaps???

Of course, a legitimate peer-review process would have caught this
problem. In fact, in about 48 hours if I (or probably, many of my
colleagues) had been given the opportunity to review the paper.  But that
isn't quite the way things work at "E&E" I guess. I guess there may just
be some corruption of scientific objectivity when a journal editor seems
more interested in politics than science.

The long and short of this. I think it is morally  incumbent upon E&E to
publish a full retraction of the M&M article immediately. Its unlikely that
they'll do this, but its reasonable to assert that it would be irresponsible
for them not to if the issue arises.

I think that's the end of the story. Please, again, keep this information
under wraps for next day or two. Then, by all means, feel free to
disseminate this information as widely as you like...

Mike

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
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                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Stephen H Schneider
To: Michael E. Mann
Cc: Richard Kerr; Andy Revkin; David Appell; Annie_Petsonk@environmentaldefense.org; Mike MacCracken; Michael

Oppenheimer; Socci.Tony-epamail.epa.gov; Tim_Profeta@lieberman.senate.gov; rbradley@geo.umass.edu;
mhughes@ltrr.arizona.edu; Jonathan Overpeck; Phil Jones; Scott Rutherford; Gabi Hegerl; tom crowley; Tom
Wigley; Tim Osborn; Stefan Rahmstorf; Gavin Schmidt; Rob Dunbar; zubeke@onid.orst.edu; Ross Gelbspan;
Ben Santer; thompson.4@osu.edu; thompson.3@osu.edu

Subject: Re: STOP THE PRESS!
Date: Tuesday, October 28, 2003 8:11:11 PM

Hello all. Interesting tale--why we have competent peer review at
competent journals, and why professional courtesy is always to run
heterodox results by the orthodox for private comments before going
public--unless the motivation isn't science, but a big spalsh. Too bad for
them--the wrong guys will belly-flop (couldn't have happened to a nicer
bunch of prevaricators!). By the way, I give it a 50% (Bayesian priors)
subjective probability they will accuse you of deliberately misleading
them or deliberately preventing replication by "independent" scientists
and the only reason they did this was to smoke you out. From them, expect
anything. Can you explain this to Senator McCain's folks so they
understand the complexities and professional courtesy/peer review issues?
This stuff is not very sound bite friendly and needs some prethinking to
put it simply and clearly so it can be useful in the debate held by
non-scientist debaters. Good luck, Steve

On Tue, 28 Oct 2003, Michael E. Mann wrote:

> Dear Friends and Colleagues,
>
> I've got a story with a very happy ending to tell.  I't will take a bit
> of patience to get through the details of the story, but I think its
> worth it.
>
> By the way,  please keep this information confidential for about the next
> day or so.
>
> OK, well its about 48 hours since I first had the chance to review the
> E&E paper by M&M. Haven't had a lot of sleep, but I have had a lot of
> coffee, and my wife Lorraine has been kind enough to allow me to stay
> perpetually glued to the terminal. So what has this effort produced?
>
> Well, upon first looking at what the authors had done, I  realized that
> they had used the wrong CRU surface temperature dataset (post 1995
> version) to calculate the standard deviations for use in un-normalizing
> the Mann et al (1998) EOF patterns. Their normalization factors were
> based on Phil's older dataset. The clues to them should have been that a)
> our data set goes back to 1854 and theirs only back to 1856 and (b) why
> are 4 of the 1082 Mann et al (1998) gridpoints missing??  [its because
> the reference periods are different in the two datasets, which leads to a
> different spatial pattern of missing values]. So they had used the wrong
> temperature standard deviations to un-normalize our EOFs in the process
> of forming the surface temperature reconstruction. And I thought to
> myself, hmm--this could lead to some minor problems, but I don't see how
> they get this divergence from the Mann et al (1998) estimate that
> increases so much back in time, and becomes huge before 1500 or so. That
> can't be it, can it?
>
> Then I uncovered that they had used standard deviations of the raw
> gridpoint temperature series to un-normalize the EOFs, while we had
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> normalized the data by the detrended standard deviations. Either
> convention can be justified, but you can't mix and match--which is what
> they effectively did by adopting our EOFs and PCs, and using their
> standard deviations. And I thought, hmm--this could certainly lead to an
> artificial inflation of the variance in the reconstruction in general,
> and this could give an interesting spatial pattern of bias as well (which
> might have an interesting influence on the areally-weighted hemispheric
> mean). But I thought, hmm, this can't really lead to that tremendous
> divergence before 1500 that the authors find. I was still scratching my
> head a bit at this point.
>
> Then I read about the various transcription errors, values being shifted,
> etc. that the authors describe as existing in the dataset. And I thought,
> hmm, that sounds like an excel spread sheet problem, not a problem w/ the
> MBH98 proxy data set. It started to occur to me at this point that there
> might be some problems w/ the excel spreadsheet data that my colleague
> Scott Rutherford had kindly provided the authors at their request.  But
> these problems sounded pretty minor from the authors' description, and
> the authors  described a procedure to try to fix any obvious
> transcription errors, shifted cell values, etc. So I thought, hmm, they
> might not have fixed things perfectly, and that could also lead to some
> problems. But I still don't see how they get that huge divergence back in
> time from this sort of error...
>
> Still scratching my head at this point...Then finally this afternoon,
> some clues. After looking at their on-line description one more time, I
> became disturbed at something I read. The data matrix they're using has
> 112 columns! Well that can't be right! That's can't constitute the Mann
> et al (1998) dataset. There are considerably more than that number of
> independent proxy indicators necessary to reproduce the stepwise Mann et
> al reconstruction. Something is amiss!
>
> Well, 112 is the number  of proxy indicators used back to 1820. But some
> of these indicators are principal components of regional sub-networks
> (e.g. the Western U.S. ITRDB tree-ring data) to make the dataset more
> managable in size, and those principal components (PCs) are unique to the
> time interval analyzed. So there is some set of PC series for the
> 1820-1980 period. Farther back in time, say, back to 1650 there are fewer
> data series the regional sub-networks. So we recalculate a completely
> different EOF/PC basis set for that period, and that constitutes an
> additional, unique set of proxy indicators that are appropriate for a
> reconstruction of the 1650-1980 period. PC #1 from one interval is not
> equivalent to PC#1 from a different interval. This turns out to be the
> essential detail.   A reconstruction back to 1820 calibrated against the
> 20th century needs to make use of the unique set of proxy PCs available
> for the 1820-1980 period.  A reconstruction back to 1650 calibrated
> against the 20th century needs to make use of the independent (smaller)
> set of PC series available for the 1650-1980 period, and so on, back to
> 1400.
>
> So there have to be significantly more than 112 series available to
> perform the iterative,stepwise reconstruction approach of  Mann et al
> (1998), because each sub interval actually has a unique set of PC series
> representations of various proxy sub-networks. Then it started to hit
> me.  The PC#1 series calculated for networks of similar size (say, the
> network available back to 1820 and that available back to 1750) should be
> similar. But as the sub-network gets sparser back in time, the PC#1
> series will resemble less and less the PC#1 series of the denser networks
> available at later times. PC#1 of the western ITRDB tree-ring calculated
> for the 1400-1980 period will bear  almost no resemblance to the PC#1

ABOR/MH/Priv-000844



> series of the western N.Amer ITRDB data calculated for the 1820-1980
> period during their interval (1820-1980) of mutual overlap.
>
> Then it really hit me. What--just what--if the proxy data had been
> pigeonholed into a 112 column matrix by the following (completely
> inappropriate!) procedure: What if it had been decided that there would
> only be 1 column for "PC #1 of the Western ITRDB tree ring data", even
> though that PC reflects something completely different over each
> sub-interval. Well, that can't be done in a reasonable way. But it can be
> done in an *unreasonable* way: by successively overprinting the data in
> that column as one stores the PCs from later and later intervals. So a
> given column would reflect PC#1 of the 1400-1980 data from 1400-1450,
> PC#1 of the 1450-1980 from 1450-1500, PC#1 of the 1500-1980 data for
> 1500-1650, PC#1 of the 1650-1980 data for 1650-1750, etc. and so on. In
> this process, the information necessary to calibrate the early PCs would
> be obliterated with each successive overprint.   The resulting 'series'
> corresponding to that column of the data matrix, an amalgam of
> increasingly unrelated information down the column,  would be completely
> useless for calibration of the earlier data. A reconstruction back to AD
> 1400 would be reconstructing the PC#1 of the 1400-1450 interval based on
> calibration against the almost entirely unrelated PC#1 of the 1820-1980
> interval. The reconstruction of the earliest centuries would be based on
> a completely spurious calibration of an unrelated PC of a much later
> proxy sub network. And I thought, gee, what if Scott (sorry Scott), had
> *happened* to do this in preparing the excel file that  the authors used.
> Well it would mean that, progressively in earlier centuries, one would
> be  reconstructing an apple, based on calibration against an orange. It
> would yield completely meaningless results more than a few centuries ago.
> And then came the true epiphany--ahhh, this could lead to the kind of
> result the authors produced. In fact, it seemed to me that this would
> almost *insure* the result that the authors get--an increasing divergence
> back in time, and total nonsense prior to 1500 or so. At this point, I
> knew that's what Scott must have done. But I had to confirm.
>
> I simply had to contact Scott, and ask him: Scott, when you prepared that
> excel file for these guys, you don't suppose by any chance that you might
> have....
>
> And, well, I think you know the answer.
>
> So the proxy data back to AD 1820 used by the authors may by-in-large be
> correct (aside from the apparent transcription/cell shift errors which
> they purport to have caught, and fixed, anyway). The data become
> progressively corrupted in earlier centuries. By the time one goes back
> to AD 1400, the 1400-1980 data series are, in many cases, entirely
> meaningless combinations of early and late information, and have no
> relation to the actual proxy series used by Mann et al (1998).
>
> And so, the authors results are wrong/meaningless/useless. The mistake
> made insures, especially, that the estimates during the 15th and 16th
> centuries are entirely spurious.
>
> So whose fault is this? Well, the full, raw ascii proxy data set has been
> available on our anonymous ftp site 
> ftp://holocene.evsc.virginia.edu/pub/MBH98/
> and the authors were informed of this in email correspondence. But they
> specifically requested that the data be provided to them in excel format.
> And Scott prepared it for them in that format, in good faith--but
> overlooked the fact that all of the required information couldn't
> possibly be fit into a 112 column format. So the file Scott produced was
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> a complete corruption of the actual Mann et al proxy data set, and
> essentially useless, transcription errors, etc. aside. The authors had
> full access to the uncorrupted data set. We therefore take no
> reasonability for their use of corrupted data.
>
> One would have thought that the authors might have tried to reconcile
> their completely inconsistent result prior to publication. One might have
> thought that it would at least occur to them as odd that the Mann et al
> (1998) reconstruction is remarkably similar to entirely independent
> estimates, for example, by Crowley and Lowery (2000). Could both have
> made the same supposed mistake, even though the data and method are
> entirely unrelated. Or might M&M have made a mistake? Just possibly,
> perhaps???
>
> Of course, a legitimate peer-review process would have caught this
> problem. In fact, in about 48 hours if I (or probably, many of my
> colleagues) had been given the opportunity to review the paper.  But that
> isn't quite the way things work at "E&E" I guess. I guess there may just
> be some corruption of scientific objectivity when a journal editor seems
> more interested in politics than science.
>
> The long and short of this. I think it is morally  incumbent upon E&E to
> publish a full retraction of the M&M article immediately. Its unlikely
> that they'll do this, but its reasonable to assert that it would be
> irresponsible for them not to if the issue arises.
>
> I think that's the end of the story. Please, again, keep this information
> under wraps for next day or two. Then, by all means, feel free to
> disseminate this information as widely as you like...
>
> Mike
>
> ______________________________________________________________
>                     Professor Michael E. Mann
>            Department of Environmental Sciences, Clark Hall
>                       University of Virginia
>                      Charlottesville, VA 22903
> _______________________________________________________________________
> e-mail: mann@virginia.edu   Phone:    FAX: 
>          http://www.evsc.virginia.edu/faculty/people/mann.shtml
>

------
Stephen H. Schneider, Professor
Dept. of Biological Sciences
Stanford University
Stanford, CA 94305-5020 U.S.A.

Tel: 
Fax: 
shs@stanford.edu
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From: Michael E. Mann
To: Stephen H Schneider
Cc: Richard Kerr; Andy Revkin; David Appell; Annie_Petsonk@environmentaldefense.org; Mike MacCracken; Michael

Oppenheimer; Socci.Tony-epamail.epa.gov; Tim_Profeta@lieberman.senate.gov; rbradley@geo.umass.edu;
mhughes@ltrr.arizona.edu; Jonathan Overpeck; Phil Jones; Scott Rutherford; Gabi Hegerl; tom crowley; Tom Wigley; Tim
Osborn; Stefan Rahmstorf; Gavin Schmidt; Rob Dunbar; zubeke@onid.orst.edu; Ross Gelbspan; Ben Santer;
thompson.4@osu.edu; thompson.3@osu.edu

Subject: Re: STOP THE PRESS!
Date: Tuesday, October 28, 2003 8:24:59 PM

Thanks Steve,

I plan to work w/ the staffers to try boil this down to its most basic terms...

Of course, the proxy data were available uncorrupted on our anonymous ftp site--the
authors chose not to use that, and instead requested a spreadsheet version from my
associated (Scott). Its not his fault that there were some problems with that particular file-
-the authors could have done numerous things to confirm the possible sources of the
obvious problems w/ the file that they note in their 'paper'.

This will be an important point to convey to folks.

This is one of the worst examples yet (and we've had some good onces recently) of  a
disingenuous/deficient/absent peer review coupled with an irresponsible editor..

mike

At 07:10 PM 10/28/2003 -0800, Stephen H Schneider wrote:

Hello all. Interesting tale--why we have competent peer review at
competent journals, and why professional courtesy is always to run
heterodox results by the orthodox for private comments before going
public--unless the motivation isn't science, but a big spalsh. Too bad for
them--the wrong guys will belly-flop (couldn't have happened to a nicer
bunch of prevaricators!). By the way, I give it a 50% (Bayesian priors)
subjective probability they will accuse you of deliberately misleading
them or deliberately preventing replication by "independent" scientists
and the only reason they did this was to smoke you out. From them, expect
anything. Can you explain this to Senator McCain's folks so they
understand the complexities and professional courtesy/peer review issues?
This stuff is not very sound bite friendly and needs some prethinking to
put it simply and clearly so it can be useful in the debate held by
non-scientist debaters. Good luck, Steve

On Tue, 28 Oct 2003, Michael E. Mann wrote:

> Dear Friends and Colleagues,
>
> I've got a story with a very happy ending to tell.  I't will take a bit
> of patience to get through the details of the story, but I think its
> worth it.
>
> By the way,  please keep this information confidential for about the next
> day or so.
>
> OK, well its about 48 hours since I first had the chance to review the
> E&E paper by M&M. Haven't had a lot of sleep, but I have had a lot of
> coffee, and my wife Lorraine has been kind enough to allow me to stay
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> perpetually glued to the terminal. So what has this effort produced?
>
> Well, upon first looking at what the authors had done, I  realized that
> they had used the wrong CRU surface temperature dataset (post 1995
> version) to calculate the standard deviations for use in un-normalizing
> the Mann et al (1998) EOF patterns. Their normalization factors were
> based on Phil's older dataset. The clues to them should have been that a)
> our data set goes back to 1854 and theirs only back to 1856 and (b) why
> are 4 of the 1082 Mann et al (1998) gridpoints missing??  [its because
> the reference periods are different in the two datasets, which leads to a
> different spatial pattern of missing values]. So they had used the wrong
> temperature standard deviations to un-normalize our EOFs in the process
> of forming the surface temperature reconstruction. And I thought to
> myself, hmm--this could lead to some minor problems, but I don't see how
> they get this divergence from the Mann et al (1998) estimate that
> increases so much back in time, and becomes huge before 1500 or so. That
> can't be it, can it?
>
> Then I uncovered that they had used standard deviations of the raw
> gridpoint temperature series to un-normalize the EOFs, while we had
> normalized the data by the detrended standard deviations. Either
> convention can be justified, but you can't mix and match--which is what
> they effectively did by adopting our EOFs and PCs, and using their
> standard deviations. And I thought, hmm--this could certainly lead to an
> artificial inflation of the variance in the reconstruction in general,
> and this could give an interesting spatial pattern of bias as well (which
> might have an interesting influence on the areally-weighted hemispheric
> mean). But I thought, hmm, this can't really lead to that tremendous
> divergence before 1500 that the authors find. I was still scratching my
> head a bit at this point.
>
> Then I read about the various transcription errors, values being shifted,
> etc. that the authors describe as existing in the dataset. And I thought,
> hmm, that sounds like an excel spread sheet problem, not a problem w/ the
> MBH98 proxy data set. It started to occur to me at this point that there
> might be some problems w/ the excel spreadsheet data that my colleague
> Scott Rutherford had kindly provided the authors at their request.  But
> these problems sounded pretty minor from the authors' description, and
> the authors  described a procedure to try to fix any obvious
> transcription errors, shifted cell values, etc. So I thought, hmm, they
> might not have fixed things perfectly, and that could also lead to some
> problems. But I still don't see how they get that huge divergence back in
> time from this sort of error...
>
> Still scratching my head at this point...Then finally this afternoon,
> some clues. After looking at their on-line description one more time, I
> became disturbed at something I read. The data matrix they're using has
> 112 columns! Well that can't be right! That's can't constitute the Mann
> et al (1998) dataset. There are considerably more than that number of
> independent proxy indicators necessary to reproduce the stepwise Mann et
> al reconstruction. Something is amiss!
>
> Well, 112 is the number  of proxy indicators used back to 1820. But some
> of these indicators are principal components of regional sub-networks
> (e.g. the Western U.S. ITRDB tree-ring data) to make the dataset more
> managable in size, and those principal components (PCs) are unique to the
> time interval analyzed. So there is some set of PC series for the
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> 1820-1980 period. Farther back in time, say, back to 1650 there are fewer
> data series the regional sub-networks. So we recalculate a completely
> different EOF/PC basis set for that period, and that constitutes an
> additional, unique set of proxy indicators that are appropriate for a
> reconstruction of the 1650-1980 period. PC #1 from one interval is not
> equivalent to PC#1 from a different interval. This turns out to be the
> essential detail.   A reconstruction back to 1820 calibrated against the
> 20th century needs to make use of the unique set of proxy PCs available
> for the 1820-1980 period.  A reconstruction back to 1650 calibrated
> against the 20th century needs to make use of the independent (smaller)
> set of PC series available for the 1650-1980 period, and so on, back to
> 1400.
>
> So there have to be significantly more than 112 series available to
> perform the iterative,stepwise reconstruction approach of  Mann et al
> (1998), because each sub interval actually has a unique set of PC series
> representations of various proxy sub-networks. Then it started to hit
> me.  The PC#1 series calculated for networks of similar size (say, the
> network available back to 1820 and that available back to 1750) should be
> similar. But as the sub-network gets sparser back in time, the PC#1
> series will resemble less and less the PC#1 series of the denser networks
> available at later times. PC#1 of the western ITRDB tree-ring calculated
> for the 1400-1980 period will bear  almost no resemblance to the PC#1
> series of the western N.Amer ITRDB data calculated for the 1820-1980
> period during their interval (1820-1980) of mutual overlap.
>
> Then it really hit me. What--just what--if the proxy data had been
> pigeonholed into a 112 column matrix by the following (completely
> inappropriate!) procedure: What if it had been decided that there would
> only be 1 column for "PC #1 of the Western ITRDB tree ring data", even
> though that PC reflects something completely different over each
> sub-interval. Well, that can't be done in a reasonable way. But it can be
> done in an *unreasonable* way: by successively overprinting the data in
> that column as one stores the PCs from later and later intervals. So a
> given column would reflect PC#1 of the 1400-1980 data from 1400-1450,
> PC#1 of the 1450-1980 from 1450-1500, PC#1 of the 1500-1980 data for
> 1500-1650, PC#1 of the 1650-1980 data for 1650-1750, etc. and so on. In
> this process, the information necessary to calibrate the early PCs would
> be obliterated with each successive overprint.   The resulting 'series'
> corresponding to that column of the data matrix, an amalgam of
> increasingly unrelated information down the column,  would be completely
> useless for calibration of the earlier data. A reconstruction back to AD
> 1400 would be reconstructing the PC#1 of the 1400-1450 interval based on
> calibration against the almost entirely unrelated PC#1 of the 1820-1980
> interval. The reconstruction of the earliest centuries would be based on
> a completely spurious calibration of an unrelated PC of a much later
> proxy sub network. And I thought, gee, what if Scott (sorry Scott), had
> *happened* to do this in preparing the excel file that  the authors used.
> Well it would mean that, progressively in earlier centuries, one would
> be  reconstructing an apple, based on calibration against an orange. It
> would yield completely meaningless results more than a few centuries ago.
> And then came the true epiphany--ahhh, this could lead to the kind of
> result the authors produced. In fact, it seemed to me that this would
> almost *insure* the result that the authors get--an increasing divergence
> back in time, and total nonsense prior to 1500 or so. At this point, I
> knew that's what Scott must have done. But I had to confirm.
>
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> I simply had to contact Scott, and ask him: Scott, when you prepared that
> excel file for these guys, you don't suppose by any chance that you might
> have....
>
> And, well, I think you know the answer.
>
> So the proxy data back to AD 1820 used by the authors may by-in-large be
> correct (aside from the apparent transcription/cell shift errors which
> they purport to have caught, and fixed, anyway). The data become
> progressively corrupted in earlier centuries. By the time one goes back
> to AD 1400, the 1400-1980 data series are, in many cases, entirely
> meaningless combinations of early and late information, and have no
> relation to the actual proxy series used by Mann et al (1998).
>
> And so, the authors results are wrong/meaningless/useless. The mistake
> made insures, especially, that the estimates during the 15th and 16th
> centuries are entirely spurious.
>
> So whose fault is this? Well, the full, raw ascii proxy data set has been
> available on our anonymous ftp site 
> ftp://holocene.evsc.virginia.edu/pub/MBH98/
> and the authors were informed of this in email correspondence. But they
> specifically requested that the data be provided to them in excel format.
> And Scott prepared it for them in that format, in good faith--but
> overlooked the fact that all of the required information couldn't
> possibly be fit into a 112 column format. So the file Scott produced was
> a complete corruption of the actual Mann et al proxy data set, and
> essentially useless, transcription errors, etc. aside. The authors had
> full access to the uncorrupted data set. We therefore take no
> reasonability for their use of corrupted data.
>
> One would have thought that the authors might have tried to reconcile
> their completely inconsistent result prior to publication. One might have
> thought that it would at least occur to them as odd that the Mann et al
> (1998) reconstruction is remarkably similar to entirely independent
> estimates, for example, by Crowley and Lowery (2000). Could both have
> made the same supposed mistake, even though the data and method are
> entirely unrelated. Or might M&M have made a mistake? Just possibly,
> perhaps???
>
> Of course, a legitimate peer-review process would have caught this
> problem. In fact, in about 48 hours if I (or probably, many of my
> colleagues) had been given the opportunity to review the paper.  But that
> isn't quite the way things work at "E&E" I guess. I guess there may just
> be some corruption of scientific objectivity when a journal editor seems
> more interested in politics than science.
>
> The long and short of this. I think it is morally  incumbent upon E&E to
> publish a full retraction of the M&M article immediately. Its unlikely
> that they'll do this, but its reasonable to assert that it would be
> irresponsible for them not to if the issue arises.
>
> I think that's the end of the story. Please, again, keep this information
> under wraps for next day or two. Then, by all means, feel free to
> disseminate this information as widely as you like...
>
> Mike
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>
> ______________________________________________________________
>                     Professor Michael E. Mann
>            Department of Environmental Sciences, Clark Hall
>                       University of Virginia
>                      Charlottesville, VA 22903
>
_______________________________________________________________________

> e-mail: mann@virginia.edu   Phone:    FAX: 
>          http://www.evsc.virginia.edu/faculty/people/mann.shtml
>

------
Stephen H. Schneider, Professor
Dept. of Biological Sciences
Stanford University
Stanford, CA 94305-5020 U.S.A.

Tel: 
Fax: 
shs@stanford.edu

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
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From: Stephen H Schneider
To: Michael E. Mann
Cc: Richard Kerr; Andy Revkin; David Appell; Annie_Petsonk@environmentaldefense.org; Mike MacCracken; Michael

Oppenheimer; Socci.Tony-epamail.epa.gov; Tim_Profeta@lieberman.senate.gov; rbradley@geo.umass.edu;
mhughes@ltrr.arizona.edu; Jonathan Overpeck; Phil Jones; Scott Rutherford; Gabi Hegerl; tom crowley; Tom
Wigley; Tim Osborn; Stefan Rahmstorf; Gavin Schmidt; Rob Dunbar; zubeke@onid.orst.edu; Ross Gelbspan;
Ben Santer; thompson.4@osu.edu; thompson.3@osu.edu

Subject: Re: STOP THE PRESS!
Date: Tuesday, October 28, 2003 8:54:39 PM

Good, Mike, we scientists need to work hard to find fair and effective
boiled down statments that convey both urgency and uncertainty and explain
complexity with simple methphors--as long as we have back up details in
books, websites, papers etc.
  Speaking of available data, I note the USA Today column said you did not
make your data available--please be sure that charge is clarified in your
summary of this affair. Cheers, Steve
PS This is what Schulz wrote about you and data availability--if false it
gives the USA Today the obligation to give you a rebuttal letter:
****************************
In an interview, McKitrick said, "If a study is going to be the basis for
a major policy decision, then the original data must be disseminated and
the results have to be reproducible. That's why in our case we have posted
everything online and invite outside scrutiny."

Mann never made his data available online — nor did many of the earlier
researchers whose data Mann relied upon for his research. That by itself
raises questions about the U.N. climate-change panel's scientific process.
*********************************
Hello all,
 OK, back to me again. You also need to remind our audiences that IPCC is
not a research agency--IPCC does assessment of others work, and it is not
responsible to put data on websites etc. In fact, governments have
specifically told us NOT to do original research, just assesment of
research. It does not prohibit us from, as individual scientists,
publishing scientific research relevant to what IPCC would like to assess,
but then the IPCC process will subject such work to massive peer
review--with Review Editors watching. So there is no "scientific process"
at IPCC strictly speaking, just a scientific asessment process. This may
seem subtle, but the IPCC--a UN agency, with political baggage at least in
the US--is an assessment, not research, organization by design.  Cheers,
Steve

On Tue, 28 Oct 2003, Michael E. Mann wrote:

> Thanks Steve,
>
> I plan to work w/ the staffers to try boil this down to its most basic
> terms...
>
> Of course, the proxy data were available uncorrupted on our anonymous ftp
> site--the authors chose not to use that, and instead requested a
> spreadsheet version from my associated (Scott). Its not his fault that
> there were some problems with that particular file--the authors could
> have done numerous things to confirm the possible sources of the obvious
> problems w/ the file that they note in their 'paper'.
>
> This will be an important point to convey to folks.
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>
> This is one of the worst examples yet (and we've had some good onces
> recently) of  a disingenuous/deficient/absent peer review coupled with an
> irresponsible editor..
>
> mike
>
> At 07:10 PM 10/28/2003 -0800, Stephen H Schneider wrote:
>       Hello all. Interesting tale--why we have competent peer
>       review at
>       competent journals, and why professional courtesy is always
>       to run
>       heterodox results by the orthodox for private comments before
>       going
>       public--unless the motivation isn't science, but a big
>       spalsh. Too bad for
>       them--the wrong guys will belly-flop (couldn't have happened
>       to a nicer
>       bunch of prevaricators!). By the way, I give it a 50%
>       (Bayesian priors)
>       subjective probability they will accuse you of deliberately
>       misleading
>       them or deliberately preventing replication by "independent"
>       scientists
>       and the only reason they did this was to smoke you out. From
>       them, expect
>       anything. Can you explain this to Senator McCain's folks so
>       they
>       understand the complexities and professional courtesy/peer
>       review issues?
>       This stuff is not very sound bite friendly and needs some
>       prethinking to
>       put it simply and clearly so it can be useful in the debate
>       held by
>       non-scientist debaters. Good luck, Steve
>
>       On Tue, 28 Oct 2003, Michael E. Mann wrote:
>
>       > Dear Friends and Colleagues,
>       >
>       > I've got a story with a very happy ending to tell.  I't
>       will take a bit
>       > of patience to get through the details of the story, but I
>       think its
>       > worth it.
>       >
>       > By the way,  please keep this information confidential for
>       about the next
>       > day or so.
>       >
>       > OK, well its about 48 hours since I first had the chance to
>       review the
>       > E&E paper by M&M. Haven't had a lot of sleep, but I have
>       had a lot of
>       > coffee, and my wife Lorraine has been kind enough to allow
>       me to stay
>       > perpetually glued to the terminal. So what has this effort
>       produced?
>       >
>       > Well, upon first looking at what the authors had done, I 
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>       realized that
>       > they had used the wrong CRU surface temperature dataset
>       (post 1995
>       > version) to calculate the standard deviations for use in
>       un-normalizing
>       > the Mann et al (1998) EOF patterns. Their normalization
>       factors were
>       > based on Phil's older dataset. The clues to them should
>       have been that a)
>       > our data set goes back to 1854 and theirs only back to 1856
>       and (b) why
>       > are 4 of the 1082 Mann et al (1998) gridpoints missing?? 
>       [its because
>       > the reference periods are different in the two datasets,
>       which leads to a
>       > different spatial pattern of missing values]. So they had
>       used the wrong
>       > temperature standard deviations to un-normalize our EOFs in
>       the process
>       > of forming the surface temperature reconstruction. And I
>       thought to
>       > myself, hmm--this could lead to some minor problems, but I
>       don't see how
>       > they get this divergence from the Mann et al (1998)
>       estimate that
>       > increases so much back in time, and becomes huge before
>       1500 or so. That
>       > can't be it, can it?
>       >
>       > Then I uncovered that they had used standard deviations of
>       the raw
>       > gridpoint temperature series to un-normalize the EOFs,
>       while we had
>       > normalized the data by the detrended standard deviations.
>       Either
>       > convention can be justified, but you can't mix and
>       match--which is what
>       > they effectively did by adopting our EOFs and PCs, and
>       using their
>       > standard deviations. And I thought, hmm--this could
>       certainly lead to an
>       > artificial inflation of the variance in the reconstruction
>       in general,
>       > and this could give an interesting spatial pattern of bias
>       as well (which
>       > might have an interesting influence on the areally-weighted
>       hemispheric
>       > mean). But I thought, hmm, this can't really lead to that
>       tremendous
>       > divergence before 1500 that the authors find. I was still
>       scratching my
>       > head a bit at this point.
>       >
>       > Then I read about the various transcription errors, values
>       being shifted,
>       > etc. that the authors describe as existing in the dataset.
>       And I thought,
>       > hmm, that sounds like an excel spread sheet problem, not a
>       problem w/ the
>       > MBH98 proxy data set. It started to occur to me at this

ABOR/MH/Priv-000854



>       point that there
>       > might be some problems w/ the excel spreadsheet data that
>       my colleague
>       > Scott Rutherford had kindly provided the authors at their
>       request.  But
>       > these problems sounded pretty minor from the authors'
>       description, and
>       > the authors  described a procedure to try to fix any
>       obvious
>       > transcription errors, shifted cell values, etc. So I
>       thought, hmm, they
>       > might not have fixed things perfectly, and that could also
>       lead to some
>       > problems. But I still don't see how they get that huge
>       divergence back in
>       > time from this sort of error...
>       >
>       > Still scratching my head at this point...Then finally this
>       afternoon,
>       > some clues. After looking at their on-line description one
>       more time, I
>       > became disturbed at something I read. The data matrix
>       they're using has
>       > 112 columns! Well that can't be right! That's can't
>       constitute the Mann
>       > et al (1998) dataset. There are considerably more than that
>       number of
>       > independent proxy indicators necessary to reproduce the
>       stepwise Mann et
>       > al reconstruction. Something is amiss!
>       >
>       > Well, 112 is the number  of proxy indicators used back to
>       1820. But some
>       > of these indicators are principal components of regional
>       sub-networks
>       > (e.g. the Western U.S. ITRDB tree-ring data) to make the
>       dataset more
>       > managable in size, and those principal components (PCs) are
>       unique to the
>       > time interval analyzed. So there is some set of PC series
>       for the
>       > 1820-1980 period. Farther back in time, say, back to 1650
>       there are fewer
>       > data series the regional sub-networks. So we recalculate a
>       completely
>       > different EOF/PC basis set for that period, and that
>       constitutes an
>       > additional, unique set of proxy indicators that are
>       appropriate for a
>       > reconstruction of the 1650-1980 period. PC #1 from one
>       interval is not
>       > equivalent to PC#1 from a different interval. This turns
>       out to be the
>       > essential detail.   A reconstruction back to 1820
>       calibrated against the
>       > 20th century needs to make use of the unique set of proxy
>       PCs available
>       > for the 1820-1980 period.  A reconstruction back to 1650
>       calibrated
>       > against the 20th century needs to make use of the
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>       independent (smaller)
>       > set of PC series available for the 1650-1980 period, and so
>       on, back to
>       > 1400.
>       >
>       > So there have to be significantly more than 112 series
>       available to
>       > perform the iterative,stepwise reconstruction approach of 
>       Mann et al
>       > (1998), because each sub interval actually has a unique set
>       of PC series
>       > representations of various proxy sub-networks. Then it
>       started to hit
>       > me.  The PC#1 series calculated for networks of similar
>       size (say, the
>       > network available back to 1820 and that available back to
>       1750) should be
>       > similar. But as the sub-network gets sparser back in time,
>       the PC#1
>       > series will resemble less and less the PC#1 series of the
>       denser networks
>       > available at later times. PC#1 of the western ITRDB
>       tree-ring calculated
>       > for the 1400-1980 period will bear  almost no resemblance
>       to the PC#1
>       > series of the western N.Amer ITRDB data calculated for the
>       1820-1980
>       > period during their interval (1820-1980) of mutual overlap.
>       >
>       > Then it really hit me. What--just what--if the proxy data
>       had been
>       > pigeonholed into a 112 column matrix by the following
>       (completely
>       > inappropriate!) procedure: What if it had been decided that
>       there would
>       > only be 1 column for "PC #1 of the Western ITRDB tree ring
>       data", even
>       > though that PC reflects something completely different over
>       each
>       > sub-interval. Well, that can't be done in a reasonable way.
>       But it can be
>       > done in an *unreasonable* way: by successively overprinting
>       the data in
>       > that column as one stores the PCs from later and later
>       intervals. So a
>       > given column would reflect PC#1 of the 1400-1980 data from
>       1400-1450,
>       > PC#1 of the 1450-1980 from 1450-1500, PC#1 of the 1500-1980
>       data for
>       > 1500-1650, PC#1 of the 1650-1980 data for 1650-1750, etc.
>       and so on. In
>       > this process, the information necessary to calibrate the
>       early PCs would
>       > be obliterated with each successive overprint.   The
>       resulting 'series'
>       > corresponding to that column of the data matrix, an amalgam
>       of
>       > increasingly unrelated information down the column,  would
>       be completely
>       > useless for calibration of the earlier data. A
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>       reconstruction back to AD
>       > 1400 would be reconstructing the PC#1 of the 1400-1450
>       interval based on
>       > calibration against the almost entirely unrelated PC#1 of
>       the 1820-1980
>       > interval. The reconstruction of the earliest centuries
>       would be based on
>       > a completely spurious calibration of an unrelated PC of a
>       much later
>       > proxy sub network. And I thought, gee, what if Scott (sorry
>       Scott), had
>       > *happened* to do this in preparing the excel file that  the
>       authors used.
>       > Well it would mean that, progressively in earlier
>       centuries, one would
>       > be  reconstructing an apple, based on calibration against
>       an orange. It
>       > would yield completely meaningless results more than a few
>       centuries ago.
>       > And then came the true epiphany--ahhh, this could lead to
>       the kind of
>       > result the authors produced. In fact, it seemed to me that
>       this would
>       > almost *insure* the result that the authors get--an
>       increasing divergence
>       > back in time, and total nonsense prior to 1500 or so. At
>       this point, I
>       > knew that's what Scott must have done. But I had to
>       confirm.
>       >
>       > I simply had to contact Scott, and ask him: Scott, when you
>       prepared that
>       > excel file for these guys, you don't suppose by any chance
>       that you might
>       > have....
>       >
>       > And, well, I think you know the answer.
>       >
>       > So the proxy data back to AD 1820 used by the authors may
>       by-in-large be
>       > correct (aside from the apparent transcription/cell shift
>       errors which
>       > they purport to have caught, and fixed, anyway). The data
>       become
>       > progressively corrupted in earlier centuries. By the time
>       one goes back
>       > to AD 1400, the 1400-1980 data series are, in many cases,
>       entirely
>       > meaningless combinations of early and late information, and
>       have no
>       > relation to the actual proxy series used by Mann et al
>       (1998).
>       >
>       > And so, the authors results are wrong/meaningless/useless.
>       The mistake
>       > made insures, especially, that the estimates during the
>       15th and 16th
>       > centuries are entirely spurious.
>       >
>       > So whose fault is this? Well, the full, raw ascii proxy
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>       data set has been
>       > available on our anonymous ftp site
>       > ftp://holocene.evsc.virginia.edu/pub/MBH98/
>       > and the authors were informed of this in email
>       correspondence. But they
>       > specifically requested that the data be provided to them in
>       excel format.
>       > And Scott prepared it for them in that format, in good
>       faith--but
>       > overlooked the fact that all of the required information
>       couldn't
>       > possibly be fit into a 112 column format. So the file Scott
>       produced was
>       > a complete corruption of the actual Mann et al proxy data
>       set, and
>       > essentially useless, transcription errors, etc. aside. The
>       authors had
>       > full access to the uncorrupted data set. We therefore take
>       no
>       > reasonability for their use of corrupted data.
>       >
>       > One would have thought that the authors might have tried to
>       reconcile
>       > their completely inconsistent result prior to publication.
>       One might have
>       > thought that it would at least occur to them as odd that
>       the Mann et al
>       > (1998) reconstruction is remarkably similar to entirely
>       independent
>       > estimates, for example, by Crowley and Lowery (2000). Could
>       both have
>       > made the same supposed mistake, even though the data and
>       method are
>       > entirely unrelated. Or might M&M have made a mistake? Just
>       possibly,
>       > perhaps???
>       >
>       > Of course, a legitimate peer-review process would have
>       caught this
>       > problem. In fact, in about 48 hours if I (or probably, many
>       of my
>       > colleagues) had been given the opportunity to review the
>       paper.  But that
>       > isn't quite the way things work at "E&E" I guess. I guess
>       there may just
>       > be some corruption of scientific objectivity when a journal
>       editor seems
>       > more interested in politics than science.
>       >
>       > The long and short of this. I think it is morally 
>       incumbent upon E&E to
>       > publish a full retraction of the M&M article immediately.
>       Its unlikely
>       > that they'll do this, but its reasonable to assert that it
>       would be
>       > irresponsible for them not to if the issue arises.
>       >
>       > I think that's the end of the story. Please, again, keep
>       this information
>       > under wraps for next day or two. Then, by all means, feel

ABOR/MH/Priv-000858



>       free to
>       > disseminate this information as widely as you like...
>       >
>       > Mike
>       >
>       >
>       ______________________________________________________________
>       >                     Professor Michael E. Mann
>       >            Department of Environmental Sciences, Clark Hall
>       >                       University of Virginia
>       >                      Charlottesville, VA 22903
>       >
>       _______________________________________________________________________
>       > e-mail: mann@virginia.edu   Phone:    FAX:
>       
>       >         
>       http://www.evsc.virginia.edu/faculty/people/mann.shtml
>       >
>
>       ------
>       Stephen H. Schneider, Professor
>       Dept. of Biological Sciences
>       Stanford University
>       Stanford, CA 94305-5020 U.S.A.
>
>       Tel: 
>       Fax: 
>       shs@stanford.edu
>
> ______________________________________________________________
>                     Professor Michael E. Mann
>            Department of Environmental Sciences, Clark Hall
>                       University of Virginia
>                      Charlottesville, VA 22903
> _______________________________________________________________________
> e-mail: mann@virginia.edu   Phone:    FAX: 
>          http://www.evsc.virginia.edu/faculty/people/mann.shtml
>

------
Stephen H. Schneider, Professor
Dept. of Biological Sciences
Stanford University
Stanford, CA 94305-5020 U.S.A.

Tel: 
Fax: 
shs@stanford.edu
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From: Michael E. Mann
To: Stephen H Schneider
Cc: Richard Kerr; Andy Revkin; David Appell; Annie_Petsonk@environmentaldefense.org; Mike MacCracken; Michael

Oppenheimer; Socci.Tony-epamail.epa.gov; Tim_Profeta@lieberman.senate.gov; rbradley@geo.umass.edu;
mhughes@ltrr.arizona.edu; Jonathan Overpeck; Phil Jones; Scott Rutherford; Gabi Hegerl; tom crowley; Tom Wigley; Tim
Osborn; Stefan Rahmstorf; Gavin Schmidt; Rob Dunbar; zubeke@onid.orst.edu; Ross Gelbspan; Ben Santer;
thompson.4@osu.edu; thompson.3@osu.edu

Subject: Re: STOP THE PRESS!
Date: Tuesday, October 28, 2003 9:12:02 PM

Thanks Steve,

We're already working on seeing if USA Today will publish a response tomorrow...

mike

At 07:53 PM 10/28/2003 -0800, Stephen H Schneider wrote:

Good, Mike, we scientists need to work hard to find fair and effective
boiled down statments that convey both urgency and uncertainty and explain
complexity with simple methphors--as long as we have back up details in
books, websites, papers etc.
  Speaking of available data, I note the USA Today column said you did not
make your data available--please be sure that charge is clarified in your
summary of this affair. Cheers, Steve
PS This is what Schulz wrote about you and data availability--if false it
gives the USA Today the obligation to give you a rebuttal letter:
****************************
In an interview, McKitrick said, "If a study is going to be the basis for
a major policy decision, then the original data must be disseminated and
the results have to be reproducible. That's why in our case we have posted
everything online and invite outside scrutiny."

Mann never made his data available online — nor did many of the earlier
researchers whose data Mann relied upon for his research. That by itself
raises questions about the U.N. climate-change panel's scientific process.
*********************************
Hello all,
 OK, back to me again. You also need to remind our audiences that IPCC is
not a research agency--IPCC does assessment of others work, and it is not
responsible to put data on websites etc. In fact, governments have
specifically told us NOT to do original research, just assesment of
research. It does not prohibit us from, as individual scientists,
publishing scientific research relevant to what IPCC would like to assess,
but then the IPCC process will subject such work to massive peer
review--with Review Editors watching. So there is no "scientific process"
at IPCC strictly speaking, just a scientific asessment process. This may
seem subtle, but the IPCC--a UN agency, with political baggage at least in
the US--is an assessment, not research, organization by design.  Cheers,
Steve

On Tue, 28 Oct 2003, Michael E. Mann wrote:

> Thanks Steve,
>
> I plan to work w/ the staffers to try boil this down to its most basic
> terms...
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>
> Of course, the proxy data were available uncorrupted on our anonymous ftp
> site--the authors chose not to use that, and instead requested a
> spreadsheet version from my associated (Scott). Its not his fault that
> there were some problems with that particular file--the authors could
> have done numerous things to confirm the possible sources of the obvious
> problems w/ the file that they note in their 'paper'.
>
> This will be an important point to convey to folks.
>
> This is one of the worst examples yet (and we've had some good onces
> recently) of  a disingenuous/deficient/absent peer review coupled with an
> irresponsible editor..
>
> mike
>
> At 07:10 PM 10/28/2003 -0800, Stephen H Schneider wrote:
>       Hello all. Interesting tale--why we have competent peer
>       review at
>       competent journals, and why professional courtesy is always
>       to run
>       heterodox results by the orthodox for private comments before
>       going
>       public--unless the motivation isn't science, but a big
>       spalsh. Too bad for
>       them--the wrong guys will belly-flop (couldn't have happened
>       to a nicer
>       bunch of prevaricators!). By the way, I give it a 50%
>       (Bayesian priors)
>       subjective probability they will accuse you of deliberately
>       misleading
>       them or deliberately preventing replication by "independent"
>       scientists
>       and the only reason they did this was to smoke you out. From
>       them, expect
>       anything. Can you explain this to Senator McCain's folks so
>       they
>       understand the complexities and professional courtesy/peer
>       review issues?
>       This stuff is not very sound bite friendly and needs some
>       prethinking to
>       put it simply and clearly so it can be useful in the debate
>       held by
>       non-scientist debaters. Good luck, Steve
>
>       On Tue, 28 Oct 2003, Michael E. Mann wrote:
>
>       > Dear Friends and Colleagues,
>       >
>       > I've got a story with a very happy ending to tell.  I't
>       will take a bit
>       > of patience to get through the details of the story, but I
>       think its
>       > worth it.
>       >
>       > By the way,  please keep this information confidential for
>       about the next
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>       > day or so.
>       >
>       > OK, well its about 48 hours since I first had the chance to
>       review the
>       > E&E paper by M&M. Haven't had a lot of sleep, but I have
>       had a lot of
>       > coffee, and my wife Lorraine has been kind enough to allow
>       me to stay
>       > perpetually glued to the terminal. So what has this effort
>       produced?
>       >
>       > Well, upon first looking at what the authors had done, I 
>       realized that
>       > they had used the wrong CRU surface temperature dataset
>       (post 1995
>       > version) to calculate the standard deviations for use in
>       un-normalizing
>       > the Mann et al (1998) EOF patterns. Their normalization
>       factors were
>       > based on Phil's older dataset. The clues to them should
>       have been that a)
>       > our data set goes back to 1854 and theirs only back to 1856
>       and (b) why
>       > are 4 of the 1082 Mann et al (1998) gridpoints missing?? 
>       [its because
>       > the reference periods are different in the two datasets,
>       which leads to a
>       > different spatial pattern of missing values]. So they had
>       used the wrong
>       > temperature standard deviations to un-normalize our EOFs in
>       the process
>       > of forming the surface temperature reconstruction. And I
>       thought to
>       > myself, hmm--this could lead to some minor problems, but I
>       don't see how
>       > they get this divergence from the Mann et al (1998)
>       estimate that
>       > increases so much back in time, and becomes huge before
>       1500 or so. That
>       > can't be it, can it?
>       >
>       > Then I uncovered that they had used standard deviations of
>       the raw
>       > gridpoint temperature series to un-normalize the EOFs,
>       while we had
>       > normalized the data by the detrended standard deviations.
>       Either
>       > convention can be justified, but you can't mix and
>       match--which is what
>       > they effectively did by adopting our EOFs and PCs, and
>       using their
>       > standard deviations. And I thought, hmm--this could
>       certainly lead to an
>       > artificial inflation of the variance in the reconstruction
>       in general,
>       > and this could give an interesting spatial pattern of bias
>       as well (which

ABOR/MH/Priv-000862



>       > might have an interesting influence on the areally-weighted
>       hemispheric
>       > mean). But I thought, hmm, this can't really lead to that
>       tremendous
>       > divergence before 1500 that the authors find. I was still
>       scratching my
>       > head a bit at this point.
>       >
>       > Then I read about the various transcription errors, values
>       being shifted,
>       > etc. that the authors describe as existing in the dataset.
>       And I thought,
>       > hmm, that sounds like an excel spread sheet problem, not a
>       problem w/ the
>       > MBH98 proxy data set. It started to occur to me at this
>       point that there
>       > might be some problems w/ the excel spreadsheet data that
>       my colleague
>       > Scott Rutherford had kindly provided the authors at their
>       request.  But
>       > these problems sounded pretty minor from the authors'
>       description, and
>       > the authors  described a procedure to try to fix any
>       obvious
>       > transcription errors, shifted cell values, etc. So I
>       thought, hmm, they
>       > might not have fixed things perfectly, and that could also
>       lead to some
>       > problems. But I still don't see how they get that huge
>       divergence back in
>       > time from this sort of error...
>       >
>       > Still scratching my head at this point...Then finally this
>       afternoon,
>       > some clues. After looking at their on-line description one
>       more time, I
>       > became disturbed at something I read. The data matrix
>       they're using has
>       > 112 columns! Well that can't be right! That's can't
>       constitute the Mann
>       > et al (1998) dataset. There are considerably more than that
>       number of
>       > independent proxy indicators necessary to reproduce the
>       stepwise Mann et
>       > al reconstruction. Something is amiss!
>       >
>       > Well, 112 is the number  of proxy indicators used back to
>       1820. But some
>       > of these indicators are principal components of regional
>       sub-networks
>       > (e.g. the Western U.S. ITRDB tree-ring data) to make the
>       dataset more
>       > managable in size, and those principal components (PCs) are
>       unique to the
>       > time interval analyzed. So there is some set of PC series
>       for the
>       > 1820-1980 period. Farther back in time, say, back to 1650
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>       there are fewer
>       > data series the regional sub-networks. So we recalculate a
>       completely
>       > different EOF/PC basis set for that period, and that
>       constitutes an
>       > additional, unique set of proxy indicators that are
>       appropriate for a
>       > reconstruction of the 1650-1980 period. PC #1 from one
>       interval is not
>       > equivalent to PC#1 from a different interval. This turns
>       out to be the
>       > essential detail.   A reconstruction back to 1820
>       calibrated against the
>       > 20th century needs to make use of the unique set of proxy
>       PCs available
>       > for the 1820-1980 period.  A reconstruction back to 1650
>       calibrated
>       > against the 20th century needs to make use of the
>       independent (smaller)
>       > set of PC series available for the 1650-1980 period, and so
>       on, back to
>       > 1400.
>       >
>       > So there have to be significantly more than 112 series
>       available to
>       > perform the iterative,stepwise reconstruction approach of 
>       Mann et al
>       > (1998), because each sub interval actually has a unique set
>       of PC series
>       > representations of various proxy sub-networks. Then it
>       started to hit
>       > me.  The PC#1 series calculated for networks of similar
>       size (say, the
>       > network available back to 1820 and that available back to
>       1750) should be
>       > similar. But as the sub-network gets sparser back in time,
>       the PC#1
>       > series will resemble less and less the PC#1 series of the
>       denser networks
>       > available at later times. PC#1 of the western ITRDB
>       tree-ring calculated
>       > for the 1400-1980 period will bear  almost no resemblance
>       to the PC#1
>       > series of the western N.Amer ITRDB data calculated for the
>       1820-1980
>       > period during their interval (1820-1980) of mutual overlap.
>       >
>       > Then it really hit me. What--just what--if the proxy data
>       had been
>       > pigeonholed into a 112 column matrix by the following
>       (completely
>       > inappropriate!) procedure: What if it had been decided that
>       there would
>       > only be 1 column for "PC #1 of the Western ITRDB tree ring
>       data", even
>       > though that PC reflects something completely different over
>       each
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>       > sub-interval. Well, that can't be done in a reasonable way.
>       But it can be
>       > done in an *unreasonable* way: by successively overprinting
>       the data in
>       > that column as one stores the PCs from later and later
>       intervals. So a
>       > given column would reflect PC#1 of the 1400-1980 data from
>       1400-1450,
>       > PC#1 of the 1450-1980 from 1450-1500, PC#1 of the 1500-1980
>       data for
>       > 1500-1650, PC#1 of the 1650-1980 data for 1650-1750, etc.
>       and so on. In
>       > this process, the information necessary to calibrate the
>       early PCs would
>       > be obliterated with each successive overprint.   The
>       resulting 'series'
>       > corresponding to that column of the data matrix, an amalgam
>       of
>       > increasingly unrelated information down the column,  would
>       be completely
>       > useless for calibration of the earlier data. A
>       reconstruction back to AD
>       > 1400 would be reconstructing the PC#1 of the 1400-1450
>       interval based on
>       > calibration against the almost entirely unrelated PC#1 of
>       the 1820-1980
>       > interval. The reconstruction of the earliest centuries
>       would be based on
>       > a completely spurious calibration of an unrelated PC of a
>       much later
>       > proxy sub network. And I thought, gee, what if Scott (sorry
>       Scott), had
>       > *happened* to do this in preparing the excel file that  the
>       authors used.
>       > Well it would mean that, progressively in earlier
>       centuries, one would
>       > be  reconstructing an apple, based on calibration against
>       an orange. It
>       > would yield completely meaningless results more than a few
>       centuries ago.
>       > And then came the true epiphany--ahhh, this could lead to
>       the kind of
>       > result the authors produced. In fact, it seemed to me that
>       this would
>       > almost *insure* the result that the authors get--an
>       increasing divergence
>       > back in time, and total nonsense prior to 1500 or so. At
>       this point, I
>       > knew that's what Scott must have done. But I had to
>       confirm.
>       >
>       > I simply had to contact Scott, and ask him: Scott, when you
>       prepared that
>       > excel file for these guys, you don't suppose by any chance
>       that you might
>       > have....
>       >
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>       > And, well, I think you know the answer.
>       >
>       > So the proxy data back to AD 1820 used by the authors may
>       by-in-large be
>       > correct (aside from the apparent transcription/cell shift
>       errors which
>       > they purport to have caught, and fixed, anyway). The data
>       become
>       > progressively corrupted in earlier centuries. By the time
>       one goes back
>       > to AD 1400, the 1400-1980 data series are, in many cases,
>       entirely
>       > meaningless combinations of early and late information, and
>       have no
>       > relation to the actual proxy series used by Mann et al
>       (1998).
>       >
>       > And so, the authors results are wrong/meaningless/useless.
>       The mistake
>       > made insures, especially, that the estimates during the
>       15th and 16th
>       > centuries are entirely spurious.
>       >
>       > So whose fault is this? Well, the full, raw ascii proxy
>       data set has been
>       > available on our anonymous ftp site
>       > ftp://holocene.evsc.virginia.edu/pub/MBH98/
>       > and the authors were informed of this in email
>       correspondence. But they
>       > specifically requested that the data be provided to them in
>       excel format.
>       > And Scott prepared it for them in that format, in good
>       faith--but
>       > overlooked the fact that all of the required information
>       couldn't
>       > possibly be fit into a 112 column format. So the file Scott
>       produced was
>       > a complete corruption of the actual Mann et al proxy data
>       set, and
>       > essentially useless, transcription errors, etc. aside. The
>       authors had
>       > full access to the uncorrupted data set. We therefore take
>       no
>       > reasonability for their use of corrupted data.
>       >
>       > One would have thought that the authors might have tried to
>       reconcile
>       > their completely inconsistent result prior to publication.
>       One might have
>       > thought that it would at least occur to them as odd that
>       the Mann et al
>       > (1998) reconstruction is remarkably similar to entirely
>       independent
>       > estimates, for example, by Crowley and Lowery (2000). Could
>       both have
>       > made the same supposed mistake, even though the data and
>       method are
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>       > entirely unrelated. Or might M&M have made a mistake? Just
>       possibly,
>       > perhaps???
>       >
>       > Of course, a legitimate peer-review process would have
>       caught this
>       > problem. In fact, in about 48 hours if I (or probably, many
>       of my
>       > colleagues) had been given the opportunity to review the
>       paper.  But that
>       > isn't quite the way things work at "E&E" I guess. I guess
>       there may just
>       > be some corruption of scientific objectivity when a journal
>       editor seems
>       > more interested in politics than science.
>       >
>       > The long and short of this. I think it is morally 
>       incumbent upon E&E to
>       > publish a full retraction of the M&M article immediately.
>       Its unlikely
>       > that they'll do this, but its reasonable to assert that it
>       would be
>       > irresponsible for them not to if the issue arises.
>       >
>       > I think that's the end of the story. Please, again, keep
>       this information
>       > under wraps for next day or two. Then, by all means, feel
>       free to
>       > disseminate this information as widely as you like...
>       >
>       > Mike
>       >
>       >
>      
______________________________________________________________
>       >                     Professor Michael E. Mann
>       >            Department of Environmental Sciences, Clark Hall
>       >                       University of Virginia
>       >                      Charlottesville, VA 22903
>       >
>      
_______________________________________________________________________

>       > e-mail: mann@virginia.edu   Phone:    FAX:
>       
>       >         
>       http://www.evsc.virginia.edu/faculty/people/mann.shtml
>       >
>
>       ------
>       Stephen H. Schneider, Professor
>       Dept. of Biological Sciences
>       Stanford University
>       Stanford, CA 94305-5020 U.S.A.
>
>       Tel: 
>       Fax: 

ABOR/MH/Priv-000867



>       shs@stanford.edu
>
> ______________________________________________________________
>                     Professor Michael E. Mann
>            Department of Environmental Sciences, Clark Hall
>                       University of Virginia
>                      Charlottesville, VA 22903
>
_______________________________________________________________________

> e-mail: mann@virginia.edu   Phone:    FAX: 
>          http://www.evsc.virginia.edu/faculty/people/mann.shtml
>

------
Stephen H. Schneider, Professor
Dept. of Biological Sciences
Stanford University
Stanford, CA 94305-5020 U.S.A.

Tel: 
Fax: 
shs@stanford.edu

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: raymond s. bradley; mhughes@ltrr.arizona.edu; Phil Jones; jto@u.arizona.edu; tom crowley
Cc: mann@virginia.edu
Subject: Fwd: draft
Date: Tuesday, October 28, 2003 10:05:09 PM

I know how sick you guys are of this routine by now. hopefully, this is the last time.

EDF wants to try to help me get a response to the USA Today opinion piece by Nick Schulz
into tomorrows edition. She thinks we could use several co-authors from the paleo
community, and Steve S thinks they'll have to print it, because Schulz completely lied
about us supposedly not having provided our data in the public domain (they've been on a
public website on our machine holocene since March '02 according to the dates on the
files)...

We need to finalize this by tomorrow afternoon.

Can I get any/all of you to sign on w/ me. We'll work on revising and finalizing tomorrow
morning/afternoon.

let me know. thanks,

mike

p.s. the op-ed piece is pasted in below:

Researchers question key global-warming study 

By Nick Schulz 
An important new paper in the journal Energy & Environment upsets a key scientific claim
about climate change. If it withstands scrutiny, the collective scientific understanding of
recent global warming might need an overhaul. 

A little background is needed to understand the importance of the new research behind
this paper by Stephen McIntyre, a statistics expert who works in the mining industry, and
Ross McKitrick, a professor of economics at the University of Guelph, Ontario. As scientists
and governments have tried to understand mankind's influence on the environment, global
warming has become a primary concern. Do mankind's activities especially burning fossil
fuels to create energy affect climate? If so, how? What should be done?

These questions were so important that in 1988 the United Nations, along with the World
Meteorological Organization, formed the U.N. Intergovernmental Panel on Climate Change
(IPCC) to study "human-induced climate change."

Ten years after IPCC's founding, a paper from Michael Mann, now an assistant professor of
environmental sciences at the University of Virginia, and his colleagues in the journal
Nature shook scientific and political circles. It reconstructed temperatures dating back to
the year 1400 by looking at tree rings, ice cores and other so-called proxy records to
derive a temperature signature. This was before the sophisticated climate-measuring
equipment we use today. 

What Mann claimed to find was startling: The late-20th century was unusually warm
warmer than at any time in the previous six centuries. (Later research by Mann extended
the climate history back 1,000 years.) The reason? "It really looks like (the recent
warming) can only be explained by greenhouse gases," Mann said then. His clear
implication: The Earth's climate was changing dramatically, and mankind was responsible. 
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Earth heats up?

The U.N. used Mann's research to declare the 1990s "the warmest decade and 1998 the
warmest year of the millennium." Countless news stories picked up on this idea that the
past few years have been unusually warm. 

Efforts to limit the emission of the greenhouse gases blamed for this warming were
bolstered by Mann's research. In fact, this week the Senate plans to consider legislation
co-sponsored by Sens. John McCain, R-Ariz., and Joe Lieberman, D-Conn., to reduce the
emission of greenhouse gases. McCain's Web site says, "Global warming is a growing
problem. ... The 10 warmest years (on record) have all occurred since 1987." The
statement is based on Mann's research.

But what if it's not true? 

When McIntyre and McKitrick audited Mann's data to see whether its conclusions could be
replicated, they discovered significant problems. Once they corrected the errors, the two
researchers made a remarkable conclusion: The late 20th century was not unusually warm
by historical standards.

Not alone in his conclusion

When asked about the paper, which had undergone review by other scientists before being
published, Mann said he had heard about it but had not seen it. He called it a "political
stunt" and said "dozens of independent studies published by leading journals" had come to
conclusions similar to his.

What's to guarantee McKitrick and McIntyre's research will withstand the kind of scrutiny
they gave Mann's research? 

In an interview, McKitrick said, "If a study is going to be the basis for a major policy
decision, then the original data must be disseminated and the results have to be
reproducible. That's why in our case we have posted everything online and invite outside
scrutiny."

Mann never made his data available online nor did many of the earlier researchers whose
data Mann relied upon for his research. That by itself raises questions about the U.N.
climate-change panel's scientific process.

It remains to be seen whether the McKitrick and McIntyre study will withstand the "outside
scrutiny" they have asked for and will no doubt receive. But given the implications of the
errors and problems they apparently have unearthed within the Mann study, the two
researchers have done a tremendous service to science and the public, which should rely
on facts to make informed public policy decisions. 

Nick Schulz is editor of TechCentralStation.com, a science, technology and public policy
Web site.

Date: Tue, 28 Oct 2003 23:58:21 -0500
To: Annie_Petsonk@environmentaldefense.org
From: "Michael E. Mann" <mann@virginia.edu>
Subject: draft
Cc: mann@virginia.edu

Before midnight as promised :)
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here is a rough draft of an op-ed. Any help I can get from you or any
associates of yours in refining this and getting this published will be very
helpful.

I can work on co-authors tomorrow morning.  iPerhaps we can send something
similar on to other newswire journalists such as Joan Lowey, etc...

DRAFT REPLY TO USA TODAY OPINION PIECE

The opinion piece "Researchers question key global-warming study" published
in USA Today by Nick Schulz, describes a deeply flawed article published in a
discredited journal "Energy and Environment" by  two individuals with no
scientific expertise. The article is deceptive on multiple accounts.

It was not revealed that TechCentralStation.com, the website that the author
Nick Shultz edits, receives considerable funding from Exxon-Mobile--this makes
Schulz hardly disinterested matter in discussions of human-induced climate
change and climate change policy. 

Schulz makes the  blatantly false claim: Mann never made his data available
online nor did many of the earlier researchers whose data Mann relied upon for
his research. That by itself raises questions about the U.N. climate-change
panel's scientific process.

The data used by Mann and colleagues have been in the public domain for
nearly two years, at the readily accessible website:
ftp://holocene.evsc.virginia.edu/pub/MBH98/

Had the authors of the study in question used the publicly available data
provided by Mann and colleagues,  they would have reproduced their overall
results, and those of numerous other paleoclimatologists who have produced
statistically indistinguishable results to those of Mann and colleagues.  Instead,
the authors requested from an associate of Mann and coworkers  a specially
formatted,  spreadsheet version of the data set. There appear to have been
some significant errors in that version of the dataset. Even though the authors
detected some problems, they did not contact the associate who sent them the
data to inquire about them. The spreadsheet version  inadvertently appears to
have overprinted much of the early data, rending the proxy data set prior to
about 1600  erroneous. It is the use of the incorrect early values  in the proxy
series that lead to the wide divergence of the authors estimates from nearly all
previously published estimates during the 15th and 16th centuries. The
anomalous warmth they claim to reconstruct in those centuries is nothing more
than an artifact of their having used scrambled early data in place of the correct
data.

There are other more minor sources of error.  The authors  misapplied the
methodology of Mann et al by convoluting their previous estimated temperature
patterns from one dataset with an inconsistent set of temperature estimates
from an entirely different dataset. However, it is the use of scrambled estimates
of the proxy data that is  responsible for the huge errors in their estimates
during the 15th-16th centuries.

Had this paper been submitted to reputable scientific journal, such as Nature
(where the original paper by Mann and colleagues was published) or Science,
where high quality paleoclimatic work has often been published, the deep flaws
would have quickly been uncovered in their method. Instead, the authors
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published their article in a social science journal, "Energy and Environment",
with questionable editorial practices (as detailed in an article last September in
the Chronicle of Higher Education).

The journal "Energy and Environment" if it has any editorial integrity, will
demand a retraction of the paper by McKitrick and McIntyre's, as the results
presented are entirely spurious, and the conclusions wholly without merit.

The assertion in dozens of more mainstream, scientific publications that late
20th century Northern Hemisphere average warmth  is unprecedented not only
in the past six centuries (as shown by Mann and colleagues in 1998), but at
least the past millennium or longer is the conclusion of more than a dozen
independent studies published in reputable scientific journals over the past
several years and this latest deeply flawed study does nothing whatsoever to
change those conclusions. 

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: raymond s. bradley; mhughes@ltrr.arizona.edu; Phil Jones; jto@u.arizona.edu; tom crowley
Subject: Re: Fwd: draft
Date: Tuesday, October 28, 2003 10:12:53 PM

oops, my draft op-ed was pasted at the end of that previous email. here it is up front,

mike

DRAFT REPLY TO USA TODAY OPINION PIECE

The opinion piece "Researchers question key global-warming study" published in USA Today by
Nick Schulz, describes a deeply flawed article published in a discredited journal "Energy and
Environment" by  two individuals with no scientific expertise. The article is deceptive on multiple
accounts.

It was not revealed that TechCentralStation.com, the website that the author Nick Shultz edits,
receives considerable funding from Exxon-Mobile--this makes Schulz hardly disinterested matter
in discussions of human-induced climate change and climate change policy. 

Schulz makes the  blatantly false claim: Mann never made his data available online nor did many
of the earlier researchers whose data Mann relied upon for his research. That by itself raises
questions about the U.N. climate-change panel's scientific process.

The data used by Mann and colleagues have been in the public domain for nearly two years, at
the readily accessible website: ftp://holocene.evsc.virginia.edu/pub/MBH98/

Had the authors of the study in question used the publicly available data provided by Mann and
colleagues,  they would have reproduced their overall results, and those of numerous other
paleoclimatologists who have produced statistically indistinguishable results to those of Mann
and colleagues.  Instead, the authors requested from an associate of Mann and coworkers  a
specially formatted,  spreadsheet version of the data set. There appear to have been some
significant errors in that version of the dataset. Even though the authors detected some
problems, they did not contact the associate who sent them the data to inquire about them. The
spreadsheet version  inadvertently appears to have overprinted much of the early data, rending
the proxy data set prior to about 1600  erroneous. It is the use of the incorrect early values  in
the proxy series that lead to the wide divergence of the authors estimates from nearly all
previously published estimates during the 15th and 16th centuries. The anomalous warmth they
claim to reconstruct in those centuries is nothing more than an artifact of their having used
scrambled early data in place of the correct data.

There are other more minor sources of error.  The authors  misapplied the methodology of Mann
et al by convoluting their previous estimated temperature patterns from one dataset with an
inconsistent set of temperature estimates from an entirely different dataset. However, it is the
use of scrambled estimates of the proxy data that is  responsible for the huge errors in their
estimates during the 15th-16th centuries.

Had this paper been submitted to reputable scientific journal, such as Nature (where the original
paper by Mann and colleagues was published) or Science, where high quality paleoclimatic work
has often been published, the deep flaws would have quickly been uncovered in their method.
Instead, the authors published their article in a social science journal, "Energy and
Environment", with questionable editorial practices (as detailed in an article last September in
the Chronicle of Higher Education).

The journal "Energy and Environment" if it has any editorial integrity, will demand a retraction of
the paper by McKitrick and McIntyre's, as the results presented are entirely spurious, and the
conclusions wholly without merit.

The assertion in dozens of more mainstream, scientific publications that late 20th century
Northern Hemisphere average warmth  is unprecedented not only in the past six centuries (as
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shown by Mann and colleagues in 1998), but at least the past millennium or longer is the
conclusion of more than a dozen independent studies published in reputable scientific journals
over the past several years and this latest deeply flawed study does nothing whatsoever to
change those conclusions. 

At 12:03 AM 10/29/2003 -0500, Michael E. Mann wrote:

I know how sick you guys are of this routine by now. hopefully, this is the last time.

EDF wants to try to help me get a response to the USA Today opinion piece by Nick
Schulz into tomorrows edition. She thinks we could use several co-authors from the
paleo community, and Steve S thinks they'll have to print it, because Schulz
completely lied about us supposedly not having provided our data in the public
domain (they've been on a public website on our machine holocene since March '02
according to the dates on the files)...

We need to finalize this by tomorrow afternoon.

Can I get any/all of you to sign on w/ me. We'll work on revising and finalizing
tomorrow morning/afternoon.

let me know. thanks,

mike

p.s. the op-ed piece is pasted in below:

Researchers question key global-warming study 

By Nick Schulz 
An important new paper in the journal Energy & Environment upsets a key scientific
claim about climate change. If it withstands scrutiny, the collective scientific
understanding of recent global warming might need an overhaul. 

A little background is needed to understand the importance of the new research
behind this paper by Stephen McIntyre, a statistics expert who works in the mining
industry, and Ross McKitrick, a professor of economics at the University of Guelph,
Ontario. As scientists and governments have tried to understand mankind's influence
on the environment, global warming has become a primary concern. Do mankind's
activities especially burning fossil fuels to create energy affect climate? If so, how?
What should be done?

These questions were so important that in 1988 the United Nations, along with the
World Meteorological Organization, formed the U.N. Intergovernmental Panel on
Climate Change (IPCC) to study "human-induced climate change."

Ten years after IPCC's founding, a paper from Michael Mann, now an assistant
professor of environmental sciences at the University of Virginia, and his colleagues in
the journal Nature shook scientific and political circles. It reconstructed temperatures
dating back to the year 1400 by looking at tree rings, ice cores and other so-called
proxy records to derive a temperature signature. This was before the sophisticated
climate-measuring equipment we use today. 

What Mann claimed to find was startling: The late-20th century was unusually warm
warmer than at any time in the previous six centuries. (Later research by Mann
extended the climate history back 1,000 years.) The reason? "It really looks like (the
recent warming) can only be explained by greenhouse gases," Mann said then. His
clear implication: The Earth's climate was changing dramatically, and mankind was
responsible. 
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Earth heats up?

The U.N. used Mann's research to declare the 1990s "the warmest decade and 1998
the warmest year of the millennium." Countless news stories picked up on this idea
that the past few years have been unusually warm. 

Efforts to limit the emission of the greenhouse gases blamed for this warming were
bolstered by Mann's research. In fact, this week the Senate plans to consider
legislation co-sponsored by Sens. John McCain, R-Ariz., and Joe Lieberman, D-Conn.,
to reduce the emission of greenhouse gases. McCain's Web site says, "Global
warming is a growing problem. ... The 10 warmest years (on record) have all
occurred since 1987." The statement is based on Mann's research.

But what if it's not true? 

When McIntyre and McKitrick audited Mann's data to see whether its conclusions
could be replicated, they discovered significant problems. Once they corrected the
errors, the two researchers made a remarkable conclusion: The late 20th century was
not unusually warm by historical standards.

Not alone in his conclusion

When asked about the paper, which had undergone review by other scientists before
being published, Mann said he had heard about it but had not seen it. He called it a
"political stunt" and said "dozens of independent studies published by leading
journals" had come to conclusions similar to his.

What's to guarantee McKitrick and McIntyre's research will withstand the kind of
scrutiny they gave Mann's research? 

In an interview, McKitrick said, "If a study is going to be the basis for a major policy
decision, then the original data must be disseminated and the results have to be
reproducible. That's why in our case we have posted everything online and invite
outside scrutiny."

Mann never made his data available online nor did many of the earlier researchers
whose data Mann relied upon for his research. That by itself raises questions about
the U.N. climate-change panel's scientific process.

It remains to be seen whether the McKitrick and McIntyre study will withstand the
"outside scrutiny" they have asked for and will no doubt receive. But given the
implications of the errors and problems they apparently have unearthed within the
Mann study, the two researchers have done a tremendous service to science and the
public, which should rely on facts to make informed public policy decisions. 

Nick Schulz is editor of TechCentralStation.com, a science, technology and public
policy Web site.

Date: Tue, 28 Oct 2003 23:58:21 -0500
To: Annie_Petsonk@environmentaldefense.org
From: "Michael E. Mann" <mann@virginia.edu>
Subject: draft
Cc: mann@virginia.edu

Before midnight as promised :)

here is a rough draft of an op-ed. Any help I can get from you or any
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associates of yours in refining this and getting this published will be very
helpful.

I can work on co-authors tomorrow morning.  iPerhaps we can send
something similar on to other newswire journalists such as Joan Lowey,
etc...

DRAFT REPLY TO USA TODAY OPINION PIECE

The opinion piece "Researchers question key global-warming study"
published in USA Today by Nick Schulz, describes a deeply flawed article
published in a discredited journal "Energy and Environment" by  two
individuals with no scientific expertise. The article is deceptive on multiple
accounts.

It was not revealed that TechCentralStation.com, the website that the
author Nick Shultz edits, receives considerable funding from Exxon-
Mobile--this makes Schulz hardly disinterested matter in discussions of
human-induced climate change and climate change policy. 

Schulz makes the  blatantly false claim: Mann never made his data
available online nor did many of the earlier researchers whose data Mann
relied upon for his research. That by itself raises questions about the U.N.
climate-change panel's scientific process.

The data used by Mann and colleagues have been in the public domain for
nearly two years, at the readily accessible website:
ftp://holocene.evsc.virginia.edu/pub/MBH98/

Had the authors of the study in question used the publicly available data
provided by Mann and colleagues,  they would have reproduced their
overall results, and those of numerous other paleoclimatologists who have
produced statistically indistinguishable results to those of Mann and
colleagues.  Instead, the authors requested from an associate of Mann
and coworkers  a specially formatted,  spreadsheet version of the data
set. There appear to have been some significant errors in that version of
the dataset. Even though the authors detected some problems, they did
not contact the associate who sent them the data to inquire about them.
The spreadsheet version  inadvertently appears to have overprinted much
of the early data, rending the proxy data set prior to about 1600 
erroneous. It is the use of the incorrect early values  in the proxy series
that lead to the wide divergence of the authors estimates from nearly all
previously published estimates during the 15th and 16th centuries. The
anomalous warmth they claim to reconstruct in those centuries is nothing
more than an artifact of their having used scrambled early data in place of
the correct data.

There are other more minor sources of error.  The authors  misapplied the
methodology of Mann et al by convoluting their previous estimated
temperature patterns from one dataset with an inconsistent set of
temperature estimates from an entirely different dataset. However, it is
the use of scrambled estimates of the proxy data that is  responsible for
the huge errors in their estimates during the 15th-16th centuries.

Had this paper been submitted to reputable scientific journal, such as
Nature (where the original paper by Mann and colleagues was published)
or Science, where high quality paleoclimatic work has often been
published, the deep flaws would have quickly been uncovered in their
method. Instead, the authors published their article in a social science
journal, "Energy and Environment", with questionable editorial practices
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(as detailed in an article last September in the Chronicle of Higher
Education).

The journal "Energy and Environment" if it has any editorial integrity, will
demand a retraction of the paper by McKitrick and McIntyre's, as the
results presented are entirely spurious, and the conclusions wholly without
merit.

The assertion in dozens of more mainstream, scientific publications that
late 20th century Northern Hemisphere average warmth  is unprecedented
not only in the past six centuries (as shown by Mann and colleagues in
1998), but at least the past millennium or longer is the conclusion of more
than a dozen independent studies published in reputable scientific journals
over the past several years and this latest deeply flawed study does
nothing whatsoever to change those conclusions. 

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: fenbiao@ltrr.arizona.edu; rbradley@geo.umass.edu
Cc: Malcolm Hughes
Subject: Re:
Date: Tuesday, October 28, 2003 10:31:19 PM

thanks again Fenbiao,

Will try to get around to looking at this ASAP, but with everything else going on
(Malcolm can tell you about it), it may be a while until I can focus on this. Remind
me if I don't get back.

Also, should we try to bring Jeff Park into this at some point?

thanks,

mike

At 05:44 PM 10/28/2003 -0700, fenbiao@ltrr.arizona.edu wrote:

Dear Dr. Bradley and Dr. Mann,

Attached is a file listing a set of 131 proxy indicators that Malcolm and I 
have selected for the global multi-decadal mtm-svd project. We would
very much 
appreciate if you could take a look and let us know:

(1)Is there any of our selection problematic that should be taken out from
the 
list?
(2)Is there any other important proxy data that need to be included?

As you can see from the file, several of the proxies still don’t have the info

of longitude and latitude, hence a map of all selected site is not available
at 
the moment. I will dig these out by contacting the collectors or by reading

their publications one by one. If you have those info that I state as “NA” 
or “?”, please let me know. Once we have a site map for all, we then
need to 
decide on ways dealing with problems that arises from dense proxies in
one area 
but sparse in another area. Any suggestions?

Many thanks,

Fenbiao

______________________________________________________________
                    Professor Michael E. Mann
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           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu
Cc: raymond s. bradley; Phil Jones; jto@u.arizona.edu; tom crowley; Scott Rutherford
Subject: Re: Fwd: draft
Date: Tuesday, October 28, 2003 10:37:01 PM

Malcolm, 

As I recall Scott was unusually generous and tried to help out as much as possible. Went
out of his way to prepare a spreadsheet version at their request. This is the thanks they
give...

Scott, can you help us out there?

thanks,

mike

At 10:28 PM 10/28/2003 -0700, mhughes@ltrr.arizona.edu wrote:

Mike - the draft will need a bit of editing, but first, do you or Scott have a 
record of the exchange of e-mails where you pointed these characters to the 
data on the server and then they asked for it in a different format? It would 
be very valuable to see these, and maybe even put them in the public domain. 
Malcolm
 Quoting "Michael E. Mann" <mann@virginia.edu>:

> 
> 
> oops, my draft op-ed was pasted at the end of that previous email. here
> it is up front,
> 
> 
> mike
> 
> 
> DRAFT REPLY TO USA TODAY OPINION PIECE
> 
> 
> The opinion piece "Researchers question key global-warming
> study" published in USA Today by Nick Schulz, describes a deeply
> flawed article published in a discredited journal "Energy and
> Environment" by  two individuals with no scientific expertise.
> The article is deceptive on multiple accounts.
> 
> 
> It was not revealed that TechCentralStation.com, the website that
> the author Nick Shultz edits, receives considerable funding from
> Exxon-Mobile--this makes Schulz hardly disinterested matter in
> discussions of human-induced climate change and climate change policy.
> 
> 
> 
> Schulz makes the  blatantly false claim: Mann never made his data
> available online nor did many of the earlier researchers whose data Mann
> relied upon for his research. That by itself raises questions about the
> U.N. climate-change panel's scientific process.
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> 
> 
> The data used by Mann and colleagues have been in the public domain
> for nearly two years, at the readily accessible website:
> ftp://holocene.evsc.virginia.edu/pub/MBH98/
> 
> 
> Had the authors of the study in question used the publicly available data
> provided by Mann and colleagues,  they would have reproduced their
> overall results, and those of numerous other paleoclimatologists who have
> produced statistically indistinguishable results to those of Mann and
> colleagues.  Instead, the authors requested from an associate of
> Mann and coworkers  a specially formatted,  spreadsheet version
> of the data set. There appear to have been some significant errors in
> that version of the dataset. Even though the authors detected some
> problems, they did not contact the associate who sent them the data to
> inquire about them. The spreadsheet version  inadvertently appears
> to have overprinted much of the early data, rending the proxy data set
> prior to about 1600  erroneous. It is the use of the incorrect early
> values  in the proxy series that lead to the wide divergence of the
> authors estimates from nearly all previously published estimates during
> the 15th and 16th centuries. The anomalous warmth they claim to
> reconstruct in those centuries is nothing more than an artifact of their
> having used scrambled early data in place of the correct data.
> 
> 
> There are other more minor sources of error.  The authors 
> misapplied the methodology of Mann et al by convoluting their previous
> estimated temperature patterns from one dataset with an inconsistent set
> of temperature estimates from an entirely different dataset. However, it
> is the use of scrambled estimates of the proxy data that is 
> responsible for the huge errors in their estimates during the 15th-16th
> centuries.
> 
> 
> Had this paper been submitted to reputable scientific journal, such as
> Nature (where the original paper by Mann and colleagues was
> published) or Science, where high quality paleoclimatic work has
> often been published, the deep flaws would have quickly been uncovered in
> their method. Instead, the authors published their article in a social
> science journal, "Energy and Environment", with
> questionable editorial practices (as detailed in an article last
> September in the Chronicle of Higher Education).
> 
> 
> The journal "Energy and Environment" if it has any
> editorial integrity, will demand a retraction of the paper by McKitrick
> and McIntyre's, as the results presented are entirely spurious, and the
> conclusions wholly without merit.
> 
> 
> The assertion in dozens of more mainstream, scientific publications that
> late 20th century Northern Hemisphere average warmth  is
> unprecedented not only in the past six centuries (as shown by Mann and
> colleagues in 1998), but at least the past millennium or longer is the
> conclusion of more than a dozen independent studies published in
> reputable scientific journals over the past several years and this latest
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> deeply flawed study does nothing whatsoever to change those conclusions.
> 
> 
> 
> 
> 
> At 12:03 AM 10/29/2003 -0500, Michael E. Mann wrote:
> 
> I know how sick you guys are of
> this routine by now. hopefully, this is the last time.
> 
> 
> EDF wants to try to help me get a response to the USA Today opinion piece
> by Nick Schulz into tomorrows edition. She thinks we could use several
> co-authors from the paleo community, and Steve S thinks they'll have to
> print it, because Schulz completely lied about us supposedly not having
> provided our data in the public domain (they've been on a public website
> on our machine holocene since March '02 according to the dates on the
> files)...
> 
> 
> We need to finalize this by tomorrow afternoon.
> 
> 
> Can I get any/all of you to sign on w/ me. We'll work on revising and
> finalizing tomorrow morning/afternoon.
> 
> 
> let me know. thanks,
> 
> 
> mike
> 
> 
> p.s. the op-ed piece is pasted in below:
> 
> 
> Researchers question key global-warming study 
> 
> 
> By Nick Schulz 
> 
> An important new paper in the journal Energy & Environment
> upsets a key scientific claim about climate change. If it withstands
> scrutiny, the collective scientific understanding of recent global
> warming might need an overhaul. 
> 
> 
> A little background is needed to understand the importance of the new
> research behind this paper by Stephen McIntyre, a statistics expert who
> works in the mining industry, and Ross McKitrick, a professor of
> economics at the University of Guelph, Ontario. As scientists and
> governments have tried to understand mankind's influence on the
> environment, global warming has become a primary concern. Do mankind's
> activities especially burning fossil fuels to create energy affect
> climate? If so, how? What should be done?
> 
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> 
> These questions were so important that in 1988 the United Nations, along
> with the World Meteorological Organization, formed the U.N.
> Intergovernmental Panel on Climate Change (IPCC) to study
> "human-induced climate change."
> 
> 
> Ten years after IPCC's founding, a paper from Michael Mann, now an
> assistant professor of environmental sciences at the University of
> Virginia, and his colleagues in the journal Nature shook
> scientific and political circles. It reconstructed temperatures dating
> back to the year 1400 by looking at tree rings, ice cores and other
> so-called proxy records to derive a temperature signature. This was
> before the sophisticated climate-measuring equipment we use today.
> 
> 
> 
> What Mann claimed to find was startling: The late-20th century was
> unusually warm warmer than at any time in the previous six centuries.
> (Later research by Mann extended the climate history back 1,000 years.)
> The reason? "It really looks like (the recent warming) can only be
> explained by greenhouse gases," Mann said then. His clear
> implication: The Earth's climate was changing dramatically, and mankind
> was responsible. 
> 
> 
> Earth heats up?
> 
> 
> The U.N. used Mann's research to declare the 1990s "the warmest
> decade and 1998 the warmest year of the millennium." Countless news
> stories picked up on this idea that the past few years have been
> unusually warm. 
> 
> 
> Efforts to limit the emission of the greenhouse gases blamed for this
> warming were bolstered by Mann's research. In fact, this week the Senate
> plans to consider legislation co-sponsored by Sens. John McCain, R-Ariz.,
> and Joe Lieberman, D-Conn., to reduce the emission of greenhouse gases.
> McCain's Web site says, "Global warming is a growing problem. ...
> The 10 warmest years (on record) have all occurred since 1987." The
> statement is based on Mann's research.
> 
> 
> But what if it's not true? 
> 
> 
> When McIntyre and McKitrick audited Mann's data to see whether its
> conclusions could be replicated, they discovered significant problems.
> Once they corrected the errors, the two researchers made a remarkable
> conclusion: The late 20th century was not unusually warm by historical
> standards.
> 
> 
> Not alone in his conclusion
> 
> 
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> When asked about the paper, which had undergone review by other
> scientists before being published, Mann said he had heard about it but
> had not seen it. He called it a "political stunt" and said
> "dozens of independent studies published by leading journals"
> had come to conclusions similar to his.
> 
> 
> What's to guarantee McKitrick and McIntyre's research will withstand the
> kind of scrutiny they gave Mann's research? 
> 
> 
> In an interview, McKitrick said, "If a study is going to be the
> basis for a major policy decision, then the original data must be
> disseminated and the results have to be reproducible. That's why in our
> case we have posted everything online and invite outside
> scrutiny."
> 
> 
> Mann never made his data available online nor did many of the earlier
> researchers whose data Mann relied upon for his research. That by itself
> raises questions about the U.N. climate-change panel's scientific
> process.
> 
> 
> It remains to be seen whether the McKitrick and McIntyre study will
> withstand the "outside scrutiny" they have asked for and will
> no doubt receive. But given the implications of the errors and problems
> they apparently have unearthed within the Mann study, the two researchers
> have done a tremendous service to science and the public, which should
> rely on facts to make informed public policy decisions. 
> 
> 
> Nick Schulz is editor of TechCentralStation.com, a science, technology
> and public policy Web site.
> 
> 
> 
> 
> Date: Tue, 28 Oct 2003 23:58:21
> -0500
> 
> To: Annie_Petsonk@environmentaldefense.org
> 
> From: "Michael E. Mann" <mann@virginia.edu>
> 
> Subject: draft
> 
> Cc: mann@virginia.edu
> 
> 
> Before midnight as promised :)
> 
> 
> here is a rough draft of an op-ed. Any help I can get from you or any
> associates of yours in refining this and getting this published will be
> very helpful.
> 
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> 
> I can work on co-authors tomorrow morning.  iPerhaps we can send
> something similar on to other newswire journalists such as Joan Lowey,
> etc...
> 
> 
> DRAFT REPLY TO USA TODAY OPINION PIECE
> 
> 
> The opinion piece "Researchers question key global-warming
> study" published in USA Today by Nick Schulz, describes a deeply
> flawed article published in a discredited journal "Energy and
> Environment" by  two individuals with no scientific expertise.
> The article is deceptive on multiple accounts.
> 
> 
> It was not revealed that TechCentralStation.com, the website that
> the author Nick Shultz edits, receives considerable funding from
> Exxon-Mobile--this makes Schulz hardly disinterested matter in
> discussions of human-induced climate change and climate change policy.
> 
> 
> 
> Schulz makes the  blatantly false claim: Mann never made his data
> available online nor did many of the earlier researchers whose data Mann
> relied upon for his research. That by itself raises questions about the
> U.N. climate-change panel's scientific process.
> 
> 
> The data used by Mann and colleagues have been in the public domain
> for nearly two years, at the readily accessible website:
> ftp://holocene.evsc.virginia.edu/pub/MBH98/
> 
> 
> Had the authors of the study in question used the publicly available data
> provided by Mann and colleagues,  they would have reproduced their
> overall results, and those of numerous other paleoclimatologists who have
> produced statistically indistinguishable results to those of Mann and
> colleagues.  Instead, the authors requested from an associate of
> Mann and coworkers  a specially formatted,  spreadsheet version
> of the data set. There appear to have been some significant errors in
> that version of the dataset. Even though the authors detected some
> problems, they did not contact the associate who sent them the data to
> inquire about them. The spreadsheet version  inadvertently appears
> to have overprinted much of the early data, rending the proxy data set
> prior to about 1600  erroneous. It is the use of the incorrect early
> values  in the proxy series that lead to the wide divergence of the
> authors estimates from nearly all previously published estimates during
> the 15th and 16th centuries. The anomalous warmth they claim to
> reconstruct in those centuries is nothing more than an artifact of their
> having used scrambled early data in place of the correct data.
> 
> 
> There are other more minor sources of error.  The authors 
> misapplied the methodology of Mann et al by convoluting their previous
> estimated temperature patterns from one dataset with an inconsistent set
> of temperature estimates from an entirely different dataset. However, it
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> is the use of scrambled estimates of the proxy data that is 
> responsible for the huge errors in their estimates during the 15th-16th
> centuries.
> 
> 
> Had this paper been submitted to reputable scientific journal, such as
> Nature (where the original paper by Mann and colleagues was
> published) or Science, where high quality paleoclimatic work has
> often been published, the deep flaws would have quickly been uncovered in
> their method. Instead, the authors published their article in a social
> science journal, "Energy and Environment", with
> questionable editorial practices (as detailed in an article last
> September in the Chronicle of Higher Education).
> 
> 
> The journal "Energy and Environment" if it has any
> editorial integrity, will demand a retraction of the paper by McKitrick
> and McIntyre's, as the results presented are entirely spurious, and the
> conclusions wholly without merit.
> 
> 
> The assertion in dozens of more mainstream, scientific publications that
> late 20th century Northern Hemisphere average warmth  is
> unprecedented not only in the past six centuries (as shown by Mann and
> colleagues in 1998), but at least the past millennium or longer is the
> conclusion of more than a dozen independent studies published in
> reputable scientific journals over the past several years and this latest
> deeply flawed study does nothing whatsoever to change those conclusions.
> 
> 
> 
> 
> 
>                    
> Professor Michael E. Mann
> 
>            Department
> of Environmental Sciences, Clark Hall
> 
>                      
> University of Virginia
> 
>                     
> Charlottesville, VA 22903
> 
>
_______________________________________________________________________

> 
> e-mail: mann@virginia.edu   Phone:   
> FAX: 
> 
>         
> http://www.evsc.virginia.edu/faculty/people/mann.shtml
> 
> 
> ______________________________________________________________
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> 
>                     Professor Michael E. Mann
> 
>            Department of Environmental Sciences, Clark Hall
> 
>                       University of Virginia
> 
>                      Charlottesville, VA 22903
> 
>
_______________________________________________________________________

> 
> e-mail: mann@virginia.edu   Phone:    FAX: 
> 
>          http://www.evsc.virginia.edu/faculty/people/mann.shtml 
> 
> ______________________________________________________________
> 
>                     Professor Michael E. Mann
> 
>            Department of Environmental Sciences, Clark Hall
> 
>                       University of Virginia
> 
>                      Charlottesville, VA 22903
> 
>
_______________________________________________________________________

> 
> e-mail: mann@virginia.edu   Phone:    FAX: 
> 
>          http://www.evsc.virginia.edu/faculty/people/mann.shtml
> 
> 
>

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Phil Jones
To: Michael E. Mann; raymond s. bradley; mhughes@ltrr.arizona.edu; jto@u.arizona.edu; tom crowley
Cc: k.briffa@uea.ac.uk; t.osborn@uea.ac.uk; crowley@duke.edu
Subject: Re: Fwd: draft
Date: Wednesday, October 29, 2003 2:17:37 AM

 Mike,
     I'm happy to sign up for this and Keith and Tim may like to as well, so cc'ing this reply
 to them as well. I'm off this afternoon to Newcastle so will be out of contact till I get there.
 I will have a chance to check email tomorrow am.
     Here are a few thoughts in the meantime:

 1. Text needs a little fine tuning as Malcolm says and getting in dates of emails etc between
 you, Scott and them would be good. I doubt that such details will make it into the final piece,
 but they are useful background evidence.

 2. I would really have a go at Schulz's second sentence  --- 'If it withstands scrutiny .....'
 This is what the whole peer-review process is about and E&E have clearly failed to get the
 paper adequately reviewed. Papers do get scrutinized after publication, but this is almost always
 about the interpretation of results, not simple methodological flaws or clear mistakes.

  Perhaps, something like, The authors did not seem to stop to think why their results were
 so different from MBH. Any respectable scientists attempting to repeat or reanalyze earlier
 work would want to fully understand why the results were different. Any scientist wanting to
 publish such differences would want to check, double-even-triple check their results. The
 study here seems to have accepted the results, possibly because they appear at first glance
 to be the results they wanted.  They should have stopped to think why they were so
 different, especially as several other groups have obtained essentially the same basic results
 as MBH, with different proxy networks and different methods of combining the results.

   Also, would the authors have published the results if the 'random' data had showed the
 opposite result. I guess it could have by chance, but I suspect they would have been more
 cautious as the result did not agree with their preconceptions.

 3. Related to the above there is the fact that their results just don't look right. I always say
 that data analysts need to have a feel for the data.  Here, the result just looks plain wrong.
 I try to drum this into my students and post-docs - saying go back and find the mistake,
 the results aren't right !  

 4.  Also need to cover the issue of Scott's inadvertent mistake. I've no idea how to do anything
 in Excel - except get any data out of it !  I'm told it is quite difficult to write out data in excel
 spreadsheet format. Back to the post-grads - they often come and say 'Excel can't do it' to
 which I retort then program the method from scratch in Fortran. I may be a dinosaur in this
 respect, but this helps understand the technique being used, as you have to go through it
 step by step.

   Need to fully cover any accusations of making the mistake deliberately.

   Anyway, have a few other things to do before going off at 11

 Cheers
 Phil

At 00:10 29/10/2003 -0500, Michael E. Mann wrote:

oops, my draft op-ed was pasted at the end of that previous email. here it is up front,

mike

DRAFT REPLY TO USA TODAY OPINION PIECE

The opinion piece "Researchers question key global-warming study" published in USA
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Today by Nick Schulz, describes a deeply flawed article published in a discredited journal
"Energy and Environment" by  two individuals with no scientific expertise. The article is
deceptive on multiple accounts.

It was not revealed that TechCentralStation.com, the website that the author Nick Shultz
edits, receives considerable funding from Exxon-Mobile--this makes Schulz hardly
disinterested matter in discussions of human-induced climate change and climate change
policy. 

Schulz makes the  blatantly false claim: Mann never made his data available online nor did
many of the earlier researchers whose data Mann relied upon for his research. That by
itself raises questions about the U.N. climate-change panel's scientific process.

The data used by Mann and colleagues have been in the public domain for nearly two
years, at the readily accessible website: ftp://holocene.evsc.virginia.edu/pub/MBH98/

Had the authors of the study in question used the publicly available data provided by Mann
and colleagues,  they would have reproduced their overall results, and those of numerous
other paleoclimatologists who have produced statistically indistinguishable results to those
of Mann and colleagues.  Instead, the authors requested from an associate of Mann and
coworkers  a specially formatted,  spreadsheet version of the data set. There appear to
have been some significant errors in that version of the dataset. Even though the authors
detected some problems, they did not contact the associate who sent them the data to
inquire about them. The spreadsheet version  inadvertently appears to have overprinted
much of the early data, rending the proxy data set prior to about 1600  erroneous. It is the
use of the incorrect early values  in the proxy series that lead to the wide divergence of
the authors estimates from nearly all previously published estimates during the 15th and
16th centuries. The anomalous warmth they claim to reconstruct in those centuries is
nothing more than an artifact of their having used scrambled early data in place of the
correct data.

There are other more minor sources of error.  The authors  misapplied the methodology of
Mann et al by convoluting their previous estimated temperature patterns from one dataset
with an inconsistent set of temperature estimates from an entirely different dataset.
However, it is the use of scrambled estimates of the proxy data that is  responsible for the
huge errors in their estimates during the 15th-16th centuries.

Had this paper been submitted to reputable scientific journal, such as Nature (where the
original paper by Mann and colleagues was published) or Science, where high quality
paleoclimatic work has often been published, the deep flaws would have quickly been
uncovered in their method. Instead, the authors published their article in a social science
journal, "Energy and Environment", with questionable editorial practices (as detailed in an
article last September in the Chronicle of Higher Education).

The journal "Energy and Environment" if it has any editorial integrity, will demand a
retraction of the paper by McKitrick and McIntyre's, as the results presented are entirely
spurious, and the conclusions wholly without merit.

The assertion in dozens of more mainstream, scientific publications that late 20th century
Northern Hemisphere average warmth  is unprecedented not only in the past six centuries
(as shown by Mann and colleagues in 1998), but at least the past millennium or longer is
the conclusion of more than a dozen independent studies published in reputable scientific
journals over the past several years and this latest deeply flawed study does nothing
whatsoever to change those conclusions. 

At 12:03 AM 10/29/2003 -0500, Michael E. Mann wrote:

I know how sick you guys are of this routine by now. hopefully, this is the last
time.

EDF wants to try to help me get a response to the USA Today opinion piece by
Nick Schulz into tomorrows edition. She thinks we could use several co-authors
from the paleo community, and Steve S thinks they'll have to print it, because
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Schulz completely lied about us supposedly not having provided our data in the
public domain (they've been on a public website on our machine holocene since
March '02 according to the dates on the files)...

We need to finalize this by tomorrow afternoon.

Can I get any/all of you to sign on w/ me. We'll work on revising and finalizing
tomorrow morning/afternoon.

let me know. thanks,

mike

p.s. the op-ed piece is pasted in below:

Researchers question key global-warming study 

By Nick Schulz 
An important new paper in the journal Energy & Environment upsets a key
scientific claim about climate change. If it withstands scrutiny, the collective
scientific understanding of recent global warming might need an overhaul. 

A little background is needed to understand the importance of the new research
behind this paper by Stephen McIntyre, a statistics expert who works in the
mining industry, and Ross McKitrick, a professor of economics at the University
of Guelph, Ontario. As scientists and governments have tried to understand
mankind's influence on the environment, global warming has become a primary
concern. Do mankind's activities especially burning fossil fuels to create energy
affect climate? If so, how? What should be done?

These questions were so important that in 1988 the United Nations, along with
the World Meteorological Organization, formed the U.N. Intergovernmental
Panel on Climate Change (IPCC) to study "human-induced climate change."

Ten years after IPCC's founding, a paper from Michael Mann, now an assistant
professor of environmental sciences at the University of Virginia, and his
colleagues in the journal Nature shook scientific and political circles. It
reconstructed temperatures dating back to the year 1400 by looking at tree
rings, ice cores and other so-called proxy records to derive a temperature
signature. This was before the sophisticated climate-measuring equipment we
use today. 

What Mann claimed to find was startling: The late-20th century was unusually
warm warmer than at any time in the previous six centuries. (Later research by
Mann extended the climate history back 1,000 years.) The reason? "It really
looks like (the recent warming) can only be explained by greenhouse gases,"
Mann said then. His clear implication: The Earth's climate was changing
dramatically, and mankind was responsible. 

Earth heats up?

The U.N. used Mann's research to declare the 1990s "the warmest decade and
1998 the warmest year of the millennium." Countless news stories picked up on
this idea that the past few years have been unusually warm. 

Efforts to limit the emission of the greenhouse gases blamed for this warming
were bolstered by Mann's research. In fact, this week the Senate plans to
consider legislation co-sponsored by Sens. John McCain, R-Ariz., and Joe
Lieberman, D-Conn., to reduce the emission of greenhouse gases. McCain's
Web site says, "Global warming is a growing problem. ... The 10 warmest years
(on record) have all occurred since 1987." The statement is based on Mann's
research.

But what if it's not true? 
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When McIntyre and McKitrick audited Mann's data to see whether its
conclusions could be replicated, they discovered significant problems. Once they
corrected the errors, the two researchers made a remarkable conclusion: The
late 20th century was not unusually warm by historical standards.

Not alone in his conclusion

When asked about the paper, which had undergone review by other scientists
before being published, Mann said he had heard about it but had not seen it.
He called it a "political stunt" and said "dozens of independent studies
published by leading journals" had come to conclusions similar to his.

What's to guarantee McKitrick and McIntyre's research will withstand the kind of
scrutiny they gave Mann's research? 

In an interview, McKitrick said, "If a study is going to be the basis for a major
policy decision, then the original data must be disseminated and the results
have to be reproducible. That's why in our case we have posted everything
online and invite outside scrutiny."

Mann never made his data available online nor did many of the earlier
researchers whose data Mann relied upon for his research. That by itself raises
questions about the U.N. climate-change panel's scientific process.

It remains to be seen whether the McKitrick and McIntyre study will withstand
the "outside scrutiny" they have asked for and will no doubt receive. But given
the implications of the errors and problems they apparently have unearthed
within the Mann study, the two researchers have done a tremendous service to
science and the public, which should rely on facts to make informed public
policy decisions. 

Nick Schulz is editor of TechCentralStation.com, a science, technology and
public policy Web site.

Date: Tue, 28 Oct 2003 23:58:21 -0500
To: Annie_Petsonk@environmentaldefense.org
From: "Michael E. Mann" <mann@virginia.edu>
Subject: draft
Cc: mann@virginia.edu

Before midnight as promised :)

here is a rough draft of an op-ed. Any help I can get from you or
any associates of yours in refining this and getting this published will
be very helpful.

I can work on co-authors tomorrow morning.  iPerhaps we can send
something similar on to other newswire journalists such as Joan
Lowey, etc...

DRAFT REPLY TO USA TODAY OPINION PIECE

The opinion piece "Researchers question key global-warming study"
published in USA Today by Nick Schulz, describes a deeply flawed
article published in a discredited journal "Energy and Environment"
by  two individuals with no scientific expertise. The article is
deceptive on multiple accounts.

It was not revealed that TechCentralStation.com, the website that
the author Nick Shultz edits, receives considerable funding from
Exxon-Mobile--this makes Schulz hardly disinterested matter in
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discussions of human-induced climate change and climate change
policy. 

Schulz makes the  blatantly false claim: Mann never made his data
available online nor did many of the earlier researchers whose data
Mann relied upon for his research. That by itself raises questions
about the U.N. climate-change panel's scientific process.

The data used by Mann and colleagues have been in the public
domain for nearly two years, at the readily accessible website:
ftp://holocene.evsc.virginia.edu/pub/MBH98/

Had the authors of the study in question used the publicly available
data provided by Mann and colleagues,  they would have reproduced
their overall results, and those of numerous other
paleoclimatologists who have produced statistically indistinguishable
results to those of Mann and colleagues.  Instead, the authors
requested from an associate of Mann and coworkers  a specially
formatted,  spreadsheet version of the data set. There appear to
have been some significant errors in that version of the dataset.
Even though the authors detected some problems, they did not
contact the associate who sent them the data to inquire about them.
The spreadsheet version  inadvertently appears to have overprinted
much of the early data, rending the proxy data set prior to about
1600  erroneous. It is the use of the incorrect early values  in the
proxy series that lead to the wide divergence of the authors
estimates from nearly all previously published estimates during the
15th and 16th centuries. The anomalous warmth they claim to
reconstruct in those centuries is nothing more than an artifact of
their having used scrambled early data in place of the correct data.

There are other more minor sources of error.  The authors 
misapplied the methodology of Mann et al by convoluting their
previous estimated temperature patterns from one dataset with an
inconsistent set of temperature estimates from an entirely different
dataset. However, it is the use of scrambled estimates of the proxy
data that is  responsible for the huge errors in their estimates during
the 15th-16th centuries.

Had this paper been submitted to reputable scientific journal, such
as Nature (where the original paper by Mann and colleagues was
published) or Science, where high quality paleoclimatic work has
often been published, the deep flaws would have quickly been
uncovered in their method. Instead, the authors published their
article in a social science journal, "Energy and Environment", with
questionable editorial practices (as detailed in an article last
September in the Chronicle of Higher Education).

The journal "Energy and Environment" if it has any editorial
integrity, will demand a retraction of the paper by McKitrick and
McIntyre's, as the results presented are entirely spurious, and the
conclusions wholly without merit.

The assertion in dozens of more mainstream, scientific publications
that late 20th century Northern Hemisphere average warmth  is
unprecedented not only in the past six centuries (as shown by Mann
and colleagues in 1998), but at least the past millennium or longer is
the conclusion of more than a dozen independent studies published
in reputable scientific journals over the past several years and this
latest deeply flawed study does nothing whatsoever to change those
conclusions. 

                    Professor Michael E. Mann
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           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

Prof. Phil Jones
Climatic Research Unit        Telephone +  
School of Environmental Sciences    Fax  
University of East Anglia                      
Norwich                          Email    p.jones@uea.ac.uk 
NR4 7TJ
UK                                                                                 ---------------------------------------------------
-------------------------                                                                               

ABOR/MH/Priv-000893



From: Phil Jones
To: Michael E. Mann; raymond s. bradley; mhughes@ltrr.arizona.edu; jto@u.arizona.edu; tom crowley
Cc: k.briffa@uea.ac.uk; t.osborn@uea.ac.uk; crowley@duke.edu
Subject: Re: Fwd: draft
Date: Wednesday, October 29, 2003 2:22:42 AM

 Mike et al,
      One final thought !  Need to handle this properly as this is a clear case of a couple
 of own goals.  Need to be circumspect and try not to crow.

 Cheers
 Phil

 Mike,
     I'm happy to sign up for this and Keith and Tim may like to as well, so cc'ing this reply
 to them as well. I'm off this afternoon to Newcastle so will be out of contact till I get there.
 I will have a chance to check email tomorrow am.
     Here are a few thoughts in the meantime:

 1. Text needs a little fine tuning as Malcolm says and getting in dates of emails etc between
 you, Scott and them would be good. I doubt that such details will make it into the final piece,
 but they are useful background evidence.

 2. I would really have a go at Schulz's second sentence  --- 'If it withstands scrutiny .....'
 This is what the whole peer-review process is about and E&E have clearly failed to get the
 paper adequately reviewed. Papers do get scrutinized after publication, but this is almost always
 about the interpretation of results, not simple methodological flaws or clear mistakes.

  Perhaps, something like, The authors did not seem to stop to think why their results were
 so different from MBH. Any respectable scientists attempting to repeat or reanalyze earlier
 work would want to fully understand why the results were different. Any scientist wanting to
 publish such differences would want to check, double-even-triple check their results. The
 study here seems to have accepted the results, possibly because they appear at first glance
 to be the results they wanted.  They should have stopped to think why they were so
 different, especially as several other groups have obtained essentially the same basic results
 as MBH, with different proxy networks and different methods of combining the results.

   Also, would the authors have published the results if the 'random' data had showed the
 opposite result. I guess it could have by chance, but I suspect they would have been more
 cautious as the result did not agree with their preconceptions.

 3. Related to the above there is the fact that their results just don't look right. I always say
 that data analysts need to have a feel for the data.  Here, the result just looks plain wrong.
 I try to drum this into my students and post-docs - saying go back and find the mistake,
 the results aren't right !  

 4.  Also need to cover the issue of Scott's inadvertent mistake. I've no idea how to do anything
 in Excel - except get any data out of it !  I'm told it is quite difficult to write out data in excel
 spreadsheet format. Back to the post-grads - they often come and say 'Excel can't do it' to
 which I retort then program the method from scratch in Fortran. I may be a dinosaur in this
 respect, but this helps understand the technique being used, as you have to go through it
 step by step.

   Need to fully cover any accusations of making the mistake deliberately.

   Anyway, have a few other things to do before going off at 11

 Cheers
 Phil

At 00:10 29/10/2003 -0500, Michael E. Mann wrote:
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oops, my draft op-ed was pasted at the end of that previous email. here it is up front,

mike

DRAFT REPLY TO USA TODAY OPINION PIECE

The opinion piece "Researchers question key global-warming study" published in USA
Today by Nick Schulz, describes a deeply flawed article published in a discredited journal
"Energy and Environment" by  two individuals with no scientific expertise. The article is
deceptive on multiple accounts.

It was not revealed that TechCentralStation.com, the website that the author Nick Shultz
edits, receives considerable funding from Exxon-Mobile--this makes Schulz hardly
disinterested matter in discussions of human-induced climate change and climate change
policy. 

Schulz makes the  blatantly false claim: Mann never made his data available online nor did
many of the earlier researchers whose data Mann relied upon for his research. That by
itself raises questions about the U.N. climate-change panel's scientific process.

The data used by Mann and colleagues have been in the public domain for nearly two
years, at the readily accessible website: ftp://holocene.evsc.virginia.edu/pub/MBH98/

Had the authors of the study in question used the publicly available data provided by Mann
and colleagues,  they would have reproduced their overall results, and those of numerous
other paleoclimatologists who have produced statistically indistinguishable results to those
of Mann and colleagues.  Instead, the authors requested from an associate of Mann and
coworkers  a specially formatted,  spreadsheet version of the data set. There appear to
have been some significant errors in that version of the dataset. Even though the authors
detected some problems, they did not contact the associate who sent them the data to
inquire about them. The spreadsheet version  inadvertently appears to have overprinted
much of the early data, rending the proxy data set prior to about 1600  erroneous. It is the
use of the incorrect early values  in the proxy series that lead to the wide divergence of
the authors estimates from nearly all previously published estimates during the 15th and
16th centuries. The anomalous warmth they claim to reconstruct in those centuries is
nothing more than an artifact of their having used scrambled early data in place of the
correct data.

There are other more minor sources of error.  The authors  misapplied the methodology of
Mann et al by convoluting their previous estimated temperature patterns from one dataset
with an inconsistent set of temperature estimates from an entirely different dataset.
However, it is the use of scrambled estimates of the proxy data that is  responsible for the
huge errors in their estimates during the 15th-16th centuries.

Had this paper been submitted to reputable scientific journal, such as Nature (where the
original paper by Mann and colleagues was published) or Science, where high quality
paleoclimatic work has often been published, the deep flaws would have quickly been
uncovered in their method. Instead, the authors published their article in a social science
journal, "Energy and Environment", with questionable editorial practices (as detailed in an
article last September in the Chronicle of Higher Education).

The journal "Energy and Environment" if it has any editorial integrity, will demand a
retraction of the paper by McKitrick and McIntyre's, as the results presented are entirely
spurious, and the conclusions wholly without merit.

The assertion in dozens of more mainstream, scientific publications that late 20th century
Northern Hemisphere average warmth  is unprecedented not only in the past six centuries
(as shown by Mann and colleagues in 1998), but at least the past millennium or longer is
the conclusion of more than a dozen independent studies published in reputable scientific
journals over the past several years and this latest deeply flawed study does nothing
whatsoever to change those conclusions. 

At 12:03 AM 10/29/2003 -0500, Michael E. Mann wrote:
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I know how sick you guys are of this routine by now. hopefully, this is the last
time.

EDF wants to try to help me get a response to the USA Today opinion piece by
Nick Schulz into tomorrows edition. She thinks we could use several co-authors
from the paleo community, and Steve S thinks they'll have to print it, because
Schulz completely lied about us supposedly not having provided our data in the
public domain (they've been on a public website on our machine holocene since
March '02 according to the dates on the files)...

We need to finalize this by tomorrow afternoon.

Can I get any/all of you to sign on w/ me. We'll work on revising and finalizing
tomorrow morning/afternoon.

let me know. thanks,

mike

p.s. the op-ed piece is pasted in below:

Researchers question key global-warming study 

By Nick Schulz 
An important new paper in the journal Energy & Environment upsets a key
scientific claim about climate change. If it withstands scrutiny, the collective
scientific understanding of recent global warming might need an overhaul. 

A little background is needed to understand the importance of the new research
behind this paper by Stephen McIntyre, a statistics expert who works in the
mining industry, and Ross McKitrick, a professor of economics at the University
of Guelph, Ontario. As scientists and governments have tried to understand
mankind's influence on the environment, global warming has become a primary
concern. Do mankind's activities especially burning fossil fuels to create energy
affect climate? If so, how? What should be done?

These questions were so important that in 1988 the United Nations, along with
the World Meteorological Organization, formed the U.N. Intergovernmental
Panel on Climate Change (IPCC) to study "human-induced climate change."

Ten years after IPCC's founding, a paper from Michael Mann, now an assistant
professor of environmental sciences at the University of Virginia, and his
colleagues in the journal Nature shook scientific and political circles. It
reconstructed temperatures dating back to the year 1400 by looking at tree
rings, ice cores and other so-called proxy records to derive a temperature
signature. This was before the sophisticated climate-measuring equipment we
use today. 

What Mann claimed to find was startling: The late-20th century was unusually
warm warmer than at any time in the previous six centuries. (Later research by
Mann extended the climate history back 1,000 years.) The reason? "It really
looks like (the recent warming) can only be explained by greenhouse gases,"
Mann said then. His clear implication: The Earth's climate was changing
dramatically, and mankind was responsible. 

Earth heats up?

The U.N. used Mann's research to declare the 1990s "the warmest decade and
1998 the warmest year of the millennium." Countless news stories picked up on
this idea that the past few years have been unusually warm. 

Efforts to limit the emission of the greenhouse gases blamed for this warming
were bolstered by Mann's research. In fact, this week the Senate plans to
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consider legislation co-sponsored by Sens. John McCain, R-Ariz., and Joe
Lieberman, D-Conn., to reduce the emission of greenhouse gases. McCain's
Web site says, "Global warming is a growing problem. ... The 10 warmest years
(on record) have all occurred since 1987." The statement is based on Mann's
research.

But what if it's not true? 

When McIntyre and McKitrick audited Mann's data to see whether its
conclusions could be replicated, they discovered significant problems. Once they
corrected the errors, the two researchers made a remarkable conclusion: The
late 20th century was not unusually warm by historical standards.

Not alone in his conclusion

When asked about the paper, which had undergone review by other scientists
before being published, Mann said he had heard about it but had not seen it.
He called it a "political stunt" and said "dozens of independent studies
published by leading journals" had come to conclusions similar to his.

What's to guarantee McKitrick and McIntyre's research will withstand the kind of
scrutiny they gave Mann's research? 

In an interview, McKitrick said, "If a study is going to be the basis for a major
policy decision, then the original data must be disseminated and the results
have to be reproducible. That's why in our case we have posted everything
online and invite outside scrutiny."

Mann never made his data available online nor did many of the earlier
researchers whose data Mann relied upon for his research. That by itself raises
questions about the U.N. climate-change panel's scientific process.

It remains to be seen whether the McKitrick and McIntyre study will withstand
the "outside scrutiny" they have asked for and will no doubt receive. But given
the implications of the errors and problems they apparently have unearthed
within the Mann study, the two researchers have done a tremendous service to
science and the public, which should rely on facts to make informed public
policy decisions. 

Nick Schulz is editor of TechCentralStation.com, a science, technology and
public policy Web site.

Date: Tue, 28 Oct 2003 23:58:21 -0500
To: Annie_Petsonk@environmentaldefense.org
From: "Michael E. Mann" <mann@virginia.edu>
Subject: draft
Cc: mann@virginia.edu

Before midnight as promised :)

here is a rough draft of an op-ed. Any help I can get from you or
any associates of yours in refining this and getting this published will
be very helpful.

I can work on co-authors tomorrow morning.  iPerhaps we can send
something similar on to other newswire journalists such as Joan
Lowey, etc...

DRAFT REPLY TO USA TODAY OPINION PIECE

The opinion piece "Researchers question key global-warming study"
published in USA Today by Nick Schulz, describes a deeply flawed
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article published in a discredited journal "Energy and Environment"
by  two individuals with no scientific expertise. The article is
deceptive on multiple accounts.

It was not revealed that TechCentralStation.com, the website that
the author Nick Shultz edits, receives considerable funding from
Exxon-Mobile--this makes Schulz hardly disinterested matter in
discussions of human-induced climate change and climate change
policy. 

Schulz makes the  blatantly false claim: Mann never made his data
available online nor did many of the earlier researchers whose data
Mann relied upon for his research. That by itself raises questions
about the U.N. climate-change panel's scientific process.

The data used by Mann and colleagues have been in the public
domain for nearly two years, at the readily accessible website:
ftp://holocene.evsc.virginia.edu/pub/MBH98/

Had the authors of the study in question used the publicly available
data provided by Mann and colleagues,  they would have reproduced
their overall results, and those of numerous other
paleoclimatologists who have produced statistically indistinguishable
results to those of Mann and colleagues.  Instead, the authors
requested from an associate of Mann and coworkers  a specially
formatted,  spreadsheet version of the data set. There appear to
have been some significant errors in that version of the dataset.
Even though the authors detected some problems, they did not
contact the associate who sent them the data to inquire about them.
The spreadsheet version  inadvertently appears to have overprinted
much of the early data, rending the proxy data set prior to about
1600  erroneous. It is the use of the incorrect early values  in the
proxy series that lead to the wide divergence of the authors
estimates from nearly all previously published estimates during the
15th and 16th centuries. The anomalous warmth they claim to
reconstruct in those centuries is nothing more than an artifact of
their having used scrambled early data in place of the correct data.

There are other more minor sources of error.  The authors 
misapplied the methodology of Mann et al by convoluting their
previous estimated temperature patterns from one dataset with an
inconsistent set of temperature estimates from an entirely different
dataset. However, it is the use of scrambled estimates of the proxy
data that is  responsible for the huge errors in their estimates during
the 15th-16th centuries.

Had this paper been submitted to reputable scientific journal, such
as Nature (where the original paper by Mann and colleagues was
published) or Science, where high quality paleoclimatic work has
often been published, the deep flaws would have quickly been
uncovered in their method. Instead, the authors published their
article in a social science journal, "Energy and Environment", with
questionable editorial practices (as detailed in an article last
September in the Chronicle of Higher Education).

The journal "Energy and Environment" if it has any editorial
integrity, will demand a retraction of the paper by McKitrick and
McIntyre's, as the results presented are entirely spurious, and the
conclusions wholly without merit.

The assertion in dozens of more mainstream, scientific publications
that late 20th century Northern Hemisphere average warmth  is
unprecedented not only in the past six centuries (as shown by Mann
and colleagues in 1998), but at least the past millennium or longer is
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the conclusion of more than a dozen independent studies published
in reputable scientific journals over the past several years and this
latest deeply flawed study does nothing whatsoever to change those
conclusions. 

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

Prof. Phil Jones
Climatic Research Unit        Telephone +  
School of Environmental Sciences    Fax  
University of East Anglia                      
Norwich                          Email    p.jones@uea.ac.uk 
NR4 7TJ
UK                                                                                 ---------------------------------------------------
-------------------------                                                                               
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From: Michael E. Mann
To: Phil Jones; raymond s. bradley; mhughes@ltrr.arizona.edu; jto@u.arizona.edu; tom crowley; k.briffa@uea.ac.uk; t.osborn@uea.ac.uk;

crowley@duke.edu
Subject: Re: Fwd: draft
Date: Wednesday, October 29, 2003 6:07:15 AM

Dear All,

Particularly the British among us--what's the latest you guys will have access to email today (Eastern
Standard Time US please, since my brain is not working quick as well after all the sleep deprivation).  I'm
going to try to work w/ Annie Petsonk at EDF to incorporate their suggestions w/ those you guys have
provided, but we'll probably need to finalize this and confirm authors by early afternoon east coast U.S.
time...

Will keep you posted of any developments as they occur.

Thanks for all the wonderful advice, and your critical support at this particular time,

mike

At 09:16 AM 10/29/2003 +0000, Phil Jones wrote:

 Mike,
     I'm happy to sign up for this and Keith and Tim may like to as well, so cc'ing this reply
 to them as well. I'm off this afternoon to Newcastle so will be out of contact till I get there.
 I will have a chance to check email tomorrow am.
     Here are a few thoughts in the meantime:

 1. Text needs a little fine tuning as Malcolm says and getting in dates of emails etc between
 you, Scott and them would be good. I doubt that such details will make it into the final piece,
 but they are useful background evidence.

 2. I would really have a go at Schulz's second sentence  --- 'If it withstands scrutiny .....'
 This is what the whole peer-review process is about and E&E have clearly failed to get the
 paper adequately reviewed. Papers do get scrutinized after publication, but this is almost
always
 about the interpretation of results, not simple methodological flaws or clear mistakes.

  Perhaps, something like, The authors did not seem to stop to think why their results were
 so different from MBH. Any respectable scientists attempting to repeat or reanalyze earlier
 work would want to fully understand why the results were different. Any scientist wanting to
 publish such differences would want to check, double-even-triple check their results. The
 study here seems to have accepted the results, possibly because they appear at first glance
 to be the results they wanted.  They should have stopped to think why they were so
 different, especially as several other groups have obtained essentially the same basic results
 as MBH, with different proxy networks and different methods of combining the results.

   Also, would the authors have published the results if the 'random' data had showed the
 opposite result. I guess it could have by chance, but I suspect they would have been more
 cautious as the result did not agree with their preconceptions.

 3. Related to the above there is the fact that their results just don't look right. I always say
 that data analysts need to have a feel for the data.  Here, the result just looks plain wrong.
 I try to drum this into my students and post-docs - saying go back and find the mistake,
 the results aren't right !  

 4.  Also need to cover the issue of Scott's inadvertent mistake. I've no idea how to do anything
 in Excel - except get any data out of it !  I'm told it is quite difficult to write out data in excel
 spreadsheet format. Back to the post-grads - they often come and say 'Excel can't do it' to
 which I retort then program the method from scratch in Fortran. I may be a dinosaur in this
 respect, but this helps understand the technique being used, as you have to go through it
 step by step.

   Need to fully cover any accusations of making the mistake deliberately.

   Anyway, have a few other things to do before going off at 11
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 Cheers
 Phil

At 00:10 29/10/2003 -0500, Michael E. Mann wrote:

oops, my draft op-ed was pasted at the end of that previous email. here it is up
front,

mike

DRAFT REPLY TO USA TODAY OPINION PIECE

The opinion piece "Researchers question key global-warming study" published in USA
Today by Nick Schulz, describes a deeply flawed article published in a discredited
journal "Energy and Environment" by  two individuals with no scientific expertise. The
article is deceptive on multiple accounts.

It was not revealed that TechCentralStation.com, the website that the author Nick
Shultz edits, receives considerable funding from Exxon-Mobile--this makes Schulz
hardly disinterested matter in discussions of human-induced climate change and
climate change policy. 

Schulz makes the  blatantly false claim: Mann never made his data available online
nor did many of the earlier researchers whose data Mann relied upon for his
research. That by itself raises questions about the U.N. climate-change panel's
scientific process.

The data used by Mann and colleagues have been in the public domain for nearly two
years, at the readily accessible website: ftp://holocene.evsc.virginia.edu/pub/MBH98/

Had the authors of the study in question used the publicly available data provided by
Mann and colleagues,  they would have reproduced their overall results, and those of
numerous other paleoclimatologists who have produced statistically indistinguishable
results to those of Mann and colleagues.  Instead, the authors requested from an
associate of Mann and coworkers  a specially formatted,  spreadsheet version of the
data set. There appear to have been some significant errors in that version of the
dataset. Even though the authors detected some problems, they did not contact the
associate who sent them the data to inquire about them. The spreadsheet version 
inadvertently appears to have overprinted much of the early data, rending the proxy
data set prior to about 1600  erroneous. It is the use of the incorrect early values  in
the proxy series that lead to the wide divergence of the authors estimates from
nearly all previously published estimates during the 15th and 16th centuries. The
anomalous warmth they claim to reconstruct in those centuries is nothing more than
an artifact of their having used scrambled early data in place of the correct data.

There are other more minor sources of error.  The authors  misapplied the
methodology of Mann et al by convoluting their previous estimated temperature
patterns from one dataset with an inconsistent set of temperature estimates from an
entirely different dataset. However, it is the use of scrambled estimates of the proxy
data that is  responsible for the huge errors in their estimates during the 15th-16th
centuries.

Had this paper been submitted to reputable scientific journal, such as Nature (where
the original paper by Mann and colleagues was published) or Science, where high
quality paleoclimatic work has often been published, the deep flaws would have
quickly been uncovered in their method. Instead, the authors published their article
in a social science journal, "Energy and Environment", with questionable editorial
practices (as detailed in an article last September in the Chronicle of Higher
Education).

The journal "Energy and Environment" if it has any editorial integrity, will demand a
retraction of the paper by McKitrick and McIntyre's, as the results presented are
entirely spurious, and the conclusions wholly without merit.

The assertion in dozens of more mainstream, scientific publications that late 20th
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century Northern Hemisphere average warmth  is unprecedented not only in the past
six centuries (as shown by Mann and colleagues in 1998), but at least the past
millennium or longer is the conclusion of more than a dozen independent studies
published in reputable scientific journals over the past several years and this latest
deeply flawed study does nothing whatsoever to change those conclusions. 

At 12:03 AM 10/29/2003 -0500, Michael E. Mann wrote:

I know how sick you guys are of this routine by now. hopefully, this is the
last time.

EDF wants to try to help me get a response to the USA Today opinion
piece by Nick Schulz into tomorrows edition. She thinks we could use
several co-authors from the paleo community, and Steve S thinks they'll
have to print it, because Schulz completely lied about us supposedly not
having provided our data in the public domain (they've been on a public
website on our machine holocene since March '02 according to the dates
on the files)...

We need to finalize this by tomorrow afternoon.

Can I get any/all of you to sign on w/ me. We'll work on revising and
finalizing tomorrow morning/afternoon.

let me know. thanks,

mike

p.s. the op-ed piece is pasted in below:

Researchers question key global-warming study 

By Nick Schulz 
An important new paper in the journal Energy & Environment upsets a
key scientific claim about climate change. If it withstands scrutiny, the
collective scientific understanding of recent global warming might need an
overhaul. 

A little background is needed to understand the importance of the new
research behind this paper by Stephen McIntyre, a statistics expert who
works in the mining industry, and Ross McKitrick, a professor of
economics at the University of Guelph, Ontario. As scientists and
governments have tried to understand mankind's influence on the
environment, global warming has become a primary concern. Do
mankind's activities especially burning fossil fuels to create energy affect
climate? If so, how? What should be done?

These questions were so important that in 1988 the United Nations, along
with the World Meteorological Organization, formed the U.N.
Intergovernmental Panel on Climate Change (IPCC) to study "human-
induced climate change."

Ten years after IPCC's founding, a paper from Michael Mann, now an
assistant professor of environmental sciences at the University of Virginia,
and his colleagues in the journal Nature shook scientific and political
circles. It reconstructed temperatures dating back to the year 1400 by
looking at tree rings, ice cores and other so-called proxy records to derive
a temperature signature. This was before the sophisticated climate-
measuring equipment we use today. 

What Mann claimed to find was startling: The late-20th century was
unusually warm warmer than at any time in the previous six centuries.
(Later research by Mann extended the climate history back 1,000 years.)
The reason? "It really looks like (the recent warming) can only be
explained by greenhouse gases," Mann said then. His clear implication:
The Earth's climate was changing dramatically, and mankind was
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responsible. 

Earth heats up?

The U.N. used Mann's research to declare the 1990s "the warmest decade
and 1998 the warmest year of the millennium." Countless news stories
picked up on this idea that the past few years have been unusually warm.

Efforts to limit the emission of the greenhouse gases blamed for this
warming were bolstered by Mann's research. In fact, this week the Senate
plans to consider legislation co-sponsored by Sens. John McCain, R-Ariz.,
and Joe Lieberman, D-Conn., to reduce the emission of greenhouse gases.
McCain's Web site says, "Global warming is a growing problem. ... The 10
warmest years (on record) have all occurred since 1987." The statement is
based on Mann's research.

But what if it's not true? 

When McIntyre and McKitrick audited Mann's data to see whether its
conclusions could be replicated, they discovered significant problems.
Once they corrected the errors, the two researchers made a remarkable
conclusion: The late 20th century was not unusually warm by historical
standards.

Not alone in his conclusion

When asked about the paper, which had undergone review by other
scientists before being published, Mann said he had heard about it but
had not seen it. He called it a "political stunt" and said "dozens of
independent studies published by leading journals" had come to
conclusions similar to his.

What's to guarantee McKitrick and McIntyre's research will withstand the
kind of scrutiny they gave Mann's research? 

In an interview, McKitrick said, "If a study is going to be the basis for a
major policy decision, then the original data must be disseminated and the
results have to be reproducible. That's why in our case we have posted
everything online and invite outside scrutiny."

Mann never made his data available online nor did many of the earlier
researchers whose data Mann relied upon for his research. That by itself
raises questions about the U.N. climate-change panel's scientific process.

It remains to be seen whether the McKitrick and McIntyre study will
withstand the "outside scrutiny" they have asked for and will no doubt
receive. But given the implications of the errors and problems they
apparently have unearthed within the Mann study, the two researchers
have done a tremendous service to science and the public, which should
rely on facts to make informed public policy decisions. 

Nick Schulz is editor of TechCentralStation.com, a science, technology and
public policy Web site.

Date: Tue, 28 Oct 2003 23:58:21 -0500
To: Annie_Petsonk@environmentaldefense.org
From: "Michael E. Mann" <mann@virginia.edu>
Subject: draft
Cc: mann@virginia.edu

Before midnight as promised :)

here is a rough draft of an op-ed. Any help I can get from you
or any associates of yours in refining this and getting this
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published will be very helpful.

I can work on co-authors tomorrow morning.  iPerhaps we can
send something similar on to other newswire journalists such
as Joan Lowey, etc...

DRAFT REPLY TO USA TODAY OPINION PIECE

The opinion piece "Researchers question key global-warming
study" published in USA Today by Nick Schulz, describes a
deeply flawed article published in a discredited journal "Energy
and Environment" by  two individuals with no scientific
expertise. The article is deceptive on multiple accounts.

It was not revealed that TechCentralStation.com, the website
that the author Nick Shultz edits, receives considerable funding
from Exxon-Mobile--this makes Schulz hardly disinterested
matter in discussions of human-induced climate change and
climate change policy. 

Schulz makes the  blatantly false claim: Mann never made his
data available online nor did many of the earlier researchers
whose data Mann relied upon for his research. That by itself
raises questions about the U.N. climate-change panel's
scientific process.

The data used by Mann and colleagues have been in the public
domain for nearly two years, at the readily accessible website:
ftp://holocene.evsc.virginia.edu/pub/MBH98/

Had the authors of the study in question used the publicly
available data provided by Mann and colleagues,  they would
have reproduced their overall results, and those of numerous
other paleoclimatologists who have produced statistically
indistinguishable results to those of Mann and colleagues. 
Instead, the authors requested from an associate of Mann and
coworkers  a specially formatted,  spreadsheet version of the
data set. There appear to have been some significant errors in
that version of the dataset. Even though the authors detected
some problems, they did not contact the associate who sent
them the data to inquire about them. The spreadsheet version 
inadvertently appears to have overprinted much of the early
data, rending the proxy data set prior to about 1600 
erroneous. It is the use of the incorrect early values  in the
proxy series that lead to the wide divergence of the authors
estimates from nearly all previously published estimates during
the 15th and 16th centuries. The anomalous warmth they
claim to reconstruct in those centuries is nothing more than an
artifact of their having used scrambled early data in place of
the correct data.

There are other more minor sources of error.  The authors 
misapplied the methodology of Mann et al by convoluting their
previous estimated temperature patterns from one dataset
with an inconsistent set of temperature estimates from an
entirely different dataset. However, it is the use of scrambled
estimates of the proxy data that is  responsible for the huge
errors in their estimates during the 15th-16th centuries.

Had this paper been submitted to reputable scientific journal,
such as Nature (where the original paper by Mann and
colleagues was published) or Science, where high quality
paleoclimatic work has often been published, the deep flaws
would have quickly been uncovered in their method. Instead,
the authors published their article in a social science journal,
"Energy and Environment", with questionable editorial
practices (as detailed in an article last September in the
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Chronicle of Higher Education).

The journal "Energy and Environment" if it has any editorial
integrity, will demand a retraction of the paper by McKitrick
and McIntyre's, as the results presented are entirely spurious,
and the conclusions wholly without merit.

The assertion in dozens of more mainstream, scientific
publications that late 20th century Northern Hemisphere
average warmth  is unprecedented not only in the past six
centuries (as shown by Mann and colleagues in 1998), but at
least the past millennium or longer is the conclusion of more
than a dozen independent studies published in reputable
scientific journals over the past several years and this latest
deeply flawed study does nothing whatsoever to change those
conclusions. 

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX:

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

Prof. Phil Jones
Climatic Research Unit        Telephone +  
School of Environmental Sciences    Fax  
University of East Anglia                      
Norwich                          Email    p.jones@uea.ac.uk 
NR4 7TJ
UK                                                                                 --------------------------------------------
--------------------------------                                                                               

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
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e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu
Cc: raymond s. bradley; Phil Jones; jto@u.arizona.edu; tom crowley; Scott Rutherford;

Annie_Petsonk@environmentaldefense.org; mann@virginia.edu
Subject: Re: Fwd: draft
Date: Wednesday, October 29, 2003 6:20:25 AM
Attachments: ChronicleHigherEducation_5Sep03.txt

E&E Mission.pdf

Thanks Malcolm,

I've added in Keith and Tim, who inadvertantly had been left off several of my recent
emailings. Their co-authorship of this would of course be *most* welcome. We need to
work quickly, obviously.

I'm awaiting a revised version from Annie Petsonk who is running my draft past
professionals at EDF to make sure we don't get into trouble w/ anything we say. That
should help address some of the issues raised below.

Some comments below too,

mike

p.s. can we get a tentative "sign on" from some of you guys now, just in case you're no
longer available by email by the time we put on the finishing touches??? Thanks in
advance
At 03:49 AM 10/29/2003 -0700, mhughes@ltrr.arizona.edu wrote:

Mike - here is an edit that still leaves this much longer than anything they 
will publish, and probably still too technical.

Malcolm, we'll need to make this short and simple if necessary. USA Today is compelled to
publish our response, according to people I've talked to at EDF, because of the false
claims. So we've got an in--we can't risk giving them an excuse *not* to publish. Can you
limit your additions to my original piece to a few short sentences here and there?

I think there are some facts 
that we should be very sure of before sending this, or signing it:
1) what is the stated area of expertise of E and E? - to the lay person its 
name sounds appropriate for climate work

Their mission statement is attached. The journal is basically energy policy/and political
science stuff. Its not a scientific journal.

2) in what sense is it a social science journal?

This description of the journal was given by Richard Monestersky in his September article
in "Chronicle of Higher Education" (attached)

3) Do we have access to any formal statement of its review process?
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Annie Petsonk has looked into this. Authors can *choose* their reviewers. More
importantly, the editor has indicated that she retains the right to publish papers based on
her political views, as described in the "Chronicle" article...

4) How sure are we about Schulz's web site being supported by the oil 
industry   - how big a part of their budget comes from that source?

Annie has that information. Its big, from what I understand. Techcentralstation is an
industry supported website, gettings if funding from Exxon, the pharmaceutical industry,
etc. You can actually see their corporate sponsers in the evolving banner at the bottom of
their webpage: http://www.techcentralstation.com/

5) As I suggested in an earlier e-mail, can we document the exchange between 
Scott and these guys?

Scott???

6) Especially, can we document their having been told about the publically 
available data on your server?

Scott?? 

7) Are there any links out there that could have led them to the data - it 
might be good to have these ready as evidence.

It was in our public ftp area, so a google search should find the data...

I think we have to have a rock solid basis for everything we say, not only to 
expose what has happened, but because it is quite possible that their weird
way 
of trying to assemble data is in fact a "stalking horse" for using the new law 
that seems to be aimed at grinding science to a halt in any area industry does 
not like by endlessly requiring all data in all versions to be available at the 
drop of a hat. Hope this helps.

Thanks Malcolm--will await respones from Annie, Scott, etc. and see if we can finalize
something ASAP...

Cheers, Malcolm

DRAFT REPLY TO USA TODAY OPINION PIECE

The opinion piece "Researchers question key global-warming study" published
in 
USA Today by Nick Schulz, describes an article published by two individuals he 

ABOR/MH/Priv-000908



describes as a statistician and an economist, not experts in climate science. 
Their article appeared in "Energy and Environment", which is not a journal 
specializing in climate science, and, it appears, not one that follows the 
usual procedures of the scientific community known as "peer review". It is 
likely that, if McKitrick and McIntyre's manuscript had been subject to this 
process, and rigorously checked by experts in the field before publication, 
they would not have been subject to the embarrassment of their errors
appearing 
in print. Schulz, however, proceeds to discuss their article as if it were a 
regular scientific publication, which it is not. He further fails to inform 
readers that  TechCentralStation.com, the website he edits, receives 
considerable funding from Exxon-Mobil, a corporation with strong vested 
interests in climate change policy.  

Schulz makes the following claim, which the most basic fact-checking would
have 
shown to be completely false: "Mann never made his data available 
online nor did many of the earlier researchers whose data Mann relied upon for 
his research. That by itself raises questions about the U.N. climate-change 
panel's scientific process."

The data used by Mann and colleagues have been in the public domain for
nearly 
two years, at the readily accessible website: 
ftp://holocene.evsc.virginia.edu/pub/MBH98/
Had the authors of the study in question correctly used the publicly available 
data provided by Mann and colleagues, and their methods, which are
documented 
in detail in published papers, they would have reproduced their overall 
results, and those of numerous other paleoclimatologists who have produced 
results very similar to those of Mann and colleagues.  They did not. 
Instead, they requested from an associate of Mann and coworkers a 
specially formatted,  spreadsheet version of the data set, which he took the 
trouble to prepare for them, even though the data were already freely available 
to them in the public domain. There now appear to have been some significant 
inadvertent errors in that version of the dataset. Even though McKitrick and 
McIntyre  detected some problems, they did not contact the associate who had 
tried to help them to inquire about them. This would have been a normal 
professional courtesy between scientists, and a prudent thing to do, as any 
graduate student could have told them. The spreadsheet version appears to
have 
overprinted many of the early data, rendering the data set prior to about 1600  
erroneous. It is the use of the incorrect early values in the proxy series that 
led to the wide divergence of the authors' estimates from nearly all previously 
published estimates during the 15th and 16th centuries. The anomalous warmth

they claim to reconstruct in those centuries is nothing more than an artifact 
of their having used scrambled early data in place of the correct data.

There are other sources of error in their article.  They misapplied the 
methodology of Mann et al by combining their previous estimated temperature 
patterns from one dataset with an inconsistent set of temperature estimates 
from 
an entirely different dataset, a rather elementary statistical error. However, 
it is the use of scrambled records of the proxy data that is responsible for 
the huge errors in their estimates during the 15th-16th centuries.
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Had this paper been submitted to reputable scientific journal, such as Nature 
(where the original paper by Mann and colleagues was published) or Science, 
where high quality paleoclimatic work has often been published, these deep 
flaws 
would have quickly been uncovered before publication. Instead, the authors 
published their article in a social science journal, "Energy and Environment", 
that does not apply the usual standards of scientific review by experts before 
publication (as detailed in an article last September in the Chronicle of 
Higher Education).

The journal "Energy and Environment" if it has any editorial integrity, will 
demand a retraction of the paper by McKitrick and McIntyre, as the results 
presented are entirely spurious, and the conclusions wholly without merit.

That late 20th century Northern Hemisphere average warmth is unprecedented
not 
only in the past six centuries (as shown by Mann and colleagues in 1998), but 
at least the past millennium or longer is the conclusion of more than a dozen 
independent studies published in reputable scientific journals over the past 
several years and this latest deeply flawed study does nothing whatsoever to 
change those conclusions. 

At 12:03 AM 10/29/2003 -0500, Michael E. Mann wrote:

  I know how sick you guys are of this routine by now. hopefully, this is the 
  last time.

  EDF wants to try to help me get a response to the USA Today opinion piece
by 
  Nick Schulz into tomorrows edition. She thinks we could use several co-
authors 
  from the paleo community, and Steve S thinks they'll have to print it, 
because 
  Schulz completely lied about us supposedly not having provided our data in 
the 
  public domain (they've been on a public website on our machine holocene
since 
  March '02 according to the dates on the files)...

  We need to finalize this by tomorrow afternoon.

  Can I get any/all of you to sign on w/ me. We'll work on revising and 
  finalizing tomorrow morning/afternoon.

  let me know. thanks,

  mike

  p.s. the op-ed piece is pasted in below:

  Researchers question key global-warming study 

  By Nick Schulz 
  An important new paper in the journal Energy & Environment upsets a key 
  scientific claim about climate change. If it withstands scrutiny, the 
  collective scientific understanding of recent global warming might need an 
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  overhaul. 

  A little background is needed to understand the importance of the new 
research 
  behind this paper by Stephen McIntyre, a statistics expert who works in the 
  mining industry, and Ross McKitrick, a professor of economics at the 
  University of Guelph, Ontario. As scientists and governments have tried to 
  understand mankind's influence on the environment, global warming has
become 
a 
  primary concern. Do mankind's activities especially burning fossil fuels to 
  create energy affect climate? If so, how? What should be done?

  These questions were so important that in 1988 the United Nations, along
with 
  the World Meteorological Organization, formed the U.N. Intergovernmental 
Panel 
  on Climate Change (IPCC) to study "human-induced climate change."

  Ten years after IPCC's founding, a paper from Michael Mann, now an assistant

  professor of environmental sciences at the University of Virginia, and his 
  colleagues in the journal Nature shook scientific and political circles. It 
  reconstructed temperatures dating back to the year 1400 by looking at tree 
  rings, ice cores and other so-called proxy records to derive a temperature 
  signature. This was before the sophisticated climate-measuring equipment we 
  use today. 

  What Mann claimed to find was startling: The late-20th century was unusually 
  warm warmer than at any time in the previous six centuries. (Later research 
by 
  Mann extended the climate history back 1,000 years.) The reason? "It really 
  looks like (the recent warming) can only be explained by greenhouse gases," 
  Mann said then. His clear implication: The Earth's climate was changing 
  dramatically, and mankind was responsible. 

  Earth heats up?

  The U.N. used Mann's research to declare the 1990s "the warmest decade
and 
  1998 the warmest year of the millennium." Countless news stories picked up
on 
  this idea that the past few years have been unusually warm. 

  Efforts to limit the emission of the greenhouse gases blamed for this warming 
  were bolstered by Mann's research. In fact, this week the Senate plans to 
  consider legislation co-sponsored by Sens. John McCain, R-Ariz., and Joe 
  Lieberman, D-Conn., to reduce the emission of greenhouse gases. McCain's
Web 
  site says, "Global warming is a growing problem. ... The 10 warmest years (on

  record) have all occurred since 1987." The statement is based on Mann's 
  research.

  But what if it's not true? 

  When McIntyre and McKitrick audited Mann's data to see whether its 
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conclusions 
  could be replicated, they discovered significant problems. Once they 
corrected 
  the errors, the two researchers made a remarkable conclusion: The late 20th 
  century was not unusually warm by historical standards.

  Not alone in his conclusion

  When asked about the paper, which had undergone review by other scientists 
  before being published, Mann said he had heard about it but had not seen it. 
  He called it a "political stunt" and said "dozens of independent studies 
  published by leading journals" had come to conclusions similar to his.

  What's to guarantee McKitrick and McIntyre's research will withstand the kind 
  of scrutiny they gave Mann's research? 

  In an interview, McKitrick said, "If a study is going to be the basis for a 
  major policy decision, then the original data must be disseminated and the 
  results have to be reproducible. That's why in our case we have posted 
  everything online and invite outside scrutiny."

  Mann never made his data available online nor did many of the earlier 
  researchers whose data Mann relied upon for his research. That by itself 
  raises questions about the U.N. climate-change panel's scientific process.

  It remains to be seen whether the McKitrick and McIntyre study will withstand

  the "outside scrutiny" they have asked for and will no doubt receive. But 
  given the implications of the errors and problems they apparently have 
  unearthed within the Mann study, the two researchers have done a
tremendous 
  service to science and the public, which should rely on facts to make 
informed 
  public policy decisions. 

  Nick Schulz is editor of TechCentralStation.com, a science, technology and 
  public policy Web site.

    Date: Tue, 28 Oct 2003 23:58:21 -0500
    To: Annie_Petsonk@environmentaldefense.org
    From: "Michael E. Mann" <mann@virginia.edu>
    Subject: draft
    Cc: mann@virginia.edu

    Before midnight as promised :)

    here is a rough draft of an op-ed. Any help I can get from you or any 
    associates of yours in refining this and getting this published will be 
very 
    helpful.

    I can work on co-authors tomorrow morning.  iPerhaps we can send
something 
    similar on to other newswire journalists such as Joan Lowey, etc...
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    DRAFT REPLY TO USA TODAY OPINION PIECE

    The opinion piece "Researchers question key global-warming study"
published 
    in USA Today by Nick Schulz, describes a deeply flawed article published in 
    a discredited journal "Energy and Environment" by  two individuals with no 
    scientific expertise. The article is deceptive on multiple accounts.

    It was not revealed that TechCentralStation.com, the website that the 
author 
    Nick Shultz edits, receives considerable funding from Exxon-Mobile--this 
    makes Schulz hardly disinterested matter in discussions of human-induced 
    climate change and climate change policy. 

    Schulz makes the  blatantly false claim: Mann never made his data available 
    online nor did many of the earlier researchers whose data Mann relied upon 
    for his research. That by itself raises questions about the U.N. 
    climate-change panel's scientific process.

    The data used by Mann and colleagues have been in the public domain for 
    nearly two years, at the readily accessible website: 
    ftp://holocene.evsc.virginia.edu/pub/MBH98/

    Had the authors of the study in question used the publicly available data 
    provided by Mann and colleagues,  they would have reproduced their overall 
    results, and those of numerous other paleoclimatologists who have produced

    statistically indistinguishable results to those of Mann and colleagues.  
    Instead, the authors requested from an associate of Mann and coworkers  a 
    specially formatted,  spreadsheet version of the data set. There appear to 
    have been some significant errors in that version of the dataset. Even 
    though the authors detected some problems, they did not contact the 
    associate who sent them the data to inquire about them. The spreadsheet 
    version  inadvertently appears to have overprinted much of the early data, 
    rending the proxy data set prior to about 1600  erroneous. It is the use of 
    the incorrect early values  in the proxy series that lead to the wide 
    divergence of the authors estimates from nearly all previously published 
    estimates during the 15th and 16th centuries. The anomalous warmth they 
    claim to reconstruct in those centuries is nothing more than an artifact of 
    their having used scrambled early data in place of the correct data.

    There are other more minor sources of error.  The authors  misapplied the 
    methodology of Mann et al by convoluting their previous estimated 
    temperature patterns from one dataset with an inconsistent set of 
    temperature estimates from an entirely different dataset. However, it is 
the 
    use of scrambled estimates of the proxy data that is  responsible for the 
    huge errors in their estimates during the 15th-16th centuries.

    Had this paper been submitted to reputable scientific journal, such as 
    Nature (where the original paper by Mann and colleagues was published) or 
    Science, where high quality paleoclimatic work has often been published, 
the 
    deep flaws would have quickly been uncovered in their method. Instead, the 
    authors published their article in a social science journal, "Energy and 
    Environment", with questionable editorial practices (as detailed in an 
    article last September in the Chronicle of Higher Education).
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    The journal "Energy and Environment" if it has any editorial integrity, 
will 
    demand a retraction of the paper by McKitrick and McIntyre's, as the 
results 
    presented are entirely spurious, and the conclusions wholly without merit.

    The assertion in dozens of more mainstream, scientific publications that 
    late 20th century Northern Hemisphere average warmth  is unprecedented
not 
    only in the past six centuries (as shown by Mann and colleagues in 1998), 
    but at least the past millennium or longer is the conclusion of more than a 
    dozen independent studies published in reputable scientific journals over 
    the past several years and this latest deeply flawed study does nothing 
    whatsoever to change those conclusions. 

                        Professor Michael E. Mann
               Department of Environmental Sciences, Clark Hall
                          University of Virginia
                         Charlottesville, VA 22903
   
_______________________________________________________________________

    e-mail: mann@virginia.edu   Phone:    FAX: 
             http://www.evsc.virginia.edu/faculty/people/mann.shtml 

  ______________________________________________________________
                      Professor Michael E. Mann
             Department of Environmental Sciences, Clark Hall
                        University of Virginia
                       Charlottesville, VA 22903
 
_______________________________________________________________________

  e-mail: mann@virginia.edu   Phone:    FAX: 
           http://www.evsc.virginia.edu/faculty/people/mann.shtml 
______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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ChronicleHigherEducation_5Sep03.txt

  Storm Brews Over Global Warming

  By RICHARD MONASTERSKY
     Hans von Storch did not have time to start his job before
  sitting down to write his resignation letter. Just four days
  before becoming editor in chief of the journal Climate
  Research, he ended up quitting over a paper that has many
  scientists hot under the collar. The study -- by researchers
  at the Harvard-Smithsonian Center for Astrophysics -- has
  ignited a fierce scientific and political debate that spilled
  into the U.S. Senate and could influence American energy
  policy and international relations.

  All that over what the world's weather was like in the Middle
  Ages: Was the medieval climate warmer, or cooler, than
  today's?

  The consensus of top international researchers is that the
  1990s were most likely the warmest decade of the millennium in
  the Northern Hemisphere, and that humans have probably caused
  most of the warming observed in the past 50 years. But the
  Harvard-Smithsonian report, written by Willie Soon and Sallie
  Baliunas, lets humanity off the hook by arguing that the
  Middle Ages were warmer than the 20th century.

  Scientists and politicians who are skeptical about global
  warming have trumpeted that assessment. "The 1,000-year
  climate study that the Harvard-Smithsonian Center for
  Astrophysics has compiled is a powerful new work of science,"
  said Sen. James M. Inhofe (R.-Okla.), during a hearing he
  called in late July to debate the issue. But at the hearing,
  Michael E. Mann, an assistant professor of environmental
  sciences at the University of Virginia, attacked the study in
  language unusually blunt for a scientist. "I believe it is the
  mainstream view of just about every scientist in my field that
  I have talked to that there is little that is valid in that
  paper," he said. "They got just about everything wrong."

  The rhetoric made for good political theater but did little to
  illuminate the key scientific issues in the debate. Nor did it
  explain why a single paper had caused Mr. von Storch and,
  eventually, three other editors to resign from the editorial
  board of Climate Research. The uproar over the paper raises
  questions about how far editors must go in evaluating
  controversial research claims.

  The paper, "Proxy Climatic and Environmental Changes of the
  Past 1,000 Years," is actually a literature review. Mr. Soon
  and Ms. Baliunas looked at some 240 previously published
  studies that evaluated how climate has changed over many
  centuries. Because reliable thermometer recordings go back
  only as far as the 19th century, longer-term studies rely on
  so-called proxy records -- such as tree rings, sea sediments,
  and glacier layers -- that track climatic variables.

Page 1
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  In particular, the researchers looked for widespread evidence
  of two climate swings that markedly changed temperatures in
  Europe. In the Middle Ages, unusual warmth in the North
  Atlantic region allowed Vikings to settle in Greenland. But
  that "Medieval Warm Period" gave way a few centuries later to
  a "Little Ice Age." The canals of Holland regularly froze over
  then, as in the skating scenes made famous by the painter
  Pieter Brueghel.

  The Harvard-Smithsonian astrophysicists examined proxy climate
  records from many sites around the world to determine if those
  periods of extreme weather had affected broad swaths of the
  globe. They also studied the records to see if the 20th
  century stood out as warmer than any other era, notably the
  Medieval Warm Period.

  Mr. Soon and Ms. Baliunas -- who have previously studied solar
  effects on earth's climate and have voiced skepticism about
  humanity's role in warming the globe -- reported that very few
  of the proxy records indicated unusual warmth in the 20th
  century. "When you compare the 20th century to the previous
  nine centuries, you do not see the change in the 20th century
  as anything unusual or unprecedented," Mr. Soon told The
  Chronicle.

  The bulk of the support for their work came from government
  agencies, but the scientists also received $53,000 -- about 5
  percent of their total research dollars -- from the American
  Petroleum Institute. In addition, both Mr. Soon and Ms.
  Baliunas are paid consulting fees by the George C. Marshall
  Institute, a nonprofit organization in Washington that is
  critical of international efforts to curb emissions of
  carbon-dioxide gas.

  Journal Politics

  When the two researchers finished writing their report last
  year, they sent it halfway around the world to Chris de
  Freitas, an associate professor in the school of geography and
  environmental science at the University of Auckland, in New
  Zealand. He is on the editorial board of Climate Research, a
  relatively obscure journal owned by a small German publishing
  company, Inter-Research.

  Mr. de Freitas has often expressed the view that human
  activity is not causing any climatic danger, and that nations
  should not take steps to curb carbon-dioxide emissions. But he
  says he handled his job as editor of the paper appropriately.
  He consulted with a paleoclimatologist and selected five
  specialists to review the submission. "None were from what
  some might [term] 'the other side' or are individuals who
  might be known for their opposition to the notion that humans
  are significantly altering global climate," he said in an
  e-mail message.

  Four of the scientists reviewed the paper. After the authors
Page 2
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  had dealt with the reviewers' comments, Mr. de Freitas
  accepted it for publication. The report appeared in the
  January 31 issue.

  That's when the criticism started to rain down. Otto Kinne,
  publisher of Climate Research, says the paper elicited an
  unusual amount of correspondence from scientists who
  criticized the methods used by Mr. Soon and Ms. Baliunas.

  The two researchers, with three additional co-authors,
  published a longer version of the paper this spring in Energy
  and Environment, a journal geared mainly to social scientists.
  The journal's editor, Sonja Boehmer-Christiansen, a reader in
  geography at the University of Hull, in England, says she
  sometimes publishes scientific papers challenging the view
  that global warming is a problem, because that position is
  often stifled in other outlets. "I'm following my political
  agenda -- a bit, anyway," she says. "But isn't that the right
  of the editor?"

  The two papers apparently attracted notice high in the Bush
  administration. According to internal documents from the U.S.
  Environmental Protection Agency, made public by the National
  Wildlife Federation, the administration fought to include
  mention of the studies in an agency report on the state of the
  environment, a move that EPA staff members blocked by deleting
  all mention of climate change.

  Flood of Complaints

  Given the high-level attention that the papers were drawing,
  13 scientists took the unusual step of publishing in July an
  extended rebuttal in the American Geophysical Union's house
  journal, Eos. They first took issue with how Mr. Soon and Ms.
  Baliunas defined evidence for a Medieval Warm Period: as any
  50-year period of warmth, wetness, or drought between the
  years 800 and 1300.

  It is absurd to take wetness or dryness as proof of abnormal
  warmth, the critics argue. "A paper using that kind of
  methodology could not be published in any legitimate
  climate-research journal unless something was severely wrong
  or suspicious with the review process," says Virginia's Mr.
  Mann, lead author of the Eos paper, whose own studies on
  climate were heavily criticized by Mr. Soon's team in the
  Energy and Environment paper.

  Mr. Mann and his colleagues also find fault with the
  Soon-Baliunas definition of a climatic event. Under their
  method, warmth in China in 850, drought in Africa in 1000, and
  wet conditions in England in 1200 all would qualify as part of
  the Medieval Warm Period, even though they happened centuries
  apart.

  And the critics say that the Harvard-Smithsonian team set up a
Page 3
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  straw man in comparing conditions during the 20th century with
  those in earlier centuries. The greatest warming has happened
  during the past few decades, and so taking an average of the
  entire century, or even half of it, washes out the recent
  trend, says Mr. Mann. What's more, many of the climate records
  examined by the team do not include the most recent decades.

  Mr. Soon and Ms. Baliunas improperly used data sets compiled
  by other researchers, says Mr. Mann. "Many people feel
  betrayed by the misrepresentation of their data."

  Indeed, scientists contacted by The Chronicle complained about
  the way their work was cited by the Harvard-Smithsonian team.
  Peter deMenocal, an associate professor at Columbia
  University's Lamont-Doherty Earth Observatory, used sediment
  records off the coast of Africa as a proxy for ocean-surface
  temperatures. He says Mr. Soon and his colleagues could not
  justify their conclusions that the African record showed the
  20th century as being unexceptional.

  "My record has no business being used to address that
  question," the Columbia scientist says. "It displays some
  ignorance putting it in there to address that question."

  David E. Black, an assistant professor of geology at the
  University of Akron, says Mr. Soon's group did not use his
  data properly in concluding that the Middle Ages were warm and
  the 20th century ordinary. Mr. Black's record of plankton in
  ocean sediment collected off Venezuela provides a proxy record
  of the strength of trade winds from 1150 to 1989. But "winds
  don't meet their definition of warm, wet, or dry," he points
  out.

  Contrary to what Mr. Soon's team claims about the Venezuelan
  data, Mr. Black says he found no 50-year period of medieval
  extremes in his record. "I think they stretched the data to
  fit what they wanted to see," he says.

  Mr. Soon defends his study and says the critics have
  mischaracterized his work. "Some of the proxy information
  doesn't contain directly the temperature information," he
  acknowledges, "but it fits the general description of the
  medieval warm climatic anomaly."

  He says he included information about precipitation because
  too many scientists have focused on temperature, which is not
  the only measure of climate. "This is a first-order study to
  try to collect as much data as possible and try not to make
  the pretension that we know how to separate the information in
  the proxy."

  Damaged Reputation

  When the paper in Climate Research began attracting criticism,
Page 4
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  Mr. Kinne, the publisher, created the editor in chief position
  and gave it to Mr. von Storch, who had served as an editor of
  the journal for nearly a decade and had done more to improve
  its standing than most other editors, Mr. Kinne says.

  At first, Mr. von Storch said, he was not particularly
  interested in the widespread criticism of the
  Harvard-Smithsonian paper. He thought that those with
  objections should take the normal route of writing a comment
  that the journal would then consider for publication. But when
  he saw a preprint of the Eos rebuttal, he decided that the
  paper was seriously flawed and that the journal must take
  action. "We should say that we have a problem here, that the
  manuscript was flawed, that the manuscript should not have
  been published in this way," he says. "The problem is that the
  conclusions are not supported by the evidence presented in the
  paper."

  Mr. de Freitas, the paper's editor, had approved a few other
  papers by skeptics of global warming that had also drawn
  criticism from scientists, so Mr. von Storch decided to change
  the system. He drafted an editorial in which he said that the
  review process at the journal had failed in certain ways, and
  that all new manuscripts should henceforth be sent directly to
  the editor in chief rather than to individual editors, each of
  whom operates independently.

  Mr. Kinne agreed that the journal should not have published
  the paper by the Harvard-Smithsonian team as written, and that
  the reviewers had failed to detect methodological flaws. But
  the publisher did not accept Mr. von Storch's proposed changes
  to the editorial process and asked him to delay running the
  editorial and to get approval first from other editors on the
  board.

  Mr. von Storch, however, found that some editors on the board
  still viewed the Harvard-Smithsonian paper as fine. "I
  concluded that we have different standards," he says. "Some
  are doing [the editing] in a rather sloppy way."

  He says he suspects that "some of the skeptics had identified
  Climate Research as a journal where some editors were not as
  rigorous in the review process as is otherwise common." So he
  resigned from the board, as did three other members.

  One of them is Clare M. Goodess, a senior research associate
  at the Climate Research Unit at the University of East Anglia,
  in England. "Along with Hans," she says, "I tried to do as
  much as I could to protect the reputation of the journal.
  Ultimately, I think, we failed."

  Mr. von Storch and other editors had built up the quality of
  the journal, and it was starting to receive more manuscripts,
  she adds. "I think it's a shame that a controversy over just a
  few papers has caused such damage to the journal."

Page 5
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  But Mr. Kinne argues that every journal makes mistakes, and
  that a rare problem does not warrant major changes.

  As someone who did not know about the controversial paper
  until contacted recently by a reporter, Akron's Mr. Black now
  says the Harvard-Smithsonian study has shaken his faith in the
  system. "I always tell myself and my students that science is
  self-correcting," he says. "But this is one case that makes
  you wonder about the peer-review process."

Page 6
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ENERGY & ENVIRONMENT (Multi-Science, UK):  MISSION STATEMENT 

January 2003 
 

Energy & Environment (E&E) is an interdisciplinary journal aimed at ‘integrated’ policy 

making and as such at the social science and policy communities as well as natural scientists 

and technologists concerned with the direct and indirect environmental impacts of energy 

acquisition, transport, production and use.  A particular objective is to cover the social, 

economic and political dimensions of such issues at all levels.  Another aim is to act as forum 

for constructive and professional debate and the search for solutions in a policy area that 

remains in the fore of political debate and regulation. 

 

E&E has been published by Multi-Science (UK) since 1989 (www.multi-science.co.uk) and 

was founded by Dr. David Everest, formerly chief scientist to the then UK Department of the 

Environment. He asked Dr. Sonja Boehmer-Christiansen to take over the editorship before he 

died in 1998.  She had previously worked with the Energy Group at SPRU, the Science and 

Technology Policy Unit at the University of Sussex, UK, with Professors John Surrey and Jim 

Skea who remain on the Editorial Board.  Professional perspectives range from engineering 

and economics to political and natural science. Contributors are asked to use language that 

bridges disciplinary divides.   

 

E&E appears 6 times a year, including one or two Special Issues devoted to a single subject 

(e.g. acid rain, nuclear policies in Europe, national climate policies) or a single conference 

(e.g. recently on energy efficiency, renewable energy sources or clean-coal technology). We 

also publish a selection of papers from the World Energy Council’s bi-annual congresses.  

Special Issues are prepared by a Guest Editor who is responsible for the selection of the 

papers, proof reading and an introductory editorial that may be quite long to allow him or her 

to give personal interpretations. Regular Issues include submitted and invited papers that are 

rigorously peer reviewed, as well as book reviews, conference reports, shorter personal view 

points and letters. A 'Fuel for Thought' item gathered by the editor is to keep readers informed 

about topical developments in key issue areas such as climate change policy, nuclear energy 

policy and developments in environmental science and technology. Currently the focus 

remains climate change science and policy responses and proposals as they relate to the 

Intergovernmental Panel on Climate Change and the Kyoto Protocol.  

 

E&E does not advertise and is run on a part-time basis from Hull University in England.  We 

seek to encourage communications between the many branches of the policy-making and 

research worlds that deal with the interaction of energy and environment issues, to be critical 
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as well as policy relevant and encourage excursions into theory and futuristic speculation.  

E&E has consistently striven to publish all ‘voices’ and challenge ‘political correctness’. 

Perhaps more so than any other European energy journal, the editor has made E&E a forum 

for more sceptical analyses of ‘global warming’. We look optimistically at the contributions 

being made and yet to be made by energy technology and policy in improving social and 

environmental conditions where this is most needed.  

 

The journal benefits from an able and active Editorial Board that has recently been 

rejuvenated.  Former members of the Energy and Environment Groups at SPRU remain 

closely involved, as do members from the Fraunhofer Institute in Germany and the Free 

University Berlin and the Fridtjof Nansen Institute in Norway. We have good continuing 

relations with academic departments in Singapore, Tasmania, Canada, Jordan and now Brazil 

and are specifically encouraging contributions from less developed countries dealing with 

energy-environment issues relating to poverty.  

 

Sonja Boehmer-Christiansen, Editor 

Linda Love, Editorial Assistant 
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From: Michael E. Mann
To: peter.stott@metoffice.com; peter.stott@metoffice.com
Cc: Phil Jones; raymond s. bradley; Keith Briffa; Tim Osborn; Scott Rutherford; mhughes@ltrr.arizona.edu; mann@virginia.edu;

Annie_Petsonk@environmentaldefense.org; tom crowley
Subject: Re: Advising British Government on paleoreconstructions
Date: Wednesday, October 29, 2003 6:22:24 AM

Hi Peter,

Oops, sent the other emails to you w/out sending this exlpanation first...

Thanks  for getting in touch w/ me on this...

its taken us a couple days to get to the bottom of their error, but we've got it! We're all drafting an op-ed
reply for "USA Today" as I write this...

Bottom line--they didn't use the correct proxy data. Rather than using the publically posted version of the
proxy data, they used an excel file that they had requested from my associate Scott Rutherford in which
multiple series were inadvertantly overprinted into single data columns. This renders the proxy data series
for the period prior to about 1700 largely useless, and the series prior to 1600 or so completely
meaningless. Thus, they're wacky result for the earlier centuries in particular.

So, their results are completely wrong, and E&E will need to retract the paper.

I'm forwarding more details now...

mike

At 11:23 AM 10/29/2003 +0000, Peter Stott wrote:

Hi Mike,

I am being asked for scientific advice by DEFRA (Dept of Environment
here) who in their turn are being asked for help by the Foreign Office
from people at the US Embassy who are trying to deal with the various
climate sceptic stuff that is coming out.
In particular I have seen the paper by
McIntyre and McKitrick in Energy and Environment.

Any ammunition you can give me on this paper would be very helpful,
since I will have to try to inform the people at DEFRA and the FCO what
we think of this scientifically.

Thanks !
Peter

--
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

 Dr. Peter Stott   Climate Scientist
 Met Office    Hadley Centre for Climate Prediction and Research
 London Road   Bracknell   Berkshire   RG12 2SY   United Kingdom
 Tel:    Fax: 
 E-mail:peter.stott@metoffice.com   http://www.metoffice.com
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

From 10 November
Address :
Met Office       Hadley Centre (Reading Unit)
Meteorology Building,  University of Reading
Reading RG6 6BB
Tel: 
NOTE WILL ALSO BE AT EXETER PART OF EACH WEEK
Mobile: 

______________________________________________________________
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                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Stefan Rahmstorf
Cc: Stephen H Schneider; Richard Kerr; Andy Revkin; David Appell; Annie_Petsonk@environmentaldefense.org; Mike

MacCracken; Michael Oppenheimer; Socci.Tony-epamail.epa.gov; Tim_Profeta@lieberman.senate.gov;
rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; Jonathan Overpeck; Phil Jones; Scott Rutherford; Gabi
Hegerl; tom crowley; Tom Wigley; Tim Osborn; Gavin Schmidt; Rob Dunbar; zubeke@onid.orst.edu; Ross
Gelbspan; Ben Santer; thompson.4@osu.edu; thompson.3@osu.edu

Subject: Re: STOP THE PRESS!
Date: Wednesday, October 29, 2003 7:08:39 AM

HI Stefan,

Thanks we agree, and our working on all these fronts as we speak...

We doubt that E&E will retract this, but it might suffice for us to be able to show
that they morally compelled to do so, whether they do or not. There is no reason, in
my opinion, to respond directly to E&E--its not a scientic journal, its doesn't appear
to respect peer review, and I don't see the purpose of even treating it as if its a
credible venue. So we're working on all the other fronts to clarify this now.

Freelance journalist David Appell has already posted something on his web glob:
http://www.davidappell.com/

Re, your final point. I guess what I'm getting at is e.g. the figure in the recent Eos
article by Mann and 12 co-authors, showing that the reconstructions basically all fall
within the uncertainties of each other--so they agree with each other *within*
statistical uncertainties, the latter point is the essential one. But the point you make
is an important one to make too, and we'll need to convey that as well.

Thanks again for the helpful feedback,

mike

At 02:08 PM 10/29/2003 +0100, Stefan Rahmstorf wrote:

Dear Mike,

what a story. Indeed I think it is essential to try and clarify all this on
many fronts - get the journal to retract the paper or at least let you
publish a detailed response there (though our own experience with the
editor Ms. Böhmer-Christiansen suggests you are really up against
someone quite unreasonable and with a powerful political agenda here) -
but also try to get this story covered well in the scientific media like
Nature and Science, as well as the popular press. It's clear that will keep
you busy for at least a few days, and keep you away from doing science.
But it is important.
One small point: perhaps better than saying that other reconstructions
agree well with yours (which could lead to endless debates about what a
good agreement is), you might state the more undisputable fact that none
of the other reconstructions would suggest that the 15th Century was
warmer than the present.

Stefan

-- 
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Stefan Rahmstorf
Potsdam Institute for Climate Impact Research (PIK)
For contact details, reprints, movies & general infos see:
http://www.pik-potsdam.de/~stefan

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: raymond s. bradley; Malcolm Hughes; tom crowley; Keith Briffa; Phil Jones; Tim Osborn; jto@u.arizona.edu
Cc: Annie_Petsonk@environmentaldefense.org; mann@multiproxy.evsc.virginia.edu
Subject: op ed for USA Today
Date: Wednesday, October 29, 2003 10:00:37 AM

Dear All,

Here is a revised version of the op-ed piece. It has been through the careful filter of
folks at EDF for content, suitability, etc.  Owing to deadline to get this in, we pretty
much need your stamp of approval unless there is a glaring error that we've missed?

Can each of you provide your name and affiliation as you would like it to appear, and
2 phone numbers you can be reached at for comment.  If I don't hear from you, I
won't sign your name to it. I By the way, the figure to be shown (see below) is 
Figure 1 from the Eos article.

Our email server is acting up today, so please reply/send emails to
mann@multiproxy.evsc.virginia.edu, not mann@virginia.edu

Thanks in advance for your quick reply,

mike

October 29, 2003   10:30 a.m.
Editor, USA Today

We write to address false statements in the piece "Researchers question key
global-warming study" (USA Today, October 29, 2003), by Nick Schulz of
TechCentralStation.  We also wish to inform your readers that late 20th
century warming is unprecedented not only in the past six centuries (as
shown by Mann and colleagues in 1998), but at least the past two millennia
(see attached graph, which we request that you publish).

Mr. Schulz makes the false accusation that Dr. Michael Mann, lead author of
the leading studies on 20th century warming, "never made his data available
online nor did many of the earlier researchers whose data Mann relied upon
for his research."  In fact, the data used by Mann and colleagues have been
in the public domain for nearly two years, at the readily accessible
website: ftp://holocene.evsc.virginia.edu/pub/MBH98/.

Mr. Schulz draws on a recent article by Stephen McIntyre and Ross McKitrick
that appears to contradict Mann's earlier work and the conclusion that the
Northern Hemisphere is warming.  Unfortunately, the data on which the
McIntyre & McKitrick analysis was based, which was forwarded to them by a
colleague of Mann's at the request of McIntyre & McKitrick, was
inadvertently scrambled during tabulation for transmission to them.  Had
McIntyre and McKitrick directly downloaded the data from the publicly
available website which they were encouraged to do by Mann's team 
this would not have occurred.
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McIntyre & McKitrick then applied a flawed methodology to the scrambled
data, and reached mistaken conclusions wildly at odds with the many
peer-reviewed scientific studies.

Had the researchers themselves been experts, had they sought comments in
advance from experts in the field (including Dr. Mann), had they submitted
their paper to a reputable scientific journal  all of which are standard
procedures in scientific publication, the flaws would have been discovered.
Instead, the authors, who are not scientists  one is a mining executive,
the other an economist - published their article in a social science
magazine that does not apply widely accepted standards of review by
scientific experts.

Had Mr. Schulz applied the standard procedures to himself, his piece never
would have been published.  Considering how such inaccuracies are
propagated, it is perhaps relevant that Mr. Schulz's website,
TechCentralStation.com, receives considerable funding from Exxon-Mobil, a
corporation that has lobbied aggressively against caps on greenhouse gas
emissions at home and abroad.  In contrast, the notion that the Earth is
warming has been endorsed not only by the United Nations Intergovernmental
Panel on Climate Change (IPCC) but also by the United States National
Academy of Sciences, in a report prepared at the request of President
George Bush.

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: raymond s.bradley; Malcolm Hughes; tom crowley; Keith Briffa; Phil Jones; Tim Osborn; jto@u.arizona.edu
Cc: Annie_Petsonk@environmentaldefense.org; mann@multiproxy.evsc.virginia.edu
Subject: Fwd: op ed for USA Today
Date: Wednesday, October 29, 2003 10:30:32 AM
Attachments: oped29oct03.doc

OK,

Revised draft w/ one small change, author affiliations added, figure and caption, etc.
attached.

Any final comments, willingness to sign on to the op-ed as stands, etc?

Thanks in advance for your quick response,

mike

Date: Wed, 29 Oct 2003 11:58:52 -0500
To: "raymond s. bradley" <rbradley@geo.umass.edu>, Malcolm Hughes
<mhughes@ltrr.arizona.edu>, Tom Crowley, Keith Briffa <k.briffa@uea.ac.uk>,
Phil Jones <p.jones@uea.ac.uk>, Tim Osborn <t.osborn@uea.ac.uk>,
jto@u.arizona.edu
From: "Michael E. Mann" <mann@virginia.edu>
Subject: op ed for USA Today
Cc: Annie_Petsonk@environmentaldefense.org,
mann@multiproxy.evsc.virginia.edu

Dear All,

Here is a revised version of the op-ed piece. It has been through the careful
filter of folks at EDF for content, suitability, etc.  Owing to deadline to get this
in, we pretty much need your stamp of approval unless there is a glaring error
that we've missed?

Can each of you provide your name and affiliation as you would like it to
appear, and 2 phone numbers you can be reached at for comment.  If I don't
hear from you, I won't sign your name to it. I By the way, the figure to be
shown (see below) is  Figure 1 from the Eos article.

Our email server is acting up today, so please reply/send emails to
mann@multiproxy.evsc.virginia.edu, not mann@virginia.edu

Thanks in advance for your quick reply,

mike

October 29, 2003   10:30 a.m.
Editor, USA Today

We write to address false statements in the piece "Researchers question key
global-warming study" (USA Today, October 29, 2003), by Nick Schulz of
TechCentralStation.  We also wish to inform your readers that late 20th
century warming is unprecedented not only in the past six centuries (as
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shown by Mann and colleagues in 1998), but at least the past two millennia
(see attached graph, which we request that you publish).

Mr. Schulz makes the false accusation that Dr. Michael Mann, lead author of
the leading studies on 20th century warming, "never made his data available
online nor did many of the earlier researchers whose data Mann relied upon
for his research."  In fact, the data used by Mann and colleagues have been
in the public domain for nearly two years, at the readily accessible
website: ftp://holocene.evsc.virginia.edu/pub/MBH98/.

Mr. Schulz draws on a recent article by Stephen McIntyre and Ross McKitrick
that appears to contradict Mann's earlier work and the conclusion that the
Northern Hemisphere is warming.  Unfortunately, the data on which the
McIntyre & McKitrick analysis was based, which was forwarded to them by a
colleague of Mann's at the request of McIntyre & McKitrick, was
inadvertently scrambled during tabulation for transmission to them.  Had
McIntyre and McKitrick directly downloaded the data from the publicly
available website which they were encouraged to do by Mann's team 
this would not have occurred.

McIntyre & McKitrick then applied a flawed methodology to the scrambled
data, and reached mistaken conclusions wildly at odds with the many
peer-reviewed scientific studies.

Had the researchers themselves been experts, had they sought comments in
advance from experts in the field (including Dr. Mann), had they submitted
their paper to a reputable scientific journal  all of which are standard
procedures in scientific publication, the flaws would have been discovered.
Instead, the authors, who are not scientists  one is a mining executive,
the other an economist - published their article in a social science
magazine that does not apply widely accepted standards of review by
scientific experts.

Had Mr. Schulz applied the standard procedures to himself, his piece never
would have been published.  Considering how such inaccuracies are
propagated, it is perhaps relevant that Mr. Schulz's website,
TechCentralStation.com, receives considerable funding from Exxon-Mobil, a
corporation that has lobbied aggressively against caps on greenhouse gas
emissions at home and abroad.  In contrast, the notion that the Earth is
warming has been endorsed not only by the United Nations Intergovernmental
Panel on Climate Change (IPCC) but also by the United States National
Academy of Sciences, in a report prepared at the request of President
George Bush.

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
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October 29, 2003   10:30 a.m. 
Editor, USA Today 
 
 
 
We write to address false statements in the piece "Researchers question key global-warming study" (USA Today, 
October 29, 2003), by Nick Schulz of TechCentralStation.  We also wish to inform your readers that late 20th 
century warming is unprecedented not only in the past six centuries (as shown by Mann and colleagues in 1998), but 
at least the past two millennia (see attached graph, which we request that you publish). 
 
Mr. Schulz makes the false accusation that Dr. Michael Mann, lead author of the leading studies on 20th century 
warming, "never made his data available online nor did many of the earlier researchers whose data Mann relied 
upon for his research."  In fact, the data used by Mann and colleagues have been in the public domain for nearly two 
years, at the readily accessible website: ftp://holocene.evsc.virginia.edu/pub/MBH98/. 
 
Mr. Schulz draws on a recent article by Stephen McIntyre and Ross McKitrick that appears to contradict Mann's 
earlier work and the conclusion that the Northern Hemisphere is warming.  Unfortunately, the data on which the 
McIntyre & McKitrick analysis was based, which was forwarded to them by a colleague of Mann's at the request of 
McIntyre & McKitrick, was inadvertently scrambled during tabulation for transmission to them (longer data series 
were mistakenly overprinted with shorter unrelated series in the columns of the file.  Had McIntyre and McKitrick 
directly downloaded the data from the publicly available website which they were encouraged to do by Mann's team  
this would not have occurred. 
 
McIntyre & McKitrick then applied a flawed methodology to the scrambled data, and reached mistaken conclusions 
wildly at odds with the many peer-reviewed scientific studies. 
 
Had the researchers themselves been experts, had they sought comments in advance from experts in the field 
(including Dr. Mann), had they submitted their paper to a reputable scientific journal  all of which are standard 
procedures in scientific publication, the flaws would have been discovered. Instead, the authors, who are not 
scientists--one is a mining executive, the other an economist - published their article in a social science magazine 
that does not apply widely accepted standards of review by scientific experts. 
 
Had Mr. Schulz applied the standard procedures to himself, his piece never would have been published.  
Considering how such inaccuracies are propagated, it is perhaps relevant that Mr. Schulz's website, 
TechCentralStation.com, receives considerable funding from Exxon-Mobil, a corporation that has lobbied 
aggressively against caps on greenhouse gas emissions at home and abroad.  In contrast, the notion that the Earth is 
warming has been endorsed not only by the United Nations Intergovernmental Panel on Climate Change (IPCC) but 
also by the United States National Academy of Sciences, in a report prepared at the request of President 
George Bush. 
 
Michael Mann, Dept. of Environmental Sciences, University of Virginia, Charlottesville, VA. 
Raymond Bradley, Dept. of Geosciences, University of Massachusetts, Amherst, MA. 
Keith  Briffa, Philip Jones, Timothy Osborn, Climatic Research Unit, University of East Anglia, Norwich, UK. 
Thomas Crowley, Nicholas School of the Environment and Earth Science, Duke University, Durham, NC. 
Malcolm Hughes, Laboratory of Tree-Ring Research, University of Arizona, Tucson, AZ. 
Jonathan Overpeck, Dept. of Geosciences and Institute for the Study of Planet Earth, University of Arizona, 
Tucson, AZ. 
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COMPARISON OF VARIOUS PUBLISHED ESTIMATES OF NORTHERN HEMISPHERE TEMPERATURE 
CHANGES OVER THE PAST ONE-TO-TWO MILLENNIA. GRAY SHADING INDICATES 
UNCERTAINTIES.  
 
Reprinted from "On Past Temperatures and Anomalous Late 20th Century Warmth" by M.E. Mann, C.M. Ammann, 
R.S. Bradley, K.R. Briffa, T.J. Crowley, M.K. Hughes, P.D. Jones, M. Oppenheimer, T.J. Osborn, J.T. Overpeck, S. 
Rutherford, K.E. Trenberth, T.M.L Wigley, in the journal  Eos, 84, 256-258, 2003 [(C) American Geophysical 
Union]. 
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From: Michael E. Mann
To: Mike MacCracken
Cc: raymond s.bradley; Steve Schneider; Keith Briffa; mhughes@ltrr.arizona.edu;

mann@multiproxy.evsc.virginia.edu; Scott Rutherford
Subject: Re: FW: The Mann et al "Hockey Stick" Corrected II
Date: Wednesday, October 29, 2003 10:34:11 AM

p.s. Mike, any appearance of "gloating" over the mistake that had been made by
Scott, was incorrectly perceived. I was a bit excited, I suppose, about having
established the fact that I knew we hadn't, in fact, made a mistake--very relieved,
and perhaps gloating a bit with respect to that. Sorry this was wrongly taken by
some...

But the authors were given the correct information, the publically available link, and I
think Scott is sending out a full transcript of the exchanges between them which will
make it clear that Scott's efforts were in good faith. Scott--I didn't receive this yet.
Can you make sure these folks get this...

mike

At 09:12 AM 10/29/2003 -0500, Mike MacCracken wrote:

A good example of why making sure they got good data would have
relieved everyone of having to try to catch up with this wildfire of
misinformation.

Mike

----------
From: Timo Hämeranta <timo.hameranta@pp.inet.fi>
Date: Wed, 29 Oct 2003 11:31:13 +0200
To: "Akio Kitoh" <kitoh@mri-jma.go.jp>, "Alan Robock"
<robock@envsci.rutgers.edu>, "Alexey Fedorov"
<alexey@princeton.edu>, "Anders J. Noren"
<anders.noren@alumni.carleton.edu>, André L. Berger
<berger@astr.ucl.ac.be>, André W. Droxler <andre@rice.edu>, Andreas
Indermühle <indermuehle@climate.unibe.ch>, "Andrei P. Sokolov"
<sokolov@MIT.EDU>, "Andrew M. Vogelmann"
<avogelmann@ucsd.edu>, "Andrew Weaver"
<weaver@ocean.seos.uvic.ca>, "Anil K. Gupta"
<anilg@gg.iitkgp.ernet.in>, "Antonio J. Busalacchi Jr."
<tonyb@essic.umd.edu>, "Atsumu Ohmura"
<ohmura@geo.umnw.ethz.ch>, "Atul K. Jain"
<jain@uiatma.atmos.uiuc.edu>, "Benjamin Giese" <b-giese@tamu.edu>,
"Bernhard Stauffer" <stauffer@climate.unibe.ch>, "Bert Bolin"
<bert.r@osteraker.mail.telia.com>, "Bette L. Otto-Bliesner"
<ottobli@ucar.edu>, "Bo Nordell" <Bo.Nordell@sb.luth.se>, "Bob Thunell"
<thunell@geol.sc.edu>, "C. D. Keeling" <cdkeeling@ucsd.edu>, "Carl
Wunsch" <cwunsch@mit.edu>, "Carolus J. Schrijver"
<schryver@lmsal.com>, "Caspar M. Ammann" <ammann@ucar.edu>,
"Chris E. Forest" <ceforest@mit.edu>, "Christian Pfister"
<pfister@hist.unibe.ch>, Christian-D. Schönwiese
<schoenwiese@meteor.uni-frankfurt.de>, Claus Fröhlich
<cfrohlich@pmodwrc.ch>, "Daniel Sarewitz" <ds533@columbia.edu>,
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"David G. Vaughan" <d.vaughan@bas.ac.uk>, "David J. Beerling"
<d.j.beerling@sheffield.ac.uk>, "David R. Easterling"
<david.easterling@noaa.gov>, "David R. Legates" <legates@udel.edu>,
"David S. Battisti" <david@atmos.washington.edu>, "David S. Chapman"
<dchapman@mines.utah.edu>, "David W. J. Thompson"
<davet@atmos.colostate.edu>, "David W. Lea" <lea@geol.ucsb.edu>,
"Dominic Kniveton" <d.r.kniveton@sussex.ac.uk>, "Donald J. Wuebbles"
<wuebbles@atmos.uiuc.edu>, "Downs Matthews"
<downsmatthews@earthlink.net>, "Drew T. Shindell"
<dshindell@giss.nasa.gov>, "E. Brendan Roark"
<ebroark@socrates.berkeley.edu>, "Edward Hanna"
<ehanna@plymouth.ac.uk>, "Edward R. Cook"
<drdendro@ldeo.columbia.edu>, "Ellen S. Mosley-Thompson"
<thompson.4@osu.edu>, "Eric Post" <esp10@psu.edu>, "Eugenia
Kalnay" <ekalnay@atmos.umd.edu>, "F. Sherwood Rowland"
<rowland@uci.edu>, "Feng Sheng Hu" <fshu@life.uiuc.edu>, "Fortunat
Joos" <joos@climate.unibe.ch>, "Frank Chapelle"
<chapelle@mindspring.com>, "Frank Sirocko" <sirocko@uni-mainz.de>,
"Frederick A. Michel" <fmichel@ccs.carleton.ca>, "Freeman J. Dyson"
<dyson@ias.edu>, "Gabriele C. Hegerl" <hegerl@acpub.duke.edu>,
"Geoffrey B. Love" <ipcc_sec@gateway.wmo.ch>, "George Kukla"
<kukla@ldeo.columbia.edu>, "George Taylor" <taylor@oce.orst.edu>,
"Gerald Haug" <haug@gfz-potsdam.de>, "Gerard A. Meehl "
<meehl@ncar.ucar.edu>, "Gerard C. Bond" <gcb@ldeo.columbia.edu>,
"Gerhard J. Herndl" <herndl@nioz.nl>, "Gregg Marland"
<marlandgh@ornl.gov>, "Gunnar Myhre"
<Gunnar.Myhre@geofysikk.uio.no>, "Hans von Storch"
<Hans.von.Storch@gkss.de>, "Harry L. Bryden"
<h.bryden@soc.soton.ac.uk>, "Henry N. Pollack" <hpollack@umich.edu>,
"Hernan De Angelis" <glacio@dna.gov.ar>, "Hugo Beltrami"
<hugo@stfx.ca>, <idclark@uottawa.ca>, "Igor Polyakov"
<igor@iarc.uaf.edu>, "J. C. King" <jcki@bas.ac.uk>, "J. Jouzel"
<jouzel@lsce.saclay.cea.fr>, "James C. Zachos" <jzachos@es.ucsc.edu>,
"James E. Hansen" <jhansen@giss.nasa.gov>, "James J. O'Brien"
<obrien@coaps.fsu.edu>, "James. R. Mahoney"
<James.R.Mahoney@noaa.gov>, "Jan Esper" <jan.esper@wsl.ch>, "Jan
Goudriaan" <jan.goudriaan@pp.dpw.wau.nl>, "Jeong-Woo Kim"
<jwkim@atmos.yonsei.ac.kr>, "Joanna D Haigh" <j.haigh@ic.ac.uk>,
João Vasconcelos <joaogeo@sapo.pt>, "Joe S. D'Aleo"
<jdaleo@wsi.com>, "John C. Polanyi" <jpolanyi@chem.utoronto.ca>,
"John Christy" <christy@atmos.uah.edu>, "John E. Walsh"
<walsh@atmos.uiuc.edu>, "John F. B. Mitchell"
<jfbmitchell@metoffice.com>, "John Katzenberger" <johnk@agci.org>,
"John O. Stone" <stone@geology.washington.edu>, "John T. Houghton"
<jri@glos.ac.uk>, "Jonathan T. Overpeck" <jto@u.arizona.edu>, "Jorge L.
Sarmiento" <jls@princeton.edu>, "Josefino C. Comiso"
<josefino.c.comiso@nasa.gov>, "Joyce Penner" <penner@umich.edu>,
"Judith Lean" <jlean@ssd5.nrl.navy.mil>, Jürg Beer
<juerg.beer@eawag.ch>, Jürg Luterbacher <juerg@giub.unibe.ch>,
"Karumuri Ashok" <ashok@jamstec.go.jp>, "Katharina Pahnke"
<pahnkek@cf.ac.uk>, "Keith D. Hage" <khage@compusmart.ab.ca>,
"Keith R. Briffa" <k.briffa@uea.ac.uk>, "Ken Caldeira" <kenc@llnl.gov>,
"Kenneth Jezek" <jezek@iceberg.mps.ohio-state.edu>, "Kevin E.
Trenberth" <trenbert@ucar.edu>, "Kim M. Cobb"
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<kcobb@gps.caltech.edu>, "Kirk A. Smith"
<krksmith@uclink4.berkeley.edu>, "Klaus Heiss" <klaus-p-
heiss@msn.com>, "Klaus Pfeilsticker" <Klaus.Pfeilsticker@iup.uni-
heidelberg.de>, "Klaus Toepher" <oedinfo@unep.org>, "Konstantin
Vinnikov" <kostya@atmos.umd.edu>, "Kunihiko Kodera" <kodera@mri-
jma.go.jp>, "Lee C. Gerhard" <lee@kgs.ukans.edu>, "Lee R. Kump"
<kump@geosc.psu.edu>, "Liming Zhou" <lmzhou@crsa.bu.edu>, "Lonnie
G. Thompson" <thompson.3@osu.edu>, "Lowell D. Stott"
<stott@usc.edu>, "M. Kienast" <kienast@unixg.ubc.ca>, "M. Lockwood"
<m.lockwood@rl.ac.uk>, "Madhav L. Khandekar"
<mkhandekar@rogers.com>, "Manfred Mudelsee" <mudelsee@uni-
leipzig.de>, "Marie-France Loutre" <loutre@astr.ucl.ac.be>, "Marika M.
Holland" <mholland@ucar.edu>, "Mark C. Serreze"
<serreze@kryos.colorado.edu>, "Mark Clilverd" <macl@bas.ac.uk>, "Mark
Z. Jacobson" <jacobson@stanford.edu>, "Martin Claussen"
<claussen@pik-potsdam.de>, "Martin R. Manning"
<m.manning@niwa.cri.nz>, "Martin Wild" <wild@geo.umnw.ethz.ch>,
"Marty Hoffert" <marty.hoffert@nyu.edu>, "Matthew Drinkwater"
<mattdrinkwater@scientific-alliance.com>, "Matthew Huber"
<huberm@purdue.edu>, "Michael Bergin" <mike.bergin@ce.gatech.edu>,
"Michael C. Gregg" <gregg@apl.washington.edu>, "Michael E. Mann"
<mann@virginia.edu>, "Michael E. Mauel" <mauel@columbia.edu>,
"Michael H. Glantz" <glantz@ucar.edu>, "Michael Oppenheimer"
<omichael@princeton.edu>, "Michael Prather" <mprather@uci.edu>,
"Michael S. Timlin" <timlin@atmos.uiuc.edu>, "Mojib Latif"
<mlatif@ifm.uni-kiel.de>, "Mokhov I. I." <mokhov@omega.ifaran.ru>,
"Myles R. Allen" <myles.allen@physics.ox.ac.uk>, "N. R. Rigozo"
<rodolfo@dge.inpe.br>, "Natalia G. Andronova"
<natasha@atmos.uiuc.edu>, "Nathan P. Gillett" <gillett@uvic.ca>,
"Nicolas Caillon" <ncaillon@ucsd.edu>, "Norman C. Grody"
<Norman.Grody@noaa.gov>, Olavi Kärner <olavi@aai.ee>, "Orson van
de Plassche" <plao@geo.vu.nl>, "Osvaldo Canziani"
<ocanz@ciudad.com.ar>, "Otto Eugster" <otto.eugster@phim.unibe.ch>,
"Paul J. Crutzen" <air@mpch-mainz.mpg.de>, "Paul Valdes"
<p.j.valdes@reading.ac.uk>, "Paul V. Desanker"
<desanker@virginia.edu>, "Peter A. Stott" <peter.stott@metoffice.com>,
"Peter Barrett" <peter.barrett@vuw.ac.nz>, "Peter Foukal"
<pfoukal@world.std.com>, "Peter Huybers" <phuybers@mit.edu>, "Peter
T. Doran" <pdoran@uic.edu>, "Peter Thejll" <pth@dmi.dk>, "Phil Jones"
<p.jones@uea.ac.uk>, "Philippe Huybrechts" <phuybrec@vub.ac.be>, "R.
Timothy Patterson" <tpatters@ccs.carleton.ca>, "Rainer Zahn"
<rainer@geo.ub.es>, "Rajendra K. Pachauri" <chairipcc@teri.res.in>,
"Ranga B. Myneni" <rmyneni@crsa.bu.edu>, "Rasmus E. Benestad"
<rasmus.benestad@met.no>, "Raymond S. Bradley"
<rbradley@geo.umass.edu>, "Reto Knutti" <knutti@climate.unibe.ch>,
"Richard A. Anthes" <anthes@ucar.edu>, "Richard B. Alley"
<ralley@essc.psu.edu>, "Richard E. Moritz"
<dickm@apl.washington.edu>, "Richard Gammon"
<gammon@u.washington.edu>, "Richard H. Moss"
<Richard.Moss@pnl.gov>, "Richard Seager"
<seager@ldeo.columbia.edu>, "Robert A. Bindschadler"
<Robert.A.Bindschadler@nasa.gov>, "Robert B. Dunbar"
<dunbar@stanford.edu>, "Robert J. Charlson"
<charlson@chem.washington.edu>, "Robert J. Lempert"
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<lempert@rand.org>, "Robert Mendelsohn"
<robert.mendelsohn@yale.edu>, "Robert Sausen"
<robert.sausen@dlr.de>, "Roger A. Pielke Sr."
<pielke@atmos.colostate.edu>, "Rolf Sartorius" <rolf.sartorius@uba.de>,
"Ronald J. Stouffer" <Ronald.Stouffer@noaa.gov>, "Roy W. Spencer"
<roy.spencer@msfc.nasa.gov>, "Sami Solanki" <solanki@linmpi.mpg.de>,
"Sarah Raper" <s.raper@uea.ac.uk>, "Shan Sun" <ssun@giss.nasa.gov>,
"Simon F.B. Tett" <sfbtett@metoffice.com>, "Stefan Rahmstorf"
<rahmstorf@pik-potsdam.de>, "Stephen G. Warren"
<sgw@atmos.washington.edu>, "Stephen H. Schneider"
<shs@leland.stanford.edu>, "Stephen J. Burns"
<sburns@geo.umass.edu>, "S. W. Pacala" <pacala@princeton.edu>,
"Steven C. Wofsy" <wofsy@fas.harvard.edu>, "Surabi Menon"
<smenon@giss.nasa.gov>, "Susan Solomon" <ssolomon@al.noaa.gov>,
"Theodore L. Anderson" <tadand@atmos.washington.edu>, "Thom Rahn"
<trahn@lanl.gov>, "Thomas R Karl" <Thomas.R.Karl@noaa.gov>, "Tim P.
Barnett" <tbarnett@ucsd.edu>, "Timothy J. Osborn"
<t.osborn@uea.ac.uk>, "Tom Krimigis" <tom.krimigis@jhuapl.edu>, "Tom
M. L. Wigley" <wigley@ucar.edu>, "Tracey Holloway"
<tah@gfdl.noaa.gov>, "Trevor J. Lewis" <tlewis@nrcan.gc.ca>, "Ulrich
Berner" <ulrich.berner@bgr.de>, "Ulrich Cubasch" <cubasch@zedat.fu-
berlin.de>, "Ulrich Neff" <Uli.Neff@iup.uni-heidelberg.de>, "Urs Neu"
<neu@sanw.unibe.ch>, "V. Ramanathan" <vramanathan@ucsd.edu>, "V.
Ramaswamy" <vr@gfdl.noaa.gov>, "Wallace S. Broecker"
<broecker@ldeo.columbia.edu>, "Walter Munk" <wmunk@ucsd.edu>,
"William J. Ingram" <william.ingram@metoffice.com>, "William R. Peltier"
<peltier@atmosp.physics.utoronto.ca>, "Wolfgang Seiler"
<wolfgang.seiler@imk.fzk.de>, "Zhong Liu" <zliu@daac.gsfc.nasa.gov>,
"Zohgci Zhao" <zhaozc12@ccsr.u-tokyo.ac.jp>, "Peter B. deMenocal"
<peter@ldeo.columbia.edu>, "Spencer R. Weart" <sweart@aip.org>
Cc: "Climatesceptics" <climatesceptics@yahoogroups.com>, "A. Franz
Gerl" <A.F.Gerl@t-online.de>, "Adolf J. Giger" <ajgiger@attbi.com>,
"Agust Bjarnason" <agust@rt.is>, "Al Arking" <aarking1@jhu.edu>, "Al
Pekarek" <apekarek@stcloudstate.edu>, "Anton Uriarte" <silves@jet.es>,
"Arthur Doucette" <Adoucette@Atl.carreker.com>, "Aynsley Kellow"
<akellow@utas.edu.au>, "Bernd Stroeher" <BStroeher@AOL.com>,
"Bjorn Lomborg" <bjorn@ps.au.dk>, "Bob Ferguson"
<bferguson@ff.org>, "Bob Foster" <fosbob@bigpond.com>, "Brian A.
Tinsley" <Tinsley@UTDallas.edu>, "Charles F. \"Chick\" Keller"
<cfk@lanl.gov>, "Chris de Freitas" <c.defreitas@auckland.ac.nz>,
"Christopher Essex" <essex@uwo.ca>, "Cory VanPelt"
<cory@corysweatherlab.com>, "Craig D. Idso" <cidso@co2science.org>,
"Curt Holder" <cholder@uccs.edu>, "David E. Wojick"
<dwojick@shentel.net>, "David H. Douglass"
<douglass@pas.rochester.edu>, "David J. Karoly" <dkaroly@ou.edu>,
"Dick Kahle" <DKahle@les.com>, "Douglas V. Hoyt" <dhoyt@toast.net>,
"Ed Mercurio" <mercurio@jafar.hartnell.cc.ca.us>, "Eigil Friis-Christensen"
<efc@dsri.dk>, "Emmanuel Grenier" <egrenier@noos.fr>, "Erhard
Borcke" <GE62@freenet.de>, "Ernesto Lopez-Baeza"
<Ernesto.Lopez@uv.es>, "Ernst-Friedrich Behr" <ernst-friedrich.behr@t-
online.de>, "Fangqun Yu" <yfq@asrc.cestm.albany.edu>, "Francis
Massen" <francis.massen@education.lu>, "Fred L. Oliver"
<pvt@dallas.net>, "Frede Vestergaard" <fredev@mobilixnet.dk>,
"Frederick Seitz" <seitz@rockvax.rockefeller.edu>, "Gary D. Sharp"
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<gsharp@montereybay.com>, "Gerd-Rainer Weber" <gerd-
rainer.weber@gvst.de>, "Hans Erren" <erren21@zonnet.nl>, "Hans
Jelbring" <hans.jelbring@telia.com>, "Harry S. Priem" <priem@dds.nl>,
"Hartwig Volz" <hartwig.volz@rwedea.com>, "Heinz Hug" <Heinz.Hug@t-
online.de>, Helmut Böttiger <boettigerdrh@web.de>, "Henrik Svensmark"
<hsv@dsri.dk>, "Hugh W Ellsaesser" <hughel@comcast.net>, "Ian
Castles" <ian.castles@anu.edu.au>, "Ignacio Lozano"
<ignaciolozgon@yahoo.es>, "Jack Barrett" <Jack1Barrett@aol.com>, "Jan
Veizer" <veizer@science.uottawa.ca>, "Jim G. Thornton"
<JimGthornton@aol.com>, "Joe Friday" <jfriday@nas.edu>, "John
Brignell" <jeb@numberwatch.co.uk>, "John Emsley"
<j.emsley@ic.ac.uk>, "John L. Daly" <daly@john-daly.com>, "John
Shotsky" <shotsky1@hotmail.com>, "Ken Schlichte"
<kensforsoil@peoplepc.com>, "Kenneth Green" <keng@reason.org>,
"Kirill Ya. Kondratyev" <kondratyev@KK10221.spb.edu>, Klaus Öllerer
<klaus.oellerer@oellerer.net>, "Leonid B. Klyashtorin" <klyashtorin@mtu-
net.ru>, "M. Mikhel Mathiesen" <scriptec@aol.com>, Manfred Müller
<Mueller.ics@t-online.de>, "Marcel Leroux" <marsleroux@wanadoo.fr>,
"Martin Visbeck" <visbeck@ldeo.columbia.edu>, "Michael C. MacCracken"
<mmaccrac@comcast.net>, "Michael Schlesinger"
<schlesin@atmos.uiuc.edu>, "Miguel Aguirre Martinez"
<aguirre.cid@planet.nl>, "Mukul Sharma"
<Mukul.Sharma@dartmouth.edu>, "Nathan A. Schwadron"
<nschwadron@swri.org>, "Neil Griffiths" <neilwgriffiths@yahoo.com>,
"Nicholas Polunin" <n.polunin@ncl.ac.uk>, Nils-Axel Mörner
<morner@pog.su.se>, "Nir Shaviv" <shaviv@phys.huji.ac.il>, "Oliver K.
Manuel" <oess@umr.edu>, Onar Åm <onar@netpower.no>, "Oswaldo
Garcia" <ogarcia@sfsu.edu>, Otto Wildgrüber <owildgruber@surfeu.de>,
"Patrick J. Michaels" <pjm8x@wreck.evsc.virginia.edu>, "Per Ericson"
<per.ericson@svd.se>, "Peter Dietze" <p_dietze@t-online.de>, "Peter
Krahmer" <krahmer@t-online.de>, "Peter Stilbs"
<peter@physchem.kth.se>, "Petr Chylek" <chylek@fizz.phys.dal.ca>,
"Peyman Zawar-Reza" <zawarp@geog.canterbury.ac.nz>, "Philip Stott"
<stott2@compuserve.com>, "Piers Corbyn" <piers@weatheraction.com>,
Pål Brekke <pbrekke@esa.nascom.nasa.gov>, "Ralph Mullinger"
<rmullinger@yahoo.com>, "Reid A. Bryson"
<rabryson@facstaff.wisc.edu>, "Richard Lundin" <richard.lundin@irf.se>,
"Richard S. Courtney" <RichardSCourtney@aol.com>, "Richard S.
Lindzen" <lindzen@wind.mit.edu>, "Robert Essenhigh"
<Essenhigh.1@osu.edu>, "Robert M. Carter" <bob.carter@jcu.edu.au>,
"Ross McKitrick" <rmckitri@uoguelph.ca>, "S. Fred Singer"
<singer@sepp.org>, "Sallie Baliunas" <baliunas@cfa.harvard.edu>,
"Sonja Boehmer-Christiansen" <sonja.b-c@hull.ac.uk>, "Stephen
McIntyre" <smcintyre@cgxenergy.com>, "Steve Hemphill"
<steve@hemphill.net>, "Steve Mauget" <smauget@cox.net>, "Steve
Milloy" <milloy@cais.com>, "Steve Schulin" <nuclear7@comcast.net>,
"Theodor Landscheidt" <th.landscheidt@t-online.de>, "Thomas N. Chase"
<tchase@cires.colorado.edu>, "Tom V. Segelstad"
<t.v.segalstad@nhm.uio.no>, "Warwick S. Hughes"
<climate@webace.com.au>, "Werner H. Terjung"
<wterjung@socal.rr.com>, Wibjörn Karlén
<wibjorn.karlen@natgeo.su.se>, "William Kininmonth"
<w.kininmonth@bigpond.com>, "Willie Soon" <wsoon@cfa.harvard.edu>,
"Wilson Flood" <wilson@flood6.fsnet.co.uk>, "Vincent Gray"
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<vinmary.gray@paradise.net.nz>, "Robert Reinstein"
<reinsteinB@aol.com>, "Adriaan Perrels" <adriaan.perrels@vatt.fi>, "Atte
Korhola" <atte.korhola@helsinki.fi>, "Erkki Hollo"
<erkki.hollo@helsinki.fi>, "Esko Kuusisto" <esko.kuusisto@vyh.fi>, "Heikki
Nevanlinna" <heikki.nevanlinna@fmi.fi>, "Heikki Tuomenvirta"
<heikki.tuomenvirta@fmi.fi>, "Ilkka Savolainen"
<ilkka.savolainen@vtt.fi>, "Jaakko Helminen" <jaakko.helminen@fmi.fi>,
"Jaakko Kiander" <jaakko.kiander@vatt.fi>, "Jouko Launiainen"
<jouko.launiainen@fimr.fi>, "Juhani Rinne" <juhani.rinne@kolumbus.fi>,
"Juhani Tirkkonen" <juhani.tirkkonen@uta.fi>, Jukka Käyhkö
<jukkay@utu.fi>, "Kimmo Ruosteenoja" <kimmo.ruosteenoja@fmi.fi>,
Larry Huldén <larry.hulden@helsinki.fi>, "Lea Kauppi"
<lea.kauppi@vyh.fi>, "Markku Kulmala" <markku.kulmala@helsinki.fi>,
"Markku Wilenius" <markku.wilenius@tukkk.fi>, "Matti Juhala"
<matti.juhala@hut.fi>, "Mikko Alestalo" <mikko.alestalo@fmi.fi>, "Mikko
Kara" <mikko.kara@vtt.fi>, "Pekka Kauppi"
<pekauppi@mappi.helsinki.fi>, "Petteri Taalas" <petteri.taalas@fmi.fi>,
"Pirkko Heikinheimo" <pirkko.heikinheimo@vyh.fi>, "Raino Heino"
<raino.heino@fmi.fi>, "Reijo Solantie" <reijo.solantie@fmi.fi>, "Seppo
Hannus" <seppo.hannus@hut.fi>, Sirkka Hautojärvi
<sirkka.hautojarvi@vyh.fi>, "Timo Vesala" <timo.vesala@helsinki.fi>,
"Timothy Carter" <tim.carter@vyh.fi>
Subject: The Mann et al "Hockey Stick" Corrected II

Dear all, 

question has been risen what is this Energy & Environment, which allows free access to its
article 

McIntyre, Stephen and Ross McKitrick, 2003. Corrections to the Mann et. al.
(1998) Proxy Data Base and  Northern Hemispheric Average Temperature
Series. Energy & Environment Vol. 14, No 6, pp. 751-771, October 26,
2003 

Freely downloadable from < http://www.multi-science.co.uk/mcintyre_02.pdf > 

Energy & Environment is a peer-reviewed scientific magazine published by MULTI-SCIENCE
PUBLISHING CO. LTD. 

5 Wates Way, Brentwood, Essex CM15 9TB, United Kingdom, EU 

E&E explains the exceptional free access as follows: 
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Message from the publisher 

"This paper has the power to radically change the debate over man-made global warming.
Because of its potential importance we are posting it separately from the rest of the issue
of Energy and Environment (volume 14 number 6) in which it appears, and giving open
access to it, so that everyone who has an interest in these matters is able to read it and
assess it for themselves." 

W.O.Hughes
28/10/03 

See more about E&E < http://www.multi-science.co.uk/index.htm> 

Now, three interesting pictures: 

1)      The well-known Mann et al. ³Hockey stick², adapted by the IPCC 

2)      The original Mann et al. reconstruction and the correction made 

3)      Both, using 20 year running mean 

The discrepancy is, well, astonishing Š. 

The same data, but results differ? 

I hope Mann et al will response revealing their methodologies and analysing, whether there
are differences in methodologies used. 

All the best 
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Timo Hämeranta 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

Timo Hämeranta, M.LL. 

Moderator, Climatesceptics  

Martinlaaksontie 42 B 9 

01620 Vantaa 

Finland, Member State of the European Union 

Moderator: timohame@yahoo.co.uk 

Private: timo.hameranta@pp.inet.fi 

Home page: http://personal.inet.fi/koti/hameranta/climate.htm 

Moderator of the discussion group  "Sceptical Climate Science" 

http://groups.yahoo.com/group/climatesceptics 

"To dwell only on horror scenarios of the future 

shows only a lack of imagination".  (Kari Enqvist) 

"If the facts change, I'll change my opinion. 

What do you do, Sir" (John Maynard Keynes) 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
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______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: raymond s.bradley; Malcolm Hughes; tom crowley; Keith Briffa; Phil Jones; Tim Osborn; jto@u.arizona.edu
Cc: Annie_Petsonk@environmentaldefense.org; mann@multiproxy.evsc.virginia.edu
Subject: Re: Fwd: op ed for USA Today
Date: Wednesday, October 29, 2003 10:47:11 AM
Attachments: oped29oct03.doc

Oops, one last minor change in wording...

We need to submit within the next hour or so, so its really do-or-die time!

mike

At 12:28 PM 10/29/2003 -0500, Michael E. Mann wrote:

OK,

Revised draft w/ one small change, author affiliations added, figure and caption, etc.
attached.

Any final comments, willingness to sign on to the op-ed as stands, etc?

Thanks in advance for your quick response,

mike

Date: Wed, 29 Oct 2003 11:58:52 -0500
To: "raymond s. bradley" <rbradley@geo.umass.edu>, Malcolm Hughes
<mhughes@ltrr.arizona.edu>, Tom Crowley, Keith Briffa
<k.briffa@uea.ac.uk>, Phil Jones <p.jones@uea.ac.uk>, Tim Osborn
<t.osborn@uea.ac.uk>, jto@u.arizona.edu
From: "Michael E. Mann" <mann@virginia.edu>
Subject: op ed for USA Today
Cc: Annie_Petsonk@environmentaldefense.org,
mann@multiproxy.evsc.virginia.edu

Dear All,

Here is a revised version of the op-ed piece. It has been through the
careful filter of folks at EDF for content, suitability, etc.  Owing to deadline
to get this in, we pretty much need your stamp of approval unless there is
a glaring error that we've missed?

Can each of you provide your name and affiliation as you would like it to
appear, and 2 phone numbers you can be reached at for comment.  If I
don't hear from you, I won't sign your name to it. I By the way, the figure
to be shown (see below) is  Figure 1 from the Eos article.

Our email server is acting up today, so please reply/send emails to
mann@multiproxy.evsc.virginia.edu, not mann@virginia.edu

Thanks in advance for your quick reply,

mike

October 29, 2003   10:30 a.m.
Editor, USA Today
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We write to address false statements in the piece "Researchers question
key
global-warming study" (USA Today, October 29, 2003), by Nick Schulz of
TechCentralStation.  We also wish to inform your readers that late 20th
century warming is unprecedented not only in the past six centuries (as
shown by Mann and colleagues in 1998), but at least the past two
millennia
(see attached graph, which we request that you publish).

Mr. Schulz makes the false accusation that Dr. Michael Mann, lead author
of
the leading studies on 20th century warming, "never made his data
available
online nor did many of the earlier researchers whose data Mann relied
upon
for his research."  In fact, the data used by Mann and colleagues have
been
in the public domain for nearly two years, at the readily accessible
website: ftp://holocene.evsc.virginia.edu/pub/MBH98/.

Mr. Schulz draws on a recent article by Stephen McIntyre and Ross
McKitrick
that appears to contradict Mann's earlier work and the conclusion that the
Northern Hemisphere is warming.  Unfortunately, the data on which the
McIntyre & McKitrick analysis was based, which was forwarded to them by
a
colleague of Mann's at the request of McIntyre & McKitrick, was
inadvertently scrambled during tabulation for transmission to them.  Had
McIntyre and McKitrick directly downloaded the data from the publicly
available website which they were encouraged to do by Mann's team 
this would not have occurred.

McIntyre & McKitrick then applied a flawed methodology to the scrambled
data, and reached mistaken conclusions wildly at odds with the many
peer-reviewed scientific studies.

Had the researchers themselves been experts, had they sought comments
in
advance from experts in the field (including Dr. Mann), had they
submitted
their paper to a reputable scientific journal  all of which are standard
procedures in scientific publication, the flaws would have been discovered.
Instead, the authors, who are not scientists  one is a mining executive,
the other an economist - published their article in a social science
magazine that does not apply widely accepted standards of review by
scientific experts.

Had Mr. Schulz applied the standard procedures to himself, his piece
never
would have been published.  Considering how such inaccuracies are
propagated, it is perhaps relevant that Mr. Schulz's website,
TechCentralStation.com, receives considerable funding from Exxon-Mobil,
a
corporation that has lobbied aggressively against caps on greenhouse gas
emissions at home and abroad.  In contrast, the notion that the Earth is
warming has been endorsed not only by the United Nations
Intergovernmental
Panel on Climate Change (IPCC) but also by the United States National
Academy of Sciences, in a report prepared at the request of President
George Bush.
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______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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October 29, 2003   10:30 a.m. 
Editor, USA Today 
 
 
 
We write to address false statements in the piece "Researchers question key global-warming study" (USA Today, 
October 29, 2003), by Nick Schulz of TechCentralStation.  We also wish to inform your readers that late 20th 
century warming is unprecedented not only in the past six centuries (as shown by Mann and colleagues in 1998), but 
at least the past two millennia (see attached graph, which we request that you publish). 
 
Mr. Schulz makes the false accusation that Dr. Michael Mann, lead author of the leading studies on 20th century 
warming, "never made his data available online nor did many of the earlier researchers whose data Mann relied 
upon for his research."  In fact, the data used by Mann and colleagues have been in the public domain for nearly two 
years, at the readily accessible website: ftp://holocene.evsc.virginia.edu/pub/MBH98/. 
 
Mr. Schulz draws on a recent article by Stephen McIntyre and Ross McKitrick that appears to contradict Mann's 
earlier work and the conclusion that the Northern Hemisphere is warming.  Unfortunately, the data on which the 
McIntyre & McKitrick analysis was based, which was forwarded to them by a colleague of Mann's at the request of 
McIntyre & McKitrick, was inadvertently scrambled during tabulation for transmission to them (longer data series 
were mistakenly overprinted with shorter unrelated series in the columns of the file.  Had McIntyre and McKitrick 
directly downloaded the data from the publicly available website which they were encouraged to do by Mann's team  
this would not have occurred. 
 
McIntyre & McKitrick then applied a flawed methodology to the scrambled data, and reached mistaken conclusions 
wildly at odds with the many peer-reviewed scientific studies. 
 
Had the researchers themselves been experts, had they sought comments in advance from experts in the field 
(including Dr. Mann), had they submitted their paper to a reputable scientific journal  all of which are standard 
procedures in scientific publication, the flaws would have been discovered. Instead, the authors, who are not 
scientists--one is a mining executive, the other an economist - published their article in a social science magazine 
that does not apply widely accepted standards of review by scientific experts. 
 
Had Mr. Schulz applied the standard procedures to himself, his piece never would have been published.  
Considering how such inaccuracies are propagated, it is perhaps relevant that Mr. Schulz's website, 
TechCentralStation.com, receives considerable funding from Exxon-Mobil, a corporation that has lobbied 
aggressively against caps on greenhouse gas emissions at home and abroad.  In contrast, the notion that the Earth is 
warming has been endorsed not only by the United Nations Intergovernmental Panel on Climate Change (IPCC) but 
also by the United States National Academy of Sciences, in a report prepared at the request of President 
George Bush. 
 
Michael Mann, Dept. of Environmental Sciences, University of Virginia, Charlottesville, VA. 
Raymond Bradley, Dept. of Geosciences, University of Massachusetts, Amherst, MA. 
Keith  Briffa, Philip Jones, Timothy Osborn, Climatic Research Unit, University of East Anglia, Norwich, UK. 
Thomas Crowley, Nicholas School of the Environment and Earth Science, Duke University, Durham, NC. 
Malcolm Hughes, Laboratory of Tree-Ring Research, University of Arizona, Tucson, AZ. 
Jonathan Overpeck, Dept. of Geosciences and Institute for the Study of Planet Earth, University of Arizona, 
Tucson, AZ. 
 
 
 
 
 
 

(FIGURE ON FOLLOWING PAGE) 
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COMPARISON OF VARIOUS PUBLISHED ESTIMATES OF NORTHERN HEMISPHERE TEMPERATURE 
CHANGES OVER THE PAST ONE-TO-TWO MILLENNIA. GRAY SHADING INDICATES 
UNCERTAINTIES.  
 
Reprinted from "On Past Temperatures and Anomalous Late 20th Century Warmth" by M.E. Mann, C.M. Ammann, 
R.S. Bradley, K.R. Briffa, T.J. Crowley, M.K. Hughes, P.D. Jones, M. Oppenheimer, T.J. Osborn, J.T. Overpeck, S. 
Rutherford, K.E. Trenberth, T.M.L Wigley, in the journal  Eos, 84, 256-258, 2003 [(C) American Geophysical 
Union]. 
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From: Michael E. Mann
To: Gabi Hegerl; Stephen H Schneider
Cc: Richard Kerr; Andy Revkin; David Appell; Annie_Petsonk@environmentaldefense.org; Mike MacCracken; Michael Oppenheimer; Socci.Tony-

epamail.epa.gov; Tim_Profeta@lieberman.senate.gov; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; Jonathan Overpeck; Phil
Jones; Scott Rutherford; tom crowley; Tom Wigley; Tim Osborn; Stefan Rahmstorf; Gavin Schmidt; Rob Dunbar; zubeke@onid.orst.edu;
Ross Gelbspan; Ben Santer; thompson.4@osu.edu; thompson.3@osu.edu; mann@multiproxy.evsc.virginia.edu

Subject: Re: STOP THE PRESS!
Date: Wednesday, October 29, 2003 11:03:18 AM

Thanks a bunch Gabi,

In fact, we're drafting precisely such a response at this moment. Its shortly to be submitted to USA
Today. Will forward it as soon as its availble.

Also, there is some information already on David Appell's site here:

http://www.davidappell.com/

I would like to personally stay out of the fray. Is there a volunteer (someone) to submit the real story 
to the climateskeptic lisserv, and the various recipients of their mass emailing? The op-ed should be
available soon, and that, along w/ the link to David Appell's site, and some other excerpted info from
the emails I sent out earlier, should pretty much clarify how bogus this stunt actually was...

Mike

At 09:58 AM 10/29/2003 -0500, Gabi Hegerl wrote:

Hi Mike et al.

Maybe you can get USA todayto include a figure (they really should given that there
is this totally wild and wrong claim of secrecy),
in which case your or Phil's/Keith's comparison of the
many proxies that all show the same picture would be great and say much more than
many
words (the idea of a policy decision being
made by one person's work alone - that's just soooo wrong, there is so much evidence
with
your reconstruction being a big chunk, but not alone!!!)

Good luck, and: somebody should launch your findings about the re-reconstruction
at Timo H.'s discussion group at a well chosen moment (small but discernible pleasure)

Gabi

Stephen H Schneider wrote:

Good, Mike, we scientists need to work hard to find fair and effective
boiled down statments that convey both urgency and uncertainty and explain
complexity with simple methphors--as long as we have back up details in
books, websites, papers etc.
 Speaking of available data, I note the USA Today column said you did not
make your data available--please be sure that charge is clarified in your
summary of this affair. Cheers, Steve
PS This is what Schulz wrote about you and data availability--if false it
gives the USA Today the obligation to give you a rebuttal letter:
****************************
In an interview, McKitrick said, "If a study is going to be the basis for
a major policy decision, then the original data must be disseminated and
the results have to be reproducible. That's why in our case we have posted
everything online and invite outside scrutiny."

Mann never made his data available online — nor did many of the earlier
researchers whose data Mann relied upon for his research. That by itself
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raises questions about the U.N. climate-change panel's scientific process.
*********************************
Hello all,
OK, back to me again. You also need to remind our audiences that IPCC is
not a research agency--IPCC does assessment of others work, and it is not
responsible to put data on websites etc. In fact, governments have
specifically told us NOT to do original research, just assesment of
research. It does not prohibit us from, as individual scientists,
publishing scientific research relevant to what IPCC would like to assess,
but then the IPCC process will subject such work to massive peer
review--with Review Editors watching. So there is no "scientific process"
at IPCC strictly speaking, just a scientific asessment process. This may
seem subtle, but the IPCC--a UN agency, with political baggage at least in
the US--is an assessment, not research, organization by design.  Cheers,
Steve

On Tue, 28 Oct 2003, Michael E. Mann wrote:

 

Thanks Steve,

I plan to work w/ the staffers to try boil this down to its most basic
terms...

Of course, the proxy data were available uncorrupted on our
anonymous ftp
site--the authors chose not to use that, and instead requested a
spreadsheet version from my associated (Scott). Its not his fault that
there were some problems with that particular file--the authors
could
have done numerous things to confirm the possible sources of the
obvious
problems w/ the file that they note in their 'paper'.

This will be an important point to convey to folks.

This is one of the worst examples yet (and we've had some good
onces
recently) of  a disingenuous/deficient/absent peer review coupled
with an
irresponsible editor..

mike

At 07:10 PM 10/28/2003 -0800, Stephen H Schneider wrote:
     Hello all. Interesting tale--why we have competent peer
     review at
     competent journals, and why professional courtesy is always
     to run
     heterodox results by the orthodox for private comments before
     going
     public--unless the motivation isn't science, but a big
     spalsh. Too bad for
     them--the wrong guys will belly-flop (couldn't have happened
     to a nicer
     bunch of prevaricators!). By the way, I give it a 50%
     (Bayesian priors)
     subjective probability they will accuse you of deliberately
     misleading
     them or deliberately preventing replication by "independent"
     scientists
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     and the only reason they did this was to smoke you out. From
     them, expect
     anything. Can you explain this to Senator McCain's folks so
     they
     understand the complexities and professional courtesy/peer
     review issues?
     This stuff is not very sound bite friendly and needs some
     prethinking to
     put it simply and clearly so it can be useful in the debate
     held by
     non-scientist debaters. Good luck, Steve

     On Tue, 28 Oct 2003, Michael E. Mann wrote:

     > Dear Friends and Colleagues,
     >
     > I've got a story with a very happy ending to tell.  I't
     will take a bit
     > of patience to get through the details of the story, but I
     think its
     > worth it.
     >
     > By the way,  please keep this information confidential for
     about the next
     > day or so.
     >
     > OK, well its about 48 hours since I first had the chance to
     review the
     > E&E paper by M&M. Haven't had a lot of sleep, but I have
     had a lot of
     > coffee, and my wife Lorraine has been kind enough to allow
     me to stay
     > perpetually glued to the terminal. So what has this effort
     produced?
     >
     > Well, upon first looking at what the authors had done, I     
realized that
     > they had used the wrong CRU surface temperature dataset
     (post 1995
     > version) to calculate the standard deviations for use in
     un-normalizing
     > the Mann et al (1998) EOF patterns. Their normalization
     factors were
     > based on Phil's older dataset. The clues to them should
     have been that a)
     > our data set goes back to 1854 and theirs only back to 1856
     and (b) why
     > are 4 of the 1082 Mann et al (1998) gridpoints missing??     
[its because
     > the reference periods are different in the two datasets,
     which leads to a
     > different spatial pattern of missing values]. So they had
     used the wrong
     > temperature standard deviations to un-normalize our EOFs in
     the process
     > of forming the surface temperature reconstruction. And I
     thought to
     > myself, hmm--this could lead to some minor problems, but I
     don't see how
     > they get this divergence from the Mann et al (1998)
     estimate that
     > increases so much back in time, and becomes huge before
     1500 or so. That
     > can't be it, can it?

ABOR/MH/Priv-000950



     >
     > Then I uncovered that they had used standard deviations of
     the raw
     > gridpoint temperature series to un-normalize the EOFs,
     while we had
     > normalized the data by the detrended standard deviations.
     Either
     > convention can be justified, but you can't mix and
     match--which is what
     > they effectively did by adopting our EOFs and PCs, and
     using their
     > standard deviations. And I thought, hmm--this could
     certainly lead to an
     > artificial inflation of the variance in the reconstruction
     in general,
     > and this could give an interesting spatial pattern of bias
     as well (which
     > might have an interesting influence on the areally-weighted
     hemispheric
     > mean). But I thought, hmm, this can't really lead to that
     tremendous
     > divergence before 1500 that the authors find. I was still
     scratching my
     > head a bit at this point.
     >
     > Then I read about the various transcription errors, values
     being shifted,
     > etc. that the authors describe as existing in the dataset.
     And I thought,
     > hmm, that sounds like an excel spread sheet problem, not a
     problem w/ the
     > MBH98 proxy data set. It started to occur to me at this
     point that there
     > might be some problems w/ the excel spreadsheet data that
     my colleague
     > Scott Rutherford had kindly provided the authors at their
     request.  But
     > these problems sounded pretty minor from the authors'
     description, and
     > the authors  described a procedure to try to fix any
     obvious
     > transcription errors, shifted cell values, etc. So I
     thought, hmm, they
     > might not have fixed things perfectly, and that could also
     lead to some
     > problems. But I still don't see how they get that huge
     divergence back in
     > time from this sort of error...
     >
     > Still scratching my head at this point...Then finally this
     afternoon,
     > some clues. After looking at their on-line description one
     more time, I
     > became disturbed at something I read. The data matrix
     they're using has
     > 112 columns! Well that can't be right! That's can't
     constitute the Mann
     > et al (1998) dataset. There are considerably more than that
     number of
     > independent proxy indicators necessary to reproduce the
     stepwise Mann et
     > al reconstruction. Something is amiss!
     >
     > Well, 112 is the number  of proxy indicators used back to
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     1820. But some
     > of these indicators are principal components of regional
     sub-networks
     > (e.g. the Western U.S. ITRDB tree-ring data) to make the
     dataset more
     > managable in size, and those principal components (PCs) are
     unique to the
     > time interval analyzed. So there is some set of PC series
     for the
     > 1820-1980 period. Farther back in time, say, back to 1650
     there are fewer
     > data series the regional sub-networks. So we recalculate a
     completely
     > different EOF/PC basis set for that period, and that
     constitutes an
     > additional, unique set of proxy indicators that are
     appropriate for a
     > reconstruction of the 1650-1980 period. PC #1 from one
     interval is not
     > equivalent to PC#1 from a different interval. This turns
     out to be the
     > essential detail.   A reconstruction back to 1820
     calibrated against the
     > 20th century needs to make use of the unique set of proxy
     PCs available
     > for the 1820-1980 period.  A reconstruction back to 1650
     calibrated
     > against the 20th century needs to make use of the
     independent (smaller)
     > set of PC series available for the 1650-1980 period, and so
     on, back to
     > 1400.
     >
     > So there have to be significantly more than 112 series
     available to
     > perform the iterative,stepwise reconstruction approach of     
Mann et al
     > (1998), because each sub interval actually has a unique set
     of PC series
     > representations of various proxy sub-networks. Then it
     started to hit
     > me.  The PC#1 series calculated for networks of similar
     size (say, the
     > network available back to 1820 and that available back to
     1750) should be
     > similar. But as the sub-network gets sparser back in time,
     the PC#1
     > series will resemble less and less the PC#1 series of the
     denser networks
     > available at later times. PC#1 of the western ITRDB
     tree-ring calculated
     > for the 1400-1980 period will bear  almost no resemblance
     to the PC#1
     > series of the western N.Amer ITRDB data calculated for the
     1820-1980
     > period during their interval (1820-1980) of mutual overlap.
     >
     > Then it really hit me. What--just what--if the proxy data
     had been
     > pigeonholed into a 112 column matrix by the following
     (completely
     > inappropriate!) procedure: What if it had been decided that
     there would
     > only be 1 column for "PC #1 of the Western ITRDB tree ring
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     data", even
     > though that PC reflects something completely different over
     each
     > sub-interval. Well, that can't be done in a reasonable way.
     But it can be
     > done in an *unreasonable* way: by successively overprinting
     the data in
     > that column as one stores the PCs from later and later
     intervals. So a
     > given column would reflect PC#1 of the 1400-1980 data from
     1400-1450,
     > PC#1 of the 1450-1980 from 1450-1500, PC#1 of the 1500-
1980
     data for
     > 1500-1650, PC#1 of the 1650-1980 data for 1650-1750, etc.
     and so on. In
     > this process, the information necessary to calibrate the
     early PCs would
     > be obliterated with each successive overprint.   The
     resulting 'series'
     > corresponding to that column of the data matrix, an amalgam
     of
     > increasingly unrelated information down the column,  would
     be completely
     > useless for calibration of the earlier data. A
     reconstruction back to AD
     > 1400 would be reconstructing the PC#1 of the 1400-1450
     interval based on
     > calibration against the almost entirely unrelated PC#1 of
     the 1820-1980
     > interval. The reconstruction of the earliest centuries
     would be based on
     > a completely spurious calibration of an unrelated PC of a
     much later
     > proxy sub network. And I thought, gee, what if Scott (sorry
     Scott), had
     > *happened* to do this in preparing the excel file that  the
     authors used.
     > Well it would mean that, progressively in earlier
     centuries, one would
     > be  reconstructing an apple, based on calibration against
     an orange. It
     > would yield completely meaningless results more than a few
     centuries ago.
     > And then came the true epiphany--ahhh, this could lead to
     the kind of
     > result the authors produced. In fact, it seemed to me that
     this would
     > almost *insure* the result that the authors get--an
     increasing divergence
     > back in time, and total nonsense prior to 1500 or so. At
     this point, I
     > knew that's what Scott must have done. But I had to
     confirm.
     >
     > I simply had to contact Scott, and ask him: Scott, when you
     prepared that
     > excel file for these guys, you don't suppose by any chance
     that you might
     > have....
     >
     > And, well, I think you know the answer.
     >
     > So the proxy data back to AD 1820 used by the authors may
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     by-in-large be
     > correct (aside from the apparent transcription/cell shift
     errors which
     > they purport to have caught, and fixed, anyway). The data
     become
     > progressively corrupted in earlier centuries. By the time
     one goes back
     > to AD 1400, the 1400-1980 data series are, in many cases,
     entirely
     > meaningless combinations of early and late information, and
     have no
     > relation to the actual proxy series used by Mann et al
     (1998).
     >
     > And so, the authors results are wrong/meaningless/useless.
     The mistake
     > made insures, especially, that the estimates during the
     15th and 16th
     > centuries are entirely spurious.
     >
     > So whose fault is this? Well, the full, raw ascii proxy
     data set has been
     > available on our anonymous ftp site
     > ftp://holocene.evsc.virginia.edu/pub/MBH98/
     > and the authors were informed of this in email
     correspondence. But they
     > specifically requested that the data be provided to them in
     excel format.
     > And Scott prepared it for them in that format, in good
     faith--but
     > overlooked the fact that all of the required information
     couldn't
     > possibly be fit into a 112 column format. So the file Scott
     produced was
     > a complete corruption of the actual Mann et al proxy data
     set, and
     > essentially useless, transcription errors, etc. aside. The
     authors had
     > full access to the uncorrupted data set. We therefore take
     no
     > reasonability for their use of corrupted data.
     >
     > One would have thought that the authors might have tried to
     reconcile
     > their completely inconsistent result prior to publication.
     One might have
     > thought that it would at least occur to them as odd that
     the Mann et al
     > (1998) reconstruction is remarkably similar to entirely
     independent
     > estimates, for example, by Crowley and Lowery (2000). Could
     both have
     > made the same supposed mistake, even though the data and
     method are
     > entirely unrelated. Or might M&M have made a mistake? Just
     possibly,
     > perhaps???
     >
     > Of course, a legitimate peer-review process would have
     caught this
     > problem. In fact, in about 48 hours if I (or probably, many
     of my
     > colleagues) had been given the opportunity to review the
     paper.  But that
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     > isn't quite the way things work at "E&E" I guess. I guess
     there may just
     > be some corruption of scientific objectivity when a journal
     editor seems
     > more interested in politics than science.
     >
     > The long and short of this. I think it is morally      incumbent
upon E&E to
     > publish a full retraction of the M&M article immediately.
     Its unlikely
     > that they'll do this, but its reasonable to assert that it
     would be
     > irresponsible for them not to if the issue arises.
     >
     > I think that's the end of the story. Please, again, keep
     this information
     > under wraps for next day or two. Then, by all means, feel
     free to
     > disseminate this information as widely as you like...
     >
     > Mike
     >
     >
    
______________________________________________________________

     >                     Professor Michael E. Mann
     >            Department of Environmental Sciences, Clark Hall
     >                       University of Virginia
     >                      Charlottesville, VA 22903
     >
    
_______________________________________________________________________

     > e-mail: mann@virginia.edu   Phone:    FAX:
     
     >              
http://www.evsc.virginia.edu/faculty/people/mann.shtml
     >

     ------
     Stephen H. Schneider, Professor
     Dept. of Biological Sciences
     Stanford University
     Stanford, CA 94305-5020 U.S.A.

     Tel: 
     Fax: 
     shs@stanford.edu

______________________________________________________________

                   Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                     University of Virginia
                    Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 

        http://www.evsc.virginia.edu/faculty/people/mann.shtml
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------
Stephen H. Schneider, Professor
Dept. of Biological Sciences
Stanford University
Stanford, CA 94305-5020 U.S.A.

Tel: 
Fax: 
shs@stanford.edu

 

-- 
-----------------------------------------------------------------------------
Gabriele Hegerl
Division of Earth and Ocean Sciences
Nicholas School for the Environment and Earth Sciences
Duke University, Durham NC 27708-90227
Ph:  fax  email: hegerl@duke.edu
http://www.nicholas.duke.edu/faculty/bios/hegerl.html
------------------------------------------------------------------------------

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: stocker@climate.unibe.ch; joos@climate.unibe.ch; knutti@climate.unibe.ch
Cc: Gabi Hegerl; tom crowley; mhughes@ltrr.arizona.edu; raymond s.bradley; Keith Briffa; Jonathan Overpeck;

Stefan Rahmstorf; Steve Schneider; peter.stott@metoffice.com; Gavin Schmidt;
mann@multiproxy.evsc.virginia.edu

Subject: some info you"ll want to have...
Date: Wednesday, October 29, 2003 11:06:56 AM
Attachments: Journalists.re.EandEfin-revised.doc

Dear Thomas, Fortunat,  Reto:

You might have wanted to check w/ us first, but thanks anyway for responding to
this. We've uncovered the error in what they did. They didn't use the proxy data
available on our public ftp site, which I had pointed them too--instead they used a
spreadsheet file that my associate Scott Rutherford had prepared. In this file, most of
the early series were overprinted at later years. This resulted in the reconstruction
becoming increasingly spurious as one goes further back in time--the estimates prior
to 1700 or so were rendered meaningless. There were also some other
methodological errors that will be detailed shortly, but this was the big one.

So they will probably have to retract the paper. You can find out more about this
here, on journalist David Appell's "blog":

http://www.davidappell.com/

We also have an op-ed piece going out this afternoon, further detailing the problems.
Will send that as soon as its available. I've attached a few other relevant documents,
and I'm forwarding another email I sent out to colleagues yesterday, just after I had
discovered the main problem in what they've done...

mike

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

ABOR/MH/Priv-000957



DRAFT: 
To: Reporters, Congressional Staff 
From: Annie Petsonk, Environmental Defense 
Date: October 29, 2003 
Re: Global Warming:  McIntyre & McKitrick “study” in Energy & Environment; 

USA Today Oct. 29, 2003 op-ed by Nick Schulz of TechCentralStation   
 
This article and opinion piece assert that the famous “hockey stick” diagram of recent 
rapid global warming (see attached) is incorrect.  Both the USA Today op-ed by Schulz 
and the Energy and Environment (UK) article by McIntyre and McKitrick are false, 
misleading and biased.  Neither contradicts the wealth of evidence that late 20th 
century Northern Hemisphere warmth is unprecedented in at least the past six 
centuries (and likely much longer).  
 The Falsehood:  The USA Today op-ed by Schulz contains the accusation that 

Dr. Michael Mann, lead author of the scientifically peer-reviewed articles on 
20th century warming, “never made his data available online nor did many of 
the earlier researchers whose data Mann relied upon for his research. That by 
itself raises questions about the U.N. climate-change panel's scientific process.” 

 The Fact:  The extensive datasets of the historical temperature record of the 
planet for the past six hundred years used by Dr. Mann and numerous other 
paleoclimatologists are all publicly available online at 
ftp://holocene.evsc.virginia.edu/pub/MBH98/. They have been publicly 
available at this website for nearly two years. 

 The Misleading Statement: McIntyre & McKitrick say that they re-examined 
the Mann et al data and find the conclusions about warming to be inaccurate.   

 The Fact:  McIntyre and McKitrick – neither of whom is a scientist – did not 
re-examine Mann’s data.  They analyzed a jumbled spreadsheet version of the 
actual data used by Mann that combined several columns of figures into one. 
This rendered the data set useless during the earlier centuries, precisely when 
the authors claim to find unusual warming. They applied flawed methodologies 
to reach a result wildly at odds with the overwhelming weight of peer-reviewed 
science.  Technically competent paleoclimatologists might have realized their 
errors – but neither author is a scientist, nor was the article peer-reviewed by 
any of the world’s leading climatologists.  McKitrick is a long-time climate 
skeptic, and McIntyre’s principal qualification, according to his bio, is his thirty 
years working in the mining industry.  

 The Unrevealed Biases:  Sonja Boehmer-Christiansen, the editor of "Energy 
and Environment", has co-authored numerous pieces with fossil fuel industry-
financed and/or industry-affiliated climate skeptics.  By her own assertion, Ms. 
Boehmer-Christiansen follows a political agenda, rather than scientific 
standards of peer review.1  Says Boehmer-Christiansen, who condemns the 
climate treaty as “unnecessary, unfair and self-interested,” "I'm following my 
political agenda -- a bit, anyway…isn't that the right of the editor?"   

 TechCentralStation is financed in part by Exxon-Mobil Corporation. 

                                                 
1 R. Monastersky, Chronicle of Higher Education, "Storm Brews Over Global Warming" (Sept. 5, 2003). 
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For more information on how to get the real story from the world’s leading 
paleoclimatologists, contact Annie Petsonk at Environmental Defense at 202-365-3237. 
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From: Michael E. Mann
To: stocker@climate.unibe.ch; joos@climate.unibe.ch; knutti@climate.unibe.ch
Cc: Gabi Hegerl; tom crowley; mhughes@ltrr.arizona.edu; raymond s.bradley; Keith Briffa; Jonathan Overpeck; Stefan

Rahmstorf; Steve Schneider; peter.stott@metoffice.com; Gavin Schmidt; mann@multiproxy.evsc.virginia.edu
Subject: Fwd: STOP THE PRESS!
Date: Wednesday, October 29, 2003 11:07:04 AM

Delivered-To: mem6u@virginia.edu
X-Sender: mem6u@multiproxy.evsc.virginia.edu
X-Mailer: QUALCOMM Windows Eudora Version 5.2.1
Date: Tue, 28 Oct 2003 21:43:33 -0500
To: "Richard Kerr" <rkerr@aaas.org>, Andy Revkin <anrevk@nytimes.com>,
   David Appell <appell@nasw.org>, Stephen H Schneider <shs@stanford.edu>,
   Annie_Petsonk@environmentaldefense.org,
   Mike MacCracken <mmaccrac@comcast.net>,
   Michael Oppenheimer <omichael@Princeton.EDU>,
   "Socci.Tony-epamail.epa.gov" <Socci.Tony@epamail.epa.gov>,
   Tim_Profeta@lieberman.senate.gov, rbradley@geo.umass.edu,
   mhughes@ltrr.arizona.edu, Jonathan Overpeck <jto@u.arizona.edu>,
   Phil Jones <p.jones@uea.ac.uk>, Scott Rutherford <srutherford@rwu.edu>,
   Gabi Hegerl <hegerl@duke.edu>, tom crowley <tom@ocean.tamu.edu>,
   Tom Wigley <wigley@meeker.UCAR.EDU>, Tim Osborn
<t.osborn@uea.ac.uk>,
   Stefan Rahmstorf <rahmstorf@pik-potsdam.de>, mann@virginia.edu,
   Gavin Schmidt <gavin@isis.giss.nasa.gov>, Rob Dunbar
<dunbar@stanford.edu>,
   zubeke@onid.orst.edu, ross@theworld.com, Ben Santer <santer1@llnl.gov>,
   thompson.4@osu.edu, thompson.3@osu.edu
From: "Michael E. Mann" <mann@virginia.edu>
Subject: STOP THE PRESS!
Cc: mann@virginia.edu

Dear Friends and Colleagues,

I've got a story with a very happy ending to tell.  I't will take a bit of patience
to get through the details of the story, but I think its worth it.

By the way,  please keep this information confidential for about the next day or
so. 

OK, well its about 48 hours since I first had the chance to review the E&E
paper by M&M. Haven't had a lot of sleep, but I have had a lot of coffee, and
my wife Lorraine has been kind enough to allow me to stay perpetually glued
to the terminal. So what has this effort produced?

Well, upon first looking at what the authors had done, I  realized that they had
used the wrong CRU surface temperature dataset (post 1995 version) to
calculate the standard deviations for use in un-normalizing the Mann et al
(1998) EOF patterns. Their normalization factors were based on Phil's older
dataset. The clues to them should have been that a) our data set goes back to
1854 and theirs only back to 1856 and (b) why are 4 of the 1082 Mann et al
(1998) gridpoints missing??  [its because the reference periods are different in
the two datasets, which leads to a different spatial pattern of missing values].
So they had used the wrong temperature standard deviations to un-normalize
our EOFs in the process of forming the surface temperature reconstruction. And
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I thought to myself, hmm--this could lead to some minor problems, but I don't
see how they get this divergence from the Mann et al (1998) estimate that
increases so much back in time, and becomes huge before 1500 or so. That
can't be it, can it?

Then I uncovered that they had used standard deviations of the raw gridpoint
temperature series to un-normalize the EOFs, while we had normalized the data
by the detrended standard deviations. Either convention can be justified, but
you can't mix and match--which is what they effectively did by adopting our
EOFs and PCs, and using their standard deviations. And I thought, hmm--this
could certainly lead to an artificial inflation of the variance in the reconstruction
in general, and this could give an interesting spatial pattern of bias as well
(which might have an interesting influence on the areally-weighted hemispheric
mean). But I thought, hmm, this can't really lead to that tremendous
divergence before 1500 that the authors find. I was still scratching my head a
bit at this point.

Then I read about the various transcription errors, values being shifted, etc.
that the authors describe as existing in the dataset. And I thought, hmm, that
sounds like an excel spread sheet problem, not a problem w/ the MBH98 proxy
data set. It started to occur to me at this point that there might be some
problems w/ the excel spreadsheet data that my colleague Scott Rutherford had
kindly provided the authors at their request.  But these problems sounded
pretty minor from the authors' description, and the authors  described a
procedure to try to fix any obvious transcription errors, shifted cell values, etc.
So I thought, hmm, they might not have fixed things perfectly, and that could
also lead to some problems. But I still don't see how they get that huge
divergence back in time from this sort of error...

Still scratching my head at this point...Then finally this afternoon, some clues.
After looking at their on-line description one more time, I became disturbed at
something I read. The data matrix they're using has 112 columns! Well that
can't be right! That's can't constitute the Mann et al (1998) dataset. There are
considerably more than that number of independent proxy indicators necessary
to reproduce the stepwise Mann et al reconstruction. Something is amiss! 

Well, 112 is the number  of proxy indicators used back to 1820. But some of
these indicators are principal components of regional sub-networks (e.g. the
Western U.S. ITRDB tree-ring data) to make the dataset more managable in
size, and those principal components (PCs) are unique to the time interval
analyzed. So there is some set of PC series for the 1820-1980 period. Farther
back in time, say, back to 1650 there are fewer data series the regional sub-
networks. So we recalculate a completely different EOF/PC basis set for that
period, and that constitutes an additional, unique set of proxy indicators that
are appropriate for a reconstruction of the 1650-1980 period. PC #1 from one
interval is not equivalent to PC#1 from a different interval. This turns out to be
the essential detail.   A reconstruction back to 1820 calibrated against the 20th
century needs to make use of the unique set of proxy PCs available for the
1820-1980 period.  A reconstruction back to 1650 calibrated against the 20th
century needs to make use of the independent (smaller) set of PC series
available for the 1650-1980 period, and so on, back to 1400.

So there have to be significantly more than 112 series available to perform the
iterative,stepwise reconstruction approach of  Mann et al (1998), because each
sub interval actually has a unique set of PC series representations of various
proxy sub-networks. Then it started to hit me.  The PC#1 series calculated for
networks of similar size (say, the network available back to 1820 and that
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available back to 1750) should be similar. But as the sub-network gets sparser
back in time, the PC#1 series will resemble less and less the PC#1 series of the
denser networks available at later times. PC#1 of the western ITRDB tree-ring
calculated for the 1400-1980 period will bear  almost no resemblance to the
PC#1 series of the western N.Amer ITRDB data calculated for the 1820-1980
period during their interval (1820-1980) of mutual overlap.

Then it really hit me. What--just what--if the proxy data had been pigeonholed
into a 112 column matrix by the following (completely inappropriate!)
procedure: What if it had been decided that there would only be 1 column for
"PC #1 of the Western ITRDB tree ring data", even though that PC reflects
something completely different over each sub-interval. Well, that can't be done
in a reasonable way. But it can be done in an *unreasonable* way: by
successively overprinting the data in that column as one stores the PCs from
later and later intervals. So a given column would reflect PC#1 of the 1400-
1980 data from 1400-1450, PC#1 of the 1450-1980 from 1450-1500, PC#1 of
the 1500-1980 data for 1500-1650, PC#1 of the 1650-1980 data for 1650-1750,
etc. and so on. In this process, the information necessary to calibrate the early
PCs would be obliterated with each successive overprint.   The resulting 'series'
corresponding to that column of the data matrix, an amalgam of increasingly
unrelated information down the column,  would be completely useless for
calibration of the earlier data. A reconstruction back to AD 1400 would be
reconstructing the PC#1 of the 1400-1450 interval based on calibration against
the almost entirely unrelated PC#1 of the 1820-1980 interval. The
reconstruction of the earliest centuries would be based on a completely spurious
calibration of an unrelated PC of a much later proxy sub network. And I
thought, gee, what if Scott (sorry Scott), had *happened* to do this in
preparing the excel file that  the authors used. Well it would mean that,
progressively in earlier centuries, one would be  reconstructing an apple, based
on calibration against an orange. It would yield completely meaningless results
more than a few centuries ago. And then came the true epiphany--ahhh, this
could lead to the kind of result the authors produced. In fact, it seemed to me
that this would almost *insure* the result that the authors get--an increasing
divergence back in time, and total nonsense prior to 1500 or so. At this point, I
knew that's what Scott must have done. But I had to confirm.

I simply had to contact Scott, and ask him: Scott, when you prepared that
excel file for these guys, you don't suppose by any chance that you might
have....

And, well, I think you know the answer.

So the proxy data back to AD 1820 used by the authors may by-in-large be
correct (aside from the apparent transcription/cell shift errors which they
purport to have caught, and fixed, anyway). The data become progressively
corrupted in earlier centuries. By the time one goes back to AD 1400, the 1400-
1980 data series are, in many cases, entirely meaningless combinations of early
and late information, and have no relation to the actual proxy series used by
Mann et al (1998).

And so, the authors results are wrong/meaningless/useless. The mistake made
insures, especially, that the estimates during the 15th and 16th centuries are
entirely spurious.

So whose fault is this? Well, the full, raw ascii proxy data set has been
available on our anonymous ftp site 
ftp://holocene.evsc.virginia.edu/pub/MBH98/

ABOR/MH/Priv-000962



and the authors were informed of this in email correspondence. But they
specifically requested that the data be provided to them in excel format. And
Scott prepared it for them in that format, in good faith--but overlooked the fact
that all of the required information couldn't possibly be fit into a 112 column
format. So the file Scott produced was a complete corruption of the actual
Mann et al proxy data set, and essentially useless, transcription errors, etc.
aside. The authors had full access to the uncorrupted data set. We therefore
take no reasonability for their use of corrupted data.

One would have thought that the authors might have tried to reconcile their
completely inconsistent result prior to publication. One might have thought that
it would at least occur to them as odd that the Mann et al (1998)
reconstruction is remarkably similar to entirely independent estimates, for
example, by Crowley and Lowery (2000). Could both have made the same
supposed mistake, even though the data and method are entirely unrelated. Or
might M&M have made a mistake? Just possibly, perhaps???

Of course, a legitimate peer-review process would have caught this problem. In
fact, in about 48 hours if I (or probably, many of my colleagues) had been
given the opportunity to review the paper.  But that isn't quite the way things
work at "E&E" I guess. I guess there may just be some corruption of scientific
objectivity when a journal editor seems more interested in politics than science.

The long and short of this. I think it is morally  incumbent upon E&E to publish
a full retraction of the M&M article immediately. Its unlikely that they'll do this,
but its reasonable to assert that it would be irresponsible for them not to if the
issue arises.

I think that's the end of the story. Please, again, keep this information under
wraps for next day or two. Then, by all means, feel free to disseminate this
information as widely as you like...

Mike

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Ellen Mosley-Thompson; Gabi Hegerl; Stephen H Schneider
Cc: Richard Kerr; Andy Revkin; David Appell; Annie_Petsonk@environmentaldefense.org; Mike MacCracken; Michael

Oppenheimer; Socci.Tony-epamail.epa.gov; Tim_Profeta@lieberman.senate.gov; rbradley@geo.umass.edu;
mhughes@ltrr.arizona.edu; Jonathan Overpeck; Phil Jones; Scott Rutherford; tom crowley; Tom Wigley; Tim
Osborn; Stefan Rahmstorf; Gavin Schmidt; Rob Dunbar; zubeke@onid.orst.edu; Ross Gelbspan; Ben Santer;
thompson.3@osu.edu

Subject: Re: STOP THE PRESS!
Date: Wednesday, October 29, 2003 12:09:23 PM

Thanks Ellen,

As we speak, we're finalizing the op-ed piece, using as a graphic figure #1 of the Eos
article...

Will keep you all posted,

mike

At 10:46 AM 10/29/2003 -0500, Ellen Mosley-Thompson wrote:

Mike et al.
I think Gabi's suggestion to encourage USA Today to include a figure with
the multiple reconstructions is EXCELLENT.
Ellen

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: stocker@climate.unibe.ch; joos@climate.unibe.ch; knutti@climate.unibe.ch
Cc: Gabi Hegerl; tom crowley; mhughes@ltrr.arizona.edu; raymond s.bradley; Keith Briffa; Jonathan Overpeck; Stefan

Rahmstorf; Steve Schneider; peter.stott@metoffice.com; Gavin Schmidt; Mike MacCracken; Jens Hesselbjerg Christensen
Subject: Re: some info you"ll want to have...
Date: Wednesday, October 29, 2003 12:35:26 PM
Attachments: oped29oct03.doc

Dear All,

Attached is the piece that we have submitted to USA Today for immediate publication...

mike

At 01:05 PM 10/29/2003 -0500, Michael E. Mann wrote:

Dear Thomas, Fortunat,  Reto:

You might have wanted to check w/ us first, but thanks anyway for responding
to this. We've uncovered the error in what they did. They didn't use the proxy
data available on our public ftp site, which I had pointed them too--instead they
used a spreadsheet file that my associate Scott Rutherford had prepared. In
this file, most of the early series were overprinted at later years. This resulted
in the reconstruction becoming increasingly spurious as one goes further back
in time--the estimates prior to 1700 or so were rendered meaningless. There
were also some other methodological errors that will be detailed shortly, but
this was the big one.

So they will probably have to retract the paper. You can find out more about
this here, on journalist David Appell's "blog":

http://www.davidappell.com/

We also have an op-ed piece going out this afternoon, further detailing the
problems. Will send that as soon as its available. I've attached a few other
relevant documents, and I'm forwarding another email I sent out to colleagues
yesterday, just after I had discovered the main problem in what they've done...

mike

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
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October 29, 2003   10:30 a.m. 
Editor, USA Today 
 
 
 
We write to address false statements in the piece "Researchers question key global-warming study" (USA Today, 
October 29, 2003), by Nick Schulz of TechCentralStation.  We also wish to inform your readers that late 20th 
century warming is unprecedented not only in the past six centuries (as shown by Mann and colleagues in 1998), but 
at least the past two millennia (see attached graph, which we request that you publish). 
 
Mr. Schulz makes the false accusation that Dr. Michael Mann, lead author of the leading studies on 20th century 
warming, "never made his data available online nor did many of the earlier researchers whose data Mann relied 
upon for his research."  In fact, the data used by Mann and colleagues have been in the public domain for nearly two 
years, at the readily accessible website: ftp://holocene.evsc.virginia.edu/pub/MBH98/. 
 
Mr. Schulz draws on a recent article by Stephen McIntyre and Ross McKitrick that appears to contradict Mann's 
earlier work and the conclusion that the Northern Hemisphere is warming.  Unfortunately, the data on which the 
McIntyre & McKitrick analysis was based, which was forwarded to them by a colleague of Mann's at the request of 
McIntyre & McKitrick, was inadvertently scrambled during tabulation for transmission to them (longer data series 
were mistakenly overprinted with shorter unrelated series in the columns of the file.  Had McIntyre and McKitrick 
directly downloaded the data from the publicly available website which they were encouraged to do by Mann's team  
this would not have occurred. 
 
McIntyre & McKitrick then applied a flawed methodology to the scrambled data, and reached mistaken conclusions 
wildly at odds with the many peer-reviewed scientific studies. 
 
Had the researchers themselves been experts, had they sought comments in advance from experts in the field 
(including Dr. Mann), had they submitted their paper to a reputable scientific journal  all of which are standard 
procedures in scientific publication, the flaws would have been discovered. Instead, the authors, who are not 
scientists--one is a mining executive, the other an economist - published their article in a social science magazine 
that does not apply widely accepted standards of review by scientific experts. 
 
Had Mr. Schulz applied the standard procedures to himself, his piece never would have been published.  
Considering how such inaccuracies are propagated, it is perhaps relevant that Mr. Schulz's website, 
TechCentralStation.com, receives considerable funding from Exxon-Mobil, a corporation that has lobbied 
aggressively against caps on greenhouse gas emissions at home and abroad.  In contrast, the notion that the Earth is 
warming has been endorsed not only by the United Nations Intergovernmental Panel on Climate Change (IPCC) but 
also by the United States National Academy of Sciences, in a report prepared at the request of President 
George Bush. 
 
Michael Mann, Dept. of Environmental Sciences, University of Virginia, Charlottesville, VA. 
Raymond Bradley, Dept. of Geosciences, University of Massachusetts, Amherst, MA. 
Keith  Briffa, Philip Jones, Timothy Osborn, Climatic Research Unit, University of East Anglia, Norwich, UK. 
Thomas Crowley, Nicholas School of the Environment and Earth Science, Duke University, Durham, NC. 
Malcolm Hughes, Laboratory of Tree-Ring Research, University of Arizona, Tucson, AZ. 
Jonathan Overpeck, Dept. of Geosciences and Institute for the Study of Planet Earth, University of Arizona, 
Tucson, AZ. 
 
 
 
 
 
 

(FIGURE ON FOLLOWING PAGE) 
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COMPARISON OF VARIOUS PUBLISHED ESTIMATES OF NORTHERN HEMISPHERE TEMPERATURE 
CHANGES OVER THE PAST ONE-TO-TWO MILLENNIA. GRAY SHADING INDICATES 
UNCERTAINTIES.  
 
Reprinted from "On Past Temperatures and Anomalous Late 20th Century Warmth" by M.E. Mann, C.M. Ammann, 
R.S. Bradley, K.R. Briffa, T.J. Crowley, M.K. Hughes, P.D. Jones, M. Oppenheimer, T.J. Osborn, J.T. Overpeck, S. 
Rutherford, K.E. Trenberth, T.M.L Wigley, in the journal  Eos, 84, 256-258, 2003 [(C) American Geophysical 
Union]. 
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu
Cc: mann@multiproxy.evsc.virginia.edu
Subject: Re: the usual stuff
Date: Wednesday, October 29, 2003 9:01:02 PM

Hi Malcolm,

have you been recieving all the correspondences? There is still the possibility that the
op-ed will run in USA Today tomorrow. We took the liberty of signing you on, even
though we couldn't get confirmation from you on the final draft...

Meanwhile, I've already discovered numerous major errors, and still finding some
more. I'm taking the initial stab that you and Ray took at drafting a more formal
response, and turning it into a detailed description of their mistakes.

I'm still open to thoughts about what to do with this. I personally don't think that we
should submit a response to E&E--that implicitly would recognize it as a legitimate
forum. And we can't do that.

We could post the response on an appropriate website, and broadcast its availability
to the community. I'm guessing that David Appell would be more than happy to
provide a link from his blog to this...

mike

At 08:33 PM 10/29/2003 -0700, mhughes@ltrr.arizona.edu wrote:

Mike - I assume you were dealing with the following all along  - 
http://www.uoguelph.ca/~rmckitri/research/trc.html
Cheers, malcolm

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; Scott Rutherford
Cc: mann@multiproxy.evsc.virginia.edu
Subject: Re: the usual stuff
Date: Thursday, October 30, 2003 2:46:35 AM
Attachments: mcintyre_02.pdf

Malcolm, Ray, Scott...

It looks like they've severely misrepresented the Mann et al proxy data in their supposed
recreation of the dataset (what give the result Figure 6d and their Fig 7 (bottom) that look
so ridiculous.

I'll need your help to confirm this isn't my imagine. I believe this is what they've done:

Look at table 7.5 in their paper (attached). If I'm reading correctly, they've completely
misrepresented the PC series. They've obliterated most of our data prior to 1600 based on
their inability to find the same versions of the data underlying our PCs on the WDCP (even
though we clearly have those individual series that make up the PCs in the appropriate
subdirectory of our public ftp site: ftp://holocene.evsc.virginia.edu/pub/MBH98/

If so, the pre-1600 proxy data set they have created has nothing whatsoever to do w/ the
MBH proxy data set. They've eliminated all of the early ITRDB and Stahle PC series,
because they couldn't find the corresponding series on the WDCP site! Is this really what
they've done???

Please all read and let me know if this is your interpretation too. If so, this is scandalous,
absolutely scandalous. A brazen act of intellectual dishonesty. But I need some 2nd, 3rd,
etc. opinions as to whether or not they've really done something so alarming here!!!

thanks, now back to sleep for me...

mike

At 12:22 AM 10/30/2003 -0700, mhughes@ltrr.arizona.edu wrote:

Mike - I don't know if I've been getting all the correspondence, but I've 
certainly got plenty! I did see the one with the submitted version of the 
riposte to USA Today, but didn't see anything about whether they will carry it. 
As for the other point, we might want to consider sending the response to 
Energy and Environment - after all, their turn-round time is fast - in the 
expectation that they will not publish it. Maybe there are other possibilities 
as well as web sites? My gut feeling is to avoid advocacy outlets even though 
they are sympathetic - in the long run that would damage our credibility with, 
for example, the lieberan/McCains of this world. How about Scientific American, 
or the Chronicle? Dick Kerr and his ilk could also be vlable too. I hope you 
are getting some sleep and rest now - adrenaline cold turkey is a horrible 
sensation so be careful! Also - heed Mike Oppenheimer's wise and kind words! 
These guys  (or their allies) will hit back in some way, so let's not shoot all 
our bullets at once.
Back to the middle taiga.... CHeers, Malcolm
Quoting "Michael E. Mann" <mann@virginia.edu>:

> 
> 
> Hi Malcolm,
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> 
> 
> have you been recieving all the correspondences? There is still the
> possibility that the op-ed will run in USA Today tomorrow. We took the
> liberty of signing you on, even though we couldn't get confirmation from
> you on the final draft...
> 
> 
> Meanwhile, I've already discovered numerous major errors, and still
> finding some more. I'm taking the initial stab that you and Ray took at
> drafting a more formal response, and turning it into a detailed
> description of their mistakes.
> 
> 
> I'm still open to thoughts about what to do with this. I personally don't
> think that we should submit a response to E&E--that implicitly would
> recognize it as a legitimate forum. And we can't do that.
> 
> 
> We could post the response on an appropriate website, and broadcast its
> availability to the community. I'm guessing that David Appell would be
> more than happy to provide a link from his blog to this...
> 
> 
> mike
> 
> 
> At 08:33 PM 10/29/2003 -0700, mhughes@ltrr.arizona.edu wrote:
> 
> 
> 
> 
> Mike - I assume you were dealing
> with the following all along  - 
> 
> http://www.uoguelph.ca/~rmckitri/research/trc.html
> 
> Cheers, malcolm
> 
> ______________________________________________________________
> 
>                    
> Professor Michael E. Mann
> 
>            Department
> of Environmental Sciences, Clark Hall
> 
>                      
> University of Virginia
> 
>                     
> Charlottesville, VA 22903
> 
>
_______________________________________________________________________

> 
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> e-mail: mann@virginia.edu   Phone:   
> FAX: 
> 
>         
> http://www.evsc.virginia.edu/faculty/people/mann.shtml
> 
> 
>

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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CORRECTIONS TO THE MANN et. al. (1998) 
PROXY DATA BASE AND NORTHERN HEMISPHERIC

AVERAGE TEMPERATURE SERIES

Stephen McIntyre
512-120 Adelaide St. West, Toronto, Ontario Canada M5H 1T1; 

Ross McKitrick
Department of Economics, University of Guelph, Guelph Ontario Canada N1G2W1.

ABSTRACT
The data set of proxies of past climate used in Mann, Bradley and Hughes (1998,
“MBH98” hereafter) for the estimation of temperatures from 1400 to 1980 contains
collation errors, unjustifiable truncation or extrapolation of source data, obsolete data,
geographical location errors, incorrect calculation of principal components and other
quality control defects. We detail these errors and defects. We then apply MBH98
methodology to the construction of a Northern Hemisphere average temperature index
for the 1400-1980 period, using corrected and updated source data. The major finding
is that the values in the early 15th century exceed any values in the 20th century. The
particular “hockey stick” shape derived in the MBH98 proxy construction – a
temperature index that decreases slightly between the early 15th century and early 20th
century and then increases dramatically up to 1980 — is primarily an artefact of poor
data handling, obsolete data and incorrect calculation of principal components.

Correspondence etc. should be directed to smcintyre25@yahoo.ca

Key words: hockey stick, multiproxy method, global temperature history, IPCC,
climate change, data quality.

ACKNOWLEDGMENTS: 
Helpful comments and encouragement were received from R. Carter, R. Courtney, D.
Douglass, H. Erren, C. Essex, W. Kininmonth, T. Landscheidt and referees and assistance
from the World Data Center for Paleoclimatology. McIntyre thanks Professor Michael
Mann for supplying the data sets and information necessary for this analysis. All remaining
errors are ours. No funding from any source was sought or received for this research.

1. INTRODUCTION. 
In a widely cited paper, Mann, Bradley and Hughes (1998, hereafter MBH98) constructed
a temperature history of the Northern Hemisphere for the period 1400-1980. The result

751
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was the well-known “hockey stick”-shaped graph suggesting that the climate of the late
20th century is unusual compared to the centuries preceding it. This temperature history
was extended to the period 1000-1399 in Mann, Bradley and Hughes (1999), who
claimed that “temperatures in the latter half of the 20th century were unprecedented” and
that “even the warmer intervals in the reconstruction pale in comparison with mid-to-late
20th-century temperatures”. The temperature history was given bold prominence by the
Intergovernmental Panel on Climate Change (2001) where it appears in Figures 2-20 and
2-21 in Chapter 2 of the Working Group 1 Assessment Report, Figure 1b in the Working
Group 1 Summary for Policymakers, Figure 5 in the Technical Summary, and Figures 2-
3 and 9-1B in the Synthesis Report. Referring to this figure, the IPCC Summary for
Policymakers (p. 3) claimed it is likely “that the 1990s has been the warmest decade and
1998 the warmest year of the millennium” for the Northern Hemisphere. The IPCC view
of temperature history has in turn been widely disseminated by governments and used to
support major policy decisions.1

MBH98 applied 112 proxies and historical temperature measurements in what they
called a “multiproxy approach” to construction2 of a temperature index from 1400 to
1980. Although the “multiproxy” approach was apparently a novelty within the
climatological community, the same algebraic and statistical methods are commonly
used in economics, business and elsewhere in the social sciences, though the
terminology differs from discipline to discipline.3

Upon request, Professor Mann instructed an associate to supply the collated proxy
set, together with applicable weights, to the first author. When attempting to replicate
MBH98 principal component (PC) calculations, an extremely low (6%) explained
variance for those in the Texas-Mexico dataset was noticed, leading to a close
examination of the data collation. Anomalous start years (see details below) were
noticed and it was verified that these occurred only in MBH98 data and were not due
to collation errors on our part. Explained variance improved significantly by moving
the MBH98 data one year later, confirming that an MBH98 collation error had almost
certainly occurred. We then noticed copy errors in the 1980 values for these series and
stretches of identical values in other places in the database. This led to a systematic
comparison of MBH98 data to original data, identifying obsolete versions and
undisclosed truncation of time series. Independent calculations of the proxy principal
components convinced us that those in MBH98 were erroneous we updated and
corrected the database and then applied MBH98 methodology, as publicly disclosed,
to construct a temperature index from 1400 to 1980. The newly calculated temperature
index (see Figure 7) contradicts the MBH98 assertion of late 20th century uniqueness.
We find that the particular “hockey stick” shape derived by MBH98 is primarily an
artefact of poor data handling and use of obsolete proxy records.

752 Energy & Environment ·  Vol. 14, No. 6, 2003

1See, for instance, the Government of Canada web site
http://www.climatechange.gc.ca/english/issues/what_is/index.shtml. 
2MBH98 refers to the index resulting from their calculation as a “reconstruction.” This is a misnomer since
it is a novel index, rather than the recomputation of something previously observed. Therefore it will be
referred to herein as “construction.”
3For a critique of applying stationary linear maps to nonstationary phenomena like climate see Essex and
McKitrick (2002) chapter 5.
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2. ERRORS AND DEFECTS IN THE MBH98 PROXY DATA BASE
The term “proxy” denotes some physical data or measurement that can potentially
serve as an indirect record of local temperature conditions, including tree ring widths
and densities, coral δ18O, δ13C and calcification rates, ice core δ18O, melt percentages
and so forth. Thirteen MBH98 series are based on instrumental temperature records
and are not, strictly speaking, “proxies”. For consistency with MBH98, we will use the
term “proxy” to include these series.

We will denote a proxy series with the prefix ‘#’, i.e. proxies #1—#112. Twenty-
two of the 112 proxies date back as far as 1400, while all 112 are available as of 1820.
Twenty-three MBH98 proxies cease to be available in the 1970s. Thirty-one of the 112
proxies are principal components (PCs) from tree ring datasets, of which 28 were PCs
calculated by MBH98 themselves from 300 tree ring datasets. Three are PCs from 14
Texas-Oklahoma sites, 9 are PCs from 20 Texas-Mexico sites, 9 are PCs from 232
International Tree Ring Data Base (ITRDB) US/Canada tree ring sites, 3 are PCs from
18 South American sites and 4 are from 16 Australian sites. Inconsistently, individual
US, Canadian and Mexican tree ring sites are included separately in the list of 112
proxies rather than being incorporated into the PCs for that area (see e.g. Appendix,
#49, #51-61, #106.) More information about the proxies is available at the
Supplementary Information web site (see Appendix). 

The database used by MBH98 contains the errors and defects listed below. We
detail each of these points in this section, then in Section 3 we show how correcting
these errors and defects affects the calculation of the Northern Hemisphere average
temperature index using MBH98 methodology. 

(a) unjustified truncation of 3 series; 
(b) copying 1980 values from one series onto other series, resulting in incorrect

values in at least 13 series; 
(c) displacement of 18 series to one year earlier than apparently intended;
(d) unjustified extrapolations or interpolations to cover missing entries in 19 series; 
(e) geographical mislocations and missing identifiers of location; 
(f) inconsistent use of seasonal temperature data where annual data are available; 
(g) obsolete data in at least 24 series, some of which may have been already obsolete

at the time of the MBH98 calculations;
(h) listing of unused proxies; 
(i) incorrect calculation of all 28 tree ring principal components. 

(a,f) Series #10 and #11 (Central England and Central Europe air temperatures
respectively) use June-July-August averages. This raises three concerns: annual data
were available in the primary sources; other station temperature series used by
MBH98 (#21- #31), where identified, are annual; and MBH98 claims to calculate an
annual temperature index. The Central England Temperature series is truncated at
1730 rather than the available 1659 in source data, which removes a major late 17th
century cold period (see Supplementary Information). Series #10 has a 1987 value
which is 0.43 deg C higher than in the source data though this does not appear to affect
any calculations discussed herein. Central Europe (#11) is truncated at 1550 rather

Corrections to Mann temperature index. 753
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than the available 1525, which removes the warmest temperatures in the series
(compare Figure 1 Top and Bottom panels). #11, which is an exceptionally long series
of direct temperature information, also shows a notable lack of 20th century
uniqueness. In series #100, MBH98 also crop two very high values from the start of
the series. These truncations are not justified and were not disclosed by MBH98.

Figure 1. Temperature anomalies (C) by year for (Top panel) Central European
historical air temperatures, MBH98 series #11; those differ from (Middle panel)

Central European historical (Annual) from 1525-1979, which would be more
relevant for inclusion in the calculation of an annual index; (Bottom panel) Central

European historical (June-July-August) from 1525-1979, which matches, in the
period of overlap, the incomplete record used by MBH98.

(b,c) In the MBH98 collated data set the 1980 values for series #72-#80, which are
the 9 Texas-Mexico principal components computed by MBH98, are identical to 7
decimal places, an obviously impossible result (see Table 1) and therefore an error.

The 1980 values are likewise identical in the 3 Vaganov principal components
(series #81-#83) and 4 of the 9 ITRDB US principal components computed by
MBH98 (series #84, #90, #91 and #92); see Table 2. Interestingly, all but two of these
series as collated in the MBH98 database begin in years ending in *99 or *49, rather
than the apparently intended *00 and *50, and appear to have been displaced one year
backward in collation. This suggests a simple clerical error, in which the series in
question were copied into a file at the wrong row, then a 1980 value was filled in from
an adjacent cell. Series #85-#89 commence in 1499, but lack the telltale 1980 value.
The displacements will result in any extreme year in the past being one year off in
these datasets, attenuating its effect in the compilation. The copy errors constitute a
significant fraction of the MBH98 dataset for 1980 – the final year of the MBH98
proxy-constructed index.4
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4To access the underlying data consult the supplementary information sources listed in the Appendix. 
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(d) MBH98 insert extrapolated, interpolated or copied values during the critical
calibration period into 19 series. We refer to these as “fills” hereafter. In the data set
provided to the authors, the following 17 series contain end-of-sample fills for one or
more years including 1980: #6, #45, #46, #50-#52, #54-#56, #58, #93-#99. Series #53
was filled for 4 years at its beginning and series #3 for 16 years in the calibration
period. In the case of #3, MBH98 inexplicably replaced available source values for
1962-64 with filled values. For examples see Tables 3, 4 and 5. 

Table 5. Filled series (bold) in data for MBH98 PCs.

MBH98 Series #: 51 54 56 58 53
Record Name: ak031 ak032 cana157 cana153 cana036

1400 NA NA NA NA 0.723
1401 NA NA NA NA 0.723
1402 NA NA NA NA 0.723
1403 NA NA NA NA 0.723
1404 NA NA NA NA 0.723
1405 NA NA NA NA 0.874
1406 NA NA NA NA 1.026
1407 NA NA NA NA 1.029
1408 NA NA NA NA 1.203
1409 NA NA NA NA 1.055

1970 1.270 1.105 0.999 1.359 1.376
1971 1.409 1.412 1.422 1.303 1.554
1972 1.257 1.388 1.222 1.388 1.463
1973 1.107 1.197 1.071 1.460 1.618
1974 1.133 1.144 1.135 1.629 1.483
1975 0.932 1.366 1.224 1.613 1.743
1976 1.161 1.366 1.224 1.176 1.577
1977 1.585 1.366 1.224 1.573 1.583
1978 1.585 1.366 1.224 1.573 1.851
1979 1.585 1.366 1.224 1.573 1.618
1980 1.585 1.366 1.224 1.573 2.204

Series #50 is especially noteworthy. The values of series #50 for the entire period
from 1962 to 1982 are copied from series #49 (see Table 6). Although MBH98
attribute both series #49 and #50 to Fritts and Shao (1992), series #49 is actually
derived from Briffa et al. (1992). 
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Table 6. Final 20 values in MBH98 Series #49 and #50 are identical.

Directory: TREE/MANNETAL97
MBH98 Series #: 49 50

Record Name: trd.dat trw.dat
1958 0.38000000 0.34000000
1959 -0.15000000 0.45000000
1960 0.280000000 0.020000000
1961 0.120000000 0.550000010
1962 -0.039999999 -0.039999999
1963 0.600000020 0.600000020
1964 -0.779999970 -0.779999970
1965 -0.800000010 -0.800000010
1966 0.289999990 0.289999990
1967 -0.230000000 -0.230000000
1968 -0.949999990 -0.949999990
1969 0.910000030 0.910000030
1970 0.319999990 0.319999990
1971 0.110000000 0.110000000
1972 -0.020000000 -0.020000000
1973 -0.010000000 -0.010000000
1974 -0.079999998 -0.079999998
1975 -0.680000010 -0.680000010
1976 -0.090000004 -0.090000004
1977 0.150000010 0.150000010
1978 -0.140000000 -0.140000000
1979 0.020000000 0.020000000
1980 -0.239999990 -0.239999990
1981 -0.010000000 -0.010000000
1982 0.059999999 0.059999999 

These fills are neither required nor justified statistically and exceed MBH98
disclosure. There is no disclosure of the extent of data filling or its potential impact on
the constructed temperature index in the text of the Nature article and, their
supplementary web page (http://www.ngdc.noaa.gov/paleo/ei/data_supp.html) says
only “Small gaps have been interpolated. If records terminate slightly before the end
of the 1902-1980 training interval, they are extended by persistence to 1980.”
Inconsistently, however, series #11, #102, #103, #104, #106 and #112 terminate prior
to 1980 but were not filled in the MBH98 dataset. The fills in 1980 are pervasive: at
least 30 (and up to 36) proxies in 1980 have values arising from copy errors or
extrapolation.

(e) Geographical mislocations and missing attributions occur in the MBH98 data.
For example, MBH98 use 11 precipitation series, for which they cite Jones and
Bradley (1992) (hereafter “JB92”). JB92 (Table 13.3) lists 17 precipitation series, of
which 12 are digitally published at the World Data Center for Paleoclimatology
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(http://www.ngdc.noaa.gov/paleo/paleo.html, hereinafter denoted WDCP). In only
two MBH98 precipitation series (#35 and #37) did the correlation between JB92 and
MBH98 data exceed 0.9, permitting a reasonably secure identification of locations;
other correlations were less than 0.5 excluding the possibility of identification. The
JB92 series for Paris, France (48.8N, 2.5E) can be identified with MBH98 series #37
both from the high correlation and the identity of starting date (see Figure 2, which
graphs both these series). However, MBH98 series #37 is located at the grid-box
centred at 42.5N, 72.5W near Boston, Massachusetts. 

Figure 2. (Top) Station precipitation with erroneous location given as 42.5N, 72.5W
in MBH98 (series #37); (Bottom) the record corresponds instead to that of JB92
Paris, France (48.8N, 2.5E) JB92 is scaled to a 1901-1950 reference period (i.e.
subtracting the 1901-50 mean and dividing by the 1901-50 standard deviation).

MBH98 appear to have a scale error by a factor of 10.

Two MBH98 precipitation series are in India and derive from an unreported source,
since no Indian locations are listed in JB92. The other 7 MBH98 precipitation series
derive either from unreported sources, from the 5 JB92 series not digitally published
at WDCP or have been heavily transformed in collation. Two of the MBH98
temperature grid-box series had no locational counterparts in JB92 (Table 13.1): series
#26 (52.5N, 17.5E grid-box) and series #29 (62.5N, 7.5E grid-box). In addition,
MBH98 series #20 (Central Greenland ice core) is materially mislocated to the north
and west. On comparison with source data, it can be seen that MBH98 have also
reversed the geographical locations of series #46 and #47.

(g) Digitally published versions at the World Data Center for Paleoclimatology
(WDCP, http://www.ngdc.noaa.gov/paleo/paleo.html) supercede the versions used by
MBH98 for the following 24 series: #1, #2, #3, #6, #7, #8, #9, #21, #23, #27, #28, #30,
#35, #37, #43, #51, #52, #54, #55, #56, #58, #65, #105 and #112. A listing of FTP
sources is provided in the Appendix and details for each of the above series, including
comparisons of different data editions, is provided in the Supplementary Information.
(Since many datasets used by MBH98 remain digitally unpublished, this listing is only
from datasets where a comparand was identified.) For the purposes of this study, it is
immaterial whether the MBH98 datasets were obsolete as at the time of publication of
MBH98 or whether they have become obsolete subsequently. However, at least some
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datasets used by MBH98 were already obsolete in 1998. In response to an inquiry
about series #51- #61, WDCP confirmed that the updated versions for four of the
series were available as early as 1991-1992. [WDCP, pers. comm., Sept. 2003].

In some cases, the differences between MBH98 and updated series were isolated; in
other cases, the differences were systematic. As an example of relatively isolated
differences, MBH98 series #28 corresponds closely to a Z-transformation (subtracting the
mean, dividing by the standard deviation) of the JB92 Leningrad series for most of its
history, but there are major and puzzling discrepancies in the 1760s, including a discrepancy
of over 4 degrees C in 1764 (see Figure 3). As with the Central European temperature series
(and other long temperature series), the 20th century values are not unique.

Figure 3. (Top) Station temperature for grid box 75.5N, 32.5E from 
MBH98 (series #28); (Bottom) Leningrad temperature from JB92 at 

WDCP (anomaly from 1951-1970).

As an example of systematic differences, MBH98 series #56 (Twisted Tree, Heartrot
Hill, a northern treeline ring width series) used an early version of site data with values
only up to 1975 and with MBH98 fills from 1976 to 1980. The updated version now at
WDCP has data up to 1992 (see Figure 4) and differs quite dramatically from the
MBH98 series. The MBH98 version of series #56, like MBH98 versions of many
northern treeline series (#51-#58, #60-#61) shows an increased ring width index in the
1902-1980 period. However, in the WDCP series, there is a dramatic and sustained
reduction in ring widths in the 1980s, with a complete reversal of the increases in the
first decades of the century. This pattern occurs in other series updated into the 1990s
(series #51 and #54) and was apparent by 1984 in the northerly series #59 (Hornby
Cabin) (see Supplementary Information). The later edition of #56, presumably for
quality control reasons, discontinued some early estimates made in the first edition.

(h) Five series purportedly in the multiproxy network (fran003, ital015, ital015x,
spai026 and spai047 in the MBH98 list “ITRDB –Miscellaneous”) cannot be located
in either the MBH98 collated set or the proxy PC compilations.

(i) Of the 112 proxies in MBH98, 28 are principal components calculated by
MBH98 from International Tree Ring Data Base (ITRDB) site chronologies stored at
WDCP for the sites listed in MBH98 Supplementary Information (see
http://www.ngdc.noaa.gov/paleo/ei/data_supp.html) for the following five different
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regions: Texas-Oklahoma, Texas-Mexico, North America, South America and
Australia-New Zealand. The principal component calculations have two types of
problems: first, MBH98 does not establish consistent rules for inclusion or exclusion
of sites in regional aggregates and, second, the MBH98 principal components fail to
maximize explained variances.

Figure 4. (Top) Twisted Tree, Heartrot Hill (northern treeline) ring width index 
from MBH98 (series #56) (1459-1975 plus 5 fills at end); (Bottom) Twisted Tree,

Heartrot Hill ring width index from WDCP (1530-1992). MBH have divided 
WDCP values by 1000. Neither series is Z-transformed.

As to the first problem, MBH98 do not provide justification for excluding the
Texas-Oklahoma and Texas-Mexico sites from the North American compilation.
Similarly puzzling are the occurrences of other sites as individual proxies rather than
being incorporated into the regional PC groups. Series #106 occurs within the Texas-
Mexico region; series #49-64 are all North American sites or reconstructions; series
#46-47 are within the South American region and series #43 and #45 are
reconstructions within the Australia-New Zealand region.

The second problem was determined indirectly as the MBH98 principal component
calculations are unpublished. We collated the source data from WDCP for all sites listed
in MBH98 (except, immaterially, one MBH98 US site which could not be identified in
the WDCP database). The collations are available in Supplementary Information. The
start dates of the MBH98 PC’s are not consistent with those of available data. In 12 cases,
MBH98 commenced their calculation after the date in which all records were available
(e.g. Australia-New Zealand region where MBH98 commenced in 1750, although a start
date of 1625 was possible.) In 16 cases, MBH98 commenced their PC index in a period
prior to that available in the data (e.g. Texas-Mexico). Because standard PC algorithms
fail in the presence of missing data, an important part of the methodology—namely how
missing data were treated in the PC calculation—remains unexplained in MBH98.

We computed all 28 PCs, together with their explained variances, using a standard
principal component algorithm for the maximum period in which all records were
available within each region. For comparison, weighting factors for the MBH98 PCs
eigenvectors were computed which maximized the explained variance of the
underlying ITRDB data, and the resulting explained variance was compared to our
own computations using a standard algorithm. In all cases, explained variance for the
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recomputed PCs exceeded that for the MBH98 PCs (see Table 7). Indeed it was the
observation of the unusually poor fit between the MBH98 Texas-Mexico PCs and the
underlying ITRDB data that led to the detailed audit undertaken in this paper. 

Table 7. 5 Regions in which MBH98 computed principal components. Each
column shows the number of source sites listed by MBH98, the number found
at WDCP; the number of PCs extracted; the dates spanned at WDCP and in

the MBH98 PCs; the explained variance of each group.

REGION: Texas- Texas- ITRDB North South Australia-.
Oklahoma Mexico America America NZ

# of Source Sites Listed 14 20 232 18 16
# at WDCP 14 20 231 18 16
# of MBH PCs 3 9 9 3 4 
WDCP Available Period 1698-1980 1760-1977 1619-1971 1568-1972 1625-1974 

MBH PC Start 1-3: 1700 1: 1400 1-2: 1400 1-2: 1600 1-4: 1750
2: 1499 3-6: 1499 3: 1750

3-4: 1599 7: 1599
5-9: 1699 8-9: 1749 

MBH PC End5 1980 1979 1980 1976 1976
Explained Variance: MBH 32% 6% 14% 26% 38%

Recalculated 39% 76% 40% 35% 46%

Figure 5 shows the MBH98 and re-calculated Australian PC1. The Australian PC1
is one of relatively few MBH98 series that shows anomalous 20th century behaviour
and which closes on a dramatic “uptick”. The correct computation shows that this
feature of this particular MBH98 series is entirely an artefact of incorrect calculation.

Figure 5. (a) Australia PC1 in MBH98 (series #96) graphed over time (b) PC1 for
the MBH98 Australia dataset calculated using standard algorithm. 
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3. TEMPERATURE INDEX CONSTRUCTION USING CORRECTED DATA
A corrected and updated proxy database has been developed, in which the measures
outlined above were adopted, including the following:

• the most recent editions of the MBH98 series have been used where identified
and available;

• arbitrary MBH98 truncations and fills have been deleted;
• correct tree ring principal component calculations have been used.

We replicated the methodology of MBH98 as closely as we could using publicly
available documentation and such private assistance as we were able to obtain.

MBH98 purports to establish relationships between the proxies and 16 temperature
principal components calculated from the Climate Research Unit (CRU) instrumental
temperature database, using a subset of 1,082 out of 2,592 cells and the 79-year period
from 1902-1980 as a calibration period. These 16 temperature principal components
are referred to as TPC1—TPC16. Prior to this calculation, the CRU data was scaled
cellwise. We downloaded original temperature data from CRU and gridpoint locations
from the MBH98 website and calculated scaling factors for downstream use in
calculation of northern hemisphere temperature averages. Four MBH98 cells
contained no observations in the CRU data and were excluded from all calculations.

Following the description of MBH98 procedures in their Supplementary
Information, our construction is done piecewise for each of the periods listed in Table
8, using the roster of proxies available throughout the period and the selection of TPCs
for each period listed in Table 8. There are slight discrepancies between 1500 and 1750
in the number of proxies which MBH98 reported to be available and the number
actually available in the MBH98 data set (see columns 2-3). 

The anomalous listing of TPCs 6 and 8 in the period 1750 to 1759 is assumed to be
an erroneous rendering of TPCs 7 and 9, but there is little sensitivity to this
assumption. Following MBH98, the number of TPCs used in the construction
decreases from 11 in the latest period to 1 in the earliest period, as shown in Table 8.

Following MBH98 procedures as publicly disclosed, for each combination of proxy
roster and TPC selection, the proxies were first calibrated against the temperature PCs
in the calibration period of 1902-1980 and then the temperature PCs were constructed
in each period using the proxy and TPC rosters prescribed by MBH98 for the period,
together with weighting factors supplied to the authors by an associate of Prof. Mann.
From these constructed PCs, using MBH98 eigenvalues and eigenvectors, gridded
temperature series for 1,082 cells were obtained. From the cells in the northern
hemisphere (excluding the four cells with no observations and hence no scaling
factor), a northern hemisphere average temperature index was calculated. We have
posted scripts for this construction in Supplementary Information.

It should be noted that each of the above steps in the MBH98 northern hemisphere
temperature index construction is a linear operation on the proxies. Accordingly, given
the roster of proxies and TPCs in each period, the result of these linear operations is a
set of proxy weighting factors, which generates the NH average temperature
construction. These weighting factors are not disclosed in MBH98.
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Table 8. Intervals defining proxy groups and subset of temperature PCs used in
coefficient fitting process.

Interval No. of proxies No. found Number of Temp Temperature
reported available in data set PCs fit to proxies PC Identifiers 

1400-1450 22 22 1 1
1450-1500 24 24 2 1,2
1500-1600 28 34 2 1,2
1600-1700 57 54 4 1,2,11,15
1700-1730 74 73 5 1,2,5,11,15
1730-1750 79 78 5 1,2,5,11,15
1750-1760 89 89 8 1-3,5,6,8,11,15
1760-1780 93 93 9 1-5,7,9,11,15
1780-1800 97 97 11 1-5,7,9,11,14-16
1800-1820 102 102 11 1-5,7,9,11,14-16
1820-1971 112 112 11 1-5,7,9,11,14-16

1972+ 112 106-111 11 1-5,7,9,11,14-16 

Figure 6. (a) MBH98 NH temperature series (deg C), 1400-1980, which relies heavily on
(b) TPC1 from MBH98. (c) Authors’ replication of TPC1 using MBH98 methods and

data. (d) Authors’ TPC1 using MBH98 methods but with data corrected as outlined in text.
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The well-known “hockey stick” shape of the MBH98 northern hemisphere
temperature index is shown in Figure 6a. It depends strongly on the temperature PC1
(Figure 6b) so we will illustrate its replication, although all TPCs were calculated and
used in the NH construction. Our replication of TPC1 using the MBH98 method and
data is shown in Figure 6c. Our version of TPC1 in Figure 6c is clearly similar to the
calculation of MBH98 in Figure 6b (correlation 0.95 in the 20th century), indicating
substantial success in replicating the MBH98 methodology, but some differences
remain, possibly due to undisclosed variations in their procedures and assumptions.
The TPC1 construction using corrected data is in Figure 6d, showing higher 15th
century values than 20th century values, unlike the MBH98 TPC1.

Figures 7 and 8 show the impact of the corrections on northern hemisphere
temperature construction. In Figure 7 the top line is the MBH98 construction
(reproducing Figure 6a), while the bottom line shows the Northern Hemisphere
multiproxy temperature index resulting from the application of MBH98 procedures on
an updated and correctly collated assembly of the MBH98 library of proxy data. On
the basis of corrected and updated data, 15th century values are higher than those in
the 20th century, contradicting the MBH98 conclusion of a unique late 20th century
climate. Figure 8 shows 20-year smoothed series for comparison.

Figure 7. Temperature anomalies index (deg C) 1400-1980 for Northern Hemisphere
average temperature construction from (top) Mann et. al. (1998); and (bottom) based

on this work using corrected and updated data as outlined in text.
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Figure 8. As Figure 7, using 20-year running mean to smooth.

4. CONCLUSIONS
The MBH98 hockey stick-shaped NH temperature index discussed here has been
extremely influential in discussions of 20th century global warming. Together with a
pre-1400 extension derived in Mann et. al. (1999) and a spliced instrumental
temperature series, this index figured prominently in the IPCC Third Assessment
Report (IPCC 2001) and numerous other publications. However, the dataset used to
make this construction contained collation errors, unjustified truncation or
extrapolation of source data, obsolete data, incorrect principal component calculations,
geographical mislocations and other serious defects. These errors and defects
substantially affect the temperature index. 

Although not all of the dataset could be audited, it was possible to prepare a data
base with substantially improved quality control, by using the most recent data and
collating it correctly, by avoiding arbitrary filling in or truncation of data and by
computing principal components using standard algorithms. Without endorsing the
MBH98 methodology or choice of source data, we were able to apply the MBH98
methodology to a database with improved quality control and found that their own
method, carefully applied to their own intended source data, yielded a Northern
Hemisphere temperature index in which the late 20th century is unexceptional
compared to the preceding centuries, displaying neither unusually high mean values
nor variability. More generally, the extent of errors and defects in the MBH98 data
means that the indexes computed from it are unreliable and cannot be used for
comparisons between the current climate and that of past centuries, including claims
like “temperatures in the latter half of the 20th century were unprecedented,” and
“even the warmer intervals in the reconstruction pale in comparison with mid-to-late
20th-century temperatures” (see press release accompanying Mann et al 1999) or that
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the 1990s was “likely the warmest decade” and 1998 the “warmest year” of the
millennium (IPCC 2001).
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APPENDIX: SUPPLEMENTARY INFORMATION SOURCES
Supplementary information for this paper, including detailed information about all 112
proxy series, the computations and data used for the Figures, are available at
http://www.climate2003.com/index.html and 
http://www.uoguelph.ca/~rmckitri/research/trc.html.

The supporting web site for the MBH98 paper is
http://www.ngdc.noaa.gov/paleo/ei/data_supp.html.

FTP References for Updated MBH98 Series. Column 1 is MBH98 series number.
Column 2 is MBH98 series descriptor. Column 3 shows whether a digital update is
referred to in the text. Column 4 shows the digital publication reference (see
Supplementary Information). Column 5 is applicable line in multi-set FTP reference.
NA- No digital publication located. NV- Digital publication located, but not compared. 
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From: Michael E. Mann
To: Tim Osborn
Cc: k.briffa@uea.ac.uk; Phil Jones; raymond s.bradley; mhughes@ltrr.arizona.edu
Subject: Re: Fwd: op ed for USA Today
Date: Thursday, October 30, 2003 4:24:49 AM

Thanks a bunch Tim,

Well, we didn't add your name because we weren't sure, but USA Today probably
won't publish it--if not we may try to distribute it.

But more importantly, as we speak, I am drafting a long description of what they
done wrong. Just over the last 24 hours I've discovered something extremely
dishonest that it appears they did. In their reconstruction based on their 'redo' of the
MBH98 proxy network, the one that shows the ridiculous warming in the early
centuries, it appears that they eliminated all of our ITRDB Western North American
(and Stahle max latewood chronologies) from our network. As you guys know, the
ITRDB WNA data are fairly important to our reconstruction. Based on Table 7.5 in
their paper, if you read the fine details, it looks like they've just eradicated the earlier
data because they claim they couldn't find it on the NGDC website--even though we
all know the data are there. And more importantly, all of those data were on our
public ftp site on holocene. 

So in one extremely dishonest stroke of data eradication, they removed the most
important indicators from our network from 1400-1600--and I'm pretty sure that's
how they get their spike. Would be interesting to see what cross-validation they get
using *their* network available from 1400-present. I bet we're talking REs
approaching negative infinity...

So I think that is what they did! Do you guys have the paper--does anyone mind
double-checking, and assuring that I'm correct about this. If I am, this is really
scandalous, and it should be as broadcast as widely as possible. Note that they don't
even report how many proxy data were available in their network back in time, they
only show the # of reported/found proxies in the Mann et al network (apparently our
data site was missing a few of the series). This is probably intentional as well--they
didn't want to show how many series they had actually eliminated from the set. And
of course, if they're using a completely different set of proxies, then the would have
to reapply the selection rules, they can't just use the basis set that we had
determined, based on application of the selection rules to the data at hand...

So its looking increasingly dishonest, deceptive, and intentionally so. I've identified
other problems, they used an incorrect version of the the Mann et al proxy dataset
that Scott had put into excel format, so the early PC proxy series were overprinted
w/ later ones kept in the same column. And they used inconsistent CRU surface
temperature datasets and inconsistent normalization conventions to un-normalize the
Mann et al EOFs, etc.  And all of this could lead to significant differences. But I think
its the dropping of the key predictors w/ barely a mention, that gives them the AD
1400-1600 spike

Second opinions--am I imagining this?

Thanks,
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mike

At 10:44 AM 10/30/2003 +0000, Tim Osborn wrote:

At 17:45 29/10/2003, you wrote:

We need to submit within the next hour or so, so its really do-
or-die time!

Mike,

was away yesterday, so I missed all the fun-and-games!  If you went
ahead and submitted it with my name on anyway, then that's fine
because I would have agreed had I been here.  If you dropped me in my
absence, then fine too - you had enough co-signees, I'm sure.

Going back to an earlier email when you were asking whether anyone had
reviewed the E&E piece by M&M (have I got the initials correct? have to
avoid confusion with M&M sweets - do you get them in the US? some are
nuts, which seems appropriate!).  Anyway, just wanted to confirm that I
did not review it.

Despite the hard and time consuming work that it evidently took you to
get to the bottom of their work's problems, I think it was essential to get
this cleared up so soon.  It's important to get this information out as
publicly as possible, so that nobody who wants to push the M&M
conclusions can do so while claiming ignorance of the fact that data
problems make their conclusions baseless and wrong.  If you want to
avoid the climatesceptics list then perhaps one of us (or all of us?) here in
CRU could circulate a note to that list, hence the cc to Keith and Phil.  Let
us know.  Do you ever use the CLIMLIST mailing list?  It's not generally a
debating type list, but I'm sure it would be relevant to post something
there that makes clear the M&M conclusions are invalid - as a public
information service?

Cheers

Tim

Dr Timothy J Osborn
Climatic Research Unit
School of Environmental Sciences, University of East Anglia
Norwich  NR4 7TJ, UK

e-mail:   t.osborn@uea.ac.uk
phone:    
fax:      
web:      http://www.cru.uea.ac.uk/~timo/
sunclock: http://www.cru.uea.ac.uk/~timo/sunclock.htm

______________________________________________________________
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                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Tim Osborn
Cc: k.briffa@uea.ac.uk; Phil Jones; raymond s.bradley; mhughes@ltrr.arizona.edu
Subject: Re: Fwd: op ed for USA Today
Date: Thursday, October 30, 2003 4:40:56 AM

Tim,

Read your email again, and that's an amazing generous offer of you (all of you).

I think I might like to take you up on it too. I'm working furiously to try to finalize a
draft response hitting all of the key points, but emphasising that one really deceptive
elimination of the key data. I'd then like to send it to you guys, maybe sometime this
afternoon my time, and maybe get some independent verification that my
interpretations of what they have done is correct? By the way, does everyone have
the paper and has everyone seen their supplementary page:
http://www.climate2003.com/computations.html
There are some helpful details hidden in the code, data formatting, etc. that helped
me figure out some of the inner details of what they've done.

So, if we're all reasonably satisfied after iterating on this for a day or two, then it
would be great if we could all sign it (me as lead of course) and circulate to all of the
various email recipients who have gotten the disinformation (which includes much of
the community at this point, I fear)...

If you guys are all willing to do that, I think its a great plan, and I'm much obliged
indeed...

So let me know how this sounds...Thanks again for all the help,

mike

At 10:44 AM 10/30/2003 +0000, Tim Osborn wrote:

At 17:45 29/10/2003, you wrote:

We need to submit within the next hour or so, so its really do-
or-die time!

Mike,

was away yesterday, so I missed all the fun-and-games!  If you went
ahead and submitted it with my name on anyway, then that's fine
because I would have agreed had I been here.  If you dropped me in my
absence, then fine too - you had enough co-signees, I'm sure.

Going back to an earlier email when you were asking whether anyone had
reviewed the E&E piece by M&M (have I got the initials correct? have to
avoid confusion with M&M sweets - do you get them in the US? some are
nuts, which seems appropriate!).  Anyway, just wanted to confirm that I
did not review it.

Despite the hard and time consuming work that it evidently took you to
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get to the bottom of their work's problems, I think it was essential to get
this cleared up so soon.  It's important to get this information out as
publicly as possible, so that nobody who wants to push the M&M
conclusions can do so while claiming ignorance of the fact that data
problems make their conclusions baseless and wrong.  If you want to
avoid the climatesceptics list then perhaps one of us (or all of us?) here in
CRU could circulate a note to that list, hence the cc to Keith and Phil.  Let
us know.  Do you ever use the CLIMLIST mailing list?  It's not generally a
debating type list, but I'm sure it would be relevant to post something
there that makes clear the M&M conclusions are invalid - as a public
information service?

Cheers

Tim

Dr Timothy J Osborn
Climatic Research Unit
School of Environmental Sciences, University of East Anglia
Norwich  NR4 7TJ, UK

e-mail:   t.osborn@uea.ac.uk
phone:    
fax:      
web:      http://www.cru.uea.ac.uk/~timo/
sunclock: http://www.cru.uea.ac.uk/~timo/sunclock.htm

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Loschnigg, Johannes (Govt Affairs)
Cc: Annie_Petsonk@environmentaldefense.org; raymond s.bradley; mhughes@ltrr.arizona.edu; Tim Osborn; Phil

Jones; Keith Briffa
Subject: RE: Re: Fwd: Re: Editor"s comments
Date: Thursday, October 30, 2003 5:04:41 AM

Dear Annie, Johannes,

There is a late breaking development. It now looks, upon closer and closer reading,
as if M&M, very subtly, dropped the key indicators of the Mann et al (1998) network
from the period AD 1400-1600 in the reconstruction that they performed based on
their own supposed 'version' of the Mann et al network--thats the version that has
the huge spike between 1400-1600 (recall that the authors analysis using the Mann
et al data network is wrong because of the data merge/scramble problems we've
discussed before). The authors appear to  generate the erroneous early warming
spike by  dropping out the key proxy data from the Mann et al network that gives
that  reconstruction its characteristic shape prior to 1600 or so.

They appear to have eliminated the  pre-1600 Western North American and
Texas/Mexico data used by Mann et al (1998) based on the argument they couldn't
find the older data in the public domain. This despite that fact the data is on NOAAs
website and our public site. I'm working to confirm that w/ a 2nd opinion/read from
various colleagues, but I'm almost sure this is true.

If so, it constitutes intellectual dishonesty most foul indeed!

Will update ASAP,

mike

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: raymond s.bradley; Malcolm Hughes; Scott Rutherford
Subject: Fwd: Re: Fwd: op ed for USA Today
Date: Thursday, October 30, 2003 5:53:45 AM

Guys,

We need to figure out precisely what data substitutions he's
actually made (see his pages 19-23), particularly with respect
to the data we used from 1400-1600:

ftp://eclogite.geo.umass.edu/pub/mann/ONLINE-
PREPRINTS/MultiProxy/data-supp.html

Among other things (see his Figure 4) he appears to have
elminated a longer version we had of one of the Jacoby
Northern Treeline records (that goes back to the mid 15th
century showing strong cooling then) in favor of shorter one
he found on the DATA archive (which only goes back to the mid
16th century--a convenient way of getting rid of some of our
15th century cooling, hunh?)

mike

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: raymond s.bradley; mhughes@ltrr.arizona.edu; Phil Jones; Keith Briffa; Tim Osborn;

mann@multiproxy.evsc.virginia.edu; Scott Rutherford
Subject: Can you believe it???
Date: Thursday, October 30, 2003 7:04:50 AM

Guys, can you take a look at this.

I think that everything I say here is true! But we've got to be sure.

There are more technical things they did wrong that I want to add, but this is the
critical bit--what do you think. Comments? Thanks...

mike

________________________________________
The recent paper by McIntyre and McKitrick (Energy and Environment, 14, 751-771)
claims to be an "audit" of the analysis of Mann, Bradley and Hughes (1998) or
"MBH98".  An audit involves a careful examination, using the same data and
following the exact procedures used in the report or study being audited.  McIntyre
and McKitrick ("MM") have done no such thing, having used neither the data nor the
procedures of MBH98. Their analysis is notable only in how deeply they have
misrepresented the data, methods, and results of MBH98. Journals that receive
critical comments on a previously published papers always provide the authors who
are being criticized an opportunity to review the study prior to publication, and offer
them the chance to respond.  This is standard operating procedure in any legitimate
peer-reviewed scientific journal. Mann and colleagues were never given this
opportunity, nor were any other leading paleoclimate scientists that we're familiar
with.  It is unfortunate that the profound errors, and false and misleading
statements, and entirely spurious results provided in the  McIntyre and McKitrick
article were ever allowed to see the light of day by those would have been able to
detect them. . We suspect the extremely checkered history of "Energy and
Environment" has some role to play in this. The authors should retract their article
immediately, and issue a public apology to the climate research community for the
injustice they have done in publishing and promoting this deeply deceptive and
flawed analysis.

 

Not only were critical errors made in their analysis that render it thoroughly invalid,
but there appear to have been several strikingly subjective decisions made to remove
key indicators of the original MBH98 network prior to AD 1600, with a dramatic
impact on the resulting reconstruction.  It is precisely the over which the numerous
indicators were removed (pre 1600 period) during which MM reconstruct anomalous
warmth  that is in sharp opposition to the cold conditions observed in MBH98 and 
nearly  all other independent published estimates that we know of. 

 

While the authors dutifully cite the small inconsistency between the number of proxy
indicators reported by, and found in the public data archive, of Mann et al back in
time (there indeed appear to have been some minor typos in the MBH98 paper), it is
odd that they do not cite the number of indicators in their putative version of the
Mann et al network based on the independent collection of data, back time. The
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reader is literally left to do a huge amount of detective work, based on the tables in
their pages 20-23, to determine just what data have been eliminated from the
original Mann et al network. It seems odd, indeed, that their "substitutions" of other
versions (or in some case, only apparent, and not actual, versions) of proxy data
series for those in the original Mann et al (1998) network has the selective effect of
deleting key proxy indicators that contribute dramatic cooling during the 16th
century, when the MM reconstruction shows an anomalous warming departure from
the Mann et al (1998) and all other published Northern Hemisphere temperature
reconstructions.

 

Here are some blatant examples:

 

1) The authors (see their Figure 4) substitute a younger version of one of the Jacoby
et al Northern Treeline series for the older version used by MBH98. This substitution
has effect of removing a predictor of 15th century cooling [Incidentally, MM make
much of the tendency for some tree ring series, such as this one, to show an
apparent cooling over the past couple decades. Scientists with expertise in
dendroclimatology know that this behavior represents a  decrease in the sensitivity to
temperature in recent decades that likely is related to conditions other than
temperature which are limiting tree growth] 

 

2) The authors eliminate, without any justification, the entire dataset of 70 Western
North American (WNA) tree-ring series available between 1400 and 1600 (this
dataset is represented, by MBH98, in terms of a smaller number of representative
Principal Component time series). The leading pattern of variance in this data set
exhibits conditions from 1400-1800 that are dramatically colder than the mid and late
20th  century, and a very prominent cooling in the 15th century in particular. The
authors eliminated this entire dataset because they claimed that the underlying data
was not available in the public domain. 

 

In point of fact, not only were the individual WNA data all available on the public ftp
site provided by Mann and colleagues:
ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/ITRDB/NOAMER/, but they were
also available, despite the claims to the contrary by MM, on NOAA's website as well:
ftp://ftp.ngdc.noaa.gov/paleo/treering/chronologies/northamerica/usa

 

The deletion of this critical (see Mann et al, 1999) dataset appears to  one of the
more important censorings performed by MM  that allows them to achieve their
spurious result of apparent 15th-16th century warmth.

 

We have not, as yet, finished determining just how many important indicators were
subtly censored from the MBH98 dataset by the various subjective substitutions
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described on pages 20-23. However, given the relatively small number of indicators
available between 1400-1500 in the MBH98 network (22-24) and their elimination of
some of the more critical ones, it would appear that this subjective censoring of data,
alone, explains the spurious, misleading, and deceptive result achieved by the
authors.

 

Incidentally, MBH98 go to great depths to perform careful cross-validation
experiments as a function of increasing sparseness of the candidate predictors back
in time, to demonstrate statistically significant reconstructive skill even for their
earlier (1400-1450) reconstruction interval. MM describe no cross-validation
experiments. We wonder what the verification resolved variance is for their
reconstruction based on their 1400-1450 available network, during the independent
latter 19th century period?

 

There are numerous other serious problems that would render the MM analysis
completely invalid, even in the absence of the serious issue raised above, and these
are detailed below

 

.

.

.

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Tim Osborn
To: Michael E. Mann
Cc: raymond s.bradley; mhughes@ltrr.arizona.edu; Phil Jones; Keith Briffa; mann@multiproxy.evsc.virginia.edu;

Scott Rutherford
Subject: Re: Can you believe it???
Date: Thursday, October 30, 2003 7:14:22 AM

Mike et al.,

have you seen the update that McIntyre has put on
http://www.climate2003.com/ - including copies of all emails etc. regarding
obtaining the data.  He's got wind of your reply from David Appell, and
responded in some way.  They're getting into the argument of who's fault it
was that the data they used were wrong - whereas the thing to focus on is
that their results are wrong, rather than who's fault this was.

Cheers

Tim

At 14:02 30/10/2003, you wrote:
>Guys, can you take a look at this.
>
>I think that everything I say here is true! But we've got to be sure.
>
>There are more technical things they did wrong that I want to add, but
>this is the critical bit--what do you think. Comments? Thanks...
>
>mike
>
>________________________________________
>The recent paper by McIntyre and McKitrick (Energy and Environment, 14,
>751-771) claims to be an "audit" of the analysis of Mann, Bradley and
>Hughes (1998) or "MBH98".  An audit involves a careful examination, using
>the same data and following the exact procedures used in the report or
>study being audited.  McIntyre and McKitrick ("MM") have done no such
>thing, having used neither the data nor the procedures of MBH98. Their
>analysis is notable only in how deeply they have misrepresented the data,
>methods, and results of MBH98. Journals that receive critical comments on
>a previously published papers always provide the authors who are being
>criticized an opportunity to review the study prior to publication, and
>offer them the chance to respond.  This is standard operating procedure in
>any legitimate peer-reviewed scientific journal. Mann and colleagues were
>never given this opportunity, nor were any other leading paleoclimate
>scientists that we're familiar with.  It is unfortunate that the profound
>errors, and false and misleading statements, and entirely spurious results
>provided in the  McIntyre and McKitrick article were ever allowed to see
>the light of day by those would have been able to detect them. . We
>suspect the extremely checkered history of "Energy and Environment" has
>some role to play in this. The authors should retract their article
>immediately, and issue a public apology to the climate research community
>for the injustice they have done in publishing and promoting this deeply
>deceptive and flawed analysis.
>
>
>
>Not only were critical errors made in their analysis that render it
>thoroughly invalid, but there appear to have been several strikingly
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>subjective decisions made to remove key indicators of the original MBH98
>network prior to AD 1600, with a dramatic impact on the resulting
>reconstruction.  It is precisely the over which the numerous indicators
>were removed (pre 1600 period) during which MM reconstruct anomalous
>warmth  that is in sharp opposition to the cold conditions observed in
>MBH98 and  nearly  all other independent published estimates that we know of.
>
>
>
>While the authors dutifully cite the small inconsistency between the
>number of proxy indicators reported by, and found in the public data
>archive, of Mann et al back in time (there indeed appear to have been some
>minor typos in the MBH98 paper), it is odd that they do not cite the
>number of indicators in their putative version of the Mann et al network
>based on the independent collection of data, back time. The reader is
>literally left to do a huge amount of detective work, based on the tables
>in their pages 20-23, to determine just what data have been eliminated
>from the original Mann et al network. It seems odd, indeed, that their
>"substitutions" of other versions (or in some case, only apparent, and not
>actual, versions) of proxy data series for those in the original Mann et
>al (1998) network has the selective effect of deleting key proxy
>indicators that contribute dramatic cooling during the 16th century, when
>the MM reconstruction shows an anomalous warming departure from the Mann
>et al (1998) and all other published Northern Hemisphere temperature
>reconstructions.
>
>
>
>Here are some blatant examples:
>
>
>
>1) The authors (see their Figure 4) substitute a younger version of one of
>the Jacoby et al Northern Treeline series for the older version used by
>MBH98. This substitution has effect of removing a predictor of 15th
>century cooling [Incidentally, MM make much of the tendency for some tree
>ring series, such as this one, to show an apparent cooling over the past
>couple decades. Scientists with expertise in dendroclimatology know that
>this behavior represents a  decrease in the sensitivity to temperature in
>recent decades that likely is related to conditions other than temperature
>which are limiting tree growth]
>
>
>
>2) The authors eliminate, without any justification, the entire dataset of
>70 Western North American (WNA) tree-ring series available between 1400
>and 1600 (this dataset is represented, by MBH98, in terms of a smaller
>number of representative Principal Component time series). The leading
>pattern of variance in this data set exhibits conditions from 1400-1800
>that are dramatically colder than the mid and late 20th  century, and a
>very prominent cooling in the 15th century in particular. The authors
>eliminated this entire dataset because they claimed that the underlying
>data was not available in the public domain.
>
>
>
>In point of fact, not only were the individual WNA data all available on
>the public ftp site provided by Mann and colleagues:
>ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/ITRDB/NOAMER/, but they
>were also available, despite the claims to the contrary by MM, on NOAA's
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>website as well:
>ftp://ftp.ngdc.noaa.gov/paleo/treering/chronologies/northamerica/usa
>
>
>
>The deletion of this critical (see Mann et al, 1999) dataset appears
>to  one of the more important censorings performed by MM  that allows them
>to achieve their spurious result of apparent 15th-16th century warmth.
>
>
>
>We have not, as yet, finished determining just how many important
>indicators were subtly censored from the MBH98 dataset by the various
>subjective substitutions described on pages 20-23. However, given the
>relatively small number of indicators available between 1400-1500 in the
>MBH98 network (22-24) and their elimination of some of the more critical
>ones, it would appear that this subjective censoring of data, alone,
>explains the spurious, misleading, and deceptive result achieved by the
>authors.
>
>
>
>Incidentally, MBH98 go to great depths to perform careful cross-validation
>experiments as a function of increasing sparseness of the candidate
>predictors back in time, to demonstrate statistically significant
>reconstructive skill even for their earlier (1400-1450) reconstruction
>interval. MM describe no cross-validation experiments. We wonder what the
>verification resolved variance is for their reconstruction based on their
>1400-1450 available network, during the independent latter 19th century period?
>
>
>
>There are numerous other serious problems that would render the MM
>analysis completely invalid, even in the absence of the serious issue
>raised above, and these are detailed below
>
>
>
>.
>
>.
>
>.
>
>______________________________________________________________
>                     Professor Michael E. Mann
>            Department of Environmental Sciences, Clark Hall
>                       University of Virginia
>                      Charlottesville, VA 22903
>_______________________________________________________________________
>e-mail: mann@virginia.edu   Phone:    FAX: 
>          http://www.evsc.virginia.edu/faculty/people/mann.shtml

Dr Timothy J Osborn
Climatic Research Unit
School of Environmental Sciences, University of East Anglia
Norwich  NR4 7TJ, UK

e-mail:   t.osborn@uea.ac.uk
phone:    
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fax:      
web:      http://www.cru.uea.ac.uk/~timo/
sunclock: http://www.cru.uea.ac.uk/~timo/sunclock.htm
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From: Michael E. Mann
To: raymond s.bradley; mhughes@ltrr.arizona.edu; Phil Jones; Keith Briffa; Tim Osborn; Scott Rutherford
Subject: Re: Can you believe it???
Date: Thursday, October 30, 2003 7:18:32 AM

I've fixed a couple typos below...

mike

________________________________________
The recent paper by McIntyre and McKitrick (Energy and Environment, 14, 751-771) claims
to be an "audit" of the analysis of Mann, Bradley and Hughes (1998) or "MBH98".  An
audit involves a careful examination, using the same data and following the exact
procedures used in the report or study being audited.  McIntyre and McKitrick ("MM") have
done no such thing, having used neither the data nor the procedures of MBH98. Their
analysis is notable only in how deeply they have misrepresented the data, methods, and
results of MBH98. Journals that receive critical comments on a previously published papers
always provide the authors who are being criticized an opportunity to review the study
prior to publication, and offer them the chance to respond.  This is standard operating
procedure in any legitimate peer-reviewed scientific journal. Mann and colleagues were
never given this opportunity, nor were any other leading paleoclimate scientists that we're
familiar with.  It is unfortunate that the profound errors, and false and misleading
statements, and entirely spurious results provided in the  McIntyre and McKitrick article
were ever allowed to see the light of day. We suspect the extremely checkered history of
"Energy and Environment" has some role to play in this. The authors should retract their
article immediately, and issue a public apology to the climate research community for the
injustice they have done in publishing and promoting this deeply deceptive and flawed
analysis.

 

Not only were critical errors made in their analysis that render it thoroughly invalid, but
there appear to have been several strikingly subjective decisions made to remove key
indicators of the original MBH98 network prior to AD 1600, with a dramatic impact on the
resulting reconstruction.  It is precisely the over which the numerous indicators were
removed (pre 1600 period) during which MM reconstruct anomalous warmth  that is in
sharp opposition to the cold conditions observed in MBH98 and  nearly  all other
independent published estimates that we know of. 

 

While the authors dutifully cite the small inconsistency between the number of proxy
indicators reported by, and found in the public data archive, of Mann et al back in time
(there indeed appear to have been some minor typos in the MBH98 paper), it is odd that
they do not cite the number of indicators in their putative version of the Mann et al
network based on the independent collection of data, back time. The reader is literally left
to do a huge amount of detective work, based on the tables in their pages 20-23, to
determine just what data have been eliminated from the original Mann et al network. It
seems odd, indeed, that their "substitutions" of other versions (or in some case, only
apparent, and not actual, versions) of proxy data series for those in the original Mann et al
(1998) network has the selective effect of deleting key proxy indicators that contribute
dramatic cooling during the 15th century, when the MM reconstruction shows an
anomalous warming departure from the Mann et al (1998) and all other published
Northern Hemisphere temperature reconstructions.
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Here are some blatant examples:

 

1) The authors (see their Figure 4) substitute a younger version of one of the Jacoby et al
Northern Treeline series for the older version used by MBH98. This substitution has effect
of removing a predictor of 15th century cooling [Incidentally, MM make much of the
tendency for some tree ring series, such as this one, to show an apparent cooling over the
past couple decades. Scientists with expertise in dendroclimatology know that this behavior
represents a  decrease in the sensitivity to temperature in recent decades that likely is
related to conditions other than temperature which are limiting tree growth] 

 

2) The authors eliminate, without any justification, the entire dataset of 70 Western North
American (WNA) tree-ring series available between 1400 and 1600 (this dataset is
represented, by MBH98, in terms of a smaller number of representative Principal
Component time series). The leading pattern of variance in this data set exhibits conditions
from 1400-1800 that are dramatically colder than the mid and late 20th  century, and a
very prominent cooling in the 15th century in particular. The authors eliminated this entire
dataset because they claimed that the underlying data was not available in the public
domain. 

 

In point of fact, not only were the individual WNA data all available on the public ftp site
provided by Mann and colleagues:
ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/ITRDB/NOAMER/, but they were also
available, despite the claims to the contrary by MM, on NOAA's website as well:
ftp://ftp.ngdc.noaa.gov/paleo/treering/chronologies/northamerica/usa

 

The deletion of this critical (see Mann et al, 1999) dataset appears to  one of the more
important censorings performed by MM  that allows them to achieve their spurious result
of apparent 15th-16th century warmth.

 

We have not, as yet, finished determining just how many important indicators were subtly
censored from the MBH98 dataset by the various subjective substitutions described on
pages 20-23. However, given the relatively small number of indicators available between
1400-1500 in the MBH98 network (22-24) and their elimination of some of the more critical
ones, it would appear that this subjective censoring of data, alone, explains the spurious,
misleading, and deceptive result achieved by the authors.

 

Incidentally, MBH98 go to great depths to perform careful cross-validation experiments as
a function of increasing sparseness of the candidate predictors back in time, to
demonstrate statistically significant reconstructive skill even for their earlier (1400-1450)
reconstruction interval. MM describe no cross-validation experiments. We wonder what the
verification resolved variance is for their reconstruction based on their 1400-1450 available
network, during the independent latter 19th century period?
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There are numerous other serious problems that would render the MM analysis completely
invalid, even in the absence of the serious issue raised above, and these are detailed
below

 

.

.

At 09:02 AM 10/30/2003 -0500, Michael E. Mann wrote:

Guys, can you take a look at this.

I think that everything I say here is true! But we've got to be sure.

There are more technical things they did wrong that I want to add, but this is
the critical bit--what do you think. Comments? Thanks...

mike

________________________________________
The recent paper by McIntyre and McKitrick (Energy and Environment, 14, 751-
771) claims to be an "audit" of the analysis of Mann, Bradley and Hughes
(1998) or "MBH98".  An audit involves a careful examination, using the same
data and following the exact procedures used in the report or study being
audited.  McIntyre and McKitrick ("MM") have done no such thing, having used
neither the data nor the procedures of MBH98. Their analysis is notable only in
how deeply they have misrepresented the data, methods, and results of
MBH98. Journals that receive critical comments on a previously published
papers always provide the authors who are being criticized an opportunity to
review the study prior to publication, and offer them the chance to respond. 
This is standard operating procedure in any legitimate peer-reviewed scientific
journal. Mann and colleagues were never given this opportunity, nor were any
other leading paleoclimate scientists that we're familiar with.  It is unfortunate
that the profound errors, and false and misleading statements, and entirely
spurious results provided in the  McIntyre and McKitrick article were ever
allowed to see the light of day by those would have been able to detect them. .
We suspect the extremely checkered history of "Energy and Environment" has
some role to play in this. The authors should retract their article immediately,
and issue a public apology to the climate research community for the injustice
they have done in publishing and promoting this deeply deceptive and flawed
analysis.

 

Not only were critical errors made in their analysis that render it thoroughly
invalid, but there appear to have been several strikingly subjective decisions
made to remove key indicators of the original MBH98 network prior to AD 1600,
with a dramatic impact on the resulting reconstruction.  It is precisely the over
which the numerous indicators were removed (pre 1600 period) during which
MM reconstruct anomalous warmth  that is in sharp opposition to the cold
conditions observed in MBH98 and  nearly  all other independent published
estimates that we know of. 
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While the authors dutifully cite the small inconsistency between the number of
proxy indicators reported by, and found in the public data archive, of Mann et
al back in time (there indeed appear to have been some minor typos in the
MBH98 paper), it is odd that they do not cite the number of indicators in their
putative version of the Mann et al network based on the independent collection
of data, back time. The reader is literally left to do a huge amount of detective
work, based on the tables in their pages 20-23, to determine just what data
have been eliminated from the original Mann et al network. It seems odd,
indeed, that their "substitutions" of other versions (or in some case, only
apparent, and not actual, versions) of proxy data series for those in the original
Mann et al (1998) network has the selective effect of deleting key proxy
indicators that contribute dramatic cooling during the 16th century, when the
MM reconstruction shows an anomalous warming departure from the Mann et al
(1998) and all other published Northern Hemisphere temperature
reconstructions.

 

Here are some blatant examples:

 

1) The authors (see their Figure 4) substitute a younger version of one of the
Jacoby et al Northern Treeline series for the older version used by MBH98. This
substitution has effect of removing a predictor of 15th century cooling
[Incidentally, MM make much of the tendency for some tree ring series, such as
this one, to show an apparent cooling over the past couple decades. Scientists
with expertise in dendroclimatology know that this behavior represents a 
decrease in the sensitivity to temperature in recent decades that likely is related
to conditions other than temperature which are limiting tree growth] 

 

2) The authors eliminate, without any justification, the entire dataset of 70
Western North American (WNA) tree-ring series available between 1400 and
1600 (this dataset is represented, by MBH98, in terms of a smaller number of
representative Principal Component time series). The leading pattern of variance
in this data set exhibits conditions from 1400-1800 that are dramatically colder
than the mid and late 20th  century, and a very prominent cooling in the 15th
century in particular. The authors eliminated this entire dataset because they
claimed that the underlying data was not available in the public domain. 

 

In point of fact, not only were the individual WNA data all available on the
public ftp site provided by Mann and colleagues:
ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/ITRDB/NOAMER/, but they
were also available, despite the claims to the contrary by MM, on NOAA's
website as well:
ftp://ftp.ngdc.noaa.gov/paleo/treering/chronologies/northamerica/usa

 

The deletion of this critical (see Mann et al, 1999) dataset appears to  one of
the more important censorings performed by MM  that allows them to achieve
their spurious result of apparent 15th-16th century warmth.
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We have not, as yet, finished determining just how many important indicators
were subtly censored from the MBH98 dataset by the various subjective
substitutions described on pages 20-23. However, given the relatively small
number of indicators available between 1400-1500 in the MBH98 network (22-
24) and their elimination of some of the more critical ones, it would appear that
this subjective censoring of data, alone, explains the spurious, misleading, and
deceptive result achieved by the authors.

 

Incidentally, MBH98 go to great depths to perform careful cross-validation
experiments as a function of increasing sparseness of the candidate predictors
back in time, to demonstrate statistically significant reconstructive skill even for
their earlier (1400-1450) reconstruction interval. MM describe no cross-
validation experiments. We wonder what the verification resolved variance is for
their reconstruction based on their 1400-1450 available network, during the
independent latter 19th century period?

 

There are numerous other serious problems that would render the MM analysis
completely invalid, even in the absence of the serious issue raised above, and
these are detailed below

 

.

.

.

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Tim Osborn
Cc: raymond s.bradley; mhughes@ltrr.arizona.edu; Phil Jones; Keith Briffa; Scott Rutherford
Subject: Re: Can you believe it???
Date: Thursday, October 30, 2003 7:33:43 AM

yep, i'm not getting involved in that little tussle at all.

If I'm right in my latest email, and I'm pretty damned sure I am (other opinions) we've got them
on something much more serious...

mike

At 02:13 PM 10/30/2003 +0000, Tim Osborn wrote:

Mike et al.,

have you seen the update that McIntyre has put on http://www.climate2003.com/ -
including copies of all emails etc. regarding obtaining the data.  He's got wind of your
reply from David Appell, and responded in some way.  They're getting into the
argument of who's fault it was that the data they used were wrong - whereas the
thing to focus on is that their results are wrong, rather than who's fault this was.

Cheers

Tim

At 14:02 30/10/2003, you wrote:

Guys, can you take a look at this.

I think that everything I say here is true! But we've got to be sure.

There are more technical things they did wrong that I want to add, but
this is the critical bit--what do you think. Comments? Thanks...

mike

________________________________________
The recent paper by McIntyre and McKitrick (Energy and Environment, 14,
751-771) claims to be an "audit" of the analysis of Mann, Bradley and
Hughes (1998) or "MBH98".  An audit involves a careful examination,
using the same data and following the exact procedures used in the
report or study being audited.  McIntyre and McKitrick ("MM") have done
no such thing, having used neither the data nor the procedures of MBH98.
Their analysis is notable only in how deeply they have misrepresented the
data, methods, and results of MBH98. Journals that receive critical
comments on a previously published papers always provide the authors
who are being criticized an opportunity to review the study prior to
publication, and offer them the chance to respond.  This is standard
operating procedure in any legitimate peer-reviewed scientific journal.
Mann and colleagues were never given this opportunity, nor were any
other leading paleoclimate scientists that we're familiar with.  It is
unfortunate that the profound errors, and false and misleading
statements, and entirely spurious results provided in the  McIntyre and
McKitrick article were ever allowed to see the light of day by those would
have been able to detect them. . We suspect the extremely checkered
history of "Energy and Environment" has some role to play in this. The
authors should retract their article immediately, and issue a public
apology to the climate research community for the injustice they have
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done in publishing and promoting this deeply deceptive and flawed
analysis.

Not only were critical errors made in their analysis that render it
thoroughly invalid, but there appear to have been several strikingly
subjective decisions made to remove key indicators of the original MBH98
network prior to AD 1600, with a dramatic impact on the resulting
reconstruction.  It is precisely the over which the numerous indicators
were removed (pre 1600 period) during which MM reconstruct anomalous
warmth  that is in sharp opposition to the cold conditions observed in
MBH98 and  nearly  all other independent published estimates that we
know of.

While the authors dutifully cite the small inconsistency between the
number of proxy indicators reported by, and found in the public data
archive, of Mann et al back in time (there indeed appear to have been
some minor typos in the MBH98 paper), it is odd that they do not cite the
number of indicators in their putative version of the Mann et al network
based on the independent collection of data, back time. The reader is
literally left to do a huge amount of detective work, based on the tables in
their pages 20-23, to determine just what data have been eliminated from
the original Mann et al network. It seems odd, indeed, that their
"substitutions" of other versions (or in some case, only apparent, and not
actual, versions) of proxy data series for those in the original Mann et al
(1998) network has the selective effect of deleting key proxy indicators
that contribute dramatic cooling during the 16th century, when the MM
reconstruction shows an anomalous warming departure from the Mann et
al (1998) and all other published Northern Hemisphere temperature
reconstructions.

Here are some blatant examples:

1) The authors (see their Figure 4) substitute a younger version of one of
the Jacoby et al Northern Treeline series for the older version used by
MBH98. This substitution has effect of removing a predictor of 15th
century cooling [Incidentally, MM make much of the tendency for some
tree ring series, such as this one, to show an apparent cooling over the
past couple decades. Scientists with expertise in dendroclimatology know
that this behavior represents a  decrease in the sensitivity to temperature
in recent decades that likely is related to conditions other than
temperature which are limiting tree growth]

2) The authors eliminate, without any justification, the entire dataset of 70
Western North American (WNA) tree-ring series available between 1400
and 1600 (this dataset is represented, by MBH98, in terms of a smaller
number of representative Principal Component time series). The leading
pattern of variance in this data set exhibits conditions from 1400-1800
that are dramatically colder than the mid and late 20th  century, and a
very prominent cooling in the 15th century in particular. The authors
eliminated this entire dataset because they claimed that the underlying
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data was not available in the public domain.

In point of fact, not only were the individual WNA data all available on the
public ftp site provided by Mann and colleagues:
ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/ITRDB/NOAMER/, but
they were also available, despite the claims to the contrary by MM, on
NOAA's website as well:
ftp://ftp.ngdc.noaa.gov/paleo/treering/chronologies/northamerica/usa

The deletion of this critical (see Mann et al, 1999) dataset appears to  one
of the more important censorings performed by MM  that allows them to
achieve their spurious result of apparent 15th-16th century warmth.

We have not, as yet, finished determining just how many important
indicators were subtly censored from the MBH98 dataset by the various
subjective substitutions described on pages 20-23. However, given the
relatively small number of indicators available between 1400-1500 in the
MBH98 network (22-24) and their elimination of some of the more critical
ones, it would appear that this subjective censoring of data, alone,
explains the spurious, misleading, and deceptive result achieved by the
authors.

Incidentally, MBH98 go to great depths to perform careful cross-validation
experiments as a function of increasing sparseness of the candidate
predictors back in time, to demonstrate statistically significant
reconstructive skill even for their earlier (1400-1450) reconstruction
interval. MM describe no cross-validation experiments. We wonder what
the verification resolved variance is for their reconstruction based on their
1400-1450 available network, during the independent latter 19th century
period?

There are numerous other serious problems that would render the MM
analysis completely invalid, even in the absence of the serious issue raised
above, and these are detailed below

.

.

.
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           Department of Environmental Sciences, Clark Hall
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From: Michael E. Mann
To: Tim Osborn
Cc: raymond s.bradley; mhughes@ltrr.arizona.edu; Phil Jones; Keith Briffa; Scott Rutherford
Subject: Re: Can you believe it???
Date: Thursday, October 30, 2003 7:35:54 AM

Guys,

I'm right, aren't I????

mike

At 02:13 PM 10/30/2003 +0000, Tim Osborn wrote:

At 14:02 30/10/2003, you wrote:

Guys, can you take a look at this.

I think that everything I say here is true! But we've got to be sure.

There are more technical things they did wrong that I want to add, but
this is the critical bit--what do you think. Comments? Thanks...

mike

________________________________________
The recent paper by McIntyre and McKitrick (Energy and Environment, 14,
751-771) claims to be an "audit" of the analysis of Mann, Bradley and
Hughes (1998) or "MBH98".  An audit involves a careful examination,
using the same data and following the exact procedures used in the
report or study being audited.  McIntyre and McKitrick ("MM") have done
no such thing, having used neither the data nor the procedures of MBH98.
Their analysis is notable only in how deeply they have misrepresented the
data, methods, and results of MBH98. Journals that receive critical
comments on a previously published papers always provide the authors
who are being criticized an opportunity to review the study prior to
publication, and offer them the chance to respond.  This is standard
operating procedure in any legitimate peer-reviewed scientific journal.
Mann and colleagues were never given this opportunity, nor were any
other leading paleoclimate scientists that we're familiar with.  It is
unfortunate that the profound errors, and false and misleading
statements, and entirely spurious results provided in the  McIntyre and
McKitrick article were ever allowed to see the light of day by those would
have been able to detect them. . We suspect the extremely checkered
history of "Energy and Environment" has some role to play in this. The
authors should retract their article immediately, and issue a public
apology to the climate research community for the injustice they have
done in publishing and promoting this deeply deceptive and flawed
analysis.

Not only were critical errors made in their analysis that render it
thoroughly invalid, but there appear to have been several strikingly
subjective decisions made to remove key indicators of the original MBH98
network prior to AD 1600, with a dramatic impact on the resulting
reconstruction.  It is precisely the over which the numerous indicators
were removed (pre 1600 period) during which MM reconstruct anomalous
warmth  that is in sharp opposition to the cold conditions observed in
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MBH98 and  nearly  all other independent published estimates that we
know of.

While the authors dutifully cite the small inconsistency between the
number of proxy indicators reported by, and found in the public data
archive, of Mann et al back in time (there indeed appear to have been
some minor typos in the MBH98 paper), it is odd that they do not cite the
number of indicators in their putative version of the Mann et al network
based on the independent collection of data, back time. The reader is
literally left to do a huge amount of detective work, based on the tables in
their pages 20-23, to determine just what data have been eliminated from
the original Mann et al network. It seems odd, indeed, that their
"substitutions" of other versions (or in some case, only apparent, and not
actual, versions) of proxy data series for those in the original Mann et al
(1998) network has the selective effect of deleting key proxy indicators
that contribute dramatic cooling during the 16th century, when the MM
reconstruction shows an anomalous warming departure from the Mann et
al (1998) and all other published Northern Hemisphere temperature
reconstructions.

Here are some blatant examples:

1) The authors (see their Figure 4) substitute a younger version of one of
the Jacoby et al Northern Treeline series for the older version used by
MBH98. This substitution has effect of removing a predictor of 15th
century cooling [Incidentally, MM make much of the tendency for some
tree ring series, such as this one, to show an apparent cooling over the
past couple decades. Scientists with expertise in dendroclimatology know
that this behavior represents a  decrease in the sensitivity to temperature
in recent decades that likely is related to conditions other than
temperature which are limiting tree growth]

2) The authors eliminate, without any justification, the entire dataset of 70
Western North American (WNA) tree-ring series available between 1400
and 1600 (this dataset is represented, by MBH98, in terms of a smaller
number of representative Principal Component time series). The leading
pattern of variance in this data set exhibits conditions from 1400-1800
that are dramatically colder than the mid and late 20th  century, and a
very prominent cooling in the 15th century in particular. The authors
eliminated this entire dataset because they claimed that the underlying
data was not available in the public domain.

In point of fact, not only were the individual WNA data all available on the
public ftp site provided by Mann and colleagues:
ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/ITRDB/NOAMER/, but
they were also available, despite the claims to the contrary by MM, on
NOAA's website as well:
ftp://ftp.ngdc.noaa.gov/paleo/treering/chronologies/northamerica/usa
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The deletion of this critical (see Mann et al, 1999) dataset appears to  one
of the more important censorings performed by MM  that allows them to
achieve their spurious result of apparent 15th-16th century warmth.

We have not, as yet, finished determining just how many important
indicators were subtly censored from the MBH98 dataset by the various
subjective substitutions described on pages 20-23. However, given the
relatively small number of indicators available between 1400-1500 in the
MBH98 network (22-24) and their elimination of some of the more critical
ones, it would appear that this subjective censoring of data, alone,
explains the spurious, misleading, and deceptive result achieved by the
authors.

Incidentally, MBH98 go to great depths to perform careful cross-validation
experiments as a function of increasing sparseness of the candidate
predictors back in time, to demonstrate statistically significant
reconstructive skill even for their earlier (1400-1450) reconstruction
interval. MM describe no cross-validation experiments. We wonder what
the verification resolved variance is for their reconstruction based on their
1400-1450 available network, during the independent latter 19th century
period?

There are numerous other serious problems that would render the MM
analysis completely invalid, even in the absence of the serious issue raised
above, and these are detailed below

.

.

.
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From: Michael E. Mann
To: Tim Osborn
Cc: raymond s.bradley; mhughes@ltrr.arizona.edu; Phil Jones; Keith Briffa; Scott Rutherford
Subject: Re: Can you believe it???
Date: Thursday, October 30, 2003 9:17:08 AM
Attachments: Rebuttal.doc

Dear Tim et al,

Attached is my response, after several days of looking at what they've done.

I think this will speak for itself.

I look forward to your comments and thoughts,

mike

At 02:13 PM 10/30/2003 +0000, Tim Osborn wrote:

Mike et al.,

have you seen the update that McIntyre has put on http://www.climate2003.com/ -
including copies of all emails etc. regarding obtaining the data.  He's got wind of your
reply from David Appell, and responded in some way.  They're getting into the
argument of who's fault it was that the data they used were wrong - whereas the
thing to focus on is that their results are wrong, rather than who's fault this was.

Cheers

Tim

At 14:02 30/10/2003, you wrote:

Guys, can you take a look at this.

I think that everything I say here is true! But we've got to be sure.

There are more technical things they did wrong that I want to add, but
this is the critical bit--what do you think. Comments? Thanks...

mike

________________________________________
The recent paper by McIntyre and McKitrick (Energy and Environment, 14,
751-771) claims to be an "audit" of the analysis of Mann, Bradley and
Hughes (1998) or "MBH98".  An audit involves a careful examination,
using the same data and following the exact procedures used in the
report or study being audited.  McIntyre and McKitrick ("MM") have done
no such thing, having used neither the data nor the procedures of MBH98.
Their analysis is notable only in how deeply they have misrepresented the
data, methods, and results of MBH98. Journals that receive critical
comments on a previously published papers always provide the authors
who are being criticized an opportunity to review the study prior to
publication, and offer them the chance to respond.  This is standard
operating procedure in any legitimate peer-reviewed scientific journal.
Mann and colleagues were never given this opportunity, nor were any
other leading paleoclimate scientists that we're familiar with.  It is
unfortunate that the profound errors, and false and misleading
statements, and entirely spurious results provided in the  McIntyre and
McKitrick article were ever allowed to see the light of day by those would
have been able to detect them. . We suspect the extremely checkered
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history of "Energy and Environment" has some role to play in this. The
authors should retract their article immediately, and issue a public
apology to the climate research community for the injustice they have
done in publishing and promoting this deeply deceptive and flawed
analysis.

Not only were critical errors made in their analysis that render it
thoroughly invalid, but there appear to have been several strikingly
subjective decisions made to remove key indicators of the original MBH98
network prior to AD 1600, with a dramatic impact on the resulting
reconstruction.  It is precisely the over which the numerous indicators
were removed (pre 1600 period) during which MM reconstruct anomalous
warmth  that is in sharp opposition to the cold conditions observed in
MBH98 and  nearly  all other independent published estimates that we
know of.

While the authors dutifully cite the small inconsistency between the
number of proxy indicators reported by, and found in the public data
archive, of Mann et al back in time (there indeed appear to have been
some minor typos in the MBH98 paper), it is odd that they do not cite the
number of indicators in their putative version of the Mann et al network
based on the independent collection of data, back time. The reader is
literally left to do a huge amount of detective work, based on the tables in
their pages 20-23, to determine just what data have been eliminated from
the original Mann et al network. It seems odd, indeed, that their
"substitutions" of other versions (or in some case, only apparent, and not
actual, versions) of proxy data series for those in the original Mann et al
(1998) network has the selective effect of deleting key proxy indicators
that contribute dramatic cooling during the 16th century, when the MM
reconstruction shows an anomalous warming departure from the Mann et
al (1998) and all other published Northern Hemisphere temperature
reconstructions.

Here are some blatant examples:

1) The authors (see their Figure 4) substitute a younger version of one of
the Jacoby et al Northern Treeline series for the older version used by
MBH98. This substitution has effect of removing a predictor of 15th
century cooling [Incidentally, MM make much of the tendency for some
tree ring series, such as this one, to show an apparent cooling over the
past couple decades. Scientists with expertise in dendroclimatology know
that this behavior represents a  decrease in the sensitivity to temperature
in recent decades that likely is related to conditions other than
temperature which are limiting tree growth]

2) The authors eliminate, without any justification, the entire dataset of 70
Western North American (WNA) tree-ring series available between 1400
and 1600 (this dataset is represented, by MBH98, in terms of a smaller
number of representative Principal Component time series). The leading
pattern of variance in this data set exhibits conditions from 1400-1800
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that are dramatically colder than the mid and late 20th  century, and a
very prominent cooling in the 15th century in particular. The authors
eliminated this entire dataset because they claimed that the underlying
data was not available in the public domain.

In point of fact, not only were the individual WNA data all available on the
public ftp site provided by Mann and colleagues:
ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/ITRDB/NOAMER/, but
they were also available, despite the claims to the contrary by MM, on
NOAA's website as well:
ftp://ftp.ngdc.noaa.gov/paleo/treering/chronologies/northamerica/usa

The deletion of this critical (see Mann et al, 1999) dataset appears to  one
of the more important censorings performed by MM  that allows them to
achieve their spurious result of apparent 15th-16th century warmth.

We have not, as yet, finished determining just how many important
indicators were subtly censored from the MBH98 dataset by the various
subjective substitutions described on pages 20-23. However, given the
relatively small number of indicators available between 1400-1500 in the
MBH98 network (22-24) and their elimination of some of the more critical
ones, it would appear that this subjective censoring of data, alone,
explains the spurious, misleading, and deceptive result achieved by the
authors.

Incidentally, MBH98 go to great depths to perform careful cross-validation
experiments as a function of increasing sparseness of the candidate
predictors back in time, to demonstrate statistically significant
reconstructive skill even for their earlier (1400-1450) reconstruction
interval. MM describe no cross-validation experiments. We wonder what
the verification resolved variance is for their reconstruction based on their
1400-1450 available network, during the independent latter 19th century
period?

There are numerous other serious problems that would render the MM
analysis completely invalid, even in the absence of the serious issue raised
above, and these are detailed below

.

.

.
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The recent paper by McIntyre and McKitrick (Energy and Environment, 14, 751-771) claims to 
be an "audit" of the analysis of Mann, Bradley and Hughes (1998) or "MBH98".  An audit 
involves a careful examination, using the same data and following the exact procedures used in 
the report or study being audited.  McIntyre and McKitrick ("MM") have done no such thing, 
having used neither the data nor the procedures of MBH98. Their analysis is notable only in how 
deeply they have misrepresented the data, methods, and results of MBH98. Journals that receive 
critical comments on a previously published papers always provide the authors who are being 
criticized an opportunity to review the study prior to publication, and offer them the chance to 
respond.  This is standard operating procedure in any legitimate peer-reviewed scientific journal. 
Mann and colleagues were never given this opportunity, nor were any other leading paleoclimate 
scientists that we're familiar with.  It is unfortunate that the profound errors, and false and 
misleading statements, and entirely spurious results provided in the  McIntyre and McKitrick 
article were ever allowed to see the light of day. We suspect the extremely checkered history of 
"Energy and Environment" has some role to play in this. The authors should retract their article 
immediately, and issue a public apology to the climate research community for the injustice they 
have done in publishing and promoting this deeply deceptive and flawed analysis. 
 
Not only were critical errors made in their analysis that render it thoroughly invalid, but there 
appear to have been several strikingly subjective decisions made to remove key indicators of the 
original MBH98 network prior to AD 1600, with a dramatic impact on the resulting 
reconstruction.  It is precisely the over which the numerous indicators were removed (pre 1600 
period) during which MM reconstruct anomalous warmth  that is in sharp opposition to the cold 
conditions observed in MBH98 and  nearly  all other independent published estimates that we 
know of.  
 
While the authors dutifully cite the small inconsistency between the number of proxy indicators 
reported by, and found in the public data archive, of Mann et al back in time (there indeed appear 
to have been some minor typos in the MBH98 paper), it is odd that they do not cite the number 
of indicators in their putative version of the Mann et al network based on the independent 
collection of data, back time. The reader is literally left to do a huge amount of detective work, 
based on the tables in their pages 20-23, to determine just what data have been eliminated from 
the original Mann et al network. It seems odd, indeed, that their "substitutions" of other versions 
(or in some case, only apparent, and not actual, versions) of proxy data series for those in the 
original Mann et al (1998) network has the selective effect of deleting key proxy indicators that 
contribute dramatic cooling during the 15th century, when the MM reconstruction shows an 
anomalous warming departure from the Mann et al (1998) and all other published Northern 
Hemisphere temperature reconstructions. 
 
Here are some blatant examples: 
 
1) The authors (see their Figure 4) substitute a younger version of one of the Jacoby et al 
Northern Treeline series for the older version used by MBH98. This substitution has effect of 
removing a predictor of 15th century cooling [Incidentally, MM make much of the tendency for 
some tree ring series, such as this one, to show an apparent cooling over the past couple decades. 
Scientists with expertise in dendroclimatology know that this behavior represents a  decrease in 
the sensitivity to temperature in recent decades that likely is related to conditions other than 
temperature which are limiting tree growth]  
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2) The authors eliminate, without any justification, the entire dataset of 70 Western North 
American (WNA) tree-ring series available between 1400 and 1600 (this dataset is represented, 
by MBH98, in terms of a smaller number of representative Principal Component time series). 
The leading pattern of variance in this data set exhibits conditions from 1400-1800 that are 
dramatically colder than the mid and late 20th  century, and a very prominent cooling in the 15th 
century in particular. The authors eliminated this entire dataset because they claimed that the 
underlying data was not available in the public domain.  In point of fact, not only were the 
individual WNA data all available on the public ftp site provided by Mann and colleagues: 
ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/ITRDB/NOAMER/, but they were also available, 
despite the claims to the contrary by MM, on NOAA's website as well: 
ftp://ftp.ngdc.noaa.gov/paleo/treering/chronologies/northamerica/usa 
 
The deletion of this critical dataset appears to  one of the more important censorings performed 
by MM  that allows them to achieve their spurious result of apparent 15th-16th century warmth. 
 
3) The entire  dataset of Stahle and coworkers of Southwestern U.S./Mexican late wood ring 
width measurements prior to the 17th century (12  back to 1500, 6 back to 1400) was eliminated, 
again based on a false claim that the underlying data series were not available in the public 
domain. Once again, the data were available at the  Mann et al ftp site: 
 
 
With the false assertion that these data are not available in the public domain,  the authors summarily rejected all of 
our North American Western Tree Ring data prior to AD 1619 and all of our SW/Mex Mexican late wood density 
and ring width chronologies (Stahle et al)  
 
We have not, as yet, finished determining just how many important indicators were subtly 
censored from the MBH98 dataset by the various subjective substitutions described on pages 20-
23. However, given the relatively small number of indicators available between 1400-1500 in the 
MBH98 network (22-24) and their elimination of some of the more critical ones, it would appear 
that this subjective censoring of data, alone, explains the spurious, misleading, and deceptive 
result achieved by the authors. 
 
MBH98 go to great depths to perform careful cross-validation experiments as a function of the 
time interval of the reconstruction, verifying the reconstructive skill of the predictor network as it 
becomes  increasing sparseness back in time. Mann et al are able  to demonstrate statistically 
significant reconstructive skill even for their earlier (1400-1450) reconstruction interval, though 
the ability to obtain a skillful statistical reconstruction at this time critically depends on a 
relatively modest number of key predictors. MM have, in effect, eliminated those predictors from 
our network.  MM describe no cross-validation experiments. We wonder what the verification 
resolved variance is for their reconstruction based on their 1400-1450 available network (based 
on cross-validation of the reconstruction during the independent latter 19th century period of the 
instrumental record), and how it compares with that provided by our reconstruction? 
  
The selective censoring of key indicators in the Mann et al network is an especially devious way 
to achieve an entirely different reconstruction. MM have effectively censored our key indicators 
from the 1400-1600.  We feel that the above description should be adequate to provide a reader 
with a sense of why MM have achieved a reconstruction that is markedly inconsistent with at 
least a dozen other recently published empirical and model-based estimates of Northern 
Hemisphere mean temperature changes during the 15th-16th centuries.  
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There are, nonetheless, numerous other more technical  problems, however, that would render 
the MM analysis invalid for independent reasons: 
 
(a) the use of an EOF decomposition based on one surface temperature data set (MBH98-old 
version of CRU instrumental surface temperature data) with standardization factors (used to un-
normalized normalized EOFS) based on a different temperature data set (MM-new version of 
CRU dataset) leads to a spatial pattern of bias in the projection of a given eigenvector onto the 
surface temperature field. 
 
(b) The use of gridpoint standardization factors based on undetrended data (MM) to un-
normalize EOFs that had been normalized by standardization factors of detrended data (MBH98) 
implies a pattern of bias in the projection of an eigenvector onto the surface temperature field 
that is increasingly large in regions where the 20th century is large. Either convention would be 
ok, but since MM combine EOFs from MBH98 with inconsistent standardization factors from a 
different temperature data set, they have effectively convoluted the statistics of a detrended and 
undetrended dataset. 
 
(c) In the case of the effort to MM to reproduce the MBH98 results using the MBH98 proxy data 
set, our preparation of a flawed spreadsheet representation of the data: 
 
We take responsibility for this error, though we (Mann) had encouraged the authors to go to the 
public ftp site and obtain the raw data used by MBH98. Instead, an associate of Mann's was 
asked to provide (or in any case, did provide, I'm not sure) a spreadsheet format version of the 
dataset in which PCs representing leading patterns of variance in particular proxy sub-networks 
evaluated from different sub-intervals were overprinted into the same column [Because MBH98 
used a different PC basis representation of the various sub-networks during each interval of their 
stepwise reconstruction approach, 159, rather than 112 indicators, were necessary to provide all 
of the proxy indicators necessary to perform the stepwise regression. Instead, the corresponding, 
but obviously incommensurate, PC series from different subintervals were successively printed 
over older values in the spreadsheet.  This is why the authors observed a diminished apparent 
explained variance spectrum in these eigenvector sets. This is also likely the main reason that 
MM do not reproduce, even using the supposedly 'same' dataset, the precise details of the 
MBH98 reconstruction. For the earlier reconstructions, the part of the PC series that is used for 
calibration and for early reconstruction is increasingly inconsistent, due to the overprinting 
problem. This is probably the reason for an apparent warm bias in the earlier centuries even for 
the analysis based on the "Mann et al" proxy dataset. 
 
(d) The various 1 year offsets, etc. noted by the authors are an artifact of spreadsheet preparation 
problems. MM appear to have correctly detected and corrected for these. 
 
(e) Lack of the use of an objective criterion in the determination of the number of retained 
instrumental PCs in the reconstruction: 
 
Since the proxy data network developed by MM appears to have differed dramatically 
(particularly during the 14th-15th century) from that used by MBH98,  as discussed earlier, it is 
inappropriate to use the same instrumental temperature eigenvector sub-basis for the 
reconstruction. The sub-basis sets were selected by MBH98 based on the application of an 
objective criterion to the specific available proxy networks available, and were optimized with 
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respect to those networks. It is completely inappropriate to apply the same sub-basis for a 
different set of proxy indicators than those used by MBH98 in a particular sub-period. 
 
(e) Related to the point raised in (c), MBH98 actually use different PC basis sets of proxy data 
networks over different intervals of available data to maximize the available statistical 
information increasingly forward in time as new series become available. MM appear to have 
only used PCs over the full (or supposedly full) available interval--thus they have a maximum of 
112 indicators, while MBH98 actually have a total of 159 proxy indicator series, with different 
PC series specific to the particular sub-interval. 
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From: Tim Osborn
To: Michael E. Mann
Cc: raymond s.bradley; mhughes@ltrr.arizona.edu; Phil Jones; Keith Briffa; Scott Rutherford
Subject: Re: Can you believe it???
Date: Thursday, October 30, 2003 9:23:22 AM

Mike,

in case you're worried by a lack of response from this side of the
Atlantic, then it's because Phil is away today and Keith and I have just
been in a project progress meeting all afternoon.

Cheers

Tim

At 16:16 30/10/2003, Michael E. Mann wrote:
>Dear Tim et al,
>
>Attached is my response, after several days of looking at what they've done.
>
>I think this will speak for itself.
>
>I look forward to your comments and thoughts,
>
>mike
>
>At 02:13 PM 10/30/2003 +0000, Tim Osborn wrote:
>>Mike et al.,
>>
>>have you seen the update that McIntyre has put on
>>http://www.climate2003.com/ - including copies of all emails etc.
>>regarding obtaining the data.  He's got wind of your reply from David
>>Appell, and responded in some way.  They're getting into the argument of
>>who's fault it was that the data they used were wrong - whereas the thing
>>to focus on is that their results are wrong, rather than who's fault this was.
>>
>>Cheers
>>
>>Tim
>>
>>At 14:02 30/10/2003, you wrote:
>>>Guys, can you take a look at this.
>>>
>>>I think that everything I say here is true! But we've got to be sure.
>>>
>>>There are more technical things they did wrong that I want to add, but
>>>this is the critical bit--what do you think. Comments? Thanks...
>>>
>>>mike
>>>
>>>________________________________________
>>>The recent paper by McIntyre and McKitrick (Energy and Environment, 14,
>>>751-771) claims to be an "audit" of the analysis of Mann, Bradley and
>>>Hughes (1998) or "MBH98".  An audit involves a careful examination,
>>>using the same data and following the exact procedures used in the
>>>report or study being audited.  McIntyre and McKitrick ("MM") have done
>>>no such thing, having used neither the data nor the procedures of MBH98.
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>>>Their analysis is notable only in how deeply they have misrepresented
>>>the data, methods, and results of MBH98. Journals that receive critical
>>>comments on a previously published papers always provide the authors who
>>>are being criticized an opportunity to review the study prior to
>>>publication, and offer them the chance to respond.  This is standard
>>>operating procedure in any legitimate peer-reviewed scientific journal.
>>>Mann and colleagues were never given this opportunity, nor were any
>>>other leading paleoclimate scientists that we're familiar with.  It is
>>>unfortunate that the profound errors, and false and misleading
>>>statements, and entirely spurious results provided in the  McIntyre and
>>>McKitrick article were ever allowed to see the light of day by those
>>>would have been able to detect them. . We suspect the extremely
>>>checkered history of "Energy and Environment" has some role to play in
>>>this. The authors should retract their article immediately, and issue a
>>>public apology to the climate research community for the injustice they
>>>have done in publishing and promoting this deeply deceptive and flawed
>>>analysis.
>>>
>>>
>>>
>>>Not only were critical errors made in their analysis that render it
>>>thoroughly invalid, but there appear to have been several strikingly
>>>subjective decisions made to remove key indicators of the original MBH98
>>>network prior to AD 1600, with a dramatic impact on the resulting
>>>reconstruction.  It is precisely the over which the numerous indicators
>>>were removed (pre 1600 period) during which MM reconstruct anomalous
>>>warmth  that is in sharp opposition to the cold conditions observed in
>>>MBH98 and  nearly  all other independent published estimates that we know of.
>>>
>>>
>>>
>>>While the authors dutifully cite the small inconsistency between the
>>>number of proxy indicators reported by, and found in the public data
>>>archive, of Mann et al back in time (there indeed appear to have been
>>>some minor typos in the MBH98 paper), it is odd that they do not cite
>>>the number of indicators in their putative version of the Mann et al
>>>network based on the independent collection of data, back time. The
>>>reader is literally left to do a huge amount of detective work, based on
>>>the tables in their pages 20-23, to determine just what data have been
>>>eliminated from the original Mann et al network. It seems odd, indeed,
>>>that their "substitutions" of other versions (or in some case, only
>>>apparent, and not actual, versions) of proxy data series for those in
>>>the original Mann et al (1998) network has the selective effect of
>>>deleting key proxy indicators that contribute dramatic cooling during
>>>the 16th century, when the MM reconstruction shows an anomalous warming
>>>departure from the Mann et al (1998) and all other published Northern
>>>Hemisphere temperature reconstructions.
>>>
>>>
>>>
>>>Here are some blatant examples:
>>>
>>>
>>>
>>>1) The authors (see their Figure 4) substitute a younger version of one
>>>of the Jacoby et al Northern Treeline series for the older version used
>>>by MBH98. This substitution has effect of removing a predictor of 15th
>>>century cooling [Incidentally, MM make much of the tendency for some
>>>tree ring series, such as this one, to show an apparent cooling over the
>>>past couple decades. Scientists with expertise in dendroclimatology know
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>>>that this behavior represents a  decrease in the sensitivity to
>>>temperature in recent decades that likely is related to conditions other
>>>than temperature which are limiting tree growth]
>>>
>>>
>>>
>>>2) The authors eliminate, without any justification, the entire dataset
>>>of 70 Western North American (WNA) tree-ring series available between
>>>1400 and 1600 (this dataset is represented, by MBH98, in terms of a
>>>smaller number of representative Principal Component time series). The
>>>leading pattern of variance in this data set exhibits conditions from
>>>1400-1800 that are dramatically colder than the mid and late
>>>20th  century, and a very prominent cooling in the 15th century in
>>>particular. The authors eliminated this entire dataset because they
>>>claimed that the underlying data was not available in the public domain.
>>>
>>>
>>>
>>>In point of fact, not only were the individual WNA data all available on
>>>the public ftp site provided by Mann and colleagues:
>>>ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/ITRDB/NOAMER/, but they
>>>were also available, despite the claims to the contrary by MM, on NOAA's
>>>website as well:
>>>ftp://ftp.ngdc.noaa.gov/paleo/treering/chronologies/northamerica/usa
>>>
>>>
>>>
>>>The deletion of this critical (see Mann et al, 1999) dataset appears
>>>to  one of the more important censorings performed by MM  that allows
>>>them to achieve their spurious result of apparent 15th-16th century warmth.
>>>
>>>
>>>
>>>We have not, as yet, finished determining just how many important
>>>indicators were subtly censored from the MBH98 dataset by the various
>>>subjective substitutions described on pages 20-23. However, given the
>>>relatively small number of indicators available between 1400-1500 in the
>>>MBH98 network (22-24) and their elimination of some of the more critical
>>>ones, it would appear that this subjective censoring of data, alone,
>>>explains the spurious, misleading, and deceptive result achieved by the
>>>authors.
>>>
>>>
>>>
>>>Incidentally, MBH98 go to great depths to perform careful
>>>cross-validation experiments as a function of increasing sparseness of
>>>the candidate predictors back in time, to demonstrate statistically
>>>significant reconstructive skill even for their earlier (1400-1450)
>>>reconstruction interval. MM describe no cross-validation experiments. We
>>>wonder what the verification resolved variance is for their
>>>reconstruction based on their 1400-1450 available network, during the
>>>independent latter 19th century period?
>>>
>>>
>>>
>>>There are numerous other serious problems that would render the MM
>>>analysis completely invalid, even in the absence of the serious issue
>>>raised above, and these are detailed below
>>>
>>>
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>>>                      Charlottesville, VA 22903
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>>>e-mail: mann@virginia.edu   Phone:    FAX: 
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>>
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From: Michael E. Mann
To: Tim Osborn
Cc: raymond s.bradley; mhughes@ltrr.arizona.edu; Phil Jones; Keith Briffa; Scott Rutherford
Subject: Re: Can you believe it???
Date: Thursday, October 30, 2003 9:27:33 AM

OK, Thanks Tim,

Obviously, I think I've pinned these guys now, so I'm interested in any feedback on this.

This should  be air-tight before we send it out...

mike

At 04:23 PM 10/30/2003 +0000, Tim Osborn wrote:

Mike,

in case you're worried by a lack of response from this side of the Atlantic, then it's because Phil
is away today and Keith and I have just been in a project progress meeting all afternoon.

Cheers

Tim

At 16:16 30/10/2003, Michael E. Mann wrote:

Dear Tim et al,

Attached is my response, after several days of looking at what they've done.

I think this will speak for itself.

I look forward to your comments and thoughts,

mike

At 02:13 PM 10/30/2003 +0000, Tim Osborn wrote:

Mike et al.,

have you seen the update that McIntyre has put on
http://www.climate2003.com/ - including copies of all emails etc.
regarding obtaining the data.  He's got wind of your reply from David
Appell, and responded in some way.  They're getting into the argument of
who's fault it was that the data they used were wrong - whereas the thing
to focus on is that their results are wrong, rather than who's fault this
was.

Cheers

Tim

At 14:02 30/10/2003, you wrote:

Guys, can you take a look at this.

I think that everything I say here is true! But we've got to be
sure.

There are more technical things they did wrong that I want to
add, but this is the critical bit--what do you think. Comments?
Thanks...

mike

________________________________________
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The recent paper by McIntyre and McKitrick (Energy and
Environment, 14, 751-771) claims to be an "audit" of the
analysis of Mann, Bradley and Hughes (1998) or "MBH98".  An
audit involves a careful examination, using the same data and
following the exact procedures used in the report or study
being audited.  McIntyre and McKitrick ("MM") have done no
such thing, having used neither the data nor the procedures of
MBH98. Their analysis is notable only in how deeply they have
misrepresented the data, methods, and results of MBH98.
Journals that receive critical comments on a previously
published papers always provide the authors who are being
criticized an opportunity to review the study prior to
publication, and offer them the chance to respond.  This is
standard operating procedure in any legitimate peer-reviewed
scientific journal. Mann and colleagues were never given this
opportunity, nor were any other leading paleoclimate scientists
that we're familiar with.  It is unfortunate that the profound
errors, and false and misleading statements, and entirely
spurious results provided in the  McIntyre and McKitrick article
were ever allowed to see the light of day by those would have
been able to detect them. . We suspect the extremely
checkered history of "Energy and Environment" has some role
to play in this. The authors should retract their article
immediately, and issue a public apology to the climate
research community for the injustice they have done in
publishing and promoting this deeply deceptive and flawed
analysis.

Not only were critical errors made in their analysis that render
it thoroughly invalid, but there appear to have been several
strikingly subjective decisions made to remove key indicators of
the original MBH98 network prior to AD 1600, with a dramatic
impact on the resulting reconstruction.  It is precisely the over
which the numerous indicators were removed (pre 1600
period) during which MM reconstruct anomalous warmth  that
is in sharp opposition to the cold conditions observed in
MBH98 and  nearly  all other independent published estimates
that we know of.

While the authors dutifully cite the small inconsistency
between the number of proxy indicators reported by, and
found in the public data archive, of Mann et al back in time
(there indeed appear to have been some minor typos in the
MBH98 paper), it is odd that they do not cite the number of
indicators in their putative version of the Mann et al network
based on the independent collection of data, back time. The
reader is literally left to do a huge amount of detective work,
based on the tables in their pages 20-23, to determine just
what data have been eliminated from the original Mann et al
network. It seems odd, indeed, that their "substitutions" of
other versions (or in some case, only apparent, and not actual,
versions) of proxy data series for those in the original Mann et
al (1998) network has the selective effect of deleting key proxy
indicators that contribute dramatic cooling during the 16th
century, when the MM reconstruction shows an anomalous
warming departure from the Mann et al (1998) and all other
published Northern Hemisphere temperature reconstructions.

Here are some blatant examples:
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1) The authors (see their Figure 4) substitute a younger
version of one of the Jacoby et al Northern Treeline series for
the older version used by MBH98. This substitution has effect
of removing a predictor of 15th century cooling [Incidentally,
MM make much of the tendency for some tree ring series, such
as this one, to show an apparent cooling over the past couple
decades. Scientists with expertise in dendroclimatology know
that this behavior represents a  decrease in the sensitivity to
temperature in recent decades that likely is related to
conditions other than temperature which are limiting tree
growth]

2) The authors eliminate, without any justification, the entire
dataset of 70 Western North American (WNA) tree-ring series
available between 1400 and 1600 (this dataset is represented,
by MBH98, in terms of a smaller number of representative
Principal Component time series). The leading pattern of
variance in this data set exhibits conditions from 1400-1800
that are dramatically colder than the mid and late 20th 
century, and a very prominent cooling in the 15th century in
particular. The authors eliminated this entire dataset because
they claimed that the underlying data was not available in the
public domain.

In point of fact, not only were the individual WNA data all
available on the public ftp site provided by Mann and
colleagues:
ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/ITRDB/NOAMER/
, but they were also available, despite the claims to the
contrary by MM, on NOAA's website as well:
ftp://ftp.ngdc.noaa.gov/paleo/treering/chronologies/northamerica/usa

The deletion of this critical (see Mann et al, 1999) dataset
appears to  one of the more important censorings performed
by MM  that allows them to achieve their spurious result of
apparent 15th-16th century warmth.

We have not, as yet, finished determining just how many
important indicators were subtly censored from the MBH98
dataset by the various subjective substitutions described on
pages 20-23. However, given the relatively small number of
indicators available between 1400-1500 in the MBH98 network
(22-24) and their elimination of some of the more critical ones,
it would appear that this subjective censoring of data, alone,
explains the spurious, misleading, and deceptive result
achieved by the authors.

Incidentally, MBH98 go to great depths to perform careful
cross-validation experiments as a function of increasing
sparseness of the candidate predictors back in time, to
demonstrate statistically significant reconstructive skill even for
their earlier (1400-1450) reconstruction interval. MM describe
no cross-validation experiments. We wonder what the
verification resolved variance is for their reconstruction based
on their 1400-1450 available network, during the independent
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latter 19th century period?

There are numerous other serious problems that would render
the MM analysis completely invalid, even in the absence of the
serious issue raised above, and these are detailed below

.

.

.
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From: Michael E. Mann
To: Tim Osborn
Cc: raymond s.bradley; mhughes@ltrr.arizona.edu; Phil Jones; Keith Briffa; Scott Rutherford
Subject: Re: Can you believe it???
Date: Thursday, October 30, 2003 9:56:55 AM
Attachments: Rebuttal.doc

sorry, some typos fixed and minor changes in the attachment.

please work w/ this if you care to makes edits/additions/suggestions/etc....

thanks,

mike

At 04:23 PM 10/30/2003 +0000, Tim Osborn wrote:

Mike,

in case you're worried by a lack of response from this side of the Atlantic, then it's because Phil
is away today and Keith and I have just been in a project progress meeting all afternoon.

Cheers

Tim

At 16:16 30/10/2003, Michael E. Mann wrote:

Dear Tim et al,

Attached is my response, after several days of looking at what they've done.

I think this will speak for itself.

I look forward to your comments and thoughts,

mike

At 02:13 PM 10/30/2003 +0000, Tim Osborn wrote:

Mike et al.,

have you seen the update that McIntyre has put on
http://www.climate2003.com/ - including copies of all emails etc.
regarding obtaining the data.  He's got wind of your reply from David
Appell, and responded in some way.  They're getting into the argument of
who's fault it was that the data they used were wrong - whereas the thing
to focus on is that their results are wrong, rather than who's fault this
was.

Cheers

Tim

At 14:02 30/10/2003, you wrote:

Guys, can you take a look at this.

I think that everything I say here is true! But we've got to be
sure.

There are more technical things they did wrong that I want to
add, but this is the critical bit--what do you think. Comments?
Thanks...

mike

________________________________________
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The recent paper by McIntyre and McKitrick (Energy and
Environment, 14, 751-771) claims to be an "audit" of the
analysis of Mann, Bradley and Hughes (1998) or "MBH98".  An
audit involves a careful examination, using the same data and
following the exact procedures used in the report or study
being audited.  McIntyre and McKitrick ("MM") have done no
such thing, having used neither the data nor the procedures of
MBH98. Their analysis is notable only in how deeply they have
misrepresented the data, methods, and results of MBH98.
Journals that receive critical comments on a previously
published papers always provide the authors who are being
criticized an opportunity to review the study prior to
publication, and offer them the chance to respond.  This is
standard operating procedure in any legitimate peer-reviewed
scientific journal. Mann and colleagues were never given this
opportunity, nor were any other leading paleoclimate scientists
that we're familiar with.  It is unfortunate that the profound
errors, and false and misleading statements, and entirely
spurious results provided in the  McIntyre and McKitrick article
were ever allowed to see the light of day by those would have
been able to detect them. . We suspect the extremely
checkered history of "Energy and Environment" has some role
to play in this. The authors should retract their article
immediately, and issue a public apology to the climate
research community for the injustice they have done in
publishing and promoting this deeply deceptive and flawed
analysis.

Not only were critical errors made in their analysis that render
it thoroughly invalid, but there appear to have been several
strikingly subjective decisions made to remove key indicators of
the original MBH98 network prior to AD 1600, with a dramatic
impact on the resulting reconstruction.  It is precisely the over
which the numerous indicators were removed (pre 1600
period) during which MM reconstruct anomalous warmth  that
is in sharp opposition to the cold conditions observed in
MBH98 and  nearly  all other independent published estimates
that we know of.

While the authors dutifully cite the small inconsistency
between the number of proxy indicators reported by, and
found in the public data archive, of Mann et al back in time
(there indeed appear to have been some minor typos in the
MBH98 paper), it is odd that they do not cite the number of
indicators in their putative version of the Mann et al network
based on the independent collection of data, back time. The
reader is literally left to do a huge amount of detective work,
based on the tables in their pages 20-23, to determine just
what data have been eliminated from the original Mann et al
network. It seems odd, indeed, that their "substitutions" of
other versions (or in some case, only apparent, and not actual,
versions) of proxy data series for those in the original Mann et
al (1998) network has the selective effect of deleting key proxy
indicators that contribute dramatic cooling during the 16th
century, when the MM reconstruction shows an anomalous
warming departure from the Mann et al (1998) and all other
published Northern Hemisphere temperature reconstructions.

Here are some blatant examples:
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1) The authors (see their Figure 4) substitute a younger
version of one of the Jacoby et al Northern Treeline series for
the older version used by MBH98. This substitution has effect
of removing a predictor of 15th century cooling [Incidentally,
MM make much of the tendency for some tree ring series, such
as this one, to show an apparent cooling over the past couple
decades. Scientists with expertise in dendroclimatology know
that this behavior represents a  decrease in the sensitivity to
temperature in recent decades that likely is related to
conditions other than temperature which are limiting tree
growth]

2) The authors eliminate, without any justification, the entire
dataset of 70 Western North American (WNA) tree-ring series
available between 1400 and 1600 (this dataset is represented,
by MBH98, in terms of a smaller number of representative
Principal Component time series). The leading pattern of
variance in this data set exhibits conditions from 1400-1800
that are dramatically colder than the mid and late 20th 
century, and a very prominent cooling in the 15th century in
particular. The authors eliminated this entire dataset because
they claimed that the underlying data was not available in the
public domain.

In point of fact, not only were the individual WNA data all
available on the public ftp site provided by Mann and
colleagues:
ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/ITRDB/NOAMER/
, but they were also available, despite the claims to the
contrary by MM, on NOAA's website as well:
ftp://ftp.ngdc.noaa.gov/paleo/treering/chronologies/northamerica/usa

The deletion of this critical (see Mann et al, 1999) dataset
appears to  one of the more important censorings performed
by MM  that allows them to achieve their spurious result of
apparent 15th-16th century warmth.

We have not, as yet, finished determining just how many
important indicators were subtly censored from the MBH98
dataset by the various subjective substitutions described on
pages 20-23. However, given the relatively small number of
indicators available between 1400-1500 in the MBH98 network
(22-24) and their elimination of some of the more critical ones,
it would appear that this subjective censoring of data, alone,
explains the spurious, misleading, and deceptive result
achieved by the authors.

Incidentally, MBH98 go to great depths to perform careful
cross-validation experiments as a function of increasing
sparseness of the candidate predictors back in time, to
demonstrate statistically significant reconstructive skill even for
their earlier (1400-1450) reconstruction interval. MM describe
no cross-validation experiments. We wonder what the
verification resolved variance is for their reconstruction based
on their 1400-1450 available network, during the independent
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latter 19th century period?

There are numerous other serious problems that would render
the MM analysis completely invalid, even in the absence of the
serious issue raised above, and these are detailed below

.

.

.
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The recent paper by McIntyre and McKitrick (Energy and Environment, 14, 751-771) claims to 
be an "audit" of the analysis of Mann, Bradley and Hughes (1998) or "MBH98".  An audit 
involves a careful examination, using the same data and following the exact procedures used in 
the report or study being audited.  McIntyre and McKitrick ("MM") have done no such thing, 
having used neither the data nor the procedures of MBH98. Their analysis is notable only in how 
deeply they have misrepresented the data, methods, and results of MBH98. Journals that receive 
critical comments on a previously published papers always provide the authors who are being 
criticized an opportunity to review the study prior to publication, and offer them the chance to 
respond.  This is standard operating procedure in any legitimate peer-reviewed scientific journal. 
Mann and colleagues were never given this opportunity, nor were any other leading paleoclimate 
scientists that we're familiar with.  It is unfortunate that the profound errors, and false and 
misleading statements, and entirely spurious results provided in the  McIntyre and McKitrick 
article were ever allowed to see the light of day. We suspect the extremely checkered history of 
"Energy and Environment" has some role to play in this. The authors should retract their article 
immediately, and issue a public apology to the climate research community for the injustice they 
have done in publishing and promoting this deeply deceptive and flawed analysis. 
 
Not only were critical errors made in their analysis that render it thoroughly invalid, but there 
appear to have been several strikingly subjective decisions made to remove key indicators of the 
original MBH98 network prior to AD 1600, with a dramatic impact on the resulting 
reconstruction.  It is precisely the interval (1400-1600) over which  numerous indicators were 
over which MM reconstruct anomalous warmth  that is in sharp opposition to the cold conditions 
observed in MBH98 and  nearly  all other independent published estimates  of past trends in 
Northern Hemisphere mean temperature. 
 
While the authors dutifully cite the small inconsistency between the number of proxy indicators 
reported by, and found in the public data archive, of Mann et al back in time (there indeed appear 
to have been some minor typos in the MBH98 paper), it is odd that they do not cite the number 
of indicators in their putative version of the Mann et al network based on the independent 
collection of data, back in time. The reader is literally left to do a huge amount of detective work, 
based on the tables in their pages 20-23, to determine just what data have been eliminated from 
the original Mann et al network. It seems odd, indeed, that their "substitutions" of other versions 
(or in some case, only apparent, and not actual, versions) of proxy data series for those in the 
original Mann et al (1998) network has the selective effect of deleting key proxy indicators that 
contribute dramatic cooling during the 15th century, when the MM reconstruction shows an 
anomalous warming , unlike Mann et al (1998) and all other published Northern Hemisphere 
temperature reconstructions. 
 
Here are some blatant examples: 
 
1) The authors (see their Figure 4) substitute a shorter version (back to mid 16th century) of one 
of the Jacoby et al Northern Treeline series for the longer version (back to mid 15th century) 
used by MBH98. This substitution the has effect of removing a predictor of 15th century cooling 
[Incidentally, MM make much of the tendency for some tree ring series, such as this one, to 
show an apparent cooling over the past couple decades. Scientists with expertise in 
dendroclimatology know that this behavior represents a  decrease in the sensitivity to 
temperature in recent decades that likely is related to conditions other than temperature which are 
limiting modern tree growth]  
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2) The authors eliminate, without any justification, the entire dataset of 70 Western North 
American (WNA) tree-ring series available between 1400 and 1600 (this dataset is represented, 
by MBH98, in terms of a smaller number of representative Principal Component time series). 
The leading pattern of variance in this data set exhibits conditions from 1400-1800 that are 
dramatically colder than the mid and late 20th  century, and a very prominent cooling in the 15th 
century in particular. The authors eliminated this entire dataset because they claimed that the 
underlying data was not available in the public domain.  In point of fact, not only were the 
individual WNA data all available on the public ftp site provided by Mann and colleagues: 
ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/ITRDB/NOAMER/, but they were also available, 
despite the claims to the contrary by MM, on NOAA's website as well: 
ftp://ftp.ngdc.noaa.gov/paleo/treering/chronologies/northamerica/usa 
 
The deletion of this critical dataset appears to  be one of the key censoring operations performed 
by MM  that allows them to achieve their spurious result of apparent 15th-16th century warmth. 
 
3) The entire  dataset of Stahle and coworkers of Southwestern U.S./Mexican late wood ring 
width measurements prior to the 17th century (12  back to 1500, 6 back to 1400) was eliminated, 
again based on a false claim that the underlying data series were not available in the public 
domain. Once again, the data were available at the  Mann et al ftp site: 
ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/STAHLE/SWM/ 
 
We have not determined yet, just how many important indicators were subtly censored from the 
MBH98 dataset by the various subjective substitutions described on pages 20-23. However, 
given the relatively small number of indicators available between 1400-1500 in the MBH98 
network (22-24) and their elimination of some of the more critical ones, it would appear that this 
subjective censoring of data, alone, explains the spurious, misleading, and deceptive result 
achieved by the authors. 
 
MBH98 go to great depths to perform careful cross-validation experiments as a function of the 
time interval of the reconstruction, verifying the reconstructive skill of the predictor network as it 
becomes  increasing sparse back in time. Mann et al are able  to demonstrate statistically 
significant reconstructive skill even for their earlier (1400-1450) reconstruction interval, though 
the ability to obtain a skillful statistical reconstruction at this time critically depends on a 
relatively modest number of key predictors. MM have, in effect, eliminated those predictors from 
the proxy data network.  MM describe no cross-validation experiments. We wonder what the 
verification resolved variance is for their reconstruction based on their 1400-1450 available 
network (based on cross-validation of the reconstruction during the independent latter 19th 
century period of the instrumental record), and how it compares with that provided by our 
reconstruction? 
  
The selective censoring of key indicators in the Mann et al network is an especially devious way 
to achieve an entirely different reconstruction. MM have effectively censored our key indicators 
from the 1400-1600 period.  We feel that the above description should be adequate to provide a 
reader with a sense of why MM have achieved a reconstruction that is markedly inconsistent 
with at least a dozen other recently published empirical and model-based estimates of Northern 
Hemisphere mean temperature changes during the 15th-16th centuries.  
 
There are, nonetheless, numerous other more technical  problems, however, that would render 
the MM analysis invalid for independent reasons: 
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(a) the use of an EOF decomposition based on one surface temperature data set (MBH98-old 
version of CRU instrumental surface temperature data) with standardization factors (used to un-
normalized normalized EOFS) based on a different temperature data set (MM-new version of 
CRU dataset) leads to a spatial pattern of bias in the projection of a given eigenvector onto the 
surface temperature field. 
 
(b) The use of gridpoint standardization factors based on undetrended data (MM) to un-
normalize EOFs that had been normalized by standardization factors of detrended data (MBH98) 
implies a pattern of bias in the projection of an eigenvector onto the surface temperature field 
that is increasingly large in regions where the 20th century is large. Either convention would be 
ok, but since MM combine EOFs from MBH98 with inconsistent standardization factors from a 
different temperature data set, they have effectively convoluted the statistics of a detrended and 
undetrended dataset. 
 
(c) In the case of the effort to MM to reproduce the MBH98 results using the MBH98 proxy data 
set, our preparation of a flawed spreadsheet representation of the data: 
 
We take responsibility for this error, though we (Mann) had encouraged the authors to go to the 
public ftp site and obtain the raw data used by MBH98. Instead, an associate of Mann's was 
asked to provide (or in any case, did provide, I'm not sure) a spreadsheet format version of the 
dataset in which PCs representing leading patterns of variance in particular proxy sub-networks 
evaluated from different sub-intervals were overprinted into the same column [Because MBH98 
used a different PC basis representation of the various sub-networks during each interval of their 
stepwise reconstruction approach, 159, rather than 112 indicators, were necessary to provide all 
of the proxy indicators necessary to perform the stepwise regression. Instead, the corresponding, 
but obviously incommensurate, PC series from different subintervals were successively printed 
over older values in the spreadsheet.  This is why the authors observed a diminished apparent 
explained variance spectrum in these eigenvector sets. This is also likely the main reason that 
MM do not reproduce, even using the supposedly 'same' dataset, the precise details of the 
MBH98 reconstruction. For the earlier reconstructions, the part of the PC series that is used for 
calibration and for early reconstruction is increasingly inconsistent, due to the overprinting 
problem. This is probably the reason for an apparent warm bias in the earlier centuries even for 
the analysis based on the "Mann et al" proxy dataset. 
 
(d) The various 1 year offsets, etc. noted by the authors are an artifact of spreadsheet preparation 
problems. MM appear to have correctly detected and corrected for these. 
 
(e) Lack of the use of an objective criterion in the determination of the number of retained 
instrumental PCs in the reconstruction: 
 
Since the proxy data network developed by MM appears to have differed dramatically 
(particularly during the 14th-15th century) from that used by MBH98,  as discussed earlier, it is 
inappropriate to use the same instrumental temperature eigenvector sub-basis for the 
reconstruction. The sub-basis sets were selected by MBH98 based on the application of an 
objective criterion to the specific available proxy networks available, and were optimized with 
respect to those networks. It is completely inappropriate to apply the same sub-basis for a 
different set of proxy indicators than those used by MBH98 in a particular sub-period. 
 

ABOR/MH/Priv-001046



(e) Related to the point raised in (c), MBH98 actually use different PC basis sets of proxy data 
networks over different intervals of available data to maximize the available statistical 
information increasingly forward in time as new series become available. MM appear to have 
only used PCs over the full (or supposedly full) available interval--thus they have a maximum of 
112 indicators, while MBH98 actually have a total of 159 proxy indicator series, with different 
PC series specific to the particular sub-interval. 
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_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: raymond s. bradley; Tim Osborn; p.jones@uea.ac.uk; k.briffa@uea.ac.uk
Cc: mhughes@ltrr.arizona.edu
Subject: Re: One way out....
Date: Thursday, October 30, 2003 10:02:22 AM

p.s. Ray, the answer is:

100% of the time, if the paper was written, promoted, and published by industry
shills...

At 11:55 AM 10/30/2003 -0500, raymond s. bradley wrote:

Tim, Phil, Keef:
I suggest a way out of this mess.  Because of the complexity of the
arguments involved, to an uniformed observer it all might be viewed as
just scientific nit-picking by "for" and "against" global warming
proponents.  However, if an "independent group" such as you guys at
CRU could make a statement as to whether the M&M effort is truly an
"audit", and if they did it right, I think that would go a long way to
defusing the issue.
It's clear from the figure that Reno Knuti sent yesterday that something
pretty whacky happened in their analysis prior to ~AD1600, and this led
Mike to figure out the problem.  See:
file:///c:/eudora/attach/nh_temp_rec.jpg

If you are willing, a quick and forceful statement from The Distinguished
CRU Boys would help quash further arguments, although here, at least, it
is already quite out of control.....yesterday in the US Senate the debate
opened on the McCain-Lieberman bill to control CO2 emissions from
power plants.  Sen Inhofe stood up & showed the M & M figure and
stated that Mann et al--& the IPCC assessment --was now disproven and
so there was no reason to control CO2 emissions.....I wonder how many
times a "scientific" paper gets reported on in the Senate 3 days after it is
published....
Ray

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: raymond s. bradley; Tim Osborn; p.jones@uea.ac.uk; k.briffa@uea.ac.uk
Cc: mhughes@ltrr.arizona.edu
Subject: Re: One way out....
Date: Thursday, October 30, 2003 10:02:49 AM

Thanks Ray,

That sounds good. I think I've got some strong stuff there--will look forward to
hearing back.

The Senate floor debate wasn't bed though. The majority of the senators were on the
right side, our various reconstrucitons got lots of positive air time (both MBH99 and
the comparison of Briffa, Jones et al, Mann et al, etc. from the other IPCC plot). 

Inhofe did go after us, as he always does, but I've given Lieberman's staff the goods
and they're going to chew Inhofe to pieces on junk  science in the next 30 minutes!!!

cheers,

mike

At 11:55 AM 10/30/2003 -0500, raymond s. bradley wrote:

Tim, Phil, Keef:
I suggest a way out of this mess.  Because of the complexity of the
arguments involved, to an uniformed observer it all might be viewed as
just scientific nit-picking by "for" and "against" global warming
proponents.  However, if an "independent group" such as you guys at
CRU could make a statement as to whether the M&M effort is truly an
"audit", and if they did it right, I think that would go a long way to
defusing the issue.
It's clear from the figure that Reno Knuti sent yesterday that something
pretty whacky happened in their analysis prior to ~AD1600, and this led
Mike to figure out the problem.  See:
file:///c:/eudora/attach/nh_temp_rec.jpg

If you are willing, a quick and forceful statement from The Distinguished
CRU Boys would help quash further arguments, although here, at least, it
is already quite out of control.....yesterday in the US Senate the debate
opened on the McCain-Lieberman bill to control CO2 emissions from
power plants.  Sen Inhofe stood up & showed the M & M figure and
stated that Mann et al--& the IPCC assessment --was now disproven and
so there was no reason to control CO2 emissions.....I wonder how many
times a "scientific" paper gets reported on in the Senate 3 days after it is
published....
Ray

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
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_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Keith Briffa
To: Michael E. Mann; Tim Osborn
Cc: raymond s.bradley; mhughes@ltrr.arizona.edu; Phil Jones; Scott Rutherford
Subject: Re: Can you believe it???
Date: Thursday, October 30, 2003 10:02:59 AM

Mike and others
I am sorry but been in a meeting all day - my first impression of reading
the text is to caution against releasing this statement without more
discussion. Do not be bounced into saying stuff you are not sure of , and
using emotive language that smacks of too emotional a response . I am
staying a while to read and comment in detail - and will try to fax
something. Have to go soon because of daughter and need to write 2 PhD
proposals tonight . Please clarify if there is a deadline that you are
working too and what target is this piece aimed at.?

Keith

At 09:35 AM 10/30/03 -0500, Michael E. Mann wrote:
>Guys,
>
>I'm right, aren't I????
>
>mike
>
>At 02:13 PM 10/30/2003 +0000, Tim Osborn wrote:
>
>>At 14:02 30/10/2003, you wrote:
>>>Guys, can you take a look at this.
>>>
>>>I think that everything I say here is true! But we've got to be sure.
>>>
>>>There are more technical things they did wrong that I want to add, but
>>>this is the critical bit--what do you think. Comments? Thanks...
>>>
>>>mike
>>>
>>>________________________________________
>>>The recent paper by McIntyre and McKitrick (Energy and Environment, 14,
>>>751-771) claims to be an "audit" of the analysis of Mann, Bradley and
>>>Hughes (1998) or "MBH98".  An audit involves a careful examination,
>>>using the same data and following the exact procedures used in the
>>>report or study being audited.  McIntyre and McKitrick ("MM") have done
>>>no such thing, having used neither the data nor the procedures of MBH98.
>>>Their analysis is notable only in how deeply they have misrepresented
>>>the data, methods, and results of MBH98. Journals that receive critical
>>>comments on a previously published papers always provide the authors who
>>>are being criticized an opportunity to review the study prior to
>>>publication, and offer them the chance to respond.  This is standard
>>>operating procedure in any legitimate peer-reviewed scientific journal.
>>>Mann and colleagues were never given this opportunity, nor were any
>>>other leading paleoclimate scientists that we're familiar with.  It is
>>>unfortunate that the profound errors, and false and misleading
>>>statements, and entirely spurious results provided in the  McIntyre and
>>>McKitrick article were ever allowed to see the light of day by those
>>>would have been able to detect them. . We suspect the extremely
>>>checkered history of "Energy and Environment" has some role to play in
>>>this. The authors should retract their article immediately, and issue a
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>>>public apology to the climate research community for the injustice they
>>>have done in publishing and promoting this deeply deceptive and flawed
>>>analysis.
>>>
>>>
>>>
>>>Not only were critical errors made in their analysis that render it
>>>thoroughly invalid, but there appear to have been several strikingly
>>>subjective decisions made to remove key indicators of the original MBH98
>>>network prior to AD 1600, with a dramatic impact on the resulting
>>>reconstruction.  It is precisely the over which the numerous indicators
>>>were removed (pre 1600 period) during which MM reconstruct anomalous
>>>warmth  that is in sharp opposition to the cold conditions observed in
>>>MBH98 and  nearly  all other independent published estimates that we know of.
>>>
>>>
>>>
>>>While the authors dutifully cite the small inconsistency between the
>>>number of proxy indicators reported by, and found in the public data
>>>archive, of Mann et al back in time (there indeed appear to have been
>>>some minor typos in the MBH98 paper), it is odd that they do not cite
>>>the number of indicators in their putative version of the Mann et al
>>>network based on the independent collection of data, back time. The
>>>reader is literally left to do a huge amount of detective work, based on
>>>the tables in their pages 20-23, to determine just what data have been
>>>eliminated from the original Mann et al network. It seems odd, indeed,
>>>that their "substitutions" of other versions (or in some case, only
>>>apparent, and not actual, versions) of proxy data series for those in
>>>the original Mann et al (1998) network has the selective effect of
>>>deleting key proxy indicators that contribute dramatic cooling during
>>>the 16th century, when the MM reconstruction shows an anomalous warming
>>>departure from the Mann et al (1998) and all other published Northern
>>>Hemisphere temperature reconstructions.
>>>
>>>
>>>
>>>Here are some blatant examples:
>>>
>>>
>>>
>>>1) The authors (see their Figure 4) substitute a younger version of one
>>>of the Jacoby et al Northern Treeline series for the older version used
>>>by MBH98. This substitution has effect of removing a predictor of 15th
>>>century cooling [Incidentally, MM make much of the tendency for some
>>>tree ring series, such as this one, to show an apparent cooling over the
>>>past couple decades. Scientists with expertise in dendroclimatology know
>>>that this behavior represents a  decrease in the sensitivity to
>>>temperature in recent decades that likely is related to conditions other
>>>than temperature which are limiting tree growth]
>>>
>>>
>>>
>>>2) The authors eliminate, without any justification, the entire dataset
>>>of 70 Western North American (WNA) tree-ring series available between
>>>1400 and 1600 (this dataset is represented, by MBH98, in terms of a
>>>smaller number of representative Principal Component time series). The
>>>leading pattern of variance in this data set exhibits conditions from
>>>1400-1800 that are dramatically colder than the mid and late
>>>20th  century, and a very prominent cooling in the 15th century in
>>>particular. The authors eliminated this entire dataset because they
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>>>claimed that the underlying data was not available in the public domain.
>>>
>>>
>>>
>>>In point of fact, not only were the individual WNA data all available on
>>>the public ftp site provided by Mann and colleagues:
>>>ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/ITRDB/NOAMER/, but they
>>>were also available, despite the claims to the contrary by MM, on NOAA's
>>>website as well:
>>>ftp://ftp.ngdc.noaa.gov/paleo/treering/chronologies/northamerica/usa
>>>
>>>
>>>
>>>The deletion of this critical (see Mann et al, 1999) dataset appears
>>>to  one of the more important censorings performed by MM  that allows
>>>them to achieve their spurious result of apparent 15th-16th century warmth.
>>>
>>>
>>>
>>>We have not, as yet, finished determining just how many important
>>>indicators were subtly censored from the MBH98 dataset by the various
>>>subjective substitutions described on pages 20-23. However, given the
>>>relatively small number of indicators available between 1400-1500 in the
>>>MBH98 network (22-24) and their elimination of some of the more critical
>>>ones, it would appear that this subjective censoring of data, alone,
>>>explains the spurious, misleading, and deceptive result achieved by the
>>>authors.
>>>
>>>
>>>
>>>Incidentally, MBH98 go to great depths to perform careful
>>>cross-validation experiments as a function of increasing sparseness of
>>>the candidate predictors back in time, to demonstrate statistically
>>>significant reconstructive skill even for their earlier (1400-1450)
>>>reconstruction interval. MM describe no cross-validation experiments. We
>>>wonder what the verification resolved variance is for their
>>>reconstruction based on their 1400-1450 available network, during the
>>>independent latter 19th century period?
>>>
>>>
>>>
>>>There are numerous other serious problems that would render the MM
>>>analysis completely invalid, even in the absence of the serious issue
>>>raised above, and these are detailed below
>>>
>>>
>>>
>>>.
>>>
>>>.
>>>
>>>.
>>>
>>>______________________________________________________________
>>>                     Professor Michael E. Mann
>>>            Department of Environmental Sciences, Clark Hall
>>>                       University of Virginia
>>>                      Charlottesville, VA 22903
>>>_______________________________________________________________________
>>>e-mail: mann@virginia.edu   Phone:    FAX: 
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>>>          http://www.evsc.virginia.edu/faculty/people/mann.shtml
>>
>>Dr Timothy J Osborn
>>Climatic Research Unit
>>School of Environmental Sciences, University of East Anglia
>>Norwich  NR4 7TJ, UK
>>
>>e-mail:   t.osborn@uea.ac.uk
>>phone:    
>>fax:      
>>web:      http://www.cru.uea.ac.uk/~timo/
>>sunclock: http://www.cru.uea.ac.uk/~timo/sunclock.htm
>______________________________________________________________
>                     Professor Michael E. Mann
>            Department of Environmental Sciences, Clark Hall
>                       University of Virginia
>                      Charlottesville, VA 22903
>_______________________________________________________________________
>e-mail: mann@virginia.edu   Phone:    FAX: 
>          http://www.evsc.virginia.edu/faculty/people/mann.shtml

--
Professor Keith Briffa,
Climatic Research Unit
University of East Anglia
Norwich, NR4 7TJ, U.K.

Phone: 
Fax: 

http://www.cru.uea.ac.uk/cru/people/briffa/
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From: Michael E. Mann
To: Keith Briffa; Tim Osborn
Cc: raymond s.bradley; mhughes@ltrr.arizona.edu; Phil Jones; Scott Rutherford
Subject: Re: Can you believe it???
Date: Thursday, October 30, 2003 10:11:26 AM

Thanks Keith,

I really appreciate your help.

I'm happy for us to try to soften the tone, and will look forward to your suggested changes, etc. in this
regard.

I'm about 99% sure, at this point, that my facts are right though--look forward to hearing what you think
I've reading through it--its dense, takes some effort to figure out what they eliminated. But they appear to
have eliminated *just* the right series.. It really was a censoring of data as far as I can tell, key data...

talk to you later,

mike

p.s. as for the target audience/date--I'll defer to you guys. I think, from Tim's comments, this has to go out
quickly. We've got to nip this in the bud before it gets any more play. So I'm thinking, tomorrow at the
latest.

Target audience--i think the idea is the same huge email distribution/listserv that they sent their
disinformation out to in the first place.

At 04:50 PM 10/30/2003 +0000, Keith Briffa wrote:

Mike and others
I am sorry but been in a meeting all day - my first impression of reading the text is to caution
against releasing this statement without more discussion. Do not be bounced into saying stuff
you are not sure of , and using emotive language that smacks of too emotional a response . I
am staying a while to read and comment in detail - and will try to fax something. Have to go
soon because of daughter and need to write 2 PhD proposals tonight . Please clarify if there is a
deadline that you are working too and what target is this piece aimed at.?

Keith

At 09:35 AM 10/30/03 -0500, Michael E. Mann wrote:

Guys,

I'm right, aren't I????

mike

At 02:13 PM 10/30/2003 +0000, Tim Osborn wrote:

At 14:02 30/10/2003, you wrote:

Guys, can you take a look at this.

I think that everything I say here is true! But we've got to be
sure.

There are more technical things they did wrong that I want to
add, but this is the critical bit--what do you think. Comments?
Thanks...

mike

________________________________________
The recent paper by McIntyre and McKitrick (Energy and
Environment, 14, 751-771) claims to be an "audit" of the
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analysis of Mann, Bradley and Hughes (1998) or "MBH98".  An
audit involves a careful examination, using the same data and
following the exact procedures used in the report or study
being audited.  McIntyre and McKitrick ("MM") have done no
such thing, having used neither the data nor the procedures of
MBH98. Their analysis is notable only in how deeply they have
misrepresented the data, methods, and results of MBH98.
Journals that receive critical comments on a previously
published papers always provide the authors who are being
criticized an opportunity to review the study prior to
publication, and offer them the chance to respond.  This is
standard operating procedure in any legitimate peer-reviewed
scientific journal. Mann and colleagues were never given this
opportunity, nor were any other leading paleoclimate scientists
that we're familiar with.  It is unfortunate that the profound
errors, and false and misleading statements, and entirely
spurious results provided in the  McIntyre and McKitrick article
were ever allowed to see the light of day by those would have
been able to detect them. . We suspect the extremely
checkered history of "Energy and Environment" has some role
to play in this. The authors should retract their article
immediately, and issue a public apology to the climate
research community for the injustice they have done in
publishing and promoting this deeply deceptive and flawed
analysis.

Not only were critical errors made in their analysis that render
it thoroughly invalid, but there appear to have been several
strikingly subjective decisions made to remove key indicators of
the original MBH98 network prior to AD 1600, with a dramatic
impact on the resulting reconstruction.  It is precisely the over
which the numerous indicators were removed (pre 1600
period) during which MM reconstruct anomalous warmth  that
is in sharp opposition to the cold conditions observed in
MBH98 and  nearly  all other independent published estimates
that we know of.

While the authors dutifully cite the small inconsistency
between the number of proxy indicators reported by, and
found in the public data archive, of Mann et al back in time
(there indeed appear to have been some minor typos in the
MBH98 paper), it is odd that they do not cite the number of
indicators in their putative version of the Mann et al network
based on the independent collection of data, back time. The
reader is literally left to do a huge amount of detective work,
based on the tables in their pages 20-23, to determine just
what data have been eliminated from the original Mann et al
network. It seems odd, indeed, that their "substitutions" of
other versions (or in some case, only apparent, and not actual,
versions) of proxy data series for those in the original Mann et
al (1998) network has the selective effect of deleting key proxy
indicators that contribute dramatic cooling during the 16th
century, when the MM reconstruction shows an anomalous
warming departure from the Mann et al (1998) and all other
published Northern Hemisphere temperature reconstructions.

Here are some blatant examples:

1) The authors (see their Figure 4) substitute a younger
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version of one of the Jacoby et al Northern Treeline series for
the older version used by MBH98. This substitution has effect
of removing a predictor of 15th century cooling [Incidentally,
MM make much of the tendency for some tree ring series, such
as this one, to show an apparent cooling over the past couple
decades. Scientists with expertise in dendroclimatology know
that this behavior represents a  decrease in the sensitivity to
temperature in recent decades that likely is related to
conditions other than temperature which are limiting tree
growth]

2) The authors eliminate, without any justification, the entire
dataset of 70 Western North American (WNA) tree-ring series
available between 1400 and 1600 (this dataset is represented,
by MBH98, in terms of a smaller number of representative
Principal Component time series). The leading pattern of
variance in this data set exhibits conditions from 1400-1800
that are dramatically colder than the mid and late 20th 
century, and a very prominent cooling in the 15th century in
particular. The authors eliminated this entire dataset because
they claimed that the underlying data was not available in the
public domain.

In point of fact, not only were the individual WNA data all
available on the public ftp site provided by Mann and
colleagues:
ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/ITRDB/NOAMER/
, but they were also available, despite the claims to the
contrary by MM, on NOAA's website as well:
ftp://ftp.ngdc.noaa.gov/paleo/treering/chronologies/northamerica/usa

The deletion of this critical (see Mann et al, 1999) dataset
appears to  one of the more important censorings performed
by MM  that allows them to achieve their spurious result of
apparent 15th-16th century warmth.

We have not, as yet, finished determining just how many
important indicators were subtly censored from the MBH98
dataset by the various subjective substitutions described on
pages 20-23. However, given the relatively small number of
indicators available between 1400-1500 in the MBH98 network
(22-24) and their elimination of some of the more critical ones,
it would appear that this subjective censoring of data, alone,
explains the spurious, misleading, and deceptive result
achieved by the authors.

Incidentally, MBH98 go to great depths to perform careful
cross-validation experiments as a function of increasing
sparseness of the candidate predictors back in time, to
demonstrate statistically significant reconstructive skill even for
their earlier (1400-1450) reconstruction interval. MM describe
no cross-validation experiments. We wonder what the
verification resolved variance is for their reconstruction based
on their 1400-1450 available network, during the independent
latter 19th century period?
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There are numerous other serious problems that would render
the MM analysis completely invalid, even in the absence of the
serious issue raised above, and these are detailed below

.

.

.

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX:

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

Dr Timothy J Osborn
Climatic Research Unit
School of Environmental Sciences, University of East Anglia
Norwich  NR4 7TJ, UK

e-mail:   t.osborn@uea.ac.uk
phone:    
fax:      
web:      http://www.cru.uea.ac.uk/~timo/
sunclock: http://www.cru.uea.ac.uk/~timo/sunclock.htm

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

--
Professor Keith Briffa,
Climatic Research Unit
University of East Anglia
Norwich, NR4 7TJ, U.K.

Phone: 
Fax: 

http://www.cru.uea.ac.uk/cru/people/briffa/

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
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From: Michael E. Mann
To: Keith Briffa; raymond s. bradley; Tim Osborn; p.jones@uea.ac.uk
Cc: mhughes@ltrr.arizona.edu
Subject: Re: One way out....
Date: Thursday, October 30, 2003 10:44:49 AM

Thanks Keith,

I see the mutual collaboration as well underway now, w/ the Rutherford et al paper
sort of representing our pilot effort. I much look forward to increasingly closer
interaction among the group-that can only lead to good things, better science, a
better understanding of the science--so this all sounds good to me. 

I think its appropriate to note that are still legitimate differences and uncertainties
(as indicated in the spread of different empirical and model estimates shown in the
various spaghetti plots we've all produced ). But that *this* is not one of them--I
think all of the errors I've documented in MM are correct, in particular the very
convenient censoring of ITRDB PC #1 and one of the oldest Jacoby tree-ring series
of the network, and that's how they get that ridiculous result...But if you think some
details aren't clear, I'd like to discuss them/try to clarify them. I'd like to hear what
everyone thinks about the facts.

We can soften the tone. I'm pretty darned sure of the facts, having spent about 4
days pouring over this, looking at the data series, re-reading their descriptions,
looking at their codes, etc...So I'd like to discuss any questions in what I've written,
after you all have had time to read over the paper, my response, etc...

thanks,

mike

At 05:11 PM 10/30/2003 +0000, Keith Briffa wrote:

Ray et al
I agree with this idea in principle . Whatever scientific differences and
fascination with the nuances of techniques we may /may not share, this
whole process represents the most despicable example of slander and
down right deliberate perversion of the scientific process , and bias
(unverified) work being used to influence public perception and due
political process. It is , however, essential that you (we) do not get caught
up in the frenzy that these people are trying to generate, and that will
more than likely lead to error on our part or some premature remarks
that we might regret. I do think the statement re Mike's results needs
making , but only after it can be based on repeated work and in full
collaboration of us all. I am happy to push Tim to take the lead and
collaborate in this - and I feel we could get sanction very quickly from the
DEFRA if needed. BUT this must be done calmly , and in the meantime a
restrained statement but out saying we have full confidence in Mike's
objectivity and independence - which we can not say of the sceptics. In
fact I am moved tomorrow to contact Nature and urge them to do an
editorial on this . The political machinations in Washington should NOT
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dictate the agenda or scheduling of the work - but some cool statement
can be made saying we believe the "prats have really fucked up
someway" - and that the premature publication of their paper is
reprehensible . Much of the detail in Mikes response though is not sensible
(sorry Mike) and is rising to their bate.
Keith

At 11:55 AM 10/30/03 -0500, raymond s. bradley wrote:

Tim, Phil, Keef:
I suggest a way out of this mess.  Because of the complexity
of the arguments involved, to an uniformed observer it all
might be viewed as just scientific nit-picking by "for" and
"against" global warming proponents.  However, if an
"independent group" such as you guys at CRU could make a
statement as to whether the M&M effort is truly an "audit",
and if they did it right, I think that would go a long way to
defusing the issue.
It's clear from the figure that Reno Knuti sent yesterday that
something pretty whacky happened in their analysis prior to
~AD1600, and this led Mike to figure out the problem.  See:
file:///c:/eudora/attach/nh_temp_rec.jpg

If you are willing, a quick and forceful statement from The
Distinguished CRU Boys would help quash further arguments,
although here, at least, it is already quite out of
control.....yesterday in the US Senate the debate opened on
the McCain-Lieberman bill to control CO2 emissions from
power plants.  Sen Inhofe stood up & showed the M & M
figure and stated that Mann et al--& the IPCC assessment --
was now disproven and so there was no reason to control CO2
emissions.....I wonder how many times a "scientific" paper
gets reported on in the Senate 3 days after it is published....
Ray

--
Professor Keith Briffa,
Climatic Research Unit
University of East Anglia
Norwich, NR4 7TJ, U.K.

Phone: 
Fax: 

http://www.cru.uea.ac.uk/cru/people/briffa/

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
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_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: rbradley@geo.umass.edu
Cc: mhughes@ltrr.arizona.edu
Subject: Fwd: Re: One way out....
Date: Thursday, October 30, 2003 10:47:28 AM

Ray, this may not work.

I'm sticking to the accuracy of the facts. I'm not sure what Keith means. Everything
I've written is absolutely right!

If I have to go it alone in this, I will. I"m not submitting a diluted response to the
community...

mike

X-Sender: f023@pop.uea.ac.uk
X-Mailer: QUALCOMM Windows Eudora Version 5.0.2
Date: Thu, 30 Oct 2003 17:11:31 +0000
To: "raymond s. bradley" <rbradley@geo.umass.edu>,
   Tim Osborn <t.osborn@uea.ac.uk>, p.jones@uea.ac.uk
From: Keith Briffa <k.briffa@uea.ac.uk>
Subject: Re: One way out....
Cc: mann@multiproxy.evsc.virginia.edu, mhughes@ltrr.arizona.edu

Ray et al
I agree with this idea in principle . Whatever scientific differences and
fascination with the nuances of techniques we may /may not share, this
whole process represents the most despicable example of slander and
down right deliberate perversion of the scientific process , and bias
(unverified) work being used to influence public perception and due
political process. It is , however, essential that you (we) do not get caught
up in the frenzy that these people are trying to generate, and that will
more than likely lead to error on our part or some premature remarks
that we might regret. I do think the statement re Mike's results needs
making , but only after it can be based on repeated work and in full
collaboration of us all. I am happy to push Tim to take the lead and
collaborate in this - and I feel we could get sanction very quickly from the
DEFRA if needed. BUT this must be done calmly , and in the meantime a
restrained statement but out saying we have full confidence in Mike's
objectivity and independence - which we can not say of the sceptics. In
fact I am moved tomorrow to contact Nature and urge them to do an
editorial on this . The political machinations in Washington should NOT
dictate the agenda or scheduling of the work - but some cool statement
can be made saying we believe the "prats have really fucked up
someway" - and that the premature publication of their paper is
reprehensible . Much of the detail in Mikes response though is not sensible
(sorry Mike) and is rising to their bate.
Keith
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At 11:55 AM 10/30/03 -0500, raymond s. bradley wrote:

Tim, Phil, Keef:
I suggest a way out of this mess.  Because of the complexity
of the arguments involved, to an uniformed observer it all
might be viewed as just scientific nit-picking by "for" and
"against" global warming proponents.  However, if an
"independent group" such as you guys at CRU could make a
statement as to whether the M&M effort is truly an "audit",
and if they did it right, I think that would go a long way to
defusing the issue.
It's clear from the figure that Reno Knuti sent yesterday that
something pretty whacky happened in their analysis prior to
~AD1600, and this led Mike to figure out the problem.  See:
file:///c:/eudora/attach/nh_temp_rec.jpg

If you are willing, a quick and forceful statement from The
Distinguished CRU Boys would help quash further arguments,
although here, at least, it is already quite out of
control.....yesterday in the US Senate the debate opened on
the McCain-Lieberman bill to control CO2 emissions from
power plants.  Sen Inhofe stood up & showed the M & M
figure and stated that Mann et al--& the IPCC assessment --
was now disproven and so there was no reason to control CO2
emissions.....I wonder how many times a "scientific" paper
gets reported on in the Senate 3 days after it is published....
Ray

--
Professor Keith Briffa,
Climatic Research Unit
University of East Anglia
Norwich, NR4 7TJ, U.K.

Phone: 
Fax: 

http://www.cru.uea.ac.uk/cru/people/briffa/

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Keith Briffa; raymond s. bradley; Tim Osborn; p.jones@uea.ac.uk
Cc: mhughes@ltrr.arizona.edu
Subject: Re: One way out....
Date: Thursday, October 30, 2003 11:15:16 AM
Attachments: nhem-cal.pdf

Dear All,

I guess the proof is in the pudding.

heres, fresh off the press, is our reconstruction, 1400-1980 when we eliminate the
Northern Treeline and ITRDB data.

comments?

mike

At 05:11 PM 10/30/2003 +0000, Keith Briffa wrote:

Ray et al
I agree with this idea in principle . Whatever scientific differences and
fascination with the nuances of techniques we may /may not share, this
whole process represents the most despicable example of slander and
down right deliberate perversion of the scientific process , and bias
(unverified) work being used to influence public perception and due
political process. It is , however, essential that you (we) do not get caught
up in the frenzy that these people are trying to generate, and that will
more than likely lead to error on our part or some premature remarks
that we might regret. I do think the statement re Mike's results needs
making , but only after it can be based on repeated work and in full
collaboration of us all. I am happy to push Tim to take the lead and
collaborate in this - and I feel we could get sanction very quickly from the
DEFRA if needed. BUT this must be done calmly , and in the meantime a
restrained statement but out saying we have full confidence in Mike's
objectivity and independence - which we can not say of the sceptics. In
fact I am moved tomorrow to contact Nature and urge them to do an
editorial on this . The political machinations in Washington should NOT
dictate the agenda or scheduling of the work - but some cool statement
can be made saying we believe the "prats have really fucked up
someway" - and that the premature publication of their paper is
reprehensible . Much of the detail in Mikes response though is not sensible
(sorry Mike) and is rising to their bate.
Keith

At 11:55 AM 10/30/03 -0500, raymond s. bradley wrote:

Tim, Phil, Keef:
I suggest a way out of this mess.  Because of the complexity
of the arguments involved, to an uniformed observer it all
might be viewed as just scientific nit-picking by "for" and
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"against" global warming proponents.  However, if an
"independent group" such as you guys at CRU could make a
statement as to whether the M&M effort is truly an "audit",
and if they did it right, I think that would go a long way to
defusing the issue.
It's clear from the figure that Reno Knuti sent yesterday that
something pretty whacky happened in their analysis prior to
~AD1600, and this led Mike to figure out the problem.  See:
file:///c:/eudora/attach/nh_temp_rec.jpg

If you are willing, a quick and forceful statement from The
Distinguished CRU Boys would help quash further arguments,
although here, at least, it is already quite out of
control.....yesterday in the US Senate the debate opened on
the McCain-Lieberman bill to control CO2 emissions from
power plants.  Sen Inhofe stood up & showed the M & M
figure and stated that Mann et al--& the IPCC assessment --
was now disproven and so there was no reason to control CO2
emissions.....I wonder how many times a "scientific" paper
gets reported on in the Senate 3 days after it is published....
Ray

--
Professor Keith Briffa,
Climatic Research Unit
University of East Anglia
Norwich, NR4 7TJ, U.K.

Phone: 
Fax: 

http://www.cru.uea.ac.uk/cru/people/briffa/

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

ABOR/MH/Priv-001067



1400 1600 1800 2000
−3

−2

−1

0

1

2

ABOR/MH/Priv-001068



From: Michael E. Mann
To: Keith Briffa; raymond s. bradley; Tim Osborn; p.jones@uea.ac.uk
Cc: mhughes@ltrr.arizona.edu; mann@multiproxy.evsc.virginia.edu
Subject: Re: One way out....
Date: Thursday, October 30, 2003 11:31:35 AM

Guys,

So the verification RE for the "censored" NH mean reconstruction?  -6.64

The verification RE for the original MBH98 NH mean reconstruction: 0.42

I think the case is really strong now!

What if were to eliminate the discussion of all the other technical details (and just
say they exist), and state more nicely that these series were effectively censored by
their substitutions, and that by removing those series which they censored, I get a
similar result, with a dismal RE.

And most people would keep the RE of 0.42 over the RE of -6, right? So this would
make that point. I think we also need to say something about the process, etc. (the
intro was based on something that Malcolm/Ray had originally crafted).

Thoughts, comments? Thanks,

mike

I'm thinking of a note saying basically this, and attaching this figure.

Could everybody sign on to something like this?

Thanks for all your help,

mike

At 05:11 PM 10/30/2003 +0000, Keith Briffa wrote:

Ray et al
I agree with this idea in principle . Whatever scientific differences and
fascination with the nuances of techniques we may /may not share, this
whole process represents the most despicable example of slander and
down right deliberate perversion of the scientific process , and bias
(unverified) work being used to influence public perception and due
political process. It is , however, essential that you (we) do not get caught
up in the frenzy that these people are trying to generate, and that will
more than likely lead to error on our part or some premature remarks
that we might regret. I do think the statement re Mike's results needs
making , but only after it can be based on repeated work and in full
collaboration of us all. I am happy to push Tim to take the lead and
collaborate in this - and I feel we could get sanction very quickly from the
DEFRA if needed. BUT this must be done calmly , and in the meantime a
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restrained statement but out saying we have full confidence in Mike's
objectivity and independence - which we can not say of the sceptics. In
fact I am moved tomorrow to contact Nature and urge them to do an
editorial on this . The political machinations in Washington should NOT
dictate the agenda or scheduling of the work - but some cool statement
can be made saying we believe the "prats have really fucked up
someway" - and that the premature publication of their paper is
reprehensible . Much of the detail in Mikes response though is not sensible
(sorry Mike) and is rising to their bate.
Keith

At 11:55 AM 10/30/03 -0500, raymond s. bradley wrote:

Tim, Phil, Keef:
I suggest a way out of this mess.  Because of the complexity
of the arguments involved, to an uniformed observer it all
might be viewed as just scientific nit-picking by "for" and
"against" global warming proponents.  However, if an
"independent group" such as you guys at CRU could make a
statement as to whether the M&M effort is truly an "audit",
and if they did it right, I think that would go a long way to
defusing the issue.
It's clear from the figure that Reno Knuti sent yesterday that
something pretty whacky happened in their analysis prior to
~AD1600, and this led Mike to figure out the problem.  See:
file:///c:/eudora/attach/nh_temp_rec.jpg

If you are willing, a quick and forceful statement from The
Distinguished CRU Boys would help quash further arguments,
although here, at least, it is already quite out of
control.....yesterday in the US Senate the debate opened on
the McCain-Lieberman bill to control CO2 emissions from
power plants.  Sen Inhofe stood up & showed the M & M
figure and stated that Mann et al--& the IPCC assessment --
was now disproven and so there was no reason to control CO2
emissions.....I wonder how many times a "scientific" paper
gets reported on in the Senate 3 days after it is published....
Ray

--
Professor Keith Briffa,
Climatic Research Unit
University of East Anglia
Norwich, NR4 7TJ, U.K.

Phone: 
Fax: 

http://www.cru.uea.ac.uk/cru/people/briffa/

______________________________________________________________
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                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Keith Briffa; raymond s. bradley; Tim Osborn; p.jones@uea.ac.uk
Cc: mhughes@ltrr.arizona.edu
Subject: Re: One way out....
Date: Thursday, October 30, 2003 11:58:29 AM

Guys,

actually, that isn't quite yet a fair comparison, because I didn't do the stepwise
reconstruction using the eigenvector subsets they did--I just used 1 eigenvector and
did the whole 1400-1980 period. So stay tuned for an even more appropriate
comparison...

thanks,

mike

At 05:11 PM 10/30/2003 +0000, Keith Briffa wrote:

Ray et al
I agree with this idea in principle . Whatever scientific differences and
fascination with the nuances of techniques we may /may not share, this
whole process represents the most despicable example of slander and
down right deliberate perversion of the scientific process , and bias
(unverified) work being used to influence public perception and due
political process. It is , however, essential that you (we) do not get caught
up in the frenzy that these people are trying to generate, and that will
more than likely lead to error on our part or some premature remarks
that we might regret. I do think the statement re Mike's results needs
making , but only after it can be based on repeated work and in full
collaboration of us all. I am happy to push Tim to take the lead and
collaborate in this - and I feel we could get sanction very quickly from the
DEFRA if needed. BUT this must be done calmly , and in the meantime a
restrained statement but out saying we have full confidence in Mike's
objectivity and independence - which we can not say of the sceptics. In
fact I am moved tomorrow to contact Nature and urge them to do an
editorial on this . The political machinations in Washington should NOT
dictate the agenda or scheduling of the work - but some cool statement
can be made saying we believe the "prats have really fucked up
someway" - and that the premature publication of their paper is
reprehensible . Much of the detail in Mikes response though is not sensible
(sorry Mike) and is rising to their bate.
Keith

At 11:55 AM 10/30/03 -0500, raymond s. bradley wrote:

Tim, Phil, Keef:
I suggest a way out of this mess.  Because of the complexity
of the arguments involved, to an uniformed observer it all
might be viewed as just scientific nit-picking by "for" and
"against" global warming proponents.  However, if an
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"independent group" such as you guys at CRU could make a
statement as to whether the M&M effort is truly an "audit",
and if they did it right, I think that would go a long way to
defusing the issue.
It's clear from the figure that Reno Knuti sent yesterday that
something pretty whacky happened in their analysis prior to
~AD1600, and this led Mike to figure out the problem.  See:
file:///c:/eudora/attach/nh_temp_rec.jpg

If you are willing, a quick and forceful statement from The
Distinguished CRU Boys would help quash further arguments,
although here, at least, it is already quite out of
control.....yesterday in the US Senate the debate opened on
the McCain-Lieberman bill to control CO2 emissions from
power plants.  Sen Inhofe stood up & showed the M & M
figure and stated that Mann et al--& the IPCC assessment --
was now disproven and so there was no reason to control CO2
emissions.....I wonder how many times a "scientific" paper
gets reported on in the Senate 3 days after it is published....
Ray

--
Professor Keith Briffa,
Climatic Research Unit
University of East Anglia
Norwich, NR4 7TJ, U.K.

Phone: 
Fax: 

http://www.cru.uea.ac.uk/cru/people/briffa/

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Keith Briffa
To: Michael E. Mann; raymond s. bradley; Tim Osborn; p.jones@uea.ac.uk
Cc: mhughes@ltrr.arizona.edu; mann@multiproxy.evsc.virginia.edu
Subject: Re: One way out....
Date: Thursday, October 30, 2003 12:05:48 PM

Things obviously moving over there - this result looks good.Just thought
I'd send this first bit (up to dotted line) of edited version ,  to
illustrate possible toning down? Have to go now and feed daughter . Will
wait til see your joint version first thing tomorrow - rest assured, that
am entirely with you on this and still appalled by the MM stuff - but
keeping your distance and calm stance is still urged.
all the best to all
any objections if I talk to Nature tomorrow?
Keith

At 01:31 PM 10/30/03 -0500, Michael E. Mann wrote:
>Guys,
>
>So the verification RE for the "censored" NH mean reconstruction?  -6.64
>
>The verification RE for the original MBH98 NH mean reconstruction: 0.42
>
>I think the case is really strong now!
>
>What if were to eliminate the discussion of all the other technical
>details (and just say they exist), and state more nicely that these series
>were effectively censored by their substitutions, and that by removing
>those series which they censored, I get a similar result, with a dismal RE.
>
>And most people would keep the RE of 0.42 over the RE of -6, right? So
>this would make that point. I think we also need to say something about
>the process, etc. (the intro was based on something that Malcolm/Ray had
>originally crafted).
>
>Thoughts, comments? Thanks,
>
>mike
>
>I'm thinking of a note saying basically this, and attaching this figure.
>
>Could everybody sign on to something like this?
>
>Thanks for all your help,
>
>mike
>
>At 05:11 PM 10/30/2003 +0000, Keith Briffa wrote:
>
>
>>Ray et al
>>I agree with this idea in principle . Whatever scientific differences and
>>fascination with the nuances of techniques we may /may not share, this
>>whole process represents the most despicable example of slander and down
>>right deliberate perversion of the scientific process , and bias
>>(unverified) work being used to influence public perception and due
>>political process. It is , however, essential that you (we) do not get
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>>caught up in the frenzy that these people are trying to generate, and
>>that will more than likely lead to error on our part or some premature
>>remarks that we might regret. I do think the statement re Mike's results
>>needs making , but only after it can be based on repeated work and in
>>full collaboration of us all. I am happy to push Tim to take the lead and
>>collaborate in this - and I feel we could get sanction very quickly from
>>the DEFRA if needed. BUT this must be done calmly , and in the meantime a
>>restrained statement but out saying we have full confidence in Mike's
>>objectivity and independence - which we can not say of the sceptics. In
>>fact I am moved tomorrow to contact Nature and urge them to do an
>>editorial on this . The political machinations in Washington should NOT
>>dictate the agenda or scheduling of the work - but some cool statement
>>can be made saying we believe the "prats have really fucked up someway" -
>>and that the premature publication of their paper is reprehensible . Much
>>of the detail in Mikes response though is not sensible (sorry Mike) and
>>is rising to their bate.
>>Keith
>>
>>
>>At 11:55 AM 10/30/03 -0500, raymond s. bradley wrote:
>>>Tim, Phil, Keef:
>>>I suggest a way out of this mess.  Because of the complexity of the
>>>arguments involved, to an uniformed observer it all might be viewed as
>>>just scientific nit-picking by "for" and "against" global warming
>>>proponents.  However, if an "independent group" such as you guys at CRU
>>>could make a statement as to whether the M&M effort is truly an "audit",
>>>and if they did it right, I think that would go a long way to defusing
>>>the issue.
>>>It's clear from the figure that Reno Knuti sent yesterday that something
>>>pretty whacky happened in their analysis prior to ~AD1600, and this led
>>>Mike to figure out the problem.  See:
>>>file:///c:/eudora/attach/nh_temp_rec.jpg
>>>
>>>If you are willing, a quick and forceful statement from The
>>>Distinguished CRU Boys would help quash further arguments, although
>>>here, at least, it is already quite out of control.....yesterday in the
>>>US Senate the debate opened on the McCain-Lieberman bill to control CO2
>>>emissions from power plants.  Sen Inhofe stood up & showed the M & M
>>>figure and stated that Mann et al--& the IPCC assessment --was now
>>>disproven and so there was no reason to control CO2 emissions.....I
>>>wonder how many times a "scientific" paper gets reported on in the
>>>Senate 3 days after it is published....
>>>Ray
>>
>>--
>>Professor Keith Briffa,
>>Climatic Research Unit
>>University of East Anglia
>>Norwich, NR4 7TJ, U.K.
>>
>>Phone: 
>>Fax: 
>>
>>http://www.cru.uea.ac.uk/cru/people/briffa/
>______________________________________________________________
>                     Professor Michael E. Mann
>            Department of Environmental Sciences, Clark Hall
>                       University of Virginia
>                      Charlottesville, VA 22903
>_______________________________________________________________________
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>e-mail: mann@virginia.edu   Phone:    FAX: 
>          http://www.evsc.virginia.edu/faculty/people/mann.shtml

--
Professor Keith Briffa,
Climatic Research Unit
University of East Anglia
Norwich, NR4 7TJ, U.K.

Phone: 
Fax: 

http://www.cru.uea.ac.uk/cru/people/briffa/
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From: Michael E. Mann
To: Keith Briffa; raymond s. bradley; Tim Osborn; p.jones@uea.ac.uk
Cc: mhughes@ltrr.arizona.edu
Subject: Re: One way out....
Date: Thursday, October 30, 2003 12:21:52 PM

Thanks a bunch Keith,

Edited version looks great, we're definitely on track...

I'll work on things tonight, though I'll probably crash very soon (going on about 48 hours no
sleep now).

The example I sent out is probably a slightly extreme scenario, but it makes the basic point. 
I need to revise the analysis to be just a bit to be closer to what  I think they did (I probably
shouldn't elminate all the Jacoby series, just some of them). 

Will try to produce a nice version of the plot and send out before crashing tonight...

thanks for the help!

mike

At 06:53 PM 10/30/2003 +0000, Keith Briffa wrote:

Things obviously moving over there - this result looks good.Just thought I'd send this
first bit (up to dotted line) of edited version ,  to illustrate possible toning down?
Have to go now and feed daughter . Will wait til see your joint version first thing
tomorrow - rest assured, that am entirely with you on this and still appalled by the
MM stuff - but keeping your distance and calm stance is still urged.
all the best to all
any objections if I talk to Nature tomorrow?
Keith

At 01:31 PM 10/30/03 -0500, Michael E. Mann wrote:

Guys,

So the verification RE for the "censored" NH mean reconstruction?  -6.64

The verification RE for the original MBH98 NH mean reconstruction: 0.42

I think the case is really strong now!

What if were to eliminate the discussion of all the other technical details
(and just say they exist), and state more nicely that these series were
effectively censored by their substitutions, and that by removing those
series which they censored, I get a similar result, with a dismal RE.

And most people would keep the RE of 0.42 over the RE of -6, right? So
this would make that point. I think we also need to say something about
the process, etc. (the intro was based on something that Malcolm/Ray had
originally crafted).

Thoughts, comments? Thanks,

mike

I'm thinking of a note saying basically this, and attaching this figure.
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Could everybody sign on to something like this?

Thanks for all your help,

mike

At 05:11 PM 10/30/2003 +0000, Keith Briffa wrote:

Ray et al
I agree with this idea in principle . Whatever scientific
differences and fascination with the nuances of techniques we
may /may not share, this whole process represents the most
despicable example of slander and down right deliberate
perversion of the scientific process , and bias (unverified) work
being used to influence public perception and due political
process. It is , however, essential that you (we) do not get
caught up in the frenzy that these people are trying to
generate, and that will more than likely lead to error on our
part or some premature remarks that we might regret. I do
think the statement re Mike's results needs making , but only
after it can be based on repeated work and in full collaboration
of us all. I am happy to push Tim to take the lead and
collaborate in this - and I feel we could get sanction very
quickly from the DEFRA if needed. BUT this must be done
calmly , and in the meantime a restrained statement but out
saying we have full confidence in Mike's objectivity and
independence - which we can not say of the sceptics. In fact I
am moved tomorrow to contact Nature and urge them to do
an editorial on this . The political machinations in Washington
should NOT dictate the agenda or scheduling of the work - but
some cool statement can be made saying we believe the "prats
have really fucked up someway" - and that the premature
publication of their paper is reprehensible . Much of the detail
in Mikes response though is not sensible (sorry Mike) and is
rising to their bate.
Keith

At 11:55 AM 10/30/03 -0500, raymond s. bradley wrote:

Tim, Phil, Keef:
I suggest a way out of this mess.  Because of the
complexity of the arguments involved, to an
uniformed observer it all might be viewed as just
scientific nit-picking by "for" and "against" global
warming proponents.  However, if an "independent
group" such as you guys at CRU could make a
statement as to whether the M&M effort is truly an
"audit", and if they did it right, I think that would
go a long way to defusing the issue.
It's clear from the figure that Reno Knuti sent
yesterday that something pretty whacky happened
in their analysis prior to ~AD1600, and this led
Mike to figure out the problem.  See:
file:///c:/eudora/attach/nh_temp_rec.jpg

If you are willing, a quick and forceful statement
from The Distinguished CRU Boys would help quash
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further arguments, although here, at least, it is
already quite out of control.....yesterday in the US
Senate the debate opened on the McCain-
Lieberman bill to control CO2 emissions from power
plants.  Sen Inhofe stood up & showed the M & M
figure and stated that Mann et al--& the IPCC
assessment --was now disproven and so there was
no reason to control CO2 emissions.....I wonder
how many times a "scientific" paper gets reported
on in the Senate 3 days after it is published....
Ray

--
Professor Keith Briffa,
Climatic Research Unit
University of East Anglia
Norwich, NR4 7TJ, U.K.

Phone: 
Fax: 

http://www.cru.uea.ac.uk/cru/people/briffa/

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

--
Professor Keith Briffa,
Climatic Research Unit
University of East Anglia
Norwich, NR4 7TJ, U.K.

Phone: 
Fax: 

http://www.cru.uea.ac.uk/cru/people/briffa/

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Keith Briffa; raymond s. bradley; Tim Osborn; p.jones@uea.ac.uk
Cc: mhughes@ltrr.arizona.edu
Subject: Re: One way out....
Date: Thursday, October 30, 2003 12:27:01 PM

Hi Keith,

sorry--yes, I think the Nature idea would be great. Definitely give it a try!

thanks,

mike

At 06:53 PM 10/30/2003 +0000, Keith Briffa wrote:

Things obviously moving over there - this result looks good.Just thought I'd send this
first bit (up to dotted line) of edited version ,  to illustrate possible toning down?
Have to go now and feed daughter . Will wait til see your joint version first thing
tomorrow - rest assured, that am entirely with you on this and still appalled by the
MM stuff - but keeping your distance and calm stance is still urged.
all the best to all
any objections if I talk to Nature tomorrow?
Keith

At 01:31 PM 10/30/03 -0500, Michael E. Mann wrote:

Guys,

So the verification RE for the "censored" NH mean reconstruction?  -6.64

The verification RE for the original MBH98 NH mean reconstruction: 0.42

I think the case is really strong now!

What if were to eliminate the discussion of all the other technical details
(and just say they exist), and state more nicely that these series were
effectively censored by their substitutions, and that by removing those
series which they censored, I get a similar result, with a dismal RE.

And most people would keep the RE of 0.42 over the RE of -6, right? So
this would make that point. I think we also need to say something about
the process, etc. (the intro was based on something that Malcolm/Ray had
originally crafted).

Thoughts, comments? Thanks,

mike

I'm thinking of a note saying basically this, and attaching this figure.

Could everybody sign on to something like this?

Thanks for all your help,

mike

At 05:11 PM 10/30/2003 +0000, Keith Briffa wrote:
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Ray et al
I agree with this idea in principle . Whatever scientific
differences and fascination with the nuances of techniques we
may /may not share, this whole process represents the most
despicable example of slander and down right deliberate
perversion of the scientific process , and bias (unverified) work
being used to influence public perception and due political
process. It is , however, essential that you (we) do not get
caught up in the frenzy that these people are trying to
generate, and that will more than likely lead to error on our
part or some premature remarks that we might regret. I do
think the statement re Mike's results needs making , but only
after it can be based on repeated work and in full collaboration
of us all. I am happy to push Tim to take the lead and
collaborate in this - and I feel we could get sanction very
quickly from the DEFRA if needed. BUT this must be done
calmly , and in the meantime a restrained statement but out
saying we have full confidence in Mike's objectivity and
independence - which we can not say of the sceptics. In fact I
am moved tomorrow to contact Nature and urge them to do
an editorial on this . The political machinations in Washington
should NOT dictate the agenda or scheduling of the work - but
some cool statement can be made saying we believe the "prats
have really fucked up someway" - and that the premature
publication of their paper is reprehensible . Much of the detail
in Mikes response though is not sensible (sorry Mike) and is
rising to their bate.
Keith

At 11:55 AM 10/30/03 -0500, raymond s. bradley wrote:

Tim, Phil, Keef:
I suggest a way out of this mess.  Because of the
complexity of the arguments involved, to an
uniformed observer it all might be viewed as just
scientific nit-picking by "for" and "against" global
warming proponents.  However, if an "independent
group" such as you guys at CRU could make a
statement as to whether the M&M effort is truly an
"audit", and if they did it right, I think that would
go a long way to defusing the issue.
It's clear from the figure that Reno Knuti sent
yesterday that something pretty whacky happened
in their analysis prior to ~AD1600, and this led
Mike to figure out the problem.  See:
file:///c:/eudora/attach/nh_temp_rec.jpg

If you are willing, a quick and forceful statement
from The Distinguished CRU Boys would help quash
further arguments, although here, at least, it is
already quite out of control.....yesterday in the US
Senate the debate opened on the McCain-
Lieberman bill to control CO2 emissions from power
plants.  Sen Inhofe stood up & showed the M & M
figure and stated that Mann et al--& the IPCC
assessment --was now disproven and so there was
no reason to control CO2 emissions.....I wonder
how many times a "scientific" paper gets reported
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on in the Senate 3 days after it is published....
Ray

--
Professor Keith Briffa,
Climatic Research Unit
University of East Anglia
Norwich, NR4 7TJ, U.K.

Phone: 
Fax: 

http://www.cru.uea.ac.uk/cru/people/briffa/

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

--
Professor Keith Briffa,
Climatic Research Unit
University of East Anglia
Norwich, NR4 7TJ, U.K.

Phone: 
Fax: 

http://www.cru.uea.ac.uk/cru/people/briffa/

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: mann@multiproxy.evsc.virginia.edu
Cc: raymond s. bradley; Malcolm Hughes; Keith Briffa; Tim Osborn; Mike MacCracken; Michael Oppenheimer; mann@multiproxy.evsc.virginia.edu; Stephen H

Schneider
Subject: Fwd: check out who he cc"s these to... Fwd: Proposal that Nature consider withdrawing Mann,Bradley, Hughes 1998
Date: Thursday, October 30, 2003 1:56:36 PM

Keith/Tim/Ray/Malcolm/Phil: Our email response will have to go out ASAP (we're preparing for a mass emailing
tomorrow).

To those not yet in the know (please keep it confidential), we can now show that M&M censored most of our early
data in their "improved" data set, by replacing longer series we had used (that go back to the 15th century), with
"better" shorter versions that only go back to the 17th century. By doing so, they selectively deleted all of our proxy
series that indicate significant 15th-16th century cooling. NOT KIDDING!

They justified this by claiming they couldn't find the older data in the public domain, though we can cite two public
sources where all these data were available. Removing the proxy data that they removed, we reproduce the
anomalous warm spike result--but we can show that the resulting reconstruction completely fails the standard
statistical verification tests, while our original reconstruction of course passed them fairly well.

Its pretty serious stuff, and we're going to talk to Nature about doing a story on this.

And there may be a need for a formal investigation into scientific dishonesty--but not quite the one the authors have
in mind...

mike

X-Sender: sepp@mail.his.com

X-Mailer: QUALCOMM Windows Eudora Version 5.2.1
Date: Thu, 30 Oct 2003 08:49:56 -0500
To: smcintyre@cgxenergy.com, rmckitri@uoguelph.ca
From: "S. Fred Singer" <singer@sepp.org>
Subject: Proposal that Nature consider withdrawing  Mann,Bradley,
  Hughes 1998
Cc: seitz@rockvax.rockefeller.edu, cstarr@epri.com, art@oism.org,
        rlindzen@mit.edu, wsoon@cfa.harvard.edu, sbaliunas@cfa.harvard.edu,
        pabelson@aaas.org, dek@uclink4.berkeley.edu, fspilhaus@agu.org,
        jmarburg@ostp.eop.gov, James.R.Mahoney@noaa.gov, Vicki.Horton@noaa.gov

Gentlemen

I have now studied yr rejoinder to the rather inadequate reply from Michael Mann to yr
devastating critique (in Energy & Environment) of the underlying data relating to the
"Hockeystick"  (the temperature history that has been used by the IPCC and others to suggest
that the 20th century was the warmest in 1000 years).  [See
<http://www.uoguelph.ca/~rmckitri/research/trc.html>http://www.uoguelph.ca/~rmckitri/research/trc.html
]

[I had earlier served as a referee of yr basic paper published in E&E (Oct 2003), and
subsequently spent several hours with Steve McIntyre to carefully review its main points.   
See www.climate2003.com/index.html ]

I propose that NATURE be asked to appoint an independent panel of statisticians,
econometricians, (and others NOT connected in any way with climate studies) to conduct an
investigation of the MBH98  paper and its critique by McIntyre and McKitrick.

The purpose would be to determine the need to formally withdraw the paper.

This request to Nature should be signed by a large number of scientists, including, if possible,
members of the Royal Society and other academies,  editors of scientific journals, and public
figures, such as scientific advisers to presidents and prime ministers.

Pls note that I am not suggesting culpability on the part of Mann or his coauthors.  They
might not even have been aware of the gross mishandling of the data used in their
publications.  Nor can one fault individual scientists connected to the IPCC -- since IPCC
accepts publication in a peer-reviewed journal as prima facie endorsement of its correctness. 
The chief responsibility now lies with the editors of NATURE.

Yr comments on this proposal are most welcome.

Fred Singer
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S. Fred Singer, Ph.D.
President, The Science & Environmental Policy Project (SEPP)
1600 S. Eads St.,   Suite 712-S
Arlington, VA 22202-2907
e-mail:   singer@sepp.org       Web:  www.sepp.org
Tel:  703-920-2744
E-fax  815-461-7448; notify by e-mail before sending
******************************************
"The improver of natural knowledge absolutely refuses
to acknowledge authority, as such. For him, scepticism
is the highest of duties; blind faith the one unpardonable sin."
> Thomas H. Huxley
 **********
"If the facts change, I'll change my opinion. What do you do, sir? "
>J. M. Keynes
*********** 

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Phil Jones; Keith Briffa; Kevin Trenberth; tom crowley; Tom Wigley; Jonathan Overpeck; Caspar Ammann;

raymond s. bradley; mhughes@ltrr.arizona.edu; mann@multiproxy.evsc.virginia.edu; Scott Rutherford; Michael
Oppenheimer

Subject: Fwd: your response to Willie Soon"s comment on your article; for Eos
Date: Thursday, October 30, 2003 3:39:43 PM

Delivered-To: mem6u@virginia.edu
Date: Thu, 30 Oct 2003 16:19:12 -0500
From: Judy Jacobs <JJacobs@agu.org>
Organization: AGU
User-Agent: Mozilla/5.0 (Windows; U; WinNT4.0; en-US; rv:1.4)
Gecko/20030624
X-Accept-Language: en-us, en
To: mann@virginia.edu
Cc: thompson.4@osu.edu
Subject: your response to Willie Soon's comment on your article; for Eos

Dear Dr. Mann,

I have just made the decision to publish your response to the comment by
Willie Soon on your Eos article (July 8 2003) in the November 4 issue,
along Dr. Soon's comment, of course

Normally, Eos staff allow authors to approve the final copy-edited version
of their manuscripts, in an exchange of MS Word files, before it goes to
print. However, I have made only very minor copy editing changes to the
text approved by Ellen Mosley-Thompson (e.g., addition of a few commas,
etc.).

 Since the more formal process is not going to be adhered to in this
instance, Eos staff will fax you a copy of the galley before the end of the
day.  If you want to make any final changes (these can only be VERY
MINOR), you will have to tell us what they are the first thing tomorrow
morning.

Sorry this is so rushed, but I know everyone has an interest in getting this
comment and response published as soon as possible.

Best regards,

Judy Jacobs
Managing editor, Eos

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
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_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: f055; p.jones; raymond s. bradley; Keith Briffa; Tim Osborn; mann@multiproxy.evsc.virginia.edu
Cc: mhughes
Subject: RE: CLIMLIST
Date: Thursday, October 30, 2003 5:44:20 PM
Attachments: Rebuttal.doc

Tim,

I just finished working very hard on the rebuttal for the past 6 hours, and I really
hope this wasn't a wasted effort.

I took Keith's version, and I feel very happy about the version I've attached. Please
see the results--I think they are remarkably convincing!

lets discuss quickly, because this needs to go out very soon.

I agree it needs to go out to CLIMLIST, the Skeptic listserv, and all the recipients the
various skeptics have cc'd.

Mike

At 12:23 AM 10/31/2003 +0000, f055 wrote:

Dear all,

my idea of including the CLIMLIST mailig list when circulating a rebuttal is

now definitely required, given the following posting which has just been 
made (copied below).  I have some concerns over the way the rebuttal is 
heading right now, however, which I will explain in an email shortly 
(cannot compose it here, as I'm working on a slow line from home - will 
compose it offline instead and email it shortly).

Cheers

Tim

----------------------------------

"=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-
=-=-=
CLIMLIST Mailing Number 03-10-37
Origin: M.G. Bartlett" <pr0phet73@comcast.net>
>>>>> DO NOT USE REPLY FUNCTION <<<<<
>>>>> REPEAT - DO NOT USE REPLY! <<<<<
=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-
=-=-=

CLIMLIST Folks,

The following was forwarded to me by a colleague. The article should be
of interest to members of our community. It has been made available for
free download by the publishers. I also recommend that you examine the
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author's website at:

http://www.climate2003.com

which provides access to the data and algorithms used in the paper.

Marshall Bartlett
Univ. of Utah

Dear all,

question has been risen what is this Energy & Environment, which allows
free access to its article

McIntyre, Stephen and Ross McKitrick, 2003. Corrections to the Mann et.
al. (1998) Proxy Data Base and Northern Hemispheric Average 
Temperature
Series. Energy & Environment Vol. 14, No 6, pp. 751-771, October 26, 
2003

Freely downloadable from
<http://www.multi-science.co.uk/mcintyre_02.pdf>

Energy & Environment is a peer-reviewed scientific magazine published 
by
MULTI-SCIENCE PUBLISHING CO. LTD.

5 Wates Way, Brentwood, Essex CM15 9TB, United Kingdom, EU

E&E explains the exceptional free access as follows:

Message from the publisher

"This paper has the power to radically change the debate over man-made
global warming. Because of its potential importance we are posting it
separately from the rest of the issue of Energy and Environment (volume
14 number 6) in which it appears, and giving open access to it, so that
everyone who has an interest in these matters is able to read it and
assess it for themselves."

W.O.Hughes
28/10/03

See more about E&E < http://www.multi-science.co.uk/index.htm>
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______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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The recent paper by McIntyre and McKitrick (Energy and Environment, 14, 751-771) claims to 
be an "audit" of the analysis of Mann, Bradley and Hughes (1998) or "MBH98".  An audit 
involves a careful examination, using the same data and following the exact procedures used in 
the report or study being audited.  McIntyre and McKitrick ("MM") have done no such thing, 
having used neither the data nor the procedures of MBH98. On the contrary, their analysis 
appears seriously flawed and amounts to a gross misrepresentation of the work of MBH98. Any 
reputable scientific journal, receiving critical comments on a published paper would have strived 
to  provide the authors being criticized with an opportunity to review the criticism prior to 
publication, and offer them the chance to respond.  Mann and colleagues were given no such 
opportunity. It is surely reprehensible that unverified results and consequently unsubstantiated 
allegations regarding the MBH work were allowed into the public domain, albeit in a marginal 
and, by the admission of its editor, unashamedly biased organ. It is also lamentable that such a 
product from "Energy and Environment" with its checkered history should be so rapidly and 
uncritically reported in the national media , and astonishingly, be so quickly cited in Washington, 
again with no recourse to wider scientific scrutiny.  
 
We will refrain from making categorical statements as to the specific motives , but we will state 
that it seems clear that MM have made critical errors in their analysis that have the effect of 
grossly distorting the reconstruction of MBH98. Key indicators of the original MBH98 network 
appear to have been omitted for the early period 1400-1600, with major consequences for the 
character of the MM reconstruction of Northern Hemisphere temperatures over that interval. 
 
MM do not list the number of indicators in their putative version of the MBH network (which is 
based on an odd combination of data from MBH98 and other sources). The reader must do a 
considerable amount of detective work, based on scrutiny of the Tables in their pages 20-23 and 
the indicated data links, to determine just what data have been eliminated from the original MBH 
network. A preliminary attempt to do this already demonstrates that their deletion of key early 
proxy information produces anomalous warming in the 15th century at odds with the 
reconstructed cold conditions of the period by MBH98 and virtually all other published Northern 
Hemisphere temperature reconstructions. 
 
MM effectively censor key proxy indicators from the MBH98 network by the following actions: 
 
1) MM (see their Figure 4) substitute a shorter version (available back to mid 16th century) of 
one of the Jacoby et al (1989) Northern Treeline ring width series for the longer version 
(available back to mid 15th century) used by MBH98.  
 
2) MM eliminate, without any justification, the entire dataset of 70 Western North American 
(WNA) tree-ring series available between 1400 and 1600. This dataset is represented, by 
MBH98, in terms of a smaller number of representative Principal Component (PC) time series. 
The leading pattern of variance in this data set exhibits conditions from 1400-1800 that are 
dramatically colder than the mid and late 20th  century, and a very prominent cooling in the 15th 
century in particular. The authors appear to have eliminated this entire dataset based on the 
premise that the underlying data was not available in the public domain.  In point of fact, not 
only were the individual WNA data all available on the public ftp site provided by Mann and 
colleagues: ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/ITRDB/NOAMER/, but they were also 
available on the "WGP" NOAA's website that MM claimed to be replying upon, here: 
ftp://ftp.ngdc.noaa.gov/paleo/treering/chronologies/northamerica/usa 
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3) The entire  dataset of Stahle and coworkers of Southwestern U.S./Mexican late wood ring 
width measurements prior to the 17th century (12  back to 1500, 6 back to 1400) was eliminated, 
again based on the false claim that the underlying data series were not available in the public 
domain. Once again, the data were available at the  Mann et al ftp site: 
ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/STAHLE/SWM/ 
 
We have not determined yet, just how many important indicators were subtly censored from the 
MBH98 dataset by the various subjective substitutions described by MM on pages 20-23. 
However, we have confirmed that elimination of the datasets (1)-(3) from the MBH98 network 
alone during the critical interval AD 1400-1500 yields the spurious result obtained by M&M. 
(see Figure). 

 
FIGURE COMPARING MBH98 RECONSTRUCTION (BLUE) WITH 
RECONSTRUCTION RESULTING FROM THE CENSORING OF KEY PROXY DATA 
SETS (1)-(3) OVER THE AD 1400-1500 INTERVAL. THIS IS OBSERVED TO BE 
ESSENTIALLY EQUIVALENT TO THE CENSORING OF MBH98 DATA 
PERFORMED BY MM. (BOTH SERIES SMOOTHED WITH A 40 YEAR LOWPASS 
FILTER) 
 
MBH98 employed the standard statistical tool of cross-validation to verify the skill of their 
reconstructions. Since increasingly sparse networks are used progressively farther back in time, a 
series of cross-validation experiments have to be performed to estimate the skill for different 
time intervals. For the AD 1400-1500 period, this involves, in MBH98, performing the 
reconstruction for the interval of the interval 1400-1901 based on calibration against the 
instrumental record over the interval 1902-1980,  using  the specific network of proxy indicators 
available for the AD 1400-1500 period. The reconstruction is then independently compared 
against the instrumental record over interval (1854-1901 in the case of MBH98) not used for 
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calibration. The skill can be described by a verification coefficient of determination, which we 
term RE. .RE is bounded by negative infinity and positive one, with substantially positive 
numbers indicative of  predictive skill. The mean expected value for a random estimate is -1.  
 
For the reconstruction with the data censored in a manner similar to that implicit in the MM 
approach, the RE score (-6.6) is far worse than even a typical random estimate. The anomalous 
warm values during the 15th century are the artficact of an entirely unreliable statistical estimate.   
(RE= -6.6). By contrast, the MBH98 reconstruction indicates an RE of 0.42 for the 1400-1500 
interval, indicative of likely predictive skill. 
 
The above discussion  should be adequate to provide readers with a sense of the depth of the 
flaws underlying the reconstruction achieved by  MM that is so at odds with  at least a dozen 
other recently published empirical and model-based estimates of Northern Hemisphere mean 
temperature changes in past centuries.  
 
______________________ 
 
There are, nonetheless, numerous other additional, more technical  problems in their approach 
that would have rendered it flawed in any event. We briefly list the few most significant of these: 
 
(a) Use of Internally Inconsistent Surface Temperature Estimates 
 
MM combine gridpoint standard deviations estimated from one version of the University of East 
Anglia surface temperature record, with standardized EOFs from MBH98 based on a different 
temperature data set. MM also inconsistently use standard deviations of un-detrended data, while 
MBH98 had normalized their EOFs by detrended gridpoint standard deviations. 
 
(b) Incorrect representation of the MBH98 proxy data set.  
 
MBH98 calculated PCs of proxy sub-networks separately for each interval in their stepwise 
reconstruction. This requires 159 indicators to represent all possible indicators required for 
reconstructions of all possible sub-intervals, even though the maximum number ever used for a 
particular sub-interval is 112. 
 
(c) Lack of the use of an objective criterion in the determination of the number of retained 
instrumental PCs in the reconstruction: 
 
Since the proxy data network developed by MM differed from that used by MBH98 for all 
intervals, it was inappropriate for MM to use the same instrumental temperature eigenvector 
subsets that had been selected by MBH98 for their reconstruction. The subsets were selected by 
MBH98 based on the application of an objective criterion to the specific available proxy 
networks available, and were optimized with respect to those networks. The basis sets used by 
MM have thus not been optimized with respect to the *different* proxy network they actually 
use. 
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From: Michael E. Mann
To: f055; p.jones; raymond s. bradley; Keith Briffa; Tim Osborn
Cc: mhughes
Subject: RE: CLIMLIST
Date: Thursday, October 30, 2003 5:47:21 PM

Guys, 

If its ok w/ everyone, I might want to reserve the option of sending out the version
that I've now arrived at to certain select colleagues, etc. even if we decide to
disseminate a different version more widely to the various listservs, etc. 

What are the prospects for Nature on this as per Keith's suggestions???

mike
At 12:23 AM 10/31/2003 +0000, f055 wrote:

Dear all,

my idea of including the CLIMLIST mailig list when circulating a rebuttal is

now definitely required, given the following posting which has just been 
made (copied below).  I have some concerns over the way the rebuttal is 
heading right now, however, which I will explain in an email shortly 
(cannot compose it here, as I'm working on a slow line from home - will 
compose it offline instead and email it shortly).

Cheers

Tim

----------------------------------

"=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-
=-=-=
CLIMLIST Mailing Number 03-10-37
Origin: M.G. Bartlett" <pr0phet73@comcast.net>
>>>>> DO NOT USE REPLY FUNCTION <<<<<
>>>>> REPEAT - DO NOT USE REPLY! <<<<<
=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-
=-=-=

CLIMLIST Folks,

The following was forwarded to me by a colleague. The article should be
of interest to members of our community. It has been made available for
free download by the publishers. I also recommend that you examine the
author's website at:

http://www.climate2003.com

which provides access to the data and algorithms used in the paper.
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Marshall Bartlett
Univ. of Utah

Dear all,

question has been risen what is this Energy & Environment, which allows
free access to its article

McIntyre, Stephen and Ross McKitrick, 2003. Corrections to the Mann et.
al. (1998) Proxy Data Base and Northern Hemispheric Average 
Temperature
Series. Energy & Environment Vol. 14, No 6, pp. 751-771, October 26, 
2003

Freely downloadable from
<http://www.multi-science.co.uk/mcintyre_02.pdf>

Energy & Environment is a peer-reviewed scientific magazine published 
by
MULTI-SCIENCE PUBLISHING CO. LTD.

5 Wates Way, Brentwood, Essex CM15 9TB, United Kingdom, EU

E&E explains the exceptional free access as follows:

Message from the publisher

"This paper has the power to radically change the debate over man-made
global warming. Because of its potential importance we are posting it
separately from the rest of the issue of Energy and Environment (volume
14 number 6) in which it appears, and giving open access to it, so that
everyone who has an interest in these matters is able to read it and
assess it for themselves."

W.O.Hughes
28/10/03

See more about E&E < http://www.multi-science.co.uk/index.htm>

--------------------------------

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
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                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: f055; p.jones; raymond s. bradley; Keith Briffa; Tim Osborn
Cc: mhughes
Subject: RE: CLIMLIST
Date: Thursday, October 30, 2003 7:25:50 PM
Attachments: Rebuttal.doc

dear all,

here's a revised version w/ some wording fixed. I think we could still stand to refine
the first paragraph a bit, and perhaps other people want to take a crack. But I
personally think we're pretty good on the demonstration of how they got the result
they got--I feel that's critical. Along w/ the added insights from the cross-validation
statistics, which brings it home...

I could go either way on detailed technical points, although I kind of like having them
there. What are people's thoughts?

And do we need some kind of closing paragraph/sentences??

At 12:23 AM 10/31/2003 +0000, f055 wrote:

Dear all,

my idea of including the CLIMLIST mailig list when circulating a rebuttal is

now definitely required, given the following posting which has just been 
made (copied below).  I have some concerns over the way the rebuttal is 
heading right now, however, which I will explain in an email shortly 
(cannot compose it here, as I'm working on a slow line from home - will 
compose it offline instead and email it shortly).

Cheers

Tim

----------------------------------

"=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-
=-=-=
CLIMLIST Mailing Number 03-10-37
Origin: M.G. Bartlett" <pr0phet73@comcast.net>
>>>>> DO NOT USE REPLY FUNCTION <<<<<
>>>>> REPEAT - DO NOT USE REPLY! <<<<<
=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-
=-=-=

CLIMLIST Folks,

The following was forwarded to me by a colleague. The article should be
of interest to members of our community. It has been made available for
free download by the publishers. I also recommend that you examine the
author's website at:
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http://www.climate2003.com

which provides access to the data and algorithms used in the paper.

Marshall Bartlett
Univ. of Utah

Dear all,

question has been risen what is this Energy & Environment, which allows
free access to its article

McIntyre, Stephen and Ross McKitrick, 2003. Corrections to the Mann et.
al. (1998) Proxy Data Base and Northern Hemispheric Average 
Temperature
Series. Energy & Environment Vol. 14, No 6, pp. 751-771, October 26, 
2003

Freely downloadable from
<http://www.multi-science.co.uk/mcintyre_02.pdf>

Energy & Environment is a peer-reviewed scientific magazine published 
by
MULTI-SCIENCE PUBLISHING CO. LTD.

5 Wates Way, Brentwood, Essex CM15 9TB, United Kingdom, EU

E&E explains the exceptional free access as follows:

Message from the publisher

"This paper has the power to radically change the debate over man-made
global warming. Because of its potential importance we are posting it
separately from the rest of the issue of Energy and Environment (volume
14 number 6) in which it appears, and giving open access to it, so that
everyone who has an interest in these matters is able to read it and
assess it for themselves."

W.O.Hughes
28/10/03

See more about E&E < http://www.multi-science.co.uk/index.htm>

--------------------------------
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______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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The recent paper by McIntyre and McKitrick (Energy and Environment, 14, 751-771) claims to 
be an "audit" of the analysis of Mann, Bradley and Hughes (1998) or "MBH98".  An audit 
involves a careful examination, using the same data and following the exact procedures used in 
the report or study being audited.  McIntyre and McKitrick ("MM") have done no such thing, 
having used neither the data nor the procedures of MBH98. On the contrary, their analysis 
appears seriously flawed and amounts to a gross misrepresentation of the work of MBH98. Any 
reputable scientific journal, receiving critical comments on a published paper would have strived 
to  provide the authors being criticized with an opportunity to review the criticism prior to 
publication, and offer them the chance to respond.  Mann and colleagues were given no such 
opportunity. It is surely reprehensible that unverified results and consequently unsubstantiated 
allegations regarding the MBH work were allowed into the public domain, albeit in a marginal 
and, by the admission of its editor, unashamedly biased organ. It is also lamentable that such a 
product from "Energy and Environment" with its checkered history should be so rapidly and 
uncritically reported in the national media , and astonishingly, be so quickly cited in Washington, 
again with no recourse to wider scientific scrutiny.  
 
We will refrain from making categorical statements as to the specific motives , but we will state 
that it seems clear that MM have made critical errors in their analysis that have the effect of 
grossly distorting the reconstruction of MBH98. Key indicators of the original MBH98 network 
appear to have been omitted for the early period 1400-1600, with major consequences for the 
character of the MM reconstruction of Northern Hemisphere temperatures over that interval. 
 
MM do not list the number of indicators in their putative version of the MBH network (which is 
based on an odd combination of data from MBH98 and other sources). The reader must do a 
considerable amount of detective work, based on scrutiny of the Tables in their pages 20-23 and 
the indicated data links, to determine just what data have been eliminated from the original MBH 
network. A preliminary attempt to do this already demonstrates that their deletion of key early 
proxy information produces anomalous warming in the 15th century at odds with the 
reconstructed cold conditions of the period by MBH98 and virtually all other published Northern 
Hemisphere temperature reconstructions. 
 
MM effectively censor key proxy indicators from the MBH98 network by the following actions: 
 
1) MM (see their Figure 4) substitute a shorter version (available back to mid 16th century) of 
one of the Jacoby et al (1989) Northern Treeline ring width series for the longer version 
(available back to mid 15th century) used by MBH98.  
 
2) MM eliminate, without any justification, the entire dataset of 70 Western North American 
(WNA) tree-ring series available between 1400 and 1600. This dataset is represented, by 
MBH98, in terms of a smaller number of representative Principal Component (PC) time series. 
The leading pattern of variance in this data set exhibits conditions from 1400-1800 that are 
dramatically colder than the mid and late 20th  century, and a very prominent cooling in the 15th 
century in particular. The authors appear to have eliminated this entire dataset based on the 
premise that the underlying data was not available in the public domain.  In point of fact, not 
only were the individual WNA data all available on the public ftp site provided by Mann and 
colleagues: ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/ITRDB/NOAMER/, but they were also 
available on the "WGP" NOAA website that MM claimed to be replying upon, here: 
ftp://ftp.ngdc.noaa.gov/paleo/treering/chronologies/northamerica/usa 
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3) The entire  dataset of Stahle and coworkers of Southwestern U.S./Mexican late wood ring 
width measurements prior to the 17th century (12  back to 1500, 6 back to 1400) was eliminated, 
again based on the false claim that the underlying data series were not available in the public 
domain. Once again, the data were available at the  Mann et al ftp site: 
ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/STAHLE/SWM/ 
 
We have not determined yet, just how many important indicators were subtly censored from the 
MBH98 dataset by the various subjective substitutions described by MM on pages 20-23. 
However, we have confirmed that elimination of the critical datasets (1)-(3) alone from the 
MBH98 network during the interval AD 1400-1500 yields the spurious result obtained by MM. 
(see Figure). 

 
FIGURE COMPARING MBH98 RECONSTRUCTION (BLUE) WITH 
RECONSTRUCTION RESULTING FROM THE CENSORING OF KEY PROXY DATA 
SETS (1)-(3) OVER THE AD 1400-1500 INTERVAL. THIS IS OBSERVED TO BE 
ESSENTIALLY EQUIVALENT TO THE CENSORING OF MBH98 DATA 
PERFORMED BY MM. (BOTH SERIES SMOOTHED WITH A 40 YEAR LOWPASS 
FILTER) 
 
MBH98 employed the standard statistical tool of cross-validation to verify the skill of their 
reconstructions. Since increasingly sparse networks are used progressively farther back in time, a 
series of cross-validation experiments have to be performed to estimate the skill for different 
time intervals. For the AD 1400-1500 period, this involves, in MBH98, performing the 
reconstruction over the interval 1400-1901 based on calibration against the instrumental record 
over the interval 1902-1980,  using  the specific network of proxy indicators available for the AD 
1400-1500 period. The reconstruction is then independently compared against the instrumental 
record over the interval (1854-1901) not used for calibration. The skill can be described by a 
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verification coefficient of determination (RE), which is bounded by negative infinity and positive 
one, with substantially positive numbers indicative of  predictive skill. The mean expected value 
for a random estimate is -1.  
 
For the reconstruction with the data censored in a manner similar to that implicit in the MM 
approach, the RE score (-6.6) is far worse than even a typical random estimate, and such a result 
would have been discarded as unreliable based no the cross-validation protocol used by MBH98. 
 
The anomalous warm values during the 15th century are the artifact of an entirely unreliable 
statistical estimate.   By contrast, the MBH98 reconstruction indicates an RE of 0.42 for the 
1400-1500 interval, indicative of significant predictive skill during that time interval. 
 
The above discussion  should be adequate to provide readers with a sense of the depth of the 
flaws underlying the reconstruction achieved by  MM that is so at odds with  at least a dozen 
other recently published empirical and model-based estimates of Northern Hemisphere mean 
temperature changes in past centuries.  
 
______________________ 
 
There are, nonetheless, numerous other additional, more technical  problems in their approach 
that would have rendered it flawed in any event. We briefly list the few most significant of these: 
 
(a) Use of Internally Inconsistent Surface Temperature Estimates 
 
MM combine gridpoint standard deviations estimated from one version of the University of East 
Anglia surface temperature record, with standardized EOFs from MBH98 based on a different 
temperature data set. MM also inconsistently use standard deviations of un-detrended data, while 
MBH98 had normalized their EOFs by detrended gridpoint standard deviations. 
 
(b) Incorrect representation of the MBH98 proxy data set.  
 
MBH98 calculated PCs of proxy sub-networks separately for each interval in their stepwise 
reconstruction. This requires 159 indicators to represent all possible indicators required for 
reconstructions of all possible sub-intervals, even though the maximum number ever used for a 
particular sub-interval is 112. 
 
(c) Lack of the use of an objective criterion in the determination of the number of retained 
instrumental PCs in the reconstruction: 
 
Since the proxy data network developed by MM differed from that used by MBH98 for all 
intervals, it was inappropriate for MM to use the same instrumental temperature eigenvector 
subsets that had been selected by MBH98 for their reconstruction. The subsets were selected by 
MBH98 based on the application of an objective criterion to the specific available proxy 
networks available, and were optimized with respect to those networks. The basis sets used by 
MM have thus not been optimized with respect to the *different* proxy network they actually 
use. 
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From: raymond s. bradley
To: mann@multiproxy.evsc.virginia.edu; mhughes@ltrr.arizona.edu
Subject: revised commentary
Date: Thursday, October 30, 2003 7:51:33 PM
Attachments: Rebuttal1.doc

Mike--see attached edited version.  I think a figure comparing the two
series is essential. I've heavily edited the text and inserted some
comments for you to consider.  I think the overall statement is great--just
needs to pass through the diplomatic filter
Ray
(I just see there's a "rebuttal2 file, so I hope I didn't waste my time on
an old version....too many messages with the same subject line flying by
today, so it became confusing...)

Raymond S. Bradley
Distinguished Professor
Director, Climate System Research Center*
Department of Geosciences
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel: 
Fax: 
*Climate System Research Center: 
         <http://www.paleoclimate.org>
Paleoclimatology Book Web Site: http://www.geo.umass.edu/climate/paleo/html
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The recent paper by McIntyre and McKitrick (Energy and Environment, 14, 751-771) claims to 
be an "audit" of the analysis of Mann, Bradley and Hughes (1998) or "MBH98".  An audit 
involves a careful examination, using the same data and following the exact procedures used in 
the report or study being audited.  McIntyre and McKitrick ("MM") have done no such thing, 
having used neither the data nor the procedures of MBH98. Thus, it is entirely understandable 
that they do not obtain the same results.  Their effort has no bearing on the work of MBH98, and 
is in no way a “correction” of that study, as they claim.  Their analysis is notable only in how 
deeply they have misrepresented the data, methods, and results of MBH98.  
 
Journals that receive critical comments on a previously published papers always provide the 
authors who are being criticized an opportunity to review the study prior to publication, and offer 
them the chance to respond.  This is standard operating procedure in any all legitimate peer-
reviewed scientific journals. Mann and colleagues were never given this opportunity, nor were 
any other leading paleoclimate scientists asked to evaluate the purported “corrections”.  that 
we're familiar with.  It is unfortunate that the profound errors, and false and misleading 
statements, and entirely spurious results provided in the  McIntyre and McKitrick article were 
ever allowed to see the light of day. We suspect the extremely checkered history of "Energy and 
Environment" has some role to play in this. The authors should retract their article immediately, 
and issue a public apology to the climate research community foracknowledge publically that 
their claim that they undertook a careful audit of our work is completely incorrect.  They have 
done no such thing.  Furthermore, the journal Energy and Environment should immediately 
publish a statement that the so-called “corrections” to MBH98 were wrong, and in fact 
completely unwarranted.  the MM and the journal Editor have greatly misled the scientific 
community and the public at large byinjustice they have done in publishing and promoting this 
deeply extraordinarily deceptive and flawed analysis. 
 
Not only were critical errors made in their analysis that render it thoroughly invalid, but there 
appear to have been several strikingly subjective decisions made to remove key indicators of the 
original MBH98 network prior to AD 1600, with a dramatic impact on the resulting 
reconstruction (see Figure 1).  It is precisely the interval (1400-1600) ) -- whenover which  
numerous indicators were over which MM reconstruct anomalous warmth  warmth -- that is in 
sharp opposition to the cold conditions observed inreconstructed by MBH98.  Furthermore, the 
MM results are in stark disagreement with and  nearly  all other independent published estimates  
of past trends in Northern Hemisphere mean temperature.  Their results also make no sense in 
that the interval of apparent warmth that they “discover” in their “correction” to our work, 
corresponds to one of the coldest periods of the “Little Ice Age”.  Had MM been more familiar 
with the scientific literature, this alone should have alerted them to some problems in their 
analysis.   
 
While the authors dutifully cite the some minorsmall inconsistency inconsistencies between the 
number of proxy indicators reported by MBH98 and those, and found in the our public data 
archive, of Mann et al back in time (there indeed appear to have been some minor typos in the 
MBH98 paper), it is odd curious that they do not cite the number of indicators in their putative 
“corrected” version of the Mann et al network based on the independent collection of data, back 
in time. The reader is literally left to do a huge amount of detective work, based on the tables in 
their pages 20-23, to determine just what data have been eliminated from the original Mann et al 
network. It seems odd, indeed, that their "substitutions" of other versions of proxy data series (or 
in some case, only apparent, and not actual, versions) of proxy data series for those in the 
original Mann et al (1998) network has the selective effect of deleting key proxy indicators that 

Formatted

Comment [RSB1]:   Mike—we need a plot here 
of their reconstruction & ours, annotated to point out 
how the two records diverge before ~1600.  You 
subsequent text explains (a) why these differences 
exist, and (b) why there are also small discrepancies 
between MBH98 and MM03.  But a picture is worth 
~1000 words… 

Comment [RSB2]:  our ftp site?, or WDC-
A?…or both? 

Comment [RSB3]:  Too obscure…I assume you 
are refering here to the data mangling issue dealt 
with later on…? 

Formatted
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contribute dramatic cooling during the 15th century, . Hence, when the MM reconstruction 
erroneously shows an an anomalous warming warm period at that time, unlike Mann et al (1998) 
and all other published Northern Hemisphere temperature reconstructions. 
 
For readers interested in more specific details of the data and analytical problems in the MM03 
paper, we provide further details below. 
Here are some blatant examples: 
 
1) The authors (see their Figure 4) substitute a shorter version (back to mid 16th century) of one 
of the Jacoby et al Northern Treeline series for the longer version (back to mid 15th century) 
used by MBH98. This substitution the has effect of removing a predictor of 15th century cooling 
[Incidentally, MM make much of the tendency for some tree ring series, such as this one, to 
show an apparent cooling over the past couple decades. Scientists with expertise in 
dendroclimatology know that this behavior represents a  decrease in the sensitivity to 
temperature in recent decades that likely is related to conditions other than temperature which are 
limiting modern tree growth]  
 
2) The authors eliminate, without any justification, the entire dataset of 70 Western North 
American (WNA) tree-ring series available between 1400 and 1600 (this dataset is represented, 
by MBH98, in terms of a smaller number of representative Principal Component time series). 
The leading pattern of variance in this data set exhibits conditions from 1400-1800 that are 
dramatically colder than the mid and late 20th  century, and a very prominent cooling trend in the 
15th century in particular. The authors eliminated this entire dataset because they claimed that 
the underlying data was were not available in the public domain.  In point of fact, not only were 
the individual WNA data all available on the public ftp site provided by Mann and colleagues: 
ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/ITRDB/NOAMER/, but they were also available, 
despite the claims to the contrary by MM, on NOAA's website as well: 
ftp://ftp.ngdc.noaa.gov/paleo/treering/chronologies/northamerica/usa 
 
The deletion of this critical dataset appears to  be one of the key censoring operationerrors 
performed by MM  that allows them to achieveleads to their spurious results of apparent 15th-
16th century warmth. 
 
3) The entire  dataset of Stahle and coworkers of Southwestern U.S./Mexican late wood ring 
width measurements prior to the 17th century (12  back to 1500, 6 back to 1400) was eliminated, 
again based on a false claim that the underlying data series were not available in the public 
domain. Once again, the data were available at the  Mann et al ftp site: 
ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/STAHLE/SWM/ 
 
We have not determined yet, just how many important indicators were subtly censored 
eliminated from the MBH98 dataset by the various subjective substitutions described on pages 
20-23. However, given the relatively small number of indicators available between 1400-1500 in 
the MBH98 network (22-24) and their elimination of some of the more critical ones, it would 
appear that this subjective censoring of data, alone, explains the spurious, misleading, and 
deceptive result achieved by the authors.  Most importantly, any claim of an “audit” must use the 
same data and procedures that we did.  MM03 did no such thing. 
 
MBH98 go to great depths lengths to perform careful cross-validation experiments as a function 
of the time interval of the reconstruction, verifying the reconstructive skill of the predictor 
network as it becomes  increasing sparse back in time. Mann et al are able  to demonstrate 
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statistically significant reconstructive skill even for their earlier (1400-1450) reconstruction 
interval, though the ability to obtain a skillful statistical reconstruction at this time critically 
depends on a relatively modest number of key predictors. MM have, in effect, eliminated those 
predictors from the proxy data network.  MM describe no cross-validation experiments. We 
wonder what the verification resolved variance is for their reconstruction based on their 1400-
1450 available network (based on cross-validation of the reconstruction during the independent 
latter 19th century period of the instrumental record), and how it compares with that provided by 
our reconstruction? 
  
The selective censoring elimination of key indicators in the Mann et al network is an especially 
devious way to achieve an entirely different reconstruction. MM have effectively censored our 
key indicators from the 1400-1600 period.   
 
We feel that the above description should be adequate to provide a reader with a sense of why 
MM have achieved a reconstruction that is markedly inconsistent with at least a dozen other 
recently published empirical and model-based estimates of Northern Hemisphere mean 
temperature changes during the 15th-16th centuries.  
 
There are, nonetheless, numerous other more technical  problems, however, that would that 
render the MM analysis invalid for independent reasons: 
 
(a) the use of an EOF decomposition based on one surface temperature data set (MBH98-old 
version of CRU instrumental surface temperature data) with standardization factors (used to un-
normalized normalized EOFS) based on a different temperature data set (MM-new version of 
CRU dataset) leads to a spatial pattern of bias in the projection of a given eigenvector onto the 
surface temperature field. 
 
(b) The use of gridpoint standardization factors based on undetrended data (MM) to un-
normalize EOFs that had been normalized by standardization factors of detrended data (MBH98) 
implies a pattern of bias in the projection of an eigenvector onto the surface temperature field 
that is increasingly large in regions where the 20th century warming is large. Either convention 
would be okacceptable, but since MM combine EOFs from MBH98 with inconsistent 
standardization factors from a different temperature data set, they have effectively convoluted 
the statistics of a detrended and undetrended dataset.  Once again, this is inappropriate for 
somebody who claims to be “auditing” our work.  If you don’t use the same data and follow the 
same procedures, you can not expect to obtain the same results. 
 
(c) In the case of the effort to by MM to reproduce the MBH98 results using the MBH98 proxy 
data set, our preparation of a flawed spreadsheet representation of the data: caused unfortunate 
confusion.   
 
We take responsibility for this error, though we (Mann) had encouraged the authors to go to the 
public ftp site and obtain the raw data used by MBH98. Instead, an associate of Mann's was 
asked to provide (or in any case, did provide, I'm not sure) a spreadsheet format version of the 
dataset.  Unfortunately, in this spreadsheet in which, PCs representing leading patterns of 
variance in particular proxy sub-networks (evaluated from different sub-intervals) were 
overprinted into the same column [Because MBH98 used a different PC basis representation of 
the various sub-networks during each interval of their stepwise reconstruction approach, 159, 
rather than 112 indicators, were necessary to provide all of the proxy indicators necessary to 

Comment [RSB4]:   Need to re-phrase this to 
clarify use of different data sets and “cross 
normalization”.   Is there a better way of saying un-
normalise? (here and in next paragraph) 
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perform the stepwise regression. Instead, the corresponding, but obviously incommensurate, PC 
series from different subintervals were successively printed over older values in the spreadsheet.  
This is why the authors observed a diminished apparent explained variance spectrum in these 
eigenvector sets. This is also likely the main reason that MM do not reproduce, even using the 
supposedly 'same' dataset, the precise details of the MBH98 reconstruction, even in the period 
after AD1600 (See Figure 1). For the earlier reconstructions, the part of the PC series that is used 
for calibration and for early reconstruction is increasingly inconsistent, due to the overprinting 
problem. This is probably the reason for an apparent warm bias in the earlier centuries even for 
the analysis based on the "Mann et al" proxy dataset. 
 
(d) The various 1 year offsets, etc. noted by the authors are an artifact of spreadsheet preparation 
problems. MM appear to have correctly detected and corrected for these but these minor 
discrepancies are irrelevant in explaining the large differences MM report in their “correction” of 
our results.. 
 
(e) Lack of the use of an objective criterion in the determination of the number of retained 
instrumental PCs in the reconstruction creates additional errors in the MM “audit” of our work.  : 
 
Since the proxy data network developed by MM appears to have differed dramatically 
(particularly during the 14th-15th century) from that used by MBH98,  as discussed earlier, it is 
inappropriate to use the same instrumental temperature eigenvector sub-basis for the 
reconstruction. The sub-basis sets were selected by MBH98 based on the application of an 
objective criterion to the specific available proxy networks available, and were optimized with 
respect to those networks. It is completely inappropriate (and simply wrong if undertaking an 
“audit”) to apply the same sub-basis for a different set of proxy indicators than those used by 
MBH98 in a particular sub-period.   
 
(e) Related to the point raised in (c), MBH98 actually use different PC basis sets of proxy data 
networks over different intervals of available data to maximize the available statistical 
information increasingly forward in time, as new series become available. MM appear to have 
only used PCs over the full (or supposedly full) available interval--thus they have a maximum of 
112 indicators, while MBH98 actually have a total of 159 proxy indicator series, with different 
PC series specific to the particular sub-interval. 
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From: Michael E. Mann
To: raymond s. bradley; mhughes@ltrr.arizona.edu
Subject: Re: revised commentary
Date: Thursday, October 30, 2003 8:00:46 PM

HI Ray,

Yes, you were working on a 6 hour old version--I've sent you a version w/ a figure,
etc that's much nicer.

Shall I just plan to try to incorporate the suggestions from this one into the newer
version, where the suggestions still make sense?

mike

At 09:48 PM 10/30/2003 -0500, raymond s. bradley wrote:

Mike--see attached edited version.  I think a figure comparing the two
series is essential. I've heavily edited the text and inserted some
comments for you to consider.  I think the overall statement is great--just
needs to pass through the diplomatic filter
Ray
(I just see there's a "rebuttal2 file, so I hope I didn't waste my time on an
old version....too many messages with the same subject line flying by
today, so it became confusing...)

Raymond S. Bradley
Distinguished Professor
Director, Climate System Research Center*
Department of Geosciences
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel: 
Fax: 
*Climate System Research Center: 
        <http://www.paleoclimate.org>
Paleoclimatology Book Web Site:
http://www.geo.umass.edu/climate/paleo/html

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 

ABOR/MH/Priv-001107



         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: f055; p.jones; raymond s. bradley; f055; Keith Briffa; Tim Osborn
Cc: mhughes
Subject: RE: CLIMLIST
Date: Friday, October 31, 2003 3:37:16 AM

Thanks very much Tim,

I was hoping that the revisions would ally concerns people had. 

I'll look forward to your comments on this latest draft. I agree w/ Malcolm on the
need to
be careful w/ the wording in the first paragraph. The first paragraph is a bit of relic
of
a much earlier draft, and maybe we need to rethink it a bit. Takinig the high road is
probably very important here. If *others* want to say that their actions represent
scientific fraud, intellectual dishonesty, etc. (as I think we all suspect they do), lets let
*them* make these charges for us!

Lets let our supporters in higher places use our scientific response to push the
broader
case against MM. So I look forward to peoples attempts to revise the first par.
particular.

I took the liberty of forwarding the previous draft to a handfull of our closet
colleagues, just so they would have a sense of approximately what we'll be releasing
later today--i.e., a heads up as to
how MM achieved their result...

look forward to us finalizing something a bit later--I still think we need to get this out
ASAP...

mike

SAt 03:01 AM 10/31/2003 +0000, f055 wrote:

Dear all,

I've just finished preparing a detailed response offline, only to log on to 
send it to you all and find new versions from Mike plus more comments 
and information.  Well, I don't have time to change my message now, so 
will paste it below this message.  But bear in mind that the new draft may

well have allayed many of my concerns - in particular, a quick glance 
shows the figure to be much more convincing than the one Mike
circulated 
earlier, indeed it seems to be utterly convincing!   I'll reply again on 
Friday 
morning once I've had time to read the new draft.  In the meantime, here
is 
my message as promised.
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************************************************************
Dear MBH (cc to CRU),

The number of emails has been rather overwhelming on this issue and 
I'm struggling to catch up with them!  But I will attempt to catch up with
a 
few things here...

(1) The single worst thing about the whole M&M saga is not that they did 
their study, not that they did things wrong (deliberately or by accident),
but 
that neither they nor the journal took the necessary step of investigating 
whether the difference between their results and yours could be explained

simply by some error or set of errors in their use of the data or in their 
implementation of your method.  If it turns out, as looks likely from Mike's

investigation of this, that their results are erroneous, then they and the 
journal will have wasted countless person-hours of time and caused 
much damage in the climate policy arena.

(2) Given that this is the single worst thing about the saga, we must not
go 
and do exactly the same in rushing out a response to their paper.  If
some 
claims in the response turned out to be wrong, based on assumptions 
about what M&M did or assumptions about how M&M's assumptions 
affect the results, then it would end up with a number of iterations of
claim 
and counter claim.  Ultimately the issue might be settled, but by then the 
waters could be so muddied that it didn't matter.

(3) Not only do I advise against an overly rushed response, but I'm also 
wondering whether it really ought to be only from MBH, for three reasons.
(i) It is your paper/results that are being attacked.
(ii) It is difficult to endorse everything that Mike has put in the draft 
response because I don't know 100% of the details of MBH and the MBH 
data.  Sure, I can endorse some things, but others I wouldn't know.  
Sure, 
I accept Mike's explanation because he's looked at this stuff for 4 days 
and I believe he'll have got it right - but that's different to an independent

check.  That must come from Ray or Malcolm if possible.
(iii) If it does come to any independent assessment of who's right and 
who's wrong, then it would be difficult for us to be involved if we had 
already signed up to what some might claim to be a knee-jerk reaction to 
the M&M paper.  If that happened, then you would want us to be free to
get 
involved to make sure the process was fair and informed.

This sounds like a cop out, but - like I say - I'm not sure about point (3)
so 
feel free to try to convince me otherwise if you wish.  Anyway Keith or
Phil 
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may be happy to sign up to a (quick or slow) response, despite my 
reservations above.

I really advise a very careful reading of M&M and their supplementary 
website to ensure that everything in the response is clearly correct - 
precisely to avoid point (2).  I've only just started to do this, but already 
have some questions about the response that Mike has drafted.

(a) Mike, you say that many of the trees were eliminated in the data they 
used.  Have you concluded this because they entered "NA" for "Not 
available" in their appendix table?  If so, then are you sure that "NA" 
means they did not use any data, rather than simply that they didn't 
replace your data with an alternative (and hence in fact continued to use 
what Scott had supplied to them)?  Or perhaps "NA" means they couldn't 
find the PC time series published (of course!), but in fact could find the 
raw tree-ring chronologies and did their own PCA of those?  How would 
they know which raw chronologies to use?  Or did you come to your 
conclusion by downloading their "corrected and updated" data matrix and 
comparing it with yours - I've not had time to do that, but even if I had
and 
I 
found some differences, I wouldn't know which was right seeing as I've 
not done any PCA of western US trees myself?  My guess would be that 
they downloaded raw tree-ring chronologies (possibly the same ones you 
used) but then applied PCA only to the period when they all had full data
- 
hence the lack of PCs in the early period (which you got round by doing 
PCA on the subset that had earlier data).  But this is only a guess, and 
this is the type of thing that should be checked with them - surely they 
would respond if asked? - to avoid my point (2) above.  And if my guess 
were right, then your wording of "eliminated this entire data set" would 
come in for criticism, even though in practise it might as well have been.

(b) The mention of ftp sites and excel files is contradicted by their email 
record on their website, which shows no mention of excel files (they say 
an ASCII file was sent) and also no record that they knew the ftp
address.  
This doesn't matter really, since the reason for them using a corrupted 
data file is not relevant - the relevant thing is that it was corrupt and had 
you been involved in reviewing the paper then it could have been found 
prior to publication.  But they will use the email record if the ftp sites and 
excel files are mentioned.

(c) Not sure if you talk about peer-review in the latest version, but note 
that 
they acknowledge input from reviewers and Fred Singer's email says he 
refereed it - so any statement implying it wasn't reviewed will be met with

an easy response from them.

(d) Your quick-look reconstruction excluding many of the tree-ring data, 
and the verification RE you obtain, is interesting - but again, don't rush 
into 
using these in any response.  The time series of PC1 you sent is certainly 
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different from your standard one - but on the other hand I'd hardly say
you 
"get a similar result" to them, the time series look very different (see their

fig 6d).  So the dismal RE applies only to your calculation, not to their 
reconstruction.  It may turn out that their verification RE is also very 
negative, but again we cannot assume this in case we're wrong and they 
easily counter the criticism.

(e) Claims of their motives for selective censoring or changing of data, or 
for the study as a whole, may well be true but are hard to prove.  They 
would claim that their's is an honest attempt at reproducing a key 
scientific result.  If they made errors in what they did, then maybe they're

just completely out of their depth on this, rather than making deliberate 
errors for the purposes of achieving preferred results.

(f) The recent tree-ring decline they refer to seems related to 
tree-ring-width not density.  Regardless of width of density, this issue 
cannot simply be dismissed as a solved problem.  Since they don't make 
much of an issue out of it, best just to ignore it.

(g) [I'm rambling now into an un-ordered list of things, so I'll stop soon!] 
The various other problems relating to temperature data sets, detrended 
standard deviations, PCs of tree-ring subsets etc. sound likely errors - 
though I've got no way of providing the independent check that you
asked 
for.  But it is again a bit of a leap of faith to say that these *explain* the 
different results that they get.  Certainly they throw doubt on the validity 
of 
their results, but without actually doing the same as them it's not possible

to say if they would have replicated your results if they hadn't made these

errors.  After all, could the infilling of missing values have made much 
difference to the results obtained, something that they made a good deal 
of fuss about?

(h) To say they "used neither the data nor the procedures of MBH98" will 
also be an easy target for them, since they did use the data that was sent

to them and seemed to have used approximately the method too (with 
some errors that you've identified).  This reproduced your results to some 
extent (certainly not perfectly, but see Fig 6b and 6c).  Then they went 
further to redo it with the "corrected and updated" data - but only after 
first 
doing approximately what they claimed they did (i.e. the audit).

These comments relate to random versions of the draft response, so 
apologies if they don't all seem relevant to the current draft.  I don't have 
these in front of me, here at home, so I'm doing this from memory of
what 
I've read over the past few days.  But nevertheless, the point is that a
quick 
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response would ultimately require making a number of assumptions 
about what they did and assumptions about whether this explains the 
differences or not - assumptions that might be later shot down (in part 
only, at most, but still sufficient to muddy the debate for most outsiders).

A quick response ought to be limited to something like:

---------------------------------------------
The recent paper by McIntyre and McKitrick (2003; hereafter MM03)
claims 
to be an "audit" of the analysis of Mann, Bradley and Hughes (1998; 
hereafter MBH98).  MM03 are unable to reproduce the Northern 
Hemisphere temperature reconstruction of MBH98 when attempting to 
use the same proxy data and methods as MBH98, though they obtain 
something similar with clearly anomalous recent warming (their Figure 
6c).  They then make many modifications to the proxy data set and
repeat 
their analysis, and obtain a rather different result to MBH98.

Unfortunately neither M&M nor the journal in which it was published took 
the necessary step of investigating whether the difference between their 
results and MBH98 could be explained simply by some error or set of 
errors in their use of the data or in their implementation of the MBH98 
method.  This should have been an essential step to take in a case such 
as this where the difference in results is so large and important.  Simple 
errors must first be ruled out prior to publication.  Even if the authors had

not undertaken this by presenting their results to the authors of MBH98, 
the journal should certainly have included them as referees of the 
manuscript.

A preliminary investigation into the proxy data and implementation of the 
method has already identified a number of likely errors, which may turn 
out to be the cause of the different results.  Rather than repeating M&M's 
failure to follow good scientific practise, we are witholding further 
comments until we can - by collaboration with M&M if possible - be certain

of exactly what changes to data and method were made by M&M,
whether 
these changes can really explain the differences in the results, and 
eventually which (if any) of these changes can be justified as equally valid

(given the various uncertainties that exist) and which are simply errors
that 
invalidate their results.
-----------------------------------------

Hope you find this all helpful, and despite my seemingly critical approach, 
take them in the spirit with which they are aimed - which is to obtain a 
strong and hard hitting rebuttal of bad science, but a rebuttal that cannot 
be buried by any minor innaccuracies or difficult-to-prove claims.

Best regards
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Tim

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: f055; p.jones; raymond s. bradley; f055; Keith Briffa; Tim Osborn
Cc: mhughes
Subject: RE: CLIMLIST
Date: Friday, October 31, 2003 3:39:02 AM

p.s. Keith, any word from Nature. Should I contact them independently? And what
about Science? Or "Climatic Change" (I have little doubt that Steve S could find
justification to publish this their in an instant)...

thoughts?

mike

At 03:01 AM 10/31/2003 +0000, f055 wrote:

Dear all,

I've just finished preparing a detailed response offline, only to log on to 
send it to you all and find new versions from Mike plus more comments 
and information.  Well, I don't have time to change my message now, so 
will paste it below this message.  But bear in mind that the new draft may

well have allayed many of my concerns - in particular, a quick glance 
shows the figure to be much more convincing than the one Mike
circulated 
earlier, indeed it seems to be utterly convincing!   I'll reply again on 
Friday 
morning once I've had time to read the new draft.  In the meantime, here
is 
my message as promised.

************************************************************
Dear MBH (cc to CRU),

The number of emails has been rather overwhelming on this issue and 
I'm struggling to catch up with them!  But I will attempt to catch up with
a 
few things here...

(1) The single worst thing about the whole M&M saga is not that they did 
their study, not that they did things wrong (deliberately or by accident),
but 
that neither they nor the journal took the necessary step of investigating 
whether the difference between their results and yours could be explained

simply by some error or set of errors in their use of the data or in their 
implementation of your method.  If it turns out, as looks likely from Mike's

investigation of this, that their results are erroneous, then they and the 
journal will have wasted countless person-hours of time and caused 
much damage in the climate policy arena.
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(2) Given that this is the single worst thing about the saga, we must not
go 
and do exactly the same in rushing out a response to their paper.  If
some 
claims in the response turned out to be wrong, based on assumptions 
about what M&M did or assumptions about how M&M's assumptions 
affect the results, then it would end up with a number of iterations of
claim 
and counter claim.  Ultimately the issue might be settled, but by then the 
waters could be so muddied that it didn't matter.

(3) Not only do I advise against an overly rushed response, but I'm also 
wondering whether it really ought to be only from MBH, for three reasons.
(i) It is your paper/results that are being attacked.
(ii) It is difficult to endorse everything that Mike has put in the draft 
response because I don't know 100% of the details of MBH and the MBH 
data.  Sure, I can endorse some things, but others I wouldn't know.  
Sure, 
I accept Mike's explanation because he's looked at this stuff for 4 days 
and I believe he'll have got it right - but that's different to an independent

check.  That must come from Ray or Malcolm if possible.
(iii) If it does come to any independent assessment of who's right and 
who's wrong, then it would be difficult for us to be involved if we had 
already signed up to what some might claim to be a knee-jerk reaction to 
the M&M paper.  If that happened, then you would want us to be free to
get 
involved to make sure the process was fair and informed.

This sounds like a cop out, but - like I say - I'm not sure about point (3)
so 
feel free to try to convince me otherwise if you wish.  Anyway Keith or
Phil 
may be happy to sign up to a (quick or slow) response, despite my 
reservations above.

I really advise a very careful reading of M&M and their supplementary 
website to ensure that everything in the response is clearly correct - 
precisely to avoid point (2).  I've only just started to do this, but already 
have some questions about the response that Mike has drafted.

(a) Mike, you say that many of the trees were eliminated in the data they 
used.  Have you concluded this because they entered "NA" for "Not 
available" in their appendix table?  If so, then are you sure that "NA" 
means they did not use any data, rather than simply that they didn't 
replace your data with an alternative (and hence in fact continued to use 
what Scott had supplied to them)?  Or perhaps "NA" means they couldn't 
find the PC time series published (of course!), but in fact could find the 
raw tree-ring chronologies and did their own PCA of those?  How would 
they know which raw chronologies to use?  Or did you come to your 
conclusion by downloading their "corrected and updated" data matrix and 
comparing it with yours - I've not had time to do that, but even if I had
and 
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I 
found some differences, I wouldn't know which was right seeing as I've 
not done any PCA of western US trees myself?  My guess would be that 
they downloaded raw tree-ring chronologies (possibly the same ones you 
used) but then applied PCA only to the period when they all had full data
- 
hence the lack of PCs in the early period (which you got round by doing 
PCA on the subset that had earlier data).  But this is only a guess, and 
this is the type of thing that should be checked with them - surely they 
would respond if asked? - to avoid my point (2) above.  And if my guess 
were right, then your wording of "eliminated this entire data set" would 
come in for criticism, even though in practise it might as well have been.

(b) The mention of ftp sites and excel files is contradicted by their email 
record on their website, which shows no mention of excel files (they say 
an ASCII file was sent) and also no record that they knew the ftp
address.  
This doesn't matter really, since the reason for them using a corrupted 
data file is not relevant - the relevant thing is that it was corrupt and had 
you been involved in reviewing the paper then it could have been found 
prior to publication.  But they will use the email record if the ftp sites and 
excel files are mentioned.

(c) Not sure if you talk about peer-review in the latest version, but note 
that 
they acknowledge input from reviewers and Fred Singer's email says he 
refereed it - so any statement implying it wasn't reviewed will be met with

an easy response from them.

(d) Your quick-look reconstruction excluding many of the tree-ring data, 
and the verification RE you obtain, is interesting - but again, don't rush 
into 
using these in any response.  The time series of PC1 you sent is certainly 
different from your standard one - but on the other hand I'd hardly say
you 
"get a similar result" to them, the time series look very different (see their

fig 6d).  So the dismal RE applies only to your calculation, not to their 
reconstruction.  It may turn out that their verification RE is also very 
negative, but again we cannot assume this in case we're wrong and they 
easily counter the criticism.

(e) Claims of their motives for selective censoring or changing of data, or 
for the study as a whole, may well be true but are hard to prove.  They 
would claim that their's is an honest attempt at reproducing a key 
scientific result.  If they made errors in what they did, then maybe they're

just completely out of their depth on this, rather than making deliberate 
errors for the purposes of achieving preferred results.

(f) The recent tree-ring decline they refer to seems related to 
tree-ring-width not density.  Regardless of width of density, this issue 
cannot simply be dismissed as a solved problem.  Since they don't make 

ABOR/MH/Priv-001117



much of an issue out of it, best just to ignore it.

(g) [I'm rambling now into an un-ordered list of things, so I'll stop soon!] 
The various other problems relating to temperature data sets, detrended 
standard deviations, PCs of tree-ring subsets etc. sound likely errors - 
though I've got no way of providing the independent check that you
asked 
for.  But it is again a bit of a leap of faith to say that these *explain* the 
different results that they get.  Certainly they throw doubt on the validity 
of 
their results, but without actually doing the same as them it's not possible

to say if they would have replicated your results if they hadn't made these

errors.  After all, could the infilling of missing values have made much 
difference to the results obtained, something that they made a good deal 
of fuss about?

(h) To say they "used neither the data nor the procedures of MBH98" will 
also be an easy target for them, since they did use the data that was sent

to them and seemed to have used approximately the method too (with 
some errors that you've identified).  This reproduced your results to some 
extent (certainly not perfectly, but see Fig 6b and 6c).  Then they went 
further to redo it with the "corrected and updated" data - but only after 
first 
doing approximately what they claimed they did (i.e. the audit).

These comments relate to random versions of the draft response, so 
apologies if they don't all seem relevant to the current draft.  I don't have 
these in front of me, here at home, so I'm doing this from memory of
what 
I've read over the past few days.  But nevertheless, the point is that a
quick 
response would ultimately require making a number of assumptions 
about what they did and assumptions about whether this explains the 
differences or not - assumptions that might be later shot down (in part 
only, at most, but still sufficient to muddy the debate for most outsiders).

A quick response ought to be limited to something like:

---------------------------------------------
The recent paper by McIntyre and McKitrick (2003; hereafter MM03)
claims 
to be an "audit" of the analysis of Mann, Bradley and Hughes (1998; 
hereafter MBH98).  MM03 are unable to reproduce the Northern 
Hemisphere temperature reconstruction of MBH98 when attempting to 
use the same proxy data and methods as MBH98, though they obtain 
something similar with clearly anomalous recent warming (their Figure 
6c).  They then make many modifications to the proxy data set and
repeat 
their analysis, and obtain a rather different result to MBH98.

Unfortunately neither M&M nor the journal in which it was published took 
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the necessary step of investigating whether the difference between their 
results and MBH98 could be explained simply by some error or set of 
errors in their use of the data or in their implementation of the MBH98 
method.  This should have been an essential step to take in a case such 
as this where the difference in results is so large and important.  Simple 
errors must first be ruled out prior to publication.  Even if the authors had

not undertaken this by presenting their results to the authors of MBH98, 
the journal should certainly have included them as referees of the 
manuscript.

A preliminary investigation into the proxy data and implementation of the 
method has already identified a number of likely errors, which may turn 
out to be the cause of the different results.  Rather than repeating M&M's 
failure to follow good scientific practise, we are witholding further 
comments until we can - by collaboration with M&M if possible - be certain

of exactly what changes to data and method were made by M&M,
whether 
these changes can really explain the differences in the results, and 
eventually which (if any) of these changes can be justified as equally valid

(given the various uncertainties that exist) and which are simply errors
that 
invalidate their results.
-----------------------------------------

Hope you find this all helpful, and despite my seemingly critical approach, 
take them in the spirit with which they are aimed - which is to obtain a 
strong and hard hitting rebuttal of bad science, but a rebuttal that cannot 
be buried by any minor innaccuracies or difficult-to-prove claims.

Best regards

Tim

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Keith Briffa
To: Michael E. Mann; f055; p.jones; raymond s. bradley; f055; Tim Osborn
Cc: mhughes
Subject: RE: CLIMLIST
Date: Friday, October 31, 2003 4:01:26 AM

Hi all - I too have had some problems as to which specific version is where
we are at - BUT I think the latest draft as sent by Mike really is
virtually there (perhaps some typos to be ironed out (e.g. 'were' instead
of 'was' on line 7 of point 2) but I am generally very happy with the tone
and balance . Much of Tim's fears (justifiable points on not providing them
with wiggle out and distraction options) are allayed by the calm provisos
about not being categorical etc. The question now arises as to how to put
this out - I believe it does need to go out early so as to be available
when the rest of the press start to pick up the MM propaganda . Whether it
should be just signed by MBH is up to you . I AM NOT averse to signing ,
but wonder whether it is a better tactic to put out a separate statement
(us , Tom W. and whoever as suggested by Ray , saying we abhor the way this
MM paper has been published and publicised without proper scrutiny). I
fully agree with the statement as now written however , and willing to go
with the majority view. My suggestion about redoing the "audit" was made in
good faith and in no way implied I concurred with MM ( in case anyone got
the impression that I was not wholly "on side" here).
So what does everyone else say now?
REGARDING NATURE -  spoke to Heike Langenberg , in the London office and
she said it sounded like a potential NEWS item , and asked me to send some
details by email and she would forward to the appropriate office - seemed
positive. I will do. The statement (s) should anyway go soon on CLIMLIST
and then we could quietly contact a few people we know in the media ?

Keith

At 05:38 AM 10/31/03 -0500, Michael E. Mann wrote:
>p.s. Keith, any word from Nature. Should I contact them independently? And
>what about Science? Or "Climatic Change" (I have little doubt that Steve S
>could find justification to publish this their in an instant)...
>
>thoughts?
>
>mike
>
>At 03:01 AM 10/31/2003 +0000, f055 wrote:
>>Dear all,
>>
>>I've just finished preparing a detailed response offline, only to log on to
>>send it to you all and find new versions from Mike plus more comments
>>and information.  Well, I don't have time to change my message now, so
>>will paste it below this message.  But bear in mind that the new draft may
>>well have allayed many of my concerns - in particular, a quick glance
>>shows the figure to be much more convincing than the one Mike circulated
>>earlier, indeed it seems to be utterly convincing!   I'll reply again on
>>Friday
>>morning once I've had time to read the new draft.  In the meantime, here is
>>my message as promised.
>>
>>
>>************************************************************
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>>Dear MBH (cc to CRU),
>>
>>The number of emails has been rather overwhelming on this issue and
>>I'm struggling to catch up with them!  But I will attempt to catch up with a
>>few things here...
>>
>>(1) The single worst thing about the whole M&M saga is not that they did
>>their study, not that they did things wrong (deliberately or by
>>accident), but
>>that neither they nor the journal took the necessary step of investigating
>>whether the difference between their results and yours could be explained
>>simply by some error or set of errors in their use of the data or in their
>>implementation of your method.  If it turns out, as looks likely from Mike's
>>investigation of this, that their results are erroneous, then they and the
>>journal will have wasted countless person-hours of time and caused
>>much damage in the climate policy arena.
>>
>>(2) Given that this is the single worst thing about the saga, we must not go
>>and do exactly the same in rushing out a response to their paper.  If some
>>claims in the response turned out to be wrong, based on assumptions
>>about what M&M did or assumptions about how M&M's assumptions
>>affect the results, then it would end up with a number of iterations of
>>claim
>>and counter claim.  Ultimately the issue might be settled, but by then the
>>waters could be so muddied that it didn't matter.
>>
>>(3) Not only do I advise against an overly rushed response, but I'm also
>>wondering whether it really ought to be only from MBH, for three reasons.
>>(i) It is your paper/results that are being attacked.
>>(ii) It is difficult to endorse everything that Mike has put in the draft
>>response because I don't know 100% of the details of MBH and the MBH
>>data.  Sure, I can endorse some things, but others I wouldn't know.   Sure,
>>I accept Mike's explanation because he's looked at this stuff for 4 days
>>and I believe he'll have got it right - but that's different to an
>>independent
>>check.  That must come from Ray or Malcolm if possible.
>>(iii) If it does come to any independent assessment of who's right and
>>who's wrong, then it would be difficult for us to be involved if we had
>>already signed up to what some might claim to be a knee-jerk reaction to
>>the M&M paper.  If that happened, then you would want us to be free to get
>>involved to make sure the process was fair and informed.
>>
>>This sounds like a cop out, but - like I say - I'm not sure about point
>>(3) so
>>feel free to try to convince me otherwise if you wish.  Anyway Keith or Phil
>>may be happy to sign up to a (quick or slow) response, despite my
>>reservations above.
>>
>>I really advise a very careful reading of M&M and their supplementary
>>website to ensure that everything in the response is clearly correct -
>>precisely to avoid point (2).  I've only just started to do this, but
>>already
>>have some questions about the response that Mike has drafted.
>>
>>(a) Mike, you say that many of the trees were eliminated in the data they
>>used.  Have you concluded this because they entered "NA" for "Not
>>available" in their appendix table?  If so, then are you sure that "NA"
>>means they did not use any data, rather than simply that they didn't
>>replace your data with an alternative (and hence in fact continued to use
>>what Scott had supplied to them)?  Or perhaps "NA" means they couldn't
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>>find the PC time series published (of course!), but in fact could find the
>>raw tree-ring chronologies and did their own PCA of those?  How would
>>they know which raw chronologies to use?  Or did you come to your
>>conclusion by downloading their "corrected and updated" data matrix and
>>comparing it with yours - I've not had time to do that, but even if I had
>>and
>>I
>>found some differences, I wouldn't know which was right seeing as I've
>>not done any PCA of western US trees myself?  My guess would be that
>>they downloaded raw tree-ring chronologies (possibly the same ones you
>>used) but then applied PCA only to the period when they all had full data -
>>hence the lack of PCs in the early period (which you got round by doing
>>PCA on the subset that had earlier data).  But this is only a guess, and
>>this is the type of thing that should be checked with them - surely they
>>would respond if asked? - to avoid my point (2) above.  And if my guess
>>were right, then your wording of "eliminated this entire data set" would
>>come in for criticism, even though in practise it might as well have been.
>>
>>(b) The mention of ftp sites and excel files is contradicted by their email
>>record on their website, which shows no mention of excel files (they say
>>an ASCII file was sent) and also no record that they knew the ftp address.
>>This doesn't matter really, since the reason for them using a corrupted
>>data file is not relevant - the relevant thing is that it was corrupt and
>>had
>>you been involved in reviewing the paper then it could have been found
>>prior to publication.  But they will use the email record if the ftp
>>sites and
>>excel files are mentioned.
>>
>>(c) Not sure if you talk about peer-review in the latest version, but note
>>that
>>they acknowledge input from reviewers and Fred Singer's email says he
>>refereed it - so any statement implying it wasn't reviewed will be met with
>>an easy response from them.
>>
>>(d) Your quick-look reconstruction excluding many of the tree-ring data,
>>and the verification RE you obtain, is interesting - but again, don't rush
>>into
>>using these in any response.  The time series of PC1 you sent is certainly
>>different from your standard one - but on the other hand I'd hardly say you
>>"get a similar result" to them, the time series look very different (see
>>their
>>fig 6d).  So the dismal RE applies only to your calculation, not to their
>>reconstruction.  It may turn out that their verification RE is also very
>>negative, but again we cannot assume this in case we're wrong and they
>>easily counter the criticism.
>>
>>(e) Claims of their motives for selective censoring or changing of data, or
>>for the study as a whole, may well be true but are hard to prove.  They
>>would claim that their's is an honest attempt at reproducing a key
>>scientific result.  If they made errors in what they did, then maybe they're
>>just completely out of their depth on this, rather than making deliberate
>>errors for the purposes of achieving preferred results.
>>
>>(f) The recent tree-ring decline they refer to seems related to
>>tree-ring-width not density.  Regardless of width of density, this issue
>>cannot simply be dismissed as a solved problem.  Since they don't make
>>much of an issue out of it, best just to ignore it.
>>
>>(g) [I'm rambling now into an un-ordered list of things, so I'll stop soon!]
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>>The various other problems relating to temperature data sets, detrended
>>standard deviations, PCs of tree-ring subsets etc. sound likely errors -
>>though I've got no way of providing the independent check that you asked
>>for.  But it is again a bit of a leap of faith to say that these
>>*explain* the
>>different results that they get.  Certainly they throw doubt on the validity
>>of
>>their results, but without actually doing the same as them it's not possible
>>to say if they would have replicated your results if they hadn't made these
>>errors.  After all, could the infilling of missing values have made much
>>difference to the results obtained, something that they made a good deal
>>of fuss about?
>>
>>(h) To say they "used neither the data nor the procedures of MBH98" will
>>also be an easy target for them, since they did use the data that was sent
>>to them and seemed to have used approximately the method too (with
>>some errors that you've identified).  This reproduced your results to some
>>extent (certainly not perfectly, but see Fig 6b and 6c).  Then they went
>>further to redo it with the "corrected and updated" data - but only after
>>first
>>doing approximately what they claimed they did (i.e. the audit).
>>
>>These comments relate to random versions of the draft response, so
>>apologies if they don't all seem relevant to the current draft.  I don't
>>have
>>these in front of me, here at home, so I'm doing this from memory of what
>>I've read over the past few days.  But nevertheless, the point is that a
>>quick
>>response would ultimately require making a number of assumptions
>>about what they did and assumptions about whether this explains the
>>differences or not - assumptions that might be later shot down (in part
>>only, at most, but still sufficient to muddy the debate for most outsiders).
>>
>>A quick response ought to be limited to something like:
>>
>>---------------------------------------------
>>The recent paper by McIntyre and McKitrick (2003; hereafter MM03) claims
>>to be an "audit" of the analysis of Mann, Bradley and Hughes (1998;
>>hereafter MBH98).  MM03 are unable to reproduce the Northern
>>Hemisphere temperature reconstruction of MBH98 when attempting to
>>use the same proxy data and methods as MBH98, though they obtain
>>something similar with clearly anomalous recent warming (their Figure
>>6c).  They then make many modifications to the proxy data set and repeat
>>their analysis, and obtain a rather different result to MBH98.
>>
>>Unfortunately neither M&M nor the journal in which it was published took
>>the necessary step of investigating whether the difference between their
>>results and MBH98 could be explained simply by some error or set of
>>errors in their use of the data or in their implementation of the MBH98
>>method.  This should have been an essential step to take in a case such
>>as this where the difference in results is so large and important.  Simple
>>errors must first be ruled out prior to publication.  Even if the authors
>>had
>>not undertaken this by presenting their results to the authors of MBH98,
>>the journal should certainly have included them as referees of the
>>manuscript.
>>
>>A preliminary investigation into the proxy data and implementation of the
>>method has already identified a number of likely errors, which may turn
>>out to be the cause of the different results.  Rather than repeating M&M's
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>>failure to follow good scientific practise, we are witholding further
>>comments until we can - by collaboration with M&M if possible - be certain
>>of exactly what changes to data and method were made by M&M, whether
>>these changes can really explain the differences in the results, and
>>eventually which (if any) of these changes can be justified as equally valid
>>(given the various uncertainties that exist) and which are simply errors
>>that
>>invalidate their results.
>>-----------------------------------------
>>
>>Hope you find this all helpful, and despite my seemingly critical approach,
>>take them in the spirit with which they are aimed - which is to obtain a
>>strong and hard hitting rebuttal of bad science, but a rebuttal that cannot
>>be buried by any minor innaccuracies or difficult-to-prove claims.
>>
>>Best regards
>>
>>Tim
>
>______________________________________________________________
>                     Professor Michael E. Mann
>            Department of Environmental Sciences, Clark Hall
>                       University of Virginia
>                      Charlottesville, VA 22903
>_______________________________________________________________________
>e-mail: mann@virginia.edu   Phone:    FAX: 
>          http://www.evsc.virginia.edu/faculty/people/mann.shtml

--
Professor Keith Briffa,
Climatic Research Unit
University of East Anglia
Norwich, NR4 7TJ, U.K.

Phone: 
Fax: 

http://www.cru.uea.ac.uk/cru/people/briffa/
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu
Cc: f055; p.jones; raymond s. bradley; Keith Briffa; Tim Osborn
Subject: RE: CLIMLIST
Date: Friday, October 31, 2003 4:07:33 AM

THanks Malcolm,

I agree, but lets keep Keith's original wording (I think, maybe w/ some small changes from
me) here intact:

"We will refrain from making categorical statements as to the specific motives, but we will
state that it seems clear that MM have made critical errors in their analysis that have the
effect of grossly distorting the reconstruction of MBH98 "

This fairly raises the issue in a very subtle and, I think, appropriate way. I think that if we
say this, we don't need to allude to motives, etc. anywhere else in the piece. We've gently
made the point...

At 03:48 AM 10/31/2003 -0700, mhughes@ltrr.arizona.edu wrote:

Mike - I think it is really important to remove the following bits - they will 
alienate readers quite unnecessarily:
1) From "It is surely reprehensible........." to the end of that paragraph.
2) in the paragraph just above the very useful diagram remover "subtly". It 
implies an intention, and it is much better to leave to the reader to make such 
judgements. In any case, intent is irrelevant to the strength of our case 
against their so-called audit. 
Over and out till Wednesday afternoon, Malcolm
 
Quoting "Michael E. Mann" <mann@virginia.edu>:

> 
> 
> Tim,
> 
> 
> I just finished working very hard on the rebuttal for the past 6 hours,
> and I really hope this wasn't a wasted effort.
> 
> 
> I took Keith's version, and I feel very happy about the version I've
> attached. Please see the results--I think they are remarkably
> convincing!
> 
> 
> lets discuss quickly, because this needs to go out very soon.
> 
> 
> I agree it needs to go out to CLIMLIST, the Skeptic listserv, and all the
> recipients the various skeptics have cc'd.
> 
> 
> Mike
> 
> 
> At 12:23 AM 10/31/2003 +0000, f055 wrote:
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> 
> Dear all,
> 
> 
> my idea of including the CLIMLIST mailig list when circulating a rebuttal
> is 
> 
> now definitely required, given the following posting which has just been
> 
> 
> made (copied below).  I have some concerns over the way the rebuttal
> is 
> 
> heading right now, however, which I will explain in an email shortly
> 
> 
> (cannot compose it here, as I'm working on a slow line from home - will
> 
> 
> compose it offline instead and email it shortly).
> 
> 
> Cheers
> 
> 
> Tim
> 
> 
> ----------------------------------
> 
> 
> "=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-
=-=
> 
> CLIMLIST Mailing Number 03-10-37
> 
> Origin: M.G. Bartlett" <pr0phet73@comcast.net>
> 
> >>>>> DO NOT USE REPLY FUNCTION <<<<<
> 
> >>>>> REPEAT - DO NOT USE REPLY! 
> <<<<<
> 
> =-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-
=-=
> 
> 
> CLIMLIST Folks,
> 
> 
> The following was forwarded to me by a colleague. The article should
> be
> 
> of interest to members of our community. It has been made available
> for
> 
> free download by the publishers. I also recommend that you examine
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> the
> 
> author's website at:
> 
> 
> http://www.climate2003.com
> 
> 
> which provides access to the data and algorithms used in the
> paper.
> 
> 
> Marshall Bartlett
> 
> Univ. of Utah
> 
> 
> 
> 
> Dear all,
> 
> 
> question has been risen what is this Energy & Environment, which
> allows
> 
> free access to its article
> 
> 
> 
> 
> McIntyre, Stephen and Ross McKitrick, 2003. Corrections to the Mann
> et.
> 
> al. (1998) Proxy Data Base and Northern Hemispheric Average 
> 
> Temperature
> 
> Series. Energy & Environment Vol. 14, No 6, pp. 751-771, October 26,
> 
> 
> 2003
> 
> 
> 
> 
> Freely downloadable from
> 
> <http://www.multi-science.co.uk/mcintyre_02.pdf>
> 
> 
> 
> 
> Energy & Environment is a peer-reviewed scientific magazine published
> 
> 
> by
> 
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> MULTI-SCIENCE PUBLISHING CO. LTD.
> 
> 
> 5 Wates Way, Brentwood, Essex CM15 9TB, United Kingdom, EU
> 
> 
> 
> 
> E&E explains the exceptional free access as follows:
> 
> 
> 
> 
> Message from the publisher
> 
> 
> "This paper has the power to radically change the debate over
> man-made
> 
> global warming. Because of its potential importance we are posting
> it
> 
> separately from the rest of the issue of Energy and Environment
> (volume
> 
> 14 number 6) in which it appears, and giving open access to it, so
> that
> 
> everyone who has an interest in these matters is able to read it 
> and
> 
> assess it for themselves."
> 
> 
> W.O.Hughes
> 
> 28/10/03
> 
> 
> 
> 
> See more about E&E <
> http://www.multi-science.co.uk/index.htm>
> 
> 
> 
> 
> 
> --------------------------------
> 
> ______________________________________________________________
> 
>                    
> Professor Michael E. Mann
> 
>            Department
> of Environmental Sciences, Clark Hall
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> 
>                      
> University of Virginia
> 
>                     
> Charlottesville, VA 22903
> 
>
_______________________________________________________________________

> 
> e-mail: mann@virginia.edu   Phone:   
> FAX: 
> 
>         
> http://www.evsc.virginia.edu/faculty/people/mann.shtml
> 
>

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Keith Briffa; f055; p.jones; raymond s. bradley; f055; Tim Osborn
Cc: mhughes
Subject: RE: CLIMLIST
Date: Friday, October 31, 2003 4:17:37 AM

Keith,

Thanks--that sounds absolutely great.

I suggest the following

1) I'll fix any remaining typos I find, and incorporate the latest comments received from you
guys. I expect that I can finalize this in 15 minutes or so--I agree that this needs to get out by
8:00 AM eastern standard time, U.S. 

I like where Keith is heading in terms of discussion of the strategy.

Why don't we sign this document, "Mann, Bradley, Hughes" that will be ready for distribute to
our closest colleagues and allies. I'll prepare a PDF version for distribution, to make it difficult
for others to alter (you never know w/ these folks)...

Should I go ahead and forward this document to Heike, then, in an email? Also, should I send
this to Dick Kerr at Science separately--Dick has often been helpful. And maybe Jesse Smith at
Science, and a few key journalists (Andy Revkin at New York Times)?

Perhaps, then, Keith, Tim, Phil--you guys, as Keith suggests, can draft a separate email to go
out to the skepticlist (and all of the scientists who were forward it), the CLIMLIST, etc. stating
your opinons on this, and perhaps *attaching* at supporting evidence the document signed by
Mann, Bradley, Hughes?

Also, do we ask organizations like Environmental Defense Fund, etc. to post *both* documents
(our document, your supporting email) on their websites, etc?

What do you guys think?

Thank-you guys have been wonderful, and I am most personally gracious. This will not soon be
forgotten...

mike

At 10:47 AM 10/31/2003 +0000, Keith Briffa wrote:

Hi all - I too have had some problems as to which specific version is where we are at
- BUT I think the latest draft as sent by Mike really is virtually there (perhaps some
typos to be ironed out (e.g. 'were' instead of 'was' on line 7 of point 2) but I am
generally very happy with the tone and balance . Much of Tim's fears (justifiable
points on not providing them with wiggle out and distraction options) are allayed by
the calm provisos about not being categorical etc. The question now arises as to how
to put this out - I believe it does need to go out early so as to be available when the
rest of the press start to pick up the MM propaganda . Whether it should be just
signed by MBH is up to you . I AM NOT averse to signing , but wonder whether it is a
better tactic to put out a separate statement (us , Tom W. and whoever as
suggested by Ray , saying we abhor the way this MM paper has been published and
publicised without proper scrutiny). I fully agree with the statement as now written
however , and willing to go with the majority view. My suggestion about redoing the
"audit" was made in good faith and in no way implied I concurred with MM ( in case
anyone got the impression that I was not wholly "on side" here).
So what does everyone else say now?
REGARDING NATURE -  spoke to Heike Langenberg , in the London office and she
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said it sounded like a potential NEWS item , and asked me to send some details by
email and she would forward to the appropriate office - seemed positive. I will do.
The statement (s) should anyway go soon on CLIMLIST and then we could quietly
contact a few people we know in the media ?

Keith

At 05:38 AM 10/31/03 -0500, Michael E. Mann wrote:

p.s. Keith, any word from Nature. Should I contact them independently?
And what about Science? Or "Climatic Change" (I have little doubt that
Steve S could find justification to publish this their in an instant)...

thoughts?

mike

At 03:01 AM 10/31/2003 +0000, f055 wrote:

Dear all,

I've just finished preparing a detailed response offline, only to
log on to
send it to you all and find new versions from Mike plus more
comments
and information.  Well, I don't have time to change my
message now, so
will paste it below this message.  But bear in mind that the
new draft may
well have allayed many of my concerns - in particular, a quick
glance
shows the figure to be much more convincing than the one
Mike circulated
earlier, indeed it seems to be utterly convincing!   I'll reply
again on
Friday
morning once I've had time to read the new draft.  In the
meantime, here is
my message as promised.

************************************************************

Dear MBH (cc to CRU),

The number of emails has been rather overwhelming on this
issue and
I'm struggling to catch up with them!  But I will attempt to
catch up with a
few things here...

(1) The single worst thing about the whole M&M saga is not
that they did
their study, not that they did things wrong (deliberately or by
accident), but
that neither they nor the journal took the necessary step of
investigating
whether the difference between their results and yours could
be explained
simply by some error or set of errors in their use of the data or
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in their
implementation of your method.  If it turns out, as looks likely
from Mike's
investigation of this, that their results are erroneous, then they
and the
journal will have wasted countless person-hours of time and
caused
much damage in the climate policy arena.

(2) Given that this is the single worst thing about the saga, we
must not go
and do exactly the same in rushing out a response to their
paper.  If some
claims in the response turned out to be wrong, based on
assumptions
about what M&M did or assumptions about how M&M's
assumptions
affect the results, then it would end up with a number of
iterations of claim
and counter claim.  Ultimately the issue might be settled, but
by then the
waters could be so muddied that it didn't matter.

(3) Not only do I advise against an overly rushed response,
but I'm also
wondering whether it really ought to be only from MBH, for
three reasons.
(i) It is your paper/results that are being attacked.
(ii) It is difficult to endorse everything that Mike has put in the
draft
response because I don't know 100% of the details of MBH
and the MBH
data.  Sure, I can endorse some things, but others I wouldn't
know.   Sure,
I accept Mike's explanation because he's looked at this stuff for
4 days
and I believe he'll have got it right - but that's different to an
independent
check.  That must come from Ray or Malcolm if possible.
(iii) If it does come to any independent assessment of who's
right and
who's wrong, then it would be difficult for us to be involved if
we had
already signed up to what some might claim to be a knee-jerk
reaction to
the M&M paper.  If that happened, then you would want us to
be free to get
involved to make sure the process was fair and informed.

This sounds like a cop out, but - like I say - I'm not sure about
point (3) so
feel free to try to convince me otherwise if you wish.  Anyway
Keith or Phil
may be happy to sign up to a (quick or slow) response, despite
my
reservations above.

I really advise a very careful reading of M&M and their
supplementary
website to ensure that everything in the response is clearly
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correct -
precisely to avoid point (2).  I've only just started to do this,
but already
have some questions about the response that Mike has
drafted.

(a) Mike, you say that many of the trees were eliminated in
the data they
used.  Have you concluded this because they entered "NA" for
"Not
available" in their appendix table?  If so, then are you sure
that "NA"
means they did not use any data, rather than simply that they
didn't
replace your data with an alternative (and hence in fact
continued to use
what Scott had supplied to them)?  Or perhaps "NA" means
they couldn't
find the PC time series published (of course!), but in fact could
find the
raw tree-ring chronologies and did their own PCA of those? 
How would
they know which raw chronologies to use?  Or did you come to
your
conclusion by downloading their "corrected and updated" data
matrix and
comparing it with yours - I've not had time to do that, but
even if I had and
I
found some differences, I wouldn't know which was right
seeing as I've
not done any PCA of western US trees myself?  My guess
would be that
they downloaded raw tree-ring chronologies (possibly the
same ones you
used) but then applied PCA only to the period when they all
had full data -
hence the lack of PCs in the early period (which you got round
by doing
PCA on the subset that had earlier data).  But this is only a
guess, and
this is the type of thing that should be checked with them -
surely they
would respond if asked? - to avoid my point (2) above.  And if
my guess
were right, then your wording of "eliminated this entire data
set" would
come in for criticism, even though in practise it might as well
have been.

(b) The mention of ftp sites and excel files is contradicted by
their email
record on their website, which shows no mention of excel files
(they say
an ASCII file was sent) and also no record that they knew the
ftp address.
This doesn't matter really, since the reason for them using a
corrupted
data file is not relevant - the relevant thing is that it was
corrupt and had
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you been involved in reviewing the paper then it could have
been found
prior to publication.  But they will use the email record if the
ftp sites and
excel files are mentioned.

(c) Not sure if you talk about peer-review in the latest version,
but note
that
they acknowledge input from reviewers and Fred Singer's email
says he
refereed it - so any statement implying it wasn't reviewed will
be met with
an easy response from them.

(d) Your quick-look reconstruction excluding many of the tree-
ring data,
and the verification RE you obtain, is interesting - but again,
don't rush
into
using these in any response.  The time series of PC1 you sent
is certainly
different from your standard one - but on the other hand I'd
hardly say you
"get a similar result" to them, the time series look very
different (see their
fig 6d).  So the dismal RE applies only to your calculation, not
to their
reconstruction.  It may turn out that their verification RE is also
very
negative, but again we cannot assume this in case we're
wrong and they
easily counter the criticism.

(e) Claims of their motives for selective censoring or changing
of data, or
for the study as a whole, may well be true but are hard to
prove.  They
would claim that their's is an honest attempt at reproducing a
key
scientific result.  If they made errors in what they did, then
maybe they're
just completely out of their depth on this, rather than making
deliberate
errors for the purposes of achieving preferred results.

(f) The recent tree-ring decline they refer to seems related to
tree-ring-width not density.  Regardless of width of density,
this issue
cannot simply be dismissed as a solved problem.  Since they
don't make
much of an issue out of it, best just to ignore it.

(g) [I'm rambling now into an un-ordered list of things, so I'll
stop soon!]
The various other problems relating to temperature data sets,
detrended
standard deviations, PCs of tree-ring subsets etc. sound likely
errors -
though I've got no way of providing the independent check
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that you asked
for.  But it is again a bit of a leap of faith to say that these
*explain* the
different results that they get.  Certainly they throw doubt on
the validity
of
their results, but without actually doing the same as them it's
not possible
to say if they would have replicated your results if they hadn't
made these
errors.  After all, could the infilling of missing values have
made much
difference to the results obtained, something that they made a
good deal
of fuss about?

(h) To say they "used neither the data nor the procedures of
MBH98" will
also be an easy target for them, since they did use the data
that was sent
to them and seemed to have used approximately the method
too (with
some errors that you've identified).  This reproduced your
results to some
extent (certainly not perfectly, but see Fig 6b and 6c).  Then
they went
further to redo it with the "corrected and updated" data - but
only after
first
doing approximately what they claimed they did (i.e. the
audit).

These comments relate to random versions of the draft
response, so
apologies if they don't all seem relevant to the current draft.  I
don't have
these in front of me, here at home, so I'm doing this from
memory of what
I've read over the past few days.  But nevertheless, the point
is that a quick
response would ultimately require making a number of
assumptions
about what they did and assumptions about whether this
explains the
differences or not - assumptions that might be later shot down
(in part
only, at most, but still sufficient to muddy the debate for most
outsiders).

A quick response ought to be limited to something like:

---------------------------------------------
The recent paper by McIntyre and McKitrick (2003; hereafter
MM03) claims
to be an "audit" of the analysis of Mann, Bradley and Hughes
(1998;
hereafter MBH98).  MM03 are unable to reproduce the
Northern
Hemisphere temperature reconstruction of MBH98 when
attempting to
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use the same proxy data and methods as MBH98, though they
obtain
something similar with clearly anomalous recent warming (their
Figure
6c).  They then make many modifications to the proxy data set
and repeat
their analysis, and obtain a rather different result to MBH98.

Unfortunately neither M&M nor the journal in which it was
published took
the necessary step of investigating whether the difference
between their
results and MBH98 could be explained simply by some error or
set of
errors in their use of the data or in their implementation of the
MBH98
method.  This should have been an essential step to take in a
case such
as this where the difference in results is so large and
important.  Simple
errors must first be ruled out prior to publication.  Even if the
authors had
not undertaken this by presenting their results to the authors
of MBH98,
the journal should certainly have included them as referees of
the
manuscript.

A preliminary investigation into the proxy data and
implementation of the
method has already identified a number of likely errors, which
may turn
out to be the cause of the different results.  Rather than
repeating M&M's
failure to follow good scientific practise, we are witholding
further
comments until we can - by collaboration with M&M if possible
- be certain
of exactly what changes to data and method were made by
M&M, whether
these changes can really explain the differences in the results,
and
eventually which (if any) of these changes can be justified as
equally valid
(given the various uncertainties that exist) and which are
simply errors that
invalidate their results.
-----------------------------------------

Hope you find this all helpful, and despite my seemingly critical
approach,
take them in the spirit with which they are aimed - which is to
obtain a
strong and hard hitting rebuttal of bad science, but a rebuttal
that cannot
be buried by any minor innaccuracies or difficult-to-prove
claims.

Best regards
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Tim

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

--
Professor Keith Briffa,
Climatic Research Unit
University of East Anglia
Norwich, NR4 7TJ, U.K.

Phone: 
Fax: 

http://www.cru.uea.ac.uk/cru/people/briffa/

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Tim Osborn
To: Michael E. Mann; p.jones; raymond s. bradley; Keith Briffa
Cc: mhughes
Subject: RE: CLIMLIST
Date: Friday, October 31, 2003 4:20:22 AM

Dear all,

you're up early, Mike.  I was hoping to have sent out my thoughts on the
latest draft before you got back to your email, but you beat me to it!

I think that this is much improved, and (as I said last thing last night) I
find the figure extremely convincing, especially the timing and occurrence
of the two big peaks in the first 120 years - they match very closely with
the MM03 peaks.  This has now removed many of the doubts that I still had
over whether the real reason for their different results had been
identified - it certainly looks like the lack of early tree-ring PCs in
their data.

I'm still thinking that this should be an MBH response for reasons I gave
in my last email.  Once you have made such a response, then we (and others)
can certainly join in and strongly support your stance on this in any
ensuing wrangling that takes place.

Finally, even though the latest version is much improved, I still urge you
to consider the points I made in my email.  Some are already dealt with
(e.g. the saga of the ftp and excel data is not in your latest draft), but
some are still relevant.  For example, if my understanding is correct, then
they did include the WNA and Tex-Mex trees, but when they did the PCA they
only used the period for which they had full data - read carefully the bit
about PCA in the presence of missing data to see if I'm interpreting this
correctly.  This may have the same effect as eliminating the series early
on, but is not at all to do with the data not being in the public domain -
hence all that stuff can be removed and simply replaced by some sentences
explaining that they did not use these early values because they didn't do
PCA on the subset that exists earlier - which is a valid thing to do given
that the whole calibration is done separately for each period anyway.  See
also my

I agree with the latest suggestions about more minor wording changes to
avoid alienating readers in various places.

Best regards

Tim

P.S. With regard to where to send this, I agree with the various
suggestions about mailing lists, and trying to get a news item in Nature,
plus all the other media outlets that are interested.  But are you planning
a formal rebuttal submitted to the journal?  Or to EOS?  To have a
peer-reviewed response that can be cited in the scientific literature seems
important.

Dr Timothy J Osborn
Climatic Research Unit
School of Environmental Sciences, University of East Anglia
Norwich  NR4 7TJ, UK
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e-mail:   t.osborn@uea.ac.uk
phone:    
fax:      
web:      http://www.cru.uea.ac.uk/~timo/
sunclock: http://www.cru.uea.ac.uk/~timo/sunclock.htm
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu
Cc: p.jones; raymond s. bradley; f055; Keith Briffa; Tim Osborn
Subject: Re: No sign-off from Malcolm until  11/5
Date: Friday, October 31, 2003 4:27:15 AM
Importance: High

MALCOLM-PLEASE CALL ME IMMEDIATELY AT 

mike

At 04:11 AM 10/31/2003 -0700, mhughes@ltrr.arizona.edu wrote:

I am convinced by Tim's message that we should follow the path he proposes.
As 
well as conserving effort in the long run, and reducing damage to the field, it 
puts us in the position of behaving well. I understand there are disadvantages 
to this approach too. I really am going out of contact now, so please do not 
put my name on anything before I can see it on 11/5 (late in the day). I'm 
sorry about this, but it can't be avoided. Of course, you will all do what you 
think best in your own names in the meantime.
This whole issue is extremely important to me, and I am very grateful to Mike 
for the huge effort he is putting in. Cheers, Malcolm

Quoting "Michael E. Mann" <mann@virginia.edu>:

> 
> 
> p.s. Keith, any word from Nature. Should I contact them independently?
> And what about Science? Or "Climatic Change" (I have little
> doubt that Steve S could find justification to publish this their in an
> instant)...
> 
> 
> thoughts?
> 
> 
> mike
> 
> 
> At 03:01 AM 10/31/2003 +0000, f055 wrote:
> 
> Dear all,
> 
> 
> I've just finished preparing a detailed response offline, only to log on
> to 
> 
> send it to you all and find new versions from Mike plus more comments
> 
> 
> and information.  Well, I don't have time to change my message now,
> so 
> 
> will paste it below this message.  But bear in mind that the new
> draft may 
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> 
> well have allayed many of my concerns - in particular, a quick glance
> 
> 
> shows the figure to be much more convincing than the one Mike circulated
> 
> 
> earlier, indeed it seems to be utterly convincing!   I'll reply
> again on 
> 
> Friday 
> 
> morning once I've had time to read the new draft.  In the meantime,
> here is 
> 
> my message as promised.
> 
> 
> 
> 
> ************************************************************
> 
> Dear MBH (cc to CRU),
> 
> 
> The number of emails has been rather overwhelming on this issue and 
> 
> 
> I'm struggling to catch up with them!  But I will attempt to catch
> up with a 
> 
> few things here...
> 
> 
> (1) The single worst thing about the whole M&M saga is not that they
> did 
> 
> their study, not that they did things wrong (deliberately or by
> accident), but 
> 
> that neither they nor the journal took the necessary step of
> investigating 
> 
> whether the difference between their results and yours could be explained
> 
> 
> simply by some error or set of errors in their use of the data or in
> their 
> 
> implementation of your method.  If it turns out, as looks likely
> from Mike's 
> 
> investigation of this, that their results are erroneous, then they and
> the 
> 
> journal will have wasted countless person-hours of time and caused 
> 
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> much damage in the climate policy arena.
> 
> 
> (2) Given that this is the single worst thing about the saga, we must not
> go 
> 
> and do exactly the same in rushing out a response to their paper. 
> If some 
> 
> claims in the response turned out to be wrong, based on assumptions 
> 
> 
> about what M&M did or assumptions about how M&M's assumptions
> 
> 
> affect the results, then it would end up with a number of iterations of
> claim 
> 
> and counter claim.  Ultimately the issue might be settled, but by
> then the 
> 
> waters could be so muddied that it didn't matter.
> 
> 
> (3) Not only do I advise against an overly rushed response, but I'm also
> 
> 
> wondering whether it really ought to be only from MBH, for three
> reasons.
> 
> (i) It is your paper/results that are being attacked.
> 
> (ii) It is difficult to endorse everything that Mike has put in the draft
> 
> 
> response because I don't know 100% of the details of MBH and the MBH
> 
> 
> data.  Sure, I can endorse some things, but others I wouldn't
> know.   Sure, 
> 
> I accept Mike's explanation because he's looked at this stuff for 4 days
> 
> 
> and I believe he'll have got it right - but that's different to an
> independent 
> 
> check.  That must come from Ray or Malcolm if possible.
> 
> (iii) If it does come to any independent assessment of who's right and
> 
> 
> who's wrong, then it would be difficult for us to be involved if we had
> 
> 
> already signed up to what some might claim to be a knee-jerk reaction to
> 
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> 
> the M&M paper.  If that happened, then you would want us to be
> free to get 
> 
> involved to make sure the process was fair and informed.
> 
> 
> This sounds like a cop out, but - like I say - I'm not sure about point
> (3) so 
> 
> feel free to try to convince me otherwise if you wish.  Anyway Keith
> or Phil 
> 
> may be happy to sign up to a (quick or slow) response, despite my 
> 
> reservations above.
> 
> 
> I really advise a very careful reading of M&M and their supplementary
> 
> 
> website to ensure that everything in the response is clearly correct -
> 
> 
> precisely to avoid point (2).  I've only just started to do this,
> but already 
> 
> have some questions about the response that Mike has drafted.
> 
> 
> (a) Mike, you say that many of the trees were eliminated in the data they
> 
> 
> used.  Have you concluded this because they entered "NA"
> for "Not 
> 
> available" in their appendix table?  If so, then are you sure
> that "NA" 
> 
> means they did not use any data, rather than simply that they didn't
> 
> 
> replace your data with an alternative (and hence in fact continued to use
> 
> 
> what Scott had supplied to them)?  Or perhaps "NA" means
> they couldn't 
> 
> find the PC time series published (of course!), but in fact could find
> the 
> 
> raw tree-ring chronologies and did their own PCA of those?  How
> would 
> 
> they know which raw chronologies to use?  Or did you come to your
> 
> 
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> conclusion by downloading their "corrected and updated" data
> matrix and 
> 
> comparing it with yours - I've not had time to do that, but even if I had
> and 
> 
> I 
> 
> found some differences, I wouldn't know which was right seeing as I've
> 
> 
> not done any PCA of western US trees myself?  My guess would be that
> 
> 
> they downloaded raw tree-ring chronologies (possibly the same ones you
> 
> 
> used) but then applied PCA only to the period when they all had full data
> - 
> 
> hence the lack of PCs in the early period (which you got round by doing
> 
> 
> PCA on the subset that had earlier data).  But this is only a guess,
> and 
> 
> this is the type of thing that should be checked with them - surely they
> 
> 
> would respond if asked? - to avoid my point (2) above.  And if my
> guess 
> 
> were right, then your wording of "eliminated this entire data
> set" would 
> 
> come in for criticism, even though in practise it might as well have
> been.
> 
> 
> (b) The mention of ftp sites and excel files is contradicted by their
> email 
> 
> record on their website, which shows no mention of excel files (they say
> 
> 
> an ASCII file was sent) and also no record that they knew the ftp
> address.  
> 
> This doesn't matter really, since the reason for them using a corrupted
> 
> 
> data file is not relevant - the relevant thing is that it was corrupt and
> had 
> 
> you been involved in reviewing the paper then it could have been found
> 
> 
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> prior to publication.  But they will use the email record if the ftp
> sites and 
> 
> excel files are mentioned.
> 
> 
> (c) Not sure if you talk about peer-review in the latest version, but
> note 
> 
> that 
> 
> they acknowledge input from reviewers and Fred Singer's email says he
> 
> 
> refereed it - so any statement implying it wasn't reviewed will be met
> with 
> 
> an easy response from them.
> 
> 
> (d) Your quick-look reconstruction excluding many of the tree-ring data,
> 
> 
> and the verification RE you obtain, is interesting - but again, don't
> rush 
> 
> into 
> 
> using these in any response.  The time series of PC1 you sent is
> certainly 
> 
> different from your standard one - but on the other hand I'd hardly say
> you 
> 
> "get a similar result" to them, the time series look very
> different (see their 
> 
> fig 6d).  So the dismal RE applies only to your calculation, not to
> their 
> 
> reconstruction.  It may turn out that their verification RE is also
> very 
> 
> negative, but again we cannot assume this in case we're wrong and they
> 
> 
> easily counter the criticism.
> 
> 
> (e) Claims of their motives for selective censoring or changing of data,
> or 
> 
> for the study as a whole, may well be true but are hard to prove. 
> They 
> 
> would claim that their's is an honest attempt at reproducing a key 
> 
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> scientific result.  If they made errors in what they did, then maybe
> they're 
> 
> just completely out of their depth on this, rather than making deliberate
> 
> 
> errors for the purposes of achieving preferred results.
> 
> 
> (f) The recent tree-ring decline they refer to seems related to 
> 
> tree-ring-width not density.  Regardless of width of density, this
> issue 
> 
> cannot simply be dismissed as a solved problem.  Since they don't
> make 
> 
> much of an issue out of it, best just to ignore it.
> 
> 
> (g) [I'm rambling now into an un-ordered list of things, so I'll stop
> soon!] 
> 
> The various other problems relating to temperature data sets, detrended
> 
> 
> standard deviations, PCs of tree-ring subsets etc. sound likely errors -
> 
> 
> though I've got no way of providing the independent check that you asked
> 
> 
> for.  But it is again a bit of a leap of faith to say that these
> *explain* the 
> 
> different results that they get.  Certainly they throw doubt on the
> validity 
> 
> of 
> 
> their results, but without actually doing the same as them it's not
> possible 
> 
> to say if they would have replicated your results if they hadn't made
> these 
> 
> errors.  After all, could the infilling of missing values have made
> much 
> 
> difference to the results obtained, something that they made a good deal
> 
> 
> of fuss about?
> 
> 
> (h) To say they "used neither the data nor the procedures of
> MBH98" will 
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> 
> also be an easy target for them, since they did use the data that was
> sent 
> 
> to them and seemed to have used approximately the method too (with 
> 
> some errors that you've identified).  This reproduced your results
> to some 
> 
> extent (certainly not perfectly, but see Fig 6b and 6c).  Then they
> went 
> 
> further to redo it with the "corrected and updated" data - but
> only after 
> 
> first 
> 
> doing approximately what they claimed they did (i.e. the 
> audit).
> 
> 
> These comments relate to random versions of the draft response, so 
> 
> apologies if they don't all seem relevant to the current draft.  I
> don't have 
> 
> these in front of me, here at home, so I'm doing this from memory of what
> 
> 
> I've read over the past few days.  But nevertheless, the point is
> that a quick 
> 
> response would ultimately require making a number of assumptions 
> 
> about what they did and assumptions about whether this explains the 
> 
> 
> differences or not - assumptions that might be later shot down (in part
> 
> 
> only, at most, but still sufficient to muddy the debate for most
> outsiders).
> 
> 
> A quick response ought to be limited to something like:
> 
> 
> ---------------------------------------------
> 
> The recent paper by McIntyre and McKitrick (2003; hereafter MM03) claims
> 
> 
> to be an "audit" of the analysis of Mann, Bradley and Hughes
> (1998; 
> 
> hereafter MBH98).  MM03 are unable to reproduce the Northern 
> 
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> Hemisphere temperature reconstruction of MBH98 when attempting to 
> 
> use the same proxy data and methods as MBH98, though they obtain 
> 
> something similar with clearly anomalous recent warming (their Figure
> 
> 
> 6c).  They then make many modifications to the proxy data set and
> repeat 
> 
> their analysis, and obtain a rather different result to MBH98.
> 
> 
> Unfortunately neither M&M nor the journal in which it was published
> took 
> 
> the necessary step of investigating whether the difference between their
> 
> 
> results and MBH98 could be explained simply by some error or set of 
> 
> 
> errors in their use of the data or in their implementation of the MBH98
> 
> 
> method.  This should have been an essential step to take in a case
> such 
> 
> as this where the difference in results is so large and important. 
> Simple 
> 
> errors must first be ruled out prior to publication.  Even if the
> authors had 
> 
> not undertaken this by presenting their results to the authors of MBH98,
> 
> 
> the journal should certainly have included them as referees of the 
> 
> manuscript.
> 
> 
> A preliminary investigation into the proxy data and implementation of the
> 
> 
> method has already identified a number of likely errors, which may turn
> 
> 
> out to be the cause of the different results.  Rather than repeating
> M&M's 
> 
> failure to follow good scientific practise, we are witholding further
> 
> 
> comments until we can - by collaboration with M&M if possible - be
> certain 
> 
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> of exactly what changes to data and method were made by M&M, whether
> 
> 
> these changes can really explain the differences in the results, and
> 
> 
> eventually which (if any) of these changes can be justified as equally
> valid 
> 
> (given the various uncertainties that exist) and which are simply errors
> that 
> 
> invalidate their results.
> 
> -----------------------------------------
> 
> 
> Hope you find this all helpful, and despite my seemingly critical
> approach, 
> 
> take them in the spirit with which they are aimed - which is to obtain a
> 
> 
> strong and hard hitting rebuttal of bad science, but a rebuttal that
> cannot 
> 
> be buried by any minor innaccuracies or difficult-to-prove
> claims.
> 
> 
> Best regards
> 
> 
> Tim
> 
> ______________________________________________________________
> 
>                    
> Professor Michael E. Mann
> 
>            Department
> of Environmental Sciences, Clark Hall
> 
>                      
> University of Virginia
> 
>                     
> Charlottesville, VA 22903
> 
>
_______________________________________________________________________

> 
> e-mail: mann@virginia.edu   Phone:   
> FAX: 
> 
>         
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> http://www.evsc.virginia.edu/faculty/people/mann.shtml
> 
> 
>

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu
Cc: p.jones; raymond s. bradley; f055; Keith Briffa; Tim Osborn
Subject: Re: No sign-off from Malcolm until  11/5
Date: Friday, October 31, 2003 4:39:44 AM
Attachments: Rebuttal.doc

HI Malcolm,

I'm a bit bewildered. I guess we hadn't appropriately communicated to you the timeline we
had in mind.

Attached is the final document taking into account the comments of Tim, etc.

If we don't hear from you, we'll take your name off (it will just be Mann and Bradley) and
submit it.

That would be most unfortunate. I really wish you had given us a heads up. I'm a bit
baffled here, I must say!!

mike

At 04:11 AM 10/31/2003 -0700, mhughes@ltrr.arizona.edu wrote:

I am convinced by Tim's message that we should follow the path he proposes.
As 
well as conserving effort in the long run, and reducing damage to the field, it 
puts us in the position of behaving well. I understand there are disadvantages 
to this approach too. I really am going out of contact now, so please do not 
put my name on anything before I can see it on 11/5 (late in the day). I'm 
sorry about this, but it can't be avoided. Of course, you will all do what you 
think best in your own names in the meantime.
This whole issue is extremely important to me, and I am very grateful to Mike 
for the huge effort he is putting in. Cheers, Malcolm

Quoting "Michael E. Mann" <mann@virginia.edu>:

> 
> 
> p.s. Keith, any word from Nature. Should I contact them independently?
> And what about Science? Or "Climatic Change" (I have little
> doubt that Steve S could find justification to publish this their in an
> instant)...
> 
> 
> thoughts?
> 
> 
> mike
> 
> 
> At 03:01 AM 10/31/2003 +0000, f055 wrote:
> 
> Dear all,
> 
> 
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> I've just finished preparing a detailed response offline, only to log on
> to 
> 
> send it to you all and find new versions from Mike plus more comments
> 
> 
> and information.  Well, I don't have time to change my message now,
> so 
> 
> will paste it below this message.  But bear in mind that the new
> draft may 
> 
> well have allayed many of my concerns - in particular, a quick glance
> 
> 
> shows the figure to be much more convincing than the one Mike circulated
> 
> 
> earlier, indeed it seems to be utterly convincing!   I'll reply
> again on 
> 
> Friday 
> 
> morning once I've had time to read the new draft.  In the meantime,
> here is 
> 
> my message as promised.
> 
> 
> 
> 
> ************************************************************
> 
> Dear MBH (cc to CRU),
> 
> 
> The number of emails has been rather overwhelming on this issue and 
> 
> 
> I'm struggling to catch up with them!  But I will attempt to catch
> up with a 
> 
> few things here...
> 
> 
> (1) The single worst thing about the whole M&M saga is not that they
> did 
> 
> their study, not that they did things wrong (deliberately or by
> accident), but 
> 
> that neither they nor the journal took the necessary step of
> investigating 
> 
> whether the difference between their results and yours could be explained
> 
> 
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> simply by some error or set of errors in their use of the data or in
> their 
> 
> implementation of your method.  If it turns out, as looks likely
> from Mike's 
> 
> investigation of this, that their results are erroneous, then they and
> the 
> 
> journal will have wasted countless person-hours of time and caused 
> 
> much damage in the climate policy arena.
> 
> 
> (2) Given that this is the single worst thing about the saga, we must not
> go 
> 
> and do exactly the same in rushing out a response to their paper. 
> If some 
> 
> claims in the response turned out to be wrong, based on assumptions 
> 
> 
> about what M&M did or assumptions about how M&M's assumptions
> 
> 
> affect the results, then it would end up with a number of iterations of
> claim 
> 
> and counter claim.  Ultimately the issue might be settled, but by
> then the 
> 
> waters could be so muddied that it didn't matter.
> 
> 
> (3) Not only do I advise against an overly rushed response, but I'm also
> 
> 
> wondering whether it really ought to be only from MBH, for three
> reasons.
> 
> (i) It is your paper/results that are being attacked.
> 
> (ii) It is difficult to endorse everything that Mike has put in the draft
> 
> 
> response because I don't know 100% of the details of MBH and the MBH
> 
> 
> data.  Sure, I can endorse some things, but others I wouldn't
> know.   Sure, 
> 
> I accept Mike's explanation because he's looked at this stuff for 4 days
> 
> 
> and I believe he'll have got it right - but that's different to an
> independent 
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> 
> check.  That must come from Ray or Malcolm if possible.
> 
> (iii) If it does come to any independent assessment of who's right and
> 
> 
> who's wrong, then it would be difficult for us to be involved if we had
> 
> 
> already signed up to what some might claim to be a knee-jerk reaction to
> 
> 
> the M&M paper.  If that happened, then you would want us to be
> free to get 
> 
> involved to make sure the process was fair and informed.
> 
> 
> This sounds like a cop out, but - like I say - I'm not sure about point
> (3) so 
> 
> feel free to try to convince me otherwise if you wish.  Anyway Keith
> or Phil 
> 
> may be happy to sign up to a (quick or slow) response, despite my 
> 
> reservations above.
> 
> 
> I really advise a very careful reading of M&M and their supplementary
> 
> 
> website to ensure that everything in the response is clearly correct -
> 
> 
> precisely to avoid point (2).  I've only just started to do this,
> but already 
> 
> have some questions about the response that Mike has drafted.
> 
> 
> (a) Mike, you say that many of the trees were eliminated in the data they
> 
> 
> used.  Have you concluded this because they entered "NA"
> for "Not 
> 
> available" in their appendix table?  If so, then are you sure
> that "NA" 
> 
> means they did not use any data, rather than simply that they didn't
> 
> 
> replace your data with an alternative (and hence in fact continued to use
> 
> 
> what Scott had supplied to them)?  Or perhaps "NA" means
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> they couldn't 
> 
> find the PC time series published (of course!), but in fact could find
> the 
> 
> raw tree-ring chronologies and did their own PCA of those?  How
> would 
> 
> they know which raw chronologies to use?  Or did you come to your
> 
> 
> conclusion by downloading their "corrected and updated" data
> matrix and 
> 
> comparing it with yours - I've not had time to do that, but even if I had
> and 
> 
> I 
> 
> found some differences, I wouldn't know which was right seeing as I've
> 
> 
> not done any PCA of western US trees myself?  My guess would be that
> 
> 
> they downloaded raw tree-ring chronologies (possibly the same ones you
> 
> 
> used) but then applied PCA only to the period when they all had full data
> - 
> 
> hence the lack of PCs in the early period (which you got round by doing
> 
> 
> PCA on the subset that had earlier data).  But this is only a guess,
> and 
> 
> this is the type of thing that should be checked with them - surely they
> 
> 
> would respond if asked? - to avoid my point (2) above.  And if my
> guess 
> 
> were right, then your wording of "eliminated this entire data
> set" would 
> 
> come in for criticism, even though in practise it might as well have
> been.
> 
> 
> (b) The mention of ftp sites and excel files is contradicted by their
> email 
> 
> record on their website, which shows no mention of excel files (they say
> 
> 
> an ASCII file was sent) and also no record that they knew the ftp
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> address.  
> 
> This doesn't matter really, since the reason for them using a corrupted
> 
> 
> data file is not relevant - the relevant thing is that it was corrupt and
> had 
> 
> you been involved in reviewing the paper then it could have been found
> 
> 
> prior to publication.  But they will use the email record if the ftp
> sites and 
> 
> excel files are mentioned.
> 
> 
> (c) Not sure if you talk about peer-review in the latest version, but
> note 
> 
> that 
> 
> they acknowledge input from reviewers and Fred Singer's email says he
> 
> 
> refereed it - so any statement implying it wasn't reviewed will be met
> with 
> 
> an easy response from them.
> 
> 
> (d) Your quick-look reconstruction excluding many of the tree-ring data,
> 
> 
> and the verification RE you obtain, is interesting - but again, don't
> rush 
> 
> into 
> 
> using these in any response.  The time series of PC1 you sent is
> certainly 
> 
> different from your standard one - but on the other hand I'd hardly say
> you 
> 
> "get a similar result" to them, the time series look very
> different (see their 
> 
> fig 6d).  So the dismal RE applies only to your calculation, not to
> their 
> 
> reconstruction.  It may turn out that their verification RE is also
> very 
> 
> negative, but again we cannot assume this in case we're wrong and they
> 
> 
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> easily counter the criticism.
> 
> 
> (e) Claims of their motives for selective censoring or changing of data,
> or 
> 
> for the study as a whole, may well be true but are hard to prove. 
> They 
> 
> would claim that their's is an honest attempt at reproducing a key 
> 
> scientific result.  If they made errors in what they did, then maybe
> they're 
> 
> just completely out of their depth on this, rather than making deliberate
> 
> 
> errors for the purposes of achieving preferred results.
> 
> 
> (f) The recent tree-ring decline they refer to seems related to 
> 
> tree-ring-width not density.  Regardless of width of density, this
> issue 
> 
> cannot simply be dismissed as a solved problem.  Since they don't
> make 
> 
> much of an issue out of it, best just to ignore it.
> 
> 
> (g) [I'm rambling now into an un-ordered list of things, so I'll stop
> soon!] 
> 
> The various other problems relating to temperature data sets, detrended
> 
> 
> standard deviations, PCs of tree-ring subsets etc. sound likely errors -
> 
> 
> though I've got no way of providing the independent check that you asked
> 
> 
> for.  But it is again a bit of a leap of faith to say that these
> *explain* the 
> 
> different results that they get.  Certainly they throw doubt on the
> validity 
> 
> of 
> 
> their results, but without actually doing the same as them it's not
> possible 
> 
> to say if they would have replicated your results if they hadn't made
> these 
> 
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> errors.  After all, could the infilling of missing values have made
> much 
> 
> difference to the results obtained, something that they made a good deal
> 
> 
> of fuss about?
> 
> 
> (h) To say they "used neither the data nor the procedures of
> MBH98" will 
> 
> also be an easy target for them, since they did use the data that was
> sent 
> 
> to them and seemed to have used approximately the method too (with 
> 
> some errors that you've identified).  This reproduced your results
> to some 
> 
> extent (certainly not perfectly, but see Fig 6b and 6c).  Then they
> went 
> 
> further to redo it with the "corrected and updated" data - but
> only after 
> 
> first 
> 
> doing approximately what they claimed they did (i.e. the 
> audit).
> 
> 
> These comments relate to random versions of the draft response, so 
> 
> apologies if they don't all seem relevant to the current draft.  I
> don't have 
> 
> these in front of me, here at home, so I'm doing this from memory of what
> 
> 
> I've read over the past few days.  But nevertheless, the point is
> that a quick 
> 
> response would ultimately require making a number of assumptions 
> 
> about what they did and assumptions about whether this explains the 
> 
> 
> differences or not - assumptions that might be later shot down (in part
> 
> 
> only, at most, but still sufficient to muddy the debate for most
> outsiders).
> 
> 
> A quick response ought to be limited to something like:
> 
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> 
> ---------------------------------------------
> 
> The recent paper by McIntyre and McKitrick (2003; hereafter MM03) claims
> 
> 
> to be an "audit" of the analysis of Mann, Bradley and Hughes
> (1998; 
> 
> hereafter MBH98).  MM03 are unable to reproduce the Northern 
> 
> Hemisphere temperature reconstruction of MBH98 when attempting to 
> 
> use the same proxy data and methods as MBH98, though they obtain 
> 
> something similar with clearly anomalous recent warming (their Figure
> 
> 
> 6c).  They then make many modifications to the proxy data set and
> repeat 
> 
> their analysis, and obtain a rather different result to MBH98.
> 
> 
> Unfortunately neither M&M nor the journal in which it was published
> took 
> 
> the necessary step of investigating whether the difference between their
> 
> 
> results and MBH98 could be explained simply by some error or set of 
> 
> 
> errors in their use of the data or in their implementation of the MBH98
> 
> 
> method.  This should have been an essential step to take in a case
> such 
> 
> as this where the difference in results is so large and important. 
> Simple 
> 
> errors must first be ruled out prior to publication.  Even if the
> authors had 
> 
> not undertaken this by presenting their results to the authors of MBH98,
> 
> 
> the journal should certainly have included them as referees of the 
> 
> manuscript.
> 
> 
> A preliminary investigation into the proxy data and implementation of the
> 
> 
> method has already identified a number of likely errors, which may turn
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> 
> 
> out to be the cause of the different results.  Rather than repeating
> M&M's 
> 
> failure to follow good scientific practise, we are witholding further
> 
> 
> comments until we can - by collaboration with M&M if possible - be
> certain 
> 
> of exactly what changes to data and method were made by M&M, whether
> 
> 
> these changes can really explain the differences in the results, and
> 
> 
> eventually which (if any) of these changes can be justified as equally
> valid 
> 
> (given the various uncertainties that exist) and which are simply errors
> that 
> 
> invalidate their results.
> 
> -----------------------------------------
> 
> 
> Hope you find this all helpful, and despite my seemingly critical
> approach, 
> 
> take them in the spirit with which they are aimed - which is to obtain a
> 
> 
> strong and hard hitting rebuttal of bad science, but a rebuttal that
> cannot 
> 
> be buried by any minor innaccuracies or difficult-to-prove
> claims.
> 
> 
> Best regards
> 
> 
> Tim
> 
> ______________________________________________________________
> 
>                    
> Professor Michael E. Mann
> 
>            Department
> of Environmental Sciences, Clark Hall
> 
>                      
> University of Virginia
> 

ABOR/MH/Priv-001160



>                     
> Charlottesville, VA 22903
> 
>
_______________________________________________________________________

> 
> e-mail: mann@virginia.edu   Phone:   
> FAX: 
> 
>         
> http://www.evsc.virginia.edu/faculty/people/mann.shtml
> 
> 
>

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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NOTE ON PAPER BY MCINTYRE AND MCKITRICK IN "ENERGY AND ENVIRONMENT" 
 
Michael E. Mann, Raymond S. Bradley, and (?????)  Malcolm K. Hughes 
 
The recent paper by McIntyre and McKitrick (Energy and Environment, 14, 751-771, 2003) 
claims to be an "audit" of the analysis of Mann, Bradley and Hughes (1998) or "MBH98".  An 
audit involves a careful examination, using the same data and following the exact procedures 
used in the report or study being audited.  McIntyre and McKitrick ("MM") have done no such 
thing, having used neither the data nor the procedures of MBH98. On the contrary, their analysis 
appears seriously flawed and amounts to a gross misrepresentation of the work of MBH98. Any 
reputable scientific journal, receiving critical comments on a published paper would have strived 
to  provide the authors being criticized with an opportunity to review the criticism prior to 
publication, and offer them the chance to respond.  Mann and colleagues were given no such 
opportunity.  
 
We will refrain from making categorical statements as to the specific motives, but we will state 
that it seems clear that MM have made critical errors in their analysis that have the effect of 
grossly distorting the reconstruction of MBH98. Key indicators of the original MBH98 network 
appear to have been omitted for the early period 1400-1600, with major consequences for the 
character of the MM reconstruction of Northern Hemisphere temperatures over that interval. 
 
MM do not list the number of indicators in their putative version of the MBH network (which is 
based on an odd combination of data from MBH98 and other sources). The reader must do a 
considerable amount of detective work, based on scrutiny of the Tables in their pages 20-23 and 
the indicated data links, to determine just what data have been eliminated from the original MBH 
network. A preliminary attempt to do this already demonstrates that their deletion of key early 
proxy information produces anomalous warming in the 15th century at odds with the 
reconstructed cold conditions of the period by MBH98 and virtually all other published Northern 
Hemisphere temperature reconstructions. 
 
MM effectively censor key proxy indicators from the MBH98 network by the following actions: 
 
1) MM (see their Figure 4) substitute a shorter version (available back to mid 16th century) of 
one of the Jacoby et al (1989) Northern Treeline ring width series for the longer version 
(available back to mid 15th century) used by MBH98.  
 
2) MM eliminate, without any justification, the entire dataset of 70 Western North American 
(WNA) tree-ring series available between 1400 and 1600. This dataset is represented, by 
MBH98, in terms of a smaller number of representative Principal Component (PC) time series 
for each interval.  The authors eliminate all of these data by not following (see technical "b" later 
on in this document) the procedure of MBH98 of performing the PC series separately for all 
intervals used in their stepwise reconstruction approach (this allows for all data available to be 
used in each interval of the reconstruction). The leading pattern of variance in this data set 
exhibits conditions from 1400-1800 that are dramatically colder than the mid and late 20th  
century, and a very prominent cooling in the 15th century in particular. All of the original 
individual WNA data is all available on the public ftp site provided by Mann and colleagues: 
ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/ITRDB/NOAMER/, and on the  NOAA 
Paleoclimatology website: ftp://ftp.ngdc.noaa.gov/paleo/treering/chronologies/northamerica/usa 
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3) MM eliminate the entire  dataset of Stahle and coworkers of Southwestern U.S./Mexican late 
wood ring width measurements prior to the 17th century (12  back to 1500, 6 back to 1400) was 
eliminated, under the same false procedural premise described in (2). Once again, the data were 
available at the  Mann et al public ftp site: 
ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/STAHLE/SWM/ 
 
We have not determined yet, just how many important indicators were censored from the 
MBH98 dataset by the various subjective substitutions described by MM on pages 20-23. 
However, we have confirmed that elimination of the critical datasets (1)-(3) alone from the 
MBH98 network during the interval AD 1400-1500 yields the spurious result obtained by MM. 
(see Figure). 

 
FIGURE COMPARING MBH98 RECONSTRUCTION (BLUE) WITH 
RECONSTRUCTION RESULTING FROM THE CENSORING OF KEY PROXY DATA 
SETS (1)-(3) OVER THE AD 1400-1500 INTERVAL. THIS IS OBSERVED TO BE 
ESSENTIALLY EQUIVALENT TO THE CENSORING OF MBH98 DATA 
PERFORMED BY MM. (BOTH SERIES SMOOTHED WITH A 40 YEAR LOWPASS 
FILTER) 
 
MBH98 employed the standard statistical tool of cross-validation to verify the skill of their 
reconstructions. Since increasingly sparse networks are used progressively farther back in time, a 
series of cross-validation experiments have to be performed to estimate the skill for different 
time intervals. For the AD 1400-1500 period, this involves, in MBH98, performing the 
reconstruction over the interval 1400-1901 based on calibration against the instrumental record 
over the interval 1902-1980,  using  the specific network of proxy indicators available for the AD 
1400-1500 period. The reconstruction is then independently compared against the instrumental 
record over the interval (1854-1901) not used for calibration. The skill can be described by a 
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verification coefficient of determination (RE), which is bounded by negative infinity and positive 
one, with substantially positive numbers indicative of  predictive skill. The mean expected value 
for a random estimate is -1.  
 
For the reconstruction with the data censored in a manner similar to that implicit in the MM 
approach, the RE score (-6.6) is far worse than even a typical random estimate, and such a result 
would have been discarded as unreliable based on the cross-validation protocol used by MBH98. 
 
The anomalous warm values during the 15th century are the artifact of an entirely unreliable 
statistical estimate.   By contrast, the MBH98 reconstruction indicates an RE of 0.42 for the 
1400-1500 interval, indicative of significant predictive skill during that time interval. 
 
The above discussion  should be adequate to provide readers with a sense of the depth of the 
flaws underlying the reconstruction achieved by  MM that is so at odds with  at least a dozen 
other recently published empirical and model-based estimates of Northern Hemisphere mean 
temperature changes in past centuries.   
 
There are numerous other additional, more technical  problems in their approach that would have 
rendered the MM analysis flawed irrespective of the censoring of important data. We briefly list 
the few most significant of these: 
 
(a) Use of Internally Inconsistent Surface Temperature Estimates 
 
MM combine gridpoint standard deviations estimated from one version of the University of East 
Anglia surface temperature record, with standardized EOFs from MBH98 based on a different 
temperature data set. MM also inconsistently use standard deviations of un-detrended data, while 
MBH98 had normalized their EOFs by detrended gridpoint standard deviations. 
 
(b) Incorrect representation of the MBH98 proxy data set.  
 
MBH98 calculated PCs of proxy sub-networks separately for each interval in their stepwise 
reconstruction. This is the only sensible approach, as it allows all data available over each sub-
interval to be used. This requires 159 independent time series to represent all indicators required 
for reconstructions of all possible sub-intervals, even though the maximum number ever used for 
a particular sub-interval is 112. 
 
(c) Lack of the use of an objective criterion in the determination of the number of retained 
instrumental PCs in the reconstruction: 
 
Since the proxy data network developed by MM differed from that used by MBH98 for all 
intervals, it was inappropriate for MM to use the same instrumental temperature eigenvector 
subsets that had been selected by MBH98 for their reconstruction. The subsets were selected by 
MBH98 based on the application of an objective criterion to the specific available proxy 
networks available, and were optimized with respect to those networks. The basis sets used by 
MM have thus not been optimized with respect to the different proxy network they actually use. 
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu
Cc: p.jones; raymond s. bradley; f055; Keith Briffa; Tim Osborn
Subject: Re: No sign-off from Malcolm until  11/5
Date: Friday, October 31, 2003 4:44:35 AM

Guys,

What do we do with this. Apparently, Malcolm didn't read any of the recent emails, and
now he's gone, no responding to email or phone. Can we just sign this Mann, Bradley?

What now? I don't know if Malcolm realizes how much he's just screwed things up?

suggestions--this still has to go out in an hour. It appears, without Malcolm's name.

I'm just bewildered...

mike

At 04:11 AM 10/31/2003 -0700, mhughes@ltrr.arizona.edu wrote:

I am convinced by Tim's message that we should follow the path he proposes.
As 
well as conserving effort in the long run, and reducing damage to the field, it 
puts us in the position of behaving well. I understand there are disadvantages 
to this approach too. I really am going out of contact now, so please do not 
put my name on anything before I can see it on 11/5 (late in the day). I'm 
sorry about this, but it can't be avoided. Of course, you will all do what you 
think best in your own names in the meantime.
This whole issue is extremely important to me, and I am very grateful to Mike 
for the huge effort he is putting in. Cheers, Malcolm

Quoting "Michael E. Mann" <mann@virginia.edu>:

> 
> 
> p.s. Keith, any word from Nature. Should I contact them independently?
> And what about Science? Or "Climatic Change" (I have little
> doubt that Steve S could find justification to publish this their in an
> instant)...
> 
> 
> thoughts?
> 
> 
> mike
> 
> 
> At 03:01 AM 10/31/2003 +0000, f055 wrote:
> 
> Dear all,
> 
> 
> I've just finished preparing a detailed response offline, only to log on
> to 
> 
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> send it to you all and find new versions from Mike plus more comments
> 
> 
> and information.  Well, I don't have time to change my message now,
> so 
> 
> will paste it below this message.  But bear in mind that the new
> draft may 
> 
> well have allayed many of my concerns - in particular, a quick glance
> 
> 
> shows the figure to be much more convincing than the one Mike circulated
> 
> 
> earlier, indeed it seems to be utterly convincing!   I'll reply
> again on 
> 
> Friday 
> 
> morning once I've had time to read the new draft.  In the meantime,
> here is 
> 
> my message as promised.
> 
> 
> 
> 
> ************************************************************
> 
> Dear MBH (cc to CRU),
> 
> 
> The number of emails has been rather overwhelming on this issue and 
> 
> 
> I'm struggling to catch up with them!  But I will attempt to catch
> up with a 
> 
> few things here...
> 
> 
> (1) The single worst thing about the whole M&M saga is not that they
> did 
> 
> their study, not that they did things wrong (deliberately or by
> accident), but 
> 
> that neither they nor the journal took the necessary step of
> investigating 
> 
> whether the difference between their results and yours could be explained
> 
> 
> simply by some error or set of errors in their use of the data or in
> their 
> 
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> implementation of your method.  If it turns out, as looks likely
> from Mike's 
> 
> investigation of this, that their results are erroneous, then they and
> the 
> 
> journal will have wasted countless person-hours of time and caused 
> 
> much damage in the climate policy arena.
> 
> 
> (2) Given that this is the single worst thing about the saga, we must not
> go 
> 
> and do exactly the same in rushing out a response to their paper. 
> If some 
> 
> claims in the response turned out to be wrong, based on assumptions 
> 
> 
> about what M&M did or assumptions about how M&M's assumptions
> 
> 
> affect the results, then it would end up with a number of iterations of
> claim 
> 
> and counter claim.  Ultimately the issue might be settled, but by
> then the 
> 
> waters could be so muddied that it didn't matter.
> 
> 
> (3) Not only do I advise against an overly rushed response, but I'm also
> 
> 
> wondering whether it really ought to be only from MBH, for three
> reasons.
> 
> (i) It is your paper/results that are being attacked.
> 
> (ii) It is difficult to endorse everything that Mike has put in the draft
> 
> 
> response because I don't know 100% of the details of MBH and the MBH
> 
> 
> data.  Sure, I can endorse some things, but others I wouldn't
> know.   Sure, 
> 
> I accept Mike's explanation because he's looked at this stuff for 4 days
> 
> 
> and I believe he'll have got it right - but that's different to an
> independent 
> 
> check.  That must come from Ray or Malcolm if possible.
> 
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> (iii) If it does come to any independent assessment of who's right and
> 
> 
> who's wrong, then it would be difficult for us to be involved if we had
> 
> 
> already signed up to what some might claim to be a knee-jerk reaction to
> 
> 
> the M&M paper.  If that happened, then you would want us to be
> free to get 
> 
> involved to make sure the process was fair and informed.
> 
> 
> This sounds like a cop out, but - like I say - I'm not sure about point
> (3) so 
> 
> feel free to try to convince me otherwise if you wish.  Anyway Keith
> or Phil 
> 
> may be happy to sign up to a (quick or slow) response, despite my 
> 
> reservations above.
> 
> 
> I really advise a very careful reading of M&M and their supplementary
> 
> 
> website to ensure that everything in the response is clearly correct -
> 
> 
> precisely to avoid point (2).  I've only just started to do this,
> but already 
> 
> have some questions about the response that Mike has drafted.
> 
> 
> (a) Mike, you say that many of the trees were eliminated in the data they
> 
> 
> used.  Have you concluded this because they entered "NA"
> for "Not 
> 
> available" in their appendix table?  If so, then are you sure
> that "NA" 
> 
> means they did not use any data, rather than simply that they didn't
> 
> 
> replace your data with an alternative (and hence in fact continued to use
> 
> 
> what Scott had supplied to them)?  Or perhaps "NA" means
> they couldn't 
> 
> find the PC time series published (of course!), but in fact could find
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> the 
> 
> raw tree-ring chronologies and did their own PCA of those?  How
> would 
> 
> they know which raw chronologies to use?  Or did you come to your
> 
> 
> conclusion by downloading their "corrected and updated" data
> matrix and 
> 
> comparing it with yours - I've not had time to do that, but even if I had
> and 
> 
> I 
> 
> found some differences, I wouldn't know which was right seeing as I've
> 
> 
> not done any PCA of western US trees myself?  My guess would be that
> 
> 
> they downloaded raw tree-ring chronologies (possibly the same ones you
> 
> 
> used) but then applied PCA only to the period when they all had full data
> - 
> 
> hence the lack of PCs in the early period (which you got round by doing
> 
> 
> PCA on the subset that had earlier data).  But this is only a guess,
> and 
> 
> this is the type of thing that should be checked with them - surely they
> 
> 
> would respond if asked? - to avoid my point (2) above.  And if my
> guess 
> 
> were right, then your wording of "eliminated this entire data
> set" would 
> 
> come in for criticism, even though in practise it might as well have
> been.
> 
> 
> (b) The mention of ftp sites and excel files is contradicted by their
> email 
> 
> record on their website, which shows no mention of excel files (they say
> 
> 
> an ASCII file was sent) and also no record that they knew the ftp
> address.  
> 
> This doesn't matter really, since the reason for them using a corrupted
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> 
> 
> data file is not relevant - the relevant thing is that it was corrupt and
> had 
> 
> you been involved in reviewing the paper then it could have been found
> 
> 
> prior to publication.  But they will use the email record if the ftp
> sites and 
> 
> excel files are mentioned.
> 
> 
> (c) Not sure if you talk about peer-review in the latest version, but
> note 
> 
> that 
> 
> they acknowledge input from reviewers and Fred Singer's email says he
> 
> 
> refereed it - so any statement implying it wasn't reviewed will be met
> with 
> 
> an easy response from them.
> 
> 
> (d) Your quick-look reconstruction excluding many of the tree-ring data,
> 
> 
> and the verification RE you obtain, is interesting - but again, don't
> rush 
> 
> into 
> 
> using these in any response.  The time series of PC1 you sent is
> certainly 
> 
> different from your standard one - but on the other hand I'd hardly say
> you 
> 
> "get a similar result" to them, the time series look very
> different (see their 
> 
> fig 6d).  So the dismal RE applies only to your calculation, not to
> their 
> 
> reconstruction.  It may turn out that their verification RE is also
> very 
> 
> negative, but again we cannot assume this in case we're wrong and they
> 
> 
> easily counter the criticism.
> 
> 
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> (e) Claims of their motives for selective censoring or changing of data,
> or 
> 
> for the study as a whole, may well be true but are hard to prove. 
> They 
> 
> would claim that their's is an honest attempt at reproducing a key 
> 
> scientific result.  If they made errors in what they did, then maybe
> they're 
> 
> just completely out of their depth on this, rather than making deliberate
> 
> 
> errors for the purposes of achieving preferred results.
> 
> 
> (f) The recent tree-ring decline they refer to seems related to 
> 
> tree-ring-width not density.  Regardless of width of density, this
> issue 
> 
> cannot simply be dismissed as a solved problem.  Since they don't
> make 
> 
> much of an issue out of it, best just to ignore it.
> 
> 
> (g) [I'm rambling now into an un-ordered list of things, so I'll stop
> soon!] 
> 
> The various other problems relating to temperature data sets, detrended
> 
> 
> standard deviations, PCs of tree-ring subsets etc. sound likely errors -
> 
> 
> though I've got no way of providing the independent check that you asked
> 
> 
> for.  But it is again a bit of a leap of faith to say that these
> *explain* the 
> 
> different results that they get.  Certainly they throw doubt on the
> validity 
> 
> of 
> 
> their results, but without actually doing the same as them it's not
> possible 
> 
> to say if they would have replicated your results if they hadn't made
> these 
> 
> errors.  After all, could the infilling of missing values have made
> much 
> 
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> difference to the results obtained, something that they made a good deal
> 
> 
> of fuss about?
> 
> 
> (h) To say they "used neither the data nor the procedures of
> MBH98" will 
> 
> also be an easy target for them, since they did use the data that was
> sent 
> 
> to them and seemed to have used approximately the method too (with 
> 
> some errors that you've identified).  This reproduced your results
> to some 
> 
> extent (certainly not perfectly, but see Fig 6b and 6c).  Then they
> went 
> 
> further to redo it with the "corrected and updated" data - but
> only after 
> 
> first 
> 
> doing approximately what they claimed they did (i.e. the 
> audit).
> 
> 
> These comments relate to random versions of the draft response, so 
> 
> apologies if they don't all seem relevant to the current draft.  I
> don't have 
> 
> these in front of me, here at home, so I'm doing this from memory of what
> 
> 
> I've read over the past few days.  But nevertheless, the point is
> that a quick 
> 
> response would ultimately require making a number of assumptions 
> 
> about what they did and assumptions about whether this explains the 
> 
> 
> differences or not - assumptions that might be later shot down (in part
> 
> 
> only, at most, but still sufficient to muddy the debate for most
> outsiders).
> 
> 
> A quick response ought to be limited to something like:
> 
> 
> ---------------------------------------------
> 

ABOR/MH/Priv-001172



> The recent paper by McIntyre and McKitrick (2003; hereafter MM03) claims
> 
> 
> to be an "audit" of the analysis of Mann, Bradley and Hughes
> (1998; 
> 
> hereafter MBH98).  MM03 are unable to reproduce the Northern 
> 
> Hemisphere temperature reconstruction of MBH98 when attempting to 
> 
> use the same proxy data and methods as MBH98, though they obtain 
> 
> something similar with clearly anomalous recent warming (their Figure
> 
> 
> 6c).  They then make many modifications to the proxy data set and
> repeat 
> 
> their analysis, and obtain a rather different result to MBH98.
> 
> 
> Unfortunately neither M&M nor the journal in which it was published
> took 
> 
> the necessary step of investigating whether the difference between their
> 
> 
> results and MBH98 could be explained simply by some error or set of 
> 
> 
> errors in their use of the data or in their implementation of the MBH98
> 
> 
> method.  This should have been an essential step to take in a case
> such 
> 
> as this where the difference in results is so large and important. 
> Simple 
> 
> errors must first be ruled out prior to publication.  Even if the
> authors had 
> 
> not undertaken this by presenting their results to the authors of MBH98,
> 
> 
> the journal should certainly have included them as referees of the 
> 
> manuscript.
> 
> 
> A preliminary investigation into the proxy data and implementation of the
> 
> 
> method has already identified a number of likely errors, which may turn
> 
> 
> out to be the cause of the different results.  Rather than repeating
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> M&M's 
> 
> failure to follow good scientific practise, we are witholding further
> 
> 
> comments until we can - by collaboration with M&M if possible - be
> certain 
> 
> of exactly what changes to data and method were made by M&M, whether
> 
> 
> these changes can really explain the differences in the results, and
> 
> 
> eventually which (if any) of these changes can be justified as equally
> valid 
> 
> (given the various uncertainties that exist) and which are simply errors
> that 
> 
> invalidate their results.
> 
> -----------------------------------------
> 
> 
> Hope you find this all helpful, and despite my seemingly critical
> approach, 
> 
> take them in the spirit with which they are aimed - which is to obtain a
> 
> 
> strong and hard hitting rebuttal of bad science, but a rebuttal that
> cannot 
> 
> be buried by any minor innaccuracies or difficult-to-prove
> claims.
> 
> 
> Best regards
> 
> 
> Tim
> 
> ______________________________________________________________
> 
>                    
> Professor Michael E. Mann
> 
>            Department
> of Environmental Sciences, Clark Hall
> 
>                      
> University of Virginia
> 
>                     
> Charlottesville, VA 22903
> 
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>
_______________________________________________________________________

> 
> e-mail: mann@virginia.edu   Phone:   
> FAX: 
> 
>         
> http://www.evsc.virginia.edu/faculty/people/mann.shtml
> 
> 
>

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu
Cc: p.jones; raymond s. bradley; f055; Keith Briffa; Tim Osborn
Subject: Re: No sign-off from Malcolm until  11/5
Date: Friday, October 31, 2003 4:47:53 AM

Folks,

Do we sign this

Michael E. Mann
Raymond S. Bradley

or do we assume that Malcolm simply hadn't read the various emails from Phil, Keith
expressing that we are basically happy w/ it now, and sign his name to this.

This is a really unfortunate conundrum

mike

At 04:11 AM 10/31/2003 -0700, mhughes@ltrr.arizona.edu wrote:

I am convinced by Tim's message that we should follow the path he proposes.
As 
well as conserving effort in the long run, and reducing damage to the field, it 
puts us in the position of behaving well. I understand there are disadvantages 
to this approach too. I really am going out of contact now, so please do not 
put my name on anything before I can see it on 11/5 (late in the day). I'm 
sorry about this, but it can't be avoided. Of course, you will all do what you 
think best in your own names in the meantime.
This whole issue is extremely important to me, and I am very grateful to Mike 
for the huge effort he is putting in. Cheers, Malcolm

Quoting "Michael E. Mann" <mann@virginia.edu>:

> 
> 
> p.s. Keith, any word from Nature. Should I contact them independently?
> And what about Science? Or "Climatic Change" (I have little
> doubt that Steve S could find justification to publish this their in an
> instant)...
> 
> 
> thoughts?
> 
> 
> mike
> 
> 
> At 03:01 AM 10/31/2003 +0000, f055 wrote:
> 
> Dear all,
> 
> 
> I've just finished preparing a detailed response offline, only to log on
> to 
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> 
> send it to you all and find new versions from Mike plus more comments
> 
> 
> and information.  Well, I don't have time to change my message now,
> so 
> 
> will paste it below this message.  But bear in mind that the new
> draft may 
> 
> well have allayed many of my concerns - in particular, a quick glance
> 
> 
> shows the figure to be much more convincing than the one Mike circulated
> 
> 
> earlier, indeed it seems to be utterly convincing!   I'll reply
> again on 
> 
> Friday 
> 
> morning once I've had time to read the new draft.  In the meantime,
> here is 
> 
> my message as promised.
> 
> 
> 
> 
> ************************************************************
> 
> Dear MBH (cc to CRU),
> 
> 
> The number of emails has been rather overwhelming on this issue and 
> 
> 
> I'm struggling to catch up with them!  But I will attempt to catch
> up with a 
> 
> few things here...
> 
> 
> (1) The single worst thing about the whole M&M saga is not that they
> did 
> 
> their study, not that they did things wrong (deliberately or by
> accident), but 
> 
> that neither they nor the journal took the necessary step of
> investigating 
> 
> whether the difference between their results and yours could be explained
> 
> 
> simply by some error or set of errors in their use of the data or in
> their 
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> 
> implementation of your method.  If it turns out, as looks likely
> from Mike's 
> 
> investigation of this, that their results are erroneous, then they and
> the 
> 
> journal will have wasted countless person-hours of time and caused 
> 
> much damage in the climate policy arena.
> 
> 
> (2) Given that this is the single worst thing about the saga, we must not
> go 
> 
> and do exactly the same in rushing out a response to their paper. 
> If some 
> 
> claims in the response turned out to be wrong, based on assumptions 
> 
> 
> about what M&M did or assumptions about how M&M's assumptions
> 
> 
> affect the results, then it would end up with a number of iterations of
> claim 
> 
> and counter claim.  Ultimately the issue might be settled, but by
> then the 
> 
> waters could be so muddied that it didn't matter.
> 
> 
> (3) Not only do I advise against an overly rushed response, but I'm also
> 
> 
> wondering whether it really ought to be only from MBH, for three
> reasons.
> 
> (i) It is your paper/results that are being attacked.
> 
> (ii) It is difficult to endorse everything that Mike has put in the draft
> 
> 
> response because I don't know 100% of the details of MBH and the MBH
> 
> 
> data.  Sure, I can endorse some things, but others I wouldn't
> know.   Sure, 
> 
> I accept Mike's explanation because he's looked at this stuff for 4 days
> 
> 
> and I believe he'll have got it right - but that's different to an
> independent 
> 
> check.  That must come from Ray or Malcolm if possible.
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> 
> (iii) If it does come to any independent assessment of who's right and
> 
> 
> who's wrong, then it would be difficult for us to be involved if we had
> 
> 
> already signed up to what some might claim to be a knee-jerk reaction to
> 
> 
> the M&M paper.  If that happened, then you would want us to be
> free to get 
> 
> involved to make sure the process was fair and informed.
> 
> 
> This sounds like a cop out, but - like I say - I'm not sure about point
> (3) so 
> 
> feel free to try to convince me otherwise if you wish.  Anyway Keith
> or Phil 
> 
> may be happy to sign up to a (quick or slow) response, despite my 
> 
> reservations above.
> 
> 
> I really advise a very careful reading of M&M and their supplementary
> 
> 
> website to ensure that everything in the response is clearly correct -
> 
> 
> precisely to avoid point (2).  I've only just started to do this,
> but already 
> 
> have some questions about the response that Mike has drafted.
> 
> 
> (a) Mike, you say that many of the trees were eliminated in the data they
> 
> 
> used.  Have you concluded this because they entered "NA"
> for "Not 
> 
> available" in their appendix table?  If so, then are you sure
> that "NA" 
> 
> means they did not use any data, rather than simply that they didn't
> 
> 
> replace your data with an alternative (and hence in fact continued to use
> 
> 
> what Scott had supplied to them)?  Or perhaps "NA" means
> they couldn't 
> 
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> find the PC time series published (of course!), but in fact could find
> the 
> 
> raw tree-ring chronologies and did their own PCA of those?  How
> would 
> 
> they know which raw chronologies to use?  Or did you come to your
> 
> 
> conclusion by downloading their "corrected and updated" data
> matrix and 
> 
> comparing it with yours - I've not had time to do that, but even if I had
> and 
> 
> I 
> 
> found some differences, I wouldn't know which was right seeing as I've
> 
> 
> not done any PCA of western US trees myself?  My guess would be that
> 
> 
> they downloaded raw tree-ring chronologies (possibly the same ones you
> 
> 
> used) but then applied PCA only to the period when they all had full data
> - 
> 
> hence the lack of PCs in the early period (which you got round by doing
> 
> 
> PCA on the subset that had earlier data).  But this is only a guess,
> and 
> 
> this is the type of thing that should be checked with them - surely they
> 
> 
> would respond if asked? - to avoid my point (2) above.  And if my
> guess 
> 
> were right, then your wording of "eliminated this entire data
> set" would 
> 
> come in for criticism, even though in practise it might as well have
> been.
> 
> 
> (b) The mention of ftp sites and excel files is contradicted by their
> email 
> 
> record on their website, which shows no mention of excel files (they say
> 
> 
> an ASCII file was sent) and also no record that they knew the ftp
> address.  
> 
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> This doesn't matter really, since the reason for them using a corrupted
> 
> 
> data file is not relevant - the relevant thing is that it was corrupt and
> had 
> 
> you been involved in reviewing the paper then it could have been found
> 
> 
> prior to publication.  But they will use the email record if the ftp
> sites and 
> 
> excel files are mentioned.
> 
> 
> (c) Not sure if you talk about peer-review in the latest version, but
> note 
> 
> that 
> 
> they acknowledge input from reviewers and Fred Singer's email says he
> 
> 
> refereed it - so any statement implying it wasn't reviewed will be met
> with 
> 
> an easy response from them.
> 
> 
> (d) Your quick-look reconstruction excluding many of the tree-ring data,
> 
> 
> and the verification RE you obtain, is interesting - but again, don't
> rush 
> 
> into 
> 
> using these in any response.  The time series of PC1 you sent is
> certainly 
> 
> different from your standard one - but on the other hand I'd hardly say
> you 
> 
> "get a similar result" to them, the time series look very
> different (see their 
> 
> fig 6d).  So the dismal RE applies only to your calculation, not to
> their 
> 
> reconstruction.  It may turn out that their verification RE is also
> very 
> 
> negative, but again we cannot assume this in case we're wrong and they
> 
> 
> easily counter the criticism.
> 
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> 
> (e) Claims of their motives for selective censoring or changing of data,
> or 
> 
> for the study as a whole, may well be true but are hard to prove. 
> They 
> 
> would claim that their's is an honest attempt at reproducing a key 
> 
> scientific result.  If they made errors in what they did, then maybe
> they're 
> 
> just completely out of their depth on this, rather than making deliberate
> 
> 
> errors for the purposes of achieving preferred results.
> 
> 
> (f) The recent tree-ring decline they refer to seems related to 
> 
> tree-ring-width not density.  Regardless of width of density, this
> issue 
> 
> cannot simply be dismissed as a solved problem.  Since they don't
> make 
> 
> much of an issue out of it, best just to ignore it.
> 
> 
> (g) [I'm rambling now into an un-ordered list of things, so I'll stop
> soon!] 
> 
> The various other problems relating to temperature data sets, detrended
> 
> 
> standard deviations, PCs of tree-ring subsets etc. sound likely errors -
> 
> 
> though I've got no way of providing the independent check that you asked
> 
> 
> for.  But it is again a bit of a leap of faith to say that these
> *explain* the 
> 
> different results that they get.  Certainly they throw doubt on the
> validity 
> 
> of 
> 
> their results, but without actually doing the same as them it's not
> possible 
> 
> to say if they would have replicated your results if they hadn't made
> these 
> 
> errors.  After all, could the infilling of missing values have made
> much 
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> 
> difference to the results obtained, something that they made a good deal
> 
> 
> of fuss about?
> 
> 
> (h) To say they "used neither the data nor the procedures of
> MBH98" will 
> 
> also be an easy target for them, since they did use the data that was
> sent 
> 
> to them and seemed to have used approximately the method too (with 
> 
> some errors that you've identified).  This reproduced your results
> to some 
> 
> extent (certainly not perfectly, but see Fig 6b and 6c).  Then they
> went 
> 
> further to redo it with the "corrected and updated" data - but
> only after 
> 
> first 
> 
> doing approximately what they claimed they did (i.e. the 
> audit).
> 
> 
> These comments relate to random versions of the draft response, so 
> 
> apologies if they don't all seem relevant to the current draft.  I
> don't have 
> 
> these in front of me, here at home, so I'm doing this from memory of what
> 
> 
> I've read over the past few days.  But nevertheless, the point is
> that a quick 
> 
> response would ultimately require making a number of assumptions 
> 
> about what they did and assumptions about whether this explains the 
> 
> 
> differences or not - assumptions that might be later shot down (in part
> 
> 
> only, at most, but still sufficient to muddy the debate for most
> outsiders).
> 
> 
> A quick response ought to be limited to something like:
> 
> 
> ---------------------------------------------
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> 
> The recent paper by McIntyre and McKitrick (2003; hereafter MM03) claims
> 
> 
> to be an "audit" of the analysis of Mann, Bradley and Hughes
> (1998; 
> 
> hereafter MBH98).  MM03 are unable to reproduce the Northern 
> 
> Hemisphere temperature reconstruction of MBH98 when attempting to 
> 
> use the same proxy data and methods as MBH98, though they obtain 
> 
> something similar with clearly anomalous recent warming (their Figure
> 
> 
> 6c).  They then make many modifications to the proxy data set and
> repeat 
> 
> their analysis, and obtain a rather different result to MBH98.
> 
> 
> Unfortunately neither M&M nor the journal in which it was published
> took 
> 
> the necessary step of investigating whether the difference between their
> 
> 
> results and MBH98 could be explained simply by some error or set of 
> 
> 
> errors in their use of the data or in their implementation of the MBH98
> 
> 
> method.  This should have been an essential step to take in a case
> such 
> 
> as this where the difference in results is so large and important. 
> Simple 
> 
> errors must first be ruled out prior to publication.  Even if the
> authors had 
> 
> not undertaken this by presenting their results to the authors of MBH98,
> 
> 
> the journal should certainly have included them as referees of the 
> 
> manuscript.
> 
> 
> A preliminary investigation into the proxy data and implementation of the
> 
> 
> method has already identified a number of likely errors, which may turn
> 
> 
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> out to be the cause of the different results.  Rather than repeating
> M&M's 
> 
> failure to follow good scientific practise, we are witholding further
> 
> 
> comments until we can - by collaboration with M&M if possible - be
> certain 
> 
> of exactly what changes to data and method were made by M&M, whether
> 
> 
> these changes can really explain the differences in the results, and
> 
> 
> eventually which (if any) of these changes can be justified as equally
> valid 
> 
> (given the various uncertainties that exist) and which are simply errors
> that 
> 
> invalidate their results.
> 
> -----------------------------------------
> 
> 
> Hope you find this all helpful, and despite my seemingly critical
> approach, 
> 
> take them in the spirit with which they are aimed - which is to obtain a
> 
> 
> strong and hard hitting rebuttal of bad science, but a rebuttal that
> cannot 
> 
> be buried by any minor innaccuracies or difficult-to-prove
> claims.
> 
> 
> Best regards
> 
> 
> Tim
> 
> ______________________________________________________________
> 
>                    
> Professor Michael E. Mann
> 
>            Department
> of Environmental Sciences, Clark Hall
> 
>                      
> University of Virginia
> 
>                     
> Charlottesville, VA 22903
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> 
>
_______________________________________________________________________

> 
> e-mail: mann@virginia.edu   Phone:   
> FAX: 
> 
>         
> http://www.evsc.virginia.edu/faculty/people/mann.shtml
> 
> 
>

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Tim Osborn
To: Michael E. Mann; mhughes@ltrr.arizona.edu
Cc: p.jones; raymond s. bradley; Keith Briffa
Subject: Re: No sign-off from Malcolm until  11/5
Date: Friday, October 31, 2003 4:56:05 AM

At 11:47 31/10/2003, Michael E. Mann wrote:
>Folks,
>
>Do we sign this
>
>Michael E. Mann
>Raymond S. Bradley
>
>or do we assume that Malcolm simply hadn't read the various emails from
>Phil, Keith expressing that we are basically happy w/ it now, and sign his
>name to this.
>
>This is a really unfortunate conundrum
>
>mike

Malcolm may not have had time to see the latest version and the various
opinions that it is a good document.  But I would think it best to sign it
just Mann & Bradley for this "media" version.  If anyone asks, any of us
can simply tell the truth which is that the reason for Malcolm not signing
it is not that he disagrees, but that he is travelling and unable to
confirm his agreement.

Then when you submit it to a journal - as I said before, we need to have
something we can cite - you will have time to add Malcolm's name and the
published rebuttal will be from all of you, as it should be.

Cheers

Tim

Dr Timothy J Osborn
Climatic Research Unit
School of Environmental Sciences, University of East Anglia
Norwich  NR4 7TJ, UK

e-mail:   t.osborn@uea.ac.uk
phone:    
fax:      
web:      http://www.cru.uea.ac.uk/~timo/
sunclock: http://www.cru.uea.ac.uk/~timo/sunclock.htm
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu
Cc: f055; p.jones; raymond s. bradley; Keith Briffa; Tim Osborn
Subject: RE: CLIMLIST
Date: Friday, October 31, 2003 4:59:03 AM

Dear All,

I've left multiple cell phone messages w/ Malcolm who is apparently travelling in Russia.

An additional possibility if we can't get confirmation from Malcolm quickly is to sign this

Michael E. Mann
Raymond S. Bradley
(Malcolm K. Hughes is travelling)

thoughts?

At 03:48 AM 10/31/2003 -0700, mhughes@ltrr.arizona.edu wrote:

Mike - I think it is really important to remove the following bits - they will 
alienate readers quite unnecessarily:
1) From "It is surely reprehensible........." to the end of that paragraph.
2) in the paragraph just above the very useful diagram remover "subtly". It 
implies an intention, and it is much better to leave to the reader to make such 
judgements. In any case, intent is irrelevant to the strength of our case 
against their so-called audit. 
Over and out till Wednesday afternoon, Malcolm
 
Quoting "Michael E. Mann" <mann@virginia.edu>:

> 
> 
> Tim,
> 
> 
> I just finished working very hard on the rebuttal for the past 6 hours,
> and I really hope this wasn't a wasted effort.
> 
> 
> I took Keith's version, and I feel very happy about the version I've
> attached. Please see the results--I think they are remarkably
> convincing!
> 
> 
> lets discuss quickly, because this needs to go out very soon.
> 
> 
> I agree it needs to go out to CLIMLIST, the Skeptic listserv, and all the
> recipients the various skeptics have cc'd.
> 
> 
> Mike
> 
> 
> At 12:23 AM 10/31/2003 +0000, f055 wrote:
> 
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> Dear all,
> 
> 
> my idea of including the CLIMLIST mailig list when circulating a rebuttal
> is 
> 
> now definitely required, given the following posting which has just been
> 
> 
> made (copied below).  I have some concerns over the way the rebuttal
> is 
> 
> heading right now, however, which I will explain in an email shortly
> 
> 
> (cannot compose it here, as I'm working on a slow line from home - will
> 
> 
> compose it offline instead and email it shortly).
> 
> 
> Cheers
> 
> 
> Tim
> 
> 
> ----------------------------------
> 
> 
> "=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-
=-=
> 
> CLIMLIST Mailing Number 03-10-37
> 
> Origin: M.G. Bartlett" <pr0phet73@comcast.net>
> 
> >>>>> DO NOT USE REPLY FUNCTION <<<<<
> 
> >>>>> REPEAT - DO NOT USE REPLY! 
> <<<<<
> 
> =-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-
=-=
> 
> 
> CLIMLIST Folks,
> 
> 
> The following was forwarded to me by a colleague. The article should
> be
> 
> of interest to members of our community. It has been made available
> for
> 
> free download by the publishers. I also recommend that you examine
> the
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> 
> author's website at:
> 
> 
> http://www.climate2003.com
> 
> 
> which provides access to the data and algorithms used in the
> paper.
> 
> 
> Marshall Bartlett
> 
> Univ. of Utah
> 
> 
> 
> 
> Dear all,
> 
> 
> question has been risen what is this Energy & Environment, which
> allows
> 
> free access to its article
> 
> 
> 
> 
> McIntyre, Stephen and Ross McKitrick, 2003. Corrections to the Mann
> et.
> 
> al. (1998) Proxy Data Base and Northern Hemispheric Average 
> 
> Temperature
> 
> Series. Energy & Environment Vol. 14, No 6, pp. 751-771, October 26,
> 
> 
> 2003
> 
> 
> 
> 
> Freely downloadable from
> 
> <http://www.multi-science.co.uk/mcintyre_02.pdf>
> 
> 
> 
> 
> Energy & Environment is a peer-reviewed scientific magazine published
> 
> 
> by
> 
> MULTI-SCIENCE PUBLISHING CO. LTD.
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> 
> 
> 5 Wates Way, Brentwood, Essex CM15 9TB, United Kingdom, EU
> 
> 
> 
> 
> E&E explains the exceptional free access as follows:
> 
> 
> 
> 
> Message from the publisher
> 
> 
> "This paper has the power to radically change the debate over
> man-made
> 
> global warming. Because of its potential importance we are posting
> it
> 
> separately from the rest of the issue of Energy and Environment
> (volume
> 
> 14 number 6) in which it appears, and giving open access to it, so
> that
> 
> everyone who has an interest in these matters is able to read it 
> and
> 
> assess it for themselves."
> 
> 
> W.O.Hughes
> 
> 28/10/03
> 
> 
> 
> 
> See more about E&E <
> http://www.multi-science.co.uk/index.htm>
> 
> 
> 
> 
> 
> --------------------------------
> 
> ______________________________________________________________
> 
>                    
> Professor Michael E. Mann
> 
>            Department
> of Environmental Sciences, Clark Hall
> 
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>                      
> University of Virginia
> 
>                     
> Charlottesville, VA 22903
> 
>
_______________________________________________________________________

> 
> e-mail: mann@virginia.edu   Phone:   
> FAX: 
> 
>         
> http://www.evsc.virginia.edu/faculty/people/mann.shtml
> 
>

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Tim Osborn; mhughes@ltrr.arizona.edu
Cc: p.jones; raymond s. bradley; Keith Briffa
Subject: Re: No sign-off from Malcolm until  11/5
Date: Friday, October 31, 2003 5:02:56 AM

I'm going to let Ray decide what to do here.

I'm tempted to conclude that Malcolm would happily had signed on had he read the
more recent emails from all of us.

Not having Malcolm's name on this really detracts, since there is lots of discussion
about tree-ring data, etc.

Ray, what do we do???

mike

At 11:56 AM 10/31/2003 +0000, Tim Osborn wrote:

At 11:47 31/10/2003, Michael E. Mann wrote:

Folks,

Do we sign this

Michael E. Mann
Raymond S. Bradley

or do we assume that Malcolm simply hadn't read the various
emails from Phil, Keith expressing that we are basically happy
w/ it now, and sign his name to this.

This is a really unfortunate conundrum

mike

Malcolm may not have had time to see the latest version and the various
opinions that it is a good document.  But I would think it best to sign it
just Mann & Bradley for this "media" version.  If anyone asks, any of us
can simply tell the truth which is that the reason for Malcolm not signing it
is not that he disagrees, but that he is travelling and unable to confirm his
agreement.

Then when you submit it to a journal - as I said before, we need to have
something we can cite - you will have time to add Malcolm's name and
the published rebuttal will be from all of you, as it should be.

Cheers

Tim
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Dr Timothy J Osborn
Climatic Research Unit
School of Environmental Sciences, University of East Anglia
Norwich  NR4 7TJ, UK

e-mail:   t.osborn@uea.ac.uk
phone:    
fax:      
web:      http://www.cru.uea.ac.uk/~timo/
sunclock: http://www.cru.uea.ac.uk/~timo/sunclock.htm

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Tim Osborn
To: Michael E. Mann; Keith Briffa; p.jones; raymond s. bradley
Cc: mhughes
Subject: RE: CLIMLIST
Date: Friday, October 31, 2003 5:05:29 AM

Mike et al.,

we (Keith and I) are happy with this strategy.  Rebuttal will be signed
Mann and Bradley (Hughes to be added later when available to
confirm/modify) and circulated to allies/friends first.

As soon as we get a final version from Mike, Keith will forward it with a
message to Heike.

We will also draft an email from Keith, me and Phil to send to the email
lists, expressing our views on this and attaching your final version.

As to other people that you mention (Science, EFD), we'll leave that to
you, Mike, to do - though you may well want to use our
CLIMLIST/SCEPTICSLIST email AND your final version together to send to
them, so might want to wait till we've drafted that email.

Cheers

Tim

At 11:17 31/10/2003, Michael E. Mann wrote:
>Keith,
>
>Thanks--that sounds absolutely great.
>
>I suggest the following
>
>1) I'll fix any remaining typos I find, and incorporate the latest
>comments received from you guys. I expect that I can finalize this in 15
>minutes or so--I agree that this needs to get out by 8:00 AM eastern
>standard time, U.S.
>
>I like where Keith is heading in terms of discussion of the strategy.
>
>Why don't we sign this document, "Mann, Bradley, Hughes" that will be
>ready for distribute to our closest colleagues and allies. I'll prepare a
>PDF version for distribution, to make it difficult for others to alter
>(you never know w/ these folks)...
>
>Should I go ahead and forward this document to Heike, then, in an email?
>Also, should I send this to Dick Kerr at Science separately--Dick has
>often been helpful. And maybe Jesse Smith at Science, and a few key
>journalists (Andy Revkin at New York Times)?
>
>Perhaps, then, Keith, Tim, Phil--you guys, as Keith suggests, can draft a
>separate email to go out to the skepticlist (and all of the scientists who
>were forward it), the CLIMLIST, etc. stating your opinons on this, and
>perhaps *attaching* at supporting evidence the document signed by Mann,
>Bradley, Hughes?
>
>Also, do we ask organizations like Environmental Defense Fund, etc. to
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>post *both* documents (our document, your supporting email) on their
>websites, etc?
>
>What do you guys think?
>
>Thank-you guys have been wonderful, and I am most personally gracious.
>This will not soon be forgotten...
>
>mike
>
>At 10:47 AM 10/31/2003 +0000, Keith Briffa wrote:
>>Hi all - I too have had some problems as to which specific version is
>>where we are at - BUT I think the latest draft as sent by Mike really is
>>virtually there (perhaps some typos to be ironed out (e.g. 'were' instead
>>of 'was' on line 7 of point 2) but I am generally very happy with the
>>tone and balance . Much of Tim's fears (justifiable points on not
>>providing them with wiggle out and distraction options) are allayed by
>>the calm provisos about not being categorical etc. The question now
>>arises as to how to put this out - I believe it does need to go out early
>>so as to be available when the rest of the press start to pick up the MM
>>propaganda . Whether it should be just signed by MBH is up to you . I AM
>>NOT averse to signing , but wonder whether it is a better tactic to put
>>out a separate statement (us , Tom W. and whoever as suggested by Ray ,
>>saying we abhor the way this MM paper has been published and publicised
>>without proper scrutiny). I fully agree with the statement as now written
>>however , and willing to go with the majority view. My suggestion about
>>redoing the "audit" was made in good faith and in no way implied I
>>concurred with MM ( in case anyone got the impression that I was not
>>wholly "on side" here).
>>So what does everyone else say now?
>>REGARDING NATURE -  spoke to Heike Langenberg , in the London office and
>>she said it sounded like a potential NEWS item , and asked me to send
>>some details by email and she would forward to the appropriate office -
>>seemed positive. I will do. The statement (s) should anyway go soon on
>>CLIMLIST and then we could quietly contact a few people we know in the media ?
>>
>>
>>Keith
>>
>>At 05:38 AM 10/31/03 -0500, Michael E. Mann wrote:
>>>p.s. Keith, any word from Nature. Should I contact them independently?
>>>And what about Science? Or "Climatic Change" (I have little doubt that
>>>Steve S could find justification to publish this their in an instant)...
>>>
>>>thoughts?
>>>
>>>mike
>>>
>>>At 03:01 AM 10/31/2003 +0000, f055 wrote:
>>>>Dear all,
>>>>
>>>>I've just finished preparing a detailed response offline, only to log on to
>>>>send it to you all and find new versions from Mike plus more comments
>>>>and information.  Well, I don't have time to change my message now, so
>>>>will paste it below this message.  But bear in mind that the new draft may
>>>>well have allayed many of my concerns - in particular, a quick glance
>>>>shows the figure to be much more convincing than the one Mike circulated
>>>>earlier, indeed it seems to be utterly convincing!   I'll reply again on
>>>>Friday
>>>>morning once I've had time to read the new draft.  In the meantime, here is
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>>>>my message as promised.
>>>>
>>>>
>>>>************************************************************
>>>>Dear MBH (cc to CRU),
>>>>
>>>>The number of emails has been rather overwhelming on this issue and
>>>>I'm struggling to catch up with them!  But I will attempt to catch up
>>>>with a
>>>>few things here...
>>>>
>>>>(1) The single worst thing about the whole M&M saga is not that they did
>>>>their study, not that they did things wrong (deliberately or by
>>>>accident), but
>>>>that neither they nor the journal took the necessary step of investigating
>>>>whether the difference between their results and yours could be explained
>>>>simply by some error or set of errors in their use of the data or in their
>>>>implementation of your method.  If it turns out, as looks likely from
>>>>Mike's
>>>>investigation of this, that their results are erroneous, then they and the
>>>>journal will have wasted countless person-hours of time and caused
>>>>much damage in the climate policy arena.
>>>>
>>>>(2) Given that this is the single worst thing about the saga, we must
>>>>not go
>>>>and do exactly the same in rushing out a response to their paper.  If some
>>>>claims in the response turned out to be wrong, based on assumptions
>>>>about what M&M did or assumptions about how M&M's assumptions
>>>>affect the results, then it would end up with a number of iterations of
>>>>claim
>>>>and counter claim.  Ultimately the issue might be settled, but by then the
>>>>waters could be so muddied that it didn't matter.
>>>>
>>>>(3) Not only do I advise against an overly rushed response, but I'm also
>>>>wondering whether it really ought to be only from MBH, for three reasons.
>>>>(i) It is your paper/results that are being attacked.
>>>>(ii) It is difficult to endorse everything that Mike has put in the draft
>>>>response because I don't know 100% of the details of MBH and the MBH
>>>>data.  Sure, I can endorse some things, but others I wouldn't know.   Sure,
>>>>I accept Mike's explanation because he's looked at this stuff for 4 days
>>>>and I believe he'll have got it right - but that's different to an
>>>>independent
>>>>check.  That must come from Ray or Malcolm if possible.
>>>>(iii) If it does come to any independent assessment of who's right and
>>>>who's wrong, then it would be difficult for us to be involved if we had
>>>>already signed up to what some might claim to be a knee-jerk reaction to
>>>>the M&M paper.  If that happened, then you would want us to be free to get
>>>>involved to make sure the process was fair and informed.
>>>>
>>>>This sounds like a cop out, but - like I say - I'm not sure about point
>>>>(3) so
>>>>feel free to try to convince me otherwise if you wish.  Anyway Keith or
>>>>Phil
>>>>may be happy to sign up to a (quick or slow) response, despite my
>>>>reservations above.
>>>>
>>>>I really advise a very careful reading of M&M and their supplementary
>>>>website to ensure that everything in the response is clearly correct -
>>>>precisely to avoid point (2).  I've only just started to do this, but
>>>>already
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>>>>have some questions about the response that Mike has drafted.
>>>>
>>>>(a) Mike, you say that many of the trees were eliminated in the data they
>>>>used.  Have you concluded this because they entered "NA" for "Not
>>>>available" in their appendix table?  If so, then are you sure that "NA"
>>>>means they did not use any data, rather than simply that they didn't
>>>>replace your data with an alternative (and hence in fact continued to use
>>>>what Scott had supplied to them)?  Or perhaps "NA" means they couldn't
>>>>find the PC time series published (of course!), but in fact could find the
>>>>raw tree-ring chronologies and did their own PCA of those?  How would
>>>>they know which raw chronologies to use?  Or did you come to your
>>>>conclusion by downloading their "corrected and updated" data matrix and
>>>>comparing it with yours - I've not had time to do that, but even if I
>>>>had and
>>>>I
>>>>found some differences, I wouldn't know which was right seeing as I've
>>>>not done any PCA of western US trees myself?  My guess would be that
>>>>they downloaded raw tree-ring chronologies (possibly the same ones you
>>>>used) but then applied PCA only to the period when they all had full data -
>>>>hence the lack of PCs in the early period (which you got round by doing
>>>>PCA on the subset that had earlier data).  But this is only a guess, and
>>>>this is the type of thing that should be checked with them - surely they
>>>>would respond if asked? - to avoid my point (2) above.  And if my guess
>>>>were right, then your wording of "eliminated this entire data set" would
>>>>come in for criticism, even though in practise it might as well have been.
>>>>
>>>>(b) The mention of ftp sites and excel files is contradicted by their email
>>>>record on their website, which shows no mention of excel files (they say
>>>>an ASCII file was sent) and also no record that they knew the ftp address.
>>>>This doesn't matter really, since the reason for them using a corrupted
>>>>data file is not relevant - the relevant thing is that it was corrupt
>>>>and had
>>>>you been involved in reviewing the paper then it could have been found
>>>>prior to publication.  But they will use the email record if the ftp
>>>>sites and
>>>>excel files are mentioned.
>>>>
>>>>(c) Not sure if you talk about peer-review in the latest version, but note
>>>>that
>>>>they acknowledge input from reviewers and Fred Singer's email says he
>>>>refereed it - so any statement implying it wasn't reviewed will be met with
>>>>an easy response from them.
>>>>
>>>>(d) Your quick-look reconstruction excluding many of the tree-ring data,
>>>>and the verification RE you obtain, is interesting - but again, don't rush
>>>>into
>>>>using these in any response.  The time series of PC1 you sent is certainly
>>>>different from your standard one - but on the other hand I'd hardly say you
>>>>"get a similar result" to them, the time series look very different
>>>>(see their
>>>>fig 6d).  So the dismal RE applies only to your calculation, not to their
>>>>reconstruction.  It may turn out that their verification RE is also very
>>>>negative, but again we cannot assume this in case we're wrong and they
>>>>easily counter the criticism.
>>>>
>>>>(e) Claims of their motives for selective censoring or changing of data, or
>>>>for the study as a whole, may well be true but are hard to prove.  They
>>>>would claim that their's is an honest attempt at reproducing a key
>>>>scientific result.  If they made errors in what they did, then maybe
>>>>they're
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>>>>just completely out of their depth on this, rather than making deliberate
>>>>errors for the purposes of achieving preferred results.
>>>>
>>>>(f) The recent tree-ring decline they refer to seems related to
>>>>tree-ring-width not density.  Regardless of width of density, this issue
>>>>cannot simply be dismissed as a solved problem.  Since they don't make
>>>>much of an issue out of it, best just to ignore it.
>>>>
>>>>(g) [I'm rambling now into an un-ordered list of things, so I'll stop
>>>>soon!]
>>>>The various other problems relating to temperature data sets, detrended
>>>>standard deviations, PCs of tree-ring subsets etc. sound likely errors -
>>>>though I've got no way of providing the independent check that you asked
>>>>for.  But it is again a bit of a leap of faith to say that these
>>>>*explain* the
>>>>different results that they get.  Certainly they throw doubt on the
>>>>validity
>>>>of
>>>>their results, but without actually doing the same as them it's not
>>>>possible
>>>>to say if they would have replicated your results if they hadn't made these
>>>>errors.  After all, could the infilling of missing values have made much
>>>>difference to the results obtained, something that they made a good deal
>>>>of fuss about?
>>>>
>>>>(h) To say they "used neither the data nor the procedures of MBH98" will
>>>>also be an easy target for them, since they did use the data that was sent
>>>>to them and seemed to have used approximately the method too (with
>>>>some errors that you've identified).  This reproduced your results to some
>>>>extent (certainly not perfectly, but see Fig 6b and 6c).  Then they went
>>>>further to redo it with the "corrected and updated" data - but only after
>>>>first
>>>>doing approximately what they claimed they did (i.e. the audit).
>>>>
>>>>These comments relate to random versions of the draft response, so
>>>>apologies if they don't all seem relevant to the current draft.  I
>>>>don't have
>>>>these in front of me, here at home, so I'm doing this from memory of what
>>>>I've read over the past few days.  But nevertheless, the point is that
>>>>a quick
>>>>response would ultimately require making a number of assumptions
>>>>about what they did and assumptions about whether this explains the
>>>>differences or not - assumptions that might be later shot down (in part
>>>>only, at most, but still sufficient to muddy the debate for most
>>>>outsiders).
>>>>
>>>>A quick response ought to be limited to something like:
>>>>
>>>>---------------------------------------------
>>>>The recent paper by McIntyre and McKitrick (2003; hereafter MM03) claims
>>>>to be an "audit" of the analysis of Mann, Bradley and Hughes (1998;
>>>>hereafter MBH98).  MM03 are unable to reproduce the Northern
>>>>Hemisphere temperature reconstruction of MBH98 when attempting to
>>>>use the same proxy data and methods as MBH98, though they obtain
>>>>something similar with clearly anomalous recent warming (their Figure
>>>>6c).  They then make many modifications to the proxy data set and repeat
>>>>their analysis, and obtain a rather different result to MBH98.
>>>>
>>>>Unfortunately neither M&M nor the journal in which it was published took
>>>>the necessary step of investigating whether the difference between their

ABOR/MH/Priv-001199



>>>>results and MBH98 could be explained simply by some error or set of
>>>>errors in their use of the data or in their implementation of the MBH98
>>>>method.  This should have been an essential step to take in a case such
>>>>as this where the difference in results is so large and important.  Simple
>>>>errors must first be ruled out prior to publication.  Even if the
>>>>authors had
>>>>not undertaken this by presenting their results to the authors of MBH98,
>>>>the journal should certainly have included them as referees of the
>>>>manuscript.
>>>>
>>>>A preliminary investigation into the proxy data and implementation of the
>>>>method has already identified a number of likely errors, which may turn
>>>>out to be the cause of the different results.  Rather than repeating M&M's
>>>>failure to follow good scientific practise, we are witholding further
>>>>comments until we can - by collaboration with M&M if possible - be certain
>>>>of exactly what changes to data and method were made by M&M, whether
>>>>these changes can really explain the differences in the results, and
>>>>eventually which (if any) of these changes can be justified as equally
>>>>valid
>>>>(given the various uncertainties that exist) and which are simply
>>>>errors that
>>>>invalidate their results.
>>>>-----------------------------------------
>>>>
>>>>Hope you find this all helpful, and despite my seemingly critical approach,
>>>>take them in the spirit with which they are aimed - which is to obtain a
>>>>strong and hard hitting rebuttal of bad science, but a rebuttal that cannot
>>>>be buried by any minor innaccuracies or difficult-to-prove claims.
>>>>
>>>>Best regards
>>>>
>>>>Tim
>>>
>>>______________________________________________________________
>>>                     Professor Michael E. Mann
>>>            Department of Environmental Sciences, Clark Hall
>>>                       University of Virginia
>>>                      Charlottesville, VA 22903
>>>_______________________________________________________________________
>>>e-mail: mann@virginia.edu   Phone:    FAX: 
>>>          http://www.evsc.virginia.edu/faculty/people/mann.shtml
>>
>>--
>>Professor Keith Briffa,
>>Climatic Research Unit
>>University of East Anglia
>>Norwich, NR4 7TJ, U.K.
>>
>>Phone: 
>>Fax: 
>>
>>http://www.cru.uea.ac.uk/cru/people/briffa/
>______________________________________________________________
>                     Professor Michael E. Mann
>            Department of Environmental Sciences, Clark Hall
>                       University of Virginia
>                      Charlottesville, VA 22903
>_______________________________________________________________________
>e-mail: mann@virginia.edu   Phone:    FAX: 
>          http://www.evsc.virginia.edu/faculty/people/mann.shtml
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Dr Timothy J Osborn
Climatic Research Unit
School of Environmental Sciences, University of East Anglia
Norwich  NR4 7TJ, UK

e-mail:   t.osborn@uea.ac.uk
phone:    
fax:      
web:      http://www.cru.uea.ac.uk/~timo/
sunclock: http://www.cru.uea.ac.uk/~timo/sunclock.htm

ABOR/MH/Priv-001201



From: Michael E. Mann
To: Tim Osborn; Keith Briffa; p.jones; raymond s. bradley
Cc: mhughes
Subject: RE: CLIMLIST
Date: Friday, October 31, 2003 5:18:42 AM
Attachments: Rebuttal.pdf

Rebuttal.doc

Thanks Tim,

Sounds like the best possible plan under the circumstances. Attached is the revised (final?) version, see the
note about Malcolm Hughes unable for comment--does this seem ok?

If this looks good to you guys, you don't see any typos, etc. lets consider this the final version. I've
attached it in both word and pdf--only the pdf should probably be sent around.

As per your suggestions, I'll await receipt of your CLIMLIST/SCEPTICSLIST email to send this together to
other outlets for joint posting. Will you guys will send out to all of the other scientists, etc. who' Timmerata,
etc. emailed too?

The appropriate outlets would be: EDF, other NGO groups, Ross Gelbspan's site, David Appell's blog, etc...

So I'll await further word from you,

thanks again,

mike

At 12:05 PM 10/31/2003 +0000, Tim Osborn wrote:

Mike et al.,

we (Keith and I) are happy with this strategy.  Rebuttal will be signed Mann and Bradley
(Hughes to be added later when available to confirm/modify) and circulated to allies/friends
first.

As soon as we get a final version from Mike, Keith will forward it with a message to Heike.

We will also draft an email from Keith, me and Phil to send to the email lists, expressing our
views on this and attaching your final version.

As to other people that you mention (Science, EFD), we'll leave that to you, Mike, to do -
though you may well want to use our CLIMLIST/SCEPTICSLIST email AND your final version
together to send to them, so might want to wait till we've drafted that email.

Cheers

Tim

At 11:17 31/10/2003, Michael E. Mann wrote:

Keith,

Thanks--that sounds absolutely great.

I suggest the following

1) I'll fix any remaining typos I find, and incorporate the latest comments received
from you guys. I expect that I can finalize this in 15 minutes or so--I agree that this
needs to get out by 8:00 AM eastern standard time, U.S.

I like where Keith is heading in terms of discussion of the strategy.

Why don't we sign this document, "Mann, Bradley, Hughes" that will be ready for
distribute to our closest colleagues and allies. I'll prepare a PDF version for
distribution, to make it difficult for others to alter (you never know w/ these folks)...

Should I go ahead and forward this document to Heike, then, in an email? Also,
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should I send this to Dick Kerr at Science separately--Dick has often been helpful.
And maybe Jesse Smith at Science, and a few key journalists (Andy Revkin at New
York Times)?

Perhaps, then, Keith, Tim, Phil--you guys, as Keith suggests, can draft a separate
email to go out to the skepticlist (and all of the scientists who were forward it), the
CLIMLIST, etc. stating your opinons on this, and perhaps *attaching* at supporting
evidence the document signed by Mann, Bradley, Hughes?

Also, do we ask organizations like Environmental Defense Fund, etc. to post *both*
documents (our document, your supporting email) on their websites, etc?

What do you guys think?

Thank-you guys have been wonderful, and I am most personally gracious. This will
not soon be forgotten...

mike

At 10:47 AM 10/31/2003 +0000, Keith Briffa wrote:

Hi all - I too have had some problems as to which specific version is
where we are at - BUT I think the latest draft as sent by Mike really is
virtually there (perhaps some typos to be ironed out (e.g. 'were' instead
of 'was' on line 7 of point 2) but I am generally very happy with the tone
and balance . Much of Tim's fears (justifiable points on not providing them
with wiggle out and distraction options) are allayed by the calm provisos
about not being categorical etc. The question now arises as to how to put
this out - I believe it does need to go out early so as to be available when
the rest of the press start to pick up the MM propaganda . Whether it
should be just signed by MBH is up to you . I AM NOT averse to signing ,
but wonder whether it is a better tactic to put out a separate statement
(us , Tom W. and whoever as suggested by Ray , saying we abhor the
way this MM paper has been published and publicised without proper
scrutiny). I fully agree with the statement as now written however , and
willing to go with the majority view. My suggestion about redoing the
"audit" was made in good faith and in no way implied I concurred with
MM ( in case anyone got the impression that I was not wholly "on side"
here).
So what does everyone else say now?
REGARDING NATURE -  spoke to Heike Langenberg , in the London office
and she said it sounded like a potential NEWS item , and asked me to
send some details by email and she would forward to the appropriate
office - seemed positive. I will do. The statement (s) should anyway go
soon on CLIMLIST and then we could quietly contact a few people we
know in the media ?

Keith

At 05:38 AM 10/31/03 -0500, Michael E. Mann wrote:

p.s. Keith, any word from Nature. Should I contact them
independently? And what about Science? Or "Climatic Change"
(I have little doubt that Steve S could find justification to
publish this their in an instant)...

thoughts?

mike

At 03:01 AM 10/31/2003 +0000, f055 wrote:

Dear all,

I've just finished preparing a detailed response
offline, only to log on to
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send it to you all and find new versions from Mike
plus more comments
and information.  Well, I don't have time to change
my message now, so
will paste it below this message.  But bear in mind
that the new draft may
well have allayed many of my concerns - in
particular, a quick glance
shows the figure to be much more convincing than
the one Mike circulated
earlier, indeed it seems to be utterly convincing!  
I'll reply again on
Friday
morning once I've had time to read the new draft. 
In the meantime, here is
my message as promised.

************************************************************

Dear MBH (cc to CRU),

The number of emails has been rather
overwhelming on this issue and
I'm struggling to catch up with them!  But I will
attempt to catch up with a
few things here...

(1) The single worst thing about the whole M&M
saga is not that they did
their study, not that they did things wrong
(deliberately or by accident), but
that neither they nor the journal took the necessary
step of investigating
whether the difference between their results and
yours could be explained
simply by some error or set of errors in their use of
the data or in their
implementation of your method.  If it turns out, as
looks likely from Mike's
investigation of this, that their results are
erroneous, then they and the
journal will have wasted countless person-hours of
time and caused
much damage in the climate policy arena.

(2) Given that this is the single worst thing about
the saga, we must not go
and do exactly the same in rushing out a response
to their paper.  If some
claims in the response turned out to be wrong,
based on assumptions
about what M&M did or assumptions about how
M&M's assumptions
affect the results, then it would end up with a
number of iterations of claim
and counter claim.  Ultimately the issue might be
settled, but by then the
waters could be so muddied that it didn't matter.

(3) Not only do I advise against an overly rushed
response, but I'm also
wondering whether it really ought to be only from
MBH, for three reasons.
(i) It is your paper/results that are being attacked.
(ii) It is difficult to endorse everything that Mike
has put in the draft
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response because I don't know 100% of the details
of MBH and the MBH
data.  Sure, I can endorse some things, but others I
wouldn't know.   Sure,
I accept Mike's explanation because he's looked at
this stuff for 4 days
and I believe he'll have got it right - but that's
different to an independent
check.  That must come from Ray or Malcolm if
possible.
(iii) If it does come to any independent assessment
of who's right and
who's wrong, then it would be difficult for us to be
involved if we had
already signed up to what some might claim to be
a knee-jerk reaction to
the M&M paper.  If that happened, then you would
want us to be free to get
involved to make sure the process was fair and
informed.

This sounds like a cop out, but - like I say - I'm not
sure about point (3) so
feel free to try to convince me otherwise if you
wish.  Anyway Keith or Phil
may be happy to sign up to a (quick or slow)
response, despite my
reservations above.

I really advise a very careful reading of M&M and
their supplementary
website to ensure that everything in the response is
clearly correct -
precisely to avoid point (2).  I've only just started
to do this, but already
have some questions about the response that Mike
has drafted.

(a) Mike, you say that many of the trees were
eliminated in the data they
used.  Have you concluded this because they
entered "NA" for "Not
available" in their appendix table?  If so, then are
you sure that "NA"
means they did not use any data, rather than
simply that they didn't
replace your data with an alternative (and hence in
fact continued to use
what Scott had supplied to them)?  Or perhaps
"NA" means they couldn't
find the PC time series published (of course!), but
in fact could find the
raw tree-ring chronologies and did their own PCA of
those?  How would
they know which raw chronologies to use?  Or did
you come to your
conclusion by downloading their "corrected and
updated" data matrix and
comparing it with yours - I've not had time to do
that, but even if I had and
I
found some differences, I wouldn't know which was
right seeing as I've
not done any PCA of western US trees myself?  My
guess would be that
they downloaded raw tree-ring chronologies
(possibly the same ones you
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used) but then applied PCA only to the period when
they all had full data -
hence the lack of PCs in the early period (which you
got round by doing
PCA on the subset that had earlier data).  But this
is only a guess, and
this is the type of thing that should be checked with
them - surely they
would respond if asked? - to avoid my point (2)
above.  And if my guess
were right, then your wording of "eliminated this
entire data set" would
come in for criticism, even though in practise it
might as well have been.

(b) The mention of ftp sites and excel files is
contradicted by their email
record on their website, which shows no mention of
excel files (they say
an ASCII file was sent) and also no record that they
knew the ftp address.
This doesn't matter really, since the reason for
them using a corrupted
data file is not relevant - the relevant thing is that it
was corrupt and had
you been involved in reviewing the paper then it
could have been found
prior to publication.  But they will use the email
record if the ftp sites and
excel files are mentioned.

(c) Not sure if you talk about peer-review in the
latest version, but note
that
they acknowledge input from reviewers and Fred
Singer's email says he
refereed it - so any statement implying it wasn't
reviewed will be met with
an easy response from them.

(d) Your quick-look reconstruction excluding many
of the tree-ring data,
and the verification RE you obtain, is interesting -
but again, don't rush
into
using these in any response.  The time series of
PC1 you sent is certainly
different from your standard one - but on the other
hand I'd hardly say you
"get a similar result" to them, the time series look
very different (see their
fig 6d).  So the dismal RE applies only to your
calculation, not to their
reconstruction.  It may turn out that their
verification RE is also very
negative, but again we cannot assume this in case
we're wrong and they
easily counter the criticism.

(e) Claims of their motives for selective censoring or
changing of data, or
for the study as a whole, may well be true but are
hard to prove.  They
would claim that their's is an honest attempt at
reproducing a key
scientific result.  If they made errors in what they
did, then maybe they're
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just completely out of their depth on this, rather
than making deliberate
errors for the purposes of achieving preferred
results.

(f) The recent tree-ring decline they refer to seems
related to
tree-ring-width not density.  Regardless of width of
density, this issue
cannot simply be dismissed as a solved problem. 
Since they don't make
much of an issue out of it, best just to ignore it.

(g) [I'm rambling now into an un-ordered list of
things, so I'll stop soon!]
The various other problems relating to temperature
data sets, detrended
standard deviations, PCs of tree-ring subsets etc.
sound likely errors -
though I've got no way of providing the
independent check that you asked
for.  But it is again a bit of a leap of faith to say
that these *explain* the
different results that they get.  Certainly they throw
doubt on the validity
of
their results, but without actually doing the same as
them it's not possible
to say if they would have replicated your results if
they hadn't made these
errors.  After all, could the infilling of missing values
have made much
difference to the results obtained, something that
they made a good deal
of fuss about?

(h) To say they "used neither the data nor the
procedures of MBH98" will
also be an easy target for them, since they did use
the data that was sent
to them and seemed to have used approximately
the method too (with
some errors that you've identified).  This
reproduced your results to some
extent (certainly not perfectly, but see Fig 6b and
6c).  Then they went
further to redo it with the "corrected and updated"
data - but only after
first
doing approximately what they claimed they did
(i.e. the audit).

These comments relate to random versions of the
draft response, so
apologies if they don't all seem relevant to the
current draft.  I don't have
these in front of me, here at home, so I'm doing
this from memory of what
I've read over the past few days.  But nevertheless,
the point is that a quick
response would ultimately require making a number
of assumptions
about what they did and assumptions about
whether this explains the
differences or not - assumptions that might be later
shot down (in part
only, at most, but still sufficient to muddy the
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debate for most outsiders).

A quick response ought to be limited to something
like:

---------------------------------------------
The recent paper by McIntyre and McKitrick (2003;
hereafter MM03) claims
to be an "audit" of the analysis of Mann, Bradley
and Hughes (1998;
hereafter MBH98).  MM03 are unable to reproduce
the Northern
Hemisphere temperature reconstruction of MBH98
when attempting to
use the same proxy data and methods as MBH98,
though they obtain
something similar with clearly anomalous recent
warming (their Figure
6c).  They then make many modifications to the
proxy data set and repeat
their analysis, and obtain a rather different result to
MBH98.

Unfortunately neither M&M nor the journal in which
it was published took
the necessary step of investigating whether the
difference between their
results and MBH98 could be explained simply by
some error or set of
errors in their use of the data or in their
implementation of the MBH98
method.  This should have been an essential step
to take in a case such
as this where the difference in results is so large
and important.  Simple
errors must first be ruled out prior to publication. 
Even if the authors had
not undertaken this by presenting their results to
the authors of MBH98,
the journal should certainly have included them as
referees of the
manuscript.

A preliminary investigation into the proxy data and
implementation of the
method has already identified a number of likely
errors, which may turn
out to be the cause of the different results.  Rather
than repeating M&M's
failure to follow good scientific practise, we are
witholding further
comments until we can - by collaboration with M&M
if possible - be certain
of exactly what changes to data and method were
made by M&M, whether
these changes can really explain the differences in
the results, and
eventually which (if any) of these changes can be
justified as equally valid
(given the various uncertainties that exist) and
which are simply errors that
invalidate their results.
-----------------------------------------

Hope you find this all helpful, and despite my
seemingly critical approach,
take them in the spirit with which they are aimed -
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which is to obtain a
strong and hard hitting rebuttal of bad science, but
a rebuttal that cannot
be buried by any minor innaccuracies or difficult-to-
prove claims.

Best regards

Tim

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX:

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

--
Professor Keith Briffa,
Climatic Research Unit
University of East Anglia
Norwich, NR4 7TJ, U.K.

Phone: 
Fax: 

http://www.cru.uea.ac.uk/cru/people/briffa/

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

Dr Timothy J Osborn
Climatic Research Unit
School of Environmental Sciences, University of East Anglia
Norwich  NR4 7TJ, UK

e-mail:   t.osborn@uea.ac.uk
phone:    
fax:      
web:      http://www.cru.uea.ac.uk/~timo/
sunclock: http://www.cru.uea.ac.uk/~timo/sunclock.htm

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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NOTE ON PAPER BY MCINTYRE AND MCKITRICK IN "ENERGY AND ENVIRONMENT" 
 
Michael E. Mann, Raymond S. Bradley   
(note: Malcolm. K. Hughes is traveling and unavailable for a reply) 
 
The recent paper by McIntyre and McKitrick (Energy and Environment, 14, 751-771, 2003) 
claims to be an "audit" of the analysis of Mann, Bradley and Hughes (1998) or "MBH98".  An 
audit involves a careful examination, using the same data and following the exact procedures 
used in the report or study being audited.  McIntyre and McKitrick ("MM") have done no such 
thing, having used neither the data nor the procedures of MBH98. On the contrary, their analysis 
appears seriously flawed and amounts to a gross misrepresentation of the work of MBH98. Any 
reputable scientific journal, receiving critical comments on a published paper would have strived 
to  provide the authors being criticized with an opportunity to review the criticism prior to 
publication, and offer them the chance to respond.  Mann and colleagues were given no such 
opportunity.  
 
We will refrain from making categorical statements as to the specific motives, but we will state 
that it seems clear that MM have made critical errors in their analysis that have the effect of 
grossly distorting the reconstruction of MBH98. Key indicators of the original MBH98 network 
appear to have been omitted for the early period 1400-1600, with major consequences for the 
character of the MM reconstruction of Northern Hemisphere temperatures over that interval. 
 
MM do not list the number of indicators in their putative version of the MBH network (which is 
based on an odd combination of data from MBH98 and other sources). The reader must do a 
considerable amount of detective work, based on scrutiny of the Tables in their pages 20-23 and 
the indicated data links, to determine just what data have been eliminated from the original MBH 
network. A preliminary attempt to do this already demonstrates that their deletion of key early 
proxy information produces anomalous warming in the 15th century at odds with the 
reconstructed cold conditions of the period by MBH98 and virtually all other published Northern 
Hemisphere temperature reconstructions. 
 
MM effectively censor key proxy indicators from the MBH98 network by the following actions: 
 
1) MM (see their Figure 4) substitute a shorter version (available back to mid 16th century) of 
one of the Jacoby et al (1989) Northern Treeline ring width series for the longer version 
(available back to mid 15th century) used by MBH98.  
 
2) MM eliminate, without any justification, the entire dataset of 70 Western North American 
(WNA) tree-ring series available between 1400 and 1600. This dataset is represented, by 
MBH98, in terms of a smaller number of representative Principal Component (PC) time series 
for each interval.  The authors eliminate all of these data by not following (see technical point 
"b" later on in this document) the procedure of MBH98 of calculating the PC series separately 
for all intervals used in their stepwise reconstruction approach (this allows for all data available 
to be used in each interval of the reconstruction). The leading pattern of variance in this data set 
exhibits conditions from 1400-1800 that are dramatically colder than the mid and late 20th  
century, and a very prominent cooling in the 15th century in particular. All of the original 
individual WNA data is all available on the public ftp site provided by Mann and colleagues: 
ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/ITRDB/NOAMER/, and on the  NOAA 
Paleoclimatology website: ftp://ftp.ngdc.noaa.gov/paleo/treering/chronologies/northamerica/usa 
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3) MM eliminate the entire  dataset of Stahle and coworkers of Southwestern U.S./Mexican late 
wood ring width measurements prior to the 17th century (12  back to 1500, 6 back to 1400) 
under the same false procedural premise described in (2). Once again, the data were available at 
the  Mann et al public ftp site: ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/STAHLE/SWM/ 
 
We have not determined yet, just how many important indicators were censored from the 
MBH98 dataset by the various subjective substitutions described by MM on pages 20-23. 
However, we have confirmed that elimination of the critical datasets (1)-(3) alone from the 
MBH98 network during the interval AD 1400-1500 yields the spurious result obtained by MM. 
(see Figure). 

 
FIGURE COMPARING MBH98 RECONSTRUCTION (BLUE) WITH 
RECONSTRUCTION RESULTING FROM THE CENSORING OF KEY PROXY DATA 
SETS (1)-(3) OVER THE AD 1400-1500 INTERVAL. THIS IS OBSERVED TO BE 
ESSENTIALLY EQUIVALENT TO THE CENSORING OF MBH98 DATA 
PERFORMED BY MM. (BOTH SERIES SMOOTHED WITH A 40 YEAR LOWPASS 
FILTER) 
 
MBH98 employed the standard statistical tool of cross-validation to verify the skill of their 
reconstructions. Since increasingly sparse networks are used progressively farther back in time, a 
series of cross-validation experiments have to be performed to estimate the skill for different 
time intervals. For the AD 1400-1500 period, this involves, in MBH98, performing the 
reconstruction over the interval 1400-1901 based on calibration against the instrumental record 
over the interval 1902-1980,  using  the specific network of proxy indicators available for the AD 
1400-1500 period. The reconstruction is then independently compared against the instrumental 
record over the interval (1854-1901) not used for calibration. The skill can be described by a 
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verification coefficient of determination (RE), which is bounded by negative infinity and positive 
one, with substantially positive numbers indicative of  predictive skill. The mean expected value 
for a random estimate is -1.  
 
For the reconstruction with the data censored in a manner similar to that implicit in the MM 
approach, the RE score (-6.6) is far worse than even a typical random estimate, and such a result 
would have been discarded as unreliable based on the cross-validation protocol used by MBH98. 
 
The anomalous warm values during the 15th century are the artifact of an entirely unreliable 
statistical estimate.   By contrast, the MBH98 reconstruction indicates an RE of 0.42 for the 
1400-1500 interval, indicative of significant predictive skill during that time interval. 
 
The above discussion  should be adequate to provide readers with a sense of the depth of the 
flaws underlying the reconstruction achieved by  MM that is so at odds with  at least a dozen 
other recently published empirical and model-based estimates of Northern Hemisphere mean 
temperature changes in past centuries.   
 
There are numerous other additional, more technical  problems in their approach that would have 
rendered the MM analysis flawed irrespective of the censoring of important data. We briefly list 
the few most significant of these: 
 
(a) Use of Internally Inconsistent Surface Temperature Estimates 
 
MM combine gridpoint standard deviations estimated from one version of the University of East 
Anglia surface temperature record, with standardized EOFs from MBH98 based on a different 
temperature data set. MM also inconsistently use standard deviations of un-detrended data, while 
MBH98 had normalized their EOFs by detrended gridpoint standard deviations. 
 
(b) Incorrect representation of the MBH98 proxy data set.  
 
MBH98 calculated PCs of proxy sub-networks separately for each interval in their stepwise 
reconstruction. This is the only sensible approach, as it allows all data available over each sub-
interval to be used. This requires 159 independent time series to represent all indicators required 
for reconstructions of all possible sub-intervals, even though the maximum number ever used for 
a particular sub-interval is 112. 
 
(c) Lack of the use of an objective criterion in the determination of the number of retained 
instrumental PCs in the reconstruction: 
 
Since the proxy data network developed by MM differed from that used by MBH98 for all 
intervals, it was inappropriate for MM to use the same instrumental temperature eigenvector 
subsets that had been selected by MBH98 for their reconstruction. The subsets were selected by 
MBH98 based on the application of an objective criterion to the specific available proxy 
networks available, and were optimized with respect to those networks. The basis sets used by 
MM have thus not been optimized with respect to the different proxy network they actually use. 
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From: Michael E. Mann
To: Tim Osborn; mhughes@ltrr.arizona.edu
Cc: p.jones; raymond s. bradley; Keith Briffa
Subject: Re: No sign-off from Malcolm until  11/5
Date: Friday, October 31, 2003 5:51:45 AM
Attachments: EandEPaperProblem.doc

EandEPaperProblem.pdf

Dear All,

A few typos fixed, full reference of Nature article put in ,etc.

I propose this as the final version. I've changed the title of the document to
something slightly more self-explanatory, so people will know what it is when they
see it in their attachment folder...

I will contact Steve Schneider about publishing this in "Climatic Change", while you
guys pursue the possibility of an article on this in Nature. Perhaps Heike/Nature will
want to broach the issue of calling for a retraction of the E&E paper that did a
diservice to them as well as us...

By th

mike

At 11:56 AM 10/31/2003 +0000, Tim Osborn wrote:

At 11:47 31/10/2003, Michael E. Mann wrote:

Folks,

Do we sign this

Michael E. Mann
Raymond S. Bradley

or do we assume that Malcolm simply hadn't read the various
emails from Phil, Keith expressing that we are basically happy
w/ it now, and sign his name to this.

This is a really unfortunate conundrum

mike

Malcolm may not have had time to see the latest version and the various
opinions that it is a good document.  But I would think it best to sign it
just Mann & Bradley for this "media" version.  If anyone asks, any of us
can simply tell the truth which is that the reason for Malcolm not signing it
is not that he disagrees, but that he is travelling and unable to confirm his
agreement.

Then when you submit it to a journal - as I said before, we need to have
something we can cite - you will have time to add Malcolm's name and
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the published rebuttal will be from all of you, as it should be.

Cheers

Tim

Dr Timothy J Osborn
Climatic Research Unit
School of Environmental Sciences, University of East Anglia
Norwich  NR4 7TJ, UK

e-mail:   t.osborn@uea.ac.uk
phone:    
fax:      
web:      http://www.cru.uea.ac.uk/~timo/
sunclock: http://www.cru.uea.ac.uk/~timo/sunclock.htm

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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NOTE ON PAPER BY MCINTYRE AND MCKITRICK IN "ENERGY AND ENVIRONMENT" 
 
Michael E. Mann, Raymond S. Bradley   
(note: Malcolm. K. Hughes is traveling and unavailable for a reply) 
 
The recent paper by McIntyre and McKitrick (Energy and Environment, 14, 751-771, 2003) 
claims to be an "audit" of the analysis of Mann, Bradley and Hughes (Nature, 392, 779-787, 
1998) or "MBH98".  An audit involves a careful examination, using the same data and following 
the exact procedures used in the report or study being audited.  McIntyre and McKitrick ("MM") 
have done no such thing, having used neither the data nor the procedures of MBH98. On the 
contrary, their analysis appears seriously flawed and amounts to a gross misrepresentation of the 
work of MBH98. Any reputable scientific journal, receiving critical comments on a published 
paper would have strived to  provide the authors being criticized with an opportunity to review 
the criticism prior to publication, and offer them the chance to respond.  Mann and colleagues 
were given no such opportunity.  
 
We will refrain from making categorical statements as to the specific motives, but we will state 
that it seems clear that MM have made critical errors in their analysis that have the effect of 
grossly distorting the reconstruction of MBH98. Key indicators of the original MBH98 network 
appear to have been omitted for the early period 1400-1600, with major consequences for the 
character of the MM reconstruction of Northern Hemisphere temperatures over that interval. 
 
MM do not list the number of indicators in their putative version of the MBH network (which is 
based on an odd combination of data from MBH98 and other sources). The reader must do a 
considerable amount of detective work, based on scrutiny of the Tables in their pages 20-23 and 
the indicated data links, to determine just what data have been eliminated from the original MBH 
network. A preliminary attempt to do this already demonstrates that their deletion of key early 
proxy information produces anomalous warming in the 15th century at odds with the 
reconstructed cold conditions of the period by MBH98 and virtually all other published Northern 
Hemisphere temperature reconstructions. 
 
MM effectively censor key proxy indicators from the MBH98 network by the following actions: 
 
1) MM (see their Figure 4) substitute a shorter version (available back to mid 16th century) of 
one of the Jacoby et al (1989) Northern Treeline ring width series for the longer version 
(available back to mid 15th century) used by MBH98.  
 
2) MM eliminate, without any justification, the entire dataset of 70 Western North American 
(WNA) tree-ring series available between 1400 and 1600. This dataset is represented, by 
MBH98, in terms of a smaller number of representative Principal Component (PC) time series 
for each interval.  The authors eliminate all of these data by not following (see technical point 
"b" later on in this document) the procedure of MBH98 of calculating the PC series separately 
for all intervals used in their stepwise reconstruction approach (this allows for all data available 
to be used in each interval of the reconstruction). The leading pattern of variance in this data set 
exhibits conditions from 1400-1800 that are dramatically colder than the mid and late 20th  
century, and a very prominent cooling in the 15th century in particular. All of the original 
individual WNA data is all available on the public ftp site provided by Mann and colleagues: 
ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/ITRDB/NOAMER/, and on the  NOAA 
Paleoclimatology website: ftp://ftp.ngdc.noaa.gov/paleo/treering/chronologies/northamerica/usa 
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3) MM eliminate the entire  dataset of Stahle and coworkers of Southwestern U.S./Mexican late 
wood ring width measurements prior to the 17th century (12  back to 1500, 6 back to 1400) 
under the same false procedural premise described in (2). Once again, the data were available at 
the  Mann et al public ftp site: ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/STAHLE/SWM/ 
 
We have not determined yet, just how many important indicators were censored from the 
MBH98 dataset by the various subjective substitutions described by MM on pages 20-23. 
However, we have confirmed that elimination of the critical datasets (1)-(3) alone from the 
MBH98 network during the interval AD 1400-1500 yields the spurious result obtained by MM. 
(see Figure). 

 
FIGURE COMPARING MBH98 RECONSTRUCTION (BLUE) WITH 
RECONSTRUCTION RESULTING FROM THE CENSORING OF KEY PROXY DATA 
SETS (1)-(3) OVER THE AD 1400-1500 INTERVAL. THIS IS OBSERVED TO BE 
ESSENTIALLY EQUIVALENT TO THE CENSORING OF MBH98 DATA 
PERFORMED BY MM. (BOTH SERIES SMOOTHED WITH A 40 YEAR LOWPASS 
FILTER) 
 
MBH98 employed the standard statistical tool of cross-validation to verify the skill of their 
reconstructions. Since increasingly sparse networks are used progressively farther back in time, a 
series of cross-validation experiments have to be performed to estimate the skill for different 
time intervals. For the AD 1400-1500 period, this involves, in MBH98, performing the 
reconstruction over the interval 1400-1901 based on calibration against the instrumental record 
over the interval 1902-1980,  using  the specific network of proxy indicators available for the AD 
1400-1500 period. The reconstruction is then independently compared against the instrumental 
record over the interval (1854-1901) not used for calibration. The skill can be described by a 
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verification coefficient of determination (RE), which is bounded by negative infinity and positive 
one, with substantially positive numbers indicative of  predictive skill. The mean expected value 
for a random estimate is -1.  
 
For the reconstruction with the data censored in a manner similar to that implicit in the MM 
approach, the RE score (-6.6) is far worse than even a typical random estimate, and such a result 
would have been discarded as unreliable based on the cross-validation protocol used by MBH98. 
 
The anomalous warm values during the 15th century are the artifact of an entirely unreliable 
statistical estimate.   By contrast, the MBH98 reconstruction indicates an RE of 0.42 for the 
1400-1500 interval, indicative of significant predictive skill during that time interval. 
 
The above discussion  should be adequate to provide readers with a sense of the depth of the 
flaws underlying the reconstruction achieved by  MM that is so at odds with  at least a dozen 
other recently published empirical and model-based estimates of Northern Hemisphere mean 
temperature changes in past centuries.   
 
There are numerous other additional, more technical  problems in their approach that would have 
rendered the MM analysis flawed irrespective of the censoring of important data. We briefly list 
the few most significant of these: 
 
(a) Use of Internally Inconsistent Surface Temperature Estimates 
 
MM combine gridpoint standard deviations estimated from one version of the University of East 
Anglia surface temperature record, with standardized EOFs from MBH98 based on a different 
temperature data set. MM also inconsistently use standard deviations of un-detrended data, while 
MBH98 had normalized their EOFs by detrended gridpoint standard deviations. 
 
(b) Incorrect representation of the MBH98 proxy data set.  
 
MBH98 calculated PCs of proxy sub-networks separately for each interval in their stepwise 
reconstruction. This is the only sensible approach, as it allows all data available over each sub-
interval to be used. This requires 159 independent time series to represent all indicators required 
for reconstructions of all possible sub-intervals, even though the maximum number ever used for 
a particular sub-interval is 112. By not following this protocol, MM effectively censored in the 
range of 100 proxy series used by MBH98 over the interval 1400-1600. 
 
(c) Lack of the use of an objective criterion in the determination of the number of retained 
instrumental PCs in the reconstruction: 
 
Since the proxy data network developed by MM differed from that used by MBH98 for all 
intervals, it was inappropriate for MM to use the same instrumental temperature eigenvector 
subsets that had been selected by MBH98 for their reconstruction. The subsets were selected by 
MBH98 based on the application of an objective criterion to the specific available proxy 
networks available, and were optimized with respect to those networks. The basis sets used by 
MM have thus not been optimized with respect to the different proxy network they actually use. 
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From: Michael E. Mann
To: Tim Osborn; mhughes@ltrr.arizona.edu
Cc: p.jones; raymond s. bradley; Keith Briffa
Subject: Re: No sign-off from Malcolm until  11/5
Date: Friday, October 31, 2003 6:05:01 AM
Attachments: EandEPaperProblem.pdf

EandEPaperProblem.doc

sorry, one yet last (promise) final version on my part. Note also the slightly revised
title of the document. I won't touch it again! Apologies...

Mike

p.s. Malcolm, when you get back, sorry that it worked this way. I wish we had
known in advance your schedule, given the timeline we were working under. 

At 11:56 AM 10/31/2003 +0000, Tim Osborn wrote:

At 11:47 31/10/2003, Michael E. Mann wrote:

Folks,

Do we sign this

Michael E. Mann
Raymond S. Bradley

or do we assume that Malcolm simply hadn't read the various
emails from Phil, Keith expressing that we are basically happy
w/ it now, and sign his name to this.

This is a really unfortunate conundrum

mike

Malcolm may not have had time to see the latest version and the various
opinions that it is a good document.  But I would think it best to sign it
just Mann & Bradley for this "media" version.  If anyone asks, any of us
can simply tell the truth which is that the reason for Malcolm not signing it
is not that he disagrees, but that he is travelling and unable to confirm his
agreement.

Then when you submit it to a journal - as I said before, we need to have
something we can cite - you will have time to add Malcolm's name and
the published rebuttal will be from all of you, as it should be.

Cheers

Tim

Dr Timothy J Osborn

ABOR/MH/Priv-001218



Climatic Research Unit
School of Environmental Sciences, University of East Anglia
Norwich  NR4 7TJ, UK

e-mail:   t.osborn@uea.ac.uk
phone:    
fax:      
web:      http://www.cru.uea.ac.uk/~timo/
sunclock: http://www.cru.uea.ac.uk/~timo/sunclock.htm

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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NOTE ON PAPER BY MCINTYRE AND MCKITRICK IN "ENERGY AND ENVIRONMENT" 
 
Michael E. Mann, Raymond S. Bradley   
(note: Malcolm. K. Hughes is traveling and unavailable for a reply) 
 
The recent paper by McIntyre and McKitrick (Energy and Environment, 14, 751-771, 2003) 
claims to be an "audit" of the analysis of Mann, Bradley and Hughes (Nature, 392, 779-787, 
1998) or "MBH98".  An audit involves a careful examination, using the same data and following 
the exact procedures used in the report or study being audited.  McIntyre and McKitrick ("MM") 
have done no such thing, having used neither the data nor the procedures of MBH98. On the 
contrary, their analysis appears seriously flawed and amounts to a gross misrepresentation of the 
work of MBH98. Any reputable scientific journal, receiving critical comments on a published 
paper would have strived to  provide the authors being criticized with an opportunity to review 
the criticism prior to publication, and offer them the chance to respond.  Mann and colleagues 
were given no such opportunity.  
 
We will refrain from making categorical statements as to the specific motives, but we will state 
that it seems clear that MM have made critical errors in their analysis that have the effect of 
grossly distorting the reconstruction of MBH98. Key indicators of the original MBH98 network 
appear to have been omitted for the early period 1400-1600, with major consequences for the 
character of the MM reconstruction of Northern Hemisphere temperatures over that interval. 
 
MM do not list the number of indicators in their putative version of the MBH network (which is 
based on an odd combination of data from MBH98 and other sources). The reader must do a 
considerable amount of detective work, based on scrutiny of the Tables in their pages 20-23 and 
the indicated data links, to determine just what data have been eliminated from the original MBH 
network. A preliminary attempt to do this already demonstrates that their deletion of key early 
proxy information produces anomalous warming in the 15th century at odds with the 
reconstructed cold conditions of the period by MBH98 and virtually all other published Northern 
Hemisphere temperature reconstructions. 
 
MM effectively censor key proxy indicators from the MBH98 network by the following actions: 
 
1) MM (see their Figure 4) substitute a shorter version (available back to mid 16th century) of 
one of the Jacoby et al (1989) Northern Treeline ring width series for the longer version 
(available back to mid 15th century) used by MBH98.  
 
2) MM eliminate, without any justification, the entire dataset of 70 Western North American 
(WNA) tree-ring series available between 1400 and 1600. This dataset, as several other regional 
tree-ring data networks, is represented, by MBH98, in terms of a smaller number of 
representative Principal Component (PC) time series for each interval.  The authors eliminate all 
of these data by not following (see technical point "b" later on in this document) the procedure of 
MBH98 of calculating the PC series separately for all intervals used in their stepwise 
reconstruction approach (this allows for all data available to be used in each interval of the 
reconstruction). The leading pattern of variance in this data set exhibits conditions from 1400-
1800 that are dramatically colder than the mid and late 20th  century, and a very prominent 
cooling in the 15th century in particular. The original individual proxy data used by MBH, 
including all of the WNA data have been available since May 2000 on the public ftp site 
provided by Mann and colleagues: ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/ITRDB/NOAMER/, 
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and on the  NOAA Paleoclimatology website: 
ftp://ftp.ngdc.noaa.gov/paleo/treering/chronologies/northamerica/usa 
 
3) MM eliminate the entire  dataset of Stahle and coworkers of Southwestern U.S./Mexican late 
wood ring width measurements prior to the 17th century (12  back to 1500, 6 back to 1400) 
under the same false procedural premise described in (2). Once again, the data were available at 
the  Mann et al public ftp site: ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/STAHLE/SWM/ 
 
We have not determined yet, just how many important indicators were censored from the 
MBH98 dataset by the various subjective substitutions described by MM on pages 20-23. 
However, we have confirmed that elimination of the critical datasets (1)-(3) alone from the 
MBH98 network during the interval AD 1400-1500 yields the spurious result obtained by MM. 
(see Figure). 

 
FIGURE COMPARING MBH98 RECONSTRUCTION (BLUE) WITH 
RECONSTRUCTION RESULTING FROM THE CENSORING OF KEY PROXY DATA 
SETS (1)-(3) OVER THE AD 1400-1500 INTERVAL. THIS IS OBSERVED TO BE 
ESSENTIALLY EQUIVALENT TO THE CENSORING OF MBH98 DATA 
PERFORMED BY MM. (BOTH SERIES SMOOTHED WITH A 40 YEAR LOWPASS 
FILTER) 
 
MBH98 employed the standard statistical tool of cross-validation to verify the skill of their 
reconstructions. Since increasingly sparse networks are used progressively farther back in time, a 
series of cross-validation experiments have to be performed to estimate the skill for different 
time intervals. For the AD 1400-1500 period, this involves, in MBH98, performing the 
reconstruction over the interval 1400-1901 based on calibration against the instrumental record 
over the interval 1902-1980,  using  the specific network of proxy indicators available for the AD 
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1400-1500 period. The reconstruction is then independently compared against the instrumental 
record over the interval (1854-1901) not used for calibration. The skill can be described by a 
verification coefficient of determination (RE), which is bounded by negative infinity and positive 
one, with substantially positive numbers indicative of  predictive skill. The mean expected value 
for a random estimate is -1.  
 
For the reconstruction with the data censored in a manner similar to that implicit in the MM 
approach, the RE score (-6.6) is far worse than even a typical random estimate, and such a result 
would have been discarded as unreliable based on the cross-validation protocol used by MBH98. 
 
The anomalous warm values during the 15th century are the artifact of an entirely unreliable 
statistical estimate.   By contrast, the MBH98 reconstruction indicates an RE of 0.42 for the 
1400-1500 interval, indicative of significant predictive skill during that time interval. 
 
The above discussion  should be adequate to provide readers with a sense of the depth of the 
flaws underlying the reconstruction achieved by  MM that is so at odds with  at least a dozen 
other recently published empirical and model-based estimates of Northern Hemisphere mean 
temperature changes in past centuries.   
 
There are numerous other additional, more technical  problems in their approach that would have 
rendered the MM analysis flawed irrespective of the censoring of important data. We briefly list 
the few most significant of these: 
 
(a) Use of Internally Inconsistent Surface Temperature Estimates 
 
MM combine gridpoint standard deviations estimated from one version of the University of East 
Anglia surface temperature record, with standardized EOFs from MBH98 based on a different 
temperature data set. MM also inconsistently use standard deviations of un-detrended data, while 
MBH98 had normalized their EOFs by detrended gridpoint standard deviations. 
 
(b) Incorrect representation of the MBH98 proxy data set.  
 
MBH98 calculated PCs of proxy sub-networks separately for each interval in their stepwise 
reconstruction. This is the only sensible approach, as it allows all data available over each sub-
interval to be used. This requires 159 independent time series to represent all indicators required 
for reconstructions of all possible sub-intervals, even though the maximum number ever used for 
a particular sub-interval is 112. By not following this protocol, MM effectively censored in the 
range of 100 proxy series used by MBH98 over the interval 1400-1600. 
 
(c) Lack of the use of an objective criterion in the determination of the number of retained 
instrumental PCs in the reconstruction: 
 
Since the proxy data network developed by MM differed from that used by MBH98 for all 
intervals, it was inappropriate for MM to use the same instrumental temperature eigenvector 
subsets that had been selected by MBH98 for their reconstruction. The subsets were selected by 
MBH98 based on the application of an objective criterion to the specific available proxy 
networks available, and were optimized with respect to those networks. The basis sets used by 
MM have thus not been optimized with respect to the different proxy network they actually use. 
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From: raymond s. bradley
To: Michael E. Mann; t.osborn@uea.ac.uk; k.briffa@uea.ac.uk; p.jones@uea.ac.uk; mhughes@ltrr.arizona.edu
Subject: My perspective on the latest draft
Date: Friday, October 31, 2003 6:16:46 AM

I just reviewed all the back & forth from Tim, Keith etc.  and finally
found the latest version of what you propose to send out.
1) I think this sentence is unnecessarily inflammatory and needs to be changed:
We will refrain from making categorical statements as to the specific
motives, but we will state that it seems clear that MM have made critical
errors in their analysis that have the effect of grossly distorting the
reconstruction of MBH98.
Just state:
It seems clear that MM have made critical errors in their analysis that
have the effect of grossly distorting the reconstruction of MBH98.
Since we "refrain from making categorical statements"....why say that?

2) I must say that I very much agree with Tim that we have to be careful
not to say ANYTHING--no matter how trivial--that is not absolutely,
unimpeachably correct, or it will inevitably lead to a response that will
only further confuse and alienate even the most willing of
observers.  Thus, the text we release must not include ANYTHING that could
be argued about.  It would be better to make only one point that is
unarguably correct than to list a bunch of points, if ANY of them could be
disagreed with as a matter of opinion.  Please go through the text and
eliminate anything that meets this criterion.

Finally, I really don't understand what the rush is.  Why is an 8am EST
release so critical?  It's Friday--will this really matter if it doesn't go
out until Monday-- or even Wednesday as MKH requests.
Seriously, M & M have done a lot of damage, but Mike, you are too wrapped
up in this to see that a few days at this point won't make a hill of beans
difference.  The Senate debate is over, Nature and Science etc won't act
with such urgency, so better to slow down here.  I'd rather have MKH's
endorsement of this and I think we should wait until he has time to see it too.

Now you are mad as hell at me, I know.  So let me say that you have done an
amazing job of deciphering what MM did, and I greatly admire your tenacity
and insight into all of this.  Clearly as "The Man" of Mann et al, it's you
who bears the brunt of all criticism, just as you deserve the bulk of the
credit for the work in the first place.  But Tim's comments are right on
target...and a few days of sober reflection won't hurt anything....and
might just avoid falling foul of some problem none of us has yet had time
to think about.  I know I have hardly time over the last few days to do due
diligence on this, and obviously Malcolm has not even skimmed the surface
of what's gone on....
Ray

At 07:18 AM 10/31/2003 -0500, you wrote:
>Thanks Tim,
>
>Sounds like the best possible plan under the circumstances. Attached is
>the revised (final?) version, see the note about Malcolm Hughes unable for
>comment--does this seem ok?
>
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>If this looks good to you guys, you don't see any typos, etc. lets
>consider this the final version. I've attached it in both word and
>pdf--only the pdf should probably be sent around.
>
>As per your suggestions, I'll await receipt of your CLIMLIST/SCEPTICSLIST
>email to send this together to other outlets for joint posting. Will you
>guys will send out to all of the other scientists, etc. who' Timmerata,
>etc. emailed too?
>
>The appropriate outlets would be: EDF, other NGO groups, Ross Gelbspan's
>site, David Appell's blog, etc...
>
>So I'll await further word from you,
>
>thanks again,
>
>mike
>
>At 12:05 PM 10/31/2003 +0000, Tim Osborn wrote:
>>Mike et al.,
>>
>>we (Keith and I) are happy with this strategy.  Rebuttal will be signed
>>Mann and Bradley (Hughes to be added later when available to
>>confirm/modify) and circulated to allies/friends first.
>>
>>As soon as we get a final version from Mike, Keith will forward it with a
>>message to Heike.
>>
>>We will also draft an email from Keith, me and Phil to send to the email
>>lists, expressing our views on this and attaching your final version.
>>
>>As to other people that you mention (Science, EFD), we'll leave that to
>>you, Mike, to do - though you may well want to use our
>>CLIMLIST/SCEPTICSLIST email AND your final version together to send to
>>them, so might want to wait till we've drafted that email.
>>
>>Cheers
>>
>>Tim
>>
>>At 11:17 31/10/2003, Michael E. Mann wrote:
>>>Keith,
>>>
>>>Thanks--that sounds absolutely great.
>>>
>>>I suggest the following
>>>
>>>1) I'll fix any remaining typos I find, and incorporate the latest
>>>comments received from you guys. I expect that I can finalize this in 15
>>>minutes or so--I agree that this needs to get out by 8:00 AM eastern
>>>standard time, U.S.
>>>
>>>I like where Keith is heading in terms of discussion of the strategy.
>>>
>>>Why don't we sign this document, "Mann, Bradley, Hughes" that will be
>>>ready for distribute to our closest colleagues and allies. I'll prepare
>>>a PDF version for distribution, to make it difficult for others to alter
>>>(you never know w/ these folks)...
>>>
>>>Should I go ahead and forward this document to Heike, then, in an email?
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>>>Also, should I send this to Dick Kerr at Science separately--Dick has
>>>often been helpful. And maybe Jesse Smith at Science, and a few key
>>>journalists (Andy Revkin at New York Times)?
>>>
>>>Perhaps, then, Keith, Tim, Phil--you guys, as Keith suggests, can draft
>>>a separate email to go out to the skepticlist (and all of the scientists
>>>who were forward it), the CLIMLIST, etc. stating your opinons on this,
>>>and perhaps *attaching* at supporting evidence the document signed by
>>>Mann, Bradley, Hughes?
>>>
>>>Also, do we ask organizations like Environmental Defense Fund, etc. to
>>>post *both* documents (our document, your supporting email) on their
>>>websites, etc?
>>>
>>>What do you guys think?
>>>
>>>Thank-you guys have been wonderful, and I am most personally gracious.
>>>This will not soon be forgotten...
>>>
>>>mike
>>>
>>>At 10:47 AM 10/31/2003 +0000, Keith Briffa wrote:
>>>>Hi all - I too have had some problems as to which specific version is
>>>>where we are at - BUT I think the latest draft as sent by Mike really
>>>>is virtually there (perhaps some typos to be ironed out (e.g. 'were'
>>>>instead of 'was' on line 7 of point 2) but I am generally very happy
>>>>with the tone and balance . Much of Tim's fears (justifiable points on
>>>>not providing them with wiggle out and distraction options) are allayed
>>>>by the calm provisos about not being categorical etc. The question now
>>>>arises as to how to put this out - I believe it does need to go out
>>>>early so as to be available when the rest of the press start to pick up
>>>>the MM propaganda . Whether it should be just signed by MBH is up to
>>>>you . I AM NOT averse to signing , but wonder whether it is a better
>>>>tactic to put out a separate statement (us , Tom W. and whoever as
>>>>suggested by Ray , saying we abhor the way this MM paper has been
>>>>published and publicised without proper scrutiny). I fully agree with
>>>>the statement as now written however , and willing to go with the
>>>>majority view. My suggestion about redoing the "audit" was made in good
>>>>faith and in no way implied I concurred with MM ( in case anyone got
>>>>the impression that I was not wholly "on side" here).
>>>>So what does everyone else say now?
>>>>REGARDING NATURE -  spoke to Heike Langenberg , in the London office
>>>>and she said it sounded like a potential NEWS item , and asked me to
>>>>send some details by email and she would forward to the appropriate
>>>>office - seemed positive. I will do. The statement (s) should anyway go
>>>>soon on CLIMLIST and then we could quietly contact a few people we know
>>>>in the media ?
>>>>
>>>>
>>>>Keith
>>>>
>>>>At 05:38 AM 10/31/03 -0500, Michael E. Mann wrote:
>>>>>p.s. Keith, any word from Nature. Should I contact them independently?
>>>>>And what about Science? Or "Climatic Change" (I have little doubt that
>>>>>Steve S could find justification to publish this their in an instant)...
>>>>>
>>>>>thoughts?
>>>>>
>>>>>mike
>>>>>
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>>>>>At 03:01 AM 10/31/2003 +0000, f055 wrote:
>>>>>>Dear all,
>>>>>>
>>>>>>I've just finished preparing a detailed response offline, only to log
>>>>>>on to
>>>>>>send it to you all and find new versions from Mike plus more comments
>>>>>>and information.  Well, I don't have time to change my message now, so
>>>>>>will paste it below this message.  But bear in mind that the new
>>>>>>draft may
>>>>>>well have allayed many of my concerns - in particular, a quick glance
>>>>>>shows the figure to be much more convincing than the one Mike circulated
>>>>>>earlier, indeed it seems to be utterly convincing!   I'll reply again on
>>>>>>Friday
>>>>>>morning once I've had time to read the new draft.  In the meantime,
>>>>>>here is
>>>>>>my message as promised.
>>>>>>
>>>>>>
>>>>>>************************************************************
>>>>>>Dear MBH (cc to CRU),
>>>>>>
>>>>>>The number of emails has been rather overwhelming on this issue and
>>>>>>I'm struggling to catch up with them!  But I will attempt to catch up
>>>>>>with a
>>>>>>few things here...
>>>>>>
>>>>>>(1) The single worst thing about the whole M&M saga is not that they did
>>>>>>their study, not that they did things wrong (deliberately or by
>>>>>>accident), but
>>>>>>that neither they nor the journal took the necessary step of
>>>>>>investigating
>>>>>>whether the difference between their results and yours could be explained
>>>>>>simply by some error or set of errors in their use of the data or in
>>>>>>their
>>>>>>implementation of your method.  If it turns out, as looks likely from
>>>>>>Mike's
>>>>>>investigation of this, that their results are erroneous, then they
>>>>>>and the
>>>>>>journal will have wasted countless person-hours of time and caused
>>>>>>much damage in the climate policy arena.
>>>>>>
>>>>>>(2) Given that this is the single worst thing about the saga, we must
>>>>>>not go
>>>>>>and do exactly the same in rushing out a response to their paper.  If
>>>>>>some
>>>>>>claims in the response turned out to be wrong, based on assumptions
>>>>>>about what M&M did or assumptions about how M&M's assumptions
>>>>>>affect the results, then it would end up with a number of iterations
>>>>>>of claim
>>>>>>and counter claim.  Ultimately the issue might be settled, but by
>>>>>>then the
>>>>>>waters could be so muddied that it didn't matter.
>>>>>>
>>>>>>(3) Not only do I advise against an overly rushed response, but I'm also
>>>>>>wondering whether it really ought to be only from MBH, for three reasons.
>>>>>>(i) It is your paper/results that are being attacked.
>>>>>>(ii) It is difficult to endorse everything that Mike has put in the draft
>>>>>>response because I don't know 100% of the details of MBH and the MBH
>>>>>>data.  Sure, I can endorse some things, but others I wouldn't
>>>>>>know.   Sure,
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>>>>>>I accept Mike's explanation because he's looked at this stuff for 4 days
>>>>>>and I believe he'll have got it right - but that's different to an
>>>>>>independent
>>>>>>check.  That must come from Ray or Malcolm if possible.
>>>>>>(iii) If it does come to any independent assessment of who's right and
>>>>>>who's wrong, then it would be difficult for us to be involved if we had
>>>>>>already signed up to what some might claim to be a knee-jerk reaction to
>>>>>>the M&M paper.  If that happened, then you would want us to be free
>>>>>>to get
>>>>>>involved to make sure the process was fair and informed.
>>>>>>
>>>>>>This sounds like a cop out, but - like I say - I'm not sure about
>>>>>>point (3) so
>>>>>>feel free to try to convince me otherwise if you wish.  Anyway Keith
>>>>>>or Phil
>>>>>>may be happy to sign up to a (quick or slow) response, despite my
>>>>>>reservations above.
>>>>>>
>>>>>>I really advise a very careful reading of M&M and their supplementary
>>>>>>website to ensure that everything in the response is clearly correct -
>>>>>>precisely to avoid point (2).  I've only just started to do this, but
>>>>>>already
>>>>>>have some questions about the response that Mike has drafted.
>>>>>>
>>>>>>(a) Mike, you say that many of the trees were eliminated in the data they
>>>>>>used.  Have you concluded this because they entered "NA" for "Not
>>>>>>available" in their appendix table?  If so, then are you sure that "NA"
>>>>>>means they did not use any data, rather than simply that they didn't
>>>>>>replace your data with an alternative (and hence in fact continued to use
>>>>>>what Scott had supplied to them)?  Or perhaps "NA" means they couldn't
>>>>>>find the PC time series published (of course!), but in fact could
>>>>>>find the
>>>>>>raw tree-ring chronologies and did their own PCA of those?  How would
>>>>>>they know which raw chronologies to use?  Or did you come to your
>>>>>>conclusion by downloading their "corrected and updated" data matrix and
>>>>>>comparing it with yours - I've not had time to do that, but even if I
>>>>>>had and
>>>>>>I
>>>>>>found some differences, I wouldn't know which was right seeing as I've
>>>>>>not done any PCA of western US trees myself?  My guess would be that
>>>>>>they downloaded raw tree-ring chronologies (possibly the same ones you
>>>>>>used) but then applied PCA only to the period when they all had full
>>>>>>data -
>>>>>>hence the lack of PCs in the early period (which you got round by doing
>>>>>>PCA on the subset that had earlier data).  But this is only a guess, and
>>>>>>this is the type of thing that should be checked with them - surely they
>>>>>>would respond if asked? - to avoid my point (2) above.  And if my guess
>>>>>>were right, then your wording of "eliminated this entire data set" would
>>>>>>come in for criticism, even though in practise it might as well have
>>>>>>been.
>>>>>>
>>>>>>(b) The mention of ftp sites and excel files is contradicted by their
>>>>>>email
>>>>>>record on their website, which shows no mention of excel files (they say
>>>>>>an ASCII file was sent) and also no record that they knew the ftp
>>>>>>address.
>>>>>>This doesn't matter really, since the reason for them using a corrupted
>>>>>>data file is not relevant - the relevant thing is that it was corrupt
>>>>>>and had
>>>>>>you been involved in reviewing the paper then it could have been found
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>>>>>>prior to publication.  But they will use the email record if the ftp
>>>>>>sites and
>>>>>>excel files are mentioned.
>>>>>>
>>>>>>(c) Not sure if you talk about peer-review in the latest version, but
>>>>>>note
>>>>>>that
>>>>>>they acknowledge input from reviewers and Fred Singer's email says he
>>>>>>refereed it - so any statement implying it wasn't reviewed will be
>>>>>>met with
>>>>>>an easy response from them.
>>>>>>
>>>>>>(d) Your quick-look reconstruction excluding many of the tree-ring data,
>>>>>>and the verification RE you obtain, is interesting - but again, don't
>>>>>>rush
>>>>>>into
>>>>>>using these in any response.  The time series of PC1 you sent is
>>>>>>certainly
>>>>>>different from your standard one - but on the other hand I'd hardly
>>>>>>say you
>>>>>>"get a similar result" to them, the time series look very different
>>>>>>(see their
>>>>>>fig 6d).  So the dismal RE applies only to your calculation, not to their
>>>>>>reconstruction.  It may turn out that their verification RE is also very
>>>>>>negative, but again we cannot assume this in case we're wrong and they
>>>>>>easily counter the criticism.
>>>>>>
>>>>>>(e) Claims of their motives for selective censoring or changing of
>>>>>>data, or
>>>>>>for the study as a whole, may well be true but are hard to prove.  They
>>>>>>would claim that their's is an honest attempt at reproducing a key
>>>>>>scientific result.  If they made errors in what they did, then maybe
>>>>>>they're
>>>>>>just completely out of their depth on this, rather than making deliberate
>>>>>>errors for the purposes of achieving preferred results.
>>>>>>
>>>>>>(f) The recent tree-ring decline they refer to seems related to
>>>>>>tree-ring-width not density.  Regardless of width of density, this issue
>>>>>>cannot simply be dismissed as a solved problem.  Since they don't make
>>>>>>much of an issue out of it, best just to ignore it.
>>>>>>
>>>>>>(g) [I'm rambling now into an un-ordered list of things, so I'll stop
>>>>>>soon!]
>>>>>>The various other problems relating to temperature data sets, detrended
>>>>>>standard deviations, PCs of tree-ring subsets etc. sound likely errors -
>>>>>>though I've got no way of providing the independent check that you asked
>>>>>>for.  But it is again a bit of a leap of faith to say that these
>>>>>>*explain* the
>>>>>>different results that they get.  Certainly they throw doubt on the
>>>>>>validity
>>>>>>of
>>>>>>their results, but without actually doing the same as them it's not
>>>>>>possible
>>>>>>to say if they would have replicated your results if they hadn't made
>>>>>>these
>>>>>>errors.  After all, could the infilling of missing values have made much
>>>>>>difference to the results obtained, something that they made a good deal
>>>>>>of fuss about?
>>>>>>
>>>>>>(h) To say they "used neither the data nor the procedures of MBH98" will
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>>>>>>also be an easy target for them, since they did use the data that was
>>>>>>sent
>>>>>>to them and seemed to have used approximately the method too (with
>>>>>>some errors that you've identified).  This reproduced your results to
>>>>>>some
>>>>>>extent (certainly not perfectly, but see Fig 6b and 6c).  Then they went
>>>>>>further to redo it with the "corrected and updated" data - but only after
>>>>>>first
>>>>>>doing approximately what they claimed they did (i.e. the audit).
>>>>>>
>>>>>>These comments relate to random versions of the draft response, so
>>>>>>apologies if they don't all seem relevant to the current draft.  I
>>>>>>don't have
>>>>>>these in front of me, here at home, so I'm doing this from memory of what
>>>>>>I've read over the past few days.  But nevertheless, the point is
>>>>>>that a quick
>>>>>>response would ultimately require making a number of assumptions
>>>>>>about what they did and assumptions about whether this explains the
>>>>>>differences or not - assumptions that might be later shot down (in part
>>>>>>only, at most, but still sufficient to muddy the debate for most
>>>>>>outsiders).
>>>>>>
>>>>>>A quick response ought to be limited to something like:
>>>>>>
>>>>>>---------------------------------------------
>>>>>>The recent paper by McIntyre and McKitrick (2003; hereafter MM03) claims
>>>>>>to be an "audit" of the analysis of Mann, Bradley and Hughes (1998;
>>>>>>hereafter MBH98).  MM03 are unable to reproduce the Northern
>>>>>>Hemisphere temperature reconstruction of MBH98 when attempting to
>>>>>>use the same proxy data and methods as MBH98, though they obtain
>>>>>>something similar with clearly anomalous recent warming (their Figure
>>>>>>6c).  They then make many modifications to the proxy data set and repeat
>>>>>>their analysis, and obtain a rather different result to MBH98.
>>>>>>
>>>>>>Unfortunately neither M&M nor the journal in which it was published took
>>>>>>the necessary step of investigating whether the difference between their
>>>>>>results and MBH98 could be explained simply by some error or set of
>>>>>>errors in their use of the data or in their implementation of the MBH98
>>>>>>method.  This should have been an essential step to take in a case such
>>>>>>as this where the difference in results is so large and
>>>>>>important.  Simple
>>>>>>errors must first be ruled out prior to publication.  Even if the
>>>>>>authors had
>>>>>>not undertaken this by presenting their results to the authors of MBH98,
>>>>>>the journal should certainly have included them as referees of the
>>>>>>manuscript.
>>>>>>
>>>>>>A preliminary investigation into the proxy data and implementation of the
>>>>>>method has already identified a number of likely errors, which may turn
>>>>>>out to be the cause of the different results.  Rather than repeating
>>>>>>M&M's
>>>>>>failure to follow good scientific practise, we are witholding further
>>>>>>comments until we can - by collaboration with M&M if possible - be
>>>>>>certain
>>>>>>of exactly what changes to data and method were made by M&M, whether
>>>>>>these changes can really explain the differences in the results, and
>>>>>>eventually which (if any) of these changes can be justified as
>>>>>>equally valid
>>>>>>(given the various uncertainties that exist) and which are simply
>>>>>>errors that
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>>>>>>invalidate their results.
>>>>>>-----------------------------------------
>>>>>>
>>>>>>Hope you find this all helpful, and despite my seemingly critical
>>>>>>approach,
>>>>>>take them in the spirit with which they are aimed - which is to obtain a
>>>>>>strong and hard hitting rebuttal of bad science, but a rebuttal that
>>>>>>cannot
>>>>>>be buried by any minor innaccuracies or difficult-to-prove claims.
>>>>>>
>>>>>>Best regards
>>>>>>
>>>>>>Tim
>>>>>
>>>>>______________________________________________________________
>>>>>                     Professor Michael E. Mann
>>>>>            Department of Environmental Sciences, Clark Hall
>>>>>                       University of Virginia
>>>>>                      Charlottesville, VA 22903
>>>>>_______________________________________________________________________
>>>>>e-mail: mann@virginia.edu   Phone:    FAX: 
>>>>>          http://www.evsc.virginia.edu/faculty/people/mann.shtml
>>>>
>>>>--
>>>>Professor Keith Briffa,
>>>>Climatic Research Unit
>>>>University of East Anglia
>>>>Norwich, NR4 7TJ, U.K.
>>>>
>>>>Phone: 
>>>>Fax: 
>>>>
>>>>http://www.cru.uea.ac.uk/cru/people/briffa/
>>>______________________________________________________________
>>>                     Professor Michael E. Mann
>>>            Department of Environmental Sciences, Clark Hall
>>>                       University of Virginia
>>>                      Charlottesville, VA 22903
>>>_______________________________________________________________________
>>>e-mail: mann@virginia.edu   Phone:    FAX: 
>>>          http://www.evsc.virginia.edu/faculty/people/mann.shtml
>>
>>Dr Timothy J Osborn
>>Climatic Research Unit
>>School of Environmental Sciences, University of East Anglia
>>Norwich  NR4 7TJ, UK
>>
>>e-mail:   t.osborn@uea.ac.uk
>>phone:    
>>fax:      
>>web:      http://www.cru.uea.ac.uk/~timo/
>>sunclock: http://www.cru.uea.ac.uk/~timo/sunclock.htm
>______________________________________________________________
>                     Professor Michael E. Mann
>            Department of Environmental Sciences, Clark Hall
>                       University of Virginia
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From: Michael E. Mann
To: raymond s. bradley; t.osborn@uea.ac.uk; k.briffa@uea.ac.uk; p.jones@uea.ac.uk; mhughes@ltrr.arizona.edu
Subject: Re: My perspective on the latest draft
Date: Friday, October 31, 2003 6:49:32 AM

Dear All,

Ray and I have just agreed upon a final draft.

About to send this...

Mike

At 08:16 AM 10/31/2003 -0500, raymond s. bradley wrote:

I just reviewed all the back & forth from Tim, Keith etc.  and finally found the latest version of what you
propose to send out.
1) I think this sentence is unnecessarily inflammatory and needs to be changed:
We will refrain from making categorical statements as to the specific motives, but we will state that it
seems clear that MM have made critical errors in their analysis that have the effect of grossly distorting the
reconstruction of MBH98.
Just state:
It seems clear that MM have made critical errors in their analysis that have the effect of grossly distorting
the reconstruction of MBH98.
Since we "refrain from making categorical statements"....why say that?

2) I must say that I very much agree with Tim that we have to be careful not to say ANYTHING--no matter
how trivial--that is not absolutely, unimpeachably correct, or it will inevitably lead to a response that will
only further confuse and alienate even the most willing of observers.  Thus, the text we release must not
include ANYTHING that could be argued about.  It would be better to make only one point that is
unarguably correct than to list a bunch of points, if ANY of them could be disagreed with as a matter of
opinion.  Please go through the text and eliminate anything that meets this criterion.

Finally, I really don't understand what the rush is.  Why is an 8am EST release so critical?  It's Friday--will
this really matter if it doesn't go out until Monday-- or even Wednesday as MKH requests.
Seriously, M & M have done a lot of damage, but Mike, you are too wrapped up in this to see that a few
days at this point won't make a hill of beans difference.  The Senate debate is over, Nature and Science etc
won't act with such urgency, so better to slow down here.  I'd rather have MKH's endorsement of this and
I think we should wait until he has time to see it too.

Now you are mad as hell at me, I know.  So let me say that you have done an amazing job of deciphering
what MM did, and I greatly admire your tenacity and insight into all of this.  Clearly as "The Man" of Mann
et al, it's you who bears the brunt of all criticism, just as you deserve the bulk of the credit for the work in
the first place.  But Tim's comments are right on target...and a few days of sober reflection won't hurt
anything....and might just avoid falling foul of some problem none of us has yet had time to think about.  I
know I have hardly time over the last few days to do due diligence on this, and obviously Malcolm has not
even skimmed the surface of what's gone on....
Ray

At 07:18 AM 10/31/2003 -0500, you wrote:

Thanks Tim,

Sounds like the best possible plan under the circumstances. Attached is the revised (final?)
version, see the note about Malcolm Hughes unable for comment--does this seem ok?

If this looks good to you guys, you don't see any typos, etc. lets consider this the final version.
I've attached it in both word and pdf--only the pdf should probably be sent around.

As per your suggestions, I'll await receipt of your CLIMLIST/SCEPTICSLIST email to send this
together to other outlets for joint posting. Will you guys will send out to all of the other
scientists, etc. who' Timmerata, etc. emailed too?

The appropriate outlets would be: EDF, other NGO groups, Ross Gelbspan's site, David Appell's
blog, etc...

So I'll await further word from you,

thanks again,

mike
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At 12:05 PM 10/31/2003 +0000, Tim Osborn wrote:

Mike et al.,

we (Keith and I) are happy with this strategy.  Rebuttal will be signed Mann and
Bradley (Hughes to be added later when available to confirm/modify) and circulated
to allies/friends first.

As soon as we get a final version from Mike, Keith will forward it with a message to
Heike.

We will also draft an email from Keith, me and Phil to send to the email lists,
expressing our views on this and attaching your final version.

As to other people that you mention (Science, EFD), we'll leave that to you, Mike, to
do - though you may well want to use our CLIMLIST/SCEPTICSLIST email AND your
final version together to send to them, so might want to wait till we've drafted that
email.

Cheers

Tim

At 11:17 31/10/2003, Michael E. Mann wrote:

Keith,

Thanks--that sounds absolutely great.

I suggest the following

1) I'll fix any remaining typos I find, and incorporate the latest comments
received from you guys. I expect that I can finalize this in 15 minutes or
so--I agree that this needs to get out by 8:00 AM eastern standard time,
U.S.

I like where Keith is heading in terms of discussion of the strategy.

Why don't we sign this document, "Mann, Bradley, Hughes" that will be
ready for distribute to our closest colleagues and allies. I'll prepare a PDF
version for distribution, to make it difficult for others to alter (you never
know w/ these folks)...

Should I go ahead and forward this document to Heike, then, in an email?
Also, should I send this to Dick Kerr at Science separately--Dick has often
been helpful. And maybe Jesse Smith at Science, and a few key
journalists (Andy Revkin at New York Times)?

Perhaps, then, Keith, Tim, Phil--you guys, as Keith suggests, can draft a
separate email to go out to the skepticlist (and all of the scientists who
were forward it), the CLIMLIST, etc. stating your opinons on this, and
perhaps *attaching* at supporting evidence the document signed by
Mann, Bradley, Hughes?

Also, do we ask organizations like Environmental Defense Fund, etc. to
post *both* documents (our document, your supporting email) on their
websites, etc?

What do you guys think?

Thank-you guys have been wonderful, and I am most personally gracious.
This will not soon be forgotten...

mike

At 10:47 AM 10/31/2003 +0000, Keith Briffa wrote:

Hi all - I too have had some problems as to which specific
version is where we are at - BUT I think the latest draft as sent
by Mike really is virtually there (perhaps some typos to be
ironed out (e.g. 'were' instead of 'was' on line 7 of point 2) but
I am generally very happy with the tone and balance . Much of
Tim's fears (justifiable points on not providing them with
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wiggle out and distraction options) are allayed by the calm
provisos about not being categorical etc. The question now
arises as to how to put this out - I believe it does need to go
out early so as to be available when the rest of the press start
to pick up the MM propaganda . Whether it should be just
signed by MBH is up to you . I AM NOT averse to signing , but
wonder whether it is a better tactic to put out a separate
statement (us , Tom W. and whoever as suggested by Ray ,
saying we abhor the way this MM paper has been published
and publicised without proper scrutiny). I fully agree with the
statement as now written however , and willing to go with the
majority view. My suggestion about redoing the "audit" was
made in good faith and in no way implied I concurred with MM
( in case anyone got the impression that I was not wholly "on
side" here).
So what does everyone else say now?
REGARDING NATURE -  spoke to Heike Langenberg , in the
London office and she said it sounded like a potential NEWS
item , and asked me to send some details by email and she
would forward to the appropriate office - seemed positive. I
will do. The statement (s) should anyway go soon on
CLIMLIST and then we could quietly contact a few people we
know in the media ?

Keith

At 05:38 AM 10/31/03 -0500, Michael E. Mann wrote:

p.s. Keith, any word from Nature. Should I contact
them independently? And what about Science? Or
"Climatic Change" (I have little doubt that Steve S
could find justification to publish this their in an
instant)...

thoughts?

mike

At 03:01 AM 10/31/2003 +0000, f055 wrote:

Dear all,

I've just finished preparing a detailed
response offline, only to log on to
send it to you all and find new versions
from Mike plus more comments
and information.  Well, I don't have time
to change my message now, so
will paste it below this message.  But
bear in mind that the new draft may
well have allayed many of my concerns -
in particular, a quick glance
shows the figure to be much more
convincing than the one Mike circulated
earlier, indeed it seems to be utterly
convincing!   I'll reply again on
Friday
morning once I've had time to read the
new draft.  In the meantime, here is
my message as promised.

************************************************************

Dear MBH (cc to CRU),

The number of emails has been rather
overwhelming on this issue and
I'm struggling to catch up with them! 
But I will attempt to catch up with a
few things here...

(1) The single worst thing about the
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whole M&M saga is not that they did
their study, not that they did things
wrong (deliberately or by accident), but
that neither they nor the journal took
the necessary step of investigating
whether the difference between their
results and yours could be explained
simply by some error or set of errors in
their use of the data or in their
implementation of your method.  If it
turns out, as looks likely from Mike's
investigation of this, that their results
are erroneous, then they and the
journal will have wasted countless
person-hours of time and caused
much damage in the climate policy
arena.

(2) Given that this is the single worst
thing about the saga, we must not go
and do exactly the same in rushing out
a response to their paper.  If some
claims in the response turned out to be
wrong, based on assumptions
about what M&M did or assumptions
about how M&M's assumptions
affect the results, then it would end up
with a number of iterations of claim
and counter claim.  Ultimately the issue
might be settled, but by then the
waters could be so muddied that it didn't
matter.

(3) Not only do I advise against an
overly rushed response, but I'm also
wondering whether it really ought to be
only from MBH, for three reasons.
(i) It is your paper/results that are being
attacked.
(ii) It is difficult to endorse everything
that Mike has put in the draft
response because I don't know 100% of
the details of MBH and the MBH
data.  Sure, I can endorse some things,
but others I wouldn't know.   Sure,
I accept Mike's explanation because he's
looked at this stuff for 4 days
and I believe he'll have got it right - but
that's different to an independent
check.  That must come from Ray or
Malcolm if possible.
(iii) If it does come to any independent
assessment of who's right and
who's wrong, then it would be difficult
for us to be involved if we had
already signed up to what some might
claim to be a knee-jerk reaction to
the M&M paper.  If that happened, then
you would want us to be free to get
involved to make sure the process was
fair and informed.

This sounds like a cop out, but - like I
say - I'm not sure about point (3) so
feel free to try to convince me otherwise
if you wish.  Anyway Keith or Phil
may be happy to sign up to a (quick or
slow) response, despite my
reservations above.

I really advise a very careful reading of
M&M and their supplementary
website to ensure that everything in the
response is clearly correct -
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precisely to avoid point (2).  I've only
just started to do this, but already
have some questions about the response
that Mike has drafted.

(a) Mike, you say that many of the trees
were eliminated in the data they
used.  Have you concluded this because
they entered "NA" for "Not
available" in their appendix table?  If so,
then are you sure that "NA"
means they did not use any data, rather
than simply that they didn't
replace your data with an alternative
(and hence in fact continued to use
what Scott had supplied to them)?  Or
perhaps "NA" means they couldn't
find the PC time series published (of
course!), but in fact could find the
raw tree-ring chronologies and did their
own PCA of those?  How would
they know which raw chronologies to
use?  Or did you come to your
conclusion by downloading their
"corrected and updated" data matrix and
comparing it with yours - I've not had
time to do that, but even if I had and
I
found some differences, I wouldn't know
which was right seeing as I've
not done any PCA of western US trees
myself?  My guess would be that
they downloaded raw tree-ring
chronologies (possibly the same ones
you
used) but then applied PCA only to the
period when they all had full data -
hence the lack of PCs in the early period
(which you got round by doing
PCA on the subset that had earlier
data).  But this is only a guess, and
this is the type of thing that should be
checked with them - surely they
would respond if asked? - to avoid my
point (2) above.  And if my guess
were right, then your wording of
"eliminated this entire data set" would
come in for criticism, even though in
practise it might as well have been.

(b) The mention of ftp sites and excel
files is contradicted by their email
record on their website, which shows no
mention of excel files (they say
an ASCII file was sent) and also no
record that they knew the ftp address.
This doesn't matter really, since the
reason for them using a corrupted
data file is not relevant - the relevant
thing is that it was corrupt and had
you been involved in reviewing the
paper then it could have been found
prior to publication.  But they will use
the email record if the ftp sites and
excel files are mentioned.

(c) Not sure if you talk about peer-
review in the latest version, but note
that
they acknowledge input from reviewers
and Fred Singer's email says he
refereed it - so any statement implying it
wasn't reviewed will be met with
an easy response from them.
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(d) Your quick-look reconstruction
excluding many of the tree-ring data,
and the verification RE you obtain, is
interesting - but again, don't rush
into
using these in any response.  The time
series of PC1 you sent is certainly
different from your standard one - but
on the other hand I'd hardly say you
"get a similar result" to them, the time
series look very different (see their
fig 6d).  So the dismal RE applies only to
your calculation, not to their
reconstruction.  It may turn out that
their verification RE is also very
negative, but again we cannot assume
this in case we're wrong and they
easily counter the criticism.

(e) Claims of their motives for selective
censoring or changing of data, or
for the study as a whole, may well be
true but are hard to prove.  They
would claim that their's is an honest
attempt at reproducing a key
scientific result.  If they made errors in
what they did, then maybe they're
just completely out of their depth on
this, rather than making deliberate
errors for the purposes of achieving
preferred results.

(f) The recent tree-ring decline they
refer to seems related to
tree-ring-width not density.  Regardless
of width of density, this issue
cannot simply be dismissed as a solved
problem.  Since they don't make
much of an issue out of it, best just to
ignore it.

(g) [I'm rambling now into an un-
ordered list of things, so I'll stop soon!]
The various other problems relating to
temperature data sets, detrended
standard deviations, PCs of tree-ring
subsets etc. sound likely errors -
though I've got no way of providing the
independent check that you asked
for.  But it is again a bit of a leap of
faith to say that these *explain* the
different results that they get.  Certainly
they throw doubt on the validity
of
their results, but without actually doing
the same as them it's not possible
to say if they would have replicated your
results if they hadn't made these
errors.  After all, could the infilling of
missing values have made much
difference to the results obtained,
something that they made a good deal
of fuss about?

(h) To say they "used neither the data
nor the procedures of MBH98" will
also be an easy target for them, since
they did use the data that was sent
to them and seemed to have used
approximately the method too (with
some errors that you've identified).  This
reproduced your results to some
extent (certainly not perfectly, but see
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Fig 6b and 6c).  Then they went
further to redo it with the "corrected
and updated" data - but only after
first
doing approximately what they claimed
they did (i.e. the audit).

These comments relate to random
versions of the draft response, so
apologies if they don't all seem relevant
to the current draft.  I don't have
these in front of me, here at home, so
I'm doing this from memory of what
I've read over the past few days.  But
nevertheless, the point is that a quick
response would ultimately require
making a number of assumptions
about what they did and assumptions
about whether this explains the
differences or not - assumptions that
might be later shot down (in part
only, at most, but still sufficient to
muddy the debate for most outsiders).

A quick response ought to be limited to
something like:

---------------------------------------------
The recent paper by McIntyre and
McKitrick (2003; hereafter MM03) claims
to be an "audit" of the analysis of Mann,
Bradley and Hughes (1998;
hereafter MBH98).  MM03 are unable to
reproduce the Northern
Hemisphere temperature reconstruction
of MBH98 when attempting to
use the same proxy data and methods
as MBH98, though they obtain
something similar with clearly anomalous
recent warming (their Figure
6c).  They then make many
modifications to the proxy data set and
repeat
their analysis, and obtain a rather
different result to MBH98.

Unfortunately neither M&M nor the
journal in which it was published took
the necessary step of investigating
whether the difference between their
results and MBH98 could be explained
simply by some error or set of
errors in their use of the data or in their
implementation of the MBH98
method.  This should have been an
essential step to take in a case such
as this where the difference in results is
so large and important.  Simple
errors must first be ruled out prior to
publication.  Even if the authors had
not undertaken this by presenting their
results to the authors of MBH98,
the journal should certainly have
included them as referees of the
manuscript.

A preliminary investigation into the proxy
data and implementation of the
method has already identified a number
of likely errors, which may turn
out to be the cause of the different
results.  Rather than repeating M&M's
failure to follow good scientific practise,
we are witholding further

ABOR/MH/Priv-001238



comments until we can - by
collaboration with M&M if possible - be
certain
of exactly what changes to data and
method were made by M&M, whether
these changes can really explain the
differences in the results, and
eventually which (if any) of these
changes can be justified as equally valid
(given the various uncertainties that
exist) and which are simply errors that
invalidate their results.
-----------------------------------------

Hope you find this all helpful, and
despite my seemingly critical approach,
take them in the spirit with which they
are aimed - which is to obtain a
strong and hard hitting rebuttal of bad
science, but a rebuttal that cannot
be buried by any minor innaccuracies or
difficult-to-prove claims.

Best regards

Tim

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences,
Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone: 
   FAX: 

        
http://www.evsc.virginia.edu/faculty/people/mann.shtml

--
Professor Keith Briffa,
Climatic Research Unit
University of East Anglia
Norwich, NR4 7TJ, U.K.

Phone: 
Fax: 

http://www.cru.uea.ac.uk/cru/people/briffa/

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

Dr Timothy J Osborn
Climatic Research Unit
School of Environmental Sciences, University of East Anglia
Norwich  NR4 7TJ, UK

e-mail:   t.osborn@uea.ac.uk
phone:    
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fax:      
web:      http://www.cru.uea.ac.uk/~timo/
sunclock: http://www.cru.uea.ac.uk/~timo/sunclock.htm

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

Raymond S. Bradley
Distinguished Professor
Director, Climate System Research Center*
Department of Geosciences
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel: 
Fax: 
*Climate System Research Center: 
        <http://www.paleoclimate.org>
Paleoclimatology Book Web Site: http://www.geo.umass.edu/climate/paleo/html

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Keith Briffa
To: raymond s. bradley; Michael E. Mann; t.osborn@uea.ac.uk; p.jones@uea.ac.uk; mhughes@ltrr.arizona.edu
Subject: Re: My perspective on the latest draft
Date: Friday, October 31, 2003 6:51:46 AM

Of course I agree with (and have done all along ) with the need for caution
and absolute clarity in the facts of response (incidentally , as for the
phrase you didn't like Ray, my wording was "For whatever reason " where
Mike used "motives" which I admit changes the emphasis again) BUT , my own
opinion is that some response should go out early (no matter how brief) to
the effect that there work does not negate your results and you need time
to explore their work , (possibly because you suspect...). I believe the MM
results will be picked up by the media as early as this weekend and some
statement from you that we can use as a basis to approach Nature and the
rest (do not forget Singer's demand) and post on CLIMLIST would be useful.
However, we will post nothing until you guys decide the next step and
details of the release (if there is to be one). We are ready to email
Langenberg  (and post on CLIMLIST some supporting statement as requested by
Ray) when you give us the go ahead and statement,
if you decide that way. YOU HAVE TO BE CRYSTAL CLEAR AND WHOLLY HAPPY WITH
EVERY WORD IN IT THOUGH.
Ultimately , it will NOT affect the science or long term perception of your
work if nothing goes out immediately though.
Keith

At 08:16 AM 10/31/03 -0500, raymond s. bradley wrote:
>I just reviewed all the back & forth from Tim, Keith etc.  and finally
>found the latest version of what you propose to send out.
>1) I think this sentence is unnecessarily inflammatory and needs to be
>changed:
>We will refrain from making categorical statements as to the specific
>motives, but we will state that it seems clear that MM have made critical
>errors in their analysis that have the effect of grossly distorting the
>reconstruction of MBH98.
>Just state:
>It seems clear that MM have made critical errors in their analysis that
>have the effect of grossly distorting the reconstruction of MBH98.
>Since we "refrain from making categorical statements"....why say that?
>
>2) I must say that I very much agree with Tim that we have to be careful
>not to say ANYTHING--no matter how trivial--that is not absolutely,
>unimpeachably correct, or it will inevitably lead to a response that will
>only further confuse and alienate even the most willing of
>observers.  Thus, the text we release must not include ANYTHING that could
>be argued about.  It would be better to make only one point that is
>unarguably correct than to list a bunch of points, if ANY of them could be
>disagreed with as a matter of opinion.  Please go through the text and
>eliminate anything that meets this criterion.
>
>Finally, I really don't understand what the rush is.  Why is an 8am EST
>release so critical?  It's Friday--will this really matter if it doesn't
>go out until Monday-- or even Wednesday as MKH requests.
>Seriously, M & M have done a lot of damage, but Mike, you are too wrapped
>up in this to see that a few days at this point won't make a hill of beans
>difference.  The Senate debate is over, Nature and Science etc won't act
>with such urgency, so better to slow down here.  I'd rather have MKH's
>endorsement of this and I think we should wait until he has time to see it too.
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>
>Now you are mad as hell at me, I know.  So let me say that you have done
>an amazing job of deciphering what MM did, and I greatly admire your
>tenacity and insight into all of this.  Clearly as "The Man" of Mann et
>al, it's you who bears the brunt of all criticism, just as you deserve the
>bulk of the credit for the work in the first place.  But Tim's comments
>are right on target...and a few days of sober reflection won't hurt
>anything....and might just avoid falling foul of some problem none of us
>has yet had time to think about.  I know I have hardly time over the last
>few days to do due diligence on this, and obviously Malcolm has not even
>skimmed the surface of what's gone on....
>Ray
>
>
>
>
>At 07:18 AM 10/31/2003 -0500, you wrote:
>>Thanks Tim,
>>
>>Sounds like the best possible plan under the circumstances. Attached is
>>the revised (final?) version, see the note about Malcolm Hughes unable
>>for comment--does this seem ok?
>>
>>If this looks good to you guys, you don't see any typos, etc. lets
>>consider this the final version. I've attached it in both word and
>>pdf--only the pdf should probably be sent around.
>>
>>As per your suggestions, I'll await receipt of your CLIMLIST/SCEPTICSLIST
>>email to send this together to other outlets for joint posting. Will you
>>guys will send out to all of the other scientists, etc. who' Timmerata,
>>etc. emailed too?
>>
>>The appropriate outlets would be: EDF, other NGO groups, Ross Gelbspan's
>>site, David Appell's blog, etc...
>>
>>So I'll await further word from you,
>>
>>thanks again,
>>
>>mike
>>
>>At 12:05 PM 10/31/2003 +0000, Tim Osborn wrote:
>>>Mike et al.,
>>>
>>>we (Keith and I) are happy with this strategy.  Rebuttal will be signed
>>>Mann and Bradley (Hughes to be added later when available to
>>>confirm/modify) and circulated to allies/friends first.
>>>
>>>As soon as we get a final version from Mike, Keith will forward it with
>>>a message to Heike.
>>>
>>>We will also draft an email from Keith, me and Phil to send to the email
>>>lists, expressing our views on this and attaching your final version.
>>>
>>>As to other people that you mention (Science, EFD), we'll leave that to
>>>you, Mike, to do - though you may well want to use our
>>>CLIMLIST/SCEPTICSLIST email AND your final version together to send to
>>>them, so might want to wait till we've drafted that email.
>>>
>>>Cheers
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>>>
>>>Tim
>>>
>>>At 11:17 31/10/2003, Michael E. Mann wrote:
>>>>Keith,
>>>>
>>>>Thanks--that sounds absolutely great.
>>>>
>>>>I suggest the following
>>>>
>>>>1) I'll fix any remaining typos I find, and incorporate the latest
>>>>comments received from you guys. I expect that I can finalize this in
>>>>15 minutes or so--I agree that this needs to get out by 8:00 AM eastern
>>>>standard time, U.S.
>>>>
>>>>I like where Keith is heading in terms of discussion of the strategy.
>>>>
>>>>Why don't we sign this document, "Mann, Bradley, Hughes" that will be
>>>>ready for distribute to our closest colleagues and allies. I'll prepare
>>>>a PDF version for distribution, to make it difficult for others to
>>>>alter (you never know w/ these folks)...
>>>>
>>>>Should I go ahead and forward this document to Heike, then, in an
>>>>email? Also, should I send this to Dick Kerr at Science
>>>>separately--Dick has often been helpful. And maybe Jesse Smith at
>>>>Science, and a few key journalists (Andy Revkin at New York Times)?
>>>>
>>>>Perhaps, then, Keith, Tim, Phil--you guys, as Keith suggests, can draft
>>>>a separate email to go out to the skepticlist (and all of the
>>>>scientists who were forward it), the CLIMLIST, etc. stating your
>>>>opinons on this, and perhaps *attaching* at supporting evidence the
>>>>document signed by Mann, Bradley, Hughes?
>>>>
>>>>Also, do we ask organizations like Environmental Defense Fund, etc. to
>>>>post *both* documents (our document, your supporting email) on their
>>>>websites, etc?
>>>>
>>>>What do you guys think?
>>>>
>>>>Thank-you guys have been wonderful, and I am most personally gracious.
>>>>This will not soon be forgotten...
>>>>
>>>>mike
>>>>
>>>>At 10:47 AM 10/31/2003 +0000, Keith Briffa wrote:
>>>>>Hi all - I too have had some problems as to which specific version is
>>>>>where we are at - BUT I think the latest draft as sent by Mike really
>>>>>is virtually there (perhaps some typos to be ironed out (e.g. 'were'
>>>>>instead of 'was' on line 7 of point 2) but I am generally very happy
>>>>>with the tone and balance . Much of Tim's fears (justifiable points on
>>>>>not providing them with wiggle out and distraction options) are
>>>>>allayed by the calm provisos about not being categorical etc. The
>>>>>question now arises as to how to put this out - I believe it does need
>>>>>to go out early so as to be available when the rest of the press start
>>>>>to pick up the MM propaganda . Whether it should be just signed by MBH
>>>>>is up to you . I AM NOT averse to signing , but wonder whether it is a
>>>>>better tactic to put out a separate statement (us , Tom W. and whoever
>>>>>as suggested by Ray , saying we abhor the way this MM paper has been
>>>>>published and publicised without proper scrutiny). I fully agree with
>>>>>the statement as now written however , and willing to go with the
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>>>>>majority view. My suggestion about redoing the "audit" was made in
>>>>>good faith and in no way implied I concurred with MM ( in case anyone
>>>>>got the impression that I was not wholly "on side" here).
>>>>>So what does everyone else say now?
>>>>>REGARDING NATURE -  spoke to Heike Langenberg , in the London office
>>>>>and she said it sounded like a potential NEWS item , and asked me to
>>>>>send some details by email and she would forward to the appropriate
>>>>>office - seemed positive. I will do. The statement (s) should anyway
>>>>>go soon on CLIMLIST and then we could quietly contact a few people we
>>>>>know in the media ?
>>>>>
>>>>>
>>>>>Keith
>>>>>
>>>>>At 05:38 AM 10/31/03 -0500, Michael E. Mann wrote:
>>>>>>p.s. Keith, any word from Nature. Should I contact them
>>>>>>independently? And what about Science? Or "Climatic Change" (I have
>>>>>>little doubt that Steve S could find justification to publish this
>>>>>>their in an instant)...
>>>>>>
>>>>>>thoughts?
>>>>>>
>>>>>>mike
>>>>>>
>>>>>>At 03:01 AM 10/31/2003 +0000, f055 wrote:
>>>>>>>Dear all,
>>>>>>>
>>>>>>>I've just finished preparing a detailed response offline, only to
>>>>>>>log on to
>>>>>>>send it to you all and find new versions from Mike plus more comments
>>>>>>>and information.  Well, I don't have time to change my message now, so
>>>>>>>will paste it below this message.  But bear in mind that the new
>>>>>>>draft may
>>>>>>>well have allayed many of my concerns - in particular, a quick glance
>>>>>>>shows the figure to be much more convincing than the one Mike circulated
>>>>>>>earlier, indeed it seems to be utterly convincing!   I'll reply again on
>>>>>>>Friday
>>>>>>>morning once I've had time to read the new draft.  In the meantime,
>>>>>>>here is
>>>>>>>my message as promised.
>>>>>>>
>>>>>>>
>>>>>>>************************************************************
>>>>>>>Dear MBH (cc to CRU),
>>>>>>>
>>>>>>>The number of emails has been rather overwhelming on this issue and
>>>>>>>I'm struggling to catch up with them!  But I will attempt to catch
>>>>>>>up with a
>>>>>>>few things here...
>>>>>>>
>>>>>>>(1) The single worst thing about the whole M&M saga is not that they did
>>>>>>>their study, not that they did things wrong (deliberately or by
>>>>>>>accident), but
>>>>>>>that neither they nor the journal took the necessary step of
>>>>>>>investigating
>>>>>>>whether the difference between their results and yours could be
>>>>>>>explained
>>>>>>>simply by some error or set of errors in their use of the data or in
>>>>>>>their
>>>>>>>implementation of your method.  If it turns out, as looks likely
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>>>>>>>from Mike's
>>>>>>>investigation of this, that their results are erroneous, then they
>>>>>>>and the
>>>>>>>journal will have wasted countless person-hours of time and caused
>>>>>>>much damage in the climate policy arena.
>>>>>>>
>>>>>>>(2) Given that this is the single worst thing about the saga, we
>>>>>>>must not go
>>>>>>>and do exactly the same in rushing out a response to their
>>>>>>>paper.  If some
>>>>>>>claims in the response turned out to be wrong, based on assumptions
>>>>>>>about what M&M did or assumptions about how M&M's assumptions
>>>>>>>affect the results, then it would end up with a number of iterations
>>>>>>>of claim
>>>>>>>and counter claim.  Ultimately the issue might be settled, but by
>>>>>>>then the
>>>>>>>waters could be so muddied that it didn't matter.
>>>>>>>
>>>>>>>(3) Not only do I advise against an overly rushed response, but I'm also
>>>>>>>wondering whether it really ought to be only from MBH, for three
>>>>>>>reasons.
>>>>>>>(i) It is your paper/results that are being attacked.
>>>>>>>(ii) It is difficult to endorse everything that Mike has put in the
>>>>>>>draft
>>>>>>>response because I don't know 100% of the details of MBH and the MBH
>>>>>>>data.  Sure, I can endorse some things, but others I wouldn't
>>>>>>>know.   Sure,
>>>>>>>I accept Mike's explanation because he's looked at this stuff for 4 days
>>>>>>>and I believe he'll have got it right - but that's different to an
>>>>>>>independent
>>>>>>>check.  That must come from Ray or Malcolm if possible.
>>>>>>>(iii) If it does come to any independent assessment of who's right and
>>>>>>>who's wrong, then it would be difficult for us to be involved if we had
>>>>>>>already signed up to what some might claim to be a knee-jerk reaction to
>>>>>>>the M&M paper.  If that happened, then you would want us to be free
>>>>>>>to get
>>>>>>>involved to make sure the process was fair and informed.
>>>>>>>
>>>>>>>This sounds like a cop out, but - like I say - I'm not sure about
>>>>>>>point (3) so
>>>>>>>feel free to try to convince me otherwise if you wish.  Anyway Keith
>>>>>>>or Phil
>>>>>>>may be happy to sign up to a (quick or slow) response, despite my
>>>>>>>reservations above.
>>>>>>>
>>>>>>>I really advise a very careful reading of M&M and their supplementary
>>>>>>>website to ensure that everything in the response is clearly correct -
>>>>>>>precisely to avoid point (2).  I've only just started to do this,
>>>>>>>but already
>>>>>>>have some questions about the response that Mike has drafted.
>>>>>>>
>>>>>>>(a) Mike, you say that many of the trees were eliminated in the data
>>>>>>>they
>>>>>>>used.  Have you concluded this because they entered "NA" for "Not
>>>>>>>available" in their appendix table?  If so, then are you sure that "NA"
>>>>>>>means they did not use any data, rather than simply that they didn't
>>>>>>>replace your data with an alternative (and hence in fact continued
>>>>>>>to use
>>>>>>>what Scott had supplied to them)?  Or perhaps "NA" means they couldn't
>>>>>>>find the PC time series published (of course!), but in fact could
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>>>>>>>find the
>>>>>>>raw tree-ring chronologies and did their own PCA of those?  How would
>>>>>>>they know which raw chronologies to use?  Or did you come to your
>>>>>>>conclusion by downloading their "corrected and updated" data matrix and
>>>>>>>comparing it with yours - I've not had time to do that, but even if
>>>>>>>I had and
>>>>>>>I
>>>>>>>found some differences, I wouldn't know which was right seeing as I've
>>>>>>>not done any PCA of western US trees myself?  My guess would be that
>>>>>>>they downloaded raw tree-ring chronologies (possibly the same ones you
>>>>>>>used) but then applied PCA only to the period when they all had full
>>>>>>>data -
>>>>>>>hence the lack of PCs in the early period (which you got round by doing
>>>>>>>PCA on the subset that had earlier data).  But this is only a guess, and
>>>>>>>this is the type of thing that should be checked with them - surely they
>>>>>>>would respond if asked? - to avoid my point (2) above.  And if my guess
>>>>>>>were right, then your wording of "eliminated this entire data set" would
>>>>>>>come in for criticism, even though in practise it might as well have
>>>>>>>been.
>>>>>>>
>>>>>>>(b) The mention of ftp sites and excel files is contradicted by
>>>>>>>their email
>>>>>>>record on their website, which shows no mention of excel files (they say
>>>>>>>an ASCII file was sent) and also no record that they knew the ftp
>>>>>>>address.
>>>>>>>This doesn't matter really, since the reason for them using a corrupted
>>>>>>>data file is not relevant - the relevant thing is that it was
>>>>>>>corrupt and had
>>>>>>>you been involved in reviewing the paper then it could have been found
>>>>>>>prior to publication.  But they will use the email record if the ftp
>>>>>>>sites and
>>>>>>>excel files are mentioned.
>>>>>>>
>>>>>>>(c) Not sure if you talk about peer-review in the latest version,
>>>>>>>but note
>>>>>>>that
>>>>>>>they acknowledge input from reviewers and Fred Singer's email says he
>>>>>>>refereed it - so any statement implying it wasn't reviewed will be
>>>>>>>met with
>>>>>>>an easy response from them.
>>>>>>>
>>>>>>>(d) Your quick-look reconstruction excluding many of the tree-ring data,
>>>>>>>and the verification RE you obtain, is interesting - but again,
>>>>>>>don't rush
>>>>>>>into
>>>>>>>using these in any response.  The time series of PC1 you sent is
>>>>>>>certainly
>>>>>>>different from your standard one - but on the other hand I'd hardly
>>>>>>>say you
>>>>>>>"get a similar result" to them, the time series look very different
>>>>>>>(see their
>>>>>>>fig 6d).  So the dismal RE applies only to your calculation, not to
>>>>>>>their
>>>>>>>reconstruction.  It may turn out that their verification RE is also very
>>>>>>>negative, but again we cannot assume this in case we're wrong and they
>>>>>>>easily counter the criticism.
>>>>>>>
>>>>>>>(e) Claims of their motives for selective censoring or changing of
>>>>>>>data, or
>>>>>>>for the study as a whole, may well be true but are hard to prove.  They
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>>>>>>>would claim that their's is an honest attempt at reproducing a key
>>>>>>>scientific result.  If they made errors in what they did, then maybe
>>>>>>>they're
>>>>>>>just completely out of their depth on this, rather than making
>>>>>>>deliberate
>>>>>>>errors for the purposes of achieving preferred results.
>>>>>>>
>>>>>>>(f) The recent tree-ring decline they refer to seems related to
>>>>>>>tree-ring-width not density.  Regardless of width of density, this issue
>>>>>>>cannot simply be dismissed as a solved problem.  Since they don't make
>>>>>>>much of an issue out of it, best just to ignore it.
>>>>>>>
>>>>>>>(g) [I'm rambling now into an un-ordered list of things, so I'll
>>>>>>>stop soon!]
>>>>>>>The various other problems relating to temperature data sets, detrended
>>>>>>>standard deviations, PCs of tree-ring subsets etc. sound likely errors -
>>>>>>>though I've got no way of providing the independent check that you asked
>>>>>>>for.  But it is again a bit of a leap of faith to say that these
>>>>>>>*explain* the
>>>>>>>different results that they get.  Certainly they throw doubt on the
>>>>>>>validity
>>>>>>>of
>>>>>>>their results, but without actually doing the same as them it's not
>>>>>>>possible
>>>>>>>to say if they would have replicated your results if they hadn't
>>>>>>>made these
>>>>>>>errors.  After all, could the infilling of missing values have made much
>>>>>>>difference to the results obtained, something that they made a good deal
>>>>>>>of fuss about?
>>>>>>>
>>>>>>>(h) To say they "used neither the data nor the procedures of MBH98" will
>>>>>>>also be an easy target for them, since they did use the data that
>>>>>>>was sent
>>>>>>>to them and seemed to have used approximately the method too (with
>>>>>>>some errors that you've identified).  This reproduced your results
>>>>>>>to some
>>>>>>>extent (certainly not perfectly, but see Fig 6b and 6c).  Then they went
>>>>>>>further to redo it with the "corrected and updated" data - but only
>>>>>>>after
>>>>>>>first
>>>>>>>doing approximately what they claimed they did (i.e. the audit).
>>>>>>>
>>>>>>>These comments relate to random versions of the draft response, so
>>>>>>>apologies if they don't all seem relevant to the current draft.  I
>>>>>>>don't have
>>>>>>>these in front of me, here at home, so I'm doing this from memory of
>>>>>>>what
>>>>>>>I've read over the past few days.  But nevertheless, the point is
>>>>>>>that a quick
>>>>>>>response would ultimately require making a number of assumptions
>>>>>>>about what they did and assumptions about whether this explains the
>>>>>>>differences or not - assumptions that might be later shot down (in part
>>>>>>>only, at most, but still sufficient to muddy the debate for most
>>>>>>>outsiders).
>>>>>>>
>>>>>>>A quick response ought to be limited to something like:
>>>>>>>
>>>>>>>---------------------------------------------
>>>>>>>The recent paper by McIntyre and McKitrick (2003; hereafter MM03) claims
>>>>>>>to be an "audit" of the analysis of Mann, Bradley and Hughes (1998;
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>>>>>>>hereafter MBH98).  MM03 are unable to reproduce the Northern
>>>>>>>Hemisphere temperature reconstruction of MBH98 when attempting to
>>>>>>>use the same proxy data and methods as MBH98, though they obtain
>>>>>>>something similar with clearly anomalous recent warming (their Figure
>>>>>>>6c).  They then make many modifications to the proxy data set and repeat
>>>>>>>their analysis, and obtain a rather different result to MBH98.
>>>>>>>
>>>>>>>Unfortunately neither M&M nor the journal in which it was published took
>>>>>>>the necessary step of investigating whether the difference between their
>>>>>>>results and MBH98 could be explained simply by some error or set of
>>>>>>>errors in their use of the data or in their implementation of the MBH98
>>>>>>>method.  This should have been an essential step to take in a case such
>>>>>>>as this where the difference in results is so large and
>>>>>>>important.  Simple
>>>>>>>errors must first be ruled out prior to publication.  Even if the
>>>>>>>authors had
>>>>>>>not undertaken this by presenting their results to the authors of MBH98,
>>>>>>>the journal should certainly have included them as referees of the
>>>>>>>manuscript.
>>>>>>>
>>>>>>>A preliminary investigation into the proxy data and implementation
>>>>>>>of the
>>>>>>>method has already identified a number of likely errors, which may turn
>>>>>>>out to be the cause of the different results.  Rather than repeating
>>>>>>>M&M's
>>>>>>>failure to follow good scientific practise, we are witholding further
>>>>>>>comments until we can - by collaboration with M&M if possible - be
>>>>>>>certain
>>>>>>>of exactly what changes to data and method were made by M&M, whether
>>>>>>>these changes can really explain the differences in the results, and
>>>>>>>eventually which (if any) of these changes can be justified as
>>>>>>>equally valid
>>>>>>>(given the various uncertainties that exist) and which are simply
>>>>>>>errors that
>>>>>>>invalidate their results.
>>>>>>>-----------------------------------------
>>>>>>>
>>>>>>>Hope you find this all helpful, and despite my seemingly critical
>>>>>>>approach,
>>>>>>>take them in the spirit with which they are aimed - which is to obtain a
>>>>>>>strong and hard hitting rebuttal of bad science, but a rebuttal that
>>>>>>>cannot
>>>>>>>be buried by any minor innaccuracies or difficult-to-prove claims.
>>>>>>>
>>>>>>>Best regards
>>>>>>>
>>>>>>>Tim
>>>>>>
>>>>>>______________________________________________________________
>>>>>>                     Professor Michael E. Mann
>>>>>>            Department of Environmental Sciences, Clark Hall
>>>>>>                       University of Virginia
>>>>>>                      Charlottesville, VA 22903
>>>>>>_______________________________________________________________________
>>>>>>e-mail: mann@virginia.edu   Phone:    FAX: 
>>>>>>          http://www.evsc.virginia.edu/faculty/people/mann.shtml
>>>>>
>>>>>--
>>>>>Professor Keith Briffa,
>>>>>Climatic Research Unit
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>>>>>University of East Anglia
>>>>>Norwich, NR4 7TJ, U.K.
>>>>>
>>>>>Phone: 
>>>>>Fax: 
>>>>>
>>>>>http://www.cru.uea.ac.uk/cru/people/briffa/
>>>>______________________________________________________________
>>>>                     Professor Michael E. Mann
>>>>            Department of Environmental Sciences, Clark Hall
>>>>                       University of Virginia
>>>>                      Charlottesville, VA 22903
>>>>_______________________________________________________________________
>>>>e-mail: mann@virginia.edu   Phone:    FAX: 
>>>>          http://www.evsc.virginia.edu/faculty/people/mann.shtml
>>>
>>>Dr Timothy J Osborn
>>>Climatic Research Unit
>>>School of Environmental Sciences, University of East Anglia
>>>Norwich  NR4 7TJ, UK
>>>
>>>e-mail:   t.osborn@uea.ac.uk
>>>phone:    
>>>fax:      
>>>web:      http://www.cru.uea.ac.uk/~timo/
>>>sunclock: http://www.cru.uea.ac.uk/~timo/sunclock.htm
>>______________________________________________________________
>>                     Professor Michael E. Mann
>>            Department of Environmental Sciences, Clark Hall
>>                       University of Virginia
>>                      Charlottesville, VA 22903
>>_______________________________________________________________________
>>e-mail: mann@virginia.edu   Phone:    FAX: 
>>          http://www.evsc.virginia.edu/faculty/people/mann.shtml
>
>Raymond S. Bradley
>Distinguished Professor
>Director, Climate System Research Center*
>Department of Geosciences
>Morrill Science Center
>611 North Pleasant Street
>AMHERST, MA 01003-9297
>
>Tel: 
>Fax: 
>*Climate System Research Center: 
>         <http://www.paleoclimate.org>
>Paleoclimatology Book Web Site: http://www.geo.umass.edu/climate/paleo/html
>
>

--
Professor Keith Briffa,
Climatic Research Unit
University of East Anglia
Norwich, NR4 7TJ, U.K.

Phone: 
Fax: 
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From: Michael E. Mann
To: Tim Osborn; Keith Briffa; p.jones; raymond s. bradley
Cc: mhughes
Subject: RE: CLIMLIST
Date: Friday, October 31, 2003 6:56:15 AM
Attachments: EandEPaperProblem.pdf

EandEPaperProblem.doc

OK, the proposed true final version. Note the minor wording changes in some places e.g. the figure caption.

Any final comments?

mike

At 12:05 PM 10/31/2003 +0000, Tim Osborn wrote:

Mike et al.,

we (Keith and I) are happy with this strategy.  Rebuttal will be signed Mann and Bradley
(Hughes to be added later when available to confirm/modify) and circulated to allies/friends
first.

As soon as we get a final version from Mike, Keith will forward it with a message to Heike.

We will also draft an email from Keith, me and Phil to send to the email lists, expressing our
views on this and attaching your final version.

As to other people that you mention (Science, EFD), we'll leave that to you, Mike, to do -
though you may well want to use our CLIMLIST/SCEPTICSLIST email AND your final version
together to send to them, so might want to wait till we've drafted that email.

Cheers

Tim

At 11:17 31/10/2003, Michael E. Mann wrote:

Keith,

Thanks--that sounds absolutely great.

I suggest the following

1) I'll fix any remaining typos I find, and incorporate the latest comments received
from you guys. I expect that I can finalize this in 15 minutes or so--I agree that this
needs to get out by 8:00 AM eastern standard time, U.S.

I like where Keith is heading in terms of discussion of the strategy.

Why don't we sign this document, "Mann, Bradley, Hughes" that will be ready for
distribute to our closest colleagues and allies. I'll prepare a PDF version for
distribution, to make it difficult for others to alter (you never know w/ these folks)...

Should I go ahead and forward this document to Heike, then, in an email? Also,
should I send this to Dick Kerr at Science separately--Dick has often been helpful.
And maybe Jesse Smith at Science, and a few key journalists (Andy Revkin at New
York Times)?

Perhaps, then, Keith, Tim, Phil--you guys, as Keith suggests, can draft a separate
email to go out to the skepticlist (and all of the scientists who were forward it), the
CLIMLIST, etc. stating your opinons on this, and perhaps *attaching* at supporting
evidence the document signed by Mann, Bradley, Hughes?

Also, do we ask organizations like Environmental Defense Fund, etc. to post *both*
documents (our document, your supporting email) on their websites, etc?

What do you guys think?
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Thank-you guys have been wonderful, and I am most personally gracious. This will
not soon be forgotten...

mike

At 10:47 AM 10/31/2003 +0000, Keith Briffa wrote:

Hi all - I too have had some problems as to which specific version is
where we are at - BUT I think the latest draft as sent by Mike really is
virtually there (perhaps some typos to be ironed out (e.g. 'were' instead
of 'was' on line 7 of point 2) but I am generally very happy with the tone
and balance . Much of Tim's fears (justifiable points on not providing them
with wiggle out and distraction options) are allayed by the calm provisos
about not being categorical etc. The question now arises as to how to put
this out - I believe it does need to go out early so as to be available when
the rest of the press start to pick up the MM propaganda . Whether it
should be just signed by MBH is up to you . I AM NOT averse to signing ,
but wonder whether it is a better tactic to put out a separate statement
(us , Tom W. and whoever as suggested by Ray , saying we abhor the
way this MM paper has been published and publicised without proper
scrutiny). I fully agree with the statement as now written however , and
willing to go with the majority view. My suggestion about redoing the
"audit" was made in good faith and in no way implied I concurred with
MM ( in case anyone got the impression that I was not wholly "on side"
here).
So what does everyone else say now?
REGARDING NATURE -  spoke to Heike Langenberg , in the London office
and she said it sounded like a potential NEWS item , and asked me to
send some details by email and she would forward to the appropriate
office - seemed positive. I will do. The statement (s) should anyway go
soon on CLIMLIST and then we could quietly contact a few people we
know in the media ?

Keith

At 05:38 AM 10/31/03 -0500, Michael E. Mann wrote:

p.s. Keith, any word from Nature. Should I contact them
independently? And what about Science? Or "Climatic Change"
(I have little doubt that Steve S could find justification to
publish this their in an instant)...

thoughts?

mike

At 03:01 AM 10/31/2003 +0000, f055 wrote:

Dear all,

I've just finished preparing a detailed response
offline, only to log on to
send it to you all and find new versions from Mike
plus more comments
and information.  Well, I don't have time to change
my message now, so
will paste it below this message.  But bear in mind
that the new draft may
well have allayed many of my concerns - in
particular, a quick glance
shows the figure to be much more convincing than
the one Mike circulated
earlier, indeed it seems to be utterly convincing!  
I'll reply again on
Friday
morning once I've had time to read the new draft. 
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In the meantime, here is
my message as promised.

************************************************************

Dear MBH (cc to CRU),

The number of emails has been rather
overwhelming on this issue and
I'm struggling to catch up with them!  But I will
attempt to catch up with a
few things here...

(1) The single worst thing about the whole M&M
saga is not that they did
their study, not that they did things wrong
(deliberately or by accident), but
that neither they nor the journal took the necessary
step of investigating
whether the difference between their results and
yours could be explained
simply by some error or set of errors in their use of
the data or in their
implementation of your method.  If it turns out, as
looks likely from Mike's
investigation of this, that their results are
erroneous, then they and the
journal will have wasted countless person-hours of
time and caused
much damage in the climate policy arena.

(2) Given that this is the single worst thing about
the saga, we must not go
and do exactly the same in rushing out a response
to their paper.  If some
claims in the response turned out to be wrong,
based on assumptions
about what M&M did or assumptions about how
M&M's assumptions
affect the results, then it would end up with a
number of iterations of claim
and counter claim.  Ultimately the issue might be
settled, but by then the
waters could be so muddied that it didn't matter.

(3) Not only do I advise against an overly rushed
response, but I'm also
wondering whether it really ought to be only from
MBH, for three reasons.
(i) It is your paper/results that are being attacked.
(ii) It is difficult to endorse everything that Mike
has put in the draft
response because I don't know 100% of the details
of MBH and the MBH
data.  Sure, I can endorse some things, but others I
wouldn't know.   Sure,
I accept Mike's explanation because he's looked at
this stuff for 4 days
and I believe he'll have got it right - but that's
different to an independent
check.  That must come from Ray or Malcolm if
possible.
(iii) If it does come to any independent assessment
of who's right and
who's wrong, then it would be difficult for us to be
involved if we had
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already signed up to what some might claim to be
a knee-jerk reaction to
the M&M paper.  If that happened, then you would
want us to be free to get
involved to make sure the process was fair and
informed.

This sounds like a cop out, but - like I say - I'm not
sure about point (3) so
feel free to try to convince me otherwise if you
wish.  Anyway Keith or Phil
may be happy to sign up to a (quick or slow)
response, despite my
reservations above.

I really advise a very careful reading of M&M and
their supplementary
website to ensure that everything in the response is
clearly correct -
precisely to avoid point (2).  I've only just started
to do this, but already
have some questions about the response that Mike
has drafted.

(a) Mike, you say that many of the trees were
eliminated in the data they
used.  Have you concluded this because they
entered "NA" for "Not
available" in their appendix table?  If so, then are
you sure that "NA"
means they did not use any data, rather than
simply that they didn't
replace your data with an alternative (and hence in
fact continued to use
what Scott had supplied to them)?  Or perhaps
"NA" means they couldn't
find the PC time series published (of course!), but
in fact could find the
raw tree-ring chronologies and did their own PCA of
those?  How would
they know which raw chronologies to use?  Or did
you come to your
conclusion by downloading their "corrected and
updated" data matrix and
comparing it with yours - I've not had time to do
that, but even if I had and
I
found some differences, I wouldn't know which was
right seeing as I've
not done any PCA of western US trees myself?  My
guess would be that
they downloaded raw tree-ring chronologies
(possibly the same ones you
used) but then applied PCA only to the period when
they all had full data -
hence the lack of PCs in the early period (which you
got round by doing
PCA on the subset that had earlier data).  But this
is only a guess, and
this is the type of thing that should be checked with
them - surely they
would respond if asked? - to avoid my point (2)
above.  And if my guess
were right, then your wording of "eliminated this
entire data set" would
come in for criticism, even though in practise it
might as well have been.
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(b) The mention of ftp sites and excel files is
contradicted by their email
record on their website, which shows no mention of
excel files (they say
an ASCII file was sent) and also no record that they
knew the ftp address.
This doesn't matter really, since the reason for
them using a corrupted
data file is not relevant - the relevant thing is that it
was corrupt and had
you been involved in reviewing the paper then it
could have been found
prior to publication.  But they will use the email
record if the ftp sites and
excel files are mentioned.

(c) Not sure if you talk about peer-review in the
latest version, but note
that
they acknowledge input from reviewers and Fred
Singer's email says he
refereed it - so any statement implying it wasn't
reviewed will be met with
an easy response from them.

(d) Your quick-look reconstruction excluding many
of the tree-ring data,
and the verification RE you obtain, is interesting -
but again, don't rush
into
using these in any response.  The time series of
PC1 you sent is certainly
different from your standard one - but on the other
hand I'd hardly say you
"get a similar result" to them, the time series look
very different (see their
fig 6d).  So the dismal RE applies only to your
calculation, not to their
reconstruction.  It may turn out that their
verification RE is also very
negative, but again we cannot assume this in case
we're wrong and they
easily counter the criticism.

(e) Claims of their motives for selective censoring or
changing of data, or
for the study as a whole, may well be true but are
hard to prove.  They
would claim that their's is an honest attempt at
reproducing a key
scientific result.  If they made errors in what they
did, then maybe they're
just completely out of their depth on this, rather
than making deliberate
errors for the purposes of achieving preferred
results.

(f) The recent tree-ring decline they refer to seems
related to
tree-ring-width not density.  Regardless of width of
density, this issue
cannot simply be dismissed as a solved problem. 
Since they don't make
much of an issue out of it, best just to ignore it.

(g) [I'm rambling now into an un-ordered list of
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things, so I'll stop soon!]
The various other problems relating to temperature
data sets, detrended
standard deviations, PCs of tree-ring subsets etc.
sound likely errors -
though I've got no way of providing the
independent check that you asked
for.  But it is again a bit of a leap of faith to say
that these *explain* the
different results that they get.  Certainly they throw
doubt on the validity
of
their results, but without actually doing the same as
them it's not possible
to say if they would have replicated your results if
they hadn't made these
errors.  After all, could the infilling of missing values
have made much
difference to the results obtained, something that
they made a good deal
of fuss about?

(h) To say they "used neither the data nor the
procedures of MBH98" will
also be an easy target for them, since they did use
the data that was sent
to them and seemed to have used approximately
the method too (with
some errors that you've identified).  This
reproduced your results to some
extent (certainly not perfectly, but see Fig 6b and
6c).  Then they went
further to redo it with the "corrected and updated"
data - but only after
first
doing approximately what they claimed they did
(i.e. the audit).

These comments relate to random versions of the
draft response, so
apologies if they don't all seem relevant to the
current draft.  I don't have
these in front of me, here at home, so I'm doing
this from memory of what
I've read over the past few days.  But nevertheless,
the point is that a quick
response would ultimately require making a number
of assumptions
about what they did and assumptions about
whether this explains the
differences or not - assumptions that might be later
shot down (in part
only, at most, but still sufficient to muddy the
debate for most outsiders).

A quick response ought to be limited to something
like:

---------------------------------------------
The recent paper by McIntyre and McKitrick (2003;
hereafter MM03) claims
to be an "audit" of the analysis of Mann, Bradley
and Hughes (1998;
hereafter MBH98).  MM03 are unable to reproduce
the Northern
Hemisphere temperature reconstruction of MBH98
when attempting to
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use the same proxy data and methods as MBH98,
though they obtain
something similar with clearly anomalous recent
warming (their Figure
6c).  They then make many modifications to the
proxy data set and repeat
their analysis, and obtain a rather different result to
MBH98.

Unfortunately neither M&M nor the journal in which
it was published took
the necessary step of investigating whether the
difference between their
results and MBH98 could be explained simply by
some error or set of
errors in their use of the data or in their
implementation of the MBH98
method.  This should have been an essential step
to take in a case such
as this where the difference in results is so large
and important.  Simple
errors must first be ruled out prior to publication. 
Even if the authors had
not undertaken this by presenting their results to
the authors of MBH98,
the journal should certainly have included them as
referees of the
manuscript.

A preliminary investigation into the proxy data and
implementation of the
method has already identified a number of likely
errors, which may turn
out to be the cause of the different results.  Rather
than repeating M&M's
failure to follow good scientific practise, we are
witholding further
comments until we can - by collaboration with M&M
if possible - be certain
of exactly what changes to data and method were
made by M&M, whether
these changes can really explain the differences in
the results, and
eventually which (if any) of these changes can be
justified as equally valid
(given the various uncertainties that exist) and
which are simply errors that
invalidate their results.
-----------------------------------------

Hope you find this all helpful, and despite my
seemingly critical approach,
take them in the spirit with which they are aimed -
which is to obtain a
strong and hard hitting rebuttal of bad science, but
a rebuttal that cannot
be buried by any minor innaccuracies or difficult-to-
prove claims.

Best regards

Tim

______________________________________________________________

                    Professor Michael E. Mann
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NOTE ON PAPER BY MCINTYRE AND MCKITRICK IN "ENERGY AND ENVIRONMENT" 
 
Michael E. Mann, Raymond S. Bradley   
(note: Malcolm. K. Hughes is traveling and unavailable for a reply) 
 
The recent paper by McIntyre and McKitrick (Energy and Environment, 14, 751-771, 2003) 
claims to be an "audit" of the analysis of Mann, Bradley and Hughes (Nature, 392, 779-787, 
1998) or "MBH98".  An audit involves a careful examination, using the same data and following 
the exact procedures used in the report or study being audited.  McIntyre and McKitrick ("MM") 
have done no such thing, having used neither the data nor the procedures of MBH98. Thus, it is 
entirely understandable that they do not obtain the same result. Their effort has no bearing on the 
work of MBH98, and is no way a "correction" of that study as they claim. On the contrary, their 
analysis appears seriously flawed and amounts to a gross misrepresentation of the work of 
MBH98. Any reputable scientific journal, receiving critical comments on a published paper 
would have strived to  provide the authors being criticized with an opportunity to review the 
criticism prior to publication, and offer them the chance to respond.  Mann and colleagues were 
given no such opportunity.  
 
It seems clear that MM have made critical errors in their analysis that have the effect of grossly 
distorting the reconstruction of MBH98. Key indicators of the original MBH98 network appear 
to have been omitted for the early period 1400-1600, with major consequences for the character 
of the MM reconstruction of Northern Hemisphere temperatures over that interval. 
 
MM do not list the number of indicators in their putative version of the MBH network (which is 
based on an odd combination of data from MBH98 and other sources). The reader must do a 
considerable amount of detective work, based on scrutiny of the Tables in their pages 20-23 and 
the indicated data links, to determine just what data have been eliminated from the original MBH 
network. A preliminary attempt to do this already demonstrates that their deletion of key early 
proxy information produces anomalous warming in the 15th century at odds with the 
reconstructed cold conditions of the period by MBH98 and virtually all other published Northern 
Hemisphere temperature reconstructions. 
 
MM effectively censor key proxy indicators from the MBH98 network by the following actions: 
 
1) MM (see their Figure 4) substitute a shorter version (available back to mid 16th century) of 
one of the Jacoby et al (1989) Northern Treeline ring width series for the longer version 
(available back to mid 15th century) used by MBH98.  
 
2) MM eliminate, without any justification, the entire dataset of 70 Western North American 
(WNA) tree-ring series available between 1400 and 1600. This dataset, as several other regional 
tree-ring data networks, is represented by MBH98 in terms of a smaller number of representative 
Principal Component (PC) time series for each interval.  The authors eliminate all of these data 
by not following (see technical point "b" later on in this document) the procedure of MBH98 of 
calculating the PC series separately for all intervals used in their stepwise reconstruction 
approach. The leading pattern of variance in this data set exhibits conditions from 1400-1800 
that are dramatically colder than the mid and late 20th  century, and a very prominent cooling in 
the 15th century in particular. The original individual proxy data used by MBH, including all of 
the WNA data have been available since May 2000 on the public ftp site provided by Mann and 
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colleagues: ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/ITRDB/NOAMER/, and on the  NOAA 
Paleoclimatology website: ftp://ftp.ngdc.noaa.gov/paleo/treering/chronologies/northamerica/usa 
 
3) MM eliminate the entire  dataset of Stahle and coworkers of Southwestern U.S./Mexican late 
wood ring width measurements prior to the 17th century (12  back to 1500, 6 back to 1400) 
under the same false procedural premise described in (2). Once again, the data were available at 
the  Mann et al public ftp site: ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/STAHLE/SWM/ 
 
We have not determined yet, just how many important indicators were censored from the 
MBH98 dataset by the various subjective substitutions described by MM on pages 20-23. 
However, we have confirmed that elimination of the critical datasets (1)-(3) alone from the 
MBH98 network during the interval AD 1400-1500 yields the spurious result obtained by MM. 
(see Figure 1). 

 
FIGURE 1.  COMPARISON OF MBH98 RECONSTRUCTION (BLUE) WITH 
RECONSTRUCTION RESULTING FROM THE ELIMINATION OF KEY PROXY 
DATA SETS (1)-(3) OVER THE AD 1400-1500 INTERVAL. THIS YIELDS 
ESSENTIALLY THE SAME RESULT OBTAINED BY MM BY AN EFFECTIVE THE 
CENSORING OF MBH98 DATA (BOTH SERIES HAVE BEEN SMOOTHED WITH A 
40 YEAR LOWPASS FILTER) 
 
MBH98 employed the standard statistical tool of cross-validation to verify the skill of their 
reconstructions. Since increasingly sparse networks are used progressively farther back in time, a 
series of cross-validation experiments have to be performed to estimate the skill for different 
time intervals. For the AD 1400-1500 period, this involves, in MBH98, performing the 
reconstruction over the interval 1400-1901 based on calibration against the instrumental record 
over the interval 1902-1980,  using  the specific network of proxy indicators available for the AD 
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1400-1500 period. The reconstruction is then independently compared against the instrumental 
record over the interval (1854-1901) not used for calibration. The skill can be described by a 
verification coefficient of determination (RE), which is bounded by negative infinity and positive 
one, with substantially positive numbers indicative of  predictive skill. The mean expected value 
for a random estimate is -1.  
 
For the reconstruction with the data censored in a manner similar to that implicit in the MM 
approach, the RE score (-6.6) is far worse than even a typical random estimate, and such a result 
would have been discarded as unreliable based on the cross-validation protocol used by MBH98. 
 
The anomalous warm values during the 15th century are the artifact of an entirely unreliable 
statistical estimate.   By contrast, the MBH98 reconstruction indicates an RE of 0.42 for the 
1400-1500 interval, indicative of significant predictive skill during that time interval. 
 
The above discussion  should be adequate to provide readers with a sense of the depth of the 
flaws underlying the reconstruction achieved by  MM that is so at odds with  at least a dozen 
other recently published empirical and model-based estimates of Northern Hemisphere mean 
temperature changes in past centuries.   
 
There are numerous other additional, more technical  problems in their approach that would have 
rendered the MM analysis flawed irrespective of the censoring of important data. We briefly list 
the few most significant of these: 
 
(a) Use of Internally Inconsistent Surface Temperature Estimates 
 
MM combine gridpoint standard deviations estimated from one version of the University of East 
Anglia surface temperature record, with standardized EOFs from MBH98 based on a different 
temperature data set. MM also inconsistently use standard deviations of un-detrended data, while 
MBH98 had normalized their EOFs by detrended gridpoint standard deviations. 
 
(b) Incorrect representation of the MBH98 proxy data set.  
 
MBH98 calculated PCs of proxy sub-networks separately for each interval in their stepwise 
reconstruction. This is the only sensible approach, as it allows all data available over each sub-
interval to be used. This requires 159 independent time series to represent all indicators required 
for reconstructions of all possible sub-intervals, even though the maximum number ever used for 
a particular sub-interval is 112. By not following this protocol, MM effectively censored in the 
range of 100 proxy series used by MBH98 over the interval 1400-1600. 
 
(c) Lack of the use of an objective criterion in the determination of the number of retained 
instrumental PCs in the reconstruction: 
 
Since the proxy data network developed by MM differed from that used by MBH98 for all 
intervals, it was inappropriate for MM to use the same instrumental temperature eigenvector 
subsets that had been selected by MBH98 for their reconstruction. The subsets were selected by 
MBH98 based on the application of an objective criterion to the specific available proxy 
networks available, and were optimized with respect to those networks. The basis sets used by 
MM have thus not been optimized with respect to the different proxy network they actually use. 
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From: Michael E. Mann
To: Keith Briffa; raymond s. bradley; t.osborn@uea.ac.uk; p.jones@uea.ac.uk; mhughes@ltrr.arizona.edu
Subject: Re: My perspective on the latest draft
Date: Friday, October 31, 2003 7:03:32 AM

Thanks Keith,

Unfortunately, we've had a lot of trouble w/ sychronization of emails, etc. I believe its fair to say that Ray is on board w/ the
latest version, and sending this out pronto!

Can everyone check the latest version of I just sent out.

One thing, I'm checking with a lawyer at EDF over one sentence in our piece:

Any reputable scientific journal, receiving critical comments on a published paper would have strived to  provide the authors
being criticized with an opportunity to review the criticism prior to publication...

These folks may look for little legal details to try to go after us, and this is the obvious one. Will let you know what folks tell
me...

mike
At 01:36 PM 10/31/2003 +0000, Keith Briffa wrote:

Of course I agree with (and have done all along ) with the need for caution and absolute clarity in the facts of
response (incidentally , as for the phrase you didn't like Ray, my wording was "For whatever reason " where Mike
used "motives" which I admit changes the emphasis again) BUT , my own opinion is that some response should
go out early (no matter how brief) to the effect that there work does not negate your results and you need time
to explore their work , (possibly because you suspect...). I believe the MM results will be picked up by the media
as early as this weekend and some statement from you that we can use as a basis to approach Nature and the
rest (do not forget Singer's demand) and post on CLIMLIST would be useful.
However, we will post nothing until you guys decide the next step and details of the release (if there is to be
one). We are ready to email Langenberg  (and post on CLIMLIST some supporting statement as requested by
Ray) when you give us the go ahead and statement,
if you decide that way. YOU HAVE TO BE CRYSTAL CLEAR AND WHOLLY HAPPY WITH EVERY WORD IN IT
THOUGH.
Ultimately , it will NOT affect the science or long term perception of your work if nothing goes out immediately
though.
Keith

At 08:16 AM 10/31/03 -0500, raymond s. bradley wrote:

I just reviewed all the back & forth from Tim, Keith etc.  and finally found the latest version of what
you propose to send out.
1) I think this sentence is unnecessarily inflammatory and needs to be changed:
We will refrain from making categorical statements as to the specific motives, but we will state that it
seems clear that MM have made critical errors in their analysis that have the effect of grossly
distorting the reconstruction of MBH98.
Just state:
It seems clear that MM have made critical errors in their analysis that have the effect of grossly
distorting the reconstruction of MBH98.
Since we "refrain from making categorical statements"....why say that?

2) I must say that I very much agree with Tim that we have to be careful not to say ANYTHING--no
matter how trivial--that is not absolutely, unimpeachably correct, or it will inevitably lead to a
response that will only further confuse and alienate even the most willing of observers.  Thus, the text
we release must not include ANYTHING that could be argued about.  It would be better to make only
one point that is unarguably correct than to list a bunch of points, if ANY of them could be disagreed
with as a matter of opinion.  Please go through the text and eliminate anything that meets this
criterion.

Finally, I really don't understand what the rush is.  Why is an 8am EST release so critical?  It's Friday--
will this really matter if it doesn't go out until Monday-- or even Wednesday as MKH requests.
Seriously, M & M have done a lot of damage, but Mike, you are too wrapped up in this to see that a
few days at this point won't make a hill of beans difference.  The Senate debate is over, Nature and
Science etc won't act with such urgency, so better to slow down here.  I'd rather have MKH's
endorsement of this and I think we should wait until he has time to see it too.

Now you are mad as hell at me, I know.  So let me say that you have done an amazing job of
deciphering what MM did, and I greatly admire your tenacity and insight into all of this.  Clearly as
"The Man" of Mann et al, it's you who bears the brunt of all criticism, just as you deserve the bulk of
the credit for the work in the first place.  But Tim's comments are right on target...and a few days of
sober reflection won't hurt anything....and might just avoid falling foul of some problem none of us
has yet had time to think about.  I know I have hardly time over the last few days to do due diligence
on this, and obviously Malcolm has not even skimmed the surface of what's gone on....
Ray
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At 07:18 AM 10/31/2003 -0500, you wrote:

Thanks Tim,

Sounds like the best possible plan under the circumstances. Attached is the revised (final?)
version, see the note about Malcolm Hughes unable for comment--does this seem ok?

If this looks good to you guys, you don't see any typos, etc. lets consider this the final
version. I've attached it in both word and pdf--only the pdf should probably be sent
around.

As per your suggestions, I'll await receipt of your CLIMLIST/SCEPTICSLIST email to send
this together to other outlets for joint posting. Will you guys will send out to all of the
other scientists, etc. who' Timmerata, etc. emailed too?

The appropriate outlets would be: EDF, other NGO groups, Ross Gelbspan's site, David
Appell's blog, etc...

So I'll await further word from you,

thanks again,

mike

At 12:05 PM 10/31/2003 +0000, Tim Osborn wrote:

Mike et al.,

we (Keith and I) are happy with this strategy.  Rebuttal will be signed Mann
and Bradley (Hughes to be added later when available to confirm/modify) and
circulated to allies/friends first.

As soon as we get a final version from Mike, Keith will forward it with a
message to Heike.

We will also draft an email from Keith, me and Phil to send to the email lists,
expressing our views on this and attaching your final version.

As to other people that you mention (Science, EFD), we'll leave that to you,
Mike, to do - though you may well want to use our CLIMLIST/SCEPTICSLIST
email AND your final version together to send to them, so might want to wait
till we've drafted that email.

Cheers

Tim

At 11:17 31/10/2003, Michael E. Mann wrote:

Keith,

Thanks--that sounds absolutely great.

I suggest the following

1) I'll fix any remaining typos I find, and incorporate the latest
comments received from you guys. I expect that I can finalize this in
15 minutes or so--I agree that this needs to get out by 8:00 AM
eastern standard time, U.S.

I like where Keith is heading in terms of discussion of the strategy.

Why don't we sign this document, "Mann, Bradley, Hughes" that will
be ready for distribute to our closest colleagues and allies. I'll
prepare a PDF version for distribution, to make it difficult for others
to alter (you never know w/ these folks)...

Should I go ahead and forward this document to Heike, then, in an
email? Also, should I send this to Dick Kerr at Science separately--
Dick has often been helpful. And maybe Jesse Smith at Science, and
a few key journalists (Andy Revkin at New York Times)?

Perhaps, then, Keith, Tim, Phil--you guys, as Keith suggests, can
draft a separate email to go out to the skepticlist (and all of the
scientists who were forward it), the CLIMLIST, etc. stating your
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opinons on this, and perhaps *attaching* at supporting evidence the
document signed by Mann, Bradley, Hughes?

Also, do we ask organizations like Environmental Defense Fund, etc.
to post *both* documents (our document, your supporting email) on
their websites, etc?

What do you guys think?

Thank-you guys have been wonderful, and I am most personally
gracious. This will not soon be forgotten...

mike

At 10:47 AM 10/31/2003 +0000, Keith Briffa wrote:

Hi all - I too have had some problems as to which
specific version is where we are at - BUT I think the
latest draft as sent by Mike really is virtually there
(perhaps some typos to be ironed out (e.g. 'were' instead
of 'was' on line 7 of point 2) but I am generally very
happy with the tone and balance . Much of Tim's fears
(justifiable points on not providing them with wiggle out
and distraction options) are allayed by the calm provisos
about not being categorical etc. The question now arises
as to how to put this out - I believe it does need to go
out early so as to be available when the rest of the press
start to pick up the MM propaganda . Whether it should
be just signed by MBH is up to you . I AM NOT averse to
signing , but wonder whether it is a better tactic to put
out a separate statement (us , Tom W. and whoever as
suggested by Ray , saying we abhor the way this MM
paper has been published and publicised without proper
scrutiny). I fully agree with the statement as now written
however , and willing to go with the majority view. My
suggestion about redoing the "audit" was made in good
faith and in no way implied I concurred with MM ( in
case anyone got the impression that I was not wholly "on
side" here).
So what does everyone else say now?
REGARDING NATURE -  spoke to Heike Langenberg , in
the London office and she said it sounded like a potential
NEWS item , and asked me to send some details by email
and she would forward to the appropriate office - seemed
positive. I will do. The statement (s) should anyway go
soon on CLIMLIST and then we could quietly contact a
few people we know in the media ?

Keith

At 05:38 AM 10/31/03 -0500, Michael E. Mann wrote:

p.s. Keith, any word from Nature. Should I
contact them independently? And what about
Science? Or "Climatic Change" (I have little
doubt that Steve S could find justification to
publish this their in an instant)...

thoughts?

mike

At 03:01 AM 10/31/2003 +0000, f055 wrote:

Dear all,

I've just finished preparing a
detailed response offline, only to
log on to
send it to you all and find new
versions from Mike plus more
comments
and information.  Well, I don't
have time to change my message
now, so
will paste it below this message. 
But bear in mind that the new
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draft may
well have allayed many of my
concerns - in particular, a quick
glance
shows the figure to be much more
convincing than the one Mike
circulated
earlier, indeed it seems to be
utterly convincing!   I'll reply again
on
Friday
morning once I've had time to
read the new draft.  In the
meantime, here is
my message as promised.

************************************************************

Dear MBH (cc to CRU),

The number of emails has been
rather overwhelming on this issue
and
I'm struggling to catch up with
them!  But I will attempt to catch
up with a
few things here...

(1) The single worst thing about
the whole M&M saga is not that
they did
their study, not that they did
things wrong (deliberately or by
accident), but
that neither they nor the journal
took the necessary step of
investigating
whether the difference between
their results and yours could be
explained
simply by some error or set of
errors in their use of the data or in
their
implementation of your method.  If
it turns out, as looks likely from
Mike's
investigation of this, that their
results are erroneous, then they
and the
journal will have wasted countless
person-hours of time and caused
much damage in the climate policy
arena.

(2) Given that this is the single
worst thing about the saga, we
must not go
and do exactly the same in rushing
out a response to their paper.  If
some
claims in the response turned out
to be wrong, based on
assumptions
about what M&M did or
assumptions about how M&M's
assumptions
affect the results, then it would
end up with a number of iterations
of claim
and counter claim.  Ultimately the
issue might be settled, but by then
the
waters could be so muddied that it
didn't matter.

(3) Not only do I advise against an
overly rushed response, but I'm
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also
wondering whether it really ought
to be only from MBH, for three
reasons.
(i) It is your paper/results that are
being attacked.
(ii) It is difficult to endorse
everything that Mike has put in the
draft
response because I don't know
100% of the details of MBH and
the MBH
data.  Sure, I can endorse some
things, but others I wouldn't
know.   Sure,
I accept Mike's explanation
because he's looked at this stuff
for 4 days
and I believe he'll have got it right
- but that's different to an
independent
check.  That must come from Ray
or Malcolm if possible.
(iii) If it does come to any
independent assessment of who's
right and
who's wrong, then it would be
difficult for us to be involved if we
had
already signed up to what some
might claim to be a knee-jerk
reaction to
the M&M paper.  If that happened,
then you would want us to be free
to get
involved to make sure the process
was fair and informed.

This sounds like a cop out, but -
like I say - I'm not sure about
point (3) so
feel free to try to convince me
otherwise if you wish.  Anyway
Keith or Phil
may be happy to sign up to a
(quick or slow) response, despite
my
reservations above.

I really advise a very careful
reading of M&M and their
supplementary
website to ensure that everything
in the response is clearly correct -
precisely to avoid point (2).  I've
only just started to do this, but
already
have some questions about the
response that Mike has drafted.

(a) Mike, you say that many of the
trees were eliminated in the data
they
used.  Have you concluded this
because they entered "NA" for
"Not
available" in their appendix table? 
If so, then are you sure that "NA"
means they did not use any data,
rather than simply that they didn't
replace your data with an
alternative (and hence in fact
continued to use
what Scott had supplied to them)? 
Or perhaps "NA" means they
couldn't
find the PC time series published
(of course!), but in fact could find
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the
raw tree-ring chronologies and did
their own PCA of those?  How
would
they know which raw chronologies
to use?  Or did you come to your
conclusion by downloading their
"corrected and updated" data
matrix and
comparing it with yours - I've not
had time to do that, but even if I
had and
I
found some differences, I wouldn't
know which was right seeing as
I've
not done any PCA of western US
trees myself?  My guess would be
that
they downloaded raw tree-ring
chronologies (possibly the same
ones you
used) but then applied PCA only to
the period when they all had full
data -
hence the lack of PCs in the early
period (which you got round by
doing
PCA on the subset that had earlier
data).  But this is only a guess,
and
this is the type of thing that should
be checked with them - surely they
would respond if asked? - to avoid
my point (2) above.  And if my
guess
were right, then your wording of
"eliminated this entire data set"
would
come in for criticism, even though
in practise it might as well have
been.

(b) The mention of ftp sites and
excel files is contradicted by their
email
record on their website, which
shows no mention of excel files
(they say
an ASCII file was sent) and also no
record that they knew the ftp
address.
This doesn't matter really, since
the reason for them using a
corrupted
data file is not relevant - the
relevant thing is that it was corrupt
and had
you been involved in reviewing the
paper then it could have been
found
prior to publication.  But they will
use the email record if the ftp sites
and
excel files are mentioned.

(c) Not sure if you talk about peer-
review in the latest version, but
note
that
they acknowledge input from
reviewers and Fred Singer's email
says he
refereed it - so any statement
implying it wasn't reviewed will be
met with
an easy response from them.
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(d) Your quick-look reconstruction
excluding many of the tree-ring
data,
and the verification RE you obtain,
is interesting - but again, don't
rush
into
using these in any response.  The
time series of PC1 you sent is
certainly
different from your standard one -
but on the other hand I'd hardly
say you
"get a similar result" to them, the
time series look very different (see
their
fig 6d).  So the dismal RE applies
only to your calculation, not to
their
reconstruction.  It may turn out
that their verification RE is also
very
negative, but again we cannot
assume this in case we're wrong
and they
easily counter the criticism.

(e) Claims of their motives for
selective censoring or changing of
data, or
for the study as a whole, may well
be true but are hard to prove. 
They
would claim that their's is an
honest attempt at reproducing a
key
scientific result.  If they made
errors in what they did, then
maybe they're
just completely out of their depth
on this, rather than making
deliberate
errors for the purposes of
achieving preferred results.

(f) The recent tree-ring decline
they refer to seems related to
tree-ring-width not density. 
Regardless of width of density, this
issue
cannot simply be dismissed as a
solved problem.  Since they don't
make
much of an issue out of it, best
just to ignore it.

(g) [I'm rambling now into an un-
ordered list of things, so I'll stop
soon!]
The various other problems
relating to temperature data sets,
detrended
standard deviations, PCs of tree-
ring subsets etc. sound likely errors
-
though I've got no way of
providing the independent check
that you asked
for.  But it is again a bit of a leap
of faith to say that these *explain*
the
different results that they get. 
Certainly they throw doubt on the
validity
of
their results, but without actually
doing the same as them it's not
possible
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to say if they would have
replicated your results if they
hadn't made these
errors.  After all, could the infilling
of missing values have made much
difference to the results obtained,
something that they made a good
deal
of fuss about?

(h) To say they "used neither the
data nor the procedures of MBH98"
will
also be an easy target for them,
since they did use the data that
was sent
to them and seemed to have used
approximately the method too
(with
some errors that you've
identified).  This reproduced your
results to some
extent (certainly not perfectly, but
see Fig 6b and 6c).  Then they
went
further to redo it with the
"corrected and updated" data - but
only after
first
doing approximately what they
claimed they did (i.e. the audit).

These comments relate to random
versions of the draft response, so
apologies if they don't all seem
relevant to the current draft.  I
don't have
these in front of me, here at home,
so I'm doing this from memory of
what
I've read over the past few days. 
But nevertheless, the point is that
a quick
response would ultimately require
making a number of assumptions
about what they did and
assumptions about whether this
explains the
differences or not - assumptions
that might be later shot down (in
part
only, at most, but still sufficient to
muddy the debate for most
outsiders).

A quick response ought to be
limited to something like:

------------------------------------------
---
The recent paper by McIntyre and
McKitrick (2003; hereafter MM03)
claims
to be an "audit" of the analysis of
Mann, Bradley and Hughes (1998;
hereafter MBH98).  MM03 are
unable to reproduce the Northern
Hemisphere temperature
reconstruction of MBH98 when
attempting to
use the same proxy data and
methods as MBH98, though they
obtain
something similar with clearly
anomalous recent warming (their
Figure
6c).  They then make many
modifications to the proxy data set
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and repeat
their analysis, and obtain a rather
different result to MBH98.

Unfortunately neither M&M nor the
journal in which it was published
took
the necessary step of investigating
whether the difference between
their
results and MBH98 could be
explained simply by some error or
set of
errors in their use of the data or in
their implementation of the MBH98
method.  This should have been an
essential step to take in a case
such
as this where the difference in
results is so large and important. 
Simple
errors must first be ruled out prior
to publication.  Even if the authors
had
not undertaken this by presenting
their results to the authors of
MBH98,
the journal should certainly have
included them as referees of the
manuscript.

A preliminary investigation into the
proxy data and implementation of
the
method has already identified a
number of likely errors, which may
turn
out to be the cause of the different
results.  Rather than repeating
M&M's
failure to follow good scientific
practise, we are witholding further
comments until we can - by
collaboration with M&M if possible
- be certain
of exactly what changes to data
and method were made by M&M,
whether
these changes can really explain
the differences in the results, and
eventually which (if any) of these
changes can be justified as equally
valid
(given the various uncertainties
that exist) and which are simply
errors that
invalidate their results.
-----------------------------------------

Hope you find this all helpful, and
despite my seemingly critical
approach,
take them in the spirit with which
they are aimed - which is to obtain
a
strong and hard hitting rebuttal of
bad science, but a rebuttal that
cannot
be buried by any minor
innaccuracies or difficult-to-prove
claims.

Best regards

Tim

______________________________________________________________
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                    Professor Michael E. Mann
           Department of Environmental
Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone: 
   FAX: 

        
http://www.evsc.virginia.edu/faculty/people/mann.shtml

--
Professor Keith Briffa,
Climatic Research Unit
University of East Anglia
Norwich, NR4 7TJ, U.K.

Phone: 
Fax: 

http://www.cru.uea.ac.uk/cru/people/briffa/

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

Dr Timothy J Osborn
Climatic Research Unit
School of Environmental Sciences, University of East Anglia
Norwich  NR4 7TJ, UK

e-mail:   t.osborn@uea.ac.uk
phone:    
fax:      
web:      http://www.cru.uea.ac.uk/~timo/
sunclock: http://www.cru.uea.ac.uk/~timo/sunclock.htm

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

Raymond S. Bradley
Distinguished Professor
Director, Climate System Research Center*
Department of Geosciences
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel: 
Fax: 
*Climate System Research Center: 
        <http://www.paleoclimate.org>
Paleoclimatology Book Web Site: http://www.geo.umass.edu/climate/paleo/html

--
Professor Keith Briffa,
Climatic Research Unit
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University of East Anglia
Norwich, NR4 7TJ, U.K.

Phone: 
Fax: 

http://www.cru.uea.ac.uk/cru/people/briffa/

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

ABOR/MH/Priv-001272



From: Michael E. Mann
To: raymond s. bradley; t.osborn@uea.ac.uk; k.briffa@uea.ac.uk; p.jones@uea.ac.uk; mhughes@ltrr.arizona.edu
Subject: final (?) version
Date: Friday, October 31, 2003 7:45:20 AM
Attachments: EandEPaperProblem.doc

EandEPaperProblem.pdf

OK, I've talked to Annie Petsonk at EDF and we've changed the sentence about "any reputable scientific journal..." to
avoid any possible legal issues.

I've also modified the figure caption as requested by Ray (w/ one additional small change in wording)...

Once I hear from you guys that it now looks ok, please consider this a final version ready to be attached in your email
distributions...

mike

At 08:16 AM 10/31/2003 -0500, raymond s. bradley wrote:

I just reviewed all the back & forth from Tim, Keith etc.  and finally found the latest version of what you
propose to send out.
1) I think this sentence is unnecessarily inflammatory and needs to be changed:
We will refrain from making categorical statements as to the specific motives, but we will state that it
seems clear that MM have made critical errors in their analysis that have the effect of grossly distorting the
reconstruction of MBH98.
Just state:
It seems clear that MM have made critical errors in their analysis that have the effect of grossly distorting
the reconstruction of MBH98.
Since we "refrain from making categorical statements"....why say that?

2) I must say that I very much agree with Tim that we have to be careful not to say ANYTHING--no matter
how trivial--that is not absolutely, unimpeachably correct, or it will inevitably lead to a response that will
only further confuse and alienate even the most willing of observers.  Thus, the text we release must not
include ANYTHING that could be argued about.  It would be better to make only one point that is
unarguably correct than to list a bunch of points, if ANY of them could be disagreed with as a matter of
opinion.  Please go through the text and eliminate anything that meets this criterion.

Finally, I really don't understand what the rush is.  Why is an 8am EST release so critical?  It's Friday--will
this really matter if it doesn't go out until Monday-- or even Wednesday as MKH requests.
Seriously, M & M have done a lot of damage, but Mike, you are too wrapped up in this to see that a few
days at this point won't make a hill of beans difference.  The Senate debate is over, Nature and Science etc
won't act with such urgency, so better to slow down here.  I'd rather have MKH's endorsement of this and
I think we should wait until he has time to see it too.

Now you are mad as hell at me, I know.  So let me say that you have done an amazing job of deciphering
what MM did, and I greatly admire your tenacity and insight into all of this.  Clearly as "The Man" of Mann
et al, it's you who bears the brunt of all criticism, just as you deserve the bulk of the credit for the work in
the first place.  But Tim's comments are right on target...and a few days of sober reflection won't hurt
anything....and might just avoid falling foul of some problem none of us has yet had time to think about.  I
know I have hardly time over the last few days to do due diligence on this, and obviously Malcolm has not
even skimmed the surface of what's gone on....
Ray

At 07:18 AM 10/31/2003 -0500, you wrote:

Thanks Tim,

Sounds like the best possible plan under the circumstances. Attached is the revised (final?)
version, see the note about Malcolm Hughes unable for comment--does this seem ok?

If this looks good to you guys, you don't see any typos, etc. lets consider this the final version.
I've attached it in both word and pdf--only the pdf should probably be sent around.

As per your suggestions, I'll await receipt of your CLIMLIST/SCEPTICSLIST email to send this
together to other outlets for joint posting. Will you guys will send out to all of the other
scientists, etc. who' Timmerata, etc. emailed too?

The appropriate outlets would be: EDF, other NGO groups, Ross Gelbspan's site, David Appell's
blog, etc...

So I'll await further word from you,
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thanks again,

mike

At 12:05 PM 10/31/2003 +0000, Tim Osborn wrote:

Mike et al.,

we (Keith and I) are happy with this strategy.  Rebuttal will be signed Mann and
Bradley (Hughes to be added later when available to confirm/modify) and circulated
to allies/friends first.

As soon as we get a final version from Mike, Keith will forward it with a message to
Heike.

We will also draft an email from Keith, me and Phil to send to the email lists,
expressing our views on this and attaching your final version.

As to other people that you mention (Science, EFD), we'll leave that to you, Mike, to
do - though you may well want to use our CLIMLIST/SCEPTICSLIST email AND your
final version together to send to them, so might want to wait till we've drafted that
email.

Cheers

Tim

At 11:17 31/10/2003, Michael E. Mann wrote:

Keith,

Thanks--that sounds absolutely great.

I suggest the following

1) I'll fix any remaining typos I find, and incorporate the latest comments
received from you guys. I expect that I can finalize this in 15 minutes or
so--I agree that this needs to get out by 8:00 AM eastern standard time,
U.S.

I like where Keith is heading in terms of discussion of the strategy.

Why don't we sign this document, "Mann, Bradley, Hughes" that will be
ready for distribute to our closest colleagues and allies. I'll prepare a PDF
version for distribution, to make it difficult for others to alter (you never
know w/ these folks)...

Should I go ahead and forward this document to Heike, then, in an email?
Also, should I send this to Dick Kerr at Science separately--Dick has often
been helpful. And maybe Jesse Smith at Science, and a few key
journalists (Andy Revkin at New York Times)?

Perhaps, then, Keith, Tim, Phil--you guys, as Keith suggests, can draft a
separate email to go out to the skepticlist (and all of the scientists who
were forward it), the CLIMLIST, etc. stating your opinons on this, and
perhaps *attaching* at supporting evidence the document signed by
Mann, Bradley, Hughes?

Also, do we ask organizations like Environmental Defense Fund, etc. to
post *both* documents (our document, your supporting email) on their
websites, etc?

What do you guys think?

Thank-you guys have been wonderful, and I am most personally gracious.
This will not soon be forgotten...

mike

At 10:47 AM 10/31/2003 +0000, Keith Briffa wrote:

Hi all - I too have had some problems as to which specific
version is where we are at - BUT I think the latest draft as sent
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by Mike really is virtually there (perhaps some typos to be
ironed out (e.g. 'were' instead of 'was' on line 7 of point 2) but
I am generally very happy with the tone and balance . Much of
Tim's fears (justifiable points on not providing them with
wiggle out and distraction options) are allayed by the calm
provisos about not being categorical etc. The question now
arises as to how to put this out - I believe it does need to go
out early so as to be available when the rest of the press start
to pick up the MM propaganda . Whether it should be just
signed by MBH is up to you . I AM NOT averse to signing , but
wonder whether it is a better tactic to put out a separate
statement (us , Tom W. and whoever as suggested by Ray ,
saying we abhor the way this MM paper has been published
and publicised without proper scrutiny). I fully agree with the
statement as now written however , and willing to go with the
majority view. My suggestion about redoing the "audit" was
made in good faith and in no way implied I concurred with MM
( in case anyone got the impression that I was not wholly "on
side" here).
So what does everyone else say now?
REGARDING NATURE -  spoke to Heike Langenberg , in the
London office and she said it sounded like a potential NEWS
item , and asked me to send some details by email and she
would forward to the appropriate office - seemed positive. I
will do. The statement (s) should anyway go soon on
CLIMLIST and then we could quietly contact a few people we
know in the media ?

Keith

At 05:38 AM 10/31/03 -0500, Michael E. Mann wrote:

p.s. Keith, any word from Nature. Should I contact
them independently? And what about Science? Or
"Climatic Change" (I have little doubt that Steve S
could find justification to publish this their in an
instant)...

thoughts?

mike

At 03:01 AM 10/31/2003 +0000, f055 wrote:

Dear all,

I've just finished preparing a detailed
response offline, only to log on to
send it to you all and find new versions
from Mike plus more comments
and information.  Well, I don't have time
to change my message now, so
will paste it below this message.  But
bear in mind that the new draft may
well have allayed many of my concerns -
in particular, a quick glance
shows the figure to be much more
convincing than the one Mike circulated
earlier, indeed it seems to be utterly
convincing!   I'll reply again on
Friday
morning once I've had time to read the
new draft.  In the meantime, here is
my message as promised.

************************************************************

Dear MBH (cc to CRU),

The number of emails has been rather
overwhelming on this issue and
I'm struggling to catch up with them! 
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But I will attempt to catch up with a
few things here...

(1) The single worst thing about the
whole M&M saga is not that they did
their study, not that they did things
wrong (deliberately or by accident), but
that neither they nor the journal took
the necessary step of investigating
whether the difference between their
results and yours could be explained
simply by some error or set of errors in
their use of the data or in their
implementation of your method.  If it
turns out, as looks likely from Mike's
investigation of this, that their results
are erroneous, then they and the
journal will have wasted countless
person-hours of time and caused
much damage in the climate policy
arena.

(2) Given that this is the single worst
thing about the saga, we must not go
and do exactly the same in rushing out
a response to their paper.  If some
claims in the response turned out to be
wrong, based on assumptions
about what M&M did or assumptions
about how M&M's assumptions
affect the results, then it would end up
with a number of iterations of claim
and counter claim.  Ultimately the issue
might be settled, but by then the
waters could be so muddied that it didn't
matter.

(3) Not only do I advise against an
overly rushed response, but I'm also
wondering whether it really ought to be
only from MBH, for three reasons.
(i) It is your paper/results that are being
attacked.
(ii) It is difficult to endorse everything
that Mike has put in the draft
response because I don't know 100% of
the details of MBH and the MBH
data.  Sure, I can endorse some things,
but others I wouldn't know.   Sure,
I accept Mike's explanation because he's
looked at this stuff for 4 days
and I believe he'll have got it right - but
that's different to an independent
check.  That must come from Ray or
Malcolm if possible.
(iii) If it does come to any independent
assessment of who's right and
who's wrong, then it would be difficult
for us to be involved if we had
already signed up to what some might
claim to be a knee-jerk reaction to
the M&M paper.  If that happened, then
you would want us to be free to get
involved to make sure the process was
fair and informed.

This sounds like a cop out, but - like I
say - I'm not sure about point (3) so
feel free to try to convince me otherwise
if you wish.  Anyway Keith or Phil
may be happy to sign up to a (quick or
slow) response, despite my
reservations above.
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I really advise a very careful reading of
M&M and their supplementary
website to ensure that everything in the
response is clearly correct -
precisely to avoid point (2).  I've only
just started to do this, but already
have some questions about the response
that Mike has drafted.

(a) Mike, you say that many of the trees
were eliminated in the data they
used.  Have you concluded this because
they entered "NA" for "Not
available" in their appendix table?  If so,
then are you sure that "NA"
means they did not use any data, rather
than simply that they didn't
replace your data with an alternative
(and hence in fact continued to use
what Scott had supplied to them)?  Or
perhaps "NA" means they couldn't
find the PC time series published (of
course!), but in fact could find the
raw tree-ring chronologies and did their
own PCA of those?  How would
they know which raw chronologies to
use?  Or did you come to your
conclusion by downloading their
"corrected and updated" data matrix and
comparing it with yours - I've not had
time to do that, but even if I had and
I
found some differences, I wouldn't know
which was right seeing as I've
not done any PCA of western US trees
myself?  My guess would be that
they downloaded raw tree-ring
chronologies (possibly the same ones
you
used) but then applied PCA only to the
period when they all had full data -
hence the lack of PCs in the early period
(which you got round by doing
PCA on the subset that had earlier
data).  But this is only a guess, and
this is the type of thing that should be
checked with them - surely they
would respond if asked? - to avoid my
point (2) above.  And if my guess
were right, then your wording of
"eliminated this entire data set" would
come in for criticism, even though in
practise it might as well have been.

(b) The mention of ftp sites and excel
files is contradicted by their email
record on their website, which shows no
mention of excel files (they say
an ASCII file was sent) and also no
record that they knew the ftp address.
This doesn't matter really, since the
reason for them using a corrupted
data file is not relevant - the relevant
thing is that it was corrupt and had
you been involved in reviewing the
paper then it could have been found
prior to publication.  But they will use
the email record if the ftp sites and
excel files are mentioned.

(c) Not sure if you talk about peer-
review in the latest version, but note
that
they acknowledge input from reviewers
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and Fred Singer's email says he
refereed it - so any statement implying it
wasn't reviewed will be met with
an easy response from them.

(d) Your quick-look reconstruction
excluding many of the tree-ring data,
and the verification RE you obtain, is
interesting - but again, don't rush
into
using these in any response.  The time
series of PC1 you sent is certainly
different from your standard one - but
on the other hand I'd hardly say you
"get a similar result" to them, the time
series look very different (see their
fig 6d).  So the dismal RE applies only to
your calculation, not to their
reconstruction.  It may turn out that
their verification RE is also very
negative, but again we cannot assume
this in case we're wrong and they
easily counter the criticism.

(e) Claims of their motives for selective
censoring or changing of data, or
for the study as a whole, may well be
true but are hard to prove.  They
would claim that their's is an honest
attempt at reproducing a key
scientific result.  If they made errors in
what they did, then maybe they're
just completely out of their depth on
this, rather than making deliberate
errors for the purposes of achieving
preferred results.

(f) The recent tree-ring decline they
refer to seems related to
tree-ring-width not density.  Regardless
of width of density, this issue
cannot simply be dismissed as a solved
problem.  Since they don't make
much of an issue out of it, best just to
ignore it.

(g) [I'm rambling now into an un-
ordered list of things, so I'll stop soon!]
The various other problems relating to
temperature data sets, detrended
standard deviations, PCs of tree-ring
subsets etc. sound likely errors -
though I've got no way of providing the
independent check that you asked
for.  But it is again a bit of a leap of
faith to say that these *explain* the
different results that they get.  Certainly
they throw doubt on the validity
of
their results, but without actually doing
the same as them it's not possible
to say if they would have replicated your
results if they hadn't made these
errors.  After all, could the infilling of
missing values have made much
difference to the results obtained,
something that they made a good deal
of fuss about?

(h) To say they "used neither the data
nor the procedures of MBH98" will
also be an easy target for them, since
they did use the data that was sent
to them and seemed to have used
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approximately the method too (with
some errors that you've identified).  This
reproduced your results to some
extent (certainly not perfectly, but see
Fig 6b and 6c).  Then they went
further to redo it with the "corrected
and updated" data - but only after
first
doing approximately what they claimed
they did (i.e. the audit).

These comments relate to random
versions of the draft response, so
apologies if they don't all seem relevant
to the current draft.  I don't have
these in front of me, here at home, so
I'm doing this from memory of what
I've read over the past few days.  But
nevertheless, the point is that a quick
response would ultimately require
making a number of assumptions
about what they did and assumptions
about whether this explains the
differences or not - assumptions that
might be later shot down (in part
only, at most, but still sufficient to
muddy the debate for most outsiders).

A quick response ought to be limited to
something like:

---------------------------------------------
The recent paper by McIntyre and
McKitrick (2003; hereafter MM03) claims
to be an "audit" of the analysis of Mann,
Bradley and Hughes (1998;
hereafter MBH98).  MM03 are unable to
reproduce the Northern
Hemisphere temperature reconstruction
of MBH98 when attempting to
use the same proxy data and methods
as MBH98, though they obtain
something similar with clearly anomalous
recent warming (their Figure
6c).  They then make many
modifications to the proxy data set and
repeat
their analysis, and obtain a rather
different result to MBH98.

Unfortunately neither M&M nor the
journal in which it was published took
the necessary step of investigating
whether the difference between their
results and MBH98 could be explained
simply by some error or set of
errors in their use of the data or in their
implementation of the MBH98
method.  This should have been an
essential step to take in a case such
as this where the difference in results is
so large and important.  Simple
errors must first be ruled out prior to
publication.  Even if the authors had
not undertaken this by presenting their
results to the authors of MBH98,
the journal should certainly have
included them as referees of the
manuscript.

A preliminary investigation into the proxy
data and implementation of the
method has already identified a number
of likely errors, which may turn
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out to be the cause of the different
results.  Rather than repeating M&M's
failure to follow good scientific practise,
we are witholding further
comments until we can - by
collaboration with M&M if possible - be
certain
of exactly what changes to data and
method were made by M&M, whether
these changes can really explain the
differences in the results, and
eventually which (if any) of these
changes can be justified as equally valid
(given the various uncertainties that
exist) and which are simply errors that
invalidate their results.
-----------------------------------------

Hope you find this all helpful, and
despite my seemingly critical approach,
take them in the spirit with which they
are aimed - which is to obtain a
strong and hard hitting rebuttal of bad
science, but a rebuttal that cannot
be buried by any minor innaccuracies or
difficult-to-prove claims.

Best regards

Tim

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences,
Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone: 
   FAX: 

        
http://www.evsc.virginia.edu/faculty/people/mann.shtml

--
Professor Keith Briffa,
Climatic Research Unit
University of East Anglia
Norwich, NR4 7TJ, U.K.

Phone: 
Fax: 

http://www.cru.uea.ac.uk/cru/people/briffa/

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

Dr Timothy J Osborn
Climatic Research Unit
School of Environmental Sciences, University of East Anglia
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Norwich  NR4 7TJ, UK

e-mail:   t.osborn@uea.ac.uk
phone:    
fax:      
web:      http://www.cru.uea.ac.uk/~timo/
sunclock: http://www.cru.uea.ac.uk/~timo/sunclock.htm

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

Raymond S. Bradley
Distinguished Professor
Director, Climate System Research Center*
Department of Geosciences
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel: 
Fax: 
*Climate System Research Center: 
        <http://www.paleoclimate.org>
Paleoclimatology Book Web Site: http://www.geo.umass.edu/climate/paleo/html

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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NOTE ON PAPER BY MCINTYRE AND MCKITRICK IN "ENERGY AND ENVIRONMENT" 
 
Michael E. Mann, Raymond S. Bradley   
(note: Malcolm. K. Hughes is traveling and unavailable for a reply) 
 
The recent paper by McIntyre and McKitrick (Energy and Environment, 14, 751-771, 2003) 
claims to be an "audit" of the analysis of Mann, Bradley and Hughes (Nature, 392, 779-787, 
1998) or "MBH98".  An audit involves a careful examination, using the same data and following 
the exact procedures used in the report or study being audited.  McIntyre and McKitrick ("MM") 
have done no such thing, having used neither the data nor the procedures of MBH98. Thus, it is 
entirely understandable that they do not obtain the same result. Their effort has no bearing on the 
work of MBH98, and is no way a "correction" of that study as they claim. On the contrary, their 
analysis appears seriously flawed and amounts to a gross misrepresentation of the work of 
MBH98. The standard protocol  for scientific  journals receiving critical comments on a 
published paper is to  provide the authors being criticized with an opportunity to review the 
criticism prior to publication, and offer them the chance to respond.  Mann and colleagues were 
given no such opportunity.  
 
It seems clear that MM have made critical errors in their analysis that have the effect of grossly 
distorting the reconstruction of MBH98. Key indicators of the original MBH98 network appear 
to have been omitted for the early period 1400-1600, with major consequences for the character 
of the MM reconstruction of Northern Hemisphere temperatures over that interval. 
 
MM do not list the number of indicators in their putative version of the MBH network (which is 
based on an odd combination of data from MBH98 and other sources). The reader must do a 
considerable amount of detective work, based on scrutiny of the Tables in their pages 20-23 and 
the indicated data links, to determine just what data have been eliminated from the original MBH 
network. A preliminary attempt to do this already demonstrates that their deletion of key early 
proxy information produces anomalous warming in the 15th century at odds with the 
reconstructed cold conditions of the period by MBH98 and virtually all other published Northern 
Hemisphere temperature reconstructions. 
 
MM effectively censor key proxy indicators from the MBH98 network by the following actions: 
 
1) MM (see their Figure 4) substitute a shorter version (available back to mid 16th century) of 
one of the Jacoby et al (1989) Northern Treeline ring width series for the longer version 
(available back to mid 15th century) used by MBH98.  
 
2) MM eliminate, without any justification, the entire dataset of 70 Western North American 
(WNA) tree-ring series available between 1400 and 1600. This dataset, as several other regional 
tree-ring data networks, is represented by MBH98 in terms of a smaller number of representative 
Principal Component (PC) time series for each interval.  The authors eliminate all of these data 
by not following (see technical point "b" later on in this document) the procedure of MBH98 of 
calculating the PC series separately for all intervals used in their stepwise reconstruction 
approach. The leading pattern of variance in this data set exhibits conditions from 1400-1800 
that are dramatically colder than the mid and late 20th  century, and a very prominent cooling in 
the 15th century in particular. The original individual proxy data used by MBH, including all of 
the WNA data have been available since May 2000 on the public ftp site provided by Mann and 
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colleagues: ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/ITRDB/NOAMER/, and on the  NOAA 
Paleoclimatology website: ftp://ftp.ngdc.noaa.gov/paleo/treering/chronologies/northamerica/usa 
 
3) MM eliminate the entire  dataset of Stahle and coworkers of Southwestern U.S./Mexican late 
wood ring width measurements prior to the 17th century (12  back to 1500, 6 back to 1400) 
under the same false procedural premise described in (2). Once again, the data were available at 
the  Mann et al public ftp site: ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/STAHLE/SWM/ 
 
We have not determined yet, just how many important indicators were censored from the 
MBH98 dataset by the various subjective substitutions described by MM on pages 20-23. 
However, we have confirmed that elimination of the critical datasets (1)-(3) alone from the 
MBH98 network during the interval AD 1400-1500 yields the spurious result obtained by MM. 
(see Figure 1). 

 
FIGURE 1.  COMPARISON OF MBH98 RECONSTRUCTION (BLUE) WITH 
RECONSTRUCTION RESULTING FROM THE ELIMINATION OF KEY PROXY 
DATA SETS (1)-(3) OVER THE AD 1400-1500 INTERVAL. THIS YIELDS 
ESSENTIALLY THE SAME RESULT OBTAINED BY MM BY ELIMINATING A 
SIGNIFICANT FRACTION OF THE MBH98 DATA AVAILABLE FOR THAT PERIOD 
(BOTH SERIES HAVE BEEN SMOOTHED WITH A 40 YEAR LOWPASS FILTER). 
 
MBH98 employed the standard statistical tool of cross-validation to verify the skill of their 
reconstructions. Since increasingly sparse networks are used progressively farther back in time, a 
series of cross-validation experiments have to be performed to estimate the skill for different 
time intervals. For the AD 1400-1500 period, this involves, in MBH98, performing the 
reconstruction over the interval 1400-1901 based on calibration against the instrumental record 
over the interval 1902-1980,  using  the specific network of proxy indicators available for the AD 
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1400-1500 period. The reconstruction is then independently compared against the instrumental 
record over the interval (1854-1901) not used for calibration. The skill can be described by a 
verification coefficient of determination (RE), which is bounded by negative infinity and positive 
one, with substantially positive numbers indicative of  predictive skill. The mean expected value 
for a random estimate is -1.  
 
For the reconstruction with the data censored in a manner similar to that implicit in the MM 
approach, the RE score (-6.6) is far worse than even a typical random estimate, and such a result 
would have been discarded as unreliable based on the cross-validation protocol used by MBH98. 
 
The anomalous warm values during the 15th century are the artifact of an entirely unreliable 
statistical estimate.   By contrast, the MBH98 reconstruction indicates an RE of 0.42 for the 
1400-1500 interval, indicative of significant predictive skill during that time interval. 
 
The above discussion  should be adequate to provide readers with a sense of the depth of the 
flaws underlying the reconstruction achieved by  MM that is so at odds with  at least a dozen 
other recently published empirical and model-based estimates of Northern Hemisphere mean 
temperature changes in past centuries.   
 
There are numerous other additional, more technical  problems in their approach that would have 
rendered the MM analysis flawed irrespective of the censoring of important data. We briefly list 
the few most significant of these: 
 
(a) Use of Internally Inconsistent Surface Temperature Estimates 
 
MM combine gridpoint standard deviations estimated from one version of the University of East 
Anglia surface temperature record, with standardized EOFs from MBH98 based on a different 
temperature data set. MM also inconsistently use standard deviations of un-detrended data, while 
MBH98 had normalized their EOFs by detrended gridpoint standard deviations. 
 
(b) Incorrect representation of the MBH98 proxy data set.  
 
MBH98 calculated PCs of proxy sub-networks separately for each interval in their stepwise 
reconstruction. This is the only sensible approach, as it allows all data available over each sub-
interval to be used. This requires 159 independent time series to represent all indicators required 
for reconstructions of all possible sub-intervals, even though the maximum number ever used for 
a particular sub-interval is 112. By not following this protocol, MM effectively censored in the 
range of 100 proxy series used by MBH98 over the interval 1400-1600. 
 
(c) Lack of the use of an objective criterion in the determination of the number of retained 
instrumental PCs in the reconstruction: 
 
Since the proxy data network developed by MM differed from that used by MBH98 for all 
intervals, it was inappropriate for MM to use the same instrumental temperature eigenvector 
subsets that had been selected by MBH98 for their reconstruction. The subsets were selected by 
MBH98 based on the application of an objective criterion to the specific available proxy 
networks available, and were optimized with respect to those networks. The basis sets used by 
MM have thus not been optimized with respect to the different proxy network they actually use. 

ABOR/MH/Priv-001284



From: Michael E. Mann
To: raymond s. bradley
Cc: Keith Briffa; Tim Osborn; Phil Jones; Malcolm Hughes
Subject: Re: Malcolm just called READ THIS NOW
Date: Friday, October 31, 2003 8:15:32 AM
Attachments: EandEPaperProblem.pdf

EandEPaperProblem.doc

All of Malcolm's suggestions are right on target and in keeping w/ advice from people
w/ a legal background I've talked to.

So all of those changes have been made.

Can you guys give this one final read through and just say if you think this is now
adequate for release. Sorry for the multiple emails--its the nature of the beast...

mike

p.s. I'm trying to talk Andy Revkin at the New York Times into doing a story on this...

At 09:50 AM 10/31/2003 -0500, raymond s. bradley wrote:

mike:
I just spoke to MKH  (he'll call you as soon as he can).  I read him the
latest version...
He requests:
1) changing word "censor" to "remove" throughout text;
2) use phrase "appear to have" rather than definitive statements like
"have"  when refering to MM actions.
3) Eliminate words "reputable scientific journal" (see  my suggestion
below that I was writing as he called...)
He doesn't want to be included unless these changes are made.  If they
are, he's happy to sign on.  He just wants to make it watertight so they
can't come back at us...

I agree with these suggested changes.

In the original version that I edited, the text read:

Journals that receive critical comments on a previously published papers
always provide the authors who are being criticized an opportunity to
review the study prior to publication, and offer them the chance to
respond. This is standard operating procedure in all peer-reviewed
scientific journals.  Mann and colleagues [We] were never given this
opportunity.

I think this is all that is needed on this matter....
Ray

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
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                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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NOTE ON PAPER BY MCINTYRE AND MCKITRICK IN "ENERGY AND ENVIRONMENT" 
 
Michael E. Mann, Raymond S. Bradley, Malcolm K. Hughes   
 
The recent paper by McIntyre and McKitrick (Energy and Environment, 14, 751-771, 2003) 
claims to be an "audit" of the analysis of Mann, Bradley and Hughes (Nature, 392, 779-787, 
1998) or "MBH98".  An audit involves a careful examination, using the same data and following 
the exact procedures used in the report or study being audited.  McIntyre and McKitrick ("MM") 
have done no such thing, having used neither the data nor the procedures of MBH98. Thus, it is 
entirely understandable that they do not obtain the same result. Their effort has no bearing on the 
work of MBH98, and is no way a "correction" of that study as they claim. On the contrary, their 
analysis appears seriously flawed and amounts to a gross misrepresentation of the work of 
MBH98. The standard protocol  for scientific  journals receiving critical comments on a 
published paper is to  provide the authors being criticized with an opportunity to review the 
criticism prior to publication, and offer them the chance to respond.  Mann and colleagues were 
given no such opportunity.  
 
It seems clear that MM have made critical errors in their analysis that have the effect of grossly 
distorting the reconstruction of MBH98. Key indicators of the original MBH98 network appear 
to have been omitted for the early period 1400-1600, with major consequences for the character 
of the MM reconstruction of Northern Hemisphere temperatures over that interval. 
 
MM do not list the number of indicators in their putative version of the MBH network (which is 
based on an odd combination of data from MBH98 and other sources). The reader must do a 
considerable amount of detective work, based on scrutiny of the Tables in their pages 20-23 and 
the indicated data links, to determine just what data have been eliminated from the original MBH 
network. A preliminary attempt to do this already demonstrates that their deletion of key early 
proxy information produces anomalous warming in the 15th century at odds with the 
reconstructed cold conditions of the period by MBH98 and virtually all other published Northern 
Hemisphere temperature reconstructions. 
 
MM appear to have eliminated key proxy indicators from the MBH98 network by the following 
actions: 
 
1) MM (see their Figure 4) describe the substitution of a shorter version (available back to mid 
16th century) of one of the Jacoby et al (1989) Northern Treeline ring width series for the longer 
version (available back to mid 15th century) used by MBH98.  
 
2) MM appear to eliminate, without any justification, the entire dataset of 70 Western North 
American (WNA) tree-ring series available between 1400 and 1600. This dataset, as several 
other regional tree-ring data networks, is represented by MBH98 in terms of a smaller number of 
representative Principal Component (PC) time series for each interval.  The authors eliminate all 
of these data by not following (see technical point "b" later on in this document) the procedure of 
MBH98 of calculating the PC series separately for all intervals used in their stepwise 
reconstruction approach. The leading pattern of variance in this data set exhibits conditions from 
1400-1800 that are dramatically colder than the mid and late 20th  century, and a very prominent 
cooling in the 15th century in particular. The original individual proxy data used by MBH, 
including all of the WNA data have been available since May 2000 on the public ftp site 
provided by Mann and colleagues: ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/ITRDB/NOAMER/, 
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and on the  NOAA Paleoclimatology website: 
ftp://ftp.ngdc.noaa.gov/paleo/treering/chronologies/northamerica/usa 
 
3) MM appear to eliminate the entire  dataset of Stahle and coworkers of Southwestern 
U.S./Mexican late wood ring width measurements prior to the 17th century (12  back to 1500, 6 
back to 1400) under the same false procedural premise described in (2). Once again, the data 
were available at the  Mann et al public ftp site: 
ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/STAHLE/SWM/ 
 
We have not determined yet, just how many important indicators were eliminated from the 
MBH98 dataset by the various subjective substitutions described by MM on pages 20-23. 
However, we have confirmed that elimination of the critical datasets (1)-(3) alone from the 
MBH98 network during the interval AD 1400-1500 yields the spurious result obtained by MM. 
(see Figure 1). 

 
FIGURE 1.  COMPARISON OF MBH98 RECONSTRUCTION (BLUE) WITH RECONSTRUCTION 
RESULTING FROM THE ELIMINATION OF KEY PROXY DATA SETS (1)-(3) OVER THE AD 1400-
1500 INTERVAL. THIS YIELDS ESSENTIALLY THE SAME RESULT OBTAINED BY MM BY 
ELIMINATING A SIGNIFICANT FRACTION OF THE MBH98 DATA AVAILABLE FOR THAT 
PERIOD (BOTH SERIES HAVE BEEN SMOOTHED WITH A 40 YEAR LOWPASS FILTER). 
 
MBH98 employed the standard statistical tool of cross-validation to verify the skill of their 
reconstructions. MM describe no such tests. Since increasingly sparse networks are used 
progressively farther back in time, a series of cross-validation experiments have to be performed 
to estimate the skill for different time intervals. For the AD 1400-1500 period, this involves, in 
MBH98, performing the reconstruction over the interval 1400-1901 based on calibration against 
the instrumental record over the interval 1902-1980,  using  the specific network of proxy 
indicators available for the AD 1400-1500 period. The reconstruction is then independently 
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compared against the instrumental record over the interval (1854-1901) not used for calibration. 
The skill can be described by a verification coefficient of determination (RE), which is bounded 
by negative infinity and positive one, with substantially positive numbers indicative of  
predictive skill. The mean expected value for a random estimate is -1.  
 
For the reconstruction with the data censored in a manner similar to that implicit in the MM 
approach, the RE score (-6.6) is far worse than even a typical random estimate, and such a result 
would have been discarded as unreliable based on the cross-validation protocol used by MBH98. 
 
The anomalous warm values during the 15th century are the artifact of an entirely unreliable 
statistical estimate.   By contrast, the MBH98 reconstruction indicates an RE of 0.42 for the 
1400-1500 interval, indicative of significant predictive skill during that time interval. 
 
The above discussion  should be adequate to provide readers with a sense of the depth of the 
flaws underlying the reconstruction achieved by  MM that is so at odds with  at least a dozen 
other recently published empirical and model-based estimates of Northern Hemisphere mean 
temperature changes in past centuries.   
 
There are numerous other additional, more technical  problems in their approach that would 
appear to have rendered the MM analysis flawed irrespective of the censoring of important data. 
We briefly list the few most significant of these: 
 
(a) Use of Internally Inconsistent Surface Temperature Estimates 
 
MM appear to combine gridpoint standard deviations estimated from one version of the University of 
East Anglia surface temperature record, with standardized EOFs from MBH98 based on a different 
temperature data set. MM also appear to inconsistently use standard deviations of un-detrended data, 
while MBH98 had normalized their EOFs by detrended gridpoint standard deviations. 
 
(b) Incorrect representation of the MBH98 proxy data set.  
 
MBH98 calculated PCs of proxy sub-networks separately for each interval in their stepwise 
reconstruction. This is the only sensible approach, as it allows all data available over each sub-interval to 
be used. This requires 159 independent time series to represent all indicators required for reconstructions 
of all possible sub-intervals, even though the maximum number ever used for a particular sub-interval is 
112. By not following this protocol, MM appear to have eliminated in the range of 100 proxy series used 
by MBH98 over the interval 1400-1600. 
 
(c) Lack of the use of an objective criterion in the determination of the number of retained instrumental 
PCs in the reconstruction: 
 
Since the proxy data network developed by MM differed from that used by MBH98 for all intervals, it 
was inappropriate for MM to use the same instrumental temperature eigenvector subsets that had been 
selected by MBH98 for their reconstruction. The subsets were selected by MBH98 based on the 
application of an objective criterion to the specific available proxy networks available, and were 
optimized with respect to those networks. The basis sets used by MM have thus appear not to have been 
optimized with respect to the different proxy network they actually use. 
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From: Michael E. Mann
To: Keith Briffa; Tim Osborn; mhughes@ltrr.arizona.edu; Raymond s.bradley; Phil Jones
Subject: Fwd: Re: E&E paper responses
Date: Monday, November 03, 2003 5:45:03 AM

Thought you might be interested...

Delivered-To: mem6u@virginia.edu
X-Sender: wmunk@igppmail.ucsd.edu
Date: Sun, 2 Nov 2003 17:25:15 -0800
To: "Michael E. Mann" <mann@virginia.edu>
From: Walter Munk <wmunk@ucsd.edu>
Subject: Re: E&E paper responses

Dear Dr. Mann:

I was glad to see you response.  The problems of climate reconstructions are
sufficiently challenging when all work together in good faith.  Little is served by
introducing unnecessary elements of controversy.  Walter Munk, Scripps Institution.

Dear Colleagues,

Tim Osborn, Keith Briffa, and Phil Jones of the University of East Anglia
have posted a commentary on the
recent paper by McIntyre and McKitrick (Energy and Environment, 14,
751-771, 2003) which claimed to provide an "audit" of the analysis of
Mann, Bradley and Hughes (Nature, 392, 779-787, 1998; hereafter
MBH98), with a link to our response to the paper here:
http://www.cru.uea.ac.uk/~timo/paleo/

I imagine that the additional information  provided will place a very
different perspective on the matter.

Please feel free to forward this information to anyone who you feel might
benefit from it.

Best regards,

Mike Mann
______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
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e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Raymond s.bradley; mhughes@ltrr.arizona.edu; Keith Briffa; Phil Jones; Tim Osborn
Subject: Fwd: Re: A connection
Date: Monday, November 03, 2003 5:45:33 AM

Thought you might be interested...

Delivered-To: mem6u@virginia.edu
X-Sender: berner@berner.mail.yale.edu
Date: Sun, 2 Nov 2003 13:58:29 -0500
To: "Michael E. Mann" <mann@virginia.edu>
From: Robert Berner <robert.berner@yale.edu>
Subject: Re: A connection
X-YaleITSMailFilter: Version 1.1d (attachment(s) not renamed)

Bob,

Very interesting--I hope you have been following this latest
flap--its going to come back to bite these folks right in the
behind. We've already identified just how deeply what they did
was wrong (in effect, they eliminated the vast majority of data
we had used over the period 1400-1600, during which their
result departs so strikingly from all other previously published
estimates). I think you got the email? In any case, check this
out, and spread the word to your colleagues whenever
possible...

http://www.cru.uea.ac.uk/~timo/paleo/

cheers,

mike

Mike:

I did read the reply to  M and M. Good show. What is the journal Energy
and Environment all about? I looked  it up and found, among other
things, an abstract to Soon et al's 1000 year paper.

Our GCA Today revision is presently on hold while Dana attends the GSA
meeting. I don't have the reviewers' comments and therefore am
hamstrung for a week until Dana returns.

                                        Bob
-- 
Robert A. Berner
Dept. of Geology and Geophysics
Yale University
New Haven CT 06520-8109
Tel: 
FAX 
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e-mail: robert.berner@yale.edu

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Raymond s.bradley; mhughes@ltrr.arizona.edu; Phil Jones; Keith Briffa; Tim Osborn
Subject: Fwd: Re: E&E paper responses
Date: Monday, November 03, 2003 5:46:09 AM

Thought you might be interested...

Delivered-To: mem6u@virginia.edu
Date: Sun,  2 Nov 2003 13:39:06 +0100
From: Juerg Luterbacher <juerg@giub.unibe.ch>
To: "Michael E. Mann" <mann@virginia.edu>
Subject: Re: E&E paper responses
User-Agent: Internet Messaging Program (IMP) 3.1
X-Originating-IP: 130.92.5.110
X-Virus-checked: by University of Berne

Hello Mike

Thanks very much for your mail and your information.

I was away for some days and just 'catched up' what happened, a 
really bad story and I can imagine that you had a rather busy time due to this 
article.

I fully agree with your argumentation on the M&M paper, this had to be said! 
You did a good job in pointing to their flaw points. You have my full support.

Many greetings from Bern

Jürg

PS: Our draft is now almost finished, we added some more words on the trends

and uncertainties and of the recent findings of Shindell et al. 2003 as well as 
a few figures showing decadal trends in space for some specific periods as well 
as some composites of extreme hot summers and cold winters. Finally, we have
to 
come to an end, I will send you the cover letter later on.

> 
> 
> Dear Colleagues,
> 
> 
> Tim Osborn, Keith Briffa, and Phil Jones of the University of East Anglia
> have posted a commentary on the 
> 
> recent paper by McIntyre and McKitrick (Energy and Environment, 14,
> 751-771, 2003) which claimed to provide an "audit" of the
> analysis of Mann, Bradley and Hughes (Nature, 392, 779-787, 1998;
> hereafter MBH98), with a link to our response to the paper 
> here:
> 
> 
> http://www.cru.uea.ac.uk/~timo/paleo/
> 
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> 
> I imagine that the additional information  provided will place a
> very different perspective on the matter.
> 
> 
> Please feel free to forward this information to anyone who you feel might
> benefit from it.
> 
> 
> Best regards,
> 
> 
> Mike Mann
> 
> 
> ______________________________________________________________
> 
>                    
> Professor Michael E. Mann
> 
>            Department
> of Environmental Sciences, Clark Hall
> 
>                      
> University of Virginia
> 
>                     
> Charlottesville, VA 22903
> 
>
_______________________________________________________________________

> 
> e-mail: mann@virginia.edu   Phone:   
> FAX: 
> 
>         
> http://www.evsc.virginia.edu/faculty/people/mann.shtml
> 
> 
> 

--------------------------------------------------
This mail sent through IMP at http://mail.unibe.ch

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Keith Briffa
To: mann@virginia.edu; rbradley@geo.umass.edu; mann@virginia.edu; mhughes@ltrr.arizona.edu
Cc: t.osborn@uea.ac.uk; p.jones@uea.ac.uk
Subject: follow up as per Mike"s comments earlier?
Date: Monday, November 03, 2003 10:04:45 AM

Mike , Ray, Malcolm
We three have been discussing the weeks shenanigans and  thought we should
start the wider discussion on the concept and practical aspects of someone
(perhaps us - perhaps not us) doing the "independent" audit of your 98
and/or 99 work. It is clear that the debate as regards the M and M results
will now likely stall , until one or more people undertake this - but it is
unlikely to go away until such time as something is done. The problem ,
however, is what this audit would set out to do.
  If it constitutes taking the exact same data and exact implementation of
your method - there seems little value in doing it - the result will be
identical to your result(s). The question then , revolves around a fuller
experiment in the use of various selection criteria for retaining subsets
of the predictors , and presumably working towards gaining some better
impression of the stability of the results , and the sensitivity to the
inclusion of particular predictors. We could perhaps also compare results
with those achieved using other methods (such as our Orthogonal Spatial
Regression)? We would not be attempting to do any new reconstructions.
The question then , stimulated again by Mike's message , and the message
from the Editor of E and E, is whether we should consider going ahead here,
with some such work?
  We are already motivated to look at the role of the tree-ring data (in
collaboration with Malcolm and Ed hopefully, looking at stuff like
standardisation issues, the western U.S. recent trend correction etc.) ,
but we feel some discussion among all of us would help to clarify opinions
and prospects for a wider look at the robustness of the Mann98/99 result.
We have no particular axe to grind , but it is almost certain that there
will be some pressure for some such work, and we suspect that DEFRA here
will be quizzed by various bodies for their opinion on this. If so, why not
us rather than others ?
  It may be that anything we do here would not be seen as "independent" by
the skeptics anyway ( and we would not consider doing it without some
appropriate level of interaction with you lot) - but in the end , what
counts, is what is published in the peer-review literature.It was important
to get your statement out , but it needs to be followed up now by one or
more studies by other groups. We could go with the candidate predictor set
you used and do a Monte Carlo approach to selection over different periods
, or add in other predictors or ....what?  What do you think? We might need
to go for a very small amount of money from DEFRA ( to pay Harry or someone
just to manipulate palaeo data , and then after implementing the method(s)
and deciding on the scheme, run the numerous experiments and synthesize
results), or we may be able to do it by diverting his time from some other
stuff anyway.
To get the discussion going , we wish to ask your opinion(s) on the
concept, level of interaction between us and you guys ( in planning , or
also implementation , and synthesis, writing up?). What about this issue of
our perceived independence - do we give a damn?
Keith, Tim, Phil

--
Professor Keith Briffa,
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Climatic Research Unit
University of East Anglia
Norwich, NR4 7TJ, U.K.

Phone: 
Fax: 

http://www.cru.uea.ac.uk/cru/people/briffa/
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From: Michael E. Mann
To: Keith Briffa; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Cc: t.osborn@uea.ac.uk; p.jones@uea.ac.uk; mann@virginia.edu; Scott Rutherford
Subject: Re: follow up as per Mike"s comments earlier?
Date: Monday, November 03, 2003 10:16:49 AM

HI Keith,

Thanks for your message.

I this as two related issues.

1) Building a bit on the initial response we've already submitted, I believe we can
show beyond a reasonable doubt that the reconstruction MM produced natural results
from the elimination of key predictors from our network--and that the resulting
reconstructions, unlike those we published, do not pass cross-validation.

We're talking to Nature right now about allowing us a formal response, and I believe
this may go forward...This alone will demonstrate the invalidity of the MM03 paper,
and I'd like to think that it will put the matter behind us as far as legitimate scientists
are concerned--the feedback I'm already getting indicates that our colleagues believe
that we have shown already strongly put in doubt the M&M result just with the
limited analysis we've performed...

2) What you suggest, however, would be immensely useful. It is a natural followup
to the paper that we all currently have in review in Journal of Climate w/ Scott as
first author, and I see that as the first step, which is a first stab at the
intercomparison issue, though it doesn't deconstruct the MBH98 predictor network.
So I'd like to suggest we proceed, as you suggest, in that spirit. We can begin to
coordinate plans, and it would seem natural to include Scott in this as he has really
been carrying the actual work forward for us...

3) In parallel, we have been working on a considerable expansion of the original
MBH98 network for further reconstructions, and perhaps we should discuss how this
might best mesh w/ your efforts.

Further comments?

Thanks,

mike

At 04:51 PM 11/3/2003 +0000, Keith Briffa wrote:

Mike , Ray, Malcolm
We three have been discussing the weeks shenanigans and  thought we
should start the wider discussion on the concept and practical aspects of
someone (perhaps us - perhaps not us) doing the "independent" audit of
your 98 and/or 99 work. It is clear that the debate as regards the M and
M results will now likely stall , until one or more people undertake this -
but it is unlikely to go away until such time as something is done. The
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problem , however, is what this audit would set out to do.
 If it constitutes taking the exact same data and exact implementation of
your method - there seems little value in doing it - the result will be
identical to your result(s). The question then , revolves around a fuller
experiment in the use of various selection criteria for retaining subsets of
the predictors , and presumably working towards gaining some better
impression of the stability of the results , and the sensitivity to the
inclusion of particular predictors. We could perhaps also compare results
with those achieved using other methods (such as our Orthogonal Spatial
Regression)? We would not be attempting to do any new reconstructions.
The question then , stimulated again by Mike's message , and the
message from the Editor of E and E, is whether we should consider going
ahead here, with some such work?
 We are already motivated to look at the role of the tree-ring data (in
collaboration with Malcolm and Ed hopefully, looking at stuff like
standardisation issues, the western U.S. recent trend correction etc.) , but
we feel some discussion among all of us would help to clarify opinions and
prospects for a wider look at the robustness of the Mann98/99 result.
We have no particular axe to grind , but it is almost certain that there will
be some pressure for some such work, and we suspect that DEFRA here
will be quizzed by various bodies for their opinion on this. If so, why not
us rather than others ?
 It may be that anything we do here would not be seen as "independent"
by the skeptics anyway ( and we would not consider doing it without
some appropriate level of interaction with you lot) - but in the end , what
counts, is what is published in the peer-review literature.It was important
to get your statement out , but it needs to be followed up now by one or
more studies by other groups. We could go with the candidate predictor
set you used and do a Monte Carlo approach to selection over different
periods , or add in other predictors or ....what?  What do you think? We
might need to go for a very small amount of money from DEFRA ( to pay
Harry or someone just to manipulate palaeo data , and then after
implementing the method(s) and deciding on the scheme, run the
numerous experiments and synthesize results), or we may be able to do
it by diverting his time from some other stuff anyway.
To get the discussion going , we wish to ask your opinion(s) on the
concept, level of interaction between us and you guys ( in planning , or
also implementation , and synthesis, writing up?). What about this issue
of our perceived independence - do we give a damn?
Keith, Tim, Phil

--
Professor Keith Briffa,
Climatic Research Unit
University of East Anglia
Norwich, NR4 7TJ, U.K.

Phone: 
Fax: 

http://www.cru.uea.ac.uk/cru/people/briffa/

______________________________________________________________
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                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Scott Rutherford; Raymond s.bradley; mhughes@ltrr.arizona.edu; Tim Osborn; Keith Briffa; Phil Jones;

mann@virginia.edu
Subject: ad additional suggestion...
Date: Wednesday, November 05, 2003 5:53:53 AM
Importance: High

Dear All,

Hopefully, the JGR paper on which Scott is first author and we're all co-authors,
should be coming back from review soon (Scott--please contact J. Climate to find out
what the status is ASAP). As I mentioned before, I see this as a natural first step in
the broader future collaborative effort that Keith has nicely layed out, in which we
can look in detail at the sensitivity to selection of candidate predictors, issues of
seasonal, spatial sampling, etc---all of the things we all know need to be looked at in
more detail. 

I strongly endorse the idea of making this a collaborative effort of the full group of
us, perhaps w/ Tim and Scott in the lead of the joint project (do people feel this is
reasonable?). Between the two groups, I think we're fully funded for this type of
activity...

Along these lines, I have a suggestion for Scott regarding the J. Climate paper that
should be coming in from review soon. A few important measures taken here can go
a long way to combatting the latest E&E criticism of MBH98, since we get essentially
the same results for the MBH98 network w/ a completely different statistical method,
and explicitly compare results w/ other networks, etc.

By the time the paper appears, we want to have a supplementary website (to which
we should plan to refer in the paper!) that will have *all* data, and *all* codes
(Scott's MATLAB codes--clean these up first though Scott) used, and a *thorough*
description of all methodological details (no matter how small) so that independent
scientists would have everything they need to reproduce the results. We're not all in
the habit of doing this, and its now clear that, in certain cases, we need to...

I also have one other suggestion--Scott, you should go through the MBH98 dataset
(refer to the original description to determine where the termination dates were) and
make sure that any extensions beyond the last available data point by persistence
that I performed originally are removed--we don't need them, since RegEM can
handle the missing data in estimating the required covariances anyway!  You should
also do an experiment where the MBH98 network is only used in calibration through
1971 (the earliest date for which no series have been extended to the 1980 boundary
by persistence), since the "PC" predictor series are already based on some data that
have been extended, and its not worth the bother to redo these all. Stopping the
calibration in 1971 is another way of avoiding the use of any persistence-extended
data...
In our reply to MM03, I'll be showing that we get a virtually identical result if we only
use a 1902-1971, rather than 1902-1980, training period, taking away from MM03
the argument that the extension of some series by persistence to 1980 makes any
difference.

If we do all of the above for the in-review Rutherford et al J. Climate paper, and
have the website up and running (perhaps working w/ Mark Eakin at NGDC to have
the webpage located there to, or at  least a link to our webpage), we take away a 
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major source of criticism.

Thoughts?

mike

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Tim Osborn; Phil Jones; Keith Briffa; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; Michael

Oppenheimer; Tom Wigley; tom crowley; Gabi Hegerl; Jonathan Overpeck; Steve Schneider
Subject: Fwd: McIntyre and McKintrick paper
Date: Thursday, November 06, 2003 8:07:42 AM

Dear all,

Thought you'd all be interested in this email.

Of course, we have no intention to respond to this, or other further emails from the
contrarians.

We're working on a full response that will be formally published. We'll let you know
the venue when its confirmed,

mike m

Delivered-To: mem6u@virginia.edu
From: "Sonja.B-C" <Sonja.B-C@hull.ac.uk>
Date: Thu, 6 Nov 2003 14:30:42 +0000
To: "Michael E. Mann" <mann@virginia.edu>
Subject: McIntyre and McKintrick  paper
Cc: L.A.Love@hull.ac.uk, Steve McIntyre <smcintyre@cgxenergy.com>,
   Ross McKitrick <rmckitri@uoguelph.ca>,
   timo hameranta <timo.hameranta@pp.inet.fi>,
   Reto Knutti <knutti@climate.unibe.ch>,
   "David R. Legates" <legates@udel.edu>,
   George Kukla <kukla@ldeo.columbia.edu>,
   Hans von Storch <Hans.von.Storch@gkss.de>,
   John Christy <christy@atmos.uah.edu>,
   "Keith R. Briffa <k.briffa@uea.ac.uk, Madhav L. Khandekar"
<mkhandekar@rogers.com>,
   "Rajendra K. Pachauri" <chairipcc@teri.res.in>,
   Ulrich Cubasch <cubasch@zedat.fu-berlin.de>,
   "Spencer R. Weart" <sweart@aip.org>, Aynsley Kellow
<akellow@utas.edu.au>,
   Bjorn Lomborg <bjorn@ps.au.dk>, Bob Foster <fosbob@bigpond.com>,
   Chris de Freitas <c.defreitas@auckland.ac.nz>,
   Christopher Essex <essex@uwo.ca>, "Craig D. Idso"
<cidso@co2science.org>,
   Curt Holder <cholder@uccs.edu>, "David E. Wojick"
<dwojick@shentel.net>,
   Henrik Svensmark <hsv@dsri.dk>, Hugh W Ellsaesser
<hughel@comcast.net>,
   ian.castles@anu.edu.auKirill.Ya.Kondratyev
Priority: NORMAL
X-Mailer: Execmail for Win32 5.1.1 Build (10) 

Dear Professor Mann

I have found a list of scientists which contained you email address, 
hence I am able to communicate with you directly. As you already know,
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a
paper by McIntyre and McKintrick analysing your famous 'Hockey stick'
paper is now available to everybody at www.multi-science.co.uk. The 
printed version is due later this month. Your, via the attention it 
received by the IPCC,  is currently widely used by social scientists 
and many researchers in the energy policy community as 'the' proof for 
anthropogenic dangerous warming. Humanity should now act, it argued,
on
the basis of fact rather than the rather suspect 'precautionary 
principle'. 
I would respectfully like to explain to you and other scientistst who 
may feel offended by the publication from outside 'their' domain, why 
I have published this and other 'attacks' and why I would appreciate a 
publishable reply from you and your colleagues. You may yet win the 
argument! Who knows, but an open debate is overdue.

I do not claim that I or my reviewers can arbitrate on the 'scientific'
truth of publications that the IPCC selects as most relevant, but 
your 1998 certainly was selected as such and as far as I know, there 
was no protest against its use in global policy advocacy. I may be 
wrong, for I am more in contact with research that is based on worse 
case scenarios (from IPCC) than with basic climate scince research.

ENERGY&ENVIRONMENT has paid attention to the 'science' and 'social 
science' controversies associated with the IPCC for over a decade and 
has done so not in order to advance (natural) scientific understanding,
but with reference to the profound policy relevance of this 
understanding and hence of any controversy about the nature of climate 
and the causes of its variability over time, as well as attempts, in 
some circles, to stifle associated controversies, presumably to make 
life easier for policy and policy relevant research. 

I am fully aware of the policy significance of the debate between 'you,
the IPCC and so-called climate skeptics, and its funding implications 
for so many. But the implications for humanity are even greater. ( In 
fact, most of the papers  I have published in recent years have used 
the IPCC  'consensus' as baseline.) 
I have been an energy policy researcher writing and now editing with an
international relations/ political science bias; I have a strong 
research history in environmental politics, and a basic education in 
physical geography as well as German literature. (Remember acid rain, 
the death of Europ'es forests in a few deacdes? Or the death of the 
global ocean from pollution in the 1970s, the subject of my PhD? 
Environmental threats have long serves many other agendas, and natural
scientists may at least be aware of this.)

I have published 'outsiders' whom I trust because I no longer fully 
trust many 'research products'  - not because of any failings because 
of  individual researchers , but because of the nature of much 
contemporary research funding, see 
http://www.john-daly.com/sonja-bc.htm. I do know about 
research funding from bureaucracies - the importance of the right 
buzzwords, policy visions, legal commitments and political 
ambitions.
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I simply believe that research controversies related to global warming
(science, social science, and technology) should be heard by 
policy-makers and NGOs in a world were vast amounts of limited finance 
are about to be spend  on 'decarbonisation' on the assumption made by 
most social scientists and many policy people that IPCC summary 
pronouncements are undisputed and  hence are acceptable as 
uncontroversial baseline for their work on  decarbonisation economics, 
'clean' technologoly, carbon finance, Kyoto mechanisms etc). I am 
encouraging research controversy in the public arena rather than 
editorial boardrooms. For example and to my considerable regret, even 
the UK Foreign Office and many of my colleaugues in the energy policy 
research (not in the earth sciences by the way) now believe that they 
need not pay any attention to scientific issues because all climate 
skeptics are  funded by the oil industry.  If this slur is permitted to 
stand, as it seems to be, then journals like mine are surely permitted 
to ask and who is funding the 'global warming' modelling community if 
not governments committed to the UNFCCC, and to explore what agendas

have attached themselves to the warming threat. 

If I have offended against the ethics of natural science publication,
which I am not sure of  given cases that have been reported to me, I 
apologise and plead ignorance. I forward to hearing from you  not via  
a  web site, but in the form of a paper or view point that I can 
published for libraries and readers. 

Best wishes
Sonja Boehmer-Christiansen
 ---------------------- 
Dr.Sonja Boehmer-Christiansen
Reader,Department of Geography, 
Editor, Energy & Environment
(Multi-science,www.multi-science.co.uk)
Faculty of Science 
University of Hull
Hull HU6 7RX, UK
Tel: 
Fax: 
Sonja.B-C@hull.ac.uk

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Tom Wigley
Cc: Tim Osborn; Phil Jones; Keith Briffa; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; Michael Oppenheimer; Tom Wigley;

tom crowley; Gabi Hegerl; Jonathan Overpeck; Steve Schneider; mann@virginia.edu
Subject: Re: Fwd: McIntyre and McKintrick paper
Date: Thursday, November 06, 2003 10:16:16 AM

Thanks Tom,

Please everyone consider this message confidential. We're trying to keep things under tight
wraps until our official response is published--But what you describe is exactly the lines upon
which we are proceeding, building upon the initial response we've already provided w/ more
details and a bit more commentary. One key thing is that their estimate doesn't pass cross-
validation, so the proper conclusion from the restricted network (egregious problem #1) they
used would have been that skillful estimates are only possible back to AD 1500--not that the
15th century was anomalously warm (egregious error #2).

A key thing will be too show how at odds there estimate is with every other estimate. i.e.,
allowing for the possibility that Esper et al is right, or the Huang et al boreholes are right
(though we believe those differences can be explained by  a combination of seasonal and spatial
sampling), the conclusion is qualitatively the same, and its clear that MM03 is the outlier.

We are currently preparing something for "Climatic Change" and will probably send a draft to all
of you for comments (if that's ok?) in addition to the formal peer review it will get from the
journal. 

Will keep you all posted of progress. But please keep this under wraps!

Thanks again to all of you for the support and the help. Its much appreciated,

mike

At 09:30 AM 11/6/2003 -0700, Tom Wigley wrote:

Mike,

Yes -- ignore Sonja. Poor woman, she can't even write or spell properly. 
Mrs Malaprop would be proud of her.

Another sad aspect is the strong hint of paranoia in her letter to you. It
is laced with implications that scientists are distorting their science, that we
are subservient to political agendas, and so on. Nothing new, of course,
but she really seems to believe it. I suspect there is a psychology PhD here.

I must commend you on the detective work you did to figure out what 
M&M did wrong. Perhaps the focus of any 'response' could be on
elucidating the details of and justifications for your methods, using M&M
as an example of how not to do it? In this way the paper would be a
direct contribution to the science, with the rebuttal of M&M coming as
a byproduct. I have said this before, but this is how Ben Santer, Karl
Taylor and I responded to some junk criticism of our detection work by
Legates (in GRL). This puts the science first and relegates the criticism
to its proper place as not worth making a direct response to. (Hmmm, is
that good grammar?)

Tom.
++++++++++++++++++++++

Michael E. Mann wrote:

Dear all,

ABOR/MH/Priv-001306



Thought you'd all be interested in this email.

Of course, we have no intention to respond to this, or other further emails
from the contrarians.

We're working on a full response that will be formally published. We'll let
you know the venue when its confirmed,

mike m

Delivered-To: mem6u@virginia.edu
From: "Sonja.B-C" <Sonja.B-C@hull.ac.uk>
Date: Thu, 6 Nov 2003 14:30:42 +0000
To: "Michael E. Mann" <mann@virginia.edu>
Subject: McIntyre and McKintrick  paper
Cc: L.A.Love@hull.ac.uk, Steve McIntyre
<smcintyre@cgxenergy.com>,
   Ross McKitrick <rmckitri@uoguelph.ca>,
   timo hameranta <timo.hameranta@pp.inet.fi>,
   Reto Knutti <knutti@climate.unibe.ch>,
   "David R. Legates" <legates@udel.edu>,
   George Kukla <kukla@ldeo.columbia.edu>,
   Hans von Storch <Hans.von.Storch@gkss.de>,
   John Christy <christy@atmos.uah.edu>,
   "Keith R. Briffa <k.briffa@uea.ac.uk, Madhav L. Khandekar"
<mkhandekar@rogers.com>,
   "Rajendra K. Pachauri" <chairipcc@teri.res.in>,
   Ulrich Cubasch <cubasch@zedat.fu-berlin.de>,
   "Spencer R. Weart" <sweart@aip.org>, Aynsley Kellow
<akellow@utas.edu.au>,
   Bjorn Lomborg <bjorn@ps.au.dk>, Bob Foster
<fosbob@bigpond.com>,
   Chris de Freitas <c.defreitas@auckland.ac.nz>,
   Christopher Essex <essex@uwo.ca>, "Craig D. Idso"
<cidso@co2science.org>,
   Curt Holder <cholder@uccs.edu>, "David E. Wojick"
<dwojick@shentel.net>,
   Henrik Svensmark <hsv@dsri.dk>, Hugh W Ellsaesser
<hughel@comcast.net>,
   ian.castles@anu.edu.auKirill.Ya.Kondratyev
Priority: NORMAL
X-Mailer: Execmail for Win32 5.1.1 Build (10) 

Dear Professor Mann

I have found a list of scientists which contained you email
address, 
hence I am able to communicate with you directly. As you
already know, a
paper by McIntyre and McKintrick analysing your famous
'Hockey stick'
paper is now available to everybody at www.multi-
science.co.uk. The 
printed version is due later this month. Your, via the attention
it 
received by the IPCC,  is currently widely used by social
scientists 
and many researchers in the energy policy community as 'the'
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proof for 
anthropogenic dangerous warming. Humanity should now act,
it argued, on
the basis of fact rather than the rather suspect 'precautionary 
principle'. 
I would respectfully like to explain to you and other scientistst
who 
may feel offended by the publication from outside 'their'
domain, why 
I have published this and other 'attacks' and why I would
appreciate a 
publishable reply from you and your colleagues. You may yet
win the 
argument! Who knows, but an open debate is overdue.

I do not claim that I or my reviewers can arbitrate on the
'scientific'
truth of publications that the IPCC selects as most relevant,
but 
your 1998 certainly was selected as such and as far as I know,
there 
was no protest against its use in global policy advocacy. I may
be 
wrong, for I am more in contact with research that is based on
worse 
case scenarios (from IPCC) than with basic climate scince
research.

ENERGY&ENVIRONMENT has paid attention to the 'science'
and 'social 
science' controversies associated with the IPCC for over a
decade and 
has done so not in order to advance (natural) scientific
understanding,
but with reference to the profound policy relevance of this 
understanding and hence of any controversy about the nature
of climate 
and the causes of its variability over time, as well as attempts,
in 
some circles, to stifle associated controversies, presumably to
make 
life easier for policy and policy relevant research. 

I am fully aware of the policy significance of the debate
between 'you,
the IPCC and so-called climate skeptics, and its funding
implications 
for so many. But the implications for humanity are even
greater. ( In 
fact, most of the papers  I have published in recent years have
used 
the IPCC  'consensus' as baseline.) 
I have been an energy policy researcher writing and now
editing with an
international relations/ political science bias; I have a strong 
research history in environmental politics, and a basic
education in 
physical geography as well as German literature. (Remember
acid rain, 
the death of Europ'es forests in a few deacdes? Or the death
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of the 
global ocean from pollution in the 1970s, the subject of my
PhD? 
Environmental threats have long serves many other agendas,
and natural
scientists may at least be aware of this.)

I have published 'outsiders' whom I trust because I no longer
fully 
trust many 'research products'  - not because of any failings
because 
of  individual researchers , but because of the nature of much 
contemporary research funding, see 
http://www.john-daly.com/sonja-bc.htm. I do know about 
research funding from bureaucracies - the importance of the
right 
buzzwords, policy visions, legal commitments and political 
ambitions.

I simply believe that research controversies related to global
warming
(science, social science, and technology) should be heard by 
policy-makers and NGOs in a world were vast amounts of
limited finance 
are about to be spend  on 'decarbonisation' on the assumption
made by 
most social scientists and many policy people that IPCC
summary 
pronouncements are undisputed and  hence are acceptable as 
uncontroversial baseline for their work on  decarbonisation
economics, 
'clean' technologoly, carbon finance, Kyoto mechanisms etc). I
am 
encouraging research controversy in the public arena rather
than 
editorial boardrooms. For example and to my considerable
regret, even 
the UK Foreign Office and many of my colleaugues in the
energy policy 
research (not in the earth sciences by the way) now believe
that they 
need not pay any attention to scientific issues because all
climate 
skeptics are  funded by the oil industry.  If this slur is
permitted to 
stand, as it seems to be, then journals like mine are surely
permitted 
to ask and who is funding the 'global warming' modelling
community if 
not governments committed to the UNFCCC, and to explore
what agendas 
have attached themselves to the warming threat. 

If I have offended against the ethics of natural science
publication,
which I am not sure of  given cases that have been reported to
me, I 
apologise and plead ignorance. I forward to hearing from you 
not via  
a  web site, but in the form of a paper or view point that I can

ABOR/MH/Priv-001309



published for libraries and readers. 

Best wishes
Sonja Boehmer-Christiansen
 ---------------------- 
Dr.Sonja Boehmer-Christiansen
Reader,Department of Geography, 
Editor, Energy & Environment
(Multi-science,www.multi-science.co.uk)
Faculty of Science 
University of Hull
Hull HU6 7RX, UK
Tel: 
Fax: 
Sonja.B-C@hull.ac.uk

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu  Phone:    FAX: 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

ABOR/MH/Priv-001310



From: Michael E. Mann
To: Mike MacCracken
Cc: Annie_Petsonk@environmentaldefense.org; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; Tom Wigley
Subject: Re: FW: misinformation campaign
Date: Monday, November 10, 2003 5:53:02 PM

Thanks Mike,

Sounds  like some other folks will be there to take them on, armed w/ our response,
etc.

Incidentally, Dan Vergano at USA Today is looking at doing a much more balanced
counterpoint to the op-ed that appeared there last week, in thursday's USA Today.
Will keep you posted of any details. That could be very useful ammunition...

mike

At 07:20 PM 11/10/2003 -0500, you wrote:

Well--I normally get invites to events of theh Marshall Institute, but not
this time.

Mike
----------
From: "Carol Werner" <cwerner@eesi.org>
Date: Mon, 10 Nov 2003 16:18:43 -0500
To: "'Mike MacCracken'" <mmaccrac@comcast.net>
Cc: "'Rosina Bierbaum'" <rbierbau@umich.edu>
Subject: FW: misinformation campaign

FYI

Carol Werner, Executive Director
Environmental and Energy Study Institute
122 C Street, NW, Suite 630
Washington, DC  20001
(p)     (f) 
cwerner@eesi.org

....seeking innovative environmental and energy solutions....

-----Original Message-----
From: Profeta, Tim (Lieberman)
[mailto:Tim_Profeta@Lieberman.senate.gov]

Sent: Monday, November 10, 2003 9:51 AM
 Subject: misinformation campaign

is in full swing.
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George C. Marshall Institute

Join us for a discussion
 
The IPCC, the "Hockey Stick" Curve, and the Illusion of Experience:
Reevaluation of Data Raises Significant Questions

 

With
 

Stephen McIntyre and Ross McKitrick
 

Tuesday, November 18, 2003 - 12:00 Noon

Longworth House Office Building - Room 1324

Independence Avenue and South Capitol Street, SE

Lunch provided.

 

The Intergovernmental Panel on Climate Change's (IPCC) Third
Assessment
Report concluded that "it is likely that the rate and duration of the
warming of the 20th century is larger than any other time during the
last 1,000 years. The 1990s are likely to have been the warmest decade
of the millennium in the Northern Hemisphere, and 1998 is likely to have
been the warmest year."

 

The primary basis for this assertion was a climate reconstruction that
produced the so-called 'hockey stick' shaped graph, which shows that the
20th century was unusually warm compared to preceding centuries.  A
new
evaluation of the underlying data used to create that graph by Canadian
businessman Stephen McIntyre and economist Ross McKitrick raises
serious
questions as to its validity.

 

McIntyre and McKitrick examined the construction and use of the data set
of proxies for past climate, which were used to estimate the temperature
record from 1400 to 1980.  Their review found four categories of error:
collation errors, unjustified truncation and extrapolation, use of
obsolete data, and calculation mistakes.  Correcting for these errors,
they found that temperature for the early 15th century was actually
higher than the 20th century.
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The McIntyre-McKitrick findings challenge one of the most influential
aspects of the climate change debate.  The 'hockey stick' graph has been
accepted as fact by the international community and many domestic
interests pushing the Kyoto Protocol and McCain-Lieberman.

 

 

Reservations Required

Please RSVP to info@marshall.org

George C. Marshall Institute

1625 K Street, NW, Suite 1050

Washington, DC 20006

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes; rbradley@geo.umass.edu
Cc: Scott Rutherford
Subject: manuscript
Date: Monday, November 10, 2003 8:06:30 PM
Attachments: ClimChngEditorial.doc

Dear Ray, Malcolm:

here is my draft of the response commissioned by Steve Schneider for "Climatic
Change". As you'll note, it is an expanded and more detailed version of our
previously drafted response.

Unfortunately, the two figures are not available yet, but I'll send those along as soon
as Scott sends them (tomorrow sometime).

Meanwhile, I wanted to give you an opportunity to begin looking over this and
making any comments. Ideally, we would have this submitted within a week or so.

Look forward to your comments. Figures to follow,

mike

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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1. Introduction 
 
A number of studies over the past decade aimed at reconstructing large-scale surface temperature 
variations from proxy data (Figure 1) have arrived at the similar conclusion that late 20th century 
Northern Hemisphere mean warmth is anomalous in the context of past centuries and even 
millennia  (Bradley and Jones, 1995; Crowley and Kim, 1996; Overpeck et al, 1997, Jones et al, 
1998, Mann et al, 1998; Pollack et al, 1998; Crowley and Lowery, 2000; Huang et al, 2000; Jones 
et al, 2001, Folland et al, 2001; Briffa et al, 2001; Mann and Jones, 2003; Mann et al, 2003a; 
Pollack et al, 1998; Huang et al, 2000; Hegerl et al, 2003). Studies employing models of varying 
complexity forced with estimated  past natural and anthropogenic radiative forcing histories (Free 
and Robock, 1999; Crowley and Kim, 1999; Crowley et al, 2000; Bertrand et al, 2002; Gerber et 
al, 2003; Bauer et al, 2003; Hegerl et al 2003) have arrived at similar conclusions, providing 
theoretical estimates of Northern Hemisphere mean temperature variations that are statistically 
indistinguishable from the empirical reconstructions (e.g. Mann et al, 2003). A recent paper by 
McIntyre and McKitrick (henceforth "MM03") published in an obscure social science journal 
"Energy and Environment", claimed, in contrast, to provide evidence that late 20th century 
hemispheric warmth is not anomalous in the context of the past several centuries, with the 
specific claim made that 15th century temperatures were warmer than those of the late 20th 
century. MM03 make this claim based on the purported  application of an equivalent 
methodology and dataset to Mann et al (1998--henceforth "MBH98") that produces a very 
different result from that of MBH98. MM03, furthermore, have argued for far broader 
implications of their results, suggesting that they argue against the existence of anthropogenic 
climate change, and, moreover, the importance of against taking action to mitigate it. Curiously 
absent from their discussion was any acknowledgement that more than a dozen independent 
studies published during the past few years have come  to essentially the same conclusions  as 
MBH98. In this context, it is clear, firstly, that any potential flaws in the MBH98 study cannot be 
used to bolster the authors contrarian claims against the existence of anomalous late 20th century 
warmth. Moreover, there  are too many other lines of supporting evidence for anthropogenic 
climate change unrelated to the paleoclimate record (e.g. Mitchell et al, 2001), for the authors 
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analysis to in any way impat the  widely accepted, consensus scientific viewpoint that 
anthropogenic forcing has led to  a detectable influence on 20th century climate change.   
 
In addition to the above reasons for rejecting the claims of MM03 outright, we  show here that 
their reconstruction, which is  so at variance with all other existing empirical and model-based 
estimates of  Northern Hemisphere mean temperature changes in past centuries,  results from a 
simple artifact of  the incorrect application of the putative method of Mann et al (1998) 
(henceforth "MBH98") to a severely restricted and altered version of the proxy data set used by 
MBH98. The reconstruction presented by MM03, by contrast with that of MBH98, fails the 
fundamental statistical test of "cross-validation" with independent instrumental data emphased in 
MBH98 and other paleoclimate reconstruction studies (see e.g. Cook et al, 1994; Luterbacher et 
al, 2002). 
 
MM03 claim their study to be an "audit" of "MBH98". An audit involves a careful examination, 
using the same data and following the exact procedures used in the report or study being audited.  
McIntyre and McKitrick ("MM03") have done no such thing, having used neither the data nor the 
procedures of MBH98.. Their effort has no bearing on the work of MBH98, and is no way a 
"correction" of that study as they claim. On the contrary, their analysis appears seriously flawed 
and amounts to a gross misrepresentation of the work of MBH98. Had MM03 followed the 
standard procedure of attempting to publish their criticism of an article in the same journal in 
which the original article appeared, Mann and colleagues, and  other qualified paleoclimate 
scientists, would with had an opportunity to review the criticism, and identify critical errors prior 
to publication. However, the authors did not follow this procedure. Below we outline  the critical 
errors that invalidate the MM03 analysis and their attempted temperature reconstruction. Chief 
among these is the omission of key early proxy indicators used by MBH98 from their network 
(section 2). We also note   a number of erroneous criticisms made of MBH98 by the authors 
(section 3), and a number of significant additional technical errors made by MM03 (section 4) 
that would have rendered their analysis invalid even if they had employed the same key early data 
as MBH98.  We present our conclusions in section 5. 
 

2. Impact of Removal by MM03 of Key Proxy Indicators Used by MBH98 
 
Because large-scale climate fields typically have relatively few (on the order of tens of) spatial 
degrees of freedom on climatic timescales [e.g. Jones and Briffa, 1992; Weber and Madden, 
1995; Zwiers and Shen, 1997; Rutherford et al., 2003a], climate indices or fields can often be 
efficiently reconstructed from a relatively modest network of proxy indicators [e.g. Bradley, 
1996, Evans et al, 1998], particularly through the use of a lower-dimensional state space 
representation of the underlying fields based on Principal Component Analysis [Mann et al, 1998; 
1999; Luterbacher et al, 2002; Evans et al, 2002; Zorita et al., 2003] or other alternative methods 
employing the data covariance matrix [Mann and Rutherford, 2002; Rutherford et al,, 2003;]. The 
reliability or 'skill' of the reconstruction, as estimated through cross-validation, depends critically 
on the available data, especially when relatively small numbers of indicators are available [Mann 
et al, 1998;1999; Evans et al., 2002; Mann and Rutherford, 2002; Rutherford et al., 2003a; Zorita 
et al., 2003]. The putative "correction" of the MBH98 proxy network employed by MM03 
appears to have amounted to little more than a removal (or substitution) of key indicators, and the 
majority of  the underlying proxy data in the MBH98 network, prior to AD 1600. It is during this 
period (in particular, the interval 1400-1500) wherein the removal of these data, as we show, has 
major consequences for the character of the MM reconstruction of Northern Hemisphere 
temperature. We also show that the removal of these key data prevents the possibility of 
obtaining a skillfully cross-validated reconstruction during the period AD 1400-1500. 
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MM03 do not list the number of indicators in the revised version of the MBH98 network which 
forms the basis of their vastly different reconstruction. This revised network is based on a 
seemingly subjective substitution of many original series used by MBH98 with often shorter or 
non-equivalent data series from other sources. The reader must do a considerable amount of 
detective work, based on scrutiny of the tables in their manuscript (pages 20-23) and the indicated 
data hyperlinks, to determine just what data have been eliminated from the original MBH98 
network. An analysis of these substitutions indicates that their deletion of key early proxy 
information produces anomalous warming in the 15th century at odds with the reconstructed cold 
conditions of the period by MBH98 and virtually all other published Northern Hemisphere 
temperature reconstructions. 
 
MM03 appear to have eliminated key proxy indicators from the MBH98 network by the 
following actions:  
 
1) MM03 appear to eliminate the entire dataset of 70 Western North American (WNA) tree-ring 
series available between 1400 and 1500 (and a total of 86 series from AD 1500-1600) based on a 
complete misrepresentation of the procedures used by MBH98. This dataset, as several other 
regional tree-ring data networks, was represented by MBH98 in terms of a smaller number of 
representative Principal Component (PC) time series for each independent reconstruction 
produced by their stepwise procedure.  The authors eliminate all of these data by not following 
(see technical point "b" later on in this document) the procedure of MBH98 of calculating the PC 
series separately for all intervals used in their stepwise reconstruction, which employs one set of 
PC series for the AD 1400-1980 interval, another for AD 1450-1980, and so on. This procedure 
allowed MBH98 to make use of an increasingly larger amount of underlying proxy data in their 
representations of the various data sub-networks for increasingly later periods. The leading 
pattern of variance in this data set, which exhibits conditions from 1400-1800 that are 
dramatically colder than those of the mid and late 20th  century, and a very prominent cooling in 
the 15th century in particular.  The original individual proxy data used by MBH, including all of 
the WNA data have been available since May 2000 on the public ftp site provided by Mann and 
colleagues:  

ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/ITRDB/NOAMER/ 
as well as  the  NOAA Paleoclimatology website:  

ftp://ftp.ngdc.noaa.gov/paleo/treering/chronologies/northamerica/usa 
We see no conceivable justification  for MM03 to have eliminated what amounts to the vast 
majority of proxy series used by MBH98 prior to AD 1600. 
 
2) MM03 appear to eliminate the entire  dataset of Stahle et al (1998) of Southwestern 
U.S./Mexican late wood ring width measurements prior to the 17th century (12  back to 1500, 6 
back to 1400) under the same false procedural premise described in (2). Once again, the data were 
available at the  public ftp site provided by Mann and coworkers:  

ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/STAHLE/SWM/ 
 
3) MM03 appear to have substituted significantly different  series for the original full-length 
Jacoby and D'Arrigo (1989) Northern Treeline series used by MBH98. For example, in their 
Figure 4 they describe the substitution of a shorter version (available back to AD 1530) of the 
"Twisted Tree, Heartrot Hill" Northern Treeline series for a longer version (available back to AD 
1459) used by MBH98.  
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We have not determined the full impact of all of the various subjective substitutions employed by 
MM03. Nor have we accounted for the influence of the various technical errors in their analysis 
(section 4), which  alone would make it impossible for them to have correctly reproduced the 
results of MBH98. Suffice it for our purposes that we demonstrate here that the elimination of the 
critical datasets (1)-(3) alone from the MBH98 network yields a spurious result remarkably 
similar to that obtained by MM03. (see Figure 2). 
 
Equally important, this spurious result should have been discarded by MM03 had they correctly 
followed the cross-validation protocol used by MBH98 and other paleoclimate researchers in 
testing the reliability of the reconstruction. MBH98 employed the standard statistical tool of 
cross-validation to verify the skill of their reconstructions (see also Cook et al, 1994; Luterbacher 
et al, 2002; Evans et al, 2002). MM03 describe no such tests. Consistent with the stepwise 
reconstruction approach employed by MBH98 in which increasingly sparse networks were used 
progressively farther back in time, a series of cross-validation experiments were performed by 
MBH98 to estimate the skill for different time intervals. For the AD 1400-1450 period, for 
example, MBH98 performed a reconstruction over the interval 1400-1901 based on calibration of 
the indicators available for the 1400-1980 period against the instrumental record over the interval 
1902-1980. The resulting reconstruction was then independently compared against the 
instrumental record over the interval (1854-1901) not used for calibration. The cross-validation 
skill was diagnosed by a 'Reduction of Error' statistic (RE), which is bounded by negative infinity 
and positive one, with substantially positive numbers indicative of  predictive skill. The mean 
expected value for a random estimate is RE= -1. MBH98 obtained an RE score of 0.51 for the 
reconstruction over the AD 1400-1500 interval. 
 
For the reconstruction based on the elimination of datasets (1)-(3) from the original MBH98 
predictor network which is effectively equivalent, as discussed above, to the impact of the various 
substitutions and procedural errors made by MM03, we obtain a qualitatively similar 
reconstruction to MM03 with spurious warmth during the 15th century that appears to exceed the 
warmth reconstructed through the 1980 termination of the proxy-reconstruction (though not the 
late 20th century warmth recorded by the instrumental record through the end of the 20th 
century). The cross-validation score for this reconstruction (RE=-0.7) is roughly equal to that of a 
typical random estimate, indicating an absence of any statistical reliability in the resulting 
reconstruction. Employing the cross-validation protocol used by MBH98 and other 
paleoclimatologists to verify  paleoclimate field reconstruction,, the authors would have been 
forced to conclude that a skillful reconstruction was not possible prior to AD 1500 based on the 
highly restricted and distorted version of the MBH98 proxy network that they used. It was not 
statistically defensible for MM03 to conclude that their reconstruction providing  any statistically 
valid evidence of anomalous warmth prior to the 15th century, given the apparent failure of their 
reconstruction to cross-validate against the instrumental record. An alternative reconstruction 
eliminating only datasets (1) and (2) provides an intermediate result, closer to that of MBH98, but 
with a statistical diagnostics of skill that is at best marginal (RE=0.09). Only when the full data 
network used by MBH98, retaining datasets (1)-(3), is used for the critical AD 1400-1500 period, 
is a skillful reconstruction, as obtained by MBH98  (RE=0.51), possible. 
 
MM03 imply that a bias arises in the reconstruction of  MBH98 based on the authors having 
infilled a modest number of proxy indicators terminating prior to the 1980 end of the calibraiton 
period (between 1972 and 1980).  The infilling was based on extension by persistence of the final 
available value to the 1980 boundary. We readily demonstrate the falsehood of this assertion  by 
performing the reconstruction, using the MBH98 network,  using a calibration interval (1400-
1971) that entirely pre-dates any infilled data.  The resulting reconstruction from AD 1400-1500 
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is shown in Figure 2. It is observed to be statistically indistinguishable from that of MBH98 based 
on calibration over the 1400-1980 interval, both in its appearance (Figure 2) and cross-validation 
skill (same value of RE=0.51), demonstrating that the extension of a small number of proxy series 
to the 1980 boundary has no detectable influence on the reconstruction, and that the 
reconstruction is robust with respect to the precise instrumental calibration interval used. 
 

3. Spurious Criticisms of MBH98 by MM03 
 
Numerous other criticisms of MBH98 put forth by MM03 are without basis. Their claim that 
MBH98 employ an EOF decomposition of various proxy sub-networks that was not optimized 
with respect to the underlying data network is a simple result of their technical mistake (b) below. 
So too is their mistaken assertion that the PCs computed by MBH98 for sparser data prior to AD 
1600 were based on the use of a data set with missing data. Their claim that the use of a modest 
number of infilled values between 1972 and 1980 in some of the proxy series was shown to be 
spurious in section 2. The claim by MM03 that MBH98 calculated statistics for non-existent 
temperature gridpoints was a result of them using an inconsistent version of the CRU 
instrumental surface temperature data set with a different based period (see technical mistake 
"a"). Nearly all of the reported errors in the MBH98 proxy data set (e.g. the supposed shifted 
values in time, etc.)  are an artifact of their having used a spreadsheet version of the dataset 
prepared (and posted on the public ftp site0 for them upon request by an associate of ours, rather 
than using the raw data available on the authors public ftp site, which the authors had initially 
been encouraged to use. There are, as noted by MM03, a few minor typos in the original MBH98 
paper   (e.g. wrong listing of number of predictors) and the locations of some of the proxy records 
in Figure 1 are slightly misplaced from their true locations. These issues, of couse, have no 
bearing on the validity of the results provided by MBH98 serve as more of distraction, more than 
an edifying clarification, in MM03.   
 

4. Important Technical Errors in MM03 
 
There are numerous technical problems in the data and approach used by MM03 that would 
appear to have rendered their analysis flawed irrespective of their elimination of key predictors as 
described in section 2.  We briefly list the few most significant of these: 
 
(a) Use of Inconsistent Instrumental Surface Temperature Data Sets 
 
MM03 did not perform an internally consistent Principal Component Analysis (PCA) of the 
instrumental surface temperature dataset. Instead, they combined gridpoint standard deviations 
estimated from a new version of the Climatic Research Unit (CRU)  of the University of East 
Anglia surface temperature record (Jones et al, 1999), with results (eigenvectors, principal 
components series, and eigenvalues) from MBH98 based on  application of PCA to an older 
version of the CRU instrumental surface temperature data (Jones and Briffa, 1992--the estimates 
were updated on the CRU website through 1993, the end of the interval used by MBH98 in their 
PCA).  These two datasets are not equivalent. For example, they employ two different base 
periods for the formation of surface temperature anomalies. The convolution of surface 
temperature statistics  from the two surface temperature sets leads to an unknown bias in their 
reconstructed surface temperature fields. 
 
MM03 also appear to have estimated gridpoint standard deviations from the un-detrended surface 
temperature data, while MBH98 had normalized their EOFs by detrended gridpoint standard 
deviations. Either convention would be equally defensible as long as the analysis was  internally 
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consistent. However, since MM03 did not perform an internally-consistent PCA of the 
instrumental surface temperature data, but instead mixed the PCA results of MBH98 with 
gridpoint temperature statistics estimated from a different  temperature dataset, they impose a 
spatially-variable bias in the reconstructed surface temperature field (the bias is larger where 20th 
century surface air temperature trends are greatest). 
 
(b) Incorrect representation of the MBH98 proxy data set.  
 
MBH98 calculated PCs of proxy sub-networks separately for each interval in their stepwise 
reconstruction. This is the only sensible approach, since it allows the use of all data available over 
each sub-interval used  in their stepwise reconstruction (i.e., one set of PCs for 1400-1980, 
another  for 1450-1980, another for 1500-1980, and so on, with a greater number of series and, 
accordingly, a larger number of representative proxy network PC series, available in later 
centuries). Because the PCA representation of the various proxy networks was employed in this 
step-wise fashion,  159 independent time series are required to represent all indicators used in the 
reconstructions of all the various sub-intervals, even though the maximum number ever used for a 
particular sub-interval is 112. By not following this protocol, MM appear to have eliminated in 
the range of 100 proxy series used by MBH98 over the interval 1400-1600 and, as discussed 
earlier, proxy indicators vital for a skilfully cross-validated reconstruction,  over the interval AD 
1400-1500. 
 
(c) Lack of the use of an objective criterion in the determination of the number of retained 
instrumental PCs in the reconstruction: 
 
Since the proxy data network developed by MM03 differs dramatically from that used by 
MBH98 for all intervals, it was inappropriate for MM03 to use the same instrumental temperature 
eigenvector subsets that had been selected by MBH98 for their reconstruction. The subsets were 
selected by MBH98 based on the application of an objective criterion to the specific available 
proxy networks available, and were optimized with respect to those networks. The basis sets used 
by MM03 have thus appear not to have been optimized with respect to the different proxy 
network they actually use. 
 
(d) Incorrect Scaling of Reconstructed Principal Components (RPCS): 
 
MBH98 assure that each of the reconstructed Principal Components (RPCs) have the same 
variance as the corresponding instrumental annual mean temperature Principal Components (PCs) 
over the calibration period, based on an explicitly scaling of the RPC series against the 
corresponding PC series over the 1902-1980 interval. If this step is not followed, similar results 
are obtained, but cross-validation scores are found to be modestly lower. It is not clear from the 
methodological description provided by the authors that they followed this step, providing an 
additional potential reason for differences from the MBH98 results. 
 

5. Conclusions 
 
The fact that a number of independent reconstructions and model simulations have now been 
published that yield a quite similar history of past hemispheric temperature variations to that of 
MBH98 (e.g. Jones et al,, 2001; Folland et al, 2001; Mann et al, 2003a) alone indicates that the 
fundamental criticism of MM03--that their flawed attempt to reproduce the MBH98 
reconstruction invalidates the conclusion that late 20th century Northern Hemisphere warmth is 
anomalous in a long-term context--is fundamentally unsound. It seems remarkably that MM03 
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chose not to acknowledge the nearly dozen independent estimates that are consistent with 
MBH98 within estimated uncertainties. It is equally remarkable that they do not even note, in 
passing, that they eliminated from consideration the majority of proxy data used by MBH98 prior 
to AD 1500--the period during which they obtain a significantly different result from MBH98. 
Finally, it is remarkably that MM03 did not discuss anywhere in their paper the issue of statistical 
cross-validation, and the dramatic apparent failure of their pre AD 1500 reconstruction to pass the 
test of cross-validation. 
 
MBH98 clearly note that earlier segment of the reconstruction (AD 1400-1600) which is based on 
a more restricted network of proxy indicators, is sensitive to a small number of important 
predictors. The substantial uncertainties during earlier centuries in the MBH98 reconstruction  
(Figure 2) reflects this expanded uncertainty. Furthermore, as discussed in Mann et al (1999), the 
WNA tree-ring chronologies are essential for a skillful reconstruction prior to  AD 1400 and, the 
quality of the reconstruction is improved when apparent non-climatic influences on tree-growth 
in some high elevation western sites are accounted for. Since MBH98 and Mann et al (1999), 
numerous similar other independent reconstructions have been produced based on different data 
and methods (Figure 1). Some of these reconstructions suggest slightly different past histories, for 
example colder conditions during certain past centuries (Esper et al, 2002; Huang et al, 2000). It 
has been argued that such modest differences can be explained in terms of the extratropical,  
continental and perhaps warm-season sensitivity of the predictors (Mann, 2002; Shindell et al, 
2001; 2003) and possible non-temperature influences on ground surface temperature (Mann et al, 
2003b; Mann and Schmidt, 2003). However, none of these reconstructions show the anomalous 
15th century warmth argued for by MM03--indeed, all of these reconstructions indicate 
anomalous late 20th century warmth. 
 
It remains a challenge to further reduce existing uncertainties. Only through careful additional 
work involving the rigorous testing of methodologies, the analysis of the sensitivity of 
reconstructive skill to predictor selection, and the introduction of real new proxy information, is 
this likely to be achived. The paleoclimate research community is actively working towards these 
goals (e.g. Jones et al, 2001). Sadly the deeply flawed analysis of MM03 does nothing to advance 
these goals but, instead, obscures the real progress that has been detailed in papers published in 
the peer-reviewed scientific literature. 
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Figure 1. Comparison of Mann et al (1999) reconstruction [the estimates from 1400-1980 are identical to those of 
MBH98] with other independent proxy-based reconstruction of Northern Hemisphere mean temperatures over the 
past one-to-two millennia. Time series have been smoothed using a 40 year Butterworth lowpass filter and a 
minimum-misfit smoothing constraint has been that minimized the MSE of the smooth relative to the raw data 
among all possible combinations of the 3 lowest order boundary constraints [see e.g. Ghil et al, 1999. The two 
standard error uncertainty limits of Mann et al (1999) (which were expanded relative to those of MBH98 based on 
diagnostics of spectrum of calibration residuals) are shown (yellow shading). The Mann and Jones (2003) 
reconstruction has been updated as in Jones and Mann (2003). The various other (smoothed) NH reconstructions 
shown have been scaled by linear regression against the smoothed instrumental NH series over the common interval 
1856-1980, with the exception of the “Briffa et al” series, which has been scaled over the shorter 1856-1940 owing 
to a decline in temperature response in the underlying data discussed elsewhere [Briffa et al., 1998a]. Independent 
estimates from the borehole data of Huang et al (2000) are shown based on both gridded areally weighted data and 
an 'optimal' reconstruction of the underlying surface temperature signal [Mann et al, 2003b]. 
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Figure 2.  Comparison of  original MBH98 reconstruction (and uncertainties as in Figure 1) with estimates based 
on both restricted versions of the MBH98 network, and full network but a restricted (1902-1971) calibration 
period. Time series have been smoothed using a 40 year lowpass filter as in Figure 1.  
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From: Michael E. Mann
To: Scott Rutherford
Cc: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu
Subject: Re: plots
Date: Tuesday, November 11, 2003 9:26:29 AM
Attachments: figure1.pdf

figure2.pdf

Thanks Scott,

Good first stab at these. No problem w/ divergence of recons after 1500 because of lowpass-
easy to explain in the text...

Not sure we need to show uncertainties in figure 2, since they're shown in Figure 1 for MBH98...

Lets see if Ray and malcolm have any comments before revising the figures further...

mike

At 11:08 AM 11/11/2003 -0500, Scott Rutherford wrote:

Mike, 

First stab at figures.  Figure 1 is the EOS figure with the boreholes corrected and the
models removed. 

Figure 2 is a rough figure of the MBH variants. Because of the lowpass, the
reconstructions do not diverge at 1500, but diverge later. Should we show to say
1550 so people can see the point of divergence?  Also, is it easy for you to spit out
the lowpassed uncertainties for MBH using the new lowpass program? If not I can do
it, but I forget what the DOF adjustment is on the uncertainties for the 40yr lowpass.

Scott 

<br>
<br>
<br>

On Thursday, November 6, 2003, at 02:18  PM, Michael E. Mann wrote: 

Hi Scott, 

OK, here are the two plots I need your help on. The response is going to
be submitted to "Climatic Change", and should get fast track treatment.
But mum is the word on all of this until we have an accepted manuscript. 

Figure #1. 

This should be similar to plots you've shown before. This should go back
to AD 200. It should be based on 40 yr lowpassed version of the various
series (reconstructions and instrumental only, no models) as shown in
Figure 5 of the ROG paper. However, the uncertainties should be those for
MBH99, not Mann and Jones (2003), and the *corrected* gridded, areally-
weighted and optimal borehole reconstructions should be shown (call
these Mann et al 03--I'll explain the correction in the text). Instrumental
NH series should be shown in red as in ROG Figure #5. 

ABOR/MH/Priv-001329



Figure #2 

This one will go back to AD 1400 only. It is based on  40 year smoothed
series (I  now use a smoothing option which allows for each of the 3
constraints on *each* of the boundaries, and then I choose the solution
w/ minimum MSE--I've attached the code for your use/reference). The
smoothed MBH98 series (first y column) should be shown along w/ the
associated MBH99 uncertainties (for smoothed series) from 1400-1980.
The 2nd y column is MBH98 where the first 100 years have been
reconstructed based on a 1902-1971 calibration period (you need only
show the first 100 years of this plot). The 3rd y column is MBH98 w/ the
ITRDB and Stahle tree-ring PCs eliminated for the AD 1400-1500
reconstruction. The 4th y column is MBH98 w/ the ITRDB and Stahle PCs
and the Jacoby et al (1989) Northern Treeline series eliminated for the 
AD 1400-1500 reconstruction. Note that reference period is 1902-1980 in
Figure 2. 

These should be labelled with their corresponding RE values which are,
respectively 
0.51, 0.51, 0.09, -0.64 

We may have to iterate on this a few times to get them right. Thanks in
advance for your help in doing this, 

mike 

______________________________________________________________ 
                    Professor Michael E. Mann 
           Department of Environmental Sciences, Clark Hall 
                      University of Virginia 
                     Charlottesville, VA 22903 
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
 

        
http://www.evsc.virginia.edu/faculty/people/mann.shtml<mbhvariants-
40yrsmoothed.dat><lowpass.m>

______________________________________________ 
                      Scott Rutherford  

Assistant Professor 
Dept. of Natural Sciences 
Roger Williams University 
e-mail: srutherford@rwu.edu 
phone:  
snail mail: 
One Ferry Road 
Bristol, RI 02809 

<br>
</blockquote></x-html>

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
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                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Malcolm Hughes
To: Michael E. Mann
Cc: Scott Rutherford; rbradley@geo.umass.edu
Subject: Re: manuscript
Date: Tuesday, November 11, 2003 7:17:34 PM

Mike - here's my first response. More details later. I tried to put myself in the
position of someone who had not seen any of the e-mail exchanges or web sites.
I'm afraid it is extremely difficult to figure out how you arrived at the
conclusions about how they excluded various data sets - was it from a direct
comparison of the data they used with the original data at your ftp site?  I
understand the reasoning associated with their having the "wrong" numbers of
predictors, but it's not yet clear how you then pinned down which were left out
or substituted. Some of that can be seen in their paper, but not much that I can
see.
Maybe we need some dramatic figure to demonstrate the accelerating
divergence between "their" dataset and ours?
By the way, and strictly "entre nous", the ftp site on holocene is pretty opaque,
there being no readme files and some material that seems to be unconnected
with MBH98. I guess it would be a bad idea to change anything now.
A final point for now - how about including their reconstruction in the Figures?
I think we need to include Esper in Figure 1.
Cheers, Malcolm
>
> Dear Ray, Malcolm:
>
> here is my draft of the response commissioned by Steve Schneider for
> "Climatic Change". As you'll note, it is an expanded and more detailed
> version of our previously drafted response.
>
> Unfortunately, the two figures are not available yet, but I'll send
> those along as soon as Scott sends them (tomorrow sometime).
>
> Meanwhile, I wanted to give you an opportunity to begin looking over
> this and making any comments. Ideally, we would have this submitted
> within a week or so.
>
> Look forward to your comments. Figures to follow,
>
> mike
> ____________________________________________________________
> __
> Professor Michael E. Mann
>  Department of Environmental Sciences, Clark Hall
> University of Virginia
> Charlottesville, VA 22903
> ______________________________________________________________________
> _ e-mail: mann@virginia.edu Phone:  
> http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes
Cc: Scott Rutherford; rbradley@geo.umass.edu
Subject: Re: manuscript
Date: Tuesday, November 11, 2003 7:19:57 PM

Malcolm,

1) Take another look at Figure 1. Esper et al is in there!

2) Their PC series were only calculated after 1600, so they are eliminated by definition--
take another look at their table 7.5 and this should be clear. I'll add in a reference to that
table, which clearly shows that they have no ITRDB or Stahle PCS prior to AD 1600--if
you read their methodology in more detail, its clear that arises because they don't
calculate the PCs in a stepwise fashion. 

3) At least one of the early Jacoby Northern Treeline series was shortend by substitution,
as shown in their Figure 4.

My point is that these omissions, alone, give their result. I don't have the time to figure
out the impact of all their substitutions, etc. If that is the standard, we'll have to find
someone else to do that-I don't have the time.

BUt that isn't the point. The point is that just a omissions/substitutions alone that we can
*confirm* already give the spurious result AD 1400-1500.

Feel free to call me on the phone if talking in person would help to clarify.

Thanks,

mike

At 07:17 PM 11/11/2003 -0700, Malcolm Hughes wrote:

Mike - here's my first response. More details later. I tried to put myself in the 
position of someone who had not seen any of the e-mail exchanges or web
sites. 
I'm afraid it is extremely difficult to figure out how you arrived at the 
conclusions about how they excluded various data sets - was it from a direct 
comparison of the data they used with the original data at your ftp site?  I 
understand the reasoning associated with their having the "wrong" numbers of

predictors, but it's not yet clear how you then pinned down which were left
out 
or substituted. Some of that can be seen in their paper, but not much that I
can 
see. 
Maybe we need some dramatic figure to demonstrate the accelerating 
divergence between "their" dataset and ours?
By the way, and strictly "entre nous", the ftp site on holocene is pretty
opaque, 
there being no readme files and some material that seems to be unconnected 
with MBH98. I guess it would be a bad idea to change anything now.
A final point for now - how about including their reconstruction in the Figures?

I think we need to include Esper in Figure 1.
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Cheers, Malcolm
> 
> Dear Ray, Malcolm:
> 
> here is my draft of the response commissioned by Steve Schneider for
> "Climatic Change". As you'll note, it is an expanded and more detailed
> version of our previously drafted response.
> 
> Unfortunately, the two figures are not available yet, but I'll send
> those along as soon as Scott sends them (tomorrow sometime).
> 
> Meanwhile, I wanted to give you an opportunity to begin looking over
> this and making any comments. Ideally, we would have this submitted
> within a week or so.
> 
> Look forward to your comments. Figures to follow,
> 
> mike
> ____________________________________________________________
> __
> Professor Michael E. Mann
>  Department of Environmental Sciences, Clark Hall
> University of Virginia
> Charlottesville, VA 22903
>
______________________________________________________________________

> _ e-mail: mann@virginia.edu Phone:  
> http://www.evsc.virginia.edu/faculty/people/mann.shtml

Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes
Cc: Scott Rutherford; rbradley@geo.umass.edu
Subject: Re: manuscript
Date: Tuesday, November 11, 2003 7:24:51 PM

The point of this is just to provide a slightly expanded and more detailed version of our
initial response. that is all I personally have time to do. There are lots of things we
*could* talk about, but MM03 does not deserve an exhaustive reply/response--that wil be
superceded by ongoing work we do w/ Tim, Keith, Phil et al---the point is simply to show,
in as simple  a way as possible, the apparent reason they get the spurious result, and the
fact it doesn't pass cross-validation.

I don't have time for more analyses, calculations, etc. I've already invested more time in
dealing with this than I can really afford, so I have to warn you that I can't do much
more than I have done analysis wise, etc. We have to work w/ what we've got, which
was based on me wasting almost a week of effort figuring this all out...

Feel free to call if you feel we need to discuss this over the phone.

Thanks,

mike

At 07:17 PM 11/11/2003 -0700, Malcolm Hughes wrote:

Mike - here's my first response. More details later. I tried to put myself in the 
position of someone who had not seen any of the e-mail exchanges or web
sites. 
I'm afraid it is extremely difficult to figure out how you arrived at the 
conclusions about how they excluded various data sets - was it from a direct 
comparison of the data they used with the original data at your ftp site?  I 
understand the reasoning associated with their having the "wrong" numbers of

predictors, but it's not yet clear how you then pinned down which were left
out 
or substituted. Some of that can be seen in their paper, but not much that I
can 
see. 
Maybe we need some dramatic figure to demonstrate the accelerating 
divergence between "their" dataset and ours?
By the way, and strictly "entre nous", the ftp site on holocene is pretty
opaque, 
there being no readme files and some material that seems to be unconnected 
with MBH98. I guess it would be a bad idea to change anything now.
A final point for now - how about including their reconstruction in the Figures?

I think we need to include Esper in Figure 1.
Cheers, Malcolm
> 
> Dear Ray, Malcolm:
> 
> here is my draft of the response commissioned by Steve Schneider for
> "Climatic Change". As you'll note, it is an expanded and more detailed
> version of our previously drafted response.
> 
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> Unfortunately, the two figures are not available yet, but I'll send
> those along as soon as Scott sends them (tomorrow sometime).
> 
> Meanwhile, I wanted to give you an opportunity to begin looking over
> this and making any comments. Ideally, we would have this submitted
> within a week or so.
> 
> Look forward to your comments. Figures to follow,
> 
> mike
> ____________________________________________________________
> __
> Professor Michael E. Mann
>  Department of Environmental Sciences, Clark Hall
> University of Virginia
> Charlottesville, VA 22903
>
______________________________________________________________________

> _ e-mail: mann@virginia.edu Phone:  
> http://www.evsc.virginia.edu/faculty/people/mann.shtml

Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes
Cc: Scott Rutherford; rbradley@geo.umass.edu
Subject: Re: manuscript
Date: Tuesday, November 11, 2003 7:36:39 PM

Dear All,

Malcolm and I have discussed. Malcolm will try to make some suggestions to clarify how
we *know* they eliminated certain data vs. we suspect they have substituted, etc. other
data as well...

Also, I asked Scott to add RE values to Figure 2...

mike

At 07:17 PM 11/11/2003 -0700, Malcolm Hughes wrote:

Mike - here's my first response. More details later. I tried to put myself in the 
position of someone who had not seen any of the e-mail exchanges or web
sites. 
I'm afraid it is extremely difficult to figure out how you arrived at the 
conclusions about how they excluded various data sets - was it from a direct 
comparison of the data they used with the original data at your ftp site?  I 
understand the reasoning associated with their having the "wrong" numbers of

predictors, but it's not yet clear how you then pinned down which were left
out 
or substituted. Some of that can be seen in their paper, but not much that I
can 
see. 
Maybe we need some dramatic figure to demonstrate the accelerating 
divergence between "their" dataset and ours?
By the way, and strictly "entre nous", the ftp site on holocene is pretty
opaque, 
there being no readme files and some material that seems to be unconnected 
with MBH98. I guess it would be a bad idea to change anything now.
A final point for now - how about including their reconstruction in the Figures?

I think we need to include Esper in Figure 1.
Cheers, Malcolm
> 
> Dear Ray, Malcolm:
> 
> here is my draft of the response commissioned by Steve Schneider for
> "Climatic Change". As you'll note, it is an expanded and more detailed
> version of our previously drafted response.
> 
> Unfortunately, the two figures are not available yet, but I'll send
> those along as soon as Scott sends them (tomorrow sometime).
> 
> Meanwhile, I wanted to give you an opportunity to begin looking over
> this and making any comments. Ideally, we would have this submitted
> within a week or so.
> 
> Look forward to your comments. Figures to follow,
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> 
> mike
> ____________________________________________________________
> __
> Professor Michael E. Mann
>  Department of Environmental Sciences, Clark Hall
> University of Virginia
> Charlottesville, VA 22903
>
______________________________________________________________________

> _ e-mail: mann@virginia.edu Phone:  
> http://www.evsc.virginia.edu/faculty/people/mann.shtml

Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Tim Osborn; Michael Oppenheimer; Tim Osborn; Phil Jones; Keith Briffa; rbradley@geo.umass.edu;

mhughes@ltrr.arizona.edu; Tom Wigley; tom crowley; Gabi Hegerl; Jonathan Overpeck; mann@virginia.edu
Subject: Re: Fwd: Re: clarification re Mann / McKitrick andMcIntyre <fwd>
Date: Wednesday, November 12, 2003 6:07:38 AM

Dear All,

We have an official response to be submitted shortly for peer-review.  We will send
the response to all of you for your comments, whether or not you get it for review.
We hope to have it finalized within a week or so, depending on Ray's ability to read
and comment while travelling. This will provide more of the details behind our
"initial" response...

It is best to let things play out this way. These folks appear to have some very large
industry groups behind them running  the show, setting up forums for them on
capitol hill (the latest sponsored by the infamous "Marshall Institute") and its best for
scientists not to exchange any emails with them--they will only quote you out of
context and misrepresent your comments.

Please feel free to contact me to discuss further. So I strongly advise against any
scientists communicating with these people. Understand that anything you send to
them, you are giving to a highly organized industry PR firm that is behind this effort.
An investigative reporter in the media may be revealing the dubious details behind
this in an article in the near future.

Please feel free to contact me to discuss further,

mike

At 12:53 PM 11/12/2003 +0000, Tim Osborn wrote:

Dear all,

I'm forwarding this because I'm not sure which of you received it.

I'm also not sure which of you would want to have received it - apologies
if you've had enough of this sort of thing, you can probably predict most
of the contents and it is rather long!

One thing I will add which may be of more interest...

McIntyre has emailed me asking whether (under certain terms and
conditions!) we (Keith, Phil and I) would "examine" (review?) part of their
response to the Mann et al. preliminary response.

I haven't yet discussed this with Keith and Phil, who are away, but there a
some clear reasons to decline their request, so I think it unlikely that we
will say yes.

Regards

Tim
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From: "Sonja.B-C" <Sonja.B-C@hull.ac.uk>
Date: Tue, 11 Nov 2003 14:18:11 +0000
To: gavin_Watson@hotmail.com, Aynsley Kellow
<akellow@utas.edu.au>
Subject: Fwd: Re: clarification re Mann / McKitrick andMcIntyre
<fwd>
Cc: gsmith@socsci.soton.ac.uk,
climatesceptics@yahoogroups.com,
        Tim Osborn <t.osborn@uea.ac.uk>, Bob Ferguson
<bferguson@ff.org>
Priority: NORMAL
X-Mailer: Execmail for Win32 5.1.1 Build (10)

Dear All,
The letter below makes good reading and its author (Aynsley)
is
thanked! It is a welcome 'defence' of E&E in the current furore
over
another paper (by McIntyre and McKitrick  'Corrections to
Mann
et al..' about to appear in print but already on the multi-
science web
page)  the IPCC community does not like because it comes
from outsiders
and challenges the consensus of the 'climate science
community'.

(Also see 'The Economist' this week, which takes up the
Castles and
Henderson paper from earlier this year [14 2/3] and suggests
that
Treasuries may at least be taking an interests in the IPCC ).

I am sending this beyond the original people involved because
Prof. Mann has allowed much of this particular 'hocky stick'
debate to
appear on a web site run by a journalist - see below - and also
because
my UK colleagues in political science and International
Relations
have, as far as I know, completely ignored the book by
Aynsley and me.
One UK political scientist a few years and who should have
known better
because he had studied the attempts of the coal industry to
discredit
the IPCC (this failed), dismissed my work as conspiracy theory.
One
Australian/ WMO meteorologist did the same more recently
when
reviewing  the book by Aynsley and me (International
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Environmental
Policy: Interests and the Failure of the Kyoto Process, Edward
Elgar
Publishing, November 2002). He may be forgiven for he had
an interest to
defend.
We do not put forward conspiracy theories, but talk about a
flexible coalition of advocacy based on interests, ideology and
some
science still plagued by much uncertainty;  lots of baptists are
forming 'partnerships' with boot-leggers, the research
enterprise being
just one of  (often reluctant) many partners in the
'decarbonisation'
by subsidisation (and vice versa) game.
Sonja
--- Begin Forwarded Message ---

Date: Tue, 11 Nov 2003 16:15:57 +1100
From: Aynsley Kellow <akellow@utas.edu.au>
Subject: Fwd: Re: clarification
Sender: Aynsley Kellow <akellow@utas.edu.au>
To: rbradley@geo.umass.edu
Cc: Sonja.B-C@hull.ac.uk, "Michael E. Mann"
<mann@virginia.edu>,
, "David R. Legates" <legates@udel.edu>, Eigil
Friis-Christensen <efc@dsri.dk>, rmckitri@uoguelph.ca
Reply-To: Aynsley Kellow <akellow@utas.edu.au>
Message-ID: <v04210104bbd5e77b94d5@[131.217.125.10]>

Dear Professor Bradley,

I have been meaning to respond to your message to Sonja
Boehmer-Christiansen, but many other duties have  conspired
to deny
me the time to do so. I think it is important that I do so,
particularly because of the nature of the extraordinary attack
on her
for daring to publish the M&M paper in E&E.

I should declare that I recently co-authored a book with Sonja,
and
recently accepted an invitation to join the Editorial Board of
E&E,
having previously published two papers with it. I speak,
therefore,
with some exerience of both Sonja and the journal. The journal
can
stand by its own reputation - by the quality of its
multidisciplinary
content (which is always likely to provoke occasional
controversy),
but I am disturbed by the attacks on Sonja, which have been
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personal
and included derogatory comments.

Sonja has an excellent track record of publication in science
politics and policy, including both research monographs and
articles
in leading journals, including Nature, Energy Policy,
Environmental
Politics, and Global Environmental Change. She is perhaps
unequalled
in her understanding of the issues involved and is widely cited
by
those on all sides of the climate change issue. The attack on
her
character is regrettable, all the more so because it has been
conducted under protection of anonymity, thanks largely to the
manner
in which Dr Mann first engaged the M&M paper.

For reasons best known to him, Dr Mann responded to this
paper first
on David Appell's blog 'Quark Soup' - an unfortunate choice, I
must
say.  (Dr Appell reported Dr Mann's initial response at 8.02 am
on 29
October - two days before the first draft of your collective
initial
response was posted on the East Anglia site). I was not
previously
familiar with this blog - there is an awful lot of junk in
cyberspace
and it is hard to track it all.  Dr Appell professes to be a
journalist, but his blog lies squarely in the realm of
commentary,
and provides a forum for anonymous gratuitous comment of
the kind
that no quality newspaper allows. It is a practice permitted by
the
tabloid press, perhaps fittingly, because that is the quality of
journal which might reprint Sonja's e-mail to Dr Mann -
deliberately
circulated widely - and trumpet that it had obtained a copy of
a
'leaked e-mail'.

To further illustrate my point about quality, Dr Appell also slurs
Theodor Landscheidt under the heading 'E&E publishes an
astrologer!',
when Landscheidt's book is quite cleary an evidenced-based
critique
of atsrology. He also describes the critique of SRES published
by Ian
Castles and David Henderson as 'a third specious paper
published
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recently by Energy and Environment'. For the record, Castles is
a
former Government Statistician and Head of the Finance
Department in
the Australian Government, and (until recently) was Vice-
President of
the Academy of Social Sciences in Australia. David Henderson
was
formerly Head of the Economics Department at the OECD. Prior
to
drawing attention to problems with SRES, Castles did much the
same
with the misuse of statistics in the UNDP World Development
Report, a
matter which was referred to the UN Statistical Commission,
which
upheld his critique.

Dr Appell seems to have his loyal retinue of readers, though I
see
that few other than a couple of characters called 'Uncle E' and
'Dano' bother to contribute their anonymous patter. All the
more
surprising, then, that Dr Mann would select a medium such as
this as
his outlet. (Indeed, he gave his permission for e-mails between
himslef and M&M to be posted).

Ironically, Dr Appell's website incorporates a quotation by
Heinrich
Heine about book-burning. The irony lies in the calls by Dr
Appell
and his acolytes for the non-publication of M&M and other
pieces
which do not accord with his position on the issue, and the
celebration of the resignation of members of editorial boards
from
journals for publishing (or, most recently, intending to publish)
work they disagreed with (or, most recently, by people they
disagree
with, since there is no suggestion that Professor Hulme has
even seen
the piece over which he is resigning). I suppose if we can
suppress
publication of books (and articles) we can save ourselves the
trouble
of burning them!

It is entirely appropriate that Sonja should invite Mann et al to
respond to the M&M paper, but I think you are wrong in
expecting that
you should have been given access to the paper before any
decision
was made to publish.
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Had the M&M paper simply been a comment on Mann et al,
then it
probably should have been written as a letter to Nature, and
referred
to Mann, yourself and Hughes for a rejoinder. But it was much
more
than that, and they have stated quite explicitly why they
wished a
longer piece to be considered for publication. As a paper in it's
own
right, the authors had every reason to have it subjected to
review as
a paper in any journal they chose. As such, it would have been
wholly
inappropriate for it to be sent to any of the Mann et al authors
for
review, as to do so would have placed you  in a conflict of
interest:
reviewing a paper which reflected critically on your work.
Moreover,
Dr Mann (as I understand it) quite explicitly cut off
communication
with M&M before the paper was completed and submitted.
M&M cannot
then be held responsible for your lack of involvement in the
final
version.

As you rightly note, in peer review there should be an
independence
between the authors and the reviewers. This cuts both ways:
there
should be no positive or negative relationship between them.
But peer
review is not the only determinant of science, important as it
is.
The US Supreme Court (in Daubert v Merril Dow) has provided
a good
statement of what constitutes scientific evidence. Publication
after
anonymous peer review is an important part of that, but so too
is the
requirement that it should have withstood several attempts at
verification or falsification.

I guess many of us have had concerns over the treatment of
Mann et al
in IPCC TAR on these very grounds: Mann being a lead author,
TAR
being drafted before exactly the the kind of paper M&M have
written
could have appeared, the political use of the implications of the
paper (especially given the combination of proxy and
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instrumental
data, when science without political purpose would have been
satisfied with merely the proxy reconstruction). The production
of a

consensus (especially by an Intergovernmental Panel) is an
inherently
political process, and that is where Sonja and I have our
interest
and expertise. But we both know that science is controversial,
and
attempts to create and enforce consensus are not typical of
the usual
way in which science is progressed.

For the record, while we think TAR erred in allowing new
storylines
rather than new science (as Tom Wigley has pointed out) to
drive a
new upper limit to the temperature range which is improbable
in the
extreme, Sonja and I are on the record as stating we consider
we are
probably in for 1-3 deg C of warming and that something less
than
this is probably anthropogenic. We see much unresolved
uncertainty in
the science. We are critical of the Kyoto Protocol as a policy
instrument and of the Kyoto process as a means of developng
policy
instruments - but that is our expertise.

Regardless of the outcome of Mann et al vs M&M, it is quite
clear
that science will have been advanced as a result of the
attempt of
both teams to further our understanding of complex and
important
issues.

I would suggest, however, that science is best advanced by
conducting
the terms of the debate on civil terms, and in media where
participants are prepared to stand by their views and opinions.
I get
very worried when I see ad hominem  attacks, along with
commission of
the genetic fallacy, use of argumentum ad populum., etc. My
first
reaction is to think that those using them do so in desperation
in
the absence of an argument. So please let's conduct the
debate
according to accepted rules, and submit your reponse to E&E.
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If it
holds water, it stands the test of time - that's the deal with
science. If M&M are wrong, show how and why.

Incidentally, I agree with Sonja on your depiction of the politics
of
science. You would fail introductory political science with such
a
caricatured account of the manner in which politics might
influence
science. There are staw men everywhere! If you want a better
appreciation removed from the cut and thrust of climate
science, try
Robert Proctor's The Nazi War on Cancer (Princeton UP). Study
question: why was German science and policy on tobacco at
least 20
years ahead of Sir Richard Doll in the UK and the US Surgeon-
General?

Best,
Aynsley Kellow

>From: "Sonja.B-C" <Sonja.B-C@hull.ac.uk>
>Date: Thu, 6 Nov 2003 19:43:32 +0000
>To: "Raymond S. Bradley" <rbradley@geo.umass.edu>
>Subject: Re: clarification
>Cc: "Michael E. Mann" <mann@virginia.edu>,
L.A.Love@hull.ac.uk,
>   "David R. Legates" <legates@udel.edu>, Aynsley Kellow
><akellow@utas.edu.au>,
>   Eigil Friis-Christensen <efc@dsri.dk>
>Priority: NORMAL
>Status: RO
>
>Dear Raymond, or should I say Dear Distinguished Professor
Bradley?
>
>You clearly are not a political scientist, not that this matters,
but
>ignorance tends to lead to simplification by all of us, and I do
>include myself as far as your work is concerned. Where I
disagree with
>you is summarised below. I hope you forgive the wider
participating
>audience, for you are making a few points about peer review
and
>publication issues were a wider debate is essential for me
and my
>position as editor.
>
> >From my perspective your argument about US policy is
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wrong: there is no
>such thing as 'a ' government and the politics I talk about is
rarely
>confined to political parties, except for very few decisions.
Ratifying
>a treaty is one of them.
>I know enough about the USA to be sure that many of its
parts (DOE, EA,
>sections of the State Department and by now all departments
with
>significant research budgets) are in favour of Kyoto..and
hence see
>global warming as a serious threat,  a threat that 'enables'
them
>without asking for much now. Bureaucracies like such issues.
Met one of
>your chaps only yesterday, at Chatham House, Royal
Institute for
>International Affairs, a Richard Bradley for US DOE
International
>Affairs who poked a lot of fun at Bush and friends...and
made it quite
>clear where he stood, and that was with Kyoto. The
resistance in US
>(and Australia and Russia) does not come primarily from  the
middle and
>lower  sections of the administrative machinery, but from top
>politicians and the  Senate, that is from people accountable
to
>electors. Support for Kyoto  does come from the ENRONs and
all those
>who want subsidies in one form of another, less from those
that have to
>raise the money for decarbonisation and emission buying.
>(I am in favour of subsidies and hence taxes if they solve real
>problems, but not when they go to fund visions and model
predictions.)
> I know quite a lot about how governments work; one friend
negotiated
>UNFCC for one country I am familiar with. In another country
I know
>well, I know top scientists who will say one thing in public
and
>another in private....but gots loads of money to study carbon,
and
>doing useful science.  Even the geologists are now persuaded
that
>carbon is a threat, look at the sequestration issue in
geological
>formations...and why not...until international mandatory law
tries to
>impose rules and regulations on others that are likely to be
harmed by
>them.
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>Could write much more, but perhaps you have time to read a
bit about
>global warming policy and politics.(Attached..) By the way, I
amnot
>that distinguished, but would be pleased if a sciecne journal
did look
>at my work. Onthe other hand, teh link is the other way
round; in this
>case the policy relevance of science is meat for me. On the
other
>hand, it woudl do science defined as research no harm to
worry a bit
>more about who funds them and why, and above all who
simplifies their
>findings for what purpose.
>
>By the way, no need to lecture me on peer review, have
been in this game
>long enough too, on both sides. There is a growing trend for
peers to
>belong to a mutual support group, and the reasons for that is
the
>emphasis now put, by funders, on peer review, as if this were
the best
>way to assess  'quality'..this again serves bureaucracies
rather than
>science, and works sometimes, but not always.
>I do stand corrected however on your point about returning
peer
>reviewed papers to the author of a paper that has been
criticised. I
>have never come across this in the social sciences, I did not
learn itg
>from my shusbanmd who was a space physicist, and I myslef
have never
>had this experience. I (and A Kellow) have  been accused by
>non-political scientists of conspiracy theory..a top WMO
person did
>this last, and apologised in private...People who have had
different
>experiences of the peer review process might like to contact
you
>directly.
>Best wishes
>Sonja
> On Thu, 06 Nov
>2003 12:38:57 -0500 "Raymond S. Bradley"
<rbradley@geo.umass.edu> wrote:
>
> > In a recent email to Mike Mann you ask:
> > "journals like mine are surely permitted to ask and who is
funding the
> > 'global warming' modelling community ".
> > It is public knowledge that almost all of the modeling
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research in the US
> > is funded by a government firmly committed to NOT
adopting the Kyoto
> > protocols.  If your argument is that we are all somehow
brainlessly
> > following the dictates of our funding, would it not follow
that we would
> > all be publishing results that support this government
> > position?   Apparently we are not.  Could it be that the
entire research
> > community is perversely seeking to have their funding
terminated, or
> > perhaps that 100% of the community are Democrats? 
This seems inherently
> > unlikely.....
> > Scientists seek to publish what they discover, wherever
the chips may fall,
> > and other scientists (NOT selected by the authors) review
their procedures
> > and data, then recommend whether the research should
see the light of
> > day.  This is known as peer review.   If other scientists
then find fault
> > with the published research, they are free to write a
critique which is
> > always --ALWAYS-- sent to the original authors to assess
and respond to
> > BEFORE it is published.  You apparently do not follow such
procedures,
> > which clearly demonstrates that you are not interested in
an open dialogue,
> > but only concerned with pushing your own political
agenda--the very
> > criticism that you seem to level at climate scientists who
worked on the
> > IPCC research assessment.
> > As for the McIntyre and McKintrick paper that you
published as a
> > "correction" to our work, following an "audit" of our data
and procedures,
> > you have done the research community a great disservice
by giving voice to
> > a flawed and erroneous study which neither correctly
"audited" our work,
> > nor "corrected" it. Furthermore, you did not give us the
common courtesy of
> > seeing the paper before it was rushed into print.  Had you
done so, we
> > would have pointed out the errors and misunderstandings
that pervade their
> > study.  Let me emphasise that I believe anybody has the
right to carry out
> > a climate reconstruction and submit their results for
publication, but
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> > nobody has the right to claim they have undertaken an
audit when they have
> > manifestly not done so. I'd have thought that a company
CEO like McIntyre
> > would understand what the word audit meant even if you
do not.
> > Since you clearly "do not claim that I or my reviewers can
arbitrate on the
> > 'scientific' truth of publications that the IPCC selects" I
really think it
> > would be best if you don't stray into that arena and stick
to what you feel
> > you can best evaluate.  I suspect you would not
appreciate an evaluation of
> > your work published in the Journal of Geophysical
Research.
> > Sincerely
> >
> > Raymond S. Bradley
> > University Distinguished Professor
> > Director, Climate System Research Center*
> > Department of Geosciences
> > Morrill Science Center
> > 611 North Pleasant Street
> > AMHERST, MA 01003-9297
> >
> > Tel: 
> > Fax: 
> > *Climate System Research Center: 
> >          <http://www.paleoclimate.org>
> > Paleoclimatology Book Web Site:
http://www.geo.umass.edu/climate/paleo/html
> >
> >
> >
>
>----------------------
>Dr.Sonja Boehmer-Christiansen
>Reader,Department of Geography,
>Editor, Energy & Environment
>(Multi-science,www.multi-science.co.uk)
>Faculty of Science
>University of Hull
>Hull HU6 7RX, UK
>Tel: 
>Fax: 
>Sonja.B-C@hull.ac.uk
>
>
>
>
--- End Forwarded Message ---
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----------------------
Dr.Sonja Boehmer-Christiansen
Reader,Department of Geography,
Editor, Energy & Environment
(Multi-science,www.multi-science.co.uk)
Faculty of Science
University of Hull
Hull HU6 7RX, UK
Tel: 
Fax: 
Sonja.B-C@hull.ac.uk

Dear Professor Bradley,

I have been meaning to respond to your message to Sonja
Boehmer-Christiansen, but many other duties have  conspired
to deny me the time to do so. I think it is important that I do
so, particularly because of the nature of the extraordinary
attack on her for daring to publish the M&M paper in E&E.

I should declare that I recently co-authored a book with Sonja,
and recently accepted an invitation to join the Editorial Board
of E&E, having previously published two papers with it. I
speak, therefore, with some exerience of both Sonja and the
journal. The journal can stand by its own reputation - by the
quality of its multidisciplinary content (which is always likely to
provoke occasional controversy), but I am disturbed by the
attacks on Sonja, which have been personal and included
derogatory comments.

Sonja has an excellent track record of publication in science
politics and policy, including both research monographs and
articles in leading journals, including Nature, Energy Policy,
Environmental Politics, and Global Environmental Change. She
is perhaps unequalled in her understanding of the issues
involved and is widely cited by those on all sides of the climate
change issue. The attack on her character is regrettable, all the
more so because it has been conducted under protection of
anonymity, thanks largely to the manner in which Dr Mann first
engaged the M&M paper.

For reasons best known to him, Dr Mann responded to this
paper first on David Appell's blog 'Quark Soup' - an
unfortunate choice, I must say. (Dr Appell reported Dr Mann's
initial response at 8.02 am on 29 October - two days before
the first draft of your collective initial response was posted on
the East Anglia site). I was not previously familiar with this
blog - there is an awful lot of junk in cyberspace and it is hard
to track it all.  Dr Appell professes to be a journalist, but his
blog lies squarely in the realm of commentary, and provides a
forum for anonymous gratuitous comment of the kind that no
quality newspaper allows. It is a practice permitted by the
tabloid press, perhaps fittingly, because that is the quality of
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journal which might reprint Sonja's e-mail to Dr Mann -
deliberately circulated widely - and trumpet that it had
obtained a copy of a 'leaked e-mail'.

To further illustrate my point about quality, Dr Appell also slurs
Theodor Landscheidt under the heading 'E&E publishes an
astrologer!', when Landscheidt's book is quite cleary an
evidenced-based critique of atsrology. He also describes the
critique of SRES published by Ian Castles and David Henderson
as 'a third specious paper published recently by Energy and
Environment'. For the record, Castles is a former Government
Statistician and Head of the Finance Department in the
Australian Government, and (until recently) was Vice-President
of the Academy of Social Sciences in Australia. David
Henderson was formerly Head of the Economics Department at
the OECD. Prior to drawing attention to problems with SRES,
Castles did much the same with the misuse of statistics in the
UNDP World Development Report, a matter which was referred
to the UN Statistical Commission, which upheld his critique.

Dr Appell seems to have his loyal retinue of readers, though I
see that few other than a couple of characters called 'Uncle E'
and 'Dano' bother to contribute their anonymous patter. All the
more surprising, then, that Dr Mann would select a medium
such as this as his outlet. (Indeed, he gave his permission for
e-mails between himslef and M&M to be posted).

Ironically, Dr Appell's website incorporates a quotation by
Heinrich Heine about book-burning. The irony lies in the calls
by Dr Appell and his acolytes for the non-publication of M&M
and other pieces which do not accord with his position on the
issue, and the celebration of the resignation of members of
editorial boards from journals for publishing (or, most recently,
intending to publish) work they disagreed with (or, most
recently, by people they disagree with, since there is no
suggestion that Professor Hulme has even seen the piece over
which he is resigning). I suppose if we can suppress
publication of books (and articles) we can save ourselves the
trouble of burning them!

It is entirely appropriate that Sonja should invite Mann et al to
respond to the M&M paper, but I think you are wrong in
expecting that you should have been given access to the paper
before any decision was made to publish.

Had the M&M paper simply been a comment on Mann et al,
then it probably should have been written as a letter to
Nature, and referred to Mann, yourself and Hughes for a
rejoinder. But it was much more than that, and they have
stated quite explicitly why they wished a longer piece to be
considered for publication. As a paper in it's own right, the
authors had every reason to have it subjected to review as a
paper in any journal they chose. As such, it would have been
wholly inappropriate for it to be sent to any of the Mann et al
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authors for review, as to do so would have placed you  in a
conflict of interest: reviewing a paper which reflected critically
on your work. Moreover, Dr Mann (as I understand it) quite
explicitly cut off communication with M&M before the paper
was completed and submitted. M&M cannot then be held
responsible for your lack of involvement in the final version.

As you rightly note, in peer review there should be an
independence between the authors and the reviewers. This
cuts both ways: there should be no positive or negative
relationship between them. But peer review is not the only
determinant of science, important as it is. The US Supreme
Court (in Daubert v Merril Dow) has provided a good
statement of what constitutes scientific evidence. Publication
after anonymous peer review is an important part of that, but
so too is the requirement that it should have withstood several
attempts at verification or falsification.

I guess many of us have had concerns over the treatment of
Mann et al in IPCC TAR on these very grounds: Mann being a
lead author, TAR being drafted before exactly the the kind of
paper M&M have written could have appeared, the political use
of the implications of the paper (especially given the
combination of proxy and instrumental data, when science
without political purpose would have been satisfied with merely
the proxy reconstruction). The production of a consensus
(especially by an Intergovernmental Panel) is an inherently
political process, and that is where Sonja and I have our
interest and expertise. But we both know that science is
controversial, and attempts to create and enforce consensus
are not typical of the usual way in which science is progressed.

For the record, while we think TAR erred in allowing new
storylines rather than new science (as Tom Wigley has pointed
out) to drive a new upper limit to the temperature range which
is improbable in the extreme, Sonja and I are on the record as
stating we consider we are probably in for 1-3 deg C of
warming and that something less than this is probably
anthropogenic. We see much unresolved uncertainty in the
science. We are critical of the Kyoto Protocol as a policy
instrument and of the Kyoto process as a means of developng
policy instruments - but that is our expertise.

Regardless of the outcome of Mann et al vs M&M, it is quite
clear that science will have been advanced as a result of the
attempt of both teams to further our understanding of complex
and important issues.

I would suggest, however, that science is best advanced by
conducting the terms of the debate on civil terms, and in
media where participants are prepared to stand by their views
and opinions. I get very worried when I see ad hominem
attacks, along with commission of the genetic fallacy, use of
argumentum ad populum., etc. My first reaction is to think that
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those using them do so in desperation in the absence of an
argument. So please let's conduct the debate according to
accepted rules, and submit your reponse to E&E. If it holds
water, it stands the test of time - that's the deal with science.
If M&M are wrong, show how and why.

Incidentally, I agree with Sonja on your depiction of the politics
of science. You would fail introductory political science with
such a caricatured account of the manner in which politics
might influence science. There are staw men everywhere! If
you want a better appreciation removed from the cut and
thrust of climate science, try Robert Proctor's The Nazi War on
Cancer (Princeton UP). Study question: why was German
science and policy on tobacco at least 20 years ahead of Sir
Richard Doll in the UK and the US Surgeon-General?

Best,
Aynsley Kellow

From: "Sonja.B-C" <Sonja.B-C@hull.ac.uk>
Date: Thu, 6 Nov 2003 19:43:32 +0000
To: "Raymond S. Bradley"
<rbradley@geo.umass.edu>
Subject: Re: clarification
Cc: "Michael E. Mann" <mann@virginia.edu>,
L.A.Love@hull.ac.uk,
   "David R. Legates" <legates@udel.edu>, Aynsley
Kellow <akellow@utas.edu.au>,
   Eigil Friis-Christensen <efc@dsri.dk>
Priority: NORMAL
Status: RO

Dear Raymond, or should I say Dear Distinguished
Professor Bradley?

You clearly are not a political scientist, not that this
matters, but
ignorance tends to lead to simplification by all of us,
and I do
include myself as far as your work is concerned.
Where I disagree with
you is summarised below. I hope you forgive the
wider participating
audience, for you are making a few points about
peer review and
publication issues were a wider debate is essential
for me and my
position as editor.

>From my perspective your argument about US
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policy is wrong: there is no
such thing as 'a ' government and the politics I talk
about is rarely
confined to political parties, except for very few
decisions. Ratifying
a treaty is one of them.
I know enough about the USA to be sure that many
of its parts (DOE, EA,
sections of the State Department and by now all
departments with
significant research budgets) are in favour of
Kyoto..and hence see
global warming as a serious threat,  a threat that
'enables' them
without asking for much now. Bureaucracies like
such issues. Met one of
your chaps only yesterday, at Chatham House,
Royal Institute for
International Affairs, a Richard Bradley for US DOE
International
Affairs who poked a lot of fun at Bush and
friends...and made it quite
clear where he stood, and that was with Kyoto. The
resistance in US
(and Australia and Russia) does not come primarily
from  the middle and
lower  sections of the administrative machinery, but
from top
politicians and the  Senate, that is from people
accountable to
electors. Support for Kyoto  does come from the
ENRONs and all those
who want subsidies in one form of another, less
from those that have to
raise the money for decarbonisation and emission
buying.
(I am in favour of subsidies and hence taxes if they
solve real
problems, but not when they go to fund visions and
model predictions.)
I know quite a lot about how governments work;
one friend negotiated
UNFCC for one country I am familiar with. In
another country I know
well, I know top scientists who will say one thing in
public and
another in private....but gots loads of money to
study carbon, and
doing useful science.  Even the geologists are now
persuaded that
carbon is a threat, look at the sequestration issue in
geological
formations...and why not...until international
mandatory law tries to
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impose rules and regulations on others that are
likely to be harmed by
them.
Could write much more, but perhaps you have time
to read a bit about
global warming policy and politics.(Attached..) By
the way, I amnot
that distinguished, but would be pleased if a
sciecne journal did look
at my work. Onthe other hand, teh link is the other
way round; in this
case the policy relevance of science is meat for me.
On the other
hand, it woudl do science defined as research no
harm to worry a bit
more about who funds them and why, and above
all who simplifies their
findings for what purpose.

By the way, no need to lecture me on peer review,
have been in this game
long enough too, on both sides. There is a growing
trend for peers to
belong to a mutual support group, and the reasons
for that is the
emphasis now put, by funders, on peer review, as if
this were the best
way to assess  'quality'..this again serves
bureaucracies rather than
science, and works sometimes, but not always.
I do stand corrected however on your point about
returning peer
reviewed papers to the author of a paper that has
been criticised. I
have never come across this in the social sciences, I
did not learn itg
from my shusbanmd who was a space physicist,
and I myslef have never
had this experience. I (and A Kellow) have  been
accused by
non-political scientists of conspiracy theory..a top
WMO person did
this last, and apologised in private...People who
have had different
experiences of the peer review process might like
to contact you
directly.
Best wishes
Sonja
On Thu, 06 Nov
2003 12:38:57 -0500 "Raymond S. Bradley"
<rbradley@geo.umass.edu> wrote:

> In a recent email to Mike Mann you ask:
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> "journals like mine are surely permitted to ask
and who is funding the
> 'global warming' modelling community ".
> It is public knowledge that almost all of the
modeling research in the US
> is funded by a government firmly committed to
NOT adopting the Kyoto
> protocols.  If your argument is that we are all
somehow brainlessly
> following the dictates of our funding, would it not
follow that we would
> all be publishing results that support this
government
> position?   Apparently we are not.  Could it be
that the entire research
> community is perversely seeking to have their
funding terminated, or
> perhaps that 100% of the community are
Democrats?  This seems inherently
> unlikely.....
> Scientists seek to publish what they discover,
wherever the chips may fall,
> and other scientists (NOT selected by the
authors) review their procedures
> and data, then recommend whether the research
should see the light of
> day.  This is known as peer review.   If other
scientists then find fault
> with the published research, they are free to
write a critique which is
> always --ALWAYS-- sent to the original authors to
assess and respond to
> BEFORE it is published.  You apparently do not
follow such procedures,
> which clearly demonstrates that you are not
interested in an open dialogue,
> but only concerned with pushing your own
political agenda--the very
> criticism that you seem to level at climate
scientists who worked on the
> IPCC research assessment.
> As for the McIntyre and McKintrick paper that
you published as a
> "correction" to our work, following an "audit" of
our data and procedures,
> you have done the research community a great
disservice by giving voice to
> a flawed and erroneous study which neither
correctly "audited" our work,
> nor "corrected" it. Furthermore, you did not give
us the common courtesy of
> seeing the paper before it was rushed into print. 
Had you done so, we
> would have pointed out the errors and
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misunderstandings that pervade their
> study.  Let me emphasise that I believe anybody
has the right to carry out
> a climate reconstruction and submit their results
for publication, but
> nobody has the right to claim they have
undertaken an audit when they have
> manifestly not done so. I'd have thought that a
company CEO like McIntyre
> would understand what the word audit meant
even if you do not.
> Since you clearly "do not claim that I or my
reviewers can arbitrate on the
> 'scientific' truth of publications that the IPCC
selects" I really think it
> would be best if you don't stray into that arena
and stick to what you feel
> you can best evaluate.  I suspect you would not
appreciate an evaluation of
> your work published in the Journal of Geophysical
Research.
> Sincerely
>
> Raymond S. Bradley
> University Distinguished Professor
> Director, Climate System Research Center*
> Department of Geosciences
> Morrill Science Center
> 611 North Pleasant Street
> AMHERST, MA 01003-9297
>
> Tel: 
> Fax: 
> *Climate System Research Center: 
>         
<<http://www.paleoclimate.org>http://www.paleoclimate.org
>
> Paleoclimatology Book Web Site:
<http://www.geo.umass.edu/climate/paleo/html>
http://www.geo.umass.edu/climate/paleo/html 
>
>
>

----------------------
Dr.Sonja Boehmer-Christiansen
Reader,Department of Geography,
Editor, Energy & Environment
(Multi-science,www.multi-science.co.uk)
Faculty of Science
University of Hull
Hull HU6 7RX, UK
Tel: 
Fax: 
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Sonja.B-C@hull.ac.uk

<br>
<div>Professor Aynsley Kellow</div>
<div>Head, School of Government</div>
<div>University of Tasmania</div>
<div>Private Bag 22</div>
<div>Hobart 7001</div>
<div>Phone: 61+3+ 6226 7895</div>
Fax: 61+3+ 6226 2895
</blockquote></x-html>

Dr Timothy J Osborn
Climatic Research Unit
School of Environmental Sciences, University of East Anglia
Norwich  NR4 7TJ, UK

e-mail:   t.osborn@uea.ac.uk
phone:    
fax:      
web:      http://www.cru.uea.ac.uk/~timo/
sunclock: http://www.cru.uea.ac.uk/~timo/sunclock.htm

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Tim Osborn; Michael Oppenheimer; Tim Osborn; Phil Jones; Keith Briffa; rbradley@geo.umass.edu;

mhughes@ltrr.arizona.edu; Tom Wigley; tom crowley; Gabi Hegerl; Jonathan Overpeck
Subject: Re: Fwd: Re: clarification re Mann / McKitrick andMcIntyre <fwd>
Date: Wednesday, November 12, 2003 6:44:16 AM

p.s. one additional important note about something that isn't in our preliminary
response but will be in the formal published response. We have established that a
reconstruction based on  calibration from 1902-1971 (rather than 1902-1980) gives
almost an identical reconstruction to MBH98. This is important, because it
demonstrates the falsehood of their implication that the filling of a modest number of
proxy series terminating between 1971 and 1980 by persistence of the final available
value to the 1980 boundary used by MBH98 impacts in any way the conclusions.
There is no infilling of data prior to 1972, and the 1902-1971 calibrated
reconstruction gives almost an identical answer...

Please don't distribute this information yet...

Thanks,

mike

At 12:53 PM 11/12/2003 +0000, Tim Osborn wrote:

Dear all,

I'm forwarding this because I'm not sure which of you received it.

I'm also not sure which of you would want to have received it - apologies
if you've had enough of this sort of thing, you can probably predict most
of the contents and it is rather long!

One thing I will add which may be of more interest...

McIntyre has emailed me asking whether (under certain terms and
conditions!) we (Keith, Phil and I) would "examine" (review?) part of their
response to the Mann et al. preliminary response.

I haven't yet discussed this with Keith and Phil, who are away, but there a
some clear reasons to decline their request, so I think it unlikely that we
will say yes.

Regards

Tim

From: "Sonja.B-C" <Sonja.B-C@hull.ac.uk>
Date: Tue, 11 Nov 2003 14:18:11 +0000
To: gavin_Watson@hotmail.com, Aynsley Kellow
<akellow@utas.edu.au>
Subject: Fwd: Re: clarification re Mann / McKitrick andMcIntyre
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<fwd>
Cc: gsmith@socsci.soton.ac.uk,
climatesceptics@yahoogroups.com,
        Tim Osborn <t.osborn@uea.ac.uk>, Bob Ferguson
<bferguson@ff.org>
Priority: NORMAL
X-Mailer: Execmail for Win32 5.1.1 Build (10)

Dear All,
The letter below makes good reading and its author (Aynsley)
is
thanked! It is a welcome 'defence' of E&E in the current furore
over
another paper (by McIntyre and McKitrick  'Corrections to
Mann
et al..' about to appear in print but already on the multi-
science web
page)  the IPCC community does not like because it comes
from outsiders
and challenges the consensus of the 'climate science
community'.

(Also see 'The Economist' this week, which takes up the
Castles and
Henderson paper from earlier this year [14 2/3] and suggests
that
Treasuries may at least be taking an interests in the IPCC ).

I am sending this beyond the original people involved because
Prof. Mann has allowed much of this particular 'hocky stick'
debate to
appear on a web site run by a journalist - see below - and also
because
my UK colleagues in political science and International
Relations
have, as far as I know, completely ignored the book by
Aynsley and me.
One UK political scientist a few years and who should have
known better
because he had studied the attempts of the coal industry to
discredit
the IPCC (this failed), dismissed my work as conspiracy theory.
One
Australian/ WMO meteorologist did the same more recently
when
reviewing  the book by Aynsley and me (International
Environmental
Policy: Interests and the Failure of the Kyoto Process, Edward
Elgar
Publishing, November 2002). He may be forgiven for he had
an interest to
defend.
We do not put forward conspiracy theories, but talk about a
flexible coalition of advocacy based on interests, ideology and
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some
science still plagued by much uncertainty;  lots of baptists are
forming 'partnerships' with boot-leggers, the research
enterprise being
just one of  (often reluctant) many partners in the
'decarbonisation'
by subsidisation (and vice versa) game.
Sonja
--- Begin Forwarded Message ---

Date: Tue, 11 Nov 2003 16:15:57 +1100
From: Aynsley Kellow <akellow@utas.edu.au>
Subject: Fwd: Re: clarification
Sender: Aynsley Kellow <akellow@utas.edu.au>
To: rbradley@geo.umass.edu
Cc: Sonja.B-C@hull.ac.uk, "Michael E. Mann"
<mann@virginia.edu>,
, "David R. Legates" <legates@udel.edu>, Eigil
Friis-Christensen <efc@dsri.dk>, rmckitri@uoguelph.ca
Reply-To: Aynsley Kellow <akellow@utas.edu.au>
Message-ID: <v04210104bbd5e77b94d5@[131.217.125.10]>

Dear Professor Bradley,

I have been meaning to respond to your message to Sonja
Boehmer-Christiansen, but many other duties have  conspired
to deny
me the time to do so. I think it is important that I do so,
particularly because of the nature of the extraordinary attack
on her
for daring to publish the M&M paper in E&E.

I should declare that I recently co-authored a book with Sonja,
and
recently accepted an invitation to join the Editorial Board of
E&E,
having previously published two papers with it. I speak,
therefore,
with some exerience of both Sonja and the journal. The journal
can
stand by its own reputation - by the quality of its
multidisciplinary
content (which is always likely to provoke occasional
controversy),
but I am disturbed by the attacks on Sonja, which have been
personal
and included derogatory comments.

Sonja has an excellent track record of publication in science
politics and policy, including both research monographs and
articles
in leading journals, including Nature, Energy Policy,
Environmental
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Politics, and Global Environmental Change. She is perhaps
unequalled
in her understanding of the issues involved and is widely cited
by
those on all sides of the climate change issue. The attack on
her
character is regrettable, all the more so because it has been
conducted under protection of anonymity, thanks largely to the
manner
in which Dr Mann first engaged the M&M paper.

For reasons best known to him, Dr Mann responded to this
paper first
on David Appell's blog 'Quark Soup' - an unfortunate choice, I
must
say.  (Dr Appell reported Dr Mann's initial response at 8.02 am
on 29
October - two days before the first draft of your collective
initial
response was posted on the East Anglia site). I was not
previously
familiar with this blog - there is an awful lot of junk in
cyberspace
and it is hard to track it all.  Dr Appell professes to be a
journalist, but his blog lies squarely in the realm of
commentary,
and provides a forum for anonymous gratuitous comment of
the kind
that no quality newspaper allows. It is a practice permitted by
the
tabloid press, perhaps fittingly, because that is the quality of
journal which might reprint Sonja's e-mail to Dr Mann -
deliberately
circulated widely - and trumpet that it had obtained a copy of
a
'leaked e-mail'.

To further illustrate my point about quality, Dr Appell also slurs
Theodor Landscheidt under the heading 'E&E publishes an
astrologer!',
when Landscheidt's book is quite cleary an evidenced-based
critique
of atsrology. He also describes the critique of SRES published
by Ian
Castles and David Henderson as 'a third specious paper
published
recently by Energy and Environment'. For the record, Castles is
a
former Government Statistician and Head of the Finance
Department in
the Australian Government, and (until recently) was Vice-
President of
the Academy of Social Sciences in Australia. David Henderson
was
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formerly Head of the Economics Department at the OECD. Prior
to
drawing attention to problems with SRES, Castles did much the
same
with the misuse of statistics in the UNDP World Development
Report, a
matter which was referred to the UN Statistical Commission,
which
upheld his critique.

Dr Appell seems to have his loyal retinue of readers, though I
see
that few other than a couple of characters called 'Uncle E' and
'Dano' bother to contribute their anonymous patter. All the
more
surprising, then, that Dr Mann would select a medium such as
this as
his outlet. (Indeed, he gave his permission for e-mails between
himslef and M&M to be posted).

Ironically, Dr Appell's website incorporates a quotation by
Heinrich
Heine about book-burning. The irony lies in the calls by Dr
Appell
and his acolytes for the non-publication of M&M and other
pieces
which do not accord with his position on the issue, and the
celebration of the resignation of members of editorial boards
from
journals for publishing (or, most recently, intending to publish)
work they disagreed with (or, most recently, by people they
disagree
with, since there is no suggestion that Professor Hulme has
even seen
the piece over which he is resigning). I suppose if we can
suppress
publication of books (and articles) we can save ourselves the
trouble
of burning them!

It is entirely appropriate that Sonja should invite Mann et al to
respond to the M&M paper, but I think you are wrong in
expecting that
you should have been given access to the paper before any
decision
was made to publish.

Had the M&M paper simply been a comment on Mann et al,
then it
probably should have been written as a letter to Nature, and
referred
to Mann, yourself and Hughes for a rejoinder. But it was much
more
than that, and they have stated quite explicitly why they
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wished a
longer piece to be considered for publication. As a paper in it's
own
right, the authors had every reason to have it subjected to
review as
a paper in any journal they chose. As such, it would have been
wholly
inappropriate for it to be sent to any of the Mann et al authors
for
review, as to do so would have placed you  in a conflict of
interest:
reviewing a paper which reflected critically on your work.
Moreover,
Dr Mann (as I understand it) quite explicitly cut off
communication
with M&M before the paper was completed and submitted.
M&M cannot
then be held responsible for your lack of involvement in the
final
version.

As you rightly note, in peer review there should be an
independence
between the authors and the reviewers. This cuts both ways:
there
should be no positive or negative relationship between them.
But peer
review is not the only determinant of science, important as it
is.
The US Supreme Court (in Daubert v Merril Dow) has provided
a good
statement of what constitutes scientific evidence. Publication
after
anonymous peer review is an important part of that, but so too
is the
requirement that it should have withstood several attempts at
verification or falsification.

I guess many of us have had concerns over the treatment of
Mann et al
in IPCC TAR on these very grounds: Mann being a lead author,
TAR
being drafted before exactly the the kind of paper M&M have
written
could have appeared, the political use of the implications of the
paper (especially given the combination of proxy and
instrumental
data, when science without political purpose would have been
satisfied with merely the proxy reconstruction). The production
of a

consensus (especially by an Intergovernmental Panel) is an
inherently
political process, and that is where Sonja and I have our
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interest
and expertise. But we both know that science is controversial,
and
attempts to create and enforce consensus are not typical of
the usual
way in which science is progressed.

For the record, while we think TAR erred in allowing new
storylines
rather than new science (as Tom Wigley has pointed out) to
drive a
new upper limit to the temperature range which is improbable
in the
extreme, Sonja and I are on the record as stating we consider
we are
probably in for 1-3 deg C of warming and that something less
than
this is probably anthropogenic. We see much unresolved
uncertainty in
the science. We are critical of the Kyoto Protocol as a policy
instrument and of the Kyoto process as a means of developng
policy
instruments - but that is our expertise.

Regardless of the outcome of Mann et al vs M&M, it is quite
clear
that science will have been advanced as a result of the
attempt of
both teams to further our understanding of complex and
important
issues.

I would suggest, however, that science is best advanced by
conducting
the terms of the debate on civil terms, and in media where
participants are prepared to stand by their views and opinions.
I get
very worried when I see ad hominem  attacks, along with
commission of
the genetic fallacy, use of argumentum ad populum., etc. My
first
reaction is to think that those using them do so in desperation
in
the absence of an argument. So please let's conduct the
debate
according to accepted rules, and submit your reponse to E&E.
If it
holds water, it stands the test of time - that's the deal with
science. If M&M are wrong, show how and why.

Incidentally, I agree with Sonja on your depiction of the politics
of
science. You would fail introductory political science with such
a
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caricatured account of the manner in which politics might
influence
science. There are staw men everywhere! If you want a better
appreciation removed from the cut and thrust of climate
science, try
Robert Proctor's The Nazi War on Cancer (Princeton UP). Study
question: why was German science and policy on tobacco at
least 20
years ahead of Sir Richard Doll in the UK and the US Surgeon-
General?

Best,
Aynsley Kellow

>From: "Sonja.B-C" <Sonja.B-C@hull.ac.uk>
>Date: Thu, 6 Nov 2003 19:43:32 +0000
>To: "Raymond S. Bradley" <rbradley@geo.umass.edu>
>Subject: Re: clarification
>Cc: "Michael E. Mann" <mann@virginia.edu>,
L.A.Love@hull.ac.uk,
>   "David R. Legates" <legates@udel.edu>, Aynsley Kellow
><akellow@utas.edu.au>,
>   Eigil Friis-Christensen <efc@dsri.dk>
>Priority: NORMAL
>Status: RO
>
>Dear Raymond, or should I say Dear Distinguished Professor
Bradley?
>
>You clearly are not a political scientist, not that this matters,
but
>ignorance tends to lead to simplification by all of us, and I do
>include myself as far as your work is concerned. Where I
disagree with
>you is summarised below. I hope you forgive the wider
participating
>audience, for you are making a few points about peer review
and
>publication issues were a wider debate is essential for me
and my
>position as editor.
>
> >From my perspective your argument about US policy is
wrong: there is no
>such thing as 'a ' government and the politics I talk about is
rarely
>confined to political parties, except for very few decisions.
Ratifying
>a treaty is one of them.
>I know enough about the USA to be sure that many of its
parts (DOE, EA,
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>sections of the State Department and by now all departments
with
>significant research budgets) are in favour of Kyoto..and
hence see
>global warming as a serious threat,  a threat that 'enables'
them
>without asking for much now. Bureaucracies like such issues.
Met one of
>your chaps only yesterday, at Chatham House, Royal
Institute for
>International Affairs, a Richard Bradley for US DOE
International
>Affairs who poked a lot of fun at Bush and friends...and
made it quite
>clear where he stood, and that was with Kyoto. The
resistance in US
>(and Australia and Russia) does not come primarily from  the
middle and
>lower  sections of the administrative machinery, but from top
>politicians and the  Senate, that is from people accountable
to
>electors. Support for Kyoto  does come from the ENRONs and
all those
>who want subsidies in one form of another, less from those
that have to
>raise the money for decarbonisation and emission buying.
>(I am in favour of subsidies and hence taxes if they solve real
>problems, but not when they go to fund visions and model
predictions.)
> I know quite a lot about how governments work; one friend
negotiated
>UNFCC for one country I am familiar with. In another country
I know
>well, I know top scientists who will say one thing in public
and
>another in private....but gots loads of money to study carbon,
and
>doing useful science.  Even the geologists are now persuaded
that
>carbon is a threat, look at the sequestration issue in
geological
>formations...and why not...until international mandatory law
tries to
>impose rules and regulations on others that are likely to be
harmed by
>them.
>Could write much more, but perhaps you have time to read a
bit about
>global warming policy and politics.(Attached..) By the way, I
amnot
>that distinguished, but would be pleased if a sciecne journal
did look
>at my work. Onthe other hand, teh link is the other way
round; in this
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>case the policy relevance of science is meat for me. On the
other
>hand, it woudl do science defined as research no harm to
worry a bit
>more about who funds them and why, and above all who
simplifies their
>findings for what purpose.
>
>By the way, no need to lecture me on peer review, have
been in this game
>long enough too, on both sides. There is a growing trend for
peers to
>belong to a mutual support group, and the reasons for that is
the
>emphasis now put, by funders, on peer review, as if this were
the best
>way to assess  'quality'..this again serves bureaucracies
rather than
>science, and works sometimes, but not always.
>I do stand corrected however on your point about returning
peer
>reviewed papers to the author of a paper that has been
criticised. I
>have never come across this in the social sciences, I did not
learn itg
>from my shusbanmd who was a space physicist, and I myslef
have never
>had this experience. I (and A Kellow) have  been accused by
>non-political scientists of conspiracy theory..a top WMO
person did
>this last, and apologised in private...People who have had
different
>experiences of the peer review process might like to contact
you
>directly.
>Best wishes
>Sonja
> On Thu, 06 Nov
>2003 12:38:57 -0500 "Raymond S. Bradley"
<rbradley@geo.umass.edu> wrote:
>
> > In a recent email to Mike Mann you ask:
> > "journals like mine are surely permitted to ask and who is
funding the
> > 'global warming' modelling community ".
> > It is public knowledge that almost all of the modeling
research in the US
> > is funded by a government firmly committed to NOT
adopting the Kyoto
> > protocols.  If your argument is that we are all somehow
brainlessly
> > following the dictates of our funding, would it not follow
that we would
> > all be publishing results that support this government
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> > position?   Apparently we are not.  Could it be that the
entire research
> > community is perversely seeking to have their funding
terminated, or
> > perhaps that 100% of the community are Democrats? 
This seems inherently
> > unlikely.....
> > Scientists seek to publish what they discover, wherever
the chips may fall,
> > and other scientists (NOT selected by the authors) review
their procedures
> > and data, then recommend whether the research should
see the light of
> > day.  This is known as peer review.   If other scientists
then find fault
> > with the published research, they are free to write a
critique which is
> > always --ALWAYS-- sent to the original authors to assess
and respond to
> > BEFORE it is published.  You apparently do not follow such
procedures,
> > which clearly demonstrates that you are not interested in
an open dialogue,
> > but only concerned with pushing your own political
agenda--the very
> > criticism that you seem to level at climate scientists who
worked on the
> > IPCC research assessment.
> > As for the McIntyre and McKintrick paper that you
published as a
> > "correction" to our work, following an "audit" of our data
and procedures,
> > you have done the research community a great disservice
by giving voice to
> > a flawed and erroneous study which neither correctly
"audited" our work,
> > nor "corrected" it. Furthermore, you did not give us the
common courtesy of
> > seeing the paper before it was rushed into print.  Had you
done so, we
> > would have pointed out the errors and misunderstandings
that pervade their
> > study.  Let me emphasise that I believe anybody has the
right to carry out
> > a climate reconstruction and submit their results for
publication, but
> > nobody has the right to claim they have undertaken an
audit when they have
> > manifestly not done so. I'd have thought that a company
CEO like McIntyre
> > would understand what the word audit meant even if you
do not.
> > Since you clearly "do not claim that I or my reviewers can
arbitrate on the
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> > 'scientific' truth of publications that the IPCC selects" I
really think it
> > would be best if you don't stray into that arena and stick
to what you feel
> > you can best evaluate.  I suspect you would not
appreciate an evaluation of
> > your work published in the Journal of Geophysical
Research.
> > Sincerely
> >
> > Raymond S. Bradley
> > University Distinguished Professor
> > Director, Climate System Research Center*
> > Department of Geosciences
> > Morrill Science Center
> > 611 North Pleasant Street
> > AMHERST, MA 01003-9297
> >
> > Tel: 
> > Fax: 
> > *Climate System Research Center: 
> >          <http://www.paleoclimate.org>
> > Paleoclimatology Book Web Site:
http://www.geo.umass.edu/climate/paleo/html
> >
> >
> >
>
>----------------------
>Dr.Sonja Boehmer-Christiansen
>Reader,Department of Geography,
>Editor, Energy & Environment
>(Multi-science,www.multi-science.co.uk)
>Faculty of Science
>University of Hull
>Hull HU6 7RX, UK
>Tel: 
>Fax: 
>Sonja.B-C@hull.ac.uk
>
>
>
>
--- End Forwarded Message ---

----------------------
Dr.Sonja Boehmer-Christiansen
Reader,Department of Geography,
Editor, Energy & Environment
(Multi-science,www.multi-science.co.uk)
Faculty of Science
University of Hull
Hull HU6 7RX, UK
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Tel: 
Fax: 
Sonja.B-C@hull.ac.uk

Dear Professor Bradley,

I have been meaning to respond to your message to Sonja
Boehmer-Christiansen, but many other duties have  conspired
to deny me the time to do so. I think it is important that I do
so, particularly because of the nature of the extraordinary
attack on her for daring to publish the M&M paper in E&E.

I should declare that I recently co-authored a book with Sonja,
and recently accepted an invitation to join the Editorial Board
of E&E, having previously published two papers with it. I
speak, therefore, with some exerience of both Sonja and the
journal. The journal can stand by its own reputation - by the
quality of its multidisciplinary content (which is always likely to
provoke occasional controversy), but I am disturbed by the
attacks on Sonja, which have been personal and included
derogatory comments.

Sonja has an excellent track record of publication in science
politics and policy, including both research monographs and
articles in leading journals, including Nature, Energy Policy,
Environmental Politics, and Global Environmental Change. She
is perhaps unequalled in her understanding of the issues
involved and is widely cited by those on all sides of the climate
change issue. The attack on her character is regrettable, all the
more so because it has been conducted under protection of
anonymity, thanks largely to the manner in which Dr Mann first
engaged the M&M paper.

For reasons best known to him, Dr Mann responded to this
paper first on David Appell's blog 'Quark Soup' - an
unfortunate choice, I must say. (Dr Appell reported Dr Mann's
initial response at 8.02 am on 29 October - two days before
the first draft of your collective initial response was posted on
the East Anglia site). I was not previously familiar with this
blog - there is an awful lot of junk in cyberspace and it is hard
to track it all.  Dr Appell professes to be a journalist, but his
blog lies squarely in the realm of commentary, and provides a
forum for anonymous gratuitous comment of the kind that no
quality newspaper allows. It is a practice permitted by the
tabloid press, perhaps fittingly, because that is the quality of
journal which might reprint Sonja's e-mail to Dr Mann -
deliberately circulated widely - and trumpet that it had
obtained a copy of a 'leaked e-mail'.

To further illustrate my point about quality, Dr Appell also slurs
Theodor Landscheidt under the heading 'E&E publishes an
astrologer!', when Landscheidt's book is quite cleary an
evidenced-based critique of atsrology. He also describes the
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critique of SRES published by Ian Castles and David Henderson
as 'a third specious paper published recently by Energy and
Environment'. For the record, Castles is a former Government
Statistician and Head of the Finance Department in the
Australian Government, and (until recently) was Vice-President
of the Academy of Social Sciences in Australia. David
Henderson was formerly Head of the Economics Department at
the OECD. Prior to drawing attention to problems with SRES,
Castles did much the same with the misuse of statistics in the
UNDP World Development Report, a matter which was referred
to the UN Statistical Commission, which upheld his critique.

Dr Appell seems to have his loyal retinue of readers, though I
see that few other than a couple of characters called 'Uncle E'
and 'Dano' bother to contribute their anonymous patter. All the
more surprising, then, that Dr Mann would select a medium
such as this as his outlet. (Indeed, he gave his permission for
e-mails between himslef and M&M to be posted).

Ironically, Dr Appell's website incorporates a quotation by
Heinrich Heine about book-burning. The irony lies in the calls
by Dr Appell and his acolytes for the non-publication of M&M
and other pieces which do not accord with his position on the
issue, and the celebration of the resignation of members of
editorial boards from journals for publishing (or, most recently,
intending to publish) work they disagreed with (or, most
recently, by people they disagree with, since there is no
suggestion that Professor Hulme has even seen the piece over
which he is resigning). I suppose if we can suppress
publication of books (and articles) we can save ourselves the
trouble of burning them!

It is entirely appropriate that Sonja should invite Mann et al to
respond to the M&M paper, but I think you are wrong in
expecting that you should have been given access to the paper
before any decision was made to publish.

Had the M&M paper simply been a comment on Mann et al,
then it probably should have been written as a letter to
Nature, and referred to Mann, yourself and Hughes for a
rejoinder. But it was much more than that, and they have
stated quite explicitly why they wished a longer piece to be
considered for publication. As a paper in it's own right, the
authors had every reason to have it subjected to review as a
paper in any journal they chose. As such, it would have been
wholly inappropriate for it to be sent to any of the Mann et al
authors for review, as to do so would have placed you  in a
conflict of interest: reviewing a paper which reflected critically
on your work. Moreover, Dr Mann (as I understand it) quite
explicitly cut off communication with M&M before the paper
was completed and submitted. M&M cannot then be held
responsible for your lack of involvement in the final version.

As you rightly note, in peer review there should be an

ABOR/MH/Priv-001375



independence between the authors and the reviewers. This
cuts both ways: there should be no positive or negative
relationship between them. But peer review is not the only
determinant of science, important as it is. The US Supreme
Court (in Daubert v Merril Dow) has provided a good
statement of what constitutes scientific evidence. Publication
after anonymous peer review is an important part of that, but
so too is the requirement that it should have withstood several
attempts at verification or falsification.

I guess many of us have had concerns over the treatment of
Mann et al in IPCC TAR on these very grounds: Mann being a
lead author, TAR being drafted before exactly the the kind of
paper M&M have written could have appeared, the political use
of the implications of the paper (especially given the
combination of proxy and instrumental data, when science
without political purpose would have been satisfied with merely
the proxy reconstruction). The production of a consensus
(especially by an Intergovernmental Panel) is an inherently
political process, and that is where Sonja and I have our
interest and expertise. But we both know that science is
controversial, and attempts to create and enforce consensus
are not typical of the usual way in which science is progressed.

For the record, while we think TAR erred in allowing new
storylines rather than new science (as Tom Wigley has pointed
out) to drive a new upper limit to the temperature range which
is improbable in the extreme, Sonja and I are on the record as
stating we consider we are probably in for 1-3 deg C of
warming and that something less than this is probably
anthropogenic. We see much unresolved uncertainty in the
science. We are critical of the Kyoto Protocol as a policy
instrument and of the Kyoto process as a means of developng
policy instruments - but that is our expertise.

Regardless of the outcome of Mann et al vs M&M, it is quite
clear that science will have been advanced as a result of the
attempt of both teams to further our understanding of complex
and important issues.

I would suggest, however, that science is best advanced by
conducting the terms of the debate on civil terms, and in
media where participants are prepared to stand by their views
and opinions. I get very worried when I see ad hominem
attacks, along with commission of the genetic fallacy, use of
argumentum ad populum., etc. My first reaction is to think that
those using them do so in desperation in the absence of an
argument. So please let's conduct the debate according to
accepted rules, and submit your reponse to E&E. If it holds
water, it stands the test of time - that's the deal with science.
If M&M are wrong, show how and why.

Incidentally, I agree with Sonja on your depiction of the politics
of science. You would fail introductory political science with
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such a caricatured account of the manner in which politics
might influence science. There are staw men everywhere! If
you want a better appreciation removed from the cut and
thrust of climate science, try Robert Proctor's The Nazi War on
Cancer (Princeton UP). Study question: why was German
science and policy on tobacco at least 20 years ahead of Sir
Richard Doll in the UK and the US Surgeon-General?

Best,
Aynsley Kellow

From: "Sonja.B-C" <Sonja.B-C@hull.ac.uk>
Date: Thu, 6 Nov 2003 19:43:32 +0000
To: "Raymond S. Bradley"
<rbradley@geo.umass.edu>
Subject: Re: clarification
Cc: "Michael E. Mann" <mann@virginia.edu>,
L.A.Love@hull.ac.uk,
   "David R. Legates" <legates@udel.edu>, Aynsley
Kellow <akellow@utas.edu.au>,
   Eigil Friis-Christensen <efc@dsri.dk>
Priority: NORMAL
Status: RO

Dear Raymond, or should I say Dear Distinguished
Professor Bradley?

You clearly are not a political scientist, not that this
matters, but
ignorance tends to lead to simplification by all of us,
and I do
include myself as far as your work is concerned.
Where I disagree with
you is summarised below. I hope you forgive the
wider participating
audience, for you are making a few points about
peer review and
publication issues were a wider debate is essential
for me and my
position as editor.

>From my perspective your argument about US
policy is wrong: there is no
such thing as 'a ' government and the politics I talk
about is rarely
confined to political parties, except for very few
decisions. Ratifying
a treaty is one of them.
I know enough about the USA to be sure that many
of its parts (DOE, EA,
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sections of the State Department and by now all
departments with
significant research budgets) are in favour of
Kyoto..and hence see
global warming as a serious threat,  a threat that
'enables' them
without asking for much now. Bureaucracies like
such issues. Met one of
your chaps only yesterday, at Chatham House,
Royal Institute for
International Affairs, a Richard Bradley for US DOE
International
Affairs who poked a lot of fun at Bush and
friends...and made it quite
clear where he stood, and that was with Kyoto. The
resistance in US
(and Australia and Russia) does not come primarily
from  the middle and
lower  sections of the administrative machinery, but
from top
politicians and the  Senate, that is from people
accountable to
electors. Support for Kyoto  does come from the
ENRONs and all those
who want subsidies in one form of another, less
from those that have to
raise the money for decarbonisation and emission
buying.
(I am in favour of subsidies and hence taxes if they
solve real
problems, but not when they go to fund visions and
model predictions.)
I know quite a lot about how governments work;
one friend negotiated
UNFCC for one country I am familiar with. In
another country I know
well, I know top scientists who will say one thing in
public and
another in private....but gots loads of money to
study carbon, and
doing useful science.  Even the geologists are now
persuaded that
carbon is a threat, look at the sequestration issue in
geological
formations...and why not...until international
mandatory law tries to
impose rules and regulations on others that are
likely to be harmed by
them.
Could write much more, but perhaps you have time
to read a bit about
global warming policy and politics.(Attached..) By
the way, I amnot
that distinguished, but would be pleased if a
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sciecne journal did look
at my work. Onthe other hand, teh link is the other
way round; in this
case the policy relevance of science is meat for me.
On the other
hand, it woudl do science defined as research no
harm to worry a bit
more about who funds them and why, and above
all who simplifies their
findings for what purpose.

By the way, no need to lecture me on peer review,
have been in this game
long enough too, on both sides. There is a growing
trend for peers to
belong to a mutual support group, and the reasons
for that is the
emphasis now put, by funders, on peer review, as if
this were the best
way to assess  'quality'..this again serves
bureaucracies rather than
science, and works sometimes, but not always.
I do stand corrected however on your point about
returning peer
reviewed papers to the author of a paper that has
been criticised. I
have never come across this in the social sciences, I
did not learn itg
from my shusbanmd who was a space physicist,
and I myslef have never
had this experience. I (and A Kellow) have  been
accused by
non-political scientists of conspiracy theory..a top
WMO person did
this last, and apologised in private...People who
have had different
experiences of the peer review process might like
to contact you
directly.
Best wishes
Sonja
On Thu, 06 Nov
2003 12:38:57 -0500 "Raymond S. Bradley"
<rbradley@geo.umass.edu> wrote:

> In a recent email to Mike Mann you ask:
> "journals like mine are surely permitted to ask
and who is funding the
> 'global warming' modelling community ".
> It is public knowledge that almost all of the
modeling research in the US
> is funded by a government firmly committed to
NOT adopting the Kyoto
> protocols.  If your argument is that we are all
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somehow brainlessly
> following the dictates of our funding, would it not
follow that we would
> all be publishing results that support this
government
> position?   Apparently we are not.  Could it be
that the entire research
> community is perversely seeking to have their
funding terminated, or
> perhaps that 100% of the community are
Democrats?  This seems inherently
> unlikely.....
> Scientists seek to publish what they discover,
wherever the chips may fall,
> and other scientists (NOT selected by the
authors) review their procedures
> and data, then recommend whether the research
should see the light of
> day.  This is known as peer review.   If other
scientists then find fault
> with the published research, they are free to
write a critique which is
> always --ALWAYS-- sent to the original authors to
assess and respond to
> BEFORE it is published.  You apparently do not
follow such procedures,
> which clearly demonstrates that you are not
interested in an open dialogue,
> but only concerned with pushing your own
political agenda--the very
> criticism that you seem to level at climate
scientists who worked on the
> IPCC research assessment.
> As for the McIntyre and McKintrick paper that
you published as a
> "correction" to our work, following an "audit" of
our data and procedures,
> you have done the research community a great
disservice by giving voice to
> a flawed and erroneous study which neither
correctly "audited" our work,
> nor "corrected" it. Furthermore, you did not give
us the common courtesy of
> seeing the paper before it was rushed into print. 
Had you done so, we
> would have pointed out the errors and
misunderstandings that pervade their
> study.  Let me emphasise that I believe anybody
has the right to carry out
> a climate reconstruction and submit their results
for publication, but
> nobody has the right to claim they have
undertaken an audit when they have
> manifestly not done so. I'd have thought that a
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company CEO like McIntyre
> would understand what the word audit meant
even if you do not.
> Since you clearly "do not claim that I or my
reviewers can arbitrate on the
> 'scientific' truth of publications that the IPCC
selects" I really think it
> would be best if you don't stray into that arena
and stick to what you feel
> you can best evaluate.  I suspect you would not
appreciate an evaluation of
> your work published in the Journal of Geophysical
Research.
> Sincerely
>
> Raymond S. Bradley
> University Distinguished Professor
> Director, Climate System Research Center*
> Department of Geosciences
> Morrill Science Center
> 611 North Pleasant Street
> AMHERST, MA 01003-9297
>
> Tel: 
> Fax: 
> *Climate System Research Center: 
>         
<<http://www.paleoclimate.org>http://www.paleoclimate.org
>
> Paleoclimatology Book Web Site:
<http://www.geo.umass.edu/climate/paleo/html>
http://www.geo.umass.edu/climate/paleo/html 
>
>
>

----------------------
Dr.Sonja Boehmer-Christiansen
Reader,Department of Geography,
Editor, Energy & Environment
(Multi-science,www.multi-science.co.uk)
Faculty of Science
University of Hull
Hull HU6 7RX, UK
Tel: 
Fax: 
Sonja.B-C@hull.ac.uk

<br>
<div>Professor Aynsley Kellow</div>
<div>Head, School of Government</div>
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<div>University of Tasmania</div>
<div>Private Bag 22</div>
<div>Hobart 7001</div>
<div>Phone: 61+3+ 6226 7895</div>
Fax: 61+3+ 6226 2895
</blockquote></x-html>

Dr Timothy J Osborn
Climatic Research Unit
School of Environmental Sciences, University of East Anglia
Norwich  NR4 7TJ, UK

e-mail:   t.osborn@uea.ac.uk
phone:    
fax:      
web:      http://www.cru.uea.ac.uk/~timo/
sunclock: http://www.cru.uea.ac.uk/~timo/sunclock.htm

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes; rbradley@geo.umass.edu
Subject: Re: in confidence
Date: Wednesday, November 12, 2003 10:56:57 AM

Malcolm

Thanks--by all means, you guys should look into this. I'm happy to keep
hands off!

mike

At 11:08 AM 11/12/03 -0700, Malcolm Hughes wrote:
>Dear Mike and Ray,
>One thing I think we should be able to say in the Climatic Change
>manuscript is
>that there is an easily available, well documented and thoroughly checked
>file
>containing the data we used in MBH98. This may well be what you referred to
>in the recent e-mail to McIntyre- i.e. the version of the fateful file Scott
>produced, but with all sets of PCs. If so, I suggest that we (Ray and
>Frank, me
>and Fenbiao) in collaboration with Scott, and to a lesser extent yourself
>(mainly
>through what you have already done), give it a thorough looking over. We
>should especially make sure that the data in the file really are those
>used in the
>preparation of MBH98.
>I see this as an activity for RSB, MKH nd SR rather that yourself. I think
>it is
>important that we dispose of the data problems completely, and, if any errors
>crept in during the original collation of the dataset, we document them.
>I fully understand and agree with your approach of not being drawn into a
>guerilla campaign with these guys. They are not my main concern. I am
>concerned, however, about how our scientific colleagues view our work in the
>future, and I believe we need to do this for this reason. This affects all
>three of
>us.
>I also understand that this is likely to produce a delay of at least a
>week or two
>in submission of the manuscript, given my involvement next week in the
>CLIVAR/IPCC drought meeting here, and Ray's travel. Even so, I believe
>this to
>be an essential step with considerable long-term benefits.
>Please note that I am sending this only to you two - this is a discussion we
>should have privately.
>Cheers, Malcolm
>.
>.
>
>  Malcolm Hughes
>Professor of Dendrochronology
>Laboratory of Tree-Ring Research
>University of Arizona
>Tucson, AZ 85721
>520-621-6470
>fax 520-621-8229
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_______________________________________________________________________
                      Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Malcolm Hughes
To: michael E. Mann; rbradley@geo.umass.edu
Subject: in confidence
Date: Wednesday, November 12, 2003 11:08:13 AM

Dear Mike and Ray,
One thing I think we should be able to say in the Climatic Change manuscript is
that there is an easily available, well documented and thoroughly checked file
containing the data we used in MBH98. This may well be what you referred to
in the recent e-mail to McIntyre- i.e. the version of the fateful file Scott
produced, but with all sets of PCs. If so, I suggest that we (Ray and Frank, me
and Fenbiao) in collaboration with Scott, and to a lesser extent yourself (mainly
through what you have already done), give it a thorough looking over. We
should especially make sure that the data in the file really are those used in the
preparation of MBH98.
I see this as an activity for RSB, MKH nd SR rather that yourself. I think it is
important that we dispose of the data problems completely, and, if any errors
crept in during the original collation of the dataset, we document them.
I fully understand and agree with your approach of not being drawn into a
guerilla campaign with these guys. They are not my main concern. I am
concerned, however, about how our scientific colleagues view our work in the
future, and I believe we need to do this for this reason. This affects all three of
us.
I also understand that this is likely to produce a delay of at least a week or two
in submission of the manuscript, given my involvement next week in the
CLIVAR/IPCC drought meeting here, and Ray's travel. Even so, I believe this to
be an essential step with considerable long-term benefits.
Please note that I am sending this only to you two - this is a discussion we
should have privately.
Cheers, Malcolm
.
.

ABOR/MH/Priv-001385



From: Malcolm Hughes
To: Michael E. Mann; rbradley@geo.umass.edu
Subject: Re: in confidence
Date: Wednesday, November 12, 2003 11:28:07 AM

Mike - so, if Ray agrees, we will need to interact with Scott, if that's OK with
you. I won't contact him until I hear from Ray, Cheers, Malcolm
> Malcolm
>
> Thanks--by all means, you guys should look into this. I'm happy to
> keep hands off!
>
> mike
>
> At 11:08 AM 11/12/03 -0700, Malcolm Hughes wrote:
> >Dear Mike and Ray,
> >One thing I think we should be able to say in the Climatic Change
> >manuscript is that there is an easily available, well documented and
> >thoroughly checked file containing the data we used in MBH98. This
> >may well be what you referred to in the recent e-mail to McIntyre-
> >i.e. the version of the fateful file Scott produced, but with all
> >sets of PCs. If so, I suggest that we (Ray and Frank, me and Fenbiao)
> >in collaboration with Scott, and to a lesser extent yourself (mainly
> >through what you have already done), give it a thorough looking over.
> >We should especially make sure that the data in the file really are
> >those used in the preparation of MBH98. I see this as an activity for
> >RSB, MKH nd SR rather that yourself. I think it is important that we
> >dispose of the data problems completely, and, if any errors crept in
> >during the original collation of the dataset, we document them. I
> >fully understand and agree with your approach of not being drawn into
> >a guerilla campaign with these guys. They are not my main concern. I
> >am concerned, however, about how our scientific colleagues view our
> >work in the future, and I believe we need to do this for this reason.
> >This affects all three of us. I also understand that this is likely
> >to produce a delay of at least a week or two in submission of the
> >manuscript, given my involvement next week in the CLIVAR/IPCC drought
> >meeting here, and Ray's travel. Even so, I believe this to be an
> >essential step with considerable long-term benefits. Please note that
> >I am sending this only to you two - this is a discussion we should
> >have privately. Cheers, Malcolm . .
> >
> >  Malcolm Hughes
> >Professor of Dendrochronology
> >Laboratory of Tree-Ring Research
> >University of Arizona
> >Tucson, AZ 85721
> >520-621-6470
> >fax 520-621-8229
>
> ______________________________________________________________________
> _
>                       Professor Michael E. Mann
>            Department of Environmental Sciences, Clark Hall
>                        University of Virginia
>                       Charlottesville, VA 22903
> ______________________________________________________________________
> _ e-mail: mann@virginia.edu   Phone:    FAX: 
> 
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>         http://www.evsc.virginia.edu/faculty/people/mann.shtml
>
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From: Michael E. Mann
To: Malcolm Hughes; rbradley@geo.umass.edu
Subject: Re: in confidence
Date: Wednesday, November 12, 2003 11:34:35 AM

fine w/ me Malcolm,

mike

At 11:28 AM 11/12/2003 -0700, Malcolm Hughes wrote:

Mike - so, if Ray agrees, we will need to interact with Scott, if that's OK with 
you. I won't contact him until I hear from Ray, Cheers, Malcolm
> Malcolm
> 
> Thanks--by all means, you guys should look into this. I'm happy to
> keep hands off!
> 
> mike
> 
> At 11:08 AM 11/12/03 -0700, Malcolm Hughes wrote:
> >Dear Mike and Ray,
> >One thing I think we should be able to say in the Climatic Change
> >manuscript is that there is an easily available, well documented and
> >thoroughly checked file containing the data we used in MBH98. This
> >may well be what you referred to in the recent e-mail to McIntyre-
> >i.e. the version of the fateful file Scott produced, but with all
> >sets of PCs. If so, I suggest that we (Ray and Frank, me and Fenbiao)
> >in collaboration with Scott, and to a lesser extent yourself (mainly
> >through what you have already done), give it a thorough looking over.
> >We should especially make sure that the data in the file really are
> >those used in the preparation of MBH98. I see this as an activity for
> >RSB, MKH nd SR rather that yourself. I think it is important that we
> >dispose of the data problems completely, and, if any errors crept in
> >during the original collation of the dataset, we document them. I
> >fully understand and agree with your approach of not being drawn into
> >a guerilla campaign with these guys. They are not my main concern. I
> >am concerned, however, about how our scientific colleagues view our
> >work in the future, and I believe we need to do this for this reason.
> >This affects all three of us. I also understand that this is likely
> >to produce a delay of at least a week or two in submission of the
> >manuscript, given my involvement next week in the CLIVAR/IPCC drought
> >meeting here, and Ray's travel. Even so, I believe this to be an
> >essential step with considerable long-term benefits. Please note that
> >I am sending this only to you two - this is a discussion we should
> >have privately. Cheers, Malcolm . .
> >
> >  Malcolm Hughes
> >Professor of Dendrochronology
> >Laboratory of Tree-Ring Research
> >University of Arizona
> >Tucson, AZ 85721
> >520-621-6470
> >fax 520-621-8229
> 
>
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______________________________________________________________________

> _
>                       Professor Michael E. Mann
>            Department of Environmental Sciences, Clark Hall
>                        University of Virginia
>                       Charlottesville, VA 22903
>
______________________________________________________________________

> _ e-mail: mann@virginia.edu   Phone:    FAX: 
> 
>         http://www.evsc.virginia.edu/faculty/people/mann.shtml
> 

Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Tom Wigley
Cc: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; Scott Rutherford; Tim Osborn; Keith Briffa; Phil Jones
Subject: Re: [Fwd: VL: McIntyre-McKitrick Reply to Mann - Part 1]
Date: Wednesday, November 12, 2003 11:44:53 AM
Attachments: MM-nov12-part1.pdf

Hi Tom,

There is a myth being perpetuated by these people, and your falling into the trap of
letting them set the rules. We cannot allow that. The data has all been available back
through july 2002 here on our public ftp site:

ftp://holocene.evsc.virginia.edu/pub/MBH98/

All of the data used by MBH98 have been there, plain and simple.

USA Today is going to be publishing a retraction tomorrow or Friday of the claim
made last week in their op-ed pages (by an industry shill) that we hadn't made our
data publicly available. That should clear this all up in a hurry!

Meanwhile, we're going ahead w/ a peer-reviewed submission expanding on our
initial response, and we believe that should settle the issue. I don't see any problem
if others want to download the data (which have been there all along) and try the
analyses themselves, but I can't allow myself to be distracted with all of that right
now. It would set me back years in my own research plans, which is part of the
motive of this effort...

mike

At 11:01 AM 11/12/2003 -0700, Tom Wigley wrote:

Mike,

I presume you have seen this. One of their buzz phrases is 'the basic
standards of data
disclosure'. Personally, I see no reason why one should disclose all data
and all 
methodological details -- unless required to by the funding authority. I
had a long
exchange with Timo on this issue, which I will forward to you.

These guys are primarily accusing you of either making errors or being
incompetent.
(I have not seen this directly, but they may also be implying that you
deliberately
distorted your analysis -- but it is best not to get into this possibility.) 

There are three possible responses. The first is to prove to *them* that
your results
are correct. The second is to tell them to go to hell. The third is to use an
independent
arbiter (a statistician) to repeat your analysis. 
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The first is difficult. You could give them all the data in an easily used
form and tell them
exactly what you did -- and then see if they can repeat it and get your
results. This is
tricky because I doubt that one can trust them to do this honestly --
indeed, one could
say  to them (and the world) that you  neither trusted their motives nor
their competance,
as a lead in to option three. Competance can be challenged since they
have no track
record in the field, nor are they qualified as bona fide statisticians.

The second rests on whether you are bound by disclosure conditions.
Using this option
could be justified, but it sure would piss them off. A possible holding
action would be to 
say that a full paper describing the methods used was in preparation, and
they just have
to wait. (In other words, go to hell for now, and I'll tell you when to
come back out.)

The third option seems the best. The three statisticians who could help
are Richard 
Smith, Francis Zwiers and Dan Wilks. 

The approach I would use here is to say that, since both sides are either
directly or 
indirectly accusing the other of at least some level of incompetance, and
since you (MBH)
see no reason why your data should be made available at this stage (i.e.,
you can agree
with 'full disclosure' in principle, but only in a 'timely manner' where the
data producer
is the one who decides on the time frame), the only way to reconcile the
differences between 
you and the two Ms is through independent 'arbitration'. Since, once the
data are given, this
is purely a statistical issue, then the arbiter must be a bona fide, highly-
respected
statistician and one with some experience in climate science -- OF YOUR
CHOICE.

One of the problems is that options one and three may create dangerous
precedents
under the data quality act.  Actually, the way I have set up option three
creates a possibly
good precedent, especially with you choosing the arbiter. M&M may not
agree with this,
but you could add that your choice has to be agreed to by the
appropriate panel of the
NAS (who would definitely support the above three names). 

Wotcha think? (Share with others if you wish.)
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Tom.

+++++++++++++++++++++

-------- Original Message -------- 
Subject: VL: McIntyre-McKitrick Reply to Mann - Part 1 
Date: Wed, 12 Nov 2003 18:34:48 +0200 
From: Timo Hämeranta <timo.hameranta@pp.inet.fi> 
To: Tom M. L. Wigley <wigley@ucar.edu> 

Dear Tom, 

FYI attached. 

All the best

Timo 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
 
Timo Hämeranta, M.LL. 
Moderator, Climatesceptics  
Martinlaaksontie 42 B 9
01620 Vantaa 
Finland, Member State of the European Union
 
Moderator: timohame@yahoo.co.uk
Private: timo.hameranta@pp.inet.fi
 
Home page: http://personal.inet.fi/koti/hameranta/climate.htm
 
Moderator of the discussion group  "Sceptical Climate Science"
http://groups.yahoo.com/group/climatesceptics
 
"To dwell only on horror scenarios of the future 
shows only a lack of imagination".  (Kari Enqvist)
 
"If the facts change, I'll change my opinion. 
What do you do, Sir" (John Maynard Keynes)
 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
 
 

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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Part 1: File Identities 

Stephen McIntyre and Ross McKitrick 
 
Reply to comments made by Professor Mann in response to our paper “Corrections to the 
Mann et. al. (1998) Proxy Data Base and Northern Hemispheric Average Temperature 
Series” Energy and Environment 14(6).  
 
November 11 2003   
 
 
 
PART 1: The Identity of Some Disputed Files 
  
 
 
SUMMARY: We refute suggestions by Professor Mann that collation and splicing errors in the 
proxy data set criticized in McIntyre and McKitrick (2003a) (herein “MM”) were introduced in a 
special purpose Excel spreadsheet prepared for McIntyre in April 2003. For the 81 out of 112 
proxies which were not subjected to principal components calculations by MBH, we have 
determined that the uncollated series at the Mann FTP site are identical to the versions in the data 
set we examined and criticized in MM. Accordingly, the criticisms of MM in respect to 
unjustified truncation and fills, use of obsolete data and geographical mislocations apply equally 
to the acknowledged MBH98 data archive. The remaining series  are unpublished and non-peer 
reviewed principal components series calculated by MBH. We show that mere identification of 
the FTP address of the uncollated data is inadequate disclosure, as there is still no way to identify 
which principal component series were used.  
 
 
 
1. Introduction 
Following the publication of MM, on or about Oct. 29, 2003, Professor Mann stated that our 
results, especially before 1600, were entirely “spurious” for three reasons: we used an incorrect 
collation of data supplied to us by one of Mann’s associates in order to accommodate our alleged 
request for data in an Excel spreadsheet; we then failed to check this data against the correct data 
at Mann’s FTP site; and we failed to use a correct dataset consisting of 159 columns of data 
instead of 112 columns of data. 
 
We replied previously to these comments (see 
http://www.uoguelph.ca/~rmckitri/research/Response.Oct29.pdf) by reviewing the 
correspondence record. On October 29, 2003, we learned of the existence and location of the 
anonymous FTP site in question (ftp://holocene.evsc.virginia.edu/pub/) and we can now use the 
information from this FTP site to completely refute the above claims. For ease of reference, we 
call the FTP site “UVA” hereinafter. 
 
We also report on the incoherent structure of the UVA site and the impossibility of identifying the 
alleged 159 columns of data within this site under existing  disclosure. 
 
We will occasionally make reference to the reply written by Professors Mann, Bradley and 
Hughes and released on November 3; denoting it “MBH-r.” 
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2. The Data Files pcproxy.txt and pcproxy.mat 
As of April 2003, the collated proxy dataset used in MBH98 was not included in the 
Supplementary Information to MBH98 at Nature, was not archived at the World Data Center for 
Paleoclimatology or similar public archive, was not privately archived at the University of 
Massachusetts and was not linked in any of the University of Virginia website pages referring to 
MBH98.  In April 2003, in response to a request from one of us (McIntyre) for the FTP location 
of the proxy data used in MBH98, both Professor Mann and Scott Rutherford, Mann’s associate, 
either refused to provide or were unable to provide the requested FTP location. Subsequent to 
MM, Professor Mann has identified the UVA site. Even if the archive was located on an 
anonymous FTP site, such location falls well short of constituting public archiving, especially 
since a specific request for the location of the site went unanswered. 
 
Instead of providing the FTP address, in April 2003, Rutherford emailed to McIntyre the file 
pcproxy.txt, consisting of 112 proxies, the number referred to in MBH98, together with a file 
listing proxy names and weights. The dataset pcproxy.txt consisted of 112 proxies - 31 principal 
component series and 81 proxy series. We provide all correspondence at the site 
http://www.uoguelph.ca/~rmckitri/research/trc.html, hereinafter denoted *trc.html. 
 
 
Following the publication of MM, Mann identified the UVA FTP site to David Appell, a free-
lance journalist.  Professor Mann faults us for not getting the raw data from UVA in the first 
place, and he faults us for not going to the UVA site when we noticed problems in the file. 
 
When we noticed apparent collation errors in the principal components series (not present in the 
non-PC series), we sought specific clarification from Scott Rutherford and we asked for 
confirmation of the validity of the dataset from Mann. Neither Mann nor Rutherford referred us to 
the UVA site or suggested the possibility that collation errors had been introduced in 
pcproxy.txt. Instead Professor Mann told us he would not respond to further inquiries on the 
matter. 
 
Nevertheless had we found out about the UVA site, we would have found that the only two 
collated data sets there contained exactly identical data as the file (pcproxy.txt) we had been 
sent. One was a text file (pcproxy.txt) identical to the text file sent to McIntyre (see 
ftp://holocene.evsc.virginia.edu/pub/sdr/pcproxy.txt). In addition to the text file we found a 
matlab file pcproxy.mat, the header to which reads: “MATLAB 5.0 MAT-file, Platform: SOL2, 
Created on: Thu Aug  8 10:18:19 2002.” Likewise, the date of creation of the pcproxy.txt file at 
UVA was August 8 2002. Both files contain the identical data to the file pcproxy.txt emailed to 
McIntyre in April 2003, including all collation errors, fills and other problems identified in MM. 
Furthermore the data in the file of weights emailed to McIntyre at that time is identical to the data 
in the file multiproxy.inf at the UVA site. 
 
We now wish to examine the veracity of Professor’s Mann’s claims in light of the above. Mann’s 
comments are reported in three segments at www.davidappell.com and we refer to them 
collectively as “MC.” The first comment is: 
 

In short, here's what happened: M&M asked an associate of Mann to supply them with the 
Mann et. al. proxy data in an Excel spreadsheet, even though the raw data is available here 
[UVA site link]. An error was made in preparing this Excel file, in which the early series were 
successively overprinted by later and later series, and this is the data M&M used. Mann says:  

"...the authors results are entirely spurious. The mistake made insures that the estimates, 
in particular prior to 1600-1700, are meaningless."  
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This leads, Mann says, to "the use of series that are artificial combinations of early [e.g. 15th-
16th century] and late [e.g. 19th-20th] information accidentally spliced together" with "no 
relation" to the proxy data used by Mann et. al. in their 1998 (and subsequent) work. 
10/29/2003: "E&E paper is 'wrong'" 

 
The second comment is: 

 
Mann adds:  

The spreadsheet file they used was a complete distortion of the actual Mann et. al. proxy 
data set, and was essentially useless, particularly in the earlier centuries. The authors had 
access to the full data, which has been available on a public ftp site for nearly two years. 
When they noticed, as described in their paper, some signs of problems with the Excel 
spreadsheet version of the data, one might think that they would have bothered to check 
the data available on our public ftp site.  

Mann says that the crux of M&M's error is their use of a Excel dataset with only 112 columns 
(where each column represents one set of proxy data--tree rings, ice cores, historical 
temperature data, etc.), when in fact the full paleoclimatic data series requires 159 to be used 
properly in the analysis behind the Mann, Bradley, and Hughes 1998 paper whose results 
they're trying to check. 
 
This email indicates that M&M were at least initially aware of this, and could have used raw 
data if they'd chosen. 10/29/2003: "M&M: The Details" 

 
The third comment is: 

 
M&M apparently did not start from MBH's raw data--which consists of 2,077 different files--but 
instead asked Michael Mann to provide them with an Excel spreadsheet of summarized and 
collated data. Mann and a colleague who was assisting him indicated to M&M that they could 
obtain their raw data via FTP on the Web, and also did their best to provide the data in the 
format requested. 
 
However, Mann said today, a transcription error was inadvertently made in preparation of the 
spreadsheet, in which some multiple data that should have appeared in multiple columns was 
mistakenly overwritten into some single columns. A dataset that should have contained 159 
columns of data in fact only contained 112 columns. So when M&M slid this dataset into their 
calculations, the results that came out were naturally in error. 10/29/2003: "M&M (&M), Take 
2 

 
It is self-evident that Mann’s comments are a pastiche of false statements. (1) We requested an 
FTP location, not an Excel spreadsheet. (2) The FTP site location is anonymous. At no point prior 
to the identification of the FTP site on Oct. 29, 2003 by David Appell, was the site identified for 
us nor did we have access to the full data. (3) When we noticed problems, we brought it to the 
attention of both Rutherford and Mann and were refused. (4) More significantly, the file in 
question was prepared on or before August 2002 and contained collation errors at that time; it was 
not a special purpose collation for us. (5) The original form of the file was Matlab, rather than 
Excel, indicating that it derived from Mann’s own calculations. (6) We did not “slide” the 
defective error set into our calculations. The paper MM stands as copious evidence that we 
noticed the collation errors in pcproxy.txt and firewalled ourselves against them. We posted our 
own re-collation proxy4.txt, which does not contain the “sliding” of incorrectly collated data, 
falsely alleged by Mann.  
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More importantly for efforts to verify MBH98, the files pcproxy.txt and pcproxy.mat show that 
collation errors were embedded at Professor Mann’s UVA site long before our request for data.  
 
 
Events Since MM  
Following the identification of UVA as the location of MBH98 data, we downloaded the files 
pcproxy.txt and pcproxy.mat from UVA, together with the entire contents of 
ftp://holocene.evsc.virginia.edu/pub/MBH98/. On November 8, 2003, we re-visited this site and 
discovered the following changes: (1) the file pcproxy.mat had been deleted from Mann’s FTP 
site; (2) the file pcproxy.txt no longer was displayed under the directory, although it could still 
be retrieved through an exact call if one knew the exact file name; (3) without any notice, a new 
file named “mbhfilled.mat” was inserted into the directory. The header in this file reads 
“Created on: Tue Nov  4 23:37:07 2003.” Interested readers may partly verify (1) 
and (2) through the following FTP calls: 
ftp://holocene.evsc.virginia.edu/pub/sdr/ - showing that neither file is listed, but listing the new 
file; ftp://holocene.evsc.virginia.edu/pub/sdr/pcproxy.txt - retrieving pcproxy.txt; 
ftp://holocene.evsc.virginia.edu/pub/sdr/pcproxy.mat  - which does not retrieve pcproxy.mat, 
formerly located in this directory. We have just reconfirmed these matters (November 11, 2003, 
1:46 PM).  
 
Given the significance which Mann placed on our alleged use of incorrect data and his insistence 
that we ought to have relied upon the contents of the UVA site, we are concerned about the 
deletion from this archive of pcproxy.mat, a file which is right at the center of the current 
dispute. This is the file which provided evidence of the prior existence of the contested data in the 
form sent to us, and showed it to be a Matlab product rather than an Excel product. Under the 
circumstances the deletion of pcproxy.mat, and the removal of pcproxy.txt from the folder 
directory seems ill-advised. We have posted up the deleted file at 
www.climate2003.com/data/pcproxy.mat. 
 
We are currently analyzing the newly archived file mbhfilled.mat. This is a file which has 
dimensions 381x2016. It lacks any descriptive information whatever. Within the matrix, 2006 
columns have values for all years and 10 columns (28, 55, 64, 65, 611, 683, 718, 1105, 1106, 
1936) have no values. It is possible that this dataset may have nothing whatever to do with 
MBH98, and its appearance within the folder that until recently held pcproxy.mat may only be a 
coincidence. It remains enigmatic for now. 
 
 
3. Uncollated Data at the FTP Site 
Professor Mann has seemingly taken the position that the mere identification of the FTP site is 
adequate disclosure. We show here that this is not the case.  
 
The explanation of the principal component information at the UVA site consists of the following 
text from MBH98: “Certain densely sampled regional dendroclimatic data sets have been 
represented in the network by a smaller number of leading principal components (typically 3–11 
depending on the spatial extent and size of the data set).” There is no other disclosure of the 
methodologies used for proxy principal components calculations or stepwise rosters in MBH98 
proper or in any Supplementary Information and an email request on September 25 specifically 
asking for more information on this was refused.  
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Judging from Professor Mann’s comments, anyone carrying out due diligence on this data   would 
be required, first, to guess that 159 proxy series are needed (rather than 112 as stated in MBH98), 
and, second, to pick them out of the uncollated data at the UVA site. 
  
Within Professor Mann’s UVA site, there is a separate directory for each of the six regions 
identified in MBH98 for PC analysis. These six directories contain a total of 29 subdirectories 
(each identified with a start date through a name in the format BACKTO_1700 etc.) for the 
periods after 1400; each subdirectory contains between 10-15 principal components. 
(Additionally, three of the directories also contain principal components for a period different 
than any of the subdirectories.) In total, the UVA site contains 430 different principal component 
series for periods after 1400. Since  there had been no previous public disclosure that there were 
159 separate series behind MBH98 rather than 112 as stated in Nature, it would have been 
impossible to guess that that was the number sought. Subtracting the 81 non-PC series, this 
requires the identification of 78 PC series from these 430 series in order to successfully replicate 
the procedures carried out in MBH98.  
 
The roster files located at the FTP site do not explain the formation of these 78 series. The file 
multiproxy.inf, which was sent to us in April 2003, contains a roster description, but not of 78 
series. Even following the subdirectory information in multiproxy.inf would not help. The 
subdirectories and file names in multiproxy.inf are, in every case, accurate renderings of the 
locations of the non-PC proxies. Accordingly, a reader might assume that the subdirectory 
information in multiproxy.inf also located the PC proxies. If so, he would collate the following 
proxies: Stahle/OK – BACKTO_1700; Stahle/SWM – BACKTO_1700; ITRDB/NOAMER – 
BACKTO_1750; ITRDB/SOAMER –BACKTO_1600; ITRDB/AUSTRAL – BACKTO_1750 
and VAGANOV – BACKTO_1750. But the results of this roster selection would conflict with 
the requirement for 78 series. 
 
We presume that the above elucidates the problems in replicating MBH principal component  
rosters. There are more problems, which are discussed in the Appendix. We deliberately sought 
clarification on these matters from Professor Mann or a reference to a more expanded description 
than MBH98 and were refused. The existing disclosure does not even begin to satisfy even basic 
standards of data disclosure. In this context, any question of whether the uncollated data was 
available online as of April 2003 or earlier (the present FTP site being established only on July 
30, 2002) is moot, since even if it was, the series to be collated could not have been identified and 
the online collations are now stated by Professor Mann to be incorrect. 
 
As an aside, one of the subdirectories in the ITRDB/NOAMER has the offputting title 
“BACKTO_1400 – CENSORED”. In light of the identified sensitivity of early 15th century 
values to very slight variations in proxy indicators and the evidence elsewhere of truncation 
(censoring?) of important temperature series, we believe that disclosure of the censoring process 
would be helpful. 
 
 
4. Conclusions 
Professor Mann’s public comments regarding MM contain many provably false statements, 
including statements regarding the preparation of pcproxy.txt which are refuted by available 
correspondence and by evidence that  this same file was located at Mann’s FTP site, dated long 
before April 2003. For the 81 out of 112 proxies which were not subjected to principal 
components calculations by MBH, we have determined that the uncollated series at the Mann 
FTP site are identical to the versions in the data set we examined and criticized in MM. 
Accordingly, the criticisms of MM in respect to unjustified truncation and fills, use of obsolete 

 5
ABOR/MH/Priv-001397



Part 1: File Identities 

data and geographical mislocations apply equally to the acknowledged MBH98 data archive. 
Professor Mann has provided no evidence for his claim that the collation and other errors latent at 
his FTP site did not affect the MBH98 calculations.  
 
Professor Mann has stated that, if pcproxy.txt as sent to us were used for computation, “the 
estimates, in particular prior to 1600-1700, are meaningless.” Since this is true of his data 
collations pcproxy.txt and pcproxy.mat on his own FTP site, Professor Mann himself has made 
a prima facie case for a new refereeing of MBH98. 
 
Existing disclosure by MBH98 does not enable the identification of the “159 series” allegedly 
used in MBH98 within the population of uncollated proxy and principal component series located 
at the UVA FTP site. Adequate disclosure would include the following:  the collated data in the 
159-column version  cited by Mann, but conspicuously absent from his FTP site, or a computer 
program evidencing the correct use of uncollated data, again notably absent from his FTP site. 
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APPENDIX:  
 
While our main concerns with the newly disclosed FTP information pertains to the above, we also 
note that the existing disclosure by MBH  relating to principal component selections is 
insufficient to permit a coherent interpretation of the data located at the FTP site, even with the 
recent additional information on MBH98 principal components methodology. 
 
MBH-r states and MC refers to 159 proxies, although no more than 112 proxies were ever 
disclosed previously. MBH-r disclosed for the first time that MBH98 did not use “conventional” 
principal components methods, but instead: 
 

“the procedure of MBH98 of calculating the PC series separately for all intervals used in their 
stepwise reconstruction approach.” 
 

(1) Disclosure 
The only disclosure in MBH98 specific to principal components methodology are the following 
comments with respect to the calculation of temperature principal components: 

(1) that “a conventional Principal Components Analysis” was performed (see top left 
column, page 786); 

(2) that Preisendorfer’s Rule N was used to select a subset of principal components used for 
downstream analysis. 

 
MBH98 uses principal components methods for 6 tree-ring regions, the resulting indicators 
making up (as shown below) 31 of the 112 proxies in the roster of proxies after 1820. These 
calculations have never been separately published or, to our knowledge, been peer reviewed. 
There is no disclosure in MBH98 on the principal components methodology used for proxies 
other than the following: 

 
“Certain densely sampled regional dendroclimatic data sets have been represented in the 
network by a smaller number of leading principal components (typically 3–11 depending on 
the spatial extent and size of the data set).”  

 
In passing, we note that we are unaware of any rosters in which 11 principal components are 
used. MBH98 Supplementary Information identifies the following “regions”, as being used for 
the calculation of principal components, and, in all cases but Vaganov, provides a roster of series 
(some sites having more than one series) used in the regional calculations. In the Vaganov case, 
no roster is given, but the total number of sites is listed. The number of PCs used and the number 
of sites is shown below. 
 

Region # of PCs # of Series 
Stahle/OK 3 14 
Stahle/SWM 9 20 
ITRDB/NOAMER 9 2321 
SOAMER 3 18 
AUSTRAL 4 16 
Vaganov 3 61 

 

                                                 
1 Of which source data has been located at the World Data Center for Paleoclimatology for 231 sites. 
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Figure 1a of MBH98 shows the geographical distribution of indicators, with the number of “+” 
symbols “indicating the number of retained principal components.”  
 
In an email of September 25 2003, we specifically asked Professor Mann how they dealt with 
missing values, and he refused to answer. Accordingly, in MM, we stated the following:  
 

The start dates of the MBH98 PC’s are not consistent with those of available data. In 12 cases, 
MBH98 commenced their calculation after the date in which all records were available (e.g. 
Australia-New Zealand region where MBH98 commenced in 1750, although a start date of 
1625 was possible.) In 16 cases, MBH98 commenced their PC index in a period prior to that 
available in the data (e.g. Texas-Mexico). Because standard PC algorithms fail in the presence 
of missing data, an important part of the methodology—namely how missing data were treated 
in the PC calculation—remains unexplained in MBH98. We computed all 28 PCs, together 
with their explained variances, using a standard principal component algorithm for the 
maximum period in which all records were available within each region.  
 

In Table 8 of MM, we listed the maximal available period according to our calculations, and in 
the SI to MM we provided both the collations and the algorithms used to carry out these 
calculations. The complaint in MBH-r that detective work on their part was required is laughable.  
 
We acknowledge that a “stepwise” principal components approach may result in different 
indicator availabilities than a “conventional” principal components algorithm, the methodology 
implied by the language of  MBH98. In such a case, we believe that MBH had an obligation to 
fully disclose both that they used a “stepwise” principal components approach and all the 
parameters involved in this “approach”, including the number of principal components used in 
each region on a period-by-period basis. 
 
 
We will show first that the information at the newly disclosed FTP site does not clarify these 
questions. We will then outline some of the puzzles governing MBH procedures for making 
proxy rosters and culling the number of principal components used in certain regions over time. 
 
Principal Components Subdirectories at UVA 
Within Professor Mann’s UVA site, there is a separate directory for each of the six regions 
identified in MBH98 for PC analysis. These six directories contain a total of 29 subdirectories 
(each identified with a start date through a name in the format BACKTO_1700 etc.) as shown 
below (with the “_” deleted in each subdirectory name for reasons of space): 
 
 Subdirectory at UVA 
Period 
Start 

Stahle/OK Stahle/SWM NOAMER SOAMER AUS VAG 

1400  BACKTO1400 BACKTO1400   Main 
1450  BACKTO1450 BACKTO1450 BACKTO1450  BACKTO1450 
1500  BACKTO1500 BACKTO1500    
1600  BACKTO1600 BACKTO1600 BACKTO1600 BACKTO1600 BACKTO1600 
1700 BACKTO1700 BACKTO1700  Main BACKTO1700  
1730   BACKTO1750  BACKTO1750  
1750      BACKTO1750 
1760       
1780       
1800       
1820       
List of subdirectories containing principal components at Mann FTP site 
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Each subdirectory contains between 10-15 principal components. (Additionally, three of the 
directories also contain principal components for a period different than any of the 
subdirectories.) In total, the FTP site contains 430 different principal component series pertaining 
to the period in question. The FTP site also contains numerous principal component series 
relating to earlier periods for the ITRDB/NOAMER region. 
 
MBH-r stated that a collation of 159 series was required to effect the calculations carried out in 
MBH98. Since this is the first public disclosure that there were 159 separate series behind 
MBH98 rather than 112 as stated in Nature, it would have been impossible to guess that that was 
the number needed. Subtracting the 81 non-PC series, this requires the identification of 78 PC 
series from these 430 series in order to successfully replicate the procedures carried out in 
MBH98 – an obvious impossibility. 
 
Principal component rosters 
There is no direct statement  in MBH98 or elsewhere of the number of principal components (and 
thus the total number of proxies) for each region used in the MBH98 reconstruction. However, 
the following information can be deduced.  
 
The actual number of principal components used (after 1820) for each region are: Stahle/OK – 3; 
Stahle/SWM –9; ITRDB/NOAMER – 9; SOAMER – 3 and AUSTRAL –4 for a total of 31. 
Based on this identification, we note the vast and inexplicable loading of North American tree 
ring sites relative to other regions, as summarized below (for 1820 on): 
 
Continent Maximum PC 

Proxies 
Individual Proxies Total 

North America 21 17 38 
South America 3 2 5 
Europe and Morocco 0 10 10 
Asia 3 7 10 
Australasia 4 3 7 
TOTAL 31 39 70 
 
 
Number of PC  proxies by MBH Period 
The total number of proxies reported in MBH98 can be compared with the number of non-PC 
proxies by period in pcproxy.txt to obtain the number of PC proxies by MBH period as shown 
below. There are only 3 PC proxies from 1400 to 1600, rising to a full roster of 31 PC proxies by 
1750. 
 
Period Start Total Proxies Non-PC Proxies PC Proxies 

(Difference) 
1400 22 19 3 
1450 24 21 3 
1500 28 25 3 
1600 57 39 18 
1700 74 50 24 
1730 79 55 24 
1750 89 58 31 
1760 96 62 31 
1780 97 66 31 
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1800 102 71 31 
1820 112 81 31 
Number of Proxies by MBH Period 
 
In trying to identify the PC proxies used before 1600 we note the following. 
a) The Australian proxies seem to start in 1750 due to the increase of 7 proxies from 1730 to 1750 
(most of the proxy totals are divisible by 3; only Australia has 4) and the lack of any collation 
errors in pcproxy.txt. Strangely all Australian sites are available as early as 1625, yet the PC 
does not begin until 1750. 
b) the South American proxies collated into pcproxy.txt are all coherent and correspond to 
BT1600, by which time there was a full roster. 
c) the Stahle/OK roster reasonably seems to be from BT1700, based on pcproxy.txt and proxy 
availability. 
 
This suggests that there were 3 PC proxies used between 1400 and 1600. One was from 
NOAMER and one from Stahle/SWM, but since the Vaganov PC1 is reported to commence in 
1450, there is one unaccounted for in the 1400-1450 interval. Consequently, this schedule is 
impossible to reconcile with disclosure in the SI on Vaganov PC rosters. 
 
 
Number of PC Proxies by Region and Period 
information on the number of principal components by region and period, critical to any 
replication of MBH98, remains undisclosed to this late date. Some evidence on this comes from 
pcproxy.txt. In MC, Professor Mann stated that pcproxy.txt contains improper splices of various 
principal component series. With some patience, one can identify the source series for the splices 
– an exercise not dissimilar to trying to interpret Manetho’s rendering of ancient Egyptian 
dynasties – and thereby obtain some evidence on the supposed rosters of principal components.  
 
For example, the ITRDB/NOAMER PC1 in pcproxy.txt can be seen to be a splice of PC1 
versions in the 5 different subdirectories listed above  (with a one-year collation error in all values 
after 1449). For some reason, the 1980 value is taken from the BACKTO_1450 file. Higher PCs 
splice fewer versions, but all contain collation errors, including the colourful use of the 1980 
value of the PC1 from the BACKTO_1450 file for PCs 1 through 9. The versions used in the 
splicing of the higher PCs provide some indirect information on the series originally used. Similar 
splicing patterns can be seen in the Stahle/SWM region and the Vaganov region.  
 
Strangely, the pcproxy.txt versions of the Stahle/OK (1700), the AUSTRAL (1750) and 
SOAMER (1600) regions are all taken from one subdirectory as shown in brackets and collated 
correctly – suggesting that, in these cases, contrary to MBH-r, the principal components were not 
re-calculated for each period. 
 
By 1750, all PC proxies are presumably present. Prior to then establishing an accurate record of 
proxy initiation is virtually impossible with current information. The Table below shows the best 
we were able to come up with. This illustrates the pervasive difficulties involved in attempting to 
replicate MBH98, even with the recent disclosure that stepwise principal component calculations 
were used. 
 
Period 
Start 

Stahle/OK SOAMER AUS VAG Stahle/SWM NOAMER TOTAL 

1400 0 0 0 10-1 1 1-2 BT1400 3 
1450 0 0 0 0-1 1 1-2 BT1450 3 
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1500 0 0 0 0-11 1 1-2 BT1500 3 
1600 0 3-BT1600 0 0-2 3-6 BT1600 7 to 9 BT1600 18 
1700 3-BT1700 3-BT1600 0 0-2 9-BT1700 7 to 9 BT1600 24 
1730 3-BT1700 3-BT1600 0 0-2 9-BT1700 7 to 9 BT1600 24 
1750 3-BT1700 3-BT1600 4- BT1750 3-BT1750 9-BT1700 9-BT1750 31 
1760 3-BT1700 3-BT1600 4- BT1750 3-BT1750 9-BT1700 9-BT1750 31 
1780 3-BT1700 3-BT1600 4- BT1750 3-BT1750 9-BT1700 9-BT1750 31 
1800 3-BT1700 3-BT1600 4- BT1750 3-BT1750 9-BT1700 9-BT1750 31 
1820 3-BT1700 3-BT1600 4- BT1750 3-BT1750 9-BT1700 9-BT1750 31 
 
However, the ludicrousness of being obliged to engage in this type of cryptology merely 
illustrates the inadequate disclosure of MBH98 methodology. 
 
Site Availability 
For most regions, the roster of sites declines before 1700 and is fairly constant thereafter until 
about 1970, as shown below. It is hard to rationalize the precise MBH rosters: for example, why 
does the Stahle/SWM PC1 extend back to 1400, but not the South American PC1 or Australian 
PC1?  Why do the Australian PCs apparently only begin in 1750? 
 
Period 
Start 

Stahle/OK Stahle/SWM2 NOAMER SOAMER AUS VAG 

1400 0 2 75 9 6 3 
1450 0 2 92 10 7 12 
1500 0 8 118 14 8 16 
1600 0 14 210 18 15 40 
1700 14 18 231 18 16 54 
1730 14 18 231 18 16 57 
1750 14 18 231 18 16 58 
1760 14 18 231 18 16 58 
1780 14 18 231 18 16 59 
1800 14 18 231 18 16 60 
1820 14 18 231 18 16 60 

Available sites in each MBH period by region. 
 
 
To summarize:  regardless of the merits of their methodology, until MBH provide the long 
overdue public disclosure of their PC rosters, one is still involved in an ongoing guessing game, 
which is completely unedifying for a paper on which there is considerable public reliance. The 
disclosure within MBH98 and the Supplementary Information to MBH98 is inadequate and 
further disclosure was not given upon private request. Material differences may result from a 
reconstruction using stepwise PC calculation rather than conventional PC calculation. The non-
disclosure in MBH98 of the use of stepwise PC methods is accordingly a material non-disclosure. 
More adequate disclosure by MBH in MBH98 may well have resulted in a more searching 
examination of their methodology by statistical specialists long before now. 
 
 

                                                 
2 Excluding Spruce Canyon CO 
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From: Michael E. Mann
To: Tom Wigley
Cc: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; Scott Rutherford; Tim Osborn; Keith Briffa; Phil Jones
Subject: Fwd: Re: [Fwd: VL: McIntyre-McKitrick Reply to Mann - Part 1]
Date: Wednesday, November 12, 2003 12:16:50 PM
Importance: High

Dear All,

Needless to say, the information I provided below is very sensitive. Please keep this
completely confidential. We do not want to in any way do something that might influence
these pieces seeing the light of day. So please do not pass along to anyone!!

Thanks,

mike

Date: Wed, 12 Nov 2003 13:43:57 -0500
To: Tom Wigley <wigley@cgd.ucar.edu>
From: "Michael E. Mann" <mann@virginia.edu>
Subject: Re: [Fwd: VL: McIntyre-McKitrick Reply to Mann - Part 1]
Cc: mhughes@ltrr.arizona.edu, rbradley@geo.umass.edu, Scott Rutherford
<srutherford@rwu.edu>, Tim Osborn <t.osborn@uea.ac.uk>, Keith Briffa
<k.briffa@uea.ac.uk>, Phil Jones <p.jones@uea.ac.uk>
Bcc: Annie_Petsonk@environmentaldefense.org, Michael Oppenheimer
<omichael@Princeton.EDU>

Hi Tom,

There is a myth being perpetuated by these people, and your falling into the
trap of letting them set the rules. We cannot allow that. The data has all been
available back through july 2002 here on our public ftp site:

ftp://holocene.evsc.virginia.edu/pub/MBH98/

All of the data used by MBH98 have been there, plain and simple.

USA Today is going to be publishing a retraction tomorrow or Friday of the
claim made last week in their op-ed pages (by an industry shill) that we hadn't
made our data publicly available. That should clear this all up in a hurry!

Meanwhile, we're going ahead w/ a peer-reviewed submission expanding on our
initial response, and we believe that should settle the issue. I don't see any
problem if others want to download the data (which have been there all along)
and try the analyses themselves, but I can't allow myself to be distracted with
all of that right now. It would set me back years in my own research plans,
which is part of the motive of this effort...

mike

At 11:01 AM 11/12/2003 -0700, Tom Wigley wrote:

Mike,

I presume you have seen this. One of their buzz phrases is 'the basic
standards of data
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disclosure'. Personally, I see no reason why one should disclose all
data and all 
methodological details -- unless required to by the funding authority.
I had a long
exchange with Timo on this issue, which I will forward to you.

These guys are primarily accusing you of either making errors or
being incompetent.
(I have not seen this directly, but they may also be implying that
you deliberately
distorted your analysis -- but it is best not to get into this
possibility.) 

There are three possible responses. The first is to prove to *them*
that your results
are correct. The second is to tell them to go to hell. The third is to
use an independent
arbiter (a statistician) to repeat your analysis. 

The first is difficult. You could give them all the data in an easily
used form and tell them
exactly what you did -- and then see if they can repeat it and get
your results. This is
tricky because I doubt that one can trust them to do this honestly --
indeed, one could
say  to them (and the world) that you  neither trusted their motives
nor their competance,
as a lead in to option three. Competance can be challenged since
they have no track
record in the field, nor are they qualified as bona fide statisticians.

The second rests on whether you are bound by disclosure
conditions. Using this option
could be justified, but it sure would piss them off. A possible holding
action would be to 
say that a full paper describing the methods used was in
preparation, and they just have
to wait. (In other words, go to hell for now, and I'll tell you when to
come back out.)

The third option seems the best. The three statisticians who could
help are Richard 
Smith, Francis Zwiers and Dan Wilks. 

The approach I would use here is to say that, since both sides are
either directly or 
indirectly accusing the other of at least some level of incompetance,
and since you (MBH)
see no reason why your data should be made available at this stage
(i.e., you can agree
with 'full disclosure' in principle, but only in a 'timely manner' where
the data producer
is the one who decides on the time frame), the only way to
reconcile the differences between 
you and the two Ms is through independent 'arbitration'. Since, once
the data are given, this
is purely a statistical issue, then the arbiter must be a bona fide,
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highly-respected
statistician and one with some experience in climate science -- OF
YOUR CHOICE.

One of the problems is that options one and three may create
dangerous precedents
under the data quality act.  Actually, the way I have set up option
three creates a possibly
good precedent, especially with you choosing the arbiter. M&M may
not agree with this,
but you could add that your choice has to be agreed to by the
appropriate panel of the
NAS (who would definitely support the above three names). 

Wotcha think? (Share with others if you wish.)

Tom.

+++++++++++++++++++++

-------- Original Message -------- 
Subject: VL: McIntyre-McKitrick Reply to Mann - Part 1 
Date: Wed, 12 Nov 2003 18:34:48 +0200 
From: Timo Hämeranta <timo.hameranta@pp.inet.fi> 
To: Tom M. L. Wigley <wigley@ucar.edu> 

Dear Tom, 

FYI attached. 

All the best

Timo 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
 
Timo Hämeranta, M.LL. 
Moderator, Climatesceptics  
Martinlaaksontie 42 B 9
01620 Vantaa 
Finland, Member State of the European Union
 
Moderator: timohame@yahoo.co.uk
Private: timo.hameranta@pp.inet.fi
 
Home page: http://personal.inet.fi/koti/hameranta/climate.htm
 
Moderator of the discussion group  "Sceptical Climate Science"
http://groups.yahoo.com/group/climatesceptics
 
"To dwell only on horror scenarios of the future 
shows only a lack of imagination".  (Kari Enqvist)
 
"If the facts change, I'll change my opinion. 
What do you do, Sir" (John Maynard Keynes)
 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
 
 

______________________________________________________________
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                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Tom Wigley
Cc: Malcolm Hughes; Tim Osborn; Keith Briffa; Raymond s.bradley; Phil Jones; Scott Rutherford
Subject: Re: fine
Date: Wednesday, November 12, 2003 12:50:45 PM

Thanks Tom,

Fair enough on all counts. You know how this works--hard to get every single nitty
gritty detail in the short Nature space, then someone comes along, obviously w/
hostile intent, and your inclination to help them is limited--then they turn around and
say you didn't disclose the data, methods, etc. (which is at least partly an outright lie,
though there is a minor kernal to the claim that they can try to grab on to, because
the methodological description was terse).

Actually, Tim, Keith, Phil, Ray, Malcolm, Scott and I are all planning to pursue a
much more careful intercomparsion of results, methods, etc. We have a paper, the
draft of which I'm forwarding separately as it is pretty big (in review J. Climate)
which should go a long way in this regard. It controls for different datesets and
methodologies, and shows that the results are basically robust, with the conclusion
that spatial and seasonal sampling seems to matter (as we would expect) the most,
but results seem pretty robust with respect to statistical methodology (if you've done
it right!).  Would have been nice if this were in the press right now, but alas its still
in review...

Nonetheless, wouldn't be a bad idea to have some graduate students, or some NCAR
postdocs(?) try this--I'd be happy to help out where I can, but be hands off too to
keep the effort independent.

Let me know what you think...

Thanks again,

mike

At 12:36 PM 11/12/2003 -0700, Tom Wigley wrote:

OK, Mike. So you are choosing my option 2 (rightly so).

But there are broader issues, and it may still come down to option 3.
Perhaps
a middle ground would be to try to get one of the people I named to get
the data and do an honest and informed version of what M&M tried to
do?
It would be a nice student's warm up exercise, at the beginning grad
student
level in a stats dept.

From the flurry of emails, there may still be some things about the
method that
you would have to pass on. I must admit that, having read the papers, I
don't
think there is enough information for *me* to reproduce what you have
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done.
I could certainly do something similar, and I might discover the nuances
as I
proceded. But it would still be tough.

I still don't think that hard-earned data needs to be made freely available.

Tom.

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Tom Wigley
Cc: Malcolm Hughes; Tim Osborn; Keith Briffa; Raymond s.bradley; Phil Jones; Scott Rutherford
Subject: Re: fine
Date: Wednesday, November 12, 2003 12:55:26 PM
Attachments: rutherford_et_al_JClimate.pdf

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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ABSTRACT:

Results are presented from a set of comparison experiments designed to control for

various factors that may influence proxy-based reconstructions of large-scale temperature
patterns in past centuries. The factors controlled for include (1) the methodology used to

assimilate proxy data into a climate reconstruction, (2) the proxy data network used, (3)
the target season , and (4) the spatial domain of the reconstruction. Estimates of

hemispheric mean temperature are formed through spatial averaging of large-scale
reconstructed surface temperature patterns. The reconstructed patterns are based on the

(1) local calibration of proxy and instrumental data and (2) a more elaborate multivariate
climate field reconstruction (CFR) approach. The experiments compare results based

both on the global multiproxy data set used by Mann and coworkers and the extratropical
Northern Hemisphere (NH) maximum latewood tree-ring density (MXD) set used by

Briffa and co-workers. NH mean estimates are compared for the full NH (tropics and
extratropics, land and ocean), and extratropical continents only, using different (cold-

season half year, warm-season half year, and annual mean) seasonal target windows for
the reconstructions. These comparisons demonstrate the importance of considering the

target region and seasonality of the reconstruction, while the details of the proxy network
or reconstruction methodology used appear to be of secondary importance.  While our

results confirm the expected dependence of the details of hemispheric temperature
reconstructions on seasonal, spatial, and methodological considerations, they also
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establish the generally robust nature of several previously published estimates of NH
mean temperature in past centuries.

1. Introduction:

Both the increase in global mean temperatures during the 20th century (e.g.
Folland et al, 2001) and the similarity of the pattern of warming to model predictions

(e.g. Mitchell et al, 2001) suggest an anthropogenic influence on 20th century global
warming. However, any definitive detection of such influence necessitates a

demonstration that natural climate variability on century and longer timescales is small
compared to observed 20th century temperature trends. This requires further evidence of

how large-scale temperatures have varied on multi-century timescales. Since there are no
widespread instrumental surface temperature estimates prior to the mid 19th century (e.g.

Jones et al, 1999), such evidence must come either from model simulations or
paleoclimate data sources (see Mann et al, 2001).  Climate models can be used to assess

past climate change from estimates of past changes in natural climate forcing resulting
from volcanic eruptions and variable solar irradiance (e.g. Cubasch et al, 1997; Free and

Robock, 1999; Brovkin et al, 1999; Crowley, 2000; Shindell et al, 2001; Gerber et al,
2003; Bauer et al, 2003), but these reconstructions are limited by the accuracy of the

estimated forcing history as well as the parameterizations in the model (e.g. the
sensitivity of the model to radiative forcing). Moreover, although coupled General

Circulation Models (GCMs) exhibit climate variability generated within the model, the
temporal evolution of this internal variability need bear no resemblance to the temporal

history of true climate.  Thus, although actual climate variability arises from both
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external and internal mechanisms, models can estimate only the externally-forced
component.  The only means of reconstructing the complete history of true climate

involves empirical evidence of past climate variability.  Such empirical evidence comes
from proxies of climate variability derived from the environment itself, and from

documentary evidence (Le Roy Ladurie, 1971; Wigley et al, 1981; Crowley and North,
1991; Bradley and Jones, 1995; Bradley, 1999, Jones et al., 2001a).

One of the great strengths of annually or seasonally resolved climate proxies is
the ability to independently validate reconstructions based on these proxies against

temporally overlapping instrumental records.  In this way, one can assess the reliability of
the reconstruction.  Such "cross-validation" exercises can easily be performed with high-

resolution (annual or seasonally-resolved) proxy data, such as tree rings (e.g. Fritts et al,
1971; Fritts, 1991; Briffa et al, 1994;1998ab;2001), corals (e.g. Evans et al, 2002; Hendy

et al, 2002), ice cores (O'Brien et al, 1995; Appenzeller et al, 1998; Meeker and
Mayewski, 2002), lake sediments (Hughen et al, 2000), long available documentary and

instrumental series (Pfister et al, 1998; Luterbacher et al, 1999), and “multiproxy”
assemblages combining all of these sources of information (Bradley and Jones, 1993;

Overpeck et al, 1997; Mann 2001; 2002ab; Mann et al, 1998; Crowley and Lowery,
2000; Folland et al, 2001; Jones et al, 1998, 2001a; Cook et al, 2002; Luterbacher et al,

2002).  To perform cross validation (also referred to as verification) one must have long
instrumental records with which to compare the proxy-based reconstruction.  Thus cross

validation cannot be performed on reconstructions based on climate indicators that have
coarse temporal resolution relative to the duration of the instrumental data.  Such climate
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indicators may include deep ocean sediment cores, glacial moraine evidence or terrestrial
and ice borehole temperature data.

Annually-resolved proxy indicators have been used to reconstruct spatial climate
fields such as sea level pressure (SLP) (Fritts, 1991; Luterbacher et al, 2002; Meeker and

Mayewski, 2002), terrestrial surface air temperature (SAT) (Briffa et al,
1994;1998ab;2001), continental drought (Cook et al, 1999), sea surface temperature

(SST—Evans et al, 2002) and the combined global SAT/SST temperature field (Mann et
al, 1998;1999) have also been reconstructed from networks of annually-resolved proxy

data. These reconstructed fields have been spatially-averaged to yield estimates of
hemispheric mean temperature (e.g. Briffa et al, 1998ab; Mann et al, 1998;1999) or

circulation/SST indices such as the Niño3 index of El Niño/Southern Oscillation (ENSO)
(Mann et al, 2000ab) and the North Atlantic Oscillation (NAO, Luterbacher et al., 2001,

2002; Cook, 2002).  Unlike hemispheric mean reconstructions, spatial field
reconstructions retain vital information which can provide insight into the mechanisms or

forcing underlying observed variability (e.g. Briffa et al, 1994, 2002a,b; Cook et al, 1997;
Delworth and Mann, 2000; Shindell et al, 2001; Waple et al, 2002; Braganza et al, 2002).

Annually-resolved proxy networks have also been used to directly reconstruct indices of
climate variability such as the North Atlantic Oscillation (NAO) (D'Arrigo et al, 1993;

Appenzeller et al, 1998; Cullen et al, 2001; Mann, 2002b; Cook et al, 2002), the Pacific
Decadal Oscillation (PDO) (Biondi et al, 2001; Geladof et al., 2002), ENSO [including

the Niño3 (Mann et al, 2000ab) and Southern Oscillation (Stahle et al, 1998) indices], as
well as hemispheric or large-scale mean temperature series (Jacoby and D'arrigo, 1989;

Bradley and Jones, 1993; Overpeck et al, 1997; Jones et al, 1998; Crowley and Lowery,
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2000).  In all of the above, it must be remembered that proxies respond to local
temperature and precipitation. They only see such large-scale indices (e.g. the NAO, SOI,

PDO) through large scale teleconnections.  Thus the reconstruction of these indices will
include additional effects of changing influence of these circulation patterns over time

(e.g. Jones et al., 2003).
Of particular interest in this study are the various recent reconstructions of NH

temperature from proxy data networks (Bradley and Jones, 1993; Overpeck et al, 1997;
Briffa et al, 1998ab;2001; Jones et al. 1998; Mann et al, 1998;1999; Mann, 2002a;

Crowley and Lowery, 2000). Different reconstructions show notable overall similarity
(Mann, 1999; 2001; 2002a; Briffa and Osborn, 2002; Jones et al, 1998, 2001a; Folland et

al, 2001). For example, the late 20th century warmth is unprecedented in the context of
the past 1000 years in all reconstructions (e.g. Folland et al, 2001; Mann, 2002a) given

the published estimates of uncertainty in the reconstructions (Mann, 2000;2001;2002a;
Jones et al., 2001a).  In addition, the empirical reconstructions show considerable

similarity to independent estimates based on experiments with climate models of varying
complexity, forced by estimates of past radiative forcing (Free and Robock, 1999;

Brovkin et al, 1999; Crowley, 2000; Shindell et al, 2001; Gerber et al., 2003; Bertrand et
al, 2002; Bauer et al, 2003). Moderate differences, however, are also evident. Certain

reconstructions, for example, suggest considerably greater variability, especially peak
cooling over the past 1000 years than do other reconstructions (Esper et al, 2002; Briffa

and Osborn, 2002; Mann and Hughes, 2002; Mann, 2002a; Mann et al, 2003).
It is important to try to understand the sources of the differences between the

various NH temperature reconstructions.  This undertaking is complicated by the fact that
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several distinct factors, in varying combinations, could be responsible for the differences
between reconstructions.  One factor (1) is the method employed to assimilate the

information from proxy data networks into a reconstruction of past climate. The simplest
method is to construct an unweighted average of a set of “standardized” proxy series

believed to represent a particular quantity (e.g. temperature, or an index of ENSO).  The
single composite series can then scaled against an appropriate target index. For example,

a composite of proxy indicators known (or assumed, or shown by correlation) to reflect
local surface temperatures can be scaled against the instrumental northern hemispheric

mean temperature record during the period that proxy and instrumental data overlap.  The
scaled series is then interpreted as a NH mean temperature reconstruction based on the

proxy data (e.g. Bradley and Jones, 1993; Jones et al., 1998; Crowley and Lowery, 2000).
Similarly, one can composite indicators believed to be sensitive to ENSO and scale the

composite to the instrumental SOI index to yield an SOI reconstruction (Stahle et al,
1998). Alternatively, a large number of local or regional regressions between proxy

indicators and instrumental data can be used to build up a reconstruction of an entire
field. Such 'local calibration' approaches assume a local relationship between predictor

(e.g. maximum tree-ring latewood density) and climate variable (e.g. summer surface air
temperature) (e.g. Briffa et al., 2002a,b).

A more elaborate approach, related to more general methods of Climate Field
Reconstruction (CFR) (see Smith et al, 1996; Kaplan et al, 1997; Schneider, 2001; Mann

and Rutherford, 2002; Rutherford et al, 2003) seeks to reconstruct a large-scale field from
a proxy data network by performing a multivariate calibration of the large-scale

information in the proxy data network against instrumental data (see also Fritts et al,
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1971; Guiot, 1985;1988; Fritts, 1991; Cook et al., 1994; Mann et al, 1998; 1999; 2000ab;
Mann and Rutherford, 2002; Luterbacher et al, 2002; Evans et al, 2002).  This large-scale

CFR approach allows for the use of more indicators in the reconstruction of a particular
climate field (e.g. surface temperature) than in the local calibration approach. Because the

large-scale field is simultaneously calibrated against the full information in the network,
an a priori local relationship between proxy indicator and the climatic variable being

reconstructed need not be assumed in this latter approach.  For example, a proxy sensitive
to convection/rainfall in the central tropical Pacific (indicative of ENSO variability) can

be used to calibrate the surface temperature patterns associated with ENSO even though
the proxy itself is not related to local temperature.  In this manner, a large-scale climate

field can often be efficiently reconstructed from a relatively modest network of indicators
(e.g. Bradley, 1996; Evans et al, 1998, Mann and Rutherford, 2002; Zorita et al, 2003).

Such methods arguably depend more heavily on assumptions about the stationarity of
relationships between proxy indicators and large-scale patterns of climate variability than

the 'local calibration' approach. For example, changes in the base state of the tropical
Pacific climate could affect the relationship between convection in the central tropical

Pacific, and the deduced pattern of SST variation in the eastern tropical Pacific.
Experiments with model simulations, however, suggest that such non-stationarity of

relationships is unlikely to impact large-scale CFR approaches for the range of variability
inferred for recent past centuries (Rutherford et al, 2003). It is likely, however, that the

more significant variations which have occurred in the more distant past (e.g. the mid-
Holocene—Bush et al, 1999; Clement et al, 2000) would require a more careful

consideration of stationarity issues.

ABOR/MH/Priv-001418



8

A second factor (2) is the character of the proxy network used to produce the
reconstruction.  Different proxy networks may be composed of markedly different types

of proxy information.  Some proxy networks that have been used for large-scale climate
reconstruction consist of only one specific type of proxy information (e.g. tree-ring

maximum latewood density measurements—Briffa et al, 1998ab;2001), while other
“multiproxy” networks combine several types of proxy information (tree ring width and

density measurements, indicators derived from corals, ice cores, lake sediments, and
historical documentary records—Mann et al, 1998;1999;2000ab). Proxy networks differ,

sometimes greatly, in their sensitivity to specific meteorological variables (including
seasonality). Extratropical high-latitude tree-ring networks typically provide warm-

season temperature information, while tree-ring information from lower-latitude semi-
arid/Mediterranean or tropical environments, corals, ice cores, and documentary records

provide variable seasonal information regarding distinct climate variables. In addition,
proxy networks often differ dramatically in the number of proxies used, ranging from a

handful of very long proxies (Jones et al, 1998; Crowley and Lowery, 2000; Esper et al.,
2002) to a potentially much larger (hundreds—e.g., Mann et al, 1998;1999; Briffa et al,

1998a,b;1999;2001) but temporally-variable set of proxies. The sampling error in
hemispheric estimates based on the latter is likely to be smaller than that in the former,

but errors will increase back in time leading to expanding uncertainties in earlier periods
(e.g. Mann et al, 1999).

A related factor (3) is the target season of the reconstruction (annual mean, boreal
warm season or boreal cold season). The target season is, to some extent, constrained by

the proxies used.  However, it is not always possible to know the precise mix of seasonal
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information in the proxy network a priori.  This is particularly true in large-scale CFR
where a precipitation-sensitive proxy may be an important predictor of a large-scale

temperature pattern, as discussed above. In these cases, the optimal season to be targeted
can be evaluated via cross validation. A final related factor (4) is the target region for

reconstruction. Tropical SSTs are, for example, typically less variable than extratropical,
continental surface air temperatures, so a target reconstruction of the entire NH (land and

ocean, tropics and extratropics—e.g. Jones et al, 1998; Mann et al, 1999; Crowley and
Lowery, 2000) is likely to yield smaller amplitude variability than a target reconstruction

of extratropical continental temperatures (e.g. Briffa et al, 1998a,b;1999;2001; Esper et
al, 2002).

One approach used to compare reconstructions based on proxy data with different
seasonal or regional emphases is to rescale the reconstruction.  For example, a

reconstruction based on extratropical land-only proxies might be rescaled to the full NH
instrumental mean series, or a reconstruction based on annual proxies might be scaled to

a warm-season instrumental hemispheric mean series (Briffa and Osborn, 2002).
However, there are some pitfalls to this approach. The similarity between large-scale

trends in different seasons during the 20th century may result from those forcings (e.g.
anthropogenic forcing) that dominate during the 20th century. In contrast, the dominance

of volcanic forcing in prior centuries (Crowley, 2000), which leads to seasonally-opposite
temperature influences over the continents (Kirchner et al, 1999; Shindell et al, 2003),

may lead to a different relationship between seasonal temperature variations in the past.
A similar problem may exist in using the scaling approach to compare reconstructions

based on proxies emphasizing either the entire, or only extratropical, NH. Recent studies

ABOR/MH/Priv-001420



10

indicate that 20th century extratropical NH atmospheric circulation changes may be
anomalous in the context of previous centuries (Osborn et al, 1999; Shindell, et al, 1999).

Other studies suggest that large scale temperature trends in the tropics over past centuries
may have been smaller than (Hendy et al, 2002) or even opposite to (Cobb et al, 2003)

those in the extratropics. Both of these findings suggest that an assumption of a constant
relationship between full hemisphere and extratropical temperature changes in the past

may not be valid.  It is thus preferable to spatially mask full hemispheric (land air and
SST) reconstructions before comparing them to reconstructions covering limited spatial

domains.
These various factors may combine in subtle but important ways to affect the

resulting hemispheric temperature reconstructions. For example, hemispheric temperature
reconstructions based on extratropical summer-sensitive proxy networks are likely to

contain a signal of significantly greater cooling in response to volcanic forcing than do
annual full NH temperature reconstructions (Mann, 2002a; Shindell et al, 2003).  In such

a case, the effects of factors (3) and (4) must be considered when comparing
reconstructions.

To date, there are no systematic studies of the relative impacts of these different
factors on published large-scale surface temperature reconstructions. This is the purpose

of our study. We attempt to systematically control for each factor and compare the
resulting temperature reconstructions. We have produced hemispheric averages of the

reconstructed surface temperature field based on large-scale CFR approach using the
Regularized Expectation Maximization Method (RegEM—Schneider, 2001; Mann and

Rutherford, 2002; Rutherford et al, 2003) to relate the information in instrumental and
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proxy data sets.  We use a variation of this method based on a hybrid frequency

calibration/reconstruction approach as discussed below. We analyze two independent

proxy networks, the global (land and ocean, tropical and extratropical) multiproxy
network of Mann et al. (1998) and the northern extratropical, terrestrial maximum
latewood density (MXD) tree-ring network of Briffa et al (1998a,b, 2001, 2002a,b). For
each of the two proxy networks, reconstructions are sought based on three different target
seasons (annual mean, boreal cold-season and boreal warm-season). The resulting NH
mean temperature reconstructions are compared based on averages over distinct spatial
domains (full NH land and ocean, extratropical land regions only).  We also compare our
results to other recently published NH temperature reconstructions (Mann et al,
1998;1999; Briffa et al, 1998ab;2001; Osborn et al., in prep; Esper et al, 2002).
In section 2, we describe the instrumental data and the two proxy datasets used in

the study. In section 3, we discuss comparisons of the distinct reconstruction
methodologies (local regression vs. CFR with RegEM). In section 4, we present the
results of the various analyses, using cross-validation statistics to evaluate the
dependence of reconstructive skill on methodology, proxy network, and seasonal and
spatial sampling considerations. We present our conclusions in section 5.

2. Data

A. Instrumental Surface Temperature Data

For purposes of both calibration of proxy data and comparison of the resulting
reconstructions with the modern instrumental record, we make use  of the 5° latitude by

5° longitude Climatic Research Unit (CRU) grid-box surface temperature dataset.  The
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data consist of surface air temperature (SAT) over land and sea surface temperature
(SST) over the oceans (Jones et al., 1999, 2001b; Jones and Moberg, 2003).  We use the

earlier HadCRUT dataset (Jones et al., 2001b) and not the most recent version,
HadCRUT2 (Jones and Moberg, 2003).  Although these data are available for 1856

through the present, we only use the period 1856-1980 for calibration as discussed below.
However, we often present the data through 2000 to permit evaluation of the

reconstructions in the context of the entire 20th Century instrumental record.
We averaged the monthly mean data, for later purposes, into annual (calendar),

boreal warm (April to September) and cold (October to March) seasonal averages.  The
averaged (and raw) data are both temporally and spatially incomplete due to a lack of

available data at a given location and time.  In particular, the data coverage during the
19th Century is relatively sparse compared to that of the latter half of the 20th Century.  To

reduce the computer time required for reconstructions and cross-validation exercises
using the RegEM method, it is desirable, and for all practical purposes, necessary, to have

a complete instrumental record for CFR.  By using the “infilled” instrumental data for
calibration instead of the “real” incomplete data, the CPU time required for performing a

reconstruction (or a cross-validation experiment) decreases almost ten-fold.  To produce a
complete instrumental field we infilled the missing instrumental values for seasonal and

annual mean values using the RegEM method as described by Schneider (2001) [see also
Mann and Rutherford, 2002 and Rutherford et al., 2003].  The infilled NH instrumental

data (grid centers at 2.5°N through 67.5°N for 1856-1998) are retained.  The correlation
between the available instrumental NH mean and the RegEM infilled NH mean is r=0.98.
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B. Proxy Data
We used two independent proxy networks to assess the sensitivity of the

temperature reconstructions to the proxy network used.  The first of these is a multiproxy
dataset that was used by Mann and co-workers (Mann et al 1998, 1999, 2000ab; Mann

2002b) to reconstruct global patterns of annual mean surface temperature (SAT over land
and SST over ocean) in past centuries.  The second data set consists entirely of tree-ring

maximum latewood density (MXD) data and was used by Briffa and coworkers (Briffa et
al, 1998a,b, 2001, 2002a,b) to reconstruct extratropical terrestrial summer (half-year)

SAT. We also combined the two networks into a third “combined” network and present
results from all three proxy datasets.

i. Multiproxy/PC dataset

The multiproxy/PC network (Mann et al., 1998) consists of a combination of tree

ring chronologies (ring width and density), ice cores (stable isotope and other
geochemical data), coral records (stable isotope and fluorescence data) and long historical

and instrumental records (temperature and precipitation). In areas with spatially dense
tree-ring networks, principal components analysis was used to extract the leading

principal components (PCs) from the network. These PCs were used in place of the actual
tree-ring network in the multiproxy dataset to ensure that a few areas with many tree-ring

records do not dominate the proxy network.  Although a total of 419 total proxies were
used, a smaller set of 112 indicators comprises the “Multiproxy/PC” network (Figure 1a).

Note that the network includes proxies from the tropics and extratropics in both the
northern and southern hemispheres. Twenty two of the indicators (but a significantly

larger number of individual proxy records) extend back to at least AD1400.  Many of the
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indicators in the network end at or near 1980, motivating a termination of the calibration
interval at 1980.

In contrast with the MXD network discussed below, the individual proxies in the
multiproxy/PC network are not chosen for their relationship with local temperature

variations. Rather, the proxy network is chosen to sample a mixed suite of seasonal,
spatial, and meteorological responses, based on the principle (e.g. Mann et al, 1998) that

such a suite of information can efficiently resolve the large-scale information in the
chosen large-scale climate field of interest (surface temperature in this case). Experiments

using synthetic proxy data appear to substantiate this assumption (e.g. Mann and
Rutherford, 2002).

ii. Maximum Latewood Density ('MXD') Dataset

The MXD network was compiled using a combination (Osborn et al., in
preparation) of grid-box reconstructions based on traditionally standardized MXD
records (with loss of low-frequency information) and regional records developed to retain
low-frequency information. The latter were developed using the age banding method
wherein density data from trees of similar ages are averaged to create long chronologies
with minimal effect of tree age and size (Briffa et al., 2001).  The age-banding method is
designed to preserve low frequency information in tree ring data that may be reduced
when more conventional methods to remove long-term growth trends are used (see Cook
et al., 1995).  Because the age-banding method requires large numbers of samples
throughout the time period being studied, it has been applied at a regional scale for the
MXD network used here, rather than at the level of the 387 original site chronologies.
The resulting network covers 115 5° by 5° grid boxes in the extratropical NH (Figure 1a)
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with 26 proxies extending back to AD1400 (Osborn et al., in preparation).  After roughly
1960, the trends in the MXD chronologies deviate from those of the co-located
instrumental grid-box SAT data for reasons that are not yet entirely understood (Briffa et
al., 1998b; Vaganov et al, 1999).  When using this network for CFR we only calibrate
from 1856 to 1960 to avoid this problem.
The MXD network is heavily weighted toward the boreal warm season

temperatures, and this is arguably the optimal seasonal window to use for calibration of
these data (Briffa, 2002a,b). Nonetheless, the data do contain some cold-season
information as well (Briffa, 2002a,b), and for the sake of completeness in our analysis,
we also consider cold-season and annual reconstructions from these data.

3. CFR Reconstruction Methodology

A. RegEM Approach

Various mathematical techniques have been applied to the problem of CFR from
sparse data (Smith et al, 1996; Kaplan et al, 1997; Schneider 2001), including
applications to paleoclimate field reconstruction (Mann et al, 1998; Luterbacher et al,
2002; Evans et al, 2002). Here we use the RegEM method described by Schneider
(2001), which offers several theoretical advantages over others methods of CFR. The
RegEM method is an iterative method for estimating missing data through the estimation
of means and covariances from an incomplete data field to impute missing values in a
manner that makes optimal use of the spatial and temporal information in the dataset.
When a reconstruction is sought from proxy data based on calibration against modern
instrumental measurements, the combined (proxy-plus-instrumental dataset) can be
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viewed as an incomplete data matrix, which contains both instrumental data (surface
temperature grid-box values arranged with rows representing the years and columns
representing grid points) and proxy data (proxy time series with rows representing the
years and columns representing the proxy used). Missing values in this matrix represent
the unknown pre-instrumental surface temperature values, and are considered as values to
be imputed through an iterative infilling of the data matrix making use of the covariance
information between all available (instrumental and proxy) data.  In analogy with
conventional paleoclimate reconstruction approaches (see e.g. Rutherford and Mann,
2003), a calibration interval can be defined as the time interval over which the proxy and
instrumental data overlap, while a verification interval is defined by additional cross-
validation experiments in which an appropriate subset of the available instrumental data
are withheld from the calibration process (e.g., through their specification as missing
values in the initial matrix). Schneider (2001) provides a detailed description of the
regularized EM algorithm, including a comparison with conventional methods such as
principal components regression, and application to the infilling of missing values in
climate field data, while Rutherford et al. (2003) and Mann and Rutherford (2002)
discuss specific applications to paleoclimate reconstruction. The RegEM method has
been shown to perform well even in the presence of non-stationary climate forcing, as
long as the basic patterns underlying low-frequency variability are captured in calibration
(Rutherford et al., 2003).

We have modified the application of the method to improve its performance for
long-term CFR.  This includes (1) a stepwise approach where we reconstruct the field one

century at a time, using all available information (instrumental and reconstructed) back to
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1400 and (2) a hybrid frequency domain approach where both the proxies and the
instrumental calibration data are decomposed into two frequency bands prior to

reconstruction.  These modifications are discussed below.

B. Stepwise Modification of RegEM
All reconstructions in this study were obtained through application of the RegEM

approach in a stepwise fashion back in time.  The reconstruction is performed one
century at a time, using all available climate field information (both instrumental field
and proxy-reconstructed extension thereof) in the calibration process for the
reconstruction of each subsequent century back in time  For example, in the first
reconstruction step the (infilled) instrumental data are available from 1856 to 1980 and
the proxies extend back to AD1400.  This leaves 455 years in which the entire 1008 NH
grid boxes (2.5°N to 67.5°N at 5° centers) are missing.  Rather than reconstruct all 455
years at one step, we first reconstruct 1800-1855, producing a complete NH field (1008)
grid boxes from 1800 to 1980.  We then use the completed 1800-1980 data as input into
the next step with the proxies extending back to 1700.  In this step the interval 1700-1799
is reconstructed.  The process continues until the reconstruction is complete back to the
targeted beginning date (in this case, AD 1400).  The length of the step is constrained by
the low-frequency period of the frequency-band split (see below).  For example, one
would not want to reconstruct 20 year steps with a low frequency component that only
had 20-year and longer variability.  The approach more naturally incorporates patterns of
low-frequency variability in the calibration process, and leads to a progressively better
defined distinction between patterns of high- and low-frequency variance in the 'hybrid
frequency-domain' approach described below.
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Because the available instrumental data are temporally limited, we were unable to
directly compare the stepwise and non-stepwise methods using the instrumental data.
However, we can use long general circulation model (GCM) integrations to test the
reliability of the stepwise approach.  We performed tests using long control and forced
integrations of the Geophysical Fluid Dynamics Laboratory’s R30 coupled ocean
atmosphere model (Knutson et al, 2000). In these tests 450 years of the control run are
combined with a 150 years of the forced run to create a continuous and complete
temperature field.  We then followed the method of Mann and Rutherford (2002) to
construct 112 pseudoproxies (the same number as in the multiproxy/PC network) from
the modeled temperature field.  The latter 150 years was used as a calibration period to
reconstruct the preceding 450 years using only the information available in the
pseudoproxies.  The number of pseudoproxies declines back in time until only 28 were
available over the earliest 100 years of the reconstruction (22 are available in the
multiproxy/PC network at year 1400).  In our tests, the stepwise approach performed as
well as or better than the non-stepwise approach in cross-validation.  Nonetheless, none
of the conclusions presented here depend on whether the stepwise or non-stepwise
approach was used.

C. Hybrid Frequency-Domain Modification of RegEM
Another modification we made to the basic RegEM method (Schneider, 2001;

Mann and Rutherford, 2002; Rutherford et al, 2003) is the use of a hybrid frequency-

domain approach.  In this case, the combined  proxy/instrumental data set is effectively
split into two distinct data sets, through application of a high-pass filter to the data. The

ABOR/MH/Priv-001429



19

high-pass component of the data defines the “high-frequency” component, while the
residual defines the “low-frequency” component.  The “split” frequency can be varied

arbitrarily, but reasonable constraints on the appropriate choice are, at the high-frequency
end, the Nyquist frequency (f=0.5 cycle/yr for annual or seasonal mean data) divided by

two or so (i.e., f=0.25 cycle/yr) and, at the low-frequency end, the Rayleigh frequency
(f=0.01 cycle/yr for e.g. 100 years of data) multiplied by two or so (i.e., f=0.02 cycle/yr).

This corresponds to a high-frequency/low-frequency band split at periods between 4 year
and 50 year for a 100 year interval.  As described below, cross-validation experiments

motivate the choice f=0.05 cycle/yr (20 year period) for the split frequency in almost all
cases.

There are two primary motivations for the hybrid frequency-domain approach.
One motivation involves the statistical character of the proxy data themselves. Different

types of proxy data exhibit fundamentally different frequency-domain fidelity
characteristics (Bradley, 1999). Conventionally standardized tree-ring data based on short

constituent segments are likely to resolve relatively little frequency at multidecadal or
longer timescales (e.g. Cook et al, 1995). Very conservatively standardized tree-ring data

based on long constituent segments, on the other hand, may resolve interannual through
century-scale variability (Briffa et al., 1993; Cook et al., 1995). Other proxy indicators,

such as annually laminated lake sediments or ice cores variables subject to diffusion
(Fisher et al. 1996), may best preferentially resolve decadal and lower-frequency

variability, while interannual variability is less reliably resolved (e.g. Bradley, 1999).
Furthermore, individual proxies may show different climate responses at low and high

frequencies in some cases (e.g. LaMarche, 1974; Hughes and Funkhouser, in press;
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Osborn and Briffa, 2000). The other motivation for the hybrid approach involves the fact
that the underlying patterns of variance in the climate differ between higher (e.g.

interannual) frequencies, where processes such as ENSO and the NAO dominate the
variability, and the lower-frequencies where, for example, multidecadal patterns of

ocean-atmosphere variability in the North Atlantic (e.g. Delworth and Mann, 2000) or the
response of the climate to global radiative forcing variations (e.g. Crowley, 2000) may

play the key role. Distinguishing between patterns of high and low-frequency variability
may thus provide a more efficient means of calibration of the large-scale patterns of

climate variability, and permits the use of a wider range of natural archives.
Our approach involves the use of only two distinct bands of variance in the

calibration process. Theoretically, there is no reason that this approach could not be
generalized to a larger number of distinct bands. In fact, in the limit of an increasingly

large number of distinct frequency bands, this approach would become analogous to the
spectral canonical regression approach described by Guiot (1985), in which the

calibration process is performed explicitly in the frequency domain rather than the time
domain.  In such a case, however, the small number of statistical degrees of freedom in

calibrating the lowest-frequency bands of variance leads to a poorly constrained
characterization of variability in the lowest-frequencies. Employing a two band hybrid

calibration approach represents a tradeoff between the ability to adequately distinguish
distinct patterns of variability with respect to timescale, and yet retain adequate statistical

degrees of freedom to characterize and calibrate both bands of variability.
In our hybrid frequency-domain calibration approach, the RegEM method is

applied separately to the calibration and reconstruction of the high- and low-frequency
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variability. The results of the two independent reconstructions are then recombined to
yield a complete reconstruction. The proxy data are weighted by the percent of their total

variance that is statistically resolved in the particular frequency band under consideration.
For example, a proxy dominated by interannual variability, with very little low-frequency

variability (e.g. an ENSO-sensitive tree-ring indicator that has been traditionally
standardized) would be assigned a weight of nearly unity in the high-frequency band

calibration, and a weight of nearly zero in the low-frequency band.  In contrast, a
decadally-smooth sediment record that contains little or no interannual variability, but

prominent decadal and multidecadal variability might get an opposite pattern of
weightings. Such weightings should ensure that the noise-dominated low-frequency and

high-frequency components of the two respective proxy indicators would make little
contribution to the calibration of the overall low- and high-frequency components of the

climate reconstruction. However, it has the disadvantage that a high-frequency-
dominated record containing a faithful record of low-frequency fluctuations will be

unduly discounted.  The instrumental data are also weighted with respect to the relative
prominence of low- versus high-frequency variability in the two calibrations.

D. Experimental Approach

We performed a wide array of CFR experiments based on different target seasons
and different proxy indicator networks.  In addition, we performed experiments based on

different variants of the basic RegEM CFR approach including (a) employing both the
conventional and the hybrid frequency-domain approach, using various choices for the

frequency split in the hybrid approach, and (b) allowing or not allowing for lags between

ABOR/MH/Priv-001432



22

predictor (proxy indicator) and predictand (instrumental surface temperature data) and (c)
use of pre-whitened vs. raw predictor/predictand data (see e.g. Cook et al, 1999; Zhang et

al, 2003).  Results based on the particular RegEM CFR approach used in this study were
compared directly against results using common predictor datasets (multiproxy/PC and

MXD), and alternative reconstruction methodologies [the eigenvector-based CFR
approach of Mann et al (1998) and the local-calibration approach used by (Briffa,

2002a,b), respectively] to assess the impact of using different reconstruction
methodologies with common data. The spatial reconstructions are averaged over the full

NH domain as well as over sub-regions of the domain to examine the sensitivity of
“hemispheric mean” estimates to the actual region sampled.

We performed the tests using each of the three proxy indicator networks,
“multiproxy/PC”, “MXD” and “combined”, using seasonal target predictands

corresponding to boreal warm season (average of April to September), boreal cold season
(average of October to March) and the annual calendar mean surface temperature.  In the

case of the hybrid frequency domain method, frequency band splits were tested at 5, 10,
20 and 25 year periods.  With only 50 years of large scale spatial instrumental data

available for verification, a lower frequency for the split cannot be reliably verified.  In
addition, the 20 year split performed as well as or better than the 25 year split, indicating

a saturation point.  More extensive tests are currently underway using the spliced control
and forced integrations of the GFDL coupled model as discussed above in the Section

3B. The results of these test will be reported in a later publication.
We also performed experiments in which the proxy indicators were lagged (both

forward and backward) relative to the instrumental data, under the assumption that some
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proxies may reflect, at least in part, a lagged or running average response to climate. We
lagged the proxy data at -1, 0 and +1 years both independently and in various

combinations (e.g. -1 and 0 only, +1 and 0 only, and -1,0, and +1). Use of lagged
versions of the proxy indicator network in addition to the nominal network itself

increases the effective size of the predictor network. Including the proxy network at both
lag 0 and at lag -1, for example, produces a predictor network of 224 indicators (twice the

nominal 112 indicators) for the multiproxy/PC network.  The relative skill of the
reconstructions with respect to the variable parameters of the CFR approach are

addressed by the results of verification experiments, as described in section 4a.

E. Cross-Validation Procedure
For the various reconstructions based on each of the different proxy networks and

seasonal target windows, a series of verification diagnostics were calculated to evaluate
the skill of the reconstruction outside the calibration interval.  First, we conducted full

field verifications by removing all instrumental values (actual and previously infilled
using RegEM) from 1856 through 1900 and reconstructing those values using only the

information in the proxy network.  We calculated verification scores using only available
instrumental values from grid boxes that were initially 95 percent complete in the original

instrumental data (a total of 210 grid boxes).  Values that were previously infilled using
RegEM to produce the initially complete instrumental field (see section 2A) are not used

when calculating verification scores. We refer to these verification scores as the “full
field” verification scores. We calculated verification scores both for the full predictor

network (available back to at least 1800), and on a century-by-century basis, using only
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the predictor network available during each century, to assess the fidelity of the
reconstruction back in time as the proxy network becomes increasingly sparse. We refer

to these verification scores as the “available proxy” scores.
We also made use of a small number (10) of long instrumental grid-box

temperature series, nine of which are from western Europe and England with one from
North America that extend into the mid-to-late1700s.  These instrumental records are part

of the multiproxy/PC network used by Mann et al (1998) and this study.  However, these
records can also serve as verification data by removing them from the proxy network and

reconstructing them using the information available in the other (non-instrumental)
proxies.  We calculated verification scores for these 10 long instrumental temperature

records between 1755 and 1900.  By 1755 only two records remain.  For simplicity, only
the annual mean series (as in Mann et al, 1998) were used as predictors or for cross-

validation.
For each verification experiment (e.g. MXD network, boreal warm season, full

field or multiproxy/PC network, annual mean, long verification) we calculated reduction
of error (RE) (Lorenz, 1956; Fritts, 1976) and coefficient of efficiency (CE) verification

skill diagnostics (Cook et al., 1994). If the reconstruction is simply the mean of the
calibration period, RE=0, which is the threshold for no skill in the reconstruction.

Similarly, if the reconstruction is simply the mean of the verification period, CE=0.
Thus, depending on the standard, the zero values of these statistics define the threshold

for “skill” in the reconstruction. CE≥0 is a more challenging threshold since, unlike RE,
CE does not reward the reconstruction of an observed change in mean relative to the

calibration period. Verification RE and CE scores are computed for both mean
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temperature and for the full multivariate field. For the multivariate case (mult), each grid
box (210 grid boxes in the case of the full field verification and 10 in the long verification

case) and year in the verification set is used to calculate the verification scores  For the
case of the mean time series (mean), all the grid boxes in the verification set are spatially

averaged and the verification statistics calculated on the average time series.  Again, the
verification set consists only of values that were initially available in the original

instrumental data set prior to infilling.  Because we are most interested in changes in the
mean between the calibration and verification period, and for clarity, we present only RE

statistics in the results section.  In our verification tests, interpreting CE statistics leads to
the same conclusions as those drawn from the RE statistics.

RE and CE are computed as follows:

Where the sums are over the reconstructed values, x c  is the mean of the

calibration period, x v  is the mean of the verification period, ˆ x  is the reconstructed value,

and x is the actual value (see Cook et al., 1994, for further details).
The verification skill diagnostics are also used to estimate self-consistent

uncertainties in the reconstructions.  Using the “available proxy” verification residuals,
self-consistent uncertainties can be estimated for each grid box back in time. The grid-
box uncertainties are then propagated to estimate the uncertainty in the NH mean

reconstruction accounting for effective spatial degrees of freedom in the NH temperature
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field. Estimating the uncertainty in this manner requires that the verification residuals are
consistent with Gaussian white noise.  We verified this assumption by examining spectra

of the NH residuals (Figure 2-top), and the histograms of the grid-box residuals (Figure
2-bottom) [performing chi-squared tests of the grid-box residuals (α=0.05) in the latter

case].

4. Results

In this section, we summarize the results of the verification exercises and the
attributes of the reconstructions for the various experiments discussed above.  We first

considered the sensitivity of the results to details of the RegEM CFR approach.
Recall that we investigated the effect of pre-whitening predictors and predictands

prior to calibration and post-coloring after reconstruction but before verification. In two
test cases (multiproxy/PC annual and MXD boreal warm season) such a procedure did

not result in any consistent improvement of the verification scores.  In drought
reconstructions based on tree-ring networks pre-whitening appears to lead to modest

improvements in reconstructive skill (Cook et al, 1999; Zhang et al, 2003).  Our results
indicated that this step was both unnecessary and, given the importance of faithfully

retaining low-frequency variance, probably undesirable in this context (since the
approach admits only a limited representation of the temporal dependence structure of the

data).
The verification skill diagnostics for the different lags indicated that a proxy lag

of zero years invariably produced the best verification skill diagnostics given the

following cold-season conventions. For the MXD network the optimal cold-season
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reconstructions were achieved when the MXD proxies were temporally aligned with the
year in which the cold season ends.  This finding is not surprising since a tree growing

during the warm season cannot respond to the climate of the following cold season.  By
aligning the MXD proxies with the year in which the cold season ends, the trees may

potentially respond to the climate of the preceding cold season (e.g. through antecedent
soil moisture or soil temperature conditions).  In no case, was a combination of lags (e.g.

0 and +1) found to provide optimal results. In the subsequent tables and figures, only the
optimal results with respect to choice of lag (0 in all cases except MXD cold-season

reconstruction; proxies lagged one year for this latter case) are presented.  For the
multiproxy/PC cold-season, two configurations give similar verification scores.  In case

1, the proxies for a given year, say 1900 are aligned with the instrumental average from
October 1899 to March 1900 (the year the cold season ends).  In case 2 the proxies for

1900 are aligned with the instrumental average from October 1900 through March 1901
(the year the cold season starts).  In verification, case 1 performs slightly better in terms

of the multivariate statistics (RE and CE 0.02 larger than for case 2) while it does
considerably worse in the hemispheric mean statistics (RE 0.05 lower and CE 0.13 lower

and negative).  We chose case 2 because of the generally better verification scores.  The
same conclusion is drawn if we use only the dendrochronological proxies (which

dominate the proxy network further back in time) from the multiproxy/PC network.  (The
multiproxy/PC network includes ring-width and ring-density dendrochronoloical proxies

as well as non-dendrochronological proxies.)  These results suggest that the seasonal
sensitivity of the proxy, combined with the seasonal correlation structure of the climate

data it is calibrated against are important factors in proxy performance.  They further
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suggest that a analyses should be carried out on multiproxy networks where it may be
beneficial to lag some proxies but not others.  In the results presented below in which the

combined network is used, the individual networks are employed at their best lag for the
season being reconstructed.

We employed the hybrid frequency-band calibration approach discussed earlier
using several different choices for the frequency band split (5, 10, 20 and 25 year period)

and found  the 20 year period split to give superior results in almost all cases (in some
cases, the skill for the 20 year split was no better than for the 10 or 25 year split, but it

was never worse).  We consider results from the standard non-hybrid method (referred to
as “non-hybrid”), the hybrid method with a 20 year split (referred to as “hybrid-20”). A

comparison of the NH mean temperature reconstruction for the two approaches (non-
hybrid and hybrid-20) is shown in Figure 3 for the multiproxy/PC network, annual mean

case.  The reconstructions are seen to be broadly similar, but the non-hybrid exhibits
relatively little low-frequency variability.  These comparisons are discussed in more

detail below in terms of the cross-validation skill estimates.

A. Overview of  Cross-Validation Results
The results of the cross validation or verification experiments are summarized in

Tables 1 (full network) and 2 (available proxy network).  The full network is available
back to 1820, while the available proxy experiments use the increasingly sparser subsets

of the proxy network that are available further back in time. Choosing which application
of RegEM (non-hybrid or hybrid-20 ) performs best depends on which experiments are

considered.  For example, in the case of the multiproxy/PC network annual verification,
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the non-hybrid method gives the best multivariate RE/CE combination for the full
network which is available back to 1820 (RE=25, CE=7), whereas the hybrid-20

approach gives the best verification scores for the NH mean (RE=71, CE=44).  If one
considers the same analysis but withholds the long instrumental data from the

multiproxy/PC indicator network (labeled “No inst.” in Table 1) then the non-hybrid
approach gives slightly better verification scores for both the full field and long

verifications. However, for proxy networks available further back in time (Table 2), the
hybrid-20 approach proves itself increasingly superior in terms of cross-validation skill.

We conclude that the hybrid-20 approach is preferable for long-term annual
reconstructions using the multiproxy/PC network.  A similar conclusion can be reached

for the other seasonal reconstructions based on the multiproxy/PC network, and the
annual reconstructions based on the combined network. By contrast, the non-hybrid

approach appears to perform best for the MXD-based summer temperature
reconstructions. We suspect that the distinction between the results for the multiproxy/PC

network and MXD network arises from the considerably more variable frequency domain
fidelity present within a network of multiple proxy types than in a more homogenous

(tree-ring MXD) proxy network, since the hybrid-20 approach implicitly allows the
separate selection of optimal weightings of the proxy data within low- and high-

frequency bands of variance.
The cross-validation results summarized in Tables 1 and 2 yield the following

general conclusions: (1) Different applications (non-hybrid and hybrid-20) of the RegEM
method produce different verification scores based on the proxy network used, target

season of the reconstruction, and the number of available proxies; (2) in general, the

ABOR/MH/Priv-001440



30

hybrid-20 approach produces the best all-around verification scores, but there are
important exceptions (i.e., the MXD summer temperature reconstructions); (3) the

multiproxy/PC network is best suited for annual and cold season reconstructions; (4) the
MXD network is best suited for annual and warm season reconstructions; (5) the

combined network provides the best overall annual verification scores, and is comparable
to the multiproxy/PC network and better than the MXD network for the cold season.  The

fact that the combined network does only marginally better than the two independent
networks alone suggests that most of the degrees of freedom in the NH surface

temperature field are sampled by the independent networks (depending on network and
season).  We therefore conclude that the primary limiting factor governing the

skillfulness of current proxy-based large-scale temperature reconstructions may be the
quality of the network (e.g. the effective signal-to-noise ratios of the underlying proxy

data, and the availability of records in key regions such as the tropical Pacific [consistent
e.g. with the conclusions of Mann and Rutherford (2002)], rather than the size of the

network.  Consider, for example the verification scores for the multiproxy/PC network
with and without the long instrumental records (Table 1).  A few high quality “proxies”

(instrumental records, in this case) can substantially improve the verification results.  A
similar argument can be drawn from the observation that adding the multiproxy/PC

network (a set of proxies with poor warm-season verification scores) to the MXD
network actually degrades the quality of the reconstruction produced by the MXD

network alone.  It is important to point out that, in most cases, the best network for a
given time period is based on verification scores that differ by less than 0.03.  In addition,

it is often the case that comparing multivariate or mean scores leads to different
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conclusions.  In that context, one could conclude that the combined network is overall the
most robust for the cold-season and annual mean reconstructions while the MXD network

alone produces the best warm-season results.

B. Methodological Comparisons
We compare results using the RegEM methodology with previously published

results using the same proxy indicator networks, but a different methodological approach,
and a potentially different target region.  In doing so, we control for the proxy network

used, and the target season of the reconstruction in comparing the different
reconstructions.

i.  Comparison Involving Mann et al (1998) Annual NH Reconstruction

Although both the Mann et al. and RegEM methods make use of covariance

information in the calibration/reconstruction process, they do so in a quite different
manner  (Schneider et al., 2001; Rutherford et al., 2003). We compared the RegEM and

Mann et al. (1998) surface temperature reconstruction by using the same set of the
instrumental surface temperature data set for calibration/cross-validation, the same

multiproxy/PC network, and the same calendar-mean target season. In this comparison,
we also compare the results for the same global target region (see e.g. Mann et al, 1998,

Figure 1),  The results of the comparison are summarized in Table!3.  In the top half of
the table the verification experiments used all 112 proxies, including the long

instrumental records.  Verification scores are presented for the full field (in this case the
219 grid boxes that Mann et al. used for verification) and from 1856 to 1900.  In the case

of the RegEM method, non-hybrid and hybrid-20 results are shown.  The bottom half of
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the table summarizes the verification scores when the long instrumental records are
withheld from the predictor network.  In this case there are two sets of scores, one set for

the full field verification for 1856 to 1980 and a second set of long verification (using the
withheld long instrumental proxies for verification) scores that cover 1820-1900.

The results of the comparisons demonstrate that the optimal choice depends on
the specific skill diagnostic that is chosen. If we consider the full field verification where

the long instrumental records are available as proxies, the RegEM non-hybrid method
out-performs the Mann et al., method, while the hybrid-20 method does not perform as

well.  If the long instrumental records are withheld from the proxy network, the Mann et
al. method outperforms RegEM in the full field verification but only marginally for the

long verification where fewer verification data values render small differences in the
verification scores insignificant. Based on the available proxy skill diagnostics (Table 2)

we infer that the hybrid-20 method is more robust relative to the other methods
(including, by a slight margin, that of Mann et al., 1998) as the predictor network

becomes sparser back in time.
It is instructive to compare the RegEM and Mann et al (1998) NH mean surface

temperature reconstructions (i.e., the areally-weighted spatial average of the pattern
reconstructions over the NH region of the global domain—Figure 4). We have chosen, in

this example, the hybrid-20 RegEM reconstruction. As shown earlier (Figure 3), the non-
hybrid and hybrid-20 RegEM reconstructions are similar, but the non-hybrid

reconstruction exhibits less low-frequency variability in the 15th and 16th centuries.  The
hybrid-20 RegEM reconstruction is remarkably similar in character to the Mann et al.

reconstruction, and the two reconstructions are indistinguishable, well within their 2-
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sigma uncertainties, though there are a few individual years (e.g. 1499 and 1500) wherein
the RegEM reconstruction exhibits greater amplitude fluctuations.

ii.  Comparison Involving Briffa et al (2001) Warm-Season Extratropical Terrestrial NH

Reconstruction

The MXD network used here is the same network used by Osborn et al. (in
preparation) and Briffa et al. (2001, 2002a,b) to reconstruct NH temperature using a local

regression method.  We compare our warm season MXD-based NH mean reconstruction
to that of Osborn et al. (in prep) in Figure 5.  In this comparison we control for the proxy

network (both use the MXD network) and the target season (warm season) and
investigate the effects of both the target region and reconstruction method.

Osborn et al. (in prep) reconstructed the 115 grid boxes that make up the proxy
network we use (Figure 1b).  Briffa et al. (2001) used the same proxy data averaged into

regions, to directly reconstruct the mean warm-season temperature of the land areas north
of 20°N.  The preferred Briffa et al. (2001) reconstruction and the average of the 115 grid

boxes (Osborn et al., in prep) are very similar, though not identical.  Figure 5a shows the
difference between the Osborn et al. (in prep) reconstruction (mean of 115 NH grid

boxes) and the RegEM hybrid-20 NH reconstruction of the full NH mean (1002 grid
boxes).  Clearly, the Osborn et al. (in prep) “NH” reconstruction has greater interannual

variability and is on average slightly cooler in past centuries than the RegEM
reconstruction.  Since the proxy network and the target season are the same, the observed

differences are due to methodology and target region.  We begin to control for target
region by limiting our “NH” mean to extratropical grid boxes on land, also shown on

Figure 5a.  This simple control on target region, diminishes the discrepancy between the
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reconstructions.  Finally, we control precisely for target region by masking our spatial
reconstruction so that we can compare the mean reconstruction only over the 115 grid

boxes that Osborn et al. reconstructed (Figure 5b).  In this case the discrepancies largely
disappear and the remaining (quite modest) differences are presumably due to the

application of different reconstruction methodologies (RegEM CFR approach vs. spatial
mean of the local-calibration based reconstructions). A more detailed comparison of the

two methods and resulting reconstructions is currently underway.
In addition, we include a comparison with an alternative warm-season continental

surface temperature reconstruction based on an even more restricted spatial distribution
(a maximum of 14 sites) of tree-ring width data (Esper et al, 2002; Briffa and Osborn,

2002; Mann and Hughes, 2002; Mann, 2002a).  When restricted to the same small
number of locations (excepting a single grid boxes which we do not reconstructed due to

limited instrumental data), the RegEM warm-season reconstruction using the MXD
network is similar in character to that of Esper et al (2002) reconstruction (Figure 5c).

This result indicates that the greater amplitude variability evident in the Esper et al.
(2002) reconstruction relative to that observed in several other reconstruction of NH

mean temperature (see e.g. Briffa and Osborn, 2002; Mann, 2002a) appears to result from
the fact that it represents a spatial mean over a small region of the extratropical NH

continents (Mann and Hughes, 2002; Mann, 2002a). Residual differences may be due to
the method of tree-ring standardization (Esper et al, 2002; Briffa and Osborn, 2002;

Mann and Hughes, 2002).  From these comparisons (Figure 5), we can infer an important
result that might have been anticipated from spatial sampling considerations alone:

reconstructions of full hemispheric means are likely to exhibit lower amplitude variability
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that those based on a more restricted sub-domain of the field, due to the tendency for the
cancellation of anomalies of different signs and magnitudes in different regions (see e.g.

Mann, 2002a).

C. Comparisons With Respect to Proxy Indicator Networks and Target Season
i. Hemispheric Mean Comparisons

As noted in Section A, the results of cross-validation experiments suggest that
different proxy networks may be best suited to reconstructing different seasonal windows

of temperature variability.  For the annual case, for example, any of the three networks
(multiproxy/PC, MXD and combined) are reasonable choices for use in reconstruction,

with the combined network being arguably the best based on the available-proxy
verification scores.  Figure 6 shows the annual, warm season and cold season

reconstructions produced by the different proxy networks.  For the annual case (Figure
6a), the multiproxy/PC and combined networks produce a somewhat similar

reconstruction.  Indeed, all three reconstructions are quite similar back to about 1650.
Similar statements can be made about the warm and cold season reconstructions (Figures

6b,c).  The main difference between the reconstructions is that the MXD network
consistently indicates a cooler late 16th and early-to-mid 17th century for all seasons. This

corresponds closely with the period of most intense explosive volcanic activity in recent
centuries (e.g. Crowley, 2000). This difference thus appears to be consistent with a

greater sensitivity of the MXD network to summer temperature variations (which exists
regardless of the season against which the data are calibrated), given the modeled

seasonal response to volcanic forcing (see the discussion in next paragraphs).
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Finally, we compare reconstructions produced by what are arguably (based on the
cross-validation results) the optimal networks for each target seasonal window (MXD-

warm season, multiproxy/PC-cold season, combined-annual)  (Figure 6d-e).  The three
seasonal reconstructions are qualitatively, similar, particularly during the 18th century,

while the clearest divergence is found prior to the 16th century. The cold-season mean
reconstruction typically exhibits the greatest interannual variability, consistent with

expectations from the instrumental record (Figure 7). The divergence prior to the 16th
century may relate to significant decreases in the numbers of available proxy data in the

earliest centuries (e.g. Section 2B), associated with decreases in cross-validated skill in
earlier centuries (Table 2). Other differences may result from the seasonally-specific

response to forcings.  The MXD-based warm-season reconstructions show strong
cooling, in particular, during the 17th (and to a lesser extent, the early 19th and mid 19th

centuries).  As discussed earlier, this corresponds well with known intervals of more
intense explosive volcanic activity. There is an established tendency for pronounced

cooling over the extratropical continents in summer in response to volcanic forcing, in the
face of partially offsetting dynamically-induced winter warming (Kirchner et al, 1999;

Shindell et al, 2003).  Reconstructions which emphasize the warm-season are thus likely
to exhibit greater cooling, particularly if the distribution of the proxy data, as in the MXD

network, emphasizes the continental regions. In contrast with volcanic forcing, both the
summer-dominated radiative and winter-dominated dynamical responses to solar forcing

appear to give rise to a reinforcing, rather than opposing, seasonal temperature response
(Shindell et al, 2003). Consistent with the finding (Shindell et al, 2001;2003) that solar

forcing, rather than volcanic forcing, appears to dominate the low-frequency regional
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temperature changes over the extratropical NH from the late 17th to the late 18th century
(leading to relatively cold continents during the late 17th century and relatively warm

continents during the late 18th century), the low-frequency seasonal temperature changes
over the 18th century show greater similarity, particularly when confined to the

extratropical continents (Figure 6e).  For comparison, Figure 7 shows the hemispheric
temperature reconstructions for the different seasons, based on the same (combined)

network.  In this case, the seasonal reconstructions show much greater similarity.
However, since seasonal relationships may exhibit much greater similarity during the

20th century calibration period than in earlier centuries (see Section 1), calibration of a
given network against different target seasons during the 20th century may not

adequately resolve different seasonal components of variance, a conclusion reinforced by
the fact that the best cross-validation scores for neither the cold- nor warm-season

reconstructions are obtained for the combined network.
ii.   Spatial Pattern Comparisons

Here, we examine the spatial temperature anomaly patterns for specific
reconstructed years (Figure 8). Some particularly interesting years are 1601, the year

following the Huaynaputina (Peru) eruption (February 1600); 1783, the year of the Laki
eruption in Iceland and an exceptionally cold winter in parts of North America and

Europe; 1791, an established unusually strong El Nino year (Quinn and Neal 1992);
1816, the “Year Without a Summer” one year after the explosive Tambora eruption of

April 1815, and 1817, two years after the eruption, and finally, 1834, an exceptionally
warm year in Europe as evidenced by the central England temperature record (Manley,

1974—see also Mann et al, 2000b).
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a. Annual
For the annual calendar mean, the spatial patterns derived from the three proxy

networks are, in general, relatively similar (Figure 8).  The cross-validation results
(Tables 1 and 2) favor giving greatest weight, in this case, to the reconstruction based on

the 'combined' network (which often appear to resemble, in their spatial attributions, a
combination of the features evident in the MXD-based warm-season reconstructions and

the multiproxy/PC-based cold-season reconstructions, with, perhaps, somewhat greater
weight given to the multiproxy/PC network). Consistent with previously discussions, a

tendency for offsetting seasonally-specific surface temperature responses to volcanic
forcing, annual mean continental cooling is typically considerably less pronounced that

the corresponding to warm-season cooling for the noted volcanic years of 1601, 1783,
and 1815 (Figure 8). Large-scale warmth both in the tropical Pacific, and in the

extratropics, is clearly evident for the El Nino year of 1791.
b. Warm Season

The cross-validation results (Tables 1 and 2) favor giving greatest weight, in this
case, to reconstruction based on the MXD network. These reconstructions, indeed, yield

the expected strong summer continental cooling response to explosive volcanic eruptions,
particularly evident for the unusually large eruption  of 1601, but also evident for the two

other eruptions 1783 and 1815 (with continental summer cooling in 1816 recurring again
in the summer of 1817) consistent with evidence that the volcanic aerosol loading of the

atmosphere associated with this event can be assumed to have been radiatively significant
for several years following the eruption ( Crowley, 2000). Summer warmth of 1791 is

consistent with seasonally-persistent warmth throughout this noted El Nino year.
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c. Cold Season
By contrast with the warm-season case, the cross-validation results tend to favor

the use of the multiproxy/PC network-based reconstructions for inferences into cold-
season temperature patterns.  As expected, the historically strong El Nino of 1791/1792

is particularly evident in the tropical Pacific for the cold-season 1791 (i.e., 1791/1792)
pattern. The first winter (winter 1815/1816) following the Tambora eruption in April

1815 shows evidence of the expected strong dynamical winter continental warming
(Kirchner et al, 1999; Shindell et al, 2003).  Consistent with modeling results, this

dynamical warming response is only observed for the first winter following the eruption
(Shindell et al, 2003), and is not evident in the two following winters of "1816" (i.e.,

1816/1817) and "1817" (i.e., 1817/1818).  A similar pattern is evident for the winter of
1783 (1783/1784), while for the first winter following the 1600 eruption (1600/1601), the

dynamical warming may be more obscure due to the unusually large radiative cooling
(see e.g. Shindell et al, 2003).  The volcanic winter dynamical warming tends to partly

offset the strong summer cooling in the annual mean responses discussed earlier.

5. Conclusions

Comparisons both within the suite of reconstructions presented in this study, and

between these reconstructions and others previously published (Mann et al., 1998; Briffa
et al., 1998, 2002a,b; Esper et al., 2002) allow us to evaluate the effects of methodology,

target season, target region, and underlying proxy data network on the details of large-
scale surface temperature reconstructions.  These comparisons yield the following

general conclusions:
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1) When controlled for proxy network, target season and target region, mean
reconstructions based on different methods [i.e., our RegEM CFR method vs. Briffa et

al., (1998, 2001) local/regional regression approach or Mann et al (1998) eigenvector-
based approach] yield nearly indistinguishable results for hemispheric mean

reconstructions. This suggests that proxy-based temperature reconstructions are robust
with respect to wide array of statistical approaches.

2) Controlling for different target regions tends to produce the greatest difference in the
resulting hemispheric mean temperature reconstructions. Spatial averages over

increasingly sparse domains (e.g., extratropical continents only, or a small number of
isolated regions of the extratropical continents only) yield “hemispheric mean”

estimates with increasingly greater variability. Our results suggest that meaningful
comparisons of different hemispheric mean estimates are only possible when

differences in the target domain over which a large-scale mean are estimated are taken
into account through an appropriate spatial mask of surface temperature field

reconstructions.
3) Controlling for the use of two different proxy networks, each of which has

independently demonstrated skill in large-scale temperature reconstruction, tends to
produce somewhat similar reconstructions (though there is some dependence of annual

and seasonal reconstructions on the seasonal emphasis of the proxy network). The
relative agreement becomes poorer as one or both networks become increasingly

sparse back in time, presumably because the spatial degrees of freedom in the field are
not adequately sampled. The use of a combined network yields relatively modest

improvements in cross-validation skill compared to the independent networks,
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presumably because of a small gain in sampled spatial degrees of freedom or in a
slightly greater signal to noise ratio.

4) Cross-validation results indicate that different proxy networks may be best suited to
reconstructing specific seasonal windows.  In this study, optimal warm-season surface

temperature reconstructions are associated with the MXD network, optimal cold-
season reconstructions with the Multiproxy/PC network, and optimal annual mean

reconstructions with the Combined network.  The optimal cold-season hemispheric
reconstruction shows greater interannual variability than in the warm season, while the

optimal warm-season reconstructions appear to show a greater cooling response to
volcanic eruptions, consistent with insights from recent modeling studies.

5) Spatial temperature reconstructions corresponding to the optimally-determined
seasonal reconstructions exhibit features that are consistent with the expected spatial

and seasonal features of internal climate processes, such as El Niño, and insights from
the modeled response to external natural (volcanic and solar) radiative forcing.
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Analysis Multiproxy/PC MXD Combined
Season

Verif.
Period Ann. No

inst.
Cold Warm Ann

.
Cold Warm Ann. No

inst.
Cold Warm

1856-
1980

25
69

9
57

11
61

11
33

14
56

6
45

14
50
25
71
14
62
10
58
16
42

non-
hybrid

1755-
1900

15
23

24
26

21
27

1856-
1980

22
71

8
57

10
61

10
40

14
55

8
56

12
38

19
68
11
61

7
54
13
42

20-year
hybrid

1755-
1900

13
18

26
29

20
29

Table 1.  RegEM-method verification scores (RE*100) based on full network (112
predictors in the multiproxy/PC case and 115 grid-box indicators in the MXD case) for
different seasons and proxy networks.  For table cells with two rows of verification
scores, those scores are 1856-1900 multivariate and 1856-1900 NH mean.  Where
applicable, cells with additional rows include 1755-1900 multivariate and 1755-1900
mean verification scores.  “No inst.” indicates the long instrumental records present in the
proxy network have been withheld from the network.
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Analysis Multiproxy/PC MXD Combined
Season Ann. Cold Warm Ann. Cold Warm Ann. Cold Warm

Network back to 1750, proxies only*
nohybrid 8

55
8
54

6
32

14
56

6
45

14
50

14
66

7
60

13
41

20-year
hybrid

8
57

7
54

3
18

14
55

8
56

12
38

10
61

5
58

11
39

Network back to 1700
nohybrid 6

54
10
59

4
17

13
56

6
45

12
41

12
60

8
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21
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59
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nohybrid 6
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4
22
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7
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31
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54
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60

9
11

20-year
hybrid

8
53
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60

1
23

13
52

5
53

9
27
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7
59

8
21

Network back to 1500
nohybrid 7

44
11
61

4
15

11
46

7
39

10
36

11
51

10
59

7
13

20-year
hybrid

6
51

9
60

-3
10

12
50

7
54

9
34

11
53

7
58

8
30

Network back to 1400
nohybrid 8

47
10
61

6
27

11
49

8
42

9
36

11
51

10
58

9
29

20-year
hybrid

6
49

10
62

2
12

10
48

6/
53

5
 20

11
54

9
61

8
22

Table 2.  Verification scores for the different proxy networks and seasons using only the
proxies available over different centuries.  The verifications scores are presented for the
multivariate (top row in each table cell) and NH mean (bottom row in each table cell)
cases.
* The MXD proxy network is nearly complete by 1750 so the results for this verification
experiment are the same as those for the full network, within roundoff errors.
Ann.: Annual
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RegEM Mann et al. (1998)
Analysis mult

RE
1820-1900

mult
RE
1856-1900

globe
RE
1856-1900

mult
RE
1820-1900

mult
RE
1856-1900

globe
RE
1856-1900

no hybrid N/A 25 78 N/A 22 76
hybrid 20 N/A 20 73 N/A N/A N/A

No long instrumental or historical records as proxies

nohybrid 10 5 55 19 11 65
hybrid20 12 4 53 N/A N/A N/A

Table 3: Comparison of verification scores between the Mann et al. (1998) method and
the RegEM method used here, based on annual-mean temperature reconstructions using
the full network of 112 predictors.  The same grid boxes used by Mann et al. (1998) for
calibration and for verification were used in the RegEM cases. The RE (*100) scores are
presented for both the multivariate (mult) and global mean (globe) cases.  Here, the
global mean is the average of all the available Mann et al. (1998) verification grid boxes,
not just those in the NH. (N/A indicates the scores are not relavent).
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Figure 1: Distribution of proxies for the two networks used in this study.  (a) the
multiproxy/PC network of Mann et al. (1998). (b) the age-banded maximum latewood
density (MXD) network of Briffa et al. (2001) where each dot corresponds to the center
of one 5° by 5° grid box.
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Figure 1: Distribution of proxies for the two networks used in this study. (a) the

multiproxy/PC network of Mann et al. (1998). (b) the age-banded maximum latewood

density (MXD) network of Briffa et al. (2001) where each dot corresponds to the center

of one 5° by 5° grid box.
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Figure 2a.  Spectra of NH mean verification residuals. (left) multiproxy/PC using only
indicators available at 1400 for verification (top) and all indicators (bottom).  (right) the
same for the MXD network.   The verification time series is 45 years long. The spectra
are largely consistent with white noise, though there is evidence of a statistically
significant deficit of resolved variability at bidecadal timescales (all cases) and secular
timescales (MXD data).
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Figure 2a. Spectra of NH mean verification residuals. (left) multiproxy/PC using only

indicators available at 1400 for verification (top) and all indicators (bottom). (right) the

same for the MXD network. The verification time series is 45 years long. The spectra

are largely consistent with white noise, though there is evidence of a statistically

significant deficit of resolved variability at bidecadal timescales (all cases) and secular

timescales (MXD data).
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Figure 2b.  Histogram of residuals for each grid box and year for the multiproxy/PC
verfication using the proxy network available to 1400 (top) and the full network (bottom).
The distribution is essentially normal in both cases.
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Figure 2b. Histogram of residuals for each grid box and year for the multiproxy/PC

verfication using the proxy network available to 1400 (top) and the full network (bottom).

The distribution is essentially normal in both cases.
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Figure 3:! Comparisons of non-hybrid and hybrid-20 reconstructions for annual mean
using the multiproxy/PC network.  Also shown is the instrumental record consisting of
the few available data from 1750-1856 (Mann, 2002a) and the Jones et al. (1999) data for
1856-2000.
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Figure 4.  Comparison between the RegEM-based hybrid-20 annual mean reconstruction
(using the Mann et al. multiproxy/PC network) and Mann et al (1998) showing
overlapping uncertainties in both estimates. Also shown is the long instrumental record
(see caption for Figure 3) for comparison.
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Figure 5. Comparison of summer mean temperatures based on the MXD network (Briffa
et al., 2001, 2002a, 2002b) using the RegEM hybrid-20 method and that of Osborn et al.
(in prep).  (a) The RegEM full NH mean and extratropical land only mean versus Osborn
et al. (in prep) (see text for details) (b) Comparison using the RegEM reconstructed grid
boxes that coincide with those reconstructed by Osborn et al. (in prep) and Briffa et al.
(2002b). (c) MXD summer mean reconstruction sampled at the restricted number of grid
boxes sampled in an independent warm-season extratropical temperature reconstruction
by Esper et al (2002) (see text for details).
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Figure 5. Comparison of summer mean temperatures based on the MXD network (Briffa

et al., 2001, 2002a, 2002b) using the RegEM hybrid-20 method and that of Osborn et al.

(in prep). (a) The RegEM full NH mean and extratropical land only mean versus Osborn

et al. (in prep) (see text for details) (b) Comparison using the RegEM reconstructed grid

boxes that coincide with those reconstructed by Osborn et al. (in prep) and Briffa et al.

(2002b). (c) MXD summer mean reconstruction sampled at the restricted number of grid

boxes sampled in an independent warm-season extratropical temperature reconstruction

by Esper et al (2002) (see text for details).
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Figure 6. Comparisons of the RegEM-based results for different seasons and proxy
networks.  (a) annual mean reconstruction using the three proxy networks
(multiproxy/PC, MXD and Combined).  (b) warm season comparison and (c) cold season
comparison.  (d) shows the three seasonal reconstructions produced by the best network
for each season based on the verification scores, while (e) is the same comparison
restricted to the extratropical continents. In the top three panels the yellow field is the
two-sigma uncertainty in the mean reconstruction using the combined network (blue
line).

ABOR/MH/Priv-001476

	 Combined

2-sigrna Uncertainty

Multiproxy/PC

MXD
	 Instrumental

Annualn

0.5 -

LP.

05 -

1400 1500 1600 1700 1800 1900 2000

Warm Season

0.5

O

-0.5
ii

1400 1500 1600 1700

Cold Season

1800 1900 2000

5
£
3
S
L 05

§
n*'-" J

-0.5

1 400 1500 1600 1700 1800 1900 2000

Best Seasonal Reconstructions

Annual (Combined) — Warm Season (MX D) Cold Season (Multiproxy/PC)

4
1 eLi

J
c

-0.4

1400 1450 1500 1550 1600 1650 1700 1750 1800 1850

Land Extratropicai

0.5

A:I

nui
N mil Tf

f'Pf-0.5

1400 1450 1500 1550 1600 1650 1700 1750 1800 1850

Year

Figure 6. Comparisons of the RegEM-based results for different seasons and proxy

networks. (a) annual mean reconstruction using the three proxy networks

(multiproxy/PC, MXD and Combined). (b) warm season comparison and (c) cold season

comparison. (d) shows the three seasonal reconstructions produced by the best network

for each season based on the verification scores, while (e) is the same comparison

restricted to the extratropical continents. In the top three panels the yellow field is the

two-sigma uncertainty in the mean reconstruction using the combined network (blue

line).
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Figure 7.  Seasonal temperature variations. (a) NH mean for the instrumental record
showing very similar annual mean and boreal warm season mean temperature variability
along with the greater amplitude of boreal cold-season variability. (b) NH mean seasonal
reconstructions based on the combined proxy network.  Compare the
similarities/differences in seasonal reconstructions with what might be expected from the
interannual variability illustrated by instrumental data (see text for discussion)
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Figure 8.  Maps of the full field reconstruction for interesting years using the three
different proxy networks (multiproxy/PC, MXD and Combined) to reconstruct three
seasonal targets.  The years shown are the following: 1601, the year following the
Huaynaputina (Peru) eruption; 1783, the year of the Laki eruption in Iceland; 1791, an El
Nino year (Quinn and Neal 1992); 1816, the “Year Without a Summer” following the
Tambora eruption in 1815; and 1834, an exceptionally warm year in Europe (Mann et al.,
1998).
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From: Michael E. Mann
To: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Subject: status update?
Date: Friday, November 14, 2003 9:00:33 AM

Hi Ray (if you're reading email), Malcolm:

Any change yet to look over/comment on/edit the draft? Would be nice to get it
submitted soon.

I was planning on sending drafts to Keith, Tim, Phil, Tom C, Tom W, Gaby H, Peck,
and Ed Cook for comments (I think Ed is off doing field work in Bhutan or something,
but not sure) once we submit, to make sure we've covered our bases regardless of
the choice of reviewers...

Thoughts?

mike

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Raymond S. Bradley
To: Michael E. Mann
Cc: mhughes@ltrr.arizona.edu; srutherford@virginia.edu
Subject: Re: manuscript
Date: Monday, November 17, 2003 8:05:28 AM

Hi mike, malcolm, scott:
i just got back from Europe late ast night and am pretty sick with flu-like
lurgy, so am trying--through a fog--to catch up on the dozens of emails on
MM etc.  But, this point from mike should guide our response--which i've
not yet had time to read.  Clearly, we should not be too distracted by
their tactics...just respond "enough", then move on with our work as
planned. 
ray (now wash your hands...)

At 09:24 PM 11/11/2003 -0500, you wrote:
The point of this is just to provide a slightly expanded and more detailed
version of our initial response. that is all I personally have time to do.
There are lots of things we *could* talk about, but MM03 does not deserve
an exhaustive reply/response--that wil be superceded by ongoing work we do
w/ Tim, Keith, Phil et al---the point is simply to show, in as simple  a
way as possible, the apparent reason they get the spurious result, and the
fact it doesn't pass cross-validation.
> I don't have time for more analyses, calculations, etc. I've already
>invested more time in dealing with this than I can really afford, so I have
>to warn you that I can't do much more than I have done analysis wise, etc.
>We have to work w/ what we've got, which was based on me wasting almost a
>week of effort figuring this all out...
>
> Feel free to call if you feel we need to discuss this over the phone.
>
> Thanks,
>
> mike
>
> At 07:17 PM 11/11/2003 -0700, Malcolm Hughes wrote:
> Mike - here's my first response. More details later. I tried to put myself
>in the
> position of someone who had not seen any of the e-mail exchanges or web
>sites.
> I'm afraid it is extremely difficult to figure out how you arrived at the
> conclusions about how they excluded various data sets - was it from a
direct
>  I
>"" numbers of
> predictors, but it's not yet clear how you then pinned down which were
>left out
> or substituted. Some of that can be seen in their paper, but not much that
>I can
> see.
> Maybe we need some dramatic figure to demonstrate the accelerating
>"" dataset and ours?
>"", the ftp site on holocene is pretty opaque,
> there being no readme files and some material that seems to be unconnected
> with MBH98. I guess it would be a bad idea to change anything now.
> A final point for now - how about including their reconstruction in the
>Figures?
> I think we need to include Esper in Figure 1.
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> Cheers, Malcolm
>>
>> Dear Ray, Malcolm:
>>
>> here is my draft of the response commissioned by Steve Schneider for
>>"". As you'll note, it is an expanded and more detailed
>> version of our previously drafted response.
>>
>> Unfortunately, the two figures are not available yet, but I'll send
>> those along as soon as Scott sends them (tomorrow sometime).
>>
>> Meanwhile, I wanted to give you an opportunity to begin looking over
>> this and making any comments. Ideally, we would have this submitted
>> within a week or so.
>>
>> Look forward to your comments. Figures to follow,
>>
>> mike
>> ____________________________________________________________
>> __
>> Professor Michael E. Mann
>>  Department of Environmental Sciences, Clark Hall
>> University of Virginia
>> Charlottesville, VA 22903
>> ______________________________________________________________________
>> _ e-mail: mann@virginia.edu Phone:  
>> http://www.evsc.virginia.edu/faculty/people/mann.shtml
>
> Malcolm Hughes
> Professor of Dendrochronology
> Laboratory of Tree-Ring Research
> University of Arizona
> Tucson, AZ 85721
> 520-621-6470
> fax 520-621-8229
>  ______________________________________________________________
>                     Professor Michael E. Mann
>           Department of Environmental Sciences, Clark Hall
>                      University of Virginia
>                     Charlottesville, VA 22903
> _______________________________________________________________________
>     FAX: 
>         http://www.evsc.virginia.edu/faculty/people/mann.shtml  
Raymond S. Bradley
Distinguished Professor
Director, Climate System Research Center*
Department of Geosciences
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel: 
Fax: 
*Climate System Research Center: 
         <http://www.paleoclimate.org>
Paleoclimatology Book Web Site: http://www.geo.umass.edu/climate/paleo/html
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From: Michael E. Mann
To: Raymond S. Bradley
Cc: mhughes@ltrr.arizona.edu; srutherford@virginia.edu
Subject: Re: manuscript
Date: Monday, November 17, 2003 8:10:45 AM

Thanks Ray,

I think the current manuscript is in keeping w/ this philospohy, so we should be almost
there. Malcolm was going to make some suggestions about detailed wording about the
data they dleted, and I want to provide some specifics about the structure of the data that
was on our website, but hopefully other than that modificaitons should be minor.

Hope you're feeling better soon. Will await more definite comments from you and Malcolm
before trying to finalize,

mike

At 10:08 AM 11/17/2003 -0500, Raymond S. Bradley wrote:

Hi mike, malcolm, scott:
i just got back from Europe late ast night and am pretty sick with flu-like
lurgy, so am trying--through a fog--to catch up on the dozens of emails on
MM etc.  But, this point from mike should guide our response--which i've
not yet had time to read.  Clearly, we should not be too distracted by
their tactics...just respond "enough", then move on with our work as
planned.  
ray (now wash your hands...)

At 09:24 PM 11/11/2003 -0500, you wrote:
The point of this is just to provide a slightly expanded and more detailed
version of our initial response. that is all I personally have time to do.
There are lots of things we *could* talk about, but MM03 does not deserve
an exhaustive reply/response--that wil be superceded by ongoing work we do
w/ Tim, Keith, Phil et al---the point is simply to show, in as simple  a
way as possible, the apparent reason they get the spurious result, and the
fact it doesn't pass cross-validation.
> I don't have time for more analyses, calculations, etc. I've already
>invested more time in dealing with this than I can really afford, so I have
>to warn you that I can't do much more than I have done analysis wise, etc.
>We have to work w/ what we've got, which was based on me wasting almost
a
>week of effort figuring this all out...
>
> Feel free to call if you feel we need to discuss this over the phone.
>
> Thanks,
>
> mike
>
> At 07:17 PM 11/11/2003 -0700, Malcolm Hughes wrote:
> Mike - here's my first response. More details later. I tried to put myself
>in the 
> position of someone who had not seen any of the e-mail exchanges or web
>sites. 
> I'm afraid it is extremely difficult to figure out how you arrived at the 
> conclusions about how they excluded various data sets - was it from a
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direct 
>  I 
>"" numbers of 
> predictors, but it's not yet clear how you then pinned down which were
>left out 
> or substituted. Some of that can be seen in their paper, but not much that
>I can 
> see. 
> Maybe we need some dramatic figure to demonstrate the accelerating 
>"" dataset and ours?
>"", the ftp site on holocene is pretty opaque, 
> there being no readme files and some material that seems to be
unconnected 
> with MBH98. I guess it would be a bad idea to change anything now.
> A final point for now - how about including their reconstruction in the
>Figures? 
> I think we need to include Esper in Figure 1.
> Cheers, Malcolm
>> 
>> Dear Ray, Malcolm:
>> 
>> here is my draft of the response commissioned by Steve Schneider for
>>"". As you'll note, it is an expanded and more detailed
>> version of our previously drafted response.
>> 
>> Unfortunately, the two figures are not available yet, but I'll send
>> those along as soon as Scott sends them (tomorrow sometime).
>> 
>> Meanwhile, I wanted to give you an opportunity to begin looking over
>> this and making any comments. Ideally, we would have this submitted
>> within a week or so.
>> 
>> Look forward to your comments. Figures to follow,
>> 
>> mike
>> ____________________________________________________________
>> __
>> Professor Michael E. Mann
>>  Department of Environmental Sciences, Clark Hall
>> University of Virginia
>> Charlottesville, VA 22903
>>
______________________________________________________________________

>> _ e-mail: mann@virginia.edu Phone:  
>> http://www.evsc.virginia.edu/faculty/people/mann.shtml
>
> Malcolm Hughes
> Professor of Dendrochronology
> Laboratory of Tree-Ring Research
> University of Arizona
> Tucson, AZ 85721
> 520-621-6470
> fax 520-621-8229
>  ______________________________________________________________
>                     Professor Michael E. Mann
>           Department of Environmental Sciences, Clark Hall
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>                      University of Virginia
>                     Charlottesville, VA 22903
>
_______________________________________________________________________

>     FAX: 
>         http://www.evsc.virginia.edu/faculty/people/mann.shtml  
Raymond S. Bradley
Distinguished Professor
Director, Climate System Research Center*
Department of Geosciences
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel: 
Fax: 
*Climate System Research Center: 
         <http://www.paleoclimate.org>
Paleoclimatology Book Web Site: http://www.geo.umass.edu/climate/paleo/html

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes; rbradley@geo.umass.edu
Subject: Re: first revision
Date: Tuesday, November 18, 2003 4:39:25 AM

Malcolm,

Thanks for sending your revisions/suggestions.

I think we should use the same scaling we've been using all along, otherwise we
open ourselves up to criticism. Unfortunately, Scott has been including as "Crowley
and Lowery" something that is not. We have to fix that--Scott will be sending the
revised version of that graphic shortly.

Will await Ray's comments and then try to address all of the suggested revisions in
one revised draft.

mike

At 10:35 PM 11/17/2003 -0700, Malcolm Hughes wrote:

Dear Mike and Ray - please find attached a first attempt at 
revising the CC mss. It's a *.doc file with "track changes" turned 
on.  I think it would be helpful if Ray could look at the structure, 
as there is still probably a bit too much redundancy, and I'm not 
sure how well a reader coming to it "cold" will follow it. On 
Figure 1 - might this not be a case where the original scalings of 
the various reconstructions should be used  - making the point 
that, even so, no-one gets anything like MM03?
Cheers, Malcolm
.
.Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

ABOR/MH/Priv-001485



From: Michael E. Mann
To: Langenberg, Heike
Cc: Cotter, Rosalind; Campbell, Philip; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; Tim Osborn; Phil Jones; Keith Briffa; Scott

Rutherford
Subject: RE: Energy and Environment Paper
Date: Thursday, November 20, 2003 5:17:01 AM

Dear Heike,

Thanks for your message.  We're happy to help Nature out in any way we can here...

First a little more background. McKitrick and McIntyre have been deliberately trying to create a
controversy where there is none. They know that their own published "correction" has been shown to
be total nonsense as demonstrated by a paper in submission (a preliminary version of which was
made for distribution after their study came out), and also this very nice article published in "USA
Today" by their staff science writer Dan Vergano the other day:
http://www.usatoday.com/weather/climate/2003-11-18-warming-debate_x.htm

So instead they've been trying to manufacture a controversy about data availability where there is
none (incidentally, they have been making similar false threats against NSF program directors--I won't
go into the politics behind this, but its pretty transparent what they're up to).

The have been intentionally misleading about the availability of our  proxy data. The data have all
been available on our public ftp site since July 2002 here:

ftp://holocene.evsc.virginia.edu/pub/MBH98/

and other scientists have successfully acquired that data. This forced USA to publish a retraction of
the claim made by McKitrick and McIntyre that we hadn't made our data publicly available last week:

c) USA TODAY - THURSDAY - November 13, 2003 - 14A 

Corrections & Clarifications

In an Oct. 29 Forum article about new research that challenges the findings of an earlier study
on global warming, the writer said the data on the original study by University of Virginia
assistant professor Michael Mann aren't available online. The data can be accessed at
ftp://holocene.evsc.virginia.edu/pub/MBH98/

Note that the full data set could not be made available until a few years after the '98 study, because
we had to give various researchers who provided us unpublished data on a proprietary basis the
opportunity to publish those data first. 

The description of the methodology used in our analysis in the MBH98 paper is complete enough that
other researchers have independently reproduced it without any additional information from us:

Zorita, E., F. Gonzalez-Rouco, and S. Legutke, Testing the Mann et al. (1998) approach to
paleoclimate reconstructions in the context of a 1000-yr control simulation with the ECHO-G Coupled
Climate Model, J. Climate, 16, 1378-1390, 2003.

so we see no need to expand on it.

The only potential exception is the description of how some of the proxy indicator sub-groups were
represented in the data set, and that is actually a "data set" issue which we will clarify (see below).

The data is available in a particular directory tree structure (see sub-directories) of the above ftp
directory.  This is related to the fact that different groups of data were used over different time
intervals owing to the stepwise nature of the reconstruction which was described in our article.

We agree that some additional descriptive files in each directory and/or a reorganization of the
directory structure might have helped to clarify precisely which data were used over precisely which
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time intervals, and had we known that a concerted effort was going to be made to mispresent our
study and our dataset, we would have put more effort into this.

Conveniently enough, we had planned to create a simpler reorganized directory structure of the data
anyway, to address these sorts of scurrilous accusations, especially since the same dataset (and other
dataset) are used in a paper co-authored by Scott Rutherford, Ray Bradley, Malcolm Hughes, Phil
Jones, Keith Briffa, and Tim Osborn which we expect to be published sometime in the near future.

So we will create ASAP a new version of the dataset organized in a simpler manner--it will simply
contain all of the series (and only the seies) that were used for each sub-interval in our
reconstruction separately. As indicated in our original Nature supplementary information (we have
kept a mirror here: ftp://eclogite.geo.umass.edu/pub/mann/ONLINE-PREPRINTS/MultiProxy/stats-
supp.html) this involves the following number of distinct indicators over the various sub-intervals:

Back to 1820: 112
Back to 1800: 102
Back to 1780:  97
Back to 1760:  93
Back to 1750:  89
Back to 1730:  79
Back to 1700:  74
Back to 1600:  57
Back to 1500:  28
Back to 1450:  24
Back to 1400:  22

So the easiest way to provide the full data set used is in terms of 11 matrices of data containing the
precise set of indicators used, and a "README" file describing the data format in detail, to make sure
there can be *no* uncertainty as to precisely how these data were used in the MBH98 study. This
was also include a short description of the procedure (used to represent subgroups of certain proxy
data networks by a smaller number of "PCs" (and the objective criterion used to determine how many
PCs were kep) which we agree was terse in the original paper and supplementary information.

I will work with our associate Scott Rutherford who has handled the data for over the past few years
to create the above version of the dataset and README file ASAP and will be in contact with Nature
as soon as soon as this is available, which should be shortly.

Is there a particular individual on the technical staff at Nature that we should be communicating with
directly?

Thanks for your help,

Mike

At 11:23 AM 11/20/2003 +0000, Langenberg, Heike wrote:

Dear Mike, 
 
In the wake of the debate started by the publication of the Energy and Environment
paper, we have had a request from McKitrick and McIntyre for a full list of the data sets and
the computational procedures used in your 1998 Nature paper. 
 
In line with our policy that data and methods of a paper published in Nature must be
available to academic researchers for their own use
(http://www.nature.com/nature/submit/policies/index.html#6 ) and in order to put an end
to any discussion about the data sets and methods used, we decided that it would be best
for us to publish an addendum to the paper (just saying that interested readers can find
the data on our website), with a link to the full set of data and methods as Supplementary
Information. 
 
Could you therefore please supply the full set of data series and a description of the
procedures used to us?  
 
Best regards,
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Heike
 
 
 -----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu]
Sent: 06 November 2003 02:49
To: Langenberg, Heike
Subject: RE: Energy and Environment Paper

;Hi Heike,

Just a followup to my terse email earlier (sent it from a plane).

As I mentioned before, I understand the decision--I think its probably a wise
decision.

If Nature does decide to do a story on this, please let me know if I can be of any
help.

Thanks again for your consideration of the issue. We'll let you know when our formal
response to the paper is published (probably in "Climatic Change").

best regards,

mike

At 05:26 PM 11/5/2003 +0000, Langenberg, Heike wrote:

Dear Mike,

 
Thanks again for the information you provided to us on the debate. 

 
As mentioned on the phone, we have discussed the issue at length,
but have now decided not to publish your rebuttal of the E&E paper.
Obviously, this decision is editorial and does not reflect in any way
on its scientific quality. 

 
We might still take up the issue elsewhere in the journal, but
nothing definitive is planned at this stage.

 
I just wanted to let you know about our decision regarding your
rebuttal as soon as possible, so that you can pursue publicaton
elsewhere.

 
Best wishes,
Heike

********************************************************************************

DISCLAIMER: This e-mail is confidential and should not be used by anyone who is not the
original intended recipient. If you have received this e-mail in error please inform the
sender and delete it from your mailbox or any other storage mechanism. Neither
Macmillan Publishers Limited nor any of its agents accept liability for any statements made
which are clearly the sender's own and not expressly made on behalf of Macmillan
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Publishers Limited or one of its agents. Please note that neither Macmillan Publishers
Limited nor any of its agents accept any responsibility for viruses that may be contained in
this e-mail or its attachments and it is your responsibility to scan the email and
attachments (if any). No contracts may be concluded on behalf of Macmillan Publishers
Limited or its agents by means of e-mail communication. Macmillan Publishers Limited
Registered in England and Wales with registered number 785998 Registered Office Brunel
Road, Houndmills, Basingstoke RG21 6XS
********************************************************************************

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Scott Rutherford; Raymond S. Bradley; mhughes@ltrr.arizona.edu; Scott Rutherford; Tim Osborn; mann@virginia.edu
Subject: Fwd: RE: Energy and Environment Paper
Date: Thursday, November 20, 2003 5:24:07 AM

Scott,

See the below message. We had decided we needed to do this anyway for the in-review J. Climate paper
to address any remaining criticism of data availability.

See below, and please let me know if you have any questions about what we need to do. Basically, we
need 11 data matrices containing the precise subset of proxy indicators used from date XX to 1980. We
should replace any values that were missing after 1971 (and infilled by persistence) with appropriate flags
(-999 or something).

The README file will explain the data format, explain that missing values after 1971 were infilled by
persistence of final value in MBH98, and I will add a brief discussion to the README file of the procedure
used to determine how many PCs of the subnetworks were kept for the different sub-intervals. I don't
anticipate this should take much more effort, since you had read the data into Matlab in a similar format in
the past, I think?

We should create a new directory in the "Rutherford" pub directory that has this dataset, and which will
contain any additional information that is relevant once our J. Climate paper is published. By cc of this
email to Tim, I'm asking if we can also make available here the particular version of the MXD data used in
our J. Climate paper, either now, or subsequent to the publication of the paper?

Please let me know if you have any questions. I think we need to try to do this quickly, for several reasons
(for one, we can refer to this simplified directory and README file in our reply to the E&E paper to be
submitted to "Climatic Change")...

Thanks,

mike

Date: Thu, 20 Nov 2003 07:16:20 -0500
To: "Langenberg, Heike" <H.Langenberg@nature.com>
From: "Michael E. Mann" <mann@virginia.edu>
Subject: RE: Energy and Environment Paper
Cc: "Cotter, Rosalind" <R.Cotter@nature.com>, "Campbell, Philip" <P.Campbell@nature.com>,
rbradley@geo.umass.edu, mhughes@ltrr.arizona.edu, Tim Osborn <t.osborn@uea.ac.uk>, Phil
Jones <p.jones@uea.ac.uk>, Keith Briffa <k.briffa@uea.ac.uk>, Scott Rutherford
<srutherford@rwu.edu>

Dear Heike,

Thanks for your message.  We're happy to help Nature out in any way we can here...

First a little more background. McKitrick and McIntyre have been deliberately trying to create a
controversy where there is none. They know that their own published "correction" has been
shown to be total nonsense as demonstrated by a paper in submission (a preliminary version of
which was made for distribution after their study came out), and also this very nice article
published in "USA Today" by their staff science writer Dan Vergano the other day:
http://www.usatoday.com/weather/climate/2003-11-18-warming-debate_x.htm

So instead they've been trying to manufacture a controversy about data availability where there
is none (incidentally, they have been making similar false threats against NSF program directors-
-I won't go into the politics behind this, but its pretty transparent what they're up to).

The have been intentionally misleading about the availability of our  proxy data. The data have
all been available on our public ftp site since July 2002 here:

ftp://holocene.evsc.virginia.edu/pub/MBH98/

and other scientists have successfully acquired that data. This forced USA to publish a retraction
of the claim made by McKitrick and McIntyre that we hadn't made our data publicly available
last week:
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c) USA TODAY - THURSDAY - November 13, 2003 - 14A 

Corrections & Clarifications

In an Oct. 29 Forum article about new research that challenges the findings of an earlier
study on global warming, the writer said the data on the original study by University of
Virginia assistant professor Michael Mann aren't available online. The data can be accessed
at ftp://holocene.evsc.virginia.edu/pub/MBH98/

Note that the full data set could not be made available until a few years after the '98 study,
because we had to give various researchers who provided us unpublished data on a proprietary
basis the opportunity to publish those data first. 

The description of the methodology used in our analysis in the MBH98 paper is complete
enough that other researchers have independently reproduced it without any additional
information from us:

Zorita, E., F. Gonzalez-Rouco, and S. Legutke, Testing the Mann et al. (1998) approach to
paleoclimate reconstructions in the context of a 1000-yr control simulation with the ECHO-G
Coupled Climate Model, J. Climate, 16, 1378-1390, 2003.

so we see no need to expand on it.

The only potential exception is the description of how some of the proxy indicator sub-groups
were represented in the data set, and that is actually a "data set" issue which we will clarify
(see below).

The data is available in a particular directory tree structure (see sub-directories) of the above ftp
directory.  This is related to the fact that different groups of data were used over different time
intervals owing to the stepwise nature of the reconstruction which was described in our article.

We agree that some additional descriptive files in each directory and/or a reorganization of the
directory structure might have helped to clarify precisely which data were used over precisely
which time intervals, and had we known that a concerted effort was going to be made to
mispresent our study and our dataset, we would have put more effort into this.

Conveniently enough, we had planned to create a simpler reorganized directory structure of the
data anyway, to address these sorts of scurrilous accusations, especially since the same dataset
(and other dataset) are used in a paper co-authored by Scott Rutherford, Ray Bradley, Malcolm
Hughes, Phil Jones, Keith Briffa, and Tim Osborn which we expect to be published sometime in
the near future.

So we will create ASAP a new version of the dataset organized in a simpler manner--it will
simply contain all of the series (and only the seies) that were used for each sub-interval in our
reconstruction separately. As indicated in our original Nature supplementary information (we
have kept a mirror here: ftp://eclogite.geo.umass.edu/pub/mann/ONLINE-
PREPRINTS/MultiProxy/stats-supp.html) this involves the following number of distinct indicators
over the various sub-intervals:

Back to 1820: 112
Back to 1800: 102
Back to 1780:  97
Back to 1760:  93
Back to 1750:  89
Back to 1730:  79
Back to 1700:  74
Back to 1600:  57
Back to 1500:  28
Back to 1450:  24
Back to 1400:  22

So the easiest way to provide the full data set used is in terms of 11 matrices of data containing
the precise set of indicators used, and a "README" file describing the data format in detail, to
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make sure there can be *no* uncertainty as to precisely how these data were used in the
MBH98 study. This was also include a short description of the procedure (used to represent
subgroups of certain proxy data networks by a smaller number of "PCs" (and the objective
criterion used to determine how many PCs were kep) which we agree was terse in the original
paper and supplementary information.

I will work with our associate Scott Rutherford who has handled the data for over the past few
years to create the above version of the dataset and README file ASAP and will be in contact
with Nature as soon as soon as this is available, which should be shortly.

Is there a particular individual on the technical staff at Nature that we should be communicating
with directly?

Thanks for your help,

Mike

At 11:23 AM 11/20/2003 +0000, Langenberg, Heike wrote:

Dear Mike, 
 
In the wake of the debate started by the publication of the Energy and Environment
paper, we have had a request from McKitrick and McIntyre for a full list of the data sets
and the computational procedures used in your 1998 Nature paper. 
 
In line with our policy that data and methods of a paper published in Nature must be
available to academic researchers for their own use
(http://www.nature.com/nature/submit/policies/index.html#6 ) and in order to put
an end to any discussion about the data sets and methods used, we decided that it
would be best for us to publish an addendum to the paper (just saying that
interested readers can find the data on our website), with a link to the full set of
data and methods as Supplementary Information. 
 
Could you therefore please supply the full set of data series and a description of the
procedures used to us?  
 
Best regards,
Heike
 
 
 -----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu]
Sent: 06 November 2003 02:49
To: Langenberg, Heike
Subject: RE: Energy and Environment Paper

;Hi Heike,
Just a followup to my terse email earlier (sent it from a plane).
As I mentioned before, I understand the decision--I think its probably a wise
decision.
If Nature does decide to do a story on this, please let me know if I can be of
any help.
Thanks again for your consideration of the issue. We'll let you know when our
formal response to the paper is published (probably in "Climatic Change").
best regards,
mike
At 05:26 PM 11/5/2003 +0000, Langenberg, Heike wrote:

Dear Mike,
Thanks again for the information you provided to us on the
debate.
As mentioned on the phone, we have discussed the issue at
length, but have now decided not to publish your rebuttal of
the E&E paper. Obviously, this decision is editorial and does
not reflect in any way on its scientific quality.
We might still take up the issue elsewhere in the journal, but
nothing definitive is planned at this stage.
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I just wanted to let you know about our decision regarding
your rebuttal as soon as possible, so that you can pursue
publicaton elsewhere.
Best wishes,
Heike

********************************************************************************

DISCLAIMER: This e-mail is confidential and should not be used by anyone who is
not the original intended recipient. If you have received this e-mail in error please
inform the sender and delete it from your mailbox or any other storage mechanism.
Neither Macmillan Publishers Limited nor any of its agents accept liability for any
statements made which are clearly the sender's own and not expressly made on
behalf of Macmillan Publishers Limited or one of its agents. Please note that neither
Macmillan Publishers Limited nor any of its agents accept any responsibility for
viruses that may be contained in this e-mail or its attachments and it is your
responsibility to scan the email and attachments (if any). No contracts may be
concluded on behalf of Macmillan Publishers Limited or its agents by means of e-mail
communication. Macmillan Publishers Limited Registered in England and Wales with
registered number 785998 Registered Office Brunel Road, Houndmills, Basingstoke
RG21 6XS
********************************************************************************

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Langenberg, Heike
Cc: Cotter, Rosalind; Campbell, Philip; Phil Jones; Tim Osborn; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; Scott Rutherford;

mann@virginia.edu
Subject: RE: Energy and Environment Paper
Date: Thursday, November 20, 2003 7:08:29 AM

Heike,

Just as a followup, we can go further than what I described below. We can provide the following 4
groups of data/information which should cover all of the bases:

1) Proxy Indicators
The 11 matrices of proxy indicators  (and 11 files giving the names of the different series) used in the
various intervals of our stepwise reconstructions, as described in my previous email message.

We can also provide a matrix containing all (nearly 400 odd) actual proxy data used (1400-1980)
which make up these indicators.

An appropriate README file be provided.

2) Instrumental Data
The various eigenvectors, eigenvalues, standardization factors, and the raw instrumental surface
temperature data used in our study. The  latter were from the public CRU website, but they have
since been overwritten w/ a newer version of the instrumental data--unless the older (1854-1993)
dataset is still somewhere on the CRU site. Phil, Tim?

3) Figure Data

We'll provide the data shown in the key figures (Fig 5ab and Fig 7)

4) Methods

A description of any minor details of the methodology we can think of that may not have been
perfectly clear in the paper.

At 11:23 AM 11/20/2003 +0000, Langenberg, Heike wrote:

Dear Mike, 
 
In the wake of the debate started by the publication of the Energy and Environment
paper, we have had a request from McKitrick and McIntyre for a full list of the data sets and
the computational procedures used in your 1998 Nature paper. 
 
In line with our policy that data and methods of a paper published in Nature must be
available to academic researchers for their own use
(http://www.nature.com/nature/submit/policies/index.html#6 ) and in order to put an end
to any discussion about the data sets and methods used, we decided that it would be best
for us to publish an addendum to the paper (just saying that interested readers can find
the data on our website), with a link to the full set of data and methods as Supplementary
Information. 
 
Could you therefore please supply the full set of data series and a description of the
procedures used to us?  
 
Best regards,
Heike
 
 
 -----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu]
Sent: 06 November 2003 02:49
To: Langenberg, Heike
Subject: RE: Energy and Environment Paper
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;Hi Heike,

Just a followup to my terse email earlier (sent it from a plane).

As I mentioned before, I understand the decision--I think its probably a wise
decision.

If Nature does decide to do a story on this, please let me know if I can be of any
help.

Thanks again for your consideration of the issue. We'll let you know when our formal
response to the paper is published (probably in "Climatic Change").

best regards,

mike

At 05:26 PM 11/5/2003 +0000, Langenberg, Heike wrote:

Dear Mike,

 
Thanks again for the information you provided to us on the debate. 

 
As mentioned on the phone, we have discussed the issue at length,
but have now decided not to publish your rebuttal of the E&E paper.
Obviously, this decision is editorial and does not reflect in any way
on its scientific quality. 

 
We might still take up the issue elsewhere in the journal, but
nothing definitive is planned at this stage.

 
I just wanted to let you know about our decision regarding your
rebuttal as soon as possible, so that you can pursue publicaton
elsewhere.

 
Best wishes,
Heike

********************************************************************************

DISCLAIMER: This e-mail is confidential and should not be used by anyone who is not the
original intended recipient. If you have received this e-mail in error please inform the
sender and delete it from your mailbox or any other storage mechanism. Neither
Macmillan Publishers Limited nor any of its agents accept liability for any statements made
which are clearly the sender's own and not expressly made on behalf of Macmillan
Publishers Limited or one of its agents. Please note that neither Macmillan Publishers
Limited nor any of its agents accept any responsibility for viruses that may be contained in
this e-mail or its attachments and it is your responsibility to scan the email and
attachments (if any). No contracts may be concluded on behalf of Macmillan Publishers
Limited or its agents by means of e-mail communication. Macmillan Publishers Limited
Registered in England and Wales with registered number 785998 Registered Office Brunel
Road, Houndmills, Basingstoke RG21 6XS
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______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Langenberg, Heike
Subject: RE: Energy and Environment Paper
Date: Thursday, November 20, 2003 7:32:39 AM

Thanks Heike,

I understand entirely. We're working on this right now, and we think we can have all of this nicely
organized and ready to transmit by early next week.

Will update you as soon as we have it all together,

mike

At 02:21 PM 11/20/2003 +0000, Langenberg, Heike wrote:

Dear Mike,
 
thanks for that. I do realise that the request we received has a history, but as I said in my
email, we thought it best for all the material to be published on our website in order to
stop all discussion/confusion. 
 
Therefore, if you could provide the material you describe below at your earliest
convenience, directly to me, that would be great.
 
Thanks again, 
 
Heike 
 
 -----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu]
Sent: 20 November 2003 14:08
To: Langenberg, Heike
Cc: Cotter, Rosalind; Campbell, Philip; Phil Jones; Tim Osborn; rbradley@geo.umass.edu;
mhughes@ltrr.arizona.edu; Scott Rutherford; mann@virginia.edu
Subject: RE: Energy and Environment Paper

Heike,

Just as a followup, we can go further than what I described below. We can provide
the following 4 groups of data/information which should cover all of the bases:

1) Proxy Indicators
The 11 matrices of proxy indicators  (and 11 files giving the names of the different
series) used in the various intervals of our stepwise reconstructions, as described in
my previous email message.

We can also provide a matrix containing all (nearly 400 odd) actual proxy data used
(1400-1980) which make up these indicators.

An appropriate README file be provided.

2) Instrumental Data
The various eigenvectors, eigenvalues, standardization factors, and the raw
instrumental surface temperature data used in our study. The  latter were from the
public CRU website, but they have since been overwritten w/ a newer version of the
instrumental data--unless the older (1854-1993) dataset is still somewhere on the
CRU site. Phil, Tim?

3) Figure Data

We'll provide the data shown in the key figures (Fig 5ab and Fig 7)
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4) Methods

A description of any minor details of the methodology we can think of that may not
have been perfectly clear in the paper.

At 11:23 AM 11/20/2003 +0000, Langenberg, Heike wrote:

Dear Mike, 

 
In the wake of the debate started by the publication of the Energy
and Environment paper, we have had a request from McKitrick and
McIntyre for a full list of the data sets and the computational procedures
used in your 1998 Nature paper. 

 
In line with our policy that data and methods of a paper published
in Nature must be available to academic researchers for their own
use (http://www.nature.com/nature/submit/policies/index.html#6 )
and in order to put an end to any discussion about the data sets
and methods used, we decided that it would be best for us to
publish an addendum to the paper (just saying that interested
readers can find the data on our website), with a link to the full set
of data and methods as Supplementary Information. 

 
Could you therefore please supply the full set of data series and a
description of the procedures used to us?  

 
Best regards,
Heike

 

 
 -----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu]
Sent: 06 November 2003 02:49
To: Langenberg, Heike
Subject: RE: Energy and Environment Paper

;Hi Heike,
Just a followup to my terse email earlier (sent it from a plane).

As I mentioned before, I understand the decision--I think its
probably a wise decision.
If Nature does decide to do a story on this, please let me know if I
can be of any help.
Thanks again for your consideration of the issue. We'll let you know
when our formal response to the paper is published (probably in
"Climatic Change").
best regards,
mike
At 05:26 PM 11/5/2003 +0000, Langenberg, Heike wrote:

Dear Mike,
Thanks again for the information you provided to
us on the debate. 
As mentioned on the phone, we have discussed the
issue at length, but have now decided not to
publish your rebuttal of the E&E paper. Obviously,
this decision is editorial and does not reflect in any
way on its scientific quality. 
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We might still take up the issue elsewhere in the
journal, but nothing definitive is planned at this
stage.
I just wanted to let you know about our decision
regarding your rebuttal as soon as possible, so that
you can pursue publicaton elsewhere.
Best wishes,
Heike

********************************************************************************

DISCLAIMER: This e-mail is confidential and should not be used by anyone who is not the
original intended recipient. If you have received this e-mail in error please inform the
sender and delete it from your mailbox or any other storage mechanism. Neither
Macmillan Publishers Limited nor any of its agents accept liability for any statements made
which are clearly the sender's own and not expressly made on behalf of Macmillan
Publishers Limited or one of its agents. Please note that neither Macmillan Publishers
Limited nor any of its agents accept any responsibility for viruses that may be contained in
this e-mail or its attachments and it is your responsibility to scan the email and
attachments (if any). No contracts may be concluded on behalf of Macmillan Publishers
Limited or its agents by means of e-mail communication. Macmillan Publishers Limited
Registered in England and Wales with registered number 785998 Registered Office Brunel
Road, Houndmills, Basingstoke RG21 6XS
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                    Professor Michael E. Mann
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                      University of Virginia
                     Charlottesville, VA 22903
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         http://www.evsc.virginia.edu/faculty/people/mann.shtml 
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From: Raymond S. Bradley
To: mann@multiproxy.evsc.virginia.edu; mhughes@ltrr.arizona.edu
Subject: CC pt 1
Date: Friday, November 21, 2003 2:47:05 PM

I re-wrote the intro....will send you the "Word tracking" version soon, but
it was so butchered 9by me) that it's hard to follow.  Here's the amended
version--see what you think.  It avoids redundancy & gets straight to the
point better than the first draft, I think:

1. Introduction

A recent paper by McIntyre and McKitrick (henceforth "MM03") claims to
provide evidence that late 20th century hemispheric warmth is not anomalous
in the context of the past several centuries, with the specific claim that
15th century temperatures were warmer than those of the late 20th century.
MM03 make this claim based on the purported application of the same
methodology and datasets used by Mann et al (1998--henceforth "MBH98"), but
their results are very different from those reported by MBH98. MM03 go on
to draw far broader implications from their results, arguing against the
existence of anthropogenic climate change, and, moreover, the importance of
taking action to mitigate it.[could omit this as a diversion....] Their
results contrast markedly with a number of studies carried out over the
past decade, which reconstruct large-scale surface temperature variations
from proxy data (Figure 1).  These all arrived at the conclusion that late
20th century Northern Hemisphere mean warmth is anomalous in the context of
past centuries and even millennia  (Bradley and Jones, 1995; Crowley and
Kim, 1996; Overpeck et al, 1997, Jones et al, 1998, Mann et al, 1998;
Pollack et al, 1998; Crowley and Lowery, 2000; Huang et al, 2000; Jones et
al, 2001, Folland et al, 2001; Briffa et al, 2001; Mann and Jones, 2003;
Mann et al, 2003a; Pollack et al, 1998; Huang et al, 2000; Hegerl et al,
2003). Studies employing models of varying complexity forced with estimated
past natural and anthropogenic radiative forcing histories have arrived at
similar conclusions (Free and Robock, 1999; Crowley and Kim, 1999; Crowley
et al, 2000; Bertrand et al, 2002; Gerber et al, 2003; Bauer et al, 2003;
Hegerl et al 2003), providing theoretical estimates of Northern Hemisphere
mean temperature variations that are statistically indistinguishable from
the empirical reconstructions (e.g. Mann et al, 2003).  The MM03 study thus
conflicts with the work that they claim to have auditedand corrected(i.e.
MBH98) and also with most other studies of large-scale temperature
variations.

An audit involves a careful examination, using the same data and following
the exact procedures used in the report or study being audited.  McIntyre
and McKitrick ("MM03") have done no such thing, having used neither the
data nor the procedures of MBH98. Their effort has no bearing on the
validity of the conclusions reported in MBH98, and is no way a "correction"
of that study as they claim. On the contrary, their analysis seriously
misrepresents MBH98.  Here we examine the claim that MM03 undertook exactly
the same analysis as MBH98 and found errors in this work, and we seek to
understand how they came to this erroneous conclusion.  We show that their
results derive from the incorrect application of the method of Mann et al
(1998) and the use of a different (more restricted) version of the proxy
data set used by MBH98.We identify the omission of key early proxy
indicators that were used by MBH98 in their network (section 2). We also
note a number of erroneous criticisms made of MBH98 in MM03 (section 3),
and a number of significant additional technical errors made by MM03
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(section 4) that would have rendered their analysis invalid even if they
had employed the same key early data as MBH98.  Furthermore, we show that
the reconstruction presented by MM03 fails the fundamental statistical test
of "cross-validation" with independent instrumental data, emphasized in
MBH98 and other paleoclimate reconstruction studies (see e.g. Cook et al,
1994; Luterbacher et al, 2002).We present our conclusions in section 5.

Raymond S. Bradley
Distinguished Professor
Director, Climate System Research Center*
Department of Geosciences
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel: 
Fax: 
*Climate System Research Center: 
         <http://www.paleoclimate.org>
Paleoclimatology Book Web Site: http://www.geo.umass.edu/climate/paleo/html
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From: Michael E. Mann
To: Raymond S. Bradley; mhughes@ltrr.arizona.edu
Cc: mann@virginia.edu
Subject: Re: CC pt 1
Date: Friday, November 21, 2003 3:40:28 PM

Hi Ray,

Thanks, this sounds good.

Basically, this is my thinking now. We want to go w/ the current analysis, etc. but we
should also use this as an opportunity to clear about any uncertainties about
methodology, data, etc. Malcolm indicated he would add something on the
importance of having carefully filtered the ITRDB data as we did.

Scott is busy preparing the complete documentation of the data, etc. My feeling is
that we should refer to the revised website in the Climatic Change paper, before we
relay the data to Nature. That way, it can be viewed as a pro-active move on our
part (as part of our formal response), rather than a simple reply to a request from
Nature. We can make it clear that the data was on ftp the whole time, but that
because we are very supportive of other climate/paleoclimate scientists attempting to
repeat our analysis, we have made the information available in as transparent a
format as possible, etc. You guys can suggest revised wording, etc. but the idea here
is that the
revised complete data site will be *part* of our "Climatic Change" paper, and then
we can pass that along to Nature.

So I'll await a revised word version from you, a contribution from Malcolm on the
description of how we filtered the ITRDB, etc. then incorporate some discussion along
the lines above, and then send you guys a revised version for another (final?) round
of comments.

I'll be way through sunday afternoon, so probably won't get to looking at any
revisions/comments from either of you before then in any case...

Thanks,

mike

At 04:40 PM 11/21/2003 -0500, Raymond S. Bradley wrote:

I re-wrote the intro....will send you the "Word tracking" version soon, but
it was so butchered 9by me) that it's hard to follow.  Here's the amended
version--see what you think.  It avoids redundancy & gets straight to the
point better than the first draft, I think:

1. Introduction

A recent paper by McIntyre and McKitrick (henceforth "MM03") claims to
provide evidence that late 20th century hemispheric warmth is not
anomalous in the context of the past several centuries, with the specific
claim that 15th century temperatures were warmer than those of the late
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20th century. MM03 make this claim based on the purported application of
the same methodology and datasets used by Mann et al (1998--
henceforth "MBH98"), but their results are very different from those
reported by MBH98. MM03 go on to draw far broader implications from
their results, arguing against the existence of anthropogenic climate
change, and, moreover, the importance of taking action to mitigate
it.[could omit this as a diversion....] Their results contrast markedly with a
number of studies carried out over the past decade, which reconstruct
large-scale surface temperature variations from proxy data (Figure 1). 
These all arrived at the conclusion that late 20th century Northern
Hemisphere mean warmth is anomalous in the context of past centuries
and even millennia  (Bradley and Jones, 1995; Crowley and Kim, 1996;
Overpeck et al, 1997, Jones et al, 1998, Mann et al, 1998; Pollack et al,
1998; Crowley and Lowery, 2000; Huang et al, 2000; Jones et al, 2001,
Folland et al, 2001; Briffa et al, 2001; Mann and Jones, 2003; Mann et al,
2003a; Pollack et al, 1998; Huang et al, 2000; Hegerl et al, 2003). Studies
employing models of varying complexity forced with estimated past
natural and anthropogenic radiative forcing histories have arrived at
similar conclusions (Free and Robock, 1999; Crowley and Kim, 1999;
Crowley et al, 2000; Bertrand et al, 2002; Gerber et al, 2003; Bauer et al,
2003; Hegerl et al 2003), providing theoretical estimates of Northern
Hemisphere mean temperature variations that are statistically
indistinguishable from the empirical reconstructions (e.g. Mann et al,
2003).  The MM03 study thus conflicts with the work that they claim to
have auditedand corrected(i.e. MBH98) and also with most other studies
of large-scale temperature variations.

An audit involves a careful examination, using the same data and
following the exact procedures used in the report or study being audited. 
McIntyre and McKitrick ("MM03") have done no such thing, having used
neither the data nor the procedures of MBH98. Their effort has no bearing
on the validity of the conclusions reported in MBH98, and is no way a
"correction" of that study as they claim. On the contrary, their analysis
seriously misrepresents MBH98.  Here we examine the claim that MM03
undertook exactly the same analysis as MBH98 and found errors in this
work, and we seek to understand how they came to this erroneous
conclusion.  We show that their results derive from the incorrect
application of the method of Mann et al (1998) and the use of a different
(more restricted) version of the proxy data set used by MBH98.We identify
the omission of key early proxy indicators that were used by MBH98 in
their network (section 2). We also note a number of erroneous criticisms
made of MBH98 in MM03 (section 3), and a number of significant
additional technical errors made by MM03 (section 4) that would have
rendered their analysis invalid even if they had employed the same key
early data as MBH98.  Furthermore, we show that the reconstruction
presented by MM03 fails the fundamental statistical test of "cross-
validation" with independent instrumental data, emphasized in MBH98 and
other paleoclimate reconstruction studies (see e.g. Cook et al, 1994;
Luterbacher et al, 2002).We present our conclusions in section 5.

Raymond S. Bradley
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mike:
Malcolm & I went over this with a bulldozer, but I think it now reads a lot
better--more to the point and less repetition.  See what you think
ray
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1. Introduction 
 
A recent paper by McIntyre and McKitrick (henceforth "MM03") claims to provide evidence that 
late 20th century hemispheric warmth is not anomalous in the context of the past several 
centuries, with the specific claim that 15th century temperatures were warmer than those of the 
late 20th century. MM03 make this claim based on the purported application of the same 
methodology and datasets used by Mann et al (1998--henceforth "MBH98"), but their results are 
very different from those reported by MBH98.  Their results contrast markedly with a number of 
studies carried out over the past decade, which reconstruct large-scale surface temperature 
variations from proxy data (Figure 1).  These all arrived at the conclusion that late 20th century 
Northern Hemisphere mean warmth is anomalous in the context of past centuries and even 
millennia  (Bradley and Jones, 1995; Crowley and Kim, 1996; Overpeck et al, 1997, Jones et al, 
1998, Mann et al, 1998; Pollack et al, 1998; Crowley and Lowery, 2000; Huang et al, 2000; Jones 
et al, 2001, Folland et al, 2001; Briffa et al, 2001; Mann and Jones, 2003; Mann et al, 2003a; 
Pollack et al, 1998; Hegerl et al, 2003). Studies employing models of varying complexity forced 
with estimated past natural and anthropogenic radiative forcing histories have arrived at similar 
conclusions (Free and Robock, 1999; Crowley and Kim, 1999; Crowley et al, 2000; Bertrand et 
al, 2002; Gerber et al, 2003; Bauer et al, 2003; Hegerl et al 2003), providing theoretical estimates 
of Northern Hemisphere mean temperature variations that are statistically indistinguishable from 
the empirical reconstructions (e.g. Mann et al, 2003).  The MM03 study thus conflicts with the 
work that they claim to have “audited” and “corrected” (i.e. MBH98) and also with most other 
studies of large-scale temperature variations.   
 
An audit involves a careful examination, using the same data and following the exact procedures 
used in the report or study being audited.  McIntyre and McKitrick ("MM03") have done no such 
thing, having used neither the data nor the procedures of MBH98. Their effort has no bearing on 
the validity of the conclusions reported in MBH98, and is no way a "correction" of that study as 
they claim. On the contrary, their analysis seriously misrepresents MBH98.  Here we examine the 
claim that MM03 undertook exactly the same analysis as MBH98 and found errors in this work, 
and we seek to understand how they came to this erroneous conclusion.  We show that their 
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results derive from the incorrect application of the method of Mann et al (1998) and the use of a 
different (more restricted) version of the proxy data set used by MBH98.We identify the omission 
of key early proxy indicators that were used by MBH98 in their network (section 2) and show 
that the reconstruction presented by MM03 fails the fundamental statistical test of "cross-
validation" with independent instrumental data, emphasized in MBH98 and other paleoclimate 
reconstruction studies (see e.g. Cook et al, 1994; Luterbacher et al, 2002).. We also note a 
number of significant additional technical errors made by MM03 (section 3) that would have 
rendered their analysis invalid even if they had employed the same key early data as MBH98. 
They made  several other erroneous criticisms  of MBH98 (section 4).  We present our 
conclusions in section 5. 
 
 

2. Impact of Removal by MM03 of Key Proxy Indicators Used by MBH98 
 
Because large-scale climate fields typically have relatively few (on the order of tens of) spatial 
degrees of freedom on climatic timescales [e.g. Jones and Briffa, 1992; Weber and Madden, 
1995; Zwiers and Shen, 1997; Rutherford et al., 2003a], climate indices or fields can often be 
efficiently reconstructed from a relatively modest network of proxy indicators [e.g. Bradley, 
1996, Evans et al, 1998], particularly through the use of a lower-dimensional state space 
representation of the underlying fields based on Principal Component Analysis [Mann et al, 1998; 
1999; Luterbacher et al, 2002; Evans et al, 2002; Zorita et al., 2003] or other alternative methods 
employing the data covariance matrix [Mann and Rutherford, 2002; Rutherford et al,, 2003;]. The 
reliability or 'skill' of the reconstruction, as estimated through cross-validation, depends critically 
on the available data, especially when relatively small numbers of indicators are available [Mann 
et al, 1998;1999; Evans et al., 2002; Mann and Rutherford, 2002; Rutherford et al., 2003a; Zorita 
et al., 2003]. The putative "correction" of the MBH98 proxy network employed by MM03 
appears to have amounted to little more than a removal of key indicators and the substitution of 
some others. They removed the majority of the underlying proxy data in the MBH98 network 
prior to AD 1600. It is during this period (in particular, the interval 1400-1500) that the removal 
of these data has major consequences for the character of the MM03 reconstruction of Northern 
Hemisphere temperature. We also show that the removal of these key data prevents the possibility 
of obtaining a skillfully cross-validated reconstruction during the period AD 1400-1500. 
 
MM03 do not list the number of indicators in their altered version of the MBH98 network that 
forms the basis of their reconstruction. This altered network is based on the substitution of many 
original series used by MBH98,often with shorter data series from other sources and the omission 
of some other series. The reader must do a considerable amount of detective work, based on 
scrutiny of the tables in MM03 (pages 20-23) and the indicated data hyperlinks, to determine just 
what data have been eliminated from the original MBH98 network. An analysis of these 
substitutions indicates that the deletion of key early proxy information produces the anomalous 
warming in the 15th century that is at odds with the reconstructed cold conditions of the period by 
MBH98 and virtually all other published Northern Hemisphere temperature reconstructions. 
 
The difference between the reconstruction of MM03 and MBH98 stems from the following:  
1) MM03 appear to eliminate the entire dataset of 70 Western North American (WNA) tree-ring 
series available between 1400 and 1500 (and a total of 86 series from AD 1500-1600) based on a 
complete misrepresentation of the procedures used by MBH98. This dataset, and several other 
regional tree-ring data networks, was represented by MBH98 in terms of a smaller number of 
representative Principal Component (PC) time series for each independent reconstruction 
produced by a stepwise procedure.  MM03 eliminate all of these data by not following the 
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procedure of MBH98 of calculating the PC series separately for all intervals used in their 
stepwise reconstruction, which employs one set of PC series for the AD 1400-1980 interval, 
another for AD 1450-1980, and so on (see technical point "b" later on in this document). This 
procedure allowed MBH98 to make use of an increasingly large amount of underlying proxy data 
in their representations of the various data sub-networks for later periods as more data joined the 
set. The leading pattern of variance in this data set exhibits conditions from 1400-1800 that are 
much colder than those of the mid and late 20th century, with very prominent cooling in the 15th 
century.  The original individual proxy data used by MBH, including all of the WNA data have 
been available since May 2000 on the public ftp site provided by Mann and colleagues:  

ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/ITRDB/NOAMER/ 
as well as  the  NOAA Paleoclimatology website:  

ftp://ftp.ngdc.noaa.gov/paleo/treering/chronologies/northamerica/usa 
It should also be noted that a description of the extensive quality control performed on the public 
domain tree-ring data was given by Mann et al., 2000b and may be seen online at : 

http://www.ngdc.noaa.gov/paleo/ei/ei_nodendro.html 
We see no conceivable justification  for MM03 to have eliminated what amounts to the vast 
majority of proxy series used by MBH98 prior to AD 1600. 
 
2) MM03 appear to eliminate the entire dataset of Stahle et al (1998) of southwestern 
U.S./Mexican latewood ring width measurements prior to the 17th century (12 series back to 
1500, 6 back to 1400) under the same false procedural premise described in (1).  Once again, the 
data were available at the public ftp site provided by Mann and coworkers:  

ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/STAHLE/SWM/ 
 
3) MM03 appear to have substituted significantly different series for the original full-length 
Jacoby and D'Arrigo (1989) Northern Treeline series used by MBH98. For example, in their 
Figure 4 they describe the substitution of a shorter version (available back to AD 1530) of the 
"Twisted Tree, Heartrot Hill" Northern Treeline series for the longer version (available back to 
AD 1459) used by MBH98.  
 
We have not determined the full impact of all of the various substitutions and omissions 
performed by MM03. Nor have we accounted for the influence of the various technical errors in 
their analysis (section 4), which alone would make it impossible for them to have correctly 
reproduced the results of MBH98. However, we have re-computed northern hemisphere 
temperatures by incorporating the methodological and data changes outlined above, and then 
obtain a qualitatively similar reconstruction to MM03 (Figure 2).  This shows warmth during the 
15th century that exceeds the warmth reconstructed through the 1980 termination of the proxy-
reconstruction. This result should have been discarded by MM03 had they correctly followed the 
cross-validation protocol used by MBH98 and other paleoclimate researchers in testing the 
reliability of their reconstruction. MBH98 employed the standard statistical tool of cross-
validation to verify the skill of their reconstructions (see also Cook et al, 1994; Luterbacher et al, 
2002; Evans et al, 2002). MM03 describe no such tests. Consistent with the stepwise 
reconstruction approach employed by MBH98 in which increasingly sparse networks were used 
progressively farther back in time, a series of cross-validation experiments were performed by 
MBH98 to estimate the skill for different time intervals. For the AD 1400-1450 period, for 
example, MBH98 performed a reconstruction over the interval 1400-1901 based on calibration of 
the indicators available for the 1400-1980 period against the instrumental record over the interval 
1902-1980. The resulting reconstruction was then independently compared against the 
instrumental record over the interval (1854-1901) not used for calibration. The cross-validation 
skill was diagnosed by a 'Reduction of Error' statistic (RE), which is bounded by negative infinity 
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and positive one, with substantially positive numbers indicative of predictive skill. The mean 
expected value for a random estimate is RE= -1. MBH98 obtained an RE score of 0.51 for the 
reconstruction over the AD 1400-1500 interval.  The cross-validation score for the MM03 
reconstruction of this interval (RE = -0.7) indicates the absence of any statistical reliability in 
their resulting reconstruction.  If they had used this cross-validation protocol to verify their 
reconstruction, MM03 would have been forced to conclude that a skillful reconstruction was not 
possible prior to AD 1500 based on the highly restricted version of the MBH98 proxy network 
that they used.  It was not statistically defensible for MM03 to conclude that their reconstruction 
provided any statistically valid evidence of anomalous warmth prior in the 15th century, given the 
failure of their reconstruction to cross-validate against the instrumental record. An alternative 
reconstruction eliminating only datasets (1) and (2) provides an intermediate result, closer to that 
of MBH98, but with a statistical diagnostic of skill that is at best marginal (RE=0.09). Only when 
the full data network used by MBH98, retaining datasets (1)-(3), is used for the critical AD 1400-
1500 period, is a skillful reconstruction possible, as obtained by MBH98  (RE=0.51). 
 
MM03 imply that a bias arises in the reconstruction of MBH98 based on our having infilled a 
modest (HOW MANY OUT OF HOW MANY?) number of proxy indicators terminating prior to 
the 1980 end of the calibration period (between 1972 and 1980).  The infilling was based on 
extension by persistence of the final available value to the 1980 boundary. We demonstrate the 
falsehood of this assertion by performing a reconstruction, using the same MBH98 network, but 
using the calibration interval (1902-1971) that entirely pre-dates any infilled data.  The resulting 
reconstruction from AD 1400-1500 is shown in Figure 2. It is statistically indistinguishable from 
that of MBH98 based on calibration over the 1902-1980 interval, both in its appearance (Figure 
2) and cross-validation skill (same value of RE=0.51).  This demonstrates that the extension of a 
small number of proxy series to the 1980 boundary has no detectable influence on the 
reconstruction, and that the reconstruction is robust with respect to the precise instrumental 
calibration interval used. 
  
 

3. Important Technical Errors in MM03 
 
There are numerous technical problems in the data and approach used by MM03 that would 
appear to have rendered their analysis flawed irrespective of their elimination of key predictors as 
described in section 2.  We briefly list the few of the most significant of these: 
 
(a) Use of Inconsistent Instrumental Surface Temperature Data Sets 
MM03 did not perform an internally consistent Principal Component Analysis (PCA) of the 
instrumental surface temperature dataset. Instead, they combined gridpoint standard deviations 
estimated from a new version of the Climatic Research Unit (CRU) of the University of East 
Anglia surface temperature record (Jones et al, 1999), with results (eigenvectors, principal 
components series, and eigenvalues) from MBH98 based on application of PCA to an older 
version of the CRU instrumental surface temperature data (Jones and Briffa, 1992--the estimates 
were updated on the CRU website through 1993, the end of the interval used by MBH98 in their 
PCA).  These two datasets are not equivalent. For example, they employ two different base 
periods for the formation of surface temperature anomalies. The convolution of surface 
temperature statistics from the two surface temperature sets leads to an unknown bias in MM03’s 
reconstructed surface temperature fields. 
 
MM03 also appear to have estimated gridpoint standard deviations from the un-detrended surface 
temperature data, while MBH98 had normalized their EOFs by detrended gridpoint standard 
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deviations. Either convention would be equally defensible as long as the analysis was internally 
consistent. However, since MM03 did not perform an internally consistent PCA of the 
instrumental surface temperature data, but instead mixed the PCA results of MBH98 with 
gridpoint temperature statistics estimated from a different temperature dataset, they impose a 
spatially-variable bias in the reconstructed surface temperature field (the bias is larger where 20th 
century surface air temperature trends are greatest). 
 
(b) Incorrect representation of the MBH98 proxy data set.  
MBH98 calculated PCs of proxy sub-networks separately for each interval in their stepwise 
reconstruction. This is the only sensible approach, since it allows the use of all data available over 
each sub-interval used in the MBH98 stepwise reconstruction (i.e., one set of PCs for 1400-1980, 
another  for 1450-1980, another for 1500-1980, and so on, with a greater number of series and, 
accordingly, a larger number of representative proxy network PC series, available in later 
centuries). Because the PCA representation of the various proxy networks was employed in this 
step-wise fashion, 159 independent time series are required to represent all indicators used in the 
reconstructions of all the various sub-intervals, even though the maximum number ever used for a 
particular sub-interval is 112. By not following this protocol, MM03 appear to have eliminated in 
the range of 100 proxy series used by MBH98 over the interval 1400-1600 and, as discussed 
earlier, proxy indicators that are vital for a skillfully cross-validated reconstruction, over the 
interval AD 1400-1500. 
 
(c) Lack of the use of an objective criterion in the determination of the number of retained 
instrumental PCs in the reconstruction: 
Since the proxy data network developed by MM03 differs dramatically from that used by 
MBH98 for all intervals, it was inappropriate for MM03 to use the same instrumental temperature 
eigenvector subsets that had been selected by MBH98 for their reconstruction. The subsets were 
selected by MBH98 based on the application of an objective criterion to the specific available 
proxy networks available, and were optimized with respect to those networks. The basis sets used 
by MM03 thus appear not to have been optimized with respect to the different proxy network 
they actually use. 
 
(d) Incorrect Scaling of Reconstructed Principal Components (RPCS): 
MBH98 insure that each of the reconstructed Principal Components (RPCs) have the same 
variance as the corresponding instrumental annual mean temperature Principal Components (PCs) 
over the calibration period, based on an explicit scaling of the RPC series against the 
corresponding PC series over the 1902-1980 interval. If this step is not followed, similar results 
are obtained, but cross-validation scores are found to be modestly lower. It is not clear from the 
methodological description provided by MM03 that they followed this step, providing an 
additional potential reason for differences from the MBH98 results. 
 
 

4. Spurious Criticisms of MBH98 by MM03 
 
Numerous other criticisms of MBH98 put forth by MM03 are without merit. Their claim that 
MBH98 employ an EOF decomposition of various proxy sub-networks that was not optimized 
with respect to the underlying data network is a simple result of MM03’s technical mistake (3.b) 
above. So too is their mistaken assertion that the PCs computed by MBH98 for sparser data prior 
to AD 1600 were based on the use of a data set with missing data The claim by MM03 that 
MBH98 calculated statistics for non-existent temperature gridpoints was a result of MM03 using 
an inconsistent version of the CRU instrumental surface temperature data set with a different base 
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period (see technical mistake 3.a). Nearly all of the reported errors in the MBH98 proxy data set 
(e.g. the supposed shifted values in time, etc.) are artifacts of MM03’s having used a spreadsheet 
version of the dataset prepared (and posted on the public ftp site) for them upon request by an 
associate of ours, rather than using the raw data available on our public ftp site, which MM03 
were encouraged to use. There are, as noted by MM03, a few minor typographical errors in the 
original MBH98 paper (e.g. wrong listing of number of predictors) and the locations of some of 
the proxy records in Figure 1 are slightly misplaced from their true locations. These issues have 
no bearing on the validity of the results provided by MBH98 and only serve as minor distractions 
from the important differences in data and procedures used in MM03.   
 
 

5. Conclusions 
 
MM03 did not follow the same procedures or use the same data as MBH98.  Their results should 
not therefore be considered as a “correction” of MBH98, as they claim, but an entirely different 
reconstruction that should be evaluated on its merits.  We show that their reconstruction has no 
statistical skill for the crucial period prior to AD1500.  Furthermore, MM03 is at odds with a 
number of independent reconstructions and model simulations that have now been published, 
which yield a quite similar history of past hemispheric temperature variations to that of MBH98 
(Figure 1). Their conclusion that temperatures in the 15th century were warmer than in the 20th 
century has no support in the literature, and conflicts with the evidence of  widespread early 
“Little Ice Age” conditions during this interval.   
 
MBH98 clearly note that the early segment of their reconstruction (AD 1400-1600) which is 
based on a more restricted network of proxy indicators, is sensitive to a small number of 
important predictors, and this is reflected in the wider confidence limits ascribed to this interval 
(Figure 1). Furthermore, as discussed in Mann et al (1999), the WNA tree-ring chronologies are 
essential for a skillful reconstruction prior to AD 1400 and, the quality of the reconstruction is 
improved when apparent non-climatic influences on tree-growth in some high elevation western 
sites are accounted for. 
Since MBH98 and Mann et al (1999), numerous other independent reconstructions have been 
produced based on different data and methods (Figure 1). Some of these reconstructions suggest 
slightly different past histories, for example colder conditions during certain past centuries (Esper 
et al, 2002; Huang et al, 2000). It has been argued that such modest differences can be explained 
in terms of the extratropical, continental and perhaps warm-season sensitivity of the predictors 
(Mann, 2002; Shindell et al, 2001; 2003) and possible non-temperature influences on ground 
surface temperature (Mann et al, 2003b; Mann and Schmidt, 2003). However, none of these 
reconstructions show the anomalous 15th century warmth argued for by MM03  
It remains a challenge to further reduce existing uncertainties. Only through careful additional 
work involving the rigorous testing of methodologies, the analysis of the sensitivity of 
reconstructive skill to predictor selection, and the introduction of new proxy information, is this 
likely to be achieved. The paleoclimate research community is actively working towards these 
goals (e.g. Jones et al, 2001). The flawed critique of MM03 does nothing to advance these goals 
but, instead, obscures the real progress that has been detailed in numerous papers published in the 
peer-reviewed scientific literature. 
 
 

Acknowledgements 
 

ABOR/MH/Priv-001511



 7

We thank [LIST OF SCIENTIST FROM WHOM WE HAVE SHOWN MANUSCRIPT] for a 
critical review of this manuscript. We thank S. Rutherford for his assistance. The original work of 
MBH98 was supported by the Department of Energy through the Alexander Hollaender 
Postdoctoral Research Fellowship program (M. Mann) and the NSF- and NOAA- sponsored 
Earth Systems History Program (NSF ATM-9626833 and NOAA NA96GP0404). 
 
 

References 
 
Bauer, E., M. Claussen, and V. Brovkin, 2003: Assessing climate forcings of the earth system for 
the past millennium, Geophys. Res. Lett., 30, doi: 10.1029/2002GL016639, 2003. 
 
Beltrami, H., and L. Kellman, 2003: An examination of short- and long-term air-ground 
temperature coupling, Global and Planetary Change, 38, 291-303. 
 
Bertrand C., M.F. Loutre, M. Crucifix, and A. Berger, 2002: Climate of the Last millennium: a  
sensititvity study, Tellus, 54(A), 221-244. 
 
Bradley, R.S., 1996: Are there optimum sites for global paleotemperature reconstructions?, in 
Climatic Variations and Forcing Mechanisms of the last 2000 years, edited by P.D. Jones, R.S. 
Bradley and J. Jouzel, , Routledge, London, 603-624.  
 
Bradley, R.S., and P.D. Jones, 1993: ‘Little Ice Age’ summer temperature variations: their nature 
and relevance to recent global warming trends, The Holocene, 3, 367-376. 
 
Bradley, R.S., and P.D. Jones, 1995: Climatic variations in the longest instrumental records, in 
Climate Since A.D. 1500, edited by R.S. Bradley and P. D. Jones, Routledge, London, 246-268.  
 
Bradley, R.S., M.K. Hughes, and H.F. Diaz, 2003: Climate in Medieval time, Science, 302, 404-
405. 
 
Briffa, K.R., and P.D. Jones, 1993: Global surface air temperature variations during the twentieth 
century.  Part 2, Implications for large-scale high-frequency paleoclimatic studies, The Holocene, 
3, 77-88.  
 
Briffa, K.R., and T.J. Osborn, 1999: Seeing the wood from the trees, Science, 284, 926-927.  
 
Briffa, K.R., and T.J. Osborn, 2002: Blowing hot and cold, Science, 295, 2227-2228.  
 
Briffa, K.R., P.D. Jones, T.M.L. Wigley, J.R. Pilcher, and M.G.L. Baillie, 1986: Climate 
reconstruction from tree rings: Part 2, Spatial reconstruction of summer mean sea-level pressure 
patterns over Great Britain, Journal of Climatology, 6, 1-15. 
 
Briffa, K.R., P.D. Jones, T.S. Bartholin, D. Eckstein, F.H. Schweingruber, W. Karlén, P. 
Zetterberg, and M. Eronen, 1992a: Fennoscandian summers from AD500: Temperature changes 
on short and long timescales, Climate Dynamics, 7, 111-119. 
 
Briffa, K.R., P.D. Jones, and F.H. Schweingruber, 1992b: Tree-ring density reconstructions of 
summer temperature patterns across western North America since 1600, Journal of Climate, 5, 
735-752. 

ABOR/MH/Priv-001512



 8

 
Briffa, K.R., P.D. Jones, F.H. Schweingruber, W. Karlén, and S.G. Shiyatov, 1996: Tree-ring 
variables as proxy-climate indicators: Problems with low-frequency signals, in Climatic 
Variations and Forcing Mechanisms of the Last 2000 Years, edited by P.D. Jones, R.S. Bradley, 
and  J. Jouzel, , Springer-Verlag, Berlin Heidelberg6, 9-41 
 
Briffa, K.R., F.H. Schweingruber, P.D. Jones, T.J. Osborn, S.G. Shiyatov, and E.A. Vaganov, 
1998a: Reduced sensitivity of recent tree-growth to temperature at high northern latitudes, 
Nature, 391, 678-682. 
 
Briffa, K.R., P.D. Jones, F.H. Schweingruber, and T.J. Osborn, 1998b: Influence of volcanic 
eruptions on Northern Hemisphere summer temperatures over 600 years, Nature, 393, 450-455,. 
 
Briffa, K.R., T.J. Osborn, F.H. Schweingruber, I.C. Harris, P.D. Jones, S.G. Shiyatov, S.G., and 
E.A. Vaganov, 2001: Low-frequency temperature variations from a northern tree-ring density 
network, J. Geophys. Res., 106, 2929-2941. 
 
Cook, E.R., K.R. Briffa, and P.D. Jones, 1994: Spatial regression methods in dendroclimatology: 
a review and comparison of two techniques, International Journal of Climatology, 14, 379-402. 
 
Crowley, T.J., 2000: Causes of Climate Change Over the Past 1000 Years, Science, 289, 270-277. 
 
Crowley, T.J., and K.-Y. Kim, 1996: Comparison of proxy records of climate change and solar 
forcing, Geophysical Research Letters, 23, 359-362. 
 
Crowley, T.J., and K-Y. Kim, 1999: Modeling the temperature response to forced climate change 
over the last six centuries, Geophysical Research Letters, 26, 1901-1904. 
 
Crowley, T.J., and T.S. Lowery, 2000: How warm was the Medieval Warm Period? A comment 
on ‘Man-made versus natural climate change’, Ambio, 39, 51-54. 
 
Crowley, T.J., T.M. Quinn, F.W. Taylor, C. Henin, and P. Joannot, 1997: Evidence for a volcanic 
cooling signal in a 335-year coral record from New Caledonia, Paleoceanography, 12, 633-639.  
 
Crowley, T.J., T.M. Quinn, and W.T. Hyde, 1999: Validation of coral temperature calibrations, 
Paleoceanography, 14, 605-615. 
 
Crowley, T.J., S.K. Baum, K-Y., Kim, G.C. Hegerl, and W.T. Hyde, 2003: Modeling ocean heat 
content changes during the last millennium, Geophys. Res. Letts., 30, 1932, 
doi:10.1029/2003GL017801. 
 
Esper, J., E.R. Cook, and F.H. Schweingruber, 2002: Low-frequency signals in long tree-line 
chronologies for reconstructing past temperature variability, Science, 295, 2250-2253. 
 
Evans, M.N., A. Kaplan, and M.A. Cane, 1998: Optimal sites for coral-based reconstruction of 
global sea surface temperature, Paleoceanography, 13, 502-5168. 
 
Evans, M.N., A. Kaplan, and M.A. Cane, 2002: Pacific sea surface temperature field 
reconstruction from coral δ18O data using reduced space objective analysis, Paleoceanography, 
17, 1007, doi:10.1029/2000PA000590. 

ABOR/MH/Priv-001513



 9

 
Free, M., and A. Robock, 1999: Global warming in the context of the Little Ice Age, J. Geophys. 
Res 104, 19,057-19,070. 
 
Folland, C.K., T.R. Karl, J.R. Christy, R.A. Clarke, G.V. Gruza, J. Jouzel, M.E. Mann, J. 
Oerlemans, M.J. Salinger, and S.-W. Wang, 2001: Observed climate variability and change, in 
Climate Change 2001: The Scientific Basis, edited by J.T. Houghton, Y. Ding, D.J. Griggs, M. 
Noguer, P.J. van der Linden, X. Dai, K. Maskell and C.A. Johnson, Cambridge Univ. Press, 
Cambridge, 99-181. 
 
Gerber, S., F. Joos, P.P. Bruegger, T.F. Stocker, M.E. Mann, and S. Sitch, 2003: Constraining 
temperature variations over the last millennium by comparing simulated and observed 
atmospheric CO2, Climate Dynamics, 20, 281-299. 
 
Ghil, M., Allen, M.R., Dettinger, M.D., Ide, K., Kondrashov, D., Mann, M.E., Robertson, A.W., 
Tian, Y., Varadi, F., Yiou, P., 2002: Advanced Spectral Methods for Climatic Time Series, 
Reviews of  Geophysics, 40 (1), 1003, doi: 10.1029/2000RG000092. 
 
Harris, R.N., and D.S. Chapman, 2001: Mid-Latitude (30'-60' N) climatic warming inferred by 
combining borehole temperatures with surface air temperatures, Geophys. Res. Lett. 28, 747-750. 
 
Hegerl, G.C., T.J. Crowley,  S.K. Baum, K-Y. Kim, and W. T. Hyde, 2003: Detection of 
volcanic, solar and greenhouse gas signals in paleo-reconstructions of Northern Hemispheric 
temperature, Geophys. Res. Lett., 30, 1242, doi: 10.1029/2002GL016635. 
 
Huang, S., H.N. Pollack, and P-Y. Shen, 2000: Temperature trends over the past five centuries 
reconstructed from borehole temperature, Nature 403, 756-758. 
 
Hughes, M.K. & H.F. Diaz, 1994: Was there a ”Medieval Warm Period'' and if so, where and 
when?, Clim. Change, 26, 109-142. 
 
Jacoby, G.C., and R.D. D'Arrigo, 1989: Reconstructed Northern Hemisphere annual temperature 
since 1671 based on high-latitude tree-ring data from North America, Climatic Change, 14, 39-
59. 
 
Jones, P.D. & K.R. Briffa., 1992: Global surface air temperature variations during the 20th 
century: Part 1-Spatial, temporal and seasonal details, Holocene, 1, 165-179. 
 
Jones, P.D., K.R. Briffa, T.P. Barnett and S.F.B. Tett, 1998: High-resolution paleoclimatic 
records for the last millennium: interpretation, integration and comparison with General 
Circulation Model control run temperatures,  Holocene, 8, 477-483. 
 
Jones, P.D. and M.E. Mann, 2003: Climate over Past Millennia, Advances in Geophysics, in 
review. 
 
Jones, P.D., M. New, D.E. Parker, S. Martin, and J.G. Rigor, 1999: Surface Air Temperature and 
its Changes over the Past 150 Years. Reviews of Geophysics, 37 (2), 173-199. 
 
Jones, P.D., T.J. Osborn, and K.R. Briffa, 2001a: The evolution of climate over the last 
millennium, Science, 292, 662-667..  

ABOR/MH/Priv-001514



 10

 
Jones, P.D., T.J. Osborn, K.R.  Briffa, C.K. Folland, E.B. Horton, L.V. Alexander, D.E. Parker, 
and N.A. Rayner, 2001b: Adjusting for sample density in grid-box land and ocean surface 
temperature time series, J. Geophys. Res., 106, 3371-3380. 
 
Jones, P.D., K.R. Briffa, and T.J. Osborn, 2003a: Changes in the Northern Hemisphere annual 
cycle – implications for paleoclimatology?, J. Geophys. Res., 108, 4588, 
doi:10.1029/2003JD003695. 
 
Lean, J., J. Beer, J. & R.S. Bradley, 1995: Reconstruction of solar irradiance since 1610: 
Implications for climate change, Geophys. Res. Lett., 22, 3195-3198. 
 
Luterbacher, J., E. Xoplaki, D. Dietrich, R. Rickli, J. Jacobeit, C. Beck, D. Gyalistras, C. 
Schmutz, and H. Wanner, 2002: Reconstruction of sea level pressure fields over the Eastern 
North Atlantic and Europe back to 1500, Climate Dynamics, 18, 545-561. 
 
McIntyre, S., and R. McKitrick, 2003: Corrections to the Mann et al (1998) Proxy Data Based 
and Northern Hemispheric Average Temperature Series,  Energy and Environment, 14, 751-771. 
 
Mann, M.E., and P.D. Jones, 2003: Global surface temperatures over the past two millennia, 
Geophys. Res. Letts., 30, 1820, 10.1029/2003GL017814. 
 
Mann, M.E., and S. Rutherford, 2002: Climate reconstruction using ‘Pseudoproxies’, 
Geophysical Research Letters, 29, 1501, doi: 10.1029/2001GL014554.  
 
Mann, M.E., and G.A. Schmidt, 2003: Ground vs. surface air temperature trends: implications for 
borehole surface temperature reconstructions, Geophysical Research Letters, Geophysical 
Research Letters, 30, 1607, doi: 10.1029/2003GL017170. 
 
Mann, M.E., R.S. Bradley and M.K. Hughes, 1998: Global-scale temperature patterns and climate 
forcing over the past six centuries, Nature, 392, 779--787.  
 
Mann, M.E., R.S. Bradley, and M.K. Hughes, 1999: Northern Hemisphere Temperatures During 
the Past Millennium: Inferences, Uncertainties, and Limitations, Geophysical Research Letters, 
26, 759-762. 
 
Mann, M.E., R.S. Bradley, and M.K. Hughes, 2000a: Long-term variability in the El Niño 
Southern Oscillation and associated teleconnections, in El Niño and the Southern Oscillation: 
Multiscale Variability and its Impacts on Natural Ecosystems and Society, edited by H.F. Diaz 
and V. Markgraf,  Cambridge University Press, Cambridge., 357-412. 
 
Mann, M.E., E. Gille, R.S. Bradley, M.K. Hughes, J.T. Overpeck, F.T. Keimig, and W. Gross, 
2000b:  Global  temperature patterns in past centuries: An interactive presentation, Earth 
Interactions, 4-4, 1-29. 
 
Mann, M.E., C.M. Ammann, R.S. Bradley, K.R. Briffa, T.J. Crowley, M.K. Hughes, P.D. Jones, 
M. Oppenheimer, T.J. Osborn, J.T. Overpeck, S. Rutherford, K.E. Trenberth, and T.M.L. Wigley, 
2003a: On past temperatures and anomalous late-20th century warmth, Eos, 84, 256-258. 
 

ABOR/MH/Priv-001515



 11

Mann, M.E., S. Rutherford, R.S. Bradley, M.K. Hughes, and F.T. Keimig, 2003b: Optimal 
surface temperature reconstructions using terrestrial borehole data, Journal of Geophysical 
Research, 108, 4203, doi: 10.1029/2002JD002532. 
 
Mitchell, J.F.B., D. J. Karoly, G. C Hegerl, F. W. Zwiers, M. R. Allen and J. Marengo, 2001: 
Detection of Climate Change and Attribution of Causes, in Climate Change 2001: The Scientific 
Basis, Houghton, J.T., et al. (eds.), Cambridge Univ. Press, Cambridge, 695-738. 
 
Overpeck, J., K. Hughen, D. Hardy, R. Bradley, R. Case, M. Douglas, B. Finney, K. Gajewski, G. 
Jacoby, A. Jennings, S. Lamoureux, A. Lasca, G.M.J. Moore, M. Retelle, S. Smith, A. Wolfe, and 
G. Zielinski, 1997: Arctic environmental change of the last four centuries, Science, 278, 1251-
1256. 
 
Park, J., 1992: Envelope estimation for quasi-periodic geophysical signals in noise: A multitaper 
approach, in Statistics in the Environmental and Earth Sciences, edited by A. T. Walden and P. 
Guttorp, Edward Arnold, London, 189-219.. 
 
Pollack, H. N., S. Huang, and P.Y. Shen, 1998: Climate change record in subsurface 
temperatures: a global perspective, Science, 282, 279-281. 
 
Shindell, D.T., G.A. Schmidt, M.E. Mann, D. Rind, D. and A. Waple, A., 2001:  Solar forcing of 
regional climate change during the Maunder Minimum, Science, 294, 2149-2152. 
 
Shindell, D.T., G.A. Schmidt, R.  Miller, and M.E. Mann, 2003: Volcanic and Solar forcing of 
Climate Change During the Pre-Industrial era, Journal of Climate, 16, 4094-4107. 
 
Stahle, D.W., R.D. D'Arrigo, P.J. Krusic, M.K. Cleaveland, E.R. Cook, R.J. Allan, J.E. Cole, 
R.B. Dunbar, M.D. Therrell, D.A. Gay, M.D. Moore, M.A. Stokes, B.T. Burns, J. Villanueva-
Diaz, and L.G. Thompson, 1998: Experimental Dendroclimatic Reconstruction of the Southern 
Oscillation, Bulletin of the American Meteorological Society, 79, 2137-2152. 
 
Waple, A., M.E. Mann, and R.S. Bradley,  2000: Long-term Patterns of Solar Irradiance  Forcing 
in Model Experiments and Proxy-based Surface Temperature Reconstructions, Climate 
Dynamics, 18, 563-578. 
 
Weber, R.O., and R.A. Madden, 1995: Optimal averaging for the determination of global mean 
temperature: experiments with model data, Journal of Climate, 8, 418-430. 
 
Zorita, E., F. Gonzalez-Rouco, and S. Legutke, 2003: Testing the Mann et al. (1998) approach to 
paleoclimate reconstructions in the context of a 1000-yr control simulation with the ECHO-G 
Coupled Climate Model, J. Climate, 16, 1378-1390. 
 
Zwiers, F. W., and S. S. Shen, 1997: Errors in estimating spherical harmonic coefficients from 
partially sampled GCM output, Climate Dynamics, 13, 703–716. 

 
 
 

ABOR/MH/Priv-001516



 12

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.  Comparison of  original MBH98 reconstruction (and uncertainties as in Figure 1) with estimates based 
on both restricted versions of the MBH98 network, and full network but a restricted (1902-1971) calibration 
period. Time series have been smoothed using a 40 year lowpass filter as in Figure 1.  
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1. Introduction 
 
A recent paper by McIntyre and McKitrick (henceforth "MM03") claims to provide evidence that 
late 20th century hemispheric warmth is not anomalous in the context of the past several 
centuries, with the specific claim that 15th century temperatures were warmer than those of the 
late 20th century. MM03 make this claim based on the purported application of the same 
methodology and datasets used by Mann et al (1998--henceforth "MBH98"), but their results are 
very different from those reported by MBH98.  Their results contrast markedly with a number of 
studies carried out over the past decade, which reconstruct large-scale surface temperature 
variations from proxy data (Figure 1).  These studies all arrived at the conclusion that late 20th 
century Northern Hemisphere mean warmth is anomalous in the context of past centuries and 
even millennia  (Bradley and Jones, 1995; Crowley and Kim, 1996; Overpeck et al, 1997; Pollack 
et al, 1998; Jones et al, 1998, Mann et al, 1998; Pollack et al, 1998; Crowley and Lowery, 2000; 
Huang et al, 2000; Jones et al, 2001;  Folland et al, 2001; Harris and Chapman, 2001; Briffa et al, 
2001; Mann and Jones, 2003; Mann et al, 2003a; Hegerl et al, 2003). Studies employing models 
of varying complexity forced with estimated past natural and anthropogenic radiative forcing 
histories have arrived at similar conclusions (Free and Robock, 1999; Crowley and Kim, 1999; 
Crowley et al, 2000; Bertrand et al, 2002; Gerber et al, 2003; Bauer et al, 2003; Hegerl et al 
2003), providing theoretical estimates of Northern Hemisphere mean temperature variations that 
are typically statistically indistinguishable from the empirical reconstructions (e.g. Mann et al, 
2003a).  The MM03 study thus conflicts not only with the work that they claim to have “audited” 
and “corrected” (i.e. MBH98) but also with virtually all other studies of large-scale temperature 
variations.   
 
An audit involves a careful examination, using the same data and following the exact procedures 
used in the report or study being audited.  McIntyre and McKitrick ("MM03") have done no such 
thing, having used neither the data nor the procedures of MBH98. Their effort has no bearing on 
the validity of the conclusions reported in MBH98, and is no way a "correction" of that study as 
they claim. On the contrary, their analysis seriously misrepresents MBH98.  Here we examine the 
claim that MM03 undertook exactly the same analysis as MBH98 and found errors in this work, 
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and we seek to understand how they came to this erroneous conclusion.  We show that their 
results derive from the incorrect application of the method of Mann et al (1998) and the use of a 
different, severely restricted version of the proxy data set used by MBH98.We identify the 
omission of key early proxy indicators by MM03 that were used by MBH98 (section 2) and show 
that the a reproduction of the reconstruction presented by MM03 fails the fundamental statistical 
test of "cross-validation" with independent instrumental data, emphasized in MBH98 and other 
paleoclimate reconstruction studies (see e.g. Cook et al, 1994; Luterbacher et al, 2002). We also 
note a number of significant additional technical errors made by MM03 (section 3) that would 
have rendered their analysis invalid even if they had employed the same key early data as 
MBH98, and note several other erroneous criticisms  of MBH98 made by MM03 (section 4).  We 
present our conclusions in section 5. 
 
 

2. Impact of Removal by MM03 of Key Proxy Indicators Used by MBH98 
 
Because large-scale climate fields typically have relatively few (on the order of tens of) spatial 
degrees of freedom on climatic timescales (e.g. Jones and Briffa, 1992; Weber and Madden, 
1995; Zwiers and Shen, 1997; Rutherford et al., 2003), climate indices or fields can often be 
efficiently reconstructed from a relatively modest network of proxy indicators (e.g. Bradley, 
1996, Evans et al, 1998), particularly through the use of a lower-dimensional state space 
representation of the underlying fields based on Principal Component Analysis (Mann et al, 1998; 
1999; Luterbacher et al, 2002; Evans et al, 2002; Zorita et al., 2003) or other alternative methods 
employing the data covariance matrix (Mann and Rutherford, 2002; Rutherford et al,, 2003). The 
reliability or 'skill' of the reconstruction, as estimated through cross-validation, depends critically 
on the available data, especially when relatively small numbers of indicators are available (Mann 
et al, 1998;1999; Evans et al., 2002; Mann and Rutherford, 2002; Rutherford et al., 2003; Zorita 
et al., 2003). The putative "correction" of the MBH98 proxy network employed by MM03 
appears to have amounted to little more than a removal of key indicators and the substitution of 
some others, including the removal of the majority of the underlying proxy data in the MBH98 
network prior to AD 1600. It is during this period (in particular, the interval 1400-1500) that the 
removal of these data has major consequences for the character of the MM03 reconstruction of 
Northern Hemisphere temperature. We also show that the removal of these key data prevents the 
possibility of obtaining a skillfully cross-validated reconstruction during the period AD 1400-
1500. 
 
MM03 do not list the number of indicators in their altered version of the MBH98 network that 
forms the basis of their reconstruction. This altered network is based on the substitution of many 
original series used by MBH98,often with shorter data series from other sources and the omission 
of some other series. The reader must do a considerable amount of work, based on scrutiny of the 
tables in MM03 (pages 20-23 therein) and the indicated data internet links, to determine just what 
data have been eliminated from the original MBH98 network. An analysis of these eliminations 
and substitutions reveals the removal by MM03 of key early proxy information. We show that is 
the removal of this information that produces their spurious reconstructed 15th warmth century 
which  is at odds with the reconstructed cold conditions of the period by MBH98 and virtually all 
other published Northern Hemisphere temperature reconstructions. 
 
The primary difference between the reconstruction of MM03 and MBH98, evident prior to about 
AD 1500, appears to stem from the following eliminations or substitutions of MBH98 data by 
MM03: 
 

ABOR/MH/Priv-001521



 3

1) MM03 appear to eliminate the entire dataset of 70 Western North American (WNA) tree-ring 
series available between 1400 and 1500 (and a total of 86 series from AD 1500-1600) based on a 
complete misrepresentation of the procedures used by MBH98. This dataset, and several other 
regional tree-ring data networks, was represented by MBH98 in terms of a smaller number of 
representative Principal Component (PC) time series used for each independent reconstruction 
produced by the stepwise procedure employed by MBH98.  MBH98 made use of almost 100 
proxy series over the interval AD 1400-1500. The 70 WNA series thus made up the majority of 
the proxy data used by MBH98 prior to AD 1500. The 70 WNA series were  represented in terms 
of their  two leading patterns of variance from AD 1400-1500. These patterns represented, 
however, a much larger number (70 series) of underlying data spanning western North America, 
and constitute the key early data set in the MBH98  network (see e.g. the discussion in  Mann et 
al, 1999).   MM03 eliminated the entire WNA dataset  (and thus, the majority of proxy indicators 
used prior to AD 1500 by MBH98) by not following the procedure of MBH98 of calculating the 
PC series separately for all intervals used in their stepwise reconstruction. This procedure 
employs one set of PC series for the AD 1400-1980 interval, another for AD 1450-1980, and so 
on (see technical point "b" later on in this document), thus allowing for the use of an increasingly 
large amount of underlying proxy data in their representations of the various data sub-networks 
for later periods as more data joined the set. The leading pattern of variance in WNA  data  
exhibits conditions from 1400-1800 that are much colder than those of the mid and late 20th 
century, with very prominent cooling in the 15th century.  All of these data were available to 
MM03. The original individual proxy data used by MBH, including all of the WNA data have 
been available since May 2000 on the public ftp site provided by Mann and colleagues:  

ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/ITRDB/NOAMER/ 
as well as  the  NOAA Paleoclimatology website:  

ftp://ftp.ngdc.noaa.gov/paleo/treering/chronologies/northamerica/usa 
It should also be noted that a description of the extensive quality control performed on the public 
domain tree-ring data was given by Mann et al., 2000b and may be found online at : 

http://www.ngdc.noaa.gov/paleo/ei/ei_nodendro.html 
We see no conceivable justification  for MM03 to have eliminated what amounts to the vast 
majority of proxy series used by MBH98 prior to AD 1600. 
 
2) MM03 appear to eliminate the entire dataset of Stahle et al (1998) of southwestern 
U.S./Mexican latewood and earlywood ring width (TXMX), measurements prior to the 17th 
century (12 series back to 1500, 6 back to 1400) under the same false procedural premise 
described in (1).  Once again, the data were available at the public ftp site provided by Mann and 
coworkers:  

ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/STAHLE/SWM/ 
MM03, in fact,  appear to have substituted a completely unrelated set  of tree-ring records  
produced by Stahle and coworkers in earlier work. This is perhaps due to an outdated reference in 
the supplementary information of MBH98 (the Stahle et al, 1998 paper had not yet been 
published at the time of MBH98). Adequate information, however,  was provided in the 
supplementary information to distinguish this unique set of earlywood/latewood chronologies 
derived specifically for their sensitivity to winter ENSO influences (see Stahle et al, 1998),  from 
generic tree-ring data from the Texas/Mexico region produced earlier that MM03 appear to have 
confused these this dataset in their substitutions. 
 
3) MM03 appear to have substituted significantly different series for the original full-length 
Jacoby and D'Arrigo (1989) Northern Treeline series used by MBH98. For example, in their 
Figure 4 they describe the substitution of a shorter version (available back to AD 1530) of the 
"Twisted Tree, Heartrot Hill" Northern Treeline series for the longer version (available back to 
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AD 1459) used by MBH98. This substitution appears to be based on the false assumption on the 
authors part that a shorter version of a series that has been posted in the public domain supplants 
a longer version of the series (as in this case) that is often made available by researchers to their 
colleagues. 
 
We have not determined the full impact of all of the various substitutions and omissions 
performed by MM03. Nor have we accounted for the influence of the various technical errors in 
their analysis (section 4), which alone would make it impossible for them to have correctly 
reproduced the results of MBH98. However, we have re-computed northern hemisphere 
temperatures by incorporating the methodological and data changes outlined above, and obtain a 
qualitatively similar reconstruction to MM03 (Figure 2).  This reconstruction indeed indicates 
warmth during the 15th century that exceeds the warmth reconstructed through the 1980 
termination of the proxy-reconstruction. However, this result should have been discarded by 
MM03 had they correctly followed the cross-validation protocol used by MBH98 and other 
paleoclimate researchers in testing the reliability of their reconstruction. MBH98 employed the 
standard statistical tool of cross-validation to verify the skill of their reconstructions (see also 
Cook et al, 1994; Luterbacher et al, 2002; Evans et al, 2002). MM03 describe no such tests. 
Consistent with the stepwise reconstruction approach employed by MBH98 in which increasingly 
sparse networks were used progressively farther back in time, a series of cross-validation 
experiments were performed by MBH98 to estimate the skill for each separate interval back in 
time.  For the AD 1400-1450 period, for example, MBH98 performed a reconstruction over the 
interval 1400-1901 based on calibration of the indicators available for the 1400-1980 period 
against the instrumental record over the interval 1902-1980. The resulting reconstruction was 
then independently compared against the instrumental record over the interval (1854-1901) not 
used for calibration. The cross-validation skill was diagnosed by a 'Reduction of Error' statistic 
(RE), which is bounded by negative infinity and positive one, with substantially positive numbers 
indicative of predictive skill. The mean expected value for a random estimate is RE= -1. MBH98 
obtained an RE score of 0.51 for the reconstruction over the AD 1400-1500 interval.  The cross-
validation score for our reproductions of the MM03 results  (RE = -0.64) indicates, in stark 
contrast, the absence of any statistical reliability at all.  If they had used this cross-validation 
protocol to verify their reconstruction, MM03 would have been forced to conclude that a skillful 
reconstruction was not possible prior to AD 1500 based on the largely depleted  version of the 
MBH98 proxy network that they used.  It was completely incorrect for MM03 to conclude that 
their reconstruction provided statistically reliable evidence of anomalous warmth prior in the 15th 
century, given the failure of their reconstruction to cross-validate against the instrumental record. 
An alternative reconstruction eliminating only datasets (1) and (2) provides an intermediate 
result, closer to that of MBH98, but with a statistical diagnostic of skill that is at best marginal 
(RE=0.09). Reconstructions resembling that of MM03, based on the elimination of key data, 
consistently fail independent cross-validation. Only when the full data network used by MBH98, 
retaining datasets (1)-(3), is used for the critical AD 1400-1500 period, is a skillful reconstruction 
possible, as obtained by MBH98  (RE=0.51). 
 
MM03 suggest, furthermore,  the existence of  a bias in the MBH98 reconstruction due to the use 
of  infilling of missing values between 1972 and 1980 in a modest number (less than 25%--
SCOTT CHECK!) of the proxy data terminating prior to the 1980 end of the calibration period 
(termination dates of proxy data were provided in the supplementary online information: 
ftp://eclogite.geo.umass.edu/pub/mann/ONLINE-PREPRINTS/MultiProxy/data-supp.html).  
The infilling was based on extension by persistence of the final available value to the 1980 
boundary. We demonstrate this suggestion is entirely false, by performing the reconstruction 
from AD 1400-1500 using the exact MBH98 network, but based on the use of a  calibration 
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interval (1902-1971) that entirely pre-dates any infilled data.  The resulting reconstruction from 
AD 1400-1500 is shown in Figure 2. It is quite similar to that of MBH98 based on calibration 
over the 1902-1980 interval, both in its appearance (Figure 2) and cross-validation skill 
(RE=0.51), demonstrating  that the extension of a small number of proxy series to the 1980 
boundary has no detectable influence on the reconstruction, and that the MBH98 reconstruction 
is, furthermore, robust with respect to the precise instrumental calibration interval used. 
 

3. Important Technical Errors in MM03 
 
There are numerous technical problems in the data and approach used by MM03 that would 
appear to have rendered their analysis flawed irrespective of their elimination of key predictors as 
described in section 2.  We briefly list the few of the most significant of these: 
 
(a) Use of Inconsistent Instrumental Surface Temperature Data Sets 
MM03 did not perform an internally consistent Principal Component Analysis (PCA) of the 
instrumental surface temperature dataset. Instead, they combined gridpoint standard deviations 
estimated from a newer version of the Climatic Research Unit (CRU) of the University of East 
Anglia surface temperature record (Jones et al, 1999), with results (eigenvectors, principal 
components series, and eigenvalues) obtained by MBH98 based on application of PCA to an 
older version of the CRU instrumental surface temperature data (Jones and Briffa, 1992--the 
estimates were updated on the CRU website through 1993, the end of the interval used by 
MBH98 in their PCA; the NH mean temperature series shown by MBH98 was extended through 
1998 based on newer available data).  These two datasets are not equivalent. For example, they 
employ two different base periods for the formation of surface temperature anomalies. The 
convolution of surface temperature statistics from the two surface temperature sets leads to an 
unknown bias in MM03’s reconstructed surface temperature fields. 
 
MM03 also appear to have estimated gridpoint standard deviations from the un-detrended surface 
temperature data, while MBH98 had normalized their EOFs by detrended gridpoint standard 
deviations. Either convention would be equally defensible as long as the analysis was internally 
consistent. However, since MM03 did not perform an internally consistent PCA of the 
instrumental surface temperature data, but instead mixed the PCA results provided by MBH98 on 
their website: 
ftp://eclogite.geo.umass.edu/pub/mann/MANNETAL98/EIGENVECTORS/ 
with gridpoint temperature statistics estimated from a different temperature dataset, they imposed 
a spatially-variable bias in the reconstructed surface temperature field (the bias is larger where 
20th century surface air temperature trends are greatest).  
 
(b) Incorrect representation of the MBH98 proxy data set.  
MBH98 calculated PCs of proxy sub-networks separately for each interval in their stepwise 
reconstruction. This is the only sensible approach, since it allows the use of all data available over 
each sub-interval used in the MBH98 stepwise reconstruction (i.e., one set of PCs for 1400-1980, 
another  for 1450-1980, another for 1500-1980, and so on). This allowed for a greater number of 
series and, accordingly, a larger number of representative proxy network PC series (as determined 
by application of an objective selection criterion to the network) to be used for reconstructions of 
increasingly later periods.  Because the PCA representation of the various proxy networks was 
employed in this step-wise fashion, 159 independent time series were required to represent all 
indicators used in the reconstructions of all the various sub-intervals, even though the maximum 
number ever used for a particular sub-interval is 112. By not following this protocol, MM03 
appear to have eliminated in the range of 100 proxy series used by MBH98 over the interval 
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1400-1600 and, as discussed earlier, proxy indicators that are vital for a skillfully cross-validated 
reconstruction, over the interval AD 1400-1500.  
 
(c) Lack of the use of an objective criterion in the determination of the number of retained 
instrumental PCs in the reconstruction: 
Since the proxy data network developed by MM03 differs dramatically from that used by 
MBH98 for all intervals, it was inappropriate for MM03 to use the same instrumental temperature 
eigenvector subsets that had been selected by MBH98 for their reconstruction. The subsets were 
selected by MBH98 based on the application of an objective selection criteria to the specific 
available proxy networks available, and were optimized with respect to those networks. The basis 
sets used by MM03 thus appear not to have been optimized with respect to the different proxy 
network they actually use. 
 
(d) Incorrect Scaling of Reconstructed Principal Components (RPCS): 
MBH98 insure that each of the reconstructed Principal Components (RPCs) have the same 
variance as the corresponding instrumental annual mean temperature Principal Components (PCs) 
over the calibration period, based on an explicit scaling of each RPC series against its 
corresponding PC series over the 1902-1980 interval. If this step is not followed, qualitatively 
similar results are obtained, but cross-validation scores are found to be modestly lower. It would 
appear from the methodological description provided by MM03 that they did not follow this step, 
providing an additional potential (albeit minor) reason for differences from the MBH98 results. 
 
 

4. Spurious Criticisms of MBH98 by MM03 
 
Numerous other criticisms of MBH98 put forth by MM03 are entirely without merit: 
 
(a) The claim by MM03 that MBH98 calculated statistics for non-existent temperature gridpoints 
was a simple result of MM03 using an inconsistent version of the CRU instrumental surface 
temperature data set with a different base period (see technical mistake 3.a).  
 
(b) The  claim by MM03 that MBH98 employ an EOF decomposition of various proxy sub-
networks that was not optimized with respect to the underlying data is a simple result of MM03’s 
technical mistake (3.b) above. So too is their incorrect assertion that PCs computed by MBH98 
for sparser data prior to AD 1600 were based on the use of data sets with missing data. 
 
(c) The claim by MM03 that certain data sets, such as the Stahle et al (1998) TXMX data were in 
some way artificially separated from other (i.e. the North American ITRDB) data in our 
representation of different data networks  reflects a complete lack of understanding of the climate 
system.  This particular set of  chronologies shows a distinct, consistent sensitivity to winter El 
Nino influences that is largely unique among North American tree-ring data (Stahle et al, 1998). 
Those with relevant expertise in the field of course recognize why these data were treated 
separately from other North American ITRDB data. Similar arguments hold for other proxy data 
sub networks. 
 
(d) The claim by MM03 that MBH98 unjustifiably eliminated the earlier part of the Central 
England temperature (CET) record is based on the apparent lack of knowledge on the part of 
MM03  that values contributing to this series  prior to AD 1730 actually come from other 
locations, such as de Bilt in the Netherlands. For this reason, in our study, as in similar past 
studies (e.g. Bradley and Jones, 1993) only the post AD 1730 series was used.  RAY CHECK? 
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(e) The fact that different PCs of a given proxy network displayed repeated values in some cases 
between 1972 and 1980  was based on the fact, clearly described in the Nature supplementary 
information (e.g. ftp://eclogite.geo.umass.edu/pub/mann/ONLINE-
PREPRINTS/MultiProxy/data-supp.html) that persistence infilling had been used (see section 3) 
to infill a modest fraction of proxy indicators, including PCs of proxy networks, that terminate 
between 1972 and 1980. As shown in section 2, the nearly identical results of reconstructions 
based on calibration using an abbreviated 1902-1971 calibration period predating any such 
infilling demonstrates the spurious nature of the accusation that such  infilling had any 
detrimental influence on the analysis at all. 
 
(f) Two data series 'trd.dat' and 'trw.dat' were indeed, as noted by MM03, set equal after 1961. 
This is due to missing data in one of the two series, and the versions of these series used by 
MBH98 are as used in  earlier studies (e.g. Bradley and Jones, 1993). Elimination of either or 
both of these indicators leads to no detectable change in the resulting reconstruction, making the 
issue, once again, a distraction, rather than a clarification, of the details of MBH98. RAY 
CHECK? 
 
(g) Nearly all of the other  reported "errors" in the MBH98 proxy data set (e.g. shifted values in 
time, etc.) are artifacts of MM03’s having used a spreadsheet version of the dataset prepared for 
them (and posted on the public ftp site) by an associated of ours  upon special request. Had 
MM03 used the raw data available on their ftp site, as originally directed by us, they would have 
not encountered these areas. 
 
There are, as noted by MM03, a few minor typographical errors in the original MBH98 paper. 
There were some minor mistakes in the data listings and references listed in the supplementary 
information, available here: 
ftp://eclogite.geo.umass.edu/pub/mann/ONLINE-PREPRINTS/MultiProxy/data-supp.htm.  
The indicated locations of some of the proxy records in Figure 1 were  misplaced from their true 
locations.  Such  issues have no bearing on the validity of the results provided by MBH98 and 
only serve as distractions from the important differences in data and procedures responsible for 
the spurious results provided by MM03.   
 
Owing to the small amount of journal space allotted by Nature for technical details and 
methodological descriptions, the descriptions of data and methods in MBH98 was necessarily 
terse. The description of the methodology used in our analysis in the MBH98 paper was 
nonetheless complete enough that other researchers to  independently reproduce it without any 
additional assistance from us (Zorita et al, 2003). 
 
All of the proxy indicators used in our study has been available on our public ftp site from the 
time that the various researchers that contributed data to our network were able to publish their 
own data (July 2000). The data (all individual proxy indicators used as well as the various PC 
representations of proxy sub networks for different time intervals) were provided in the various 
clearly labeled directories here: 
ftp://holocene.evsc.virginia.edu/pub/MBH98/ 
 
From the time of publication of our paper, a listing of all of the proxy data (with some minor 
typos as indicated above) was provided here: 
ftp://eclogite.geo.umass.edu/pub/mann/ONLINE-PREPRINTS/MultiProxy/data-supp.html 
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Details of the number of proxy indicators used in the stepwise reconstruction approach were 
provided here:  
ftp://eclogite.geo.umass.edu/pub/mann/ONLINE-PREPRINTS/MultiProxy/stats-supp.html 
And the instrumental temperature data, including eigenvectors and eigenvalues, and data shown 
in the various figures were provided here: 
ftp://eclogite.geo.umass.edu/pub/mann/MANNETAL98/ 
 
Our considerable efforts to make publicly available the various data and numerical results 
supporting MBH98 go well beyond the efforts normally made by scientists to do so, and belie the 
disingenuous claims made by some that we had not made our data publicly available. We have 
little doubt that scientists making good faith efforts to reproduce our work, publishing in proper 
channels that involve true scientific peer review, would not have encountered the problems 
encountered by MM03.  Had we anticipated an organized  effort to criticize our study based on an 
analysis such as MM03 that so grossly misrepresents our data and methods, we would have taken 
more stringent efforts to protect against misinterpretation and misrepresentation of our data and 
methods. 
 
While it is appropriate for individuals without the proper expertise to purport to be able to 
reproduce the results of a scientific study, we certainly would encourage any interested scientists 
with proper training in statistics and paleoclimate to attempt to reproduce our results. To this end, 
we have set up a website providing in even more transparent format  the complete data and 
methodological details the MBH98 analysis here: 
ftp://holocene.evsc.virginia.edu/pub/Data/MANNETAL98.    
We refer interested readers to this website for additional data and methodological details. 
 

5. Conclusions 
 
MM03 did not follow the same procedures or use the same data as MBH98.  Their results should 
not therefore be considered as a “correction” of MBH98, as they claim, but an entirely different 
reconstruction that should be evaluated on its merits.  We show that their reconstruction (or, at 
least, a close reproduction of it) exhibits no statistical skill for the crucial period prior to AD1500 
and thus, the correct interpretation of MM03 would have been that a skillful reconstruction prior 
to AD 1500 was not possible based on the severely depleted version of the MBH98 network used 
by them.  MM03 is at odds with a number of independent reconstructions and model simulations 
that have now been published, which yield a quite similar history of past hemispheric temperature 
variations to that of MBH98 (Figure 1). Their conclusion that temperatures in the 15th century 
were warmer than in the 20th century has no support in the literature, and conflicts with the 
evidence of  widespread early “Little Ice Age” conditions during this interval.  It seems 
remarkable that MM03 appear unaware of this fundamental contradiction in their work. 
 
Mann and coworkers have clearly noted that the early segment of the MBH98 reconstruction (AD 
1400-1600) which is based on a more restricted network of proxy indicators, is sensitive to a 
small number of important predictors (see Mann et al, '99), and this is reflected in the wider 
uncertainty limits ascribed to this interval (Figure 1). Furthermore, as discussed in Mann et al 
(1999), the WNA tree-ring chronologies (27 are available back to AD 1000) are essential for a 
skillful reconstruction prior to AD 1400 and, the quality of the reconstruction is improved when 
apparent non-climatic influences on tree-growth in some high elevation western sites are 
accounted for. 
 

ABOR/MH/Priv-001527



 9

Since MBH98 and Mann et al (1999), numerous other independent reconstructions have been 
produced based on different data and methods (Figure 1). Some of these reconstructions suggest 
slightly different past histories, for example colder conditions during certain past centuries (Esper 
et al, 2002; Huang et al, 2000). It appears that such modest differences can be explained in terms 
of the extratropical, continental and perhaps warm-season sensitivity of the predictors (Shindell et 
al, 2001; 2003; Mann, 2002) and possible non-temperature influences on ground surface 
temperature (Mann et al, 2003b; Mann and Schmidt, 2003). However, none of these 
reconstructions show the anomalous 15th century warmth argued for by MM03  
It remains a challenge to further reduce existing uncertainties. Only through careful additional 
work involving the rigorous testing of methodologies, the analysis of the sensitivity of 
reconstructive skill to predictor selection, and the introduction of new proxy information, is this 
likely to be achieved. The paleoclimate research community is actively working towards these 
goals (e.g. Jones et al, 2001). The flawed critique by MM03 does nothing to advance these goals 
but, instead, obscures the real progress that has been detailed in numerous papers published in the 
peer-reviewed scientific literature. 
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Figure 1. Comparison of Mann et al (1999) reconstruction [the estimates from 1400-1980 are identical to those of 
MBH98] with other independent proxy-based reconstruction of Northern Hemisphere mean temperatures over the 
past one-to-two millennia. Time series have been smoothed using a 40 year Butterworth lowpass filter and a 
minimum-misfit smoothing constraint  (see e.g. Ghil et al, 1999). The two standard error uncertainty limits of Mann 
et al (1999) (which were expanded relative to those of MBH98 based on diagnostics of spectrum of calibration 
residuals) are shown (gray   shading). The Mann and Jones (2003) reconstruction has been updated as in Jones and 
Mann (2003), and the uncertainties are shown by purple shading. The various other (smoothed) NH reconstructions 
shown have been scaled by linear regression against the smoothed instrumental NH series over the common interval 
1856-1980, with the exception of the “Briffa et al” series, which has been scaled over the shorter 1856-1940 period 
owing to a decline in temperature response in the underlying data discussed elsewhere (Briffa et al., 1998a) and the 
Crowley and Lowery (2000) reconstruction which terminates in 1965. Independent estimates from the borehole 
data of Huang et al (2000) are shown based on both gridded areally weighted data and an 'optimal' reconstruction of 
the underlying surface temperature signal (Mann et al, 2003b; corrected as in Rutherford and Mann, 2003). 
FIGURE TO BE FIXED BY SCOTT 
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Figure 2.  Comparison of  original MBH98 reconstruction (and uncertainties as in Figure 1) with estimates based 
on the  restricted versions of the MBH98 network described in the text, and full network but a restricted (1902-
1971) calibration period. Time series have been smoothed using a 40 year lowpass filter as in Figure 1. The 
reduction of error ('RE') cross-validation scores for the AD 1400-1500 interval are indicated for the different 
reconstructions.  
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1. Introduction 
 
A recent paper by McIntyre and McKitrick (henceforth "MM03") claims to provide evidence that 
late 20th century hemispheric warmth is not anomalous in the context of the past several 
centuries, with the specific claim that 15th century temperatures were warmer than those of the 
late 20th century. MM03 make this claim based on the purported application of the same 
methodology and datasets used by Mann et al (1998--henceforth "MBH98"), but their results are 
very different from those reported by MBH98.  Their results contrast markedly with a number of 
studies carried out over the past decade, which reconstruct large-scale surface temperature 
variations from proxy data (Figure 1).  These studies all arrived at the conclusion that late 20th 
century Northern Hemisphere mean warmth is anomalous in the context of past centuries and 
even millennia  (Bradley and Jones, 1995; Crowley and Kim, 1996; Overpeck et al, 1997; Pollack 
et al, 1998; Jones et al, 1998, Mann et al, 1998; Pollack et al, 1998; Crowley and Lowery, 2000; 
Huang et al, 2000; Jones et al, 2001;  Folland et al, 2001; Harris and Chapman, 2001; Briffa et al, 
2001; Mann and Jones, 2003; Mann et al, 2003a; Hegerl et al, 2003). Studies employing models 
of varying complexity forced with estimated past natural and anthropogenic radiative forcing 
histories have arrived at similar conclusions (Free and Robock, 1999; Crowley and Kim, 1999; 
Crowley et al, 2000; Bertrand et al, 2002; Gerber et al, 2003; Bauer et al, 2003; Hegerl et al 
2003), providing theoretical estimates of Northern Hemisphere mean temperature variations that 
are typically statistically indistinguishable from the empirical reconstructions (e.g. Mann et al, 
2003a).  The MM03 study thus conflicts not only with the work that they claim to have “audited” 
and “corrected” (i.e. MBH98) but also with virtually all other studies of large-scale temperature 
variations.   
 
An audit involves a careful examination, using the same data and following the exact procedures 
used in the report or study being audited.  McIntyre and McKitrick ("MM03") have done no such 
thing, having used neither the data nor the procedures of MBH98. Their effort has no bearing on 
the validity of the conclusions reported in MBH98, and is no way a "correction" of that study as 
they claim. On the contrary, their analysis seriously misrepresents MBH98.  Here we examine the 
claim that MM03 undertook exactly the same analysis as MBH98 and found errors in this work, 
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and we seek to understand how they came to this erroneous conclusion.  We show that their 
results derive from the incorrect application of the method of Mann et al (1998) and the use of a 
different, severely restricted version of the proxy data set used by MBH98.We identify the 
omission of key early proxy indicators by MM03 that were used by MBH98 (section 2) and show 
that the a reproduction of the reconstruction presented by MM03 fails the fundamental statistical 
test of "cross-validation" with independent instrumental data, emphasized in MBH98 and other 
paleoclimate reconstruction studies (see e.g. Cook et al, 1994; Luterbacher et al, 2002). We also 
note a number of significant additional technical errors made by MM03 (section 3) that would 
have rendered their analysis invalid even if they had employed the same key early data as 
MBH98, and note several other erroneous criticisms  of MBH98 made by MM03 (section 4).  We 
present our conclusions in section 5. 
 
 

2. Impact of Removal by MM03 of Key Proxy Indicators Used by MBH98 
 
Because large-scale climate fields typically have relatively few (on the order of tens of) spatial 
degrees of freedom on climatic timescales (e.g. Jones and Briffa, 1992; Weber and Madden, 
1995; Zwiers and Shen, 1997; Rutherford et al., 2003), climate indices or fields can often be 
efficiently reconstructed from a relatively modest network of proxy indicators (e.g. Bradley, 
1996, Evans et al, 1998), particularly through the use of a lower-dimensional state space 
representation of the underlying fields based on Principal Component Analysis (Mann et al, 1998; 
1999; Luterbacher et al, 2002; Evans et al, 2002; Zorita et al., 2003) or other alternative methods 
employing the data covariance matrix (Mann and Rutherford, 2002; Rutherford et al,, 2003). The 
reliability or 'skill' of the reconstruction, as estimated through cross-validation, depends critically 
on the available data, especially when relatively small numbers of indicators are available (Mann 
et al, 1998;1999; Evans et al., 2002; Mann and Rutherford, 2002; Rutherford et al., 2003; Zorita 
et al., 2003). The putative "correction" of the MBH98 proxy network employed by MM03 
appears to have amounted to little more than a removal of key indicators and the substitution of 
some others, including the removal of the majority of the underlying proxy data in the MBH98 
network prior to AD 1600. It is during this period (in particular, the interval 1400-1500) that the 
removal of these data has major consequences for the character of the MM03 reconstruction of 
Northern Hemisphere temperature. We also show that the removal of these key data prevents the 
possibility of obtaining a skillfully cross-validated reconstruction during the period AD 1400-
1500. 
 
MM03 do not list the number of indicators in their altered version of the MBH98 network that 
forms the basis of their reconstruction. This altered network is based on the substitution of many 
original series used by MBH98,often with shorter data series from other sources and the omission 
of some other series. The reader must do a considerable amount of work, based on scrutiny of the 
tables in MM03 (pages 20-23 therein) and the indicated data internet links, to determine just what 
data have been eliminated from the original MBH98 network. An analysis of these eliminations 
and substitutions reveals the removal by MM03 of key early proxy information. We show that is 
the removal of this information that produces their spurious reconstructed 15th warmth century 
which  is at odds with the reconstructed cold conditions of the period by MBH98 and virtually all 
other published Northern Hemisphere temperature reconstructions. 
 
The primary difference between the reconstruction of MM03 and MBH98, evident prior to about 
AD 1500, appears to stem from the following eliminations or substitutions of MBH98 data by 
MM03: 
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1) MM03 appear to eliminate the entire dataset of 70 Western North American (WNA) tree-ring 
series available between 1400 and 1500 (and a total of 86 series from AD 1500-1600) based on a 
complete misrepresentation of the procedures used by MBH98. This dataset, and several other 
regional tree-ring data networks, was represented by MBH98 in terms of a smaller number of 
representative Principal Component (PC) time series used for each independent reconstruction 
produced by the stepwise procedure employed by MBH98.  MBH98 made use of almost 100 
proxy series over the interval AD 1400-1500. The 70 WNA series thus made up the majority of 
the proxy data used by MBH98 prior to AD 1500. The 70 WNA series were  represented in terms 
of their  two leading patterns of variance from AD 1400-1500. These patterns represented, 
however, a much larger number (70 series) of underlying data spanning western North America, 
and constitute the key early data set in the MBH98  network (see e.g. the discussion in  Mann et 
al, 1999).   MM03 eliminated the entire WNA dataset  (and thus, the majority of proxy indicators 
used prior to AD 1500 by MBH98) by not following the procedure of MBH98 of calculating the 
PC series separately for all intervals used in their stepwise reconstruction. This procedure 
employs one set of PC series for the AD 1400-1980 interval, another for AD 1450-1980, and so 
on (see technical point "b" later on in this document), thus allowing for the use of an increasingly 
large amount of underlying proxy data in their representations of the various data sub-networks 
for later periods as more data joined the set. The leading pattern of variance in WNA  data  
exhibits conditions from 1400-1800 that are much colder than those of the mid and late 20th 
century, with very prominent cooling in the 15th century.  All of these data were available to 
MM03. The original individual proxy data used by MBH, including all of the WNA data have 
been available since May 2000 on the public ftp site provided by Mann and colleagues:  

ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/ITRDB/NOAMER/ 
as well as  the  NOAA Paleoclimatology website:  

ftp://ftp.ngdc.noaa.gov/paleo/treering/chronologies/northamerica/usa 
It should also be noted that a description of the extensive quality control performed on the public 
domain tree-ring data was given by Mann et al., 2000b and may be found online at : 

http://www.ngdc.noaa.gov/paleo/ei/ei_nodendro.html 
We see no conceivable justification  for MM03 to have eliminated what amounts to the vast 
majority of proxy series used by MBH98 prior to AD 1600. 
 
2) MM03 appear to eliminate the entire dataset of Stahle et al (1998) of southwestern 
U.S./Mexican latewood and earlywood ring width (TXMX), measurements prior to the 17th 
century (12 series back to 1500, 6 back to 1400) under the same false procedural premise 
described in (1).  Once again, the data were available at the public ftp site provided by Mann and 
coworkers:  

ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/STAHLE/SWM/ 
MM03, in fact,  appear to have substituted a completely unrelated set  of tree-ring records  
produced by Stahle and coworkers in earlier work. This is perhaps due to an outdated reference in 
the supplementary information of MBH98 (the Stahle et al, 1998 paper had not yet been 
published at the time of MBH98). Adequate information, however,  was provided in the 
supplementary information to distinguish this unique set of earlywood/latewood chronologies 
derived specifically for their sensitivity to winter ENSO influences (see Stahle et al, 1998),  from 
generic tree-ring data from the Texas/Mexico region produced earlier that MM03 appear to have 
confused these this dataset in their substitutions. 
 
3) MM03 appear to have substituted significantly different series for the original full-length 
Jacoby and D'Arrigo (1989) Northern Treeline series used by MBH98. For example, in their 
Figure 4 they describe the substitution of a shorter version (available back to AD 1530) of the 
"Twisted Tree, Heartrot Hill" Northern Treeline series for the longer version (available back to 
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AD 1459) used by MBH98. This substitution appears to be based on the false assumption on the 
authors part that a shorter version of a series that has been posted in the public domain supplants 
a longer version of the series (as in this case) that is often made available by researchers to their 
colleagues. 
 
We have not determined the full impact of all of the various substitutions and omissions 
performed by MM03. Nor have we accounted for the influence of the various technical errors in 
their analysis (section 4), which alone would make it impossible for them to have correctly 
reproduced the results of MBH98. However, we have re-computed northern hemisphere 
temperatures by incorporating the methodological and data changes outlined above, and obtain a 
qualitatively similar reconstruction to MM03 (Figure 2).  This reconstruction indeed indicates 
warmth during the 15th century that exceeds the warmth reconstructed through the 1980 
termination of the proxy-reconstruction. However, this result should have been discarded by 
MM03 had they correctly followed the cross-validation protocol used by MBH98 and other 
paleoclimate researchers in testing the reliability of their reconstruction. MBH98 employed the 
standard statistical tool of cross-validation to verify the skill of their reconstructions (see also 
Cook et al, 1994; Luterbacher et al, 2002; Evans et al, 2002). MM03 describe no such tests. 
Consistent with the stepwise reconstruction approach employed by MBH98 in which increasingly 
sparse networks were used progressively farther back in time, a series of cross-validation 
experiments were performed by MBH98 to estimate the skill for each separate interval back in 
time.  For the AD 1400-1450 period, for example, MBH98 performed a reconstruction over the 
interval 1400-1901 based on calibration of the indicators available for the 1400-1980 period 
against the instrumental record over the interval 1902-1980. The resulting reconstruction was 
then independently compared against the instrumental record over the interval (1854-1901) not 
used for calibration. The cross-validation skill was diagnosed by a 'Reduction of Error' statistic 
(RE), which is bounded by negative infinity and positive one, with substantially positive numbers 
indicative of predictive skill. The mean expected value for a random estimate is RE= -1. MBH98 
obtained an RE score of 0.51 for the reconstruction over the AD 1400-1500 interval.  The cross-
validation score for our reproductions of the MM03 results  (RE = -0.64) indicates, in stark 
contrast, the absence of any statistical reliability at all.  If they had used this cross-validation 
protocol to verify their reconstruction, MM03 would have been forced to conclude that a skillful 
reconstruction was not possible prior to AD 1500 based on the largely depleted  version of the 
MBH98 proxy network that they used.  It was completely incorrect for MM03 to conclude that 
their reconstruction provided statistically reliable evidence of anomalous warmth prior in the 15th 
century, given the failure of their reconstruction to cross-validate against the instrumental record. 
An alternative reconstruction eliminating only datasets (1) and (2) provides an intermediate 
result, closer to that of MBH98, but with a statistical diagnostic of skill that is at best marginal 
(RE=0.09). Reconstructions resembling that of MM03, based on the elimination of key data, 
consistently fail independent cross-validation. Only when the full data network used by MBH98, 
retaining datasets (1)-(3), is used for the critical AD 1400-1500 period, is a skillful reconstruction 
possible, as obtained by MBH98  (RE=0.51). 
 
MM03 suggest, furthermore,  the existence of  a bias in the MBH98 reconstruction due to the use 
of  infilling of missing values between 1972 and 1980 in a modest number (less than 25%--
SCOTT CHECK!) of the proxy data terminating prior to the 1980 end of the calibration period 
(termination dates of proxy data were provided in the supplementary online information: 
ftp://eclogite.geo.umass.edu/pub/mann/ONLINE-PREPRINTS/MultiProxy/data-supp.html).  
The infilling was based on extension by persistence of the final available value to the 1980 
boundary. We demonstrate this suggestion is entirely false, by performing the reconstruction 
from AD 1400-1500 using the exact MBH98 network, but based on the use of a  calibration 
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interval (1902-1971) that entirely pre-dates any infilled data.  The resulting reconstruction from 
AD 1400-1500 is shown in Figure 2. It is quite similar to that of MBH98 based on calibration 
over the 1902-1980 interval, both in its appearance (Figure 2) and cross-validation skill 
(RE=0.51), demonstrating  that the extension of a small number of proxy series to the 1980 
boundary has no detectable influence on the reconstruction, and that the MBH98 reconstruction 
is, furthermore, robust with respect to the precise instrumental calibration interval used. 
 

3. Important Technical Errors in MM03 
 
There are numerous technical problems in the data and approach used by MM03 that would 
appear to have rendered their analysis flawed irrespective of their elimination of key predictors as 
described in section 2.  We briefly list the few of the most significant of these: 
 
(a) Use of Inconsistent Instrumental Surface Temperature Data Sets 
MM03 did not perform an internally consistent Principal Component Analysis (PCA) of the 
instrumental surface temperature dataset. Instead, they combined gridpoint standard deviations 
estimated from a newer version of the Climatic Research Unit (CRU) of the University of East 
Anglia surface temperature record (Jones et al, 1999), with results (eigenvectors, principal 
components series, and eigenvalues) obtained by MBH98 based on application of PCA to an 
older version of the CRU instrumental surface temperature data (Jones and Briffa, 1992--the 
estimates were updated on the CRU website through 1993, the end of the interval used by 
MBH98 in their PCA; the NH mean temperature series shown by MBH98 was extended through 
1998 based on newer available data).  These two datasets are not equivalent. For example, they 
employ two different base periods for the formation of surface temperature anomalies. The 
convolution of surface temperature statistics from the two surface temperature sets leads to an 
unknown bias in MM03’s reconstructed surface temperature fields. 
 
MM03 also appear to have estimated gridpoint standard deviations from the un-detrended surface 
temperature data, while MBH98 had normalized their EOFs by detrended gridpoint standard 
deviations. Either convention would be equally defensible as long as the analysis was internally 
consistent. However, since MM03 did not perform an internally consistent PCA of the 
instrumental surface temperature data, but instead mixed the PCA results provided by MBH98 on 
their website: 
ftp://eclogite.geo.umass.edu/pub/mann/MANNETAL98/EIGENVECTORS/ 
with gridpoint temperature statistics estimated from a different temperature dataset, they imposed 
a spatially-variable bias in the reconstructed surface temperature field (the bias is larger where 
20th century surface air temperature trends are greatest).  
 
(b) Incorrect representation of the MBH98 proxy data set.  
MBH98 calculated PCs of proxy sub-networks separately for each interval in their stepwise 
reconstruction. This is the only sensible approach, since it allows the use of all data available over 
each sub-interval used in the MBH98 stepwise reconstruction (i.e., one set of PCs for 1400-1980, 
another  for 1450-1980, another for 1500-1980, and so on). This allowed for a greater number of 
series and, accordingly, a larger number of representative proxy network PC series (as determined 
by application of an objective selection criterion to the network) to be used for reconstructions of 
increasingly later periods.  Because the PCA representation of the various proxy networks was 
employed in this step-wise fashion, 159 independent time series were required to represent all 
indicators used in the reconstructions of all the various sub-intervals, even though the maximum 
number ever used for a particular sub-interval is 112. By not following this protocol, MM03 
appear to have eliminated in the range of 100 proxy series used by MBH98 over the interval 
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1400-1600 and, as discussed earlier, proxy indicators that are vital for a skillfully cross-validated 
reconstruction, over the interval AD 1400-1500.  
 
(c) Lack of the use of an objective criterion in the determination of the number of retained 
instrumental PCs in the reconstruction: 
Since the proxy data network developed by MM03 differs dramatically from that used by 
MBH98 for all intervals, it was inappropriate for MM03 to use the same instrumental temperature 
eigenvector subsets that had been selected by MBH98 for their reconstruction. The subsets were 
selected by MBH98 based on the application of an objective selection criteria to the specific 
available proxy networks available, and were optimized with respect to those networks. The basis 
sets used by MM03 thus appear not to have been optimized with respect to the different proxy 
network they actually use. 
 
(d) Incorrect Scaling of Reconstructed Principal Components (RPCS): 
MBH98 insure that each of the reconstructed Principal Components (RPCs) have the same 
variance as the corresponding instrumental annual mean temperature Principal Components (PCs) 
over the calibration period, based on an explicit scaling of each RPC series against its 
corresponding PC series over the 1902-1980 interval. If this step is not followed, qualitatively 
similar results are obtained, but cross-validation scores are found to be modestly lower. It would 
appear from the methodological description provided by MM03 that they did not follow this step, 
providing an additional potential (albeit minor) reason for differences from the MBH98 results. 
 
 

4. Spurious Criticisms of MBH98 by MM03 
 
Numerous other criticisms of MBH98 put forth by MM03 are entirely without merit: 
 
(a) The claim by MM03 that MBH98 calculated statistics for non-existent temperature gridpoints 
was a simple result of MM03 using an inconsistent version of the CRU instrumental surface 
temperature data set with a different base period (see technical mistake 3.a).  
 
(b) The  claim by MM03 that MBH98 employ an EOF decomposition of various proxy sub-
networks that was not optimized with respect to the underlying data is a simple result of MM03’s 
technical mistake (3.b) above. So too is their incorrect assertion that PCs computed by MBH98 
for sparser data prior to AD 1600 were based on the use of data sets with missing data. 
 
(c) The claim by MM03 that certain data sets, such as the Stahle et al (1998) TXMX data were in 
some way artificially separated from other (i.e. the North American ITRDB) data in our 
representation of different data networks  reflects a complete lack of understanding of the climate 
system.  This particular set of  chronologies shows a distinct, consistent sensitivity to winter El 
Nino influences that is largely unique among North American tree-ring data (Stahle et al, 1998). 
Those with relevant expertise in the field of course recognize why these data were treated 
separately from other North American ITRDB data. Similar arguments hold for other proxy data 
sub networks. 
 
(d) The claim by MM03 that MBH98 unjustifiably eliminated the earlier part of the Central 
England temperature (CET) record is based on the apparent lack of knowledge on the part of 
MM03  that values contributing to this series  prior to AD 1730 actually come from other 
locations, such as de Bilt in the Netherlands. For this reason, in our study, as in similar past 
studies (e.g. Bradley and Jones, 1993) only the post AD 1730 series was used.  RAY CHECK? 
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(e) The fact that different PCs of a given proxy network displayed repeated values in some cases 
between 1972 and 1980  was based on the fact, clearly described in the Nature supplementary 
information (e.g. ftp://eclogite.geo.umass.edu/pub/mann/ONLINE-
PREPRINTS/MultiProxy/data-supp.html) that persistence infilling had been used (see section 3) 
to infill a modest fraction of proxy indicators, including PCs of proxy networks, that terminate 
between 1972 and 1980. As shown in section 2, the nearly identical results of reconstructions 
based on calibration using an abbreviated 1902-1971 calibration period predating any such 
infilling demonstrates the spurious nature of the accusation that such  infilling had any 
detrimental influence on the analysis at all. 
 
(f) Two data series 'trd.dat' and 'trw.dat' were indeed, as noted by MM03, set equal after 1961. 
This is due to missing data in one of the two series, and the versions of these series used by 
MBH98 are as used in  earlier studies (e.g. Bradley and Jones, 1993). Elimination of either or 
both of these indicators leads to no detectable change in the resulting reconstruction, making the 
issue, once again, a distraction, rather than a clarification, of the details of MBH98. RAY 
CHECK? 
 
(g) Nearly all of the other  reported "errors" in the MBH98 proxy data set (e.g. shifted values in 
time, etc.) are artifacts of MM03’s having used a spreadsheet version of the dataset prepared for 
them (and posted on the public ftp site) by an associated of ours  upon special request. Had 
MM03 used the raw data available on their ftp site, as originally directed by us, they would have 
not encountered these areas. 
 
There are, as noted by MM03, a few minor typographical errors in the original MBH98 paper. 
There were some minor mistakes in the data listings and references listed in the supplementary 
information, available here: 
ftp://eclogite.geo.umass.edu/pub/mann/ONLINE-PREPRINTS/MultiProxy/data-supp.htm.  
The indicated locations of some of the proxy records in Figure 1 were  misplaced from their true 
locations.  Such  issues have no bearing on the validity of the results provided by MBH98 and 
only serve as distractions from the important differences in data and procedures responsible for 
the spurious results provided by MM03.   
 
Owing to the small amount of journal space allotted by Nature for technical details and 
methodological descriptions, the descriptions of data and methods in MBH98 was necessarily 
terse. The description of the methodology used in our analysis in the MBH98 paper was 
nonetheless complete enough that other researchers to  independently reproduce it without any 
additional assistance from us (Zorita et al, 2003). 
 
All of the proxy indicators used in our study has been available on our public ftp site from the 
time that the various researchers that contributed data to our network were able to publish their 
own data (July 2000). The data (all individual proxy indicators used as well as the various PC 
representations of proxy sub networks for different time intervals) were provided in the various 
clearly labeled directories here: 
ftp://holocene.evsc.virginia.edu/pub/MBH98/ 
 
From the time of publication of our paper, a listing of all of the proxy data (with some minor 
typos as indicated above) was provided here: 
ftp://eclogite.geo.umass.edu/pub/mann/ONLINE-PREPRINTS/MultiProxy/data-supp.html 
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Details of the number of proxy indicators used in the stepwise reconstruction approach were 
provided here:  
ftp://eclogite.geo.umass.edu/pub/mann/ONLINE-PREPRINTS/MultiProxy/stats-supp.html 
And the instrumental temperature data, including eigenvectors and eigenvalues, and data shown 
in the various figures were provided here: 
ftp://eclogite.geo.umass.edu/pub/mann/MANNETAL98/ 
 
Our considerable efforts to make publicly available the various data and numerical results 
supporting MBH98 go well beyond the efforts normally made by scientists to do so, and belie the 
disingenuous claims made by some that we had not made our data publicly available. We have 
little doubt that scientists making good faith efforts to reproduce our work, publishing in proper 
channels that involve true scientific peer review, would not have encountered the problems 
encountered by MM03.  Had we anticipated an organized  effort to criticize our study based on an 
analysis such as MM03 that so grossly misrepresents our data and methods, we would have taken 
more stringent efforts to protect against misinterpretation and misrepresentation of our data and 
methods. 
 
While it is appropriate for individuals without the proper expertise to purport to be able to 
reproduce the results of a scientific study, we certainly would encourage any interested scientists 
with proper training in statistics and paleoclimate to attempt to reproduce our results. To this end, 
we have set up a website providing in even more transparent format  the complete data and 
methodological details the MBH98 analysis here: 
ftp://holocene.evsc.virginia.edu/pub/Data/MANNETAL98.    
We refer interested readers to this website for additional data and methodological details. 
 

5. Conclusions 
 
MM03 did not follow the same procedures or use the same data as MBH98.  Their results should 
not therefore be considered as a “correction” of MBH98, as they claim, but an entirely different 
reconstruction that should be evaluated on its merits.  We show that their reconstruction (or, at 
least, a close reproduction of it) exhibits no statistical skill for the crucial period prior to AD1500 
and thus, the correct interpretation of MM03 would have been that a skillful reconstruction prior 
to AD 1500 was not possible based on the severely depleted version of the MBH98 network used 
by them.  MM03 is at odds with a number of independent reconstructions and model simulations 
that have now been published, which yield a quite similar history of past hemispheric temperature 
variations to that of MBH98 (Figure 1). Their conclusion that temperatures in the 15th century 
were warmer than in the 20th century has no support in the literature, and conflicts with the 
evidence of  widespread early “Little Ice Age” conditions during this interval.  It seems 
remarkable that MM03 appear unaware of this fundamental contradiction in their work. 
 
Mann and coworkers have clearly noted that the early segment of the MBH98 reconstruction (AD 
1400-1600) which is based on a more restricted network of proxy indicators, is sensitive to a 
small number of important predictors (see Mann et al, '99), and this is reflected in the wider 
uncertainty limits ascribed to this interval (Figure 1). Furthermore, as discussed in Mann et al 
(1999), the WNA tree-ring chronologies (27 are available back to AD 1000) are essential for a 
skillful reconstruction prior to AD 1400 and, the quality of the reconstruction is improved when 
apparent non-climatic influences on tree-growth in some high elevation western sites are 
accounted for. 
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Since MBH98 and Mann et al (1999), numerous other independent reconstructions have been 
produced based on different data and methods (Figure 1). Some of these reconstructions suggest 
slightly different past histories, for example colder conditions during certain past centuries (Esper 
et al, 2002; Huang et al, 2000). It appears that such modest differences can be explained in terms 
of the extratropical, continental and perhaps warm-season sensitivity of the predictors (Shindell et 
al, 2001; 2003; Mann, 2002) and possible non-temperature influences on ground surface 
temperature (Mann et al, 2003b; Mann and Schmidt, 2003). However, none of these 
reconstructions show the anomalous 15th century warmth argued for by MM03  
It remains a challenge to further reduce existing uncertainties. Only through careful additional 
work involving the rigorous testing of methodologies, the analysis of the sensitivity of 
reconstructive skill to predictor selection, and the introduction of new proxy information, is this 
likely to be achieved. The paleoclimate research community is actively working towards these 
goals (e.g. Jones et al, 2001). The flawed critique by MM03 does nothing to advance these goals 
but, instead, obscures the real progress that has been detailed in numerous papers published in the 
peer-reviewed scientific literature. 
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Figure 1. Comparison of Mann et al (1999) reconstruction [the estimates from 1400-1980 are identical to those of 
MBH98] with other independent proxy-based reconstruction of Northern Hemisphere mean temperatures over the 
past one-to-two millennia. Time series have been smoothed using a 40 year Butterworth lowpass filter and a 
minimum-misfit smoothing constraint  (see e.g. Ghil et al, 1999). The two standard error uncertainty limits of Mann 
et al (1999) (which were expanded relative to those of MBH98 based on diagnostics of spectrum of calibration 
residuals) are shown (gray   shading). The Mann and Jones (2003) reconstruction has been updated as in Jones and 
Mann (2003), and the uncertainties are shown by purple shading. The various other (smoothed) NH reconstructions 
shown have been scaled by linear regression against the smoothed instrumental NH series over the common interval 
1856-1980, with the exception of the “Briffa et al” series, which has been scaled over the shorter 1856-1940 period 
owing to a decline in temperature response in the underlying data discussed elsewhere (Briffa et al., 1998a) and the 
Crowley and Lowery (2000) reconstruction which terminates in 1965. Independent estimates from the borehole 
data of Huang et al (2000) are shown based on both gridded areally weighted data and an 'optimal' reconstruction of 
the underlying surface temperature signal (Mann et al, 2003b; corrected as in Rutherford and Mann, 2003). 
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Figure 2.  Comparison of  original MBH98 reconstruction (and uncertainties as in Figure 1) with estimates based 
on the  restricted versions of the MBH98 network described in the text, and full network but a restricted (1902-
1971) calibration period. Time series have been smoothed using a 40 year lowpass filter as in Figure 1. The 
reduction of error ('RE') cross-validation scores for the AD 1400-1500 interval are indicated for the different 
reconstructions.  
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From: Malcolm Hughes
To: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; Scott Rutherford; Michael E. Mann
Subject: Re: revised version w/ figure 1 fixed attached...
Date: Tuesday, November 25, 2003 4:27:45 PM

Mike, Ray, Scott - some further edits, Malcolm
On 25 Nov 2003 at 14:25, Michael E. Mann
wrote:

>
>
> _____________________________________________
> _________________
> Professor Michael E. Mann
>  Department of Environmental Sciences, Clark Hall
> University of Virginia
> Charlottesville, VA 22903
> _____________________________________________________
> __________________
> e-mail: mann@virginia.edu Phone:  (434)
> 982-2137
> http://www.evsc.virginia.edu/faculty/people/mann.shtml

Attachments:
  D:\Projects\Bradley and Mann\controversy\mm\memrsbmkh.doc
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From: Malcolm Hughes
To: Michael E. Mann; rbradley@geo.umass.edu; scott Rutherford
Subject: Re: revised version w/ figure 1 fixed attached...
Date: Tuesday, November 25, 2003 6:38:23 PM

We might also be able to quote (in supp mat?) from Ingram
et al.'s piece in the "Climate and history" book, in which
they say the following (page 201):
"An unfortunate gap in the data from 1707 to 1722 was
filled essentially by estimates basedon Derham's Upminster
record 1699-1706 and on numerous short series of
seventeenth-century observations from scattered locales
reinforced by certain non-instrumental materials. The final
series is regarded as reasonably accurate from about 1720
onwards, the earlier data being presented as somewhat less
reliable."
This is their precis of Manley's words in the 74 paper, and
shows we were not alone in this evaluation (actually it's
what Manley himself told me at the 1979 meeting in
Norwich, but I guess a pers comm might not work in this
case).
What is a bit of a mystery to me is why we started using it
in 1730 rather than 1723 - any recollections, Ray?   Also -
they do look like summer temps - any idea why we would
have used summer rather than annual? Cheers, Malcolm     
On 25 Nov 2003 at 14:25, Michael E. Mann wrote:

>
>
> _____________________________________________
> _________________
> Professor Michael E. Mann
>  Department of Environmental Sciences, Clark Hall
> University of Virginia
> Charlottesville, VA 22903
> _____________________________________________________
> __________________
> e-mail: mann@virginia.edu Phone:  (434)
> 982-2137
> http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes; rbradley@geo.umass.edu; scott Rutherford
Subject: Re: revised version w/ figure 1 fixed attached...
Date: Tuesday, November 25, 2003 7:05:09 PM

Hi Malcolm,

I used the summer temps, because that's what Bradley and Jones had used--didn't
bother to go back and get the annual temps--but since we had other very old
european instrumental records in the mix nearly that far back, it hardly mattered...

mike

At 06:38 PM 11/25/2003 -0700, Malcolm Hughes wrote:

We might also be able to quote (in supp mat?) from Ingram 
et al.'s piece in the "Climate and history" book, in which 
they say the following (page 201):
"An unfortunate gap in the data from 1707 to 1722 was 
filled essentially by estimates basedon Derham's Upminster 
record 1699-1706 and on numerous short series of 
seventeenth-century observations from scattered locales 
reinforced by certain non-instrumental materials. The final 
series is regarded as reasonably accurate from about 1720 
onwards, the earlier data being presented as somewhat less 
reliable."
This is their precis of Manley's words in the 74 paper, and 
shows we were not alone in this evaluation (actually it's 
what Manley himself told me at the 1979 meeting in 
Norwich, but I guess a pers comm might not work in this 
case). 
What is a bit of a mystery to me is why we started using it 
in 1730 rather than 1723 - any recollections, Ray?   Also - 
they do look like summer temps - any idea why we would 
have used summer rather than annual? Cheers, Malcolm      
On 25 Nov 2003 at 14:25, Michael E. Mann wrote:

> 
> 
> _____________________________________________
> _________________
> Professor Michael E. Mann
>  Department of Environmental Sciences, Clark Hall
> University of Virginia
> Charlottesville, VA 22903
> _____________________________________________________
> __________________
> e-mail: mann@virginia.edu Phone:  (434) 
> 982-2137
> http://www.evsc.virginia.edu/faculty/people/mann.shtml

Malcolm Hughes
Professor of Dendrochronology
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Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; Scott Rutherford
Subject: Re: revised version w/ figure 1 fixed attached...
Date: Tuesday, November 25, 2003 7:33:37 PM

Thanks Malcolm,

The edits are all helpful. Will await further confirmation from Ray (and Scott) on the
remaining inquiries and then try to finalize for submission upon my return to
charlottesville (sunday)...

mike

At 04:27 PM 11/25/2003 -0700, Malcolm Hughes wrote:

Mike, Ray, Scott - some further edits, Malcolm
On 25 Nov 2003 at 14:25, Michael E. Mann 
wrote:

> 
> 
> _____________________________________________
> _________________
> Professor Michael E. Mann
>  Department of Environmental Sciences, Clark Hall
> University of Virginia
> Charlottesville, VA 22903
> _____________________________________________________
> __________________
> e-mail: mann@virginia.edu Phone:  (434) 
> 982-2137
> http://www.evsc.virginia.edu/faculty/people/mann.shtml

Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: raymond s. bradley
To: Michael E. Mann
Cc: mhughes@ltrr.arizona.edu
Subject: Re: the paragraph in question
Date: Monday, December 01, 2003 1:13:51 PM

mike--there appears to be a lot of changes in this that I can't see using
the tracking option.  I don't want to  spend more time figuring out what
else changed.  Can you send me the marked up version so I can see how it
differs from what I sent you last week....I'm getting lost on all the changes
ray

At 08:55 AM 12/1/2003, you wrote:
>Hi Malcolm,
>
>The idea that we would have to send them our computer programs is
>hilarious. This is all such a transparent bluff on their part, it would be
>funny if not so annoying.
>
>Lets just stick w/  the current plan of getting our response published,
>getting the revised data site finished, and working w/ Nature to make the
>data available.
>
>Attached is a revised version of the Climatic Change paper incorporating
>your/Ray's suggestions, and a couple remaining specific inquiries to you/Ray...
>
>Would be nice to send this off within the next couple days (before I have
>to deal w/ final exams, etc. and then head off to AGU), so if you guys can
>get back to me quickly, that would be great.
>
>Thanks again for the help,
>
>mike
>
>
>
>At 02:40 PM 11/28/2003 -0700, Malcolm Hughes wrote:
>>Blokes - in case you didn't already see it - here's the para
>>they're on about. Note the word "encourage" rather than
>>"require" at point c, and the absence of mention of software
>>in point d). Seems that careful reading is not McI's strong
>>point. What a pain in the butt these people are! Cheers,
>>Malcolm
>>
>>734 Dissemination and Sharing of Research Results
>>a. Investigators are expected to promptly prepare and submit for
>>publication,
>>with authorship that accurately reflects the contributions of those
>>involved, all
>>significant findings from work conducted under NSF grants. Grantees are
>>expected to permit and encourage such publication by those actually
>>performing
>>that work, unless a grantee intends to publish or disseminate such
>>findings itself.
>>b. Investigators are expected to share with other researchers, at no more
>>than
>>incremental cost and within a reasonable time, the primary data, samples,
>>physical collections and other supporting materials created or gathered

ABOR/MH/Priv-001558



>>in the
>>course of work under NSF grants. Grantees are expected to encourage and
>>facilitate such sharing. Privileged or confidential information should be
>>released
>>only in a form that protects the privacy of individuals and subjects
>>involved.
>>General adjustments and, where essential, exceptions to this sharing
>>expectation
>>may be specified by the funding NSF Program or Division for a particular
>>field
>>or discipline to safeguard the rights of individuals and subjects, the
>>validity of
>>results, or the integrity of collections or to accommodate the legitimate
>>interest
>>of investigators. A grantee or investigator also may request a particular
>>adjustment or exception from the cognizant NSF Program Officer.
>>c. Investigators and grantees are encouraged to share software and
>>inventions
>>created under the grant or otherwise make them or their products widely
>>available and usable.
>>d. NSF normally allows grantees to retain principal legal rights to
>>intellectual
>>property developed under NSF grants to provide incentives for development
>>and
>>dissemination of inventions, software and publications that can enhance
>>their
>>usefulness, accessibility and upkeep. Such incentives do not, however,
>>reduce
>>the responsibility that investigators and organizations have as members
>>of the
>>scientific and engineering community, to make results, data and collections
>>available to other researchers.
>>
>>
>>
>>Malcolm Hughes
>>Professor of Dendrochronology
>>Laboratory of Tree-Ring Research
>>University of Arizona
>>Tucson, AZ 85721
>>520-621-6470
>>fax 520-621-8229
>
>______________________________________________________________
>                     Professor Michael E. Mann
>            Department of Environmental Sciences, Clark Hall
>                       University of Virginia
>                      Charlottesville, VA 22903
>_______________________________________________________________________
>e-mail: mann@virginia.edu   Phone:    FAX: 
>          http://www.evsc.virginia.edu/faculty/people/mann.shtml

Raymond S. Bradley
University Distinguished Professor
Director, Climate System Research Center*
Department of Geosciences, University of Massachusetts
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297
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Tel: 
Fax: 
*Climate System Research Center: 
         <http://www.paleoclimate.org>
Paleoclimatology Book Web Site: http://www.geo.umass.edu/climate/paleo/html
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From: Michael E. Mann
To: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; Scott Rutherford
Subject: final comments
Date: Monday, December 01, 2003 1:48:20 PM
Attachments: ClimaticChange03-changes.doc

Ray, Malcolm (and Scott)

Attached is the final draft, pending any additional suggestions/changes, w/ the most
recent round of changes indicated by yellow highlighting--Scott, please note the
specific inquiry to you--can you answer this ASAP? Thanks...

Once I hear back from everyone, I plan to finalize and submit, hopefully within the
next day or two...

Thanks,

mike

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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1. Introduction 
 
A recent paper published in the social science journal 'Energy and Environment' by McIntyre and 
McKitrick (henceforth "MM03") claims to provide evidence that late 20th century hemispheric 
warmth is not anomalous in the context of the past several centuries, with the specific claim that 
15th century temperatures were warmer than those of the late 20th century. MM03 make this 
claim based on the purported application of the same methodology and datasets used by Mann et 
al (1998--henceforth "MBH98"), but their results are very different from those reported by 
MBH98.  Their results contrast markedly with a number of studies carried out over the past 
decade, which reconstruct large-scale surface temperature variations from proxy data (Figure 1).  
Almost all these studies arrived at the conclusion that late 20th century Northern Hemisphere 
mean warmth is anomalous in the context of past centuries and even millennia  (Bradley and 
Jones, 1995; Crowley and Kim, 1996; Overpeck et al, 1997; Pollack et al, 1998; Jones et al, 1998, 
Mann et al, 1998; Pollack et al, 1998; Crowley and Lowery, 2000; Huang et al, 2000; Jones et al, 
2001;  Folland et al, 2001; Harris and Chapman, 2001; Briffa et al, 2001; Mann and Jones, 2003; 
Mann et al, 2003a; Hegerl et al, 2003). Studies employing models of varying complexity forced 
with estimated past natural and anthropogenic radiative forcing histories have arrived at similar 
conclusions (Free and Robock, 1999; Crowley and Kim, 1999; Crowley et al, 2000; Bertrand et 
al, 2002; Gerber et al, 2003; Bauer et al, 2003; Hegerl et al 2003), providing theoretical estimates 
of Northern Hemisphere mean temperature variations that are typically statistically 
indistinguishable from the empirical reconstructions (e.g. Mann et al, 2003a).  The MM03 study 
thus conflicts not only with the work that they claim to have “audited” and “corrected” (i.e. 
MBH98) but also with virtually all other studies of large-scale temperature variations.   
 
An audit involves a careful examination, using the same data and following the exact procedures 
used in the report or study being audited.  McIntyre and McKitrick ("MM03") have done no such 
thing, having used neither the data nor the procedures of MBH98. Their effort has no bearing on 
the validity of the conclusions reported in MBH98, and is no way a "correction" of that study as 
they claim. On the contrary, their analysis seriously misrepresents MBH98.  Here we examine the 
claim that MM03 undertook exactly the same analysis as MBH98 and found errors in this work, 
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and we seek to understand how they came to this erroneous conclusion.  We show that their 
results derive from the incorrect application of the method of Mann et al (1998) and the use of a 
different, severely restricted version of the proxy data set used by MBH98.We identify the 
omission of key early proxy indicators by MM03 that were used by MBH98 (section 2) and show 
that  a reproduction of the reconstruction presented by MM03 fails the fundamental statistical test 
of "cross-validation" with independent instrumental data, emphasized in MBH98 and other 
paleoclimate reconstruction studies (see e.g. Cook et al, 1994; Luterbacher et al, 2002). We also 
note a number of significant additional technical errors made by MM03 (section 3) that would 
have rendered their analysis invalid even if they had employed the same key early data as 
MBH98, and note several other erroneous criticisms  of MBH98 made by MM03 (section 4).  We 
present our conclusions in section 5. 
 
 

2. Impact of Removal by MM03 of Key Proxy Indicators Used by MBH98 
 
Because large-scale climate fields typically have relatively few (on the order of tens of) spatial 
degrees of freedom on climatic timescales (e.g. Jones and Briffa, 1992; Weber and Madden, 
1995; Zwiers and Shen, 1997; Rutherford et al., 2003), climate indices or fields can often be 
efficiently reconstructed from a relatively modest network of proxy indicators (e.g. Bradley, 
1996, Evans et al, 1998), particularly through the use of a lower-dimensional state space 
representation of the underlying fields based on Principal Component Analysis (Mann et al, 1998; 
1999; Luterbacher et al, 2002; Evans et al, 2002; Zorita et al., 2003) or other alternative methods 
employing the data covariance matrix (Mann and Rutherford, 2002; Rutherford et al,, 2003). The 
reliability or 'skill' of the reconstruction, as estimated through cross-validation, depends critically 
on the available data, especially when relatively small numbers of indicators are available (Mann 
et al, 1998;1999; Evans et al., 2002; Mann and Rutherford, 2002; Rutherford et al., 2003; Zorita 
et al., 2003). The putative "correction" of the MBH98 proxy network employed by MM03 
appears to have amounted to little more than a removal of key indicators and the substitution of 
some others, including the removal of the majority of the underlying proxy data in the MBH98 
network prior to AD 1600. It is during this period (in particular, the interval 1400-1500) that the 
removal of these data has major consequences for the character of the MM03 reconstruction of 
Northern Hemisphere temperature. We also show that the removal of these key data prevents the 
possibility of obtaining a skillfully cross-validated reconstruction during the period AD 1400-
1500. 
 
MM03 do not list the number of indicators in their altered version of the MBH98 network that 
forms the basis of their reconstruction. This altered network is based on the substitution of many 
original series used by MBH98,often with shorter data series from other sources and the omission 
of some other series. The reader must do a considerable amount of work, based on scrutiny of the 
tables in MM03 (pages 20-23 therein) and the indicated data internet links, to determine just what 
data have been eliminated from the original MBH98 network. An analysis of these eliminations 
and substitutions reveals the removal by MM03 of key early proxy information. We show that is 
the removal of this information that produces their spurious reconstructed 15th warmth century 
which  is at odds with the reconstructed cold conditions of the period by MBH98 and virtually all 
other published Northern Hemisphere temperature reconstructions. 
 
The primary difference between the reconstruction of MM03 and MBH98, evident prior to about 
AD 1500, appears to stem from the following eliminations or substitutions of MBH98 data by 
MM03: 
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1) MM03 appear to eliminate the entire dataset of 70 Western North American (WNA) tree-ring 
series available between 1400 and 1500 (and a total of 86 series from AD 1500-1600) based on a 
complete misrepresentation of the procedures used by MBH98. This dataset, and several other 
regional tree-ring data networks, was represented by MBH98 in terms of a smaller number of 
representative Principal Component (PC) time series used for each independent reconstruction 
produced by the stepwise procedure employed by MBH98.  MBH98 made use of almost 100 
proxy series over the interval AD 1400-1500. The 70 WNA series thus made up the majority of 
the proxy data used by MBH98 prior to AD 1500. The 70 WNA series were  represented in terms 
of their  two leading patterns of variance from AD 1400-1500. These patterns represented, 
however, a much larger number (70 series) of underlying data spanning western North America, 
and constitute the key early data set in the MBH98  network (see e.g. the discussion in  Mann et 
al, 1999).   MM03 eliminated the entire WNA dataset  (and thus, the majority of the original 
proxy indicators used prior to AD 1500 by MBH98) by not following the procedure of MBH98 
of calculating the PC series separately for all intervals used in their stepwise reconstruction. This 
procedure employs one set of PC series for the AD 1400-1980 interval, another for AD 1450-
1980, and so on (see technical point "b" later on in this document), thus allowing for the use of an 
increasingly large amount of underlying proxy data in their representations of the various data 
sub-networks for later periods as more data joined the set. The leading pattern of variance in 
WNA  data  exhibits conditions from 1400-1800 that are much colder than those of the mid and 
late 20th century, with very prominent cooling in the 15th century.  All of these data were 
available to MM03. The original individual proxy data used by MBH, including all of the WNA 
data have been available since May 2000 on the public ftp site provided by Mann and colleagues:  

ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/ITRDB/NOAMER/ 
as well as  the  NOAA Paleoclimatology website:  

ftp://ftp.ngdc.noaa.gov/paleo/treering/chronologies/northamerica/usa 
It should also be noted that a description of the extensive quality control performed on the public 
domain tree-ring data was given by Mann et al., 2000b and may be found online at : 

http://www.ngdc.noaa.gov/paleo/ei/ei_nodendro.html 
We see no conceivable justification  for MM03 to have eliminated what amounts to the vast 
majority of proxy series used by MBH98 prior to AD 1600. 
 
2) MM03 appear to eliminate the entire dataset of Stahle et al (1998) of southwestern 
U.S./Mexican latewood and earlywood ring width (TXMX), measurements prior to the 17th 
century (12 series back to 1500, 6 back to 1400) under the same false procedural premise 
described in (1).  Once again, the data were available at the public ftp site provided by Mann and 
coworkers:  

ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/STAHLE/SWM/ 
MM03, in fact,  appear to have substituted a completely unrelated set  of tree-ring records  
produced by Stahle and coworkers in earlier work. This is perhaps due to an outdated reference in 
the supplementary information of MBH98 (the Stahle et al, 1998 paper had not yet been 
published at the time of MBH98). Adequate information, however,  was provided in the 
supplementary information to distinguish this unique set of earlywood/latewood chronologies 
derived specifically for their sensitivity to winter ENSO influences (see Stahle et al, 1998),  from 
generic tree-ring data from the Texas/Mexico region produced earlier that MM03 appear to have 
confused with these in their substitutions. 
 
3) MM03 appear to have substituted significantly different series for the original full-length 
Jacoby and D'Arrigo (1989) Northern Treeline series used by MBH98. For example, in their 
Figure 4 they describe the substitution of a shorter version (available back to AD 1530) of the 
"Twisted Tree, Heartrot Hill" Northern Treeline series for the longer version (available back to 
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AD 1459) used by MBH98. This substitution appears to be based on the false assumption on the 
authors part that a shorter version of a series that has been posted in the public domain supplants 
a longer version of the series (as in this case) that is often made available by researchers to their 
colleagues. 
 
We have not determined the full impact of all of the various substitutions and omissions 
performed by MM03. Nor have we accounted for the influence of the various technical errors in 
their analysis (section 4), which alone would make it impossible for them to have correctly 
reproduced the results of MBH98. However, we have re-computed northern hemisphere 
temperatures by incorporating the methodological and data changes outlined above, and obtain a 
qualitatively similar reconstruction to MM03 (Figure 2).  This reconstruction indeed indicates 
warmth during the 15th century that exceeds the warmth reconstructed through the 1980 
termination of the proxy-reconstruction. However, this result should have been discarded by 
MM03 had they correctly followed the cross-validation protocol used by MBH98 and other 
paleoclimate researchers in testing the reliability of their reconstruction. MBH98 employed the 
standard statistical tool of cross-validation to verify the skill of their reconstructions (see also 
Cook et al, 1994; Luterbacher et al, 2002; Evans et al, 2002). MM03 describe no such tests. 
Consistent with the stepwise reconstruction approach employed by MBH98 in which increasingly 
sparse networks were used progressively farther back in time, a series of cross-validation 
experiments were performed by MBH98 to estimate the skill for each separate interval back in 
time.  For the AD 1400-1450 period, for example, MBH98 performed a reconstruction over the 
interval 1400-1901 based on calibration of the indicators available for the 1400-1980 period 
against the instrumental record over the interval 1902-1980. The resulting reconstruction was 
then independently compared against the instrumental record over the interval (1854-1901) not 
used for calibration. The cross-validation skill was diagnosed by a 'Reduction of Error' statistic 
(RE), which is bounded by negative infinity and positive one, with substantially positive numbers 
indicative of predictive skill. The mean expected value for a random estimate is RE= -1. MBH98 
obtained an RE score of 0.51 for the reconstruction over the AD 1400-1500 interval.  The cross-
validation score for our reproductions of the MM03 results  (RE = -0.64) indicates, in stark 
contrast, the absence of any statistical reliability at all.  If they had used this cross-validation 
protocol to verify their reconstruction, MM03 would have been forced to conclude that a skillful 
reconstruction was not possible prior to AD 1500 based on the largely depleted  version of the 
MBH98 proxy network that they used.  It was completely incorrect for MM03 to conclude that 
their reconstruction provided statistically reliable evidence of anomalous warmth prior in the 15th 
century, given the failure of their reconstruction to cross-validate against the instrumental record. 
An alternative reconstruction eliminating only datasets (1) and (2) provides an intermediate 
result, closer to that of MBH98, but with a statistical diagnostic of skill that is at best marginal 
(RE=0.09). Reconstructions resembling that of MM03, based on the elimination of key data, 
consistently fail independent cross-validation. Only when the full data network used by MBH98, 
retaining datasets (1)-(3), is used for the critical AD 1400-1500 period, is a skillful reconstruction 
possible, as obtained by MBH98  (RE=0.51). 
 
MM03 suggest, furthermore,  the existence of  a bias in the MBH98 reconstruction due to the use 
of  infilling of missing values between 1972 and 1980 in a modest number (less than 25%--
SCOTT CHECK!) of the proxy data terminating prior to the 1980 end of the calibration period 
(termination dates of proxy data were provided in the supplementary online information: 
ftp://eclogite.geo.umass.edu/pub/mann/ONLINE-PREPRINTS/MultiProxy/data-supp.html).  
The infilling was based on extension by persistence of the final available value to the 1980 
boundary. We demonstrate this suggestion is entirely false, by performing the reconstruction 
from AD 1400-1500 using the exact MBH98 network, but based on the use of a  calibration 
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interval (1902-1971) that entirely pre-dates any infilled data.  The resulting reconstruction from 
AD 1400-1500 is shown in Figure 2. It is quite similar to that of MBH98 based on calibration 
over the 1902-1980 interval, both in its appearance (Figure 2) and cross-validation skill 
(RE=0.51), demonstrating  that the extension of a small number of proxy series to the 1980 
boundary has no detectable influence on the reconstruction, and that the MBH98 reconstruction 
is, furthermore, robust with respect to the precise instrumental calibration interval used. 
 

3. Important Technical Errors in MM03 
 
There are numerous technical problems in the data and approach used by MM03 that would 
appear to have rendered their analysis flawed irrespective of their elimination of key predictors as 
described in section 2.  We briefly list the few of the most significant of these: 
 
(a) Use of Inconsistent Instrumental Surface Temperature Data Sets 
MM03 did not perform an internally consistent Principal Component Analysis (PCA) of the 
instrumental surface temperature dataset. Instead, they combined gridpoint standard deviations 
estimated from a newer version of the Climatic Research Unit (CRU) of the University of East 
Anglia surface temperature record (Jones et al, 1999), with results (eigenvectors, principal 
components series, and eigenvalues) obtained by MBH98 based on application of PCA to an 
older version of the CRU instrumental surface temperature data (Jones and Briffa, 1992--the 
estimates were updated on the CRU website through 1993, the end of the interval used by 
MBH98 in their PCA; the NH mean temperature series shown by MBH98 was extended through 
1998 based on newer available data).  These two datasets are not equivalent. For example, they 
employ two different base periods for the formation of surface temperature anomalies. The 
convolution of surface temperature statistics from the two surface temperature sets leads to an 
unknown bias in MM03’s reconstructed surface temperature fields. 
 
MM03 also appear to have estimated gridpoint standard deviations from the un-detrended surface 
temperature data, while MBH98 had normalized their EOFs by detrended gridpoint standard 
deviations. Either convention would be equally defensible as long as the analysis was internally 
consistent. However, since MM03 did not perform an internally consistent PCA of the 
instrumental surface temperature data, but instead mixed the PCA results provided by MBH98 on 
their website: 
ftp://eclogite.geo.umass.edu/pub/mann/MANNETAL98/EIGENVECTORS/ 
with gridpoint temperature statistics estimated from a different temperature dataset, they imposed 
a spatially-variable bias in the reconstructed surface temperature field (the bias is larger where 
20th century surface air temperature trends are greatest).  
 
(b) Incorrect representation of the MBH98 proxy data set.  
MBH98 calculated PCs of proxy sub-networks separately for each interval in their stepwise 
reconstruction. This is the only sensible approach, since it allows the use of all data available over 
each sub-interval used in the MBH98 stepwise reconstruction (i.e., one set of PCs for 1400-1980, 
another  for 1450-1980, another for 1500-1980, and so on). This allowed for a greater number of 
series and, accordingly, a larger number of representative proxy network PC series (as determined 
by application of an objective selection criterion to the network) to be used for reconstructions of 
increasingly later periods.  Because the PCA representation of the various proxy networks was 
employed in this step-wise fashion, 159 independent time series were required to represent all 
indicators used in the reconstructions of all the various sub-intervals, even though the maximum 
number ever used for a particular sub-interval is 112. By not following this protocol, MM03 
appear to have eliminated in the range of 100 proxy series used by MBH98 over the interval 
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1400-1600 and, as discussed earlier, proxy indicators that are vital for a skillfully cross-validated 
reconstruction, over the interval AD 1400-1500.  
 
(c) Lack of the use of an objective criterion in the determination of the number of retained 
instrumental PCs in the reconstruction: 
Since the proxy data network developed by MM03 differs dramatically from that used by 
MBH98 for all intervals, it was inappropriate for MM03 to use the same instrumental temperature 
eigenvector subsets that had been selected by MBH98 for their reconstruction. The subsets were 
selected by MBH98 based on the application of an objective selection criteria to the specific 
available proxy networks available, and were optimized with respect to those networks. The basis 
sets used by MM03 thus appear not to have been optimized with respect to the different proxy 
network they actually use. 
 
(d) Incorrect Scaling of Reconstructed Principal Components (RPCS): 
MBH98 insure that each of the reconstructed Principal Components (RPCs) have the same 
variance as the corresponding instrumental annual mean temperature Principal Components (PCs) 
over the calibration period, based on an explicit scaling of each RPC series against its 
corresponding PC series over the 1902-1980 interval. If this step is not followed, qualitatively 
similar results are obtained, but cross-validation scores are found to be modestly lower. It would 
appear from the methodological description provided by MM03 that they did not follow this step, 
providing an additional potential (albeit minor) reason for differences from the MBH98 results. 
 
 

4. Spurious Criticisms of MBH98 by MM03 
 
Numerous other criticisms of MBH98 put forth by MM03 are entirely without merit: 
 
(a) The claim by MM03 that MBH98 calculated statistics for non-existent temperature gridpoints 
was a simple result of MM03 using an inconsistent version of the CRU instrumental surface 
temperature data set with a different base period (see technical mistake 3.a).  
 
(b) The  claim by MM03 that MBH98 employ an EOF decomposition of various proxy sub-
networks that was not optimized with respect to the underlying data is a simple result of MM03’s 
technical mistake (3.b) above. So too is their incorrect assertion that PCs computed by MBH98 
for sparser data prior to AD 1600 were based on the use of data sets with missing data. 
 
(c) The claim by MM03 that certain data sets, such as the Stahle et al (1998) TXMX data were in 
some way artificially separated from other (i.e. the North American ITRDB) data in our 
representation of different data networks  reflects a complete lack of understanding of the climate 
system.  This particular set of  chronologies shows a distinct, consistent sensitivity to winter El 
Nino influences that is largely unique among North American tree-ring data (Stahle et al, 1998). 
Those with relevant expertise in the field of course recognize why these data were treated 
separately from other North American ITRDB data. Similar arguments hold for other proxy data 
sub networks. 
 
(d) The claim by MM03 that MBH98 unjustifiably eliminated the earlier part of the Central 
England temperature (CET) record is unfounded. The decision by MBH98 not to use this record  
prior to 1730 is in keeping with previous studies (e.g. Bradley and Jones, 1993) and is based on 
the existence of inhomogeneities that exist in the record prior to the 1730s (Manley, 1953;1974). 
Manley (1974), for example, refers to a gap from 1707 to 1722 in daily data from the region of 
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Central England he was seeking to cover, and used an adjusted version of data from the 
Netherlands. Similar considerations (Ray?) lead to the use of the Central England Temperature 
record back only to 1550, and not 1525 as in MM03 (CHECK?). As in Bradley and Jones (1993), 
we used the summer season averages. Use of the annual mean series leads to no detectable 
differences, as the MBH98 reconstruction is not sensitive to these indicators.. Our network was 
supplemented with numerous long additional instrumental temperature series from Europe 
representative of annual mean conditions.  RAY CHECK?  MIKE CHECK? 
 
(e) The fact that different PCs of a given proxy network displayed repeated values in some cases 
between 1972 and 1980  was based on the fact, clearly described in the Nature supplementary 
information (e.g. ftp://eclogite.geo.umass.edu/pub/mann/ONLINE-
PREPRINTS/MultiProxy/data-supp.html) that persistence infilling had been used (see section 3) 
to infill a modest fraction of proxy indicators, including PCs of proxy networks, that terminate 
between 1972 and 1980. As shown in section 2, the nearly identical results of reconstructions 
based on calibration using an abbreviated 1902-1971 calibration period predating any such 
infilling demonstrates the spurious nature of the accusation that such  infilling had any 
detrimental influence on the analysis at all. 
 
(f) Two data series 'trd.dat' and 'trw.dat' were indeed, as noted by MM03, set equal after 1961. 
This is due to missing data after 1961 in one of the two series, as used in Bradley and Jones 
(1993).  Elimination of either or both of these indicators leads to no detectable change in the 
MBH98 reconstruction, as the MBH98 reconstruction is not sensitive to these indicators. RAY 
CHECK? 
 
(g) Nearly all of the other  reported "errors" in the MBH98 proxy data set (e.g. shifted values in 
time, etc.) are artifacts of MM03’s having used a spreadsheet version of the dataset prepared for 
them (and posted on the public ftp site) by an associated of ours  upon special request. Had 
MM03 used the raw data available on their ftp site, as originally directed by us, they would have 
not encountered these errors. 
 
There are, as noted by MM03, a few minor typographical errors in the original MBH98 paper. 
There were some minor mistakes in the data listings and references listed in the supplementary 
information, available here: 
ftp://eclogite.geo.umass.edu/pub/mann/ONLINE-PREPRINTS/MultiProxy/data-supp.htm.  
The indicated locations of some of the proxy records in Figure 1 were  misplaced from their true 
locations.  Such  issues have no bearing on the validity of the results provided by MBH98 and 
only serve as distractions from the important differences in data and procedures responsible for 
the spurious results provided by MM03.   
 
Owing to the small amount of journal space allotted by Nature for technical details and 
methodological descriptions, the descriptions of data and methods in MBH98 was necessarily 
terse. The description of the methodology used in our analysis in the MBH98 paper was 
nonetheless complete enough that other researchers to  independently reproduce it without any 
additional assistance from us (Zorita et al, 2003). 
 
All of the proxy indicators used in our study has been available on our public ftp site from the 
time that the various researchers that contributed data to our network were able to publish their 
own data (July 2000). The data (all individual proxy indicators used as well as the various PC 
representations of proxy sub networks for different time intervals) were provided in the various 
clearly labeled directories here: 
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ftp://holocene.evsc.virginia.edu/pub/MBH98/ 
 
From the time of publication of our paper, a listing of all of the proxy data (with some minor 
typos as indicated above) was provided here: 
ftp://eclogite.geo.umass.edu/pub/mann/ONLINE-PREPRINTS/MultiProxy/data-supp.html 
Details of the number of proxy indicators used in the stepwise reconstruction approach were 
provided here:  
ftp://eclogite.geo.umass.edu/pub/mann/ONLINE-PREPRINTS/MultiProxy/stats-supp.html 
And the instrumental temperature data, including eigenvectors and eigenvalues, and data shown 
in the various figures were provided here: 
ftp://eclogite.geo.umass.edu/pub/mann/MANNETAL98/ 
 
We provided extensive documentation of the data sets used in the supplementary information 
lodged at Nature’s web site in association with the publication of MBH98, so that those wishing 
to repeat our analyses could either go to the same public domain sources as us, or approach the 
colleagues who had kindly made data available to us. We made considerable efforts to make the 
various data and numerical results readily available online as soon as we were free to do so (in 
2000), by setting up the public ftp site referred to above, although we were under no known 
obligation to provide the data in that particular medium. We gave as detailed a description of our 
methods as was possible in the confines of a short paper, and in all these respects must have 
satisfied the stringent standards set by the editor and reviewers of the journal in which we 
published, since MBH98 was published.   In order to facilitate any attempt to reproduce our 
results we have taken a further step beyond those normally required in the publication of such 
research. We have set up a new website providing, in even more transparent format than that set 
up in 2000, the complete data and methodological details of the MBH98 analysis: 
ftp://holocene.evsc.virginia.edu/pub/Data/MANNETAL98. 
 

5. Conclusions 
 
MM03 did not follow the same procedures or use the same data as MBH98.  Their results should 
not therefore be considered as a “correction” of MBH98, as they claim, but an entirely different 
reconstruction that should be evaluated on its merits.  We show that a close reproduction of their 
reconstruction exhibits no statistical skill for the crucial period prior to AD1500. Thus, the correct 
interpretation of MM03 would have been that a skillful reconstruction prior to AD 1500 was not 
possible based on the severely depleted version of the MBH98 network used by them.  MM03 is 
at odds with a number of independent reconstructions and model simulations that have now been 
published, which yield a quite similar history of past hemispheric temperature variations to that of 
MBH98 (Figure 1). Their conclusion that temperatures in the 15th century were warmer than in 
the 20th century has no support in the literature, and conflicts with the evidence of  widespread 
early “Little Ice Age” conditions during this interval.  It seems remarkable that MM03 appear 
unaware of this fundamental contradiction between their work and virtually all other studies. 
 
Mann and coworkers have clearly noted that the early segment of the MBH98 reconstruction (AD 
1400-1600) which is based on a more restricted network of proxy indicators, is sensitive to a 
small number of important predictors (see Mann et al, '99), and this is reflected in the wider 
uncertainty limits ascribed to this interval (Figure 1). Furthermore, as discussed in Mann et al 
(1999), the WNA tree-ring chronologies (27 are available back to AD 1000) are essential for a 
skillful reconstruction prior to AD 1400 and, the quality of the reconstruction is improved when 
apparent non-climatic influences on tree-growth in some high elevation western sites are 
accounted for. 
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Since MBH98 and Mann et al (1999), numerous other independent reconstructions have been 
produced based on different data and methods (Figure 1). Some of these reconstructions suggest 
slightly different past histories, for example colder conditions during certain past centuries (Esper 
et al, 2002; Huang et al, 2000). It appears that such modest differences can be explained in terms 
of the extratropical, continental and perhaps warm-season sensitivity of the predictors (Shindell et 
al, 2001; 2003; Mann, 2002) and possible non-temperature influences on ground surface 
temperature (Mann et al, 2003b; Mann and Schmidt, 2003). However, none of these 
reconstructions show the anomalous 15th century warmth argued for by MM03  
 
It remains a challenge to further reduce existing uncertainties. Only through careful additional 
work involving the rigorous testing of methodologies, the analysis of the sensitivity of 
reconstructive skill to predictor selection, and the introduction of new and better understood 
proxy information, is this likely to be achieved. The paleoclimate research community is actively 
working towards these goals (e.g. Jones et al, 2001). The flawed critique by MM03 does nothing 
to advance these goals but, instead, obscures the real progress that has been detailed in numerous 
papers published in the peer-reviewed scientific literature. 
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Figure 1. Comparison of Mann et al (1999) reconstruction [the estimates from 1400-1980 are identical to those of 
MBH98] with other independent proxy-based reconstruction of Northern Hemisphere mean temperatures over the 
past one-to-two millennia. Time series have been smoothed using a 40 year Butterworth lowpass filter and a 
minimum-misfit smoothing constraint  (see e.g. Ghil et al, 1999). The two standard error uncertainty limits of Mann 
et al (1999) (which were expanded relative to those of MBH98 based on diagnostics of spectrum of calibration 
residuals) are shown (gray   shading). The Mann and Jones (2003) reconstruction has been updated as in Jones and 
Mann (2003), and the uncertainties are shown by purple shading. The various other (smoothed) NH reconstructions 
shown have been scaled by linear regression against the smoothed instrumental NH series over the common interval 
1856-1980, with the exception of the “Briffa et al” series, which has been scaled over the shorter 1856-1940 period 
owing to a decline in temperature response in the underlying data discussed elsewhere (Briffa et al., 1998a) and the 
Crowley and Lowery (2000) reconstruction which terminates in 1965. Independent estimates from the borehole 
data of Huang et al (2000) are shown based on both gridded areally weighted data and an 'optimal' reconstruction of 
the underlying surface temperature signal (Mann et al, 2003b; corrected as in Rutherford and Mann, 2003). 
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Figure 2.  Comparison of  original MBH98 reconstruction (and uncertainties as in Figure 1) with estimates based 
on the  restricted versions of the MBH98 network described in the text, and full network but a restricted (1902-
1971) calibration period. Time series have been smoothed using a 40 year lowpass filter as in Figure 1. The 
reduction of error ('RE') cross-validation scores for the AD 1400-1500 interval are indicated for the different 
reconstructions.  
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To: Malcolm Hughes; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; Scott Rutherford
Subject: Re: final comments
Date: Monday, December 01, 2003 2:29:13 PM

HI Malcom,

Your comments are well taken. On the other hand, we start of treating E&E as if it is
a legitimate, peer-reviewed scientific journal and it isn't. We need to make sure we're
not presenting this paper as it went through a legitimate process.

I would welcome a rewording of the first sentence that strikes the right balance!

mike

At 02:40 PM 12/1/2003 -0700, Malcolm Hughes wrote:

Mike - most of the questions and corrections 
need Ray or Scott's attention. The only problem 
I have is with the very first sentence, in 
particular the phrase :in the social science journal 'Energy 
and Environment' . I really think this should be cut out 
- it sets the wrong tone. The serious reader will 
look at the reference list and draw their own 
conclusions about the journal MM chose to use. 
In fact, my guess is that many social scientists 
would not accept the characterisation of "Energy 
and Environment" as a social science journal, 
and indeed its own web site pictures it as a kind 
of hybrid. 
This first sentence seriously detracts from the 
stance of the rest of our manuscript, in which we 
deal strictly and exclusively with the technical 
matters at hand. Let's remove these words. 
Cheers, Malcolm
On 1 Dec 2003 at 15:47, Michael E. Mann 
wrote:

> 
> Ray, Malcolm (and Scott)
> 
> Attached is the final draft, pending any additional 
> suggestions/changes, w/ the most recent round of changes 
> indicated by yellow highlighting--Scott, please note the specific
> inquiry to you--can you answer this ASAP? Thanks...
> 
> Once I hear back from everyone, I plan to finalize and submit, 
> hopefully within the next day or two...
> 
> Thanks,
> 
> mike
> _____________________________________________
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> _________________
> Professor Michael E. Mann
>  Department of Environmental Sciences, Clark Hall
> University of Virginia
> Charlottesville, VA 22903
> _____________________________________________________
> __________________
> e-mail: mann@virginia.edu Phone:  (434) 
> 982-2137
> http://www.evsc.virginia.edu/faculty/people/mann.shtml

Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; Scott Rutherford
Subject: Re: final comments
Date: Monday, December 01, 2003 2:30:10 PM

p.s. it was the Chronicle of Higher Education science writer who characterized E&E as
a social science journal, not me...

At 02:40 PM 12/1/2003 -0700, Malcolm Hughes wrote:

Mike - most of the questions and corrections 
need Ray or Scott's attention. The only problem 
I have is with the very first sentence, in 
particular the phrase :in the social science journal 'Energy 
and Environment' . I really think this should be cut out 
- it sets the wrong tone. The serious reader will 
look at the reference list and draw their own 
conclusions about the journal MM chose to use. 
In fact, my guess is that many social scientists 
would not accept the characterisation of "Energy 
and Environment" as a social science journal, 
and indeed its own web site pictures it as a kind 
of hybrid. 
This first sentence seriously detracts from the 
stance of the rest of our manuscript, in which we 
deal strictly and exclusively with the technical 
matters at hand. Let's remove these words. 
Cheers, Malcolm
On 1 Dec 2003 at 15:47, Michael E. Mann 
wrote:

> 
> Ray, Malcolm (and Scott)
> 
> Attached is the final draft, pending any additional 
> suggestions/changes, w/ the most recent round of changes 
> indicated by yellow highlighting--Scott, please note the specific
> inquiry to you--can you answer this ASAP? Thanks...
> 
> Once I hear back from everyone, I plan to finalize and submit, 
> hopefully within the next day or two...
> 
> Thanks,
> 
> mike
> _____________________________________________
> _________________
> Professor Michael E. Mann
>  Department of Environmental Sciences, Clark Hall
> University of Virginia
> Charlottesville, VA 22903
> _____________________________________________________
> __________________
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> e-mail: mann@virginia.edu Phone:   
> 
> http://www.evsc.virginia.edu/faculty/people/mann.shtml

Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes; Malcolm Hughes; rbradley@geo.umass.edu; Scott Rutherford
Subject: Re: final comments
Date: Monday, December 01, 2003 3:05:16 PM

perfect, Malcolm...

thanks,

mike

At 03:18 PM 12/1/2003 -0700, Malcolm Hughes wrote:

Mike - Another reason not to put this in the first 
para is not to put Steve in a difficult position as 
editor allowing a reply in is pages to something 
published elsewhere.
How about the  following combination of 
changes: 
Make the deletion as I suggest from the first 
sentence, AND
Insert the following at the end of the first 
paragraph: Unlike MM03, these other studies 
were published in the technical, scientific 
literature.
WHat do you all think? Malcolm
On 1 Dec 2003 at 16:29, Michael E. Mann 
wrote:

> p.s. it was the Chronicle of Higher Education science writer who
> characterized E&E as a social science journal, not me...
> 
> At 02:40 PM 12/1/2003 -0700, Malcolm Hughes wrote:
>     Mike - most of the questions and corrections 
>     need Ray or Scott's attention. The only problem 
>     I have is with the very first sentence, in 
>     particular the phrase :in the social science journal 'Energy and
>     Environment' . I really think this should be cut out - it sets the
>     wrong tone. The serious reader will look at the reference list and
>     draw their own conclusions about the journal MM chose to use. In
>     fact, my guess is that many social scientists would not accept the
>     characterisation of "Energy and Environment" as a social science
>     journal, and indeed its own web site pictures it as a kind of
>     hybrid. This first sentence seriously detracts from the stance of
>     the rest of our manuscript, in which we deal strictly and
>     exclusively with the technical matters at hand. Let's remove these
>     words. Cheers, Malcolm On 1 Dec 2003 at 15:47, Michael E. Mann
>     wrote:
> 
>     > 
>     > Ray, Malcolm (and Scott)
>     > 
>     > Attached is the final draft, pending any additional 
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>     > suggestions/changes, w/ the most recent round of changes 
>     > indicated by yellow highlighting--Scott, please note the 
>     specific
>     > inquiry to you--can you answer this ASAP? Thanks...
>     > 
>     > Once I hear back from everyone, I plan to finalize and 
>     submit, 
>     > hopefully within the next day or two...
>     > 
>     > Thanks,
>     > 
>     > mike
>     > _____________________________________________
>     > _________________
>     > Professor Michael E. Mann
>     > Department of Environmental Sciences, Clark Hall
>     > University of Virginia
>     > Charlottesville, VA 22903
>     > 
>     __________________________________________________
>     ___
>     > __________________
>     > e-mail: mann@virginia.edu Phone:  
>      

     
>     >http://www.evsc.virginia.edu/faculty/people/mann.shtml
> 
>     Malcolm Hughes
>     Professor of Dendrochronology
>     Laboratory of Tree-Ring Research
>     University of Arizona
>     Tucson, AZ 85721
>     520-621-6470
>     fax 520-621-8229
> _____________________________________________
> _________________
> Professor Michael E. Mann
>  Department of Environmental Sciences, Clark Hall
> University of Virginia
> Charlottesville, VA 22903
> _____________________________________________________
> __________________
> e-mail: mann@virginia.edu Phone:   

> http://www.evsc.virginia.edu/faculty/people/mann.shtml

Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229
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______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: raymond s. bradley
To: Michael E. Mann
Cc: mhughes@ltrr.arizona.edu; srutherford@gso.uri.edu
Subject: Climatic Change ms questions....
Date: Monday, December 01, 2003 4:02:34 PM

1) I too eliminated Mike's addition in the first sentence.  But I don't
think we need the new last sentence that MKH proposes either.  Those who
know the subtlety don't need this remark, and for the rest it will mean
nothing much...

2) I can not explain why we did not start the analysis of Pfister's record
at 1525; we note in Supp materials:

Central Europe             Temperature          air
temperature   45N   10E   1550     Pfister 1992

Pfister 1992 is from Climate Since AD 1500.....
I can only think that, at the time, this was all we had available, but I am
not certain of that.  Alternatively, we may indeed have used the record
back to 1525, and this is a typo...?
Anyway, I suggest we just eliminate this sentence entirely:
"Similar considerations lead to the use of the Central England Temperature
record back only to 1550, and not 1525 as in MM03 "
If you look at Pfister's Fig 6.4 in Climate Since AD 1500 (p.136) you can
see why MM03 make a big deal of this--the early 16th century was, according
to Pfister, similar to the 20th century & he notes (on p. 135)
"winters...from 1530-1560 proved nearly as favorable as those that have
prevailed during the climatic optimum of the 20th century...."  ...I don't
suppose MM03 have ever read this book, but if they did it would only feed
their view that we deliberately eliminated this period to make sure the NH
record came out cooler!   Not!

3) I am now puzzled by this Table in Supp. Materials.  The lat/long are
clearly 5 degree grid points, not station data coordinates....I think you
must have gridded the instrumental data in some way, but I don't recall
how.  I can take a guess at which stations are keyed to which grid data
points, as listed below (eg Paris--48.8N, 2.5E-- is the second one for
temperature, & Geneva --46.2N, 6.2E--is the next one...etc.  Any insight on
this Mike?  Otherwise, I'll need to check with Frank tomorrow to go further
into this....
Station temperature        gridded average      surf air temp   42.5N
92.5W   1820     Jones & Bradley 1992
         "                         "                    "        47.5N
2.5E   1757          "   PARIS
         "                         "                    "        47.5N
7.5E   1753          "   GENEVA
         "                         "                    "        47.5N
12.5E   1767          "
         "                         "                    "        47.5N
17.5E   1775          "
         "                         "                    "        52.5N
17.5E   1792          "
         "                         "                    "        57.5N
17.5E   1756          "
         "                         "                    "        57.5N
32.5E   1752          "
         "                         "                    "        62.5N

ABOR/MH/Priv-001585



7.5E   1816          "
         "                         "                    "        62.5N
12.5E   1761          "
         "                         "                    "        62.5N
42.5E   1814          "
Station Precipitation             "             precipitation   12.5N
82.5E   1813          "
         "                         "                    "        17.5N
72.5E   1817          "
         "                         "                    "        37.5N
77.5W   1809          "
         "                         "                    "        42.5N
2.5E   1749          "
         "                         "                    "        42.5N
7.5E   1804          "
         "                         "                    "        42.5N
72.5W   1770          "
         "                         "                    "        47.5N
2.5E   1813          "
         "                         "                    "        47.5N
12.5E   1805          "
         "                         "                    "        52.5N
12.5E   1697          "
         "                         "                    "        52.5N
2.5W   1800          "
         "                         "                    "        57.5N
7.5W   1785          "

4) I don't see a reference to 'trd.dat' and 'trw.dat' in Supp
Materials.  If you can advise me on what these were about, I'll try to look
into them again.  Apparently I used these in Bradley & Jones 1993 but my
Alzheimer's has eliminated all recollection of what these are....
I have to go to the NOAA CCDD mtg tomorrow at Rutgers--back Friday--but
will check again later &/or tomorrow to try & resolve these questions
further before I go...
Ray

At 05:04 PM 12/1/2003, you wrote:
>perfect, Malcolm...
>
>thanks,
>
>mike
>
>At 03:18 PM 12/1/2003 -0700, Malcolm Hughes wrote:
>>Mike - Another reason not to put this in the first
>>para is not to put Steve in a difficult position as
>>editor allowing a reply in is pages to something
>>published elsewhere.
>>How about the  following combination of
>>changes:
>>Make the deletion as I suggest from the first
>>sentence, AND
>>Insert the following at the end of the first
>>paragraph: Unlike MM03, these other studies
>>were published in the technical, scientific
>>literature.
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>>WHat do you all think? Malcolm
>>On 1 Dec 2003 at 16:29, Michael E. Mann
>>wrote:
>>
>> > p.s. it was the Chronicle of Higher Education science writer who
>> > characterized E&E as a social science journal, not me...
>> >
>> > At 02:40 PM 12/1/2003 -0700, Malcolm Hughes wrote:
>> >     Mike - most of the questions and corrections
>> >     need Ray or Scott's attention. The only problem
>> >     I have is with the very first sentence, in
>> >     particular the phrase :in the social science journal 'Energy and
>> >     Environment' . I really think this should be cut out - it sets the
>> >     wrong tone. The serious reader will look at the reference list and
>> >     draw their own conclusions about the journal MM chose to use. In
>> >     fact, my guess is that many social scientists would not accept the
>> >     characterisation of "Energy and Environment" as a social science
>> >     journal, and indeed its own web site pictures it as a kind of
>> >     hybrid. This first sentence seriously detracts from the stance of
>> >     the rest of our manuscript, in which we deal strictly and
>> >     exclusively with the technical matters at hand. Let's remove these
>> >     words. Cheers, Malcolm On 1 Dec 2003 at 15:47, Michael E. Mann
>> >     wrote:
>> >
>> >     >
>> >     > Ray, Malcolm (and Scott)
>> >     >
>> >     > Attached is the final draft, pending any additional
>> >     > suggestions/changes, w/ the most recent round of changes
>> >     > indicated by yellow highlighting--Scott, please note the
>> >     specific
>> >     > inquiry to you--can you answer this ASAP? Thanks...
>> >     >
>> >     > Once I hear back from everyone, I plan to finalize and
>> >     submit,
>> >     > hopefully within the next day or two...
>> >     >
>> >     > Thanks,
>> >     >
>> >     > mike
>> >     > _____________________________________________
>> >     > _________________
>> >     > Professor Michael E. Mann
>> >     > Department of Environmental Sciences, Clark Hall
>> >     > University of Virginia
>> >     > Charlottesville, VA 22903
>> >     >
>> >     __________________________________________________
>> >     ___
>> >     > __________________
>> >     > e-mail: mann@virginia.edu Phone: 
>> >     

     
>> >     >http://www.evsc.virginia.edu/faculty/people/mann.shtml
>> >
>> >     Malcolm Hughes
>> >     Professor of Dendrochronology
>> >     Laboratory of Tree-Ring Research
>> >     University of Arizona
>> >     Tucson, AZ 85721
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>> >     520-621-6470
>> >     fax 520-621-8229
>> > _____________________________________________
>> > _________________
>> > Professor Michael E. Mann
>> >  Department of Environmental Sciences, Clark Hall
>> > University of Virginia
>> > Charlottesville, VA 22903
>> > _____________________________________________________
>> > __________________
>> > e-mail: mann@virginia.edu Phone:  

>> > http://www.evsc.virginia.edu/faculty/people/mann.shtml
>>
>>Malcolm Hughes
>>Professor of Dendrochronology
>>Laboratory of Tree-Ring Research
>>University of Arizona
>>Tucson, AZ 85721
>>520-621-6470
>>fax 520-621-8229
>
>______________________________________________________________
>                     Professor Michael E. Mann
>            Department of Environmental Sciences, Clark Hall
>                       University of Virginia
>                      Charlottesville, VA 22903
>_______________________________________________________________________
>e-mail: mann@virginia.edu   Phone:    FAX: 
>          http://www.evsc.virginia.edu/faculty/people/mann.shtml

Raymond S. Bradley
University Distinguished Professor
Director, Climate System Research Center*
Department of Geosciences, University of Massachusetts
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel: 
Fax: 
*Climate System Research Center: 
         <http://www.paleoclimate.org>
Paleoclimatology Book Web Site: http://www.geo.umass.edu/climate/paleo/html
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From: Michael E. Mann
To: Tim Osborn; Michael Oppenheimer; Phil Jones; Keith Briffa; rbradley@geo.umass.edu;

mhughes@ltrr.arizona.edu; Tom Wigley; tom crowley; Gabi Hegerl; Jonathan Overpeck;
rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu

Cc: mann@virginia.edu
Subject: Re: Fwd: Mann, Bradley and Hughes
Date: Monday, December 08, 2003 9:37:46 AM

Dear Tim,

Thanks for the message These guys, as Tom W has  noted previously, seem to
simply to simply want to try to make as big a stink as possible here. They didn't get
the media attention they wanted (and got blasted in the one mainstream news article
on this that appeared in USA Today a couple weeks back), and they haven't been
taken seriously by the scientific community so I guess they're trying to generate any
controversies they can. I would STRONGLY encourage you not to bother responding
to any of their emails under any circumstancdes. History has proven consistently (talk
to Phil!) that they'll simply try to take anything you say out of context, and turn your
own words on you. This is what they did w/ the attempts on our part to help then in
response to their initial inquiries, which they twist and distort in their comments
below (we I only  told them I wouldn't respond to further inquiries after the tone of
their emails had become unacceptable, and their hostile intent clear--something this
guy, as just about everything else, conveniently distorts...

They've been making threats against NSF about supposed data policies and even
against Ray, Tom Crowley, and others too, claiming that they have a right to all of
our data and computer programs (the hubris!). Confidentially, NSF lawyers have
found their threats baseless as well as obnoxious, and will be telling them formally
that NSF policy in no way legally requires funded scientists to provided their data (let
alone computer codes!) for public access, but scientists are *encouraged* to provide
their data. NSF will be telling them to stop pestering them. I'm forwarding a formal
email (based on numerous informal discussion w/ Dave Verardo) to NSF, which is
confidential (!), that provides some more information....

As we all know, we had made all of our data available previously, so the accusations
by these bozos are baselss, though we agree that we would have given more care to
the completeness of documentation  had we known a stunt like this was to be pulled
by the contrarians..

Confidentially, we will be releasing a revised, more user-friendly version of the
dataste (all of the data, including the CRU temperature dataset we used, which isn't
available any longer) in concert w/ our published reply tto their paper, submitted to
"Climatic Change"---will keep you posted on status to their paper. We can make a
copy of the manuscript available to anyone who wants to see it, but we don't want to
corrupt the potential  reviewer pool prior to selection of reviewers, so we've resisted
sending this out to colleagues yet. The data will also be available on Nature's
supplementary information website (we're working w/ Nature on this right now).

mike

At 02:34 PM 12/8/2003 +0000, Tim Osborn wrote:
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Dear all,

see the forwarded message.  McIntyre is attempting to rope CRU into the
ongoing fall-out from their paper in E&E, apparently because we
"published" MBH's preliminary response by posting it on our website.

Anyone got any comments, before I reply to say that I don't consider
appearance on a web page as publication, and hence we aren't in a
position to ask MBH for any data or programs.

Cheers

Tim

From:   "Steve McIntyre" <stephen.mcintyre@utoronto.ca>
To:     "Tim Osborn" <t.osborn@uea.ac.uk>
Cc:     "Sonja.B-C" <Sonja.B-C@hull.ac.uk>, "Ross McKitrick"
<rmckitri@uoguelph.ca>
Subject: Mann, Bradley and Hughes
Date: Mon, 1 Dec 2003 15:57:06 -0500
X-Mailer: Microsoft Outlook Express 6.00.2800.1158

Dear Dr. Osborn,

We regret that you declined our offer to submit our
forthcoming paper to CRU/UEA for review, especially since you
had been critical about Energy & Environment review policies.
Our offer reflected our desire for the highest possible standard
of public debate on these matters.

UEA/CRU recently published an article by Mann, Bradley and
Hughes ("MBH-r") responding to our paper in Energy &
Environment, together with your own editorial comments. We
are seeking the following supplementary information in
connection with this article and commentary:

1)      an identification of the 159 series, referred to in MBH-r;

2)      a copy of the computer programs used to collate input
data and generate the output data plotted in the Figure in
MBH-r;

3)      verification that these programs are the same as the
corresponding programs used in MBH98 and, if not, a copy of
the programs used to collate input data and generate output
data for MBH98.

We have requested this information from Professor Mann, but
he has refused and has cut off further communication. In your
capacity as publishers of his response article, we accordingly
request the information from you directly.
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We have some other concerns with your own commentary on
our article in Energy & Environment. We do not claim to show
that 15th century temperatures were higher than 20th century
temperatures. We only claim that application of MBH methods
to corrected and updated data do not entitle MBH to claim
20th century uniqueness. We do not endorse the MBH98
methods and consequently did not put forward a
reconstruction of our own.

You also stated that we did not attempt to investigate the
differences of results with MBH. This is untrue and indeed
unfair. The email record shows clearly that we sought
clarifications from Mann, first on our inability to replicate his
temperature principal components calculations and secondly on
both verification of the integrity of the dataset sent to us and
on further particulars of his reconstruction methodology, noting
problems in the early period. Mann refused to answer and
stated that he would not respond to further inquiries on the
subject. It is unfair of you to blame us for the fact that the
correspondence ended there without satisfactory resolution.

Full disclosure of the data and methods used in MBH-r (and
MBH98), as requested above, will allow all interested observers
to quickly get to the core points of disagreement in our
analyses.

Thank you for your consideration.

Stephen McIntyre/Ross McKitrick

Dr Timothy J Osborn
Climatic Research Unit
School of Environmental Sciences, University of East Anglia
Norwich  NR4 7TJ, UK

e-mail:   t.osborn@uea.ac.uk
phone:    
fax:      
web:      http://www.cru.uea.ac.uk/~timo/
sunclock: http://www.cru.uea.ac.uk/~timo/sunclock.htm

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Tim Osborn; Michael Oppenheimer; Phil Jones; Keith Briffa; rbradley@geo.umass.edu;

mhughes@ltrr.arizona.edu; Tom Wigley; tom crowley; Gabi Hegerl; Jonathan Overpeck;
rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu

Cc: mann@virginia.edu
Subject: Re: Fwd: Mann, Bradley and Hughes
Date: Monday, December 08, 2003 9:37:46 AM

Dear Tim,

Thanks for the message These guys, as Tom W has  noted previously, seem to
simply to simply want to try to make as big a stink as possible here. They didn't get
the media attention they wanted (and got blasted in the one mainstream news article
on this that appeared in USA Today a couple weeks back), and they haven't been
taken seriously by the scientific community so I guess they're trying to generate any
controversies they can. I would STRONGLY encourage you not to bother responding
to any of their emails under any circumstancdes. History has proven consistently (talk
to Phil!) that they'll simply try to take anything you say out of context, and turn your
own words on you. This is what they did w/ the attempts on our part to help then in
response to their initial inquiries, which they twist and distort in their comments
below (we I only  told them I wouldn't respond to further inquiries after the tone of
their emails had become unacceptable, and their hostile intent clear--something this
guy, as just about everything else, conveniently distorts...

They've been making threats against NSF about supposed data policies and even
against Ray, Tom Crowley, and others too, claiming that they have a right to all of
our data and computer programs (the hubris!). Confidentially, NSF lawyers have
found their threats baseless as well as obnoxious, and will be telling them formally
that NSF policy in no way legally requires funded scientists to provided their data (let
alone computer codes!) for public access, but scientists are *encouraged* to provide
their data. NSF will be telling them to stop pestering them. I'm forwarding a formal
email (based on numerous informal discussion w/ Dave Verardo) to NSF, which is
confidential (!), that provides some more information....

As we all know, we had made all of our data available previously, so the accusations
by these bozos are baselss, though we agree that we would have given more care to
the completeness of documentation  had we known a stunt like this was to be pulled
by the contrarians..

Confidentially, we will be releasing a revised, more user-friendly version of the
dataste (all of the data, including the CRU temperature dataset we used, which isn't
available any longer) in concert w/ our published reply tto their paper, submitted to
"Climatic Change"---will keep you posted on status to their paper. We can make a
copy of the manuscript available to anyone who wants to see it, but we don't want to
corrupt the potential  reviewer pool prior to selection of reviewers, so we've resisted
sending this out to colleagues yet. The data will also be available on Nature's
supplementary information website (we're working w/ Nature on this right now).

mike

At 02:34 PM 12/8/2003 +0000, Tim Osborn wrote:
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Dear all,

see the forwarded message.  McIntyre is attempting to rope CRU into the
ongoing fall-out from their paper in E&E, apparently because we
"published" MBH's preliminary response by posting it on our website.

Anyone got any comments, before I reply to say that I don't consider
appearance on a web page as publication, and hence we aren't in a
position to ask MBH for any data or programs.

Cheers

Tim

From:   "Steve McIntyre" <stephen.mcintyre@utoronto.ca>
To:     "Tim Osborn" <t.osborn@uea.ac.uk>
Cc:     "Sonja.B-C" <Sonja.B-C@hull.ac.uk>, "Ross McKitrick"
<rmckitri@uoguelph.ca>
Subject: Mann, Bradley and Hughes
Date: Mon, 1 Dec 2003 15:57:06 -0500
X-Mailer: Microsoft Outlook Express 6.00.2800.1158

Dear Dr. Osborn,

We regret that you declined our offer to submit our
forthcoming paper to CRU/UEA for review, especially since you
had been critical about Energy & Environment review policies.
Our offer reflected our desire for the highest possible standard
of public debate on these matters.

UEA/CRU recently published an article by Mann, Bradley and
Hughes ("MBH-r") responding to our paper in Energy &
Environment, together with your own editorial comments. We
are seeking the following supplementary information in
connection with this article and commentary:

1)      an identification of the 159 series, referred to in MBH-r;

2)      a copy of the computer programs used to collate input
data and generate the output data plotted in the Figure in
MBH-r;

3)      verification that these programs are the same as the
corresponding programs used in MBH98 and, if not, a copy of
the programs used to collate input data and generate output
data for MBH98.

We have requested this information from Professor Mann, but
he has refused and has cut off further communication. In your
capacity as publishers of his response article, we accordingly
request the information from you directly.
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We have some other concerns with your own commentary on
our article in Energy & Environment. We do not claim to show
that 15th century temperatures were higher than 20th century
temperatures. We only claim that application of MBH methods
to corrected and updated data do not entitle MBH to claim
20th century uniqueness. We do not endorse the MBH98
methods and consequently did not put forward a
reconstruction of our own.

You also stated that we did not attempt to investigate the
differences of results with MBH. This is untrue and indeed
unfair. The email record shows clearly that we sought
clarifications from Mann, first on our inability to replicate his
temperature principal components calculations and secondly on
both verification of the integrity of the dataset sent to us and
on further particulars of his reconstruction methodology, noting
problems in the early period. Mann refused to answer and
stated that he would not respond to further inquiries on the
subject. It is unfair of you to blame us for the fact that the
correspondence ended there without satisfactory resolution.

Full disclosure of the data and methods used in MBH-r (and
MBH98), as requested above, will allow all interested observers
to quickly get to the core points of disagreement in our
analyses.

Thank you for your consideration.

Stephen McIntyre/Ross McKitrick

Dr Timothy J Osborn
Climatic Research Unit
School of Environmental Sciences, University of East Anglia
Norwich  NR4 7TJ, UK

e-mail:   t.osborn@uea.ac.uk
phone:    
fax:      
web:      http://www.cru.uea.ac.uk/~timo/
sunclock: http://www.cru.uea.ac.uk/~timo/sunclock.htm

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes; rbradley@geo.umass.edu
Subject: Re: In confidence
Date: Friday, January 23, 2004 12:11:53 PM

Thanks Malcolm,

I'm ready to work with you and Ray to try to resolve all of this within the next week
or so. I realize Ray gets back on Monday, and I'll be gone from Thursday-through-
Monday, so our best window to try to resolve this is the first half of next week,

mike

At 12:23 PM 1/23/2004 -0700, Malcolm Hughes wrote:

Mike - two matters - first - the hotel glitch should now be fixed. 
Second, Nature. Obviously, it is important that this crap not 
appear in Nature at all, for all the reasons you wrote, but it would 
be a catastrophe if it appeared without a riposte, so I assume we 
must stand ready to do that if Nature screw up and accept MMs 
missive. By the way, the mother of a Canadian grad student here 
reports McKittrick giving a public talk or press account of it in 
which he allegedly said 1) climate change is thermodynamically 
impossible; 2) climate has changed massively over earth history; 
and 3) 30 years isn't long enough. Consistency! 
CHeers, MalcolmMalcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

ABOR/MH/Priv-001614



From: Malcolm Hughes
To: mann@virginia.edu; rbradley@geo.umass.edu
Subject: In confidence
Date: Friday, January 23, 2004 12:23:46 PM

Mike - two matters - first - the hotel glitch should now be fixed.
Second, Nature. Obviously, it is important that this crap not
appear in Nature at all, for all the reasons you wrote, but it would
be a catastrophe if it appeared without a riposte, so I assume we
must stand ready to do that if Nature screw up and accept MMs
missive. By the way, the mother of a Canadian grad student here
reports McKittrick giving a public talk or press account of it in
which he allegedly said 1) climate change is thermodynamically
impossible; 2) climate has changed massively over earth history;
and 3) 30 years isn't long enough. Consistency!
CHeers, Malcolm

ABOR/MH/Priv-001615



From: Michael E. Mann
To: Malcolm Hughes; rbradley@geo.umass.edu
Subject: Re: In confidence
Date: Saturday, January 24, 2004 8:55:31 AM

Malcolm, Ray:

I've been spending the past two days now examining the latest round of criticisms
from MM (clearly, they've retreated from their original claims, which we've discredited
in the Climatic Change paper, so they're looking further to see if they can justify their
actions, e.g. eliminating our early data).

I've done a series of additional analyses which address every one of their latest
claims, and the results are extremely re-assuring. Our results are robust to every one
of the criticisms. We can drive this hope w/ a series of plots showing the results
when we address each one of the issues raise including the standardization of the
proxies, the standardization of the ITRDB data in forming the PCs, the weighting of
the proxy data, the use of any padded values, etc.

I believe that our rebuke has to be stern here. I hope to have a draft response, as
well as a revised version of our response to the earlier supplementary data issue
inquiry promised before break to Heike L, to you and Malcolm my monday morning
for comments. I feel better about this than I have yet before based on the additional
cross-checks. They clearly have nothing. Seems as if they're trying to create smoke
because there is no fire. We have to make sure that people *understand that*
though!

more by the end of the weekend,

mike

At 12:23 PM 1/23/2004 -0700, Malcolm Hughes wrote:

Mike - two matters - first - the hotel glitch should now be fixed. 
Second, Nature. Obviously, it is important that this crap not 
appear in Nature at all, for all the reasons you wrote, but it would 
be a catastrophe if it appeared without a riposte, so I assume we 
must stand ready to do that if Nature screw up and accept MMs 
missive. By the way, the mother of a Canadian grad student here 
reports McKittrick giving a public talk or press account of it in 
which he allegedly said 1) climate change is thermodynamically 
impossible; 2) climate has changed massively over earth history; 
and 3) 30 years isn't long enough. Consistency! 
CHeers, MalcolmMalcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________
                    Professor Michael E. Mann
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           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Subject: formal response
Date: Sunday, January 25, 2004 1:46:44 PM

Dear Ray, Malcolm

Just a brief update--I hope to have a finalized draft of a formal response to the
McIntyre and McKitrick commentary w/ figures, etc. in appropriate Nature format, by
late this evening, tomorrow morning (tomorrow should be a snow day for us!).  I
think you'll find the results re-assuring, I certainly did.

My guess is that our additional(!) required reply to Heike's inquiry on the various
supplementary data issues can draw heavily on this formal reply (and we can cc it to
her as such), but we probably do have to answer some additional questions (e.g.
about the Vaganov chronologies, etc.--of course, these have no influence whatsoever
on the 15th century reconstruction!). 

After reading the response, you may agree w/ me that we likely gain, rather than
lose, in an exchange w/ them in Nature, depending no how much wiggle room
Nature is willing to allow the authors in revising their commentary after viewing our
(?) response [we need to find out what Nature's rules are here]. If Nature decides
not to publish the exchange, we have a much stronger paper  for "Climatic CHange"
than our original submission, so it was a useful and worthwhile exercise to draft this
response in any case.

WIll be in touch w/ you again tonight, early tomorrow...

Mike

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: raymond s. bradley
Cc: Malcolm Hughes
Subject: Re: In confidence
Date: Sunday, January 25, 2004 2:35:49 PM

Ray, Malcolm:

Shall I let Nature know that we *will* be submitting a formal reply to the comment shortly, just
to make sure there is no confusion on this point (it would indeed, as Malcolm points out, be
awful if their comment went out for review w/ out our reply!)...

Please give me a heads up on this, and if you both agree, I'll send an email to the Nature folks
letting them know that we will be submitting a formal respons shortly,

mike

At 01:04 PM 1/24/2004 -0500, raymond s. bradley wrote:

hi mike:
i'm back and catching up--i did not get the latest attack from M & M...can you send a
copy
thanks
ray

At 10:54 AM 1/24/2004, you wrote:

Malcolm, Ray:

I've been spending the past two days now examining the latest round of
criticisms from MM (clearly, they've retreated from their original claims,
which we've discredited in the Climatic Change paper, so they're looking
further to see if they can justify their actions, e.g. eliminating our early
data).

I've done a series of additional analyses which address every one of their
latest claims, and the results are extremely re-assuring. Our results are
robust to every one of the criticisms. We can drive this hope w/ a series
of plots showing the results when we address each one of the issues raise
including the standardization of the proxies, the standardization of the
ITRDB data in forming the PCs, the weighting of the proxy data, the use
of any padded values, etc.

I believe that our rebuke has to be stern here. I hope to have a draft
response, as well as a revised version of our response to the earlier
supplementary data issue inquiry promised before break to Heike L, to
you and Malcolm my monday morning for comments. I feel better about
this than I have yet before based on the additional cross-checks. They
clearly have nothing. Seems as if they're trying to create smoke because
there is no fire. We have to make sure that people *understand that*
though!

more by the end of the weekend,

mike

At 12:23 PM 1/23/2004 -0700, Malcolm Hughes wrote:

Mike - two matters - first - the hotel glitch should now be
fixed. 
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Second, Nature. Obviously, it is important that this crap not 
appear in Nature at all, for all the reasons you wrote, but it
would 
be a catastrophe if it appeared without a riposte, so I assume
we 
must stand ready to do that if Nature screw up and accept
MMs 
missive. By the way, the mother of a Canadian grad student
here 
reports McKittrick giving a public talk or press account of it in 
which he allegedly said 1) climate change is thermodynamically

impossible; 2) climate has changed massively over earth
history; 
and 3) 30 years isn't long enough. Consistency! 
CHeers, MalcolmMalcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

Raymond S. Bradley 
University Distinguished Professor
Director, Climate System Research Center*
Department of Geosciences, University of Massachusetts
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel:  
Fax:  
*Climate System Research Center:  
        <http://www.paleoclimate.org> 
Paleoclimatology Book Web Site: http://www.geo.umass.edu/climate/paleo/html 

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

ABOR/MH/Priv-001620



From: Michael E. Mann
To: Malcolm Hughes
Cc: rbradley@geo.umass.edu
Subject: Re: In confidence
Date: Sunday, January 25, 2004 3:53:26 PM
Attachments: grlmann04.pdf

Jan15-GRLbySLB1.pdf

HI Malcolm,

I got the paper from a friendly source who happened to get it passed along to him. I'm
passing it along to you guys, along w/ an article I've now submitted to GRL (submitted
this within 24 hours of receipt of the Soon et al paper). Let me know what you think,

Mike

At 04:02 PM 1/25/2004 -0700, you wrote:

Mike and Ray - this was passed on to me by someone who wishes to remain 
anonymous - I am not a proctologist, but I seem to recall that people never
talk 
about having "a hemorrhoid" - they always seem to say "I've got
hemorrhoids". 
CHeers, Malcolm 

Be forewarned that Willie Soon is soon to publish an article 
> in Geophysical 
> Research Letters (online version later this month) that again 
> bashes Mann 
> et al primarily, but also now swipes at the CRU at East 
> Anglia as well as 
> the IPCC. The article *shows* how trends in late 20th century 
> temperature 
> in the Northern Hemisphere are an artifact of data 
> manipulation, and hence 
> the J-hook is "implausible." Sadly, the second author is none 
> other than 
> David Legates, a powerful climatologist.
> On 25 Jan 2004 at 16:34, Michael E. Mann wrote:

> Ray, Malcolm:
> 
> Shall I let Nature know that we *will* be submitting a formal reply to
> the comment shortly, just to make sure there is no confusion on this
> point (it would indeed, as Malcolm points out, be awful if their
> comment went out for review w/ out our reply!)...
> 
> Please give me a heads up on this, and if you both agree, I'll send an
> email to the Nature folks letting them know that we will be submitting
> a formal respons shortly,
> 
> mike
> 
> At 01:04 PM 1/24/2004 -0500, raymond s. bradley wrote:
>     hi mike:
>     i'm back and catching up--i did not get the latest attack from M
>     &M...can you send a copy thanks ray
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> 
>     At 10:54 AM 1/24/2004, you wrote:
>     Malcolm, Ray:
> 
>     I've been spending the past two days now examining the latest
>     round of criticisms from MM (clearly, they've retreated from their
>     original claims, which we've discredited in the Climatic Change
>     paper, so they're looking further to see if they can justify their
>     actions, e.g. eliminating our early data).
> 
>     I've done a series of additional analyses which address every one
>     of their latest claims, and the results are extremely re-assuring.
>     Our results are robust to every one of the criticisms. We can
>     drive this hope w/ a series of plots showing the results when we
>     address each one of the issues raise including the standardization
>     of the proxies, the standardization of the ITRDB data in forming
>     the PCs, the weighting of the proxy data, the use of any padded
>     values, etc.
> 
>     I believe that our rebuke has to be stern here. I hope to have a
>     draft response, as well as a revised version of our response to
>     the earlier supplementary data issue inquiry promised before break
>     to Heike L, to you and Malcolm my monday morning for comments. I
>     feel better about this than I have yet before based on the
>     additional cross-checks. They clearly have nothing. Seems as if
>     they're trying to create smoke because there is no fire. We have
>     to make sure that people *understand that* though!
> 
>     more by the end of the weekend,
> 
>     mike
> 
>     At 12:23 PM 1/23/2004 -0700, Malcolm Hughes wrote:
>     Mike - two matters - first - the hotel glitch should now be fixed.
>     Second, Nature. Obviously, it is important that this crap not
>     appear in Nature at all, for all the reasons you wrote, but it
>     would be a catastrophe if it appeared without a riposte, so I
>     assume we must stand ready to do that if Nature screw up and
>     accept MMs missive. By the way, the mother of a Canadian grad
>     student here reports McKittrick giving a public talk or press
>     account of it in which he allegedly said 1) climate change is
>     thermodynamically impossible; 2) climate has changed massively
>     over earth history; and 3) 30 years isn't long enough.
>     Consistency! CHeers, MalcolmMalcolm Hughes Professor of
>     Dendrochronology Laboratory of Tree-Ring Research University of
>     Arizona Tucson, AZ 85721 520-621-6470 fax 520-621-8229
> 
>     ___________________________________________________
>     ___________
>     Professor Michael E. Mann
>      Department of Environmental Sciences, Clark Hall
>     University of Virginia
>     Charlottesville, VA 22903
>    
______________________________________________________________
>     _________ e-mail: mann@virginia.edu Phone: 
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>     
>     http://www.evsc.virginia.edu/faculty/people/mann.shtml
> 
>     Raymond S. Bradley 
>     University Distinguished Professor
>     Director, Climate System Research Center*
>     Department of Geosciences, University of Massachusetts
>     Morrill Science Center
>     611 North Pleasant Street
>     AMHERST, MA 01003-9297
> 
>     Tel:  
>     Fax:  
>     *Climate System Research Center:  
>     <http://www.paleoclimate.org> 
>     Paleoclimatology Book Web Site:
>     http://www.geo.umass.edu/climate/paleo/html 
> 
> ____________________________________________________________
> __
>  Professor Michael E. Mann
>  Department of Environmental Sciences, Clark Hall
>  University of Virginia
>  Charlottesville, VA 22903
>
______________________________________________________________________

> _ e-mail: mann@virginia.edu Phone:  FAX: 
>  http://www.evsc.virginia.edu/faculty/people/mann.shtml

Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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A preprint in press for Geophysical Research Letters (to be published online January 27, 2004): 
Please do not circulate without permission and contact Willie Soon or co-authors for further 
details  
 
Estimation and Representation of Long-Term (> 40 year) Trends of Northern-
Hemisphere-Gridded Surface Temperature: A Note of Caution 
 
Willie W.-H. Soon1, David R. Legates2, Sallie L. Baliunas1 

 

1 Harvard-Smithsonian Center for Astrophysics, Cambridge, MA (wsoon@cfa.harvard.edu; 
sbaliunas@cfa.harvard.edu) 
2 Center for Climatic Research, University of Delaware, Newark, DE (legates@udel.edu) 
 
Abstract. Several quantitative estimates of surface instrumental temperature trends in the 

late 20th century are compared by using published results and our independent analyses.  

These estimates highlight a significant sensitivity to the method of analysis, the treatment 

of data, and the choice of data presentation (i.e., size of the smoothing filter window). 

Providing an accurate description of both quantitative uncertainties and sensitivity to the 

treatment of data is recommended as well as avoiding subjective data-padding 

procedures.  

  
1. Introduction 
 
It has been estimated that the Earth’s composite air and sea surface temperature increased 

by approximately 0.6 ± 0.2°C in the 20th century (IPCC, 2001, Third Assessment 

Report’s [TAR] chapter 2). These same analyses also suggest that the surface warming 

may have accelerated during the last two decades of the 20th century, with a linear 20-

year trend of about 0.10 to 0.20  ±  0.07°C per decade, depending on the particular data-

set adopted  (as summarized in Table 2.1, 2.2 and 2.3 of IPCC, 2001). While the error 

bars represent a plausible assessment of “uncertainties in the annual anomalies due to 

data gaps, urbanisation over land, and bias correction to SST [sea surface temperature]” 

(IPCC 2001:115, which refers to work by Folland et al., 2001), more robust and reliable 

methods for the quantification of sampling biases, errors and uncertainties for the 

construction of local, regional and global-scale climatologies are needed  (e.g., Christy et 

al., 2001;  Pielke Sr. et al., 2002; Arnfield, 2003). Analyses such as Folland et al. (2001) 

that rely on climate model results should be avoided because current climate models are 

 1
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deficient in representing the current climate (e.g., Lindzen, 1994; Johnson, 1997; Pielke 

Sr., 2001). 

 

We appreciate, and here leave aside, the unresolved questions concerning the many 

recent efforts to relate the air temperature variabilities recorded by these short-term  

instrumental records to the broader perspective of historical changes in the climate 

system over the past millennium or so through natural paleoclimatic indicators (see for 

example exchanges between Mann et al., 2003 and Soon et al., 2003). But issues 

regarding the resolution, detection and quantification of long-term (i.e., multidecadal or 

centennial) temperature trends, even through the use of instrumental records, are far from 

settled. Figure 1 illustrates this point with a collection of published figures by (a) IPCC 

TAR (2001), (b) Mann (2002), (c) Mann et al. (2003) and (d) Mann and Jones (2003). 

Figure 1 highlights both the remarkably warm level and the rapid rate of warming of the 

last two decades of the 20th century that have been presented in the smoothed or filtered 

instrumental record of the Northern Hemisphere. Further, visual inspection shows a 

sudden acceleration to  about 0.25°C per year in the period 2002 through 2003 between 

the lowest estimate (Mann, 2002) and the highest (Mann and Jones, 2003).  

 

Does the accelerated warming trend presented in Figure 1d simply depend on the 

smoothing or filtering process, which relies sensitively on the details of the application?  

 

The objectives of this paper are: 

(1) to inter-compare several general methods of representing instantaneous long-term 

trends estimated from the same temperature record but yielding significantly 

different values, as assembled in Figure 1. Trends are defined to involve time scales 

greater than 40 years (to conform to the results in Figure 1) and trends have been 

estimated from (i) a simple running mean, (ii) a smoothing with the use of  a more 

sophisticated filter such as the Hamming filter as prescribed for the results in IPCC 

TAR (Figure 1a) and (iii) a frequency-filtering technique, namely, the wavelet 

transform; and 

 2
ABOR/MH/Priv-001625



(2) to ask if one can emulate the instrumental data trends shown in Figure 1, and if so 

under what assumptions, and if not, why not. 

 
 
2. Data and Methods 
 
The data used here are the combined terrestrial air and sea surface temperature record for 

the Northern Hemisphere.1 Only the annual-mean anomaly (relative to the reference 

period 1961-1990) series from 1856 through 2002 were used for our study concerning 

estimates of long-term (> 40 year) warming or cooling trends. The annual temperature 

data are accompanied by error bars of two standard deviations (± 0.05°C) for the period 

after 1951 with the formal uncertainties expanded to four times larger during the 1850s. 

 

The three methods of trend estimation and representation adopted here are standard 

approaches (e.g., Robeson, 1997), with the exception of the frequency-filtering technique.  

This last method uses a version of the adaptive wavelet transform algorithm by Frick et 

al. (1998) that has been previously applied to characterize and quantify the variability in 

Central England air temperature records (Baliunas et al., 1997). The Hamming-weight 

filter [w(i) = 0.54 – 0.46cos{2πi/(n-1)} where i is the year/data point within the window 

and n is the length of the window] was selected by the IPCC TAR (see their Figure 2.21, 

p. 134):  “All series were smoothed with a 40-year Hamming-weights lowpass filter, with 

boundary constraints imposed by padding the series with its mean values during the first 

and last 25 years.” We note that alternative filter window widths of 10, 20, 30 or even 5 

and 50 years had all been applied by various authors to characterize the long-term 

Northern Hemisphere temperature trend in recent publications.  This introduces 

subjectivity in the quantification of long-term air temperature trends. We shall adopt a 

40-year window width for a more direct comparison with published trends of Figure 1. 

 

  In this short paper, we do not discuss the currently unresolved issues concerning the 

different air temperature trends deduced from surface thermometers and from satellite-

                                                           
1 downloaded November 4, 2003 from the public access URL of the Climate Research Unit at the 
University of East Anglia: http://www.cru.uea.ac.uk/cru/data/temperature/. 
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based and/or balloon-based measurements, especially over the last 20-25 years. We also 

do not discuss  the physical arguments necessary for justification in considering long-

term temperature trends, rather than seasonal and interannual or even decadal-scale 

changes, for the association with persistent climatic forcings like the enhanced level of 

atmospheric carbon dioxide.    

 
3. Results and Discussion 
 
Figure 2 shows results from the three different methods of estimating and representing 

long-term (> 40 year) trends in the gridded annual surface temperature of the Northern 

Hemisphere from 1856-2002. The simple running mean (Figure 2a) and wavelet-

transform frequency filtering (Figure 2c) cases were performed with no data padding, 

while the Hamming-filter weighting (Figure 2b) case prescribed data padding with mean 

values of the first and last 25 years of the record at left and right end points, respectively 

(red curve). The last procedure traces the steps taken by IPCC author(s) for producing 

Figure 2.21 in TAR (p. 134), shown here as Figure 1a.  

 

We successfully replicated the TAR’s early 20th century curve presented (Figure 1a,) but 

not its late 20th century trend, even when the exact time interval specified by the TAR, 

1900-1999, was used. The last point of the 20th century is too low in our calculation 

(0.25°C if endpoints were filled after 1999 [not plotted here] or > 0.3°C if endpoints were 

unjustifiably filled after 2002, shown in Figure 2b) while the IPCC TAR Figure 2.21 

(Figure 1a here) reaches a significantly higher value, of at least 0.4°C, by 1999. We were 

able to get the high value of > 0.4°C (green curve in Figure 2b) if we padded the forward 

endpoint with the value of 2002 temperature anomaly (thus we also padded the backward 

end point with the 1856 anomaly for 20 years, which makes a slight change in the curve), 

even though the 2002 data were unavailable when TAR was prepared. But this 

disagreement with TAR neither implies nor proves that our calculations are wrong. As 

noted below, we essentially recover, by Hamming-filter weighting, the curves in Mann 

(2002) [as Figure 1b here and red curve in  Figure 2b] and Mann (2000) [not shown 

here]. The discrepancies seen in Figure 1a and Figure 2b cannot be explained by an 

argument that the IPCC TAR author(s) used a different data set because we can recover 
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almost exactly the near-decadally-smoothed curve in IPCC TAR’s Figure 2.7a on p. 114 

(not shown here). Perhaps TAR performed other analyses that were not discussed.  

 

The difference in the estimated trend of the late 20th century between Figure 1d and 

Figure 1b, about 0.25°C per year, is very large and if physically real would have an 

important implication for global warming discussions. The trend by 2000 of  > 0.4°C 

published by Mann et al. (2003) (our Figure 1c) is similar to the TAR result (our Figure 

1a), but significantly below the > 0.5°C value in Mann and Jones (2003; our Figure 1d).  

 

We were unable to reproduce the smoothed Northern Hemisphere temperature trend of 

Mann and Jones (2003, their Figure 2a or Figure 1d here), which is puzzling because we 

did recreate  their smoothed Southern Hemisphere temperature trend and its amplitude 

(their Figure 2b not shown here). We were able to do so by applying the 40-year 

Hamming-weighted filter to the University of East Anglia’s Southern Hemisphere land 

and sea surface temperature record from 1856-2002, not as specified by TAR, but by 

padding the respective endpoints backward with the value at 1856 and forward with value 

at 2002. 

 

Figure 3a, 3b and 3c show the progression toward increasingly higher values at 2000 over 

the short 1-2 years span from the publications of  Figure 1b, to Figures 1c and 1d. Figure 

3d illustrates the same quantities as in Figure 2b and Figure 2c, but now with both axes 

adjusted to more closely resemble the most recent 200 years of Figure 1d. Our wavelet-

transform lowpass filtered curve (red) resembles, though does not exactly correspond to, 

Figure 1d (Mann and Jones, 2003) but there is no indication that Figure 1d was derived 

from such method of trend estimation. Our 40-year Hamming-weight smoothed curve 

(with padding of endpoints with respective mean values of first and last 25 years of data 

record) is similar to Figure 1b (Mann, 2002) [and results in Mann, 2000] and this is likely 

the method of smoothing performed in these articles.    

 

Quantification of the late 20th –century Northern Hemisphere temperature trend is highly 

sensitive to the choice of methodology and treatment of data. Padding additional data at 

 5
ABOR/MH/Priv-001628



the endpoints (as performed in Figure 2b and TAR) simply to fill in a trend line to cover 

the full extent of the actual series (say, 1856 through 2002) is unphysical and can be 

misleading. The data-padding procedure is the logical equivalent of perfect knowledge in 

retrodicting the past and predicting the future.  

 

The remaining methods (Figure 2a and 2c) give two extreme results. The running mean 

without data padding (Figure 2a) is agnostic about the present, and argues that the actual 

trend of the late 20th century (smoothed) variability will be decided by what occurs in the 

coming decades. The running mean does offer a very consistent framework for the 

objective standard for trend estimation and representation, even though the most recent 

data may visually suggest a different trend.  

 

Although the wavelet-transform frequency-filtering method (Figure 2c) is the least 

sensitive to treatment of endpoints (yet is quite sensitive in some realistic scenarios we 

examined offline), temporally local information may be overemphasized, hence biasing 

the long-term trend value. Thus, there is no compelling physical argument to prefer the 

wavelet representation to the running mean (Figure 2a).  

 

All series in Figure 1 have similar, if not exact, instrumental trends and data values 

during the mid-to-late 19th century to early 20th century, while trend differences in Figure 

1 point to significant differences in the imposed endpoint conditions of the late 20th 

century. We note that too little time has passed between the publication of the several 

articles to expect significant changes to the input temperature data. A close study of 

Figure 2b and 2c suggests the difference of trends at the end of the 20th century (i.e., 

about 0.25°C in Figure 1 [between Figure 1d and Figure 1b] and about 0.2°C in Figure 2 

[between red curves in Figure 2b and 2c]) can be explained by the method of trend 

representation and/or the treatment of data at the forward endpoint (i.e., the updating of 

record with new data points) before smoothing or filtering rather than any real physical 

changes. Additional sensitivity tests (not shown here) support this explanation. We find 

no justification for the apparently spurious, high value of the late 20th-century trend in 

Figure 1d. 
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4. Conclusions 

 

We were successful in replicating the instrumental surface temperature trends in several 

previously published results. However, we failed to reproduce the long-term (> 40 years) 

Northern Hemispheric surface thermometer temperature trends shown in Figure 2.21 of 

IPCC TAR (as Figure 1a here) and in Figure 2a of Mann and Jones (2003) [as Figure 1d 

here]. We conclude that published results suggesting that the Northern Hemisphere 

surface air temperature has increased by the extremely rapid rate of about 1 to 2.5°C per 

decade during the last one year (2002-2003) [see Figure 3] are most likely artefacts of 

methodology and procedure of trend smoothing. Accurate communication of methods 

and avoidance of data-padding procedures for smoothing and/or filtering of climatic time 

series should be incorporated in reporting data trends. 
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Figure 1: Published Northern Hemispheric surface temperature trends that suggest an 
unprecedented (relative to the past 1000 to 1800 years) warming of the late 20th century as 
shown by the smoothed or filtered thermometer records in (a) IPCC TAR (2001, Chapter 2, p. 
134), (b) Mann (2002), (c) Mann et al. (2003) and (d) Mann and Jones (2003). Note both the 
similarity of the smoothed instrumental series in all panels for the mid-to-late 19th century to 
early 20th century interval but a significant difference in the actual heights of the trend line at 
2000, especially between (b) and (d). [Insert (a) is reprinted with permission from the IPCC; 
Insert (b) is reprinted with permission from Mann (2002), Copyright 2002, AAAS; Inserts (c) 
and (d) are reproduced with permission from American Geophysical Union] 
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Figure 2: The yearly mean Northern Hemisphere surface temperature anomaly from 1856 
through 2002 (blue curve) superposed with trend estimates (red curves) using (a) a simple 40-yr 
running mean with no padding of endpoints; (b) a 40-yr Hamming-weight smoothing with 
padding of endpoints with mean values of first and last 25 years so that the trend line can be 
represented at both endpoints of the original series (at 1856 and 2002) as discussed in the caption 
of Figure 2.21 of IPCC TAR; and (c) a filtered series removing all timescales between 2 and 40 
years using the wavelet transform. The additional trend estimate (green curve) in (b) represents 
the alternative scenario of padding the respective endpoints with values at 1856 and 2002 rather 
than the 25-year means specified by IPCC TAR. The horizontal zero-line (dashed curve) 
represents the mean anomaly of the instrumental base period 1961-1990. Note that significant 
quantitative differences exist in the various representations of the trend curves near the year 
2000. This results from different data smoothing methods and data handlings used near the 
forward endpoint of the curve. 
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Figure 3: The comparison of the 40-yr low-pass filtered series using wavelet transform (red 
curve―same as Figure 2c) with the 40-yr Hamming weights smoothed series (blue curve―same as 
Figure 2b) with endpoints padding recommended by the author(s) of Figure 2.21 of the IPCC TAR. 
Our curves (panel  d) are, in turn, compared on the same time-temperature scales with smoothed 
series (all the red-solid curves) by (a) Mann (2002) [Figure 1b], (b) Mann et al. (2003) [Figure 1c], 
and (c) Mann and Jones (2003) [Figure 1d]. The latter rendition shows the progression toward 
increasingly higher values at 2000 over the short 1-2 years span of publication interval. Warnings on 
the choice of filter or smoothing schemes in the rendering of the long-term (> 40 years) trend are 
discussed in the text. The horizontal zero-line (dashed curve) represents the mean anomaly of the 
instrumental base period 1961-1990. 
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On Smoothing Potentially Non-Stationary Instrumental 
Climate Time series 

Michael E. Mann  
Department of Environmental Sciences, University of Virginia, Charlottesville, VA 

 
Abstract.  A simple approach to the smoothing of a 
potentially non-stationary time series is presented which 
provides an optimal choice among three alternative, readily 
motivated and easily implemented boundary constraints. This 
method is applied to the smoothing of the instrumental 
Northern Hemisphere (NH) annual mean and cold-season 
North Atlantic Oscillation (NAO) time series, yielding an 
objective estimate of the smoothed decadal-scale behavior of 
these series including trends over time. 
 
1.  Introduction  
 
Proper smoothing of climate time series, particularly those 
exhibiting non-stationary behavior (e.g. strong trends late in 
the series) is essential for placing recent trends in the context 
of past variability.  The smoothing of a time series can be 
posed as an inverse problem with non-unique boundary 
constraints [Park, 1992], for which additional objective 
considerations must be made to determine the behavior near 
the boundaries.   Various different boundary constraints have 
recently been employed in the smoothing of the Northern 
Hemisphere mean temperature series [Folland et al, 2001; 
Mann et al, 2003; Soon et al 2004]. The approach used by 
Mann and Jones [2003], as noted therein, employed a 
smoothing boundary constraint optimized to the resolve the 
non-stationary late behavior of the time series in comparison 
with previously employed constraints involving e.g. the  
padding of the series with mean values after the boundary 
[Folland et al, 2001; Mann et al, 2003].  The approach used 
by Mann and Jones [2003] (which is incorrectly assumed by  
Soon et al [2004] to be a 'wavelet' approach), is described in 
more detail in this study. 
 
The three lowest order boundary constraints that can be 
applied to a smooth [see e.g. Park, 1992] involve the 
minimization near the boundaries of  either: (1) the zeroth 
derivative of the smooth (this provides the 'smallest' or 
'minimum norm' solution), (2) the 1st derivative of the smooth 
(the 'minimum slope' constraint), and (3) the 2nd derivative of 
the smooth (the smoothest or 'minimum roughness' solution). 
Application of constraint (1) favors the tendency of the 
smooth to approach the mean value (climatology) near the 
boundaries.  Application of (2) favors the tendency of the 
smooth to approach a constant local value near the boundary. 
Application of (3)  favors the tendency of the smooth to 
approach the boundary with a constant slope. The first two 
approaches will underestimate the behavior of the time series 
near the boundaries in the presence of a long-term trend, but 
the 3rd approach may lead to an extrapolation error in the 
presence of leverage by outliers near the boundaries. Without 
additional considerations, none of these three constraints can 
be favored on a priori grounds.  An objective choice, 
nonetheless, can be motivated  as that particular constraint of 
the three which minimizes the misfit or  mean square error 
('MSE')  of the smooth with respect to the original time series. 
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. 
 
In this paper, we describe both time-domain and frequency-
domain approaches to implementing each of these three 
alternative boundary conditions, and employ an objective 
measure of the quality of fit of the various candidate smooths. 
We provide applications to two relevant instrumental climate 
time series, the Northern Hemisphere (NH) annual mean 
series from 1856-2003 of Jones et al [1999], and the cold-
season North Atlantic Oscillation (NAO) times series of  
Jones et al, 1997] from 1825/26 to 1999/2000. 
 
2.  Method 
 
While constraints (1)-(3) can be precisely applied in the 
frequency domain [e.g. Park, 1992; Ghil et al, 2003], it is 
possible to implement reasonable approximations to these 
constraints in a simple manner in the time domain as follows:  
To approximate the 'minimum norm' constraint, one pads the 
series with the long-term mean beyond the boundaries (up to 
at least one filter width). To approximate the 'minimum slope' 
constraint, one pads the series with   the values within one 
filter width of the boundary  reflected about the time 
boundary. This tends to lead the smooth towards zero slope as 
it approaches the boundary. Finally, to approximate the 
'minimum roughness' constraint, one pads the series with   the 
values within one filter width of the boundary  reflected about 
the time boundary, and reflected vertically (i.e., about the "y" 
axis) relative to the final value. This tends to imposes a point 
of inflection at the boundary, and leads the smooth to 
approach the boundary with constant slope. Alternative 
approximate implementations of constraints (1)-(3) are of 
course possible 
 
We first make use of a routine that we have written in the 
'Matlab' programming language which implements constraints 
(1)-(3),  as described above, making use of a 10 point 
"Butterworth" lowpass filter for smoothing; other filters can 
be substituted yielding similar results. Our Matlab routine is 
provided here: 
ftp://holocene.evsc.virginia.edu/pub/mann/Filter/lowpass.m 
[note that this routine requires access to the 'Matlab' time 
series analysis ('signal')  toolbox]. For each of the three 
alternative smooths, the resulting mean-square error ('MSE') 
of the smooth is calculated as a fraction of the total variance 
in the series resolved by the smooth. That constraint providing 
the minimum MSE is arguably the optimal constraint among 
the three tested.  
 
3. Applications 
 
A. Northern Hemisphere Mean Temperature 
Series 
 
We analyze the Northern Hemisphere mean annual surface 
temperature time series of the Climatic Research Unit (CRU) 
of the University of East Anglia [Jones et al, 1999; updated 
continuously on  a monthly basis at : 
http://www.cru.uea.ac.uk/ftpdata/tavenh2v.dat 
 
We choose, as elsewhere [Folland et al, 2001; Mann et al, 
2003; Soon et al 2004] to smooth the series on a 40 year  and 
longer timescale (corresponding to a pass band boundary at 
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f=0.025 cycle/yr in the lowpass filter). As the MSE of the 
smooth is found to be insensitive to constraint choice (1)-(3) 
for the early boundary, we employ the minimum slope 
constraint for the early boundary in all three cases, and 
examine the sensitivity the constraint employed for the late 
boundary of the series.  Figure 1a compares the smooths for 
each of the constraints. The 'minimum norm' constraint 
(MSE=0.30) is observed to under-predict the late 20th century 
trend significantly, while application of the 'minimum slope' 
constraint (MSE=0.23), the constraint effectively used by 
Mann [2002],  Folland et al, [2001] and Soon et al [2004]) 
modestly underpredicts the late 20th century trend. Only the 
application of the 'minimum roughness' constraint 
(MSE=0.21) used by Mann and Jones [2003] resolves the full 
20th century trend. As application of this constraint indeed 
minimizes the mean-square error with respect to the three 
choices, it can be objectively favored among the other 
choices. 
 
A precise implementation of the boundary constraints (1)-(3) 
[see Park, 1992, Ghil et al, 2003] can be provided in the 
frequency domain through multiple-taper methods [e.g. 
Thomson, 1982; Percival and Walden, 1993]. Routines to 
implement such an approach are available here: 
http://www.atmos.ucla.edu/tcd/ssa/ 
We compare the results of application of the latter approach to 
those obtained above.  A pass band boundary at 
approximately f=0.025 cycle/year (40 year period) is afforded 
by the use a time-frequency bandwidth product of NW=4 and 
7 eigentapers in the multiple-taper approach [see e.g. 
Thomson, 1982]. This yields an effective pass band boundary 
at f=0.027 cycle/yr, corresponding to 37 year period. It is 
apparent that the approximate implementation of the 
minimum roughness constraint used  earlier closely follows 
the result of the exact implementation of this constraint in the 
frequency domain (Figure 1b). The optimal nature of the 
smoothing of the instrumental NH temperature used by Mann 
and Jones [2003] is thus  shown to be robust. 
 
B. North Atlantic Oscillation (NAO) Series 
 
We provide an additional application to the smoothing, on 40 
year and longer timescales, of the NAO. The monthly series is 
available through CRU from 1821 through 1999 at: 
http://www.cru.uea.ac.uk/ftpdata/nao.dat 
We make use of the cold-season mean (Oct-Mar) series 
computed from the monthly data, which is available 
continuously from 1825/1826 through to 1999/2000. 
 
Application of the same procedure as in (A) yields the results 
shown in Figure 2. In this case, the larger positive trend 
produced by use of the 'minimum roughness' constraint is 
likely  spurious owing to the larger MSE (0.97) relative to the 
application of  minimum norm  and minimum slope 
constraints, which have roughly the same MSE (0.955 and 
0.954 respectively). We conclude that a positive trend over 
the past several decades, while evident, is not clearly 
indicative of non-stationary behavior late in the series. 
 
4. Conclusions  

We provide an easily implemented smoothing routine for use 
in "Matlab" which can provide objective estimates of the 
smoothed behavior of potentially non-stationary climate time 
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series. The approximate implementation of the three most 
readily motivated boundary constraints ('minimum norm', 
'minimum slope', and 'minimum roughness') closely 
reproduces the exact implementation of these constraints in 
the frequency domain.  Applications of our approach to the 
NH annual mean temperature series demonstrates that an 
optimal 40 year smooth approaches the early 21st century 
boundary with a constant slope, suggestive of strongly non-
stationary behavior in the mean. By contrast, application of 
the same procedure to the cold-season NAO index does not 
clearly indicate non-stationary late 20th century behavior. The 
analysis provided here also serves as a cautionary note with 
regard to recently published comparisons of alternative time-
domain smoothing boundary constraints to climate time series 
that are uniformed [e.g. Soon et al, 2004] by objective 
evaluation criteria (e.g. MSE), or by comparisons with exact 
implementation of boundary constraints in the frequency-
domain.  We urge the careful consideration of such criteria in 
choosing boundary constraints in the smoothing of climate 
time series, and warn against false conclusions  based on 
inappropriate statistical smoothing approaches.  
 
Acknowledgments.  M.E.M. acknowledges support for this work 
by the NSF and NOAA-sponsored Earth Systems History (ESH) 
program (NOAA award NA16GP2913). 
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Figure 1.  Annual mean NH series. (blue) shown along with 
(a) 40 year smooths of  series based on alternative boundary 
constraints (1)-(3). Associated MSE scores favor use of the 
'minimum roughness' constraint. (b) Comparison of  
'minimum roughness' constraint from "a" with exact 
frequency-domain implementation of the constraint.  
 
Figure 2.   Cold season (Oct-Mar) mean NAO series Raw series 
shown  along with 40 year smooths of  series based on alternative 
boundary constraints (1)-(3). Associated MSE scores favor either 
the 'minimum norm' or 'minimum slope' constraint. 
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From: Malcolm Hughes
To: Michael E. Mann
Subject: Re: In confidence
Date: Sunday, January 25, 2004 3:54:45 PM

OK, Malcolm
On 25 Jan 2004 at 16:34, Michael E. Mann wrote:

> Ray, Malcolm:
>
> Shall I let Nature know that we *will* be submitting a formal reply to
> the comment shortly, just to make sure there is no confusion on this
> point (it would indeed, as Malcolm points out, be awful if their
> comment went out for review w/ out our reply!)...
>
> Please give me a heads up on this, and if you both agree, I'll send an
> email to the Nature folks letting them know that we will be submitting
> a formal respons shortly,
>
> mike
>
> At 01:04 PM 1/24/2004 -0500, raymond s. bradley wrote:
>     hi mike:
>     i'm back and catching up--i did not get the latest attack from M
>     &M...can you send a copy thanks ray
>
>     At 10:54 AM 1/24/2004, you wrote:
>     Malcolm, Ray:
>
>     I've been spending the past two days now examining the latest
>     round of criticisms from MM (clearly, they've retreated from their
>     original claims, which we've discredited in the Climatic Change
>     paper, so they're looking further to see if they can justify their
>     actions, e.g. eliminating our early data).
>
>     I've done a series of additional analyses which address every one
>     of their latest claims, and the results are extremely re-assuring.
>     Our results are robust to every one of the criticisms. We can
>     drive this hope w/ a series of plots showing the results when we
>     address each one of the issues raise including the standardization
>     of the proxies, the standardization of the ITRDB data in forming
>     the PCs, the weighting of the proxy data, the use of any padded
>     values, etc.
>
>     I believe that our rebuke has to be stern here. I hope to have a
>     draft response, as well as a revised version of our response to
>     the earlier supplementary data issue inquiry promised before break
>     to Heike L, to you and Malcolm my monday morning for comments. I
>     feel better about this than I have yet before based on the
>     additional cross-checks. They clearly have nothing. Seems as if
>     they're trying to create smoke because there is no fire. We have
>     to make sure that people *understand that* though!
>
>     more by the end of the weekend,
>
>     mike
>
>     At 12:23 PM 1/23/2004 -0700, Malcolm Hughes wrote:
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>     Mike - two matters - first - the hotel glitch should now be fixed.
>     Second, Nature. Obviously, it is important that this crap not
>     appear in Nature at all, for all the reasons you wrote, but it
>     would be a catastrophe if it appeared without a riposte, so I
>     assume we must stand ready to do that if Nature screw up and
>     accept MMs missive. By the way, the mother of a Canadian grad
>     student here reports McKittrick giving a public talk or press
>     account of it in which he allegedly said 1) climate change is
>     thermodynamically impossible; 2) climate has changed massively
>     over earth history; and 3) 30 years isn't long enough.
>     Consistency! CHeers, MalcolmMalcolm Hughes Professor of
>     Dendrochronology Laboratory of Tree-Ring Research University of
>     Arizona Tucson, AZ 85721 520-621-6470 fax 520-621-8229
>
>     ___________________________________________________
>     ___________
>     Professor Michael E. Mann
>      Department of Environmental Sciences, Clark Hall
>     University of Virginia
>     Charlottesville, VA 22903
>     ______________________________________________________________
>     _________ e-mail: mann@virginia.edu Phone: 
>     
>     http://www.evsc.virginia.edu/faculty/people/mann.shtml
>
>     Raymond S. Bradley
>     University Distinguished Professor
>     Director, Climate System Research Center*
>     Department of Geosciences, University of Massachusetts
>     Morrill Science Center
>     611 North Pleasant Street
>     AMHERST, MA 01003-9297
>
>     Tel: 
>     Fax: 
>     *Climate System Research Center: 
>     <http://www.paleoclimate.org>
>     Paleoclimatology Book Web Site:
>     http://www.geo.umass.edu/climate/paleo/html
>
> ____________________________________________________________
> __
>  Professor Michael E. Mann
>  Department of Environmental Sciences, Clark Hall
>  University of Virginia
>  Charlottesville, VA 22903
> ______________________________________________________________________
> _ e-mail: mann@virginia.edu Phone:  FAX: 
>  http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Malcolm Hughes
To: Michael E. Mann
Subject: Re: In confidence
Date: Sunday, January 25, 2004 4:02:44 PM

Mike and Ray - this was passed on to me by someone who wishes to remain
anonymous - I am not a proctologist, but I seem to recall that people never talk
about having "a hemorrhoid" - they always seem to say "I've got hemorrhoids".
CHeers, Malcolm

Be forewarned that Willie Soon is soon to publish an article
> in Geophysical
> Research Letters (online version later this month) that again
> bashes Mann
> et al primarily, but also now swipes at the CRU at East
> Anglia as well as
> the IPCC. The article *shows* how trends in late 20th century
> temperature
> in the Northern Hemisphere are an artifact of data
> manipulation, and hence
> the J-hook is "implausible." Sadly, the second author is none
> other than
> David Legates, a powerful climatologist.
> On 25 Jan 2004 at 16:34, Michael E. Mann wrote:

> Ray, Malcolm:
>
> Shall I let Nature know that we *will* be submitting a formal reply to
> the comment shortly, just to make sure there is no confusion on this
> point (it would indeed, as Malcolm points out, be awful if their
> comment went out for review w/ out our reply!)...
>
> Please give me a heads up on this, and if you both agree, I'll send an
> email to the Nature folks letting them know that we will be submitting
> a formal respons shortly,
>
> mike
>
> At 01:04 PM 1/24/2004 -0500, raymond s. bradley wrote:
>     hi mike:
>     i'm back and catching up--i did not get the latest attack from M
>     &M...can you send a copy thanks ray
>
>     At 10:54 AM 1/24/2004, you wrote:
>     Malcolm, Ray:
>
>     I've been spending the past two days now examining the latest
>     round of criticisms from MM (clearly, they've retreated from their
>     original claims, which we've discredited in the Climatic Change
>     paper, so they're looking further to see if they can justify their
>     actions, e.g. eliminating our early data).
>
>     I've done a series of additional analyses which address every one
>     of their latest claims, and the results are extremely re-assuring.
>     Our results are robust to every one of the criticisms. We can
>     drive this hope w/ a series of plots showing the results when we
>     address each one of the issues raise including the standardization
>     of the proxies, the standardization of the ITRDB data in forming
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>     the PCs, the weighting of the proxy data, the use of any padded
>     values, etc.
>
>     I believe that our rebuke has to be stern here. I hope to have a
>     draft response, as well as a revised version of our response to
>     the earlier supplementary data issue inquiry promised before break
>     to Heike L, to you and Malcolm my monday morning for comments. I
>     feel better about this than I have yet before based on the
>     additional cross-checks. They clearly have nothing. Seems as if
>     they're trying to create smoke because there is no fire. We have
>     to make sure that people *understand that* though!
>
>     more by the end of the weekend,
>
>     mike
>
>     At 12:23 PM 1/23/2004 -0700, Malcolm Hughes wrote:
>     Mike - two matters - first - the hotel glitch should now be fixed.
>     Second, Nature. Obviously, it is important that this crap not
>     appear in Nature at all, for all the reasons you wrote, but it
>     would be a catastrophe if it appeared without a riposte, so I
>     assume we must stand ready to do that if Nature screw up and
>     accept MMs missive. By the way, the mother of a Canadian grad
>     student here reports McKittrick giving a public talk or press
>     account of it in which he allegedly said 1) climate change is
>     thermodynamically impossible; 2) climate has changed massively
>     over earth history; and 3) 30 years isn't long enough.
>     Consistency! CHeers, MalcolmMalcolm Hughes Professor of
>     Dendrochronology Laboratory of Tree-Ring Research University of
>     Arizona Tucson, AZ 85721 520-621-6470 fax 520-621-8229
>
>     ___________________________________________________
>     ___________
>     Professor Michael E. Mann
>      Department of Environmental Sciences, Clark Hall
>     University of Virginia
>     Charlottesville, VA 22903
>     ______________________________________________________________
>     _________ e-mail: mann@virginia.edu Phone: 
>     
>     http://www.evsc.virginia.edu/faculty/people/mann.shtml
>
>     Raymond S. Bradley
>     University Distinguished Professor
>     Director, Climate System Research Center*
>     Department of Geosciences, University of Massachusetts
>     Morrill Science Center
>     611 North Pleasant Street
>     AMHERST, MA 01003-9297
>
>     Tel: 
>     Fax: 
>     *Climate System Research Center: 
>     <http://www.paleoclimate.org>
>     Paleoclimatology Book Web Site:
>     http://www.geo.umass.edu/climate/paleo/html
>
> ____________________________________________________________
> __
>  Professor Michael E. Mann
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>  Department of Environmental Sciences, Clark Hall
>  University of Virginia
>  Charlottesville, VA 22903
> ______________________________________________________________________
> _ e-mail: mann@virginia.edu Phone:  FAX: 
>  http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes
Cc: rbradley@geo.umass.edu
Subject: Re: In confidence
Date: Sunday, January 25, 2004 5:06:53 PM

Ok Malcolm,

Waiting for the go-ahead from Ray on this,

Mike

At 03:54 PM 1/25/2004 -0700, Malcolm Hughes wrote:

OK, Malcolm
On 25 Jan 2004 at 16:34, Michael E. Mann wrote:

> Ray, Malcolm:
> 
> Shall I let Nature know that we *will* be submitting a formal reply to
> the comment shortly, just to make sure there is no confusion on this
> point (it would indeed, as Malcolm points out, be awful if their
> comment went out for review w/ out our reply!)...
> 
> Please give me a heads up on this, and if you both agree, I'll send an
> email to the Nature folks letting them know that we will be submitting
> a formal respons shortly,
> 
> mike
> 
> At 01:04 PM 1/24/2004 -0500, raymond s. bradley wrote:
>     hi mike:
>     i'm back and catching up--i did not get the latest attack from M
>     &M...can you send a copy thanks ray
> 
>     At 10:54 AM 1/24/2004, you wrote:
>     Malcolm, Ray:
> 
>     I've been spending the past two days now examining the latest
>     round of criticisms from MM (clearly, they've retreated from their
>     original claims, which we've discredited in the Climatic Change
>     paper, so they're looking further to see if they can justify their
>     actions, e.g. eliminating our early data).
> 
>     I've done a series of additional analyses which address every one
>     of their latest claims, and the results are extremely re-assuring.
>     Our results are robust to every one of the criticisms. We can
>     drive this hope w/ a series of plots showing the results when we
>     address each one of the issues raise including the standardization
>     of the proxies, the standardization of the ITRDB data in forming
>     the PCs, the weighting of the proxy data, the use of any padded
>     values, etc.
> 
>     I believe that our rebuke has to be stern here. I hope to have a
>     draft response, as well as a revised version of our response to
>     the earlier supplementary data issue inquiry promised before break
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>     to Heike L, to you and Malcolm my monday morning for comments. I
>     feel better about this than I have yet before based on the
>     additional cross-checks. They clearly have nothing. Seems as if
>     they're trying to create smoke because there is no fire. We have
>     to make sure that people *understand that* though!
> 
>     more by the end of the weekend,
> 
>     mike
> 
>     At 12:23 PM 1/23/2004 -0700, Malcolm Hughes wrote:
>     Mike - two matters - first - the hotel glitch should now be fixed.
>     Second, Nature. Obviously, it is important that this crap not
>     appear in Nature at all, for all the reasons you wrote, but it
>     would be a catastrophe if it appeared without a riposte, so I
>     assume we must stand ready to do that if Nature screw up and
>     accept MMs missive. By the way, the mother of a Canadian grad
>     student here reports McKittrick giving a public talk or press
>     account of it in which he allegedly said 1) climate change is
>     thermodynamically impossible; 2) climate has changed massively
>     over earth history; and 3) 30 years isn't long enough.
>     Consistency! CHeers, MalcolmMalcolm Hughes Professor of
>     Dendrochronology Laboratory of Tree-Ring Research University of
>     Arizona Tucson, AZ 85721 520-621-6470 fax 520-621-8229
> 
>     ___________________________________________________
>     ___________
>     Professor Michael E. Mann
>      Department of Environmental Sciences, Clark Hall
>     University of Virginia
>     Charlottesville, VA 22903
>    
______________________________________________________________
>     _________ e-mail: mann@virginia.edu Phone: 
>     
>     http://www.evsc.virginia.edu/faculty/people/mann.shtml
> 
>     Raymond S. Bradley 
>     University Distinguished Professor
>     Director, Climate System Research Center*
>     Department of Geosciences, University of Massachusetts
>     Morrill Science Center
>     611 North Pleasant Street
>     AMHERST, MA 01003-9297
> 
>     Tel:  
>     Fax:  
>     *Climate System Research Center:  
>     <http://www.paleoclimate.org> 
>     Paleoclimatology Book Web Site:
>     http://www.geo.umass.edu/climate/paleo/html 
> 
> ____________________________________________________________
> __
>  Professor Michael E. Mann
>  Department of Environmental Sciences, Clark Hall
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>  University of Virginia
>  Charlottesville, VA 22903
>
______________________________________________________________________

> _ e-mail: mann@virginia.edu Phone:  FAX: 
>  http://www.evsc.virginia.edu/faculty/people/mann.shtml

Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu
Cc: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; phil Jones
Subject: Re: In confidence
Date: Sunday, January 25, 2004 7:22:42 PM

HI Malcolm,

Thanks--I've forwarded to Phil too. I'm sure this is all part of the same old organized
effort, same API-supported group of despicable individuals. The concern is how this made
it through GRL, and I wonder what the best way to proceed with an investigation into this.
Some editor either screwed up, or had ill motives--I think this needs to be figured out...

But perhaps the best way to deal w/ this is e.g. a scientific response, which points out
what we all already knew--that these f*&ks have no idea what they're talking about...

Mike

At 07:14 PM 1/25/2004 -0700, mhughes@ltrr.arizona.edu wrote:

Mike - I am in no position to comment on the technical side, but the tone is 
very restrained, which is probably good. It seems to me that this is just 
another case of their war of attrition, complete with the snide little poison-
pen constructions of sentences. It is also interesting to see who they cite in 
their bibliography. What is the policy of the AGU about manuscripts directly 
taking aim at a specific piece of work (in this case teh Mann and  Jones)? It 
seems they don't do what Climate Change is doing and send it out to one of
the 
authors of the attacked paper for review or coment. CHeers, Malcolm

Quoting "Michael E. Mann" <mann@virginia.edu>:

> 
> 
> HI Malcolm,
> 
> 
> I got the paper from a friendly source who happened to get it passed
> along to him. I'm passing it along to you guys, along w/ an article I've
> now submitted to GRL (submitted this within 24 hours of receipt of the
> Soon et al paper). Let me know what you think,
> 
> 
> Mike
> 
> 
> At 04:02 PM 1/25/2004 -0700, you wrote:
> 
> Mike and Ray - this was passed on
> to me by someone who wishes to remain 
> 
> anonymous - I am not a proctologist, but I seem to recall that people
> never talk 
> 
> about having "a hemorrhoid" - they always seem to say
> "I've got hemorrhoids". 
> 
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> CHeers, Malcolm 
> 
> 
> Be forewarned that Willie Soon is soon to publish an article 
> 
> > in Geophysical 
> 
> > Research Letters (online version later this month) that again 
> 
> > bashes Mann 
> 
> > et al primarily, but also now swipes at the CRU at East 
> 
> > Anglia as well as 
> 
> > the IPCC. The article *shows* how trends in late 20th century 
> 
> > temperature 
> 
> > in the Northern Hemisphere are an artifact of data 
> 
> > manipulation, and hence 
> 
> > the J-hook is "implausible." Sadly, the second author is
> none 
> 
> > other than 
> 
> > David Legates, a powerful climatologist.
> 
> > On 25 Jan 2004 at 16:34, Michael E. Mann wrote:
> 
> 
> > Ray, Malcolm:
> 
> > 
> 
> > Shall I let Nature know that we *will* be submitting a formal reply
> to
> 
> > the comment shortly, just to make sure there is no confusion on
> this
> 
> > point (it would indeed, as Malcolm points out, be awful if
> their
> 
> > comment went out for review w/ out our reply!)...
> 
> > 
> 
> > Please give me a heads up on this, and if you both agree, I'll send
> an
> 
> > email to the Nature folks letting them know that we will be
> submitting
> 
> > a formal respons shortly,
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> 
> > 
> 
> > mike
> 
> > 
> 
> > At 01:04 PM 1/24/2004 -0500, raymond s. bradley wrote:
> 
> >     hi mike:
> 
> >     i'm back and catching up--i did not get the
> latest attack from M
> 
> >     &M...can you send a copy thanks 
> ray
> 
> > 
> 
> >     At 10:54 AM 1/24/2004, you wrote:
> 
> >     Malcolm, Ray:
> 
> > 
> 
> >     I've been spending the past two days now
> examining the latest
> 
> >     round of criticisms from MM (clearly,
> they've retreated from their
> 
> >     original claims, which we've discredited in
> the Climatic Change
> 
> >     paper, so they're looking further to see if
> they can justify their
> 
> >     actions, e.g. eliminating our early
> data).
> 
> > 
> 
> >     I've done a series of additional analyses
> which address every one
> 
> >     of their latest claims, and the results are
> extremely re-assuring.
> 
> >     Our results are robust to every one of the
> criticisms. We can
> 
> >     drive this hope w/ a series of plots showing
> the results when we
> 
> >     address each one of the issues raise
> including the standardization
> 
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> >     of the proxies, the standardization of the
> ITRDB data in forming
> 
> >     the PCs, the weighting of the proxy data,
> the use of any padded
> 
> >     values, etc.
> 
> > 
> 
> >     I believe that our rebuke has to be stern
> here. I hope to have a
> 
> >     draft response, as well as a revised version
> of our response to
> 
> >     the earlier supplementary data issue inquiry
> promised before break
> 
> >     to Heike L, to you and Malcolm my monday
> morning for comments. I
> 
> >     feel better about this than I have yet
> before based on the
> 
> >     additional cross-checks. They clearly have
> nothing. Seems as if
> 
> >     they're trying to create smoke because there
> is no fire. We have
> 
> >     to make sure that people *understand that*
> though!
> 
> > 
> 
> >     more by the end of the weekend,
> 
> > 
> 
> >     mike
> 
> > 
> 
> >     At 12:23 PM 1/23/2004 -0700, Malcolm Hughes
> wrote:
> 
> >     Mike - two matters - first - the hotel
> glitch should now be fixed.
> 
> >     Second, Nature. Obviously, it is important
> that this crap not
> 
> >     appear in Nature at all, for all the reasons
> you wrote, but it
> 
> >     would be a catastrophe if it appeared
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> without a riposte, so I
> 
> >     assume we must stand ready to do that if
> Nature screw up and
> 
> >     accept MMs missive. By the way, the mother
> of a Canadian grad
> 
> >     student here reports McKittrick giving a
> public talk or press
> 
> >     account of it in which he allegedly said 1)
> climate change is
> 
> >     thermodynamically impossible; 2) climate has
> changed massively
> 
> >     over earth history; and 3) 30 years isn't
> long enough.
> 
> >     Consistency! CHeers, MalcolmMalcolm Hughes
> Professor of
> 
> >     Dendrochronology Laboratory of Tree-Ring
> Research University of
> 
> >     Arizona Tucson, AZ 85721 520-621-6470 fax
> 520-621-8229
> 
> > 
> 
> >    
> ___________________________________________________
> 
> >     ___________
> 
> >     Professor Michael E. Mann
> 
> >      Department of Environmental Sciences,
> Clark Hall
> 
> >     University of Virginia
> 
> >     Charlottesville, VA 22903
> 
> >    
> ______________________________________________________________
> 
> >     _________ e-mail: mann@virginia.edu Phone:
> 
> 
> >     
> 
> >    
> http://www.evsc.virginia.edu/faculty/people/mann.shtml
> 
> > 
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> 
> >     Raymond S. Bradley 
> 
> >     University Distinguished Professor
> 
> >     Director, Climate System Research
> Center*
> 
> >     Department of Geosciences, University of
> Massachusetts
> 
> >     Morrill Science Center
> 
> >     611 North Pleasant Street
> 
> >     AMHERST, MA 01003-9297
> 
> > 
> 
> >     Tel:  
> 
> >     Fax:  
> 
> >     *Climate System Research Center:
>  
> 
> >    
> <http://www.paleoclimate.org>
> 
> 
> >     Paleoclimatology Book Web Site:
> 
> >    
> http://www.geo.umass.edu/climate/paleo/html
> 
> 
> > 
> 
> > ____________________________________________________________
> 
> > __
> 
> >  Professor Michael E. Mann
> 
> >  Department of Environmental Sciences, Clark Hall
> 
> >  University of Virginia
> 
> >  Charlottesville, VA 22903
> 
> >
______________________________________________________________________

> 
> > _ e-mail: mann@virginia.edu Phone:  FAX: 
> 
> >  http://www.evsc.virginia.edu/faculty/people/mann.shtml

ABOR/MH/Priv-001655



> 
> 
> Malcolm Hughes
> 
> Professor of Dendrochronology
> 
> Laboratory of Tree-Ring Research
> 
> University of Arizona
> 
> Tucson, AZ 85721
> 
> 520-621-6470
> 
> fax 520-621-8229
> 
> ______________________________________________________________
> 
>                     Professor Michael E. Mann
> 
>            Department of Environmental Sciences, Clark Hall
> 
>                       University of Virginia
> 
>                      Charlottesville, VA 22903
> 
>
_______________________________________________________________________

> 
> e-mail: mann@virginia.edu   Phone:    FAX: 
> 
>          http://www.evsc.virginia.edu/faculty/people/mann.shtml
> 
>

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: raymond s. bradley; mhughes@ltrr.arizona.edu
Subject: Re: Fwd: Rear end
Date: Sunday, January 25, 2004 8:42:54 PM

Thanks Ray,

Good points all, especially re the hemmoroids (response Malcolm?)

one would think there are logical statutes of limitations on this sort of thing. But I'm
hoping that our reply might close the debate, at least within scientific circles. I'll let
you guys let me know what you think--should be able to finish it and send it off by
late morning,

mike

At 10:19 PM 1/25/2004 -0500, raymond s. bradley wrote:

i am now thoroughly confused--does malcolm have
hemmoroids (or just one)?  Is this why he needs to smooth his
data? 
 Never mind--altogether too much information!
Incidentally, I think in responding to Nature we should point
out that we submitted our paper in 1997...and ask: is there no
time limit on comments?  We could have died in the interim...
Ray

Raymond S. Bradley 
University Distinguished Professor
Director, Climate System Research Center*
Department of Geosciences, University of Massachusetts
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel:  
Fax:  
*Climate System Research Center:  
        <http://www.paleoclimate.org> 
Paleoclimatology Book Web Site:
http://www.geo.umass.edu/climate/paleo/html 

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

ABOR/MH/Priv-001657



ABOR/MH/Priv-001658



From: Michael E. Mann
To: R.Cotter@nature.com
Cc: H.Langenberg@nature.com; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; mann@virginia.edu
Subject: Fwd: RE: Instructions for reviewing manuscript 2004-01-14277
Date: Sunday, January 25, 2004 10:06:25 PM

Dear Dr. Cotter

I wanted to provide a clarification that my co-authors and I will indeed submit a formal response to the
comment, as requested, despite the concerns we have outlined below. We hope to provide our reply early
this week, and will provide separately some additional related material requested by Dr. Langenberg (along
with a copy of our submission that will serve as supporting materials for her request as well).

We look forward to being in touch shortly.

Best Regards,

Mike Mann

Date: Fri, 23 Jan 2004 12:18:32 -0500
To: "Langenberg, Heike" <H.Langenberg@nature.com>
From: "Michael E. Mann" <mann@virginia.edu>
Subject: RE: Instructions for reviewing manuscript 2004-01-14277
Cc: "Cotter, Rosalind" <R.Cotter@nature.com>, rbradley@geo.umass.edu,
mhughes@ltrr.arizona.edu

Dear Heike,

A apologize for any confusion here. It has nothing to do w/ the reference you point to. My point
is that many of the specific issues raised by them in this submission. are specifically discussed in
a separate paper that is in review (and thus considered a confidential matter) at this time with
the journal "Climatic Change".  I have reason to believe (though I cannot myself confirm with
certainty) that they have had privileged access to this material as reviewers of that manuscript,
and may have used knowledge obtained from that access in the submitted document. Indeed,
as I mentioned in my previous email, many of the points raised in their submission are
specifically discussed in that in-review manuscript.

I look forward to hearing back from Rosalind Cotter.

In the meantime, trust that we will indeed respond to the previous matter as soon as possible,
following Ray Bradley's return.

Best regards,

Mike M

I will At 04:49 PM 1/23/2004 +0000, Langenberg, Heike wrote:

Dear Mike,
 
thanks for the response, which I have forwarded to our Brief
Communications/Complaints editor, Rosalind Cotter, who is handling the submission
from McIntyre and McKitrick. 
 
Given that in their paper, they refer to a publicly available website (their ref. 3) for
their information, we are unable to conclude that there has been any breach of
confidentiality or unethical behaviour. 
 
I look forward to hearing from you regarding the materials complaint very soon (Ray
Bradley let us know that he will be back in the office on Monday). 
 
Best wishes,
Heike

-----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu]
Sent: 23 January 2004 14:57
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To: H.langenberg@nature.com
Cc: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; m.hutchinson@nature.com
Subject: Fwd: Instructions for reviewing manuscript 2004-01-14277 

Dear Heike,
We just received the following notification from Nature. I have downloaded the
commentary in question, and note that each of these comments  have been
addressed, and have been shown to be incorrect, in a paper by us that is
currently in review in the journal "Climatic Change". As you know, we are also
working to address your earlier inquiry about the data supplementary
information, and we are awaiting the return of one of our co-authors
(R.Bradley) to finalize this response.
Meanwhile, I believe based on initial inquiries by one of the reviewers of our
"Climatic Change " paper passed on to us, that the authors of the current
submission (McIntyre and/or McCitrick) are reviewers of our "Climatic Change"
paper (of course, only the editor of the journal would be able to confirm that
this is true). If this is, as I suspect, true, then it would appear that these
authors have made use of privileged, confidential information available to them
as reviewers of our already submitted response to their original paper in
crafting the current submission (recall that Nature declined to invite from us a
formal response to the original paper by McIntyre and McKitrick, and we chose
to submit a response to "Climatic Change" as an alternative). If this is the
case, it would appear to constitute a major violation of scientific ethics on their
part. 

A response to their criticisms is already working its way through review, in
"Climatic Change", and I believe the authors are in possession of that response
as reviewers.  If so, again, I believe that there is a major ethical crisis
suggested by their actions, and would encourage the editors of Nature to
contact the editor of "Climatic Change" to confirm this.
Meanwhile, our paper that in is in review in "Climatic Change" serves as a
complete refutation to the current submitted criticism, and we would be happy
to provide that paper to Nature as such. However, we believe that their
submission probably should be rejected outright based on ethical considerations
outlined above, if this can be confirmed.
We, in any case, believe it is an undue burden on us to request that we reply
to these claims, when a thorough reply to their claims is already in review
elsewhere.
I would appreciate your prompt further guidance on this, given the
considerations that I have brought to your attention above,
Mike Mann

Delivered-To: mem6u@virginia.edu
X-Mailer: MIME::Lite 3.01 (F2.6; B2.11; Q2.03)
Date: Fri, 23 Jan 2004 14:28:05 UT
To: mann@virginia.edu
Subject: Instructions for reviewing manuscript 2004-01-
14277                  
From: m.hutchinson@nature.com
           
                         
Dear Dr Mann,
The enclosed criticism has been submitted to us about your
paper recently published in Nature. Before proceeding further,
we would like to offer you the opportunity to respond to this
comment.
Please could you make your response as brief as you can?
When we receive your response, we may send the comment
with your reply to independent referees for advice on whether
we need to publish a clarification in order to rectify any
oversight or confusion.
I am sure that you appreciate that we would like to make a
decision as soon as possible on publication of a clarification, so
if we do not hear from you within 10 days of receipt of this
message we shall assume that you do not wish to reply; we
shall then reach a decision in the absence of a reply from you.
Please send us your response to this comment using the
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following link
Please note that we are using a new, fully web-based
manuscript submission and tracking system. To access the
manuscript, instructions and review form, please click on the
link below. The first time that you enter the system, please
click on the 'Referee Instructions' link and then scroll down to
the section marked 'Communications Arising: Criticised
Authors'. *Please read this section first* as it contains
information that should answer any questions/uncertainties
you might have about using the system.                     
                       
<http://mts-nature.nature.com/cgi-bin/main.plex?
el=A5K1BG5A7MnU4J6A9WyMF3ozRZMeMw6ylQ9gZ>
                       
                       
From there, simply follow the link to manuscript number 2004-
01-14277.             
                      
The review form will rapidly allow you to provide your reply in
the following areas:                       
        Remarks to the Editor (which will remain
confidential)                       
        Remarks to the Author (which are transmitted in
full)                       
                       
In the future, you can enter the system by using the link
above or by logging into the site at http://www.mts-
nature.nature.com, which requires a user name and password.
If you do not know your user name and password, please click
on the forgotten password link on the login page and enter
your full first name and last name. The system will send you
an email with a new login name and password. You will then
be prompted to change the password the first time you log
in.             
Thank you for your help in this matter.
Yours sincerely
Rosalind Cotter
Editor, Communications Arising
           
           
   
P.S. Please note the site will be unavailable at the following
times:
Â·      Friday, January 23rd at 11pm GMT/6pm EST until
Sunday, January 25th at 3pm GMT/10am EST
Â·      Friday, January 30th at 11pm GMT/6pm EST until
Sunday, February 1st 3pm GMT/10am EST.
If you wish to submit your review during the site downtime,
please send it to nature@nature.com and we will upload it on
your behalf. Please ensure you quote the manuscript reference
number.
 

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml 
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DISCLAIMER: This e-mail is confidential and should not be used by anyone who is
not the original intended recipient. If you have received this e-mail in error please
inform the sender and delete it from your mailbox or any other storage mechanism.
Neither Macmillan Publishers Limited nor any of its agents accept liability for any
statements made which are clearly the sender's own and not expressly made on
behalf of Macmillan Publishers Limited or one of its agents. Please note that neither
Macmillan Publishers Limited nor any of its agents accept any responsibility for
viruses that may be contained in this e-mail or its attachments and it is your
responsibility to scan the email and attachments (if any). No contracts may be
concluded on behalf of Macmillan Publishers Limited or its agents by means of e-mail
communication. Macmillan Publishers Limited Registered in England and Wales with
registered number 785998 Registered Office Brunel Road, Houndmills, Basingstoke
RG21 6XS
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                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
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From: Michael E. Mann
To: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Subject: MM Reply
Date: Monday, January 26, 2004 10:25:40 AM
Attachments: MMReply.doc

Fig1.pdf
Fig2a.pdf
Fig2b.pdf
Fig2c.pdf

Ray, Malcolm:

Attached is the draft and 2 figures (2nd in 3 parts) of a reply to the comment by MM,
in Nature format.

I have taken the liberty of drafting a reply roughly the same length as their
comment. It seems only fair to us, given that we must simultaneously respond to
both the original (MM03) and latest (MM04) charges here. But we probably shouldn't
lengthen.

I leave thursday morning for  5 days, so we should probably try to finalize this (and
our reply to Heike Langenberg about the data issues) within the next 2 days.

Scott has finalized the supplementary website. The temporary location is here:

ftp://holocene.evsc.virginia.edu/pub/sdr/temp/nature/MANNETAL98/

I believe all of the errors in the supplementary information have been fixed now, but
feel free to double-check...

Thanks,

mike

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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REPLY TO "Global-scale temperature patterns and climate 
forcings over the past six centuries: A comment." By S. 
McIntyre and  R. McKitrick 

 
 
Michael E. Mann1, Raymond S. Bradley2, Malcolm K. Hughes3 
 

1Department of Environmental Sciences, University of Virginia, Clark Hall, Charlottesville, 

Virginia,  22903, USA 

2Geosciences Department, University of Massachusetts, Amherst, MA 01002, USA 

3Laboratory of Tree Ring Research, University of Virginia, Tucson, AZ 85721, USA 

 
The commentary by McIntyre and McKitrick (henceforth MM04) on our previous published 

article1 (henceforth "MBH98") is as inaccurate,  deeply flawed, and exceptionally deceptive as 

the frivolous criticism they published earlier in the social science literature2 (henceforth 

"MM03", with both "MM03" and "MM04" jointly referred to as "MM"). MM03 offered a 

putative "correction" of MBH98, depicting anomalously warm 15th century Northern 

Hemisphere (NH) annual mean temperatures, which they used to challenge the consensus 

scientific view that late 20th century hemisphere warmth is anomalous in a millennial or longer-

term context3. MM03  attribute their finding to putative 'errors' in the original analysis of 

MBH98 associated with (a) the use by MBH98 of limited infilled proxy data between 1972 and 

1980, (b) putative errors in dating (years assigned to various proxy series),  and (c) putative 

errors in the calculations of Principal Components ("PCs") series used to represent certain proxy 

sub-networks in MBH98. It has now been demonstrated (e.g. reference "3" in MM04, and a more 

detailed reply to MM034) that (a) the MBH98 result  is in fact insensitive (as also shown below) 

to the use of any infilled data, (b) the supposed dating errors were an artifact of the use by MM03 
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of an incorrect spreadsheet representation of the MBH98 dataset, and (c) MM03 were apparently 

unaware of the fact that that PC series were logically calculated separately for each interval (e.g. 

1400-1980, 1450-1980, 1500-1980, and so on) in the stepwise reconstruction described by 

MBH98 to make use all available proxy data. This fundamental flaw in their understanding of 

the MBH98 protocol, combined with some unjustified substitutions (see below) of data used by 

MBH98, lead to their elimination of the majority of proxy data used by MBH98 prior to AD 

1600, particularly the pivotal interval AD 1400-1500, during which MM eliminate more than 2/3 

of the proxy data used by MBH98  (77/110 series =70% of the proxy records from AD 1400-

1450, 99/139=71% from  AD 1450-150). It is indeed not coincidental that it is  precisely this AD 

1400-1500 interval, over which they obtain a dramatically different result ( anomalous 15th 

century warmth) that is in opposition now only to MBH98, but virtually all other published NH 

reconstructions (see Figure 1).   

 

Rather than confronting the demonstrated fact that this censoring of the MBH98 network (and 

perhaps some more minor contributions from methodological errors on their part4) explains their 

spurious result MM04 instead now offer a false and deceptive list of additional criticisms. These 

criticism are used to support their continued censoring of proxy data from the MBH98 network 

over the AD 1400-1500 interval, data which we show (see below) is essential to producing a 

skillful Northern Hemisphere mean temperature reconstruction (that is, one that passes 

independent 'cross-validation' or 'verifications' tests of skill).  We address below each of the MM 

criticisms on a categorical basis, demonstrating in the process that their  claims are false, their 

methods flawed, and their results entirely spurious.   
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1. Methodology 

MM04 purport to take issue with the methodology used by MBH98, rather than the specific 

result of the study.  They seem curiously unaware that the methodology has been independently 

tested, and shown to perform well given adequate data, in experiments using temperature fields 

from long model simulations5.  Indeed, it is not issues of methodology, but rather, data--in 

particular, the elimination of key indicators from the MBH98 data network that leads to their 

spurious result. Here and henceforth in forgoing analyses, we, for simplicity, make use of only 

the 1st eigenvector of the surface temperature field2 for calibration of proxy data and associated 

surface temperature reconstruction. Furthermore, we use the proxy indicator network available 

back to AD 1400 for reconstructions over the AD 1400-1500 interval.  The additional (2nd) 

eigenvector,  and two additional indicators (2) used by MBH98 from AD 1450-1500 have no 

significant impact on  the NH mean reconstruction2  of interest here. Higher order eigenvectors 

are of interest, however, if spatial patterns, rather than hemispheric means, are of interest2.   

 

First, we demonstrate via calibration over the restricted 1902-1971 interval pre-dating any 

padding of proxy series (and through the elimination of padded values in one series from AD 

1400-1403 discussed below), that the modest infilled values   have an essentially undetectable 

influence on the MBH98 reconstruction (Figure 2a), contrary to implications by MM. 

Elimination  of the Stahle  et al SWM/TX data challenged by MM04 (see below) leads to no 

detectable influence on the reconstruction (Figure 2a--it should be noted that these latter data are 

important for reconstructions of indices of the El Nino/Southern Oscillation6). By contrast, their 

censoring of substantial additional data over the period AD 1400-1500 (specifically, the North 

American ITRDB data and Northern Treeline data--in total, 70% of the proxy data used by 
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MBH98 were censored from the network over the AD 1400-1500 interval; henceforth referred to 

as the 'MM censored network') makes a dramatic difference. Reconstruction over AD 1400-1500 

based on use of this censored network closely reproduces the MM03 reconstruction (Figure 2a) 

and, in particular, the anomalous warm peaks during the early and late 15th century which 

breach, as noted by MM03, the warmth of the 1970s and 1980s (though MM03 fail to take note 

of the fact that this warmth is substantially exceeded by the warmth of subsequent decades).  

Minor differences likely result from minor errors in their implementation of the methodology4. 

Nonetheless, use of the MM-censored network from AD 1400-1500 (and the MBH98 network 

from 1500-1971) provides a close approximation to the MM03 reconstruction.   

 

Given the emphasis on cross-validation by MBH98 and indeed the long history of establishing 

reliability of paleoclimate reconstruction through  cross-validation with independent data 7-8,1,5, it 

is both conspicuous and curious that MM never provide any assessments of the statistical 

reliability (i.e., through "cross-validation") of their own reconstruction. We provide such an 

assessment here, though application of standard cross-validation procedures to our close 

reproduction of their result. We analyze the goodness of fit of the reconstruction (calibrated 

against 20th century instrumental data) to independent available instrumental estimates during 

the latter half of the 19th century, using as in MBH98 the 'reduction of error' statistic 'RE' 

favored in most studies7-8,1,5  as a diagnostic of reconstructive skill. RE obeys the bounds  - <  

RE < 1. Negative values of RE indicate a lack of reconstructive skill,  RE=0 represents the "no 

skill" boundary in which the reconstruction performs as well as than assignment of the 

calibration period mean, while substantially positive values (e.g. RE=0.5)  suggest a reliable 
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reconstruction. The RE statistics (Figure 2a) suggest that the MM03 reconstruction (RE= -0.76) 

is roughly as reliable as a random reconstruction (RE=-1.0 on the average). In other words, the 

MM reconstruction would appear meaningless from a statistical point of view. In contrast, the 

MBH98 reconstruction, and the minor variants of it discussed earlier, suggest significant 

reconstructive skill over the AD 1400-1500 period (RE0.5) and even greater skill in more 

recent centuries. Close examination of the calibration and cross-validation period (Figure 2b) 

demonstrates that the MBH98 reconstruction (including a reconstruction based on the restricted 

available network from AD 1400-1500) captures the variations in the instrumental record quite 

well in both calibration and cross-validation, while our reproduction of the MM reconstruction 

(i.e., the reconstruction based on the  'MM-censored' AD 1400-1500 network) indicates erratic 

spurious variations that bear no resemblance to the actual record.  

 

Other claims made by MM regarding methodology are readily observed to be false. MM argue 

(see further discussion below) that the procedure used for weighting the various indicators and/or 

for calculating PCs of proxy sub-networks leads to a biased result. We thus performed a 

reconstruction over AD 1400-1500 using all 110 individual indicators (rather than any PC 

representations of sub networks) and uniform weights on all proxy indicators in the analysis. The 

reconstruction yields less variance than the MBH98 reconstruction over, and a significantly 

lower cross-validation score (RE=0.25), which we associate with the skewed spatial sampling by 

the network of raw proxy data which lead to the choice of sub-sampling through a PC-based 

representation by MBH98 in the first place2. Strikingly, however, the reconstruction, which 

unlike the MM reconstruction shows limited statistical skill in cross-validation, indicates 
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generally cold conditions for the 15th century (Figure 2c), and no suggestion at all of anomalous 

15th century warmth. MBH re-standardized, for consistency, all instrumental and proxy series by 

their detrended standard deviation during the calibration period, prior to calibration and 

reconstruction. This step is motivated by the observation that  trends in instrumental and proxy 

data (i.e., the 'zero-frequency' variance of the series) typically far exceed the expectations for a 

'red noise' null hypothesis9.  Normalizing by the detrended standard deviation therefore more 

properly weights the data series with respect to their estimated noise variance. This observation, 

moreover, renders the 'red noise' synthetic data experiments discussed by MM04 entirely 

meaningless in the context of actual proxy data.  We show, in any case,  that this step does not 

significantly influence the  MBH98 reconstruction by performing the reconstruction without this 

re-standardization procedure (Figure 2c).  MBH98 normalized the time series of the 

reconstructions of the instrumental eigenvectors to have the same variance as the actual 

instrumental eigenvectors during the calibration period. As MM03 did not perform this step, we 

have not invoked this normalization in our reproduction of their estimate (Figure 2a). We 

nonetheless show that this step, too, makes little difference in the MBH98 reconstruction (Figure 

2c).  The only explanation for the anomalous result of MM03 and MM04 is the deletion of 

essential proxy indicators from the network, leading to a spurious result (anomalous 15th century 

warmth).  

2.  Data  

One of the few legitimate criticisms of MM03 and MM04  is their identification of some errors 

in the details provided in the on-line "supplementary information" that accompanied the MBH98 

article. We have worked closely with Nature to produce an archive containing (a) a corrected 

version of the supplementary information, (b) all data (proxy and instrumental) used by MBH98 
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in an easily accessible and completely documented format, and some additional methodological 

details useful for those seeking to reproduce our results. This archive is available publicly here: 

ftp://holocene.evsc.virginia.edu/pub/Data/MANNETAL98. 

Minor errors that existed in the original supplementary description provided by MBH98 are 

detailed elsewhere3, and are of no consequence to the MBH98 hemispheric mean temperature 

reconstruction. For example, while it may not have been clear in the original documentation that 

we made use3 of the versions of the Central England and Central European temperatures records 

of Bradley and Jones10 (summer mean, rather than annual mean), and set two regional western 

North American tree-ring series equal following the termination during the mid 20th century, this 

has no impact on our hemispheric mean reconstruction. As these issues (and several other series 

challenged by MM) involve data series that were not available prior to AD 1500, they are 

irrelevant to the questions at hand, and raising them represents little more than a curious 

distraction by MM. Related complaints by MM regarding the use by MBH98 of some limited 

redundant data, and challenges of particular data, such as the early Stahle et al SWM/TX data, 

are seen to be irrelevant (see e.g. Figure 2a) and thus appear frivolous. 

 

Moreover, MM inappropriately dismiss the quality of certain proxy data series based on their 

own inability to find those series in  certain public data archives or in the published literature. 

Some of the proxy data used by MBH98 are unpublished, and were provided to  MBH98  

directly by the original researchers. It is invalid, as do MM, to impute lower quality to such data. 

All  proxy data used by MBH98 have been provided in  the public website listed earlier. MM03  
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MM04 criticize the PC representation of the North American ITRDB data which was based, for 

the period AD 1400-1450,  on an EOF analysis of the 70 constituent series which were 

standardized, as discussed earlier, by their detrended calibration period standard deviation. As 

shown earlier (Figure 2c), this criticism can be simply dismissed on the basis that use of all 70 

constituent series with uniform weighting, rather than this PC representation, yields no evidence 

of the anomalous 15th century warmth argued by MM, though it yields a moderately less well 

cross-validated reconstruction than that of MBH98.  Furthermore, despite the claims that the 

standardization procedure used to calculate the ITRDB PC#1 exaggerates the influence of one 

particular series, we simply note that the loadings on the 70 series associated with  PC#1, by 

contrast, are substantially shared by more than a dozen series (14/70 series have loadings that are 

greater than 50% of the maximum loading of any one series). Finally, MM introduce problems 

into the important Northern Treeline dataset used by MBH98. Aside from falsely substituting a 

series not used by MBH98 ("Ft Chimo") for the "Kuujuag" Northern Treeline series used by 

MBH98 (Jacoby and D'Arrigo, unpublished), and introducing an extended version of another 

Northern Treeline series not available prior to AD 1500 at the time of MBH98, they censored 

from the analysis  the only Northern Treeline series in the MBH98 network available over the 

AD 1400-1500 interval, on the technicality that it begins only in AD 1404 (MBH98 

accommodated this detail by setting the values for AD 1400-1404 equal).  As discussed earlier, 

the criticism of the use of infilled values from AD 1400-1403 can be dealt with by performing 

the MBH98 reconstruction from AD 1404-1500 rather than AD 1400-1500. Doing so yield 

essentially the same reconstruction as MBH98 (Fig 2a).   
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Had  MM produced an alternative reconstruction that, as MBH98, stood up to rigorous cross-

validation procedures, that would be worthy of discussion. However, as a close reproduction of 

their reconstructions shows roughly the level of skill of a random reconstruction, it doesn't 

demand serious consideration. Even had the specific criticisms of MBH98 been correct, they 

would have been  irrelevant, as numerous other studies based on different data and methods11-13,1, 

or climate modeling approaches12,13, lead to the same conclusion that late 20th century warmth is 

anomalous in the context of the past six centuries or longer. The poorly motivated and unusually 

deceptive criticism put forth by MM04, which clearly does not stand up a bit of scrutiny, has no 

place in the legitimate, peer-reviewed scientific literature. 

 

Correspondence and requests for materials should be addressed to M.E.M. (e-mail: mann@virginia.edu).  
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Figure 1  Comparison of Mann et al (1999) reconstruction [the estimates from 1400-

1980 are identical to those of MBH98] with other independent proxy-based 

reconstruction of Northern Hemisphere mean temperatures and instrumental 

temperature record over the past one-to-two millennia. Two standard error uncertainty 

estimates (gray and purple   shading) are also shown. Details and references for the 
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various reconstructions, including scaling conventions, can be found in  Mann et al 

(2003) and Jones and Mann (2004). 

 

Figure 2  Alternative NH reconstructions and instrumental NH record. Horizontal 

dashed line denotes border between calibration and cross-validation intervals. (A) 

Comparison of  MBH98 NH reconstruction with reproduction of MM reconstruction 

based on elimination of key datasets as in MM. Cross-validation results are given for 

comparison. (B) Detailed Comparison of MBH98 reconstruction and our reproduction of 

the MM reconstruction with instrumental record during calibration and cross-validation 

intervals, highlighting the poor performance in cross-validation of the MM 

reconstruction. (C) Comparisons showing  influences of various details of  methodology 

on the MBH98 reconstruction.   
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From: Michael E. Mann
To: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Subject: status update?
Date: Tuesday, January 27, 2004 3:00:58 PM

Guys,

Our formal response is due by Nature on Feb 2nd. As I will be packing for travel
tomorrow evening and gone through monday morning, I need to know now if you
think you can get me your comments on the draft by tomorrow morning?

If not, that's ok--but I simply need to ask Nature to extend the deadline for our
response until the end of next week. Given the extremely short notice of their
requested response, I can't see how they could deny the request.

however, if you think you can get me comments by tonight/tomorrow morning, then I
won't need to request the extension.

just let me know ASAP.

thx,

mike

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: raymond s. bradley
To: mann@multiproxy.evsc.virginia.edu
Cc: mhughes@ltrr.arizona.edu
Subject: picky fixes in the Supp. Docs
Date: Tuesday, January 27, 2004 3:31:38 PM

Mike:
I sent MKH my edits to the reply this afternoon & he called just prior to teaching  class. 
He said he will have a go at it this evening, then return it to you & me  --but probably
not until Wed am. I know Malcolm also wants to spend some time looking over the
revised Supp Docs, so I'd say it's best to take our time & send this in next week, if that's
Ok with everyone...

 Meanwhile, here are a few picayune things  I found that could be fixed in the Supp
Docs.

I just can't see how Nature can publish the MM 1850 word critique & our 2000+ word
response; at best (worst?) they will put it on their electronic bulletin board, I expect.  
Ray

In:
ftp://holocene.evsc.virginia.edu/pub/sdr/temp/nature/MANNETAL98/FIGUREDATA/README

Replace:

3. Figure 7 data:

'fig7-nh.dat': Reconstructed annual Northern Hemisphere mean temperature 
series back to 1610 (note that this version is slightly different from
that 
shown in MBH98 Figure 5; it was based on a an older version of the 
reconstruction, which the authors forgot to update in the final version
of 
the manuscript. There are know significant differences, however,from that 
shown in Figure 5a.

With:

3. Figure 7 data:

'fig7-nh.dat': Reconstructed annual Northern Hemisphere mean temperature 
series back to 1610.  Note that this version is slightly different
from that 
shown in Figure 5a of  MBH98.  That figure was based on an
older version of the 
reconstruction, which the authors did not update in the final version of 
the manuscript. However, there are no significant differences from that 
shown in MBH98 Figure 5a.

In ftp://holocene.evsc.virginia.edu/pub/sdr/temp/nature/MANNETAL98/INSTRUMENTAL/
Can you eliminate col 1 in tpca-standard.out
and col 3 in tpca-eigenvals.out
& in gridpoints.loc, get rid of first 2 & last column
then amend readme files accordingly..

In:
ftp://holocene.evsc.virginia.edu/pub/sdr/temp/nature/MANNETAL98/METHODS/README
Should we in addition reference Rutherford et al 2004: J. Climate (in press)?

Raymond S. Bradley 
University Distinguished Professor
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Director, Climate System Research Center*
Department of Geosciences, University of Massachusetts
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel:  
Fax:  
*Climate System Research Center:  
        <http://www.paleoclimate.org> 
Paleoclimatology Book Web Site: http://www.geo.umass.edu/climate/paleo/html 
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From: Michael E. Mann
To: raymond s. bradley
Cc: mhughes@ltrr.arizona.edu; mann@virginia.edu
Subject: Re: picky fixes in the Supp. Docs
Date: Tuesday, January 27, 2004 3:43:43 PM

Thanks Ray,

I don't think there is any guarantee they'll publish either or both--my guess is that they'll
dismiss the MM comment based on our response, after independent reviewers review the
exchange. That's probably the best case scenario--then we just use the already-drafted reply
in our revision to the  C.C.  paper. However, I don't think we would lose out if they publish
both. We''ll just have to see what they choose to do...

I'll send an email now to H. Langenberg and Rosalind Kotter requesting an extension until
February 6 on both our reply to H. Langenberg's request for info on the supplementary
information update, and on our reply to the MM comment. Realistically, however, I'll need the 
feedback from you and Malcolm by next tuesday to insure I can finalize everything by the end
of the week...

I'm forwarding your comments on the supplementary info to Scott...

Mike

At 05:29 PM 1/27/2004 -0500, raymond s. bradley wrote:

Mike:
I sent MKH my edits to the reply this afternoon & he called just prior to teaching 
class.  He said he will have a go at it this evening, then return it to you & me  --
but probably not until Wed am. I know Malcolm also wants to spend some time
looking over the revised Supp Docs, so I'd say it's best to take our time & send this
in next week, if that's Ok with everyone...

 Meanwhile, here are a few picayune things  I found that could be fixed in the Supp
Docs.

I just can't see how Nature can publish the MM 1850 word critique & our 2000+
word response; at best (worst?) they will put it on their electronic bulletin board, I
expect.  
Ray

In:
ftp://holocene.evsc.virginia.edu/pub/sdr/temp/nature/MANNETAL98/FIGUREDATA/README

Replace:

3. Figure 7 data:

'fig7-nh.dat': Reconstructed annual Northern Hemisphere mean temperature 
series back to 1610 (note that this version is slightly different from
that 
shown in MBH98 Figure 5; it was based on a an older version of the 
reconstruction, which the authors forgot to update in the final version
of 
the manuscript. There are know significant differences, however,from that 
shown in Figure 5a.

With:

3. Figure 7 data:

'fig7-nh.dat': Reconstructed annual Northern Hemisphere mean temperature 

ABOR/MH/Priv-001682



series back to 1610.  Note that this version is slightly different
from that 
shown in Figure 5a of  MBH98.  That figure was based on an
older version of the 
reconstruction, which the authors did not update in the final version of 
the manuscript. However, there are no significant differences from that 
shown in MBH98 Figure 5a.

In
ftp://holocene.evsc.virginia.edu/pub/sdr/temp/nature/MANNETAL98/INSTRUMENTAL/

Can you eliminate col 1 in tpca-standard.out
and col 3 in tpca-eigenvals.out
& in gridpoints.loc, get rid of first 2 & last column
then amend readme files accordingly..

In:
ftp://holocene.evsc.virginia.edu/pub/sdr/temp/nature/MANNETAL98/METHODS/README

Should we in addition reference Rutherford et al 2004: J. Climate (in press)?

Raymond S. Bradley 
University Distinguished Professor
Director, Climate System Research Center*
Department of Geosciences, University of Massachusetts
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel:  
Fax:  
*Climate System Research Center:  
        <http://www.paleoclimate.org> 
Paleoclimatology Book Web Site: http://www.geo.umass.edu/climate/paleo/html 

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Scott Rutherford
Cc: Malcolm Hughes; rbradley@geo.umass.edu
Subject: Fwd: picky fixes in the Supp. Docs
Date: Tuesday, January 27, 2004 3:48:09 PM

Scott,

Do you mind addressing a couple minor additional issues raised by Ray  on the supplementary
info?

Thanks a lot for your help,

Mike

X-Sender: rbradley@eclogite.geo.umass.edu
X-Mailer: QUALCOMM Windows Eudora Version 6.0.1.1
Date: Tue, 27 Jan 2004 17:29:10 -0500
To: mann@multiproxy.evsc.virginia.edu
From: "raymond s. bradley" <rbradley@geo.umass.edu>
Subject: picky fixes in the Supp. Docs
Cc: mhughes@ltrr.arizona.edu

 here are a few picayune things  I found that could be fixed in the Supp Docs.

In:
ftp://holocene.evsc.virginia.edu/pub/sdr/temp/nature/MANNETAL98/FIGUREDATA/README

Replace:

3. Figure 7 data:

'fig7-nh.dat': Reconstructed annual Northern Hemisphere mean temperature 
series back to 1610 (note that this version is slightly different from
that 
shown in MBH98 Figure 5; it was based on a an older version of the 
reconstruction, which the authors forgot to update in the final version
of 
the manuscript. There are know significant differences, however,from that 
shown in Figure 5a.

With:

3. Figure 7 data:

'fig7-nh.dat': Reconstructed annual Northern Hemisphere mean temperature 
series back to 1610.  Note that this version is slightly different
from that 
shown in Figure 5a of  MBH98.  That figure was based on an
older version of the 
reconstruction, which the authors did not update in the final version of 
the manuscript. However, there are no significant differences from that 
shown in MBH98 Figure 5a.

Scott, do you mind?

In
ftp://holocene.evsc.virginia.edu/pub/sdr/temp/nature/MANNETAL98/INSTRUMENTAL/

Can you eliminate col 1 in tpca-standard.out
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and col 3 in tpca-eigenvals.out
& in gridpoints.loc, get rid of first 2 & last column
then amend readme files accordingly..

Scott, do you mind?

In:
ftp://holocene.evsc.virginia.edu/pub/sdr/temp/nature/MANNETAL98/METHODS/README

Should we in addition reference Rutherford et al 2004: J. Climate (in press)?

probably not necessary. This will be addressed soon enough in other venues...

Raymond S. Bradley 
University Distinguished Professor
Director, Climate System Research Center*
Department of Geosciences, University of Massachusetts
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel:  
Fax:  
*Climate System Research Center:  
        <http://www.paleoclimate.org> 
Paleoclimatology Book Web Site: http://www.geo.umass.edu/climate/paleo/html 

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Langenberg, Heike
Cc: Cotter, Rosalind; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Subject: RE: Instructions for reviewing manuscript 2004-01-14277
Date: Tuesday, January 27, 2004 4:01:35 PM
Importance: High

Dear Dr. Langenberg and Dr. Cotter,

My two colleagues and I have been working hard to both address the comments in the comment to
Nature by McIntyre and McKitrick, and to respond to the set of questions regarding the
supplementary data for the Mann et al (1998) paper by McIntyre and McKitrick forwarded by Dr.
Langenberg earlier.

Obviously the two are closely related. The requested due date for the response to the comment (Feb
2) will be extremely difficult for us to meet, due to the combination of the very short notice provided
for a response (we only received the comment Friday) and the fact that I'll be out of the country from
Thursday through the following Monday.

We would therefore like to request an extension until Friday Feb 6th at which time we intend to
provide  both the detailed response to the questions requested by Dr. Langenberg, and a formal
response to the comment by McIntyre and McKitrick (which we expect would be shown to any
independent reviewers). 

We would also like to provide the latter formal response as a word document/pdf document, rather
than using the electronic reply  form. We feel it is absolutely essential that we show the results of
specific analyses that we have done to address demonstrably false claims made in the comment and
to do so, we need to include several graphics in our response.

Please let us know if there is any objection to the above requests.

We appreciate your help in assuring that  the matter is dealt with in both a timely and fair manner.

Thanks in advance for your reply,

Mike Mann

At 04:49 PM 1/23/2004 +0000, Langenberg, Heike wrote:

Dear Mike,
 
thanks for the response, which I have forwarded to our Brief Communications/Complaints
editor, Rosalind Cotter, who is handling the submission from McIntyre and McKitrick. 
 
Given that in their paper, they refer to a publicly available website (their ref. 3) for their
information, we are unable to conclude that there has been any breach of confidentiality
or unethical behaviour. 
 
I look forward to hearing from you regarding the materials complaint very soon (Ray
Bradley let us know that he will be back in the office on Monday). 
 
Best wishes,
Heike

-----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu]
Sent: 23 January 2004 14:57
To: H.langenberg@nature.com
Cc: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; m.hutchinson@nature.com
Subject: Fwd: Instructions for reviewing manuscript 2004-01-14277 

Dear Heike,

We just received the following notification from Nature. I have downloaded the
commentary in question, and note that each of these comments  have been
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addressed, and have been shown to be incorrect, in a paper by us that is currently
in review in the journal "Climatic Change". As you know, we are also working to
address your earlier inquiry about the data supplementary information, and we are
awaiting the return of one of our co-authors (R.Bradley) to finalize this response. 

Meanwhile, I believe based on initial inquiries by one of the reviewers of our
"Climatic Change " paper passed on to us, that the authors of the current submission
(McIntyre and/or McCitrick) are reviewers of our "Climatic Change" paper (of course,
only the editor of the journal would be able to confirm that this is true). If this is, as
I suspect, true, then it would appear that these authors have made use of privileged,
confidential information available to them as reviewers of our already submitted
response to their original paper in crafting the current submission (recall that Nature
declined to invite from us a formal response to the original paper by McIntyre and
McKitrick, and we chose to submit a response to "Climatic Change" as an
alternative). If this is the case, it would appear to constitute a major violation of
scientific ethics on their part. 

A response to their criticisms is already working its way through review, in "Climatic
Change", and I believe the authors are in possession of that response as reviewers. 
If so, again, I believe that there is a major ethical crisis suggested by their actions,
and would encourage the editors of Nature to contact the editor of "Climatic Change"
to confirm this.

Meanwhile, our paper that in is in review in "Climatic Change" serves as a complete
refutation to the current submitted criticism, and we would be happy to provide that
paper to Nature as such. However, we believe that their submission probably should
be rejected outright based on ethical considerations outlined above, if this can be
confirmed.

We, in any case, believe it is an undue burden on us to request that we reply to
these claims, when a thorough reply to their claims is already in review elsewhere.

I would appreciate your prompt further guidance on this, given the considerations
that I have brought to your attention above,

Mike Mann

Delivered-To: mem6u@virginia.edu
X-Mailer: MIME::Lite 3.01 (F2.6; B2.11; Q2.03)
Date: Fri, 23 Jan 2004 14:28:05 UT
To: mann@virginia.edu
Subject: Instructions for reviewing manuscript 2004-01-
14277                   
From: m.hutchinson@nature.com

            
                          
Dear Dr Mann,

The enclosed criticism has been submitted to us about your paper
recently published in Nature. Before proceeding further, we would
like to offer you the opportunity to respond to this comment. 

Please could you make your response as brief as you can? When we
receive your response, we may send the comment with your reply
to independent referees for advice on whether we need to publish a
clarification in order to rectify any oversight or confusion. 

I am sure that you appreciate that we would like to make a decision
as soon as possible on publication of a clarification, so if we do not
hear from you within 10 days of receipt of this message we shall
assume that you do not wish to reply; we shall then reach a
decision in the absence of a reply from you. 
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Please send us your response to this comment using the following
link

Please note that we are using a new, fully web-based manuscript
submission and tracking system. To access the manuscript,
instructions and review form, please click on the link below. The
first time that you enter the system, please click on the 'Referee
Instructions' link and then scroll down to the section marked
'Communications Arising: Criticised Authors'. *Please read this
section first* as it contains information that should answer any
questions/uncertainties you might have about using the
system.                      
                        
<http://mts-nature.nature.com/cgi-bin/main.plex?
el=A5K1BG5A7MnU4J6A9WyMF3ozRZMeMw6ylQ9gZ>

                        
                        
From there, simply follow the link to manuscript number 2004-01-
14277.              
                       
The review form will rapidly allow you to provide your reply in the
following areas:                        
        Remarks to the Editor (which will remain
confidential)                        
        Remarks to the Author (which are transmitted in
full)                        
                        
In the future, you can enter the system by using the link above or
by logging into the site at http://www.mts-nature.nature.com, which
requires a user name and password. If you do not know your user
name and password, please click on the forgotten password link on
the login page and enter your full first name and last name. The
system will send you an email with a new login name and password.
You will then be prompted to change the password the first time
you log in.              

 
Thank you for your help in this matter.

Yours sincerely
Rosalind Cotter
Editor, Communications Arising

 
            
            
    
P.S. Please note the site will be unavailable at the following times:
Â·      Friday, January 23rd at 11pm GMT/6pm EST until Sunday,
January 25th at 3pm GMT/10am EST 
Â·      Friday, January 30th at 11pm GMT/6pm EST until Sunday,
February 1st 3pm GMT/10am EST.

If you wish to submit your review during the site downtime, please
send it to nature@nature.com and we will upload it on your behalf.
Please ensure you quote the manuscript reference number.
 

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
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                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml 

********************************************************************************

DISCLAIMER: This e-mail is confidential and should not be used by anyone who is not the
original intended recipient. If you have received this e-mail in error please inform the
sender and delete it from your mailbox or any other storage mechanism. Neither
Macmillan Publishers Limited nor any of its agents accept liability for any statements made
which are clearly the sender's own and not expressly made on behalf of Macmillan
Publishers Limited or one of its agents. Please note that neither Macmillan Publishers
Limited nor any of its agents accept any responsibility for viruses that may be contained in
this e-mail or its attachments and it is your responsibility to scan the email and
attachments (if any). No contracts may be concluded on behalf of Macmillan Publishers
Limited or its agents by means of e-mail communication. Macmillan Publishers Limited
Registered in England and Wales with registered number 785998 Registered Office Brunel
Road, Houndmills, Basingstoke RG21 6XS
********************************************************************************

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Scott Rutherford
To: Michael E. Mann
Cc: Malcolm Hughes; rbradley@geo.umass.edu
Subject: Re: picky fixes in the Supp. Docs
Date: Tuesday, January 27, 2004 7:16:50 PM

Mike, Ray and Malcolm,

I made the following changes:

3. Figure 7 data:

'fig7-nh.dat': Reconstructed annual Northern Hemisphere mean temperature 
series back to 1610.  Note that this version is slightly different
from that 
shown in Figure 5a of  MBH98.  That figure was based on an
older version of the 
reconstruction, which the authors did not update in the final version of

the manuscript. However, there are no significant differences from that 
shown in MBH98 Figure 5a.

The text (above) was pasted in and the old text deleted.

In
ftp://holocene.evsc.virginia.edu/pub/sdr/temp/nature/MANNETAL98/INSTRUMENTAL/

Can you eliminate col 1 in tpca-standard.out
and col 3 in tpca-eigenvals.out
& in gridpoints.loc, get rid of first 2 & last column
then amend readme files accordingly..

The columns were deleted. I think I got it straight in the README but please check that
what I changed makes
sense.

ftp://holocene.evsc.virginia.edu/pub/sdr/temp/nature/MANNETAL98/METHODS/README

Should we in addition reference Rutherford et al 2004: J. Climate (in press)?

It's not in press yet and since we don't know exactly how it will end up I'd prefer to leave it
out at this point.

I also changed the treeline Kuujuag back to Jacoby and D'arigo 1989 in the
mbhdatasummary

______________________________________________
Scott Rutherford 

Assistant Professor
Dept. of Natural Sciences
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Roger Williams University
e-mail: srutherford@rwu.edu
phone: 
snail mail:
One Ferry Road
Bristol, RI 02809
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From: Michael E. Mann
To: Scott Rutherford
Cc: Malcolm Hughes; rbradley@geo.umass.edu
Subject: Re: picky fixes in the Supp. Docs
Date: Tuesday, January 27, 2004 7:55:08 PM

Thanks a bunch Scott,

Much appreciated. Malcolm, Ray: Any final comments on the supplementary info?

Thanks,

mike

At 09:19 PM 1/27/2004 -0500, Scott Rutherford wrote:

Mike, Ray and Malcolm, 

I made the following changes: 

3. Figure 7 data: 

'fig7-nh.dat': Reconstructed annual Northern
Hemisphere mean temperature 
series back to 1610.  Note that this version is
slightly different 
from that 
shown in Figure 5a of  MBH98.  That figure was
based on an 
older version of the 
reconstruction, which the authors did not update
in the final version of 
the manuscript. However, there are no significant
differences from that 
shown in MBH98 Figure 5a. 

The text (above) was pasted in and the old text deleted. 

In
ftp://holocene.evsc.virginia.edu/pub/sdr/temp/nature/MANNETAL98/INSTRUMENTAL/

Can you eliminate col 1 in tpca-standard.out 
and col 3 in tpca-eigenvals.out 
& in gridpoints.loc, get rid of first 2 & last column 
then amend readme files accordingly.. 

The columns were deleted. I think I got it straight in the README but please check
that what I changed makes 
sense. 

ftp://holocene.evsc.virginia.edu/pub/sdr/temp/nature/MANNETAL98/METHODS/README

Should we in addition reference Rutherford et al 2004: J. Climate (in
press)?
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It's not in press yet and since we don't know exactly how it will end up I'd prefer to
leave it out at this point. 

I also changed the treeline Kuujuag back to Jacoby and D'arigo 1989 in the
mbhdatasummary 

______________________________________________ 
                      Scott Rutherford  

Assistant Professor 
Dept. of Natural Sciences 
Roger Williams University 
e-mail: srutherford@rwu.edu 
phone:  
snail mail: 
One Ferry Road 
Bristol, RI 02809 

</blockquote></x-html>

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Cotter, Rosalind
Cc: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Subject: RE: Instructions for reviewing manuscript 2004-01-14277
Date: Wednesday, January 28, 2004 5:05:30 AM

Thanks very much Rosalind,

We'll have this for you by the 6th, or earlier if possible.

best regards,

Mike Mann

At 08:46 AM 1/28/2004 +0000, Cotter, Rosalind wrote:

 Dear Professor Mann
Thank you for letting us know. We are happy for you to deliver your reply by
February 6 and to send it by regular email (please send it to my assistant
Madeline Hutchinson, m.hutchinson@nature.com).
Yours sincerely
Rosalind Cotter

-----Original Message-----
From: Michael E. Mann
To: Langenberg, Heike
Cc: Cotter, Rosalind; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Sent: 27/01/2004 23:00
Subject: RE: Instructions for reviewing manuscript 2004-01-14277
Importance: High

Dear Dr. Langenberg and Dr. Cotter,

My two colleagues and I have been working hard to both address the
comments in the comment to Nature by McIntyre and McKitrick, and to
respond to the set of questions regarding the supplementary data for the
Mann et al (1998) paper by McIntyre and McKitrick forwarded by Dr.
Langenberg earlier.

Obviously the two are closely related. The requested due date for the
response to the comment (Feb 2) will be extremely difficult for us to
meet, due to the combination of the very short notice provided for a
response (we only received the comment Friday) and the fact that I'll be
out of the country from Thursday through the following Monday.

We would therefore like to request an extension until Friday Feb 6th at
which time we intend to provide  both the detailed response to the
questions requested by Dr. Langenberg, and a formal response to the
comment by McIntyre and McKitrick (which we expect would be shown to any
independent reviewers). 

We would also like to provide the latter formal response as a word
document/pdf document, rather than using the electronic reply  form. We
feel it is absolutely essential that we show the results of specific
analyses that we have done to address demonstrably false claims made in
the comment and to do so, we need to include several graphics in our
response.
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Please let us know if there is any objection to the above requests.

We appreciate your help in assuring that  the matter is dealt with in
both a timely and fair manner.

Thanks in advance for your reply,

Mike Mann

At 04:49 PM 1/23/2004 +0000, Langenberg, Heike wrote:

Dear Mike,
 
thanks for the response, which I have forwarded to our Brief
Communications/Complaints editor, Rosalind Cotter, who is handling the
submission from McIntyre and McKitrick. 
 
Given that in their paper, they refer to a publicly available website
(their ref. 3) for their information, we are unable to conclude that
there has been any breach of confidentiality or unethical behaviour. 
 
I look forward to hearing from you regarding the materials complaint
very soon (Ray Bradley let us know that he will be back in the office on
Monday). 
 
Best wishes,
Heike

-----Original Message-----

From: Michael E. Mann [ mailto:mann@virginia.edu
<mailto:mann@virginia.edu> ]

Sent: 23 January 2004 14:57

To: H.langenberg@nature.com

Cc: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu;
m.hutchinson@nature.com

Subject: Fwd: Instructions for reviewing manuscript 2004-01-14277 

Dear Heike,

We just received the following notification from Nature. I have
downloaded the commentary in question, and note that each of these
comments  have been addressed, and have been shown to be incorrect, in a
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paper by us that is currently in review in the journal "Climatic
Change". As you know, we are also working to address your earlier
inquiry about the data supplementary information, and we are awaiting
the return of one of our co-authors (R.Bradley) to finalize this
response. 

Meanwhile, I believe based on initial inquiries by one of the reviewers
of our "Climatic Change " paper passed on to us, that the authors of the
current submission (McIntyre and/or McCitrick) are reviewers of our
"Climatic Change" paper (of course, only the editor of the journal would
be able to confirm that this is true). If this is, as I suspect, true,
then it would appear that these authors have made use of privileged,
confidential information available to them as reviewers of our already
submitted response to their original paper in crafting the current
submission (recall that Nature declined to invite from us a formal
response to the original paper by McIntyre and McKitrick, and we chose
to submit a response to "Climatic Change" as an alternative). If this is
the case, it would appear to constitute a major violation of scientific
ethics on their part. 

A response to their criticisms is already working its way through
review, in "Climatic Change", and I believe the authors are in
possession of that response as reviewers.  If so, again, I believe that
there is a major ethical crisis suggested by their actions, and would
encourage the editors of Nature to contact the editor of "Climatic
Change" to confirm this.

Meanwhile, our paper that in is in review in "Climatic Change" serves as
a complete refutation to the current submitted criticism, and we would
be happy to provide that paper to Nature as such. However, we believe
that their submission probably should be rejected outright based on
ethical considerations outlined above, if this can be confirmed.

We, in any case, believe it is an undue burden on us to request that we
reply to these claims, when a thorough reply to their claims is already
in review elsewhere.

I would appreciate your prompt further guidance on this, given the
considerations that I have brought to your attention above,

Mike Mann

Delivered-To: mem6u@virginia.edu
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X-Mailer: MIME::Lite 3.01 (F2.6; B2.11; Q2.03)

Date: Fri, 23 Jan 2004 14:28:05 UT

To: mann@virginia.edu

Subject: Instructions for reviewing manuscript 2004-01-14277

From: m.hutchinson@nature.com

            

                          

Dear Dr Mann,

The enclosed criticism has been submitted to us about your paper
recently published in Nature. Before proceeding further, we would like
to offer you the opportunity to respond to this comment. 

Please could you make your response as brief as you can? When we receive
your response, we may send the comment with your reply to independent
referees for advice on whether we need to publish a clarification in
order to rectify any oversight or confusion. 

I am sure that you appreciate that we would like to make a decision as
soon as possible on publication of a clarification, so if we do not hear
from you within 10 days of receipt of this message we shall assume that
you do not wish to reply; we shall then reach a decision in the absence
of a reply from you. 

Please send us your response to this comment using the following link

Please note that we are using a new, fully web-based manuscript
submission and tracking system. To access the manuscript, instructions
and review form, please click on the link below. The first time that you
enter the system, please click on the 'Referee Instructions' link and
then scroll down to the section marked 'Communications Arising:
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Criticised Authors'. *Please read this section first* as it contains
information that should answer any questions/uncertainties you might
have about using the system.                      

                        

<
http://mts-nature.nature.com/cgi-bin/main.plex?el=A5K1BG5A7MnU4J6A9WyMF3
ozRZMeMw6ylQ9gZ
<http://mts-nature.nature.com/cgi-bin/main.plex?
el=A5K1BG5A7MnU4J6A9WyMF
3ozRZMeMw6ylQ9gZ> >

                        

                        

From there, simply follow the link to manuscript number 2004-01-14277.

                       

The review form will rapidly allow you to provide your reply in the
following areas:                        

        Remarks to the Editor (which will remain confidential)

        Remarks to the Author (which are transmitted in full)

                        

In the future, you can enter the system by using the link above or by
logging into the site at http://www.mts-nature.nature.com
<http://www.mts-nature.nature.com/> , which requires a user name and
password. If you do not know your user name and password, please click
on the forgotten password link on the login page and enter your full
first name and last name. The system will send you an email with a new
login name and password. You will then be prompted to change the
password the first time you log in.              
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Thank you for your help in this matter.

Yours sincerely

Rosalind Cotter

Editor, Communications Arising

 

            

            

    

P.S. Please note the site will be unavailable at the following times:

Â·      Friday, January 23rd at 11pm GMT/6pm EST until Sunday, January
25th at 3pm GMT/10am EST 

Â·      Friday, January 30th at 11pm GMT/6pm EST until Sunday, February
1st 3pm GMT/10am EST.

If you wish to submit your review during the site downtime, please send
it to nature@nature.com and we will upload it on your behalf. Please
ensure you quote the manuscript reference number.

 

______________________________________________________________

                    Professor Michael E. Mann

           Department of Environmental Sciences, Clark Hall

                      University of Virginia
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                     Charlottesville, VA 22903

_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml
<http://www.evsc.virginia.edu/faculty/people/mann.shtml>  

************************************************************************

********
DISCLAIMER: This e-mail is confidential and should not be used by anyone
who is not the original intended recipient. If you have received this
e-mail in error please inform the sender and delete it from your mailbox
or any other storage mechanism. Neither Macmillan Publishers Limited nor
any of its agents accept liability for any statements made which are
clearly the sender's own and not expressly made on behalf of Macmillan
Publishers Limited or one of its agents. Please note that neither
Macmillan Publishers Limited nor any of its agents accept any
responsibility for viruses that may be contained in this e-mail or its
attachments and it is your responsibility to scan the email and
attachments (if any). No contracts may be concluded on behalf of
Macmillan Publishers Limited or its agents by means of e-mail
communication. Macmillan Publishers Limited Registered in England and
Wales with registered number 785998 Registered Office Brunel Road,
Houndmills, Basingstoke RG21 6XS
************************************************************************

********

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
<http://www.evsc.virginia.edu/faculty/people/mann.shtml>

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
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                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu
Subject: Fwd: Instructions for reviewing manuscript 2004-01-14277
Date: Wednesday, January 28, 2004 10:24:40 AM

heres the original request from Rosalind Cotter's assistant,

mike

Delivered-To: mem6u@virginia.edu
X-Mailer: MIME::Lite 3.01 (F2.6; B2.11; Q2.03)
Date: Fri, 23 Jan 2004 14:28:05 UT
To: mann@virginia.edu
Subject: Instructions for reviewing manuscript 2004-01-14277                  

From: m.hutchinson@nature.com

            
                          
Dear Dr Mann,

The enclosed criticism has been submitted to us about your paper
recently published in Nature. Before proceeding further, we would like to
offer you the opportunity to respond to this comment. 

Please could you make your response as brief as you can? When we
receive your response, we may send the comment with your reply to
independent referees for advice on whether we need to publish a
clarification in order to rectify any oversight or confusion. 

I am sure that you appreciate that we would like to make a decision as
soon as possible on publication of a clarification, so if we do not hear from
you within 10 days of receipt of this message we shall assume that you
do not wish to reply; we shall then reach a decision in the absence of a
reply from you. 
Please send us your response to this comment using the following link

Please note that we are using a new, fully web-based manuscript
submission and tracking system. To access the manuscript, instructions
and review form, please click on the link below. The first time that you
enter the system, please click on the 'Referee Instructions' link and then
scroll down to the section marked 'Communications Arising: Criticised
Authors'. *Please read this section first* as it contains information that
should answer any questions/uncertainties you might have about using
the system.                      
                        
<http://mts-nature.nature.com/cgi-bin/main.plex?
el=A5K1BG5A7MnU4J6A9WyMF3ozRZMeMw6ylQ9gZ>

                        
                        
From there, simply follow the link to manuscript number 2004-01-
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14277.              
                       
The review form will rapidly allow you to provide your reply in the
following areas:                        
        Remarks to the Editor (which will remain
confidential)                        
        Remarks to the Author (which are transmitted in
full)                        
                        
In the future, you can enter the system by using the link above or by
logging into the site at http://www.mts-nature.nature.com, which requires
a user name and password. If you do not know your user name and
password, please click on the forgotten password link on the login page
and enter your full first name and last name. The system will send you an
email with a new login name and password. You will then be prompted to
change the password the first time you log in.              
 

Thank you for your help in this matter.

Yours sincerely
Rosalind Cotter
Editor, Communications Arising
 
            
            
    
P.S. Please note the site will be unavailable at the following times:
Â·      Friday, January 23rd at 11pm GMT/6pm EST until Sunday, January
25th at 3pm GMT/10am EST 
Â·      Friday, January 30th at 11pm GMT/6pm EST until Sunday, February
1st 3pm GMT/10am EST.

If you wish to submit your review during the site downtime, please send
it to nature@nature.com and we will upload it on your behalf. Please
ensure you quote the manuscript reference number.
 

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes
Subject: Re: Fwd: Instructions for reviewing manuscript 2004-01-14277
Date: Wednesday, January 28, 2004 10:43:30 AM

malcolm, i'm too busy to do this, as I'm getting ready to head off for 5 days...

SO I've providing you w/ the username and password. Let me know when you're
done getting the info, and I'll change both just to insure security.

Thanks,

mike

At 10:53 AM 1/28/2004 -0700, Malcolm Hughes wrote:

Mike - thanks. A username and password is needed for this, so it 
may be easiest if you go in and make a copy of their supp mat. If 
it's not there we need to ask for it. Cheers, Malcolm
.
.Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes
Subject: Re: Fwd: Instructions for reviewing manuscript 2004-01-14277
Date: Wednesday, January 28, 2004 10:44:10 AM

pswd: bigtree0

At 10:53 AM 1/28/2004 -0700, you wrote:

Mike - thanks. A username and password is needed for this, so it 
may be easiest if you go in and make a copy of their supp mat. If 
it's not there we need to ask for it. Cheers, Malcolm
.
.Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Malcolm Hughes
To: Michael E. Mann
Subject: Re: Fwd: Instructions for reviewing manuscript 2004-01-14277
Date: Wednesday, January 28, 2004 10:53:19 AM

Mike - thanks. A username and password is needed for this, so it
may be easiest if you go in and make a copy of their supp mat. If
it's not there we need to ask for it. Cheers, Malcolm
.
.
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From: raymond s. bradley
To: Michael E. Mann
Cc: mhughes@ltrr.arizona.edu
Subject: Re: Fwd: Instructions for reviewing manuscript 2004-01-14277
Date: Wednesday, January 28, 2004 11:10:16 AM

neither this:

http://mts-nature.nature.com/cgi-bin/main.plex?
el3DA5K1BG5A7MnU4J6A9WyMF3ozRZMeMw6ylQ9gZ

nor this:

http://www.mts-nature.nature.com

 work without your user name & password..please advise
ray

Raymond S. Bradley 
University Distinguished Professor
Director, Climate System Research Center*
Department of Geosciences, University of Massachusetts
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel:  
Fax:  
*Climate System Research Center:  
        <http://www.paleoclimate.org> 
Paleoclimatology Book Web Site: http://www.geo.umass.edu/climate/paleo/html 
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From: Michael E. Mann
To: raymond s. bradley
Cc: mhughes@ltrr.arizona.edu
Subject: Re: Fwd: Instructions for reviewing manuscript 2004-01-14277
Date: Wednesday, January 28, 2004 11:16:08 AM

Ray,

Give me a call at  (cell phone) and I'll give you both over the phone,

mike

At 01:10 PM 1/28/2004 -0500, raymond s. bradley wrote:

neither this:

http://mts-nature.nature.com/cgi-bin/main.plex?
el3DA5K1BG5A7MnU4J6A9WyMF3ozRZMeMw6ylQ9gZ

nor this:

http://www.mts-nature.nature.com

 work without your user name & password..please advise
ray

Raymond S. Bradley 
University Distinguished Professor
Director, Climate System Research Center*
Department of Geosciences, University of Massachusetts
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel:  
Fax:  
*Climate System Research Center:  
        <http://www.paleoclimate.org> 
Paleoclimatology Book Web Site:
http://www.geo.umass.edu/climate/paleo/html 

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
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e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: raymond s. bradley
To: mhughes@ltrr.arizona.edu; mann@multiproxy.evsc.virginia.edu
Subject: McIntyre
Date: Wednesday, January 28, 2004 11:48:09 AM

I did a search on McIntyre's supposed affiliation that he lists: "Northwest Exploration
Company".  There is no such company listed in the 50,000+ database of Industry
Canada....which is curious.  I'll dig some more...
Ray

Raymond S. Bradley 
University Distinguished Professor
Director, Climate System Research Center*
Department of Geosciences, University of Massachusetts
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel:  
Fax:  
*Climate System Research Center:  
        <http://www.paleoclimate.org> 
Paleoclimatology Book Web Site: http://www.geo.umass.edu/climate/paleo/html 
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From: raymond s. bradley
To: mann@multiproxy.evsc.virginia.edu; mhughes@ltrr.arizona.edu
Subject: northwest exploration
Date: Wednesday, January 28, 2004 12:54:15 PM

I did an official trademark search in Canada--"northwest exploration company" is not
a registered company in canada.  the nearest finds were:
NAME / NOM     JUR-NO. JUR    DATE ADDITIONAL INFORMATION /
INFORMATION SUPPLÉMENTAIRE 
ALASKA & NORTHWEST EXPLORATION CO. CB-12179362 YT   
ALASKA & NORTHWEST EXPLORATION CO. CB-12179362 YT  1989Jl15 
GRACE NORTHWEST EXPLORATION LTD CD-117633  1972Ja14 DISSOLVED St1981De30 METRO
TORONTO ONT M5 
GRACE NORTHWEST EXPLORATION LTD ON-253447 CD 1972Ja14 Removed Inactive 
NORTHWEST CANADA EXPLORATION COMPANY AB-0212427421  1981Mr24 *Struck E.P.Corp
Form Nu1981Mr24 1988No01 SALT LAKE CITY 84108 
NORTHWEST FRONTIER AIRWAYS & EXPLORATION LIMITED AB-0200118032  1947Fe03 *Struck
1952Jl15 
NORTHWEST GAS & OIL EXPLORATION COMPANY CB-12180816 YT   
NORTHWEST GAS & OIL EXPLORATION COMPANY CB-12180816 YT  1989Jl15

I think we should point out to Nature that McIntyre's affiliation appears to be
fictitious--like my own "company", Juniper Associates...maybe we should register the
domain name right away...!
ray

Raymond S. Bradley 
University Distinguished Professor
Director, Climate System Research Center*
Department of Geosciences, University of Massachusetts
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel:  
Fax:  
*Climate System Research Center:  
        <http://www.paleoclimate.org> 
Paleoclimatology Book Web Site: http://www.geo.umass.edu/climate/paleo/html 
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From: Michael E. Mann
To: Malcolm Hughes; rbradley@geo.umass.edu; scott Rutherford
Cc: mann@virginia.edu
Subject: Re: picky fixes in the Supp. Docs
Date: Wednesday, January 28, 2004 4:44:17 PM

Hi Malcolm,

Thanks for the comments. Some responses below (Scott--please see my comments
below as there are some action items there). This is probably the last time I'll be able
to respond to anything until next monday. Hopefully you and Ray can resolve any
remaining items below w/ Scott's help, while I'm away.

Mike

At 04:18 PM 1/28/2004 -0700, Malcolm Hughes wrote:

A couple more relating to :
ftp://holocene.evsc.virginia.edu/pub/sdr/temp/nature/MANNETAL98/PROXY/

mbh98datasummaryadd-delete.txt

First - it would be good if we could find out more about the two
"unspecified" 
Stahle series - I didn't handle these. One of them is listed as density, so it
is 
unlikely to really be Stahle's but might be from Cleaveland who did do
density 
in the Southwest.

Scott and I have spent endless hours talking to these guys and trying to figure out
the identity of these two series. There is no way to do it--they don't have the
information, and we don't either. So this is the really the best we can do here. Would
it be better to put "Stahle/Cleaveland personal communication"?

The list of series listed but not used should have NORW001 added.

Sorry Malcolm, I don't follow. Where do you see this series listed in our online
supplementary information?

ftp://eclogite.geo.umass.edu/pub/mann/ONLINE-PREPRINTS/MultiProxy/data-
supp.html

please provide further information on this to Scott...

I also 
suggest including the following text before the list:
"Series listed in Supplementary Information but not used by MBH98 (35):
These series met all the tests used for screening the ITRDB data (Mann et
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al., 
2000), except one, namely, that in 1997 we were either not able to
ascertain how 
these 35 series had been standardized by the original contributors or
knew they 
had been aggressively standardized, removing multidecadal to century-
scale 
fluctuations." 

Sounds good--Scott, can you add this in?

Then, definitely NOT for inclusion on the ftp site I attach the document I
sent to 
Mike and Ray back in 1997 describing why this ITRDB network, and some 
comments on some of the other series. This might help Scott understand
what 
went on, and refresh Mike and Ray's memories.

Malcolm--yes, I recall the document. I think we've done the best we can now w/ the
supplementary info, pending resolution of the above issues. 

Maybe more later,

ok--if there are any remaining issues, I'm hoping you, Ray, and Scott can work them
out before I return. thanks in advance. I''ll be back monday and we can clear up any
remaining uncertainties at that point.

Cheers, Malcolm
Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes; rbradley@geo.umass.edu; scott Rutherford
Subject: Re: picky fixes in the Supp. Docs
Date: Thursday, January 29, 2004 9:47:00 AM

Thanks Malcolm,

This clarifies this a lot. Scott, can you make the appropriate changes?

I'll off to Iceland in about 2 hours, so this the he last you'll hear from me until
Monday...

Thanks,

mike

At 09:48 AM 1/29/2004 -0700, Malcolm Hughes wrote:

OK - some clarification:
1) I got the words about Stahle SW density from the following 
file:
ftp://holocene.evsc.virginia.edu/pub/sdr/temp/nature/MANNET
AL98/PROXY/mbh98datasummaryadd-delete.txt
Obviously, as Scott and Mike have tried to get this sorted out 
with Stahle and Cleaveland we must go with what Scott has 
here.
2) Scott - the same file, concerning ITRDB, leave 34 as is in 
both cases in the revised text, and omit mention of NORW001. o 
answer Ray's question, I sent two lists of ITRDB series meeting 
our tests back in 1997. The larger one contained 286 
chronologies, the shorter 251. The 35 omitted from the list of 
251 were the ones to which the new text refers (i.e. why we 
didn't use them). 34 of these were the ones listed by Scott in the 
file mentioned above, the 35th was the Norwegian one. 
Somehow, however, it fell through the cracks and wasn't 
mentioned in the original sup mat. Therefore, as Mike points out, 
we don't need to mention it here. Odd, though.
Soorry for any confusion I may have caused. CHeers, Malcolm
.
.Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
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e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu
Cc: Scott Rutherford
Subject: back..
Date: Monday, February 02, 2004 7:20:20 AM

Guys,

I'm back home now. I've asked Scott to look into one minor discrepancy--there is a
difference of 3 series between the number indicated in my original database and
what Scott has (e.g. 418 vs 415 proxy series). We need to resolve this, and I'm
trying to work w/ Scott to figure this out.

Also, one other thing--there were actually only 95 (or 98, depending on the above
discrepancy) series that contribute to the 22 indicators back to AD 1400 in the
MBH98 reconstruction. The listed number (110) includes a number of South America,
Australian, and Vananov series that weren't used because there were too few of the
series in those networks (less than 6) to calculate PCs back to AD 1400. We need to
add a note to the supplementary information to point out this detail.

If we only using the 98 actual series  in place of the 22 indicators, we actually get a
result even closer to MBH98 than the one shown in Figure 2 right now, and a slightly
lower verification (0.4). So this strengthens our case further...

Will update you as soon as Scott and I have figured out the above discrepancy,

mike

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Malcolm Hughes
To: Michael E. Mann; rbradley@geo.umass.edu
Subject: Re: back..
Date: Monday, February 02, 2004 11:32:24 AM

Mike - I'm interacting with Ray to produce an edited versionof
the response, but there's one point that worries me, and I'd be
grateful for your help in my coming to grips with it. It relates to
MM's claim that a bias is introduced by the standardization of
the ITRDB N American tree ring data prior to calculating PCs
using the calibration period. I understand that a result is obtained
not unlike our result even if one uses the original variables rather
than the PCs, or if this standardization stage is omitted. You then
say that MM's "red noise" synthetic data experiments are
meaningless, presumably because real instrumental and proxy
data do not in fact conform to the red noise model, but in fact
have bigger trends than would be expected under that model.
Might not the same effect they describe be produced if their
experiments been run with a more appropriate model, as
described in your reference 9?
 I assume that the problem they describe would arise if the
standard deviation of the instrumental period is bigger than the
whole period standard deviation in a significant subset of the 70
series - those weighting most strongly are almost certainly those
with a dramatic growth surge in the last 100-140 years.

 Cheers, Malcolm
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From: Michael E. Mann
To: Malcolm Hughes; rbradley@geo.umass.edu
Subject: Re: back..
Date: Monday, February 02, 2004 11:37:32 AM

Hi Malcolm,

We don't want to belabor this point because, as you note, we get a similar result (an
even more similar result when we use the correct 98, rather than 110, series) by
using the individual series rather than PCs. This is the point we want to emphasize,
because otherwise we get into a distracting technical argument with them.

The technical issue is that the series are not stationary AR(1) series. They are
perhaps approximately AR(1) prior to the 20th century, and then decidedly not (i.e.,
they have trends highly significant relative to red noise) during the 20th century. So
their experiments are unrealistic, and not useful for the case at hand. I think we
want to leave it at that, because the much stronger point is the first one...

Feel free to call later to discuss. I have to head out for an hour or so,

mike

At 11:32 AM 2/2/2004 -0700, Malcolm Hughes wrote:

Mike - I'm interacting with Ray to produce an edited versionof 
the response, but there's one point that worries me, and I'd be 
grateful for your help in my coming to grips with it. It relates to 
MM's claim that a bias is introduced by the standardization of 
the ITRDB N American tree ring data prior to calculating PCs 
using the calibration period. I understand that a result is obtained 
not unlike our result even if one uses the original variables rather 
than the PCs, or if this standardization stage is omitted. You then 
say that MM's "red noise" synthetic data experiments are 
meaningless, presumably because real instrumental and proxy 
data do not in fact conform to the red noise model, but in fact 
have bigger trends than would be expected under that model. 
Might not the same effect they describe be produced if their 
experiments been run with a more appropriate model, as 
described in your reference 9?
 I assume that the problem they describe would arise if the 
standard deviation of the instrumental period is bigger than the 
whole period standard deviation in a significant subset of the 70 
series - those weighting most strongly are almost certainly those 
with a dramatic growth surge in the last 100-140 years.

ip, Cheers, MalcolmMalcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________
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                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Subject: revised
Date: Monday, February 02, 2004 1:48:35 PM
Attachments: Fig2c-newest.pdf

MMReply.doc

Hi Malcolm, Ray

Scott and I have sorted out the issue w/ the # of proxies. 95 proxies is the correct
number used for the 22 indicators available back to AD 1400. I've attached a revised
draft (please use this, if possible, before revising) and a revised version of Figure 2c
reflecting the corrected result. As you see, the use of all 95 proxies with uniform
weights gives a very similar result to the recon w/ the 22 indicators (based on PCs of
certain sub-networks), strengthening our case once more...

Look forward to your comments. Scott and I working on finishing touches on the
supplementary info.

I'm forwarding both of you, as a reminder, our original email to Heike responding to
the various MM inquiries for your additional commens, revisions, etc. 

Thanks,

mike

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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REPLY TO "Global-scale temperature patterns and climate 
forcings over the past six centuries: A comment." By S. 
McIntyre and  R. McKitrick 

 
 
Michael E. Mann1, Raymond S. Bradley2, Malcolm K. Hughes3 
 

1Department of Environmental Sciences, University of Virginia, Clark Hall, Charlottesville, 

Virginia,  22903, USA 

2Geosciences Department, University of Massachusetts, Amherst, MA 01002, USA 

3Laboratory of Tree Ring Research, University of Virginia, Tucson, AZ 85721, USA 

 
The commentary by McIntyre and McKitrick (henceforth MM04) on our previous published 

article1 (henceforth "MBH98") is as inaccurate,  deeply flawed, and exceptionally deceptive as 

the frivolous criticism they published earlier in the social science literature2 (henceforth 

"MM03", with both "MM03" and "MM04" jointly referred to as "MM"). MM03 offered a 

putative "correction" of MBH98, depicting anomalously warm 15th century Northern 

Hemisphere (NH) annual mean temperatures, which they used to challenge the consensus 

scientific view that late 20th century hemisphere warmth is anomalous in a millennial or longer-

term context3. MM03  attribute their finding to putative 'errors' in the original analysis of 

MBH98 associated with (a) the use by MBH98 of limited infilled proxy data between 1972 and 

1980, (b) putative errors in dating (years assigned to various proxy series),  and (c) putative 

errors in the calculations of Principal Components ("PCs") series used to represent certain proxy 

sub-networks in MBH98. It has now been demonstrated (e.g. reference "3" in MM04, and a more 

detailed reply to MM034) that (a) the MBH98 result  is in fact insensitive (as also shown below) 

to the use of any infilled data, (b) the supposed dating errors were an artifact of the use by MM03 
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of an incorrect spreadsheet representation of the MBH98 dataset, and (c) MM03 were apparently 

unaware of the fact that that PC series were logically calculated separately for each interval (e.g. 

1400-1980, 1450-1980, 1500-1980, and so on) in the stepwise reconstruction described by 

MBH98 to make use all available proxy data. This fundamental flaw in their understanding of 

the MBH98 protocol, combined with some unjustified substitutions (see below) of data used by 

MBH98, lead to their elimination of the majority of proxy data used by MBH98 prior to AD 

1600, particularly the pivotal interval AD 1400-1500, during which MM eliminate more than 3/4 

of the proxy data used by MBH98  prior to AD 1450 (77/95 series =81% ) and 2/3 of the proxy 

records prior to AD 1500  (99/139=71%). It is indeed not coincidental that it is  precisely this 

AD 1400-1500 interval, over which they obtain a dramatically different result ( anomalous 15th 

century warmth) that is in opposition now only to MBH98, but virtually all other published NH 

reconstructions (see Figure 1).   

 

Rather than confronting the demonstrated fact that this censoring of the MBH98 network (and 

perhaps some more minor contributions from methodological errors on their part4) explains their 

spurious result MM04 instead now offer a false and deceptive list of additional criticisms. These 

criticism are used to support their continued censoring of proxy data from the MBH98 network 

over the AD 1400-1500 interval, data which we show (see below) is essential to producing a 

skillful Northern Hemisphere mean temperature reconstruction (that is, one that passes 

independent 'cross-validation' or 'verifications' tests of skill).  We address below each of the MM 

criticisms on a categorical basis, demonstrating in the process that their  claims are false, their 

methods flawed, and their results entirely spurious.   
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1. Methodology 

MM04 purport to take issue with the methodology used by MBH98, rather than the specific 

result of the study.  They seem curiously unaware that the methodology has been independently 

tested, and shown to perform well given adequate data, in experiments using temperature fields 

from long model simulations5.  Indeed, it is not issues of methodology, but rather, data--in 

particular, the elimination of key indicators from the MBH98 data network that leads to their 

spurious result. Here and henceforth in forgoing analyses, we, for simplicity, make use of only 

the 1st eigenvector of the surface temperature field2 for calibration of proxy data and associated 

surface temperature reconstruction. Furthermore, we use the proxy indicator network available 

back to AD 1400 for reconstructions over the AD 1400-1500 interval.  The additional (2nd) 

eigenvector,  and two additional indicators (2) used by MBH98 from AD 1450-1500 have no 

significant impact on  the NH mean reconstruction2  of interest here. Higher order eigenvectors 

are of interest, however, if spatial patterns, rather than hemispheric means, are of interest2.   

 

First, we demonstrate via calibration over the restricted 1902-1971 interval pre-dating any 

padding of proxy series (and through the elimination of padded values in one series from AD 

1400-1403 discussed below), that the modest infilled values   have an essentially undetectable 

influence on the MBH98 reconstruction (Figure 2a), contrary to implications by MM. 

Elimination  of the Stahle  et al SWM/TX data challenged by MM04 (see below) leads to no 

detectable influence on the reconstruction (Figure 2a--it should be noted that these latter data are 

important for reconstructions of indices of the El Nino/Southern Oscillation6). By contrast, their 

censoring of substantial additional data over the period AD 1400-1500 (specifically, the North 

American ITRDB data and Northern Treeline data--in total, roughly 80% (70%)of the proxy data 
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used by MBH98 were censored from the network over the AD 1400-1450 (AD 1450-1500) 

interval; henceforth referred to as the 'MM censored network') makes a dramatic difference. 

Reconstruction over AD 1400-1500 based on use of this censored network closely reproduces 

the MM03 reconstruction (Figure 2a) and, in particular, the anomalous warm peaks during the 

early and late 15th century which breach, as noted by MM03, the warmth of the 1970s and 1980s 

(though MM03 fail to take note of the fact that this warmth is substantially exceeded by the 

warmth of subsequent decades).  Minor differences likely result from minor errors in their 

implementation of the methodology4. Nonetheless, use of the MM-censored network from AD 

1400-1500 (and the MBH98 network from 1500-1971) provides a close approximation to the 

MM03 reconstruction.   

 

Given the emphasis on cross-validation by MBH98 and indeed the long history of establishing 

reliability of paleoclimate reconstruction through  cross-validation with independent data 7-8,1,5, it 

is both conspicuous and curious that MM never provide any assessments of the statistical 

reliability (i.e., through "cross-validation") of their own reconstruction. We provide such an 

assessment here, though application of standard cross-validation procedures to our close 

reproduction of their result. We analyze the goodness of fit of the reconstruction (calibrated 

against 20th century instrumental data) to independent available instrumental estimates during 

the latter half of the 19th century, using as in MBH98 the 'reduction of error' statistic 'RE' 

favored in most studies7-8,1,5  as a diagnostic of reconstructive skill. RE obeys the bounds  - <  

RE < 1. Negative values of RE indicate a lack of reconstructive skill,  RE=0 represents the "no 

skill" boundary in which the reconstruction performs as well as than assignment of the 
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calibration period mean, while substantially positive values (e.g. RE=0.5)  suggest a reliable 

reconstruction. The RE statistics (Figure 2a) suggest that the MM03 reconstruction (RE= -0.76) 

is roughly as reliable as a random reconstruction (RE=-1.0 on the average). In other words, the 

MM reconstruction would appear meaningless from a statistical point of view. In contrast, the 

MBH98 reconstruction, and the minor variants of it discussed earlier, suggest significant 

reconstructive skill over the AD 1400-1500 period (RE0.5) and even greater skill in more 

recent centuries. Close examination of the calibration and cross-validation period (Figure 2b) 

demonstrates that the MBH98 reconstruction (including a reconstruction based on the restricted 

available network from AD 1400-1500) captures the variations in the instrumental record quite 

well in both calibration and cross-validation, while our reproduction of the MM reconstruction 

(i.e., the reconstruction based on the  'MM-censored' AD 1400-1500 network) indicates erratic 

spurious variations that bear no resemblance to the actual record.  

 

Other claims made by MM regarding methodology are readily observed to be false. MM argue 

(see further discussion below) that the procedure used for weighting the various indicators and/or 

for calculating PCs of proxy sub-networks leads to a biased result. We thus performed a 

reconstruction over AD 1400-1500 using all 95 individual indicators (rather than any PC 

representations of sub networks) and uniform weights on all proxy indicators in the analysis. The 

reconstruction yields a modestly  lower cross-validation score (RE=0.47), which we associate 

with the skewed spatial sampling by the network of raw proxy data which lead to the choice of 

sub-sampling through a PC-based representation by MBH982. The resulting reconstruction, 

(Figure 2c), is remarkably similar to the original MBH98 reconstruction, showing no evidence at 
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all of anomalous 15th century warmth argued by MM. MBH re-standardized, for consistency, all 

instrumental and proxy series by their detrended standard deviation during the calibration period, 

prior to calibration and reconstruction. This step is motivated by the observation that  trends in 

instrumental and proxy data (i.e., the 'zero-frequency' variance of the series) typically far exceed 

the expectations for a 'red noise' null hypothesis9.  Normalizing by the detrended standard 

deviation therefore more properly weights the data series with respect to their estimated noise 

variance. This observation, moreover, renders the 'red noise' synthetic data experiments 

discussed by MM04 entirely meaningless in the context of actual proxy data.  We show, in any 

case,  that this step does not significantly influence the  MBH98 reconstruction by performing 

the reconstruction without this re-standardization procedure (Figure 2c).  MBH98 normalized the 

time series of the reconstructions of the instrumental eigenvectors to have the same variance as 

the actual instrumental eigenvectors during the calibration period. As MM03 did not perform this 

step, we have not invoked this normalization in our reproduction of their estimate (Figure 2a). 

We nonetheless show that this step, too, makes little difference in the MBH98 reconstruction 

(Figure 2c).  The only explanation for the anomalous result of MM03 and MM04 is the deletion 

of essential proxy indicators from the network, leading to a spurious result (anomalous 15th 

century warmth).  

2.  Data  

One of the few legitimate criticisms of MM03 and MM04  is their identification of some errors 

in the details provided in the on-line "supplementary information" that accompanied the MBH98 

article. We have worked closely with Nature to produce an archive containing (a) a corrected 

version of the supplementary information, (b) all data (proxy and instrumental) used by MBH98 
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in an easily accessible and completely documented format, and some additional methodological 

details useful for those seeking to reproduce our results. This archive is available publicly here: 

ftp://holocene.evsc.virginia.edu/pub/Data/MANNETAL98. 

Minor errors that existed in the original supplementary description provided by MBH98 are 

detailed elsewhere3, and are of no consequence to the MBH98 hemispheric mean temperature 

reconstruction. For example, while it may not have been clear in the original documentation that 

we made use3 of the versions of the Central England and Central European temperatures records 

of Bradley and Jones10 (summer mean, rather than annual mean), and set two regional western 

North American tree-ring series equal following the termination during the mid 20th century, this 

has no impact on our hemispheric mean reconstruction. As these issues (and several other series 

challenged by MM) involve data series that were not available prior to AD 1500, they are 

irrelevant to the questions at hand, and raising them represents little more than a curious 

distraction by MM. Related complaints by MM regarding the use by MBH98 of some limited 

redundant data, and challenges of particular data, such as the early Stahle et al SWM/TX data, 

are seen to be irrelevant (see e.g. Figure 2a) and thus appear frivolous. 

 

Moreover, MM inappropriately dismiss the quality of certain proxy data series based on their 

own inability to find those series in  certain public data archives or in the published literature. 

Some of the proxy data used by MBH98 are unpublished, and were provided to  MBH98  

directly by the original researchers. It is invalid, as do MM, to impute lower quality to such data. 

All  proxy data used by MBH98 have been provided in  the public website listed earlier. MM03  

 

ABOR/MH/Priv-001727



 8

MM04 criticize the PC representation of the North American ITRDB data which was based, for 

the period AD 1400-1450,  on an EOF analysis of the 70 constituent series which were 

standardized, as discussed earlier, by their detrended calibration period standard deviation. As 

shown earlier (Figure 2c), this criticism can be simply dismissed on the basis that use of all 70 

constituent series with uniform weighting, rather than this PC representation, yields no evidence 

of the anomalous 15th century warmth argued by MM, though it yields a moderately less well 

cross-validated reconstruction than that of MBH98.  Furthermore, despite the claims that the 

standardization procedure used to calculate the ITRDB PC#1 exaggerates the influence of one 

particular series, we simply note that the loadings on the 70 series associated with  PC#1, by 

contrast, are substantially shared by more than a dozen series (14/70 series have loadings that are 

greater than 50% of the maximum loading of any one series). Finally, MM introduce problems 

into the important Northern Treeline dataset used by MBH98. Aside from falsely substituting 

shorter versions of the "Kuujuag" and TTHH  Northern Treeline series for those used by 

MBH98, and introducing an extended version of another Northern Treeline series not available 

prior to AD 1500 at the time of MBH98, they censored from the analysis  the only Northern 

Treeline series in the MBH98 network available over the AD 1400-1500 interval, on the 

technicality that it begins only in AD 1404 (MBH98 accommodated this detail by setting the 

values for AD 1400-1404 equal).  As discussed earlier, the criticism of the use of infilled values 

from AD 1400-1403 can be dealt with by performing the MBH98 reconstruction from AD 1404-

1500 rather than AD 1400-1500. Doing so yield essentially the same reconstruction as MBH98 

(Fig 2a).   
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Had  MM produced an alternative reconstruction that, as MBH98, stood up to rigorous cross-

validation procedures, that would be worthy of discussion. However, as a close reproduction of 

their reconstructions shows roughly the level of skill of a random reconstruction, it doesn't 

demand serious consideration. Even had the specific criticisms of MBH98 been correct, they 

would have been  irrelevant, as numerous other studies based on different data and methods11-13,1, 

or climate modeling approaches12,13, lead to the same conclusion that late 20th century warmth is 

anomalous in the context of the past six centuries or longer. The poorly motivated and unusually 

deceptive criticism put forth by MM04, which clearly does not stand up a bit of scrutiny, has no 

place in the legitimate, peer-reviewed scientific literature. 

 

Correspondence and requests for materials should be addressed to M.E.M. (e-mail: mann@virginia.edu).  
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Figure 1  Comparison of Mann et al (1999) reconstruction [the estimates from 1400-

1980 are identical to those of MBH98] with other independent proxy-based 

reconstruction of Northern Hemisphere mean temperatures and instrumental 

temperature record over the past one-to-two millennia. Two standard error uncertainty 

estimates (gray and purple   shading) are also shown. Details and references for the 
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various reconstructions, including scaling conventions, can be found in  Mann et al 

(2003) and Jones and Mann (2004). 

 

Figure 2  Alternative NH reconstructions and instrumental NH record. Horizontal 

dashed line denotes border between calibration and cross-validation intervals. (A) 

Comparison of  MBH98 NH reconstruction with reproduction of MM reconstruction 

based on elimination of key datasets as in MM. Cross-validation results are given for 

comparison. (B) Detailed Comparison of MBH98 reconstruction and our reproduction of 

the MM reconstruction with instrumental record during calibration and cross-validation 

intervals, highlighting the poor performance in cross-validation of the MM 

reconstruction. (C) Comparisons showing  influences of various details of  methodology 

on the MBH98 reconstruction.   
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From: Michael E. Mann
To: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Subject: Fwd: RE: MBH98 Data
Date: Monday, February 02, 2004 1:52:42 PM

Ray, Malcolm,

Below is the original draft of my reply to Heike's inquiry.  Please feel free to edit, add, etc. We want to send
this, along w/ our draft response, on Thursday if possible, since it was promised to them by Friday afternoon
in the UK...

mike

Delivered-To: mem6u@virginia.edu
X-Sender: mem6u@multiproxy.evsc.virginia.edu
X-Mailer: QUALCOMM Windows Eudora Version 5.2.1
Date: Thu, 18 Dec 2003 15:07:40 -0500
To: rbradley@geo.umass.edu, mhughes@ltrr.arizona.edu,
   Scott Rutherford <srutherford@rwu.edu>
From: "Michael E. Mann" <mann@virginia.edu>
Subject: RE: MBH98 Data
Cc: mann@virginia.edu

Ray, Malcolm, Scott:

Responses/suggested changes to the below? I'd like to respond to them ASAP, but wanted to run
past you first.

Scott: please pay special attention to where I've flagged "SCOTT" in two locations. Can you
calculate the 'difference' file referred to below (i.e., a list of data series listed in the original
supplementary information that weren't actually used). Also, we should describe the Central
England and Central European series as "summer mean" and use as a reference "Bradley and
Jones (1993)" for clarification, so can you update the listings in "mbhdatasummary.txt" for those
two series? Finally, can you look into the issue of the "Spruce Canyon CO" series? Sorry for all the
hassle. Hopefully, this is about the last time we need to deal with this...

Ray, Malcolm: any suggested changes in wording would be helpful. Malcolm, you might want to
pay special note to the email of yours they refer to!

________________________________________________________________________
Hi Heike,

Below are our responses. I believe we have addressed all issues raised in the 1st round of
questions in our response to the 2nd round of questions. Please let us know, however, if there is
something we have forgotten to respond to below.

I hope our responses below address all of the issues raised to Nature's satisfaction.

Since the two individuals did not actually submit a commentary to Nature, but instead have sent
what seems be more in the category of informal correspondence or complaints, it seems a but
nfair to us that these individuals could potentially continue to harass us with such frivolous emails
indefinitely, and this is the primary nature of our concern. We would thus like to know that there is
an 'end game'  to all of this (and hopefully, our responses below, along w/ the exhaustive data,
data listings, and documentations we have provided, bring us there?).

We believe that it would be helpful for Nature, as you allude to,  to solicit feedback from an
independent reviewer with expertise in the field (paleoclimate reconstruction) for an independent
assessment of the merit of their claims/comments, and of our responses to them.

Thanks for your patience and understanding. We look forward to an update on the status of this
matter as soon as possible.

best regards,

Mike

At 05:11 PM 12/18/2003 +0000, Langenberg, Heike wrote:
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Dear Mike,

 <?xml:namespace prefix = o ns = "urn:schemas-microsoft-com:office:office" />

Thank you for your various responses to our request, and for your offer of further
clarification. We appreciate that you feel you have clearly described the data and
methods used in the information on the ftp-site, but the questions raised were more
concerned with differences between the original Nature submission and subsequently
released data (which are difficult to assess based on the ftp site alone), and we
therefore feel that we do need point-by-point responses to the complaint that we have
received.

 

In the meantime, we have received another letter from Stephen McIntyre and Ross
McKitrick, which I attach below. We will also need point-by-point responses to this
second letter (though obviously, where there is overlap in the question, feel free to
refer to previous answers).  

 

If appropriate, we will ask an independent advisor to assess the complaint, our specific
questions and your responses (but naturally not the material you provided us with
confidentially).

 

As I noted in my previous letter, the files ARGE030, ARGE060 and ARGE065 are listed in
the Supplementary Information to your Nature paper (MBH98), but not on your ftp site.
You acknowledge in your email that these files were not used in MBH98 and were listed
erroneously. We feel that this error will need to be corrected in our pages.

[SCOTT!]

We understand entirely. This is the reason we have updated the list to correct the typos in the
original data listing. The file which we have made available to you in the PROXY sub-directory of
the ftp listing you've been provided,

ftp://holocene.evsc.virginia.edu/pub/sdr/temp/nature/MANNETAL98/PROXY/mbh98datasummary.txt

This indicates all of the indictors that were used, which can be compared against the original
supplementary information file:

By cc of this email to Scott Rutherford who prepared the corrected list, I'm asking if Scott can in
addition place in the same ftp directory  an additional file ('mbh98datacorrections.txt') that lists
only the data series that were listed incorrectly, or for which the begin dates, etc. were incorrect.
This is a fairly modest number of series.

The listings and data files on our ftp site have indeed been reviewed for their completeness and
accuracy, and extensive documentation has been provided in the contents of the directories.

However, from McIntyre and McKitrick's letter, it seems that the Supplementary
Information to MBH98 may contain more errors than the addition of these three files,
and we will need you to provide us with a full list of the corrections that need to be
made, either to the manuscript itself or to the Supplementary Information. And please
confirm explicitly that the revised list is complete.

 

We will particularly need your responses to the three specific questions I raised in my
previous letter to you.

 

I should point out that we are not looking for a clearer documentation of your data and
methods on the ftp site at this stage, but instead we need your explicit responses to a
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number of queries that have arisen from apparent discrepancies between your
manuscript and Supplementary Information and the data subsequently released. 

 

Finally, I would like to assure you that we are handling the present complaint according
to our normal procedures in such circumstances. 

 

I look forward to receiving your point-by-point responses very soon. 

 

Best wishes, 
Heike
 
*******************************
Further points from S. McIntyre and R. McKitrick:

 
 

1.      The disclosure of data used in MBH98 at the Nature Supplementary Information
("SI") appears to be materially incorrect. We have identified no fewer than 38 cases in
which the series the series listed in the Nature Supplementary Information were not
actually used in MBH98 (as evidenced at the UVA ftp site). This is obviously something
that a reviewer would have been unable to identify since the UVA site was unavailable
until at least the summer of 2002.

We are checking on the number of series that were incorrectly listed.  I believe it is fewer than the
number indicated (38), but, as mentioned above, we will produce a specific list of the series that
were incorrectly listed, and this will be placed in the "PROXY" subdirectory, and you will be
notified, as soon as have produced this list.

2.        There is evidence that some of these series were intentionally deleted. In this
respect, we have the text of an email message in which an MBH98 co-author proposed
the deletion of a series (arge030) as being "better for our purposes". This series was
deleted in the actual calculations, but was shown in Nature SI as being included. Under
the circumstances, a full explanation is surely required as to the "purposes" involved.

This is a very distasteful--its thinly veiled attack against our integrity, and borders on the libelous.
The email in question (which was in one of our data directories) describes results of a screening
process of the available data used by Malcolm Hughes, based on considerations of mean segment
length, replication of chronologies, and other technical details, that was used to determine what
tree-ring chronologies met our standards for inclusion in the analysis (see below). The chronologies
in question were never used in our analysis (they were simply listed incorrectly in the
supplementary data, along with several other series, as indicated in the corrected data list) and to
suggest that they were in some way 'deleted' or that there was some ulterior motive to not
including them, is deeply offensive. Malcolm Hughes may like to add to this.

3.      MBH98 states that "the dendroclimatic data used were carefully screened for
conservative standardization and sizeable segment lengths." We have the text of an
email in which the term "wild guess" was used to describe the inclusion or exclusion of
certain series. In this case, the deletion of various series is recommended, but this
recommendation is not implemented in the work shown at the FTP site.

The precise standards for our filtering of the ITRDB database were described in detail in this
followup publication, 
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Mann, M.E., Gille, E., Bradley, R.S., Hughes, M.K., Overpeck, J.T., Keimig, F.T., Gross, W. , Global
Temperature Patterns in Past Centuries: An interactive presentation, Earth Interactions, 4-4, 1-
29,2000. 

including the specific following discussion:

As noted by MBH98 (and references therein) non-climatic influences related to intrinsic tree growth trends,
difficulty in their removal, and the combining of different tree segments, make the lowest frequency (ie, century
and longer timescale) variations potentially somewhat suspect in studies that rely heavily on dendroclimatic
indicators. 

In selecting data from the International Tree-Ring Data Bank (ITRDB), MBH98 set criteria designed to minimize
these problems. Starting with the full data bank available in 1997, they identified 1589 site chronologies, each
representing a unique combination of species, variable (e.g. ring width or maximum latewood density) and
location. Only the 251 chronologies that met the following criteria were retained:
Reliable information on the methods used to remove biological trend was available;
The median length of the individual segments used to build the chronology was greater than 150 years;
The mean correlation of these individual segments with the site chronology was greater than 0.5;
The first year of the chronology was before AD 1626, and it contained at least 8 segments by 1680;
The last year was after 1970, and there were still 8 segments after 1960.
Of the 251 ITRDB chronologies that met these criteria, 229 were ring-width chronologies, and 22 maximum
latewood density.

This article is available online,

http://www.ngdc.noaa.gov/paleo/ei/

 with the specific discussion above here:

http://www.ngdc.noaa.gov/paleo/ei/ei_nodendro.html

I again find it personally offensive that these individuals have sought to quote my colleague
Malcolm Hughes out of context from an email pre-dating our publication, to entirely misrepresent
the nature of our procedure, which was in fact quite objective and quite rigorous.

4.      MBH have deleted portions of at least 3 series without explanation to the reader.
In each case, the FTP site contains a parallel series with the correct data. The deletions
include the first 70 years of the Central England historical temperature series, the first
25 years of the Central Europe historical series and the first 2 years of chin04. In the
first 2 series, the issue is not merely that early decades were removed but that summer
(JJA) data was substituted for annual data without notice to the reader.

Each of these claims are false or disingenuous, and again they are distasteful. The claim that
MBH98 unjustifiably eliminated the earlier part of the Central England temperature (CET) record is
unfounded. The decision by MBH98 not to use this record  prior to 1730 is in keeping with previous
studies (e.g. Bradley and Jones, 1993) and is based on the existence of inhomogeneities that exist
in the record prior to the 1730s (Manley, 1953;1974). Manley (1974), for example, describes a gap
from 1707 to 1722 in daily data from the region of Central England he was seeking to cover, and
used an adjusted version of data from the Netherlands to fill this gap. Since 1722 falls within the
stepwise reconstructions for 1700-1980 and 1730-1980, 1730-1980 is the first interval of our step-
wise reconstruction that includes the indicator. 

The use of the summer mean version of these series was in keeping with the use of these series
by Bradley and Jones (1993). The MBH98 reconstruction, furthermore, is completely insensitive to
the use (as in Bradley and Jones, 1993) of summer (rather than annual) mean CET and Central
European temperature series.

5.      MBH have recently stated that the UVA FTP site is the repository of data actually
used in MBH98. This site contains at least 10 series not used in MBH98, including an
instrumental temperature series with decreasing 20th century temperatures.
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Nowhere have we indicated that every single individual series in those directories were used in our
analysis. The directories include the raw tree-ring data used to construct PC series of the various
proxy networks, as well as the networks of the PC series themselves, and there are some proxy
data that are not listed in the supplementary information, and were in fact never used. We hardly
see why this is a valid point of criticism. We must stress that we were never under any known
requirement to post these data in the first place, and only did so as a service to our scientific
colleagues. If Nature has asked for all of the proxy data used at the time we published our paper,
we would have, of course, provided them.

6.      Some series in the North American PC region occur in duplicate versions. There is
no rational description of the reasons for inclusion or exclusion as individual proxies.

This claim, as I understand it, is incorrect, and probably results from the author's  deep
misunderstanding of our stepwise reconstruction methodology (see below).  which is described in 

7.      The SWM region used in MBH98 includes a site (Spruce Canyon CO), which is not
in the site roster of the original article and which is in the roster of the NOAMER region.
This apparently small point has a significant impact on 15th century values.

[SCOTT!-PLEASE CHECK!]

The corrected list of proxy data has been provided in the "PROXY" sub-directory (see above). Our
reconstruction is in no way, despite the claim made by the authors, sensitive to whether or not this
particular tree-ring series (or any one proxy data series) is used. The supposed sensitivity, their
case, likely arises from the fact that the authors  eliminated 80% of the proxy data used by MBH98
prior to AD 1600 in their analysis, yielding in principle much greater sensitivity to the small number
of remaining data actually used by them over that time interval.

8.      Some data versions used in MBH98 were obsolete when the paper was published.
Many more versions are now obsolete. The SI refers to WDCP as a reference for tree
ring data, but this reference is inaccurate given the material differences between the
version used in MBH98 and the version actually archived. Again, the differences can be
material. There are other inaccuracies in the references of MBH98: for example, the
citation Bradley-Jones 1992 does not contain several instrumental sites referred to in
MBH98.

This statement is ridiculous. We listed the specific data used by us (albeit with some typos, and
incorrect references, as noted) in the supplementary information, and provided all of the data on 
our data site. We did not indicate there, or elsewhere,  that all of the tree ring data used were
available in the NOAA databank. The authors appear to be unaware of the fact that not all proxy
data shared between fellow scientists are placed in the public data archives, nor are same versions
of the proxy data always made available publicly. In general, there is no requirement for scientists
to post their proxy data in these public archives, although they are encouraged  to do so. general,
for scientists to do so. 

In at least one instance that we have pointed out, the authors have confused certain unrelated
data from the NOAA website with data that were in fact never made available by the original
authors to the NOAA website, but which were made available to us. The authors, based on a
thorough misunderstanding of how PC series of tree-ring data were calculated, and other mistakes,
have replaced our network with a highly depleted version of the network, in which roughly 80% of
the proxy indicators used by MBH98 prior to AD 1600 were eliminated by them in their supposed
reproduction of our anaylsis. 

THe Bradley and Jones (1992) chapter was used as the best available reference for long
instrumental temperature and precipitation records. That doesn't mean that every single
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instrumental record used (and described in our supplementary information) was shown in the
article.

9.      The disclosure of methodology for calculating temperature principal components
is inaccurate. MBH98 describe their methodology as "conventional". Conventional
principal components fail with missing data. The underlying data set contains much
missing data and some other procedure was necessarily used.

This represents the authors fundamental mistake of using a different version of the CRU surface
temperature data site from the one that we used. The pattern of missing data in the two datasets
is different, owing to the use of different reference periods. Small gaps in the instrumental record
we used (an older CRU surface temperature dataset which goes back to 1856) were filled by linear
interpolation, as described in the README section of the INSTRUMENTAL subdirectory.

10.      The disclosure of methodology for calculating tree ring principal components is
inaccurate. Again MBH98 methodology is not "conventional". In this case, the FTP site
contains computer programs which show that the data was transformed in ways not
disclosed in MBH98. These undisclosed transformations have a material impact on the
final results.

Each of these statements in incorrect. A conventional PCA was indeed used. The authors
apparently failed to take note of the stepwise procedure used by us, and described in our paper.
This procedure allows  PC series to be calculated independently for each sub-interval (e.g. 1820-
1980, then 1780-1980, ..., 1400-1980) to allow for the use of an increasingly number of data in
the different sub-networks increasingly later in time. The misunderstanding of this procedure led to
them eliminating roughly 80% of the proxy indicators used by us prior to AD 1600, the primary
reason for the spurious result that they have reported.

Once again, all of the original proxy data used, and all of the PC series used, were available on the
public ftp site, though the authors did not download and use the correct data. The new, revised ftp
site provides the data and listings of data in a thoroughly documented manner such that similar
mistakes should not be possible in the future.

********************************************************

 

 

-----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu]
Sent: 16 December 2003 02:38
To: Scott Rutherford; Langenberg Heike
Cc: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu
Subject: Re: MBH98 Data

thanks scott,
Heike--please let me know if we can clarify further.  I'll have intermittent email
access over the next couple weeks, though would be nice to clear this up well in
advance of the holidays for all our sake!
thanks again,
mike

At 09:04 PM 12/15/2003 +0000, Langenberg, Heike
wrote: 
Dear Mike, 
 <?xml:namespace prefix = o ns = "urn:schemas-
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microsoft-com:office:office" /> 
We have downloaded the data from the ftp site that
Scott Rutherford kindly supplied to us, and I hope we
have all the data on our server now. Thanks for
organising that. 

I am writing regarding a complaint from Stephen
McIntyre and Ross McKitrick (see below) we received,
where they describe their attempts to obtain your
data and methods and claim not to have been
provided with all necessary information to reproduce
the results. Could you please provide a point-by-point
response to their letter? 

I went through the letter, your paper (including
Supplementary Information) and the data you
supplied to us, and I have a few questions which I list
below. Could you please also clarify these issues for
me? 

1. There seems to be some confusion over the proxy
series used in the reconstruction. In your paper, 112
indicators back to 1820 are mentioned, whereas only
22 indicator go all the way back to 1400. McIntyre
and McKitrick refer to 112 proxy series back to 1400,
but then introduce the number of 159 series, which
they say cam from you. 
I went back to the Supplementary Information for
clarification, but I am not sure what counts as an
"indicator" - the time series listed or the PC's derived
from those time series? Under the assumption that the
data sets just listed count as an indicator, and where
there is a heading like "9 PCs" these nine PCs replace
the listed data sets, I arrive at a number of 117
indicators altogether - neither 112 nor 159.  
So could you please send a list of the 112 indicators,
and can you comment on McIntyre and McKitrick's
claim that you advised them that 159 series should be
used? 
Also, for example, within the last data set, ITRDB
North America, some series go back to 1400, others
are shorter. Were still nine PCs for these data used for
the longest reconstruction back to 1400 or did you
just use the longest time series? 

2. In their point 3, McIntyre and McKitrick state that
of the 18 time series for South America listed in
Supplementary Information, only 11 are used. I note
that, for example, ARGE030, ARGE060 and ARGE065,
listed in the Supplementary Information, do not seem
to be on the ftp site we were pointed to by Scott
Rutherford. 
Could you please clarify which data sets were used?

3. Regarding McIntyre and McKitrick's point 4, could
you please state whether you used annual or
summertime temperatures, and if you did indeed
truncate the time series (and if yes, why)? 

I look forward to receiving your point-by-point
responses. I hope you understand that we need to
ensure clarity in the data and methods used in this
paper. On receiving your responses we will decide
how best to proceed (which may involve forwarding
your responses to McIntyre and McKitrick). We will
keep you updated of the progress. 

Best wishes, 

ABOR/MH/Priv-001739



Heike 

PS I was unable to open the .dat files from the ftp site
on my computer. Is there anything I'd need to know
about the data format? 

*****************************************************

Letter from Stephen McIntyre and Ross McKitrick: 
Dear Sirs, 

We have been carrying out a detailed examination of the paper: Mann,
M.E., Bradley, R.S. & Hughes, M.K. (1998) Global-Scale Temperature
Patterns and Climate Forcing Over the Past Six Centuries, Nature,
392, 779-787, 1998 ("MBH98"). We have consulted
the Nature on-line Supplementary Information, used
two data files sent to us by Professor Mann's group in
April 2003 (responding to a request for the FTP
location of proxy data used in the above study) and,
since Oct. 29, 2003, the information at the FTP site
ftp://holocene.evsc.virginia.edu/pub/. This site is not
identified through nature.com nor was it given to us
upon specific request in April 2003, but is now
identified by Professor Mann as the actual repository
of MBH98 data.

There are a number of points in MBH98 which need
substantial clarification, some of which could be resolved
with through more adequate Supplementary Information.
We have sought such clarification from Professor Mann
without success. With reference to the policies stated at
http://www.nature.com/nature/submit/policies/index.html,
in particular item number 6, we are writing to advise
you of a persistent refusal to comply with the
guidelines and other issues. We draw your attention
to the following issues: 

1)   There is a listing in the Nature Supplementary
Information of 112 proxy series said to have been
used in MBH98. In April 2003, in response to our
request for an FTP site where these data could be
found, an associate of Professor Mann (acting on his
instructions) sent us a file (pcproxy.txt) containing
112 data series for the entire period back to 1400,
together with a file apparently identifying these 112
data series. No FTP site containing these proxy series
was identified to us at that time nor in subsequent
correspondence with either Professor Mann nor his
associate prior to October 29, 2003. 

      In our analysis, we identified nontrivial problems
with the data in the file we had been sent. Professor
Mann's associate was unable to shed any light on
them. When we sought additional information from
Professor Mann, he informed us that demands on his
time prevented him from considering this or other
inquiries. 

      We published our findings in Energy and
Environment 14 (2003). Subsequently, on Oct. 29,
2003, Professor Mann stated that the errors we found
in pcproxy.txt were inadvertently introduced into the
file at the time it was sent to us, that we failed to
consult the correct data at his University of Virginia
FTP site and that our study wrongly used 112 proxy
series, whereas MBH98 is based on 159 series. Upon
inspecting the FTP site on October 29, 2003 (the first
we learned of its existence), we identified the identical
file we had been sent in April 2003 (pcproxy.txt),
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together with its Matlab predecessor pcproxy.mat,
both dated August 8, 2002, well before our request.
Sometime between October 29 and November 8,
2003, both of these files were deleted from Professor
Mann's FTP site. 

      As to the number of proxies, MBH98 clearly refers
to only 112 series, as does the on-line Supplementary
Information. There is no reference to the use of 159
proxy series. We have requested a listing of these
series from Mann. He has responded that the series
are located on his FTP site and has refused, despite
several requests, to provide more particulars. The
difficulty is that the FTP site contains over 430
principal component series commencing in periods
after 1400, and the relevant series are not flagged.
The FTP site also includes many proxy series
seemingly left out of MBH98. This level of disclosure is
clearly inadequate. The deletion of archived data files
in response to a controversy is also very disquieting.
At a minimum, we believe that Nature should archive
the 159 series now disclosed to have been used in the
MBH98 calculations together with a reconciliation of
the difference between the 159 series stated to have
been actually used and the 112 series reported in
Nature. 

2)   Some important data relating to MBH98, such as
temperature principal components and EOFs, was
located at Professor Mann's former University of
Massachusetts FTP site. Indeed, Professor Mann's
webpage on MBH98 contains no link or reference to
the University of Virginia FTP site, but does contain
links to this University of Massachusetts FTP site. On
November 13, 2003, this FTP site was deleted.
Important data pertaining to MBH98 formerly located
at the University of Massachusetts FTP site is not
located at the University of Virginia FTP site. 

3)   There are numerous discrepancies between the
data listing at the Nature SI site and that in the
newly-disclosed FTP site at the University of Virginia.
Many of the proxy series used in MBH98 are principal
components calculated from larger collections of tree
ring site "chronologies". The Nature SI site provides
listings of the sites reported to have been used in
these calculations, with rosters identified for five
regions (Oklahoma, US Southwest/Mexico, North
America, South America, and Australia) plus a listing
of the number of series used for a Vaganov (Russian)
collection. We have compared these listings with the
information on the sites actually used at the FTP site
and found many inconsistencies. For example, in the
South American region, only 11 of the 18 sites listed
in the Supplementary Information are actually used in
MBH98 calculations, according to the evidence of the
FTP site. Moreover there is evidence archived at
Professor Mann's FTP site of intentional exclusion of a
disclosed South American site. An archived email from
Hughes to Mann, dated July 29, 1997, and located at
ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/VAGANOV/ORIG/malcolm_29-
JUL-97 states that exclusion of the site arge030 would
be "better for our purposes". This site arge030 can be
shown to be Rio Cisne (through the World Data
Center for Paleoclimatology) and is listed in the Nature
Supplementary Information, but is excluded from the
actual data in the FTP site. 
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4)   We found multiple versions at the FTP site of
several series, in which a secondary series is a
truncated version of the full underlying data. For
instance the FTP site contains a correct and complete
record of the historical annual Central England
Temperature data and historical annual Central
Europe Temperature data. Evidence at the site
indicates that MBH98 instead used summertime
averages from these series, in which the first 70 and
25 years of data, respectively, were intentionally
deleted. No explanation is available for this, and the
Nature SI site does not indicate or explain this editing
of source data. 

5)   MBH98 states that "conventional" principal
components methods were used in the calculation of
temperature principal components. The underlying
temperature dataset contains endemic missing data;
indeed, 4 temperature grid cells from the UK Climate
Research Unit selected by MBH98 contain no
observations at all. "Conventional" principal
components algorithms fail with missing data.
Accordingly, MBH98 could not have used conventional
methods and a proper description of the methodology
actually employed is required. We sought specific
clarification on this matter from Professor Mann and
were refused. Nor is any available at the FTP site.
Disclosure would be trivially easy (simply posting a
command file for a statistics package would suffice).
Without such information it is effectively impossible
for an independent researcher to replicate his
calculations. 

6)   We attempted in our Energy and Environment
article to assess the impact of the data errors and
quality control defects in the proxy data, which we
had identified. For the calculation of principal
components for the various tree ring regions, we used
a standard principal components algorithm (princomp
in R), which provides values only for periods in which
there are no missing values. In response, MBH98 have
stated that they used something called a "stepwise
principal components approach", a phrase which is not
used in the Nature article or Supplementary
Information. Based on their recent comments, this
"approach" apparently involves changing the proxy
rosters at some points in the PC series, leading to
different values of the regional PC depending on the
period being analyzed. Whatever the merits of the
approach, there is no disclosure of it in MBH98,
leaving the reader uninformed about the existence
and formulae of a fundamental methodology as well
as such basic details as the number and composition
of principal components used in each region on a
period-by-period bases. We have requested
information from Professor Mann allowing us to
identify the PC proxy rosters on a period-by-period
basis and were refused. He deems it sufficient to
merely point to his FTP site, but having examined this
site we are unable to uniquely identify the "stepwise"
PC rosters or the procedures used to splice different
series together. 

7)   MBH98 states that for the temperature data  "the
mean was removed, and the series was normalized by
its standard deviation". This is, therefore, the method
we employed. In their reply to our article, MBH
criticized us on the grounds that they actually used 
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"de-trended gridpoint standard deviations" to
normalize temperature data. Whether the difference is
material or not, the fact that their employed
methodology contradicts the description in MBH98
means that independent researchers are unable to
replicate their work. 

8)   Prior to the publication of our article, we 
requested other particulars on the computational
methodology from Professor Mann and were refused.
Accordingly, we attempted to assess the impact of the
data problems by following the methodology publicly
disclosed in MBH98. Professor Mann then criticized us
for failing to replicate previously undisclosed details of
his methodology. We once again requested particulars
on his methodology, including copies of the computer
programs used to read in the proxy and temperature
series and to produce the Northern Hemisphere
temperature index-but we have been categorically
refused. 

The policies of Nature rightly place a burden on
authors to disclose data and methods to any
interested readers. We have been systematically and
deliberately stymied by Professor Mann on the most
elementary requests: a proper listing of his data series
and the exact computational procedures used. In the
process of trying to obtain this information we have
concluded that the disclosure at the Nature SI site is
not merely inadequate, but in some cases it
contradicts what is now revealed at the University of
Virginia FTP site. 

Under the circumstances, we believe that the full data
set and accompanying programs for MBH98 should
now be included in the Nature Supplementary
Information, along with an accounting of any
discrepancies between what has been listed at
Nature.com to date and what was actually used in
MBH98. 

We can make copies of all correspondence and our
extensive notes on the data issues available for your
inspection if needed. Thank you for your
consideration. 

Yours truly 

Stephen McIntyre 
Toronto, Canada 

Ross McKitrick 
University of Guelph 
Guelph, Canada

****************************************************************

********************************************************************************
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From: Michael E. Mann
To: Malcolm Hughes; rbradley@geo.umass.edu
Subject: Re: Some more questions
Date: Monday, February 02, 2004 8:17:02 PM

Hi Malcolm,

Answers below,

mike

At 08:23 PM 2/2/2004 -0700, Malcolm Hughes wrote:

Mike - I'd be grateful for another clarification. In the draft we say 
that we "make use of only the 1st eigenvector of the surface 
temperature field2 for calibration of proxy data and associated 
surface temperature reconstruction". 
1) am I right in thinking that  this  is not true of the Mann et al 
99 series in Figure 1?

yes-

2) In Figure 2a, Are all the six series designated MBH98 in this 
diagram reconstructions of the 1st eigenvector of the surface 
temperature field only? If not, which are not?

all are except the actual MHB98 series...

3) Same question for the 3  MBH series in Figure 2b.

In Figure 2b, both the actual MBH98 series (which is based on all indicators
available back to 1820) and the MBH98 series based only on the network available
from
AD 1400-1450, are shown for comparison-

4) Same question for figure 2c, as revised.

all reconstructions here are based on only first eigenvector except MBH98 series

I'm afraid I can see no difference in the two darkest colors used 
in these diagrams, for example for the first and last series in the 
legend to Figure 2c.

they should be black, green, and blue. I can thicken the lines in the legend to try to
clarify
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Final point for now. I think it would be very valuable indeed in 
Figure 2c to show the whole length of the "uniform weights" 
variant, so as to show if there is any evidence of bias in the latter 
part, in comparison with whichever MBH98 series is shown for 
the whole period AD 1400 to 1980 (right end date?)
I understand that this is implicit in the present diagram, but I am 
sure that readers will wonder. Remember that MM are trying to 
show that our 19th/20th century increase is an artefact, and we 
need to blow that claim away.

yes, we can include that. I'll try to play around w/ the colors to make this as clear as
possible...

Cheers, Malcolm                                          
Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Malcolm Hughes
To: michael E. Mann; rbradley@geo.umass.edu
Subject: Some more questions
Date: Monday, February 02, 2004 8:23:23 PM

Mike - I'd be grateful for another clarification. In the draft we say
that we "make use of only the 1st eigenvector of the surface
temperature field2 for calibration of proxy data and associated
surface temperature reconstruction".
1) am I right in thinking that  this  is not true of the Mann et al
99 series in Figure 1?
2) In Figure 2a, Are all the six series designated MBH98 in this
diagram reconstructions of the 1st eigenvector of the surface
temperature field only? If not, which are not?
3) Same question for the 3  MBH series in Figure 2b.
4) Same question for figure 2c, as revised.
I'm afraid I can see no difference in the two darkest colors used
in these diagrams, for example for the first and last series in the
legend to Figure 2c.
Final point for now. I think it would be very valuable indeed in
Figure 2c to show the whole length of the "uniform weights"
variant, so as to show if there is any evidence of bias in the latter
part, in comparison with whichever MBH98 series is shown for
the whole period AD 1400 to 1980 (right end date?)
I understand that this is implicit in the present diagram, but I am
sure that readers will wonder. Remember that MM are trying to
show that our 19th/20th century increase is an artefact, and we
need to blow that claim away. Cheers, Malcolm                                         
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From: Michael E. Mann
To: Malcolm Hughes; rbradley@geo.umass.edu
Subject: Re: replydraft
Date: Tuesday, February 03, 2004 3:57:03 PM

Thanks guys,

Based on an initial read,  this looks much improved. much more to the point...

Look forward to Ray's comments on figures. Will try to prepare final version,
incorporating revised versions of figures after getting Ray's comments on Figures (will
also incorporate Malcolm's comments on the figures from yesterday). Hopefully, I can
send a revised draft for final comments sometime tomorrow...

Meanwhile, Scott has finalized the supplementary info fixes, and I think its in great
shape now. We've added some additional details to the information files in the
PROXY directory:

ftp://holocene.evsc.virginia.edu/pub/sdr/temp/nature/MANNETAL98/

I'll also await from you guys a revised version of the separate response to Heike
Langenberg addressing the inquiries from last December...

More soon. Thanks,

mike

At 04:02 PM 2/3/2004 -0700, Malcolm Hughes wrote:

Dear Mike - please find attached a much edited draft of the reply to
MM04, the 
result of Ray and my efforts. We have tried hard to get it to focus very
directly 
on the issues MM04 raise so that the reader does not have to dig deeply
to see 
they are wrong. Ray has annotated the figures in a different way, and it
would be 
best if he sent that to you directly. Cheer, Malcolm
.
.
Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
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_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Malcolm Hughes
To: mann@virginia.edu; rbradley@geo.umass.edu
Subject: replydraft
Date: Tuesday, February 03, 2004 4:02:40 PM

Dear Mike - please find attached a much edited draft of the reply to MM04, the
result of Ray and my efforts. We have tried hard to get it to focus very directly
on the issues MM04 raise so that the reader does not have to dig deeply to see
they are wrong. Ray has annotated the figures in a different way, and it would be
best if he sent that to you directly. Cheer, Malcolm
.
.

Attachments:
  D:\Projects\Bradley and Mann\controversy\mm\MNMnatreplyRSB.doc
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From: Michael E. Mann
To: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Subject: revised draft and figures--final comments?
Date: Tuesday, February 03, 2004 11:21:07 PM
Attachments: MNMnatreplyRSBMEM.doc

Fig1a-latest.pdf
Fig1b-latest.pdf
Fig1c-latest.pdf

Ray, Malcolm:

Revised version and figures attached. My changes highlighted in yellow. Please take
a close look, and let me know your final comments (feel free to send a final edited
version). You'll note that there were a few issues that needed further clarification, as
they were a bit obscured in the previous draft. Hopefully, all is clearer now.

Look forward to hearing back from you. I should have some time to make final
changes tomorrow afternoon,

mike

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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REPLY TO "Global-scale temperature patterns and climate 
forcings over the past six centuries: A comment." By S. 
McIntyre and  R. McKitrick 

 
 
Michael E. Mann1, Raymond S. Bradley2, Malcolm K. Hughes3 
 

1Department of Environmental Sciences, University of Virginia, Clark Hall, Charlottesville, 

Virginia,  22903, USA 

2Geosciences Department, University of Massachusetts, Amherst, MA 01003, USA 

3Laboratory of Tree Ring Research, University of Virginia, Tucson, AZ 85721, USA 

 
McIntyre and McKitrick (1) (henceforth MM04) are mistaken on each major point they 

raise, including those concerning the main data sets we used and the principal components 

algorithm with which we condensed data in heavily represented regions.  Contrary to the 

assertions of MM04, we here demonstrate our original reconstruction (2) to be statistically robust 

and their criticisms of our reconstruction to be fundamentally without merit. 

Given a large data set such as we used, alternative reconstructions of the past, such as that 

of MM04,  can easily result from the subjective inclusion or exclusion of particular data. MM04 

fail to note, however, a vital step in the process of developing such reconstructions, namely 

validating the statistical model used to convert proxy records to estimates of past climate. This is 

usually done by developing estimates of the climate variable of interest, or “reconstructions”, for 

a period covered by instrumental data not included in the training, or calibration, period of the 

model. Unlike our original reconstructions, and several variants described below, MM04 do not 

report such tests. We will show that censoring our data set as they did produces a reconstruction 

similar to theirs, that does not pass validation tests and, unlike ours, bears no resemblance to the 
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instrumental record during the 19th century . We demonstrate in detail elsewhere (Mann et al, in 

review) that MM04’s “updated” version of the data set used by us in (2) (henceforth MBH98) 

repeats mistakes they have made elsewhere (ref. 3, henceforth MM03) by using a censored set 

resulting from failure to understand the procedure used by MBH98. Their misunderstanding of 

the MBH98 protocol, combined with some unjustified substitutions of data used by MBH98 (see 

below), led to the elimination by MM04 of more than 80% of the proxy data (77/95 series) used 

by MBH98 prior to AD 1450 and more than 70% of the proxy data (99/139 series) between AD 

1450 and 1500. It is no coincidence that it is over precisely this AD 1400-1500 interval that they 

obtain a dramatically different result (anomalous 15th century warmth) that conflicts not only 

with MBH98, but virtually all other published NH reconstructions (9).   

Here we demonstrate  that none of the main criticisms of MM04 have any merit. In order 

to simplify this reply, we make use of only the 1st eigenvector of the surface temperature field 

for calibration of proxy data and the associated surface temperature reconstructions. We use the 

proxy indicator network available back to AD 1400 for reconstructions over the AD 1400-1500 

interval.  The additional (2nd) eigenvector, and two additional indicators used by MBH98 from 

AD 1450-1500 have no significant impact on the NH mean reconstruction of interest here.  

 

1.  What is the cause of the differences between the reconstruction of MBH98 and of MM03 

and MM04?  

In order to simulate what MM04 did (see also ref. 3), we eliminated the entire North American 

ITRDB and  Northern Treeline datasets from the MBH98 network available from AD 1400-1500  

and performed  the reconstruction (henceforth referred to as 'MM04c') based on the resulting 

network through 1971 (line 1, Figure 1a). The splice of this reconstruction from AD 1400-1500 
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with that of MBH98 from AD 1501-1971 provides a close approximation (henceforth referred to 

as 'MM04cS')   to the MM04 reconstruction (line 2, Figure 1a), and demonstrates why their 

attempt to reproduce our estimate fails. Slight differences of MM04cS with the precise MM04 

result likely result from minor errors in their implementation of the methodology (Mann et al, in 

review). The difference between MBH98 and MM04cS is not the result of our use of infilled 

values for a few locations in the period 1971-80 or (for one series) for 1400-1403, as they claim 

(3). We show that a reconstruction calibrated using the period 1902-1971 (avoiding infilling) is 

effectively the same as that of MBH98 (line 3, Figure 1a). Elimination of the Stahle et al 

SWM/TX data challenged by MM04 (see below) also has no detectable influence on the 

reconstruction (line 4, Figure 1a). Thus the difference between the reconstructions of MBH98 

and MM03 and MM04 results from MM’s omission of  the entire North American ITRDB and 

Northern Treeline data sets ( the overwhelming majority of proxy data used by MBH98)  in the 

early centuries of the reconstruction period. 

2. What basis is there for believing the MBH98 reconstruction is reliable?  

There is a long history in high-resolution paleoclimatology of emphasising verification of 

models used in climate reconstructions (4,5), by using independent data. Unlike MBH98, MM 

provide no assessments of the statistical reliability of the model on which their reconstruction is 

based. In fact, the MM04c model (line 4, Figure 1b) for the period AD 1400-1500 when applied 

to the interval 1854-1901 displays no statistical skill in comparisons  with the instrumental data 

for 1854-1901 (RE = -0.76), whereas our model for the AD 1400-1500 period, applied to the 

same interval exhibits considerable skill (RE = 0.51) (cf. lines 1 and 2, Figure 1b). The actual 

MBH98 reconstruction, which employs models  from increasingly expanded proxy network in 

later centuries (with the full network of 112 indicators available after 1820) shows even greater 
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cross-validation skill (RE = 0.69) (cf. line 3, Figure 1b).   The 'reduction of error' statistic 'RE' 

favored in most studies (4,5) as a diagnostic measure of reconstructive skill obeys the bounds - 

<  RE < 1. Negative values of RE indicate a lack of reconstructive skill, as in the case of MM04c,  

RE=0 represents the "no skill" boundary in which the reconstruction performs as well as the 

assignment of the calibration period mean, while substantially positive values as in MBH98 (e.g. 

RE=0.5 to 0.7)  suggest considerable skill. Close examination of the calibration and verification  

period (Figure 1b) highlights the fact that the original MBH98 reconstruction (line 3, Figure 1b) 

and the MBH98 reconstruction based on the model for the AD 1400-1500 period (line 3, Figure 

1b) captures the variations in the instrumental record quite well in both calibration and 

verification, while MM04c (line 2, Figure 1b) clearly does not. In short, the MM reconstruction, 

unlike the MBH98 reconstruction,  is unlikely to provide any useful insight into the actual 

climate history prior to AD 1500. 

3. Is a bias introduced into our reconstruction by the principal components algorithm we 

used to condense data?  

To examine this claim we performed a reconstruction over AD 1400-1980 using all 95 original 

individual proxy series available over the AD 1400-1500 interval (rather than a smaller network 

of 22 indicators that includes PC representations of certain sub-networks), imposing uniform 

weights on all series (line 1, Figure 1c). The resulting reconstruction closely resembles the 

MBH98 reconstruction (line 2, Figure 1c), with no indication of anomalous 15th century warmth. 

The model on which it is based has only a slightly lower verification  score (RE=0.47) than the 

analagous MBH98 model for 22 indicators available over AD 1400-1500 (RE=0.51). We also 

show that our re-standardization of all indicators in the MBH98 network by their detrended 
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standard deviation during the calibration period, prior to calibration and reconstruction did not 

significantly influence the MBH98 reconstruction (line 3, Figure 1c). This latter step was 

motivated by the fact that 20th century trends in instrumental and proxy data typically far exceed 

the expectations for a 'red noise' null hypothesis (6).  Normalizing by the detrended standard 

deviation therefore more properly weights the data series with respect to their estimated noise 

variance. It is inappropriate to use a red noise model in testing standardization procedures, as 

MM04 did, because simple spectral analyses of the actual series reveals many of them to be 

statistically inconsistent with an underlying red noise model. MBH98 also normalized the time 

series of the reconstructions of the instrumental eigenvectors to have the same variance as the 

actual instrumental eigenvectors during the calibration period. As MM03 did not perform this 

step, we have not invoked this normalization in our reproduction of their estimate (line 1, Figure 

1a). We nonetheless show that this step, too, makes little difference in the MBH98 reconstruction 

(line 4, Figure 1c).  We have thus demonstrated that MM04’s claim of a bias introduced by our 

PCA algorithm is invalid on both theoretical and empirical grounds. The only explanation for the 

anomalous findings of MM03 and MM04 is their deletion of essential proxy indicators from the 

network, leading to a reconstruction suggesting anomalous 15th century warmth, which does not 

pass cross-validation and is therefore almost certainly spurious. 

Had MM produced an alternative reconstruction that stood up to rigorous cross-validation 

procedures (like that of MBH98), it would be worthy of discussion. However, as a close 

reproduction of their reconstructions (MM04c) shows roughly the level of skill of a random 

reconstruction, it does not demand serious consideration. Furthermore, numerous other studies 

based on different data and methods (7-10), or climate modeling approaches (e.g. 11-13), lead to 

the same conclusion that late 20th century warmth is anomalous in the context of the past six 
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centuries or longer. The criticisms put forth by MM04 do not stand up to scrutiny and in no way 

invalidate our reconstruction, which we have demonstrated to be quite robust. Of course, we 

continue to seek both more and improved data, and improved techniques of reconstruction, 

especially for the early centuries of the second millennium AD. 

 

Appendix: specific data details 

One of the few legitimate criticisms of MBH98 by MM03 and MM04 is their identification of 

some errors in the details provided in the on-line "supplementary information" that accompanied the 

MBH98 article. We have worked closely with Nature to produce an archive containing (a) a corrected 

version of the supplementary information, (b) all data (proxy and instrumental) used by MBH98 in an 

easily accessible and completely documented format, and some additional methodological details useful 

for those seeking to reproduce our results. This archive is available publicly here: 

ftp://holocene.evsc.virginia.edu/pub/Data/MANNETAL98. 

Minor errors that existed in the original supplementary description provided by MBH98 are 

detailed elsewhere (14), but we emphasize that these are of virtually no consequence to the MBH98 

hemispheric mean temperature reconstruction. For example, while it may not have been clear in the 

original documentation that we made use  of the versions of the Central England and Central European 

temperatures records of Bradley and Jones’ (7) (summer mean, rather than annual mean), and set two 

regional western North American tree-ring series equal following their termination during the mid 20th 

century, this has essentially no impact on our hemispheric mean reconstruction. Furthermore, as these 

issues (and several other series challenged by MM) involve data series that do not extend to before AD 

1500, they are irrelevant to the questions at hand, and raising them represents little more than a curious 

distraction by MM. Related complaints by MM regarding the use by MBH98 of some limited redundant 
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data, and challenges of particular data, such as the early Stahle et al SWM/TX data, are also irrelevant 

(see e.g. line 4, Figure 1a). 

Moreover, MM inappropriately dismiss the quality of certain proxy data series based on their own 

inability to find those series in certain public data archives or in the published literature. Some of the 

proxy data used by MBH98 are unpublished, and were kindly provided directly to us by the original 

researchers. It is invalid for MM04 to impute lower quality to such data. All proxy data used by MBH98 

have been provided in the public website listed earlier.  

MM04 criticize the PC representation of the North American ITRDB data which was based, for 

the period AD 1400-1450, on an EOF analysis of the 70 constituent series which were standardized, as 

discussed earlier, by their detrended calibration period standard deviation. As shown earlier (line 3, 

Figure 1c), this criticism can be simply dismissed on the basis that use of all 70 constituent series (which 

are part of the total of 95 available for this period) with uniform weighting, rather than this PC 

representation, yields no evidence of the anomalous 15th century warmth found by MM04 (line 1, Figure 

1c).  Furthermore, despite the claims that the standardization procedure used to calculate the ITRDB 

PC#1 exaggerates the influence of one particular series, we simply note that the loadings on the 70 series 

associated with PC#1, by contrast, are substantially shared by more than a dozen series (14/70 series have 

loadings that are greater than 50% of the maximum loading of any one series). Finally, MM04 introduce 

problems into the important Northern Treeline dataset used by MBH98. Aside from incorrectly 

substituting shorter versions of the "Kuujuag" and TTHH Northern Treeline series for those used by 

MBH98, and introducing an extended version of another Northern Treeline series not available prior to 

AD 1500 at the time of MBH98, they censored from the analysis the only Northern Treeline series in the 

MBH98 network available over the AD 1400-1500 interval, on the technicality that it begins only in AD 

1404 (MBH98 accommodated this detail by setting the values for AD 1400-1404 equal).  The criticism of 

the use of infilled values from AD 1400-1403 can be dealt with by performing the MBH98 reconstruction 
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from AD 1404-1500 rather than AD 1400-1500. Doing so yields essentially the same reconstruction as 

MBH98 (line 3, Figure 1a).   

 

Correspondence and requests for materials should be addressed to M.E.Mann (e-mail: 
mann@virginia.edu).  
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Figure 1  Alternative NH reconstructions and instrumental NH record. Horizontal 

dashed line denotes border between calibration and cross-validation intervals.  

(A) Comparison of  MBH98 NH reconstruction with reproduction of MM reconstruction 

('MM04cS') based on elimination of key datasets in MM. Cross-validation results 

are given for comparison.  
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(B)  Detailed Comparison of MBH98 reconstruction and MM04c reconstruction with 

instrumental record during calibration and cross-validation intervals, highlighting 

the poor performance in cross-validation of the MM04c reconstruction.  

(C)  Comparisons showing influences of various details of  methodology on the 

MBH98 reconstruction.   
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From: raymond s. bradley
To: Michael E. Mann
Cc: mhughes@ltrr.arizona.edu
Subject: Re: revised draft -RSB comments Wed am
Date: Wednesday, February 04, 2004 6:08:58 AM
Attachments: mm nature response v 2.1.doc

A made a few trivial changes, but it otherwise looks OK to me.  However, in
my designation of "line 1, Figure 1a",...."line 2..."etc I really meant for
you to label the lines 1, 2 etc.  This will greatly facilitate the reader's
understanding of what we did.  You can just number them to the left of the
color line in the box.  Malcolm had suggested that the box only contain the
number & the line color, with the other cryptic descriptors going into the
caption, & I too think that would be best.  But, I leave that up to you....
I'll be in the Climate Lab ~10-12, then home this pm
Ray
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McIntyre and McKitrick (1) (henceforth MM04) are mistaken on each major point they 

raise, including those concerning the main data sets we used and the principal components 

algorithm with which we condensed data in heavily represented regions.  Contrary to the 

assertions of MM04, we here demonstrate our original reconstruction (2) to be is statistically 

robust and their criticisms of our reconstruction to beare fundamentally without merit. 

Given a large data set such as we used, alternative reconstructions of the past, such as that 

of MM04,  can easily result from the subjective inclusion or exclusion of particular data. MM04 

fail to note, however, a vital step in the process of developing such reconstructions, namely 

validating the statistical model used to convert proxy records to estimates of past climate. This is 

usually done by developing estimates of the climate variable of interest, or “reconstructions”, for 

a period covered by instrumental data not included in the training, or calibration, period of the 

model. Unlike our original reconstructions, and several variants described below, MM04 do not 

report such tests. We will show that censoring our data set as they did produces a reconstruction 

similar to theirs, that does not pass validation tests and, unlike ours, bears no resemblance to the 
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instrumental record during the 19th century . We demonstrate in detail elsewhere (Mann et al, in 

review) that MM04’s “updated” version of the data set used by us in (2) (henceforth MBH98) 

repeats mistakes they have made elsewhere (ref. 3, henceforth MM03) by using a censored set 

resulting from failure to understand the procedure used by MBH98. Their misunderstanding of 

the MBH98 protocol, combined with some unjustified substitutions of data used by MBH98 (see 

below), led to the elimination by MM04 of more than 80% of the proxy data (77/95 series) used 

by MBH98 prior to AD 1450 and more than 70% of the proxy data (99/139 series) between AD 

1450 and 1500. It is no coincidence that it is over precisely this AD 1400-1500 interval that they 

obtain a dramatically different result (anomalous 15th century warmth) that conflicts not only 

with MBH98, but virtually all other published NH reconstructions (9).   

Here we demonstrate  that none of the main criticisms of MM04 have any merit. In order 

to simplify this reply, we make use of only the 1st eigenvector of the surface temperature field 

for calibration of proxy data and the associated surface temperature reconstructions. We use the 

proxy indicator network available back to AD 1400 for reconstructions over the AD 1400-1500 

interval.  The additional (2nd) eigenvector, and two additional indicators used by MBH98 from 

AD 1450-1500 have no significant impact on the NH mean reconstruction of interest here.  

 

1.  What is the cause of the differences between the reconstruction of MBH98 and of MM03 

and MM04?  

In order to simulate what MM04 did (see also ref. 3), we eliminated the entire North American 

ITRDB and  Northern Treeline datasets from the MBH98 network available from AD 1400-1500  

and performed  the reconstruction (henceforth referred to as 'MM04c') based on the resulting 

network through 1971 (line 1, Figure 1a). The splice of this reconstruction from AD 1400-1500 
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with that of MBH98 from AD 1501-1971 provides a close approximation (henceforth referred to 

as 'MM04cS')   to the MM04 reconstruction (line 2, Figure 1a), and demonstrates why their 

attempt to reproduce our estimate fails. Slight differences of MM04cS with the precise MM04 

result likely result from minor errors in their implementation of the methodology (Mann et al, in 

review). The difference between MBH98 and MM04cS is not the result of our use of infilled 

values for a few locations in the period 1971-80 or (for one series) for 1400-1403, as they claim 

(3). We show that a reconstruction calibrated using the period 1902-1971 (avoiding infilling) is 

effectively the same as that of MBH98 (line 3, Figure 1a). Elimination of the Stahle et al 

SWM/TX data challenged by MM04 (see below) also has no detectable influence on the 

reconstruction (line 4, Figure 1a). Thus the difference between the reconstructions of MBH98 

and MM03 and MM04 results from MM’s omission of  the entire North American ITRDB and 

Northern Treeline data sets ( the overwhelming majority of proxy data used by MBH98)  in the 

early centuries of the reconstruction period. 

2. What basis is there for believing the MBH98 reconstruction is reliable?  

There is a long history in high-resolution paleoclimatology of emphasising verification of 

models used in climate reconstructions (4,5), by using independent data. Unlike MBH98, MM 

provide no assessments of the statistical reliability of the model on which their reconstruction is 

based. In fact, the MM04c model (line 4, Figure 1b) for the period AD 1400-1500 when applied 

to the interval 1854-1901 displays no statistical skill in comparisons  with the instrumental data 

for 1854-1901 (RE = -0.76), whereas our model for the AD 1400-1500 period, applied to the 

same interval exhibits considerable skill (RE = 0.51) (cf. lines 1 and 2, Figure 1b). The actual 

MBH98 reconstruction, which employs models  from an increasingly expanded proxy network in 

later centuries (with the full network of 112 indicators available after 1820) shows even greater 
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cross-validation skill (RE = 0.69) (cf. line 3, Figure 1b).   The 'reduction of error' statistic 'RE' 

favored in most studies (4,5) as a diagnostic measure of reconstructive skill obeys the bounds - 

<  RE < 1. Negative values of RE indicate a lack of reconstructive skill, as in the case of MM04c,  

RE=0 represents the "no skill" boundary in which the reconstruction performs as well as the 

assignment of the calibration period mean, while substantially positive values as in MBH98 (e.g. 

RE=0.5 to 0.7)  suggest considerable skill. Close examination of the calibration and verification  

period (Figure 1b) highlights the fact that the original MBH98 reconstruction (line 3, Figure 1b) 

and the MBH98 reconstruction based on the model for the AD 1400-1500 period (line 3, Figure 

1b) captures the variations in the instrumental record quite well in both calibration and 

verification, while MM04c (line 2, Figure 1b) clearly does not. In short, the MM reconstruction, 

unlike the MBH98 reconstruction,  is unlikely to provide any useful insight into the actual 

climate history prior to AD 1500. 

3. Is a bias introduced into our reconstruction by the principal components algorithm we 

used to condense data?  

To examine this claim we performed a reconstruction over AD 1400-1980 using all 95 original 

individual proxy series available over the AD 1400-1500 interval (rather than a smaller network 

of 22 indicators that includes PC representations of certain sub-networks), imposing uniform 

weights on all series (line 1, Figure 1c). The resulting reconstruction closely resembles the 

MBH98 reconstruction (line 2, Figure 1c), with no indication of anomalous 15th century warmth. 

The model on which it is based has only a slightly lower verification  score (RE=0.47) than the 

analagous MBH98 model for 22 indicators available over AD 1400-1500 (RE=0.51). We also 

show that our re-standardization of all indicators in the MBH98 network by their detrended 
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standard deviation during the calibration period, prior to calibration and reconstruction did not 

significantly influence the MBH98 reconstruction (line 3, Figure 1c). This latter step was 

motivated by the fact that 20th century trends in instrumental and proxy data typically far exceed 

the expectations for a 'red noise' null hypothesis (6).  Normalizing by the detrended standard 

deviation therefore more properly weights the data series with respect to their estimated noise 

variance. It is inappropriate to use a red noise model in testing standardization procedures, as 

MM04 did, because simple spectral analyses of the actual series reveals many of them to be 

statistically inconsistent with an underlying red noise model. MBH98 also normalized the time 

series of the reconstructions of the instrumental eigenvectors to have the same variance as the 

actual instrumental eigenvectors during the calibration period. As MM03 did not perform this 

step, we have not invoked this normalization in our reproduction of their estimate (line 1, Figure 

1a). We nonetheless show that this step, too, makes little difference in the MBH98 reconstruction 

(line 4, Figure 1c).  We have thus demonstrated that MM04’s claim of a bias introduced by our 

PCA algorithm is invalid on both theoretical and empirical grounds. The only explanation for the 

anomalous findings of MM03 and MM04 is their deletion of essential proxy indicators from the 

network, leading to a reconstruction suggesting anomalous 15th century warmth, which does not 

pass cross-validation and is therefore almost certainly spurious. 

Had MM produced an alternative reconstruction that stood up to rigorous cross-validation 

procedures (like that of MBH98), it would be worthy of discussion. However, as a close 

reproduction of their reconstructions (MM04c) shows roughly the level of skill of a random 

reconstruction, it does not demand serious consideration. Furthermore, numerous other studies 

based on different data and methods (7-10), or climate modeling approaches (e.g. 11-13), lead to 

the same conclusion that late 20th century warmth is anomalous in the context of the past six 
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centuries or longer. The criticisms put forth by MM04 do not stand up to scrutiny and in no way 

invalidate our reconstruction, which we have demonstrated to be quite robust. Of course, we 

continue to seek both more and improved data, and improved techniques of reconstruction, 

especially for the early centuries of the second millennium AD. 

 

Appendix: specific data details 

One of the few legitimate criticisms of MBH98 by MM03 and MM04 is their identification of 

some errors in the details provided in the on-line "supplementary information" that accompanied the 

MBH98 article. We have worked closely with Nature to produce an archive containing (a) a corrected 

version of the supplementary information, (b) all data (proxy and instrumental) used by MBH98 in an 

easily accessible and completely documented format, and some additional methodological details useful 

for those seeking to reproduce our results. This archive is available publicly here: 

ftp://holocene.evsc.virginia.edu/pub/Data/MANNETAL98. 

Minor errors that existed in the original supplementary description provided by MBH98 are 

detailed elsewhere (14), but we emphasize that these are of virtually no consequence to the MBH98 

hemispheric mean temperature reconstruction. For example, while it may not have been clear in the 

original documentation that we made use  of the versions of the Central England and Central European 

temperatures records of Bradley and Jones’ (7) (summer mean, rather than annual mean), and set two 

regional western North American tree-ring series equal following their termination during the mid 20th 

century, this has essentially no impact on our hemispheric mean reconstruction. Furthermore, as these 

issues (and several other series challenged by MM) involve data series that do not extend to before AD 

1500, they are irrelevant to the questions at hand, and raising them represents little more than a curious 

distraction by MM. Related complaints by MM regarding the use by MBH98 of some limited redundant 
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data, and challenges of particular data, such as the early Stahle et al SWM/TX data, are also irrelevant 

(see e.g. line 4, Figure 1a). 

Moreover, MM inappropriately dismiss the quality of certain proxy data series based on their own 

inability to find those series in certain public data archives or in the published literature. Some of the 

proxy data used by MBH98 are unpublished, and were kindly provided directly to us by the original 

researchers. It is invalid for MM04 to impute lower quality to such data. All proxy data used by MBH98 

have been provided in the public website listed earlier.  

MM04 criticize the PC representation of the North American ITRDB data which was based, for 

the period AD 1400-1450, on an EOF analysis of the 70 constituent series which were standardized, as 

discussed earlier, by their detrended calibration period standard deviation. As shown earlier (line 3, 

Figure 1c), this criticism can be simply dismissed on the basis that use of all 70 constituent series (which 

are part of the total of 95 available for this period) with uniform weighting, rather than this PC 

representation, yields no evidence of the anomalous 15th century warmth found by MM04 (line 1, Figure 

1c).  Furthermore, despite the claims that the standardization procedure used to calculate the ITRDB 

PC#1 exaggerates the influence of one particular series, we simply note that the loadings on the 70 series 

associated with PC#1, by contrast, are substantially shared by more than a dozen series (14/70 series have 

loadings that are greater than 50% of the maximum loading of any one series). Finally, MM04 introduce 

problems into the important Northern Treeline dataset used by MBH98. Aside from incorrectly 

substituting shorter versions of the "Kuujuag" and TTHH Northern Treeline series for those used by 

MBH98, and introducing an extended version of another Northern Treeline series not available prior to 

AD 1500 at the time of MBH98, they censored from the analysis the only Northern Treeline series in the 

MBH98 network available over the AD 1400-1500 interval, on the technicality that it begins only in AD 

1404 (MBH98 accommodated this detail by setting the values for AD 1400-1404 equal).  The criticism of 

the use of infilled values from AD 1400-1403 can be dealt with by performing the MBH98 reconstruction 
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from AD 1404-1500 rather than AD 1400-1500. Doing so yields essentially the same reconstruction as 

MBH98 (line 3, Figure 1a).   

 

Correspondence and requests for materials should be addressed to M.E.Mann (e-mail: 
mann@virginia.edu).  
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Figure 1  Alternative NH reconstructions and instrumental NH record. Horizontal 

dashed line denotes border between calibration and cross-validation intervals.  

(A) Comparison of  MBH98 NH reconstruction with reproduction of MM reconstruction 

('MM04cS') based on elimination of key datasets in MM. Cross-validation results 

are given for comparison.  
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(B)  Detailed Comparison of MBH98 reconstruction and MM04c reconstruction with 

instrumental record during calibration and cross-validation intervals, highlighting 

the poor performance in cross-validation of the MM04c reconstruction.  

(C)  Comparisons showing influences of various details of  methodology on the 

MBH98 reconstruction.   
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From: Michael E. Mann
To: raymond s. bradley
Cc: mhughes@ltrr.arizona.edu
Subject: Re: revised draft -RSB comments Wed am
Date: Wednesday, February 04, 2004 7:11:12 AM

Hi Ray,

Thanks. Will add the numbers to the figure, to the left of the symbols in the legend. 
I'd like to keep the descriptors too. Lets see how that looks--will resend the figures
for a final comment.

One other question: I see you removed the word "subjective" I had inserted from the
sentence,

"Given a large data set such as we used, alternative reconstructions of the past, such
as that of MM04, can easily result from the SUBJECTIVE inclusion or exclusion of
particular data"

I put this qualifier in to emphasize that the reconstruction is generally relatively
robust to the inclusion or discussion of random proxy data, but not to the very
deliberate removal of key information as in MM04. I tried to get this point accross
gently by using the right qualifier. Perhaps "subjective" isn't the right word, but can
you suggest an alternative word that gets this cross? A word that suggests
somewhat uncareful and/or relatively severe manipulation of the data set...

Thoughts?

Thanks,

mike

At 08:05 AM 2/4/2004 -0500, raymond s. bradley wrote:

A made a few trivial changes, but it otherwise looks OK to me.  However,
in my designation of "line 1, Figure 1a",...."line 2..."etc I really meant for
you to label the lines 1, 2 etc.  This will greatly facilitate the reader's
understanding of what we did.  You can just number them to the left of
the color line in the box.  Malcolm had suggested that the box only
contain the number & the line color, with the other cryptic descriptors
going into the caption, & I too think that would be best.  But, I leave that
up to you....
I'll be in the Climate Lab ~10-12, then home this pm
Ray

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
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e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Subject: final comments?
Date: Wednesday, February 04, 2004 9:02:13 AM
Attachments: mmNatureResponseV3.doc

Fig1a-final.pdf
Fig1b-final.pdf
Fig1c-final.pdf

Ray, Malcolm

Attached is a revised draft, I've made a few additional changes. One thing I'm a bit
worried about. MM04 try to get around the accusation of having eliminated the
majority of MBH98 data by claiming to re-assess the ITRDB North American data and
effectively throwing it out again. This is why there is an important distinction
between descriptions of what MM03 did and what MM04 did, that seems to have
been blurred in the revisions you and Malcolm made.

Please take another look at this, and make sure we properly distinguish between
MM03 and MM04.

The revised figures are attached. Hoping to finalize and submit to Nature later this
afternoon, once we resolve the above issue.

Thanks,

mike

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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REPLY TO "Global-scale temperature patterns and climate 
forcings over the past six centuries: A comment." By S. 
McIntyre and  R. McKitrick 

 
 
Michael E. Mann1, Raymond S. Bradley2, Malcolm K. Hughes3 
 

1Department of Environmental Sciences, University of Virginia, Clark Hall, Charlottesville, 

Virginia,  22903, USA 

2Geosciences Department, University of Massachusetts, Amherst, MA 01003, USA 

3Laboratory of Tree Ring Research, University of Virginia, Tucson, AZ 85721, USA 

 
McIntyre and McKitrick (1) (henceforth MM04) are incorrect with respect to each major 

point they raise, including those concerning the main data sets we used and the principal 

components algorithm with which we condensed proxy data in heavily represented regions.  

Contrary to the assertions of MM04, we here demonstrate our original reconstruction (2) is 

statistically robust and their criticisms of our reconstruction are without merit. 

Given a large data set such as we used, alternative reconstructions of the past, such as that of 

MM04, can easily result from the injudicious exclusion or inclusion of particular data. MM04 

fail to note, however, a vital step in the process of developing such reconstructions, namely 

validating the statistical model used to convert proxy records to estimates of past climate. This is 

usually done by developing estimates of the climate variable of interest, or “reconstructions”, for 

a period covered by instrumental data not included in the training, or calibration, period of the 

model. Unlike our original reconstructions, and several variants described below, MM04 do not 

report such tests. We will show that censoring our data set as they did produces a reconstruction 

similar to theirs, that does not pass validation tests and, unlike ours, bears no resemblance to the 
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instrumental record during the 19th century . We demonstrate in detail elsewhere (Mann et al, in 

review) that MM04’s “updated” version of the data set used by us in (2) (henceforth MBH98) 

repeats mistakes they have made elsewhere (ref. 3, henceforth MM03) by using a censored set 

resulting from failure to understand the procedure used by MBH98. Their misunderstanding of 

the MBH98 protocol, combined with some additional unjustified substitutions of data used by 

MBH98 (see below), led to the elimination by MM03 of the entire North American ITRDB and 

Northern Treeline datasets used by MBH98 over AD 1400-1500, amounting to more than 80% 

of the proxy data (77/95 series) used by MBH98 prior to AD 1450 and more than 70% of the 

proxy data (99/139 series) between AD 1450 and 1500. It is no coincidence that it is over 

precisely this AD 1400-1500 interval that they obtain a dramatically different result (anomalous 

15th century warmth) that conflicts not only with MBH98, but virtually all other published NH 

reconstructions (9). Here we demonstrate that the main criticisms of MM04 are without merit.  

1.  What is the cause of the differences between the reconstruction of MBH98 and of MM03 

and MM04?  

In order to simplify this reply, we make use of only the 1st eigenvector of the surface 

temperature field for calibration of proxy data and the associated surface temperature 

reconstructions. We use the proxy indicator network available back to AD 1400 for 

reconstructions over the AD 1400-1500 interval.  The additional (2nd) eigenvector, and two 

additional indicators used by MBH98 from AD 1450-1500 have no significant impact on the NH 

mean reconstruction of interest here. To simulate what MM03/MM04 did (see also ref. 3), we 

eliminated the entire North American ITRDB and  Northern Treeline datasets from the MBH98 

network available from AD 1400-1500  and performed  the reconstruction (henceforth referred to 

as 'MM04c') based on the resulting network through 1971 (line 1, Figure 1a). The splice of this 

Formatted: Not Highlight

Formatted: Not Highlight

Formatted: Not Highlight

Formatted: Not Highlight

Formatted: Highlight

Formatted: Highlight

Formatted: Highlight

Formatted: Not Highlight

Formatted: Highlight

Formatted: Font: Not Bold, Highlight

Formatted: Highlight

Formatted: Not Highlight

Formatted: Highlight

Formatted: Highlight

Formatted: Highlight

Formatted: Not Highlight

Formatted: Not Highlight

ABOR/MH/Priv-001780



 3

reconstruction from AD 1400-1500 with that of MBH98 from AD 1501-1971 provides a close 

approximation (henceforth referred to as 'MM04cS')  to the MM04 reconstruction (line 2, Figure 

1a), and demonstrates why their attempt to reproduce our estimate fails. Slight differences of 

MM04cS with the precise MM04 result likely result from minor errors in their implementation of 

the methodology (Mann et al, in review). The difference between MBH98 and MM04cS is not 

the result of our use of infilled values for a few locations in the period 1971-80 or (for one series) 

for 1400-1403, as they claim (3). We show that a reconstruction calibrated using the period 

1902-1971 (avoiding infilling) is effectively the same as that of MBH98 (line 3, Figure 1a). 

Elimination of the Stahle et al SWM/TX data challenged by MM04 (see below) also has no 

detectable influence on the reconstruction (line 4, Figure 1a). Thus the difference between the 

reconstructions of MBH98 and MM03 and MM04 results from MM’s omission of  the entire 

North American ITRDB and Northern Treeline data sets ( the overwhelming majority of proxy 

data used by MBH98)  in the early centuries of the reconstruction period. 

2. What basis is there for believing the MBH98 reconstruction is reliable?  

There is a long history in high-resolution paleoclimatology of emphasising verification of 

models used in climate reconstructions (4,5), by using independent data. Unlike MBH98, MM 

provide no assessments of the statistical reliability of the model on which their reconstruction is 

based. In fact, the MM04c model (line 4, Figure 1b) for the period AD 1400-1500 when applied 

to the interval 1854-1901 displays no statistical skill in comparisons  with the instrumental data 

for 1854-1901 (RE = -0.76), whereas our model for the AD 1400-1500 period, applied to the 

same interval exhibits considerable skill (RE = 0.51) (cf. lines 1 and 2, Figure 1b). The actual 

MBH98 reconstruction, which employs models  from an increasingly expanded proxy network in 

later centuries (with the full network of 112 indicators available after 1820) shows even greater 
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cross-validation skill (RE = 0.69) (cf. line 3, Figure 1b).   The 'reduction of error' statistic 'RE' 

favored in most studies (4,5) as a diagnostic measure of reconstructive skill obeys the bounds - 

<  RE < 1. Negative values of RE indicate a lack of reconstructive skill, as in the case of MM04c,  

RE=0 represents the "no skill" boundary in which the reconstruction performs as well as the 

assignment of the calibration period mean, while substantially positive values as in MBH98 (e.g. 

RE=0.5 to 0.7)  suggest considerable skill. Close examination of the calibration and verification  

period (Figure 1b) highlights the fact that the original MBH98 reconstruction (line 3, Figure 1b) 

and the MBH98 reconstruction based on the model for the AD 1400-1500 period (line 3, Figure 

1b) captures the variations in the instrumental record quite well in both calibration and 

verification, while MM04c (line 2, Figure 1b) clearly does not. In short, the MM reconstruction, 

unlike the MBH98 reconstruction,  is unlikely to provide any useful insight into the actual 

climate history prior to AD 1500. 

3. Is a bias introduced into our reconstruction by the principal components algorithm we 

used to condense data?  

To examine this claim we performed a reconstruction over AD 1400-1980 using all 95 original 

individual proxy series available over the AD 1400-1500 interval (rather than a smaller network 

of 22 indicators that includes PC representations of certain sub-networks), imposing uniform 

weights on all series (line 1, Figure 1c). The resulting reconstruction closely resembles the 

MBH98 reconstruction (line 2, Figure 1c), with no indication of anomalous 15th century warmth. 

The model on which it is based has only a slightly lower verification  score (RE=0.47) than the 

analagous MBH98 model for 22 indicators available over AD 1400-1500 (RE=0.51). We also 

show that our re-standardization of all indicators in the MBH98 network by their detrended 
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standard deviation during the calibration period, prior to calibration and reconstruction did not 

significantly influence the MBH98 reconstruction (line 3, Figure 1c). This latter step was 

motivated by the fact that 20th century trends in instrumental and proxy data typically far exceed 

the expectations for a 'red noise' null hypothesis (6).  Normalizing by the detrended standard 

deviation therefore more properly weights the data series with respect to their estimated noise 

variance. It is inappropriate to use a red noise model in testing standardization procedures, as 

MM04 did, because simple spectral analyses of the actual series reveals many of them to be 

statistically inconsistent with an underlying red noise model. MBH98 also normalized the time 

series of the reconstructions of the instrumental eigenvectors to have the same variance as the 

actual instrumental eigenvectors during the calibration period. As MM03 did not perform this 

step, we have not invoked this normalization in our reproduction of their estimate (line 1, Figure 

1a). We nonetheless show that this step, too, makes little difference in the MBH98 reconstruction 

(line 4, Figure 1c).  We have thus demonstrated that MM04’s claim of a bias introduced by our 

PCA algorithm is invalid on both theoretical and empirical grounds. The only explanation for the 

anomalous findings of MM03 and MM04 is their deletion of essential proxy indicators from the 

network, leading to a reconstruction suggesting anomalous 15th century warmth, which does not 

pass cross-validation and is therefore almost certainly spurious. 

Had MM produced an alternative reconstruction that stood up to rigorous cross-validation 

procedures (like that of MBH98), it would be worthy of discussion. However, as a close 

reproduction of their reconstructions (MM04c) shows roughly the level of skill of a random 

reconstruction, it does not demand serious consideration. Furthermore, numerous other studies 

based on different data and methods (7-10), or climate modeling approaches (e.g. 11-13), lead to 

the same conclusion that late 20th century warmth is anomalous in the context of the past six 
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centuries or longer. The criticisms put forth by MM04 do not stand up to scrutiny and in no way 

invalidate our reconstruction, which we have demonstrated to be quite robust. Of course, we 

continue to seek both more and improved data, and improved techniques of reconstruction, 

especially for the early centuries of the second millennium AD. 

 

Appendix: specific data details 

One of the few legitimate criticisms of MBH98 by MM03 and MM04 is their identification of 

some errors in the details provided in the on-line "supplementary information" that accompanied the 

MBH98 article. We have worked closely with Nature to produce an archive containing (a) a corrected 

version of the supplementary information, (b) all data (proxy and instrumental) used by MBH98 in an 

easily accessible and completely documented format, and some additional methodological details useful 

for those seeking to reproduce our results. This archive is available publicly here: 

ftp://holocene.evsc.virginia.edu/pub/Data/MANNETAL98. 

Minor errors that existed in the original supplementary description provided by MBH98 are 

detailed elsewhere (14), but we emphasize that these are of virtually no consequence to the MBH98 

hemispheric mean temperature reconstruction. For example, while it may not have been clear in the 

original documentation that we made use  of the versions of the Central England and Central European 

temperatures records of Bradley and Jones’ (7) (summer mean, rather than annual mean), and set two 

regional western North American tree-ring series equal following their termination during the mid 20th 

century, this has essentially no impact on our hemispheric mean reconstruction. Furthermore, as these 

issues (and several other series challenged by MM) involve data series that do not extend to before AD 

1500, they are irrelevant to the questions at hand, and raising them represents little more than a curious 

distraction by MM. Related complaints by MM regarding the use by MBH98 of some limited redundant 
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data, and challenges of particular data, such as the early Stahle et al SWM/TX data, are also irrelevant 

(see e.g. line 4, Figure 1a). 

Moreover, MM inappropriately dismiss the quality of certain proxy data series based on their own 

inability to find those series in certain public data archives or in the published literature. Some of the 

proxy data used by MBH98 are unpublished, and were kindly provided directly to us by the original 

researchers. It is invalid for MM04 to impute lower quality to such data. All proxy data used by MBH98 

have been provided in the public website listed earlier.  

MM04 criticize the PC representation of the North American ITRDB data which was based, for 

the period AD 1400-1450, on an EOF analysis of the 70 constituent series which were standardized, as 

discussed earlier, by their detrended calibration period standard deviation. As shown earlier (line 3, 

Figure 1c), this criticism can be simply dismissed on the basis that use of all 70 constituent series (which 

are part of the total of 95 available for this period) with uniform weighting, rather than this PC 

representation, yields no evidence of the anomalous 15th century warmth found by MM04 (line 1, Figure 

1c).  Furthermore, despite the claims that the standardization procedure used to calculate the ITRDB 

PC#1 exaggerates the influence of one particular series, we simply note that the loadings on the 70 series 

associated with PC#1, by contrast, are substantially shared by more than a dozen series (14/70 series have 

loadings that are greater than 50% of the maximum loading of any one series). Finally, MM04 introduce 

problems into the important Northern Treeline dataset used by MBH98. Aside from incorrectly 

substituting shorter versions of the "Kuujuag" and TTHH Northern Treeline series for those used by 

MBH98, and introducing an extended version of another Northern Treeline series not available prior to 

AD 1500 at the time of MBH98, they censored from the analysis the only Northern Treeline series in the 

MBH98 network available over the AD 1400-1500 interval, on the technicality that it begins only in AD 

1404 (MBH98 accommodated this detail by setting the values for AD 1400-1404 equal).  The criticism of 

the use of infilled values from AD 1400-1403 can be dealt with by performing the MBH98 reconstruction 
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from AD 1404-1500 rather than AD 1400-1500. Doing so yields essentially the same reconstruction as 

MBH98 (line 3, Figure 1a).   

 

Correspondence and requests for materials should be addressed to M.E.Mann (e-mail: 
mann@virginia.edu).  
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Figure 1  Alternative NH reconstructions and instrumental NH record. Horizontal 

dashed line denotes border between calibration and cross-validation intervals.  

(A) Comparison of  MBH98 NH reconstruction with reproduction of MM reconstruction 

('MM04cS') based on elimination of key datasets in MM. Cross-validation results 

are given for comparison. Note that MBH98 and MM04cS coincide by construction 
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after AD 1500, though the 40-year smoothing introduces some small differences 

prior to about AD 1550. 

(B)  Detailed Comparison of MBH98 reconstruction and MM04c reconstruction with 

instrumental record during calibration and cross-validation intervals, highlighting 

the poor performance in cross-validation of the MM04c reconstruction.  

(C)  Comparisons showing influences of various details of  methodology on the 

MBH98 reconstruction.   
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REPLY TO "Global-scale temperature patterns and climate 
forcings over the past six centuries: A comment." By S. 
McIntyre and  R. McKitrick 

 
 
Michael E. Mann1, Raymond S. Bradley2, Malcolm K. Hughes3 
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Virginia,  22903, USA 

2Geosciences Department, University of Massachusetts, Amherst, MA 01003, USA 

3Laboratory of Tree Ring Research, University of Virginia, Tucson, AZ 85721, USA 

 
McIntyre and McKitrick (1) (henceforth MM04) are incorrect with respect to each major 

point they raise, including those concerning the main data sets we used and the principal 

components algorithm with which we condensed proxy data in heavily represented regions.  

Contrary to the assertions of MM04, we here demonstrate our original reconstruction (2) is 

statistically robust and their criticisms of our reconstruction are without merit. 

Given a large data set such as we used, alternative reconstructions of the past, such as that of 

MM04, can easily result from the injudicious exclusion or inclusion of particular data. MM04 

fail to note, however, a vital step in the process of developing such reconstructions, namely 

validating the statistical model used to convert proxy records to estimates of past climate. This is 

usually done by developing estimates of the climate variable of interest, or “reconstructions”, for 

a period covered by instrumental data not included in the training, or calibration, period of the 

model. Unlike our original reconstructions, and several variants described below, MM04 do not 

report such tests. We will show that censoring our data set as they did produces a reconstruction 

similar to theirs, that does not pass validation tests and, unlike ours, bears no resemblance to the 
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instrumental record during the 19th century . We demonstrate in detail elsewhere (Mann et al, in 

review) that MM04’s “updated” version of the data set used by us in (2) (henceforth MBH98) 

repeats mistakes they have made elsewhere (ref. 3, henceforth MM03) by using a censored set 

resulting from failure to understand the procedure used by MBH98. Their misunderstanding of 

the MBH98 protocol, combined with some additional unjustified substitutions of data used by 

MBH98 (see below), led to the elimination by MM03 of the entire North American ITRDB and 

Northern Treeline datasets used by MBH98 over AD 1400-1500, amounting to more than 80% 

of the proxy data (77/95 series) used by MBH98 prior to AD 1450 and more than 70% of the 

proxy data (99/139 series) between AD 1450 and 1500. It is no coincidence that it is over 

precisely this AD 1400-1500 interval that they obtain a dramatically different result (anomalous 

15th century warmth) that conflicts not only with MBH98, but virtually all other published NH 

reconstructions (9). Here we demonstrate that the main criticisms of MM04 are without merit.  

1.  What is the cause of the differences between the reconstruction of MBH98 and of MM03 

and MM04?  

In order to simplify this reply, we make use of only the 1st eigenvector of the surface 

temperature field for calibration of proxy data and the associated surface temperature 

reconstructions. We use the proxy indicator network available back to AD 1400 for 

reconstructions over the AD 1400-1500 interval.  The additional (2nd) eigenvector, and two 

additional indicators used by MBH98 from AD 1450-1500 have no significant impact on the NH 

mean reconstruction of interest here. To simulate what MM03/MM04 did (see also ref. 3), we 

eliminated the entire North American ITRDB and  Northern Treeline datasets from the MBH98 

network available from AD 1400-1500  and performed  the reconstruction (henceforth referred to 

as 'MM04c') based on the resulting network through 1971 (line 1, Figure 1a). The splice of this 
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reconstruction from AD 1400-1500 with that of MBH98 from AD 1501-1971 provides a close 

approximation (henceforth referred to as 'MM04cS')  to the MM04 reconstruction (line 2, Figure 

1a), and demonstrates why their attempt to reproduce our estimate fails. Slight differences of 

MM04cS with the precise MM04 result likely result from minor errors in their implementation of 

the methodology (Mann et al, in review). The difference between MBH98 and MM04cS is not 

the result of our use of infilled values for a few locations in the period 1971-80 or (for one series) 

for 1400-1403, as they claim (3). We show that a reconstruction calibrated using the period 

1902-1971 (avoiding infilling) is effectively the same as that of MBH98 (line 3, Figure 1a). 

Elimination of the Stahle et al SWM/TX data challenged by MM04 (see below) also has no 

detectable influence on the reconstruction (line 4, Figure 1a). Thus the difference between the 

reconstructions of MBH98 and MM03 and MM04 results from MM’s omission of  the entire 

North American ITRDB and Northern Treeline data sets ( the overwhelming majority of proxy 

data used by MBH98)  in the early centuries of the reconstruction period. 

2. What basis is there for believing the MBH98 reconstruction is reliable?  

There is a long history in high-resolution paleoclimatology of emphasising verification of 

models used in climate reconstructions (4,5), by using independent data. Unlike MBH98, MM 

provide no assessments of the statistical reliability of the model on which their reconstruction is 

based. In fact, the MM04c model (line 4, Figure 1b) for the period AD 1400-1500 when applied 

to the interval 1854-1901 displays no statistical skill in comparisons  with the instrumental data 

for 1854-1901 (RE = -0.76), whereas our model for the AD 1400-1500 period, applied to the 

same interval exhibits considerable skill (RE = 0.51) (cf. lines 1 and 2, Figure 1b). The actual 

MBH98 reconstruction, which employs models  from an increasingly expanded proxy network in 

later centuries (with the full network of 112 indicators available after 1820) shows even greater 
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cross-validation skill (RE = 0.69) (cf. line 3, Figure 1b).   The 'reduction of error' statistic 'RE' 

favored in most studies (4,5) as a diagnostic measure of reconstructive skill obeys the bounds - 

<  RE < 1. Negative values of RE indicate a lack of reconstructive skill, as in the case of MM04c,  

RE=0 represents the "no skill" boundary in which the reconstruction performs as well as the 

assignment of the calibration period mean, while substantially positive values as in MBH98 (e.g. 

RE=0.5 to 0.7)  suggest considerable skill. Close examination of the calibration and verification  

period (Figure 1b) highlights the fact that the original MBH98 reconstruction (line 3, Figure 1b) 

and the MBH98 reconstruction based on the model for the AD 1400-1500 period (line 3, Figure 

1b) captures the variations in the instrumental record quite well in both calibration and 

verification, while MM04c (line 2, Figure 1b) clearly does not. In short, the MM reconstruction, 

unlike the MBH98 reconstruction,  is unlikely to provide any useful insight into the actual 

climate history prior to AD 1500. 

3. Is a bias introduced into our reconstruction by the principal components algorithm we 

used to condense data?  

To examine this claim we performed a reconstruction over AD 1400-1980 using all 95 original 

individual proxy series available over the AD 1400-1500 interval (rather than a smaller network 

of 22 indicators that includes PC representations of certain sub-networks), imposing uniform 

weights on all series (line 1, Figure 1c). The resulting reconstruction closely resembles the 

MBH98 reconstruction (line 2, Figure 1c), with no indication of anomalous 15th century warmth. 

The model on which it is based has only a slightly lower verification  score (RE=0.47) than the 

analagous MBH98 model for 22 indicators available over AD 1400-1500 (RE=0.51). We also 

show that our re-standardization of all indicators in the MBH98 network by their detrended 
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standard deviation during the calibration period, prior to calibration and reconstruction did not 

significantly influence the MBH98 reconstruction (line 3, Figure 1c). This latter step was 

motivated by the fact that 20th century trends in instrumental and proxy data typically far exceed 

the expectations for a 'red noise' null hypothesis (6).  Normalizing by the detrended standard 

deviation therefore more properly weights the data series with respect to their estimated noise 

variance. It is inappropriate to use a red noise model in testing standardization procedures, as 

MM04 did, because simple spectral analyses of the actual series reveals many of them to be 

statistically inconsistent with an underlying red noise model. MBH98 also normalized the time 

series of the reconstructions of the instrumental eigenvectors to have the same variance as the 

actual instrumental eigenvectors during the calibration period. As MM03 did not perform this 

step, we have not invoked this normalization in our reproduction of their estimate (line 1, Figure 

1a). We nonetheless show that this step, too, makes little difference in the MBH98 reconstruction 

(line 4, Figure 1c).  We have thus demonstrated that MM04’s claim of a bias introduced by our 

PCA algorithm is invalid on both theoretical and empirical grounds. The only explanation for the 

anomalous findings of MM03 and MM04 is their deletion of essential proxy indicators from the 

network, leading to a reconstruction suggesting anomalous 15th century warmth, which does not 

pass cross-validation and is therefore almost certainly spurious. 

Had MM produced an alternative reconstruction that stood up to rigorous cross-validation 

procedures (like that of MBH98), it would be worthy of discussion. However, as a close 

reproduction of their reconstructions (MM04c) shows roughly the level of skill of a random 

reconstruction, it does not demand serious consideration. Furthermore, numerous other studies 

based on different data and methods (7-10), or climate modeling approaches (e.g. 11-13), lead to 

the same conclusion that late 20th century warmth is anomalous in the context of the past six 
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centuries or longer. The criticisms put forth by MM04 do not stand up to scrutiny and in no way 

invalidate our reconstruction, which we have demonstrated to be quite robust. Of course, we 

continue to seek both more and improved data, and improved techniques of reconstruction, 

especially for the early centuries of the second millennium AD. 

 

Appendix: specific data details 

One of the few legitimate criticisms of MBH98 by MM03 and MM04 is their identification of 

some errors in the details provided in the on-line "supplementary information" that accompanied the 

MBH98 article. We have worked closely with Nature to produce an archive containing (a) a corrected 

version of the supplementary information, (b) all data (proxy and instrumental) used by MBH98 in an 

easily accessible and completely documented format, and some additional methodological details useful 

for those seeking to reproduce our results. This archive is available publicly here: 

ftp://holocene.evsc.virginia.edu/pub/Data/MANNETAL98. 

Minor errors that existed in the original supplementary description provided by MBH98 are 

detailed elsewhere (14), but we emphasize that these are of virtually no consequence to the MBH98 

hemispheric mean temperature reconstruction. For example, while it may not have been clear in the 

original documentation that we made use  of the versions of the Central England and Central European 

temperatures records of Bradley and Jones’ (7) (summer mean, rather than annual mean), and set two 

regional western North American tree-ring series equal following their termination during the mid 20th 

century, this has essentially no impact on our hemispheric mean reconstruction. Furthermore, as these 

issues (and several other series challenged by MM) involve data series that do not extend to before AD 

1500, they are irrelevant to the questions at hand, and raising them represents little more than a curious 

distraction by MM. Related complaints by MM regarding the use by MBH98 of some limited redundant 
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data, and challenges of particular data, such as the early Stahle et al SWM/TX data, are also irrelevant 

(see e.g. line 4, Figure 1a). 

Moreover, MM inappropriately dismiss the quality of certain proxy data series based on their own 

inability to find those series in certain public data archives or in the published literature. Some of the 

proxy data used by MBH98 are unpublished, and were kindly provided directly to us by the original 

researchers. It is invalid for MM04 to impute lower quality to such data. All proxy data used by MBH98 

have been provided in the public website listed earlier.  

MM04 criticize the PC representation of the North American ITRDB data which was based, for 

the period AD 1400-1450, on an EOF analysis of the 70 constituent series which were standardized, as 

discussed earlier, by their detrended calibration period standard deviation. As shown earlier (line 3, 

Figure 1c), this criticism can be simply dismissed on the basis that use of all 70 constituent series (which 

are part of the total of 95 available for this period) with uniform weighting, rather than this PC 

representation, yields no evidence of the anomalous 15th century warmth found by MM04 (line 1, Figure 

1c).  Furthermore, despite the claims that the standardization procedure used to calculate the ITRDB 

PC#1 exaggerates the influence of one particular series, we simply note that the loadings on the 70 series 

associated with PC#1, by contrast, are substantially shared by more than a dozen series (14/70 series have 

loadings that are greater than 50% of the maximum loading of any one series). Finally, MM04 introduce 

problems into the important Northern Treeline dataset used by MBH98. Aside from incorrectly 

substituting shorter versions of the "Kuujuag" and TTHH Northern Treeline series for those used by 

MBH98, and introducing an extended version of another Northern Treeline series not available prior to 

AD 1500 at the time of MBH98, they censored from the analysis the only Northern Treeline series in the 

MBH98 network available over the AD 1400-1500 interval, on the technicality that it begins only in AD 

1404 (MBH98 accommodated this detail by setting the values for AD 1400-1404 equal).  The criticism of 

the use of infilled values from AD 1400-1403 can be dealt with by performing the MBH98 reconstruction 
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from AD 1404-1500 rather than AD 1400-1500. Doing so yields essentially the same reconstruction as 

MBH98 (line 3, Figure 1a).   

 

Correspondence and requests for materials should be addressed to M.E.Mann (e-mail: 
mann@virginia.edu).  
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Figure 1  Alternative NH reconstructions and instrumental NH record. Horizontal 

dashed line denotes border between calibration and cross-validation intervals.  

(A) Comparison of  MBH98 NH reconstruction with reproduction of MM reconstruction 

('MM04cS') based on elimination of key datasets in MM. Cross-validation results 

are given for comparison. Note that MBH98 and MM04cS coincide by construction 
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after AD 1500, though the 40-year smoothing introduces some small differences 

prior to about AD 1550. 

(B)  Detailed Comparison of MBH98 reconstruction and MM04c reconstruction with 

instrumental record during calibration and cross-validation intervals, highlighting 

the poor performance in cross-validation of the MM04c reconstruction.  

(C)  Comparisons showing influences of various details of  methodology on the 

MBH98 reconstruction.   
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From: Michael E. Mann
To: Malcolm Hughes; rbradley@geo.umass.edu
Subject: Re: again...
Date: Wednesday, February 04, 2004 10:47:54 AM

HI Malcolm,

I'll work on this this afternoon. Most of these changes are ok, though I'm not at all
happy with changes to one sentence:

"Given a large data set such as we used, alternative reconstructions of the past,
[VSC1] , can easily result from the inclusion of particular data". This is an important
sentence, and we may need to dicuss this over the phone.

I will try to find a simple and clear way of dealing with the MM03 vs MM04
distinction.

I'll modify the legend/figure captions as suggested, but I'm not sure I'm happy
eliminating all of the series you mention. Will reconsider this...

Keep in mind that this reply is intended to get Nature to *reject* the MM04
comment, our aim isn't really to get the back-and-forth exchange published. So I
don't think we want to worry about how Nature will reduce our figures, etc. at this
point. We want to make sure that the results are clear enough to the Nature editor
and possible reviewers that they see MM03 are completely bogus, and recommend
rejection...

more later,

mike

At 10:47 AM 2/4/2004 -0700, Malcolm Hughes wrote:

Mike - I was able to read that version. I make a few more 
editorial changes, some of which  have explanatory comments 
that you will need to be sure to delete before submission. There 
may also be the odd comment not linked to a tracked change. I 
am afraid that the mss will still be difficult for a reader to 
understand, and this is made worse by the references to MM03. 
We really must be very careful to limit ourselves as far as 
possible to the points they raise in MM04 if we are not to lose 
readers in the first couple of lines. On this point, the figures 
could still stand simplification - they are going to be one column 
wide only, and so the text in the "in-figure" legends will be 
indecipherable withut the use of a magnifying glass. I strongly 
support Ray's idea of moving all that text to the caption. The 
reader would also be greatly helped by the removal of certain 
lines from the diagrams, and any text in the main body or 
appendix that refer to them. These are:
Figure 1a: line 5
Figure 1b:line 3
Figure 1c line 2
Ray had a concern about whether we are free to put all the data 
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we usedin the public domain- he will call you about this in an 
hour or so.
I have edited to the calibrate/verify convention throughout (as 
opposed to the cross validation terminology) for two reasons - 
1)- consistency within this manuscript; 2) anumber of colleages 
in this area of work understand very specific set of procedures 
when they read  the phrase "cross-validation", and will balk at or 
misunderstand  the way it was used here.
I will now be at a major doctor's appointment for a couple of 
hours, and may not get to looking at the reply to Heike L untill 
tomorow morning, as  have class this evening.
Cheers, Malcolm
.
.  Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes; rbradley@geo.umass.edu
Subject: Re: again...
Date: Wednesday, February 04, 2004 11:20:27 AM

p.s. we've already had all of the MBH98 proxy data in the public domain for a couple
years now (though not in as user-friendly a format), so for better or for worse, this is
a moot issue now...

mike

At 10:47 AM 2/4/2004 -0700, Malcolm Hughes wrote:

Mike - I was able to read that version. I make a few more 
editorial changes, some of which  have explanatory comments 
that you will need to be sure to delete before submission. There 
may also be the odd comment not linked to a tracked change. I 
am afraid that the mss will still be difficult for a reader to 
understand, and this is made worse by the references to MM03. 
We really must be very careful to limit ourselves as far as 
possible to the points they raise in MM04 if we are not to lose 
readers in the first couple of lines. On this point, the figures 
could still stand simplification - they are going to be one column 
wide only, and so the text in the "in-figure" legends will be 
indecipherable withut the use of a magnifying glass. I strongly 
support Ray's idea of moving all that text to the caption. The 
reader would also be greatly helped by the removal of certain 
lines from the diagrams, and any text in the main body or 
appendix that refer to them. These are:
Figure 1a: line 5
Figure 1b:line 3
Figure 1c line 2
Ray had a concern about whether we are free to put all the data 
we usedin the public domain- he will call you about this in an 
hour or so.
I have edited to the calibrate/verify convention throughout (as 
opposed to the cross validation terminology) for two reasons - 
1)- consistency within this manuscript; 2) anumber of colleages 
in this area of work understand very specific set of procedures 
when they read  the phrase "cross-validation", and will balk at or 
misunderstand  the way it was used here.
I will now be at a major doctor's appointment for a couple of 
hours, and may not get to looking at the reply to Heike L untill 
tomorow morning, as  have class this evening.
Cheers, Malcolm
.
.  Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229
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______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes; rbradley@geo.umass.edu
Subject: Re: again...
Date: Wednesday, February 04, 2004 11:27:55 AM

p.s. malcolm--as per previous email, we're going to see first if Heike is satisfied w/
our response to MM04 and the enhanced info on the supplementary information site
now, before going ahead and drafting a specific reply to her ealier (Dec) inquiries.

So I wouldn't bother w/ this yet, until she confirms whether she still wants this after
we send her the other...

I'm making good progress on the suggested changes in figures/legends/etc and think
I've found a good simple way to broach the MM03/MM04 distinction in an
unconfusing way. Hopefully, you'll find the revised version (later this afternoon) a
significant improvement.

more soon,

mike

At 10:47 AM 2/4/2004 -0700, Malcolm Hughes wrote:

Mike - I was able to read that version. I make a few more 
editorial changes, some of which  have explanatory comments 
that you will need to be sure to delete before submission. There 
may also be the odd comment not linked to a tracked change. I 
am afraid that the mss will still be difficult for a reader to 
understand, and this is made worse by the references to MM03. 
We really must be very careful to limit ourselves as far as 
possible to the points they raise in MM04 if we are not to lose 
readers in the first couple of lines. On this point, the figures 
could still stand simplification - they are going to be one column 
wide only, and so the text in the "in-figure" legends will be 
indecipherable withut the use of a magnifying glass. I strongly 
support Ray's idea of moving all that text to the caption. The 
reader would also be greatly helped by the removal of certain 
lines from the diagrams, and any text in the main body or 
appendix that refer to them. These are:
Figure 1a: line 5
Figure 1b:line 3
Figure 1c line 2
Ray had a concern about whether we are free to put all the data 
we usedin the public domain- he will call you about this in an 
hour or so.
I have edited to the calibrate/verify convention throughout (as 
opposed to the cross validation terminology) for two reasons - 
1)- consistency within this manuscript; 2) anumber of colleages 
in this area of work understand very specific set of procedures 
when they read  the phrase "cross-validation", and will balk at or 
misunderstand  the way it was used here.
I will now be at a major doctor's appointment for a couple of 
hours, and may not get to looking at the reply to Heike L untill 

ABOR/MH/Priv-001807



tomorow morning, as  have class this evening.
Cheers, Malcolm
.
.  Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Subject: revised version
Date: Wednesday, February 04, 2004 4:45:05 PM
Attachments: mmNatureResponseV4.doc

Fig1a-final2.pdf
Fig1b-final2.pdf
Fig1c-final2.pdf

Malcolm, Ray:

Revised version of manuscript and figures. I've tried to address concerns expressed
by both of you, and to try to handle the MM03 vs MM04 issue as succinctly as
possible. Changes in yellow highlighting. One sticking point is the line about the
influence of "inclusion or exclusion" of data. I feel strongly this needs to be phrased
in a manner similar to how I have phrased it. I'd be happy to discuss over the phone
if this would help...

Hoping we can finalize tonight.

Thanks in advance for any comments--feel free to call me at  until 10
PM or so tonight,

mike

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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REPLY TO "Global-scale temperature patterns and climate 
forcings over the past six centuries: A comment." By S. 
McIntyre and  R. McKitrick 

 
 
Michael E. Mann1, Raymond S. Bradley2, Malcolm K. Hughes3 
 

1Department of Environmental Sciences, University of Virginia, Clark Hall, Charlottesville, 

Virginia,  22903, USA 

2Geosciences Department, University of Massachusetts, Amherst, MA 01003, USA 

3Laboratory of Tree Ring Research, University of Virginia, Tucson, AZ 85721, USA 

 
McIntyre and McKitrick (1) (henceforth MM04) are incorrect with respect to each major 

point they raise, including those concerning the main data sets we used and the principal 

components algorithm with which we condensed proxy data in heavily represented regions.  

Contrary to the assertions of MM04, we here demonstrate our original reconstruction (2) is 

statistically robust and their criticisms of our reconstruction are without merit.  

Given a large data set such as we used, alternative reconstructions of the past can easily 

result from the systematic exclusion, as in MM04,  of particular data from the pool of candidate 

predictors.  MM04 fail to note, however, a vital step in the process of developing such 

reconstructions, namely validating the statistical model used to convert proxy records to 

estimates of past climate. This is usually done by developing estimates of the climate variable of 

interest, or “reconstructions”, for a period covered by instrumental data not included in the 

training, or calibration, period of the model. Unlike our original reconstructions, and several 

variants described below, MM04 do not report such tests. We will show that censoring our data 

set as they did produces a reconstruction similar to theirs, that does not pass validation tests and, 
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unlike ours, bears no resemblance to the instrumental record during the 19th century . We 

demonstrate in detail elsewhere (Mann et al, in review) that MM04’s “updated” version of the 

data set used by us in (2) (henceforth MBH98) repeats mistakes they have made elsewhere (ref. 

3, henceforth MM03) by using a censored set resulting from failure to understand the procedure 

used by MBH98. Their misunderstanding of the MBH98 protocol, combined with some 

additional unjustified substitutions of data used by MBH98 (see below), led to the elimination by 

MM03 of the entire North American ITRDB and Northern Treeline datasets used by MBH98 

over AD 1400-1500, amounting to more than 80% of the proxy data (77/95 series) used by 

MBH98 prior to AD 1450 and more than 70% of the proxy data (99/139 series) between AD 

1450 and 1500. MM04 effectively censor the MBH98 dataset in an identical manner to MM03, 

though in the case of the ITRDB data, this time through the elimination of the dominant 

component of variance in the dataset. It is no coincidence that it is over precisely this AD 1400-

1500 interval that they obtain a dramatically different result (anomalous 15th century warmth) 

that conflicts not only with MBH98, but virtually all other published NH reconstructions (9). 

Here we demonstrate that MM04's main criticisms are without merit.  

1.  What is the cause of the differences between the reconstruction of MBH98 and of MM03 

and MM04?  

In order to simplify this reply, we make use of only the 1st eigenvector of the surface 

temperature field for calibration of proxy data and the associated surface temperature 

reconstructions. We use the proxy indicator network available back to AD 1400 for 

reconstructions over the AD 1400-1500 interval.  The additional (2nd) eigenvector, and two 

additional indicators used by MBH98 from AD 1450-1500 have no significant impact on the NH 

mean reconstruction of interest here. To simulate what MM04 did (see also ref. 3), we eliminated 
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the entire North American ITRDB and  Northern Treeline datasets from the MBH98 network 

available from AD 1400-1500  and performed  the reconstruction (henceforth referred to as 

'MM04c') based on the resulting network through 1971 (line 1, Figure 1a). The splice of this 

reconstruction from AD 1400-1500 with that of MBH98 from AD 1501-1971 provides a close 

approximation (henceforth referred to as 'MM04cS')  to the MM03/MM04 ('MM') reconstruction 

(line 2, Figure 1a), and demonstrates why their attempt to reproduce our estimate fails. Slight 

differences of MM04cS with the precise MM result likely result from minor errors in their 

implementation of the methodology (Mann et al, in review). The difference between MBH98 and 

MM04cS is not the result of our use of infilled values for a few locations in the period 1971-80 

or (for one series) for 1400-1403, as they claim (3). We show that a reconstruction calibrated 

using the period 1902-1971 (avoiding infilling) is effectively the same as that of MBH98 (line 3, 

Figure 1a). Elimination of the Stahle et al SWM/TX data challenged by MM04 (see below) also 

has no detectable influence on the reconstruction (line 4, Figure 1a). Thus the difference between 

the reconstructions of MBH98 and MM results from MM’s omission or effective omission of  

the North American ITRDB and Northern Treeline data sets ( the overwhelming majority of 

proxy data used by MBH98)  in the early centuries of the reconstruction period. 

2. What basis is there for believing the MBH98 reconstruction is reliable?  

There is a long history in high-resolution paleoclimatology of emphasising verification of 

models used in climate reconstructions (4,5), by using independent data. Unlike MBH98, MM 

provide no assessments of the statistical reliability of the model on which their reconstruction is 

based. In fact, the MM04c model (line 1, Figure 1b) for the period AD 1400-1500 when applied 

to the interval 1854-1901 displays no statistical skill in comparisons  with the instrumental data 

for 1854-1901 (RE = -0.76), whereas our model for the AD 1400-1500 period, applied to the 
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same interval (line 2, Figure 1b) exhibits considerable skill (RE = 0.51). The actual MBH98 

reconstruction (i.e., line 5, Figure 1a), which employs models from an increasingly expanded 

proxy network in later centuries (with the full network of 112 indicators available after 1820) 

shows even greater verification skill (RE = 0.69; see MBH98). The 'reduction of error' statistic 

'RE' favored in most studies (4,5) as a diagnostic measure of reconstructive skill obeys the 

bounds - <  RE < 1. Negative values of RE, as in the case of MM04c, indicate a lack of 

reconstructive skill, while  RE=0 represents the "no skill" boundary in which the reconstruction 

performs as well as the assignment of the calibration period mean, and substantially positive 

values as in MBH98 (e.g. RE=0.5 to 0.7 depending on the precise proxy model)  suggest 

considerable skill. Thus, the MM04 reconstruction, unlike the MBH98 reconstruction,  is 

unlikely to provide any useful insight into the actual climate history prior to AD 1500. 

3. Is a bias introduced into our reconstruction by the principal components algorithm we 

used to condense data?  

To examine this claim we performed a reconstruction over AD 1400-1980 using all 95 original 

individual proxy series available over the AD 1400-1500 interval (rather than a smaller network 

of 22 indicators that includes PC representations of certain sub-networks), imposing uniform 

weights on all series (line 1, Figure 1c). The resulting reconstruction closely resembles the 

MBH98 reconstruction (line 2, Figure 1c), with no indication of anomalous 15th century warmth. 

The model on which it is based has only a slightly lower verification  score (RE=0.47) than the 

analagous MBH98 model for 22 indicators available over AD 1400-1500 (RE=0.51). We also 

show that our re-standardization of all indicators in the MBH98 network by their detrended 

standard deviation during the calibration period, prior to calibration and reconstruction did not 
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significantly influence the MBH98 reconstruction (line 3, Figure 1c). This latter step was 

motivated by the fact that 20th century trends in instrumental and proxy data typically far exceed 

the expectations for a 'red noise' null hypothesis (6).  Normalizing by the detrended standard 

deviation therefore more properly weights the data series with respect to their estimated noise 

variance. It is inappropriate to use a red noise model in testing standardization procedures, as 

MM04 did, because simple spectral analyses of the actual series reveals many of them to be 

statistically inconsistent with an underlying red noise model. MBH98 also normalized the time 

series of the reconstructions of the instrumental eigenvectors to have the same variance as the 

actual instrumental eigenvectors during the calibration period. As MM03 did not perform this 

step, we have not invoked this normalization in our reproduction of their estimate (line 1, Figure 

1a). We nonetheless show that this step, too, makes little difference in the MBH98 reconstruction 

(line 4, Figure 1c).  We have thus demonstrated that MM04’s claim of a bias introduced by our 

PCA algorithm is invalid on both theoretical and empirical grounds. The only explanation for the 

anomalous findings of MM03 and MM04 is their deletion of essential proxy indicators from the 

network, leading to a reconstruction suggesting anomalous 15th century warmth, which does not 

pass statistical verification and is therefore almost certainly spurious. 

Had MM produced an alternative reconstruction that stood up to rigorous verification 

procedures (like that of MBH98), it would be worthy of discussion. However, as a close 

reproduction of their reconstructions (MM04c) shows roughly the level of skill of a random 

reconstruction, it does not demand serious consideration. Furthermore, numerous other studies 

based on different data and methods (7-10), or climate modeling approaches (e.g. 11-13), lead to 

the same conclusion that late 20th century warmth is anomalous in the context of the past six 

centuries or longer. The criticisms put forth by MM04 do not stand up to scrutiny and in no way 
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invalidate our reconstruction, which we have demonstrated to be quite robust. Of course, we 

continue to seek both more and improved data, and improved techniques of reconstruction, 

especially for the early centuries of the second millennium AD. 

 

Appendix: specific data details 

One of the few legitimate criticisms of MBH98 by MM03 and MM04 is their identification of 

some errors in the details provided in the on-line "supplementary information" that accompanied the 

MBH98 article. We have worked closely with Nature to produce an archive containing (a) a corrected 

version of the supplementary information, (b) all data (proxy and instrumental) used by MBH98 in an 

easily accessible and completely documented format, and some additional methodological details useful 

for those seeking to reproduce our results. This archive is available publicly here: 

ftp://holocene.evsc.virginia.edu/pub/Data/MANNETAL98. 

Minor errors that existed in the original supplementary description provided by MBH98 are 

detailed elsewhere (14), but we emphasize that these are of virtually no consequence to the MBH98 

hemispheric mean temperature reconstruction. For example, while it may not have been clear in the 

original documentation that we made use  of the versions of the Central England and Central European 

temperatures records of Bradley and Jones’ (7) (summer mean, rather than annual mean), and set two 

regional western North American tree-ring series equal following their termination during the mid 20th 

century, this has essentially no impact on our hemispheric mean reconstruction. Furthermore, as these 

issues (and several other series challenged by MM) involve data series that do not extend to before AD 

1500, they are irrelevant to the questions at hand, and raising them represents little more than a curious 

distraction by MM. Related complaints by MM regarding the use by MBH98 of some limited redundant 

data, and challenges of particular data, such as the early Stahle et al SWM/TX data, are also irrelevant 

(see e.g. line 4, Figure 1a). 
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Moreover, MM inappropriately dismiss the quality of certain proxy data series based on their own 

inability to find those series in certain public data archives or in the published literature. Some of the 

proxy data used by MBH98 are unpublished, and were kindly provided directly to us by the original 

researchers. It is invalid for MM04 to impute lower quality to such data. All proxy data used by MBH98 

have been provided in the public website listed earlier.  

MM04 criticize the PC representation of the North American ITRDB data which was based, for 

the period AD 1400-1450, on an EOF analysis of the 70 constituent series which were standardized, as 

discussed earlier, by their detrended calibration period standard deviation. As shown earlier (line 3, 

Figure 1c), this criticism can be simply dismissed on the basis that use of all 70 constituent series (which 

are part of the total of 95 available for this period) with uniform weighting, rather than this PC 

representation, yields no evidence of the anomalous 15th century warmth found by MM04 (line 1, Figure 

1c).  Furthermore, despite the claims that the standardization procedure used to calculate the ITRDB 

PC#1 exaggerates the influence of one particular series, we simply note that the loadings on the 70 series 

associated with PC#1, by contrast, are substantially shared by more than a dozen series (14/70 series have 

loadings that are greater than 50% of the maximum loading of any one series). Finally, MM04 introduce 

problems into the important Northern Treeline dataset used by MBH98. Aside from incorrectly 

substituting shorter versions of the "Kuujuag" and TTHH Northern Treeline series for those used by 

MBH98, and introducing an extended version of another Northern Treeline series not available prior to 

AD 1500 at the time of MBH98, they censored from the analysis the only Northern Treeline series in the 

MBH98 network available over the AD 1400-1500 interval, on the technicality that it begins only in AD 

1404 (MBH98 accommodated this detail by setting the values for AD 1400-1404 equal).  The criticism of 

the use of infilled values from AD 1400-1403 can be dealt with by performing the MBH98 reconstruction 

from AD 1404-1500 rather than AD 1400-1500. Doing so yields essentially the same reconstruction as 

MBH98 (line 3, Figure 1a).   
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Correspondence and requests for materials should be addressed to M.E.Mann (e-mail: 
mann@virginia.edu).  
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Figure 1  Alternative NH reconstructions and instrumental NH record.  

(A) Comparison of  MBH98 NH reconstruction with reproduction of MM reconstruction 

based on elimination of key datasets. Verification results are given for comparison. 

Series shown include (1) MM04c reconstruction from AD 1400-1971, (2) MM04cS 

reconstruction from AD 1400-1971, smoothed on a 40 year timescale, (3) 

Alternative version of MBH98 reconstruction based on calibration period of 1902-

1971, shown from AD 1404-1500, (4) Alternative version of MBH98 reconstruction 

based on elimination of SWM/TX data, shown from AD 1400-1500 (only 40 year 

smoothed series shown for clarity), (5). The actual MBH98 reconstruction, which 

makes use  increasingly widespread proxy data in later centuries, (6) A 40-year 

smooth of the MBH98 reconstruction, and (7) The instrumental annual mean NH 

series 1856-2003.  Note that MBH98 and MM04cS coincide by construction (e.g. Formatted: Highlight
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series 6 vs. series 2) after AD 1500, though the 40-year smoothing introduces 

some small differences prior to approximately AD 1550. 

(B)  Comparison during calibration and verification intervals of (1) MM04c 

reconstruction from 1856-1971 and  (2) MBH98 reconstruction from 1854-1971 

based on AD 1400-1500 proxy model. The instrumental annual mean NH series 

1856-2003 (3) is shown for comparison.  Horizontal dashed line denotes border 

between calibration and verification intervals. Verification RE cores are indicated 

for (1) and (2). Note that some of the disagreement between reconstruction and 

instrumental series in the early half of the verification period is due increasing 

sampling uncertainty in the NH series shown (MBH98 used a frozen grid NH 

estimate for statistical verification). 

(C)  Comparisons showing influences of various details of  methodology on the 

MBH98 reconstruction.  Series shown include (1) Alternative version of MBH98 

reconstruction based on use of all 95 individual proxy series available from AD 

1400-1500 with uniform weights, shown from AD 1400-1980, (2) MBH98 

reconstruction, Alternative versions of MBH98 reconstruction (shown for AD 1400-

1500 period)  in which (3) indicators have not been restandardized by detrended 

calibration period variance and (4) time series of the reconstructed instrumental 

eigenvectors have not been standardized to have same variance as the 

corresponding instrumental eigenvectors during the calibration period. The 

instrumental annual mean NH series 1856-2003 (5) is shown for comparison. 

Verification scores are RE=0.47 for (1), RE=0.42 for (3), and RE=0.38 for (4). 
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From: raymond s. bradley
To: Michael E. Mann; mhughes@ltrr.arizona.edu
Subject: a few final thoughts
Date: Thursday, February 05, 2004 7:42:35 AM

An alternative sentence to start paragraph 2 would be simply:
"All paleoclimate reconstructions depend on the data sets used in the reconstruction.  Not
surprisingly, MM04 find that changing the data sets chosen for a reconstruction leads to
different results.  MM04 fail to note, however,....."
 We go on to explain that they censored our data etc so this makes the general point, I
think.

On p.2, you have added 
"Their misunderstanding of the MBH98 protocol, combined with some additional unjustified
substitutions of data used by MBH98 (see below), led to the elimination by MM03 of the
entire North American ITRDB and Northern Treeline datasets used by MBH98 over AD
1400-1500, amounting to more than 80% of the proxy data (77/95 series) used by MBH98
prior to AD 1450 and more than 70% of the proxy data (99/139 series) between AD 1450
and 1500 ..."

I think we want to be careful to keep the focus on MM04, so can't we just say:
"....led to the elimination by MM04 of the entire...."

ie why are we harping back to MM03--Nature doesn't care about that (or was this a typo?)

Finally, in the caption to Fig 1B you now have at the end, "(MBH98 used a frozen grid NH
estimate for statistical verification)".  This is too cryptic and requires a bit more
explanation.
I have to go to the University now...will be back later this a.m.
Ray

.

 At 12:47 PM 2/4/2004, you wrote:

HI Malcolm,

I'll work on this this afternoon. Most of these changes are ok, though I'm not at
all happy with changes to one sentence:

"Given a large data set such as we used, alternative reconstructions of the past,
[VSC1] , can easily result from the inclusion of particular data". This is an
important sentence, and we may need to dicuss this over the phone.

I will try to find a simple and clear way of dealing with the MM03 vs MM04
distinction.

I'll modify the legend/figure captions as suggested, but I'm not sure I'm happy
eliminating all of the series you mention. Will reconsider this...

Keep in mind that this reply is intended to get Nature to *reject* the MM04
comment, our aim isn't really to get the back-and-forth exchange published. So
I don't think we want to worry about how Nature will reduce our figures, etc. at
this point. We want to make sure that the results are clear enough to the
Nature editor and possible reviewers that they see MM03 are completely bogus,
and recommend rejection...
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more later,

mike

At 10:47 AM 2/4/2004 -0700, Malcolm Hughes wrote:

Mike - I was able to read that version. I make a few more 
editorial changes, some of which  have explanatory comments 
that you will need to be sure to delete before submission. There 
may also be the odd comment not linked to a tracked change. I 
am afraid that the mss will still be difficult for a reader to 
understand, and this is made worse by the references to MM03. 
We really must be very careful to limit ourselves as far as 
possible to the points they raise in MM04 if we are not to lose 
readers in the first couple of lines. On this point, the figures 
could still stand simplification - they are going to be one column 
wide only, and so the text in the "in-figure" legends will be 
indecipherable withut the use of a magnifying glass. I strongly 
support Ray's idea of moving all that text to the caption. The 
reader would also be greatly helped by the removal of certain 
lines from the diagrams, and any text in the main body or 
appendix that refer to them. These are:
Figure 1a: line 5
Figure 1b:line 3
Figure 1c line 2
Ray had a concern about whether we are free to put all the data 
we usedin the public domain- he will call you about this in an 
hour or so.
I have edited to the calibrate/verify convention throughout (as 
opposed to the cross validation terminology) for two reasons - 
1)- consistency within this manuscript; 2) anumber of colleages 
in this area of work understand very specific set of procedures 
when they read  the phrase "cross-validation", and will balk at or 
misunderstand  the way it was used here.
I will now be at a major doctor's appointment for a couple of 
hours, and may not get to looking at the reply to Heike L untill 
tomorow morning, as  have class this evening.
Cheers, Malcolm
.
.  Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
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         http://www.evsc.virginia.edu/faculty/people/mann.shtml

Raymond S. Bradley 
University Distinguished Professor
Director, Climate System Research Center*
Department of Geosciences, University of Massachusetts
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel:  
Fax:  
*Climate System Research Center:  
        <http://www.paleoclimate.org> 
Paleoclimatology Book Web Site: http://www.geo.umass.edu/climate/paleo/html 
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From: Michael E. Mann
To: raymond s. bradley; mhughes@ltrr.arizona.edu
Subject: Re: a few final thoughts
Date: Thursday, February 05, 2004 9:06:10 AM

Hi Ray,

Find on points #1 and #3. I'll try to call to discuss point #2. At this point, resolving over the
phone seems easiest, as I'd like to try to submit this  afternoon...

talk to you in a bit,

mike

At 09:42 AM 2/5/2004 -0500, raymond s. bradley wrote:

An alternative sentence to start paragraph 2 would be simply:
"All paleoclimate reconstructions depend on the data sets used in the reconstruction. 
Not surprisingly, MM04 find that changing the data sets chosen for a reconstruction
leads to different results.  MM04 fail to note, however,....."
 We go on to explain that they censored our data etc so this makes the general
point, I think.

On p.2, you have added 
"Their misunderstanding of the MBH98 protocol, combined with some additional
unjustified substitutions of data used by MBH98 (see below), led to the elimination by
MM03 of the entire North American ITRDB and Northern Treeline datasets used by
MBH98 over AD 1400-1500, amounting to more than 80% of the proxy data (77/95
series) used by MBH98 prior to AD 1450 and more than 70% of the proxy data
(99/139 series) between AD 1450 and 1500 ..."

I think we want to be careful to keep the focus on MM04, so can't we just say:
"....led to the elimination by MM04 of the entire...."

ie why are we harping back to MM03--Nature doesn't care about that (or was this a
typo?)

Finally, in the caption to Fig 1B you now have at the end, "(MBH98 used a frozen
grid NH estimate for statistical verification)".  This is too cryptic and requires a bit
more explanation.
I have to go to the University now...will be back later this a.m.
Ray

.

 At 12:47 PM 2/4/2004, you wrote:

HI Malcolm,

I'll work on this this afternoon. Most of these changes are ok, though I'm
not at all happy with changes to one sentence:

"Given a large data set such as we used, alternative reconstructions of the
past, [VSC1] , can easily result from the inclusion of particular data". This
is an important sentence, and we may need to dicuss this over the phone.

I will try to find a simple and clear way of dealing with the MM03 vs
MM04 distinction.

I'll modify the legend/figure captions as suggested, but I'm not sure I'm
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happy eliminating all of the series you mention. Will reconsider this...

Keep in mind that this reply is intended to get Nature to *reject* the
MM04 comment, our aim isn't really to get the back-and-forth exchange
published. So I don't think we want to worry about how Nature will
reduce our figures, etc. at this point. We want to make sure that the
results are clear enough to the Nature editor and possible reviewers that
they see MM03 are completely bogus, and recommend rejection...

more later,

mike

At 10:47 AM 2/4/2004 -0700, Malcolm Hughes wrote:

Mike - I was able to read that version. I make a few more 
editorial changes, some of which  have explanatory comments 
that you will need to be sure to delete before submission.
There 
may also be the odd comment not linked to a tracked change.
I 
am afraid that the mss will still be difficult for a reader to 
understand, and this is made worse by the references to
MM03. 
We really must be very careful to limit ourselves as far as 
possible to the points they raise in MM04 if we are not to lose 
readers in the first couple of lines. On this point, the figures 
could still stand simplification - they are going to be one
column 
wide only, and so the text in the "in-figure" legends will be 
indecipherable withut the use of a magnifying glass. I strongly 
support Ray's idea of moving all that text to the caption. The 
reader would also be greatly helped by the removal of certain 
lines from the diagrams, and any text in the main body or 
appendix that refer to them. These are:
Figure 1a: line 5
Figure 1b:line 3
Figure 1c line 2
Ray had a concern about whether we are free to put all the
data 
we usedin the public domain- he will call you about this in an 
hour or so.
I have edited to the calibrate/verify convention throughout (as 
opposed to the cross validation terminology) for two reasons - 
1)- consistency within this manuscript; 2) anumber of colleages

in this area of work understand very specific set of procedures 
when they read  the phrase "cross-validation", and will balk at
or 
misunderstand  the way it was used here.
I will now be at a major doctor's appointment for a couple of 
hours, and may not get to looking at the reply to Heike L untill

tomorow morning, as  have class this evening.
Cheers, Malcolm
.
.  Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
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Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

Raymond S. Bradley 
University Distinguished Professor
Director, Climate System Research Center*
Department of Geosciences, University of Massachusetts
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel:  
Fax:  
*Climate System Research Center:  
        <http://www.paleoclimate.org> 
Paleoclimatology Book Web Site: http://www.geo.umass.edu/climate/paleo/html 

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Subject: final version?
Date: Thursday, February 05, 2004 10:15:54 AM
Attachments: mmNatureResponseV5.doc

Hi Malcolm, Ray:

Ok, good timing having just touched base w/ both of you. So here is the candidate
final version, highlighting in yellow the changes made in response to Ray's latest
points. Ray and I have resolved point #2 and I think the text is ok there as it is...

Looking forward to your final OK...

thanks again for all the help, and in particular for sticking w/ me through all this!

mike

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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REPLY TO "Global-scale temperature patterns and climate 
forcings over the past six centuries: A comment." By S. 
McIntyre and  R. McKitrick 

 
 
Michael E. Mann1, Raymond S. Bradley2, Malcolm K. Hughes3 
 

1Department of Environmental Sciences, University of Virginia, Clark Hall, Charlottesville, 

Virginia,  22903, USA 

2Geosciences Department, University of Massachusetts, Amherst, MA 01003, USA 

3Laboratory of Tree Ring Research, University of Virginia, Tucson, AZ 85721, USA 

 
McIntyre and McKitrick (1) (henceforth MM04) are incorrect with respect to each major 

point they raise, including those concerning the main data sets we used and the principal 

components algorithm with which we condensed proxy data in heavily represented regions.  

Contrary to the assertions of MM04, we here demonstrate our original reconstruction (2) is 

statistically robust and their criticisms of our reconstruction are without merit.  

All paleoclimate reconstructions depend on the data sets used in the reconstruction.  Not 

surprisingly, MM04 find that changing the data set leads to different results.  MM04 fail to note, 

however, a vital step in the process of developing such reconstructions, namely validating the 

statistical model used to convert proxy records to estimates of past climate. This is usually done 

by developing estimates of the climate variable of interest, or “reconstructions”, for a period 

covered by instrumental data not included in the training, or calibration, period of the model. 

Unlike our original reconstructions, and several variants described below, MM04 do not report 

such tests. We will show that censoring our data set as they did produces a reconstruction similar 

to theirs, that does not pass validation tests and, unlike ours, bears no resemblance to the 
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instrumental record during the 19th century. We demonstrate in detail elsewhere (Mann et al, in 

review) that MM04’s “updated” version of the data set used by us in (2) (henceforth MBH98) 

repeats mistakes they have made elsewhere (ref. 3, henceforth MM03) by using a censored set 

resulting from failure to understand the procedure used by MBH98. Their misunderstanding of 

the MBH98 protocol, combined with some additional unjustified substitutions of data used by 

MBH98 (see below), led to the elimination by MM03 of the entire North American ITRDB and 

Northern Treeline datasets used by MBH98 over AD 1400-1500, amounting to more than 80% 

of the proxy data (77/95 series) used by MBH98 prior to AD 1450 and more than 70% of the 

proxy data (99/139 series) between AD 1450 and 1500. MM04 effectively censor the MBH98 

dataset in an identical manner to MM03, though in the case of the ITRDB data, this time through 

the elimination of the dominant component of variance in the dataset. It is no coincidence that it 

is over precisely this AD 1400-1500 interval that they obtain a dramatically different result 

(anomalous 15th century warmth) that conflicts not only with MBH98, but virtually all other 

published NH reconstructions (9). Here we demonstrate that MM04's main criticisms are without 

merit.  

1.  What is the cause of the differences between the reconstruction of MBH98 and of MM03 

and MM04?  

In order to simplify this reply, we make use of only the 1st eigenvector of the surface 

temperature field for calibration of proxy data and the associated surface temperature 

reconstructions. We use the proxy indicator network available back to AD 1400 for 

reconstructions over the AD 1400-1500 interval.  The additional (2nd) eigenvector, and two 

additional indicators used by MBH98 from AD 1450-1500 have no significant impact on the NH 

mean reconstruction of interest here. To simulate what MM04 did (see also ref. 3), we eliminated 

Formatted: Not Highlight

Formatted: Not Highlight

Formatted: Not Highlight

Formatted: Not Highlight

Formatted: Not Highlight

Formatted: Not Highlight

Formatted: Not Highlight

Formatted: Font: Not Bold

Formatted: Not Highlight

Formatted: Not Highlight

ABOR/MH/Priv-001831



 3

the entire North American ITRDB and  Northern Treeline datasets from the MBH98 network 

available from AD 1400-1500  and performed  the reconstruction (henceforth referred to as 

'MM04c') based on the resulting network through 1971 (line 1, Figure 1a). The splice of this 

reconstruction from AD 1400-1500 with that of MBH98 from AD 1501-1971 provides a close 

approximation (henceforth referred to as 'MM04cS')  to the MM03/MM04 ('MM') reconstruction 

(line 2, Figure 1a), and demonstrates why their attempt to reproduce our estimate fails. Slight 

differences of MM04cS with the precise MM result likely result from minor errors in their 

implementation of the methodology (Mann et al, in review). The difference between MBH98 and 

MM04cS is not the result of our use of infilled values for a few locations in the period 1971-80 

or (for one series) for 1400-1403, as they claim (3). We show that a reconstruction calibrated 

using the period 1902-1971 (avoiding infilling) is effectively the same as that of MBH98 (line 3, 

Figure 1a). Elimination of the Stahle et al SWM/TX data challenged by MM04 (see below) also 

has no detectable influence on the reconstruction (line 4, Figure 1a). Thus the difference between 

the reconstructions of MBH98 and MM results from MM’s omission or effective omission of  

the North American ITRDB and Northern Treeline data sets ( the overwhelming majority of 

proxy data used by MBH98)  in the early centuries of the reconstruction period. 

2. What basis is there for believing the MBH98 reconstruction is reliable?  

There is a long history in high-resolution paleoclimatology of emphasising verification of 

models used in climate reconstructions (4,5), by using independent data. Unlike MBH98, MM 

provide no assessments of the statistical reliability of the model on which their reconstruction is 

based. In fact, the MM04c model (line 1, Figure 1b) for the period AD 1400-1500 when applied 

to the interval 1854-1901 displays no statistical skill in comparisons  with the instrumental data 

for 1854-1901 (RE = -0.76), whereas our model for the AD 1400-1500 period, applied to the 
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same interval (line 2, Figure 1b) exhibits considerable skill (RE = 0.51). The actual MBH98 

reconstruction (i.e., line 5, Figure 1a), which employs models from an increasingly expanded 

proxy network in later centuries (with the full network of 112 indicators available after 1820) 

shows even greater verification skill (RE = 0.69; see MBH98). The 'reduction of error' statistic 

'RE' favored in most studies (4,5) as a diagnostic measure of reconstructive skill obeys the 

bounds - <  RE < 1. Negative values of RE, as in the case of MM04c, indicate a lack of 

reconstructive skill, while  RE=0 represents the "no skill" boundary in which the reconstruction 

performs as well as the assignment of the calibration period mean, and substantially positive 

values as in MBH98 (e.g. RE=0.5 to 0.7 depending on the precise proxy model)  suggest 

considerable skill. Thus, the MM04 reconstruction, unlike the MBH98 reconstruction,  is 

unlikely to provide any useful insight into the actual climate history prior to AD 1500. 

3. Is a bias introduced into our reconstruction by the principal components algorithm we 

used to condense data?  

To examine this claim we performed a reconstruction over AD 1400-1980 using all 95 original 

individual proxy series available over the AD 1400-1500 interval (rather than a smaller network 

of 22 indicators that includes PC representations of certain sub-networks), imposing uniform 

weights on all series (line 1, Figure 1c). The resulting reconstruction closely resembles the 

MBH98 reconstruction (line 2, Figure 1c), with no indication of anomalous 15th century warmth. 

The model on which it is based has only a slightly lower verification  score (RE=0.47) than the 

analagous MBH98 model for 22 indicators available over AD 1400-1500 (RE=0.51). We also 

show that our re-standardization of all indicators in the MBH98 network by their detrended 

standard deviation during the calibration period, prior to calibration and reconstruction did not 
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significantly influence the MBH98 reconstruction (line 3, Figure 1c). This latter step was 

motivated by the fact that 20th century trends in instrumental and proxy data typically far exceed 

the expectations for a 'red noise' null hypothesis (6).  Normalizing by the detrended standard 

deviation therefore more properly weights the data series with respect to their estimated noise 

variance. It is inappropriate to use a red noise model in testing standardization procedures, as 

MM04 did, because simple spectral analyses of the actual series reveals many of them to be 

statistically inconsistent with an underlying red noise model. MBH98 also normalized the time 

series of the reconstructions of the instrumental eigenvectors to have the same variance as the 

actual instrumental eigenvectors during the calibration period. As MM03 did not perform this 

step, we have not invoked this normalization in our reproduction of their estimate (line 1, Figure 

1a). We nonetheless show that this step, too, makes little difference in the MBH98 reconstruction 

(line 4, Figure 1c).  We have thus demonstrated that MM04’s claim of a bias introduced by our 

PCA algorithm is invalid on both theoretical and empirical grounds. The only explanation for the 

anomalous findings of MM03 and MM04 is their deletion of essential proxy indicators from the 

network, leading to a reconstruction suggesting anomalous 15th century warmth, which does not 

pass statistical verification and is therefore almost certainly spurious. 

Had MM produced an alternative reconstruction that stood up to rigorous verification 

procedures (like that of MBH98), it would be worthy of discussion. However, as a close 

reproduction of their reconstructions (MM04c) shows roughly the level of skill of a random 

reconstruction, it does not demand serious consideration. Furthermore, numerous other studies 

based on different data and methods (7-10), or climate modeling approaches (e.g. 11-13), lead to 

the same conclusion that late 20th century warmth is anomalous in the context of the past six 

centuries or longer. The criticisms put forth by MM04 do not stand up to scrutiny and in no way 
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invalidate our reconstruction, which we have demonstrated to be quite robust. Of course, we 

continue to seek both more and improved data, and improved techniques of reconstruction, 

especially for the early centuries of the second millennium AD. 

 

Appendix: specific data details 

One of the few legitimate criticisms of MBH98 by MM03 and MM04 is their identification of 

some errors in the details provided in the on-line "supplementary information" that accompanied the 

MBH98 article. We have worked closely with Nature to produce an archive containing (a) a corrected 

version of the supplementary information, (b) all data (proxy and instrumental) used by MBH98 in an 

easily accessible and completely documented format, and some additional methodological details useful 

for those seeking to reproduce our results. This archive is available publicly here: 

ftp://holocene.evsc.virginia.edu/pub/Data/MANNETAL98. 

Minor errors that existed in the original supplementary description provided by MBH98 are 

detailed elsewhere (14), but we emphasize that these are of virtually no consequence to the MBH98 

hemispheric mean temperature reconstruction. For example, while it may not have been clear in the 

original documentation that we made use  of the versions of the Central England and Central European 

temperatures records of Bradley and Jones’ (7) (summer mean, rather than annual mean), and set two 

regional western North American tree-ring series equal following their termination during the mid 20th 

century, this has essentially no impact on our hemispheric mean reconstruction. Furthermore, as these 

issues (and several other series challenged by MM) involve data series that do not extend to before AD 

1500, they are irrelevant to the questions at hand, and raising them represents little more than a curious 

distraction by MM. Related complaints by MM regarding the use by MBH98 of some limited redundant 

data, and challenges of particular data, such as the early Stahle et al SWM/TX data, are also irrelevant 

(see e.g. line 4, Figure 1a). 
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Moreover, MM inappropriately dismiss the quality of certain proxy data series based on their own 

inability to find those series in certain public data archives or in the published literature. Some of the 

proxy data used by MBH98 are unpublished, and were kindly provided directly to us by the original 

researchers. It is invalid for MM04 to impute lower quality to such data. All proxy data used by MBH98 

have been provided in the public website listed earlier.  

MM04 criticize the PC representation of the North American ITRDB data which was based, for 

the period AD 1400-1450, on an EOF analysis of the 70 constituent series which were standardized, as 

discussed earlier, by their detrended calibration period standard deviation. As shown earlier (line 3, 

Figure 1c), this criticism can be simply dismissed on the basis that use of all 70 constituent series (which 

are part of the total of 95 available for this period) with uniform weighting, rather than this PC 

representation, yields no evidence of the anomalous 15th century warmth found by MM04 (line 1, Figure 

1c).  Furthermore, despite the claims that the standardization procedure used to calculate the ITRDB 

PC#1 exaggerates the influence of one particular series, we simply note that the loadings on the 70 series 

associated with PC#1, by contrast, are substantially shared by more than a dozen series (14/70 series have 

loadings that are greater than 50% of the maximum loading of any one series). Finally, MM04 introduce 

problems into the important Northern Treeline dataset used by MBH98. Aside from incorrectly 

substituting shorter versions of the "Kuujuag" and TTHH Northern Treeline series for those used by 

MBH98, and introducing an extended version of another Northern Treeline series not available prior to 

AD 1500 at the time of MBH98, they censored from the analysis the only Northern Treeline series in the 

MBH98 network available over the AD 1400-1500 interval, on the technicality that it begins only in AD 

1404 (MBH98 accommodated this detail by setting the values for AD 1400-1404 equal).  The criticism of 

the use of infilled values from AD 1400-1403 can be dealt with by performing the MBH98 reconstruction 

from AD 1404-1500 rather than AD 1400-1500. Doing so yields essentially the same reconstruction as 

MBH98 (line 3, Figure 1a).   

 

Formatted: Not Highlight
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Correspondence and requests for materials should be addressed to M.E.Mann (e-mail: 
mann@virginia.edu).  
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Figure 1  Alternative NH reconstructions and instrumental NH record.  

(A) Comparison of  MBH98 NH reconstruction with reproduction of MM reconstruction 

based on elimination of key datasets. Verification results are given for comparison. 

Series shown include (1) MM04c reconstruction from AD 1400-1971, (2) MM04cS 

reconstruction from AD 1400-1971, smoothed on a 40 year timescale, (3) 

Alternative version of MBH98 reconstruction based on calibration period of 1902-

1971, shown from AD 1404-1500, (4) Alternative version of MBH98 reconstruction 

based on elimination of SWM/TX data, shown from AD 1400-1500 (only 40 year 

smoothed series shown for clarity), (5). The actual MBH98 reconstruction, which 

makes use  increasingly widespread proxy data in later centuries, (6) A 40-year 

smooth of the MBH98 reconstruction, and (7) The instrumental annual mean NH 

series 1856-2003.  Note that MBH98 and MM04cS coincide by construction (e.g. 
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series 6 vs. series 2) after AD 1500, though the 40-year smoothing introduces 

some small differences prior to approximately AD 1550. 

(B)  Comparison during calibration and verification intervals of (1) MM04c 

reconstruction from 1856-1971 and  (2) MBH98 reconstruction from 1854-1971 

based on AD 1400-1500 proxy model. The instrumental annual mean NH series 

1856-2003 (3) is shown for comparison.  Horizontal dashed line denotes border 

between calibration and verification intervals. Verification RE cores are indicated 

for (1) and (2). Note that some of the disagreement between reconstruction and 

instrumental series in the early half of the verification period is due increasing 

sampling uncertainty in the NH series shown. To avoid this complication, RE 

scores, as in MBH98, are based on a 'frozen grid' NH estimate constructed by an 

areal hemispheric mean of all 219 Northern Hemisphere gridbox estimates 

available on a nearly continuous basis throughout the verification period. 

(C)  Comparisons showing influences of various details of  methodology on the 

MBH98 reconstruction.  Series shown include (1) Alternative version of MBH98 

reconstruction based on use of all 95 individual proxy series available from AD 

1400-1500 with uniform weights, shown from AD 1400-1980, (2) MBH98 

reconstruction, Alternative versions of MBH98 reconstruction (shown for AD 1400-

1500 period)  in which (3) indicators have not been restandardized by detrended 

calibration period variance and (4) time series of the reconstructed instrumental 

eigenvectors have not been standardized to have same variance as the 

corresponding instrumental eigenvectors during the calibration period. The 
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instrumental annual mean NH series 1856-2003 (5) is shown for comparison. 

Verification scores are RE=0.47 for (1), RE=0.42 for (3), and RE=0.38 for (4). 
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From: Michael E. Mann
To: Malcolm Hughes
Cc: rbradley@geo.umass.edu
Subject: Re: final version?
Date: Thursday, February 05, 2004 12:28:47 PM

Thanks a bunch Malcolm,

I've incorporated all of the changes.

With that, are you both signing off?

Once I get confirmation from both of you, I will submit to Nature...

thanks again for all of the help and especially your patience,

mike

At 12:35 PM 2/5/2004 -0700, Malcolm Hughes wrote:

Mike and Ray - OK. I found some very minor typos and 
corrected them, plus a  more glaring error in the caption to 
Figure 1b where we describe a horizontal dashed line (it's 
vertical). I've corected all of these using trach changes, so you 
can see what I've done. The corrected version is attached.
CHeers, Malcolm
.
.
Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Malcolm Hughes
To: Michael E. Mann
Subject: Re: final version?
Date: Thursday, February 05, 2004 12:35:23 PM

Mike and Ray - OK. I found some very minor typos and
corrected them, plus a  more glaring error in the caption to
Figure 1b where we describe a horizontal dashed line (it's
vertical). I've corected all of these using trach changes, so you
can see what I've done. The corrected version is attached.
CHeers, Malcolm
.
.

Attachments:
  D:\Projects\Bradley and Mann\controversy\mm\finalmkh.doc
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From: Michael E. Mann
To: Malcolm Hughes
Subject: Re: final version?
Date: Thursday, February 05, 2004 12:45:10 PM

thanks Malcolm,

mike

At 12:57 PM 2/5/2004 -0700, you wrote:

OK by me! Malcolm
.
.
Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Subject: email to Rosalind Cotter"s editorial asst.
Date: Thursday, February 05, 2004 12:52:05 PM

Dear Ray, Malcolm

Does this email sounds fine to you?

Thanks,

mike

___________________________

Dear Madeline,

As per our previous correspondence with Rosalind Cotter, attached is our formal
reply to the submission by McIntyre and McKitrick (included are a pdf file for text,
and 3 separate pdf files for parts "a", "b", and "c" of the accompanying figure).

We hope that our response provides adequate basis for rejection of their comment,
but in the event that their comment is sent out for independent review, we assume
that our reply will be made available to the reviewers as well.

Please feel free to contact me if there are any questions about our submitted
response.

Thanks in advance for your help,

Mike Mann

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Malcolm Hughes
To: Michael E. Mann
Subject: Re: final version?
Date: Thursday, February 05, 2004 12:57:56 PM

OK by me! Malcolm
.
.
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From: Michael E. Mann
To: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Subject: letter to Heike L
Date: Thursday, February 05, 2004 12:59:57 PM

and this email to Heike?

___________________

Dear Heike,

Attached is our formal reply to the comment by McIntyre and McKitrick, which we
have separately forward to Rosalind Cotter. We believe that all of the issues raised in
the original set of questions from the authors submitted to us in December are
addressed in this response, and in the expanded version of the supplementary
information, provisionally available here:

ftp://holocene.evsc.virginia.edu/pub/sdr/temp/nature/MANNETAL98/

(we will place the site in its final, public location prior to any resulting publications in
Nature referring to the site). 

We hope that our response provides adequate basis for rejection of their claims
(including their formal comment to Nature),  but in the event that their comment is
sent out for independent review, we have asked Rosalind Cotter to provide our reply
to any reviewers. If you feel that you still need a separate response to the set of
questions submitted in December, please let us know. Otherwise, we hope that this
response (and the enhanced and corrected supplementary material we've made
available) provides a final resolution to this matter, and we appreciate your
continued help in this regard.

Best regards,

Mike M

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: m.hutchinson@nature.com
Cc: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; mann@virginia.edu
Subject: Fwd: RE: Instructions for reviewing manuscript 2004-01-14277
Date: Thursday, February 05, 2004 2:20:13 PM
Attachments: MMNatureResponse.pdf

Fig1a.pdf
Fig1b.pdf
Fig1c.pdf

Dear Madeline,

As per my previous correspondence with Rosalind Cotter, attached is our
formal reply to the submission by McIntyre and McKitrick (included are a
pdf file for text, and 3 separate pdf files for parts "a", "b", and "c" of
the accompanying figure).

We hope that our response provides adequate basis for rejection of their
comment. Please feel free to contact me if there are any questions about
our submitted response.

Thanks in advance for your help,

Mike Mann

>Delivered-To: mem6u@virginia.edu
>From: "Cotter, Rosalind" <R.Cotter@nature.com>
>To: "'Michael E. Mann '" <mann@virginia.edu>
>Subject: RE: Instructions for reviewing manuscript 2004-01-14277
>Date: Wed, 28 Jan 2004 08:46:42 -0000
>X-Mailer: Internet Mail Service (5.5.2653.19)
>
>  Dear Professor Mann
>Thank you for letting us know. We are happy for you to deliver your reply by
>February 6 and to send it by regular email (please send it to my assistant
>Madeline Hutchinson, m.hutchinson@nature.com).
>Yours sincerely
>Rosalind Cotter
>
>-----Original Message-----
>From: Michael E. Mann
>To: Langenberg, Heike
>Cc: Cotter, Rosalind; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
>Sent: 27/01/2004 23:00
>Subject: RE: Instructions for reviewing manuscript 2004-01-14277
>Importance: High
>
>Dear Dr. Langenberg and Dr. Cotter,
>
>My two colleagues and I have been working hard to both address the
>comments in the comment to Nature by McIntyre and McKitrick, and to
>respond to the set of questions regarding the supplementary data for the
>Mann et al (1998) paper by McIntyre and McKitrick forwarded by Dr.
>Langenberg earlier.
>
>Obviously the two are closely related. The requested due date for the
>response to the comment (Feb 2) will be extremely difficult for us to
>meet, due to the combination of the very short notice provided for a
>response (we only received the comment Friday) and the fact that I'll be
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>out of the country from Thursday through the following Monday.
>
>We would therefore like to request an extension until Friday Feb 6th at
>which time we intend to provide  both the detailed response to the
>questions requested by Dr. Langenberg, and a formal response to the
>comment by McIntyre and McKitrick (which we expect would be shown to any
>independent reviewers).
>
>We would also like to provide the latter formal response as a word
>document/pdf document, rather than using the electronic reply  form. We
>feel it is absolutely essential that we show the results of specific
>analyses that we have done to address demonstrably false claims made in
>the comment and to do so, we need to include several graphics in our
>response.
>
>Please let us know if there is any objection to the above requests.
>
>We appreciate your help in assuring that  the matter is dealt with in
>both a timely and fair manner.
>
>Thanks in advance for your reply,
>
>Mike Mann

                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
          http://www.evsc.virginia.edu/faculty/people/mann.shtml 
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REPLY TO "Global-scale temperature patterns and climate 
forcings over the past six centuries: A comment." By S. 
McIntyre and  R. McKitrick 

 
 
Michael E. Mann1, Raymond S. Bradley2, Malcolm K. Hughes3 
 

1Department of Environmental Sciences, University of Virginia, Clark Hall, Charlottesville, 

Virginia,  22903, USA 

2Geosciences Department, University of Massachusetts, Amherst, MA 01003, USA 

3Laboratory of Tree Ring Research, University of Virginia, Tucson, AZ 85721, USA 

 
McIntyre and McKitrick (1) (henceforth MM04) are incorrect with respect to each major 

point they raise, including those concerning the main data sets we used and the principal 

components algorithm with which we condensed proxy data in heavily represented regions.  

Contrary to the assertions of MM04, we here demonstrate our original reconstruction (2) is 

statistically robust and their criticisms of our reconstruction are without merit.  

All paleoclimate reconstructions depend on the data sets used in the reconstruction.  Not 

surprisingly, MM04 find that changing the data set leads to different results.  MM04 fail to note, 

however, a vital step in the process of developing such reconstructions, namely validating the 

statistical model used to convert proxy records to estimates of past climate. This is usually done 

by developing estimates of the climate variable of interest, or “reconstructions”, for a period 

covered by instrumental data not included in the training, or calibration, period of the model. 

Unlike our original reconstructions, and several variants described below, MM04 do not report 

such tests. We will show that censoring our data set as they did produces a reconstruction similar 

to theirs that does not pass validation tests and, unlike ours, bears no resemblance to the 
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instrumental record during the 19th century. We demonstrate in detail elsewhere (Mann et al, in 

review) that MM04’s “updated” version of the data set used by us in (2) (henceforth MBH98) 

repeats mistakes they have made elsewhere (ref. 3, henceforth MM03) by using a censored set 

resulting from failure to understand the procedure used by MBH98. Their misunderstanding of 

the MBH98 protocol, combined with some additional unjustified substitutions of data used by 

MBH98 (see below), led to the elimination by MM03 of the entire North American ITRDB and 

Northern Treeline datasets used by MBH98 over AD 1400-1500, amounting to more than 80% 

of the proxy data (77/95 series) used by MBH98 prior to AD 1450 and more than 70% of the 

proxy data (99/139 series) between AD 1450 and 1500. MM04 effectively censor the MBH98 

dataset in an identical manner to MM03, though in the case of the ITRDB data, this time through 

the elimination of the dominant component of variance in the dataset. It is no coincidence that it 

is over precisely this AD 1400-1500 interval that they obtain a dramatically different result 

(anomalous 15th century warmth) that conflicts not only with MBH98, but virtually all other 

published NH reconstructions (9). Here we demonstrate that MM04's main criticisms are without 

merit.  

1.  What is the cause of the differences between the reconstruction of MBH98 and of MM03 

and MM04?  

In order to simplify this reply, we make use of only the 1st eigenvector of the surface 

temperature field for calibration of proxy data and the associated surface temperature 

reconstructions. We use the proxy indicator network available back to AD 1400 for 

reconstructions over the AD 1400-1500 interval.  The additional (2nd) eigenvector, and two 

additional indicators used by MBH98 from AD 1450-1500 have no significant impact on the NH 

mean reconstruction of interest here. To simulate what MM04 did (see also ref. 3), we eliminated 
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the entire North American ITRDB and  Northern Treeline datasets from the MBH98 network 

available from AD 1400-1500  and performed  the reconstruction (henceforth referred to as 

'MM04c') based on the resulting network through 1971 (line 1, Figure 1a). The splice of this 

reconstruction from AD 1400-1500 with that of MBH98 from AD 1501-1971 provides a close 

approximation (henceforth referred to as 'MM04cS')  to the MM03/MM04 ('MM') reconstruction 

(line 2, Figure 1a), and demonstrates why their attempt to reproduce our estimate fails. Slight 

differences of MM04cS with the precise MM result likely result from minor errors in their 

implementation of the methodology (Mann et al, in review). The difference between MBH98 and 

MM04cS is not the result of our use of infilled values for a few locations in the period 1971-80 

or (for one series) for 1400-1403, as they claim (3). We show that a reconstruction calibrated 

using the period 1902-1971 (avoiding infilling) is effectively the same as that of MBH98 (line 3, 

Figure 1a). Elimination of the Stahle et al SWM/TX data challenged by MM04 (see below) also 

has no detectable influence on the reconstruction (line 4, Figure 1a). Thus the difference between 

the reconstructions of MBH98 and MM results from MM’s omission or effective omission of  

the North American ITRDB and Northern Treeline data sets ( the overwhelming majority of 

proxy data used by MBH98  in the early centuries of the reconstruction period). 

2. What basis is there for believing the MBH98 reconstruction is reliable?  

There is a long history in high-resolution paleoclimatology of emphasizing verification of 

models used in climate reconstructions (4,5), by using independent data. Unlike MBH98, MM 

provide no assessments of the statistical reliability of the model on which their reconstruction is 

based. In fact, the MM04c model (line 1, Figure 1b) for the period AD 1400-1500 when applied 

to the interval 1854-1901 displays no statistical skill in comparisons  with the instrumental data 

for 1854-1901 (RE = -0.76), whereas our model for the AD 1400-1500 period, applied to the 
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same interval (line 2, Figure 1b) exhibits considerable skill (RE = 0.51). The actual MBH98 

reconstruction (i.e., line 5, Figure 1a), which employs models from an increasingly expanded 

proxy network in later centuries (with the full network of 112 indicators available after 1820) 

shows even greater verification skill (RE = 0.69; see MBH98). The 'reduction of error' statistic 

'RE' favored in most studies (4,5) as a diagnostic measure of reconstructive skill obeys the 

bounds -∞ <  RE < 1. Negative values of RE, as in the case of MM04c, indicate a lack of 

reconstructive skill, while  RE=0 represents the "no skill" boundary in which the reconstruction 

performs as well as the assignment of the calibration period mean, and substantially positive 

values as in MBH98 (e.g. RE=0.5 to 0.7 depending on the precise proxy model)  suggest 

considerable skill. Thus, the MM04 reconstruction, unlike the MBH98 reconstruction, is unlikely 

to provide any useful insight into the actual climate history prior to AD 1500. 

3. Is a bias introduced into our reconstruction by the principal components algorithm we 

used to condense data?  

To examine this claim we performed a reconstruction over AD 1400-1980 using all 95 original 

individual proxy series available over the AD 1400-1500 interval (rather than a smaller network 

of 22 indicators that includes PC representations of certain sub-networks), imposing uniform 

weights on all series (line 1, Figure 1c). The resulting reconstruction closely resembles the 

MBH98 reconstruction (line 2, Figure 1c), with no indication of anomalous 15th century warmth. 

The model on which it is based has only a slightly lower verification  score (RE=0.47) than the 

analagous MBH98 model for 22 indicators available over AD 1400-1500 (RE=0.51). We also 

show that our re-standardization of all indicators in the MBH98 network by their detrended 

standard deviation during the calibration period, prior to calibration and reconstruction did not 
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significantly influence the MBH98 reconstruction (line 3, Figure 1c). This latter step was 

motivated by the fact that 20th century trends in instrumental and proxy data typically far exceed 

the expectations for a 'red noise' null hypothesis (6).  Normalizing by the detrended standard 

deviation therefore more properly weights the data series with respect to their estimated noise 

variance. It is inappropriate to use a red noise model in testing standardization procedures, as 

MM04 did, because simple spectral analyses of the actual series reveals many of them to be 

statistically inconsistent with an underlying red noise model. MBH98 also normalized the time 

series of the reconstructions of the instrumental eigenvectors to have the same variance as the 

actual instrumental eigenvectors during the calibration period. As MM03 did not perform this 

step, we have not invoked this normalization in our reproduction of their estimate (line 1, Figure 

1a). We nonetheless show that this step, too, makes little difference in the MBH98 reconstruction 

(line 4, Figure 1c).  We have thus demonstrated that MM04’s claim of a bias introduced by our 

PCA algorithm is invalid on both theoretical and empirical grounds. The only explanation for the 

anomalous findings of MM03 and MM04 is their deletion of essential proxy indicators from the 

network, leading to a reconstruction suggesting anomalous 15th century warmth, which does not 

pass statistical verification and is therefore almost certainly spurious. 

Had MM produced an alternative reconstruction that stood up to rigorous verification 

procedures (like that of MBH98), it would be worthy of discussion. However, as a close 

reproduction of their reconstruction (MM04c) shows roughly the level of skill of a random 

reconstruction, it does not demand serious consideration. Furthermore, numerous other studies 

based on different data and methods (7-10), or climate modeling approaches (e.g. 11-13), lead to 

the same conclusion that late 20th century warmth is anomalous in the context of the past six 

centuries or longer. The criticisms put forth by MM04 do not stand up to scrutiny and in no way 
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invalidate our reconstruction, which we have demonstrated to be quite robust. Of course, we 

continue to seek both more and improved data, and improved techniques of reconstruction, 

especially for the early centuries of the second millennium AD. 

 

Appendix: specific data details 

One of the few legitimate criticisms of MBH98 by MM03 and MM04 is their identification of 

some errors in the details provided in the on-line "supplementary information" that accompanied the 

MBH98 article. We have worked closely with Nature to produce an archive containing (a) a corrected 

version of the supplementary information, (b) all data (proxy and instrumental) used by MBH98 in an 

easily accessible and completely documented format, and some additional methodological details useful 

for those seeking to reproduce our results. This archive is available publicly here: 

ftp://holocene.evsc.virginia.edu/pub/Data/MANNETAL98. 

Minor errors that existed in the original supplementary description provided by MBH98 are 

detailed elsewhere (14), but we emphasize that these are of virtually no consequence to the MBH98 

hemispheric mean temperature reconstruction. For example, while it may not have been clear in the 

original documentation that we made use  of the versions of the Central England and Central European 

temperatures records of Bradley and Jones’ (7) (summer mean, rather than annual mean), and set two 

regional western North American tree-ring series equal following their termination during the mid 20th 

century, this has essentially no impact on our hemispheric mean reconstruction. Furthermore, as these 

issues (and several other series challenged by MM) involve data series that do not extend to before AD 

1500, they are irrelevant to the questions at hand, and raising them represents little more than a curious 

distraction by MM. Related complaints by MM regarding the use by MBH98 of some limited redundant 

data, and challenges of particular data, such as the early Stahle et al SWM/TX data, are also irrelevant 

(see e.g. line 4, Figure 1a). 

ABOR/MH/Priv-001854



 7

Moreover, MM inappropriately dismiss the quality of certain proxy data series based on their own 

inability to find those series in certain public data archives or in the published literature. Some of the 

proxy data used by MBH98 are unpublished, and were kindly provided directly to us by the original 

researchers. It is invalid for MM04 to impute lower quality to such data. All proxy data used by MBH98 

have been provided in the public website listed earlier.  

MM04 criticize the PC representation of the North American ITRDB data which was based, for 

the period AD 1400-1450, on an EOF analysis of the 70 constituent series which were standardized, as 

discussed earlier, by their detrended calibration period standard deviation. As shown earlier (line 3, 

Figure 1c), this criticism can be simply dismissed on the basis that use of all 70 constituent series (which 

are part of the total of 95 available for this period) with uniform weighting, rather than this PC 

representation, yields no evidence of the anomalous 15th century warmth found by MM04 (line 1, Figure 

1c).  Furthermore, despite the claims that the standardization procedure used to calculate the ITRDB 

PC#1 exaggerates the influence of one particular series, we simply note that the loadings on the 70 series 

associated with PC#1, by contrast, are substantially shared by more than a dozen series (14/70 series have 

loadings that are greater than 50% of the maximum loading of any one series). Finally, MM04 introduce 

problems into the important Northern Treeline dataset used by MBH98. Aside from incorrectly 

substituting shorter versions of the "Kuujuag" and TTHH Northern Treeline series for those used by 

MBH98, and introducing an extended version of another Northern Treeline series not available prior to 

AD 1500 at the time of MBH98, they censored from the analysis the only Northern Treeline series in the 

MBH98 network available over the AD 1400-1500 interval, on the technicality that it begins only in AD 

1404 (MBH98 accommodated this detail by setting the values for AD 1400-1404 equal).  The criticism of 

the use of infilled values from AD 1400-1403 can be dealt with by performing the MBH98 reconstruction 

from AD 1404-1500 rather than AD 1400-1500. Doing so yields essentially the same reconstruction as 

MBH98 (line 3, Figure 1a).   
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Figure 1  Alternative NH reconstructions and instrumental NH record.  

(A) Comparison of  MBH98 NH reconstruction with reproduction of MM reconstruction 

based on elimination of key datasets. Verification results are given for comparison. 

Series shown include (1) MM04c reconstruction from AD 1400-1971, (2) MM04cS 

reconstruction from AD 1400-1971, smoothed on a 40 year timescale, (3) 

Alternative version of MBH98 reconstruction based on calibration period of 1902-

1971, shown from AD 1404-1500, (4) Alternative version of MBH98 reconstruction 

based on elimination of SWM/TX data, shown from AD 1400-1500 (only 40 year 

smoothed series shown for clarity), (5). The actual MBH98 reconstruction, which 

makes use  increasingly widespread proxy data in later centuries, (6) A 40-year 

smooth of the MBH98 reconstruction, and (7) The instrumental annual mean NH 

series 1856-2003.  Note that MBH98 and MM04cS coincide by construction (e.g. 
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series 6 vs. series 2) after AD 1500, though the 40-year smoothing introduces 

some small differences prior to approximately AD 1550. 

(B)  Comparison during calibration and verification intervals of (1) MM04c 

reconstruction from 1856-1971 and  (2) MBH98 reconstruction from 1854-1971 

based on AD 1400-1500 proxy model. The instrumental annual mean NH series 

1856-2003 (3) is shown for comparison.  Vertical dashed line denotes border 

between calibration and verification intervals. Verification RE scores are indicated 

for (1) and (2). Note that some of the disagreement between reconstruction and 

instrumental series in the early half of the verification period is due increasing 

sampling uncertainty in the NH series shown. To avoid this complication, RE 

scores, as in MBH98, are based on a 'frozen grid' NH estimate constructed by an 

areal hemispheric mean of all 219 Northern Hemisphere gridbox estimates 

available on a nearly continuous basis throughout the verification period. 

(C)  Comparisons showing influences of various details of  methodology on the 

MBH98 reconstruction.  Series shown include (1) Alternative version of MBH98 

reconstruction based on use of all 95 individual proxy series available from AD 

1400-1500 with uniform weights, shown from AD 1400-1980, (2) MBH98 

reconstruction, Alternative versions of MBH98 reconstruction (shown for AD 1400-

1500 period)  in which (3) indicators have not been restandardized by detrended 

calibration period variance and (4) time series of the reconstructed instrumental 

eigenvectors have not been standardized to have same variance as the 

corresponding instrumental eigenvectors during the calibration period. The 
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instrumental annual mean NH series 1856-2003 (5) is shown for comparison. 

Verification scores are RE=0.47 for (1), RE=0.42 for (3), and RE=0.38 for (4). 
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Subject: response to MM comment
Date: Thursday, February 05, 2004 2:20:38 PM
Attachments: MMNatureResponse.pdf
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Dear Heike,

Attached is our formal reply to the comment by McIntyre and McKitrick, which we
have separately forwarded to Rosalind Cotter. We believe that all of the issues raised
in the original set of questions from the authors submitted to us in December are
also addressed in this response, and in the expanded version of the supplementary
information, provisionally available here:

ftp://holocene.evsc.virginia.edu/pub/sdr/temp/nature/MANNETAL98/

(we will place the site in its final, public location prior to any resulting publications in
Nature referring to the site). 

We hope that our response provides adequate basis for rejection of their
criticisms/claims (including their formal comment to Nature being dealt with by
Rosalind Cotter). If you feel that you still need, in addition, a separate response to
the set of questions submitted to us in December, please let us know. Otherwise, we
hope that this response (and the enhanced and corrected supplementary material
we've made available) provides a final resolution to this matter, and we appreciate
your continued help in the resolution of this matter.

Best regards,

Mike M

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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REPLY TO "Global-scale temperature patterns and climate 
forcings over the past six centuries: A comment." By S. 
McIntyre and  R. McKitrick 

 
 
Michael E. Mann1, Raymond S. Bradley2, Malcolm K. Hughes3 
 

1Department of Environmental Sciences, University of Virginia, Clark Hall, Charlottesville, 

Virginia,  22903, USA 

2Geosciences Department, University of Massachusetts, Amherst, MA 01003, USA 

3Laboratory of Tree Ring Research, University of Virginia, Tucson, AZ 85721, USA 

 
McIntyre and McKitrick (1) (henceforth MM04) are incorrect with respect to each major 

point they raise, including those concerning the main data sets we used and the principal 

components algorithm with which we condensed proxy data in heavily represented regions.  

Contrary to the assertions of MM04, we here demonstrate our original reconstruction (2) is 

statistically robust and their criticisms of our reconstruction are without merit.  

All paleoclimate reconstructions depend on the data sets used in the reconstruction.  Not 

surprisingly, MM04 find that changing the data set leads to different results.  MM04 fail to note, 

however, a vital step in the process of developing such reconstructions, namely validating the 

statistical model used to convert proxy records to estimates of past climate. This is usually done 

by developing estimates of the climate variable of interest, or “reconstructions”, for a period 

covered by instrumental data not included in the training, or calibration, period of the model. 

Unlike our original reconstructions, and several variants described below, MM04 do not report 

such tests. We will show that censoring our data set as they did produces a reconstruction similar 

to theirs that does not pass validation tests and, unlike ours, bears no resemblance to the 
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instrumental record during the 19th century. We demonstrate in detail elsewhere (Mann et al, in 

review) that MM04’s “updated” version of the data set used by us in (2) (henceforth MBH98) 

repeats mistakes they have made elsewhere (ref. 3, henceforth MM03) by using a censored set 

resulting from failure to understand the procedure used by MBH98. Their misunderstanding of 

the MBH98 protocol, combined with some additional unjustified substitutions of data used by 

MBH98 (see below), led to the elimination by MM03 of the entire North American ITRDB and 

Northern Treeline datasets used by MBH98 over AD 1400-1500, amounting to more than 80% 

of the proxy data (77/95 series) used by MBH98 prior to AD 1450 and more than 70% of the 

proxy data (99/139 series) between AD 1450 and 1500. MM04 effectively censor the MBH98 

dataset in an identical manner to MM03, though in the case of the ITRDB data, this time through 

the elimination of the dominant component of variance in the dataset. It is no coincidence that it 

is over precisely this AD 1400-1500 interval that they obtain a dramatically different result 

(anomalous 15th century warmth) that conflicts not only with MBH98, but virtually all other 

published NH reconstructions (9). Here we demonstrate that MM04's main criticisms are without 

merit.  

1.  What is the cause of the differences between the reconstruction of MBH98 and of MM03 

and MM04?  

In order to simplify this reply, we make use of only the 1st eigenvector of the surface 

temperature field for calibration of proxy data and the associated surface temperature 

reconstructions. We use the proxy indicator network available back to AD 1400 for 

reconstructions over the AD 1400-1500 interval.  The additional (2nd) eigenvector, and two 

additional indicators used by MBH98 from AD 1450-1500 have no significant impact on the NH 

mean reconstruction of interest here. To simulate what MM04 did (see also ref. 3), we eliminated 
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the entire North American ITRDB and  Northern Treeline datasets from the MBH98 network 

available from AD 1400-1500  and performed  the reconstruction (henceforth referred to as 

'MM04c') based on the resulting network through 1971 (line 1, Figure 1a). The splice of this 

reconstruction from AD 1400-1500 with that of MBH98 from AD 1501-1971 provides a close 

approximation (henceforth referred to as 'MM04cS')  to the MM03/MM04 ('MM') reconstruction 

(line 2, Figure 1a), and demonstrates why their attempt to reproduce our estimate fails. Slight 

differences of MM04cS with the precise MM result likely result from minor errors in their 

implementation of the methodology (Mann et al, in review). The difference between MBH98 and 

MM04cS is not the result of our use of infilled values for a few locations in the period 1971-80 

or (for one series) for 1400-1403, as they claim (3). We show that a reconstruction calibrated 

using the period 1902-1971 (avoiding infilling) is effectively the same as that of MBH98 (line 3, 

Figure 1a). Elimination of the Stahle et al SWM/TX data challenged by MM04 (see below) also 

has no detectable influence on the reconstruction (line 4, Figure 1a). Thus the difference between 

the reconstructions of MBH98 and MM results from MM’s omission or effective omission of  

the North American ITRDB and Northern Treeline data sets ( the overwhelming majority of 

proxy data used by MBH98  in the early centuries of the reconstruction period). 

2. What basis is there for believing the MBH98 reconstruction is reliable?  

There is a long history in high-resolution paleoclimatology of emphasizing verification of 

models used in climate reconstructions (4,5), by using independent data. Unlike MBH98, MM 

provide no assessments of the statistical reliability of the model on which their reconstruction is 

based. In fact, the MM04c model (line 1, Figure 1b) for the period AD 1400-1500 when applied 

to the interval 1854-1901 displays no statistical skill in comparisons  with the instrumental data 

for 1854-1901 (RE = -0.76), whereas our model for the AD 1400-1500 period, applied to the 
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same interval (line 2, Figure 1b) exhibits considerable skill (RE = 0.51). The actual MBH98 

reconstruction (i.e., line 5, Figure 1a), which employs models from an increasingly expanded 

proxy network in later centuries (with the full network of 112 indicators available after 1820) 

shows even greater verification skill (RE = 0.69; see MBH98). The 'reduction of error' statistic 

'RE' favored in most studies (4,5) as a diagnostic measure of reconstructive skill obeys the 

bounds -∞ <  RE < 1. Negative values of RE, as in the case of MM04c, indicate a lack of 

reconstructive skill, while  RE=0 represents the "no skill" boundary in which the reconstruction 

performs as well as the assignment of the calibration period mean, and substantially positive 

values as in MBH98 (e.g. RE=0.5 to 0.7 depending on the precise proxy model)  suggest 

considerable skill. Thus, the MM04 reconstruction, unlike the MBH98 reconstruction, is unlikely 

to provide any useful insight into the actual climate history prior to AD 1500. 

3. Is a bias introduced into our reconstruction by the principal components algorithm we 

used to condense data?  

To examine this claim we performed a reconstruction over AD 1400-1980 using all 95 original 

individual proxy series available over the AD 1400-1500 interval (rather than a smaller network 

of 22 indicators that includes PC representations of certain sub-networks), imposing uniform 

weights on all series (line 1, Figure 1c). The resulting reconstruction closely resembles the 

MBH98 reconstruction (line 2, Figure 1c), with no indication of anomalous 15th century warmth. 

The model on which it is based has only a slightly lower verification  score (RE=0.47) than the 

analagous MBH98 model for 22 indicators available over AD 1400-1500 (RE=0.51). We also 

show that our re-standardization of all indicators in the MBH98 network by their detrended 

standard deviation during the calibration period, prior to calibration and reconstruction did not 
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significantly influence the MBH98 reconstruction (line 3, Figure 1c). This latter step was 

motivated by the fact that 20th century trends in instrumental and proxy data typically far exceed 

the expectations for a 'red noise' null hypothesis (6).  Normalizing by the detrended standard 

deviation therefore more properly weights the data series with respect to their estimated noise 

variance. It is inappropriate to use a red noise model in testing standardization procedures, as 

MM04 did, because simple spectral analyses of the actual series reveals many of them to be 

statistically inconsistent with an underlying red noise model. MBH98 also normalized the time 

series of the reconstructions of the instrumental eigenvectors to have the same variance as the 

actual instrumental eigenvectors during the calibration period. As MM03 did not perform this 

step, we have not invoked this normalization in our reproduction of their estimate (line 1, Figure 

1a). We nonetheless show that this step, too, makes little difference in the MBH98 reconstruction 

(line 4, Figure 1c).  We have thus demonstrated that MM04’s claim of a bias introduced by our 

PCA algorithm is invalid on both theoretical and empirical grounds. The only explanation for the 

anomalous findings of MM03 and MM04 is their deletion of essential proxy indicators from the 

network, leading to a reconstruction suggesting anomalous 15th century warmth, which does not 

pass statistical verification and is therefore almost certainly spurious. 

Had MM produced an alternative reconstruction that stood up to rigorous verification 

procedures (like that of MBH98), it would be worthy of discussion. However, as a close 

reproduction of their reconstruction (MM04c) shows roughly the level of skill of a random 

reconstruction, it does not demand serious consideration. Furthermore, numerous other studies 

based on different data and methods (7-10), or climate modeling approaches (e.g. 11-13), lead to 

the same conclusion that late 20th century warmth is anomalous in the context of the past six 

centuries or longer. The criticisms put forth by MM04 do not stand up to scrutiny and in no way 
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invalidate our reconstruction, which we have demonstrated to be quite robust. Of course, we 

continue to seek both more and improved data, and improved techniques of reconstruction, 

especially for the early centuries of the second millennium AD. 

 

Appendix: specific data details 

One of the few legitimate criticisms of MBH98 by MM03 and MM04 is their identification of 

some errors in the details provided in the on-line "supplementary information" that accompanied the 

MBH98 article. We have worked closely with Nature to produce an archive containing (a) a corrected 

version of the supplementary information, (b) all data (proxy and instrumental) used by MBH98 in an 

easily accessible and completely documented format, and some additional methodological details useful 

for those seeking to reproduce our results. This archive is available publicly here: 

ftp://holocene.evsc.virginia.edu/pub/Data/MANNETAL98. 

Minor errors that existed in the original supplementary description provided by MBH98 are 

detailed elsewhere (14), but we emphasize that these are of virtually no consequence to the MBH98 

hemispheric mean temperature reconstruction. For example, while it may not have been clear in the 

original documentation that we made use  of the versions of the Central England and Central European 

temperatures records of Bradley and Jones’ (7) (summer mean, rather than annual mean), and set two 

regional western North American tree-ring series equal following their termination during the mid 20th 

century, this has essentially no impact on our hemispheric mean reconstruction. Furthermore, as these 

issues (and several other series challenged by MM) involve data series that do not extend to before AD 

1500, they are irrelevant to the questions at hand, and raising them represents little more than a curious 

distraction by MM. Related complaints by MM regarding the use by MBH98 of some limited redundant 

data, and challenges of particular data, such as the early Stahle et al SWM/TX data, are also irrelevant 

(see e.g. line 4, Figure 1a). 
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Moreover, MM inappropriately dismiss the quality of certain proxy data series based on their own 

inability to find those series in certain public data archives or in the published literature. Some of the 

proxy data used by MBH98 are unpublished, and were kindly provided directly to us by the original 

researchers. It is invalid for MM04 to impute lower quality to such data. All proxy data used by MBH98 

have been provided in the public website listed earlier.  

MM04 criticize the PC representation of the North American ITRDB data which was based, for 

the period AD 1400-1450, on an EOF analysis of the 70 constituent series which were standardized, as 

discussed earlier, by their detrended calibration period standard deviation. As shown earlier (line 3, 

Figure 1c), this criticism can be simply dismissed on the basis that use of all 70 constituent series (which 

are part of the total of 95 available for this period) with uniform weighting, rather than this PC 

representation, yields no evidence of the anomalous 15th century warmth found by MM04 (line 1, Figure 

1c).  Furthermore, despite the claims that the standardization procedure used to calculate the ITRDB 

PC#1 exaggerates the influence of one particular series, we simply note that the loadings on the 70 series 

associated with PC#1, by contrast, are substantially shared by more than a dozen series (14/70 series have 

loadings that are greater than 50% of the maximum loading of any one series). Finally, MM04 introduce 

problems into the important Northern Treeline dataset used by MBH98. Aside from incorrectly 

substituting shorter versions of the "Kuujuag" and TTHH Northern Treeline series for those used by 

MBH98, and introducing an extended version of another Northern Treeline series not available prior to 

AD 1500 at the time of MBH98, they censored from the analysis the only Northern Treeline series in the 

MBH98 network available over the AD 1400-1500 interval, on the technicality that it begins only in AD 

1404 (MBH98 accommodated this detail by setting the values for AD 1400-1404 equal).  The criticism of 

the use of infilled values from AD 1400-1403 can be dealt with by performing the MBH98 reconstruction 

from AD 1404-1500 rather than AD 1400-1500. Doing so yields essentially the same reconstruction as 

MBH98 (line 3, Figure 1a).   
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Figure 1  Alternative NH reconstructions and instrumental NH record.  

(A) Comparison of  MBH98 NH reconstruction with reproduction of MM reconstruction 

based on elimination of key datasets. Verification results are given for comparison. 

Series shown include (1) MM04c reconstruction from AD 1400-1971, (2) MM04cS 

reconstruction from AD 1400-1971, smoothed on a 40 year timescale, (3) 

Alternative version of MBH98 reconstruction based on calibration period of 1902-

1971, shown from AD 1404-1500, (4) Alternative version of MBH98 reconstruction 

based on elimination of SWM/TX data, shown from AD 1400-1500 (only 40 year 

smoothed series shown for clarity), (5). The actual MBH98 reconstruction, which 

makes use  increasingly widespread proxy data in later centuries, (6) A 40-year 

smooth of the MBH98 reconstruction, and (7) The instrumental annual mean NH 

series 1856-2003.  Note that MBH98 and MM04cS coincide by construction (e.g. 
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series 6 vs. series 2) after AD 1500, though the 40-year smoothing introduces 

some small differences prior to approximately AD 1550. 

(B)  Comparison during calibration and verification intervals of (1) MM04c 

reconstruction from 1856-1971 and  (2) MBH98 reconstruction from 1854-1971 

based on AD 1400-1500 proxy model. The instrumental annual mean NH series 

1856-2003 (3) is shown for comparison.  Vertical dashed line denotes border 

between calibration and verification intervals. Verification RE scores are indicated 

for (1) and (2). Note that some of the disagreement between reconstruction and 

instrumental series in the early half of the verification period is due increasing 

sampling uncertainty in the NH series shown. To avoid this complication, RE 

scores, as in MBH98, are based on a 'frozen grid' NH estimate constructed by an 

areal hemispheric mean of all 219 Northern Hemisphere gridbox estimates 

available on a nearly continuous basis throughout the verification period. 

(C)  Comparisons showing influences of various details of  methodology on the 

MBH98 reconstruction.  Series shown include (1) Alternative version of MBH98 

reconstruction based on use of all 95 individual proxy series available from AD 

1400-1500 with uniform weights, shown from AD 1400-1980, (2) MBH98 

reconstruction, Alternative versions of MBH98 reconstruction (shown for AD 1400-

1500 period)  in which (3) indicators have not been restandardized by detrended 

calibration period variance and (4) time series of the reconstructed instrumental 

eigenvectors have not been standardized to have same variance as the 

corresponding instrumental eigenvectors during the calibration period. The 
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instrumental annual mean NH series 1856-2003 (5) is shown for comparison. 

Verification scores are RE=0.47 for (1), RE=0.42 for (3), and RE=0.38 for (4). 
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu
Subject: Fwd: RE: response to MM comment
Date: Friday, February 06, 2004 5:59:48 AM

As I was afraid she would say this.

We need to proceed with plan "b" and finalize our response to her questions. Malcolm, do you want
to take a stab at revising the original drafted responses I sent the other day?

Thanks,

mike

Delivered-To: mem6u@virginia.edu
From: "Langenberg, Heike" <H.Langenberg@nature.com>
To: "'Michael E. Mann'" <mann@virginia.edu>
Subject: RE: response to MM comment
Date: Fri, 6 Feb 2004 11:54:31 -0000
X-Mailer: Internet Mail Service (5.5.2653.19)

Dear Mike,
 
thanks for sending your reply to the comment by McIntyre and McKitrick, which we will
consider, and send out for review together with their comment. 
 
However, as explained previously, we will also need point-by-point answers to all the
queries raised in my letters of 15 and 18 December, including our specific questions and
all the points raised by McIntyre and McKitrick. 
 
We feel that it will not be sufficient to publish the corrected of Supplementary Information,
but with it, we will need to publish a correction statement detailing which changes need to
be made to the initially published list of data sets (as you have seen, according to
McIntyre and McKitrick the published Supplementary Information do not match the data on
the ftp site in 38 cases). 
 
As explained in my letter of 18 December, we will therefore need you to send us a list of
corrections, along with a confirmation that this list is complete. 
 
We have requested this information clearly and explicitly before, and had expected a reply
by the end of January 2004. We would therefore much appreciate your rapid and full
cooperation in this matter.
 
Best wishes,
Heike
 
 
 -----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu]
Sent: 05 February 2004 21:20
To: H.Langenberg@nature.com
Cc: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; mann@virginia.edu
Subject: response to MM comment

Dear Heike,

Attached is our formal reply to the comment by McIntyre and McKitrick, which we
have separately forwarded to Rosalind Cotter. We believe that all of the issues raised
in the original set of questions from the authors submitted to us in December are
also addressed in this response, and in the expanded version of the supplementary
information, provisionally available here:
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ftp://holocene.evsc.virginia.edu/pub/sdr/temp/nature/MANNETAL98/

(we will place the site in its final, public location prior to any resulting publications in
Nature referring to the site). 

We hope that our response provides adequate basis for rejection of their
criticisms/claims (including their formal comment to Nature being dealt with by
Rosalind Cotter). If you feel that you still need, in addition, a separate response to
the set of questions submitted to us in December, please let us know. Otherwise, we
hope that this response (and the enhanced and corrected supplementary material
we've made available) provides a final resolution to this matter, and we appreciate
your continued help in the resolution of this matter.

Best regards,

Mike M

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml 

********************************************************************************

DISCLAIMER: This e-mail is confidential and should not be used by anyone who is not the
original intended recipient. If you have received this e-mail in error please inform the
sender and delete it from your mailbox or any other storage mechanism. Neither
Macmillan Publishers Limited nor any of its agents accept liability for any statements made
which are clearly the sender's own and not expressly made on behalf of Macmillan
Publishers Limited or one of its agents. Please note that neither Macmillan Publishers
Limited nor any of its agents accept any responsibility for viruses that may be contained in
this e-mail or its attachments and it is your responsibility to scan the email and
attachments (if any). No contracts may be concluded on behalf of Macmillan Publishers
Limited or its agents by means of e-mail communication. Macmillan Publishers Limited
Registered in England and Wales with registered number 785998 Registered Office Brunel
Road, Houndmills, Basingstoke RG21 6XS
********************************************************************************

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Hutchinson, Madeline
Cc: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Subject: RE: RE: Instructions for reviewing manuscript 2004-01-14277
Date: Friday, February 06, 2004 6:21:58 AM

Thanks very much Madeline,

We look forward to learning the resolution of this exchange.

Best regards,

Mike M

At 10:47 AM 2/6/2004 +0000, Hutchinson, Madeline wrote:

Dear Professor Mann,

I am writing to acknowledge receipt of your reply. 

Many thanks,

Madeline Hutchinson
______________
Madeline Hutchinson
Brief Communications Assistant 
m.hutchinson@nature.com

Nature
4-6 Crinan Street
London N1 9XW

Tel: +
Fax: +44 (0)207 843 4596

-----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu]
Sent: 05 February 2004 21:19
To: m.hutchinson@nature.com
Cc: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; mann@virginia.edu
Subject: Fwd: RE: Instructions for reviewing manuscript 2004-01-14277

Dear Madeline,

As per my previous correspondence with Rosalind Cotter, attached is our 
formal reply to the submission by McIntyre and McKitrick (included are a 
pdf file for text, and 3 separate pdf files for parts "a", "b", and "c" of 
the accompanying figure).

We hope that our response provides adequate basis for rejection of their 
comment. Please feel free to contact me if there are any questions about 
our submitted response.

Thanks in advance for your help,

Mike Mann

>Delivered-To: mem6u@virginia.edu
>From: "Cotter, Rosalind" <R.Cotter@nature.com>
>To: "'Michael E. Mann '" <mann@virginia.edu>
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>Subject: RE: Instructions for reviewing manuscript 2004-01-14277
>Date: Wed, 28 Jan 2004 08:46:42 -0000
>X-Mailer: Internet Mail Service (5.5.2653.19)
>
>  Dear Professor Mann
>Thank you for letting us know. We are happy for you to deliver your reply
by
>February 6 and to send it by regular email (please send it to my assistant
>Madeline Hutchinson, m.hutchinson@nature.com).
>Yours sincerely
>Rosalind Cotter
>
>-----Original Message-----
>From: Michael E. Mann
>To: Langenberg, Heike
>Cc: Cotter, Rosalind; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
>Sent: 27/01/2004 23:00
>Subject: RE: Instructions for reviewing manuscript 2004-01-14277
>Importance: High
>
>Dear Dr. Langenberg and Dr. Cotter,
>
>My two colleagues and I have been working hard to both address the
>comments in the comment to Nature by McIntyre and McKitrick, and to
>respond to the set of questions regarding the supplementary data for the
>Mann et al (1998) paper by McIntyre and McKitrick forwarded by Dr.
>Langenberg earlier.
>
>Obviously the two are closely related. The requested due date for the
>response to the comment (Feb 2) will be extremely difficult for us to
>meet, due to the combination of the very short notice provided for a
>response (we only received the comment Friday) and the fact that I'll be
>out of the country from Thursday through the following Monday.
>
>We would therefore like to request an extension until Friday Feb 6th at
>which time we intend to provide  both the detailed response to the
>questions requested by Dr. Langenberg, and a formal response to the
>comment by McIntyre and McKitrick (which we expect would be shown to any
>independent reviewers).
>
>We would also like to provide the latter formal response as a word
>document/pdf document, rather than using the electronic reply  form. We
>feel it is absolutely essential that we show the results of specific
>analyses that we have done to address demonstrably false claims made in
>the comment and to do so, we need to include several graphics in our
>response.
>
>Please let us know if there is any objection to the above requests.
>
>We appreciate your help in assuring that  the matter is dealt with in
>both a timely and fair manner.
>
>Thanks in advance for your reply,
>
>Mike Mann

                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
          http://www.evsc.virginia.edu/faculty/people/mann.shtml 
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********************************************************************************

DISCLAIMER: This e-mail is confidential and should not be used by anyone who is not the
original intended recipient. If you have received this e-mail in error please inform the
sender and delete it from your mailbox or any other storage mechanism. Neither
Macmillan Publishers Limited nor any of its agents accept liability for any statements made
which are clearly the sender's own and not expressly made on behalf of Macmillan
Publishers Limited or one of its agents. Please note that neither Macmillan Publishers
Limited nor any of its agents accept any responsibility for viruses that may be contained in
this e-mail or its attachments and it is your responsibility to scan the email and
attachments (if any). No contracts may be concluded on behalf of Macmillan Publishers
Limited or its agents by means of e-mail communication. Macmillan Publishers Limited
Registered in England and Wales with registered number 785998 Registered Office Brunel
Road, Houndmills, Basingstoke RG21 6XS
********************************************************************************

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Langenberg, Heike
Cc: mann@virginia.edu; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Subject: RE: response to MM comment
Date: Friday, February 06, 2004 6:26:33 AM

Dear Heike,

We are more than happy to comply with this specific request. We were simply seeking clarification
given the latest developments (the requirement on our part to draft a separate detailed reply to their
submitted comment that dealt with many if not all of these points).  That's why we sent this off a day
early (Thursday rather than Friday as we had indicated last week). So we will finalize ASAP a specific
set of responses to the individual questions you sent earlier, and you should have these within days,
if not today as originally indicated.

It is our feeling that "supplementary information" has rarely received the scrutiny that ours has in this
case, and the minor errors in the supplementary information (an explanation for the 34 series that
were listed but not used, and the 2 series that were used and not listed, is provided is provided in the
revised supplementary information-we're not sure where the 38 number comes from) have no bearing
on our results, nor any bearing  the criticisms of MM03 and MM04, which are demonstrated as
entirely without basis in our response to their comment.

We thus hope that Nature will thus not give a correction of the specific details in the "supplementary
information", which we consider a minor and essentially semantic correction that has no bearing on
our published results, any more prominence than it deserves, lest it be inappropriately seized upon by
those who seek to do so as calling into question our published conclusions, and/or those of the IPCC,
which it most certainly does not. We trust that an appropriate peer-review of their latest comment
and our response will reinforce our assertion that these attacks are spurious in nature, and have no
place in the legitimate peer-reviewed literature.

We will be in touch shortly with our response to your list of inquiries.

Best regards, and thanks for your continued patience in assuring that this matter is deal with
appropriately.

Mike

At 11:54 AM 2/6/2004 +0000, Langenberg, Heike wrote:

Dear Mike,
 
thanks for sending your reply to the comment by McIntyre and McKitrick, which we will
consider, and send out for review together with their comment. 
 
However, as explained previously, we will also need point-by-point answers to all the
queries raised in my letters of 15 and 18 December, including our specific questions and
all the points raised by McIntyre and McKitrick. 
 
We feel that it will not be sufficient to publish the corrected of Supplementary Information,
but with it, we will need to publish a correction statement detailing which changes need to
be made to the initially published list of data sets (as you have seen, according to
McIntyre and McKitrick the published Supplementary Information do not match the data on
the ftp site in 38 cases). 
 
As explained in my letter of 18 December, we will therefore need you to send us a list of
corrections, along with a confirmation that this list is complete. 
 
We have requested this information clearly and explicitly before, and had expected a reply
by the end of January 2004. We would therefore much appreciate your rapid and full
cooperation in this matter.
 
Best wishes,
Heike
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 -----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu]
Sent: 05 February 2004 21:20
To: H.Langenberg@nature.com
Cc: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; mann@virginia.edu
Subject: response to MM comment

Dear Heike,

Attached is our formal reply to the comment by McIntyre and McKitrick, which we
have separately forwarded to Rosalind Cotter. We believe that all of the issues raised
in the original set of questions from the authors submitted to us in December are
also addressed in this response, and in the expanded version of the supplementary
information, provisionally available here:

ftp://holocene.evsc.virginia.edu/pub/sdr/temp/nature/MANNETAL98/

(we will place the site in its final, public location prior to any resulting publications in
Nature referring to the site). 

We hope that our response provides adequate basis for rejection of their
criticisms/claims (including their formal comment to Nature being dealt with by
Rosalind Cotter). If you feel that you still need, in addition, a separate response to
the set of questions submitted to us in December, please let us know. Otherwise, we
hope that this response (and the enhanced and corrected supplementary material
we've made available) provides a final resolution to this matter, and we appreciate
your continued help in the resolution of this matter.

Best regards,

Mike M

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml 

********************************************************************************

DISCLAIMER: This e-mail is confidential and should not be used by anyone who is not the
original intended recipient. If you have received this e-mail in error please inform the
sender and delete it from your mailbox or any other storage mechanism. Neither
Macmillan Publishers Limited nor any of its agents accept liability for any statements made
which are clearly the sender's own and not expressly made on behalf of Macmillan
Publishers Limited or one of its agents. Please note that neither Macmillan Publishers
Limited nor any of its agents accept any responsibility for viruses that may be contained in
this e-mail or its attachments and it is your responsibility to scan the email and
attachments (if any). No contracts may be concluded on behalf of Macmillan Publishers
Limited or its agents by means of e-mail communication. Macmillan Publishers Limited
Registered in England and Wales with registered number 785998 Registered Office Brunel
Road, Houndmills, Basingstoke RG21 6XS
********************************************************************************
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______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Langenberg, Heike
Cc: mann@virginia.edu; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Subject: RE: response to MM comment
Date: Friday, February 06, 2004 6:26:33 AM

Dear Heike,

We are more than happy to comply with this specific request. We were simply seeking clarification
given the latest developments (the requirement on our part to draft a separate detailed reply to their
submitted comment that dealt with many if not all of these points).  That's why we sent this off a day
early (Thursday rather than Friday as we had indicated last week). So we will finalize ASAP a specific
set of responses to the individual questions you sent earlier, and you should have these within days,
if not today as originally indicated.

It is our feeling that "supplementary information" has rarely received the scrutiny that ours has in this
case, and the minor errors in the supplementary information (an explanation for the 34 series that
were listed but not used, and the 2 series that were used and not listed, is provided is provided in the
revised supplementary information-we're not sure where the 38 number comes from) have no bearing
on our results, nor any bearing  the criticisms of MM03 and MM04, which are demonstrated as
entirely without basis in our response to their comment.

We thus hope that Nature will thus not give a correction of the specific details in the "supplementary
information", which we consider a minor and essentially semantic correction that has no bearing on
our published results, any more prominence than it deserves, lest it be inappropriately seized upon by
those who seek to do so as calling into question our published conclusions, and/or those of the IPCC,
which it most certainly does not. We trust that an appropriate peer-review of their latest comment
and our response will reinforce our assertion that these attacks are spurious in nature, and have no
place in the legitimate peer-reviewed literature.

We will be in touch shortly with our response to your list of inquiries.

Best regards, and thanks for your continued patience in assuring that this matter is deal with
appropriately.

Mike

At 11:54 AM 2/6/2004 +0000, Langenberg, Heike wrote:

Dear Mike,
 
thanks for sending your reply to the comment by McIntyre and McKitrick, which we will
consider, and send out for review together with their comment. 
 
However, as explained previously, we will also need point-by-point answers to all the
queries raised in my letters of 15 and 18 December, including our specific questions and
all the points raised by McIntyre and McKitrick. 
 
We feel that it will not be sufficient to publish the corrected of Supplementary Information,
but with it, we will need to publish a correction statement detailing which changes need to
be made to the initially published list of data sets (as you have seen, according to
McIntyre and McKitrick the published Supplementary Information do not match the data on
the ftp site in 38 cases). 
 
As explained in my letter of 18 December, we will therefore need you to send us a list of
corrections, along with a confirmation that this list is complete. 
 
We have requested this information clearly and explicitly before, and had expected a reply
by the end of January 2004. We would therefore much appreciate your rapid and full
cooperation in this matter.
 
Best wishes,
Heike
 

ABOR/MH/Priv-001886



 
 -----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu]
Sent: 05 February 2004 21:20
To: H.Langenberg@nature.com
Cc: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; mann@virginia.edu
Subject: response to MM comment

Dear Heike,

Attached is our formal reply to the comment by McIntyre and McKitrick, which we
have separately forwarded to Rosalind Cotter. We believe that all of the issues raised
in the original set of questions from the authors submitted to us in December are
also addressed in this response, and in the expanded version of the supplementary
information, provisionally available here:

ftp://holocene.evsc.virginia.edu/pub/sdr/temp/nature/MANNETAL98/

(we will place the site in its final, public location prior to any resulting publications in
Nature referring to the site). 

We hope that our response provides adequate basis for rejection of their
criticisms/claims (including their formal comment to Nature being dealt with by
Rosalind Cotter). If you feel that you still need, in addition, a separate response to
the set of questions submitted to us in December, please let us know. Otherwise, we
hope that this response (and the enhanced and corrected supplementary material
we've made available) provides a final resolution to this matter, and we appreciate
your continued help in the resolution of this matter.

Best regards,

Mike M

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml 

********************************************************************************

DISCLAIMER: This e-mail is confidential and should not be used by anyone who is not the
original intended recipient. If you have received this e-mail in error please inform the
sender and delete it from your mailbox or any other storage mechanism. Neither
Macmillan Publishers Limited nor any of its agents accept liability for any statements made
which are clearly the sender's own and not expressly made on behalf of Macmillan
Publishers Limited or one of its agents. Please note that neither Macmillan Publishers
Limited nor any of its agents accept any responsibility for viruses that may be contained in
this e-mail or its attachments and it is your responsibility to scan the email and
attachments (if any). No contracts may be concluded on behalf of Macmillan Publishers
Limited or its agents by means of e-mail communication. Macmillan Publishers Limited
Registered in England and Wales with registered number 785998 Registered Office Brunel
Road, Houndmills, Basingstoke RG21 6XS
********************************************************************************
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______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu
Subject: temporary location of ftp site
Date: Friday, February 06, 2004 10:45:42 AM

ftp://holocene.evsc.virginia.edu/pub/sdr/temp/nature/MANNETAL98/

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes; rbradley@geo.umass.edu
Subject: Re: another morning down the drain
Date: Friday, February 06, 2004 12:08:47 PM

Hi Malcolm,

Yes, I'm not happy about the time I've had to spend on this either--Scott and I have
devoted days and days to getting the website in appropriate shape.

The issues about which Vaganov series were used, etc. are obviously a distraction, as
statistical verification is the only valid objective measure of the resulting
reconstruction. I'm glad we've emaphasized this in our response. 

Will give this a look over, make further revisions, and then send on to Ray for
comments,

mike

At 12:13 PM 2/6/2004 -0700, Malcolm Hughes wrote:

Dear Mike and Ray,
This is such a pain in the ass!
Please find attached my attemept at editing the reply to Heike L. There
are some 
outstanding questions that can only be answered by Mike or Scott. I also
attach 
(not for forwarding or posting at any more ftp sites) the e-mail with which
they 
have attempted to make hay, and, respectfully, point out that they were
right in 
saying that my recommendation on which of the Vaganov series to use
was not 
followed. We must be anal about such stuff in the next round.  Cheers,
Malcolm
.
.
Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
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         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Malcolm Hughes
To: mann@virginia.edu; rbradley@geo.umass.edu
Subject: another morning down the drain
Date: Friday, February 06, 2004 12:14:26 PM

Dear Mike and Ray,
This is such a pain in the ass!
Please find attached my attemept at editing the reply to Heike L. There are some
outstanding questions that can only be answered by Mike or Scott. I also attach
(not for forwarding or posting at any more ftp sites) the e-mail with which they
have attempted to make hay, and, respectfully, point out that they were right in
saying that my recommendation on which of the Vaganov series to use was not
followed. We must be anal about such stuff in the next round.  Cheers, Malcolm
.
.

Attachments:
  D:\Projects\Bradley and Mann\controversy\mm\Hi Heike.doc
  D:\Projects\Bradley and Mann\controversy\mm\malcolm_29-JUL-97.txt
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From: Michael E. Mann
To: Malcolm Hughes; rbradley@geo.umass.edu
Subject: Re: another morning down the drain
Date: Friday, February 06, 2004 12:40:52 PM
Attachments: toheike-revised.doc

Malcolm, Ray,

Attached is a revised version accepting all of Malcolm's changes and additions
(Malcolm--I'm much obliged!) and with some more additions and changes of my own
(highlighted in yellow).

Final comments? Is this formatted in an appropriate manner for forwarding to Heike?
Should we perhaps italicize our responses or their comments to make the distinction
between comment/response clearer? Is the initial cover letter appropriate as stands?
Do we need to respond separately to any of the the initial round of comments (at the
bottom) or do you agree that our responses to the latter round of comments, as we
have provided, shoud suffice?

Look forward to any final comments, suggestions, etc. Would be nice to have this out
of our hands by quitting time this afternoon.

Thanks again,

mike

At 12:13 PM 2/6/2004 -0700, Malcolm Hughes wrote:

Dear Mike and Ray,
This is such a pain in the ass!
Please find attached my attemept at editing the reply to Heike L. There
are some 
outstanding questions that can only be answered by Mike or Scott. I also
attach 
(not for forwarding or posting at any more ftp sites) the e-mail with which
they 
have attempted to make hay, and, respectfully, point out that they were
right in 
saying that my recommendation on which of the Vaganov series to use
was not 
followed. We must be anal about such stuff in the next round.  Cheers,
Malcolm
.
.
Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________
                    Professor Michael E. Mann
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           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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Hi Heike, 
 
Below are our responses. I believe we have addressed all issues raised in the 1st round of 
questions in our response to the 2nd round of questions. Please let us know, however, if 
there is something we have forgotten to respond to below. 
 
I hope our responses below address all of the issues raised to Nature's satisfaction. 
We would be very grateful if you could let us know that there is an 'end game'  to all of 
this. We hope that our responses below, along w/ the exhaustive data, data listings, and 
documentations we have provided, will bring us there, not to mention the very extensive 
work we have had to invest in the other, baseless, complaints made in correspondence to 
Nature by these same two authors. 
 
We believe that it would be helpful for Nature, as you allude to, to solicit feedback from an 
independent reviewer with expertise in the field (paleoclimate reconstruction) for an 
independent assessment of the merit of their claims/comments, and of our responses to 
them. 
 
Thanks for your patience and understanding. We look forward to an update on the status of 
this matter as soon as possible. 
 
best regards, 
 
Mike 
 
At 05:11 PM 12/18/2003 +0000, Langenberg, Heike wrote: 
 

Dear Mike, 
 
  
 
Thank you for your various responses to our request, and for your offer of further 
clarification. We appreciate that you feel you have clearly described the data and 
methods used in the information on the ftp-site, but the questions raised were more 
concerned with differences between the original Nature submission and 
subsequently released data (which are difficult to assess based on the ftp site alone), 
and we therefore feel that we do need point-by-point responses to the complaint that 
we have received. 
 
  
 
In the meantime, we have received another letter from Stephen McIntyre and Ross 
McKitrick, which I attach below. We will also need point-by-point responses to this 
second letter (though obviously, where there is overlap in the question, feel free to 
refer to previous answers).   
 
  
 
If appropriate, we will ask an independent advisor to assess the complaint, our 
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specific questions and your responses (but naturally not the material you provided 
us with confidentially). 
 
  
 
As I noted in my previous letter, the files ARGE030, ARGE060 and ARGE065 are 
listed in the Supplementary Information to your Nature paper (MBH98), but not on 
your ftp site. You acknowledge in your email that these files were not used in 
MBH98 and were listed erroneously. We feel that this error will need to be 
corrected in our pages.  

 
We understand entirely. This is the reason we have updated the list to correct the typos in 
the original data listing. The file which we have made available to you in the PROXY sub-
directory of the ftp listing you've been provided, 
 
ftp://holocene.evsc.virginia.edu/pub/sdr/temp/nature/MANNETAL98/PROXY/mbh98data
summary.txt 
 
 indicates all of the indicators that were used, which can be compared against the original 
supplementary information file: 
 
We have also placed in the same directory an additional file 
(MANNETAL98/PROXY/mbh98datasummaryadd-delete.txt) that lists  the data series that 
were either mistakenly omitted from the Supplementary Materials (2 series), or mistakenly 
included (34).  
 
The listings and data files on our ftp site have indeed been reviewed for their completeness 
and accuracy, and extensive documentation has been provided in the contents of the 
directories. We have added additional information detailing not only the set of indicators 
that were used, but the set of proxy data that were used (which contributed to the network 
of indicators) for each sub-period as well.  
 

However, from McIntyre and McKitrick's letter, it seems that the Supplementary 
Information to MBH98 may contain more errors than the addition of these three 
files, and we will need you to provide us with a full list of the corrections that need 
to be made, either to the manuscript itself or to the Supplementary Information. And 
please confirm explicitly that the revised list is complete. 
 

See above  
 
We will particularly need your responses to the three specific questions I raised in 
my previous letter to you. 
 
  
 
I should point out that we are not looking for a clearer documentation of your data 
and methods on the ftp site at this stage, but instead we need your explicit responses 
to a number of queries that have arisen from apparent discrepancies between your 
manuscript and Supplementary Information and the data subsequently released.  
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Finally, I would like to assure you that we are handling the present complaint 
according to our normal procedures in such circumstances.  
 
  
 
I look forward to receiving your point-by-point responses very soon.  
 
  
 
Best wishes,  
Heike 
  
******************************* 
Further points from S. McIntyre and R. McKitrick: 
 
  
  
 
1.      The disclosure of data used in MBH98 at the Nature Supplementary 
Information ("SI") appears to be materially incorrect. We have identified no fewer 
than 38 cases in which the series the series listed in the Nature Supplementary 
Information were not actually used in MBH98 (as evidenced at the UVA ftp site). 
This is obviously something that a reviewer would have been unable to identify 
since the UVA site was unavailable until at least the summer of 2002.  

 
This isn't correct. There were, as indicated above, 34 series that weren't used but were 
listed in our original posted supplementary information and 2 series that were used but not 
indicated. As indicated above, these differences are detailed in  the text file posted on our 
revised supplementary information site 
(MANNETAL98/PROXY/mbh98datasummaryadd-delete.txt) that lists  the data series that 
were either mistakenly omitted from the Supplementary Materials (2 series), or mistakenly 
included (34). 

  
 
2.        There is evidence that some of these series were intentionally deleted. In this 
respect, we have the text of an email message in which an MBH98 co-author 
proposed the deletion of a series (arge030) as being "better for our purposes". This 
series was deleted in the actual calculations, but was shown in Nature SI as being 
included. Under the circumstances, a full explanation is surely required as to the 
"purposes" involved. 

 
This is a very distasteful--its thinly veiled attack against our integrity, and borders on the 
libelous. The email in question (which was mistakenly placed in one of our data 
directories) describes results of a screening process of the available data used by Malcolm 
Hughes, based on considerations of mean segment length, replication of chronologies, and 
other technical details, that was used to determine what tree-ring chronologies met our 
standards for inclusion in the analysis (see below). The chronologies in question were 
never used in our analysis (they were simply listed incorrectly in the supplementary data, 
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along with several other series, as indicated in the corrected data list) and to suggest that 
they were in some way 'deleted' or that there was some ulterior motive to not including 
them, is deeply offensive. Specifically, the 34 series listed in the file 
MANNETAL98/PROXY/mbh98datasummaryadd-delete.txt mentioned above, were 
excluded either because they did not meet the criteria listed below, or because, as in the 
case of ARGE030 they were duplicated by more recent data meeting all criteria and sent to 
us directly by colleagues. In the case of ARGE030, the replacement series had been 
standardized more conservatively than ARGE030, and so better served these clearly stated 
purposes. 
 
The precise standards for our filtering of the ITRDB database were described in detail in 
this followup publication,  
 
Mann, M.E., Gille, E., Bradley, R.S., Hughes, M.K., Overpeck, J.T., Keimig, F.T., Gross, 
W. , Global Temperature Patterns in Past Centuries: An interactive presentation, Earth 
Interactions, 4-4, 1-29,2000.  
 
including the specific following discussion: 
 

As noted by MBH98 (and references therein) non-climatic influences related to intrinsic 
tree growth trends, difficulty in their removal, and the combining of different tree 
segments, make the lowest frequency (ie, century and longer timescale) variations 
potentially somewhat suspect in studies that rely heavily on dendroclimatic indicators.  
 
In selecting data from the International Tree-Ring Data Bank (ITRDB), MBH98 set 
criteria designed to minimize these problems. Starting with the full data bank available 
in 1997, they identified 1589 site chronologies, each representing a unique combination 
of species, variable (e.g. ring width or maximum latewood density) and location. Only 
the 251 chronologies that met the following criteria were retained:  
Reliable information on the methods used to remove biological trend was available;  
The median length of the individual segments used to build the chronology was greater 
than 150 years;  
The mean correlation of these individual segments with the site chronology was greater 
than 0.5;  
The first year of the chronology was before AD 1626, and it contained at least 8 
segments by 1680;  
The last year was after 1970, and there were still 8 segments after 1960.  
Of the 251 ITRDB chronologies that met these criteria, 229 were ring-width 
chronologies, and 22 maximum latewood density. 

 
This article is available online, 
 
 
http://www.ngdc.noaa.gov/paleo/ei/ 
 
 with the specific discussion above here: 
 
http://www.ngdc.noaa.gov/paleo/ei/ei_nodendro.html 
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3.      MBH98 states that "the dendroclimatic data used were carefully screened for 
conservative standardization and sizeable segment lengths." We have the text of an 
email in which the term "wild guess" was used to describe the inclusion or 
exclusion of certain series. In this case, the deletion of various series is 
recommended, but this recommendation is not implemented in the work shown at 
the FTP site. 
 

At the time this work was done (1996, 1997) few high tree-ring data meeting these criteria 
were available in the ITRDB for Siberia. However, as we were preparing the dataset, we 
obtained a 1996 book by three of Dr Hughes’ Russian colleagues, containing listed mean 
tree-ring chronologies for 61 sites in northern Siberia. This was, until very  recently  the 
way Russian colleagues made there data publically available. These are the “Vaganov” 
data mentioned above. Given Dr Hughes’ long-standing collaboration in field and 
laboratory with the authors of the Russian book, his detailed knowledge of their working 
methods, and his own direct experience of working with the same species, with these 
colleagues, in the same region, he recommended that we fill this major spatial gap by 
digitizing these data, and also made recommendations on which should be used..  
 
I again find it personally offensive that these individuals have sought to quote my 
colleague Malcolm Hughes out of context from an email pre-dating our publication, to 
entirely misrepresent the nature of our procedure, which was in fact as  objective and  
rigorous as possible. 
 

  
 
4.      MBH have deleted portions of at least 3 series without explanation to the 
reader. In each case, the FTP site contains a parallel series with the correct data. The 
deletions include the first 70 years of the Central England historical temperature 
series, the first 25 years of the Central Europe historical series and the first 2 years 
of chin04. In the first 2 series, the issue is not merely that early decades were 
removed but that summer (JJA) data was substituted for annual data without notice 
to the reader. 

 
Each of these claims are false or disingenuous, and again they are distasteful. The claim 
that MBH98 unjustifiably eliminated the earlier part of the Central England temperature 
(CET) record is unfounded. The decision by MBH98 not to use this record  prior to 1730 is 
in keeping with previous studies (e.g. Bradley and Jones, 1993) and is based on the 
existence of inhomogeneities that exist in the record prior to the 1730s (Manley, 
1953;1974). Manley (1974), for example, describes a gap from 1707 to 1722 in daily data 
from the region of Central England he was seeking to cover, and used an adjusted version 
of data from the Netherlands to fill this gap. Since 1722 falls within the stepwise 
reconstructions for 1700-1980 and 1730-1980, 1730-1980 is the first interval of our step-
wise reconstruction that includes the indicator.  
 
The use of the summer mean version of these series was in keeping with the use of these 
series by Bradley and Jones (1993). The MBH98 reconstruction, furthermore, is 
completely insensitive to the use (as in Bradley and Jones, 1993) of summer (rather than 
annual) mean CET and Central European temperature series. We have updated the 
references for these two series in the revised supplementary information to "Bradley and 
Jones, 1993" to avoid confusion, and have indicated that summer mean, rather than annual 
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means, of the series were used by MBH98. We find it peculiar that the authors would raise 
this particular complaint, when the interval over which their putative reconstruction differs 
from ours (the 15th century) predates either of these two series in any case. 
 
 

  
 
5.      MBH have recently stated that the UVA FTP site is the repository of data 
actually used in MBH98. This site contains at least 10 series not used in MBH98, 
including an instrumental temperature series with decreasing 20th century 
temperatures.  

 
Nowhere have we indicated that every single individual series in those directories were 
used in our analysis. The directories include the tree-ring data used to construct PC series 
of the various proxy networks, as well as the networks of the PC series themselves, and 
there are some proxy data that are not listed in the supplementary information, and were in 
fact never used. We hardly see why this is a valid point of criticism. We must stress that 
we were never under any known requirement to post these data in the first place, and only 
did so as a service to our scientific colleagues. If Nature had asked for all of the proxy data 
used at the time we published our paper, we would have, of course, provided all those we 
were at liberty to pass on. 

 
 
6.      Some series in the North American PC region occur in duplicate versions. 
There is no rational description of the reasons for inclusion or exclusion as 
individual proxies.  

 
This claim is incorrect. No proxy time series in our network was literally used more than 
once. Moreover, our method is entirely robust with respect to whether a moderate amount 
of redundant information is used in the predictor network, so the criticism is irrelevant to 
whether or not the authors claimed 'correction' of the MBH98 reconstruction is valid 
(which, as we have shown in submitted manuscripts, it most certainly is not). 

 
 
7.      The SWM region used in MBH98 includes a site (Spruce Canyon CO), which 
is not in the site roster of the original article and which is in the roster of the 
NOAMER region. This apparently small point has a significant impact on 15th 
century values. 

 
The corrected list of proxy data has been provided in the "PROXY" sub-directory (see 
above). Our reconstruction is in no way, despite the claim made by the authors, sensitive to 
whether or not this particular tree-ring series is used (as shown in a submitted manuscript) 
Any sensitivity to whether these data are used in the analysis of McIntyre and McKitrick's 
analyses almost certainly arises from the fact that the authors have censored approximately 
80% of the proxy data used by MBH98 prior to AD 1450 and 70% prior to AD 1500 in 
their analysis, yielding in principle much greater sensitivity to the small number of 
remaining data actually used by them over that time interval. 
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8.      Some data versions used in MBH98 were obsolete when the paper was 
published. Many more versions are now obsolete. The SI refers to WDCP as a 
reference for tree ring data, but this reference is inaccurate given the material 
differences between the version used in MBH98 and the version actually archived. 
Again, the differences can be material. There are other inaccuracies in the 
references of MBH98: for example, the citation Bradley-Jones 1992 does not 
contain several instrumental sites referred to in MBH98. 

 
This statement is absurd. We listed the specific data used by us (albeit with some typos, 
and incorrect references, as noted) in the supplementary information, and provided all of 
the data on  our data site. We did not indicate there, or elsewhere,  that all of the tree ring 
data used were available in the NOAA databank. The authors appear to be unaware of the 
fact that not all proxy data shared between fellow scientists are placed in the public data 
archives, nor are same versions of the proxy data always made available publicly. In 
general, there is no requirement for scientists to post their proxy data in these public 
archives, although they are encouraged  to do so.  
 
In at least one instance that we have pointed out, the authors have confused certain 
unrelated data from the NOAA website with data that were in fact never made available by 
the original authors to the NOAA website, but which were made available to us. The 
authors, based on a thorough misunderstanding of how PC series of tree-ring data were 
calculated, and other mistakes, have replaced our network with a highly depleted version 
of the network, in which roughly 80% of the proxy indicators used by MBH98 prior to AD 
1600 were eliminated by them in their supposed reproduction of our anaylsis.  
 
The Bradley and Jones (1992) chapter was used as the best available reference for long 
instrumental temperature and precipitation records. That doesn't mean that every single 
instrumental record used (and described in our supplementary information) was shown in 
the article. We have updated this reference with a description of the specific source of the 
long instrumental data series and means by which they were gridded, in the revised 
supplementary information. 
 

  
 
9.      The disclosure of methodology for calculating temperature principal 
components is inaccurate. MBH98 describe their methodology as "conventional". 
Conventional principal components fail with missing data. The underlying data set 
contains much missing data and some other procedure was necessarily used. 

 
This represents the authors’ fundamental mistake of using a different version of the CRU 
surface temperature data site from the one that we used. The pattern of missing data in the 
two datasets is different, owing to the use of different reference periods. Small gaps in the 
instrumental record we used (an older CRU surface temperature dataset which goes back 
to 1856) were filled by linear interpolation, as described in the README section of the 
INSTRUMENTAL subdirectory. 
 

  
 
10.      The disclosure of methodology for calculating tree ring principal components 
is inaccurate. Again MBH98 methodology is not "conventional". In this case, the 
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FTP site contains computer programs which show that the data was transformed in 
ways not disclosed in MBH98. These undisclosed transformations have a material 
impact on the final results.  

 
Each of these statements in incorrect. A conventional PCA was indeed used. The authors 
apparently failed to take note of the stepwise procedure used by us, and described in our 
paper. This procedure allows  PC series to be calculated independently for each sub-
interval (e.g. 1820-1980, then 1780-1980, ..., 1400-1980) to allow for the use of an 
increasingly number of data in the different sub-networks increasingly later in time. The 
misunderstanding of this procedure led to them eliminating roughly 80% of the proxy 
indicators used by us prior to AD 1600, the primary reason for the spurious result that they 
have reported. Details regarding how the data were standardized are provided in the 
revised supplementary information. We have shown in a submitted manuscript that the 
MBH98 reconstruction is in fact entirely robust with respect to how the proxy series were 
standardized. 
 
Once again, all of the original proxy data used, and all of the PC series used, were 
available on the public ftp site from July 2002,  though the authors did not download and 
use the correct data. The new, revised ftp site provides the data and listings of data in a 
thoroughly documented manner such that similar mistakes should not be possible in the 
future. 
 

  
 
******************************************************** 
 
  
 
  
 

-----Original Message-----  
From: Michael E. Mann [mailto:mann@virginia.edu]  
Sent: 16 December 2003 02:38  
To: Scott Rutherford; Langenberg Heike  
Cc: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu  
Subject: Re: MBH98 Data 
 
thanks scott, 
Heike--please let me know if we can clarify further.  I'll have intermittent email 
access over the next couple weeks, though would be nice to clear this up well in 
advance of the holidays for all our sake! 
thanks again, 
mike 
 

At 09:04 PM 12/15/2003 +0000, Langenberg, Heike wrote:  
Dear Mike,  
 <?xml:namespace prefix = o ns = "urn:schemas-microsoft-
com:office:office" />  
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We have downloaded the data from the ftp site that Scott 
Rutherford kindly supplied to us, and I hope we have all the data 
on our server now. Thanks for organising that.  
   
I am writing regarding a complaint from Stephen McIntyre and 
Ross McKitrick (see below) we received, where they describe their 
attempts to obtain your data and methods and claim not to have 
been provided with all necessary information to reproduce the 
results. Could you please provide a point-by-point response to their 
letter?  
 
   
I went through the letter, your paper (including Supplementary 
Information) and the data you supplied to us, and I have a few 
questions which I list below. Could you please also clarify these 
issues for me?  
   
1. There seems to be some confusion over the proxy series used in 
the reconstruction. In your paper, 112 indicators back to 1820 are 
mentioned, whereas only 22 indicator go all the way back to 1400. 
McIntyre and McKitrick refer to 112 proxy series back to 1400, 
but then introduce the number of 159 series, which they say cam 
from you.  
I went back to the Supplementary Information for clarification, but 
I am not sure what counts as an "indicator" - the time series listed 
or the PC's derived from those time series? Under the assumption 
that the data sets just listed count as an indicator, and where there 
is a heading like "9 PCs" these nine PCs replace the listed data 
sets, I arrive at a number of 117 indicators altogether - neither 112 
nor 159.   
So could you please send a list of the 112 indicators, and can you 
comment on McIntyre and McKitrick's claim that you advised 
them that 159 series should be used?  
Also, for example, within the last data set, ITRDB North America, 
some series go back to 1400, others are shorter. Were still nine PCs 
for these data used for the longest reconstruction back to 1400 or 
did you just use the longest time series?  
   
2. In their point 3, McIntyre and McKitrick state that of the 18 time 
series for South America listed in Supplementary Information, 
only 11 are used. I note that, for example, ARGE030, ARGE060 
and ARGE065, listed in the Supplementary Information, do not 
seem to be on the ftp site we were pointed to by Scott Rutherford.  
Could you please clarify which data sets were used? 
   
3. Regarding McIntyre and McKitrick's point 4, could you please 
state whether you used annual or summertime temperatures, and if 
you did indeed truncate the time series (and if yes, why)?  
   
I look forward to receiving your point-by-point responses. I hope 
you understand that we need to ensure clarity in the data and 
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methods used in this paper. On receiving your responses we will 
decide how best to proceed (which may involve forwarding your 
responses to McIntyre and McKitrick). We will keep you updated 
of the progress.  
   
Best wishes,  
Heike  
   
PS I was unable to open the .dat files from the ftp site on my 
computer. Is there anything I'd need to know about the data 
format?  
   
*****************************************************  
Letter from Stephen McIntyre and Ross McKitrick:  
   
Dear Sirs,  
   
We have been carrying out a detailed examination of the paper: Mann, 
M.E., Bradley, R.S. & Hughes, M.K. (1998) Global-Scale Temperature 
Patterns and Climate Forcing Over the Past Six Centuries, Nature, 392, 
779-787, 1998 ("MBH98"). We have consulted the Nature on-line 
Supplementary Information, used two data files sent to us by 
Professor Mann's group in April 2003 (responding to a request for 
the FTP location of proxy data used in the above study) and, since 
Oct. 29, 2003, the information at the FTP site 
ftp://holocene.evsc.virginia.edu/pub/. This site is not identified 
through nature.com nor was it given to us upon specific request in 
April 2003, but is now identified by Professor Mann as the actual 
repository of MBH98 data.  
   
There are a number of points in MBH98 which need substantial 
clarification, some of which could be resolved with through more 
adequate Supplementary Information. We have sought such 
clarification from Professor Mann without success. With reference 
to the policies stated at 
http://www.nature.com/nature/submit/policies/index.html, in 
particular item number 6, we are writing to advise you of a 
persistent refusal to comply with the guidelines and other issues. 
We draw your attention to the following issues:  
   
1)   There is a listing in the Nature Supplementary Information of 
112 proxy series said to have been used in MBH98. In April 2003, 
in response to our request for an FTP site where these data could 
be found, an associate of Professor Mann (acting on his 
instructions) sent us a file (pcproxy.txt) containing 112 data series 
for the entire period back to 1400, together with a file apparently 
identifying these 112 data series. No FTP site containing these 
proxy series was identified to us at that time nor in subsequent 
correspondence with either Professor Mann nor his associate prior 
to October 29, 2003.  
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      In our analysis, we identified nontrivial problems with the data 
in the file we had been sent. Professor Mann's associate was unable 
to shed any light on them. When we sought additional information 
from Professor Mann, he informed us that demands on his time 
prevented him from considering this or other inquiries.  
   
      We published our findings in Energy and Environment 14 
(2003). Subsequently, on Oct. 29, 2003, Professor Mann stated that 
the errors we found in pcproxy.txt were inadvertently introduced 
into the file at the time it was sent to us, that we failed to consult 
the correct data at his University of Virginia FTP site and that our 
study wrongly used 112 proxy series, whereas MBH98 is based on 
159 series. Upon inspecting the FTP site on October 29, 2003 (the 
first we learned of its existence), we identified the identical file we 
had been sent in April 2003 (pcproxy.txt), together with its Matlab 
predecessor pcproxy.mat, both dated August 8, 2002, well before 
our request. Sometime between October 29 and November 8, 2003, 
both of these files were deleted from Professor Mann's FTP site.  
   
      As to the number of proxies, MBH98 clearly refers to only 112 
series, as does the on-line Supplementary Information. There is no 
reference to the use of 159 proxy series. We have requested a 
listing of these series from Mann. He has responded that the series 
are located on his FTP site and has refused, despite several 
requests, to provide more particulars. The difficulty is that the FTP 
site contains over 430 principal component series commencing in 
periods after 1400, and the relevant series are not flagged. The FTP 
site also includes many proxy series seemingly left out of MBH98. 
This level of disclosure is clearly inadequate. The deletion of 
archived data files in response to a controversy is also very 
disquieting. At a minimum, we believe that Nature should archive 
the 159 series now disclosed to have been used in the MBH98 
calculations together with a reconciliation of the difference 
between the 159 series stated to have been actually used and the 
112 series reported in Nature.  
 
   
2)   Some important data relating to MBH98, such as temperature 
principal components and EOFs, was located at Professor Mann's 
former University of Massachusetts FTP site. Indeed, Professor 
Mann's webpage on MBH98 contains no link or reference to the 
University of Virginia FTP site, but does contain links to this 
University of Massachusetts FTP site. On November 13, 2003, this 
FTP site was deleted. Important data pertaining to MBH98 
formerly located at the University of Massachusetts FTP site is not 
located at the University of Virginia FTP site.  
   
3)   There are numerous discrepancies between the data listing at 
the Nature SI site and that in the newly-disclosed FTP site at the 
University of Virginia. Many of the proxy series used in MBH98 
are principal components calculated from larger collections of tree 
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ring site "chronologies". The Nature SI site provides listings of the 
sites reported to have been used in these calculations, with rosters 
identified for five regions (Oklahoma, US Southwest/Mexico, 
North America, South America, and Australia) plus a listing of the 
number of series used for a Vaganov (Russian) collection. We 
have compared these listings with the information on the sites 
actually used at the FTP site and found many inconsistencies. For 
example, in the South American region, only 11 of the 18 sites 
listed in the Supplementary Information are actually used in 
MBH98 calculations, according to the evidence of the FTP site. 
Moreover there is evidence archived at Professor Mann's FTP site 
of intentional exclusion of a disclosed South American site. An 
archived email from Hughes to Mann, dated July 29, 1997, and 
located at 
ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/VAGANOV/
ORIG/malcolm_29-JUL-97states that exclusion of the site arge030 
would be "better for our purposes". This site arge030 can be shown 
to be Rio Cisne (through the World Data Center for 
Paleoclimatology) and is listed in the Nature Supplementary 
Information, but is excluded from the actual data in the FTP site.  
   
4)   We found multiple versions at the FTP site of several series, in 
which a secondary series is a truncated version of the full 
underlying data. For instance the FTP site contains a correct and 
complete record of the historical annual Central England 
Temperature data and historical annual Central Europe 
Temperature data. Evidence at the site indicates that MBH98 
instead used summertime averages from these series, in which the 
first 70 and 25 years of data, respectively, were intentionally 
deleted. No explanation is available for this, and the Nature SI site 
does not indicate or explain this editing of source data.  
   
5)   MBH98 states that "conventional" principal components 
methods were used in the calculation of temperature principal 
components. The underlying temperature dataset contains endemic 
missing data; indeed, 4 temperature grid cells from the UK Climate 
Research Unit selected by MBH98 contain no observations at all. 
"Conventional" principal components algorithms fail with missing 
data. Accordingly, MBH98 could not have used conventional 
methods and a proper description of the methodology actually 
employed is required. We sought specific clarification on this 
matter from Professor Mann and were refused. Nor is any available 
at the FTP site. Disclosure would be trivially easy (simply posting 
a command file for a statistics package would suffice). Without 
such information it is effectively impossible for an independent 
researcher to replicate his calculations.  
 
   
6)   We attempted in our Energy and Environment article to assess 
the impact of the data errors and quality control defects in the 
proxy data, which we had identified. For the calculation of 
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principal components for the various tree ring regions, we used a 
standard principal components algorithm (princomp in R), which 
provides values only for periods in which there are no missing 
values. In response, MBH98 have stated that they used something 
called a "stepwise principal components approach", a phrase which 
is not used in the Nature article or Supplementary Information. 
Based on their recent comments, this "approach" apparently 
involves changing the proxy rosters at some points in the PC 
series, leading to different values of the regional PC depending on 
the period being analyzed. Whatever the merits of the approach, 
there is no disclosure of it in MBH98, leaving the reader 
uninformed about the existence and formulae of a fundamental 
methodology as well as such basic details as the number and 
composition of principal components used in each region on a 
period-by-period bases. We have requested information from 
Professor Mann allowing us to identify the PC proxy rosters on a 
period-by-period basis and were refused. He deems it sufficient to 
merely point to his FTP site, but having examined this site we are 
unable to uniquely identify the "stepwise" PC rosters or the 
procedures used to splice different series together.  
   
7)   MBH98 states that for the temperature data  "the mean was 
removed, and the series was normalized by its standard deviation". 
This is, therefore, the method we employed. In their reply to our 
article, MBH criticized us on the grounds that they actually used  
"de-trended gridpoint standard deviations" to normalize 
temperature data. Whether the difference is material or not, the fact 
that their employed methodology contradicts the description in 
MBH98 means that independent researchers are unable to replicate 
their work.  
   
8)   Prior to the publication of our article, we  requested other 
particulars on the computational methodology from Professor 
Mann and were refused. Accordingly, we attempted to assess the 
impact of the data problems by following the methodology 
publicly disclosed in MBH98. Professor Mann then criticized us 
for failing to replicate previously undisclosed details of his 
methodology. We once again requested particulars on his 
methodology, including copies of the computer programs used to 
read in the proxy and temperature series and to produce the 
Northern Hemisphere temperature index-but we have been 
categorically refused.  
   
   
The policies of Nature rightly place a burden on authors to disclose 
data and methods to any interested readers. We have been 
systematically and deliberately stymied by Professor Mann on the 
most elementary requests: a proper listing of his data series and the 
exact computational procedures used. In the process of trying to 
obtain this information we have concluded that the disclosure at 
the Nature SI site is not merely inadequate, but in some cases it 
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contradicts what is now revealed at the University of Virginia FTP 
site.  
 
   
Under the circumstances, we believe that the full data set and 
accompanying programs for MBH98 should now be included in 
the Nature Supplementary Information, along with an accounting 
of any discrepancies between what has been listed at Nature.com 
to date and what was actually used in MBH98.  
   
We can make copies of all correspondence and our extensive notes 
on the data issues available for your inspection if needed. Thank 
you for your consideration.  
   
   
 
Yours truly  
 
   
 
Stephen McIntyre  
Toronto, Canada  
 
   
 
Ross McKitrick  
University of Guelph  
Guelph, Canada  
   
******************************************************
********** 
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From: Michael E. Mann
To: raymond s. bradley
Cc: mhughes@ltrr.arizona.edu
Subject: Re: half the afternoon down the drain!
Date: Friday, February 06, 2004 1:44:17 PM

OK--thanks Ray,

Malcolm--any final comments? If not, I'll send this out, and lets hope that things now start to
turn in our favour. We've made our case quite well I think--we just have to trust Nature at this
point,

mike

p.s. As I mentioned to Malcolm, if we're displeased with the way that Heike L appears to be
dealing with this down the road (I personally think she's in over her head here), I'm not above
having Steve S. talk to Philip Campbelll, whom he knows quite well, to assure that this matter is
dealt with properly...

At 03:04 PM 2/6/2004 -0500, raymond s. bradley wrote:

looks fine to me--i made a couple of minor changes that I now realise don't appear
to have been "tracked" but they were trivial.  I'm done with this...send it and let's
move on...
ray

At 02:39 PM 2/6/2004, you wrote:

Malcolm, Ray,

Attached is a revised version accepting all of Malcolm's changes and
additions (Malcolm--I'm much obliged!) and with some more additions and
changes of my own (highlighted in yellow).

Final comments? Is this formatted in an appropriate manner for
forwarding to Heike? Should we perhaps italicize our responses or their
comments to make the distinction between comment/response clearer? Is
the initial cover letter appropriate as stands? Do we need to respond
separately to any of the the initial round of comments (at the bottom) or
do you agree that our responses to the latter round of comments, as we
have provided, shoud suffice?

Look forward to any final comments, suggestions, etc. Would be nice to
have this out of our hands by quitting time this afternoon.

Thanks again,

mike

At 12:13 PM 2/6/2004 -0700, Malcolm Hughes wrote:

Dear Mike and Ray,
This is such a pain in the ass!
Please find attached my attemept at editing the reply to Heike
L. There are some 
outstanding questions that can only be answered by Mike or
Scott. I also attach 
(not for forwarding or posting at any more ftp sites) the e-mail
with which they 
have attempted to make hay, and, respectfully, point out that
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they were right in 
saying that my recommendation on which of the Vaganov
series to use was not 
followed. We must be anal about such stuff in the next round. 
Cheers, Malcolm
.
.
Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

Raymond S. Bradley 
University Distinguished Professor
Director, Climate System Research Center*
Department of Geosciences, University of Massachusetts
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel:  
Fax:  
*Climate System Research Center:  
        <http://www.paleoclimate.org> 
Paleoclimatology Book Web Site: http://www.geo.umass.edu/climate/paleo/html 

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Subject: one last thing
Date: Friday, February 06, 2004 2:34:11 PM

Ray, Malcolm:

Scott is going to check that there is, as we claim, no redundancy in our proxy data
set by looking to see if any of the 415 individual series used, as indicated in the data
file:

ftp://holocene.evsc.virginia.edu/pub/sdr/temp/nature/MANNETAL98/PROXY/dataall.dat

are identical or virtually identical. Assuming that is not the case (I'll be very surprised
if it is), I can  I'll add a short sentence indicating that this verifies that there is no
redundancy in our proxy network, in response to the claim otherwise by MM.

Otherwise, once I get confirmation from Malcolm (Malcolm?) I'll finalize (pending the
above) and send out...

Thanks,

mike

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes; rbradley@geo.umass.edu
Subject: Re: another morning down the drain
Date: Friday, February 06, 2004 3:12:15 PM

thanks Malcolm,

Sounds great on all counts. Once I have the answer from Scott, assuming a negative
result (no redundant series), I'll make the suggested changes below and submit...

Thanks again, and lets all try to have a relaxing weekend, w/ this hopefully behind us
now (at least, for the time being)...

mike

At 03:24 PM 2/6/2004 -0700, Malcolm Hughes wrote:

Just escaped from a  faculty meeting. This looks OK. I did find a 
few typos, which I corrected, so please use the attached version. 
It would help if you looked at the format as you suggest and 
maybe put our answers in italics. Also, the check for redundancy 
would be a good idea. Have a weekend! Malcolm
,
,On 6 Feb 2004 at 14:39, Michael E. Mann wrote:

> 
> Malcolm, Ray,
> 
> Attached is a revised version accepting all of Malcolm's changes and
> additions (Malcolm- -I'm much obliged!) and with some more additions
> and changes of my own (highlighted in yellow).
> 
> Final comments? Is this formatted in an appropriate manner for
> forwarding to Heike? Should we perhaps italicize our responses or
> their comments to make the distinction between comment/response
> clearer? Is the initial cover letter appropriate as stands? Do we need
> to respond separately to any of the the initial round of comments (at
> the bottom) or do you agree that our responses to the latter round of
> comments, as we have provided, shoud suffice?
> 
> Look forward to any final comments, suggestions, etc. Would be nice to
> have this out of our hands by quitting time this afternoon.
> 
> Thanks again,
> 
> mike
> 
> At 12:13 PM 2/6/2004 -0700, Malcolm Hughes wrote:
>     Dear Mike and Ray,
>     This is such a pain in the ass!
>     Please find attached my attemept at editing the reply to Heike L.
>     There are some outstanding questions that can only be answered by
>     Mike or Scott. I also attach (not for forwarding or posting at any
>     more ftp sites) the e-mail with which they have attempted to make
>     hay, and, respectfully, point out that they were right in saying
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>     that my recommendation on which of the Vaganov series to use was
>     not followed. We must be anal about such stuff in the next
>     round.Cheers, Malcolm . . Malcolm Hughes Professor of
>     Dendrochronology Laboratory of Tree-Ring Research University of
>     Arizona Tucson, AZ 85721 520-621-6470 fax 520-621-8229
> ____________________________________________________________
> __
> Professor Michael E. Mann
>  Department of Environmental Sciences, Clark Hall
> University of Virginia
> Charlottesville, VA 22903
>
______________________________________________________________________

> _ e-mail: mann@virginia.edu Phone:  
> http://www.evsc.virginia.edu/faculty/people/mann.shtml

Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Malcolm Hughes
To: Michael E. Mann; rbradley@geo.umass.edu
Subject: Re: another morning down the drain
Date: Friday, February 06, 2004 3:24:25 PM

Just escaped from a  faculty meeting. This looks OK. I did find a
few typos, which I corrected, so please use the attached version.
It would help if you looked at the format as you suggest and
maybe put our answers in italics. Also, the check for redundancy
would be a good idea. Have a weekend! Malcolm
,
,On 6 Feb 2004 at 14:39, Michael E. Mann wrote:

>
> Malcolm, Ray,
>
> Attached is a revised version accepting all of Malcolm's changes and
> additions (Malcolm- -I'm much obliged!) and with some more additions
> and changes of my own (highlighted in yellow).
>
> Final comments? Is this formatted in an appropriate manner for
> forwarding to Heike? Should we perhaps italicize our responses or
> their comments to make the distinction between comment/response
> clearer? Is the initial cover letter appropriate as stands? Do we need
> to respond separately to any of the the initial round of comments (at
> the bottom) or do you agree that our responses to the latter round of
> comments, as we have provided, shoud suffice?
>
> Look forward to any final comments, suggestions, etc. Would be nice to
> have this out of our hands by quitting time this afternoon.
>
> Thanks again,
>
> mike
>
> At 12:13 PM 2/6/2004 -0700, Malcolm Hughes wrote:
>     Dear Mike and Ray,
>     This is such a pain in the ass!
>     Please find attached my attemept at editing the reply to Heike L.
>     There are some outstanding questions that can only be answered by
>     Mike or Scott. I also attach (not for forwarding or posting at any
>     more ftp sites) the e-mail with which they have attempted to make
>     hay, and, respectfully, point out that they were right in saying
>     that my recommendation on which of the Vaganov series to use was
>     not followed. We must be anal about such stuff in the next
>     round.Cheers, Malcolm . . Malcolm Hughes Professor of
>     Dendrochronology Laboratory of Tree-Ring Research University of
>     Arizona Tucson, AZ 85721 520-621-6470 fax 520-621-8229
> ____________________________________________________________
> __
> Professor Michael E. Mann
>  Department of Environmental Sciences, Clark Hall
> University of Virginia
> Charlottesville, VA 22903
> ______________________________________________________________________
> _ e-mail: mann@virginia.edu Phone:  
> http://www.evsc.virginia.edu/faculty/people/mann.shtml
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Attachments:
  D:\Projects\Bradley and Mann\controversy\mm\hi final.doc

ABOR/MH/Priv-001915



From: Michael E. Mann
To: Hutchinson, Madeline
Cc: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Subject: RE: RE: Instructions for reviewing manuscript 2004-01-14277
Date: Saturday, February 07, 2004 2:41:59 PM

Dear Madeline,

It occurred to us we should provide some clarification on one point.

The URL indicated in our formal reply is not active yet, as we do not wish to make the revised
'supplementary information' publicly available until any referring manuscripts have been published.
However, we realize that reviewers should have access to this information.  So please feel free to
make available to any independent reviewers of our reply the temporary (hidden) location we have
established for the revised supplementary information:

ftp://holocene.evsc.virginia.edu/pub/sdr/temp/nature/MANNETAL98/

Please let us know if you have any further questions.

Thanks,

Mike Mann

At 10:47 AM 2/6/2004 +0000, Hutchinson, Madeline wrote:

Dear Professor Mann,

I am writing to acknowledge receipt of your reply. 

Many thanks,

Madeline Hutchinson
______________
Madeline Hutchinson
Brief Communications Assistant 
m.hutchinson@nature.com

Nature
4-6 Crinan Street
London N1 9XW

Tel: +
Fax: +44 (0)207 843 4596

-----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu]
Sent: 05 February 2004 21:19
To: m.hutchinson@nature.com
Cc: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; mann@virginia.edu
Subject: Fwd: RE: Instructions for reviewing manuscript 2004-01-14277

Dear Madeline,

As per my previous correspondence with Rosalind Cotter, attached is our 
formal reply to the submission by McIntyre and McKitrick (included are a 
pdf file for text, and 3 separate pdf files for parts "a", "b", and "c" of 
the accompanying figure).

We hope that our response provides adequate basis for rejection of their 
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comment. Please feel free to contact me if there are any questions about 
our submitted response.

Thanks in advance for your help,

Mike Mann

>Delivered-To: mem6u@virginia.edu
>From: "Cotter, Rosalind" <R.Cotter@nature.com>
>To: "'Michael E. Mann '" <mann@virginia.edu>
>Subject: RE: Instructions for reviewing manuscript 2004-01-14277
>Date: Wed, 28 Jan 2004 08:46:42 -0000
>X-Mailer: Internet Mail Service (5.5.2653.19)
>
>  Dear Professor Mann
>Thank you for letting us know. We are happy for you to deliver your reply
by
>February 6 and to send it by regular email (please send it to my assistant
>Madeline Hutchinson, m.hutchinson@nature.com).
>Yours sincerely
>Rosalind Cotter
>
>-----Original Message-----
>From: Michael E. Mann
>To: Langenberg, Heike
>Cc: Cotter, Rosalind; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
>Sent: 27/01/2004 23:00
>Subject: RE: Instructions for reviewing manuscript 2004-01-14277
>Importance: High
>
>Dear Dr. Langenberg and Dr. Cotter,
>
>My two colleagues and I have been working hard to both address the
>comments in the comment to Nature by McIntyre and McKitrick, and to
>respond to the set of questions regarding the supplementary data for the
>Mann et al (1998) paper by McIntyre and McKitrick forwarded by Dr.
>Langenberg earlier.
>
>Obviously the two are closely related. The requested due date for the
>response to the comment (Feb 2) will be extremely difficult for us to
>meet, due to the combination of the very short notice provided for a
>response (we only received the comment Friday) and the fact that I'll be
>out of the country from Thursday through the following Monday.
>
>We would therefore like to request an extension until Friday Feb 6th at
>which time we intend to provide  both the detailed response to the
>questions requested by Dr. Langenberg, and a formal response to the
>comment by McIntyre and McKitrick (which we expect would be shown to any
>independent reviewers).
>
>We would also like to provide the latter formal response as a word
>document/pdf document, rather than using the electronic reply  form. We
>feel it is absolutely essential that we show the results of specific
>analyses that we have done to address demonstrably false claims made in
>the comment and to do so, we need to include several graphics in our
>response.
>
>Please let us know if there is any objection to the above requests.
>
>We appreciate your help in assuring that  the matter is dealt with in
>both a timely and fair manner.
>
>Thanks in advance for your reply,
>
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>Mike Mann

                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
          http://www.evsc.virginia.edu/faculty/people/mann.shtml 

********************************************************************************

DISCLAIMER: This e-mail is confidential and should not be used by anyone who is not the
original intended recipient. If you have received this e-mail in error please inform the
sender and delete it from your mailbox or any other storage mechanism. Neither
Macmillan Publishers Limited nor any of its agents accept liability for any statements made
which are clearly the sender's own and not expressly made on behalf of Macmillan
Publishers Limited or one of its agents. Please note that neither Macmillan Publishers
Limited nor any of its agents accept any responsibility for viruses that may be contained in
this e-mail or its attachments and it is your responsibility to scan the email and
attachments (if any). No contracts may be concluded on behalf of Macmillan Publishers
Limited or its agents by means of e-mail communication. Macmillan Publishers Limited
Registered in England and Wales with registered number 785998 Registered Office Brunel
Road, Houndmills, Basingstoke RG21 6XS
********************************************************************************

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: h.Langenberg@nature.com
Cc: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; Scott Rutherford
Subject: reply to inquiries
Date: Saturday, February 07, 2004 2:42:04 PM
Attachments: NatureInquiryReplies.doc

Dear  Heike,

Below are our responses to the inquiries sent in December, as promised. We believe
we have addressed all issues raised in the original round of questions by Mcintyre
and McKitrick in our response to the more recent round of questions from them.
Please let us know, however, if you feel that there are any points we have not
responded to. For clarity, we have italicized and indented the original comments by
you/them, while our responses are provided below the original comments in un-
indented, plain text.

We hope that our responses below, along w/ the exhaustive data, data listings, and
documentations we have provided, not to mention the very extensive work we have
had to invest in the other, baseless, complaints made in correspondence to Nature by
these same two authors, will bring this matter to finality.

We believe that it would be helpful for Nature, as you allude to, to solicit feedback
from an independent reviewer/s with expertise in the field (paleoclimate
reconstruction) for an independent assessment of the merit of their
claims/comments, and of our responses to them.

Thanks for your patience and understanding. We look forward to an update on the
status of this matter as soon as possible.

best regards,

Mike Mann
Ray  Bradley
Malcolm Hughes

p.s. please note that the URL indicated in our reply to the comment submitted to
Nature is not active yet, as we do not wish to make the revised supplementary
information publicly available until any referring manuscripts have been published.
However, we realize that reviewers should have access to this information. So please
feel free to make available to any independent reviewers the temporary (hidden)
location we have already provided to you:

ftp://holocene.evsc.virginia.edu/pub/sdr/temp/nature/MANNETAL98/

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
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         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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At 05:11 PM 12/18/2003 +0000, Langenberg, Heike wrote: 
 

Dear Mike, 
 
  
 
Thank you for your various responses to our request, and for your offer of further 
clarification. We appreciate that you feel you have clearly described the data and 
methods used in the information on the ftp-site, but the questions raised were more 
concerned with differences between the original Nature submission and 
subsequently released data (which are difficult to assess based on the ftp site 
alone), and we therefore feel that we do need point-by-point responses to the 
complaint that we have received. 
 
  
 
In the meantime, we have received another letter from Stephen McIntyre and Ross 
McKitrick, which I attach below. We will also need point-by-point responses to this 
second letter (though obviously, where there is overlap in the question, feel free to 
refer to previous answers).   
 
  
 
If appropriate, we will ask an independent advisor to assess the complaint, our 
specific questions and your responses (but naturally not the material you provided 
us with confidentially). 
 
  
 
As I noted in my previous letter, the files ARGE030, ARGE060 and ARGE065 are 
listed in the Supplementary Information to your Nature paper (MBH98), but not on 
your ftp site. You acknowledge in your email that these files were not used in 
MBH98 and were listed erroneously. We feel that this error will need to be 
corrected in our pages.  

 
We understand entirely. This is the reason we have updated the list to correct the typos in 
the original data listing. The file which we have made available to you in the PROXY sub-
directory of the ftp listing you've been provided, 
 
ftp://holocene.evsc.virginia.edu/pub/sdr/temp/nature/MANNETAL98/PROXY/mbh98data
summary.txt 
 
 indicates all of the indicators that were used, which can be compared against the original 
supplementary information file: 
 
We have also placed in the same directory an additional file 
(MANNETAL98/PROXY/mbh98datasummaryadd-delete.txt) that lists  the data series that 
were either mistakenly omitted from the Supplementary Materials (2 series), or mistakenly 
included (34).  
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The listings and data files on our ftp site have indeed been reviewed for their completeness 
and accuracy, and extensive documentation has been provided in the contents of the 
directories. We have added additional information detailing not only the set of indicators 
that were used, but the set of proxy data that were used (which contributed to the network 
of indicators) for each sub-period as well.  
 

However, from McIntyre and McKitrick's letter, it seems that the Supplementary 
Information to MBH98 may contain more errors than the addition of these three 
files, and we will need you to provide us with a full list of the corrections that need 
to be made, either to the manuscript itself or to the Supplementary Information. And 
please confirm explicitly that the revised list is complete. 
 

See above  
 
We will particularly need your responses to the three specific questions I raised in 
my previous letter to you. 
 
I should point out that we are not looking for a clearer documentation of your data 
and methods on the ftp site at this stage, but instead we need your explicit responses 
to a number of queries that have arisen from apparent discrepancies between your 
manuscript and Supplementary Information and the data subsequently released.  
 
  
 
Finally, I would like to assure you that we are handling the present complaint 
according to our normal procedures in such circumstances.  
 
  
 
I look forward to receiving your point-by-point responses very soon.  
 
  
 
Best wishes,  
Heike 
  
******************************* 
Further points from S. McIntyre and R. McKitrick: 
 
  
  
 
1.      The disclosure of data used in MBH98 at the Nature Supplementary 
Information ("SI") appears to be materially incorrect. We have identified no fewer 
than 38 cases in which the series the series listed in the Nature Supplementary 
Information were not actually used in MBH98 (as evidenced at the UVA ftp site). 
This is obviously something that a reviewer would have been unable to identify 
since the UVA site was unavailable until at least the summer of 2002.  

ABOR/MH/Priv-001922



 
This isn't correct. There were, as indicated above, 34 series that weren't used but were 
listed in our original posted supplementary information and 2 series that were used but not 
indicated. As indicated above, these differences are detailed in  the text file posted on our 
revised supplementary information site 
(MANNETAL98/PROXY/mbh98datasummaryadd-delete.txt) that lists  the data series that 
were either mistakenly omitted from the Supplementary Materials (2 series), or mistakenly 
included (34). 

  
 
2.        There is evidence that some of these series were intentionally deleted. In this 
respect, we have the text of an email message in which an MBH98 co-author 
proposed the deletion of a series (arge030) as being "better for our purposes". This 
series was deleted in the actual calculations, but was shown in Nature SI as being 
included. Under the circumstances, a full explanation is surely required as to the 
"purposes" involved. 

 
This is a very distasteful--its thinly veiled attack against our integrity, and borders on the 
libelous. The email in question (which was mistakenly placed in one of our data 
directories) describes results of a screening process of the available data used by Malcolm 
Hughes, based on considerations of mean segment length, replication of chronologies, and 
other technical details, that was used to determine what tree-ring chronologies met our 
standards for inclusion in the analysis (see below). The chronologies in question were 
never used in our analysis (they were simply listed incorrectly in the supplementary data, 
along with several other series, as indicated in the corrected data list) and to suggest that 
they were in some way 'deleted' or that there was some ulterior motive to not including 
them, is deeply offensive. Specifically, the 34 series listed in the file 
MANNETAL98/PROXY/mbh98datasummaryadd-delete.txt mentioned above, were 
excluded either because they did not meet the criteria listed below, or because, as in the 
case of ARGE030 they were duplicated by more recent data meeting all criteria and sent to 
us directly by colleagues. In the case of ARGE030, the replacement series had been 
standardized more conservatively than ARGE030, and so better served these clearly stated 
purposes. 
 
The precise standards for our filtering of the ITRDB database were described in detail in 
this followup publication,  
 
Mann, M.E., Gille, E., Bradley, R.S., Hughes, M.K., Overpeck, J.T., Keimig, F.T., Gross, 
W. , Global Temperature Patterns in Past Centuries: An interactive presentation, Earth 
Interactions, 4-4, 1-29,2000.  
 
including the specific following discussion: 
 

As noted by MBH98 (and references therein) non-climatic influences related to intrinsic 
tree growth trends, difficulty in their removal, and the combining of different tree 
segments, make the lowest frequency (ie, century and longer timescale) variations 
potentially somewhat suspect in studies that rely heavily on dendroclimatic indicators.  
 
In selecting data from the International Tree-Ring Data Bank (ITRDB), MBH98 set criteria 
designed to minimize these problems. Starting with the full data bank available in 1997, 
they identified 1589 site chronologies, each representing a unique combination of 
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species, variable (e.g. ring width or maximum latewood density) and location. Only the 
251 chronologies that met the following criteria were retained:  
 Reliable information on the methods used to remove biological trend was available;  
 The median length of the individual segments used to build the chronology was 
greater than 150 years;  
 The mean correlation of these individual segments with the site chronology was 
greater than 0.5;  
 The first year of the chronology was before AD 1626, and it contained at least 8 
segments by 1680;  
 The last year was after 1970, and there were still 8 segments after 1960.  
Of the 251 ITRDB chronologies that met these criteria, 229 were ring-width chronologies, 
and 22 maximum latewood density. 

 
This article is available online, 
 
http://www.ngdc.noaa.gov/paleo/ei/ 
 
 with the specific discussion above here: 
 
http://www.ngdc.noaa.gov/paleo/ei/ei_nodendro.html 

  
 
3.      MBH98 states that "the dendroclimatic data used were carefully screened for 
conservative standardization and sizeable segment lengths." We have the text of an 
email in which the term "wild guess" was used to describe the inclusion or 
exclusion of certain series. In this case, the deletion of various series is 
recommended, but this recommendation is not implemented in the work shown at 
the FTP site. 
 

At the time this work was done (1996, 1997) few  tree-ring data meeting these criteria 
were available in the ITRDB for Siberia. However, as we were preparing the dataset, we 
obtained a 1996 book by three of Dr Hughes’ Russian colleagues, containing listed mean 
tree-ring chronologies for 61 sites in northern Siberia. This was, until very  recently  the 
way Russian colleagues made their data publicly available. These are the “Vaganov” data 
mentioned above. Given Dr Hughes’ long-standing collaboration in field and laboratory 
with the authors of the Russian book, his detailed knowledge of their working methods, 
and his own direct experience of working with the same species, with these colleagues, in 
the same region, he recommended that we fill this major spatial gap by digitizing these 
data, and also made recommendations on which should be used..  
 
We find it personally offensive that these individuals have sought to quote Malcolm 
Hughes out of context from an email pre-dating our publication, to entirely misrepresent 
the nature of our procedure, which was in fact as  objective and  rigorous as possible. 

  
 
4.      MBH have deleted portions of at least 3 series without explanation to the 
reader. In each case, the FTP site contains a parallel series with the correct data. 
The deletions include the first 70 years of the Central England historical 
temperature series, the first 25 years of the Central Europe historical series and the 
first 2 years of chin04. In the first 2 series, the issue is not merely that early decades 
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were removed but that summer (JJA) data was substituted for annual data without 
notice to the reader. 

 
Each of these claims are false or disingenuous, and again they are distasteful. The claim 
that MBH98 unjustifiably eliminated the earlier part of the Central England temperature 
(CET) record is unfounded. The decision by MBH98 not to use this record  prior to 1730 is 
in keeping with previous studies (e.g. Bradley and Jones, 1993) and is based on the 
existence of inhomogeneities that exist in the record prior to the 1730s (Manley, 
1953;1974). Manley (1974), for example, describes a gap from 1707 to 1722 in daily data 
from the region of Central England he was seeking to cover, and used an adjusted version 
of data from the Netherlands to fill this gap. Since 1722 falls within the stepwise 
reconstructions for 1700-1980 and 1730-1980, 1730-1980 is the first interval of our step-
wise reconstruction that includes the indicator.  
 
The use of the summer mean version of these series was in keeping with the use of these 
series by Bradley and Jones (1993). The MBH98 reconstruction, furthermore, is 
completely insensitive to the use (as in Bradley and Jones, 1993) of summer (rather than 
annual) mean CET and Central European temperature series. We have updated the 
references for these two series in the revised supplementary information to "Bradley and 
Jones, 1993" to avoid confusion, and have indicated that summer mean, rather than annual 
means, of the series were used by MBH98. We find it peculiar that the authors would raise 
this particular complaint, when the interval over which their putative reconstruction differs 
from ours (the 15th century) predates either of these two series in any case. 
 
 

  
 
5.      MBH have recently stated that the UVA FTP site is the repository of data 
actually used in MBH98. This site contains at least 10 series not used in MBH98, 
including an instrumental temperature series with decreasing 20th century 
temperatures.  

 
Nowhere have we indicated that every single individual series in those directories were 
used in our analysis. The directories include the tree-ring data used to construct PC series 
of the various proxy networks, as well as the networks of the PC series themselves, and 
there are some proxy data that are not listed in the supplementary information, and were in 
fact never used. We hardly see why this is a valid point of criticism. We must stress that 
we were never under any known requirement to post these data in the first place, and only 
did so as a service to our scientific colleagues. If Nature had asked for all of the proxy data 
used at the time we published our paper, we would have, of course, provided all those we 
were at liberty to pass on. 

 
 
6.      Some series in the North American PC region occur in duplicate versions. 
There is no rational description of the reasons for inclusion or exclusion as 
individual proxies.  

 
This claim is incorrect with one exception. An analysis of the data file of all 415 individual 
series used (available through the revised supplementary information) reveals two series 
that are indeed the same: the Jacoby et al Northern Treeline series #11 (as provided to the 
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authors by Gordon Jacoby) and North American ITRDB series 'cana036.txt'. The latter was 
only used by MBH98 after AD 1450, and elimination of the series from the North 
American ITRDB dataset used by MBH98 yields no detectable influence on the MBH98  
reconstruction (Mann et al, manuscript in review).  Two other series directly provided to 
the authors by David Stahle (series 'swmxdfew11.dat' and 'swmxdfew01.dat') are the same 
prior to AD 1488. The MBH98 reconstruction, again, is robust to the exclusion of either or 
both series from the data set (Mann et al, manuscript in review).  
 
Indeed, the MBH98 method is, by its very construction,  robust with respect to whether a 
moderate amount of redundant information is used in the predictor network, so the 
criticisms here are irrelevant to the question of whether or not the authors claimed 
'correction' of the MBH98 reconstruction is valid (which, as we have shown in submitted 
manuscripts, it most certainly is not). 

 
 
7.      The SWM region used in MBH98 includes a site (Spruce Canyon CO), which 
is not in the site roster of the original article and which is in the roster of the 
NOAMER region. This apparently small point has a significant impact on 15th 
century values. 

 
The corrected list of proxy data has been provided in the "PROXY" sub-directory (see 
above). Our reconstruction is in no way, despite the claim made by the authors, sensitive to 
whether or not this particular tree-ring series is used (as shown in a submitted manuscript). 
Any sensitivity to whether these data are used in the analysis performed by McIntyre and 
McKitrick's analyses almost certainly arises from the fact that the authors have censored 
approximately 80% of the proxy data used by MBH98 prior to AD 1450 and 70% prior to 
AD 1500 in their analysis, yielding in principle much greater sensitivity to the small 
number of remaining data actually used by them over that time interval. 
 

  
 
8.      Some data versions used in MBH98 were obsolete when the paper was 
published. Many more versions are now obsolete. The SI refers to WDCP as a 
reference for tree ring data, but this reference is inaccurate given the material 
differences between the version used in MBH98 and the version actually archived. 
Again, the differences can be material. There are other inaccuracies in the 
references of MBH98: for example, the citation Bradley-Jones 1992 does not 
contain several instrumental sites referred to in MBH98. 

 
This statement is absurd. We listed the specific data used by us (albeit with some typos, 
and incorrect references, as noted) in the supplementary information, and provided all of 
the data on  our data site. We did not indicate there, or elsewhere,  that all of the tree ring 
data used were available in the NOAA databank. The authors appear to be unaware of the 
fact that not all proxy data shared between fellow scientists are placed in the public data 
archives, nor are same versions of the proxy data always made available publicly. In 
general, there is no requirement for scientists to post their proxy data in these public 
archives, although they are encouraged  to do so.  
 
In at least one instance that we have pointed out, the authors have confused certain 
unrelated data from the NOAA website with data that were in fact never made available by 
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the original authors to the NOAA website, but which were made available to us. The 
authors, based on a thorough misunderstanding of how PC series of tree-ring data were 
calculated, and other mistakes, have replaced our network with a highly depleted version 
of the network, in which roughly 80% of the proxy indicators used by MBH98 prior to AD 
1600 were eliminated by them in their supposed reproduction of our anaylsis.  
 
The Bradley and Jones (1992) chapter was used as the best available reference for long 
instrumental temperature and precipitation records. That doesn't mean that every single 
instrumental record used (and described in our supplementary information) was shown in 
the article. We have updated this reference with a description of the specific source of the 
long instrumental data series and means by which they were gridded, in the revised 
supplementary information. 
 

  
 
9.      The disclosure of methodology for calculating temperature principal 
components is inaccurate. MBH98 describe their methodology as "conventional". 
Conventional principal components fail with missing data. The underlying data set 
contains much missing data and some other procedure was necessarily used. 

 
This represents the authors’ fundamental mistake of using a different version of the CRU 
surface temperature data site from the one that we used. The pattern of missing data in the 
two datasets is different, owing to the use of different reference periods. Small gaps in the 
instrumental record we used (an older CRU surface temperature dataset which goes back 
to 1856) were filled by linear interpolation, as described in the README section of the 
INSTRUMENTAL subdirectory. 
 

  
 
10.      The disclosure of methodology for calculating tree ring principal 
components is inaccurate. Again MBH98 methodology is not "conventional". In this 
case, the FTP site contains computer programs which show that the data was 
transformed in ways not disclosed in MBH98. These undisclosed transformations 
have a material impact on the final results.  

 
Each of these statements in incorrect. A conventional PCA was indeed used. The authors 
apparently failed to take note of the stepwise procedure used by us, and described in our 
paper. This procedure allows  PC series to be calculated independently for each sub-
interval (e.g. 1820-1980, then 1780-1980, ..., 1400-1980) to allow for the use of an 
increasingly number of data in the different sub-networks increasingly later in time. The 
misunderstanding of this procedure led to them eliminating roughly 80% of the proxy 
indicators used by us prior to AD 1600, the primary reason for the spurious result that they 
have reported. Precise details regarding how the data were standardized are provided in the 
revised supplementary information. We have shown in a submitted manuscript that the 
MBH98 reconstruction is in fact entirely robust with respect to whether or not the proxy 
series were standardized by the detrended or raw calibration period variance. 
 
Once again, all of the original proxy data used, and all of the PC series used, were 
available on the public ftp site from July 2002,  though the authors did not download and 
use the correct data. The new, revised ftp site provides the data and listings of data in a 
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thoroughly documented manner such that similar mistakes should not be possible in the 
future. 
 

  
 
******************************************************** 
 
  
 
  
 

-----Original Message-----  
From: Michael E. Mann [mailto:mann@virginia.edu]  
Sent: 16 December 2003 02:38  
To: Scott Rutherford; Langenberg Heike  
Cc: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu  
Subject: Re: MBH98 Data 
 
thanks scott, 
Heike--please let me know if we can clarify further.  I'll have intermittent email 
access over the next couple weeks, though would be nice to clear this up well in 
advance of the holidays for all our sake! 
thanks again, 
mike 
 

At 09:04 PM 12/15/2003 +0000, Langenberg, Heike wrote:  
Dear Mike,  
We have downloaded the data from the ftp site that Scott 
Rutherford kindly supplied to us, and I hope we have all the data 
on our server now. Thanks for organising that.  
   
I am writing regarding a complaint from Stephen McIntyre and 
Ross McKitrick (see below) we received, where they describe their 
attempts to obtain your data and methods and claim not to have 
been provided with all necessary information to reproduce the 
results. Could you please provide a point-by-point response to their 
letter?  
 
   
I went through the letter, your paper (including Supplementary 
Information) and the data you supplied to us, and I have a few 
questions which I list below. Could you please also clarify these 
issues for me?  
   
1. There seems to be some confusion over the proxy series used in 
the reconstruction. In your paper, 112 indicators back to 1820 are 
mentioned, whereas only 22 indicator go all the way back to 1400. 
McIntyre and McKitrick refer to 112 proxy series back to 1400, 
but then introduce the number of 159 series, which they say cam 
from you.  
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I went back to the Supplementary Information for clarification, but 
I am not sure what counts as an "indicator" - the time series listed 
or the PC's derived from those time series? Under the assumption 
that the data sets just listed count as an indicator, and where there 
is a heading like "9 PCs" these nine PCs replace the listed data 
sets, I arrive at a number of 117 indicators altogether - neither 112 
nor 159.   
So could you please send a list of the 112 indicators, and can you 
comment on McIntyre and McKitrick's claim that you advised 
them that 159 series should be used?  
Also, for example, within the last data set, ITRDB North America, 
some series go back to 1400, others are shorter. Were still nine PCs 
for these data used for the longest reconstruction back to 1400 or 
did you just use the longest time series?  
   
2. In their point 3, McIntyre and McKitrick state that of the 18 time 
series for South America listed in Supplementary Information, 
only 11 are used. I note that, for example, ARGE030, ARGE060 
and ARGE065, listed in the Supplementary Information, do not 
seem to be on the ftp site we were pointed to by Scott Rutherford.  
Could you please clarify which data sets were used? 
   
3. Regarding McIntyre and McKitrick's point 4, could you please 
state whether you used annual or summertime temperatures, and if 
you did indeed truncate the time series (and if yes, why)?  
   
I look forward to receiving your point-by-point responses. I hope 
you understand that we need to ensure clarity in the data and 
methods used in this paper. On receiving your responses we will 
decide how best to proceed (which may involve forwarding your 
responses to McIntyre and McKitrick). We will keep you updated 
of the progress.  
   
Best wishes,  
Heike  
   
PS I was unable to open the .dat files from the ftp site on my 
computer. Is there anything I'd need to know about the data 
format?  
   
*****************************************************  
Letter from Stephen McIntyre and Ross McKitrick:  
   
Dear Sirs,  
   
We have been carrying out a detailed examination of the paper: Mann, 
M.E., Bradley, R.S. & Hughes, M.K. (1998) Global-Scale Temperature 
Patterns and Climate Forcing Over the Past Six Centuries, Nature, 392, 
779-787, 1998 ("MBH98"). We have consulted the Nature on-line 
Supplementary Information, used two data files sent to us by 
Professor Mann's group in April 2003 (responding to a request for 
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the FTP location of proxy data used in the above study) and, since 
Oct. 29, 2003, the information at the FTP site 
ftp://holocene.evsc.virginia.edu/pub/. This site is not identified 
through nature.com nor was it given to us upon specific request in 
April 2003, but is now identified by Professor Mann as the actual 
repository of MBH98 data.  
   
There are a number of points in MBH98 which need substantial 
clarification, some of which could be resolved with through more 
adequate Supplementary Information. We have sought such 
clarification from Professor Mann without success. With reference 
to the policies stated at 
http://www.nature.com/nature/submit/policies/index.html, in 
particular item number 6, we are writing to advise you of a 
persistent refusal to comply with the guidelines and other issues. 
We draw your attention to the following issues:  
   
1)   There is a listing in the Nature Supplementary Information of 
112 proxy series said to have been used in MBH98. In April 2003, 
in response to our request for an FTP site where these data could 
be found, an associate of Professor Mann (acting on his 
instructions) sent us a file (pcproxy.txt) containing 112 data series 
for the entire period back to 1400, together with a file apparently 
identifying these 112 data series. No FTP site containing these 
proxy series was identified to us at that time nor in subsequent 
correspondence with either Professor Mann nor his associate prior 
to October 29, 2003.  
   
      In our analysis, we identified nontrivial problems with the data 
in the file we had been sent. Professor Mann's associate was unable 
to shed any light on them. When we sought additional information 
from Professor Mann, he informed us that demands on his time 
prevented him from considering this or other inquiries.  
   
      We published our findings in Energy and Environment 14 
(2003). Subsequently, on Oct. 29, 2003, Professor Mann stated that 
the errors we found in pcproxy.txt were inadvertently introduced 
into the file at the time it was sent to us, that we failed to consult 
the correct data at his University of Virginia FTP site and that our 
study wrongly used 112 proxy series, whereas MBH98 is based on 
159 series. Upon inspecting the FTP site on October 29, 2003 (the 
first we learned of its existence), we identified the identical file we 
had been sent in April 2003 (pcproxy.txt), together with its Matlab 
predecessor pcproxy.mat, both dated August 8, 2002, well before 
our request. Sometime between October 29 and November 8, 2003, 
both of these files were deleted from Professor Mann's FTP site.  
   
      As to the number of proxies, MBH98 clearly refers to only 112 
series, as does the on-line Supplementary Information. There is no 
reference to the use of 159 proxy series. We have requested a 
listing of these series from Mann. He has responded that the series 
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are located on his FTP site and has refused, despite several 
requests, to provide more particulars. The difficulty is that the FTP 
site contains over 430 principal component series commencing in 
periods after 1400, and the relevant series are not flagged. The FTP 
site also includes many proxy series seemingly left out of MBH98. 
This level of disclosure is clearly inadequate. The deletion of 
archived data files in response to a controversy is also very 
disquieting. At a minimum, we believe that Nature should archive 
the 159 series now disclosed to have been used in the MBH98 
calculations together with a reconciliation of the difference 
between the 159 series stated to have been actually used and the 
112 series reported in Nature.  
 
   
2)   Some important data relating to MBH98, such as temperature 
principal components and EOFs, was located at Professor Mann's 
former University of Massachusetts FTP site. Indeed, Professor 
Mann's webpage on MBH98 contains no link or reference to the 
University of Virginia FTP site, but does contain links to this 
University of Massachusetts FTP site. On November 13, 2003, this 
FTP site was deleted. Important data pertaining to MBH98 
formerly located at the University of Massachusetts FTP site is not 
located at the University of Virginia FTP site.  
   
3)   There are numerous discrepancies between the data listing at 
the Nature SI site and that in the newly-disclosed FTP site at the 
University of Virginia. Many of the proxy series used in MBH98 
are principal components calculated from larger collections of tree 
ring site "chronologies". The Nature SI site provides listings of the 
sites reported to have been used in these calculations, with rosters 
identified for five regions (Oklahoma, US Southwest/Mexico, 
North America, South America, and Australia) plus a listing of the 
number of series used for a Vaganov (Russian) collection. We 
have compared these listings with the information on the sites 
actually used at the FTP site and found many inconsistencies. For 
example, in the South American region, only 11 of the 18 sites 
listed in the Supplementary Information are actually used in 
MBH98 calculations, according to the evidence of the FTP site. 
Moreover there is evidence archived at Professor Mann's FTP site 
of intentional exclusion of a disclosed South American site. An 
archived email from Hughes to Mann, dated July 29, 1997, and 
located at 
ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/VAGANOV/
ORIG/malcolm_29-JUL-97states that exclusion of the site arge030 
would be "better for our purposes". This site arge030 can be shown 
to be Rio Cisne (through the World Data Center for 
Paleoclimatology) and is listed in the Nature Supplementary 
Information, but is excluded from the actual data in the FTP site.  
   
4)   We found multiple versions at the FTP site of several series, in 
which a secondary series is a truncated version of the full 
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underlying data. For instance the FTP site contains a correct and 
complete record of the historical annual Central England 
Temperature data and historical annual Central Europe 
Temperature data. Evidence at the site indicates that MBH98 
instead used summertime averages from these series, in which the 
first 70 and 25 years of data, respectively, were intentionally 
deleted. No explanation is available for this, and the Nature SI site 
does not indicate or explain this editing of source data.  
   
5)   MBH98 states that "conventional" principal components 
methods were used in the calculation of temperature principal 
components. The underlying temperature dataset contains endemic 
missing data; indeed, 4 temperature grid cells from the UK Climate 
Research Unit selected by MBH98 contain no observations at all. 
"Conventional" principal components algorithms fail with missing 
data. Accordingly, MBH98 could not have used conventional 
methods and a proper description of the methodology actually 
employed is required. We sought specific clarification on this 
matter from Professor Mann and were refused. Nor is any available 
at the FTP site. Disclosure would be trivially easy (simply posting 
a command file for a statistics package would suffice). Without 
such information it is effectively impossible for an independent 
researcher to replicate his calculations.  
 
   
6)   We attempted in our Energy and Environment article to assess 
the impact of the data errors and quality control defects in the 
proxy data, which we had identified. For the calculation of 
principal components for the various tree ring regions, we used a 
standard principal components algorithm (princomp in R), which 
provides values only for periods in which there are no missing 
values. In response, MBH98 have stated that they used something 
called a "stepwise principal components approach", a phrase which 
is not used in the Nature article or Supplementary Information. 
Based on their recent comments, this "approach" apparently 
involves changing the proxy rosters at some points in the PC 
series, leading to different values of the regional PC depending on 
the period being analyzed. Whatever the merits of the approach, 
there is no disclosure of it in MBH98, leaving the reader 
uninformed about the existence and formulae of a fundamental 
methodology as well as such basic details as the number and 
composition of principal components used in each region on a 
period-by-period bases. We have requested information from 
Professor Mann allowing us to identify the PC proxy rosters on a 
period-by-period basis and were refused. He deems it sufficient to 
merely point to his FTP site, but having examined this site we are 
unable to uniquely identify the "stepwise" PC rosters or the 
procedures used to splice different series together.  
   
7)   MBH98 states that for the temperature data  "the mean was 
removed, and the series was normalized by its standard deviation". 
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This is, therefore, the method we employed. In their reply to our 
article, MBH criticized us on the grounds that they actually used  
"de-trended gridpoint standard deviations" to normalize 
temperature data. Whether the difference is material or not, the fact 
that their employed methodology contradicts the description in 
MBH98 means that independent researchers are unable to replicate 
their work.  
   
8)   Prior to the publication of our article, we  requested other 
particulars on the computational methodology from Professor 
Mann and were refused. Accordingly, we attempted to assess the 
impact of the data problems by following the methodology 
publicly disclosed in MBH98. Professor Mann then criticized us 
for failing to replicate previously undisclosed details of his 
methodology. We once again requested particulars on his 
methodology, including copies of the computer programs used to 
read in the proxy and temperature series and to produce the 
Northern Hemisphere temperature index-but we have been 
categorically refused.  
   
   
The policies of Nature rightly place a burden on authors to disclose 
data and methods to any interested readers. We have been 
systematically and deliberately stymied by Professor Mann on the 
most elementary requests: a proper listing of his data series and the 
exact computational procedures used. In the process of trying to 
obtain this information we have concluded that the disclosure at 
the Nature SI site is not merely inadequate, but in some cases it 
contradicts what is now revealed at the University of Virginia FTP 
site.  
 
   
Under the circumstances, we believe that the full data set and 
accompanying programs for MBH98 should now be included in 
the Nature Supplementary Information, along with an accounting 
of any discrepancies between what has been listed at Nature.com 
to date and what was actually used in MBH98.  
   
We can make copies of all correspondence and our extensive notes 
on the data issues available for your inspection if needed. Thank 
you for your consideration.  
   
   
 
Yours truly  
 
   
 
Stephen McIntyre  
Toronto, Canada  
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Ross McKitrick  
University of Guelph  
Guelph, Canada  
   
******************************************************
********** 
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From: Malcolm Hughes
To: Michael E. Mann
Cc: rbradley@geo.umass.edu
Subject: RE: reply to inquiries
Date: Thursday, February 26, 2004 6:17:56 PM

Mike - I am concerned about Nature forwarding our response directly to MM as
it now stands, because, if it is the document you sent to Heike on February 7, it
contains numerous opportunities for mischief. Most of these arise from typos
and the fact that it is possible to see where we have edited the reply - "accept
changes" hadn't been done effectively. There are also e-mails between you and
Scott attached to it. Several others arise from our comments accusing them of
libel, etc. I suggest that we ask her to let us do some very light editing, changing
no substantive scientific content, but rendering the whole thing neutral. I could
do these edits if need be. Cheers, Malcolm

On 26 Feb 2004 at 12:54, Michael E. Mann wrote:

> Dear Heike,
>
> Thanks for getting back to us on this. The decisions seems quite
> reasonable to me.
>
> I'm at a conference right now, and won't be back in my office until
> March 2, but will try to get this together ASAP, in consultation w/ my
> co-authors (Ray and Malcolm), and hopefully we should have this to you
> very shortly...
>
> will be in touch again soon,
>
> thanks,
> mike
>
> At 05:41 PM 2/26/2004 +0000, Langenberg, Heike wrote:
>
>     Dear Mike,<?xml:namespace prefix = o ns = "urn:schemas-microsoft-
>     com:office:office" />
>
>
>
>     thanks for sending your reply to the materials complaint by
>     McIntyre and McKitrick.
>
>
>
>     Having carefully gone through your responses and after discussing
>     the matter with my colleagues, we feel that we will need you to
>     publish a correction to your initial paper (MBH98), stating the
>     differences in the data sets used compared to those listed in the
>     Supplementary Information of the original paper. The full data, as
>     available on your ftp site, will be published as Supplementary
>     Information to that correction.
>
>
>
>     To speed the process along, I suggest the following wording:
>
>
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>
>     "The listing of the data sets in the Supplementary Information of
>     the original paper (ref. 1) contained several errors. In Table 1
>     we provide a list of the records that were either mistakenly
>     included in the Supplementary Information, or mistakenly left out.
>     The full corrected set of data and methods are supplied as
>     Supplementary Information to this Correction"
>
>
>
>     A small table containing the information on the ftp site
>     (.../mbh98datasummaryadd- delete.txt) should accompany the
>     correction.
>
>
>
>     It seems that you may also need to add a sentence to update the
>     references to the Stahle and Cleaveland data set, and to Bradley
>     and Jones (1993).
>
>
>
>     We intend to forward your responses to the additional points to
>     McIntyre and McKitrick, and inform them of your intention to
>     publish a correction. But we will not disclose the hidden ftp site
>     where your data are currently stored. Is this okay?
>
>
>
>     I look forward to hearing back from you with the full text of your
>     correction as well as the table in the near future.
>
>
>
>     Best wishes,
>
>     Heike
>     -----Original Message-----
>     From: Michael E. Mann [mailto:mann@virginia.edu]
>     Sent: 09 February 2004 15:34
>     To: H.Langenberg@nature.com
>     Subject: Fwd: reply to inquiries
>
>
>     Date: Mon, 09 Feb 2004 07:20:28 -0500
>     To: h.Langenberg@nature.com
>     From: "Michael E. Mann" <mann@virginia.edu>
>     Subject: Fwd: reply to inquiries
>
>     Dear Heike,
>
>     I got an error message upon my first attempt to send this to you.
>     Can you please confirm receipt of this?
>
>     Thanks,
>
>     Mike
>
>     Date: Sat, 07 Feb 2004 16:39:52 -0500
>     To: h.Langenberg@nature.com
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>     From: "Michael E. Mann" <mann@virginia.edu>
>     Subject: reply to inquiries
>     Cc: rbradley@geo.umass.edu, mhughes@ltrr.arizona.edu, Scott
>     Rutherford <srutherford@rwu.edu>
>
>     Dear Heike,
>
>     Below are our responses to the inquiries sent in December, as
>     promised. We believe we have addressed all issues raised in the
>     original round of questions by Mcintyre and McKitrick in our
>     response to the more recent round of questions from them. Please
>     let us know, however, if you feel that there are any points we
>     have not responded to. For clarity, we have italicized and
>     indented the original comments by you/them, while our responses
>     are provided below the original comments in un-indented, plain
>     text.
>
>     We hope that our responses below, along w/ the exhaustive data,
>     data listings, and documentations we have provided, not to mention
>     the very extensive work we have had to invest in the other,
>     baseless, complaints made in correspondence to Nature by these
>     same two authors, will bring this matter to finality.
>
>     We believe that it would be helpful for Nature, as you allude to,
>     to solicit feedback from an independent reviewer/s with expertise
>     in the field (paleoclimate reconstruction) for an independent
>     assessment of the merit of their claims/comments, and of our
>     responses to them.
>
>     Thanks for your patience and understanding. We look forward to an
>     update on the status of this matter as soon as possible.
>
>     best regards,
>
>     Mike Mann
>     Ray Bradley
>     Malcolm Hughes
>
>     p.s. please note that the URL indicated in our reply to the
>     comment submitted to Nature is not active yet, as we do not wish
>     to make the revised supplementary information publicly available
>     until any referring manuscripts have been published. However, we
>     realize that reviewers should have access to this information. So
>     please feel free to make available to any independent reviewers
>     the temporary (hidden) location we have already provided to you:
>
>     ftp://holocene.evsc.virginia.edu/pub/sdr/temp/nature/MANNETAL 98/
>
>     _____________________________________________
>     _________________
>     Professor Michael E. Mann
>     Department of Environmental Sciences, Clark Hall
>     University of Virginia
>     Charlottesville, VA 22903
>     ______________________________________________________
>     _________________
>     e-mail: mann@virginia.edu Phone:  FAX: 

     
>     http://www.evsc.virginia.edu/faculty/people/mann.shtml
>
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>     _________________________________________________
>     _____________
>      Professor Michael E. Mann
>      Department of Environmental Sciences, Clark Hall
>      University of Virginia
>      Charlottesville, VA 22903
>     ___________________________________________________________
>     ____________
>     e-mail: mann@virginia.edu Phone:  FAX: (

     
>      http://www.evsc.virginia.edu/faculty/people/mann.shtml
>
>     _____________________________________________________
>     _________
>      Professor Michael E. Mann
>      Department of Environmental Sciences, Clark Hall
>      University of Virginia
>      Charlottesville, VA 22903
>     ________________________________________________________________
>     _______ e-mail: mann@virginia.edu Phone:  FAX: 

     
>      http://www.evsc.virginia.edu/faculty/people/mann.shtml
>
>
>
>
>     ******************************************************************
>     * ************* DISCLAIMER: This e-mail is confidential and should
>     not be used by anyone who is not the original intended recipient.
>     If you have received this e-mail in error please inform the sender
>     and delete it from your mailbox or any other storage mechanism.
>     Neither Macmillan Publishers Limited nor any of its agents accept
>     liability for any statements made which are clearly the sender's
>     own and not expressly made on behalf of Macmillan Publishers
>     Limited or one of its agents. Please note that neither Macmillan
>     Publishers Limited nor any of its agents accept any responsibility
>     for viruses that may be contained in this e-mail or its
>     attachments and it is your responsibility to scan the email and
>     attachments (if any). No contracts may be concluded on behalf of
>     Macmillan Publishers Limited or its agents by means of e-mail
>     communication. Macmillan Publishers Limited Registered in England
>     and Wales with registered number 785998 Registered Office Brunel
>     Road, Houndmills, Basingstoke RG21 6XS
>     ******************************************************************
>     * *************
> ____________________________________________________________
> __
>  Professor Michael E. Mann
>  Department of Environmental Sciences, Clark Hall
>  University of Virginia
>  Charlottesville, VA 22903
> ______________________________________________________________________
> _ e-mail: mann@virginia.edu Phone:  FAX: 
>  http://www.evsc.virginia.edu/faculty/people/mann.shtml

ABOR/MH/Priv-001938



From: Malcolm Hughes
To: Michael E. Mann
Subject: Re: Fwd: RE: reply to inquiries
Date: Thursday, February 26, 2004 9:35:28 PM

OK, Malcolm

On 26 Feb 2004 at 22:52, Michael E. Mann wrote:

> HI Ray,
>
> I think you're read is correct--basically, I think they're just asking
> us to publish a very minor, short corrrection and table w / link to
> supplementary information--and the fact that *we" are publishing the
> correction completely blunts the attack that was intended by the
> complaints of M&M. So this is the best possible outcome.
>
> I can prepare the "correction" while Malcolm prepares an edited
> version of our response to M&M. Does this sound good?
>
> Thanks,
>
> mike
>
> At 09:45 PM 2/26/2004 -0500, raymond s. bradley wrote:
>
>     Date: Thu, 26 Feb 2004 21:45:32 -0500
>     To: "Malcolm Hughes" <mhughes@ltrr.arizona.edu>
>     From: "raymond s. bradley" <rbradley@geo.umass.edu>
>     Subject: RE: reply to inquiries
>
>     I'm afraid--as usual--I'm confused. To me, it looks like they want
>     to publish just these 2 sentences --
>
>     "The listing of the data sets in the Supplementary Information of
>     the original paper (ref. 1) contained several errors. In Table 1
>     we provide a list of the records that were either mistakenly
>     included in the Supplementary Information, or mistakenly left out.
>     The full corrected set of data and methods are supplied as
>     Supplementary Information to this Correction" +A small table
>     containing the information on the ftp site
>     (.../mbh98datasummaryadd-delete.txt) to accompany the correction.
>
>     Is this so?
>
>     If right, that looks great to me.
>
>     The other issue is what they are proposing to send to MM.
>     Mike--you need to make absolutely sure that you know what they are
>     sending...ie give them a "2/27/04" version, so we are all on the
>     same page. I don't know which "response" Malcolm is referring to
>     as I have about 55 versions in my in- box. Let's clear away the
>     backlog and make sure we have something that will not get us into
>     further hassles, if that's possible...
>
>     Ray
>
>     At 08:17 PM 2/26/2004, you wrote:
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>     Mike - I am concerned about Nature forwarding our response
>     directly to MM as it now stands, because, if it is the document
>     you sent to Heike on February 7, it contains numerous
>     opportunities for mischief. Most of these arise from typos and the
>     fact that it is possible to see where we have edited the reply -
>     "accept changes" hadn't been done effectively. There are also
>     e-mails between you and Scott attached to it. Several others arise
>     from our comments accusing them of libel, etc. I suggest that we
>     ask her to let us do some very light editing, changing no
>     substantive scientific content, but rendering the whole thing
>     neutral. I could do these edits if need be. Cheers, Malcolm
>
>     On 26 Feb 2004 at 12:54, Michael E. Mann wrote:
>
>     > Dear Heike,
>     >
>     > Thanks for getting back to us on this. The decisions seems quite
>     > reasonable to me. > > I'm at a conference right now, and won't
>     be back in my office until > March 2, but will try to get this
>     together ASAP, in consultation w/ my > co-authors (Ray and
>     Malcolm), and hopefully we should have this to you > very
>     shortly... > > will be in touch again soon, > > thanks, > mike > >
>     At 05:41 PM 2/26/2004 +0000, Langenberg, Heike wrote: > > Dear
>     Mike,<?xml:namespace prefix = o ns = "urn:schemas- microsoft- >
>     com:office:office" /> > > > > thanks for sending your reply to the
>     materials complaint by > McIntyre and McKitrick. > > > > Having
>     carefully gone through your responses and after discussing > the
>     matter with my colleagues, we feel that we will need you to >
>     publish a correction to your initial paper (MBH98), stating the >
>     differences in the data sets used compared to those listed in the
>     > Supplementary Information of the original paper. The full data,
>     as > available on your ftp site, will be published as
>     Supplementary > Information to that correction. > > > > To speed
>     the process along, I suggest the following wording: > > > > "The
>     listing of the data sets in the Supplementary Information of > the
>     original paper (ref. 1) contained several errors. In Table 1 > we
>     provide a list of the records that were either mistakenly >
>     included in the Supplementary Information, or mistakenly left out.
>     > The full corrected set of data and methods are supplied as >
>     Supplementary Information to this Correction" > > > > A small
>     table containing the information on the ftp site >
>     (.../mbh98datasummaryadd- delete.txt) should accompany the >
>     correction. > > > > It seems that you may also need to add a
>     sentence to update the > references to the Stahle and Cleaveland
>     data set, and to Bradley > and Jones (1993). > > > > We intend to
>     forward your responses to the additional points to > McIntyre and
>     McKitrick, and inform them of your intention to > publish a
>     correction. But we will not disclose the hidden ftp site > where
>     your data are currently stored. Is this okay? > > > > I look
>     forward to hearing back from you with the full text of your >
>     correction as well as the table in the near future. > > > > Best
>     wishes, > > Heike > -----Original Message----- > From: Michael E.
>     Mann [mailto:mann@virginia.edu] > Sent: 09 February 2004 15:34 >
>     To: H.Langenberg@nature.com > Subject: Fwd: reply to inquiries > >
>     > Date: Mon, 09 Feb 2004 07:20:28 -0500 > To:
>     h.Langenberg@nature.com > From: "Michael E.
>     Mann"<mann@virginia.edu> > Subject: Fwd: reply to inquiries > >
>     Dear Heike, > > I got an error message upon my first attempt to
>     send this to you. > Can you please confirm receipt of this? > >
>     Thanks, > > Mike > > Date: Sat, 07 Feb 2004 16:39:52 -0500 > To:
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>     h.Langenberg@nature.com > From: "Michael E.
>     Mann"<mann@virginia.edu> > Subject: reply to inquiries > Cc:
>     rbradley@geo.umass.edu, mhughes@ltrr.arizona.edu, Scott >
>     Rutherford <srutherford@rwu.edu> > > Dear Heike, > > Below are our
>     responses to the inquiries sent in December, as > promised. We
>     believe we have addressed all issues raised in the > original
>     round of questions by Mcintyre and McKitrick in our > response to
>     the more recent round of questions from them. Please > let us
>     know, however, if you feel that there are any points we > have not
>     responded to. For clarity, we have italicized and > indented the
>     original comments by you/them, while our responses > are provided
>     below the original comments in un-indented, plain > text. > > We
>     hope that our responses below, along w/ the exhaustive data, >
>     data listings, and documentations we have provided, not to mention
>     > the very extensive work we have had to invest in the other, >
>     baseless, complaints made in correspondence to Nature by these >
>     same two authors, will bring this matter to finality. > > We
>     believe that it would be helpful for Nature, as you allude to, >
>     to solicit feedback from an independent reviewer/s with expertise
>     > in the field (paleoclimate reconstruction) for an independent >
>     assessment of the merit of their claims/comments, and of our >
>     responses to them. > > Thanks for your patience and understanding.
>     We look forward to an > update on the status of this matter as
>     soon as possible. > > best regards, > > Mike Mann > Ray Bradley >
>     Malcolm Hughes > > p.s. please note that the URL indicated in our
>     reply to the > comment submitted to Nature is not active yet, as
>     we do not wish > to make the revised supplementary information
>     publicly available > until any referring manuscripts have been
>     published. However, we > realize that reviewers should have access
>     to this information. So > please feel free to make available to
>     any independent reviewers > the temporary (hidden) location we
>     have already provided to you: >
>     >ftp://holocene.evsc.virginia.edu/pub/sdr/temp/nature/MANNETAL 98/
>     > > _____________________________________________ >
>     _________________ > Professor Michael E. Mann > Department of
>     Environmental Sciences, Clark Hall > University of Virginia >
>     Charlottesville, VA 22903 >
>     ______________________________________________________ >
>     _________________ > e-mail: mann@virginia.edu Phone: 

     
     people/mann.shtml > >

>     _________________________________________________ > _____________
>     > Professor Michael E. Mann > Department of Environmental
>     Sciences, Clark Hall > University of Virginia > Charlottesville,
>     VA 22903 >
>     _________________________________________________________ __ >
>     ____________ > e-mail: mann@virginia.edu Phone: 
>     FAX: (434) 982- > 2137 >
>     http://www.evsc.virginia.edu/faculty/people/mann.shtml > >
>     _____________________________________________________ > _________
>     > Professor Michael E. Mann > Department of Environmental
>     Sciences, Clark Hall > University of Virginia > Charlottesville,
>     VA 22903 >
>     _________________________________________________________ _______
>     > _______ e-mail: mann@virginia.edu Phone:  FAX:
>     (434) > 982-2137 >
>     http://www.evsc.virginia.edu/faculty/people/mann.shtml > > > > >
>     *********************************************************
>     ********* > * ************* DISCLAIMER: This e-mail is
>     confidential and should > not be used by anyone who is not the
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>     original intended recipient. > If you have received this e-mail in
>     error please inform the sender > and delete it from your mailbox
>     or any other storage mechanism. > Neither Macmillan Publishers
>     Limited nor any of its agents accept > liability for any
>     statements made which are clearly the sender's > own and not
>     expressly made on behalf of Macmillan Publishers > Limited or one
>     of its agents. Please note that neither Macmillan > Publishers
>     Limited nor any of its agents accept any responsibility > for
>     viruses that may be contained in this e-mail or its > attachments
>     and it is your responsibility to scan the email and > attachments
>     (if any). No contracts may be concluded on behalf of > Macmillan
>     Publishers Limited or its agents by means of e-mail >
>     communication. Macmillan Publishers Limited Registered in England
>     > and Wales with registered number 785998 Registered Office Brunel
>     > Road, Houndmills, Basingstoke RG21 6XS >
>     *********************************************************
>     ********* > * ************* >
>     _________________________________________________________ ___ > __
>     > Professor Michael E. Mann > Department of Environmental
>     Sciences, Clark Hall > University of Virginia > Charlottesville,
>     VA 22903 >
>     _________________________________________________________
>     _____________ > _ e-mail: mann@virginia.edu Phone: 
>     FAX:  >
>     http://www.evsc.virginia.edu/faculty/people/mann.shtml
>
>     Malcolm Hughes
>     Professor of Dendrochronology
>     Laboratory of Tree-Ring Research
>     University of Arizona
>     Tucson, AZ 85721
>     520-621-6470
>     fax 520-621-8229
>
>     Raymond S. Bradley
>     University Distinguished Professor
>     Director, Climate System Research Center*
>     Department of Geosciences, University of Massachusetts
>     Morrill Science Center
>     611 North Pleasant Street
>     AMHERST, MA 01003-9297
>
>     Tel: 
>     Fax: 
>     *Climate System Research Center: 
>     <http://www.paleoclimate.org>
>     Paleoclimatology Book Web Site:
>     http://www.geo.umass.edu/climate/paleo/html
>     Raymond S. Bradley
>     University Distinguished Professor
>     Director, Climate System Research Center*
>     Department of Geosciences, University of Massachusetts
>     Morrill Science Center
>     611 North Pleasant Street
>     AMHERST, MA 01003-9297
>
>     Tel: 
>     Fax: 
>     *Climate System Research Center: 
>     <http://www.paleoclimate.org>
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>     Paleoclimatology Book Web Site:
>     http://www.geo.umass.edu/climate/paleo/html
>
> ____________________________________________________________
> __
>  Professor Michael E. Mann
>  Department of Environmental Sciences, Clark Hall
>  University of Virginia
>  Charlottesville, VA 22903
> ______________________________________________________________________
> _ e-mail: mann@virginia.edu Phone:  FAX: 
>  http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: mann@virginia.edu
Cc: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu
Subject: Re: Nature corrigendum Mann02478
Date: Tuesday, March 16, 2004 6:59:49 AM

Ray, Malcolm:

How is the following (I intend to send to Dina cc'd to Heike),

mike

_______________
Dear Dinah,

This looks fine to us, with one small issue.

While it may seem obvious that the errors do not influence the results shown in our '98 article, but
rather, simply correct the listing of which series were used, we  nonetheless  think it is important that
we add as the final sentence, "None of these errors have any impact on our previously published
results." so that this corrigendum will not be misconstrued.

Please let us know if you see any problem in adding this sentence. Otherwise, this looks fine to us,

Mike Mann

At 09:52 AM 3/16/2004 +0000, you wrote:

Dear Dr Mann <<nature02478.pdf>> 

Here is the PDF of your Corrigendum.  Please check that it is correct.
Please use the zoom feature of the Acrobat Reader to view tiny font sizes.

Once you have okayed it, we can schedule it for publication. (I will let you
know when it will be published.) 

Best wishes

Dinah Ashman
Subeditor, Nature
4-6 Crinan Street
London N1 9 XW
tel.: +44 (0)207 843 4540
fax: 
e-mail: d.ashman@nature.com

********************************************************************************

DISCLAIMER: This e-mail is confidential and should not be used by anyone who is not the
original intended recipient. If you have received this e-mail in error please inform the
sender and delete it from your mailbox or any other storage mechanism. Neither
Macmillan Publishers Limited nor any of its agents accept liability for any statements made
which are clearly the sender's own and not expressly made on behalf of Macmillan
Publishers Limited or one of its agents. Please note that neither Macmillan Publishers
Limited nor any of its agents accept any responsibility for viruses that may be contained in
this e-mail or its attachments and it is your responsibility to scan the email and
attachments (if any). No contracts may be concluded on behalf of Macmillan Publishers
Limited or its agents by means of e-mail communication. Macmillan Publishers Limited
Registered in England and Wales with registered number 785998 Registered Office Brunel
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Road, Houndmills, Basingstoke RG21 6XS
********************************************************************************

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu
Subject: Fwd: Nature corrigendum Mann02478
Date: Tuesday, March 16, 2004 7:00:52 AM
Attachments: nature02478.pdf

Date: Tue, 16 Mar 2004 07:46:00 -0500
To: mhughes@ltrr.arizona.edu, rbradley@geo.umass.edu
From: "Michael E. Mann" <mann@virginia.edu>
Subject: Fwd: Nature corrigendum Mann02478

Delivered-To: mem6u@virginia.edu
From: "Ashman, Dinah" <D.Ashman@nature.com>
To: "'mann@virginia.edu'" <mann@virginia.edu>
Cc: "'stephen.mcintyre@utoronto.ca'" <stephen.mcintyre@utoronto.ca>
Subject: Nature corrigendum Mann02478
Date: Tue, 16 Mar 2004 09:52:27 -0000
Importance: high
X-Mailer: Internet Mail Service (5.5.2653.19)

Dear Dr Mann <<nature02478.pdf>> 

Here is the PDF of your Corrigendum.  Please check that it is correct.
Please use the zoom feature of the Acrobat Reader to view tiny font sizes.

Once you have okayed it, we can schedule it for publication. (I will let you
know when it will be published.) 

Best wishes

Dinah Ashman
Subeditor, Nature
4-6 Crinan Street
London N1 9 XW
tel.: +44 (0)207 843 4540
fax: 
e-mail: d.ashman@nature.com

********************************************************************************

DISCLAIMER: This e-mail is confidential and should not be used by anyone who is
not the original intended recipient. If you have received this e-mail in error please
inform the sender and delete it from your mailbox or any other storage mechanism.
Neither Macmillan Publishers Limited nor any of its agents accept liability for any
statements made which are clearly the sender's own and not expressly made on
behalf of Macmillan Publishers Limited or one of its agents. Please note that neither
Macmillan Publishers Limited nor any of its agents accept any responsibility for
viruses that may be contained in this e-mail or its attachments and it is your
responsibility to scan the email and attachments (if any). No contracts may be
concluded on behalf of Macmillan Publishers Limited or its agents by means of e-mail
communication. Macmillan Publishers Limited Registered in England and Wales with
registered number 785998 Registered Office Brunel Road, Houndmills, Basingstoke
RG21 6XS
********************************************************************************

______________________________________________________________
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                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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..............................................................

corrigendum

Global-scale temperature
patterns and climate forcing
over the past six centuries
Michael E. Mann, Raymond S. Bradley & Malcolm K. Hughes

Nature 392, 779–787 (1998).
.............................................................................................................................................................................

It has been drawn to our attention (S. McIntyre and R. McKitrick)
that the listing of the ‘proxy’ data set in the Supplementary
Information published with this Article contained several errors.
In Table 1 we provide a list of the records that were either mistakenly
included in the Supplementary Information, or mistakenly left out.
A small number of other corrections of the original listing include
(see Table 1) corrections of the citations originally provided, or
corrections of the start years for certain series.

The full, corrected listing of the data is supplied as Supplementary
Information to this corrigendum. Also provided as Supplementary
Information are a documented archive of the complete data
(instrumental and ‘proxy’ climate series) used in our original
study, and an expanded description of the methodological details
of our original study. A

1. Mann, M. E., Bradley, R. S. & Hughes, M. K. Global-scale temperature patterns and climate forcing

over the past six centuries. Nature 392, 779–787 (1998).

2. Bradley, R. S. & Jones, P. D. “Little ice age” summer temperature variations: their nature and relevance

to recent global warming trends. The Holocene 3, 367–376 (1993).

3. Briffa, K. R. et al. Fennoscandian summers from AD500: temperature changes on short and long

timescales. Clim. Dyn. 7, 111–119 (1992).

4. Stahle, D. W. et al. Experimental dendroclimatic reconstruction of the Southern Oscillation. Bull. Am.

Meteorol. Soc. 79, 2137–2152 (1998).

5. Mann, M. E. et al. Global temperature patterns in past centuries: An interactive presentation. Earth

Inter. 4-4, 1–29 (2000).

Supplementary Information accompanies this corrigendum on www.nature.com/nature.

Table 1 Errors in ‘proxy’ data set listing in ref. 1

Series (34) listed in original Supplementary Information but not used in ref. 1.*
.............................................................................................................................................................................

FRAN003; ITAL015 and ITAL015X; SPAI026 and SPAI047; NEWZ056; ARGE030,
ARGE060 and ARGE065; CHIL015, CHIL016, CHIL017 and CHIL018; AK006 and
AK006X; CA070; CANA053, CANA053X, CANA096, CANA096X, CANA099, CANA106
and CANA110; WA019, WA025, WA027, WA033, WA039, WA041, WA071, WA074,
WA086, WA088 and WA091

.............................................................................................................................................................................

Series (2) used in ref. 1 but not listed in original Supplementary Information
.............................................................................................................................................................................

Unpublished Southwest US/Mexico Density series (D. W. Stahle, personal
communication)

Unpublished Southwest US/Mexico Latewood Width series (D. W. Stahle, personal
communication)

.............................................................................................................................................................................

Additional minor corrections
.............................................................................................................................................................................

(1) The Central England and Central European temperature records used by ref. 1 were
the summer season versions of these series as used by ref. 2.

(2) The ‘long instrumental’ series used in ref. 1 are station temperature and precipitation
station data from the NOAA Climate Data centre gridded at 58 latitude/longitude
resolution.

(3) The start year for the ‘Central Europe’ series of ref. 1 is AD 1525.

(4) The ‘Western North America Dendro density’ series used in ref. 1 should properly be
attributed to ref. 3.

(5) The Stahle et al. Southwestern/Mexico late wood width and maximum density data
used in ref. 1 should properly be attributed to ref. 4 (the formal reference was not
available at the time of ref. 1), or, in two cases, unpublished data (D. W. Stahle,
personal communication).

(6) For one of the 12 ‘Northern Treeline’ records of Jacoby et al. used in ref. 1 (the
‘St Anne River’ series), the values used for AD 1400–03 were equal to the value for the
first available year (AD 1404).

.............................................................................................................................................................................

*These series, all of which come from the International Tree Ring Data Bank (ITRDB), met all the tests
used for screening of the ITRDB data used in ref. 1 (see ref. 5), except one—namely, that in 1997,
either it could not be ascertained by the authors how these series had been standardized by the
original contributors, or it was known that the series had been aggressively standardized, removing
multidecadal to century-scale fluctuations.

NATURE 2478—16/3/2004—VBICKNELL—99118

letters to nature

NATURE | doi:10.1038/nature02478 | www.nature.com/nature 1
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Author’s corrections – Page 1

Author’s corrections – Page 3

Author’s corrections – Page 2

Author’s corrections – Page 4
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From: raymond s. bradley
To: mann@multiproxy.evsc.virginia.edu; mhughes@ltrr.arizona.edu
Subject: Fwd: Re: The Mann et al "Hockey Stick" Corrected II
Date: Tuesday, March 16, 2004 9:17:56 AM
Attachments: nh_temp_rec.jpg

I mentioned to Malcolm that I recalled seeing a plot of MM 's
reconstruction superimposed on the IPCC version of Mann et al.  I just
found it--it came in an email from the Swiss [Stocker et al] to Climate
Sceptics.assholes on 10/29/03--see attached.  It does show nicely the
nature of the discrepancy prior to ~1550 whereas they ARE able to
reproduce our record pretty closely for the rest of the interval, though
there is a discrepancy in the 19th century--any idea why?  Anyway, I
think this neutralises their claim that "we can't get Mann et al's result
without their computer programs..."

Ray

_____________________________________________________________________

Dear all,

Timo Hämeranta kindly provides a paper by McIntyre and McKitrick
(Energy & Environment, 2003). This work questions the findings of IPCC
2001 that the 1990s likely was the warmest decade and 1998 the
warmest year in the last 1000 years.

We are not in the position to judge whether the reconstructed
temperature of McIntyre and McKitrick 2003, which seeks to correct
errors in the Mann et al. 1999 dataset, is more accurate or reliable in any
respect. Clearly, there is a discrepancy which must be solved.

For the discussion and conclusions, in particular with regard to the
whether the late 20th century warming was unusual, McIntyre and
McKitrick should consider

a) the uncertainties in the Mann et. al reconstruction
b) the instrumental record until today.

This has been done in the figure attached below. It simply includes the
McIntyre dataset (available from
http://www.uoguelph.ca/~rmckitri/research/trc) into IPCC Summary for
Policymakers Figure 1b (2001)
(http://www.grida.no/climate/ipcc_tar/wg1/figspm-1.htm).

The McIntyre reconstruction is largely within the 2 standard deviation
range of Mann et al. and therefore entirely consistent with the published
records when including the uncertainties.

The main conclusions drawn by IPCC 2001 are strongly based on the
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instrumental record (Jones et al. 1999), and make a statement about  the
warming of the last 10 years in comparison with the last 1000 years.
Since McIntyre and McKitrick chose to ignore the later part of the
instrumental record, their conclusions are irrelevant for the current
debate.

Best Regards,

Dr. Reto Knutti
Dr. Fortunat Joos
Prof. Thomas F. Stocker

Climate and Environmental Physics
Physics Institute, University of Bern
Sidlerstrasse 5
CH-3012 Bern
http://www.climate.unibe.ch/

Raymond S. Bradley 
University Distinguished Professor
Director, Climate System Research Center*
Department of Geosciences, University of Massachusetts
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel:  
Fax:  
*Climate System Research Center:  
        <http://www.paleoclimate.org> 
Paleoclimatology Book Web Site: http://www.geo.umass.edu/climate/paleo/html 
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From: Michael E. Mann
To: Ashman, Dinah
Cc: h.langenberg@nature.com; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Subject: Re: Nature corrigendum Mann02478
Date: Tuesday, March 16, 2004 10:04:16 AM

Dear Dinah,

This looks fine to us, with one small issue.

While it may seem obvious that the errors do not influence the results shown in our '98 article, but
rather, simply correct the listing of which series were used, we  nonetheless  think it is important that
we add as the final sentence, "None of these errors have any impact on our previously published
results." so that this corrigendum will not be misconstrued.

Please let us know if you see any problem in adding this sentence. Otherwise, this looks fine to us,

Mike Mann

At 09:52 AM 3/16/2004 +0000, Ashman, Dinah wrote:

Dear Dr Mann <<nature02478.pdf>> 

Here is the PDF of your Corrigendum.  Please check that it is correct.
Please use the zoom feature of the Acrobat Reader to view tiny font sizes.

Once you have okayed it, we can schedule it for publication. (I will let you
know when it will be published.) 

Best wishes

Dinah Ashman
Subeditor, Nature
4-6 Crinan Street
London N1 9 XW
tel.: +44 (0)207 843 4540
fax: 
e-mail: d.ashman@nature.com

********************************************************************************

DISCLAIMER: This e-mail is confidential and should not be used by anyone who is not the
original intended recipient. If you have received this e-mail in error please inform the
sender and delete it from your mailbox or any other storage mechanism. Neither
Macmillan Publishers Limited nor any of its agents accept liability for any statements made
which are clearly the sender's own and not expressly made on behalf of Macmillan
Publishers Limited or one of its agents. Please note that neither Macmillan Publishers
Limited nor any of its agents accept any responsibility for viruses that may be contained in
this e-mail or its attachments and it is your responsibility to scan the email and
attachments (if any). No contracts may be concluded on behalf of Macmillan Publishers
Limited or its agents by means of e-mail communication. Macmillan Publishers Limited
Registered in England and Wales with registered number 785998 Registered Office Brunel
Road, Houndmills, Basingstoke RG21 6XS
********************************************************************************

______________________________________________________________

ABOR/MH/Priv-001953



                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Ashman, Dinah
Subject: RE: Nature corrigendum Mann02478
Date: Tuesday, March 16, 2004 10:14:48 AM

Thanks very much Dinah,

We look forward to any status updates.

best regards,

Mike

At 05:10 PM 3/16/2004 +0000, Ashman, Dinah wrote:

That should be fine.
 
Thanks
Dinah

-----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu]
Sent: 16 March 2004 17:04
To: Ashman, Dinah
Cc: h.langenberg@nature.com; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Subject: Re: Nature corrigendum Mann02478

Dear Dinah,

This looks fine to us, with one small issue.

While it may seem obvious that the errors do not influence the results shown in our '98 article, but
rather, simply correct the listing of which series were used, we  nonetheless  think it is important that
we add as the final sentence, "None of these errors have any impact on our previously published
results." so that this corrigendum will not be misconstrued.

Please let us know if you see any problem in adding this sentence. Otherwise, this looks fine to us,

Mike Mann

At 09:52 AM 3/16/2004 +0000, Ashman, Dinah wrote:

Dear Dr Mann <<nature02478.pdf>> 

Here is the PDF of your Corrigendum.  Please check that it is correct.
Please use the zoom feature of the Acrobat Reader to view tiny font sizes.

Once you have okayed it, we can schedule it for publication. (I will let you
know when it will be published.) 

Best wishes

Dinah Ashman
Subeditor, Nature
4-6 Crinan Street
London N1 9 XW
tel.: +44 (0)207 843 4540
fax: 
e-mail: d.ashman@nature.com

********************************************************************************

DISCLAIMER: This e-mail is confidential and should not be used by anyone who is
not the original intended recipient. If you have received this e-mail in error please
inform the sender and delete it from your mailbox or any other storage mechanism.
Neither Macmillan Publishers Limited nor any of its agents accept liability for any
statements made which are clearly the sender's own and not expressly made on
behalf of Macmillan Publishers Limited or one of its agents. Please note that neither
Macmillan Publishers Limited nor any of its agents accept any responsibility for
viruses that may be contained in this e-mail or its attachments and it is your
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responsibility to scan the email and attachments (if any). No contracts may be
concluded on behalf of Macmillan Publishers Limited or its agents by means of e-mail
communication. Macmillan Publishers Limited Registered in England and Wales with
registered number 785998 Registered Office Brunel Road, Houndmills, Basingstoke
RG21 6XS
********************************************************************************

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml 

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Langenberg, Heike
Subject: RE: Nature corrigendum Mann02478
Date: Friday, March 26, 2004 9:07:28 AM

Dear Heike,

Thanks, yes it sounds like this was a small oversight in our listing.

We hope that we have responded adequately to the other, more substantial, but spurious claims and
accusations of McIntyre and McKitrick in the comment/reply that is currently in review (?) in Nature,
and we look forward to hearing how that is resolved.

Thanks again for your help w/ the corridgendum...

best regards,

mike

At 03:54 PM 3/26/2004 +0000, Langenberg, Heike wrote:

Dear Mike,

as you have probably seen, the PDF of your corrigendum was copied to Stephen
McIntyre, who pointed out to us that the Vaganov time series #55 should be
included in your table of files listed in the original Supplementary
Information, but not in the paper. Given this file was mentioned explicitly
in the directory of your new Supplementary Information where you list those
files, I assume you will be happy for us to make this addition? 

Stephen McIntyre also pointed out a number of other issues, but they seem to
us to be not directly relevant to the issue of clarifying the materials used
in the original publication, and we will therefore not pursue these points
further.

Please let me know as soon as possible whether the above-mentioned insertion
meets with your approval. 

Best wishes,
Heike

>  -----Original Message-----
> From:         Ashman, Dinah  
> Sent: 16 March 2004 09:52
> To:   'mann@virginia.edu'
> Cc:   'stephen.mcintyre@utoronto.ca'
> Subject:      Nature corrigendum Mann02478
> Importance:   High
> 
> Dear Dr Mann << File: nature02478.pdf >> 
> 
> Here is the PDF of your Corrigendum.  Please check that it is correct.
> Please use the zoom feature of the Acrobat Reader to view tiny font sizes.
> 
> Once you have okayed it, we can schedule it for publication. (I will let
> you know when it will be published.) 
> 
> Best wishes
> 
> Dinah Ashman
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> Subeditor, Nature
> 4-6 Crinan Street
> London N1 9 XW
> tel.: +44 (0)207 843 4540
> fax: 
> e-mail: d.ashman@nature.com
> 
> 
> 

********************************************************************************

DISCLAIMER: This e-mail is confidential and should not be used by anyone who is not the
original intended recipient. If you have received this e-mail in error please inform the
sender and delete it from your mailbox or any other storage mechanism. Neither
Macmillan Publishers Limited nor any of its agents accept liability for any statements made
which are clearly the sender's own and not expressly made on behalf of Macmillan
Publishers Limited or one of its agents. Please note that neither Macmillan Publishers
Limited nor any of its agents accept any responsibility for viruses that may be contained in
this e-mail or its attachments and it is your responsibility to scan the email and
attachments (if any). No contracts may be concluded on behalf of Macmillan Publishers
Limited or its agents by means of e-mail communication. Macmillan Publishers Limited
Registered in England and Wales with registered number 785998 Registered Office Brunel
Road, Houndmills, Basingstoke RG21 6XS
********************************************************************************

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Langenberg, Heike
Subject: RE: Nature corrigendum Mann02478
Date: Friday, March 26, 2004 9:19:29 AM

OK, thanks very much Heike,

mike

At 04:11 PM 3/26/2004 +0000, Langenberg, Heike wrote:

Dear Mike,
 
thanks for the prompt reply. We will insert the time series in the Corrigendum and proceed with production.
 
The Brief Communication Arising is handled independently, but I think you should be hearing from us on
that in the near future. 
 
Best wishes,
Heike

-----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu]
Sent: 26 March 2004 16:06
To: Langenberg, Heike
Subject: RE: Nature corrigendum Mann02478

Dear Heike,

Thanks, yes it sounds like this was a small oversight in our listing.

We hope that we have responded adequately to the other, more substantial, but spurious claims and
accusations of McIntyre and McKitrick in the comment/reply that is currently in review (?) in Nature,
and we look forward to hearing how that is resolved.

Thanks again for your help w/ the corridgendum...

best regards,

mike

At 03:54 PM 3/26/2004 +0000, Langenberg, Heike wrote:

Dear Mike,

as you have probably seen, the PDF of your corrigendum was copied to Stephen
McIntyre, who pointed out to us that the Vaganov time series #55 should be
included in your table of files listed in the original Supplementary
Information, but not in the paper. Given this file was mentioned explicitly
in the directory of your new Supplementary Information where you list those
files, I assume you will be happy for us to make this addition? 

Stephen McIntyre also pointed out a number of other issues, but they seem to
us to be not directly relevant to the issue of clarifying the materials used
in the original publication, and we will therefore not pursue these points
further.

Please let me know as soon as possible whether the above-mentioned insertion
meets with your approval. 

Best wishes,
Heike

>  -----Original Message-----
> From:         Ashman, Dinah  
> Sent: 16 March 2004 09:52
> To:   'mann@virginia.edu'
> Cc:   'stephen.mcintyre@utoronto.ca'
> Subject:      Nature corrigendum Mann02478
> Importance:   High
> 
> Dear Dr Mann << File: nature02478.pdf >> 
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> 
> Here is the PDF of your Corrigendum.  Please check that it is correct.
> Please use the zoom feature of the Acrobat Reader to view tiny font sizes.
> 
> Once you have okayed it, we can schedule it for publication. (I will let
> you know when it will be published.) 
> 
> Best wishes
> 
> Dinah Ashman
> Subeditor, Nature
> 4-6 Crinan Street
> London N1 9 XW
> tel.: +44 (0)207 843 4540
> fax: 
> e-mail: d.ashman@nature.com
> 
> 
> 

********************************************************************************

DISCLAIMER: This e-mail is confidential and should not be used by anyone who is
not the original intended recipient. If you have received this e-mail in error please
inform the sender and delete it from your mailbox or any other storage mechanism.
Neither Macmillan Publishers Limited nor any of its agents accept liability for any
statements made which are clearly the sender's own and not expressly made on
behalf of Macmillan Publishers Limited or one of its agents. Please note that neither
Macmillan Publishers Limited nor any of its agents accept any responsibility for
viruses that may be contained in this e-mail or its attachments and it is your
responsibility to scan the email and attachments (if any). No contracts may be
concluded on behalf of Macmillan Publishers Limited or its agents by means of e-mail
communication. Macmillan Publishers Limited Registered in England and Wales with
registered number 785998 Registered Office Brunel Road, Houndmills, Basingstoke
RG21 6XS
********************************************************************************

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml 

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: h.langenberg@nature.com
Subject: Fwd: RE: Nature corrigendum Mann02478
Date: Friday, March 26, 2004 9:41:55 AM

Dear Heike

One other thing--we just wanted to make sure that the requested additional line requested below has indeed been
added to the corrigendum?

Thanks in advance for confirming,

mike

Delivered-To: mem6u@virginia.edu
From: "Ashman, Dinah" <D.Ashman@nature.com>
To: "'Michael E. Mann'" <mann@virginia.edu>
Subject: RE: Nature corrigendum Mann02478
Date: Tue, 16 Mar 2004 17:10:19 -0000
X-Mailer: Internet Mail Service (5.5.2653.19)

That should be fine.
 
Thanks
Dinah

-----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu]
Sent: 16 March 2004 17:04
To: Ashman, Dinah
Cc: h.langenberg@nature.com; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Subject: Re: Nature corrigendum Mann02478

Dear Dinah,

This looks fine to us, with one small issue.

While it may seem obvious that the errors do not influence the results shown in our '98 article, but
rather, simply correct the listing of which series were used, we  nonetheless  think it is important that
we add as the final sentence, "None of these errors have any impact on our previously published
results." so that this corrigendum will not be misconstrued.

Please let us know if you see any problem in adding this sentence. Otherwise, this looks fine to us,

Mike Mann

At 09:52 AM 3/16/2004 +0000, Ashman, Dinah wrote:

Dear Dr Mann <<nature02478.pdf>> 

Here is the PDF of your Corrigendum.  Please check that it is correct.
Please use the zoom feature of the Acrobat Reader to view tiny font sizes.

Once you have okayed it, we can schedule it for publication. (I will let you
know when it will be published.) 

Best wishes

Dinah Ashman
Subeditor, Nature
4-6 Crinan Street
London N1 9 XW
tel.: +44 (0)207 843 4540
fax: 
e-mail: d.ashman@nature.com

********************************************************************************

DISCLAIMER: This e-mail is confidential and should not be used by anyone who is
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not the original intended recipient. If you have received this e-mail in error please
inform the sender and delete it from your mailbox or any other storage mechanism.
Neither Macmillan Publishers Limited nor any of its agents accept liability for any
statements made which are clearly the sender's own and not expressly made on
behalf of Macmillan Publishers Limited or one of its agents. Please note that neither
Macmillan Publishers Limited nor any of its agents accept any responsibility for
viruses that may be contained in this e-mail or its attachments and it is your
responsibility to scan the email and attachments (if any). No contracts may be
concluded on behalf of Macmillan Publishers Limited or its agents by means of e-mail
communication. Macmillan Publishers Limited Registered in England and Wales with
registered number 785998 Registered Office Brunel Road, Houndmills, Basingstoke
RG21 6XS
********************************************************************************

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml 

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Langenberg, Heike
Subject: RE: RE: Nature corrigendum Mann02478
Date: Friday, March 26, 2004 10:23:11 AM

ok...thanks very much Heike,

We look forward to hearing back from the 'communication arising' folks in due course...

cheers,

mike

At 05:15 PM 3/26/2004 +0000, Langenberg, Heike wrote:

Dear Mike, 
 
yes, that line has been added. 
 
Cheers,
Heike

-----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu]
Sent: 26 March 2004 16:40
To: h.langenberg@nature.com
Subject: Fwd: RE: Nature corrigendum Mann02478

Dear Heike

One other thing--we just wanted to make sure that the requested additional line requested below has indeed
been added to the corrigendum?

Thanks in advance for confirming,

mike

Delivered-To: mem6u@virginia.edu
From: "Ashman, Dinah" <D.Ashman@nature.com>
To: "'Michael E. Mann'" <mann@virginia.edu>
Subject: RE: Nature corrigendum Mann02478
Date: Tue, 16 Mar 2004 17:10:19 -0000
X-Mailer: Internet Mail Service (5.5.2653.19)

That should be fine.

 
Thanks
Dinah
-----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu]
Sent: 16 March 2004 17:04
To: Ashman, Dinah
Cc: h.langenberg@nature.com; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Subject: Re: Nature corrigendum Mann02478

Dear Dinah,
This looks fine to us, with one small issue.
While it may seem obvious that the errors do not influence the results shown in our '98 article,
but rather, simply correct the listing of which series were used, we  nonetheless  think it is
important that we add as the final sentence, "None of these errors have any impact on our
previously published results." so that this corrigendum will not be misconstrued.
Please let us know if you see any problem in adding this sentence. Otherwise, this looks fine to
us,
Mike Mann
At 09:52 AM 3/16/2004 +0000, Ashman, Dinah wrote:

Dear Dr Mann <<nature02478.pdf>> 
Here is the PDF of your Corrigendum.  Please check that it is correct.
Please use the zoom feature of the Acrobat Reader to view tiny font sizes.
Once you have okayed it, we can schedule it for publication. (I will let you
know when it will be published.) 
Best wishes
Dinah Ashman
Subeditor, Nature
4-6 Crinan Street
London N1 9 XW
tel.: +44 (0)207 843 4540
fax: 
e-mail: d.ashman@nature.com
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********************************************************************************
DISCLAIMER: This e-mail is confidential and should not be used by anyone who
is not the original intended recipient. If you have received this e-mail in error
please inform the sender and delete it from your mailbox or any other storage
mechanism. Neither Macmillan Publishers Limited nor any of its agents accept
liability for any statements made which are clearly the sender's own and not
expressly made on behalf of Macmillan Publishers Limited or one of its agents.
Please note that neither Macmillan Publishers Limited nor any of its agents
accept any responsibility for viruses that may be contained in this e-mail or its
attachments and it is your responsibility to scan the email and attachments (if
any). No contracts may be concluded on behalf of Macmillan Publishers Limited
or its agents by means of e-mail communication. Macmillan Publishers Limited
Registered in England and Wales with registered number 785998 Registered
Office Brunel Road, Houndmills, Basingstoke RG21 6XS
********************************************************************************

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml 

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Katarina Kivel
Cc: shs@stanford.edu; mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; mann@virginia.edu
Subject: Re: Next Steps MBH-CC
Date: Friday, March 26, 2004 3:52:19 PM

Dear Katarina,

My co-authors and I are working on finalizing a response to the latest request we
recieved. We want to make sure that our response this time is definitive in nature,
and so are taking special care with this.

We hope to be in touch again very shortly.

Thanks for checking w/ me on this,

Mike

At 11:51 AM 3/26/2004 -0800, Katarina Kivel wrote:

Hello Mike,

Steve has asked me to follow up with you regarding the status of your
response related to reviewer A's request for supporting calculations.  Can
you give us an update?

Thank you,
Katarina

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Stephen H Schneider
Cc: Katarina Kivel; mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; mann@virginia.edu
Subject: Re: Next Steps MBH-CC
Date: Friday, March 26, 2004 9:16:35 PM

thanks Steve,

we should be in touch very shortly,

mike

At 07:00 PM 3/26/2004 -0800, Stephen H Schneider wrote:

thanks. Just wanted a status on it as after 3 weeks we tend to be
reminders. Good beats quick, of course, but within reason. Look forward to
your response in due course--then on the what to do about it. Cheers,
Steve

On Fri, 26 Mar 2004, Michael E. Mann wrote:

> Dear Katarina,
>
> My co-authors and I are working on finalizing a response to the latest
request we recieved. We
> want to make sure that our response this time is definitive in nature, and so
are taking special
> care with this.
>
> We hope to be in touch again very shortly.
>
> Thanks for checking w/ me on this,
>
> Mike
>
> At 11:51 AM 3/26/2004 -0800, Katarina Kivel wrote:
>       Hello Mike,
>
>       Steve has asked me to follow up with you regarding the status of your
response
>       related to reviewer A's request for supporting calculations.  Can you give
us an
>       update?
>
>       Thank you,
>       Katarina
>
>
>
>
> ______________________________________________________________
>                     Professor Michael E. Mann
>            Department of Environmental Sciences, Clark Hall
>                       University of Virginia
>                      Charlottesville, VA 22903
>
_______________________________________________________________________
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> e-mail: mann@virginia.edu   Phone:    FAX: 
>          http://www.evsc.virginia.edu/faculty/people/mann.shtml
>

------
Stephen H. Schneider
Professor, Dept. of Biological Sciences;
Co-Director, Center for Environmental Science and Policy
Stanford University
Stanford, CA 94305-5020 U.S.A.

Tel: 
Fax: 
e-mail: shs@stanford.edu
website: http://stephenschneider.stanford.edu

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes
Cc: rbradley@geo.umass.edu
Subject: Re: Fwd: Re: Next Steps MBH-CC
Date: Sunday, March 28, 2004 6:25:12 PM

Hi Malcolm,

I can check w/ Gene, but I imagine it might take a bit of time. I think we should
probably proceed with our response in the meantime, and use any forthcoming
independent confirmation from Gene's analysis as our 'ace in the hole', if necessary...

thoughts on this?

mike

At 06:40 PM 3/28/2004 -0700, Malcolm Hughes wrote:

Gents - I was supposed to have drafted out a first version for Ray's
perusal 
several days back, but got seriously diverted by admin matters related to
the 
upcoming meeting. I'll take a crack tomorrow (Monday). Do we have any
idea 
of when Gene Wahl will actually be ready to use his code to repeat the
analysis? 
Cheers, Malcolm
.
.
.
Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Malcolm Hughes
To: Michael E. Mann
Cc: rbradley@geo.umass.edu
Subject: Re: Fwd: Re: Next Steps MBH-CC
Date: Sunday, March 28, 2004 6:40:38 PM

Gents - I was supposed to have drafted out a first version for Ray's perusal
several days back, but got seriously diverted by admin matters related to the
upcoming meeting. I'll take a crack tomorrow (Monday). Do we have any idea
of when Gene Wahl will actually be ready to use his code to repeat the analysis?
Cheers, Malcolm
.
.
.
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From: Malcolm Hughes
To: Michael E. Mann
Cc: rbradley@geo.umass.edu
Subject: Re: Fwd: Re: Next Steps MBH-CC
Date: Sunday, March 28, 2004 7:11:39 PM

Sounds good, Malcolm
.
.
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From: Michael E. Mann
To: Malcolm Hughes
Subject: Re: Fwd: Re: Next Steps MBH-CC
Date: Monday, March 29, 2004 1:44:28 PM
Attachments: nature02478.pdf

HI Malcolm,

The URL for the supplementary data & inf is:

ftp://holocene.evsc.virginia.edu/pub/sdr/temp/nature/MANNETAL98/

I've attached the correction,

mike

At 07:11 PM 3/28/2004 -0700, you wrote:

Sounds good, Malcolm
.
.Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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corrigendum

Global-scale temperature
patterns and climate forcing
over the past six centuries
Michael E. Mann, Raymond S. Bradley & Malcolm K. Hughes

Nature 392, 779–787 (1998).
.............................................................................................................................................................................

It has been drawn to our attention (S. McIntyre and R. McKitrick)
that the listing of the ‘proxy’ data set in the Supplementary
Information published with this Article contained several errors.
In Table 1 we provide a list of the records that were either mistakenly
included in the Supplementary Information, or mistakenly left out.
A small number of other corrections of the original listing include
(see Table 1) corrections of the citations originally provided, or
corrections of the start years for certain series.

The full, corrected listing of the data is supplied as Supplementary
Information to this corrigendum. Also provided as Supplementary
Information are a documented archive of the complete data
(instrumental and ‘proxy’ climate series) used in our original
study, and an expanded description of the methodological details
of our original study. A

1. Mann, M. E., Bradley, R. S. & Hughes, M. K. Global-scale temperature patterns and climate forcing

over the past six centuries. Nature 392, 779–787 (1998).

2. Bradley, R. S. & Jones, P. D. “Little ice age” summer temperature variations: their nature and relevance

to recent global warming trends. The Holocene 3, 367–376 (1993).

3. Briffa, K. R. et al. Fennoscandian summers from AD500: temperature changes on short and long

timescales. Clim. Dyn. 7, 111–119 (1992).

4. Stahle, D. W. et al. Experimental dendroclimatic reconstruction of the Southern Oscillation. Bull. Am.

Meteorol. Soc. 79, 2137–2152 (1998).

5. Mann, M. E. et al. Global temperature patterns in past centuries: An interactive presentation. Earth

Inter. 4-4, 1–29 (2000).

Supplementary Information accompanies this corrigendum on www.nature.com/nature.

Table 1 Errors in ‘proxy’ data set listing in ref. 1

Series (34) listed in original Supplementary Information but not used in ref. 1.*
.............................................................................................................................................................................

FRAN003; ITAL015 and ITAL015X; SPAI026 and SPAI047; NEWZ056; ARGE030,
ARGE060 and ARGE065; CHIL015, CHIL016, CHIL017 and CHIL018; AK006 and
AK006X; CA070; CANA053, CANA053X, CANA096, CANA096X, CANA099, CANA106
and CANA110; WA019, WA025, WA027, WA033, WA039, WA041, WA071, WA074,
WA086, WA088 and WA091

.............................................................................................................................................................................

Series (2) used in ref. 1 but not listed in original Supplementary Information
.............................................................................................................................................................................

Unpublished Southwest US/Mexico Density series (D. W. Stahle, personal
communication)

Unpublished Southwest US/Mexico Latewood Width series (D. W. Stahle, personal
communication)

.............................................................................................................................................................................

Additional minor corrections
.............................................................................................................................................................................

(1) The Central England and Central European temperature records used by ref. 1 were
the summer season versions of these series as used by ref. 2.

(2) The ‘long instrumental’ series used in ref. 1 are station temperature and precipitation
station data from the NOAA Climate Data centre gridded at 58 latitude/longitude
resolution.

(3) The start year for the ‘Central Europe’ series of ref. 1 is AD 1525.

(4) The ‘Western North America Dendro density’ series used in ref. 1 should properly be
attributed to ref. 3.

(5) The Stahle et al. Southwestern/Mexico late wood width and maximum density data
used in ref. 1 should properly be attributed to ref. 4 (the formal reference was not
available at the time of ref. 1), or, in two cases, unpublished data (D. W. Stahle,
personal communication).

(6) For one of the 12 ‘Northern Treeline’ records of Jacoby et al. used in ref. 1 (the
‘St Anne River’ series), the values used for AD 1400–03 were equal to the value for the
first available year (AD 1404).

.............................................................................................................................................................................

*These series, all of which come from the International Tree Ring Data Bank (ITRDB), met all the tests
used for screening of the ITRDB data used in ref. 1 (see ref. 5), except one—namely, that in 1997,
either it could not be ascertained by the authors how these series had been standardized by the
original contributors, or it was known that the series had been aggressively standardized, removing
multidecadal to century-scale fluctuations.

NATURE 2478—16/3/2004—VBICKNELL—99118

letters to nature

NATURE | doi:10.1038/nature02478 | www.nature.com/nature 1
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Author’s corrections – Page 1

Author’s corrections – Page 3

Author’s corrections – Page 2

Author’s corrections – Page 4
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From: Michael E. Mann
To: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Subject: helpful in an odd way
Date: Tuesday, March 30, 2004 9:23:16 AM
Attachments: Esper-EOS04.pdf

Ray, Malcolm:

have you seen this--its irritating in a number of ways, but it does nonetheless  seal
our case against McIntyre and McKitrick--Esper shows that the century-scale
variations are remarkably similar in all 4 reconstructions he's looked at, and none
show any evidence of the 15th century anomalies produced by McIntyre and
McKitrick...

We should cite this in our response!

mike

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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authorizing our access to the tunnel. EDF also
provided lake-level data.
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The assessment of past temperature variations
and the magnitude and characteristics of
recent warmth relative to warm periods in
pre-industrial times—for example, during the
Medieval Warm Period (MWP)—have critical
implications for understanding and quantifying
the forcing of climate in natural and anthro-
pogenic conditions.The desire to benchmark
past climate variability of the northern hemi-
sphere has resulted in four millennial-length
temperature reconstructions with annual res-
olution [Briffa, 2000; Esper et al., 2002; Jones et
al., 1998; Mann et al.,1999].

These records,however,provide different per-
spectives on the above issues. For example,
the temperature amplitude reconstructed by
Esper et al. [2002] is about 1°C, approximately
twice that of Mann et al. [1999] and Jones et
al. [1998].Additionally, Briffa [2000] and Esper
et al. [2002] display a pronounced MWP 
followed by a significant 200–300-year-long cool-
ing trend associated with the Little Ice Age.
Such a trend is broadly absent in Mann et al.
[1999] and Jones et al.[1998].

To reconcile the apparent discord between
these reconstructions, hypotheses have been
put forth that point to potential limitations in
the ability of the individual records to capture
climate variability (items i and iii, below), and
also,hypotheses suggesting that discrepancies
may result from differences in what the recon-
structions represent (items ii and iv, below).
Briefly, these hypotheses are:

(i) Insufficient data used in Esper et al.[2002]
to provide reasonable estimates of past tem-
perature variability [Mann and Hughes, 2002].

(ii) Differences in the spatial coverage of
regional proxy records used in Esper et al.[2002]
and Mann et al. [1999]. It was suggested that the
presence or absence of tropical data could
explain trend and amplitude discrepancies
between these records [Esper et al.,2002].

(iii) The use of different tree ring de-trending
methods and their varying abilities to retain
millennial-scale variations.This limitation might
apply to reconstructions [e.g.,Mann et al.,1999]
where constituent records are not specifically

processed to preserve low-frequency climate
information [Esper et al., 2002].

(iv) Seasonality explained by the reconstructions–
growing season weighted when using only
tree ring data [Briffa, 2000; Esper et al., 2002]
or more annually weighted when using com-
binations of various proxies (e.g., corals, ice
core δ18O, tree rings; Jones et al. [1998]; Mann
et al. [1999]) [Esper et al., 2002; Mann and
Hughes, 2002].

To help address these hypotheses, we have
removed the millennial-scale variations from
the reconstructions (Figure 1). It is apparent
that once these lowest-frequency trends have
been removed, the four reconstructions pos-
sess rather similar variations at multi-decadal
to centennial wavelengths.To our knowledge,
these similarities have not been mentioned in
comparisons of these records,and they exist
despite the relatively few data (numbers pro-
vided in the figure) and the different method-
ological approaches used for reconstruction
development.

However, due to the limited number of mil-
lennial-length records,and regions from which
such records are developed, all of these
reconstructions draw data from the same
proxy pool and are therefore not truly inde-
pendent assessments of climate variation.
Overlap varies from reconstruction to recon-
struction, although data from Tornetraesk and
the Polar Urals are used in all four records dis-
cussed here.These tree sites are,for example,
two of the six locations in Esper et al. [2002]
and two of the seven predictor locations in
Mann et al. [1999] that have data at the begin-
ning of the last millennium.

Even though for these two sites Mann et al.
[1999] used maximum latewood density data,
and Esper et al. [2002],as for all sites,used ring
width data,Tornetraesk and the Polar Urals
represent the vast majority of data overlap
between these two reconstructions.While it
can be difficult to quantify the exact weighting
and influence of individual series in
reconstructions, we can survey the primary
impact of shared data by developing recon-
structions with and without these two sites.
To do so, the arithmetic mean of the linear

and nonlinear curves was calculated,as shown
in Esper et al. [2002] with the full Esper et al.
[2002] data set (EsperFULL) and a subset in
which the Tornetraesk and Polar Urals data
have been excluded (EsperSUB).After removing
the millennial-scale variations from these records
as in Figure 1,EsperFULL and EsperSUB correlate
at 0.94 (1000–1980 period).The EsperFULL
record correlates at 0.44 and the EsperSUB at
0.41 with the Mann et al.[1999] record (1000–1980
period), respectively. During the 1000–1500
period, when the two tree sites are a larger
percentage of the available data, similar values
of 0.44 and 0.43, respectively, are obtained.

From the general similarity in Figure 1 and
the above comparison, we conclude that, at
least for the multi-decadal to centennial varia-
tions, the data utilized are sufficient to derive
similar temperature histories.With this being
said, and with regard to argument (i), the sub-
stantial low-frequency difference between the
linear and nonlinear groups during the 11th
and 12th centuries in Esper et al. [2002] indi-
cates that the transition from the MWP into
the Little Ice Age is not necessarily well 
understood or captured in this record [Esper
et al., 2002; Fig. 2a].

The commonality between the detrended
series (Figure 1) further indicates that differ-
ences in spatial coverage of the proxies—e.g.,
including the tropics [Mann et al., 1999], or
not including the tropics [Esper et al., 2002];
hypothesis (ii)—likely has minimal impact on
multi-decadal to centennial wavelength differ-
ences between the records. Coherence in
these shorter wavelengths implies that millen-
nial-scale differences between the reconstruc-
tions should be even smaller due to difference
in location, as the spatial autocorrelation of
temperature fields extends to greater distances
when increasing lengths of time are considered
[Karl et al., 1994].The observational (land
and sea surface) annual temperature records
averaged over the full northern hemisphere
and averaged over the 20–90°N latitudinal
bands demonstrate the insignificance of
including/excluding lower-latitude data as
they correlate at 0.97 over the 1856–2000 period.
Standard deviations for these data are 0.25
and 0.28°C, respectively, showing that slightly
more variability might be inherent in a record
that does not contain tropical data, and/or is
calculated over a smaller spatial domain.
However, these differences in variability are
not large enough to substantially account for
the significant amplitude and trend differences
between the large-scale reconstructions.

Having shown that the data and space-related
hypotheses (i and ii) are of secondary impor-
tance, we now show the different de-trending

Climate Reconstructions:
Low-Frequency Ambition and
High-Frequency Ratification
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Fig.1. Large-scale temperature reconstructions after millennial-scale variations have been removed by de-trending with a cubic smoothing spline
with a 50% frequency-response cutoff width equal to 67% of the length of the common period (1000–1980): purple, Briffa [2000]; blue, Mann et al.
[1999]; red, Esper et al. [2002]; green, Jones et al. [1998].The series are not smoothed to illustrate the full range of variability up to centennial
scales.The inter-series correlations between all four reconstructions are 0.42 for non-smoothed data and 0.63 for 50-yr smoothed data,both calculated
over the 1000–1980 period. Inter-series correlations for each century (1901–1980 for the 20th century) remain fairly high and stable over time
(numbers provided in brackets).The lowest correlation (0.27) occurs in the 11th century,despite the fact that the relative data overlap (e.g.,Torne-
traesk and Polar Urals tree ring data used in all reconstructions) is greatest during this early period. In boxes, the numbers of northern hemisphere
regional proxy records considered in the large-scale reconstructions are provided for 1900,1500,and 1000 (colors as for the curves).Values in
parentheses indicate numbers of tree ring records.For Mann et al. [1999],112 in 1900 includes records from the southern hemisphere,and the
numbers for 1500 and 1000 include principal components derived from 21 western and 6 southern U.S. tree sites that are counted as two regional
records.

methods (iii) applied to tree ring data to retain
millennial-scale variations,as a substantial argument
to explain dissimilarities between the original
records.The preservation of low-frequency,cli-
mate-related trends is very sensitive to the stan-
dardization applied [Fritts, 1976].As such,
methods to specifically retain these variations
are required for reconstruction of longer wave
length climate variations,as shown in one of
the earliest tree ring-based northern hemisphere
temperature reconstructions [Jacoby and
D’Arrigo, 1989].

The application of different de-trending methods
likely becomes more important toward the
beginning of the reconstructions, where tree

ring data dominate, and where possible long-
term cooling trends that mirror long-term
(tree age-related) noise trends are removed
by traditional individual series de-trending
methods [Esper et al., 2002]. For example,
regional tree ring records such as those from
France [Serre, 1978] and Morocco [Stockton,
1988] represent a significant fraction of predictors
available in the early periods of the Mann et al.
[1999] reconstruction,when only few proxy
series still remain (see the numbers in Figure 1).
As used, they contain just one to a few trees 
in their earlier portions.The series from France,
for example, contains one tree before 1043
and two trees before 1186.More important,in

the case of the French record, the original tree
ring data were de-trended so that no millennial-
scale variation is preserved in the resulting
chronology [Mann et al., 1999].

The same de-trending limitation applies to
the data obtained from the Atlas cedars of
Morocco, another series spanning the entire
millennium. However, this site is described as
being precipitation-sensitive, and thus, also
possesses variations that are generally “whiter”
than temperature variations [Stockton, 1988].
It is thus not surprising that the temperature
reconstructions possess different low-frequency
characteristics when they rely on data that
are variably limited in their ability to retain
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Water use in the United States has remained
fairly stable since 1985,according to an 11 March
report by the U.S.Geological Survey.The report,
which estimates water use for the year 2000—
the most recent available data—indicates that
Americans used an estimated 408 billion gallons
of water per day,an amount the agency said
would fill 8 billion bathtubs daily.

This also translates into 1,430 gallons per
person per day,when including electric power
generation, irrigation, and personal use.

Water usage has remained stable for the past
15 years, even though the U.S. population has
increased from about 250 million to 290 million.
Since 1950,water use more than doubled, with
much of that growth occurring in the 1960s and
1970s due to increases in population,electrical
power generation,and expanded use of irrigation.

USGS hydrologist Susan Hutson, author of
the report, said the message is one of “good
news.”She said the report indicates that the
two largest categories of water use—thermo-
electric power generation and irrigation—
have been able to reduce their usage.

Robert Hirsch, USGS’ chief hydrologist, said
the report “shows that conservation does work”
and that people can adapt to using resources
more sustainably.

Hirsch also credited other factors for limiting
the increase in water usage.“Driven by legislation
and the development of new technology,water
use for power production has been made more
efficient, particularly since the passage of the
[federal] Clean Water Act in 1972.”He noted
that over the past 50 years, power production
has increased 15-fold,while water usage has
increased just 5-fold.

Major water usage categories are thermo-electric
power, which accounts for 48% of water with-

drawals, irrigation at 35%, and public supply
at 11%.The three largest water withdrawal
states are California,Texas, and Florida, with
the first two states plus Idaho topping the list
for surface water usage. California,Texas, and
Nebraska account for 38% of the nation’s
groundwater usage.

Trends in Groundwater Usage

The report provides some indications about
groundwater usage trends, which Hirsch said
is a cause for some concern in certain areas.
“People are becoming more dependent on
groundwater [as a water source].That repre-
sents a number of scientific and management
challenges,”he said.

Drawdowns in groundwater have increased
significantly for irrigation, as well as for some
public water supplies in rapidly growing arid
and coastal areas.In 1950,groundwater accounted
for 23% of total irrigation water, while in 2000
it accounted for 42% of the total, according to
the USGS.Hirsch said that saltwater intrusion is
a common problem that arises from groundwater
pumping in coastal areas.“We need to

Eos,Vol. 85, No. 12, 23 March 2004

low-frequency climatic information. In general,
this argument is relevant not only to the de-
trending methods actually applied, but also to
the appropriateness of the tree ring data them-
selves for the use of different de-trending
methods. For example, it was recently demon-
strated that age-related de-trending methods,
as used in the Esper et al. [2002] record, may
not be fully suitable if applied to ring width
data from only living tree sites from which no
relict or sub-fossil wood are available [Esper et
al.,2003].

Finally,with regard to the different reconstructed
seasons (hypothesis iv),scaling and correlation
analyses indicate that the proxy-based records
contain the greatest similarities to the large-
scale observational temperature data at decadal
and lower frequencies.For example,after applying
a 20-year filter, the correlations between large-
scale proxy and warm season and annual
observational data are all greater than 0.8 and
less than 0.3 for the low- and high-pass frac-
tions,respectively.Yet,annual and warm season,
weighted, large-scale observational data are
practically identical, and correlate at 0.94
over the period 1856–2000 (April-September
versus annual temperatures; averaged over
the full northern hemisphere land and sea-sur-
face areas). It is therefore difficult to statisti-
cally validate which temperature season a
reconstruction actually represents on hemi-
spheric scales.We further suggest that the change
of proxy type mix, from multi-proxy in recent
centuries to almost only tree ring records
toward the beginning [e.g., Mann et al., 1999],
likely causes a shift in the reconstructed sea-
sonality toward warm season temperatures
back in time.

From the comparisons shown here, we con-
clude that the various methods applied to de-
trend tree ring data appear to most substantially
account for the differing low-frequency trends
between recently developed large-scale recon-
structions of temperature over the past millennium.

On theoretical grounds,the low-frequency trends
obtained from these reconstructions, such as
the long-term cooling trend into the Little Ice
Age, differ in a way the de-trending methods
applied therein predict that they should.How-
ever,it would be incorrect to assume that apply-
ing age-related de-trending methods, such as
Regional Curve Standardization,by definition,
ensures a more accurate reconstruction of tem-
perature variability.The similarity of the large-
scale reconstructions in the multi-decadal to
centennial scales, even when data overlap is
minimized, suggests that higher-frequency 
climate variations are generally better under-
stood than lower-frequency variations.Yet, it is
not entirely surprising that the large-scale
reconstructions agree on higher frequencies,
but disagree on lower frequencies, considering
the dominance of tree-ring records, de-trending
differences in the preservation of millennial-
scale variations, and the shared seasonality
toward warm season temperatures.
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From: Michael E. Mann
To: Malcolm Hughes; mann@virginia.edu
Cc: rbradley@geo.umass.edu
Subject: Re: Fwd: Re: Next Steps MBH-CC
Date: Tuesday, March 30, 2004 3:27:48 PM

HI Malcolm,

Thanks--regarding the email I sent earlier, shall we include any mention of the latest
Esper et al (2004) paper, which actually helps further make our case?

Certain areas are highlighted in yellow, but there is no direct inquiry of me (i.e., no
"MIKE???"). What are you looking for in these cases?

Does Ray have any further comments?

I'll await further word before attempting to produce a revised version...

Thanks,

mike

At 03:35 PM 3/30/2004 -0700, Malcolm Hughes wrote:

Looks like my e-mail is on the fritz yet again - I for sure sent an 
e-mail to you both yesterday (or at least performed all the 
necessary actions) but there's no record of it going. Here goies 
again. You'll find a draft reply to Steve attached to this message. 
Apart form checking the general tone, and substance, Mike 
please note the highlighted places saying something like 
MIKE?????. These are points where I dodn't have an answer for 
the issue raised.
Cheers, Malcolm
On 28 Mar 2004 at 19:11, "Michael E. Mann" <mann@virgi wrote:

> Sounds good, Malcolm
> .
> .

Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

The following section of this message contains a file attachment
prepared for transmission using the Internet MIME message format.
If you are using Pegasus Mail, or any other MIME-compliant system,
you should be able to save it or view it from within your mailer.
If you cannot, please ask your system administrator for assistance.
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   ---- File information -----------
     File: Dear Steve 329.doc
     Date:  29 Mar 2004, 18:18
     Size:  47104 bytes.
     Type:  Unknown

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Malcolm Hughes
To: Michael E. Mann; Malcolm Hughes
Cc: rbradley@geo.umass.edu
Subject: Re: Fwd: Re: Next Steps MBH-CC
Date: Tuesday, March 30, 2004 3:35:31 PM

Looks like my e-mail is on the fritz yet again - I for sure sent an
e-mail to you both yesterday (or at least performed all the
necessary actions) but there's no record of it going. Here goies
again. You'll find a draft reply to Steve attached to this message.
Apart form checking the general tone, and substance, Mike
please note the highlighted places saying something like
MIKE?????. These are points where I dodn't have an answer for
the issue raised.
Cheers, Malcolm
On 28 Mar 2004 at 19:11, "Michael E. Mann" <mann@virgi wrote:

> Sounds good, Malcolm
> .
> .

Attachments:
  D:\Projects\Bradley and Mann\controversy\mm\Dear Steve 329.doc
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From: Michael E. Mann
To: raymond s. bradley; Malcolm Hughes
Subject: Re: Fwd: Re: Next Steps MBH-CC
Date: Tuesday, March 30, 2004 4:30:40 PM
Attachments: ResponseMar04.doc

Thanks very much Ray, Malcolm:

I've attached a revised version, incorporating Ray's suggestion, replying to Malcolm's
inquiries, and adding a brief discussion of Esper et al ('04), which oddly helps our
case at this particular moment in time...

Can someone provide me the skeptic list email and the Bern figure. I had these at
some point, but appear to have lost them.

As I understand it, the attachments in our email to steve will be:

1) Final draft of the letter of response
2) our in press Nature correction
3) our enhanced Methods description (should this now be placed in the "Methods"
directory of our website?)
4) The skeptic email and Bern comparison (still need this from you two)...

Mike

At 05:49 PM 3/30/2004 -0500, raymond s. bradley wrote:

You have done good job Professor Hughes.  Indeed, I only got this, this
afternoon....
I only suggest a minor revision of this sentence:

We gave a description of our work for a scientific publication, 
not
a deposition as expert witnesses in litigation.  If a reviewer
finds
this unconvincing, then they are of course at liberty to indicate 
this
in
their confidential report to you, just as you are then at liberty 
to
choose what weight you give to each of the reviewers’ reports. 

to:

In our submission to Climatic Change, the forthcoming
corrigendum to Nature, and in our published articles (Nature, Earth
Interactions, GRL...) we have given what we consider to be a fully
adequate description of our work.  The fact that they have been
able
to essentially reproduce our record after ~AD 1600 demonstrates 
that 
our
results are reproducible when the method is properly followed, 
using 
the
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same data. This belies their claim to the contrary. If reviewers
continue
to find this unconvincing, then they are of course at liberty to
indicate
this in their confidential report to you, just as you, as Editor, 
are then at liberty to choose what weight you give to each of the
reviewers’ reports. 

At 05:35 PM 3/30/2004, you wrote:

Looks like my e-mail is on the fritz yet again - I for sure sent
an 
e-mail to you both yesterday (or at least performed all the 
necessary actions) but there's no record of it going. Here goies

again. You'll find a draft reply to Steve attached to this
message. 
Apart form checking the general tone, and substance, Mike 
please note the highlighted places saying something like 
MIKE?????. These are points where I dodn't have an answer
for 
the issue raised.
Cheers, Malcolm
On 28 Mar 2004 at 19:11, "Michael E. Mann" <mann@virgi
wrote:

> Sounds good, Malcolm
> .
> .

Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

The following section of this message contains a file
attachment
prepared for transmission using the Internet MIME message
format.
If you are using Pegasus Mail, or any other MIME-compliant
system,
you should be able to save it or view it from within your
mailer.
If you cannot, please ask your system administrator for
assistance.

   ---- File information -----------
     File: Dear Steve 329.doc
     Date:  29 Mar 2004, 18:18
     Size:  47104 bytes.
     Type:  Unknown
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Raymond S. Bradley 
University Distinguished Professor
Director, Climate System Research Center*
Department of Geosciences, University of Massachusetts
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel:  
Fax:  
*Climate System Research Center:  
        <http://www.paleoclimate.org> 
Paleoclimatology Book Web Site:
http://www.geo.umass.edu/climate/paleo/html 

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Stephen H Schneider
Subject: Re: Esper et al
Date: Monday, April 12, 2004 7:45:16 PM

Steve,

Once the multi-century/millennial trend is removed, Esper et al show that the 4
reconstructions considered exhibit extremely similar century-scale behavior. In
particular, all show similar 15th century anomalies to MBH98--there is no evidence for
the spurious spike argued by M&M. That was the onlly point. But it was hardly the
key point in our response,

Please let me know if I can provide any further information

Mike

At 06:00 PM 4/12/2004 -0700, Stephen H Schneider wrote:

Mike, can you interpret for me what Esper et al actually are saying in
March 23 EOS? Pretty hard to read between their lines and what, if any
relevance this has to you and the M&M debate? Enlighten me please,
Steve

------
Stephen H. Schneider
Professor, Dept. of Biological Sciences;
Co-Director, Center for Environmental Science and Policy
Stanford University
Stanford, CA 94305-5020 U.S.A.

Tel: 
Fax: 
e-mail: shs@stanford.edu
website: http://stephenschneider.stanford.edu

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Stephen H Schneider
Subject: Re: Esper et al
Date: Tuesday, April 13, 2004 5:08:01 AM

ok--thanks Steve,

we look forward to hearing back from you. Meantime, we're waiting to here what Nature
has resolved to do w/ their submitted comment. No word yet,

Mike

At 01:27 AM 4/13/2004 -0700, Stephen H Schneider wrote:

thanks, I thoght that is wnat they were saying, but it was so obsucure I
wanted to be sure it was clear. Thanks for your reply--I'm pondering next
steps. CHeers, Steve

On Mon, 12 Apr 2004, Michael E. Mann wrote:

> Steve,
>
> Once the multi-century/millennial trend is removed, Esper et al show that the
4 reconstructions
> considered exhibit extremely similar century-scale behavior. In particular, all
show similar
> 15th century anomalies to MBH98--there is no evidence for the spurious
spike argued by M&M. That
> was the onlly point. But it was hardly the key point in our response,
>
> Please let me know if I can provide any further information
>
> Mike
>
> At 06:00 PM 4/12/2004 -0700, Stephen H Schneider wrote:
>       Mike, can you interpret for me what Esper et al actually are saying in
>       March 23 EOS? Pretty hard to read between their lines and what, if any
>       relevance this has to you and the M&M debate? Enlighten me please,
Steve
>
>       ------
>       Stephen H. Schneider
>       Professor, Dept. of Biological Sciences;
>       Co-Director, Center for Environmental Science and Policy
>       Stanford University
>       Stanford, CA 94305-5020 U.S.A.
>
>       Tel: 
>       Fax: 
>       e-mail: shs@stanford.edu
>       website: http://stephenschneider.stanford.edu
>
> ______________________________________________________________
>                     Professor Michael E. Mann
>            Department of Environmental Sciences, Clark Hall
>                       University of Virginia
>                      Charlottesville, VA 22903
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>
_______________________________________________________________________

> e-mail: mann@virginia.edu   Phone:    FAX: 
>          http://www.evsc.virginia.edu/faculty/people/mann.shtml
>

------
Stephen H. Schneider
Professor, Dept. of Biological Sciences;
Co-Director, Center for Environmental Science and Policy
Stanford University
Stanford, CA 94305-5020 U.S.A.

Tel: 
Fax: 
e-mail: shs@stanford.edu
website: http://stephenschneider.stanford.edu

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Subject: Fwd: Re: paper
Date: Wednesday, July 07, 2004 5:42:07 PM
Attachments: MBH_recreation_PLUS_McIntyreMcKitrick_experiments.pdf

Ray, Malcolm:

Should we encourage these guys to submit this to Nature now as a comment on MM03
*irrespective* of the current (MM04) comment/reply?

This might be a good way to nip the whole thing in the bud?

Thoughts,

Mike

Date: Wed, 07 Jul 2004 18:27:37 -0600
From: Eugene Wahl <wahl@ucar.edu>
X-Mailer: Mozilla 4.76 [en] (Windows NT 5.0; U)
X-Accept-Language: en
To: "Michael E. Mann" <mann@virginia.edu>, Caspar Ammann
<ammann@ucar.edu>
Subject: Re: paper

Hi Mike, Hello Caspar:

Please accept general craziness on my end here (movers come in 5 days)
for any lack of communication.

I have attached the latest pdf of my results, and will explain them a
bit more below.

But first, regarding writing and publishing.  I had hoped to actually
generate a text by this Friday, along with the graphic output I've been
making, but realistically it is very likely I won't be able to do that. 
However, this actually goes with our plans here, which are to wait and
see what Nature does.  Caspar, I and Linda Mearns have thought this
through.  Linda has also invited submission to Climatic Change if we
would like, and we also have thought about a short GRL note.  But, in
any case, we want to see what Nature does.  You can certainly quote
myself and Caspar as "per. comm." at this point, but obviously this is
only a "partial loaf" at best.

Now for the results.  (1) I have done all the analyses we talked about,
with the exception of the monthly SVD version.  I have not done that yet
because now I have evidence that it almost surely is the generator of
the small differences we have noted so far.  This comes from the
1400-1499 analysis I did that weights the proxies by the MBH98 weights
and otherwise uses my MBH98 recreation.  This is shown in blue in the
first graph (49-year low pass--sorry this is not mentioned in the
legend), and it lies even slightly below the "original" Wahl and Ammann
(WA) low-freq. curve.  Thus, the slight low discrepancy of the WA grey
low-frequency recreation cannot be resolved by weighting, which I
believe singles-out the monthly-vs-annual SVD as the agent of the slight
differences overall.
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(2) On to more substantive matters, you now will see the
all-individual-proxy recreations in green as before, and the results for
suppressing all N. Am proxies (ITRDB PCs + Stahle PCs + Treeline series)
in my original MBH98 recreation in orange. [Both are for 1400-1499.]  I
believe these together make the case strongly that the MM reconstruction
is consistent with supression of these many proxy series, and that using
all the proxies individually results in a reconstruction very close to
the original.  That these outputs can be arrived at independently with
annual PCs and no proxy weighting in the MBH98 method, and that the
"green line" can be arrived at also via RegEM makes a pretty good case
that only by "juggling" with the proxies can one get the MM output.

I think that is all for now.  Any comments are welcome.

Peace, Gene

"Michael E. Mann" wrote:
> 
> Hi Guys,
> 
> Just wondering the timeline on which you're planning on writing up
> your revisiting of MBH98. It would nice to be able to cite it when it
> is citeable. Please keep me posted of this.
> 
> I'll keep you posted of the status of the Nature comment/reply status,
> in case this might influence when and where you plan to submit.
> 
> Thanks,
> 
> mike
> 
> ______________________________________________________________
>                     Professor Michael E. Mann
>            Department of Environmental Sciences, Clark Hall
>                       University of Virginia
>                      Charlottesville, VA 22903
>
_______________________________________________________________________

> e-mail: mann@virginia.edu   Phone:    FAX: (434)
> 982-2137
>          http://www.evsc.virginia.edu/faculty/people/mann.shtml

-- 
Eugene R. Wahl
Advanced Studies Program &
Environmental and Societal Impacts Group
National Center for Atmospheric Research
3450 Mitchell Lane
Boulder, CO 80301    303.497.2890

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
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                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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Mean absolute low-pass residual = 0.0260                                                    Correlation low-pass series     = 0.967
Max absolute low-pass residual    = 0.0732                                                    Correlation annual series         = 0.907

Mean absolute annual residual = 0.0527                                                        Correlation^2 ,  low-pass         = 0.936
Max absolute annual residual    = 0.2283
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From: Michael E. Mann
To: Eugene Wahl; Caspar Ammann
Cc: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; mann@virginia.edu
Subject: Re: paper
Date: Wednesday, July 07, 2004 5:54:28 PM

Thanks a bunch Eugene,

These results are very re-assuring. I think this will be a very important contribution to the
debate. One minor comment -- I think it is important to report the verification RE scores
for the NH mean series for the different reconstructions, because that really emphasizes
that one can't arbitrary withhold predictors (as in MM) and get a meaningful
reconstruction!

Also, if you guys have an online "R" routine up and running, the URL of which you could
actually cite in your manuscript, which would allow readers to actually reproduce the
analyses, including RE scores, etc. that would really make this extremely powerful (i wish
we'd had the foresight to do that).

One final thought is that it might make sense for you to submit to Nature as a comment
on the MM03 ("Energy and Environment") paper, even before the issue of the MM
comment/our reply is resolved, since your analysis stands on its own, independently  of the
existence of the latter exchange.

By cc of this to Ray and Malcolm, I'm checking w/ them on what their advice would be on
this...

cheers,

Mike

At 08:27 PM 7/7/2004, Eugene Wahl wrote:

Hi Mike, Hello Caspar:

Please accept general craziness on my end here (movers come in 5 days)
for any lack of communication.

I have attached the latest pdf of my results, and will explain them a
bit more below.

But first, regarding writing and publishing.  I had hoped to actually
generate a text by this Friday, along with the graphic output I've been
making, but realistically it is very likely I won't be able to do that. 
However, this actually goes with our plans here, which are to wait and
see what Nature does.  Caspar, I and Linda Mearns have thought this
through.  Linda has also invited submission to Climatic Change if we
would like, and we also have thought about a short GRL note.  But, in
any case, we want to see what Nature does.  You can certainly quote
myself and Caspar as "per. comm." at this point, but obviously this is
only a "partial loaf" at best.

Now for the results.  (1) I have done all the analyses we talked about,
with the exception of the monthly SVD version.  I have not done that yet
because now I have evidence that it almost surely is the generator of
the small differences we have noted so far.  This comes from the
1400-1499 analysis I did that weights the proxies by the MBH98 weights
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and otherwise uses my MBH98 recreation.  This is shown in blue in the
first graph (49-year low pass--sorry this is not mentioned in the
legend), and it lies even slightly below the "original" Wahl and Ammann
(WA) low-freq. curve.  Thus, the slight low discrepancy of the WA grey
low-frequency recreation cannot be resolved by weighting, which I
believe singles-out the monthly-vs-annual SVD as the agent of the slight
differences overall.

(2) On to more substantive matters, you now will see the
all-individual-proxy recreations in green as before, and the results for
suppressing all N. Am proxies (ITRDB PCs + Stahle PCs + Treeline series)
in my original MBH98 recreation in orange. [Both are for 1400-1499.]  I
believe these together make the case strongly that the MM reconstruction
is consistent with supression of these many proxy series, and that using
all the proxies individually results in a reconstruction very close to
the original.  That these outputs can be arrived at independently with
annual PCs and no proxy weighting in the MBH98 method, and that the
"green line" can be arrived at also via RegEM makes a pretty good case
that only by "juggling" with the proxies can one get the MM output.

I think that is all for now.  Any comments are welcome.

Peace, Gene

"Michael E. Mann" wrote:
> 
> Hi Guys,
> 
> Just wondering the timeline on which you're planning on writing up
> your revisiting of MBH98. It would nice to be able to cite it when it
> is citeable. Please keep me posted of this.
> 
> I'll keep you posted of the status of the Nature comment/reply status,
> in case this might influence when and where you plan to submit.
> 
> Thanks,
> 
> mike
> 
> ______________________________________________________________
>                     Professor Michael E. Mann
>            Department of Environmental Sciences, Clark Hall
>                       University of Virginia
>                      Charlottesville, VA 22903
>
_______________________________________________________________________

> e-mail: mann@virginia.edu   Phone:    FAX: (434)
> 982-2137
>          http://www.evsc.virginia.edu/faculty/people/mann.shtml

-- 
Eugene R. Wahl
Advanced Studies Program &
Environmental and Societal Impacts Group
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National Center for Atmospheric Research
3450 Mitchell Lane
Boulder, CO 80301    303.497.2890

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu
Subject: some links on McKitrick...
Date: Tuesday, July 27, 2004 10:50:12 AM

Malcolm, have you seen this new site:

http://www.environmentaldefense.org/article.cfm?
contentid=3804&CFID=21084385&CFTOKEN=29888831

McKitrick is there--he's clearly received money. Anything written for
"techcentralstation" is financially remunerated!

Here is some stuff on the web taking apart McKitrick and Michaels. Apparently,
several papers are now submitted/in press that completely destory them--they didn't
even take into account serial correlation between the stations they were using!  So all
of their claimed correlations are false positives...

http://cgi.cse.unsw.edu.au/~lambert/cgi-bin/blog/science/mckitrick2.html
http://groups.google.com/groups?selm=101b3g2dq7dev6c%40corp.supernews.com
http://cgi.cse.unsw.edu.au/~lambert/cgi-bin/blog/2004/07#mckitrick5
http://cgi.cse.unsw.edu.au/~lambert/cgi-bin/blog/science/mckitrick3.html

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Malcolm Hughes
To: Michael E. Mann
Subject: Re: some links on McKitrick...
Date: Tuesday, July 27, 2004 3:32:54 PM

Thanks, Mike

On 27 Jul 2004 at 13:49, Michael E. Mann wrote:

> Malcolm, have you seen this new site:
>
> http://www.environmentaldefense.org/article.cfm?contentid=3804&CFID=21
> 084385&C FTOKEN=29888831
>
> McKitrick is there--he's clearly received money. Anything written for
> "techcentralstation" is financially remunerated!
>
> Here is some stuff on the web taking apart McKitrick and Michaels.
> Apparently, several papers are now submitted/in press that completely
> destory them--they didn't even take into account serial correlation
> between the stations they were using! So all of their claimed
> correlations are false positives...
>
> http://cgi.cse.unsw.edu.au/~lambert/cgi-bin/blog/science/mckitrick2.ht
> ml
> http://groups.google.com/groups?selm=101b3g2dq7dev6c%40corp.supernews.
> com
> http://cgi.cse.unsw.edu.au/~lambert/cgi-bin/blog/2004/07#mckitrick5
> http://cgi.cse.unsw.edu.au/~lambert/cgi-bin/blog/science/mckitrick3.ht
> ml ____________________________________________________________ __
> Professor Michael E. Mann
>  Department of Environmental Sciences, Clark Hall
> University of Virginia
> Charlottesville, VA 22903
> ______________________________________________________________________
> _ e-mail: mann@virginia.edu Phone:  
> http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes
Subject: Re: some links on McKitrick...
Date: Tuesday, July 27, 2004 3:33:49 PM

sure thing Malcolm,

mike

At 06:32 PM 7/27/2004, Malcolm Hughes wrote:

Thanks, Mike

On 27 Jul 2004 at 13:49, Michael E. Mann wrote:

> Malcolm, have you seen this new site:
> 
> http://www.environmentaldefense.org/article.cfm?contentid=3804&CFID=21
> 084385&C FTOKEN=29888831
> 
> McKitrick is there--he's clearly received money. Anything written for
> "techcentralstation" is financially remunerated!
> 
> Here is some stuff on the web taking apart McKitrick and Michaels.
> Apparently, several papers are now submitted/in press that completely
> destory them--they didn't even take into account serial correlation
> between the stations they were using! So all of their claimed
> correlations are false positives...
> 
> http://cgi.cse.unsw.edu.au/~lambert/cgi-bin/blog/science/mckitrick2.ht
> ml
> http://groups.google.com/groups?
selm=101b3g2dq7dev6c%40corp.supernews.
> com
> http://cgi.cse.unsw.edu.au/~lambert/cgi-bin/blog/2004/07#mckitrick5
> http://cgi.cse.unsw.edu.au/~lambert/cgi-bin/blog/science/mckitrick3.ht
> ml
____________________________________________________________ __
> Professor Michael E. Mann
>  Department of Environmental Sciences, Clark Hall
> University of Virginia
> Charlottesville, VA 22903
>
______________________________________________________________________

> _ e-mail: mann@virginia.edu Phone:  
> http://www.evsc.virginia.edu/faculty/people/mann.shtml

Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229
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______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Stephen H Schneider
Cc: mann@virginia.edu
Subject: Re: Confidential
Date: Tuesday, August 03, 2004 10:19:08 AM

Hi Steve,

Thanks for getting back so quick. Well, I think this means there is probably no reason to
go further w/ the Climatic Change paper. The reason is that there are no remaining issues
that won't be addressed through the combination of the J. Climate paper  and the
Ammann & Wahl paper. The J. Climate paper reproduces MBH98 result using an
independent methodology, and dealing with the various data issues claimed/raised by MM).
The Ammann & Wahl paper reproduces MBH98 using precisely the same data and method,
shows robustness of the results to the data issues raised by MM, and reproduces MM
result  noting the awful verification statistics it produces...

Give the above, the CC paper hardly seems to have a niche anymore. On top of that, much
better that the more direct response to MM come from independent authors (Ammann and
Wahl) rather than us. Protects us against the concern raised by one of the CC reviewers
that we debase ourselves by getting into the mud pit w/ MM. So I think we'll probably end
up formally withdrawing the CC paper. Sorry to have wasted the efforts of you and the
reviewers, but it just seems to have played out this way. But just in case, can we keep the
file 'open' for a bit longer?

Re, the J. Climate paper. We need to keep it under wraps until it is formally in press. We'll
let you know once that is the case.

So please DON'T PUT IT UP ON THE WEBSITE until we give you a go-ahead!

Thanks again,

Mike

At 12:59 PM 8/3/2004, Stephen H Schneider wrote:

thanks Mike, very interesting. So what does that imply for your Cl Ch
submission you were waiting on Nature to decide what to do? By the way,
when can I put the Jclim attachment you sent me on my website?, S.

On Tue, 3 Aug 2004, Michael E. Mann wrote:

> Hi Steve,
>
> I thought I should let you know that Nature has rejected McIntyre and
McKitrick's comment. The
> reviewers were uniformly sharply critical.  I assume Nature consider's this a
confidential
> matter, so this is just for your information. This should take much of the
wind out of their
> sails...
>
> Meanwhile, Caspar Ammann and Gene Wahl of NCAR are about to submit an
analysis re-affirming
> MBH98 and calling sharply into question McIntyre and McKitrick '03 (from the
point of view of
> statistical verification). They'll be making their code available over the NCAR
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website so users
> can repeat the calculations. Unlike the code posted by MM03, users will be hit
over the head
> with statistical verification results for each reconstruction produced!
>
> One more nail in the MM03 coffin will be the publication of the attached
paper in "Journal of
> Climate" (see pages 12-14 and 32-33 ). We expect it to go to press shortly--
again, this is for
> your info only--please don't make available until we know it is formally in
press...
>
> Thanks for your ongoing interest and help...
>
> I hope you're enjoying the summer,
>
> Mike
>
> ______________________________________________________________
>                     Professor Michael E. Mann
>            Department of Environmental Sciences, Clark Hall
>                       University of Virginia
>                      Charlottesville, VA 22903
>
_______________________________________________________________________

> e-mail: mann@virginia.edu   Phone:    FAX: 
>          http://www.evsc.virginia.edu/faculty/people/mann.shtml
>

------
Stephen H. Schneider
Professor, Dept. of Biological Sciences;
Co-Director, Center for Environmental Science and Policy
Stanford University
Stanford, CA 94305-5020 U.S.A.

Tel: 
Fax: 
e-mail: shs@stanford.edu
website: http://stephenschneider.stanford.edu

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Stephen H Schneider
Subject: Re: Confidential
Date: Tuesday, August 03, 2004 10:42:53 AM

thanks STeve,

Yes, I think this will be ongoing battle. But its always nice having truth on your side...

Hope you're enjoying Snowmass. I plan to make it there next summer as a trailing spouse
(my wife has a cell biology meeting there next August)...

Mike

At 01:33 PM 8/3/2004, Stephen H Schneider wrote:

sounds very reasonable on all scores--it takes time to get the "truth"
out, but that alone will not end the contrarian claims or the
power brokers who will still believe them--or so feign. Cheers from
Snowmass, Steve

On Tue, 3 Aug 2004, Michael E. Mann wrote:

> Hi Steve,
>
> Thanks for getting back so quick. Well, I think this means there is probably
no reason to go
> further w/ the Climatic Change paper. The reason is that there are no
remaining issues that
> won't be addressed through the combination of the J. Climate paper  and the
Ammann & Wahl paper.
> The J. Climate paper reproduces MBH98 result using an independent
methodology, and dealing with
> the various data issues claimed/raised by MM). The Ammann & Wahl paper
reproduces MBH98 using
> precisely the same data and method, shows robustness of the results to the
data issues raised by
> MM, and reproduces MM result  noting the awful verification statistics it
produces...
>
> Give the above, the CC paper hardly seems to have a niche anymore. On top
of that, much better
> that the more direct response to MM come from independent authors
(Ammann and Wahl) rather than
> us. Protects us against the concern raised by one of the CC reviewers that
we debase ourselves
> by getting into the mud pit w/ MM. So I think we'll probably end up formally
withdrawing the CC
> paper. Sorry to have wasted the efforts of you and the reviewers, but it just
seems to have
> played out this way. But just in case, can we keep the file 'open' for a bit
longer?
>
> Re, the J. Climate paper. We need to keep it under wraps until it is formally
in press. We'll
> let you know once that is the case.
>
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> So please DON'T PUT IT UP ON THE WEBSITE until we give you a go-ahead!
>
> Thanks again,
>
> Mike
>
> At 12:59 PM 8/3/2004, Stephen H Schneider wrote:
>       thanks Mike, very interesting. So what does that imply for your Cl Ch
>       submission you were waiting on Nature to decide what to do? By the
way,
>       when can I put the Jclim attachment you sent me on my website?, S.
>
>       On Tue, 3 Aug 2004, Michael E. Mann wrote:
>
>       > Hi Steve,
>       >
>       > I thought I should let you know that Nature has rejected McIntyre and
McKitrick's
>       comment. The
>       > reviewers were uniformly sharply critical.  I assume Nature consider's
this a
>       confidential
>       > matter, so this is just for your information. This should take much of
the wind
>       out of their
>       > sails...
>       >
>       > Meanwhile, Caspar Ammann and Gene Wahl of NCAR are about to
submit an analysis
>       re-affirming
>       > MBH98 and calling sharply into question McIntyre and McKitrick '03
(from the point
>       of view of
>       > statistical verification). They'll be making their code available over the
NCAR
>       website so users
>       > can repeat the calculations. Unlike the code posted by MM03, users
will be hit
>       over the head
>       > with statistical verification results for each reconstruction produced!
>       >
>       > One more nail in the MM03 coffin will be the publication of the
attached paper in
>       "Journal of
>       > Climate" (see pages 12-14 and 32-33 ). We expect it to go to press
shortly--again,
>       this is for
>       > your info only--please don't make available until we know it is formally
in
>       press...
>       >
>       > Thanks for your ongoing interest and help...
>       >
>       > I hope you're enjoying the summer,
>       >
>       > Mike
>       >
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>       >
______________________________________________________________
>       >                     Professor Michael E. Mann
>       >            Department of Environmental Sciences, Clark Hall
>       >                       University of Virginia
>       >                      Charlottesville, VA 22903
>       >
_______________________________________________________________________

>       > e-mail: mann@virginia.edu   Phone:    FAX: 

>       >          http://www.evsc.virginia.edu/faculty/people/mann.shtml
>       >
>
>       ------
>       Stephen H. Schneider
>       Professor, Dept. of Biological Sciences;
>       Co-Director, Center for Environmental Science and Policy
>       Stanford University
>       Stanford, CA 94305-5020 U.S.A.
>
>       Tel: 
>       Fax: 
>       e-mail: shs@stanford.edu
>       website: http://stephenschneider.stanford.edu
>
> ______________________________________________________________
>                     Professor Michael E. Mann
>            Department of Environmental Sciences, Clark Hall
>                       University of Virginia
>                      Charlottesville, VA 22903
>
_______________________________________________________________________

> e-mail: mann@virginia.edu   Phone:    FAX: 
>          http://www.evsc.virginia.edu/faculty/people/mann.shtml
>

------
Stephen H. Schneider
Professor, Dept. of Biological Sciences;
Co-Director, Center for Environmental Science and Policy
Stanford University
Stanford, CA 94305-5020 U.S.A.

Tel: 
Fax: 
e-mail: shs@stanford.edu
website: http://stephenschneider.stanford.edu

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu
Subject: Fwd: fyi - McIntyre and Medieval warming - show me the data!
Date: Friday, August 20, 2004 10:01:01 AM
Attachments: Crowley.paleodata.ppt

Date: Fri, 20 Aug 2004 12:44:07 -0400
From: Tom Crowley <tcrowley@duke.edu>
User-Agent: Mozilla/5.0 (Macintosh; U; PPC Mac OS X Mach-O; en-US;
rv:1.4) Gecko/20030624 Netscape/7.1
X-Accept-Language: en-us, en
To: dverardo@nsf.gov
Cc: jfein@nsf.gov, "Michael E. Mann" <mann@virginia.edu>
Subject: fyi - McIntyre and Medieval warming - show me the data!

Dear Dave and Jay,

A number of so-called greenhouse skeptics continue to question the
significance of the recent warming vis a vis the Middle Ages.  Their
favorite target - Mike Mann's hockey stick - has been pummeled by a few
but especially Soon and Baliunas, and McIntyre and someone else from
Canada (the latter two of whom you know about from their recent
complaint to NSF).

Amazingly, Soon and Baliunas did not present a figure actually
demonsrating that the Middle Ages were warmer than present - they
merely told a senate committee about their results rather than showing
the data.  McIntyre at least computed something that was illustrated in a
publication - the curve showed warming around 1400 notably higher than
present.  This lead Sen. Imhoff to charge the global warming threat as a
"hoax".

I was puzzled by McIntyre's result because, although I had seen some
warming greater than present around 1400, collectively the data were not
nearly no warm. 
I therefore went back and took the best set of long records I could, with
very good temporal resolution and good spatial differentiation between
sites.  I then plotted the standard deviations of the individual time series
that we have for the last 1000 years or so, with the composite data that is
derived from the individual time series.  most of the time people just see
the composite.

looking at the raw data at the same time as the composite  -- one can
easily see why there are no prominent Medieval peaks warmer than the
present -- although a few sites have Medieval  temperatures warmer than
the present, in the mean (delineated by AVERAGE) such warmth does not
stand out.  If one did a weighted mean based on agreement with the
instrumental record in the overlap period, the answer is the same.   If one
did a shorter composite using a few more records that went back to 1350
or so, the answer is again virtually the same (not shown).
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this  means that McI made some gigantic mistake in the analysis of the
data.  not looking at the original data led to an erroneous conclusion.  
it is as if someone were to announce some gigantic increase in the rate of
employment and then found no supporting information from the individual
sectors of employment like transportation, heavy machinery, agriculture,
computing, and so on.

finally the right hand axis shows the instrumental record scaled to the
interval over which it overlaps the data.  The data zero-point was
determined by analyzing the section from 930-1960 - the recent warming
therefore suggests about a five standard deviation increase above the
longer term mean!!

this figure is mainly fyi but you may no doubt hear more about this issue
at some point and I thought it would be useful to take a lesson from one
of my old professors at Brown, a tough-minded Texan named Bob
Matthews, who always used to insist on "show me the data".  I have
never forgotten that hard-learned lesson -- it was one of the most
valuable things I ever learned.

I have shown you the data - unless they have access to high quality data I
am not aware of (highly doubtful) I would say there is virtually no chance
of their analysis being correct.

regards, tom

ps  a number of colleagues inform me that Sallie Ballinunas' analysis of
solar-type stars, used as a principal justification for changes in solar
varaibility as an alternate explanation for climate change -- cannot be
reproduced.  I guess she is not satisfied with doing mediocre work in her
own field, she now wants to move on to other fields where she can
repeat her accomplishments.....

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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Mean absolute low-pass residual = 0.0260                                                    Correlation low-pass series     = 0.967
Max absolute low-pass residual    = 0.0732                                                    Correlation annual series         = 0.907

Mean absolute annual residual = 0.0527                                                        Correlation^2 ,  low-pass         = 0.936
Max absolute annual residual    = 0.2283
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From: Michael E. Mann
To: Tom Crowley; dverardo@nsf.gov
Cc: jfein@nsf.gov; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Subject: Re: fyi - McIntyre and Medieval warming - show me the data!
Date: Friday, August 20, 2004 10:33:43 AM
Attachments: rutherford et al. J.Clim..pdf

MMNatureResponse.pdf
Supplementary1.pdf
Supplementary2.pdf
Supplementary3.pdf
Supplementary4.pdf
bradleyetal-science03.pdf

Tom,

Thanks for forwarding. A quick reply 
This analysis nicely  confirms some other related analyses. See e.g. the

attached Bradley et al Science comment from last year.I hope you'll submit t for
publication somewhere soon--it will help reinforce the central point that you simply
can't reach the conclusions peddled by these people ('contrarians' or 'denialists'--lets
not call them 'skeptics'--its way too charitable)  w/out playing dishonest games w/
the data. For an apropos recent example (the latest in thr sequence of awful
contrarian junk papers) see the discussion of this latest paper by Michaels and
Mckitrick. The level of intellectual dishonesty in what they did is simply appalling:

http://cgi.cse.unsw.edu.au/~lambert/cgi-bin/blog/2004/08#gwarming2

As you note, the basic conclusions of anomalous late 20th century hemispheric-scale
warmth are robust among numerous model and empirical (proxy-based) estimates.
There is a decent review  by Phil Jones and me here:

Jones, P.D., Mann, M.E., Climate Over Past Millennia, Reviews of Geophysics, 42,
RG2002, doi: 10.1029/2003RG000143, 2004. 
ftp://holocene.evsc.virginia.edu/pub/mann/JonesMannROG04.pdf

I've also attached a manuscript soon to be "in press" in Journal of Climate that also
shows once again that the McIntyre and McKitrick (MM) result is junk. In this case,
by applying an independent statistical methodology to the MBH98 multiproxy network
(addressing the various spurious criticisms of the data put forth by MM) and also
applying to the the Briffa et al MXD treeing network, and coming up once again w/
the same basic result. There are also some interesting implications for the influence
of seasonal and spatial sampling identified...

The spurious MM result was based on censoring the original MBH98 network over the
period AD 1400-1500 to the point where there are no longer any skillful proxy
indicators left! Its that simple, and this is consistent with the result that you have
demonstrated in your ppt file.

Finally, I've also attached  a reply by us (and some associated supplementary
material) in response to a comment MM sent to Nature some months ago. Their
comment was rejected based on the evaluation (of both the comment and our reply) 
by 4 reviewers who  concluded there was no merit (and some disagree of
disingenuousness) to their comment.

Meanwhile, some NCAR colleagues are submitting a paper that independently
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reproduces the MBH98 result and the associated diagnostic of statistically significant
skill in that result, based on an independent implementation of the method (which
they are providing on-line at NCAR upon publication of their paper for readers to use
independently). Equally, if not more,  important, they reproduce the MM result by
censoring the MBH98 network from AD 1400-1500 as MM did,  demonstrating that
the resulting reconstruction in that case dramatically fails tests of statistical skill
(precisely the same conclusions as in our attached reply to the MM Nature comment,
but independently established). 

So the truth eventually makes itself known, given a little patience. That, of course, is
why these folks time the release of their crackpot papers to appear, for example, a
day or two before an important senate hearing (as did MM and their backers)-- just
enough time to use their PR machinery to get a press release out, but not enough
time for the the scientific community possibly to digest their claims, which invariably
don't even pass the laugh test once they've been examined...

Anyway, thanks for your analysis--I think this will be helpful in further exposing the
contrarian claims for what they are...

Cheers,

Mike

At 12:44 PM 8/20/2004, Tom Crowley wrote:

Dear Dave and Jay,

A number of so-called greenhouse skeptics continue to question the
significance of the recent warming vis a vis the Middle Ages.  Their
favorite target - Mike Mann's hockey stick - has been pummeled by a few
but especially Soon and Baliunas, and McIntyre and someone else from
Canada (the latter two of whom you know about from their recent
complaint to NSF).

Amazingly, Soon and Baliunas did not present a figure actually
demonsrating that the Middle Ages were warmer than present - they
merely told a senate committee about their results rather than showing
the data.  McIntyre at least computed something that was illustrated in a
publication - the curve showed warming around 1400 notably higher than
present.  This lead Sen. Imhoff to charge the global warming threat as a
"hoax".

I was puzzled by McIntyre's result because, although I had seen some
warming greater than present around 1400, collectively the data were not
nearly no warm. 
I therefore went back and took the best set of long records I could, with
very good temporal resolution and good spatial differentiation between
sites.  I then plotted the standard deviations of the individual time series
that we have for the last 1000 years or so, with the composite data that is
derived from the individual time series.  most of the time people just see
the composite.

looking at the raw data at the same time as the composite  -- one can
easily see why there are no prominent Medieval peaks warmer than the
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present -- although a few sites have Medieval  temperatures warmer than
the present, in the mean (delineated by AVERAGE) such warmth does not
stand out.  If one did a weighted mean based on agreement with the
instrumental record in the overlap period, the answer is the same.   If one
did a shorter composite using a few more records that went back to 1350
or so, the answer is again virtually the same (not shown).

this  means that McI made some gigantic mistake in the analysis of the
data.  not looking at the original data led to an erroneous conclusion.  
it is as if someone were to announce some gigantic increase in the rate of
employment and then found no supporting information from the individual
sectors of employment like transportation, heavy machinery, agriculture,
computing, and so on.

finally the right hand axis shows the instrumental record scaled to the
interval over which it overlaps the data.  The data zero-point was
determined by analyzing the section from 930-1960 - the recent warming
therefore suggests about a five standard deviation increase above the
longer term mean!!

this figure is mainly fyi but you may no doubt hear more about this issue
at some point and I thought it would be useful to take a lesson from one
of my old professors at Brown, a tough-minded Texan named Bob
Matthews, who always used to insist on "show me the data".  I have
never forgotten that hard-learned lesson -- it was one of the most
valuable things I ever learned.

I have shown you the data - unless they have access to high quality data I
am not aware of (highly doubtful) I would say there is virtually no chance
of their analysis being correct.

regards, tom

ps  a number of colleagues inform me that Sallie Ballinunas' analysis of
solar-type stars, used as a principal justification for changes in solar
varaibility as an alternate explanation for climate change -- cannot be
reproduced.  I guess she is not satisfied with doing mediocre work in her
own field, she now wants to move on to other fields where she can
repeat her accomplishments.....

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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Proxy-based Northern Hemisphere Surface Temperature Reconstructions:
Sensitivity to Method, Predictor Network, Target Season, and Target Domain
Rutherford, S.1*, Mann, M.E.2, Osborn, T.J.3, Bradley, R.S.4, Briffa, K.R.3, Hughes,
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ABSTRACT:

Results are presented from a set of experiments designed to investigate factors that may

influence proxy-based reconstructions of large-scale temperature patterns in past
centuries.  The factors investigated include (1) the method used to assimilate proxy data

into a climate reconstruction, (2) the proxy data network used, (3) the target season, and
(4) the spatial domain of the reconstruction.  Estimates of hemispheric-mean temperature

are formed through spatial averaging of reconstructed temperature patterns that are based
on either the local calibration of proxy and instrumental data or a more elaborate

multivariate climate field reconstruction approach.  The experiments compare results
based on the global multi-proxy data set used by Mann and co-workers, with results

obtained using the extratropical Northern Hemisphere (NH) maximum latewood tree-ring
density set used by Briffa and co-workers.  Mean temperature reconstructions are

compared for the full NH (tropics and extratropics, land and ocean), and extratropical
continents only, and varying target season (cold-season half year, warm-season half year,

and annual mean).  The comparisons demonstrate dependence of reconstructions on
seasonal, spatial, and methodological considerations, emphasizing the primary

importance of the target region and seasonal window of the reconstruction.  The
comparisons support the generally robust nature of several, previously published,

estimates of NH mean temperature changes in past centuries, and suggest that further
improvements in reconstructive skill are most likely to arise from an emphasis on the

quality, rather than quantity, of available proxy data.
 1. Introduction:
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Evidence of how climate has changed in past centuries can inform our assessment
of the anthropogenic role in observed 20th century warming (e.g. Folland et al., 2001).

The lack of widespread instrumental surface temperature estimates prior to the mid 19th
century (e.g. Jones et al., 1999) places particular emphasis on the need to reconstruct the

history of climate changes accurately, which can only be achieved via the careful use of
long-term empirical evidence.  Such empirical evidence comes from “proxies” of climate

variability derived from the environment itself and from documentary evidence (Le Roy
Ladurie, 1971; Wigley et al., 1981; Crowley and North, 1991; Bradley and Jones, 1995;

Bradley, 1999, Jones et al., 2001a).
Particularly useful in this context are high-resolution (annually or seasonally-

resolved) proxies such as tree rings (e.g. Fritts et al., 1971; Fritts, 1991; Briffa et al.,
1994;1998ab;2001), corals (e.g. Evans et al., 2002; Hendy et al., 2002), ice cores

(O'Brien et al., 1995; Appenzeller et al., 1998; Meeker and Mayewski, 2002), lake
sediments (Hughen et al., 2000), and long documentary and instrumental series (Pfister et

al., 1998; Luterbacher et al., 1999), all of which may be combined into “multi-proxy”
assemblages (Bradley and Jones, 1993; Overpeck et al., 1997; Mann 2002ab; Mann et al.,

1998; Crowley and Lowery, 2000; Folland et al., 2001; Jones et al., 1998, 2001a; Cook et
al., 2002; Luterbacher et al., 2002).  A critical advantage of using such high-resolution

proxy data is the possibility of comparing the proxies against long temporally-
overlapping instrumental records both to estimate the climate signal in the data

(calibration) and independently test the reliability of the signal (verification or cross-
validation).

Annually-resolved proxy indicators have been used to reconstruct spatial climate
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fields such as sea level pressure (SLP) (Fritts, 1991; Luterbacher et al., 2002; Meeker and
Mayewski, 2002), terrestrial surface air temperature (SAT) (Briffa et al., 1994;1998a;

2002b), continental drought (Cook et al., 1999), sea surface temperature (SST) (Evans et
al, 2002) and the combined global SAT/SST temperature field (Mann et al., 1998;1999).

These reconstructed fields have been spatially-averaged to yield estimates of hemispheric
mean temperature (e.g. Osborn et al., 2004; Mann et al., 1998;1999) or circulation/SST

indices such as the Niño3 index of El Niño/Southern Oscillation (ENSO) (Mann et al.,
2000a,b) and the North Atlantic Oscillation (NAO, Luterbacher et al., 2001, 2002; Cook,

2002).  Unlike hemispheric mean reconstructions, spatial field reconstructions retain vital
information which can provide insight into the mechanisms or forcing underlying

observed variability (e.g. Briffa et al., 1994, 2002a,b; Cook et al., 1997; Delworth and
Mann, 2000; Shindell et al., 2001; Waple et al., 2002; Braganza et al., 2002).

Annually-resolved proxy networks have also been used to directly reconstruct
indices of climate variability such as the North Atlantic Oscillation (NAO) (D'Arrigo et

al., 1993; Appenzeller et al., 1998; Cullen et al., 2001; Mann, 2002b; Cook et al., 2002),
the Pacific Decadal Oscillation (PDO) (Biondi et al., 2001; Gedalof et al., 2002), ENSO

[including the Niño3 (Mann et al., 2000a,b) and Southern Oscillation (Stahle et al., 1998)
indices], and hemispheric mean temperature series (Jacoby and D'Arrigo, 1989; Bradley

and Jones, 1993; Overpeck et al., 1997; Jones et al., 1998; Briffa et al., 1998a; 2001;
2002a; Crowley and Lowery, 2000; Mann and Jones, 2003).  Such approaches are

potentially limited by the assumed relationship between local variables recorded by the
proxies (temperature and precipitation) and larger-scale climate patterns, since the

relationship between local and large-scale influences may change over time (e.g. Jones et
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al., 2003b).
Of particular interest in this study are various recent reconstructions of NH

temperature from proxy data networks (Bradley and Jones, 1993; Overpeck et al., 1997;
Briffa et al., 1998a,b;2001; Jones et al., 1998; Mann et al., 1998;1999; Mann, 2002a;

Crowley and Lowery, 2000).  Most reconstructions show notable overall similarity
(Mann, 2000; 2001; 2002a; Briffa and Osborn, 2002; Jones et al., 1998, 2001a; Folland et

al., 2001; Mann and Jones, 2003; Mann et al., 2003a,b).  For example, the late 20th
century warmth is unprecedented in the context of the past 1000 years in all

reconstructions given the published estimates of uncertainty in the reconstructions (e.g.
Folland et al., 2001; Jones et al., 2001a; Mann et al., 2003b; Cook et al., 2004).  In

addition, the empirical reconstructions generally show considerable similarity to
independent climate model simulations (Free and Robock, 1999; Crowley, 2000; Shindell

et al., 2001; Gerber et al., 2003; Bertrand et al., 2002; Bauer et al., 2003), with isolated
exceptions (Gonzalez-Rouco et al., 2003).

Some differences do exist, however, among hemispheric temperature
reconstructions, with certain reconstructions (e.g. Esper et al., 2002) indicating greater

peak cooling in past centuries than others (see also Briffa and Osborn, 2002; Mann and
Hughes, 2002; Mann, 2002a; Mann et al., 2003b).  It is important to try to understand the

sources of the differences between the various NH temperature reconstructions.  This
undertaking is complicated by the fact that several distinct factors in varying

combinations could be responsible for the differences between reconstructions.  One
factor (1) is the method employed to assimilate the information from proxy data networks

into a reconstruction of past climate.  The simplest method is to construct an unweighted
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average of a set of “standardized” proxy series believed to represent a particular quantity
(e.g. temperature, or an index of ENSO).  The single composite series can then be scaled

against an appropriate target index.  For example, a composite of proxy indicators known
(or assumed, or shown by correlation) to reflect local surface temperatures can be scaled

against the instrumental northern hemispheric mean temperature record during the period
that proxy and instrumental data overlap.  The scaled series is then interpreted as an NH

mean temperature reconstruction based on the proxy data (e.g. Bradley and Jones, 1993;
Jones et al., 1998; Crowley and Lowery, 2000; Mann and Jones, 2003).  Similarly, one

can composite indicators believed to be sensitive to ENSO and scale the composite to the
instrumental SOI index to yield an SOI reconstruction (Stahle et al., 1998).

Alternatively, a large number of local or regional regressions between proxy indicators
and instrumental data can be used to build up a reconstruction of an entire field.  Such

“local calibration” approaches assume a local relationship between predictor (e.g.
maximum tree-ring latewood density) and climate variable (e.g. summer surface air

temperature) (e.g. Briffa et al., 1998a; 2001;2002a,b).
A more elaborate approach is to use a Climate Field Reconstruction (CFR)

technique (see Smith et al., 1996; Kaplan et al., 1997; Schneider, 2001; Mann and
Rutherford, 2002; Rutherford et al., 2003) to reconstruct a large-scale field from a proxy

data network through multivariate calibration of the large-scale information in the proxy
data network against instrumental data (see also Fritts et al., 1971; Guiot, 1985;1988;

Fritts, 1991; Cook et al., 1994; Mann et al., 1998; 1999; 2000a,b; Mann and Rutherford,
2002; Luterbacher et al., 2002a,b; Evans et al., 2002; Pauling et al., 2003).  The CFR

approach does not assume any a priori local relationship between proxy indicator and the
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climatic field being reconstructed.  For example, a proxy sensitive to convection/rainfall
in the central tropical Pacific (indicative of ENSO variability) can be used to calibrate the

surface temperature patterns associated with ENSO even though the proxy itself is not
related to local temperature.  In this manner, a large-scale climate field can often be

efficiently reconstructed through CFR techniques from a relatively modest network of
indicators (e.g. Bradley, 1996; Evans et al., 1998, Mann and Rutherford, 2002; Zorita et

al., 2003).  Such methods arguably depend more heavily on assumptions about the
stationarity of relationships between proxy indicators and large-scale patterns of climate

variability than the “local calibration” approach.  Model experiments suggest this
probably is not problematic for the range of variability inferred for recent past centuries

(Rutherford et al., 2003).  Reconstructions of the more distant past (e.g. the mid-
Holocene—Bush, 1999; Clement et al., 2000) would require, however, a more careful

consideration of stationarity issues.
A second complicating factor (2) in comparing different reconstructions involves

the potentially different character of the proxy network used to produce the
reconstruction.  Some proxy networks consist of only one specific type of proxy

information (e.g. tree-ring maximum latewood density measurements—Briffa et al.,
1998a,b;2001), while other “multiproxy” networks combine several types of proxy

information (tree ring width and density measurements, indicators derived from corals,
ice cores, lake sediments, and historical documentary records—Mann et al.,

1998;1999;2000a,b).  Proxy networks can differ in their sensitivity to specific
meteorological variables.  Extratropical high-latitude tree-ring networks typically provide

warm-season temperature information, while tree-ring information from lower-latitude
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semi-arid/Mediterranean or tropical environments, corals, ice cores, and documentary
records provide variable seasonal information regarding distinct climate variables.  In

addition, proxy networks often differ dramatically in the number of proxies used, ranging
from a handful of very long proxies (Jones et al., 1998; Crowley and Lowery, 2000;

Esper et al., 2002) to a potentially much larger (hundreds—e.g., Mann et al., 1998;1999;
Briffa et al., 1998a,b;1999;2001) but temporally-variable set of proxies.  The sampling

error in hemispheric estimates based on the latter is likely to be smaller than that in the
former, but errors will increase back in time leading to expanding uncertainties in earlier

periods (e.g. Mann et al., 1999; Jones et al., 2001a).
An additional factor (3) is the target season of the reconstruction (annual mean,

boreal warm season or boreal cold season), as discussed by Briffa and Osborn (2002) and
Jones et al. (2003a).  The target season is, to some extent, constrained by the particular

proxies used.  However, it is not always possible to know the precise mix of seasonal
information in the proxy network a priori.  This is particularly true in large-scale CFR

where a precipitation-sensitive proxy may, for example, be an important predictor of a
large-scale temperature pattern, as discussed above.  In this case, the optimal target

seasonal window can nonetheless be evaluated through calibration and cross-validation
exercises (e.g. Mann et al., 2000b).

A final related factor (4) is the target region of the reconstruction.  Tropical SSTs
are, for example, typically less variable than extratropical, continental surface air

temperatures, so a reconstruction targeting the entire NH (land and ocean, tropics and
extratropics—e.g. Jones et al., 1998; Mann et al., 1999; Crowley and Lowery, 2000;

Mann and Jones, 2003) is likely to yield smaller amplitude variability than one targeting
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extratropical continental regions only (e.g. Briffa et al., 1998a,b; 1999;2001; Esper et al.,
2002).

One approach used to compare reconstructions based on proxy data with different
seasonal or regional emphases is to rescale the reconstruction against an appropriate

target index.  For example, a reconstruction based on extratropical land-only proxies
might still be rescaled to the full NH instrumental mean series, or a reconstruction based

on annual proxies might still be scaled to a warm-season instrumental hemispheric mean
series (Briffa and Osborn, 2002).  However, there are some pitfalls to this approach.  Any

similarity between patterns of temperature change in different seasons and regions over
the instrumental record may be relatively unique to the late 19th and 20th century.

Seasonal temperature trends show greater differences in prior centuries (see e.g. Jones et
al., 2003a; Luterbacher et al., 2004), and pre-anthropogenic, natural forcing appears to

have a different spatial and seasonal temperature signature from anthropogenic forcing
(Shindell et al., 2003).  Moreover, although tropical and extratropical temperature trends

are similar during the instrumental period, there is some evidence that they may have
been quite different in past centuries (Hendy et al., 2002; Cobb et al., 2003).  More

sophisticated approaches to dealing with differing seasonal and spatial emphases are thus
preferable.

The intent of this study is to provide a systematic assessment of the relative
impacts of these four factors on published large-scale surface temperature

reconstructions.  We do this based on the use of two different reconstruction techniques:

(a) local calibration, and (b) large-scale CFR.  We analyze two nearly independent

networks of predictors, one that is globally extensive (land and ocean, tropical and
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extratropical), represents various seasons, and consists of multiple proxy types
(“multiproxy”—Mann et al., 1998), and another which is extratropical and terrestrial, is
reflective primarily of warm-season conditions, and based entirely on Maximum
Latewood Tree-Ring density (“MXD”-Briffa et al., 1998a,b, 2001, 2002a,b).  For each of
the two proxy networks, reconstructions are performed for three different target seasons
(annual mean, boreal cold-season and boreal warm-season), and the resulting NH mean
temperature reconstructions are compared based on averages over distinct spatial
domains (full NH land and ocean, extratropical land regions only).  Additional insights
are obtained from comparisons with other published NH temperature reconstructions
(Mann et al., 1998;1999; Briffa et al., 1998a,b;2001; Osborn et al., 2004; Esper et al.,
2002).
2. Data

A. Instrumental Surface Temperature Data

We use the 5° latitude by 5° longitude Climatic Research Unit (CRU) grid-box
surface temperature dataset available from 1856-present to calibrate and reconstruct the

surface temperature field from proxy data networks.  The data consist of surface air
temperature (SAT) over land and sea surface temperature (SST) over the oceans (Jones et

al., 1999, 2001b; Jones and Moberg, 2003).  We use the HadCRUT dataset (Jones et al.,
2001b) rather than the more recently published HadCRUT2 (Jones and Moberg, 2003)

version.  We use the restricted period 1856-1971 for calibration as discussed below, but
consider the resulting reconstructions in the context of the entire record (1856-1998).

This instrumental surface temperature dataset exhibits some differences from the older
instrumental surface temperature dataset (Jones et al., 1994) used by Mann et al. (1998).
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We averaged the monthly mean data into annual (calendar), boreal warm (April to
September) and cold (October to March) seasonal averages, the target seasons for

subsequent reconstructions.  In the case of cold-season averages, our convention is to
designate the year as corresponding to the early (October-December) rather than late

(Jan-Mar) half of the 6 month interval.  For example, the 1815 cold season is October
1815 through March 1816.  The averaged (and raw) data are both temporally and

spatially incomplete due to a lack of available data at a given location and time.  In
particular, the data coverage during the 19th Century is relatively sparse compared to that

of the latter half of the 20th Century.  To produce a complete instrumental field we infilled
the missing instrumental values for seasonal and annual mean values using the RegEM

method as described by Schneider (2001) [see also Mann and Rutherford, 2002;
Rutherford et al., 2003; Zhang et al., 2004].  Only the Northern Hemisphere data (grid

centers at 2.5°N through 67.5°N: the instrumental data are extremely sparse poleward of
67.5°N) were used in this study.  Spatial means, including the NH mean, are constructed

from areally-weighted averages of the grid box data.  The correlation between the time
series of the NH mean based on available data only and the RegEM infilled field is

r=0.98 (over the 1856-1971 period).
B. Proxy Data

We used two largely independent predictor networks to assess the sensitivity of
the temperature reconstructions to the network used.  The first of these is a "multiproxy"

dataset used by Mann and co-workers (Mann et al. 1998, 1999, 2000a,b; Mann 2002b) to
reconstruct global patterns of annual mean surface temperature (SAT over land and SST

over ocean) in past centuries.  The second data set consists entirely of tree-ring maximum
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latewood density (“MXD”) data used by Briffa and coworkers (Briffa et al., 1998a,b,
2001, 2002a,b, Osborn et!al., 2004) to reconstruct extratropical terrestrial warm-season

SAT.  Strictly speaking, the two networks are not entirely independent, because they
share a small number of tree-ring density series (19, or, 4.6% of the 415 series used by

Mann et al. (1998) and 6% of the 387 series contributing to the MXD network, are
common to both networks).  In addition, many of the ring-width series from Russia used

by Mann et al. (1998) were from sites for which density data were used by Briffa and
coworkers.  We also prepared a third “combined” network by combining both networks.

i. Multiproxy/PC dataset

The multiproxy/PC network (Mann et al., 1998) is a combination of annually-

resolved proxy indicators including tree ring chronologies (ring width and density), ice
cores (stable isotope, ice melt and ice accumulation data), coral records (stable isotope

and fluorescence data) and long historical and instrumental records (temperature and
precipitation) from the tropics and extratropics of both hemispheres.  The individual

proxies in the network were chosen not for their reliability as local indicators of
temperature, but for their potential relationship with some seasonal meteorological or

climatic variable tied to larger-scale patterns of climate, and surface temperature, change.
In areas with spatially dense tree-ring networks, principal components analysis was used

to extract the leading principal components (PCs) from the network.  Although 415
individual proxy series were used, data reduction by using leading PCs of tree-ring

networks results in a smaller set of 112 indicators in the Multiproxy/PC network
available back to 1820 (Figure 1a), with a decreasing number of indicators available

progressively farther back in time.  Twenty two of the indicators (representing 95
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individual proxy series) extend back to at least AD 1400.  Many of the indicators in the
network end at or near 1980, motivating a termination of the calibration interval at 1980

by Mann et al. (1998), with a modest subset of series terminating between 1971 and 1980
infilled by persistence of the final available value through to 1980.  We terminate the

calibration period at 1971 in this study to avoid any possible influence of the infilling
process used by Mann et al. (1998).

It should be noted that some falsely reported putative “errors” in the Mann et al.
(1998) proxy data claimed by McIntyre and McKitrick (2003) are an artifact of (a) the

use by these latter authors of an incorrect version of the Mann et al. (1998) proxy
indicator dataset, and (b) their misunderstanding of the methodology used by Mann et al.

(1998) to calculate PC series of proxy networks over progressively longer time intervals.
In the Mann et al. (1998) implementation, the PCs are computed over different time steps

so that the maximum amount of data can be used in the reconstruction.  For example, if a
tree-ring network comprises 50 individual chronologies that extend back to AD 1600 and

only 10 of those 50 extend to AD 1400 then calculating one set of PCs from 1400 to 1980
(the end of the Mann et al. (1998) calibration period) would require the elimination of 40

of the 50 chronologies available back to AD 1600.  By calculating PCs for two different
intervals in this example (1400-1980 and 1600-1980) and performing the reconstruction

in a stepwise fashion, PCs of all 50 series that extend back to AD 1600 can be used in the
reconstruction back to AD 1600 with PCs of the remaining 10 chronologies used to

reconstruct the period from 1400-1600.  The latter misunderstanding led McIntyre and
McKitrick (2003) to inadvertently eliminate roughly 70% of the proxy data used by

Mann et al. (1998) prior to AD 1600, including 77 of the 95 proxy series used by Mann et
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al. (1998) prior to AD 1500.  This elimination of data gave rise to spurious, anomalous
warmth during the 15th century in their reconstruction, sharply at odds with virtually all

other empirical and model-based estimates of hemispheric temperature trends in past
centuries (see e.g. Jones and Mann, 2004).

ii. Maximum Latewood Density (MXD) Dataset

The MXD network (Briffa et al., 2001; 2002a,b) is primarily a reflection of
growing (warm-season) conditions, though some limited cold-season information is also
apparent in the data (Briffa et al., 2002a).  The version of the MXD dataset used here was
compiled using a combination of grid-box estimates based on traditionally-standardized
MXD records (with limited low-frequency information) and regional estimates developed
to retain low-frequency information (Osborn et al., 2004).  The latter were developed
using the Age-Band Decomposition (ABD) method of standardization, wherein density
data from trees of similar ages are averaged to create long chronologies with minimal
effect of tree age and size (Briffa et al., 2001).  The ABD method is designed to preserve
low frequency information in tree ring data that may be reduced when more traditional
methods to remove long-term growth trends are used (see Cook et al., 1995).  Because
the age-banding method requires large numbers of samples throughout the time period
being studied, it has been applied only at a regional scale for the MXD network used
here, rather than at the level of the 387 original site chronologies.  Osborn et al. (2004)
therefore worked first with the traditionally-standardized data at the individual
chronology scale, gridded them to provide values in 115 5° by 5° grid boxes (26 available
back to AD 1400) in the extratropical NH (Figure 1b).  They then developed temperature
reconstructions by the local calibration of the MXD grid box data against the
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corresponding instrumental grid box temperatures.  The “missing” low-frequency
temperature variability was then identified as the difference between the 30-year
smoothed regional reconstructions of Briffa et al. (2001) and the corresponding 30-year
smoothed regional averages of the gridded reconstructions.  Osborn et al. (2004) add this
“missing” low frequency variability to each grid box in a region.  After roughly 1960, the
trends in the MXD data deviate from those of the co-located instrumental grid-box SAT
data for reasons that are not yet understood (Briffa et al., 1998b; 2003; Vaganov et al.,
1999).  To circumvent this complication, we use only the pre-1960 instrumental record
for calibration/cross-validation of this dataset in the CFR experiments.

3. CFR Reconstruction Method

A. RegEM Approach

Various mathematical techniques have been applied to the problem of CFR from
sparse data (Smith et al., 1996; Kaplan et al., 1997; Schneider 2001), including
applications to paleoclimate field reconstruction (Cook et al., 1994; Mann et al., 1998;
Luterbacher et al., 2002a,b; Evans et al., 2002).  Here we use the Regularized Expectation
Maximization (RegEM) method described by Schneider (2001), which offers several
theoretical advantages over other methods of CFR.  The RegEM method is an iterative
method for estimating missing data through the estimation of means and covariances
from an incomplete data field to impute missing values in a manner that makes optimal
use of the spatial and temporal information in the dataset.  When a reconstruction is
sought from proxy data based on calibration against modern instrumental measurements,
the combined (proxy-plus-instrumental dataset) can be viewed as an incomplete data
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matrix, which contains both instrumental data (surface temperature grid-box values
arranged with rows representing the years and columns representing grid boxes) and
proxy data (proxy time series with rows representing the years and columns representing
the proxy used).  The columns of the matrix (i.e., the instrumental grid point data and
proxy indicators) are standardized to have zero mean and unit standard deviation over the
calibration interval.
Missing values in this matrix represent the unknown pre-instrumental surface

temperature values, and are considered as values to be imputed through an iterative
infilling of the data matrix making use of the covariance information between all
available (instrumental and proxy) data.  By analogy with conventional paleoclimate
reconstruction approaches (see e.g. Rutherford and Mann, 2003), a calibration interval
can be defined as the time interval over which the proxy and instrumental data overlap,
while a verification interval is defined by additional cross-validation experiments in
which an appropriate subset of the available instrumental data are withheld from the
calibration process (e.g., through their specification as missing values in the initial
matrix).  Schneider (2001) provides a detailed description of the RegEM algorithm,
including a comparison with conventional methods such as principal components
regression, and application to the infilling of missing values in climate field data, while
Rutherford et al. (2003), Mann and Rutherford (2002), and Zhang et al. (2004) discuss
specific applications to paleoclimate reconstruction.  The RegEM method has been
shown to perform well even in the presence of non-stationary climate forcing, as long as
the leading patterns underlying low-frequency variability are captured in calibration
(Rutherford et al., 2003).
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We have modified the application of the method in two ways to improve its
performance for long-term CFR.  This includes first, implementing a stepwise approach,

where we reconstruct the field back in time in discrete steps to accommodate changing
availability of data and second, incorporating a hybrid frequency domain approach where

both the proxies and the instrumental calibration data are decomposed into two frequency
bands prior to reconstruction.  These modifications are discussed below.

B. Stepwise Modification of RegEM
The RegEM approach was in all cases applied in a stepwise fashion back in time

to make increasingly better use of low-frequency information in the calibration process
back in time.  The reconstruction is performed one step at a time, using all available
climate field information (both instrumental field and proxy-reconstructed extension
thereof) in the calibration process for the reconstruction of each subsequent step back in
time.  For example, in the first reconstruction step the (infilled) instrumental data are
available from 1856 to 1971 and the proxies extend back to AD 1400.  This leaves 455
years in which the entire 1008 NH grid boxes (2.5°N to 67.5°N at 5° centers) are
“missing”.  Rather than reconstruct all 455 years at one step, we first reconstruct 1800-
1855, producing a complete NH field (1008) grid boxes from 1800 to 1971.  We then use
the completed 1800-1971 data as input into the next step with the proxies extending back
to 1700.  In this step the interval 1700-1799 is reconstructed.  The process continues until
the reconstruction is complete back to the targeted beginning date (in this case, AD
1400).  In the case of the Multiproxy/PC and combined networks, the step lengths are
constrained by the network because the PCs of the dense tree-ring networks are
recalculated over discrete time intervals.  Thus the Multiproxy/PC and combined
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networks requires some type of stepwise approach with step lengths dictated by the
calculation of the PCs.  For consistency with the Mann et al. (1998) approach we use the
same step lengths here for both the Multiproxy/PC and Combined networks.  The MXD
network has no such constraints and we chose a step length of 100 years, but the results
are insensitive to the exact step length chosen.
Due to the shortness of the instrumental record, one can not gauge the relative

performance of the stepwise vs. non-stepwise approaches through cross-validation
experiments using the actual instrumental record.  Instead, we used a network of
synthetic proxy data (“pseudoproxy”) data derived from long control and forced
integrations of the Geophysical Fluid Dynamics Laboratory’s R30 coupled ocean-
atmosphere model (Knutson et al., 2000) to test the relative performance of the two
methods.  We used the approach described by Mann and Rutherford (2002) to derive
networks of synthetic proxy data from the model surface temperature field.  In these tests
450 years of the control run were combined with 150 years of the forced run to create a
continuous and complete temperature field qualitatively similar in character to
reconstructed temperature histories over the past six centuries.  We constructed 112
pseudo-proxies (the same number as is in the multiproxy/PC indicator network back to
1820), from the modeled temperature field, and selected an increasingly sparse subset of
the 112 indicators back in time to emulate the decrease in the size of the actual proxy
networks back in time.  The final 150 years were used for calibration to reconstruct the
preceding 450 years using only the information available in the pseudo-proxy network.
The stepwise approach performed as well as or better than the non-stepwise approach in
cross-validation in each of these experiments.  The results of these pseudoproxy
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experiments give us some confidence that the primary conclusions presented in this study
are insensitive to whether the stepwise or non-stepwise approach is used.
C. Hybrid Frequency-Domain Modification of RegEM

We modified the RegEM method (Schneider, 2001; Mann and Rutherford, 2002;
Rutherford et al., 2003) to employ a hybrid frequency-domain calibration approach, in

which the combined proxy/instrumental data set is split into two distinct data sets,
through application of a lowpass filter to the data.  The lowpass component of the data

defines the low-frequency component, while the residual defines the high-frequency
component.  The frequency-split boundary can be varied arbitrarily, but reasonable

constraints on the appropriate choice are, at the high-frequency end, the Nyquist
frequency (f=0.5 cycle/yr for annual or seasonal mean data) divided by two or so (i.e.,

f=0.25 cycle/yr) and, at the low-frequency end, the Rayleigh frequency (f=0.01 cycle/yr
for e.g. 100 years of data) multiplied by two or so (i.e., f=0.02 cycle/yr).  This

corresponds to a high-frequency/low-frequency band split at periods between 4 years, and
50 years for a 100 year interval.  As described below, cross-validation experiments

motivate the choice f=0.05 cycle/yr (20 year period) for the split frequency in almost all
cases.

There are two primary motivations for the hybrid frequency-domain approach.
Different types of proxy data exhibit fundamentally different frequency-domain fidelity

characteristics (Jones et al., 1998). Conventionally standardized tree-ring data, if based
on short constituent segments are unlikely to resolve century or longer timescale

variability (e.g. Cook et al., 1995), while very conservatively standardized tree-ring data
based on long constituent segments may resolve century-scale and longer variability
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(Briffa et al., 1996; Cook et al., 1995).  Other proxy indicators, such as annually-
laminated lake sediments or ice core variables subject to diffusion (Fisher et al., 1996),

may preferentially resolve decadal and lower-frequency variability (e.g. Bradley, 1999).
Furthermore, some proxies may themselves exhibit different climate responses at low and

high frequencies (e.g. LaMarche, 1974; Osborn and Briffa, 2000; Hughes and
Funkhouser, 2003).  The underlying patterns of climate variability may also exhibit

timescale dependence.  Interannual timescale variability may be dominated by processes
such as ENSO and the NAO, while lower-frequency variability may be dominated by

modes involving the overturning ocean circulation (e.g. Delworth and Mann, 2000) or the
response to global radiative forcing (e.g. Crowley, 2000).  Distinguishing between

patterns of high- and low-frequency variability may thus provide a more efficient means
of calibration of the large-scale patterns of climate variability, and permit the use of a

wider range of natural archives.
Our hybrid frequency-domain calibration approach involves the use of two

distinct frequency bands in the calibration process.  In the limit of an increasingly large
number of distinct frequency bands, this approach would become analogous to the

spectral canonical regression approach described by Guiot (1985), in which the
calibration process is performed explicitly in the frequency domain rather than the time

domain.  In such a case, however, the small number of statistical degrees of freedom in
calibrating the lowest-frequency bands of variance leads to a poorly constrained

characterization of variability in the lowest-frequencies.  Employing a two-band hybrid
calibration approach represents a tradeoff between the ability to adequately distinguish
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distinct patterns of variability with respect to timescale, and yet retain adequate statistical
degrees of freedom to characterize and calibrate both bands of variability.

The RegEM method is applied separately to the calibration of proxy and
instrumental data in the high- and low-frequency bands.  The results of the two

independent reconstructions are then recombined to yield a complete reconstruction.
Each proxy record is weighted by a bandwidth retention factor defined as the percent of

its total variance within the particular frequency band under consideration.  For example,
a proxy record dominated by interannual variability, with very little low-frequency

variability (e.g. a very data-adaptive standardized tree-ring record) would be assigned a
high weight (near one) in the high-frequency band calibration and a low weight (near

zero) in the low-frequency band calibration.  Generally, all proxy series have weights
between zero and one in each frequency band with greater weight in the frequency band

with the greatest concentration of variance in the unfiltered series. This approach ensures
that, for example, a proxy with a small amount of variability in the low-frequency band

(which might be residual noise) does not have the same impact as a proxy with much
greater low-frequency variability.  However, it has the disadvantage that a high-

frequency-dominated record containing a nonetheless faithful record of low-frequency
fluctuations (e.g. an indicator of ENSO wherein the interannual variability is intrinsically

dominant) might be unduly discounted.

D. Experimental Approach
We performed an array of RegEM CFR experiments based on different target

seasons and proxy networks, and tested variants of the approach including (a) both
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conventional and hybrid frequency-domain approach, the latter with varying split
frequency, (b) allowing and not allowing for lags between predictor (proxy indicator) and

predictand (instrumental surface temperature data) and (c) use of both pre-whitened and
raw predictor/predictand data (see e.g. Cook et al., 1999; Zhang et al., 2004).  We

compared our results against previous reconstructions based on common predictor
datasets (multiproxy/PC and MXD), and alternative reconstruction methodologies [the

eigenvector-based CFR approach of Mann et al. (1998) and the local-calibration approach
used by (Osborn et al., 2004), respectively] to assess the impact of using different

reconstruction methodologies with common data.  We areally-averaged spatial
reconstructions over both the full NH domain and sub-regions of the domain (e.g.

extratropics and/or continents only) to examine the sensitivity of NH “hemispheric mean”
estimates to the actual region sampled.

CFR experiments were performed using each of the three proxy networks,
Multiproxy/PC, MXD and Combined, three seasonal target windows for the surface

temperature predictand (boreal warm season, boreal cold season, and annual calendar
mean).   In the hybrid frequency domain approach, alternative frequency boundaries were

tested (5, 10, 20 and 25 year period) within the practical constraints discussed in section
3c.

We also performed experiments in which the proxy indicators were lagged (both
forward and backward) relative to the instrumental data, under the assumption that some

proxies may reflect, at least in part, a lagged or running average response to climate.  We
lagged the proxy data at -1, 0 and +1 years both independently and in various

combinations (e.g. -1 and 0 only, +1 and 0 only, and -1,0, and +1).  Use of lagged
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versions of the proxy indicator network in addition to the nominal network itself
increases the effective size of the predictor network.  Including the proxy network at both

lag 0 and at lag -1, for example, produces a maximum predictor network of 224
indicators (twice the nominal maximum of 112 indicators) for the multiproxy/PC

network.
We also performed reconstructions in which predictors were pre-whitened prior to

calibration, followed by the re-introduction of the estimated level of serial correlation
into the predictand.  In drought reconstructions based on tree-ring networks, this

procedure has been show to lead to modest improvements in reconstructive skill (Cook et
al., 1999; Zhang et al., 2004).

 The relative skill of the reconstructions with respect to the different variants of
the CFR approach are addressed by cross-validation experiments described in section 4a.

E. Cross-Validation Procedure

A series of verification diagnostics were calculated to evaluate the skill of the
reconstructions.  First, we conducted full field verifications by removing the instrumental

surface temperature data from the CFR analysis between 1856 through 1900 and
reconstructing the surface temperature field over that interval using only the information

in the predictor networks calibrated during the 20th century (1901-1971 for the
PC/multiproxy network for reasons discussed below, and 1901-1960 for the MXD and

network, for reasons discussed earlier).  We calculated verification scores using only
available instrumental data from grid boxes that were 95 percent complete (a total of 210

brid boxes) prior to initial infilling with RegEM (see section 2A).  We refer to these
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verification scores as the “full field” verification scores.  We assessed verification scores
both for the full predictor network (available back to at least 1820), and using the

increasingly sparse predictor networks available on a century-by-century basis, to assess
the fidelity of the reconstruction back in time as the predictor network becomes

increasingly sparse.  We refer to these verification scores as the “available predictor”
scores.  As a cross-check, experiments were also performed for the PC/multiproxy

network for both the full network and the sparse network available back to 1400 in which
an earlier period 1856-1928 was used for calibration and the more recent 1929-1971

period was used for cross-validation.  In these cases, the cross validation scores are equal
to or better than those for the standard verification period of 1856-1900.

We also used 10 long, annual-mean instrumental grid-box temperature series, nine
of which are from western Europe and England with one from North America, to extend

cross-validation exercises back into to 1755 (3 of the 10 records are available back to that
date, and all 10 are available back to at least 1820) on a more spatially-restricted basis.

These instrumental records are part of the multiproxy/PC predictor network used by
Mann et al. (1998) and this study.  However, these records can also serve as verification

(for the annual mean reconstructions) by removing them from the predictor network and
reconstructing them using the information available in the other (non-instrumental) proxy

predictors.
The Reduction of Error (Lorenz, 1956; Fritts, 1976) statistic (RE) and Coefficient

of Efficiency (CE) (Cook et al., 1994) have been favored as diagnostics of reconstructive
skill in most previous climate/paleoclimate reconstruction work (e.g. Fritz, 1976; Cook et
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al., 1994; Mann et al., 1998; Rutherford et al., 2002; Luterbacher et al., 1999l; 2002a,b;
Pauling et al., 2003 ).  RE and CE are defined by:

The sums are over the reconstructed values, x c  is the mean of the calibration

period, x v  is the mean of the verification period, ˆ x  is the reconstructed value, and x is the

actual value (see Cook et al., 1994, for further details).  Verification scores were

computed for both spatial means (e.g. NH mean) of the temperature field (in which case
the sums extend over years) and for the full multivariate field (in which case the sums

extend over both years and gridboxes, of which there are 210 in the “full field” cross-
validation, and 10 in the extended cross-validation).

If the reconstruction is simply the mean of the calibration period, RE=0, which is
the threshold for no skill in the reconstruction.  Similarly, if the reconstruction is simply

the mean of the verification period, CE=0.  Thus, depending on the standard, the zero
values of these statistics define the threshold for “skill” in the reconstruction.  CE≥0 is a

more challenging threshold since, unlike RE, CE does not reward the reconstruction of an
observed change in mean relative to the calibration period.

For each experiment, we calculated RE (Tables 1, 2 and 3)and CE (supplementary
material) verification skill diagnostics. While one could seek to estimate verification skill
with the square of the Pearson correlation measure (r2 ), this metric can be misleading

when, as is the case in paleoclimate reconstructions of past centuries, changes are likely
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in mean or variance outside the calibration period.  To aid the reader in interpreting the
verification diagnostics, and to illustrate the shortcomings of r2 as a diagnostic of

reconstructive skill, we provide some synthetic examples which show three possible
reconstructions of a series and the RE, CE and r2 scores for each (Supplementary Figure

S1).
To test whether or not the RegEM reconstruction approach might systematically

either overestimate or underestimate the variance in the reconstruction, we performed an
additional set of verification experiments in which the reconstructions were

systematically rescaled by an inflation factor between 0.5 and two (where a factor of one
leaves the reconstruction unchanged) after calibration. If there were any systematic

overestimate or underestimate of variance in the calibration process, improved
verification statistics should be achieved for scale factors significantly different from one.

Instead, we found that the optimal scale factor was close to unity for reconstructions
using each of the three networks. The optimal RE statistic (Supplementary Figure S2) for

the Northern Hemisphere mean is centered approximately at unity for the annual
(Combined network) reconstruction, slightly below unity (approximately 0.75) for the

warm-season (MXD network) reconstruction, and slightly greater than unity
(approximately 1.25) for the cold-season (multiproxy/PC network) reconstruction. These

results indicate that any substantial (i.e., factor of two or greater) underestimate of
variance is unlikely for all three reconstructions.

We estimated self-consistent uncertainties using the “available predictor”
verification residuals for each grid box back in time after establishing that the residuals

were consistent with Gaussian white noise (Supplementary Figures S3 and S4).  Gridbox
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uncertainties were propagated to estimate the uncertainty in spatial means, taking into
account spatial correlation.

4. Results

A. Comparisons between Variants of RegEM Approach

We first considered the sensitivity of the results to the effect of pre-whitening
predictors and predictand prior to calibration.  In two test cases (multiproxy/PC annual

and MXD boreal warm season) such a procedure did not result in any consistent
improvement of the verification scores.  We thus concluded that this step was both

unnecessary and, given the importance of faithfully retaining low-frequency variance,
probably undesirable in this context, since the approach admits only a limited

representation of the temporal dependence structure of the data.
We then considered the impact of allowing for lagged relationships between

predictor and predictand (including combinations of lags, e.g. 0 and +1).  The cross-
validation exercises indicated that a lag of zero (i.e., no lag) produced the optimal skill

diagnostics in all cases, with the following provisos for the cold-season reconstructions.
Because the cold-season mean encompasses parts of two calendar years, it is important to

define the cold-season convention. For the MXD network, optimal results were achieved
for cold-season reconstructions when predictors were temporally aligned with the

predictand during the year in which the cold season ends.  This finding is not surprising
since a tree growing during the warm season cannot respond to the climate of the

following cold season, but can potentially respond to the climate of the preceding cold
season through antecedent soil moisture or soil temperature conditions.  For the

multiproxy/PC cold-season reconstructions, two lag choices give similar verification
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scores, “case 1” in which predictors are aligned with the predictand during the year in
which the cold-season ends and “case 2” in which predictors are aligned with the

predictand during the year in which the cold-season begins.  We adopt “case 2” because,
though it performs slightly worse for the multivariate statistics (RE and CE lower by

about 0.03), it performs considerably better for the hemispheric mean statistics (RE
higher by 0.04 and CE higher by 0.08).  Case 2 nonetheless seems inappropriate from a

biological response point of view, and suggests the importance of a more general
approach, beyond the scope of the present study, which allows for variable lags among

the different indicators that make up the multiproxy network.  Apart from the interannual
variability, the hemispheric mean reconstruction is not sensitive to the choice of Case 1

or Case 2.  Henceforth, only the optimal results with respect to choice of lag, as described
above, are presented for the various seasonal reconstructions based on the various

predictor networks.
We then examined the dependence of skill on the frequency band split boundary

(5, 10, 20 and 25 year period) used in the hybrid frequency-band calibration approach,
finding the 20 year period boundary to give superior results in almost all cases (cross-

validation skill was either equal or greater than that for any other choice in all cases).  We
thus consider henceforth in this study both the standard non-hybrid method (referred to as

“non-hybrid”), and the hybrid method with a f=0.05 cycle/year (20 year period)
frequency boundary (referred to as “hybrid-20”).  A comparison of the NH mean

temperature reconstruction for the two approaches (non-hybrid and hybrid-20) is shown
in Figure 2 for the multiproxy/PC network, annual mean reconstruction.  While the two

reconstructions are seen to be broadly similar, the hybrid-20 reconstruction exhibits
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greater low-frequency variability, particularly prior to AD 1600 when the multiproxy
network becomes relatively sparse.  The hybrid-20 reconstruction is observed in this case

(see discussion below) to demonstrate greater skill in cross-validation for the earlier
centuries, suggesting that the greater variability is likely meaningful.  As discussed

below, whether the non-hybrid or hybrid-20 approach gives optimal results generally
depends on the particular predictor network and target season used in the reconstruction.

Another point that must be made is that, although we settle on “optimal”
reconstructions, it is not always clear from the verification scores which network, lag, and

method implementation (hybrid or non-hybrid) is the “optimal” for a given situation.
One set of possibilities (network and lag, for example) may produce a better NH mean

verification than another, but at the cost of a degraded multivariate verification, or the
hybrid method may outperform the non-hybrid with a sparse network, but the opposite

might be true with a more extensive network.  In short, it can be difficult to determine
which is the “best” reconstruction when verification skill differences are small.  In light

of this consideration, we present reconstructions below for each network and season, but
recognize that there is a larger suite of reconstructions that might be acceptable based on

verification scores.  In addition, it is not possible to perform verification experiments on
long time scales due to the limitations of the instrumental data.  Although we use the few

long instrumental records that are available for verification, spatially extensive, long-
timescale verification can only be done using output from long GCM simulations.

B. Comparisons of RegEM Results For Different Networks and Seasonal Windows
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The results of the cross validation exercises for the various experiments are
summarized in Table 1 for the full network available back to 1820, and Table 2 for the

increasingly sparse “available predictor” networks back in time (CE statistics provided in
Supplementary Table 1).  The hybrid-20 exhibits the greatest skill (RE=0.72 and

CE=0.46) for annual hemispheric mean reconstructions using the multiproxy/PC network
back to 1820.  The non-hybrid method, however, exhibits better multivariate skill

(RE=0.22 and CE=0.04), but similar hemispheric mean and multivariate skill if
instrumental predictors are withheld (Table 1).  However, for proxy networks available

further back in time (Table 2), the hybrid-20 approach produces cross-validation skill as
good as or better than the non-hybrid approach.  We thus favor the use of hybrid-20 for

long-term annual reconstructions using the multiproxy/PC network.  Similarly, hybrid-20
is favored for the annual reconstructions using the combined network prior to AD 1600.

By contrast, the non-hybrid approach is favored by the cross-validation results for the
MXD-based summer temperature reconstructions.  The separate selection of optimal

weightings in distinct frequency bands afforded by the hybrid-20 approach likely offers a
greater advantage for a network of multiple proxy types (multiproxy/PC network) than

for a more homogenous (tree-ring MXD) proxy network.
While the different networks often differ by less than 0.03 in terms of cross-

validation RE or CE scores, and comparisons of multivariate and hemispheric-mean skill
scores sometimes lead to differing inferences, a few general conclusions can be drawn

from the cross-validation results summarized in Tables 1 and 2: (1) The hybrid-20
approach produces the best verification skill scores in general, but there are important

exceptions (i.e., the MXD summer temperature reconstructions); (2)  the multiproxy/PC
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network appears best suited for annual and cold-season reconstructions ; (3) as expected
on the basis of previous work (e.g. Briffa et al., 2002b), the MXD network appears best

suited for annual and warm season reconstructions and appears to provide the best warm-
season reconstructions of all 3 networks ; (4) the Combined network exhibits the best

skill of all networks in annual reconstruction, and skill in cold-season reconstruction that
is comparable to the multiproxy/PC network.  The fact that the MXD network

outperforms the Combined network for the warm season indicates that the addition of
more proxy series does not always produce better results, even if some of those additional

proxies are of high quality (e.g. the long instrumental series in the multiproxy/PC
network).

The fact that the combined network performs, at best, only marginally better than
the two independent networks alone suggests that most of the degrees of freedom in the

Northern Hemisphere surface temperature field are already sampled by either network
alone.  We conclude that the primary limiting factor governing the skillfulness of current

proxy-based large-scale temperature reconstructions may be the quality of the network
(e.g. the effective signal-to-noise ratios of the proxy data, and the availability of records

in key regions such as the tropical Pacific), rather than the size of the network.  This
conclusion is reinforced by a comparison of the verification skill for the multiproxy/PC

network with and without the long instrumental records (Table 1), which emphasizes that
a few high quality indicators can significantly improve reconstructive skill.  Furthermore,

the addition of poor or inappropriate seasonal indicators to a network can degrade the
skill of the reconstruction.
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C. Comparisons Between RegEM Results and Results with Other Methods
We compare results using the RegEM method with previously published results

that used the same proxy networks but different methods (and a potentially different
target region).  In these comparisons, we control for the proxy network used and the

target season.
i.  Comparison With Mann et al. (1998) Annual NH Reconstruction

Although both the Mann et al. (1998) and RegEM methods make use of
covariance information in the calibration/reconstruction process, they do so in a quite

different manner (Schneider et al., 2001; Rutherford et al., 2003).  We compared the
RegEM reconstruction with the Mann et al. (1998) surface temperature reconstruction

employing the same predictor network, the same calendar annual target season, and same
global target region as Mann et al. (1998).  We eliminated the infilled values from AD

1400-1403 used by MBH98 to complete one of the Jacoby and D'Arrigo (1989) 'Northern
Treeline' series back to AD 1400.  This is easily done in the RegEM method by treating

those values as missing, something that could not have been done in MBH98.  We
terminated the calibration period in 1971 to address the criticism by McIntyre and

McKitrick (2003) of the use by MBH98 of a modest number of infilled missing proxy
values in the PC/Multiproxy network between 1971 and 1980.  However, we also show

the verification results for the case where the calibration interval ends in 1980 for direct
comparison with the Mann et al. (1998) results.  Cross-validation results are compared

(Table 3) with those of Mann et al. (1998) for the PC/multiproxy network available back
to 1820, using the same (219) grid boxes used for verification by Mann et al. (1998) over

the period 1856 to 1900 (top section of Table 3) and for the 10 temperature grid boxes
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available back to 1820 (bottom section of Table 3—in this case long instrumental
indicators have been withheld from the predictor network).  These comparisons indicate

similar levels of skill in the RegEM (both non-hybrid and hybrid-20) and Mann et al.
(1998) reconstructions, with any preference dependent on the precise metric of

reconstructive skill.  We deduce from the “available predictor” skill diagnostics (Table 2)
that the hybrid-20 RegEM reconstruction is increasingly preferable over the non-hybrid

reconstruction as the predictor network becomes sparser back in time (for annual NH
temperature, at least).

A remarkably close similarity is observed (Figure 3) between the RegEM and Mann et al.

(1998) NH annual mean surface temperature reconstructions.  The two reconstructions
are indistinguishable well within their 2-sigma uncertainties.  The RegEM NH

reconstruction using all available individual proxy records (rather than replacing spatially
dense tree-ring networks with their leading principal components as in the MBH98

Multiproxy/PC network) again yields nearly indistinguishable estimates (Figure 2).  The
close reproducibility of the MBH98 reconstruction based on both (a) the use of an

independent CFR method and (b) the use of the individual proxies used by MBH98 rather
than the Multiproxy/PC representation used by MBH98, discredits the arguments put

forth by McIntyre and McKitrick (2003) in support of their putative “correction” to the
MBH98 reconstruction.

ii.  Comparison Involving Previous MXD-based Warm-Season Extratropical NH

Reconstruction

ABOR/MH/Priv-002425



34

Here we compare the RegEM warm season MXD-based NH mean reconstruction
with that of Osborn et al. (2004), the latter based on an areally-weighted mean of 115

locally-calibrated MXD 5° by 5° grid boxes (Figure 1b).  This reconstruction (Figure 4)
is similar, though not identical, to that presented by Briffa et al. (2001) using the same

MXD data; the minor differences arise because Briffa et al. (2001) used a principal
component regression of regionally-averaged MXD data, rather than the average of

locally-calibrated reconstructions generated by Osborn et al. (2004).  In this comparison
we control for the proxy network (both use the MXD network) and the target season

(both target the boreal warm season mean) and investigate the effects of both the target
region and reconstruction method.

Figure 4a compares the Osborn et al. (2004) MXD reconstruction and the RegEM
hybrid-20 NH reconstruction of the full NH mean.  The Osborn et al. reconstruction

exhibits greater interannual variability and is on average slightly cooler in past centuries
than the RegEM reconstruction.  Since the proxy network and the target season are

identical, the observed differences must be due to a combination of differing method and
target region.  To progressively control for target region we first mask the RegEM spatial

reconstruction for only the terrestrial extratropical (i.e., north of 20°N ) grid boxes
(Figure 4a) and finally the precise 115 grid boxes averaged by Osborn et al. to obtain a

hemispheric mean reconstruction (Figure 4b).  The latter masking of the RegEM
reconstruction yields a hemispheric mean estimate that is nearly indistinguishable from

the Osborn et al. reconstruction, suggesting that the initial differences evident in Figure
4a result largely from differing initial target regions.  The remaining modest differences

(Figure 4b), which are mostly evident during the relatively data sparse initial centuries,
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are presumably due to the differences between methods (RegEM CFR method versus
spatial average of the locally-calibrated grid box data).

Finally, we include a comparison with an alternative warm-season continental
surface temperature reconstruction based on an even more restricted spatial distribution

(a maximum of 14 sites) of tree-ring width data (Esper et al., 2002).  This reconstruction
exhibits greater variability than most other published reconstructions (see Briffa and

Osborn, 2002; Mann and Hughes, 2002; Mann, 2002a; Mann et al., 2003a,b).  However,
when restricted to the grid box locations corresponding to the modest number of sites

used in this reconstruction (excepting one grid box that is unavailable from the
instrumental record and one that is outside our reconstruction domain), the RegEM MXD

warm-season NH reconstruction shows a remarkably similar character to the Esper et al.
(2002) reconstruction (Figure 4c).  This result suggests that the greater variability evident

in the Esper et al. reconstruction likely results from the restricted sampling provided by
the network used, though some residual differences may be due to different methods of

tree-ring standardization (Esper et al., 2002; Briffa and Osborn, 2002; Mann and Hughes,
2002; Cook et al., 2004) and differences in reconstruction method.

From these comparisons we can draw an important conclusion that might have
been anticipated from spatial sampling considerations alone: reconstructions of full

hemispheric means are likely to exhibit lower amplitude variability that those based on a
more restricted sub-domain of the field, due to the tendency for the cancellation of

anomalies of different signs and magnitudes in different regions (see e.g. Mann et al.,
2003b).

D. Comparisons Of Hemispheric Mean Series
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Figure 5 shows the annual, warm season and cold season NH mean
reconstructions produced using the different predictor networks.  The annual (Figure 5a)

reconstructions are quite similar for all three predictor networks back to approximately
AD 1700, and are largely within the statistical uncertainties of each other back through

AD 1400.  A similar statement holds for the cold-season reconstructions, though the
differences are slightly greater during certain time intervals.  For the warm season, only

the MXD network provides a skillful reconstruction back to AD 1400, but all
reconstructions are similar over the interval in which the cross validation experiments

indicate a skillful reconstruction (1750 for the Multiproxy/PC network and 1500 for the
Combined network).  It is clear from the similarity of the MXD and Combined network

warm-season reconstructions that the Combined network reconstruction is dominated by
the MXD predictors, as one would expect based on the verification scores.

Finally, we compare (Figure 5d-e) the RegEM NH reconstructions based on what
appears to be optimal apparent predictor network for each season (see section 4b: MXD-

warm season, Multiproxy/PC-cold season, Combined-annual).  These reconstructions
show that the cold-season mean reconstruction generally exhibits the greatest interannual

variability (particularly when a larger number of indicators are available).  The warm-
season reconstructions often show stronger cooling events, in many cases associated with

large explosive volcanic events (e.g. after the AD 1600 eruption).  As discussed further
below, this observation is consistent with the modeled response to volcanic forcing,

which shows cooling to dominate during the warm season, particularly over continental
regions (Kirchner et al., 1999; Shindell et al., 2003).  Reconstructions which emphasize

ABOR/MH/Priv-002428



37

the warm-season and continental regions are thus likely to exhibit greater summer
cooling during periods of intense explosive volcanic activity.

E. Spatial Patterns

It is instructive to examine the spatial and seasonal details evident in the actual
reconstructed patterns.  We thus focus on the reconstructed temperature patterns for some

selected years (Figure 6), using reconstructions based on the optimal networks for each
season as discussed above.  We consider the year 1601 (cold-season 1600/1601)

following the Huaynaputina (Peru) eruption (February 1600); 1783, the year of the Laki
eruption in Iceland and an exceptionally cold winter in parts of North America and

Europe; 1791, an established unusually strong El Nino year (Quinn and Neal 1992);
1816, the “Year Without a Summer” one year after the explosive Tambora eruption of

April 1815, 1817, two years after the eruption, and finally, 1834, an exceptionally warm
year in Europe as evidenced by the central England temperature record (Manley,

1974—see also Mann et al., 2000b and Briffa et al., 1998a,2002b).
There is a tendency for opposite seasonal surface temperature responses to tropical

volcanic forcing.  Strong warm-season continental cooling is apparent in the summers
after the volcanic years 1600, and 1815 contrasting with the tendency for an offsetting

pattern of continental warming during the winter following those eruptions (or even two
winters, following the 1815 eruption).  This pattern has been observed in model

simulations of the dynamical response to an explosive tropical eruption (Groisman, 1992;
Graf et al., 1993; Robock and Mao, 1995; Kirchner et al., 1999; Shindel et al., 2003).

The tendency for cooler summers and warmer winters appears to be responsible for the
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reduced annual mean cooling response to volcanic forcing (Shindell et al., 2003) evident
in the annual mean reconstructions.  Large-scale warmth both in the tropical Pacific, and

in the extratropics, is clearly evident for the El Nino year of 1791 during all seasons, but
is particularly evident in the cold-season (i.e., 1791/1792) pattern.

5. Conclusions

Comparisons both within the suite of reconstructions presented in this study, and between
these reconstructions and others previously developed (Mann et al., 1998; Osborn et al.,

2004; Esper et al., 2002) allow us to evaluate the impacts of method, target season, target
region, and underlying proxy data network on large-scale surface temperature

reconstructions.  These evaluations suggest that differing methods of reconstruction (e.g.
different CFR techniques or local calibration approaches) yield nearly indistinguishable

results if differences in underlying proxy network, target season and target region are
controlled for.  We conclude that proxy-based temperature reconstructions are robust

with respect to a wide array of alternative statistical approaches.  Differences in target
region appear to lead to more substantial differences.  Spatial averages over increasingly

sparse domains (e.g., extratropical continents only, or a small number of isolated regions
of the extratropical continents only) yield “hemispheric mean” estimates with

increasingly greater variability.  Meaningful comparisons of different hemispheric mean
estimates are thus only possible when differences in target spatial domain are taken into

account e.g. through an appropriate spatial masking of the surface temperature field
reconstructions.  Differences in target seasonal window are also important, with different

predictor networks (e.g. the Multiproxy/PC vs. MXD vs. Combined network) each
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indicating preferential reconstructive skill for different seasonal windows.  The resulting
optimal seasonal (cold-season, warm-season, and annual mean) reconstructions indicate

modest differences for the main hemispheric mean temperature changes, and more
substantial differences spatially, consistent with the distinct spatial and seasonal features

typically associated with climate signals such as El Niño or the response to volcanic
radiative forcing.

In addition, we find that the number of proxies can be less important than the
quality of the proxy and its suitability for reconstructing a particular season.  As an

example, the MXD network alone clearly outperforms the Combined network in warm-
season verification tests.  Furthermore, it is not always easy to determine the best

network, lag and method to use in every situation because differences in verification
scores can be small.  In the situations we examined, however, differences in the

reconstructions are also small.
Finally, the evidence for exceptional late 20th century warmth in the context of

the period since AD 1400 (in warm, cold and annual temperatures) is a robust conclusion
with respect to all of the factors considered.
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Analysis Multiproxy/PC MXD Combined
Season

Verif.
Period Ann. No

inst.
Cold Warm Ann. Cold Warm Ann. No

inst.
Cold Warm

1856-
1900

0.22
0.69

0.07
0.57

0.05
0.53

0.06
0.57

0.14
0.56

0.06
0.45

0.14
0.50

0.21
0.69
0.12
0.61
0.03
0.55
0.11
0.35

non-
hybrid

1755-
1900

0.13
0.24

0.24
0.26

0.21
0.26

1856-
1900

0.20
0.72

0.07
0.59

0.05
0.56

0.02
0.15

0.14
0.55

0.08
0.56
0.12
0.38

0.13
0.58
0.12
0.61
-0.04
0.47
0.00
0.14

20-year
hybrid

1755-
1900

0.13
0.20

0.26
0.29

0.19
0.30

Table 1.  RegEM-method Reduction of Error (RE) verification scores based on full
network that is available back to 1820 (112 predictors in the multiproxy/PC case and 111
grid-box indicators in the MXD case—4 MXD gridboxes are not available prior to 1856
and therefore are never used in reconstructions) for different seasons and proxy networks.
For table cells with two rows of verification scores, those scores are 1856-1900
multivariate (calculated over verification gridboxes and years) and 1856-1900 NH mean
(calculated for the mean NH time series over the verification years).  Where applicable,
cells with additional rows include 1755-1900 multivariate and 1755-1900 mean
verification scores.  “No inst.” indicates the long instrumental records present in the
proxy network have been withheld from the network.  In all cases the calibration period is
1901-1971
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Analysis Multiproxy/PC MXD Combined
Season Ann. Cold Warm Ann. Cold Warm Ann. Cold Warm

Network back to 1750, proxies only*
nohybrid 0.05

0.52
0.02
0.47

0.03
0.21

0.14
0.56

0.06
0.45

0.14
0.50

0.10
0.64

0.00
0.54

0.09
0.36

20-year
hybrid

0.04
0.52

0.00
0.47

0.06
0.20

0.14
0.55

0.08
0.56

0.12
0.38

0.60
0.51

-0.09
0.49

0.09
0.13

Network back to 1700
nohybrid 0.04

0.51
0.02
0.51

0.01
0.03

0.13
0.56

0.06
0.45

0.12
0.41

0.09
0.61

-0.02
0.57

0.50
0.17

20-year
hybrid

0.04
0.53

0.01
0.52

0.00
0.01

0.13
0.55

0.04
0.53

0.11
0.33

0.07
0.52

-0.08
0.50

0.02
0.08

Network back to 1600
nohybrid 0.05

0.53
0.04
0.53

0.01
0.06

0.12
0.48

0.07
0.40

0.10
0.31

0.09
0.58

0.02
0.54

0.04
0.13

20-year
hybrid

0.06
0.56

0.02
0.52

-0.02
0.00

0.13
0.52

0.05
0.53

0.09
0.27

0.09
0.57

-0.02
0.50

-0.06
0.00

Network back to 1500
nohybrid 0.07

0.39
0.08
0.56

0.00
-0.42

0.11
0.46

0.07
0.39

0.10
0.36

0.08
0.52

0.02
0.51

0.03
-0.12

20-year
hybrid

0.08
0.47

0.06
0.55

-0.01
-0.36

0.12
0.50

0.07
0.54

0.09
0.34

0.10
0.59

0.00
0.53

0.04
0.11

Network back to 1400
nohybrid 0.06

0.40
0.08
0.55

0.00
-0.34

0.11
0.49

0.08
0.42

0.09
0.36

0.07
0.46

0.04
0.54

0.00
-0.40

20-year
hybrid

0.06
0.46

0.08
0.54

-0.01
-0.36

0.10
0.48

0.06
0.53

0.05
 0.20

0.09
0.57

0.04
0.56

0.02
-0.05

Table 2.  Verification Reduction of Error (RE) scores for the different proxy networks
and seasons using only the proxies available over different centuries.  The verifications
scores are presented for the multivariate (top row in each table cell) and NH mean
(bottom row in each table cell) cases. In all cases the calibration period is 1901-1971 and
the verification period is 1856-1900.
* The MXD proxy network is nearly complete by 1750 so the results for this verification
experiment are the same as those for the full network, within round off errors.
Ann.: Annual
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RegEM Mann et al. (1998)
Analysis mult

RE
1820-1900

mult
RE
1856-1900

globe
RE
1856-1900

mult
RE
1820-1900

mult
RE
1856-1900

globe
RE
1856-1900

no hybrid N/A 0.25(0.21) 0.78(0.74) N/A 0.22 0.76
hybrid 20 N/A 0.20(0.20) 0.73(0.76) N/A N/A N/A

No long instrumental or historical records as proxies

nohybrid 0.10(0.14) 0.05(0.02) 0.55(0.46) 0.19 0.11 0.65
hybrid20 0.12(0.14) 0.04(0.01) 0.53(0.55) N/A N/A N/A

Table 3: Comparison of verification scores between the Mann et al. (1998) method and
the RegEM method used here, based on annual-mean temperature reconstructions using
the full network of 112 predictors.  The same grid boxes used by Mann et al. (1998) for
calibration and for verification were used in the RegEM cases. The RE scores are
presented for both the multivariate (mult) and global mean (globe) cases.  Here, the
global mean is the average of all the available Mann et al. (1998) verification grid boxes,
not just those in the NH. (N/A indicates the scores are not relevant).  Numbers in
parentheses indicate the calibration period ends in 1971 (see text for details) all other
calibration periods end at 1980.
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Figure 1: Distribution of proxies for the two networks used in this study.  (a) the
multiproxy/PC network of Mann et al. (1998). (b) the age-banded maximum latewood
density (MXD) network of Briffa et al. (2001) where each dot corresponds to the center
of one 5° by 5° grid box.
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Figure 1: Distribution of proxies for the two networks used in this study. (a) the

multiproxy/PC network of Mann et al. (1998). (b) the age-banded maximum latewood

density (MXD) network of Briffa et al. (2001) where each dot corresponds to the center

of one 5° by 5° grid box.
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Figure 2:  Comparisons of stepwise non-hybrid and hybrid-20 reconstructions for annual
mean using the multiproxy/PC network and the hybrid-20 reconstruction using the full
multiproxy network.  Also shown is the instrumental record consisting of the few
available data from 1750-1856 (Mann, 2002a) and the Jones et al. (1999) data for 1856-
2000.
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Figure 3.  Comparison between the RegEM-based hybrid-20 annual mean reconstruction
(using the Mann et al. multiproxy/PC network) and Mann et al. (1998) showing
overlapping uncertainties in both estimates. Also shown is the long instrumental record
(see caption for Figure 3) for comparison.
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Figure 4. Comparison of summer mean temperatures based on the MXD network (Briffa
et al., 2001, 2002a, 2002b) using the RegEM hybrid-20 method and that of Osborn et al.
(2004).  (a) The RegEM full NH mean and extratropical land only mean versus Osborn et
al. (submitted) (see text for details) (b) Comparison using the RegEM reconstructed grid
boxes that coincide with those reconstructed by Osborn et al. (2004) and Briffa et al.
(2002b). (c) MXD summer mean reconstruction based on the restricted set of grid boxes
sampled in an independent warm-season extratropical temperature reconstruction by
Esper et al. (2002) (see text for details).
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Figure 4. Comparison of summer mean temperatures based on the MXD network (Briffa

et al., 2001, 2002a, 2002b) using the RegEM hybrid-20 method and that of Osborn et al.

(2004). (a) The RegEM full NH mean and extratropical land only mean versus Osborn et

al. (submitted) (see text for details) (b) Comparison using the RegEM reconstructed grid

boxes that coincide with those reconstructed by Osborn et al. (2004) and Briffa et al.

(2002b). (c) MXD summer mean reconstruction based on the restricted set of grid boxes

sampled in an independent warm-season extratropical temperature reconstruction by

Esper et al. (2002) (see text for details).
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Figure 5.  Comparisons of the RegEM-based results for different seasons and proxy
networks.  (a) annual mean reconstruction using the three proxy networks
(multiproxy/PC, MXD and Combined).  (b) warm season comparison and (c) cold season
comparison.  (d) shows the three seasonal reconstructions produced by the best network
for each season based on the verification scores, while (e) is the same comparison
restricted to the extratropical continents.
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Figure 5. Comparisons of the RegEM-based results for different seasons and proxy

networks. (a) annual mean reconstruction using the three proxy networks
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comparison. (d) shows the three seasonal reconstructions produced by the best network

for each season based on the verification scores, while (e) is the same comparison

restricted to the extratropical continents.
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Figure 6.  Maps of the full field reconstruction for interesting years using the three
different proxy networks (multiproxy/PC, MXD and Combined) to reconstruct three
seasonal targets.  The years shown are the following: 1600, the year of the Huaynaputina
(Peru) eruption; 1783, the year of the Laki eruption in Iceland; 1791, an El Nino year
(Quinn and Neal 1992); 1816, the “Year Without a Summer” following the Tambora
eruption in 1815; and 1834, an exceptionally warm year in Europe (Mann et al., 1998).
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Figure 6. Maps of the full field reconstruction for interesting years using the three

different proxy networks (multiproxy/PC, MXD and Combined) to reconstruct three

seasonal targets. The years shown are the following: 1600, the year of the Huaynaputina

(Peru) eruption; 1783, the year of the Laki eruption in Iceland; 1791, an El Nino year

(Quinn and Neal 1992); 1816, the "Year Without a Summer" following the Tambora

eruption in 1815; and 1834, an exceptionally warm year in Europe (Mann et al., 1998).
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SUPPLEMENTARY INFORMATION
SUPPLEMENTARY TABLE 1 (Coefficient of Efficiency [CE] Verification Scores)

Analysis Multiproxy/PC MXD Combined
Season

Verif.
Period Ann. No

inst.
Cold Warm Ann

.
Cold Warm Ann. No

inst.
Cold Warm

1856-
1900

0.04
0.40
-0.11
0.15

-0.13
-0.08

-0.08
0.03

-0.07
0.16
-0.17
-0.17

0.00
0.26
0.03
0.40
-0.05
0.25
-0.20
0.06
-0.02
0.09

non-
hybrid

1755-
1900

0.07
0.14

0.11
0.12

0.12
0.17

1856-
1900

0.02
0.46
-0.14
0.17

-0.17
-0.02

-0.13
-0.20

-0.07
0.15
-0.16
0.7
-0.03
0.09
-0.07
-0.20
-0.11
0.23
-0.28
-0.12
-0.15
-0.21

20-year
hybrid

1755-
1900

0.03
0.09

0.14
0.14

0.10
0.22

Analysis Multiproxy/PC MXD Combined
Season Ann. Cold Warm Ann. Cold Warm Ann. Cold Warm

Network back to 1750, proxies only*
nohybrid -0.16

0.06
-0.21
-0.12

-0.12
-0.12

-0.07
0.16

-0.17
-0.17

0.00
0.26

-0.10
0.29

-0.23
0.04

-0.05
0.10

20-year
hybrid

-0.18
0.07

-0.24
-0.12

-0.16
-0.13

-0.07
0.15

-0.16
0.07

-0.03
0.09

-0.16
0.04

-0.34
-0.02

-0.14
-0.23

Network back to 1700
nohybrid -0.18

0.05
-0.21
-0.03

-0.14
-0.38

-0.08
0.16

-0.18
-0.16

-0.03
0.13

-0.12
0.25

-0.26
0.09

-0.17
-0.09

20-year
hybrid

-0.18
0.08

-0.22
-0.01

-0.15
-0.40

-0.08
0.15

-0.20
0.08

-0.04
0.01

-0.14
0.06

-0.33
-0.06

-0.31
-0.12

Network back to 1600
nohybrid -0.17

0.08
-0.18
0.01
-0.14
-0.34

-0.09
0.02

-0.16
-0.27

-0.06
-0.02

-0.12
0.18

-0.21
0.04

-0.10
-0.23

20-year
hybrid

-0.16
0.13

-0.20
-0.01

-0.17
-0.42

-0.08
0.10

-0.18
0.00

-0.06
-0.08

-0.12
0.17

-0.25
-0.06

-0.24
-1.02

Network back to 1500
nohybrid -0.14

-0.20
-0.14
0.07

-0.15
-1.00

-0.10
-0.03

-0.16
-0.29

-0.06
0.05

-0.12
0.06

-0.21
-0.04

-0.11
-0.59

20-year
hybrid

-0.13
-0.03

-0.16
0.05

-0.15
-0.92

-0.10
0.04

-0.17
0.04

-0.10
0.24

-0.11
0.21

-0.24
0.01

-0.10
-0.26

Network back to 1400
nohybrid -0.15

-0.17
-0.14
0.05

-0.16
-0.90

-0.10
-0.03

-0.15
-0.21

-0.07
0.06

-0.14
-0.06

-0.18
0.04

-0.15
-0.98

20-year
hybrid

-0.15
-0.05

-0.14
0.03

-0.15
-0.90

-0.11
0.02

-0.17
0.00

-0.11
 -0.18

-0.11
0.15

-0.19
0.07

0.13
-0.48
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Figure S1.  Example of cross-validation scores for two possible end-member
reconstructions. The series shown have no significance other than this demonstration.  In
(a) a reconstruction exactly reproduces the variability of the target series but does not
capture a change in the mean from the calibration period to the verification period. Here,
RE and CE indicate a poor reconstruction but r2 indicates a perfect reconstruction.  In (b)
the situation is reversed.  Here the reconstruction has captured the change in the mean but
none of the variability.  Hence, r2 and CE indicate a very poor reconstruction whereas RE
indicates a skillful reconstruction because the change in the mean is captured. In (c) there
is almost no change in the mean between calibration and reconstruction, and the
reconstruction has perfectly captured the variability of the target series but at reduced
variability (0.25 of the target series).  RE and CE indicate a moderately skilful
reconstruction whereas r2 indicates a perfect reconstruction.
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Figure S2. Change in Northern Hemisphere Mean Reduction of Error (RE) verification
score as an arbitrary scaling factor is applied to the reconstructed series. A scaling factor
of one is equal to no scaling of the reconstruction.  The verification period is 1856-1900
and is for the full network in each case.  Note that peak RE is near a scaling factor of one
in all three cases.
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Figure S2. Change in Northern Hemisphere Mean Reduction of Error (RE) verification

score as an arbitrary scaling factor is applied to the reconstructed series. A scaling factor

of one is equal to no scaling of the reconstruction. The verification period is 1856-1900

and is for the full network in each case. Note that peak RE is near a scaling factor of one

in all three cases.
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Figure S3.  Spectra of NH mean verification residuals. (left) multiproxy/PC using only
indicators available at 1400 for verification (top) and all indicators (bottom).  (right) the
same for the MXD network.   The verification time series is 45 years long. The spectra
are largely consistent with white noise, though there is evidence of a statistically
significant deficit of resolved variability at bidecadal timescales (all cases) and secular
timescales (MXD data).
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Figure S3. Spectra of NH mean verification residuals. (left) multiproxy/PC using only

indicators available at 1400 for verification (top) and all indicators (bottom). (right) the

same for the MXD network. The verification time series is 45 years long. The spectra

are largely consistent with white noise, though there is evidence of a statistically

significant deficit of resolved variability at bidecadal timescales (all cases) and secular

timescales (MXD data).
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Figure S4. Histogram of residuals for each grid box and year for the multiproxy/PC
verification using the proxy network available to 1400 (top) and the full network
(bottom). The null hypothesis of a normal distribution cannot be rejected. essentially
normal in both cases.
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Figure S4. Histogram of residuals for each grid box and year for the multiproxy/PC

verification using the proxy network available to 1400 (top) and the full network

(bottom). The null hypothesis of a normal distribution cannot be rejected. essentially

normal in both cases.
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these moons—which might also be found
in other Saturnian moons—must be differ-
ent from the clean, cold ice that makes
Jupiter’s icy satellites up to 15 times as
radar-bright as Titan. Perhaps ammonia, a
microwave-absorbing nitrogen compound
that may have been the source of Titan’s at-
mosphere, is locked in ices on Titan and
Iapetus, making them radar-dark but opti-
cally bright. As for Titan’s dark regions,
quantitative analysis (8) of infrared data
suggests that they are <5% reflective, con-
sistent with organic matter like tar or seas
of liquid hydrocarbons. 

This interpretation is consistent with the
most striking feature in the new radar data:
the transient sharp spikes in the reflected
spectrum, which suggest specular reflec-
tions (see the figure) from smooth, dark ar-
eas 50 to 150 km across. These features
may be impact craters—of which, extrapo-
lating from other saturnian moons (11),
one might expect around 80 with a diame-
ter of 150 km and thousands of smaller
ones—that have filled to form lakes and
seas (12). The radar data suggest that as
much as 75% of Titan’s surface could be
covered in this way.

Further subtleties and surprises will un-
doubtedly emerge from further studies, and
no single data set is unambiguous. The
conversion of infrared observations (13) in-
to reflectivities that can be compared with

laboratory materials is hampered by uncer-
tainties in the absorption by atmospheric
methane and the absorption and scattering
by the haze. Furthermore, these effects
themselves are not uniform across Titan,
which has a strong seasonal cycle. The ex-
istence of discrete, time-variable methane
clouds beneath the haze poses another
challenge to infrared observations. 

In contrast, radar can penetrate the at-
mosphere completely, returning an echo
from the surface and perhaps the first few
meters below it. As when fishermen use po-
larized sunglasses, surface reflections can
be discriminated from subsurface scattering
using the polarization of the radar echo.
Campbell et al. found a low polarization ra-
tio for Titan, suggesting that most of the
echo is from surface reflection. In contrast,
highly polarized radar echoes have been re-
ceived from the icy galilean satellites,
where subsurface scattering is important.

Better signal-to-noise ratios and spatial
resolution are needed to make more confi-
dent interpretations. The limits of what can
be achieved from Earth have essentially
been reached. Further advances can be ex-
pected when the Cassini spacecraft makes
its first close reconnaissance of Titan in
October 2004—the first of more than 40
flybys in its 4-year nominal mission.

The Cassini-Huygens mission will in-
vestigate Titan with optical, infrared, and

radar remote sensing—the first time all
three techniques have been used simultane-
ously to explore a planetary or lunar sur-
face. In January 2005, the Huygens probe
will parachute down through the haze to
one of Titan’s darker spots. The radar data
of Campbell et al. (1) suggest that on Titan
itself, as well as in the terrestrial media,
this event will make quite a splash.

References
1. D. B. Campbell, G. J. Black, L. M. Carter, S. J. Ostro,

Science 302, 431 (2003); published online 2 October

2003 (10.1126/science.1088969).

2. D. O. Muhleman, A. W. Grossman, B. J. Butler, M. A.

Slade, Science 248, 975 (1990).

3. D. O. Muhleman, A. W. Grossman, B. J. Butler, Annu.

Rev. Earth Planet. Sci. 23, 337 (1995).

4. R. D. Lorenz, J. Mitton, Lifting Titan’s Veil (Cambridge

Univ. Press, Cambridge, 2002).

5. J. I. Lunine, D. J. Stevenson, Y. L. Yung, Science 222,

1229 (1983).

6. C. Sagan, S. F. Dermott, Nature 300, 731 (1982).

7. P. H. Smith et al., Icarus 119, 336 (1996).

8. S. G. Gibbard et al., Icarus 139, 189 (1999).

9. R. D. Lorenz, J. I. Lunine, Planet. Space Sci. 45, 981

(1997).

10. G. J. Black, D. B. Campbell, L. M. Carter, S. J. Ostro, Bull.

Am. Astron. Soc. 34, 882 (2002).

11. R. D. Lorenz, Planet. Space Sci. 45, 1009 (1997).

12. R. D. Lorenz, E. Kraal, E. Asphaug, R. Thomson, Eos 84,

125 (2003).

13. C. A. Griffith, T. Owen, T. Geballe, J. Rayner, R. Rannou,

Science 300, 628 (2003).

Published online 2 October 2003;
10.1126/science.1090464
Include this information when citing this paper.

C
limate in Medieval time is often said
to have been as warm as, or warmer
than, it is “today.” Such a statement

might seem innocuous. But for those op-
posed to action on global warming, it has
become a cause célèbre: If it was warmer
in Medieval time than it is today, it could
not have been due to fossil fuel consump-
tion. This (so the argument goes) would
demonstrate that warming in the 20th cen-
tury may have been just another natural
fluctuation that does not warrant political
action to curb fossil fuel use.

Careful examination of this argument

must focus on three issues: the timing of
the purported temperature anomaly, its ge-
ographical extent, and its magnitude rela-
tive to temperatures in the 20th century.
The latter issue is especially important, be-
cause advocates of a warm Medieval
episode commonly argue that solar irradi-
ance was as high in Medieval time as in the
20th century. They maintain that 20th-cen-
tury global warming was largely driven by
this solar forcing, not by increasing green-
house gas concentrations. 

The concept of a Medieval Warm
Epoch (MWE) was first articulated by
Lamb in 1965 (1). Lamb based his argu-
ment almost exclusively on historical anec-
dotes and paleoclimatic data from western
Europe. Using these data to construct in-
dices of “summer wetness” and “winter
severity,” he found evidence for warm, dry
summers and mild winters centered around
1100 to 1200 A.D. (the “High Medieval”)
(2). In Europe, such conditions would have
been associated with a prevailing anticy-

clonic circulation in summer and persistent
westerly airflow in winter.

Lamb’s studies predated modern quanti-
tative paleoclimatology in which proxy
records of climate change are calibrated
against instrumental observations. The
temperature change that he attributed to
the MWE (1° to 2°C above average) was
based largely on his own estimates and per-
sonal perspective. Lamb alluded to a few
studies in other parts of the world where
conditions appeared to have been warm at
this time, but never attempted to estimate
the magnitude of a global or even hemi-
spheric Medieval temperature anomaly.
His estimates pertain only to western
Europe.

Lamb compared past temperatures with
mean temperatures from 1900 to 1939,
which he referred to as the “modern nor-
mal” period (3). Because of the pro-
nounced rise in temperature in the late 20th
century, the period that Lamb considered
“normal” was ~0.3°C cooler over Europe
than the past 30 years.

Since Lamb’s analysis, many new paleo-
temperature series have been produced. How-
ever, well-calibrated data sets with decadal
or higher resolution are still only available
for a few dozen locations (see the figure).
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Only a few of these records are from the
tropics, and only a handful from the
Southern Hemisphere. Furthermore, some
records provide estimates for a particular
season, making comparisons with other
(seasonally different) records problematic.

With such a limited database, it is diffi-
cult to determine whether there was a glob-
ally extensive warm period in Medieval
time. The problem is confounded by nu-
merous studies that have used the term
“Medieval Warm Period” for any climatic
anomaly that occurred at some time in the
historical Medieval period (500 to 1500
A.D.)—even if the record is unrelated to
temperature (4, 5). As a result, ill-defined
evidence for a range of climatic anomalies
occurring over a wide time interval has cre-
ated the notion that the MWE was a defin-
itive global phenomenon.

But how warm was the High Medieval
(2)? Comparison with modern conditions
is difficult because only a few paleoclimat-
ic records covering the past 1500 years ex-
tend to the present; many were collected
before the most recent period of warming.
It is clear, however, that temperatures in
High Medieval time were warmer than dur-
ing the subsequent Little Ice Age (~1400 to
~1900 A.D.), one of the coldest periods in
the past ~12,000 years. Large-scale recon-
structions of mean annual or summer tem-
peratures for the Northern Hemisphere
show a decline in temperatures from 1000
A.D. to the late 19th century, followed by
an abrupt rise in temperature (6). Such
analyses, when scaled to the same base of
reference, show that temperatures from
1000 to 1200 A.D. (or 1100 to 1200 A.D.)
were almost the same (or 0.03°C cooler) as
from 1901 to 1970 A.D. (7, 8). The latter
period was on average ~0.35°C cooler than
the last 30 years of the 20th century. Data
from the Southern Hemisphere are too
sparse to draw reliable conclusions about
overall temperatures in Medieval time.

Recent modeling
studies show that in-
creased solar irradiance
does not cause surface warming in all loca-
tions. Enhanced solar irradiance leads to
increased ultraviolet absorption by ozone,
warming the stratosphere; this warming al-
ters circulation patterns in the atmosphere
below. If solar irradiance was enhanced in
the 12th century (9), conditions in northern
and western Europe may indeed have been
relatively warm because of changes in
large-scale circulation patterns associated
with the Arctic Oscillation (10). This
mechanism may explain why some regions
were relatively warm in Medieval times
whereas others were not. 

The period from 1100 to 1260 A.D. was
also characterized by high levels of explo-
sive volcanism (11, 12). In the 20th centu-
ry, such volcanic events commonly led to
very warm winters in northern Europe and
northwestern Russia (13). Thus, volcanism
may also have influenced the frequency of
mild winters in this region during High
Medieval time.

There is evidence for widespread hy-
drological anomalies from 900 to 1300
A.D. Prolonged droughts affected many
parts of the western United States (espe-
cially eastern California and the western
Great Basin) (14). Other parts of the world
also experienced persistent hydrological
anomalies (15). For this reason, Stine (14)
argues that a better term for this period is
the Medieval Climatic Anomaly, removing
the emphasis on temperature as its defining
characteristic.

Prolonged droughts in some areas and
exceptional rains in others suggest that
changes in the frequency or persistence of
circulation regimes (such as La Niña or El
Niño) may account for the climate in this
period (15). However, the causes of such
persistent anomalies remain unknown. A
repetition of such anomalies today, with

more than 10 times as many people on
Earth as in High Medieval time, could be
catastrophic. Elucidating the underlying
mechanisms must therefore be a priority.

The balance of evidence does not point
to a High Medieval period that was as
warm as or warmer than the late 20th cen-
tury. However, more climate records are re-
quired to explain the likely causes for cli-
mate variations over the last millennium
and to fully understand natural climate
variability, which will certainly accompany
future anthropogenic effects on climate.
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When was it warm? The warmest 30-year periods prior to 1970 A.D.

from a variety of ice core, tree ring, speleothem, sedimentary, and doc-

umentary records. Gray diamonds denote first year of record. 1: δ18O

from Quelccaya Ice cap, Peru. 2: δ18O from Sajama, Bolivia. 3: δ18O

from Huascaran, Peru. 4: Inverted mean of eight tree-ring indices from

northern Patagonia (Argentina and Chile). 5: Speleothem δ18O from

South Africa. 6: Austral summer temperatures from a New Zealand

tree-ring series. 7: Tree-ring indices, Tasmania. 8: δD Talos Dome,

Antarctica. 9: δ18O from Guliya, W. China. 10: δ18O from Dunde, W.

China. 11: δ18O from Dasuopu, W. China. 12: Summer temperature

from three tree-ring series in the Sierra Nevada, California. 13:

Speleothem annual layer thickness, Beijing, China. 14: Winter temper-

atures from historical documents, E. China. 15: Lamination thickness in

lake sediments, Baffin Island, N. Canada. 16: Tree-ring indices from a

site in Mongolia. 17: Mean annual temperature of Northern

Hemisphere from multiproxy composite. 18: Regional curve-standard-

ized (RCS) temperature-sensitive tree-ring chronology from the Polar

Urals. 19: RCS temperature-sensitive tree-ring chronology from the

Taimyr Peninsula. 20: RCS temperature-sensitive tree-ring chronology

from Tornetrask, Northern Sweden. 21: Lake sediments, Ellesmere

Island, N. Canada. 22: δ18O from Summit (GISP2), C. Greenland. 23:

Solar activity from 10Be. For sources of data, see (16).
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From: Michael E. Mann
To: Tom Crowley
Subject: Re: fyi - McIntyre and Medieval warming - show me the data!
Date: Friday, August 20, 2004 11:47:45 AM

HI Tom,

Last message before I'm off. 

I'm sorry I didn't explain this as well as I thought I had in my previous message. What they did
wrong is remarkably simple, and remarkably dishonest.

Its outlined in some detail in the Nature reply to their rejected comment that I sent you
previously. It is also discussed in J. Climate paper, and also there is a brief discussion in the
Jones and Mann ROG paper. The basic problem is as discussed in the original reply to their
paper we posted last year just after the paper appeared (see the linked pdf response by us):

http://www.cru.uea.ac.uk/~timo/paleo/

In a nutshell, this is the problem: MM  ELIMINATED MORE THAN  70% OF THE PREDICTORS
USED BY MBH98 OVER THE AD 1400-1500 INTERVAL. They did so under the guise of a
misunderstanding of the dataset, a very convenient misunderstanding on their part. This simple
act of massively censoring the data over this interval renders any reconstruction prior to AD
1500 completely meaningless. After AD 1500, not surprisingly, they get an almost identical
reconstruction!

They eliminated all but 20 or so of the roughly 100 proxy records used by MBH98 over the AD
1400-1450 interval. This eliminated all of all predictors (e.g. Jacoby Northern treeline data,
western North AMerican ITRDB tree ring data) available over that interval  that have a true, 
verifiable relationship with the instrumental temperature record during the modern interval.
Again, this was based on a 'convenient' (intentional?) misunderstanding on their part of the
dataset used.  

You can still get a reconstruction from those remaining handful of proxy records using the
MBH98 method, but its meaningless. And statistical verification would have told them that.
That's why the issue of statistical verification was given so much emphasis in MBH98. If you
don't validate the model, there is a high likelihood of statistical overfitting. Its like fitting a  "n"th
order polynomial to "n+1" datapoints. You can fit the available data exactly! But your prediction
of the next data point using that model is probably statistically meaningless. !

The verification exercises for their reconstruction (which they didn't perform, but we and others
at NCAR now have) show that with the the small subset (20 or so indicators) of  the actual
MBH98 network that MM used over the AD 1400-1500 interval,  you cannot get a meaningful
estimate of NH mean temperature. The statistical model using their censored version of the
MBH98 network dramatically fails statistical verification, giving a score indistinguishable from a
random guest (a 'reduction of error' or "RE" statistical close to -1. A skillful estimate has RE
substantially greater than zero!).  Its that basic!!

I'm told that the recent Michaels and Mckitrick paper suffers from the same problem. Their claim
of a statistical relationship betwen economic indicators and the global temperature record fails
precisely this same test (statistical verification). There are a couple papers already submitted
exposing this fatal flaw in that paper too...

I hope that clarifies this, and I'm sorry my previous email wasn't clearer in this respect.  You
could also get in touch w/ Caspar Ammann at NCAR, who has redone the analysis independently
w/ Eugene Wahl, for a further explanation,

Mike

At 02:04 PM 8/20/2004, Tom Crowley wrote:
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Mike, the question still arises - how did McI screw up so badly?  they must have done
something very wrong in the analysis, eg., providing extraordinary weights to some
time series or eof, in order to get such a result.  of course they could have just
totally buggered up your program, but then one would think they would get a
completely unintelligible result.

any guesses?  tom

Michael E. Mann wrote:

Tom,

Thanks for forwarding. A quick reply 
 This analysis nicely  confirms some other related

analyses. See e.g. the attached Bradley et al Science comment from last
year.I hope you'll submit t for publication somewhere soon--it will help
reinforce the central point that you simply can't reach the conclusions
peddled by these people ('contrarians' or 'denialists'--lets not call them
'skeptics'--its way too charitable)  w/out playing dishonest games w/ the
data. For an apropos recent example (the latest in thr sequence of awful
contrarian junk papers) see the discussion of this latest paper by Michaels
and Mckitrick. The level of intellectual dishonesty in what they did is
simply appalling:

http://cgi.cse.unsw.edu.au/~lambert/cgi-bin/blog/2004/08#gwarming2

As you note, the basic conclusions of anomalous late 20th century
hemispheric-scale warmth are robust among numerous model and
empirical (proxy-based) estimates. There is a decent review  by Phil Jones
and me here:

Jones, P.D., Mann, M.E., Climate Over Past Millennia, Reviews of
Geophysics, 42, RG2002, doi: 10.1029/2003RG000143, 2004. 
ftp://holocene.evsc.virginia.edu/pub/mann/JonesMannROG04.pdf

I've also attached a manuscript soon to be "in press" in Journal of Climate
that also shows once again that the McIntyre and McKitrick (MM) result is
junk. In this case, by applying an independent statistical methodology to
the MBH98 multiproxy network (addressing the various spurious criticisms
of the data put forth by MM) and also applying to the the Briffa et al MXD
treeing network, and coming up once again w/ the same basic result.
There are also some interesting implications for the influence of seasonal
and spatial sampling identified...

The spurious MM result was based on censoring the original MBH98
network over the period AD 1400-1500 to the point where there are no
longer any skillful proxy indicators left! Its that simple, and this is
consistent with the result that you have demonstrated in your ppt file.

Finally, I've also attached  a reply by us (and some associated
supplementary material) in response to a comment MM sent to Nature
some months ago. Their comment was rejected based on the evaluation
(of both the comment and our reply)  by 4 reviewers who  concluded
there was no merit (and some disagree of disingenuousness) to their
comment.

Meanwhile, some NCAR colleagues are submitting a paper that
independently reproduces the MBH98 result and the associated diagnostic
of statistically significant skill in that result, based on an independent
implementation of the method (which they are providing on-line at NCAR
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upon publication of their paper for readers to use independently). Equally,
if not more,  important, they reproduce the MM result by censoring the
MBH98 network from AD 1400-1500 as MM did,  demonstrating that the
resulting reconstruction in that case dramatically fails tests of statistical
skill (precisely the same conclusions as in our attached reply to the MM
Nature comment, but independently established). 

So the truth eventually makes itself known, given a little patience. That,
of course, is why these folks time the release of their crackpot papers to
appear, for example, a day or two before an important senate hearing (as
did MM and their backers)-- just enough time to use their PR machinery
to get a press release out, but not enough time for the the scientific
community possibly to digest their claims, which invariably don't even
pass the laugh test once they've been examined...

Anyway, thanks for your analysis--I think this will be helpful in further
exposing the contrarian claims for what they are...

Cheers,

Mike

At 12:44 PM 8/20/2004, Tom Crowley wrote:

Dear Dave and Jay,

A number of so-called greenhouse skeptics continue to
question the significance of the recent warming vis a vis the
Middle Ages.  Their favorite target - Mike Mann's hockey stick -
has been pummeled by a few but especially Soon and
Baliunas, and McIntyre and someone else from Canada (the
latter two of whom you know about from their recent
complaint to NSF).

Amazingly, Soon and Baliunas did not present a figure actually
demonsrating that the Middle Ages were warmer than present
- they merely told a senate committee about their results
rather than showing the data.  McIntyre at least computed
something that was illustrated in a publication - the curve
showed warming around 1400 notably higher than present. 
This lead Sen. Imhoff to charge the global warming threat as a
"hoax".

I was puzzled by McIntyre's result because, although I had
seen some warming greater than present around 1400,
collectively the data were not nearly no warm. 
I therefore went back and took the best set of long records I
could, with very good temporal resolution and good spatial
differentiation between sites.  I then plotted the standard
deviations of the individual time series that we have for the
last 1000 years or so, with the composite data that is derived
from the individual time series.  most of the time people just
see the composite.

looking at the raw data at the same time as the composite  --
one can easily see why there are no prominent Medieval peaks
warmer than the present -- although a few sites have
Medieval  temperatures warmer than the present, in the mean
(delineated by AVERAGE) such warmth does not stand out.  If
one did a weighted mean based on agreement with the
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instrumental record in the overlap period, the answer is the
same.   If one did a shorter composite using a few more
records that went back to 1350 or so, the answer is again
virtually the same (not shown).

this  means that McI made some gigantic mistake in the
analysis of the data.  not looking at the original data led to an
erroneous conclusion.  
it is as if someone were to announce some gigantic increase in
the rate of employment and then found no supporting
information from the individual sectors of employment like
transportation, heavy machinery, agriculture, computing, and
so on.

finally the right hand axis shows the instrumental record scaled
to the interval over which it overlaps the data.  The data zero-
point was determined by analyzing the section from 930-1960 -
the recent warming therefore suggests about a five standard
deviation increase above the longer term mean!!

this figure is mainly fyi but you may no doubt hear more about
this issue at some point and I thought it would be useful to
take a lesson from one of my old professors at Brown, a
tough-minded Texan named Bob Matthews, who always used
to insist on "show me the data".  I have never forgotten that
hard-learned lesson -- it was one of the most valuable things I
ever learned.

I have shown you the data - unless they have access to high
quality data I am not aware of (highly doubtful) I would say
there is virtually no chance of their analysis being correct.

regards, tom

ps  a number of colleagues inform me that Sallie Ballinunas'
analysis of solar-type stars, used as a principal justification for
changes in solar varaibility as an alternate explanation for
climate change -- cannot be reproduced.  I guess she is not
satisfied with doing mediocre work in her own field, she now
wants to move on to other fields where she can repeat her
accomplishments.....

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
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                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Tim Lambert
Cc: Phil Jones; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; Gavin Schmidt; Scott Rutherford; Stephen H

Schneider
Subject: Re: Ross McKitrick
Date: Wednesday, September 01, 2004 10:27:34 AM

Thanks again Tim,

I've forwarded this to some close colleagues of mine who will also be interested.
Colleagues, if you haven't seen Tim's blog, you should check it out. Tim has
uncovered some remarkable stuff:

http://cgi.cse.unsw.edu.au/~lambert/cgi-bin/blog/

Tim: you've been doing a real service to the community of legitimate climate
research scientistsin exposing the disinformation put out by thecontrarians. Thanks
once again for your ongoing efforts,

Mike

At 12:29 PM 9/1/2004, Tim Lambert wrote:

"Michael E. Mann" <mann@virginia.edu> writes:

> Hi Tim,
> I hadn't seen your latest. Wow!
> I've forward the link to some colleagues of mine, including Phil Jones.
The
> analysis was already
> fundamentally flawed even w/out this latest mistake. But this seems to
really
> be icing on the cake!

It's even worse.  I found a previous version of his model on his
website where he had abs(lat) and a much higher R^2.  Obviously he
only added the cos because it made the economic effects stronger.  He
isn't just incompetent -- he's dishonest as well.

-- 
Tim

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: David Paterson
Cc: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; Scott Rutherford; raymo@bu.edu
Subject: Re: New Scientist climate piece - copy of email from dcpaterson@rcn.com
Date: Wednesday, September 01, 2004 1:23:13 PM
Attachments: Zoritaetal-Jclim03.pdf

Hi David,

I've begun teaching for the semester now, so my comments necessarily must be
brief. I hope you will rely not just on my comments, but on the broader perspective
provided by my co-authors and other scientists in my field, for responses on some of
these issues. I appreciate the work you've done thus far, and the obvious effort
you've taken to get a handle on the underlying issues. I did, however, want to
express a bit of concern that I have, based on your editor's comments, that this
could be shaping up  as a he said/she said, between us and McIntyre and Mckitrick. I
really hope that isn't the case--I don't believe that couching this in those terms will
serve your readership well. This is truly  about 
(A) a consensus view of the community of legitimate researchers in our field based
on similar findings from numerous independent studies suggesting that  late 20th
century hemispheric-mean warmth is anomalous in the context of the past
millennium, 
vs. 
(B) spurious claims made in a social science journal w/ an editor possessing an anti-
Kyoto agenda,  based on an analysis by two contrarians (at least one w/ noted
industry ties, and another who is in the mining industry) without any scientific
training, that have been successfully rebutted in  papers soon to appear in legitimate
venues (that is peer-reviewed scientific  journals such as the American Meteorological
Society journal "Journal of Climate").

I apologize if my tone above is a bit strong, but I want to make sure to clarify the
way that my colleagues and I view this whole affair, in the hope that your article will
deal with our concerns that "New Scientist" not fall into the common trap of placing
the views of a minority of contrarians (often w/out scientific credentials) on an equal
footing with those of the legitimate community of scientific researchers in the field. I
trust that you will be sensitive to our concerns.

I hope my responses are helpful, and thanks for your continued efforts to get all of
the facts...

Specific responses below...

best regards,

Mike

At 03:10 PM 9/1/2004, David Paterson wrote:

Mike,

I've finally about to my old Compuserve email account - persistent trouble
over the last few months! - so I hope this gets by your gatekeepers.  {But
as belt and braces I'll also copy it on the Compuserve system one last
time}
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I'm just back from a couple of weeks in Peru up in the Andes and had on
my return on Monday some questions from the New Scientist editor
looking after my piece.  They want to run the article in a few weeks time,
so I'd appreciate any responses you have by this Friday - I can get my
modified copy to them on Monday.

1)      She would like a comment from you vis a vis McIntyre and McKitrick
saying that when they first asked your group for data, they got the
response that it would take a few days to get it all together since it
resided in a variety of sites - M & M drew the inference that no-one had
previously asked for this data from yourselves.  Is that the case?

I did not deal with them directly. I referred their request to my associate Scott
Rutherford, who was a post-doc working w/ me at the time. You should discuss with
him to get further details (srutherford@rwu.edu). Our data had been placed on a
public ftp server more than a year before M&M ever even contacted us, so the issue
is a red herring.  My understanding from  Scott is that they were told the data was
already available through our public ftp site, but that they  wanted the data in a
particular format (spreadsheet), and were not clear to him about what exactly they
were looking for. Again, you would need to discuss w/ Scott for further details.

2)      And she would like to know further whether its a commonplace in
this kind of science for raw data, methodology, source codes etc used in
the drafting of a publication to be taken 'on trust' by the rest of the
palaeoclimate community

I'm a bit concerned about a couple of false suppositions upon which this question
appears to be premised. Our methodology was described in enough detail for others
(e.g. Zorita et al ) to independently implement it, and all of our data was available
online publicly for more than a year before MM ever even requested it. If you are
asking about whether scientists in my field typically publicly post their *source
codes* for performing statistical analyses, etc. I would say this is very rare indeed in
my experience. But I would suggest you contact other researchers in the
paleoclimate field to get a sense of this.

3)      I know I touched on this question when I first talked with you, but
Eugenie asked me if you had any sense at the time of the writing of the 
98 and 99 papers that IPCC would use the findings so extensively in its
then upcoming report.

Frankly, how would we have any idea of that? As scientists, we of course hoped that
the community would find our research relevant and important. When we set out on
this research in the mid 1990s, we had no reason to believe that our results would
yield the conclusion they ultimately did (i.e., that late 20th century warmth is
anomalous in the context of our long-term reconstruction), although previous work
(e.g. Bradley and Jones, 1993; Hughes and Diaz, 1994) was suggestive of this
possibility. But your editor's question seems to imply that our research, which had
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begun years before the '2001 IPCC process was even underway, might have in some
way guided by some sort of IPCC agenda. I really hope that isn't what your editor
means to imply! 

4)      You mentioned to me that the editor of E&E - Sonia  Boehmer
Christiansen (maybe not the correct spelling - I'll check) had made explicit
( and public) her opposition to the Kyoto Protocol - is that position laid
out anywhere I could reach it - ie do you have a reference, or even a pdf
file of her spelling out that position.  I will write to her separately asking
for elucidation on this point.

At first I thought you might be kidding. These are almost too numerous to list. She
has written a book on her opposition to the Kyoto Protocol!!

http://www.amazon.co.uk/exec/obidos/ASIN/184064818X/wwwlink-software-21/202-
4014417-5157429

I haven't bothered reading it. 

This turned up as the first link in a google web search I did on the string "Boehmer
Christiansen Kyoto". Other relevant links that turned up were:

http://www.hull.ac.uk/geog/staff/Boehmer.htm
http://sth.sagepub.com/cgi/content/refs/28/1/69
http://www.electromagnetism.demon.co.uk/z011.htm

these include numerous opinion pieces she has written on the issue. There appear to
be hundreds of similar links on the web. 

5)      My question - has Eugene Wahl's re-capitulation of your work been
published {if so please supply me with a reference or emailed file) - I tried
to contact him again at ENCAR before I went to Peru, but he's no longer
there and the phone number I was given as his new contact detail doesn't
respond.

I believe that they it was submitted to Nature, and not published, probably because
Nature had decided that the whole issue was a red herring, after having rejected the
MM comment.  I believe they have resubmitted or are about to submit, elsewhere.
Eugene Wahl has moved to alfred university now. His email there wahle@alfred.edu.
You should really discuss this with him. I don't have much further information.

6)      Finally, please email me a copy of the Zorita paper - I'd like to
mention it in my piece - but clearly need to be able to refer to it
correctly.

I've attached a reprint.
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Apologies for being burdensome - but its important to get this stuff right
and in the proper perspective.

No problem, its important to get the facts right and I appreciate your earnest efforts
to do so.  I hope my responses above are of further assistance in that regard.
Knowing that you have contacted numerous other scientists in our  field at this stage,
I'm confident that you should have the proper perspective at this point to
characterize this whole issue in an appropriate context.

By the way, I have written into the piece that it was always your intention
to capture the richness of the dynamic  behaviour of climate over the
whole NH  over the  thousand year time scale - not simply to derive a
graph of mean temperature.

thanks. To expand a bit on that, it was not just our intention, I think its fair to say
that our research was successful in doing precisely that! Most of the analysis in the
20+ papers my collaborators and I have published in the past few years on this work
emphasize spatial patterns of behavior and large-scale dynamics (ENSO, the NAO,
etc.), rather than hemispheric mean temperature. There are, as you know, more than
a dozen different estimates of the latter quantity now by other groups published
since ours, and all of which are consistent within estimated uncertaintaines and when
accounting for different spatial or seasonal emphasis. And the conclusion of
anomalous late 20th century warmth is a robust finding of the broader community of
researchers. With relative concensus on these broader issues, the real emphasis
actual scientists working in this field is now on the detailed spatial patterns of change
and underlying dynamical mechanisms. McIntyre and McKitrick are 6 years behind the
times. 

Regards
David

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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ABSTRACT

Statistical reconstructions of past climate variability based on climate indicators face several uncertainties:
for instance, to what extent is the network of available proxy indicators dense enough for a meaningful estimation
of past global temperatures?; can statistical models, calibrated with data at interannual timescales be used to
estimate the low-frequency variability of the past climate?; and what is the influence of the limited spatial
coverage of the instrumental records used to calibrate the statistical models? Possible answers to these questions
are searched by applying the statistical method of Mann et al. to a long control climate simulation as a climate
surrogate. The role of the proxy indicators is played by the temperature simulated by the model at selected grid
points.

It is found that generally a set of a few tens of climate indicators is enough to provide a meaningful estimation
(resolved variance of about 30%) of the simulated global annual temperature at annual timescales. The recon-
structions based on around 10 indicators are barely able to resolve 10% of the temperature variance. The skill
of the regression model increases at lower frequencies, so that at timescales longer than 20 yr the explained
variance may reach 65%. However, the reconstructions tend to underestimate some periods of global cooling
that are associated with temperatures anomalies off the Antarctic coast and south of Greenland lasting for about
20 yr. Also, it is found that in one 100-yr period, the low-frequency behavior of the global temperature evolution
is not well reproduced, the error being probably related to tropical dynamics.

This analysis could be influenced by the lack of a realistic variability of external forcing in the simulation
and also by the quality of simulated key variability modes, such as ENSO. Both factors can affect the large-
scale coherence of the temperature field and, therefore, the skill of the statistical models.

1. Introduction

The observed increase of global mean air tempera-
tures in the last 100 yr has stimulated a great deal of
efforts in the reconstruction of climate conditions in the
past centuries, with the objective of putting the observed
global warming into the perspective of the natural cli-
mate variability. These climate reconstructions may be
based on simulations with climate models of different
degrees of complexity (Cubasch et al. 1997; Crowley
2000), or on the analysis of climate proxy data, for
instance, tree-ring chronologies (Cook et al. 1998; Jones
et al. 1998; Briffa et al. 1998, 2001), ice-core snow
deposition rates (Appenzeller et al. 1998), documentary
evidence (Pfister et al. 1999), or a combination of mul-
tiple proxy types (Mann et al. 1998, hereafter MBH98).

Two outstanding examples so far are the estimation
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of past temperature (MBH98) and sea level pressure
evolutions (Luterbacher et al. 1999) by the use of sta-
tistical models linking a variety of climatic proxy data
and the climatic variable of interest. These statistical
models are set up and validated in the instrumental pe-
riod where both types of datasets overlap. The esti-
mations of the evolution of the climate parameters are
then performed by feeding these statistical models with
the much longer time series of proxy data available. In
particular, the global annual temperature reconstructions
of MBH98 are based essentially on a network of tree-
ring chronologies, corals, ice cores from Greenland and
other glaciers, and very long instrumental time series.
These authors employ a regression model that links the
time series of the leading principal components of the
global annual temperature field with the time series of
the proxy data. The statistical model is validated using
independent data from the instrumental period reserved
for this purpose.

Although the methodology for this reconstruction is
probably the best strategy that can be used in view of
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the data available, several uncertainties may remain,
which are not easily resolved with the sole use of ob-
servational or proxy datasets, and that may require the
analysis of long simulations with coupled climate mod-
els. One of these uncertainties is related to the mismatch
between the timescales of the model setup and the time-
scale of the reconstructions. The statistical regression
model can only be calibrated and validated in the in-
strumental period, which optimistically can be consid-
ered as spanning about the last 150 yr. However, the
climate processes operating on longer timescales may
not necessarily be statistically captured by the the values
of the model parameters, which are determined by the
high-frequency (interannual) climate variability in the
instrumental period. The question then arises as to
whether the regression equations are still valid at these
longer (decadal and centennial) timescales.

A second uncertainty relates to the amount of climate
proxy data available. In most of the reconstructions
based on statistical methods the densities of proxy data
available decreases backward in time. For instance, in
MBH98, the number of proxy records available for the
temperature reconstruction decreases from 112 in the
period 1820 A.D. onward, down to 22 in the period
1400–50 A.D. In the North Atlantic sea level pressure
reconstruction by Luterbacher et al. (1999), the number
of proxies delivering information from 1650 A.D. is 20%
of the number of proxies available for 1900 A.D.

Two questions can be posed in this context. One in-
volves the minimum number of climate proxy records
required for a meaningful reconstruction of the global
temperature field. The other concerns the dependence
of temperature reconstructions on the subset of proxy
indicators that is still available for the longest recon-
structions. The area covered by the complete set of in-
dicators is mostly situated in inhabited areas, lower and
midlatitudes, the obvious exception to this rule being
ice-core records. The available remaining subsets that
provide information for more remote periods are prob-
ably a random group of the original set of proxies, their
locations being determined by reasons of opportunity
(research funds, archeological campaigns, etc.). One
could reasonably argue that, when the size of this subset
decreases substantially, the reconstructed temperature
may depend too strongly on the (quasi random) com-
position of this proxy subset.

In this paper we try to give an estimation of the un-
certainties associated with these questions. Our objec-
tive is not to test the temperature reconstructions with
a simulation using a global climate model driven by the
estimated past variations of external forcing, such as
solar variability, volcanic aerosols, etc. Our aims are
rather directed to methodological aspects of the recon-
structions: to test whether the statistical methodology
for the estimation of global annual temperature remains
valid at long timescales in a complex system, such as
a coupled global climate model; to obtain an estimation
of the minimum number of proxies necessary for a rea-

sonable temperature reconstruction; and finally to in-
vestigate if the errors in the temperature reconstructions
are equally distributed over the globe or if regions exist
where the temperature variations cannot be captured by
the network of proxy data.

For our purpose, a 1000-yr long global climate sim-
ulation with a state-of-the-art climate model will be an-
alyzed. The output of this simulation will play the role
of a pseudoclimate, the temperature of which will be
reconstructed by a statistical regression model and a set
of pseudoproxy indicators. Contrary to the real world,
in a climate simulation no proxy data exist and, there-
fore, in this study the simulated temperature at selected
grid points will play the role of pseudoclimate indica-
tors.

In this approach several factors will contribute to a
higher skill of the statistical reconstructions in the pseu-
doworld of the climate model, compared to the skill of
the statistical model in the real climate. One factor is
the relationship between the climate proxy data (e.g.,
tree-ring chronologies) and the local temperature at the
position of the proxy time series. These relationships
are known as the transfer functions, which in most cases
are derived empirically. Being approximate, they de-
scribe only part of the local temperature variability. Our
approach completely neglects this source of uncertainty
and therefore this choice could be denominated as ‘‘per-
fect-signal pseudoproxies,’’ as opposed to ‘‘noisy pseu-
doproxies,’’ where the gridpoint temperatures would be
artificially contaminated with statistical noise (Mann
and Rutherford 2002). A second difference to the real
world is the lack of external sources of climate vari-
ability in the climate simulation, such as changes in solar
output, which may affect the validity of the statistical
model at long timescales. This aspect will be taken into
account in a twin climate simulation with external forc-
ing currently under way. A third factor is the number
of physical degrees of freedom present in a climate mod-
el (Jones et al. 1998). Because of the known limitation
of computing power this number is clearly just a small
fraction of the number of degrees of freedom of the real
climate and, therefore, a statistical model linking climate
variables within the climate simulation will probably
tend to perform better than its counterpart in the real
world.

Recently, the question of the characteristic spatial
scales of the information contained in the real proxy
indicators has been discussed in the literature (Barnett
et al. 1999). These authors argue that the coherence
between local temperature conditions and the proxy re-
cords is often poor, that is, the local signal-to-noise ratio
is low. Even if this is the case, Bradley et al. (2000)
argue that the information provided by local proxy in-
dicators may still contain large-scale information, for
instance, if an indicator is sensitive to salinity changes
related to large-scale phenomena such as the Southern
Oscillation. To test these additional aspects in a climate
model is not a straightforward task. Many nontemper-
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ature indicators used so far are sensitive to precipitation
and it is known that unfortunately the skill of climate
models in reproducing even the mean annual cycle of
precipitation is quite poor. Also, the relationship be-
tween modeled precipitation and modeled large-scale
phenomena is often not the same as in the real climate.
Though certainly worthwhile in itself, the estimation of
this source of uncertainty is beyond the scope of the
present study. Therefore, it should be kept in mind that
the performance of the reconstructions in the surrogate
climate could become better if this effect could be rea-
sonably incorporated in the analysis.

For these reasons the present study can be viewed as
a test for the methodology of statistical climate recon-
struction in clearly favorable conditions. The obvious
advantage of analyzing a climate simulation with this
purpose is that the state of the climate is completely
known at all times, and the errors in the temperature
reconstructed by the statistical model can be easily com-
pared with the true (model simulated) temperature, and
the source of errors can be much more easily investi-
gated. This line of research follows the previous works
of, among others, Madden et al. (1993) and Bradley
(1994). Madden et al. (1993) focused on the error in
the estimation of the global mean temperature stemming
from limited spatial sampling and used a perpetual Jan-
uary simulation with the National Center for Atmo-
spheric Research (NCAR) community atmospheric
model for their analysis. Bradley (1994) tried to identify
optimal locations for climate indicators for paleotem-
perature reconstructions. He also analyzed results from
a long climate simulation with the Geophysical Fluid
Dynamics Laboratory (GFDL) coupled climate model.

The paper is structured as follows: a short description
of the model and the climate simulation is given in
section 2. Section 3 is a brief description of the statistical
regression model and the data used to set up the model.
In section 4, the influence of the limited spatial coverage
of the observational dataset used in the calibration of
the statistical models is investigated. Section 5 focuses
on the performance of the model as the number of proxy
indicators is varied and on the spatial differences in the
temperature reconstructions. In section 6, we perform
the temperature reconstructions by calibrating the sta-
tistical model in a different, somewhat special, period
of the simulation. The spectral characteristics of the
temperature reconstructions are considered in section 7.
The paper closes with some concluding remarks.

2. Model simulation

The global climate model ECHO-G (Legutke and
Voss 1999) consists of the spectral atmospheric model
ECHAM4 and the ocean model HOPE-G, both devel-
oped at the Max-Planck-Institut für Meteorology in
Hamburg, Germany. The model ECHAM4 has, in this
simulation, a horizontal resolution of T30 (approxi-
mately 3.758 3 3.758) and 19 vertical levels. The hor-

izontal resolution of the ocean model HOPE-G is about
2.88 3 2.88 with a grid refinement in the tropical regions,
where the meridional gridpoint separation decreases
progressively to the equator, reaching a value of 0.58.
The ocean model has 20 vertical levels.

To avoid climate drift in such a long simulation, ad-
ditional fluxes of heat and freshwater, diagnosed from
SST and sea surface salinity (SSS) restoring boundary
conditions in a coupled spinup integration are applied
to the ocean. This flux adjustment is constant in time
and its global integral vanishes.

The coupled model is driven by constant external
forcing (solar constant and atmospheric concentrations
of anthropogenic greenhouse gases), so that the climate
variability is only due to the internal dynamics of the
model. From this integration only the 2-m temperature
field has been used in this study. The globally averaged
annual temperature shows a stable behavior with a range
of variability of about 0.15 K. Regionally, the temper-
ature variability can be larger and, for instance in the
European region, periods several decades long exist,
where winter temperature deviations reach 0.5 K, com-
parable to the ones estimated for the Little Ice Age
(Pfister et al. 1999).

3. Statistical method for temperature
reconstruction

In this study we have used the same method as de-
scribed in MBH98 for temperature reconstructions since
1400 A.D. This method is based on the calibration of
regression equations between climate proxy time series
and the principal components (PCs) of the annual tem-
perature field over the globe. Once the statistical re-
gression model has been calibrated using data from the
instrumental period, it can be used to estimate the am-
plitudes of the temperature PCs in the period with proxy
data available. These amplitudes can then be used to
reconstruct the global temperature field.

Since the number of locations where proxy data are
available is limited, one can only expect to reconstruct
the large-scale structures of temperature variability. In
earlier periods, when only a few proxy data can be used,
only the leading PC is expected to be reasonably well
estimated (Mann et al. 1999).

Since the climate model obviously does not simulate
climate proxy records, the air temperatures simulated at
the grid points situated nearest to the locations of proxy
records are taken as ‘‘simulated temperature proxies.’’
This approach neglects all the sources of errors inherent
in the statistical transfer functions between the proxy
record and the local climate conditions. These errors
can be quite large and strongly dependent on the location
and the nature of the proxy. The focus of this study lies,
however, in testing if a reasonable number of temper-
ature-sensitive proxy records is, in principle, sufficient
for realistic reconstructions of the global temperature.
At this particular point, this approach is at odds with
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the data used by MBH98. These authors also use other
types of proxy records that are not sensitive to annual
mean temperature variations, but to precipitation or sea-
sonal temperatures. To mimic such type of proxies for
the estimation of the global mean temperature in a sen-
sible manner is, as stated in the introduction, not
straightforward and would probably complicate the in-
terpretation of the results of this analysis.

The model is calibrated in the reference period be-
tween the simulation years 920 and 1000. First, an em-
pirical orthogonal function (EOF) analysis (von Storch
and Zwiers 1999) of the standardized annual tempera-
ture anomalies is carried out:

N

T (x , t) 5 f (x )a (t), (1)Osim i j i j
j51

where Tsim(xi, t) is the standardized annual temperature
anomaly simulated at grid point xi in the calibration
period, N is the number of grid points, fj is the jth EOF,
and a j is the corresponding PC. The spatial patterns fj

are the eigenvectors of the weighted correlation matrix
of the temperature field, where the weights represent the
latitudinally varying surfaces of the grid boxes. Since
the patterns f j are eigenvectors, their normalization is
arbitrary. Here, the normalization is chosen so that the
standard deviation of the principal components aj in the
calibration period is unity.

In a second step, a multiple linear regression equation
linking the leading PCs (as predictors) and the stan-
dardized anomalies of local ‘‘proxy’’ data (as predic-
tands) is set up:

n

jp (t) 5 a a (t) 1 e (t), (2)Ok k k k
j51

where pk(t) is the standardized anomaly of the kth proxy,
are the regression coefficients, and e are the residuals.jak

Since the time mean of the proxies and of the PCs in
the calibration period is zero, no independent term is
needed in the regression model. The number of proxies
in this study ranges between 98 and 15, whereas the
number n of retained EOFs is of the order of 10 or less,
so that the regression model defined in Eq. (2) is always
well posed. The value of the coefficients can be es-jak

timated by minimizing the total variance of ek. The num-
ber of PCs included in (2) depends on the number of
pseudoproxies used, as explained in the following sec-
tion.

Once the coefficients have been estimated in thejak

calibration period, the model can be reversed to estimate
temperature deviations when the value of the proxy data
(in our case the temperature at the proxy grid points) is
known. As in MBH98, the values of the PCs in Eq. (2)
a(t) are estimated for each year by minimizing the am-
plitude of the error term ek(t). In a second step, the stan-
dardized temperature field can be reconstructed by setting
in the estimated values of a(t) in (1). Finally, the physical
temperature field is obtained by multiplying at each grid

point the reconstructed standardized field by the gridpoint
standard deviation estimated in the period of calibration.
It should be noted that this statistical method is somewhat
different from the conventional regressional approach, in
which the value of the PCs would be determined by
reversing the model in Eq. (2), so that the influence of,
say, proxy k onto PC j is directly given by the regression
coefficient . Instead, MBH98’s method yields an es-jak

timation of the value of the temperature PCs that is op-
timal for the set of climate indicators as a whole, so that
the estimations of individual PCs cannot be traced back
to a particular subset of indicators or to an individual
climate indicator. This reconstruction method offers the
advantage that possible errors in particular indicators are
not critical, since the signal is extracted from all the
indicators simultaneously.

It is noted that in MBH98 the estimation of the PCs
is achieved somewhat differently from the method we
use. These authors use the standardized monthly tem-
perature anomalies to estimate the correlation matrix
and subsequently the PCs are annually averaged. The
reason for this procedure is to increase the number of
independent samples, that leads to a better estimation
of the EOFs. This approach has also been tested with
the model results, but the EOF patterns thus obtained
were closely related to the EOFs of the annual temper-
ature. As will be mentioned in following sections, the
spatial structure of leading EOFs of the annual tem-
perature in other periods of the simulation also remain
in essence unchanged.

Several measures can be used to assess the quality of
the reconstructed temperature field. Measures that keep
the spatial information can be the local time correlation
between the simulated and reconstructed temperature or
the Brier skill score, also known as the percentage of
explained (or resolved) variance, defined as

2[T (x , t) 2 T (x , t)]O sim i rec i
tb 5 1 2 , (3)i 2T (x , t)O sim i

t

where Tsim is the simulated temperature deviations from
the mean of the calibration period, Trec is the recon-
structed temperature deviations, and i is the gridpoint
index.

4. Spatially decimated versus complete
temperature fields

The statistical model of MBH98 is calibrated using
available gridded temperature fields derived from ob-
servations. For the model calibration these authors re-
tain only those grid points that are continuously covered
in the period 1901–80. These grid points are located
mainly, though not exclusively, at low and midlatitudes
in the Northern Hemisphere, on the continental land-
masses, and in coastal areas. The area covered by these
grid points is about 30% of the global surface. There-
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FIG. 1. Annual near-surface temperature simulated by the ECHO-
G model, globally averaged, and averaged over the areas used by
MBH98 for the calibration of their statistical model.

FIG. 2. Mean near-surface temperature anomalies in the first 50 yr
of the climate simulation.

fore, the actual temperature reconstructions in MBH98
are limited, in principle, to those areas and the question
arises to what extent the reconstructed temperature var-
iations are representative of the global average temper-
ature. Figure 1 shows the temperature simulated by the
model ECHO-G, averaged over all model grid points,
and averaged only over the grid points used by MBH98
in their calibration. This figure demonstrates that in gen-
eral both curves are highly coherent at all timescales
(correlation 0.85), so that it seems that the average of
the MBH98 decimated temperature fields could be con-
sidered a good indicator of the global temperature. How-
ever, at the beginning of the simulation, in the period
approximately 1–50 yr, both evolutions differ markedly.
Figure 2 shows the temperature anomalies of these first
decades. In this figure, a contrast between the Northern
and Southern Hemispheres is apparent, together with
strong cold anomalies in the Ross Sea. This pattern of
temperature anomalies cannot be captured by the either
the MBH98 set of proxy records or the gridded tem-
perature set used for the calibration. Furthermore, any
statistical reconstruction based on pseudoproxies mim-
icking the MBH98 set will also fail to reproduce this
particular spatial anomaly pattern. The possibility that
this temperature pattern arises from an incomplete spi-
nup of the coupled model cannot be excluded. Actually,
it does not appear again in the rest of the simulation. If
the incomplete spinup were the reason, it would not have
consequences for the validity of the MBH98 approach
in the real world. However, this should be tested in
climate simulations with other models.

The use of spatially incomplete gridded fields for the
calibration could also affect the estimation of the tem-
perature EOFs. Within the climate model simulation one
can compare the results of an EOF analysis of the com-

plete field and of the MBH98 decimated temperature
field, shown in Fig. 3. The correlation matrix between
the PCs (Table 1) helps associate the individual EOFs
in both datasets. The leading EOF of the decimated field
shows a positive sign almost everywhere, with stronger
anomalies in northern North America. The global coun-
terpart also shows large areas with the same sign, but
its magnitude differs in some regions, especially in the
Indian Ocean (strong positive anomalies) and in north-
ern Europe (negative anomalies). It also shows areas
with alternating signs in the Southern Hemisphere that
are not covered in MBH98. The second EOF of the
decimated fields shows the known temperature pattern
associated with the Arctic Oscillation (Thompson and
Wallace 1998), with a temperature contrast between the
continents and oceans in the Northern Hemisphere, and
a temperature seasaw between Greenland and western
Europe. This EOF can be partially recognized as the
third EOF of the complete field. The third decimated
EOF shows strong positive anomalies in the eastern
equatorial Pacific (at the few grid points located there),
moderate positive anomalies in the northern Pacific, and
negative anomalies over eastern Greenland. The cor-
responding EOF in the complete field (the second)
shows the characteristic Southern Oscillation signal. Its
structure deviates somewhat from the decimated EOF
in the south-central tropical Pacific. Only the three lead-
ing principal components are correlated with the global
mean temperature (r 5 0.75, r 5 0.34, and r 5 20.36,
respectively). Therefore, together they can describe
about 80% of the variability of the global annual mean
temperature.

The number of PCs retained in Eq. (2) depends on
the number of pseudoindicators. From the leading 15
those that were sufficiently resolved by the pseudo-
proxies in the calibration period were retained. How-
ever, the number of retained PCs had only a minor in-
fluence on the reconstructed mean global temperature,
provided that the leading three were included. That was
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FIG. 3. The four leading EOFs of the mean annual temperature in the control simulation with ECHO-G for the global and MBH98 decimated
fields. The patterns were derived from standardized temperature time series, but in this figure they have been rescaled by the local standard
deviation.

TABLE 1. Correlation matrix of the leading PCs of the complete
temperature fields and the MBH98 decimated fields. Outstanding cor-
relations are boldfaced.

Complete
fields

Decimated fields

PC1 PC2 PC3 PC4

PC1
PC2
PC3
PC4

0.81
0.36
0.18
0.23

0.10
0.39
0.84
0.17

0.09
0.66
0.25

20.18

0.14
0.04
0.04

20.30

mostly the case, except for a very low number of pseu-
doproxies (15–20) and unrealistic pseudoproxy config-
urations, but these were not excluded from the following
analysis. The leading PC was always retained as pre-
dictor.

In contrast to the EOFs derived in MBH98 from grid-
ded observations, the ECHO-G EOF analysis shows no
patterns with essentially the same sign over the whole
globe. This fact is presumably due to the lack of external
forcing in this simulation. In the real world at least two
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FIG. 4. Correlation pattern between the gridpoint annual temper-
ature and the annual global mean temperature in the ECHO-G sim-
ulation.

FIG. 5. Position of the grid points in the climate model ECHO-G
at a resolution T30 most closely located to the proxy indicators in
MBH98.

factors, greenhouse gas atmospheric concentrations and
solar variability, contribute to a global in-phase varia-
tions of temperature, albeit not in the interannual fre-
quency range. Other control simulations with constant
external forcing performed with other models (Stouffer
et al. 2000) do show a leading air temperature EOF with
an almost uniform sign over the globe.

A question related to the spatial coverage of the data
used to calibrate the model, is the optimal location of
the (pseudo) proxy indicators. This question has been
addressed by Bradley (1994), within the framework of
a long simulation with the GFDL coupled climate mod-
el. Perhaps the most straightforward method to identify
the areas more closely connected to the global mean
temperature is to calculate the correlation pattern be-
tween the local annual temperatures and the global an-
nual mean. This is shown in Fig. 4 for the simulation
with ECHO-G. This figure can be directly compared
with Fig. 2a in Bradley (1994). In general, the corre-
lation coefficients are lower in the ECHO-G simulation
than in the GFDL simulation. Similar features in both
simulations include the low correlations in the South
Atlantic, Indian, and South Pacific Oceans, and gener-
ally high correlations in the tropical regions, albeit the
ECHO-G model results do not show the clear correlation
pattern in the tropical Pacific as the GFDL model does.
However, an important difference is that, in the ECHO-
G simulation, higher correlations are also found at high-
er latitudes in the Northern Hemisphere and in the east
Pacific sector of the Antarctic Ocean. This latter region
plays an interesting role in the ECHO-G simulation, as
it will be described later.

Therefore, it seems that the search for optimal sites
for temperature reconstructions is model dependent and
that a direct translation to the real world has to be con-
sidered with caution.

5. Dependence of the temperature reconstructions
on the number of proxies

As stated before, the role of climate proxy data will
be played by the simulated air temperature. When

choosing the location of the pseudoproxies, the proxy
dataset used by MBH98 has been taken as a guideline,
but for the reasons mentioned above not all the real
proxies of MBH98 will be considered. Those not sen-
sitive to temperature will not be retained in the present
study. The number of proxies used by MBH98 depend
on the period when the reconstruction is attempted, since
not all proxy data are available throughout the whole
period back to 1400 A.D. In the most recent period a
number of 112 indicators was used. Since the horizontal
resolution of the ECHO-G model in this simulation is
rather coarse (3.758) some of the locations of the tem-
perature-sensitive indicators have to be associated with
the same grid point in the model. Therefore, in this study
the maximum number of pseudoindicators is limited to
98. The position of the grid points playing the role of
climate indicators is shown in Fig. 5. Most pseudoin-
dicators are situated in the Northern Hemisphere over
land. Those originally located on islands now corre-
spond to ocean grid points. This difference should not
be critical, as the relationships between the local tem-
perature and the large-scale temperature field would
probably be very similar to the case that small islands
were resolved in the climate model. No pseudoindicator
is located in Antarctica.

The basic calibration period was chosen to be the last
80 yr of the simulation. This choice should be arbitrary
as far as it is not influenced by the spinup phase of the
simulation. Our choice was somewhat dictated by a rel-
atively sharp increase of global mean temperature seen
in the last decades of the simulation, which in some
sense could play the role of the global warming ob-
served in the real world in the last decades, although
of a smaller magnitude. The calibration period in
MBH98, 1900–80 A.D., obviously lies within the pres-
ently observed global warming phase.

The simulated annual temperature field throughout
the whole simulation can be reconstructed once a set of
pseudoindicators has been chosen. To estimate the in-
fluence of the number of pseudoproxies used in the re-
construction, the reconstruction method was applied us-
ing a decreasing number of pseudoindicators npi, ranging
from the original number npi 5 98 down to npi 5 15.
In the real reconstruction by MBH98 the set of proxy
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FIG. 6. Root-mean-square error and explained variance of the re-
constructed annual global temperature in the verification period as a
function of the number of pseudoindicators for different reconstruc-
tions setups. The calibration periods are indicated.

data remaining backward in time is given by external
and independent factors, such as archeological inves-
tigations on favorable tree-ring sites, and therefore this
subset is presumably a random selection of the original
proxy dataset. To account for this source of uncertainty,
ensemble reconstructions of 50 members each were car-
ried out, where for each member of the ensemble npi

pseudoindicators were chosen at random from the orig-
inal set of 98.

The reconstruction exercise can now be carried out
with several setups. The calibration can be performed
using either the EOFs derived from the complete fields
or from the decimated fields; and also, the reconstructed
average temperature can be compared to the global av-
erage or to the decimated average. The basic setup that
would mimic the error in the MBH98 setup would be
a calibration with the EOFs of the decimated fields and
verification against the global average. This setup in-
cludes the possible errors of the statistical method and
the errors derived from the limitations of the observa-
tional record. Therefore, it could be also interesting to
assess the influence of the use of the complete EOFs,
and also to estimate the possible overestimation of the
true skill in the MBH98 approach when the recon-
structed temperature is verified against the decimated
temperature field. Therefore, in the present exercise, a
verification against the decimated average temperature
can give an indication of the level of this overestimation.

Of all possible combinations, three seem especially
interesting: 1) calibration with decimated EOFs and ver-
ification against either the global mean temperature or
2) against the decimated mean temperature; 3) the use
of the complete EOFs, verifying against the global av-
erage temperature. The latter can be used as a bench-
mark for the previous two setups.

Figure 6 shows the ensemble root-mean-squared error
and the ensemble mean explained variance as a function
of the number of pseudoindicators. The explained var-
iance increases, as expected, with the number of pseu-
doindicators. The smallest error is found in the recon-
struction of the decimated average temperature with the
decimated field EOFs, a result that appears reasonable,
as the decimated fields contain less degrees of freedom
than the complete fields and the decimated EOFs contain
enough information to reconstruct at least the decimated
temperature field. The error is larger when comparing
the reconstruction based on decimated field EOFs with
the global average temperature (the equivalent to the
MBH98 reconstruction). This result could be also ex-
pected, since the information of the areas not included
in the decimated field is only partially retained in the
decimation. This latter error is similar to the one attained
with complete EOFs, indicating that the EOFs derived
from decimated fields already contain more or less the
same information as the complete EOFs, as far as the
global average temperature is concerned.

Figure 6 indicates that, with 98 pseudoproxies, the
use of the full mean instead of the decimated mean

temperature causes a drop from 35% to 25% in the
explained variance of the global average temperature.

The minimum number of proxies required for a mean-
ingful temperature reconstruction depends on the error
that one is willing to accept. The results show that the
amount of explained variance levels off with about 70
pseudoproxies, so that the marginal increase in ex-
plained variance is small when more pseudoproxies are
included. Therefore, it can be concluded that a set of
70 indicators is almost optimal for reconstructing the
global mean. On the other hand a set of about 15–20
pseudoproxies can be expected to reconstruct approxi-
mately 15%–20% of the temperature variance, which
amounts to a correlation between two standardized time
series of about 0.4. It is noted that other temperature
reconstructions of the last millennium (i.e., Jones et al.
1998) are also based on a quite limited number of cli-
mate indicators. If the error due to the local transfer
function were included in these reconstructions, they
might be resolving a fairly small amount of variance at
the interannual timescale. The situation is, however, bet-
ter at longer timescales, as will be described in section
7. This is consistent with the previous findings of Jones
et al. (1997), who tried to estimate the number of ef-
fective independent degrees of freedom of the near-sur-
face air temperature field, in model simulations and in
observations. The number of degrees of freedom was
found to be dependent on both the model and the time-
scales. At interannual timescales, four climate models
yielded numbers between 21 and 52, so that 15 pseu-
doproxies may be too small a number. At decadal time-
scales, the number of degrees of freedom decreases to
a range of 7–27.
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FIG. 7. Simulated global mean annual temperature and a statistical
temperature reconstruction using the decimated fields EOF and 98
and 15 pseudoindicators, respectively. The statistical model was cal-
ibrated in the period 920–1000.

FIG. 8. (a) Near-surface temperature anomalies in the climate simulation in selected periods
(see Fig. 7); (b) anomalies of the geopotential height in the period 340–360; (c) mean tem-
perature reconstruction bias in the period 420–500 using the model calibrated in 920–1000.

We now turn our attention to the question of whether
the errors of the temperature reconstructions are dis-
tributed uniformly over time or whether there are some
periods where the errors tend to be larger than in other
periods, regardless of the number of pseudoindicators.
This would indicate that the method captures certain
climatic configurations better than others. Figure 7 dis-
plays the simulated global mean temperature of one
member of the npi 5 98 and of the npi 5 15 ensembles.
The most evident errors in the reconstructions are, apart
from the first 100 yr of the climate simulation already
mentioned, the periods 240–60, 340–60, and 555–75,
marked in Fig. 7, when the reconstructions tend to un-
derestimate global cooling. An additional period of dis-
agreement occurs between the years 400 and 500. This
latter period is longer than the others and also the char-
acter of the reconstruction errors is different. This can
be seen in Fig. 8, where the mean temperature anomalies
of these four periods are displayed. In the first three
periods, strong negative anomalies around Antarctica
and south of Greenland are found, whereas in the fourth
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FIG. 9. (top) Global average near-surface temperature simulated by
ECHO-G and temperature reconstructions based on 98 and 15 pseu-
doindicators using decimated fields EOFs. The calibration period is
420–500. (bottom) Annual temperature averaged over the 98 pseu-
doproxies, compared to the global average temperature.

period these anomalies are not present. Figure 8 also
illustrates the anomalies of the geopotential height at
500 hPa for the years 340–360 (for the other periods
the anomaly pattern is quite similar). The geopotential
height displays anomalies at high latitudes in both hemi-
spheres in areas that could be physically related to the
temperature anomalies. The geopotential anomaly pat-
tern does not bear a clear resemblance to any of the
annular modes of atmospheric circulation (Thompson
and Wallace 2000).

It seems therefore that a temperature anomaly con-
figuration in the ECHO-G model exists, which is also
associated to consistent variations of the geopotential
height. This configuration is not properly grasped by
the network of pseudoproxies, mainly located in the
Northern Hemisphere over land. It should not be for-
gotten that this variability mode could be just a feature
of the ECHO-G model and not necessarily a variability
mode of the real climate. A more thorough physical
analysis of this variability mode is beyond the scope of
this paper.

6. Influence of the choice of calibration period

As noted before, the period between the years 400–
500 appears to be somewhat special. The reconstructed
temperatures show global average temperatures steadily
above the mean of the calibration period, whereas the
simulated global temperature is lower than normal for
a fairly long period of time. The skill of the reconstruc-
tion if the calibration had been carried out in this period
is investigated in this section. Only the results of the
main reconstruction setup are shown, namely, calibra-
tion using the decimated field EOFs and comparison to
the global average temperature. The two leading EOFs
of the decimated temperature field look very similar to
the EOFs derived in the simulation years 920–1000 (not
shown) with spatial correlations of 0.8 and 0.6, respec-
tively. Also, the scores of the EOFs, calculated as pro-
jections of the EOF patterns onto the anomalies in the
other period (e.g., the 920–1000 EOF projected onto
the 420–500 anomalies, and vice versa) are also cor-
related for the two leading EOFs (0.9 and 0.5, respec-
tively). However, the skill of the 420–500 model is
clearly lower, as can be seen in Fig. 9, where the tem-
perature reconstruction with 98 pseudoproxies is dis-
played, and in Fig. 6, where the explained variance of
this latter model as a function of the number of pseu-
doproxies is also shown. The lower skill of the statistical
model in this period is observed not only in the veri-
fication period, but also in the calibration period. For
instance, for 98 pseudoproxies the model reaches a cal-
ibration explained variance of 18%, compared to an
calibration explained variance of 35% in the period
920–1000.

Perhaps a more serious problem is that the 420–500
model is also unable to reproduce the low-frequency
evolution of the global temperature anomalies in its own

calibration period (Fig. 9), although the reconstructed
and simulated temperatures are still relatively highly
correlated at high frequencies. This is illustrated in Fig.
10, where the time correlation between the low-pass-
filtered simulated and reconstructed global mean is
shown. It shows that despite the opposite behavior of
both curves at long timescales, they show a fairly high
correlation at timescales shorter than several years. The
reason for this striking behavior lies in the different low-
frequency temperature evolution of the pseudoproxies,
compared to the global or even hemispheric means. The
average temperature of the pseudoindicators is also dis-
played in Fig. 9. The different evolution of the pseu-
doproxy temperature is mainly due to the North Amer-
ican and west European locations (not shown), and these
are able to strongly influence most of the reconstruc-
tions. From these results it can be speculated that in the
period 400–500 some low-frequency process modulat-
ing the temperature contrast between the landmasses and
the ocean in the Northern Hemisphere is more active
than in other periods. The special character of the period
400–500 is also reflected in the evolution of the Arctic
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FIG. 10. Correlation between the simulated global average tem-
perature and the reconstructed temperature based on the decimated
fields EOFs with 98 pseudoproxies, in the period 400–500, as a func-
tion of timescale filtering. The high-pass and low-pass filter contri-
butions to the correlation are shown. The calibration period was 420–
500, however, a similar picture is obtained when the statistical model
is calibrated in 920–1000.

FIG. 11. (top) Spectra of the global average temperature (SAT) and
of the reconstructed temperatures using 98, 50, 20, and 15 pseu-
doindicators. (bottom) Coherence between the global average SAT
and the reconstructed temperature using simulated 98, 50, 20, and
15 pseudoproxies. The significance level was estimated by Monte
Carlo simulations assuming independent red noise processes.

Oscillation index (I. Fischer-Bruns 2002, personal com-
munication). To gain insight into the nature of such a
process the mean error of the reconstructions in 420–
500 using the calibration period 920–1000 is shown in
Fig. 8c. The results strongly point to some type of
ENSO-like behavior in the tropical Pacific–Indian
Ocean sector and in the tropical Atlantic. The interan-
nual root-mean-squared error of the reconstruction
shows basically the same spatial structure. A detailed
dynamical analysis is certainly needed to clarify the
model behavior in this period. In any case, it seems that
the ECHO-G simulation exhibits periods where the sta-
tistical relationships at decadal timescales cannot be
simply extrapolated from the interannual timescale. The
choice of calibration period is therefore relevant.

7. Spectral characteristics of the temperature
reconstruction

The exercise shown in this paper aims at the recon-
struction of the global mean temperature at interannual
timescales, based on the annual time series of pseu-
doindicators. However, in many paleoclimatic studies
the focus lies usually on longer periods, decadal and
longer. At these longer timescales, the fraction of var-
iance explained by the temperature reconstruction will
probably be larger, since the process responsible for

lower-frequency temperature variations will presumably
have a large-scale character.

Also relevant is the level of variability of the recon-
structions at different very long timescales. For instance,
there are now several reconstructions of temperature
indices of the last centuries that show different levels
of variability at long timescales. Jones et al. (1998) pre-
sented a reconstruction of a global temperature index,
that primarily reflects the summer temperature varia-
tions, based on considerably fewer climate indicators
than MBH98. This reconstruction displays climate de-
viations at centennial timescales almost twice as large
as those present in the MBH98 reconstruction. Fur-
thermore, temperature reconstructions based on bore-
hole measurements (Huang et al. 2000) seem to indicate
even cooler conditions in the past centuries and a stron-
ger warming trend toward the twentieth century.

Figure 11a shows the spectra of the temperature re-
constructions based on the decimated field EOFs for
different numbers of pseudoproxies. The spectrum of
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the global average temperature (SAT) is also displayed.
In general, all reconstructions show a higher level of
variability than the simulated global mean for periods
shorter than about 10 yr. This might be due to the fact
that the reconstructions are based on a much smaller
number of degrees of freedom than the global average
and the sampling variability should therefore be larger.
However, at lower frequencies the global temperature
systematically shows a level of variability a factor of 2
larger than in the reconstructions. Although the indi-
vidual differences with the spectrum of the global SAT
lie almost within the 90% confidence interval, the fact
that all reconstructions systematically show a smaller
level of variability may be indicative that processes that
are responsible for the low-frequency variability are not
adequately captured in the statistical reconstruction.
This is, to some extent, not surprising since the cali-
bration of the statistical model reflects the high-fre-
quency relationships between the pseudoproxies and the
temperature field. Further analysis with other statistical
methods is probably needed to assess the role of the
statistical model in the level of reconstructed variance
and its relevance in establishing the significance of the
global warming observed in the twentieth century.

Figure 11b shows the ensemble mean coherence spec-
tra between the reconstructed temperatures and the sim-
ulated global temperature. The coherence reconstruction
with 98 pseudoindicators remains more or less at a con-
stant level (around 0.5, corresponding to an explained
variance of 25%) from the interannual timescale up to
timescales of approximately 5 yr. For longer timescales
the coherence increases with decreasing frequency. For
the longest timescales the coherence reaches about 0.8
(about 60% of explained variance). A similar behavior
is observed for the reconstructions with a lower number
of pseudoproxies, although the coherence is, as ex-
pected, slightly lower than for 98 pseudoproxies. This
result underlines the potential for the estimation of past
natural global temperature variability with a relatively
small number of proxy indicators at timescales of de-
cades, which is the relevant timescale for studies of
detection of climate change in the observational record.
These results indicate that at decadal timescales the
number of indicators required for a reasonable recon-
struction of the global mean temperature can be lower
than at interannual timescales, and are in line with pre-
vious findings by Jones et al. (1997).

8. Concluding remarks

The aim of empirical models linking local proxy in-
dicators and large-scale climate indices, such as the an-
nual global mean temperature, is to estimate the past
evolution of these large-scale indices. In this paper a
reconstruction exercise has been performed in the world
simulated by a global climate model, where the role of
the temperature pseudoindicators was played by air tem-
perature simulated at selected grid points.

There are at least two sources of uncertainty in the
real climate reconstructions: one is given by the em-
pirical transfer function between the real proxy indi-
cators and the real temperature field; the second has its
origin in the statistical reconstruction model itself. In
our exercise only the last source of uncertainty can be
quantified; in the real world the reconstructions errors
are likely to be higher.

In the climate simulated by the ECHO-G model with-
out external forcing, the global annual mean temperature
can be reasonably well reconstructed with a few pseu-
doproxy indicators placed in the locations of a reason-
able network of real proxy indicators, especially at de-
cadal timescales. However, some deficiencies related to
the irregular distributions of pseudoindicators remain.
In some simulation periods, lasting several decades, the
temperatures in the Southern Hemisphere do not evolve
in line with their counterparts in the Northern Hemi-
sphere. Since the network of pseudoproxies is located
mainly on the Northern Hemispheric landmasses, they
are unable to reproduce the global temperature anom-
alies in this period. This result supports the warning put
forward by Barnett and Jones (2000) on the present lack
of Southern Hemispheric proxies. In another period of
about 100 yr, the low-frequency relationship between
the pseudoproxies and the global temperature was not
coherent with their high-frequency correlation, resulting
again in a poor reproduction of the global average. The
third important caveat found in this study is related to
shorter periods of cooling of just two decades long,
possibly related to oceanic processes along the Antarctic
and Greenland coast. These cooler periods are under-
estimated by the reconstructed temperature.

It could be tempting to relate the deficiencies in the
reconstructions to the question of the search of optimal
proxy locations. However, comparison of our Fig. 4 with
other model results (Bradley 1994) suggests that the
ideal proxy locations could be model dependent.
Though there are large areas where both models agree
to point high correlations between local temperatures
and the global averages, important differences remain,
so that optimal proxies for one model could not behave
optimally in the real world. The climate simulation pre-
sented here may even indicate that the optimal proxy
location may also not be stationary in time.

It was also found that the skill of the statistical model
increases at longer timescales. The coherence between
the simulated and reconstructed global annual temper-
ature attains values of approximately 0.8 at timescales
of 10 yr, even when only 15 pseudoindicators are used.
This result suggests that if the focus lies in climate
reconstructions at decadal timescales, one may speculate
that a network of only a few proxy indicators with a
high signal-to-noise ratio might prove sufficient to re-
construct the global temperature. However, the present
study also indicates that the proxy datasets should aim
at covering both hemispheres, since their temperature
evolutions in this control simulation are not necessarily

ABOR/MH/Priv-002497



1390 VOLUME 16J O U R N A L O F C L I M A T E

strong at all times. This simulation, however, lacks the
external forcing influencing the real climate. The anal-
ysis of an externally forced simulation of the past five
centuries, now under way, might show a higher corre-
lation between both hemispheres.
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From: Michael E. Mann
To: Etta Kavanagh
Subject: Re: Your Letter submission to SCIENCE
Date: Thursday, October 14, 2004 8:18:06 AM

Dear Etta,

Thanks for getting back to me on this. I thought it might be a tad long for  a "letter",
but wasn't sure.

Could you let me know know what are length constraints on a "technical
comment"woujld be ? Would there be an opportunity to include a figure if I chose
that option?

Thanks for your help,

Mike Mann

At 11:09 AM 10/14/2004, Etta Kavanagh wrote:

Dear Dr. Mann,

Thank you for your submission. In its current form, it is too long for
a Letter to the Editor. If you would like to submit a version of 500
words or less, we can consider it as a letter. If you would prefer to
keep the submission at its current length, it can be considered as a
Technical Comments. Technical Comments appear online only, with an
abstract appearing in the print version (at the end of the Letters
section). Please let me know which option you would like to pursue. 

Best regards,

Etta Kavanagh
Associate Letters Editor
SCIENCE
ekavanag@aaas.org

Department e-mail: science_letters@aaas.org

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Subject: Fwd: Real Climate blog online...
Date: Saturday, October 30, 2004 12:32:42 PM

Dear Ray,

Thanks for your comments on this. I've revised considerably, taking into account your
suggestions, and those of Gavin's as well. I think it's all in pretty good shape now, but any final
comments from you or Malcolm would be very helpful.

I've tried to make the main contributions as general as possible, but some of the stuff
(especially, the linked details stuff)  is necessarily a bit technical--that's as much for the wonks
who follows this stuff as for the lay visitors to the site. The casual readers can just read the
main stuff, and ignore the more technical details. But they should be there for those who want
the nitty gritty, I think...

cheers,

mike

Date: Sat, 23 Oct 2004 07:55:15 -0400
To: rbradley@geo.umass.edu, "Malcolm Hughes" <mhughes@ltrr.arizona.edu>
From: "Michael E. Mann" <mann@virginia.edu>
Subject: Fwd: Real Climate blog online...

Dear Ray, Malcolm

A rough draft of the 'hockey stick' piece has now been uploaded to the site. As
mentioned before, its password protected, but you can log in w/ this info:

Since we're going to be putting all of this out there, in the public domain (and ems is
going to put out a press release for this new site), I could *really* use your
feedback, criticism, comments etc. on the piece.

I'd really appreciate it if you could find some time over the next week or so to look
this over, and get back w/ comments, etc.

Thanks a bunch in advance,

Mike

Date: Thu, 21 Oct 2004 12:56:50 -0400
To: rbradley@geo.umass.edu, mhughes@ltrr.arizona.edu
From: "Michael E. Mann" <mann@virginia.edu>
Subject: Fwd: Real Climate blog online...

Dear Ray, Malcolm:

Wanted to give you both a heads up on this. Right now, this is
confidential so please don't let this go beyond the two of you. But feel
free to use the username/passwd information to check out the "trial
balloon" (this site will be password protected until it is officially launched).
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This website is intended as a quite general response from a group of
climate scientists to the scientific disinformation that has been put out by
the contrarians. Any contributinos will be moderated by the team, which
will insure that we can keep the baddies out. We expect to launch this
within a few weeks. An non-profit is providing us w/
administrative/technical support, and they will be issuing a press release
when this is to go public. Hopefully, we'll make a bit of a splash.

Feel free to check it out--its very sketchy right now. We expect the dozen
or so "team members" to
be fleshing out more details.

Most relevant to us, I'll be adding a substantial contribution on the
"hockey stick". It will address
a number of myths, show the level of concensus that exists (i.e., that this
isn't just Mann et al), and
will also include a specific rebuttal to McIntyre & McKitrick that includes
information from the now in-press "Rutherford et al" J. Climate paper, and
selected results from our reply to their Nature submission. Since these
results were not published by Nature, I believe we are in the right in
posting them as a response to the claims made by MM on their website.

I hope to have this set up on the website for comments soon (no worries-
-again,this is password protected until it goes public!). Will update you
when its up...

let me know what you think...

Thanks,

Mike

X-Authentication-Warning: isotope.giss.nasa.gov: gavin set
sender to gschmidt@giss.nasa.gov using -f
Subject: Real Climate blog online...
From: Gavin Schmidt <gschmidt@giss.nasa.gov>
To: Stefan Rahmstorf <rahmstorf@pik-potsdam.de>,
   Georg Hoffmann <hoffmann@dsm-mail.saclay.cea.fr>,
   Jeff Severinghaus <jseveringhaus@ucsd.edu>,
aclement@rsmas.miami.edu,
   amman@ucar.edu, Eric Steig <steig@ess.washington.edu>,
wmc@bas.ac.uk
Cc: Mike Mann <mann@virginia.edu>, kalee@fenton.com,
neu@giub.unibe.ch,
   bard@cerege.fr, ryanw@ems.org
Organization: 
X-Mailer: Ximian Evolution 1.2.2 (1.2.2-5) 
Date: 20 Oct 2004 22:01:58 -0400
X-UVA-Virus-Scanned: by amavisd-new at
fork12.mail.virginia.edu

Colleagues, After a long delay while I was gallivanting around
Europe, I
have now found time to set up the nucleus of the Real Climate
science
blog we discussed a couple of months back. (Edouard, I added
your name
to the list after our recent conversation, you may or may not
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be
interested in this effort). 

The site is currently password protected while we add content
and make
sure it works, but the basic outline is there. In order to access
it go
to 

http://sci.ems.org/wp

and fill in the fields below:

You should then see a couple of posts. One a mild rebuttal of
some
recent comments by Michaels and Spencer, and the other is a
Welcome
message. On the menu bar are links to the Author's home
pages (currently
myself and Mike), some categories (including a glossary) of
subjects.

None of this is set in stone of course. In particular the glossary
seemed like a good idea, but I don't know how much defining
we'll end up
doing. Other potential categories could be focused on
particular
spokespeople (the usual suspects) or other specific topics. Any
ideas
are welcome. 

If at this point you feel the desire to join the team, then click
on
'login' using the username: "temp" and password: "real1".
(Mike, I set
one up for you already, username: mike, same password).
That will take
you to the WordPress control center (the blogging software we
are
using). Under "Users" you can define a user-id for yourself
(with the
correct email, different password etc.). Once you are defined,
click on
the "+" sign under 'level' so that you can promote yourself to
Author.
This will allow your posts to have your name attached etc.
Now logout,
and log back in as yourself.

I suggest that you try two things: first, add a link (under
"Links") to
your home page, and secondly, try "Write"-ing a post (doesn't
need to be
anything substantial - you can always delete it or edit it later).
It
should all be pretty self-explanatory. When you click on "View
Site" you
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should be able to see how your post looks. If you get
enthused, feel
free to start posting content.

I envisage that we should be able to fill the site out over the
next few
weeks related to news items as they arrive, but also including
issues
that arose over recent weeks (the von Storch paper, M&M
redux, etc.).
Once we appear to have it under control, we can then open up
to the
public and journalists.

Any comments are welcome! (about the style, the 'tone', the
colour
scheme, content etc...) 

Gavin

PS. let me know if you no longer want to receive any mail
about this.

-- 
*--------------------------------------------------------------------*
| Gavin Schmidt             NASA/Goddard Institute for Space
Studies |
|                           2880 Broadway                            |
| Tel:        New York, NY 10025                      
|
|                                                                    |
| gschmidt@giss.nasa.gov   
http://www.giss.nasa.gov/~gavin       |
*--------------------------------------------------------------------*

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
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           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Subject: Re: Fwd: Real Climate blog online...
Date: Sunday, October 31, 2004 6:08:47 AM

HI Ray,

Thanks for your comments.

I don't think there is any breach on my part. MM have already made public the fact
that their comment was rejected. So it is fair game to cite that. We have not posted
any confidential information (the letter from editor, or the reviewers comments). We
have simply posted a reply to the claims that they have posted on the internet, and I
believe we *do* have the right to post or publish anything that Nature already
declined to publish!

If you like, I can check w/ Nature about  what I have posted  to confirm that there is
no breach on our part in responding to what MM have already published on the
internet! That would be unilateral disarmament!

Shall I contact Rosalind Cotter at Nature to check w/ her that what I've posted is ok?

Mike

p.s. the website will go public shortly after thanksgiving break, w/ a press release,
etc.

At 12:15 AM 10/31/2004, Malcolm Hughes wrote:

Mike - un fortunately, I only got a chance to look at this today (I'm in 
Siberia), and that very hurried. I will be out of e-mail contact now until 
Thursday. I can be reached on my cellphone if the time difference is 
remembered (11 hours to here, 7 hours to Moscow where I will go
Monday 
morning). 
In general I am very pleased that this is happening, and the structure of
the 
Realclimate venture looks very sound. I am, however, very concerned
about 
your repeating the offence of M and M in putting the Nature-related
materials 
on the web, while Nature are still, at my request, deciding what to do
about 
their breach of protocol. I really think a way must be found to reply 
effectively without breaking the same rule as they did. I'll try to download
the 
materials and read them more carefully as I fly to Moscow tomorrow 
morning, and if I can see a way to fix this will contact you or Ray by
phone 
Monday. Cheers, Malcolm

On 30 Oct 2004 at 15:30, Michael E. Mann wrote:
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Dear Ray,

Thanks for your comments on this. I've revised considerably, taking into 
account your suggestions, and those of Gavin's as well. I think it's all in
pretty 
good shape now, but any final comments from you or Malcolm would be
very 
helpful.

I've tried to make the main contributions as general as possible, but some
of 
the stuff (especially, the linked details stuff) is necessarily a bit technical--
that's as much for the wonks who follows this stuff as for the lay visitors
to 
the site. The casual readers can just read the main stuff, and ignore the
more 
technical details. But they should be there for those who want the nitty
gritty, 
I think...

cheers,

mike

    Date: Sat, 23 Oct 2004 07:55:15 -0400
    To: rbradley@geo.umass.edu, "Malcolm 
    Hughes"<mhughes@ltrr.arizona.edu>
    From: "Michael E. Mann" <mann@virginia.edu>
    Subject: Fwd: Real Climate blog online...
    
    Dear Ray, Malcolm
    
    A rough draft of the 'hockey stick' piece has now been uploaded to the 
    site. As mentioned before, its password protected, but you can log in
w/ 
    this info:

    username:emsdc_sci
    password: 
    
    Since we're going to be putting all of this out there, in the public 
    domain (and ems is going to put out a press release for this new site),
I 
    could *really* use your feedback, criticism, comments etc. on the 
    piece.
    
    I'd really appreciate it if you could find some time over the next week 
    or so to look this over, and get back w/ comments, etc.
    
    Thanks a bunch in advance,
    
    Mike

    Date: Thu, 21 Oct 2004 12:56:50 -0400
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    To: rbradley@geo.umass.edu, mhughes@ltrr.arizona.edu
    From: "Michael E. Mann" <mann@virginia.edu>
    Subject: Fwd: Real Climate blog online...
    
    Dear Ray, Malcolm:
    
    Wanted to give you both a heads up on this. Right now, this is 
    confidential so please don't let this go beyond the two of you. But 
    feel free to use the username/passwd information to check out the 
    "trial balloon" (this site will be password protected until it is 
    officially launched).
    
    This website is intended as a quite general response from a group 
    of climate scientists to the scientific disinformation that has been 
    put out by the contrarians. Any contributinos will be moderated 
    by the team, which will insure that we can keep the baddies out. 
    We expect to launch this within a few weeks. An non-profit is 
    providing us w/ administrative/technical support, and they will 
    be issuing a press release when this is to go public. Hopefully, 
    we'll make a bit of a splash.
    
    Feel free to check it out--its very sketchy right now. We expect 
    the dozen or so "team members" to
    be fleshing out more details.
    
    Most relevant to us, I'll be adding a substantial contribution on 
    the "hockey stick". It will address
    a number of myths, show the level of concensus that exists (i.e., 
    that this isn't just Mann et al), and
    will also include a specific rebuttal to McIntyre & McKitrick that 
    includes information from the now in-press "Rutherford et al"J. 
    Climate paper, and selected results from our reply to their Nature 
    submission. Since these results were not published by Nature, I 
    believe we are in the right in posting them as a response to the 
    claims made by MM on their website.
    
    I hope to have this set up on the website for comments soon (no 
    worries--again,this is password protected until it goes public!). 
    Will update you when its up...
    
    let me know what you think...
    
    Thanks,
    
    Mike

    X-Authentication-Warning: isotope.giss.nasa.gov: gavin 
    set sender to gschmidt@giss.nasa.gov using -f
    Subject: Real Climate blog online...
    From: Gavin Schmidt <gschmidt@giss.nasa.gov>
    To: Stefan Rahmstorf <rahmstorf@pik-potsdam.de>,
     Georg Hoffmann <hoffmann@dsm-mail.saclay.cea.fr>,
     Jeff Severinghaus <jseveringhaus@ucsd.edu>, 
    aclement@rsmas.miami.edu,
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     amman@ucar.edu, Eric Steig 
    <steig@ess.washington.edu>, wmc@bas.ac.uk
    Cc: Mike Mann <mann@virginia.edu>, 
    kalee@fenton.com, neu@giub.unibe.ch,
     bard@cerege.fr, ryanw@ems.org
    Organization: 
    X-Mailer: Ximian Evolution 1.2.2 (1.2.2-5) 
    Date: 20 Oct 2004 22:01:58 -0400
    X-UVA-Virus-Scanned: by amavisd-new at 
    fork12.mail.virginia.edu
    
    Colleagues, After a long delay while I was gallivanting 
    around Europe, I
    have now found time to set up the nucleus of the Real 
    Climate science
    blog we discussed a couple of months back. (Edouard, I 
    added your name
    to the list after our recent conversation, you may or may 
    not be
    interested in this effort). 
    
    The site is currently password protected while we add 
    content and make
    sure it works, but the basic outline is there. In order to 
    access it go
    to 
    
    http://sci.ems.org/wp
    
    and fill in the fields below:
    
    username: emsdc_sci
    password: 
    
    You should then see a couple of posts. One a mild rebuttal 
    of some
    recent comments by Michaels and Spencer, and the other is 
    a Welcome
    message. On the menu bar are links to the Author's home 
    pages (currently
    myself and Mike), some categories (including a glossary) 
    of subjects.
    
    None of this is set in stone of course. In particular the 
    glossary
    seemed like a good idea, but I don't know how much 
    defining we'll end up
    doing. Other potential categories could be focused on 
    particular
    spokespeople (the usual suspects) or other specific topics. 
    Any ideas
    are welcome. 
    
    If at this point you feel the desire to join the team, then 
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    click on
    'login' using the username: "temp" and password: "real1". 
    (Mike, I set
    one up for you already, username: mike, same password). 
    That will take
    you to the WordPress control center (the blogging software 
    we are
    using). Under "Users" you can define a user-id for yourself 
    (with the
    correct email, different password etc.). Once you are 
    defined, click on
    the "+" sign under 'level' so that you can promote yourself 
    to Author.
    This will allow your posts to have your name attached etc. 
    Now logout,
    and log back in as yourself.
    
    I suggest that you try two things: first, add a link (under 
    "Links") to
    your home page, and secondly, try "Write"-ing a post 
    (doesn't need to be
    anything substantial - you can always delete it or edit it 
    later). It
    should all be pretty self-explanatory. When you click on 
    "View Site" you
    should be able to see how your post looks. If you get 
    enthused, feel
    free to start posting content.
    
    I envisage that we should be able to fill the site out over 
    the next few
    weeks related to news items as they arrive, but also 
    including issues
    that arose over recent weeks (the von Storch paper, M&M 
    redux, etc.).
    Once we appear to have it under control, we can then open 
    up to the
    public and journalists.
    
    Any comments are welcome! (about the style, the 'tone', 
    the colour
    scheme, content etc...) 
    
    Gavin
    
    PS. let me know if you no longer want to receive any mail 
    about this.
    
    -- 
    *--------------------------------------------------------------------*
    | Gavin SchmidtNASA/Goddard Institute for Space 
    Studies |
    |2880 Broadway|
    | Tel:  New York, NY 
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    10025|
    ||
    | 
    gschmidt@giss.nasa.govhttp://www.giss.nasa.gov/~gavi
    n  |
    *--------------------------------------------------------------------*
    
    ___________________________________________
    ___________________
    Professor Michael E. Mann
     Department of Environmental Sciences, Clark Hall
    University of Virginia
    Charlottesville, VA 22903
    ____________________________________________________
    ___________________
    e-mail: mann@virginia.edu Phone:   
    
    http://www.evsc.virginia.edu/faculty/people/mann.shtml 
    
    _______________________________________________
    _______________
     Professor Michael E. Mann
     Department of Environmental Sciences, Clark Hall
     University of Virginia
     Charlottesville, VA 22903
    _________________________________________________________
    ______________
    e-mail: mann@virginia.edu Phone:  FAX: 
    
     http://www.evsc.virginia.edu/faculty/people/mann.shtml 
____________________________________________________
__________
 Professor Michael E. Mann
 Department of Environmental Sciences, Clark Hall
 University of Virginia
 Charlottesville, VA 22903
______________________________________________________________

_________
e-mail: mann@virginia.edu Phone:  FAX: 
 http://www.evsc.virginia.edu/faculty/people/mann.shtmlMalcolm 
Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
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_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Subject: Re: Fwd: Real Climate blog online...
Date: Sunday, October 31, 2004 6:23:04 AM

HI Malcolm,

By the way, the "reply" I've posted on the web are not the actual replies that we
provided to Nature, but a somewhat revised version of that. And I repeat, I believe
we have every right to post those! It is simply the reviewers comments and editorial
decision that are confidential.

If Nature rejects a manuscript, don't you have the right to publish elsewhere
(including on the web)???

mike

At 12:15 AM 10/31/2004, Malcolm Hughes wrote:

Mike - un fortunately, I only got a chance to look at this today (I'm in 
Siberia), and that very hurried. I will be out of e-mail contact now until 
Thursday. I can be reached on my cellphone if the time difference is 
remembered (11 hours to here, 7 hours to Moscow where I will go
Monday 
morning). 
In general I am very pleased that this is happening, and the structure of
the 
Realclimate venture looks very sound. I am, however, very concerned
about 
your repeating the offence of M and M in putting the Nature-related
materials 
on the web, while Nature are still, at my request, deciding what to do
about 
their breach of protocol. I really think a way must be found to reply 
effectively without breaking the same rule as they did. I'll try to download
the 
materials and read them more carefully as I fly to Moscow tomorrow 
morning, and if I can see a way to fix this will contact you or Ray by
phone 
Monday. Cheers, Malcolm

On 30 Oct 2004 at 15:30, Michael E. Mann wrote:

Dear Ray,

Thanks for your comments on this. I've revised considerably, taking into 
account your suggestions, and those of Gavin's as well. I think it's all in
pretty 
good shape now, but any final comments from you or Malcolm would be
very 
helpful.

I've tried to make the main contributions as general as possible, but some
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of 
the stuff (especially, the linked details stuff) is necessarily a bit technical--
that's as much for the wonks who follows this stuff as for the lay visitors
to 
the site. The casual readers can just read the main stuff, and ignore the
more 
technical details. But they should be there for those who want the nitty
gritty, 
I think...

cheers,

mike

    Date: Sat, 23 Oct 2004 07:55:15 -0400
    To: rbradley@geo.umass.edu, "Malcolm 
    Hughes"<mhughes@ltrr.arizona.edu>
    From: "Michael E. Mann" <mann@virginia.edu>
    Subject: Fwd: Real Climate blog online...
    
    Dear Ray, Malcolm
    
    A rough draft of the 'hockey stick' piece has now been uploaded to the 
    site. As mentioned before, its password protected, but you can log in
w/ 
    this info:

    
    
    
    Since we're going to be putting all of this out there, in the public 
    domain (and ems is going to put out a press release for this new site),
I 
    could *really* use your feedback, criticism, comments etc. on the 
    piece.
    
    I'd really appreciate it if you could find some time over the next week 
    or so to look this over, and get back w/ comments, etc.
    
    Thanks a bunch in advance,
    
    Mike

    Date: Thu, 21 Oct 2004 12:56:50 -0400
    To: rbradley@geo.umass.edu, mhughes@ltrr.arizona.edu
    From: "Michael E. Mann" <mann@virginia.edu>
    Subject: Fwd: Real Climate blog online...
    
    Dear Ray, Malcolm:
    
    Wanted to give you both a heads up on this. Right now, this is 
    confidential so please don't let this go beyond the two of you. But 
    feel free to use the username/passwd information to check out the 
    "trial balloon" (this site will be password protected until it is 

ABOR/MH/Priv-002520



    officially launched).
    
    This website is intended as a quite general response from a group 
    of climate scientists to the scientific disinformation that has been 
    put out by the contrarians. Any contributinos will be moderated 
    by the team, which will insure that we can keep the baddies out. 
    We expect to launch this within a few weeks. An non-profit is 
    providing us w/ administrative/technical support, and they will 
    be issuing a press release when this is to go public. Hopefully, 
    we'll make a bit of a splash.
    
    Feel free to check it out--its very sketchy right now. We expect 
    the dozen or so "team members" to
    be fleshing out more details.
    
    Most relevant to us, I'll be adding a substantial contribution on 
    the "hockey stick". It will address
    a number of myths, show the level of concensus that exists (i.e., 
    that this isn't just Mann et al), and
    will also include a specific rebuttal to McIntyre & McKitrick that 
    includes information from the now in-press "Rutherford et al"J. 
    Climate paper, and selected results from our reply to their Nature 
    submission. Since these results were not published by Nature, I 
    believe we are in the right in posting them as a response to the 
    claims made by MM on their website.
    
    I hope to have this set up on the website for comments soon (no 
    worries--again,this is password protected until it goes public!). 
    Will update you when its up...
    
    let me know what you think...
    
    Thanks,
    
    Mike

    X-Authentication-Warning: isotope.giss.nasa.gov: gavin 
    set sender to gschmidt@giss.nasa.gov using -f
    Subject: Real Climate blog online...
    From: Gavin Schmidt <gschmidt@giss.nasa.gov>
    To: Stefan Rahmstorf <rahmstorf@pik-potsdam.de>,
     Georg Hoffmann <hoffmann@dsm-mail.saclay.cea.fr>,
     Jeff Severinghaus <jseveringhaus@ucsd.edu>, 
    aclement@rsmas.miami.edu,
     amman@ucar.edu, Eric Steig 
    <steig@ess.washington.edu>, wmc@bas.ac.uk
    Cc: Mike Mann <mann@virginia.edu>, 
    kalee@fenton.com, neu@giub.unibe.ch,
     bard@cerege.fr, ryanw@ems.org
    Organization: 
    X-Mailer: Ximian Evolution 1.2.2 (1.2.2-5) 
    Date: 20 Oct 2004 22:01:58 -0400
    X-UVA-Virus-Scanned: by amavisd-new at 
    fork12.mail.virginia.edu
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    Colleagues, After a long delay while I was gallivanting 
    around Europe, I
    have now found time to set up the nucleus of the Real 
    Climate science
    blog we discussed a couple of months back. (Edouard, I 
    added your name
    to the list after our recent conversation, you may or may 
    not be
    interested in this effort). 
    
    The site is currently password protected while we add 
    content and make
    sure it works, but the basic outline is there. In order to 
    access it go
    to 
    
    http://sci.ems.org/wp
    
    and fill in the fields below:
    
    
    
    
    You should then see a couple of posts. One a mild rebuttal 
    of some
    recent comments by Michaels and Spencer, and the other is 
    a Welcome
    message. On the menu bar are links to the Author's home 
    pages (currently
    myself and Mike), some categories (including a glossary) 
    of subjects.
    
    None of this is set in stone of course. In particular the 
    glossary
    seemed like a good idea, but I don't know how much 
    defining we'll end up
    doing. Other potential categories could be focused on 
    particular
    spokespeople (the usual suspects) or other specific topics. 
    Any ideas
    are welcome. 
    
    If at this point you feel the desire to join the team, then 
    click on
    'login' using the username: "temp" and password: "real1". 
    (Mike, I set
    one up for you already, username: mike, same password). 
    That will take
    you to the WordPress control center (the blogging software 
    we are
    using). Under "Users" you can define a user-id for yourself 
    (with the
    correct email, different password etc.). Once you are 
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    defined, click on
    the "+" sign under 'level' so that you can promote yourself 
    to Author.
    This will allow your posts to have your name attached etc. 
    Now logout,
    and log back in as yourself.
    
    I suggest that you try two things: first, add a link (under 
    "Links") to
    your home page, and secondly, try "Write"-ing a post 
    (doesn't need to be
    anything substantial - you can always delete it or edit it 
    later). It
    should all be pretty self-explanatory. When you click on 
    "View Site" you
    should be able to see how your post looks. If you get 
    enthused, feel
    free to start posting content.
    
    I envisage that we should be able to fill the site out over 
    the next few
    weeks related to news items as they arrive, but also 
    including issues
    that arose over recent weeks (the von Storch paper, M&M 
    redux, etc.).
    Once we appear to have it under control, we can then open 
    up to the
    public and journalists.
    
    Any comments are welcome! (about the style, the 'tone', 
    the colour
    scheme, content etc...) 
    
    Gavin
    
    PS. let me know if you no longer want to receive any mail 
    about this.
    
    -- 
    *--------------------------------------------------------------------*
    | Gavin SchmidtNASA/Goddard Institute for Space 
    Studies |
    |2880 Broadway|
    | Tel:  New York, NY 
    10025|
    ||
    | 
    gschmidt@giss.nasa.govhttp://www.giss.nasa.gov/~gavi
    n  |
    *--------------------------------------------------------------------*
    
    ___________________________________________
    ___________________
    Professor Michael E. Mann
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     Department of Environmental Sciences, Clark Hall
    University of Virginia
    Charlottesville, VA 22903
    ____________________________________________________
    ___________________
    e-mail: mann@virginia.edu Phone:   
    
    http://www.evsc.virginia.edu/faculty/people/mann.shtml 
    
    _______________________________________________
    _______________
     Professor Michael E. Mann
     Department of Environmental Sciences, Clark Hall
     University of Virginia
     Charlottesville, VA 22903
    _________________________________________________________
    ______________
    e-mail: mann@virginia.edu Phone:  FAX: 
    
     http://www.evsc.virginia.edu/faculty/people/mann.shtml 
____________________________________________________
__________
 Professor Michael E. Mann
 Department of Environmental Sciences, Clark Hall
 University of Virginia
 Charlottesville, VA 22903
______________________________________________________________

_________
e-mail: mann@virginia.edu Phone:  FAX: 
 http://www.evsc.virginia.edu/faculty/people/mann.shtmlMalcolm 
Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Subject: Re: Fwd: Real Climate blog online...
Date: Sunday, October 31, 2004 9:48:41 AM

Ray, Malcolm:

I've changed the wording now to make it clear that we have not posted our actual
response to the MM Nature comment, but simply have put forward the arguments
that were reflected in our response.

So I think we're perfectly clean here in terms of Nature's policy. But if you and Ray
think its worthwhile, I'll check w/ Rosalind Cotter.

Let me know ASAP.

Thanks,

Mike

At 12:15 AM 10/31/2004, Malcolm Hughes wrote:

Mike - un fortunately, I only got a chance to look at this today (I'm in 
Siberia), and that very hurried. I will be out of e-mail contact now until 
Thursday. I can be reached on my cellphone if the time difference is 
remembered (11 hours to here, 7 hours to Moscow where I will go
Monday 
morning). 
In general I am very pleased that this is happening, and the structure of
the 
Realclimate venture looks very sound. I am, however, very concerned
about 
your repeating the offence of M and M in putting the Nature-related
materials 
on the web, while Nature are still, at my request, deciding what to do
about 
their breach of protocol. I really think a way must be found to reply 
effectively without breaking the same rule as they did. I'll try to download
the 
materials and read them more carefully as I fly to Moscow tomorrow 
morning, and if I can see a way to fix this will contact you or Ray by
phone 
Monday. Cheers, Malcolm

On 30 Oct 2004 at 15:30, Michael E. Mann wrote:

Dear Ray,

Thanks for your comments on this. I've revised considerably, taking into 
account your suggestions, and those of Gavin's as well. I think it's all in
pretty 
good shape now, but any final comments from you or Malcolm would be
very 
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helpful.

I've tried to make the main contributions as general as possible, but some
of 
the stuff (especially, the linked details stuff) is necessarily a bit technical--
that's as much for the wonks who follows this stuff as for the lay visitors
to 
the site. The casual readers can just read the main stuff, and ignore the
more 
technical details. But they should be there for those who want the nitty
gritty, 
I think...

cheers,

mike

    Date: Sat, 23 Oct 2004 07:55:15 -0400
    To: rbradley@geo.umass.edu, "Malcolm 
    Hughes"<mhughes@ltrr.arizona.edu>
    From: "Michael E. Mann" <mann@virginia.edu>
    Subject: Fwd: Real Climate blog online...
    
    Dear Ray, Malcolm
    
    A rough draft of the 'hockey stick' piece has now been uploaded to the 
    site. As mentioned before, its password protected, but you can log in
w/ 
    this info:

    
    
    
    Since we're going to be putting all of this out there, in the public 
    domain (and ems is going to put out a press release for this new site),
I 
    could *really* use your feedback, criticism, comments etc. on the 
    piece.
    
    I'd really appreciate it if you could find some time over the next week 
    or so to look this over, and get back w/ comments, etc.
    
    Thanks a bunch in advance,
    
    Mike

    Date: Thu, 21 Oct 2004 12:56:50 -0400
    To: rbradley@geo.umass.edu, mhughes@ltrr.arizona.edu
    From: "Michael E. Mann" <mann@virginia.edu>
    Subject: Fwd: Real Climate blog online...
    
    Dear Ray, Malcolm:
    
    Wanted to give you both a heads up on this. Right now, this is 
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    confidential so please don't let this go beyond the two of you. But 
    feel free to use the username/passwd information to check out the 
    "trial balloon" (this site will be password protected until it is 
    officially launched).
    
    This website is intended as a quite general response from a group 
    of climate scientists to the scientific disinformation that has been 
    put out by the contrarians. Any contributinos will be moderated 
    by the team, which will insure that we can keep the baddies out. 
    We expect to launch this within a few weeks. An non-profit is 
    providing us w/ administrative/technical support, and they will 
    be issuing a press release when this is to go public. Hopefully, 
    we'll make a bit of a splash.
    
    Feel free to check it out--its very sketchy right now. We expect 
    the dozen or so "team members" to
    be fleshing out more details.
    
    Most relevant to us, I'll be adding a substantial contribution on 
    the "hockey stick". It will address
    a number of myths, show the level of concensus that exists (i.e., 
    that this isn't just Mann et al), and
    will also include a specific rebuttal to McIntyre & McKitrick that 
    includes information from the now in-press "Rutherford et al"J. 
    Climate paper, and selected results from our reply to their Nature 
    submission. Since these results were not published by Nature, I 
    believe we are in the right in posting them as a response to the 
    claims made by MM on their website.
    
    I hope to have this set up on the website for comments soon (no 
    worries--again,this is password protected until it goes public!). 
    Will update you when its up...
    
    let me know what you think...
    
    Thanks,
    
    Mike

    X-Authentication-Warning: isotope.giss.nasa.gov: gavin 
    set sender to gschmidt@giss.nasa.gov using -f
    Subject: Real Climate blog online...
    From: Gavin Schmidt <gschmidt@giss.nasa.gov>
    To: Stefan Rahmstorf <rahmstorf@pik-potsdam.de>,
     Georg Hoffmann <hoffmann@dsm-mail.saclay.cea.fr>,
     Jeff Severinghaus <jseveringhaus@ucsd.edu>, 
    aclement@rsmas.miami.edu,
     amman@ucar.edu, Eric Steig 
    <steig@ess.washington.edu>, wmc@bas.ac.uk
    Cc: Mike Mann <mann@virginia.edu>, 
    kalee@fenton.com, neu@giub.unibe.ch,
     bard@cerege.fr, ryanw@ems.org
    Organization: 
    X-Mailer: Ximian Evolution 1.2.2 (1.2.2-5) 
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    Date: 20 Oct 2004 22:01:58 -0400
    X-UVA-Virus-Scanned: by amavisd-new at 
    fork12.mail.virginia.edu
    
    Colleagues, After a long delay while I was gallivanting 
    around Europe, I
    have now found time to set up the nucleus of the Real 
    Climate science
    blog we discussed a couple of months back. (Edouard, I 
    added your name
    to the list after our recent conversation, you may or may 
    not be
    interested in this effort). 
    
    The site is currently password protected while we add 
    content and make
    sure it works, but the basic outline is there. In order to 
    access it go
    to 
    
    http://sci.ems.org/wp
    
    and fill in the fields below:
    
    
    
    
    You should then see a couple of posts. One a mild rebuttal 
    of some
    recent comments by Michaels and Spencer, and the other is 
    a Welcome
    message. On the menu bar are links to the Author's home 
    pages (currently
    myself and Mike), some categories (including a glossary) 
    of subjects.
    
    None of this is set in stone of course. In particular the 
    glossary
    seemed like a good idea, but I don't know how much 
    defining we'll end up
    doing. Other potential categories could be focused on 
    particular
    spokespeople (the usual suspects) or other specific topics. 
    Any ideas
    are welcome. 
    
    If at this point you feel the desire to join the team, then 
    click on
    'login' using the username: "temp" and password: "real1". 
    (Mike, I set
    one up for you already, username: mike, same password). 
    That will take
    you to the WordPress control center (the blogging software 
    we are
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    using). Under "Users" you can define a user-id for yourself 
    (with the
    correct email, different password etc.). Once you are 
    defined, click on
    the "+" sign under 'level' so that you can promote yourself 
    to Author.
    This will allow your posts to have your name attached etc. 
    Now logout,
    and log back in as yourself.
    
    I suggest that you try two things: first, add a link (under 
    "Links") to
    your home page, and secondly, try "Write"-ing a post 
    (doesn't need to be
    anything substantial - you can always delete it or edit it 
    later). It
    should all be pretty self-explanatory. When you click on 
    "View Site" you
    should be able to see how your post looks. If you get 
    enthused, feel
    free to start posting content.
    
    I envisage that we should be able to fill the site out over 
    the next few
    weeks related to news items as they arrive, but also 
    including issues
    that arose over recent weeks (the von Storch paper, M&M 
    redux, etc.).
    Once we appear to have it under control, we can then open 
    up to the
    public and journalists.
    
    Any comments are welcome! (about the style, the 'tone', 
    the colour
    scheme, content etc...) 
    
    Gavin
    
    PS. let me know if you no longer want to receive any mail 
    about this.
    
    -- 
    *--------------------------------------------------------------------*
    | Gavin SchmidtNASA/Goddard Institute for Space 
    Studies |
    |2880 Broadway|
    | Tel:  New York, NY 
    10025|
    ||
    | 
    gschmidt@giss.nasa.govhttp://www.giss.nasa.gov/~gavi
    n  |
    *--------------------------------------------------------------------*
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    ___________________________________________
    ___________________
    Professor Michael E. Mann
     Department of Environmental Sciences, Clark Hall
    University of Virginia
    Charlottesville, VA 22903
    ____________________________________________________
    ___________________
    e-mail: mann@virginia.edu Phone:   
    
    http://www.evsc.virginia.edu/faculty/people/mann.shtml 
    
    _______________________________________________
    _______________
     Professor Michael E. Mann
     Department of Environmental Sciences, Clark Hall
     University of Virginia
     Charlottesville, VA 22903
    _________________________________________________________
    ______________
    e-mail: mann@virginia.edu Phone:  FAX: 
    
     http://www.evsc.virginia.edu/faculty/people/mann.shtml 
____________________________________________________
__________
 Professor Michael E. Mann
 Department of Environmental Sciences, Clark Hall
 University of Virginia
 Charlottesville, VA 22903
______________________________________________________________

_________
e-mail: mann@virginia.edu Phone:  FAX: 
 http://www.evsc.virginia.edu/faculty/people/mann.shtmlMalcolm 
Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes
Cc: rbradley@geo.umass.edu
Subject: Re: Fwd: Real Climate blog online...
Date: Thursday, November 04, 2004 1:34:34 PM

ok--thanks a bunch Malcolm,

In fact, I went back and carefully revised the wording to address your (legitimate!) concerns
that we might be seen as posting confidential information. It should be clear now in the present
wording that we're not, but instead are simply responding to materials that have been aired by
MM (and Muller now!) in the public domain....

You might want to take one last look at it, and also the site in general. There are a number of
nice new postings by some others. I think we're going to go public in 2 weeks or so w/ the
website, and there should be some press on this (David Appell will do something in Scientific
American!).

WIll keep you posted...

talk to you later,

mike

p.s. can't end this email w/out commenting on the events of the past 48 hours. Uggghhh! I
guess there is no relief in sight for at least 4 more years....

At 03:23 PM 11/4/04, Malcolm Hughes wrote:

Hi guys - just back, a little spaced out. I think the present wording is fine, and that
there is no need to contact Nature. In the unlikely, but happy, event that MM are
forced to withdraw their posting of their unpublished Nature comment,  a little
editing might be needed, but I suggest just wait and see. Cheers, Malcolm
Michael E. Mann wrote: 

Ray, Malcolm:

I've changed the wording now to make it clear that we have not posted
our actual response to the MM Nature comment, but simply have put
forward the arguments that were reflected in our response.

So I think we're perfectly clean here in terms of Nature's policy. But if you
and Ray think its worthwhile, I'll check w/ Rosalind Cotter.

Let me know ASAP.

Thanks,

Mike

At 12:15 AM 10/31/2004, Malcolm Hughes wrote:

Mike - un fortunately, I only got a chance to look at this today
(I'm in 
Siberia), and that very hurried. I will be out of e-mail contact
now until 
Thursday. I can be reached on my cellphone if the time
difference is 
remembered (11 hours to here, 7 hours to Moscow where I
will go Monday 
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morning). 
In general I am very pleased that this is happening, and the
structure of the 
Realclimate venture looks very sound. I am, however, very
concerned about 
your repeating the offence of M and M in putting the Nature-
related materials 
on the web, while Nature are still, at my request, deciding
what to do about 
their breach of protocol. I really think a way must be found to
reply 
effectively without breaking the same rule as they did. I'll try
to download the 
materials and read them more carefully as I fly to Moscow
tomorrow 
morning, and if I can see a way to fix this will contact you or
Ray by phone 
Monday. Cheers, Malcolm

On 30 Oct 2004 at 15:30, Michael E. Mann wrote:

Dear Ray,

Thanks for your comments on this. I've revised considerably,
taking into 
account your suggestions, and those of Gavin's as well. I think
it's all in pretty 
good shape now, but any final comments from you or Malcolm
would be very 
helpful.

I've tried to make the main contributions as general as
possible, but some of 
the stuff (especially, the linked details stuff) is necessarily a bit
technical--
that's as much for the wonks who follows this stuff as for the
lay visitors to 
the site. The casual readers can just read the main stuff, and
ignore the more 
technical details. But they should be there for those who want
the nitty gritty, 
I think...

cheers,

mike

    Date: Sat, 23 Oct 2004 07:55:15 -0400
    To: rbradley@geo.umass.edu, "Malcolm 
    Hughes"<mhughes@ltrr.arizona.edu>
    From: "Michael E. Mann" <mann@virginia.edu>
    Subject: Fwd: Real Climate blog online...
    
    Dear Ray, Malcolm
    
    A rough draft of the 'hockey stick' piece has now been
uploaded to the 
    site. As mentioned before, its password protected, but you
can log in w/ 
    this info:
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    Since we're going to be putting all of this out there, in the
public 
    domain (and ems is going to put out a press release for this
new site), I 
    could *really* use your feedback, criticism, comments etc.
on the 
    piece.
    
    I'd really appreciate it if you could find some time over the
next week 
    or so to look this over, and get back w/ comments, etc.
    
    Thanks a bunch in advance,
    
    Mike

    Date: Thu, 21 Oct 2004 12:56:50 -0400
    To: rbradley@geo.umass.edu, mhughes@ltrr.arizona.edu
    From: "Michael E. Mann" <mann@virginia.edu>
    Subject: Fwd: Real Climate blog online...
    
    Dear Ray, Malcolm:
    
    Wanted to give you both a heads up on this. Right now, this
is 
    confidential so please don't let this go beyond the two of
you. But 
    feel free to use the username/passwd information to check
out the 
    "trial balloon" (this site will be password protected until it is 
    officially launched).
    
    This website is intended as a quite general response from a
group 
    of climate scientists to the scientific disinformation that has
been 
    put out by the contrarians. Any contributinos will be
moderated 
    by the team, which will insure that we can keep the baddies
out. 
    We expect to launch this within a few weeks. An non-profit
is 
    providing us w/ administrative/technical support, and they
will 
    be issuing a press release when this is to go public.
Hopefully, 
    we'll make a bit of a splash.
    
    Feel free to check it out--its very sketchy right now. We
expect 
    the dozen or so "team members" to
    be fleshing out more details.
    
    Most relevant to us, I'll be adding a substantial contribution
on 
    the "hockey stick". It will address
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    a number of myths, show the level of concensus that exists
(i.e., 
    that this isn't just Mann et al), and
    will also include a specific rebuttal to McIntyre & McKitrick
that 
    includes information from the now in-press "Rutherford et
al"J. 
    Climate paper, and selected results from our reply to their
Nature 
    submission. Since these results were not published by
Nature, I 
    believe we are in the right in posting them as a response to
the 
    claims made by MM on their website.
    
    I hope to have this set up on the website for comments
soon (no 
    worries--again,this is password protected until it goes
public!). 
    Will update you when its up...
    
    let me know what you think...
    
    Thanks,
    
    Mike

    X-Authentication-Warning: isotope.giss.nasa.gov: gavin 
    set sender to gschmidt@giss.nasa.gov using -f
    Subject: Real Climate blog online...
    From: Gavin Schmidt <gschmidt@giss.nasa.gov>
    To: Stefan Rahmstorf <rahmstorf@pik-potsdam.de>,
     Georg Hoffmann <hoffmann@dsm-mail.saclay.cea.fr>,
     Jeff Severinghaus <jseveringhaus@ucsd.edu>, 
    aclement@rsmas.miami.edu,
     amman@ucar.edu, Eric Steig 
    <steig@ess.washington.edu>, wmc@bas.ac.uk
    Cc: Mike Mann <mann@virginia.edu>, 
    kalee@fenton.com, neu@giub.unibe.ch,
     bard@cerege.fr, ryanw@ems.org
    Organization: 
    X-Mailer: Ximian Evolution 1.2.2 (1.2.2-5) 
    Date: 20 Oct 2004 22:01:58 -0400
    X-UVA-Virus-Scanned: by amavisd-new at 
    fork12.mail.virginia.edu
    
    Colleagues, After a long delay while I was gallivanting 
    around Europe, I
    have now found time to set up the nucleus of the Real 
    Climate science
    blog we discussed a couple of months back. (Edouard, I 
    added your name
    to the list after our recent conversation, you may or may 
    not be
    interested in this effort). 
    
    The site is currently password protected while we add 
    content and make
    sure it works, but the basic outline is there. In order to 
    access it go
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    to 
    
    http://sci.ems.org/wp
    
    and fill in the fields below:
    
    
     
    
    You should then see a couple of posts. One a mild rebuttal 
    of some
    recent comments by Michaels and Spencer, and the other is 
    a Welcome
    message. On the menu bar are links to the Author's home 
    pages (currently
    myself and Mike), some categories (including a glossary) 
    of subjects.
    
    None of this is set in stone of course. In particular the 
    glossary
    seemed like a good idea, but I don't know how much 
    defining we'll end up
    doing. Other potential categories could be focused on 
    particular
    spokespeople (the usual suspects) or other specific topics. 
    Any ideas
    are welcome. 
    
    If at this point you feel the desire to join the team, then 
    click on
    'login' using the username: "temp" and password: "real1". 
    (Mike, I set
    one up for you already, username: mike, same password). 
    That will take
    you to the WordPress control center (the blogging software 
    we are
    using). Under "Users" you can define a user-id for yourself 
    (with the
    correct email, different password etc.). Once you are 
    defined, click on
    the "+" sign under 'level' so that you can promote yourself 
    to Author.
    This will allow your posts to have your name attached etc. 
    Now logout,
    and log back in as yourself.
    
    I suggest that you try two things: first, add a link (under 
    "Links") to
    your home page, and secondly, try "Write"-ing a post 
    (doesn't need to be
    anything substantial - you can always delete it or edit it 
    later). It
    should all be pretty self-explanatory. When you click on 
    "View Site" you
    should be able to see how your post looks. If you get 
    enthused, feel
    free to start posting content.
    
    I envisage that we should be able to fill the site out over 
    the next few
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    weeks related to news items as they arrive, but also 
    including issues
    that arose over recent weeks (the von Storch paper, M&M 
    redux, etc.).
    Once we appear to have it under control, we can then open

    up to the
    public and journalists.
    
    Any comments are welcome! (about the style, the 'tone', 
    the colour
    scheme, content etc...) 
    
    Gavin
    
    PS. let me know if you no longer want to receive any mail 
    about this.
    
    -- 
    *--------------------------------------------------------------------*
    | Gavin SchmidtNASA/Goddard Institute for Space 
    Studies |
    |2880 Broadway|
    | Tel:  New York, NY 
    10025|
    ||
    | 
    gschmidt@giss.nasa.govhttp://www.giss.nasa.gov/~gavi
    n  |
    *--------------------------------------------------------------------*
    
    ___________________________________________
    ___________________
    Professor Michael E. Mann
     Department of Environmental Sciences, Clark Hall
    University of Virginia
    Charlottesville, VA 22903
   
____________________________________________________

    ___________________
    e-mail: mann@virginia.edu Phone: 

 
   
    http://www.evsc.virginia.edu/faculty/people/mann.shtml 
    
    _______________________________________________
    _______________
     Professor Michael E. Mann
     Department of Environmental Sciences, Clark Hall
     University of Virginia
     Charlottesville, VA 22903
   
_________________________________________________________

    ______________
    e-mail: mann@virginia.edu Phone:  FAX:

   
     http://www.evsc.virginia.edu/faculty/people/mann.shtml 
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____________________________________________________

__________
 Professor Michael E. Mann
 Department of Environmental Sciences, Clark Hall
 University of Virginia
 Charlottesville, VA 22903
______________________________________________________________

_________
e-mail: mann@virginia.edu Phone:  FAX: 

 
http://www.evsc.virginia.edu/faculty/people/mann.shtmlMalcolm

Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Malcolm Hughes
To: michael E. Mann
Subject: (Fwd) FW: NATURE: Decision on 2004-01-14277B
Date: Monday, November 15, 2004 9:59:49 AM

Mike - just a reminder of what she told me, Cheers, Malcolm
------- Forwarded message follows -------
Return-Path: <R.Cotter@nature.com>
Received: from schulman.ltrr.arizona.edu ([unix socket])
        by schulman.ltrr.arizona.edu (Cyrus v2.1.9) with LMTP; Tue, 05 Oct 2004 06:26:22 -0700
X-Sieve: CMU Sieve 2.2
Received: from ring.ltrr.arizona.edu (ring.ltrr.arizona.edu [128.196.218.202])
        by schulman.ltrr.arizona.edu (8.12.8/8.12.2/LTRR) with ESMTP id i95DQMqu004275
        for <mhughes@schulman.ltrr.arizona.edu>; Tue, 5 Oct 2004 06:26:22 -0700
Received: from smtp-out-ldn-01.macmillan.co.uk (smtp-out-ldn-01.macmillan.co.uk [194.129.50.174])
        by ring.ltrr.arizona.edu (8.12.10/8.12.10/LTRR) with ESMTP id i95DQLLl025573
        for <mhughes@ltrr.arizona.edu>; Tue, 5 Oct 2004 06:26:21 -0700
Received: from mpls-ldn-ms1.macmillan.co.uk (mpls-ldn-ms1.macmillan.co.uk [172.21.0.16])
        by smtp-out-ldn-01.macmillan.co.uk (Postfix) with ESMTP id 1167A20C178
        for <mhughes@ltrr.arizona.edu>; Tue,  5 Oct 2004 14:26:15 +0100 (BST)
Received: from UK1APPS2.nature.com (unverified) by
    mpls-ldn-ms1.macmillan.co.uk (Content Technologies SMTPRS 4.3.14) with
    ESMTP id <T6c75e47730ac150010490@mpls-ldn-ms1.macmillan.co.uk> for
    <mhughes@ltrr.arizona.edu>; Tue, 5 Oct 2004 14:26:14 +0100
Received: by UK1APPS2.nature.com with Internet Mail Service (5.5.2653.19) id
    <QQH4VFWJ>; Tue, 5 Oct 2004 14:26:15 +0100
Message-ID: <125F7834E11A5741A7D79412EE3504F90A24892C@UK1APPS2.nature.com>
From: "Cotter, Rosalind" <R.Cotter@nature.com>
To: "'mhughes@ltrr.arizona.edu'" <mhughes@ltrr.arizona.edu>
Subject: FW: NATURE: Decision on 2004-01-14277B
Date: Tue, 5 Oct 2004 14:26:14 +0100
MIME-Version: 1.0
X-Mailer: Internet Mail Service (5.5.2653.19)
Content-Type: multipart/alternative;
    boundary="----_=_NextPart_001_01C4AADE.E30958DE"

<!DOCTYPE HTML PUBLIC "-//W3C//DTD HTML 4.0 Transitional//EN">

Dear Professor Hughes
We have written to Mr McIntyre and asked him to remove this
material, which contravenes our policy guidelines about not posting
confidential material without prior permission from the
authors/reviewers themselves. In the event that they wish to seek
that permission, this will be done through the Nature editors.
Thank you for drawing our attention to this matter.
Yours sincerely
Rosalind Cotter
Editor, Brief Communcations Arising
-----Original Message-----
From: Cotter, Rosalind
Sent: 23 September 2004 11:22
To: 'Malcolm Hughes'
Subject: RE: NATURE: Decision on 2004-01-14277B

Dear Professor Hughes
Thank you for your message. This is just to let you know that we are
looking into the matter and that we will be back to you as soon as
possible.
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With kind regards
Rosalind Cotter

-----Original Message-----
From: Malcolm Hughes [mailto:mhughes@ltrr.arizona.edu]
Sent: 15 September 2004 05:02
To: r.cotter@nature.com
Cc: mann@multiproxy.evsc.virginia.edu; raymond s. bradley
Subject: Re: NATURE: Decision on 2004-01-14277B

    Dear Ms. Cotter,
I am writing with reference to the matter of 2004-01-14277B.
I was recently disturbed to discover that the reviewers' reports
on that exchange are being broadcast at the following urls:

A draft copy of our corrigendum that you had apparently
shared with MacIntyre and McKittrick is also broadcast at:

ntext of an extended attack on Nature's handling
of this matter.

Although I can find no statement in your published policies
concerning the confidentiality of reviews (as distinct from the
identity of reviewers), I have always operated on the
assumption that normal scientific courtesy dictates that one
keeps reviews of others' work confidential, whatever ones'
role in the process. Please note that the referees' reports and
the draft corrigendum being broadcast by MacIntyre and
McKittrick are of our responses as well as of their own
submissions. Does Nature in fact have a policy on these
particular aspects of confidentiality? I think this is a matter
that might be of concern to many potential authors.
I do apologize for having to raise this miserable business
again.
Yours sincerely, Malcolm Hughes
.
.

- -
Malcolm K. Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
W. Stadium 105
University of Arizona
Tucson, AZ 85721
USA
e-mail: mhughes@ltrr.arizona.edu
telephone: 520-621-6470
fax:520-621-8229
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www.ltrr.arizona.edu

******************************************************
**************************
DISCLAIMER: This e-mail is confidential and should not be used
by anyone who is not the original intended recipient. If you have
received this e-mail in error please inform the sender and delete it
from your mailbox or any other storage mechanism. Neither
Macmillan Publishers Limited nor any of its agents accept liability
for any statements made which are clearly the sender's own and not
expressly made on behalf of Macmillan Publishers Limited or one
of its agents. Please note that neither Macmillan Publishers Limited
nor any of its agents accept any responsibility for viruses that may
be contained in this e-mail or its attachments and it is your
responsibility to scan the e-mail and attachments (if any). No
contracts may be concluded on behalf of Macmillan Publishers
Limited or its agents by means of e-mail communication.
Macmillan Publishers Limited Registered in England and Wales
with registered number 785998 Registered Office Brunel Road,
Houndmills, Basingstoke RG21 6XS< BR>
******************************************************
**************************

------- End of forwarded message -------
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From: Malcolm Hughes
To: Michael E. Mann
Subject: Re: Fwd: Nature ms 2004-01-14277: posting of refs" reports
Date: Monday, November 15, 2004 10:00:40 AM

Mike -  I note that reviewer 2's permissiondepends on our approval, which
Rosalind Cotter appears to have overlooked. Cheers, Malcolm

On 15 Nov 2004 at 9:26, Michael E. Mann wrote:

    From: "Cotter, Rosalind" <R.Cotter@nature.com>
    To: "'stephen.mcintyre@utoronto.ca'"<stephen.mcintyre@utoronto.ca>
    Cc:
    "'mann@multiproxy.evsc.virginia.edu'"<mann@multiproxy.evsc.virgin
    ia.edu>
    Subject: Nature ms 2004-01-14277: posting of refs' reports
    Date: Mon, 15 Nov 2004 14:25:00 -0000
    X-Mailer: Internet Mail Service (5.5.2653.19)
   
    Dear Dr McIntyre
   
    Further to your message of 31 October, the three reviewers of your
    Brief
    Communication Arising exchange with Mann et al. have agreed to
    allow their
    reports to be posted on your website. Here are their permissions, as
    requested:
   
    Reviewer #1 of 14277: NA, this was the reply from the criticised
    Nature
    authors
   
    Reviewer #1 of 14277A (revised ms)
   
    I do not necessarily find it useful that (parts of) my and other
    referees' comments appeared on the web and were open for discussion.
    However, I also do not take this issue too seriously, and wouldn't
    mind if the review is shown again on McIntyre's website.
   
   
    Reviewer #2
   
    I have no objection to my anonymous comments appearing on a
    website, provided that *both* sets of authors are content with
    this.
   
   
    Reviewer #3
   
    Although I am not very happy that excerpts of the evaluation
    have appeared on the internet without previous warning,
    in this specific case I would grant the permission to post them,
    to contribute to a wider discussion on the topic of the climate
    of the last millennium.
   
    Yours sincerely
    Rosalind Cotter
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    Editor, Brief Communications
   
   
   
    *********************************************************
    ***********************
    DISCLAIMER: This e-mail is confidential and should not be used by
    anyone who is not the original intended recipient. If you have received
    this e-mail in error please inform the sender and delete it from your
    mailbox or any other storage mechanism. Neither Macmillan Publishers
    Limited nor any of its agents accept liability for any statements made
    which are clearly the sender's own and not expressly made on behalf of
    Macmillan Publishers Limited or one of its agents. Please note that
    neither Macmillan Publishers Limited nor any of its agents accept any
    responsibility for viruses that may be contained in this e-mail or its
    attachments and it is your responsibility to scan the e-mail and
    attachments (if any). No contracts may be concluded on behalf of
    Macmillan Publishers Limited or its agents by means of e-mail
    communication. Macmillan Publishers Limited Registered in England
    and Wales with registered number 785998 Registered Office Brunel
    Road, Houndmills, Basingstoke RG21 6XS
    *********************************************************
    ***********************
____________________________________________________
__________
Professor Michael E. Mann
 Department of Environmental Sciences, Clark Hall
University of Virginia
Charlottesville, VA 22903
______________________________________________________________
_________
e-mail: mann@virginia.edu Phone:  
http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Cotter, Rosalind
Cc: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu
Subject: Re: Nature ms 2004-01-14277: posting of refs" reports
Date: Monday, November 15, 2004 10:09:49 AM

Dear Rosalind,

We noted that reviewer #2 actually indicates that *our* approval is required before his comments can
be posted.  We just wanted to make sure that you did not overlook this.

Our main concern in contacting you originally was that the authors had violated the principles of
confidentiality that most scientists, including us, adhere to, in posting these documents without
approval.

Nonetheless, if Nature feels that the public posting of these reviews is consistent with Nature policy,
then we are fine with this as well.

Mike Mann

At 09:25 AM 11/15/2004, Cotter, Rosalind wrote:

Dear Dr McIntyre

Further to your message of 31 October, the three reviewers of your Brief
Communication Arising exchange with Mann et al. have agreed to allow their
reports to be posted on your website. Here are their permissions, as
requested:

Reviewer #1 of 14277: NA, this was the reply from the criticised Nature
authors

Reviewer #1 of 14277A (revised ms)  

I do not necessarily find it useful that (parts of) my and other 
referees' comments appeared on the web and were open for discussion. 
However, I also do not take this issue too seriously, and wouldn't 
mind if the review is shown again on McIntyre's website.

Reviewer #2 

I have no objection to my anonymous comments appearing on a
website, provided that *both* sets of authors are content with
this.

Reviewer #3 

Although I am not very happy that excerpts of the evaluation
have appeared on the internet without previous warning, 
in this specific case I would grant the permission to post them,
to contribute to a wider discussion on the topic of the climate 
of the last millennium.

Yours sincerely
Rosalind Cotter
Editor, Brief Communications

********************************************************************************

DISCLAIMER: This e-mail is confidential and should not be used by anyone who is not the
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original intended recipient. If you have received this e-mail in error please inform the
sender and delete it from your mailbox or any other storage mechanism. Neither
Macmillan Publishers Limited nor any of its agents accept liability for any statements made
which are clearly the sender's own and not expressly made on behalf of Macmillan
Publishers Limited or one of its agents. Please note that neither Macmillan Publishers
Limited nor any of its agents accept any responsibility for viruses that may be contained in
this e-mail or its attachments and it is your responsibility to scan the e-mail and
attachments (if any). No contracts may be concluded on behalf of Macmillan Publishers
Limited or its agents by means of e-mail communication. Macmillan Publishers Limited
Registered in England and Wales with registered number 785998 Registered Office Brunel
Road, Houndmills, Basingstoke RG21 6XS
********************************************************************************

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

ABOR/MH/Priv-002544



From: Malcolm Hughes
To: mann@virginia.edu
Subject: Nature
Date: Monday, November 15, 2004 10:19:28 AM

OK, Malcolm
.
.
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From: Michael E. Mann
To: Cotter, Rosalind
Cc: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu
Subject: Re: Nature ms 2004-01-14277: posting of refs" reports
Date: Tuesday, November 16, 2004 8:23:08 AM

Thanks--that sounds fine,

Mike Mann

At 08:59 AM 11/16/2004, Cotter, Rosalind wrote:

Dear Professor Mann
Thank you for your message and for your consent to the proviso of referee 2 regarding the public posting
of his/her report. We certainly had not overlooked this caveat, which is why you were copied in on our
message to Dr McIntyre conveying the referees' permission for the public posting of their reviews; as you
know, this permission is a requirement of Nature's policy. 
With best wishes
Rosalind Cotter
Editor, Communications Arising

 -----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu]
Sent: 15 November 2004 17:09
To: Cotter, Rosalind
Cc: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu
Subject: Re: Nature ms 2004-01-14277: posting of refs' reports

Dear Rosalind,

We noted that reviewer #2 actually indicates that *our* approval is required before his comments can
be posted.  We just wanted to make sure that you did not overlook this.

Our main concern in contacting you originally was that the authors had violated the principles of
confidentiality that most scientists, including us, adhere to, in posting these documents without
approval.

Nonetheless, if Nature feels that the public posting of these reviews is consistent with Nature policy,
then we are fine with this as well.

Mike Mann

At 09:25 AM 11/15/2004, Cotter, Rosalind wrote:

Dear Dr McIntyre

Further to your message of 31 October, the three reviewers of your Brief
Communication Arising exchange with Mann et al. have agreed to allow their
reports to be posted on your website. Here are their permissions, as
requested:

Reviewer #1 of 14277: NA, this was the reply from the criticised Nature
authors

Reviewer #1 of 14277A (revised ms)  

I do not necessarily find it useful that (parts of) my and other 
referees' comments appeared on the web and were open for discussion. 
However, I also do not take this issue too seriously, and wouldn't 
mind if the review is shown again on McIntyre's website.

Reviewer #2 

I have no objection to my anonymous comments appearing on a
website, provided that *both* sets of authors are content with
this.

Reviewer #3 

Although I am not very happy that excerpts of the evaluation
have appeared on the internet without previous warning, 
in this specific case I would grant the permission to post them,
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to contribute to a wider discussion on the topic of the climate 
of the last millennium.

Yours sincerely
Rosalind Cotter
Editor, Brief Communications

********************************************************************************

DISCLAIMER: This e-mail is confidential and should not be used by anyone who is
not the original intended recipient. If you have received this e-mail in error please
inform the sender and delete it from your mailbox or any other storage mechanism.
Neither Macmillan Publishers Limited nor any of its agents accept liability for any
statements made which are clearly the sender's own and not expressly made on
behalf of Macmillan Publishers Limited or one of its agents. Please note that neither
Macmillan Publishers Limited nor any of its agents accept any responsibility for
viruses that may be contained in this e-mail or its attachments and it is your
responsibility to scan the e-mail and attachments (if any). No contracts may be
concluded on behalf of Macmillan Publishers Limited or its agents by means of e-mail
communication. Macmillan Publishers Limited Registered in England and Wales with
registered number 785998 Registered Office Brunel Road, Houndmills, Basingstoke
RG21 6XS
********************************************************************************

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml 

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Phil Jones; omichael@Princeton.edu; Ross Gelbspan
Cc: Stephen H Schneider; Tom Wigley; Ben Santer; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; Michael Oppemheimer; jmahlman@ucar.edu; Phil Jones;

gschmidt@giss.nasa.gov; Mike MacCracken
Subject: Re: Fwd: CCNet: PRESSURE GROWING ON CONTROVERSIAL RESEARCHER TO DISCLOSE SECRET DATA
Date: Monday, February 21, 2005 6:55:47 PM

Just to reinforce the importance of letters to the editor challenging the article and editorial in the WSJ. Whether they run
them or now, having multiple letters from prominent scientists in the field that can be made of public record would be
extremely useful to those fighting the disinformation campaign...

thanks,

Mike

At 11:28 AM 2/21/2005, Phil Jones wrote:

 Mike, Ray and Malcolm,
     The skeptics seem to be building up a head of steam here !  Maybe we can use
 this to our advantage to get the series updated !

     Odd idea to update the proxies with satellite estimates of the lower troposphere
 rather than surface data !. Odder still that they don't realise that Moberg et al used the
 Jones and Moberg updated series !

    Francis Zwiers is till onside. He said that PC1s produce hockey sticks. He stressed
 that the late 20th century is the warmest of the millennium, but Regaldo didn't bother
 with that. Also ignored Francis' comment about all the other series looking similar
 to MBH.

     The IPCC comes in for a lot of stick.

    Leave it to you to delete as appropriate !

 Cheers
 Phil

 PS I'm getting hassled by a couple of people to release the CRU station temperature data.
 Don't any of you three tell anybody that the UK has a Freedom of Information Act !

X-Sender: f023@pop.uea.ac.uk
X-Mailer: QUALCOMM Windows Eudora Version 6.1.0.6
Date: Mon, 21 Feb 2005 15:40:05 +0000
To: p.jones@uea.ac.uk
From: Keith Briffa <k.briffa@uea.ac.uk>
Subject: Fwd: CCNet: PRESSURE GROWING ON CONTROVERSIAL RESEARCHER TO
  DISCLOSE SECRET DATA

Subject: CCNet: PRESSURE GROWING ON CONTROVERSIAL RESEARCHER TO DISCLOSE
SECRET DATA
Date: Mon, 21 Feb 2005 15:02:37 -0000
X-MS-Has-Attach:
X-MS-TNEF-Correlator:
Thread-Topic: pressure grows on climate modellers to relase secret data
Thread-Index: AcUXiV64e/f3Ii8uQSa0X88pndSQgQAl2O1w
From: "Peiser, Benny" <B.J.Peiser@livjm.ac.uk>
To: "cambridge-conference" <cambridge-conference@livjm.ac.uk>
X-UEA-MailScanner-Information: Please contact the ISP for more information
X-UEA-MailScanner: Found to be clean

CCNet 22/2005 - 21 February 2005
PRESSURE GROWING ON CONTROVERSIAL RESEARCHER TO DISCLOSE SECRET DATA
--------------------------------------------------------------------

This should have produced a healthy scientific debate. Instead, Mr. Mann tried
to shut down debate by refusing to disclose the mathematical algorithm by which
he arrived at his conclusions. All the same, Mr. Mann was forced to publish a
retraction of some of his initial data, and doubts about his statistical methods
have since grown.
    --The Wall Street Journal, 18 February 2005
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But maybe we are in that much trouble. The WSJ highlights what Regaldo and McIntyre
says is Mann's resistance or outright refusal to provide to inquiring minds his
data, all details of his statistical analysis, and his code. So this is what I
say to Dr. Mann and others expressing deep concern over peer review: give up your
data, methods and code freely and with a smile on your face.
     --Kevin Vranes, Science Policy, 18 February 2005

Mann's work doesn't meet that definition [of science], and those who use Mann's
curve in their arguments are not making a scientific argument. One of Pournelle's
Laws states "You can prove anything if you can make up your data." I will now add
another Pournelle's Law: "You can prove anything if you can keep your algorithms
secret."
    --Jerry Pournelle, 18 February 2005

The time has come to question the IPCC's status as the near-monopoly source of
information and advice for its member governments. It is probably futile to propose
reform of the present IPCC process. Like most bureaucracies, it has too much
momentum
and its institutional interests are too strong for anyone realistically to suppose
that it can assimilate more diverse points of view, even if more scientists and
economists were keen to join up. The rectitude and credibility of the IPCC could be
best improved not through reform, but through competition.
     --Steven F. Hayward, The American Enterprise Institute, 15 February 2005

(1) HOCKEY STICK ON ICE
    The Wall Street Journal, 18 February 2005

(2) SCIENCE AND OPEN ALGORITHMS: "YOU CAN PROVE ANYTHING WITH SECRET
DATA AND ALGORITHMS"
    Jerry Pournell, 18 February 2005

(3) OPEN SEASON ON HOCKEY AND PEER REVIEW
    Science Policy, 18 February 2005

(4) CLIMATE CHANGE SCIENCE: TIME FOR TEAM "B"?
    The American Enterprise Institute, 15 February 2005

(5) BRING THE PROXIES UP TO DATE!
    Climate Audit, 20 February 2005

(6) CARELESS SCIENCE COSTS LIVES
    The Guardian, 18 February 2005

(7) RE: MORE TROUBLE FOR CLIMATE MODELS
    Helen Krueger <hkrueger@sbcglobal.net>

(8) HOW TO HANDLE ASTEROID 2004 MN4
    Jens Kieffer-Olsen <dstdba@post4.tele.dk>

(9) AND FINALLY: EUROPE FURTHER FALLING BEHIND IN TECHNOLOGY AND
RESEARCH
    EU Observer, 10 February 2005

==================
(1) HOCKEY STICK ON ICE

The Wall Street Journal, 18 February 2005
http://online.wsj.com/article_email/0,,SB110869271828758608-
IdjeoNmlah4n5yta4GHaqyIm4,00.html

On Wednesday National Hockey League Commissioner Gary Bettman canceled the
season, and we guess that's a loss. But this week also brought news of something else
that's been put on ice. We're talking about the "hockey stick."

Just so we're clear, this hockey stick isn't a sports implement; it's a scientific graph. Back
in the late 1990s, American geoscientist Michael Mann published a chart that purported
to show average surface temperatures in the Northern Hemisphere over the past 1,000
years. The chart showed relatively minor fluctuations in temperature over the first 900
years, then a sharp and continuous rise over the past century, giving it a hockey-stick
shape.

Mr. Mann's chart was both a scientific and political sensation. It contradicted a body of
scientific work suggesting a warm period early in the second millennium, followed by a
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"Little Ice Age" starting in the 14th century. It also provided some visually arresting
scientific support for the contention that fossil-fuel emissions were the cause of higher
temperatures. Little wonder, then, that Mr. Mann's hockey stick appears five times in the
Intergovernmental Panel on Climate Change's landmark 2001 report on global warming,
which paved the way to this week's global ratification -- sans the U.S., Australia and
China -- of the Kyoto Protocol.

Yet there were doubts about Mr. Mann's methods and analysis from the start. In 1998,
Willie Soon and Sallie Baliunas of the Harvard-Smithsonian Center for Astrophysics
published a paper in the journal Climate Research, arguing that there really had been a
Medieval warm period. The result: Messrs. Soon and Baliunas were treated as heretics
and six editors at Climate Research were made to resign.

Still, questions persisted. In 2003, Stephen McIntyre, a Toronto minerals consultant and
amateur mathematician, and Ross McKitrick, an economist at Canada's University of
Guelph, jointly published a critique of the hockey stick analysis. Their conclusion: Mr.
Mann's work was riddled with "collation errors, unjustifiable truncations of extrapolation
of source data, obsolete data, geographical location errors, incorrect calculations of
principal components, and other quality control defects." Once these were corrected, the
Medieval warm period showed up again in the data.

This should have produced a healthy scientific debate. Instead, as the Journal's Antonio
Regalado reported Monday, Mr. Mann tried to shut down debate by refusing to disclose
the mathematical algorithm by which he arrived at his conclusions. All the same, Mr.
Mann was forced to publish a retraction of some of his initial data, and doubts about his
statistical methods have since grown. Statistician Francis Zwiers of Environment Canada
(a government agency) notes that Mr. Mann's method "preferentially produces hockey
sticks when there are none in the data." Other reputable scientists such as Berkeley's
Richard Muller and Hans von Storch of Germany's GKSS Center essentially agree.

We realize this may all seem like so much academic nonsense. Yet if there really was a
Medieval warm period (we draw no conclusions), it would cast some doubt on the
contention that our SUVs and air conditioners, rather than natural causes, are to blame
for apparent global warming.

There is also the not-so-small matter of the politicization of science: If climate scientists
feel their careers might be put at risk by questioning some orthodoxy, the inevitable
result will be bad science. It says something that it took two non-climate scientists to
bring Mr. Mann's errors to light.

But the important point is this: The world is being lobbied to place a huge economic bet -
- as much as $150 billion a year -- on the notion that man-made global warming is real.
Businesses are gearing up, at considerable cost, to deal with a new regulatory
environment; complex carbon-trading schemes are in the making. Shouldn't everyone
look very carefully, and honestly, at the science before we jump off this particular cliff?

Copyright 2005, The Wall Street Journal

=============
(2) SCIENCE AND OPEN ALGORITHMS: "YOU CAN PROVE ANYTHING WITH SECRET
DATA AND ALGORITHMS"

Jerry Pournell, 18 February 2005
http://www.jerrypournelle.com/view/view349.html#hockeystick

Science and Open Algorithms: You can prove anything with secret data and algorithms.

There is a long piece on the global "hockey stick" in today's Wall Street Journal that
explains something I didn't understand: Mann, who generated the "hockey stick" curve
purporting to show that the last century was unique in all recorded history with its sharp
climb in temperature, has released neither the algorithm that generated his curve nor the
data on which it was based.

I had refrained from commenting on the "hockey stick" because I couldn't understand
how it was derived. I've done statistical analysis and prediction from uncertainty much of
my life. My first job in aerospace was as part of the Human Factors and Reliability Group
at Boeing, where we were expected to deal with such matters as predicting component
failures, and deriving maintenance schedules (replace it before it fails, but not so long
before it fails that the costs including the cost of the maintenance crew and the costs of
taking the airplane out of service are prohibitive) and other such matters. I used to live
with Incomplete Gamma Functions and other complex integrals; and I could not for the
life of me understand how Mann derived his famous curve. Now I know: he hasn't told
anyone. He says that telling people how he generated it would be tantamount to giving
in to his critics.

More on this after my walk, but the one thing we may conclude for sure is that this is
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not science. His curve has been distributed as part of the Canadian government's
literature on why Canada supports Kyoto, and is said to have been influential in causing
the "Kyoto Consensus" so it is certainly effective propaganda; but IT IS NOT SCIENCE.
Science deals with repeatability and openness. When I took Philosophy of Science from
Gustav Bergmann at the University of Iowa a very long time ago, our seminar came to a
one-sentence "practical definition" of science: Science is what you can put in a letter to a
colleague and he'll get the same results you did. Now I don't claim that as original for it
wasn't even me who came up with it in the seminar; but I do claim Bergmann liked that
formulation, and it certainly appealed to me, and I haven't seen a better one-sentence
practical definition of science. Mann's work doesn't meet that definition, and those who
use Mann's curve in their arguments are not making a scientific argument.

One of Pournelle's Laws states "You can prove anything if you can make up your data." I
will now add another Pournelle's Law: "You can prove anything if you can keep your
algorithms secret."

=============
(3) OPEN SEASON ON HOCKEY AND PEER REVIEW

Science Policy, 18 February 2005
http://sciencepolicy.colorado.edu/prometheus/archives/climate_change/000355open_season_on_hocke.html

By Kevin Vranes

The recent 2/14 WSJ article ("Global Warring..." by Antonio Regaldo) addresses the
debate that most readers of this site are well familiar with: the Mann et al. hockey stick.
The WSJ is still asking - and trying to answer - the basic questions: hockey stick or no
hockey stick? But the background premise of the article, stated explicitly and implicitly
throughout, is that it was the hockey stick that led to Kyoto and other climate policy. Is
it?

I think it's fair to say that to all of us in the field of climatology, the notion that Kyoto is
based on the Mann curve is utter nonsense. If a climatologist, or a policy advisor charged
with knowing the science well enough to make astute recommendations to his/her boss,
relied solely on the Mann curve to prove definitively the existence of anthropogenic
warming, then we're in deeper trouble than anybody realizes. (This is essentially what
Stephan Ramstorf writes in a 1/27 RealClimate post.) And although it's easy to believe
that national and international policy can hinge on single graphs, I hope we give policy
makers more credit than that.

But maybe we are in that much trouble. The WSJ highlights what Regaldo and McIntyre
says is Mann's resistance or outright refusal to provide to inquiring minds his data, all
details of his statistical analysis, and his code. The WSJ's anecdotal treatment of the
subject goes toward confirming what I've been hearing for years in climatology circles
about not just Mann, but others collecting original climate data.

As concerns Mann himself, this is especially curious in light of the recent RealClimate
posts (link and link) in which Mann and Gavin Schmidt warn us about peer review and
the limits therein. Their point is essentially that peer review is limited and can be much
less than thorough. One assumes that they are talking about their own work as well as
McIntyre's, although they never state this. Mann and Schmidt go to great lengths in their
post to single out Geophysical Research Letters. Their post then seems a bit ironic, as
GRL is the journal in which the original Mann curve was published (1999, vol 26., issue 6,
p. 759), an article which is now receiving much attention as being flawed and under-
reviewed. (For that matter, why does Table 1 in Mann et al. (1999) list many
chronologies in the Southern Hemisphere while the rest of the paper promotes a
Northern Hemisphere reconstruction? Legit or not, it's a confusing aspect of the paper
that should never have made it past peer review.)

Of their take on peer review, I couldn't agree more. In my experience, peer review is
often cursory at best. So this is what I say to Dr. Mann and others expressing deep
concern over peer review: give up your data, methods and code freely and with a smile
on your face. That is real peer review. A 12 year-old hacker prodigy in her grandparents'
basement should have as much opportunity to check your work as a "semi-retired
Toronto minerals consultant." Those without three letters after their name can be every
bit as intellectually qualified, and will likely have the time for careful review that typical
academic reviewers find lacking.

Specious analysis of your work will be borne out by your colleagues, and will enter the
debate with every other original work. Your job is not to prevent your critics from
checking your work and potentially distorting it; your job is to continue to publish
insightful, detailed analyses of the data and let the community decide. You can be part of
the debate without seeming to hinder access to it.

===============
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(4) CLIMATE CHANGE SCIENCE: TIME FOR TEAM "B"?

The American Enterprise Institute, 15 February 2005
http://www.aei.org/publications/pubID.21974/pub_detail.asp

By Steven F. Hayward

The Intergovernmental Panel on Climate Change (IPCC) is currently working on its fourth
assessment report. Despite the IPCC's noble intent to generate a scientific consensus, a
number of factors have compromised the research and drafting process, assuring that its
next assessment report will be just as controversial as previous reports in 1995 and 2001.
Efforts to reform this large bureaucratic effort are unlikely to succeed. Perhaps the time
has come to consider competition as the means of checking the IPCC's monopoly and
generating more reliable climate science.

As the Intergovernmental Panel on Climate Change (IPCC) moves toward the release of
its fourth assessment report (fourth AR) in 2007, the case of Chris Landsea offers in
microcosm an example of why the IPCC's findings are going to have credibility problems.

Last month Landsea, a climate change scientist with the U.S. National Oceanic and
Atmospheric Administration (NOAA), resigned as a participant in the producing the
report. Landsea had been a chapter author and reviewer for the IPCC's second
assessment report in 1995 and the third in 2001, and he is a leading expert on
hurricanes and related extreme weather phenomena. He had signed on with the IPCC to
update the state of current knowledge on Atlantic hurricanes for the fourth report. In an
open letter, Landsea wrote that he could no longer in good conscience participate in a
process that is "being motivated by pre-conceived agendas" and is "scientifically
unsound."[1]

Landsea's resignation was prompted by an all too familiar occurrence: The lead author of
the fourth AR's chapter on climate observations, Kevin Trenberth, participated in a press
conference that warned of increasing hurricane activity as a result of global warming.[2]
It is common to hear that man-made global warming represents the "consensus" of
science, yet the use of hurricanes and cyclones as a marker of global warming represents
a clear-cut case of the consensus being roundly ignored. Both the second and third IPCC
assessments concluded that there was no global warming signal found in the hurricane
record. Moreover, most climate models predict future warming will have only a small
effect--if any--on hurricane strength. "It is beyond me," Landsea wrote, "why my
colleagues would utilize the media to push an unsupported agenda that recent hurricane
activity has been due to global warming."[3] Landsea's critique goes beyond a fit of
pique at the abuse of his area of expertise. The IPCC, he believes, has become
thoroughly politicized, and is unresponsive to criticism. "When I have raised my concerns
to the IPCC leadership," Landsea wrote, "their response was simply to dismiss my
concerns."[4]

Landsea's frustration is not an isolated experience. MIT physicist Richard Lindzen,
another past IPCC author who is not participating in the fourth report, has written: "My
experiences over the past 16 years have led me to the discouraging conclusion that we
are dealing with the almost insoluble interaction of an iron triangle with an iron rice
bowl." (Lindzen's "iron triangle" consists of activists misusing science to get the attention
of the news media and politicians; the "iron rice bowl" is the parallel phenomenon where
scientists exploit the activists' alarm to increase research funding and attention for the
issue.[5]) And Dr. John Zillman, one of Australia's leading climate scientists, is another
ex-IPCC participant who believes the IPCC has become "cast more in the model of
supporting than informing policy development."[6]

And when the IPCC is not ignoring its responsible critics like Landsea and Lindzen, it is
demonizing them. Not long ago the IPCC's chairman, Dr. Rajendra Pachauri, compared
eco-skeptic Bjorn Lomborg to Hitler. "What is the difference between Lomborg's view of
humanity and Hitler's?" Pachauri asked in a Danish newspaper. "If you were to accept
Lomborg's way of thinking, then maybe what Hitler did was the right thing."[7]
Lomborg's sin was merely to follow the consensus practice of economists in applying a
discount to present costs for future benefits, and comparing the range of outcomes with
other world problems alongside climate change. It is hard to judge what is worse:
Pachauri's appalling judgment in resorting to reductio ad Hitlerum, or his abysmal
ignorance of basic economics. In either case, it is hard to have much confidence in the
policy advice the IPCC might have. [...]

Time for "Team B"?

The time has come to question the IPCC's status as the near-monopoly source of
information and advice for its member governments. It is probably futile to propose
reform of the present IPCC process. Like most bureaucracies, it has too much
momentum and its institutional interests are too strong for anyone realistically to
suppose that it can assimilate more diverse points of view, even if more scientists and
economists were keen to join up. The rectitude and credibility of the IPCC could be best
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improved not through reform, but through competition....

FULL PAPER at http://www.aei.org/publications/pubID.21974/pub_detail.asp

===========
(5) BRING THE PROXIES UP TO DATE!

Climate Audit, 20 February 2005
http://www.climateaudit.org/index.php?p=89#more-89

Steve McIntyre

I will make here a very simple suggestion: if IPCC or others want to use "multiproxy"
reconstructions of world temperature for policy purposes, stop using data ending in 1980
and bring the proxies up-to-date. Let's see how they perform in the warm 1990s - which
should be an ideal period to show the merit of the proxies. I do not believe that any
responsible policy-maker can base policy, even in part, on the continued use of obsolete
data ending in 1980, when the costs of bringing the data up-to-date is inconsequential
compared to Kyoto costs.

I would appreciate comments on this note as I think that I will pursue the matter with
policymakers.

For example, in Mann's famous hockey stick graph, as presented to policymakers and to
the public, the graph used Mann's reconstruction from proxies up to 1980 and
instrumental temperatures (here, as in other similar studies, using Jones' more lurid CRU
surface history rather than the more moderate increases shown by satellite
measurements). Usually (but not always), a different color is used for the instrumental
portion, but, from a promotional point of view, the juxtaposition of the two series
achieves the desired promotional effect. (In mining promotions, where there is
considerable community experience with promotional graphics and statistics, securities
commission prohibit the adding together of proven ore reserves and inferred ore reserves
- a policy which deserves a little reflection in the context of IPCC studies).

Last week, a brand new multiproxy study by European scientists [Moberg et al., 2005]
was published in Nature. On the very day of publication, I received an email from a
prominent scientist telling me that Mann's hockeystick was yesterday's news, that the
"community" had now "moved on" and so should I. That the "community" had had no
opportunity to verify Moberg's results, however meritorious they may finally appear,
seemed to matter not at all.

If you look at the proxy portion of the new Moberg graphic, you see nothing that would
be problematic for opponents of the hockey stick: it shows a striking Medieval Warm
Period (MWP), a cold Little Ice Age and 20th century warming not quite reaching MWP
levels by 1979, when the proxy portion of the study ends. (I'm in the process of
examining the individual proxies and the Moberg reconstruction is not without its own
imperfections.) In the presentation to the public - see the figure in the Nature article
itself, once again, there is the infamous splice between reconstruction by proxy (up to
1980) and the instrumental record thereafter (once again Jones' CRU record, rather than
the satellite record).

One of the first question that occurs to any civilian becoming familiar with these studies
(and it was one of my first questions) is: what happens to the proxies after 1980? Given
the presumed warmth of the 1990s, and especially 1998 (the "warmest year in the
millennium"), you'd think that the proxy values would be off the chart. In effect, the last
25 years have provided an ideal opportunity to validate the usefulness of proxies and,
especially the opportunity to test the confidence intervals of these studies, put forward
with such assurance by the multiproxy proponents. What happens to the proxies used in
MBH99 or Moberg et al [2005] or Crowley and Lowery [2000] in the 1990s and,
especially, 1998?

This question about proxies after 1980 was posed by a civilian to Mann in December at
realclimate. Mann replied:

Most reconstructions only extend through about 1980 because the vast majority of tree-
ring, coral, and ice core records currently available in the public domain do not extend
into the most recent decades. While paleoclimatologists are attempting to update many
important proxy records to the present, this is a costly, and labor-intensive activity, often
requiring expensive field campaigns that involve traveling with heavy equipment to
difficult-to-reach locations (such as high-elevation or remote polar sites). For historical
reasons, many of the important records were obtained in the 1970s and 1980s and have
yet to be updated. [my bold]

Pause and think about this response. Think about the costs of Kyoto and then think
again about this answer. Think about the billions spent on climate research and then try
to explain to me why we need to rely on "important records" obtained in the 1970s. Far
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more money has been spent on climate research in the last decade than in the 1970s.
Why are we still relying on obsolete proxy data?

As someone with actual experience in the mineral exploration business, which also
involves "expensive field campaigns that involve traveling with heavy equipment to
difficult-to-reach locations", I can assure readers that Mann's response cannot be
justified and is an embarrassment to the paleoclimate community. The more that I think
about it, the more outrageous is both the comment itself and the fact that no one seems
to have picked up on it.

It is even more outrageous when you look in detail at what is actually involved in
collecting the proxy data used in the medieval period in the key multiproxy studies. The
number of proxies used in MBH99 is from fewer than 40 sites (28 tree ring sites being
U.S. tree ring sites represented in 3 principal component series).

As to the time needed to update some of these tree ring sites, here is an excerpt from
Lamarche et al. [1984] on the collection of key tree ring cores from Sheep Mountain and
Campito Mountain, which are the most important indicators in the MBH reconstruction:

"D.A.G. [Graybill] and M.R.R. [Rose] collected tree ring samples at 3325 m on Mount
Jefferson, Toquima Range, Nevada and 11 August 1981. D.A.G. and M.R.R. collected
samples from 13 trees at Campito Mountain (3400 m) and from 15 trees at Sheep
Mountain (3500 m) on 31 October 1983."

Now to get to Campito Mountain and Sheep Mountain, they had to get to Bishop,
California, which is hardly "remote" even by Paris Hilton standards, and then proceed by
road to within a few hundred meters of the site, perhaps proceeding for some portion of
the journey on unpaved roads.

The picture below illustrates the taking of a tree ring core. While the equipment may
seem "heavy" to someone used only to desk work using computers, people in the
mineral exploration business would not regard this drill as being especially "heavy" and I
believe that people capable of operating such heavy equipment can be found, even in
out-of-the way places like Bishop, California. I apologize for the tone here, but it is
impossible for me not to be facetious.

There is only one relatively remote site in the entire MBH99 roster - the Quelccaya
glacier in Peru. Here, fortunately, the work is already done (although, needless to say, it
is not published.) This information was updated in 2003 by Lonnie Thompson and should
be adequate to update these series. With sufficient pressure from the U.S. National
Science Foundation, the data should be available expeditiously. (Given that Thompson
has not archived data from Dunde drilled in 1987, the need for pressure should not be
under-estimated.)

I realize that the rings need to be measured and that the field work is only a portion of
the effort involved. But updating 28 tree ring sites in the United States is not a
monumental enterprise nor would updating any of the other sites.

I've looked through lists of the proxies used in Jones et al. [1998], MBH99, Crowley and
Lowery [2000], Mann and Jones [2003], Moberg et al [2005] and see no obstacles to
bringing all these proxies up to date. The only sites that might take a little extra time
would be updating the Himalayan ice cores. Even here, it's possible that taking very
short cores or even pits would prove adequate for an update and this might prove easier
than one might be think. Be that as it may, any delays in updating the most complicated
location should not deter updating all the other locations.

As far as I'm concerned, this should be the first order of business for multiproxy studies.

Whose responsibility is this? While the costs are trivial in the scheme of Kyoto, they
would still be a significant line item in the budget of a university department. I think that
the responsibility here lies with the U.S. National Science Foundation and its equivalents
in Canada and Europe. The responsibilities for collecting the proxy updates could be
divided up in a couple of emails and budgets established.

One other important aspect: right now the funding agencies fund academics to do the
work and are completely ineffective in ensuring prompt reporting. At best, academic
practice will tie up reporting of results until the publication of articles in an academic
journals, creating a delay right at the start. Even then, in cases like Thompson or Jacoby,
to whom I've referred elsewhere, the data may never be archived or only after decades
in the hands of the originator.

So here I would propose something more like what happens in a mineral exploration
program. When a company has drill results, it has to publish them through a press
release. It can't wait for academic reports or for its geologists to spin the results. There's
lots of time to spin afterwards. Good or bad - the results have to be made public. The
company has a little discretion so that it can release drill holes in bunches and not every
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single drill hole, but the discretion can't build up too much during an important program.
Here I would insist that the proxy results be archived as soon as they are produced - the
academic reports and spin can come later. Since all these sites have already been
published, people are used to the proxies and the updates will to a considerable extend
speak for themselves.

What would I expect from such studies? Drill programs are usually a surprise and maybe
there's one here. My hunch is that the classic proxies will not show anywhere near as
"loud" a signal in the 1990s as is needed to make statements comparing the 1990s to
the Medieval Warm Period with any confidence at all. I've not surveyed proxies in the
1990s (nor to my knowledge has anyone else), but I've started to look and many do not
show the expected "loud" signal e.g. some of the proxies posted up on this site such as
Alaskan tree rings, TTHH ring widths, and theories are starting to develop. But the
discussions so far do not explicit point out the effect of signal failure on the multiproxy
reconstruction project.

But this is only a hunch and the evidence could be otherwise. The point is this: there's
no need to speculate any further. It's time to bring the classic proxies up to date.

=============
(6) CARELESS SCIENCE COSTS LIVES

The Guardian, 18 February 2005
http://www.guardian.co.uk/comment/story/0,3604,1417224,00.html

Dick Taverne

In science, as in much of life, it is believed that you get what you pay for. According to
opinion polls, people do not trust scientists who work for industry because they only care
about profits, or government scientists because they suspect them of trying to cover up
the truth. Scientists who work for environmental NGOs are more highly regarded.
Because they are trying to save the planet, people are ready to believe that what they
say must be true. A House of Lords report, Science and Society, published in 2000,
agreed that motives matter. It argued that science and scientists are not value-free, and
therefore that scientists would command more trust "if they openly declare the values
that underpin their work".

It all sounds very plausible, but mostly it is wrong. Scientists with the best of motives can
produce bad science, just as scientists whose motives may be considered suspect can
produce good science. An obvious example of the first was Rachel Carson, who, if not
the patron saint, was at least the founding mother of modern environmentalism. Her
book The Silent Spring was an inspiring account of the damage caused to our natural
environment by the reckless spraying of pesticides, especially DDT.

However, Carson also claimed that DDT caused cancer and liver damage, claims for
which there is no evidence but which led to an effective worldwide ban on the use of
DDT that is proving disastrous. Her motives were pure; the science was wrong. DDT is
the most effective agent ever invented for preventing insect-borne disease, which,
according to the US National Academy of Sciences and the WHO, prevented over 50
million human deaths from malaria in about two decades. Although there is no evidence
that DDT harms human health, some NGOs still demand a worldwide ban for that
reason. Careless science cost lives.

Contrast the benefits that have resulted from the profit motive, a motive that is held to
be suspect by the public. Multinationals, chief villains in the demonology of contemporary
anti-capitalists, have developed antibiotics, vaccines that have eradicated many diseases
like smallpox and polio, genetically modified insulin for diabetics, and plants such as GM
insect-resistant cotton that have reduced the need for pesticides and so increased the
income and improved the health of millions of small cotton farmers. The fact is that self-
interest can benefit the public as effectively as philanthropy.

Motives are not irrelevant, and unselfish motives are rightly admired more than selfish
ones. There are numerous examples of misconduct by big companies, and we should
examine their claims critically and provide effective regulation to control abuses of power
and ensure the safety of their products. Equally, we should not uncritically accept the
claims of those who act from idealistic motives. NGOs inspired by the noble cause of
protecting our environment often become careless about evidence and exaggerate risks
to attract attention (and funds). Although every leading scientific academy has concluded
that GM crops are at least as safe as conventional foods, this does not stop Greenpeace
reiterating claims about the dangers of "Frankenfoods". Stephen Schneider, a
climatologist, publicly justified distortion of evidence: "Because we are not just scientists
but human beings as well ... we need to ... capture the public imagination ... So we have
to offer up scary scenarios, make simplified dramatic statements, and make little
mention of any doubts we have."

But in the end motives are irrelevant to the validity of science. It does not matter if a
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scientist wants to help mankind, get a new grant, win a Nobel prize or increase the
profits of her company. It does not matter whether a researcher works for Monsanto or
for Greenpeace. Results are no more to be trusted if the researcher declares his values
and confesses that he beats his wife, believes in God, or is an Arsenal supporter. What
matters is that the work has been peer-reviewed, that the findings are reproducible and
that they last. If they do, they are good science. If not, not. Science itself is value-free.
There are objective truths in science. We can now regard it as a fact that the Earth goes
rounds the sun and that Darwinism explains the evolution of species.

A look at the history of science makes it evident how irrelevant the values of scientists
are. Newton's passion for alchemy did not invalidate his discovery of the laws of
gravitation. To quote Professor Fox of Rutger's University: "How was it relevant to
Mendel's findings about peas that he was a white, European monk? They would have
been just as valid if Mendel had been a Spanish-speaking, lesbian atheist."

· Lord Taverne is chair of Sense About Science and author of The March of Unreason, to
be published next month

Copyright 2005, The Guardian

========== LETTERS =========

(7) RE: MORE TROUBLE FOR CLIMATE MODELS

Helen Krueger <hkrueger@sbcglobal.net>

Dear Dr. Peiser,

I just want to let you know how much I am enjoying being included in your list so that I
can benefit from your astute handling of alarmist information personally and with my
students.

Thank you so much!

Regards,

Helen A. Krueger
Educational Consultant
Phone: 203-426-8043
FAX: 203-426-3541

===========
(8) HOW TO HANDLE ASTEROID 2004 MN4

Jens Kieffer-Olsen <dstdba@post4.tele.dk>

Dear Benny Peiser,

In CCNet 18/2005 - 11 February 2005 you brought an
interesting article on the possible breakup of
NEA 2004 MN4 in the year 2029:

> But there's another reason for concern. According to Dan
> Durda, another SWRI astronomer, 2004 MN4 is likely to be
> a "rubble-pile" asteroid, consisting of material only
> loosely held together by gravity. Because the asteroid
> will pass us at just 2.5 times Earth's diameter, tidal
> forces could tear it apart. The result would be a trail
> of rocks drifting slowly apart with the passage of time.
> One or more of these might hit Earth in the more distant
> future, creating a spectacular fireball as it burns up
> in the atmosphere.
>     --Bill Cooke, Astronomy Magazine, 10 February 2005

First of all, a 300m asteroid could break into 100 pieces
each larger than the Tunguska impactor. Secondly, the years
for which a TS rating of 1 already exist for the object
are NOT in the distant future, but 6, 7, and 8 years later.

That reminds us that neither the Torino nor the Palermo
scale takes into account the possibility of such a MIRV'ed
approach. Furthermore, the Palermo scale is designed to
take into account the lead time. Even if 2004 MN4 were not
to break up, the lead time to virtual impact in 2029 would
be down to one sixth of the time to-day. In other words,
if the post-2029 orbit is not being resolved before then,
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we may as well up the PS rating accordingly. If my math is
correct, we should add 0.78 to its Palermo Scale rating,
ie. log10(6), for a total of -0.65.

Yours sincerely
Jens Kieffer-Olsen, M.Sc.(Elec.Eng.)
Slagelse, Denmark

==========
(9) AND FINALLY: EUROPE FURTHER FALLING BEHIND IN TECHNOLOGY AND
RESEARCH

EU Observer, 10 February 2005
http://www.euobserver.com/?aid=18382&print=1

By Lucia Kubosova

BRUSSELS / EUOBSERVER - Europeans are still failing to show world leadership in
technology and research, a new report shows.

The paper, published on Thursday (10 February) has evaluated the EU research and
development programmes and their impact on Europe's knowledge-base and potential
for innovation.

While it argues that EU funds for the programmes make a "major contribution", it
suggests that more resources, industry participation and simplified administration are
needed for them to have a greater effect in future.

"We have somehow lost momentum", said Erkki Ormala, chair of the panel issuing the
report.

"The EU is falling behind. And we are now under pressue not only compared to our
traditional rivals like the US or Japan, but also China, India or Brazil. We are facing a
much tougher competition in talent and knowledge than we are used to".

Research Commissioner Janez Potocnik considers the paper's results as a reason for
doubling the funds in his portfolio within the next budgetary period of 2007-2013.

"We don't want to achieve our economic growth by lowering the social or environmental
standards. So to compete globally, we need to focus on knowledge", Mr Potocnik said to
journalists, adding that the EU programmes should "make a bridge between practical
innovation and research".

The report has listed several possible solutions for tackling outlined setbacks.

It argues that the EU must attract and reward the best talent, mobilise resources for
innovation and boost cooperation between governments, businesses and universities in
research.

It supports the idea of setting up a European Research Council to promote excellence
and encourages more industry involvement, mainly on the part of small and medium-
sized enterprises (SMEs).

However, SME representatives complain that their ideas about EU research and
innovation funding are not taken into consideration.

"It's not about how big the budget is for SMEs and their involvement in such projects. It
is rather about the allocation of the funds. Most of them are granted for huge long-term
projects which cost millions of euro and they can hardly attract smaller companies",
according to Ullrich Schroeder, from UEAPME, the main umbrella organisation.

He argues that while several reports have already pointed out that SMEs must be more
involved if the "Lisbon agenda" goal of 3 percent of GDP to be invested in research and
development in the EU by 2010 is to be achieved, in reality they are not as well
supported as huge transnational companies.

"It is not that the EU member states invest much less in universities than the US, but the
greatest difference is that European SMEs are only investing 8% of the US amount, and
it is simply not enough".

Mr Schroeder also said that while "there is a lot of rhetoric from politicians, that the
SMEs should get involved, innovate and compete, when they come up with good
projects, they are not sufficiently supported".

"The European Commission is more concerned about big companies and hightech areas,
while innovation is needed also in more down-to earth sectors", Mr Schroeder told the
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EUobserver.

© EUobserver.com 2005
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contact the editor Benny Peiser <b.j.peiser@livjm.ac.uk>. Information circulated
on this network is for scholarly and educational use only. The attached
information may not be copied or reproduced for any other purposes without prior
permission of the copyright holders. DISCLAIMER: The opinions, beliefs and
viewpoints expressed in the articles and texts and in other CCNet contributions
do not necessarily reflect the opinions, beliefs and viewpoints of the editor.
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______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
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                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Phil Jones
Cc: raymond s. bradley; Malcolm Hughes; Mike MacCracken; Ross Gelbspan <ross@TheWorld.com>, jmahlman@ucar.edu, jto@u.arizona.edu, Tom Wigley <wigley@ucar.edu>,

Stephen H Schneider; Ben Santer; Keith Briffa; Michael Oppenheimer; Gavin Schmidt; Caspar Ammann
Subject: Re: Fwd: CCNet: PRESSURE GROWING ON CONTROVERSIAL RESEARCHER TO DISCLOSE SECRET DATA
Date: Tuesday, February 22, 2005 9:27:33 AM

Dear Phil et al, 

BBC (a guy named Tom Fielden) will be interviewing me sometime over the next couple days (time/date to be determined,
but probably late evening, approx. 11 pm east coast) to discuss the "Hockey Stick" controversy. I expect it to be a friendly
interview, and a good opportunity to set the record straight.

Will send an update when I have more details. I will also try to get ahold of the transcript. It should prove useful.

cheers,

Mike

Subject: CCNet: PRESSURE GROWING ON CONTROVERSIAL RESEARCHER TO DISCLOSE
SECRET DATA
Date: Mon, 21 Feb 2005 15:02:37 -0000
X-MS-Has-Attach:
X-MS-TNEF-Correlator:
Thread-Topic: pressure grows on climate modellers to relase secret data
Thread-Index: AcUXiV64e/f3Ii8uQSa0X88pndSQgQAl2O1w
From: "Peiser, Benny" <B.J.Peiser@livjm.ac.uk>
To: "cambridge-conference" <cambridge-conference@livjm.ac.uk>
X-UEA-MailScanner-Information: Please contact the ISP for more information
X-UEA-MailScanner: Found to be clean

CCNet 22/2005 - 21 February 2005
PRESSURE GROWING ON CONTROVERSIAL RESEARCHER TO DISCLOSE SECRET DATA
--------------------------------------------------------------------

This should have produced a healthy scientific debate. Instead, Mr. Mann tried
to shut down debate by refusing to disclose the mathematical algorithm by which
he arrived at his conclusions. All the same, Mr. Mann was forced to publish a
retraction of some of his initial data, and doubts about his statistical methods
have since grown.
    --The Wall Street Journal, 18 February 2005

But maybe we are in that much trouble. The WSJ highlights what Regaldo and McIntyre
says is Mann's resistance or outright refusal to provide to inquiring minds his
data, all details of his statistical analysis, and his code. So this is what I
say to Dr. Mann and others expressing deep concern over peer review: give up your
data, methods and code freely and with a smile on your face.
     --Kevin Vranes, Science Policy, 18 February 2005

Mann's work doesn't meet that definition [of science], and those who use Mann's
curve in their arguments are not making a scientific argument. One of Pournelle's
Laws states "You can prove anything if you can make up your data." I will now add
another Pournelle's Law: "You can prove anything if you can keep your algorithms
secret."
    --Jerry Pournelle, 18 February 2005

The time has come to question the IPCC's status as the near-monopoly source of
information and advice for its member governments. It is probably futile to propose
reform of the present IPCC process. Like most bureaucracies, it has too much
momentum
and its institutional interests are too strong for anyone realistically to suppose
that it can assimilate more diverse points of view, even if more scientists and
economists were keen to join up. The rectitude and credibility of the IPCC could be
best improved not through reform, but through competition.
     --Steven F. Hayward, The American Enterprise Institute, 15 February 2005

(1) HOCKEY STICK ON ICE
    The Wall Street Journal, 18 February 2005

(2) SCIENCE AND OPEN ALGORITHMS: "YOU CAN PROVE ANYTHING WITH SECRET

ABOR/MH/Priv-002559



DATA AND ALGORITHMS"
    Jerry Pournell, 18 February 2005

(3) OPEN SEASON ON HOCKEY AND PEER REVIEW
    Science Policy, 18 February 2005

(4) CLIMATE CHANGE SCIENCE: TIME FOR TEAM "B"?
    The American Enterprise Institute, 15 February 2005

(5) BRING THE PROXIES UP TO DATE!
    Climate Audit, 20 February 2005

(6) CARELESS SCIENCE COSTS LIVES
    The Guardian, 18 February 2005

(7) RE: MORE TROUBLE FOR CLIMATE MODELS
    Helen Krueger <hkrueger@sbcglobal.net>

(8) HOW TO HANDLE ASTEROID 2004 MN4
    Jens Kieffer-Olsen <dstdba@post4.tele.dk>

(9) AND FINALLY: EUROPE FURTHER FALLING BEHIND IN TECHNOLOGY AND
RESEARCH
    EU Observer, 10 February 2005

==================
(1) HOCKEY STICK ON ICE

The Wall Street Journal, 18 February 2005
http://online.wsj.com/article_email/0,,SB110869271828758608-
IdjeoNmlah4n5yta4GHaqyIm4,00.html

On Wednesday National Hockey League Commissioner Gary Bettman canceled the
season, and we guess that's a loss. But this week also brought news of something else
that's been put on ice. We're talking about the "hockey stick."

Just so we're clear, this hockey stick isn't a sports implement; it's a scientific graph. Back
in the late 1990s, American geoscientist Michael Mann published a chart that purported
to show average surface temperatures in the Northern Hemisphere over the past 1,000
years. The chart showed relatively minor fluctuations in temperature over the first 900
years, then a sharp and continuous rise over the past century, giving it a hockey-stick
shape.

Mr. Mann's chart was both a scientific and political sensation. It contradicted a body of
scientific work suggesting a warm period early in the second millennium, followed by a
"Little Ice Age" starting in the 14th century. It also provided some visually arresting
scientific support for the contention that fossil-fuel emissions were the cause of higher
temperatures. Little wonder, then, that Mr. Mann's hockey stick appears five times in the
Intergovernmental Panel on Climate Change's landmark 2001 report on global warming,
which paved the way to this week's global ratification -- sans the U.S., Australia and
China -- of the Kyoto Protocol.

Yet there were doubts about Mr. Mann's methods and analysis from the start. In 1998,
Willie Soon and Sallie Baliunas of the Harvard-Smithsonian Center for Astrophysics
published a paper in the journal Climate Research, arguing that there really had been a
Medieval warm period. The result: Messrs. Soon and Baliunas were treated as heretics
and six editors at Climate Research were made to resign.

Still, questions persisted. In 2003, Stephen McIntyre, a Toronto minerals consultant and
amateur mathematician, and Ross McKitrick, an economist at Canada's University of
Guelph, jointly published a critique of the hockey stick analysis. Their conclusion: Mr.
Mann's work was riddled with "collation errors, unjustifiable truncations of extrapolation
of source data, obsolete data, geographical location errors, incorrect calculations of
principal components, and other quality control defects." Once these were corrected, the
Medieval warm period showed up again in the data.

This should have produced a healthy scientific debate. Instead, as the Journal's Antonio
Regalado reported Monday, Mr. Mann tried to shut down debate by refusing to disclose
the mathematical algorithm by which he arrived at his conclusions. All the same, Mr.
Mann was forced to publish a retraction of some of his initial data, and doubts about his
statistical methods have since grown. Statistician Francis Zwiers of Environment Canada
(a government agency) notes that Mr. Mann's method "preferentially produces hockey
sticks when there are none in the data." Other reputable scientists such as Berkeley's
Richard Muller and Hans von Storch of Germany's GKSS Center essentially agree.

We realize this may all seem like so much academic nonsense. Yet if there really was a
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Medieval warm period (we draw no conclusions), it would cast some doubt on the
contention that our SUVs and air conditioners, rather than natural causes, are to blame
for apparent global warming.

There is also the not-so-small matter of the politicization of science: If climate scientists
feel their careers might be put at risk by questioning some orthodoxy, the inevitable
result will be bad science. It says something that it took two non-climate scientists to
bring Mr. Mann's errors to light.

But the important point is this: The world is being lobbied to place a huge economic bet -
- as much as $150 billion a year -- on the notion that man-made global warming is real.
Businesses are gearing up, at considerable cost, to deal with a new regulatory
environment; complex carbon-trading schemes are in the making. Shouldn't everyone
look very carefully, and honestly, at the science before we jump off this particular cliff?

Copyright 2005, The Wall Street Journal

=============
(2) SCIENCE AND OPEN ALGORITHMS: "YOU CAN PROVE ANYTHING WITH SECRET
DATA AND ALGORITHMS"

Jerry Pournell, 18 February 2005
http://www.jerrypournelle.com/view/view349.html#hockeystick

Science and Open Algorithms: You can prove anything with secret data and algorithms.

There is a long piece on the global "hockey stick" in today's Wall Street Journal that
explains something I didn't understand: Mann, who generated the "hockey stick" curve
purporting to show that the last century was unique in all recorded history with its sharp
climb in temperature, has released neither the algorithm that generated his curve nor the
data on which it was based.

I had refrained from commenting on the "hockey stick" because I couldn't understand
how it was derived. I've done statistical analysis and prediction from uncertainty much of
my life. My first job in aerospace was as part of the Human Factors and Reliability Group
at Boeing, where we were expected to deal with such matters as predicting component
failures, and deriving maintenance schedules (replace it before it fails, but not so long
before it fails that the costs including the cost of the maintenance crew and the costs of
taking the airplane out of service are prohibitive) and other such matters. I used to live
with Incomplete Gamma Functions and other complex integrals; and I could not for the
life of me understand how Mann derived his famous curve. Now I know: he hasn't told
anyone. He says that telling people how he generated it would be tantamount to giving
in to his critics.

More on this after my walk, but the one thing we may conclude for sure is that this is
not science. His curve has been distributed as part of the Canadian government's
literature on why Canada supports Kyoto, and is said to have been influential in causing
the "Kyoto Consensus" so it is certainly effective propaganda; but IT IS NOT SCIENCE.
Science deals with repeatability and openness. When I took Philosophy of Science from
Gustav Bergmann at the University of Iowa a very long time ago, our seminar came to a
one-sentence "practical definition" of science: Science is what you can put in a letter to a
colleague and he'll get the same results you did. Now I don't claim that as original for it
wasn't even me who came up with it in the seminar; but I do claim Bergmann liked that
formulation, and it certainly appealed to me, and I haven't seen a better one-sentence
practical definition of science. Mann's work doesn't meet that definition, and those who
use Mann's curve in their arguments are not making a scientific argument.

One of Pournelle's Laws states "You can prove anything if you can make up your data." I
will now add another Pournelle's Law: "You can prove anything if you can keep your
algorithms secret."

=============
(3) OPEN SEASON ON HOCKEY AND PEER REVIEW

Science Policy, 18 February 2005
http://sciencepolicy.colorado.edu/prometheus/archives/climate_change/000355open_season_on_hocke.html

By Kevin Vranes

The recent 2/14 WSJ article ("Global Warring..." by Antonio Regaldo) addresses the
debate that most readers of this site are well familiar with: the Mann et al. hockey stick.
The WSJ is still asking - and trying to answer - the basic questions: hockey stick or no
hockey stick? But the background premise of the article, stated explicitly and implicitly
throughout, is that it was the hockey stick that led to Kyoto and other climate policy. Is
it?
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I think it's fair to say that to all of us in the field of climatology, the notion that Kyoto is
based on the Mann curve is utter nonsense. If a climatologist, or a policy advisor charged
with knowing the science well enough to make astute recommendations to his/her boss,
relied solely on the Mann curve to prove definitively the existence of anthropogenic
warming, then we're in deeper trouble than anybody realizes. (This is essentially what
Stephan Ramstorf writes in a 1/27 RealClimate post.) And although it's easy to believe
that national and international policy can hinge on single graphs, I hope we give policy
makers more credit than that.

But maybe we are in that much trouble. The WSJ highlights what Regaldo and McIntyre
says is Mann's resistance or outright refusal to provide to inquiring minds his data, all
details of his statistical analysis, and his code. The WSJ's anecdotal treatment of the
subject goes toward confirming what I've been hearing for years in climatology circles
about not just Mann, but others collecting original climate data.

As concerns Mann himself, this is especially curious in light of the recent RealClimate
posts (link and link) in which Mann and Gavin Schmidt warn us about peer review and
the limits therein. Their point is essentially that peer review is limited and can be much
less than thorough. One assumes that they are talking about their own work as well as
McIntyre's, although they never state this. Mann and Schmidt go to great lengths in their
post to single out Geophysical Research Letters. Their post then seems a bit ironic, as
GRL is the journal in which the original Mann curve was published (1999, vol 26., issue 6,
p. 759), an article which is now receiving much attention as being flawed and under-
reviewed. (For that matter, why does Table 1 in Mann et al. (1999) list many
chronologies in the Southern Hemisphere while the rest of the paper promotes a
Northern Hemisphere reconstruction? Legit or not, it's a confusing aspect of the paper
that should never have made it past peer review.)

Of their take on peer review, I couldn't agree more. In my experience, peer review is
often cursory at best. So this is what I say to Dr. Mann and others expressing deep
concern over peer review: give up your data, methods and code freely and with a smile
on your face. That is real peer review. A 12 year-old hacker prodigy in her grandparents'
basement should have as much opportunity to check your work as a "semi-retired
Toronto minerals consultant." Those without three letters after their name can be every
bit as intellectually qualified, and will likely have the time for careful review that typical
academic reviewers find lacking.

Specious analysis of your work will be borne out by your colleagues, and will enter the
debate with every other original work. Your job is not to prevent your critics from
checking your work and potentially distorting it; your job is to continue to publish
insightful, detailed analyses of the data and let the community decide. You can be part of
the debate without seeming to hinder access to it.

===============
(4) CLIMATE CHANGE SCIENCE: TIME FOR TEAM "B"?

The American Enterprise Institute, 15 February 2005
http://www.aei.org/publications/pubID.21974/pub_detail.asp

By Steven F. Hayward

The Intergovernmental Panel on Climate Change (IPCC) is currently working on its fourth
assessment report. Despite the IPCC's noble intent to generate a scientific consensus, a
number of factors have compromised the research and drafting process, assuring that its
next assessment report will be just as controversial as previous reports in 1995 and 2001.
Efforts to reform this large bureaucratic effort are unlikely to succeed. Perhaps the time
has come to consider competition as the means of checking the IPCC's monopoly and
generating more reliable climate science.

As the Intergovernmental Panel on Climate Change (IPCC) moves toward the release of
its fourth assessment report (fourth AR) in 2007, the case of Chris Landsea offers in
microcosm an example of why the IPCC's findings are going to have credibility problems.

Last month Landsea, a climate change scientist with the U.S. National Oceanic and
Atmospheric Administration (NOAA), resigned as a participant in the producing the
report. Landsea had been a chapter author and reviewer for the IPCC's second
assessment report in 1995 and the third in 2001, and he is a leading expert on
hurricanes and related extreme weather phenomena. He had signed on with the IPCC to
update the state of current knowledge on Atlantic hurricanes for the fourth report. In an
open letter, Landsea wrote that he could no longer in good conscience participate in a
process that is "being motivated by pre-conceived agendas" and is "scientifically
unsound."[1]

Landsea's resignation was prompted by an all too familiar occurrence: The lead author of
the fourth AR's chapter on climate observations, Kevin Trenberth, participated in a press
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conference that warned of increasing hurricane activity as a result of global warming.[2]
It is common to hear that man-made global warming represents the "consensus" of
science, yet the use of hurricanes and cyclones as a marker of global warming represents
a clear-cut case of the consensus being roundly ignored. Both the second and third IPCC
assessments concluded that there was no global warming signal found in the hurricane
record. Moreover, most climate models predict future warming will have only a small
effect--if any--on hurricane strength. "It is beyond me," Landsea wrote, "why my
colleagues would utilize the media to push an unsupported agenda that recent hurricane
activity has been due to global warming."[3] Landsea's critique goes beyond a fit of
pique at the abuse of his area of expertise. The IPCC, he believes, has become
thoroughly politicized, and is unresponsive to criticism. "When I have raised my concerns
to the IPCC leadership," Landsea wrote, "their response was simply to dismiss my
concerns."[4]

Landsea's frustration is not an isolated experience. MIT physicist Richard Lindzen,
another past IPCC author who is not participating in the fourth report, has written: "My
experiences over the past 16 years have led me to the discouraging conclusion that we
are dealing with the almost insoluble interaction of an iron triangle with an iron rice
bowl." (Lindzen's "iron triangle" consists of activists misusing science to get the attention
of the news media and politicians; the "iron rice bowl" is the parallel phenomenon where
scientists exploit the activists' alarm to increase research funding and attention for the
issue.[5]) And Dr. John Zillman, one of Australia's leading climate scientists, is another
ex-IPCC participant who believes the IPCC has become "cast more in the model of
supporting than informing policy development."[6]

And when the IPCC is not ignoring its responsible critics like Landsea and Lindzen, it is
demonizing them. Not long ago the IPCC's chairman, Dr. Rajendra Pachauri, compared
eco-skeptic Bjorn Lomborg to Hitler. "What is the difference between Lomborg's view of
humanity and Hitler's?" Pachauri asked in a Danish newspaper. "If you were to accept
Lomborg's way of thinking, then maybe what Hitler did was the right thing."[7]
Lomborg's sin was merely to follow the consensus practice of economists in applying a
discount to present costs for future benefits, and comparing the range of outcomes with
other world problems alongside climate change. It is hard to judge what is worse:
Pachauri's appalling judgment in resorting to reductio ad Hitlerum, or his abysmal
ignorance of basic economics. In either case, it is hard to have much confidence in the
policy advice the IPCC might have. [...]

Time for "Team B"?

The time has come to question the IPCC's status as the near-monopoly source of
information and advice for its member governments. It is probably futile to propose
reform of the present IPCC process. Like most bureaucracies, it has too much
momentum and its institutional interests are too strong for anyone realistically to
suppose that it can assimilate more diverse points of view, even if more scientists and
economists were keen to join up. The rectitude and credibility of the IPCC could be best
improved not through reform, but through competition....

FULL PAPER at http://www.aei.org/publications/pubID.21974/pub_detail.asp

===========
(5) BRING THE PROXIES UP TO DATE!

Climate Audit, 20 February 2005
http://www.climateaudit.org/index.php?p=89#more-89

Steve McIntyre

I will make here a very simple suggestion: if IPCC or others want to use "multiproxy"
reconstructions of world temperature for policy purposes, stop using data ending in 1980
and bring the proxies up-to-date. Let's see how they perform in the warm 1990s - which
should be an ideal period to show the merit of the proxies. I do not believe that any
responsible policy-maker can base policy, even in part, on the continued use of obsolete
data ending in 1980, when the costs of bringing the data up-to-date is inconsequential
compared to Kyoto costs.

I would appreciate comments on this note as I think that I will pursue the matter with
policymakers.

For example, in Mann's famous hockey stick graph, as presented to policymakers and to
the public, the graph used Mann's reconstruction from proxies up to 1980 and
instrumental temperatures (here, as in other similar studies, using Jones' more lurid CRU
surface history rather than the more moderate increases shown by satellite
measurements). Usually (but not always), a different color is used for the instrumental
portion, but, from a promotional point of view, the juxtaposition of the two series
achieves the desired promotional effect. (In mining promotions, where there is
considerable community experience with promotional graphics and statistics, securities
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commission prohibit the adding together of proven ore reserves and inferred ore reserves
- a policy which deserves a little reflection in the context of IPCC studies).

Last week, a brand new multiproxy study by European scientists [Moberg et al., 2005]
was published in Nature. On the very day of publication, I received an email from a
prominent scientist telling me that Mann's hockeystick was yesterday's news, that the
"community" had now "moved on" and so should I. That the "community" had had no
opportunity to verify Moberg's results, however meritorious they may finally appear,
seemed to matter not at all.

If you look at the proxy portion of the new Moberg graphic, you see nothing that would
be problematic for opponents of the hockey stick: it shows a striking Medieval Warm
Period (MWP), a cold Little Ice Age and 20th century warming not quite reaching MWP
levels by 1979, when the proxy portion of the study ends. (I'm in the process of
examining the individual proxies and the Moberg reconstruction is not without its own
imperfections.) In the presentation to the public - see the figure in the Nature article
itself, once again, there is the infamous splice between reconstruction by proxy (up to
1980) and the instrumental record thereafter (once again Jones' CRU record, rather than
the satellite record).

One of the first question that occurs to any civilian becoming familiar with these studies
(and it was one of my first questions) is: what happens to the proxies after 1980? Given
the presumed warmth of the 1990s, and especially 1998 (the "warmest year in the
millennium"), you'd think that the proxy values would be off the chart. In effect, the last
25 years have provided an ideal opportunity to validate the usefulness of proxies and,
especially the opportunity to test the confidence intervals of these studies, put forward
with such assurance by the multiproxy proponents. What happens to the proxies used in
MBH99 or Moberg et al [2005] or Crowley and Lowery [2000] in the 1990s and,
especially, 1998?

This question about proxies after 1980 was posed by a civilian to Mann in December at
realclimate. Mann replied:

Most reconstructions only extend through about 1980 because the vast majority of tree-
ring, coral, and ice core records currently available in the public domain do not extend
into the most recent decades. While paleoclimatologists are attempting to update many
important proxy records to the present, this is a costly, and labor-intensive activity, often
requiring expensive field campaigns that involve traveling with heavy equipment to
difficult-to-reach locations (such as high-elevation or remote polar sites). For historical
reasons, many of the important records were obtained in the 1970s and 1980s and have
yet to be updated. [my bold]

Pause and think about this response. Think about the costs of Kyoto and then think
again about this answer. Think about the billions spent on climate research and then try
to explain to me why we need to rely on "important records" obtained in the 1970s. Far
more money has been spent on climate research in the last decade than in the 1970s.
Why are we still relying on obsolete proxy data?

As someone with actual experience in the mineral exploration business, which also
involves "expensive field campaigns that involve traveling with heavy equipment to
difficult-to-reach locations", I can assure readers that Mann's response cannot be
justified and is an embarrassment to the paleoclimate community. The more that I think
about it, the more outrageous is both the comment itself and the fact that no one seems
to have picked up on it.

It is even more outrageous when you look in detail at what is actually involved in
collecting the proxy data used in the medieval period in the key multiproxy studies. The
number of proxies used in MBH99 is from fewer than 40 sites (28 tree ring sites being
U.S. tree ring sites represented in 3 principal component series).

As to the time needed to update some of these tree ring sites, here is an excerpt from
Lamarche et al. [1984] on the collection of key tree ring cores from Sheep Mountain and
Campito Mountain, which are the most important indicators in the MBH reconstruction:

"D.A.G. [Graybill] and M.R.R. [Rose] collected tree ring samples at 3325 m on Mount
Jefferson, Toquima Range, Nevada and 11 August 1981. D.A.G. and M.R.R. collected
samples from 13 trees at Campito Mountain (3400 m) and from 15 trees at Sheep
Mountain (3500 m) on 31 October 1983."

Now to get to Campito Mountain and Sheep Mountain, they had to get to Bishop,
California, which is hardly "remote" even by Paris Hilton standards, and then proceed by
road to within a few hundred meters of the site, perhaps proceeding for some portion of
the journey on unpaved roads.

The picture below illustrates the taking of a tree ring core. While the equipment may
seem "heavy" to someone used only to desk work using computers, people in the
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mineral exploration business would not regard this drill as being especially "heavy" and I
believe that people capable of operating such heavy equipment can be found, even in
out-of-the way places like Bishop, California. I apologize for the tone here, but it is
impossible for me not to be facetious.

There is only one relatively remote site in the entire MBH99 roster - the Quelccaya
glacier in Peru. Here, fortunately, the work is already done (although, needless to say, it
is not published.) This information was updated in 2003 by Lonnie Thompson and should
be adequate to update these series. With sufficient pressure from the U.S. National
Science Foundation, the data should be available expeditiously. (Given that Thompson
has not archived data from Dunde drilled in 1987, the need for pressure should not be
under-estimated.)

I realize that the rings need to be measured and that the field work is only a portion of
the effort involved. But updating 28 tree ring sites in the United States is not a
monumental enterprise nor would updating any of the other sites.

I've looked through lists of the proxies used in Jones et al. [1998], MBH99, Crowley and
Lowery [2000], Mann and Jones [2003], Moberg et al [2005] and see no obstacles to
bringing all these proxies up to date. The only sites that might take a little extra time
would be updating the Himalayan ice cores. Even here, it's possible that taking very
short cores or even pits would prove adequate for an update and this might prove easier
than one might be think. Be that as it may, any delays in updating the most complicated
location should not deter updating all the other locations.

As far as I'm concerned, this should be the first order of business for multiproxy studies.

Whose responsibility is this? While the costs are trivial in the scheme of Kyoto, they
would still be a significant line item in the budget of a university department. I think that
the responsibility here lies with the U.S. National Science Foundation and its equivalents
in Canada and Europe. The responsibilities for collecting the proxy updates could be
divided up in a couple of emails and budgets established.

One other important aspect: right now the funding agencies fund academics to do the
work and are completely ineffective in ensuring prompt reporting. At best, academic
practice will tie up reporting of results until the publication of articles in an academic
journals, creating a delay right at the start. Even then, in cases like Thompson or Jacoby,
to whom I've referred elsewhere, the data may never be archived or only after decades
in the hands of the originator.

So here I would propose something more like what happens in a mineral exploration
program. When a company has drill results, it has to publish them through a press
release. It can't wait for academic reports or for its geologists to spin the results. There's
lots of time to spin afterwards. Good or bad - the results have to be made public. The
company has a little discretion so that it can release drill holes in bunches and not every
single drill hole, but the discretion can't build up too much during an important program.
Here I would insist that the proxy results be archived as soon as they are produced - the
academic reports and spin can come later. Since all these sites have already been
published, people are used to the proxies and the updates will to a considerable extend
speak for themselves.

What would I expect from such studies? Drill programs are usually a surprise and maybe
there's one here. My hunch is that the classic proxies will not show anywhere near as
"loud" a signal in the 1990s as is needed to make statements comparing the 1990s to
the Medieval Warm Period with any confidence at all. I've not surveyed proxies in the
1990s (nor to my knowledge has anyone else), but I've started to look and many do not
show the expected "loud" signal e.g. some of the proxies posted up on this site such as
Alaskan tree rings, TTHH ring widths, and theories are starting to develop. But the
discussions so far do not explicit point out the effect of signal failure on the multiproxy
reconstruction project.

But this is only a hunch and the evidence could be otherwise. The point is this: there's
no need to speculate any further. It's time to bring the classic proxies up to date.

=============
(6) CARELESS SCIENCE COSTS LIVES

The Guardian, 18 February 2005
http://www.guardian.co.uk/comment/story/0,3604,1417224,00.html

Dick Taverne

In science, as in much of life, it is believed that you get what you pay for. According to
opinion polls, people do not trust scientists who work for industry because they only care
about profits, or government scientists because they suspect them of trying to cover up
the truth. Scientists who work for environmental NGOs are more highly regarded.
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Because they are trying to save the planet, people are ready to believe that what they
say must be true. A House of Lords report, Science and Society, published in 2000,
agreed that motives matter. It argued that science and scientists are not value-free, and
therefore that scientists would command more trust "if they openly declare the values
that underpin their work".

It all sounds very plausible, but mostly it is wrong. Scientists with the best of motives can
produce bad science, just as scientists whose motives may be considered suspect can
produce good science. An obvious example of the first was Rachel Carson, who, if not
the patron saint, was at least the founding mother of modern environmentalism. Her
book The Silent Spring was an inspiring account of the damage caused to our natural
environment by the reckless spraying of pesticides, especially DDT.

However, Carson also claimed that DDT caused cancer and liver damage, claims for
which there is no evidence but which led to an effective worldwide ban on the use of
DDT that is proving disastrous. Her motives were pure; the science was wrong. DDT is
the most effective agent ever invented for preventing insect-borne disease, which,
according to the US National Academy of Sciences and the WHO, prevented over 50
million human deaths from malaria in about two decades. Although there is no evidence
that DDT harms human health, some NGOs still demand a worldwide ban for that
reason. Careless science cost lives.

Contrast the benefits that have resulted from the profit motive, a motive that is held to
be suspect by the public. Multinationals, chief villains in the demonology of contemporary
anti-capitalists, have developed antibiotics, vaccines that have eradicated many diseases
like smallpox and polio, genetically modified insulin for diabetics, and plants such as GM
insect-resistant cotton that have reduced the need for pesticides and so increased the
income and improved the health of millions of small cotton farmers. The fact is that self-
interest can benefit the public as effectively as philanthropy.

Motives are not irrelevant, and unselfish motives are rightly admired more than selfish
ones. There are numerous examples of misconduct by big companies, and we should
examine their claims critically and provide effective regulation to control abuses of power
and ensure the safety of their products. Equally, we should not uncritically accept the
claims of those who act from idealistic motives. NGOs inspired by the noble cause of
protecting our environment often become careless about evidence and exaggerate risks
to attract attention (and funds). Although every leading scientific academy has concluded
that GM crops are at least as safe as conventional foods, this does not stop Greenpeace
reiterating claims about the dangers of "Frankenfoods". Stephen Schneider, a
climatologist, publicly justified distortion of evidence: "Because we are not just scientists
but human beings as well ... we need to ... capture the public imagination ... So we have
to offer up scary scenarios, make simplified dramatic statements, and make little
mention of any doubts we have."

But in the end motives are irrelevant to the validity of science. It does not matter if a
scientist wants to help mankind, get a new grant, win a Nobel prize or increase the
profits of her company. It does not matter whether a researcher works for Monsanto or
for Greenpeace. Results are no more to be trusted if the researcher declares his values
and confesses that he beats his wife, believes in God, or is an Arsenal supporter. What
matters is that the work has been peer-reviewed, that the findings are reproducible and
that they last. If they do, they are good science. If not, not. Science itself is value-free.
There are objective truths in science. We can now regard it as a fact that the Earth goes
rounds the sun and that Darwinism explains the evolution of species.

A look at the history of science makes it evident how irrelevant the values of scientists
are. Newton's passion for alchemy did not invalidate his discovery of the laws of
gravitation. To quote Professor Fox of Rutger's University: "How was it relevant to
Mendel's findings about peas that he was a white, European monk? They would have
been just as valid if Mendel had been a Spanish-speaking, lesbian atheist."

· Lord Taverne is chair of Sense About Science and author of The March of Unreason, to
be published next month

Copyright 2005, The Guardian

========== LETTERS =========

(7) RE: MORE TROUBLE FOR CLIMATE MODELS

Helen Krueger <hkrueger@sbcglobal.net>

Dear Dr. Peiser,

I just want to let you know how much I am enjoying being included in your list so that I
can benefit from your astute handling of alarmist information personally and with my
students.
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Thank you so much!

Regards,

Helen A. Krueger
Educational Consultant
Phone: 203-426-8043
FAX: 203-426-3541

===========
(8) HOW TO HANDLE ASTEROID 2004 MN4

Jens Kieffer-Olsen <dstdba@post4.tele.dk>

Dear Benny Peiser,

In CCNet 18/2005 - 11 February 2005 you brought an
interesting article on the possible breakup of
NEA 2004 MN4 in the year 2029:

> But there's another reason for concern. According to Dan
> Durda, another SWRI astronomer, 2004 MN4 is likely to be
> a "rubble-pile" asteroid, consisting of material only
> loosely held together by gravity. Because the asteroid
> will pass us at just 2.5 times Earth's diameter, tidal
> forces could tear it apart. The result would be a trail
> of rocks drifting slowly apart with the passage of time.
> One or more of these might hit Earth in the more distant
> future, creating a spectacular fireball as it burns up
> in the atmosphere.
>     --Bill Cooke, Astronomy Magazine, 10 February 2005

First of all, a 300m asteroid could break into 100 pieces
each larger than the Tunguska impactor. Secondly, the years
for which a TS rating of 1 already exist for the object
are NOT in the distant future, but 6, 7, and 8 years later.

That reminds us that neither the Torino nor the Palermo
scale takes into account the possibility of such a MIRV'ed
approach. Furthermore, the Palermo scale is designed to
take into account the lead time. Even if 2004 MN4 were not
to break up, the lead time to virtual impact in 2029 would
be down to one sixth of the time to-day. In other words,
if the post-2029 orbit is not being resolved before then,
we may as well up the PS rating accordingly. If my math is
correct, we should add 0.78 to its Palermo Scale rating,
ie. log10(6), for a total of -0.65.

Yours sincerely
Jens Kieffer-Olsen, M.Sc.(Elec.Eng.)
Slagelse, Denmark

==========
(9) AND FINALLY: EUROPE FURTHER FALLING BEHIND IN TECHNOLOGY AND
RESEARCH

EU Observer, 10 February 2005
http://www.euobserver.com/?aid=18382&print=1

By Lucia Kubosova

BRUSSELS / EUOBSERVER - Europeans are still failing to show world leadership in
technology and research, a new report shows.

The paper, published on Thursday (10 February) has evaluated the EU research and
development programmes and their impact on Europe's knowledge-base and potential
for innovation.

While it argues that EU funds for the programmes make a "major contribution", it
suggests that more resources, industry participation and simplified administration are
needed for them to have a greater effect in future.

"We have somehow lost momentum", said Erkki Ormala, chair of the panel issuing the
report.
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"The EU is falling behind. And we are now under pressue not only compared to our
traditional rivals like the US or Japan, but also China, India or Brazil. We are facing a
much tougher competition in talent and knowledge than we are used to".

Research Commissioner Janez Potocnik considers the paper's results as a reason for
doubling the funds in his portfolio within the next budgetary period of 2007-2013.

"We don't want to achieve our economic growth by lowering the social or environmental
standards. So to compete globally, we need to focus on knowledge", Mr Potocnik said to
journalists, adding that the EU programmes should "make a bridge between practical
innovation and research".

The report has listed several possible solutions for tackling outlined setbacks.

It argues that the EU must attract and reward the best talent, mobilise resources for
innovation and boost cooperation between governments, businesses and universities in
research.

It supports the idea of setting up a European Research Council to promote excellence
and encourages more industry involvement, mainly on the part of small and medium-
sized enterprises (SMEs).

However, SME representatives complain that their ideas about EU research and
innovation funding are not taken into consideration.

"It's not about how big the budget is for SMEs and their involvement in such projects. It
is rather about the allocation of the funds. Most of them are granted for huge long-term
projects which cost millions of euro and they can hardly attract smaller companies",
according to Ullrich Schroeder, from UEAPME, the main umbrella organisation.

He argues that while several reports have already pointed out that SMEs must be more
involved if the "Lisbon agenda" goal of 3 percent of GDP to be invested in research and
development in the EU by 2010 is to be achieved, in reality they are not as well
supported as huge transnational companies.

"It is not that the EU member states invest much less in universities than the US, but the
greatest difference is that European SMEs are only investing 8% of the US amount, and
it is simply not enough".

Mr Schroeder also said that while "there is a lot of rhetoric from politicians, that the
SMEs should get involved, innovate and compete, when they come up with good
projects, they are not sufficiently supported".

"The European Commission is more concerned about big companies and hightech areas,
while innovation is needed also in more down-to earth sectors", Mr Schroeder told the
EUobserver.

© EUobserver.com 2005
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______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Caspar Ammann
Cc: Phil Jones; raymond s. bradley; Malcolm Hughes; Mike MacCracken; Ross Gelbspan " <ross@TheWorld.com>, jmahlman@ucar.edu, jto@u.arizona.edu, " Tom Wigley " <wigley@ucar.edu>,

Stephen H Schneider"; Ben Santer; Keith Briffa; Michael Oppenheimer; Gavin Schmidt
Subject: Re: Fwd: CCNet: PRESSURE GROWING ON CONTROVERSIAL RESEARCHER TO DISCLOSE SECRET DATA
Date: Tuesday, February 22, 2005 10:48:05 AM

very, very interesting Caspar,

Looking forward to further developments w/ this,

mike

At 12:17 PM 2/22/2005, Caspar Ammann wrote:

Mike,

FYI, but please don't include this yet in any of your interviews as I'm trying to get this out to Nature right now (see if they
bite after they were acused of publishing 'mathematically erroneous' reconstructions):

MM did a computational error, believe it or not. They talked a lot about standardization, but it turns out for their PC
calculation of the ITRDB data they forgot to do just that... The only way to produce GRL-Figure 3b (supposedly PC1 using
full series centering) is by not doing any standardization. If they would have, then the point already on PC1 would be
almost moot, and if extended out to the N-Hemisphere calculation, well, then even less!

I'll keep you posted,
Caspar

Michael E. Mann wrote:

Dear Phil et al,

BBC (a guy named Tom Fielden) will be interviewing me sometime over the next couple days (time/date to be
determined, but probably late evening, approx. 11 pm east coast) to discuss the "Hockey Stick" controversy. I
expect it to be a friendly interview, and a good opportunity to set the record straight.

Will send an update when I have more details. I will also try to get ahold of the transcript. It should prove
useful.

cheers,

Mike

Subject: CCNet: PRESSURE GROWING ON CONTROVERSIAL RESEARCHER TO
DISCLOSE SECRET DATA
Date: Mon, 21 Feb 2005 15:02:37 -0000
X-MS-Has-Attach:
X-MS-TNEF-Correlator:
Thread-Topic: pressure grows on climate modellers to relase secret data
Thread-Index: AcUXiV64e/f3Ii8uQSa0X88pndSQgQAl2O1w
From: "Peiser, Benny" <B.J.Peiser@livjm.ac.uk>
To: "cambridge-conference" <cambridge-conference@livjm.ac.uk>
X-UEA-MailScanner-Information: Please contact the ISP for more information
X-UEA-MailScanner: Found to be clean

CCNet 22/2005 - 21 February 2005
PRESSURE GROWING ON CONTROVERSIAL RESEARCHER TO DISCLOSE
SECRET DATA
--------------------------------------------------------------------

This should have produced a healthy scientific debate. Instead, Mr. Mann
tried
to shut down debate by refusing to disclose the mathematical algorithm by
which
he arrived at his conclusions. All the same, Mr. Mann was forced to publish a
retraction of some of his initial data, and doubts about his statistical methods
have since grown.
    --The Wall Street Journal, 18 February 2005

But maybe we are in that much trouble. The WSJ highlights what Regaldo
and McIntyre
says is Mann's resistance or outright refusal to provide to inquiring minds his
data, all details of his statistical analysis, and his code. So this is what I
say to Dr. Mann and others expressing deep concern over peer review: give
up your
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data, methods and code freely and with a smile on your face.
     --Kevin Vranes, Science Policy, 18 February 2005

Mann's work doesn't meet that definition [of science], and those who use
Mann's
curve in their arguments are not making a scientific argument. One of
Pournelle's
Laws states "You can prove anything if you can make up your data." I will
now add
another Pournelle's Law: "You can prove anything if you can keep your
algorithms
secret."
    --Jerry Pournelle, 18 February 2005

The time has come to question the IPCC's status as the near-monopoly source
of
information and advice for its member governments. It is probably futile to
propose
reform of the present IPCC process. Like most bureaucracies, it has too much
momentum
and its institutional interests are too strong for anyone realistically to suppose
that it can assimilate more diverse points of view, even if more scientists and
economists were keen to join up. The rectitude and credibility of the IPCC
could be
best improved not through reform, but through competition.
     --Steven F. Hayward, The American Enterprise Institute, 15 February 2005

(1) HOCKEY STICK ON ICE
    The Wall Street Journal, 18 February 2005

(2) SCIENCE AND OPEN ALGORITHMS: "YOU CAN PROVE ANYTHING WITH
SECRET DATA AND ALGORITHMS"
    Jerry Pournell, 18 February 2005

(3) OPEN SEASON ON HOCKEY AND PEER REVIEW
    Science Policy, 18 February 2005

(4) CLIMATE CHANGE SCIENCE: TIME FOR TEAM "B"?
    The American Enterprise Institute, 15 February 2005

(5) BRING THE PROXIES UP TO DATE!
    Climate Audit, 20 February 2005

(6) CARELESS SCIENCE COSTS LIVES
    The Guardian, 18 February 2005

(7) RE: MORE TROUBLE FOR CLIMATE MODELS
    Helen Krueger <hkrueger@sbcglobal.net>

(8) HOW TO HANDLE ASTEROID 2004 MN4
    Jens Kieffer-Olsen <dstdba@post4.tele.dk>

(9) AND FINALLY: EUROPE FURTHER FALLING BEHIND IN TECHNOLOGY AND
RESEARCH
    EU Observer, 10 February 2005

==================
(1) HOCKEY STICK ON ICE

The Wall Street Journal, 18 February 2005
http://online.wsj.com/article_email/0,,SB110869271828758608-
IdjeoNmlah4n5yta4GHaqyIm4,00.html

On Wednesday National Hockey League Commissioner Gary Bettman canceled
the season, and we guess that's a loss. But this week also brought news of
something else that's been put on ice. We're talking about the "hockey stick."

Just so we're clear, this hockey stick isn't a sports implement; it's a scientific
graph. Back in the late 1990s, American geoscientist Michael Mann published
a chart that purported to show average surface temperatures in the Northern
Hemisphere over the past 1,000 years. The chart showed relatively minor
fluctuations in temperature over the first 900 years, then a sharp and
continuous rise over the past century, giving it a hockey-stick shape.

Mr. Mann's chart was both a scientific and political sensation. It contradicted
a body of scientific work suggesting a warm period early in the second
millennium, followed by a "Little Ice Age" starting in the 14th century. It also
provided some visually arresting scientific support for the contention that
fossil-fuel emissions were the cause of higher temperatures. Little wonder,
then, that Mr. Mann's hockey stick appears five times in the
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Intergovernmental Panel on Climate Change's landmark 2001 report on global
warming, which paved the way to this week's global ratification -- sans the
U.S., Australia and China -- of the Kyoto Protocol.

Yet there were doubts about Mr. Mann's methods and analysis from the start.
In 1998, Willie Soon and Sallie Baliunas of the Harvard-Smithsonian Center for
Astrophysics published a paper in the journal Climate Research, arguing that
there really had been a Medieval warm period. The result: Messrs. Soon and
Baliunas were treated as heretics and six editors at Climate Research were
made to resign.

Still, questions persisted. In 2003, Stephen McIntyre, a Toronto minerals
consultant and amateur mathematician, and Ross McKitrick, an economist at
Canada's University of Guelph, jointly published a critique of the hockey stick
analysis. Their conclusion: Mr. Mann's work was riddled with "collation errors,
unjustifiable truncations of extrapolation of source data, obsolete data,
geographical location errors, incorrect calculations of principal components,
and other quality control defects." Once these were corrected, the Medieval
warm period showed up again in the data.

This should have produced a healthy scientific debate. Instead, as the
Journal's Antonio Regalado reported Monday, Mr. Mann tried to shut down
debate by refusing to disclose the mathematical algorithm by which he arrived
at his conclusions. All the same, Mr. Mann was forced to publish a retraction
of some of his initial data, and doubts about his statistical methods have since
grown. Statistician Francis Zwiers of Environment Canada (a government
agency) notes that Mr. Mann's method "preferentially produces hockey sticks
when there are none in the data." Other reputable scientists such as
Berkeley's Richard Muller and Hans von Storch of Germany's GKSS Center
essentially agree.

We realize this may all seem like so much academic nonsense. Yet if there
really was a Medieval warm period (we draw no conclusions), it would cast
some doubt on the contention that our SUVs and air conditioners, rather than
natural causes, are to blame for apparent global warming.

There is also the not-so-small matter of the politicization of science: If climate
scientists feel their careers might be put at risk by questioning some
orthodoxy, the inevitable result will be bad science. It says something that it
took two non-climate scientists to bring Mr. Mann's errors to light.

But the important point is this: The world is being lobbied to place a huge
economic bet -- as much as $150 billion a year -- on the notion that man-
made global warming is real. Businesses are gearing up, at considerable cost,
to deal with a new regulatory environment; complex carbon-trading schemes
are in the making. Shouldn't everyone look very carefully, and honestly, at the
science before we jump off this particular cliff?

Copyright 2005, The Wall Street Journal

=============
(2) SCIENCE AND OPEN ALGORITHMS: "YOU CAN PROVE ANYTHING WITH
SECRET DATA AND ALGORITHMS"

Jerry Pournell, 18 February 2005
http://www.jerrypournelle.com/view/view349.html#hockeystick

Science and Open Algorithms: You can prove anything with secret data and
algorithms.

There is a long piece on the global "hockey stick" in today's Wall Street
Journal that explains something I didn't understand: Mann, who generated
the "hockey stick" curve purporting to show that the last century was unique
in all recorded history with its sharp climb in temperature, has released
neither the algorithm that generated his curve nor the data on which it was
based.

I had refrained from commenting on the "hockey stick" because I couldn't
understand how it was derived. I've done statistical analysis and prediction
from uncertainty much of my life. My first job in aerospace was as part of the
Human Factors and Reliability Group at Boeing, where we were expected to
deal with such matters as predicting component failures, and deriving
maintenance schedules (replace it before it fails, but not so long before it fails
that the costs including the cost of the maintenance crew and the costs of
taking the airplane out of service are prohibitive) and other such matters. I
used to live with Incomplete Gamma Functions and other complex integrals;
and I could not for the life of me understand how Mann derived his famous
curve. Now I know: he hasn't told anyone. He says that telling people how he
generated it would be tantamount to giving in to his critics.

More on this after my walk, but the one thing we may conclude for sure is
that this is not science. His curve has been distributed as part of the Canadian
government's literature on why Canada supports Kyoto, and is said to have
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been influential in causing the "Kyoto Consensus" so it is certainly effective
propaganda; but IT IS NOT SCIENCE. Science deals with repeatability and
openness. When I took Philosophy of Science from Gustav Bergmann at the
University of Iowa a very long time ago, our seminar came to a one-sentence
"practical definition" of science: Science is what you can put in a letter to a
colleague and he'll get the same results you did. Now I don't claim that as
original for it wasn't even me who came up with it in the seminar; but I do
claim Bergmann liked that formulation, and it certainly appealed to me, and I
haven't seen a better one-sentence practical definition of science. Mann's
work doesn't meet that definition, and those who use Mann's curve in their
arguments are not making a scientific argument.

One of Pournelle's Laws states "You can prove anything if you can make up
your data." I will now add another Pournelle's Law: "You can prove anything if
you can keep your algorithms secret."

=============
(3) OPEN SEASON ON HOCKEY AND PEER REVIEW

Science Policy, 18 February 2005
http://sciencepolicy.colorado.edu/prometheus/archives/climate_change/000355open_season_on_hocke.html

By Kevin Vranes

The recent 2/14 WSJ article ("Global Warring..." by Antonio Regaldo)
addresses the debate that most readers of this site are well familiar with: the
Mann et al. hockey stick. The WSJ is still asking - and trying to answer - the
basic questions: hockey stick or no hockey stick? But the background premise
of the article, stated explicitly and implicitly throughout, is that it was the
hockey stick that led to Kyoto and other climate policy. Is it?

I think it's fair to say that to all of us in the field of climatology, the notion
that Kyoto is based on the Mann curve is utter nonsense. If a climatologist, or
a policy advisor charged with knowing the science well enough to make
astute recommendations to his/her boss, relied solely on the Mann curve to
prove definitively the existence of anthropogenic warming, then we're in
deeper trouble than anybody realizes. (This is essentially what Stephan
Ramstorf writes in a 1/27 RealClimate post.) And although it's easy to believe
that national and international policy can hinge on single graphs, I hope we
give policy makers more credit than that.

But maybe we are in that much trouble. The WSJ highlights what Regaldo
and McIntyre says is Mann's resistance or outright refusal to provide to
inquiring minds his data, all details of his statistical analysis, and his code.
The WSJ's anecdotal treatment of the subject goes toward confirming what
I've been hearing for years in climatology circles about not just Mann, but
others collecting original climate data.

As concerns Mann himself, this is especially curious in light of the recent
RealClimate posts (link and link) in which Mann and Gavin Schmidt warn us
about peer review and the limits therein. Their point is essentially that peer
review is limited and can be much less than thorough. One assumes that they
are talking about their own work as well as McIntyre's, although they never
state this. Mann and Schmidt go to great lengths in their post to single out
Geophysical Research Letters. Their post then seems a bit ironic, as GRL is
the journal in which the original Mann curve was published (1999, vol 26.,
issue 6, p. 759), an article which is now receiving much attention as being
flawed and under-reviewed. (For that matter, why does Table 1 in Mann et al.
(1999) list many chronologies in the Southern Hemisphere while the rest of
the paper promotes a Northern Hemisphere reconstruction? Legit or not, it's a
confusing aspect of the paper that should never have made it past peer
review.)

Of their take on peer review, I couldn't agree more. In my experience, peer
review is often cursory at best. So this is what I say to Dr. Mann and others
expressing deep concern over peer review: give up your data, methods and
code freely and with a smile on your face. That is real peer review. A 12
year-old hacker prodigy in her grandparents' basement should have as much
opportunity to check your work as a "semi-retired Toronto minerals
consultant." Those without three letters after their name can be every bit as
intellectually qualified, and will likely have the time for careful review that
typical academic reviewers find lacking.

Specious analysis of your work will be borne out by your colleagues, and will
enter the debate with every other original work. Your job is not to prevent
your critics from checking your work and potentially distorting it; your job is
to continue to publish insightful, detailed analyses of the data and let the
community decide. You can be part of the debate without seeming to hinder
access to it.

===============
(4) CLIMATE CHANGE SCIENCE: TIME FOR TEAM "B"?
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The American Enterprise Institute, 15 February 2005
http://www.aei.org/publications/pubID.21974/pub_detail.asp

By Steven F. Hayward

The Intergovernmental Panel on Climate Change (IPCC) is currently working
on its fourth assessment report. Despite the IPCC's noble intent to generate a
scientific consensus, a number of factors have compromised the research and
drafting process, assuring that its next assessment report will be just as
controversial as previous reports in 1995 and 2001. Efforts to reform this
large bureaucratic effort are unlikely to succeed. Perhaps the time has come
to consider competition as the means of checking the IPCC's monopoly and
generating more reliable climate science.

As the Intergovernmental Panel on Climate Change (IPCC) moves toward the
release of its fourth assessment report (fourth AR) in 2007, the case of Chris
Landsea offers in microcosm an example of why the IPCC's findings are going
to have credibility problems.

Last month Landsea, a climate change scientist with the U.S. National Oceanic
and Atmospheric Administration (NOAA), resigned as a participant in the
producing the report. Landsea had been a chapter author and reviewer for
the IPCC's second assessment report in 1995 and the third in 2001, and he is
a leading expert on hurricanes and related extreme weather phenomena. He
had signed on with the IPCC to update the state of current knowledge on
Atlantic hurricanes for the fourth report. In an open letter, Landsea wrote that
he could no longer in good conscience participate in a process that is "being
motivated by pre-conceived agendas" and is "scientifically unsound."[1]

Landsea's resignation was prompted by an all too familiar occurrence: The
lead author of the fourth AR's chapter on climate observations, Kevin
Trenberth, participated in a press conference that warned of increasing
hurricane activity as a result of global warming.[2] It is common to hear that
man-made global warming represents the "consensus" of science, yet the use
of hurricanes and cyclones as a marker of global warming represents a clear-
cut case of the consensus being roundly ignored. Both the second and third
IPCC assessments concluded that there was no global warming signal found
in the hurricane record. Moreover, most climate models predict future
warming will have only a small effect--if any--on hurricane strength. "It is
beyond me," Landsea wrote, "why my colleagues would utilize the media to
push an unsupported agenda that recent hurricane activity has been due to
global warming."[3] Landsea's critique goes beyond a fit of pique at the abuse
of his area of expertise. The IPCC, he believes, has become thoroughly
politicized, and is unresponsive to criticism. "When I have raised my concerns
to the IPCC leadership," Landsea wrote, "their response was simply to dismiss
my concerns."[4]

Landsea's frustration is not an isolated experience. MIT physicist Richard
Lindzen, another past IPCC author who is not participating in the fourth
report, has written: "My experiences over the past 16 years have led me to
the discouraging conclusion that we are dealing with the almost insoluble
interaction of an iron triangle with an iron rice bowl." (Lindzen's "iron
triangle" consists of activists misusing science to get the attention of the news
media and politicians; the "iron rice bowl" is the parallel phenomenon where
scientists exploit the activists' alarm to increase research funding and
attention for the issue.[5]) And Dr. John Zillman, one of Australia's leading
climate scientists, is another ex-IPCC participant who believes the IPCC has
become "cast more in the model of supporting than informing policy
development."[6]

And when the IPCC is not ignoring its responsible critics like Landsea and
Lindzen, it is demonizing them. Not long ago the IPCC's chairman, Dr.
Rajendra Pachauri, compared eco-skeptic Bjorn Lomborg to Hitler. "What is
the difference between Lomborg's view of humanity and Hitler's?" Pachauri
asked in a Danish newspaper. "If you were to accept Lomborg's way of
thinking, then maybe what Hitler did was the right thing."[7] Lomborg's sin
was merely to follow the consensus practice of economists in applying a
discount to present costs for future benefits, and comparing the range of
outcomes with other world problems alongside climate change. It is hard to
judge what is worse: Pachauri's appalling judgment in resorting to reductio ad
Hitlerum, or his abysmal ignorance of basic economics. In either case, it is
hard to have much confidence in the policy advice the IPCC might have. [...]

Time for "Team B"?

The time has come to question the IPCC's status as the near-monopoly source
of information and advice for its member governments. It is probably futile to
propose reform of the present IPCC process. Like most bureaucracies, it has
too much momentum and its institutional interests are too strong for anyone
realistically to suppose that it can assimilate more diverse points of view,
even if more scientists and economists were keen to join up. The rectitude
and credibility of the IPCC could be best improved not through reform, but
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through competition....

FULL PAPER at http://www.aei.org/publications/pubID.21974/pub_detail.asp

===========
(5) BRING THE PROXIES UP TO DATE!

Climate Audit, 20 February 2005
http://www.climateaudit.org/index.php?p=89#more-89

Steve McIntyre

I will make here a very simple suggestion: if IPCC or others want to use
"multiproxy" reconstructions of world temperature for policy purposes, stop
using data ending in 1980 and bring the proxies up-to-date. Let's see how
they perform in the warm 1990s - which should be an ideal period to show
the merit of the proxies. I do not believe that any responsible policy-maker
can base policy, even in part, on the continued use of obsolete data ending in
1980, when the costs of bringing the data up-to-date is inconsequential
compared to Kyoto costs.

I would appreciate comments on this note as I think that I will pursue the
matter with policymakers.

For example, in Mann's famous hockey stick graph, as presented to
policymakers and to the public, the graph used Mann's reconstruction from
proxies up to 1980 and instrumental temperatures (here, as in other similar
studies, using Jones' more lurid CRU surface history rather than the more
moderate increases shown by satellite measurements). Usually (but not
always), a different color is used for the instrumental portion, but, from a
promotional point of view, the juxtaposition of the two series achieves the
desired promotional effect. (In mining promotions, where there is
considerable community experience with promotional graphics and statistics,
securities commission prohibit the adding together of proven ore reserves and
inferred ore reserves - a policy which deserves a little reflection in the context
of IPCC studies).

Last week, a brand new multiproxy study by European scientists [Moberg et
al., 2005] was published in Nature. On the very day of publication, I received
an email from a prominent scientist telling me that Mann's hockeystick was
yesterday's news, that the "community" had now "moved on" and so should
I. That the "community" had had no opportunity to verify Moberg's results,
however meritorious they may finally appear, seemed to matter not at all.

If you look at the proxy portion of the new Moberg graphic, you see nothing
that would be problematic for opponents of the hockey stick: it shows a
striking Medieval Warm Period (MWP), a cold Little Ice Age and 20th century
warming not quite reaching MWP levels by 1979, when the proxy portion of
the study ends. (I'm in the process of examining the individual proxies and
the Moberg reconstruction is not without its own imperfections.) In the
presentation to the public - see the figure in the Nature article itself, once
again, there is the infamous splice between reconstruction by proxy (up to
1980) and the instrumental record thereafter (once again Jones' CRU record,
rather than the satellite record).

One of the first question that occurs to any civilian becoming familiar with
these studies (and it was one of my first questions) is: what happens to the
proxies after 1980? Given the presumed warmth of the 1990s, and especially
1998 (the "warmest year in the millennium"), you'd think that the proxy
values would be off the chart. In effect, the last 25 years have provided an
ideal opportunity to validate the usefulness of proxies and, especially the
opportunity to test the confidence intervals of these studies, put forward with
such assurance by the multiproxy proponents. What happens to the proxies
used in MBH99 or Moberg et al [2005] or Crowley and Lowery [2000] in the
1990s and, especially, 1998?

This question about proxies after 1980 was posed by a civilian to Mann in
December at realclimate. Mann replied:

Most reconstructions only extend through about 1980 because the vast
majority of tree-ring, coral, and ice core records currently available in the
public domain do not extend into the most recent decades. While
paleoclimatologists are attempting to update many important proxy records to
the present, this is a costly, and labor-intensive activity, often requiring
expensive field campaigns that involve traveling with heavy equipment to
difficult-to-reach locations (such as high-elevation or remote polar sites). For
historical reasons, many of the important records were obtained in the 1970s
and 1980s and have yet to be updated. [my bold]

Pause and think about this response. Think about the costs of Kyoto and then
think again about this answer. Think about the billions spent on climate
research and then try to explain to me why we need to rely on "important
records" obtained in the 1970s. Far more money has been spent on climate
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research in the last decade than in the 1970s. Why are we still relying on
obsolete proxy data?

As someone with actual experience in the mineral exploration business, which
also involves "expensive field campaigns that involve traveling with heavy
equipment to difficult-to-reach locations", I can assure readers that Mann's
response cannot be justified and is an embarrassment to the paleoclimate
community. The more that I think about it, the more outrageous is both the
comment itself and the fact that no one seems to have picked up on it.

It is even more outrageous when you look in detail at what is actually
involved in collecting the proxy data used in the medieval period in the key
multiproxy studies. The number of proxies used in MBH99 is from fewer than
40 sites (28 tree ring sites being U.S. tree ring sites represented in 3 principal
component series).

As to the time needed to update some of these tree ring sites, here is an
excerpt from Lamarche et al. [1984] on the collection of key tree ring cores
from Sheep Mountain and Campito Mountain, which are the most important
indicators in the MBH reconstruction:

"D.A.G. [Graybill] and M.R.R. [Rose] collected tree ring samples at 3325 m on
Mount Jefferson, Toquima Range, Nevada and 11 August 1981. D.A.G. and
M.R.R. collected samples from 13 trees at Campito Mountain (3400 m) and
from 15 trees at Sheep Mountain (3500 m) on 31 October 1983."

Now to get to Campito Mountain and Sheep Mountain, they had to get to
Bishop, California, which is hardly "remote" even by Paris Hilton standards,
and then proceed by road to within a few hundred meters of the site, perhaps
proceeding for some portion of the journey on unpaved roads.

The picture below illustrates the taking of a tree ring core. While the
equipment may seem "heavy" to someone used only to desk work using
computers, people in the mineral exploration business would not regard this
drill as being especially "heavy" and I believe that people capable of operating
such heavy equipment can be found, even in out-of-the way places like
Bishop, California. I apologize for the tone here, but it is impossible for me
not to be facetious.

There is only one relatively remote site in the entire MBH99 roster - the
Quelccaya glacier in Peru. Here, fortunately, the work is already done
(although, needless to say, it is not published.) This information was updated
in 2003 by Lonnie Thompson and should be adequate to update these series.
With sufficient pressure from the U.S. National Science Foundation, the data
should be available expeditiously. (Given that Thompson has not archived
data from Dunde drilled in 1987, the need for pressure should not be under-
estimated.)

I realize that the rings need to be measured and that the field work is only a
portion of the effort involved. But updating 28 tree ring sites in the United
States is not a monumental enterprise nor would updating any of the other
sites.

I've looked through lists of the proxies used in Jones et al. [1998], MBH99,
Crowley and Lowery [2000], Mann and Jones [2003], Moberg et al [2005]
and see no obstacles to bringing all these proxies up to date. The only sites
that might take a little extra time would be updating the Himalayan ice cores.
Even here, it's possible that taking very short cores or even pits would prove
adequate for an update and this might prove easier than one might be think.
Be that as it may, any delays in updating the most complicated location
should not deter updating all the other locations.

As far as I'm concerned, this should be the first order of business for
multiproxy studies.

Whose responsibility is this? While the costs are trivial in the scheme of Kyoto,
they would still be a significant line item in the budget of a university
department. I think that the responsibility here lies with the U.S. National
Science Foundation and its equivalents in Canada and Europe. The
responsibilities for collecting the proxy updates could be divided up in a
couple of emails and budgets established.

One other important aspect: right now the funding agencies fund academics
to do the work and are completely ineffective in ensuring prompt reporting. At
best, academic practice will tie up reporting of results until the publication of
articles in an academic journals, creating a delay right at the start. Even then,
in cases like Thompson or Jacoby, to whom I've referred elsewhere, the data
may never be archived or only after decades in the hands of the originator.

So here I would propose something more like what happens in a mineral
exploration program. When a company has drill results, it has to publish them
through a press release. It can't wait for academic reports or for its geologists
to spin the results. There's lots of time to spin afterwards. Good or bad - the
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results have to be made public. The company has a little discretion so that it
can release drill holes in bunches and not every single drill hole, but the
discretion can't build up too much during an important program. Here I would
insist that the proxy results be archived as soon as they are produced - the
academic reports and spin can come later. Since all these sites have already
been published, people are used to the proxies and the updates will to a
considerable extend speak for themselves.

What would I expect from such studies? Drill programs are usually a surprise
and maybe there's one here. My hunch is that the classic proxies will not
show anywhere near as "loud" a signal in the 1990s as is needed to make
statements comparing the 1990s to the Medieval Warm Period with any
confidence at all. I've not surveyed proxies in the 1990s (nor to my
knowledge has anyone else), but I've started to look and many do not show
the expected "loud" signal e.g. some of the proxies posted up on this site
such as Alaskan tree rings, TTHH ring widths, and theories are starting to
develop. But the discussions so far do not explicit point out the effect of signal
failure on the multiproxy reconstruction project.

But this is only a hunch and the evidence could be otherwise. The point is
this: there's no need to speculate any further. It's time to bring the classic
proxies up to date.

=============
(6) CARELESS SCIENCE COSTS LIVES

The Guardian, 18 February 2005
http://www.guardian.co.uk/comment/story/0,3604,1417224,00.html

Dick Taverne

In science, as in much of life, it is believed that you get what you pay for.
According to opinion polls, people do not trust scientists who work for
industry because they only care about profits, or government scientists
because they suspect them of trying to cover up the truth. Scientists who
work for environmental NGOs are more highly regarded. Because they are
trying to save the planet, people are ready to believe that what they say must
be true. A House of Lords report, Science and Society, published in 2000,
agreed that motives matter. It argued that science and scientists are not
value-free, and therefore that scientists would command more trust "if they
openly declare the values that underpin their work".

It all sounds very plausible, but mostly it is wrong. Scientists with the best of
motives can produce bad science, just as scientists whose motives may be
considered suspect can produce good science. An obvious example of the first
was Rachel Carson, who, if not the patron saint, was at least the founding
mother of modern environmentalism. Her book The Silent Spring was an
inspiring account of the damage caused to our natural environment by the
reckless spraying of pesticides, especially DDT.

However, Carson also claimed that DDT caused cancer and liver damage,
claims for which there is no evidence but which led to an effective worldwide
ban on the use of DDT that is proving disastrous. Her motives were pure; the
science was wrong. DDT is the most effective agent ever invented for
preventing insect-borne disease, which, according to the US National
Academy of Sciences and the WHO, prevented over 50 million human deaths
from malaria in about two decades. Although there is no evidence that DDT
harms human health, some NGOs still demand a worldwide ban for that
reason. Careless science cost lives.

Contrast the benefits that have resulted from the profit motive, a motive that
is held to be suspect by the public. Multinationals, chief villains in the
demonology of contemporary anti-capitalists, have developed antibiotics,
vaccines that have eradicated many diseases like smallpox and polio,
genetically modified insulin for diabetics, and plants such as GM insect-
resistant cotton that have reduced the need for pesticides and so increased
the income and improved the health of millions of small cotton farmers. The
fact is that self-interest can benefit the public as effectively as philanthropy.

Motives are not irrelevant, and unselfish motives are rightly admired more
than selfish ones. There are numerous examples of misconduct by big
companies, and we should examine their claims critically and provide effective
regulation to control abuses of power and ensure the safety of their products.
Equally, we should not uncritically accept the claims of those who act from
idealistic motives. NGOs inspired by the noble cause of protecting our
environment often become careless about evidence and exaggerate risks to
attract attention (and funds). Although every leading scientific academy has
concluded that GM crops are at least as safe as conventional foods, this does
not stop Greenpeace reiterating claims about the dangers of "Frankenfoods".
Stephen Schneider, a climatologist, publicly justified distortion of evidence:
"Because we are not just scientists but human beings as well ... we need to
... capture the public imagination ... So we have to offer up scary scenarios,
make simplified dramatic statements, and make little mention of any doubts
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we have."

But in the end motives are irrelevant to the validity of science. It does not
matter if a scientist wants to help mankind, get a new grant, win a Nobel
prize or increase the profits of her company. It does not matter whether a
researcher works for Monsanto or for Greenpeace. Results are no more to be
trusted if the researcher declares his values and confesses that he beats his
wife, believes in God, or is an Arsenal supporter. What matters is that the
work has been peer-reviewed, that the findings are reproducible and that
they last. If they do, they are good science. If not, not. Science itself is value-
free. There are objective truths in science. We can now regard it as a fact
that the Earth goes rounds the sun and that Darwinism explains the evolution
of species.

A look at the history of science makes it evident how irrelevant the values of
scientists are. Newton's passion for alchemy did not invalidate his discovery of
the laws of gravitation. To quote Professor Fox of Rutger's University: "How
was it relevant to Mendel's findings about peas that he was a white,
European monk? They would have been just as valid if Mendel had been a
Spanish-speaking, lesbian atheist."

· Lord Taverne is chair of Sense About Science and author of The March of
Unreason, to be published next month

Copyright 2005, The Guardian

========== LETTERS =========

(7) RE: MORE TROUBLE FOR CLIMATE MODELS

Helen Krueger <hkrueger@sbcglobal.net>

Dear Dr. Peiser,

I just want to let you know how much I am enjoying being included in your
list so that I
can benefit from your astute handling of alarmist information personally and
with my
students.

Thank you so much!

Regards,

Helen A. Krueger
Educational Consultant
Phone: 203-426-8043
FAX: 203-426-3541

===========
(8) HOW TO HANDLE ASTEROID 2004 MN4

Jens Kieffer-Olsen <dstdba@post4.tele.dk>

Dear Benny Peiser,

In CCNet 18/2005 - 11 February 2005 you brought an
interesting article on the possible breakup of
NEA 2004 MN4 in the year 2029:

> But there's another reason for concern. According to Dan
> Durda, another SWRI astronomer, 2004 MN4 is likely to be
> a "rubble-pile" asteroid, consisting of material only
> loosely held together by gravity. Because the asteroid
> will pass us at just 2.5 times Earth's diameter, tidal
> forces could tear it apart. The result would be a trail
> of rocks drifting slowly apart with the passage of time.
> One or more of these might hit Earth in the more distant
> future, creating a spectacular fireball as it burns up
> in the atmosphere.
>     --Bill Cooke, Astronomy Magazine, 10 February 2005

First of all, a 300m asteroid could break into 100 pieces
each larger than the Tunguska impactor. Secondly, the years
for which a TS rating of 1 already exist for the object
are NOT in the distant future, but 6, 7, and 8 years later.

That reminds us that neither the Torino nor the Palermo
scale takes into account the possibility of such a MIRV'ed
approach. Furthermore, the Palermo scale is designed to
take into account the lead time. Even if 2004 MN4 were not
to break up, the lead time to virtual impact in 2029 would
be down to one sixth of the time to-day. In other words,

ABOR/MH/Priv-002578



if the post-2029 orbit is not being resolved before then,
we may as well up the PS rating accordingly. If my math is
correct, we should add 0.78 to its Palermo Scale rating,
ie. log10(6), for a total of -0.65.

Yours sincerely
Jens Kieffer-Olsen, M.Sc.(Elec.Eng.)
Slagelse, Denmark

==========
(9) AND FINALLY: EUROPE FURTHER FALLING BEHIND IN TECHNOLOGY AND
RESEARCH

EU Observer, 10 February 2005
http://www.euobserver.com/?aid=18382&print=1
<http://www.euobserver.com/?aid=18382&print=1>

By Lucia Kubosova

BRUSSELS / EUOBSERVER - Europeans are still failing to show world
leadership in technology and research, a new report shows.

The paper, published on Thursday (10 February) has evaluated the EU
research and development programmes and their impact on Europe's
knowledge-base and potential for innovation.

While it argues that EU funds for the programmes make a "major
contribution", it suggests that more resources, industry participation and
simplified administration are needed for them to have a greater effect in
future.

"We have somehow lost momentum", said Erkki Ormala, chair of the panel
issuing the report.

"The EU is falling behind. And we are now under pressue not only compared
to our traditional rivals like the US or Japan, but also China, India or Brazil.
We are facing a much tougher competition in talent and knowledge than we
are used to".

Research Commissioner Janez Potocnik considers the paper's results as a
reason for doubling the funds in his portfolio within the next budgetary period
of 2007-2013.

"We don't want to achieve our economic growth by lowering the social or
environmental standards. So to compete globally, we need to focus on
knowledge", Mr Potocnik said to journalists, adding that the EU programmes
should "make a bridge between practical innovation and research".

The report has listed several possible solutions for tackling outlined setbacks.

It argues that the EU must attract and reward the best talent, mobilise
resources for innovation and boost cooperation between governments,
businesses and universities in research.

It supports the idea of setting up a European Research Council to promote
excellence and encourages more industry involvement, mainly on the part of
small and medium-sized enterprises (SMEs).

However, SME representatives complain that their ideas about EU research
and innovation funding are not taken into consideration.

"It's not about how big the budget is for SMEs and their involvement in such
projects. It is rather about the allocation of the funds. Most of them are
granted for huge long-term projects which cost millions of euro and they can
hardly attract smaller companies", according to Ullrich Schroeder, from
UEAPME, the main umbrella organisation.

He argues that while several reports have already pointed out that SMEs must
be more involved if the "Lisbon agenda" goal of 3 percent of GDP to be
invested in research and development in the EU by 2010 is to be achieved, in
reality they are not as well supported as huge transnational companies.

"It is not that the EU member states invest much less in universities than the
US, but the greatest difference is that European SMEs are only investing 8%
of the US amount, and it is simply not enough".

Mr Schroeder also said that while "there is a lot of rhetoric from politicians,
that the SMEs should get involved, innovate and compete, when they come
up with good projects, they are not sufficiently supported".

"The European Commission is more concerned about big companies and
hightech areas, while innovation is needed also in more down-to earth
sectors", Mr Schroeder told the EUobserver.
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From: Michael E. Mann
To: Caspar Ammann
Cc: Phil Jones; raymond s. bradley; Malcolm Hughes; Mike MacCracken; Ross Gelbspan " <ross@TheWorld.com>, jmahlman@ucar.edu, jto@u.arizona.edu, " Tom Wigley " <wigley@ucar.edu>,

Stephen H Schneider"; Ben Santer; Keith Briffa; Michael Oppenheimer; Gavin Schmidt
Subject: Re: Fwd: CCNet: PRESSURE GROWING ON CONTROVERSIAL RESEARCHER TO DISCLOSE SECRET DATA
Date: Tuesday, February 22, 2005 11:54:46 AM

The BBC interview will be tonight, 11:30 PM east coast time, probably lastingabout 10 minutes. They've promised to send me the
permanent link (audio) afterwards (they don't do transcripts any more). You can expect that to go up on "RealClimate" shortly
thereafter...

Mike

At 12:17 PM 2/22/2005, Caspar Ammann wrote:

Mike,

FYI, but please don't include this yet in any of your interviews as I'm trying to get this out to Nature right now (see if they
bite after they were acused of publishing 'mathematically erroneous' reconstructions):

MM did a computational error, believe it or not. They talked a lot about standardization, but it turns out for their PC
calculation of the ITRDB data they forgot to do just that... The only way to produce GRL-Figure 3b (supposedly PC1 using
full series centering) is by not doing any standardization. If they would have, then the point already on PC1 would be
almost moot, and if extended out to the N-Hemisphere calculation, well, then even less!

I'll keep you posted,
Caspar

Michael E. Mann wrote:

Dear Phil et al,

BBC (a guy named Tom Fielden) will be interviewing me sometime over the next couple days (time/date to be
determined, but probably late evening, approx. 11 pm east coast) to discuss the "Hockey Stick" controversy. I
expect it to be a friendly interview, and a good opportunity to set the record straight.

Will send an update when I have more details. I will also try to get ahold of the transcript. It should prove
useful.

cheers,

Mike

Subject: CCNet: PRESSURE GROWING ON CONTROVERSIAL RESEARCHER TO
DISCLOSE SECRET DATA
Date: Mon, 21 Feb 2005 15:02:37 -0000
X-MS-Has-Attach:
X-MS-TNEF-Correlator:
Thread-Topic: pressure grows on climate modellers to relase secret data
Thread-Index: AcUXiV64e/f3Ii8uQSa0X88pndSQgQAl2O1w
From: "Peiser, Benny" <B.J.Peiser@livjm.ac.uk>
To: "cambridge-conference" <cambridge-conference@livjm.ac.uk>
X-UEA-MailScanner-Information: Please contact the ISP for more information
X-UEA-MailScanner: Found to be clean

CCNet 22/2005 - 21 February 2005
PRESSURE GROWING ON CONTROVERSIAL RESEARCHER TO DISCLOSE
SECRET DATA
--------------------------------------------------------------------

This should have produced a healthy scientific debate. Instead, Mr. Mann
tried
to shut down debate by refusing to disclose the mathematical algorithm by
which
he arrived at his conclusions. All the same, Mr. Mann was forced to publish a
retraction of some of his initial data, and doubts about his statistical methods
have since grown.
    --The Wall Street Journal, 18 February 2005

But maybe we are in that much trouble. The WSJ highlights what Regaldo
and McIntyre
says is Mann's resistance or outright refusal to provide to inquiring minds his
data, all details of his statistical analysis, and his code. So this is what I
say to Dr. Mann and others expressing deep concern over peer review: give
up your
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data, methods and code freely and with a smile on your face.
     --Kevin Vranes, Science Policy, 18 February 2005

Mann's work doesn't meet that definition [of science], and those who use
Mann's
curve in their arguments are not making a scientific argument. One of
Pournelle's
Laws states "You can prove anything if you can make up your data." I will
now add
another Pournelle's Law: "You can prove anything if you can keep your
algorithms
secret."
    --Jerry Pournelle, 18 February 2005

The time has come to question the IPCC's status as the near-monopoly source
of
information and advice for its member governments. It is probably futile to
propose
reform of the present IPCC process. Like most bureaucracies, it has too much
momentum
and its institutional interests are too strong for anyone realistically to suppose
that it can assimilate more diverse points of view, even if more scientists and
economists were keen to join up. The rectitude and credibility of the IPCC
could be
best improved not through reform, but through competition.
     --Steven F. Hayward, The American Enterprise Institute, 15 February 2005

(1) HOCKEY STICK ON ICE
    The Wall Street Journal, 18 February 2005

(2) SCIENCE AND OPEN ALGORITHMS: "YOU CAN PROVE ANYTHING WITH
SECRET DATA AND ALGORITHMS"
    Jerry Pournell, 18 February 2005

(3) OPEN SEASON ON HOCKEY AND PEER REVIEW
    Science Policy, 18 February 2005

(4) CLIMATE CHANGE SCIENCE: TIME FOR TEAM "B"?
    The American Enterprise Institute, 15 February 2005

(5) BRING THE PROXIES UP TO DATE!
    Climate Audit, 20 February 2005

(6) CARELESS SCIENCE COSTS LIVES
    The Guardian, 18 February 2005

(7) RE: MORE TROUBLE FOR CLIMATE MODELS
    Helen Krueger <hkrueger@sbcglobal.net>

(8) HOW TO HANDLE ASTEROID 2004 MN4
    Jens Kieffer-Olsen <dstdba@post4.tele.dk>

(9) AND FINALLY: EUROPE FURTHER FALLING BEHIND IN TECHNOLOGY AND
RESEARCH
    EU Observer, 10 February 2005

==================
(1) HOCKEY STICK ON ICE

The Wall Street Journal, 18 February 2005
http://online.wsj.com/article_email/0,,SB110869271828758608-
IdjeoNmlah4n5yta4GHaqyIm4,00.html

On Wednesday National Hockey League Commissioner Gary Bettman canceled
the season, and we guess that's a loss. But this week also brought news of
something else that's been put on ice. We're talking about the "hockey stick."

Just so we're clear, this hockey stick isn't a sports implement; it's a scientific
graph. Back in the late 1990s, American geoscientist Michael Mann published
a chart that purported to show average surface temperatures in the Northern
Hemisphere over the past 1,000 years. The chart showed relatively minor
fluctuations in temperature over the first 900 years, then a sharp and
continuous rise over the past century, giving it a hockey-stick shape.

Mr. Mann's chart was both a scientific and political sensation. It contradicted
a body of scientific work suggesting a warm period early in the second
millennium, followed by a "Little Ice Age" starting in the 14th century. It also
provided some visually arresting scientific support for the contention that
fossil-fuel emissions were the cause of higher temperatures. Little wonder,
then, that Mr. Mann's hockey stick appears five times in the
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Intergovernmental Panel on Climate Change's landmark 2001 report on global
warming, which paved the way to this week's global ratification -- sans the
U.S., Australia and China -- of the Kyoto Protocol.

Yet there were doubts about Mr. Mann's methods and analysis from the start.
In 1998, Willie Soon and Sallie Baliunas of the Harvard-Smithsonian Center for
Astrophysics published a paper in the journal Climate Research, arguing that
there really had been a Medieval warm period. The result: Messrs. Soon and
Baliunas were treated as heretics and six editors at Climate Research were
made to resign.

Still, questions persisted. In 2003, Stephen McIntyre, a Toronto minerals
consultant and amateur mathematician, and Ross McKitrick, an economist at
Canada's University of Guelph, jointly published a critique of the hockey stick
analysis. Their conclusion: Mr. Mann's work was riddled with "collation errors,
unjustifiable truncations of extrapolation of source data, obsolete data,
geographical location errors, incorrect calculations of principal components,
and other quality control defects." Once these were corrected, the Medieval
warm period showed up again in the data.

This should have produced a healthy scientific debate. Instead, as the
Journal's Antonio Regalado reported Monday, Mr. Mann tried to shut down
debate by refusing to disclose the mathematical algorithm by which he arrived
at his conclusions. All the same, Mr. Mann was forced to publish a retraction
of some of his initial data, and doubts about his statistical methods have since
grown. Statistician Francis Zwiers of Environment Canada (a government
agency) notes that Mr. Mann's method "preferentially produces hockey sticks
when there are none in the data." Other reputable scientists such as
Berkeley's Richard Muller and Hans von Storch of Germany's GKSS Center
essentially agree.

We realize this may all seem like so much academic nonsense. Yet if there
really was a Medieval warm period (we draw no conclusions), it would cast
some doubt on the contention that our SUVs and air conditioners, rather than
natural causes, are to blame for apparent global warming.

There is also the not-so-small matter of the politicization of science: If climate
scientists feel their careers might be put at risk by questioning some
orthodoxy, the inevitable result will be bad science. It says something that it
took two non-climate scientists to bring Mr. Mann's errors to light.

But the important point is this: The world is being lobbied to place a huge
economic bet -- as much as $150 billion a year -- on the notion that man-
made global warming is real. Businesses are gearing up, at considerable cost,
to deal with a new regulatory environment; complex carbon-trading schemes
are in the making. Shouldn't everyone look very carefully, and honestly, at the
science before we jump off this particular cliff?

Copyright 2005, The Wall Street Journal

=============
(2) SCIENCE AND OPEN ALGORITHMS: "YOU CAN PROVE ANYTHING WITH
SECRET DATA AND ALGORITHMS"

Jerry Pournell, 18 February 2005
http://www.jerrypournelle.com/view/view349.html#hockeystick

Science and Open Algorithms: You can prove anything with secret data and
algorithms.

There is a long piece on the global "hockey stick" in today's Wall Street
Journal that explains something I didn't understand: Mann, who generated
the "hockey stick" curve purporting to show that the last century was unique
in all recorded history with its sharp climb in temperature, has released
neither the algorithm that generated his curve nor the data on which it was
based.

I had refrained from commenting on the "hockey stick" because I couldn't
understand how it was derived. I've done statistical analysis and prediction
from uncertainty much of my life. My first job in aerospace was as part of the
Human Factors and Reliability Group at Boeing, where we were expected to
deal with such matters as predicting component failures, and deriving
maintenance schedules (replace it before it fails, but not so long before it fails
that the costs including the cost of the maintenance crew and the costs of
taking the airplane out of service are prohibitive) and other such matters. I
used to live with Incomplete Gamma Functions and other complex integrals;
and I could not for the life of me understand how Mann derived his famous
curve. Now I know: he hasn't told anyone. He says that telling people how he
generated it would be tantamount to giving in to his critics.

More on this after my walk, but the one thing we may conclude for sure is
that this is not science. His curve has been distributed as part of the Canadian
government's literature on why Canada supports Kyoto, and is said to have
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been influential in causing the "Kyoto Consensus" so it is certainly effective
propaganda; but IT IS NOT SCIENCE. Science deals with repeatability and
openness. When I took Philosophy of Science from Gustav Bergmann at the
University of Iowa a very long time ago, our seminar came to a one-sentence
"practical definition" of science: Science is what you can put in a letter to a
colleague and he'll get the same results you did. Now I don't claim that as
original for it wasn't even me who came up with it in the seminar; but I do
claim Bergmann liked that formulation, and it certainly appealed to me, and I
haven't seen a better one-sentence practical definition of science. Mann's
work doesn't meet that definition, and those who use Mann's curve in their
arguments are not making a scientific argument.

One of Pournelle's Laws states "You can prove anything if you can make up
your data." I will now add another Pournelle's Law: "You can prove anything if
you can keep your algorithms secret."

=============
(3) OPEN SEASON ON HOCKEY AND PEER REVIEW

Science Policy, 18 February 2005
http://sciencepolicy.colorado.edu/prometheus/archives/climate_change/000355open_season_on_hocke.html

By Kevin Vranes

The recent 2/14 WSJ article ("Global Warring..." by Antonio Regaldo)
addresses the debate that most readers of this site are well familiar with: the
Mann et al. hockey stick. The WSJ is still asking - and trying to answer - the
basic questions: hockey stick or no hockey stick? But the background premise
of the article, stated explicitly and implicitly throughout, is that it was the
hockey stick that led to Kyoto and other climate policy. Is it?

I think it's fair to say that to all of us in the field of climatology, the notion
that Kyoto is based on the Mann curve is utter nonsense. If a climatologist, or
a policy advisor charged with knowing the science well enough to make
astute recommendations to his/her boss, relied solely on the Mann curve to
prove definitively the existence of anthropogenic warming, then we're in
deeper trouble than anybody realizes. (This is essentially what Stephan
Ramstorf writes in a 1/27 RealClimate post.) And although it's easy to believe
that national and international policy can hinge on single graphs, I hope we
give policy makers more credit than that.

But maybe we are in that much trouble. The WSJ highlights what Regaldo
and McIntyre says is Mann's resistance or outright refusal to provide to
inquiring minds his data, all details of his statistical analysis, and his code.
The WSJ's anecdotal treatment of the subject goes toward confirming what
I've been hearing for years in climatology circles about not just Mann, but
others collecting original climate data.

As concerns Mann himself, this is especially curious in light of the recent
RealClimate posts (link and link) in which Mann and Gavin Schmidt warn us
about peer review and the limits therein. Their point is essentially that peer
review is limited and can be much less than thorough. One assumes that they
are talking about their own work as well as McIntyre's, although they never
state this. Mann and Schmidt go to great lengths in their post to single out
Geophysical Research Letters. Their post then seems a bit ironic, as GRL is
the journal in which the original Mann curve was published (1999, vol 26.,
issue 6, p. 759), an article which is now receiving much attention as being
flawed and under-reviewed. (For that matter, why does Table 1 in Mann et al.
(1999) list many chronologies in the Southern Hemisphere while the rest of
the paper promotes a Northern Hemisphere reconstruction? Legit or not, it's a
confusing aspect of the paper that should never have made it past peer
review.)

Of their take on peer review, I couldn't agree more. In my experience, peer
review is often cursory at best. So this is what I say to Dr. Mann and others
expressing deep concern over peer review: give up your data, methods and
code freely and with a smile on your face. That is real peer review. A 12
year-old hacker prodigy in her grandparents' basement should have as much
opportunity to check your work as a "semi-retired Toronto minerals
consultant." Those without three letters after their name can be every bit as
intellectually qualified, and will likely have the time for careful review that
typical academic reviewers find lacking.

Specious analysis of your work will be borne out by your colleagues, and will
enter the debate with every other original work. Your job is not to prevent
your critics from checking your work and potentially distorting it; your job is
to continue to publish insightful, detailed analyses of the data and let the
community decide. You can be part of the debate without seeming to hinder
access to it.

===============
(4) CLIMATE CHANGE SCIENCE: TIME FOR TEAM "B"?
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The American Enterprise Institute, 15 February 2005
http://www.aei.org/publications/pubID.21974/pub_detail.asp

By Steven F. Hayward

The Intergovernmental Panel on Climate Change (IPCC) is currently working
on its fourth assessment report. Despite the IPCC's noble intent to generate a
scientific consensus, a number of factors have compromised the research and
drafting process, assuring that its next assessment report will be just as
controversial as previous reports in 1995 and 2001. Efforts to reform this
large bureaucratic effort are unlikely to succeed. Perhaps the time has come
to consider competition as the means of checking the IPCC's monopoly and
generating more reliable climate science.

As the Intergovernmental Panel on Climate Change (IPCC) moves toward the
release of its fourth assessment report (fourth AR) in 2007, the case of Chris
Landsea offers in microcosm an example of why the IPCC's findings are going
to have credibility problems.

Last month Landsea, a climate change scientist with the U.S. National Oceanic
and Atmospheric Administration (NOAA), resigned as a participant in the
producing the report. Landsea had been a chapter author and reviewer for
the IPCC's second assessment report in 1995 and the third in 2001, and he is
a leading expert on hurricanes and related extreme weather phenomena. He
had signed on with the IPCC to update the state of current knowledge on
Atlantic hurricanes for the fourth report. In an open letter, Landsea wrote that
he could no longer in good conscience participate in a process that is "being
motivated by pre-conceived agendas" and is "scientifically unsound."[1]

Landsea's resignation was prompted by an all too familiar occurrence: The
lead author of the fourth AR's chapter on climate observations, Kevin
Trenberth, participated in a press conference that warned of increasing
hurricane activity as a result of global warming.[2] It is common to hear that
man-made global warming represents the "consensus" of science, yet the use
of hurricanes and cyclones as a marker of global warming represents a clear-
cut case of the consensus being roundly ignored. Both the second and third
IPCC assessments concluded that there was no global warming signal found
in the hurricane record. Moreover, most climate models predict future
warming will have only a small effect--if any--on hurricane strength. "It is
beyond me," Landsea wrote, "why my colleagues would utilize the media to
push an unsupported agenda that recent hurricane activity has been due to
global warming."[3] Landsea's critique goes beyond a fit of pique at the abuse
of his area of expertise. The IPCC, he believes, has become thoroughly
politicized, and is unresponsive to criticism. "When I have raised my concerns
to the IPCC leadership," Landsea wrote, "their response was simply to dismiss
my concerns."[4]

Landsea's frustration is not an isolated experience. MIT physicist Richard
Lindzen, another past IPCC author who is not participating in the fourth
report, has written: "My experiences over the past 16 years have led me to
the discouraging conclusion that we are dealing with the almost insoluble
interaction of an iron triangle with an iron rice bowl." (Lindzen's "iron
triangle" consists of activists misusing science to get the attention of the news
media and politicians; the "iron rice bowl" is the parallel phenomenon where
scientists exploit the activists' alarm to increase research funding and
attention for the issue.[5]) And Dr. John Zillman, one of Australia's leading
climate scientists, is another ex-IPCC participant who believes the IPCC has
become "cast more in the model of supporting than informing policy
development."[6]

And when the IPCC is not ignoring its responsible critics like Landsea and
Lindzen, it is demonizing them. Not long ago the IPCC's chairman, Dr.
Rajendra Pachauri, compared eco-skeptic Bjorn Lomborg to Hitler. "What is
the difference between Lomborg's view of humanity and Hitler's?" Pachauri
asked in a Danish newspaper. "If you were to accept Lomborg's way of
thinking, then maybe what Hitler did was the right thing."[7] Lomborg's sin
was merely to follow the consensus practice of economists in applying a
discount to present costs for future benefits, and comparing the range of
outcomes with other world problems alongside climate change. It is hard to
judge what is worse: Pachauri's appalling judgment in resorting to reductio ad
Hitlerum, or his abysmal ignorance of basic economics. In either case, it is
hard to have much confidence in the policy advice the IPCC might have. [...]

Time for "Team B"?

The time has come to question the IPCC's status as the near-monopoly source
of information and advice for its member governments. It is probably futile to
propose reform of the present IPCC process. Like most bureaucracies, it has
too much momentum and its institutional interests are too strong for anyone
realistically to suppose that it can assimilate more diverse points of view,
even if more scientists and economists were keen to join up. The rectitude
and credibility of the IPCC could be best improved not through reform, but
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through competition....

FULL PAPER at http://www.aei.org/publications/pubID.21974/pub_detail.asp

===========
(5) BRING THE PROXIES UP TO DATE!

Climate Audit, 20 February 2005
http://www.climateaudit.org/index.php?p=89#more-89

Steve McIntyre

I will make here a very simple suggestion: if IPCC or others want to use
"multiproxy" reconstructions of world temperature for policy purposes, stop
using data ending in 1980 and bring the proxies up-to-date. Let's see how
they perform in the warm 1990s - which should be an ideal period to show
the merit of the proxies. I do not believe that any responsible policy-maker
can base policy, even in part, on the continued use of obsolete data ending in
1980, when the costs of bringing the data up-to-date is inconsequential
compared to Kyoto costs.

I would appreciate comments on this note as I think that I will pursue the
matter with policymakers.

For example, in Mann's famous hockey stick graph, as presented to
policymakers and to the public, the graph used Mann's reconstruction from
proxies up to 1980 and instrumental temperatures (here, as in other similar
studies, using Jones' more lurid CRU surface history rather than the more
moderate increases shown by satellite measurements). Usually (but not
always), a different color is used for the instrumental portion, but, from a
promotional point of view, the juxtaposition of the two series achieves the
desired promotional effect. (In mining promotions, where there is
considerable community experience with promotional graphics and statistics,
securities commission prohibit the adding together of proven ore reserves and
inferred ore reserves - a policy which deserves a little reflection in the context
of IPCC studies).

Last week, a brand new multiproxy study by European scientists [Moberg et
al., 2005] was published in Nature. On the very day of publication, I received
an email from a prominent scientist telling me that Mann's hockeystick was
yesterday's news, that the "community" had now "moved on" and so should
I. That the "community" had had no opportunity to verify Moberg's results,
however meritorious they may finally appear, seemed to matter not at all.

If you look at the proxy portion of the new Moberg graphic, you see nothing
that would be problematic for opponents of the hockey stick: it shows a
striking Medieval Warm Period (MWP), a cold Little Ice Age and 20th century
warming not quite reaching MWP levels by 1979, when the proxy portion of
the study ends. (I'm in the process of examining the individual proxies and
the Moberg reconstruction is not without its own imperfections.) In the
presentation to the public - see the figure in the Nature article itself, once
again, there is the infamous splice between reconstruction by proxy (up to
1980) and the instrumental record thereafter (once again Jones' CRU record,
rather than the satellite record).

One of the first question that occurs to any civilian becoming familiar with
these studies (and it was one of my first questions) is: what happens to the
proxies after 1980? Given the presumed warmth of the 1990s, and especially
1998 (the "warmest year in the millennium"), you'd think that the proxy
values would be off the chart. In effect, the last 25 years have provided an
ideal opportunity to validate the usefulness of proxies and, especially the
opportunity to test the confidence intervals of these studies, put forward with
such assurance by the multiproxy proponents. What happens to the proxies
used in MBH99 or Moberg et al [2005] or Crowley and Lowery [2000] in the
1990s and, especially, 1998?

This question about proxies after 1980 was posed by a civilian to Mann in
December at realclimate. Mann replied:

Most reconstructions only extend through about 1980 because the vast
majority of tree-ring, coral, and ice core records currently available in the
public domain do not extend into the most recent decades. While
paleoclimatologists are attempting to update many important proxy records to
the present, this is a costly, and labor-intensive activity, often requiring
expensive field campaigns that involve traveling with heavy equipment to
difficult-to-reach locations (such as high-elevation or remote polar sites). For
historical reasons, many of the important records were obtained in the 1970s
and 1980s and have yet to be updated. [my bold]

Pause and think about this response. Think about the costs of Kyoto and then
think again about this answer. Think about the billions spent on climate
research and then try to explain to me why we need to rely on "important
records" obtained in the 1970s. Far more money has been spent on climate
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research in the last decade than in the 1970s. Why are we still relying on
obsolete proxy data?

As someone with actual experience in the mineral exploration business, which
also involves "expensive field campaigns that involve traveling with heavy
equipment to difficult-to-reach locations", I can assure readers that Mann's
response cannot be justified and is an embarrassment to the paleoclimate
community. The more that I think about it, the more outrageous is both the
comment itself and the fact that no one seems to have picked up on it.

It is even more outrageous when you look in detail at what is actually
involved in collecting the proxy data used in the medieval period in the key
multiproxy studies. The number of proxies used in MBH99 is from fewer than
40 sites (28 tree ring sites being U.S. tree ring sites represented in 3 principal
component series).

As to the time needed to update some of these tree ring sites, here is an
excerpt from Lamarche et al. [1984] on the collection of key tree ring cores
from Sheep Mountain and Campito Mountain, which are the most important
indicators in the MBH reconstruction:

"D.A.G. [Graybill] and M.R.R. [Rose] collected tree ring samples at 3325 m on
Mount Jefferson, Toquima Range, Nevada and 11 August 1981. D.A.G. and
M.R.R. collected samples from 13 trees at Campito Mountain (3400 m) and
from 15 trees at Sheep Mountain (3500 m) on 31 October 1983."

Now to get to Campito Mountain and Sheep Mountain, they had to get to
Bishop, California, which is hardly "remote" even by Paris Hilton standards,
and then proceed by road to within a few hundred meters of the site, perhaps
proceeding for some portion of the journey on unpaved roads.

The picture below illustrates the taking of a tree ring core. While the
equipment may seem "heavy" to someone used only to desk work using
computers, people in the mineral exploration business would not regard this
drill as being especially "heavy" and I believe that people capable of operating
such heavy equipment can be found, even in out-of-the way places like
Bishop, California. I apologize for the tone here, but it is impossible for me
not to be facetious.

There is only one relatively remote site in the entire MBH99 roster - the
Quelccaya glacier in Peru. Here, fortunately, the work is already done
(although, needless to say, it is not published.) This information was updated
in 2003 by Lonnie Thompson and should be adequate to update these series.
With sufficient pressure from the U.S. National Science Foundation, the data
should be available expeditiously. (Given that Thompson has not archived
data from Dunde drilled in 1987, the need for pressure should not be under-
estimated.)

I realize that the rings need to be measured and that the field work is only a
portion of the effort involved. But updating 28 tree ring sites in the United
States is not a monumental enterprise nor would updating any of the other
sites.

I've looked through lists of the proxies used in Jones et al. [1998], MBH99,
Crowley and Lowery [2000], Mann and Jones [2003], Moberg et al [2005]
and see no obstacles to bringing all these proxies up to date. The only sites
that might take a little extra time would be updating the Himalayan ice cores.
Even here, it's possible that taking very short cores or even pits would prove
adequate for an update and this might prove easier than one might be think.
Be that as it may, any delays in updating the most complicated location
should not deter updating all the other locations.

As far as I'm concerned, this should be the first order of business for
multiproxy studies.

Whose responsibility is this? While the costs are trivial in the scheme of Kyoto,
they would still be a significant line item in the budget of a university
department. I think that the responsibility here lies with the U.S. National
Science Foundation and its equivalents in Canada and Europe. The
responsibilities for collecting the proxy updates could be divided up in a
couple of emails and budgets established.

One other important aspect: right now the funding agencies fund academics
to do the work and are completely ineffective in ensuring prompt reporting. At
best, academic practice will tie up reporting of results until the publication of
articles in an academic journals, creating a delay right at the start. Even then,
in cases like Thompson or Jacoby, to whom I've referred elsewhere, the data
may never be archived or only after decades in the hands of the originator.

So here I would propose something more like what happens in a mineral
exploration program. When a company has drill results, it has to publish them
through a press release. It can't wait for academic reports or for its geologists
to spin the results. There's lots of time to spin afterwards. Good or bad - the
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results have to be made public. The company has a little discretion so that it
can release drill holes in bunches and not every single drill hole, but the
discretion can't build up too much during an important program. Here I would
insist that the proxy results be archived as soon as they are produced - the
academic reports and spin can come later. Since all these sites have already
been published, people are used to the proxies and the updates will to a
considerable extend speak for themselves.

What would I expect from such studies? Drill programs are usually a surprise
and maybe there's one here. My hunch is that the classic proxies will not
show anywhere near as "loud" a signal in the 1990s as is needed to make
statements comparing the 1990s to the Medieval Warm Period with any
confidence at all. I've not surveyed proxies in the 1990s (nor to my
knowledge has anyone else), but I've started to look and many do not show
the expected "loud" signal e.g. some of the proxies posted up on this site
such as Alaskan tree rings, TTHH ring widths, and theories are starting to
develop. But the discussions so far do not explicit point out the effect of signal
failure on the multiproxy reconstruction project.

But this is only a hunch and the evidence could be otherwise. The point is
this: there's no need to speculate any further. It's time to bring the classic
proxies up to date.

=============
(6) CARELESS SCIENCE COSTS LIVES

The Guardian, 18 February 2005
http://www.guardian.co.uk/comment/story/0,3604,1417224,00.html

Dick Taverne

In science, as in much of life, it is believed that you get what you pay for.
According to opinion polls, people do not trust scientists who work for
industry because they only care about profits, or government scientists
because they suspect them of trying to cover up the truth. Scientists who
work for environmental NGOs are more highly regarded. Because they are
trying to save the planet, people are ready to believe that what they say must
be true. A House of Lords report, Science and Society, published in 2000,
agreed that motives matter. It argued that science and scientists are not
value-free, and therefore that scientists would command more trust "if they
openly declare the values that underpin their work".

It all sounds very plausible, but mostly it is wrong. Scientists with the best of
motives can produce bad science, just as scientists whose motives may be
considered suspect can produce good science. An obvious example of the first
was Rachel Carson, who, if not the patron saint, was at least the founding
mother of modern environmentalism. Her book The Silent Spring was an
inspiring account of the damage caused to our natural environment by the
reckless spraying of pesticides, especially DDT.

However, Carson also claimed that DDT caused cancer and liver damage,
claims for which there is no evidence but which led to an effective worldwide
ban on the use of DDT that is proving disastrous. Her motives were pure; the
science was wrong. DDT is the most effective agent ever invented for
preventing insect-borne disease, which, according to the US National
Academy of Sciences and the WHO, prevented over 50 million human deaths
from malaria in about two decades. Although there is no evidence that DDT
harms human health, some NGOs still demand a worldwide ban for that
reason. Careless science cost lives.

Contrast the benefits that have resulted from the profit motive, a motive that
is held to be suspect by the public. Multinationals, chief villains in the
demonology of contemporary anti-capitalists, have developed antibiotics,
vaccines that have eradicated many diseases like smallpox and polio,
genetically modified insulin for diabetics, and plants such as GM insect-
resistant cotton that have reduced the need for pesticides and so increased
the income and improved the health of millions of small cotton farmers. The
fact is that self-interest can benefit the public as effectively as philanthropy.

Motives are not irrelevant, and unselfish motives are rightly admired more
than selfish ones. There are numerous examples of misconduct by big
companies, and we should examine their claims critically and provide effective
regulation to control abuses of power and ensure the safety of their products.
Equally, we should not uncritically accept the claims of those who act from
idealistic motives. NGOs inspired by the noble cause of protecting our
environment often become careless about evidence and exaggerate risks to
attract attention (and funds). Although every leading scientific academy has
concluded that GM crops are at least as safe as conventional foods, this does
not stop Greenpeace reiterating claims about the dangers of "Frankenfoods".
Stephen Schneider, a climatologist, publicly justified distortion of evidence:
"Because we are not just scientists but human beings as well ... we need to
... capture the public imagination ... So we have to offer up scary scenarios,
make simplified dramatic statements, and make little mention of any doubts
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we have."

But in the end motives are irrelevant to the validity of science. It does not
matter if a scientist wants to help mankind, get a new grant, win a Nobel
prize or increase the profits of her company. It does not matter whether a
researcher works for Monsanto or for Greenpeace. Results are no more to be
trusted if the researcher declares his values and confesses that he beats his
wife, believes in God, or is an Arsenal supporter. What matters is that the
work has been peer-reviewed, that the findings are reproducible and that
they last. If they do, they are good science. If not, not. Science itself is value-
free. There are objective truths in science. We can now regard it as a fact
that the Earth goes rounds the sun and that Darwinism explains the evolution
of species.

A look at the history of science makes it evident how irrelevant the values of
scientists are. Newton's passion for alchemy did not invalidate his discovery of
the laws of gravitation. To quote Professor Fox of Rutger's University: "How
was it relevant to Mendel's findings about peas that he was a white,
European monk? They would have been just as valid if Mendel had been a
Spanish-speaking, lesbian atheist."

· Lord Taverne is chair of Sense About Science and author of The March of
Unreason, to be published next month

Copyright 2005, The Guardian

========== LETTERS =========

(7) RE: MORE TROUBLE FOR CLIMATE MODELS

Helen Krueger <hkrueger@sbcglobal.net>

Dear Dr. Peiser,

I just want to let you know how much I am enjoying being included in your
list so that I
can benefit from your astute handling of alarmist information personally and
with my
students.

Thank you so much!

Regards,

Helen A. Krueger
Educational Consultant
Phone: 203-426-8043
FAX: 203-426-3541

===========
(8) HOW TO HANDLE ASTEROID 2004 MN4

Jens Kieffer-Olsen <dstdba@post4.tele.dk>

Dear Benny Peiser,

In CCNet 18/2005 - 11 February 2005 you brought an
interesting article on the possible breakup of
NEA 2004 MN4 in the year 2029:

> But there's another reason for concern. According to Dan
> Durda, another SWRI astronomer, 2004 MN4 is likely to be
> a "rubble-pile" asteroid, consisting of material only
> loosely held together by gravity. Because the asteroid
> will pass us at just 2.5 times Earth's diameter, tidal
> forces could tear it apart. The result would be a trail
> of rocks drifting slowly apart with the passage of time.
> One or more of these might hit Earth in the more distant
> future, creating a spectacular fireball as it burns up
> in the atmosphere.
>     --Bill Cooke, Astronomy Magazine, 10 February 2005

First of all, a 300m asteroid could break into 100 pieces
each larger than the Tunguska impactor. Secondly, the years
for which a TS rating of 1 already exist for the object
are NOT in the distant future, but 6, 7, and 8 years later.

That reminds us that neither the Torino nor the Palermo
scale takes into account the possibility of such a MIRV'ed
approach. Furthermore, the Palermo scale is designed to
take into account the lead time. Even if 2004 MN4 were not
to break up, the lead time to virtual impact in 2029 would
be down to one sixth of the time to-day. In other words,
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if the post-2029 orbit is not being resolved before then,
we may as well up the PS rating accordingly. If my math is
correct, we should add 0.78 to its Palermo Scale rating,
ie. log10(6), for a total of -0.65.

Yours sincerely
Jens Kieffer-Olsen, M.Sc.(Elec.Eng.)
Slagelse, Denmark

==========
(9) AND FINALLY: EUROPE FURTHER FALLING BEHIND IN TECHNOLOGY AND
RESEARCH

EU Observer, 10 February 2005
http://www.euobserver.com/?aid=18382&print=1
<http://www.euobserver.com/?aid=18382&print=1>

By Lucia Kubosova

BRUSSELS / EUOBSERVER - Europeans are still failing to show world
leadership in technology and research, a new report shows.

The paper, published on Thursday (10 February) has evaluated the EU
research and development programmes and their impact on Europe's
knowledge-base and potential for innovation.

While it argues that EU funds for the programmes make a "major
contribution", it suggests that more resources, industry participation and
simplified administration are needed for them to have a greater effect in
future.

"We have somehow lost momentum", said Erkki Ormala, chair of the panel
issuing the report.

"The EU is falling behind. And we are now under pressue not only compared
to our traditional rivals like the US or Japan, but also China, India or Brazil.
We are facing a much tougher competition in talent and knowledge than we
are used to".

Research Commissioner Janez Potocnik considers the paper's results as a
reason for doubling the funds in his portfolio within the next budgetary period
of 2007-2013.

"We don't want to achieve our economic growth by lowering the social or
environmental standards. So to compete globally, we need to focus on
knowledge", Mr Potocnik said to journalists, adding that the EU programmes
should "make a bridge between practical innovation and research".

The report has listed several possible solutions for tackling outlined setbacks.

It argues that the EU must attract and reward the best talent, mobilise
resources for innovation and boost cooperation between governments,
businesses and universities in research.

It supports the idea of setting up a European Research Council to promote
excellence and encourages more industry involvement, mainly on the part of
small and medium-sized enterprises (SMEs).

However, SME representatives complain that their ideas about EU research
and innovation funding are not taken into consideration.

"It's not about how big the budget is for SMEs and their involvement in such
projects. It is rather about the allocation of the funds. Most of them are
granted for huge long-term projects which cost millions of euro and they can
hardly attract smaller companies", according to Ullrich Schroeder, from
UEAPME, the main umbrella organisation.

He argues that while several reports have already pointed out that SMEs must
be more involved if the "Lisbon agenda" goal of 3 percent of GDP to be
invested in research and development in the EU by 2010 is to be achieved, in
reality they are not as well supported as huge transnational companies.

"It is not that the EU member states invest much less in universities than the
US, but the greatest difference is that European SMEs are only investing 8%
of the US amount, and it is simply not enough".

Mr Schroeder also said that while "there is a lot of rhetoric from politicians,
that the SMEs should get involved, innovate and compete, when they come
up with good projects, they are not sufficiently supported".

"The European Commission is more concerned about big companies and
hightech areas, while innovation is needed also in more down-to earth
sectors", Mr Schroeder told the EUobserver.
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From: Michael E. Mann
To: Phil Jones
Cc: raymond s. bradley; Malcolm Hughes; Mike MacCracken; Ross Gelbspan <ross@TheWorld.com>, jmahlman@ucar.edu, jto@u.arizona.edu, Tom Wigley <wigley@ucar.edu>, Stephen

H Schneider; Ben Santer; Keith Briffa; Michael Oppenheimer; Gavin Schmidt; Caspar Ammann
Subject: Re: Fwd: CCNet: PRESSURE GROWING ON CONTROVERSIAL RESEARCHER TO DISCLOSE SECRET DATA
Date: Thursday, February 24, 2005 6:53:53 AM

Dear All,

BBC interview played this morning, "A climate scientist Professor Michael Mann suggests 
 global warming is caused by mankind

It was edited down a bit from the full interview, but not bad. The audio link is available here:
http://www.bbc.co.uk/radio4/today/rams/environment_20050224.ram

cheers,

mike

At 11:27 AM 2/22/2005, Michael E. Mann wrote:

Dear Phil et al, 

BBC (a guy named Tom Fielden) will be interviewing me sometime over the next couple days (time/date to be
determined, but probably late evening, approx. 11 pm east coast) to discuss the "Hockey Stick" controversy. I expect
it to be a friendly interview, and a good opportunity to set the record straight.

Will send an update when I have more details. I will also try to get ahold of the transcript. It should prove useful.

cheers,

Mike

Subject: CCNet: PRESSURE GROWING ON CONTROVERSIAL RESEARCHER TO
DISCLOSE SECRET DATA
Date: Mon, 21 Feb 2005 15:02:37 -0000
X-MS-Has-Attach:
X-MS-TNEF-Correlator:
Thread-Topic: pressure grows on climate modellers to relase secret data
Thread-Index: AcUXiV64e/f3Ii8uQSa0X88pndSQgQAl2O1w
From: "Peiser, Benny" <B.J.Peiser@livjm.ac.uk>
To: "cambridge-conference" <cambridge-conference@livjm.ac.uk>
X-UEA-MailScanner-Information: Please contact the ISP for more information
X-UEA-MailScanner: Found to be clean

CCNet 22/2005 - 21 February 2005
PRESSURE GROWING ON CONTROVERSIAL RESEARCHER TO DISCLOSE SECRET
DATA
--------------------------------------------------------------------

This should have produced a healthy scientific debate. Instead, Mr. Mann tried
to shut down debate by refusing to disclose the mathematical algorithm by which
he arrived at his conclusions. All the same, Mr. Mann was forced to publish a
retraction of some of his initial data, and doubts about his statistical methods
have since grown.
    --The Wall Street Journal, 18 February 2005

But maybe we are in that much trouble. The WSJ highlights what Regaldo and
McIntyre
says is Mann's resistance or outright refusal to provide to inquiring minds his
data, all details of his statistical analysis, and his code. So this is what I
say to Dr. Mann and others expressing deep concern over peer review: give up
your
data, methods and code freely and with a smile on your face.
     --Kevin Vranes, Science Policy, 18 February 2005

Mann's work doesn't meet that definition [of science], and those who use Mann's
curve in their arguments are not making a scientific argument. One of Pournelle's
Laws states "You can prove anything if you can make up your data." I will now add
another Pournelle's Law: "You can prove anything if you can keep your algorithms
secret."
    --Jerry Pournelle, 18 February 2005
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The time has come to question the IPCC's status as the near-monopoly source of
information and advice for its member governments. It is probably futile to propose
reform of the present IPCC process. Like most bureaucracies, it has too much
momentum
and its institutional interests are too strong for anyone realistically to suppose
that it can assimilate more diverse points of view, even if more scientists and
economists were keen to join up. The rectitude and credibility of the IPCC could be
best improved not through reform, but through competition.
     --Steven F. Hayward, The American Enterprise Institute, 15 February 2005

(1) HOCKEY STICK ON ICE
    The Wall Street Journal, 18 February 2005

(2) SCIENCE AND OPEN ALGORITHMS: "YOU CAN PROVE ANYTHING WITH SECRET
DATA AND ALGORITHMS"
    Jerry Pournell, 18 February 2005

(3) OPEN SEASON ON HOCKEY AND PEER REVIEW
    Science Policy, 18 February 2005

(4) CLIMATE CHANGE SCIENCE: TIME FOR TEAM "B"?
    The American Enterprise Institute, 15 February 2005

(5) BRING THE PROXIES UP TO DATE!
    Climate Audit, 20 February 2005

(6) CARELESS SCIENCE COSTS LIVES
    The Guardian, 18 February 2005

(7) RE: MORE TROUBLE FOR CLIMATE MODELS
    Helen Krueger <hkrueger@sbcglobal.net>

(8) HOW TO HANDLE ASTEROID 2004 MN4
    Jens Kieffer-Olsen <dstdba@post4.tele.dk>

(9) AND FINALLY: EUROPE FURTHER FALLING BEHIND IN TECHNOLOGY AND
RESEARCH
    EU Observer, 10 February 2005

==================
(1) HOCKEY STICK ON ICE

The Wall Street Journal, 18 February 2005
http://online.wsj.com/article_email/0,,SB110869271828758608-
IdjeoNmlah4n5yta4GHaqyIm4,00.html

On Wednesday National Hockey League Commissioner Gary Bettman canceled the
season, and we guess that's a loss. But this week also brought news of something
else that's been put on ice. We're talking about the "hockey stick."

Just so we're clear, this hockey stick isn't a sports implement; it's a scientific graph.
Back in the late 1990s, American geoscientist Michael Mann published a chart that
purported to show average surface temperatures in the Northern Hemisphere over
the past 1,000 years. The chart showed relatively minor fluctuations in temperature
over the first 900 years, then a sharp and continuous rise over the past century,
giving it a hockey-stick shape.

Mr. Mann's chart was both a scientific and political sensation. It contradicted a
body of scientific work suggesting a warm period early in the second millennium,
followed by a "Little Ice Age" starting in the 14th century. It also provided some
visually arresting scientific support for the contention that fossil-fuel emissions were
the cause of higher temperatures. Little wonder, then, that Mr. Mann's hockey stick
appears five times in the Intergovernmental Panel on Climate Change's landmark
2001 report on global warming, which paved the way to this week's global
ratification -- sans the U.S., Australia and China -- of the Kyoto Protocol.

Yet there were doubts about Mr. Mann's methods and analysis from the start. In
1998, Willie Soon and Sallie Baliunas of the Harvard-Smithsonian Center for
Astrophysics published a paper in the journal Climate Research, arguing that there
really had been a Medieval warm period. The result: Messrs. Soon and Baliunas
were treated as heretics and six editors at Climate Research were made to resign.

Still, questions persisted. In 2003, Stephen McIntyre, a Toronto minerals consultant
and amateur mathematician, and Ross McKitrick, an economist at Canada's
University of Guelph, jointly published a critique of the hockey stick analysis. Their
conclusion: Mr. Mann's work was riddled with "collation errors, unjustifiable
truncations of extrapolation of source data, obsolete data, geographical location
errors, incorrect calculations of principal components, and other quality control
defects." Once these were corrected, the Medieval warm period showed up again in
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the data.

This should have produced a healthy scientific debate. Instead, as the Journal's
Antonio Regalado reported Monday, Mr. Mann tried to shut down debate by
refusing to disclose the mathematical algorithm by which he arrived at his
conclusions. All the same, Mr. Mann was forced to publish a retraction of some of
his initial data, and doubts about his statistical methods have since grown.
Statistician Francis Zwiers of Environment Canada (a government agency) notes
that Mr. Mann's method "preferentially produces hockey sticks when there are none
in the data." Other reputable scientists such as Berkeley's Richard Muller and Hans
von Storch of Germany's GKSS Center essentially agree.

We realize this may all seem like so much academic nonsense. Yet if there really
was a Medieval warm period (we draw no conclusions), it would cast some doubt
on the contention that our SUVs and air conditioners, rather than natural causes,
are to blame for apparent global warming.

There is also the not-so-small matter of the politicization of science: If climate
scientists feel their careers might be put at risk by questioning some orthodoxy, the
inevitable result will be bad science. It says something that it took two non-climate
scientists to bring Mr. Mann's errors to light.

But the important point is this: The world is being lobbied to place a huge economic
bet -- as much as $150 billion a year -- on the notion that man-made global
warming is real. Businesses are gearing up, at considerable cost, to deal with a
new regulatory environment; complex carbon-trading schemes are in the making.
Shouldn't everyone look very carefully, and honestly, at the science before we jump
off this particular cliff?

Copyright 2005, The Wall Street Journal

=============
(2) SCIENCE AND OPEN ALGORITHMS: "YOU CAN PROVE ANYTHING WITH SECRET
DATA AND ALGORITHMS"

Jerry Pournell, 18 February 2005
http://www.jerrypournelle.com/view/view349.html#hockeystick

Science and Open Algorithms: You can prove anything with secret data and
algorithms.

There is a long piece on the global "hockey stick" in today's Wall Street Journal that
explains something I didn't understand: Mann, who generated the "hockey stick"
curve purporting to show that the last century was unique in all recorded history
with its sharp climb in temperature, has released neither the algorithm that
generated his curve nor the data on which it was based.

I had refrained from commenting on the "hockey stick" because I couldn't
understand how it was derived. I've done statistical analysis and prediction from
uncertainty much of my life. My first job in aerospace was as part of the Human
Factors and Reliability Group at Boeing, where we were expected to deal with such
matters as predicting component failures, and deriving maintenance schedules
(replace it before it fails, but not so long before it fails that the costs including the
cost of the maintenance crew and the costs of taking the airplane out of service are
prohibitive) and other such matters. I used to live with Incomplete Gamma
Functions and other complex integrals; and I could not for the life of me
understand how Mann derived his famous curve. Now I know: he hasn't told
anyone. He says that telling people how he generated it would be tantamount to
giving in to his critics.

More on this after my walk, but the one thing we may conclude for sure is that this
is not science. His curve has been distributed as part of the Canadian government's
literature on why Canada supports Kyoto, and is said to have been influential in
causing the "Kyoto Consensus" so it is certainly effective propaganda; but IT IS
NOT SCIENCE. Science deals with repeatability and openness. When I took
Philosophy of Science from Gustav Bergmann at the University of Iowa a very long
time ago, our seminar came to a one-sentence "practical definition" of science:
Science is what you can put in a letter to a colleague and he'll get the same results
you did. Now I don't claim that as original for it wasn't even me who came up with
it in the seminar; but I do claim Bergmann liked that formulation, and it certainly
appealed to me, and I haven't seen a better one-sentence practical definition of
science. Mann's work doesn't meet that definition, and those who use Mann's curve
in their arguments are not making a scientific argument.

One of Pournelle's Laws states "You can prove anything if you can make up your
data." I will now add another Pournelle's Law: "You can prove anything if you can
keep your algorithms secret."

=============
(3) OPEN SEASON ON HOCKEY AND PEER REVIEW
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Science Policy, 18 February 2005
http://sciencepolicy.colorado.edu/prometheus/archives/climate_change/000355open_season_on_hocke.html

By Kevin Vranes

The recent 2/14 WSJ article ("Global Warring..." by Antonio Regaldo) addresses the
debate that most readers of this site are well familiar with: the Mann et al. hockey
stick. The WSJ is still asking - and trying to answer - the basic questions: hockey
stick or no hockey stick? But the background premise of the article, stated explicitly
and implicitly throughout, is that it was the hockey stick that led to Kyoto and
other climate policy. Is it?

I think it's fair to say that to all of us in the field of climatology, the notion that
Kyoto is based on the Mann curve is utter nonsense. If a climatologist, or a policy
advisor charged with knowing the science well enough to make astute
recommendations to his/her boss, relied solely on the Mann curve to prove
definitively the existence of anthropogenic warming, then we're in deeper trouble
than anybody realizes. (This is essentially what Stephan Ramstorf writes in a 1/27
RealClimate post.) And although it's easy to believe that national and international
policy can hinge on single graphs, I hope we give policy makers more credit than
that.

But maybe we are in that much trouble. The WSJ highlights what Regaldo and
McIntyre says is Mann's resistance or outright refusal to provide to inquiring minds
his data, all details of his statistical analysis, and his code. The WSJ's anecdotal
treatment of the subject goes toward confirming what I've been hearing for years
in climatology circles about not just Mann, but others collecting original climate
data.

As concerns Mann himself, this is especially curious in light of the recent
RealClimate posts (link and link) in which Mann and Gavin Schmidt warn us about
peer review and the limits therein. Their point is essentially that peer review is
limited and can be much less than thorough. One assumes that they are talking
about their own work as well as McIntyre's, although they never state this. Mann
and Schmidt go to great lengths in their post to single out Geophysical Research
Letters. Their post then seems a bit ironic, as GRL is the journal in which the
original Mann curve was published (1999, vol 26., issue 6, p. 759), an article which
is now receiving much attention as being flawed and under-reviewed. (For that
matter, why does Table 1 in Mann et al. (1999) list many chronologies in the
Southern Hemisphere while the rest of the paper promotes a Northern Hemisphere
reconstruction? Legit or not, it's a confusing aspect of the paper that should never
have made it past peer review.)

Of their take on peer review, I couldn't agree more. In my experience, peer review
is often cursory at best. So this is what I say to Dr. Mann and others expressing
deep concern over peer review: give up your data, methods and code freely and
with a smile on your face. That is real peer review. A 12 year-old hacker prodigy in
her grandparents' basement should have as much opportunity to check your work
as a "semi-retired Toronto minerals consultant." Those without three letters after
their name can be every bit as intellectually qualified, and will likely have the time
for careful review that typical academic reviewers find lacking.

Specious analysis of your work will be borne out by your colleagues, and will enter
the debate with every other original work. Your job is not to prevent your critics
from checking your work and potentially distorting it; your job is to continue to
publish insightful, detailed analyses of the data and let the community decide. You
can be part of the debate without seeming to hinder access to it.

===============
(4) CLIMATE CHANGE SCIENCE: TIME FOR TEAM "B"?

The American Enterprise Institute, 15 February 2005
http://www.aei.org/publications/pubID.21974/pub_detail.asp

By Steven F. Hayward

The Intergovernmental Panel on Climate Change (IPCC) is currently working on its
fourth assessment report. Despite the IPCC's noble intent to generate a scientific
consensus, a number of factors have compromised the research and drafting
process, assuring that its next assessment report will be just as controversial as
previous reports in 1995 and 2001. Efforts to reform this large bureaucratic effort
are unlikely to succeed. Perhaps the time has come to consider competition as the
means of checking the IPCC's monopoly and generating more reliable climate
science.

As the Intergovernmental Panel on Climate Change (IPCC) moves toward the
release of its fourth assessment report (fourth AR) in 2007, the case of Chris
Landsea offers in microcosm an example of why the IPCC's findings are going to
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have credibility problems.

Last month Landsea, a climate change scientist with the U.S. National Oceanic and
Atmospheric Administration (NOAA), resigned as a participant in the producing the
report. Landsea had been a chapter author and reviewer for the IPCC's second
assessment report in 1995 and the third in 2001, and he is a leading expert on
hurricanes and related extreme weather phenomena. He had signed on with the
IPCC to update the state of current knowledge on Atlantic hurricanes for the fourth
report. In an open letter, Landsea wrote that he could no longer in good
conscience participate in a process that is "being motivated by pre-conceived
agendas" and is "scientifically unsound."[1]

Landsea's resignation was prompted by an all too familiar occurrence: The lead
author of the fourth AR's chapter on climate observations, Kevin Trenberth,
participated in a press conference that warned of increasing hurricane activity as a
result of global warming.[2] It is common to hear that man-made global warming
represents the "consensus" of science, yet the use of hurricanes and cyclones as a
marker of global warming represents a clear-cut case of the consensus being
roundly ignored. Both the second and third IPCC assessments concluded that there
was no global warming signal found in the hurricane record. Moreover, most
climate models predict future warming will have only a small effect--if any--on
hurricane strength. "It is beyond me," Landsea wrote, "why my colleagues would
utilize the media to push an unsupported agenda that recent hurricane activity has
been due to global warming."[3] Landsea's critique goes beyond a fit of pique at
the abuse of his area of expertise. The IPCC, he believes, has become thoroughly
politicized, and is unresponsive to criticism. "When I have raised my concerns to
the IPCC leadership," Landsea wrote, "their response was simply to dismiss my
concerns."[4]

Landsea's frustration is not an isolated experience. MIT physicist Richard Lindzen,
another past IPCC author who is not participating in the fourth report, has written:
"My experiences over the past 16 years have led me to the discouraging conclusion
that we are dealing with the almost insoluble interaction of an iron triangle with an
iron rice bowl." (Lindzen's "iron triangle" consists of activists misusing science to
get the attention of the news media and politicians; the "iron rice bowl" is the
parallel phenomenon where scientists exploit the activists' alarm to increase
research funding and attention for the issue.[5]) And Dr. John Zillman, one of
Australia's leading climate scientists, is another ex-IPCC participant who believes
the IPCC has become "cast more in the model of supporting than informing policy
development."[6]

And when the IPCC is not ignoring its responsible critics like Landsea and Lindzen,
it is demonizing them. Not long ago the IPCC's chairman, Dr. Rajendra Pachauri,
compared eco-skeptic Bjorn Lomborg to Hitler. "What is the difference between
Lomborg's view of humanity and Hitler's?" Pachauri asked in a Danish newspaper.
"If you were to accept Lomborg's way of thinking, then maybe what Hitler did was
the right thing."[7] Lomborg's sin was merely to follow the consensus practice of
economists in applying a discount to present costs for future benefits, and
comparing the range of outcomes with other world problems alongside climate
change. It is hard to judge what is worse: Pachauri's appalling judgment in
resorting to reductio ad Hitlerum, or his abysmal ignorance of basic economics. In
either case, it is hard to have much confidence in the policy advice the IPCC might
have. [...]

Time for "Team B"?

The time has come to question the IPCC's status as the near-monopoly source of
information and advice for its member governments. It is probably futile to propose
reform of the present IPCC process. Like most bureaucracies, it has too much
momentum and its institutional interests are too strong for anyone realistically to
suppose that it can assimilate more diverse points of view, even if more scientists
and economists were keen to join up. The rectitude and credibility of the IPCC
could be best improved not through reform, but through competition....

FULL PAPER at http://www.aei.org/publications/pubID.21974/pub_detail.asp

===========
(5) BRING THE PROXIES UP TO DATE!

Climate Audit, 20 February 2005
http://www.climateaudit.org/index.php?p=89#more-89

Steve McIntyre

I will make here a very simple suggestion: if IPCC or others want to use
"multiproxy" reconstructions of world temperature for policy purposes, stop using
data ending in 1980 and bring the proxies up-to-date. Let's see how they perform
in the warm 1990s - which should be an ideal period to show the merit of the
proxies. I do not believe that any responsible policy-maker can base policy, even in
part, on the continued use of obsolete data ending in 1980, when the costs of
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bringing the data up-to-date is inconsequential compared to Kyoto costs.

I would appreciate comments on this note as I think that I will pursue the matter
with policymakers.

For example, in Mann's famous hockey stick graph, as presented to policymakers
and to the public, the graph used Mann's reconstruction from proxies up to 1980
and instrumental temperatures (here, as in other similar studies, using Jones' more
lurid CRU surface history rather than the more moderate increases shown by
satellite measurements). Usually (but not always), a different color is used for the
instrumental portion, but, from a promotional point of view, the juxtaposition of the
two series achieves the desired promotional effect. (In mining promotions, where
there is considerable community experience with promotional graphics and
statistics, securities commission prohibit the adding together of proven ore reserves
and inferred ore reserves - a policy which deserves a little reflection in the context
of IPCC studies).

Last week, a brand new multiproxy study by European scientists [Moberg et al.,
2005] was published in Nature. On the very day of publication, I received an email
from a prominent scientist telling me that Mann's hockeystick was yesterday's
news, that the "community" had now "moved on" and so should I. That the
"community" had had no opportunity to verify Moberg's results, however
meritorious they may finally appear, seemed to matter not at all.

If you look at the proxy portion of the new Moberg graphic, you see nothing that
would be problematic for opponents of the hockey stick: it shows a striking
Medieval Warm Period (MWP), a cold Little Ice Age and 20th century warming not
quite reaching MWP levels by 1979, when the proxy portion of the study ends. (I'm
in the process of examining the individual proxies and the Moberg reconstruction is
not without its own imperfections.) In the presentation to the public - see the figure
in the Nature article itself, once again, there is the infamous splice between
reconstruction by proxy (up to 1980) and the instrumental record thereafter (once
again Jones' CRU record, rather than the satellite record).

One of the first question that occurs to any civilian becoming familiar with these
studies (and it was one of my first questions) is: what happens to the proxies after
1980? Given the presumed warmth of the 1990s, and especially 1998 (the "warmest
year in the millennium"), you'd think that the proxy values would be off the chart.
In effect, the last 25 years have provided an ideal opportunity to validate the
usefulness of proxies and, especially the opportunity to test the confidence intervals
of these studies, put forward with such assurance by the multiproxy proponents.
What happens to the proxies used in MBH99 or Moberg et al [2005] or Crowley
and Lowery [2000] in the 1990s and, especially, 1998?

This question about proxies after 1980 was posed by a civilian to Mann in
December at realclimate. Mann replied:

Most reconstructions only extend through about 1980 because the vast majority of
tree-ring, coral, and ice core records currently available in the public domain do not
extend into the most recent decades. While paleoclimatologists are attempting to
update many important proxy records to the present, this is a costly, and labor-
intensive activity, often requiring expensive field campaigns that involve traveling
with heavy equipment to difficult-to-reach locations (such as high-elevation or
remote polar sites). For historical reasons, many of the important records were
obtained in the 1970s and 1980s and have yet to be updated. [my bold]

Pause and think about this response. Think about the costs of Kyoto and then think
again about this answer. Think about the billions spent on climate research and
then try to explain to me why we need to rely on "important records" obtained in
the 1970s. Far more money has been spent on climate research in the last decade
than in the 1970s. Why are we still relying on obsolete proxy data?

As someone with actual experience in the mineral exploration business, which also
involves "expensive field campaigns that involve traveling with heavy equipment to
difficult-to-reach locations", I can assure readers that Mann's response cannot be
justified and is an embarrassment to the paleoclimate community. The more that I
think about it, the more outrageous is both the comment itself and the fact that no
one seems to have picked up on it.

It is even more outrageous when you look in detail at what is actually involved in
collecting the proxy data used in the medieval period in the key multiproxy studies.
The number of proxies used in MBH99 is from fewer than 40 sites (28 tree ring
sites being U.S. tree ring sites represented in 3 principal component series).

As to the time needed to update some of these tree ring sites, here is an excerpt
from Lamarche et al. [1984] on the collection of key tree ring cores from Sheep
Mountain and Campito Mountain, which are the most important indicators in the
MBH reconstruction:

"D.A.G. [Graybill] and M.R.R. [Rose] collected tree ring samples at 3325 m on
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Mount Jefferson, Toquima Range, Nevada and 11 August 1981. D.A.G. and M.R.R.
collected samples from 13 trees at Campito Mountain (3400 m) and from 15 trees
at Sheep Mountain (3500 m) on 31 October 1983."

Now to get to Campito Mountain and Sheep Mountain, they had to get to Bishop,
California, which is hardly "remote" even by Paris Hilton standards, and then
proceed by road to within a few hundred meters of the site, perhaps proceeding for
some portion of the journey on unpaved roads.

The picture below illustrates the taking of a tree ring core. While the equipment
may seem "heavy" to someone used only to desk work using computers, people in
the mineral exploration business would not regard this drill as being especially
"heavy" and I believe that people capable of operating such heavy equipment can
be found, even in out-of-the way places like Bishop, California. I apologize for the
tone here, but it is impossible for me not to be facetious.

There is only one relatively remote site in the entire MBH99 roster - the Quelccaya
glacier in Peru. Here, fortunately, the work is already done (although, needless to
say, it is not published.) This information was updated in 2003 by Lonnie Thompson
and should be adequate to update these series. With sufficient pressure from the
U.S. National Science Foundation, the data should be available expeditiously. (Given
that Thompson has not archived data from Dunde drilled in 1987, the need for
pressure should not be under-estimated.)

I realize that the rings need to be measured and that the field work is only a
portion of the effort involved. But updating 28 tree ring sites in the United States is
not a monumental enterprise nor would updating any of the other sites.

I've looked through lists of the proxies used in Jones et al. [1998], MBH99, Crowley
and Lowery [2000], Mann and Jones [2003], Moberg et al [2005] and see no
obstacles to bringing all these proxies up to date. The only sites that might take a
little extra time would be updating the Himalayan ice cores. Even here, it's possible
that taking very short cores or even pits would prove adequate for an update and
this might prove easier than one might be think. Be that as it may, any delays in
updating the most complicated location should not deter updating all the other
locations.

As far as I'm concerned, this should be the first order of business for multiproxy
studies.

Whose responsibility is this? While the costs are trivial in the scheme of Kyoto, they
would still be a significant line item in the budget of a university department. I
think that the responsibility here lies with the U.S. National Science Foundation and
its equivalents in Canada and Europe. The responsibilities for collecting the proxy
updates could be divided up in a couple of emails and budgets established.

One other important aspect: right now the funding agencies fund academics to do
the work and are completely ineffective in ensuring prompt reporting. At best,
academic practice will tie up reporting of results until the publication of articles in
an academic journals, creating a delay right at the start. Even then, in cases like
Thompson or Jacoby, to whom I've referred elsewhere, the data may never be
archived or only after decades in the hands of the originator.

So here I would propose something more like what happens in a mineral
exploration program. When a company has drill results, it has to publish them
through a press release. It can't wait for academic reports or for its geologists to
spin the results. There's lots of time to spin afterwards. Good or bad - the results
have to be made public. The company has a little discretion so that it can release
drill holes in bunches and not every single drill hole, but the discretion can't build
up too much during an important program. Here I would insist that the proxy
results be archived as soon as they are produced - the academic reports and spin
can come later. Since all these sites have already been published, people are used
to the proxies and the updates will to a considerable extend speak for themselves.

What would I expect from such studies? Drill programs are usually a surprise and
maybe there's one here. My hunch is that the classic proxies will not show
anywhere near as "loud" a signal in the 1990s as is needed to make statements
comparing the 1990s to the Medieval Warm Period with any confidence at all. I've
not surveyed proxies in the 1990s (nor to my knowledge has anyone else), but I've
started to look and many do not show the expected "loud" signal e.g. some of the
proxies posted up on this site such as Alaskan tree rings, TTHH ring widths, and
theories are starting to develop. But the discussions so far do not explicit point out
the effect of signal failure on the multiproxy reconstruction project.

But this is only a hunch and the evidence could be otherwise. The point is this:
there's no need to speculate any further. It's time to bring the classic proxies up to
date.

=============
(6) CARELESS SCIENCE COSTS LIVES
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The Guardian, 18 February 2005
http://www.guardian.co.uk/comment/story/0,3604,1417224,00.html

Dick Taverne

In science, as in much of life, it is believed that you get what you pay for.
According to opinion polls, people do not trust scientists who work for industry
because they only care about profits, or government scientists because they
suspect them of trying to cover up the truth. Scientists who work for environmental
NGOs are more highly regarded. Because they are trying to save the planet, people
are ready to believe that what they say must be true. A House of Lords report,
Science and Society, published in 2000, agreed that motives matter. It argued that
science and scientists are not value-free, and therefore that scientists would
command more trust "if they openly declare the values that underpin their work".

It all sounds very plausible, but mostly it is wrong. Scientists with the best of
motives can produce bad science, just as scientists whose motives may be
considered suspect can produce good science. An obvious example of the first was
Rachel Carson, who, if not the patron saint, was at least the founding mother of
modern environmentalism. Her book The Silent Spring was an inspiring account of
the damage caused to our natural environment by the reckless spraying of
pesticides, especially DDT.

However, Carson also claimed that DDT caused cancer and liver damage, claims for
which there is no evidence but which led to an effective worldwide ban on the use
of DDT that is proving disastrous. Her motives were pure; the science was wrong.
DDT is the most effective agent ever invented for preventing insect-borne disease,
which, according to the US National Academy of Sciences and the WHO, prevented
over 50 million human deaths from malaria in about two decades. Although there is
no evidence that DDT harms human health, some NGOs still demand a worldwide
ban for that reason. Careless science cost lives.

Contrast the benefits that have resulted from the profit motive, a motive that is
held to be suspect by the public. Multinationals, chief villains in the demonology of
contemporary anti-capitalists, have developed antibiotics, vaccines that have
eradicated many diseases like smallpox and polio, genetically modified insulin for
diabetics, and plants such as GM insect-resistant cotton that have reduced the
need for pesticides and so increased the income and improved the health of millions
of small cotton farmers. The fact is that self-interest can benefit the public as
effectively as philanthropy.

Motives are not irrelevant, and unselfish motives are rightly admired more than
selfish ones. There are numerous examples of misconduct by big companies, and
we should examine their claims critically and provide effective regulation to control
abuses of power and ensure the safety of their products. Equally, we should not
uncritically accept the claims of those who act from idealistic motives. NGOs
inspired by the noble cause of protecting our environment often become careless
about evidence and exaggerate risks to attract attention (and funds). Although
every leading scientific academy has concluded that GM crops are at least as safe
as conventional foods, this does not stop Greenpeace reiterating claims about the
dangers of "Frankenfoods". Stephen Schneider, a climatologist, publicly justified
distortion of evidence: "Because we are not just scientists but human beings as well
... we need to ... capture the public imagination ... So we have to offer up scary
scenarios, make simplified dramatic statements, and make little mention of any
doubts we have."

But in the end motives are irrelevant to the validity of science. It does not matter if
a scientist wants to help mankind, get a new grant, win a Nobel prize or increase
the profits of her company. It does not matter whether a researcher works for
Monsanto or for Greenpeace. Results are no more to be trusted if the researcher
declares his values and confesses that he beats his wife, believes in God, or is an
Arsenal supporter. What matters is that the work has been peer-reviewed, that the
findings are reproducible and that they last. If they do, they are good science. If
not, not. Science itself is value-free. There are objective truths in science. We can
now regard it as a fact that the Earth goes rounds the sun and that Darwinism
explains the evolution of species.

A look at the history of science makes it evident how irrelevant the values of
scientists are. Newton's passion for alchemy did not invalidate his discovery of the
laws of gravitation. To quote Professor Fox of Rutger's University: "How was it
relevant to Mendel's findings about peas that he was a white, European monk?
They would have been just as valid if Mendel had been a Spanish-speaking, lesbian
atheist."

· Lord Taverne is chair of Sense About Science and author of The March of
Unreason, to be published next month

Copyright 2005, The Guardian
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========== LETTERS =========

(7) RE: MORE TROUBLE FOR CLIMATE MODELS

Helen Krueger <hkrueger@sbcglobal.net>

Dear Dr. Peiser,

I just want to let you know how much I am enjoying being included in your list so
that I
can benefit from your astute handling of alarmist information personally and with
my
students.

Thank you so much!

Regards,

Helen A. Krueger
Educational Consultant
Phone: 203-426-8043
FAX: 203-426-3541

===========
(8) HOW TO HANDLE ASTEROID 2004 MN4

Jens Kieffer-Olsen <dstdba@post4.tele.dk>

Dear Benny Peiser,

In CCNet 18/2005 - 11 February 2005 you brought an
interesting article on the possible breakup of
NEA 2004 MN4 in the year 2029:

> But there's another reason for concern. According to Dan
> Durda, another SWRI astronomer, 2004 MN4 is likely to be
> a "rubble-pile" asteroid, consisting of material only
> loosely held together by gravity. Because the asteroid
> will pass us at just 2.5 times Earth's diameter, tidal
> forces could tear it apart. The result would be a trail
> of rocks drifting slowly apart with the passage of time.
> One or more of these might hit Earth in the more distant
> future, creating a spectacular fireball as it burns up
> in the atmosphere.
>     --Bill Cooke, Astronomy Magazine, 10 February 2005

First of all, a 300m asteroid could break into 100 pieces
each larger than the Tunguska impactor. Secondly, the years
for which a TS rating of 1 already exist for the object
are NOT in the distant future, but 6, 7, and 8 years later.

That reminds us that neither the Torino nor the Palermo
scale takes into account the possibility of such a MIRV'ed
approach. Furthermore, the Palermo scale is designed to
take into account the lead time. Even if 2004 MN4 were not
to break up, the lead time to virtual impact in 2029 would
be down to one sixth of the time to-day. In other words,
if the post-2029 orbit is not being resolved before then,
we may as well up the PS rating accordingly. If my math is
correct, we should add 0.78 to its Palermo Scale rating,
ie. log10(6), for a total of -0.65.

Yours sincerely
Jens Kieffer-Olsen, M.Sc.(Elec.Eng.)
Slagelse, Denmark

==========
(9) AND FINALLY: EUROPE FURTHER FALLING BEHIND IN TECHNOLOGY AND
RESEARCH

EU Observer, 10 February 2005
http://www.euobserver.com/?aid=18382&print=1

By Lucia Kubosova

BRUSSELS / EUOBSERVER - Europeans are still failing to show world leadership in
technology and research, a new report shows.

The paper, published on Thursday (10 February) has evaluated the EU research
and development programmes and their impact on Europe's knowledge-base and
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potential for innovation.

While it argues that EU funds for the programmes make a "major contribution", it
suggests that more resources, industry participation and simplified administration
are needed for them to have a greater effect in future.

"We have somehow lost momentum", said Erkki Ormala, chair of the panel issuing
the report.

"The EU is falling behind. And we are now under pressue not only compared to our
traditional rivals like the US or Japan, but also China, India or Brazil. We are facing
a much tougher competition in talent and knowledge than we are used to".

Research Commissioner Janez Potocnik considers the paper's results as a reason for
doubling the funds in his portfolio within the next budgetary period of 2007-2013.

"We don't want to achieve our economic growth by lowering the social or
environmental standards. So to compete globally, we need to focus on knowledge",
Mr Potocnik said to journalists, adding that the EU programmes should "make a
bridge between practical innovation and research".

The report has listed several possible solutions for tackling outlined setbacks.

It argues that the EU must attract and reward the best talent, mobilise resources
for innovation and boost cooperation between governments, businesses and
universities in research.

It supports the idea of setting up a European Research Council to promote
excellence and encourages more industry involvement, mainly on the part of small
and medium-sized enterprises (SMEs).

However, SME representatives complain that their ideas about EU research and
innovation funding are not taken into consideration.

"It's not about how big the budget is for SMEs and their involvement in such
projects. It is rather about the allocation of the funds. Most of them are granted for
huge long-term projects which cost millions of euro and they can hardly attract
smaller companies", according to Ullrich Schroeder, from UEAPME, the main
umbrella organisation.

He argues that while several reports have already pointed out that SMEs must be
more involved if the "Lisbon agenda" goal of 3 percent of GDP to be invested in
research and development in the EU by 2010 is to be achieved, in reality they are
not as well supported as huge transnational companies.

"It is not that the EU member states invest much less in universities than the US,
but the greatest difference is that European SMEs are only investing 8% of the US
amount, and it is simply not enough".

Mr Schroeder also said that while "there is a lot of rhetoric from politicians, that the
SMEs should get involved, innovate and compete, when they come up with good
projects, they are not sufficiently supported".

"The European Commission is more concerned about big companies and hightech
areas, while innovation is needed also in more down-to earth sectors", Mr
Schroeder told the EUobserver.

© EUobserver.com 2005

------
CCNet is a scholarly electronic network. To subscribe/unsubscribe, please
contact the editor Benny Peiser <b.j.peiser@livjm.ac.uk>. Information circulated
on this network is for scholarly and educational use only. The attached
information may not be copied or reproduced for any other purposes without prior
permission of the copyright holders. DISCLAIMER: The opinions, beliefs and
viewpoints expressed in the articles and texts and in other CCNet contributions
do not necessarily reflect the opinions, beliefs and viewpoints of the editor.

--
Professor Keith Briffa,
Climatic Research Unit
University of East Anglia
Norwich, NR4 7TJ, U.K.

Phone: 
Fax: 

http://www.cru.uea.ac.uk/cru/people/briffa/
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Prof. Phil Jones
Climatic Research Unit        Telephone +
School of Environmental Sciences    Fax 
University of East Anglia
Norwich                          Email    p.jones@uea.ac.uk
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UK ----------------------------------------------------------------------------
                                                                                 

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: raymond s. bradley
Cc: mhughes@ltrr.arizona.edu
Subject: Re: bbc interview
Date: Sunday, February 27, 2005 3:52:15 PM
Attachments: mcintyre.comment11.pdf

Thanks Ray, Malcolm,

Yeah--I thought it would be a friendly interview. The interview was actually a bit
tough, but fair--and they edited me well...

FYI (please don't pass along to anyone!) Chris Folland sent me the attached
manuscript (in review, or perhaps accepted now--not sure) by von Storch--this is the
*good* von Storch this time,

meanwhile Steve Schneider is fast-tracking Caspar and Gene's paper to Climatic
Change debunking MM, and Caspar intends to do a press release timed w/ its
release...

Will keep you posted,

mike

At 10:27 PM 2/26/2005, raymond s. bradley wrote:

I just listened to your interview--great job.  Well done!
ray

Raymond S. Bradley 
Director, Climate System Research Center*
Department of Geosciences, University of Massachusetts
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel:  
Fax:  
*Climate System Research Center:  
        <http://www.paleoclimate.org> 
Paleoclimatology Book Web Site:
http://www.geo.umass.edu/climate/paleo/html 
Publications (download .pdf files):
http://www.geo.umass.edu/faculty/bradley/bradleypub.html

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
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         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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Testing the influence of biased EOF centering in 

reconstructing historical climate 

Hans von Storch and Eduardo Zorita 

 

Abstract 

A simulation study determines that the “artificial hockey stick” (AHS) effect introduced 

by biased centering has no significant bearing on the performance of historical 

climate reconstructions. 

 

 

The “hockey stick” has been a contested icon in climate science since a historical 

reconstruction of northern hemisphere temperature during the last thousand years with a 

pattern of a hockey stick has been advanced by the IPCC as likely temperature history against 

which the recent warming trends should be evaluated (Houghton et al., 2001). This 

reconstruction has by now faced a number of severe challenges on different grounds. One of 

challenges was brought forward by McIntyre and McKitrik (2005), who had noted that the 

code, which generated the hockey stick contained, featured an uncommon mathematical detail 

(Section 1). In this study we examine if this uncommon detail, which under certain 

circumstances can result in artificial hockey sticks, would affect the final result of the 

reconstruction. We do this by redoing the analysis in the artificial world of a millennial GCM 

simulation (Section 2). It turns out, however the potentially misleading detail does not cause 

significant harm when reconstructing past climate.  

 

1 The AHS effect 

The method behind the hockey stick, designed by Michael Mann and co-workers (Mann et al., 

1998) is based on an inverted regression method, which maps proxy data on the northern 

hemisphere temperature distribution. Many of the proxy data are local proxy data, but in some 

regions a bundle proxy data is available, and for avoiding overweighting these regions, an 

Empirical Orthogonal Function (EOF) analysis is used to condense these spatially clustered 

proxy data into a few principal components. McIntyre and McKitrik noted that MBH 
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normalized their data prior to the EOF analysis unconventionally, namely they centered the 

data relative to the instrumental mean, 1900-1980. Why this was done is unclear, and it is 

certainly not a wise measure. It is, however, not entirely uncommon in climate sciences. 

 

McIntyre and McKitrik then made a Monte Carlo study with a series of independent red-noise 

series; they centered their 1000 year-series relative to the mean of the last 100 years, and 

calculated EOFs and PCs. It turned out that very often the principal components of the first 

EOF show a hockey stick pattern, even if the data field was by construction free of such 

structures due to their construction. This finding was recently confirmed by others (Zwiers, 

pers. comm.) We call this the “artificial hockey stick” (AHS) effect. The cause for the at first 

glance surprising AHS effect is that the true covariance matrix of this problem is a unity 

matrix, so that no real structures will steer the eventual selection of the eigenvectors. But, in 

the biased centering approach, the variability during the last century is systematically smaller 

than during the previous 900 years. It is no surprising that this only piece of systematic 

information will be assigned to the first PC. The situation in the real world is, however, more 

complicated and it is not clear if the AHS-effect carries any relevance. 

 

2 Testing the AHS effect 

We had previously used multicentennial climate simulations with the coupled modes ECHO-

G and HaDCM3 to test the reconstruction method of MBH (von Storch et al., 2004). The 

model ECHO-G was driven by with estimations of past solar irradiance, radiative effects of 

volcanic eruptions and concentrations of greenhouse gases for the past 1000 years. In this test 

simulated grid-point temperatures collocated with the frozen-in complete proxy network of 

MBH and degraded with statistical noise, played the role of pseudo-proxies. In the von Storch 

et al. (2004)-test we had not used EOFs but only randomized grid point data. Thus the AHS 

effect could not play a role in that analysis. 

 

We have redone the test, but this time not only with a series of randomized grid points, but we 

have combined groups of the randomized grid point values into leading PCs. The PCs were 

derived from data after AHS centering or after centering relative to the millennial mean. The 

EOF analyses of the pseudoproxies were carried out with annual values in three areas 

separately (North America, South America, and Australia). The numbers of EOFs retained for 

the subsequent steps was decided from the eigenvalue spectrum following accepted rules 

(Nort et al., 1982), but these numbers (within a reasonable range) had only a very minor 
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influence on the results. The pseudo-proxies were constructed to have a correlation of 0.5 

with the grid-point temperatures. 

 

The result of the exercise is shown in Figure 1 with two curves both showing MBH 

reconstructions, one with proper centering and the other with AHS centering. We examined 

several realizations with added noise, and the result was essentially the same. Obviously, the 

difference in centering the EOFs does not really matter for the final product. The AHS 

centering increases the reconstructed variability very slightly. 

3 Discussion 

In our simulation study we have tested the impact the AHS effect may have on the 

reconstruction of historical climate reconstructions. Our results, derived in the artificial world 

of an extended historical climate simulation, indicate the AHS does not have a significant 

impact but leads only to very minor errors. We suggest, however, that this biased centering is 

in future avoided as it may unnecessarily compromise the result. 

 

We have not addressed other concerns by McIntyre and McKitrik (see, e.g., Crok, 2005) 

about the MBH methodology, as for instance related to the selection of records, which 

possibly show overly large trends during the training period, e.g. tree ring data affected by the 

fertilization effect.  
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Figure 1: Northern Hemisphere near-surface air temperatures resulting from the application of 

the MBH algorithm to a network of pseudo-proxies from a climate simulation with the model 

ECHO-G. The pseudo-proxy network is co-located, and frozen-in, with the complete proxy 

network of MBH. The local correlation between pseudo-proxies and local grid-point 

temperature is 0.5. The pseudo-proxies were subjected to separate EOF analyses in North 

America, South America and Australia with full (1000-1980) and partial (1900-1980) 

centering.  
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From: Michael E. Mann
To: Malcolm Hughes; Raymond Bradley; mhughes@ltrr.arizona.edu
Subject: Re: bbc interview
Date: Sunday, February 27, 2005 7:01:48 PM

Hi Malcolm,

Good point--I'd get in touch w/ Chris about this directly.

I'll forward you the email he sent me,

mike

At 08:38 PM 2/27/2005, Malcolm Hughes wrote:

Michael E. Mann wrote:

Thanks Ray, Malcolm,

Yeah--I thought it would be a friendly interview. The interview was
actually a bit tough, but fair--and they edited me well...

FYI (please don't pass along to anyone!) Chris Folland sent me the
attached manuscript (in review, or perhaps accepted now--not sure) by
von Storch--this is the *good* von Storch this time,

meanwhile Steve Schneider is fast-tracking Caspar and Gene's paper to
Climatic Change debunking MM, and Caspar intends to do a press release
timed w/ its release...

Will keep you posted,

mike

At 10:27 PM 2/26/2005, raymond s. bradley wrote:

I just listened to your interview--great job.  Well done!
ray

*Raymond S. Bradley
*Director, *Climate System Research Center***
Department of Geosciences, University of Massachusetts
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

*Tel: 
Fax: 
**Climate System Research Center: 
        *<http://www.paleoclimate.org
<http://www.paleoclimate.org/>>
*/Paleoclimatology/* Book Web Site:
http://www.geo.umass.edu/climate/paleo/html_
/Publications /(download .pdf files):
http://www.geo.umass.edu/faculty/bradley/bradleypub.html_
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______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

Hi Mike - the von Storch thing is interesting, but it is a shame that they do not point
out in their last sentence that we raised the issue of the possible carbon dioxide fert 
problem in our 1999 paper, extensively, and as their mss reads at the moment, the
impression might be gained that MM first raised this issue. Is there any way of
getting that point to the editor or to Hans himself through Chris? Cheers, Malcolm

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes
Subject: Re: [Fwd: Fw: SSI Alert: USA Today and Climate]
Date: Thursday, June 16, 2005 5:04:21 PM

Hi Malcolm,

Thanks--yes, I'm aware. Interestingly, Dan Vergano is planning on running an article
discrediting McIntyre and McKitrick (based on Wahl and Ammann) but it got delayed
because of all of the other recent developments in the climate change debate.

My understanding is that Vergano is still planning on running this, sometime soon...

Mike

At 07:29 PM 6/16/2005, you wrote:

Mike - I assume you're aware of this? Malcolm

-------- Original Message --------
Subject:        Fw: SSI Alert: USA Today and Climate
Date:   Thu, 16 Jun 2005 16:22:28 -0700
From:   Thomas Swetnam <tswetnam@ltrr.arizona.edu>
Reply-To:       Thomas Swetnam <tswetnam@ltrr.arizona.edu>
To:     Malcolm Hughes <mhughes@ltrr.arizona.edu>

Malcolm,

See the USA editorial and Inhofe's op ed.  He attacks Mike Mann by name
again, and the hockey stick.

Too bad that SSI, in this alert, did not also rebut Inhofe's assertions about
the hockey stick.

Tom

----- Original Message ----- From: "SSI Mailbox" <SSI@ucsusa.org>
Sent: Thursday, June 16, 2005 1:45 PM
Subject: SSI Alert: USA Today and Climate

*****************  EXECUTIVE SUMMARY  *****************

ISSUE: On Monday June 13th, USA Today ran a front-page
article titled "The Debate's Over: Globe is Warming" (full
text below). The article was followed by two editorials on
June 14th. One by USA Today asserting that global warming
science is robust and urging action. The other written by
Senator James Inhofe (R-OK) cites a lack of scientific
evidence for global warming. (links to both editorials below).
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Now, we understand, USA Today is receiving many
letter-to the editor (LTE) submissions in a coordinated
effort from those opposed to climate mitigation efforts.

ACTION: Send in a LTE to USA Today.

MAIN MESSAGE: The scientific debate on global warming is
over and we must now move to take action to reduce heat-
trapping gas emissions and thus avoid dangerous levels of
climate change.

DEADLINE: ASAP.

                ******************************************

*** THE ISSUE ***
On Monday, June 13th, The USA Today ran a from page - above
the fold -article with the headline: "The debate's over:
Globe is warming." The article reported on the strong
scientific consensus on the need for action - as most
recently depicted in the statement by the US National
Academy of Sciences, as well as the growing calls among the
business and religious communities for federal policy action
on the issue. As the most widely read paper in the US, this
article reached a wide cross-section of the American public
with the clear message on the strong science and need for
action on climate change.

Building upon the 6/13 article, the USA Today ran an
editorial on Tuesday, June 14th, questioning the Bush
administration's position on climate change -- which the USA
Today summarized as: "The science is not yet in to prove a
link between man's gas-and-coal guzzling habits and rising
global temperatures that are causing glaciers to shrink,
polar ice caps to melt and seas to rise"  --  by noting that
"not only is the science in, it is also overwhelming." The
paper called on President Bush to join with other industrial
nations at next months G8 meeting in "making global warming
a central issue."

In the same issue, the US Today also ran an op-ed with an
opposing viewpoint by Senator James Inhofe (R-OK). In that
op-ed, Sen. Inhofe continued to claim that there was not a
scientific consensus on climate change. This statement was
widely based on his discredited claim of a lack of
correlation between atmospheric carbon dioxide
concentrations and surface temperature. He also quoted
questionable data on the economic impact of efforts to
reduce heat-trapping gas emissions.

You can help readers of the US Today - the nation's most
widely read daily newspaper - understand that the USA Today
article on climate science got it right: the scientific
community is in wide consensus that the Earth is warming and
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that this warming is, in part, attributable to human
activities. Please take a few minutes and draft a letter-to-
the-editor of the USA Today. Action is particularly urgent,
as opponents of climate change mitigation efforts have
organized to target the USA Today with negative letters in
response to its front-page article and subsequent editorial

*** THE ACTION ***

-- Send a letter-to-the-editor to USA Today

Legislative and administrative offices systematically review
the letters-to-the-editor section.  Even a short letter
published there plays a critical dual role - showing
officials that their constituents believe climate change is
an important issue as well as educating the public on global
warming.

The online form to submit an LTE to USA Today can be found
at
< http://asp.usatoday.com/marketing/feedback/feedback-online.aspx?
type=18 >

To increase the chances that your letter will be published,
do the following:

-- keep it under 200 words
-- stay focused on one or two main points you'd like to
make;
-- mention your scientific expertise on this issue;
-- include your name, address, and daytime phone number; the
paper will contact you before printing your letter; and

********

-- TIMING: Your LTE should reach your paper by tomorrow
(Fri) to increase the chances of it being published.

-- MAIN MESSAGE: The scientific debate on global warming is
over and we must now move to take action to reduce heat-
trapping gas emissions and thus avoid dangerous levels of
climate change.

NOTE: Please send us an email message that tells us what
action you took. If you actually send a letter, please send
us a copy.  Send to: ssi@ucsusa.org or UCS, 2 Brattle
Square, Cambridge, MA 02238-9105 (attn. Jason Mathers).

*** SUPPLEMENTAL INFORMATION ***

--  USA Today editorial
< http://www.usatoday.com/news/opinion/editorials/2005-06-14-our-
view x.htm 
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-- Senator Inhofe op-ed
< http://www.usatoday.com/news/opinion/editorials/2005-06-14-
oppose x.htm >

Science Academies: Global response to climate change
< http://nationalacademies.org/onpi/06072005.pdf >

US National Academy of Sciences
< http://www4.nationalacademies.org/nas/nashome.nsf >

Official web site of the upcoming G8 meeting
< http://www.g8.gov.uk >

****************************************
USA Today
June 12, 2005

The debate's over: Globe is warming

By Dan Vergano, USA TODAY

Don't look now, but the ground has shifted on global
warming. After decades of debate over whether the planet is
heating and, if so, whose fault it is, divergent groups are
joining hands with little fanfare to deal with a problem
they say people can no longer avoid.

General Electric is the latest big corporate convert;
politicians at the state and national level are looking for
solutions; and religious groups are taking philosophical and
financial stands to slow the progression of climate change.

They agree that the problem is real. A recent study led by
James Hansen of the NASA Goddard Institute for Space Studies
confirms that, because of carbon dioxide emissions and other
greenhouse gases, Earth is trapping more energy from the sun
than it is releasing back into space.

The U.N. International Panel on Climate Change (IPCC)
estimates that global temperatures will rise 2 to 10 degrees
by 2100. A "middle of the road" projection is for an average
5-degree increase by the end of the century, says Caspar
Amman of the National Center for Atmospheric Research in
Boulder, Colo.

What the various factions don't necessarily agree on is what
to do about it. The heart of the discussion is "really about
how to deal with climate change, not whether it's
happening," says energy technology expert James Dooley of
the Battelle Joint Global Change Research Institute in
College Park, Md. "What are my company's options for
reducing greenhouse gas emissions? Are there new business
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opportunities associated with addressing climate change?
Those are the questions many businesses are asking today."
The players

GE Chairman Jeffrey Immelt recently announced that his
company, which reports $135 billion in annual revenue, will
spend $1.5 billion a year to research conservation,
pollution and the emission of greenhouse gases. Joining him
for the announcement were executives from such mainline
corporations as American Electric Power, Boeing and Cinergy.

Religious groups, such as the United States Catholic
Conference of Bishops, National Association of Evangelicals
and National Council of Churches, have joined with
scientists to call for action on climate change under the
National Religious Partnership for the Environment. "Global
warming is a universal moral challenge," the partnership's
statement says.

And high-profile politicians from both parties are getting
into the act. For example, California Gov. Arnold
Schwarzenegger has called for a reduction of more than 80%
over the next five decades in his state's emission of
greenhouse gases that heat in the atmosphere.

To be sure, many companies - most notably oil industry
leader ExxonMobil - still express skepticism about the
effects of global warming. And the Bush administration has
supported research and voluntary initiatives but has pulled
back from a multi-nation pact on environmental constraints.

The administration was on the defensive last week when The
New York Times reported that a staff lawyer has been
softening scientific assessments of global warming. White
House spokesman Scott McClellan defended such action as a
routine part of a multi-agency review process.

Nonetheless, the tides of change appear to be moving on.

"As big companies fall off the 'I don't believe in climate
change' bandwagon, people will start to take this more
seriously," says environmental scientist Don Kennedy, editor
in chief of the journal Science. Companies aren't changing
because of a sudden love for the environment, Kennedy says,
but because they see change as an opportunity to protect
their investments.

"On the business side, it just looks like climate change is
not going away," says Kevin Leahy of Cinergy, a Cincinnati-
based utility that reports $4.7 billion in annual revenue
and provides electricity, mostly generated from coal, to 1.5
million customers. Most firms see global warming as a
problem whose risks have to be managed, he says.
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Power companies want to know what sort of carbon constraints
they face - carbon dioxide is the chief greenhouse gas - so
they can plan long term and avoid being hit with dramatic
emission limits or penalties in the future, he says.

Science and solutions

Climate scientists say this acceptance comes none too soon.
"All the time we should have been moving forward ... has
been wasted by arguing if the problem even exists," says
Michael Mann of the University of Virginia.

The IPCC estimates that rainfall will increase up to 20% in
wet regions, causing floods, while decreasing 20% in arid
areas, causing droughts. The Environmental Protection Agency
says melting glaciers and warmer ocean waters will likely
cause an average 2-foot rise in sea level on all U.S. coasts
by 2100.

Carbon dioxide is the byproduct of burning fossil fuels such
as coal, natural gas or oil. There are now about 1 trillion
tons of carbon from carbon dioxide in the atmosphere. By the
end of the century, atmospheric carbon projections range
from 1.2 trillion tons if stringent corrective steps are
taken to 2.8 trillion tons if little is done.

Moving ahead with solutions looks like the hardest part of
the equation for the United States. The Bush
administration's stance has frustrated advocates of a more
aggressive response.

Bush explained in a 2001 speech why he opposed joining the
Kyoto Protocol, a global agreement to curb greenhouse gases:
"The (Kyoto) targets themselves were arbitrary and not based
upon science. For America, complying with those mandates
would have a negative economic impact, with layoffs of
workers and price increases."

Instead, the administration "harnesses the power of markets
and technological innovation, maintains economic growth, and
encourages global participation," former Energy Department
head Spencer Abraham wrote last year in Science. He pointed
to tax incentive programs, climate research and technologies
such as "FutureGen," the Energy Department's 10-year,$1
billion attempt at creating a coal-fired power plant that
emits no greenhouse gases.

Other administration efforts:

*The $1.7 billion hydrogen fuel-cell car initiative
announced two years ago in Bush's State of the Union
address.

*A $49 million carbon "sequestration" initiative with 65
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projects to see whether carbon dioxide can be stripped from
emissions.

*Participation in the international ITER program to develop
nuclear fusion as an energy source.

The administration has encouraged voluntary efforts.
Fourteen trade groups representing industrial, energy,
transportation and forest companies have signed up for a
program aimed at cutting greenhouse-gas emissions 18% by
2012.

So why isn't this enough to assuage critics?

Rick Piltz, a science policy expert who resigned in protest
from the administration's Climate Change Science Program in
March, says the reliance on voluntary measures and long-term
technology breakthroughs is a roadblock against simple
conservation steps that could curb emissions now. Piltz
provided the edited documents that were the subject of last
week's story in The New York Times.

Commonly cited examples of the conservation steps Piltz
mentions:

*Incentives for emission controls on the oldest and least
efficient power plants.

*More stringent mileage and tailpipe requirements on
vehicles.

*Expanded tax credits for more efficient air conditioners,
hybrid cars and appliances.

Political leaders will support such measures only if the
benefits come at a low cost to the economy, says William
Reilly, co-chair of the bipartisan National Commission on
Energy Policy and former head of the EPA under President
George H.W. Bush. "But there is a lot going on, and I think
we will be seeing some movement on this."

Away from the political arena, other irons are in the fire:

*More people are advocating nuclear power. Greenpeace co-
founder Patrick Moore told a congressional panel in April
that "nuclear energy is the only non-greenhouse gas-emitting
energy source that can effectively replace fossil fuels and
satisfy global demand."

*Immelt called for the United States to adopt an emissions-
trading plan for greenhouse gases. Taking a cue from the
EPA's policy of having companies buy and sell permits to
release sulfur dioxide, which is responsible for acid rain,
economists suggest that such a scheme would limit carbon
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dioxide by making emissions economically less feasible. In
Congress, the Climate Stewardship Act proposed by Sens.
Joseph Lieberman, D-Conn., and John McCain, R-Ariz., would
commit the country to such a plan.

No 'silver bullet' solution

Pressure for reforms may come most strongly from "socially
responsible" investors. "We make bottom-line arguments to
companies to make decisions in the interests of their
shareholders," says John Wilson of Christian Brothers
Investment Services, which manages $3.5 billion in investor
funds. The firm advises 1,000 Catholic institutions, such as
churches, schools and hospitals.

A Christian Brothers resolution in May asked ExxonMobil "to
explain the scientific basis for its ongoing denial of the
broad scientific consensus that the burning of fossil fuels
contributes to global climate change." The resolution
garnered 10.3% of shareholders' votes, representing 665
million shares worth more than $36 billion, despite the
opposition of management.

"The future of energy is plainly moving away from fossil
fuels and we want the companies (that) we invest in to
explain how they plan to adjust," Wilson says.

Dooley, of the Battelle Institute, says: "We need a whole
series of 'home runs' and maybe even a couple of 'grand
slams' to successfully address this problem. More efficient
refrigerators, better and cheaper solar cells, hybrid
automobiles, fuel cells, power plants that capture and store
their (carbon dioxide) deep below the surface and nuclear
power. They all have important roles to play."

"No one seriously talks about trying to address climate
change with one technology," Dooley says. "Everyone
understands that there isn't a 'silver bullet' out there
waiting to be discovered."

*****************************************
NOTE: Please send us an email message that tells us what
action you took. If you actually send a letter, please send
us a "blind copy." (A blind copy simply means that you do
not indicate anywhere on your letter that you are sending a
copy to us.) Send to: ssi@ucsusa.org or UCS, 2 Brattle
Square, Cambridge, MA 02238-9105 (attn. Jason Mathers).

CHANGE OF EMAIL ADDRESS: Help us keep you posted! If your
email address will soon change, or if you'd like us to use a
different address, please let us know by sending a message
to ssi@ucsusa.org with your new address. Thanks!
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COMMENTS QUESTIONS: If you have general questions, comments
or concerns about this or any SSI email, contact Jason
Mathers, GEP Outreach Specialist, via email at
ssi@ucsusa.org, by phone at 617 547 5552, or by postal mail
to Union of Concerned Scientists, Two Brattle Square,
Cambridge, MA 02238

JOIN SSI: If this message was forwarded to you by a member
of UCS's Sound Science Initiative, we invite you to join us.
Membership in SSI is open to science professionals and
graduate students in the physical, natural, or social
sciences. There is no membership cost associated with
joining the SSI network. To learn more about or join SSI
visit us online at
< http://www.ucsusa.org/global_environment/global_warming/page.cfm?
pageID=939 

or send an email to Jason Mathers at ssi@ucsusa.org

THE UNION OF CONCERNED SCIENTISTS
The Union of Concerned Scientists is a nonprofit partnership
of scientists and citizens combining rigorous scientific
analysis, innovative policy development, and effective
citizen advocacy to achieve practical environmental
solutions. To learn more about UCS, please visit us on the
web at: < http://www.ucsusa.org >.

We are committed to protecting your privacy, so your email
address will NEVER be sold or exchanged. If you would like
to unsubscribe from SSI, please send an email to SSI with
"Remove" in the subject line.

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Andy Bunn
Cc: mhughes@ltrr.arizona.edu
Subject: Re: Comment on ``Hockey sticks, principal components, and spurious significance"" by McIntyre and McKitrick
Date: Monday, June 06, 2005 12:20:36 PM

thanks Andy,

I have seen the paper. its not too bad, but Wahl and Ammann (in review) do a better
job taking apart McIntyre and McKitrick. Apparently there are 4(!) critical comments
already on the McIntyre and McKitrick paper....

mike

At 09:35 AM 6/6/2005, you wrote:

Hi Malcolm and Mike:

I noticed a talk advertised at Woods Hole later this week called
Deconstructing the Hockey Stick. I found this paper, listed as in review,
on
the author's web site. I thought you might find it of interest.

http://web.mit.edu/~phuybers/www/Hockey/Huybers_Comment.pdf

Hope you are both well! Congrats to MM on the move. MH, let me know
your
plans for the NSF submission.

Best regards, Andy

~`~`~`~`~`~`~`~`~`~`~`~`~`~
Andy Bunn
Post-Doctoral Fellow
Woods Hole Research Center
http://www.whrc.org

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes
Cc: Raymond Bradley
Subject: Re: Did you see?
Date: Friday, May 13, 2005 7:49:59 AM

I don't think so...This still needs to be investigated. I will raise this again w/ some folks I know...

mike

At 10:46 AM 5/13/2005, Malcolm Hughes wrote:

Michael E. Mann wrote:

Thanks Malcolm,

Sure thing--did see, we linked to it in our "in the news" section on
RealClimate. They did a wonderful job...

The writer who interviewed me "Erik Kankler" is currently working on a
followup story that details the history of how every argument raised by
the septics has ultimately been discredited, only for them to leap onto a
new one...

W/ the Ammann and Wahl result now available, he can use the "hockey
stick" as the lasest such example. It should be good.

There is a fair amount of buzz on the internet (in the "blogosphere")
about the Wahl and Ammann result. Its a nice change...

mike

At 10:29 AM 5/13/2005, Malcolm Hughes wrote:

Gents - I assume Mike is fully aware of this, but maybe Ray
didn't see the June issue of "Mother Jones" magazine:
http://www.motherjones.com/news/featurex/2005/05/world_burns.html

I came across it by chance in the bookstore yesterday. Cool!
Malcolm

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

Did any journalist ever get to really check out McIntyre's assertion of independence -
i.e. - "received no funds from any company"? Cheers, Malcolm

______________________________________________________________
                    Professor Michael E. Mann
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           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes; raymond s. bradley; Scott Rutherford
Subject: Re: [Fwd: huybers on MM05]
Date: Thursday, May 05, 2005 10:50:53 AM

So in case you're keeping count, there are actually 4 comments submitted on MM05,
all of them quite critical.

Huybers is one, Ritson is another, Ammann and Wahl comment to GRL on MM05 was
rejected w/out review, and an appeal/complaint/investigation is currently underway.
There may be malfeasance at GRL--Tom Wigley, Gavin Schmidt, and others have
been discussing a possible formal complaint to the president of AGU.  Also, there is
the von Storch criticism of MM05 (but submitted as a stand-alone paper rather than
a comment).

Will keep you all posted,

Mike

p.s. we have some initial *new* reconstructions now! But Zhang, Scott, and I are still
ironing out a few small issues. The initial results are promising. Very similar to the
past reconstructions, but some interesting differences too. More soon on that...

At 01:23 PM 5/5/2005, Malcolm Hughes wrote:

Kevin Anchukaitis just passed this on to me- I wasn't aware of it, Malcolm

Return-Path: <kanchuka@ltrr.arizona.edu>
Received: from schulman.ltrr.arizona.edu ([unix socket])
        by schulman.ltrr.arizona.edu (Cyrus v2.1.9) with LMTP; Wed, 04 May
2005 22:10:51 -0700
X-Sieve: CMU Sieve 2.2
Received: from douglass.ltrr.arizona.edu (douglass.ltrr.arizona.edu
[128.196.218.203])
        by schulman.ltrr.arizona.edu (8.12.8/8.12.2/LTRR) with ESMTP id
j455AphH027922
        for <mhughes@schulman.ltrr.arizona.edu>; Wed, 4 May 2005
22:10:51 -0700
Received: from [128.196.218.173] (one.ltrr.arizona.edu
[128.196.218.173])
        (authenticated bits=0)
        by douglass.ltrr.arizona.edu (8.12.10/8.12.10/LTRR) with ESMTP id
j455AkSF014646
        (version=TLSv1/SSLv3 cipher=RC4-MD5 bits=128 verify=NO)
        for <mhughes@ltrr.arizona.edu>; Wed, 4 May 2005 22:10:50 -0700
Message-ID: <4279AAFD.20604@ltrr.arizona.edu>
Date: Wed, 04 May 2005 22:11:25 -0700
From: Kevin Anchukaitis <kanchuka@ltrr.arizona.edu>
User-Agent: Mozilla Thunderbird 1.0 (Windows/20041206)
X-Accept-Language: en-us, en
MIME-Version: 1.0
To: Malcolm Hughes <mhughes@ltrr.arizona.edu>
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Subject: huybers on MM05
References: <1114807579.42729d1b14ec0@schulman.ltrr.arizona.edu>
<4272A1E5.5030303@ltrr.arizona.edu>
<4272A44A.7080700@ltrr.arizona.edu>
In-Reply-To: <4272A44A.7080700@ltrr.arizona.edu>
Content-Type: text/plain; charset=ISO-8859-1
Content-Transfer-Encoding: 7bit

hi malcolm,

you are probably already aware, but I see that Peter Huybers has
submitted a
comment on the M&M 2005 GRL article:

http://www.mit.edu/~phuybers/

cheers,
k

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: raymond s. bradley; mhughes@ltrr.arizona.edu
Subject: Re: being reviewed by Nature
Date: Wednesday, March 09, 2005 8:16:48 PM
Attachments: figure1.pdf

figure2.pdf
figure3.pdf

oops, sorry. here they are...

mike

At 10:10 PM 3/9/2005, raymond s. bradley wrote:

can you send the 3 figs too
thanks
ray
At 09:29 PM 3/9/2005, you wrote:

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

Raymond S. Bradley 
Director, Climate System Research Center*
Department of Geosciences, University of Massachusetts
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel:  
Fax:  
*Climate System Research Center:  
        < http://www.paleoclimate.org> 
Paleoclimatology Book Web Site: http://www.geo.umass.edu/climate/paleo/html 
Publications (download .pdf files):
http://www.geo.umass.edu/faculty/bradley/bradleypub.html

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; scott Rutherford
Cc: mann@psu.edu
Subject: Fwd: Re: MULTIPROXY directories
Date: Friday, July 08, 2005 8:34:49 AM

>X-Sender: rutherfo@131.128.104.1
>Date: Wed, 18 Oct 2000 12:31:06 -0400
>To: "Michael E. Mann" <mann@multiproxy.evsc.virginia.edu>
>From: Scott Rutherford <srutherford@virginia.edu>
>Subject: Re: MULTIPROXY directories
>Cc: tosborn@holocene.evsc.virginia.edu
>
>Done deal. All should now be world readable and exacutable in
>/p0/tape/big2/MULTIPROXY
>
>-Scott
>
>At 12:17 PM -0400 10/18/00, Michael E. Mann wrote:
> >HI Scott,
> >
> >As you can see below, we're having some problems.
> >
> >Can you simply rest the protection on the directories in question so Scott
> >can access (everything in /p0/tape/big2/MULTIPROXY and below). Thanks,
> >
> >mike
> >
> >>Date: Wed, 18 Oct 2000 11:26:29 -0400 (EDT)
> >>From: Tim Osborn <tosborn@holocene.evsc.virginia.edu>
> >>Reply-To: Tim Osborn <tosborn@holocene.evsc.virginia.edu>
> >>Subject: Re: MULTIPROXY directories
> >>To: mann@multiproxy.evsc.virginia.edu
> >>X-Mailer: dtmail 1.3.0 @(#)CDE Version 1.3.5 SunOS 5.7 sun4u sparc
> >>
> >>>They should all be changed to read for all. Let me know if you continue to
> >>>have any problems, and I can ask Scott to try to figure out the problem.
> >>
> >>Still having problems, Mike.  I think that the directories (not the files)
> >need
> >>execute persmission for all so that I can get into them ('cd directoryname'
> >>needs execute permission on the directory to work).
> >>
> >>Cheers
> >>
> >>Tim
> >>
> >>
> >>
> >>
> >>
> >_______________________________________________________________________
> >                      Professor Michael E. Mann
> >           Department of Environmental Sciences, Clark Hall
> >                       University of Virginia
> >                      Charlottesville, VA 22903
> >_______________________________________________________________________
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> >e-mail: mann@virginia.edu   Phone:    FAX: 
> >        http://www.evsc.virginia.edu/faculty/people/mann.html
>
>--
>_____________________________________________________
>                        Scott Rutherford
>
>Currently sitting here:
>University of Virginia                  University of Rhode Island
>Environmental Sciences          Graduate School of Oceanography
>Clark Hall                              South Ferry Road
>Charlottesville, VA 22903               Narragansett, RI 02882
>e-mail: srutherford@virginia.edu                srutherford@gso.uri.edu
>phone:            
>fax:              
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From: Michael E. Mann
To: Malcolm Hughes; Zhang, Zhihua
Cc: fenbiao@ltrr.arizona.edu; Scott Rutherford; Ian German Mesner; Raymond Bradley; mann@virginia.edu
Subject: Re: revised itrdb
Date: Sunday, April 17, 2005 11:48:29 AM

Dear Malcolm,

Thanks--this is a very good idea. Scott, Zhang, and I can start to do this, w/ the help
of you and Fenbiao, as we move forward.

Scott, Zhang: any initial suggestions?

Thanks,

Mike

At 02:39 PM 4/17/2005, Malcolm Hughes wrote:

Gentlemen,
Looking ahead, now that the dataset is stable, might this not be a good
time to think about preparing readme files (for supmat?) for the various
datasets as they now stand ?(the cross or garlic against the coming
vampires!). This last case is a good example - for those who have had no
need to take too much notice, the events were as follows:
1.The late Richard Holmes wrote some Fortran code to screen the then
ITRDB data. Richard's code (necessarily) worked with the original
individual sample raw ring width data, not the chronology files.
2. This was applied to the ITRDB as it was at a date in 2003, according to
the criteria we then established and agreed.
3. Fenbiao and I have looked (literally) at the chronology files, mainly by
trying to plot the chronologies and the number of samples contributing to
each year of each chronology. During this we discovered a lot of format
problems with the ITRDB chronology files,  a few with more substantive
problems and quite a few that apperared to have  only one sample
throughout their length, even though we knew this was not true.
4. In these (1-sample) cases we got the original raw sample data for
these cases and recalculated the chronologies using a standard set of
options on program ARSTAN (we can cite the  version and specific
settings) for all of them. As a result the chronologies we use in these
cases may differ from those on the ITRDB.
We would also need to document the story behind the inclusion of the
various "miscellaneous" data sets, the inclusion of the Vaganov-Shishov
data (same criteria as ITRDB), and the reason to exclude some we used
in 1997, plus why Osborn gridded rather than Schweingruber from the
ITRDB.
Ray and Mike could decide how to document the other proxies.
Cheers, Malcolm

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
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e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Zhang, Zhihua; Scott Rutherford; Bradley Raymond; Hughes Malcolm; fenbiao@ltrr.arizona.edu; Mesner Ian;

zz9t@virginia.edu
Cc: mann@virginia.edu
Subject: Re: proxy database
Date: Wednesday, April 06, 2005 6:13:02 AM

Dear All,

Can Scott and Zhang provide an update of the status of the database. Has the issue
of the redundancy of the Luterbacher temp and SLP reconstructions been dealt with?
I believe this is the final issue before finalizing the database.

These are the items that should be addressed immediately, once the database is in
place:

1)  We should first build a sub-network of local temperature indicators by screening
all proxy data for significant local correlation with instrumental temperature gridpoint
data, and then build a set of  local temperature reconstructions based on the linear
regression of these proxies with their local gridpoint temperature records. This
network of "local temperature reconstructions" will be provided to a collaborator (H.
Goosse) for a related project.

2) We need to get (i) tropical and (ii) tropical indo-Pacific sub-networks for Ian's
reconstructions. This is mentioned below, but Ian may need help in screening the
database for appropriate locations, etc.

3) We should be ready to proceded with the new global seasonal temperature and
SLP reconstructions. As I understand it, Scott and Zhang will proceed together w/ the
temperature reconstructions, and once things look like they are going smoothly,
Zhang can independently do the SLP reconstructions.

Comments on any of the above would be much appreciated.

Mike
At 01:05 PM 4/4/2005, Zhang, Zhihua wrote:

Hi Scott/Ian,

The updated tree ring series (including replace data file from Fenbiao)
were
put on the Holcene at /users/shared/updatedtreerings.

Luterbacher's SLP reconstructions (matrix file and separated files for
individual grid point) were put on the Holocene at
/users/shared/luterslprecon.

Revised non-treering data were put on the Holocene at
/users/shared/revisednontree.

Interpolated non-treering data were put on the Holocene at
/users/interpnontree.

In the interpolated non-treering data set,  files:
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charles_1997_seychelles.txt, dean_1994_grayscale.txt,
dean_1994_thicknessmm.txt, fisher_1998_baffinpc25yrsp.txt,
hodell_2001_percents.txt, kim_1984_korea.txt,
maejima_1993_japanannual.txt,
maejima_1993_japanfall.txt,
maejima_1993_japanspring.txt, maejima_1993_japansummer.txt,
maejima_1993_japanwinter.txt, palmyra_2003_ch5.txt,
palmyra_2003_ch9.txt,
palmyra_2003_modcoral.txt, palmyra_2003_nb12.txt,
palmyra_2003_nb9.txt,
palmyra_2003_sb13.txt, palmyra_2003_sb17.txt, palmyra_2003_sb3.txt,
palmyra_2003_sb5.txt, palmyra_2003_sb6.txt, palmyra_2003_sb7.txt,
palmyra_2003_sb8.txt, palmyra_2003_spl14.txt, palmyra_2003_spl17.txt,
polyak_2001_yradthickness.txt, urban_2000_d18o.txt,
zinke_2004_srca.txt.
those files were not included because they are either too short (don't go
beyond 1840) or ending too early (have no modern data for calibration),
but
may be used for other purpose instead of reconstruction.

files: ge_2001_errorrange.txt, ge_2002_10yearmaxerror.txt were not
included
because I guess they are errors of reconstructions instead of proxy.

Files: thompson_2003_peruo18.txt, yamal_2002a.txt were not included
because
they are duplicated from other files.

Files: mccullo_2003_atomic.txt, polyak_2001_yrbpthickness.txt were also
not
included, something seems wrong with the data.

I kept file moy_2002_agecomposite.txt in the interpolated non-treering
data
set, but this data looks need to be detrended before use or just use it's
high frequency.

All those data can be updated depend on further revision.

Ian: the attached mfile (itrdbmatrix_1.m) may help you load the proxy
files
from a list text file. It also can be used to search individual proxy file
depending on its structure and location. The attached list file
file_name.txt is for updated tree ring series, ntfname.txt is for revised
non-treering, and ntfname2.txt is for interpolated non-treering series.

Zhang
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______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Scott Rutherford; Zhang, Zhihua
Cc: Bradley Raymond; Hughes Malcolm; fenbiao@ltrr.arizona.edu; Mesner Ian
Subject: Re: status of database?
Date: Monday, March 28, 2005 2:21:52 PM

Yes, I guess we'll have to use summer as proxy for warm-season half year and winter as proxy
for cold-season half year, given the nature of the Luterbacher et al data.

For the other instrumental series (North America and elsewhere) provided by Phil, we should
average into the appropriate cold-season and warm-season half years,

Mike

At 01:57 PM 3/28/2005, Scott Rutherford wrote:

Zhang, 

I think we should just use winter/summer back to 1500. 

Scott 

On Mar 28, 2005, at 1:48 PM, Zhang, Zhihua wrote: 

Hi Scott, 
  
I only averaged monthly Luterbacher reconstruction to form cold(Oct.-Mar) and warm
(Apr.-Sep.) half year, these data are back to 1600. The seasonal reconstructions of
Luterbacher are spring, summer, fall and winter (go back to 1500) which do not seem to
match our cold/warm half year. 
  
I can reformat these data (seasons back to 1500) to use for the coming reconstruction. It
seems we can not use both of them because of the possible redundance. 
  
Zhang 
-----Original Message----- 
From: Scott Rutherford [mailto:srutherford@rwu.edu] 
Sent: Monday, March 28, 2005 1:11 PM 
To: Zhang, Zhihua 
Cc: Michael E. Mann; Bradley Raymond; Hughes Malcolm; fenbiao@ltrr.arizona.edu;
Mesner Ian 
Subject: Re: status of database? 

Mike, Zhang et al. 

The Luterbacher reconstruction should go back to 1500. The use of the
Luterbacher reconstruction presents one curious issue. Because
Luterbacher used all the long instrumental records, we can't use the
individual records provided by Phil as part of the network because they
would be redundant with the Luterbacher reconstruction. That also means
that we shouldn't use the long instrumental records for long verification
because they are in the predictor network in some form. In theory that
would give us inflated long verification scores. 

Just thinking ahead a bit. 

Scott 

On Mar 28, 2005, at 12:57 PM, Zhang, Zhihua wrote: 
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Hi Mike, 
  
After getting all the proxy in an appropriate format, I will provide Ian with
the data over a particular region. 
  
The Luterbacher gridded reconstruction has been reformated into
cold/warm half year back to 1960. Will those data be used as proxy in the
reconstruction of global seasonal SLP or we leave them for comparison? 
  
Fenbiao: are those tree rings you put in the
http://www.ltrr.arizona.edu/~fenbiao/replaceITRDB/ the modified
chronologies? If they are the corrected final version, I will download them
and replace the old ones in my tree ring inventory. The four chronologies
you thought have problem will not be included in the ITRDB for
reconstruction. 
  
Thanks, 
  
Zhang 
-----Original Message----- 
From: Michael E. Mann [mailto:mann@virginia.edu] 
Sent: Monday, March 28, 2005 12:25 PM 
To: Scott Rutherford 
Cc: Bradley Raymond; Hughes Malcolm; fenbiao@ltrr.arizona.edu; Zhihua
Zhang; Mesner Ian 
Subject: Re: status of database? 

OK, Thanks Scott, 

Perhaps Zhang will be in the best position to help Ian then: Ian needs all
proxies from the database that are available over a particular region,
which he can provide Zhang. 

Lets touch base again tomorrow when this is finalized, 

mike 

At 11:24 AM 3/28/2005, Scott Rutherford wrote: 

Mike, 

Fenbiao has the corrected ITRDB  and other tree files ready, all the non-
tree file are formated and ready to go. I need to make a few more
changes to the databasemaster file based on Fenbiao's findings.
Everything will be available tomorrow. We will continue to do QA/QC as
people start working with the data files. 

Zhang, since you have the script to load all the files into a single matlab
variable and the program to convert the .crn ITRDB files into our format I
will leave that up to you. You should also have the Luterbacher gridded
reconstruction that will be part of the network. I will try to get you
everything today or early tomorrow. We may have to go back and forth
once or twice tomorrow but I think by the end of tomorrow we can have
everything available and loaded into a Matlab file. 

Scott   
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On Mar 28, 2005, at 9:19 AM, Michael E. Mann wrote: 

Hi Scott, 

I'm anxious for both Zhang and Ian to begin working w/ the proxy
database immediately. Can you update on the status?? 

Thanks, 

Mike 

______________________________________________________________ 
                    Professor Michael E. Mann 
           Department of Environmental Sciences, Clark Hall 
                      University of Virginia 
                     Charlottesville, VA 22903 

_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml 
______________________________________________ 
Dr. Scott Rutherford 
Assistant Professor 
Dept. of Natural Sciences 
Roger Williams University 
e-mail: srutherford@rwu.edu 

http://fox.rwu.edu/~rutherfo 
phone:  
snail mail: 
One Ferry Road 
Bristol, RI 02809 

</blockquote></x-html> 

______________________________________________________________ 
                    Professor Michael E. Mann 
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phone:  
snail mail: 
One Ferry Road 
Bristol, RI 02809 

______________________________________________ 
Dr. Scott Rutherford 
Assistant Professor 
Dept. of Natural Sciences 
Roger Williams University 
e-mail: srutherford@rwu.edu 
http://fox.rwu.edu/~rutherfo 
phone:  
snail mail: 
One Ferry Road 
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         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Zhang, Zhihua; Scott Rutherford
Cc: Bradley Raymond; Hughes Malcolm; fenbiao@ltrr.arizona.edu; Mesner Ian
Subject: RE: status of database?
Date: Monday, March 28, 2005 2:19:57 PM

Scott/Zhang:

We need to get to the bottom of this immediately. I thought these issues had been worked out
months ago, and not happy that we are still dealing with them.

All non-redundant instrumental data should be used at half-year seasonal resolution (Northern
Hemisphere cold and warm season). These include both the Luterbacher et al (European) data, and
other long instrumental data from North America and elsewhere that should be in the database.
Presumably Phil provided these???

Mike

At 01:48 PM 3/28/2005, Zhang, Zhihua wrote:

Hi Scott,
 
I only averaged monthly Luterbacher reconstruction to form cold(Oct.-Mar) and warm (Apr.-Sep.) half year,
these data are back to 1600. The seasonal reconstructions of Luterbacher are spring, summer, fall and winter
(go back to 1500) which do not seem to match our cold/warm half year.
 
I can reformat these data (seasons back to 1500) to use for the coming reconstruction. It seems we can not
use both of them because of the possible redundance.
 
Zhang

-----Original Message-----
From: Scott Rutherford [mailto:srutherford@rwu.edu]
Sent: Monday, March 28, 2005 1:11 PM
To: Zhang, Zhihua
Cc: Michael E. Mann; Bradley Raymond; Hughes Malcolm; fenbiao@ltrr.arizona.edu; Mesner Ian
Subject: Re: status of database?

Mike, Zhang et al.

The Luterbacher reconstruction should go back to 1500. The use of the Luterbacher
reconstruction presents one curious issue. Because Luterbacher used all the long
instrumental records, we can't use the individual records provided by Phil as part of
the network because they would be redundant with the Luterbacher reconstruction.
That also means that we shouldn't use the long instrumental records for long
verification because they are in the predictor network in some form. In theory that
would give us inflated long verification scores.

Just thinking ahead a bit.

Scott

On Mar 28, 2005, at 12:57 PM, Zhang, Zhihua wrote:

<?fontfamily><?param Arial><?color><?param 0000,0000,FFFF><?smaller>Hi
Mike,<?/smaller><?/color><?/fontfamily>

 
<?fontfamily><?param Arial><?color><?param 0000,0000,FFFF><?
smaller>After getting all the proxy in an appropriate format, I will provide Ian
with the data over a particular region.<?/smaller><?/color><?/fontfamily>

 
<?fontfamily><?param Arial><?color><?param 0000,0000,FFFF><?
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smaller>The Luterbacher gridded reconstruction has been reformated into
cold/warm half year back to 1960. Will those data be used as proxy in the
reconstruction of global seasonal SLP or we leave them for comparison?<?
/smaller><?/color><?/fontfamily>

 
<?fontfamily><?param Arial><?color><?param 0000,0000,FFFF><?
smaller>Fenbiao: are those tree rings you put in the <?/smaller><?/color><?
color><?param 0000,0000,EEEE><?
smaller>http://www.ltrr.arizona.edu/~fenbiao/replaceITRDB/<?/smaller><?
/color><?color><?param 0000,0000,FFFF><?smaller> the modified
chronologies? If they are the corrected final version, I will download them and
replace the old ones in my tree ring inventory. The four chronologies you
thought have problem will not be included in the ITRDB for reconstruction.<?
/smaller><?/color><?/fontfamily>

 
<?fontfamily><?param Arial><?color><?param 0000,0000,FFFF><?
smaller>Thanks,<?/smaller><?/color><?/fontfamily>

 
<?fontfamily><?param Arial><?color><?param 0000,0000,FFFF><?
smaller>Zhang<?/smaller><?/color><?/fontfamily>
<?smaller>-----Original Message-----<?/smaller>
<?smaller>From:<?/smaller><?smaller> Michael E. Mann
[mailto:mann@virginia.edu]<?/smaller>
<?smaller>Sent:<?/smaller><?smaller> Monday, March 28, 2005 12:25 PM<?
/smaller>
<?smaller>To:<?/smaller><?smaller> Scott Rutherford<?/smaller>
<?smaller>Cc:<?/smaller><?smaller> Bradley Raymond; Hughes Malcolm;
fenbiao@ltrr.arizona.edu; Zhihua Zhang; Mesner Ian<?/smaller>
<?smaller>Subject:<?/smaller><?smaller> Re: status of database?<?
/smaller>

OK, Thanks Scott,

Perhaps Zhang will be in the best position to help Ian then: Ian needs all
proxies from the database that are available over a particular region, which he
can provide Zhang.

Lets touch base again tomorrow when this is finalized,

mike

At 11:24 AM 3/28/2005, Scott Rutherford wrote:

Mike,

Fenbiao has the corrected ITRDB  and other tree files ready, all the non-tree
file are formated and ready to go. I need to make a few more changes to the
databasemaster file based on Fenbiao's findings. Everything will be available
tomorrow. We will continue to do QA/QC as people start working with the data
files.

Zhang, since you have the script to load all the files into a single matlab
variable and the program to convert the .crn ITRDB files into our format I will
leave that up to you. You should also have the Luterbacher gridded
reconstruction that will be part of the network. I will try to get you everything
today or early tomorrow. We may have to go back and forth once or twice
tomorrow but I think by the end of tomorrow we can have everything available
and loaded into a Matlab file.

Scott  
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On Mar 28, 2005, at 9:19 AM, Michael E. Mann wrote:

Hi Scott,

I'm anxious for both Zhang and Ian to begin working w/ the proxy database
immediately. Can you update on the status??

Thanks,

Mike

______________________________________________________________ 
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903

_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         <?color><?param
0000,0000,EEEE>http://www.evsc.virginia.edu/faculty/people/mann.shtml<?
/color> 
______________________________________________
Dr. Scott Rutherford
Assistant Professor
Dept. of Natural Sciences
Roger Williams University
e-mail: srutherford@rwu.edu

<?color><?param 0000,0000,EEEE>http://fox.rwu.edu/~rutherfo<?/color> 
phone: 
snail mail:
One Ferry Road
Bristol, RI 02809

</blockquote></x-html>

<?fontfamily><?param Courier
New>______________________________________________________________<?
/fontfamily>
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         <?color><?param
0000,0000,EEEE>http://www.evsc.virginia.edu/faculty/people/mann.shtml<?
/color> 

______________________________________________
Dr. Scott Rutherford
Assistant Professor
Dept. of Natural Sciences
Roger Williams University
e-mail: srutherford@rwu.edu
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http://fox.rwu.edu/~rutherfo
phone: 
snail mail:
One Ferry Road
Bristol, RI 02809

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Scott Rutherford; Zhang, Zhihua
Cc: Bradley Raymond; Hughes Malcolm; fenbiao@ltrr.arizona.edu; Mesner Ian
Subject: Re: status of database?
Date: Monday, March 28, 2005 2:18:03 PM

Scott et all,

I was pretty sure we had discussed the issue of long instrumental records before. I think we
have agreed that the Luterbacher et al European records are the only european instrumental
data we should use, but there are other long  instrumental records from North America and
elsewhere that should be be in the database--some of these were used by MBH98. What is the
status of these records in our database? Were these included by Phil? 

As I mentioned in my previous email, we should do reconstructions both withholding long-term
instrumental records for cross-validation, and not witholding (i.e., using them),

Mike

At 01:10 PM 3/28/2005, Scott Rutherford wrote:

Mike, Zhang et al. 

The Luterbacher reconstruction should go back to 1500. The use of the Luterbacher
reconstruction presents one curious issue. Because Luterbacher used all the long
instrumental records, we can't use the individual records provided by Phil as part of
the network because they would be redundant with the Luterbacher reconstruction.
That also means that we shouldn't use the long instrumental records for long
verification because they are in the predictor network in some form. In theory that
would give us inflated long verification scores. 

Just thinking ahead a  bit. 

Scott 

On Mar 28, 2005, at 12:57 PM, Zhang, Zhihua wrote: 

Hi Mike, 
  
After getting all the proxy in an appropriate format, I will provide Ian with the data over a
particular region. 
  
The Luterbacher gridded reconstruction has been reformated into cold/warm half year back
to 1960. Will those data be used as proxy in the reconstruction of global seasonal SLP or
we leave them for comparison? 
  
Fenbiao: are those tree rings you put in the
http://www.ltrr.arizona.edu/~fenbiao/replaceITRDB/ the modified chronologies? If they are
the corrected final version, I will download them and replace the old ones in my tree ring
inventory. The four chronologies you thought have problem will not be included in the
ITRDB for reconstruction. 
  
Thanks, 
  
Zhang 
-----Original Message----- 
From: Michael E. Mann [mailto:mann@virginia.edu] 
Sent: Monday, March 28, 2005 12:25 PM 
To: Scott Rutherford 
Cc: Bradley Raymond; Hughes Malcolm; fenbiao@ltrr.arizona.edu; Zhihua Zhang; Mesner
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Ian 
Subject: Re: status of database? 

OK, Thanks Scott, 

Perhaps Zhang will be in the best position to help Ian then: Ian needs all
proxies from the database that are available over a particular region,
which he can provide Zhang. 

Lets touch base again tomorrow when this is finalized, 

mike 

At 11:24 AM 3/28/2005, Scott Rutherford wrote: 

Mike, 

Fenbiao has the corrected ITRDB  and other tree files ready, all the non-
tree file are formated and ready to go. I need to make a few more
changes to the databasemaster file based on Fenbiao's findings.
Everything will be available tomorrow. We will continue to do QA/QC as
people start working with the data files. 

Zhang, since you have the script to load all the files into a single matlab
variable and the program to convert the .crn ITRDB files into our format I
will leave that up to you. You should also have the Luterbacher gridded
reconstruction that will be part of the network. I will try to get you
everything today or early tomorrow. We may have to go back and forth
once or twice tomorrow but I think by the end of tomorrow we can have
everything available and loaded into a Matlab file. 

Scott   

On Mar 28, 2005, at 9:19 AM, Michael E. Mann wrote: 

Hi Scott, 

I'm anxious for both Zhang and Ian to begin working w/ the proxy
database immediately. Can you update on the status?? 

Thanks, 

Mike 

______________________________________________________________ 
                    Professor Michael E. Mann 
           Department of Environmental Sciences, Clark Hall 
                      University of Virginia 
                     Charlottesville, VA 22903 

_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml 
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______________________________________________ 
Dr. Scott Rutherford 
Assistant Professor 
Dept. of Natural Sciences 
Roger Williams University 
e-mail: srutherford@rwu.edu 

http://fox.rwu.edu/~rutherfo 
phone:  
snail mail: 
One Ferry Road 
Bristol, RI 02809 

</blockquote></x-html> 

______________________________________________________________ 
                    Professor Michael E. Mann 
           Department of Environmental Sciences, Clark Hall 
                      University of Virginia 
                     Charlottesville, VA 22903 
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml 

______________________________________________ 
Dr. Scott Rutherford 
Assistant Professor 
Dept. of Natural Sciences 
Roger Williams University 
e-mail: srutherford@rwu.edu 
http://fox.rwu.edu/~rutherfo 
phone:  
snail mail: 
One Ferry Road 
Bristol, RI 02809 

</blockquote></x-html>

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Zhang, Zhihua; Scott Rutherford; zz9t@virginia.edu
Cc: Bradley Raymond; Hughes Malcolm; fenbiao@ltrr.arizona.edu; Mesner Ian
Subject: RE: status of database?
Date: Monday, March 28, 2005 2:09:13 PM

Hi Zhang,

Thanks for the updated.

The Luterbacher seasonal reconstructions can be used in both ways. We can leave them out, and do long-term cross-
validation, and we can use them for the final reconstructions. This is similar to what was done w/ the long
instrumental records in Mann et al '98 and Rutherford et al (in press),

Mike

At 12:57 PM 3/28/2005, Zhang, Zhihua wrote:

Hi Mike,
 
After getting all the proxy in an appropriate format, I will provide Ian with the data over a particular region.
 
The Luterbacher gridded reconstruction has been reformated into cold/warm half year back to 1960. Will those data be used as
proxy in the reconstruction of global seasonal SLP or we leave them for comparison?
 
Fenbiao: are those tree rings you put in the http://www.ltrr.arizona.edu/~fenbiao/replaceITRDB/ the modified chronologies? If they
are the corrected final version, I will download them and replace the old ones in my tree ring inventory. The four chronologies you
thought have problem will not be included in the ITRDB for reconstruction.
 
Thanks,
 
Zhang

-----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu]
Sent: Monday, March 28, 2005 12:25 PM
To: Scott Rutherford
Cc: Bradley Raymond; Hughes Malcolm; fenbiao@ltrr.arizona.edu; Zhihua Zhang; Mesner Ian
Subject: Re: status of database?

OK, Thanks Scott,

Perhaps Zhang will be in the best position to help Ian then: Ian needs all proxies from the database
that are available over a particular region, which he can provide Zhang.

Lets touch base again tomorrow when this is finalized,

mike

At 11:24 AM 3/28/2005, Scott Rutherford wrote:

Mike, 

Fenbiao has the corrected ITRDB  and other tree files ready, all the non-tree file are
formated and ready to go. I need to make a few more changes to the
databasemaster file based on Fenbiao's findings. Everything will be available
tomorrow. We will continue to do QA/QC as people start working with the data files. 

Zhang, since you have the script to load all the files into a single matlab variable and
the program to convert the .crn ITRDB files into our format I will leave that up to
you. You should also have the Luterbacher gridded reconstruction that will be part of
the network. I will try to get you everything today or early tomorrow. We may have
to go back and forth once or twice tomorrow but I think by the end of tomorrow we
can have everything available and loaded into a Matlab file. 

Scott   

On Mar 28, 2005, at 9:19 AM, Michael E. Mann wrote: 

Hi Scott, 

I'm anxious for both Zhang and Ian to begin working w/ the proxy
database immediately. Can you update on the status?? 
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Thanks, 

Mike 

______________________________________________________________ 
                    Professor Michael E. Mann 
           Department of Environmental Sciences, Clark Hall 
                      University of Virginia 
                     Charlottesville, VA 22903 

_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________ 
Dr. Scott Rutherford 
Assistant Professor 
Dept. of Natural Sciences 
Roger Williams University 
e-mail: srutherford@rwu.edu 
http://fox.rwu.edu/~rutherfo 
phone:  
snail mail: 
One Ferry Road 
Bristol, RI 02809 

</blockquote></x-html>

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml 

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Scott Rutherford
Cc: Bradley Raymond; Hughes Malcolm; fenbiao@ltrr.arizona.edu; Zhihua Zhang; Mesner Ian
Subject: Re: status of database?
Date: Monday, March 28, 2005 10:25:33 AM

OK, Thanks Scott,

Perhaps Zhang will be in the best position to help Ian then: Ian needs all proxies from the
database that are available over a particular region, which he can provide Zhang.

Lets touch base again tomorrow when this is finalized,

mike

At 11:24 AM 3/28/2005, Scott Rutherford wrote:

Mike, 

Fenbiao has the corrected ITRDB  and other tree files ready, all the non-tree file are
formated and ready to go. I need to make a few more changes to the
databasemaster file based on Fenbiao's findings. Everything will be available
tomorrow. We will continue to do QA/QC as people start working with the data files. 

Zhang, since you have the script to load all the files into a single matlab variable and
the program to convert the .crn ITRDB files into our format I will leave that up to
you. You should also have the Luterbacher gridded reconstruction that will be part of
the network. I will try to get you everything today or early tomorrow. We may have
to go back and forth once or twice tomorrow but I think by the end of tomorrow we
can have everything available and loaded into a Matlab file. 

Scott   

On Mar 28, 2005, at 9:19 AM, Michael E. Mann wrote: 

Hi Scott, 

I'm anxious for both Zhang and Ian to begin working w/ the proxy
database immediately. Can you update on the status?? 

Thanks, 

Mike 

______________________________________________________________ 
                    Professor Michael E. Mann 
           Department of Environmental Sciences, Clark Hall 
                      University of Virginia 
                     Charlottesville, VA 22903 

_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml 

______________________________________________ 
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Dr. Scott Rutherford 
Assistant Professor 
Dept. of Natural Sciences 
Roger Williams University 
e-mail: srutherford@rwu.edu 
http://fox.rwu.edu/~rutherfo 
phone:  
snail mail: 
One Ferry Road 
Bristol, RI 02809 

</blockquote></x-html>
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                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
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From: Michael E. Mann
To: Malcolm Hughes; srutherford@rwu.edu; mhughes@ltrr.arizona.edu; mann@virginia.edu
Subject: Fwd: Re: Yang et al 2002
Date: Thursday, March 17, 2005 6:10:16 AM

Malcolm,

See my previous message below. If you think some of the tree-ring records in the data set don't meet our
replication standards, can you please flag those?  

I agree we shouldn't use the Yang composite series. I'm just saying that there are a few series in their
network we shouldn't disregard just because we're not sure of what the signal is. This is true for many of
the proxies we're currently using. Series from Yang et al I'd like to include are:

1 d13C wood cellulose series from Japan *potentially* (does cellulose delta C 13 require the same level of
replication as tree-ring widths? I didn't think so, but Malcolm should check what the replication is).

2. delta o18 in oeat from Jinchuan

3. TOC and C/N ratios from Ghost Lakes and Jiaming Lakes,

Do we have access to these data? Do we need to contact Yang to get ahold of them?

Finally, let me clarify the process I'm suggesting, which is a multiple step quality control process that is far
more rigorous than what we did in '98:

1. First we assembled a network based on published proxy records that appear to have a climate signal. 

2. Then we went through this to get rid of records we considered questionable (e.g. the process Ray went
through w/ the non-dendro data, and the process you went through w/ the dendro data--e.g. providing
metadata so we can eliminate all dendro reconstructions w/ less than 10 contributing chronologies).

3. We then plan to do two different types of reconstructions:
(a) using all proxies in the network
(b) using only proxies w/ a verifiable correlation with local instrumental data (for lower resolution proxies,
this is more difficult--hence, there is greater importance of the previous quality control stages in this case).

4. We will finally test the reconstructions for sensitivity to any particular proxy records we think might be
questionable. If such sensitivity is evident, any of us can veto the use of that proxy record.

We were hit hard by the skeptics after '98 for not using certain proxy data (e.g. the ice boreholes, Keigwin's
records, etc.), with the claim that we knew they would produce a different result. Total bullshit of course,
but why not immunize ourselves by having done reconstructions using as inclusive a dataset as possible,
and testing afterwards that it doesn't make a difference???

X-Mailer: QUALCOMM Windows Eudora Version 6.2.1.2
Date: Wed, 16 Mar 2005 14:38:12 -0500
To: "Michael E. Mann" <mann@virginia.edu>
From: "raymond s. bradley" <rbradley@geo.umass.edu>
Subject: Re: Yang et al 2002
X-UVA-Virus-Scanned: by amavisd-new at fork8.mail.virginia.edu

ok

ray

At 02:04 PM 3/16/2005, you wrote:

Hi Ray,

Well, I'm really trying to lean towards the "inclusive" side of things right now,
particularly w/ the very long proxies, so at least for the single (non-composite)
records used by them, even if the variables sound a bit dubious, lets leave them in
the for time being, and let the screening process try to sort out the wheat from the
chaff objectively for the *first* round.
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Then, I propose in the end, for any prospective final product, we have a final
screening (a more subjective one) where any of us can go in and say "I don't like
that record--lets see what happens if we eliminate it", and we can make sure that
the final reconstructions are not sensitive to any proxies that any of us might
consider of questionable reliability.

If we do this in two steps, we're both inclusive for the time being, but protect
ourselves in the end. I promise you'll have final veto power over any proxy used!

How does this sound?

thanks,

mike

At 01:33 PM 3/16/2005, raymond s. bradley wrote:

unfortunately, Yang et al do not provide the separate time series--only
their composites 
["

Three temperature reconstruction time series are presented.
The first, called “H-res”, 
was derived by averaging only the high-resolution proxy records.
Considering the relatively 
large age uncertainties of the lake-sediment and peat records (±50
years), these records 
were not included in this
composite.
[presumably,
this means only ice core and tree ring data] The second
composite,
named “Complete”, was derived directly by averaging all 9 proxy
records.  The “Weighted” composite reconstruction was formed by
combining area weighted regional proxy records."]

So, I still think we should forget about these
composite series and deal with the individual records
that we know about
rayAt 12:12 PM 3/16/2005, you wrote:

HI Ray,

Well, one thing that is different here is that we are actually
screening all proxies to see if they have a verifiable signal
(temperature or precip) against the instrumental record. So
we're trying to use an objective measure, rather than just
deciding what we think is good or not.

I agree we have to eliminate redundant proxies, but for the
non-redundant proxies, I vote for letting the screening process
decide if we use them or not.

Now, w/ other issues, I agree w/ Malcolm that we have to
apply other considerations. For example. the screening process
cannot protect us from tree-ring series that degrade back in
time because of decreasing # of contributing chronologies,
etc., so here we have to apply an explicit quality control (e.g.
minimum of 10 samples).  If there is reason to believe that
some of the other proxies may degrade back in time, I agree
that they should be eliminated where we believe the
degradation begins to happen.

Do you think there are any issues of this sort w/ any of the
other proxies (including the ones used by Yang et al)?
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Thanks,

Mike

At 11:56 AM 3/16/2005, raymond s. bradley wrote:

Mike:
You suggested that we include the Yang et al data
set.  I don't think we should.  It is made up of a
rag-bag of records (a la Crowley) that either
already duplicate series that we have, or are
records that have an unclear relationship to
temperature/climate.
Specifically, their composite series is made up of:

ice core data from Guliya & Dunde--we have
Dulan " tree-ring indices" and "Tibet" tree ring
record [" 12 temperature-sensitive tree-ring series
from various parts of Tibet"]-we may have some
of these?
winter temperature from Eastern China--we have
d13C in wood cellulose in tree9s) from Japan-- I
don't know if this means anything
d18O in peat cellulose from Jinchuan---- I don't
know if this means anything
total organic carbon content (TOC) and the C/N
ratio records from Great Ghost Lake and Jiaming
Lake in Taiwan----I don't know if this means
anything

So...I suggest that we do not include these
composite series.
I have now sent Scott the Black et al. G. Bulloides
series
ray

Raymond S. Bradley 
Director, Climate System Research Center*
Department of Geosciences, University of
Massachusetts
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel:  
Fax:  
*Climate System Research Center: 

 
        < http://www.paleoclimate.org> 
Paleoclimatology Book Web Site:
http://www.geo.umass.edu/climate/paleo/html 
Publications (download .pdf files):
http://www.geo.umass.edu/faculty/bradley/bradleypub.html

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
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_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX:

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

Raymond S. Bradley 
Director, Climate System Research Center*
Department of Geosciences, University of Massachusetts
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel:  
Fax:  
*Climate System Research Center:  
        < http://www.paleoclimate.org> 
Paleoclimatology Book Web Site:
http://www.geo.umass.edu/climate/paleo/html 
Publications (download .pdf files):
http://www.geo.umass.edu/faculty/bradley/bradleypub.html

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

Raymond S. Bradley 
Director, Climate System Research Center*
Department of Geosciences, University of Massachusetts
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel:  
Fax:  
*Climate System Research Center:  
        < http://www.paleoclimate.org> 
Paleoclimatology Book Web Site: http://www.geo.umass.edu/climate/paleo/html 
Publications (download .pdf files): http://www.geo.umass.edu/faculty/bradley/bradleypub.html

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes; raymond s. bradley
Cc: srutherford@rwu.edu; zz9t@virginia.edu; mann@virginia.edu
Subject: Re: corrections/changes to non-tree ring data files
Date: Tuesday, March 15, 2005 2:07:22 PM

Hi Scott,

I am indicating below the proxy series that I personally suggested including with
"MIKE". Anything that doesn't have a "MIKE" or "MALCOLM" next to it requires some
further attention---please send an update ASAP regarding any series in the data base
that require further discussion/resolution...

Thanks,

Mike

At 03:07 PM 3/15/2005, Malcolm Hughes wrote:

raymond s. bradley wrote:

I've gone through the data inventory that you sent on 3/8/05.  
Comments are attached.  My main concern is that in the files
that I sent, I made many notes regarding specific issues of
concern with some data sets (e.g. data were questionable after
certain dates, etc).  I  
hope these have not been ignored as they are important; they
should be reviewed to make sure there are no issues related
to the way you have included the data sets--shouldn't take too
long to do that. Also, in some cases, I see that a data set that
is simply "sample depth" or 'Years BP" has been included as a
file, when these are simply meaningless.  This alerts me to be
concerned that in each case the relevant timescale is used--as
sometimes I included years BP as well as calendar ages--we
only need the latter! Also, sometimes, a site has several
parameters recorded, but they may not have been sampled at
the same time intervals, so you need to make sure the proper
timescale is used when more than one scale was provided in
my files.

Other data:
I did not provide you with the data listed below, & so can not
vouch for them; IN SOME CASES, i VAGUELY RECALL MAKING
A DECISION NOT TO INCLUDE THEM IN MY DATABASE, BUT i
WOULD NEED TO SPEND SOME TIME RECONSIDERING WHY
THAT WAS; if you want me to review them, I can do that but I
can not do that before midnight tonight!:
Going down the list....

Alan Madras SLP data inst-press  MIKE
Anderson Arabian Sea marine-sediment
Benson Owens Lake lake-sediment --I recall deciding not to
include this
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Benson Pyramid Lake lake-sediment  --I recall deciding not to
include this
Cobb Palmyra island coral o18  MIKE
Cook Tasmania reconstruction --MALCOLM?
Cook New Zealand Reconstruction -MALCOLM?
Cronin Cheaspeake temp Mg/Ca   MIKE
Cronin Chesapeak Salinity  (delta o18?) MIKE
Crowley North Atlantic Overturning
Dahl-Jensen Dye-3 borehole 1yr interp ice  MIKE
Dahl-Jensen GRIP borehole 1yr interp ice   MIKE 
D'Arrigo Mongolia composite composite --MALCOLM?
Fisher et al 1996 Ice O-18, "super stack" ice --SEE DATABASE
NOTES
Fisher et al 1998 Ice O-18 two-core stack ice --SEE DATABASE
NOTES
Grootes GISP2 o18 ice  MIKE
Hasse-Schramm sponge o18 sponge  --I recall deciding not to
include this
Hasse-Schramm sponge Sr/Ca sponge  --I recall deciding not
to include this
Hendy Great Barrier Reef Corals coral  MIKE
Konnen Nagasaki inst temp  MIKE
Moore Mt. Logan Ice core ice  MIKE
Verschuren Lake Malawi, Africa pct biogenic silica lake-
sediments  MIKE
Verschuren Lake Malawi, Africa pct biogenic silica lake-
sediments  WHAT IS DIFFERENCE FROM ABOVE?

Comments?
ray

*Raymond S. Bradley
*Director, *Climate System Research Center***
Department of Geosciences, University of Massachusetts
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

*Tel: 
Fax: 
**Climate System Research Center: 
        * < http://www.paleoclimate.org
<http://www.paleoclimate.org/>>
*/Paleoclimatology/* Book Web Site:
http://www.geo.umass.edu/climate/paleo/html_
/Publications /(download .pdf files):
http://www.geo.umass.edu/faculty/bradley/bradleypub.html_

Scott, Fenbiao and I have dealt with the three records against which Ray
had typed MALCOLM?
Cheers, Malcolm

______________________________________________________________
                    Professor Michael E. Mann
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           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes
Cc: Scott Rutherford; Bradley Raymond; Tim Cook; fenbiao@ltrr.arizona.edu; Zhihua Zhang; mhughes@ltrr.arizona.edu
Subject: Re: database
Date: Monday, March 14, 2005 2:44:10 PM

ok, I think all is clear now.

Thanks for clearing up guys,

Mike

At 04:38 PM 3/14/2005, Malcolm Hughes wrote:

Michael E. Mann wrote:

Scott,

That's a real problem. This is way too severe. What do you mean "deleted". Malcolm
indicated there was only a problem before certain dates! Lets not throw the baby out
w/ the bathwater.

Please refer to Malcolm's previous email for the date ranges involved. I don't believe
any of these series should be deleted in their entirety! Its simply a matter of what
date before which they are reliable or not...

At 03:46 PM 3/14/2005, Scott Rutherford wrote:

Malcolm has sent me instructions to delete dendro records where he
cannot verify if ALL the criteria are met. Some of the Mann and Jones
have been deleted in our discussion for this reason, or were screened via
the ITRDB extraction (see Malcolm's previous e-mail where he goes
through the series).

So, anything that is included has that information available, as well as, for
example, a minimum intercorrelation between cores.

Hope that helps.

Scott

On Mar 14, 2005, at 3:28 PM, Michael E. Mann wrote:

Scott,

The issue is, is this meta data available for *all* tree-ring
reconstructions currently in the database, including the series
used by Jones and Mann '04??? If not, we have a problem that
needs to be addressed immediately before we can proceed.

Can you confirm??

Thanks,

Mike

At 03:26 PM 3/14/2005, Scott Rutherford wrote:

Dear All,

It was planned from the beginning to limit the use of the
dendro
records based on the number of samples available. When
selecting the
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proxies to use for a particular reconstruction we will truncate
those
dendro records where they do not meet a minimum number of
samples.

So I don't really see that we need to to (a) and (b) sets of
reconstructions because dealing with this issue was planned
from the
get-go.

Hope that helps.

Scott

On Mar 14, 2005, at 1:35 PM, Malcolm Hughes wrote:

Michael E. Mann wrote:

Dear All,

First thing, Scott needs to go through and eliminate any
redundant
data, as indicated by Malcolm below.

Then, I suggest that we proceed with experiment "a" which
will
include all ITRDB data that meet the 10 chronology minimum,
and all
other data in the database (with redundant proxies removed).

Then, we will need to determine which of the non-ITRDB data
in
addition do not meet Malcolm's criterion. Experiment "b"
should
include only that subset...

Any comments?

Mike

At 01:16 PM 3/14/2005, Michael E. Mann wrote:

Dear All,

I suggest that we will do two different sets of reconstructions
"a"
and "b". One ("a") in which we do *not* worry about this (i.e.,
use
all series in the database without regard to the replication
issue)
and another ("b") in which we only use those meeting
Malcolm's
criterion.

Reconstructions "a" should proceed at the deadline originally
mentioned by Scott, i.e., they should proceed based w/ the
database
based on all feedback received by midnight tomorrow.

While Zhang and Scott proceed w/ reconstructions using
database
version "a", Malcolm/Fenbiao/Scott/Zhang can then go about
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determining the subset which meet that criteria.

Any questions or comments?

Thanks,

Mike

At 01:08 PM 3/14/2005, Malcolm Hughes wrote:

Gentlemen  there is an important detail that everyone involved
in
the reconstructions needs to understand. Although a tree-ring
series may exist for a given date, say AD 1101, there is a good
chance that we should not be using it for that year. This is
because the number of series going into a tree-ring chronology
tends to decrease as we go back in time. SO, we set a fairly
low
standard of 8 trees by AD 1800 for a chronology to get into
the
database, and as a result, the chronology that goes back to
AD 1101
may have very few samples indeed for its first several
centuries.
Ideally we would be telling you in which year each chronology
was
based on at least 8 samples, but it turned out that we already
have
this information for the 10-sample criterion (still not a very
high
standard in many cases). So, Fenbiao has provided Scott with
a
column that indicates the first year in which a chronology is
based
on at least 10 samples.

It is vital that, before calculating a reconstruction for a year,
you check that every tree-ring series to be used has at least
10
samples, by using the column Fenbiao provided.

In a recent e-mail, Mike urged Scott to make sure that the
data
used in Jones and Mann 2004 were used. I’ll leave
consideration of
the non-tree-ring data to Ray, but here are some comments
on the
tree-ring element of the JM04 dataset. I started by copying the
tree-ring element of JM04 Table 1, and then work through it.

*From Table 1, Jones and Mann 2004*

Trees

Tornetrask density/widths Briffa et al. [1992a] 0.18c 0.54c

Polar Urals density/widths Briffa et al. [1995] 0.78c 0.85c

Mongolia widths D’Arrigo et al. [2001] 0.25 0.40

Northern tree line widths Jacoby and D’Arrigo [1989] 0.36d
0.71d

Western United States widths (PC) Mann et al. [1998a] 0.20
0.61
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Western United States density Briffa et al. [1992b] 0.64c 0.66c

Jasper density/widths Luckman et al. [1997] 0.44c 0.49c

Tasmania widths Cook et al. [2000] 0.58 0.79

*MKH comments*

In fact, some of these series may not meet the standard we
are
setting for long tree-ring chronologies, namely 10 or more
samples
for the periods we plan to use them  this may well in fact still
only mean that in many cases just 5 trees were sampled, at 2
cores
per tree.

For example, the Tornetrask density series has fewer than 10
series
for the 5^th and much of the 11^th -13^th centuries. The
ring-width
series from the same material does not appear to have this
problem.
I am going by the two lower panels of Figure 2 a) of Briffa et
al
(1996) , the Jones, Bradley, Jouzel volume.

The Briffa Polar Urals data should probably also be excluded
because they fail to meet our standards for replication. See the
bottom panel of Figure 1 on page 158 of Briffa et al 1995 -
there
are fewer than 10 samples for all times before the late 12^th
century, and from the early 15^th through the late 17^th
century.
Note how some of the largest excursions in the reconstruction
coincide with these periods of poor replication. The more
recent
centuries will be better covered by the Osborn data.

The D’Arrigo et al Mongolia record is, by this standard, good
back
to the early 10^th century, but not before (see Figure 2, lower
panel in D’Arrigo et al, 2001)

The northern treeline widths of Jacoby and D’Arrigo (1989) are
now
all in the ITRDB, and will have passed or failed our tests by the
normal criteria.

The Western US tree-ring width data are all in the ITRDB, so
the
same comment applies.

The western US tree-ring density data of Briffa et al (1992) are
now superseded by the Osborn et al data, and so should not
be
included.

The Jasper data of Luckman have been superseded by their
new
reconstruction, which we have included.

The Tasmania series is well replicated throughout the last
couple
of millennia. Do we have the version referred to in the 2000
paper?
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Cheers, Malcolm

______________________________________________________________

Professor Michael E. Mann
Department of Environmental Sciences, Clark Hall
University of Virginia
Charlottesville, VA 22903
_____________________________________________________________________
__
e-mail: mann@virginia.edu Phone:  FAX: 

http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________

Professor Michael E. Mann
Department of Environmental Sciences, Clark Hall
University of Virginia
Charlottesville, VA 22903

______________________________________________________________________
_
e-mail: mann@virginia.edu Phone:  FAX: 

http://www.evsc.virginia.edu/faculty/people/mann.shtml

Mike - the issue is "in what year does a series meet the
criterion?"
and the answer varies by series. I think the metadata exist for
all
tree-ring series, ITRDB or not. Cheers, Malcolm

______________________________________________
Dr. Scott Rutherford
Assistant Professor
Dept. of Natural Sciences
Roger Williams University
e-mail: srutherford@rwu.edu
http://fox.rwu.edu/~rutherfo
<http://fox.rwu.edu/%7Erutherfo>
phone: 
snail mail:
One Ferry Road
Bristol, RI 02809

______________________________________________________________

Professor Michael E. Mann
Department of Environmental Sciences, Clark Hall
University of Virginia
Charlottesville, VA 22903

_______________________________________________________________________

e-mail: mann@virginia.edu Phone:  FAX: 

http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________
Dr. Scott Rutherford
Assistant Professor
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Dept. of Natural Sciences
Roger Williams University
e-mail: srutherford@rwu.edu
http://fox.rwu.edu/~rutherfo <http://fox.rwu.edu/%7Erutherfo>
phone: 
snail mail:
One Ferry Road
Bristol, RI 02809

</blockquote></x-html>

______________________________________________________________
Professor Michael E. Mann
Department of Environmental Sciences, Clark Hall
University of Virginia
Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu Phone:  FAX: 
http://www.evsc.virginia.edu/faculty/people/mann.shtml

Mike - fear not! Scott and I have just been discussing this on the phone, and it's clear we weere
all aiming for the same thing, but not communicating that to one another. He will have the
necessary data, year by year, to check whether each series meets the replication criteria. Thus,
a series could come into and out of consideration as its degree of replication goes up and down.
Cheers, Malcolm

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Scott Rutherford
Cc: Malcolm Hughes; Bradley Raymond; Tim Cook; fenbiao@ltrr.arizona.edu; Zhihua Zhang
Subject: Re: database
Date: Monday, March 14, 2005 1:54:57 PM

Scott,

That's a real problem. This is way too severe. What do you mean "deleted". Malcolm indicated
there was only a problem before certain dates!  Lets not throw the baby out w/ the bathwater.

Please refer to Malcolm's previous email for the date ranges involved. I don't believe any of
these series should be deleted in their entirety! Its simply a matter of what date before which
they are reliable or not...

At 03:46 PM 3/14/2005, Scott Rutherford wrote:

Malcolm has sent me instructions to delete dendro records where he cannot verify if
ALL the criteria are met. Some of the Mann and Jones have been deleted in our
discussion for this reason, or were screened via the ITRDB extraction (see Malcolm's
previous e-mail where he goes through the series). 

So, anything that is included has that information available, as well as, for example, a
minimum intercorrelation between cores. 

Hope that helps. 

Scott 

On Mar 14, 2005, at 3:28 PM, Michael E. Mann wrote: 

Scott, 

The issue is, is this meta data available for *all* tree-ring reconstructions
currently in the database, including the series used by Jones and Mann
'04??? If not, we have a problem that needs to be addressed immediately
before we can proceed. 

Can you confirm?? 

Thanks, 

Mike 

At 03:26 PM 3/14/2005, Scott Rutherford wrote: 

Dear All, 

It was planned from the beginning to limit the use of the dendro  
records based on the number of samples available. When selecting the  
proxies to use for a particular reconstruction we will truncate those  
dendro records where they do not meet a minimum number of samples. 

So I don't really see that we need to to (a) and (b) sets of  
reconstructions because dealing with this issue was planned from the  
get-go. 

Hope that helps. 
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Scott 

On Mar 14, 2005, at 1:35 PM, Malcolm Hughes wrote: 

Michael E. Mann wrote: 

Dear All, 

First thing, Scott needs to go through and eliminate any redundant  
data, as indicated by Malcolm below. 

Then, I suggest that we proceed with experiment "a" which will  
include all ITRDB data that meet the 10 chronology minimum, and all  
other data in the database (with redundant proxies removed). 

Then, we will need to determine which of the non-ITRDB data in  
addition do not meet Malcolm's criterion. Experiment "b" should  
include only that subset... 

Any comments? 

Mike 

At 01:16 PM 3/14/2005, Michael E. Mann wrote: 

Dear All, 

I suggest that we will do two different sets of reconstructions "a"  
and "b". One ("a") in which we do *not* worry about this (i.e., use  
all series in the database without regard to the replication issue)  
and another ("b") in which we only use those meeting Malcolm's  
criterion. 

Reconstructions "a" should proceed at the deadline originally  
mentioned by Scott, i.e., they should proceed based w/ the database  
based on all feedback received by midnight tomorrow. 

While Zhang and Scott proceed w/ reconstructions using database  
version "a", Malcolm/Fenbiao/Scott/Zhang can then go about  
determining the subset which meet that criteria. 

Any questions or comments? 

Thanks, 

Mike 

At 01:08 PM 3/14/2005, Malcolm Hughes wrote: 

Gentlemen  there is an important detail that everyone involved in  
the reconstructions needs to understand. Although a tree-ring  
series may exist for a given date, say AD 1101, there is a good  
chance that we should not be using it for that year. This is  
because the number of series going into a tree-ring chronology  
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tends to decrease as we go back in time. SO, we set a fairly low  
standard of 8 trees by AD 1800 for a chronology to get into the  
database, and as a result, the chronology that goes back to AD 1101  
may have very few samples indeed for its first several centuries.  
Ideally we would be telling you in which year each chronology was  
based on at least 8 samples, but it turned out that we already have  
this information for the 10-sample criterion (still not a very high  
standard in many cases). So, Fenbiao has provided Scott with a  
column that indicates the first year in which a chronology is based  
on at least 10 samples. 

It is vital that, before calculating a reconstruction for a year,  
you check that every tree-ring series to be used has at least 10  
samples, by using the column Fenbiao provided. 

In a recent e-mail, Mike urged Scott to make sure that the data  
used in Jones and Mann 2004 were used. I’ll leave consideration of  
the non-tree-ring data to Ray, but here are some comments on the  
tree-ring element of the JM04 dataset. I started by copying the  
tree-ring element of JM04 Table 1, and then work through it. 

*From Table 1, Jones and Mann 2004* 

Trees 

Tornetrask density/widths Briffa et al. [1992a] 0.18c 0.54c 

Polar Urals density/widths Briffa et al. [1995] 0.78c 0.85c 

Mongolia widths D’Arrigo et al. [2001] 0.25 0.40 

Northern tree line widths Jacoby and D’Arrigo [1989] 0.36d 0.71d 

Western United States widths (PC) Mann et al. [1998a] 0.20 0.61 

Western United States density Briffa et al. [1992b] 0.64c 0.66c 

Jasper density/widths Luckman et al. [1997] 0.44c 0.49c 

Tasmania widths Cook et al. [2000] 0.58 0.79 

*MKH comments* 

In fact, some of these series may not meet the standard we are  
setting for long tree-ring chronologies, namely 10 or more samples  
for the periods we plan to use them  this may well in fact still  
only mean that in many cases just 5 trees were sampled, at 2 cores  
per tree. 

For example, the Tornetrask density series has fewer than 10 series  
for the 5^th and much of the 11^th -13^th centuries. The ring-width  
series from the same material does not appear to have this problem.  
I am going by the two lower panels of Figure 2 a) of Briffa et al  
(1996) , the Jones, Bradley, Jouzel volume. 

The Briffa Polar Urals data should probably also be excluded  
because they fail to meet our standards for replication. See the  
bottom panel of Figure 1 on page 158 of Briffa et al 1995  there  
are fewer than 10 samples for all times before the late 12^th  
century, and from the early 15^th through the late 17^th century.  
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Note how some of the largest excursions in the reconstruction  
coincide with these periods of poor replication. The more recent  
centuries will be better covered by the Osborn data. 

The D’Arrigo et al Mongolia record is, by this standard, good back  
to the early 10^th century, but not before (see Figure 2, lower  
panel in D’Arrigo et al, 2001) 

The northern treeline widths of Jacoby and D’Arrigo (1989) are now  
all in the ITRDB, and will have passed or failed our tests by the  
normal criteria. 

The Western US tree-ring width data are all in the ITRDB, so the  
same comment applies. 

The western US tree-ring density data of Briffa et al (1992) are  
now superseded by the Osborn et al data, and so should not be  
included. 

The Jasper data of Luckman have been superseded by their new  
reconstruction, which we have included. 

The Tasmania series is well replicated throughout the last couple  
of millennia. Do we have the version referred to in the 2000 paper? 

Cheers, Malcolm 

______________________________________________________________

Professor Michael E. Mann 
Department of Environmental Sciences, Clark Hall 
University of Virginia 
Charlottesville, VA 22903 
_____________________________________________________________________
__ 
e-mail: mann@virginia.edu Phone:  FAX:  
http://www.evsc.virginia.edu/faculty/people/mann.shtml 

______________________________________________________________

Professor Michael E. Mann 
Department of Environmental Sciences, Clark Hall 
University of Virginia 
Charlottesville, VA 22903 

______________________________________________________________________
_ 
e-mail: mann@virginia.edu Phone:  FAX:  
http://www.evsc.virginia.edu/faculty/people/mann.shtml 

Mike - the issue is "in what year does a series meet the criterion?"  
and the answer varies by series. I think the metadata exist for all  
tree-ring series, ITRDB or not. Cheers, Malcolm 

______________________________________________ 
Dr. Scott Rutherford 
Assistant Professor 
Dept. of Natural Sciences 
Roger Williams University 
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e-mail: srutherford@rwu.edu 
http://fox.rwu.edu/~rutherfo 
phone:  
snail mail: 
One Ferry Road 
Bristol, RI 02809 

______________________________________________________________ 
                    Professor Michael E. Mann 
           Department of Environmental Sciences, Clark Hall 
                      University of Virginia 
                     Charlottesville, VA 22903 

_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml 

______________________________________________ 
Dr. Scott Rutherford 
Assistant Professor 
Dept. of Natural Sciences 
Roger Williams University 
e-mail: srutherford@rwu.edu 
http://fox.rwu.edu/~rutherfo 
phone:  
snail mail: 
One Ferry Road 
Bristol, RI 02809 

</blockquote></x-html>

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Scott Rutherford; Malcolm Hughes
Cc: Bradley Raymond; Tim Cook; fenbiao@ltrr.arizona.edu; Zhihua Zhang
Subject: Re: database
Date: Monday, March 14, 2005 1:30:27 PM
Importance: High

Scott,

The issue is, is this meta data available for *all* tree-ring reconstructions currently in the database,
including the series used by Jones and Mann '04??? If not, we have a problem that needs to be
addressed immediately before we can proceed.

Can you confirm??

Thanks,

Mike

At 03:26 PM 3/14/2005, Scott Rutherford wrote:

Dear All,

It was planned from the beginning to limit the use of the dendro  
records based on the number of samples available. When selecting the  
proxies to use for a particular reconstruction we will truncate those  
dendro records where they do not meet a minimum number of samples.

So I don't really see that we need to to (a) and (b) sets of  
reconstructions because dealing with this issue was planned from the  
get-go.

Hope that helps.

Scott

On Mar 14, 2005, at 1:35 PM, Malcolm Hughes wrote:

Michael E. Mann wrote:

Dear All,

First thing, Scott needs to go through and eliminate any redundant  
data, as indicated by Malcolm below.

Then, I suggest that we proceed with experiment "a" which will  
include all ITRDB data that meet the 10 chronology minimum, and all  
other data in the database (with redundant proxies removed).

Then, we will need to determine which of the non-ITRDB data in  
addition do not meet Malcolm's criterion. Experiment "b" should  
include only that subset...

Any comments?

Mike

At 01:16 PM 3/14/2005, Michael E. Mann wrote:

Dear All,
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I suggest that we will do two different sets of
reconstructions "a"  
and "b". One ("a") in which we do *not* worry about this
(i.e., use  
all series in the database without regard to the replication
issue)  
and another ("b") in which we only use those meeting
Malcolm's  
criterion.

Reconstructions "a" should proceed at the deadline
originally  
mentioned by Scott, i.e., they should proceed based w/ the
database  
based on all feedback received by midnight tomorrow.

While Zhang and Scott proceed w/ reconstructions using
database  
version "a", Malcolm/Fenbiao/Scott/Zhang can then go
about  
determining the subset which meet that criteria.

Any questions or comments?

Thanks,

Mike

At 01:08 PM 3/14/2005, Malcolm Hughes wrote:

Gentlemen  there is an important detail that
everyone involved in  
the reconstructions needs to understand.
Although a tree-ring  
series may exist for a given date, say AD 1101,
there is a good  
chance that we should not be using it for that
year. This is  
because the number of series going into a tree-
ring chronology  
tends to decrease as we go back in time. SO, we
set a fairly low  
standard of 8 trees by AD 1800 for a chronology
to get into the  
database, and as a result, the chronology that
goes back to AD 1101  
may have very few samples indeed for its first
several centuries.  
Ideally we would be telling you in which year
each chronology was  
based on at least 8 samples, but it turned out
that we already have  
this information for the 10-sample criterion (still
not a very high  
standard in many cases). So, Fenbiao has
provided Scott with a  
column that indicates the first year in which a
chronology is based  
on at least 10 samples.

It is vital that, before calculating a reconstruction
for a year,  
you check that every tree-ring series to be used
has at least 10  
samples, by using the column Fenbiao provided.
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In a recent e-mail, Mike urged Scott to make
sure that the data  
used in Jones and Mann 2004 were used. I’ll
leave consideration of  
the non-tree-ring data to Ray, but here are some
comments on the  
tree-ring element of the JM04 dataset. I started
by copying the  
tree-ring element of JM04 Table 1, and then
work through it.

*From Table 1, Jones and Mann 2004*

Trees

Tornetrask density/widths Briffa et al. [1992a]
0.18c 0.54c

Polar Urals density/widths Briffa et al. [1995]
0.78c 0.85c

Mongolia widths D’Arrigo et al. [2001] 0.25 0.40

Northern tree line widths Jacoby and D’Arrigo
[1989] 0.36d 0.71d

Western United States widths (PC) Mann et al.
[1998a] 0.20 0.61

Western United States density Briffa et al.
[1992b] 0.64c 0.66c

Jasper density/widths Luckman et al. [1997]
0.44c 0.49c

Tasmania widths Cook et al. [2000] 0.58 0.79

*MKH comments*

In fact, some of these series may not meet the
standard we are  
setting for long tree-ring chronologies, namely 10
or more samples  
for the periods we plan to use them  this may
well in fact still  
only mean that in many cases just 5 trees were
sampled, at 2 cores  
per tree.

For example, the Tornetrask density series has
fewer than 10 series  
for the 5^th and much of the 11^th -13^th
centuries. The ring-width  
series from the same material does not appear to
have this problem.  
I am going by the two lower panels of Figure 2 a)
of Briffa et al  
(1996) , the Jones, Bradley, Jouzel volume.

The Briffa Polar Urals data should probably also
be excluded  
because they fail to meet our standards for
replication. See the  
bottom panel of Figure 1 on page 158 of Briffa et
al 1995  there  
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are fewer than 10 samples for all times before
the late 12^th  
century, and from the early 15^th through the
late 17^th century.  
Note how some of the largest excursions in the
reconstruction  
coincide with these periods of poor replication.
The more recent  
centuries will be better covered by the Osborn
data.

The D’Arrigo et al Mongolia record is, by this
standard, good back  
to the early 10^th century, but not before (see
Figure 2, lower  
panel in D’Arrigo et al, 2001)

The northern treeline widths of Jacoby and
D’Arrigo (1989) are now  
all in the ITRDB, and will have passed or failed
our tests by the  
normal criteria.

The Western US tree-ring width data are all in
the ITRDB, so the  
same comment applies.

The western US tree-ring density data of Briffa et
al (1992) are  
now superseded by the Osborn et al data, and so
should not be  
included.

The Jasper data of Luckman have been
superseded by their new  
reconstruction, which we have included.

The Tasmania series is well replicated throughout
the last couple  
of millennia. Do we have the version referred to
in the 2000 paper?

Cheers, Malcolm

______________________________________________________________

Professor Michael E. Mann
Department of Environmental Sciences, Clark Hall
University of Virginia
Charlottesville, VA 22903
_____________________________________________________________________
__
e-mail: mann@virginia.edu Phone:  FAX:

http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________

Professor Michael E. Mann
Department of Environmental Sciences, Clark Hall
University of Virginia
Charlottesville, VA 22903
______________________________________________________________________
_
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e-mail: mann@virginia.edu Phone:  FAX: 

http://www.evsc.virginia.edu/faculty/people/mann.shtml

Mike - the issue is "in what year does a series meet the criterion?"  
and the answer varies by series. I think the metadata exist for all  
tree-ring series, ITRDB or not. Cheers, Malcolm

______________________________________________
Dr. Scott Rutherford
Assistant Professor
Dept. of Natural Sciences
Roger Williams University
e-mail: srutherford@rwu.edu
http://fox.rwu.edu/~rutherfo
phone: 
snail mail:
One Ferry Road
Bristol, RI 02809

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes; Scott Rutherford
Subject: Re: [Fwd: Re: database]
Date: Monday, March 14, 2005 11:49:02 AM

Scott,

Please contact Malcolm ASAP. This must be dealt with before we finalize the
database, which is supposed to be tomorrow at midnight!

Mike

At 01:44 PM 3/14/2005, Malcolm Hughes wrote:

Mike - - here's why I thought that, Malcolm

Return-Path: <srutherford@rwu.edu>
Received: from schulman.ltrr.arizona.edu ([unix socket])
        by schulman.ltrr.arizona.edu (Cyrus v2.1.9) with LMTP; Sat, 12 Mar
2005 14:28:50 -0700
X-Sieve: CMU Sieve 2.2
Received: from ring.ltrr.arizona.edu (ring.ltrr.arizona.edu
[128.196.218.202])
        by schulman.ltrr.arizona.edu (8.12.8/8.12.2/LTRR) with ESMTP id
j2CLSnhH006741
        for <mhughes@schulman.ltrr.arizona.edu>; Sat, 12 Mar 2005
14:28:49 -0700
Received: from lakermmtao04.cox.net (lakermmtao04.cox.net
[68.230.240.35])
        by ring.ltrr.arizona.edu (8.12.10/8.12.10/LTRR) with ESMTP id
j2CLSnLl029216
        for <mhughes@ltrr.arizona.edu>; Sat, 12 Mar 2005 14:28:49 -0700
Received: from [192.168.0.2] (really [68.226.80.51])
          by lakermmtao04.cox.net
          (InterMail vM.6.01.04.00 201-2131-118-20041027) with ESMTP
          id
<20050312212841.ZSO11124.lakermmtao04.cox.net@[192.168.0.2]>
          for <mhughes@ltrr.arizona.edu>; Sat, 12 Mar 2005 16:28:41 -
0500
Mime-Version: 1.0 (Apple Message framework v619.2)
In-Reply-To: <42332C28.2050902@ltrr.arizona.edu>
References: <eb94ac77f9a7d86f9be009692cb4e87b@rwu.edu>
<423225C1.8020102@ltrr.arizona.edu>
<4c3fd6bcc94ae59db6c5a9b9e87b788a@rwu.edu>
<42332C28.2050902@ltrr.arizona.edu>
Content-Type: text/plain; charset=US-ASCII; format=flowed
Message-Id: <98e22d1f473013d7f4149405e7199c52@rwu.edu>
Content-Transfer-Encoding: 7bit
From: Scott Rutherford <srutherford@rwu.edu>
Subject: Re: database
Date: Sat, 12 Mar 2005 16:28:44 -0500
To: Malcolm Hughes <mhughes@ltrr.arizona.edu>
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X-Mailer: Apple Mail (2.619.2)

Malcolm,

I'll be away Monday and Tuesday. If the line is appended at the end of
the file, it should be easy to remove it on my end. Let me know.

Scott

On Mar 12, 2005, at 12:51 PM, Malcolm Hughes wrote:

Scott Rutherford wrote:

Malcolm,

Thanks very much for your replies. Can you tell me
about the extra row? I might be able to write a
unix script to delete that row from every file if it
has some unique property.

Scott

On Mar 11, 2005, at 6:12 PM, Malcolm Hughes
wrote:

<Database Changes110305.doc>

______________________________________________

Dr. Scott Rutherford
Assistant Professor
Dept. of Natural Sciences
Roger Williams University
e-mail: srutherford@rwu.edu
http://fox.rwu.edu/~rutherfo
phone: 
snail mail:
One Ferry Road
Bristol, RI 02809

Hi Scott - that's what Fenbiao is figuring out right now - he
hopes to have some script written Monday so that he will just
completely regenerate the whole ITRDB set without the
problem ( and all in the same format). I'll check in with you
Monday about this. Some generations of the program ARSTAN
that most people have used to create their chronologies
appends a line including some statistical results. We have
found a couple fo other funnies by just plotting everything, but
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Fenbiao is confident that most of these will disappear when
the extra line has been removed.

______________________________________________
Dr. Scott Rutherford
Assistant Professor
Dept. of Natural Sciences
Roger Williams University
e-mail: srutherford@rwu.edu
http://fox.rwu.edu/~rutherfo
phone: 
snail mail:
One Ferry Road
Bristol, RI 02809

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes
Cc: Scott Rutherford
Subject: Re: database
Date: Monday, March 14, 2005 11:44:36 AM

Scott,

Can you confirm? You're the one who set the deadline of tomorrow, midnight for the database?

mike

At 01:40 PM 3/14/2005, Malcolm Hughes wrote:

Michael E. Mann wrote:

ok, if Scott and Malcolm can work this out before the deadline (tomorrow night), no
need to do separate experiments,

mike

At 01:32 PM 3/14/2005, Malcolm Hughes wrote:

Michael E. Mann wrote:

Dear All,

I suggest that we will do two different sets of reconstructions
"a" and "b". One ("a") in which we do *not* worry about this
(i.e., use all series in the database without regard to the
replication issue) and another ("b") in which we only use those
meeting Malcolm's criterion.

Reconstructions "a" should proceed at the deadline originally
mentioned by Scott, i.e., they should proceed based w/ the
database based on all feedback received by midnight
tomorrow.

While Zhang and Scott proceed w/ reconstructions using
database version "a", Malcolm/Fenbiao/Scott/Zhang can then
go about determining the subset which meet that criteria.

Any questions or comments?

Thanks,

Mike

At 01:08 PM 3/14/2005, Malcolm Hughes wrote:

Gentlemen  there is an important detail that
everyone involved in the reconstructions needs to
understand. Although a tree-ring series may exist
for a given date, say AD 1101, there is a good
chance that we should not be using it for that year.
This is because the number of series going into a
tree-ring chronology tends to decrease as we go
back in time. SO, we set a fairly low standard of 8
trees by AD 1800 for a chronology to get into the
database, and as a result, the chronology that goes
back to AD 1101 may have very few samples
indeed for its first several centuries. Ideally we
would be telling you in which year each chronology
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was based on at least 8 samples, but it turned out
that we already have this information for the 10-
sample criterion (still not a very high standard in
many cases). So, Fenbiao has provided Scott with a
column that indicates the first year in which a
chronology is based on at least 10 samples.

It is vital that, before calculating a reconstruction
for a year, you check that every tree-ring series to
be used has at least 10 samples, by using the
column Fenbiao provided.

In a recent e-mail, Mike urged Scott to make sure
that the data used in Jones and Mann 2004 were
used. I’ll leave consideration of the non-tree-ring
data to Ray, but here are some comments on the
tree-ring element of the JM04 dataset. I started by
copying the tree-ring element of JM04 Table 1, and
then work through it.

*From Table 1, Jones and Mann 2004*

Trees

Tornetrask density/widths Briffa et al. [1992a] 0.18c
0.54c

Polar Urals density/widths Briffa et al. [1995] 0.78c
0.85c

Mongolia widths D’Arrigo et al. [2001] 0.25 0.40

Northern tree line widths Jacoby and D’Arrigo
[1989] 0.36d 0.71d

Western United States widths (PC) Mann et al.
[1998a] 0.20 0.61

Western United States density Briffa et al. [1992b]
0.64c 0.66c

Jasper density/widths Luckman et al. [1997] 0.44c
0.49c

Tasmania widths Cook et al. [2000] 0.58 0.79

*MKH comments*

In fact, some of these series may not meet the
standard we are setting for long tree-ring
chronologies, namely 10 or more samples for the
periods we plan to use them  this may well in fact
still only mean that in many cases just 5 trees were
sampled, at 2 cores per tree.

For example, the Tornetrask density series has
fewer than 10 series for the 5^th and much of the
11^th -13^th centuries. The ring-width series from
the same material does not appear to have this
problem. I am going by the two lower panels of
Figure 2 a) of Briffa et al (1996) , the Jones,
Bradley, Jouzel volume.

The Briffa Polar Urals data should probably also be
excluded because they fail to meet our standards
for replication. See the bottom panel of Figure 1 on
page 158 of Briffa et al 1995  there are fewer than
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10 samples for all times before the late 12^th
century, and from the early 15^th through the late
17^th century. Note how some of the largest
excursions in the reconstruction coincide with these
periods of poor replication. The more recent
centuries will be better covered by the Osborn data.

The D’Arrigo et al Mongolia record is, by this
standard, good back to the early 10^th century,
but not before (see Figure 2, lower panel in
D’Arrigo et al, 2001)

The northern treeline widths of Jacoby and D’Arrigo
(1989) are now all in the ITRDB, and will have
passed or failed our tests by the normal criteria.

The Western US tree-ring width data are all in the
ITRDB, so the same comment applies.

The western US tree-ring density data of Briffa et al
(1992) are now superseded by the Osborn et al
data, and so should not be included.

The Jasper data of Luckman have been superseded
by their new reconstruction, which we have
included.

The Tasmania series is well replicated throughout
the last couple of millennia. Do we have the version
referred to in the 2000 paper?

Cheers, Malcolm

______________________________________________________________

Professor Michael E. Mann
Department of Environmental Sciences, Clark Hall
University of Virginia
Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu Phone:  FAX: 

http://www.evsc.virginia.edu/faculty/people/mann.shtml

Mike - I don't think that will be necessary, although Scott can confirm if I
got this right. He and I had already discussed a strategy in which this
could be taken account of automatically, which is why a column was
included in the metadata table. There should certainly be no need to do
this manually. Strategy 'a' will for sure produce reconstructions that are
more and more worthless as we go back in time (starting as recently as
the 18th century for much of the world), and hence will be a terrible
waste of time, as they will certainly be unpublishable. I definitely would
not want to be in any way associated with them.
I think you are worrying about a delay that does not need to occur, if I
have understood Scott correctly. Cheers, Malcolm

______________________________________________________________
Professor Michael E. Mann
Department of Environmental Sciences, Clark Hall
University of Virginia
Charlottesville, VA 22903
_______________________________________________________________________
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e-mail: mann@virginia.edu Phone:  FAX: 
http://www.evsc.virginia.edu/faculty/people/mann.shtml

Mike - isn't Scott out of town today and tomorrow? Malcolm

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes
Cc: Scott Rutherford; Bradley Raymond; Tim Cook; fenbiao@ltrr.arizona.edu; Zhihua Zhang
Subject: Re: database
Date: Monday, March 14, 2005 11:36:54 AM

ok, if Scott and Malcolm can work this out before the deadline (tomorrow night), no need to do
separate experiments,

mike

At 01:32 PM 3/14/2005, Malcolm Hughes wrote:

Michael E. Mann wrote:

Dear All,

I suggest that we will do two different sets of reconstructions "a" and "b".
One ("a") in which we do *not* worry about this (i.e., use all series in the
database without regard to the replication issue) and another ("b") in
which we only use those meeting Malcolm's criterion.

Reconstructions "a" should proceed at the deadline originally mentioned
by Scott, i.e., they should proceed based w/ the database based on all
feedback received by midnight tomorrow.

While Zhang and Scott proceed w/ reconstructions using database version
"a", Malcolm/Fenbiao/Scott/Zhang can then go about determining the
subset which meet that criteria.

Any questions or comments?

Thanks,

Mike

At 01:08 PM 3/14/2005, Malcolm Hughes wrote:

Gentlemen  there is an important detail that everyone involved
in the reconstructions needs to understand. Although a tree-
ring series may exist for a given date, say AD 1101, there is a
good chance that we should not be using it for that year. This
is because the number of series going into a tree-ring
chronology tends to decrease as we go back in time. SO, we
set a fairly low standard of 8 trees by AD 1800 for a
chronology to get into the database, and as a result, the
chronology that goes back to AD 1101 may have very few
samples indeed for its first several centuries. Ideally we would
be telling you in which year each chronology was based on at
least 8 samples, but it turned out that we already have this
information for the 10-sample criterion (still not a very high
standard in many cases). So, Fenbiao has provided Scott with
a column that indicates the first year in which a chronology is
based on at least 10 samples.

It is vital that, before calculating a reconstruction for a year,
you check that every tree-ring series to be used has at least
10 samples, by using the column Fenbiao provided.
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In a recent e-mail, Mike urged Scott to make sure that the
data used in Jones and Mann 2004 were used. I’ll leave
consideration of the non-tree-ring data to Ray, but here are
some comments on the tree-ring element of the JM04 dataset.
I started by copying the tree-ring element of JM04 Table 1,
and then work through it.

*From Table 1, Jones and Mann 2004*

Trees

Tornetrask density/widths Briffa et al. [1992a] 0.18c 0.54c

Polar Urals density/widths Briffa et al. [1995] 0.78c 0.85c

Mongolia widths D’Arrigo et al. [2001] 0.25 0.40

Northern tree line widths Jacoby and D’Arrigo [1989] 0.36d
0.71d

Western United States widths (PC) Mann et al. [1998a] 0.20
0.61

Western United States density Briffa et al. [1992b] 0.64c 0.66c

Jasper density/widths Luckman et al. [1997] 0.44c 0.49c

Tasmania widths Cook et al. [2000] 0.58 0.79

*MKH comments*

In fact, some of these series may not meet the standard we
are setting for long tree-ring chronologies, namely 10 or more
samples for the periods we plan to use them  this may well in
fact still only mean that in many cases just 5 trees were
sampled, at 2 cores per tree.

For example, the Tornetrask density series has fewer than 10
series for the 5^th and much of the 11^th -13^th centuries.
The ring-width series from the same material does not appear
to have this problem. I am going by the two lower panels of
Figure 2 a) of Briffa et al (1996) , the Jones, Bradley, Jouzel
volume.

The Briffa Polar Urals data should probably also be excluded
because they fail to meet our standards for replication. See the
bottom panel of Figure 1 on page 158 of Briffa et al 1995 -
there are fewer than 10 samples for all times before the late
12^th century, and from the early 15^th through the late
17^th century. Note how some of the largest excursions in the
reconstruction coincide with these periods of poor replication.
The more recent centuries will be better covered by the
Osborn data.

The D’Arrigo et al Mongolia record is, by this standard, good
back to the early 10^th century, but not before (see Figure 2,
lower panel in D’Arrigo et al, 2001)

The northern treeline widths of Jacoby and D’Arrigo (1989) are
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now all in the ITRDB, and will have passed or failed our tests
by the normal criteria.

The Western US tree-ring width data are all in the ITRDB, so
the same comment applies.

The western US tree-ring density data of Briffa et al (1992) are
now superseded by the Osborn et al data, and so should not
be included.

The Jasper data of Luckman have been superseded by their
new reconstruction, which we have included.

The Tasmania series is well replicated throughout the last
couple of millennia. Do we have the version referred to in the
2000 paper?

Cheers, Malcolm

______________________________________________________________

Professor Michael E. Mann
Department of Environmental Sciences, Clark Hall
University of Virginia
Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu Phone:  FAX: 
http://www.evsc.virginia.edu/faculty/people/mann.shtml

Mike - I don't think that will be necessary, although Scott can confirm if I got this
right. He and I had already discussed a strategy in which this could be taken account
of automatically, which is why a column was included in the metadata table. There
should certainly be no need to do this manually. Strategy 'a' will for sure produce
reconstructions that are more and more worthless as we go back in time (starting as
recently as the 18th century for much of the world), and hence will be a terrible
waste of time, as they will certainly be unpublishable. I definitely would not want to
be in any way associated with them.
I think you are worrying about a delay that does not need to occur, if I have
understood Scott correctly. Cheers, Malcolm

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes
Cc: Scott Rutherford; Bradley Raymond; Tim Cook; fenbiao@ltrr.arizona.edu; Zhihua Zhang; mhughes@ltrr.arizona.edu
Subject: Re: database
Date: Monday, March 14, 2005 11:32:07 AM

Dear All,

First thing, Scott needs to go through and eliminate any redundant data, as indicated by
Malcolm below.

Then, I suggest that we proceed with experiment "a" which will include all ITRDB data that
meet the 10 chronology minimum, and all other data in the database (with redundant
proxies removed).

Then, we will need to determine which of the non-ITRDB data in addition do not meet
Malcolm's criterion. Experiment "b" should include only that subset...

Any comments?

Mike

At 01:16 PM 3/14/2005, Michael E. Mann wrote:

Dear All,

I suggest that we will do two different sets of reconstructions "a" and "b". One
("a") in which we do *not* worry about this (i.e., use all series in the database
without regard to the replication issue) and another ("b") in which we only use
those meeting Malcolm's criterion.

Reconstructions "a" should proceed at the deadline originally mentioned by
Scott, i.e., they should proceed based w/ the database based on all feedback
received by midnight tomorrow.

While Zhang and Scott proceed w/ reconstructions using database version "a", 
Malcolm/Fenbiao/Scott/Zhang can then go about determining the subset which
meet that criteria.

Any questions or comments?

Thanks,

Mike

At 01:08 PM 3/14/2005, Malcolm Hughes wrote:

Gentlemen  there is an important detail that everyone involved in
the reconstructions needs to understand. Although a tree-ring series
may exist for a given date, say AD 1101, there is a good chance that
we should not be using it for that year. This is because the number
of series going into a tree-ring chronology tends to decrease as we
go back in time. SO, we set a fairly low standard of 8 trees by AD
1800 for a chronology to get into the database, and as a result, the
chronology that goes back to AD 1101 may have very few samples
indeed for its first several centuries. Ideally we would be telling you
in which year each chronology was based on at least 8 samples, but
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it turned out that we already have this information for the 10-
sample criterion (still not a very high standard in many cases). So,
Fenbiao has provided Scott with a column that indicates the first
year in which a chronology is based on at least 10 samples.

It is vital that, before calculating a reconstruction for a year, you
check that every tree-ring series to be used has at least 10 samples,
by using the column Fenbiao provided.

In a recent e-mail, Mike urged Scott to make sure that the data
used in Jones and Mann 2004 were used. I’ll leave consideration of
the non-tree-ring data to Ray, but here are some comments on the
tree-ring element of the JM04 dataset. I started by copying the tree-
ring element of JM04 Table 1, and then work through it.

*From Table 1, Jones and Mann 2004*

Trees

Tornetrask density/widths Briffa et al. [1992a] 0.18c 0.54c

Polar Urals density/widths Briffa et al. [1995] 0.78c 0.85c

Mongolia widths D’Arrigo et al. [2001] 0.25 0.40

Northern tree line widths Jacoby and D’Arrigo [1989] 0.36d 0.71d

Western United States widths (PC) Mann et al. [1998a] 0.20 0.61

Western United States density Briffa et al. [1992b] 0.64c 0.66c

Jasper density/widths Luckman et al. [1997] 0.44c 0.49c

Tasmania widths Cook et al. [2000] 0.58 0.79

*MKH comments*

In fact, some of these series may not meet the standard we are
setting for long tree-ring chronologies, namely 10 or more samples
for the periods we plan to use them  this may well in fact still only
mean that in many cases just 5 trees were sampled, at 2 cores per
tree.

For example, the Tornetrask density series has fewer than 10 series
for the 5^th and much of the 11^th -13^th centuries. The ring-
width series from the same material does not appear to have this
problem. I am going by the two lower panels of Figure 2 a) of Briffa
et al (1996) , the Jones, Bradley, Jouzel volume.

The Briffa Polar Urals data should probably also be excluded
because they fail to meet our standards for replication. See the
bottom panel of Figure 1 on page 158 of Briffa et al 1995  there are
fewer than 10 samples for all times before the late 12^th century,
and from the early 15^th through the late 17^th century. Note how
some of the largest excursions in the reconstruction coincide with
these periods of poor replication. The more recent centuries will be
better covered by the Osborn data.
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The D’Arrigo et al Mongolia record is, by this standard, good back to
the early 10^th century, but not before (see Figure 2, lower panel in
D’Arrigo et al, 2001)

The northern treeline widths of Jacoby and D’Arrigo (1989) are now
all in the ITRDB, and will have passed or failed our tests by the
normal criteria.

The Western US tree-ring width data are all in the ITRDB, so the
same comment applies.

The western US tree-ring density data of Briffa et al (1992) are now
superseded by the Osborn et al data, and so should not be included.

The Jasper data of Luckman have been superseded by their new
reconstruction, which we have included.

The Tasmania series is well replicated throughout the last couple of
millennia. Do we have the version referred to in the 2000 paper?

Cheers, Malcolm

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

ABOR/MH/Priv-002687



From: Michael E. Mann
To: Malcolm Hughes
Cc: Scott Rutherford; Bradley Raymond; Tim Cook; fenbiao@ltrr.arizona.edu; Zhihua Zhang;

mhughes@ltrr.arizona.edu; mann@virginia.edu
Subject: Re: database
Date: Monday, March 14, 2005 11:17:22 AM

Dear All,

I suggest that we will do two different sets of reconstructions "a" and "b". One ("a")
in which we do *not* worry about this (i.e., use all series in the database without
regard to the replication issue) and another ("b") in which we only use those meeting
Malcolm's criterion.

Reconstructions "a" should proceed at the deadline originally mentioned by Scott,
i.e., they should proceed based w/ the database based on all feedback received by
midnight tomorrow.

While Zhang and Scott proceed w/ reconstructions using database version "a", 
Malcolm/Fenbiao/Scott/Zhang can then go about determining the subset which meet
that criteria.

Any questions or comments?

Thanks,

Mike

At 01:08 PM 3/14/2005, Malcolm Hughes wrote:

Gentlemen  there is an important detail that everyone involved in the
reconstructions needs to understand. Although a tree-ring series may exist
for a given date, say AD 1101, there is a good chance that we should not
be using it for that year. This is because the number of series going into a
tree-ring chronology tends to decrease as we go back in time. SO, we set
a fairly low standard of 8 trees by AD 1800 for a chronology to get into
the database, and as a result, the chronology that goes back to AD 1101
may have very few samples indeed for its first several centuries. Ideally
we would be telling you in which year each chronology was based on at
least 8 samples, but it turned out that we already have this information
for the 10-sample criterion (still not a very high standard in many cases).
So, Fenbiao has provided Scott with a column that indicates the first year
in which a chronology is based on at least 10 samples.

It is vital that, before calculating a reconstruction for a year, you check
that every tree-ring series to be used has at least 10 samples, by using
the column Fenbiao provided.

In a recent e-mail, Mike urged Scott to make sure that the data used in
Jones and Mann 2004 were used. I’ll leave consideration of the non-tree-
ring data to Ray, but here are some comments on the tree-ring element
of the JM04 dataset. I started by copying the tree-ring element of JM04
Table 1, and then work through it.
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*From Table 1, Jones and Mann 2004*

Trees

Tornetrask density/widths Briffa et al. [1992a] 0.18c 0.54c

Polar Urals density/widths Briffa et al. [1995] 0.78c 0.85c

Mongolia widths D’Arrigo et al. [2001] 0.25 0.40

Northern tree line widths Jacoby and D’Arrigo [1989] 0.36d 0.71d

Western United States widths (PC) Mann et al. [1998a] 0.20 0.61

Western United States density Briffa et al. [1992b] 0.64c 0.66c

Jasper density/widths Luckman et al. [1997] 0.44c 0.49c

Tasmania widths Cook et al. [2000] 0.58 0.79

*MKH comments*

In fact, some of these series may not meet the standard we are setting
for long tree-ring chronologies, namely 10 or more samples for the
periods we plan to use them  this may well in fact still only mean that in
many cases just 5 trees were sampled, at 2 cores per tree.

For example, the Tornetrask density series has fewer than 10 series for
the 5^th and much of the 11^th -13^th centuries. The ring-width series
from the same material does not appear to have this problem. I am going
by the two lower panels of Figure 2 a) of Briffa et al (1996) , the Jones,
Bradley, Jouzel volume.

The Briffa Polar Urals data should probably also be excluded because they
fail to meet our standards for replication. See the bottom panel of Figure
1 on page 158 of Briffa et al 1995  there are fewer than 10 samples for all
times before the late 12^th century, and from the early 15^th through
the late 17^th century. Note how some of the largest excursions in the
reconstruction coincide with these periods of poor replication. The more
recent centuries will be better covered by the Osborn data.

The D’Arrigo et al Mongolia record is, by this standard, good back to the
early 10^th century, but not before (see Figure 2, lower panel in D’Arrigo
et al, 2001)

The northern treeline widths of Jacoby and D’Arrigo (1989) are now all in
the ITRDB, and will have passed or failed our tests by the normal criteria.

The Western US tree-ring width data are all in the ITRDB, so the same
comment applies.

The western US tree-ring density data of Briffa et al (1992) are now
superseded by the Osborn et al data, and so should not be included.
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The Jasper data of Luckman have been superseded by their new
reconstruction, which we have included.

The Tasmania series is well replicated throughout the last couple of
millennia. Do we have the version referred to in the 2000 paper?

Cheers, Malcolm

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes; Scott Rutherford
Cc: Bradley Raymond; Tim Cook; fenbiao@ltrr.arizona.edu; Zhihua Zhang; Anderson Justin; Ian German Mesner;

mann@virginia.edu
Subject: Re: database
Date: Sunday, March 13, 2005 8:04:47 AM

Dear All,

Just as a reminder, March 15 (Tuesday) evening, is when we've decided to close the
process.

Ian and Zhang both need to move on with performing reconstructions, in order to
complete their degrees on time, so we need to observed Scott's specified deadline as
strictly as possible.

So please get back to Scott w/ any comments by then. We do plan to freeze the
network this week!

Thanks for your help,

Mike

At 06:12 PM 3/11/2005, Malcolm Hughes wrote:

Scott - please find attached what we have so far. We are working our way
through plots of all the tree-ring data, and have discovered something
that could be a problem for you and Zhang. Some of the ITRDB files have
an extra row that could really cause problems. Fenbiao is working on a
way to either clean these up or at least flag them. There's a different
problem with some others, and we're also trying to solve that. More on
this in a day or so. Cheers, Malcolm and Fenbiao

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: raymond s. bradley
Cc: mhughes@ltrr.arizona.edu; srutherford@gso.uri.edu
Subject: Re: database
Date: Friday, March 11, 2005 2:29:19 PM

HI Ray,

Thanks in advance for your help on the data questions...

Re, Dave V: I'm not sure. He often seems to do things differently. For example, he's the only one who
has ever told me that we can't get 3 months total summer salary off govt. grants. I've never heard
that from any other program manager. I know a number of other colleagues who have gotten a
similar funding story from him recently--that he's not funding big, center-type proposals. The folks at
Purdue I was visiting last week were told the same thing. I agree this may not be NSF policy, but I
think it is the new Dave V policy. I could be wrong, but I bet we don't seem him fund any big multi-
institutional proposals for some time. Now, I don't doubt that things are complicated further by certain
personality conflicts/grudges that he's developed---and there is no call for that. But I'm not sure what
can be done about it?

I hope you are right that he does want to fund me; I don't have any other funding beyond next
summer for summer salary and post-doc, and ESH has always been my primary source of funding, so
I need to play it conservative next time, just some summer support and a post-doc.  You should be
happy that at least you're pretty flush with other sources of funding...

have a good weekend, and talk to you again soon...

mike

At 04:10 PM 3/11/2005, raymond s. bradley wrote:

I'll review these files over the next few days and especially focus on the queries you have
raised here.
As for NSF, a 5% cut does not explain the sudden disinterest in collaborative proposals
from DV.  I was part of a $1.8M 12-person collaboration that was just funded through OPP
(not much per person when divided over 4 years!, but a large collaborative effort
nonetheless).  I think this is just a way for DV to separate out those he wants to fund
(you) from those he doesn't....the award to Ed Cook is still inexplicable, given that is about
6 times larger than the average award he gives.
ray

At 09:45 AM 3/11/2005, Michael E. Mann wrote:

Scott,

Mostly ok, a few problems. Some of them important and requiring
careful attention:

1.  I assume that year ranges, temporal resolution, etc. are to be
added later???

2. Where are all of the long individual seasonally-resolved
instrumental records or the Luterbacher et al seasonally-resolved
European temperature reconstructions, etc.  We need to use one or
the other, but I see neither in the list!!  Recall that we need these
both as predictors, and for long-term verification.

3.  Where is the Black et al sediment record? This is an important
one. Doesn't quite extend to the present, but we can still use w/
RegEM:
ftp://ftp.ncdc.noaa.gov/pub/data/paleo/contributions_by_author/black1999/
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4. We appear to be missing some or all of the data used by Yang et
al (2002):
http://www.ncdc.noaa.gov/paleo/pubs/yang2002/yang2002.html

We need to make sure that we have all the data they used or, if
not, at least their composite series!

5. Make sure we haven't missed any of the records shown in Jones
and Mann (2004) in the data base.
http://www.ncdc.noaa.gov/paleo/pubs/jones2004/jones2004.html

6. Comments on specific records in list:

Record #14. Wrong data. We need to get the *original* Manley et al
monthly CET record back to AD 1659. It has some gaps in it, but
that's fine for our purposes. The de Bilt values need to be
eliminated. Ray should be able to provide you more information on
this...

Record #15:  Probably wrong data. The reference should be Pfister--
and, again, this needs to be udpated. Pfister has extended the
records much farther back than used by us in Mann et al, '98. In
fact, looks redundant with series 1182-1191. Please check.

Records #21 and #22: redundant. We should either use the raw
data or the calibrated temperature signal, but not both! I would
suggest using the raw grape harvest dates.

Records #43 and #44: look redundant--what's going on there?

Record #65 (Garcia et al, 2003): Do we have data or not? I'm
confused? Aren't these available through NCDC Paleo?

Records #80 and #81  (Hughen et al, 2003): appear to be the same
(isn't the temp reconstruction just a calibrated version of the
thickness? If so, these are redundant).

Record #1067: What kind of record is this? "NGRIP" doesn't indicate
if this is a borehole, accumulation, delta o18, record, etc.

Records # 1182-1192: Redundant with series #15? If so, eliminate
#15.

Records #1216-#1219: These look terribly redundant. How many
independent pieces of information are there really? apparently two at
most. we don't want or need the "temp reconstruction", just
whatever independent raw data is there.

Record #1233, Briffa Tornetrask series: I thought there was a more
recent, longer, and more conservatively standardized version of this
series from Keith et al. Need to make sure we have the right
version.

At 01:41 PM 3/8/2005, Scott Rutherford wrote:

Dear All,

Here we go.  Attached is the draft database in all its
glory. The proxies are sorted alphabetically by author.
Grey rows are tree rings from Malcolm or non-tree ring
data that I already had.  All colors are Ray's. If more
than one variable can be used (for example d18O and
d13C) from the same record there are two lines in the
database to represent the two files that will be used.
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Note that we are still in the process of formatting the
files so there may not be a file name for every proxy and
the references still need to be included, though I believe
we have nearly all of them.

Also is included a Word document (Database Changes)
with places for everyone to suggest additions, deletions
or changes. Please make all your comments in the word
file.

In case you want to know, the file "changes21505.doc"
contains a running comment and reply that went on
between Malcolm and Fenbiao and myself as we were
making changes to the tree-ring components. Items that
are struck-through have been completed. Note that we
will lose some dendro series to the CO2 fertilization issue,
that cut has yet to be made.

I will be away Monday and Tuesday of next week so let
us set the deadline line for comments to be Tuesday
March 15 at midnight. After that we will consider the
database closed and make the changes suggested.

In other notes, Malcolm and I have discussed the
implications for those who gave us data that are not yet
publicly available. (this mainly applies to Ray's data). We
have to consider the possibility (likelyhood?) that those
people will be pestered, harassed, attacked and possibly
taken to court via the Freedom of Information Act by
someone.  With that in mind, it would be wonderful if the
reconstructions and verifications did not depend on the
use of those proxies. I suspect that will not be the case,
but we will have to see.

Regards,

Scott

______________________________________________
Dr. Scott Rutherford
Assistant Professor
Dept. of Natural Sciences
Roger Williams University
e-mail: srutherford@rwu.edu
http://fox.rwu.edu/~rutherfo
phone: 
snail mail:
One Ferry Road
Bristol, RI 02809
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______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

Raymond S. Bradley 
Director, Climate System Research Center*
Department of Geosciences, University of Massachusetts
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel:  
Fax:  
*Climate System Research Center:  
        < http://www.paleoclimate.org> 
Paleoclimatology Book Web Site: http://www.geo.umass.edu/climate/paleo/html 
Publications (download .pdf files):
http://www.geo.umass.edu/faculty/bradley/bradleypub.html

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Scott Rutherford
Cc: Bradley Raymond; Hughes Malcolm; Tim Cook; fenbiao@ltrr.arizona.edu; Zhihua Zhang; Anderson Justin
Subject: Re: database
Date: Friday, March 11, 2005 8:10:34 AM

thanks Scott,

that sounds good,

mike

At 10:07 AM 3/11/2005, Scott Rutherford wrote:

Mike, 

There are a number of hidden columns in the spreadsheet. If you haven't changed
anything the column headings should jump from C to S. In the hidden columns are
the lat/long of each proxy, the beginning and end year along with other information,
some complete some less so. With the exception of the CET and central Europe
instrumental records, the seasonal instrumental records from Phil (He actually sent
monthly resolution) are not included, only proxies are listed. There are a number of
records that are sill probably redundant. We will be doing linear correlations between
each proxy and all the others to identify redundant series. 

I will attend to each item in your list when I get back next week as well as continuing
to fill out missing information, and will begin burying Zhang in data files. 

Scott 

On Mar 11, 2005, at 9:49 AM, Michael E. Mann wrote: 

We are also going to need information like latitude/longitude of each
record, so we can extract only records from a particular region (e.g.
tropics).. 

Scott: can you clarify where this other information (coordinates, temporal
resolution, age ranges) is contained?? 

mike 

At 09:45 AM 3/11/2005, Michael E. Mann wrote: 

Scott, 

Mostly ok, a few problems. Some of them important and requiring careful
attention: 

1.  I assume that year ranges, temporal resolution, etc. are to be added
later??? 

2. Where are all of the long individual seasonally-resolved instrumental
records or the Luterbacher et al seasonally-resolved European
temperature reconstructions, etc.  We need to use one or the other, but I
see neither in the list!!  Recall that we need these both as predictors, and
for long-term verification. 

3.  Where is the Black et al sediment record? This is an important one.
Doesn't quite extend to the present, but we can still use w/ RegEM: 
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ftp://ftp.ncdc.noaa.gov/pub/data/paleo/contributions_by_author/black1999/

4. We appear to be missing some or all of the data used by Yang et al
(2002): 
http://www.ncdc.noaa.gov/paleo/pubs/yang2002/yang2002.html 

We need to make sure that we have all the data they used or, if not, at
least their composite series! 

5. Make sure we haven't missed any of the records shown in Jones and
Mann (2004) in the data base. 
http://www.ncdc.noaa.gov/paleo/pubs/jones2004/jones2004.html 

6. Comments on specific records in list: 

Record #14. Wrong data. We need to get the *original* Manley et al
monthly CET record back to AD 1659. It has some gaps in it, but that's
fine for our purposes. The de Bilt values need to be eliminated. Ray
should be able to provide you more information on this... 

Record #15:  Probably wrong data. The reference should be Pfister--and,
again, this needs to be udpated. Pfister has extended the records much
farther back than used by us in Mann et al, '98. In fact, looks redundant
with series 1182-1191. Please check. 

Records #21 and #22: redundant. We should either use the raw data or
the calibrated temperature signal, but not both! I would suggest using the
raw grape harvest dates. 

Records #43 and #44: look redundant--what's going on there? 

Record #65 (Garcia et al, 2003): Do we have data or not? I'm confused?
Aren't these available through NCDC Paleo? 

Records #80 and #81  (Hughen et al, 2003): appear to be the same (isn't
the temp reconstruction just a calibrated version of the thickness? If so,
these are redundant). 

Record #1067: What kind of record is this? "NGRIP" doesn't indicate if
this is a borehole, accumulation, delta o18, record, etc. 

Records # 1182-1192: Redundant with series #15? If so, eliminate #15. 

Records #1216-#1219: These look terribly redundant. How many
independent pieces of information are there really? apparently two at
most. we don't want or need the "temp reconstruction", just whatever
independent raw data is there. 

Record #1233, Briffa Tornetrask series: I thought there was a more
recent, longer, and more conservatively standardized version of this series
from Keith et al. Need to make sure we have the right version. 

At 01:41 PM 3/8/2005, Scott Rutherford wrote: 

Dear All, 

Here we go.  Attached is the draft database in all its glory. The proxies
are sorted alphabetically by author. Grey rows are tree rings from Malcolm
or non-tree ring data that I already had.  All colors are Ray's. If more
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than one variable can be used (for example d18O and d13C) from the
same record there are two lines in the database to represent the two files
that will be used. Note that we are still in the process of formatting the
files so there may not be a file name for every proxy and the references
still need to be included, though I believe we have nearly all of them. 

Also is included a Word document (Database Changes) with places for
everyone to suggest additions, deletions or changes. Please make all your
comments in the word file. 

In case you want to know, the file "changes21505.doc" contains a running
comment and reply that went on between Malcolm and Fenbiao and
myself as we were making changes to the tree-ring components. Items
that are struck-through have been completed. Note that we will lose some
dendro series to the CO2 fertilization issue, that cut has yet to be made. 

I will be away Monday and Tuesday of next week so let us set the
deadline line for comments to be Tuesday March 15 at midnight. After
that we will consider the database closed and make the changes
suggested. 

In other notes, Malcolm and I have discussed the implications for those
who gave us data that are not yet publicly available. (this mainly applies
to Ray's data). We have to consider the possibility (likelyhood?) that those
people will be pestered, harassed, attacked and possibly taken to court
via the Freedom of Information Act by someone.  With that in mind, it
would be wonderful if the reconstructions and verifications did not depend
on the use of those proxies. I suspect that will not be the case, but we
will have to see. 

Regards, 

Scott 

______________________________________________ 
Dr. Scott Rutherford 
Assistant Professor 
Dept. of Natural Sciences 
Roger Williams University 
e-mail: srutherford@rwu.edu 
http://fox.rwu.edu/~rutherfo 
phone:  
snail mail: 
One Ferry Road 
Bristol, RI 02809 
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______________________________________________________________ 
                    Professor Michael E. Mann 
           Department of Environmental Sciences, Clark Hall 
                      University of Virginia 
                     Charlottesville, VA 22903 

_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml 

______________________________________________________________ 
                    Professor Michael E. Mann 
           Department of Environmental Sciences, Clark Hall 
                      University of Virginia 
                     Charlottesville, VA 22903 

_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml 

______________________________________________ 
Dr. Scott Rutherford 
Assistant Professor 
Dept. of Natural Sciences 
Roger Williams University 
e-mail: srutherford@rwu.edu 
http://fox.rwu.edu/~rutherfo 
phone:  
snail mail: 
One Ferry Road 
Bristol, RI 02809 

</blockquote></x-html>

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Scott Rutherford
Cc: Bradley Raymond; Hughes Malcolm; Tim Cook; fenbiao@ltrr.arizona.edu; Zhihua Zhang; Anderson Justin
Subject: Re: database
Date: Friday, March 11, 2005 8:10:34 AM

thanks Scott,

that sounds good,

mike

At 10:07 AM 3/11/2005, Scott Rutherford wrote:

Mike, 

There are a number of hidden columns in the spreadsheet. If you haven't changed
anything the column headings should jump from C to S. In the hidden columns are
the lat/long of each proxy, the beginning and end year along with other information,
some complete some less so. With the exception of the CET and central Europe
instrumental records, the seasonal instrumental records from Phil (He actually sent
monthly resolution) are not included, only proxies are listed. There are a number of
records that are sill probably redundant. We will be doing linear correlations between
each proxy and all the others to identify redundant series. 

I will attend to each item in your list when I get back next week as well as continuing
to fill out missing information, and will begin burying Zhang in data files. 

Scott 

On Mar 11, 2005, at 9:49 AM, Michael E. Mann wrote: 

We are also going to need information like latitude/longitude of each
record, so we can extract only records from a particular region (e.g.
tropics).. 

Scott: can you clarify where this other information (coordinates, temporal
resolution, age ranges) is contained?? 

mike 

At 09:45 AM 3/11/2005, Michael E. Mann wrote: 

Scott, 

Mostly ok, a few problems. Some of them important and requiring careful
attention: 

1.  I assume that year ranges, temporal resolution, etc. are to be added
later??? 

2. Where are all of the long individual seasonally-resolved instrumental
records or the Luterbacher et al seasonally-resolved European
temperature reconstructions, etc.  We need to use one or the other, but I
see neither in the list!!  Recall that we need these both as predictors, and
for long-term verification. 

3.  Where is the Black et al sediment record? This is an important one.
Doesn't quite extend to the present, but we can still use w/ RegEM: 

ABOR/MH/Priv-002700



ftp://ftp.ncdc.noaa.gov/pub/data/paleo/contributions_by_author/black1999/

4. We appear to be missing some or all of the data used by Yang et al
(2002): 
http://www.ncdc.noaa.gov/paleo/pubs/yang2002/yang2002.html 

We need to make sure that we have all the data they used or, if not, at
least their composite series! 

5. Make sure we haven't missed any of the records shown in Jones and
Mann (2004) in the data base. 
http://www.ncdc.noaa.gov/paleo/pubs/jones2004/jones2004.html 

6. Comments on specific records in list: 

Record #14. Wrong data. We need to get the *original* Manley et al
monthly CET record back to AD 1659. It has some gaps in it, but that's
fine for our purposes. The de Bilt values need to be eliminated. Ray
should be able to provide you more information on this... 

Record #15:  Probably wrong data. The reference should be Pfister--and,
again, this needs to be udpated. Pfister has extended the records much
farther back than used by us in Mann et al, '98. In fact, looks redundant
with series 1182-1191. Please check. 

Records #21 and #22: redundant. We should either use the raw data or
the calibrated temperature signal, but not both! I would suggest using the
raw grape harvest dates. 

Records #43 and #44: look redundant--what's going on there? 

Record #65 (Garcia et al, 2003): Do we have data or not? I'm confused?
Aren't these available through NCDC Paleo? 

Records #80 and #81  (Hughen et al, 2003): appear to be the same (isn't
the temp reconstruction just a calibrated version of the thickness? If so,
these are redundant). 

Record #1067: What kind of record is this? "NGRIP" doesn't indicate if
this is a borehole, accumulation, delta o18, record, etc. 

Records # 1182-1192: Redundant with series #15? If so, eliminate #15. 

Records #1216-#1219: These look terribly redundant. How many
independent pieces of information are there really? apparently two at
most. we don't want or need the "temp reconstruction", just whatever
independent raw data is there. 

Record #1233, Briffa Tornetrask series: I thought there was a more
recent, longer, and more conservatively standardized version of this series
from Keith et al. Need to make sure we have the right version. 

At 01:41 PM 3/8/2005, Scott Rutherford wrote: 

Dear All, 

Here we go.  Attached is the draft database in all its glory. The proxies
are sorted alphabetically by author. Grey rows are tree rings from Malcolm
or non-tree ring data that I already had.  All colors are Ray's. If more
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than one variable can be used (for example d18O and d13C) from the
same record there are two lines in the database to represent the two files
that will be used. Note that we are still in the process of formatting the
files so there may not be a file name for every proxy and the references
still need to be included, though I believe we have nearly all of them. 

Also is included a Word document (Database Changes) with places for
everyone to suggest additions, deletions or changes. Please make all your
comments in the word file. 

In case you want to know, the file "changes21505.doc" contains a running
comment and reply that went on between Malcolm and Fenbiao and
myself as we were making changes to the tree-ring components. Items
that are struck-through have been completed. Note that we will lose some
dendro series to the CO2 fertilization issue, that cut has yet to be made. 

I will be away Monday and Tuesday of next week so let us set the
deadline line for comments to be Tuesday March 15 at midnight. After
that we will consider the database closed and make the changes
suggested. 

In other notes, Malcolm and I have discussed the implications for those
who gave us data that are not yet publicly available. (this mainly applies
to Ray's data). We have to consider the possibility (likelyhood?) that those
people will be pestered, harassed, attacked and possibly taken to court
via the Freedom of Information Act by someone.  With that in mind, it
would be wonderful if the reconstructions and verifications did not depend
on the use of those proxies. I suspect that will not be the case, but we
will have to see. 

Regards, 

Scott 

______________________________________________ 
Dr. Scott Rutherford 
Assistant Professor 
Dept. of Natural Sciences 
Roger Williams University 
e-mail: srutherford@rwu.edu 
http://fox.rwu.edu/~rutherfo 
phone:  
snail mail: 
One Ferry Road 
Bristol, RI 02809 
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ABOR/MH/Priv-002703



From: Michael E. Mann
To: Scott Rutherford; Bradley Raymond; Hughes Malcolm; Tim Cook; fenbiao@ltrr.arizona.edu; Zhihua Zhang
Cc: Anderson Justin
Subject: Re: database
Date: Friday, March 11, 2005 7:50:40 AM

We are also going to need information like latitude/longitude of each record, so we can
extract only records from a particular region (e.g. tropics)..

Scott: can you clarify where this other information (coordinates, temporal resolution, age
ranges) is contained??

mike

At 09:45 AM 3/11/2005, Michael E. Mann wrote:

Scott,

Mostly ok, a few problems. Some of them important and requiring careful
attention:

1.  I assume that year ranges, temporal resolution, etc. are to be added later??
?

2. Where are all of the long individual seasonally-resolved instrumental records
or the Luterbacher et al seasonally-resolved European temperature
reconstructions, etc.  We need to use one or the other, but I see neither in the
list!!  Recall that we need these both as predictors, and for long-term
verification.

3.  Where is the Black et al sediment record? This is an important one. Doesn't
quite extend to the present, but we can still use w/ RegEM:
ftp://ftp.ncdc.noaa.gov/pub/data/paleo/contributions_by_author/black1999/

4. We appear to be missing some or all of the data used by Yang et al (2002):
http://www.ncdc.noaa.gov/paleo/pubs/yang2002/yang2002.html

We need to make sure that we have all the data they used or, if not, at least
their composite series!

5. Make sure we haven't missed any of the records shown in Jones and Mann
(2004) in the data base.
http://www.ncdc.noaa.gov/paleo/pubs/jones2004/jones2004.html

6. Comments on specific records in list:

Record #14. Wrong data. We need to get the *original* Manley et al monthly
CET record back to AD 1659. It has some gaps in it, but that's fine for our
purposes. The de Bilt values need to be eliminated. Ray should be able to
provide you more information on this...

Record #15:  Probably wrong data. The reference should be Pfister--and,
again, this needs to be udpated. Pfister has extended the records much farther
back than used by us in Mann et al, '98. In fact, looks redundant with series
1182-1191. Please check.

Records #21 and #22: redundant. We should either use the raw data or the
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calibrated temperature signal, but not both! I would suggest using the raw
grape harvest dates.

Records #43 and #44: look redundant--what's going on there?

Record #65 (Garcia et al, 2003): Do we have data or not? I'm confused? Aren't
these available through NCDC Paleo?

Records #80 and #81  (Hughen et al, 2003): appear to be the same (isn't the
temp reconstruction just a calibrated version of the thickness? If so, these are
redundant).

Record #1067: What kind of record is this? "NGRIP" doesn't indicate if this is a
borehole, accumulation, delta o18, record, etc.

Records # 1182-1192: Redundant with series #15? If so, eliminate #15.

Records #1216-#1219: These look terribly redundant. How many independent
pieces of information are there really? apparently two at most. we don't want or
need the "temp reconstruction", just whatever independent raw data is there.

Record #1233, Briffa Tornetrask series: I thought there was a more recent,
longer, and more conservatively standardized version of this series from Keith
et al. Need to make sure we have the right version.

At 01:41 PM 3/8/2005, Scott Rutherford wrote:

Dear All,

Here we go.  Attached is the draft database in all its glory. The
proxies are sorted alphabetically by author. Grey rows are tree rings
from Malcolm or non-tree ring data that I already had.  All colors are
Ray's. If more than one variable can be used (for example d18O
and d13C) from the same record there are two lines in the database
to represent the two files that will be used. Note that we are still in
the process of formatting the files so there may not be a file name
for every proxy and the references still need to be included, though
I believe we have nearly all of them.

Also is included a Word document (Database Changes) with places
for everyone to suggest additions, deletions or changes. Please
make all your comments in the word file.

In case you want to know, the file "changes21505.doc" contains a
running comment and reply that went on between Malcolm and
Fenbiao and myself as we were making changes to the tree-ring
components. Items that are struck-through have been completed.
Note that we will lose some dendro series to the CO2 fertilization
issue, that cut has yet to be made.

I will be away Monday and Tuesday of next week so let us set the
deadline line for comments to be Tuesday March 15 at midnight.
After that we will consider the database closed and make the
changes suggested.

In other notes, Malcolm and I have discussed the implications for
those who gave us data that are not yet publicly available. (this
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mainly applies to Ray's data). We have to consider the possibility
(likelyhood?) that those people will be pestered, harassed, attacked
and possibly taken to court via the Freedom of Information Act by
someone.  With that in mind, it would be wonderful if the
reconstructions and verifications did not depend on the use of those
proxies. I suspect that will not be the case, but we will have to see.

Regards,

Scott

______________________________________________
Dr. Scott Rutherford
Assistant Professor
Dept. of Natural Sciences
Roger Williams University
e-mail: srutherford@rwu.edu
http://fox.rwu.edu/~rutherfo
phone: 
snail mail:
One Ferry Road
Bristol, RI 02809

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Scott Rutherford; Bradley Raymond; Hughes Malcolm; Tim Cook; fenbiao@ltrr.arizona.edu; Zhihua Zhang
Cc: Anderson Justin; mann@virginia.edu
Subject: Re: database
Date: Friday, March 11, 2005 7:46:28 AM

Scott,

Mostly ok, a few problems. Some of them important and requiring careful attention:

1.  I assume that year ranges, temporal resolution, etc. are to be added later???

2. Where are all of the long individual seasonally-resolved instrumental records or the
Luterbacher et al seasonally-resolved European temperature reconstructions, etc.  We
need to use one or the other, but I see neither in the list!!  Recall that we need
these both as predictors, and for long-term verification.

3.  Where is the Black et al sediment record? This is an important one. Doesn't quite
extend to the present, but we can still use w/ RegEM:
ftp://ftp.ncdc.noaa.gov/pub/data/paleo/contributions_by_author/black1999/

4. We appear to be missing some or all of the data used by Yang et al (2002):
http://www.ncdc.noaa.gov/paleo/pubs/yang2002/yang2002.html

We need to make sure that we have all the data they used or, if not, at least their
composite series!

5. Make sure we haven't missed any of the records shown in Jones and Mann (2004)
in the data base.
http://www.ncdc.noaa.gov/paleo/pubs/jones2004/jones2004.html

6. Comments on specific records in list:

Record #14. Wrong data. We need to get the *original* Manley et al monthly CET
record back to AD 1659. It has some gaps in it, but that's fine for our purposes. The
de Bilt values need to be eliminated. Ray should be able to provide you more
information on this...

Record #15:  Probably wrong data. The reference should be Pfister--and, again, this
needs to be udpated. Pfister has extended the records much farther back than used
by us in Mann et al, '98. In fact, looks redundant with series 1182-1191. Please
check.

Records #21 and #22: redundant. We should either use the raw data or the
calibrated temperature signal, but not both! I would suggest using the raw grape
harvest dates.

Records #43 and #44: look redundant--what's going on there?

Record #65 (Garcia et al, 2003): Do we have data or not? I'm confused? Aren't these
available through NCDC Paleo?

Records #80 and #81  (Hughen et al, 2003): appear to be the same (isn't the temp
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reconstruction just a calibrated version of the thickness? If so, these are redundant).

Record #1067: What kind of record is this? "NGRIP" doesn't indicate if this is a
borehole, accumulation, delta o18, record, etc.

Records # 1182-1192: Redundant with series #15? If so, eliminate #15.

Records #1216-#1219: These look terribly redundant. How many independent pieces
of information are there really? apparently two at most. we don't want or need the
"temp reconstruction", just whatever independent raw data is there.

Record #1233, Briffa Tornetrask series: I thought there was a more recent, longer,
and more conservatively standardized version of this series from Keith et al. Need to
make sure we have the right version.

At 01:41 PM 3/8/2005, Scott Rutherford wrote:

Dear All,

Here we go.  Attached is the draft database in all its glory. The proxies
are sorted alphabetically by author. Grey rows are tree rings from Malcolm
or non-tree ring data that I already had.  All colors are Ray's. If more
than one variable can be used (for example d18O and d13C) from the
same record there are two lines in the database to represent the two files
that will be used. Note that we are still in the process of formatting the
files so there may not be a file name for every proxy and the references
still need to be included, though I believe we have nearly all of them.

Also is included a Word document (Database Changes) with places for
everyone to suggest additions, deletions or changes. Please make all your
comments in the word file.

In case you want to know, the file "changes21505.doc" contains a running
comment and reply that went on between Malcolm and Fenbiao and
myself as we were making changes to the tree-ring components. Items
that are struck-through have been completed. Note that we will lose some
dendro series to the CO2 fertilization issue, that cut has yet to be made.

I will be away Monday and Tuesday of next week so let us set the
deadline line for comments to be Tuesday March 15 at midnight. After
that we will consider the database closed and make the changes
suggested.

In other notes, Malcolm and I have discussed the implications for those
who gave us data that are not yet publicly available. (this mainly applies
to Ray's data). We have to consider the possibility (likelyhood?) that those
people will be pestered, harassed, attacked and possibly taken to court
via the Freedom of Information Act by someone.  With that in mind, it
would be wonderful if the reconstructions and verifications did not depend
on the use of those proxies. I suspect that will not be the case, but we
will have to see.

Regards,
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Scott

______________________________________________
Dr. Scott Rutherford
Assistant Professor
Dept. of Natural Sciences
Roger Williams University
e-mail: srutherford@rwu.edu
http://fox.rwu.edu/~rutherfo
phone: 
snail mail:
One Ferry Road
Bristol, RI 02809

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Scott Rutherford
Cc: Hughes Malcolm; fenbiao@ltrr.arizona.edu; Bradley Raymond; Zhihua Zhang
Subject: Re: Ice core data inventory
Date: Tuesday, February 15, 2005 7:19:48 PM

Sounds great! I'll look forward to an update last next week then--I'd like to see the completed
database info before we proceed...

thanks,

mike

At 09:16 PM 2/15/2005, Scott Rutherford wrote:

Mike, 

We are just about there. We are still tweaking the tree ring database. There are
individual ITRDB series that were used in various composites and we are still sifting
few some additions/deletions/replacements. 

My student has just about finished reformatting Ray's data into files suitable for
Zhang's programs. I'm sure there are a number of other details to be worked out,
but I should be sending out a "complete data inventory" by the end of the week with
all the tree issues resolved (maybe).   That will give everyone one more look at it to
add/delete series. After that we will call the database "closed" and complete any
remaining file formatting, moving of files, etc. 

I think we can look at the end of next week for having a completed, closed, non-
redundant, formatted, database in place. 

Scott 

On Feb 15, 2005, at 8:25 PM, Michael E. Mann wrote: 

Dear Scott, Zhang, Malcolm: 

So where do we stand on the proxy data base now? Is the tree-ring
situation straightened away, and the database info finalized? Are we
ready to move forward now? 

Thanks, 

Mike 

At 03:59 PM 2/15/2005, Tim Cook wrote: 

Attached are two maps (northern and southern hemisphere) of the proxy
data locations in our database. 

-Tim 

______________________________________________________________ 
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From: Michael E. Mann
To: Tim Cook; Malcolm Hughes
Cc: Scott Rutherford; Bradley Raymond; Zhihua Zhang; Frank Keimig; fenbiao@ltrr.arizona.edu; Anderson Justin;

mann@virginia.edu
Subject: Re: Ice core data inventory
Date: Tuesday, February 15, 2005 6:28:23 PM

Dear Scott, Zhang, Malcolm:

So where do we stand on the proxy data base now? Is the tree-ring situation
straightened away, and the database info finalized? Are we ready to move forward
now?

Thanks,

Mike

At 03:59 PM 2/15/2005, Tim Cook wrote:

Attached are two maps (northern and southern hemisphere) of the proxy
data locations in our database.

-Tim

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes; Scott Rutherford; fenbiao@ltrr.arizona.edu; Raymond Bradley
Subject: Re: some more data questions
Date: Friday, February 11, 2005 5:19:16 PM

HI Malcolm,

Sounds good.

Only comment is that we do, of course, want to make use of any conservatively
standardized tree-ring series for both low and high-frequencies.  We should,
however, have a standard for minimum replication, so that should be included in the
metadatafile....

Mike

At 06:33 PM 2/11/2005, Malcolm Hughes wrote:

Gentlemen - I seek you approval of the following:
1. On reflection, I think we could/should omit the 60 "Soviet" tree-ring
width series we got from Vaganov. We included them in 1997 because we
did not have access to the Schweingruber data and so had nothing else
up there. It's a pretty good dataset, but we are missing some specific
information about it. They were cored from the same tree-line trees as
the Schweingruber density data. This does not apply to many of the
Vaganov/Shishov data from the rest of Siberia, so leave them in. OK?

2. Back in 2002/2003 when we were discussing strategy for this exercise,
we saw the ITRDB tree rings as almost exclusively a high-frequency
source. As a result, we only required 8 trees as far back as 1800, thus
including a huge mass of data for the 19th (and 18th) centuries. OK. The
problem comes as we step back further -by the time we get to the 15th
and 16th centuries we may be including really poorly replicated series.
This of course, becomes very hairy the further back we go.What I suggest
is that we include 1(2) more column(s) in Scott's metadatafile containing
for each (non-Osborn) tree-ring based chronology the first year in which it
is based on 5(10) series. In this way, you could avoid using the early,
really poorly replicated, very dangerous parts of any of the tree-ring
series. This make sense?
Cheers, Malcolm

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes; Scott Rutherford
Cc: Bradley Raymond; Zhihua Zhang; Frank Keimig; Tim Cook; fenbiao@ltrr.arizona.edu; Anderson Justin;

mann@virginia.edu
Subject: Re: Ice core data inventory
Date: Thursday, February 03, 2005 6:50:03 PM

Hi Malcolm,

Thanks--I concur fully on issues #1 and #2...

Regarding issue #3, I think we should remove the redundant chronologies from the
ITRDB for which we have more conservatively standardized versions. What do others
thing?

mike

At 07:22 PM 2/3/2005, Malcolm Hughes wrote:

Gentlemen - in clearing up redundancies in the tree-ring part of the
dataset some general issues arise on which decisions need to be made. I
think we are already clear that the only density data to include, other
than the Osborn gridded set, are those contributed by others and not
included in the original Schweingruber set from which the Osborn is
derived. That's easy.
The second thing that I think is easy is that there are a number of
locations for which more than one tree-ring chronology is included
because more than one variable was used, for example ring-width and
maximum density chronologies from the same places in Kashmir submitted
by me. The Stahle set including ring width, earlywood width and latewood
width falls into the same category. Although they may be well correlated,
they are not redundant, so I think they should all stay in.
The third issue may be more difficult. A number of authors have gone to
great trouble to produce tree-ring chronologies, for example using RCS,
retaining as much centenniial-scale variation as possible. This would apply,
for example, to the reworked set Ricardo Villalba gave us in 98. It seems
to me that these are very important to our objectives (especially for the
pre AD 1000 part) and should be included. My question is, however,
whether to also include the less conservatively standardized versions of
hte same chronologies that we may have picked up in our search of the
ITRDB, or to go in and remove those?
CHeers, Malcolm

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Scott Rutherford
Cc: Bradley Raymond; Hughes Malcolm; Zhihua Zhang; Frank Keimig; Tim Cook; fenbiao@ltrr.arizona.edu; Anderson Justin;

mann@virginia.edu
Subject: Re: Ice core data inventory
Date: Wednesday, February 02, 2005 6:22:50 AM

Thanks Scott,

That sounds like a good policy. While you guys are making sure that all of the other data are
ready to go (i.e., taking care of the formatting, interpolating, etc.), we can still await more series
and the resolution by Malcolm, Fenbiao, and you of the issues w/ the ITRDB data. Meanwhile,
Phil Jones is apparently going to be providing us w/ some addditional long instrumental series
(they may or may not be redundant w/ what we already have--we'll need to check this).

I'm hoping that this can all be done within 1-2 weeks, and that we'll be ready to go w/ the new
reconstructions at that point.

Please keep us updated.

Thanks,

Mike

At 01:05 PM 2/1/2005, Scott Rutherford wrote:

Dear All, 

I 'm almost in agreement with Mike on freezing the database.  It will take Zhang and
I a little time to go through the data files and prepare them for the reconstructions
(formatting, interpolating, etc.).  I suggest we leave the database open until that is
near completion because the addition of new series up until then will not require any
repeat of work and Ray mentioned a couple series that he was still trying to get.
Zhang and I will send out an official "database closed" e-mail when this process is
near completion. 

Malclom and Fenbiao have provided me with the correction to the tree-ring portion of
the database so that is just about resolved as soon as I can go through and
straighten things out. 

The Monte Carlo procedure is running and is flexible enough to handle any number
of input variables (2000 gridboxes or 1NH mean). It's giving reasonable results, but I
do want to go through the code one more time to be sure everything is correct and I
will ask Zhang to take a look at it as well. 

Now the disclaimer: It will be interesting to see what is computationally possible.
When I did the most recent regem reconstructions we were dealing with a maximum
of ~230 proxies, now we will have something like 2000, with about 1000 tree rings.
That alone may make the PC or not to PC decision for us. 

Regards, 

Scott 

On Feb 1, 2005, at 11:07 AM, Michael E. Mann wrote: 

Dear All, 
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This should complete the data for our initial revised reconstructions. We
can always add in more proxy data towards the final stages, and redo the
reconstructions. 

But I suggest we now "freeze" the proxy data set based on what has now
been received. 

Scott, Zhang: Can you go through, make sure there are no data problems
(missing values, obvious outliers, etc.), add any metadata necessary to
include in the reconstructions, marking those data taht should only be
used in decadal band, etc. 

Then, pending resolution w/ Malcolm on ITRDB data, we should proceed
immediately with the new reconstructions. 

Scott should have the Monte Carlo procedure working shortly (Scott-any
updates on this?). 

Thanks, 

Mike 

At 11:00 AM 2/1/2005, raymond s. bradley wrote: 

I attach the ice core data inventory.  This includes a number of files from
Dave Fisher that are not available elsewhere, plus some other records
(GISP2 accumulation, Vostok del 18O) that are also otherwise
unavailable.  

This completes the non-tree-ring data sets that I have compiled.  I will
continue to dig around for more data, and distribute additional files as
these become available. 

You should all now have data inventories, & associated data files, for: 

ice cores 
historical documentary records 
lake sediments 
speleothems 
corals 
...& of course, tree rings. 

I have tried to be careful in putting these files together, but there may be
still some errors (M&M, please note...).  If anybody sees something that
looks strange, let me know right away & I'll try to correct the problem.  

I will ask Tim Cook here to compile new maps on the non-tree ring data
distribution and circulate these asap. 

I'll be away Feb 2-14 & 2/16-18..with intermittent email contact. 
Ray 

Raymond S. Bradley 
Director, Climate System Research Center* 
Department of Geosciences, University of Massachusetts 
Morrill Science Center 
611 North Pleasant Street 
AMHERST, MA 01003-9297 

ABOR/MH/Priv-002717



Tel:  
Fax:  
*Climate System Research Center:  
        <http://www.paleoclimate.org> 
Paleoclimatology Book Web Site:
http://www.geo.umass.edu/climate/paleo/html 
Publications (download .pdf files):
http://www.geo.umass.edu/faculty/bradley/bradleypub.html 
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Dept. of Natural Sciences 
Roger Williams University 
e-mail: srutherford@rwu.edu 
http://fox.rwu.edu/~rutherfo 
phone:  
snail mail: 
One Ferry Road 
Bristol, RI 02809 

</blockquote></x-html>

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: raymond s. bradley; srutherford@rwu.edu; mhughes@ltrr.arizona.edu; zz9t@virginia.edu
Cc: frank@geo.umass.edu; mann@virginia.edu
Subject: Re: Ice core data inventory
Date: Tuesday, February 01, 2005 9:07:51 AM

Dear All,

This should complete the data for our initial revised reconstructions. We can always
add in more proxy data towards the final stages, and redo the reconstructions.

But I suggest we now "freeze" the proxy data set based on what has now been
received.

Scott, Zhang: Can you go through, make sure there are no data problems (missing
values, obvious outliers, etc.), add any metadata necessary to include in the
reconstructions, marking those data taht should only be used in decadal band, etc.

Then, pending resolution w/ Malcolm on ITRDB data, we should proceed immediately
with the new reconstructions.

Scott should have the Monte Carlo procedure working shortly (Scott-any updates on
this?).

Thanks,

Mike

At 11:00 AM 2/1/2005, raymond s. bradley wrote:

I attach the ice core data inventory.  This includes a number of files from
Dave Fisher that are not available elsewhere, plus some other records
(GISP2 accumulation, Vostok del 18O) that are also otherwise
unavailable.  

This completes the non-tree-ring data sets that I have compiled.  I will
continue to dig around for more data, and distribute additional files as
these become available.

You should all now have data inventories, & associated data files, for:

ice cores
historical documentary records
lake sediments
speleothems
corals
...& of course, tree rings.

I have tried to be careful in putting these files together, but there may be
still some errors (M&M, please note...).  If anybody sees something that
looks strange, let me know right away & I'll try to correct the problem.  

I will ask Tim Cook here to compile new maps on the non-tree ring data
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distribution and circulate these asap.

I'll be away Feb 2-14 & 2/16-18..with intermittent email contact.
Ray

Raymond S. Bradley 
Director, Climate System Research Center*
Department of Geosciences, University of Massachusetts
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel:  
Fax:  
*Climate System Research Center:  
        <http://www.paleoclimate.org> 
Paleoclimatology Book Web Site:
http://www.geo.umass.edu/climate/paleo/html 
Publications (download .pdf files):
http://www.geo.umass.edu/faculty/bradley/bradleypub.html

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: raymond s. bradley; srutherford@rwu.edu; mhughes@ltrr.arizona.edu; zz9t@virginia.edu
Cc: frank@geo.umass.edu; mann@virginia.edu
Subject: Re: Ice core data inventory
Date: Tuesday, February 01, 2005 9:07:51 AM

Dear All,

This should complete the data for our initial revised reconstructions. We can always
add in more proxy data towards the final stages, and redo the reconstructions.

But I suggest we now "freeze" the proxy data set based on what has now been
received.

Scott, Zhang: Can you go through, make sure there are no data problems (missing
values, obvious outliers, etc.), add any metadata necessary to include in the
reconstructions, marking those data taht should only be used in decadal band, etc.

Then, pending resolution w/ Malcolm on ITRDB data, we should proceed immediately
with the new reconstructions.

Scott should have the Monte Carlo procedure working shortly (Scott-any updates on
this?).

Thanks,

Mike

At 11:00 AM 2/1/2005, raymond s. bradley wrote:

I attach the ice core data inventory.  This includes a number of files from
Dave Fisher that are not available elsewhere, plus some other records
(GISP2 accumulation, Vostok del 18O) that are also otherwise
unavailable.  

This completes the non-tree-ring data sets that I have compiled.  I will
continue to dig around for more data, and distribute additional files as
these become available.

You should all now have data inventories, & associated data files, for:

ice cores
historical documentary records
lake sediments
speleothems
corals
...& of course, tree rings.

I have tried to be careful in putting these files together, but there may be
still some errors (M&M, please note...).  If anybody sees something that
looks strange, let me know right away & I'll try to correct the problem.  

I will ask Tim Cook here to compile new maps on the non-tree ring data
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distribution and circulate these asap.

I'll be away Feb 2-14 & 2/16-18..with intermittent email contact.
Ray

Raymond S. Bradley 
Director, Climate System Research Center*
Department of Geosciences, University of Massachusetts
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel:  
Fax:  
*Climate System Research Center:  
        <http://www.paleoclimate.org> 
Paleoclimatology Book Web Site:
http://www.geo.umass.edu/climate/paleo/html 
Publications (download .pdf files):
http://www.geo.umass.edu/faculty/bradley/bradleypub.html

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: raymond s. bradley; srutherford@rwu.edu; mhughes@ltrr.arizona.edu; zz9t@virginia.edu
Cc: drdendro@ldeo.columbia.edu; frank@geo.umass.edu
Subject: Re: Ice core data inventory
Date: Tuesday, February 01, 2005 9:03:28 AM

HI Ray,

Thanks--not sure why you sent this to Ed Cook. I think you meant to send to Tim
Cook?

Sorry Ed!

mike

At 11:00 AM 2/1/2005, raymond s. bradley wrote:

I attach the ice core data inventory.  This includes a number of files from
Dave Fisher that are not available elsewhere, plus some other records
(GISP2 accumulation, Vostok del 18O) that are also otherwise
unavailable.  

This completes the non-tree-ring data sets that I have compiled.  I will
continue to dig around for more data, and distribute additional files as
these become available.

You should all now have data inventories, & associated data files, for:

ice cores
historical documentary records
lake sediments
speleothems
corals
...& of course, tree rings.

I have tried to be careful in putting these files together, but there may be
still some errors (M&M, please note...).  If anybody sees something that
looks strange, let me know right away & I'll try to correct the problem.  

I will ask Tim Cook here to compile new maps on the non-tree ring data
distribution and circulate these asap.

I'll be away Feb 2-14 & 2/16-18..with intermittent email contact.
Ray

Raymond S. Bradley 
Director, Climate System Research Center*
Department of Geosciences, University of Massachusetts
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

ABOR/MH/Priv-002723



Tel:  
Fax:  
*Climate System Research Center:  
        <http://www.paleoclimate.org> 
Paleoclimatology Book Web Site:
http://www.geo.umass.edu/climate/paleo/html 
Publications (download .pdf files):
http://www.geo.umass.edu/faculty/bradley/bradleypub.html

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: raymond s. bradley
To: srutherford@rwu.edu; mann@multiproxy.evsc.virginia.edu; mhughes@ltrr.arizona.edu; zz9t@virginia.edu
Cc: drdendro@ldeo.columbia.edu; frank@geo.umass.edu
Subject: Ice core data inventory
Date: Tuesday, February 01, 2005 9:01:22 AM
Attachments: Ice core data inventory 2005.xls

I attach the ice core data inventory.  This includes a number of files from Dave
Fisher that are not available elsewhere, plus some other records (GISP2
accumulation, Vostok del 18O) that are also otherwise unavailable.  

This completes the non-tree-ring data sets that I have compiled.  I will continue to
dig around for more data, and distribute additional files as these become available.

You should all now have data inventories, & associated data files, for:

ice cores
historical documentary records
lake sediments
speleothems
corals
...& of course, tree rings.

I have tried to be careful in putting these files together, but there may be still some
errors (M&M, please note...).  If anybody sees something that looks strange, let me
know right away & I'll try to correct the problem.  

I will ask Tim Cook here to compile new maps on the non-tree ring data distribution
and circulate these asap.

I'll be away Feb 2-14 & 2/16-18..with intermittent email contact.
Ray

Raymond S. Bradley 
Director, Climate System Research Center*
Department of Geosciences, University of Massachusetts
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel:  
Fax:  
*Climate System Research Center:  
        <http://www.paleoclimate.org> 
Paleoclimatology Book Web Site: http://www.geo.umass.edu/climate/paleo/html 
Publications (download .pdf files):
http://www.geo.umass.edu/faculty/bradley/bradleypub.html
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KEY to COLUMN E

Ice 8001 = O-18
8002 = deuterium
8003 = accumulation
8004 = melt %
8005 = other (dust, gases etc)
8006= derived parameter (PC, or other index)

Mann et al 1998 used:
Greenland                  Ice melt             summer air temp   66N   45W   1545     Kameda et al, 1996
Svalbard                   Ice melt             summer air temp   79N   17W   1400     Tarussov 1992
Penny                      Ice O-18             (temp)            70N   70W   1718     Fisher et al 1998
Central Greenland (Stack)  Ice O-18             (temp)            77N   60W    553     Fisher et al 1996
Quelccaya summit core         Ice O-18             (air temp)        14S   71W    470     Thompson 1982
Quelccaya summit core         Ice accumulation     precip             "     "     488          "
Quelccaya Core  2           Ice O-18             (air temp)         "     "     744          "
Quelccaya Core  2     Ice accumulation     precip             "     "     744          "
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Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

1971 -5.64 1961 2.721 1985.499 94 1972 -1.357 1973 2907 1971 16.8 1982 -0.418 1970 -23.5096

1970 -4.3665 1956 3.038 1983.994 100 1971 0.445 1972 2911 1966 18.8 1981 -0.482 1969 -24.313

1969 2.3865 1951 1.611 1982.485 100 1970 0.125 1971 2782 1961 21.06 1980 -0.415 1968 -22.6863

1968 -1.464 1946 1.209 1980.972 75 1969 0.255 1970 2650 1956 24.72 1979 -1.674 1967 -24.3011

1967 -2.499 1941 2.156 1979.454 26 1968 0.465 1969 2719 1951 17.61 1978 0.602 1966 -24.8912

1966 -2.4345 1936 4.495 1977.933 60 1967 -0.568 1968 3100 1946 5.91 1977 1.614 1965 -24.0107

1965 -0.4005 1931 1.794 1976.407 71 1966 -0.769 1967 2950 1941 8.83 1976 0.658 1964 -23.4773

1964 -0.6105 1926 0.914 1974.878 100 1965 0.258 1966 2722 1936 9.23 1975 0.246 1963 -25.6888

1963 -2.3234 1921 0.832 1973.344 91 1964 -0.994 1965 2688 1931 23.81 1974 0.081 1962 -24.4631

1962 -3.6105 1916 1.077 1971.806 100 1963 -0.957 1964 2706 1926 19.75 1973 -0.169 1961 -23.0196

1961 -5.282 1911 1.012 1970.264 100 1962 -0.567 1963 2729 1921 10.19 1972 -0.373 1960 -23.556

1960 -5.855 1906 1.795 1968.717 100 1961 -0.089 1962 2771 1916 11.94 1971 -0.381 1959 -23.2763

1959 -7.295 1901 0.715 1967.167 100 1960 0.864 1961 2740 1911 7.61 1970 -0.109 1958 -23.5929

1958 -6.429 1896 -0.176 1965.612 100 1959 -0.545 1960 2896 1906 6.4 1969 0.239 1957 -23.0596

1957 -6.964 1891 -0.247 1964.053 97 1958 -0.685 1959 2753 1901 8.97 1968 0.781 1956 -23.8126

1956 -6.351 1886 0.654 1962.49 37 1957 -0.275 1958 2684 1896 10.69 1967 -0.199 1955 -23.172

1955 -5.922 1881 1.024 1960.922 82 1956 -0.608 1957 2541 1891 8 1966 0.399 1954 -24.5723

1954 -2.55 1876 0.877 1959.35 81 1955 -0.209 1956 2699 1886 8.02 1965 0.855 1953 -23.9662

1953 -2.404 1871 2.028 1957.774 100 1954 -0.005 1955 2850 1881 7.31 1964 1.019 1952 -24.6786

1952 -2.435 1866 0.17 1956.194 75 1953 -0.21 1954 2793 1876 13.39 1963 0.335 1951 -24.5105

1951 -1.526 1861 0.475 1954.609 81 1952 0.251 1953 2801 1871 11.05 1962 0.347 1950 -24.7239

1950 -0.221 1856 -0.227 1953.019 100 1951 -0.401 1952 2707 1866 8.63 1961 0.651 1949 -24.6144

1949 0.323 1851 0.224 1951.426 77 1950 -1.425 1951 2702 1861 8.96 1960 0.008 1948 -23.9863

1948 1.076 1846 -0.459 1949.828 100 1949 -1.053 1950 2626 1856 9.53 1959 0.736 1947 -23.987

1947 1.501 1841 -0.357 1948.225 37 1948 0.127 1949 2674 1851 7.87 1958 -0.175 1946 -24.6633

1946 1.744 1836 -0.161 1946.619 38 1947 0.056 1948 2743 1846 3.34 1957 -1.138 1945 -25.5653

1945 0.589 1831 -0.184 1945.007 27 1946 1.125 1947 2650 1841 3.27 1956 -0.447 1944 -25.201

1944 0.445 1826 -0.339 1943.391 100 1945 0.629 1946 2697 1836 3.39 1955 -0.138 1943 -25.4229

1943 -1.895 1821 -0.198 1941.771 93 1944 -0.626 1945 2698 1831 3.35 1954 -0.272 1942 -25.2679
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

1992 92.9664 1992 44.4792 1970 10.43 1974 -25.69 2000 0.7 1984 -19.93 1.521 2000 -16.55 1987 -10.09
1991 47.9194 1991 62.5768 1969 10.28 1973 -25.96 1999 0.73 1983 -13.92 1.1205 1990 -17.70 1980 -10.33
1990 21.9141 1990 55.9624 1968 10.14 1972 -26.97 1998 0.58 1982 -19.22 1.649 1980 -18.48 1970 -10.39
1989 40.6818 1989 51.7287 1967 9.82 1971 -25.05 1997 0.59 1981 -17.435 1.389 1970 -16.75 1960 -9.74
1988 64.9196 1988 39.3125 1966 9.96 1970 -25.38 1996 0.56 1980 -16.005 1.596 1960 -17.93 1950 -9.22
1987 124.9296 1987 26.9923 1965 10.42 1969 -26.08 1995 0.45 1979 -17.375 1.6675 1950 -16.86 1940 -9.43
1986 78.875 1986 30.5221 1964 10.27 1968 -24.78 1994 0.69 1978 -17.27 1.0605 1940 -17.21 1930 -9.85
1985 20.7219 1985 34.3026 1963 10.1 1967 -25.29 1993 0.54 1977 -17.94 1.0235 1930 -17.71 1920 -9.74
1984 43.3371 1984 24.9611 1962 10.52 1966 -26.41 1992 0.37 1976 -17.865 1.2445 1920 -17.90 1910 -10.86
1983 22.0658 1983 36.6259 1961 10.66 1965 -24.01 1991 0.48 1975 -18.745 1.31 1910 -17.42 1900 -10.16
1982 40.5861 1982 27.8089 1960 10.53 1964 -25.84 1990 0.6 1974 -19.75 1.5855 1900 -18.74 1890 -9.89
1981 35.5733 1981 15.5919 1959 10.39 1963 -25.88 1989 0.36 1973 -19.625 1.1395 1890 -18.05 1880 -11.63
1980 3.5976 1980 31.7976 1958 10.54 1962 -26.92 1988 1972 -19.01 1.24 1880 -18.89 1870 -10.00
1979 40.3557 1979 25.0735 1957 10.6 1961 -25.53 1987 0.51 -33.2 1971 -18.815 1.69 1870 -18.50 1860 -10.08
1978 33.509 1978 35.3064 1956 10.07 1960 -24.41 1986 0.76 -31.1 1970 -18.965 1.162 1860 -18.26 1850 -10.56
1977 12.6134 1977 32.3278 1955 8.93 1959 -24.12 1985 0.49 -30.5 1969 -16.315 1.641 1850 -17.87 1840 -10.24
1976 30.6641 1976 56.5204 1954 9.15 1958 -26.31 1984 0.41 -33.5 1968 -15.39 1.016 1840 -18.30 1830 -10.77
1975 83.2648 1975 40.362 1953 9.61 1957 -26.81 1983 0.32 -30.7 1967 -16.07 1.3875 1830 -18.10 1820 -10.70
1974 23.5785 1974 46.0031 1952 10.07 1956 -26.27 1982 0.33 -31.2 1966 -16.11 1.523 1820 -20.00 1810 -10.19
1973 13.1359 1973 57.3903 1951 10.36 1955 -25.28 1981 0.68 -25.5 1965 -16.285 1.6815 1810 -18.57 1800 -10.60
1972 44.5998 1972 33.7742 1950 10.58 1954 -24.4 1980 0.39 -31.3 1964 -16.545 1.711 1800 -18.41 1790 -11.38
1971 61.5169 1971 25.4983 1949 10.78 1953 -24.93 1979 0.38 -32.2 1963 -17.01 1.4305 1790 -18.94 1780 -11.63
1970 57.1726 1970 33.2736 1948 10.87 1952 -25.04 1978 0.4 -31.3 1962 -18.055 1.772 1780 -18.72 1770 -10.82
1969 22.4167 1969 37.4955 1947 10.86 1951 -26.43 1977 0.21 -34.5 1961 -17.96 1.2465 1770 -18.67 1760 -10.19
1968 80.1001 1968 36.6398 1946 10.29 1950 -25.66 1976 0.39 -34 1960 -17.615 1.586 1760 -19.35 1750 -10.60
1967 45.9719 1967 45.9995 1945 10.02 1949 -27.17 1975 0.27 -34.8 1959 -17.79 1.3215 1750 -18.61 1740 -10.51
1966 9.9629 1966 17.2957 1944 10.22 1948 -26.51 1974 0.42 -35.8 1958 -15.905 1.4755 1740 -19.38 1730 -10.43
1965 40.5406 1965 48.2466 1943 10.05 1947 -25.89 1973 0.52 -28.2 1957 -15.915 1.502 1730 -17.85 1720 -9.74
1964 107.7721 1964 39.5118 1942 9.23 1946 -25.14 1972 0.29 -32.9 1956 -16.52 1.501 1720 -18.54 1710 -9.75
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.

1989 -12.35 1997 -17.34 1995 -15.87 1997 -16.91 1950 -9.335 2000 -147.472 1970 -22.422 1970 -20.37 1970 -25.02 1970 -55.3449 1996

1979 -13.75 1990 -18.58 1990 -17.32 1990 -17.20 1940 -9.605 1999 -147.023 1969 -22.229 1969 -20.9 1969 -25.28 1969 -55.4754 1995

1969 -12.63 1980 -17.67 1980 -18.20 1980 -18.72 1930 -9.42 1998 -147.023 1968 -21.786 1968 -21.15 1968 -25.72 1968 -55.4969 1994

1959 -13.74 1970 -17.97 1970 -16.46 1970 -16.40 1920 -9.005 1997 -146.392 1967 -21.917 1967 -18.14 1967 -24.83 1967 -55.69 1993

1949 -12.78 1960 -17.91 1960 -17.88 1960 -16.39 1910 -9.575 1996 -147.199 1966 -22.908 1966 -21.74 1966 -26.67 1966 -55.69 1992

1939 -13.46 1950 -17.14 1950 -17.18 1950 -15.41 1900 -10.415 1995 -147.782 1965 -20.465 1965 -20.09 1965 -25.6 1965 -55.5254 1991

1929 -13.29 1940 -18.41 1940 -16.93 1940 -16.92 1890 -10.145 1994 -148.375 1964 -21.136 1964 -18.5 1964 -25.23 1964 -55.0222 1990

1919 -14.22 1930 -19.01 1930 -17.39 1930 -17.88 1880 -9.32 1993 -148.491 1963 -21.883 1963 -19.01 1963 -26.27 1963 -55.0222 1989

1909 -14.18 1920 -19.78 1920 -18.10 1920 -17.82 1870 -10.075 1992 -148.693 1962 -22.308 1962 -20.84 1962 -24.6 1962 -55.0222 1988

1899 -14.10 1910 -18.58 1910 -17.84 1910 -16.13 1860 -8.775 1991 -149.373 1961 -20.984 1961 -22.65 1961 -26.79 1961 -54.6101 1987

1889 -12.28 1900 -20.24 1900 -18.99 1900 -17.97 1850 -8.085 1990 -149.558 1960 -22.041 1960 -19.36 1960 -24.68 1960 -54.5673 1986

1879 -15.86 1890 -18.65 1890 -17.19 1890 -16.86 1840 -8.215 1989 -148.443 1959 -22.448 1959 -21.14 1959 -25.9 1959 -54.3968 1985

1869 -14.77 1880 -18.65 1880 -16.50 1880 -19.51 1830 -8.595 1988 -148.443 1958 -21.595 1958 -20.7 1958 -24.77 1958 -54.3159 1984

1859 -15.29 1870 -20.20 1870 -17.49 1870 -17.82 1820 -9.335 1987 -147.58 1957 -20.593 1957 -20.24 1957 -25.11 1957 -54.173 1983

1849 -14.75 1860 -18.98 1860 -17.87 1860 -17.06 1810 -9.125 1986 -147.247 1956 -20.266 1956 -20.72 1956 -25.81 1956 -54.1231 1982

1839 -17.14 1850 -19.72 1850 -17.96 1850 -16.35 1800 -9.215 1985 -146.536 1955 -21.498 1955 -21.81 1955 -24.74 1955 -54.1231 1981

1829 -14.38 1840 -19.97 1840 -17.29 1840 -16.06 1790 -9.965 1984 -145.967 1954 -21.789 1954 -20.97 1954 -25.57 1954 -54.0584 1980

1819 -13.59 1830 -19.35 1830 -16.64 1830 -19.77 1780 -12 1983 -145.967 1953 -21.346 1953 -20.64 1953 -26.33 1953 -54.0577 1979

1809 -17.83 1820 -20.67 1820 -18.18 1820 -18.71 1770 -10.825 1982 -146.527 1952 -22.402 1952 -19.29 1952 -24.83 1952 -54.0577 1978

1799 -15.17 1810 -19.63 1810 -17.13 1810 -17.48 1760 -10.725 1981 -146.887 1951 -20.993 1951 -19.76 1951 -25.77 1951 -54.0577 1977

1789 -14.39 1800 -18.67 1800 -16.41 1800 -15.13 1750 -11.53 1980 -146.887 1950 -21.262 1950 -20.04 1950 -26.88 1950 -54.0577 1976

1779 -13.96 1790 -21.52 1790 -16.71 1790 -16.90 1740 -11.59 1979 -147.464 1949 -22.07 1949 -21.08 1949 -26.54 1949 -54.056 1975

1769 -14.86 1780 -21.04 1780 -18.46 1780 -17.23 1730 -10.135 1978 -148.148 1948 -22.06 1948 -21.38 1948 -26.22 1948 -54.0506 1974

1759 -15.60 1770 -21.08 1770 -17.23 1770 -18.22 1720 -9.775 1977 -148.424 1947 -22.311 1947 -20.47 1947 -25.8 1947 -54.0506 1973

1749 -15.16 1760 -19.63 1760 -18.33 1760 -16.59 1710 -9.155 1976 -149.01 1946 -21.396 1946 -18.14 1946 -24.19 1946 -54.0506 1972

1739 -13.24 1750 -19.29 1750 -18.14 1750 -18.32 1700 -8.71 1975 -149.01 1945 -22.163 1945 -22.12 1945 -25.22 1945 -54.0506 1971

1729 -14.92 1740 -21.99 1740 -19.34 1740 -18.60 1690 -8.5 1974 -148.417 1944 -21.484 1944 -20.93 1944 -24.27 1944 -54.0506 1970

1719 -15.11 1730 -19.77 1730 -20.06 1730 -17.20 1680 -8.795 1973 -147.841 1943 -22.033 1943 -19.95 1943 -25.33 1943 -54.0788 1969

1709 -15.60 1720 -20.68 1720 -19.57 1720 -18.35 1670 -9.48 1972 -146.66 1942 -22.21 1942 -20.09 1942 -25.34 1942 -54.1298 1968

ABOR/MH/Priv-002729



Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

-319.4 1970 -29.7008 1994 -440.0 1.6 1987 0.19598 2000 -35.19 1970 1.569

-303.1 1969 -29.7051 1993 -439.4 1.7 1986 0.30087 1950 -34.83 1969 1.111

-297.6 1968 -29.8336 1992 -436.2 1.7 1985 0.19773 1900 -35.05 1968 -1.759

-298.8 1967 -29.8336 1991 -435.9 1.7 1984 0.27362 1850 -35.45 1967 -1.098

-263.8 1966 -29.8336 1990 -435.2 1.7 1983 0.30368 1800 -35.42 1966 0.278

-293.9 1965 -29.93 1989 -433.2 1.9 1982 0.20231 1750 -35.63 1965 0.353

-279.3 1964 -29.9376 1988 -433.0 2.1 1981 0.14836 1700 -35.8 1964 1.139

-285.5 1963 -29.9828 1987 -432.5 2.1 1980 0.23168 1650 -35.62 1963 1.368

-288.2 1962 -30.1393 1986 -433.4 2.3 1979 0.26875 1600 -35.48 1962 0.035

-264.6 1961 -30.1393 1985 -433.3 2.3 1978 0.17544 1550 -35.36 1961 0.372

-272.1 1960 -30.1393 1984 -432.3 2.4 1977 0.28773 1500 -35.41 1960 0.96

-286.2 1959 -30.1736 1983 -431.5 2.4 1976 0.28867 1450 -35.1 1959 0.378

-299.3 1958 -30.1975 1982 -430.1 2.4 1975 0.25925 1400 -35.27 1958 0.943

-293.2 1957 -30.1975 1981 -430.5 2.4 1974 0.23824 1350 -35.67 1957 -0.648

-273.8 1956 -30.1982 1980 -430.6 2.5 1973 0.13515 1300 -35.33 1956 0.952

-294.9 1955 -30.1842 1979 -431.5 2.5 1972 0.20761 1250 -35.38 1955 -0.157

-289.5 1954 -30.062 1978 -433.6 2.4 1971 0.26715 1200 -35.63 1954 0.651

-301.4 1953 -30.062 1977 -432.2 2.3 1970 0.20775 1150 -35.49 1953 0.485

-288.7 1952 -29.9991 1976 -431.7 2.4 1969 0.23643 1100 -35.3 1952 -0.472

-295.5 1951 -29.9315 1975 -430.4 2.5 1968 0.23374 1050 -35.66 1951 0.432

-295 1950 -29.9315 1974 -429.4 2.4 1967 0.22544 1000 -35.01 1950 -0.336

-319.7 1949 -29.8193 1973 -429.5 2.3 1966 0.23318 950 -35.09 1949 -0.677

-317.6 1948 -29.8013 1972 -431.5 2.3 1965 0.1583 900 -35.58 1948 0.122

-287.8 1947 -29.8013 1971 -433.9 2.3 1964 0.23702 850 -35.51 1947 2.457

-271.7 1946 -29.6994 1970 -435.3 2.3 1963 0.25048 800 -35.34 1946 1.525

-294.7 1945 -29.6194 1969 -436.4 2.2 1962 0.2473 750 -35.27 1945 0.217

-302.2 1944 -29.6194 1968 -436.9 2.2 1961 0.24952 700 -35.26 1944 -0.134

-294.7 1943 -29.5727 1967 -437.9 2.2 1960 0.17692 650 -35.09 1943 -0.345

-272 1942 -29.5691 1966 -440.8 2.1 1959 0.28236 600 -35.2 1942 0.178

ABOR/MH/Priv-002730



Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

1942 -4.255 1816 -0.171 1940.146 79 1943 -0.639 1944 2704 1826 3.3 1953 0.826 1941 -24.1934

1941 -3.603 1811 -0.187 1938.517 84 1942 -0.084 1943 2836 1821 3.17 1952 0.634 1940 -26.036

1940 -3.234 1806 -0.42 1936.883 64 100 82 1941 0.129 1942 2944 1816 4.88 1951 0.048 1939 -23.867

1939 -2.853 1801 -0.492 1935.245 100 100 100 1940 0.416 1941 2743 1811 3.86 1950 -0.3 1938 -24.0311

1938 -3.035 1796 -0.464 1933.602 82 100 91 1939 1.485 1940 2692 1806 4.18 1949 -1.353 1937 -23.33

1937 -4.047 1791 -0.002 1931.954 52 100 76 1938 -0.165 1939 2727 1801 4.2 1948 -0.197 1936 -25.7115

1936 -3.753 1786 0.074 1930.302 100 100 100 1937 -0.888 1938 2804 1796 5.24 1947 0.996 1935 -24.3094

1935 -2.223 1781 0.06 1928.645 100 100 100 1936 0.344 1937 2772 1791 7.93 1946 1.157 1934 -24.4617

1934 -1.426 1776 0.104 1926.984 81 100 90.5 1935 1.052 1936 2602 1786 14.74 1945 1.175 1933 -23.2688

1933 -1.931 1771 -0.322 1925.318 100 100 100 1934 0.575 1935 2690 1781 9.81 1944 -0.387 1932 -22.9292

1932 -1.531 1766 -0.453 1923.647 100 95 97.5 1933 0.872 1934 2816 1776 8.32 1943 -0.851 1931 -22.5162

1931 1.585 1761 -0.509 1921.971 95.5 100 97.75 1932 0.491 1933 2733 1771 6.84 1942 0.871 1930 -22.7373

1930 0.731 1756 -0.562 1920.291 100 97 98.5 1931 -0.065 1932 2730 1766 5.37 1941 1.356 1929 -22.4152

1929 -0.841 1751 -0.056 1918.606 100 99 99.5 1930 0.105 1931 2785 1761 3.74 1940 0.018 1928 -22.5007

1928 -1.434 1746 -0.326 1916.917 100 94 97 1929 1.358 1930 2727 1756 6.21 1939 1.233 1927 -23.249

1927 -0.968 1741 -0.295 1915.222 75 94 84.5 1928 2.346 1929 2723 1751 6.14 1938 -0.297 1926 -22.4997

1926 0.896 1736 -0.138 1913.523 74 81 77.5 1927 0.756 1928 2567 1746 4.39 1937 -1.052 1925 -23.5307

1925 1.644 1731 -0.305 1911.819 100 99 99.5 1926 0.716 1927 2549 1741 8.97 1936 0.496 1924 -24.1799

1924 1.619 1726 -0.294 1910.11 73 85 79 1925 -0.835 1926 2662 1736 8.89 1935 0.64 1923 -23.53

1923 0.135 1721 -0.309 1908.396 100 100 100 1924 -1.228 1925 2727 1731 9.28 1934 1.217 1922 -23.721

1922 -0.073 1716 -0.304 1906.677 44 100 72 1923 0.635 1924 2718 1726 4.2 1933 0.897 1921 -25.4473

1921 -1.417 1711 0.024 1904.953 82 100 91 1922 -0.303 1923 2767 1721 2.77 1932 1.817 1920 -24.7698

1920 -0.678 1706 -0.375 1903.225 62 99 80.5 1921 -0.278 1922 2766 1716 2.83 1931 0.876 1919 -24.8764

1919 -0.657 1701 -0.552 1901.492 54 90 72 1920 0.069 1921 2790 1711 4.66 1930 0.454 1918 -23.7288

1918 -0.536 1696 -0.593 1899.753 73 45 59 1919 0.49 1920 2767 1706 5.03 1929 1.388 1917 -24.8085

1917 -0.146 1691 -0.446 1898.01 70 61 65.5 1918 -0.81 1919 2709 1701 6.33 1928 0.64 1916 -23.7471

1916 0.236 1686 -0.504 1896.261 13 91 52 1917 0.223 1918 2739 1696 5.42 1927 0.093 1915 -23.9323

1915 0.041 1681 -0.289 1894.508 62 25 43.5 1916 1.317 1917 2773 1691 4.69 1926 -0.495 1914 -22.8698

1914 -1.055 1676 -0.51 1892.75 100 10 55 1915 0.463 1916 2724 1686 1.56 1925 -0.34 1913 -24.4703

ABOR/MH/Priv-002731



Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

1963 10.0757 1963 22.9507 1941 8.77 1945 -25.58 1971 0.2 -27.9 1955 -18.46 1.243 1710 -18.82 1700 -10.02
1962 73.2985 1962 39.8161 1940 8.86 1944 -27.18 1970 0.15 -26.3 1954 -18.38 1.71 1700 -18.87 1690 -10.22
1961 61.2058 1961 36.0018 1939 9.39 1943 -25.34 1969 0.41 -31.5 1953 -19.23 1.264 1690 -18.73 1680 -11.56
1960 42.7099 1960 39.0918 1938 9.66 1942 -26.03 1968 0.49 -34.6 1952 -17.505 1.2085 1680 -19.19 1670 -11.47
1959 80.0996 1959 46.1064 1937 9.92 1941 -24.78 1967 0.24 -31.6 1951 -18.42 1.388 1670 -19.36 1660 -12.18
1958 60.6297 1958 43.6828 1936 10.1 1940 -25.43 1966 0.3 -35 1950 -18.84 1.747 1660 -17.75 1650 -11.98
1957 74.6411 1957 25.3802 1935 10.24 1939 -27.57 1965 0.46 -33.8 1949 -18.065 1.688 1650 -18.48 1640 -10.44
1956 108.2853 1956 52.4782 1934 10.15 1938 -26.56 1964 0.3 -34.3 1948 -17.89 1.3045 1640 -18.21 1630 -11.18
1955 78.6485 1955 41.8218 1933 9.87 1937 -26.53 1963 0.55 -33 1947 -16.85 1.585 1630 -18.97 1620 -12.40
1954 28.5258 1954 54.839 1932 9.68 1936 -25.2 1962 0.43 -36.1 1946 -18.335 1.6785 1620 -18.54 1610 -10.83
1953 108.6844 1953 43.8948 1931 9.85 1935 -26.25 1961 0.57 -32.6 1945 -18.315 1.604 1610 -18.95 1600 -10.61
1952 109.4804 1952 15.0798 1930 10.25 1934 -26.5 1960 0.53 -31.8 1944 -15.5 1.3875 1600 -17.79 1590 -11.15
1951 105.1514 1951 43.0899 1929 10.44 1933 -26.72 1959 0.45 -35.4 1943 -17.39 1.4495 1590 -18.28 1580 -10.24
1950 52.2737 1950 51.0867 1928 10.61 1932 -23.23 1958 0.69 -33.4 1942 -15.565 1.469 1580 -19.16 1570 -10.15
1949 36.0694 1949 44.0369 1927 10.57 1931 -25.66 1957 0.37 -35.4 1941 -16.32 0.8035 1570 -18.50 1560 -11.13
1948 22.92 1948 39.2808 1926 10.4 1930 -27 1956 0.32 -31.9 1940 -14.465 1.269 1560 -18.37 1550 -10.20
1947 79.837 1947 42.0689 1925 10.19 1929 -25.02 1955 0.38 -28.2 1939 -14.86 1.434 1550 -18.66 1540 -11.56
1946 46.7764 1946 32.0651 1924 9.82 1928 -26.23 1954 0.47 -33.5 1938 -15.79 1.2765 1540 -17.57 1530 -10.80
1945 35.9835 1945 26.5386 1923 10.12 1927 -25.74 1953 0.38 -34.2 1937 -15.655 1.4125 1530 -17.24 1520 -10.06
1944 53.8478 1944 43.3287 1922 10.32 1926 -27.09 1952 0.42 -29.7 1936 -15.535 1.258 1520 -18.36 1510 -11.73
1943 75.1606 1943 38.9313 1921 10.28 1925 -26.51 1951 0.3 -28 1935 -16.245 1.3985 1510 -18.05 1500 -10.48
1942 84.7382 1942 48.9221 1920 10.18 1924 -25.49 1950 0.43 -34.5 1934 -17.795 1.5295 1500 -17.71 1490 -10.93
1941 58.3637 1941 40.0811 1919 10.03 1923 -26.23 1949 0.5 -31.2 1933 -18.47 1.5335 1490 -17.71 1480 -11.56
1940 75.8428 1940 27.4226 1918 9.67 1922 -27.6 1948 0.33 -33.9 1932 -18.87 1.5205 1480 -18.49 1470 -11.29
1939 54.0615 1939 29.0142 1917 9.98 1921 -27.29 1947 0.3 -34.6 1931 -19.14 2.0025 1470 -18.14 1460 -11.06
1938 17.5236 1938 25.646 1916 10.47 1920 -26.8 1946 0.26 -31.8 1930 -17.42 1.3925 1460 -18.47 1450 -11.20
1937 7.3588 1937 25.0501 1915 10.06 1919 -26.72 1945 0.4 -34.5 1929 -17.94 1.5225 1450 -17.47 1440 -10.69
1936 23.6559 1936 44.4276 1914 9.62 1918 -27.84 1944 0.32 -34.1 1928 -17.085 1.7735 1440 -18.42 1430 -12.41
1935 14.2622 1935 39.191 1913 9.57 1917 -25.5 1943 0.37 -34.3 1927 -17.535 1.0565 1430 -18.03 1420 -10.89

ABOR/MH/Priv-002732



Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.

1699 -14.11 1710 -19.93 1710 -18.16 1710 -18.42 1660 -9.695 1971 -146.533 1941 -22.936 1941 -18.31 1941 -23.09 1941 -54.1298 1967

1689 -15.50 1700 -19.42 1700 -18.74 1700 -16.75 1650 -8.955 1970 -146.533 1940 -21.881 1940 -19.77 1940 -25.06 1940 -54.1298 1966

1679 -15.14 1690 -19.58 1690 -19.04 1690 -17.65 1640 -8.39 1969 -146.102 1939 -21.439 1939 -19.73 1939 -25.83 1939 -54.1375 1965

1669 -13.44 1680 -19.28 1680 -18.97 1680 -16.60 1630 -7.915 1968 -145.793 1938 -22.535 1938 -18.2 1938 -24.5 1938 -54.1413 1964

1659 -12.54 1670 -20.63 1670 -19.12 1670 -16.56 1620 -7.77 1967 -145.385 1937 -22.617 1937 -16.16 1937 -24.49 1937 -54.1413 1963

1649 -13.44 1660 -20.72 1660 -19.19 1660 -18.22 1610 -8.02 1966 -145.548 1936 -22.767 1936 -17.54 1936 -25.18 1936 -54.1413 1962

1639 -14.15 1650 -19.95 1650 -19.27 1650 -17.57 1600 -8 1965 -145.753 1935 -22.385 1935 -17.45 1935 -26.1 1935 -54.1923 1961

1629 -12.91 1640 -20.04 1640 -19.29 1640 -17.68 1590 -9.4 1964 -146.034 1934 -22.966 1934 -18.2 1934 -26.14 1934 -54.2594 1960

1619 -13.44 1630 -20.84 1630 -19.39 1630 -20.36 1580 -9.755 1963 -146.034 1933 -21.115 1933 -19.72 1933 -26.01 1933 -54.2594 1959

1609 -13.70 1620 -21.29 1620 -18.85 1620 -14.50 1570 -9.455 1962 -146.034 1932 -22.25 1932 -20.78 1932 -27.61 1932 -54.2594 1958

1599 -13.80 1610 -20.78 1610 -19.59 1610 -16.21 1560 -9.405 1961 -146.034 1931 -21.202 1931 -19.69 1931 -25.64 1931 -54.279 1957

1589 -14.20 1600 -21.10 1600 -18.74 1600 -17.07 1550 -8.68 1960 -146.673 1930 -22.2 1930 -19.73 1930 -27.43 1930 -54.3005 1956

1579 -14.41 1590 -20.83 1590 -19.76 1590 -16.06 1540 -8.12 1959 -146.81 1929 -22.074 1929 -20.17 1929 -25.71 1929 -54.3005 1955

1569 -14.36 1580 -20.53 1580 -19.37 1580 -17.35 1530 -8.37 1958 -147.183 1928 -21.983 1928 -19 1928 -25.88 1928 -54.3005 1954

1559 -11.71 1570 -20.71 1570 -19.58 1570 -16.75 1520 -8.425 1957 -147.643 1927 -22.103 1927 -18.82 1927 -26.65 1927 -54.3005 1953

1549 -14.56 1560 -20.69 1560 -18.77 1560 -17.54 1510 -8.655 1956 -147.643 1926 -21.85 1926 -19.19 1926 -25.62 1926 -54.2381 1952

1539 -14.68 1550 -19.98 1550 -19.19 1550 -20.27 1500 -8.78 1955 -148.609 1925 -22.115 1925 -20.17 1925 -26.83 1925 -54.0785 1951

1529 -12.87 1540 -20.56 1540 -19.21 1540 -17.09 1490 -9.23 1954 -148.678 1924 -21.796 1924 -19.3 1924 -26.06 1924 -54.0785 1950

1519 -15.19 1530 -20.71 1530 -19.04 1530 -14.94 1480 -9.275 1953 -148.678 1923 -21.849 1923 -19.43 1923 -25.79 1923 -54.0098 1949

1509 -14.84 1520 -21.33 1520 -19.69 1520 -17.67 1470 -9.48 1952 -148.367 1922 -21.904 1922 -20.29 1922 -26.23 1922 -53.9927 1948

1499 -16.23 1510 -20.56 1510 -19.15 1510 -15.16 1460 -9.875 1951 -147.168 1921 -22.635 1921 -19.34 1921 -25.78 1921 -53.9927 1947

1489 -14.67 1500 -19.93 1500 -19.58 1500 -16.82 1450 -10.805 1950 -147.168 1920 -22.229 1920 -19.51 1920 -25.07 1920 -53.9026 1946

1479 -13.07 1490 -20.34 1490 -19.44 1490 -17.99 1440 -11 1949 -146.103 1919 -22.427 1919 -18.3 1919 -24.83 1919 -53.7513 1945

1469 -13.17 1480 -20.58 1480 -19.31 1480 -17.23 1430 -10.715 1948 -145.685 1918 -22.168 1918 -20.89 1918 -25.53 1918 -53.7513 1944

1459 -14.57 1470 -20.77 1470 -19.20 1470 -13.92 1420 -9.72 1947 -144.552 1917 -23.081 1917 -18.78 1917 -25.83 1917 -53.6484 1943

1449 -12.17 1460 -20.24 1460 -19.03 1460 -17.68 1410 -9.585 1946 -143.688 1916 -21.154 1916 -19.35 1916 -24.13 1916 -53.6358 1942

1439 -15.50 1450 -21.29 1450 -19.10 1450 -17.47 1400 -9.065 1945 -142.947 1915 -22.723 1915 -19.77 1915 -25.6 1915 -53.669 1941

1429 -13.14 1440 -20.60 1440 -19.64 1440 -17.94 1390 -9.4 1944 -142.351 1914 -22.261 1914 -18.54 1914 -26.69 1914 -53.6759 1940

1419 -13.42 1430 -21.38 1430 -19.04 1430 -11.68 1380 -11.06 1943 -143.729 1913 -22.12 1913 -17.6 1913 -26.41 1913 -53.6759 1939
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

-291.5 1941 -29.5679 1965 -442.7 1.9 1958 0.24397 550 -35.09 1941 0.13

-305.2 1940 -29.5475 1964 -443.4 1.8 1957 0.24589 500 -35.68 1940 1.941

-290.2 1939 -29.5475 1963 -444.2 1.7 1956 0.25364 450 -35.42 1939 0.163

-300.2 1938 -29.5475 1962 -444.7 1.6 1955 0.21372 400 -34.84 1938 0.004

-306.5 1937 -29.4328 1961 -445.3 1.6 1954 0.29944 350 -35.68 1937 -0.798

-290.3 1936 -29.3999 1960 -445.6 1.7 1953 0.28974 300 -35.22 1936 0.251

-297.5 1935 -29.3999 1959 -446.8 1.7 1952 0.26748 250 -35.72 1935 0.844

-276.5 1934 -29.4007 1958 -447.5 1.7 1951 0.26941 200 -35.43 1934 -0.207

-280.8 1933 -29.4007 1957 -447.7 1.6 1950 0.17216 150 -35.19 1933 -0.468

-274.7 1932 -29.524 1956 -448.1 1.7 1949 0.19777 100 -34.66 1932 0.516

-275.9 1931 -29.5276 1955 -447.7 1.8 1948 0.21736 50 -35.03 1931 -0.113

-274.9 1930 -29.5562 1954 -447.7 1.7 1947 0.35062 0 -35 1930 -0.193

-301.2 1929 -29.5973 1953 -448.7 1.5 1946 0.23286 1929 1.207

-295.8 1928 -29.5973 1952 -449.5 1.7 1945 0.19602 1928 -0.519

-284.2 1927 -29.6499 1951 -449.3 1.8 1944 0.31184 1927 -1.765

-284.5 1926 -29.6724 1950 -447.5 1.8 1943 0.24949 1926 1.147

-282.4 1925 -29.6735 1949 -444.7 1.6 1942 0.28306 1925 -0.431

-269.4 1924 -29.6738 1948 -441.1 1.5 1941 0.33673 1924 -0.562

-302 1923 -29.6738 1947 -437.9 1.5 1940 0.22765 1923 1.43

-309.9 1922 -29.6745 1946 -434.9 1.7 1939 0.24173 1922 -0.624

-288.3 1921 -29.6757 1945 -432.4 1.6 1938 0.28235 1921 -2.14

-261.1 1920 -29.6757 1944 -431.3 1.6 1937 0.21755 1920 -0.518

-268.1 1919 -29.6757 1943 -430.5 1.7 1936 0.17194 1919 -2.461

-295.1 1918 -29.6757 1942 -431.0 1.9 1935 0.23899 1918 -1.649

-277.9 1917 -29.6765 1941 -431.4 1.9 1934 0.28011 1917 2.781

-239.3 1916 -29.677 1940 -433.1 2.1 1933 0.30828 1916 0.861

-261.2 1915 -29.677 1939 -434.8 2.0 1932 0.22196 1915 -1.339

-281.5 1914 -29.6774 1938 -437.0 1.8 1931 0.18216 1914 -1.013

-276.5 1913 -29.678 1937 -439.3 1.9 1930 0.34585 1913 -1.112

ABOR/MH/Priv-002734



Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

1913 -1.481 1671 -0.416 1890.986 59 8 33.5 1914 -0.274 1915 2719 1681 2.21 1924 -1.535 1912 -24.2578

1912 1.2 1666 -0.463 1889.217 53 60 56.5 1913 0.543 1914 2750 1676 3.13 1923 0.041 1911 -25.9542

1911 1.195 1661 -0.023 1887.444 31 77 54 1912 1.805 1913 2815 1671 3.8 1922 -0.725 1910 -23.8092

1910 0.314 1656 -0.224 1885.665 63 53 58 1911 -0.223 1912 2816 1666 4.77 1921 -1.625 1909 -23.8277

1909 -0.607 1651 0.334 1883.881 94 40 67 1910 -0.986 1911 2808 1661 7.95 1920 -0.333 1908 -25.5795

1908 -0.208 1646 -0.251 1882.092 79 48 63.5 1909 0.605 1910 2939 1656 6.13 1919 -0.426 1907 -23.6832

1907 0.838 1641 -0.433 1880.298 45 49 47 1908 1.842 1909 3038 1651 4.19 1918 -0.61 1906 -23.0676

1906 0.65 1636 -0.47 1878.498 28 63 45.5 1907 -0.247 1908 2970 1646 6.51 1917 -0.854 1905 -23.173

1905 0.022 1631 -0.456 1876.693 51 57 54 1906 0.55 1907 2809 1641 7.4 1916 1.952 1904 -23.023

1904 -2.263 1626 -0.57 1874.884 25 28 26.5 1905 -0.086 1906 2765 1636 11.96 1915 -0.176 1903 -23.8203

1903 -3.003 1621 0.25 1873.068 96 70 83 1904 0.588 1905 2835 1631 9.25 1914 -0.895 1902 -24.1572

1902 -4.024 1616 -0.009 1871.248 92 40 66 1903 -0.361 1904 2776 1626 4 1913 -0.567 1901 -22.5807

1901 -4.194 1611 1.161 1869.422 38 100 69 1902 0.36 1903 2595 1621 6.31 1912 0.024 1900 -22.683

1900 -4.753 1606 0.97 1867.591 67.001 100 83.5005 1901 0.589 1902 2664 1616 7.8 1911 0.177 1899 -23.3728

1899 -6.783 1601 0.515 1865.754 47 89 68 1900 0.165 1901 2817 1611 7.85 1910 -0.243 1898 -22.0945

1898 -6.828 1596 1.325 1863.912 73 86 79.5 1899 -0.072 1900 2902 1606 7.89 1909 0.666 1897 -23.8041

1897 -5.59 1591 0.017 1862.065 92 46 69 1898 -0.629 1899 2750 1601 4.65 1908 1.208 1896 -24.6885

1896 -3.492 1586 0.334 1860.212 45 67 56 1897 -0.287 1898 2622 1596 5.34 1907 -0.989 1895 -24.541

1895 -2.224 1581 -0.108 1858.354 66 81 73.5 1896 0.209 1897 2662 1591 7.59 1906 -1.39 1894 -23.4731

1894 0.031 1576 -0.472 1856.491 40 70 55 1895 0.863 1896 2814 1586 3.23 1905 -1.147 1893 -22.5337

1893 -0.426 1571 -0.174 1854.622 17 70 43.5 1894 1.505 1895 2806 1581 3.29 1904 -0.65 1892 -23.4349

1892 -0.926 1566 0.158 1852.747 27 60 43.5 1893 1.138 1894 2612 1576 3.74 1903 -0.695 1891 -23.7465

1891 -1.948 1561 -0.492 1850.867 5.001 79 42.0005 1892 0.737 1893 2752 1571 4 1902 0.955 1890 -24.2277

1890 -2.595 1556 -0.009 1848.981 15.999 49 32.4995 1891 0.003 1892 2872 1566 7.05 1901 0.485 1889 -24.7986

1889 -3.109 1551 -0.106 1847.09 43 50 46.5 1890 -0.25 1891 2898 1561 8.72 1900 -0.894 1888 -25.1007

1888 -3.109 1546 -0.149 1845.193 15 9 12 1889 0.478 1890 2790 1556 10.66 1899 -0.672 1887 -26.062

1887 -2.772 1541 -0.213 1843.291 26 4 15 1888 -0.748 1889 2789 1551 12.02 1898 0.203 1886 -22.7178

1886 -2.228 1536 0.162 1841.382 67 14 40.5 1887 -0.512 1888 2837 1546 13.97 1897 -0.46 1885 -24.9179

1885 -1.3 1531 0.067 1839.469 56 19 37.5 1886 -0.787 1887 2787 1541 14.25 1896 0.166 1884 -25.2024

ABOR/MH/Priv-002735



Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

1934 1.6399 1934 52.2733 1912 9.53 1916 -24.14 1942 0.32 -33.1 1926 -15.795 1.4505 1420 -17.64 1410 -12.03
1933 15.0527 1933 48.4705 1911 9.55 1915 -27.02 1941 0.35 -32.6 1925 -16.455 1.5275 1410 -17.75 1400 -12.80
1932 83.6386 1932 48.583 1910 9.56 1914 -27.6 1940 0.26 -35.9 1924 -16.715 1.3685 1400 -18.38 1390 -11.03
1931 106.01 1931 31.6071 1909 9.78 1913 -26.71 1939 0.3 -35.2 1923 -17.325 1.7755 1390 -17.99 1380 -11.31
1930 105.9103 1930 33.4006 1908 10.02 1912 -26.87 1938 0.36 -33.5 1922 -18.79 1.556 1380 -17.05 1370 -11.36
1929 69.2832 1929 38.9718 1907 10.22 1911 -26.41 1937 0.34 -34.5 1921 -20.135 1.5625 1370 -16.90 1360 -12.83
1928 59.7938 1928 62.848 1906 10.34 1910 -26.35 1936 0.27 -38.2 1920 -19.36 1.9295 1360 -17.41 1350 -11.09
1927 101.1255 1927 45.3062 1905 10.39 1909 -25.51 1935 0.47 -34.9 1919 -17.645 1.4295 1350 -18.74 1340 -11.27
1926 93.0418 1926 60.2025 1904 10.42 1908 -27.33 1934 0.34 -34.2 1918 -19.645 1.544 1340 -16.87 1330 -11.30
1925 83.5824 1925 50.1703 1903 10.41 1907 -26.06 1933 0.23 -33.6 1917 -19.16 1.568 1330 -17.37 1320 -10.10
1924 58.4635 1924 31.8034 1902 10.34 1906 -26.14 1932 0.46 -29.1 1916 -17.785 1.594 1320 -16.95 1310 -11.37
1923 104.234 1923 25.8626 1901 10.35 1905 -25.33 1931 0.26 -33.5 1915 -17.275 1.3645 1310 -17.59 1300 -11.23
1922 101.2409 1922 28.3401 1900 10.69 1904 -26.46 1930 0.21 -35.5 1914 -15.58 1.4745 1300 -18.49 1290 -11.52
1921 103.8114 1921 21.2723 1899 10.67 1903 -24.49 1929 0.31 -33.4 1913 -17.395 1.1975 1290 -18.60 1280 -10.93
1920 60.6448 1920 28.7673 1898 9.71 1902 -25.51 1928 0.21 -33.5 1912 -16.885 1.5755 1280 -16.74 1270 -11.04
1919 61.2911 1919 54.1838 1897 9.23 1901 -25.87 1927 0.47 -33.4 1911 -18 1.6915 1270 -18.72 1260 -10.76
1918 55.5149 1918 30.0896 1896 9.27 1900 -26.99 1926 0.35 -32.6 1910 -19.555 1.3985 1260 -17.62 1250 -10.20
1917 47.5155 1917 48.752 1895 9.57 1899 -27.78 1925 0.27 -35.8 1909 -19.285 1.1205 1250 -16.86 1240 -10.69
1916 45.3434 1916 38.8849 1894 9.95 1898 -25.08 1924 0.34 -37.6 1908 -19.76 1.8045 1240 -18.79 1230 -9.56
1915 21.2334 1915 40.7633 1893 10.25 1897 -26.05 1923 0.39 -34.5 1907 -18.32 1.3855 1230 -17.70 1220 -9.84
1914 14.5528 1914 64.1918 1892 10.66 1896 -27.04 1922 0.45 -33.6 1906 -15.34 1.07 1220 -17.01 1210 -10.58
1913 0.001 1913 46.4937 1891 10.84 1895 -23.67 1921 0.63 -30.6 1905 -14.75 1.2655 1210 -18.37 1200 -9.88
1912 37.3561 1912 54.1286 1890 10.64 1894 -24.86 1920 0.75 -33.4 1904 -18.37 1.6865 1200 -17.98 1190 -10.28
1911 0.001 1911 36.4066 1889 10.58 1893 -23.66 1919 0.33 -35.4 1903 -18.795 1.427 1190 -18.11 1180 -10.86
1910 21.084 1910 63.1664 1888 10.71 1892 -24.97 1918 0.43 -35.6 1902 -17.555 1.601 1180 -18.14 1170 -11.79
1909 6.2899 1909 30.3366 1887 10.81 1891 -25.35 1917 0.54 -36.3 1901 -15.39 0.947 1170 -18.16 1160 -11.76
1908 10.7902 1908 53.6843 1886 10.67 1890 -25.89 1916 0.76 -33.3 1900 -16.155 1.242 1160 -17.27 1150 -10.64
1907 49.5599 1907 40.7034 1885 10.11 1889 -26.51 1915 0.42 -34.9 1899 -18.16 1.5035 1150 -17.99 1140 -11.60
1906 56.1182 1906 44.6362 1884 10 1888 -26.23 1914 0.38 -34.5 1898 -18.465 1.175 1140 -18.17 1130 -11.39

ABOR/MH/Priv-002736



Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.

1409 -12.96 1420 -20.79 1420 -19.25 1420 -16.55 1370 -12.37 1942 -144.784 1912 -22.01 1912 -23.04 1912 -25.61 1912 -53.7885 1938

1399 -12.26 1410 -21.09 1410 -19.06 1410 -16.69 1360 -12.825 1941 -144.784 1911 -21.929 1911 -20.13 1911 -26.47 1911 -53.8128 1937

1389 -12.52 1400 -20.46 1400 -18.80 1400 -15.33 1350 -12.14 1940 -144.948 1910 -21.346 1910 -18.9 1910 -24.45 1910 -53.852 1936

1379 -14.24 1390 -19.81 1390 -18.65 1390 -16.99 1340 -11.79 1939 -145.387 1909 -20.624 1909 -19.57 1909 -26.3 1909 -53.9789 1935

1369 -13.92 1380 -20.60 1380 -18.56 1380 -13.79 1330 -11.935 1938 -145.381 1908 -20.099 1908 -20.49 1908 -25.71 1908 -53.9789 1934

1359 -14.58 1370 -20.71 1370 -18.93 1370 -15.43 1320 -11.645 1937 -145.277 1907 -21.72 1907 -20.36 1907 -27.05 1907 -54.0565 1933

1349 -14.17 1360 -20.27 1360 -19.23 1360 -13.79 1310 -11.52 1936 -145.277 1906 -21.634 1906 -18.08 1906 -26.93 1906 -54.1842 1932

1339 -14.83 1350 -20.36 1350 -18.96 1350 -16.14 1300 -11.885 1935 -144.425 1905 -22.312 1905 -19.28 1905 -25.47 1905 -54.1842 1931

1329 -13.34 1340 -20.69 1340 -18.80 1340 -18.39 1290 -11.385 1934 -144.368 1904 -21.895 1904 -19.72 1904 -25.67 1904 -54.1842 1930

1319 -15.78 1330 -21.03 1330 -18.20 1330 -17.73 1280 -10.635 1933 -144.191 1903 -21.369 1903 -19.33 1903 -27.07 1903 -54.4045 1929

1309 -13.93 1320 -20.41 1320 -18.54 1320 -14.68 1270 -9.585 1932 -143.371 1902 -21.016 1902 -18.7 1902 -24.93 1902 -54.639 1928

1299 -14.69 1310 -21.12 1310 -18.35 1310 -17.31 1260 -8.875 1931 -143.299 1901 -20.276 1901 -18.5 1901 -25.27 1901 -54.8356 1927

1289 -16.21 1300 -20.35 1300 -18.46 1300 -16.55 1250 -8.645 1930 -142.604 1900 -20.78 1900 -18.9 1900 -25.98 1900 -54.9612 1926

1279 -17.57 1290 -20.42 1290 -18.84 1290 -14.16 1240 -8.775 1929 -142.604 1899 -20.404 1899 -19.26 1899 -26.14 1899 -55.2053 1925

1269 -16.91 1280 -21.00 1280 -18.62 1280 -15.95 1230 -9.455 1928 -142.777 1898 -22.549 1898 -18.4 1898 -26.87 1898 -55.2053 1924

1259 -17.58 1270 -20.24 1270 -18.49 1270 -17.11 1220 -9.665 1927 -142.894 1897 -23.113 1897 -17.87 1897 -26.64 1897 -55.3561 1923

1249 -14.23 1260 -20.44 1260 -18.12 1260 -16.79 1210 -9.885 1926 -142.9 1896 -22.29 1896 -19.27 1896 -26.34 1896 -55.4004 1922

1239 -13.81 1250 -21.12 1250 -18.41 1250 -16.72 1200 -10.25 1925 -143.271 1895 -21.908 1895 -19.7 1895 -25.59 1895 -55.3359 1921

1229 -13.53 1240 -19.67 1240 -18.71 1240 -15.12 1190 -9.945 1924 -143.271 1894 -20.478 1894 -18.4 1894 -24.26 1894 -55.0624 1920

1219 -13.18 1230 -20.89 1230 -18.27 1230 -15.90 1180 -9.805 1923 -143.257 1893 -21.288 1893 -17.2 1893 -25.6 1893 -55.0624 1919

1209 -15.38 1220 -21.30 1220 -18.54 1220 -15.48 1170 -9.855 1922 -142.76 1892 -21.938 1892 -20.09 1892 -25.84 1892 -55.0624 1918

1199 -15.49 1210 -20.69 1210 -18.44 1210 -18.02 1160 -9.915 1921 -142.76 1891 -22.379 1891 -18.41 1891 -25.78 1891 -54.9404 1917

1189 -12.89 1200 -21.34 1200 -18.31 1200 -16.12 1150 -10.1 1920 -142.458 1890 -22.776 1890 -17.94 1890 -24.27 1890 -54.8219 1916

1179 -13.46 1190 -20.78 1190 -17.68 1190 -15.03 1140 -10.215 1919 -142.393 1889 -22.068 1889 -16.51 1889 -25.12 1889 -54.7448 1915

1169 -12.77 1180 -21.08 1180 -17.81 1180 -15.91 1130 -10.22 1918 -142.488 1888 -22.209 1888 -19.71 1888 -25.39 1888 -54.7448 1914

1159 -13.84 1170 -20.98 1170 -18.21 1170 -16.42 1120 -10.26 1917 -142.83 1887 -21.232 1887 -19.12 1887 -25.07 1887 -54.7448 1913

1149 -13.95 1160 -20.77 1160 -17.54 1160 -14.25 1110 -9.74 1916 -142.83 1886 -21.003 1886 -20.86 1886 -25.05 1886 -54.7864 1912

1139 -13.67 1150 -20.50 1150 -18.26 1150 -15.25 1100 -7.9 1915 -142.83 1885 -21.889 1885 -19.95 1885 -25.44 1885 -55.1334 1911

1129 -12.12 1140 -20.67 1140 -18.24 1140 -15.66 1090 -7.22 1914 -142.83 1884 -22.148 1884 -19.32 1884 -26.12 1884 -55.5412 1910
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

-284.3 1912 -29.678 1936 -440.9 1.9 1929 0.26544 1912 0.771

-269.9 1911 -29.6263 1935 -441.9 1.8 1928 0.25963 1911 -0.703

-282 1910 -29.6106 1934 -441.7 1.9 1927 0.25372 1910 -0.357

-285.3 1909 -29.6106 1933 -440.7 1.9 1926 0.17187 1909 0.312

-281.2 1908 -29.547 1932 -440.8 2.0 1925 0.28292 1908 -0.506

-277.3 1907 -29.5261 1931 -440.4 1.9 1924 0.15218 1907 -2.037

-282.4 1906 -29.5261 1930 -440.1 1.8 1923 0.24976 1906 -2.205

-291.7 1905 -29.5936 1929 -439.3 1.6 1922 0.17382 1905 -1.985

-297.2 1904 -29.6169 1928 -439.2 1.7 1921 0.24415 1904 0.934

-283 1903 -29.6133 1927 -439.3 1.9 1920 0.30816 1903 -1.325

-258.1 1902 -29.6246 1926 -439.8 1.9 1919 0.1473 1902 -0.229

-259.6 1901 -29.7686 1925 -440.4 1.9 1918 0.16873 1901 0.776

-267.3 1900 -29.7686 1924 -440.2 2.0 1917 0.27511 1900 -1.719

-243.4 1899 -29.8226 1923 -440.9 2.1 1916 0.29727 1899 -0.531

-259.5 1898 -29.8269 1922 -441.7 1.9 1915 0.23429 1898 -1.86

-271.1 1897 -29.8271 1921 -441.4 1.8 1914 0.34201 1897 0.253

-259.5 1896 -29.8279 1920 -439.9 1.9 1913 0.21429 1896 -0.109

-294.7 1895 -29.8279 1919 -437.5 1.9 1912 0.27944 1895 1.275

-276.2 1894 -29.7748 1918 -434.6 1.9 1911 0.23708 1894 -1.489

-250.1 1893 -29.7256 1917 -433.1 1.9 1910 0.25934 1893 1.969

-261.7 1892 -29.5777 1916 -431.6 1.7 1909 0.26732 1892 0.014

-282.7 1891 -29.5753 1915 -430.2 1.7 1908 0.26804 1891 -0.993

-265.1 1890 -29.4639 1914 -429.7 1.9 1907 0.20331 1890 -1.466

-275.4 1889 -29.3922 1913 -431.3 1.7 1906 0.3132 1889 -0.642

-279.6 1888 -29.3505 1912 -432.7 1.5 1905 0.11662 1888 2.813

-303.3 1887 -29.3128 1911 -434.5 1.6 1904 0.16799 1887 0.342

-304.8 1886 -29.2199 1910 -436.6 1.6 1903 0.27829 1886 -1.594

-304.7 1885 -29.2199 1909 -439.5 1.6 1902 0.16872 1885 -1.838

-301.6 1884 -29.3725 1908 -442.8 1.5 1901 0.13226 1884 -0.826

ABOR/MH/Priv-002738



Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

1884 -0.349 1526 -0.19 1837.549 47 32 39.5 1885 -0.83 1886 2860 1536 22.66 1895 0.864 1883 -24.5762

1883 0.4 1521 0.065 1835.624 80 38 59 1884 0.38 1885 2941 1531 22.97 1894 0.681 1882 -25.5098

1882 1.336 1516 -0.369 1833.693 54 73 63.5 1883 -0.464 1884 2853 1526 8.3 1893 0.029 1881 -24.0004

1881 0.616 1511 -0.051 1831.756 88 74 81 1882 0.223 1883 2765 1521 6.67 1892 -0.155 1880 -22.6156

1880 0.308 1506 -0.432 1829.814 86 56 71 1881 0.761 1882 2725 1516 3.3 1891 -0.191 1879 -23.9442

1879 -0.537 1501 0.412 1827.865 92 75 83.5 1880 0.378 1881 2845 1511 3.22 1890 -0.745 1878 -21.9606

1878 0.352 1496 0.051 1825.911 100 79 89.5 1879 0.668 1880 2860 1506 3.84 1889 0.604 1877 -21.6885

1877 0.445 1491 -0.432 1823.951 98 100 99 1878 0.625 1879 2868 1501 7.97 1888 0.829 1876 -24.2868

1876 -0.376 1486 -0.467 1821.985 96 100 98 1877 0.66 1878 2954 1496 10.02 1887 0.011 1875 -24.7865

1875 -1.305 1481 0.182 1820.013 100 100 100 1876 0.786 1877 2952 1491 10.43 1886 -0.686 1874 -24.3751

1874 -1.566 1476 -0.427 1818.035 88 100 94 1875 0.355 1876 2821 1486 11.74 1885 -0.983 1873 -24.1259

1873 -1.092 1471 0.739 1816.051 85 97 91 1874 -0.394 1875 2733 1481 10.83 1884 -0.435 1872 -24.5615

1872 -0.803 1466 0.65 1814.062 100 100 100 1873 -1.398 1874 2743 1476 4.27 1883 -0.339 1871 -22.9355
1871 0.249 1461 0.513 1812.066 100 95 97.5 1872 1.469 1873 2786 1471 3.87 1882 -0.912 1870 -23.456
1870 0.327 1456 0.369 1810.064 100 75 87.5 1871 2.194 1872 2696 1466 6.7 1881 -0.144 1869 -24.6617
1869 -1.118 1451 0.262 1808.056 77 96 86.5 1870 0.352 1871 2599 1461 6.32 1880 0.454 1868 -24.7904
1868 -3.786 1446 -0.394 1806.042 50 99 74.5 1869 -0.807 1870 2647 1456 4.23 1879 0.047 1867 -24.1574
1867 -3.985 1441 -0.287 1804.022 88 61 74.5 1868 -0.649 1869 2798 1451 2.76 1878 0.638 1866 -24.749
1866 -1.807 1436 -0.396 1801.996 90 37 63.5 1867 0.345 1868 2978 1446 9.73 1877 0.236 1865 -25.198
1865 0.46 1431 -0.045 1799.963 100 51 75.5 1866 -0.697 1867 2906 1441 10.55 1876 1.038 1864 -25.5202
1864 2.544 1426 0.179 1797.925 95 77 86 1865 -0.602 1866 2757 1436 7.69 1875 0.808 1863 -25.6727
1863 2.077 1421 -0.402 1795.88 43 97 70 1864 -0.222 1865 2685 1431 6.52 1874 -0.554 1862 -24.6628
1862 1.209 1416 -0.325 1793.829 71 81 76 1863 -0.481 1864 2704 1426 6.41 1873 -0.565 1861 -25.0278
1861 0.98 1411 0.392 1791.771 66 67 66.5 1862 -1.534 1863 2704 1421 7.39 1872 1.086 1860 -24.095
1860 1.001 1406 0.336 1789.708 65 78 71.5 1861 -0.566 1862 2727 1416 7.56 1871 1.43 1859 -22.8943
1859 2.618 1401 -0.369 1787.638 44 64 54 1860 -1.212 1861 2850 1411 6.48 1870 0.369 1858 -23.5742
1858 4.712 1396 0.169 1785.561 78 64 71 1859 -0.474 1860 2863 1406 6.55 1869 -0.414 1857 -23.8866
1857 6.987 1391 0.551 1783.479 61 55 58 1858 -0.073 1859 2793 1401 7.13 1868 -0.53 1856 -25.5411
1856 6.572 1386 0.367 1781.389 74 14 44 1857 0.316 1858 2803 1396 6.06 1867 0.074 1855 -25.0254
1855 5.99 1381 -0.149 1779.294 42 24 33 1856 0.003 1857 2862 1391 4.09 1866 -1.017 1854 -24.3259
1854 5.622 1376 0.019 1777.192 48 59 53.5 1855 -0.931 1856 2897 1386 5.59 1865 -0.826 1853 -23.2087
1853 4.266 1371 0.024 1775.083 37.5 63 50.25 1854 -0.603 1855 2964 1381 8.85 1864 -0.362 1852 -25.1156

ABOR/MH/Priv-002739



Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

1905 67.2719 1905 51.8882 1883 9.84 1887 -25.59 1913 0.46 -33.4 1897 -17.18 1.353 1130 -16.97 1120 -11.12
1904 42.1875 1904 46.6216 1882 9.54 1886 -25.36 1912 0.53 -32.8 1896 -16.445 1.3175 1120 -17.57 1110 -9.98
1903 38.8261 1903 36.021 1881 9.17 1885 -26.27 1911 0.43 -33.8 1895 -18.765 1.9685 1110 -17.95 1100 -9.64
1902 42.7988 1902 46.2857 1880 9.02 1884 -25.19 1910 0.31 -32.1 1894 -19.89 1.302 1100 -17.60 1090 -11.19
1901 50.9595 1901 72.0422 1879 9.28 1883 -26.61 1909 0.29 -34.8 1893 -20.015 1.4055 1090 -17.49 1080 -10.49
1900 77.158 1900 66.5334 1878 9.8 1882 -25.79 1908 0.34 -32.6 1892 -18.065 1.565 1080 -15.87 1070 -11.23
1899 66.4748 1899 31.1765 1877 10.34 1881 -26.28 1907 0.39 -31.3 1891 -18.535 1.312 1070 -17.08 1060 -10.80
1898 100.7898 1898 60.7797 1876 10.43 1880 -26.01 1906 0.48 -32.3 1890 -18.68 1.4055 1060 -18.68 1050 -10.98
1897 92.7822 1897 40.8834 1875 10.38 1879 -26.29 1905 0.35 -36.1 1889 -18.625 1.174 1050 -18.23 1040 -11.64
1896 84.7399 1896 39.7272 1874 10.24 1878 -25.29 1904 0.54 -31.6 1888 -16.81 1.525 1040 -18.98 1030 -10.80
1895 11.7829 1895 36.9987 1873 10 1877 -25.34 1903 0.6 -31.9 1887 -17.065 1.423 1030 -18.04 1020 -10.74
1894 59.0846 1894 35.1745 1872 10.27 1876 -26.94 1902 0.38 -33.1 1886 -18.815 1.2605 1020 -17.37 1010 -11.37
1893 91.1628 1893 23.9949 1871 10.39 1875 -26.4 1901 0.52 -33.8 1885 -18.73 1.8055 1010 -18.45
1892 85.7892 1892 26.2116 1870 10.24 1874 -27.77 1900 0.64 -32.7 1884 -18.975 1.4515
1891 85.7193 1891 29.1804 1869 10.05 1873 -26.17 1899 0.4 -32.8 1883 -17.865 1.374
1890 52.2693 1890 30.3054 1868 9.81 1872 -27.37 1898 0.28 -33.5 1882 -18.15 1.1785
1889 45.4752 1889 34.4538 1867 9.63 1871 -27.42 1897 0.49 -32.9 1881 -16.465 1.55
1888 66.7956 1888 30.5583 1866 9.33 1870 -25.74 1896 0.41 -33.1 1880 -17.685 1.215
1887 33.5751 1887 16.1121 1865 9.21 1869 -28.61 1895 0.2 -31.5 1879 -18.4 1.741
1886 33.2656 1886 46.1362 1864 9.12 1868 -28.37 1894 0.2 -27.7 1878 -15.28 2.035
1885 31.8892 1885 35.6686 1863 9.16 1867 -27.12 1893 0.53 -32.2 1877 -18.48 1.4625
1884 5.9658 1884 30.3151 1862 9.2 1866 -25.68 1892 0.53 -35.3 1876 -18.43 1.4485
1883 100.0977 1883 31.6726 1861 9.24 1865 -27.82 1891 0.42 -32.1 1875 -20.1 1.719
1882 60.1682 1882 57.4399 1860 9.32 1864 -28.83 1890 0.63 -32.5 1874 -20.195 1.3915
1881 72.513 1881 57.6606 1859 9.41 1863 -27.79 1889 0.41 -31.7 1873 -19.205 1.353
1880 55.4389 1880 42.4303 1858 9.49 1862 -28.51 1888 0.16 -37.5 1872 -19.325 1.337
1879 78.3733 1879 41.7467 1857 9.39 1861 -26.73 1887 0.25 -32.6 1871 -19.755 1.205
1878 39.5184 1878 39.8111 1856 9.58 1860 -26.51 1886 0.18 -31.2 1870 -19.04 1.5045
1877 84.7747 1877 39.0933 1855 9.87 1859 -25.4 1885 0.15 -30.9 1869 -18.085 1.547
1876 23.2773 1876 31.4186 1854 9.78 1858 -26.89 1884 0.16 -32.3 1868 -19.655 1.3095
1875 36.4804 1875 29.1745 1853 9.63 1857 -26.47 1883 0.38 -33.2 1867 -19.225 1.595
1874 40.3591 1874 45.2076 1852 9.42 1856 -24.69 1882 0.33 -33.5 1866 -15.465 1.331

ABOR/MH/Priv-002740



Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.

1119 -14.95 1130 -21.94 1130 -18.29 1130 -14.10 1080 -7.84 1913 -143.166 1883 -21.521 1883 -19.29 1883 -26.88 1883 -55.7746 1909

1109 -14.46 1120 -21.38 1120 -18.57 1120 -16.75 1070 -8.125 1912 -143.29 1882 -22.03 1882 -18.63 1882 -26.27 1882 -56.0097 1908

1099 -12.52 1110 -20.89 1110 -18.43 1110 -16.64 1060 -8.97 1911 -143.423 1881 -21.025 1881 -18.85 1881 -27.03 1881 -56.4164 1907

1089 -14.14 1100 -21.48 1100 -18.50 1100 -17.03 1050 -9.455 1910 -143.525 1880 -20.964 1880 -17.11 1880 -26.21 1880 -56.4164 1906

1079 -14.49 1090 -21.22 1090 -18.75 1090 -17.04 1040 -9.53 1909 -143.525 1879 -21.228 1879 -18.5 1879 -24.96 1879 -56.4164 1905

1069 -14.35 1080 -21.73 1080 -18.03 1080 -19.48 1030 -9.57 1908 -143.483 1878 -21.219 1878 -19.64 1878 -25.01 1878 -56.7352 1904

1059 -14.04 1070 -20.56 1070 -18.05 1070 -14.69 1020 -9.6 1907 -141.845 1877 -21.343 1877 -18.18 1877 -24.29 1877 -56.8538 1903

1049 -14.58 1060 -20.71 1060 -18.45 1060 -17.69 1010 -9.465 1906 -141.845 1876 -20.935 1876 -19.25 1876 -24.82 1876 -56.6413 1902

1039 -14.43 1050 -21.93 1050 -18.37 1050 -17.76 1000 -9.35 1905 -141.845 1875 -21.541 1875 -19.45 1875 -24.79 1875 -56.4863 1901

1029 -13.83 1040 -21.71 1040 -18.41 1040 -19.36 990 -9.195 1904 -141.299 1874 -22.228 1874 -19.39 1874 -25.27 1874 -56.2827 1900

1019 -14.65 1030 -21.52 1030 -18.89 1030 -15.02 980 -9.56 1903 -140.45 1873 -22.468 1873 -19.36 1873 -26.42 1873 -55.5661 1899

1009 -14.75 1020 -21.47 1020 -18.71 1020 -14.38 970 -9.325 1902 -139.997 1872 -21.7 1872 -21.43 1872 -26.36 1872 -55.5661 1898

1010 -22.18 1010 -18.09 1010 -15.47 960 -9.205 1901 -139.852 1871 -22.514 1871 -18.04 1871 -26.35 1871 -55.4486 1897
950 -9.285 1900 -140.235 1870 -22.555 1870 -19.34 1870 -25.81 1870 -54.5892 1896
940 -9.41 1899 -140.6 1869 -21.977 1869 -18.95 1869 -26.5 1869 -54.4714 1895
930 -10.89 1898 -140.6 1868 -21.32 1868 -20.11 1868 -25.61 1868 -54.4714 1894
920 -10.815 1897 -140.902 1867 -21.814 1867 -21.35 1867 -25.25 1867 -53.91 1893
910 -10.885 1896 -140.919 1866 -23.272 1866 -17.9 1866 -26.23 1866 -53.8419 1892
900 -11.205 1895 -140.938 1865 -22.04 1865 -18.48 1865 -25.03 1865 -54.064 1891
890 -11.29 1894 -141.124 1864 -22.03 1864 -18.34 1864 -25.86 1864 -54.1246 1890
880 -11.795 1893 -141.124 1863 -21.99 1863 -18.09 1863 -26.95 1863 -54.1246 1889
870 -11.285 1892 -141.124 1862 -21.99 1862 -16.14 1862 -25.43 1862 -54.2803 1888
860 -11.005 1891 -141.514 1861 -21.99 1861 -15.16 1861 -26.33 1861 -54.5231 1887
850 -10.695 1890 -141.528 1860 -22.462 1860 -17.08 1860 -27.44 1860 -54.6873 1886
840 -10.415 1889 -141.696 1859 -22.169 1859 -19.25 1859 -26.88 1859 -54.8448 1885
830 -10.46 1888 -141.962 1858 -21.97 1858 -19.56 1858 -27.28 1858 -54.8448 1884
820 -10.02 1887 -141.962 1857 -21.95 1857 -17.97 1857 -25.59 1857 -54.8448 1883
810 -9.985 1886 -142.274 1856 -21.74 1856 -18.99 1856 -23.96 1856 -55.0831 1882
800 -10.885 1885 -142.424 1855 -21.94 1855 -18.75 1855 -24.8 1855 -55.2045 1881
790 -10.705 1884 -142.424 1854 -21.91 1854 -17.18 1854 -26.15 1854 -55.4672 1880
780 -10.6 1883 -142.6 1853 -21.9 1853 -17.67 1853 -26.65 1853 -55.5034 1879
770 -10.505 1882 -142.742 1852 -21.87 1852 -18.97 1852 -26.72 1852 -55.6427 1878
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

-298.6 1883 -29.4095 1907 -446.5 1.5 1900 0.23562 1883 -0.35

-301.4 1882 -29.5104 1906 -448.5 1.5 1899 0.33236 1882 -1.36

-312.7 1881 -29.5998 1905 -450.3 1.7 1898 0.20714 1881 1.045

-279.2 1880 -29.5998 1904 -451.8 1.7 1897 0.22247 1880 0.523

-253.6 1879 -29.5998 1903 -452.8 1.6 1896 0.20062 1879 1.387

-252 1878 -29.7087 1902 -452.8 1.5 1895 0.35028 1878 -0.137

-256.3 1877 -29.7437 1901 -452.5 1.7 1894 0.15671 1877 -0.491

-263.7 1876 -29.7672 1900 -451.9 1.7 1893 0.23936 1876 1.67

-252.6 1875 -29.8139 1899 -450.6 1.5 1892 0.29239 1875 1.221

-286.7 1874 -29.8139 1898 -449.2 1.7 1891 0.27054 1874 -1.168

-289.6 1873 -29.8139 1897 -447.6 1.7 1890 0.24102 1873 0.451

-280.3 1872 -29.8917 1896 -445.8 1.7 1889 0.23388 1872 0.103

-291.9 1871 -29.93 1895 -444.4 1.7 1888 0.32534 1871 0.364
-303.5 1870 -29.93 1894 -443.6 1.6 1887 0.27304 1870 -0.666
-298.7 1869 -29.93 1893 -443.2 1.6 1886 0.266 1869 -0.588
-294.9 1868 -29.9131 1892 -442.8 1.5 1885 0.22084 1868 -0.312
-280.9 1867 -29.8793 1891 -442.6 1.7 1884 0.32059 1867 0.18
-265.8 1866 -29.8972 1890 -441.6 1.6 1883 0.23711 1866 -1.161
-268.8 1865 -29.9438 1889 -440.7 1.6 1882 0.1992 1865 -1.045
-300.7 1864 -29.9438 1888 -439.5 1.6 1881 0.18408 1864 -1.577

-297 1863 -29.9438 1887 -437.9 1.6 1880 0.23059 1863 -2.45
-294.5 1862 -29.8628 1886 -437.5 1.8 1879 0.29275 1862 0.22
-293.1 1861 -29.7732 1885 -437.6 1.9 1878 0.31658 1861 0.398
-289.8 1860 -29.7732 1884 -437.4 2.0 1877 0.31741 1860 0.225
-285.2 1859 -29.6114 1883 -437.7 2.2 1876 0.17829 1859 -0.524
-287.7 1858 -29.6084 1882 -437.4 2.1 1875 0.21735 1858 -1.01
-277.6 1857 -29.5642 1881 -436.6 2.2 1874 0.25672 1857 -1.815
-260.8 1856 -29.4836 1880 -435.7 2.0 1873 0.27278 1856 1.468
-263.4 1855 -29.4836 1879 -435.6 2.3 1872 0.29682 1855 -0.29

-272 1854 -29.5853 1878 -436.2 2.3 1871 0.23477 1854 0.353
-270.9 1853 -29.622 1877 -437.2 2.5 1870 0.24306 1853 0.967
-282.5 1852 -29.6268 1876 -438.3 2.5 1869 0.267 1852 2.035

ABOR/MH/Priv-002742



Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

1852 3.151 1366 0.226 1772.968 37 49 43 1853 1.09 1854 2895 1376 10.68 1863 -1.309 1851 -25.0647
1851 1.966 1361 0.468 1770.846 40 42 41 1852 1.508 1853 2805 1371 7.42 1862 -0.621 1850 -24.3686
1850 -0.532 1356 -0.298 1768.718 55 54 54.5 1851 0.169 1852 2797 1366 6.02 1861 -0.573 1849 -23.038
1849 -0.909 1351 -0.3 1766.584 50 50 50 1850 0.231 1851 2804 1361 4.94 1860 -0.588 1848 -24.2624
1848 -0.905 1346 -0.413 1764.442 86 45 65.5 1849 0.271 1850 2797 1356 3.51 1859 -0.135 1847 -23.485
1847 -1.029 1341 -0.514 1762.294 97 64 80.5 1848 -0.529 1849 2827 1351 2.48 1858 -0.165 1846 -24.4718
1846 -1.099 1336 -0.403 1760.139 82 31 56.5 1847 -0.431 1848 2829 1346 3.27 1857 -0.369 1845 -23.951
1845 -1.083 1331 -0.224 1757.978 89 78 83.5 1846 0.109 1847 2835 1341 5.16 1856 -0.019 1844 -23.1932
1844 -0.883 1326 -0.216 1755.809 48 41 44.5 1845 -0.073 1846 2824 1336 5.54 1855 -0.041 1843 -24.4675
1843 -0.94 1321 0.058 1753.634 63.999 18 40.9995 1844 -0.299 1845 2805 1331 5.73 1854 -0.116 1842 -24.6468
1842 -0.645 1316 -0.019 1751.452 37 29 33 1843 -0.637 1844 2762 1326 6.26 1853 0.557 1841 -25.3722
1841 -0.362 1311 0.337 1749.264 25 56 40.5 1842 -0.872 1843 2757 1321 6.47 1852 1.227 1840 -25.2501
1840 0.298 1306 0.302 1747.068 73 52 62.5 1841 -0.928 1842 2768 1316 5.91 1851 0.711 1839 -26.0968
1839 1.314 1301 -0.428 1744.866 76 45 60.5 1840 0.282 1841 2808 1311 4.02 1850 0.017 1838 -24.2108
1838 1.533 1296 0.211 1742.656 76 50 63 1839 -0.401 1840 2791 1306 3.11 1849 -0.681 1837 -25.2037
1837 1.294 1291 -0.375 1740.44 35.999 85 60.4995 1838 -1.353 1839 2696 1301 2.75 1848 -0.314 1836 -24.6319
1836 0.67 1286 -0.049 1738.217 73 100 86.5 1837 -1.478 1838 2697 1296 3.06 1847 0.648 1835 -25.3707
1835 0.592 1281 -0.108 1735.986 18 81 49.5 1836 -3.048 1837 2775 1291 4.13 1846 -0.138 1834 -23.2696
1834 0.533 1276 -0.38 1733.749 76.001 100 88.0005 1835 -1.975 1836 2818 1286 5.98 1845 -0.019 1833 -22.5596
1833 0.587 1271 0.457 1731.504 34 68 51 1834 -1.7 1835 2751 1281 7.76 1844 -0.493 1832 -23.5188
1832 0.419 1266 1.489 1729.253 37 36 36.5 1833 -1.087 1834 2792 1276 8.7 1843 -0.413 1831 -24.2883
1831 -0.186 1261 0.297 1726.994 29 38 33.5 1832 -0.119 1833 2842 1271 8.36 1842 0.558 1830 -23.9407
1830 -1.579 1256 -0.16 1724.728 26 40 33 1831 -0.085 1832 2767 1266 5.38 1841 0.727 1829 -23.8391
1829 -1.91 1251 -0.102 1722.455 17 60 38.5 1830 0.008 1831 2717 1261 5.03 1840 0.836 1828 -25.3843
1828 -1.37 1246 -0.271 1720.174 51 100 75.5 1829 0.599 1830 2761 1256 4.98 1839 -0.204 1827 -25.9235
1827 -0.144 1241 -0.229 1717.887 46 95 70.5 1828 1.1 1829 2790 1251 4.2 1838 0.893 1826 -23.8175
1826 0.828 1236 0.118 1715.592 97.001 24 60.5005 1827 1.061 1828 2941 1246 4.2 1837 0.166 1825 -23.2865
1825 1.645 1231 0 1713.29 88 62 75 1826 -0.924 1827 2984 1241 5.31 1836 -1.749 1824 -24.2058
1824 1.41 1226 -0.261 1710.98 75 89 82 1825 0.713 1826 2990 1236 6.21 1835 -1.831 1823 -26.4537
1823 2.619 1221 -0.338 1708.663 57 85 71 1824 1.274 1825 2915 1231 6.21 1834 -0.857 1822 -25.3371
1822 2.866 1216 -0.326 1706.338 80 39 59.5 1823 0.258 1824 2828 1226 8.88 1833 -0.368 1821 -24.4901
1821 2.333 1211 -0.045 1704.007 55.999 95 75.4995 1822 -0.451 1823 2746 1221 9.22 1832 -0.32 1820 -24.1758
1820 1.335 1206 -0.313 1701.667 38 22 30 1821 -0.912 1822 2781 1216 9 1831 0.905 1819 -24.7435
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

1873 35.1954 1873 36.1118 1851 9.42 1855 -25.97 1881 0.46 -37.5 1865 -17.395 1.393
1872 23.0163 1872 23.4617 1850 9.63 1854 -26.06 1880 0.19 -31.6 1864 -19.855 1.374
1871 3.8328 1871 37.2877 1849 9.68 1853 -27.1 1879 0.27 -33.5 1863 -18.08 1.2835
1870 7.6647 1870 62.5043 1848 9.48 1852 -25.27 1878 0.42 -33.1 1862 -17.275 1.4685
1869 14.5602 1869 23.6179 1847 9.67 1851 -26.54 1877 0.24 -31.6 1861 -20.33 1.4695
1868 37.0967 1868 18.9607 1846 9.85 1850 -25.2 1876 0.27 -33.4 1860 -19.025 1.3495
1867 4.1264 1867 18.9227 1845 9.53 1849 -25.82 1875 0.42 -32.4 1859 -18.655 1.2825
1866 45.6045 1866 35.3756 1844 8.52 1848 -25.05 1874 0.55 -32.4 1858 -19.145 1.317
1865 38.9541 1865 33.0973 1843 8.93 1847 -24.41 1873 0.27 -31.5 1857 -17.76 1.328
1864 43.4636 1864 14.1473 1842 9.2 1846 -26.3 1872 0.33 -33 1856 -16.585 1.2525
1863 41.6131 1863 36.2291 1841 9.85 1845 -25.73 1871 0.56 -31.2 1855 -17.605 1.2195
1862 29.1741 1862 14.4188 1840 9.8 1844 -26.48 1870 0.48 -34.4 1854 -18.195 1.356
1861 38.0812 1861 37.1178 1839 9.67 1843 -24.86 1869 0.65 -31.3 1853 -18.32 0.9685
1860 17.835 1860 17.784 1838 9.48 1842 -25.82 1868 0.33 -36.1 1852 -18.04 1.5715
1859 46.7823 1859 43.8599 1837 9.2 1841 -27.5 1867 0.2 -32.6 1851 -19.435 1.354
1858 40.5678 1858 41.1881 1836 9.03 1840 -25.56 1866 0.12 -33.3 1850 -18.525 1.13
1857 41.9059 1857 39.9752 1835 8.89 1839 -27.09 1865 0.25 -33.5 1849 -19.21 1.495
1856 18.9577 1856 86.0802 1834 8.85 1838 -25.31 1864 0.17 -35.1 1848 -19.02 0.946
1855 28.9378 1855 28.4528 1833 8.97 1837 -26.48 1863 0.36 -32.8 1847 -16.29 1.129
1854 30.6801 1854 63.6195 1832 9.13 1836 -27.6 1862 0.23 -33.9 1846 -17.985 1.366
1853 47.3062 1853 54.934 1831 9.43 1835 -26.58 1861 0.25 -34.9 1845 -17.355 1.1275
1852 44.1901 1852 50.4282 1830 9.72 1834 -25.95 1860 0.56 -31 1844 -17.11 1.246
1851 41.8796 1851 78.9748 1829 9.77 1833 -29.35 1859 0.51 -30.2 1843 -18.185 1.0765
1850 14.8202 1850 95.3145 1828 9.64 1832 -29.1 1858 0.4 -28.3 1842 -18.82 1.2175
1849 8.6557 1849 67.9808 1827 9.63 1831 -27.83 1857 0.59 -32.2 1841 -16.365 1.215
1848 22.657 1848 88.3682 1826 9.72 1830 -27.51 1856 0.56 -32 1840 -18.12 1.01
1847 15.0521 1847 70.4953 1825 9.86 1829 -26.15 1855 0.3 -34.7 1839 -17.145 1.3745
1846 10.8041 1846 70.1458 1824 10.04 1828 -25.97 1854 0.44 -34.3 1838 -18.895 1.583
1845 44.959 1845 53.0033 1823 9.92 1827 -26.6 1853 0.44 -36.9 1837 -19.03 1.3205
1844 13.2089 1844 43.8521 1822 9.77 1826 -27.44 1852 0.27 -32.8 1836 -17.695 1.1075
1843 10.7309 1843 84.0939 1821 9.73 1825 -27.18 1851 0.24 -32.3 1835 -18.98 1.47
1842 6.1142 1842 100 1820 9.7 1824 -25.8 1850 0.4 -32.7 1834 -16.6 0.768
1841 6.0068 1819 9.79 1823 -25.6 1849 0.23 -28.4 1833 -18.175 1.485
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.

760 -10.455 1881 -142.835 1851 -21.87 1851 -19.21 1851 -25.85 1851 -55.6659 1877
750 -10.47 1880 -143.119 1850 -22.67 1850 -20.25 1850 -27.14 1850 -55.7797 1876
740 -10.075 1879 -143.119 1849 -21.87 1849 -20.08 1849 -25.33 1849 -55.7797 1875
730 -10.385 1878 -143.119 1848 -21.92 1848 -18.77 1848 -25.9 1848 -55.9573 1874
720 -9.08 1877 -143.461 1847 -21.92 1847 -19.59 1847 -26.06 1847 -56.1782 1873
710 -8.45 1876 -143.466 1846 -21.517 1846 -18.03 1846 -26.26 1846 -55.7295 1872
700 -9.52 1875 -143.472 1845 -22.09 1845 -19.45 1845 -24.7 1845 -55.5392 1871
690 -11.39 1874 -143.474 1844 -22.21 1844 -19.78 1844 -26.12 1844 -55.5392 1870
680 -11.355 1873 -143.474 1843 -22.732 1843 -18.96 1843 -27.7 1843 -55.0895 1869
670 -10.225 1872 -143.474 1842 -22.31 1842 -18.54 1842 -26.16 1842 -54.9586 1868
660 -9.63 1871 -143.475 1841 -22.554 1841 -19.23 1841 -27.56 1841 -54.9586 1867
650 -8.77 1870 -143.478 1840 -22.494 1840 -19.05 1840 -25.41 1840 -54.6957 1866
640 -8.74 1869 -143.478 1839 -22.833 1839 -18.1 1839 -24.96 1839 -54.5909 1865
630 -8.565 1868 -141.868 1838 -22.685 1838 -18.7 1838 -23.94 1838 -54.3415 1864
620 -8.65 1867 -141.072 1837 -22.955 1837 -19.83 1837 -23.47 1837 -53.9818 1863
610 -8.655 1866 -140.296 1836 -22.434 1836 -20.2 1836 -25.17 1836 -54.2415 1862
600 -8.765 1865 -140.029 1835 -21.606 1835 -18.5 1835 -24.65 1835 -54.5836 1861
590 -8.82 1864 -139.788 1834 -21.912 1834 -19.99 1834 -25.13 1834 -54.5836 1860
580 -9.395 1863 -139.347 1833 -21.319 1833 -20.08 1833 -26.29 1833 -54.6783 1859
570 -9.32 1862 -139.351 1832 -21.594 1832 -18.54 1832 -25.58 1832 -55.1764 1858
560 -9.745 1861 -140.007 1831 -22.114 1831 -19.27 1831 -24.16 1831 -55.1764 1857
550 -11.58 1860 -140.025 1830 -21.023 1830 -18.9 1830 -25.43 1830 -55.4622 1856
540 -10.69 1859 -140.154 1829 -21.819 1829 -20.11 1829 -28.85 1829 -55.6432 1855
530 -10.71 1858 -140.154 1828 -21.676 1828 -18.61 1828 -25.78 1828 -55.6432 1854
520 -10.785 1857 -140.689 1827 -21.978 1827 -16.35 1827 -25.67 1827 -55.924 1853
510 -10.91 1856 -140.817 1826 -22.238 1826 -17.86 1826 -25.26 1826 -56.003 1852
500 -11.095 1855 -140.817 1825 -21.717 1825 -19.52 1825 -24.84 1825 -55.8268 1851
490 -11.205 1854 -140.92 1824 -22.767 1824 -20.26 1824 -24.71 1824 -55.7712 1850
480 -12.255 1853 -141.509 1823 -23.101 1823 -20.22 1823 -27.17 1823 -55.7234 1849
470 -12.1 1852 -141.509 1822 -22.152 1822 -18.61 1822 -26.64 1822 -55.656 1848
460 -12.005 1851 -141.54 1821 -23.267 1821 -20.12 1821 -24.74 1821 -55.656 1847

1850 -142.37 1820 -22.636 1820 -21.08 1820 -24.63 1820 -55.5585 1846
1849 -142.37 1819 -21.496 1819 -18.44 1819 -25.96 1819 -55.4728 1845
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

-294.4 1851 -29.7435 1875 -438.5 2.4 1868 0.17303 1851 1.168
-294.6 1850 -29.7435 1874 -438.7 2.4 1867 0.22846 1850 1.65
-307.3 1849 -29.7435 1873 -439.6 2.5 1866 0.19718 1849 -0.201
-299.7 1848 -29.7928 1872 -439.9 2.3 1865 0.22909 1848 -0.578
-259.9 1847 -29.8709 1871 -440.1 2.6 1864 0.22153 1847 2.065
-269.6 1846 -29.8709 1870 -440.3 2.5 1863 0.26961 1846 0.196
-284.6 1845 -29.8709 1869 -440.3 2.7 1862 0.2462 1845 -0.324
-303.4 1844 -29.7758 1868 -440.2 2.4 1861 0.18289 1844 -1.042
-295.7 1843 -29.712 1867 -439.4 2.7 1860 0.27885 1843 1.534
-285.2 1842 -29.712 1866 -438.8 2.6 1859 0.28736 1842 -0.672
-291.4 1841 -29.6832 1865 -438.8 2.5 1858 0.26394 1841 0.766
-302.8 1840 -29.6444 1864 -439.3 2.6 1857 0.20819 1840 1.096
-281.7 1839 -29.6444 1863 -439.0 2.6 1856 0.1684 1839 -1.529
-273.5 1838 -29.5906 1862 -438.3 2.6 1855 0.3536 1838 0.66
-287.8 1837 -29.5882 1861 -437.3 2.4 1854 0.26572 1837 0.187
-295.9 1836 -29.5684 1860 -436.5 2.2 1853 0.2904 1836 -1.08
-299.2 1835 -29.5322 1859 -437.3 2.3 1852 0.202 1835 -2.195
-285.8 1834 -29.5322 1858 -437.8 2.3 1851 0.27517 1834 -1.425
-287.6 1833 -29.4835 1857 -438.7 2.5 1850 0.24315 1833 -1.207
-294.2 1832 -29.4304 1856 -440.2 2.1 1849 0.24357 1832 0.5
-287.2 1831 -29.4304 1855 -441.4 2.1 1848 0.22762 1831 1.345
-287.7 1830 -29.3667 1854 -442.9 2.2 1847 0.29323 1830 1.067
-279.3 1829 -29.3227 1853 -443.5 2.2 1846 0.22027 1829 2.188
-274.1 1828 -29.3118 1852 -444.6 2.1 1845 0.21239 1828 0.36
-291.9 1827 -29.2264 1851 -445.7 2.2 1844 0.14719 1827 -0.389
-272.7 1826 -29.2264 1850 -446.8 2.2 1843 0.25386 1826 -1.928
-294.7 1825 -29.303 1849 -448.0 2.3 1842 0.2379 1825 -1.524
-298.6 1824 -29.3254 1848 -448.6 2.2 1841 0.20536 1824 1.952
-283.6 1823 -29.3254 1847 -450.4 2.2 1840 0.15622 1823 -0.246
-264.6 1822 -29.3254 1846 -451.4 2.1 1839 0.32127 1822 -1.309
-254.4 1821 -29.4531 1845 -451.9 2.2 1838 0.17323 1821 0.412
-260.1 1820 -29.5496 1844 -452.4 2.1 1837 0.32232 1820 0.206
-282.1 1819 -29.5496 1843 -452.7 2.0 1836 0.2566 1819 -1.347
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Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

1819 0.214 1201 -0.379 1699.32 52.001 38 45.0005 1820 0.567 1821 2874 1211 7.84 1830 0.144 1818 -24.5119
1818 -1.276 1196 -0.072 1696.966 54 46 50 1819 -0.087 1820 2883 1206 7.84 1829 0.34 1817 -24.2065
1817 -2.376 1191 -0.461 1694.604 21.999 19 20.4995 1818 -1.008 1819 2820 1201 6.91 1828 0.848 1816 -26.6728
1816 -2.031 1186 -0.367 1692.234 30.001 41 35.5005 1817 -0.798 1818 2812 1196 5.51 1827 0.451 1815 -26.2842
1815 -0.889 1181 -0.332 1689.857 44 32 38 1816 0.772 1817 2838 1191 5.51 1826 -0.631 1814 -24.5076
1814 -0.426 1176 0.068 1687.472 78 74 76 1815 0.455 1816 2906 1186 15.57 1825 0.069 1813 -24.1594
1813 -0.79 1171 0.662 1685.079 91 94 92.5 1814 0.259 1815 2906 1181 22.1 1824 -0.522 1812 -24.5806
1812 -1.424 1166 0.14 1682.678 55.999 76 65.9995 1813 -0.592 1814 2817 1176 21.1 1823 -0.141 1811 -25.5817
1811 -1.963 1161 0.446 1680.27 62.001 84 73.0005 1812 -1.174 1813 2718 1171 7.08 1822 0.447 1810 -23.3711
1810 -2.382 1156 0.563 1677.854 91 100 95.5 1811 -0.16 1812 2694 1166 2.78 1821 -0.243 1809 -25.4865
1809 -2.118 1151 0.492 1675.429 35 66 50.5 1810 0.528 1811 2847 1161 2.79 1820 0.95 1808 -24.2589
1808 -0.936 1146 -0.025 1672.997 49 84 66.5 1809 -0.706 1810 3007 1819 0.246 1807 -25.6182
1807 -0.336 1141 1.912 1670.557 34.999 34 34.4995 1808 0.856 1809 2990 1818 -0.749 1806 -26.5526
1806 -0.261 1136 0.687 1668.11 27.001 73 50.0005 1807 0.285 1808 2877 1817 -1.021 1805 -25.0201
1805 -0.005 1131 0.929 1665.654 36.999 24 30.4995 1806 0.938 1807 2769 1816 -0.529 1804 -26.118
1804 0.544 1126 0.568 1663.19 43.001 40 41.5005 1805 0.484 1806 2715 1815 0.072 1803 -25.1058
1803 -0.5 1121 -0.213 1660.717 20.999 36 28.4995 1804 0.711 1805 2726 1814 -0.371 1802 -24.5262
1802 -1.42 1116 -0.054 1658.237 31.001 38 34.5005 1803 0.324 1804 2806 1813 -0.783 1801 -25.346
1801 -1.645 1111 -0.322 1655.749 33 33 33 1802 0.628 1803 2845 1812 -0.06 1800 -23.8451
1800 -1.36 1106 -0.448 1653.252 64 37 50.5 1801 -0.547 1802 2807 1811 -0.242 1799 -24.5775
1799 -0.911 1101 -0.316 1650.747 48 55 51.5 1800 -0.842 1801 2745 1810 -0.21 1798 -24.3736
1798 -0.684 1096 0.152 1648.234 63 86 74.5 1799 -0.797 1800 2821 1809 0.554 1797 -23.0521
1797 -0.907 1091 -0.26 1645.713 84 25 54.5 1798 -0.389 1799 2789 1808 0.407 1796 -24.1805
1796 -1.427 1086 -0.15 1643.183 17 44 30.5 1797 -0.042 1798 2705 1807 0.104 1795 -25.9831
1795 -0.829 1081 -0.254 1640.645 29 17 23 1796 -0.694 1797 2720 1806 -0.019 1794 -24.0485
1794 -0.733 1076 -0.15 1638.099 70 67 68.5 1795 -0.76 1796 2771 1805 0.84 1793 -23.5937
1793 -1.079 1071 -0.439 1635.544 81 53 67 1794 -0.524 1795 2834 1804 0.974 1792 -23.7792
1792 -1.231 1066 0.016 1632.98 63.001 94 78.5005 1793 -0.48 1794 2898 1803 -0.529 1791 -24.254
1791 -1.223 1061 0.044 1630.408 33.999 60 46.9995 1792 0.422 1793 2921 1802 -1.739 1790 -24.3899
1790 -0.58 1056 -0.13 1627.828 60.001 81 70.5005 1791 0.148 1792 2935 1801 0.538 1789 -23.4479
1789 0.176 1051 -0.45 1625.238 99 36 67.5 1790 0.71 1791 2839 1800 0.622 1788 -24.2136
1788 0.978 1046 0.008 1622.641 87 43 65 1789 0.727 1790 2800 1799 -0.102 1787 -24.9056
1787 1.04 1041 -0.142 1620.034 18.001 38 28.0005 1788 1.424 1789 2838 1798 -0.805 1786 -25.2464
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

1840 4.0171 1818 9.72 1822 -26.98 1848 0.43 -30.7 1832 -17.925 0.9505
1839 22.3641 1817 9.59 1821 -26.75 1847 0.37 -30.7 1831 -19.065 1.376
1838 74.6951 1816 9.35 1820 -24.7 1846 0.34 -30.5 1830 -17.595 1.2535
1837 34.5343 1815 9.29 1819 -25.2 1845 0.26 -29.9 1829 -16.06 1.247
1836 48.0962 1814 9.23 1818 -25.7 1844 0.29 -29.8 1828 -17.415 1.2955
1835 40.3692 1813 9.3 1817 -25.88 1843 0.24 -31.8 1827 -17.305 0.9925
1834 0.001 1812 9.63 1816 -27.66 1842 0.29 -32.1 1826 -14.465 1.3105
1833 52.3442 1811 10.21 1815 -25.63 1841 0.4 -33.5 1825 -19.075 1.382
1832 55.7048 1810 10.14 1814 -26.08 1840 0.23 -29.8 1824 -19.495 1.081
1831 52.1489 1809 9.88 1813 -28.34 1839 0.35 -29.4 1823 -18.24 1.35
1830 33.2038 1808 9.56 1812 -29.09 1838 0.28 -31.1 1822 -19.06 0.957
1829 48.2549 1807 9.67 1811 -26.7 1837 0.48 -26.8 1821 -17.385 1.111
1828 17.286 1806 9.86 1810 -24.91 1836 0.39 -30.6 1820 -23.71 1.439
1827 39.295 1805 10.09 1809 -25.66 1835 0.33 -31.2 1819 -19.61 1.201
1826 28.0159 1804 10.22 1808 -25.06 1834 0.44 -33.4 1818 -20.22 1.345
1825 5.9885 1803 10.03 1807 -25.16 1833 0.44 -30.3 1817 -20.83 1.178
1824 21.0823 1802 9.86 1806 -26.02 1832 0.39 -31.5 1816 -20.755 1.1815
1823 18.1649 1801 9.92 1805 -25.16 1831 0.24 -24.8 1815 -19.805 1.4555
1822 4.6885 1800 10.05 1804 -25.79 1830 0.38 -30.7 1814 -19.015 0.9975
1821 4.7007 1799 10.1 1803 -26.69 1829 0.38 -31.4 1813 -19.56 1.415
1820 30.6159 1798 9.97 1802 -26.69 1828 0.31 -32.8 1812 -18.075 1.174
1819 30.4328 1797 9.83 1801 -26.24 1827 0.58 -30.4 1811 -19.2 1.197
1818 30.9455 1796 9.72 1800 -25.67 1826 0.64 -31.5 1810 -20.42 0.9515
1817 56.8486 1795 9.96 1799 -25.99 1825 0.4 -29.6 1809 -18.845 1.113
1816 31.2995 1794 10.07 1798 -27.94 1824 0.19 -31.3 1808 -18.865 1.348
1815 19.3245 1793 10.15 1797 -27.8 1823 0.23 -30.9 1807 -21.205 1.3465
1814 8.0087 1792 10.24 1796 -25.99 1822 0.32 -30.4 1806 -17.355 1.1365
1813 11.2558 1791 10.35 1795 -26.33 1821 0.28 -25.8 1805 -15.67 0.9485
1812 20.0936 1790 10.67 1794 -26.4 1820 0.18 -31.7 1804 -17.565 1.424
1811 4.6396 1789 10.77 1793 -26.29 1819 0.27 -34.3 1803 -19.435 0.874
1810 71.3992 1788 10.7 1792 -27.05 1818 0.37 -32.8 1802 -19.3 1.534
1809 46.5582 1787 10.51 1791 -25.05 1817 0.22 -29.7 1801 -17.385 0.964
1808 30.2497 1786 10.13 1790 -27.27 1816 0.27 -33.2 1800 -17.16 1.3395
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.

1848 -142.847 1818 -21.868 1818 -17.99 1818 -24.58 1818 -55.4303 1844
1847 -143.147 1817 -22.987 1817 -21.25 1817 -26.27 1817 -55.2509 1843
1846 -143.147 1816 -23.079 1816 -19.14 1816 -25.57 1816 -55.2509 1842
1845 -143.252 1815 -22.703 1815 -20.98 1815 -25 1815 -55.0481 1841
1844 -144.238 1814 -22.152 1814 -21.49 1814 -25.01 1814 -54.7864 1840
1843 -144.238 1813 -22.042 1813 -19.85 1813 -25.75 1813 -54.7864 1839
1842 -144.371 1812 -21.707 1812 -20.96 1812 -26.3 1812 -54.2253 1838
1841 -145.214 1811 -21.707 1811 -19.09 1811 -25.9 1811 -54.1859 1837
1840 -145.214 1810 -22.41 1810 -18.53 1810 -25.25 1810 -53.7033 1836
1839 -145.399 1809 -21.852 1809 -18.92 1809 -25.89 1809 -53.6049 1835
1838 -145.532 1808 -22.698 1808 -19.28 1808 -27.4 1808 -53.3012 1834
1837 -145.392 1807 -23.317 1807 -19.23 1807 -25.77 1807 -53.0919 1833
1836 -145.02 1806 -23.169 1806 -19.34 1806 -25.09 1806 -53.0919 1832
1835 -144.414 1805 -22.216 1805 -22.29 1805 -25.81 1805 -53.7369 1831
1834 -144.191 1804 -22.334 1804 -20.57 1804 -24.93 1804 -53.7718 1830
1833 -143.684 1803 -24.225 1803 -18.21 1803 -24.97 1803 -54.1538 1829
1832 -143.684 1802 -21.995 1802 -19.32 1802 -25.96 1802 -54.3801 1828
1831 -143.314 1801 -21.424 1801 -18.93 1801 -26.73 1801 -54.8889 1827
1830 -143.263 1800 -22.922 1800 -20.36 1800 -26.57 1800 -54.9928 1826
1829 -143.263 1799 -21.997 1799 -17.74 1799 -24.42 1799 -55.3552 1825
1828 -143.263 1798 -22.32 1798 -19.25 1798 -25.62 1798 -55.579 1824
1827 -144.494 1797 -23.575 1797 -20.72 1797 -26.76 1797 -55.7152 1823
1826 -144.867 1796 -21.837 1796 -19.44 1796 -23.55 1796 -55.6663 1822
1825 -144.868 1795 -22.485 1795 -20.5 1795 -25.59 1795 -54.8143 1821
1824 -144.871 1794 -21.998 1794 -19.5 1794 -24.75 1794 -54.8143 1820
1823 -144.871 1793 -22.313 1793 -19.5 1793 -24.8 1793 -54.6511 1819
1822 -144.358 1792 -22.543 1792 -19.5 1792 -26.14 1792 -54.136 1818
1821 -144.075 1791 -21.613 1791 -19.5 1791 -25.7 1791 -53.3554 1817
1820 -143.607 1790 -21.758 1790 -19.5 1790 -26.51 1790 -53.1772 1816
1819 -143.25 1789 -22.122 1789 -19.5 1789 -26.37 1789 -53.1772 1815
1818 -143.252 1788 -22.408 1788 -19.5 1788 -26.45 1788 -52.9839 1814
1817 -143.305 1787 -22.839 1787 -19.5 1787 -25.26 1787 -52.5571 1813
1816 -143.457 1786 -22.808 1786 -19.5 1786 -24.96 1786 -53.2159 1812

ABOR/MH/Priv-002749



Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

-279.5 1818 -29.5825 1842 -452.9 1.8 1835 0.18227 1818 -2.626
-276.6 1817 -29.6025 1841 -453.1 1.9 1834 0.21576 1817 -2.406
-291.5 1816 -29.6025 1840 -453.1 1.8 1833 0.23266 1816 1.21
-292.5 1815 -29.6025 1839 -452.5 2.0 1832 0.29965 1815 -0.342
-284.4 1814 -29.38 1838 -451.4 2.0 1831 0.28348 1814 -1.69
-282.4 1813 -29.3689 1837 -449.9 1.9 1830 0.3175 1813 -1.086
-278.9 1812 -29.2629 1836 -448.0 1.7 1829 0.37683 1812 0.93
-285.5 1811 -29.2212 1835 -446.3 1.8 1828 0.29367 1811 -0.254
-292.2 1810 -29.1419 1834 -444.9 2.0 1827 0.3026 1810 -0.105
-299.8 1809 -29.0049 1833 -443.8 1.9 1826 0.18511 1809 1.845
-295.6 1808 -29.0049 1832 -443.4 2.0 1825 0.29504 1808 2.246

-293 1807 -28.8875 1831 -443.2 2.0 1824 0.22785 1807 1.778
-303.2 1806 -28.8689 1830 -442.9 2.0 1823 0.19435 1806 1.24
-299.2 1805 -28.8689 1829 -442.8 2.0 1822 0.25389 1805 0.394
-280.3 1804 -29.1007 1828 -442.8 1.9 1821 0.21179 1804 0.806
-269.7 1803 -29.2016 1827 -442.6 1.8 1820 0.24612 1803 0.179
-273.1 1802 -29.2403 1826 -442.0 2.1 1819 0.28046 1802 -0.246

-288 1801 -29.414 1825 -442.3 2.3 1818 0.20423 1801 1.492
-295.1 1800 -29.4824 1824 -443.9 2.3 1817 0.22155 1800 1.379
-287.9 1799 -29.6266 1823 -445.0 2.2 1816 0.15351 1799 0.708
-285.1 1798 -29.6266 1822 -445.4 2.2 1815 0.23059 1798 -0.454

-287 1797 -29.8279 1821 -444.4 2.4 1814 0.17095 1797 1.61
-277.8 1796 -29.8847 1820 -442.8 2.5 1813 0.23962 1796 0.272
-268.5 1795 -29.7994 1819 -441.1 2.5 1812 0.18849 1795 1.646
-272.9 1794 -29.7772 1818 -440.6 2.6 1811 0.25747 1794 -2.443
-264.8 1793 -29.7772 1817 -441.1 2.6 1810 0.29224 1793 -0.568
-262.8 1792 -29.6329 1816 -442.6 2.6 1809 0.27545 1792 0.737
-286.9 1791 -29.618 1815 -444.9 2.8 1808 0.32777 1791 -1.142
-314.9 1790 -29.5244 1814 -445.7 2.6 1807 0.23327 1790 -0.268
-327.1 1789 -29.4821 1813 -445.2 2.5 1806 0.22488 1789 1.981

-307 1788 -29.4821 1812 -444.9 2.6 1805 0.25116 1788 0.26
-282 1787 -29.4449 1811 -445.1 2.7 1804 0.1561 1787 2.021

-280.9 1786 -29.3857 1810 -446.1 2.4 1803 0.36486 1786 0.975

ABOR/MH/Priv-002750



Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

1786 0.194 1036 -0.532 1617.419 24.999 58 41.4995 1787 0.742 1788 2846 1797 -0.793 1785 -25.3803
1785 -1.241 1031 -0.619 1614.795 38 26 32 1786 -0.811 1787 2799 1796 -0.151 1784 -23.366
1784 -1.698 1026 0.136 1612.162 82 20 51 1785 -0.631 1786 2779 1795 0.129 1783 -24.2003
1783 -2.062 1021 0.241 1609.52 66 62 64 1784 -1.016 1785 2756 1794 0.353 1782 -23.0678
1782 -2.278 1016 -0.482 1606.87 34 24 29 1783 -0.215 1784 2849 1793 -0.786 1781 -23.3496
1781 -2.53 1011 -0.246 1604.21 24 48 36 1782 0.27 1783 2825 1792 0.506 1780 -22.2599
1780 -2.494 1006 -0.431 1601.542 53 34 43.5 1781 -0.29 1782 2728 1791 0.754 1779 -23.0745
1779 -2.196 1001 -0.483 1598.864 47 67 57 1780 -0.447 1781 2680 1790 0.056 1778 -26.1317
1778 -1.71 996 -0.341 1596.178 70 80 75 1779 -0.4 1780 2737 1789 -0.042 1777 -23.4501
1777 -1.625 991 -0.558 1593.482 61 75 68 1778 0.174 1779 2882 1788 0.068 1776 -23.9768
1776 0.176 986 -0.489 1590.778 62 23 42.5 1777 -0.18 1778 2879 1787 0.699 1775 -25.8986
1775 1.493 981 -0.504 1588.064 75 29 52 1776 0.54 1777 2825 1786 1.451 1774 -23.2491
1774 -0.199 976 -0.328 1585.341 42.5 38 40.25 1775 0.857 1776 2849 1785 0.508 1773 -24.6231
1773 -0.122 971 -0.516 1582.608 34 99 66.5 1774 0.676 1775 2777 1784 -0.244 1772 -25.0309
1772 -0.211 966 -0.362 1579.866 51.5 25 38.25 1773 1.293 1774 2724 1783 -0.022 1771 -22.9596
1771 0.186 961 -0.514 1577.115 69 50 59.5 1772 -0.264 1773 2700 1782 0.117 1770 -24.2278
1770 0.654 956 -0.402 1574.355 46 48 47 1771 -0.934 1772 2695 1781 0.199 1769 -23.1084
1769 0.679 951 -0.434 1571.585 53.5 . 1770 -0.789 1771 2689 1780 -0.544 1768 -24.0868
1768 0.062 946 0.045 1568.806 57 . 1769 -1.029 1770 2746 1779 -0.862 1767 -25.7901
1767 -0.506 941 0.328 1566.017 21.501 . 1768 -1.817 1769 2805 1778 -1.065 1766 -25.546
1766 -0.902 936 -0.001 1563.219 42.999 . 1767 -0.811 1768 2744 1777 -0.562 1765 -24.7946
1765 -1.131 931 0.477 1560.411 38.001 . 1766 -0.26 1767 2633 1776 0.589 1764 -24.5009
1764 -0.743 926 -0.142 1557.593 63.999 . 1765 0.512 1766 2595 1775 0.811 1763 -24.2003
1763 -0.53 921 -0.656 1554.766 24.502 . 1764 0.743 1765 2685 1774 0.379 1762 -23.07
1762 -0.446 916 -0.502 1551.928 31.399 . 1763 -0.064 1764 2800 1773 -0.026 1761 -23.35
1761 -0.418 911 -0.463 1549.082 80.5 . 1762 0.812 1763 2828 1772 0.623
1760 0.542 906 -0.538 1546.225 65 . 1761 0.626 1762 2874 1771 0.546
1759 1.298 901 0.479 1543.358 65 . 1761 2942 1770 -0.656
1758 0.161 896 0.186 1540.482 27.499 . 1760 2955 1769 -0.299
1757 -0.848 891 -0.17 1537.595 94 . 1759 2799 1768 -0.103
1756 -1.641 886 -0.207 1534.699 75 . 1758 2864 1767 -0.254
1755 -2.383 881 0.124 1531.792 38.499 . 1757 3008 1766 0.485
1754 -1.914 876 0.014 1528.876 100 . 1756 2953 1765 0.223

ABOR/MH/Priv-002751



Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

1807 53.7724 1785 9.88 1789 -27.03 1815 0.47 -31.7 1799 -20.495 1.381
1806 0.001 1784 9.63 1788 -25.13 1814 0.25 -31.6 1798 -19.72 1.332
1805 27.1003 1783 9.82 1787 -26.77 1813 0.26 -28.9 1797 -19.83 1.0485
1804 12.9403 1782 10.08 1786 -26.23 1812 0.38 -31.8 1796 -17.145 1.3005
1803 18.3358 1781 10.04 1785 -25.81 1811 0.16 -32.4 1795 -17.155 1.1585
1802 19.0438 1780 9.95 1784 -27.29 1810 0.36 -31.6 1794 -16.33 1.192
1801 17.4691 1779 9.88 1783 -27 1809 0.26 -33 1793 -16.485 1.216
1800 40.7599 1778 9.88 1782 -25.73 1808 0.26 -25.8 1792 -16.995 1.024
1799 26.4168 1777 9.88 1781 -27.18 1807 0.26 -27.5 1791 -18.7 1.197
1798 20.1178 1776 9.88 1780 -28.69 1806 0.26 -27.6 1790 -19.64 1.4975
1797 91.4979 1775 9.91 1779 -27.1 1805 0.27 -32.8 1789 -18.545 1.071
1796 2.4546 1774 9.94 1778 -26.66 1804 0.27 -30.6 1788 -18.745 1.1335
1795 100 1773 9.93 1777 -26.94 1803 0.27 -34.1 1787 -19.44 1.1475
1794 100 1772 9.85 1776 -24.7 1802 0.41 -30.3 1786 -19.57 1.433
1793 7.3129 1771 9.58 1775 -28.06 1801 0.41 -30.5 1785 -17.385 1.172
1792 87.4269 1770 9.6 1774 -26.32 1800 0.2 -31.1 1784 -16.555 1.117
1791 46.9854 1769 9.71 1773 -26.96 1799 0.46 -31.7 1783 -18.105 1.3165
1790 41.6021 1768 9.9 1772 -24.71 1798 0.24 -29.4 1782 -18.015 1.153
1789 13.6727 1767 10.21 1771 -26.29 1797 0.35 -33.3 1781 -18.27 1.15
1788 68.6649 1766 10.34 1770 -27.52 1796 0.36 -28.6 1780 -20.915 1.1965
1787 25.8624 1765 10.01 1769 -25.84 1795 0.43 -28.8 1779 -20.235 1.2735
1786 43.4355 1764 9.67 1768 -26.17 1794 0.21 -28.8 1778 -18.4 1.2405
1785 26.4778 1763 9.51 1767 -26.39 1793 0.29 -30.8 1777 -19.62 1.267
1784 25.6721 1762 9.41 1766 -27.16 1792 0.15 -33.9 1776 -20.48 1.2805
1783 40.2838 1761 9.35 1765 -26.28 1791 0.29 -33.2 1775 -18.495 1.465
1782 24.5613 1764 -25.01 1790 0.15 -34.1 1774 -17.865 1.135
1781 37.2687 1763 -26.71 1789 0.29 -34.5 1773 -18.785 1.11
1780 41.3903 1762 -29.23 1788 0.27 -34.5 1772 -17.58 1.2335
1779 31.9831 1761 -24.57 1787 0.18 -30.8 1771 -17.61 0.833
1778 22.0686 1760 -26.42 1786 0.31 -29.5 1770 -18.63 1.6945
1777 9.5468 1759 -26.01 1785 0.31 -30.2 1769 -19.93 1.0245
1776 1.5391 1758 -26.36 1784 0.31 -29.9 1768 -19.715 0.869
1775 16.4681 1757 -26.05 1783 0.39 -31.2 1767 -16.775 1.127

ABOR/MH/Priv-002752



Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.

1815 -143.457 1785 -22.518 1785 -19.5 1785 -25.25 1785 -53.6253 1811
1814 -143.806 1784 -23.221 1784 -19.5 1784 -25.62 1784 -53.6253 1810
1813 -143.975 1783 -20.922 1783 -19.5 1783 -25.96 1783 -54.2593 1809
1812 -144.039 1782 -21.485 1782 -19.5 1782 -25.52 1782 -54.2765 1808
1811 -144.607 1781 -22.993 1781 -19.5 1781 -25.19 1781 -54.2765 1807
1810 -144.608 1780 -21.93 1780 -19.5 1780 -24.48 1780 -54.895 1806
1809 -144.61 1779 -21.95 1779 -19.5 1779 -26.02 1779 -54.976 1805
1808 -144.121 1778 -21.864 1778 -19.5 1778 -26.1 1778 -55.1039 1804
1807 -143.5 1777 -22.009 1777 -19.5 1777 -25.11 1777 -55.3457 1803
1806 -143.438 1776 -21.888 1776 -19.5 1776 -25.26 1776 -55.3457 1802
1805 -142.703 1775 -21.227 1775 -19.5 1775 -26.37 1775 -55.009 1801
1804 -142.44 1774 -20.708 1774 -19.5 1774 -25.42 1774 -54.9781 1800
1803 -142.221 1773 -22.502 1773 -19.5 1773 -25.34 1773 -54.6617 1799
1802 -142.186 1772 -21.84 1772 -19.5 1772 -25.88 1772 -54.5232 1798
1801 -142.052 1771 -21.948 1771 -19.5 1771 -24.8 1771 -54.4763 1797
1800 -142.586 1770 -21.336 1770 -19.5 1770 -25.09 1770 -54.2817 1796
1799 -143.002 1769 -21.771 1769 -19.5 1769 -25.89 1769 -54.2817 1795
1798 -143.002 1768 -21.793 1768 -19.5 1768 -26.14 1768 -54.1199 1794
1797 -143.002 1767 -21.145 1767 -19.5 1767 -25.78 1767 -54.1301 1793
1796 -142.871 1766 -21.434 1766 -19.5 1766 -24.66 1766 -54.1385 1792
1795 -142.434 1765 -22.131 1765 -19.5 1765 -25.44 1765 -54.1385 1791
1794 -142.221 1764 -21.506 1764 -19.5 1764 -26.29 1764 -54.1385 1790
1793 -141.912 1763 -22.181 1763 -19.5 1763 -24.73 1763 -54.2323 1789
1792 -142.784 1762 -21.619 1762 -19.5 1762 -25.25 1762 -54.3 1788
1791 -142.784 1761 -23.572 1761 -19.5 1761 -24.81 1761 -54.3 1787

1786
1785
1784
1783
1782
1781
1780
1779

ABOR/MH/Priv-002753



Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

-290.4 1785 -29.4454 1809 -447.5 2.5 1802 0.27842 1785 1.973
-293.5 1784 -29.7129 1808 -448.9 2.4 1801 0.20037 1784 1.252
-286.4 1783 -29.7129 1807 -449.4 2.4 1800 0.20059 1783 -0.373
-282.5 1782 -29.7346 1806 -449.3 2.3 1799 0.22708 1782 -0.358
-285.8 1781 -29.8914 1805 -448.6 2.4 1798 0.16604 1781 -0.816
-287.1 1780 -29.8914 1804 -446.9 2.1 1797 0.36785 1780 1.132
-283.7 1779 -29.9335 1803 -446.3 2.0 1796 0.25436 1779 -0.336
-278.1 1778 -30.1498 1802 -446.6 2.2 1795 0.27235 1778 -0.797
-288.4 1777 -30.1498 1801 -446.5 2.0 1794 0.29918 1777 -0.351

-296 1776 -29.9737 1800 -446.2 2.1 1793 0.16736 1776 1.287
-293.3 1775 -29.8708 1799 -445.4 2.1 1792 0.26463 1775 1.893
-301.5 1774 -29.8708 1798 -444.0 1.9 1791 0.2208 1774 0.083
-292.7 1773 -29.7355 1797 -443.0 1.9 1790 0.20336 1773 0.829
-298.8 1772 -29.5575 1796 -442.3 1.8 1789 0.22125 1772 1.44
-298.3 1771 -29.5575 1795 -441.7 1.7 1788 0.23041 1771 -0.098
-283.4 1770 -29.4194 1794 -441.4 1.9 1787 0.2218 1770 -0.008
-278.4 1769 -29.1752 1793 -441.0 1.8 1786 0.21319 1769 0.438
-282.7 1768 -29.1166 1792 -439.7 1.8 1785 0.27579 1768 -0.06
-290.2 1767 -28.9192 1791 -437.3 1.7 1784 0.43698 1767 0.22
-286.2 1766 -28.9192 1790 -436.0 1.7 1783 0.21429 1766 0.491
-283.1 1765 -28.9192 1789 -435.3 1.8 1782 0.21452 1765 0.858
-276.5 1764 -29.2036 1788 -435.2 1.8 1781 0.17897 1764 -0.178
-275.1 1763 -29.2923 1787 -436.0 1.8 1780 0.2419 1763 0.285
-291.5 1762 -29.2923 1786 -436.9 1.9 1779 0.21519 1762 0.561
-303.3 1761 -29.466 1785 -437.4 1.8 1778 0.26046 1761 -2.921
-317.8 1784 -437.9 1.9 1777 0.17975 1760 1.208
-324.7 1783 -438.4 1.8 1776 0.25196 1759 -0.96
-314.2 1782 -439.8 1.9 1775 0.18914 1758 0.318
-295.5 1781 -440.7 1.9 1774 0.24357 1757 -1.108
-281.7 1780 -441.5 1.9 1773 0.30718 1756 -2.277
-290.9 1779 -441.6 2.0 1772 0.27141 1755 0.912
-296.1 1771 0.21731 1754 -1.132
-294.6 1770 0.18131 1753 0.635

ABOR/MH/Priv-002754



Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

1753 -1.865 871 -0.479 1525.949 53 . 1755 2817 1764 1.255
1752 -1.85 866 -0.477 1523.012 75.5 . 1754 2672 1763 0.722
1751 -1.261 861 -0.551 1520.065 100 . 1753 2764 1762 0.507
1750 -0.696 856 -0.38 1517.107 86 . 1752 2855 1761 -1.145
1749 -0.008 851 -0.131 1514.139 83.999 . 1751 2866 1760 -0.027
1748 1.399 846 -0.254 1511.161 44.5 . 1750 2807 1759 -0.433
1747 2.701 841 -0.499 1508.172 76.5 . 1749 2792 1758 -0.634
1746 2.731 836 -0.318 1505.173 89 . 1748 2877 1757 -0.752
1745 2.161 831 -0.292 1502.163 56.999 . 1747 2959 1756 -0.262
1744 2.103 826 -0.503 1499.143 32.5 . 1746 2917 1755 -0.164
1743 2.927 821 -0.411 1496.112 25.501 . 1745 2810 1754 -0.145
1742 4.011 816 -0.23 1493.07 43 . 1744 2758 1753 0.155
1741 4.605 811 -0.188 1490.018 31.8 . 1743 2697 1752 -0.462
1740 5.044 806 -0.303 1486.955 55.5 . 1742 2730 1751 -0.24
1739 4.052 801 -0.059 1483.881 35 . 1741 2838 1750 -0.395
1738 2.947 796 -0.225 1480.796 98 . 1740 2872 1749 -0.315
1737 0.761 791 -0.6 1477.7 65 . 1739 2823 1748 0.09
1736 -0.363 786 -0.372 1474.593 52.3 . 1738 2832 1747 -0.234
1735 1.526 781 -0.52 1471.476 55 . 1737 2795 1746 -0.24
1734 2.969 776 -0.449 1468.347 79 . 1736 2735 1745 -0.341
1733 5.164 771 -0.39 1465.207 77.5 . 1735 2748 1744 -0.105
1732 6.039 766 -0.438 1462.055 92.999 . 1734 2766 1743 0.262
1731 6.238 761 -0.292 1458.893 69 . 1733 2835 1742 -0.019
1730 7.327 756 -0.541 1455.719 59.3 . 1732 2870 1741 0.756
1729 7.162 751 -0.226 1452.534 63.3 . 1731 2846 1740 1.293
1728 4.798 746 -0.511 1449.337 85.3 . 1730 2827 1739 0.458
1727 3.605 741 -0.493 1446.129 61 . 1729 2786 1738 -0.742
1726 2.319 736 -0.415 1442.91 54.999 . 1728 2812 1737 -1.317
1725 1.354 731 -0.527 1439.679 54 . 1727 2828 1736 0.041
1724 1.255 726 -0.47 1436.436 73.5 . 1726 2742 1735 -1.431
1723 0.93 721 -0.326 1433.182 87.501 . 1725 2805 1734 -0.57
1722 1.547 716 0.624 1429.916 50.999 . 1724 2824 1733 0.683
1721 3.068 711 -0.192 1426.638 31.3 . 1723 2852 1732 0.4
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

1774 41.303 1756 -25.31 1782 0.32 -31.8 1766 -18.665 1.6125
1773 47.5469 1755 -28.72 1781 0.32 -30.2 1765 -19.145 1.104
1772 11.9638 1754 -28.38 1780 0.4 -27.2 1764 -18.285 1.154
1771 36.3844 1753 -26.67 1779 0.32 -35.8 1763 -17.97 1.311
1770 6.3952 1752 -27.23 1778 0.32 -33.2 1762 -19.4 1.295
1769 30.8454 1751 -25.65 1777 0.49 -31.5 1761 -18.745 1.226
1768 21.4119 1750 -24.9 1776 0.49 -32.5 1760 -18.205 1.0565
1767 0.3916 1749 -25.69 1775 0.25 -28.8 1759 -19.9 1.5275
1766 8.723 1748 -26.03 1774 0.34 -32.1 1758 -22.75 1.016
1765 20.7894 1747 -28.27 1773 0.39 -30.9 1757 -20.21 1.214
1764 3.5288 1746 -26.93 1772 0.24 -31.8 1756 -18.8 1.0995
1763 20.3011 1745 -24.96 1771 0.31 -31.7 1755 -18.765 1.613
1762 29.7737 1744 -26.56 1770 0.35 -32.4 1754 -19.79 1.018
1761 67.9639 1743 -26.81 1769 0.49 -35.9 1753 -18.87 1.4795
1760 55.1274 1742 -27.53 1768 0.3 -33.1 1752 -18.68 1.1395
1759 30.5427 1767 0.26 -29.8 1751 -17.625 1.597
1758 27.9548 1766 0.27 -28.1 1750 -18.565 1.2375
1757 37.2161 1765 0.27 -28.8 1749 -17.3 1.019
1756 26.4168 1764 0.37 -32.2 1748 -14.86 1.418
1755 21.8952 1763 0.27 -30 1747 -19.11 1.4735
1754 34.3879 1762 0.27 -30.5 1746 -20.4 1.269
1753 20.0696 1761 0.18 -32.6 1745 -18.655 1.3885
1752 19.7396 1760 0.29 -32.1 1744 -20.425 1.2435
1751 4.0415 1759 0.19 -32.1 1743 -20.635 1.3385
1750 10.9628 1758 0.26 -30.7 1742 -19.535 1.5105
1749 30.3962 1757 0.21 -30.7 1741 -16.545 1.222
1748 28.1379 1756 0.23 -32.1 1740 -17.165 1.318
1747 29.9079 1755 0.34 -31.2 1739 -17.93 1.63
1746 10.8407 1754 0.28 -32.2 1738 -16.625 1.327
1745 12.0736 1753 0.22 -34.2 1737 -18.64 1.178
1744 28.7239 1752 0.24 -33.5 1736 -19.165 1.223
1743 46.6191 1751 0.2 -32.3 1735 -18.57 1.6655
1742 78.9919 1750 0.4 -28.6 1734 -21.16 1.6465
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.

1778
1777
1776
1775
1774
1773
1772
1771
1770
1769
1768
1767
1766
1765
1764
1763
1762
1761
1760
1759
1758
1757
1756
1755
1754
1753
1752
1751
1750
1749
1748
1747
1746
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

-287.5 1769 0.24503 1752 0.247
-287 1768 0.2817 1751 0.21

-283.5 1767 0.20926 1750 -0.475
-274.1 1766 0.17304 1749 0.442

-277 1765 0.16399 1748 0.656
-281.9 1764 0.21898 1747 0.245
-296.7 1763 0.30148 1746 -0.769
-302.2 1762 0.24704 1745 0.723
-297.2 1761 0.24727 1744 0.309
-291.7 1760 0.16499 1743 -0.668
-290.3 1759 0.23865 1742 0.839
-287.6 1758 0.40465 1741 0.916
-283.3 1757 0.16566 1740 1.245

-284 1756 0.27644 1739 0.49
-289.6 1755 0.21217 1738 -2.227
-296.8 1754 0.31412 1737 -2.613

-289 1753 0.24056 1736 0.133
-280.9 1752 0.17595 1735 -2.363
-288.2 1751 0.26884 1734 -0.67
-301.1 1750 0.28774 1733 0.085
-303.8 1749 0.38131 1732 2.102

-295 1748 0.22346 1731 1.791
-284.8 1747 0.34498 1730 1.846
-284.6 1746 0.1773 1729 0.943
-285.1 1745 0.16813 1728 0.851
-294.2 1744 0.25243 1727 1.323
-313.5 1743 0.20592 1726 0.163
-307.2 1742 0.28116 1725 -0.257
-298.1 1741 0.18759 1724 -0.652
-287.4 1740 0.23477 1723 -2.141
-280.2 1739 0.15976 1722 -1.452
-275.3 1738 0.28229 1721 -1.193
-271.1 1737 0.21656 1720 -1.089
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Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

1720 4.472 706 -0.332 1423.348 16.301 . 1722 2901 1731 0.95
1719 4.787 701 0.307 1420.046 41.299 . 1721 2910 1730 1.245
1718 3.477 696 -0.314 1416.733 79.001 . 1720 2917 1729 1.767
1717 2.898 691 -0.142 1413.407 39.2 . 1719 2948 1728 1.321
1716 1.279 686 -0.588 1410.069 84 . 1718 2913 1727 1.391
1715 0.759 681 -0.214 1406.72 55 . 1717 2798 1726 0.304
1714 0.543 676 -0.391 1403.358 50.5 . 1716 2762 1725 0.838
1713 0.636 671 -0.647 1399.984 34.8 . 1715 2750 1724 -0.208
1712 0.409 666 -0.172 1396.597 13.3 . 1714 2735 1723 0.439
1711 0.104 661 0.653 1393.198 19.3 . 1713 2783 1722 -1.358
1710 -0.791 656 1.342 1389.787 53.5 . 1712 2830 1721 -0.762
1709 -1.456 651 0.654 1386.363 50.6 . 1711 2882 1720 -0.418
1708 -0.949 646 -0.283 1382.927 64 . 1710 2885 1719 -0.589
1707 -0.54 641 1.881 1379.478 35.8 . 1709 2912 1718 -0.163
1706 2.305 636 -0.059 1376.016 80 . 1708 2919 1717 -0.3
1705 3.284 631 -0.332 1372.542 76.998 . 1707 2869 1716 0.317
1704 3.904 626 -0.52 1369.055 33.002 . 1706 2828 1715 0.009
1703 4.435 621 -0.091 1365.555 66 . 1705 2850 1714 0.185
1702 4.296 1362.043 41.5 . 1704 2808 1713 0.651
1701 4.114 1358.517 58.5 . 1703 2755 1712 0.4
1700 3.823 1354.978 58.8 . 1702 2815 1711 0.189
1699 3.946 1351.427 81 . 1701 2933 1710 0.006
1698 4.39 1347.862 49 . 1700 2940 1709 0.806
1697 4.426 1344.284 26.599 . 1699 2891 1708 0.118
1696 3.834 1340.692 35.999 . 1698 2887 1707 -0.696
1695 2.887 1337.088 51.002 . 1697 2874 1706 -0.83
1694 1.966 1333.47 31.5 . 1696 2830 1705 -0.456
1693 1.062 1329.838 96 . 1695 2841 1704 0.268
1692 -0.138 1326.193 72.5 . 1694 2889 1703 -0.055
1691 -0.69 1322.535 80 . 1693 2896 1702 0.02
1690 -0.54 1318.862 51 . 1692 2930 1701 -0.042
1689 0.037 1315.176 64.5 . 1691 2813 1700 -0.375
1688 0.309 1311.477 97.5 . 1690 2773 1699 -1.046
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

1741 76.8313 1749 0.3 -27.5 1733 -19.43 1.259
1740 1.2461 1748 0.31 -24.6 1732 -22.9 1.6405
1739 9.1318 1747 0.41 -28.9 1731 -19.935 1.528
1738 46.3628 1746 0.21 -29.9 1730 -19.515 0.8415
1737 27.6863 1745 0.21 -30.3 1729 -16.32 1.421
1736 46.0229 1744 0.3 -34 1728 -17.35 1.2585
1735 81.5772 1743 0.33 -33.3 1727 -19.145 1.3185
1734 72.7542 1742 0.21 -28.8 1726 -20.07 1.379
1733 10.975 1741 0.38 -28.4 1725 -21.565 1.4615
1732 6.3242 1740 0.28 -31.8 1724 -14.96 1.069
1731 51.0381 1739 0.42 -31.9 1723 -15.36 1.2565
1730 12.684 1738 0.44 -32.4 1722 -16.085 1.2665
1729 5.0913 1737 0.34 -32.3 1721 -18.865 1.4455
1728 53.8945 1736 0.57 -28.2 1720 -17.315 1.3805
1727 34.0339 1719 -18.28 1.0725
1726 24.72 1718 -19.375 1.7495
1725 37.1588 1717 -19.935 1.225
1724 27.8328 1716 -20.615 1.441
1723 81.8117 1715 -19.87 1.6295
1722 52.5395 1714 -18.755 1.3625
1721 11.1947 1713 -16.2 1.27
1720 3.4433 1712 -17.21 1.4085
1719 14.2709 1711 -17.035 1.6115
1718 28.1623 1710 -17.21 1.166
1717 26.8806 1709 -15.995 1.3905
1716 16.0165 1708 -20.64 1.3655
1715 13.16 1707 -18.105 1.4885
1714 49.8052 1706 -19.82 1.5
1713 26.7035 1705 -19.58 1.5335
1712 50.0102 1704 -19.67 1.3855
1711 64.7439 1703 -19.815 1.442
1710 46.668 1702 -18.9 1.7235
1709 30.445 1701 -19.745 1.1435
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.

1745
1744
1743
1742
1741
1740
1739
1738
1737
1736
1735
1734
1733
1732
1731
1730
1729
1728
1727
1726
1725
1724
1723
1722
1721
1720
1719
1718
1717
1716
1715
1714
1713
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

-276.4 1736 0.20739 1719 -0.329
-284.7 1735 0.34927 1718 -0.3
-278.4 1734 0.25514 1717 1.028
-271.1 1733 0.24597 1716 1.527
-271.5 1732 0.2368 1715 0.547
-293.6 1731 0.28445 1714 0.029

-297 1730 0.29429 1713 0.423
-277.9 1729 0.29464 1712 0.393
-273.6 1728 0.22833 1711 -0.056
-290.4 1727 0.31443 1710 1.145
-319.6 1726 0.18115 1709 1.091

-328 1725 0.24814 1708 -0.336
-310.8 1724 0.18149 1707 0.028
-309.1 1723 0.34432 1706 -1.104
-310.1 1722 0.2968 1705 -1.657

-304 1721 0.23955 1704 -0.995
-296.7 1720 0.2494 1703 -1.609
-284.2 1719 0.27849 1702 -0.27
-300.2 1718 0.18253 1701 -1.406
-281.9 1717 0.24037 1700 -2.417

-272 1716 0.31767 1699 -2.332
-291.1 1715 0.15414 1698 0.403
-292.9 1714 0.18312 1697 0.394
-296.6 1713 0.16399 1696 -0.643
-294.1 1712 0.38628 1695 1.183
-290.6 1711 0.261 1694 -0.088
-298.4 1710 0.20316 1693 1.026
-293.9 1709 0.27108 1692 1.718
-283.9 1708 0.26159 1691 0.003
-279.9 1707 0.17454 1690 0.56
-279.6 1706 0.22312 1689 -1.198
-284.1 1705 0.12621 1688 -1.436
-283.4 1704 0.30113 1687 0.795
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Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

1687 0.244 1307.763 50.2 . 1689 2829 1698 -1.246
1686 0.7 1304.036 54.5 . 1688 2885 1697 -1.081
1685 1.226 1300.294 69.799 . 1687 2875 1696 -1.343
1684 2.518 1296.539 89.501 . 1686 2831 1695 -0.303
1683 3.144 1292.769 72.999 . 1685 2837 1694 -0.762
1682 3.413 1288.986 70.501 . 1684 2903 1693 0.192
1681 1.768 1285.187 74.699 . 1683 2905 1692 0.726
1680 2.128 1281.375 66.201 . 1682 2863 1691 -0.052
1679 2.829 1277.549 80 . 1681 2783 1690 0.503
1678 2.998 1273.708 64.498 . 1680 2735 1689 -0.612
1677 2.407 1269.852 41.501 . 1679 2666 1688 -1.069
1676 1.599 1265.982 75.2 . 1678 2622 1687 0.626
1675 1.541 1262.097 32.501 . 1677 2707 1686 0.039
1674 0.48 1258.198 61.599 . 1676 2761 1685 -0.375
1673 -0.607 1254.283 57 . 1675 2776 1684 0.866
1672 -0.556 1250.354 70.499 . 1674 2808 1683 0.849
1671 1 1246.41 31 . 1673 2728 1682 -1.485
1670 -0.104 1242.451 69.002 . 1672 2686 1681 0.192
1669 -0.416 1238.477 92.5 . 1671 2776 1680 -1.905
1668 -0.294 1234.488 99 . 1670 2911 1679 0.182
1667 0.164 1230.483 100 . 1669 2898 1678 -0.213
1666 0.649 1226.464 96 . 1668 2651 1677 -0.588
1665 1.318 1222.429 83.3 . 1667 2849 1676 -1.165
1664 1.943 1218.378 68.5 . 1666 2932 1675 0.412
1663 2.58 1214.312 60.3 . 1665 2946 1674 1.266
1662 2.224 1210.231 80.3 . 1664 2888 1673 0.347
1661 1.087 1206.133 91 . 1663 2809 1672 -0.646
1660 1.295 1202.02 63 . 1662 2739 1671 -0.689
1659 1.026 1197.892 58.999 . 1661 2679 1670 0.09
1658 -0.87 1193.747 67.501 . 1660 2656 1669 0.188
1657 -0.319 1189.586 65 . 1659 2763 1668 -0.129
1656 0.037 1185.41 92 . 1658 2809 1667 1.132
1655 -0.171 1181.217 90 . 1657 2845 1666 0.843
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

1708 26.0347 1700 -18.485 2.2415
1707 4.4321 1699 -19.49 1.5365
1706 22.6326 1698 -21.77 1.1865
1705 31.9587 1697 -19.275 1.321
1704 70.4593 1696 -18.595 1.5865
1703 0.001 1695 -18.095 1.5265
1702 40.0885 1694 -16.385 1.0745
1701 59.9356 1693 -17.975 1.47
1700 11.683 1692 -19.725 1.7735
1699 14.1122 1691 -16.515 1.516
1698 25.5501 1690 -20.755 1.521
1697 12.4215 1689 -20.825 1.491
1696 15.8456 1688 -17.435 1.564
1695 23.7142 1687 -16.51 2.0365

1686 -19.745 1.34
1685 -19.48 1.2435
1684 -18.31 1.4165
1683 -19.03 1.7605
1682 -17.01 1.3585
1681 -18.79 1.159
1680 -20.37 2.0165
1679 -20.195 2.2605
1678 -19.835 1.619
1677 -17.715 1.621
1676 -19.85 1.8
1675 -18.55 1.841
1674 -19.465 1.532
1673 -20.285 1.677
1672 -19.235 1.8945
1671 -17.195 1.8315
1670 -19.135 1.4885
1669 -18.875 1.7675
1668 -18.675 1.3895
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.

1712
1711
1710
1709
1708
1707
1706
1705
1704
1703
1702
1701
1700
1699
1698
1697
1696
1695
1694
1693
1692
1691
1690
1689
1688
1687
1686
1685
1684
1683
1682
1681
1680
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

-270.5 1703 0.33068 1686 -0.07
-274.2 1702 0.17514 1685 -0.227
-282.2 1701 0.15578 1684 1.399
-283.4 1700 0.21432 1683 -0.968
-290.4 1699 0.33152 1682 -0.273
-289.5 1698 0.30245 1681 -0.175
-278.5 1697 0.26362 1680 -0.667
-272.2 1696 0.35185 1679 0.702
-272.8 1695 0.31302 1678 -0.086
-282.7 1694 0.19571 1677 -0.636
-292.6 1693 0.21542 1676 -0.288
-308.3 1692 0.28418 1675 0.091
-299.5 1691 0.22552 1674 -0.094
-291.8 1690 0.33361 1673 0.05
-293.2 1689 0.23563 1672 -1.185
-291.1 1688 0.30454 1671 -2.025
-284.5 1687 0.24575 1670 1.441
-292.2 1686 0.26549 1669 0.035

-318 1685 0.18686 1668 -0.326
-303.5 1684 0.31504 1667 0.803
-274.3 1683 0.31518 1666 1.314
-267.8 1682 0.19709 1665 1.069
-277.5 1681 0.29573 1664 0.777
-292.1 1680 0.25641 1663 1.25
-300.8 1679 0.27627 1662 -1.547

-306 1678 0.28637 1661 -0.469
-301 1677 0.32598 1660 1.15

-283.9 1676 0.29652 1659 -1.385
-281 1675 0.17793 1658 0.723

-281.5 1674 0.26707 1657 1.658
-273.8 1673 0.29682 1656 -1.463
-263.4 1672 0.22765 1655 0.681

-255 1671 0.18818 1654 -0.385
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Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

1654 -0.492 1177.008 77 . 1656 2866 1665 -0.014
1653 -0.08 1172.783 81 . 1655 2881 1664 1.314
1652 -0.332 1168.542 68 . 1654 2860 1663 1.01
1651 0.623 1164.284 73 . 1653 2693 1662 -0.635
1650 2.558 1160.01 63.499 . 1652 2913 1661 -0.645
1649 2.823 1155.719 36.501 . 1651 2917 1660 0.494
1648 3.12 1151.411 87.2 . 1650 2871 1659 -0.459
1647 3.207 1147.087 77 . 1649 2828 1658 -0.163
1646 2.938 1142.746 68 . 1648 2789 1657 0.995
1645 3.199 1138.388 85 . 1647 2767 1656 0.359
1644 4.809 1134.014 82 . 1646 2824 1655 -0.548
1643 6.556 1129.622 100 . 1645 2971 1654 -0.379
1642 3.789 1125.213 94 . 1644 2912 1653 -0.223
1641 2.722 1120.787 62.5 . 1643 2919 1652 0.272
1640 2.719 1116.344 73 . 1642 2948 1651 1.122
1639 -0.477 1111.883 47.501 . 1641 2950 1650 -0.075
1638 -1.759 1107.405 41.499 . 1640 2891 1649 1.049
1637 -2.104 1102.91 82 . 1639 2787 1648 -0.696
1636 -2.5 1098.397 62 . 1638 2722 1647 -0.693
1635 -2.564 1093.866 58.5 . 1637 2676 1646 0.059
1634 -2.394 1089.318 79.8 . 1636 2616 1645 -0.324
1633 -0.988 1084.752 100 . 1635 2616 1644 -0.848
1632 -0.238 1080.167 89.5 . 1634 2695 1643 -0.458
1631 0.166 1075.565 69.501 . 1633 2808 1642 0.004
1630 0.141 1070.945 76.699 . 1632 2830 1641 -0.813
1629 0.083 1066.307 34.199 . 1631 2816 1640 -0.313
1628 -0.441 1061.65 36.499 . 1630 2893 1639 -0.504
1627 -0.782 1056.975 98.002 . 1629 2901 1638 0.149
1626 -0.291 1052.282 89 . 1628 2818 1637 -0.045
1625 0.51 1047.57 89 . 1627 2697 1636 -0.817
1624 0.723 1042.839 93.3 . 1626 2735 1635 0.229
1623 -0.186 1038.09 98 . 1625 2697 1634 -0.848
1622 -0.746 1033.323 85.5 . 1624 2718 1633 -0.275
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

1667 -19.48 2.1005
1666 -18.36 1.7145
1665 -22.48 1.4345
1664 -20.085 2.192
1663 -20.555 1.6225
1662 -15.81 1.4915
1661 -18.575 2.395
1660 -20.28 2.0025
1659 -17.55 1.756
1658 -17.115 1.6805
1657 -14.475 1.6905
1656 -17.37 1.589
1655 -18.35 1.7005
1654 -19.68 1.5575
1653 -18.13 1.7825
1652 -16.705 1.612
1651 -19.84 2.086
1650 -17.99 1.7595
1649 -18.325 1.9905
1648 -15.995 1.434
1647 -16.855 1.959
1646 -18.23 1.635
1645 -17.145 1.639
1644 -20.585 2.1365
1643 -18.71 1.795
1642 -22.4 1.768
1641 -19.145 1.8865
1640 -17.29 1.974
1639 -19.775 2.2325
1638 -19.585 1.6735
1637 -17.655 1.7935
1636 -13.41 1.808
1635 -15.925 1.6695
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.

1679
1678
1677
1676
1675
1674
1673
1672
1671
1670
1669
1668
1667
1666
1665
1664
1663
1662
1661
1660
1659
1658
1657
1656
1655
1654
1653
1652
1651
1650
1649
1648
1647
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

-269.2 1670 0.26749 1653 -1.432
-291.6 1669 0.22792 1652 0.562
-298.8 1668 0.27752 1651 0.048
-302.1 1667 0.37684 1650 1.325
-302.2 1666 0.22821 1649 1.936
-293.2 1665 0.14889 1648 0.219
-292.5 1664 0.1985 1647 1.317
-263.7 1663 0.18864 1646 -0.179
-241.3 1662 0.22838 1645 -1.908
-250.2 1661 0.25826 1644 -0.169
-270.1 1660 0.19868 1643 -0.756

-273 1659 0.22855 1642 -1.964
-278.4 1658 0.26842 1641 0.423

-286 1657 0.34806 1640 0.271
-291.5 1656 0.26859 1639 0.838
-277.5 1655 0.23885 1638 -0.712
-254.6 1654 0.26875 1637 -1.049
-259.8 1653 0.26878 1636 -1.377
-269.5 1652 0.20915 1635 0.051
-270.9 1651 0.24905 1634 -0.954
-268.8 1650 0.25907 1633 -1.108
-271.9 1649 0.21921 1632 -1.711
-281.3 1648 0.25912 1631 0.161
-292.2 1647 0.25925 1630 -0.538
-289.3 1646 0.29918 1629 -0.607
-278.3 1645 0.30922 1628 0.409
-277.2 1644 0.15962 1627 -1.286
-278.8 1643 0.31939 1626 -0.011
-282.7 1642 0.2496 1625 -0.82
-289.3 1641 0.17968 1624 1.542
-293.6 1640 0.22963 1623 -0.007
-297.7 1639 0.23966 1622 -0.703
-306.8 1638 0.29964 1621 1.504
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Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

1621 -1.931 1028.536 67.8 . 1623 2698 1632 -0.241
1620 -1.645 1023.73 70.5 . 1622 2680 1631 -0.073
1619 -1.143 1018.906 87 . 1621 2715 1630 0.392
1618 -1.726 1014.062 67.298 . 1620 2847 1629 0.623
1617 -1.645 1009.2 56.502 . 1619 2869 1628 1.115
1616 -1.016 1004.317 90.499 . 1618 2898 1627 -0.47
1615 -0.574 999.416 62.599 . 1617 2897 1626 -0.239
1614 0.11 994.495 70.502 . 1616 2881 1625 -1.285
1613 -0.612 989.555 85.498 . 1615 2857 1624 -1.039
1612 -1.634 984.59 61.302 . 1614 2788 1623 0.015
1611 -2.341 979.616 69 . 1613 2777 1622 0.079
1610 -0.837 974.616 93.5 . 1612 2740 1621 -0.085
1609 -0.172 969.597 91.7 . 1611 2773 1620 0.696
1608 0.954 964.558 85 . 1610 2826 1619 0.706
1607 0.733 959.499 45.6 . 1609 2848 1618 0.175
1606 0.293 954.419 96 . 1608 2917 1617 0.45
1605 0.053 949.32 58.5 . 1607 2955 1616 0.214
1604 0.379 944.199 94 . 1606 2876 1615 1.205
1603 0.604 939.059 86.5 . 1605 2785 1614 0.823
1602 2.114 933.898 100 . 1604 2720 1613 0.123
1601 1.771 928.717 90 . 1603 2697 1612 0.073
1600 0.837 923.51 81.3 . 1602 2786 1611 0.46
1599 0.822 918.29 100 . 1601 2869 1610 0.308
1598 1.093 913.048 77 . 1600 2856 1609 0.74
1597 1.09 907.78 78 . 1599 2805 1608 0.371
1596 0.634 902.498 59.1 . 1598 2761 1607 -0.376
1595 0.294 897.19 67.6 . 1597 2772 1606 0.675
1594 -0.185 891.86 74.5 . 1596 2758 1605 -0.41
1593 0.261 886.51 55.498 . 1595 2741 1604 -0.422
1592 -0.114 881.14 85.002 . 1594 2740 1603 0.885
1591 -0.401 875.75 85 . 1593 2754 1602 -1.049
1590 0.141 870.337 65.999 . 1592 2771 1601 -0.221
1589 0.947 864.9 76.501 . 1591 2830 1600 0.54
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

1634 -18.03 1.851
1633 -17.645 1.456
1632 -19.085 1.903
1631 -20.31 2.344
1630 -18.885 2.1705
1629 -21.335 1.92
1628 -19.47 1.6475
1627 -19.945 2.07
1626 -19.62 1.753
1625 -17.525 2.028
1624 -17.345 1.6985
1623 -19.85 1.822
1622 -18.79 1.7455
1621 -17.245 1.832
1620 -17.335 1.9895
1619 -16.91 1.481
1618 -18.315 1.308
1617 -18.695 1.1905
1616 -18.705 1.0275
1615 -18.37 1.5875
1614 -18.87 1.919
1613 -18.29 1.5635
1612 -18.725 1.563
1611 -19.79 1.332
1610 -17.875 1.473
1609 -17.155 1.646
1608 -16.83 1.651
1607 -16.94 1.779
1606 -18.265 1.474
1605 -18.835 1.527
1604 -19.02 1.9965
1603 -20.13 1.837
1602 -20.68 1.3645
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.

1646
1645
1644
1643
1642
1641
1640
1639
1638
1637
1636
1635
1634
1633
1632
1631
1630
1629
1628
1627
1626
1625
1624
1623
1622
1621
1620
1619
1618
1617
1616
1615
1614
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

-307.6 1637 0.20978 1620 0.89
-300 1636 0.3798 1619 0.298
-294 1635 0.32989 1618 0.661

-294.3 1634 0.22999 1617 -0.174
-293.2 1633 0.25005 1616 0.01
-286.8 1632 0.21001 1615 1.344
-289.8 1631 0.27013 1614 -0.087
-291.7 1630 0.34019 1613 0.259
-295.5 1629 0.30026 1612 0.592
-286.2 1628 0.26021 1611 -0.042
-279.6 1627 0.22025 1610 0.016
-290.3 1626 0.2303 1609 -0.401

-310 1625 0.17028 1608 1.292
-312 1624 0.18032 1607 -1.289

-300.9 1623 0.36068 1606 0.762
-291.6 1622 0.24051 1605 -1.427
-290.1 1621 0.23051 1604 0.272
-299.7 1620 0.28068 1603 -0.297
-322.4 1619 0.26075 1602 -0.738
-318.2 1618 0.30091 1601 0.95
-295.9 1617 0.24085 1600 -0.102
-284.3 1616 0.29104 1599 0.439
-285.9 1615 0.23087 1598 -1.426
-285.6 1614 0.28117 1597 0.927
-284.1 1613 0.31142 1596 0.242
-293.2 1612 0.24119 1595 0.592
-301.6 1611 0.2111 1594 0.64
-302.7 1610 0.25138 1593 -0.473
-304.5 1609 0.23133 1592 -0.698

-299 1608 0.18104 1591 0.116
-290 1607 0.1912 1590 0.013

-287.1 1606 0.25168 1589 -0.605
-286.2 1605 0.15095 1588 -0.104
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Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

1588 2.011 859.44 87.5 . 1590 2799 1599 -0.722
1587 2.817 853.96 78.4 . 1589 2794 1598 -0.79
1586 2.995 848.46 66.7 . 1588 2808 1597 0.125
1585 1.741 842.94 55.4 . 1587 2827 1596 -0.06
1584 0.578 837.39 58.4 . 1586 2805 1595 0.23
1583 -0.879 831.828 66.9 . 1585 2791 1594 0.472
1582 -2.462 826.238 57.7 . 1584 2747 1593 -0.247
1581 -2.818 820.626 68 . 1583 2713 1592 -1.025
1580 -2.688 814.99 74.499 . 1582 2705 1591 0.239
1579 -2.823 809.33 96.001 . 1581 2679 1590 -0.128
1578 -1.564 803.65 82.2 . 1580 2685 1589 0.332
1577 -1.039 797.95 100 . 1579 2670 1588 0.143
1576 -0.159 792.22 34.5 . 1578 2680 1587 1.126
1575 -0.734 786.476 61 . 1577 2728 1586 0.573
1574 -0.993 780.7 86 . 1576 2793 1585 0.431
1573 -1.346 774.91 73.7 . 1575 2809 1584 -1.144
1572 -1.114 769.09 83.2 . 1574 2843 1583 -0.298
1571 -0.478 763.25 87 . 1573 2878 1582 0.011
1570 -0.627 757.38 86.5 . 1572 2904 1581 0.427
1569 -1.024 751.496 100 . 1571 2908 1580 -0.203
1568 -0.734 745.58 100 . 1570 2854 1579 0.019
1567 -0.241 739.648 100 . 1569 2823 1578 0.273
1566 -1.099 733.689 86.5 . 1568 2767 1577 0.471
1565 -1.068 727.7 100 . 1567 2676 1576 -0.742
1564 -0.972 721.698 100 . 1566 2689 1575 0.411
1563 -1.111 715.667 100 . 1565 2849 1574 0.928
1562 -2.013 709.61 100 . 1564 2918 1573 1.119
1561 1.024 703.53 70.2 . 1563 2950 1572 0.784
1560 1.068 697.426 64.8 . 1562 2975 1571 -0.018
1559 0.548 691.296 61.498 . 1561 2952 1570 0.873
1558 0.438 685.14 53.002 . 1560 2872 1569 0.751
1557 0.249 678.96 62.2 . 1559 2831 1568 -0.793
1556 0.314 672.76 100 . 1558 2827 1567 -1.15

ABOR/MH/Priv-002775



Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

1601 -20.87 1.407
1600 -18.78 1.813
1599 -18.67 1.9755
1598 -17.915 1.4735
1597 -17.69 1.6525
1596 -16.805 1.4335
1595 -16.53 1.582
1594 -16.94 1.9215
1593 -17.34 1.285
1592 -17.66 1.4975
1591 -18.155 1.4035
1590 -18.355 1.505
1589 -18.69 2.0935
1588 -19.74 1.724
1587 -18.87 2.1855
1586 -19.78 1.39
1585 -16.87 1.4255
1584 -15.745 1.5105
1583 -17.685 1.6745
1582 -18.025 1.919
1581 -18.895 1.9055
1580 -18.025 1.747
1579 -19.485 1.6395
1578 -21.075 1.686
1577 -19.125 2.0275
1576 -19.36 1.8285
1575 -18.72 1.699
1574 -17.165 1.3315
1573 -20.1 1.842
1572 -21.285 1.1
1571 -16 1.342
1570 -19.27 1.377
1569 -20.425 1.631

ABOR/MH/Priv-002776



Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.

1613
1612
1611
1610
1609
1608
1607
1606
1605
1604
1603
1602
1601
1600
1599
1598
1597
1596
1595
1594
1593
1592
1591
1590
1589
1588
1587
1586
1585
1584
1583
1582
1581

ABOR/MH/Priv-002777



Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

-279.9 1604 0.30215 1587 1.377
-283.9 1603 0.27195 1586 1.116
-275.2 1602 0.33257 1585 -1.074
-264.3 1601 0.20157 1584 -0.735
-275.6 1600 0.20169 1583 1.07
-281.4 1599 0.25216 1582 1.876
-285.1 1598 0.25219 1581 -0.079
-286.7 1597 0.30279 1580 0.568
-292.2 1596 0.20188 1579 0.693
-291.3 1595 0.26253 1578 -0.009
-280.7 1594 0.21207 1577 -1.18
-276.8 1593 0.22225 1576 -0.64
-283.5 1592 0.11113 1575 -0.177
-292.6 1591 0.30316 1574 -0.286
-290.3 1590 0.23247 1573 1.073
-287.9 1589 0.29327 1572 -0.296
-292.4 1588 0.38449 1571 -0.74
-298.3 1587 0.28339 1570 0.652
-304.4 1586 0.23279 1569 1.455
-294.4 1585 0.23292 1568 0.425
-288.6 1584 0.28358 1567 1.543
-286.7 1583 0.18232 1566 0.296
-299.1 1582 0.32433 1565 -0.373
-284.5 1581 0.22305 1564 -1.092
-278.4 1580 0.2129 1563 0.313
-276.8 1579 0.22309 1562 0.115
-279.1 1578 0.33474 1561 -0.95

-289 1577 0.33489 1560 -0.837
-283 1576 0.14206 1559 -0.57

-278.3 1575 0.24365 1558 -1.38
-290.5 1574 0.29457 1557 0.039
-295.9 1573 0.25399 1556 1.08
-293.5 1572 0.18284 1555 0.519
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Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

1555 0.236 666.53 80.3 . 1557 2873 1566 -0.565
1554 0.855 660.28 97 . 1556 2811 1565 -0.4
1553 0.284 654 100 . 1555 2768 1564 -0.169
1552 1.163 647.7 100 . 1554 2717 1563 0.261
1551 1.756 641.37 100 . 1553 2676 1562 0.153
1550 2.122 635.02 100 . 1552 2771 1561 -1.197
1549 0.802 628.64 100 . 1551 2654 1560 -1.013
1548 -0.399 622.238 100 . 1550 2636 1559 0.134
1547 0.208 615.809 100 . 1549 2671 1558 0.352
1546 -0.515 609.35 100 . 1548 2749 1557 0.704
1545 0.307 602.87 100 . 1547 2971 1556 0.84
1544 2.845 596.36 100 . 1546 2919 1555 -0.246
1543 3.345 589.83 100 . 1545 2833 1554 0.366
1542 1.753 583.27 100 . 1544 2757 1553 0.565
1541 0.726 576.689 100 . 1543 2848 1552 0.293
1540 -1.333 570.078 100 . 1542 2788 1551 0.362
1539 -0.738 563.44 100 . 1541 2716 1550 0.859
1538 -0.174 556.778 100 . 1540 2678 1549 1.181
1537 0.03 550.087 98.5 . 1539 2716 1548 0.1
1536 -0.056 543.37 100 . 1538 2620 1547 -0.506
1535 0.854 536.628 93 . 1537 2674 1546 -0.585
1534 0.922 529.858 90 . 1536 2684 1545 -0.855
1533 2.318 523.06 100 . 1535 2655 1544 -0.009
1532 2.937 516.238 99.5 . 1534 2743 1543 -0.384
1531 3.305 509.387 83.3 . 1533 2786 1542 -0.723
1530 2.892 502.51 87.5 . 1532 2810 1541 0.836
1529 1.873 495.6 100 . 1531 2826 1540 -0.806
1528 0.418 488.67 100 . 1530 2851 1539 -0.94
1527 -0.256 481.71 100 . 1529 2746 1538 0.405
1526 -0.171 474.728 100 . 1528 2752 1537 0.424
1525 0.968 467.71 100 . 1527 2789 1536 0.658
1524 1.6 460.67 100 . 1526 2842 1535 -0.382
1523 2.588 453.6 100 . 1525 3018 1534 0.76
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

1568 -19.335 1.4465
1567 -19.065 1.1665
1566 -13.04 1.475
1565 -17.57 1.511
1564 -17.01 1.504
1563 -18.085 1.72
1562 -19.89 1.8195
1561 -18.29 1.515
1560 -20.105 1.7335
1559 -17.93 1.6085
1558 -19.48 1.463
1557 -17.52 1.5845
1556 -18.375 1.394
1555 -17.695 1.2885
1554 -17.85 1.565
1553 -20.4 1.2185
1552 -18.495 1.613
1551 -17.03 1.4985
1550 -17.94 1.6595
1549 -18.77 1.7045
1548 -19.9 1.367
1547 -18.725 1.7925
1546 -17.495 1.4215
1545 -18.57 1.986
1544 -19.085 1.6135
1543 -18.28 1.811
1542 -18.6 1.4115
1541 -19.19 1.391
1540 -18.275 1.2735
1539 -16.59 1.3735
1538 -17.92 1.459
1537 -17.26 1.814
1536 -17.845 1.638

ABOR/MH/Priv-002780



Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.

1580
1579
1578
1577
1576
1575
1574
1573
1572
1571
1570
1569
1568
1567
1566
1565
1564
1563
1562
1561
1560
1559
1558
1557
1556
1555
1554
1553
1552
1551
1550
1549
1548
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

-290.5 1571 0.24395 1554 -0.12
-286.3 1570 0.22361 1553 1.274
-290.5 1569 0.26437 1552 1.732
-298.5 1568 0.21357 1551 -0.529
-300.5 1567 0.30527 1550 2.109
-303.9 1566 0.19335 1549 0.917

1565 0.25449 1548 -1.196
-262.7 1564 0.19348 1547 -0.005
-262.3 1563 0.21388 1546 0.533

-270 1562 0.27505 1545 0.603
-284.1 1561 0.13239 1544 -0.376
-282.5 1560 0.2751 1543 -1.276
-267.9 1559 0.1427 1542 -0.97
-257.7 1558 0.1733 1541 -0.467
-269.2 1557 0.2039 1540 -0.577
-273.1 1556 0.2345 1539 -0.017

-274 1555 0.25502 1538 -1.539
-276.4 1554 0.28565 1537 1.501
-280.7 1553 0.24498 1536 -1.819
-281.2 1552 0.24501 1535 -0.764
-284.8 1551 0.17352 1534 -1.139
-293.3 1550 0.35749 1533 0.301
-291.9 1549 0.22478 1532 -0.466
-290.1 1548 0.26562 1531 0.455
-292.3 1547 0.24524 1530 0.682
-287.3 1546 0.24537 1529 0.037
-299.3 1545 0.23518 1528 -0.578
-299.3 1544 0.19427 1527 -0.117
-293.4 1543 0.33764 1526 -0.829
-286.7 1542 0.25578 1525 -1.184
-283.7 1541 0.28655 1524 -0.217
-292.5 1540 0.32765 1523 0.247
-289.3 1539 0.19459 1522 1.532
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Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

1522 3.18 446.507 100 . 1524 3032 1533 -0.033
1521 2.548 439.38 100 . 1523 3006 1532 0.655
1520 1.634 432.23 100 . 1522 2947 1531 0.535
1519 0.527 425.05 100 . 1521 2854 1530 1.058
1518 0.477 417.84 100 . 1520 2828 1529 -0.153
1517 1.342 410.606 100 . 1519 2808 1528 -0.73
1516 1.375 403.34 100 . 1518 2797 1527 0.508
1515 1.549 396.049 100 . 1517 2872 1526 -0.68
1514 -0.535 388.728 100 . 1516 2909 1525 -0.552
1513 -1.686 381.379 100 . 1515 2903 1524 0.004
1512 -3.305 374 100 . 1514 2868 1523 -0.003
1511 -2.942 366.59 100 . 1513 2779 1522 -0.233
1510 -2.907 359.16 100 . 1512 2808 1521 -0.263
1509 -0.394 351.697 100 . 1520 0.697
1508 0.315 344.2 100 . 1519 -0.714
1507 1.542 336.68 100 . 1518 -0.643
1506 0.158 329.13 100 . 1517 -0.558
1505 -0.72 321.556 100 . 1516 -0.328
1504 -0.029 313.949 100 . 1515 0.453
1503 0.245 306.31 100 . 1514 1.191
1502 0.684 298.647 100 . 1513 -0.429
1501 0.054 290.95 100 . 1512 0.727
1500 0.202 283.228 100 . 1511 0.208
1499 -0.201 275.47 100 . 1510 0.991
1498 -0.57 267.69 100 . 1509 0.578
1497 0.438 259.88 100 . 1508 -0.442
1496 1.016 252.04 100 . 1507 0.384
1495 1.514 244.17 100 . 1506 -0.266
1494 2.148 236.27 100 . 1505 -0.131
1493 2.798 228.34 100 . 1504 0.462
1492 3.352 220.38 100 . 1503 -0.183
1491 2.978 212.39 100 . 1502 -0.169
1490 3.192 204.37 89 . 1501 0.512
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

1535 -18.81 1.322
1534 -17.515 1.7375
1533 -19.255 1.5675
1532 -18.365 1.5295
1531 -15.905 1.4775
1530 -16.705 1.6965
1529 -18.915 1.532
1528 -18.155 1.639
1527 -16.61 1.257
1526 -16.14 1.3265
1525 -15.805 1.3225
1524 -18.15 1.2075
1523 -16.87 1.336
1522 -18.33 1.392
1521 -15.545 1.589
1520 -15.83 1.306
1519 -18.285 1.3165
1518 -19.025 1.621
1517 -17.81 1.69
1516 -18.16 1.38
1515 -18.44 1.5185
1514 -19.045 1.4765
1513 -19 1.4585
1512 -18.165 1.3325
1511 -16.495 1.568
1510 -17.095 1.7565
1509 -17.455 1.3155
1508 -17.18 1.2225
1507 -17.695 1.708
1506 -17.09 1.6435
1505 -16.835 1.7445
1504 -18.605 1.145
1503 -18.65 1.3705
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.

1547
1546
1545
1544
1543
1542
1541
1540
1539
1538
1537
1536
1535
1534
1533
1532
1531
1530
1529
1528
1527
1526
1525
1524
1523
1522
1521
1520
1519
1518
1517
1516
1515
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

-286.5 1538 0.26632 1521 -0.974
-291 1537 0.18441 1520 0.569

-291.1 1536 0.31767 1519 -0.589
-282.9 1535 0.2152 1518 -1.066
-269.5 1534 0.22555 1517 0.517
-270.4 1533 0.2871 1516 1.177
-279.4 1532 0.26669 1515 0.407
-285.8 1531 0.24617 1514 1.997
-285.9 1530 0.31808 1513 -0.571
-277.3 1529 0.19499 1512 -0.728
-277.9 1528 0.28736 1511 -0.11
-280.9 1527 0.1848 1510 1.46
-276.5 1526 0.25673 1509 -0.387
-273.4 1525 0.25676 1508 -0.222
-274.9 1524 0.25678 1507 1.079
-283.4 1523 0.30828 1506 -0.987
-289.7 1522 0.24661 1505 -0.453

-285 1521 0.20559 1504 0.167
-276.5 1520 0.15423 1503 -0.478
-279.6 1519 0.19539 1502 0.743
-284.5 1518 0.16449 1501 2.454
-289.3 1517 0.27773 1500 -1.291

-289 1516 0.2366 1499 0.383
-282.2 1515 0.16464 1498 -1.118

-276 1514 0.18523 1497 -0.546
-269 1513 0.247 1496 1.582

-275.5 1512 0.25737 1495 -1.686
-283.8 1511 0.36035 1494 -0.117
-284.7 1510 0.25744 1493 -0.101
-288.1 1509 0.25746 1492 0.16
-292.9 1508 0.1957 1491 0.73
-293.5 1507 0.27821 1490 0.635
-293.5 1506 0.22669 1489 1.927
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Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

1489 1.382 196.326 98 . 1500 0.736
1488 0.909 188.248 78 . 1499 -0.201
1487 0.116 180.14 78 . 1498 1.232
1486 -0.669 172 88.6 . 1497 -0.369
1485 -1.712 163.83 73.9 . 1496 0.631
1484 -1.345 155.638 88 . 1495 0.35
1483 -0.726 147.41 98.5 . 1494 0.145
1482 5.38 139.15 97.8 . 1493 -0.676
1481 7.048 130.866 91.7 . 1492 -0.537
1480 9.957 122.549 97 . 1491 0.551
1479 10.306 114.2 97.5 . 1490 0.035
1478 10.878 105.82 90 . 1489 1.1
1477 8 97.417 92 . 1488 0.233
1476 4.914 88.979 92.5 . 1487 -0.291
1475 2.459 80.51 94 . 1486 -0.554
1474 1.333 72.01 100 . 1485 -0.452
1473 -2.101 63.48 100 . 1484 -0.442
1472 -3.3 54.927 100 . 1483 -0.213
1471 -3.642 46.338 96 . 1482 -1.188
1470 -3.277 37.719 100 . 1481 -0.867
1469 -2.683 29.07 100 . 1480 -0.451
1468 -2.099 20.39 100 . 1479 0.86
1467 -0.069 11.68 100 . 1478 0.805
1466 1.718 2.94 100 . 1477 -0.159
1465 3.111 -5.83 99 . 1476 -0.667
1464 1.848 -14.63 100 . 1475 -0.789
1463 1.4 -23.46 100 . 1474 0.024
1462 0.84 -32.32 100 . 1473 -0.585
1461 2.251 -41.21 100 . 1472 -0.638
1460 0.679 -50.131 100 . 1471 -0.734
1459 -1.587 -59.082 . . 1470 0.221
1458 -2.21 -68.063 . . 1469 0.811
1457 -3.74 -77.074 . . 1468 0.17

ABOR/MH/Priv-002787



Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

1502 -19.255 1.339
1501 -18.02 1.636
1500 -18.645 1.1215
1499 -17.965 1.4195
1498 -17.805 1.705
1497 -18.575 1.5185
1496 -18.545 1.2955
1495 -18.23 1.3625
1494 -18.145 1.2385
1493 -16.16 1.0415
1492 -17.16 1.3445
1491 -16.105 1.0465
1490 -17.505 1.15
1489 -16.61 0.829
1488 -16.485 1.1925
1487 -17.52 1.2605
1486 -16.92 1.198
1485 -17.25 1.5735
1484 -17.545 1.1675
1483 -17.72 1.273
1482 -17.975 1.54
1481 -18.685 1.4115
1480 -17.5 1.0095
1479 -17.23 1.0785
1478 -18.37 1.422
1477 -17.975 1.3595
1476 -18.675 1.0195
1475 -18.62 1.4045
1474 -18.275 1.168
1473 -18.785 1.277
1472 -18.455 1.309
1471 -17.74 1.1485
1470 -18.245 1.7225

ABOR/MH/Priv-002788



Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.

1514
1513
1512
1511
1510
1509
1508
1507
1506
1505
1504
1503
1502
1501
1500
1499
1498
1497
1496
1495
1494
1493
1492
1491
1490
1489
1488
1487
1486
1485
1484
1483
1482

ABOR/MH/Priv-002789



Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

-293.1 1505 0.17526 1488 -0.105
-291.2 1504 0.32986 1487 0.495

-288 1503 0.1959 1486 0.614
-281.1 1502 0.27845 1485 -1.087
-277.8 1501 0.38165 1484 0.867
-276.8 1500 0.25791 1483 -0.674
-281.6 1499 0.19609 1482 -1.524
-290.1 1498 0.30967 1481 0.265
-285.1 1497 0.2581 1480 -0.265
-269.2 1496 0.16517 1479 1.706
-264.8 1495 0.34075 1478 -0.118
-267.1 1494 0.09296 1477 -0.069
-275.5 1493 0.15495 1476 0.5
-281.5 1492 0.41319 1475 -0.067
-283.2 1491 0.26862 1474 -1.074
-284.9 1490 0.31002 1473 0.872
-283.8 1489 0.2274 1472 -0.924
-286.5 1488 0.25844 1471 -1.602
-286.6 1487 0.1758 1470 0.451
-281.4 1486 0.2896 1469 1.728
-275.9 1485 0.22749 1468 -0.132

-270 1484 0.24826 1467 -0.789
-266.8 1483 0.10344 1466 -0.336
-270.2 1482 0.32074 1465 -1.164
-280.8 1481 0.19665 1464 -0.179
-288.5 1480 0.24846 1463 0.492
-287.1 1479 0.42444 1462 -1.488
-287.8 1478 0.06207 1461 -1.488
-292.7 1477 0.22777 1460 -0.651
-293.2 1476 0.23817 1459 0.722

-282 1475 0.19676 1458 0.219
-278.9 1474 0.13468 1457 0.227
-279.9 1473 0.19679 1456 -0.768

ABOR/MH/Priv-002790



Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

1456 -3.89 -86.12 . . 1467 -0.336
1455 -4.221 -95.19 . . 1466 0.575
1454 -3.248 -104.29 . . 1465 0.472
1453 -2.118 -113.421 . . 1464 -0.139
1452 -2.382 -122.582 . . 1463 0.541
1451 -1.735 -131.773 . . 1462 0.131
1450 -1.064 -141 . . 1461 -0.5
1449 -0.221 -150.25 . . 1460 -0.111
1448 0.3 -159.53 . . 1459 0.417
1447 2.998 -168.84 . . 1458 0.588
1446 2.107 -178.18 . . 1457 1.126
1445 0.676 -187.55 . . 1456 0.861
1444 -0.512 -196.95 . . 1455 -0.064
1443 -1.584 -206.38 . . 1454 0.08
1442 -0.766 -215.84 . . 1453 0.518
1441 -0.593 -225.33 . . 1452 1.786
1440 -0.655 -234.85 . . 1451 -0.13
1439 -0.729 -244.392 . . 1450 1.002
1438 0.201 -253.97 . . 1449 0.058
1437 0.658 -263.58 . . 1448 -0.448
1436 0.695 -273.21 . . 1447 -0.498
1435 -0.165 -282.874 . . 1446 -0.095
1434 -1.71 -292.57 . . 1445 0.298
1433 -2.433 -302.29 . . 1444 0.628
1432 -1.792 -312.04 . . 1443 -0.17
1431 -0.583 -321.82 . . 1442 -0.342
1430 1.324 -331.63 . . 1441 0.628
1429 2.181 -341.462 . . 1440 0.313
1428 2.555 -351.33 . . 1439 0.154
1427 1.859 -361.22 . . 1438 -0.13
1426 0.291 -371.14 . . 1437 -0.395
1425 -1.708 -381.09 . . 1436 -0.362
1424 -2.396 -391.07 . . 1435 0.129

ABOR/MH/Priv-002791



Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

1469 -18.72 1.4015
1468 -18.455 1.376
1467 -17.79 1.433
1466 -17.775 1.1925
1465 -18.2 1.4015
1464 -17.985 1.542
1463 -18.275 1.202
1462 -18.195 1.343
1461 -18.28 1.375
1460 -17.29 1.1305
1459 -18.205 1.0755
1458 -17.77 1.2465
1457 -18.14 0.9995
1456 -19.905 1.2525
1455 -18.79 1.087
1454 -20.585 1.3705
1453 -18.38 1.374
1452 -16.685 1.1135
1451 -16.44 1.494
1450 -16 1.4265
1449 -17.61 1.445
1448 -16.575 1.165
1447 -17.59 1.1675
1446 -17.6 1.142
1445 -18.44 1.2595
1444 -17.67 1.3775
1443 -17.195 1.2945
1442 -16.985 1.269
1441 -16.155 1.4455
1440 -17.28 1.276
1439 -17.505 1.541
1438 -18.015 1.472
1437 -17.895 1.387

ABOR/MH/Priv-002792



Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.

1481
1480
1479
1478
1477
1476
1475
1474
1473
1472
1471
1470
1469
1468
1467
1466
1465
1464
1463
1462
1461
1460
1459
1458
1457
1456
1455
1454
1453
1452
1451
1450
1449

ABOR/MH/Priv-002793



Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

-275.1 1472 0.23835 1455 0.072
-262.7 1471 0.29021 1454 -0.059
-265.1 1470 0.16578 1453 -0.208
-273.1 1469 0.12434 1452 0.252
-279.6 1468 0.15552 1451 -0.303
-285.5 1467 0.14514 1450 0.377
-289.8 1466 0.26963 1449 0.855
-297.7 1465 0.25927 1448 0.269
-302.9 1464 0.2593 1447 0.144
-300.6 1463 0.16598 1446 1.469
-296.7 1462 0.19707 1445 0.725
-297.2 1461 0.23867 1444 0.165
-303.8 1460 0.30098 1443 -0.585
-306.7 1459 0.3944 1442 -0.61
-302.5 1458 0.19727 1441 0.097
-293.2 1457 0.32189 1440 -0.939
-286.9 1456 0.25962 1439 -0.932
-287.2 1455 0.31156 1438 -0.514
-287.8 1454 0.10393 1437 0.536
-289.6 1453 0.21817 1436 0.017
-290.1 1452 0.20779 1435 -0.511
-283.5 1451 0.30136 1434 -0.305
-277.3 1450 0.24946 1433 -0.141
-280.9 1449 0.10397 1432 0.767
-290.9 1448 0.31185 1431 -0.614
-296.5 1447 0.23912 1430 -0.215
-293.1 1446 0.23914 1429 -1.28

-288 1445 0.2704 1428 0.258
-288.9 1444 0.2393 1427 -0.447
-297.7 1443 0.23932 1426 0.499

-308 1442 0.12487 1425 -0.639
-310.7 1441 0.24977 1424 0.307
-305.9 1440 0.29147 1423 -0.209

ABOR/MH/Priv-002794



Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

1423 -2.124 -401.071 . . 1434 -0.222
1422 -1.899 -411.104 . . 1433 -0.499
1421 -1.855 -421.164 . . 1432 -0.326
1420 -2.222 -431.251 . . 1431 0.312
1419 -2.304 -441.37 . . 1430 0.322
1418 -0.925 -451.51 . . 1429 0.085
1417 0.735 -461.68 . . 1428 -0.368
1416 0.555 -471.87 . . 1427 -0.06
1415 0.183 -482.093 . . 1426 -0.149
1414 -1.407 -492.342 . . 1425 -0.24
1413 -3.492 -502.62 . . 1424 0.126
1412 -3.762 -512.92 . . 1423 -0.088
1411 -3.747 -523.25 . . 1422 -0.246
1410 -2.857 -533.6 . . 1421 -0.33
1409 -2.407 -543.98 . . 1420 0.04
1408 -3.092 -554.383 . . 1419 0.269
1407 -3.117 -564.814 . . 1418 0.682
1406 -2.476 -575.27 . . 1417 0.759
1405 -0.976 1416 -0.006
1404 1.07 1415 0.109
1403 2.155 1414 0.898
1402 2.658 1413 -0.071
1401 2.538 1412 0.69
1400 1.443 1411 0.529
1399 0.253 1410 0.334
1398 0.445 1409 0.388
1397 -0.494 1408 0.565
1396 -0.854 1407 -0.039
1395 -1.524 1406 0.539
1394 -2.197 1405 -0.038
1393 -2.812 1404 -0.487
1392 -3.356 1403 0.249
1391 -2.243 1402 0.374

ABOR/MH/Priv-002795



Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

1436 -20.2 1.4635
1435 -18.85 1.1745
1434 -18.94 1.3245
1433 -17.955 1.2995
1432 -17.095 1.156
1431 -17.275 1.3345
1430 -17.755 1.31
1429 -17.235 1.6555
1428 -17.96 1.391
1427 -17.205 1.543
1426 -16.485 1.2765
1425 -18.025 1.28
1424 -17.34 1.433
1423 -17.71 1.2115
1422 -19.04 1.0645
1421 -18.265 1.615
1420 -18.435 1.2485
1419 -18.575 1.3755
1418 -18.505 1.2275
1417 -17.535 1.507
1416 -17.385 1.234
1415 -18.09 1.111
1414 -18.335 1.366
1413 -17.09 1.649
1412 -17.855 1.2465
1411 -16.52 1.48
1410 -17.245 1.3295
1409 -17.445 1.102
1408 -18.33 1.388
1407 -18.09 1.3915
1406 -18.745 1.1625
1405 -18.235 1.0615
1404 -16.2 1.247

ABOR/MH/Priv-002796



Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.

1448
1447
1446
1445
1444
1443
1442
1441
1440
1439
1438
1437
1436
1435
1434
1433
1432
1431
1430
1429
1428
1427
1426
1425
1424
1423
1422
1421
1420
1419
1418
1417
1416

ABOR/MH/Priv-002797



Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

-296.5 1439 0.33308 1422 0.385
-295.4 1438 0.1666 1421 -0.382
-296.4 1437 0.13535 1420 0.069
-295.1 1436 0.34369 1419 0.772
-288.9 1435 0.23951 1418 0.742
-282.9 1434 0.27081 1417 0.866
-281.8 1433 0.2917 1416 0.332
-286.9 1432 0.20842 1415 -0.101
-293.8 1431 0.21887 1414 0.993
-294.7 1430 0.35449 1413 -0.363
-282.3 1429 0.35455 1412 0.464
-287.8 1428 0.29201 1411 0.917
-288.8 1427 0.19813 1410 0.953
-289.2 1426 0.22946 1409 0.723
-290.6 1425 0.25046 1408 -0.998
-283.3 1424 0.30269 1407 0.178
-277.3 1423 0.28185 1406 0.489

-277 1422 0.2088 1405 -0.503
-290.5 1421 0.27147 1404 -0.606
-295.3 1420 0.21929 1403 -0.35
-295.8 1419 0.30288 1402 0.122
-293.5 1418 0.22979 1401 -0.482
-288.2 1417 0.26116 1400 0.238
-284.4 1416 0.33445 1399 0.898
-281.5 1415 0.26134 1398 0.074
-285.9 1414 0.1463 1397 1.04
-296.4 1413 0.30321 1396 1.004
-293.6 1412 0.25098 1395 2.046
-275.9 1411 0.20919 1394 0.486
-274.9 1410 0.33469 1393 -0.219
-270.4 1409 0.30337 1392 -0.411
-268.8 1408 0.21973 1391 1.008
-272.8 1407 0.17791 1390 0.631

ABOR/MH/Priv-002798



Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

1390 -2.174 1401 -0.644
1389 -0.211 1400 -0.564
1388 -0.916 1399 0.343
1387 -1.958 1398 0.616
1386 -1.896 1397 0.699
1385 -1.675 1396 0.656
1384 -1.337 1395 1.445
1383 -0.676 1394 0.714
1382 -0.08 1393 0.439
1381 2.024 1392 0.369
1380 2.403 1391 -0.3
1379 2.901 1390 0.043
1378 3.009 1389 0.254
1377 2.424 1388 0.69
1376 1.323 1387 -0.071
1375 0.732 1386 -0.069
1374 0.429 1385 -0.282
1373 -0.355 1384 0.354
1372 1.027 1383 -0.117
1371 0.71 1382 -1.187
1370 0.284 1381 -1.668
1369 -0.168 1380 -1.862
1368 -0.022 1379 -0.646
1367 -0.142 1378 -0.853
1366 -0.786 1377 -0.298
1365 -1.7 1376 -0.943
1364 -2.355 1375 -0.618
1363 -2.274 1374 -0.622
1362 -2.759 1373 -0.223
1361 -2.654 1372 0.49
1360 -2.113 1371 -0.064
1359 -0.305 1370 -0.143
1358 1.879 1369 1.42

ABOR/MH/Priv-002799



Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

1403 -16.525 1.015
1402 -16.775 1.148
1401 -17.19 1.414
1400 -17.72 1.1285
1399 -17.93 1.4215
1398 -18.27 1.2925
1397 -18.975 1.5865
1396 -18.64 1.299
1395 -18.48 1.1685
1394 -18.32 1.5985
1393 -17.59 1.15
1392 -17.655 1.299
1391 -18.66 1.1805
1390 -17.955 1.5355
1389 -18.18 1.4025
1388 -18.065 0.9485
1387 -18.76 1.273
1386 -18.035 1.319
1385 -18.6 1.3365
1384 -19.005 1.6405
1383 -17.55 1.084
1382 -17.325 1.289
1381 -16.305 1.0475
1380 -17.19 1.331
1379 -17.15 1.3795
1378 -18.305 1.5245
1377 -16.86 1.5055
1376 -17.66 1.368
1375 -17.17 1.536
1374 -17.29 1.683
1373 -17.69 1.4
1372 -17.23 1.0725
1371 -16.685 1.5295

ABOR/MH/Priv-002800



Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.

1415
1414
1413
1412
1411
1410
1409
1408
1407
1406
1405
1404
1403
1402
1401
1400
1399
1398
1397
1396
1395
1394
1393
1392
1391
1390
1389
1388
1387
1386
1385
1384
1383

ABOR/MH/Priv-002801



Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

-285.5 1406 0.2407 1389 1.453
-298.4 1405 0.19887 1388 0.87
-301.6 1404 0.15704 1387 -0.345
-297.6 1403 0.33506 1386 0.236
-291.9 1402 0.20941 1385 0.323
-289.6 1401 0.17803 1384 0.561
-288.8 1400 0.2933 1383 0.192
-286.1 1399 0.24099 1382 1.179
-278.6 1398 0.37726 1381 0.044
-276.7 1397 0.1887 1380 -1.884
-284.2 1396 0.22014 1379 -0.265
-285.8 1395 0.23064 1378 -0.102
-280.6 1394 0.27267 1377 -0.474
-274.8 1393 0.24117 1376 -0.936
-279.4 1392 0.38812 1375 -1.344
-285.6 1391 0.28327 1374 -1.393
-286.6 1390 0.30428 1373 -1.016

-290 1389 0.17841 1372 -0.077
-284.3 1388 0.27289 1371 0.174
-272.5 1387 0.17845 1370 -0.067
-257.6 1386 0.30452 1369 1.146
-253.6 1385 0.14703 1368 -0.493
-277.7 1384 0.30459 1367 -1.285
-297.5 1383 0.26256 1366 0.016
-297.5 1382 0.30467 1365 -0.283
-285.3 1381 0.11562 1364 -1.274
-276.7 1380 0.26275 1363 0.654
-274.3 1379 0.33637 1362 0.085
-267.7 1378 0.24173 1361 0.388
-268.3 1377 0.26286 1360 0.207
-271.7 1376 0.3155 1359 0.438
-271.1 1375 0.23143 1358 0.838
-269.7 1374 0.28397 1357 -1.182

ABOR/MH/Priv-002802



Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

1357 2.715 1368 0.677
1356 3.072 1367 -0.746
1355 3.328 1366 -0.266
1354 3.471 1365 -0.929
1353 3.711 1364 -1.236
1352 4.32 1363 -0.058
1351 4.437 1362 -0.723
1350 2.637 1361 -0.198
1349 2.133 1360 -0.175
1348 -2.01 1359 0.219
1347 -1.816 1358 -0.227
1346 -0.786 1357 -0.082
1345 0.3 1356 -1.268
1344 1.121 1355 -0.845
1343 0.613 1354 0.563
1342 0.042 1353 -0.756
1341 -1.522 1352 -1.58
1340 -1.599 1351 -1.423

1350 -0.464
1349 -0.174
1348 0.222
1347 0.275
1346 0.349
1345 -0.413
1344 0.521
1343 0.235
1342 0.209
1341 -0.58
1340 -0.459
1339 0.499
1338 0.242
1337 -0.153
1336 -0.327

ABOR/MH/Priv-002803



Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

1370 -16.37 1.078
1369 -18.11 1.538
1368 -17.13 1.2505
1367 -17.655 1.4205
1366 -15.61 0.9425
1365 -16.375 1.2595
1364 -16.435 1.095
1363 -17.06 1.414
1362 -16.595 0.719
1361 -16.2 1.168
1360 -16.39 1.256
1359 -16.185 1.109
1358 -17.11 1.301
1357 -16.625 0.964
1356 -16.355 1.3355
1355 -16.235 1.358
1354 -16.235 1.685
1353 -17.745 1.2975
1352 -17.72 1.368
1351 -18.885 1.44
1350 -19.275 1.307
1349 -19.935 1.3105
1348 -18.625 1.296
1347 -19.07 1.3165
1346 -17.645 1.32
1345 -17.34 1.3065
1344 -17.85 1.1525
1343 -17.985 1.4005
1342 -18.745 1.2455
1341 -20.165 1.495
1340 -20.785 1.6745
1339 -19.33 1.0225
1338 -17.8 1.3305

ABOR/MH/Priv-002804



Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.

1382
1381
1380
1379
1378
1377
1376
1375
1374
1373
1372
1371
1370
1369
1368
1367
1366
1365
1364
1363
1362
1361
1360
1359
1358
1357
1356
1355
1354
1353
1352
1351
1350

ABOR/MH/Priv-002805



Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

-278.6 1373 0.24199 1356 -0.471
-286 1372 0.19989 1355 1.686

-288.4 1371 0.26306 1354 0.66
-286.8 1370 0.16842 1353 -0.898
-279.1 1369 0.27373 1352 -1.796
-287.9 1368 0.27376 1351 -0.87
-286.9 1367 0.23165 1350 0.759
-297.1 1366 0.26332 1349 -0.245
-305.8 1365 0.36871 1348 1.19
-302.2 1364 0.24226 1347 0.636
-291.2 1363 0.26343 1346 -0.276
-284.5 1362 0.25294 1345 -0.11
-265.5 1361 0.21079 1344 -0.091
-273.5 1360 0.22133 1343 0.032
-289.4 1359 0.2425 1342 -0.205
-284.3 1358 0.2319 1341 0.203
-280.2 1357 0.21088 1340 -0.343
-282.5 1356 0.31637 1339 1.491
-281.8 1355 0.22146 1338 -0.301

-278 1354 0.20043 1337 -1.92
-282.9 1353 0.29542 1336 -0.101
-293.1 1352 0.29547 1335 0.704
-295.6 1351 0.22168 1334 -0.402
-289.7 1350 0.23223 1333 1.343

-294 1349 0.20055 1332 -1.077
-294 1348 0.25335 1331 -0.407

-289.1 1347 0.17952 1330 0.218
-268 1346 0.29566 1329 0.512

-267.7 1345 0.31689 1328 -0.768
-273 1344 0.26413 1327 0.266
-274 1343 0.28525 1326 1.72

-269.7 1342 0.23246 1325 0.737
-267.2 1341 0.20075 1324 0.191

ABOR/MH/Priv-002806



Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

1335 0.538
1334 -0.152
1333 -0.204
1332 -0.076
1331 -0.538
1330 -0.798
1329 0.132
1328 -0.454
1327 -0.89
1326 -0.085
1325 0.244
1324 -0.046
1323 -0.372
1322 -0.96
1321 -0.594
1320 -0.365
1319 0.062
1318 -0.361
1317 -0.096
1316 -0.375
1315 -0.095
1314 0.19
1313 -0.472
1312 -0.221
1311 -0.148
1310 -0.525
1309 0.123
1308 0.904
1307 0.782
1306 0.572
1305 0.667
1304 -0.158
1303 -0.448

ABOR/MH/Priv-002807



Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

1337 -15.905 1.51
1336 -15.95 0.853
1335 -16.285 1.8565
1334 -17.365 1.359
1333 -17.52 1.362
1332 -17.055 1.351
1331 -16.57 1.369
1330 -18.45 1.3585
1329 -18.35 1.3755
1328 -18.12 1.3655
1327 -19.615 1.7275
1326 -16.95 1.3855
1325 -16.95 0.8615
1324 -16.09 1.3795
1323 -17.135 1.3955
1322 -16.45 1.3865
1321 -16.45 1.113
1320 -17.45 1.4845
1319 -17.78 1.1475
1318 -17.335 1.492
1317 -16.4 1.831
1316 -16.305 1.4295
1315 -16.215 1.1475
1314 -16.215 1.08
1313 -18.665 1.4185
1312 -16.525 1.4325
1311 -16.825 1.3535
1310 -17.72 1.6235
1309 -18.3 1.6175
1308 -18.08 1.3525
1307 -17.145 1.3565
1306 -16.855 1.7225
1305 -17.625 1.4475

ABOR/MH/Priv-002808



Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.

1349
1348
1347
1346
1345
1344
1343
1342
1341
1340
1339
1338
1337
1336
1335
1334
1333
1332
1331
1330
1329
1328
1327
1326
1325
1324
1323
1322
1321
1320
1319
1318
1317

ABOR/MH/Priv-002809



Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

-276.1 1340 0.26425 1323 -0.991
-274.6 1339 0.21145 1322 -1.993
-268.6 1338 0.24322 1321 0.019
-273.2 1337 0.30665 1320 -0.13
-284.9 1336 0.26438 1319 -1.205
-295.7 1335 0.26442 1318 -0.142
-297.4 1334 0.22213 1317 -0.689
-291.5 1333 0.30681 1316 0.524
-290.2 1332 0.21163 1315 0.326
-297.3 1331 0.15876 1314 -1.643
-290.6 1330 0.27523 1313 -1.3

-296 1329 0.23292 1312 0.018
-312.4 1328 0.22228 1311 0.025

-277 1327 0.23297 1310 -1.118
-289.5 1326 0.39188 1309 0.25
-297.8 1325 0.19068 1308 2.186
-292.2 1324 0.21183 1307 0.471
-292.2 1323 0.21185 1306 1.013
-296.4 1322 0.36026 1305 0.51
-301.2 1321 0.25429 1304 -0.023
-304.7 1320 0.16954 1303 0.688
-303.6 1319 0.19081 1302 -0.716
-298.1 1318 0.23322 1301 0.257
-295.7 1317 0.28623 1300 0.329
-298.2 1316 0.28627 1299 -0.604
-299.7 1315 0.20148 1298 -1.085
-295.1 1314 0.23334 1297 -0.085
-293.5 1313 0.20152 1296 0.153
-294.7 1312 0.3501 1295 0.77
-293.7 1311 0.21226 1294 -0.261
-285.4 1310 0.24403 1293 -1.204
-280.7 1309 0.24406 1292 -0.105
-281.4 1308 0.2335 1291 -0.577

ABOR/MH/Priv-002810



Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

1302 0.603
1301 -0.314
1300 0.521
1299 0.179
1298 -0.493
1297 -0.592
1296 -0.112
1295 0.426
1294 0.669
1293 -0.979
1292 -0.312
1291 -0.427
1290 -0.474
1289 -0.108
1288 0.17
1287 0.593
1286 0.466
1285 0.535
1284 -0.638
1283 0.283
1282 0.482
1281 0.734
1280 1.403
1279 0.464
1278 0.299
1277 -0.033
1276 -0.267
1275 0.233
1274 0.63
1273 -0.052
1272 0.571
1271 -0.073
1270 -0.406
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

1304 -18.715 1.3655
1303 -17.23 1.743
1302 -18.095 1.466
1301 -18.2 1.657
1300 -18.41 1.473
1299 -18.86 1.5705
1298 -19.1 1.0085
1297 -18.36 1.476
1296 -18.615 1.2975
1295 -18.355 1.3005
1294 -18.22 0.93
1293 -18.15 1.3065
1292 -17.825 1.0325
1291 -17.315 0.847
1290 -18.29 1.1355
1289 -18.04 1.2255
1288 -18.075 1.4155
1287 -18.14 1.3275
1286 -19.72 1.1405
1285 -18.975 1.3315
1284 -17.045 1.431
1283 -17.665 0.9545
1282 -17.13 0.961
1281 -17.59 1.344
1280 -18.955 1.1555
1279 -17.875 1.2525
1278 -16.49 0.9665
1277 -17.96 1.4535
1276 -17.11 1.5525
1275 -17.045 1.2665
1274 -18.35 1.073
1273 -18.405 0.881
1272 -18.495 1.078
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.

1316
1315
1314
1313
1312
1311
1310
1309
1308
1307
1306
1305
1304
1303
1302
1301
1300
1299
1298
1297
1296
1295
1294
1293
1292
1291
1290
1289
1288
1287
1286
1285
1284

ABOR/MH/Priv-002813



Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

-278.5 1307 0.21236 1290 0.872
-271.8 1306 0.21238 1289 -0.852
-266.9 1305 0.29733 1288 -1.067
-265.3 1304 0.31866 1287 0.21
-270.5 1303 0.24435 1286 1.259
-277.1 1302 0.21249 1285 -0.178

-283 1301 0.255 1284 -1.165
-284.6 1300 0.18064 1283 0.777
-282.2 1299 0.15936 1282 -0.094
-277.2 1298 0.34007 1281 0.854
-276.4 1297 0.25511 1280 2.258
-282.3 1296 0.26574 1279 -0.965
-286.6 1295 0.19135 1278 -0.279
-285.8 1294 0.2552 1277 -1.88
-284.7 1293 0.22331 1276 1.25

-283 1292 0.22333 1275 0.647
-286 1291 0.23407 1274 0.343

-292.2 1290 0.27664 1273 0.364
-296.3 1289 0.20219 1272 0.647
-300.6 1288 0.15967 1271 -0.817
-300.3 1287 0.22345 1270 0.249
-295.3 1286 0.36187 1269 0.91
-284.9 1285 0.29803 1268 -0.978
-284.2 1284 0.18098 1267 -0.504
-288.1 1283 0.25552 1266 -0.119
-290.3 1282 0.22359 1265 -1.219

-282 1281 0.26631 1264 -1.092
-277.8 1280 0.22365 1263 -1.112
-275.1 1279 0.26637 1262 -0.995
-280.6 1278 0.19183 1261 -0.621
-290.1 1277 0.29841 1260 -1.039
-290.6 1276 0.25574 1259 -0.501
-281.1 1275 0.22389 1258 0.454

ABOR/MH/Priv-002814



Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

1269 0.488
1268 -0.292
1267 0.654
1266 -0.367
1265 -1.293
1264 -0.57
1263 -1.399
1262 -1.268
1261 -0.774
1260 0.289
1259 -0.265
1258 -0.162
1257 -0.636
1256 0.011
1255 -0.058
1254 1.276
1253 1.831
1252 0.017
1251 -1.209
1250 0.349
1249 1.242
1248 0.259
1247 -0.66
1246 -0.893
1245 -0.484
1244 -0.399
1243 -0.351
1242 -0.212
1241 -0.281
1240 0.174
1239 0.224
1238 1.077
1237 -0.041
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

1271 -17.895 1.2765
1270 -18.135 1.378
1269 -18.62 1.282
1268 -18.17 1.384
1267 -18.725 1.3875
1266 -18.135 1.0925
1265 -17.85 1.194
1264 -17.855 1.396
1263 -19.24 1.0995
1262 -19.575 1.3025
1261 -19.075 1.4055
1260 -17.73 1.6105
1259 -15.845 1.0085
1258 -17.565 1.313
1257 -18.02 1.6215
1256 -17.73 1.421
1255 -17.4 1.1005
1254 -17.755 1.3055
1253 -15.715 1.225
1252 -16.54 1.1055
1251 -17.97 1.7445
1250 -16.84 1.4395
1249 -15.03 0.9255
1248 -16.89 1.1355
1247 -17.88 1.4525
1246 -18.04 1.243
1245 -18.56 1.249
1244 -18.315 1.252
1243 -18.465 0.7305
1242 -17.545 1.2535
1241 -18.595 1.6785
1240 -18.05 1.258
1239 -18.585 1.6855
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.

1283
1282
1281
1280
1279
1278
1277
1276
1275
1274
1273
1272
1271
1270
1269
1268
1267
1266
1265
1264
1263
1262
1261
1260
1259
1258
1257
1256
1255
1254
1253
1252
1251
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

-290.4 1274 0.2558 1257 0.389
-300.5 1273 0.26657 1256 0.523
-297.9 1272 0.2986 1255 0.91
-295.1 1271 0.27727 1254 1.712
-282.6 1270 0.21329 1253 0.031
-287.6 1269 0.20268 1252 0.179
-276.8 1268 0.26673 1251 -0.485
-286.4 1267 0.21336 1250 2.373
-299.2 1266 0.22413 1249 0.025
-296.2 1265 0.22415 1248 -0.38

-283 1264 0.22418 1247 -0.284
-294 1263 0.27752 1246 0.45

-294.3 1262 0.24552 1245 0.572
-281.8 1261 0.19222
-283.1 1260 0.24557

-294 1259 0.267
-289.6 1258 0.25639
-289.8 1257 0.24566
-299.2 1256 0.18168
-288.6 1255 0.27777
-282.9 1254 0.24574
-296.8 1253 0.22446
-302.6 1252 0.0962
-291.5 1251 0.2245
-282.2 1250 0.23518
-292.4 1249 0.27806

-298 1248 0.25667
-303.2 1247 0.20318
-295.7 1246 0.29948
-278.6 1245 0.22466
-272.9 1244 0.20325
-262.5 1243 0.33169
-263.3 1242 0.2783

ABOR/MH/Priv-002818



Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

1236 -0.45
1235 0.119
1234 0.4
1233 0.023
1232 -0.421
1231 0.461
1230 0.318
1229 -1.395
1228 -1.106
1227 -0.276
1226 -0.129
1225 0.49
1224 1.764
1223 0.869
1222 1.85
1221 1.184
1220 0.382
1219 0.313
1218 -0.317
1217 -1.201
1216 0.229
1215 0.885
1214 0.642
1213 0.456
1212 0.331
1211 -0.805
1210 0.475
1209 2.133
1208 -0.28
1207 -0.328
1206 1.139
1205 1.125
1204 -0.063

ABOR/MH/Priv-002819



Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

1238 -17.425 1.3725
1237 -19.27 1.375
1236 -18.61 1.581
1235 -18.015 1.584
1234 -17.43 2.0175
1233 -18.325 1.387
1232 -18.875 0.9635
1231 -16.57 1.179
1230 -16.365 1.181
1229 -17.19 1.405
1228 -16.9 1.288
1227 -18.395 1.298
1226 -18.72 1.399
1225 -18.09 1.1825
1224 -17.99 1.0855
1223 -16.485 1.5215
1222 -15.84 1.631
1221 -16.585 1.199
1220 -17.82 1.193
1219 -18.295 1.9705
1218 -17.785 1.4205
1217 -17.97 1.4405
1216 -18.805 1.0935
1215 -16.345 1.3205
1214 -15.375 1.323
1213 -16.365 1.325
1212 -17.845 1.2195
1211 -18.5 1.1035
1210 -17.705 1.106
1209 -18.595 1.2265
1208 -19.475 1.5655
1207 -18.545 1.3395
1206 -18.285 1.9095
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.

1250
1249
1248
1247
1246
1245
1244
1243
1242
1241
1240
1239
1238
1237
1236
1235
1234
1233
1232
1231
1230
1229
1228
1227
1226
1225
1224
1223
1222
1221
1220
1219
1218
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

-274.5 1241 0.23544
-280 1240 0.26759

-285.7 1239 0.22483
-288.5 1238 0.22485
-283.5 1237 0.23555
-278.7 1236 0.24636
-282.8 1235 0.17133
-301.2 1234 0.28923
-304.4 1233 0.22498
-306.4 1232 0.27862
-292.6 1231 0.31081

-271 1230 0.18223
-275.8 1229 0.20361
-272.1 1228 0.28944

-269 1227 0.20366
-275.5 1226 0.17151
-284.1 1225 0.27884
-287.4 1224 0.21452
-290.3 1223 0.24673
-291.4 1222 0.19308
-295.4 1221 0.1824
-294.3 1220 0.13943
-291.7 1219 0.19313
-291.1 1218 0.26834
-292.8 1217 0.24687
-283.6 1216 0.2147
-281.6 1215 0.32204

-275 1214 0.23626
-290.2 1213 0.2577
-294.2 1212 0.25773
-288.3 1211 0.23635
-286.3 1210 0.11818
-282.5 1209 0.17193

ABOR/MH/Priv-002822



Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

1203 -0.642
1202 -1.148
1201 -1.089
1200 0.124
1199 0.21
1198 0.838
1197 1.225
1196 -0.864
1195 -0.749
1194 0.5
1193 0.363
1192 -0.611
1191 -1.018
1190 -0.354
1189 0.135
1188 0.072
1187 -0.411
1186 -0.676
1185 -1.231
1184 -0.517
1183 -0.263
1182 -0.164
1181 0.426
1180 -0.221
1179 -0.207
1178 -0.691
1177 0.479
1176 1.602
1175 1.303
1174 0.24
1173 -0.243
1172 -0.823
1171 0.048
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

1205 -17.745 1.684
1204 -17.44 0.7885
1203 -17.44 0.8995
1202 -17.74 1.352
1201 -18.05 1.3655
1200 -18.32 1.3675
1199 -18.155 1.481
1198 -17.52 0.9075
1197 -19.015 1.486
1196 -18.8 1.6
1195 -18.065 1.492
1194 -17.49 1.2595
1193 -18.17 1.1505
1192 -18.135 1.3875
1191 -17.955 1.266
1190 -17.515 0.909
1189 -18.43 1.0345
1188 -18 1.7225
1187 -18.12 1.5125
1186 -18.035 1.4925
1185 -17.955 1.505
1184 -17.73 1.508
1183 -18.05 1.397
1182 -17.745 1.292
1181 -16.535 1.5085
1180 -17.245 1.29
1179 -18.735 2.1025
1178 -19.94 1.536
1177 -19.75 1.424
1176 -18.685 1.2855
1175 -17.845 1.759
1174 -16.365 1.188
1173 -17.57 1.305
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.

1217

ABOR/MH/Priv-002825



Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

-282 1208 0.05374
1207 0.23642
1206 0.31163
1205 0.23648
1204 0.22568
1203 0.24724
1202 0.22574
1201 0.29038
1200 0.30114
1199 0.22582
1198 0.17214
1197 0.22587
1196 0.21517
1195 0.2583
1194 0.21522
1193 0.21524
1192 0.1937
1191 0.27987
1190 0.25845
1189 0.19377
1188 0.23693
1187 0.24769
1186 0.25856
1185 0.24775
1184 0.21546
1183 0.24781
1182 0.21551
1181 0.23712
1180 0.19397
1179 0.28025
1178 0.22635
1177 0.25883
1176 0.21566

ABOR/MH/Priv-002826



Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

1170 0.051
1169 -0.13
1168 -1.438
1167 -0.526
1166 0.265
1165 -0.228
1164 0.542
1163 0.84
1162 -1.52
1161 -0.665
1160 0.379
1159 -0.058
1158 -0.492
1157 0.093
1156 0.346
1155 -0.567
1154 -0.762
1153 -0.967
1152 -1.144
1151 -0.684
1150 -0.469
1149 -0.661
1148 -0.482
1147 0.088
1146 0.571
1145 0.449
1144 0.763
1143 0.429
1142 -0.501
1141 0.568
1140 0.273
1139 -0.569
1138 0.503

ABOR/MH/Priv-002827



Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

1172 -17.485 1.192
1171 -17.055 1.4245
1170 -18 0.836
1169 -17.42 1.558
1168 -17.03 1.431
1167 -17.69 1.4335
1166 -17.505 1.203
1165 -17.63 1.931
1164 -17.465 1.0765
1163 -19.2 1.559
1162 -19.135 1.8235
1161 -18.245 1.3295
1160 -18.235 1.8005
1159 -18.405 1.216
1158 -17.01 1.336
1157 -17.13 1.206
1156 -17.115 1.4715
1155 -17.775 1.592
1154 -16.725 1.699
1153 -16.82 1.4645
1152 -17.15 1.3475
1151 -17.53 1.2165
1150 -17.1 1.604
1149 -16.665 1.354
1148 -18.215 0.9835
1147 -17.985 1.3575
1146 -17.485 1.479
1145 -17.485 0.9875
1144 -17.775 1.738
1143 -17.375 1.245
1142 -17.35 1.6225
1141 -17.435 1.249
1140 -17.14 1.357
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.

ABOR/MH/Priv-002829



Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

1175 0.19408
1174 0.2157
1173 0.25894
1172 0.16178
1171 0.16179
1170 0.21578
1169 0.36691
1168 0.18347
1167 0.23749
1166 0.24827
1165 0.20516
1164 0.18355
1163 0.21596
1162 0.24837
1161 0.25928
1160 0.24843
1159 0.32416
1158 0.19445
1157 0.27017
1156 0.29186
1155 0.2919
1154 0.2162
1153 0.17302
1152 0.2379
1151 0.23793
1150 0.23795
1149 0.32454
1148 0.21635
1147 0.25972
1146 0.24886
1145 0.25978
1144 0.24892
1143 0.24895

ABOR/MH/Priv-002830



Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

1137 0.24
1136 0.432
1135 0.687
1134 1.024
1133 1.395
1132 1.507
1131 0.16
1130 -0.314
1129 -0.492
1128 -0.292
1127 1.145
1126 -0.334
1125 0.419
1124 1.503
1123 0.472
1122 0.088
1121 0.465
1120 0.777
1119 0.23
1118 -0.309
1117 0.555
1116 0.676
1115 -0.045
1114 -1.206
1113 -0.557
1112 -0.161
1111 -0.149
1110 0.195
1109 -0.761
1108 -0.489
1107 -0.651
1106 -0.837
1105 0.175

ABOR/MH/Priv-002831



Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

1139 -18.37 1.494
1138 -18.105 1.361
1137 -18.16 1.512
1136 -18.02 1.5005
1135 -18.185 1.5025
1134 -18.195 1.1245
1133 -16.685 1.3845
1132 -17.97 1.6305
1131 -17.93 1.143
1130 -17.665 1.635
1129 -17.665 1.1325
1128 -16.835 1.148
1127 -16.605 1.6555
1126 -17.09 1.274
1125 -18.195 1.5225
1124 -15.16 1.512
1123 -17.525 1.527
1122 -18.295 1.4045
1121 -18.17 1.506
1120 -17.58 1.657
1119 -16.95 1.2855
1118 -17.195 1.412
1117 -17.075 0.9005
1116 -16.675 1.804
1115 -16.99 1.793
1114 -16.71 1.294
1113 -16.71 1.295
1112 -17.085 1.158
1111 -17.085 1.2985
1110 -17.21 1.944
1109 -16.395 1.036
1108 -16.895 1.1765
1107 -17.635 1.3045

ABOR/MH/Priv-002832



Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

1142 0.31393
1141 0.29239
1140 0.27074
1139 0.25999
1138 0.20583
1137 0.26004
1136 0.32508
1135 0.32513
1134 0.23845
1133 0.3035
1132 0.19508
1131 0.26025
1130 0.28189
1129 0.28193
1128 0.2169
1127 0.30373
1126 0.16269
1125 0.3038
1124 0.23874
1123 0.24958
1122 0.2388
1121 0.16278
1120 0.26059
1119 0.17374
1118 0.27147
1117 0.16285
1116 0.29328
1115 0.34766
1114 0.23902
1113 0.31517
1112 0.20649
1111 0.35868
1110 0.26092

ABOR/MH/Priv-002834



Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

1104 0.254
1103 0.261
1102 -0.495
1101 -0.827
1100 0.258
1099 0.506
1098 0.477
1097 0.328
1096 0.76
1095 0.114
1094 -0.162
1093 -0.042
1092 -0.054
1091 0.755
1090 -0.352
1089 -0.154
1088 0.2
1087 0.762
1086 0.31
1085 -0.001
1084 -0.188
1083 0.251
1082 0.738
1081 0.623
1080 0.03
1079 -0.024
1078 -1.136
1077 -1.224
1076 -0.411
1075 -0.161
1074 -0.17
1073 -0.37
1072 -1.15

ABOR/MH/Priv-002835



Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

1106 -16.95 1.1795
1105 -17.175 1.308
1104 -18.085 1.1825
1103 -18.085 1.038
1102 -17.095 1.1725
1101 -17.095 1.1805
1100 -19.06 1.3155
1099 -19.06 1.061
1098 -19.545 1.447
1097 -19.37 1.32
1096 -18.04 1.579
1095 -17.15 1.441
1094 -18.01 1.9815
1093 -18.01 1.326
1092 -17.335 1.058
1091 -17.635 1.459
1090 -17.335 0.9305
1089 -16.835 1.332
1088 -17.97 1.464
1087 -18.1 1.4655
1086 -17.94 1.467
1085 -18.52 1.469
1084 -17.755 1.34
1083 -18.075 1.6035
1082 -18.075 1.4735
1081 -18.165 1.344
1080 -17.805 1.468
1079 -17.15 1.4695
1078 -16.735 1.49
1077 -16.58 1.6145
1076 -16.58 0.804
1075 -16.935 1.0785
1074 -16.935 1.62
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

1109 0.25012
1108 0.26098
1107 0.25018
1106 0.26105
1105 0.25024
1104 0.21754
1103 0.2503
1102 0.23938
1101 0.29384
1100 0.2068
1099 0.30487
1098 0.2395
1097 0.28314
1096 0.18509
1095 0.28321
1094 0.31592
1093 0.45764
1092 0.19617
1091 0.25069
1090 0.25072
1089 0.22892
1088 0.22895
1087 0.22897
1086 0.21813
1085 0.22902
1084 0.22905
1083 0.22907
1082 0.2291
1081 0.22912
1080 0.21828
1079 0.22917
1078 0.2292
1077 0.22922

ABOR/MH/Priv-002838



Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

1071 -0.582
1070 0.791
1069 1.421
1068 0.362
1067 -0.281
1066 -0.59
1065 -0.574
1064 -0.222
1063 -0.417
1062 0.3
1061 -0.492
1060 -1.525
1059 -0.597
1058 1.16
1057 -1.035
1056 -0.322
1055 -0.716
1054 -0.029
1053 0.725
1052 -0.616
1051 -0.053
1050 0.101
1049 -0.134
1048 0.052
1047 1.369
1046 -0.782
1045 -0.467
1044 0.803
1043 1.779
1042 0.412
1041 -0.685
1040 -0.126
1039 1.108

ABOR/MH/Priv-002839



Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

1073 -17.57 1.3555
1072 -15.555 1.349
1071 -15.37 1.6255
1070 -16.65 1.085
1069 -17.215 1.629
1068 -17.775 1.9065
1067 -16.945 1.3645
1066 -16.16 1.224
1065 -17.965 1.5015
1064 -17.965 1.092
1063 -16.735 1.785
1062 -18.315 1.098
1061 -18.315 1.238
1060 -18.45 1.2325
1059 -19.74 1.4835
1058 -17.68 1.513
1057 -17.68 1.2365
1056 -18.34 1.2435
1055 -18.34 1.218
1054 -18.13 2.0715
1053 -17.265 0.9405
1052 -17.265 1.1065
1051 -17.17 1.387
1050 -17.17 1.109
1049 -17.235 1.11
1048 -17.995 1.1115
1047 -18.32 1.5305
1046 -17.995 1.1135
1045 -17.025 1.2575
1044 -17.22 1.397
1043 -17.625 1.256
1042 -17.71 1.261
1041 -17.71 0.9805

ABOR/MH/Priv-002840



Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.

ABOR/MH/Priv-002841



Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

1076 0.24024
1075 0.19653
1074 0.13107
1073 0.20755
1072 0.21846
1071 0.21848
1070 0.29501
1069 0.19666
1068 0.16391
1067 0.25134
1066 0.36069
1065 0.2733
1064 0.20777
1063 0.30626
1062 0.3391
1061 0.26255
1060 0.4048
1059 0.12041
1058 0.16412
1057 0.29549
1056 0.36127
1055 0.29558
1054 0.22997
1053 0.20807
1052 0.28478
1051 0.39436
1050 0.15339
1049 0.13147
1048 0.28491
1047 0.263
1046 0.26303
1045 0.31798
1044 0.2631

ABOR/MH/Priv-002842



Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

1038 -0.365
1037 0.308
1036 -0.164
1035 -1.378
1034 -0.63
1033 -0.632
1032 -0.2
1031 -0.124
1030 -0.329
1029 -1.141
1028 0.372
1027 0.136
1026 -1.38
1025 -1.542
1024 -0.549
1023 0.932
1022 -0.713
1021 0.828
1020 0.443
1019 1.14
1018 -0.545
1017 -0.243
1016 0.608
1015 1.732
1014 0.867
1013 -0.695
1012 -1.508
1011 0.654
1010 0.573
1009 1.219
1008 -0.299
1007 1.594
1006 1.157

ABOR/MH/Priv-002843



Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

1040 -18.425 1.5385
1039 -18.13 1.4045
1038 -19.035 1.266
1037 -18.06 1.5465
1036 -17.915 1.5485
1035 -17.795 1.2695
1034 -18.985 1.692
1033 -18.365 1.1295
1032 -17.46 1.414
1031 -17.375 1.5565
1030 -17.725 1.2735
1029 -17.24 1.275
1028 -17.45 1.9855
1027 -17.68 0.853
1026 -17.38 1.5645
1025 -18.3 1.281
1024 -19.46 1.2835
1023 -17.885 1.8545
1022 -17.65 1.2855
1021 -17.475 1.43
1020 -17.98 1.431
1019 -16.91 1.719
1018 -17.12 1.864
1017 -17.12 1.292
1016 -17.835 1.2935
1015 -17.575 1.5825
1014 -17.58 1.441
1013 -18.205 1.1535
1012 -18.205 1.155
1011 -18.28 1.0115
1010 -18.67 1.1575
1009 -18.16 1.3055
1008 -17.215 1.16
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.

ABOR/MH/Priv-002845



Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

1043 0.30703
1042 0.26328
1041 0.19745
1040 0.38393
1039 0.25234
1038 0.24144
1037 0.26343
1036 0.16467
1035 0.35125
1034 0.25248
1033 0.19763
1032 0.26358
1031 0.17569
1030 0.2306
1029 0.14281
1028 0.20877
1027 0.35164
1026 0.18683
1025 0.20884
1024 0.17581
1023 0.34073
1022 0.29679
1021 0.30788
1020 0.23096
1019 0.28595
1018 0.43995
1017 0.28604
1016 0.23109
1015 0.33014
1014 0.20912
1013 0.25319
1012 0.20917
1011 0.24217

ABOR/MH/Priv-002846



Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

1005 0.854
1004 -0.694
1003 -1.14
1002 0.001
1001 0.887
1000 0.028

999 -0.889
998 -0.802
997 -1.219
996 -0.634
995 -0.996
994 0.777
993 0.228
992 0.15
991 0.451
990 -0.005
989 -0.027
988 1.825
987 0.509
986 -0.154
985 0.139
984 0.544
983 -0.225
982 -0.023
981 -0.671
980 0.158
979 0.718
978 1.156
977 -0.315
976 0.44
975 -0.001
974 0.353
973 -0.802
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

1007 -17.295 1.7415
1006 -17.795 1.4535
1005 -18.21 1.5995
1004 -18.475 1.7475
1003 -18.285 1.6025
1002 -18.855 1.607
1001 -17.795 1.606
1000 -17.795 0.8785

999 -17.795 1.465
998 -17.18 1.7555
997 -18.72 1.4685
996 -17.91 1.3195
995 -17.065 1.6165
994 -17.415 1.622
993 -16.425 1.298
992 -16.425 0.8835
991 -16.515 1.33
990 -16.89 1.4505
989 -17.88 1.478
988 -17.88 1.1855
987 -17.215 1.1865
986 -16.98 1.6325
985 -16.665 0.8895
984 -16.575 1.491
983 -17.785 1.347
982 -17.93 1.043
981 -17.65 1.9425
980 -17.915 1.6435
979 -17.65 1.0465
978 -17.145 1.35
977 -18.045 1.649
976 -18.045 1.3535
975 -17.82 1.5065
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.

ABOR/MH/Priv-002849



Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

1010 0.28626
1009 0.2533
1008 0.28633
1007 0.24229
1006 0.25339
1005 0.24234
1004 0.19839
1003 0.34166
1002 0.12121
1001 0.37476
1000 0.2315

999 0.43007
998 0.19853
997 0.25366
996 0.23162
995 0.28676
994 0.24276
993 0.25377
992 0.29795
991 0.11038
990 0.25384
989 0.19872
988 0.14347
987 0.22084
986 0.36438
985 0.13253
984 0.27608
983 0.22093
982 0.29824
981 0.30939
980 0.27622
979 0.25415
978 0.24318

ABOR/MH/Priv-002850



Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

972 0.647
971 0.297
970 0.859
969 2.069
968 2.028
967 -0.38
966 0.171
965 0.196
964 0.448
963 0.95
962 -0.343
961 -0.144
960 -1.645
959 1.067
958 1.188
957 -0.521
956 0.407
955 -0.079
954 -0.735
953 0.1
952 0.729
951 0.933
950 0.294
949 0.026
948 0.04
947 -0.119
946 -0.757
945 -0.421
944 -0.407
943 -1.623
942 -2.023
941 -0.461
940 0.862

ABOR/MH/Priv-002851



Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

974 -17.905 0.9005
973 -16.915 1.8085
972 -17.71 1.3595
971 -16.925 1.66
970 -17.5 1.662
969 -18.03 1.814
968 -18.58 1.969
967 -17.885 1.061
966 -16.56 1.369
965 -16.56 1.371
964 -17.82 1.3725
963 -18.19 1.676
962 -17.79 1.2215
961 -17.79 1.3775
960 -17.12 1.379
959 -16.48 1.3805
958 -16.79 0.917
957 -16.79 0.925
956 -17.4 1.693
955 -17.96 1.695
954 -17.605 2.0055
953 -17.655 1.3905
952 -17.38 1.2365
951 -18.585 1.5505
950 -18.2 1.2395
949 -18.39 1.2405
948 -18.88 1.092
947 -16.725 1.3975
946 -16.725 1.249
945 -18.355 1.404
944 -18.355 0.7755
943 -18.13 1.25
942 -18.13 1.0935

ABOR/MH/Priv-002852



Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

977 0.2542
976 0.24323
975 0.27637
974 0.30964
973 0.28756
972 0.24335
971 0.28763
970 0.18803
969 0.30982
968 0.22132
967 0.40947
966 0.15497
965 0.23242
964 0.23244
963 0.26574
962 0.27679
961 0.21037
960 0.28798
959 0.24371
958 0.26589
957 0.21046
956 0.19945
955 0.2438
954 0.24383
953 0.3214
952 0.19954
951 0.34377
950 0.22177
949 0.26616
948 0.27733
947 0.29956
946 0.19968
945 0.22189

ABOR/MH/Priv-002854



Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

939 2.129
938 0.232
937 -0.863
936 0.166
935 0.966
934 1.239
933 0.637
932 0.295
931 0.774
930 1.964
929 0.935
928 -1.055
927 0.19
926 0.847
925 0.915
924 -0.715
923 -1.07
922 0.52
921 0.514
920 0.971
919 0.673
918 0.125
917 -1.185
916 -0.643
915 0.713
914 0.077
913 0.335
912 0.009
911 2.481
910 -0.713
909 -0.73
908 2.17
907 -0.554

ABOR/MH/Priv-002855



Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

941 -17.69 1.4115
940 -18.19 1.565
939 -18.57 1.2565
938 -18.57 1.417
937 -18.94 1.107
936 -18.32 1.261
935 -17.89 1.1035
934 -17.055 1.737
933 -17.355 1.266
932 -17.355 1.588
931 -17.765 1.43
930 -17.28 1.432
929 -17.84 1.433
928 -17.595 1.4035
927 -17.96 1.282
926 -18.155 1.278
925 -18.595 1.7575
924 -18.41 1.572
923 -18.145 1.1245
922 -18.68 1.4465
921 -17.625 1.608
920 -18.515 1.4505
919 -17.86 2.0975
918 -17.23 0.969
917 -16.485 1.296
916 -16.57 2.106
915 -17.535 1.916
914 -17.535 1.462
913 -17.37 1.951
912 -18.1 1.466
911 -18.1 1.466
910 -18.15 0.9795
909 -17.645 1.7975
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

944 0.24411
943 0.23309
942 0.29972
941 0.23315
940 0.33304
939 0.22205
938 0.44418
937 0.18885
936 0.33321
935 0.21111
934 0.30001
933 0.40002
932 0.06667
931 0.15558
930 0.33343
929 0.24454
928 0.27798
927 0.26684
926 0.22238
925 0.1891
924 0.26692
923 0.2892
922 0.25591
921 0.23369
920 0.20027
919 0.30051
918 0.17806
917 0.30057
916 0.23381
915 0.28956
914 0.2116
913 0.21162
912 0.27846

ABOR/MH/Priv-002858



Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

906 -2.017
905 0.868
904 1.78
903 0.127
902 1.2
901 0.058
900 0.416
899 -0.331
898 -0.178
897 0.171
896 -0.568
895 -1.113
894 -0.909
893 0.541
892 1
891 0.463
890 -0.453
889 -0.049
888 -1.098
887 -0.833
886 1.307
885 -0.364
884 0.075
883 -2.602
882 -1.118
881 -0.537
880 0.315
879 0.821
878 -0.271
877 -1.326
876 -0.88
875 -0.906
874 -2.715

ABOR/MH/Priv-002859



Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

908 -17.985 1.4745
907 -17.485 1.4765
906 -18.26 1.642
905 -18.74 1.6455
904 -18.055 1.481
903 -18.405 1.155
902 -18.405 1.654
901 -18.725 1.4885
900 -18.32 1.16
899 -18.31 1.328
898 -18.155 1.8285
897 -18.17 1.331
896 -17.6 1.6645
895 -18.045 1.3335
894 -18.41 1.002
893 -18.61 1.506
892 -17.505 2.011
891 -17.505 1.6785
890 -17.49 1.513
889 -17.585 1.851
888 -18.58 1.6855
887 -18.125 1.0125
886 -18.125 1.5215
885 -17.02 1.3545
884 -17.02 1.1875
883 -17.53 1.189
882 -17.97 1.5305
881 -17.795 1.5335
880 -17.825 1.3635
879 -17.945 1.1955
878 -17.15 1.2
877 -17.15 1.2005
876 -17.465 1.199

ABOR/MH/Priv-002860



Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.

ABOR/MH/Priv-002861



Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

911 0.22274
910 0.25624
909 0.17823
908 0.28977
907 0.23404
906 0.20057
905 0.21179
904 0.2341
903 0.27872
902 0.26766
901 0.22309
900 0.25651
899 0.29005
898 0.25657
897 0.26781
896 0.25663
895 0.26787
894 0.2679
893 0.2344
892 0.22332
891 0.23445
890 0.335
889 0.34628
888 0.17876
887 0.18989
886 0.26814
885 0.21227
884 0.23463
883 0.257
882 0.24591
881 0.29064
880 0.2572
879 0.3243

ABOR/MH/Priv-002862



Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

873 -1.291
872 1.163
871 1.242
870 -0.125
869 -0.177
868 0.359
867 0.281
866 -0.917
865 1.184
864 -0.525
863 -0.81
862 -0.304
861 -2.027
860 -0.108
859 -0.711
858 1.709
857 -1.148
856 0.241
855 -0.045
854 0.478
853 -1.197
852 -1.21
851 0.233
850 -1.341
849 -0.708
848 -3.187
847 -1.576
846 -0.552
845 -0.72
844 0.764
843 0.2
842 1.688
841 1.514

ABOR/MH/Priv-002863



Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

875 -17.465 1.717
874 -16.99 1.5465
873 -16.695 1.0345
872 -16.67 1.5535
871 -17.195 1.73
870 -18.265 1.214
869 -18.265 1.216
868 -18.475 1.3905
867 -18.33 1.3925
866 -17.95 1.395
865 -18.155 1.57
864 -17.345 1.9255
863 -17.435 1.3975
862 -17.13 1.368
861 -17.005 1.228
860 -17.005 0.882
859 -17.195 1.902
858 -16.63 1.238
857 -16.86 1.2355
856 -17.17 1.417
855 -17.905 1.7685
854 -18.65 1.7825
853 -17.74 1.78
852 -17.56 1.601
851 -17.56 1.2525
850 -17.845 1.079
849 -17.73 1.609
848 -17.805 1.0765
847 -17.805 0.902
846 -17.745 0.9035
845 -17.81 1.258
844 -17.81 1.2675
843 -18.345 1.6235

ABOR/MH/Priv-002864



Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.

ABOR/MH/Priv-002865



Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

878 0.3803
877 0.27967
876 0.27971
875 0.14543
874 0.20141
873 0.24617
872 0.41407
871 0.17911
870 0.24626
869 0.22391
868 0.1903
867 0.16793
866 0.36955
865 0.26878
864 0.16799
863 0.2129
862 0.40337
861 0.19045
860 0.19046
859 0.34743
858 0.34749
857 0.17939
856 0.25791
855 0.22425
854 0.28038
853 0.34768
852 0.25803
851 0.24679
850 0.24682
849 0.31426
848 0.20201
847 0.28061
846 0.31437

ABOR/MH/Priv-002866



Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

840 0.22
839 0.851
838 0.408
837 -1.069
836 -1.742
835 -0.271
834 -1.82
833 -1.309
832 -1.741
831 -2.398
830 -0.95
829 1.474
828 1.021
827 -0.565
826 -0.727
825 -0.079
824 -0.657
823 -0.665
822 0.105
821 -1.102
820 -0.078
819 1.463
818 1.079
817 1.871
816 -0.393
815 0.471
814 0.243
813 -0.857
812 -2.057
811 -0.77
810 -0.188
809 0.733
808 0.713

ABOR/MH/Priv-002867



Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

842 -18.355 1.618
841 -18.95 1.4515
840 -18.06 1.4625
839 -18.06 1.8205
838 -18.37 1.4585
837 -17.025 1.2735
836 -17.11 1.276
835 -17.11 2.0105
834 -17.625 1.4585
833 -18.555 1.659
832 -18.685 1.4625
831 -18.55 1.2955
830 -17.81 1.8465
829 -18.4 2.029
828 -17.805 1.471
827 -17.51 1.8555
826 -17.51 1.115
825 -16.995 1.489
824 -16.995 1.6835
823 -16.985 1.6625
822 -16.54 1.689
821 -16.54 1.136
820 -17.78 1.5135
819 -17.78 1.5035
818 -17.92 1.7005
817 -17.725 1.508
816 -17.98 1.4965
815 -18.675 1.681
814 -17.86 1.725
813 -16.64 1.503
812 -17.41 1.5195
811 -17.185 1.507
810 -17.185 1.445

ABOR/MH/Priv-002868



Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.

ABOR/MH/Priv-002869



Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

845 0.30313
844 0.28073
843 0.28076
842 0.24706
841 0.20218
840 0.21348
839 0.25842
838 0.2922
837 0.19109
836 0.37095
835 0.28102
834 0.19116
833 0.23612
832 0.2811
831 0.19122
830 0.21372
829 0.32616
828 0.28123
827 0.22498
826 0.23631
825 0.29262
824 0.30385
823 0.23639
822 0.28142
821 0.23645
820 0.28149
819 0.27032
818 0.31538
817 0.34926
816 0.29296
815 0.27047
814 0.22534
813 0.25921

ABOR/MH/Priv-002870



Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

807 0.081
806 0.82
805 -0.178
804 0.032
803 -0.27
802 -1.149
801 -1.849
800 0.929
799 1.059
798 -0.038
797 1.092
796 0.243
795 0.174
794 -0.243
793 1.466
792 0.897
791 1.223
790 0.578
789 0.745
788 -0.321
787 0.264
786 -0.625
785 0.734
784 0.182
783 -0.229
782 0.154
781 0.103
780 -0.668
779 -0.194
778 -0.475
777 0.039
776 -0.459
775 0.306

ABOR/MH/Priv-002871



Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

809 -17.425 1.209
808 -17.07 1.633
807 -17.32 1.228
806 -17.32 1.094
805 -17.295 0.976
804 -17.295 1.434
803 -17.28 1.444
802 -17.005 1.6225
801 -17.475 1.424
800 -17.475 1.5065
799 -17.965 1.7345
798 -17.965 1.696
797 -17.24 1.3275
796 -17.24 1.4565
795 -16.77 2.0745
794 -17.31 1.379
793 -17.31 1.5885
792 -17.585 1.7915
791 -17.585 1.421
790 -17.64 1.6285
789 -17.945 1.365
788 -18.27 1.5535
787 -18.27 1.5555
786 -17.18 1.7835
785 -17.18 1.786
784 -17.95 1.5615
783 -17.95 1.521
782 -17.82 1.3135
781 -18.765 1.378
780 -17.79 1.485
779 -17.245 1.402
778 -17.75 1.5925
777 -17.24 1.1955

ABOR/MH/Priv-002872



Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.

ABOR/MH/Priv-002873



Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

812 0.3043
811 0.30434
810 0.30438
809 0.19173
808 0.31578
807 0.28195
806 0.19179
805 0.21436
804 0.28203
803 0.23696
802 0.22565
801 0.24823
800 0.14668
799 0.3273
798 0.30478
797 0.23711
796 0.29362
795 0.2484
794 0.271
793 0.19207
792 0.30499
791 0.31638
790 0.31642
789 0.28252
788 0.22602
787 0.22604
786 0.35041
785 0.2487
784 0.26009
783 0.23751
782 0.23753
781 0.29403
780 0.28282

ABOR/MH/Priv-002874



Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

774 0.596
773 1.519
772 0.091
771 0.646
770 -0.752
769 0.678
768 0.583
767 0.842
766 0.609
765 0.698
764 3.015
763 0.746
762 0.01
761 0.259
760 0.636
759 1.349
758 0.079
757 -0.055
756 0.523
755 1.316
754 0.281
753 -2.401
752 0.691
751 -0.369
750 -0.539
749 -0.701
748 -0.008
747 0.498
746 0.035
745 0.581
744 -1.771
743 0.404
742 0.962

ABOR/MH/Priv-002875



Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

776 -17.24 1.7005
775 -17.455 1.5355
774 -17.395 1.263
773 -17.395 1.3695
772 -16.99 1.2655
771 -17.35 1.4145
770 -18.285 1.416
769 -18.285 1.883
768 -17.35 1.7155
767 -17.35 2.014
766 -17.31 1.931
765 -16.72 0.977
764 -16.71 1.4455
763 -16.71 1.468
762 -16.71 1.001
761 -17.165 1.6195
760 -17.165 1.8985
759 -17.855 1.217
758 -17.855 1.6665
757 -17.355 1.198
756 -17.655 1.669
755 -17.935 1.927
754 -17.935 1.821
753 -17.795 1.394
752 -17.525 1.9095
751 -17.64 1.4375
750 -17.64 1.418
749 -18.29 1.139
748 -18.29 1.5475
747 -17.795 0.8825
746 -17.795 0.926
745 -18.22 1.4215
744 -18.22 1.6365

ABOR/MH/Priv-002876



Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.

ABOR/MH/Priv-002877



Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

779 0.28285
778 0.26027
777 0.23768
776 0.21508
775 0.22635
774 0.16975
773 0.24902
772 0.26042
771 0.28309
770 0.29439
769 0.23788
768 0.28319
767 0.21529
766 0.32855
765 0.26064
764 0.21536
763 0.31728
762 0.20403
761 0.22671
760 0.23812
759 0.28348
758 0.22678
757 0.24948
756 0.22683
755 0.26092
754 0.29492
753 0.27227
752 0.30639
751 0.41988
750 0.19291
749 0.27242
748 0.28385
747 0.27248

ABOR/MH/Priv-002878



Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

741 1.408
740 -0.844
739 0.43
738 0.763
737 1.543
736 1.291
735 1.152
734 -1.119
733 -0.059
732 0.609
731 1.288
730 -0.48
729 0.488
728 0.598
727 0.784
726 1.611
725 0.097
724 -0.373
723 0.432
722 -0.257
721 1.075
720 -0.005
719 0.994
718 0.57
717 -0.277
716 -0.344
715 0.756
714 0.057
713 -0.07
712 0.365
711 -0.849
710 -1.336
709 -1.147

ABOR/MH/Priv-002879



Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

743 -18.58 1.559
742 -18.29 0.78
741 -18.29 1.562
740 -18.31 2.345
739 -18.31 1.174
738 -18.14 1.175
737 -18.14 1.959
736 -17.77 1.177
735 -17.77 1.57
734 -17.77 1.179
733 -17.39 1.18
732 -17.39 1.968
731 -17.41 1.182
730 -17.41 1.183
729 -17.57 1.184
728 -17.57 1.106
727 -16.48 1.186
726 -16.48 1.583
725 -17.35 1.188
724 -18.41 1.981
723 -18.41 1.19
722 -18.41 0.794
721 -18 1.589
720 -18 0.795
719 -17.67 1.592
718 -17.67 1.195
717 -16.59 0.797
716 -16.59 1.596
715 -17.54 0.799
714 -17.54 1.199
713 -18.13 1.2
712 -18.13 1.201
711 -17.89 0.801

ABOR/MH/Priv-002880



Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.

ABOR/MH/Priv-002881



Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

746 0.22711
745 0.29525
744 0.26128
743 0.31803
742 0.38634
741 0.18183
740 0.23869
739 0.27274
738 0.23875
737 0.22735
736 0.30698
735 0.21598
734 0.29563
733 0.31841
732 0.27297
731 0.19335
730 0.26171
729 0.19339
728 0.23901
727 0.29586
726 0.27315
725 0.2391
724 0.23912
723 0.26191
722 0.2505
721 0.25053
720 0.22779
719 0.23925
718 0.23928
717 0.25064
716 0.27344
715 0.19368
714 0.22793

ABOR/MH/Priv-002882



Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

708 -1.469
707 -1.378
706 -0.329
705 0.023
704 -2.433
703 0.414
702 -0.753
701 0.027
700 1.38
699 1.055
698 -1.055
697 -1.332
696 1.092
695 0.275
694 -0.709
693 -0.306
692 -0.962
691 -0.316
690 0.408
689 1.164
688 0.102
687 0.759
686 -3.107
685 -2.177
684 -1.725
683 -1.927
682 -0.632
681 -1.605
680 -0.567
679 -1.072
678 -0.661
677 -0.601
676 1.172

ABOR/MH/Priv-002883



Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

710 -17.89 1.604
709 -17.9 0.401
708 -17.9 1.205
707 -18.56 1.206
706 -18.56 1.207
705 -18.56 0.805
704 -18.01 1.209
703 -18.01 1.21
702 -17.66 1.211
701 -17.66 1.212
700 -17.8 1.618
699 -17.8 0.809
698 -17.31 1.215
697 -17.31 1.216
696 -18.22 1.217
695 -18.76 1.624
694 -18.76 1.625
693 -17.88 0.813
692 -17.88 1.628
691 -17.45 1.63
690 -17.45 1.631
689 -17.45 1.224
688 -17.89 1.225
687 -17.89 1.635
686 -17.52 1.636
685 -17.52 0.819
684 -17.31 0.819
683 -17.31 1.64
682 -17.31 0.821
681 -17.09 0.821
680 -17.09 1.644
679 -16.49 1.645
678 -16.49 0.823

ABOR/MH/Priv-002884



Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

713 0.20517
712 0.23943
711 0.25079
710 0.20523
709 0.33068
708 0.17103
707 0.21675
706 0.19397
705 0.2624
704 0.18255
703 0.33088
702 0.25103
701 0.19407
700 0.26254
699 0.31968
698 0.19414
697 0.26263
696 0.36545
695 0.21704
694 0.2399
693 0.26276
692 0.28563
691 0.31998
690 0.21717
689 0.16002
688 0.28587
687 0.26293
686 0.32016
685 0.41176
684 0.22882
683 0.2517
682 0.34331
681 0.17167

ABOR/MH/Priv-002886



Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

675 0.105
674 -0.084
673 1.65
672 0.882
671 -0.871
670 0.033
669 -0.641
668 0.38
667 -0.102
666 -1.348
665 -0.477
664 0.078
663 -0.65
662 -0.381
661 0.949
660 1.392
659 0.95
658 -0.422
657 -0.085
656 0.366
655 -0.606
654 0.573
653 0.99
652 -1.505
651 -1.159
650 0.369
649 1.166
648 0.988
647 -0.374
646 -0.747
645 -0.323
644 -1.065
643 0.278

ABOR/MH/Priv-002887



Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

677 -16.08 1.648
676 -16.08 0.825
675 -16.17 0.825
674 -16.17 0.826
673 -16.26 1.653
672 -16.26 1.655
671 -16.87 0.828
670 -16.87 0.414
669 -17.03 1.659
668 -17.03 1.245
667 -17.03 0.831
666 -17.41 1.663
665 -17.31 1.248
664 -17.31 1.249
663 -17.69 1.25
662 -17.69 1.167
661 -17.04 1.669
660 -17.04 1.67
659 -16.99 0.836
658 -16.99 0.837
657 -16.99 1.675
656 -17.95 1.257
655 -17.95 1.258
654 -17.61 1.259
653 -17.61 0.84
652 -17.32 1.681
651 -17.18 1.682
650 -17.18 0.842
649 -17.78 1.685
648 -17.78 1.686
647 -18.24 1.266
646 -18.24 1.689
645 -18.16 0.845

ABOR/MH/Priv-002888



Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.

ABOR/MH/Priv-002889



Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

680 0.28615
679 0.26331
678 0.24047
677 0.40077
676 0.21754
675 0.28633
674 0.30926
673 0.17183
672 0.29793
671 0.20627
670 0.17189
669 0.36684
668 0.21785
667 0.20636
666 0.20638
665 0.44726
664 0.26378
663 0.18354
662 0.32129
661 0.18358
660 0.24095
659 0.29834
658 0.28697
657 0.2181
656 0.26409
655 0.30999
654 0.31003
653 0.31006
652 0.21822
651 0.27577
650 0.25273
649 0.14944
648 0.0919

ABOR/MH/Priv-002890



Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

642 0.409
641 -0.941
640 -3.294
639 -0.002
638 1.306
637 0.179
636 -1.14
635 0.09
634 1.422
633 0.347
632 -0.496
631 -0.916
630 -3.217
629 -0.586
628 0.037
627 1.634
626 0.958
625 -0.244
624 0.219
623 -1.59
622 -1.544
621 -1.844
620 0.489
619 1.63
618 0.219
617 -0.179
616 0.239
615 -1.369
614 -1.583
613 -0.947
612 0.825
611 -0.636
610 -0.04

ABOR/MH/Priv-002891



Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

644 -18.16 0.846
643 -17.75 1.693
642 -17.75 1.271
641 -17.32 0.848
640 -17.32 1.273
639 -17.11 1.274
638 -17.11 1.275
637 -17.2 0.85
636 -17.2 1.277
635 -17.18 2.13
634 -17.18 1.705
633 -18.14 2.559
632 -18 1.708
631 -18 1.282
630 -18 1.283
629 -17.29 1.712
628 -17.59 1.713
627 -17.59 1.286
626 -17.34 2.145
625 -17.34 0.859
624 -17.34 1.718
623 -16.95 2.15
622 -16.95 0.86
621 -17.55 1.722
620 -17.77 1.724
619 -17.77 1.294
618 -17.69 1.726
617 -17.9 2.16
616 -17.9 1.297
615 -17.9 1.731
614 -17.28 1.732
613 -17.15 2.167
612 -17.15 0.867

ABOR/MH/Priv-002892



Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.

ABOR/MH/Priv-002893



Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

647 0.26432
646 0.32179
645 0.19539
644 0.26439
643 0.20696
642 0.26444
641 0.24151
640 0.52916
639 0.24158
638 0.21863
637 0.14961
636 0.25318
635 0.35679
634 0.19573
633 0.25326
632 0.28782
631 0.21877
630 0.25333
629 0.27635
628 0.21883
627 0.2534
626 0.31099
625 0.23046
624 0.32261
623 0.21894
622 0.19596
621 0.12683
620 0.16141
619 0.14985
618 0.18444
617 0.24205
616 0.25364
615 0.21907

ABOR/MH/Priv-002894



Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

609 1.51
608 -0.443
607 -0.964
606 -0.463
605 -0.535
604 0.292
603 1.032
602 2.689
601 0.582
600 0.196
599 1.148
598 0.977
597 1.164
596 1.381
595 1.596
594 -0.769
593 -1.479
592 -1.357
591 -1.545
590 -1.304
589 -0.732
588 -1.156
587 -0.148
586 0.004
585 1.482
584 -0.413
583 0.152
582 -0.4
581 0.88
580 0.714
579 -2.333
578 -2.957
577 -0.687

ABOR/MH/Priv-002895



Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

611 -17.15 1.302
610 -17.3 0.869
609 -17.3 1.304
608 -17.25 2.175
607 -17.7 1.741
606 -17.7 0.871
605 -17.33 2.18
604 -17.44 1.309
603 -17.44 1.747
602 -17.4 1.311
601 -17.4 0.875
600 -17.4 0.876
599 -17.28 1.314
598 -17.24 1.754
597 -17.24 1.229
596 -17.82 1.757
595 -18.01 1.758
594 -18.01 0.88
593 -17.12 1.321
592 -17.12 1.322
591 -16.42 1.323
590 -16.42 0.882
589 -16.42 0.883
588 -16.21 0.884
587 -16.21 1.769
586 -16.22 0.885
585 -16.22 0.886
584 -17.19 0.887
583 -17.19 1.331
582 -17.2 0.888
581 -17.2 1.333
580 -17.2 0.89
579 -17.26 0.89

ABOR/MH/Priv-002896



Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.

ABOR/MH/Priv-002897



Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

614 0.23066
613 0.23068
612 0.2307
611 0.23072
610 0.23074
609 0.23076
608 0.23078
607 0.2308
606 0.23082
605 0.23084
604 0.23087
603 0.23089
602 0.23091
601 0.23093
600 0.23095
599 0.23097
598 0.23099
597 0.23101
596 0.23103
595 0.23105
594 0.23107
593 0.23109
592 0.23111
591 0.23113
590 0.23115
589 0.23117
588 0.23119
587 0.23121
586 0.23123
585 0.23125
584 0.23127
583 0.2313
582 0.23132

ABOR/MH/Priv-002898



Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

576 0.637
575 -0.352
574 -0.93
573 -0.354
572 0.901
571 0.288
570 0.745
569 0.414
568 0.633
567 -0.501
566 -0.945
565 -0.039
564 1.664
563 0.824
562 -0.152
561 1.121
560 2.898
559 1.488
558 -0.116
557 1.093
556 -0.012
555 0.752
554 2.401
553 0.86

ABOR/MH/Priv-002899



Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

578 -17.26 1.337
577 -17.26 0.892
576 -17.42 0.892
575 -17.69 0.893
574 -17.69 0.894
573 -17.69 0.895
572 -17.69 0.896
571 -17.69 1.344
570 -17.69 0.897
569 -17.69 0.898
568 -17.69 0.898
567 -17.69 0.899
566 -17.69 0.9
565 -17.69 1.351
564 -17.69 1.352
563 -17.69 1.353
562 -17.58 1.354
561 -17.58 1.807
560 -17.31 1.809
559 -17.57 1.358
558 -17.57 1.359
557 -17.73 1.36
556 -17.79 1.361
555 -17.79 1.816
554 -18.2 0.909
553 -18.2 0.91
552 -18.08 1.821
551 -18.22 1.823
550 -18.25 1.824
549 -18.25 0.913
548 -18.25 0.914
547 -17.89 1.829
546 -17.29 0.915

ABOR/MH/Priv-002900



Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.

ABOR/MH/Priv-002901



Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

581 0.23122
580 0.23124
579 0.23126
578 0.23128
577 0.2313
576 0.23132
575 0.23134
574 0.23136
573 0.23138
572 0.23141
571 0.23143
570 0.23145
569 0.23147
568 0.23149
567 0.23151
566 0.23153
565 0.23155
564 0.23157
563 0.23159
562 0.23161
561 0.23163
560 0.23165
559 0.23167
558 0.23169
557 0.23171
556 0.23173
555 0.23176
554 0.23178
553 0.2318
552 0.23182
551 0.23184
550 0.23186
549 0.23188

ABOR/MH/Priv-002902



Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

ABOR/MH/Priv-002903



Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

545 -17.29 1.832
544 -16.9 0.917
543 -16.9 0.918
542 -16.9 0.918
541 -17.2 1.838
540 -17.32 1.38
539 -17.32 1.381
538 -17.57 1.382
537 -17.57 0.922
536 -18.04 1.385
535 -18.04 1.386
534 -18.3 0.462
533 -18.3 0.926
532 -18.3 0.927
531 -18.19 0.835
530 -18.19 0.928
529 -17.97 1.394
528 -17.97 0.93
527 -17.84 0.931
526 -17.84 1.397
525 -17.98 1.399
524 -17.98 1.4
523 -17.7 2.335
522 -17.88 0.935
521 -17.88 1.404
520 -18.01 1.873
519 -18.01 0.938
518 -17.97 1.408
517 -17.97 1.409
516 -17.52 0.94
515 -17.52 0.941
514 -17.14 1.413
513 -17.14 1.886

ABOR/MH/Priv-002904



Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.

ABOR/MH/Priv-002905



Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

548 0.31313
547 0.22041
546 0.26675
545 0.22045
544 0.24363
543 0.27847
542 0.2785
541 0.23206
540 0.22055
539 0.18575
538 0.31342
537 0.27863
536 0.19734
535 0.29033
534 0.29036
533 0.10452
532 0.17421
531 0.23227
530 0.22075
529 0.22077
528 0.19758
527 0.18594
526 0.20916
525 0.26736
524 0.372
523 0.31385
522 0.20925
521 0.25581
520 0.25584
519 0.32564
518 0.15122
517 0.26758
516 0.16292

ABOR/MH/Priv-002906



Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18

ABOR/MH/Priv-002907



Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

512 -17.28 0.472
511 -17.28 0.945
510 -17.68 1.418
509 -17.68 1.42
508 -17.93 1.421
507 -17.93 0.948
506 -17.93 0.475
505 -17.99 1.9
504 -17.99 0.951
503 -18.21 1.904
502 -17.98 1.906
501 -17.61 2.861
500 -17.34 0.955
499 -17.34 0.956
498 -17.34 1.435
497 -17.22 1.915
496 -17.01 1.438
495 -17.01 1.439
494 -16.63 1.441
493 -16.63 0.961
492 -16.7 1.444
491 -16.7 1.445
490 -17.23 0.965
489 -17.23 1.448
488 -17.87 1.45
487 -17.87 0
486 -18.16 0
485 -18.16 0
484 -17.97 0
483 -17.97 0
482 -18.02 0
481 -17.76 0
480 -17.76 0

ABOR/MH/Priv-002908



Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.

ABOR/MH/Priv-002909



Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

515 0.16293
514 0.27932
513 0.27935
512 0.27938
511 0.20958
510 0.19792
509 0.10474
508 0.13966
507 0.2678
506 0.22122
505 0.20967
504 0.26787
503 0.25633
502 0.19804
501 0.12818
500 0.27964
499 0.20978
498 0.26801
497 0.15148
496 0.43127
495 0.11656
494 0.25653
493 0.27983
492 0.27986
491 0.24491
490 0.29161
489 0.18658
488 0.24498
487 0.18661
486 0.28001
485 0.21005
484 0.15167
483 0.25679
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Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

479 -17.76 0
478 -17.47 0
477 -17.49 0
476 -17.49 0
475 -17.77 0
474 -17.77 0
473 -17.77 0
472 -18.49 0
471 -18.49 0
470 -18.49 0
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

482 0.2334
481 0.39686
480 0.25687
479 0.18676
478 0.25692
477 0.31527
476 0.26857
475 0.29203
474 0.28034
473 0.2103
472 0.29211
471 0.21034
470 0.33894
469 0.24544
468 0.23374
467 0.24548
466 0.24551
465 0.25726
464 0.30396
463 0.22212
462 0.22214
461 0.23389
460 0.21057
459 0.26901
458 0.28078
457 0.32763
456 0.23401
455 0.21067
454 0.22231
453 0.26917
452 0.22235
451 0.29259
450 0.23414
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Fisher & 
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Fisher & 
Koerner 
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2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

449 0.25753
448 0.23419
447 0.29271
446 0.24586
445 0.17563
444 0.2459
443 0.21079
442 0.24595
441 0.16405
440 0.30464
439 0.24601
438 0.21089
437 0.16399
436 0.25783
435 0.36334
434 0.21097
433 0.26967
432 0.23441
431 0.3049
430 0.24623
429 0.24625
428 0.23451
427 0.2463
426 0.24632
425 0.21115
424 0.18774
423 0.26981
422 0.2112
421 0.31684
420 0.34032
419 0.11741
418 0.18784
417 0.10564
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Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

416 0.29353
415 0.24655
414 0.28181
413 0.30529
412 0.18795
411 0.15272
410 0.32894
409 0.29373
408 0.23494
407 0.23496
406 0.23498
405 0.235
404 0.23502
403 0.23504
402 0.23506
401 0.23508
400 0.23511
399 0.23513
398 0.23515
397 0.23517
396 0.23519
395 0.23521
394 0.23523
393 0.23525
392 0.23527
391 0.2353
390 0.23532
389 0.23534
388 0.27067
387 0.32964
386 0.23541
385 0.29439
384 0.23546
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Koerner 1995 - 
Agassiz Ice 
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Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

383 0.30615
382 0.318
381 0.15316
380 0.21203
379 0.24739
378 0.24742
377 0.24744
376 0.24746
375 0.24749
374 0.24751
373 0.24753
372 0.24756
371 0.24758
370 0.24761
369 0.24763
368 0.24765
367 0.24768
366 0.2477
365 0.24772
364 0.18879
363 0.35396
362 0.22424
361 0.22426
360 0.28325
359 0.27144
358 0.15349
357 0.12981
356 0.25977
355 0.18895
354 0.23611
353 0.11812
352 0.27158
351 0.27161
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Koerner 
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- Devon 
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Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18
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jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

350 0.28349
349 0.23622
348 0.2954
347 0.20082
346 0.26
345 0.27177
344 0.2482
343 0.2009
342 0.31917
341 0.14186
340 0.1064
339 0.17735
338 0.27204
337 0.27207
336 0.28385
335 0.31937
334 0.28391
333 0.30769
332 0.20122
331 0.23674
330 0.26039
329 0.26042
328 0.27232
327 0.24859
326 0.22498
325 0.24864
324 0.26054
323 0.17763
322 0.10658
321 0.2606
320 0.24874
319 0.26065
318 0.21324
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2003: 
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208 0.32325
207 0.23946
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10 yr period O-18

End year 
of 10 yr 
period O-18
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

119 0.27775
118 0.28977
117 0.21735
116 0.20537
115 0.20539
114 0.19329
113 0.25366
112 0.21745
111 0.31421
110 0.29
109 0.24177
108 0.20554
107 0.24182
106 0.20558
105 0.25387
104 0.20561
103 0.26605
102 0.21767
101 0.22982
100 0.24198

99 0.29032
98 0.24203
97 0.22992
96 0.24208
95 0.32675
94 0.23
93 0.25419
92 0.23004
91 0.21792
90 0.21794
89 0.23011
88 0.09683
87 0.16962
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Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

ABOR/MH/Priv-002960



Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

86 0.27864
85 0.25437
84 0.19386
83 0.26657
82 0.24241
81 0.38786
80 0.30303
79 0.2425
78 0.20616
77 0.27892
76 0.21824
75 0.26681
74 0.25467
73 0.20626
72 0.2305
71 0.26692
70 0.24272
69 0.24274
68 0.29135
67 0.27921
66 0.23065
65 0.29145
64 0.2793
63 0.29152
62 0.34005
61 0.43736
60 0.21864
59 0.25523
58 0.20661
57 0.23089
56 0.23091
55 0.25533
54 0.23096
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Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18

ABOR/MH/Priv-002964



Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

53 0.29185
52 0.15807
51 0.24323
50 0.21897
49 0.31624
48 0.20682
47 0.27982
46 0.27985
45 0.27988
44 0.27991
43 0.27995
42 0.27998
41 0.28001
40 0.32878
39 0.24356
38 0.28011
37 0.31668
36 0.26796
35 0.3533
34 0.23148
33 0.18285
32 0.19497
31 0.28033
30 0.20724
29 0.18292
28 0.29263
27 0.18296
26 0.29269
25 0.26838
24 0.26841
23 0.2562
22 0.24399
21 0.30509
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Fisher & 
Koerner 1995 - 
Agassiz Ice 
Cap

Fisher & 
Koerner 
1994 - 
Agassiz 
Ice Cap

Tarrussov 
1992

Fisher, D.A., 
2003 - N. 
Greenland

Fisher, 
D.A., 2002 
- Devon 
Ice Cap

Fisher, D. 
A., 2003 - 
Devon Ice 
Cap

Fisher, D.A., 
2002 -C. 
Greenland 
(GISP2,GRIP)

Fisher, D.A., 
2003 - Penny 
Ice Cap, 
Baffin Island

MGNORM.1yr

% MELT-
NORMA
LIZED 
DEPAR
TURES

pcnorm-
5.all

% MELT-
NORMALI
ZED 
DEPARTU
RES YEAR % melt: HO% melt: HOmean % M delnort3.stk O-18 bld-1.dev pc5bld.dev % melt delnorm6.cwg O-18 Pennydel.p95 O-18
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Fisher et 
al., 1999 - 
Penny Ice 
Cap, Baffin 
Island

Fisher et 
al., 1998 - 
Penny Ice 
Cap, 
Baffin 
Island

Fisher, 
D.A., 2002 - 
S. 
Greenland

Fisher, D.A., 
2004 - S. 
Greenland

Holdsworth 
et al., 1992 & 
1993 - Mt 
Logan 
Canada

Thomps
on et al., 
1992 - 
Quelcca
ya, Peru

Thompson 
et al., 
2003:Quelcc
aya, Peru

Thompso
n et al., 
2003: 
Dunde, 
China

pc1yr2 pc25yrsp sgreenpc del1dye2 Year
Accum 
(m)

Delta 18O 
(per mil)

Thermal 
Year O18

 Accumulation 
(m)

End year of 
10 yr period O-18

End year 
of 10 yr 
period O-18
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Thompso
n et al., 
2003: 
Guliya, 
W. China

Thompso
n et al., 
2003:Das
uopu, W. 
China

Thompso
n et al., 
2003:Hua
scaran, 
Peru

Thompso
n et al., 
2003: 
Sajama, 
Bolivia

Thompso
n et al., 
2002:Kili
manjaro

Fisher, D. 
A.., 2002 - 
James 
Ross

Fisher D.A., 
2002 - Law 
Dome, 
Antarctica

Fisher, D. 
A., 2002 - 
Dolleman 
Antarctica

Fisher, 
D.A., 2002 - 
Dyer 
Plateau, 
Antarctica

Fisher, 
D.A., 
2002 - 
Plateau

Stenni, B., 
et al., 1999 
- Talos 
Dome 
Antarctica

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

End year 
of 10 yr 
period O-18

jross210.
ant O-18 lawa210.ant O-18 doll210.ant O-18

dyer210.an
t

plato210.
ant O-18 Years A.D.
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Fisher, 
D.A.., 
2002 - 
Siple 
Dome, 
Antarctica

Ekaykin et 
al, in press 
- Vostok 
200 yrs 
data - Both 
series are 
smoothed 
with a 
period of 
11 years Meese et al., 1994 (revised): GIS

NGRIP 2004 - 
50 year means 
- N. Greenland

Vinther et al, 
2001: South-
Central 
Greenland 
ice cores-
based 
PC/NAO 
index

delta D 
mean 
annual

siple210.a
nt O-18 Year dD, per mil

Accumulation
, g cm-2 yr-1 Year Model ice Equiv Year

Del 18O 
permill
e Year PC1 series

20 0.24405
19 0.26856
18 0.21974
17 0.24412
16 0.24415
15 0.2198
14 0.31756
13 0.28086
12 0.24426
11 0.20765
10 0.21992

9 0.32986
8 0.19546
7 0.20773
6 0.22001
5 0.22003
4 0.22005
3 0.29339
2 0.3301
1 0.318
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Author
description (red if used in 

Mann et al 98)

sample 
interval 
(years)

Data 
type

site 
id/chronid latitude longitude elevation

start 
year

end 
year

instrumental 
correlations

use for high 
frequency?

use for low 
frequency?

is it 
public?

Fisher & Koerner 1995 Agassiz Ice Cap, Ellesmere Is., N. Canad 1 8001 80.75 -72.83 1670

Fisher & Koerner 1994 Agassiz Ice Cap, Ellesmere Is., N. Canad 1 and 5 8004 80.75 -72.83 1670 617 1961 no yes no

Tarusov, 1992 Svalbard 2 to 20 8004 hole 85 & 87 78 20 -575 1985 no yes no
Fi h D A 2003 N G l d 1 8001 75 9 47 7 1761 1972Fisher, D.A., 2003 N. Greenland 1 8001 75.9 -47.7 1761 1972 no
Fisher, D.A., 2002 Devon Island Ice Cap, N. Canada 1 8001 75.42 -82.5 1800 1512 1973 no
Fisher, D.A., 2003 Devon Island Ice Cap, N. Canada 5 8004 75.42 -82.5 1800 1161 1971 no yes no

Fisher, D.A., 1996 C. Greenland (GISP2/GRIP) 1 8001 71.26 -37.7 3200 553 1982 yes yes no
Fisher, D.A., 1998 Penny Ice Cap, Baffin Is., Canada 1 8001 67.25 -65.5 1900 1761 1970 no
Fisher et al 1999 Penny Ice Cap Baffin Is Canada 1 8004 67 25 -65 5 1900 1694 1992 yes yes noFisher et al., 1999 Penny Ice Cap, Baffin Is., Canada 1 8004 67.25 -65.5 1900 1694 1992 yes yes no
Fisher et al., 1998 Penny Ice Cap, Baffin Is., Canada 25 8004 67.25 -65.5 1900 1790 1992 no yes no
Kameda et al., 1996 S. Greenland 1 8004 66.87 -46.27 1761 1970 no
Fisher, D.A., 2004 S. Greenland 1 8001 66.48 -46.33 1742 1974 no

Holdsworth et al., 1992 Mt Logan, Alaska 1 8001 60.6 -140.5 5340 1736 1987 yes

Holdsworth et al., 1993 Mt Logan, Alaska 1 8003 60.6 -140.5 5340 1736 2000 yesg y

Thompson, L. G., E. Mosley-Thompson, JQuelccaya, Peru 1 8001 Core 1 & summ -13.93 -70.83 5670 470 1984 yesThompson, L. G., E. Mosley Thompson, JQuelccaya, Peru 1 8001 Core 1 & summ 13.93 70.83 5670 470 1984 yes

Thompson L G E Mosley Thompson JQuelccaya Peru 1 8003 Core 1 & Summ 13 93 70 83 5670 470 1984 yesThompson, L. G., E. Mosley-Thompson, JQuelccaya, Peru 1 8003 Core 1 & Summ -13.93 -70.83 5670 470 1984 yes
Thompson, L. G., E. Mosley-Thompson, JQuelccaya, Peru 10 8001 -13.93 -70.83 5670 1001 2000 yes
Lin, P.N., L.G. Thompson, M.E. Davis andDunde, W. China 10 8001 38.1 96.4 5325 1001 1987 no
Thompson, L.G., E. Mosley-Thompson, MGuliya, W. China 10 8001 35.28 81.5 6710 1000 1989 no
Thompson, L.G., T. Yao, E. Mosley-TDasuopu, W. China 10 8001 28 85 6900 1001 1997 no
Thompson, L.G., E. Mosley-Thompson, MHuascaran, Peru 10 8001 -9.11 -77.6 6048 1001 1995 no
Thompson, L.G., M.E. Davis, E. Mos Sajama, Bolivia 10 8001 -18 -68 6,548 1001 1997 no
Thompson L G E Mosley Thompson MKilimanjaro Tanzania 10 8001 KNIF 2 & 3 3 08 37 3 5893 460 1950 yes yesThompson, L. G., E. Mosley-Thompson, Kilimanjaro, Tanzania 10 8001 KNIF 2 & 3 -3.08 37.3 5893 460 1950 yes yes
Fisher, D.A., 2002 James Ross 1 8001 -64.22 -57.68 1791 2000 no
Fisher, D.A., 2002 Law Dome, Antarctica 1 8001 -66.1 111 1390 1761 1970 no
Fisher, D.A., 2002 Dolleman, Antarctica 1 8001 -70.58 -60.93 1761 1970 no
Fi h D A 2002 D Pl t A t ti 1 8001 70 67 64 87 1761 1970Fisher, D.A., 2002 Dyer Plateau, Antarctica 1 8001 -70.67 -64.87 1761 1970 no
Fisher, D.A., 2002 Plateau 1 8001 -84 43 1761 1970 no

Stenni, B., et al., 2002 Talos Dome, Antarctica 1 8002 -72.8 159.1 89 1217 1996 yes, , , , y
Fisher, D.A., 2002 Siple Dome, Antarctica Jan-00 8001 -81.65 -148.81 650 1761 1970 no
Ekaykin et al, in press Vostok, Antarctica 1 8001 & 8003 -78.5 106.8 3421 1779 1994 no yes no
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Meese et al, 1994 GISP2, Greenland 1 8003 72.6 -38.5 3200 1 1988 no yes no

NGRIP members 2004 NGRIP 50 8001 75 -42 2975 0 2000 no yes yes

Vinther et al, 2003 S. & C.  Greenland 1 8006 7 cores (PC) 66.48 -46.33 1245 1970 yes, ( ) y
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do we 
have it? location in database notes

each core series normalised then AVERAGED; cores 
Fisher 2004 CD (pers. comm): file MGNORM.1YR

each core series normalised then AVERAGED; cores 
A79, A84 A87

yes Fisher 2004 CD (pers. comm): file PCNORM-5.ALL
each core series normalised then AVERAGED; cores 
A84 A87 A77 A79
Data digitized; hole 85 spans 1574-1936 & hole 85

yes Fisher 2004 CD (pers. comm): Tarussov data set; file SVALBARD

Data digitized; hole 85 spans 1574-1936, & hole 85 
spans -575-1985…mean thus available only for 1574-
1936; data irreg. Spaced but mostly ~2 yr for last 
1500yr

Fi h D A 2002 CD 2004 ( ) fil DELNORT3 STK t k f 3 N li d th dyes Fisher, D.A., 2002.  CD 2004 (pers. comm.) file DELNORT3.STK stack of 3 cores,. Normalized then averaged.
yes Fisher 2004 CD (pers. comm): file BLD-1.DEV
yes Fisher 2004 CD (pers. comm): file PC5BLD.DEV Average of 3 cores: 1971, 72, 73

yes Fisher, D.A., 2002.  CD 2004 (pers. comm.) file DELNORM6.CWG
285 years; stack of 13 series, normalized; claims zero 
time error (volcanic signal synchronized for timescale)

yes Fisher 2004 CD (pers. comm): file PENNYDEL.P95
yes Fisher 2004 CD (pers. comm): file Penny 95.4 core/ice layers/ PC1YR2yes Fisher 2004 CD (pers. comm): file Penny 95.4 core/ice layers/ PC1YR2
yes Fisher 2004 CD (pers. comm): file PC25YRSP
yes Fisher 2004 CD (pers. comm): Kameda data set; file SGREENPC Kameda et al., 1996
yes Fisher, D.A., 2002.  CD 2004 (pers. comm.) file DEL1DYE2.DYE

Moore et al 2002; IGBP Pages/WDC A for Paleoclimatology Contribution Series #
yes

Moore et al., 2002; IGBP Pages/WDC-A for Paleoclimatology Contribution Series # 
2002-79

yes
Moore et al., 2002; IGBP Pages/WDC-A for Paleoclimatology Contribution Series # 
2002-81 1988 missingy

yes
Thompson, 1992; IGBP PAGES/World Data Center-A for Paleoclimatology Data 
Contribution Series # 92-008

ftp://ftp.ngdc.noaa.gov/paleo/icecore/trop/quelccaya/q83
cor1.txt

Mean of 2 cores back to AD 
744 (Core 1 extends to 
AD470; summit to AD744)yes Contribution Series # 92 008 cor1.txt AD470; summit to AD744)

yes
Thompson, 1992; IGBP PAGES/World Data Center-A for Paleoclimatology Data 
Contribution Series # 92 008

ftp://ftp.ngdc.noaa.gov/paleo/icecore/trop/quelccaya/q83
cor1 txt

Mean of 2 cores back to AD 
744 (Core 1 extends to 
AD470; summit to AD744)yes Contribution Series # 92-008 cor1.txt AD470; summit to AD744)

yes juniper/data sets/ice core data/6 ice-core-composite-for-Bradley-Jones-Mann 10 year means 1001-1010 to 1991-2000
yes juniper/data sets/ice core data/6 ice-core-composite-for-Bradley-Jones-Mann
yes juniper/data sets/ice core data/6 ice-core-composite-for-Bradley-Jones-Mann

yes juniper/data sets/ice core data/6 ice-core-composite-for-Bradley-Jones-Mann

yes juniper/data sets/ice core data/6 ice-core-composite-for-Bradley-Jones-Mann

yes juniper/data sets/ice core data/6 ice-core-composite-for-Bradley-Jones-Mann

yes juniper/data sets/ice core data/kibo isotopes last 2ka mean of 2 NIF sitesyes juniper/data sets/ice core data/kibo isotopes last 2ka mean of 2 NIF sites
yes Fisher 2004 CD (pers. comm): file JROSS210.ANT
yes Fisher 2004 CD (pers. comm): file LAWA210.ANT
yes Fisher 2004 CD (pers. comm): file DOLL210.ANT

Fi h 2004 CD ( ) fil DYER210 ANTyes Fisher 2004 CD (pers. comm): file DYER210.ANT
yes Fisher 2004 CD (pers. comm): file PLATO210.ANT

yes

Stenni, B., et al., 2002; IGBP Pages/WDC-A for Paleoclimatology Contribution 
Series # 2002-68y

yes Fisher 2004 CD (pers. comm): file SIPLE210.ANT
yes Vostok 200 yrs data.xls
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Deb Meese; Pers. comm.9/6/04: data available back 
through Holocene--only last ~2000 years shown here; 
"It's based on the depth age scale which incorporated 
del 18O and is the accum model that Bolzan, 

yes Juniper1: data sets/ice cores/GISPage+accum.xls
del 18O and is the accum model that Bolzan, 
Waddington, etc put together"

yes http://www.glaciology.gfy.ku.dk/index_e.html
Data avaialable back to 12,950 BP, but not included 
here.
In Vinther et al [GRL vol. 30, no. 1387, In Vinther et al [GRL vol. 30, no. 1387, 
doi:10.1029/2002GL016193, 2003.] this is the PC1 time 
series, based on winter delta-O18 data from 7 
Greenland ice cores (Crete, Dye3-71, Dye3-79, GRIP 

yes http://www.glaciology.gfy.ku.dk/index_e.html

( , y , y ,
89-1, GRIP 93,Milcent, Renland). winters are dated 
according to the month of January; series mean =0, 
SD=1y
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KEY to COLUMN E

Ice 8001 = O-18
8002 = deuterium
8003 = accumulation
8004 = melt %
8005 = other (dust, gases etc)
8006= derived parameter (PC, or other index)

Mann et al 1998 used:
Greenland                  Ice melt             summer air temp   66N   45W   1545     Kameda et al, 1996
Svalbard                   Ice melt             summer air temp   79N   17W   1400     Tarussov 1992
Penny                      Ice O-18             (temp)            70N   70W   1718     Fisher et al 1998
Central Greenland (Stack)  Ice O-18             (temp)            77N   60W    553     Fisher et al 1996
Quelccaya summit core         Ice O-18             (air temp)        14S   71W    470     Thompson 1982
Quelccaya summit core         Ice accumulation     precip             "     "     488          "
Quelccaya Core  2           Ice O-18             (air temp)         "     "     744          "
Quelccaya Core  2     Ice accumulation     precip             "     "     744          "
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From: raymond s. bradley
To: srutherford@rwu.edu; mann@multiproxy.evsc.virginia.edu; zz9t@virginia.edu; mhughes@ltrr.arizona.edu
Cc: tcook@geo.umass.edu
Subject: Coral data inventory
Date: Monday, January 24, 2005 12:35:28 PM
Attachments: CORAL inventory 2005.xls

I attach the latest inventory of coral data; the data itself is found on sheet 2 of the
file.  This provides a significant improvement over Mann et al 1998, though the
records are generally short.  Note too that some are sub-annual, some are annual
and some are multi-annual in resolution, and there are cautionary notes in the last
column.  
If you have any questions, let me know.  This supercedes any earlier versions of
these data you may have received.

I am working on the other proxies (sediments, speleothems, historical & ice core
data) and will send similar file to you soon.  If you see problems in the way this
version is formatted, let me know so I can perhaps amend other versions.
Ray

Raymond S. Bradley 
Director, Climate System Research Center*
Department of Geosciences, University of Massachusetts
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel:  
Fax:  
*Climate System Research Center:  
        <http://www.paleoclimate.org> 
Paleoclimatology Book Web Site: http://www.geo.umass.edu/climate/paleo/html 
Publications (download .pdf files):
http://www.geo.umass.edu/faculty/bradley/bradleypub.html
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In Databas Author

descrip
tion 

(red if 

sample 
interval 
(years)

Data 
type

site 
id/chro

nid

latitude
North=

+

longitu
de: 

East=+ species
elevatio

n
sample 
depth

start 
year

end 
year

instrum
ental 

correlat

use for 
high 

frequen

use for 
low 

frequen
is it 

public?
do we 

have it?

location 
in 

databas

Readm
e file--
data notes

yes Lough, J. &Great Barr 1; 5 yr gau 7004 -18 147.2 Porites 1746 1982 no yes no yes Lough and ftp://ftp.ngdUse 5 yr gaussian. Alt

yes Heiss, 199 Aquaba, J 1 7001 29.4 35 Porites sp. -1 1788 1992 yes yes yes Heiss (199 ftp://ftp.ngdno statistically signif

yes Felis et al. Ras Umm, 0.167 7001 27.8 34.3 Porites sp. -5.5 1751 1995 no yes yes Felis et al. ftp://ftp.ngdgenerally (-) relations

yes Haase-SchMontego B var: 2 to 6 7001 18.5 -77.9 Ceratopore -20 1344 1991 no yes yes Haase-Schftp://ftp.ngdsclerosponges (Cerato
yes Haase-SchMontego B var: 2 to 6 7003 18.5 -77.9 Ceratoporella nicholsoni 1356 1991 yes yes yes Haase-Schftp://ftp.ngdsclerosponges (Cerato
yes Linsley, et Secas Is, E0.125 to 0. 7001 7.9 -82 Porites lobata 1708 1983 yes yes yes Linsley et aftp://ftp.ngdcore gap between 200
yes Urban et a Maiana Ato 0.167 7001 1 173 Porites sp 1840 1993 yes yes yes Urban et a ftp://ftp.ngdgood, generally cons
yes Dunbar et Urvina,Ga 1 7001 0.4 -91.2 Pavona cla 0 1607 1953 yes yes yes Dunbar et ftp://ftp.ngdgood, generally cons

yes Cole et al., Malindi, Ke 1 7001 -3 40 Porites lute -6 1801 1994 yes yes yes Cole et al. ftp://ftp.ngd(-) relationship with S

yes Charles et Seychelles 0.083 7001 -4.6 55.8 Porites lute -7 1847 1994 yes yes yes Charles et ftp://ftp.ngdgenerally consistent 
yes Quinn et alEspiritu S 1:mean of 7001 -15 167 Platygyra lamellina 1807 1979 yes yes yes Quinn et alftp://ftp.ngdno statistically signifyes Quinn et alEspiritu S 1:mean of 7001 -15 167 Platygyra lamellina 1807 1979 yes yes yes Quinn et al ftp://ftp.ngdno statistically signif
yes Isdale, P.J Havannah 1* 7005 -18.85 146.55 Porites sp 1644 1870 yes yes yes Isdale, P.J ftp://ftp.ngd*Burdekin River runoff

yes McCulloch Havannah 1* 7003 -18.85 146.55 Porites sp 1758 1870 yes yes yes McCulloch ftp://ftp.ngd*Burdekin River runoff
yes Linsley et aRaratonga 0.08 7003 -21.2 -159.8 Porites lute -18.3 1727 1996 yes yes yes Linsley et aftp://ftp.ngdgenerally (-) relations
yes Quinn et alAmedee,N 0.5 7001 -22.5 166.5 Porites sp -3 1658 1992 yes yes yes Quinn et alftp://ftp.ngdgenerally (-) relations

yes Kuhnert, H Houtman A 0.16 7001 -28.5 113.8 Porites lute -5 1795 1993 yes yes yes Kuhnert, H ftp://ftp.ngdgenerally (-) relations
yes Zinke et al Indian Oce 0.16 7001,2,3 -23.15 43.58 Porites lob -1.1 1659 1995 yes yes yes Zinke et al ftp://ftp.ngdSr/Ca data discontin
no Linsley et aVanua Levi, Fiji, SW P 7003 -16.82 179.23 Porites lute -10 1780 1997 not yet! Willing to provide data
no Linsley et aVanua Levi, Fiji, SW P 7001 -16.82 179.23 Porites lute -10 1780 1997 Willing to provide data
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Main 
Signal 
(Lough 

though there is a significant relationship with average SSTs the explained variance is low although it is slightly better for the 5-year gaussian filtered series but still <30%.  This 10-coral average series would be the one to use ra

f relationship with SSTs, SOI or Use core 18 data set

ship to SSTs PDO ENSO NAO SST salinity rainfall

oporella nicholsoni)
oporella nicholsoni)
09 and 2010 mm, with no statistically signif relationship with SSTs, SOI or rainfall
sistent (+) r1901-05 patched from Tarawa "through straightforward comparisonSST rainfall ENSO
sistent (+) relationship with SOI; P. Clavus produces aragonite about 0.40 paSST ENSO

SSTs 1961-90 only

(-) relationship with SSTs, + with SOI SST
f relationship with SSMean of 4 samples year used -revised from QSR paperf relationship with SSMean of 4 samples year used -revised from QSR paper
f Oct-Sept discharge year; anthropogenic influence after AD1870

f Oct-Sept discharge year; after ~1870, anthropgenic disturbance dominates signal; chronology checked with known floods in 1819, 1826, 1831, 1859, 1860 and 1864
ship to SSTs & SOI SST PDO
ship to SSTs & SOI Use file "NC.Published.1992-1657.Qtr.txt" SST

ship to SSTs & SOI, but mostly not signif. Errors are estimated to be ±1 year per 100 years (due to unclear banding and d18O cycles near 1853 and 1869, respectively)
uous

a in 2005
a in 2006
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1982 -0.61 -0.29 1992 -3.16 0.05 1995.583 -4.12 1991 -0.91 1991 9.525 0.068 1984.5 -0.72 -6.12 1840 -4.69144 1981 -4.13 1994 -4.705 1995.13
1981 0.17 -0.06 1991 -2.98 0.03 1995.417 -3.82 1986 -0.79 1986 9.494 0.072 1984.44 -0.23 -5.85 1840.17 -4.78337 1980 -4.26 1993 -4.658 1995.04
1980 0.07 -0.02 1990 -2.72 0.02 1995.25 -3.05 1982 -0.88 1982 9.52 0.053 1984.38 -0.64 -5.91 1840.33 -4.5927 1979 -4.44 1992 -4.664 1994.96
1979 -0.28 -0.18 1989 -2.74 0.03 1995.083 -3.02 1976 -0.82 1975 9.54 0.034 1984.33 -0.75 -5.72 1840.5 -4.36152 1978 -4.15 1991 -4.627 1994.88
1978 -0.30 -0.20 1988 -2.63 0.02 1994.917 -3.62 1971 -0.72 1971 9.518 0.051 1984.27 -0.85 -6.18 1840.67 -4.31497 1977 -4.26 1990 -4.598 1994.79
1977 -0.02 -0.01 1987 -2.93 0.05 1994.75 -3.96 1967 -0.77 1971 9.431 0.044 1984.21 -0.93 -6.27 1840.83 -4.27524 1976 -4.48 1989 -4.532 1994.71
1976 0.37 0.08 1986 -2.72 0.03 1994.583 -3.92 1960 -0.91 1967 9.518 0.042 1984.15 -0.72 -5.99 1841 -4.26358 1975 -4.17 1988 -4.577 1994.63
1975 -0.37 -0.09 1985 -2.83 0.03 1994.417 -3.66 1954 -0.89 1967 9.5 0.039 1984.1 -0.87 -5.62 1841.17 -4.23649 1974 1987 -4.59 1994.54
1974 0.01 -0.04 1984 -2.73 0.03 1994.25 -3.38 1947 -0.87 1962 9.483 0.028 1984.04 -0.74 -5.55 1841.33 -4.35253 1973 1986 -4.449 1994.46
1973 0.12 0.11 1983 -2.98 0.03 1994.083 -2.99 1940 -0.85 1960 9.584 0.079 1983.98 -1.28 -5.62 1841.5 -4.26747 1972 -4.65 1985 -4.477 1994.38
1972 0.21 0.20 1982 -2.69 0.02 1993.917 -3.42 1932 -0.78 1957 9.536 0.056 1983.92 -1.19 -5.94 1841.67 -4.23536 1971 -4.37 1984 -4.498 1994.29
1971 0.24 0.32 1981 -2.73 0.04 1993.75 -3.72 1926 -0.78 1954 9.267 0.03 1983.87 -1.25 -5.77 1841.83 -4.2388 1970 -4.35 1983 -4.571 1994.21
1970 0.64 0.41 1980 -2.74 0.02 1993.583 -3.9 1921 -0.89 1947 9.468 0.059 1983.75 -0.67 -6.17 1842 -4.26778 1969 -4.54 1982 -4.552 1994.13
1969 0.20 0.20 1979 -2.99 0.05 1993.417 -3.81 1915 -0.86 1940 9.618 0.017 1983.66 -1.1 -6.19 1842.17 -4.25513 1968 -4.35 1981 -4.544 1994.04
1968 -0.23 0.01 1978 -2.69 0.03 1993.25 -3.55 1909 -0.87 1932 9.435 0.053 1983.57 -1.03 -6.02 1842.33 -4.28571 1967 -4.14 1980 -4.629 1993.96
1967 0.25 0.07 1977 -2.8 0.03 1993.083 -2.74 1904 -0.78 1926 9.696 0.063 1983.48 -0.45 -6.17 1842.5 -4.33083 1966 -4.23 1979 -4.557 1993.88
1966 0.04 0.02 1976 -2.77 0.02 1992.917 -3.14 1899 -0.87 1921 9.604 0.03 1983.39 0.03 -5.6 1842.67 -4.41569 1965 -4.54 1978 -4.521 1993.79
1965 -0.25 -0.01 1975 -2.78 0.02 1992.75 -3.64 1893 -0.82 1915 9.603 0.006 1983.3 -0.01 -5.6 1842.83 -4.39296 1964 -4.31 1977 -4.5 1993.71
1964 0.40 0.10 1974 -2.54 0.02 1992.583 -3.79 1888 -0.82 1909 9.728 0.068 1983.2 -0.23 -5.85 1843 -4.39101 1963 -4.38 1976 -4.56 1993.63
1963 -0.15 0.02 1973 -2.7 0.02 1992.417 -3.95 1883 -0.84 1904 9.774 0.054 1983.11 -0.65 -6.2 1843.17 -4.35964 1962 -4.44 1975 -4.334 1993.54
1962 0.02 -0.01 1972 -2.75 0.03 1992.25 -3.17 1878 -0.94 1899 9.658 0.02 1983.02 -0.97 -6.41 1843.33 -4.33743 1961 1974 -4.411 1993.46
1961 0.07 -0.04 1971 -2.84 0.03 1992.083 -2.84 1873 -0.84 1893 9.665 0.054 1982.93 -0.92 -6.5 1843.5 -4.34084 1960 1973 -4.423 1993.38
1960 -0.27 -0.18 1970 -2.72 0.03 1991.917 -3.37 1869 -0.83 1888 9.755 0.041 1982.75 -0.93 -6.51 1843.67 -4.41615 1959 1972 -4.378 1993.29
1959 -0.25 -0.23 1969 -2.92 0.02 1991.75 -3.69 1864 -0.82 1883 9.541 0.054 1982.64 -1.26 -6.56 1843.83 -4.54832 1958 1971 -4.345 1993.21
1958 -0.27 -0.05 1968 -2.87 0.02 1991.583 -3.68 1864 -0.81 1878 9.668 0.071 1982.53 -1.13 -6.5 1844 -4.48642 1957 1970 -4.376 1993.13
1957 0.62 0.22 1967 -2.65 0.04 1991.417 -3.59 1860 -0.87 1873 9.702 0.03 1982.42 -0.45 -6.21 1844.17 -4.41777 1956 1969 -4.349 1993.04
1956 0.02 0.03 1966 -2.89 0.03 1991.25 -3.32 1855 -0.91 1869 9.712 0.051 1982.31 -0.73 -5.81 1844.33 -4.30936 1955 1968 -4.323 1992.96
1955 -0.50 -0.24 1965 -2.9 0.02 1991.083 -3.12 1850 -0.74 1864 9.64 0.034 1982.19 -0.37 -5.9 1844.5 -4.35426 1954 1967 -4.369 1992.88
1954 -0.13 -0.14 1964 -3.02 0.02 1990.917 -3.5 1845 -0.87 1860 9.729 0.044 1982.08 -0.32 -5.79 1844.67 -4.27631 1953 1966 -4.351 1992.79
1953 0.17 0.05 1963 -2.88 0.03 1990.75 -3.65 1840 -0.8 1855 9.63 0.041 1981.97 -0.84 -6.14 1844.83 -4.15608 1953 -4.18 1965 -4.279 1992.71
1952 0.06 0.06 1962 -2.88 0.02 1990.583 -3.85 1834 -0.71 1850 9.81 0.076 1981.75 -0.98 -6.5 1845 -4.11232 1952 -3.94 1964 -4.186 1992.63
1951 0.03 -0.10 1961 -2.64 0.02 1990.417 -3.58 1830 -0.68 1845 9.727 0.057 1981.65 -1.28 -6.28 1845.17 -4.1459 1951 -3.92 1963 -4.288 1992.54
1950 -0.57 -0.28 1960 -2.78 0.02 1990.25 -3.16 1826 -0.73 1840 9.849 0.057 1981.55 -0.47 -5.94 1845.33 -4.33724 1950 -3.5 1962 -4.294 1992.46
1949 -0.05 -0.22 1959 -2.96 0.01 1990.083 -2.92 1821 -0.66 1834 9.761 0.021 1981.45 -0.49 -5.95 1845.5 -4.56093 1949 -3.84 1961 -4.318 1992.38
1948 -0.24 -0.21 1958 -2.79 0.03 1989.917 -3.25 1817 -0.68 1830 9.82 0.082 1981.35 -0.03 -5.58 1845.67 -4.71767 1948 -4.03 1960 -4.369 1992.29
1947 -0.27 -0.22 1957 -2.91 0.03 1989.75 -3.73 1813 -0.68 1821 9.685 0.078 1981.25 -0.05 -5.38 1845.83 -4.67119 1947 -3.67 1959 -4.34 1992.21
1946 -0.16 -0.09 1956 -2.75 0.02 1989.583 -3.9 1808 -0.65 1817 9.902 0.039 1981.15 -0.07 -5.54 1846 -4.64852 1946 -3.79 1958 -4.291 1992.13
1945 0.23 0.08 1955 -2.82 0.03 1989.417 -3.57 1805 -0.95 1813 9.874 0.065 1981.05 0.07 -5.41 1846.17 -4.6036 1945 -3.69 1957 -4.356 1992.04
1944 0.04 0.11 1954 -3.13 0.01 1989.25 -3.29 1800 -0.73 1808 9.887 0.067 1980.95 -0.65 -6.25 1846.33 -4.71372 1944 -3.68 1956 -4.387 1991.96
1943 0.16 0.14 1953 -3.06 0.01 1989.083 -3.04 1795 -0.77 1805 9.878 0.082 1980.75 -1.18 -6.43 1846.5 -4.43077 1943 -3.88 1955 -4.349 1991.88
1942 0.18 0.16 1953 -3.15 0.03 1988.917 -3.48 1784 -0.61 1800 9.827 0.081 1980.66 -1.14 -6.24 1846.67 -4.27175 1942 -4.09 1954 -4.41 1991.79
1941 0.10 0.20 1952 -2.67 0.03 1988.75 -3.84 1780 -0.67 1795 9.797 0.233 1980.57 -0.7 -6.25 1846.83 -4.23166 1941 -4.29 1953 -4.369 1991.71
1940 0.50 0.20 1951 -2.75 0.01 1988.583 -4.02 1775 -0.79 1784 9.706 0.03 1980.48 -0.75 -6.23 1847 -4.25714 1940 -4.2 1952 -4.408 1991.63
1939 -0.31 -0.02 1950 -2.69 0.04 1988.417 -3.84 1770 -0.68 1784 9.84 0.048 1980.39 -0.25 -6.07 1847.17 -4.24717 1939 -4.04 1951 -4.343 1991.54
1938 0.02 -0.03 1949 -2.81 0.01 1988.25 -3.54 1765 -0.71 1780 9.62 0.102 1980.3 -0.6 -5.94 1847.33 -4.10298 1938 -3.81 1950 -4.35 1991.46
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-5.089 1979 -4.72 1986 -1.08 1998.75 4.08E-06 1996.92 9.58 24.14 -0.27 1979.58 -4.72 1993.91667 -2.953931113 -4.163073644 1995.625 -0.75 -4.02 9.1801
-5.105 1978 -4.78 1985 -0.63 1998.736 4.13E-06 1996.84 9.51 25.04 -0.26 1979.08 -4.69 1993.75 -3.14779926 -3.860750918 1995.458 -0.58 -4.42 9.14187
-4.839 1977 -5.03 1984 -1.23 1998.722 4.17E-06 1996.75 9.51 25.04 -0.25 1978.58 -4.87 1993.58333 -3.232123358 -3.850605294 1995.291 -0.54 -4.59 9.013
-4.832 1976 -5.13 1983 -1.14 1998.708 4.11E-06 1996.67 9.59 24.03 -0.24 1978.08 -5.14 1993.41667 -3.271564343 -4.011093962 1995.125 -0.04 -4.91 8.9092
-4.925 1975 -5.16 1982 -1.44 1998.694 4.05E-06 1996.59 9.55 24.52 -0.23 1977.58 -4.79 1993.25 -3.302203716 -3.996311172 1994.958 -0.54 -4.61 9.0079
-4.937 1974 -5.24 1981 -0.43 1998.68 0.000004 1996.5 9.54 24.63 -0.22 1977.08 -5.19 1993.08333 -3.075897673 -3.95995029 1994.791 -0.8 -4.25 9.1113
-4.915 1973 -5.13 1980 -1.95 1998.666 0.000004 1996.42 9.35 26.95 -0.21 1976.58 -4.91 1992.91667 -2.609109598 -3.899417728 1994.625 -0.48 -3.91 9.1597
-4.807 1972 -4.87 1979 -0.55 1998.653 4.01E-06 1996.34 9.37 26.66 -0.2 1976.08 -5.4 1992.75 -2.896120587 -3.587032185 1994.458 -0.58 -4.16 9.03513
-4.849 1971 -4.79 1978 -1.51 1998.639 4.01E-06 1996.25 9.27 27.89 -0.19 1975.58 -5 1992.58333 -3.481747858 -4.018050989 1994.291 -0.65 -4.72 9.00261
-4.925 1970 -4.93 1977 -0.35 1998.625 4.01E-06 1996.17 9.28 27.76 -0.18 1975.08 -5.34 1992.41667 -3.389033932 -4.215138895 1994.125 -0.44 -4.76 8.99384

-5.06 1969 -4.92 1976 -0.45 1998.611 0.000004 1996.09 9.33 27.13 -0.17 1974.58 -4.79 1992.25 -3.202335846 -4.078640306 1993.958 -0.66 -4.61 9.06273
-5.129 1968 -4.93 1975 -0.16 1998.597 0.000004 1996 9.35 26.95 -0.16 1974.08 -5.1 1992.08333 -3.184196324 -4.1239853 1993.791 -0.59 -4.25 9.2065

-4.98 1967 -5.1 1974 1.61 1998.583 4.04E-06 1995.92 9.48 25.37 -0.15 1973.58 -4.83 1991.91667 -3.496986206 -4.111652842 1993.625 -0.54 -4.01 9.20897
-4.864 1966 -4.97 1973 -1.22 1998.569 4.08E-06 1995.84 9.5 25.17 -0.15 1973.08 -4.96 1991.75 -3.105815657 -3.732402071 1993.458 -0.57 -4.42 9.17053
-4.844 1965 -4.88 1972 0.34 1998.555 4.13E-06 1995.75 9.55 24.57 -0.14 1972.58 -4.61 1991.58333 -3.443547943 -3.842578668 1993.291 -0.45 -4.8 8.98748
-4.837 1964 -4.82 1971 -0.35 1998.535 4.11E-06 1995.67 9.54 24.59 -0.13 1972.08 -4.9 1991.41667 -3.142527049 -4.205119876 1993.125 -0.34 -4.93 8.8423

-4.84 1963 -4.84 1970 -1.03 1998.514 4.09E-06 1995.59 9.5 25.13 -0.13 1971.58 -4.9 1991.25 -2.946478608 -4.427054064 1992.958 -0.49 -4.8 8.97667
-4.791 1962 -5.15 1969 -1.5 1998.494 4.07E-06 1995.5 9.48 25.42 -0.12 1971.08 -5.11 1991.08333 -2.727240849 -4.229353781 1992.791 -0.54 -4.33 9.07307
-4.672 1961 -5.24 1968 0.8 1998.473 4.13E-06 1995.42 9.43 25.98 -0.12 1970.58 -4.97 1990.91667 -2.702833693 -3.910885052 1992.625 -0.9 -4.11 9.2167
-4.614 1960 -5.27 1967 -1.74 1998.453 4.18E-06 1995.34 9.38 26.62 -0.11 1970.08 -5.1 1990.75 -3.644862376 -3.563157893 1992.458 -1.31 -4.46 9.08423
-4.658 1959 -5.1 1966 -2.05 1998.433 4.21E-06 1995.25 9.31 27.4 -0.11 1969.58 -4.72 1990.58333 -3.746701756 -3.88116237 1992.291 -0.93 -4.65 8.9586
-4.826 1958 -5.13 1965 -1.49 1998.412 4.2E-06 1995.17 9.35 27 -0.1 1969.08 -5.2 1990.41667 -3.457305078 -4.143209432 1992.125 -0.41 -4.82 8.96838

-4.95 1957 -5.05 1964 -1.38 1998.392 4.16E-06 1995.09 9.38 26.55 -0.1 1968.58 -4.78 1990.25 -3.318681952 -4.214743274 1991.958 -0.63 -4.47 9.03786
-5.181 1956 -4.91 1963 -0.73 1998.371 4.12E-06 1995 9.41 26.23 -0.1 1968.08 -5.19 1990.08333 -3.504789969 -4.388641305 1991.791 -0.59 -4.33 9.17196
-5.158 1955 -4.73 1962 -0.87 1998.351 4.17E-06 1994.92 9.49 25.23 -0.1 1967.58 -4.91 1989.91667 -3.042924937 -3.933110374 1991.625 -0.58 -3.92 9.1882

-4.93 1954 -5.23 1961 -1.6 1998.331 4.24E-06 1994.84 9.52 24.85 -0.09 1967.08 -5.19 1989.75 -2.914769338 -3.822120203 1991.458 -0.58 -4.34 9.07809
-4.815 1953 -5.14 1960 -1.53 1998.31 4.32E-06 1994.75 9.55 24.58 -0.09 1966.58 -4.56 1989.58333 -3.40098103 -4.114410242 1991.291 -0.38 -4.83 8.95574
-4.862 1952 -5.1 1959 -0.61 1998.29 4.42E-06 1994.67 9.6 23.91 -0.09 1966.08 -4.99 1989.41667 -3.415758572 -4.24135092 1991.125 -0.42 -5.22 8.92015
-4.838 1951 -5.04 1958 0.5 1998.269 4.53E-06 1994.59 9.58 24.2 -0.09 1965.58 -4.65 1989.25 -3.141883048 -4.336428675 1990.958 -0.63 -4.57 8.97981
-4.743 1950 -5.1 1957 -1.37 1998.249 4.65E-06 1994.5 9.54 24.63 -0.08 1965.08 -5.14 1989.08333 -2.746871604 -4.383555777 1990.791 -0.69 -4.24 9.13896
-4.647 1949 -5.21 1956 -0.03 1998.228 4.74E-06 1994.42 9.45 25.73 -0.08 1964.58 -4.88 1988.91667 -3.138137798 -4.043173582 1990.625 -0.67 -4.01 9.2503
-4.571 1948 -5.21 1955 0.41 1998.208 4.84E-06 1994.34 9.36 26.85 -0.08 1964.08 -5 1988.75 -3.11536133 -3.822884867 1990.458 -0.48 -4.21 9.13372
-4.703 1947 -5.06 1954 0.75 1998.188 4.93E-06 1994.25 9.3 27.57 -0.08 1963.58 -4.78 1988.58333 -3.235267324 -3.969551677 1990.291 -0.32 -4.53 9.14498
-4.982 1946 -5.08 1953 -0.07 1998.167 5.19E-06 1994.17 9.24 28.28 -0.08 1963.08 -5.35 1988.41667 -3.497342093 -4.105980945 1990.125 0.23 -4.63 8.9489
-5.217 1945 -4.92 1952 -1.04 1998.147 5.4E-06 1994.09 9.32 27.29 -0.08 1962.58 -5.1 1988.25 -2.971316859 -4.18450184 1989.958 -0.38 -4.55 8.97735
-5.124 1944 -5.06 1951 0.56 1998.126 6.54E-06 1994 9.37 26.73 -0.07 1962.08 -5.36 1988.08333 -3.184933833 -4.19887648 1989.791 -0.47 -4.21 9.08821
-5.014 1943 -5.1 1950 0.54 1998.106 7.97E-06 1993.92 9.48 25.37 -0.07 1961.58 -5.1 1987.91667 -3.034741377 -3.847791147 1989.625 -0.42 -4.08 9.12629
-4.908 1942 -5.04 1949 -0.73 1998.086 7.72E-06 1993.84 9.49 25.2 -0.07 1961.08 -5.42 1987.75 -3.074770616 -3.761650528 1989.458 -0.3 -4.37 9.10043
-4.957 1941 -4.94 1948 -1.29 1998.065 5.98E-06 1993.75 9.59 24.08 -0.07 1960.58 -4.84 1987.58333 -3.112723852 -3.836681794 1989.291 -0.07 -4.74 8.99855
-4.941 1940 -5.09 1947 -0.8 1998.045 4.12E-06 1993.67 9.63 23.55 -0.07 1960.08 -5.06 1987.41667 -3.119804226 -4.023695669 1989.125 0.15 -4.67 9.03014
-4.994 1939 -4.94 1946 -0.28 1998.024 3.73E-06 1993.59 9.6 23.88 -0.07 1959.58 -4.35 1987.25 -2.940227373 -4.05732882 1988.958 -0.45 -4.37 9.09614
-4.958 1938 -5.1 1945 -1.43 1998.004 3.62E-06 1993.5 9.56 24.37 -0.07 1959.08 -5.01 1987.08333 -2.868193119 -4.143704702 1988.791 -0.1 -4.32 9.16035
-4.778 1937 -5.02 1944 -0.6 1997.984 3.54E-06 1993.42 9.52 24.88 -0.07 1958.58 -4.98 1986.91667 -2.68654334 -4.130249085 1988.625 -0.39 -4.07 9.2572
-4.685 1936 -5.08 1943 -0.79 1997.963 3.69E-06 1993.34 9.44 25.85 -0.07 1958.08 -4.83 1986.75 -2.620629128 -3.577602583 1988.458 -0.68 -4.31 9.12235

-4.74 1935 -5.08 1942 -1.35 1997.943 3.71E-06 1993.25 9.38 26.61 -0.06 1957.58 -4.74 1986.58333 -3.56359247 -3.768208741 1988.291 0.4 -5 8.96524
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1937 0.08 0.06 1948 -2.96 0.03 1988.083 -3.23 1761 -0.76 1780 9.787 0.046 1980.2 -0.47 -5.75 1847.5 -4.02996 1937 -3.93 1949 -4.524 1991.38
1936 0.08 0.07 1947 -3.18 0.04 1987.917 -3.38 1756 -0.78 1765 9.702 0.097 1980.11 -0.54 -5.75 1847.67 -4.13412 1936 -3.96 1948 -4.457 1991.29
1935 0.07 0.07 1946 -2.81 0.03 1987.75 -3.69 1754 -0.75 1756 9.763 0.172 1980.02 -0.58 -5.8 1847.83 -4.289 1935 -3.83 1947 -4.441 1991.21
1934 0.05 0.05 1945 -2.93 0.02 1987.583 -3.76 1747 -0.67 1754 9.751 0.059 1979.93 -0.73 -6.12 1848 -4.33473 1934 -4.05 1946 -4.45 1991.13
1933 0.09 -0.04 1944 -2.72 0.01 1987.417 -3.45 1744 -0.76 1747 9.564 0.047 1979.75 -1.11 -6.32 1848.17 -4.26245 1933 -3.86 1945 -4.489 1991.04
1932 -0.38 -0.20 1943 -2.68 0.02 1987.25 -3.22 1739 -0.74 1744 9.735 0.148 1979.67 -1.23 -6.34 1848.33 -4.24121 1932 -4.09 1944 -4.417 1990.96
1931 -0.14 -0.18 1942 -2.92 0.01 1987.083 -3.32 1735 -0.77 1739 9.779 0.075 1979.58 -1.08 -6.25 1848.5 -4.31697 1931 -4.01 1943 -4.387 1990.88
1930 -0.12 -0.08 1941 -3.13 0.02 1986.917 -3.81 1730 -0.79 1739 9.662 0.034 1979.5 -0.96 -6.03 1848.67 -4.29409 1930 -4.12 1942 -4.507 1990.79
1929 0.09 -0.02 1940 -2.86 0.03 1986.75 -3.91 1726 -0.78 1735 9.811 0.17 1979.42 -0.98 -6.08 1848.83 -4.20666 1929 -3.9 1941 -4.506 1990.71
1928 -0.15 -0.06 1939 -3.11 0.01 1986.583 -3.88 1722 -0.84 1730 9.65 0.093 1979.33 -1.31 -6.11 1849 -4.20363 1928 -3.71 1940 -4.476 1990.63
1927 0.00 -0.12 1938 -2.93 0.02 1986.417 -3.79 1718 -0.72 1726 9.806 0.117 1979.25 -0.41 -5.78 1849.17 -4.19193 1927 -3.88 1939 -4.517 1990.54
1926 -0.36 -0.23 1937 -2.91 0.01 1986.25 -3.45 1714 -0.78 1722 9.769 0.027 1979.17 -0.47 -5.72 1849.33 -4.32478 1926 -3.81 1938 -4.441 1990.46
1925 -0.21 -0.21 1936 -2.72 0.01 1986.083 -3.23 1705 -0.8 1718 9.704 0.077 1979.08 -0.47 -5.75 1849.5 -4.5007 1925 -4.02 1937 -4.414 1990.38
1924 -0.05 -0.19 1935 -2.76 0.01 1985.917 -3.43 1705 -0.75 1714 9.704 0.026 1979 -0.6 -5.91 1849.67 -4.52619 1924 -4 1936 -4.452 1990.29
1923 -0.43 -0.26 1934 -2.88 0.03 1985.75 -3.8 1701 -0.78 1709 9.827 0.118 1978.92 -0.64 -5.97 1849.83 -4.54406 1923 -4.04 1935 -4.427 1990.21
1922 -0.13 -0.25 1933 -2.94 0.02 1985.583 -4.08 1698 -0.8 1705 9.767 0.201 1978.75 -0.91 -6.12 1850 -4.46622 1922 -4.17 1934 -4.323 1990.13
1921 -0.35 -0.25 1932 -3 0.02 1985.417 -3.68 1694 -0.78 1701 9.832 0.178 1978.64 -0.82 -6.1 1850.17 -4.46001 1921 -3.99 1933 -4.48 1990.04
1920 -0.21 -0.16 1931 -2.78 0.04 1985.25 -3.34 1690 -0.81 1698 9.798 0.026 1978.53 -0.83 -6.14 1850.33 -4.35585 1920 -3.89 1932 -4.51 1989.96
1919 0.19 -0.13 1930 -2.74 0.02 1985.083 -3.32 1686 -0.81 1694 9.826 0.128 1978.42 -0.87 -5.87 1850.5 -4.30938 1919 -4.02 1931 -4.53 1989.88
1918 -0.64 -0.34 1929 -2.87 0.02 1984.917 -3.8 1682 -0.76 1694 9.789 0.039 1978.31 -0.42 -5.46 1850.67 -4.33952 1918 -4.16 1930 -4.453 1989.79
1917 -0.34 -0.26 1928 -2.74 0.02 1984.75 -3.93 1682 -0.73 1690 9.98 0.072 1978.19 -0.73 -5.41 1850.83 -4.40717 1917 -3.65 1929 -4.382 1989.71
1916 0.27 -0.09 1927 -2.74 0.02 1984.583 -3.78 1677 -0.82 1690 9.82 0.046 1978.08 -0.22 -5.31 1851 -4.5177 1916 -4 1928 -4.35 1989.63
1915 -0.52 -0.25 1926 -2.76 0.04 1984.417 -3.56 1674 -0.75 1690 9.759 0.026 1977.97 0.17 -5.65 1851.17 -4.66379 1915 -3.89 1927 -4.408 1989.54
1914 -0.19 -0.26 1925 -2.79 0.03 1984.25 -3.33 1671 -0.84 1686 9.792 0.11 1977.75 -0.18 -6.09 1851.33 -4.8209 1914 -3.81 1926 -4.388 1989.46
1913 -0.21 -0.21 1924 -2.8 0.04 1984.083 -3.2 1667 -0.82 1686 9.758 0.076 1977.66 -0.64 -5.9 1851.5 -4.63063 1913 -3.9 1925 -4.361 1989.38
1912 -0.21 -0.16 1923 -2.78 0.05 1983.917 -3.3 1663 -0.77 1682 9.836 0.05 1977.57 -0.52 -5.95 1851.67 -4.52546 1912 -3.95 1924 -4.342 1989.29
1911 -0.04 -0.07 1922 -2.79 0.02 1983.75 -3.67 1660 -0.76 1682 9.687 0.075 1977.48 -0.18 -5.92 1851.83 -4.46985 1911 -4.08 1923 -4.352 1989.21
1910 0.02 -0.02 1921 -2.65 0.02 1983.583 -3.71 1656 -0.69 1677 9.861 0.133 1977.39 -0.77 -5.76 1852 -4.45546 1910 -3.82 1922 -4.368 1989.13
1909 -0.05 -0.07 1920 -2.81 0.03 1983.417 -3.53 1654 -0.81 1677 9.732 0.054 1977.3 0.15 -5.47 1852.17 -4.55776 1906 -4.13 1921 -4.356 1989.04
1908 -0.19 -0.15 1919 -2.48 0.02 1983.25 -3.05 1650 -0.73 1674 9.902 0.064 1977.2 0.26 -5.27 1852.33 -4.53621 1905 -4.34 1920 -4.337 1988.96
1907 -0.21 -0.13 1918 -2.85 0.03 1983.083 -2.93 1646 -0.81 1674 9.75 0.016 1977.11 -0.03 -5.43 1852.5 -4.48287 1904 -3.94 1919 -4.352 1988.88
1906 0.10 -0.10 1917 -2.87 0.03 1982.917 -3.44 1643 -0.7 1671 9.792 0.024 1977.02 -0.1 -5.51 1852.67 -4.4805 1903 -4.21 1918 -4.338 1988.79
1905 -0.36 -0.27 1916 -2.57 0.03 1982.75 -3.83 1639 -0.73 1671 9.704 0.074 1976.93 -0.28 -6.11 1852.83 -4.50311 1902 -4.32 1917 -4.341 1988.71
1904 -0.51 -0.27 1915 -2.51 0.05 1982.583 -3.97 1636 -0.68 1667 9.529 0.04 1976.75 -0.59 -6.4 1853 -4.40261 1901 -4.14 1916 -4.354 1988.63
1903 0.22 0.05 1914 -2.8 0.05 1982.417 -3.86 1633 -0.77 1667 9.608 0.092 1976.68 -0.93 -6.21 1853.17 -4.39529 1900 -3.75 1915 -4.436 1988.54
1902 0.35 0.14 1913 -2.71 0.04 1982.25 -3.38 1630 -0.81 1663 9.75 0.068 1976.55 -1 -6.14 1853.33 -4.39959 1899 -3.71 1914 -4.464 1988.46
1901 -0.27 -0.03 1912 -2.55 1982.083 -3.08 1627 -0.77 1663 9.769 0.017 1976.48 -1.27 -6.26 1853.5 -4.36106 1898 -3.96 1913 -4.406 1988.38
1900 0.08 -0.11 1911 -2.92 0.02 1981.917 -3.26 1624 -0.67 1660 9.773 0.07 1976.42 -0.92 -5.97 1853.67 -4.27042 1897 -3.85 1912 -4.398 1988.29
1899 -0.42 -0.14 1910 -2.76 0.02 1981.75 -3.55 1624 -0.74 1660 9.681 0.082 1976.35 -0.29 -5.74 1853.83 -4.23562 1896 -4.15 1911 -4.245 1988.21
1898 0.32 -0.18 1909 -2.65 0.03 1981.583 -4.03 1622 -0.73 1656 9.845 0.049 1976.28 -0.26 -6 1854 -4.31626 1895 -4 1910 -4.266 1988.13
1897 -1.01 -0.44 1908 -2.79 0.03 1981.417 -3.99 1621 -0.81 1656 9.735 0.062 1976.22 -0.3 -5.58 1854.17 -4.40589 1894 -4.07 1909 -4.352 1988.04
1896 -0.05 -0.33 1907 -2.8 0.04 1981.25 -3.59 1618 -0.76 1654 9.656 0.057 1976.15 -0.19 -5.48 1854.33 -4.44774 1893 -4.06 1908 -4.279 1987.96
1895 -0.33 -0.20 1906 -2.76 0.02 1981.083 -3.32 1618 -0.74 1650 9.824 0.117 1976.08 -0.16 -5.69 1854.5 -4.30546 1892 -3.9 1907 -4.387 1987.88
1894 0.01 -0.13 1905 -2.72 0.03 1980.917 -3.52 1616 -0.81 1650 9.77 0.065 1976.02 -0.18 -5.6 1854.67 -4.18683 1891 -4.05 1906 -4.511 1987.79
1893 -0.16 -0.21 1904 -2.9 0.03 1980.75 -3.73 1614 -0.74 1646 9.778 0.074 1975.95 -0.71 -5.81 1854.83 -4.27428 1890 -3.69 1905 -4.355 1987.71
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.792 1934 -5.21 1941 -0.65 1997.922 3.56E-06 1993.17 9.29 27.68 -0.06 1957.08 -4.77 1986.41667 -3.378316447 -4.004048641 1988.125 -0.1 -4.92 9.0876
-5.017 1933 -5.13 1940 0.86 1997.902 3.59E-06 1993.09 9.3 27.5 -0.06 1956.58 -4.84 1986.25 -2.923389839 -3.970842162 1987.958 -0.6 -4.53 9.00573
-5.033 1932 -5.13 1939 -0.9 1997.882 3.76E-06 1993 9.39 26.41 -0.06 1956.08 -4.44 1986.08333 -3.214199692 -4.119873051 1987.791 -0.74 -4.23 9.0894
-4.887 1931 -5.23 1938 -0.9 1997.861 3.7E-06 1992.92 9.43 25.93 -0.06 1955.58 -4.58 1985.91667 -3.09095314 -3.698366446 1987.625 -0.84 -3.93 9.1838
-4.865 1930 -5.15 1937 -0.84 1997.841 3.69E-06 1992.84 9.44 25.89 -0.06 1955.08 -5.3 1985.75 -3.242642443 -3.696303826 1987.458 -0.66 -4.32 9.15084
-4.887 1929 -5.09 1936 -0.83 1997.82 3.87E-06 1992.75 9.49 25.25 -0.06 1954.58 -5.06 1985.58333 -3.417114088 -3.77787052 1987.291 -0.57 -4.79 9.03109
-4.818 1928 -4.89 1935 -1.22 1997.8 3.69E-06 1992.67 9.53 24.8 -0.06 1954.08 -5 1985.41667 -3.449036022 -4.001584228 1987.125 0.05 -4.73 8.9452
-4.761 1927 -5.08 1934 0.46 1997.779 3.71E-06 1992.59 9.55 24.46 -0.06 1953.58 -4.82 1985.25 -3.062372592 -4.259604064 1986.958 -0.53 -4.52 8.98393
-4.748 1926 -5.17 1933 0.62 1997.759 3.7E-06 1992.5 9.51 25.03 -0.06 1953.08 -5.03 1985.08333 -2.691973988 -3.838967809 1986.791 -0.61 -4.22 9.10593
-4.666 1925 -5.08 1932 -1.24 1997.739 3.66E-06 1992.42 9.4 26.34 -0.06 1952.58 -5.13 1984.91667 -2.851718124 -3.920786773 1986.625 -0.7 -3.95 9.2007
-4.505 1924 -5.12 1931 -1.6 1997.718 3.64E-06 1992.34 9.35 26.94 -0.06 1952.08 -5.05 1984.75 -2.811684436 -3.656780203 1986.458 -0.53 -4.33 9.06733
-4.547 1923 -5.19 1930 -0.28 1997.698 3.72E-06 1992.25 9.33 27.18 -0.06 1951.58 -5.16 1984.58333 -3.08974681 -4.070168227 1986.291 -0.44 -4.71 8.97192
-4.671 1922 -5.13 1929 -0.58 1997.677 3.74E-06 1992.17 9.34 27.1 -0.06 1951.08 -5.39 1984.41667 -3.134929342 -4.209543885 1986.125 -0.62 -4.72 8.9672
-4.962 1921 -5.03 1928 -0.97 1997.657 3.66E-06 1992.09 9.36 26.77 -0.06 1950.58 -5.14 1984.25 -2.78310234 -4.156895068 1985.958 -0.01 -4.64 8.97486
-4.996 1920 -5.17 1927 0.42 1997.637 3.78E-06 1992 9.4 26.29 -0.06 1950.08 -5.2 1984.08333 -2.713657188 -4.025910967 1985.791 -0.38 -4.39 8.97061
-4.947 1919 -5.33 1926 -0.96 1997.616 3.75E-06 1991.92 9.45 25.76 -0.06 1949.58 -5.43 1983.91667 -2.839001518 -4.009848478 1985.625 -0.63 -4.04 9.0617
-4.879 1918 -5.07 1925 -0.05 1997.596 3.76E-06 1991.84 9.49 25.24 -0.07 1949.08 -5.06 1983.75 -2.602277242 -3.634906379 1985.458 -0.68 -4.28 9.1142
-4.815 1917 -5.09 1924 -0.3 1997.575 3.81E-06 1991.75 9.52 24.9 -0.07 1948.58 -5.41 1983.58333 -2.829800407 -3.756444554 1985.291 -0.72 -4.51 9.11018
-4.823 1916 -5.22 1923 -1.22 1997.555 3.78E-06 1991.67 9.54 24.58 -0.07 1948.08 -5.47 1983.41667 -3.186921062 -4.230894873 1985.125 -0.28 -4.75 8.98257
-4.783 1915 -5.04 1922 0.46 1997.535 3.91E-06 1991.59 9.61 23.85 -0.07 1947.58 -4.8 1983.25 -2.816481973 -4.223035002 1984.958 -0.4 -4.62 8.9863

-4.74 1914 -5.14 1921 -1.33 1997.515 3.89E-06 1991.5 9.54 24.59 -0.07 1947.08 -5.18 1983.08333 -2.881369109 -4.341944127 1984.791 -0.51 -4.3 9.01976
-4.652 1913 -4.94 1920 -1.2 1997.495 3.95E-06 1991.42 9.52 24.88 -0.08 1946.58 -5.19 1982.91667 -2.780374575 -3.908436949 1984.625 -0.85 -4.04 9.15
-4.626 1912 -5.01 1919 -1.66 1997.475 3.96E-06 1991.34 9.36 26.77 -0.08 1946.08 -5.18 1982.75 -3.013970405 -3.658384581 1984.458 -1.27 -4.14 9.02171
-4.678 1911 -5.19 1918 -0.05 1997.455 4.05E-06 1991.25 9.28 27.79 -0.08 1945.58 -4.86 1982.58333 -3.369198425 -3.988874102 1984.291 -0.95 -4.64 8.91059
-4.872 1910 -5.15 1917 0.56 1997.435 4.01E-06 1991.17 9.33 27.21 -0.08 1945.08 -5.03 1982.41667 -2.947630149 -4.077226949 1984.125 -0.32 -5.25 8.8972
-4.999 1909 -5.31 1916 -0.62 1997.415 4.04E-06 1991.09 9.38 26.61 -0.08 1944.58 -5.04 1982.25 -3.111922315 -4.386791413 1983.958 -0.63 -4.84 8.94967
-4.986 1908 -5.34 1915 -1.69 1997.395 3.95E-06 1991 9.43 25.95 -0.09 1944.08 -5.24 1982.08333 -2.630451721 -3.834384778 1983.791 -0.34 -4.32 9.02805
-4.763 1907 -5.13 1914 -0.84 1997.375 3.8E-06 1990.92 9.48 25.35 -0.09 1943.58 -4.96 1981.91667 -2.911866311 -3.770986069 1983.625 -0.44 -3.97 9.1817
-4.716 1906 -5.08 1913 -0.46 1997.355 3.69E-06 1990.84 9.52 24.87 -0.09 1943.08 -5.32 1981.75 -3.067184088 -3.690506043 1983.458 -0.78 -4.31 9.02654
-4.789 1905 -5 1912 -1.22 1997.335 3.79E-06 1990.75 9.56 24.44 -0.1 1942.58 -4.66 1981.58333 -3.16164984 -3.752710621 1983.291 -0.74 -4.61 8.96159
-4.995 1904 -5.23 1911 1.46 1997.315 4.4E-06 1990.67 9.6 23.91 -0.1 1942.08 -4.99 1981.41667 -3.153034423 -3.963753076 1983.125 -0.44 -4.76 9.02178
-4.878 1903 -5.16 1910 1 1997.295 5.22E-06 1990.59 9.54 24.59 -0.1 1941.58 -4.64 1981.25 -2.943853406 -4.124106365 1982.958 -0.46 -4.27 9.11384
-4.856 1902 -4.93 1909 -0.71 1997.275 5.59E-06 1990.5 9.48 25.35 -0.1 1941.08 -5.15 1981.08333 -2.984819831 -4.03010695 1982.791 -0.41 -4.04 9.06389
-4.665 1901 -5.05 1908 -0.88 1997.255 5.61E-06 1990.42 9.47 25.53 -0.11 1940.58 -4.85 1980.91667 -2.982175243 -3.838617553 1982.625 -0.68 -4.02 9.12483
-4.483 1900 -5.01 1907 -0.93 1997.235 5.79E-06 1990.34 9.38 26.54 -0.11 1940.08 -4.75 1980.75 -2.626830275 -3.575459158 1982.458 -0.49 -4.59 9.04428

-4.76 1899 -5.07 1906 1.01 1997.215 5.97E-06 1990.25 9.37 26.7 -0.12 1939.58 -5 1980.58333 -2.867098302 -3.686519975 1982.291 -0.4 -4.88 8.90961
-5.086 1898 -5.18 1905 -0.12 1997.195 5.98E-06 1990.17 9.38 26.61 -0.12 1939.08 -5.31 1980.41667 -3.240957174 -4.054337713 1982.125 -0.55 -4.76 8.91128
-5.169 1897 -5.18 1904 -0.71 1997.175 0.000006 1990.09 9.39 26.51 -0.12 1938.58 -5.11 1980.25 -2.614564113 -4.136274984 1981.958 -0.42 -4.48 8.99134
-4.974 1896 -4.97 1903 -0.13 1997.155 6.02E-06 1990 9.39 26.52 -0.13 1938.08 -5.36 1980.08333 -2.424337715 -4.402018473 1981.791 -0.29 -4.12 9.06001

-4.82 1895 -5.08 1902 -1.14 1997.135 5.92E-06 1989.92 9.41 26.22 -0.14 1937.58 -5.02 1979.91667 -2.423752768 -4.134338249 1981.625 -0.57 -3.76 9.2207
-4.932 1894 -5.04 1901 -0.55 1997.115 5.18E-06 1989.84 9.49 25.3 -0.14 1937.08 -5.28 1979.75 -2.680471713 -3.651192428 1981.458 -0.66 -4.07 9.05045
-4.872 1893 -5.25 1900 -1.14 1997.095 4.42E-06 1989.75 9.52 24.9 -0.15 1936.58 -4.74 1979.58333 -3.098118044 -4.039568934 1981.291 -0.67 -4.57 9.00245
-4.912 1892 -5.27 1899 -0.01 1997.075 3.84E-06 1989.67 9.48 25.37 -0.16 1936.08 -5.21 1979.41667 -3.008304729 -4.125789609 1981.125 -0.67 -5.04 9.0094
-4.916 1891 -5.29 1898 0.68 1997.055 3.78E-06 1989.59 9.48 25.42 -0.16 1935.58 -4.99 1979.25 -2.547957143 -4.171740639 1980.958 -0.49 -4.51 8.95533
-4.891 1890 -5.2 1897 -1.8 1997.035 3.68E-06 1989.5 9.45 25.71 -0.17 1935.08 -5.23 1979.08333 -2.454635058 -4.054158228 1980.791 -0.5 -4.16 9.08697
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1892 -0.50 -0.32 1903 -2.96 0.04 1980.583 -3.92 1612 -0.72 1643 9.782 0.027 1975.88 -0.67 -5.99 1855 -4.27224 1889 -4.08 1904 -4.449 1987.63
1891 -0.25 -0.09 1902 -2.77 0.02 1980.417 -3.8 1612 -0.76 1642 9.758 0.009 1975.75 -0.72 -6.21 1855.17 -4.00024 1888 -4.54 1903 -4.428 1987.54
1890 0.69 0.15 1901 -2.79 0.02 1980.25 -3.47 1610 -0.68 1642 9.756 0.073 1975.67 -0.64 -6.13 1855.33 -4.12791 1887 -4.29 1902 -4.439 1987.46
1889 -0.50 -0.03 1900 -2.57 0.04 1980.083 -3.27 1609 -0.72 1639 9.78 0.051 1975.58 -0.77 -6.24 1855.5 -4.37962 1886 -4.19 1901 -4.394 1987.38
1888 0.27 -0.02 1899 -2.71 0.02 1979.917 -3.48 1606 -0.67 1639 9.739 0.055 1975.5 -0.43 -6.05 1855.67 -4.32601 1885 -4.08 1900 -4.517 1987.29
1887 -0.24 -0.04 1898 -2.83 0.02 1979.75 -4.03 1605 -0.74 1639 9.757 0.056 1975.42 0.1 -5.92 1855.83 -4.20963 1884 -4.25 1899 -4.39 1987.21
1886 0.05 0.05 1897 -2.66 0.03 1979.583 -3.97 1603 -0.75 1636 9.731 0.025 1975.33 -0.3 -5.6 1856 -4.1877 1883 -3.79 1898 -4.523 1987.13
1885 0.33 0.14 1896 -2.74 0.02 1979.417 -3.63 1600 -0.76 1636 9.682 0.04 1975.25 -0.19 -5.75 1856.17 -4.20747 1882 -3.84 1897 -4.499 1987.04
1884 -0.06 -0.01 1895 -2.755 1979.25 -3.16 1597 -0.77 1636 9.677 0.055 1975.17 -0.23 -5.68 1856.33 -4.23195 1881 -4.02 1896 -4.534 1986.96
1883 -0.26 -0.15 1894 -2.75 0.04 1979.083 -3.23 1594 -0.85 1634 9.797 0.066 1975.08 -0.5 -6.04 1856.5 -4.25642 1880 -3.97 1895 -4.555 1986.88
1882 -0.03 -0.16 1893 -2.58 0.02 1978.917 -3.63 1591 -0.75 1634 9.67 0.071 1975 -0.54 -5.99 1856.67 -4.16683 1879 -3.72 1894 -4.381 1986.79
1881 -0.33 -0.21 1892 -2.78 0.04 1978.75 -3.8 1589 -0.73 1633 9.672 0.078 1974.92 -0.73 -6.23 1856.83 -4.03921 1878 -3.99 1893 -4.393 1986.71
1880 -0.13 -0.26 1891 -2.86 0.03 1978.583 -3.85 1585 -0.82 1631 9.731 0.04 1974.75 -1.13 -6.54 1857 -3.9116 1877 -4.05 1892 -4.444 1986.63
1879 -0.46 -0.36 1890 -2.65 0.02 1978.417 -3.69 1582 -0.74 1631 9.722 0.044 1974.69 -1.39 -6.62 1857.17 -3.97137 1876 -4.15 1891 -4.375 1986.54
1878 -0.38 -0.44 1889 -2.74 0.03 1978.25 -3.28 1580 -0.81 1630 9.701 0.038 1974.64 -1.07 -6.3 1857.33 -4.09362 1875 -4.04 1890 -4.432 1986.46
1877 -0.60 -0.44 1888 -2.79 0.03 1978.083 -3.03 1577 -0.87 1627 9.807 0.039 1974.58 -1.3 -6.37 1857.5 -4.16856 1874 -4.12 1889 -4.504 1986.38
1876 -0.21 -0.28 1887 -2.6 0.03 1977.917 -3.32 1575 -0.76 1627 9.722 0.055 1974.53 -1.33 -6.41 1857.67 -4.18042 1873 -4.3 1888 -4.444 1986.29
1875 -0.17 -0.08 1886 -2.92 0.03 1977.75 -3.71 1572 -0.84 1627 9.724 0.079 1974.47 -0.76 -6.08 1857.83 -4.1765 1872 -4 1887 -4.393 1986.21
1874 0.32 0.02 1885 -2.75 0.04 1977.583 -3.97 1570 -0.79 1624 9.792 0.018 1974.42 -0.42 -5.82 1858 -4.24251 1871 -4.3 1886 -4.406 1986.13
1873 -0.30 -0.19 1884 -2.67 0.01 1977.417 -3.66 1567 -0.81 1624 9.741 0.051 1974.36 -0.87 -5.89 1858.17 -4.32899 1870 -4.32 1885 -4.379 1986.04
1872 -0.47 -0.34 1883 -2.7 0.02 1977.25 -3.31 1565 -0.86 1624 9.737 0.041 1974.31 -0.72 -5.68 1858.33 -4.40603 1869 -4.15 1884 -4.314 1985.96
1871 -0.25 -0.19 1882 -2.82 0.03 1977.083 -3.05 1562 -0.81 1622 9.624 0.06 1974.25 -0.5 -5.7 1858.5 -4.42789 1868 -4.13 1883 -4.348 1985.88
1870 0.19 0.05 1881 -2.69 0.02 1976.917 -3.45 1559 -0.76 1622 9.539 0.095 1974.19 -0.88 -5.51 1858.67 -4.37995 1867 -4 1882 -4.408 1985.79
1869 0.22 0.00 1880 -2.88 0.02 1976.75 -3.68 1555 -0.87 1621 9.753 0.021 1974.14 -0.48 -5.66 1858.83 -4.19171 1866 -4.26 1881 -4.429 1985.71
1868 -0.62 -0.26 1879 -2.69 0.05 1976.583 -3.76 1551 -0.81 1618 9.851 0.055 1974.08 -0.95 -5.79 1859 -3.92156 1865 -4.41 1880 -4.561 1985.63
1867 -0.10 -0.19 1878 -2.79 0.03 1976.417 -3.74 1548 -0.78 1618 9.724 0.054 1974.03 -0.87 -6.27 1859.17 -3.90911 1864 -4.34 1879 -4.561 1985.54
1866 -0.02 -0.08 1877 -2.8 0.01 1976.25 -3.59 1546 -0.79 1618 9.668 0.063 1973.97 -1.14 -6.24 1859.33 -3.96686 1863 -4.17 1878 -4.568 1985.46
1865 -0.14 -0.05 1876 -2.88 0.04 1976.083 -3.02 1544 -0.88 1616 9.828 0.116 1973.92 -0.91 -6.59 1859.5 -4.03397 1862 -4.02 1877 -4.505 1985.38
1864 0.19 -0.08 1875 -2.61 0.04 1975.917 -3.29 1541 -0.89 1616 9.798 0.03 1973.86 -0.76 -6.55 1859.67 -4.10644 1861 -4.06 1876 -4.467 1985.29
1863 -0.58 -0.30 1874 -2.49 0.02 1975.75 -3.61 1537 -0.86 1616 9.557 0.075 1973.75 -0.55 -6.76 1859.83 -4.08618 1860 -4.1 1875 -4.492 1985.21
1862 -0.20 -0.36 1873 -2.74 0.02 1975.583 -3.87 1535 -0.74 1614 9.756 0.021 1973.64 -0.83 -6.6 1860 -4.04945 1859 -3.91 1874 -4.495 1985.13
1861 -0.53 -0.42 1872 -2.77 0.03 1975.417 -3.68 1532 -0.85 1610 9.805 0.053 1973.53 -0.46 -6.15 1860.17 -4.0138 1858 -3.9 1873 -4.548 1985.04
1860 -0.43 -0.34 1871 -2.68 0.02 1975.25 -3.35 1529 -0.84 1605 9.751 0.028 1973.42 -0.26 -5.96 1860.33 -4.04939 1857 -3.85 1872 -4.327 1984.96
1859 -0.04 -0.12 1870 -2.74 0.03 1975.083 -3.12 1527 -0.8 1603 9.787 0.024 1973.31 -0.06 -5.96 1860.5 -4.10047 1856 -4.01 1871 -4.481 1984.88
1858 0.02 0.03 1869 -2.72 0.03 1974.917 -3.8 1524 -0.83 1600 9.762 0.044 1973.19 -0.12 -5.68 1860.67 -4.14467 1855 -3.96 1870 -4.476 1984.79
1857 0.15 0.13 1868 -2.8 0.03 1974.75 -3.7 1520 -0.87 1597 9.742 0.046 1973.08 -0.3 -6.01 1860.83 -4.19467 1854 -4.11 1869 -4.474 1984.71
1856 0.28 0.08 1867 -2.57 0.02 1974.583 -4.19 1517 -0.86 1594 9.703 0.025 1972.97 -0.76 -6.58 1861 -4.20977 1853 -4.26 1868 -4.472 1984.63
1855 -0.39 -0.10 1866 -2.77 0.02 1974.417 -3.74 1514 -0.82 1591 9.666 0.012 1972.75 -1.24 -6.83 1861.17 -4.22018 1852 -4 1867 -4.514 1984.54
1854 0.08 0.00 1865 -2.67 0.02 1974.25 -3.26 1510 -0.8 1589 9.77 0.051 1972.67 -0.97 -6.64 1861.33 -4.25877 1851 -4.09 1866 -4.413 1984.46
1853 0.12 0.22 1864 -2.76 0.02 1974.083 -3.16 1510 -0.76 1585 9.738 0.01 1972.58 -0.94 -6.56 1861.5 -4.30871 1850 -3.97 1865 -4.436 1984.38
1852 0.60 0.40 1863 -2.69 0.03 1973.917 -3.54 1508 -0.78 1582 9.73 0.06 1972.5 -0.54 -6.49 1861.67 -4.30847 1849 -3.77 1864 -4.317 1984.29
1851 0.35 0.32 1862 -2.7 1973.75 -3.67 1505 -0.82 1580 9.74 0.022 1972.42 -0.43 -6.37 1861.83 -4.26482 1848 -3.67 1863 -4.441 1984.21
1850 0.07 0.06 1861 -2.68 0.02 1973.583 -3.75 1503 -0.88 1577 9.787 0.085 1972.33 -0.05 -5.67 1862 -4.24321 1847 -4.15 1862 -4.377 1984.13
1849 -0.35 -0.06 1860 -2.73 0.05 1973.417 -3.44 1503 -0.88 1575 9.761 0.017 1972.25 -0.36 -5.8 1862.17 -4.26143 1846 -3.98 1861 -4.345 1984.04
1848 0.24 0.28 1859 -2.72 0.02 1973.25 -3.13 1500 -0.94 1572 9.789 0.012 1972.17 -0.4 -5.96 1862.33 -4.28829 1845 -3.94 1860 -4.302 1983.96
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.737 1889 -5.17 1896 0.77 1997.015 3.77E-06 1989.42 9.53 24.76 -0.18 1934.58 -5.14 1978.91667 -2.700802817 -4.351410891 1980.625 -0.77 -3.83 9.2304
-4.71 1888 -5.2 1895 0.01 1996.995 3.56E-06 1989.34 9.37 26.74 -0.19 1934.08 -5.19 1978.75 -2.496280011 -3.893129421 1980.458 -0.43 -4.48 9.03263

-4.734 1887 -5.22 1894 0.68 1996.975 3.55E-06 1989.25 9.28 27.79 -0.2 1933.58 -5.43 1978.58333 -2.796022838 -3.816720545 1980.291 -0.13 -4.85 8.99743
-4.905 1886 -5.1 1893 -0.36 1996.955 3.58E-06 1989.17 9.38 26.64 -0.21 1933.08 -5.32 1978.41667 -3.273292014 -4.3031303 1980.125 -0.28 -4.59 8.9219
-5.098 1885 -4.95 1892 -0.59 1996.935 3.65E-06 1989.09 9.38 26.6 -0.22 1932.58 -5.02 1978.25 -3.074585206 -4.559071832 1979.958 -0.51 -4.23 9.01243
-5.054 1884 -4.93 1891 2.39 1996.915 3.48E-06 1989 9.43 26.02 -0.23 1932.08 -5.22 1978.08333 -2.786642326 -4.380709182 1979.791 -0.48 -4.1 9.09597
-5.096 1883 -5 1890 2.3 1996.895 3.53E-06 1988.92 9.46 25.63 -0.25 1931.58 -5.01 1977.91667 -2.804364104 -4.203183398 1979.625 -0.82 -3.87 9.195
-4.929 1882 -5.16 1889 -1.55 1996.875 3.59E-06 1988.84 9.48 25.36 -0.26 1931.08 -5.15 1977.75 -2.814290945 -3.833024418 1979.458 -0.92 -4.26 8.99107

-5.08 1881 -5.22 1888 -0.23 1996.855 3.58E-06 1988.75 9.53 24.76 -0.27 1930.58 -4.8 1977.58333 -3.062286961 -3.878945287 1979.291 -0.4 -4.77 8.96659
-4.992 1880 -5.15 1887 1.57 1996.835 3.47E-06 1988.67 9.6 23.91 -0.29 1930.08 -5.19 1977.41667 -3.463189713 -3.984230766 1979.125 -0.39 -4.71 8.8942
-4.825 1879 -5.34 1886 -0.71 1996.815 3.44E-06 1988.59 9.54 24.61 -0.3 1929.58 -5.07 1977.25 -3.357647275 -4.159156924 1978.958 -0.52 -4.51 8.95399
-4.696 1878 -4.9 1885 -1.45 1996.795 3.61E-06 1988.5 9.48 25.37 -0.31 1929.08 -5.16 1977.08333 -2.899413275 -4.042701415 1978.791 -0.4 -4.26 9.06248
-4.523 1877 -4.83 1884 0.47 1996.775 3.72E-06 1988.42 9.4 26.28 -0.33 1928.58 -4.97 1976.91667 -2.816079348 -4.098973469 1978.625 -0.44 -3.93 9.10924
-4.476 1876 -4.82 1883 -0.03 1996.755 3.57E-06 1988.34 9.32 27.33 -0.34 1928.08 -5.15 1976.75 -2.601589645 -3.881222555 1978.458 -0.36 -4.03 9.07325

-4.6 1875 -5.06 1882 0.33 1996.735 3.42E-06 1988.25 9.3 27.55 -0.36 1927.58 -5.15 1976.58333 -2.96015608 -3.903490093 1978.291 0.13 -4.65 8.99986
-4.883 1874 -4.97 1881 1.21 1996.715 3.37E-06 1988.17 9.31 27.43 -0.37 1927.08 -5.15 1976.41667 -3.225678644 -4.136600817 1978.125 0.07 -4.71 8.90428
-5.075 1873 -5.14 1880 0.33 1996.695 3.49E-06 1988.09 9.37 26.76 -0.39 1926.58 -5.28 1976.25 -2.723082096 -4.132359953 1977.958 -0.57 -4.43 8.93728

-5.06 1872 -4.96 1879 0.73 1996.675 3.59E-06 1988 9.38 26.59 -0.41 1926.08 -4.9 1976.08333 -2.700192642 -4.355667593 1977.791 -0.45 -4.3 9.02902
-4.873 1871 -5.17 1878 0.15 1996.655 3.54E-06 1987.92 9.49 25.25 -0.42 1925.58 -5.3 1975.91667 -2.543742304 -4.026965738 1977.625 -0.92 -3.97 9.1603
-4.683 1870 -5.34 1877 1.04 1996.635 3.4E-06 1987.84 9.64 23.43 -0.44 1925.08 -5.36 1975.75 -2.658562616 -3.887313099 1977.458 -0.7 -4.3 9.008
-4.604 1869 -4.94 1876 0.41 1996.615 3.03E-06 1987.75 9.62 23.66 -0.45 1924.58 -4.84 1975.58333 -2.96660893 -3.836988809 1977.291 -0.69 -4.53 8.97027
-4.748 1868 -5.14 1875 2.3 1996.595 3.01E-06 1987.67 9.69 22.82 -0.47 1924.08 -5.33 1975.41667 -3.302221148 -4.281961307 1977.125 -0.41 -4.99 8.8937
-4.582 1867 -4.99 1874 -0.51 1996.575 3.33E-06 1987.59 9.63 23.55 -0.48 1923.58 -5.09 1975.25 -2.703985488 -4.187209337 1976.958 -0.03 -4.41 8.99597
-4.401 1866 -4.88 1873 0.74 1996.555 3.44E-06 1987.5 9.66 23.13 -0.5 1923.08 -5.01 1975.08333 -2.548399916 -3.993746047 1976.791 -0.16 -4.24 9.0661
-4.297 1865 -4.93 1872 -1.23 1996.535 3.67E-06 1987.42 9.64 23.4 -0.51 1922.58 -5.11 1974.91667 -2.484861587 -3.78531173 1976.625 -0.49 -3.71 9.1959
-4.232 1864 -5.01 1871 -0.24 1996.515 3.91E-06 1987.34 9.45 25.75 -0.52 1922.08 -5.14 1974.75 -2.838767528 -3.796762504 1976.458 -1.26 -4.08 9.06237
-4.354 1863 -4.87 1870 1.31 1996.495 3.69E-06 1987.25 9.37 26.68 -0.53 1921.58 -4.94 1974.58333 -3.589867882 -4.173740477 1976.291 -0.49 -4.74 8.90078
-4.538 1862 -4.9 1869 0.84 1996.475 3.79E-06 1987.17 9.37 26.7 -0.54 1921.08 -5.35 1974.41667 -3.124368414 -4.273095898 1976.125 -0.19 -4.89 8.94603
-4.823 1861 -4.98 1868 -0.72 1996.455 3.76E-06 1987.09 9.43 25.92 -0.56 1920.58 -5.09 1974.25 -2.771275183 -4.229629069 1975.958 -0.89 -4.76 9.07317
-4.757 1860 -4.8 1867 -0.66 1996.435 3.85E-06 1987 9.43 25.97 -0.57 1920.08 -5.48 1974.08333 -2.576776914 -3.960044687 1975.791 -0.82 -4.19 9.12518
-4.792 1859 -4.94 1866 -0.14 1996.415 3.94E-06 1986.92 9.49 25.25 -0.58 1919.58 -5.17 1973.91667 -2.388841389 -3.793375351 1975.625 -0.62 -3.88 9.1655
-4.755 1858 -4.9 1865 -0.58 1996.395 3.9E-06 1986.84 9.52 24.87 -0.59 1919.08 -5.09 1973.75 -2.895439805 -3.758303298 1975.458 -0.71 -4.14 9.11061
-4.732 1857 -5.09 1864 0.82 1996.375 3.86E-06 1986.75 9.55 24.57 -0.6 1918.58 -4.75 1973.58333 -3.783879099 -3.914602376 1975.291 -0.64 -4.44 9.02259
-4.649 1856 -4.83 1863 0.48 1996.355 4.07E-06 1986.67 9.57 24.27 -0.61 1918.08 -5.26 1973.41667 -3.391643846 -3.977386147 1975.125 -0.49 -4.8 8.8912
-4.569 1855 -4.75 1862 -0.01 1996.335 4.08E-06 1986.59 9.54 24.59 -0.62 1917.58 -5.08 1973.25 -2.895065476 -4.036190652 1974.958 -0.56 -4.57 8.94209
-4.518 1854 -4.8 1861 -0.35 1996.315 3.99E-06 1986.5 9.6 23.94 -0.63 1917.08 -5.34 1973.08333 -2.595667108 -4.12494692 1974.791 -0.47 -4.14 9.08181
-4.513 1853 -4.69 1860 -0.11 1996.295 3.76E-06 1986.42 9.48 25.37 -0.64 1916.58 -5.11 1972.91667 -2.483607468 -3.925047194 1974.625 -0.32 -3.87 9.1345
-4.459 1852 -4.66 1859 -0.17 1996.275 3.7E-06 1986.34 9.38 26.57 -0.64 1916.08 -5.46 1972.75 -2.795870904 -3.80592052 1974.458 -0.74 -4.21 9.07639
-4.648 1851 -4.59 1858 -1.53 1996.255 3.75E-06 1986.25 9.39 26.47 -0.65 1915.58 -4.9 1972.58333 -3.149811567 -3.840841087 1974.291 -0.53 -4.52 8.97349
-4.725 1850 -4.6 1857 -0.18 1996.235 3.96E-06 1986.17 9.32 27.31 -0.66 1915.08 -5.09 1972.41667 -3.386378096 -4.231312555 1974.125 -0.44 -4.98 8.8489

-4.74 1849 -4.56 1856 -0.37 1996.215 3.95E-06 1986.09 9.41 26.27 -0.67 1914.58 -4.92 1972.25 -2.791061066 -4.214344686 1973.958 -0.43 -4.51 8.9662
-4.854 1848 -4.87 1855 -1.19 1996.195 3.96E-06 1986 9.44 25.84 -0.68 1914.08 -5.22 1972.08333 -2.253295546 -4.025567433 1973.791 -0.25 -4.19 9.06307
-4.827 1847 -4.79 1854 -0.73 1996.175 3.98E-06 1985.92 9.49 25.19 -0.69 1913.58 -4.84 1971.91667 -2.227594089 -4.02872783 1973.625 -0.39 -3.82 9.1809
-4.834 1846 -4.53 1853 -1.07 1996.155 4.01E-06 1985.84 9.56 24.42 -0.69 1913.08 -4.91 1971.75 -2.279479753 -3.694830986 1973.458 -0.73 -4.16
-4.839 1845 -4.59 1852 0.99 1996.135 4.05E-06 1985.75 9.67 23 -0.7 1912.58 -4.87 1971.58333 -2.924115082 -3.804099572 1973.291 -0.15 -4.7
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1847 1.06 0.49 1858 -2.82 0.02 1973.083 -3.17 1496 -0.87 1570 9.784 0.055 1972.08 -0.66 -6 1862.5 -4.30188 1844 -3.7 1859 -4.362 1983.88
1846 -0.26 0.05 1857 -2.55 0.02 1972.917 -3.77 1493 -0.9 1567 9.698 0.012 1972 -0.8 -6.28 1862.67 -4.20817 1843 -4.03 1858 -4.309 1983.79
1845 -0.29 -0.31 1856 -2.81 0.01 1972.75 -3.81 1490 -0.91 1565 9.74 0.036 1971.92 -0.83 -6.44 1862.83 -4.10869 1842 -4.12 1857 -4.331 1983.71
1844 -0.59 -0.38 1855 -2.84 0.02 1972.583 -3.67 1486 -0.87 1562 9.646 0.058 1971.75 -0.78 -6.52 1863 -4.21637 1841 -4.04 1856 -4.371 1983.63
1843 -0.09 -0.22 1854 -2.64 0.04 1972.417 -3.53 1483 -0.78 1559 9.624 0.041 1971.65 -0.61 -6.4 1863.17 -4.32181 1840 -4.45 1855 -4.382 1983.54
1842 -0.11 -0.09 1853 -2.64 0.05 1972.25 -3.19 1480 -0.85 1555 9.592 0.039 1971.55 -0.23 -6.21 1863.33 -4.35807 1839 -4.05 1854 -4.353 1983.46
1841 -0.04 0.00 1852 -2.71 0.03 1972.083 -3 1477 -0.75 1551 9.65 0.028 1971.45 -0.14 -5.69 1863.5 -4.38232 1838 -4.23 1853 -4.352 1983.38
1840 0.29 -0.04 1851 -2.55 0.01 1971.917 -3.4 1475 -0.81 1547 9.611 0.025 1971.35 0.04 -5.66 1863.67 -4.44862 1837 -4.25 1852 -4.518 1983.29
1839 -0.79 -0.20 1850 -2.48 0.02 1971.75 -3.79 1472 -0.78 1545 9.701 0.048 1971.25 -0.16 -5.82 1863.83 -4.45629 1836 -3.95 1851 -4.366 1983.21
1838 0.56 -0.10 1849 -2.61 0.03 1971.583 -3.85 1469 -0.79 1542 9.68 0.067 1971.15 -0.22 -5.94 1864 -4.4169 1835 -3.81 1850 -4.286 1983.13
1837 -0.81 -0.26 1848 -2.6 0.02 1971.417 -3.7 1466 -0.72 1539 9.683 0.05 1971.05 -0.34 -6.19 1864.17 -4.38878 1834 -3.67 1849 -4.28 1983.04
1836 0.07 -0.13 1847 -2.64 0.03 1971.25 -3.63 1466 -0.77 1537 9.602 0.035 1970.95 -0.66 -6.32 1864.33 -4.40597 1833 -3.91 1848 -4.266 1982.96
1835 0.03 0.03 1846 -2.82 0.02 1971.083 -3.22 1463 -0.78 1535 9.667 0.095 1970.75 -0.87 -6.5 1864.5 -4.47467 1832 -4 1847 -4.205 1982.88
1834 0.06 0.07 1845 -2.84 0.04 1970.917 -3.29 1460 -0.78 1532 9.595 0.037 1970.65 -0.67 -6.16 1864.67 -4.57491 1831 -4.33 1846 -4.22 1982.79
1833 0.19 0.02 1844 -2.53 1970.75 -3.7 1457 -0.81 1529 9.691 0.034 1970.55 -0.59 -6.4 1864.83 -4.61168 1830 -4.25 1845 -4.257 1982.71
1832 -0.21 -0.35 1843 -2.61 0.03 1970.583 -3.85 1454 -0.8 1527 9.594 0.035 1970.45 -0.37 -6.2 1865 -4.49266 1829 -3.94 1844 -4.254 1982.63
1831 -1.19 -0.78 1842 -2.67 0.03 1970.417 -3.6 1451 -0.78 1524 9.626 0.014 1970.35 0.31 -5.75 1865.17 -4.50751 1828 -4.17 1843 -4.289 1982.54
1830 -0.62 -0.73 1841 -2.93 1970.25 -3.25 1447 -0.78 1520 9.683 0.035 1970.25 0.05 -5.56 1865.33 -4.58086 1827 -4.26 1842 -4.329 1982.46
1829 -0.63 -0.56 1840 -2.72 1970.083 -3.34 1447 -0.71 1517 9.642 0.084 1970.15 -0.09 -5.79 1865.5 -4.43084 1826 -3.99 1841 -4.273 1982.38
1828 -0.24 -0.49 1839 -2.79 1969.917 -3.7 1445 -0.72 1514 9.646 0.05 1970.05 -0.12 -6.04 1865.67 -4.39374 1825 -4.13 1840 -4.333 1982.29
1827 -0.85 -0.57 1838 -2.67 0.03 1969.75 -3.87 1445 -0.71 1510 9.758 0.003 1969.95 -0.62 -6.19 1865.83 -4.4209 1824 -4 1839 -4.332 1982.21
1826 -0.34 -0.42 1837 -2.62 0.02 1969.583 -3.93 1441 -0.67 1508 9.669 0.045 1969.85 -0.56 -6.34 1866 -4.49902 1823 -4.28 1838 -4.413 1982.13
1825 -0.25 -0.15 1836 -2.65 0.02 1969.417 -3.67 1438 -0.77 1508 9.664 0.036 1969.75 -0.45 -6.48 1866.17 -4.58318 1822 -3.86 1837 -4.204 1982.04
1824 0.33 0.05 1835 -2.48 0.02 1969.25 -3.24 1436 -0.77 1503 9.589 0.054 1969.67 -0.73 -6.1 1866.33 -4.60589 1821 -3.84 1836 -4.243 1981.96
1823 -0.16 -0.04 1834 -2.42 0.03 1969.083 -3.22 1433 -0.86 1500 9.658 0.046 1969.58 -0.68 -6.3 1866.5 -4.51013 1820 -4.04 1835 -4.426 1981.88
1822 -0.24 0.04 1833 -2.31 0.04 1968.917 -3.66 1430 -0.73 1496 9.698 0.046 1969.5 -0.79 -6.26 1866.67 -4.40483 1819 -4 1834 -4.419 1981.79
1821 0.82 0.26 1832 -2.18 0.04 1968.75 -3.89 1427 -0.83 1493 9.65 0.064 1969.42 -0.09 -5.98 1866.83 -4.30186 1818 -3.95 1833 -4.344 1981.71
1820 -0.27 0.00 1831 -2.6 0.03 1968.583 -3.77 1425 -0.78 1491 9.642 0.045 1969.33 0.17 -5.66 1867 -4.20944 1817 -4.02 1832 -4.375 1981.63
1819 -0.26 -0.14 1830 -2.67 0.03 1968.417 -3.48 1421 -0.81 1490 9.785 0.016 1969.25 -0.02 -5.23 1867.17 -4.22781 1816 -3.93 1831 -4.323 1981.54
1818 0.11 -0.03 1829 -2.53 0.02 1968.25 -3.11 1418 -0.73 1486 9.597 0.034 1969.17 -0.12 -5.44 1867.33 -4.28669 1815 -3.84 1830 -4.298 1981.46
1817 -0.02 -0.05 1828 -2.67 0.01 1968.083 -2.98 1416 -0.82 1483 9.569 0.048 1969.08 -0.68 -5.42 1867.5 -4.38435 1814 -3.78 1829 -4.29 1981.38
1816 -0.24 -0.18 1827 -2.64 0.02 1967.917 -3.4 1412 -0.82 1480 9.568 0.059 1969 -0.83 -5.58 1867.67 -4.41591 1813 -3.89 1828 -4.287 1981.29
1815 -0.21 -0.26 1826 -2.52 0.03 1967.75 -3.55 1409 -0.85 1477 9.669 0.023 1968.92 -0.94 -5.89 1867.83 -4.38243 1812 -3.79 1827 -4.168 1981.21
1814 -0.39 -0.40 1825 -2.48 0.03 1967.583 -3.94 1405 -0.76 1475 9.638 0.042 1968.83 -1.03 -6.01 1868 -4.33498 1811 -3.54 1826 -4.398 1981.13
1813 -0.56 -0.57 1824 -2.14 0.02 1967.417 -3.36 1402 -0.87 1472 9.577 0.021 1968.75 -0.55 -6.22 1868.17 -4.28517 1810 -3.67 1825 -4.424 1981.04
1812 -0.84 -0.66 1823 -2.91 0.03 1967.25 -3.1 1399 -0.76 1469 9.672 0.036 1968.65 0.22 -5.88 1868.33 -4.15045 1809 -3.97 1824 -4.38 1980.96
1811 -0.47 -0.52 1822 -2.56 0.02 1967.083 -3.2 1395 -0.92 1466 9.606 0.031 1968.55 0.29 -5.51 1868.5 -4.14559 1808 -3.81 1823 -4.479 1980.88
1810 -0.32 -0.31 1821 -2.83 0.03 1966.917 -3.64 1393 -0.79 1460 9.642 0.051 1968.45 0.78 -5.57 1868.67 -4.28901 1807 -4.09 1822 -4.472 1980.79
1809 -0.18 -0.02 1820 -2.71 0.03 1966.75 -3.85 1390 -0.83 1457 9.625 0.046 1968.35 0.44 -5.51 1868.83 -4.43928 1806 -3.69 1821 -4.302 1980.71
1808 0.63 0.27 1819 -2.72 0.06 1966.583 -3.82 1386 -0.82 1454 9.688 0.033 1968.25 0.62 -5.32 1869 -4.51587 1805 -3.69 1820 -4.25 1980.63
1807 0.11 0.16 1818 -2.64 0.02 1966.417 -3.65 1383 -0.85 1451 9.699 0.026 1968.15 -0.09 -5.81 1869.17 -4.44112 1804 -4 1819 -4.276 1980.54
1806 -0.13 -0.02 1817 -2.42 0.03 1966.25 -3.38 1380 -0.81 1447 9.687 0.041 1968.05 0.08 -5.49 1869.33 -4.29274 1803 -3.83 1818 -4.327 1980.46
1805 0.00 -0.04 1816 -2.47 0.03 1966.083 -3.17 1377 -0.86 1445 9.684 0.076 1967.95 -0.62 -6 1869.5 -4.23112 1802 -3.81 1817 -4.298 1980.38
1804 -0.06 -0.02 1815 -2.54 0.03 1965.917 -3.25 1372 -0.84 1441 9.699 0.036 1967.75 -0.77 -6.48 1869.67 -4.19245 1801 -4.03 1816 -4.1 1980.29
1803 0.08 -0.07 1814 -2.6 0.02 1965.75 -3.65 1369 -0.84 1438 9.67 0.051 1967.65 -0.91 -6.23 1869.83 -4.15843 1800 -4.29 1815 -4.208 1980.21
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Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.804 1844 -4.66 1851 -1.6 1996.115 4.15E-06 1985.67 9.61 23.81 -0.71 1912.08 -5.15 1971.41667 -2.942938846 -3.86088854 1973.125 0.17 -4.52
-4.797 1843 -4.88 1850 -0.97 1996.095 4.27E-06 1985.59 9.62 23.71 -0.72 1911.58 -5.04 1971.25 -2.519937767 -3.912866702 1972.958 -0.46 -4.35
-4.784 1842 -4.87 1849 -0.35 1996.075 4.46E-06 1985.5 9.61 23.79 -0.72 1911.08 -5.33 1971.08333 -2.362646572 -4.07858126 1972.791 -0.33 -4.12
-4.771 1841 -4.89 1848 -0.4 1996.055 4.56E-06 1985.42 9.48 25.37 -0.73 1910.58 -4.98 1970.91667 -2.202908716 -3.888462615 1972.625 -0.22 -3.88
-4.708 1840 -4.64 1847 -0.06 1996.035 4.79E-06 1985.34 9.46 25.64 -0.74 1910.08 -5.45 1970.75 -2.284244574 -3.622980663 1972.458 -0.54 -4.27
-4.844 1839 -4.38 1846 0.79 1996.015 5.03E-06 1985.25 9.31 27.47 -0.74 1909.58 -5.28 1970.58333 -2.442504348 -3.606671729 1972.291 -0.38 -4.65
-4.907 1838 -4.63 1845 -0.53 1995.995 4.65E-06 1985.17 9.36 26.83 -0.75 1909.08 -5.47 1970.41667 -3.448444802 -3.837111407 1972.125 -0.66 -4.82
-4.989 1837 -4.67 1844 -0.88 1995.975 4.85E-06 1985.09 9.38 26.6 -0.75 1908.58 -5.47 1970.25 -3.169258357 -4.095184724 1971.958 -0.55 -4.3
-4.989 1836 -4.84 1843 0.5 1995.955 4.62E-06 1985 9.41 26.23 -0.76 1908.08 -5.52 1970.08333 -2.562095683 -4.218421801 1971.791 -0.24 -4.07
-4.887 1835 -4.69 1842 0.26 1995.935 4.76E-06 1984.92 9.43 25.98 -0.77 1907.58 -5.04 1969.91667 -2.476287042 -4.116427579 1971.625 -0.31 -3.93
-4.816 1834 -4.64 1841 -0.13 1995.915 4.55E-06 1984.84 9.44 25.81 -0.77 1907.08 -5.3 1969.75 -2.609825387 -3.77483454 1971.458 -0.11 -4.38
-4.863 1833 -4.7 1840 -0.31 1995.895 4.15E-06 1984.75 9.53 24.8 -0.78 1906.58 -5.31 1969.58333 -3.027746261 -3.734826395 1971.291 -0.29 -4.71
-4.848 1832 -4.87 1839 0.23 1995.875 3.85E-06 1984.67 9.68 22.94 -0.78 1906.08 -5.05 1969.41667 -3.163584138 -4.056550272 1971.125 -0.37 -4.89
-4.886 1831 -4.96 1838 -0.01 1995.855 3.76E-06 1984.59 9.65 23.28 -0.79 1905.58 -4.66 1969.25 -2.367373846 -4.11940292 1970.958 -0.65 -4.43
-4.864 1830 -5.06 1837 0.05 1995.835 3.8E-06 1984.5 9.64 23.46 -0.79 1905.08 -5.21 1969.08333 -2.208263544 -4.018847874 1970.791 -0.54 -4.18
-4.682 1829 -5.27 1836 -0.03 1995.815 3.9E-06 1984.42 9.62 23.73 -0.8 1904.58 -5.05 1968.91667 -2.599072208 -3.705611865 1970.625 -0.38 -4.01
-4.608 1828 -4.94 1835 -0.48 1995.795 4.11E-06 1984.34 9.49 25.25 -0.8 1904.08 -5.32 1968.75 -2.972287989 -3.545528982 1970.458 -0.33 -4.08

-4.67 1827 -5.15 1834 -0.57 1995.775 4.33E-06 1984.25 9.42 26.08 -0.8 1903.58 -5.12 1968.58333 -2.819582807 -3.550844449 1970.291 -0.53 -4.28
-4.969 1826 -5 1833 0.07 1995.755 4.25E-06 1984.17 9.34 27.07 -0.81 1903.08 -5 1968.41667 -2.741551625 -3.782178 1970.125 -0.88 -4.75
-5.156 1825 -4.96 1832 -0.76 1995.735 3.63E-06 1984.09 9.37 26.72 -0.81 1902.58 -4.87 1968.25 -2.706206901 -4.063043479 1969.958 -0.91 -4.36
-5.025 1824 -4.81 1831 -0.81 1995.715 3.63E-06 1984 9.43 26 -0.81 1902.08 -4.9 1968.08333 -2.317070678 -4.07274731 1969.791 -0.72 -4
-4.764 1823 -4.83 1830 -0.58 1995.695 3.67E-06 1983.92 9.45 25.73 -0.81 1901.58 -4.99 1967.91667 -2.160835582 -3.916856906 1969.625 -0.6 -3.92
-4.727 1822 -4.8 1829 -0.79 1995.675 3.5E-06 1983.84 9.59 23.99 -0.82 1901.08 -5.32 1967.75 -2.416574821 -3.657469303 1969.458 -0.2 -4.38
-4.716 1821 -4.64 1828 -0.48 1995.655 3.58E-06 1983.75 9.65 23.3 -0.82 1900.58 -4.98 1967.58333 -2.567824907 -3.692870149 1969.291 -0.12 -5.08
-4.681 1820 -4.71 1827 -0.44 1995.635 3.58E-06 1983.67 9.69 22.82 -0.82 1900.08 -5.05 1967.41667 -2.727582176 -4.05682113 1969.125 0 -4.86
-4.556 1819 -4.93 1826 0.87 1995.615 3.52E-06 1983.59 9.67 23.03 -0.81 1899.58 -4.97 1967.25 -2.930095459 -4.092606517 1968.958 -0.45 -4.22
-4.481 1818 -4.81 1825 0.92 1995.595 3.68E-06 1983.5 9.59 24.07 -0.81 1899.08 -4.99 1967.08333 -2.460112539 -4.171592695 1968.791 -0.41 -4.03
-4.436 1817 -4.88 1824 -0.53 1995.575 3.64E-06 1983.42 9.49 25.25 -0.81 1898.58 -5.33 1966.91667 -2.402034456 -4.161795411 1968.625 -0.72 -3.68
-4.365 1816 -4.88 1823 -1.06 1995.555 3.62E-06 1983.34 9.44 25.81 -0.81 1898.08 -5.15 1966.75 -2.616163487 -3.699674259 1968.458 -0.32 -4.06
-4.689 1815 -5.08 1822 -0.78 1995.536 3.68E-06 1983.25 9.42 26.06 -0.8 1897.58 -5.14 1966.58333 -3.129228879 -3.663946087 1968.291 -0.25 -4.52
-4.923 1814 -5.13 1821 -1.33 1995.517 3.79E-06 1983.17 9.36 26.83 -0.8 1897.08 -5.12 1966.41667 -3.137310765 -4.025148604 1968.125 -0.54 -4.83
-5.028 1813 -4.88 1820 -0.74 1995.497 3.82E-06 1983.09 9.42 26.08 -0.8 1896.58 -4.95 1966.25 -2.621380385 -4.043012853 1967.958 -0.66 -4.38
-5.121 1812 -5.06 1819 0.85 1995.478 3.76E-06 1983 9.49 25.26 -0.79 1896.08 -5.07 1966.08333 -2.288547228 -4.060603479 1967.791 -0.66 -4.39
-4.971 1811 -5.16 1818 -0.53 1995.459 3.71E-06 1982.92 9.54 24.6 -0.79 1895.58 -4.68 1965.91667 -2.410746067 -3.934977221 1967.625 -0.82 -3.98
-4.726 1810 -5 1817 1.36 1995.44 3.72E-06 1982.84 9.65 23.28 -0.78 1895.08 -5.75 1965.75 -2.548684023 -3.656650355 1967.458 -0.96 -4.36
-4.821 1809 -5.02 1816 -0.83 1995.42 3.67E-06 1982.75 9.68 22.94 -0.77 1894.58 -4.99 1965.58333 -2.98822863 -4.077328109 1967.291 -0.5 -4.93
-4.862 1808 -4.95 1815 -0.87 1995.401 3.68E-06 1982.67 9.63 23.5 -0.77 1894.08 -5.4 1965.41667 -3.807619285 -4.149887169 1967.125 -0.34 -4.94
-4.898 1807 -4.86 1814 2.09 1995.382 3.76E-06 1982.59 9.62 23.65 -0.76 1893.58 -5.05 1965.25 -3.054824206 -4.402766631 1966.958 -0.45 -4.46
-4.775 1813 -0.05 1995.363 3.93E-06 1982.5 9.57 24.25 -0.75 1893.08 -5.45 1965.08333 -2.563091854 -4.35925638 1966.791 -0.33 -4.22
-4.716 1812 0.01 1995.343 3.82E-06 1982.42 9.46 25.61 -0.74 1892.58 -5.12 1964.91667 -2.705303471 -3.976484974 1966.625 -0.63 -4.12
-4.601 1811 1.41 1995.324 3.93E-06 1982.34 9.39 26.46 -0.74 1892.08 -5.31 1964.75 -2.795588974 -3.599900906 1966.458 -1.04 -4.35
-4.692 1810 1.38 1995.305 4.04E-06 1982.25 9.32 27.29 -0.73 1891.58 -5.14 1964.58333 -3.300125283 -3.802497064 1966.291 -0.54 -4.57
-4.783 1809 -0.27 1995.286 3.95E-06 1982.17 9.36 26.81 -0.72 1891.08 -5.46 1964.41667 -3.438622569 -3.832683032 1966.125 -0.51 -4.92
-4.924 1808 -0.14 1995.267 3.82E-06 1982.09 9.35 27 -0.71 1890.58 -5.23 1964.25 -2.726958132 -3.883890546 1965.958 -0.56 -4.38
-4.952 1807 0.36 1995.247 3.77E-06 1982 9.35 26.95 -0.7 1890.08 -5.48 1964.08333 -2.551068351 -4.018175024 1965.791 -0.71 -4.29
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003
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et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000
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al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1802 -0.41 -0.18 1813 -2.59 0.02 1965.583 -3.81 1365 -0.86 1436 9.673 0.059 1967.55 -0.9 -6.05 1870 -4.13478 1799 -4.24 1814 -4.373 1980.13
1801 0.02 -0.13 1812 -2.59 0.02 1965.417 -3.8 1361 -0.83 1433 9.625 0.078 1967.45 -0.77 -6.2 1870.17 -4.25506 1798 -4.19 1813 -4.342 1980.04
1800 -0.21 -0.05 1811 -2.49 0.02 1965.25 -3.55 1356 -0.84 1430 9.754 0.038 1967.35 -0.36 -5.47 1870.33 -4.3614 1797 -3.83 1812 -4.25 1979.96
1799 0.20 0.12 1810 -2.55 0.02 1965.083 -3 1353 -0.86 1427 9.638 0.032 1967.25 -0.65 -5.51 1870.5 -4.34511 1796 -4.12 1811 -4.165 1979.88
1798 0.27 0.23 1809 -2.51 0.03 1964.917 -3.19 1348 -0.81 1425 9.599 0.118 1967.15 -0.1 -5.47 1870.67 -4.31095 1795 -4.34 1810 -4.122 1979.79
1797 0.30 0.16 1808 -2.61 0.02 1964.75 -3.7 1344 -0.85 1421 9.701 0.04 1967.05 -0.04 -5.38 1870.83 -4.30637 1794 -3.93 1809 -4.249 1979.71
1796 -0.21 -0.05 1807 -2.36 0.02 1964.583 -3.92 1418 9.765 0.12 1966.95 0 -6.03 1871 -4.28637 1793 -4.02 1808 -4.248 1979.63
1795 -0.10 -0.10 1806 -2.48 0.01 1964.417 -3.41 1416 9.698 0.089 1966.75 0.03 -6.23 1871.17 -4.28323 1792 -4.22 1807 -4.159 1979.54
1794 0.00 -0.17 1805 -2.47 0.01 1964.25 -3.17 1412 9.72 0.246 1966.67 -0.33 -6.14 1871.33 -4.29082 1791 -4.29 1806 -4.26 1979.46
1793 -0.59 -0.34 1804 -2.49 0.02 1964.083 -3.3 1409 9.741 0.042 1966.6 -0.34 -5.75 1871.5 -4.30428 1790 -4.17 1805 -4.294 1979.38
1792 -0.23 -0.29 1803 -2.3 0.04 1963.917 -3.8 1405 9.728 0.067 1966.52 -0.19 -5.99 1871.67 -4.32444 1789 -3.89 1804 -4.294 1979.29
1791 -0.19 -0.13 1802 -2.6 0.03 1963.75 -3.98 1402 9.682 0.043 1966.44 -0.02 -5.92 1871.83 -4.34878 1788 -3.95 1803 -4.182 1979.21
1790 0.17 -0.02 1801 -2.57 0.02 1963.583 -3.94 1399 9.621 0.022 1966.37 0.29 -5.73 1872 -4.32743 1787 -3.86 1802 -4.24 1979.13
1789 -0.22 -0.04 1800 -2.71 0.03 1963.417 -3.55 1395 9.673 0.021 1966.29 0.69 -5.63 1872.17 -4.31621 1786 -4.23 1801 -4.214 1979.04
1788 0.11 0.06 1799 -2.59 0.03 1963.25 -3.38 1393 9.723 0.05 1966.21 0.23 -5.64 1872.33 -4.28183 1785 -3.88 1978.96
1787 0.19 0.20 1798 -2.7 0.02 1963.083 -3.23 1390 9.556 0.089 1966.13 -0.1 -5.74 1872.5 -4.23535 1784 -3.99 1978.88
1786 0.34 0.25 1797 -2.85 0.06 1962.917 -3.55 1386 9.686 0.048 1966.06 -0.64 -5.89 1872.67 -4.22426 1783 -3.78 1978.79
1785 0.25 0.09 1796 -2.63 0.02 1962.75 -3.92 1383 9.683 0.088 1965.98 -0.32 -5.91 1872.83 -4.17612 1782 -4.01 1978.71
1784 -0.57 -0.06 1795 -2.75 0.02 1962.583 -3.97 1380 9.681 0.025 1965.9 -0.78 -6.3 1873 -4.18338 1781 -3.95 1978.63
1783 0.65 0.13 1794 -2.73 0.02 1962.417 -3.54 1377 9.615 0.034 1965.75 -0.8 -6.48 1873.17 -4.2017 1780 -3.98 1978.54
1782 -0.33 0.16 1793 -2.87 0.03 1962.25 -3.14 1372 9.675 0.074 1965.67 -0.98 -6.36 1873.33 -4.23011 1779 -4.26 1978.46
1781 0.87 0.15 1792 -2.44 0.02 1962.083 -2.93 1369 9.672 0.046 1965.58 -1.03 -6.39 1873.5 -4.25935 1778 -4.1 1978.38
1780 -0.88 -0.25 1791 -2.96 0.02 1961.917 -3.22 1365 9.639 0.032 1965.5 -0.94 -6.21 1873.67 -4.27286 1777 -3.74 1978.29
1779 -0.07 -0.31 1790 -2.58 0.02 1961.75 -3.73 1361 9.661 0.029 1965.42 0.16 -5.88 1873.83 -4.27585 1776 -4.04 1978.21
1778 -0.42 -0.18 1789 -2.37 0.04 1961.583 -4.05 1356 9.744 0.016 1965.33 0.4 -5.61 1874 -4.27394 1775 -3.96 1978.13
1777 0.24 0.01 1788 -2.48 0.01 1961.417 -3.44 1965.25 0.22 -5.24 1874.17 -4.20958 1774 -3.96 1978.04
1776 -0.01 -0.01 1961.25 -3.1 1965.17 -0.02 -5.69 1874.33 -4.35907 1773 -4.05 1977.96
1775 -0.27 -0.04 1961.083 -3.19 1965.08 -0.56 -5.87 1874.5 -4.58667 1772 -4.12 1977.88
1774 0.37 0.14 1960.917 -3.62 1965 -0.66 -6.18 1874.67 -4.49142 1771 -4.23 1977.79
1773 0.02 0.28 1960.75 -3.72 1964.92 -1.08 -6.36 1874.83 -4.33533 1770 -3.99 1977.71
1772 0.79 0.46 1960.583 -3.66 1964.75 -0.67 -6.39 1875 -4.34499 1769 -3.86 1977.63
1771 0.26 0.36 1960.417 -3.39 1964.68 -0.76 -6.24 1875.17 -4.39999 1768 -4.09 1977.54
1770 0.13 0.27 1960.25 -3.16 1964.61 -0.18 -6.16 1875.33 -4.4451 1767 -4.08 1977.46
1769 0.60 0.22 1960.083 -3.05 1964.54 -0.35 -6.19 1875.5 -4.54544 1766 -4.03 1977.38
1768 -0.46 -0.10 1959.917 -3.22 1964.46 0.07 -6.05 1875.67 -4.46839 1765 -3.82 1977.29
1767 -0.11 -0.12 1959.75 -3.38 1964.39 -0.37 -5.97 1875.83 -4.46201 1764 -3.98 1977.21
1766 0.15 -0.03 1959.583 -3.74 1964.32 -0.1 -5.88 1876 -4.50105 1763 -4.37 1977.13
1765 -0.24 -0.16 1959.417 -3.76 1964.25 -0.06 -5.8 1876.17 -4.46244 1762 -4.44 1977.04
1764 -0.26 -0.35 1959.25 -3.29 1964.18 -0.43 -5.78 1876.33 -4.39796 1761 -4.38 1976.96
1763 -0.69 -0.50 1959.083 -3.04 1964.11 -0.28 -5.96 1876.5 -4.37424 1760 -4.25 1976.88
1762 -0.45 -0.37 1958.917 -3.54 1964.04 -0.29 -6.1 1876.67 -4.36412 1759 -4 1976.79
1761 0.03 -0.01 1958.75 -3.63 1963.96 -0.51 -6.03 1876.83 -4.38455 1758 -4.17 1976.71
1760 0.37 0.27 1958.583 -3.78 1963.89 -0.27 -5.94 1877 -4.41515 1757 -4.1 1976.63
1759 0.42 0.30 1958.417 -3.8 1963.75 -0.94 -6.75 1877.17 -4.49888 1756 -3.85 1976.54
1758 -0.01 0.23 1958.25 -3.6 1963.67 -0.78 -6.57 1877.33 -4.6003 1755 -4.08 1976.46

ABOR/MH/Priv-002987



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-5.085 1806 -0.08 1995.228 3.82E-06 1981.92 9.41 26.17 -0.69 1889.58 -5.24 1963.91667 -2.812191851 -3.932337679 1965.625 -0.68 -3.96
-5.063 1805 -1.11 1995.209 3.81E-06 1981.84 9.48 25.43 -0.69 1889.08 -5.08 1963.75 -3.014785352 -3.857976352 1965.458 -0.73 -4.43
-5.001 1804 -0.77 1995.19 3.81E-06 1981.75 9.58 24.11 -0.68 1888.58 -5.22 1963.58333 -3.599237215 -4.026674123 1965.291 -0.57 -4.88
-4.925 1803 -0.78 1995.17 3.84E-06 1981.67 9.75 22.09 -0.67 1888.08 -5.58 1963.41667 -3.459324177 -4.409814854 1965.125 -0.53 -4.99
-4.847 1802 0.28 1995.151 4.16E-06 1981.59 9.62 23.71 -0.66 1887.58 -4.98 1963.25 -2.629092097 -4.588504349 1964.958 -0.53 -4.6

-4.73 1801 2.36 1995.132 4.27E-06 1981.5 9.58 24.15 -0.65 1887.08 -5.47 1963.08333 -2.791124555 -4.557786005 1964.791 -0.8 -4.36
-4.523 1800 -0.81 1995.113 4.37E-06 1981.42 9.49 25.25 -0.64 1886.58 -5.13 1962.91667 -2.988954577 -4.077001014 1964.625 -0.92 -3.83
-4.442 1799 -1.12 1995.093 4.18E-06 1981.34 9.45 25.78 -0.64 1886.08 -5.22 1962.75 -3.038989622 -3.845290047 1964.458 -0.88 -4.08
-4.543 1798 0.09 1995.074 3.96E-06 1981.25 9.32 27.36 -0.63 1885.58 -5.02 1962.58333 -2.873852131 -3.800065896 1964.291 -0.43 -4.65
-4.854 1797 -0.84 1995.055 3.99E-06 1981.17 9.3 27.55 -0.62 1885.08 -5.1 1962.41667 -3.496440274 -4.178775919 1964.125 -0.41 -4.95

-5.06 1796 -0.51 1995.036 3.97E-06 1981.09 9.32 27.27 -0.61 1884.58 -4.91 1962.25 -2.467699655 -4.229204458 1963.958 -0.7 -4.49
-5.096 1795 0.75 1995.017 3.93E-06 1981 9.41 26.26 -0.6 1884.08 -5.3 1962.08333 -2.644104583 -4.222523913 1963.791 -0.74 -4.27
-5.075 1794 -0.58 1994.997 3.78E-06 1980.92 9.51 25 -0.59 1883.58 -4.68 1961.91667 -2.532638079 -3.989989531 1963.625 -0.96 -3.93
-4.981 1793 -1.15 1994.978 3.93E-06 1980.84 9.63 23.54 -0.58 1883.08 -5.25 1961.75 -2.873832115 -3.724728869 1963.458 -0.86 -4.19
-4.774 1792 -0.95 1994.959 4.25E-06 1980.75 9.49 25.29 -0.57 1882.58 -5.29 1961.58333 -3.076975368 -3.798903968 1963.291 -0.77 -4.62
-4.766 1791 0.36 1994.94 4.08E-06 1980.67 9.6 23.86 -0.57 1882.08 -5.29 1961.41667 -3.173123314 -4.076621152 1963.125 -0.73 -4.99
-4.778 1790 1.21 1994.92 3.71E-06 1980.59 9.68 23 -0.56 1881.58 -5.08 1961.25 -2.476917956 -4.245072708 1962.958 -0.75 -4.74
-4.794 1789 -0.25 1994.901 3.67E-06 1980.5 9.62 23.65 -0.55 1881.08 -5.33 1961.08333 -2.252557097 -4.200082673 1962.791 -0.7 -4.39
-4.638 1788 0.14 1994.882 3.71E-06 1980.42 9.57 24.27 -0.53 1880.58 -5.08 1960.91667 -2.872400223 -3.903222995 1962.625 -0.83 -4.16
-4.594 1787 -0.1 1994.863 3.86E-06 1980.34 9.42 26.12 -0.52 1880.08 -5.25 1960.75 -2.651659705 -3.601605035 1962.458 -0.63 -4.6
-4.825 1786 1.01 1994.843 3.73E-06 1980.25 9.23 28.4 -0.51 1879.58 -5.28 1960.58333 -3.180368911 -3.780956211 1962.291 -0.11 -4.82
-4.976 1785 -0.68 1994.824 3.51E-06 1980.17 9.33 27.19 -0.5 1879.08 -5.47 1960.41667 -2.968526385 -3.989724906 1962.125 -0.13 -4.84
-5.108 1784 -0.78 1994.805 3.49E-06 1980.09 9.4 26.33 -0.49 1878.58 -4.91 1960.25 -2.77653898 -3.802398792 1961.958 -0.35 -4.51
-5.063 1783 -0.6 1994.786 3.54E-06 1980 9.56 24.38 -0.48 1878.08 -4.78 1960.08333 -2.558784678 -3.740965247 1961.791 -0.35 -4.41
-5.006 1782 0.3 1994.767 3.75E-06 1979.92 9.56 24.36 -0.46 1877.58 -4.96 1959.91667 -2.520604248 -3.706354301 1961.625 -0.44 -4.21
-4.884 1781 -2.01 1994.747 3.75E-06 1979.84 9.57 24.29 -0.45 1877.08 -4.93 1959.75 -2.279267967 -3.628094233 1961.458 -0.96 -4.35
-4.895 1780 0.92 1994.728 3.67E-06 1979.75 9.61 23.81 -0.44 1876.58 -5 1959.58333 -3.115313355 -3.920656025 1961.291 -0.34 -4.67
-4.982 1779 1.6 1994.709 3.65E-06 1979.67 9.58 24.1 -0.42 1876.08 -5.19 1959.41667 -3.258119647 -3.789843442 1961.125 -0.55 -5.01
-4.957 1778 0.87 1994.69 3.86E-06 1979.59 9.49 25.28 -0.41 1875.58 -5.32 1959.25 -2.609845607 -4.296236724 1960.958 -0.55 -4.8

-4.87 1777 -0.43 1994.67 3.87E-06 1979.5 9.46 25.55 -0.39 1875.08 -5.34 1959.08333 -2.44733518 -4.307498768 1960.791 -0.54 -4.39
-4.709 1776 0.29 1994.651 3.45E-06 1979.42 9.39 26.41 -0.38 1874.58 -5.2 1958.91667 -2.463033603 -3.984114542 1960.625 -0.53 -4.07
-4.615 1775 -0.2 1994.632 3.48E-06 1979.34 9.37 26.73 -0.36 1874.08 -4.89 1958.75 -2.666191099 -3.606608376 1960.458 -0.74 -4.24
-4.725 1774 0.48 1994.613 3.65E-06 1979.25 9.37 26.7 -0.35 1873.58 -5.16 1958.58333 -3.217209211 -3.868690657 1960.291 -0.58 -4.69
-4.878 1773 0.04 1994.593 3.59E-06 1979.17 9.33 27.19 -0.33 1873.08 -5.07 1958.41667 -3.471744224 -3.96783425 1960.125 -0.22 -4.81
-5.094 1772 -0.53 1994.574 3.74E-06 1979.09 9.39 26.47 -0.32 1872.58 -5.32 1958.25 -3.064908813 -4.085444979 1959.958 -0.38 -4.59
-5.088 1771 -0.31 1994.555 3.83E-06 1979 9.47 25.53 -0.3 1872.08 -5.08 1958.08333 -2.513461643 -4.339162973 1959.791 -0.27 -4.35
-5.096 1770 -1.09 1994.538 3.82E-06 1978.92 9.52 24.88 -0.28 1871.58 -4.9 1957.91667 -2.353681926 -4.08211729 1959.625 -0.5 -4.25
-5.132 1769 1.31 1994.521 3.94E-06 1978.84 9.54 24.59 -0.27 1871.08 -5.59 1957.75 -2.309648449 -3.731222927 1959.458 -0.84 -4.47
-5.002 1768 0 1994.503 3.82E-06 1978.75 9.56 24.44 -0.25 1870.58 -5.08 1957.58333 -2.890817578 -3.842614244 1959.291 -0.59 -4.68
-4.993 1767 -1.11 1994.486 3.88E-06 1978.67 9.64 23.42 -0.23 1870.08 -5.48 1957.41667 -2.89589979 -4.136345495 1959.125 -0.27 -5.11
-4.877 1766 0.01 1994.469 3.99E-06 1978.59 9.6 23.9 -0.21 1869.58 -5.19 1957.25 -3.514408963 -4.032162709 1958.958 -0.63 -4.62
-4.684 1765 2.64 1994.452 0.000004 1978.5 9.5 25.07 -0.19 1869.08 -5.12 1957.08333 -2.516395007 -4.178738678 1958.791 -0.55 -4.28
-4.606 1764 -0.41 1994.434 3.89E-06 1978.42 9.44 25.79 -0.17 1868.58 -4.91 1956.91667 -2.304445683 -3.832360198 1958.625 -1.05 -4.2
-4.565 1763 0.98 1994.417 3.91E-06 1978.34 9.42 26.14 -0.15 1868.08 -5.38 1956.75 -2.618769541 -3.404831443 1958.458 -0.78 -4.78
-4.759 1762 1.03 1994.4 3.85E-06 1978.25 9.41 26.2 -0.13 1867.58 -5.11 1956.58333 -3.027220743 -3.620358741 1958.291 -0.55 -5.15

ABOR/MH/Priv-002988



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1757 0.55 0.23 1958.083 -3.37 1963.6 -0.91 -6.55 1877.5 -4.62482 1754 -4.13 1976.38
1756 -0.18 0.04 1957.917 -3.38 1963.52 -0.49 -6.54 1877.67 -4.6237 1753 -4.07 1976.29
1755 0.01 -0.04 1957.75 -3.83 1963.44 -0.49 -6.24 1877.83 -4.63717 1752 -3.99 1976.21
1754 -0.09 -0.01 1957.583 -3.89 1963.37 0.22 -5.91 1878 -4.65552 1751 -4.3 1976.13
1753 0.22 -0.04 1957.417 -3.69 1963.29 0.3 -5.69 1878.17 -4.64429 1750 -3.74 1976.04
1752 -0.52 -0.23 1957.25 -3.27 1963.21 0.71 -5.29 1878.33 -4.62871 1749 -4.26 1975.96
1751 -0.12 -0.20 1957.083 -2.94 1963.13 0.09 -5.61 1878.5 -4.55279 1748 -4.29 1975.88
1750 -0.08 -0.18 1956.917 -3.28 1963.06 0.1 -5.66 1878.67 -4.50021 1747 -4.13 1975.79
1749 -0.38 -0.29 1956.75 -3.86 1962.98 -0.46 -5.96 1878.83 -4.48815 1746 -4.01 1975.71
1748 -0.37 -0.29 1956.583 -4.03 1962.9 -0.51 -6.29 1879 -4.43643 1745 -3.95 1975.63
1747 -0.14 -0.07 1956.417 -3.47 1962.75 -0.75 -6.53 1879.17 -4.3296 1744 -4.25 1975.54
1746 0.43 0.13 1956.25 -2.97 1962.67 -0.68 -6.4 1879.33 -4.2197 1743 -3.84 1975.46

1956.083 -2.99 1962.58 -0.95 -6.44 1879.5 -4.15031 1742 -4.1 1975.38
1955.917 -3.46 1962.5 -0.4 -6.18 1879.67 -4.11816 1741 -4.24 1975.29

1955.75 -3.67 1962.42 -0.18 -6.09 1879.83 -4.0324 1740 -4.06 1975.21
1955.583 -3.74 1962.33 -0.31 -5.63 1880 -3.82874 1739 -4.13 1975.13
1955.417 -3.45 1962.25 -0.06 -5.53 1880.17 -3.87437 1738 -3.94 1975.04

1955.25 -3.4 1962.17 0.39 -5.46 1880.33 -4.02763 1737 -4.03 1974.96
1955.083 -3.15 1962.08 0.34 -5.46 1880.5 -4.02522 1736 -4.1 1974.88
1954.917 -3.24 1962 -0.22 -5.79 1880.67 -4.06261 1735 -4.12 1974.79

1954.75 -3.6 1961.92 0.29 -6.02 1880.83 -4.12169 1734 -4.1 1974.71
1954.583 -3.92 1961.75 0.18 -6.28 1881 -4.14014 1733 -4.39 1974.63
1954.417 -3.55 1961.67 0.32 -6.2 1881.17 -4.14052 1732 -3.95 1974.54

1954.25 -3.26 1961.6 -0.05 -6.14 1881.33 -4.13068 1731 -4.01 1974.46
1954.083 -3.09 1961.52 0.2 -6.03 1881.5 -4.12211 1730 -3.93 1974.38
1953.917 -3.59 1961.44 0.2 -5.94 1881.67 -4.1176 1729 -4.27 1974.29

1953.75 -3.61 1961.37 0.25 -5.76 1881.83 -4.10549 1728 -4 1974.21
1953.583 -3.77 1961.29 0.23 -5.76 1882 -4.08844 1727 -4.08 1974.13
1953.417 -3.55 1961.21 0.2 -5.58 1882.17 -4.15022 1726 -4.06 1974.04

1953.25 -3.32 1961.13 0.11 -5.74 1882.33 -4.23418 1725 -4.02 1973.96
1953.083 -3.13 1961.06 0.04 -5.81 1882.5 -4.12269 1724 -4.08 1973.88
1952.917 -3.55 1960.98 0.12 -5.85 1882.67 -3.96706 1723 -4.03 1973.79

1952.75 -3.78 1960.9 0.33 -5.89 1882.83 -3.83881 1722 -4.08 1973.71
1952.583 -3.89 1960.75 -0.04 -6.17 1883 -3.87486 1721 -4.29 1973.63
1952.417 -3.54 1960.67 -0.06 -5.95 1883.17 -4.03926 1720 -4.06 1973.54

1952.25 -3.19 1960.58 -0.35 -5.92 1883.33 -4.23891 1719 -4.13 1973.46
1952.083 -2.95 1960.5 0.19 -5.95 1883.5 -4.27586 1718 -4.13 1973.38
1951.917 -3.34 1960.42 -0.01 -5.89 1883.67 -4.24129 1717 -4.06 1973.29

1951.75 -3.58 1960.33 0.11 -5.69 1883.83 -4.18512 1716 -4.04 1973.21
1951.583 -3.73 1960.25 -0.22 -5.68 1884 -4.20207 1715 -4.17 1973.13
1951.417 -3.52 1960.17 0.13 -5.62 1884.17 -4.25099 1714 -4.24 1973.04

1951.25 -3.26 1960.08 -0.05 -5.77 1884.33 -4.2455 1713 -4.12 1972.96
1951.083 -3.08 1960 -0.44 -6.01 1884.5 -4.21206 1712 -4.17 1972.88
1950.917 -3.39 1959.92 -0.78 -6.38 1884.67 -4.1756 1711 -3.99 1972.79

1950.75 -3.76 1959.75 -0.88 -6.43 1884.83 -4.15767 1710 -3.93 1972.71

ABOR/MH/Priv-002989



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.994 1761 2.67 1994.383 3.85E-06 1978.17 9.35 26.95 -0.11 1867.08 -5.04 1956.41667 -2.936924294 -3.973436051 1958.125 -0.34 -5
-5.082 1760 1.49 1994.365 3.97E-06 1978.09 9.38 26.54 -0.09 1866.58 -5.11 1956.25 -2.411717015 -4.149626075 1957.958 -0.84 -4.56
-5.079 1759 1.07 1994.348 4.15E-06 1978 9.42 26.14 -0.07 1866.08 -4.8 1956.08333 -2.511735887 -4.064566108 1957.791 -0.65 -4.33
-4.983 1758 1.63 1994.331 4.14E-06 1977.92 9.45 25.73 -0.05 1865.58 -4.71 1955.91667 -2.440305159 -3.65970743 1957.625 -0.9 -4.02
-4.739 1757 1.17 1994.314 4.15E-06 1977.84 9.49 25.29 -0.03 1865.08 -4.75 1955.75 -2.792140966 -3.538351026 1957.458 -0.92 -4.6
-4.727 1756 -0.4 1994.296 4.18E-06 1977.75 9.52 24.84 -0.01 1864.58 -4.73 1955.58333 -3.629005758 -3.876804551 1957.291 -0.4 -4.9
-4.611 1755 0.68 1994.279 4.47E-06 1977.67 9.56 24.4 0.01 1864.08 -4.82 1955.41667 -2.974847254 -4.200686823 1957.125 -0.43 -4.68
-4.586 1754 1.74 1994.262 4.94E-06 1977.59 9.51 24.97 0.04 1863.58 -4.81 1955.25 -2.488078809 -4.196676165 1956.958 -0.55 -4.44
-4.562 1753 1.14 1994.245 4.58E-06 1977.5 9.44 25.83 0.06 1863.08 -4.26 1955.08333 -2.555923823 -3.984991407 1956.791 -0.5 -4.19
-4.655 1752 -0.33 1994.227 4.14E-06 1977.42 9.35 27 0.08 1862.58 -4.63 1954.91667 -2.490733088 -3.727224589 1956.625 -0.71 -4.01
-4.633 1751 -1.26 1994.21 4.05E-06 1977.34 9.31 27.4 0.1 1862.08 -4.61 1954.75 -2.945592589 -3.616339939 1956.458 -0.58 -4.53
-4.715 1750 -0.09 1994.193 0.000004 1977.25 9.26 28.01 0.12 1861.58 -4.72 1954.58333 -3.380481704 -3.73517963 1956.291 -0.4 -5.08
-4.845 1749 1.2 1994.176 3.9E-06 1977.17 9.3 27.61 0.14 1861.08 -5.03 1954.41667 -3.154317391 -3.806435665 1956.125 -0.61 -5.05

-4.89 1748 0.12 1994.158 3.84E-06 1977.09 9.39 26.43 0.16 1860.58 -5 1954.25 -2.648796293 -3.923379032 1955.958 -0.45 -4.56
-4.764 1747 0.47 1994.141 3.87E-06 1977 9.44 25.88 0.18 1860.08 -4.51 1954.08333 -2.283591139 -3.956806066 1955.791 -0.52 -4.21
-4.744 1746 0.36 1994.124 3.87E-06 1976.92 9.48 25.33 0.19 1859.58 -4.89 1953.91667 -2.304493464 -3.61615113 1955.625 -0.62 -4.01
-4.819 1745 -0.96 1994.107 4.2E-06 1976.84 9.49 25.21 0.21 1859.08 -4.75 1953.75 -2.832950282 -3.5925297 1955.458 -0.7 -4.25
-4.795 1744 0.33 1994.089 4.18E-06 1976.75 9.47 25.43 0.23 1858.58 -5.17 1953.58333 -3.259357983 -3.685535249 1955.291 -0.08 -4.81
-4.773 1743 0.07 1994.072 3.86E-06 1976.67 9.6 23.91 0.25 1858.08 -5.23 1953.41667 -3.728572559 -3.971487985 1955.125 -0.2 -4.98
-4.738 1742 0.35 1994.055 3.8E-06 1976.59 9.51 24.98 0.27 1857.58 -5.09 1953.25 -3.145000112 -4.003843922 1954.958 -0.34 -4.61
-4.723 1741 -0.71 1994.038 3.94E-06 1976.5 9.48 25.39 0.28 1857.08 -5.22 1953.08333 -2.854513937 -4.004320978 1954.791 -0.6 -4.11
-4.673 1740 -0.53 1994.021 4.01E-06 1976.42 9.4 26.34 0.3 1856.58 -5.06 1952.91667 -2.409872572 -3.956544907 1954.625 -1.19 -3.93
-4.679 1739 -0.44 1994.003 3.97E-06 1976.34 9.37 26.76 0.31 1856.08 -4.5 1952.75 -2.769314416 -3.757991731 1954.458 -0.96 -4.34
-4.711 1738 -0.54 1993.986 3.81E-06 1976.25 9.32 27.34 0.33 1855.58 -4.76 1952.58333 -2.751152975 -3.725749735 1954.291 -0.66 -5
-4.764 1737 -0.94 1993.969 3.84E-06 1976.17 9.31 27.43 0.34 1855.08 -4.7 1952.41667 -3.329092793 -3.952752149 1954.125 -0.52 -4.57
-4.906 1736 0.79 1993.952 3.87E-06 1976.09 9.31 27.39 0.36 1854.58 -4.62 1952.25 -3.274977613 -4.282179604 1953.958 -0.6 -4.48
-5.003 1735 -0.91 1993.934 3.71E-06 1976 9.35 26.99 0.37 1854.08 -4.71 1952.08333 -2.678976318 -4.176361735 1953.791 -0.69 -4.12

-4.89 1734 0.53 1993.917 3.72E-06 1975.92 9.41 26.22 0.38 1853.58 -4.8 1951.91667 -2.457579627 -3.887788848 1953.625 -1 -3.8
-4.795 1733 1.53 1993.9 3.7E-06 1975.84 9.45 25.79 0.4 1853.08 -4.34 1951.75 -2.200722927 -3.516776954 1953.458 -1.1 -4.53
-4.752 1732 1.79 1993.883 3.59E-06 1975.75 9.47 25.49 0.41 1852.58 -4.43 1951.58333 -2.958713401 -3.636875321 1953.291 -0.88 -5.06
-4.724 1731 2.71 1993.865 3.53E-06 1975.67 9.51 25 0.42 1852.08 -4.38 1951.41667 -3.296892789 -3.747025643 1953.125 -0.47 -5.01
-4.781 1730 0.91 1993.848 3.63E-06 1975.59 9.45 25.75 0.43 1851.58 -4.77 1951.25 -2.787262916 -4.154034861 1952.958 -0.87 -4.6
-4.743 1729 1.42 1993.831 3.78E-06 1975.5 9.38 26.54 0.43 1851.08 -4.51 1951.08333 -2.682398824 -3.991491309 1952.791 -0.8 -4.33

-4.68 1728 -0.21 1993.814 3.76E-06 1975.42 9.34 27.09 0.44 1850.58 -4.31 1950.91667 -2.998565311 -3.786189937 1952.625 -1.55 -4.19
-4.622 1727 -0.06 1993.796 3.73E-06 1975.34 9.32 27.33 0.45 1850.08 -4.75 1950.75 -3.008865524 -3.71952136 1952.458 -1.73 -4.36

-4.76 1726 1.06 1993.779 3.65E-06 1975.25 9.3 27.55 0.45 1849.58 -4.13 1950.58333 -2.931501201 -3.773199731 1952.291 -0.81 -4.91
-4.793 1725 0.47 1993.762 3.74E-06 1975.17 9.32 27.26 0.46 1849.08 -4.48 1950.41667 -3.549723724 -3.961615638 1952.125 -0.52 -4.97
-4.909 1724 -0.61 1993.745 3.79E-06 1975.09 9.35 26.93 0.46 1848.58 -4.07 1950.25 -2.96460128 -4.051189619 1951.958 -0.12 -4.68
-4.905 1723 -0.69 1993.727 3.79E-06 1975 9.39 26.41 0.47 1848.08 -4.27 1950.08333 -2.657391834 -4.019046403 1951.791 -0.35 -4.33

-4.94 1722 0.84 1993.71 3.91E-06 1974.92 9.42 26.1 0.47 1847.58 -4.9 1949.91667 -2.731600639 -3.889891588 1951.625 -0.54 -3.78
-4.948 1721 0.01 1993.693 3.81E-06 1974.84 9.43 26.03 0.47 1847.08 -4.21 1949.75 -2.671828215 -3.714966468 1951.458 -0.56 -4.11
-4.876 1720 0.98 1993.676 3.74E-06 1974.75 9.45 25.71 0.47 1846.58 -4.83 1949.58333 -3.302750727 -4.135360445 1951.291 -0.48 -4.51
-4.914 1719 -1.41 1993.658 3.86E-06 1974.67 9.51 25 0.47 1846.08 -4.39 1949.41667 -3.20939122 -4.097716495 1951.125 -0.27 -4.53
-4.902 1718 0.98 1993.641 3.88E-06 1974.59 9.48 25.4 0.47 1845.58 -4.3 1949.25 -2.865329346 -4.269467231 1950.958 -0.44 -4.6
-4.801 1717 0.78 1993.624 3.86E-06 1974.5 9.41 26.19 0.47 1845.08 -4.63 1949.08333 -2.558107489 -3.987536417 1950.791 -0.38 -4.33

ABOR/MH/Priv-002990



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1950.583 -3.85 1959.68 -0.76 -6.31 1885 -4.16774 1709 -4.19 1972.63
1950.417 -3.53 1959.61 -0.3 -6.29 1885.17 -4.21851 1708 -4.05 1972.54

1950.25 -3.2 1959.54 -0.5 -6.14 1885.33 -4.28275 1707 -4.18 1972.46
1950.083 -3.02 1959.46 -0.39 -6.15 1885.5 -4.31936 1706 -4.21 1972.38
1949.917 -3.05 1959.39 -0.29 -6.07 1885.67 -4.31803 1705 -4.01 1972.29

1949.75 -3.27 1959.32 -0.05 -5.72 1885.83 -4.32694 1704 -4.18 1972.21
1949.583 -3.53 1959.25 0.11 -5.63 1886 -4.2504 1703 -4.5 1972.13
1949.417 -3.61 1959.18 0.13 -5.7 1886.17 -4.20919 1702 -4.13 1972.04

1949.25 -3.17 1959.11 -0.06 -5.73 1886.33 -4.25851 1701 -3.67 1971.96
1949.083 -2.76 1959.04 -0.41 -5.88 1886.5 -4.23521 1700 -3.73 1971.88
1948.917 -2.99 1958.96 -0.07 -6.13 1886.67 -4.17672 1699 -4 1971.79

1948.75 -3.44 1958.89 -0.2 -6.3 1886.83 -4.11371 1698 -4.18 1971.71
1948.583 -3.66 1958.75 -0.32 -6.4 1887 -4.10761 1697 -3.87 1971.63
1948.417 -3.78 1958.67 -0.16 -6.08 1887.17 -4.12088 1696 -3.62 1971.54

1948.25 -3.31 1958.6 -0.29 -5.92 1887.33 -4.13414 1695 -3.9 1971.46
1948.083 -2.93 1958.52 -0.19 -6.13 1887.5 -4.19943 1694 -4.03 1971.38
1947.917 -3.35 1958.44 0.18 -5.65 1887.67 -4.28206 1693 -3.99 1971.29

1947.75 -3.61 1958.37 0.18 -5.53 1887.83 -4.37053 1692 -3.98 1971.21
1947.583 -3.74 1958.29 0.18 -5.58 1888 -4.46676 1691 -3.85 1971.13
1947.417 -3.58 1958.21 0.3 -5.63 1888.17 -4.56494 1690 -3.99 1971.04

1947.25 -3.12 1958.13 -0.17 -5.86 1888.33 -4.52818 1689 -3.96 1970.96
1947.083 -3.13 1958.06 -0.68 -6.09 1888.5 -4.48826 1688 -3.99 1970.88
1946.917 -3.54 1957.98 -0.85 -6.45 1888.67 -4.60213 1687 -4.21 1970.79

1946.75 -3.78 1957.9 -0.9 -6.53 1888.83 -4.76251 1686 -4.1 1970.71
1946.583 -3.9 1957.75 -1.05 -6.56 1889 -4.80322 1685 -4.05 1970.63
1946.417 -3.54 1957.66 -0.54 -6.37 1889.17 -4.5104 1684 -3.77 1970.54

1946.25 -3.3 1957.57 -0.32 -6.27 1889.33 -4.4335 1683 -3.95 1970.46
1946.083 -2.91 1957.48 -0.01 -6.14 1889.5 -4.32812 1682 -3.88 1970.38
1945.917 -3.11 1957.39 0.32 -5.81 1889.67 -4.21669 1681 -4.06 1970.29

1945.75 -3.48 1957.3 0.03 -5.9 1889.83 -4.1606 1680 -3.94 1970.21
1945.583 -3.68 1957.2 -0.31 -5.87 1890 -4.09856 1679 -4.1 1970.13
1945.417 -3.69 1957.11 -0.2 -5.95 1890.17 -4.14866 1678 -3.75 1970.04

1945.25 -3.42 1957.02 -0.56 -5.99 1890.33 -4.27524 1677 -3.75 1969.96
1945.083 -3.01 1956.93 -0.96 -6.35 1890.5 -4.2718 1676 -3.84 1969.88
1944.917 -3.27 1956.75 -0.96 -6.43 1890.67 -4.24935 1675 -4.1 1969.79

1944.75 -3.62 1956.66 -0.98 -6.23 1890.83 -4.20465 1674 -4.32 1969.71
1944.583 -3.85 1956.57 -0.29 -5.94 1891 -4.21179 1673 -4.02 1969.63
1944.417 -3.6 1956.48 0.12 -5.83 1891.17 -4.33086 1672 -4.15 1969.54

1944.25 -3.16 1956.39 0.23 -5.73 1891.33 -4.42626 1671 -4.07 1969.46
1944.083 -2.98 1956.3 0.36 -5.52 1891.5 -4.50364 1670 -4.31 1969.38
1943.917 -3.51 1956.2 0.27 -5.6 1891.67 -4.48689 1669 -4.06 1969.29

1943.75 -3.9 1956.11 -0.14 -5.73 1891.83 -4.4519 1668 -4.08 1969.21
1943.583 -3.59 1956.02 -0.03 -5.79 1892 -4.41451 1667 -4.08 1969.13
1943.417 -3.32 1955.93 -0.3 -5.94 1892.17 -4.3517 1666 -4.21 1969.04

1943.25 -3.05 1955.75 -0.6 -6.17 1892.33 -4.27645 1665 -4.11 1968.96

ABOR/MH/Priv-002991



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.687 1716 0.54 1993.607 3.98E-06 1974.42 9.41 26.22 0.46 1844.58 -4.24 1948.91667 -2.731554754 -3.720676269 1950.625 -0.37 -3.97
-4.637 1715 0.06 1993.589 4.15E-06 1974.34 9.34 27.08 0.46 1844.08 -4.39 1948.75 -2.821646361 -3.67608596 1950.458 -0.92 -4.27
-4.783 1714 0.54 1993.572 4.1E-06 1974.25 9.31 27.42 0.46 1843.58 -4.65 1948.58333 -3.026755179 -4.080821623 1950.291 -0.25 -4.76
-4.813 1713 1.22 1993.555 4.13E-06 1974.17 9.26 28.04 0.45 1843.08 -4.99 1948.41667 -3.180636849 -4.239104689 1950.125 0.13 -4.96
-4.845 1712 0.21 1993.539 4.09E-06 1974.09 9.28 27.82 0.44 1842.58 -4.83 1948.25 -2.704439177 -4.202031692 1949.958 -0.71 -4.7
-4.788 1711 1.88 1993.523 4.06E-06 1974 9.29 27.64 0.44 1842.08 -4.8 1948.08333 -2.472011314 -4.06815143 1949.791 -0.25 -4.43
-4.821 1710 -0.58 1993.507 4.05E-06 1973.92 9.37 26.7 0.43 1841.58 -4.37 1947.91667 -2.661171734 -4.094551895 1949.625 -0.63 -4.05
-4.726 1709 0.06 1993.492 4.02E-06 1973.84 9.44 25.84 0.42 1841.08 -5.05 1947.75 -2.959301397 -3.763018386 1949.458 -0.76 -4.23
-4.709 1708 0.1 1993.476 4.12E-06 1973.75 9.49 25.22 0.41 1840.58 -4.5 1947.58333 -2.680378739 -3.685451837 1949.291 -0.47 -4.58
-4.672 1707 2.15 1993.46 4.01E-06 1973.67 9.52 24.88 0.4 1840.08 -4.48 1947.41667 -3.025118736 -3.871537689 1949.125 -0.55 -4.73
-4.623 1706 1.05 1993.444 3.96E-06 1973.59 9.48 25.39 0.39 1839.58 -4.53 1947.25 -3.085662125 -4.111263302 1948.958 -0.29 -4.49
-4.607 1705 2.43 1993.428 3.91E-06 1973.5 9.43 26.01 0.38 1839.08 -4.24 1947.08333 -2.416251497 -4.117488657 1948.791 -0.63 -4.28
-4.484 1704 0.65 1993.412 3.97E-06 1973.42 9.38 26.63 0.37 1838.58 -4.38 1946.91667 -2.446131847 -3.990941034 1948.625 -0.49 -3.97
-4.397 1703 1.27 1993.396 3.88E-06 1973.34 9.33 27.17 0.36 1838.08 -4.38 1946.75 -2.526937301 -3.698269652 1948.458 -0.83 -4.31
-4.549 1702 0.32 1993.38 4.01E-06 1973.25 9.3 27.54 0.35 1837.58 -4.61 1946.58333 -3.017748176 -3.634622748 1948.291 -0.7 -4.72
-4.724 1701 0.47 1993.365 3.99E-06 1973.17 9.33 27.23 0.34 1837.08 -4.57 1946.41667 -3.155824265 -4.110957491 1948.125 -0.25 -4.93
-4.785 1700 -0.13 1993.349 3.93E-06 1973.09 9.39 26.46 0.33 1836.58 -4.52 1946.25 -2.779010108 -4.157441382 1947.958 -0.42 -4.77
-4.846 1699 1.44 1993.333 3.94E-06 1973 9.47 25.47 0.32 1836.08 -4.78 1946.08333 -2.581673085 -4.017441474 1947.791 -0.58 -4.48
-4.865 1698 0.65 1993.317 3.95E-06 1972.92 9.51 24.95 0.31 1835.58 -4.63 1945.91667 -2.860755639 -3.923537616 1947.625 -0.71 -3.9
-4.777 1697 -0.15 1993.301 3.88E-06 1972.84 9.54 24.63 0.3 1835.08 -4.74 1945.75 -2.701955658 -3.697360815 1947.458 -0.88 -4.04
-4.727 1696 1.35 1993.285 3.87E-06 1972.75 9.59 24.05 0.29 1834.58 -4.58 1945.58333 -3.586760494 -3.8460176 1947.291 -0.66 -4.71
-4.721 1695 0.32 1993.269 3.94E-06 1972.67 9.57 24.32 0.28 1834.08 -5.16 1945.41667 -3.141141472 -4.231047463 1947.125 -0.41 -4.86
-4.698 1694 -0.16 1993.253 4.08E-06 1972.59 9.53 24.74 0.27 1833.58 -4.16 1945.25 -2.894221095 -4.225333579 1946.958 -0.85 -4.35
-4.704 1693 0.85 1993.238 4.19E-06 1972.5 9.49 25.23 0.26 1833.08 -4.58 1945.08333 -2.628121523 -4.019477424 1946.791 -0.27 -4.2
-4.603 1692 -0.89 1993.222 4.15E-06 1972.42 9.42 26.07 0.25 1832.58 -4.75 1944.91667 -2.595133262 -3.8680927 1946.625 -0.65 -3.81
-4.461 1691 1.4 1993.206 4.11E-06 1972.34 9.34 27.04 0.24 1832.08 -4.82 1944.75 -2.535822781 -3.697611091 1946.458 -0.48 -4.44
-4.458 1690 0.01 1993.19 4.06E-06 1972.25 9.32 27.33 0.23 1831.58 -4.91 1944.58333 -2.596537782 -3.691655836 1946.291 -0.07 -4.79
-4.667 1689 -1.74 1993.174 4.17E-06 1972.17 9.31 27.43 0.22 1831.08 -5.06 1944.41667 -2.598343459 -3.772905352 1946.125 -0.1 -4.79
-4.957 1688 -1.01 1993.158 4.26E-06 1972.09 9.31 27.38 0.21 1830.58 -4.65 1944.25 -2.544720759 -3.860057276 1945.958 -0.31 -4.38
-5.083 1687 -1.7 1993.142 4.08E-06 1972 9.36 26.85 0.21 1830.08 -5.12 1944.08333 -2.533150454 -3.93005429 1945.791 -0.25 -4.07
-4.991 1686 0.5 1993.126 4.09E-06 1971.92 9.41 26.22 0.2 1829.58 -4.97 1943.91667 -2.567958753 -3.981131553 1945.625 -0.57 -3.73
-4.835 1685 1.34 1993.111 4.17E-06 1971.84 9.51 24.99 0.19 1829.08 -5.25 1943.75 -2.264335625 -3.775901024 1945.458 -0.6 -4.33
-4.834 1684 1.75 1993.095 4.11E-06 1971.75 9.53 24.76 0.18 1828.58 -5.14 1943.58333 -2.921405688 -3.81798718 1945.291 -0.47 -4.76
-4.703 1683 -0.31 1993.079 4.18E-06 1971.67 9.57 24.27 0.17 1828.08 -5.04 1943.41667 -2.876321191 -3.935025377 1945.125 -0.4 -4.63
-4.708 1682 -0.09 1993.063 4.16E-06 1971.59 9.5 25.17 0.16 1827.58 -4.81 1943.25 -2.647632593 -4.302103451 1944.958 -0.28 -4.41
-4.565 1681 -0.83 1993.047 4.07E-06 1971.5 9.47 25.53 0.15 1827.08 -5.13 1943.08333 -2.73116374 -4.160546405 1944.791 -0.52 -4.02
-4.443 1680 0.31 1993.031 3.86E-06 1971.42 9.4 26.32 0.14 1826.58 -5.18 1942.91667 -2.494355125 -3.932596233 1944.625 -0.82 -3.84
-4.413 1679 1.6 1993.015 3.92E-06 1971.34 9.32 27.3 0.13 1826.08 -4.95 1942.75 -2.423824461 -3.70074719 1944.458 -0.59 -4.24
-4.454 1678 0.76 1992.999 3.78E-06 1971.25 9.27 27.91 0.13 1825.58 -5.18 1942.58333 -3.117405707 -3.810401138 1944.291 -0.45 -4.8
-4.681 1677 1.11 1992.984 3.72E-06 1971.17 9.32 27.31 0.12 1825.08 -5.18 1942.41667 -3.139521721 -4.00363744 1944.125 -0.44 -4.82
-4.892 1676 1.55 1992.968 3.75E-06 1971.09 9.37 26.7 0.11 1824.58 -5.04 1942.25 -2.406298842 -4.127742008 1943.958 -0.52 -4.62
-4.999 1675 1.16 1992.952 3.79E-06 1971 9.42 26.09 0.1 1824.08 -5.25 1942.08333 -2.374698401 -3.982339345 1943.791 -0.47 -4.36
-4.881 1674 0.47 1992.936 3.67E-06 1970.92 9.49 25.31 0.09 1823.58 -4.36 1941.91667 -2.40415492 -3.569894971 1943.625 -0.41 -4.2
-4.719 1673 3.12 1992.92 3.72E-06 1970.84 9.5 25.08 0.08 1823.08 -5.11 1941.75 -2.856298838 -3.568395756 1943.458 -0.67 -4.31
-4.812 1672 0.87 1992.904 3.77E-06 1970.75 9.54 24.68 0.07 1822.58 -4.47 1941.58333 -2.995502241 -3.90947328 1943.291 -0.89 -4.73

ABOR/MH/Priv-002992



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1943.083 -3.05 1955.68 -0.63 -6.17 1892.5 -4.21813 1664 -4.04 1968.88
1942.917 -3.55 1955.62 -0.94 -6.13 1892.67 -4.15777 1663 -3.98 1968.79

1942.75 -3.7 1955.55 -0.34 -5.64 1892.83 -4.16185 1662 -4.1 1968.71
1942.583 -3.82 1955.48 -0.05 -6.23 1893 -4.26884 1661 -4.14 1968.63
1942.417 -3.54 1955.42 0.27 -6.09 1893.17 -4.33362 1660 -4.12 1968.54

1942.25 -3.24 1955.35 0.1 -5.79 1893.33 -4.33245 1659 -4.07 1968.46
1942.083 -3.01 1955.28 0.06 -5.77 1893.5 -4.32159 1658 -4.23 1968.38
1941.917 -3.09 1955.22 0.11 -5.68 1893.67 -4.35819 1657 -3.91 1968.29

1941.75 -3.55 1955.15 0.14 -5.43 1893.83 -4.34853 1656 -3.96 1968.21
1941.583 -3.87 1955.08 -0.13 -5.58 1894 -4.31771 1655 -3.79 1968.13
1941.417 -3.9 1955.02 -0.33 -5.63 1894.17 -4.33077 1654 -3.98 1968.04

1941.25 -3.78 1954.95 -0.27 -6.17 1894.33 -4.3397 1653 -4.12 1967.96
1941.083 -3.22 1954.88 -0.47 -6.47 1894.5 -4.36677 1652 -4.27 1967.88
1940.917 -3.34 1954.75 -0.29 -6.55 1894.67 -4.41132 1651 -4.01 1967.79

1940.75 -3.75 1954.67 -0.19 -6.13 1894.83 -4.43025 1650 -3.9 1967.71
1940.583 -3.79 1954.6 0.03 -6.04 1895 -4.441 1649 -3.61 1967.63
1940.417 -3.57 1954.52 0.28 -5.73 1895.17 -4.42644 1648 -3.67 1967.54

1940.25 -3.39 1954.44 0.34 -5.69 1895.33 -4.33622 1647 -4.06 1967.46
1940.083 -3.45 1954.37 0.63 -5.73 1895.5 -4.2673 1646 -3.98 1967.38
1939.917 -3.76 1954.29 0.39 -5.75 1895.67 -4.31308 1645 -3.73 1967.29

1939.75 -4.03 1954.21 0.51 -5.74 1895.83 -4.41202 1644 -3.83 1967.21
1939.583 -4.08 1954.13 0.14 -5.8 1896 -4.3151 1643 -4.01 1967.13
1939.417 -3.74 1954.06 0.08 -5.88 1896.17 -4.06929 1642 -3.92 1967.04

1939.25 -3.27 1953.98 -0.01 -6.01 1896.33 -3.94842 1641 -3.74 1966.96
1939.083 -2.99 1953.9 0.09 -5.9 1896.5 -4.26695 1640 -3.94 1966.88
1938.917 -3.37 1953.75 0.33 -6.13 1896.67 -4.54833 1639 -3.62 1966.79

1938.75 -3.59 1953.67 0.17 -6.06 1896.83 -4.68395 1638 -3.58 1966.71
1938.583 -3.85 1953.6 0.04 -5.89 1897 -4.61128 1637 -3.63 1966.63
1938.417 -3.61 1953.52 0.29 -5.69 1897.17 -4.47912 1636 -3.97 1966.54

1938.25 -3.28 1953.44 0.42 -5.64 1897.33 -4.34665 1635 -3.73 1966.46
1938.083 -3.16 1953.37 0.39 -5.41 1897.5 -4.24547 1634 -3.99 1966.38
1937.917 -3.34 1953.29 0.4 -5.4 1897.67 -4.20182 1633 -4.31 1966.29

1937.75 -3.6 1953.21 0.58 -5.5 1897.83 -4.15575 1632 -4.05 1966.21
1937.583 -3.8 1953.13 0.38 -5.7 1898 -4.09157 1631 -3.38 1966.13
1937.417 -3.67 1953.06 -0.04 -5.98 1898.17 -3.94486 1630 -3.85 1966.04

1937.25 -3.42 1952.98 -0.06 -6.14 1898.33 -3.75234 1629 -3.87 1965.96
1937.083 -3.14 1952.9 -0.03 -6.6 1898.5 -4.0093 1628 -4.16 1965.88
1936.917 -3.48 1952.75 0.28 -6.78 1898.67 -4.19866 1627 -4.01 1965.79

1936.75 -3.69 1952.67 0.11 -6.43 1898.83 -4.26978 1626 -3.82 1965.71
1936.583 -4 1952.6 0.35 -6.59 1899 -4.26099 1625 -3.77 1965.63
1936.417 -3.62 1952.52 0 -6.5 1899.17 -4.31144 1624 -3.7 1965.54

1936.25 -3.33 1952.44 0.34 -6.12 1899.33 -4.39381 1623 -4.32 1965.46
1936.083 -3.26 1952.37 0.28 -5.92 1899.5 -4.55711 1622 -4.11 1965.38
1935.917 -3.56 1952.29 0.39 -6.02 1899.67 -4.6504 1621 -4.27 1965.29

1935.75 -3.83 1952.21 0.63 -5.8 1899.83 -4.71154 1620 -3.86 1965.21

ABOR/MH/Priv-002993



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.86 1671 0.98 1992.888 3.74E-06 1970.67 9.53 24.76 0.06 1822.08 -5.2 1941.41667 -2.833538187 -4.060668578 1943.125 -0.61 -4.89
-4.808 1670 1.19 1992.872 3.77E-06 1970.59 9.46 25.66 0.05 1821.58 -4.56 1941.25 -2.015091466 -3.874150499 1942.958 -0.63 -4.72
-4.769 1669 0.04 1992.857 3.75E-06 1970.5 9.39 26.43 0.03 1821.08 -4.37 1941.08333 -2.176537138 -3.936341692 1942.791 -0.47 -4.26
-4.679 1668 0.15 1992.841 3.78E-06 1970.42 9.37 26.7 0.02 1820.58 -4.43 1940.91667 -2.380417738 -3.847685337 1942.625 -0.94 -4.1
-4.674 1667 1.04 1992.825 3.7E-06 1970.34 9.33 27.19 0.01 1820.08 -4.41 1940.75 -2.339292724 -3.488574733 1942.458 -1.17 -4.35
-4.733 1666 -0.47 1992.809 3.82E-06 1970.25 9.33 27.19 0 1819.58 -4.6 1940.58333 -2.714838974 -3.638327862 1942.291 -0.82 -4.75
-4.809 1665 0.24 1992.793 3.73E-06 1970.17 9.31 27.43 -0.01 1819.08 -5.07 1940.41667 -3.345463417 -3.90904471 1942.125 -0.38 -4.98
-4.992 1664 -0.63 1992.777 3.71E-06 1970.09 9.39 26.47 -0.02 1818.58 -4.86 1940.25 -2.607697656 -3.976311959 1941.958 -0.3 -4.68
-4.992 1663 1.17 1992.761 3.74E-06 1970 9.46 25.56 -0.03 1818.08 -4.71 1940.08333 -2.080537285 -4.121855897 1941.791 -0.58 -4.43
-4.862 1662 1.7 1992.745 3.8E-06 1969.92 9.53 24.76 -0.04 1817.58 -4.91 1939.91667 -2.284579077 -4.034317906 1941.625 -0.81 -4.14
-4.609 1661 0.51 1992.73 3.85E-06 1969.84 9.56 24.34 -0.06 1817.08 -4.91 1939.75 -2.33582234 -3.517277433 1941.458 -1 -4.37
-4.598 1660 0.61 1992.714 3.89E-06 1969.75 9.6 23.96 -0.07 1816.58 -4.57 1939.58333 -3.39384648 -3.880786977 1941.291 -0.16 -4.68

-4.73 1659 2.35 1992.698 3.92E-06 1969.67 9.63 23.55 -0.08 1816.08 -4.82 1939.41667 -3.245666114 -4.150931073 1941.125 -0.1 -4.8
-4.814 1658 -0.09 1992.682 3.94E-06 1969.59 9.6 23.95 -0.09 1815.58 -4.72 1939.25 -2.443289094 -4.205459047 1940.958 -0.66 -4.7
-4.788 1657 1.85 1992.666 3.95E-06 1969.5 9.51 25.03 -0.1 1815.08 -5.32 1939.08333 -2.547102979 -4.096250451 1940.791 -0.59 -4.26
-4.715 1656 0.83 1992.65 3.94E-06 1969.42 9.39 26.4 -0.11 1814.58 -4.7 1938.91667 -2.37986239 -3.930282133 1940.625 -1.19 -4.08
-4.558 1655 0.78 1992.634 4.18E-06 1969.34 9.36 26.85 -0.12 1814.08 -5.02 1938.75 -2.616412544 -3.605157822 1940.458 -0.85 -4.53
-4.734 1654 -1.23 1992.618 3.59E-06 1969.25 9.32 27.33 -0.13 1813.58 -5.24 1938.58333 -3.038429457 -3.632959109 1940.291 -0.41 -5.06
-4.929 1653 -0.4 1992.603 3.49E-06 1969.17 9.31 27.46 -0.15 1813.08 -4.81 1938.41667 -2.897150208 -4.035136706 1940.125 -0.74 -4.88
-4.868 1652 -0.46 1992.587 3.29E-06 1969.09 9.35 26.92 -0.16 1812.58 -4.81 1938.25 -2.549881669 -4.07158158 1939.958 -0.68 -4.49
-4.695 1651 -0.56 1992.571 3.39E-06 1969 9.39 26.45 -0.17 1812.08 -5.01 1938.08333 -2.514195071 -4.03295834 1939.791 -0.64 -4.28
-4.634 1650 -1.3 1992.555 3.51E-06 1968.92 9.46 25.56 -0.18 1811.58 -5.25 1937.91667 -2.287495137 -3.672926446 1939.625 -0.84 -4.18

-4.71 1649 0.68 1992.548 3.48E-06 1968.84 9.48 25.34 -0.2 1811.08 -5.18 1937.75 -2.580647175 -3.510726234 1939.458 -0.5 -4.47
-4.775 1648 2.23 1992.541 3.57E-06 1968.75 9.53 24.81 -0.21 1810.58 -5.08 1937.58333 -3.18654862 -3.708249669 1939.291 -0.37 -5.14
-4.829 1647 -0.82 1992.534 3.58E-06 1968.67 9.54 24.64 -0.22 1810.08 -4.99 1937.41667 -3.18934199 -4.020168558 1939.125 -0.07 -4.87
-4.778 1646 -0.48 1992.527 3.71E-06 1968.59 9.53 24.77 -0.23 1809.58 -4.9 1937.25 -2.336800098 -3.897884815 1938.958 -0.52 -4.44
-4.709 1645 -0.51 1992.521 3.81E-06 1968.5 9.51 24.97 -0.25 1809.08 -4.94 1937.08333 -2.225172562 -3.783111917 1938.791 -0.34 -4.63
-4.713 1644 0.23 1992.514 3.94E-06 1968.42 9.47 25.49 -0.26 1808.58 -4.8 1936.91667 -2.510025094 -3.72655696 1938.625 -0.68 -4.04
-4.651 1992.507 4.03E-06 1968.34 9.37 26.66 -0.27 1808.08 -4.66 1936.75 -2.883297708 -3.691953752 1938.458 -0.65 -4.15
-4.848 1992.5 4.1E-06 1968.25 9.35 26.94 -0.29 1807.58 -4.83 1936.58333 -3.30203499 -3.762836617 1938.291 -0.67 -4.46
-4.963 1992.493 4.13E-06 1968.17 9.35 26.91 -0.3 1807.08 -4.75 1936.41667 -3.102363828 -3.932152166 1938.125 -0.15 -4.65
-5.046 1992.486 4.11E-06 1968.09 9.38 26.58 -0.32 1806.58 -4.82 1936.25 -2.661793519 -4.085508318 1937.958 -0.58 -4.45
-4.976 1992.479 4.02E-06 1968 9.38 26.53 -0.33 1806.08 -4.99 1936.08333 -2.570496773 -4.117000705 1937.791 -0.64 -4.25
-4.968 1992.472 4.05E-06 1967.92 9.43 25.96 -0.35 1935.91667 -2.765112459 -3.980484107 1937.625 -0.73 -3.76
-4.895 1992.466 3.91E-06 1967.84 9.51 25.06 -0.36 1935.75 -2.978662971 -3.719711258 1937.458 -0.88 -3.92

-4.85 1992.459 3.78E-06 1967.75 9.57 24.32 -0.38 1935.58333 -3.45468145 -3.891717233 1937.291 -0.77 -4.3
-4.829 1992.452 3.81E-06 1967.67 9.58 24.15 -0.39 1935.41667 -3.112779859 -3.977694488 1937.125 -0.59 -4.57
-4.867 1992.445 3.91E-06 1967.59 9.57 24.3 -0.4 1935.25 -2.15366809 -3.892129324 1936.958 -0.75 -4.95
-4.802 1992.438 3.79E-06 1967.5 9.53 24.78 -0.42 1935.08333 -2.260037482 -3.966622244 1936.791 -0.54 -4.64
-4.565 1992.431 3.82E-06 1967.42 9.53 24.82 -0.43 1934.91667 -2.240530291 -3.896155067 1936.625 -0.79 -4.09
-4.532 1992.424 3.92E-06 1967.34 9.43 26.02 -0.45 1934.75 -2.608221956 -3.630190664 1936.458 -1.06 -4.26
-4.591 1992.417 4.1E-06 1967.25 9.35 26.94 -0.46 1934.58333 -3.085731383 -3.652595071 1936.291 -1.04 -4.56
-4.742 1992.41 3.94E-06 1967.17 9.35 26.92 -0.47 1934.41667 -3.286492401 -4.380868429 1936.125 -0.03 -4.89
-4.903 1992.404 4.18E-06 1967.09 9.36 26.79 -0.49 1934.25 -2.992052535 -4.669671729 1935.958 -0.47 -4.76
-4.953 1992.397 3.97E-06 1967 9.41 26.23 -0.5 1934.08333 -2.39714876 -4.35194721 1935.791 -0.54 -4.15

ABOR/MH/Priv-002994



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1935.583 -3.9 1952.13 0.13 -5.91 1900 -4.7555 1619 -4.04 1965.13
1935.417 -3.78 1952.06 -0.23 -6.34 1900.17 -4.79373 1618 -4.02 1965.04

1935.25 -3.51 1951.98 -0.06 -6.31 1900.33 -4.69826 1617 -3.9 1964.96
1935.083 -3.32 1951.9 -0.41 -6.4 1900.5 -4.55822 1616 -3.89 1964.88
1934.917 -3.38 1951.75 -0.78 -6.73 1900.67 -4.41817 1615 -3.76 1964.79

1934.75 -3.59 1951.67 -0.6 -6.59 1900.83 -4.1963 1614 -3.8 1964.71
1934.583 -3.88 1951.58 -0.04 -6.37 1901 -3.95319 1613 -3.77 1964.63
1934.417 -3.75 1951.5 0.24 -6.33 1901.17 -4.1791 1612 -3.88 1964.54

1934.25 -3.34 1951.42 0.8 -5.56 1901.33 -4.40592 1611 -4.09 1964.46
1934.083 -3.11 1951.33 0.34 -5.7 1901.5 -4.37753 1610 -4.12 1964.38
1933.917 -3.35 1951.25 0.6 -5.56 1901.67 -4.38516 1609 -3.57 1964.29

1933.75 -3.59 1951.17 0.55 -5.58 1901.83 -4.45235 1608 -3.94 1964.21
1933.583 -3.81 1951.08 0.12 -5.81 1902 -4.3486 1607 -4.42 1964.13
1933.417 -3.82 1951 -0.29 -6.18 1902.17 -4.38136 1964.04

1933.25 -3.59 1950.92 -0.38 -6 1902.33 -4.54612 1963.96
1933.083 -3.02 1950.75 -0.32 -6.16 1902.5 -4.70393 1963.88
1932.917 -3.3 1950.66 -0.04 -5.87 1902.67 -4.78967 1963.79

1932.75 -3.78 1950.57 0.34 -5.79 1902.83 -4.78047 1963.71
1932.583 -4 1950.48 0.14 -5.66 1903 -4.71813 1963.63
1932.417 -3.67 1950.39 -0.13 -5.63 1903.17 -4.60165 1963.54

1932.25 -3.12 1950.3 0.01 -5.55 1903.33 -4.45413 1963.46
1932.083 -2.89 1950.2 0.26 -5.39 1903.5 -4.43949 1963.38
1931.917 -3.15 1950.11 0.11 -5.41 1903.67 -4.4716 1963.29

1931.75 -3.52 1950.02 -0.13 -5.82 1903.83 -4.53184 1963.21
1931.583 -3.84 1949.93 0.01 -6.23 1904 -4.45555 1963.13
1931.417 -3.9 1949.75 -0.48 -6.36 1904.17 -4.34467 1963.04

1931.25 -3.51 1949.68 -0.48 -6.07 1904.33 -4.31947 1962.96
1931.083 -3.16 1949.62 -0.34 -5.82 1904.5 -4.36057 1962.88
1930.917 -3.35 1949.55 -0.33 -5.94 1904.67 -4.61007 1962.79

1930.75 -3.47 1949.48 0.25 -5.71 1904.83 -4.73072 1962.71
1930.583 -3.66 1949.42 0.16 -5.68 1905 -4.77277 1962.63
1930.417 -3.8 1949.35 0.42 -5.59 1905.17 -4.78512 1962.54

1930.25 -3.36 1949.28 0.94 -5.3 1905.33 -4.73959 1962.46
1930.083 -3.04 1949.22 0.27 -5.43 1905.5 -4.59016 1962.38
1929.917 -3.16 1949.15 0 -5.69 1905.67 -4.60761 1962.29

1929.75 -3.54 1949.08 -0.08 -5.97 1905.83 -4.5973 1962.21
1929.583 -3.84 1949.02 -0.24 -5.93 1906 -4.48057 1962.13
1929.417 -3.47 1948.95 -0.31 -6.02 1906.17 -4.40083 1962.04

1929.25 -3 1948.88 -0.77 -5.96 1906.33 -4.38669 1961.96
1929.083 -3.14 1948.75 -0.85 -6.17 1906.5 -4.27041 1961.88
1928.917 -3.62 1948.64 -0.7 -6.08 1906.67 -4.2087 1961.79

1928.75 -3.72 1948.53 0.42 -5.78 1906.83 -4.49424 1961.71
1928.583 -3.93 1948.42 0.25 -5.65 1907 -4.46336 1961.63
1928.417 -3.78 1948.31 0.39 -5.6 1907.17 -4.28981 1961.54

1928.25 -3.1 1948.19 0.72 -5.27 1907.33 -4.20741 1961.46

ABOR/MH/Priv-002995



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.827 1992.39 4.13E-06 1966.92 9.49 25.3 -0.51 1933.91667 -2.259618521 -4.082690856 1935.625 -1.02 -3.77
-4.747 1992.383 4.12E-06 1966.84 9.56 24.36 -0.53 1933.75 -2.216128455 -3.404402867 1935.458 -1.29 -4.13
-4.691 1992.376 3.98E-06 1966.75 9.59 23.99 -0.54 1933.58333 -2.885406089 -3.689849325 1935.291 -0.65 -4.22
-4.689 1992.369 4.04E-06 1966.67 9.63 23.55 -0.55 1933.41667 -2.893186553 -3.971616991 1935.125 -0.61 -4.72
-4.677 1992.362 4.15E-06 1966.59 9.6 23.88 -0.56 1933.25 -2.671988382 -4.004656861 1934.958 -0.71 -4.32
-4.668 1992.355 4.23E-06 1966.5 9.54 24.63 -0.57 1933.08333 -2.636667845 -4.133670219 1934.791 -0.82 -4.09
-4.622 1992.348 4.05E-06 1966.42 9.52 24.93 -0.58 1932.91667 -2.625765962 -3.829466915 1934.625 -1.2 -4.02
-4.573 1992.342 4.05E-06 1966.34 9.47 25.51 -0.59 1932.75 -2.811625015 -3.567155024 1934.458 -1.31 -4.44
-4.801 1992.335 3.94E-06 1966.25 9.41 26.17 -0.6 1932.58333 -3.36498482 -3.871223865 1934.291 -0.81 -4.77
-5.013 1992.328 3.84E-06 1966.17 9.4 26.38 -0.61 1932.41667 -3.108176781 -4.000288542 1934.125 -0.41 -4.63
-5.054 1992.321 3.75E-06 1966.09 9.42 26.12 -0.62 1932.25 -2.329169388 -4.386210652 1933.958 -0.53 -4.38
-4.964 1992.314 3.89E-06 1966 9.44 25.87 -0.62 1932.08333 -2.203870854 -4.212610278 1933.791 -0.88 -4.21

-4.88 1992.307 3.9E-06 1965.92 9.53 24.82 -0.63 1931.91667 -2.665189182 -3.776884389 1933.625 -1 -3.87
-4.873 1992.3 3.84E-06 1965.84 9.59 23.99 -0.64 1931.75 -3.354351807 -3.641007189 1933.458 -1.5 -3.98
-4.873 1992.293 3.66E-06 1965.75 9.62 23.72 -0.64 1931.58333 -3.390257364 -3.988557903 1933.291 -1.24 -4.38
-4.786 1992.287 3.53E-06 1965.67 9.66 23.18 -0.65 1931.41667 -2.887761575 -3.90976276 1933.125 -0.29 -4.47
-4.673 1992.28 3.74E-06 1965.59 9.59 24.08 -0.65 1931.25 -2.67318193 -3.915940388 1932.958 -0.39 -4.4
-4.569 1992.273 3.5E-06 1965.5 9.55 24.46 -0.65 1931.08333 -2.135103524 -3.740997633 1932.791 -0.64 -4.26
-4.561 1992.266 3.51E-06 1965.42 9.48 25.37 -0.66 1930.91667 -2.54029124 -3.7239435 1932.625 -0.98 -3.95
-4.556 1992.259 3.36E-06 1965.34 9.43 25.95 -0.66 1930.75 -2.63289932 -3.648222312 1932.458 -1.06 -4.31
-4.737 1992.252 3.56E-06 1965.25 9.4 26.29 -0.66 1930.58333 -2.998850724 -3.689330034 1932.291 -0.65 -4.61

-4.83 1992.245 3.57E-06 1965.17 9.39 26.46 -0.66 1930.41667 -3.48738222 -3.901211451 1932.125 -0.18 -4.62
-4.901 1992.238 3.75E-06 1965.09 9.43 26.04 -0.66 1930.25 -3.322418146 -4.130889782 1931.958 -0.37 -4.31
-4.992 1992.231 3.91E-06 1965 9.4 26.32 -0.66 1930.08333 -2.774016476 -4.162305589 1931.791 -0.76 -4.13
-4.943 1992.225 3.9E-06 1964.92 9.45 25.79 -0.66 1929.91667 -3.120166015 -3.936452158 1931.625 -1.36 -3.86

-4.91 1992.218 3.87E-06 1964.84 9.48 25.33 -0.66 1929.75 -3.466315553 -3.710598727 1931.458 -1.33 -4.37
-4.81 1992.211 3.9E-06 1964.75 9.54 24.66 -0.66 1929.58333 -3.039180143 -3.98115717 1931.291 -1.31 -4.91

-4.681 1992.204 4.19E-06 1964.67 9.65 23.3 -0.66 1929.41667 -3.04898469 -4.131247743 1931.125 -1.28 -4.46
-4.781 1992.197 4.19E-06 1964.59 9.62 23.61 -0.66 1929.25 -2.887417367 -3.995883092 1930.958 -1.26 -4.48
-4.712 1992.19 3.92E-06 1964.5 9.54 24.66 -0.66 1929.08333 -2.682868946 -3.943572023 1930.791 -1.23 -4.1
-4.581 1992.183 3.79E-06 1964.42 9.44 25.81 -0.66 1928.91667 -2.670519991 -3.76248317 1930.625 -1.21 -3.76
-4.494 1992.176 3.74E-06 1964.34 9.38 26.62 -0.66 1928.75 -2.658171036 -3.581394317 1930.458 -1.18 -4.05
-4.551 1992.17 3.5E-06 1964.25 9.32 27.31 -0.66 1928.58333 -2.941333926 -3.839181065 1930.291 -1.15 -4.59
-4.772 1992.163 3.55E-06 1964.17 9.33 27.15 -0.66 1928.41667 -3.268507198 -3.837831973 1930.125 -1.13 -4.65
-4.943 1992.156 3.6E-06 1964.09 9.41 26.27 -0.66 1928.25 -2.621459294 -4.090378015 1929.958 -1.1 -4.46
-4.981 1992.149 3.57E-06 1964 9.52 24.87 -0.65 1928.08333 -2.413199105 -4.171029619 1929.791 -1.08 -4.24
-4.918 1992.142 3.64E-06 1963.92 9.58 24.19 -0.65 1927.91667 -2.394512916 -3.96958034 1929.625 -1.05 -4.03
-4.897 1992.135 3.56E-06 1963.84 9.6 23.87 -0.65 1927.75 -2.595958727 -3.699088166 1929.458 -0.91 -4.21
-4.935 1992.128 3.61E-06 1963.75 9.62 23.64 -0.65 1927.58333 -3.121087946 -3.853088098 1929.291 -0.62 -4.72
-4.846 1992.121 3.65E-06 1963.67 9.65 23.3 -0.64 1927.41667 -3.485551905 -4.221622963 1929.125 -0.34 -4.83
-4.722 1992.114 3.68E-06 1963.59 9.59 24.06 -0.64 1927.25 -2.960128342 -4.198545651 1928.958 -0.61 -4.49
-4.664 1992.108 3.81E-06 1963.5 9.57 24.28 -0.64 1927.08333 -2.570823741 -3.957608027 1928.791 -0.59 -4.17
-4.644 1992.101 3.91E-06 1963.42 9.53 24.7 -0.63 1926.91667 -2.613857288 -3.899126798 1928.625 -1.4 -3.86
-4.588 1992.094 3.89E-06 1963.34 9.47 25.43 -0.63 1926.75 -2.751313772 -3.606406269 1928.458 -0.89 -4.31
-4.671 1992.087 3.91E-06 1963.25 9.37 26.65 -0.62 1926.58333 -3.199052071 -3.725208227 1928.291 -0.93 -4.15

ABOR/MH/Priv-002996



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1928.083 -3.03 1948.08 0.32 -5.61 1907.5 -4.24956 1961.38
1927.917 -3.5 1947.97 -0.36 -5.87 1907.67 -4.24452 1961.29

1927.75 -3.67 1947.75 -0.33 -6.28 1907.83 -4.30876 1961.21
1927.583 -3.53 1947.67 0.04 -6.1 1908 -4.24671 1961.13
1927.417 -3.58 1947.6 -0.12 -6.12 1908.17 -4.07559 1961.04

1927.25 -3.16 1947.52 0.31 -5.98 1908.33 -4.11484 1960.96
1927.083 -2.87 1947.44 0.67 -5.64 1908.5 -4.19622 1960.88
1926.917 -3.51 1947.37 0.85 -5.61 1908.67 -4.16891 1960.79

1926.75 -3.68 1947.29 1.04 -5.34 1908.83 -4.10917 1960.71
1926.583 -3.69 1947.21 0.9 -5.09 1909 -4.07321 1960.63
1926.417 -3.61 1947.13 0.7 -5.43 1909.17 -4.04518 1960.54

1926.25 -3.24 1947.06 0.51 -5.42 1909.33 -4.12696 1960.46
1926.083 -3.01 1946.98 0.04 -5.92 1909.5 -4.30398 1960.38
1925.917 -3.47 1946.9 -0.39 -6.3 1909.67 -4.44025 1960.29

1925.75 -3.73 1946.75 -0.64 -6.47 1909.83 -4.41124 1960.21
1925.583 -3.76 1946.67 0.03 -6.21 1910 -4.28219 1960.13
1925.417 -3.61 1946.6 0 -6.36 1910.17 -4.17926 1960.04

1925.25 -3.33 1946.52 0.31 -6.1 1910.33 -4.16669 1959.96
1925.083 -3.22 1946.44 0.49 -6.12 1910.5 -4.19251 1959.88
1924.917 -3.36 1946.37 0.32 -5.78 1910.67 -4.21126 1959.79

1924.75 -3.67 1946.29 0.06 -5.66 1910.83 -4.10433 1959.71
1924.583 -3.9 1946.21 0.63 -5.75 1911 -3.99453 1959.63
1924.417 -3.44 1946.13 0.51 -5.79 1911.17 -4.35567 1959.54

1924.25 -3.21 1946.06 0.24 -5.78 1911.33 -4.67118 1959.46
1924.083 -3.09 1945.98 -0.31 -6.33 1911.5 -4.72251 1959.38
1923.917 -3.57 1945.9 -0.42 -6.47 1911.67 -4.70723 1959.29

1923.75 -3.75 1945.75 -0.46 -6.64 1911.83 -4.6891 1959.21
1923.583 -3.84 1945.67 -0.72 -6.5 1912 -4.66116 1959.13
1923.417 -3.77 1945.6 -0.7 -6.57 1912.17 -4.59663 1959.04

1923.25 -3.43 1945.52 0 -6.18 1912.33 -4.52144 1958.96
1923.083 -3.3 1945.44 0.5 -5.93 1912.5 -4.45985 1958.88
1922.917 -3.75 1945.37 0.36 -5.72 1912.67 -4.48216 1958.79

1922.75 -3.86 1945.29 0.41 -5.47 1912.83 -4.63754 1958.71
1922.583 -3.76 1945.21 0.71 -5.22 1913 -4.7704 1958.63
1922.417 -3.48 1945.13 0.69 -5.28 1913.17 -4.6246 1958.54

1922.25 -3.36 1945.06 0.56 -5.46 1913.33 -4.41297 1958.46
1922.083 -3.33 1944.98 0.42 -5.77 1913.5 -4.41849 1958.38
1921.917 -3.52 1944.9 -0.02 -5.98 1913.67 -4.46774 1958.29

1921.75 -3.63 1944.75 -0.18 -6.1 1913.83 -4.51701 1958.21
1921.583 -3.58 1944.65 0.69 -5.62 1914 -4.6037 1958.13
1921.417 -3.53 1944.55 0.53 -5.89 1914.17 -4.73364 1958.04

1921.25 -3.27 1944.45 0.95 -5.76 1914.33 -4.85604 1957.96
1921.083 -3.05 1944.35 0.96 -5.5 1914.5 -4.88834 1957.88
1920.917 -3.49 1944.25 0.57 -5.42 1914.67 -4.87678 1957.79

1920.75 -3.89 1944.15 0.72 -5.47 1914.83 -4.78199 1957.71

ABOR/MH/Priv-002997



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.772 1992.08 3.84E-06 1963.17 9.38 26.56 -0.62 1926.41667 -3.222192137 -3.847166193 1928.125 -0.39 -4.66
-4.842 1992.073 3.78E-06 1963.09 9.38 26.55 -0.61 1926.25 -2.689068229 -3.932891722 1927.958 -0.22 -4.4
-4.922 1992.066 3.68E-06 1963 9.41 26.18 -0.61 1926.08333 -2.401758765 -3.996731778 1927.791 -0.44 -4.21
-4.848 1992.059 3.8E-06 1962.92 9.47 25.51 -0.6 1925.91667 -2.571620803 -3.808092375 1927.625 -0.69 -3.81
-4.864 1992.053 3.8E-06 1962.84 9.52 24.9 -0.6 1925.75 -2.644505924 -3.668003148 1927.458 -0.96 -4.07
-4.802 1992.046 0.000004 1962.75 9.61 23.82 -0.59 1925.58333 -2.641081824 -3.634146634 1927.291 -1.03 -4.78
-4.767 1992.039 3.79E-06 1962.67 9.66 23.18 -0.59 1925.41667 -2.728155138 -3.721588724 1927.125 -0.21 -4.76
-4.726 1992.032 3.61E-06 1962.59 9.6 23.89 -0.59 1925.25 -2.543469212 -3.950797172 1926.958 -0.57 -4.54
-4.646 1992.025 3.62E-06 1962.5 9.5 25.07 -0.58 1925.08333 -2.476069213 -4.056122902 1926.791 -0.62 -4.17
-4.556 1992.018 3.38E-06 1962.42 9.46 25.65 -0.58 1924.91667 -2.57653157 -3.963092938 1926.625 -0.99 -3.81
-4.436 1992.011 3.49E-06 1962.34 9.38 26.53 -0.57 1924.75 -2.70376584 -3.60296271 1926.458 -1.26 -4.07
-4.566 1992.004 3.59E-06 1962.25 9.37 26.74 -0.57 1924.58333 -2.817926707 -3.606968813 1926.291 -0.25 -4.61
-4.687 1991.997 3.91E-06 1962.17 9.4 26.34 -0.57 1924.41667 -2.333849677 -3.775698874 1926.125 -0.63 -4.99
-4.838 1991.991 4.21E-06 1962.09 9.46 25.55 -0.56 1924.25 -3.041165336 -3.945929286 1925.958 -0.52 -4.71
-4.925 1991.984 4.32E-06 1962 9.52 24.94 -0.56 1924.08333 -3.153332795 -4.190375728 1925.791 -0.61 -4.17
-4.857 1991.977 4.4E-06 1961.92 9.55 24.49 -0.56 1923.91667 -2.675760836 -3.873110237 1925.625 -0.68 -3.84
-4.715 1991.97 4.28E-06 1961.84 9.57 24.3 -0.56 1923.75 -2.82279058 -3.678351698 1925.458 -0.77 -4.42
-4.643 1991.963 4.41E-06 1961.75 9.57 24.27 -0.56 1923.58333 -3.10815464 -3.684616004 1925.291 -0.45 -4.89
-4.655 1991.956 4.49E-06 1961.67 9.57 24.27 -0.56 1923.41667 -3.14498419 -3.642764055 1925.125 -0.84 -4.93

-4.68 1991.949 4.43E-06 1961.59 9.49 25.29 -0.56 1923.25 -2.547651171 -4.26932705 1924.958 -0.66 -4.42
-4.619 1991.942 4.64E-06 1961.5 9.43 25.92 -0.56 1923.08333 -2.634659577 -4.012273645 1924.791 -0.68 -3.99
-4.461 1991.935 4.65E-06 1961.42 9.37 26.68 -0.56 1922.91667 -2.387530408 -3.605664081 1924.625 -0.75 -3.84
-4.404 1991.729 4.49E-06 1961.34 9.32 27.31 -0.56 1922.75 -3.001908104 -3.483792238 1924.458 -0.43 -4.4
-4.579 1991.722 4.59E-06 1961.25 9.33 27.24 -0.57 1922.58333 -3.546611551 -3.702705948 1924.291 0.11 -4.76
-4.744 1991.715 4.52E-06 1961.17 9.34 27.1 -0.57 1922.41667 -3.294603882 -3.961323654 1924.125 -0.32 -4.67

-5.05 1991.708 4.35E-06 1961.09 9.32 27.27 -0.58 1922.25 -2.507757135 -4.057763862 1923.958 -0.63 -4.32
-5.113 1991.701 4.26E-06 1961 9.39 26.4 -0.58 1922.08333 -3.133529018 -4.22309383 1923.791 -0.69 -4.22

-5.02 1991.695 4.22E-06 1960.92 9.45 25.78 -0.59 1921.91667 -3.104115109 -4.18381247 1923.625 -0.68 -4
-4.925 1991.688 4.06E-06 1960.84 9.51 25 -0.6 1921.75 -2.878795554 -3.941483593 1923.458 -0.75 -4.3
-4.948 1991.681 3.84E-06 1960.75 9.57 24.32 -0.6 1921.58333 -3.366316264 -4.189762538 1923.291 -0.44 -4.73
-4.806 1991.674 4.08E-06 1960.67 9.63 23.55 -0.61 1921.41667 -2.858866949 -4.38485098 1923.125 -0.52 -4.7
-4.777 1991.667 4.19E-06 1960.59 9.59 24.02 -0.62 1921.25 -2.970098172 -4.298721638 1922.958 -0.56 -4.36

-4.73 1991.66 4.02E-06 1960.5 9.51 24.96 -0.63 1921.08333 -2.393140301 -4.157812752 1922.791 -0.82 -4.31
-4.683 1991.653 4.4E-06 1960.42 9.48 25.33 -0.64 1920.91667 -2.487371742 -4.043927276 1922.625 -0.86 -4.03
-4.576 1991.646 4.63E-06 1960.34 9.42 26.12 -0.65 1920.75 -2.743408906 -3.713936479 1922.458 -0.85 -4.32
-4.675 1991.639 4.54E-06 1960.25 9.36 26.77 -0.66 1920.58333 -3.47096386 -4.173371748 1922.291 -0.56 -4.78
-4.759 1991.633 4.16E-06 1960.17 9.37 26.7 -0.66 1920.41667 -3.191017078 -4.299877374 1922.125 -0.5 -4.74
-4.868 1991.626 4.25E-06 1960.09 9.4 26.31 -0.67 1920.25 -2.60939517 -4.087380474 1921.958 -0.44 -4.44
-5.098 1991.619 4.13E-06 1960 9.43 25.96 -0.68 1920.08333 -2.463521315 -4.113750107 1921.791 -0.6 -4.11

-5.12 1991.612 4.51E-06 1959.92 9.49 25.25 -0.69 1919.91667 -2.654581596 -3.878905828 1921.625 -0.9 -3.79
-4.997 1991.605 4.08E-06 1959.84 9.56 24.42 -0.7 1919.75 -3.003957153 -3.703866758 1921.458 -0.7 -4.22
-4.825 1991.598 3.97E-06 1959.75 9.63 23.58 -0.71 1919.58333 -3.909808887 -3.926640247 1921.291 -0.68 -4.86
-4.677 1991.591 4.09E-06 1959.67 9.66 23.18 -0.71 1919.41667 -3.228029071 -3.994262881 1921.125 -0.97 -4.75
-4.645 1991.584 4.04E-06 1959.59 9.61 23.84 -0.72 1919.25 -2.707127397 -3.974026608 1920.958 -1 -4.45
-4.596 1991.578 4.29E-06 1959.5 9.57 24.26 -0.72 1919.08333 -2.462203465 -3.871811089 1920.791 -1.21 -4.16

ABOR/MH/Priv-002998



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1920.583 -3.55 1944.05 0.7 -5.53 1915 -4.79976 1957.63
1920.417 -3.29 1943.95 0.28 -6.24 1915.17 -4.85315 1957.54

1920.25 -3.28 1943.75 -0.3 -6.49 1915.33 -4.77458 1957.46
1920.083 -3.33 1943.68 -0.48 -6.21 1915.5 -4.63586 1957.38
1919.917 -3.53 1943.61 -0.51 -6.04 1915.67 -4.48919 1957.29

1919.75 -3.74 1943.54 -0.32 -6.08 1915.83 -4.38777 1957.21
1919.583 -3.84 1943.46 0.31 -6.07 1916 -4.33945 1957.13
1919.417 -3.92 1943.39 0.57 -5.93 1916.17 -4.33325 1957.04

1919.25 -3.8 1943.32 0.68 -5.43 1916.33 -4.34299 1956.96
1919.083 -3.42 1943.25 0.84 -5.6 1916.5 -4.29558 1956.88
1918.917 -3.46 1943.18 0.3 -5.43 1916.67 -4.19434 1956.79

1918.75 -3.65 1943.11 0.34 -5.51 1916.83 -4.10133 1956.71
1918.583 -3.69 1943.04 0.08 -5.97 1917 -4.08162 1956.63
1918.417 -3.47 1942.96 0 -6.08 1917.17 -4.10035 1956.54

1918.25 -3.17 1942.89 -0.42 -6.1 1917.33 -4.13304 1956.46
1918.083 -3.07 1942.75 -0.18 -6.12 1917.5 -4.18418 1956.38
1917.917 -3.55 1942.67 0.17 -6.01 1917.67 -4.2631 1956.29

1917.75 -3.83 1942.58 0.4 -5.97 1917.83 -4.34318 1956.21
1917.583 -3.86 1942.5 0.32 -5.81 1918 -4.39145 1956.13
1917.417 -3.56 1942.42 0.44 -5.69 1918.17 -4.40955 1956.04

1917.25 -3.39 1942.33 0.24 -5.76 1918.33 -4.40999 1955.96
1917.083 -3.32 1942.25 0.59 -5.64 1918.5 -4.6624 1955.88
1916.917 -3.41 1942.17 0.48 -5.61 1918.67 -4.91493 1955.79

1916.75 -3.65 1942.08 0.45 -5.71 1918.83 -4.96418 1955.71
1916.583 -3.77 1942 0.31 -5.73 1919 -4.95512 1955.63
1916.417 -3.7 1941.92 0.06 -6 1919.17 -4.94606 1955.54

1916.25 -3.43 1941.75 0.01 -6.14 1919.33 -4.78502 1955.46
1916.083 -3.3 1941.69 0.14 -6.05 1919.5 -4.65516 1955.38
1915.917 -3.91 1941.63 -0.02 -5.88 1919.67 -4.91255 1955.29

1915.75 -4.01 1941.57 0.03 -5.95 1919.83 -4.88849 1955.21
1915.583 -3.93 1941.51 0.2 -5.78 1920 -4.67607 1955.13
1915.417 -3.35 1941.46 0.05 -5.86 1920.17 -4.51898 1955.04

1915.25 -3.14 1941.4 0.18 -5.75 1920.33 -4.52326 1954.96
1915.083 -2.95 1941.34 0.17 -5.72 1920.5 -4.54124 1954.88
1914.917 -3.25 1941.28 0.43 -5.43 1920.67 -4.51771 1954.79

1914.75 -3.58 1941.22 0.31 -5.53 1920.83 -4.46431 1954.71
1914.583 -3.54 1941.16 0.34 -5.59 1921 -4.39793 1954.63
1914.417 -3.2 1941.1 0.41 -5.38 1921.17 -4.33269 1954.54

1914.25 -3.01 1941.04 0.44 -5.57 1921.33 -4.27656 1954.46
1914.083 -3.08 1940.99 -0.42 -5.84 1921.5 -4.37543 1954.38
1913.917 -3.4 1940.93 -0.2 -5.9 1921.67 -4.44636 1954.29

1913.75 -3.73 1940.87 -0.42 -5.81 1921.83 -4.48363 1954.21
1913.583 -3.69 1940.75 -0.82 -6.2 1922 -4.4779 1954.13
1913.417 -3.55 1940.67 -0.55 -6.04 1922.17 -4.47413 1954.04

1913.25 -3.29 1940.6 -0.2 -5.93 1922.33 -4.47741 1953.96

ABOR/MH/Priv-002999



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.602 1991.571 4.16E-06 1959.42 9.54 24.64 -0.72 1918.91667 -2.471660284 -3.782940338 1920.625 -1.51 -4.08
-4.466 1991.564 4.36E-06 1959.34 9.45 25.68 -0.73 1918.75 -2.653995055 -3.753883148 1920.458 -0.87 -4.48
-4.511 1991.557 4.17E-06 1959.25 9.4 26.32 -0.73 1918.58333 -3.179637128 -3.827700714 1920.291 -0.67 -4.99

-4.72 1991.55 4.48E-06 1959.17 9.39 26.44 -0.73 1918.41667 -3.484183126 -4.24332178 1920.125 -0.86 -4.5
-4.942 1991.541 4.43E-06 1959.09 9.49 25.26 -0.73 1918.25 -2.736188791 -4.368109495 1919.958 -1.08 -4.32
-5.014 1991.531 4.41E-06 1959 9.63 23.59 -0.72 1918.08333 -2.369647403 -4.284181453 1919.791 -1.41 -4.13
-5.108 1991.522 4.87E-06 1958.92 9.6 23.93 -0.72 1917.91667 -2.306849408 -4.130759458 1919.625 -1.33 -3.84
-5.036 1991.513 4.9E-06 1958.84 9.63 23.53 -0.71 1917.75 -2.600132921 -3.693261658 1919.458 -0.86 -4.34
-4.936 1991.503 4.84E-06 1958.75 9.66 23.23 -0.71 1917.58333 -3.587254925 -3.820411486 1919.291 -0.42 -4.49
-4.818 1991.494 4.71E-06 1958.67 9.7 22.7 -0.7 1917.41667 -3.415628708 -3.92012525 1919.125 -0.35 -4.39
-4.753 1991.485 5.04E-06 1958.59 9.61 23.82 -0.69 1917.25 -2.889479228 -4.056399901 1918.958 -0.47 -4.2
-4.728 1991.475 5.08E-06 1958.5 9.56 24.39 -0.68 1917.08333 -2.732316095 -4.07096249 1918.791 -0.61 -4.04
-4.712 1991.466 4.7E-06 1958.42 9.47 25.49 -0.66 1916.91667 -2.700600745 -3.651588435 1918.625 -1.17 -3.76
-4.498 1991.457 4.71E-06 1958.34 9.42 26.05 -0.65 1916.75 -2.937076132 -3.602633498 1918.458 -1.3 -3.9
-4.545 1991.447 4.88E-06 1958.25 9.43 26.02 -0.63 1916.58333 -3.549485333 -3.951392107 1918.291 -1.29 -4.12
-4.713 1991.438 5.04E-06 1958.17 9.42 26.1 -0.62 1916.41667 -3.213808116 -4.021654284 1918.125 -1.1 -4.63

-4.86 1991.429 5.06E-06 1958.09 9.47 25.43 -0.6 1916.25 -2.760261949 -3.845263555 1917.958 -1.58 -4.83
-4.96 1991.419 5.17E-06 1958 9.53 24.82 -0.58 1916.08333 -2.442705396 -4.018135486 1917.791 -1.35 -4.4

-4.982 1991.41 5.3E-06 1957.92 9.52 24.91 -0.56 1915.91667 -2.432140781 -4.06689499 1917.625 -1.11 -3.95
-4.87 1991.4 5.23E-06 1957.84 9.51 25 -0.54 1915.75 -2.84016732 -3.804686899 1917.458 -1.72 -4.17

-4.813 1991.391 5.01E-06 1957.75 9.56 24.42 -0.52 1915.58333 -3.67803382 -3.89911307 1917.291 -1.44 -4.6
-4.825 1991.382 5.11E-06 1957.67 9.61 23.79 -0.5 1915.41667 -3.087000171 -4.0157057 1917.125 -1.24 -4.85
-4.778 1991.372 5.48E-06 1957.59 9.58 24.15 -0.48 1915.25 -2.591676345 -4.232701645 1916.958 -1.41 -4.62
-4.672 1991.363 5.82E-06 1957.5 9.53 24.81 -0.46 1915.08333 -2.694442229 -4.220710187 1916.791 -1.29 -4.19
-4.742 1991.354 5.92E-06 1957.42 9.51 25.04 -0.43 1914.91667 -3.118215181 -3.607901639 1916.625 -1.44 -3.92
-4.654 1991.344 5.93E-06 1957.34 9.42 26.13 -0.41 1914.75 -3.263129715 -3.395571533 1916.458 -1.25 -4.19
-4.702 1991.335 5.52E-06 1957.25 9.34 27.03 -0.39 1914.58333 -2.945909054 -3.614864807 1916.291 -0.76 -4.67

-4.84 1991.326 6.14E-06 1957.17 9.33 27.17 -0.37 1914.41667 -2.743029384 -4.084457013 1916.125 -0.69 -4.8
-4.959 1991.316 5.95E-06 1957.09 9.33 27.18 -0.35 1914.25 -2.608431095 -3.86475637 1915.958 -1.34 -4.43

-5.06 1991.307 6.32E-06 1957 9.35 26.96 -0.32 1914.08333 -2.455598213 -3.877185994 1915.791 -1.24 -4.13
-5.125 1991.298 6.41E-06 1956.92 9.39 26.46 -0.3 1913.91667 -3.077133038 -3.677231116 1915.625 -1.15 -3.95
-4.985 1991.288 6.11E-06 1956.84 9.44 25.81 -0.28 1913.75 -3.004169954 -3.524005079 1915.458 -1.2 -4.14
-4.896 1991.279 5.37E-06 1956.75 9.51 25 -0.26 1913.58333 -3.406086446 -3.897283036 1915.291 -1.09 -4.61

-4.86 1991.27 5.5E-06 1956.67 9.57 24.27 -0.24 1913.41667 -3.2791999 -3.969139878 1915.125 -0.24 -4.48
-4.844 1991.26 6.1E-06 1956.59 9.52 24.87 -0.22 1913.25 -2.954376112 -3.764544165 1914.958 -0.79 -4.38
-4.784 1991.251 6.48E-06 1956.5 9.5 25.12 -0.21 1913.08333 -2.553042326 -3.899759578 1914.791 -0.72 -4.2
-4.676 1991.242 6.48E-06 1956.42 9.43 25.98 -0.19 1912.91667 -2.626578679 -4.083071947 1914.625 -1.18 -3.86
-4.668 1991.232 7.03E-06 1956.34 9.34 27.09 -0.17 1912.75 -2.916374443 -3.667155215 1914.458 -1.34 -4.12
-4.686 1991.223 9.25E-06 1956.25 9.35 26.99 -0.16 1912.58333 -3.221077283 -3.646620677 1914.291 -1.19 -4.34
-4.789 1991.214 1.08E-05 1956.17 9.33 27.19 -0.14 1912.41667 -3.405577826 -3.918114191 1914.125 -0.41 -4.76
-4.888 1991.204 1.37E-05 1956.09 9.34 27.04 -0.13 1912.25 -2.903076302 -3.99180496 1913.958 -0.99 -4.58
-5.151 1991.195 1.17E-05 1956 9.4 26.31 -0.11 1912.08333 -2.303099743 -3.9308969 1913.791 -0.8 -4.14
-5.078 1991.186 1.05E-05 1955.92 9.45 25.77 -0.1 1911.91667 -2.254305281 -3.855793285 1913.625 -1 -3.78
-5.081 1991.176 8.91E-06 1955.84 9.49 25.26 -0.09 1911.75 -2.721181789 -3.641788694 1913.458 -1.25 -4.31
-5.093 1991.167 9.09E-06 1955.75 9.54 24.66 -0.08 1911.58333 -3.096357444 -3.776795569 1913.291 -0.81 -4.6

ABOR/MH/Priv-003000



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1913.083 -2.88 1940.52 -0.08 -5.64 1922.5 -4.44578 1953.88
1912.917 -3.45 1940.44 0.3 -5.51 1922.67 -4.46148 1953.79

1912.75 -3.62 1940.37 0.51 -5.41 1922.83 -4.41982 1953.71
1912.583 -3.87 1940.29 0.48 -5.51 1923 -4.36609 1953.63
1912.417 -3.66 1940.21 0.32 -5.16 1923.17 -4.36626 1953.54

1912.25 -3.36 1940.13 0.03 -5.19 1923.33 -4.40012 1953.46
1912.083 -3.04 1940.06 -0.4 -5.42 1923.5 -4.45264 1953.38
1911.917 -3.26 1939.98 -0.83 -5.86 1923.67 -4.5219 1953.29

1911.75 -3.59 1939.9 -0.87 -6.11 1923.83 -4.64324 1953.21
1911.583 -3.87 1939.75 -0.86 -6.12 1924 -4.70459 1953.13
1911.417 -3.57 1939.67 -0.77 -6.09 1924.17 -4.55225 1953.04

1911.25 -3.13 1939.58 -0.88 -6.1 1924.33 -4.40876 1952.96
1911.083 -3.08 1939.5 -0.56 -6.11 1924.5 -4.33926 1952.88
1910.917 -3.48 1939.42 -0.68 -5.96 1924.67 -4.39817 1952.79

1910.75 -3.7 1939.33 -0.13 -5.78 1924.83 -4.50216 1952.71
1910.583 -3.79 1939.25 -0.07 -5.34 1925 -4.43064 1952.63
1910.417 -3.31 1939.17 -0.24 -5.72 1925.17 -4.44553 1952.54

1910.25 -2.95 1939.08 -0.36 -5.58 1925.33 -4.50902 1952.46
1910.083 -3.03 1939 -0.45 -5.99 1925.5 -4.58066 1952.38
1909.917 -3.39 1938.92 -0.98 -6.08 1925.67 -4.65909 1952.29

1909.75 -3.69 1938.75 -1.1 -6.59 1925.83 -4.73119 1952.21
1909.583 -3.8 1938.68 -1.28 -6.34 1926 -4.78537 1952.13
1909.417 -3.68 1938.61 -1.06 -6.37 1926.17 -4.83443 1952.04

1909.25 -3.25 1938.54 -0.76 -6.23 1926.33 -4.64094 1951.96
1909.083 -2.9 1938.46 -0.4 -6.16 1926.5 -4.51263 1951.88
1908.917 -3.18 1938.39 -0.08 -6.01 1926.67 -4.44858 1951.79

1908.75 -3.48 1938.32 -0.04 -5.8 1926.83 -4.38748 1951.71
1908.583 -3.83 1938.25 0.07 -5.61 1927 -4.31759 1951.63
1908.417 -3.79 1938.18 -0.16 -5.64 1927.17 -4.21797 1951.54

1908.25 -3.57 1938.11 -0.45 -5.89 1927.33 -4.20876 1951.46
1908.083 -3.02 1938.04 -0.44 -6.11 1927.5 -4.36314 1951.38
1907.917 -3.26 1937.96 -0.45 -6.31 1927.67 -4.39672 1951.29

1907.75 -3.57 1937.89 -0.76 -6.41 1927.83 -4.38933 1951.21
1907.583 -3.63 1937.75 -0.84 -6.66 1928 -4.48845 1951.13
1907.417 -3.52 1937.68 -0.9 -6.46 1928.17 -4.3597 1951.04

1907.25 -3.19 1937.62 -0.66 -6.47 1928.33 -4.32569 1950.96
1907.083 -2.99 1937.55 -0.28 -6.3 1928.5 -4.34751 1950.88
1906.917 -3.39 1937.48 -0.42 -6.1 1928.67 -4.36229 1950.79

1906.75 -3.54 1937.42 -0.57 -6.34 1928.83 -4.37859 1950.71
1906.583 -3.63 1937.35 -0.16 -6.34 1929 -4.36131 1950.63
1906.417 -3.6 1937.28 -0.9 -6.36 1929.17 -4.34432 1950.54

1906.25 -3.37 1937.22 -1.18 -6.18 1929.33 -4.34488 1950.46
1906.083 -3.02 1937.15 -0.14 -6.01 1929.5 -4.41039 1950.38
1905.917 -3.5 1937.08 -0.29 -5.73 1929.67 -4.49286 1950.29

1905.75 -3.71 1937.02 -0.17 -5.55 1929.83 -4.55318 1950.21

ABOR/MH/Priv-003001



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-5.04 1991.157 7.64E-06 1955.67 9.55 24.52 -0.07 1911.41667 -2.973493634 -3.928214854 1913.125 -0.54 -4.81
-4.99 1991.148 6.11E-06 1955.59 9.5 25.17 -0.06 1911.25 -2.545982756 -4.057682546 1912.958 -0.47 -4.49

-4.896 1991.139 6.35E-06 1955.5 9.44 25.83 -0.05 1911.08333 -2.145199865 -4.260289639 1912.791 -0.48 -4
-4.863 1991.129 4.66E-06 1955.42 9.38 26.58 -0.04 1910.91667 -2.164700684 -4.062843006 1912.625 -1.09 -3.65
-4.575 1991.12 3.97E-06 1955.34 9.32 27.28 -0.04 1910.75 -2.359689421 -3.611731323 1912.458 -1.15 -4.2
-4.651 1991.111 3.89E-06 1955.25 9.31 27.41 -0.03 1910.58333 -2.670889696 -3.664785782 1912.291 -0.9 -4.47
-4.926 1991.101 3.89E-06 1955.17 9.3 27.55 -0.02 1910.41667 -2.735688044 -3.929015357 1912.125 -0.66 -4.66
-5.079 1991.092 3.97E-06 1955.09 9.31 27.43 -0.02 1910.25 -2.4644721 -4.227705454 1911.958 -0.38 -4.54
-5.107 1991.083 3.85E-06 1955 9.42 26.1 -0.01 1910.08333 -2.505100279 -4.297171585 1911.791 -0.11 -4.03
-5.079 1991.073 3.86E-06 1954.92 9.47 25.49 -0.01 1909.91667 -2.571498848 -3.97969814 1911.625 -0.45 -3.75
-5.014 1991.064 3.67E-06 1954.84 9.51 25.03 -0.01 1909.75 -3.015135125 -3.641835467 1911.458 -0.8 -3.79
-4.907 1991.055 3.58E-06 1954.75 9.54 24.66 0 1909.58333 -3.162777143 -4.017567772 1911.291 -0.49 -4.24

-4.85 1991.045 3.89E-06 1954.67 9.54 24.64 0 1909.41667 -2.9989801 -4.146717743 1911.125 -0.38 -4.59
-4.895 1991.036 3.67E-06 1954.59 9.52 24.86 0 1909.25 -2.62434299 -4.149717716 1910.958 -0.39 -4.58
-4.848 1991.027 3.51E-06 1954.5 9.48 25.4 0.01 1909.08333 -2.181511233 -4.294621355 1910.791 -0.29 -4.24
-4.754 1991.017 3.54E-06 1954.42 9.44 25.83 0.01 1908.91667 -2.086908956 -4.220718742 1910.625 -0.63 -3.91 9.28676
-4.634 1991.008 3.95E-06 1954.34 9.42 26.12 0.01 1908.75 -2.312829119 -3.72955875 1910.458 -0.31 -4 9.27244
-4.652 1990.999 4.22E-06 1954.25 9.38 26.6 0.02 1908.58333 -3.22144623 -3.758952551 1910.291 -0.14 -4.49 9.16543
-4.714 1990.989 4.55E-06 1954.17 9.37 26.66 0.02 1908.41667 -3.04573542 -3.874970105 1910.125 -0.23 -4.64 8.96573

-5.02 1990.98 3.58E-06 1954.09 9.41 26.19 0.02 1908.25 -2.631710373 -3.879923055 1909.958 -0.62 -4.53 9.09911
-5.119 1990.971 3.8E-06 1954 9.43 26 0.03 1908.08333 -2.716819986 -3.772695785 1909.791 -1.04 -4.4 9.08492
-5.133 1990.961 3.6E-06 1953.92 9.48 25.39 0.03 1907.91667 -2.466079297 -3.705555647 1909.625 -0.7 -4.05 9.23047
-5.145 1990.952 3.51E-06 1953.84 9.56 24.42 0.04 1907.75 -2.930260002 -3.676214457 1909.458 -0.5 -4.43 9.06911
-5.026 1990.943 3.66E-06 1953.75 9.6 23.96 0.04 1907.58333 -2.919837781 -4.001616407 1909.291 -0.02 -4.72 8.98661

-4.91 1990.933 3.58E-06 1953.67 9.61 23.79 0.05 1907.41667 -2.760451481 -4.304115437 1909.125 0.04 -4.93 8.91064
-4.725 1990.924 3.57E-06 1953.59 9.6 23.93 0.05 1907.25 -2.567212413 -4.101483313 1908.958 -0.17 -4.84 8.98198
-4.649 1990.914 3.56E-06 1953.5 9.55 24.53 0.06 1907.08333 -2.404435412 -3.991691129 1908.791 -0.32 -4.37 9.06894
-4.631 1990.905 3.38E-06 1953.42 9.45 25.76 0.06 1906.91667 -2.658039798 -3.708891975 1908.625 -0.63 -3.99 9.24025
-4.467 1990.896 3.58E-06 1953.34 9.37 26.7 0.07 1906.75 -3.019094933 -3.45882636 1908.458 -0.59 -4.31 9.13346
-4.669 1990.886 3.84E-06 1953.25 9.3 27.5 0.08 1906.58333 -3.131198159 -3.591175976 1908.291 -0.35 -4.61 8.94955
-4.837 1990.877 3.83E-06 1953.17 9.28 27.77 0.08 1906.41667 -2.790895626 -4.029891047 1908.125 0.1 -4.89 8.9127
-4.919 1990.868 3.95E-06 1953.09 9.28 27.8 0.09 1906.25 -2.389345155 -3.893806263 1907.958 -0.01 -4.61 9.06918
-4.906 1990.858 3.85E-06 1953 9.31 27.47 0.09 1906.08333 -2.374341885 -4.330005645 1907.791 -0.13 -4.18 9.20135
-4.826 1990.849 4.25E-06 1952.92 9.37 26.7 0.1 1905.91667 -2.696107305 -3.776435369 1907.625 -0.27 -3.61 9.30494

-4.73 1990.84 4.56E-06 1952.84 9.42 26.1 0.11 1905.75 -2.979726476 -3.467490056 1907.458 -0.56 -4.05 9.20248
-4.746 1990.83 3.69E-06 1952.75 9.49 25.25 0.11 1905.58333 -2.992597451 -3.714295898 1907.291 -0.69 -4.42 9.06712
-4.743 1990.821 3.88E-06 1952.67 9.57 24.27 0.12 1905.41667 -2.847926848 -3.890512544 1907.125 -0.22 -4.85 8.93683
-4.705 1990.812 3.96E-06 1952.59 9.54 24.59 0.12 1905.25 -2.61307277 -3.867542425 1906.958 0.1 -4.89 8.97504
-4.615 1990.802 4.03E-06 1952.5 9.55 24.51 0.13 1905.08333 -2.33755006 -3.869707672 1906.791 -0.31 -4.35 9.1118
-4.591 1990.793 4.11E-06 1952.42 9.48 25.33 0.13 1904.91667 -2.181280499 -4.066493961 1906.625 -0.39 -4.07 9.18703
-4.495 1990.784 4.09E-06 1952.34 9.42 26.12 0.14 1904.75 -2.512732928 -3.595773081 1906.458 -0.47 -4.3 9.1117
-4.648 1990.774 3.85E-06 1952.25 9.38 26.59 0.14 1904.58333 -3.051865973 -3.74632139 1906.291 -0.32 -4.79 9.05205
-4.811 1990.765 3.83E-06 1952.17 9.31 27.46 0.15 1904.41667 -2.861994136 -3.909225657 1906.125 0.02 -4.9 8.89131
-4.856 1990.756 3.71E-06 1952.09 9.33 27.19 0.15 1904.25 -2.012098658 -4.09712417 1905.958 -0.1 -4.38 9.1142

-4.87 1990.746 3.71E-06 1952 9.35 27 0.16 1904.08333 -2.264722305 -3.924411321 1905.791 -0.38 -4.24 9.18994

ABOR/MH/Priv-003002



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1905.583 -3.86 1936.95 0.14 -5.51 1930 -4.67849 1950.13
1905.417 -3.74 1936.88 0.3 -5.58 1930.17 -4.62235 1950.04

1905.25 -3.35 1936.75 -0.86 -6.24 1930.33 -4.49772 1949.96
1905.083 -3 1936.67 -0.76 -6.24 1930.5 -4.48055 1949.88
1904.917 -3.23 1936.6 -0.25 -6.22 1930.67 -4.65588 1949.79

1904.75 -3.61 1936.52 -0.4 -6.32 1930.83 -4.74731 1949.71
1904.583 -3.7 1936.44 -0.03 -6.07 1931 -4.70321 1949.63
1904.417 -3.48 1936.37 0.15 -5.51 1931.17 -4.59529 1949.54

1904.25 -3.2 1936.29 -0.33 -5.76 1931.33 -4.48639 1949.46
1904.083 -3.1 1936.21 0.09 -5.66 1931.5 -4.39323 1949.38
1903.917 -3.2 1936.13 0.31 -5.51 1931.67 -4.32128 1949.29

1903.75 -3.4 1936.06 -0.19 -5.52 1931.83 -4.32005 1949.21
1903.583 -3.62 1935.98 -0.92 -6.22 1932 -4.28307 1949.13
1903.417 -3.64 1935.9 -0.77 -6.49 1932.17 -4.34852 1949.04

1903.25 -3.42 1935.75 -0.97 -6.62 1932.33 -4.36982 1948.96
1903.083 -3.24 1935.67 -0.54 -6.28 1932.5 -4.34327 1948.88
1902.917 -3.31 1935.6 -0.34 -6.17 1932.67 -4.35166 1948.79

1902.75 -3.48 1935.52 -0.15 -5.92 1932.83 -4.41127 1948.71
1902.583 -3.72 1935.44 -0.11 -5.67 1933 -4.39008 1948.63
1902.417 -3.77 1935.37 0.16 -5.37 1933.17 -4.37639 1948.54

1902.25 -3.37 1935.29 0.34 -5.32 1933.33 -4.36145 1948.46
1902.083 -3.2 1935.21 0.2 -5.45 1933.5 -4.29183 1948.38
1901.917 -3.47 1935.13 0.13 -5.45 1933.67 -4.29102 1948.29

1901.75 -3.64 1935.06 -0.08 -5.76 1933.83 -4.27019 1948.21
1901.583 -3.77 1934.98 -0.53 -6.16 1934 -4.20916 1948.13
1901.417 -3.77 1934.9 -0.13 -6.12 1934.17 -4.3155 1948.04

1901.25 -3.28 1934.75 -1.04 -6.27 1934.33 -4.38823 1947.96
1901.083 -3.01 1934.69 -0.77 -6.11 1934.5 -4.41121 1947.88
1900.917 -3.32 1934.63 -0.85 -6.15 1934.67 -4.41809 1947.79

1900.75 -3.64 1934.57 -0.35 -5.93 1934.83 -4.42198 1947.71
1900.583 -3.76 1934.51 -0.62 -6.39 1935 -4.42559 1947.63
1900.417 -3.25 1934.46 0.08 -5.53 1935.17 -4.41741 1947.54

1900.25 -3.01 1934.4 0.42 -5.48 1935.33 -4.39247 1947.46
1900.083 -2.99 1934.34 0.37 -5.48 1935.5 -4.38475 1947.38
1899.917 -3.41 1934.28 0.26 -5.35 1935.67 -4.40707 1947.29

1899.75 -3.66 1934.22 -0.38 -5.4 1935.83 -4.45997 1947.21
1899.583 -3.78 1934.16 -0.04 -5.32 1936 -4.46681 1947.13
1899.417 -3.57 1934.1 -0.34 -5.77 1936.17 -4.45449 1947.04

1899.25 -3.22 1934.04 -0.39 -5.96 1936.33 -4.45751 1946.96
1899.083 -2.96 1933.99 -1.03 -6.15 1936.5 -4.4788 1946.88
1898.917 -3.28 1933.93 -1.08 -6.1 1936.67 -4.49025 1946.79

1898.75 -3.77 1933.87 -1.04 -6.19 1936.83 -4.48191 1946.71
1898.583 -3.64 1933.75 -0.76 -6.28 1937 -4.46323 1946.63
1898.417 -3.54 1933.66 -0.65 -6.23 1937.17 -4.42395 1946.54

1898.25 -3.13 1933.57 -0.62 -6.14 1937.33 -4.40731 1946.46

ABOR/MH/Priv-003003



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.812 1990.737 3.66E-06 1951.92 9.41 26.22 0.16 1903.91667 -2.704170334 -3.638494081 1905.625 -0.65 -4.1 9.26532
-4.707 1990.728 3.73E-06 1951.84 9.46 25.57 0.16 1903.75 -2.834359004 -3.537942734 1905.458 -0.4 -4.52 9.21719
-4.793 1990.718 3.6E-06 1951.75 9.57 24.27 0.17 1903.58333 -3.044994687 -3.724717318 1905.291 -0.29 -4.7 9.04367

-4.77 1990.709 3.65E-06 1951.67 9.62 23.67 0.17 1903.41667 -2.85380458 -3.806960898 1905.125 -0.3 -4.64 8.9554
-4.725 1990.7 3.55E-06 1951.59 9.6 23.87 0.17 1903.25 -2.576018748 -3.761108876 1904.958 -0.31 -4.39 9.13005
-4.716 1990.69 3.51E-06 1951.5 9.6 23.87 0.18 1903.08333 -2.299726919 -3.747437505 1904.791 -0.43 -4.25 9.20011
-4.651 1990.681 4.34E-06 1951.42 9.4 26.36 0.18 1902.91667 -2.174311832 -3.658110342 1904.625 -0.66 -4.23 9.28313
-4.636 1990.671 4.78E-06 1951.34 9.29 27.67 0.18 1902.75 -2.767843875 -3.802813883 1904.458 -0.38 -4.69 9.20527

-4.73 1990.662 4.53E-06 1951.25 9.26 28.06 0.18 1902.58333 -3.280209374 -3.857164508 1904.291 -0.27 -5 9.03903
-4.932 1990.653 4.58E-06 1951.17 9.28 27.86 0.18 1902.41667 -3.356604541 -3.962646826 1904.125 -0.22 -5.01 8.83943
-5.026 1990.643 4.34E-06 1951.09 9.29 27.63 0.18 1902.25 -2.908322994 -4.03677326 1903.958 -0.19 -4.76 9.03932
-4.947 1990.634 4.76E-06 1951 9.32 27.33 0.18 1902.08333 -2.711028516 -3.989790353 1903.791 -0.21 -4.42 9.12536
-4.903 1990.625 4.26E-06 1950.92 9.38 26.64 0.17 1901.91667 -2.740900504 -3.86411777 1903.625 -0.36 -4.17 9.23144
-4.811 1990.615 3.82E-06 1950.84 9.46 25.6 0.17 1901.75 -2.844800903 -3.696513159 1903.458 -0.73 -4.22 9.11456
-4.817 1990.606 3.38E-06 1950.75 9.48 25.37 0.16 1901.58333 -2.855876184 -3.842721489 1903.291 -0.49 -4.42 9.03301
-4.808 1990.597 3.45E-06 1950.67 9.48 25.37 0.16 1901.41667 -3.060375439 -3.899414614 1903.125 -0.22 -4.53 8.77339
-4.746 1990.587 3.62E-06 1950.59 9.46 25.59 0.15 1901.25 -2.872394683 -4.097038225 1902.958 -0.1 -4.4 9.11246
-4.757 1990.578 3.6E-06 1950.5 9.45 25.71 0.14 1901.08333 -2.348558418 -4.118064293 1902.791 -0.14 -4.1 9.01275
-4.745 1990.569 4.66E-06 1950.42 9.37 26.67 0.14 1900.91667 -2.122525597 -4.058700083 1902.625 -0.4 -3.97 9.18759
-4.563 1990.559 3.99E-06 1950.34 9.31 27.43 0.13 1900.75 -1.897934503 -3.614518638 1902.458 -0.91 -4.16 9.13625
-4.726 1990.55 3.93E-06 1950.25 9.26 28.05 0.12 1900.58333 -3.057233207 -3.812098128 1902.291 -0.5 -4.32 8.98346
-4.894 1990.539 3.95E-06 1950.17 9.24 28.24 0.1 1900.41667 -3.076394477 -4.12330442 1902.125 -0.51 -4.8 8.82873
-5.083 1990.527 3.86E-06 1950.09 9.26 28.01 0.09 1900.25 -2.525143106 -4.100470575 1901.958 -0.24 -4.49 8.95451
-5.094 1990.516 4.14E-06 1950 9.34 27.12 0.08 1900.08333 -2.301021033 -4.133961992 1901.791 -0.33 -4.34 9.03613
-4.993 1990.505 4.16E-06 1949.92 9.41 26.28 0.07 1899.91667 -2.501933488 -3.781930139 1901.625 -1.01 -4.04 9.2197
-4.849 1990.493 4.49E-06 1949.84 9.42 26.06 0.05 1899.75 -3.039400696 -3.747077019 1901.458 -1.8 -4.22 9.20707
-4.773 1990.482 4.08E-06 1949.75 9.53 24.82 0.04 1899.58333 -3.063186036 -3.943167599 1901.291 -1.02 -4.65 9.02635
-4.759 1990.471 4.18E-06 1949.67 9.61 23.79 0.02 1899.41667 -2.708195959 -4.245369606 1901.125 -0.31 -4.87 8.72401
-4.851 1990.46 4.28E-06 1949.59 9.57 24.24 0.01 1899.25 -2.765781326 -4.056210347 1900.958 -0.68 -4.52 8.89613
-4.827 1990.448 4.33E-06 1949.5 9.53 24.79 0 1899.08333 -2.694864476 -3.909260843 1900.791 -1.01 -4.13 9.02227
-4.598 1990.437 4.4E-06 1949.42 9.56 24.46 -0.02 1898.91667 -2.417209703 -3.78556252 1900.625 -1.61 -4.08 9.20045
-4.489 1990.426 4.67E-06 1949.34 9.52 24.85 -0.03 1898.75 -2.789387383 -3.686989379 1900.458 -1.09 -4.6 9.08243
-4.539 1990.414 5.15E-06 1949.25 9.42 26.13 -0.05 1898.58333 -3.254900315 -3.81539364 1900.291 -0.75 -4.71 9.00064
-4.673 1990.403 5.86E-06 1949.17 9.37 26.74 -0.06 1898.41667 -3.027556495 -3.967880151 1900.125 -0.67 -4.5 8.9419
-4.835 1990.392 6.75E-06 1949.09 9.42 26.15 -0.07 1898.25 -2.418046372 -4.094088294 1899.958 -0.76 -4.22 8.98046
-5.054 1990.38 7.39E-06 1949 9.38 26.56 -0.08 1898.08333 -2.537602459 -3.955078613 1899.791 -1 -4.08 9.11053
-5.186 1990.369 6.89E-06 1948.92 9.41 26.17 -0.09 1897.91667 -2.529524159 -3.72911653 1899.625 -1.54 -3.85 9.25888
-5.096 1990.358 0.000006 1948.84 9.48 25.39 -0.11 1897.75 -2.260991951 -3.504471175 1899.458 -1.27 -4.04 8.9671
-4.837 1990.346 5.52E-06 1948.75 9.55 24.53 -0.12 1897.58333 -2.218154323 -3.7292649 1899.291 -0.57 -4.64 8.95887
-4.818 1990.335 5.31E-06 1948.67 9.59 24.03 -0.13 1897.41667 -2.501709717 -3.746275372 1899.125 -0.38 -4.55 8.88671
-4.793 1990.324 5.7E-06 1948.59 9.57 24.27 -0.13 1897.25 -3.034359621 -3.884759624 1898.958 -0.76 -4.29 9.00046
-4.802 1990.313 6.02E-06 1948.5 9.56 24.4 -0.14 1897.08333 -2.393689218 -3.871901326 1898.791 -1.36 -4 9.06986
-4.712 1990.301 6.25E-06 1948.42 9.52 24.92 -0.15 1896.91667 -2.468530806 -3.887594704 1898.625 -1.3 -3.92 9.2125

-4.59 1990.29 6.56E-06 1948.34 9.48 25.31 -0.16 1896.75 -2.566650698 -3.643071523 1898.458 -1.05 -4.51 9.12382
-4.679 1990.279 6.51E-06 1948.25 9.39 26.43 -0.16 1896.58333 -2.926640536 -3.663896215 1898.291 -0.73 -4.88 8.91798

ABOR/MH/Priv-003004



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1898.083 -3.02 1933.48 -0.07 -5.72 1937.5 -4.41715 1946.38
1897.917 -3.26 1933.39 -0.24 -6.14 1937.67 -4.43894 1946.29

1897.75 -3.78 1933.3 0.18 -5.38 1937.83 -4.41376 1946.21
1897.583 -3.92 1933.2 -0.58 -5.63 1938 -4.31828 1946.13
1897.417 -3.58 1933.11 -0.55 -5.88 1938.17 -4.276 1946.04

1897.25 -3.14 1933.02 -0.69 -6.21 1938.33 -4.30527 1945.96
1897.083 -3.05 1932.93 -0.8 -6.29 1938.5 -4.36228 1945.88
1896.917 -3.49 1932.75 -0.75 -6.36 1938.67 -4.39706 1945.79

1896.75 -3.9 1932.67 -0.77 -6.24 1938.83 -4.37783 1945.71
1896.583 -4.09 1932.6 -0.45 -6.14 1939 -4.41067 1945.63
1896.417 -3.63 1932.52 -0.17 -5.99 1939.17 -4.43648 1945.54

1896.25 -3.16 1932.44 0.1 -5.68 1939.33 -4.43891 1945.46
1896.083 -3.07 1932.37 0.17 -5.52 1939.5 -4.44334 1945.38
1895.917 -3.36 1932.29 0.27 -5.56 1939.67 -4.45988 1945.29

1895.75 -3.57 1932.21 0.19 -5.41 1939.83 -4.46385 1945.21
1895.583 -3.82 1932.13 -0.1 -5.54 1940 -4.50721 1945.13
1895.417 -3.53 1932.06 -0.3 -5.52 1940.17 -4.74447 1945.04

1895.25 -3.07 1931.98 -0.47 -5.73 1940.33 -4.84461 1944.96
1895.083 -2.98 1931.9 -0.77 -5.95 1940.5 -4.82089 1944.88
1894.917 -3.3 1931.75 -0.93 -6.24 1940.67 -4.77974 1944.79

1894.75 -3.71 1931.67 -1.04 -6.23 1940.83 -4.76415 1944.71
1894.583 -3.7 1931.6 -1.16 -6.18 1941 -4.75112 1944.63
1894.417 -3.44 1931.52 -0.8 -6.05 1941.17 -4.68127 1944.54

1894.25 -2.99 1931.44 -0.75 -6.09 1941.33 -4.5567 1944.46
1894.083 -2.91 1931.37 -1.11 -6.14 1941.5 -4.57446 1944.38
1893.917 -3.23 1931.29 0.21 -5.68 1941.67 -4.62791 1944.29

1893.75 -3.45 1931.21 -0.18 -5.52 1941.83 -4.58869 1944.21
1893.583 -3.62 1931.13 -0.27 -5.6 1942 -4.48963 1944.13
1893.417 -3.71 1931.06 -0.15 -5.7 1942.17 -4.39934 1944.04

1893.25 -3.49 1930.98 -0.36 -5.8 1942.33 -4.33257 1943.96
1893.083 -3.02 1930.9 -0.88 -6.31 1942.5 -4.28127 1943.88
1892.917 -3.3 1930.75 -0.93 -6.81 1942.67 -4.24113 1943.79

1892.75 -3.8 1930.68 -1 -6.58 1942.83 -4.22913 1943.71
1892.583 -3.78 1930.61 -1.22 -6.49 1943 -4.22621 1943.63
1892.417 -3.36 1930.54 -0.83 -6.52 1943.17 -4.21568 1943.54

1892.25 -2.89 1930.46 -0.35 -6.42 1943.33 -4.19691 1943.46
1892.083 -3.02 1930.39 0.13 -6.25 1943.5 -4.17605 1943.38
1891.917 -3.64 1930.32 0.23 -5.9 1943.67 -4.15499 1943.29

1891.75 -3.77 1930.25 -0.01 -5.94 1943.83 -4.19913 1943.21
1891.583 -3.94 1930.18 0.17 -5.58 1944 -4.2814 1943.13
1891.417 -3.73 1930.11 0.11 -5.42 1944.17 -4.35467 1943.04

1891.25 -3.59 1930.04 0.02 -5.6 1944.33 -4.32155 1942.96
1891.083 -3.06 1929.96 -0.22 -6.04 1944.5 -4.25419 1942.88
1890.917 -3.28 1929.89 -0.4 -6.3 1944.67 -4.2294 1942.79

1890.75 -3.75 1929.75 -0.55 -6.47 1944.83 -4.28602 1942.71

ABOR/MH/Priv-003005



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.719 1990.267 6.58E-06 1948.17 9.4 26.34 -0.17 1896.41667 -3.381595669 -3.93356839 1898.125 -0.35 -5.03 8.84678
-4.903 1990.256 6.51E-06 1948.09 9.41 26.18 -0.17 1896.25 -3.102958168 -3.935622022 1897.958 -0.34 -4.72 8.94151
-4.853 1990.245 6.75E-06 1948 9.43 26.02 -0.18 1896.08333 -2.578745838 -4.194575154 1897.791 -0.43 -4.44 9.01619
-4.884 1990.233 6.71E-06 1947.92 9.44 25.85 -0.18 1895.91667 -2.460085243 -4.043630339 1897.625 -0.62 -4.21 9.1165
-4.663 1990.222 6.68E-06 1947.84 9.5 25.17 -0.19 1895.75 -2.581257347 -3.759376509 1897.458 -1 -4.22 9.05367
-4.672 1990.211 6.17E-06 1947.75 9.56 24.36 -0.19 1895.58333 -2.869240559 -3.735127772 1897.291 -0.61 -4.55 8.97538
-4.696 1990.199 6.39E-06 1947.67 9.65 23.3 -0.19 1895.41667 -3.259386007 -3.948774741 1897.125 -0.31 -4.76 8.89736
-4.663 1990.188 7.09E-06 1947.59 9.58 24.15 -0.2 1895.25 -2.851246447 -4.026340934 1896.958 -0.37 -4.65 8.93763

-4.56 1990.177 7.11E-06 1947.5 9.51 24.96 -0.2 1895.08333 -2.002523651 -3.707431302 1896.791 -0.76 -4.32 9.05993
-4.546 1990.166 7.04E-06 1947.42 9.39 26.48 -0.2 1894.91667 -2.881471368 -3.762905679 1896.625 -1.39 -4.14 9.10384
-4.474 1990.154 6.76E-06 1947.34 9.3 27.56 -0.2 1894.75 -2.971312951 -3.509746534 1896.458 -0.89 -4.65 8.90968

-4.51 1990.143 0.000006 1947.25 9.32 27.3 -0.21 1894.58333 -3.516687693 -4.002810515 1896.291 -0.61 -4.84 8.88098
-4.536 1990.132 5.4E-06 1947.17 9.3 27.55 -0.21 1894.41667 -3.152851878 -4.152852656 1896.125 -0.53 -4.71 8.8575
-4.748 1990.12 5.06E-06 1947.09 9.36 26.84 -0.21 1894.25 -2.83392615 -4.170039672 1895.958 -0.54 -4.32 9.16816
-4.864 1990.109 4.56E-06 1947 9.43 26.02 -0.21 1894.08333 -2.570804865 -4.039072644 1895.791 -0.7 -4.06 9.06975
-4.869 1990.098 4.62E-06 1946.92 9.5 25.09 -0.22 1893.91667 -2.608237831 -3.950438877 1895.625 -1.01 -3.95 9.30154
-4.773 1990.086 4.65E-06 1946.84 9.54 24.59 -0.22 1893.75 -2.451903031 -3.529271459 1895.458 -0.45 -4.3 9.10114
-4.718 1990.075 4.71E-06 1946.75 9.58 24.17 -0.22 1893.58333 -2.759720409 -3.833587895 1895.291 -0.71 -3.97 8.90608
-4.751 1990.064 4.9E-06 1946.67 9.61 23.79 -0.23 1893.41667 -3.243450189 -3.795171719 1895.125 -0.35 -4.88 8.88239
-4.713 1990.053 4.96E-06 1946.59 9.57 24.3 -0.23 1893.25 -2.816153403 -3.974057732 1894.958 -0.76 -4.73 8.99882
-4.614 1990.041 4.94E-06 1946.5 9.51 24.94 -0.24 1893.08333 -2.44892504 -4.183156385 1894.791 -0.78 -4.35 9.10387
-4.534 1990.03 5.09E-06 1946.42 9.35 26.95 -0.24 1892.91667 -2.237418036 -3.886425517 1894.625 -0.56 -4.14 9.16214
-4.443 1990.019 5.37E-06 1946.34 9.3 27.61 -0.25 1892.75 -2.87498422 -3.496710776 1894.458 -0.57 -4.77 9.07065
-4.518 1990.007 5.18E-06 1946.25 9.3 27.53 -0.25 1892.58333 -3.165885262 -3.580201276 1894.291 -0.59 -5.13 8.83943

-4.69 1989.996 5.12E-06 1946.17 9.29 27.69 -0.26 1892.41667 -2.84748034 -3.73566913 1894.125 -0.5 -5.05 8.77989
-4.865 1989.985 5.29E-06 1946.09 9.33 27.19 -0.27 1892.25 -2.628052933 -3.831402329 1893.958 -0.42 -4.77 9.09823
-4.804 1989.973 5.37E-06 1946 9.41 26.26 -0.28 1892.08333 -2.505932568 -3.874766557 1893.791 -0.49 -4.58 9.12949
-4.777 1989.962 5.33E-06 1945.92 9.47 25.46 -0.29 1891.91667 -2.119191824 -3.922319493 1893.625 -0.64 -4.33 9.13836
-4.746 1989.951 5.46E-06 1945.84 9.49 25.26 -0.3 1891.75 -2.568036366 -3.57760463 1893.458 -0.41 -4.42 9.04993
-4.738 1989.939 5.46E-06 1945.75 9.55 24.57 -0.31 1891.58333 -2.984971087 -3.747192688 1893.291 -0.15 -4.72 8.96717
-4.701 1989.928 5.59E-06 1945.67 9.62 23.67 -0.32 1891.41667 -3.115737639 -4.113966526 1893.125 -0.12 -4.91 8.81607
-4.646 1989.917 5.48E-06 1945.59 9.55 24.56 -0.33 1891.25 -2.529426005 -3.973860217 1892.958 -0.19 -4.77 9.01479
-4.597 1989.906 5.49E-06 1945.5 9.51 25 -0.34 1891.08333 -2.353917276 -3.85555111 1892.791 -0.21 -4.35 9.13753
-4.507 1989.894 5.47E-06 1945.42 9.44 25.91 -0.35 1890.91667 -2.318693894 -3.68791349 1892.625 -0.4 -4.05 9.17557
-4.386 1989.883 5.51E-06 1945.34 9.3 27.6 -0.37 1890.75 -3.097498836 -3.6729736 1892.458 -0.55 -4.38 9.05703
-4.428 1989.872 5.24E-06 1945.25 9.24 28.28 -0.38 1890.58333 -3.612557102 -4.074183234 1892.291 -0.52 -4.64 8.92556
-4.712 1989.86 5.05E-06 1945.17 9.28 27.85 -0.4 1890.41667 -3.012237623 -4.252941713 1892.125 -0.29 -4.77 8.86298
-4.858 1989.849 5.09E-06 1945.09 9.35 26.91 -0.41 1890.25 -2.519577863 -4.018438594 1891.958 -0.22 -4.69 8.99829
-4.795 1989.838 4.73E-06 1945 9.46 25.57 -0.42 1890.08333 -2.479470136 -3.920907619 1891.791 -0.46 -4.42 9.10883
-4.737 1989.826 4.72E-06 1944.92 9.62 23.68 -0.44 1889.91667 -2.256635826 -3.746408575 1891.625 -0.38 -4.1 9.20704

-4.76 1989.815 4.66E-06 1944.84 9.71 22.61 -0.45 1889.75 -2.913503569 -3.538474264 1891.458 -0.53 -4.22
-4.768 1989.804 4.76E-06 1944.75 9.63 23.49 -0.47 1889.58333 -3.279796443 -3.612289499 1891.291 -0.32 -4.69
-4.716 1989.792 4.49E-06 1944.67 9.69 22.82 -0.48 1889.41667 -2.983436703 -3.888180651 1891.125 -0.41 -5.09
-4.667 1989.781 3.94E-06 1944.59 9.59 24.07 -0.5 1889.25 -2.79315985 -4.075774688 1890.958 -0.48 -4.84
-4.615 1989.77 3.87E-06 1944.5 9.53 24.77 -0.51 1889.08333 -1.99369361 -4.04038871 1890.791 -0.56 -4.54

ABOR/MH/Priv-003006



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1890.583 -3.94 1929.67 -0.77 -6.23 1945 -4.29892 1942.63
1890.417 -3.7 1929.6 -0.76 -6.29 1945.17 -4.39298 1942.54

1890.25 -3.27 1929.52 -0.9 -6.58 1945.33 -4.43119 1942.46
1890.083 -3.05 1929.44 -1.03 -6.3 1945.5 -4.41689 1942.38
1889.917 -3.46 1929.37 -0.4 -6.16 1945.67 -4.40447 1942.29

1889.75 -3.58 1929.29 -0.18 -5.92 1945.83 -4.28036 1942.21
1889.583 -3.75 1929.21 -0.16 -5.58 1946 -4.32306 1942.13
1889.417 -3.77 1929.13 0.03 -5.6 1946.17 -4.41629 1942.04

1889.25 -3.6 1929.06 -0.44 -5.78 1946.33 -4.43053 1941.96
1889.083 -3.19 1928.98 -0.37 -6.2 1946.5 -4.43632 1941.88
1888.917 -3.39 1928.9 -0.66 -6.47 1946.67 -4.46972 1941.79

1888.75 -3.8 1928.75 -0.77 -6.41 1946.83 -4.51313 1941.71
1888.583 -3.85 1928.68 -0.73 -6.44 1947 -4.60436 1941.63
1888.417 -3.75 1928.61 -0.88 -6.49 1947.17 -4.56118 1941.54

1888.25 -3.43 1928.54 -0.56 -6.29 1947.33 -4.51154 1941.46
1888.083 -3.14 1928.46 -0.36 -6.33 1947.5 -4.46601 1941.38
1887.917 -3.23 1928.39 -0.46 -6.16 1947.67 -4.36842 1941.29

1887.75 -3.79 1928.32 -0.33 -5.78 1947.83 -4.4574 1941.21
1887.583 -3.79 1928.25 -0.12 -5.42 1948 -4.52191 1941.13
1887.417 -3.48 1928.18 -0.15 -5.49 1948.17 -4.71797 1941.04

1887.25 -3.18 1928.11 -0.39 -5.78 1948.33 -4.78599 1940.96
1887.083 -3.05 1928.04 -0.55 -5.68 1948.5 -4.72948 1940.88
1886.917 -3.46 1927.96 -0.75 -5.93 1948.67 -4.50501 1940.79

1886.75 -3.85 1927.89 -0.67 -6.32 1948.83 -4.51022 1940.71
1886.583 -3.65 1927.75 -0.74 -6.58 1949 -4.60829 1940.63
1886.417 -3.31 1927.68 -0.65 -6.1 1949.17 -4.52997 1940.54

1886.25 -3.15 1927.61 0.01 -5.93 1949.33 -4.51779 1940.46
1886.083 -3.16 1927.54 0.26 -5.85 1949.5 -4.51324 1940.38
1885.917 -3.52 1927.46 0.28 -5.81 1949.67 -4.50199 1940.29

1885.75 -3.67 1927.39 0.04 -5.81 1949.83 -4.4557 1940.21
1885.583 -3.8 1927.32 0.13 -5.66 1950 -4.3685 1940.13
1885.417 -3.61 1927.25 0.22 -5.46 1950.17 -4.30782 1940.04

1885.25 -3.21 1927.18 0.03 -5.73 1950.33 -4.33212 1939.96
1885.083 -2.98 1927.11 -0.18 -5.87 1950.5 -4.34841 1939.88
1884.917 -3.25 1927.04 -0.47 -6.26 1950.67 -4.3784 1939.79

1884.75 -3.36 1926.96 -0.66 -6.36 1950.83 -4.40113 1939.71
1884.583 -3.57 1926.89 -0.17 -6.34 1951 -4.4598 1939.63
1884.417 -3.18 1926.75 -0.35 -6.46 1951.17 -4.45907 1939.54

1884.25 -3.07 1926.66 -0.36 -6.31 1951.33 -4.50579 1939.46
1884.083 -2.94 1926.57 -0.06 -6.11 1951.5 -4.60617 1939.38
1883.917 -3.33 1926.48 0.16 -5.88 1951.67 -4.71883 1939.29

1883.75 -3.61 1926.39 0.12 -5.82 1951.83 -4.70306 1939.21
1883.583 -3.35 1926.3 0.41 -5.54 1952 -4.69031 1939.13
1883.417 -3.21 1926.2 1.23 -5.1 1952.17 -4.59254 1939.04

1883.25 -2.84 1926.11 0.57 -5.35 1952.33 -4.45962 1938.96

ABOR/MH/Priv-003007



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.498 1989.759 3.83E-06 1944.42 9.46 25.59 -0.52 1888.91667 -2.474159003 -3.928120478 1890.625 -0.64 -4.25 9.2782
-4.408 1989.747 3.95E-06 1944.34 9.34 27.08 -0.54 1888.75 -2.778052301 -3.394963404 1890.458 -0.19 -4.58 9.14449
-4.696 1989.736 3.93E-06 1944.25 9.32 27.36 -0.55 1888.58333 -2.885010884 -3.638699711 1890.291 0.07 -4.89 9.01077
-4.959 1989.725 3.87E-06 1944.17 9.37 26.7 -0.57 1888.41667 -2.915818101 -3.815003423 1890.125 -0.02 -4.76 8.94106
-5.102 1989.713 4.39E-06 1944.09 9.54 24.68 -0.58 1888.25 -2.363267286 -4.21594582 1889.958 -0.3 -4.46 9.01496
-5.092 1989.702 3.88E-06 1944 9.56 24.34 -0.59 1888.08333 -2.268304755 -4.189156633 1889.791 -0.49 -4.32 9.08887
-5.077 1989.691 4.02E-06 1943.92 9.58 24.14 -0.61 1887.91667 -2.294570007 -3.801195569 1889.625 -0.52 -4.08 9.16277
-4.988 1989.679 4.18E-06 1943.84 9.6 23.94 -0.62 1887.75 -2.949416968 -3.500210107 1889.458 -0.26 -4.7 9.13483
-4.901 1989.668 4.35E-06 1943.75 9.61 23.74 -0.63 1887.58333 -2.876418187 -3.629948772 1889.291 -0.34 -5.03 8.97284
-4.902 1989.657 4.65E-06 1943.67 9.63 23.55 -0.65 1887.41667 -2.766462383 -3.820974276 1889.125 -0.57 -4.84 8.90942
-4.856 1989.645 4.74E-06 1943.59 9.49 25.23 -0.66 1887.25 -2.452142713 -3.887478527 1888.958 -0.63 -4.41 9.07359
-4.756 1989.634 4.54E-06 1943.5 9.45 25.68 -0.67 1887.08333 -2.148454971 -3.951231829 1888.791 -0.43 -4.14 9.17935
-4.732 1989.623 4.31E-06 1943.42 9.46 25.65 -0.68 1886.91667 -2.578212991 -3.71572864 1888.625 -0.45 -4.1 9.22669

-4.69 1989.612 4.42E-06 1943.34 9.45 25.76 -0.7 1886.75 -3.099818231 -3.524591702 1888.458 -0.47 -4.54 9.07749
-4.78 1989.6 4.32E-06 1943.25 9.39 26.42 -0.71 1886.58333 -3.167596344 -3.651175014 1888.291 -0.3 -5 9.04932

-4.792 1989.589 4.24E-06 1943.17 9.37 26.7 -0.72 1886.41667 -2.93121696 -3.81232418 1888.125 -0.32 -5.02 8.89724
-4.797 1989.578 4.53E-06 1943.09 9.4 26.31 -0.74 1886.25 -2.282404563 -3.819567661 1887.958 -0.33 -4.71 8.94524
-4.773 1989.566 4.94E-06 1943 9.39 26.48 -0.75 1886.08333 -2.667231874 -4.006608874 1887.791 -0.18 -4.39 9.06301
-4.721 1989.555 4.99E-06 1942.92 9.4 26.4 -0.77 1885.91667 -2.92097591 -3.913878529 1887.625 -0.43 -4.06 9.25058
-4.797 1989.538 4.95E-06 1942.84 9.5 25.19 -0.78 1885.75 -3.110077987 -3.614917053 1887.458 -0.54 -4.18 9.16436
-4.768 1989.522 5.24E-06 1942.75 9.59 24.07 -0.8 1885.58333 -3.058296278 -3.782506364 1887.291 -0.16 -4.71 9.09969
-4.725 1989.505 5.36E-06 1942.67 9.6 23.91 -0.81 1885.41667 -3.165205798 -3.934144133 1887.125 -0.15 -5.03 8.93756
-4.686 1989.488 5.1E-06 1942.59 9.57 24.32 -0.82 1885.25 -2.635150017 -3.976976237 1886.958 -0.39 -4.92 8.95647
-4.646 1989.472 5.37E-06 1942.5 9.48 25.33 -0.84 1885.08333 -2.172087485 -3.836847272 1886.791 -0.51 -4.51 9.14077
-4.606 1989.455 6.28E-06 1942.42 9.43 26.02 -0.85 1884.91667 -2.856374693 -3.801501787 1886.625 -0.6 -4.12 9.22204
-4.597 1989.438 6.91E-06 1942.34 9.39 26.52 -0.87 1884.75 -3.093340142 -3.597674378 1886.458 -0.37 -4.33 9.11496

-4.74 1989.422 7.34E-06 1942.25 9.35 26.89 -0.88 1884.58333 -2.823059479 -3.752034592 1886.291 -0.4 -4.81 9.01803
-4.844 1989.405 7.31E-06 1942.17 9.35 26.93 -0.9 1884.41667 -3.166059543 -3.95774415 1886.125 0.44 -5.01 8.92474
-4.917 1989.388 6.73E-06 1942.09 9.41 26.18 -0.91 1884.25 -2.529587236 -3.98649948 1885.958 -0.53 -4.68 8.99946
-4.973 1989.372 5.91E-06 1942 9.53 24.8 -0.92 1884.08333 -2.159153015 -4.061903558 1885.791 -0.21 -4.12 9.15092

-4.95 1989.355 5.56E-06 1941.92 9.6 23.96 -0.94 1883.91667 -1.994461767 -3.81280653 1885.625 -0.63 -4.04 9.37912
-4.851 1989.338 5.27E-06 1941.84 9.64 23.45 -0.95 1883.75 -2.422376548 -3.498861143 1885.458 -0.67 -4.89 9.13086
-4.788 1989.322 5.16E-06 1941.75 9.66 23.18 -0.96 1883.58333 -3.043174864 -3.628110388 1885.291 -0.35 -5.19 8.94225
-4.725 1989.305 5.38E-06 1941.67 9.7 22.69 -0.97 1883.41667 -3.054144097 -3.791335756 1885.125 -0.32 -4.82 8.81328
-4.697 1989.288 4.96E-06 1941.59 9.69 22.78 -0.98 1883.25 -2.618772082 -3.8521786 1884.958 -0.48 -4.74 8.90665
-4.631 1989.272 4.89E-06 1941.5 9.56 24.44 -0.99 1883.08333 -2.385670147 -4.101839099 1884.791 -0.53 -4.38 9.11241
-4.544 1989.255 4.88E-06 1941.42 9.49 25.2 -0.99 1882.91667 -2.079108428 -3.997584388 1884.625 -0.76 -4 9.19776
-4.492 1989.238 5.18E-06 1941.34 9.51 25.01 -1 1882.75 -2.139166899 -3.671036875 1884.458 -0.48 -4.36 9.03477
-4.522 1989.222 5.43E-06 1941.25 9.45 25.73 -1 1882.58333 -3.066093259 -3.611761461 1884.291 -0.35 -4.75 8.98583

-4.79 1989.205 5.46E-06 1941.17 9.5 25.14 -1 1882.41667 -2.775700028 -3.911484594 1884.125 -0.19 -4.83 8.9369
-4.985 1989.188 5.59E-06 1941.09 9.6 23.86 -1 1882.25 -2.563978368 -4.149980708 1883.958 -0.11 -4.66 9.07033
-4.905 1989.172 5.54E-06 1941 9.66 23.19 -1 1882.08333 -2.313314904 -4.101206554 1883.791 -0.23 -4.39 9.17029
-4.822 1989.155 5.45E-06 1940.92 9.62 23.71 -1 1881.91667 -2.426286631 -3.908543799 1883.625 -0.42 -4 9.23679
-4.691 1989.138 5.12E-06 1940.84 9.64 23.41 -1 1881.75 -3.298951992 -3.757040491 1883.458 -0.25 -4.02 9.08212
-4.756 1989.122 5.16E-06 1940.75 9.65 23.26 -1 1881.58333 -2.964667862 -3.980341474 1883.291 -0.37 -4.48 8.95717
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1883.083 -2.74 1926.02 -0.06 -5.96 1952.5 -4.38 1938.88
1882.917 -3.06 1925.93 -0.83 -6.39 1952.67 -4.40689 1938.79

1882.75 -3.32 1925.75 -1.11 -6.41 1952.83 -4.44145 1938.71
1882.583 -3.58 1925.67 -0.81 -6.15 1953 -4.6338 1938.63
1882.417 -3.91 1925.6 -0.47 -5.93 1953.17 -4.61898 1938.54

1882.25 -3.44 1925.52 -0.46 -6.08 1953.33 -4.51183 1938.46
1882.083 -2.95 1925.44 -0.22 -5.89 1953.5 -4.55015 1938.38
1881.917 -3.04 1925.37 -0.15 -5.68 1953.67 -4.6624 1938.29

1881.75 -3.45 1925.29 0.22 -5.46 1953.83 -4.65338 1938.21
1881.583 -3.72 1925.21 0.37 -5.23 1954 -4.5838 1938.13
1881.417 -3.93 1925.13 0.35 -5.36 1954.17 -4.50843 1938.04

1881.25 -3.44 1925.06 0.26 -5.56 1954.33 -4.46736 1937.96
1881.083 -3.22 1924.98 0.33 -5.38 1954.5 -4.45488 1937.88
1880.917 -3.46 1924.9 0.01 -5.55 1954.67 -4.43423 1937.79

1880.75 -3.63 1924.75 -0.13 -5.84 1954.83 -4.38118 1937.71
1880.583 -3.78 1924.68 -0.22 -5.87 1955 -4.31888 1937.63
1880.417 -3.38 1924.62 0.14 -5.75 1955.17 -4.31303 1937.54

1880.25 -3.05 1924.55 0.16 -5.87 1955.33 -4.36878 1937.46
1880.083 -3.02 1924.48 0.35 -5.95 1955.5 -4.40844 1937.38
1879.917 -3.46 1924.42 -0.09 -5.96 1955.67 -4.33107 1937.29

1879.75 -3.72 1924.35 0.02 -5.82 1955.83 -4.28923 1937.21
1879.583 -3.83 1924.28 0 -5.32 1956 -4.19137 1937.13
1879.417 -3.68 1924.22 0.81 -5.23 1956.17 -4.23055 1937.04

1879.25 -3.42 1924.15 0.72 -5.25 1956.33 -4.2847 1936.96
1879.083 -3.06 1924.08 0.69 -5.31 1956.5 -4.2942 1936.88
1878.917 -3.23 1924.02 0.24 -5.54 1956.67 -4.32804 1936.79

1878.75 -3.63 1923.95 -0.11 -5.91 1956.83 -4.33817 1936.71
1878.583 -3.91 1923.88 -0.16 -6.16 1957 -4.34729 1936.63
1878.417 -3.67 1923.75 -0.26 -6.2 1957.17 -4.37074 1936.54

1878.25 -3.31 1923.67 -0.64 -5.9 1957.33 -4.43132 1936.46
1878.083 -2.93 1923.6 -0.41 -5.7 1957.5 -4.50668 1936.38
1877.917 -3.21 1923.52 -0.79 -6 1957.67 -4.55686 1936.29

1877.75 -3.57 1923.44 -0.17 -5.79 1957.83 -4.62202 1936.21
1877.583 -3.92 1923.37 0.09 -5.62 1958 -4.68658 1936.13
1877.417 -3.78 1923.29 0.35 -5.47 1958.17 -4.70107 1936.04

1877.25 -3.39 1923.21 0.66 -5.21 1958.33 -4.6139 1935.96
1877.083 -3.05 1923.13 0.47 -5.39 1958.5 -4.55752 1935.88
1876.917 -3.22 1923.06 0.51 -5.34 1958.67 -4.48949 1935.79

1876.75 -3.55 1922.98 0.21 -5.52 1958.83 -4.53299 1935.71
1876.583 -3.68 1922.9 -0.16 -6.15 1959 -4.63069 1935.63
1876.417 -3.5 1922.75 0.3 -7.13 1959.17 -4.61166 1935.54

1876.25 -3.07 1922.68 -0.43 -6.57 1959.33 -4.46681 1935.46
1876.083 -2.84 1922.61 -0.67 -6.62 1959.5 -4.33714 1935.38
1875.917 -3.18 1922.54 -0.14 -6.24 1959.67 -4.33593 1935.29

1875.75 -3.28 1922.46 0.5 -5.82 1959.83 -4.36098 1935.21

ABOR/MH/Priv-003009



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.727 1989.105 5.01E-06 1940.67 9.7 22.7 -0.99 1881.41667 -2.817048878 -4.311109623 1883.125 -0.14 -4.89 8.88136
-4.729 1989.088 4.94E-06 1940.59 9.61 23.79 -0.98 1881.25 -2.583078876 -4.090530903 1882.958 -0.39 -4.76 8.89447
-4.627 1989.072 5.12E-06 1940.5 9.59 24.04 -0.98 1881.08333 -2.088945699 -4.028666082 1882.791 -0.02 -4.48 9.10519
-4.563 1989.055 4.93E-06 1940.42 9.49 25.19 -0.97 1880.91667 -2.406534557 -3.878730404 1882.625 -0.17 -4.11 9.19992
-4.528 1989.038 4.99E-06 1940.34 9.44 25.89 -0.96 1880.75 -3.052299554 -3.753665296 1882.458 -0.3 -4.3 9.12936
-4.609 1989.022 4.82E-06 1940.25 9.41 26.27 -0.95 1880.58333 -3.651822936 -4.117941563 1882.291 -0.19 -4.8 9.0205
-4.725 1989.005 4.76E-06 1940.17 9.42 26.12 -0.94 1880.41667 -3.313170385 -4.167736001 1882.125 -0.27 -4.93 8.87334
-4.956 1988.988 4.83E-06 1940.09 9.43 25.94 -0.93 1880.25 -2.760604646 -4.287216046 1881.958 -0.59 -4.54 8.92998
-5.079 1988.972 4.61E-06 1940 9.43 25.95 -0.92 1880.08333 -2.366877972 -4.194957661 1881.791 -0.6 -4.13 9.13687
-4.969 1988.955 4.69E-06 1939.92 9.46 25.56 -0.91 1879.91667 -2.29734737 -4.162994346 1881.625 -0.7 -4.11 9.20785
-4.943 1988.938 0.000004 1939.84 9.49 25.19 -0.9 1879.75 -2.479881401 -3.860310966 1881.458 -0.59 -4.43 9.01484
-4.832 1988.358 0.000004 1939.75 9.58 24.12 -0.89 1879.58333 -3.041437133 -3.828737876 1881.291 -0.67 -4.97 8.89271
-4.773 1988.342 4.7E-06 1939.67 9.62 23.67 -0.88 1879.41667 -3.249419134 -4.322190406 1881.125 -0.45 -4.88 8.84147
-4.841 1988.326 4.92E-06 1939.59 9.58 24.11 -0.87 1879.25 -2.760062591 -4.539281211 1880.958 -0.69 -4.45 8.91868
-4.768 1988.31 4.86E-06 1939.5 9.58 24.15 -0.86 1879.08333 -2.69056989 -4.143114698 1880.791 -0.64 -4.21 9.07439
-4.624 1988.294 5.17E-06 1939.42 9.47 25.54 -0.85 1878.91667 -2.378491123 -3.77589856 1880.625 -0.94 -4.17 9.18855
-4.514 1988.278 5.31E-06 1939.34 9.4 26.32 -0.84 1878.75 -2.972795718 -3.629603508 1880.458 -0.36 -4.66 9.11306
-4.762 1988.263 5.52E-06 1939.25 9.32 27.34 -0.83 1878.58333 -3.38222564 -3.886041834 1880.291 -0.05 -5.09 8.93638
-5.035 1988.247 5.39E-06 1939.17 9.33 27.25 -0.82 1878.41667 -2.923601216 -3.821681667 1880.125 -0.02 -4.96 8.90842
-5.076 1988.231 6.35E-06 1939.09 9.38 26.59 -0.81 1878.25 -2.517027273 -4.087206941 1879.958 -0.49 -4.69 9.00169

-5.09 1988.215 6.89E-06 1939 9.44 25.85 -0.8 1878.08333 -2.427972735 -4.068970665 1879.791 -0.53 -4.18 9.13384
-4.996 1988.199 8.14E-06 1938.92 9.47 25.48 -0.8 1877.91667 -1.807193873 -3.982799031 1879.625 -0.6 -4.16 9.21289
-4.848 1988.183 6.75E-06 1938.84 9.51 25.01 -0.79 1877.75 -2.641319754 -3.710668799 1879.458 -0.34 -4.43 9.19322
-4.777 1988.168 6.15E-06 1938.75 9.56 24.4 -0.79 1877.58333 -3.222291168 -3.807808214 1879.291 -0.53 -4.79 9.03247
-4.778 1988.152 5.43E-06 1938.67 9.62 23.67 -0.78 1877.41667 -3.336115665 -4.024385198 1879.125 -0.59 -4.82 8.906
-4.764 1988.136 5.39E-06 1938.59 9.56 24.42 -0.78 1877.25 -2.898923686 -4.054243547 1878.958 -0.52 -4.59 9.03054

-4.73 1988.12 4.66E-06 1938.5 9.53 24.72 -0.77 1877.08333 -2.351509609 -3.992238279 1878.791 -0.52 -4.38 9.14098
-4.76 1988.104 4.62E-06 1938.42 9.51 24.96 -0.77 1876.91667 -1.916199395 -3.947394618 1878.625 -0.71 -4.22 9.15434

-4.576 1988.088 4.77E-06 1938.34 9.41 26.22 -0.76 1876.75 -2.126767779 -3.839993494 1878.458 -0.48 -4.32 9.08223
-4.626 1988.073 4.79E-06 1938.25 9.42 26.14 -0.76 1876.58333 -2.915754162 -3.864648224 1878.291 -0.31 -4.75 8.94855
-4.861 1988.057 4.73E-06 1938.17 9.39 26.5 -0.76 1876.41667 -3.051772353 -4.053995166 1878.125 -0.14 -4.95 8.9378
-5.114 1988.041 4.6E-06 1938.09 9.51 25 -0.76 1876.25 -2.407983145 -3.963841238 1877.958 -0.09 -4.77 9.07279
-5.113 1988.025 4.32E-06 1938 9.5 25.15 -0.75 1876.08333 -2.324440428 -4.240843591 1877.791 -0.2 -4.35 9.17962
-5.016 1988.009 4.32E-06 1937.92 9.58 24.1 -0.75 1875.91667 -2.297217596 -4.1405742 1877.625 -0.21 -4 9.25828
-4.885 1987.993 4.26E-06 1937.84 9.6 23.94 -0.75 1875.75 -2.394337089 -3.842203617 1877.458 -0.57 -4.04 9.19026
-4.766 1987.978 4.15E-06 1937.75 9.56 24.35 -0.75 1875.58333 -2.897864066 -3.86775677 1877.291 0.04 -4.65 9.08467
-4.742 1987.962 4.08E-06 1937.67 9.6 23.91 -0.75 1875.41667 -3.138996616 -4.125623132 1877.125 -0.46 -4.8 8.94149
-4.732 1987.946 4.15E-06 1937.59 9.52 24.91 -0.74 1875.25 -2.810760134 -4.230014021 1876.958 -0.39 -4.3 8.96382
-4.632 1987.93 4.13E-06 1937.5 9.46 25.64 -0.74 1875.08333 -2.508772965 -4.206635873 1876.791 -0.09 -4.1 9.06446
-4.549 1987.914 4.12E-06 1937.42 9.4 26.28 -0.74 1874.91667 -2.361323757 -4.120598935 1876.625 -0.29 -4.1 9.24342
-4.516 1987.898 3.97E-06 1937.34 9.38 26.54 -0.74 1874.75 -2.427364432 -3.819046344 1876.458 -0.07 -4.57 9.06429

-4.56 1987.883 3.96E-06 1937.25 9.36 26.87 -0.74 1874.58333 -2.878086414 -3.702469526 1876.291 0.17 -4.92 8.95806
-4.576 1987.867 4.11E-06 1937.17 9.37 26.67 -0.74 1874.41667 -3.064180626 -4.047092118 1876.125 0.04 -4.84 8.93279
-4.745 1987.851 3.86E-06 1937.09 9.44 25.84 -0.74 1874.25 -2.407552502 -4.306430623 1875.958 -0.21 -4.72 8.99752
-4.824 1987.835 0.000004 1937 9.51 25.01 -0.74 1874.08333 -2.291676068 -4.238459816 1875.791 -0.13 -4.47 9.25547

ABOR/MH/Priv-003010



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1875.583 -3.38 1922.39 0.45 -5.4 1960 -4.37203 1935.13
1875.417 -3.8 1922.32 0.59 -5.13 1960.17 -4.37317 1935.04

1875.25 -3.48 1922.25 0.33 -5.05 1960.33 -4.37629 1934.96
1875.083 -3.05 1922.18 0.24 -5.05 1960.5 -4.37919 1934.88
1874.917 -3.3 1922.11 0.02 -5.3 1960.67 -4.37446 1934.79

1874.75 -3.48 1922.04 0.36 -5.67 1960.83 -4.35634 1934.71
1874.583 -3.52 1921.96 0.08 -5.54 1961 -4.31974 1934.63
1874.417 -3.61 1921.89 0.07 -5.44 1961.17 -4.58151 1934.54

1874.25 -3.13 1921.75 0.06 -6.18 1961.33 -4.57774 1934.46
1874.083 -2.75 1921.64 0.56 -5.64 1961.5 -4.53625 1934.38
1873.917 -3.1 1921.53 0.48 -5.41 1961.67 -4.54938 1934.29

1873.75 -3.55 1921.42 0.71 -5.26 1961.83 -4.44658 1934.21
1873.583 -3.74 1921.31 0.45 -5.13 1962 -4.3274 1934.13
1873.417 -3.58 1921.19 0.39 -5.32 1962.17 -4.3409 1934.04

1873.25 -3.19 1921.08 0.24 -5.78 1962.33 -4.39321 1933.96
1873.083 -2.96 1920.97 -0.11 -5.71 1962.5 -4.44248 1933.88
1872.917 -3.44 1920.75 -0.43 -6.08 1962.67 -4.38103 1933.79

1872.75 -3.77 1920.68 -0.26 -6.06 1962.83 -4.30995 1933.71
1872.583 -3.75 1920.62 -0.02 -5.5 1963 -4.20935 1933.63
1872.417 -3.48 1920.55 0.49 -5.44 1963.17 -4.22702 1933.54

1872.25 -3.24 1920.48 0.4 -5.38 1963.33 -4.28852 1933.46
1872.083 -3.14 1920.42 0.16 -5.74 1963.5 -4.31739 1933.38
1871.917 -3.3 1920.35 0.35 -5.5 1963.67 -4.38388 1933.29

1871.75 -3.57 1920.28 0.68 -5.55 1963.83 -4.46081 1933.21
1871.583 -3.7 1920.22 0.6 -5.35 1964 -4.5184 1933.13
1871.417 -3.51 1920.15 0.53 -5.68 1964.17 -4.46597 1933.04

1871.25 -3.21 1920.08 0.21 -5.9 1964.33 -4.35402 1932.96
1871.083 -3.01 1920.02 -0.22 -6.1 1964.5 -4.21818 1932.88
1870.917 -3.35 1919.95 -0.57 -6.41 1964.67 -4.29895 1932.79

1870.75 -3.6 1919.88 -0.45 -6.34 1964.83 -4.39911 1932.71
1870.583 -3.88 1919.75 0.19 -6.36 1965 -4.51386 1932.63
1870.417 -3.75 1919.67 -0.19 -6.13 1965.17 -4.5268 1932.54

1870.25 -3.24 1919.58 -0.05 -6.02 1965.33 -4.54758 1932.46
1870.083 -3.11 1919.5 -0.09 -5.93 1965.5 -4.66677 1932.38
1869.917 -3.32 1919.42 0.4 -5.71 1965.67 -4.93675 1932.29

1869.75 -3.74 1919.33 0.16 -5.31 1965.83 -5.07253 1932.21
1869.583 -4.01 1919.25 0.04 -5.59 1966 -4.99247 1932.13
1869.417 -3.58 1919.17 0.14 -5.41 1966.17 -4.77681 1932.04

1869.25 -3.12 1919.08 0.35 -5.52 1966.33 -4.59338 1931.96
1869.083 -2.98 1919 -0.23 -6.09 1966.5 -4.55815 1931.88
1868.917 -3.49 1918.92 0.02 -6.24 1966.67 -4.55959 1931.79

1868.75 -3.82 1918.75 -0.27 -6.33 1966.83 -4.54207 1931.71
1868.583 -3.79 1918.66 0 -6.24 1967 -4.41701 1931.63
1868.417 -3.67 1918.57 -0.16 -6.33 1967.17 -4.4155 1931.54

1868.25 -3.28 1918.48 -0.21 -5.99 1967.33 -4.43723 1931.46

ABOR/MH/Priv-003011



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.893 1987.819 4.08E-06 1936.92 9.58 24.12 -0.73 1873.91667 -2.111319818 -4.049594351 1875.625 -0.3 -3.9 9.2583
-4.826 1987.803 4.07E-06 1936.84 9.62 23.67 -0.73 1873.75 -2.881217394 -3.799543243 1875.458 -0.71 -4.61 9.06154
-4.779 1987.788 4.04E-06 1936.75 9.64 23.37 -0.73 1873.58333 -2.994800938 -3.868721989 1875.291 0 -5.11 8.95362
-4.743 1987.772 4.24E-06 1936.67 9.69 22.82 -0.73 1873.41667 -3.069570692 -4.315221226 1875.125 -0.28 -4.93 8.93454
-4.789 1987.756 4.06E-06 1936.59 9.65 23.3 -0.73 1873.25 -2.459420878 -4.419339087 1874.958 -0.11 -4.5 8.99141
-4.716 1987.74 4.29E-06 1936.5 9.63 23.49 -0.72 1873.08333 -2.178411158 -4.410941951 1874.791 -0.45 -4.3 9.12291
-4.651 1987.724 4.22E-06 1936.42 9.57 24.27 -0.72 1872.91667 -1.971601616 -4.239799144 1874.625 -0.67 -4.3 9.30345
-4.563 1987.708 4.14E-06 1936.34 9.51 24.96 -0.71 1872.75 -2.465889161 -3.868391171 1874.458 -0.26 -4.87 9.06095
-4.596 1987.693 3.95E-06 1936.25 9.39 26.45 -0.71 1872.58333 -2.944982139 -3.943235875 1874.291 -0.04 -5.12 8.93267
-4.648 1987.677 3.98E-06 1936.17 9.37 26.77 -0.71 1872.41667 -3.209073301 -4.138514187 1874.125 0.01 -5.07 8.91861
-4.693 1987.661 4.16E-06 1936.09 9.37 26.7 -0.7 1872.25 -2.787701949 -4.153518879 1873.958 -0.23 -4.8 9.00572
-4.706 1987.645 4.05E-06 1936 9.4 26.36 -0.7 1872.08333 -2.658778892 -4.182390739 1873.791 -0.31 -4.5 9.15323
-4.697 1987.629 4.14E-06 1935.92 9.43 25.95 -0.69 1871.91667 -2.336667479 -3.889927153 1873.625 -0.23 -4.15 9.29698
-4.653 1987.613 4.16E-06 1935.84 9.43 25.95 -0.69 1871.75 -2.562563036 -3.755413939 1873.458 -0.07 -4.47 9.13522
-4.482 1987.598 4.14E-06 1935.75 9.47 25.51 -0.68 1871.58333 -2.828662838 -3.836832611 1873.291 -0.03 -4.67 9.17883
-4.544 1987.582 4.16E-06 1935.67 9.56 24.4 -0.68 1871.41667 -3.139820371 -4.012648224 1873.125 0.04 -4.82 9.09511
-4.569 1987.566 4.17E-06 1935.59 9.52 24.84 -0.67 1871.25 -2.705366707 -4.030110582 1872.958 -0.02 -4.73 9.13419
-4.591 1987.55 4.22E-06 1935.5 9.51 24.96 -0.67 1871.08333 -2.141751726 -4.064109677 1872.791 -0.26 -4.37 9.17327
-4.542 1987.533 4.23E-06 1935.42 9.53 24.8 -0.66 1870.91667 -2.030028308 -4.05422782 1872.625 -0.31 -4.12 9.21235

-4.51 1987.516 4.17E-06 1935.34 9.46 25.58 -0.66 1870.75 -2.578434882 -3.749987562 1872.458 -0.71 -4.44 9.1793
-4.593 1987.499 4.08E-06 1935.25 9.44 25.8 -0.65 1870.58333 -3.101048323 -3.870817469 1872.291 -0.52 -4.79 9.05116

-4.8 1987.483 4.09E-06 1935.17 9.42 26.06 -0.64 1870.41667 -2.738209164 -4.243459479 1872.125 -0.21 -4.91 8.82793
-4.962 1987.466 4.09E-06 1935.09 9.47 25.54 -0.64 1870.25 -2.678946935 -4.190238011 1871.958 -0.03 -4.69 8.89264
-5.074 1987.449 4.1E-06 1935 9.53 24.72 -0.63 1870.08333 -2.398774467 -3.932497716 1871.791 -0.08 -4.28 9.0508
-4.924 1987.432 4.08E-06 1934.92 9.57 24.22 -0.62 1869.91667 -2.334185153 -3.950188358 1871.625 -0.59 -4.28 9.2482
-4.893 1987.415 4.24E-06 1934.84 9.54 24.68 -0.62 1869.75 -2.625909875 -3.713184707 1871.458 -0.48 -4.6 9.18308
-4.818 1987.398 4.03E-06 1934.75 9.64 23.47 -0.61 1869.58333 -3.15623713 -3.785765252 1871.291 -0.21 -5.08 8.98916
-4.685 1987.381 4.07E-06 1934.67 9.71 22.57 -0.6 1869.41667 -2.814897044 -3.918396694 1871.125 0.23 -5.13 8.87804
-4.573 1987.364 4.02E-06 1934.59 9.61 23.83 -0.59 1869.25 -2.349876352 -4.049248598 1870.958 -0.14 -4.82 8.90281
-4.484 1987.348 3.96E-06 1934.5 9.53 24.79 -0.58 1869.08333 -2.09229438 -4.076605375 1870.791 0.19 -4.4 8.97387
-4.383 1987.331 3.95E-06 1934.42 9.5 25.16 -0.57 1868.91667 -2.296852392 -3.872470254 1870.625 -0.25 -4.12 9.24025
-4.297 1987.314 4.07E-06 1934.34 9.41 26.18 -0.56 1868.75 -2.974854229 -3.808056849 1870.458 -0.56 -4.42 9.12338
-4.437 1987.297 4.06E-06 1934.25 9.35 26.92 -0.55 1868.58333 -2.456211928 -4.117662808 1870.291 -0.39 -4.89 9.00269

-4.61 1987.28 4.13E-06 1934.17 9.34 27.07 -0.54 1868.41667 -2.94265159 -4.130900518 1870.125 0.02 -5.17 8.92955
-4.778 1987.263 4.26E-06 1934.09 9.39 26.45 -0.53 1868.25 -2.475663914 -4.210115592 1869.958 -0.25 -4.46 9.08223
-4.777 1987.246 4.1E-06 1934 9.43 25.96 -0.52 1868.08333 -2.282124148 -4.231606577 1869.791 -0.13 -4.27 9.18342
-4.705 1987.23 4.2E-06 1933.92 9.43 25.95 -0.51 1867.91667 -2.37809514 -4.179868069 1869.625 -0.59 -4.08 9.23314
-4.692 1987.213 3.99E-06 1933.84 9.49 25.21 -0.5 1867.75 -2.598315184 -3.659460166 1869.458 -0.2 -4.47 9.20105
-4.719 1987.196 3.95E-06 1933.75 9.58 24.19 -0.49 1867.58333 -2.718413019 -3.741640942 1869.291 -0.13 -4.67 9.12113
-4.741 1987.179 4.07E-06 1933.67 9.62 23.67 -0.48 1867.41667 -3.039731181 -3.699201047 1869.125 -0.37 -4.67 8.9934
-4.718 1987.162 4.31E-06 1933.59 9.6 23.9 -0.47 1867.25 -3.19500539 -3.916950087 1868.958 -0.28 -4.54 9.0086
-4.663 1987.145 4.31E-06 1933.5 9.55 24.49 -0.46 1867.08333 -2.728832027 -3.987850809 1868.791 -0.17 -4.36 9.1798
-4.589 1987.128 4.47E-06 1933.42 9.53 24.76 -0.45 1866.91667 -2.360832454 -3.927254631 1868.625 -0.02 -4.13 9.29728
-4.502 1987.112 4.33E-06 1933.34 9.45 25.76 -0.45 1866.75 -2.423249194 -3.544332079 1868.458 -0.29 -4.28 9.09882
-4.677 1987.095 4.22E-06 1933.25 9.42 26.09 -0.44 1866.58333 -2.722976789 -3.662996504 1868.291 -0.1 -4.65 8.98041

ABOR/MH/Priv-003012



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1868.083 -2.99 1918.39 0.3 -5.7 1967.5 -4.4248 1931.38
1867.917 -3.18 1918.3 0.84 -5.57 1967.67 -4.41149 1931.29

1867.75 -3.36 1918.2 0.28 -5.47 1967.83 -4.45263 1931.21
1867.583 -3.73 1918.11 -0.15 -5.45 1968 -4.57354 1931.13
1867.417 -3.84 1918.02 -0.25 -6.03 1968.17 -4.56987 1931.04

1867.25 -3.46 1917.93 -0.33 -6.22 1968.33 -4.50444 1930.96
1867.083 -3.14 1917.75 -0.59 -6.29 1968.5 -4.4425 1930.88
1866.917 -3.53 1917.65 -0.82 -5.97 1968.67 -4.41485 1930.79

1866.75 -3.75 1917.55 -0.23 -5.68 1968.83 -4.46804 1930.71
1866.583 -3.82 1917.45 0.02 -5.76 1969 -4.63696 1930.63
1866.417 -3.57 1917.35 0.36 -5.57 1969.17 -4.77229 1930.54

1866.25 -3.42 1917.25 0.12 -5.59 1969.33 -4.65427 1930.46
1866.083 -3.14 1917.15 -0.24 -5.67 1969.5 -4.62167 1930.38
1865.917 -3.61 1917.05 -0.28 -6.62 1969.67 -4.60034 1930.29

1865.75 -3.72 1916.95 -0.74 -6.31 1969.83 -4.48431 1930.21
1865.583 -3.9 1916.75 -1.2 -6.83 1970 -4.42058 1930.13
1865.417 -4.05 1916.67 -0.92 -6.36 1970.17 -4.44801 1930.04

1865.25 -3.63 1916.6 -0.67 -6.11 1970.33 -4.45163 1929.96
1865.083 -3.29 1916.52 -0.65 -6.03 1970.5 -4.42776 1929.88
1864.917 -3.35 1916.44 -0.67 -5.87 1970.67 -4.37507 1929.79

1864.75 -3.87 1916.37 -0.08 -6 1970.83 -4.3277 1929.71
1864.583 -3.75 1916.29 0.12 -5.83 1971 -4.29163 1929.63
1864.417 -3.47 1916.21 0.11 -5.59 1971.17 -4.3103 1929.54

1864.25 -3.17 1916.13 0.25 -5.72 1971.33 -4.36722 1929.46
1864.083 -3.03 1916.06 0.12 -5.97 1971.5 -4.51554 1929.38
1863.917 -3.22 1915.98 0.07 -5.85 1971.67 -4.53428 1929.29

1863.75 -3.51 1915.9 -0.15 -6.09 1971.83 -4.5027 1929.21
1863.583 -3.65 1915.75 -0.23 -6.29 1972 -4.526 1929.13
1863.417 -3.68 1915.67 -0.28 -6.02 1972.17 -4.61493 1929.04

1863.25 -3.28 1915.6 0.14 -5.88 1972.33 -4.67057 1928.96
1863.083 -2.59 1915.52 -0.07 -5.87 1972.5 -4.70891 1928.88
1862.917 -2.64 1915.44 -0.11 -5.93 1972.67 -4.85747 1928.79

1862.75 -3.27 1915.37 0.23 -5.63 1972.83 -5.05686 1928.71
1862.583 -3.64 1915.29 0.43 -5.5 1973 -5.10109 1928.63
1862.417 -3.64 1915.21 0.38 -5.4 1973.17 -4.99904 1928.54

1862.25 -3.37 1915.13 0.33 -5.44 1973.33 -4.6487 1928.46
1862.083 -3.05 1915.06 0.23 -5.65 1973.5 -4.42153 1928.38
1861.917 -3.42 1914.98 0.11 -5.96 1973.67 -4.39444 1928.29

1861.75 -3.64 1914.9 -0.1 -6.27 1973.83 -4.35914 1928.21
1861.583 -3.72 1914.75 -0.53 -6.38 1974 -4.35275 1928.13
1861.417 -3.47 1914.66 -0.1 -6.31 1974.17 -4.37698 1928.04

1861.25 -3.09 1914.57 -0.04 -6.44 1974.33 -4.49134 1927.96
1861.083 -2.89 1914.48 0.78 -5.94 1974.5 -4.58489 1927.88
1860.917 -3.3 1914.39 0.46 -5.63 1974.67 -4.51655 1927.79

1860.75 -3.58 1914.3 0.52 -5.51 1974.83 -4.42461 1927.71

ABOR/MH/Priv-003013



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.885 1987.078 4.2E-06 1933.17 9.38 26.62 -0.43 1866.41667 -3.191637597 -3.858887468 1868.125 -0.06 -4.84 8.94206
-5.043 1987.061 4.58E-06 1933.09 9.39 26.5 -0.42 1866.25 -2.063181222 -3.827367681 1867.958 -0.25 -4.72 8.95042
-5.073 1987.044 4.45E-06 1933 9.37 26.71 -0.41 1866.08333 -2.494167985 -3.782342795 1867.791 -0.47 -4.34 9.09084
-4.971 1987.027 4.43E-06 1932.92 9.31 27.43 -0.41 1865.91667 -2.550711293 -3.745888838 1867.625 -0.51 -3.85 9.20141
-4.809 1987.01 4.43E-06 1932.84 9.39 26.42 -0.4 1865.75 -2.714724013 -3.524686047 1867.458 -0.78 -4.32 9.02119
-4.771 1986.993 5.51E-06 1932.75 9.5 25.08 -0.4 1865.58333 -2.745144828 -3.587585252 1867.291 -0.6 -5.06 8.87246
-4.724 1986.977 5.12E-06 1932.67 9.57 24.27 -0.39 1865.41667 -2.811804537 -3.760930563 1867.125 -0.22 -5.05 8.75011
-4.771 1986.96 5.17E-06 1932.59 9.54 24.6 -0.39 1865.25 -2.702613521 -3.883524535 1866.958 -0.5 -4.4 8.93275
-4.746 1986.943 4.59E-06 1932.5 9.47 25.5 -0.38 1865.08333 -2.661331026 -3.849636672 1866.791 -0.52 -4.16 9.09719
-4.633 1986.926 3.81E-06 1932.42 9.48 25.34 -0.38 1864.91667 -2.181316315 -4.201117037 1866.625 -0.61 -4.11 9.24342
-4.533 1986.909 3.84E-06 1932.34 9.41 26.19 -0.38 1864.75 -2.167828009 -3.686422485 1866.458 -0.37 -4.44 9.17386
-4.683 1986.892 3.88E-06 1932.25 9.34 27.1 -0.38 1864.58333 -2.843072592 -3.685638643 1866.291 -0.31 -4.8 9.06867
-4.944 1986.875 3.96E-06 1932.17 9.33 27.2 -0.37 1864.41667 -3.321000601 -3.909976511 1866.125 -0.31 -5 8.92783
-4.993 1986.859 3.94E-06 1932.09 9.37 26.75 -0.37 1864.25 -2.866784922 -4.024518801 1865.958 -0.25 -4.83 8.9628

-4.99 1986.842 4.09E-06 1932 9.39 26.47 -0.37 1864.08333 -2.492235894 -4.147445014 1865.791 -0.1 -4.29 9.12321
-4.844 1986.825 4.06E-06 1931.92 9.38 26.61 -0.37 1863.91667 -2.353698728 -3.946954278 1865.625 -0.05 -3.8 9.24228
-4.746 1986.808 4.01E-06 1931.84 9.53 24.79 -0.37 1863.75 -2.850072849 -3.579779506 1865.458 -0.27 -4.03 9.0885
-4.704 1986.791 4.15E-06 1931.75 9.63 23.51 -0.37 1863.58333 -3.152368524 -3.619527024 1865.291 -0.02 -4.63 8.98105
-4.709 1986.774 4.07E-06 1931.67 9.67 23.06 -0.37 1863.41667 -3.167832116 -4.155341491 1865.125 -0.14 -4.76 8.91994
-4.621 1986.757 4.22E-06 1931.59 9.64 23.38 -0.37 1863.25 -2.47955085 -4.595417851 1864.958 -0.4 -4.53 9.09454

-4.55 1986.741 4.38E-06 1931.5 9.61 23.78 -0.37 1863.08333 -2.575455515 -4.147671381 1864.791 -0.39 -4.3 9.14342
-4.484 1986.724 4.47E-06 1931.42 9.57 24.32 -0.37 1862.91667 -2.593459105 -3.943103597 1864.625 -0.62 -4.08 9.18952
-4.449 1986.707 4.56E-06 1931.34 9.48 25.41 -0.37 1862.75 -2.578516229 -3.719722161 1864.458 -0.53 -4.18 8.99085
-4.572 1986.69 4.4E-06 1931.25 9.43 25.98 -0.37 1862.58333 -2.832113173 -3.766736027 1864.291 -0.41 -4.62 8.94515
-4.802 1986.673 4.09E-06 1931.17 9.37 26.69 -0.36 1862.41667 -3.165192494 -4.206504329 1864.125 -0.33 -4.81 8.87798
-4.915 1986.656 4.16E-06 1931.09 9.39 26.49 -0.36 1862.25 -2.52916427 -4.260197156 1863.958 -0.34 -4.71 9.00069

-4.86 1986.639 4.03E-06 1931 9.44 25.88 -0.36 1862.08333 -2.305444563 -4.016085915 1863.791 -0.4 -4.46 9.1234
-4.724 1986.622 4.02E-06 1930.92 9.43 26.01 -0.36 1861.91667 -2.332057427 -3.910615105 1863.625 -0.26 -4.02 9.24612
-4.657 1986.606 4.05E-06 1930.84 9.55 24.53 -0.36 1861.75 -2.684951547 -3.6395961 1863.458 -0.78 -4.12 9.14081
-4.564 1986.589 4.09E-06 1930.75 9.62 23.67 -0.36 1861.58333 -3.026650781 -3.77370734 1863.291 -0.32 -4.7 8.98613
-4.588 1986.572 4.03E-06 1930.67 9.67 23.06 -0.36 1861.41667 -3.172422332 -3.952922413 1863.125 0.11 -4.9 8.94991
-4.574 1986.555 3.95E-06 1930.59 9.62 23.64 -0.36 1861.25 -2.721792597 -4.024349141 1862.958 -0.56 -4.65 9.0472
-4.582 1986.54 4.01E-06 1930.5 9.54 24.68 -0.35 1861.08333 -2.156187316 -4.006066083 1862.791 -0.06 -4.13 9.10309
-4.496 1986.525 4.02E-06 1930.42 9.49 25.23 -0.35 1860.91667 -2.714821849 -3.857373346 1862.625 -0.53 -3.84 9.11756
-4.407 1986.51 3.97E-06 1930.34 9.39 26.48 -0.35 1860.75 -2.807788982 -3.613475546 1862.458 -0.28 -4.3
-4.533 1986.494 4.14E-06 1930.25 9.34 27.12 -0.35 1860.58333 -3.238221915 -3.556884633 1862.291 -0.07 -4.76
-4.666 1986.479 4.09E-06 1930.17 9.3 27.5 -0.35 1860.41667 -2.859744458 -3.772980997 1862.125 -0.1 -4.74
-4.793 1986.464 4.09E-06 1930.09 9.34 27.12 -0.36 1860.25 -2.283238564 -3.884098276 1861.958 -0.3 -4.39
-4.861 1986.449 4.19E-06 1930 9.38 26.55 -0.36 1860.08333 -2.194390594 -3.991885251 1861.791 -0.48 -4.1
-4.832 1986.434 4.15E-06 1929.92 9.41 26.25 -0.36 1859.91667 -2.26985513 -4.035511584 1861.625 -0.47 -3.98
-4.746 1986.419 4.4E-06 1929.84 9.47 25.44 -0.36 1859.75 -2.341679701 -3.670022167 1861.458 -0.33 -4.2
-4.702 1986.403 4.48E-06 1929.75 9.51 25.05 -0.37 1859.58333 -2.786640164 -3.567767714 1861.291 -0.18 -4.51

-4.64 1986.388 4.57E-06 1929.67 9.58 24.15 -0.37 1859.41667 -2.958245291 -3.758754627 1861.125 -0.02 -4.9
-4.631 1986.373 4.39E-06 1929.59 9.56 24.41 -0.38 1859.25 -2.312259569 -3.984741157 1860.958 -0.33 -4.73

-4.58 1986.358 4.4E-06 1929.5 9.52 24.82 -0.39 1859.08333 -2.049118541 -3.828065175 1860.791 -0.46 -4.49

ABOR/MH/Priv-003014



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1860.583 -3.72 1914.2 0.32 -5.47 1975 -4.47754 1927.63
1860.417 -3.67 1914.11 0.43 -5.32 1975.17 -4.50201 1927.54

1860.25 -3.36 1914.02 0.09 -5.82 1975.33 -4.45929 1927.46
1860.083 -3.05 1913.93 0.01 -6.09 1975.5 -4.39234 1927.38
1859.917 -3.34 1913.75 -0.09 -6.17 1975.67 -4.34927 1927.29

1859.75 -3.54 1913.68 -0.14 -6.02 1975.83 -4.31655 1927.21
1859.583 -3.7 1913.62 -0.57 -6.18 1976 -4.27606 1927.13
1859.417 -3.44 1913.55 0.08 -6.22 1976.17 -4.32935 1927.04

1859.25 -3.2 1913.48 0.6 -5.66 1976.33 -4.55072 1926.96
1859.083 -3.19 1913.42 0.41 -5.9 1976.5 -4.8621 1926.88
1858.917 -3.48 1913.35 0.61 -5.62 1976.67 -4.97778 1926.79

1858.75 -3.59 1913.28 0.65 -5.54 1976.83 -4.98903 1926.71
1858.583 -3.46 1913.22 0.69 -5.3 1977 -4.95462 1926.63
1858.417 -3.34 1913.15 0.58 -5.22 1977.17 -4.87173 1926.54

1858.25 -3.23 1913.08 0.58 -5.41 1977.33 -4.79203 1926.46
1858.083 -2.87 1913.02 0.19 -5.75 1977.5 -4.73306 1926.38
1857.917 -3.27 1912.95 0.19 -5.84 1977.67 -4.83768 1926.29

1857.75 -3.7 1912.88 0.39 -6.07 1977.83 -4.95766 1926.21
1857.583 -3.71 1912.75 -0.02 -6.25 1978 -5.02575 1926.13
1857.417 -3.42 1912.66 0.29 -5.88 1978.17 -5.06569 1926.04

1857.25 -3.31 1912.57 -0.07 -6.12 1978.33 -4.77841 1925.96
1857.083 -3.24 1912.48 0.33 -5.81 1978.5 -4.62554 1925.88
1856.917 -3.65 1912.39 0.82 -5.65 1978.67 -4.62299 1925.79

1856.75 -3.94 1912.3 0.54 -5.87 1978.83 -4.64368 1925.71
1856.583 -3.71 1912.2 0.2 -5.33 1979 -4.71652 1925.63
1856.417 -3.28 1912.11 0.04 -5.44 1979.17 -4.81011 1925.54

1856.25 -3.27 1912.02 0.11 -5.64 1979.33 -4.73817 1925.46
1856.083 -3.26 1911.93 0.06 -6.05 1979.5 -4.70264 1925.38
1855.917 -3.75 1911.75 0.17 -6.41 1979.67 -4.77214 1925.29

1855.75 -3.87 1911.68 0 -6.23 1979.83 -4.82839 1925.21
1855.583 -3.82 1911.62 -0.1 -5.95 1980 -4.85719 1925.13
1855.417 -3.58 1911.55 -0.13 -5.96 1980.17 -4.85764 1925.04

1855.25 -3.16 1911.48 -0.08 -5.85 1980.33 -4.87922 1924.96
1855.083 -3.07 1911.42 0.04 -5.58 1980.5 -4.97333 1924.88
1854.917 -3.37 1911.35 -0.84 -5.27 1980.67 -5.02594 1924.79

1854.75 -3.63 1911.28 -0.84 -5.45 1980.83 -5.05267 1924.71
1854.583 -3.7 1911.22 0.17 -5.17 1981 -4.98802 1924.63
1854.417 -3.63 1911.15 0.12 -6.06 1981.17 -5.01384 1924.54

1854.25 -3.2 1911.08 -0.05 -5.8 1981.33 -5.0471 1924.46
1854.083 -3 1911.02 -0.33 -6.15 1981.5 -4.96268 1924.38
1853.917 -3.41 1910.95 -0.52 -5.88 1981.67 -4.80661 1924.29

1853.75 -3.55 1910.88 -0.71 -6.24 1981.83 -4.82074 1924.21
1853.583 -3.86 1910.75 -0.98 -6.6 1982 -4.81364 1924.13
1853.417 -3.56 1910.67 -1.18 -6.22 1982.17 -4.8504 1924.04

1853.25 -3.3 1910.6 -0.7 -6.23 1982.33 -4.85709 1923.96

ABOR/MH/Priv-003015



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.503 1986.343 4.47E-06 1929.42 9.37 26.7 -0.39 1858.91667 -2.827177844 -3.422326408 1860.625 -0.4 -4.18
-4.401 1986.328 4.75E-06 1929.34 9.33 27.14 -0.4 1858.75 -2.439368703 -3.297912664 1860.458 -0.41 -4.24
-4.469 1986.313 4.62E-06 1929.25 9.31 27.4 -0.41 1858.58333 -2.25170266 -3.736712093 1860.291 -0.34 -4.52
-4.706 1986.297 4.56E-06 1929.17 9.31 27.43 -0.42 1858.41667 -2.665356896 -3.543596567 1860.125 -0.45 -4.93
-4.939 1986.282 4.62E-06 1929.09 9.33 27.18 -0.43 1858.25 -3.07912143 -4.025359998 1859.958 -0.81 -4.94
-4.953 1986.267 4.46E-06 1929 9.4 26.34 -0.45 1858.08333 -2.457058172 -4.03923446 1859.791 -0.45 -4.48
-4.778 1986.252 4.37E-06 1928.92 9.48 25.34 -0.46 1857.91667 -2.302097933 -4.024579697 1859.625 -0.24 -4.02
-4.755 1986.237 4.44E-06 1928.84 9.51 25.03 -0.47 1857.75 -2.621060178 -3.459939622 1859.458 -0.47 -4.16
-4.741 1986.222 4.38E-06 1928.75 9.55 24.5 -0.49 1857.58333 -3.184942736 -3.803792779 1859.291 -0.42 -4.7
-4.697 1986.207 4.45E-06 1928.67 9.61 23.79 -0.5 1857.41667 -2.850511234 -3.940189888 1859.125 -0.34 -4.93
-4.653 1986.191 4.54E-06 1928.59 9.57 24.29 -0.52 1857.25 -2.417505308 -3.964432257 1858.958 -0.33 -4.8
-4.591 1986.176 4.51E-06 1928.5 9.52 24.94 -0.53 1857.08333 -2.277780631 -4.012846224 1858.791 -0.39 -4.52
-4.496 1986.161 4.67E-06 1928.42 9.51 25 -0.55 1856.91667 -2.181662089 -3.870422432 1858.625 -0.34 -4.09
-4.471 1986.146 4.98E-06 1928.34 9.5 25.17 -0.56 1856.75 -2.672860946 -3.58888117 1858.458 -0.81 -4.37
-4.607 1986.131 5.26E-06 1928.25 9.41 26.16 -0.58 1856.58333 -2.883729819 -3.692248005 1858.291 -0.42 -4.75
-4.775 1986.116 5.18E-06 1928.17 9.41 26.17 -0.59 1856.41667 -2.764388334 -3.895728654 1858.125 -0.41 -5.02
-4.958 1986.1 5.22E-06 1928.09 9.44 25.8 -0.61 1856.25 -2.490275501 -4.102100959 1857.958 -0.56 -4.71
-4.949 1986.085 4.73E-06 1928 9.46 25.67 -0.62 1856.08333 -2.146996875 -4.187794605 1857.791 -0.64 -4.26
-4.919 1986.07 4.76E-06 1927.92 9.47 25.44 -0.64 1855.91667 -2.10135931 -3.944244155 1857.625 -0.45 -4.13
-4.805 1986.055 4.88E-06 1927.84 9.53 24.71 -0.65 1855.75 -2.551664222 -3.463098716 1857.458 -0.24 -4.7
-4.684 1986.04 4.73E-06 1927.75 9.59 24.09 -0.67 1855.58333 -2.727160753 -3.671365439 1857.291 -0.19 -4.94
-4.676 1986.025 4.34E-06 1927.67 9.63 23.55 -0.68 1855.41667 -2.094154715 -3.987007202 1857.125 -0.26 -4.9
-4.663 1986.01 3.92E-06 1927.59 9.6 23.95 -0.7 1855.25 -2.542049191 -3.74018757 1856.958 -0.39 -4.69
-4.576 1985.994 4.12E-06 1927.5 9.57 24.27 -0.71 1855.08333 -2.974549517 -3.632875685 1856.791 -0.51 -4.44
-4.541 1985.979 3.93E-06 1927.42 9.53 24.71 -0.72 1854.91667 -2.347761997 -3.996693941 1856.625 -0.55 -4.2
-4.496 1985.964 4.2E-06 1927.34 9.48 25.32 -0.73 1854.75 -2.831134405 -3.660445936 1856.458 -0.84 -4.58
-4.492 1985.949 3.8E-06 1927.25 9.35 26.89 -0.75 1854.58333 -3.493363337 -3.546969234 1856.291 -0.52 -5.12
-4.541 1985.934 3.65E-06 1927.17 9.36 26.83 -0.76 1854.41667 -3.387333628 -3.525914529 1856.125 -0.49 -5.15
-4.593 1985.919 3.8E-06 1927.09 9.35 26.93 -0.77 1854.25 -3.281303918 -3.504859824 1855.958 -0.6 -4.75
-4.617 1985.903 3.69E-06 1927 9.38 26.6 -0.78 1854.08333 -3.175274209 -3.483805119 1855.791 -0.5 -4.36
-4.594 1985.888 3.8E-06 1926.92 9.54 24.64 -0.79 1853.91667 -3.0692445 -3.462750414 1855.625 -0.54 -4.13
-4.576 1985.873 3.95E-06 1926.84 9.57 24.23 -0.8 1853.75 -2.963214791 -3.441695709 1855.458 -0.78 -4.33
-4.616 1985.858 3.8E-06 1926.75 9.62 23.7 -0.81 1853.58333 -2.733194895 -3.659386143 1855.291 -0.58 -4.77
-4.627 1985.843 3.73E-06 1926.67 9.66 23.18 -0.81 1853.41667 -2.454290609 -3.545777559 1855.125 -0.23 -4.97
-4.627 1985.828 3.92E-06 1926.59 9.64 23.42 -0.82 1853.25 -2.942287071 -3.929937949 1854.958 -0.6 -4.41
-4.586 1985.813 3.95E-06 1926.5 9.55 24.5 -0.83 1853.08333 -2.789199086 -3.90163394 1854.791 -0.31 -4.11
-4.463 1985.797 3.94E-06 1926.42 9.5 25.07 -0.83 1852.91667 -2.305300874 -3.917786157 1854.625 -0.63 -3.88

-4.32 1985.782 0.000004 1926.34 9.47 25.5 -0.83 1852.75 -2.70049776 -3.682615381 1854.458 -0.25 -4.45
-4.458 1985.767 3.98E-06 1926.25 9.46 25.64 -0.83 1852.58333 -2.719113904 -3.852933677 1854.291 -0.08 -4.85
-4.656 1985.752 3.96E-06 1926.17 9.47 25.52 -0.84 1852.41667 -2.547903155 -4.003178141 1854.125 -0.29 -4.74
-4.807 1985.737 4.01E-06 1926.09 9.51 25.02 -0.84 1852.25 -2.222719668 -4.039822545 1853.958 -0.48 -4.36
-4.858 1985.722 3.85E-06 1926 9.54 24.6 -0.83 1852.08333 -2.102625848 -4.131372422 1853.791 -0.36 -4.09

-4.78 1985.707 3.85E-06 1925.92 9.56 24.44 -0.83 1851.91667 -2.17351506 -4.006959008 1853.625 -0.49 -3.99
-4.627 1985.691 3.87E-06 1925.84 9.58 24.13 -0.83 1851.75 -2.541045838 -3.677969779 1853.458 -0.44 -4.4
-4.676 1985.676 3.76E-06 1925.75 9.59 23.99 -0.83 1851.58333 -3.075027265 -3.714836357 1853.291 -0.22 -4.81

ABOR/MH/Priv-003016



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1853.083 -2.98 1910.52 -0.99 -6.21 1982.5 -4.99148 1923.88
1852.917 -3.31 1910.44 -0.37 -6.21 1982.67 -5.164 1923.79

1852.75 -3.61 1910.37 -0.22 -6.12 1982.83 -5.2398 1923.71
1852.583 -3.69 1910.29 0.06 -5.87 1983 -5.08795 1923.63
1852.417 -3.22 1910.21 -0.01 -5.66 1983.17 -4.78105 1923.54

1852.25 -2.88 1910.13 0.01 -5.52 1983.33 -4.83419 1923.46
1852.083 -2.92 1910.06 -0.19 -5.47 1983.5 -4.86522 1923.38
1851.917 -3.39 1909.98 -0.32 -5.71 1983.67 -4.74766 1923.29

1851.75 -3.6 1909.9 0.04 -5.88 1983.83 -4.70014 1923.21
1851.583 -3.88 1909.75 0.1 -6.08 1984 -4.56099 1923.13
1851.417 -3.5 1909.67 0.17 -6 1984.17 -4.58361 1923.04

1851.25 -3.12 1909.6 -0.14 -6 1984.33 -4.70705 1922.96
1851.083 -2.95 1909.52 -0.1 -5.87 1984.5 -4.79235 1922.88
1850.917 -3.3 1909.44 0.22 -5.78 1984.67 -4.76538 1922.79

1850.75 -3.6 1909.37 0.34 -5.62 1984.83 -4.7536 1922.71
1850.583 -3.75 1909.29 0.26 -5.49 1985 -4.70801 1922.63
1850.417 -3.75 1909.21 0.03 -5.53 1985.17 -4.62773 1922.54

1850.25 -3.3 1909.13 0.12 -5.05 1985.33 -4.6608 1922.46
1850.083 -3.04 1909.06 -0.3 -5.88 1985.5 -4.69645 1922.38
1849.917 -3.46 1908.98 -0.52 -5.99 1985.67 -4.68331 1922.29

1849.75 -3.54 1908.9 -0.74 -6.15 1985.83 -4.7498 1922.21
1849.583 -3.6 1908.75 -1.22 -6.25 1986 -4.76513 1922.13
1849.417 -3.38 1908.67 -0.79 -6.17 1986.17 -4.67847 1922.04

1849.25 -2.96 1908.58 -0.38 -6.2 1986.33 -4.68102 1921.96
1849.083 -3 1908.5 0.07 -6.07 1986.5 -4.72568 1921.88
1848.917 -3.41 1908.42 -0.2 -5.74 1986.67 -4.83493 1921.79

1848.75 -3.78 1908.33 -0.31 -5.46 1986.83 -4.96524 1921.71
1848.583 -3.73 1908.25 0.77 -5.07 1987 -5.07148 1921.63
1848.417 -3.68 1908.17 0.25 -5.1 1987.17 -5.0598 1921.54

1848.25 -3.47 1908.08 0.33 -5.29 1987.33 -5.09706 1921.46
1848.083 -3.3 1908 -0.08 -5.63 1987.5 -5.2768 1921.38
1847.917 -3.8 1907.92 -0.67 -5.85 1987.67 -5.30443 1921.29

1847.75 -3.67 1907.75 -0.87 -5.95 1987.83 -5.18609 1921.21
1847.583 -3.51 1907.68 -0.3 -5.92 1988 -5.03899 1921.13
1847.417 -3.36 1907.61 -0.53 -5.77 1988.17 -4.87811 1921.04

1847.25 -3.12 1907.54 -0.51 -5.88 1988.33 -4.68045 1920.96
1847.083 -3.07 1907.46 -0.29 -5.78 1988.5 -4.49724 1920.88
1846.917 -3.67 1907.39 -0.24 -5.47 1988.67 -4.46983 1920.79

1846.75 -3.66 1907.32 -0.13 -5.62 1988.83 -4.48363 1920.71
1846.583 -3.72 1907.25 -0.03 -5.32 1989 -4.48843 1920.63
1846.417 -3.5 1907.18 -0.21 -5.63 1989.17 -4.50704 1920.54

1846.25 -3.06 1907.11 -0.26 -5.6 1989.33 -4.54648 1920.46
1846.083 -2.98 1907.04 -0.18 -5.54 1989.5 -4.56043 1920.38
1845.917 -3.24 1906.96 -0.41 -5.83 1989.67 -4.59001 1920.29

1845.75 -3.46 1906.89 -0.64 -6.2 1989.83 -4.63121 1920.21

ABOR/MH/Priv-003017



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.613 1985.661 3.86E-06 1925.67 9.64 23.42 -0.82 1851.41667 -2.623954028 -4.067176151 1853.125 -0.34 -4.72
-4.606 1985.646 3.8E-06 1925.59 9.68 22.99 -0.81 1851.25 -2.194742421 -4.000406916 1852.958 -0.66 -4.37
-4.489 1985.631 3.97E-06 1925.5 9.57 24.25 -0.81 1851.08333 -2.337724539 -3.993279032 1852.791 -0.87 -4.18
-4.436 1985.616 4.07E-06 1925.42 9.57 24.27 -0.8 1850.91667 -2.564215436 -3.820539141 1852.625 -0.92 -4.06
-4.425 1985.6 4.17E-06 1925.34 9.32 27.28 -0.79 1850.75 -2.735213387 -3.585323541 1852.458 -0.66 -4.34

-4.45 1985.585 4.2E-06 1925.25 9.34 27.07 -0.78 1850.58333 -2.677351697 -3.682435879 1852.291 -0.59 -4.76
-4.6 1985.57 4.31E-06 1925.17 9.4 26.3 -0.77 1850.41667 -2.172627432 -3.868434294 1852.125 -0.55 -4.73

-4.846 1985.555 4.09E-06 1925.09 9.39 26.46 -0.76 1850.25 -2.324827495 -3.961974768 1851.958 -0.51 -4.42
-4.899 1985.538 4.19E-06 1925 9.41 26.19 -0.75 1850.08333 -2.283037273 -3.904966545 1851.791 -0.48 -4.27
-4.736 1985.522 4.23E-06 1924.92 9.45 25.77 -0.73 1849.91667 -2.485372273 -3.935736997 1851.625 -0.53 -4.26
-4.715 1985.505 4.03E-06 1924.84 9.54 24.66 -0.72 1849.75 -2.935887431 -3.707759453 1851.458 -0.45 -4.4
-4.679 1985.488 4.04E-06 1924.75 9.63 23.59 -0.71 1849.58333 -2.868484719 -3.902685067 1851.291 -0.3 -4.48
-4.689 1985.472 4.15E-06 1924.67 9.64 23.42 -0.7 1849.41667 -2.512372425 -4.156730111 1851.125 -0.23 -4.68
-4.605 1985.455 4.2E-06 1924.59 9.55 24.46 -0.68 1849.25 -2.333254419 -4.001420578 1850.958 -0.23 -4.69
-4.529 1985.438 4.16E-06 1924.5 9.49 25.23 -0.67 1849.08333 -2.366689069 -3.882531592 1850.791 -0.33 -4.25
-4.471 1985.422 4.14E-06 1924.42 9.46 25.65 -0.65 1848.91667 -2.520666164 -3.643902322 1850.625 -0.71 -3.67
-4.335 1985.405 4.19E-06 1924.34 9.42 26.08 -0.64 1848.75 -3.230547064 -3.497853412 1850.458 -0.72 -4.1

-4.44 1985.388 4.24E-06 1924.25 9.4 26.4 -0.62 1848.58333 -3.157984504 -3.647630429 1850.291 -1.04 -4.44
-4.541 1985.372 4.15E-06 1924.17 9.48 25.42 -0.6 1848.41667 -2.584299707 -3.745125509 1850.125 -0.94 -4.79
-4.753 1985.355 4.24E-06 1924.09 9.59 24.08 -0.59 1848.25 -2.249053568 -3.758715814 1849.958 -0.6 -4.74
-4.817 1985.338 4.25E-06 1924 9.57 24.25 -0.57 1848.08333 -2.85511612 -3.662703847 1849.791 -0.45 -4.16
-4.803 1985.322 3.97E-06 1923.92 9.54 24.67 -0.55 1847.91667 -3.384501935 -3.360590975 1849.625 -0.55 -3.94
-4.794 1985.305 4.36E-06 1923.84 9.53 24.7 -0.54 1847.75 -2.861073872 -3.355774701 1849.458 -0.91 -3.97
-4.766 1985.288 4.47E-06 1923.75 9.59 23.99 -0.52 1847.58333 -3.535434882 -3.736075149 1849.291 -0.61 -4.64

-4.65 1985.272 4.22E-06 1923.67 9.58 24.15 -0.5 1847.41667 -2.289541456 -3.922302099 1849.125 -0.38 -4.97
-4.546 1985.255 4.2E-06 1923.59 9.56 24.44 -0.48 1847.25 -2.805600398 -3.673532298 1848.958 -0.43 -4.6
-4.442 1985.238 3.95E-06 1923.5 9.46 25.57 -0.47 1847.08333 -2.854389898 -4.227964046 1848.791 -0.43 -4.17
-4.339 1985.222 3.88E-06 1923.42 9.4 26.31 -0.45 1846.91667 -2.344509491 -3.982275001 1848.625 -0.46 -3.79
-4.288 1985.205 3.95E-06 1923.34 9.39 26.43 -0.43 1846.75 -2.682023672 -3.496147032 1848.458 -1.2 -4.4
-4.351 1985.188 3.71E-06 1923.25 9.36 26.81 -0.41 1846.58333 -2.972265556 -3.698324441 1848.291 -0.79 -4.82
-4.669 1985.172 3.79E-06 1923.17 9.39 26.44 -0.4 1846.41667 -3.074400552 -3.934443703 1848.125 -0.24 -4.74
-4.755 1985.155 3.83E-06 1923.09 9.42 26.15 -0.38 1846.25 -2.720288152 -4.049661464 1847.958 -0.1 -4.34
-4.718 1985.138 3.97E-06 1923 9.44 25.91 -0.37 1846.08333 -2.250688244 -3.920047349 1847.791 -0.42 -3.91
-4.717 1985.122 3.98E-06 1922.92 9.45 25.7 -0.35 1845.91667 -2.312089783 -3.737138102 1847.625 -0.88 -3.88
-4.695 1985.105 3.84E-06 1922.84 9.46 25.55 -0.34 1845.75 -2.520544589 -3.411203356 1847.458 -0.99 -4.25
-4.588 1985.088 3.74E-06 1922.75 9.49 25.23 -0.33 1845.58333 -3.282309005 -3.881401439 1847.291 -0.85 -4.56
-4.473 1985.072 3.64E-06 1922.67 9.53 24.76 -0.31 1845.41667 -3.247272742 -4.234011795 1847.125 -0.45 -4.83
-4.487 1985.055 3.62E-06 1922.59 9.53 24.72 -0.3 1845.25 -2.723662772 -4.078469915 1846.958 -0.37 -4.44
-4.553 1985.038 3.62E-06 1922.5 9.48 25.34 -0.29 1845.08333 -2.789305238 -3.92936662 1846.791 -0.41 -4.08
-4.525 1985.022 3.79E-06 1922.42 9.37 26.7 -0.28 1844.91667 -2.696814118 -3.79789627 1846.625 -0.57 -3.76
-4.434 1985.005 3.98E-06 1922.34 9.31 27.42 -0.27 1844.75 -2.869280566 -3.673176919 1846.458 -1.39 -4.19
-4.653 1984.988 4.02E-06 1922.25 9.31 27.43 -0.27 1844.58333 -3.869471016 -3.995832714 1846.291 -0.91 -4.66
-4.854 1984.972 4.1E-06 1922.17 9.39 26.5 -0.26 1844.41667 -3.057672725 -3.932066835 1846.125 -0.54 -4.66
-4.891 1984.955 4.09E-06 1922.09 9.41 26.16 -0.25 1844.25 -2.827438596 -3.956664803 1845.958 -0.48 -4.35
-4.861 1984.938 3.81E-06 1922 9.43 25.99 -0.25 1844.08333 -2.468767927 -3.759190883 1845.791 -0.58 -4.11

ABOR/MH/Priv-003018



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1845.583 -3.65 1906.75 -0.96 -6.39 1990 -4.77761 1920.13
1845.417 -3.67 1906.68 -0.88 -6.3 1990.17 -5.04868 1920.04

1845.25 -3.46 1906.61 -0.82 -6.24 1990.33 -5.01844 1919.96
1845.083 -3.39 1906.54 -0.7 -6.11 1990.5 -4.80892 1919.88
1844.917 -3.41 1906.46 -0.58 -5.98 1990.67 -4.86757 1919.79

1844.75 -3.84 1906.39 -0.7 -6.17 1990.83 -5.01768 1919.71
1844.583 -3.92 1906.32 -0.62 -5.92 1991 -5.1529 1919.63
1844.417 -3.75 1906.25 -0.35 -5.68 1991.17 -5.16222 1919.54

1844.25 -3.28 1906.18 -0.15 -5.52 1991.33 -5.04997 1919.46
1844.083 -2.79 1906.11 -0.23 -5.54 1991.5 -5.07075 1919.38
1843.917 -3.1 1906.04 -0.43 -5.46 1991.67 -5.09249 1919.29

1843.75 -3.3 1905.96 -0.48 -5.61 1991.83 -4.97454 1919.21
1843.583 -3.29 1905.89 -0.58 -5.85 1992 -4.88077 1919.13
1843.417 -3.08 1905.75 -0.77 -6.17 1992.17 -4.85192 1919.04

1843.25 -3 1905.68 -1.22 -6.22 1992.33 -5.13784 1918.96
1843.083 -3.06 1905.62 -1.27 -6.14 1992.5 -4.9788 1918.88
1842.917 -3.48 1905.55 -0.99 -6.08 1992.67 -4.63502 1918.79

1842.75 -3.6 1905.48 -0.01 -6.04 1992.83 -4.62057 1918.71
1842.583 -3.6 1905.42 0.13 -6.04 1993 -4.71623 1918.63
1842.417 -3.4 1905.35 -0.17 -6.04 1993.17 -4.79548 1918.54

1842.25 -3.09 1905.28 -0.22 -5.95 1993.33 -4.86926 1918.46
1842.083 -2.83 1905.22 -0.16 -5.9 1993.5 -4.83694 1918.38
1841.917 -3.09 1905.15 -0.37 -6 1993.67 -5.09007 1918.29

1841.75 -3.41 1905.08 -0.37 -5.97 1993.83 -5.0886 1918.21
1841.583 -3.74 1905.02 -0.36 -6.04 1994 -4.85999 1918.13
1841.417 -3.34 1904.95 -0.48 -6.11 1994.17 -4.69942 1918.04

1841.25 -2.99 1904.88 -0.88 -6.31 1994.33 -4.725 1917.96
1841.083 -2.87 1904.75 -1.2 -6.34 1994.5 -4.80113 1917.88
1840.917 -3.33 1904.67 -1.6 -6.47 1917.79

1840.75 -3.58 1904.6 -1.31 -6.33 1917.71
1840.583 -3.7 1904.52 -1.51 -6.4 1917.63
1840.417 -3.46 1904.44 -0.81 -5.96 1917.54

1840.25 -3.06 1904.37 -1 -6.21 1917.46
1840.083 -2.83 1904.29 -0.71 -6.09 1917.38
1839.917 -3.12 1904.21 -0.31 -5.76 1917.29

1839.75 -3.58 1904.13 -0.03 -5.55 1917.21
1839.583 -3.57 1904.06 0.36 -5.41 1917.13
1839.417 -3.28 1903.98 0.44 -5.75 1917.04

1839.25 -2.74 1903.9 0.74 -5.73 1916.96
1839.083 -2.78 1903.75 0.9 -6.11 1916.88
1838.917 -3.22 1903.65 0.48 -6.22 1916.79

1838.75 -3.52 1903.55 0.43 -6.13 1916.71
1838.583 -3.69 1903.45 0.29 -5.95 1916.63
1838.417 -3.55 1903.35 0.38 -5.74 1916.54

1838.25 -3.25 1903.25 0.47 -5.76 1916.46

ABOR/MH/Priv-003019



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.793 1984.922 3.86E-06 1921.92 9.51 25.06 -0.24 1843.91667 -2.758790742 -3.708160301 1845.625 -1.08 -4.05
-4.734 1984.905 4.01E-06 1921.84 9.54 24.59 -0.24 1843.75 -2.947905806 -3.527152011 1845.458 -0.79 -4.53
-4.633 1984.888 4.1E-06 1921.75 9.59 24.03 -0.24 1843.58333 -3.158346069 -3.848015398 1845.291 -0.6 -4.84
-4.611 1984.872 4.13E-06 1921.67 9.55 24.52 -0.24 1843.41667 -2.70282526 -3.991685419 1845.125 -0.5 -4.97

-4.62 1984.855 4.06E-06 1921.59 9.51 25.02 -0.24 1843.25 -2.448256842 -4.128691307 1844.958 -0.33 -4.69
-4.528 1984.838 3.88E-06 1921.5 9.43 25.92 -0.24 1843.08333 -2.354997611 -3.92746539 1844.791 -0.19 -4.35
-4.467 1984.822 3.82E-06 1921.42 9.35 26.95 -0.24 1842.91667 -3.048421228 -3.713490291 1844.625 -0.09 -3.94
-4.413 1984.805 3.79E-06 1921.34 9.31 27.45 -0.24 1842.75 -2.948416812 -3.511693882 1844.458 -0.55 -4.28
-4.557 1984.788 3.63E-06 1921.25 9.31 27.48 -0.24 1842.58333 -2.828622573 -3.607635733 1844.291 -0.32 -4.73
-4.898 1984.772 3.73E-06 1921.17 9.33 27.16 -0.24 1842.41667 -2.538168164 -3.904861784 1844.125 -0.15 -4.87

-5.06 1984.755 3.59E-06 1921.09 9.37 26.76 -0.25 1842.25 -2.406834591 -3.911444192 1843.958 -0.14 -4.7
-5 1984.738 3.6E-06 1921 9.4 26.36 -0.25 1842.08333 -2.175139873 -3.661788782 1843.791 -0.21 -4.41

-4.81 1984.722 3.61E-06 1920.92 9.54 24.59 -0.26 1841.91667 -2.288696253 -3.504788283 1843.625 -0.43 -4.15
-4.594 1984.705 3.74E-06 1920.84 9.56 24.38 -0.26 1841.75 -2.354391597 -3.331023303 1843.458 -0.8 -4.27
-4.513 1984.688 3.84E-06 1920.75 9.56 24.4 -0.27 1841.58333 -2.519342531 -3.394876222 1843.291 -0.75 -4.71
-4.455 1984.672 3.75E-06 1920.67 9.62 23.67 -0.27 1841.41667 -2.772284639 -3.65726555 1843.125 -0.5 -4.93
-4.464 1984.655 3.75E-06 1920.59 9.58 24.19 -0.28 1841.25 -2.515585714 -3.964816077 1842.958 -0.4 -4.72
-4.446 1984.638 3.94E-06 1920.5 9.51 25.03 -0.28 1841.08333 -2.170565838 -4.076951675 1842.791 -0.58 -4.36
-4.387 1984.622 3.88E-06 1920.42 9.47 25.43 -0.29 1840.91667 -2.108820642 -4.006878678 1842.625 -0.62 -3.87
-4.386 1984.605 3.97E-06 1920.34 9.41 26.22 -0.3 1840.75 -2.153633261 -3.654304042 1842.458 -0.29 -4.38
-4.491 1984.588 4.01E-06 1920.25 9.36 26.78 -0.3 1840.58333 -2.674291322 -3.604194135 1842.291 -0.45 -4.95
-4.667 1984.572 4.14E-06 1920.17 9.36 26.77 -0.31 1840.41667 -2.925046684 -3.644429178 1842.125 -0.37 -4.74
-4.769 1984.555 4.2E-06 1920.09 9.39 26.46 -0.32 1840.25 -2.557785239 -3.716360179 1841.958 -0.5 -4.38
-4.638 1984.536 4.13E-06 1920 9.41 26.22 -0.32 1840.08333 -2.368546889 -3.673565349 1841.791 -0.52 -4.09
-4.523 1984.517 4.02E-06 1919.92 9.46 25.65 -0.33 1839.91667 -2.650757784 -3.539101449 1841.625 -0.59 -3.93
-4.488 1984.498 4.09E-06 1919.84 9.56 24.34 -0.33 1839.75 -2.99394733 -3.366078221 1841.458 -0.3 -4.47
-4.509 1984.48 0.000004 1919.75 9.62 23.67 -0.34 1839.58333 -2.887128788 -3.536446503 1841.291 -0.4 -4.85
-4.565 1984.461 4.15E-06 1919.67 9.67 23.06 -0.35 1839.41667 -2.621678827 -3.750869575 1841.125 -0.28 -4.96
-4.524 1984.442 4.05E-06 1919.59 9.57 24.27 -0.35 1839.25 -2.324067756 -3.900452479 1840.958 0 -4.75
-4.485 1984.423 4.37E-06 1919.5 9.57 24.27 -0.36 1839.08333 -2.30633439 -3.937737692 1840.791 0.07 -4.31
-4.431 1984.404 4.4E-06 1919.42 9.46 25.58 -0.36 1838.91667 -2.349511418 -3.629158139 1840.625 -0.52 -3.96
-4.471 1984.385 4.26E-06 1919.34 9.4 26.32 -0.37 1838.75 -2.816742205 -3.339819612 1840.458 -0.66 -4.07
-4.509 1984.366 4.26E-06 1919.25 9.39 26.49 -0.37 1838.58333 -2.849727287 -3.438799014 1840.291 -0.57 -4.38
-4.553 1984.347 4.38E-06 1919.17 9.41 26.18 -0.37 1838.41667 -2.855804226 -3.845782782 1840.125 -0.39 -5.22
-4.637 1984.329 4.85E-06 1919.09 9.42 26.07 -0.38 1838.25 -2.826019803 -4.027174208 1839.958 0.12 -4.53
-4.659 1984.31 5.11E-06 1919 9.41 26.25 -0.38 1838.08333 -2.510509013 -3.971023518 1839.791 -0.34 -4.23
-4.675 1984.291 5.25E-06 1918.92 9.42 26.07 -0.39 1837.91667 -3.23475874 -3.428477671 1839.625 -0.5 -4.22
-4.606 1984.272 5.24E-06 1918.84 9.52 24.93 -0.39 1837.75 -2.940833546 -3.362032193 1839.458 -0.16 -4.56
-4.543 1984.253 5.47E-06 1918.75 9.61 23.77 -0.4 1837.58333 -3.145393367 -3.815446701 1839.291 -0.13 -4.93

-4.53 1984.234 5.52E-06 1918.67 9.63 23.55 -0.4 1837.41667 -2.704864899 -3.867308961 1839.125 -0.11 -4.85
-4.518 1984.215 5.47E-06 1918.59 9.64 23.44 -0.4 1837.25 -2.168106348 -3.747410648 1838.958 -0.18 -4.5
-4.507 1984.197 5.55E-06 1918.5 9.58 24.13 -0.41 1837.08333 -2.614098486 -3.4880205 1838.791 -0.42 -4.24
-4.434 1984.178 5.66E-06 1918.42 9.48 25.37 -0.41 1836.91667 -3.037041004 -3.511122836 1838.625 -0.51 -3.96
-4.369 1984.159 5.85E-06 1918.34 9.43 26.03 -0.42 1836.75 -2.545027464 -3.388910361 1838.458 -0.52 -4.29

-4.39 1984.14 6.15E-06 1918.25 9.34 27.04 -0.42 1836.58333 -2.661395919 -3.432869923 1838.291 -0.36 -4.68

ABOR/MH/Priv-003020



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1838.083 -2.99 1903.15 0.85 -5.56 1916.38
1837.917 -3.07 1903.05 0.54 -5.78 1916.29

1837.75 -3.25 1902.95 -0.03 -6.31 1916.21
1837.583 -3.48 1902.75 0.05 -6.22 1916.13
1837.417 -3.54 1902.64 0.72 -6.04 1916.04

1837.25 -3.1 1902.53 0.82 -5.87 1915.96
1837.083 -2.67 1902.42 0.46 -5.24 1915.88
1836.917 -3.06 1902.31 0.62 -5.19 1915.79

1836.75 -3.58 1902.19 0.55 -5.29 1915.71
1836.583 -3.52 1902.08 0.27 -5.7 1915.63
1836.417 -3.15 1901.97 0.04 -5.98 1915.54

1836.25 -2.85 1901.75 0 -6.03 1915.46
1836.083 -2.83 1901.67 -0.23 -5.91 1915.38
1835.917 -3.4 1901.58 -0.45 -5.91 1915.29

1835.75 -3.36 1901.5 -0.52 -5.79 1915.21
1835.583 -3.11 1901.42 -0.35 -5.83 1915.13
1835.417 -2.9 1901.33 0.24 -5.52 1915.04

1835.25 -2.74 1901.25 0.27 -5.46 1914.96
1835.083 -2.76 1901.17 0.36 -5.55 1914.88
1834.917 -3.1 1901.08 0.32 -5.37 1914.79

1834.75 -3.24 1901 0.08 -4.89 1914.71
1834.583 -3.24 1900.92 -0.13 -5.47 1914.63
1834.417 -3.43 1900.75 -0.34 -6.32 1914.54

1834.25 -2.84 1900.7 -0.75 -6.18 1914.46
1834.083 -2.64 1900.64 -0.61 -6.02 1914.38
1833.917 -3.17 1900.59 -0.69 -5.92 1914.29

1833.75 -3.43 1900.54 0.03 -6.21 1914.21
1833.583 -3.34 1900.49 -0.08 -6.17 1914.13
1833.417 -3.16 1900.43 -0.08 -5.99 1914.04

1833.25 -2.98 1900.38 -0.03 -5.82 1913.96
1833.083 -3 1900.33 0.18 -5.68 1913.88
1832.917 -3.31 1900.28 0.23 -5.49 1913.79

1832.75 -3.5 1900.22 0.26 -5.61 1913.71
1832.583 -3.38 1900.17 -0.03 -5.89 1913.63
1832.417 -3.05 1900.12 -0.05 -5.99 1913.54

1832.25 -2.85 1900.07 -0.17 -6.14 1913.46
1832.083 -2.87 1900.01 -0.33 -6.09 1913.38
1831.917 -3.2 1899.96 -0.57 -6.22 1913.29

1831.75 -3.56 1899.91 -0.49 -6.39 1913.21
1831.583 -3.69 1899.86 -0.34 -6.31 1913.13
1831.417 -3.45 1899.75 -0.33 -6.49 1913.04

1831.25 -3.03 1899.66 -0.45 -6.38 1912.96
1831.083 -3.02 1899.57 -0.21 -6.16 1912.88
1830.917 -3.55 1899.48 0.37 -5.81 1912.79

1830.75 -3.42 1899.39 0.43 -5.61 1912.71

ABOR/MH/Priv-003021



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.544 1984.121 5.91E-06 1918.17 9.31 27.47 -0.42 1836.41667 -2.529376066 -3.680927999 1838.125 -0.18 -4.74
-4.796 1984.102 5.49E-06 1918.09 9.32 27.31 -0.43 1836.25 -2.420534744 -3.976740847 1837.958 -0.09 -4.47
-4.918 1984.083 5.11E-06 1918 9.37 26.73 -0.44 1836.08333 -2.390544448 -4.136657105 1837.791 -0.2 -4.08
-4.792 1984.064 4.47E-06 1917.92 9.45 25.7 -0.44 1835.91667 -2.520938507 -3.915815655 1837.625 -0.63 -3.9
-4.771 1984.046 0.000004 1917.84 9.53 24.77 -0.45 1835.75 -2.675044812 -3.474428468 1837.458 -0.66 -4.53
-4.788 1984.027 4.07E-06 1917.75 9.56 24.44 -0.46 1835.58333 -2.486678487 -3.521247079 1837.291 -0.64 -4.81
-4.771 1984.008 4.08E-06 1917.67 9.53 24.76 -0.46 1835.41667 -2.758474205 -3.877750053 1837.125 -0.58 -4.72
-4.726 1983.989 4.17E-06 1917.59 9.55 24.52 -0.47 1835.25 -2.385736708 -4.178200756 1836.958 -0.4 -4.48
-4.689 1983.97 3.93E-06 1917.5 9.53 24.71 -0.48 1835.08333 -2.22021747 -4.336618721 1836.791 -0.35 -4.2

-4.53 1983.951 3.79E-06 1917.42 9.46 25.55 -0.49 1834.91667 -2.871844481 -4.102617063 1836.625 -0.41 -3.87
-4.44 1983.932 3.67E-06 1917.34 9.42 26.06 -0.5 1834.75 -2.76223797 -3.452220044 1836.458 -0.59 -3.95

-4.555 1983.913 3.71E-06 1917.25 9.4 26.39 -0.51 1834.58333 -2.370852577 -3.768725634 1836.291 -0.57 -4.27
-4.784 1983.895 3.95E-06 1917.17 9.32 27.36 -0.52 1834.41667 -2.47021715 -4.037375194 1836.125 -0.38 -4.65
-4.917 1983.876 3.85E-06 1917.09 9.36 26.83 -0.53 1834.25 -2.589954772 -3.970316987 1835.958 -0.23 -4.69
-4.896 1983.857 3.8E-06 1917 9.42 26.07 -0.55 1834.08333 -2.954055432 -3.727053149 1835.791 -0.35 -4.27
-4.785 1983.838 3.88E-06 1916.92 9.47 25.47 -0.56 1833.91667 -2.877044352 -3.632781422 1835.625 -0.77 -3.94
-4.702 1983.819 3.88E-06 1916.84 9.58 24.21 -0.57 1833.75 -2.806850573 -3.459136185 1835.458 -0.76 -4.08
-4.715 1983.8 3.99E-06 1916.75 9.56 24.38 -0.59 1833.58333 -2.687948738 -3.670934037 1835.291 -0.36 -4.71

-4.63 1983.781 4.1E-06 1916.67 9.59 24.03 -0.6 1833.41667 -2.518580004 -3.804876406 1835.125 -0.31 -4.9
-4.636 1983.763 4.02E-06 1916.59 9.62 23.69 -0.61 1833.25 -2.294101626 -3.764661775 1834.958 -0.44 -4.67
-4.741 1983.744 4.01E-06 1916.5 9.58 24.16 -0.63 1833.08333 -2.597094811 -3.921617043 1834.791 -0.5 -4.19
-4.612 1983.725 3.88E-06 1916.42 9.49 25.21 -0.64 1832.91667 -2.787425473 -3.906456 1834.625 -0.63 -4.12
-4.391 1983.706 3.94E-06 1916.34 9.42 26.05 -0.66 1832.75 -2.633679248 -3.495242422 1834.458 -0.24 -4.4

-4.51 1983.687 3.91E-06 1916.25 9.4 26.37 -0.68 1832.58333 -2.577247915 -3.539236305 1834.291 -0.04 -4.81
-4.752 1983.668 4.07E-06 1916.17 9.4 26.32 -0.69 1832.41667 -2.552921542 -3.73514897 1834.125 -0.13 -4.77
-5.016 1983.649 4.57E-06 1916.09 9.37 26.68 -0.71 1832.25 -2.508908329 -3.889391786 1833.958 -0.44 -4.46
-5.027 1983.63 4.6E-06 1916 9.37 26.71 -0.72 1832.08333 -2.481340549 -3.980284256 1833.791 -0.69 -4.26
-4.862 1983.612 4.15E-06 1915.92 9.49 25.3 -0.74 1831.91667 -2.488794387 -3.936268037 1833.625 -0.55 -3.99
-4.798 1983.593 4.15E-06 1915.84 9.55 24.55 -0.76 1831.75 -2.497392527 -3.80190324 1833.458 -0.4 -4.26
-4.736 1983.574 4.49E-06 1915.75 9.65 23.34 -0.78 1831.58333 -2.839624908 -3.799413226 1833.291 -0.35 -4.8
-4.814 1983.555 4.65E-06 1915.67 9.75 22.09 -0.79 1831.41667 -2.963750412 -3.963916691 1833.125 -0.56 -4.87
-4.693 1983.532 4.85E-06 1915.59 9.75 22.14 -0.81 1831.25 -2.89667826 -3.857616731 1832.958 -0.75 -4.44
-4.607 1983.508 4.96E-06 1915.5 9.63 23.5 -0.83 1831.08333 -2.563644149 -4.052833055 1832.791 -0.46 -4.28
-4.506 1983.485 4.82E-06 1915.42 9.46 25.58 -0.85 1830.91667 -2.664258892 -3.727896904 1832.625 -0.66 -4.02

-4.4 1983.462 5.54E-06 1915.34 9.38 26.57 -0.87 1830.75 -2.616814925 -3.57515286 1832.458 -0.86 -4.15
-4.5 1983.439 6.33E-06 1915.25 9.31 27.43 -0.88 1830.58333 -2.953183079 -3.987512719 1832.291 -0.65 -4.54

-4.718 1983.415 7.14E-06 1915.17 9.35 26.95 -0.9 1830.41667 -2.713769035 -4.096627273 1832.125 -0.54 -4.84
-4.815 1983.392 7.55E-06 1915.09 9.41 26.21 -0.92 1830.25 -2.628426468 -4.172002534 1831.958 -0.54 -4.79

-4.85 1983.369 0.000006 1915 9.42 26.1 -0.94 1830.08333 -2.40425139 -3.980981109 1831.791 -0.48 -4.38
-4.829 1983.346 5.56E-06 1914.92 9.47 25.47 -0.96 1829.91667 -2.129315973 -3.783773098 1831.625 -0.35 -3.88
-4.818 1983.322 4.92E-06 1914.84 9.57 24.23 -0.98 1829.75 -2.65073855 -3.484649263 1831.458 -0.91 -3.96
-4.681 1983.299 4.66E-06 1914.75 9.64 23.42 -1 1829.58333 -3.339330436 -3.921994273 1831.291 -0.38 -4.34
-4.565 1983.276 4.58E-06 1914.67 9.7 22.7 -1.02 1829.41667 -2.764384212 -3.861821611 1831.125 -0.54 -4.91
-4.601 1983.253 4.38E-06 1914.59 9.65 23.34 -1.04 1829.25 -2.309471981 -4.024345234 1830.958 -0.36 -4.61

-4.58 1983.229 4.25E-06 1914.5 9.52 24.92 -1.06 1829.08333 -2.145668407 -3.921509087 1830.791 -0.57 -4.49

ABOR/MH/Priv-003022



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1830.583 -3.75 1899.3 0.07 -5.66 1912.63
1830.417 -3.44 1899.2 0.05 -5.68 1912.54

1830.25 -3.09 1899.11 0.09 -5.92 1912.46
1830.083 -2.94 1899.02 0.15 -5.97 1912.38
1829.917 -3.05 1898.93 0.11 -6.34 1912.29

1829.75 -3.39 1898.75 -0.31 -6.5 1912.21
1829.583 -3.84 1898.67 -0.45 -6.29 1912.13
1829.417 -3.18 1898.58 -0.46 -6.57 1912.04

1829.25 -2.94 1898.5 0.04 -6.43 1911.96
1829.083 -2.93 1898.42 -0.33 -6.26 1911.88
1828.917 -3.25 1898.33 0.12 -5.94 1911.79

1828.75 -3.83 1898.25 0.23 -5.66 1911.71
1828.583 -3.8 1898.17 0.32 -5.55 1911.63
1828.417 -3.33 1898.08 -0.18 -5.65 1911.54

1828.25 -2.98 1898 -0.17 -5.85 1911.46
1828.083 -3.05 1897.92 -0.6 -6.36 1911.38
1827.917 -3.53 1897.75 -0.75 -6.61 1911.29

1827.75 -3.77 1897.68 -0.97 -6.43 1911.21
1827.583 -3.59 1897.62 -1.08 -6.47 1911.13
1827.417 -3.25 1897.55 -0.63 -6.34 1911.04

1827.25 -2.82 1897.48 -0.34 -6.18 1910.96
1827.083 -2.94 1897.42 -0.32 -6.12 1910.88
1826.917 -3.54 1897.35 0.13 -5.94 1910.79

1826.75 -3.5 1897.28 0.32 -5.89 1910.71
1826.583 -3.27 1897.22 0.27 -5.65 1910.63
1826.417 -3.04 1897.15 0.27 -5.54 1910.54

1826.25 -2.81 1897.08 0.03 -5.77 1910.46
1826.083 -2.74 1897.02 -0.33 -6.09 1910.38
1825.917 -3.16 1896.95 -0.42 -5.93 1910.29

1825.75 -3.44 1896.88 -0.42 -6.07 1910.21
1825.583 -3.45 1896.75 -0.57 -6.31 1910.13
1825.417 -3.48 1896.67 -0.22 -5.98 1910.04

1825.25 -3.28 1896.6 -0.45 -5.95 1909.96
1825.083 -2.78 1896.52 -0.47 -6.25 1909.88
1824.917 -3.05 1896.44 -0.15 -6.18 1909.79

1824.75 -3.3 1896.37 0.48 -5.77 1909.71
1824.583 -3.47 1896.29 0.61 -5.48 1909.63
1824.417 -3.56 1896.21 0.39 -5.32 1909.54

1824.25 -3.25 1896.13 0.26 -5.41 1909.46
1824.083 -2.85 1896.06 -0.05 -5.56 1909.38
1823.917 -2.95 1895.98 -0.26 -5.9 1909.29

1823.75 -3.25 1895.9 -0.65 -6.19 1909.21
1823.583 -3.53 1895.75 -0.58 -6.24 1909.13
1823.417 -3.37 1895.67 -0.61 -6.14 1909.04

1823.25 -2.87 1895.6 -0.38 -6.18 1908.96

ABOR/MH/Priv-003023



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.502 1983.206 4.11E-06 1914.42 9.43 25.94 -1.08 1828.91667 -2.485326703 -3.833664353 1830.625 -0.83 -3.87
-4.454 1983.183 4.11E-06 1914.34 9.4 26.36 -1.1 1828.75 -2.51071754 -3.531588556 1830.458 -0.48 -4.33
-4.772 1983.16 4.16E-06 1914.25 9.4 26.29 -1.12 1828.58333 -2.649404895 -3.623336188 1830.291 -0.61 -4.93
-4.957 1983.136 4.23E-06 1914.17 9.44 25.81 -1.14 1828.41667 -2.401906789 -4.160967176 1830.125 -0.61 -5.16
-4.987 1983.113 4.13E-06 1914.09 9.45 25.7 -1.15 1828.25 -2.372691811 -4.02151121 1829.958 -0.5 -4.25
-4.973 1983.09 4.49E-06 1914 9.45 25.78 -1.17 1828.08333 -2.096025721 -3.81897705 1829.791 -0.44 -3.84
-4.851 1983.067 4.4E-06 1913.92 9.49 25.26 -1.19 1827.91667 -2.176667194 -3.710662028 1829.625 -0.7 -3.85
-4.778 1983.043 4.61E-06 1913.84 9.6 23.85 -1.21 1827.75 -2.737830753 -3.536221976 1829.458 -0.51 -4.32
-4.741 1983.02 4.46E-06 1913.75 9.69 22.84 -1.23 1827.58333 -2.907279034 -3.587109237 1829.291 -0.16 -4.55
-4.642 1982.997 4.25E-06 1913.67 9.66 23.18 -1.25 1827.41667 -2.659208607 -3.668750818 1829.125 -0.48 -4.87
-4.581 1982.974 4.04E-06 1913.59 9.64 23.38 -1.26 1827.25 -2.203956102 -3.78206401 1828.958 -0.6 -4.44
-4.568 1982.95 3.96E-06 1913.5 9.62 23.68 -1.28 1827.08333 -2.384803597 -3.964216542 1828.791 -0.27 -4.17

-4.48 1982.927 3.8E-06 1913.42 9.5 25.13 -1.29 1826.91667 -2.004574744 -3.719978899 1828.625 -0.79 -3.91
-4.315 1982.904 3.8E-06 1913.34 9.47 25.52 -1.31 1826.75 -1.852879182 -3.285138724 1828.458 -0.61 -4.29
-4.353 1982.881 3.84E-06 1913.25 9.49 25.23 -1.32 1826.58333 -2.631714991 -3.715137074 1828.291 -0.46 -4.75
-4.566 1982.857 3.93E-06 1913.17 9.52 24.91 -1.33 1826.41667 -2.403524706 -4.11725613 1828.125 -0.48 -4.84
-4.645 1982.834 4.04E-06 1913.09 9.56 24.37 -1.34 1826.25 -1.847722994 -4.171666308 1827.958 -0.46 -4.64
-4.653 1982.811 4.41E-06 1913 9.62 23.69 -1.35 1826.08333 -1.64412711 -3.902559783 1827.791 -0.25 -4.37
-4.666 1982.788 4.35E-06 1912.92 9.66 23.24 -1.36 1825.91667 -1.522208144 -3.630328056 1827.625 -0.35 -4
-4.698 1982.764 4.33E-06 1912.84 9.65 23.32 -1.37 1825.75 -2.492385195 -3.393179934 1827.458 -0.4 -4.07
-4.672 1982.741 4.16E-06 1912.75 9.7 22.7 -1.37 1825.58333 -2.740155584 -3.525722756 1827.291 -0.32 -4.58
-4.587 1982.718 4.18E-06 1912.67 9.69 22.82 -1.38 1825.41667 -2.290499032 -3.893243311 1827.125 -0.27 -4.97
-4.555 1982.695 3.95E-06 1912.59 9.71 22.57 -1.38 1825.25 -2.256715563 -4.133268102 1826.958 -0.32 -4.88
-4.431 1982.671 4.05E-06 1912.5 9.63 23.52 -1.39 1825.08333 -2.233861244 -4.216087153 1826.791 -0.43 -4.36

-4.35 1982.648 3.88E-06 1912.42 9.52 24.88 -1.39 1824.91667 -2.145207172 -3.980882113 1826.625 -0.61 -3.99
-4.336 1982.625 3.9E-06 1912.34 9.46 25.61 -1.39 1824.75 -2.116010275 -3.452032549 1826.458 -0.48 -4.22
-4.378 1982.602 4.29E-06 1912.25 9.43 25.99 -1.39 1824.58333 -2.516639186 -3.664481493 1826.291 -0.46 -4.86
-4.451 1982.578 4.56E-06 1912.17 9.44 25.85 -1.39 1824.41667 -2.644570677 -4.212444621 1826.125 -0.34 -4.75
-4.716 1982.555 4.75E-06 1912.09 9.48 25.35 -1.38 1824.25 -2.312219948 -4.552298259 1825.958 -0.42 -4.62
-4.718 1982.535 4.81E-06 1912 9.55 24.56 -1.38 1824.08333 -1.80423023 -4.436462775 1825.791 -0.47 -4.33
-4.697 1982.515 4.34E-06 1911.92 9.61 23.79 -1.38 1823.91667 -2.049345453 -4.157171516 1825.625 -0.81 -4.18
-4.631 1982.495 4.34E-06 1911.84 9.65 23.28 -1.38 1823.75 -2.492558007 -3.437936146 1825.458 -0.38 -4.56
-4.604 1982.475 4.31E-06 1911.75 9.67 23.06 -1.37 1823.58333 -2.866081914 -3.64919606 1825.291 -0.22 -4.75
-4.654 1982.455 4.52E-06 1911.67 9.67 23.06 -1.37 1823.41667 -2.847767182 -3.671468794 1825.125 -0.25 -4.81
-4.468 1982.435 4.38E-06 1911.59 9.64 23.48 -1.36 1823.25 -2.173640728 -3.72507586 1824.958 -0.35 -4.61
-4.439 1982.415 4.41E-06 1911.5 9.64 23.46 -1.36 1823.08333 -2.101349569 -4.007916033 1824.791 -0.44 -4.19
-4.374 1982.395 4.27E-06 1911.42 9.57 24.27 -1.35 1822.91667 -1.871225464 -4.209473699 1824.625 -0.54 -3.91
-4.264 1982.375 4.64E-06 1911.34 9.45 25.73 -1.34 1822.75 -2.393887884 -3.289491658 1824.458 -0.23 -4.56

-4.39 1982.355 4.31E-06 1911.25 9.4 26.32 -1.34 1822.58333 -2.56731593 -3.287318936 1824.291 -0.02 -5.06
-4.563 1982.335 4.14E-06 1911.17 9.4 26.29 -1.33 1822.41667 -2.621619811 -3.565690856 1824.125 0.02 -5.15

-4.81 1982.315 4.29E-06 1911.09 9.39 26.43 -1.32 1822.25 -2.608118682 -3.718557797 1823.958 -0.01 -4.83
-4.953 1982.295 4.15E-06 1911 9.44 25.88 -1.32 1822.08333 -2.27067317 -3.674895137 1823.791 0.01 -4.27
-4.854 1982.275 4.23E-06 1910.92 9.51 25.06 -1.31 1821.91667 -2.174189066 -3.526706434 1823.625 0.09 -3.83
-4.758 1982.255 4.09E-06 1910.84 9.58 24.1 -1.31 1821.75 -2.701565683 -3.363946335 1823.458 -0.28 -4.39

-4.72 1982.235 4.09E-06 1910.75 9.64 23.42 -1.3 1821.58333 -2.607334343 -3.355370932 1823.291 -0.41 -3.93

ABOR/MH/Priv-003024



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1823.083 -2.88 1895.52 -0.01 -6.11 1908.88
1822.917 -3.24 1895.44 0.21 -6 1908.79

1822.75 -3.49 1895.37 0.35 -5.76 1908.71
1822.583 -3.54 1895.29 0.04 -5.51 1908.63
1822.417 -3.56 1895.21 -0.18 -5.61 1908.54

1822.25 -3.06 1895.13 -0.08 -5.59 1908.46
1822.083 -2.79 1895.06 0.03 -5.84 1908.38
1821.917 -3.05 1894.98 -0.19 -6.21 1908.29

1821.75 -3.37 1894.9 -0.54 -6.35 1908.21
1821.583 -3.66 1894.75 -0.99 -6.66 1908.13
1821.417 -3.49 1894.68 -1.51 -6.77 1908.04

1821.25 -2.88 1894.61 -0.98 -6.46 1907.96
1821.083 -2.78 1894.54 -0.9 -6.42 1907.88
1820.917 -3.12 1894.46 -0.67 -6.08 1907.79

1820.75 -3.47 1894.39 -0.35 -5.85 1907.71
1820.583 -3.66 1894.32 -0.2 -5.67 1907.63
1820.417 -3.47 1894.25 0.02 -5.56 1907.54

1820.25 -3.33 1894.18 0.34 -5.6 1907.46
1820.083 -2.91 1894.11 0.35 -5.72 1907.38
1819.917 -3.15 1894.04 -0.08 -5.9 1907.29

1819.75 -3.4 1893.96 -0.66 -5.88 1907.21
1819.583 -3.68 1893.89 -0.75 -5.79 1907.13
1819.417 -3.77 1893.75 -0.71 -6.15 1907.04

1819.25 -3.3 1893.65 -0.38 -6.12 1906.96
1819.083 -2.77 1893.55 0.26 -5.61 1906.88
1818.917 -2.93 1893.45 -0.03 -5.37 1906.79

1818.75 -3.19 1893.35 0.28 -5.26 1906.71
1818.583 -3.47 1893.25 0.02 -5.57 1906.63
1818.417 -3.52 1893.15 -0.14 -5.78 1906.54

1818.25 -2.93 1893.05 0.14 -5.77 1906.46
1818.083 -2.93 1892.95 -0.56 -5.89 1906.38
1817.917 -3.44 1892.75 -0.47 -6.08 1906.29

1817.75 -3.54 1892.66 -0.47 -6.09 1906.21
1817.583 -3.44 1892.57 -0.31 -5.92 1906.13
1817.417 -3.29 1892.48 -0.05 -5.68 1906.04

1817.25 -2.78 1892.39 0.56 -5.56 1905.96
1817.083 -2.61 1892.3 0.5 -5.73 1905.88
1816.917 -3.07 1892.2 -0.24 -5.97 1905.79

1816.75 -3.39 1892.11 -0.37 -6.24 1905.71
1816.583 -3.68 1892.02 0.05 -6.31 1905.63
1816.417 -3.52 1891.93 -0.2 -6.28 1905.54

1816.25 -3.17 1891.75 -0.75 -6.55 1905.46
1816.083 -3.01 1891.66 -0.24 -6.34 1905.38
1815.917 -3.13 1891.57 0.1 -5.86 1905.29

1815.75 -3.37 1891.48 0.02 -5.7 1905.21

ABOR/MH/Priv-003025



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.611 1982.215 4.29E-06 1910.67 9.67 23.06 -1.3 1821.41667 -2.597584813 -3.67068633 1823.125 -0.14 -4.53
-4.508 1982.195 4.7E-06 1910.59 9.61 23.8 -1.29 1821.25 -2.025522157 -4.000614419 1822.958 -0.15 -4.97
-4.532 1982.175 4.84E-06 1910.5 9.58 24.2 -1.29 1821.08333 -1.889997407 -3.839110333 1822.791 -0.23 -4.26
-4.445 1982.155 4.45E-06 1910.42 9.52 24.85 -1.28 1820.91667 -2.704893811 -3.705996089 1822.625 -0.78 -3.97
-4.383 1982.135 4.59E-06 1910.34 9.46 25.63 -1.28 1820.75 -2.913485987 -3.440906418 1822.458 -0.67 -4.24
-4.391 1982.115 4.52E-06 1910.25 9.43 25.98 -1.28 1820.58333 -2.457534843 -3.619988789 1822.291 -0.48 -4.59
-4.518 1982.095 4.42E-06 1910.17 9.42 26.11 -1.27 1820.41667 -1.704947588 -3.903368516 1822.125 -0.22 -5.01
-4.731 1982.075 4.17E-06 1910.09 9.42 26.13 -1.27 1820.25 -1.941815701 -3.940108094 1821.958 -0.3 -4.76
-4.848 1982.055 4.01E-06 1910 9.47 25.52 -1.27 1820.08333 -2.247518416 -3.872609141 1821.791 -0.38 -4.42
-4.698 1982.035 3.95E-06 1909.92 9.51 25.02 -1.27 1819.91667 -2.380665639 -3.619202965 1821.625 -0.47 -3.98
-4.601 1982.015 3.93E-06 1909.84 9.57 24.3 -1.26 1819.75 -2.141971199 -3.407829271 1821.458 -0.6 -4.11
-4.616 1981.995 4.07E-06 1909.75 9.63 23.55 -1.26 1819.58333 -2.723842945 -3.657214579 1821.291 -0.45 -4.5

-4.6 1981.975 4.26E-06 1909.67 9.65 23.3 -1.26 1819.41667 -2.665027068 -3.961195908 1821.125 -0.35 -4.81
-4.569 1981.955 4.3E-06 1909.59 9.64 23.43 -1.26 1819.25 -2.068522158 -3.804405187 1820.958 -0.31 -4.74
-4.427 1981.935 4.13E-06 1909.5 9.62 23.63 -1.26 1819.08333 -1.465117835 -3.824015765 1820.791 -0.26 -4.33
-4.275 1981.915 3.93E-06 1909.42 9.54 24.58 -1.26 1818.91667 -1.981734822 -3.979890045 1820.625 -0.38 -4.05
-4.276 1981.895 3.89E-06 1909.34 9.49 25.2 -1.26 1818.75 -2.070671324 -3.577319441 1820.458 -0.4 -4.35
-4.601 1981.875 3.99E-06 1909.25 9.45 25.78 -1.26 1818.58333 -2.926313863 -3.470363542 1820.291 -0.45 -4.81
-4.605 1981.855 4.14E-06 1909.17 9.41 26.25 -1.26 1818.41667 -2.7885012 -3.569458741 1820.125 -0.53 -5.04
-4.838 1981.835 4.17E-06 1909.09 9.45 25.71 -1.26 1818.25 -2.467361257 -3.645771313 1819.958 -0.55 -4.9
-4.886 1981.815 4.41E-06 1909 9.49 25.28 -1.26 1818.08333 -1.97357035 -3.742509211 1819.791 -0.51 -4.48
-4.779 1981.795 4.39E-06 1908.92 9.49 25.21 -1.26 1817.91667 -2.17363912 -3.990714454 1819.625 -0.64 -4
-4.708 1981.775 4.47E-06 1908.84 9.55 24.53 -1.26 1817.75 -2.319368797 -3.711706479 1819.458 -0.44 -4.23
-4.666 1981.755 4.65E-06 1908.75 9.6 23.89 -1.26 1817.58333 -2.789393287 -3.733435148 1819.291 -0.2 -4.48
-4.601 1981.735 4.84E-06 1908.67 9.62 23.67 -1.26 1817.41667 -2.827788111 -3.909390187 1819.125 -0.1 -4.7
-4.555 1981.715 4.88E-06 1908.59 9.66 23.13 -1.26 1817.25 -2.562119013 -4.037451005 1818.958 -0.15 -4.63
-4.473 1981.695 4.96E-06 1908.5 9.63 23.53 -1.25 1817.08333 -2.366165568 -3.788433131 1818.791 -0.28 -4.22
-4.381 1981.675 4.72E-06 1908.42 9.59 24.03 -1.25 1816.91667 -2.543902866 -3.730816857 1818.625 -0.33 -4.04
-4.346 1981.655 4.74E-06 1908.34 9.51 24.98 -1.25 1816.75 -2.681786183 -3.65236324 1818.458 -0.53 -4.37
-4.601 1981.635 4.56E-06 1908.25 9.43 25.98 -1.25 1816.58333 -3.009415138 -3.665378947 1818.291 -0.41 -4.65
-5.039 1981.615 4.58E-06 1908.17 9.44 25.81 -1.24 1816.41667 -2.333596019 -3.795622343 1818.125 0.03 -4.89

-5.15 1981.595 4.44E-06 1908.09 9.49 25.3 -1.24 1816.25 -2.203888611 -3.735424509 1817.958 -0.21 -4.68
-5.062 1981.575 4.56E-06 1908 9.55 24.54 -1.24 1816.08333 -2.072540161 -3.587666658 1817.791 -0.4 -4.38
-4.862 1981.555 4.51E-06 1907.92 9.59 24.09 -1.23 1815.91667 -2.515872194 -3.569928089 1817.625 -0.56 -3.99
-4.807 1981.538 4.45E-06 1907.84 9.58 24.2 -1.23 1815.75 -2.959204228 -3.552189519 1817.458 -0.38 -4.16
-4.762 1981.522 4.47E-06 1907.75 9.62 23.72 -1.22 1815.58333 -2.626412366 -3.715451445 1817.291 -0.39 -4.5
-4.766 1981.505 4.81E-06 1907.67 9.69 22.82 -1.21 1815.41667 -2.322627921 -3.946780504 1817.125 -0.38 -4.8
-4.697 1981.488 5.17E-06 1907.59 9.71 22.57 -1.21 1815.25 -2.303912601 -4.069696252 1816.958 -0.34 -4.8
-4.667 1981.472 5.03E-06 1907.5 9.67 23.11 -1.2 1815.08333 -2.11356417 -3.793735201 1816.791 -0.29 -4.4
-4.681 1981.455 4.84E-06 1907.42 9.65 23.35 -1.19 1814.91667 -1.705193688 -3.540307012 1816.625 -0.21 -3.74
-4.575 1981.438 4.69E-06 1907.34 9.6 23.86 -1.18 1814.75 -2.544449613 -3.456079582 1816.458 -0.37 -4.31
-4.915 1981.422 4.56E-06 1907.25 9.48 25.33 -1.17 1814.58333 -2.931667966 -3.818692646 1816.291 -0.17 -4.68
-4.901 1981.405 4.46E-06 1907.17 9.47 25.52 -1.16 1814.41667 -2.884500604 -3.889251511 1816.125 -0.26 -4.78
-4.867 1981.388 4.48E-06 1907.09 9.43 26.01 -1.14 1814.25 -2.66411657 -3.938338413 1815.958 -0.39 -4.6
-4.853 1981.372 4.65E-06 1907 9.42 26.1 -1.13 1814.08333 -2.373425296 -3.923436273 1815.791 -0.22 -4.26

ABOR/MH/Priv-003026



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1815.583 -3.43 1891.39 0.02 -5.74 1905.13
1815.417 -3.39 1891.3 0.11 -5.89 1905.04

1815.25 -2.96 1891.2 -0.15 -6.03 1904.96
1815.083 -2.96 1891.11 -0.43 -6.14 1904.88
1814.917 -3.36 1891.02 -0.5 -6.35 1904.79

1814.75 -3.58 1890.93 -0.49 -6.32 1904.71
1814.583 -3.92 1890.75 -0.68 -6.34 1904.63
1814.417 -3.33 1890.67 -0.43 -6.36 1904.54

1814.25 -3.16 1890.58 -0.57 -6.43 1904.46
1814.083 -3.1 1890.5 -0.18 -6.14 1904.38
1813.917 -3.32 1890.42 -0.02 -5.84 1904.29

1813.75 -3.58 1890.33 0.18 -5.65 1904.21
1813.583 -3.45 1890.25 0.12 -5.66 1904.13
1813.417 -3.37 1890.17 -0.2 -5.8 1904.04

1813.25 -2.97 1890.08 -0.49 -5.87 1903.96
1813.083 -2.79 1890 -0.86 -6.02 1903.88
1812.917 -3.26 1889.92 -0.84 -6.21 1903.79

1812.75 -3.67 1889.75 -0.93 -6.3 1903.71
1812.583 -3.92 1889.67 -0.96 -6.24 1903.63
1812.417 -3.37 1889.58 -0.4 -5.98 1903.54

1812.25 -3.12 1889.5 -0.23 -6.02 1903.46
1812.083 -2.93 1889.42 -0.21 -6 1903.38
1811.917 -3.27 1889.33 -0.03 -5.83 1903.29

1811.75 -3.62 1889.25 -0.21 -5.75 1903.21
1811.583 -3.79 1889.17 -0.37 -5.59 1903.13
1811.417 -3.42 1889.08 -0.07 -5.57 1903.04

1811.25 -3.27 1889 -0.03 -5.9 1902.96
1811.083 -3.04 1888.92 -0.45 -6.22 1902.88
1810.917 -3.17 1888.75 -0.67 -6.27 1902.79

1810.75 -3.53 1888.67 -0.42 -6.23 1902.71
1810.583 -3.67 1888.6 0.17 -6.03 1902.63
1810.417 -3.45 1888.52 -0.07 -5.97 1902.54

1810.25 -3.28 1888.44 -0.15 -6.06 1902.46
1810.083 -3 1888.37 0.04 -5.82 1902.38
1809.917 -3.39 1888.29 0.04 -5.53 1902.29

1809.75 -3.56 1888.21 -0.09 -5.49 1902.21
1809.583 -3.31 1888.13 -0.2 -5.72 1902.13
1809.417 -3.19 1888.06 -0.29 -5.71 1902.04

1809.25 -3.13 1887.98 -0.71 -6.03 1901.96
1809.083 -3.16 1887.9 -0.9 -6.21 1901.88
1808.917 -3.45 1887.75 -0.77 -6.33 1901.79

1808.75 -3.78 1887.68 -0.55 -6.19 1901.71
1808.583 -3.67 1887.61 -0.38 -6.06 1901.63
1808.417 -3.57 1887.54 -0.14 -5.96 1901.54

1808.25 -3.19 1887.46 -0.29 -5.86 1901.46

ABOR/MH/Priv-003027



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.836 1981.355 4.76E-06 1906.92 9.49 25.28 -1.12 1813.91667 -2.234249585 -3.777421348 1815.625 -0.31 -4.09
-4.775 1981.338 5.14E-06 1906.84 9.54 24.59 -1.11 1813.75 -2.185282375 -3.590999448 1815.458 -0.26 -4.42
-4.728 1981.322 5.43E-06 1906.75 9.56 24.4 -1.1 1813.58333 -2.729852013 -3.582400499 1815.291 -0.28 -4.79
-4.727 1981.305 5.33E-06 1906.67 9.58 24.15 -1.08 1813.41667 -2.912402039 -3.700042961 1815.125 -0.31 -4.95
-4.702 1981.288 5.66E-06 1906.59 9.56 24.4 -1.07 1813.25 -2.666220239 -3.796160013 1814.958 -0.38 -4.68

-4.67 1981.272 5.92E-06 1906.5 9.55 24.55 -1.06 1813.08333 -2.362542775 -4.047323634 1814.791 -0.48 -4.11
-4.666 1981.255 5.86E-06 1906.42 9.5 25.09 -1.04 1812.91667 -2.434409802 -4.012689226 1814.625 -0.38 -3.9
-4.528 1981.238 5.61E-06 1906.34 9.43 25.95 -1.03 1812.75 -2.09212375 -3.484529611 1814.458 -0.33 -4.39
-4.781 1981.222 5.96E-06 1906.25 9.39 26.46 -1.02 1812.58333 -2.649150204 -3.374809345 1814.291 -0.29 -4.64
-4.876 1981.205 6.34E-06 1906.17 9.42 26.04 -1 1812.41667 -2.928051624 -3.67315065 1814.125 -0.25 -4.74
-4.875 1981.188 6.49E-06 1906.09 9.46 25.64 -0.99 1812.25 -3.06074927 -3.870387453 1813.958 -0.31 -4.62
-4.832 1981.172 6.5E-06 1906 9.54 24.69 -0.97 1812.08333 -2.478039092 -3.920229796 1813.791 -0.43 -4.26
-4.863 1981.155 6.54E-06 1905.92 9.57 24.22 -0.96 1811.91667 -2.014815018 -3.717374406 1813.625 -0.19 -3.8
-4.717 1981.138 6.66E-06 1905.84 9.56 24.34 -0.95 1811.75 -2.485239133 -3.487755409 1813.458 -0.26 -4.5
-4.597 1981.122 6.93E-06 1905.75 9.6 23.95 -0.93 1811.58333 -2.871340566 -3.521421804 1813.291 -0.3 -4.93
-4.564 1981.105 0.000007 1905.67 9.64 23.42 -0.92 1811.41667 -3.09713532 -3.888586965 1813.125 -0.37 -4.96
-4.568 1981.088 9.35E-06 1905.59 9.6 23.86 -0.9 1811.25 -2.665477927 -3.825541984 1812.958 -0.4 -4.6
-4.538 1981.072 1.53E-05 1905.5 9.54 24.64 -0.89 1811.08333 -2.63793081 -3.701887688 1812.791 -0.4 -4.07
-4.472 1981.055 1.37E-05 1905.42 9.46 25.61 -0.88 1810.91667 -2.630294887 -3.654033889 1812.625 -0.58 -3.98
-4.558 1981.038 1.23E-05 1905.34 9.35 26.95 -0.86 1810.75 -2.8631 -3.596921282 1812.458 -0.44 -4.61
-4.652 1981.022 1.03E-05 1905.25 9.37 26.74 -0.85 1810.58333 -2.832530405 -3.879403101 1812.291 -0.38 -4.99
-4.828 1981.005 8.26E-06 1905.17 9.37 26.73 -0.83 1810.41667 -1.958490856 -4.215695915 1812.125 -0.54 -4.96

-4.92 1980.988 5.14E-06 1905.09 9.43 25.97 -0.82 1810.25 -2.03786655 -4.145163741 1811.958 -0.68 -4.62
-4.916 1980.972 4.27E-06 1905 9.51 24.94 -0.81 1810.08333 -2.309791586 -3.936659051 1811.791 -0.61 -4.25
-4.923 1980.955 4.14E-06 1904.92 9.56 24.38 -0.79 1809.91667 -2.511803682 -3.656640723 1811.625 -0.52 -4.16
-4.827 1980.938 4.22E-06 1904.84 9.61 23.75 -0.78 1809.75 -2.787303804 -3.457157941 1811.458 -0.72 -4.58

-4.75 1980.922 4.38E-06 1904.75 9.69 22.81 -0.76 1809.58333 -2.780362029 -3.597550616 1811.291 -0.61 -5
-4.755 1980.905 4.06E-06 1904.67 9.7 22.7 -0.75 1809.41667 -2.720363545 -4.227867107 1811.125 -0.65 -5.04
-4.758 1980.888 4.09E-06 1904.59 9.63 23.56 -0.73 1809.25 -2.294788811 -3.990574634 1810.958 -0.67 -4.72

-4.62 1980.872 4.06E-06 1904.5 9.59 24.03 -0.72 1809.08333 -1.873820266 -3.872028908 1810.791 -0.47 -4.3
-4.558 1980.855 4.15E-06 1904.42 9.47 25.49 -0.7 1808.91667 -2.110282249 -3.834720079 1810.625 -0.44 -3.96 9.11894
-4.588 1980.838 4.11E-06 1904.34 9.38 26.55 -0.69 1808.75 -2.867945356 -3.404253815 1810.458 -0.36 -4.64 9.02469
-4.588 1980.822 4.03E-06 1904.25 9.37 26.65 -0.67 1808.58333 -2.895475053 -3.459691636 1810.291 -0.43 -4.89 8.93956
-4.703 1980.805 3.83E-06 1904.17 9.33 27.16 -0.66 1808.41667 -2.908635638 -3.604346026 1810.125 -0.4 -4.98 8.86354
-4.773 1980.788 3.83E-06 1904.09 9.38 26.57 -0.64 1808.25 -2.104790711 -3.903927746 1809.958 -0.22 -4.86 9.05866
-4.728 1980.772 3.83E-06 1904 9.44 25.88 -0.63 1808.08333 -1.821444991 -3.866215417 1809.791 -0.07 -4.5 9.21068
-4.713 1980.755 3.84E-06 1903.92 9.57 24.22 -0.61 1807.91667 -1.821764023 -3.574326077 1809.625 -0.41 -4.23 9.31961
-4.782 1980.738 3.8E-06 1903.84 9.6 23.96 -0.6 1807.75 -2.26034164 -3.482161638 1809.458 -0.45 -4.57 9.29177
-4.719 1980.722 3.9E-06 1903.75 9.63 23.59 -0.59 1807.58333 -2.570076521 -3.770815255 1809.291 -0.42 -5.23 9.1172
-4.687 1980.705 3.95E-06 1903.67 9.57 24.27 -0.57 1807.41667 -2.232487765 -3.684766383 1809.125 -0.25 -5.05 9.03434
-4.601 1980.688 3.94E-06 1903.59 9.49 25.24 -0.56 1807.25 -2.276368534 -3.87598511 1808.958 -0.36 -4.66 9.1117
-4.441 1980.672 3.97E-06 1903.5 9.5 25.17 -0.55 1807.08333 -2.417521913 -3.63503028 1808.791 -0.48 -4.44 9.09899
-4.235 1980.655 3.97E-06 1903.42 9.44 25.88 -0.53 1806.91667 -2.147940027 -3.472290868 1808.625 -0.58 -4.24 9.25342
-4.339 1980.638 3.98E-06 1903.34 9.36 26.81 -0.52 1806.75 -2.613140163 -3.330230961 1808.458 -0.23 -4.69 9.04288
-4.546 1980.622 4.03E-06 1903.25 9.35 26.93 -0.51 1806.58333 -2.53984286 -3.528995109 1808.291 0.15 -4.81 8.92733

ABOR/MH/Priv-003028



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1808.083 -2.93 1887.39 -0.22 -5.55 1901.38
1807.917 -3 1887.32 0.1 -5.73 1901.29

1807.75 -3.4 1887.25 -0.1 -5.56 1901.21
1807.583 -3.71 1887.18 0.45 -5.4 1901.13
1807.417 -3.56 1887.11 0.6 -5.23 1901.04

1807.25 -3.21 1887.04 0.47 -5.42 1900.96
1807.083 -2.96 1886.96 0.38 -5.54 1900.88
1806.917 -3.02 1886.89 0.59 -5.65 1900.79

1806.75 -3.33 1886.75 0.11 -5.94 1900.71
1806.583 -3.6 1886.68 -0.02 -5.92 1900.63
1806.417 -3.47 1886.61 0.52 -5.77 1900.54

1806.25 -3.03 1886.46 0.39 -5.52 1900.46
1806.083 -2.74 1886.32 0.51 -5.04 1900.38
1805.917 -3.22 1886.25 0.91 -5.24 1900.29

1805.75 -3.65 1886.18 0.92 -5.29 1900.21
1805.583 -3.75 1886.11 0.35 -5.59 1900.13
1805.417 -3.4 1886.04 0.1 -5.91 1900.04

1805.25 -3.31 1885.96 -0.64 -6.1 1899.96
1805.083 -3.34 1885.89 -0.61 -6.2 1899.88
1804.917 -3.48 1885.75 -0.19 -6.24 1899.79

1804.75 -3.71 1885.64 0.21 -6.13 1899.71
1804.583 -3.86 1885.53 0.77 -5.68 1899.63
1804.417 -3.6 1885.42 0.83 -5.57 1899.54

1804.25 -3.38 1885.31 0.88 -5.59 1899.46
1804.083 -3.25 1885.19 1.04 -5.41 1899.38
1803.917 -3.43 1885.08 0.56 -5.53 1899.29

1803.75 -3.76 1884.97 0.12 -6.04 1899.21
1803.583 -3.71 1884.75 0.01 -6.02 1899.13
1803.417 -3.48 1884.66 0.39 -5.84 1899.04

1803.25 -3.05 1884.57 1.08 -5.86 1898.96
1803.083 -3.11 1884.48 1.05 -5.65 1898.88
1802.917 -3.39 1884.39 1.01 -5.5 1898.79

1802.75 -3.65 1884.3 0.6 -5.42 1898.71
1802.583 -3.67 1884.2 0.54 -5.37 1898.63
1802.417 -3.57 1884.11 0.34 -5.47 1898.54

1802.25 -3.24 1884.02 0.05 -5.79 1898.46
1802.083 -2.97 1883.93 -0.55 -6.07 1898.38
1801.917 -3.05 1883.75 -1 -6.19 1898.29

1801.75 -3.2 1883.67 -0.67 -6.15 1898.21
1801.583 -3.56 1883.6 0.67 -5.51 1898.13
1801.417 -3.85 1883.52 0.27 -5.85 1898.04

1801.25 -3.29 1883.44 0.63 -5.81 1897.96
1801.083 -3.17 1883.37 0.75 -5.47 1897.88
1800.917 -3.22 1883.29 0.93 -5.21 1897.79

1800.75 -3.48 1883.21 1.11 -5.18 1897.71

ABOR/MH/Priv-003029



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.725 1980.605 4.24E-06 1903.17 9.37 26.7 -0.5 1806.41667 -2.317502308 -3.587848204 1808.125 -0.06 -4.72 8.92639
-4.916 1980.588 4.37E-06 1903.09 9.38 26.61 -0.49 1806.25 -2.244941534 -3.964331792 1807.958 -0.45 -4.44 9.05518
-4.929 1980.572 4.05E-06 1903 9.41 26.17 -0.48 1806.08333 -1.873525212 -4.119350189 1807.791 -0.52 -4.1 9.16709
-4.954 1980.555 4.1E-06 1902.92 9.48 25.33 -0.47 1805.91667 -1.956829991 -4.128510545 1807.625 -0.58 -3.98 9.2621
-4.885 1980.536 4.07E-06 1902.84 9.54 24.63 -0.46 1805.75 -1.967470725 -3.733863693 1807.458 -0.53 -4.54 9.12428
-4.823 1980.518 4.16E-06 1902.75 9.6 23.9 -0.45 1805.58333 -2.833307203 -3.558293637 1807.291 -0.31 -4.85 9.04589
-4.762 1980.499 4.32E-06 1902.67 9.61 23.79 -0.44 1805.41667 -2.757545176 -3.808022315 1807.125 -0.39 -4.82 8.91537

-4.68 1980.481 4.45E-06 1902.59 9.57 24.32 -0.44 1805.25 -2.34485873 -3.686197635 1806.958 -0.64 -4.53 8.98958
-4.663 1980.462 4.39E-06 1902.5 9.48 25.42 -0.43 1805.08333 -1.999685712 -3.84503173 1806.791 -0.75 -4.18 9.10558

-4.57 1980.444 4.48E-06 1902.42 9.38 26.54 -0.42 1804.91667 -1.970187613 -3.904243394 1806.625 -0.73 -4.02 9.26337
-4.553 1980.425 4.71E-06 1902.34 9.35 26.97 -0.41 1804.75 -2.197852673 -3.51593056 1806.458 -0.48 -4.65 9.1732
-4.658 1980.407 4.44E-06 1902.25 9.36 26.83 -0.41 1804.58333 -2.250601013 -3.449129841 1806.291 -0.63 -4.97 8.93717
-4.757 1980.388 4.4E-06 1902.17 9.39 26.51 -0.4 1804.41667 -2.513349184 -4.040298386 1806.125 -0.65 -4.93 8.89878
-4.739 1980.37 4.3E-06 1902.09 9.44 25.86 -0.4 1804.25 -2.221965219 -3.87850768 1805.958 -0.57 -4.66 9.01508
-4.822 1980.351 4.39E-06 1902 9.49 25.3 -0.39 1804.08333 -2.344529119 -4.135424109 1805.791 -0.56 -4.32 9.11586
-4.795 1980.333 4.45E-06 1901.92 9.53 24.78 -0.38 1803.91667 -2.47459964 -3.880805157 1805.625 -0.55 -3.96 9.20111
-4.768 1980.314 4.46E-06 1901.84 9.56 24.34 -0.38 1803.75 -2.394817801 -3.437577692 1805.458 -0.69 -4.51 9.16436
-4.836 1980.296 4.69E-06 1901.75 9.58 24.11 -0.37 1803.58333 -2.664738059 -3.572193538 1805.291 -0.74 -4.83 9.06682
-4.649 1980.277 4.68E-06 1901.67 9.59 24.03 -0.37 1803.41667 -2.676635391 -3.868816477 1805.125 -0.51 -4.81 8.90849
-4.602 1980.259 4.88E-06 1901.59 9.57 24.29 -0.36 1803.25 -2.446402936 -4.12120549 1804.958 -0.3 -4.51 8.9265
-4.559 1980.24 5.24E-06 1901.5 9.53 24.72 -0.36 1803.08333 -2.735362748 -3.827205462 1804.791 -0.35 -4.18 9.05329
-4.473 1980.222 5.38E-06 1901.42 9.45 25.73 -0.35 1802.91667 -2.392660116 -3.363637298 1804.625 -0.41 -4.06 9.22562
-4.421 1980.203 5.5E-06 1901.34 9.39 26.43 -0.35 1802.75 -2.447068264 -3.270468483 1804.458 -0.55 -4.58 9.16587
-4.595 1980.185 5.03E-06 1901.25 9.42 26.06 -0.34 1802.58333 -2.81755426 -3.775111886 1804.291 -0.19 -4.83 8.99357

-4.82 1980.166 4.51E-06 1901.17 9.44 25.89 -0.34 1802.41667 -2.678861147 -3.976844834 1804.125 -0.24 -4.84 8.94755
-4.807 1980.148 4.42E-06 1901.09 9.39 26.47 -0.33 1802.25 -2.433602923 -3.785195712 1803.958 -0.45 -4.66 9.05116
-4.677 1980.129 4.99E-06 1901 9.37 26.7 -0.33 1802.08333 -2.827459276 -3.706881017 1803.791 -0.38 -4.37 9.14203
-4.774 1980.111 4.62E-06 1900.92 9.41 26.25 -0.33 1801.91667 -2.585313508 -3.618280189 1803.625 -0.44 -4.06 9.21612
-4.656 1980.092 4.38E-06 1900.84 9.43 25.99 -0.32 1801.75 -2.189280718 -3.45553612 1803.458 -0.55 -4.32 9.12972
-4.635 1980.074 4.33E-06 1900.75 9.51 24.96 -0.32 1801.58333 -2.467334433 -3.565428397 1803.291 -0.37 -4.66 9.0231
-4.601 1980.055 4.11E-06 1900.67 9.58 24.15 -0.32 1801.41667 -2.571864992 -3.774290406 1803.125 -0.31 -4.71 8.89626
-4.523 1980.036 3.98E-06 1900.59 9.6 23.87 -0.32 1801.25 -2.421820867 -3.757061513 1802.958 -0.37 -4.52 9.09892
-4.464 1980.018 3.75E-06 1900.5 9.54 24.59 -0.31 1801.08333 -2.27911408 -3.520538594 1802.791 -0.43 -4.23 9.16218
-4.439 1979.999 3.69E-06 1900.42 9.5 25.13 -0.31 1800.91667 -2.791538843 -3.32941006 1802.625 -0.46 -3.83 9.25024
-4.371 1979.981 3.65E-06 1900.34 9.43 26.02 -0.31 1800.75 -2.585286602 -3.304037754 1802.458 -0.59 -4.35 9.05257
-4.365 1979.962 3.74E-06 1900.25 9.32 27.26 -0.31 1800.58333 -2.568002778 -3.470259564 1802.291 -0.03 -4.98 8.99
-4.608 1979.944 4.1E-06 1900.17 9.4 26.35 -0.31 1800.41667 -2.449369747 -3.736919859 1802.125 -0.56 -4.96 8.94144
-4.937 1979.925 4.08E-06 1900.09 9.46 25.57 -0.3 1800.25 -2.356951291 -3.83126987 1801.958 -0.37 -4.5 9.0278
-4.992 1979.907 4.04E-06 1900 9.48 25.42 -0.3 1800.08333 -2.432000074 -3.85319063 1801.791 -0.35 -4.07 9.12398
-4.899 1979.888 3.88E-06 1899.92 9.49 25.27 -0.3 1799.91667 -2.529387723 -3.947502192 1801.625 -0.58 -4.05 9.22999
-4.849 1979.87 3.8E-06 1899.84 9.48 25.31 -0.3 1799.75 -2.660070635 -3.319291104 1801.458 -0.05 -4.59 9.02309
-4.769 1979.851 3.78E-06 1899.75 9.51 24.99 -0.3 1799.58333 -2.631720602 -3.520391202 1801.291 -0.18 -5.01 8.99428
-4.774 1979.833 4.07E-06 1899.67 9.53 24.76 -0.3 1799.41667 -3.235970621 -3.59486949 1801.125 -0.41 -5.02 8.84321
-4.778 1979.814 4.55E-06 1899.59 9.52 24.93 -0.3 1799.25 -2.860501215 -3.650559282 1800.958 -0.6 -4.66 8.96297
-4.598 1979.796 4.55E-06 1899.5 9.48 25.31 -0.3 1799.08333 -1.916779387 -3.86755809 1800.791 -0.78 -4.22 9.09535

ABOR/MH/Priv-003030



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1800.583 -3.75 1883.13 0.62 -5.25 1897.63
1800.417 -3.62 1883.06 0.59 -5.6 1897.54

1800.25 -3.25 1882.98 0.38 -6.03 1897.46
1800.083 -3.08 1882.9 -0.11 -6.09 1897.38
1799.917 -3.25 1882.75 0.27 -6.1 1897.29

1799.75 -3.41 1882.65 0.12 -5.97 1897.21
1799.583 -3.57 1882.55 0.17 -5.71 1897.13
1799.417 -3.71 1882.45 0.64 -5.49 1897.04

1799.25 -3.7 1882.35 0.28 -5.5 1896.96
1799.083 -3.01 1882.25 0.25 -5.56 1896.88
1798.917 -3.35 1882.15 0.17 -5.63 1896.79

1798.75 -3.85 1882.05 0 -5.9 1896.71
1798.583 -3.96 1881.95 -0.21 -6.2 1896.63
1798.417 -3.8 1881.75 -0.53 -6.37 1896.54

1798.25 -3.44 1881.67 -0.43 -6.33 1896.46
1798.083 -2.88 1881.58 -0.7 -6.1 1896.38
1797.917 -3.39 1881.5 -0.73 -6.18 1896.29

1797.75 -3.61 1881.42 0.03 -6.23 1896.21
1797.583 -3.62 1881.33 0.65 -5.81 1896.13
1797.417 -3.51 1881.25 0.01 -5.52 1896.04

1797.25 -3 1881.17 0.12 -5.37 1895.96
1797.083 -2.94 1881.08 0.23 -5.58 1895.88
1796.917 -3.49 1881 -0.24 -5.99 1895.79

1796.75 -3.59 1880.92 -0.48 -6.38 1895.71
1796.583 -3.83 1880.75 -0.7 -6.63 1895.63
1796.417 -3.56 1880.67 -0.6 -6.25 1895.54

1796.25 -3.22 1880.6 -0.68 -6.41 1895.46
1796.083 -2.97 1880.52 -0.3 -6.28 1895.38
1795.917 -3.49 1880.44 0.1 -6.08 1895.29

1795.75 -3.52 1880.37 -0.44 -6.29 1895.21
1795.583 -3.79 1880.29 -0.54 -6.15 1895.13
1795.417 -3.49 1880.21 -0.18 -6.03 1895.04

1795.25 -2.97 1880.13 0.27 -5.79 1894.96
1795.083 -3.02 1880.06 0.09 -5.75 1894.88
1794.917 -3.48 1879.98 0.02 -5.85 1894.79

1794.75 -3.58 1879.9 -0.27 -6.24 1894.71
1794.583 -3.81 1879.75 -0.19 -6.42 1894.63
1794.417 -3.47 1879.68 -0.4 -6.36 1894.54

1794.25 -2.89 1879.61 -0.76 -6.25 1894.46
1794.083 -2.91 1879.54 -0.26 -6.21 1894.38
1793.917 -3.29 1879.46 0.19 -6.1 1894.29

1793.75 -3.41 1879.39 -0.28 -6.4 1894.21
1793.583 -3.76 1879.32 -0.11 -6.29 1894.13
1793.417 -3.43 1879.25 0.1 -6.07 1894.04

1793.25 -3.09 1879.18 0.11 -5.83 1893.96

ABOR/MH/Priv-003031



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.578 1979.777 4.37E-06 1899.42 9.44 25.89 -0.31 1798.91667 -2.768092943 -3.759086564 1800.625 -0.87 -4.14 9.24034
-4.584 1979.759 4.41E-06 1899.34 9.38 26.57 -0.31 1798.75 -2.299674737 -3.365544491 1800.458 -0.57 -4.48 9.09728
-4.635 1979.74 4.41E-06 1899.25 9.32 27.29 -0.31 1798.58333 -2.239771465 -3.592212722 1800.291 -0.41 -4.84 9.01646
-4.696 1979.722 4.41E-06 1899.17 9.28 27.76 -0.31 1798.41667 -2.14767293 -3.639941671 1800.125 -0.39 -4.89 8.95691
-4.887 1979.703 4.7E-06 1899.09 9.32 27.35 -0.32 1798.25 -2.687404492 -3.897983207 1799.958 -0.49 -4.69 9.01466
-4.941 1979.685 4.94E-06 1899 9.38 26.53 -0.32 1798.08333 -2.965317527 -4.146992342 1799.791 -0.64 -4.39 9.15116
-4.934 1979.666 4.77E-06 1898.92 9.45 25.73 -0.32 1797.91667 -2.495720224 -4.034923248 1799.625 -0.52 -3.96 9.26243
-4.879 1979.648 4.65E-06 1898.84 9.5 25.11 -0.33 1797.75 -3.239855779 -3.880546129 1799.458 -0.67 -4.19 9.02741
-4.882 1979.629 4.45E-06 1898.75 9.6 23.91 -0.33 1797.58333 -3.212880901 -3.907375063 1799.291 -0.39 -4.74 8.92588
-4.692 1979.611 4.54E-06 1898.67 9.62 23.67 -0.34 1797.41667 -2.926120154 -3.995252025 1799.125 -0.22 -5.01 8.91304
-4.698 1979.592 4.5E-06 1898.59 9.55 24.53 -0.34 1797.25 -2.51979619 -4.025561317 1798.958 -0.32 -4.85 9.02414
-4.711 1979.574 4.51E-06 1898.5 9.51 24.99 -0.35 1797.08333 -1.84228407 -3.71115314 1798.791 -0.53 -4.46 9.13468
-4.643 1979.555 4.48E-06 1898.42 9.42 26.13 -0.35 1796.91667 -2.122167255 -3.490670307 1798.625 -0.39 -4.18 9.24465
-4.557 1979.533 4.7E-06 1898.34 9.36 26.87 -0.36 1796.75 -2.546432147 -3.367713113 1798.458 -0.44 -4.33 9.06437
-4.595 1979.511 4.76E-06 1898.25 9.31 27.42 -0.36 1796.58333 -2.801087909 -3.644901357 1798.291 -0.24 -4.9 8.93844
-4.742 1979.488 4.67E-06 1898.17 9.39 26.46 -0.37 1796.41667 -2.641992006 -4.103398792 1798.125 -0.45 -5.07 8.91912
-4.854 1979.466 4.68E-06 1898.09 9.38 26.57 -0.37 1796.25 -2.226504284 -4.19503071 1797.958 -0.69 -4.93 9.01263
-4.909 1979.444 4.49E-06 1898 9.45 25.74 -0.37 1796.08333 -1.85288852 -3.814159367 1797.791 -0.55 -4.34 9.11787
-4.908 1979.422 4.42E-06 1897.92 9.51 25 -0.38 1795.91667 -1.750870634 -3.266042986 1797.625 -0.46 -4.07 9.24136
-4.762 1979.399 4.49E-06 1897.84 9.58 24.1 -0.38 1795.75 -2.310424383 -3.320707885 1797.458 -0.58 -4.36 9.09239
-4.714 1979.377 4.55E-06 1897.75 9.6 23.87 -0.38 1795.58333 -2.923461554 -3.80951293 1797.291 -0.5 -4.82 9.02727
-4.653 1979.355 4.66E-06 1897.67 9.6 23.91 -0.38 1795.41667 -2.986938117 -4.129915431 1797.125 -0.41 -4.94 8.928
-4.571 1979.333 4.56E-06 1897.59 9.56 24.44 -0.39 1795.25 -2.59116429 -4.143012673 1796.958 -0.62 -4.58 9.04607

-4.51 1979.311 4.75E-06 1897.5 9.51 24.97 -0.39 1795.08333 -2.607779708 -3.792849005 1796.791 -0.61 -4.16 9.19244
-4.403 1979.288 4.88E-06 1897.42 9.48 25.39 -0.38 1794.91667 -2.563765606 -3.91104813 1796.625 -0.55 -4.03 9.20148
-4.296 1979.266 5.71E-06 1897.34 9.47 25.48 -0.38 1794.75 -2.404018557 -3.621078034 1796.458 -0.25 -4.56 9.12872
-4.415 1979.244 6.03E-06 1897.25 9.46 25.57 -0.38 1796.291 -0.16 -4.8 9.04954
-4.534 1979.222 6.77E-06 1897.17 9.45 25.68 -0.38 1796.125 -0.29 -4.75 8.96394
-4.648 1979.199 7.4E-06 1897.09 9.5 25.18 -0.37 1795.958 -0.33 -4.53 9.00432
-4.772 1979.177 7.27E-06 1897 9.51 25 -0.37 1795.791 -0.36 -4.29 9.18539
-4.847 1979.155 6.38E-06 1896.92 9.55 24.55 -0.36 1795.625 -0.4 -4.02 9.28704
-4.831 1979.133 6.22E-06 1896.84 9.61 23.8 -0.35 1795.458 -0.87 -4.11 9.20172
-4.773 1979.111 5.56E-06 1896.75 9.63 23.55 -0.35 1795.291 -0.48 -4.68 9.05323
-4.701 1979.088 5.19E-06 1896.67 9.62 23.67 -0.34 1795.125 -0.18 -4.93 8.95626
-4.663 1979.066 4.41E-06 1896.59 9.57 24.32 -0.33 1794.958 -0.6 -4.81 8.96929
-4.542 1979.044 4.26E-06 1896.5 9.48 25.35 -0.32 1794.791 -0.65 -4.53 9.15026
-4.452 1979.022 4.2E-06 1896.42 9.4 26.34 -0.31 1794.625 -0.59 -4.16 9.18323
-4.315 1978.999 3.97E-06 1896.34 9.38 26.55 -0.3 1794.458 -0.77 -4.37 9.05783
-4.426 1978.977 3.85E-06 1896.25 9.34 27.02 -0.29 1794.291 -0.21 -4.78 8.97653
-4.592 1978.955 4.03E-06 1896.17 9.35 26.95 -0.28 1794.125 -0.48 -4.79 8.94746
-4.723 1978.933 4.32E-06 1896.09 9.38 26.58 -0.27 1793.958 -0.46 -4.57 9.00695
-4.721 1978.911 4.17E-06 1896 9.41 26.23 -0.26 1793.791 -0.51 -4.35 9.16499
-4.748 1978.888 4.31E-06 1895.92 9.52 24.86 -0.25 1793.625 -0.61 -4.09 9.19746
-4.712 1978.866 4.26E-06 1895.84 9.56 24.4 -0.24 1793.458 -0.7 -4.35 9.01077
-4.638 1978.844 4.36E-06 1895.75 9.56 24.36 -0.23 1793.291 -0.43 -4.93 8.8159

ABOR/MH/Priv-003032



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1793.083 -2.8 1879.11 0.17 -5.74 1893.88
1792.917 -3.22 1879.04 0.31 -5.69 1893.79

1792.75 -3.62 1878.96 0.48 -5.96 1893.71
1792.583 -4.01 1878.89 0.36 -6.16 1893.63
1792.417 -3.82 1878.75 0.22 -6.37 1893.54

1792.25 -3.26 1878.67 0.08 -6.29 1893.46
1792.083 -2.88 1878.58 0.16 -6.15 1893.38
1791.917 -3.06 1878.5 -0.01 -6.13 1893.29

1791.75 -3.5 1878.42 -0.6 -6.04 1893.21
1791.583 -3.54 1878.33 -0.63 -5.73 1893.13
1791.417 -3.46 1878.25 -0.74 -5.67 1893.04

1791.25 -3.19 1878.17 -0.55 -5.59 1892.96
1791.083 -2.62 1878.08 -0.3 -5.44 1892.88
1790.917 -3.06 1878 -0.27 -5.45 1892.79

1790.75 -3.4 1877.92 -0.33 -6.11 1892.71
1790.583 -3.56 1877.75 -0.73 -6.44 1892.63
1790.417 -3.65 1877.66 -0.82 -6.14 1892.54

1790.25 -3.35 1877.57 -0.64 -6.13 1892.46
1790.083 -2.76 1877.48 -0.36 -6.08 1892.38
1789.917 -3.01 1877.39 -0.81 -5.99 1892.29

1789.75 -3.51 1877.3 -1.05 -5.7 1892.21
1789.583 -3.78 1877.2 -0.56 -5.55 1892.13
1789.417 -3.59 1877.11 -0.28 -5.69 1892.04

1789.25 -3.09 1877.02 -0.12 -5.92 1891.96
1789.083 -2.77 1876.93 -0.06 -6.15 1891.88
1788.917 -3.15 1876.75 -0.71 -6.25 1891.79

1788.75 -3.47 1876.65 -0.83 -6.21 1891.71
1788.583 -3.52 1876.55 -0.34 -6.07 1891.63
1788.417 -3.34 1876.45 -0.39 -5.74 1891.54

1788.25 -3.21 1876.35 -0.09 -5.57 1891.46
1788.083 -3.05 1876.25 -0.26 -5.57 1891.38
1787.917 -3.3 1876.15 -0.46 -5.58 1891.29

1787.75 -3.37 1876.05 -0.84 -5.86 1891.21
1787.583 -3.65 1875.95 -0.8 -6.12 1891.13
1787.417 -3.64 1875.75 -1.02 -6.32 1891.04

1787.25 -3.21 1875.65 -0.99 -6.12 1890.96
1787.083 -3.06 1875.55 -0.49 -6.08 1890.88
1786.917 -3.39 1875.45 -0.25 -6.08 1890.79

1786.75 -3.74 1875.35 -0.62 -5.83 1890.71
1786.583 -3.75 1875.25 0.13 -5.55 1890.63
1786.417 -3.43 1875.15 0.32 -5.49 1890.54

1786.25 -3.34 1875.05 0.72 -5.56 1890.46
1786.083 -3.02 1874.95 0.41 -6.06 1890.38
1785.917 -3.15 1874.75 -0.26 -6.15 1890.29

1785.75 -3.41 1874.65 0.14 -6.06 1890.21

ABOR/MH/Priv-003033



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.621 1978.822 4.41E-06 1895.67 9.52 24.88 -0.22 1793.125 -0.65 -5.01 8.78517
-4.561 1978.799 4.49E-06 1895.59 9.46 25.56 -0.21 1792.958 -0.65 -4.67 9.14638
-4.432 1978.777 4.51E-06 1895.5 9.43 26.01 -0.21 1792.791 -0.57 -4.12 9.21539
-4.417 1978.755 4.11E-06 1895.42 9.4 26.32 -0.2 1792.625 -0.63 -4.01 9.23665
-4.316 1978.733 4.25E-06 1895.34 9.37 26.74 -0.19 1792.458 -0.47 -4.45 9.07588
-4.439 1978.711 4.04E-06 1895.25 9.34 27.05 -0.19 1792.291 -0.38 -4.77 8.97052

-4.62 1978.688 4.23E-06 1895.17 9.35 26.95 -0.19 1792.125 -0.48 -4.91 8.92059
-4.834 1978.666 4.23E-06 1895.09 9.37 26.68 -0.18 1791.958 -0.59 -4.79 8.99167
-4.837 1978.644 4.47E-06 1895 9.39 26.49 -0.18 1791.791 -0.55 -4.46 9.13137
-4.858 1978.622 0.000005 1894.92 9.46 25.61 -0.18 1791.625 -0.68 -4.15 9.25313
-4.833 1978.599 5.48E-06 1894.84 9.5 25.16 -0.18 1791.458 -1 -4.2 9.178
-4.802 1978.577 5.1E-06 1894.75 9.52 24.88 -0.18 1791.291 -0.67 -4.66 9.00577
-4.741 1978.555 4.45E-06 1894.67 9.58 24.15 -0.18 1791.125 -0.55 -4.93 8.87787
-4.619 1978.535 4.31E-06 1894.59 9.52 24.92 -0.19 1790.958 -0.64 -4.78 9.03302
-4.467 1978.516 4.19E-06 1894.5 9.44 25.83 -0.19 1790.791 -0.72 -4.4 9.16858
-4.428 1978.496 4.41E-06 1894.42 9.35 26.92 -0.2 1790.625 -0.52 -4.05 9.32406
-4.328 1978.477 4.44E-06 1894.34 9.29 27.73 -0.2 1790.458 -0.88 -4.25 9.16576
-4.429 1978.457 4.33E-06 1894.25 9.25 28.12 -0.21 1790.291 -0.96 -4.68 9.01571
-4.726 1978.437 4.39E-06 1894.17 9.28 27.76 -0.22 1790.125 -0.7 -4.89 8.94137
-4.848 1978.418 4.49E-06 1894.09 9.33 27.18 -0.23 1789.958 -0.64 -4.67 8.96988
-4.919 1978.398 4.65E-06 1894 9.34 27.07 -0.25 1789.791 -0.69 -4.38 9.12728
-4.998 1978.379 4.93E-06 1893.92 9.36 26.81 -0.26 1789.625 -0.67 -4.03 9.20124
-4.815 1978.359 5.82E-06 1893.84 9.45 25.72 -0.27 1789.458 -0.44 -4.19 9.11432
-4.765 1978.339 4.93E-06 1893.75 9.53 24.81 -0.29 1789.291 -0.27 -4.59 8.97984
-4.735 1978.32 4.42E-06 1893.67 9.59 24.03 -0.3 1789.125 0.3 -5.02 8.94625
-4.679 1978.3 4.53E-06 1893.59 9.61 23.84 -0.32 1788.958 -0.36 -4.43 9.12953
-4.588 1978.28 4.39E-06 1893.5 9.59 24 -0.33 1788.791 -0.34 -4.14 9.23696
-4.385 1978.261 4.32E-06 1893.42 9.51 25 -0.35 1788.625 -0.55 -3.97 9.2521
-4.333 1978.241 4.15E-06 1893.34 9.44 25.82 -0.36 1788.458 -0.28 -4.15 9.15954
-4.519 1978.222 4.17E-06 1893.25 9.39 26.48 -0.38 1788.291 -0.08 -4.75 9.06538
-4.689 1978.202 4.15E-06 1893.17 9.4 26.37 -0.4 1788.125 -0.11 -4.83 8.96962
-4.815 1978.182 4.55E-06 1893.09 9.4 26.31 -0.41 1787.958 -0.3 -4.49 9.07372
-4.827 1978.163 5.08E-06 1893 9.45 25.76 -0.43 1787.791 -0.41 -4.19 9.19187
-4.833 1978.143 5.49E-06 1892.92 9.49 25.3 -0.44 1787.625 -0.18 -3.91 9.27546
-4.833 1978.124 5.35E-06 1892.84 9.51 24.95 -0.46 1787.458 -0.36 -4.17 9.09941
-4.713 1978.104 4.81E-06 1892.75 9.55 24.52 -0.47 1787.291 -0.1 -4.72 8.97242
-4.548 1978.084 4.6E-06 1892.67 9.65 23.3 -0.49 1787.125 -0.05 -4.95 8.90986
-4.537 1978.065 4.18E-06 1892.59 9.62 23.67 -0.5 1786.958 -0.3 -4.49 9.07765
-4.348 1978.045 4.31E-06 1892.5 9.54 24.66 -0.51 1786.791 -0.45 -4 9.1872
-4.272 1978.026 4.2E-06 1892.42 9.45 25.76 -0.52 1786.625 -0.63 -3.95 9.23852
-4.188 1978.006 4.12E-06 1892.34 9.4 26.33 -0.53 1786.458 -0.59 -4.34 9.1909

-4.27 1977.986 4.09E-06 1892.25 9.42 26.11 -0.54 1786.291 -0.46 -4.98 9.06364
-4.633 1977.967 4.15E-06 1892.17 9.38 26.58 -0.55 1786.125 -0.02 -4.98 8.88422
-4.932 1977.947 4.04E-06 1892.09 9.43 25.93 -0.56 1785.958 -0.43 -4.45 8.91615
-4.909 1977.928 4.36E-06 1892 9.55 24.58 -0.56 1785.791 -0.32 -4.08 9.08954

ABOR/MH/Priv-003034



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1785.583 -3.86 1874.55 0.4 -5.85 1890.13
1785.417 -3.45 1874.45 0.08 -5.68 1890.04

1785.25 -3.26 1874.35 0.44 -5.35 1889.96
1785.083 -3.03 1874.25 0.72 -5.31 1889.88
1784.917 -3.31 1874.15 0.98 -5.53 1889.79

1784.75 -3.55 1874.05 0.75 -5.99 1889.71
1784.583 -3.65 1873.95 -0.27 -6.3 1889.63
1784.417 -3.34 1873.75 0.66 -6.35 1889.54

1784.25 -3.16 1873.63 0.15 -6.29 1889.46
1784.083 -2.91 1873.5 0.37 -6.09 1889.38
1783.917 -3.25 1873.38 0 -5.65 1889.29

1783.75 -3.54 1873.25 0.27 -5.5 1889.21
1783.583 -3.58 1873.13 0.1 -5.58 1889.13
1783.417 -3.02 1873 0.37 -5.89 1889.04

1783.25 -2.94 1872.75 0.29 -6.31 1888.96
1783.083 -2.74 1872.66 -0.16 -6.01 1888.88
1782.917 -2.9 1872.57 0.56 -6.07 1888.79

1782.75 -3.27 1872.48 0.73 -6.01 1888.71
1782.583 -3.7 1872.39 0.38 -5.64 1888.63
1782.417 -3.37 1872.3 0.19 -5.55 1888.54

1782.25 -3.19 1872.2 0.3 -5.66 1888.46
1782.083 -2.91 1872.11 0.19 -5.67 1888.38
1781.917 -3.04 1872.02 0.55 -5.81 1888.29

1781.75 -3.3 1871.93 0.27 -5.91 1888.21
1781.583 -3.5 1871.75 -0.17 -5.92 1888.13
1781.417 -3.5 1871.63 -0.21 -5.91 1888.04

1781.25 -2.85 1871.5 0.09 -5.67 1887.96
1781.083 -2.98 1871.38 0.13 -5.64 1887.88
1780.917 -3.68 1871.25 -0.21 -5.47 1887.79

1780.75 -3.55 1871.13 1.1 -5.42 1887.71
1780.583 -3.67 1871 0.99 -5.83 1887.63
1780.417 -3.55 1870.75 0.62 -5.86 1887.54

1780.25 -3.19 1870.66 0.69 -5.83 1887.46
1780.083 -2.84 1870.57 0.09 -5.65 1887.38
1779.917 -3.04 1870.48 0.34 -5.45 1887.29

1779.75 -3.37 1870.39 0.37 -5.48 1887.21
1779.583 -3.53 1870.3 0.35 -5.55 1887.13
1779.417 -3.38 1870.2 0.53 -5.55 1887.04

1779.25 -3.1 1870.11 0.82 -5.78 1886.96
1779.083 -3.07 1870.02 0.41 -5.94 1886.88
1778.917 -3.48 1869.93 0.19 -6.17 1886.79

1778.75 -3.7 1869.75 0.15 -6.18 1886.71
1778.583 -3.48 1869.66 0.32 -6.19 1886.63
1778.417 -3.33 1869.57 0.65 -5.76 1886.54

1778.25 -3.2 1869.48 0.83 -5.41 1886.46

ABOR/MH/Priv-003035



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.798 1977.908 4.19E-06 1891.92 9.54 24.66 -0.57 1785.625 -0.45 -4.07 9.28632
-4.713 1977.888 4.14E-06 1891.84 9.59 23.99 -0.57 1785.458 -0.24 -4.34 9.18109
-4.692 1977.869 0.000004 1891.75 9.65 23.3 -0.57 1785.291 -0.2 -4.53 9.06263
-4.691 1977.849 3.89E-06 1891.67 9.68 22.94 -0.57 1785.125 -0.32 -4.64 8.93092
-4.721 1977.83 3.86E-06 1891.59 9.69 22.86 -0.57 1784.958 -0.39 -4.37 8.94364
-4.705 1977.81 3.94E-06 1891.5 9.59 23.99 -0.57 1784.791 -0.49 -4.13 9.05703
-4.608 1977.79 3.92E-06 1891.42 9.52 24.91 -0.57 1784.625 -0.62 -3.94 9.27109

-4.4 1977.771 4.2E-06 1891.34 9.46 25.65 -0.56 1784.458 -0.43 -4.47 9.16192
-4.533 1977.751 4.69E-06 1891.25 9.4 26.34 -0.56 1784.291 -0.22 -4.92 9.02011
-4.753 1977.731 4.68E-06 1891.17 9.4 26.34 -0.55 1784.125 -0.28 -4.91 8.92697
-4.886 1977.712 4.7E-06 1891.09 9.41 26.24 -0.54 1783.958 -0.5 -4.61
-4.842 1977.692 4.92E-06 1891 9.46 25.59 -0.53 1783.791 -0.62 -4.36
-4.723 1977.673 4.72E-06 1890.92 9.49 25.22 -0.53 1783.625 -0.56 -4.23
-4.749 1977.653 4.52E-06 1890.84 9.52 24.91 -0.52 1783.458 -0.38 -4.39
-4.755 1977.633 4.48E-06 1890.75 9.54 24.59 -0.51 1783.291 -0.19 -4.91
-4.695 1977.614 4.38E-06 1890.67 9.57 24.27 -0.5 1783.125 -0.08 -5.08
-4.607 1977.594 4.84E-06 1890.59 9.55 24.53 -0.48 1782.958 -0.17 -4.89
-4.582 1977.575 4.96E-06 1890.5 9.52 24.9 -0.47 1782.791 -0.4 -4.56
-4.371 1977.555 4.99E-06 1890.42 9.48 25.35 -0.46 1782.625 -0.34 -4.12
-4.401 1977.536 5.26E-06 1890.34 9.45 25.77 -0.45 1782.458 -0.54 -4.33
-4.643 1977.517 5.41E-06 1890.25 9.37 26.74 -0.43 1782.291 -0.14 -4.92

-4.8 1977.498 5.67E-06 1890.17 9.32 27.31 -0.42 1782.125 0.33 -4.98
-4.854 1977.48 5.59E-06 1890.09 9.34 27.03 -0.41 1781.958 -0.11 -4.46
-4.795 1977.461 5.81E-06 1890 9.45 25.67 -0.4 1781.791 -0.43 -4.28
-4.766 1977.442 5.49E-06 1889.92 9.47 25.44 -0.38 1781.625 -0.55 -4.01
-4.689 1977.423 5.13E-06 1889.84 9.52 24.83 -0.37 1781.458 -0.32 -4.53
-4.652 1977.404 5.3E-06 1889.75 9.57 24.31 -0.36 1781.291 -0.13 -4.84
-4.566 1977.385 5.36E-06 1889.67 9.54 24.64 -0.35 1781.125 -0.26 -4.78
-4.483 1977.366 5.34E-06 1889.59 9.54 24.66 -0.34 1780.958 -0.48 -4.5
-4.535 1977.347 5.25E-06 1889.5 9.5 25.15 -0.33 1780.791 -0.51 -4.22
-4.482 1977.329 5.47E-06 1889.42 9.47 25.52 -0.32 1780.625 -0.43 -3.87
-4.441 1977.31 5.94E-06 1889.34 9.41 26.19 -0.31 1780.458 -0.39 -4.06
-4.506 1977.291 7.02E-06 1889.25 9.34 27.03 -0.3 1780.291 -0.17 -4.39
-4.674 1977.272 8.2E-06 1889.17 9.3 27.56 -0.29 1780.125 0.24 -4.86
-4.679 1977.253 8.7E-06 1889.09 9.32 27.28 -0.28 1779.958 0.01 -4.68
-4.645 1977.234 7.39E-06 1889 9.31 27.42 -0.27 1779.791 -0.12 -4.29
-4.706 1977.215 6.95E-06 1888.92 9.39 26.44 -0.26 1779.625 -0.16 -3.69
-4.715 1977.197 6.53E-06 1888.84 9.42 26.1 -0.26 1779.458 -0.46 -3.9
-4.652 1977.178 6.06E-06 1888.75 9.51 24.96 -0.25 1779.291 -0.18 -4.48
-4.601 1977.159 5.68E-06 1888.67 9.57 24.27 -0.25 1779.125 0.69 -5.43
-4.554 1977.14 5.26E-06 1888.59 9.53 24.78 -0.24 1778.958 0.04 -4.8
-4.533 1977.121 5.16E-06 1888.5 9.5 25.15 -0.24 1778.791 -0.35 -4.24
-4.405 1977.102 4.87E-06 1888.42 9.47 25.49 -0.23 1778.625 -0.46 -3.76

-4.34 1977.083 4.42E-06 1888.34 9.43 25.96 -0.23 1778.458 -0.36 -4.19
-4.425 1977.064 4.25E-06 1888.25 9.41 26.26 -0.22 1778.291 -0.41 -4.83

ABOR/MH/Priv-003036



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1778.083 -3.12 1869.39 0.99 -5.4 1886.38
1777.917 -3.21 1869.3 0.75 -5.46 1886.29

1777.75 -3.46 1869.2 0.67 -5.64 1886.21
1777.583 -3.58 1869.11 0.56 -5.83 1886.13
1777.417 -3.5 1869.02 0.12 -6.24 1886.04

1777.25 -3.51 1868.93 0.33 -6.37 1885.96
1777.083 -3.05 1868.75 0.18 -6.32 1885.88
1776.917 -3.39 1868.66 -0.01 -6.33 1885.79

1776.75 -3.37 1868.57 0.36 -6.2 1885.71
1776.583 -3.51 1868.48 0.37 -6 1885.63
1776.417 -3.32 1868.39 0.54 -5.75 1885.54

1776.25 -2.98 1868.3 0.33 -5.66 1885.46
1776.083 -2.89 1868.2 0.38 -5.59 1885.38
1775.917 -3.17 1868.11 0.16 -5.85 1885.29

1775.75 -3.44 1868.02 0.07 -6.13 1885.21
1775.583 -3.78 1867.93 -0.25 -6.1 1885.13
1775.417 -3.4 1867.75 -0.32 -6.14 1885.04

1775.25 -3.04 1867.65 -0.25 -6.25 1884.96
1775.083 -2.97 1867.55 0.28 -6.13 1884.88
1774.917 -3.32 1867.45 0.6 -5.72 1884.79

1774.75 -3.7 1867.35 0.8 -5.39 1884.71
1774.583 -3.83 1867.25 0.67 -5.48 1884.63
1774.417 -3.42 1867.15 0.47 -5.51 1884.54

1774.25 -3.18 1867.05 0.01 -5.81 1884.46
1774.083 -2.96 1866.95 -0.19 -6.32 1884.38
1773.917 -3.25 1866.75 -0.1 -6.38 1884.29

1773.75 -3.44 1866.67 -0.33 -6.19 1884.21
1773.583 -3.63 1866.6 0.02 -5.92 1884.13
1773.417 -3.4 1866.52 0.36 -5.77 1884.04

1773.25 -2.97 1866.44 0.47 -5.75 1883.96
1773.083 -2.9 1866.37 0.39 -5.44 1883.88
1772.917 -3.06 1866.29 0.49 -5.47 1883.79

1772.75 -3.36 1866.21 0.55 -5.57 1883.71
1772.583 -3.64 1866.13 0.37 -5.84 1883.63
1772.417 -3.47 1866.06 0.24 -6.04 1883.54

1772.25 -3.32 1865.98 0.29 -6.12 1883.46
1772.083 -2.9 1865.9 0.14 -6.15 1883.38
1771.917 -3.06 1865.75 0.13 -6.22 1883.29

1771.75 -3.26 1865.64 0.13 -5.98 1883.21
1771.583 -3.57 1865.53 0.5 -5.7 1883.13
1771.417 -3.67 1865.42 0.54 -5.49 1883.04

1771.25 -3.24 1865.31 0.52 -5.52 1882.96
1771.083 -3.13 1865.19 0.33 -5.89 1882.88
1770.917 -3.29 1865.08 -0.08 -6.39 1882.79

1770.75 -3.5 1864.97 -0.07 -6.32 1882.71

ABOR/MH/Priv-003037



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.623 1977.046 4.24E-06 1888.17 9.38 26.61 -0.22 1778.125 -0.24 -5.05
-4.855 1977.027 4.16E-06 1888.09 9.37 26.68 -0.22 1777.958 -0.08 -4.84
-4.953 1977.008 4.05E-06 1888 9.42 26.07 -0.22 1777.791 -0.23 -4.44

-4.93 1976.989 4.05E-06 1887.92 9.47 25.49 -0.21 1777.625 -0.5 -3.97
-4.869 1976.97 4.02E-06 1887.84 9.55 24.46 -0.21 1777.458 -0.73 -4.15
-4.924 1976.951 4.34E-06 1887.75 9.64 23.43 -0.21 1777.291 -0.44 -4.52
-4.831 1976.932 4.21E-06 1887.67 9.63 23.55 -0.21 1777.125 -0.26 -4.73
-4.701 1976.913 4.2E-06 1887.59 9.61 23.76 -0.2 1776.958 -0.32 -4.63
-4.699 1976.895 4.21E-06 1887.5 9.6 23.91 -0.2 1776.791 -0.54 -4.29

-4.64 1976.876 4.12E-06 1887.42 9.54 24.6 -0.2 1776.625 -0.86 -4.06
-4.394 1976.857 4.08E-06 1887.34 9.49 25.27 -0.2 1776.458 -0.79 -4.55
-4.464 1976.838 4.01E-06 1887.25 9.39 26.52 -0.2 1776.291 -0.54 -4.86

-4.71 1976.819 4.02E-06 1887.17 9.32 27.26 -0.19 1776.125 -0.11 -4.99
-4.858 1976.8 3.93E-06 1887.09 9.32 27.32 -0.19 1775.958 -0.32 -4.73
-4.725 1976.781 4.53E-06 1887 9.34 27.09 -0.19 1775.791 -0.46 -4.38
-4.765 1976.763 4.39E-06 1886.92 9.38 26.64 -0.19 1775.625 -0.55 -3.93
-4.748 1976.744 4.94E-06 1886.84 9.41 26.23 -0.19 1775.458 -0.77 -4.19
-4.757 1976.725 5.2E-06 1886.75 9.45 25.73 -0.19 1775.291 -0.54 -4.8
-4.737 1976.706 5.39E-06 1886.67 9.53 24.76 -0.2 1775.125 -0.41 -4.96
-4.583 1976.687 5.44E-06 1886.59 9.56 24.4 -0.2 1774.958 -0.36 -4.7
-4.457 1976.668 5.48E-06 1886.5 9.54 24.59 -0.2 1774.791 -0.33 -4.35
-4.407 1976.649 5.63E-06 1886.42 9.48 25.31 -0.21 1774.625 -0.73 -3.99
-4.337 1976.63 5.58E-06 1886.34 9.43 25.99 -0.21 1774.458 -0.62 -4.51
-4.384 1976.612 5.55E-06 1886.25 9.35 27.01 -0.21 1774.291 -0.35 -4.8
-4.491 1976.593 5.62E-06 1886.17 9.34 27.03 -0.22 1774.125 -0.38 -4.89

-4.6 1976.574 5.51E-06 1886.09 9.3 27.53 -0.23 1773.958 -0.48 -4.68
-4.654 1976.555 5.5E-06 1886 9.3 27.61 -0.23 1773.791 -0.49 -4.27
-4.533 1976.533 5.6E-06 1885.92 9.39 26.46 -0.24 1773.625 -0.89 -4.19
-4.477 1976.51 5.72E-06 1885.84 9.42 26.15 -0.25 1773.458 -0.94 -4.38
-4.466 1976.488 5.56E-06 1885.75 9.42 26.1 -0.26 1773.291 -0.72 -4.63
-4.481 1976.466 5.7E-06 1885.67 9.53 24.76 -0.27 1773.125 -0.23 -4.96
-4.472 1976.443 5.69E-06 1885.59 9.57 24.25 -0.28 1772.958 -0.28 -4.8
-4.368 1976.421 5.58E-06 1885.5 9.46 25.62 -0.29 1772.791 -0.35 -4.41
-4.258 1976.399 5.33E-06 1885.42 9.42 26.1 -0.3 1772.625 -0.43 -3.78
-4.229 1976.376 5.43E-06 1885.34 9.36 26.85 -0.31 1772.458 -0.78 -3.89
-4.287 1976.354 5.51E-06 1885.25 9.38 26.63 -0.33 1772.291 -0.42 -4.58
-4.448 1976.332 5.93E-06 1885.17 9.39 26.52 -0.34 1772.125 -0.34 -4.85
-4.711 1976.309 6.09E-06 1885.09 9.45 25.71 -0.35 1771.958 -0.53 -4.65
-4.834 1976.287 6.2E-06 1885 9.5 25.17 -0.36 1771.791 -0.72 -4.37
-4.746 1976.265 6.7E-06 1884.92 9.53 24.79 -0.37 1771.625 -0.99 -4.14
-4.632 1976.242 6.28E-06 1884.84 9.6 23.85 -0.38 1771.458 -0.86 -4.72
-4.573 1976.22 6.69E-06 1884.75 9.69 22.8 -0.39 1771.291 -0.61 -4.93
-4.511 1976.198 6.81E-06 1884.67 9.71 22.57 -0.4 1771.125 -0.34 -4.97
-4.523 1976.175 6.54E-06 1884.59 9.66 23.16 -0.4 1770.958 -0.26 -4.83
-4.468 1976.153 6.45E-06 1884.5 9.62 23.68 -0.41 1770.791 -0.57 -4.48

ABOR/MH/Priv-003038



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1770.583 -3.84 1864.75 -0.39 -6.39 1882.63
1770.417 -3.44 1864.65 0.52 -6.17 1882.54

1770.25 -3.16 1864.55 0.97 -5.76 1882.46
1770.083 -3.15 1864.45 0.53 -5.48 1882.38
1769.917 -3.41 1864.35 0.27 -5.47 1882.29

1769.75 -3.47 1864.25 0.52 -5.41 1882.21
1769.583 -3.57 1864.15 0.56 -5.56 1882.13
1769.417 -3.1 1864.05 0.04 -5.82 1882.04

1769.25 -3 1863.95 -0.4 -6.17 1881.96
1769.083 -2.94 1863.75 -0.43 -6.39 1881.88
1768.917 -3.34 1863.67 -0.45 -6.21 1881.79

1768.75 -3.64 1863.6 -0.65 -6.21 1881.71
1768.583 -3.47 1863.52 -0.29 -6.18 1881.63
1768.417 -3.1 1863.44 0.19 -5.78 1881.54

1768.25 -3.16 1863.37 0.22 -5.5 1881.46
1768.083 -3.09 1863.29 0.04 -5.48 1881.38
1767.917 -3.46 1863.21 -0.01 -5.69 1881.29

1767.75 -3.63 1863.13 -0.1 -6.01 1881.21
1767.583 -3.82 1863.06 0.12 -6.17 1881.13
1767.417 -3.33 1862.98 -0.72 -6.69 1881.04

1767.25 -3.1 1862.9 -0.47 -6.42 1880.96
1767.083 -2.92 1862.75 -1.03 -6.65 1880.88
1766.917 -3.14 1862.65 -0.54 -6.58 1880.79

1766.75 -3.49 1862.55 -0.29 -6.53 1880.71
1766.583 -3.55 1862.45 -0.11 -6.16 1880.63
1766.417 -3.4 1862.35 0.1 -5.88 1880.54

1766.25 -3.2 1862.25 0.48 -5.96 1880.46
1766.083 -3.1 1862.15 0.4 -5.79 1880.38
1765.917 -3.51 1862.05 0.32 -5.95 1880.29

1765.75 -3.71 1861.95 0.23 -6.36 1880.21
1765.583 -3.85 1861.75 -0.18 -6.56 1880.13
1765.417 -3.63 1861.68 -0.04 -6.23 1880.04

1765.25 -3.37 1861.61 -0.02 -5.68 1879.96
1765.083 -3.14 1861.54 0.63 -5.8 1879.88
1764.917 -3.21 1861.46 0.44 -5.83 1879.79

1764.75 -3.27 1861.39 0.66 -5.77 1879.71
1764.583 -3.34 1861.32 0.51 -5.38 1879.63
1764.417 -3.45 1861.25 0.69 -5.56 1879.54

1764.25 -3.7 1861.18 0.4 -5.53 1879.46
1764.083 -2.91 1861.11 0.12 -5.54 1879.38
1763.917 -3.4 1861.04 0.14 -6.05 1879.29

1763.75 -3.46 1860.96 -0.15 -5.99 1879.21
1763.583 -3.46 1860.89 0 -6 1879.13
1763.417 -3.43 1860.75 0.35 -6.05 1879.04

1763.25 -3 1860.63 0.21 -5.69 1878.96

ABOR/MH/Priv-003039



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.324 1976.131 6.24E-06 1884.42 9.58 24.19 -0.42 1770.625 -1.2 -4.19
-4.295 1976.108 5.91E-06 1884.34 9.52 24.87 -0.42 1770.458 -1.04 -4.45
-4.383 1976.086 6.91E-06 1884.25 9.45 25.74 -0.43 1770.291 -0.44 -4.95
-4.575 1976.064 6.96E-06 1884.17 9.34 27.11 -0.43 1770.125 -0.02 -5.1
-4.754 1976.041 6.43E-06 1884.09 9.36 26.87 -0.43 1769.958 -0.08 -4.73
-4.839 1976.019 6.01E-06 1884 9.39 26.4 -0.44 1769.791 -0.25 -4.24
-4.661 1975.997 5.74E-06 1883.92 9.42 26.14 -0.44 1769.625 -0.87 -4.17
-4.661 1975.974 5.84E-06 1883.84 9.47 25.48 -0.44 1769.458 -0.29 -4.5
-4.697 1975.952 4.82E-06 1883.75 9.56 24.4 -0.45 1769.291 -0.06 -4.88
-4.721 1975.93 4.94E-06 1883.67 9.55 24.52 -0.45 1769.125 -0.19 -5.32
-4.683 1975.907 4.7E-06 1883.59 9.49 25.21 -0.45 1768.958 -0.28 -4.9
-4.609 1975.885 4.54E-06 1883.5 9.48 25.33 -0.45 1768.791 -0.28 -4.37
-4.573 1975.863 4.5E-06 1883.42 9.39 26.42 -0.46 1768.625 -0.21 -3.73
-4.415 1975.84 4.4E-06 1883.34 9.33 27.18 -0.46 1768.458 -0.33 -4.05
-4.493 1975.818 4.32E-06 1883.25 9.37 26.66 -0.46 1768.291 -0.4 -4.83
-4.579 1975.796 4.43E-06 1883.17 9.36 26.84 -0.46 1768.125 -0.4 -4.91

-4.68 1975.773 4.45E-06 1883.09 9.43 25.93 -0.46 1767.958 -0.24 -4.32
-4.741 1975.751 4.43E-06 1883 9.41 26.2 -0.47 1767.791 -0.49 -4.02

-4.8 1975.729 4.61E-06 1882.92 9.51 25.02 -0.47 1767.625 -0.46 -4.01
-4.731 1975.706 4.33E-06 1882.84 9.58 24.1 -0.47 1767.458 -0.14 -4.4
-4.599 1975.684 4.23E-06 1882.75 9.6 23.95 -0.47 1767.291 0.07 -4.75
-4.542 1975.662 4.35E-06 1882.67 9.62 23.67 -0.47 1767.125 -0.14 -4.68
-4.508 1975.639 4.42E-06 1882.59 9.59 24.07 -0.47 1766.958 -0.5 -4.36

-4.46 1975.617 4.53E-06 1882.5 9.54 24.61 -0.48 1766.791 -0.67 -4.11
-4.337 1975.595 4.41E-06 1882.42 9.45 25.73 -0.48 1766.625 -0.75 -4.02
-4.172 1975.572 4.67E-06 1882.34 9.41 26.24 -0.48 1766.458 -0.32 -4.35
-4.217 1975.55 5.1E-06 1882.25 9.4 26.29 -0.48 1766.291 -0.2 -4.8
-4.335 1975.529 4.99E-06 1882.17 9.42 26.14 -0.48 1766.125 -0.25 -4.85
-4.568 1975.507 4.7E-06 1882.09 9.41 26.2 -0.48 1765.958 -0.31 -4.55
-4.733 1975.486 4.69E-06 1882 9.43 26.01 -0.48 1765.791 -0.35 -4.17
-4.825 1975.465 4.98E-06 1881.92 9.44 25.91 -0.48 1765.625 -0.51 -3.75
-4.776 1975.444 4.95E-06 1881.84 9.49 25.19 -0.48 1765.458 -0.19 -4.35
-4.709 1975.422 5.31E-06 1881.75 9.52 24.84 -0.48 1765.291 0.03 -4.66
-4.727 1975.401 5.19E-06 1881.67 9.57 24.27 -0.48 1765.125 -0.03 -4.65
-4.731 1975.38 5.42E-06 1881.59 9.55 24.54 -0.48 1764.958 -0.22 -4.42
-4.725 1975.359 5.21E-06 1881.5 9.5 25.16 -0.48 1764.791 -0.34 -4.1
-4.569 1975.337 5.56E-06 1881.42 9.46 25.64 -0.48 1764.625 -0.5 -3.8
-4.449 1975.316 5.46E-06 1881.34 9.41 26.27 -0.47 1764.458 -0.47 -4.15
-4.535 1975.295 5.48E-06 1881.25 9.38 26.61 -0.47 1764.291 -0.2 -4.69
-4.697 1975.273 5.95E-06 1881.17 9.37 26.7 -0.47 1764.125 -0.13 -4.77
-4.893 1975.252 5.88E-06 1881.09 9.43 25.99 -0.47 1763.958 -0.21 -4.48
-5.006 1975.231 6.16E-06 1881 9.46 25.61 -0.47 1763.791 -0.27 -4.16
-5.098 1975.21 6.9E-06 1880.92 9.51 25 -0.47 1763.625 -0.3 -3.79
-4.962 1975.188 7.2E-06 1880.84 9.62 23.61 -0.47 1763.458 -0.05 -4.41
-5.059 1975.167 6.56E-06 1880.75 9.6 23.91 -0.46 1763.291 -0.05 -4.66

ABOR/MH/Priv-003040



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1763.083 -2.87 1860.5 0.42 -5.32 1878.88
1762.917 -3.41 1860.38 0.22 -5.4 1878.79

1762.75 -3.63 1860.25 -0.46 -6.09 1878.71
1762.583 -3.67 1860.13 -0.61 -6.09 1878.63
1762.417 -3.08 1860 -0.73 -6.03 1878.54

1762.25 -2.92 1859.75 -1 -6.3 1878.46
1762.083 -3.05 1859.64 -0.4 -6.2 1878.38
1761.917 -3.76 1859.53 0.24 -5.54 1878.29

1761.75 -3.48 1859.42 0.54 -5.36 1878.21
1761.583 -3.32 1859.31 0.5 -5.17 1878.13
1761.417 -3.09 1859.19 0.25 -5.41 1878.04

1761.25 -2.94 1859.08 -0.47 -6.1 1877.96
1761.083 -2.89 1858.97 -0.97 -6.33 1877.88
1760.917 -3.14 1858.75 -0.77 -6.41 1877.79

1760.75 -3.4 1858.67 -0.45 -6.12 1877.71
1760.583 -3.68 1858.6 -0.11 -6.23 1877.63
1760.417 -3.76 1858.52 -0.18 -6.06 1877.54

1760.25 -3.32 1858.44 -0.25 -5.79 1877.46
1760.083 -2.74 1858.37 0.24 -5.71 1877.38
1759.917 -3.3 1858.29 0.63 -5.49 1877.29

1759.75 -3.61 1858.21 0.2 -5.46 1877.21
1759.583 -3.97 1858.13 -0.01 -5.82 1877.13
1759.417 -3.43 1858.06 -0.47 -6.06 1877.04

1759.25 -3.29 1857.98 -0.85 -6.05 1876.96
1759.083 -2.97 1857.9 -0.61 -6.04 1876.88
1758.917 -2.99 1857.75 -0.18 -6.21 1876.79

1758.75 -3.34 1857.64 0.31 -5.83 1876.71
1758.583 -3.45 1857.53 0.37 -5.69 1876.63
1758.417 -3.37 1857.42 0.24 -5.32 1876.54

1758.25 -2.95 1857.31 0.57 -5.46 1876.46
1758.083 -2.92 1857.19 0.79 -5.71 1876.38
1757.917 -3.55 1857.08 1.3 -6.06 1876.29

1757.75 -3.75 1856.97 0.57 -6.34 1876.21
1757.583 -3.36 1856.75 -0.11 -6.84 1876.13
1757.417 -3.07 1856.66 -0.47 -6.55 1876.04

1757.25 -2.94 1856.57 -0.49 -6.4 1875.96
1757.083 -2.96 1856.48 0.07 -6.35 1875.88
1756.917 -3.18 1856.39 -0.34 -6.24 1875.79

1756.75 -3.36 1856.3 -0.15 -5.89 1875.71
1756.583 -3.54 1856.2 -0.11 -5.86 1875.63
1756.417 -3.48 1856.11 0.08 -5.79 1875.54

1756.25 -2.97 1856.02 0.06 -5.68 1875.46
1756.083 -2.48 1855.93 -0.03 -6.17 1875.38
1755.917 -2.53 1855.75 -0.19 -6.37 1875.29

1755.75 -2.71 1855.65 -0.26 -6.09 1875.21

ABOR/MH/Priv-003041



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.814 1975.146 5.68E-06 1880.67 9.69 22.82 -0.46 1763.125 -0.22 -4.72
-4.784 1975.124 4.27E-06 1880.59 9.6 23.93 -0.46 1762.958 -0.43 -4.58

-4.75 1975.103 4.12E-06 1880.5 9.56 24.36 -0.45 1762.791 -0.47 -4.25
-4.689 1975.082 0.000004 1880.42 9.46 25.58 -0.45 1762.625 -0.09 -3.92
-4.565 1975.061 3.9E-06 1880.34 9.35 26.95 -0.45 1762.458 -0.02 -4.44
-4.779 1975.039 4.31E-06 1880.25 9.36 26.85 -0.44 1762.291 0.16 -4.73
-5.112 1975.018 4.09E-06 1880.17 9.36 26.84 -0.44 1762.125 0.17 -4.66
-5.214 1974.997 4.11E-06 1880.09 9.38 26.58 -0.43 1761.958 0.08 -4.37
-5.258 1974.976 4.01E-06 1880 9.46 25.65 -0.43 1761.791 -0.03 -4.08
-5.215 1974.954 4.24E-06 1879.92 9.58 24.21 -0.43 1761.625 -0.3 -3.82
-5.158 1974.933 4.36E-06 1879.84 9.58 24.15 -0.42 1761.458 -0.13 -4.1
-4.963 1974.912 4.49E-06 1879.75 9.58 24.11 -0.42 1761.291 0.08 -4.56
-4.881 1974.89 4.57E-06 1879.67 9.61 23.79 -0.41 1761.125 0.06 -4.66
-4.877 1974.869 4.93E-06 1879.59 9.57 24.32 -0.41 1760.958 -0.13 -4.36
-4.744 1974.848 4.63E-06 1879.5 9.47 25.47 -0.41 1760.791 -0.28 -3.96
-4.699 1974.827 4.88E-06 1879.42 9.38 26.52 -0.4 1760.625 -0.25 -3.78
-4.664 1974.805 4.94E-06 1879.34 9.36 26.78 -0.4 1760.458 -0.31 -4.15
-4.876 1974.784 4.96E-06 1879.25 9.32 27.32 -0.4 1760.291 -0.19 -4.63

-4.99 1974.763 5.15E-06 1879.17 9.32 27.35 -0.4 1760.125 -0.05 -4.87
-5.018 1974.741 5.21E-06 1879.09 9.33 27.16 -0.39 1759.958 -0.31 -4.75
-4.927 1974.72 5.59E-06 1879 9.36 26.8 -0.39 1759.791 -0.32 -4.25
-4.817 1974.699 5.49E-06 1878.92 9.4 26.38 -0.39 1759.625 -0.14 -4
-4.804 1974.678 5.75E-06 1878.84 9.45 25.69 -0.39 1759.458 -0.21 -4.3
-4.719 1974.656 5.68E-06 1878.75 9.58 24.19 -0.39 1759.291 -0.03 -4.63
-4.681 1974.635 5.72E-06 1878.67 9.58 24.15 -0.4 1759.125 0.03 -4.77
-4.631 1974.614 5.52E-06 1878.59 9.51 25.02 -0.4 1758.958 -0.06 -4.64
-4.531 1974.593 5.49E-06 1878.5 9.47 25.47 -0.4 1758.791 -0.14 -4.32
-4.405 1974.571 5.21E-06 1878.42 9.38 26.55 -0.4 1758.625 -0.21 -4.02
-4.339 1974.55 5.59E-06 1878.34 9.35 26.93 -0.4 1758.458 -0.38 -4.16

-4.4 1974.528 5.56E-06 1878.25 9.31 27.42 -0.41 1758.291 -0.24 -4.53
-4.654 1974.506 5.23E-06 1878.17 9.3 27.52 -0.41 1758.125 -0.33 -4.77
-4.833 1974.483 5.68E-06 1878.09 9.4 26.29 -0.41 1757.958 -0.48 -4.68
-4.794 1974.461 0.000006 1878 9.52 24.93 -0.41 1757.791 -0.44 -4.32
-4.702 1974.439 6.39E-06 1877.92 9.57 24.26 -0.41 1757.625 -0.41 -3.95
-4.754 1974.417 6.69E-06 1877.84 9.56 24.34 -0.42 1757.458 -0.53 -4.09
-4.692 1974.394 6.41E-06 1877.75 9.6 23.91 -0.42 1757.291 -0.48 -4.45
-4.613 1974.372 7.44E-06 1877.67 9.63 23.55 -0.42 1757.125 -0.17 -4.83
-4.588 1974.35 7.19E-06 1877.59 9.62 23.63 -0.42 1756.958 -0.18 -4.46
-4.467 1974.328 7.14E-06 1877.5 9.59 24.08 -0.41 1756.791 -0.44 -4.14
-4.377 1974.306 7.06E-06 1877.42 9.52 24.82 -0.41 1756.625 -0.38 -3.72
-4.342 1974.283 7.21E-06 1877.34 9.46 25.58 -0.41 1756.458 -0.36 -4.23
-4.498 1974.261 7.34E-06 1877.25 9.43 26.03 -0.4 1756.291 -0.18 -4.63
-4.748 1974.239 1E-05 1877.17 9.38 26.62 -0.4 1756.125 -0.17 -4.7
-4.868 1974.217 1.14E-05 1877.09 9.39 26.43 -0.39 1755.958 -0.17 -4.46
-4.728 1974.194 1.23E-05 1877 9.45 25.72 -0.39 1755.791 -0.09 -4.13

ABOR/MH/Priv-003042



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1755.583 -3.51 1855.55 0.19 -6.08 1875.13
1755.417 -3.22 1855.45 0.37 -5.92 1875.04

1755.25 -3.1 1855.35 0.42 -5.46 1874.96
1755.083 -2.87 1855.25 0.13 -5.35 1874.88
1754.917 -2.89 1855.15 0.02 -5.49 1874.79

1754.75 -3.06 1855.05 0.11 -5.53 1874.71
1754.583 -3.37 1854.95 -0.02 -5.86 1874.63
1754.417 -3.55 1854.75 -0.43 -6.31 1874.54

1754.25 -3.45 1854.67 -0.59 -6.25 1874.46
1754.083 -3.05 1854.58 0.08 -6.12 1874.38
1753.917 -3.19 1854.5 0.55 -6.03 1874.29

1753.75 -3.17 1854.42 0.67 -6.06 1874.21
1753.583 -3.59 1854.33 0.18 -5.73 1874.13
1753.417 -3.52 1854.25 0.79 -5.3 1874.04

1753.25 -2.98 1854.17 0.93 -5.68 1873.96
1753.083 -2.97 1854.08 0.56 -6.03 1873.88
1752.917 -3.33 1854 0.08 -6.14 1873.79

1752.75 -3.65 1853.92 -0.04 -6.26 1873.71
1752.583 -3.5 1853.75 0 -6.28 1873.63
1752.417 -3.21 1853.63 0.5 -6.01 1873.54

1752.25 -3.02 1853.5 0.57 -5.75 1873.46
1752.083 -2.79 1853.38 0.47 -5.42 1873.38
1751.917 -3.09 1853.25 0.38 -5.56 1873.29

1751.75 -3.35 1853.13 0.28 -5.6 1873.21
1751.583 -3.61 1853 0.15 -5.78 1873.13
1751.417 -3.41 1852.75 0.17 -6 1873.04

1751.25 -3.01 1852.66 0.24 -5.89 1872.96
1751.083 -2.79 1852.57 0.08 -5.57 1872.88

1852.48 -0.01 -5.31 1872.79
1852.39 -0.09 -5.48 1872.71

1852.3 0.18 -5.47 1872.63
1852.2 0.31 -5.55 1872.54

1852.11 -0.14 -5.8 1872.46
1852.02 0.02 -5.9 1872.38
1851.93 0 -5.94 1872.29
1851.75 0.14 -6.21 1872.21
1851.65 0.14 -6.16 1872.13
1851.55 0.19 -5.99 1872.04
1851.45 0.31 -5.8 1871.96
1851.35 0.45 -5.61 1871.88
1851.25 0.37 -5.52 1871.79
1851.15 0.61 -5.63 1871.71
1851.05 0.41 -6.04 1871.63
1850.95 0.1 -6.14 1871.54
1850.75 -0.29 -6.37 1871.46

ABOR/MH/Priv-003043



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.762 1974.172 1.02E-05 1876.92 9.54 24.64 -0.38 1755.625 -0.44 -4.04
-4.737 1974.15 9.68E-06 1876.84 9.61 23.84 -0.37 1755.458 -0.19 -4.42
-4.691 1974.128 9.43E-06 1876.75 9.62 23.63 -0.36 1755.291 0.03 -4.89
-4.626 1974.106 9.5E-06 1876.67 9.61 23.79 -0.35 1755.125 -0.11 -4.87
-4.589 1974.083 9.22E-06 1876.59 9.57 24.29 -0.34 1754.958 -0.36 -4.54

-4.56 1974.061 7.48E-06 1876.5 9.52 24.86 -0.33 1754.791 -0.39 -4.26
-4.492 1974.039 5.18E-06 1876.42 9.44 25.88 -0.31 1754.625 -0.26 -3.95
-4.364 1974.017 4.28E-06 1876.34 9.42 26.12 -0.3 1754.458 -0.09 -4.23
-4.535 1973.994 4.13E-06 1876.25 9.38 26.6 -0.28 1754.291 0.02 -4.76
-4.795 1973.972 4.12E-06 1876.17 9.36 26.83 -0.27 1754.125 0.02 -4.95

-4.89 1973.95 3.99E-06 1876.09 9.37 26.73 -0.26 1753.958 -0.1 -4.73
-4.788 1973.928 4.04E-06 1876 9.39 26.47 -0.24 1753.791 -0.22 -4.31

-4.69 1973.906 4.03E-06 1875.92 9.46 25.66 -0.22 1753.625 -0.09 -3.86
-4.738 1973.883 3.83E-06 1875.84 9.5 25.14 -0.21 1753.458 -0.46 -4.07
-4.766 1973.861 3.8E-06 1875.75 9.56 24.44 -0.19 1753.291 -0.24 -4.57
-4.692 1973.839 3.73E-06 1875.67 9.53 24.76 -0.18 1753.125 -0.08 -4.8
-4.653 1973.817 3.88E-06 1875.59 9.56 24.44 -0.16 1752.958 -0.19 -4.72

-4.57 1973.794 3.98E-06 1875.5 9.47 25.46 -0.14 1752.791 -0.51 -4.48
-4.482 1973.772 3.8E-06 1875.42 9.4 26.31 -0.13 1752.625 -0.78 -4.08
-4.501 1973.75 3.95E-06 1875.34 9.38 26.57 -0.11 1752.458 -0.46 -4.76
-4.495 1973.728 3.87E-06 1875.25 9.31 27.43 -0.1 1752.291 -0.34 -4.8
-4.649 1973.706 4.14E-06 1875.17 9.34 27.03 -0.08 1752.125 -0.4 -4.62
-4.884 1973.683 4.17E-06 1875.09 9.34 27.03 -0.06 1751.958 -0.44 -4.4
-4.926 1973.661 4.64E-06 1875 9.41 26.19 -0.05 1751.791 -0.38 -4.17
-4.899 1973.639 4.74E-06 1874.92 9.44 25.81 -0.03 1751.625 -0.42 -3.9
-4.821 1973.617 4.67E-06 1874.84 9.5 25.14 -0.02 1751.458 -0.39 -4.34
-4.757 1973.594 4.6E-06 1874.75 9.55 24.52 0 1751.291 0.12 -4.72
-4.696 1973.572 4.4E-06 1874.67 9.57 24.27 0.01 1751.125 0.01 -4.66

-4.65 1973.55 4.23E-06 1874.59 9.51 25.04 0.02 1750.958 -0.42 -4.34
-4.615 1973.531 3.93E-06 1874.5 9.42 26.08 0.04 1750.791 -0.59 -4.07
-4.513 1973.513 4.31E-06 1874.42 9.34 27.07 0.05 1750.625 -0.71 -3.97
-4.305 1973.494 4.43E-06 1874.34 9.34 27.03 0.07 1750.458 -0.37 -4.37
-4.353 1973.476 4.32E-06 1874.25 9.33 27.18 0.08 1750.291 -0.04 -4.64
-4.562 1973.457 4.67E-06 1874.17 9.31 27.39 0.09 1750.125 -0.06 -4.6
-4.757 1973.439 4.44E-06 1874.09 9.34 27.06 0.1 1749.958 -0.2 -4.36
-4.865 1973.42 4.29E-06 1874 9.37 26.68 0.11 1749.791 -0.22 -4.16

-4.84 1973.402 4.08E-06 1873.92 9.4 26.34 0.13 1749.625 -0.37 -4.14
-4.81 1973.383 4.12E-06 1873.84 9.41 26.23 0.14 1749.458 -0.12 -4.62

-4.763 1973.365 4.07E-06 1873.75 9.47 25.53 0.15 1749.291 0 -4.75
-4.659 1973.346 4.31E-06 1873.67 9.55 24.52 0.16 1749.125 -0.05 -4.6
-4.661 1973.328 4.83E-06 1873.59 9.54 24.65 0.17 1748.958 -0.18 -4.35
-4.592 1973.309 4.24E-06 1873.5 9.52 24.93 0.18 1748.791 -0.31 -4.14
-4.439 1973.291 4.19E-06 1873.42 9.48 25.34 0.19 1748.625 -0.4 -4.03

-4.31 1973.272 4.19E-06 1873.34 9.45 25.67 0.2 1748.458 -0.33 -4.49
-4.367 1973.254 4.07E-06 1873.25 9.36 26.8 0.21 1748.291 -0.23 -4.73

ABOR/MH/Priv-003044



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1850.64 0.07 -6.15 1871.38
1850.53 0.26 -5.75 1871.29
1850.42 0.41 -5.72 1871.21
1850.31 0.48 -5.58 1871.13
1850.19 0.7 -5.23 1871.04
1850.08 0.13 -5.5 1870.96
1849.97 -0.14 -5.9 1870.88
1849.75 -0.28 -6.11 1870.79
1849.66 -0.42 -6.02 1870.71
1849.48 0.13 -5.92 1870.63
1849.39 0 -5.62 1870.54

1849.3 0.18 -5.45 1870.46
1849.2 0.03 -5.52 1870.38

1849.11 0 -5.43 1870.29
1849.02 0.04 -5.52 1870.21
1848.93 -0.23 -6.02 1870.13
1848.75 -0.54 -6.19 1870.04
1848.66 -0.82 -6.09 1869.96
1848.57 -0.72 -6.03 1869.88
1848.48 -0.38 -6.06 1869.79
1848.39 -0.06 -5.84 1869.71

1848.3 -0.11 -5.42 1869.63
1848.2 0.07 -5.13 1869.54

1848.11 -0.05 -5.19 1869.46
1848.02 -0.13 -5.51 1869.38
1847.93 -0.51 -5.94 1869.29
1847.75 -0.5 -6.25 1869.21
1847.67 -0.89 -6.25 1869.13

1847.6 -0.5 -6.03 1869.04
1847.52 0.28 -5.87 1868.96
1847.44 0.05 -5.44 1868.88
1847.37 -0.07 -5.38 1868.79
1847.29 0.43 -5.54 1868.71
1847.21 0.11 -5.61 1868.63
1847.13 -0.06 -5.69 1868.54
1847.06 0.2 -5.7 1868.46
1846.98 0.36 -5.96 1868.38

1846.9 -0.34 -5.98 1868.29
1846.75 -0.37 -6.05 1868.21
1846.63 0.61 -5.52 1868.13

1846.5 0.55 -5.24 1868.04
1846.38 0.67 -5.05 1867.96
1846.25 0.6 -5.08 1867.88
1846.13 0.4 -5.78 1867.79

1846 0.32 -6 1867.71

ABOR/MH/Priv-003045



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.507 1973.235 4.33E-06 1873.17 9.34 27.03 0.22 1748.125 -0.11 -4.76
-4.744 1973.217 4.41E-06 1873.09 9.33 27.19 0.23 1747.958 -0.24 -4.53
-4.789 1973.198 5.17E-06 1873 9.34 27.01 0.24 1747.791 -0.28 -4.27
-4.567 1973.18 5.46E-06 1872.92 9.43 26.02 0.25 1747.625 -0.21 -3.97

-4.67 1973.161 4.88E-06 1872.84 9.52 24.84 0.26 1747.458 -0.35 -4.29
-4.71 1973.143 4.52E-06 1872.75 9.58 24.15 0.27 1747.291 -0.01 -4.62

-4.672 1973.124 3.96E-06 1872.67 9.56 24.4 0.28 1747.125 0.02 -4.71
-4.528 1973.106 3.85E-06 1872.59 9.53 24.8 0.29 1746.958 -0.15 -4.52
-4.417 1973.087 3.86E-06 1872.5 9.46 25.65 0.3 1746.791 -0.21 -4.19
-4.332 1973.069 3.95E-06 1872.42 9.42 26.13 0.31 1746.625 -0.34 -3.87
-4.227 1973.05 3.76E-06 1872.34 9.37 26.76 0.32 1746.458 -0.2 -4.23
-4.316 1973.031 3.67E-06 1872.25 9.32 27.28 0.33 1746.291 -0.02 -4.69
-4.563 1973.013 3.6E-06 1872.17 9.33 27.19 0.34 1746.125 -0.04 -4.71
-4.749 1972.994 3.48E-06 1872.09 9.37 26.69 0.35 1745.958 -0.2 -4.4
-4.847 1972.976 3.86E-06 1872 9.39 26.44 0.35 1745.791 -0.33 -4.09
-4.859 1972.957 4.09E-06 1871.92 9.4 26.39 0.36 1745.625 -0.35 -3.81
-4.769 1972.939 4.42E-06 1871.84 9.4 26.29 0.37 1745.458 -0.24 -4.01
-4.766 1972.92 4.25E-06 1871.75 9.43 25.95 0.38 1745.291 -0.13 -4.35

-4.67 1972.902 4.3E-06 1871.67 9.46 25.61 0.38 1745.125 -0.02 -4.83
-4.557 1972.883 4.2E-06 1871.59 9.36 26.88 0.39 1744.958 -0.04 -4.54
-4.465 1972.865 4.19E-06 1871.5 9.49 25.29 0.39 1744.791 -0.1 -4.22
-4.382 1972.846 3.98E-06 1871.42 9.45 25.76 0.4 1744.625 -0.2 -3.89

-4.37 1972.828 3.78E-06 1871.34 9.42 26.14 0.4 1744.458 -0.5 -3.98
-4.464 1972.809 3.64E-06 1871.25 9.34 27.01 0.41 1744.291 -0.1 -4.53

-4.72 1972.791 3.93E-06 1871.17 9.29 27.64 0.41 1744.125 -0.08 -4.8
-4.972 1972.772 4.15E-06 1871.09 9.28 27.77 0.41 1743.958 -0.23 -4.52
-5.085 1972.754 4.28E-06 1871 9.34 27.05 0.41 1743.791 -0.16 -4.17
-4.987 1972.735 4.23E-06 1870.92 9.37 26.7 0.41 1743.625 -0.49 -4.14
-4.817 1972.717 4.25E-06 1870.84 9.45 25.69 0.41 1743.458 -0.49 -4.42
-4.752 1972.698 4.28E-06 1870.75 9.46 25.57 0.41 1743.291 -0.1 -4.6
-4.761 1972.68 4.46E-06 1870.67 9.49 25.25 0.41 1743.125 -0.1 -4.47

-4.74 1972.661 4.8E-06 1870.59 9.48 25.33 0.4 1742.958 -0.23 -4.25
-4.685 1972.643 4.56E-06 1870.5 9.47 25.47 0.4 1742.791 -0.14 -4.15
-4.508 1972.624 4.6E-06 1870.42 9.45 25.77 0.4 1742.625 -0.33 -3.87

-4.39 1972.606 5.01E-06 1870.34 9.39 26.45 0.39 1742.458 -0.25 -4.6
-4.53 1972.587 5.19E-06 1870.25 9.33 27.17 0.39 1742.291 -0.16 -4.89

-4.829 1972.569 5.15E-06 1870.17 9.29 27.72 0.38 1742.125 -0.05 -4.73
-4.912 1972.55 5.45E-06 1870.09 9.28 27.74 0.37 1741.958 -0.13 -4.36
-4.857 1972.527 5.51E-06 1870 9.27 27.96 0.36 1741.791 -0.28 -4.1
-4.821 1972.505 5.44E-06 1869.92 9.35 26.95 0.36 1741.625 -0.5 -3.95
-4.754 1972.482 5.52E-06 1869.84 9.38 26.57 0.35 1741.458 -0.36 -4.34
-4.794 1972.459 5.45E-06 1869.75 9.46 25.65 0.34 1741.291 -0.15 -4.67
-4.754 1972.436 6.28E-06 1869.67 9.54 24.64 0.32 1741.125 -0.2 -4.72
-4.715 1972.414 6.74E-06 1869.59 9.56 24.44 0.31 1740.958 -0.33 -4.51
-4.639 1972.391 6.93E-06 1869.5 9.47 25.45 0.3 1740.791 -0.38 -4.19

ABOR/MH/Priv-003046



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1845.75 -0.24 -6.18 1867.63
1845.66 0.12 -5.9 1867.54
1845.57 -0.06 -5.69 1867.46
1845.48 0.35 -5.86 1867.38
1845.39 -0.06 -5.57 1867.29

1845.3 -0.15 -5.4 1867.21
1845.2 0.13 -5.37 1867.13

1845.11 0.06 -5.66 1867.04
1845.02 0.26 -5.81 1866.96
1844.93 -0.12 -6.05 1866.88
1844.75 -0.59 -6.23 1866.79
1844.66 0.22 -6.12 1866.71
1844.57 0.18 -6.1 1866.63
1844.48 0.47 -6.11 1866.54
1844.39 0.29 -5.83 1866.46

1844.3 0.81 -5.66 1866.38
1844.2 0.5 -5.56 1866.29

1844.11 0.31 -5.58 1866.21
1844.02 -0.06 -5.82 1866.13
1843.93 -0.22 -6.11 1866.04
1843.75 -0.59 -6.32 1865.96
1843.67 -0.34 -6.15 1865.88
1843.58 -0.1 -5.99 1865.79

1843.5 -0.02 -6.05 1865.71
1843.42 -0.01 -5.67 1865.63
1843.33 0.22 -5.72 1865.54
1843.25 0.5 -5.4 1865.46
1843.17 0.25 -5.3 1865.38
1843.08 0.16 -5.52 1865.29

1843 -0.13 -5.75 1865.21
1842.92 -0.95 -6.21 1865.13
1842.75 -0.54 -6.25 1865.04
1842.66 -0.59 -6.24 1864.96
1842.57 -0.47 -6.24 1864.88
1842.48 -0.11 -6.07 1864.79
1842.39 0.29 -5.72 1864.71

1842.3 0.06 -5.55 1864.63
1842.2 0.57 -5.57 1864.54

1842.11 0.4 -5.63 1864.46
1842.02 0.59 -5.92 1864.38
1841.93 -0.18 -6.1 1864.29
1841.75 -0.68 -6.23 1864.21
1841.68 -0.26 -6.09 1864.13
1841.62 0 -5.9 1864.04
1841.55 0.7 -5.78 1863.96

ABOR/MH/Priv-003047



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.533 1972.368 6.57E-06 1869.42 9.38 26.52 0.29 1740.625 -0.68 -3.96
-4.499 1972.345 7.32E-06 1869.34 9.31 27.47 0.28 1740.458 -0.68 -4.31
-4.541 1972.323 8.51E-06 1869.25 9.31 27.46 0.26 1740.291 -0.33 -4.69
-4.713 1972.3 8.89E-06 1869.17 9.33 27.24 0.25 1740.125 -0.02 -4.76
-4.817 1972.277 8.47E-06 1869.09 9.34 27.1 0.23 1739.958 0.1 -4.56
-4.885 1972.255 7.96E-06 1869 9.36 26.84 0.22 1739.791 0.01 -4.28
-4.807 1972.232 7.62E-06 1868.92 9.46 25.56 0.2 1739.625 -0.32 -3.89
-4.824 1972.209 6.91E-06 1868.84 9.54 24.66 0.19 1739.458 -0.39 -4.2

-4.86 1972.186 7.5E-06 1868.75 9.58 24.15 0.17 1739.291 -0.19 -4.6
-4.711 1972.164 6.72E-06 1868.67 9.53 24.76 0.16 1739.125 -0.14 -4.75
-4.662 1972.141 6.56E-06 1868.59 9.54 24.59 0.15 1738.958 -0.12 -4.55
-4.598 1972.118 6.66E-06 1868.5 9.52 24.83 0.13 1738.791 -0.02 -4.14
-4.407 1972.095 5.42E-06 1868.42 9.48 25.39 0.12 1738.625 -0.27 -3.82
-4.427 1972.073 4.87E-06 1868.34 9.43 25.98 0.1 1738.458 -0.35 -4.36
-4.488 1972.05 4.02E-06 1868.25 9.41 26.24 0.09 1738.291 -0.13 -4.71
-4.618 1972.027 3.8E-06 1868.17 9.38 26.55 0.07 1738.125 -0.1 -4.69

-4.88 1972.005 3.7E-06 1868.09 9.34 27.07 0.06 1737.958 -0.18 -4.46
-4.873 1971.982 3.82E-06 1868 9.36 26.84 0.05 1737.791 -0.25 -4.23
-4.847 1971.959 3.91E-06 1867.92 9.39 26.51 0.03 1737.625 -0.43 -3.98
-4.812 1971.936 3.86E-06 1867.84 9.44 25.91 0.02 1737.458 -0.53 -4.36
-4.726 1971.914 3.78E-06 1867.75 9.45 25.77 0 1737.291 -0.25 -4.82
-4.747 1971.891 3.77E-06 1867.67 9.57 24.27 -0.01 1737.125 0.07 -4.85
-4.703 1971.868 3.72E-06 1867.59 9.55 24.49 -0.03 1736.958 -0.15 -4.4
-4.631 1971.845 3.88E-06 1867.5 9.55 24.54 -0.04 1736.791 -0.27 -4.14
-4.621 1971.823 3.62E-06 1867.42 9.41 26.22 -0.06 1736.625 -0.58 -4.09

-4.51 1971.8 3.82E-06 1867.34 9.35 26.97 -0.07 1736.458 -0.2 -4.39
-4.626 1971.777 3.79E-06 1867.25 9.3 27.57 -0.08 1736.291 -0.11 -4.71
-4.781 1971.755 4.16E-06 1867.17 9.29 27.68 -0.1 1736.125 -0.16 -4.77
-4.909 1971.732 3.89E-06 1867.09 9.3 27.54 -0.11 1735.958 -0.3 -4.57
-4.955 1971.709 3.88E-06 1867 9.34 27.06 -0.13 1735.791 -0.42 -4.29
-4.938 1971.686 4.07E-06 1866.92 9.4 26.38 -0.14 1735.625 -0.07 -4.12
-4.979 1971.664 4.13E-06 1866.84 9.42 26.04 -0.16 1735.458 -0.1 -4.39
-4.871 1971.641 4.26E-06 1866.75 9.46 25.66 -0.17 1735.291 -0.14 -4.71
-4.892 1971.618 4.32E-06 1866.67 9.53 24.76 -0.18 1735.125 -0.04 -4.77
-4.777 1971.595 4.47E-06 1866.59 9.63 23.48 -0.2 1734.958 0.06 -4.58
-4.716 1971.573 4.16E-06 1866.5 9.52 24.89 -0.21 1734.791 0 -4.32
-4.573 1971.55 4.22E-06 1866.42 9.5 25.09 -0.22 1734.625 -0.13 -4.27
-4.427 1971.531 4.86E-06 1866.34 9.46 25.62 -0.23 1734.458 -0.07 -4.44
-4.538 1971.512 5.62E-06 1866.25 9.39 26.45 -0.24 1734.291 -0.02 -4.76
-4.574 1971.493 5.58E-06 1866.17 9.37 26.72 -0.25 1734.125 0.02 -4.59
-4.678 1971.475 5.06E-06 1866.09 9.41 26.22 -0.26 1733.958 -0.11 -4.55
-4.716 1971.456 5.05E-06 1866 9.49 25.29 -0.27 1733.791 -0.28 -4.02
-4.753 1971.437 5.4E-06 1865.92 9.57 24.33 -0.28 1733.625 0.12 -3.62
-4.797 1971.418 5.39E-06 1865.84 9.62 23.65 -0.28 1733.458 -0.15 -3.76
-4.787 1971.399 5.41E-06 1865.75 9.63 23.55 -0.29 1733.291 -0.22 -4.19

ABOR/MH/Priv-003048



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1841.42 0.31 -5.49 1863.88
1841.35 -0.11 -5.29 1863.79
1841.28 0.06 -5.38 1863.71
1841.22 -0.05 -5.43 1863.63
1841.15 -0.09 -5.61 1863.54
1841.08 -0.26 -5.89 1863.46
1841.02 -0.7 -5.67 1863.38
1840.95 -0.35 -5.87 1863.29
1840.88 -0.05 -5.89 1863.21
1840.75 -0.06 -5.98 1863.13
1840.65 0.71 -5.62 1863.04
1840.55 0.99 -5.37 1862.96
1840.45 0.79 -5.1 1862.88
1840.35 0.78 -5.1 1862.79
1840.25 0.63 -5.26 1862.71
1840.15 0.66 -5.55 1862.63
1840.05 0.17 -5.93 1862.54
1839.95 -0.65 -6.11 1862.46
1839.75 -0.78 -6.2 1862.38
1839.67 0.35 -5.94 1862.29
1839.58 0.41 -5.79 1862.21

1839.5 0.59 -5.63 1862.13
1839.42 -0.02 -5.57 1862.04
1839.33 0.19 -5.45 1861.96
1839.25 0.06 -5.55 1861.88
1839.17 -0.47 -5.71 1861.79
1839.08 -0.37 -5.91 1861.71

1839 -0.28 -5.9 1861.63
1838.92 -0.51 -5.99 1861.54
1838.75 -0.72 -6.13 1861.46
1838.68 -0.65 -6.03 1861.38
1838.61 -0.6 -6.07 1861.29
1838.54 -0.53 -5.96 1861.21
1838.46 -0.41 -5.85 1861.13
1838.39 -0.12 -5.7 1861.04
1838.32 0.05 -5.57 1860.96
1838.25 0 -5.47 1860.88
1838.18 -0.19 -5.5 1860.79
1838.11 -0.22 -5.61 1860.71
1838.04 -0.53 -5.85 1860.63
1837.96 -0.82 -6.01 1860.54
1837.89 -0.87 -6.08 1860.46
1837.75 -0.83 -6.14 1860.38
1837.67 -0.83 -6.09 1860.29
1837.58 -0.64 -6.05 1860.21

ABOR/MH/Priv-003049



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.734 1971.38 5.54E-06 1865.67 9.62 23.67 -0.29 1733.125 0.13 -4.83
-4.619 1971.361 5.56E-06 1865.59 9.65 23.27 -0.29 1732.958 0.09 -4.39
-4.545 1971.342 5.6E-06 1865.5 9.52 24.92 -0.29 1732.791 -0.1 -4.08
-4.471 1971.324 5.78E-06 1865.42 9.43 25.98 -0.29 1732.625 -0.23 -3.78
-4.345 1971.305 5.62E-06 1865.34 9.37 26.68 -0.29 1732.458 -0.28 -4.11
-4.573 1971.286 5.77E-06 1865.25 9.38 26.62 -0.29 1732.291 -0.1 -4.58
-4.821 1971.267 6.27E-06 1865.17 9.35 26.93 -0.29 1732.125 -0.01 -4.63
-4.989 1971.248 6.97E-06 1865.09 9.37 26.66 -0.28 1731.958 -0.05 -4.39
-4.942 1971.229 6.95E-06 1865 9.44 25.8 -0.28 1731.791 -0.12 -4.16

-4.86 1971.21 6.44E-06 1864.92 9.49 25.29 -0.28 1731.625 -0.13 -3.88
-4.65 1971.192 5.61E-06 1864.84 9.51 24.97 -0.27 1731.458 -0.08 -4.46

-4.687 1971.173 5.58E-06 1864.75 9.53 24.75 -0.26 1731.291 -0.03 -4.56
-4.666 1971.154 5.66E-06 1864.67 9.54 24.64 -0.26 1731.125 -0.16 -4.21
-4.667 1971.135 5.12E-06 1864.59 9.57 24.32 -0.25 1730.958 -0.36 -4.23

-4.63 1971.116 4.61E-06 1864.5 9.49 25.3 -0.24 1730.791 -0.41 -4
-4.545 1971.097 4.29E-06 1864.42 9.43 26.01 -0.23 1730.625 -0.11 -3.85
-4.478 1971.078 3.94E-06 1864.34 9.38 26.64 -0.22 1730.458 0.05 -4.09
-4.619 1971.059 3.83E-06 1864.25 9.34 27.02 -0.21 1730.291 0.11 -4.57
-4.754 1971.041 3.71E-06 1864.17 9.36 26.88 -0.2 1730.125 0.15 -4.71
-4.816 1971.022 3.71E-06 1864.09 9.36 26.83 -0.19 1729.958 0.14 -4.56
-4.849 1971.003 3.67E-06 1864 9.42 26.13 -0.18 1729.791 0.03 -4.3
-4.865 1970.984 3.8E-06 1863.92 9.47 25.54 -0.17 1729.625 -0.29 -3.76
-4.783 1970.965 3.81E-06 1863.84 9.5 25.08 -0.16 1729.458 -0.47 -4.12
-4.735 1970.946 3.7E-06 1863.75 9.56 24.36 -0.15 1729.291 -0.31 -4.39
-4.728 1970.927 3.68E-06 1863.67 9.58 24.15 -0.14 1729.125 0.07 -4.61
-4.653 1970.908 3.76E-06 1863.59 9.58 24.16 -0.13 1728.958 0.23 -4.6
-4.688 1970.89 3.95E-06 1863.5 9.56 24.39 -0.11 1728.791 -0.02 -4.28
-4.508 1970.871 3.57E-06 1863.42 9.45 25.73 -0.1 1728.625 -0.09 -3.95
-4.343 1970.852 3.7E-06 1863.34 9.37 26.67 -0.09 1728.458 -0.4 -4.02
-4.415 1970.833 3.87E-06 1863.25 9.33 27.24 -0.08 1728.291 -0.07 -4.6
-4.632 1970.814 3.85E-06 1863.17 9.35 26.96 -0.06 1728.125 0.3 -4.76
-4.829 1970.795 4.07E-06 1863.09 9.38 26.61 -0.05 1727.958 0.03 -4.41
-4.984 1970.776 4.02E-06 1863 9.38 26.58 -0.04 1727.791 0.06 -3.9
-4.969 1970.758 3.86E-06 1862.92 9.48 25.35 -0.03 1727.625 -0.41 -3.89
-4.695 1970.739 3.84E-06 1862.84 9.53 24.71 -0.02 1727.458 -0.14 -4.22
-4.811 1970.72 3.79E-06 1862.75 9.58 24.15 -0.01 1727.291 -0.04 -4.47
-4.745 1970.701 3.71E-06 1862.67 9.58 24.15 0.01 1727.125 -0.11 -4.62
-4.716 1970.682 3.78E-06 1862.59 9.53 24.78 0.02 1726.958 -0.19 -4.35
-4.655 1970.663 3.91E-06 1862.5 9.49 25.24 0.03 1726.791 -0.28 -4.07
-4.477 1970.644 4.1E-06 1862.42 9.37 26.64 0.04 1726.625 -0.37 -3.77
-4.231 1970.625 4.17E-06 1862.34 9.28 27.84 0.05 1726.458 -0.23 -3.8
-4.465 1970.607 4.35E-06 1862.25 9.26 28.02 0.05 1726.291 -0.11 -4.23
-4.892 1970.588 4.63E-06 1862.17 9.31 27.41 0.06 1726.125 -0.02 -4.61
-5.028 1970.569 4.61E-06 1862.09 9.3 27.5 0.07 1725.958 -0.06 -4.58
-4.976 1970.55 4.54E-06 1862 9.33 27.15 0.07 1725.791 -0.23 -4.13

ABOR/MH/Priv-003050



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1837.5 -0.31 -5.75 1860.13
1837.42 -0.24 -5.69 1860.04
1837.33 -0.34 -5.38 1859.96
1837.25 -0.29 -5.21 1859.88
1837.17 -0.13 -5.31 1859.79
1837.08 -0.12 -5.64 1859.71

1837 -0.19 -5.82 1859.63
1836.92 -0.61 -6.18 1859.54
1836.75 -0.82 -6.34 1859.46
1836.67 -0.56 -6.19 1859.38

1836.6 -0.67 -6.12 1859.29
1836.52 -0.45 -5.88 1859.21
1836.44 -0.44 -5.65 1859.13
1836.37 -0.46 -5.47 1859.04
1836.29 -0.31 -5.35 1858.96
1836.21 -0.2 -5.49 1858.88
1836.13 -0.4 -5.54 1858.79
1836.06 -0.67 -5.54 1858.71
1835.98 -1.02 -5.67 1858.63

1835.9 -0.57 -5.74 1858.54
1835.75 -0.43 -5.86 1858.46
1835.66 0 -5.81 1858.38
1835.57 -0.37 -5.77 1858.29
1835.48 -0.29 -5.64 1858.21
1835.39 -0.22 -5.37 1858.13

1835.3 0.09 -5.16 1858.04
1835.2 0.15 -5.25 1857.96

1835.11 0.11 -5.35 1857.88
1835.02 -0.01 -5.39 1857.79
1834.93 -0.65 -5.84 1857.71
1834.75 -0.62 -5.96 1857.63
1834.68 -0.38 -5.92 1857.54
1834.61 -0.04 -5.87 1857.46
1834.54 0.07 -5.72 1857.38
1834.46 -0.03 -5.57 1857.29
1834.39 0.25 -5.45 1857.21
1834.32 0.53 -5.35 1857.13
1834.25 0.42 -5.28 1857.04
1834.18 0.46 -4.87 1856.96
1834.11 0.3 -5.54 1856.88
1834.04 0.07 -5.61 1856.79
1833.96 0.05 -5.56 1856.71
1833.89 0.05 -5.63 1856.63
1833.75 0.14 -5.73 1856.54
1833.65 1.81 -5.28 1856.46

ABOR/MH/Priv-003051



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.802 1970.535 4.53E-06 1861.92 9.36 26.8 0.08 1725.625 -0.15 -3.81
-4.829 1970.521 4.79E-06 1861.84 9.45 25.76 0.08 1725.458 -0.39 -3.93
-4.793 1970.506 4.74E-06 1861.75 9.49 25.23 0.08 1725.291 -0.21 -4.59
-4.722 1970.491 4.68E-06 1861.67 9.51 25 0.08 1725.125 0.15 -4.89
-4.605 1970.476 4.49E-06 1861.59 9.54 24.7 0.09 1724.958 -0.05 -4.53
-4.354 1970.462 4.55E-06 1861.5 9.58 24.13 0.09 1724.791 -0.37 -4.29
-4.361 1970.447 4.8E-06 1861.42 9.49 25.21 0.09 1724.625 -0.37 -3.88
-4.318 1970.432 4.77E-06 1861.34 9.4 26.33 0.08 1724.458 -0.23 -4.43
-4.426 1970.418 4.84E-06 1861.25 9.3 27.6 0.08 1724.291 -0.16 -4.77
-4.789 1970.403 4.96E-06 1861.17 9.26 27.99 0.08 1724.125 -0.09 -4.8
-4.821 1970.388 4.76E-06 1861.09 9.27 27.95 0.08 1723.958 -0.06 -4.58
-4.924 1970.374 4.69E-06 1861 9.32 27.34 0.07 1723.791 -0.15 -4.28

-4.95 1970.359 4.88E-06 1860.92 9.36 26.81 0.07 1723.625 -0.37 -4.11
-4.779 1970.344 4.8E-06 1860.84 9.44 25.8 0.06 1723.458 -0.15 -4.27
-4.639 1970.329 4.92E-06 1860.75 9.45 25.73 0.05 1723.291 0.07 -4.75
-4.686 1970.315 5.24E-06 1860.67 9.51 25 0.05 1723.125 -0.17 -4.98
-4.606 1970.3 6.34E-06 1860.59 9.54 24.63 0.04 1722.958 -0.46 -4.59
-4.603 1970.285 6.15E-06 1860.5 9.55 24.55 0.03 1722.791 -0.26 -4.2
-4.548 1970.271 6.66E-06 1860.42 9.49 25.19 0.02 1722.625 -0.56 -4.04
-4.441 1970.256 6.74E-06 1860.34 9.42 26.06 0.01 1722.458 -0.43 -4.19
-4.537 1970.241 7.07E-06 1860.25 9.41 26.16 0 1722.291 -0.29 -4.51
-4.769 1970.226 7.6E-06 1860.17 9.33 27.19 -0.01 1722.125 -0.21 -4.67
-4.815 1970.212 8.26E-06 1860.09 9.39 26.46 -0.01 1721.958 -0.24 -4.6
-4.825 1970.197 8.4E-06 1860 9.44 25.84 -0.02 1721.791 -0.35 -4.36
-4.766 1970.182 8.25E-06 1859.92 9.45 25.73 -0.03 1721.625 -0.37 -4.08
-4.787 1970.168 8.56E-06 1859.84 9.46 25.59 -0.04 1721.458 -0.69 -4.2
-4.647 1970.153 9.01E-06 1859.75 9.55 24.52 -0.05 1721.291 -0.44 -4.54
-4.633 1970.138 7.81E-06 1859.67 9.53 24.76 -0.06 1721.125 -0.29 -4.77
-4.637 1970.124 6.6E-06 1859.59 9.53 24.72 -0.07 1720.958 -0.49 -4.56
-4.555 1970.109 5.78E-06 1859.5 9.42 26.08 -0.08 1720.791 -0.6 -4.29
-4.413 1970.094 4.71E-06 1859.42 9.36 26.79 -0.09 1720.625 -0.65 -4.03
-4.305 1970.079 0.000004 1859.34 9.35 26.99 -0.1 1720.458 -0.8 -4.14
-4.456 1970.065 3.6E-06 1859.25 9.32 27.26 -0.1 1720.291 -0.61 -4.5
-4.756 1970.05 3.68E-06 1859.17 9.36 26.79 -0.11 1720.125 -0.41 -4.66
-4.826 1970.035 3.66E-06 1859.09 9.42 26.13 -0.12 1719.958 -0.48 -4.5
-4.845 1970.021 3.55E-06 1859 9.5 25.15 -0.13 1719.791 -0.56 -4.3

-4.77 1970.006 3.61E-06 1858.92 9.56 24.42 -0.13 1719.625 -1.05 -4.06
-4.834 1969.991 3.44E-06 1858.84 9.62 23.67 -0.14 1719.458 -0.98 -4.26
-4.828 1969.976 3.39E-06 1858.75 9.62 23.67 -0.14 1719.291 -0.84 -4.65
-4.812 1969.962 3.55E-06 1858.67 9.62 23.67 -0.15 1719.125 -0.69 -4.77
-4.546 1969.947 3.56E-06 1858.59 9.58 24.16 -0.15 1718.958 -0.6 -4.52
-4.455 1969.932 3.83E-06 1858.5 9.54 24.58 -0.15 1718.791 -0.65 -3.95
-4.522 1969.918 3.68E-06 1858.42 9.39 26.4 -0.16 1718.625 -0.77 -3.41
-4.399 1969.903 3.76E-06 1858.34 9.36 26.8 -0.16 1718.458 -1.18 -3.74
-4.555 1969.888 3.79E-06 1858.25 9.33 27.22 -0.16 1718.291 -0.99 -4.27

ABOR/MH/Priv-003052



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1833.55 1.75 -5.4 1856.38
1833.45 1.34 -5.48 1856.29
1833.35 1.76 -5.28 1856.21
1833.25 1.24 -5.1 1856.13
1833.15 0.84 -5.28 1856.04
1833.05 0.47 -5.84 1855.96
1832.95 0.2 -5.9 1855.88
1832.75 0.52 -5.92 1855.79
1832.64 1.19 -5.56 1855.71
1832.53 1.19 -5.37 1855.63
1832.42 0.9 -5.43 1855.54
1832.31 0.36 -5.75 1855.46
1832.19 0.13 -6.02 1855.38
1832.08 0.2 -6.1 1855.29
1831.75 -0.08 -6.13 1855.21
1831.61 0.75 -5.95 1855.13
1831.46 0.64 -5.75 1855.04
1831.32 0.86 -5.47 1854.96
1831.18 0.51 -5.61 1854.88
1831.04 0.13 -5.95 1854.79
1830.75 -0.11 -6.15 1854.71
1830.67 -0.02 -6.13 1854.63
1830.58 -0.18 -6 1854.54

1830.5 0.13 -6.02 1854.46
1830.42 0.36 -5.63 1854.38
1830.33 0.7 -5.44 1854.29
1830.25 0.57 -5.47 1854.21
1830.17 -0.14 -5.7 1854.13
1830.08 -0.42 -5.99 1854.04

1830 -0.59 -5.94 1853.96
1829.92 -0.14 -5.9 1853.88
1829.75 -0.11 -6.01 1853.79
1829.66 -0.03 -5.97 1853.71
1829.57 -0.12 -5.8 1853.63
1829.48 -0.27 -5.67 1853.54
1829.39 0.12 -5.3 1853.46

1829.3 0.49 -5.07 1853.38
1829.2 0.54 -5.24 1853.29

1829.11 0.4 -5.38 1853.21
1829.02 0.36 -5.65 1853.13
1828.93 0.03 -5.98 1853.04
1828.75 -0.02 -6.08 1852.96
1828.65 0.52 -5.82 1852.88
1828.55 0.84 -5.78 1852.79
1828.45 0.65 -5.58 1852.71

ABOR/MH/Priv-003053



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.773 1969.874 3.66E-06 1858.17 9.34 27.07 -0.16 1718.125 -0.58 -4.4
-4.939 1969.859 3.56E-06 1858.09 9.35 26.93 -0.16 1717.958 -0.31 -4.15
-4.956 1969.844 3.73E-06 1858 9.38 26.6 -0.16 1717.791 -0.65 -3.93

-4.98 1969.829 3.73E-06 1857.92 9.41 26.18 -0.16 1717.625 -0.8 -3.67
-4.862 1969.815 3.6E-06 1857.84 9.46 25.56 -0.16 1717.458 -0.36 -4.61
-4.837 1969.8 3.62E-06 1857.75 9.49 25.2 -0.16 1717.291 -0.3 -4.53
-4.738 1969.785 3.64E-06 1857.67 9.54 24.64 -0.16 1717.125 -0.34 -4.15
-4.721 1969.771 3.44E-06 1857.59 9.59 24.04 -0.16 1716.958 -0.39 -3.98
-4.613 1969.756 3.63E-06 1857.5 9.58 24.2 -0.15 1716.791 -0.46 -3.71

-4.55 1969.741 3.83E-06 1857.42 9.53 24.73 -0.15 1716.625 -0.35 -3.58
-4.447 1969.726 3.82E-06 1857.34 9.49 25.25 -0.15 1716.458 -0.15 -4.19
-4.669 1969.712 3.8E-06 1857.25 9.41 26.22 -0.15 1716.291 -0.08 -4.51
-4.899 1969.697 3.85E-06 1857.17 9.35 26.99 -0.14 1716.125 -0.15 -4.55
-4.914 1969.682 3.77E-06 1857.09 9.36 26.85 -0.14 1715.958 -0.22 -4.48
-4.911 1969.668 3.77E-06 1857 9.38 26.59 -0.14 1715.791 -0.4 -4.27
-4.841 1969.653 3.88E-06 1856.92 9.42 26.06 -0.13 1715.625 -0.67 -3.92
-4.753 1969.638 4.06E-06 1856.84 9.48 25.31 -0.13 1715.458 -0.54 -4.26
-4.784 1969.624 4.05E-06 1856.75 9.57 24.31 -0.12 1715.291 -0.25 -4.56
-4.802 1969.609 3.98E-06 1856.67 9.6 23.91 -0.12 1715.125 -0.35 -4.73
-4.722 1969.594 4.13E-06 1856.59 9.54 24.68 -0.12 1714.958 -0.49 -4.31
-4.674 1969.579 3.89E-06 1856.5 9.46 25.65 -0.11 1714.791 -0.51 -4.21
-4.701 1969.565 3.94E-06 1856.42 9.42 26.13 -0.11 1714.625 -0.63 -3.72
-4.477 1969.55 4.02E-06 1856.34 9.36 26.83 -0.1 1714.458 -0.83 -3.86

-4.61 1969.532 3.85E-06 1856.25 9.3 27.57 -0.1 1714.291 -0.72 -4.18
-4.844 1969.515 3.94E-06 1856.17 9.26 28.01 -0.1 1714.125 0.04 -4.51
-5.022 1969.497 3.94E-06 1856.09 9.32 27.33 -0.09 1713.958 -0.25 -4.52
-4.803 1969.48 3.87E-06 1856 9.44 25.91 -0.09 1713.791 -0.92 -4.33
-4.886 1969.462 3.84E-06 1855.92 9.55 24.47 -0.09 1713.625 -0.71 -3.73
-4.779 1969.445 3.93E-06 1855.84 9.56 24.41 -0.09 1713.458 -0.65 -3.85
-4.701 1969.427 3.87E-06 1855.75 9.57 24.32 -0.08 1713.291 -0.37 -4.35
-4.604 1969.41 3.9E-06 1855.67 9.57 24.27 -0.08 1713.125 -0.13 -4.75
-4.542 1969.392 4.1E-06 1855.59 9.58 24.09 -0.08 1712.958 -0.43 -4.69
-4.469 1969.375 4.11E-06 1855.5 9.46 25.56 -0.08 1712.791 -0.65 -4.55
-4.513 1969.357 3.88E-06 1855.42 9.4 26.28 -0.08 1712.625 -0.53 -4.14
-4.305 1969.339 3.81E-06 1855.34 9.4 26.36 -0.08 1712.458 -0.76 -4.15
-4.605 1969.322 3.7E-06 1855.25 9.39 26.42 -0.08 1712.291 -0.49 -4.22
-4.744 1969.304 3.71E-06 1855.17 9.35 27 -0.08 1712.125 -0.56 -4.6
-4.796 1969.287 3.82E-06 1855.09 9.36 26.84 -0.08 1711.958 -1.6 -4.48
-4.866 1969.269 3.76E-06 1855 9.4 26.39 -0.09 1711.791 -0.44 -4.69
-4.925 1969.252 3.72E-06 1854.92 9.41 26.27 -0.09 1711.625 -0.49 -3.88
-4.909 1969.234 3.78E-06 1854.84 9.4 26.28 -0.1 1711.458 -0.96 -4.07
-4.865 1969.217 3.87E-06 1854.75 9.49 25.22 -0.1 1711.291 -1.43 -4.26
-4.799 1969.199 3.88E-06 1854.67 9.52 24.88 -0.11 1711.125 -0.65 -4.32 8.9609

-4.68 1969.182 3.95E-06 1854.59 9.47 25.47 -0.11 1710.958 0.13 -4.37 9.13313
-4.62 1969.164 4.01E-06 1854.5 9.4 26.35 -0.12 1710.791 -0.1 -3.96 9.18786

ABOR/MH/Priv-003054



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1828.35 0.65 -5.5 1852.63
1828.25 1.09 -5.36 1852.54
1828.15 1 -5.31 1852.46
1828.05 0.86 -5.5 1852.38
1827.95 0.46 -5.67 1852.29
1827.75 0.47 -5.85 1852.21
1827.63 0.56 -5.8 1852.13

1827.5 0.71 -5.78 1852.04
1827.38 1.14 -5.19 1851.96
1827.25 1.06 -5.1 1851.88
1827.13 0.77 -5.21 1851.79

1827 0.53 -5.38 1851.71
1826.75 0.23 -5.8 1851.63
1826.67 0.45 -5.6 1851.54
1826.58 0.47 -5.67 1851.46

1826.5 0.77 -5.59 1851.38
1826.42 0.71 -5.58 1851.29
1826.33 0.65 -5.51 1851.21
1826.25 0.52 -5.34 1851.13
1826.17 0.65 -5.36 1851.04
1826.08 0.56 -5.43 1850.96

1826 0.58 -5.57 1850.88
1825.92 0.46 -5.78 1850.79
1825.75 0.63 -5.86 1850.71
1825.66 0.53 -5.81 1850.63
1825.57 0.23 -5.79 1850.54
1825.48 0.65 -5.7 1850.46
1825.39 0.55 -5.52 1850.38

1825.3 0.99 -5.36 1850.29
1825.2 0.96 -5.37 1850.21

1825.11 0.45 -5.43 1850.13
1825.02 0.79 -5.57 1850.04
1824.93 -0.14 -6.16 1849.96
1824.75 0.3 -6.23 1849.88
1824.66 0.58 -6 1849.79
1824.57 0.52 -5.93 1849.71
1824.48 0.68 -5.41 1849.63
1824.39 0.94 -5.16 1849.54

1824.3 0.8 -5.02 1849.46
1824.2 0.53 -5.23 1849.38

1824.11 0.31 -5.64 1849.29
1824.02 0.11 -5.87 1849.21
1823.93 0.12 -5.83 1849.13
1823.75 0.12 -5.94 1849.04
1823.64 0.18 -5.93 1848.96

ABOR/MH/Priv-003055



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.453 1969.146 3.88E-06 1854.42 9.33 27.19 -0.13 1710.625 -0.33 -3.55 9.31544
-4.252 1969.129 3.87E-06 1854.34 9.33 27.19 -0.14 1710.458 -0.7 -3.92 9.17232
-4.514 1969.111 3.85E-06 1854.25 9.36 26.82 -0.15 1710.291 -0.47 -4.3 9.09458

-4.7 1969.094 3.82E-06 1854.17 9.36 26.86 -0.16 1710.125 0.37 -4.67 9.05413
-4.947 1969.076 3.79E-06 1854.09 9.38 26.61 -0.17 1709.958 0.04 -4.48 9.18658

-4.91 1969.059 3.72E-06 1854 9.47 25.54 -0.19 1709.791 -0.14 -4.18 9.36894
-4.892 1969.041 3.72E-06 1853.92 9.5 25.09 -0.2 1709.625 -0.16 -3.77 9.39904
-4.556 1969.024 3.79E-06 1853.84 9.53 24.77 -0.21 1709.458 -0.22 -4.1 9.23035
-4.806 1969.006 0.000004 1853.75 9.55 24.46 -0.23 1709.291 -0.26 -4.51 9.0801
-4.771 1968.989 3.93E-06 1853.67 9.56 24.37 -0.24 1709.125 -0.28 -4.98 9.02598

-4.72 1968.971 3.97E-06 1853.59 9.57 24.29 -0.25 1708.958 -0.1 -4.77 9.07539
-4.646 1968.954 3.77E-06 1853.5 9.52 24.83 -0.27 1708.791 -0.17 -4.5 9.35278

-4.66 1968.936 3.81E-06 1853.42 9.46 25.61 -0.28 1708.625 -0.49 -4.16 9.47012
-4.653 1968.918 3.83E-06 1853.34 9.43 26.01 -0.3 1708.458 -0.2 -4.32 9.26694
-4.699 1968.901 3.73E-06 1853.25 9.42 26.14 -0.31 1708.291 0.14 -4.56 9.06577
-4.952 1968.883 3.88E-06 1853.17 9.4 26.36 -0.33 1708.125 0.52 -4.89 8.984

-5.07 1968.866 4.11E-06 1853.09 9.41 26.18 -0.34 1707.958 0.05 -4.6 9.03114
-5.068 1968.848 4.16E-06 1853 9.45 25.75 -0.36 1707.791 -0.12 -4.19 9.23063
-4.981 1968.831 4.01E-06 1852.92 9.5 25.11 -0.38 1707.625 0.02 -3.67 9.42178
-5.016 1968.813 3.91E-06 1852.84 9.58 24.1 -0.39 1707.458 -0.11 -4.1 9.22276
-4.946 1968.796 4.06E-06 1852.75 9.6 23.95 -0.41 1707.291 -0.08 -4.44 9.12247
-4.838 1968.778 3.82E-06 1852.67 9.6 23.91 -0.42 1707.125 0.1 -4.67 8.98123
-4.749 1968.761 3.87E-06 1852.59 9.53 24.78 -0.44 1706.958 0.02 -4.6 9.05526
-4.561 1968.743 3.92E-06 1852.5 9.5 25.17 -0.45 1706.791 -0.06 -4.36 9.15313
-4.536 1968.725 4.18E-06 1852.42 9.44 25.88 -0.47 1706.625 -0.15 -3.93 9.27484
-4.457 1968.708 4.1E-06 1852.34 9.36 26.85 -0.49 1706.458 -0.39 -3.98 9.12525
-4.672 1968.69 4.25E-06 1852.25 9.32 27.33 -0.5 1706.291 -0.27 -4.33 8.87369
-4.673 1968.673 4.24E-06 1852.17 9.3 27.56 -0.52 1706.125 -0.01 -4.58 8.84105
-4.713 1968.655 4.3E-06 1852.09 9.35 26.99 -0.54 1705.958 0.01 -4.47 9.02423
-4.781 1968.638 4.28E-06 1852 9.41 26.17 -0.55 1705.791 -0.32 -4.05 9.11292
-4.742 1968.62 4.19E-06 1851.92 9.47 25.53 -0.57 1705.625 -0.38 -3.86 9.1707
-4.738 1968.603 4.27E-06 1851.84 9.55 24.53 -0.59 1705.458 -0.43 -4.18 9.06566
-4.745 1968.585 4.43E-06 1851.75 9.6 23.97 -0.6 1705.291 -0.36 -4.57 8.91587
-4.653 1968.568 4.56E-06 1851.67 9.62 23.67 -0.62 1705.125 -0.15 -5.02 8.84502
-4.618 1968.55 4.76E-06 1851.59 9.53 24.76 -0.64 1704.958 -0.06 -4.57 8.91305
-4.418 1968.53 4.92E-06 1851.5 9.45 25.76 -0.65 1704.791 -0.17 -4.23 9.02218
-4.416 1968.51 4.91E-06 1851.42 9.4 26.36 -0.67 1704.625 -0.48 -3.98 9.23045
-4.405 1968.49 5.03E-06 1851.34 9.43 25.94 -0.69 1704.458 -0.72 -4.01 9.0478
-4.461 1968.47 5.05E-06 1851.25 9.48 25.41 -0.7 1704.291 -0.52 -4.55 8.86656
-4.609 1968.45 5.11E-06 1851.17 9.51 25.02 -0.72 1704.125 -0.37 -4.91 8.7976
-4.735 1968.43 5.08E-06 1851.09 9.53 24.79 -0.73 1703.958 -0.31 -4.81 8.88058
-4.799 1968.41 5.38E-06 1851 9.53 24.71 -0.74 1703.791 -0.28 -4.35 9.07689
-4.778 1968.39 5.48E-06 1850.92 9.54 24.69 -0.75 1703.625 -0.4 -3.95 9.24407
-4.677 1968.37 5.36E-06 1850.84 9.59 24.03 -0.77 1703.458 -0.48 -3.96 9.11565
-4.678 1968.35 5.32E-06 1850.75 9.59 23.99 -0.78 1703.291 -0.22 -4.37 8.98461

ABOR/MH/Priv-003056



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1823.53 0.57 -5.93 1848.88
1823.42 0.67 -5.45 1848.79
1823.31 0.96 -5.32 1848.71
1823.19 0.52 -5.37 1848.63
1823.08 0.45 -5.62 1848.54
1822.97 -0.06 -6.01 1848.46
1822.75 -0.17 -6.01 1848.38
1822.67 0.2 -5.96 1848.29
1822.58 0.03 -5.74 1848.21

1822.5 0.69 -5.5 1848.13
1822.42 0.96 -5.52 1848.04
1822.33 0.78 -5.32 1847.96
1822.25 0.43 -5.22 1847.88
1822.17 0.24 -5.49 1847.79
1822.08 0.21 -6.03 1847.71

1822 -0.21 -6.16 1847.63
1821.92 -0.36 -6.32 1847.54
1821.75 -0.56 -6.36 1847.46
1821.64 0.32 -6.23 1847.38
1821.53 0.69 -5.71 1847.29
1821.42 0.96 -5.22 1847.21
1821.31 1.03 -5.27 1847.13
1821.19 0.47 -5.46 1847.04
1821.08 -0.39 -6.03 1846.96
1820.97 -0.66 -6.08 1846.88
1820.75 -0.26 -6.23 1846.79
1820.65 0.2 -6.12 1846.71
1820.55 0.62 -5.73 1846.63
1820.45 0.61 -5.34 1846.54
1820.35 0.56 -5.28
1820.25 0.49 -5.51
1820.15 0.67 -5.69
1820.05 0.26 -5.82
1819.95 0.02 -5.71
1819.75 -0.22 -5.86
1819.61 0.25 -5.73
1819.46 0.33 -5.39
1819.32 0.54 -5.18
1819.18 0.65 -5.21
1819.04 0.5 -5.56
1818.75 0.01 -6.16
1818.67 0.03 -5.9
1818.58 0.08 -5.91

1818.5 0.86 -5.71
1818.42 0.64 -5.43

ABOR/MH/Priv-003057



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

-4.579 1968.33 6.44E-06 1850.67 9.64 23.42 -0.79 1703.125 0.04 -4.57 8.96617
-4.471 1968.31 8.31E-06 1850.59 9.67 23.06 -0.8 1702.958 0.07 -4.41 9.0133
-4.438 1968.29 1.01E-05 1850.5 9.55 24.55 -0.8 1702.791 -0.06 -4.03 9.1744
-4.421 1968.27 1.26E-05 1850.42 9.4 26.34 -0.81 1702.625 0.09 -3.65 9.25446
-4.345 1968.25 1.14E-05 1850.34 9.41 26.21 -0.82 1702.458 -0.3 -3.8 9.18538
-4.444 1968.23 9.04E-06 1850.25 9.39 26.44 -0.82 1702.291 0.24 -4.44 9.00493
-4.507 1968.21 8.17E-06 1850.17 9.49 25.19 -0.83 1702.125 0.34 -4.79 8.97631
-4.763 1968.19 7.19E-06 1850.09 9.55 24.57 -0.83 1701.958 0.08 -4.63 9.10644
-4.795 1968.17 6.59E-06 1850 9.58 24.1 -0.83 1701.791 -0.05 -4.15 9.14227
-4.771 1968.15 4.58E-06 1849.92 9.6 23.93 -0.84 1701.625 -0.31 -3.78 9.28156
-4.746 1968.13 4.17E-06 1849.84 9.61 23.82 -0.84 1701.458 -0.59 -4.23 9.26191
-4.628 1968.11 4.1E-06 1849.75 9.59 24 -0.84 1701.291 0.05 -4.57 9.1095
-4.554 1968.09 3.81E-06 1849.67 9.62 23.67 -0.84 1701.125 0.04 -4.48 9.00687
-4.463 1968.07 4.19E-06 1849.59 9.6 23.85 -0.84 1700.958 -0.56 -4.27 9.09229
-4.426 1968.05 4.08E-06 1849.5 9.49 25.22 -0.84 1700.791 -1.2 -3.87 9.11794
-4.352 1968.03 4.04E-06 1849.42 9.5 25.16 -0.83 1700.625 -2.75 -3.81 9.2973
-4.315 1968.01 3.97E-06 1849.34 9.45 25.68 -0.83 1700.458 -2.76 -4.28 9.1275
-4.477 1967.99 3.9E-06 1849.25 9.42 26.13 -0.83 1700.291 -2.36 -4.59 9.12855

-4.72 1967.97 3.92E-06 1849.17 9.4 26.37 -0.83 1700.125 -1.54 -4.74 9.00331
-4.948 1967.95 3.82E-06 1849.09 9.42 26.13 -0.82 1699.958 -1.1 -4.24 9.05792
-4.779 1967.93 3.99E-06 1849 9.46 25.63 -0.82 1699.791 -1.31 -3.91 9.17986
-4.837 1967.91 4.04E-06 1848.92 9.48 25.33 -0.82 1699.625 -2.17 -3.74 9.30677
-4.804 1967.89 4.02E-06 1848.84 9.55 24.52 -0.82 1699.458 -1.86 -4.15 9.1446
-4.704 1967.87 4.01E-06 1848.75 9.56 24.35 -0.81 1699.291 -1.54 -4.55 9.08456
-4.767 1967.85 3.66E-06 1848.67 9.57 24.27 -0.81 1699.125 -1.15 -4.42 8.97269
-4.751 1967.83 3.69E-06 1848.59 9.54 24.61 -0.81 1698.958 -0.76 -4.28 9.13651
-4.685 1967.81 3.95E-06 1848.5 9.5 25.07 -0.81 1698.791 -1.55 -4.12 9.23783
-4.581 1967.79 3.56E-06 1848.42 9.47 25.53 -0.8 1698.625 -2.34 -3.96 9.27666
-4.483 1967.77 3.54E-06 1848.34 9.45 25.7 -0.8 1698.458 -2.18 -4.22 9.15935

1967.75 3.62E-06 1848.25 9.36 26.84 -0.8 1698.291 -2.01 -4.47 9.00313
1967.73 3.78E-06 1848.17 9.34 27.07 -0.8 1698.125 -1.8 -4.61 8.93064
1967.71 3.8E-06 1848.09 9.4 26.33 -0.8 1697.958 -1.58 -4.74 9.07893
1967.69 3.85E-06 1848 9.46 25.64 -0.8 1697.791 -1.44 -4.23 9.22721
1967.67 3.98E-06 1847.92 9.46 25.66 -0.8 1697.625 -1.29 -3.72 9.3755
1967.65 3.94E-06 1847.84 9.52 24.87 -0.8 1697.458 -1.43 -4.14 9.18011
1967.63 4.01E-06 1847.75 9.62 23.63 -0.8 1697.291 -1.57 -4.56 9.02873
1967.61 3.96E-06 1847.67 9.61 23.79 -0.8 1697.125 -1.07 -4.51 8.93085
1967.59 3.77E-06 1847.59 9.59 24.05 -0.8 1696.958 -0.57 -4.45 9.02644
1967.57 3.74E-06 1847.5 9.56 24.44 -0.8 1696.791 -0.81 -4.1 9.17125
1967.55 4.07E-06 1847.42 9.5 25.06 -0.8 1696.625 -1.05 -3.75 9.30337

1967.535 3.96E-06 1847.34 9.45 25.72 -0.8 1696.458 -1.16 -3.91 9.22398
1967.519 3.94E-06 1847.25 9.43 25.98 -0.8 1696.291 -0.77 -3.96 9.11262
1967.504 4.12E-06 1847.17 9.45 25.73 -0.8 1696.125 0.12 -3.9 8.9693
1967.488 4.31E-06 1847.09 9.47 25.54 -0.8 1695.958 -0.01 -4.11 8.99923
1967.473 4.14E-06 1847 9.5 25.13 -0.8 1695.791 -0.21 -3.98 9.10027

ABOR/MH/Priv-003058



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1818.33 0.58 -5.43
1818.25 0.51 -5.53
1818.17 0.31 -5.78
1818.08 0.35 -5.8

1818 -0.07 -6.21
1817.92 -0.23 -6.12
1817.75 0.07 -6.24
1817.63 0.16 -5.77

1817.5 0.65 -5.24
1817.38 0.81 -5.03
1817.25 0.62 -5.3
1817.13 0.51 -5.51

1817 0.3 -5.72
1816.75 0.46 -5.76
1816.64 0.37 -5.68
1816.53 0.37 -5.23
1816.42 0.8 -5.1
1816.31 0.61 -5.3
1816.19 0.07 -5.6
1816.08 0.16 -5.97
1815.97 -0.06 -6.35
1815.75 -0.33 -6.21
1815.67 0.24 -6.07
1815.58 0.08 -5.97

1815.5 0.7 -5.59
1815.42 0.73 -5.38
1815.33 0.75 -5.26
1815.25 0.55 -5.5
1815.17 0.71 -5.29
1815.08 0.51 -5.25

1815 -0.09 -5.57
1814.92 0.73 -6.04
1814.75 0.32 -6.2
1814.66 -0.61 -5.88
1814.57 -0.6 -6.29
1814.48 0.28 -5.83
1814.39 0.35 -5.29

1814.3 0.4 -5.11
1814.2 0.65 -5.09

1814.11 0.86 -5.34
1814.02 0.53 -5.67
1813.93 0.33 -6.01
1813.75 -0.08 -6.18
1813.65 0.34 -6.09
1813.55 0.47 -5.86

ABOR/MH/Priv-003059



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1967.458 4.24E-06 1846.92 9.54 24.64 -0.79 1695.625 -0.46 -3.5 9.25439
1967.442 4.38E-06 1846.84 9.57 24.29 -0.79 1695.458 -0.79 -4.08 9.11473
1967.427 4.14E-06 1846.75 9.62 23.71 -0.79 1695.291 -0.77 -4.56 9.01137
1967.412 4.3E-06 1846.67 9.58 24.15 -0.79 1695.125 -0.42 -4.95 8.86246
1967.396 4.58E-06 1846.59 9.63 23.6 -0.79 1694.958 -0.4 -4.74 8.93939
1967.381 4.23E-06 1846.5 9.51 24.97 -0.79 1694.791 -0.33 -4.43 9.06475
1967.365 4.07E-06 1846.42 9.42 26.05 -0.79 1694.625 -0.2 -4.02 9.18844

1967.35 4.02E-06 1846.34 9.36 26.79 -0.79 1694.458 -0.56 -4.33 9.11762
1967.335 4.17E-06 1846.25 9.37 26.75 -0.78 1694.291 -0.92 -4.63 8.92359
1967.319 4.18E-06 1846.17 9.37 26.72 -0.78 1694.125 -0.48 -4.56 8.88778
1967.304 4.74E-06 1846.09 9.39 26.5 -0.78 1693.958 -0.04 -4.49 8.92698
1967.288 5.54E-06 1846 9.44 25.8 -0.78 1693.791 -0.07 -4.07 9.06794
1967.273 5.83E-06 1845.92 9.51 24.98 -0.77 1693.625 -0.1 -3.64 9.20313
1967.258 5.34E-06 1845.84 9.58 24.15 -0.77 1693.458 -0.37 -4.01 9.17431
1967.242 5.4E-06 1845.75 9.62 23.67 -0.77 1693.291 -1.35 -3.97 9.00445
1967.227 5.1E-06 1845.67 9.64 23.46 -0.76 1693.125 -0.44 -4.71 8.90734
1967.212 4.94E-06 1845.59 9.64 23.44 -0.76 1692.958 0.09 -4.84 8.99863
1967.196 4.67E-06 1845.5 9.54 24.61 -0.75 1692.791 -0.24 -4.19 9.03953
1967.181 4.49E-06 1845.42 9.53 24.72 -0.75 1692.625 -1.57 -3.99 9.20643
1967.165 4.22E-06 1845.34 9.49 25.25 -0.74 1692.458 -1.95 -4.11 9.18196

1967.15 4.04E-06 1845.25 9.4 26.32 -0.73 1692.291 -1.73 -4.4 9.06453
1967.135 3.9E-06 1845.17 9.45 25.79 -0.72 1692.125 -0.98 -4.65 8.90727
1967.119 3.76E-06 1845.09 9.49 25.29 -0.71 1691.958 -0.42 -4.61 8.90732
1967.104 3.78E-06 1845 9.48 25.4 -0.7 1691.791 -0.49 -4.17 8.9943
1967.088 3.76E-06 1844.92 9.49 25.25 -0.69 1691.625 -0.18 -3.55 9.16819
1967.073 3.88E-06 1844.84 9.57 24.31 -0.68 1691.458 -0.25 -4.54 9.12159
1967.058 3.79E-06 1844.75 9.61 23.74 -0.67 1691.291 -0.25 -4.96 8.99727
1967.042 3.84E-06 1844.67 9.66 23.18 -0.66 1691.125 -0.19 -4.83 8.86676
1967.027 3.95E-06 1844.59 9.62 23.67 -0.64 1690.958 0.04 -4.4 8.95158
1967.012 0.000004 1844.5 9.61 23.79 -0.63 1690.791 -0.19 -4.12 9.14789
1966.996 3.84E-06 1844.42 9.59 24.06 -0.62 1690.625 -0.88 -3.97 9.24662
1966.981 3.98E-06 1844.34 9.48 25.31 -0.6 1690.458 -0.43 -4.43 9.16191
1966.965 3.8E-06 1844.25 9.35 26.99 -0.59 1690.291 0.02 -4.89 8.99132

1966.95 3.86E-06 1844.17 9.28 27.76 -0.57 1690.125 -0.07 -4.71 8.95468
1966.935 3.77E-06 1844.09 9.33 27.18 -0.55 1689.958 -0.15 -4.52 9.06968
1966.919 3.74E-06 1844 9.41 26.2 -0.54 1689.791 -0.17 -4.18 9.13926
1966.904 3.87E-06 1843.92 9.5 25.09 -0.52 1689.625 -0.18 -3.84 9.30543
1966.888 4.02E-06 1843.84 9.57 24.22 -0.51 1689.458 -0.15 -4.32 9.07674
1966.873 4.32E-06 1843.75 9.59 24.03 -0.49 1689.291 -0.12 -4.78 8.97416
1966.858 4.32E-06 1843.67 9.54 24.64 -0.47 1689.125 0.03 -4.68 8.91808
1966.842 4.36E-06 1843.59 9.52 24.9 -0.46 1688.958 0.04 -4.35 9.02653
1966.827 4.32E-06 1843.5 9.5 25.17 -0.44 1688.791 -0.34 -4.24 9.17259
1966.812 4.18E-06 1843.42 9.47 25.52 -0.43 1688.625 -1.03 -4.04 9.33895
1966.796 4.16E-06 1843.34 9.42 26.13 -0.41 1688.458 -0.62 -4.32
1966.781 4.1E-06 1843.25 9.37 26.75 -0.39 1688.291 -0.34 -4.61

ABOR/MH/Priv-003060



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1813.45 0.41 -5.73
1813.35 0.24 -5.49
1813.25 0.14 -5.71
1813.15 -0.07 -6.06
1813.05 0.28 -6.02
1812.95 0.05 -6.1
1812.75 -0.14 -6.2
1812.63 -0.27 -5.94

1812.5 -0.39 -5.89
1812.38 -0.04 -5.79
1812.25 -0.22 -5.74
1812.13 0.05 -5.75

1812 0.1 -6.28
1811.75 0.09 -6.31
1811.66 -0.01 -6.27
1811.57 -0.28 -5.83
1811.48 0.21 -5.99
1811.39 0.26 -5.94

1811.3 0.45 -5.42
1811.2 0.44 -5.45

1811.11 0.2 -5.5
1811.02 -0.08 -5.65
1810.93 -0.33 -5.8
1810.75 -0.53 -5.93
1810.67 -0.93 -5.87

1810.6 -1.15 -5.84
1810.52 -0.86 -5.89
1810.44 -0.5 -5.95
1810.37 -0.05 -5.57
1810.29 0.55 -5.41
1810.21 0.45 -5.35
1810.13 0.13 -5.63
1810.06 0.4 -6.09
1809.98 -0.3 -6.23

1809.9 -1.01 -6.34
1809.75 -0.23 -6.41
1809.64 -0.27 -6.29
1809.53 0.05 -5.94
1809.42 0.42 -5.5
1809.31 0.46 -5.16
1809.19 0.39 -5.83
1809.08 -0.16 -6.3
1808.97 -0.46 -6.63
1808.75 -0.49 -6.59
1808.66 -0.71 -6.43

ABOR/MH/Priv-003061



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1966.765 4.02E-06 1843.17 9.34 27.07 -0.38 1688.125 -0.2 -4.9
1966.75 3.89E-06 1843.09 9.4 26.39 -0.36 1687.958 -0.17 -4.33

1966.735 3.8E-06 1843 9.4 26.32 -0.35 1687.791 -0.2 -3.94
1966.719 3.84E-06 1842.92 9.46 25.61 -0.34 1687.625 -0.31 -3.74
1966.704 3.85E-06 1842.84 9.56 24.39 -0.32 1687.458 -0.19 -4.09
1966.688 3.97E-06 1842.75 9.61 23.79 -0.31 1687.291 -0.07 -4.43
1966.673 4.11E-06 1842.67 9.58 24.15 -0.3 1687.125 0.05 -4.77
1966.658 4.22E-06 1842.59 9.53 24.8 -0.28 1686.958 -0.04 -4.5
1966.642 4.22E-06 1842.5 9.38 26.6 -0.27 1686.791 -0.12 -4.22
1966.627 4.18E-06 1842.42 9.39 26.41 -0.26 1686.625 -0.21 -3.95
1966.612 4.28E-06 1842.34 9.36 26.85 -0.25 1686.458 -0.13 -4.75
1966.596 4.09E-06 1842.25 9.34 27.07 -0.24 1686.291 -0.34 -4.72
1966.581 4.1E-06 1842.17 9.44 25.8 -0.23 1686.125 -0.34 -4.73
1966.565 4.19E-06 1842.09 9.52 24.93 -0.22 1685.958 -0.17 -4.61

1966.55 4.32E-06 1842 9.55 24.57 -0.21 1685.791 -0.19 -4.1
1966.534 4.27E-06 1841.92 9.55 24.47 -0.2 1685.625 -0.71 -3.62
1966.518 4.29E-06 1841.84 9.53 24.75 -0.19 1685.458 -0.48 -3.85
1966.502 4.47E-06 1841.75 9.53 24.71 -0.18 1685.291 -0.24 -4.07
1966.485 4.48E-06 1841.67 9.56 24.4 -0.18 1685.125 -0.01 -4.29
1966.469 4.7E-06 1841.59 9.47 25.51 -0.17 1684.958 -0.23 -4.19
1966.453 4.92E-06 1841.5 9.43 26 -0.17 1684.791 -0.46 -4.09
1966.437 4.9E-06 1841.42 9.38 26.58 -0.16 1684.625 -0.7 -3.98
1966.421 4.85E-06 1841.34 9.28 27.78 -0.16 1684.458 -0.49 -4.2
1966.405 4.8E-06 1841.25 9.26 27.99 -0.16 1684.291 -0.23 -4.42
1966.389 4.8E-06 1841.17 9.27 27.87 -0.16 1684.125 0.07 -4.63
1966.373 4.75E-06 1841.09 9.3 27.53 -0.16 1683.958 -0.02 -4.42
1966.356 4.68E-06 1841 9.36 26.85 -0.16 1683.791 -0.23 -4.2

1966.34 4.57E-06 1840.92 9.42 26.12 -0.16 1683.625 -0.58 -3.98
1966.324 4.43E-06 1840.84 9.5 25.13 -0.16 1683.458 -0.61 -4.37
1966.308 4.44E-06 1840.75 9.61 23.77 -0.16 1683.291 -0.48 -4.69
1966.292 4.34E-06 1840.67 9.63 23.55 -0.17 1683.125 -0.22 -4.69
1966.276 4.58E-06 1840.59 9.58 24.15 -0.17 1682.958 -0.11 -4.45

1966.26 4.47E-06 1840.5 9.57 24.22 -0.18 1682.791 -0.35 -4.16
1966.244 4.42E-06 1840.42 9.49 25.25 -0.19 1682.625 -0.65 -3.79
1966.227 4.27E-06 1840.34 9.38 26.55 -0.19 1682.458 -0.52 -4.28
1966.211 4.37E-06 1840.25 9.32 27.25 -0.2 1682.291 -0.38 -4.72
1966.195 4.55E-06 1840.17 9.3 27.61 -0.21 1682.125 -0.22 -5.13
1966.179 4.37E-06 1840.09 9.31 27.41 -0.22 1681.958 -0.15 -4.75
1966.163 4.52E-06 1840 9.36 26.84 -0.23 1681.791 -0.11 -4.35
1966.147 4.46E-06 1839.92 9.4 26.39 -0.24 1681.625 -0.1 -3.92
1966.131 4.87E-06 1839.84 9.46 25.64 -0.25 1681.458 -0.56 -4.05
1966.115 4.52E-06 1839.75 9.5 25.08 -0.26 1681.291 -0.38 -4.52
1966.098 4.55E-06 1839.67 9.55 24.52 -0.27 1681.125 -0.11 -4.82
1966.082 4.23E-06 1839.59 9.55 24.49 -0.28 1680.958 -0.02 -4.75
1966.066 4.15E-06 1839.5 9.52 24.92 -0.29 1680.791 -0.12 -4.38

ABOR/MH/Priv-003062



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1808.57 -0.14 -6.19
1808.48 0.23 -6.02
1808.39 -0.21 -5.62

1808.3 -0.08 -5.72
1808.2 -0.19 -5.79

1808.11 -0.07 -5.76
1808.02 0.17 -6.14
1807.93 -0.53 -6.43
1807.75 -0.49 -6.44
1807.66 -0.47 -6.21
1807.57 -0.2 -6.24
1807.48 -0.56 -6.03
1807.39 -0.24 -5.79

1807.3 0.1 -5.52
1807.2 0.09 -5.55

1807.11 -0.07 -5.67
1807.02 -0.3 -5.69
1806.93 -0.47 -6.09
1806.75 -0.53 -6.38
1806.67 -0.94 -6.2

1806.6 -0.51 -5.93
1806.52 -0.24 -5.95
1806.44 0.26 -5.89
1806.37 -0.04 -5.56
1806.29 0.14 -5.44
1806.21 -0.06 -5.51
1806.13 -0.23 -5.67
1806.06 -0.11 -5.79
1805.98 0.2 -6.04

1805.9 -0.09 -6.33
1805.75 -1.04 -6.42
1805.67 -0.99 -6.28

1805.6 -0.18 -6.04
1805.52 -0.14 -6.01
1805.44 0.12 -5.85
1805.37 0.57 -5.6
1805.29 0.13 -5.49
1805.21 -0.1 -5.41
1805.13 0.01 -5.74
1805.06 -0.24 -5.9
1804.98 -0.26 -6.11

1804.9 0.05 -6.14
1804.75 -0.12 -6.13
1804.67 -0.43 -6.01
1804.58 -0.3 -6.03

ABOR/MH/Priv-003063



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1966.05 4.17E-06 1839.42 9.47 25.45 -0.3 1680.625 -0.15 -3.95
1966.034 4.27E-06 1839.34 9.4 26.36 -0.31 1680.458 -0.58 -4.23
1966.018 4.2E-06 1839.25 9.35 26.96 -0.33 1680.291 -0.4 -4.76
1966.002 4.05E-06 1839.17 9.36 26.79 -0.34 1680.125 -0.23 -4.99
1965.985 4.06E-06 1839.09 9.41 26.21 -0.35 1679.958 -0.16 -4.84
1965.969 3.92E-06 1839 9.46 25.6 -0.36 1679.791 -0.12 -4.42
1965.953 4.05E-06 1838.92 9.51 24.95 -0.37 1679.625 -0.14 -3.75
1965.937 4.01E-06 1838.84 9.57 24.23 -0.38 1679.458 -0.27 -4.23
1965.921 3.83E-06 1838.75 9.6 23.95 -0.39 1679.291 -0.13 -4.65
1965.905 3.83E-06 1838.67 9.59 24.03 -0.4 1679.125 0.28 -5
1965.889 3.82E-06 1838.59 9.52 24.87 -0.4 1678.958 0.23 -4.87
1965.873 3.85E-06 1838.5 9.55 24.51 -0.41 1678.791 0.17 -4.54
1965.856 3.93E-06 1838.42 9.54 24.64 -0.41 1678.625 0.08 -4

1965.84 3.82E-06 1838.34 9.47 25.51 -0.42 1678.458 -0.1 -4.12
1965.824 3.89E-06 1838.25 9.43 25.99 -0.42 1678.291 0.08 -4.57
1965.808 3.92E-06 1838.17 9.4 26.38 -0.42 1678.125 0.06 -4.76
1965.792 3.96E-06 1838.09 9.38 26.54 -0.43 1677.958 -0.13 -4.57
1965.776 3.99E-06 1838 9.43 25.96 -0.43 1677.791 -0.29 -4.23

1965.76 3.93E-06 1837.92 9.54 24.63 -0.43 1677.625 -0.61 -4.09
1965.744 4.07E-06 1837.84 9.59 24.01 -0.42 1677.458 -0.43 -4.48
1965.727 4.03E-06 1837.75 9.66 23.22 -0.42 1677.291 -0.23 -4.86
1965.711 3.95E-06 1837.67 9.62 23.67 -0.42 1677.125 -0.14 -4.85
1965.695 3.84E-06 1837.59 9.59 24 -0.41 1676.958 -0.19 -4.57
1965.679 3.88E-06 1837.5 9.57 24.31 -0.41 1676.791 -0.36 -4.31
1965.663 3.95E-06 1837.42 9.53 24.7 -0.4 1676.625 -0.46 -4.18
1965.647 3.87E-06 1837.34 9.47 25.46 -0.39 1676.458 -0.57 -4.59
1965.631 3.83E-06 1837.25 9.39 26.49 -0.38 1676.291 -0.63 -4.78
1965.615 3.84E-06 1837.17 9.35 26.99 -0.37 1676.125 -0.66 -4.74
1965.598 3.96E-06 1837.09 9.35 26.93 -0.36 1675.958 -0.51 -4.43
1965.582 4.11E-06 1837 9.36 26.87 -0.35 1675.791 -0.45 -4.11
1965.566 4.17E-06 1836.92 9.44 25.89 -0.34 1675.625 -0.49 -3.78

1965.55 4.36E-06 1836.84 9.51 24.96 -0.33 1675.458 -0.71 -4.26
1965.535 4.43E-06 1836.75 9.51 25.04 -0.32 1675.291 -0.58 -4.68
1965.519 4.32E-06 1836.67 9.56 24.4 -0.31 1675.125 -0.58 -4.79
1965.504 4.34E-06 1836.59 9.48 25.41 -0.3 1674.958 -0.55 -4.58
1965.488 4.23E-06 1836.5 9.38 26.54 -0.28 1674.791 -0.38 -4.19
1965.473 4.07E-06 1836.42 9.45 25.76 -0.27 1674.625 -0.57 -3.89
1965.458 3.99E-06 1836.34 9.54 24.68 -0.26 1674.458 -0.5 -4.32
1965.442 3.99E-06 1836.25 9.58 24.2 -0.24 1674.291 -0.34 -4.72
1965.427 3.95E-06 1836.17 9.6 23.97 -0.23 1674.125 -0.25 -4.71
1965.412 3.98E-06 1836.09 9.58 24.17 -0.22 1673.958 -0.21 -4.44
1965.396 0.000004 1836 9.55 24.5 -0.2 1673.791 -0.19 -4.19
1965.381 4.22E-06 1835.92 9.52 24.84 -0.19 1673.625 -0.29 -3.98
1965.365 4.29E-06 1835.84 9.47 25.5 -0.18 1673.458 -0.93 -4.14

1965.35 4.49E-06 1835.75 9.41 26.19 -0.17 1673.291 -0.4 -4.35

ABOR/MH/Priv-003064



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1804.5 -0.02 -5.65
1804.42 -0.24 -5.82
1804.33 -0.02 -5.13
1804.25 -0.24 -5.57
1804.17 -0.01 -5.59
1804.08 -0.06 -5.32

1804 -0.63 -5.83
1803.92 -0.48 -5.96
1803.75 -0.98 -5.98
1803.66 0.19 -5.76
1803.57 0.03 -5.75
1803.48 -0.31 -5.76
1803.39 0.23 -5.49

1803.3 -0.26 -5.3
1803.2 0.07 -5.13

1803.11 -0.5 -5.37
1803.02 -0.65 -5.66
1802.93 -1.19 -6.04
1802.75 -1.41 -6.38
1802.67 -1.22 -6.26

1802.6 -0.54 -6.07
1802.52 -0.83 -6.22
1802.44 -0.69 -6.27
1802.37 -0.34 -5.87
1802.29 0.05 -5.71
1802.21 -0.04 -5.9
1802.13 -0.19 -6.1
1802.06 -0.96 -6.22
1801.98 -1.07 -6.6

1801.9 -1.42 -6.63
1801.75 -1.42 -6.55
1801.68 -1.24 -6.35
1801.61 -0.57 -6.4
1801.54 0.62 -6.18
1801.46 -0.62 -5.89
1801.39 -0.11 -5.63
1801.32 -0.29 -5.67
1801.25 0.02 -5.75
1801.18 -0.08 -5.84
1801.11 0.46 -5.87
1801.04 -0.34 -6.43
1800.96 -1.28 -6.55
1800.89 -1.39 -6.53
1800.75 -1.22 -6.63
1800.67 -1.32 -6.28

ABOR/MH/Priv-003065



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1965.335 4.97E-06 1835.67 9.36 26.87 -0.15 1673.125 -0.35 -4.75
1965.319 5.45E-06 1835.59 9.32 27.32 -0.14 1672.958 -0.47 -4.64
1965.304 5.57E-06 1835.5 9.3 27.59 -0.13 1672.791 -0.57 -4.25
1965.288 5.12E-06 1835.42 9.29 27.67 -0.13 1672.625 -1.23 -3.86
1965.273 5.05E-06 1835.34 9.3 27.53 -0.12 1672.458 -1.32 -4.19
1965.258 4.75E-06 1835.25 9.31 27.43 -0.11 1672.291 -0.51 -4.46
1965.242 4.72E-06 1835.17 9.31 27.43 -0.11 1672.125 -0.26 -4.74
1965.227 4.63E-06 1835.09 9.4 26.31 -0.1 1671.958 -0.47 -4.75
1965.212 4.31E-06 1835 9.39 26.5 -0.1 1671.791 -0.62 -4.35
1965.196 4.28E-06 1834.92 9.45 25.77 -0.1 1671.625 -0.8 -3.92
1965.181 4.17E-06 1834.84 9.47 25.44 -0.1 1671.458 -1.4 -4.06
1965.165 4.5E-06 1834.75 9.49 25.3 -0.1 1671.291 -0.75 -4.65

1965.15 4.13E-06 1834.67 9.53 24.75 -0.1 1671.125 -0.24 -5
1965.135 4.05E-06 1834.59 9.54 24.63 -0.11 1670.958 -0.69 -4.95
1965.119 4.11E-06 1834.5 9.47 25.5 -0.11 1670.791 -0.55 -4.58
1965.104 4.01E-06 1834.42 9.39 26.42 -0.11 1670.625 -0.68 -4.01
1965.088 4.45E-06 1834.34 9.3 27.5 -0.12 1670.458 -0.99 -4.45
1965.073 4.37E-06 1834.25 9.33 27.22 -0.13 1670.291 -0.88 -4.92
1965.058 4.31E-06 1834.17 9.3 27.56 -0.13 1670.125 -0.84 -5.08
1965.042 4.63E-06 1834.09 9.3 27.51 -0.14 1669.958 -0.73 -4.79
1965.027 4.71E-06 1834 9.34 27.02 -0.15 1669.791 -0.81 -4.38
1965.012 4.3E-06 1833.92 9.44 25.84 -0.16 1669.625 -1 -3.92
1964.996 3.88E-06 1833.84 9.46 25.64 -0.16 1669.458 -1.53 -4.25
1964.981 3.91E-06 1833.75 9.48 25.34 -0.17 1669.291 -1.34 -4.56
1964.965 3.87E-06 1833.67 9.57 24.27 -0.18 1669.125 -0.87 -4.65

1964.95 0.000004 1833.59 9.6 23.89 -0.19 1668.958 -0.41 -4.51
1964.935 4.3E-06 1833.5 9.53 24.74 -0.2 1668.791 -0.29 -4.26
1964.919 4.22E-06 1833.42 9.44 25.85 -0.2 1668.625 -0.95 -3.98
1964.904 4.14E-06 1833.34 9.43 26 -0.21 1668.458 -1.08 -4.4
1964.888 4.21E-06 1833.25 9.4 26.29 -0.21 1668.291 -0.6 -4.76
1964.873 4.09E-06 1833.17 9.38 26.58 -0.22 1668.125 -0.2 -4.84
1964.858 4.34E-06 1833.09 9.45 25.68 -0.22 1667.958 -0.06 -4.62
1964.842 4.09E-06 1833 9.54 24.68 -0.22 1667.791 -0.2 -4.22
1964.827 4.13E-06 1832.92 9.61 23.83 -0.22 1667.625 -0.77 -3.88
1964.812 3.95E-06 1832.84 9.68 22.97 -0.22 1667.458 -1.21 -3.98
1964.796 4.08E-06 1832.75 9.71 22.57 -0.22 1667.291 -0.74 -4.37
1964.781 4.05E-06 1832.67 9.67 23.01 -0.21 1667.125 -0.21 -4.49
1964.765 4.04E-06 1832.59 9.62 23.68 -0.21 1666.958 -0.06 -4.31

1964.75 3.9E-06 1832.5 9.57 24.23 -0.2 1666.791 -0.47 -4.02
1964.735 3.9E-06 1832.42 9.48 25.35 -0.19 1666.625 -1.44 -3.81
1964.719 3.94E-06 1832.34 9.38 26.62 -0.18 1666.458 -1.61 -4.31
1964.704 3.99E-06 1832.25 9.36 26.84 -0.17 1666.291 -1.1 -4.69
1964.688 3.97E-06 1832.17 9.35 26.95 -0.16 1666.125 -0.51 -4.81
1964.673 3.92E-06 1832.09 9.38 26.61 -0.15 1665.958 -0.2 -4.57
1964.658 4.21E-06 1832 9.43 25.93 -0.13 1665.791 -0.16 -4.09

ABOR/MH/Priv-003066



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1800.6 -1.28 -6.24
1800.52 -0.56 -6.32
1800.44 -0.49 -5.93
1800.37 -0.62 -5.41
1800.29 0.05 -5.32
1800.21 -0.12 -5.41
1800.13 -0.61 -5.85
1800.06 -0.93 -6.16
1799.98 -1.39 -6.34

1799.9 -1.31 -6.48
1799.75 -1.58 -6.5
1799.63 -1.35 -6.41

1799.5 -0.04 -6.2
1799.38 -0.09 -5.81
1799.25 -0.22 -5.55

1799 -0.16 -5.55

1798 0.32 -5.82
1797.94 0.56 -5.78
1797.88 0.76 -6
1797.75 0.29 -6.15
1797.63 0.52 -5.9

1797.5 0.94 -5.87
1797.38 0.88 -5.65
1797.25 1.61 -5.2
1797.13 1.89 -5.19

1797 1.56 -5.74
1796.75 0.98 -6.06
1796.66 0.51 -5.75
1796.57 0.36 -5.83
1796.48 0.77 -5.71
1796.39 1.07 -5.56

1796.3 0.84 -5.54
1796.2 0.9 -5.21

1796.11 1.45 -5.15
1796.02 1.7 -5.31
1795.93 1.3 -5.38
1795.75 0.86 -5.7

ABOR/MH/Priv-003067



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1964.642 4.31E-06 1831.92 9.46 25.57 -0.12 1665.625 -1.07 -3.9
1964.627 4.12E-06 1831.84 9.52 24.84 -0.1 1665.458 -0.89 -4.37
1964.612 3.99E-06 1831.75 9.55 24.52 -0.08 1665.291 -0.46 -4.75
1964.596 4.05E-06 1831.67 9.53 24.75 -0.07 1665.125 -0.21 -4.85
1964.581 3.96E-06 1831.59 9.49 25.2 -0.05 1664.958 -0.13 -4.67
1964.565 3.89E-06 1831.5 9.44 25.88 -0.03 1664.791 -0.2 -4.32

1964.55 4.02E-06 1831.42 9.4 26.35 -0.01 1664.625 -0.77 -4
1964.534 0.000004 1831.34 9.36 26.86 0 1664.458 -1.04 -4.26
1964.517 3.99E-06 1831.25 9.34 27.09 0.02 1664.291 -2.54 -4.11
1964.501 4.02E-06 1831.17 9.32 27.31 0.04 1664.125 -0.25 -4.95
1964.484 4.03E-06 1831.09 9.36 26.83 0.06 1663.958 -1.25 -4.72
1964.468 4.15E-06 1831 9.37 26.74 0.08 1663.791 -0.64 -4.45
1964.452 4.19E-06 1830.92 9.45 25.79 0.1 1663.625 -1.19 -3.93
1964.435 4.24E-06 1830.84 9.5 25.07 0.12 1663.458 -1.36 -4.11
1964.419 4.3E-06 1830.75 9.54 24.69 0.13 1663.291 -0.86 -4.59
1964.402 4.31E-06 1830.67 9.5 25.13 0.15 1663.125 -0.76 -4.83
1964.386 4.24E-06 1830.59 9.45 25.69 0.17 1662.958 -0.77 -4.7

1964.37 4.11E-06 1830.5 9.4 26.28 0.19 1662.791 -0.56 -4.34
1964.353 4.15E-06 1830.42 9.34 27.1 0.2 1662.625 -0.96 -3.89
1964.337 4.11E-06 1830.34 9.31 27.41 0.22 1662.458 -0.95 -4.47

1964.32 4.06E-06 1830.25 9.3 27.53 0.23 1662.291 -0.72 -4.89
1964.304 0.000004 1830.17 9.3 27.55 0.25 1662.125 -0.49 -4.98
1964.288 4.16E-06 1830.09 9.36 26.88 0.26 1661.958 -0.3 -4.69
1964.271 4.5E-06 1830 9.38 26.59 0.28 1661.791 -0.32 -4.13
1964.255 4.48E-06 1829.92 9.48 25.37 0.29 1661.625 -1.04 -3.67
1964.239 4.21E-06 1829.84 9.52 24.92 0.3 1661.458 -1.46 -4.3
1964.222 4.08E-06 1829.75 9.56 24.42 0.31 1661.291 -0.93 -4.86
1964.206 3.95E-06 1829.67 9.54 24.64 0.33 1661.125 -0.54 -5.01
1964.189 3.88E-06 1829.59 9.52 24.86 0.34 1660.958 -0.45 -4.71
1964.173 3.97E-06 1829.5 9.52 24.88 0.35 1660.791 -0.47 -4.21
1964.157 3.79E-06 1829.42 9.44 25.85 0.36 1660.625 -0.62 -3.86

1964.14 3.76E-06 1829.34 9.36 26.87 0.37 1660.458 -1.3 -4.18
1964.124 3.88E-06 1829.25 9.31 27.41 0.38 1660.291 -0.87 -4.96
1964.107 3.81E-06 1829.17 9.24 28.28 0.38 1660.125 -0.75 -5.04
1964.091 3.96E-06 1829.09 9.28 27.83 0.39 1659.958 -0.44 -4.93
1964.075 4.08E-06 1829 9.3 27.61 0.4 1659.791 -0.39 -4.38
1964.058 3.99E-06 1828.92 9.29 27.72 0.4 1659.625 -0.99 -3.99
1964.042 4.08E-06 1828.84 9.35 26.93 0.4
1964.025 4.02E-06 1828.75 9.43 26.02 0.41
1964.009 3.94E-06 1828.67 9.49 25.19 0.41
1963.993 4.17E-06 1828.59 9.54 24.65 0.41
1963.976 4.13E-06 1828.5 9.51 24.99 0.41

1963.96 4.01E-06 1828.42 9.48 25.38 0.41
1963.943 4.17E-06 1828.34 9.43 26.03 0.4
1963.927 4.11E-06 1828.25 9.34 27.11 0.4

ABOR/MH/Priv-003068



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1795.64 0.97 -5.6
1795.53 0.92 -5.32
1795.42 0.7 -5.15
1795.31 0.72 -5.15
1795.19 1.5 -5.17
1795.08 1.55 -5.67
1794.97 0.78 -5.64
1794.75 0.3 -5.63
1794.65 1.04 -5.51
1794.55 0.41 -5.29
1794.45 0.16 -5.22
1794.35 0.14 -5.28
1794.25 0.57 -5.4
1794.15 0.79 -5.52
1794.05 0.4 -5.82
1793.95 -0.15 -5.92
1793.75 -0.6 -6.08
1793.64 0.28 -5.95
1793.53 0.17 -5.57
1793.42 0.25 -5.5
1793.31 0.52 -5.41
1793.19 0.58 -5.5
1793.08 0.72 -5.54
1792.97 0.44 -5.77
1792.75 -0.01 -6.01
1792.63 0.33 -5.94

1792.5 0.32 -5.85
1792.38 0.12 -5.78
1792.25 0.19 -5.28
1792.13 0.59 -5.56

1792 0.88 -5.66
1791.75 0.36 -6.2
1791.64 0.26 -6.09
1791.53 0.68 -5.78
1791.42 0.73 -5.74
1791.31 0.84 -5.5
1791.19 1.05 -5.22
1791.08 1.24 -5.32
1790.97 0.99 -5.71
1790.75 0.09 -6.09
1790.64 0.3 -5.88
1790.53 -0.09 -5.43
1790.42 0.08 -5.27
1790.31 0.35 -5.22
1790.19 0.55 -5.14

ABOR/MH/Priv-003069



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1963.911 4.09E-06 1828.17 9.29 27.68 0.4
1963.894 4.02E-06 1828.09 9.24 28.25 0.39
1963.878 4.08E-06 1828 9.3 27.51 0.38
1963.861 4.03E-06 1827.92 9.33 27.13 0.38
1963.845 4.08E-06 1827.84 9.36 26.85 0.37
1963.829 4.07E-06 1827.75 9.48 25.41 0.36
1963.812 4.03E-06 1827.67 9.49 25.19 0.35
1963.796 4.04E-06 1827.59 9.49 25.23 0.34

1963.78 4.12E-06 1827.5 9.52 24.86 0.33
1963.763 4.22E-06 1827.42 9.49 25.28 0.32
1963.747 4.09E-06 1827.34 9.41 26.26 0.31

1963.73 3.99E-06 1827.25 9.35 26.97 0.29
1963.714 4.25E-06 1827.17 9.31 27.43 0.28
1963.698 4.28E-06 1827.09 9.34 27.05 0.27
1963.681 4.27E-06 1827 9.39 26.46 0.25
1963.665 4.37E-06 1826.92 9.41 26.2 0.24
1963.648 4.3E-06 1826.84 9.46 25.66 0.22
1963.632 4.62E-06 1826.75 9.47 25.47 0.21
1963.616 4.66E-06 1826.67 9.54 24.69 0.19
1963.599 4.59E-06 1826.59 9.54 24.63 0.17
1963.583 4.73E-06 1826.5 9.53 24.76 0.16
1963.566 4.68E-06 1826.42 9.4 26.28 0.14

1963.55 4.83E-06 1826.34 9.35 26.99 0.12
1963.535 4.77E-06 1826.25 9.31 27.43 0.11

1963.52 4.52E-06 1826.17 9.27 27.92 0.09
1963.505 4.7E-06 1826.09 9.33 27.13 0.07
1963.489 4.67E-06 1826 9.41 26.23 0.05
1963.474 4.76E-06 1825.92 9.42 26.06 0.04
1963.459 4.74E-06 1825.84 9.49 25.23 0.02
1963.444 4.92E-06 1825.75 9.56 24.39 0
1963.429 4.91E-06 1825.67 9.57 24.32 -0.02
1963.414 5.13E-06 1825.59 9.55 24.56 -0.04
1963.398 5.2E-06 1825.5 9.53 24.78 -0.06
1963.383 5.37E-06 1825.42 9.48 25.31 -0.07
1963.368 5.43E-06 1825.34 9.42 26.14 -0.09
1963.353 5.4E-06 1825.25 9.34 27.11 -0.11
1963.338 5.61E-06 1825.17 9.29 27.68 -0.13
1963.323 5.82E-06 1825.09 9.3 27.58 -0.14
1963.308 5.99E-06 1825 9.33 27.23 -0.16
1963.292 6.05E-06 1824.92 9.35 27.01 -0.18
1963.277 5.64E-06 1824.84 9.35 26.91 -0.19
1963.262 5.55E-06 1824.75 9.37 26.74 -0.21
1963.247 5.54E-06 1824.67 9.4 26.34 -0.23
1963.232 5.5E-06 1824.59 9.43 26.04 -0.24
1963.217 5.72E-06 1824.5 9.52 24.84 -0.26

ABOR/MH/Priv-003070



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1790.08 0.56 -5.4
1789.97 0.51 -5.64
1789.75 0.4 -5.85
1789.64 0.31 -5.83
1789.53 0.21 -5.63
1789.42 0.4 -5.37
1789.31 0.2 -5.3
1789.19 0.26 -5.16
1789.08 0.2 -5.37
1788.97 -0.27 -5.67
1788.75 0.06 -5.71
1788.66 -0.19 -5.61
1788.57 0.34 -5.37
1788.48 -0.21 -5.37
1788.39 0.21 -5.4

1788.3 0.53 -5.3
1788.2 -0.01 -5.21

1788.11 0.03 -5.2
1788.02 -0.33 -5.41
1787.93 -0.12 -5.81
1787.75 -0.34 -6.02
1787.64 0.16 -5.99
1787.53 0.07 -5.59
1787.42 0.58 -5.22
1787.31 0.12 -5.16
1787.19 0.21 -5.18
1787.08 -0.38 -5.81
1786.97 -0.71 -6.09
1786.75 -0.69 -6.24
1786.65 0.1 -6.21
1786.55 0.57 -5.99
1786.45 0.15 -5.95
1786.35 0.63 -5.41
1786.25 0.65 -5.42
1786.15 0.71 -5.58
1786.05 0.54 -5.96
1785.95 0.1 -6.19
1785.75 -0.16 -6.15
1785.64 -0.25 -6.15
1785.53 -0.06 -5.63
1785.42 0.24 -5.31
1785.31 0.17 -5.36
1785.19 -0.47 -5.82
1785.08 -0.41 -6.16
1784.97 -0.35 -6.22

ABOR/MH/Priv-003071



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1963.202 5.79E-06 1824.42 9.62 23.73 -0.27
1963.186 6.16E-06 1824.34 9.63 23.55 -0.28
1963.171 6.35E-06 1824.25 9.53 24.8 -0.29
1963.156 0.000006 1824.17 9.31 27.43 -0.3
1963.141 5.52E-06 1824.09 9.4 26.31 -0.31
1963.126 5.17E-06 1824 9.45 25.75 -0.31
1963.111 5.16E-06 1823.92 9.52 24.88 -0.32
1963.095 5.1E-06 1823.84 9.61 23.8 -0.32

1963.08 4.72E-06 1823.75 9.67 23.11 -0.32
1963.065 4.16E-06 1823.67 9.72 22.51 -0.32

1963.05 3.98E-06 1823.59 9.74 22.24 -0.31
1963.035 3.82E-06 1823.5 9.69 22.84 -0.3

1963.02 3.76E-06 1823.42 9.66 23.21 -0.29
1963.005 3.92E-06 1823.34 9.64 23.46 -0.28
1962.989 3.87E-06 1823.25 9.54 24.64 -0.27
1962.974 0.000004 1823.17 9.29 27.68 -0.25
1962.959 3.88E-06 1823.09 9.33 27.21 -0.24
1962.944 3.98E-06 1823 9.32 27.37 -0.22
1962.929 3.95E-06 1822.92 9.32 27.29 -0.2
1962.914 3.94E-06 1822.84 9.37 26.72 -0.18
1962.898 3.91E-06 1822.75 9.4 26.39 -0.16
1962.883 3.95E-06 1822.67 9.52 24.88 -0.13
1962.868 3.9E-06 1822.59 9.53 24.74 -0.11
1962.853 3.99E-06 1822.5 9.54 24.67 -0.08
1962.838 0.000004 1822.42 9.5 25.13 -0.06
1962.823 3.97E-06 1822.34 9.44 25.91 -0.03
1962.808 3.9E-06 1822.25 9.37 26.69 -0.01
1962.792 3.79E-06 1822.17 9.27 27.92 0.02
1962.777 3.64E-06 1822.09 9.33 27.15 0.05
1962.762 3.77E-06 1822 9.36 26.83 0.07
1962.747 3.93E-06 1821.92 9.41 26.25 0.1
1962.732 3.96E-06 1821.84 9.46 25.6 0.13
1962.717 4.03E-06 1821.75 9.48 25.37 0.16
1962.702 3.88E-06 1821.67 9.59 24.03 0.19
1962.686 3.9E-06 1821.59 9.6 23.89 0.22
1962.671 4.01E-06 1821.5 9.59 24.08 0.24
1962.656 3.91E-06 1821.42 9.48 25.42 0.27
1962.641 4.04E-06 1821.34 9.34 27.1 0.3
1962.626 4.04E-06 1821.25 9.28 27.8 0.33
1962.611 4.07E-06 1821.17 9.26 28.04 0.36
1962.595 4.13E-06 1821.09 9.28 27.82 0.38

1962.58 4.13E-06 1821 9.32 27.33 0.41
1962.565 4.1E-06 1820.92 9.3 27.6 0.43

1962.55 4.27E-06 1820.84 9.37 26.65 0.46
1962.534 4.22E-06 1820.75 9.43 25.98 0.48

ABOR/MH/Priv-003072



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1784.75 -0.53 -6.35
1784.63 -0.45 -6.15

1784.5 -0.1 -5.95
1784.38 0.14 -5.63
1784.25 0.21 -5.53
1784.13 0.06 -5.63

1784 -0.18 -5.72
1783.75 -0.18 -6.25
1783.66 -0.84 -6.21
1783.57 -0.45 -6.1
1783.48 -0.1 -6.06
1783.39 0.13 -5.89

1783.3 0.32 -5.56
1783.2 0.32 -5.37

1783.11 0.23 -5.63
1783.02 -0.06 -6.03
1782.93 -0.13 -6.16
1782.75 -0.39 -6.15
1782.63 -0.31 -6.19

1782.5 -0.08 -5.69
1782.38 -0.12 -5.51
1782.25 0.12 -5.42
1782.13 -0.3 -5.71

1782 -0.27 -6.2
1781.75 -0.49 -6.28
1781.63 -0.18 -6.12

1781.5 0.05 -5.76
1781.38 0.13 -5.39
1781.25 0.15 -5.31
1781.13 -0.24 -5.64

1781 -0.49 -5.67
1780.75 -0.4 -6.14
1780.66 -0.18 -6.07
1780.57 -0.22 -6.08
1780.48 0.36 -5.94
1780.39 0.2 -5.65

1780.3 0.22 -5.45
1780.2 0.23 -5.43

1780.11 0.01 -5.45
1780.02 -0.12 -5.96
1779.93 -0.21 -6.18
1779.75 -0.64 -6.21
1779.65 -0.5 -6.18
1779.55 -0.42 -6.06
1779.45 -0.35 -5.74

ABOR/MH/Priv-003073



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1962.518 4.28E-06 1820.67 9.43 25.93 0.5
1962.502 4.47E-06 1820.59 9.47 25.46 0.53
1962.485 4.46E-06 1820.5 9.51 24.97 0.55
1962.469 4.46E-06 1820.42 9.49 25.23 0.57
1962.453 4.28E-06 1820.34 9.38 26.55 0.59
1962.437 4.33E-06 1820.25 9.34 27.09 0.6
1962.421 4.24E-06 1820.17 9.32 27.31 0.62
1962.405 4.37E-06 1820.09 9.33 27.2 0.64
1962.389 4.28E-06 1820 9.34 27.1 0.65
1962.373 4.3E-06 1819.92 9.39 26.42 0.66
1962.356 4.62E-06 1819.84 9.44 25.81 0.68

1962.34 4.63E-06 1819.75 9.43 25.93 0.69
1962.324 4.63E-06 1819.67 9.43 25.95 0.69
1962.308 4.55E-06 1819.59 9.46 25.66 0.7
1962.292 4.58E-06 1819.5 9.44 25.91 0.71
1962.276 4.63E-06 1819.42 9.39 26.42 0.71

1962.26 4.81E-06 1819.34 9.36 26.87 0.72
1962.244 4.95E-06 1819.25 9.28 27.83 0.72
1962.227 4.71E-06 1819.17 9.25 28.16 0.72
1962.211 4.82E-06 1819.09 9.26 28.05 0.71
1962.195 4.5E-06 1819 9.32 27.34 0.71
1962.179 4.34E-06 1818.92 9.27 27.92 0.7
1962.163 4.31E-06 1818.84 9.21 28.71 0.69
1962.147 4.34E-06 1818.75 9.25 28.19 0.68
1962.131 4.33E-06 1818.67 9.36 26.83 0.67
1962.115 4.18E-06 1818.59 9.37 26.71 0.65
1962.098 4.09E-06 1818.5 9.44 25.89 0.64
1962.082 4.1E-06 1818.42 9.39 26.46 0.62
1962.066 4.18E-06 1818.34 9.37 26.69 0.6

1962.05 4.05E-06 1818.25 9.28 27.75 0.58
1962.034 0.000004 1818.17 9.28 27.8 0.55
1962.018 4.2E-06 1818.09 9.32 27.34 0.53
1962.002 4.63E-06 1818 9.34 27.08 0.5
1961.985 4.91E-06 1817.92 9.36 26.81 0.48
1961.969 4.58E-06 1817.84 9.41 26.26 0.45
1961.953 4.7E-06 1817.75 9.46 25.63 0.43
1961.937 4.21E-06 1817.67 9.48 25.31 0.4
1961.921 4.04E-06 1817.59 9.49 25.22 0.37
1961.905 3.99E-06 1817.5 9.5 25.13 0.34
1961.889 3.98E-06 1817.42 9.46 25.66 0.31
1961.873 3.97E-06 1817.34 9.39 26.5 0.29
1961.856 3.94E-06 1817.25 9.33 27.22 0.26

1961.84 3.86E-06 1817.17 9.32 27.31 0.23
1961.824 3.89E-06 1817.09 9.34 27.13 0.21
1961.808 3.8E-06 1817 9.4 26.38 0.18

ABOR/MH/Priv-003074



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1779.35 0.1 -5.61
1779.25 0.5 -5.5
1779.15 0.23 -5.54
1779.05 -0.37 -5.65
1778.95 -0.69 -6.21
1778.75 -0.61 -6.41
1778.66 -0.48 -6.17
1778.57 0.26 -5.85
1778.48 0.17 -5.62
1778.39 0.4 -5.39

1778.3 0.11 -5.28
1778.2 -0.12 -5.61

1778.11 0.17 -5.89
1778.02 -0.21 -5.81
1777.93 -0.49 -5.87
1777.75 0.11 -5.97
1777.64 0.13 -5.88
1777.53 -0.05 -5.72
1777.42 0.16 -5.46
1777.31 0.28 -5.5
1777.19 -0.43 -5.75
1777.08 -0.33 -5.92
1776.97 -0.53 -5.94
1776.75 -0.01 -6.06
1776.64 0.03 -5.96
1776.53 -0.06 -5.83
1776.42 -0.02 -5.67
1776.31 -0.21 -5.49
1776.19 -0.44 -5.72
1776.08 -0.68 -6.06
1775.97 -0.96 -6.08
1775.75 -0.76 -6.26
1775.66 -0.76 -6.24
1775.57 -0.2 -6.23
1775.48 0.03 -6.13
1775.39 0.38 -6

1775.3 0.81 -5.75
1775.2 0.73 -5.43

1775.11 0.72 -5.34
1775.02 0.27 -5.63
1774.93 0.05 -6.14
1774.75 -0.07 -6.27
1774.64 -0.39 -6.25
1774.53 0.26 -5.79
1774.42 0.92 -5.66

ABOR/MH/Priv-003075



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1961.792 3.75E-06 1816.92 9.48 25.35 0.15
1961.776 3.85E-06 1816.84 9.57 24.24 0.13

1961.76 3.88E-06 1816.75 9.6 23.9 0.11
1961.744 3.86E-06 1816.67 9.61 23.73 0.09
1961.727 3.78E-06 1816.59 9.61 23.85 0.07
1961.711 3.85E-06 1816.5 9.55 24.49 0.05
1961.695 3.9E-06 1816.42 9.47 25.49 0.03
1961.679 3.92E-06 1816.34 9.4 26.38 0.02
1961.663 4.13E-06 1816.25 9.35 27.01 0
1961.647 4.14E-06 1816.17 9.33 27.19 -0.01
1961.631 3.86E-06 1816.09 9.36 26.79 -0.02
1961.615 3.92E-06 1816 9.43 25.98 -0.03
1961.598 3.99E-06 1815.92 9.49 25.25 -0.03
1961.582 4.05E-06 1815.84 9.56 24.4 -0.04
1961.566 4.19E-06 1815.75 9.63 23.48 -0.04

1961.55 4.34E-06 1815.67 9.61 23.79 -0.04
1961.531 4.23E-06 1815.59 9.53 24.7 -0.04
1961.513 4.33E-06 1815.5 9.49 25.21 -0.04
1961.494 4.11E-06 1815.42 9.46 25.55 -0.04
1961.476 4.06E-06 1815.34 9.43 25.98 -0.03
1961.457 4.01E-06 1815.25 9.39 26.48 -0.03
1961.439 3.96E-06 1815.17 9.38 26.58 -0.02

1961.42 4.09E-06 1815.09 9.41 26.28 -0.01
1961.402 4.02E-06 1815 9.46 25.65 0
1961.383 4.18E-06 1814.92 9.54 24.7 0.01
1961.365 4.45E-06 1814.84 9.58 24.19 0.03
1961.346 4.41E-06 1814.75 9.55 24.56 0.04
1961.328 4.56E-06 1814.67 9.53 24.76 0.06
1961.309 4.76E-06 1814.59 9.49 25.27 0.07
1961.291 4.53E-06 1814.5 9.41 26.26 0.09
1961.272 4.32E-06 1814.42 9.34 27.07 0.11
1961.254 4.16E-06 1814.34 9.31 27.39 0.12
1961.235 4.32E-06 1814.25 9.31 27.43 0.14
1961.217 4.36E-06 1814.17 9.26 28.04 0.16
1961.198 4.27E-06 1814.09 9.3 27.53 0.18

1961.18 4.01E-06 1814 9.39 26.46 0.2
1961.161 4.34E-06 1813.92 9.45 25.73 0.22
1961.143 4.34E-06 1813.84 9.49 25.29 0.23
1961.124 4.23E-06 1813.75 9.53 24.82 0.25
1961.106 4.37E-06 1813.67 9.55 24.52 0.27
1961.087 4.27E-06 1813.59 9.48 25.33 0.29
1961.069 4.25E-06 1813.5 9.48 25.41 0.31

1961.05 4.1E-06 1813.42 9.43 25.98 0.32
1961.031 4.07E-06 1813.34 9.34 27.11 0.34
1961.013 4.07E-06 1813.25 9.25 28.18 0.36

ABOR/MH/Priv-003076



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1774.31 0.93 -5.16
1774.19 0.54 -4.95
1774.08 0.45 -5.36
1773.97 0.24 -5.76
1773.75 0.12 -5.76
1773.64 0.21 -5.74
1773.53 0.26 -5.69
1773.42 0.3 -5.38
1773.31 0.4 -5.12
1773.19 0.27 -5.08
1773.08 0.39 -5.18
1772.97 0.09 -5.58
1772.75 0.17 -6.03
1772.66 -0.24 -5.85
1772.57 0.13 -5.94
1772.48 0.41 -5.54
1772.39 0.54 -5.36

1772.3 0.17 -5.44
1772.2 0.17 -5.59

1772.11 -0.04 -5.78
1772.02 -0.08 -5.46
1771.93 -0.56 -5.71
1771.75 -0.03 -5.87
1771.63 0.32 -5.63

1771.5 0.38 -4.8
1771.38 0.22 -5.24
1771.25 0.23 -5.3
1771.13 0.1 -5.19

1771 -0.13 -5.98
1770.75 -0.25 -6.05
1770.64 -0.27 -5.95
1770.53 -0.11 -5.78
1770.42 -0.33 -5.66
1770.31 0.12 -5.39
1770.19 0.01 -5.56
1770.08 -0.29 -6.04
1769.97 -0.46 -6.01
1769.75 -0.28 -6.14
1769.64 0.08 -5.92
1769.53 0.11 -5.61
1769.42 0.44 -5.46
1769.31 0.57 -5.34
1769.19 0.39 -5.53
1769.08 0.22 -5.82
1768.97 -0.46 -5.61

ABOR/MH/Priv-003077



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1960.994 4.01E-06 1813.17 9.24 28.28 0.37
1960.976 0.000004 1813.09 9.29 27.68 0.39
1960.957 3.83E-06 1813 9.31 27.39 0.4
1960.939 3.87E-06 1812.92 9.39 26.46 0.42

1960.92 3.86E-06 1812.84 9.48 25.41 0.43
1960.902 0.000004 1812.75 9.51 24.98 0.44
1960.883 3.97E-06 1812.67 9.52 24.88 0.45
1960.865 4.19E-06 1812.59 9.49 25.19 0.46
1960.846 3.95E-06 1812.5 9.44 25.81 0.47
1960.828 3.92E-06 1812.42 9.35 26.89 0.48
1960.809 3.95E-06 1812.34 9.3 27.55 0.49
1960.791 4.04E-06 1812.25 9.31 27.45 0.49
1960.772 3.96E-06 1812.17 9.25 28.16 0.5
1960.754 3.9E-06 1812.09 9.26 28.05 0.5
1960.735 3.8E-06 1812 9.3 27.58 0.51
1960.717 3.76E-06 1811.92 9.37 26.7 0.51
1960.698 3.82E-06 1811.84 9.4 26.37 0.51

1960.68 3.75E-06 1811.75 9.46 25.64 0.51
1960.661 3.97E-06 1811.67 9.53 24.76 0.51
1960.643 3.85E-06 1811.59 9.49 25.21 0.51
1960.624 3.97E-06 1811.5 9.47 25.48 0.51
1960.606 3.88E-06 1811.42 9.38 26.58 0.51
1960.587 3.89E-06 1811.34 9.33 27.15 0.5
1960.569 3.96E-06 1811.25 9.3 27.54 0.5

1960.55 4.18E-06 1811.17 9.3 27.55 0.49
1960.534 4.3E-06 1811.09 9.33 27.24 0.49
1960.517 4.19E-06 1811 9.36 26.88 0.48
1960.501 4.41E-06 1810.92 9.39 26.46 0.47
1960.484 4.25E-06 1810.84 9.41 26.23 0.47
1960.468 4.3E-06 1810.75 9.44 25.87 0.46
1960.452 4.46E-06 1810.67 9.48 25.37 0.45
1960.435 4.35E-06 1810.59 9.47 25.45 0.44
1960.419 4.34E-06 1810.5 9.46 25.56 0.43
1960.402 4.53E-06 1810.42 9.45 25.73 0.42
1960.386 4.71E-06 1810.34 9.4 26.36 0.41

1960.37 4.75E-06 1810.25 9.35 26.96 0.4
1960.353 4.95E-06 1810.17 9.3 27.55 0.39
1960.337 4.83E-06 1810.09 9.32 27.33 0.38

1960.32 4.59E-06 1810 9.32 27.31 0.37
1960.304 4.55E-06 1809.92 9.36 26.83 0.36
1960.288 4.54E-06 1809.84 9.39 26.44 0.35
1960.271 4.49E-06 1809.75 9.45 25.71 0.34
1960.255 4.62E-06 1809.67 9.53 24.8 0.33
1960.239 5.1E-06 1809.59 9.55 24.58 0.32
1960.222 5.2E-06 1809.5 9.51 25.03 0.31

ABOR/MH/Priv-003078



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1768.75 -0.53 -6.06
1768.64 -0.37 -5.85
1768.53 -0.1 -5.82
1768.42 -0.1 -5.79
1768.31 0.48 -5.06
1768.19 0.72 -5.21
1768.08 0.19 -5.48
1767.97 -0.05 -5.9
1767.75 0.63 -6.05
1767.65 -0.23 -5.8
1767.55 0.08 -5.99
1767.45 0.32 -5.64
1767.35 -0.12 -5.45
1767.25 0.61 -5.11
1767.15 0.86 -5.23
1767.05 0.56 -5.63
1766.95 0.57 -5.91
1766.75 0.06 -6.12
1766.65 0.03 -6.08
1766.55 -0.1 -6.17
1766.45 0.18 -5.85
1766.35 0.09 -5.75
1766.25 -0.04 -5.27
1766.15 0.08 -5.23
1766.05 -0.3 -5.51
1765.95 -0.63 -5.85
1765.75 -0.96 -6.15
1765.66 -0.96 -6.1
1765.57 -0.23 -5.84
1765.48 -0.53 -5.98
1765.39 -0.09 -5.71

1765.3 -0.05 -5.66
1765.2 0.12 -5.85

1765.11 0 -5.96
1765.02 -0.33 -5.86
1764.93 0.11 -5.91
1764.75 -0.01 -6.02
1764.63 0.57 -5.64

1764.5 0.69 -5.44
1764.38 1.06 -5.47
1764.25 0.31 -6
1764.13 -0.28 -5.98

1764 -0.27 -5.98
1763.75 -0.23 -5.95
1763.61 0.24 -5.67

ABOR/MH/Priv-003079



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1960.206 5.77E-06 1809.42 9.47 25.48 0.3
1960.189 5.6E-06 1809.34 9.43 26.02 0.3
1960.173 5.71E-06 1809.25 9.34 27.01 0.29
1960.157 5.81E-06 1809.17 9.28 27.8 0.28

1960.14 5.56E-06 1809.09 9.31 27.39 0.27
1960.124 5.16E-06 1809 9.39 26.42 0.27
1960.107 5.08E-06 1808.92 9.49 25.31 0.26
1960.091 4.94E-06 1808.84 9.53 24.76 0.26
1960.075 4.96E-06 1808.75 9.53 24.82 0.26
1960.058 4.85E-06 1808.67 9.6 23.91 0.25
1960.042 5.2E-06 1808.59 9.55 24.52 0.25
1960.025 5.32E-06 1808.5 9.53 24.72 0.25
1960.009 5.21E-06 1808.42 9.5 25.13 0.25
1959.993 4.84E-06 1808.34 9.44 25.85 0.25
1959.976 4.71E-06 1808.25 9.37 26.68 0.25

1959.96 4.42E-06 1808.17 9.33 27.19 0.25
1959.943 4.16E-06 1808.09 9.34 27.08 0.26
1959.927 4.05E-06 1808 9.34 27.07 0.26
1959.911 0.000004 1807.92 9.35 26.95 0.26
1959.894 3.92E-06 1807.84 9.41 26.16 0.27
1959.878 4.18E-06 1807.75 9.48 25.4 0.27
1959.861 4.11E-06 1807.67 9.5 25.12 0.28
1959.845 4.16E-06 1807.59 9.56 24.34 0.28
1959.829 4.07E-06 1807.5 9.51 24.97 0.29
1959.812 4.17E-06 1807.42 9.45 25.73 0.29
1959.796 4.21E-06 1807.34 9.36 26.86 0.3

1959.78 4.21E-06 1807.25 9.3 27.53 0.3
1959.763 3.88E-06 1807.17 9.29 27.68 0.3
1959.747 3.76E-06 1807.09 9.3 27.56 0.31

1959.73 3.9E-06 1807 9.32 27.32 0.31
1959.714 3.84E-06 1806.92 9.4 26.34 0.32
1959.698 0.000004 1806.84 9.47 25.44 0.32
1959.681 4.05E-06 1806.75 9.54 24.67 0.32
1959.665 4.01E-06 1806.67 9.55 24.52 0.33
1959.648 4.21E-06 1806.59 9.47 25.53 0.33
1959.632 4.39E-06 1806.5 9.44 25.84 0.33
1959.616 4.22E-06 1806.42 9.38 26.58 0.34
1959.599 4.32E-06 1806.34 9.32 27.37 0.34
1959.583 4.22E-06 1806.25 9.28 27.78 0.34
1959.566 4.32E-06 1806.17 9.28 27.8 0.34

1959.55 4.48E-06 1806.09 9.28 27.8 0.34
1959.536 4.49E-06 1806 9.31 27.43 0.34
1959.523 4.73E-06 1805.92 9.37 26.74 0.33
1959.509 5.12E-06 1805.84 9.44 25.89 0.33
1959.495 5.1E-06 1805.75 9.5 25.17 0.33

ABOR/MH/Priv-003080



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1763.46 0.61 -5.37
1763.32 0.97 -5.08
1763.18 1.31 -5.43
1763.04 0.34 -6.01
1762.75 0.11 -5.98
1762.63 -0.21 -5.95

1762.5 0.22 -5.88
1762.38 1.46 -5.58
1762.25 1.65 -5.16
1762.13 1.55 -5.49

1762 0.04 -5.87
1761.75 -0.36 -6.01
1761.63 -0.05 -5.88

1761.5 0.41 -5.69
1761.38 0.87 -5.07
1761.25 0.89 -4.97
1761.13 0.46 -5.46

1761 0.41 -5.84
1760.75 -0.04 -6.14
1760.64 0.1 -6.01
1760.53 0.33 -5.73
1760.42 0.63 -5.43
1760.31 0.15 -5.35
1760.19 0.22 -5.55
1760.08 0.11 -5.71
1759.97 -0.02 -5.74
1759.75 0.06 -5.88
1759.63 -0.02 -5.84

1759.5 0.45 -5.79
1759.38 0.78 -5.54
1759.25 0.79 -5.3
1759.13 0.83 -5.51

1759 0.33 -5.79
1758.75 -0.15 -5.88
1758.63 0.49 -5.87

1758.5 0.92 -5.6
1758.38 0.55 -5.28
1758.25 0.29 -5.44
1758.13 0.18 -5.92

1758 0 -5.95
1757.75 0.42 -5.99
1757.63 0.8 -5.89

1757.5 0.67 -5.59
1757.38 0.7 -5.54
1757.25 0.39 -5.66

ABOR/MH/Priv-003081



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1959.482 4.99E-06 1805.67 9.55 24.56 0.32
1959.468 4.89E-06 1805.59 9.57 24.29 0.32
1959.454 4.65E-06 1805.5 9.53 24.73 0.32

1959.44 4.97E-06 1805.42 9.47 25.46 0.31
1959.427 5.2E-06 1805.34 9.4 26.36 0.31
1959.413 5.69E-06 1805.25 9.33 27.24 0.3
1959.399 5.6E-06 1805.17 9.27 27.92 0.29
1959.386 5.65E-06 1805.09 9.27 27.89 0.29
1959.372 5.46E-06 1805 9.33 27.19 0.28
1959.358 5.41E-06 1804.92 9.34 27.1 0.27
1959.345 5.69E-06 1804.84 9.36 26.79 0.26
1959.331 5.55E-06 1804.75 9.39 26.47 0.25
1959.317 5.68E-06 1804.67 9.46 25.67 0.24
1959.303 6.28E-06 1804.59 9.5 25.18 0.23

1959.29 6.91E-06 1804.5 9.44 25.9 0.22
1959.276 7.13E-06 1804.42 9.35 26.9 0.21
1959.262 6.61E-06 1804.34 9.32 27.36 0.2
1959.249 6.17E-06 1804.25 9.33 27.23 0.18
1959.235 6.27E-06 1804.17 9.3 27.55 0.17
1959.221 5.44E-06 1804.09 9.32 27.33 0.16
1959.208 5.48E-06 1804 9.39 26.5 0.15
1959.194 5.03E-06 1803.92 9.5 25.12 0.14

1959.18 4.63E-06 1803.84 9.55 24.56 0.13
1959.166 4.2E-06 1803.75 9.55 24.52 0.12
1959.153 4.38E-06 1803.67 9.56 24.4 0.11
1959.139 4.47E-06 1803.59 9.62 23.72 0.11
1959.125 4.19E-06 1803.5 9.55 24.48 0.1
1959.112 4.33E-06 1803.42 9.44 25.85 0.09
1959.098 4.48E-06 1803.34 9.46 25.63 0.09
1959.084 4.29E-06 1803.25 9.46 25.61 0.09
1959.071 4.26E-06 1803.17 9.43 25.98 0.08
1959.057 4.71E-06 1803.09 9.45 25.74 0.08
1959.043 4.44E-06 1803 9.5 25.09 0.08
1959.029 4.66E-06 1802.92 9.6 23.91 0.09
1959.016 4.63E-06 1802.84 9.61 23.83 0.09
1959.002 4.71E-06 1802.75 9.59 23.97 0.09
1958.988 4.61E-06 1802.67 9.56 24.4 0.1
1958.975 4.57E-06 1802.59 9.52 24.94 0.1
1958.961 4.51E-06 1802.5 9.45 25.73 0.11
1958.947 4.53E-06 1802.42 9.36 26.83 0.11
1958.934 4.47E-06 1802.34 9.33 27.14 0.12

1958.92 4.55E-06 1802.25 9.31 27.46 0.13
1958.906 4.49E-06 1802.17 9.28 27.8 0.14
1958.892 4.43E-06 1802.09 9.31 27.48 0.14
1958.879 4.3E-06 1802 9.31 27.41 0.15

ABOR/MH/Priv-003082



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1757.13 0.35 -5.59
1757 0.28 -5.94

1756.75 -0.07 -5.94
1756.63 0.31 -5.81

1756.5 0.71 -5.47
1756.38 0.58 -5.12
1756.25 0.56 -5.15
1756.13 0.39 -5.41

1756 0.14 -6.15
1755.75 -0.45 -6.3
1755.65 -0.17 -6.08
1755.55 1.12 -5.75
1755.45 1.12 -5.43
1755.35 0.5 -5.18
1755.25 0.64 -5.43
1755.15 -0.18 -5.88
1755.05 -0.19 -6.2
1754.95 -0.12 -6.15
1754.75 -0.38 -6.18
1754.64 -0.16 -5.95
1754.53 0.31 -5.46
1754.42 0.42 -5.33
1754.31 0.68 -5.42
1754.19 0.43 -5.55
1754.08 0.32 -5.72
1753.97 0.28 -5.67
1753.75 0.51 -5.85
1753.64 0.44 -5.79
1753.53 0.45 -5.38
1753.42 0.7 -5.16
1753.31 0.47 -5.09
1753.19 0.41 -5.44
1753.08 -0.26 -5.84
1752.97 -0.7 -5.86
1752.75 0.14 -5.96
1752.63 0.14 -5.84

1752.5 0.41 -5.29
1752.38 0.25 -5.12
1752.25 -0.05 -5.49
1752.13 0.54 -5.64

1752 0.27 -5.86
1751.75 -0.32 -5.98
1751.63 0.17 -5.58

1751.5 0.17 -5.48
1751.38 0.53 -5.02

ABOR/MH/Priv-003083



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1958.865 4.29E-06 1801.92 9.38 26.55 0.16
1958.851 4.24E-06 1801.84 9.45 25.68 0.16
1958.838 4.29E-06 1801.75 9.48 25.34 0.17
1958.824 4.43E-06 1801.67 9.49 25.19 0.17

1958.81 5.01E-06 1801.59 9.5 25.13 0.18
1958.797 0.000005 1801.5 9.4 26.28 0.18
1958.783 4.81E-06 1801.42 9.37 26.64 0.19
1958.769 4.86E-06 1801.34 9.35 27.01 0.19
1958.755 4.89E-06 1801.25 9.33 27.15 0.19
1958.742 4.96E-06 1801.17 9.29 27.68 0.2
1958.728 4.96E-06 1801.09 9.34 27.12 0.2
1958.714 4.96E-06 1801 9.39 26.43 0.2
1958.701 4.97E-06 1800.92 9.44 25.9 0.2
1958.687 4.9E-06 1800.84 9.42 26.08 0.2
1958.673 4.8E-06 1800.75 9.49 25.25 0.19

1958.66 5.07E-06 1800.67 9.53 24.77 0.19
1958.646 5.2E-06 1800.59 9.53 24.77 0.19
1958.632 5.31E-06 1800.5 9.49 25.23 0.19
1958.618 5.47E-06 1800.42 9.43 25.95 0.18
1958.605 5.71E-06 1800.34 9.38 26.63 0.18
1958.591 5.8E-06 1800.25 9.33 27.16 0.17
1958.577 5.83E-06 1800.17 9.31 27.43 0.17
1958.564 5.71E-06 1800.09 9.32 27.32 0.16

1958.55 5.79E-06 1800 9.33 27.22 0.15
1958.538 5.97E-06 1799.92 9.35 26.95 0.15
1958.526 6.07E-06 1799.84 9.38 26.61 0.14
1958.515 6.2E-06 1799.75 9.45 25.77 0.13
1958.503 6.7E-06 1799.67 9.51 24.96 0.12
1958.491 6.27E-06 1799.59 9.52 24.85 0.11
1958.479 6.21E-06 1799.5 9.49 25.26 0.1
1958.468 6.1E-06 1799.42 9.42 26.04 0.09
1958.456 6.32E-06 1799.34 9.37 26.74 0.08
1958.444 5.96E-06 1799.25 9.34 27.02 0.06
1958.432 6.23E-06 1799.17 9.27 27.92 0.05
1958.421 6.06E-06 1799.09 9.33 27.24 0.04
1958.409 6.2E-06 1799 9.49 25.21 0.03
1958.397 6.24E-06 1798.92 9.54 24.64 0.02
1958.385 6.72E-06 1798.84 9.59 24.08 0.01
1958.374 7.42E-06 1798.75 9.53 24.73 0
1958.362 7.86E-06 1798.67 9.58 24.15 -0.01

1958.35 1.05E-05 1798.59 9.6 23.93 -0.02
1958.338 1.03E-05 1798.5 9.48 25.31 -0.03
1958.326 9.03E-06 1798.42 9.38 26.58 -0.04
1958.315 8.48E-06 1798.34 9.38 26.58 -0.05
1958.303 8.05E-06 1798.25 9.36 26.82 -0.06

ABOR/MH/Priv-003084



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1751.25 2.14 -4.97
1751.13 1.44 -5.27

1751 0.82 -5.63
1750.75 0.36 -5.82
1750.64 1.06 -5.79
1750.53 0.68 -5.28
1750.42 0.45 -5.3
1750.31 0.64 -5.31
1750.19 -0.42 -5.9
1750.08 -0.36 -6.08
1749.97 -0.29 -5.95
1749.75 -0.6 -6.11
1749.61 -0.24 -5.98
1749.46 0.29 -5.71
1749.32 -0.08 -5.73
1749.04 -0.21 -6.04
1748.75 -0.53 -6.12
1748.65 -0.77 -5.94
1748.55 -0.18 -5.92
1748.45 0.03 -5.5
1748.35 -0.58 -5.38
1748.25 0.31 -5.3
1748.15 0.03 -5.26
1748.05 0.1 -5.68
1747.95 -0.76 -6.3
1747.75 -0.85 -6.55
1747.64 -0.63 -6.39
1747.53 -0.12 -6.23
1747.42 -0.01 -6.09
1747.31 0.21 -5.65
1747.19 0.17 -5.62
1747.08 0.04 -5.74
1746.97 -0.3 -6
1746.75 -0.23 -6.29
1746.63 -0.46 -6.22

1746.5 0.01 -6.07
1746.38 -0.16 -5.76
1746.25 0.36 -5.53
1746.13 0.28 -5.22

1746 -0.39 -5.87
1745.75 -0.52 -6.14
1745.64 -0.34 -5.73
1745.53 -0.24 -5.74
1745.42 0.02 -5.66
1745.31 -0.19 -5.37

ABOR/MH/Priv-003085



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1958.291 7.69E-06 1798.17 9.32 27.31 -0.07
1958.279 7.53E-06 1798.09 9.39 26.41 -0.07
1958.268 7.5E-06 1798 9.48 25.41 -0.08
1958.256 8.81E-06 1797.92 9.53 24.8 -0.09
1958.244 0.000009 1797.84 9.56 24.35 -0.09
1958.232 0.00001 1797.75 9.6 23.96 -0.1
1958.221 9.53E-06 1797.67 9.58 24.17 -0.1
1958.209 9.05E-06 1797.59 9.52 24.86 -0.11
1958.197 8.49E-06 1797.5 9.47 25.5 -0.11
1958.185 6.44E-06 1797.42 9.4 26.31 -0.11
1958.174 5.48E-06 1797.34 9.34 27.11 -0.12
1958.162 4.45E-06 1797.25 9.32 27.31 -0.12

1958.15 4.08E-06 1797.17 9.32 27.31 -0.12
1958.138 4.08E-06 1797.09 9.34 27.05 -0.13
1958.126 4.67E-06 1797 9.38 26.64 -0.13
1958.115 4.42E-06 1796.92 9.46 25.67 -0.13
1958.103 4.42E-06 1796.84 9.57 24.34 -0.13
1958.091 4.28E-06 1796.75 9.65 23.26 -0.13
1958.079 4.37E-06 1796.67 9.64 23.42 -0.13
1958.068 4.1E-06 1796.59 9.57 24.26 -0.13
1958.056 4.2E-06 1796.5 9.48 25.33 -0.13
1958.044 4.27E-06 1796.42 9.39 26.43 -0.13
1958.032 4.2E-06 1796.34 9.32 27.28 -0.13
1958.021 4.49E-06 1796.25 9.31 27.43 -0.13
1958.009 4.16E-06 1796.17 9.29 27.68 -0.13
1957.997 4.26E-06 1796.09 9.3 27.56 -0.13
1957.985 3.99E-06 1796 9.35 27 -0.13
1957.974 3.9E-06 1795.92 9.4 26.34 -0.13
1957.962 3.89E-06 1795.84 9.46 25.59 -0.13

1957.95 3.88E-06 1795.75 9.55 24.55 -0.13
1957.938 3.95E-06 1795.67 9.67 23.1 -0.13
1957.926 4.19E-06 1795.59 9.69 22.76 -0.13
1957.915 4.13E-06 1795.5 9.59 24.09 -0.13
1957.903 3.94E-06 1795.42 9.52 24.84 -0.13
1957.891 4.08E-06 1795.34 9.42 26.16 -0.13
1957.879 3.96E-06 1795.25 9.33 27.2 -0.13
1957.868 3.91E-06 1795.17 9.32 27.31 -0.12
1957.856 4.04E-06 1795.09 9.36 26.79 -0.12
1957.844 4.06E-06 1795 9.35 26.92 -0.12
1957.832 4.1E-06 1794.92 9.38 26.58 -0.12
1957.821 4.15E-06 1794.84 9.44 25.8 -0.12
1957.809 4.23E-06 1794.75 9.57 24.31 -0.11
1957.797 4.31E-06 1794.67 9.57 24.27 -0.11
1957.785 4.19E-06 1794.59 9.55 24.54 -0.11
1957.774 4.26E-06 1794.5 9.5 25.16 -0.11

ABOR/MH/Priv-003086



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1745.19 0.14 -5.26
1745.08 0.35 -5.65
1744.97 -0.41 -6.04
1744.86 -0.65 -6.2
1744.75 -0.7 -6.2
1744.65 -1.02 -6.03
1744.55 -0.57 -6.16
1744.45 1.03 -5.84
1744.35 0.44 -5.61
1744.25 0.14 -5.29
1744.15 -0.37 -5.52
1744.05 -0.71 -5.6
1743.95 -0.73 -5.72
1743.75 -0.63 -5.85
1743.65 -0.54 -5.72
1743.55 -0.33 -5.71
1743.45 0.3 -5.57
1743.35 0.1 -5.37
1743.25 0.11 -5.28
1743.15 -0.09 -5.46
1743.05 -0.32 -5.88
1742.95 -0.39 -6.04
1742.75 -0.47 -6.2
1742.65 -0.59 -6.1
1742.55 -0.12 -6.02
1742.45 0.27 -5.75
1742.35 0.16 -5.51
1742.25 0.07 -5.36
1742.15 0.13 -5.47
1742.05 0.04 -5.82
1741.95 -0.12 -5.89
1741.75 -0.27 -6.08
1741.64 -0.32 -5.9
1741.53 -0.05 -5.68
1741.42 -0.09 -5.75
1741.31 -0.09 -5.59
1741.19 0.24 -5.71
1741.08 0.56 -5.64
1740.97 0.43 -6.03
1740.75 -0.21 -6.1
1740.65 0.23 -5.94
1740.55 0.42 -5.61
1740.45 0.03 -5.46
1740.35 0.04 -5.31
1740.25 0.01 -5.22

ABOR/MH/Priv-003087



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1957.762 4.47E-06 1794.42 9.44 25.85 -0.11
1957.75 4.38E-06 1794.34 9.34 27.07 -0.1

1957.738 4.22E-06 1794.25 9.35 26.92 -0.1
1957.726 4.27E-06 1794.17 9.3 27.55 -0.1
1957.715 4.25E-06 1794.09 9.32 27.33 -0.1
1957.703 4.48E-06 1794 9.34 27.03 -0.1
1957.691 4.55E-06 1793.92 9.38 26.54 -0.09
1957.679 4.51E-06 1793.84 9.47 25.48 -0.09
1957.668 4.5E-06 1793.75 9.55 24.57 -0.09
1957.656 4.68E-06 1793.67 9.57 24.22 -0.09
1957.644 4.88E-06 1793.59 9.56 24.42 -0.09
1957.632 4.87E-06 1793.5 9.5 25.1 -0.08
1957.621 4.89E-06 1793.42 9.45 25.75 -0.08
1957.609 4.91E-06 1793.34 9.4 26.33 -0.08
1957.597 4.77E-06 1793.25 9.35 26.99 -0.08
1957.585 4.85E-06 1793.17 9.3 27.56 -0.07
1957.574 4.99E-06 1793.09 9.3 27.55 -0.07
1957.562 5.03E-06 1793 9.32 27.36 -0.06

1957.55 4.83E-06 1792.92 9.38 26.55 -0.06
1957.534 4.74E-06 1792.84 9.43 25.96 -0.05
1957.519 4.94E-06 1792.75 9.5 25.15 -0.04
1957.503 4.93E-06 1792.67 9.59 24.03 -0.04
1957.488 5.04E-06 1792.59 9.62 23.67 -0.03
1957.472 5.16E-06 1792.5 9.63 23.6 -0.02
1957.456 5.39E-06 1792.42 9.59 23.98 -0.01
1957.441 5.39E-06 1792.34 9.55 24.54 0
1957.425 5.15E-06 1792.25 9.48 25.35 0.02
1957.409 5.1E-06 1792.17 9.35 26.95 0.03
1957.394 5.35E-06 1792.09 9.45 25.73 0.05
1957.378 5.17E-06 1792 9.49 25.25 0.07
1957.363 5.09E-06 1791.92 9.53 24.76 0.08
1957.347 5.08E-06 1791.84 9.56 24.36 0.1
1957.331 5.14E-06 1791.75 9.55 24.48 0.12
1957.316 5.02E-06 1791.67 9.47 25.49 0.14

1957.3 5.06E-06 1791.59 9.4 26.3 0.17
1957.284 5.03E-06 1791.5 9.34 27.11 0.19
1957.269 4.94E-06 1791.42 9.32 27.31 0.21
1957.253 4.75E-06 1791.34 9.33 27.19 0.23
1957.238 4.81E-06 1791.25 9.33 27.21 0.26
1957.222 4.97E-06 1791.17 9.32 27.31 0.28
1957.206 4.89E-06 1791.09 9.41 26.2 0.3
1957.191 4.98E-06 1791 9.51 25 0.33
1957.175 4.78E-06 1790.92 9.56 24.46 0.35
1957.159 5.07E-06 1790.84 9.55 24.48 0.38
1957.144 5.25E-06 1790.75 9.52 24.84 0.4

ABOR/MH/Priv-003088



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1740.15 -0.54 -5.54
1740.05 -0.1 -5.86
1739.95 -0.53 -5.8
1739.75 -0.38 -5.98
1739.61 0.4 -5.94
1739.46 0.36 -5.63
1739.32 0.33 -5.25
1739.18 0.91 -5.23
1739.04 0.53 -5.31
1738.75 -0.12 -5.86
1738.63 -0.05 -5.65

1738.5 0.36 -5.7
1738.38 0.19 -5.44
1738.25 0.11 -5.33
1738.13 0.2 -5.51

1738 -0.33 -5.83
1737.75 -0.5 -6.07
1737.65 -0.13 -5.94
1737.55 0.16 -5.67
1737.45 0 -5.66
1737.35 0.02 -5.52
1737.25 0.22 -5.48
1737.15 0.09 -5.57
1737.05 -0.03 -5.93
1736.95 0.15 -6
1736.75 -0.22 -6.03
1736.67 0.31 -5.91
1736.58 0.16 -5.65

1736.5 0.49 -5.35
1736.42 0.58 -5.33
1736.33 0.58 -5.15
1736.25 0.59 -4.95
1736.17 -0.56 -5.75
1736.08 -1 -5.97

1736 -0.51 -5.82
1735.92 -0.31 -5.8
1735.75 -0.36 -5.89
1735.65 0.25 -5.16
1735.55 -0.4 -5.42
1735.45 -0.26 -5.26
1735.25 0.18 -5.28
1735.15 0.32 -5.74
1735.05 -0.52 -5.63
1734.92 -0.44 -5.69
1734.75 -0.02 -5.87

ABOR/MH/Priv-003089



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1957.128 5.27E-06 1790.67 9.44 25.85 0.42
1957.113 5.03E-06 1790.59 9.36 26.77 0.45
1957.097 4.83E-06 1790.5 9.33 27.19 0.47
1957.081 4.45E-06 1790.42 9.33 27.19 0.49
1957.066 4.81E-06 1790.34 9.32 27.27 0.52

1957.05 4.54E-06 1790.25 9.29 27.72 0.54
1957.034 4.59E-06 1790.17 9.27 27.92 0.56
1957.019 4.45E-06 1790.09 9.34 27.02 0.58
1957.003 4.35E-06 1790 9.38 26.57 0.6
1956.988 4.14E-06 1789.92 9.42 26.14 0.62
1956.972 4.13E-06 1789.84 9.42 26.05 0.63
1956.956 4.13E-06 1789.75 9.41 26.22 0.65
1956.941 4.1E-06 1789.67 9.41 26.23 0.66
1956.925 4.16E-06 1789.59 9.39 26.5 0.68
1956.909 4.17E-06 1789.5 9.31 27.48 0.69
1956.894 4.15E-06 1789.42 9.25 28.11 0.7
1956.878 4.3E-06 1789.34 9.27 27.92 0.71
1956.863 4.41E-06 1789.25 9.27 27.94 0.72
1956.847 4.54E-06 1789.17 9.25 28.16 0.73
1956.831 4.4E-06 1789.09 9.27 27.94 0.73
1956.816 4.58E-06 1789 9.31 27.45 0.74

1956.8 4.58E-06 1788.92 9.41 26.18 0.74
1956.784 4.85E-06 1788.84 9.47 25.47 0.75
1956.769 4.94E-06 1788.75 9.5 25.18 0.75
1956.753 4.76E-06 1788.67 9.52 24.84 0.75
1956.738 4.93E-06 1788.59 9.53 24.77 0.75
1956.722 5.15E-06 1788.5 9.48 25.33 0.75
1956.706 5.89E-06 1788.42 9.4 26.37 0.76
1956.691 5.75E-06 1788.34 9.31 27.44 0.76
1956.675 5.75E-06 1788.25 9.25 28.17 0.75
1956.659 6.29E-06 1788.17 9.24 28.28 0.75
1956.644 6.34E-06 1788.09 9.26 28.04 0.75
1956.628 6.22E-06 1788 9.27 27.95 0.75
1956.613 6.15E-06 1787.92 9.32 27.36 0.75
1956.597 6.14E-06 1787.84 9.41 26.27 0.74
1956.581 0.000006 1787.75 9.46 25.56 0.74
1956.566 0.000006 1787.67 9.53 24.76 0.73

1956.55 6.29E-06 1787.59 9.56 24.44 0.73
1956.528 6.41E-06 1787.5 9.55 24.49 0.73
1956.507 6.23E-06 1787.42 9.4 26.34 0.72
1956.485 6.03E-06 1787.34 9.33 27.2 0.72
1956.463 6.27E-06 1787.25 9.32 27.34 0.71
1956.441 6.43E-06 1787.17 9.28 27.8 0.71

1956.42 6.12E-06 1787.09 9.36 26.85 0.7
1956.398 6.22E-06 1787 9.41 26.2 0.7

ABOR/MH/Priv-003090



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1734.63 0.26 -5.46
1734.5 0.93 -5.48

1734.38 0.42 -5.2
1734.25 -0.03 -5.34
1734.13 -0.04 -5.76

1734 -0.24 -6.15
1733.75 -0.17 -6.19
1733.55 0.35 -5.55
1733.45 0.4 -5.37
1733.35 0.52 -5.12
1733.25 0.11 -5.4
1733.15 -0.06 -5.66
1733.05 -0.39 -5.95
1732.95 -0.35 -5.87
1732.75 0.34 -5.89
1732.63 0.35 -5.36

1732.5 0.37 -5.31
1732.38 0.48 -5.44
1732.25 -0.1 -5.82
1732.13 -0.08 -5.94

1732 0.02 -5.86
1731.75 -0.19 -6.08
1731.65 0.2 -5.85
1731.55 0.44 -5.49
1731.45 0.38 -5.16
1731.35 0.44 -5.11
1731.25 0.14 -5.39
1731.15 -0.25 -5.95
1731.05 -0.27 -6.07
1730.95 -0.41 -5.8
1730.75 -0.5 -6.02
1730.63 -0.49 -5.78

1730.5 0.39 -5.51
1730.38 0.4 -5.24
1730.25 0.36 -5.51
1730.13 -0.1 -6.06

1730 0.13 -5.93
1729.75 -0.07 -5.98
1729.64 -0.03 -5.88
1729.53 -0.06 -5.55
1729.42 -0.19 -5.59
1729.31 0.23 -5.52
1729.19 0.1 -5.42
1729.08 0.16 -6.09
1728.97 0.06 -6.24

ABOR/MH/Priv-003091



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1956.376 6.32E-06 1786.92 9.46 25.58 0.69
1956.354 6.46E-06 1786.84 9.49 25.29 0.69
1956.333 6.57E-06 1786.75 9.5 25.15 0.68
1956.311 6.29E-06 1786.67 9.48 25.37 0.68
1956.289 6.29E-06 1786.59 9.44 25.89 0.67
1956.267 6.25E-06 1786.5 9.41 26.21 0.66
1956.246 6.33E-06 1786.42 9.37 26.74 0.66
1956.224 4.48E-06 1786.34 9.33 27.17 0.65
1956.202 3.92E-06 1786.25 9.26 28 0.64

1956.18 3.9E-06 1786.17 9.23 28.41 0.64
1956.159 4.32E-06 1786.09 9.3 27.55 0.63
1956.137 4.33E-06 1786 9.32 27.32 0.62
1956.115 4.46E-06 1785.92 9.42 26.1 0.61
1956.093 4.43E-06 1785.84 9.45 25.73 0.6
1956.072 4.43E-06 1785.75 9.45 25.78 0.59

1956.05 4.53E-06 1785.67 9.43 25.98 0.58
1956.028 4.49E-06 1785.59 9.45 25.7 0.56
1956.007 4.73E-06 1785.5 9.44 25.79 0.55
1955.985 4.58E-06 1785.42 9.36 26.88 0.54
1955.963 4.63E-06 1785.34 9.29 27.67 0.52
1955.941 4.59E-06 1785.25 9.27 27.9 0.51

1955.92 4.46E-06 1785.17 9.26 28.04 0.49
1955.898 4.58E-06 1785.09 9.28 27.82 0.48
1955.876 4.78E-06 1785 9.3 27.57 0.46
1955.854 5.11E-06 1784.92 9.37 26.7 0.44
1955.833 5.82E-06 1784.84 9.42 26.14 0.42
1955.811 6.44E-06 1784.75 9.47 25.51 0.4
1955.789 6.41E-06 1784.67 9.53 24.76 0.39
1955.767 5.99E-06 1784.59 9.53 24.76 0.37
1955.746 5.75E-06 1784.5 9.47 25.46 0.35
1955.724 5.78E-06 1784.42 9.47 25.49 0.33
1955.702 5.57E-06 1784.34 9.44 25.83 0.31

1955.68 5.15E-06 1784.25 9.35 26.9 0.29
1955.659 5.25E-06 1784.17 9.29 27.68 0.27
1955.637 5.31E-06 1784.09 9.3 27.51 0.25
1955.615 5.78E-06 1784 9.33 27.17 0.23
1955.593 5.71E-06 1783.92 9.35 26.91 0.21
1955.572 5.91E-06 1783.84 9.36 26.81 0.2

1955.55 5.64E-06 1783.75 9.47 25.5 0.18
1955.536 5.94E-06 1783.67 9.44 25.85 0.16
1955.522 6.14E-06 1783.59 9.57 24.31 0.14
1955.508 6.08E-06 1783.5 9.59 24.08 0.12
1955.494 6.06E-06 1783.42 9.5 25.11 0.11

1955.48 5.65E-06 1783.34 9.44 25.88 0.09
1955.465 5.56E-06 1783.25 9.43 25.98 0.08

ABOR/MH/Priv-003092



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1728.75 -0.61 -6.48
1728.65 -0.23 -6.26
1728.55 0.05 -5.79
1728.45 0.36 -5.52
1728.35 0.25 -5.54
1728.25 0.64 -5.51
1728.15 0.28 -5.82
1728.05 -0.39 -6.1
1727.95 -0.24 -6.02
1727.75 -0.11 -6.06
1727.61 -0.04 -5.97
1727.46 -0.22 -5.64
1727.32 0.1 -5.51
1727.18 0.05 -5.47
1727.04 -0.06 -5.74
1726.89 -0.14 -5.76
1726.75 -0.45 -5.89
1726.63 -0.06 -5.84

1726.5 -0.13 -5.52
1726.38 -0.29 -5.25
1726.25 -0.27 -5.45
1726.13 -0.53 -5.57

1726 -0.61 -5.92
1725.75 -0.46 -5.93
1725.63 -0.39 -5.69

1725.5 -0.21 -5.76
1725.38 -0.07 -5.55
1725.25 0.34 -5.24
1725.13 0.39 -5.15

1725 -0.02 -5.17
1724.75 0.42 -5.34
1724.63 0.29 -5.15

1724.5 0.56 -4.9
1724.38 0.13 -5.38
1724.25 -0.1 -5.21
1724.13 -0.12 -5

1724 1.13 -5.44
1723.75 0 -5.79
1723.64 0.38 -5.54
1723.53 0.88 -4.98
1723.42 0.59 -5.06
1723.31 1.24 -4.92
1723.19 1.25 -5.39
1723.08 0.42 -5.76
1722.97 -0.23 -5.96

ABOR/MH/Priv-003093



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1955.451 5.45E-06 1783.17 9.33 27.19 0.07
1955.437 5.47E-06 1783.09 9.36 26.79 0.05
1955.423 5.68E-06 1783 9.43 25.92 0.04
1955.409 6.29E-06 1782.92 9.46 25.58 0.03
1955.395 6.36E-06 1782.84 9.49 25.29 0.02
1955.381 6.98E-06 1782.75 9.55 24.46 0.01
1955.367 8.59E-06 1782.67 9.62 23.67 0
1955.353 8.76E-06 1782.59 9.59 24.07 0
1955.339 8.82E-06 1782.5 9.56 24.39 -0.01
1955.325 7.46E-06 1782.42 9.5 25.13 -0.01
1955.311 7.65E-06 1782.34 9.43 25.99 -0.01
1955.296 7.14E-06 1782.25 9.39 26.42 -0.02
1955.282 5.9E-06 1782.17 9.33 27.19 -0.02
1955.268 5.48E-06 1782.09 9.36 26.85 -0.02
1955.254 5.51E-06 1782 9.37 26.71 -0.02

1955.24 4.84E-06 1781.92 9.4 26.34 -0.01
1955.226 4.93E-06 1781.84 9.44 25.89 -0.01
1955.212 5.74E-06 1781.75 9.47 25.5 -0.01
1955.198 4.83E-06 1781.67 9.49 25.25 -0.01
1955.184 4.62E-06 1781.59 9.54 24.68 0

1955.17 4.77E-06 1781.5 9.52 24.87 0
1955.156 4.31E-06 1781.42 9.55 24.52 0.01
1955.142 4.22E-06 1781.34 9.55 24.52 0.02
1955.127 4.17E-06 1781.25 9.39 26.5 0.02
1955.113 4.58E-06 1781.17 9.32 27.31 0.03
1955.099 4.64E-06 1781.09 9.35 26.95 0.04
1955.085 4.49E-06 1781 9.37 26.72 0.04
1955.071 4.3E-06 1780.92 9.38 26.58 0.05
1955.057 4.23E-06 1780.84 9.35 26.93 0.06
1955.043 4.11E-06 1780.75 9.4 26.39 0.07
1955.029 4.43E-06 1780.67 9.48 25.37 0.08
1955.015 4.51E-06 1780.59 9.55 24.57 0.09
1955.001 4.3E-06 1780.5 9.52 24.91 0.09
1954.987 4.16E-06 1780.42 9.51 25 0.1
1954.973 4.17E-06 1780.34 9.4 26.31 0.11
1954.958 4.11E-06 1780.25 9.33 27.14 0.12
1954.944 4.1E-06 1780.17 9.32 27.31 0.13

1954.93 4.05E-06 1780.09 9.35 26.91 0.14
1954.916 4.05E-06 1780 9.38 26.56 0.14
1954.902 3.97E-06 1779.92 9.49 25.27 0.15
1954.888 4.14E-06 1779.84 9.56 24.42 0.16
1954.874 3.97E-06 1779.75 9.55 24.5 0.17

1954.86 4.21E-06 1779.67 9.57 24.34 0.17
1954.846 4.5E-06 1779.59 9.49 25.26 0.18
1954.832 4.38E-06 1779.5 9.4 26.29 0.19

ABOR/MH/Priv-003094



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1722.75 0.36 -5.99
1722.61 0.78 -5.6
1722.46 0.91 -5.27
1722.32 1.57 -4.95
1722.18 1.64 -5.21
1722.04 0.52 -5.97
1721.75 0.1 -6.05
1721.63 0.82 -5.55

1721.5 0.99 -5.14
1721.38 1.07 -4.96
1721.25 1.29 -5.42
1721.13 0.25 -5.85

1721 -0.09 -5.79
1720.75 0.13 -6
1720.61 0.45 -5.82
1720.46 0.72 -5.38
1720.32 0.94 -5.45
1720.18 1.42 -5.39
1720.04 -0.45 -6.04
1719.75 -0.51 -6.04
1719.65 -0.23 -5.85
1719.55 0.42 -5.54
1719.45 0.11 -5.52
1719.35 0.52 -5.54
1719.25 -0.46 -5.48
1719.15 0.13 -5.47
1719.05 0.3 -5.73
1718.95 0.42 -5.89
1718.75 0.17 -6.08
1718.64 0.67 -5.92
1718.53 0.33 -6.01
1718.42 0.97 -5.19
1718.31 1.28 -5.03
1718.19 1.11 -5.58
1718.08 0.77 -5.87
1717.97 0.81 -5.97
1717.75 0.43 -6.08
1717.61 0.34 -5.6
1717.46 0.3 -5.41
1717.32 1.08 -5.23
1717.18 0.96 -5.42
1717.04 0.85 -5.6
1716.75 0.34 -6.03
1716.67 0.02 -5.95
1716.58 -0.1 -5.5

ABOR/MH/Priv-003095



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1954.818 4.56E-06 1779.42 9.37 26.66 0.19
1954.804 4.78E-06 1779.34 9.29 27.67 0.2
1954.789 4.72E-06 1779.25 9.29 27.62 0.21
1954.775 4.43E-06 1779.17 9.28 27.8 0.21
1954.761 4.52E-06 1779.09 9.34 27.06 0.21
1954.747 4.37E-06 1779 9.35 26.89 0.22
1954.733 4.54E-06 1778.92 9.41 26.25 0.22
1954.719 4.47E-06 1778.84 9.44 25.8 0.22
1954.705 4.26E-06 1778.75 9.47 25.46 0.22
1954.691 4.33E-06 1778.67 9.48 25.37 0.22
1954.677 4.65E-06 1778.59 9.49 25.26 0.22
1954.663 4.66E-06 1778.5 9.46 25.65 0.22
1954.649 4.92E-06 1778.42 9.43 25.94 0.22
1954.635 5.15E-06 1778.34 9.38 26.55 0.21

1954.62 5.12E-06 1778.25 9.3 27.51 0.21
1954.606 5.32E-06 1778.17 9.28 27.8 0.21
1954.592 4.91E-06 1778.09 9.33 27.2 0.2
1954.578 4.99E-06 1778 9.32 27.27 0.2
1954.564 4.95E-06 1777.92 9.39 26.52 0.19

1954.55 5.08E-06 1777.84 9.47 25.43 0.18
1954.536 5.22E-06 1777.75 9.5 25.1 0.18
1954.522 5.34E-06 1777.67 9.49 25.31 0.17
1954.508 0.000005 1777.59 9.47 25.43 0.16
1954.494 4.75E-06 1777.5 9.44 25.84 0.16
1954.481 4.55E-06 1777.42 9.5 25.14 0.15
1954.467 4.53E-06 1777.34 9.51 25.05 0.14
1954.453 4.95E-06 1777.25 9.39 26.44 0.13
1954.439 5.37E-06 1777.17 9.34 27.07 0.13
1954.425 5.43E-06 1777.09 9.37 26.7 0.12
1954.411 5.92E-06 1777 9.4 26.3 0.11
1954.397 6.34E-06 1776.92 9.44 25.91 0.1
1954.383 5.8E-06 1776.84 9.46 25.63 0.1
1954.369 6.63E-06 1776.75 9.52 24.93 0.09
1954.356 7.59E-06 1776.67 9.55 24.47 0.08
1954.342 7.97E-06 1776.59 9.57 24.25 0.08
1954.328 8.57E-06 1776.5 9.58 24.16 0.07
1954.314 8.37E-06 1776.42 9.53 24.77 0.07

1954.3 8.68E-06 1776.34 9.44 25.89 0.06
1954.286 7.73E-06 1776.25 9.34 27.12 0.05
1954.272 5.13E-06 1776.17 9.26 28.04 0.05
1954.258 4.42E-06 1776.09 9.28 27.83 0.04
1954.244 4.07E-06 1776 9.33 27.16 0.04
1954.231 4.06E-06 1775.92 9.45 25.78 0.03
1954.217 3.86E-06 1775.84 9.49 25.26 0.03
1954.203 4.02E-06 1775.75 9.51 25.04 0.02

ABOR/MH/Priv-003096



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1716.5 -0.21 -5.01
1716.42 0.47 -5.07
1716.33 0.2 -4.9
1716.25 0.01 -4.76
1716.17 0.84 -5.4
1716.08 0.78 -5.34

1716 0.34 -5.69
1715.92 0.38 -6.03
1715.75 -0.01 -6.15
1715.64 0.17 -5.58
1715.53 0.44 -5.33
1715.42 0.74 -5.13
1715.31 0.11 -5.31
1715.19 -0.12 -5.64
1715.08 -0.25 -5.92
1714.97 -0.31 -5.98
1714.75 0.14 -6.01
1714.64 0.4 -5.7
1714.53 0.66 -5.37
1714.42 1.48 -4.89
1714.31 0.69 -5.42
1714.19 0.95 -5.37
1714.08 0.54 -5.78
1713.97 0.39 -5.67
1713.75 0.62 -5.75
1713.64 0.91 -5.4
1713.53 1.25 -5.04
1713.42 0.93 -5.25
1713.31 1.28 -5.33
1713.19 1.2 -5.77
1713.08 1.21 -5.68
1712.97 0.5 -5.93
1712.75 -0.35 -6.29
1712.63 0.16 -5.96

1712.5 0.12 -5.72
1712.38 0.77 -5.35
1712.25 0.89 -5.31
1712.13 0.48 -5.41

1712 -0.21 -5.87
1711.75 -0.82 -6.35
1711.65 0.03 -5.79
1711.55 -0.18 -5.79
1711.45 -0.04 -5.6
1711.35 0.18 -5.28
1711.25 0.1 -5.54

ABOR/MH/Priv-003097



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1954.189 3.82E-06 1775.67 9.57 24.29 0.02
1954.175 3.75E-06 1775.59 9.56 24.42 0.01
1954.161 3.81E-06 1775.5 9.5 25.1 0.01
1954.147 3.7E-06 1775.42 9.45 25.77 0
1954.133 3.84E-06 1775.34 9.4 26.32 0
1954.119 4.24E-06 1775.25 9.37 26.7 0
1954.106 3.8E-06 1775.17 9.33 27.19 -0.01
1954.092 4.08E-06 1775.09 9.37 26.69 -0.01
1954.078 4.16E-06 1775 9.43 26 -0.02
1954.064 4.1E-06 1774.92 9.48 25.37 -0.02

1954.05 4.16E-06 1774.84 9.5 25.15 -0.03
1954.036 4.28E-06 1774.75 9.54 24.62 -0.03
1954.022 4.45E-06 1774.67 9.48 25.37 -0.04
1954.008 4.31E-06 1774.59 9.42 26.08 -0.04
1953.994 4.29E-06 1774.5 9.36 26.83 -0.05
1953.981 4.58E-06 1774.42 9.34 27.07 -0.06
1953.967 4.65E-06 1774.34 9.33 27.19 -0.06
1953.953 4.25E-06 1774.25 9.34 27.12 -0.07
1953.939 4.28E-06 1774.17 9.33 27.19 -0.08
1953.925 3.99E-06 1774.09 9.41 26.19 -0.08
1953.911 4.13E-06 1774 9.53 24.81 -0.09
1953.897 4.12E-06 1773.92 9.54 24.59 -0.1
1953.883 4.18E-06 1773.84 9.52 24.88 -0.1
1953.869 4.28E-06 1773.75 9.43 26.03 -0.11
1953.856 4.2E-06 1773.67 9.43 25.98 -0.11
1953.842 4.1E-06 1773.59 9.51 24.98 -0.12
1953.828 4.05E-06 1773.5 9.62 23.71 -0.13
1953.814 4.25E-06 1773.42 9.61 23.76 -0.13

1953.8 4.54E-06 1773.34 9.53 24.71 -0.14
1953.786 4.8E-06 1773.25 9.36 26.84 -0.14
1953.772 4.62E-06 1773.17 9.31 27.43 -0.15
1953.758 4.96E-06 1773.09 9.33 27.21 -0.15
1953.744 5.4E-06 1773 9.43 26.03 -0.16
1953.731 5.75E-06 1772.92 9.46 25.61 -0.16
1953.717 5.48E-06 1772.84 9.51 25.05 -0.17
1953.703 5.68E-06 1772.75 9.52 24.89 -0.17
1953.689 5.63E-06 1772.67 9.58 24.15 -0.17
1953.675 5.5E-06 1772.59 9.59 24.04 -0.18
1953.661 5.47E-06 1772.5 9.59 24.03 -0.18
1953.647 5.54E-06 1772.42 9.53 24.76 -0.19
1953.633 5.38E-06 1772.34 9.41 26.22 -0.19
1953.619 5.16E-06 1772.25 9.36 26.81 -0.19
1953.606 5.09E-06 1772.17 9.33 27.19 -0.2
1953.592 5.13E-06 1772.09 9.35 26.97 -0.2
1953.578 5.06E-06 1772 9.35 26.95 -0.21

ABOR/MH/Priv-003098



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

1711.15 0.65 -5.41
1711.05 -0.45 -6.17
1710.95 -0.14 -5.78
1710.75 -0.25 -6.05
1710.67 -0.19 -5.91

1710.6 -0.33 -5.76
1710.52 -0.11 -5.42
1710.44 0.29 -5.36
1710.37 0.61 -5.54
1710.29 -0.75 -5.5
1710.21 1.18 -5.5
1710.13 0.14 -5.43
1710.06 -0.51 -5.77
1709.98 -0.42 -5.64

1709.9 -0.76 -5.75
1709.75 -0.48 -6.01
1709.64 -0.08 -5.68
1709.53 -0.42 -5.79
1709.42 1.12 -5.5
1709.31 0.6 -5.4
1709.19 0.2 -5.3
1709.08 -0.15 -5.64
1708.97 -0.28 -5.64
1708.75 0.1 -5.7
1708.63 0.43 -5.7

1708.5 -0.46 -5.63
1708.38 -0.05 -5.1
1708.25 0.17 -5.09
1708.13 -0.09 -5.09

1708 -0.52 -5.74
1707.75 -0.66 -5.78

ABOR/MH/Priv-003099



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1953.564 5.08E-06 1771.92 9.37 26.7 -0.21
1953.55 4.97E-06 1771.84 9.43 26.01 -0.22

1953.535 5.05E-06 1771.75 9.46 25.61 -0.22
1953.521 4.8E-06 1771.67 9.48 25.34 -0.23
1953.506 0.000005 1771.59 9.52 24.87 -0.23
1953.491 5.39E-06 1771.5 9.51 25.04 -0.24
1953.476 5.44E-06 1771.42 9.42 26.14 -0.25
1953.462 5.43E-06 1771.34 9.37 26.69 -0.25
1953.447 5.14E-06 1771.25 9.38 26.61 -0.26
1953.432 4.72E-06 1771.17 9.35 26.95 -0.27
1953.418 5.36E-06 1771.09 9.35 26.95 -0.28
1953.403 5.33E-06 1771 9.41 26.25 -0.28
1953.388 5.46E-06 1770.92 9.5 25.12 -0.29
1953.374 5.58E-06 1770.84 9.55 24.56 -0.3
1953.359 0.000006 1770.75 9.57 24.28 -0.31
1953.344 6.17E-06 1770.67 9.63 23.55 -0.31
1953.329 5.81E-06 1770.59 9.6 23.88 -0.32
1953.315 6.02E-06 1770.5 9.48 25.42 -0.33

1953.3 5.94E-06 1770.42 9.49 25.25 -0.33
1953.285 5.76E-06 1770.34 9.35 26.93 -0.34
1953.271 6.4E-06 1770.25 9.37 26.72 -0.35
1953.256 6.98E-06 1770.17 9.35 26.95 -0.35
1953.241 7.47E-06 1770.09 9.51 25.06 -0.36
1953.226 6.83E-06 1770 9.62 23.62 -0.36
1953.212 5.28E-06 1769.92 9.59 23.98 -0.37
1953.197 0.000005 1769.84 9.57 24.23 -0.37
1953.182 4.91E-06 1769.75 9.56 24.37 -0.37
1953.168 4.11E-06 1769.67 9.5 25.13 -0.38
1953.153 3.99E-06 1769.59 9.44 25.91 -0.38
1953.138 3.88E-06 1769.5 9.41 26.25 -0.38
1953.124 3.91E-06 1769.42 9.37 26.7 -0.39
1953.109 3.83E-06 1769.34 9.32 27.35 -0.39
1953.094 3.77E-06 1769.25 9.3 27.56 -0.39
1953.079 3.85E-06 1769.17 9.3 27.55 -0.39
1953.065 3.66E-06 1769.09 9.36 26.8 -0.39

1953.05 3.75E-06 1769 9.42 26.11 -0.4
1953.035 3.84E-06 1768.92 9.52 24.85 -0.4
1953.021 4.53E-06 1768.84 9.59 23.98 -0.4
1953.006 4.29E-06 1768.75 9.65 23.35 -0.4
1952.991 3.86E-06 1768.67 9.6 23.91 -0.4
1952.976 3.87E-06 1768.59 9.64 23.47 -0.39
1952.962 3.87E-06 1768.5 9.54 24.69 -0.39
1952.947 3.94E-06 1768.42 9.46 25.63 -0.39
1952.932 3.74E-06 1768.34 9.4 26.28 -0.38
1952.918 3.77E-06 1768.25 9.38 26.62 -0.38

ABOR/MH/Priv-003100



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003101



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1952.903 3.84E-06 1768.17 9.34 27.07 -0.37
1952.888 3.85E-06 1768.09 9.41 26.21 -0.37
1952.874 3.85E-06 1768 9.45 25.77 -0.36
1952.859 3.83E-06 1767.92 9.38 26.58 -0.35
1952.844 3.77E-06 1767.84 9.43 25.92 -0.34
1952.829 3.83E-06 1767.75 9.54 24.58 -0.33
1952.815 3.81E-06 1767.67 9.57 24.29 -0.32

1952.8 3.7E-06 1767.59 9.59 24.07 -0.31
1952.785 3.81E-06 1767.5 9.58 24.15 -0.29
1952.771 4.26E-06 1767.42 9.51 25.02 -0.28
1952.756 4.12E-06 1767.34 9.42 26.08 -0.26
1952.741 4.73E-06 1767.25 9.36 26.79 -0.24
1952.726 4.07E-06 1767.17 9.32 27.31 -0.23
1952.712 0.000004 1767.09 9.32 27.31 -0.21
1952.697 4.12E-06 1767 9.43 26.01 -0.19
1952.682 3.94E-06 1766.92 9.5 25.12 -0.16
1952.668 4.08E-06 1766.84 9.56 24.45 -0.14
1952.653 4.2E-06 1766.75 9.57 24.28 -0.11
1952.638 4.14E-06 1766.67 9.56 24.4 -0.09
1952.624 4.06E-06 1766.59 9.57 24.22 -0.06
1952.609 4.1E-06 1766.5 9.59 24.09 -0.03
1952.594 4.4E-06 1766.42 9.52 24.84 0
1952.579 4.18E-06 1766.34 9.43 26.01 0.04
1952.565 4.18E-06 1766.25 9.41 26.26 0.07

1952.55 4.23E-06 1766.17 9.36 26.83 0.11
1952.533 4.3E-06 1766.09 9.39 26.43 0.14
1952.517 4.28E-06 1766 9.47 25.53 0.18

1952.5 4.42E-06 1765.92 9.55 24.55 0.22
1952.483 4.33E-06 1765.84 9.6 23.95 0.26
1952.467 4.23E-06 1765.75 9.59 24.08 0.3

1952.45 4.86E-06 1765.67 9.53 24.76 0.34
1952.433 4.28E-06 1765.59 9.47 25.43 0.38
1952.417 4.29E-06 1765.5 9.43 25.99 0.43

1952.4 4.28E-06 1765.42 9.37 26.69 0.47
1952.383 4.34E-06 1765.34 9.36 26.83 0.51
1952.367 4.5E-06 1765.25 9.33 27.23 0.56

1952.35 4.09E-06 1765.17 9.29 27.68 0.6
1952.333 4.23E-06 1765.09 9.38 26.56 0.64
1952.317 4.09E-06 1765 9.41 26.18 0.68

1952.3 4.31E-06 1764.92 9.42 26.1 0.72
1952.283 4.42E-06 1764.84 9.41 26.26 0.76
1952.267 4.32E-06 1764.75 9.37 26.75 0.8

1952.25 4.41E-06 1764.67 9.3 27.56 0.84
1952.233 4.48E-06 1764.59 9.27 27.96 0.87
1952.217 4.47E-06 1764.5 9.26 28.04 0.91

ABOR/MH/Priv-003102



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003103



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1952.2 4.49E-06 1764.42 9.24 28.28 0.94
1952.183 4.42E-06 1764.34 9.23 28.45 0.97
1952.167 4.61E-06 1764.25 9.23 28.39 1

1952.15 4.46E-06 1764.17 9.19 28.89 1.02
1952.133 4.6E-06 1764.09 9.25 28.18 1.04
1952.117 4.58E-06 1764 9.33 27.15 1.07

1952.1 4.57E-06 1763.92 9.37 26.77 1.08
1952.083 4.44E-06 1763.84 9.38 26.58 1.1
1952.067 4.6E-06 1763.75 9.41 26.2 1.12

1952.05 4.46E-06 1763.67 9.37 26.7 1.13
1952.033 4.52E-06 1763.59 9.26 28.02 1.14
1952.017 4.36E-06 1763.5 9.25 28.12 1.15

1952 4.21E-06 1763.42 9.26 28.04 1.15
1951.983 4.27E-06 1763.34 9.26 28.08 1.16
1951.967 4.11E-06 1763.25 9.25 28.2 1.16

1951.95 4.16E-06 1763.17 9.23 28.41 1.16
1951.933 3.87E-06 1763.09 9.26 28.04 1.16
1951.917 3.93E-06 1763 9.31 27.4 1.16

1951.9 4.17E-06 1762.92 9.37 26.65 1.15
1951.883 3.9E-06 1762.84 9.44 25.91 1.15
1951.867 3.98E-06 1762.75 9.45 25.68 1.14

1951.85 3.77E-06 1762.67 9.48 25.33 1.13
1951.833 3.72E-06 1762.59 9.48 25.36 1.13
1951.817 3.83E-06 1762.5 9.37 26.65 1.12

1951.8 3.67E-06 1762.42 9.34 27.06 1.1
1951.783 3.89E-06 1762.34 9.31 27.49 1.09
1951.767 3.84E-06 1762.25 9.28 27.86 1.08

1951.75 3.97E-06 1762.17 9.26 28.04 1.07
1951.733 3.96E-06 1762.09 9.28 27.82 1.06
1951.717 3.77E-06 1762 9.27 27.89 1.04

1951.7 3.9E-06 1761.92 9.32 27.35 1.03
1951.683 3.78E-06 1761.84 9.38 26.56 1.01
1951.667 3.8E-06 1761.75 9.43 25.97 1

1951.65 4.06E-06 1761.67 9.45 25.68 0.98
1951.633 4.21E-06 1761.59 9.43 26.02 0.97
1951.617 4.25E-06 1761.5 9.35 26.96 0.95

1951.6 4.15E-06 1761.42 9.28 27.77 0.94
1951.583 4.29E-06 1761.34 9.22 28.53 0.92
1951.567 4.27E-06 1761.25 9.22 28.54 0.91

1951.55 4.71E-06 1761.17 9.21 28.65 0.89
1951.536 5.15E-06 1761.09 9.45 25.77 0.88
1951.521 5.04E-06 1761 9.58 24.15 0.87
1951.507 5.11E-06 1760.92 9.58 24.15 0.86
1951.493 5.5E-06 1760.84 9.55 24.46 0.85
1951.479 5.56E-06 1760.75 9.53 24.79 0.84

ABOR/MH/Priv-003104



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003105



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1951.464 5.55E-06 1760.67 9.5 25.13 0.83
1951.45 5.39E-06 1760.59 9.46 25.67 0.82

1951.436 5.72E-06 1760.5 9.41 26.24 0.82
1951.421 5.6E-06 1760.42 9.36 26.83 0.81
1951.407 5.63E-06 1760.34 9.33 27.22 0.81
1951.393 5.49E-06 1760.25 9.31 27.47 0.81
1951.379 5.55E-06 1760.17 9.3 27.56 0.8
1951.364 5.72E-06 1760.09 9.31 27.43 0.8

1951.35 6.16E-06 1760 9.33 27.2 0.8
1951.336 6.11E-06 1759.92 9.39 26.51 0.81
1951.321 5.78E-06 1759.84 9.4 26.36 0.81
1951.307 5.93E-06 1759.75 9.43 26.02 0.81
1951.293 5.6E-06 1759.67 9.43 25.98 0.82
1951.279 5.52E-06 1759.59 9.45 25.69 0.82
1951.264 5.67E-06 1759.5 9.46 25.58 0.83

1951.25 5.5E-06 1759.42 9.41 26.22 0.84
1951.236 5.49E-06 1759.34 9.34 27.08 0.85
1951.221 5.95E-06 1759.25 9.31 27.41 0.86
1951.207 5.83E-06 1759.17 9.24 28.28 0.87
1951.193 5.91E-06 1759.09 9.31 27.38 0.88
1951.179 5.88E-06 1759 9.33 27.2 0.89
1951.164 5.97E-06 1758.92 9.35 26.95 0.9

1951.15 5.8E-06 1758.84 9.36 26.84 0.92
1951.136 5.96E-06 1758.75 9.45 25.78 0.93
1951.121 5.57E-06 1758.67 9.46 25.61 0.95
1951.107 6.16E-06 1758.59 9.5 25.16 0.96
1951.093 7.27E-06 1758.5 9.44 25.82 0.98
1951.079 6.6E-06 1758.42 9.32 27.31 1
1951.064 7.16E-06 1758.34 9.48 25.4 1.01

1951.05 7.31E-06 1758.25 9.33 27.23 1.03
1951.036 7.44E-06 1758.17 9.22 28.53 1.05
1951.021 7.73E-06 1758.09 9.23 28.41 1.07
1951.007 7.4E-06 1758 9.31 27.38 1.09
1950.993 8.05E-06 1757.92 9.36 26.83 1.11
1950.979 7.29E-06 1757.84 9.38 26.56 1.13
1950.964 7.16E-06 1757.75 9.4 26.4 1.15

1950.95 5.8E-06 1757.67 9.41 26.23 1.17
1950.936 5.73E-06 1757.59 9.42 26.14 1.19
1950.921 5.53E-06 1757.5 9.39 26.43 1.21
1950.907 5.34E-06 1757.42 9.33 27.19 1.23
1950.893 5.37E-06 1757.34 9.26 28.08 1.25
1950.879 5.08E-06 1757.25 9.24 28.31 1.27
1950.864 5.21E-06 1757.17 9.21 28.65 1.29

1950.85 5.02E-06 1757.09 9.22 28.54 1.31
1950.836 4.95E-06 1757 9.25 28.15 1.33

ABOR/MH/Priv-003106



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003107



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1950.821 4.71E-06 1756.92 9.28 27.8 1.35
1950.807 4.82E-06 1756.84 9.34 27.03 1.36
1950.793 4.67E-06 1756.75 9.42 26.14 1.38
1950.779 4.49E-06 1756.67 9.45 25.79 1.4
1950.764 4.53E-06 1756.59 9.45 25.67 1.42

1950.75 4.63E-06 1756.5 9.46 25.58 1.43
1950.736 4.12E-06 1756.42 9.39 26.5 1.45
1950.721 3.78E-06 1756.34 9.27 27.97 1.47
1950.707 3.63E-06 1756.25 9.24 28.32 1.48
1950.693 3.67E-06 1756.17 9.2 28.77 1.5
1950.679 4.11E-06 1756.09 9.21 28.69 1.51
1950.664 4.16E-06 1756 9.24 28.23 1.53

1950.65 4.28E-06 1755.92 9.29 27.73 1.54
1950.636 4.44E-06 1755.84 9.34 27.09 1.55
1950.621 4.87E-06 1755.75 9.37 26.65 1.57
1950.607 5.33E-06 1755.67 9.38 26.58 1.58
1950.593 5.31E-06 1755.59 9.34 27.07 1.59
1950.579 5.33E-06 1755.5 9.28 27.76 1.6
1950.564 5.19E-06 1755.42 9.22 28.51 1.61

1950.55 5.07E-06 1755.34 9.18 29.06 1.62
1950.536 4.96E-06 1755.25 9.18 29.01 1.63
1950.521 5.23E-06 1755.17 9.23 28.41 1.63
1950.507 5.25E-06 1755.09 9.26 28.02 1.64
1950.492 5.04E-06 1755 9.29 27.69 1.64
1950.478 5.03E-06 1754.92 9.31 27.43 1.65
1950.463 5.24E-06 1754.84 9.35 26.89 1.65
1950.449 5.1E-06 1754.75 9.39 26.51 1.66
1950.434 5.2E-06 1754.67 9.4 26.34 1.66

1950.42 5.2E-06 1754.59 9.43 26.03 1.67
1950.405 5.3E-06 1754.5 9.4 26.34 1.67
1950.391 5.94E-06 1754.42 9.31 27.43 1.67
1950.376 5.65E-06 1754.34 9.27 27.98 1.68
1950.362 7.16E-06 1754.25 9.23 28.36 1.68
1950.347 7.25E-06 1754.17 9.22 28.53 1.68
1950.333 7.59E-06 1754.09 9.23 28.43 1.68
1950.318 7.6E-06 1754 9.23 28.41 1.68
1950.304 9.15E-06 1753.92 9.25 28.22 1.68
1950.289 0.000009 1753.84 9.28 27.84 1.69
1950.275 7.74E-06 1753.75 9.32 27.33 1.69

1950.26 8.09E-06 1753.67 9.36 26.83 1.69
1950.246 6.98E-06 1753.59 9.4 26.32 1.69
1950.231 6.43E-06 1753.5 9.44 25.89 1.69
1950.217 6.03E-06 1753.42 9.42 26.1 1.69
1950.202 5.73E-06 1753.34 9.35 26.95 1.69
1950.188 5.09E-06 1753.25 9.25 28.1 1.69

ABOR/MH/Priv-003108



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003109



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1950.173 4.42E-06 1753.17 9.18 29.01 1.69
1950.159 4.41E-06 1753.09 9.22 28.5 1.69
1950.144 4.42E-06 1753 9.27 27.94 1.69

1950.13 4.26E-06 1752.92 9.26 28.01 1.69
1950.115 4.34E-06 1752.84 9.32 27.31 1.69
1950.101 4.48E-06 1752.75 9.39 26.52 1.69
1950.086 4.29E-06 1752.67 9.42 26.16 1.69
1950.072 4.14E-06 1752.59 9.4 26.36 1.69
1950.057 4.08E-06 1752.5 9.37 26.72 1.69
1950.043 4.31E-06 1752.42 9.3 27.61 1.69
1950.028 4.31E-06 1752.34 9.25 28.11 1.69
1950.014 4.16E-06 1752.25 9.2 28.77 1.69
1949.999 4.1E-06 1752.17 9.18 29.01 1.69
1949.985 4.08E-06 1752.09 9.23 28.45 1.69

1949.97 4.09E-06 1752 9.28 27.85 1.69
1949.956 4.12E-06 1751.92 9.31 27.43 1.69
1949.941 4.24E-06 1751.84 9.33 27.17 1.69
1949.927 4.13E-06 1751.75 9.36 26.88 1.69
1949.912 4.01E-06 1751.67 9.37 26.7 1.69
1949.898 4.14E-06 1751.59 9.35 26.93 1.69
1949.883 4.31E-06 1751.5 9.31 27.46 1.68
1949.869 4.31E-06 1751.42 9.27 27.93 1.68
1949.854 4.25E-06 1751.34 9.23 28.44 1.68

1949.84 4.1E-06 1751.25 9.21 28.66 1.68
1949.825 4.08E-06 1751.17 9.2 28.77 1.68
1949.811 3.99E-06 1751.09 9.23 28.41 1.67
1949.796 4.16E-06 1751 9.26 28.06 1.67
1949.782 3.98E-06 1750.92 9.27 27.87 1.67
1949.767 3.69E-06 1750.84 9.29 27.69 1.67
1949.753 3.62E-06 1750.75 9.32 27.33 1.66
1949.738 3.72E-06 1750.67 9.35 26.95 1.66
1949.724 3.65E-06 1750.59 9.35 27.01 1.66
1949.709 3.74E-06 1750.5 9.34 27.07 1.66
1949.695 3.56E-06 1750.42 9.35 26.95 1.66

1949.68 4.18E-06 1750.34 9.36 26.84 1.66
1949.666 3.85E-06 1750.25 9.31 27.47 1.66
1949.651 3.97E-06 1750.17 9.25 28.16 1.66
1949.637 3.93E-06 1750.09 9.35 26.92 1.66
1949.622 3.98E-06 1750 9.37 26.73 1.66
1949.608 4.03E-06 1749.92 9.38 26.54 1.66
1949.593 4.1E-06 1749.84 9.4 26.39 1.66
1949.579 4.49E-06 1749.75 9.41 26.28 1.66
1949.564 4.64E-06 1749.67 9.4 26.38 1.67

1949.55 4.34E-06 1749.59 9.36 26.81 1.67
1949.533 4.66E-06 1749.5 9.32 27.33 1.67

ABOR/MH/Priv-003110



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003111



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1949.516 4.53E-06 1749.42 9.28 27.76 1.68
1949.499 4.74E-06 1749.34 9.25 28.11 1.68
1949.481 4.64E-06 1749.25 9.22 28.55 1.69
1949.464 4.81E-06 1749.17 9.2 28.77 1.69
1949.447 4.71E-06 1749.09 9.23 28.38 1.7

1949.43 5.01E-06 1749 9.27 27.98 1.7
1949.413 4.95E-06 1748.92 9.3 27.55 1.71
1949.396 5.12E-06 1748.84 9.35 26.93 1.71
1949.378 5.05E-06 1748.75 9.39 26.51 1.72
1949.361 4.79E-06 1748.67 9.4 26.34 1.73
1949.344 4.63E-06 1748.59 9.36 26.89 1.73
1949.327 4.63E-06 1748.5 9.34 27.08 1.74

1949.31 0.000005 1748.42 9.36 26.83 1.74
1949.293 4.92E-06 1748.34 9.26 28.07 1.74
1949.276 5.22E-06 1748.25 9.19 28.92 1.75
1949.258 5.66E-06 1748.17 9.16 29.26 1.75
1949.241 5.86E-06 1748.09 9.18 29.05 1.76
1949.224 5.95E-06 1748 9.21 28.68 1.76
1949.207 5.42E-06 1747.92 9.23 28.46 1.76

1949.19 5.34E-06 1747.84 9.26 28.04 1.76
1949.173 6.1E-06 1747.75 9.3 27.55 1.76
1949.155 5.39E-06 1747.67 9.38 26.58 1.76
1949.138 5.53E-06 1747.59 9.43 26.02 1.76
1949.121 5.07E-06 1747.5 9.36 26.88 1.76
1949.104 5.61E-06 1747.42 9.31 27.38 1.76
1949.087 4.62E-06 1747.34 9.27 27.95 1.76

1949.07 4.77E-06 1747.25 9.2 28.73 1.76
1949.053 4.58E-06 1747.17 9.16 29.26 1.75
1949.035 4.57E-06 1747.09 9.18 29.02 1.75
1949.018 4.22E-06 1747 9.24 28.31 1.75
1949.001 4.04E-06 1746.92 9.29 27.69 1.74
1948.984 4.34E-06 1746.84 9.33 27.23 1.74
1948.967 4.28E-06 1746.75 9.35 26.9 1.73

1948.95 4.18E-06 1746.67 9.38 26.6 1.72
1948.932 4.32E-06 1746.59 9.31 27.39 1.72
1948.915 4.25E-06 1746.5 9.23 28.37 1.71
1948.898 4.36E-06 1746.42 9.22 28.51 1.71
1948.881 4.11E-06 1746.34 9.24 28.29 1.7
1948.864 4.15E-06 1746.25 9.24 28.32 1.69
1948.847 4.25E-06 1746.17 9.21 28.65 1.68
1948.829 4.15E-06 1746.09 9.27 27.91 1.68
1948.812 4.09E-06 1746 9.36 26.87 1.67
1948.795 4.14E-06 1745.92 9.43 25.95 1.66
1948.778 4.17E-06 1745.84 9.44 25.86 1.66
1948.761 3.97E-06 1745.75 9.44 25.85 1.65

ABOR/MH/Priv-003112



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003113



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1948.744 4.14E-06 1745.67 9.4 26.3 1.65
1948.727 4.01E-06 1745.59 9.37 26.75 1.64
1948.709 4.18E-06 1745.5 9.39 26.47 1.64
1948.692 4.29E-06 1745.42 9.3 27.61 1.63
1948.675 4.19E-06 1745.34 9.24 28.34 1.63
1948.658 4.35E-06 1745.25 9.21 28.71 1.62
1948.641 4.43E-06 1745.17 9.19 28.89 1.62
1948.624 4.47E-06 1745.09 9.22 28.55 1.62
1948.606 4.45E-06 1745 9.23 28.41 1.61
1948.589 4.2E-06 1744.92 9.38 26.58 1.61
1948.572 4.34E-06 1744.84 9.48 25.35 1.61
1948.555 4.38E-06 1744.75 9.47 25.48 1.61
1948.537 4.35E-06 1744.67 9.41 26.22 1.61
1948.519 4.32E-06 1744.59 9.4 26.33 1.6

1948.5 4.32E-06 1744.5 9.41 26.22 1.6
1948.482 4.32E-06 1744.42 9.39 26.46 1.6
1948.464 4.41E-06 1744.34 9.32 27.36 1.6
1948.446 4.57E-06 1744.25 9.22 28.48 1.6
1948.428 4.5E-06 1744.17 9.14 29.5 1.6

1948.41 4.72E-06 1744.09 9.17 29.2 1.6
1948.391 4.67E-06 1744 9.2 28.8 1.6
1948.373 4.57E-06 1743.92 9.22 28.47 1.6
1948.355 4.47E-06 1743.84 9.23 28.41 1.6
1948.337 4.73E-06 1743.75 9.29 27.72 1.6
1948.319 4.83E-06 1743.67 9.33 27.19 1.59

1948.3 5.13E-06 1743.59 9.36 26.85 1.59
1948.282 4.95E-06 1743.5 9.35 26.89 1.59
1948.264 5.02E-06 1743.42 9.35 26.91 1.59
1948.246 4.97E-06 1743.34 9.29 27.64 1.58
1948.228 4.58E-06 1743.25 9.24 28.31 1.58

1948.21 4.45E-06 1743.17 9.22 28.53 1.58
1948.191 4.41E-06 1743.09 9.28 27.85 1.58
1948.173 4.49E-06 1743 9.27 27.91 1.57
1948.155 4.28E-06 1742.92 9.31 27.43 1.57
1948.137 4.29E-06 1742.84 9.35 26.98 1.57
1948.119 4.21E-06 1742.75 9.39 26.48 1.56

1948.1 4.03E-06 1742.67 9.42 26.1 1.56
1948.082 3.98E-06 1742.59 9.39 26.43 1.56
1948.064 4.06E-06 1742.5 9.36 26.81 1.55
1948.046 4.11E-06 1742.42 9.33 27.19 1.55
1948.028 4.06E-06 1742.34 9.27 27.98 1.55

1948.01 4.03E-06 1742.25 9.23 28.39 1.55
1947.991 3.98E-06 1742.17 9.21 28.65 1.54
1947.973 3.98E-06 1742.09 9.24 28.24 1.54
1947.955 3.96E-06 1742 9.26 27.98 1.54

ABOR/MH/Priv-003114



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003115



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1947.937 3.86E-06 1741.92 9.3 27.54 1.54
1947.919 3.96E-06 1741.84 9.37 26.74 1.54

1947.9 3.93E-06 1741.75 9.41 26.17 1.53
1947.882 3.95E-06 1741.67 9.45 25.73 1.53
1947.864 4.26E-06 1741.59 9.45 25.77 1.53
1947.846 4.26E-06 1741.5 9.36 26.87 1.53
1947.828 4.08E-06 1741.42 9.25 28.11 1.53

1947.81 4.07E-06 1741.34 9.22 28.53 1.53
1947.791 4.24E-06 1741.25 9.22 28.53 1.53
1947.773 4.06E-06 1741.17 9.21 28.65 1.53
1947.755 4.34E-06 1741.09 9.22 28.5 1.53
1947.737 4.21E-06 1741 9.29 27.73 1.53
1947.719 4.26E-06 1740.92 9.35 27.01 1.53

1947.7 4.38E-06 1740.84 9.39 26.51 1.53
1947.682 4.26E-06 1740.75 9.45 25.69 1.53
1947.664 4.5E-06 1740.67 9.43 26.04 1.53
1947.646 4.54E-06 1740.59 9.36 26.79 1.53
1947.628 4.6E-06 1740.5 9.33 27.21 1.53

1947.61 4.52E-06 1740.42 9.28 27.75 1.54
1947.591 4.57E-06 1740.34 9.25 28.11 1.54
1947.573 4.55E-06 1740.25 9.23 28.37 1.54
1947.555 4.55E-06 1740.17 9.17 29.13 1.55
1947.535 4.59E-06 1740.09 9.29 27.67 1.55
1947.515 4.49E-06 1740 9.35 27 1.55
1947.495 4.84E-06 1739.92 9.43 26.02 1.56
1947.475 4.57E-06 1739.84 9.45 25.76 1.56
1947.455 5.21E-06 1739.75 9.43 25.98 1.56
1947.435 5.32E-06 1739.67 9.41 26.21 1.57
1947.415 5.84E-06 1739.59 9.37 26.7 1.57
1947.395 5.94E-06 1739.5 9.31 27.42 1.58
1947.375 5.92E-06 1739.42 9.28 27.81 1.58
1947.355 7.36E-06 1739.34 9.24 28.32 1.59
1947.335 6.34E-06 1739.25 9.22 28.56 1.59
1947.315 6.58E-06 1739.17 9.18 29.01 1.6
1947.295 6.62E-06 1739.09 9.24 28.23 1.6
1947.275 6.94E-06 1739 9.24 28.28 1.61
1947.255 7.19E-06 1738.92 9.33 27.19 1.61
1947.235 7.43E-06 1738.84 9.39 26.4 1.61
1947.215 6.06E-06 1738.75 9.39 26.46 1.62
1947.195 5.05E-06 1738.67 9.42 26.1 1.62
1947.175 4.99E-06 1738.59 9.42 26.1 1.62
1947.155 5.23E-06 1738.5 9.33 27.14 1.62
1947.135 4.49E-06 1738.42 9.24 28.28 1.63
1947.115 4.07E-06 1738.34 9.22 28.51 1.63
1947.095 4.02E-06 1738.25 9.19 28.88 1.63

ABOR/MH/Priv-003116



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003117



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1947.075 3.81E-06 1738.17 9.18 29.01 1.63
1947.055 4.07E-06 1738.09 9.24 28.23 1.63
1947.035 3.75E-06 1738 9.26 28.07 1.63
1947.015 3.98E-06 1737.92 9.28 27.8 1.63
1946.995 3.8E-06 1737.84 9.31 27.46 1.62
1946.975 4.03E-06 1737.75 9.33 27.19 1.62
1946.955 3.87E-06 1737.67 9.33 27.18 1.62
1946.935 3.93E-06 1737.59 9.33 27.18 1.61
1946.915 3.99E-06 1737.5 9.34 27.02 1.61
1946.895 0.000004 1737.42 9.32 27.27 1.6
1946.875 3.87E-06 1737.34 9.29 27.68 1.6
1946.855 4.06E-06 1737.25 9.23 28.44 1.59
1946.835 4.14E-06 1737.17 9.19 28.89 1.58
1946.815 4.12E-06 1737.09 9.3 27.59 1.58
1946.795 3.97E-06 1737 9.23 28.35 1.57
1946.775 3.96E-06 1736.92 9.22 28.59 1.56
1946.755 3.83E-06 1736.84 9.34 27.1 1.55
1946.735 4.08E-06 1736.75 9.4 26.35 1.54
1946.715 4.34E-06 1736.67 9.43 26.04 1.54
1946.695 4.67E-06 1736.59 9.44 25.9 1.53
1946.675 4.75E-06 1736.5 9.41 26.23 1.52
1946.655 4.78E-06 1736.42 9.32 27.28 1.51
1946.635 4.5E-06 1736.34 9.28 27.84 1.5
1946.615 4.91E-06 1736.25 9.27 27.92 1.49
1946.595 5.39E-06 1736.17 9.26 28.04 1.48
1946.575 6.28E-06 1736.09 9.29 27.7 1.47
1946.555 6.58E-06 1736 9.34 27.12 1.46
1946.539 6.37E-06 1735.92 9.37 26.7 1.45
1946.524 6.63E-06 1735.84 9.39 26.51 1.44
1946.508 6.24E-06 1735.75 9.4 26.4 1.44
1946.493 6.29E-06 1735.67 9.4 26.34 1.43
1946.477 6.54E-06 1735.59 9.38 26.57 1.42
1946.462 6.56E-06 1735.5 9.32 27.27 1.41
1946.446 6.57E-06 1735.42 9.26 28.04 1.4
1946.431 6.49E-06 1735.34 9.25 28.11 1.39
1946.415 6.44E-06 1735.25 9.22 28.55 1.38

1946.4 6.6E-06 1735.17 9.2 28.77 1.37
1946.384 6.13E-06 1735.09 9.26 28.09 1.36
1946.369 6.13E-06 1735 9.27 27.91 1.35
1946.353 6.01E-06 1734.92 9.27 27.95 1.34
1946.338 6.3E-06 1734.84 9.3 27.5 1.34
1946.322 6.36E-06 1734.75 9.35 26.92 1.33
1946.307 6.27E-06 1734.67 9.42 26.15 1.32
1946.291 6.65E-06 1734.59 9.46 25.56 1.31
1946.276 7.57E-06 1734.5 9.39 26.42 1.3

ABOR/MH/Priv-003118



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003119



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1946.26 6.9E-06 1734.42 9.38 26.62 1.29
1946.245 6.43E-06 1734.34 9.36 26.83 1.29
1946.229 7.24E-06 1734.25 9.31 27.39 1.28
1946.214 7.37E-06 1734.17 9.27 27.92 1.27
1946.198 1.03E-05 1734.09 9.28 27.81 1.27
1946.183 9.24E-06 1734 9.36 26.87 1.26
1946.167 8.3E-06 1733.92 9.37 26.7 1.25
1946.152 9.72E-06 1733.84 9.42 26.14 1.25
1946.136 8.79E-06 1733.75 9.47 25.51 1.25
1946.121 8.88E-06 1733.67 9.46 25.61 1.24
1946.105 8.31E-06 1733.59 9.4 26.29 1.24

1946.09 7.53E-06 1733.5 9.47 25.52 1.24
1946.074 6.33E-06 1733.42 9.38 26.58 1.24
1946.059 7.51E-06 1733.34 9.29 27.71 1.23
1946.043 7.95E-06 1733.25 9.25 28.15 1.23
1946.028 7.22E-06 1733.17 9.23 28.41 1.23
1946.012 7.01E-06 1733.09 9.27 27.94 1.23
1945.996 5.87E-06 1733 9.27 27.88 1.23
1945.981 4.73E-06 1732.92 9.33 27.24 1.23
1945.965 4.34E-06 1732.84 9.4 26.3 1.23

1945.95 5.33E-06 1732.75 9.43 26.01 1.22
1945.934 4.8E-06 1732.67 9.44 25.84 1.22
1945.919 4.18E-06 1732.59 9.37 26.68 1.22
1945.903 4.34E-06 1732.5 9.28 27.76 1.22
1945.888 4.21E-06 1732.42 9.23 28.39 1.22
1945.872 3.96E-06 1732.34 9.25 28.17 1.21
1945.857 3.84E-06 1732.25 9.23 28.37 1.21
1945.841 3.89E-06 1732.17 9.21 28.65 1.21
1945.826 3.88E-06 1732.09 9.27 27.97 1.2

1945.81 4.3E-06 1732 9.35 26.99 1.2
1945.795 4.5E-06 1731.92 9.37 26.7 1.2
1945.779 3.98E-06 1731.84 9.36 26.82 1.19
1945.764 4.1E-06 1731.75 9.34 27.06 1.19
1945.748 3.98E-06 1731.67 9.45 25.73 1.18
1945.733 4.12E-06 1731.59 9.39 26.52 1.18
1945.717 4.11E-06 1731.5 9.35 26.93 1.17
1945.702 4.03E-06 1731.42 9.3 27.56 1.17
1945.686 3.94E-06 1731.34 9.28 27.78 1.16
1945.671 3.93E-06 1731.25 9.26 28.03 1.15
1945.655 3.71E-06 1731.17 9.24 28.28 1.15

1945.64 4.03E-06 1731.09 9.33 27.15 1.14
1945.624 4.02E-06 1731 9.42 26.15 1.14
1945.609 4.37E-06 1730.92 9.46 25.58 1.13
1945.593 4.56E-06 1730.84 9.44 25.85 1.13
1945.578 4.87E-06 1730.75 9.43 25.99 1.12

ABOR/MH/Priv-003120



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003121



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1945.562 5.34E-06 1730.67 9.41 26.28 1.11
1945.547 5.16E-06 1730.59 9.37 26.73 1.11
1945.531 4.27E-06 1730.5 9.32 27.35 1.1
1945.516 5.14E-06 1730.42 9.29 27.73 1.1

1945.5 4.62E-06 1730.34 9.28 27.8 1.09
1945.479 4.45E-06 1730.25 9.29 27.7 1.09
1945.458 7.23E-06 1730.17 9.29 27.68 1.08
1945.437 6.49E-06 1730.09 9.3 27.58 1.08
1945.416 7.03E-06 1730 9.37 26.74 1.07
1945.395 5.55E-06 1729.92 9.42 26.16 1.07
1945.374 5.83E-06 1729.84 9.44 25.89 1.07
1945.353 4.52E-06 1729.75 9.46 25.65 1.06
1945.332 4.15E-06 1729.67 9.49 25.25 1.06
1945.311 4.04E-06 1729.59 9.42 26.16 1.05

1945.29 3.98E-06 1729.5 9.37 26.66 1.05
1945.269 3.96E-06 1729.42 9.34 27.13 1.05
1945.248 4.03E-06 1729.34 9.3 27.6 1.05
1945.227 4.37E-06 1729.25 9.27 27.98 1.04
1945.206 4.36E-06 1729.17 9.24 28.28 1.04
1945.185 5.17E-06 1729.09 9.26 28.03 1.04
1945.164 6.19E-06 1729 9.29 27.64 1.04
1945.143 5.99E-06 1728.92 9.34 27.04 1.03
1945.122 5.47E-06 1728.84 9.41 26.18 1.03
1945.101 5.96E-06 1728.75 9.44 25.87 1.03

1945.08 4.67E-06 1728.67 9.47 25.49 1.03
1945.059 4.38E-06 1728.59 9.46 25.62 1.02
1945.038 4.17E-06 1728.5 9.43 26.02 1.02
1945.017 4.37E-06 1728.42 9.36 26.83 1.02
1944.996 4.34E-06 1728.34 9.33 27.17 1.02
1944.975 3.9E-06 1728.25 9.3 27.6 1.02
1944.954 3.92E-06 1728.17 9.25 28.16 1.01
1944.933 3.7E-06 1728.09 9.26 28.02 1.01
1944.912 3.78E-06 1728 9.31 27.39 1.01
1944.891 3.56E-06 1727.92 9.36 26.89 1.01

1944.87 3.63E-06 1727.84 9.37 26.74 1
1944.849 3.55E-06 1727.75 9.38 26.64 1
1944.828 3.89E-06 1727.67 9.43 25.98 1
1944.807 3.71E-06 1727.59 9.44 25.81 1
1944.786 3.8E-06 1727.5 9.41 26.26 0.99
1944.765 3.71E-06 1727.42 9.33 27.16 0.99
1944.744 3.71E-06 1727.34 9.29 27.63 0.99
1944.723 4.06E-06 1727.25 9.28 27.78 0.99
1944.702 4.1E-06 1727.17 9.27 27.92 0.98
1944.681 4.12E-06 1727.09 9.29 27.66 0.98

1944.66 0.000004 1727 9.33 27.14 0.98

ABOR/MH/Priv-003122



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003123



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1944.639 4.17E-06 1726.92 9.39 26.46 0.97
1944.618 4.21E-06 1726.84 9.45 25.77 0.97
1944.597 4.19E-06 1726.75 9.42 26.13 0.96
1944.576 4.2E-06 1726.67 9.38 26.59 0.96
1944.555 4.2E-06
1944.533 4.4E-06

1944.51 4.75E-06
1944.488 5.22E-06
1944.466 5.28E-06
1944.443 5.18E-06
1944.421 5.74E-06
1944.399 5.03E-06
1944.376 5.41E-06
1944.354 5.62E-06
1944.332 5.85E-06
1944.309 5.82E-06
1944.287 6.39E-06
1944.265 6.33E-06
1944.242 5.96E-06

1944.22 6.13E-06
1944.198 4.89E-06
1944.175 4.22E-06
1944.153 4.09E-06
1944.131 4.17E-06
1944.108 4.09E-06
1944.086 3.93E-06
1944.064 3.95E-06
1944.041 3.76E-06
1944.019 3.69E-06
1943.997 3.85E-06
1943.974 3.87E-06
1943.952 3.82E-06

1943.93 3.7E-06
1943.907 3.69E-06
1943.885 3.73E-06
1943.863 3.89E-06

1943.84 3.85E-06
1943.818 3.75E-06
1943.796 3.73E-06
1943.773 3.91E-06
1943.751 4.13E-06
1943.729 4.27E-06
1943.706 4.22E-06
1943.684 4.05E-06
1943.662 4.06E-06

ABOR/MH/Priv-003124



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003125



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1943.639 3.88E-06
1943.617 3.98E-06
1943.595 4.35E-06
1943.572 4.34E-06

1943.55 4.38E-06
1943.522 4.2E-06
1943.494 4.15E-06
1943.467 4.07E-06
1943.439 4.3E-06
1943.411 4.27E-06
1943.383 4.41E-06
1943.356 4.38E-06
1943.328 4.81E-06

1943.3 5.27E-06
1943.272 5.13E-06
1943.244 4.76E-06
1943.217 4.64E-06
1943.189 4.49E-06
1943.161 4.34E-06
1943.133 4.4E-06
1943.106 4.21E-06
1943.078 4.12E-06

1943.05 3.98E-06
1943.022 4.03E-06
1942.994 0.000004
1942.967 3.94E-06
1942.939 3.93E-06
1942.911 3.98E-06
1942.883 3.87E-06
1942.856 4.07E-06
1942.828 3.71E-06

1942.8 3.83E-06
1942.772 3.82E-06
1942.744 3.96E-06
1942.717 4.06E-06
1942.689 3.98E-06
1942.661 3.98E-06
1942.633 0.000004
1942.606 3.82E-06
1942.578 3.89E-06

1942.55 4.16E-06
1942.538 3.96E-06
1942.526 4.11E-06
1942.515 4.1E-06
1942.503 4.15E-06

ABOR/MH/Priv-003126



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003127



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1942.491 4.54E-06
1942.479 4.2E-06
1942.468 4.22E-06
1942.456 4.22E-06
1942.444 4.21E-06
1942.432 4.13E-06
1942.421 4.5E-06
1942.409 4.25E-06
1942.397 4.16E-06
1942.385 4.06E-06
1942.374 4.41E-06
1942.362 4.45E-06

1942.35 4.46E-06
1942.338 4.28E-06
1942.326 4.15E-06
1942.315 4.08E-06
1942.303 3.55E-06
1942.291 3.03E-06
1942.279 3.23E-06
1942.268 3.01E-06
1942.256 2.95E-06
1942.244 3.06E-06
1942.232 3.3E-06
1942.221 3.38E-06
1942.209 4.01E-06
1942.197 3.91E-06
1942.185 3.73E-06
1942.174 3.71E-06
1942.162 3.81E-06

1942.15 3.94E-06
1942.138 3.83E-06
1942.126 3.8E-06
1942.115 3.94E-06
1942.103 3.71E-06
1942.091 3.83E-06
1942.079 3.85E-06
1942.068 3.85E-06
1942.056 3.69E-06
1942.044 3.81E-06
1942.032 3.94E-06
1942.021 4.04E-06
1942.009 4.08E-06
1941.997 4.11E-06
1941.985 3.91E-06
1941.974 4.06E-06

ABOR/MH/Priv-003128



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003129



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1941.962 3.96E-06
1941.95 3.85E-06

1941.938 3.83E-06
1941.926 4.05E-06
1941.915 4.02E-06
1941.903 3.93E-06
1941.891 3.93E-06
1941.879 0.000004
1941.868 4.01E-06
1941.856 4.11E-06
1941.844 0.000004
1941.832 3.88E-06
1941.821 3.98E-06
1941.809 3.98E-06
1941.797 3.86E-06
1941.785 3.87E-06
1941.774 3.82E-06
1941.762 3.76E-06

1941.75 3.96E-06
1941.738 3.93E-06
1941.726 3.97E-06
1941.715 3.91E-06
1941.703 3.9E-06
1941.691 3.88E-06
1941.679 3.78E-06
1941.668 4.11E-06
1941.656 4.06E-06
1941.644 4.03E-06
1941.632 4.12E-06
1941.621 3.77E-06
1941.609 4.03E-06
1941.597 4.06E-06
1941.585 4.19E-06
1941.574 4.28E-06
1941.562 4.22E-06

1941.55 4.4E-06
1941.53 4.53E-06

1941.509 4.4E-06
1941.489 4.45E-06
1941.468 4.47E-06
1941.448 4.57E-06
1941.428 4.55E-06
1941.407 4.57E-06
1941.387 4.49E-06
1941.366 4.51E-06

ABOR/MH/Priv-003130



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003131



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1941.346 4.39E-06
1941.326 4.51E-06
1941.305 4.48E-06
1941.285 4.54E-06
1941.264 4.66E-06
1941.244 5.32E-06
1941.223 5.41E-06
1941.203 5.12E-06
1941.183 4.98E-06
1941.162 5.3E-06
1941.142 5.28E-06
1941.121 5.1E-06
1941.101 5.11E-06
1941.081 4.99E-06

1941.06 5.19E-06
1941.04 4.99E-06

1941.019 4.63E-06
1940.999 4.66E-06
1940.979 4.58E-06
1940.958 4.4E-06
1940.938 4.28E-06
1940.917 4.15E-06
1940.897 3.94E-06
1940.877 0.000004
1940.856 3.92E-06
1940.836 3.82E-06
1940.815 3.99E-06
1940.795 4.61E-06
1940.774 4.88E-06
1940.754 4.86E-06
1940.734 4.8E-06
1940.713 4.89E-06
1940.693 5.01E-06
1940.672 4.8E-06
1940.652 5.02E-06
1940.632 4.62E-06
1940.611 5.17E-06
1940.591 5.36E-06

1940.57 5.21E-06
1940.55 5.41E-06

1940.532 6.57E-06
1940.514 6.48E-06
1940.496 6.13E-06
1940.479 7.57E-06
1940.461 6.85E-06

ABOR/MH/Priv-003132



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003133



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1940.443 7.92E-06
1940.425 9.4E-06
1940.407 9.32E-06
1940.389 8.17E-06
1940.371 8.36E-06
1940.354 7.15E-06
1940.336 6.37E-06
1940.318 5.96E-06

1940.3 4.4E-06
1940.282 3.72E-06
1940.264 3.59E-06
1940.246 3.48E-06
1940.229 3.59E-06
1940.211 3.45E-06
1940.193 3.81E-06
1940.175 3.57E-06
1940.157 3.58E-06
1940.139 3.49E-06
1940.121 3.57E-06
1940.104 3.82E-06
1940.086 3.77E-06
1940.068 3.81E-06

1940.05 3.85E-06
1940.032 3.84E-06
1940.014 3.92E-06
1939.996 4.01E-06
1939.979 3.91E-06
1939.961 4.01E-06
1939.943 4.06E-06
1939.925 4.02E-06
1939.907 4.07E-06
1939.889 3.97E-06
1939.871 4.4E-06
1939.854 4.28E-06
1939.836 4.35E-06
1939.818 4.33E-06

1939.8 4.26E-06
1939.782 4.28E-06
1939.764 4.3E-06
1939.746 4.12E-06
1939.729 4.11E-06
1939.711 4.09E-06
1939.693 4.1E-06
1939.675 3.97E-06
1939.657 0.000004

ABOR/MH/Priv-003134



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003135



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1939.639 0.000004
1939.621 3.76E-06
1939.604 3.88E-06
1939.586 3.99E-06
1939.568 4.05E-06

1939.55 4.06E-06
1939.522 4.02E-06
1939.494 4.02E-06
1939.467 3.89E-06
1939.439 3.97E-06
1939.411 3.98E-06
1939.383 3.86E-06
1939.356 3.82E-06
1939.328 3.81E-06

1939.3 3.93E-06
1939.272 3.9E-06
1939.244 3.8E-06
1939.217 3.95E-06
1939.189 0.000004
1939.161 3.86E-06
1939.133 4.2E-06
1939.106 0.000004
1939.078 3.92E-06

1939.05 4.03E-06
1939.022 3.91E-06
1938.994 4.09E-06
1938.967 4.07E-06
1938.939 3.93E-06
1938.911 3.92E-06
1938.883 3.91E-06
1938.856 3.96E-06
1938.828 3.96E-06

1938.8 4.12E-06
1938.772 4.07E-06
1938.744 4.18E-06
1938.717 0.000004
1938.689 4.3E-06
1938.661 4.29E-06
1938.633 4.34E-06
1938.606 4.17E-06
1938.578 4.17E-06

1938.55 4.27E-06
1938.519 4.35E-06
1938.488 4.45E-06
1938.456 4.76E-06

ABOR/MH/Priv-003136



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003137



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1938.425 4.84E-06
1938.394 4.96E-06
1938.363 4.91E-06
1938.331 4.97E-06

1938.3 4.97E-06
1938.269 4.85E-06
1938.238 4.68E-06
1938.206 4.49E-06
1938.175 4.48E-06
1938.144 4.44E-06
1938.113 4.39E-06
1938.081 4.25E-06

1938.05 4.02E-06
1938.019 3.98E-06
1937.988 3.66E-06
1937.956 3.99E-06
1937.925 4.09E-06
1937.894 4.1E-06
1937.863 3.92E-06
1937.831 3.79E-06

1937.8 3.86E-06
1937.769 3.88E-06
1937.738 0.000004
1937.706 3.99E-06
1937.675 3.96E-06
1937.644 4.13E-06
1937.613 4.13E-06
1937.581 4.27E-06

1937.55 4.13E-06
1937.53 4.06E-06
1937.51 3.99E-06
1937.49 4.08E-06
1937.47 3.79E-06
1937.45 3.81E-06
1937.43 3.81E-06
1937.41 5.04E-06
1937.39 5.35E-06
1937.37 5.23E-06
1937.35 5.04E-06
1937.33 4.83E-06
1937.31 4.75E-06
1937.29 4.51E-06
1937.27 4.3E-06
1937.25 4.06E-06
1937.23 4.1E-06

ABOR/MH/Priv-003138



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003139



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1937.21 3.96E-06
1937.19 4.13E-06
1937.17 4.36E-06
1937.15 4.43E-06
1937.13 4.08E-06
1937.11 3.98E-06
1937.09 3.94E-06
1937.07 3.88E-06
1937.05 4.05E-06
1937.03 3.86E-06
1937.01 3.81E-06
1936.99 3.84E-06
1936.97 3.81E-06
1936.95 3.83E-06
1936.93 3.73E-06
1936.91 4.03E-06
1936.89 3.68E-06
1936.87 3.48E-06
1936.85 3.6E-06
1936.83 3.62E-06
1936.81 3.84E-06
1936.79 3.99E-06
1936.77 4.09E-06
1936.75 4.4E-06
1936.73 4.17E-06
1936.71 4.12E-06
1936.69 4.09E-06
1936.67 4.03E-06
1936.65 4.09E-06
1936.63 3.93E-06
1936.61 4.12E-06
1936.59 4.1E-06
1936.57 4.03E-06
1936.55 4.12E-06

1936.528 0.000004
1936.506 3.96E-06
1936.483 4.19E-06
1936.461 4.16E-06
1936.439 3.99E-06
1936.417 4.23E-06
1936.394 4.3E-06
1936.372 4.62E-06

1936.35 6.73E-06
1936.328 9.34E-06
1936.306 9.68E-06

ABOR/MH/Priv-003140



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003141



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1936.283 7.3E-06
1936.261 5.62E-06
1936.239 5.02E-06
1936.217 4.33E-06
1936.194 3.85E-06
1936.172 3.64E-06

1936.15 3.61E-06
1936.128 3.53E-06
1936.106 3.52E-06
1936.083 3.49E-06
1936.061 3.51E-06
1936.039 3.51E-06
1936.017 3.54E-06
1935.994 3.65E-06
1935.972 3.73E-06

1935.95 3.84E-06
1935.928 3.88E-06
1935.906 3.73E-06
1935.883 3.8E-06
1935.861 3.62E-06
1935.839 3.8E-06
1935.817 3.75E-06
1935.794 3.63E-06
1935.772 3.64E-06

1935.75 3.56E-06
1935.728 3.69E-06
1935.706 3.91E-06
1935.683 3.98E-06
1935.661 4.18E-06
1935.639 4.24E-06
1935.617 4.39E-06
1935.594 4.15E-06
1935.572 4.02E-06

1935.55 4.22E-06
1935.527 4.19E-06
1935.505 4.33E-06
1935.482 4.4E-06
1935.459 4.3E-06
1935.436 4.25E-06
1935.414 4.31E-06
1935.391 4.17E-06
1935.368 3.87E-06
1935.345 3.74E-06
1935.323 3.75E-06

1935.3 3.59E-06

ABOR/MH/Priv-003142



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003143



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1935.277 3.46E-06
1935.255 3.49E-06
1935.232 3.39E-06
1935.209 3.44E-06
1935.186 3.62E-06
1935.164 3.92E-06
1935.141 3.83E-06
1935.118 3.77E-06
1935.095 4.04E-06
1935.073 3.69E-06

1935.05 3.85E-06
1935.027 3.84E-06
1935.005 3.92E-06
1934.982 4.05E-06
1934.959 3.9E-06
1934.936 3.93E-06
1934.914 3.7E-06
1934.891 3.71E-06
1934.868 3.78E-06
1934.845 3.65E-06
1934.823 3.76E-06

1934.8 3.77E-06
1934.777 3.67E-06
1934.755 3.75E-06
1934.732 3.88E-06
1934.709 3.75E-06
1934.686 3.89E-06
1934.664 3.88E-06
1934.641 3.95E-06
1934.618 4.08E-06
1934.595 4.09E-06
1934.573 4.21E-06

1934.55 4.32E-06
1934.53 3.87E-06
1934.51 4.09E-06
1934.49 4.16E-06
1934.47 4.05E-06
1934.45 4.11E-06
1934.43 4.06E-06
1934.41 4.03E-06
1934.39 4.05E-06
1934.37 4.17E-06
1934.35 4.19E-06
1934.33 4.51E-06
1934.31 4.47E-06

ABOR/MH/Priv-003144



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003145



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1934.29 4.69E-06
1934.27 4.57E-06
1934.25 5.21E-06
1934.23 6.14E-06
1934.21 5.95E-06
1934.19 5.32E-06
1934.17 6.43E-06
1934.15 6.33E-06
1934.13 6.01E-06
1934.11 5.63E-06
1934.09 5.12E-06
1934.07 4.5E-06
1934.05 4.73E-06
1934.03 4.34E-06
1934.01 4.32E-06
1933.99 4.34E-06
1933.97 4.5E-06
1933.95 3.88E-06
1933.93 3.94E-06
1933.91 3.81E-06
1933.89 3.77E-06
1933.87 3.76E-06
1933.85 3.92E-06
1933.83 4.1E-06
1933.81 3.83E-06
1933.79 3.82E-06
1933.77 3.98E-06
1933.75 3.86E-06
1933.73 3.89E-06
1933.71 3.79E-06
1933.69 4.04E-06
1933.67 3.93E-06
1933.65 4.17E-06
1933.63 4.18E-06
1933.61 4.27E-06
1933.59 4.23E-06
1933.57 4.22E-06
1933.55 4.35E-06

1933.527 4.59E-06
1933.505 4.44E-06
1933.482 4.58E-06
1933.459 4.7E-06
1933.436 4.47E-06
1933.414 4.75E-06
1933.391 4.55E-06

ABOR/MH/Priv-003146



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003147



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1933.368 4.87E-06
1933.345 4.71E-06
1933.323 4.86E-06

1933.3 5.08E-06
1933.277 5.39E-06
1933.255 5.18E-06
1933.232 5.46E-06
1933.209 5.53E-06
1933.186 6.22E-06
1933.164 6.45E-06
1933.141 6.29E-06
1933.118 5.06E-06
1933.095 5.05E-06
1933.073 5.41E-06

1933.05 4.82E-06
1933.027 5.13E-06
1933.005 4.42E-06
1932.982 3.63E-06
1932.959 3.66E-06
1932.936 3.77E-06
1932.914 3.78E-06
1932.891 3.82E-06
1932.868 3.92E-06
1932.845 4.15E-06
1932.823 4.24E-06

1932.8 4.14E-06
1932.777 4.09E-06
1932.755 4.06E-06
1932.732 4.07E-06
1932.709 4.1E-06
1932.686 4.16E-06
1932.664 4.05E-06
1932.641 4.09E-06
1932.618 3.87E-06
1932.595 3.63E-06
1932.573 3.64E-06

1932.55 4.03E-06
1932.536 3.97E-06
1932.521 3.87E-06
1932.507 3.86E-06
1932.492 3.91E-06
1932.478 4.09E-06
1932.463 4.1E-06
1932.449 4.32E-06
1932.434 4.89E-06

ABOR/MH/Priv-003148



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003149



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1932.42 4.11E-06
1932.405 3.92E-06
1932.391 3.9E-06
1932.376 4.11E-06
1932.362 4.14E-06
1932.347 4.12E-06
1932.333 4.25E-06
1932.318 4.52E-06
1932.304 4.52E-06
1932.289 4.39E-06
1932.275 4.45E-06

1932.26 4.42E-06
1932.246 4.39E-06
1932.231 4.51E-06
1932.217 4.42E-06
1932.202 4.32E-06
1932.188 4.25E-06
1932.173 4.48E-06
1932.159 4.52E-06
1932.144 4.55E-06

1932.13 4.44E-06
1932.115 4.67E-06
1932.101 5.27E-06
1932.086 6.01E-06
1932.072 5.51E-06
1932.057 5.73E-06
1932.043 5.38E-06
1932.028 4.86E-06
1932.014 4.37E-06
1931.999 4.32E-06
1931.985 4.49E-06

1931.97 4.21E-06
1931.956 4.18E-06
1931.941 4.18E-06
1931.927 3.99E-06
1931.912 3.96E-06
1931.898 3.91E-06
1931.883 4.06E-06
1931.869 3.98E-06
1931.854 4.03E-06

1931.84 4.24E-06
1931.825 4.06E-06
1931.811 4.04E-06
1931.796 4.03E-06
1931.782 4.04E-06

ABOR/MH/Priv-003150



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003151



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1931.767 3.87E-06
1931.753 0.000004
1931.738 3.87E-06
1931.724 3.97E-06
1931.709 3.92E-06
1931.695 4.05E-06

1931.68 4.07E-06
1931.666 3.93E-06
1931.651 3.91E-06
1931.637 4.02E-06
1931.622 4.04E-06
1931.608 4.19E-06
1931.593 4.26E-06
1931.579 4.2E-06
1931.564 4.02E-06

1931.55 4.02E-06
1931.536 4.09E-06
1931.521 4.04E-06
1931.507 0.000004
1931.493 4.03E-06
1931.479 3.93E-06
1931.464 3.98E-06

1931.45 4.03E-06
1931.436 4.09E-06
1931.421 4.15E-06
1931.407 4.12E-06
1931.393 4.13E-06
1931.379 3.91E-06
1931.364 4.04E-06

1931.35 4.06E-06
1931.336 4.12E-06
1931.321 4.18E-06
1931.307 4.02E-06
1931.293 4.05E-06
1931.279 3.93E-06
1931.264 3.92E-06

1931.25 3.89E-06
1931.236 3.92E-06
1931.221 3.91E-06
1931.207 3.91E-06
1931.193 3.72E-06
1931.179 3.8E-06
1931.164 3.55E-06

1931.15 3.44E-06
1931.136 3.44E-06

ABOR/MH/Priv-003152



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003153



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1931.121 3.31E-06
1931.107 3.59E-06
1931.093 3.68E-06
1931.079 3.64E-06
1931.064 3.66E-06

1931.05 3.36E-06
1931.036 3.59E-06
1931.021 3.55E-06
1931.007 3.66E-06
1930.993 3.62E-06
1930.979 3.53E-06
1930.964 3.62E-06

1930.95 4.14E-06
1930.936 4.01E-06
1930.921 0.000004
1930.907 4.03E-06
1930.893 4.05E-06
1930.879 3.97E-06
1930.864 4.23E-06

1930.85 4.03E-06
1930.836 3.96E-06
1930.821 4.05E-06
1930.807 0.000004
1930.793 4.17E-06
1930.779 4.28E-06
1930.764 4.15E-06

1930.75 4.15E-06
1930.736 4.09E-06
1930.721 4.27E-06
1930.707 4.52E-06
1930.693 4.57E-06
1930.679 4.94E-06
1930.664 5.24E-06

1930.65 5.08E-06
1930.636 5.19E-06
1930.621 5.4E-06
1930.607 5.32E-06
1930.593 5.2E-06
1930.579 4.89E-06
1930.564 4.76E-06

1930.55 4.96E-06
1930.534 4.75E-06
1930.519 4.71E-06
1930.503 4.52E-06
1930.488 4.39E-06

ABOR/MH/Priv-003154



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003155



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1930.472 4.41E-06
1930.456 4.34E-06
1930.441 4.29E-06
1930.425 4.54E-06
1930.409 4.53E-06
1930.394 4.49E-06
1930.378 4.4E-06
1930.363 4.58E-06
1930.347 4.79E-06
1930.331 5.04E-06
1930.316 4.88E-06

1930.3 5.2E-06
1930.284 5.11E-06
1930.269 5.37E-06
1930.253 5.39E-06
1930.238 5.15E-06
1930.222 5.52E-06
1930.206 6.1E-06
1930.191 6.58E-06
1930.175 5.54E-06
1930.159 6.13E-06
1930.144 5.86E-06
1930.128 5.78E-06
1930.113 5.33E-06
1930.097 4.93E-06
1930.081 4.95E-06
1930.066 4.68E-06

1930.05 4.63E-06
1930.034 4.48E-06
1930.019 4.55E-06
1930.003 4.39E-06
1929.988 4.63E-06
1929.972 4.75E-06
1929.956 4.53E-06
1929.941 4.38E-06
1929.925 4.74E-06
1929.909 4.57E-06
1929.894 4.3E-06
1929.878 4.35E-06
1929.863 4.36E-06
1929.847 4.47E-06
1929.831 4.1E-06
1929.816 4.13E-06

1929.8 4.21E-06
1929.784 4.09E-06

ABOR/MH/Priv-003156



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003157



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1929.769 4.23E-06
1929.753 4.06E-06
1929.738 4.29E-06
1929.722 4.2E-06
1929.706 4.3E-06
1929.691 4.33E-06
1929.675 4.05E-06
1929.659 4.03E-06
1929.644 4.18E-06
1929.628 4.41E-06
1929.613 4.42E-06
1929.597 4.48E-06
1929.581 5.01E-06
1929.566 4.41E-06

1929.55 4.73E-06
1929.529 4.82E-06
1929.508 4.82E-06
1929.488 4.79E-06
1929.467 4.95E-06
1929.446 5.35E-06
1929.425 5.48E-06
1929.404 5.81E-06
1929.383 0.000006
1929.363 5.57E-06
1929.342 5.84E-06
1929.321 5.41E-06

1929.3 5.09E-06
1929.279 5.21E-06
1929.258 5.02E-06
1929.238 5.11E-06
1929.217 5.24E-06
1929.196 5.22E-06
1929.175 5.22E-06
1929.154 5.32E-06
1929.133 5.77E-06
1929.113 5.6E-06
1929.092 5.19E-06
1929.071 5.44E-06

1929.05 5.15E-06
1929.029 4.97E-06
1929.008 4.76E-06
1928.988 4.49E-06
1928.967 4.48E-06
1928.946 4.57E-06
1928.925 4.69E-06

ABOR/MH/Priv-003158



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003159



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1928.904 4.23E-06
1928.883 4.35E-06
1928.863 4.3E-06
1928.842 4.25E-06
1928.821 4.18E-06

1928.8 0.000004
1928.779 4.08E-06
1928.758 4.01E-06
1928.738 4.03E-06
1928.717 4.17E-06
1928.696 4.33E-06
1928.675 4.06E-06
1928.654 4.53E-06
1928.633 4.9E-06
1928.613 4.7E-06
1928.592 4.96E-06
1928.571 5.13E-06

1928.55 5.34E-06
1928.521 4.85E-06
1928.491 4.6E-06
1928.462 4.4E-06
1928.432 4.57E-06
1928.403 4.59E-06
1928.374 4.23E-06
1928.344 4.4E-06
1928.315 4.33E-06
1928.285 4.23E-06
1928.256 4.51E-06
1928.226 5.19E-06
1928.197 5.45E-06
1928.168 5.54E-06
1928.138 5.71E-06
1928.109 5.44E-06
1928.079 4.48E-06

1928.05 4.16E-06
1928.021 4.13E-06
1927.991 4.06E-06
1927.962 4.3E-06
1927.932 4.12E-06
1927.903 4.28E-06
1927.874 4.45E-06
1927.844 4.36E-06
1927.815 4.39E-06
1927.785 4.48E-06
1927.756 4.13E-06

ABOR/MH/Priv-003160



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003161



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1927.726 4.11E-06
1927.697 4.21E-06
1927.668 4.13E-06
1927.638 4.24E-06
1927.609 4.33E-06
1927.579 4.24E-06

1927.55 4.54E-06
1927.525 4.55E-06

1927.5 0.000005
1927.475 5.66E-06

1927.45 5.79E-06
1927.425 6.21E-06

1927.4 7.35E-06
1927.375 8.26E-06

1927.35 8.79E-06
1927.325 1E-05

1927.3 1.08E-05
1927.275 1.05E-05

1927.25 1.09E-05
1927.225 1.19E-05

1927.2 1.21E-05
1927.175 1.17E-05

1927.15 9.98E-06
1927.125 8.89E-06

1927.1 8.01E-06
1927.075 6.96E-06

1927.05 5.64E-06
1927.025 4.82E-06

1927 4.25E-06
1926.975 4.11E-06

1926.95 3.99E-06
1926.925 3.98E-06

1926.9 3.89E-06
1926.875 4.02E-06

1926.85 3.87E-06
1926.825 4.02E-06

1926.8 4.06E-06
1926.775 4.15E-06

1926.75 3.99E-06
1926.725 4.06E-06

1926.7 3.99E-06
1926.675 3.94E-06

1926.65 4.21E-06
1926.625 4.42E-06

1926.6 4.15E-06

ABOR/MH/Priv-003162



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003163



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1926.575 4.1E-06
1926.55 4.12E-06

1926.528 4.54E-06
1926.507 4.7E-06
1926.485 4.74E-06
1926.463 4.49E-06
1926.441 4.38E-06

1926.42 4.5E-06
1926.398 4.86E-06
1926.376 4.75E-06
1926.354 4.28E-06
1926.333 4.08E-06
1926.311 3.86E-06
1926.289 4.03E-06
1926.267 5.41E-06
1926.246 5.61E-06
1926.224 3.96E-06
1926.202 3.82E-06

1926.18 3.49E-06
1926.159 3.56E-06
1926.137 3.74E-06
1926.115 3.87E-06
1926.093 3.95E-06
1926.072 4.18E-06

1926.05 4.06E-06
1926.028 4.03E-06
1926.007 4.09E-06
1925.985 3.99E-06
1925.963 4.06E-06
1925.941 3.88E-06

1925.92 4.02E-06
1925.898 3.99E-06
1925.876 3.96E-06
1925.854 4.03E-06
1925.833 4.1E-06
1925.811 3.96E-06
1925.789 3.58E-06
1925.767 3.34E-06
1925.746 3.46E-06
1925.724 3.68E-06
1925.702 4.08E-06

1925.68 4.2E-06
1925.659 4.21E-06
1925.637 4.13E-06
1925.615 4.13E-06

ABOR/MH/Priv-003164



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003165



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1925.593 4.23E-06
1925.572 4.43E-06

1925.55 4.37E-06
1925.532 4.54E-06
1925.514 4.52E-06
1925.495 4.44E-06
1925.477 4.11E-06
1925.459 4.21E-06
1925.441 4.06E-06
1925.423 4.02E-06
1925.405 4.25E-06
1925.386 4.35E-06
1925.368 5.24E-06

1925.35 5.11E-06
1925.332 5.02E-06
1925.314 5.51E-06
1925.295 5.58E-06
1925.277 7.25E-06
1925.259 7.37E-06
1925.241 6.86E-06
1925.223 7.13E-06
1925.205 6.92E-06
1925.186 6.09E-06
1925.168 5.17E-06

1925.15 4.71E-06
1925.132 5.3E-06
1925.114 4.68E-06
1925.095 4.49E-06
1925.077 4.42E-06
1925.059 4.39E-06
1925.041 4.35E-06
1925.023 4.31E-06
1925.005 4.01E-06
1924.986 3.91E-06
1924.968 3.81E-06

1924.95 3.81E-06
1924.932 3.95E-06
1924.914 3.69E-06
1924.895 3.83E-06
1924.877 3.69E-06
1924.859 3.97E-06
1924.841 3.97E-06
1924.823 3.91E-06
1924.805 4.16E-06
1924.786 4.11E-06

ABOR/MH/Priv-003166



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003167



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1924.768 4.24E-06
1924.75 4.09E-06

1924.732 4.17E-06
1924.714 4.14E-06
1924.695 4.31E-06
1924.677 4.39E-06
1924.659 4.43E-06
1924.641 4.41E-06
1924.623 4.54E-06
1924.605 5.35E-06
1924.586 5.64E-06
1924.568 5.4E-06

1924.55 5.67E-06
1924.52 6.1E-06

1924.489 6.56E-06
1924.459 6.53E-06
1924.429 7.18E-06
1924.398 6.32E-06
1924.368 4.53E-06
1924.338 4.29E-06
1924.308 4.36E-06
1924.277 4.21E-06
1924.247 4.2E-06
1924.217 3.92E-06
1924.186 3.76E-06
1924.156 3.65E-06
1924.126 3.64E-06
1924.095 3.69E-06
1924.065 3.84E-06
1924.035 3.9E-06
1924.005 3.87E-06
1923.974 3.86E-06
1923.944 3.82E-06
1923.914 3.93E-06
1923.883 4.02E-06
1923.853 4.02E-06
1923.823 4.19E-06
1923.792 4.09E-06
1923.762 3.99E-06
1923.732 4.02E-06
1923.702 3.74E-06
1923.671 3.84E-06
1923.641 3.8E-06
1923.611 3.96E-06

1923.58 4.03E-06

ABOR/MH/Priv-003168



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003169



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1923.55 3.93E-06
1923.532 3.94E-06
1923.514 3.94E-06
1923.495 4.08E-06
1923.477 4.82E-06
1923.459 4.9E-06
1923.441 4.26E-06
1923.423 0.000004
1923.405 0.000004
1923.386 3.81E-06
1923.368 3.73E-06

1923.35 3.68E-06
1923.332 3.74E-06
1923.314 3.67E-06
1923.295 4.01E-06
1923.277 4.26E-06
1923.259 4.35E-06
1923.241 4.1E-06
1923.223 4.37E-06
1923.205 4.19E-06
1923.186 4.19E-06
1923.168 4.26E-06

1923.15 4.21E-06
1923.132 4.05E-06
1923.114 4.17E-06
1923.095 4.03E-06
1923.077 3.87E-06
1923.059 3.82E-06
1923.041 3.7E-06
1923.023 3.77E-06
1923.005 3.61E-06
1922.986 3.83E-06
1922.968 3.74E-06

1922.95 3.74E-06
1922.932 3.84E-06
1922.914 3.93E-06
1922.895 3.82E-06
1922.877 3.92E-06
1922.859 3.86E-06
1922.841 3.8E-06
1922.823 3.65E-06
1922.805 3.5E-06
1922.786 3.58E-06
1922.768 3.65E-06

1922.75 3.81E-06

ABOR/MH/Priv-003170



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003171



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1922.732 3.8E-06
1922.714 3.84E-06
1922.695 3.96E-06
1922.677 4.02E-06
1922.659 4.12E-06
1922.641 4.29E-06
1922.623 4.2E-06
1922.605 4.22E-06
1922.586 4.14E-06
1922.568 4.22E-06

1922.55 4.24E-06
1922.524 4.05E-06
1922.499 3.97E-06
1922.473 4.02E-06
1922.447 4.13E-06
1922.422 4.43E-06
1922.396 4.69E-06
1922.371 5.32E-06
1922.345 5.14E-06
1922.319 5.52E-06
1922.294 5.4E-06
1922.268 5.6E-06
1922.242 5.65E-06
1922.217 5.35E-06
1922.191 5.59E-06
1922.165 5.17E-06

1922.14 4.55E-06
1922.114 5.28E-06
1922.088 4.21E-06
1922.063 3.95E-06
1922.037 4.05E-06
1922.012 3.98E-06
1921.986 4.12E-06

1921.96 4.03E-06
1921.935 4.02E-06
1921.909 3.97E-06
1921.883 4.1E-06
1921.858 3.94E-06
1921.832 3.93E-06
1921.806 3.98E-06
1921.781 4.14E-06
1921.755 3.88E-06
1921.729 4.37E-06
1921.704 4.09E-06
1921.678 4.11E-06

ABOR/MH/Priv-003172



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003173



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1921.653 4.19E-06
1921.627 4.06E-06
1921.601 4.15E-06
1921.576 4.07E-06

1921.55 4.21E-06
1921.525 4.12E-06

1921.5 4.25E-06
1921.475 4.86E-06

1921.45 4.44E-06
1921.425 4.57E-06

1921.4 4.56E-06
1921.375 4.11E-06

1921.35 4.09E-06
1921.325 4.1E-06

1921.3 4.01E-06
1921.275 4.15E-06

1921.25 4.35E-06
1921.225 4.58E-06

1921.2 4.47E-06
1921.175 4.33E-06

1921.15 4.39E-06
1921.125 4.19E-06

1921.1 4.16E-06
1921.075 4.29E-06

1921.05 4.19E-06
1921.025 4.08E-06

1921 4.26E-06
1920.975 4.11E-06

1920.95 4.04E-06
1920.925 4.01E-06

1920.9 4.14E-06
1920.875 4.3E-06

1920.85 4.47E-06
1920.825 4.48E-06

1920.8 4.3E-06
1920.775 4.44E-06

1920.75 4.43E-06
1920.725 4.43E-06

1920.7 4.61E-06
1920.675 4.49E-06

1920.65 4.38E-06
1920.625 4.36E-06

1920.6 4.49E-06
1920.575 4.54E-06

1920.55 4.37E-06

ABOR/MH/Priv-003174



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003175



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1920.521 4.26E-06
1920.493 4.22E-06
1920.464 4.24E-06
1920.436 4.45E-06
1920.407 4.62E-06
1920.379 5.08E-06

1920.35 5.03E-06
1920.321 5.12E-06
1920.293 5.07E-06
1920.264 4.66E-06
1920.236 4.2E-06
1920.207 4.1E-06
1920.179 4.23E-06

1920.15 4.11E-06
1920.121 4.04E-06
1920.093 4.19E-06
1920.064 4.01E-06
1920.036 4.21E-06
1920.007 4.01E-06
1919.979 4.24E-06

1919.95 4.17E-06
1919.921 3.98E-06
1919.893 4.02E-06
1919.864 3.88E-06
1919.836 4.02E-06
1919.807 4.01E-06
1919.779 4.49E-06

1919.75 4.49E-06
1919.721 4.57E-06
1919.693 4.56E-06
1919.664 4.44E-06
1919.636 4.32E-06
1919.607 4.18E-06
1919.579 4.22E-06

1919.55 4.27E-06
1919.518 75    0.00000427
1919.487 5     0.00000435
1919.456 25    0.00000438
1919.425 4.57E-06
1919.393 75    0.00000430
1919.362 5     0.00000436
1919.331 25    0.00000438

1919.3 4.31E-06
1919.268 75    0.00000420
1919.237 5     0.00000412

ABOR/MH/Priv-003176



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003177



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1919.206 25    0.00000400
1919.175 3.97E-06
1919.143 75    0.00000408
1919.112 5     0.00000419
1919.081 25    0.00000429

1919.05 4.12E-06
1919.018 75    0.00000440
1918.987 5     0.00000445
1918.956 25    0.00000444
1918.925 4.51E-06
1918.893 75    0.00000444
1918.862 5     0.00000436
1918.831 25    0.00000442

1918.8 4.32E-06
1918.768 75    0.00000420
1918.737 5     0.00000413
1918.706 25    0.00000424
1918.675 4.14E-06
1918.643 75    0.00000426
1918.612 5     0.00000409
1918.581 25    0.00000431

1918.55 4.42E-06
1918.519 7     0.00000446
1918.489 39    0.00000477
1918.459 09    0.00000518
1918.428 79    0.00000523
1918.398 48    0.00000506
1918.368 18    0.00000509
1918.337 88    0.00000521
1918.307 58    0.00000512
1918.277 27    0.00000533
1918.246 97    0.00000498
1918.216 67    0.00000541
1918.186 36    0.00000565
1918.156 06    0.00000575
1918.125 76    0.00000662
1918.095 45    0.00000772
1918.065 15    0.00000821
1918.034 85    0.00000756
1918.004 55    0.00000606
1917.974 24    0.00000501
1917.943 94    0.00000449
1917.913 64    0.00000443
1917.883 33    0.00000436
1917.853 03    0.00000462

ABOR/MH/Priv-003178



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003179



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1917.822 73    0.00000474
1917.792 42    0.00000435
1917.762 12    0.00000409
1917.731 82    0.00000411
1917.701 52    0.00000405
1917.671 21    0.00000408

1917.64 91    0.00000409
1917.61 61    0.00000403
1917.58 3     0.00000422
1917.55 4.34E-06

1917.508 33    0.00000454
1917.466 67    0.00000445
1917.425 4.53E-06
1917.383 33    0.00000449
1917.341 67    0.00000450

1917.3 4.14E-06
1917.258 33    0.00000402
1917.216 67    0.00000389
1917.175 3.9E-06
1917.133 33    0.00000401
1917.091 67    0.00000386

1917.05 4.01E-06
1917.008 33    0.00000383
1916.966 67    0.00000404
1916.925 4.09E-06
1916.883 33    0.00000393
1916.841 67    0.00000391

1916.8 3.91E-06
1916.758 33    0.00000405
1916.716 67    0.00000404
1916.675 4.3E-06
1916.633 33    0.00000417
1916.591 67    0.00000415

1916.55 4.26E-06
1916.515 52    0.00000425
1916.481 03    0.00000495
1916.446 55    0.00000572
1916.412 07    0.00000501
1916.377 59    0.00000471
1916.343 1     0.00000460
1916.308 62    0.00000496
1916.274 14    0.00000457
1916.239 66    0.00000422
1916.205 17    0.00000436

1916.17 69    0.00000410

ABOR/MH/Priv-003180



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003181



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1916.136 21    0.00000415
1916.101 72    0.00000399
1916.067 24    0.00000401
1916.032 76    0.00000394
1915.998 28    0.00000390
1915.963 79    0.00000379
1915.929 31    0.00000377
1915.894 83    0.00000382

1915.86 34    0.00000382
1915.825 86    0.00000385
1915.791 38    0.00000383
1915.756 9     0.00000372
1915.722 41    0.00000358
1915.687 93    0.00000350
1915.653 45    0.00000378
1915.618 97    0.00000390
1915.584 48    0.00000392

1915.55 4.05E-06
1915.527 78    0.00000394
1915.505 56    0.00000404
1915.483 33    0.00000405
1915.461 11    0.00000399
1915.438 89    0.00000397
1915.416 67    0.00000394
1915.394 44    0.00000394
1915.372 22    0.00000394

1915.35 4.06E-06
1915.327 78    0.00000397
1915.305 56    0.00000399
1915.283 33    0.00000407
1915.261 11    0.00000394
1915.238 89    0.00000393
1915.216 67    0.00000382
1915.194 44    0.00000390
1915.172 22    0.00000380

1915.15 3.77E-06
1915.127 78    0.00000377
1915.105 56    0.00000364
1915.083 33    0.00000354
1915.061 11    0.00000348
1915.038 89    0.00000344
1915.016 67    0.00000361
1914.994 44    0.00000370
1914.972 22    0.00000382

1914.95 3.84E-06

ABOR/MH/Priv-003182



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003183



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1914.927 78    0.00000381
1914.905 56    0.00000375
1914.883 33    0.00000384
1914.861 11    0.00000384
1914.838 89    0.00000385
1914.816 67    0.00000410
1914.794 44    0.00000417
1914.772 22    0.00000394

1914.75 3.97E-06
1914.727 78    0.00000372
1914.705 56    0.00000370
1914.683 33    0.00000387
1914.661 11    0.00000377
1914.638 89    0.00000388
1914.616 67    0.00000401
1914.594 44    0.00000407
1914.572 22    0.00000398

1914.55 4.07E-06
1914.525 4.05E-06

1914.5 4.14E-06
1914.475 4.23E-06

1914.45 4.18E-06
1914.425 4.25E-06

1914.4 4.27E-06
1914.375 4.42E-06

1914.35 4.22E-06
1914.325 4.28E-06

1914.3 4.46E-06
1914.275 4.33E-06

1914.25 4.41E-06
1914.225 4.53E-06

1914.2 4.74E-06
1914.175 4.74E-06

1914.15 4.38E-06
1914.125 4.3E-06

1914.1 4.28E-06
1914.075 4.28E-06

1914.05 4.16E-06
1914.025 0.000004

1914 4.17E-06
1913.975 3.95E-06

1913.95 3.97E-06
1913.925 3.91E-06

1913.9 3.76E-06
1913.875 3.67E-06

ABOR/MH/Priv-003184



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003185



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1913.85 3.63E-06
1913.825 3.8E-06

1913.8 3.77E-06
1913.775 4.02E-06

1913.75 4.03E-06
1913.725 4.12E-06

1913.7 4.09E-06
1913.675 3.93E-06

1913.65 4.01E-06
1913.625 3.86E-06

1913.6 0.000004
1913.575 4.21E-06

1913.55 4.16E-06
1913.526 19    0.00000413
1913.502 38    0.00000415
1913.478 57    0.00000429
1913.454 76    0.00000425

1913.43 95    0.00000421
1913.407 14    0.00000419
1913.383 33    0.00000427
1913.359 52    0.00000446
1913.335 71    0.00000433
1913.311 9     0.00000510
1913.288 1     0.00000527
1913.264 29    0.00000525

1913.24 48    0.00000475
1913.216 67    0.00000437
1913.192 86    0.00000430
1913.169 05    0.00000424
1913.145 24    0.00000397
1913.121 43    0.00000396
1913.097 62    0.00000381
1913.073 81    0.00000377

1913.05 3.86E-06
1913.026 19    0.00000386
1913.002 38    0.00000394
1912.978 57    0.00000373
1912.954 76    0.00000380

1912.93 95    0.00000368
1912.907 14    0.00000427
1912.883 33    0.00000377
1912.859 52    0.00000394
1912.835 71    0.00000406
1912.811 9     0.00000400
1912.788 1     0.00000389

ABOR/MH/Priv-003186



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003187



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1912.764 29    0.00000388
1912.74 48    0.00000398

1912.716 67    0.00000404
1912.692 86    0.00000407
1912.669 05    0.00000423
1912.645 24    0.00000420
1912.621 43    0.00000441
1912.597 62    0.00000450
1912.573 81    0.00000432

1912.55 4.4E-06
1912.524 36    0.00000428
1912.498 72    0.00000435
1912.473 08    0.00000430
1912.447 44    0.00000426
1912.421 79    0.00000409
1912.396 15    0.00000387

1912.37 51    0.00000406
1912.344 87    0.00000394
1912.319 23    0.00000393
1912.293 59    0.00000393
1912.267 95    0.00000392
1912.242 31    0.00000380
1912.216 67    0.00000398
1912.191 03    0.00000418
1912.165 38    0.00000408
1912.139 74    0.00000404
1912.114 1     0.00000413
1912.088 46    0.00000395
1912.062 82    0.00000387
1912.037 18    0.00000401
1912.011 54    0.00000387
1911.985 9     0.00000406

1911.96 26    0.00000405
1911.934 62    0.00000411
1911.908 97    0.00000423
1911.883 33    0.00000430
1911.857 69    0.00000390
1911.832 05    0.00000396
1911.806 41    0.00000432

1911.78 77    0.00000461
1911.755 13    0.00000487
1911.729 49    0.00000489
1911.703 85    0.00000521
1911.678 21    0.00000518
1911.652 56    0.00000506

ABOR/MH/Priv-003188



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003189



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1911.626 92    0.00000480
1911.601 28    0.00000497
1911.575 64    0.00000509

1911.55 4.92E-06
1911.522 22    0.00000475
1911.494 44    0.00000511
1911.466 67    0.00000504
1911.438 89    0.00000513
1911.411 11    0.00000539
1911.383 33    0.00000588
1911.355 56    0.00000635
1911.327 78    0.00000724

1911.3 7.54E-06
1911.272 22    0.00000692
1911.244 44    0.00000642
1911.216 67    0.00000576
1911.188 89    0.00000507
1911.161 11    0.00000493
1911.133 33    0.00000479
1911.105 56    0.00000522
1911.077 78    0.00000470

1911.05 4.52E-06
1911.022 22    0.00000424
1910.994 44    0.00000432
1910.966 67    0.00000430
1910.938 89    0.00000442
1910.911 11    0.00000436
1910.883 33    0.00000442
1910.855 56    0.00000425
1910.827 78    0.00000435

1910.8 4.36E-06
1910.772 22    0.00000464
1910.744 44    0.00000451
1910.716 67    0.00000437
1910.688 89    0.00000454
1910.661 11    0.00000457
1910.633 33    0.00000450
1910.605 56    0.00000459
1910.577 78    0.00000465

1910.55 4.62E-06
1910.527 27    0.00000432
1910.504 55    0.00000412
1910.481 82    0.00000477
1910.459 09    0.00000507
1910.436 36    0.00000485

ABOR/MH/Priv-003190



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003191



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1910.413 64    0.00000458
1910.39 91    0.00000494

1910.368 18    0.00000581
1910.345 45    0.00000623
1910.322 73    0.00000718

1910.3 5.54E-06
1910.277 27    0.00000520
1910.254 55    0.00000526
1910.231 82    0.00000586
1910.209 09    0.00000664
1910.186 36    0.00000653
1910.163 64    0.00000564

1910.14 91    0.00000451
1910.118 18    0.00000425
1910.095 45    0.00000412
1910.072 73    0.00000431

1910.05 4.05E-06
1910.027 27    0.00000425
1910.004 55    0.00000401
1909.981 82    0.00000378
1909.959 09    0.00000423
1909.936 36    0.00000423
1909.913 64    0.00000409

1909.89 91    0.00000400
1909.868 18    0.00000407
1909.845 45    0.00000423
1909.822 73    0.00000391

1909.8 3.88E-06
1909.777 27    0.00000383
1909.754 55    0.00000388
1909.731 82    0.00000372
1909.709 09    0.00000366
1909.686 36    0.00000375
1909.663 64    0.00000422

1909.64 91    0.00000380
1909.618 18    0.00000364
1909.595 45    0.00000369
1909.572 73    0.00000377

1909.55 3.87E-06
1909.524 36    0.00000384
1909.498 72    0.00000393
1909.473 08    0.00000392
1909.447 44    0.00000411
1909.421 79    0.00000434
1909.396 15    0.00000453

ABOR/MH/Priv-003192



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003193



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1909.37 51    0.00000438
1909.344 87    0.00000420
1909.319 23    0.00000422
1909.293 59    0.00000420
1909.267 95    0.00000445
1909.242 31    0.00000417
1909.216 67    0.00000402
1909.191 03    0.00000397
1909.165 38    0.00000430
1909.139 74    0.00000397
1909.114 1     0.00000399
1909.088 46    0.00000409
1909.062 82    0.00000404
1909.037 18    0.00000401
1909.011 54    0.00000392
1908.985 9     0.00000400

1908.96 26    0.00000378
1908.934 62    0.00000380
1908.908 97    0.00000386
1908.883 33    0.00000404
1908.857 69    0.00000393
1908.832 05    0.00000377
1908.806 41    0.00000383

1908.78 77    0.00000374
1908.755 13    0.00000362
1908.729 49    0.00000366
1908.703 85    0.00000384
1908.678 21    0.00000377
1908.652 56    0.00000397
1908.626 92    0.00000396
1908.601 28    0.00000413
1908.575 64    0.00000432

1908.55 4.12E-06
1908.522 97    0.00000411
1908.495 95    0.00000411
1908.468 92    0.00000421
1908.441 89    0.00000417
1908.414 86    0.00000435
1908.387 84    0.00000478

1908.36 81    0.00000447
1908.333 78    0.00000427
1908.306 76    0.00000445
1908.279 73    0.00000430
1908.252 7     0.00000479
1908.225 68    0.00000495

ABOR/MH/Priv-003194



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003195



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1908.198 65    0.00000505
1908.171 62    0.00000510
1908.144 59    0.00000494
1908.117 57    0.00000458

1908.09 54    0.00000403
1908.063 51    0.00000401
1908.036 49    0.00000429
1908.009 46    0.00000417
1907.982 43    0.00000420
1907.955 41    0.00000418
1907.928 38    0.00000420
1907.901 35    0.00000428
1907.874 32    0.00000388
1907.847 3     0.00000369

1907.82 27    0.00000377
1907.793 24    0.00000400
1907.766 22    0.00000401
1907.739 19    0.00000420
1907.712 16    0.00000415
1907.685 14    0.00000400
1907.658 11    0.00000402
1907.631 08    0.00000414
1907.604 05    0.00000404
1907.577 03    0.00000407

1907.55 0.000004
1907.527 78    0.00000410
1907.505 56    0.00000411
1907.483 33    0.00000429
1907.461 11    0.00000449
1907.438 89    0.00000431
1907.416 67    0.00000469
1907.394 44    0.00000471
1907.372 22    0.00000470

1907.35 4.62E-06
1907.327 78    0.00000458
1907.305 56    0.00000435
1907.283 33    0.00000447
1907.261 11    0.00000447
1907.238 89    0.00000466
1907.216 67    0.00000447
1907.194 44    0.00000439
1907.172 22    0.00000434

1907.15 4.16E-06
1907.127 78    0.00000432
1907.105 56    0.00000464

ABOR/MH/Priv-003196



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003197



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1907.083 33    0.00000477
1907.061 11    0.00000472
1907.038 89    0.00000450
1907.016 67    0.00000427
1906.994 44    0.00000426
1906.972 22    0.00000452

1906.95 4.51E-06
1906.927 78    0.00000433
1906.905 56    0.00000435
1906.883 33    0.00000448
1906.861 11    0.00000418
1906.838 89    0.00000411
1906.816 67    0.00000420
1906.794 44    0.00000403
1906.772 22    0.00000388

1906.75 3.97E-06
1906.727 78    0.00000420
1906.705 56    0.00000394
1906.683 33    0.00000413
1906.661 11    0.00000417
1906.638 89    0.00000438
1906.616 67    0.00000439
1906.594 44    0.00000408
1906.572 22    0.00000392

1906.55 3.95E-06
1906.529 59    0.00000411
1906.509 18    0.00000400
1906.488 78    0.00000424
1906.468 37    0.00000435
1906.447 96    0.00000457
1906.427 55    0.00000478
1906.407 14    0.00000503
1906.386 73    0.00000595
1906.366 33    0.00000563
1906.345 92    0.00000522
1906.325 51    0.00000580
1906.305 1     0.00000625
1906.284 69    0.00000672
1906.264 29    0.00000736
1906.243 88    0.00000747
1906.223 47    0.00000743
1906.203 06    0.00000750
1906.182 65    0.00000682
1906.162 24    0.00000593
1906.141 84    0.00000470

ABOR/MH/Priv-003198



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003199



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1906.121 43    0.00000435
1906.101 02    0.00000422

1906.08 61    0.00000403
1906.06 2     0.00000374

1906.039 8     0.00000380
1906.019 39    0.00000385
1905.998 98    0.00000417
1905.978 57    0.00000403
1905.958 16    0.00000399
1905.937 76    0.00000390
1905.917 35    0.00000376
1905.896 94    0.00000390
1905.876 53    0.00000380
1905.856 12    0.00000368
1905.835 71    0.00000386
1905.815 31    0.00000388
1905.794 9     0.00000395
1905.774 49    0.00000385
1905.754 08    0.00000395
1905.733 67    0.00000400
1905.713 27    0.00000416
1905.692 86    0.00000404
1905.672 45    0.00000411
1905.652 04    0.00000415
1905.631 63    0.00000416
1905.611 22    0.00000403

1905.59 82    0.00000404
1905.57 41    0.00000434
1905.55 4.39E-06

1905.526 19    0.00000461
1905.502 38    0.00000496
1905.478 57    0.00000429
1905.454 76    0.00000426

1905.43 95    0.00000442
1905.407 14    0.00000471
1905.383 33    0.00000448
1905.359 52    0.00000453
1905.335 71    0.00000440
1905.311 9     0.00000453
1905.288 1     0.00000465
1905.264 29    0.00000446

1905.24 48    0.00000439
1905.216 67    0.00000434
1905.192 86    0.00000401
1905.169 05    0.00000375

ABOR/MH/Priv-003200



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003201



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1905.145 24    0.00000411
1905.121 43    0.00000422
1905.097 62    0.00000430
1905.073 81    0.00000418

1905.05 3.99E-06
1905.026 19    0.00000407
1905.002 38    0.00000388
1904.978 57    0.00000384
1904.954 76    0.00000380

1904.93 95    0.00000381
1904.907 14    0.00000396
1904.883 33    0.00000393
1904.859 52    0.00000399
1904.835 71    0.00000391
1904.811 9     0.00000393
1904.788 1     0.00000400
1904.764 29    0.00000392

1904.74 48    0.00000383
1904.716 67    0.00000381
1904.692 86    0.00000384
1904.669 05    0.00000366
1904.645 24    0.00000386
1904.621 43    0.00000386
1904.597 62    0.00000391
1904.573 81    0.00000396

1904.55 3.87E-06
1904.527 27    0.00000363
1904.504 55    0.00000419
1904.481 82    0.00000421
1904.459 09    0.00000410
1904.436 36    0.00000425
1904.413 64    0.00000427

1904.39 91    0.00000451
1904.368 18    0.00000441
1904.345 45    0.00000417
1904.322 73    0.00000425

1904.3 3.94E-06
1904.277 27    0.00000403
1904.254 55    0.00000390
1904.231 82    0.00000381
1904.209 09    0.00000387
1904.186 36    0.00000394
1904.163 64    0.00000443

1904.14 91    0.00000420
1904.118 18    0.00000414

ABOR/MH/Priv-003202



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003203



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1904.095 45    0.00000450
1904.072 73    0.00000447

1904.05 4.2E-06
1904.027 27    0.00000402
1904.004 55    0.00000407
1903.981 82    0.00000413
1903.959 09    0.00000400
1903.936 36    0.00000380
1903.913 64    0.00000400

1903.89 91    0.00000416
1903.868 18    0.00000397
1903.845 45    0.00000398
1903.822 73    0.00000395

1903.8 3.93E-06
1903.777 27    0.00000417
1903.754 55    0.00000397
1903.731 82    0.00000399
1903.709 09    0.00000395
1903.686 36    0.00000411
1903.663 64    0.00000401

1903.64 91    0.00000435
1903.618 18    0.00000430
1903.595 45    0.00000440
1903.572 73    0.00000421

1903.55 4.56E-06
1903.526 19    0.00000449
1903.502 38    0.00000433
1903.478 57    0.00000440
1903.454 76    0.00000450

1903.43 95    0.00000442
1903.407 14    0.00000429
1903.383 33    0.00000458
1903.359 52    0.00000430
1903.335 71    0.00000426
1903.311 9     0.00000478
1903.288 1     0.00000467
1903.264 29    0.00000502

1903.24 48    0.00000548
1903.216 67    0.00000618
1903.192 86    0.00000650
1903.169 05    0.00000637
1903.145 24    0.00000584
1903.121 43    0.00000497
1903.097 62    0.00000423
1903.073 81    0.00000437

ABOR/MH/Priv-003204



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003205



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1903.05 4.32E-06
1903.026 19    0.00000426
1903.002 38    0.00000417
1902.978 57    0.00000417
1902.954 76    0.00000417

1902.93 95    0.00000398
1902.907 14    0.00000381
1902.883 33    0.00000387
1902.859 52    0.00000408
1902.835 71    0.00000418
1902.811 9     0.00000430
1902.788 1     0.00000426
1902.764 29    0.00000407

1902.74 48    0.00000403
1902.716 67    0.00000398
1902.692 86    0.00000376
1902.669 05    0.00000363
1902.645 24    0.00000373
1902.621 43    0.00000399
1902.597 62    0.00000383
1902.573 81    0.00000386

1902.55 4.28E-06
1902.518 75    0.00000418
1902.487 5     0.00000421
1902.456 25    0.00000394
1902.425 4.15E-06
1902.393 75    0.00000432
1902.362 5     0.00000374
1902.331 25    0.00000372

1902.3 3.73E-06
1902.268 75    0.00000393
1902.237 5     0.00000395
1902.206 25    0.00000399
1902.175 3.93E-06
1902.143 75    0.00000380
1902.112 5     0.00000381
1902.081 25    0.00000371

1902.05 3.72E-06
1902.018 75    0.00000352
1901.987 5     0.00000372
1901.956 25    0.00000379
1901.925 3.67E-06
1901.893 75    0.00000372
1901.862 5     0.00000377
1901.831 25    0.00000402

ABOR/MH/Priv-003206



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003207



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1901.8 0.000004
1901.768 75    0.00000388
1901.737 5     0.00000392
1901.706 25    0.00000397
1901.675 0.000004
1901.643 75    0.00000398
1901.612 5     0.00000420
1901.581 25    0.00000404

1901.55 4.36E-06
1901.519 7     0.00000444
1901.489 39    0.00000427
1901.459 09    0.00000399
1901.428 79    0.00000399
1901.398 48    0.00000417
1901.368 18    0.00000422
1901.337 88    0.00000416
1901.307 58    0.00000413
1901.277 27    0.00000406
1901.246 97    0.00000418
1901.216 67    0.00000451
1901.186 36    0.00000469
1901.156 06    0.00000471
1901.125 76    0.00000507
1901.095 45    0.00000499
1901.065 15    0.00000496
1901.034 85    0.00000496
1901.004 55    0.00000492
1900.974 24    0.00000437
1900.943 94    0.00000405
1900.913 64    0.00000365
1900.883 33    0.00000361
1900.853 03    0.00000358
1900.822 73    0.00000357
1900.792 42    0.00000362
1900.762 12    0.00000390
1900.731 82    0.00000400
1900.701 52    0.00000406
1900.671 21    0.00000406

1900.64 91    0.00000398
1900.61 61    0.00000394
1900.58 3     0.00000394
1900.55 3.86E-06

1900.527 27    0.00000371
1900.504 55    0.00000386
1900.481 82    0.00000365

ABOR/MH/Priv-003208



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003209



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1900.459 09    0.00000362
1900.436 36    0.00000398
1900.413 64    0.00000385

1900.39 91    0.00000385
1900.368 18    0.00000401
1900.345 45    0.00000392
1900.322 73    0.00000394

1900.3 3.99E-06
1900.277 27    0.00000420
1900.254 55    0.00000417
1900.231 82    0.00000388
1900.209 09    0.00000406
1900.186 36    0.00000426
1900.163 64    0.00000420

1900.14 91    0.00000399
1900.118 18    0.00000381
1900.095 45    0.00000388
1900.072 73    0.00000407

1900.05 4.31E-06
1900.027 27    0.00000435
1900.004 55    0.00000458
1899.981 82    0.00000464
1899.959 09    0.00000440
1899.936 36    0.00000415
1899.913 64    0.00000401

1899.89 91    0.00000397
1899.868 18    0.00000388
1899.845 45    0.00000409
1899.822 73    0.00000402

1899.8 0.000004
1899.777 27    0.00000391
1899.754 55    0.00000376
1899.731 82    0.00000370
1899.709 09    0.00000364
1899.686 36    0.00000371
1899.663 64    0.00000390

1899.64 91    0.00000398
1899.618 18    0.00000431
1899.595 45    0.00000435
1899.572 73    0.00000434

1899.55 4.6E-06
1899.526 74    0.00000447
1899.503 49    0.00000442

1899.48 23    0.00000432
1899.456 98    0.00000406

ABOR/MH/Priv-003210



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003211



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1899.433 72    0.00000398
1899.41 47    0.00000456

1899.387 21    0.00000462
1899.363 95    0.00000483

1899.34 7     0.00000547
1899.317 44    0.00000543
1899.294 19    0.00000567

1899.27 93    0.00000571
1899.247 67    0.00000583
1899.224 42    0.00000604
1899.201 16    0.00000600
1899.177 91    0.00000579
1899.154 65    0.00000499
1899.131 4     0.00000469
1899.108 14    0.00000407
1899.084 88    0.00000409
1899.061 63    0.00000400
1899.038 37    0.00000417
1899.015 12    0.00000424
1898.991 86    0.00000432
1898.968 6     0.00000442
1898.945 35    0.00000436
1898.922 09    0.00000426
1898.898 84    0.00000431
1898.875 58    0.00000434
1898.852 33    0.00000423
1898.829 07    0.00000427
1898.805 81    0.00000443
1898.782 56    0.00000458
1898.759 3     0.00000453
1898.736 05    0.00000472
1898.712 79    0.00000454
1898.689 53    0.00000449
1898.666 28    0.00000457
1898.643 02    0.00000447
1898.619 77    0.00000481
1898.596 51    0.00000471
1898.573 26    0.00000445

1898.55 4.58E-06
1898.53 39    0.00000460
1898.51 78    0.00000516

1898.491 18    0.00000498
1898.471 57    0.00000471
1898.451 96    0.00000482
1898.432 35    0.00000504

ABOR/MH/Priv-003212



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003213



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1898.412 75    0.00000510
1898.393 14    0.00000484
1898.373 53    0.00000528
1898.353 92    0.00000499
1898.334 31    0.00000481
1898.314 71    0.00000523
1898.295 1     0.00000517
1898.275 49    0.00000520
1898.255 88    0.00000602
1898.236 27    0.00000612
1898.216 67    0.00000656
1898.197 06    0.00000659
1898.177 45    0.00000550
1898.157 84    0.00000530
1898.138 24    0.00000539
1898.118 63    0.00000513
1898.099 02    0.00000505
1898.079 41    0.00000462
1898.059 8     0.00000430

1898.04 2     0.00000434
1898.02 59    0.00000438

1898 98    0.00000406
1897.981 37    0.00000402
1897.961 76    0.00000417
1897.942 16    0.00000421
1897.922 55    0.00000439
1897.902 94    0.00000449
1897.883 33    0.00000431
1897.863 73    0.00000430
1897.844 12    0.00000429
1897.824 51    0.00000415
1897.804 9     0.00000417
1897.785 29    0.00000422
1897.765 69    0.00000401
1897.746 08    0.00000412
1897.726 47    0.00000411
1897.706 86    0.00000428
1897.687 25    0.00000417
1897.667 65    0.00000410
1897.648 04    0.00000409
1897.628 43    0.00000447
1897.608 82    0.00000426
1897.589 22    0.00000425
1897.569 61    0.00000452

1897.55 4.25E-06

ABOR/MH/Priv-003214



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003215



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1897.532 46    0.00000438
1897.514 91    0.00000428
1897.497 37    0.00000426
1897.479 82    0.00000429
1897.462 28    0.00000450
1897.444 74    0.00000445
1897.427 19    0.00000457
1897.409 65    0.00000484
1897.392 11    0.00000471
1897.374 56    0.00000454
1897.357 02    0.00000470
1897.339 47    0.00000460
1897.321 93    0.00000468
1897.304 39    0.00000464
1897.286 84    0.00000479
1897.269 3     0.00000486
1897.251 75    0.00000472
1897.234 21    0.00000462
1897.216 67    0.00000444
1897.199 12    0.00000416
1897.181 58    0.00000474
1897.164 04    0.00000496
1897.146 49    0.00000475
1897.128 95    0.00000476
1897.111 4     0.00000464
1897.093 86    0.00000465
1897.076 32    0.00000484
1897.058 77    0.00000490
1897.041 23    0.00000514
1897.023 68    0.00000481
1897.006 14    0.00000485
1896.988 6     0.00000480
1896.971 05    0.00000443
1896.953 51    0.00000479
1896.935 96    0.00000487
1896.918 42    0.00000483

1896.9 88    0.00000509
1896.883 33    0.00000497
1896.865 79    0.00000497
1896.848 25    0.00000485

1896.83 7     0.00000480
1896.813 16    0.00000445
1896.795 61    0.00000447
1896.778 07    0.00000458

1896.76 53    0.00000453

ABOR/MH/Priv-003216



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003217



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1896.742 98    0.00000446
1896.725 44    0.00000451
1896.707 89    0.00000433

1896.69 35    0.00000432
1896.672 81    0.00000446
1896.655 26    0.00000418
1896.637 72    0.00000435

1896.62 18    0.00000389
1896.602 63    0.00000409
1896.585 09    0.00000441
1896.567 54    0.00000460

1896.55 4.64E-06
1896.533 61    0.00000452
1896.517 21    0.00000464

1896.5 82    0.00000511
1896.484 43    0.00000515
1896.468 03    0.00000435
1896.451 64    0.00000516
1896.435 25    0.00000491
1896.418 85    0.00000524
1896.402 46    0.00000578
1896.386 07    0.00000550
1896.369 67    0.00000549
1896.353 28    0.00000566
1896.336 89    0.00000582

1896.32 49    0.00000607
1896.304 1     0.00000517
1896.287 7     0.00000551
1896.271 31    0.00000569
1896.254 92    0.00000619
1896.238 52    0.00000850
1896.222 13    0.00001007
1896.205 74    0.00001021
1896.189 34    0.00000879
1896.172 95    0.00000861
1896.156 56    0.00000741

1896.14 16    0.00000672
1896.123 77    0.00000496
1896.107 38    0.00000455

1896.09 98    0.00000395
1896.074 59    0.00000360
1896.058 2     0.00000371
1896.041 8     0.00000386
1896.025 41    0.00000400
1896.009 02    0.00000399

ABOR/MH/Priv-003218



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003219



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1895.992 62    0.00000381
1895.976 23    0.00000384
1895.959 84    0.00000396
1895.943 44    0.00000377
1895.927 05    0.00000384

1895.91 66    0.00000398
1895.894 26    0.00000409
1895.877 87    0.00000393
1895.861 48    0.00000406
1895.845 08    0.00000381
1895.828 69    0.00000386
1895.812 3     0.00000382
1895.795 9     0.00000387
1895.779 51    0.00000375
1895.763 11    0.00000379
1895.746 72    0.00000412

1895.73 33    0.00000406
1895.713 93    0.00000395
1895.697 54    0.00000409
1895.681 15    0.00000403
1895.664 75    0.00000411
1895.648 36    0.00000423
1895.631 97    0.00000423
1895.615 57    0.00000407
1895.599 18    0.00000456
1895.582 79    0.00000418
1895.566 39    0.00000416

1895.55 4.45E-06
1895.537 01    0.00000444
1895.524 03    0.00000432
1895.511 04    0.00000484
1895.498 05    0.00000427
1895.485 06    0.00000444
1895.472 08    0.00000455
1895.459 09    0.00000479
1895.446 1     0.00000497
1895.433 12    0.00000580

1895.42 13    0.00000638
1895.407 14    0.00000618
1895.394 16    0.00000521
1895.381 17    0.00000509
1895.368 18    0.00000459
1895.355 19    0.00000445
1895.342 21    0.00000444
1895.329 22    0.00000449

ABOR/MH/Priv-003220



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003221



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1895.316 23    0.00000446
1895.303 25    0.00000456

1895.29 26    0.00000459
1895.277 27    0.00000461
1895.264 29    0.00000444
1895.251 3     0.00000457
1895.238 31    0.00000447
1895.225 32    0.00000466
1895.212 34    0.00000458
1895.199 35    0.00000454
1895.186 36    0.00000446
1895.173 38    0.00000465

1895.16 39    0.00000462
1895.147 4     0.00000516
1895.134 42    0.00000564
1895.121 43    0.00000571
1895.108 44    0.00000504
1895.095 45    0.00000508
1895.082 47    0.00000576
1895.069 48    0.00000682
1895.056 49    0.00000716
1895.043 51    0.00000644

1895.03 52    0.00000652
1895.017 53    0.00000697
1895.004 55    0.00000758
1894.991 56    0.00000748
1894.978 57    0.00000556
1894.965 58    0.00000527
1894.952 6     0.00000424
1894.939 61    0.00000529
1894.926 62    0.00000440
1894.913 64    0.00000418

1894.9 65    0.00000412
1894.887 66    0.00000452
1894.874 68    0.00000394
1894.861 69    0.00000433
1894.848 7     0.00000427
1894.835 71    0.00000429
1894.822 73    0.00000407
1894.809 74    0.00000388
1894.796 75    0.00000407
1894.783 77    0.00000414

1894.77 78    0.00000415
1894.757 79    0.00000407
1894.744 81    0.00000413

ABOR/MH/Priv-003222



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003223



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1894.731 82    0.00000404
1894.718 83    0.00000404
1894.705 84    0.00000432
1894.692 86    0.00000435
1894.679 87    0.00000446
1894.666 88    0.00000426
1894.653 9     0.00000392

1894.64 91    0.00000434
1894.627 92    0.00000429
1894.614 94    0.00000482
1894.601 95    0.00000473
1894.588 96    0.00000453
1894.575 97    0.00000469
1894.562 99    0.00000468

1894.55 4.66E-06
1894.533 61    0.00000464
1894.517 21    0.00000538

1894.5 82    0.00000607
1894.484 43    0.00000716
1894.468 03    0.00000727
1894.451 64    0.00000660
1894.435 25    0.00000530
1894.418 85    0.00000566
1894.402 46    0.00000563
1894.386 07    0.00000557
1894.369 67    0.00000610
1894.353 28    0.00000631
1894.336 89    0.00000609

1894.32 49    0.00000629
1894.304 1     0.00000619
1894.287 7     0.00000723
1894.271 31    0.00000717
1894.254 92    0.00000690
1894.238 52    0.00000631
1894.222 13    0.00000667
1894.205 74    0.00000621
1894.189 34    0.00000496
1894.172 95    0.00000396
1894.156 56    0.00000421

1894.14 16    0.00000454
1894.123 77    0.00000423
1894.107 38    0.00000433

1894.09 98    0.00000384
1894.074 59    0.00000415
1894.058 2     0.00000401
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003225



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1894.041 8     0.00000387
1894.025 41    0.00000382
1894.009 02    0.00000388
1893.992 62    0.00000374
1893.976 23    0.00000389
1893.959 84    0.00000373
1893.943 44    0.00000380
1893.927 05    0.00000368

1893.91 66    0.00000389
1893.894 26    0.00000375
1893.877 87    0.00000374
1893.861 48    0.00000371
1893.845 08    0.00000362
1893.828 69    0.00000360
1893.812 3     0.00000377
1893.795 9     0.00000364
1893.779 51    0.00000370
1893.763 11    0.00000384
1893.746 72    0.00000377

1893.73 33    0.00000412
1893.713 93    0.00000373
1893.697 54    0.00000380
1893.681 15    0.00000372
1893.664 75    0.00000383
1893.648 36    0.00000380
1893.631 97    0.00000390
1893.615 57    0.00000391
1893.599 18    0.00000398
1893.582 79    0.00000384
1893.566 39    0.00000405

1893.55 4.16E-06
1893.53 4.19E-06
1893.51 4.63E-06
1893.49 4.24E-06
1893.47 4.4E-06
1893.45 4.48E-06
1893.43 4.47E-06
1893.41 4.66E-06
1893.39 4.79E-06
1893.37 4.45E-06
1893.35 4.59E-06
1893.33 4.34E-06
1893.31 4.24E-06
1893.29 4.35E-06
1893.27 4.4E-06

ABOR/MH/Priv-003226



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003227



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1893.25 4.44E-06
1893.23 4.36E-06
1893.21 3.98E-06
1893.19 3.86E-06
1893.17 3.77E-06
1893.15 3.76E-06
1893.13 3.85E-06
1893.11 3.77E-06
1893.09 3.81E-06
1893.07 3.7E-06
1893.05 3.65E-06
1893.03 3.85E-06
1893.01 3.77E-06
1892.99 3.84E-06
1892.97 3.8E-06
1892.95 3.69E-06
1892.93 3.72E-06
1892.91 3.85E-06
1892.89 3.76E-06
1892.87 3.85E-06
1892.85 3.76E-06
1892.83 3.65E-06
1892.81 3.68E-06
1892.79 3.82E-06
1892.77 3.54E-06
1892.75 3.52E-06
1892.73 3.47E-06
1892.71 3.72E-06
1892.69 3.38E-06
1892.67 3.03E-06
1892.65 3.77E-06
1892.63 4.03E-06
1892.61 3.8E-06
1892.59 3.74E-06
1892.57 3.95E-06
1892.55 3.83E-06

1892.528 72    0.00000374
1892.507 45    0.00000423
1892.486 17    0.00000412
1892.464 89    0.00000435
1892.443 62    0.00000421
1892.422 34    0.00000417
1892.401 06    0.00000413
1892.379 79    0.00000446
1892.358 51    0.00000426
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003229



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1892.337 23    0.00000408
1892.315 96    0.00000396
1892.294 68    0.00000402
1892.273 4     0.00000389
1892.252 13    0.00000380

1892.23 85    0.00000384
1892.209 57    0.00000389
1892.188 3     0.00000373
1892.167 02    0.00000362
1892.145 74    0.00000370
1892.124 47    0.00000391
1892.103 19    0.00000380
1892.081 91    0.00000382

1892.06 64    0.00000386
1892.039 36    0.00000415
1892.018 09    0.00000405
1891.996 81    0.00000409
1891.975 53    0.00000412
1891.954 26    0.00000402
1891.932 98    0.00000411
1891.911 7     0.00000390

1891.89 43    0.00000376
1891.869 15    0.00000376
1891.847 87    0.00000398
1891.826 6     0.00000394
1891.805 32    0.00000388
1891.784 04    0.00000363
1891.762 77    0.00000405
1891.741 49    0.00000402

1891.72 21    0.00000398
1891.698 94    0.00000413
1891.677 66    0.00000415
1891.656 38    0.00000426
1891.635 11    0.00000442
1891.613 83    0.00000433
1891.592 55    0.00000432
1891.571 28    0.00000427

1891.55 4.19E-06
1891.532 76    0.00000431
1891.515 52    0.00000442
1891.498 28    0.00000450
1891.481 03    0.00000464
1891.463 79    0.00000463
1891.446 55    0.00000474
1891.429 31    0.00000448

ABOR/MH/Priv-003230



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003231



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1891.412 07    0.00000520
1891.394 83    0.00000500
1891.377 59    0.00000505

1891.36 34    0.00000518
1891.343 1     0.00000495
1891.325 86    0.00000519
1891.308 62    0.00000569
1891.291 38    0.00000558
1891.274 14    0.00000530
1891.256 9     0.00000545
1891.239 66    0.00000514
1891.222 41    0.00000505
1891.205 17    0.00000480
1891.187 93    0.00000431

1891.17 69    0.00000398
1891.153 45    0.00000392
1891.136 21    0.00000379
1891.118 97    0.00000380
1891.101 72    0.00000384
1891.084 48    0.00000359
1891.067 24    0.00000401

1891.05 4.08E-06
1891.032 76    0.00000416
1891.015 52    0.00000404
1890.998 28    0.00000378
1890.981 03    0.00000387
1890.963 79    0.00000384
1890.946 55    0.00000402
1890.929 31    0.00000382
1890.912 07    0.00000379
1890.894 83    0.00000383
1890.877 59    0.00000389

1890.86 34    0.00000397
1890.843 1     0.00000366
1890.825 86    0.00000372
1890.808 62    0.00000425
1890.791 38    0.00000473
1890.774 14    0.00000482
1890.756 9     0.00000502
1890.739 66    0.00000475
1890.722 41    0.00000490
1890.705 17    0.00000485
1890.687 93    0.00000484

1890.67 69    0.00000496
1890.653 45    0.00000522
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Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003233



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1890.636 21    0.00000532
1890.618 97    0.00000538
1890.601 72    0.00000557
1890.584 48    0.00000510
1890.567 24    0.00000506

1890.55 5.19E-06
1890.537 18    0.00000531
1890.524 36    0.00000495
1890.511 54    0.00000509
1890.498 72    0.00000500
1890.485 9     0.00000528
1890.473 08    0.00000524

1890.46 26    0.00000512
1890.447 44    0.00000474
1890.434 62    0.00000439
1890.421 79    0.00000457
1890.408 97    0.00000518
1890.396 15    0.00000562
1890.383 33    0.00000559

1890.37 51    0.00000601
1890.357 69    0.00000665
1890.344 87    0.00000584
1890.332 05    0.00000583
1890.319 23    0.00000601
1890.306 41    0.00000602
1890.293 59    0.00000585

1890.28 77    0.00000564
1890.267 95    0.00000544
1890.255 13    0.00000541
1890.242 31    0.00000540
1890.229 49    0.00000555
1890.216 67    0.00000570
1890.203 85    0.00000551
1890.191 03    0.00000527
1890.178 21    0.00000446
1890.165 38    0.00000439
1890.152 56    0.00000456
1890.139 74    0.00000432
1890.126 92    0.00000420
1890.114 1     0.00000428
1890.101 28    0.00000423
1890.088 46    0.00000430
1890.075 64    0.00000455
1890.062 82    0.00000450

1890.05 4.19E-06

ABOR/MH/Priv-003234



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003235



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1890.037 18    0.00000417
1890.024 36    0.00000391
1890.011 54    0.00000416
1889.998 72    0.00000401
1889.985 9     0.00000393
1889.973 08    0.00000406

1889.96 26    0.00000390
1889.947 44    0.00000395
1889.934 62    0.00000389
1889.921 79    0.00000389
1889.908 97    0.00000390
1889.896 15    0.00000382
1889.883 33    0.00000377

1889.87 51    0.00000393
1889.857 69    0.00000388
1889.844 87    0.00000370
1889.832 05    0.00000387
1889.819 23    0.00000361
1889.806 41    0.00000401
1889.793 59    0.00000379

1889.78 77    0.00000351
1889.767 95    0.00000366
1889.755 13    0.00000366
1889.742 31    0.00000372
1889.729 49    0.00000368
1889.716 67    0.00000425
1889.703 85    0.00000427
1889.691 03    0.00000415
1889.678 21    0.00000420
1889.665 38    0.00000383
1889.652 56    0.00000377
1889.639 74    0.00000399
1889.626 92    0.00000420
1889.614 1     0.00000391
1889.601 28    0.00000380
1889.588 46    0.00000414
1889.575 64    0.00000396
1889.562 82    0.00000418

1889.55 4.33E-06
1889.53 4.35E-06
1889.51 4.37E-06
1889.49 0.000004
1889.47 4.17E-06
1889.45 4.14E-06
1889.43 4.2E-06

ABOR/MH/Priv-003236



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003237



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1889.41 4.07E-06
1889.39 3.97E-06
1889.37 3.91E-06
1889.35 3.87E-06
1889.33 3.77E-06
1889.31 3.77E-06
1889.29 3.82E-06
1889.27 3.86E-06
1889.25 3.87E-06
1889.23 3.79E-06
1889.21 3.71E-06
1889.19 3.63E-06
1889.17 3.63E-06
1889.15 3.72E-06
1889.13 3.7E-06
1889.11 3.68E-06
1889.09 3.75E-06
1889.07 3.88E-06
1889.05 3.84E-06
1889.03 3.77E-06
1889.01 3.77E-06
1888.99 3.72E-06
1888.97 3.86E-06
1888.95 3.8E-06
1888.93 3.75E-06
1888.91 3.67E-06
1888.89 3.73E-06
1888.87 3.8E-06
1888.85 3.81E-06
1888.83 3.85E-06
1888.81 3.72E-06
1888.79 3.72E-06
1888.77 3.65E-06
1888.75 3.57E-06
1888.73 3.66E-06
1888.71 3.79E-06
1888.69 3.8E-06
1888.67 3.86E-06
1888.65 3.91E-06
1888.63 4.27E-06
1888.61 4.31E-06
1888.59 4.19E-06
1888.57 4.13E-06
1888.55 4.04E-06

1888.523 68    0.00000380

ABOR/MH/Priv-003238



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003239



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1888.497 37    0.00000359
1888.471 05    0.00000387
1888.444 74    0.00000407
1888.418 42    0.00000402
1888.392 11    0.00000400
1888.365 79    0.00000412
1888.339 47    0.00000411
1888.313 16    0.00000412
1888.286 84    0.00000410

1888.26 53    0.00000410
1888.234 21    0.00000381
1888.207 89    0.00000383
1888.181 58    0.00000386
1888.155 26    0.00000356
1888.128 95    0.00000351
1888.102 63    0.00000367
1888.076 32    0.00000395

1888.05 4.14E-06
1888.023 68    0.00000390
1887.997 37    0.00000393
1887.971 05    0.00000404
1887.944 74    0.00000408
1887.918 42    0.00000419
1887.892 11    0.00000398
1887.865 79    0.00000396
1887.839 47    0.00000388
1887.813 16    0.00000409
1887.786 84    0.00000388

1887.76 53    0.00000407
1887.734 21    0.00000423
1887.707 89    0.00000411
1887.681 58    0.00000414
1887.655 26    0.00000434
1887.628 95    0.00000503
1887.602 63    0.00000533
1887.576 32    0.00000456

1887.55 4.35E-06
1887.529 3.73E-06
1887.508 3.59E-06
1887.488 3.83E-06
1887.467 4.33E-06
1887.446 3.81E-06
1887.425 4.08E-06
1887.404 4.53E-06
1887.383 4.96E-06

ABOR/MH/Priv-003240



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003241



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1887.363 5.63E-06
1887.342 4.9E-06
1887.321 5.01E-06

1887.3 4.92E-06
1887.279 5.17E-06
1887.258 5.14E-06
1887.238 4.47E-06
1887.217 4.47E-06
1887.196 4.48E-06
1887.175 4.49E-06
1887.154 4.34E-06
1887.133 4.31E-06
1887.113 4.11E-06
1887.092 3.97E-06
1887.071 3.66E-06

1887.05 3.61E-06
1887.029 3.62E-06
1887.008 3.55E-06
1886.988 3.53E-06
1886.967 3.7E-06
1886.946 3.96E-06
1886.925 4.04E-06
1886.904 4.25E-06
1886.883 3.88E-06
1886.863 3.89E-06
1886.842 3.8E-06
1886.821 3.82E-06

1886.8 3.84E-06
1886.779 3.85E-06
1886.758 3.88E-06
1886.738 3.95E-06
1886.717 4.02E-06
1886.696 4.05E-06
1886.675 4.05E-06
1886.654 3.91E-06
1886.633 3.94E-06
1886.613 3.89E-06
1886.592 3.84E-06
1886.571 3.77E-06

1886.55 3.93E-06
1886.521 3.67E-06
1886.491 3.24E-06
1886.462 3.11E-06
1886.432 3.5E-06
1886.403 3.7E-06

ABOR/MH/Priv-003242



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003243



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1886.374 3.64E-06
1886.344 3.56E-06
1886.315 3.59E-06
1886.285 3.69E-06
1886.256 3.65E-06
1886.226 3.7E-06
1886.197 3.66E-06
1886.168 3.86E-06
1886.138 3.92E-06
1886.109 3.89E-06
1886.079 4.11E-06

1886.05 3.91E-06
1886.021 3.78E-06
1885.991 3.76E-06
1885.962 3.8E-06
1885.932 3.86E-06
1885.903 3.79E-06
1885.874 3.6E-06
1885.844 3.64E-06
1885.815 3.61E-06
1885.785 3.78E-06
1885.756 4.1E-06
1885.726 4.1E-06
1885.697 4.11E-06
1885.668 4.32E-06
1885.638 4.11E-06
1885.609 4.22E-06
1885.579 4.09E-06

1885.55 4.07E-06
1885.521 4.02E-06
1885.493 3.93E-06
1885.464 3.9E-06
1885.436 4.24E-06
1885.407 4.43E-06
1885.379 4.49E-06

1885.35 4.37E-06
1885.321 4.14E-06
1885.293 4.38E-06
1885.264 4.5E-06
1885.236 4.54E-06
1885.207 4.39E-06
1885.179 4.6E-06

1885.15 4.62E-06
1885.121 4.59E-06
1885.093 4.9E-06

ABOR/MH/Priv-003244



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003245



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1885.064 4.24E-06
1885.036 3.72E-06
1885.007 3.52E-06
1884.979 3.6E-06

1884.95 4.09E-06
1884.921 4.06E-06
1884.893 4.04E-06
1884.864 3.82E-06
1884.836 3.82E-06
1884.807 3.71E-06
1884.779 3.72E-06

1884.75 3.71E-06
1884.721 3.51E-06
1884.693 3.03E-06
1884.664 3.74E-06
1884.636 4.07E-06
1884.607 3.97E-06
1884.579 4.07E-06

1884.55 4.41E-06
1884.526 4.42E-06
1884.502 4.41E-06
1884.479 4.47E-06
1884.455 4.66E-06
1884.431 4.8E-06
1884.407 4.85E-06
1884.383 4.78E-06

1884.36 4.64E-06
1884.336 4.48E-06
1884.312 4.55E-06
1884.288 4.65E-06
1884.264 5.34E-06

1884.24 5.16E-06
1884.217 5.03E-06
1884.193 4.34E-06
1884.169 3.91E-06
1884.145 3.66E-06
1884.121 3.88E-06
1884.098 3.72E-06
1884.074 3.93E-06

1884.05 4.16E-06
1884.026 3.97E-06
1884.002 3.78E-06
1883.979 3.87E-06
1883.955 3.95E-06
1883.931 3.83E-06

ABOR/MH/Priv-003246



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003247



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1883.907 3.77E-06
1883.883 3.75E-06

1883.86 3.74E-06
1883.836 3.69E-06
1883.812 3.84E-06
1883.788 3.98E-06
1883.764 3.73E-06

1883.74 3.69E-06
1883.717 3.5E-06
1883.693 3.61E-06
1883.669 3.64E-06
1883.645 3.85E-06
1883.621 3.8E-06
1883.598 3.97E-06
1883.574 3.93E-06

1883.55 3.94E-06
1883.527 4.39E-06
1883.503 4.35E-06

1883.48 4.36E-06
1883.457 4.2E-06
1883.434 4.35E-06

1883.41 4.43E-06
1883.387 4.26E-06
1883.364 3.97E-06
1883.341 3.84E-06
1883.317 4.42E-06
1883.294 4.58E-06
1883.271 5.05E-06
1883.248 5.43E-06
1883.224 4.71E-06
1883.201 4.28E-06
1883.178 3.93E-06
1883.155 3.67E-06
1883.131 3.59E-06
1883.108 3.84E-06
1883.085 3.84E-06
1883.062 4.14E-06
1883.038 4.05E-06
1883.015 3.86E-06
1882.992 3.93E-06
1882.969 4.1E-06
1882.945 4.15E-06
1882.922 4.25E-06
1882.899 4.37E-06
1882.876 4.31E-06

ABOR/MH/Priv-003248



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003249



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1882.852 4.23E-06
1882.829 4.22E-06
1882.806 4.3E-06
1882.783 4.45E-06
1882.759 4.45E-06
1882.736 4.33E-06
1882.713 4.44E-06

1882.69 4.32E-06
1882.666 4.39E-06
1882.643 4.25E-06

1882.62 4.25E-06
1882.597 4.13E-06
1882.573 4.26E-06

1882.55 4.52E-06
1882.524 4.69E-06
1882.499 5.14E-06
1882.473 5.05E-06
1882.447 5.11E-06
1882.422 5.04E-06
1882.396 5.4E-06
1882.371 6.19E-06
1882.345 6.26E-06
1882.319 7.44E-06
1882.294 9.18E-06
1882.268 9.21E-06
1882.242 7.02E-06
1882.217 5.56E-06
1882.191 4.66E-06
1882.165 4.11E-06

1882.14 3.91E-06
1882.114 3.67E-06
1882.088 3.73E-06
1882.063 3.67E-06
1882.037 3.73E-06
1882.012 3.62E-06
1881.986 3.71E-06

1881.96 3.73E-06
1881.935 3.88E-06
1881.909 4.21E-06
1881.883 4.13E-06
1881.858 3.94E-06
1881.832 3.87E-06
1881.806 3.63E-06
1881.781 3.76E-06
1881.755 3.85E-06

ABOR/MH/Priv-003250



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003251



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1881.729 3.87E-06
1881.704 4.1E-06
1881.678 4.04E-06
1881.653 4.13E-06
1881.627 4.01E-06
1881.601 4.15E-06
1881.576 4.23E-06

1881.55 4.48E-06
1881.524 4.58E-06
1881.499 4.64E-06
1881.473 4.86E-06
1881.447 4.83E-06
1881.422 5.33E-06
1881.396 5.9E-06
1881.371 5.89E-06
1881.345 5.64E-06
1881.319 5.36E-06
1881.294 4.34E-06
1881.268 4.14E-06
1881.242 3.77E-06
1881.217 3.89E-06
1881.191 3.52E-06
1881.165 3.64E-06

1881.14 3.45E-06
1881.114 3.46E-06
1881.088 3.64E-06
1881.063 3.66E-06
1881.037 3.98E-06
1881.012 3.92E-06
1880.986 4.01E-06

1880.96 4.05E-06
1880.935 3.83E-06
1880.909 3.72E-06
1880.883 3.6E-06
1880.858 3.33E-06
1880.832 3.26E-06
1880.806 3.17E-06
1880.781 3.13E-06
1880.755 3.65E-06
1880.729 3.56E-06
1880.704 3.51E-06
1880.678 3.92E-06
1880.653 3.88E-06
1880.627 4.22E-06
1880.601 4.15E-06

ABOR/MH/Priv-003252



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003253



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1880.576 4.5E-06
1880.55 4.49E-06

1880.526 4.64E-06
1880.501 4.79E-06
1880.477 4.59E-06
1880.452 4.98E-06
1880.428 4.63E-06
1880.404 4.55E-06
1880.379 4.31E-06
1880.355 4.03E-06

1880.33 4.16E-06
1880.306 3.96E-06
1880.282 4.26E-06
1880.257 4.53E-06
1880.233 0.000005
1880.209 6.69E-06
1880.184 5.4E-06

1880.16 5.14E-06
1880.135 4.74E-06
1880.111 4.08E-06
1880.087 3.89E-06
1880.062 0.000004
1880.038 4.11E-06
1880.013 3.99E-06
1879.989 4.01E-06
1879.965 3.85E-06

1879.94 3.95E-06
1879.916 3.95E-06
1879.891 4.13E-06
1879.867 4.15E-06
1879.843 4.25E-06
1879.818 4.26E-06
1879.794 4.18E-06

1879.77 4.06E-06
1879.745 3.94E-06
1879.721 4.03E-06
1879.696 4.38E-06
1879.672 4.34E-06
1879.648 4.31E-06
1879.623 4.27E-06
1879.599 3.93E-06
1879.574 4.55E-06

1879.55 4.5E-06
1879.523 4.53E-06
1879.496 4.35E-06

ABOR/MH/Priv-003254



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003255



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1879.469 4.29E-06
1879.442 4.61E-06
1879.415 5.77E-06
1879.388 5.71E-06
1879.361 4.74E-06
1879.334 4.05E-06
1879.307 4.12E-06

1879.28 4.18E-06
1879.253 3.93E-06
1879.226 4.12E-06
1879.199 3.93E-06
1879.172 3.97E-06
1879.145 4.01E-06
1879.118 3.83E-06
1879.091 3.72E-06
1879.064 3.65E-06
1879.036 3.62E-06
1879.009 3.75E-06
1878.982 3.71E-06
1878.955 3.69E-06
1878.928 3.43E-06
1878.901 3.71E-06
1878.874 3.73E-06
1878.847 3.88E-06

1878.82 4.13E-06
1878.793 3.84E-06
1878.766 3.69E-06
1878.739 3.64E-06
1878.712 3.17E-06
1878.685 3.44E-06
1878.658 3.57E-06
1878.631 3.66E-06
1878.604 3.78E-06
1878.577 3.79E-06

1878.55 3.98E-06
1878.531 3.8E-06
1878.513 3.56E-06
1878.494 3.93E-06

1878.47 4.41E-06
1878.45 4.34E-06

1878.429 7     0.00000450
1878.409 3     0.00000496
1878.389 5.21E-06
1878.368 6     0.00000533
1878.348 3     0.00000551

ABOR/MH/Priv-003256



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003257



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1878.328 6.21E-06
1878.307 6     0.00000632
1878.287 3     0.00000614
1878.266 9     0.00000562
1878.246 6     0.00000570
1878.226 3     0.00000473
1878.205 9     0.00000421
1878.185 6     0.00000398
1878.165 2     0.00000392
1878.144 9     0.00000380
1878.124 5     0.00000352
1878.104 2     0.00000363
1878.083 9     0.00000372
1878.063 5     0.00000382
1878.043 2     0.00000413
1878.022 8     0.00000398
1878.002 5     0.00000396
1877.982 2     0.00000413
1877.961 8     0.00000396
1877.941 5     0.00000412
1877.921 1     0.00000398

1877.9 8     0.00000410
1877.88 5     0.00000404
1877.86 1     0.00000419

1877.839 8     0.00000434
1877.819 4     0.00000420
1877.799 1     0.00000387
1877.778 8     0.00000402
1877.758 4     0.00000418
1877.738 1     0.00000420
1877.717 7     0.00000455
1877.697 4     0.00000480
1877.677 4.42E-06
1877.656 7     0.00000407
1877.636 4     0.00000416
1877.616 4.12E-06
1877.595 7     0.00000418
1877.575 3     0.00000429
1877.555 4.43E-06
1877.534 2     0.00000418
1877.513 3     0.00000424
1877.492 5     0.00000461
1877.471 7     0.00000433

1877.45 8     0.00000465
1877.43 4.54E-06

ABOR/MH/Priv-003258



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003259



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1877.409 2     0.00000467
1877.388 3     0.00000468
1877.367 5     0.00000513
1877.346 7     0.00000499
1877.325 8     0.00000520
1877.305 4.6E-06
1877.284 2     0.00000480
1877.263 3     0.00000489
1877.242 5     0.00000472
1877.221 7     0.00000468

1877.2 8     0.00000451
1877.18 4.4E-06

1877.159 2     0.00000397
1877.138 3     0.00000435
1877.117 5     0.00000446
1877.096 7     0.00000401
1877.075 8     0.00000422
1877.055 4.3E-06
1877.034 2     0.00000461
1877.013 3     0.00000450
1876.992 5     0.00000424
1876.971 7     0.00000430

1876.95 8     0.00000434
1876.93 4.3E-06

1876.909 2     0.00000404
1876.888 3     0.00000410
1876.867 5     0.00000424
1876.846 7     0.00000425
1876.825 8     0.00000400
1876.805 3.84E-06
1876.784 2     0.00000405
1876.763 3     0.00000442
1876.742 5     0.00000364
1876.721 7     0.00000374

1876.7 8     0.00000402
1876.68 4.11E-06

1876.659 2     0.00000457
1876.638 3     0.00000470
1876.617 5     0.00000446
1876.596 7     0.00000455
1876.575 8     0.00000435
1876.555 4.27E-06
1876.533 7     0.00000406
1876.512 4     0.00000399
1876.491 2     0.00000432

ABOR/MH/Priv-003260



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003261



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1876.469 9     0.00000461
1876.448 6     0.00000471
1876.427 3     0.00000415
1876.406 1     0.00000427
1876.384 8     0.00000466
1876.363 5     0.00000443
1876.342 2     0.00000461
1876.321 4.86E-06
1876.299 7     0.00000487
1876.278 4     0.00000561
1876.257 1     0.00000608
1876.235 9     0.00000588
1876.214 6     0.00000572
1876.193 3     0.00000495
1876.172 4.54E-06

1876.15 7     0.00000437
1876.129 5     0.00000465
1876.108 2     0.00000461
1876.086 9     0.00000465
1876.065 6     0.00000436
1876.044 4     0.00000430
1876.023 1     0.00000435
1876.001 8     0.00000470

1875.98 5     0.00000474
1875.959 3     0.00000434
1875.938 4.64E-06
1875.916 7     0.00000440
1875.895 4     0.00000427
1875.874 1     0.00000427
1875.852 9     0.00000423
1875.831 6     0.00000391

1875.81 3     0.00000377
1875.789 3.84E-06
1875.767 8     0.00000367
1875.746 5     0.00000353
1875.725 2     0.00000333
1875.703 9     0.00000437
1875.682 7     0.00000409
1875.661 4     0.00000463

1875.64 1     0.00000468
1875.618 8     0.00000441
1875.597 6     0.00000433
1875.576 3     0.00000469
1875.555 4.22E-06
1875.533 3     0.00000443

ABOR/MH/Priv-003262



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003263



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1875.511 5     0.00000499
1875.489 8     0.00000488
1875.468 5.57E-06
1875.446 3     0.00000584
1875.424 6     0.00000645
1875.402 8     0.00000636
1875.381 1     0.00000622
1875.359 3     0.00000632
1875.337 6     0.00000654
1875.315 9     0.00000710
1875.294 1     0.00000683
1875.272 4     0.00000753

1875.25 7     0.00000805
1875.228 9     0.00000745
1875.207 2     0.00000644
1875.185 4     0.00000560
1875.163 7     0.00000746
1875.142 6.6E-06

1875.12 2     0.00000514
1875.098 5     0.00000460
1875.076 7     0.00000435
1875.055 4.3E-06
1875.033 3     0.00000435
1875.011 5     0.00000433
1874.989 8     0.00000437
1874.968 4.34E-06
1874.946 3     0.00000413
1874.924 6     0.00000432
1874.902 8     0.00000428
1874.881 1     0.00000424
1874.859 3     0.00000408
1874.837 6     0.00000405
1874.815 9     0.00000407
1874.794 1     0.00000389
1874.772 4     0.00000399

1874.75 7     0.00000446
1874.728 9     0.00000381
1874.707 2     0.00000389
1874.685 4     0.00000409
1874.663 7     0.00000394
1874.642 3.86E-06

1874.62 2     0.00000398
1874.598 5     0.00000435
1874.576 7     0.00000431
1874.555 4.4E-06

ABOR/MH/Priv-003264



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003265



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1874.533 7     0.00000455
1874.512 4     0.00000438
1874.491 2     0.00000437
1874.469 9     0.00000424
1874.448 6     0.00000426
1874.427 3     0.00000436
1874.406 1     0.00000429
1874.384 8     0.00000416
1874.363 5     0.00000435
1874.342 2     0.00000473
1874.321 4.51E-06
1874.299 7     0.00000451
1874.278 4     0.00000461
1874.257 1     0.00000431
1874.235 9     0.00000447
1874.214 6     0.00000452
1874.193 3     0.00000516
1874.172 5.33E-06

1874.15 7     0.00000511
1874.129 5     0.00000503
1874.108 2     0.00000493
1874.086 9     0.00000432
1874.065 6     0.00000417
1874.044 4     0.00000416
1874.023 1     0.00000414
1874.001 8     0.00000391

1873.98 5     0.00000380
1873.959 3     0.00000385
1873.938 3.99E-06
1873.916 7     0.00000408
1873.895 4     0.00000413
1873.874 1     0.00000382
1873.852 9     0.00000395
1873.831 6     0.00000380

1873.81 3     0.00000372
1873.789 4.01E-06
1873.767 8     0.00000422
1873.746 5     0.00000402
1873.725 2     0.00000411
1873.703 9     0.00000411
1873.682 7     0.00000401
1873.661 4     0.00000418

1873.64 1     0.00000419
1873.618 8     0.00000422
1873.597 6     0.00000417

ABOR/MH/Priv-003266



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003267



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1873.576 3     0.00000405
1873.555 4.06E-06
1873.528 7     0.00000426
1873.502 4     0.00000415
1873.476 1     0.00000418
1873.449 7     0.00000453
1873.423 4     0.00000415
1873.397 1     0.00000394

1873.37 8     0.00000410
1873.344 5     0.00000386
1873.318 2     0.00000420
1873.291 8     0.00000448
1873.265 5     0.00000500
1873.239 2     0.00000563
1873.212 9     0.00000581
1873.186 6     0.00000591

1873.16 3     0.00000581
1873.133 9     0.00000610
1873.107 6     0.00000530
1873.081 3     0.00000557
1873.055 7.05E-06
1873.028 7     0.00000670
1873.002 4     0.00000581
1872.976 1     0.00000379
1872.949 7     0.00000387
1872.923 4     0.00000422
1872.897 1     0.00000359

1872.87 8     0.00000355
1872.844 5     0.00000361
1872.818 2     0.00000366
1872.791 8     0.00000363
1872.765 5     0.00000353
1872.739 2     0.00000359
1872.712 9     0.00000352
1872.686 6     0.00000367

1872.66 3     0.00000380
1872.633 9     0.00000378
1872.607 6     0.00000379
1872.581 3     0.00000364
1872.555 3.47E-06
1872.533 3     0.00000347
1872.511 5     0.00000370
1872.489 8     0.00000432
1872.468 0.000004
1872.446 3     0.00000403

ABOR/MH/Priv-003268



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003269



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1872.424 6     0.00000403
1872.402 8     0.00000394
1872.381 1     0.00000396
1872.359 3     0.00000436
1872.337 6     0.00000500
1872.315 9     0.00000474
1872.294 1     0.00000356
1872.272 4     0.00000339

1872.25 7     0.00000365
1872.228 9     0.00000363
1872.207 2     0.00000396
1872.185 4     0.00000378
1872.163 7     0.00000365
1872.142 3.83E-06

1872.12 2     0.00000358
1872.098 5     0.00000377
1872.076 7     0.00000384
1872.055 3.48E-06
1872.033 3     0.00000345
1872.011 5     0.00000366
1871.989 8     0.00000371
1871.968 3.53E-06
1871.946 3     0.00000379
1871.924 6     0.00000353
1871.902 8     0.00000361
1871.881 1     0.00000360
1871.859 3     0.00000354
1871.837 6     0.00000356
1871.815 9     0.00000354
1871.794 1     0.00000375
1871.772 4     0.00000375

1871.75 7     0.00000374
1871.728 9     0.00000362
1871.707 2     0.00000380
1871.685 4     0.00000376
1871.663 7     0.00000394
1871.642 4.19E-06

1871.62 2     0.00000441
1871.598 5     0.00000434
1871.576 7     0.00000459
1871.555 4.4E-06
1871.535 8     0.00000423
1871.516 5     0.00000458
1871.497 3     0.00000450
1871.478 1     0.00000482

ABOR/MH/Priv-003270



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003271



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1871.458 8     0.00000451
1871.439 6     0.00000434

1871.42 4     0.00000420
1871.401 2     0.00000341
1871.381 9     0.00000317
1871.362 7     0.00000334
1871.343 5     0.00000373
1871.324 2     0.00000408
1871.305 3.86E-06
1871.285 8     0.00000395
1871.266 5     0.00000399
1871.247 3     0.00000386
1871.228 1     0.00000373
1871.208 8     0.00000372
1871.189 6     0.00000371

1871.17 4     0.00000383
1871.151 2     0.00000373
1871.131 9     0.00000357
1871.112 7     0.00000378
1871.093 5     0.00000401
1871.074 2     0.00000401
1871.055 3.79E-06
1871.035 8     0.00000397
1871.016 5     0.00000376
1870.997 3     0.00000376
1870.978 1     0.00000355
1870.958 8     0.00000380
1870.939 6     0.00000379

1870.92 4     0.00000409
1870.901 2     0.00000400
1870.881 9     0.00000397
1870.862 7     0.00000407
1870.843 5     0.00000400
1870.824 2     0.00000419
1870.805 4.18E-06
1870.785 8     0.00000414
1870.766 5     0.00000428
1870.747 3     0.00000389
1870.728 1     0.00000397
1870.708 8     0.00000424
1870.689 6     0.00000420

1870.67 4     0.00000443
1870.651 2     0.00000454
1870.631 9     0.00000485
1870.612 7     0.00000487

ABOR/MH/Priv-003272



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003273



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1870.593 5     0.00000501
1870.574 2     0.00000477
1870.555 4.45E-06
1870.526 4     0.00000472
1870.497 9     0.00000518
1870.469 3     0.00000523

1870.44 7     0.00000533
1870.412 1     0.00000498
1870.383 6     0.00000489
1870.355 5.17E-06
1870.326 4     0.00000530
1870.297 9     0.00000546
1870.269 3     0.00000632

1870.24 7     0.00000714
1870.212 1     0.00000738
1870.183 6     0.00000746
1870.155 8.39E-06
1870.126 4     0.00000832
1870.097 9     0.00000787
1870.069 3     0.00000785

1870.04 7     0.00000613
1870.012 1     0.00000471
1869.983 6     0.00000434
1869.955 3.98E-06
1869.926 4     0.00000372
1869.897 9     0.00000362
1869.869 3     0.00000394

1869.84 7     0.00000382
1869.812 1     0.00000374
1869.783 6     0.00000347
1869.755 3.38E-06
1869.726 4     0.00000322
1869.697 9     0.00000333
1869.669 3     0.00000354

1869.64 7     0.00000331
1869.612 1     0.00000347
1869.583 6     0.00000358
1869.555 3.68E-06
1869.535 4     0.00000431
1869.515 8     0.00000419
1869.496 2     0.00000416
1869.476 6     0.00000407
1869.457 3.99E-06
1869.437 4     0.00000379
1869.417 7     0.00000429

ABOR/MH/Priv-003274



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003275



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1869.398 1     0.00000392
1869.378 5     0.00000381
1869.358 9     0.00000359
1869.339 3     0.00000370
1869.319 7     0.00000358

1869.3 1     0.00000358
1869.28 5     0.00000386
1869.26 9     0.00000394

1869.241 3     0.00000407
1869.221 7     0.00000416
1869.202 1     0.00000376
1869.182 5     0.00000374
1869.162 8     0.00000370
1869.143 2     0.00000354
1869.123 6     0.00000330
1869.104 3.32E-06
1869.084 4     0.00000334
1869.064 8     0.00000308
1869.045 2     0.00000318
1869.025 6     0.00000334
1869.006 3.53E-06
1868.986 4     0.00000391
1868.966 8     0.00000356
1868.947 2     0.00000367
1868.927 5     0.00000383
1868.907 9     0.00000364
1868.888 3     0.00000347
1868.868 7     0.00000346
1868.849 1     0.00000339
1868.829 5     0.00000358
1868.809 9     0.00000347

1868.79 3     0.00000380
1868.77 7     0.00000400

1868.751 1     0.00000360
1868.731 5     0.00000348
1868.711 9     0.00000381
1868.692 3     0.00000386
1868.672 6     0.00000363
1868.653 3.64E-06
1868.633 4     0.00000396
1868.613 8     0.00000377
1868.594 2     0.00000402
1868.574 6     0.00000408
1868.555 3.81E-06

1868.53 4.07E-06

ABOR/MH/Priv-003276



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003277



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1868.505 3.94E-06
1868.48 4.04E-06

1868.455 3.55E-06
1868.43 3.66E-06

1868.405 4.04E-06
1868.38 3.88E-06

1868.355 3.94E-06
1868.33 3.87E-06

1868.305 3.96E-06
1868.28 4.06E-06

1868.255 3.78E-06
1868.23 3.66E-06

1868.205 3.6E-06
1868.18 3.63E-06

1868.155 3.48E-06
1868.13 3.46E-06

1868.105 3.43E-06
1868.08 3.92E-06

1868.055 3.97E-06
1868.03 3.68E-06

1868.005 3.68E-06
1867.98 3.48E-06

1867.955 3.55E-06
1867.93 3.66E-06

1867.905 3.78E-06
1867.88 3.52E-06

1867.855 3.49E-06
1867.83 3.44E-06

1867.805 3.5E-06
1867.78 3.56E-06

1867.755 3.5E-06
1867.73 3.78E-06

1867.705 3.99E-06
1867.68 3.78E-06

1867.655 3.85E-06
1867.63 3.72E-06

1867.605 3.79E-06
1867.58 3.71E-06

1867.555 3.75E-06
1867.53 4.05E-06

1867.505 4.8E-06
1867.48 4.07E-06

1867.455 4.01E-06
1867.43 4.25E-06

1867.405 4.11E-06

ABOR/MH/Priv-003278



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003279



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1867.38 0.000004
1867.355 4.37E-06

1867.33 4.19E-06
1867.305 4.38E-06

1867.28 4.64E-06
1867.255 4.52E-06

1867.23 4.38E-06
1867.205 4.25E-06

1867.18 4.23E-06
1867.155 3.74E-06

1867.13 3.63E-06
1867.105 3.36E-06

1867.08 3.63E-06
1867.055 3.56E-06

1867.03 3.72E-06
1867.005 3.67E-06

1866.98 3.51E-06
1866.955 3.43E-06

1866.93 3.35E-06
1866.905 3.39E-06

1866.88 3.37E-06
1866.855 3.55E-06

1866.83 3.7E-06
1866.805 3.75E-06

1866.78 3.67E-06
1866.755 3.52E-06

1866.73 3.56E-06
1866.705 3.51E-06

1866.68 3.63E-06
1866.655 3.52E-06

1866.63 3.83E-06
1866.605 3.89E-06

1866.58 4.26E-06
1866.555 4.07E-06

1866.53 6     0.00000378
1866.506 2     0.00000367
1866.481 8     0.00000404
1866.457 4     0.00000401
1866.433 4.22E-06
1866.408 7     0.00000401
1866.384 3     0.00000386
1866.359 9     0.00000362
1866.335 5     0.00000359
1866.311 1     0.00000381
1866.286 7     0.00000386

ABOR/MH/Priv-003280



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003281



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1866.262 3     0.00000381
1866.237 9     0.00000390
1866.213 5     0.00000352
1866.189 1     0.00000369
1866.164 8     0.00000375

1866.14 4     0.00000386
1866.116 3.69E-06
1866.091 6     0.00000393
1866.067 2     0.00000382
1866.042 8     0.00000406
1866.018 4     0.00000388
1865.994 3.66E-06
1865.969 6     0.00000358
1865.945 2     0.00000364

1865.92 9     0.00000348
1865.896 5     0.00000360
1865.872 1     0.00000345
1865.847 7     0.00000363
1865.823 3     0.00000366
1865.798 9     0.00000355
1865.774 5     0.00000340

1865.75 1     0.00000343
1865.725 7     0.00000341
1865.701 3     0.00000351
1865.677 3.78E-06
1865.652 6     0.00000346
1865.628 2     0.00000351
1865.603 8     0.00000353
1865.579 4     0.00000326
1865.555 3.3E-06
1865.533 3     0.00000379
1865.511 5     0.00000370
1865.489 8     0.00000358
1865.468 3.47E-06
1865.446 3     0.00000342
1865.424 6     0.00000351
1865.402 8     0.00000347
1865.381 1     0.00000382
1865.359 3     0.00000351
1865.337 6     0.00000383
1865.315 9     0.00000356
1865.294 1     0.00000316
1865.272 4     0.00000327

1865.25 7     0.00000345
1865.228 9     0.00000354

ABOR/MH/Priv-003282



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003283



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1865.207 2     0.00000352
1865.185 4     0.00000357
1865.163 7     0.00000380
1865.142 3.86E-06

1865.12 2     0.00000363
1865.098 5     0.00000379
1865.076 7     0.00000363
1865.055 3.65E-06
1865.033 3     0.00000381
1865.011 5     0.00000373
1864.989 8     0.00000366
1864.968 3.8E-06
1864.946 3     0.00000399
1864.924 6     0.00000394
1864.902 8     0.00000416
1864.881 1     0.00000402
1864.859 3     0.00000395
1864.837 6     0.00000389
1864.815 9     0.00000379
1864.794 1     0.00000358
1864.772 4     0.00000360

1864.75 7     0.00000387
1864.728 9     0.00000403
1864.707 2     0.00000436
1864.685 4     0.00000406
1864.663 7     0.00000387
1864.642 3.89E-06

1864.62 2     0.00000381
1864.598 5     0.00000380
1864.576 7     0.00000358
1864.555 3.52E-06

1864.53 6     0.00000329
1864.506 2     0.00000295
1864.481 8     0.00000310
1864.457 4     0.00000365
1864.433 4.58E-06
1864.408 7     0.00000513
1864.384 3     0.00000464
1864.359 9     0.00000487
1864.335 5     0.00000499
1864.311 1     0.00000481
1864.286 7     0.00000466
1864.262 3     0.00000477
1864.237 9     0.00000462
1864.213 5     0.00000456

ABOR/MH/Priv-003284



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003285



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1864.189 1     0.00000488
1864.164 8     0.00000427

1864.14 4     0.00000398
1864.116 3.94E-06
1864.091 6     0.00000389
1864.067 2     0.00000395
1864.042 8     0.00000394
1864.018 4     0.00000381
1863.994 3.86E-06
1863.969 6     0.00000375
1863.945 2     0.00000374

1863.92 9     0.00000371
1863.896 5     0.00000372
1863.872 1     0.00000395
1863.847 7     0.00000390
1863.823 3     0.00000371
1863.798 9     0.00000330
1863.774 5     0.00000344

1863.75 1     0.00000343
1863.725 7     0.00000355
1863.701 3     0.00000344
1863.677 3.52E-06
1863.652 6     0.00000356
1863.628 2     0.00000382
1863.603 8     0.00000376
1863.579 4     0.00000416
1863.555 0.000004

1863.53 3.96E-06
1863.505 3.79E-06

1863.48 3.95E-06
1863.455 3.8E-06

1863.43 3.9E-06
1863.405 4.02E-06

1863.38 4.18E-06
1863.355 4.25E-06

1863.33 4.14E-06
1863.305 4.03E-06

1863.28 3.86E-06
1863.255 3.8E-06

1863.23 3.57E-06
1863.205 3.38E-06

1863.18 3.28E-06
1863.155 3.25E-06

1863.13 3.4E-06
1863.105 3.36E-06

ABOR/MH/Priv-003286



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003287



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1863.08 3.39E-06
1863.055 3.33E-06

1863.03 3.28E-06
1863.005 3.51E-06

1862.98 3.36E-06
1862.955 3.73E-06

1862.93 3.49E-06
1862.905 3.81E-06

1862.88 3.6E-06
1862.855 3.66E-06

1862.83 3.64E-06
1862.805 3.85E-06

1862.78 3.61E-06
1862.755 3.69E-06

1862.73 3.84E-06
1862.705 4.15E-06

1862.68 4.11E-06
1862.655 3.9E-06

1862.63 3.92E-06
1862.605 3.78E-06

1862.58 3.61E-06
1862.555 3.45E-06
1862.526 4     0.00000368
1862.497 9     0.00000377
1862.469 3     0.00000361

1862.44 7     0.00000380
1862.412 1     0.00000369
1862.383 6     0.00000372
1862.355 3.95E-06
1862.326 4     0.00000382
1862.297 9     0.00000373
1862.269 3     0.00000397

1862.24 7     0.00000369
1862.212 1     0.00000359
1862.183 6     0.00000375
1862.155 3.58E-06
1862.126 4     0.00000368
1862.097 9     0.00000367
1862.069 3     0.00000377

1862.04 7     0.00000376
1862.012 1     0.00000365
1861.983 6     0.00000367
1861.955 3.44E-06
1861.926 4     0.00000372
1861.897 9     0.00000373

ABOR/MH/Priv-003288



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003289



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1861.869 3     0.00000383
1861.84 7     0.00000365

1861.812 1     0.00000361
1861.783 6     0.00000432
1861.755 3.61E-06
1861.726 4     0.00000339
1861.697 9     0.00000326
1861.669 3     0.00000334

1861.64 7     0.00000373
1861.612 1     0.00000388
1861.583 6     0.00000392
1861.555 4.53E-06
1861.535 4     0.00000406
1861.515 8     0.00000410
1861.496 2     0.00000413
1861.476 6     0.00000398
1861.457 4.33E-06
1861.437 4     0.00000422
1861.417 7     0.00000389
1861.398 1     0.00000397
1861.378 5     0.00000391
1861.358 9     0.00000400
1861.339 3     0.00000442
1861.319 7     0.00000435

1861.3 1     0.00000414
1861.28 5     0.00000436
1861.26 9     0.00000483

1861.241 3     0.00000472
1861.221 7     0.00000439
1861.202 1     0.00000420
1861.182 5     0.00000430
1861.162 8     0.00000414
1861.143 2     0.00000417
1861.123 6     0.00000406
1861.104 3.83E-06
1861.084 4     0.00000345
1861.064 8     0.00000350
1861.045 2     0.00000364
1861.025 6     0.00000368
1861.006 3.83E-06
1860.986 4     0.00000389
1860.966 8     0.00000393
1860.947 2     0.00000416
1860.927 5     0.00000401
1860.907 9     0.00000382

ABOR/MH/Priv-003290



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003291



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1860.888 3     0.00000351
1860.868 7     0.00000359
1860.849 1     0.00000375
1860.829 5     0.00000351
1860.809 9     0.00000355

1860.79 3     0.00000389
1860.77 7     0.00000387

1860.751 1     0.00000386
1860.731 5     0.00000380
1860.711 9     0.00000366
1860.692 3     0.00000345
1860.672 6     0.00000325
1860.653 3.15E-06
1860.633 4     0.00000314
1860.613 8     0.00000326
1860.594 2     0.00000350
1860.574 6     0.00000394
1860.555 3.73E-06
1860.536 5     0.00000354
1860.518 3.75E-06
1860.499 4     0.00000375

1860.48 9     0.00000406
1860.462 4     0.00000431
1860.443 9     0.00000405
1860.425 4     0.00000417
1860.406 9     0.00000412
1860.388 3     0.00000450
1860.369 8     0.00000467
1860.351 3     0.00000435
1860.332 8     0.00000459
1860.314 3     0.00000485
1860.295 7     0.00000486
1860.277 2     0.00000478
1860.258 7     0.00000452

1860.24 2     0.00000441
1860.221 7     0.00000420
1860.203 1     0.00000402
1860.184 6     0.00000381
1860.166 1     0.00000387
1860.147 6     0.00000375
1860.129 1     0.00000361

1860.11 6     0.00000345
1860.092 3.67E-06
1860.073 5     0.00000393
1860.055 3.93E-06

ABOR/MH/Priv-003292



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003293



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1860.036 5     0.00000415
1860.018 3.96E-06
1859.999 4     0.00000396

1859.98 9     0.00000414
1859.962 4     0.00000416
1859.943 9     0.00000381
1859.925 4     0.00000388
1859.906 9     0.00000372
1859.888 3     0.00000387
1859.869 8     0.00000391
1859.851 3     0.00000377
1859.832 8     0.00000361
1859.814 3     0.00000358
1859.795 7     0.00000348
1859.777 2     0.00000342
1859.758 7     0.00000364

1859.74 2     0.00000385
1859.721 7     0.00000395
1859.703 1     0.00000402
1859.684 6     0.00000391
1859.666 1     0.00000399
1859.647 6     0.00000419
1859.629 1     0.00000413

1859.61 6     0.00000393
1859.592 3.73E-06
1859.573 5     0.00000382
1859.555 4.37E-06
1859.535 2     0.00000434
1859.515 4     0.00000424
1859.495 7     0.00000389
1859.475 9     0.00000422
1859.456 1     0.00000403
1859.436 3     0.00000413
1859.416 5     0.00000396
1859.396 7     0.00000388
1859.377 4.08E-06
1859.357 2     0.00000448
1859.337 4     0.00000439
1859.317 6     0.00000444
1859.297 8     0.00000478
1859.278 4.05E-06
1859.258 3     0.00000415
1859.238 5     0.00000456
1859.218 7     0.00000404
1859.198 9     0.00000446

ABOR/MH/Priv-003294



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003295



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1859.179 1     0.00000539
1859.159 3     0.00000610
1859.139 6     0.00000543
1859.119 8     0.00000512

1859.1 5.54E-06
1859.078 3.33E-06
1859.056 3.93E-06
1859.034 4.05E-06
1859.012 3.14E-06

1858.99 4.05E-06
1858.968 3.94E-06
1858.946 2.95E-06
1858.924 3.64E-06
1858.902 3.63E-06

1858.88 3.32E-06
1858.858 4.07E-06
1858.836 3.9E-06
1858.814 2.8E-06
1858.792 2.71E-06

1858.77 2.76E-06
1858.748 3.27E-06
1858.726 3.44E-06
1858.704 3.71E-06
1858.682 3.3E-06

1858.66 3.99E-06
1858.638 3.31E-06
1858.616 3.53E-06
1858.594 3.79E-06
1858.572 3.93E-06

1858.55 3.72E-06
1858.524 3.98E-06
1858.497 3.56E-06
1858.471 3.25E-06
1858.445 3.38E-06
1858.418 3.41E-06
1858.392 3.57E-06
1858.366 3.64E-06
1858.339 3.61E-06
1858.313 3.55E-06
1858.287 3.65E-06
1858.261 3.6E-06
1858.234 3.58E-06
1858.208 3.41E-06
1858.182 3.56E-06
1858.155 3.48E-06

ABOR/MH/Priv-003296



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003297



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1858.129 3.52E-06
1858.103 3.81E-06
1858.076 3.76E-06

1858.05 3.68E-06
1858.024 3.6E-06
1857.997 3.74E-06
1857.971 3.81E-06
1857.945 3.58E-06
1857.918 3.42E-06
1857.892 3.68E-06
1857.866 3.3E-06
1857.839 3.45E-06
1857.813 3.5E-06
1857.787 3.83E-06
1857.761 3.73E-06
1857.734 3.79E-06
1857.708 3.84E-06
1857.682 3.55E-06
1857.655 3.81E-06
1857.629 3.9E-06
1857.603 3.31E-06
1857.576 3.11E-06

1857.55 3.32E-06
1857.528 3.51E-06
1857.507 3.74E-06
1857.485 4.01E-06
1857.463 3.93E-06
1857.441 3.94E-06

1857.42 4.05E-06
1857.398 4.1E-06
1857.376 3.95E-06
1857.354 3.83E-06
1857.333 3.87E-06
1857.311 3.94E-06
1857.289 0.000004
1857.267 4.09E-06
1857.246 4.24E-06
1857.224 3.96E-06
1857.202 3.81E-06

1857.18 3.78E-06
1857.159 3.5E-06
1857.137 3.41E-06
1857.115 3.34E-06
1857.093 3.22E-06
1857.072 3.11E-06

ABOR/MH/Priv-003298



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003299



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1857.05 3.04E-06
1857.028 3.78E-06
1857.007 2.98E-06
1856.985 3.23E-06
1856.963 3.19E-06
1856.941 3.08E-06

1856.92 3.37E-06
1856.898 3.56E-06
1856.876 3.74E-06
1856.854 3.72E-06
1856.833 3.65E-06
1856.811 3.76E-06
1856.789 3.56E-06
1856.767 3.37E-06
1856.746 3.51E-06
1856.724 3.61E-06
1856.702 3.74E-06

1856.68 3.57E-06
1856.659 3.73E-06
1856.637 3.8E-06
1856.615 3.87E-06
1856.593 3.58E-06
1856.572 3.77E-06

1856.55 3.65E-06
1856.502 3.43E-06
1856.455 3.4E-06
1856.407 3.76E-06

1856.36 3.47E-06
1856.312 3.55E-06
1856.264 3.54E-06
1856.217 3.44E-06
1856.169 3.08E-06
1856.121 3.39E-06
1856.074 3.54E-06
1856.026 3.59E-06
1855.979 3.75E-06
1855.931 3.55E-06
1855.883 3.75E-06
1855.836 3.56E-06
1855.788 3.44E-06

1855.74 3.53E-06
1855.693 3.47E-06
1855.645 3.34E-06
1855.598 3.72E-06

1855.55 4.07E-06

ABOR/MH/Priv-003300



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003301



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1855.518 4.04E-06
1855.485 4.39E-06
1855.453 4.66E-06
1855.421 4.65E-06
1855.389 4.23E-06
1855.356 3.72E-06
1855.324 3.69E-06
1855.292 3.31E-06

1855.26 3.47E-06
1855.227 3.68E-06
1855.195 3.29E-06
1855.163 3.32E-06
1855.131 3.32E-06
1855.098 3.38E-06
1855.066 3.44E-06
1855.034 3.52E-06
1855.002 3.44E-06
1854.969 3.68E-06
1854.937 3.86E-06
1854.905 3.93E-06
1854.873 3.91E-06

1854.84 3.77E-06
1854.808 3.68E-06
1854.776 3.7E-06
1854.744 3.43E-06
1854.711 3.38E-06
1854.679 3.5E-06
1854.647 3.66E-06
1854.615 3.81E-06
1854.582 3.91E-06

1854.55 3.82E-06
1854.499 3.59E-06
1854.473 3.71E-06
1854.447 0.000004
1854.422 4.43E-06
1854.396 3.86E-06
1854.371 3.77E-06
1854.345 3.85E-06
1854.319 3.71E-06
1854.294 3.97E-06
1854.268 4.55E-06
1854.242 4.11E-06
1854.217 4.12E-06
1854.191 3.97E-06
1854.165 4.31E-06

ABOR/MH/Priv-003302



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003303



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1854.14 4.07E-06
1854.114 3.72E-06
1854.088 3.73E-06
1854.063 3.82E-06
1854.037 3.4E-06
1854.012 3.38E-06
1853.986 3.01E-06

1853.96 3.17E-06
1853.935 3.1E-06
1853.909 3.37E-06
1853.883 3.43E-06
1853.858 3.72E-06
1853.832 3.22E-06
1853.806 3.36E-06
1853.781 3.13E-06
1853.755 3.46E-06
1853.729 3.43E-06
1853.704 3.66E-06
1853.678 3.54E-06
1853.653 3.68E-06
1853.627 3.47E-06
1853.601 3.46E-06
1853.576 3.64E-06

1853.55 3.71E-06
1853.535 3.6E-06
1853.519 3.64E-06
1853.504 3.45E-06
1853.488 3.21E-06
1853.473 3.59E-06
1853.458 3.65E-06
1853.442 3.63E-06
1853.427 3.09E-06
1853.412 3.14E-06
1853.396 3.36E-06
1853.381 3.74E-06
1853.365 3.94E-06

1853.35 3.28E-06
1853.335 3.54E-06
1853.319 3.19E-06
1853.304 3.33E-06
1853.288 3.15E-06
1853.273 3.68E-06
1853.258 3.85E-06
1853.242 3.77E-06
1853.227 3.25E-06

ABOR/MH/Priv-003304



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003305



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1853.212 3.08E-06
1853.196 3.41E-06
1853.181 3.65E-06
1853.165 3.31E-06

1853.15 3.63E-06
1853.135 3.6E-06
1853.119 3.55E-06
1853.104 3.49E-06
1853.088 3.64E-06
1853.073 3.56E-06
1853.058 3.95E-06
1853.042 3.17E-06
1853.027 3.47E-06
1853.012 4.02E-06
1852.996 3.87E-06
1852.981 3.86E-06
1852.965 3.35E-06

1852.95 3.41E-06
1852.935 3.42E-06
1852.919 3.36E-06
1852.904 3.53E-06
1852.888 3.21E-06
1852.873 3.19E-06
1852.858 3.15E-06
1852.842 3.44E-06
1852.827 3.55E-06
1852.812 3.37E-06
1852.796 3.55E-06
1852.781 3.78E-06
1852.765 3.07E-06

1852.75 3.15E-06
1852.735 3.44E-06
1852.719 3.01E-06
1852.704 3.34E-06
1852.688 3.39E-06
1852.673 3.13E-06
1852.658 3.29E-06
1852.642 3.24E-06
1852.627 3.59E-06
1852.612 3.65E-06
1852.596 3.73E-06
1852.581 3.37E-06
1852.565 3.59E-06

1852.55 4.05E-06
1852.535 3.69E-06

ABOR/MH/Priv-003306



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003307



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1852.521 3.37E-06
1852.506 3.78E-06
1852.491 3.88E-06
1852.476 3.8E-06
1852.462 3.91E-06
1852.447 3.53E-06
1852.432 3.62E-06
1852.418 3.79E-06
1852.403 3.78E-06
1852.388 3.91E-06
1852.374 3.26E-06
1852.359 3.94E-06
1852.344 3.17E-06
1852.329 3.82E-06
1852.315 3.52E-06

1852.3 3.34E-06
1852.285 3.25E-06
1852.271 2.83E-06
1852.256 2.94E-06
1852.241 3.01E-06
1852.226 3.68E-06
1852.212 3.13E-06
1852.197 3.12E-06
1852.182 3.09E-06
1852.168 2.87E-06
1852.153 3.03E-06
1852.138 3.12E-06
1852.124 3.19E-06
1852.109 2.88E-06
1852.094 2.89E-06
1852.079 2.99E-06
1852.065 3.14E-06

1852.05 3.31E-06
1852.035 3.52E-06
1852.021 3.49E-06
1852.006 3.62E-06
1851.991 3.38E-06
1851.976 3.29E-06
1851.962 3.59E-06
1851.947 3.06E-06
1851.932 3.74E-06
1851.918 3.82E-06
1851.903 3.43E-06
1851.888 3.27E-06
1851.874 3.15E-06

ABOR/MH/Priv-003308



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003309



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1851.859 3.07E-06
1851.844 3.21E-06
1851.829 3.53E-06
1851.815 3.39E-06

1851.8 3.01E-06
1851.785 3.21E-06
1851.771 3.3E-06
1851.756 3.37E-06
1851.741 3.29E-06
1851.726 3.49E-06
1851.712 3.42E-06
1851.697 3.49E-06
1851.682 3.78E-06
1851.668 3.74E-06
1851.653 3.89E-06
1851.638 3.86E-06
1851.624 3.85E-06
1851.609 3.78E-06
1851.594 3.75E-06
1851.579 3.76E-06
1851.565 3.55E-06

1851.55 3.82E-06
1851.527 4.03E-06
1851.505 3.78E-06
1851.482 3.87E-06
1851.459 0.000004
1851.436 4.03E-06
1851.414 3.92E-06
1851.391 3.39E-06
1851.368 3.79E-06
1851.345 4.06E-06
1851.323 4.19E-06

1851.3 4.18E-06
1851.277 3.71E-06
1851.255 3.47E-06
1851.232 3.18E-06
1851.209 3.32E-06
1851.186 3.3E-06
1851.164 3.09E-06
1851.141 2.99E-06
1851.118 3.15E-06
1851.095 3.55E-06
1851.073 3.62E-06

1851.05 3.58E-06
1851.027 3.43E-06

ABOR/MH/Priv-003310



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003311



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1851.005 3.56E-06
1850.982 3.37E-06
1850.959 3.54E-06
1850.936 3.69E-06
1850.914 3.74E-06
1850.891 3.36E-06
1850.868 3.54E-06
1850.845 3.48E-06
1850.823 3.2E-06

1850.8 3.21E-06
1850.777 3.32E-06
1850.755 3.74E-06
1850.732 3.96E-06
1850.709 3.62E-06
1850.686 3.54E-06
1850.664 3.38E-06
1850.641 3.47E-06
1850.618 3.5E-06
1850.595 3.59E-06
1850.573 3.56E-06

1850.55 3.25E-06
1850.535 3.45E-06
1850.521 3.5E-06
1850.506 3.68E-06
1850.491 3.38E-06
1850.476 3.08E-06
1850.462 3.25E-06
1850.447 3.28E-06
1850.432 3.54E-06
1850.418 3.58E-06
1850.403 3.74E-06
1850.388 3.8E-06
1850.374 3.74E-06
1850.359 3.53E-06
1850.344 3.62E-06
1850.329 3.66E-06
1850.315 3.24E-06

1850.3 3.3E-06
1850.285 3.6E-06
1850.271 3.7E-06
1850.256 3.56E-06
1850.241 3.48E-06
1850.226 3.46E-06
1850.212 3.32E-06
1850.197 3.12E-06

ABOR/MH/Priv-003312



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003313



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1850.182 3.41E-06
1850.168 3.49E-06
1850.153 3.96E-06
1850.138 4.11E-06
1850.124 3.78E-06
1850.109 3.67E-06
1850.094 3.56E-06
1850.079 3.85E-06
1850.065 3.5E-06

1850.05 3.64E-06
1850.035 3.64E-06
1850.021 3.36E-06
1850.006 3.51E-06
1849.991 3.47E-06
1849.976 3.47E-06
1849.962 3.22E-06
1849.947 3.22E-06
1849.932 3.21E-06
1849.918 3.26E-06
1849.903 3.61E-06
1849.888 3.61E-06
1849.874 3.56E-06
1849.859 3.51E-06
1849.844 3.46E-06
1849.829 3.44E-06
1849.815 3.56E-06

1849.8 3.65E-06
1849.785 3.61E-06
1849.771 3.64E-06
1849.756 3.14E-06
1849.741 3.06E-06
1849.726 3.27E-06
1849.712 3.39E-06
1849.697 3.63E-06
1849.682 3.56E-06
1849.668 3.47E-06
1849.653 3.46E-06
1849.638 3.27E-06
1849.624 3.27E-06
1849.609 3.16E-06
1849.594 3.14E-06
1849.579 3.17E-06
1849.565 3.1E-06

1849.55 2.9E-06
1849.531 2.86E-06

ABOR/MH/Priv-003314



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003315



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1849.512 2.74E-06
1849.492 2.87E-06
1849.473 3.01E-06
1849.454 3.56E-06
1849.435 3.24E-06
1849.415 3.09E-06
1849.396 3.47E-06
1849.377 3.66E-06
1849.358 3.56E-06
1849.338 3.48E-06
1849.319 3.41E-06

1849.3 3.23E-06
1849.281 3.18E-06
1849.262 3.48E-06
1849.242 3.19E-06
1849.223 2.77E-06
1849.204 3.25E-06
1849.185 3.17E-06
1849.165 3.2E-06
1849.146 3.31E-06
1849.127 3.05E-06
1849.108 2.95E-06
1849.088 3.14E-06
1849.069 3.45E-06

1849.05 3.31E-06
1849.031 3.06E-06
1849.012 3.25E-06
1848.992 3.19E-06
1848.973 3.13E-06
1848.954 3.18E-06
1848.935 3.25E-06
1848.915 3.4E-06
1848.896 3.37E-06
1848.877 3.49E-06
1848.858 3.58E-06
1848.838 3.81E-06
1848.819 3.58E-06

1848.8 3.49E-06
1848.781 3.54E-06
1848.762 3.46E-06
1848.742 3.4E-06
1848.723 3.65E-06
1848.704 3.66E-06
1848.685 3.52E-06
1848.665 3.76E-06

ABOR/MH/Priv-003316



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003317



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1848.646 3.46E-06
1848.627 3.5E-06
1848.608 3.45E-06
1848.588 3.67E-06
1848.569 3.54E-06

1848.55 3.48E-06
1848.534 3.59E-06
1848.517 3.54E-06
1848.501 3.64E-06
1848.484 3.3E-06
1848.468 3.24E-06
1848.452 3.6E-06
1848.435 3.55E-06
1848.419 3.36E-06
1848.402 3.44E-06
1848.386 3.47E-06

1848.37 3.54E-06
1848.353 3.5E-06
1848.337 3.55E-06

1848.32 3.18E-06
1848.304 3.63E-06
1848.288 3.77E-06
1848.271 3.44E-06
1848.255 3.72E-06
1848.239 4.01E-06
1848.222 3.58E-06
1848.206 3.31E-06
1848.189 3.58E-06
1848.173 3.55E-06
1848.157 3.63E-06

1848.14 3.55E-06
1848.124 3.57E-06
1848.107 3.61E-06
1848.091 3.65E-06
1848.075 3.35E-06
1848.058 3.33E-06
1848.042 3.71E-06
1848.025 3.71E-06
1848.009 3.66E-06
1847.993 3.6E-06
1847.976 3.75E-06

1847.96 3.61E-06
1847.943 3.8E-06
1847.927 3.73E-06
1847.911 3.84E-06

ABOR/MH/Priv-003318



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003319



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1847.894 3.73E-06
1847.878 3.75E-06
1847.861 3.76E-06
1847.845 3.87E-06
1847.829 3.77E-06
1847.812 3.61E-06
1847.796 3.3E-06

1847.78 3.4E-06
1847.763 3.38E-06
1847.747 3.34E-06

1847.73 3.36E-06
1847.714 3.63E-06
1847.698 3.13E-06
1847.681 3.21E-06
1847.665 3.26E-06
1847.648 3.29E-06
1847.632 3.44E-06
1847.616 3.71E-06
1847.599 3.51E-06
1847.583 3.63E-06
1847.566 3.4E-06

1847.55 3.75E-06
1847.534 3.38E-06
1847.518 3.25E-06
1847.502 3.75E-06
1847.485 3.68E-06
1847.469 3.57E-06
1847.453 3.6E-06
1847.437 3.91E-06
1847.421 3.78E-06
1847.405 3.56E-06
1847.389 3.48E-06
1847.373 3.43E-06
1847.356 3.44E-06

1847.34 3.37E-06
1847.324 3.54E-06
1847.308 3.48E-06
1847.292 3.49E-06
1847.276 3.37E-06

1847.26 3.48E-06
1847.244 3.43E-06
1847.227 3.53E-06
1847.211 3.63E-06
1847.195 3.51E-06
1847.179 3.42E-06

ABOR/MH/Priv-003320



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003321



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1847.163 3.3E-06
1847.147 3.37E-06
1847.131 3.05E-06
1847.115 3.21E-06
1847.098 3.42E-06
1847.082 3.46E-06
1847.066 3.62E-06

1847.05 3.52E-06
1847.034 3.4E-06
1847.018 3.67E-06
1847.002 3.4E-06
1846.985 3.7E-06
1846.969 3.57E-06
1846.953 3.26E-06
1846.937 3.59E-06
1846.921 3.53E-06
1846.905 3.57E-06
1846.889 3.77E-06
1846.873 3.83E-06
1846.856 0.000004

1846.84 3.82E-06
1846.824 3.57E-06
1846.808 4.15E-06
1846.792 4.34E-06
1846.776 4.24E-06

1846.76 4.08E-06
1846.744 4.05E-06
1846.727 3.64E-06
1846.711 4.03E-06
1846.695 4.15E-06
1846.679 4.17E-06
1846.663 4.16E-06
1846.647 3.8E-06
1846.631 3.82E-06
1846.615 4.05E-06
1846.598 4.2E-06
1846.582 4.38E-06
1846.566 3.87E-06

1846.55 3.98E-06
1846.531 3.94E-06
1846.512 3.92E-06
1846.493 4.18E-06
1846.475 4.37E-06
1846.456 4.69E-06
1846.437 4.11E-06

ABOR/MH/Priv-003322



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003323



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1846.418 3.97E-06
1846.399 4.14E-06

1846.38 4.3E-06
1846.361 4.93E-06
1846.342 5.56E-06
1846.324 5.56E-06
1846.305 5.77E-06
1846.286 4.87E-06
1846.267 4.21E-06
1846.248 4.16E-06
1846.229 4.09E-06

1846.21 3.7E-06
1846.192 3.67E-06
1846.173 3.79E-06
1846.154 3.53E-06
1846.135 3.32E-06
1846.116 3.67E-06
1846.097 3.52E-06
1846.078 3.72E-06
1846.059 3.65E-06
1846.041 3.67E-06
1846.022 3.63E-06
1846.003 3.38E-06
1845.984 3.4E-06
1845.965 3.42E-06
1845.946 3.19E-06
1845.927 3.37E-06
1845.908 3.35E-06

1845.89 3.43E-06
1845.871 3.37E-06
1845.852 3.42E-06
1845.833 3.49E-06
1845.814 3.44E-06
1845.795 3.27E-06
1845.776 3.23E-06
1845.758 3.1E-06
1845.739 3.45E-06

1845.72 3.65E-06
1845.701 3.79E-06
1845.682 3.64E-06
1845.663 3.57E-06
1845.644 3.39E-06
1845.625 3.69E-06
1845.607 3.44E-06
1845.588 3.68E-06

ABOR/MH/Priv-003324



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003325



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1845.569 3.5E-06
1845.55 3.35E-06

1845.538 3.56E-06
1845.526 3.84E-06
1845.514 3.64E-06
1845.502 3.61E-06

1845.49 3.94E-06
1845.478 3.83E-06
1845.466 3.65E-06
1845.454 3.55E-06
1845.442 3.39E-06

1845.43 3.72E-06
1845.417 3.48E-06
1845.405 3.55E-06
1845.393 3.4E-06
1845.381 3.45E-06
1845.369 3.32E-06
1845.357 3.38E-06
1845.345 3.41E-06
1845.333 3.47E-06
1845.321 4.09E-06
1845.309 3.65E-06
1845.297 3.7E-06
1845.285 3.48E-06
1845.273 3.63E-06
1845.261 3.65E-06
1845.249 3.69E-06
1845.237 3.63E-06
1845.225 3.65E-06
1845.213 3.47E-06
1845.201 3.25E-06
1845.189 3.32E-06
1845.177 3.41E-06
1845.164 3.37E-06
1845.152 3.61E-06

1845.14 3.42E-06
1845.128 3.47E-06
1845.116 3.62E-06
1845.104 3.49E-06
1845.092 3.55E-06

1845.08 3.44E-06
1845.068 3.41E-06
1845.056 3.53E-06
1845.044 3.6E-06
1845.032 3.57E-06

ABOR/MH/Priv-003326



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003327



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1845.02 3.63E-06
1845.008 3.51E-06
1844.996 3.5E-06
1844.984 3.54E-06
1844.972 3.54E-06

1844.96 3.64E-06
1844.948 3.58E-06
1844.936 3.52E-06
1844.923 3.54E-06
1844.911 3.59E-06
1844.899 3.39E-06
1844.887 3.36E-06
1844.875 3.5E-06
1844.863 3.36E-06
1844.851 3.32E-06
1844.839 3.5E-06
1844.827 3.36E-06
1844.815 3.52E-06
1844.803 3.68E-06
1844.791 3.38E-06
1844.779 3.47E-06
1844.767 3.57E-06
1844.755 3.55E-06
1844.743 3.35E-06
1844.731 3.53E-06
1844.719 3.63E-06
1844.707 3.38E-06
1844.695 3.67E-06
1844.683 3.52E-06

1844.67 3.69E-06
1844.658 3.76E-06
1844.646 3.45E-06
1844.634 3.44E-06
1844.622 3.53E-06

1844.61 3.76E-06
1844.598 3.92E-06
1844.586 3.89E-06
1844.574 3.59E-06
1844.562 3.84E-06

1844.55 3.66E-06
1844.538 3.39E-06
1844.525 3.49E-06
1844.513 3.69E-06
1844.501 3.89E-06
1844.488 3.98E-06

ABOR/MH/Priv-003328



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003329



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1844.476 3.68E-06
1844.464 3.48E-06
1844.451 3.5E-06
1844.439 3.37E-06
1844.427 3.68E-06
1844.414 3.55E-06
1844.402 3.73E-06

1844.39 3.73E-06
1844.377 4.13E-06
1844.365 3.63E-06
1844.352 4.24E-06

1844.34 3.83E-06
1844.328 4.08E-06
1844.315 3.92E-06
1844.303 3.83E-06
1844.291 3.51E-06
1844.278 3.7E-06
1844.266 3.34E-06
1844.254 3.91E-06
1844.241 3.9E-06
1844.229 3.51E-06
1844.217 3.45E-06
1844.204 3.25E-06
1844.192 3.7E-06

1844.18 3.64E-06
1844.167 3.87E-06
1844.155 3.58E-06
1844.143 3.91E-06

1844.13 3.65E-06
1844.118 3.42E-06
1844.106 3.73E-06
1844.093 3.44E-06
1844.081 3.29E-06
1844.069 3.23E-06
1844.056 3.78E-06
1844.044 3.4E-06
1844.031 3.5E-06
1844.019 3.1E-06
1844.007 3.05E-06
1843.994 3.01E-06
1843.982 3.72E-06

1843.97 3.52E-06
1843.957 3.58E-06
1843.945 3.71E-06
1843.933 3.67E-06

ABOR/MH/Priv-003330



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003331



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1843.92 3.71E-06
1843.908 3.73E-06
1843.896 3.3E-06
1843.883 3.46E-06
1843.871 3.59E-06
1843.859 3.05E-06
1843.846 3.63E-06
1843.834 3.97E-06
1843.822 3.5E-06
1843.809 3.56E-06
1843.797 3.56E-06
1843.785 3.54E-06
1843.772 3.5E-06

1843.76 3.54E-06
1843.748 3.25E-06
1843.735 3.43E-06
1843.723 3.65E-06

1843.71 3.47E-06
1843.698 3.36E-06
1843.686 3.44E-06
1843.673 3.39E-06
1843.661 3.56E-06
1843.649 3.47E-06
1843.636 3.55E-06
1843.624 3.54E-06
1843.612 3.98E-06
1843.599 3.71E-06
1843.587 3.14E-06
1843.575 3.45E-06
1843.562 3.1E-06

1843.55 3.15E-06
1843.537 3.27E-06
1843.524 3.72E-06
1843.511 3.78E-06
1843.498 3.79E-06
1843.485 3.64E-06
1843.472 4.2E-06
1843.459 3.21E-06
1843.446 3.56E-06
1843.433 3.22E-06

1843.42 3.08E-06
1843.407 3.47E-06
1843.394 4.2E-06
1843.381 3.33E-06
1843.368 3.24E-06

ABOR/MH/Priv-003332



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003333



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1843.355 3.21E-06
1843.342 3.17E-06
1843.329 3.19E-06
1843.316 3.49E-06
1843.303 3.24E-06

1843.29 3.46E-06
1843.277 3.22E-06
1843.264 3.21E-06
1843.251 3.05E-06
1843.238 3.28E-06
1843.225 2.89E-06
1843.212 3.07E-06
1843.199 2.97E-06
1843.186 2.87E-06
1843.173 3.02E-06

1843.16 3.35E-06
1843.147 2.92E-06
1843.134 3.1E-06
1843.121 2.85E-06
1843.108 3.19E-06
1843.095 3.77E-06
1843.082 3.27E-06
1843.069 2.91E-06
1843.056 2.95E-06
1843.044 3.3E-06
1843.031 3.48E-06
1843.018 3.16E-06
1843.005 3.27E-06
1842.992 3.16E-06
1842.979 3.25E-06
1842.966 2.88E-06
1842.953 2.85E-06

1842.94 3.27E-06
1842.927 3.51E-06
1842.914 3.2E-06
1842.901 3.58E-06
1842.888 3.38E-06
1842.875 3.25E-06
1842.862 3.39E-06
1842.849 2.97E-06
1842.836 3.01E-06
1842.823 2.83E-06

1842.81 2.92E-06
1842.797 2.89E-06
1842.784 3.22E-06

ABOR/MH/Priv-003334



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003335



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1842.771 3.03E-06
1842.758 3.09E-06
1842.745 3.12E-06
1842.732 3.15E-06
1842.719 3.11E-06
1842.706 3.53E-06
1842.693 3.81E-06

1842.68 3.6E-06
1842.667 3.29E-06
1842.654 3.8E-06
1842.641 3.84E-06
1842.628 3.31E-06
1842.615 2.77E-06
1842.602 2.98E-06
1842.589 3.58E-06
1842.576 3.18E-06
1842.563 2.82E-06

1842.55 3.09E-06
1842.526 3.53E-06
1842.501 3.86E-06
1842.477 3.53E-06
1842.452 3.45E-06
1842.428 3.16E-06
1842.404 2.98E-06
1842.379 3.07E-06
1842.355 3.34E-06

1842.33 3.31E-06
1842.306 3.36E-06
1842.282 3.21E-06
1842.257 3.29E-06
1842.233 3.2E-06
1842.209 3.06E-06
1842.184 3.01E-06

1842.16 3.01E-06
1842.135 2.99E-06
1842.111 3.24E-06
1842.087 3.2E-06
1842.062 3.33E-06
1842.038 3.28E-06
1842.013 3.35E-06
1841.989 3.51E-06
1841.965 3.49E-06

1841.94 3.54E-06
1841.916 3.41E-06
1841.891 3.77E-06

ABOR/MH/Priv-003336



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003337



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1841.867 3.72E-06
1841.843 3.24E-06
1841.818 3.42E-06
1841.794 3.54E-06

1841.77 3.54E-06
1841.745 3.55E-06
1841.721 3.33E-06
1841.696 3.29E-06
1841.672 3.31E-06
1841.648 3.25E-06
1841.623 3.12E-06
1841.599 3.2E-06
1841.574 3.2E-06

1841.55 3.25E-06
1841.53 3.24E-06

1841.511 3.36E-06
1841.491 3.41E-06
1841.472 3.38E-06
1841.452 3.31E-06
1841.432 3.44E-06
1841.413 3.39E-06
1841.393 3.41E-06
1841.374 3.49E-06
1841.354 3.62E-06
1841.334 3.45E-06
1841.315 3.27E-06
1841.295 3.25E-06
1841.275 3.69E-06
1841.256 3.71E-06
1841.236 3.71E-06
1841.217 3.52E-06
1841.197 3.54E-06
1841.177 3.72E-06
1841.158 3.58E-06
1841.138 2.96E-06
1841.119 3.07E-06
1841.099 3.36E-06
1841.079 3.42E-06

1841.06 3.33E-06
1841.04 3.56E-06

1841.021 3.58E-06
1841.001 3.6E-06
1840.981 3.67E-06
1840.962 3.64E-06
1840.942 3.66E-06

ABOR/MH/Priv-003338



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003339



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1840.923 3.41E-06
1840.903 3.57E-06
1840.883 3.38E-06
1840.864 3.55E-06
1840.844 3.36E-06
1840.825 3.49E-06
1840.805 3.75E-06
1840.785 3.8E-06
1840.766 4.01E-06
1840.746 4.03E-06
1840.726 3.78E-06
1840.707 3.76E-06
1840.687 3.63E-06
1840.668 3.78E-06
1840.648 3.74E-06
1840.628 3.5E-06
1840.609 3.43E-06
1840.589 3.45E-06

1840.57 3.38E-06
1840.55 3.44E-06

1840.528 3.56E-06
1840.507 3.47E-06
1840.485 3.53E-06
1840.463 3.56E-06
1840.441 3.87E-06

1840.42 3.42E-06
1840.398 3.51E-06
1840.376 3.37E-06
1840.354 3.35E-06
1840.333 3.41E-06
1840.311 3.3E-06
1840.289 3.41E-06
1840.267 3.52E-06
1840.246 3.83E-06
1840.224 3.66E-06
1840.202 4.07E-06

1840.18 4.16E-06
1840.159 4.33E-06
1840.137 4.12E-06
1840.115 3.87E-06
1840.093 3.76E-06
1840.072 3.86E-06

1840.05 3.76E-06
1840.028 3.39E-06
1840.007 3.57E-06

ABOR/MH/Priv-003340



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003341



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1839.985 3.57E-06
1839.963 3.66E-06
1839.941 3.55E-06

1839.92 3.66E-06
1839.898 3.57E-06
1839.876 3.73E-06
1839.854 3.57E-06
1839.833 3.66E-06
1839.811 3.62E-06
1839.789 3.58E-06
1839.767 3.52E-06
1839.746 3.57E-06
1839.724 3.61E-06
1839.702 3.9E-06

1839.68 3.65E-06
1839.659 3.72E-06
1839.637 3.87E-06
1839.615 3.67E-06
1839.593 3.59E-06
1839.572 3.57E-06

1839.55 3.64E-06
1839.536 3.46E-06
1839.523 3.38E-06
1839.509 3.63E-06
1839.496 3.72E-06
1839.482 3.54E-06
1839.469 3.45E-06
1839.455 3.46E-06
1839.442 3.31E-06
1839.428 3.35E-06
1839.415 3.28E-06
1839.401 3.43E-06
1839.388 3.44E-06
1839.374 3.51E-06
1839.361 3.5E-06
1839.347 3.51E-06
1839.334 3.34E-06

1839.32 3.31E-06
1839.307 3.54E-06
1839.293 3.59E-06

1839.28 3.69E-06
1839.266 3.84E-06
1839.253 3.62E-06
1839.239 3.45E-06
1839.226 3.45E-06

ABOR/MH/Priv-003342



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003343



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1839.212 3.71E-06
1839.199 3.45E-06
1839.185 3.48E-06
1839.172 3.48E-06
1839.158 3.69E-06
1839.145 4.09E-06
1839.131 3.95E-06
1839.118 3.69E-06
1839.104 3.74E-06
1839.091 3.69E-06
1839.077 3.7E-06
1839.064 3.69E-06

1839.05 3.52E-06
1839.036 3.6E-06
1839.023 3.4E-06
1839.009 3.54E-06
1838.996 3.45E-06
1838.982 3.57E-06
1838.969 3.38E-06
1838.955 3.42E-06
1838.942 3.53E-06
1838.928 4.01E-06
1838.915 3.73E-06
1838.901 4.04E-06
1838.888 3.63E-06
1838.874 3.79E-06
1838.861 3.68E-06
1838.847 3.15E-06
1838.834 3.31E-06

1838.82 3.36E-06
1838.807 3.2E-06
1838.793 3.44E-06

1838.78 3.69E-06
1838.766 3.73E-06
1838.753 3.68E-06
1838.739 3.77E-06
1838.726 4.1E-06
1838.712 4.13E-06
1838.699 4.17E-06
1838.685 4.23E-06
1838.672 4.2E-06
1838.658 3.8E-06
1838.645 0.000004
1838.631 3.84E-06
1838.618 4.04E-06

ABOR/MH/Priv-003344



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003345



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1838.604 3.97E-06
1838.591 4.37E-06
1838.577 3.64E-06
1838.564 3.65E-06

1838.55 3.53E-06
1838.51 3.5E-06
1838.47 3.64E-06
1838.43 3.81E-06
1838.39 3.83E-06
1838.35 4.04E-06
1838.31 3.83E-06
1838.27 3.81E-06
1838.23 3.66E-06
1838.19 3.34E-06
1838.15 3.56E-06
1838.11 3.45E-06
1838.07 3.47E-06
1838.03 3.82E-06
1837.99 3.7E-06
1837.95 3.79E-06
1837.91 3.87E-06
1837.87 3.7E-06
1837.83 3.85E-06
1837.79 3.88E-06
1837.75 3.91E-06
1837.71 4.21E-06
1837.67 4.3E-06
1837.63 4.16E-06
1837.59 4.05E-06
1837.55 3.9E-06
1837.53 3.88E-06
1837.51 3.75E-06
1837.49 3.61E-06
1837.47 3.52E-06
1837.45 3.44E-06
1837.43 3.32E-06
1837.41 3.42E-06
1837.39 3.28E-06
1837.37 3.17E-06
1837.35 3.63E-06
1837.33 3.54E-06
1837.31 3.61E-06
1837.29 3.46E-06
1837.27 3.6E-06
1837.25 3.88E-06

ABOR/MH/Priv-003346



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003347



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1837.23 3.64E-06
1837.21 3.48E-06
1837.19 3.76E-06
1837.17 3.51E-06
1837.15 3.62E-06
1837.13 3.52E-06
1837.11 3.59E-06
1837.09 3.32E-06
1837.07 3.28E-06
1837.05 3.38E-06
1837.03 3.53E-06
1837.01 3.61E-06
1836.99 3.51E-06
1836.97 3.68E-06
1836.95 3.43E-06
1836.93 3.3E-06
1836.91 3.56E-06
1836.89 2.99E-06
1836.87 2.48E-06
1836.85 2.96E-06
1836.83 3.09E-06
1836.81 2.85E-06
1836.79 2.56E-06
1836.77 2.56E-06
1836.75 2.65E-06
1836.73 2.71E-06
1836.71 2.71E-06
1836.69 3.12E-06
1836.67 3.18E-06
1836.65 2.56E-06
1836.63 2.39E-06
1836.61 3.67E-06
1836.59 3.56E-06
1836.57 3.48E-06
1836.55 3.71E-06
1836.53 3.87E-06

1836.511 3.85E-06
1836.491 3.7E-06
1836.472 4.05E-06
1836.452 4.44E-06
1836.432 3.95E-06
1836.413 3.79E-06
1836.393 4.12E-06
1836.374 3.79E-06
1836.354 3.72E-06

ABOR/MH/Priv-003348



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003349



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1836.334 3.54E-06
1836.315 3.61E-06
1836.295 3.57E-06
1836.275 3.59E-06
1836.256 3.52E-06
1836.236 3.76E-06
1836.217 3.56E-06
1836.197 3.47E-06
1836.177 3.47E-06
1836.158 3.38E-06
1836.138 3.53E-06
1836.119 3.39E-06
1836.099 3.43E-06
1836.079 3.6E-06

1836.06 3.82E-06
1836.04 3.85E-06

1836.021 3.61E-06
1836.001 3.81E-06
1835.981 3.66E-06
1835.962 3.62E-06
1835.942 3.66E-06
1835.923 3.76E-06
1835.903 3.72E-06
1835.883 3.75E-06
1835.864 3.68E-06
1835.844 3.8E-06
1835.825 3.86E-06
1835.805 3.86E-06
1835.785 3.93E-06
1835.766 3.87E-06
1835.746 3.56E-06
1835.726 3.47E-06
1835.707 3.75E-06
1835.687 3.5E-06
1835.668 3.33E-06
1835.648 3.5E-06
1835.628 3.92E-06
1835.609 3.7E-06
1835.589 3.76E-06

1835.57 3.75E-06
1835.55 3.59E-06

1835.513 3.64E-06
1835.476 3.57E-06
1835.439 3.49E-06
1835.402 3.73E-06

ABOR/MH/Priv-003350



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003351



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1835.365 3.82E-06
1835.328 3.85E-06
1835.291 3.77E-06
1835.254 3.68E-06
1835.217 3.46E-06

1835.18 3.58E-06
1835.143 3.65E-06
1835.106 3.59E-06
1835.069 3.52E-06
1835.031 3.72E-06
1834.994 3.5E-06
1834.957 3.58E-06

1834.92 3.55E-06
1834.883 3.23E-06
1834.846 3.45E-06
1834.809 3.13E-06
1834.772 3.13E-06
1834.735 3.21E-06
1834.698 3.53E-06
1834.661 3.63E-06
1834.624 3.94E-06
1834.587 3.91E-06

1834.55 3.8E-06
1834.508 3.58E-06
1834.467 3.76E-06
1834.425 3.82E-06
1834.383 3.29E-06
1834.342 3.38E-06

1834.3 3.25E-06
1834.258 3.17E-06
1834.217 3.31E-06
1834.175 3.38E-06
1834.133 3.51E-06
1834.092 3.54E-06

1834.05 3.44E-06
1834.008 3.58E-06
1833.967 3.54E-06
1833.925 3.65E-06
1833.883 3.4E-06
1833.842 3.34E-06

1833.8 3.24E-06
1833.758 3.25E-06
1833.717 3.27E-06
1833.675 3.27E-06
1833.633 3.28E-06

ABOR/MH/Priv-003352



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003353



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1833.592 3.21E-06
1833.55 3.2E-06
1833.53 3.17E-06
1833.51 3.44E-06
1833.49 3.54E-06
1833.47 3.66E-06
1833.45 3.67E-06
1833.43 3.49E-06
1833.41 3.39E-06
1833.39 3.44E-06
1833.37 3.42E-06
1833.35 3.48E-06
1833.33 3.61E-06
1833.31 3.7E-06
1833.29 3.69E-06
1833.27 3.58E-06
1833.25 3.67E-06
1833.23 3.54E-06
1833.21 3.69E-06
1833.19 3.67E-06
1833.17 3.9E-06
1833.15 3.75E-06
1833.13 3.77E-06
1833.11 3.6E-06
1833.09 3.62E-06
1833.07 3.78E-06
1833.05 3.48E-06
1833.03 3.44E-06
1833.01 3.3E-06
1832.99 3.23E-06
1832.97 3.22E-06
1832.95 3.32E-06
1832.93 3.54E-06
1832.91 3.46E-06
1832.89 3.55E-06
1832.87 3.67E-06
1832.85 3.81E-06
1832.83 3.84E-06
1832.81 3.65E-06
1832.79 3.48E-06
1832.77 3.5E-06
1832.75 3.34E-06
1832.73 3.22E-06
1832.71 3.17E-06
1832.69 2.98E-06

ABOR/MH/Priv-003354



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003355



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1832.67 3.29E-06
1832.65 3.37E-06
1832.63 3.28E-06
1832.61 3.35E-06
1832.59 3.2E-06
1832.57 3.18E-06
1832.55 3.36E-06

1832.529 3.58E-06
1832.507 3.71E-06
1832.486 3.67E-06
1832.465 3.48E-06
1832.444 3.69E-06
1832.422 3.54E-06
1832.401 3.5E-06

1832.38 3.23E-06
1832.359 3.23E-06
1832.337 3.13E-06
1832.316 3.47E-06
1832.295 3.71E-06
1832.273 3.67E-06
1832.252 3.58E-06
1832.231 3.63E-06

1832.21 3.46E-06
1832.188 3.43E-06
1832.167 3.44E-06
1832.146 3.27E-06
1832.124 3.25E-06
1832.103 3.28E-06
1832.082 3.15E-06
1832.061 3.29E-06
1832.039 3.56E-06
1832.018 3.65E-06
1831.997 3.6E-06
1831.976 3.39E-06
1831.954 3.29E-06
1831.933 3.16E-06
1831.912 3.28E-06

1831.89 3.09E-06
1831.869 3.29E-06
1831.848 3.08E-06
1831.827 3.19E-06
1831.805 3.22E-06
1831.784 3.22E-06
1831.763 3.29E-06
1831.741 3.47E-06

ABOR/MH/Priv-003356



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003357



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1831.72 3.44E-06
1831.699 3.42E-06
1831.678 3.36E-06
1831.656 3.36E-06
1831.635 3.43E-06
1831.614 3.32E-06
1831.593 3.41E-06
1831.571 3.6E-06

1831.55 3.19E-06
1831.533 3.41E-06
1831.516 3.29E-06
1831.498 3.15E-06
1831.481 3.26E-06
1831.464 3.11E-06
1831.447 3.26E-06
1831.429 3.24E-06
1831.412 3.36E-06
1831.395 3.14E-06
1831.378 3.36E-06

1831.36 3.38E-06
1831.343 3.33E-06
1831.326 3.59E-06
1831.309 3.33E-06
1831.291 3.47E-06
1831.274 3.7E-06
1831.257 3.63E-06

1831.24 3.58E-06
1831.222 3.87E-06
1831.205 3.75E-06
1831.188 4.01E-06
1831.171 3.89E-06
1831.153 3.6E-06
1831.136 3.47E-06
1831.119 3.49E-06
1831.102 3.54E-06
1831.084 3.4E-06
1831.067 3.26E-06

1831.05 3.23E-06
1831.033 3.22E-06
1831.016 3.23E-06
1830.998 3.3E-06
1830.981 3.26E-06
1830.964 3.48E-06
1830.947 3.35E-06
1830.929 3.39E-06

ABOR/MH/Priv-003358



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003359



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1830.912 3.39E-06
1830.895 3.3E-06
1830.878 3.33E-06

1830.86 3.26E-06
1830.843 3.21E-06
1830.826 3.21E-06
1830.809 3.16E-06
1830.791 3.11E-06
1830.774 3.07E-06
1830.757 3.2E-06

1830.74 3.5E-06
1830.722 3.55E-06
1830.705 3.62E-06
1830.688 3.64E-06
1830.671 3.8E-06
1830.653 3.69E-06
1830.636 3.58E-06
1830.619 3.68E-06
1830.602 3.41E-06
1830.584 3.57E-06
1830.567 3.23E-06

1830.55 3.16E-06
1830.531 3.46E-06
1830.512 3.3E-06
1830.492 3.47E-06
1830.473 3.39E-06
1830.454 3.42E-06
1830.435 3.34E-06
1830.415 3.42E-06
1830.396 3.42E-06
1830.377 3.17E-06
1830.358 3.27E-06
1830.338 3.1E-06
1830.319 3.27E-06

1830.3 3.7E-06
1830.281 3.5E-06
1830.262 3.29E-06
1830.242 3.12E-06
1830.223 3.2E-06
1830.204 3.27E-06
1830.185 3.29E-06
1830.165 3.4E-06
1830.146 3.5E-06
1830.127 3.67E-06
1830.108 3.41E-06

ABOR/MH/Priv-003360



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003361



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1830.088 3.4E-06
1830.069 3.29E-06

1830.05 3.36E-06
1830.031 3.16E-06
1830.012 3.14E-06
1829.992 3.14E-06
1829.973 3.19E-06
1829.954 3.39E-06
1829.935 3.67E-06
1829.915 3.39E-06
1829.896 3.43E-06
1829.877 3.56E-06
1829.858 3.79E-06
1829.838 3.61E-06
1829.819 3.46E-06

1829.8 3.48E-06
1829.781 3.17E-06
1829.762 3.28E-06
1829.742 3.31E-06
1829.723 3.39E-06
1829.704 3.51E-06
1829.685 3.52E-06
1829.665 3.37E-06
1829.646 3.43E-06
1829.627 3.53E-06
1829.608 3.5E-06
1829.588 3.68E-06
1829.569 3.59E-06

1829.55 3.58E-06
1829.53 3.55E-06

1829.509 3.49E-06
1829.489 3.42E-06
1829.468 3.02E-06
1829.448 3.19E-06
1829.428 3.29E-06
1829.407 3.19E-06
1829.387 3.12E-06
1829.366 3.34E-06
1829.346 3.46E-06
1829.326 3.56E-06
1829.305 3.37E-06
1829.285 3.3E-06
1829.264 3.35E-06
1829.244 3.2E-06
1829.223 3.24E-06

ABOR/MH/Priv-003362



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003363



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1829.203 3.34E-06
1829.183 3.47E-06
1829.162 3.24E-06
1829.142 3.2E-06
1829.121 2.92E-06
1829.101 3.14E-06
1829.081 3.08E-06

1829.06 3.27E-06
1829.04 3.4E-06

1829.019 3.44E-06
1828.999 3.21E-06
1828.979 3.2E-06
1828.958 3.14E-06
1828.938 3.17E-06
1828.917 3.23E-06
1828.897 3.23E-06
1828.877 3.28E-06
1828.856 3.19E-06
1828.836 3.33E-06
1828.815 3.12E-06
1828.795 3.32E-06
1828.774 3.42E-06
1828.754 3.5E-06
1828.734 3.47E-06
1828.713 3.24E-06
1828.693 3.22E-06
1828.672 3.1E-06
1828.652 3.36E-06
1828.632 3.26E-06
1828.611 3.11E-06
1828.591 2.96E-06

1828.57 3.2E-06
1828.55 3.24E-06

1828.527 3.3E-06
1828.505 3.12E-06
1828.482 3.03E-06
1828.459 3.18E-06
1828.436 2.91E-06
1828.414 3.05E-06
1828.391 3.22E-06
1828.368 3.35E-06
1828.345 3.28E-06
1828.323 3.46E-06

1828.3 3.41E-06
1828.277 3.38E-06

ABOR/MH/Priv-003364



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003365



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1828.255 3.17E-06
1828.232 0.000003
1828.209 2.99E-06
1828.186 3.23E-06
1828.164 2.99E-06
1828.141 3.14E-06
1828.118 3.46E-06
1828.095 3.37E-06
1828.073 3.3E-06

1828.05 3.23E-06
1828.027 3.38E-06
1828.005 3.28E-06
1827.982 3.34E-06
1827.959 3.43E-06
1827.936 3.18E-06
1827.914 3.34E-06
1827.891 3.29E-06
1827.868 3.25E-06
1827.845 3.14E-06
1827.823 3.19E-06

1827.8 3.24E-06
1827.777 3.44E-06
1827.755 3.24E-06
1827.732 3.21E-06
1827.709 3.38E-06
1827.686 3.38E-06
1827.664 3.23E-06
1827.641 3.25E-06
1827.618 3.04E-06
1827.595 3.13E-06
1827.573 3.19E-06

1827.55 3.2E-06
1827.533 3.41E-06
1827.516 3.11E-06
1827.499 3.53E-06
1827.482 3.17E-06
1827.465 3.51E-06
1827.448 3.64E-06
1827.431 3.45E-06
1827.414 3.44E-06
1827.397 3.88E-06
1827.381 3.57E-06
1827.364 3.38E-06
1827.347 3.23E-06

1827.33 3.07E-06

ABOR/MH/Priv-003366



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003367



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1827.313 3.4E-06
1827.296 3.49E-06
1827.279 3.22E-06
1827.262 2.85E-06
1827.245 2.85E-06
1827.228 2.9E-06
1827.211 3.23E-06
1827.194 3.4E-06
1827.177 3.41E-06

1827.16 3.48E-06
1827.143 3.56E-06
1827.126 3.63E-06
1827.109 3.6E-06
1827.092 3.58E-06
1827.075 3.5E-06
1827.058 3.53E-06
1827.042 3.28E-06
1827.025 3.28E-06
1827.008 3.25E-06
1826.991 3.51E-06
1826.974 3.61E-06
1826.957 3.75E-06

1826.94 3.49E-06
1826.923 3.61E-06
1826.906 3.68E-06
1826.889 3.37E-06
1826.872 3.22E-06
1826.855 3.37E-06
1826.838 3.53E-06
1826.821 3.47E-06
1826.804 3.48E-06
1826.787 3.43E-06

1826.77 3.18E-06
1826.753 3.03E-06
1826.736 3.07E-06
1826.719 3.06E-06
1826.703 3.13E-06
1826.686 3.21E-06
1826.669 3.28E-06
1826.652 3.45E-06
1826.635 3.61E-06
1826.618 3.34E-06
1826.601 3.33E-06
1826.584 3.27E-06
1826.567 3.17E-06

ABOR/MH/Priv-003368



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003369



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1826.55 3.25E-06
1826.532 3.54E-06
1826.514 3.52E-06
1826.495 3.75E-06
1826.477 3.64E-06
1826.459 3.74E-06
1826.441 3.62E-06
1826.423 3.24E-06
1826.405 3.3E-06
1826.386 4.05E-06
1826.368 3.91E-06

1826.35 3.57E-06
1826.332 3.52E-06
1826.314 3.47E-06
1826.295 3.51E-06
1826.277 3.51E-06
1826.259 3.25E-06
1826.241 3.31E-06
1826.223 3.32E-06
1826.205 3.37E-06
1826.186 3.3E-06
1826.168 3.13E-06

1826.15 3.17E-06
1826.132 3.22E-06
1826.114 3.33E-06
1826.095 3.52E-06
1826.077 3.42E-06
1826.059 3.33E-06
1826.041 3.22E-06
1826.023 3.16E-06
1826.005 3.15E-06
1825.986 3.1E-06
1825.968 3.01E-06

1825.95 3.05E-06
1825.932 3.03E-06
1825.914 3.23E-06
1825.895 3.04E-06
1825.877 2.83E-06
1825.859 2.91E-06
1825.841 3.02E-06
1825.823 3.12E-06
1825.805 3.1E-06
1825.786 3.09E-06
1825.768 3.24E-06

1825.75 3.5E-06

ABOR/MH/Priv-003370



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003371



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1825.732 3.34E-06
1825.714 3.24E-06
1825.695 3.52E-06
1825.677 3.45E-06
1825.659 3.23E-06
1825.641 3.09E-06
1825.623 3.21E-06
1825.605 3.33E-06
1825.586 3.19E-06
1825.568 3.1E-06

1825.55 3.09E-06
1825.532 2.91E-06
1825.514 3.33E-06
1825.496 3.35E-06
1825.479 3.33E-06
1825.461 3.26E-06
1825.443 3.52E-06
1825.425 3.8E-06
1825.407 4.12E-06
1825.389 4.6E-06
1825.371 4.04E-06
1825.354 3.57E-06
1825.336 3.5E-06
1825.318 3.43E-06

1825.3 3.3E-06
1825.282 3.21E-06
1825.264 3.55E-06
1825.246 3.66E-06
1825.229 3.35E-06
1825.211 3.46E-06
1825.193 3.42E-06
1825.175 3.2E-06
1825.157 3.17E-06
1825.139 3.03E-06
1825.121 2.96E-06
1825.104 3.04E-06
1825.086 2.95E-06
1825.068 3.11E-06

1825.05 3.16E-06
1825.032 3.27E-06
1825.014 3.23E-06
1824.996 3.33E-06
1824.979 3.23E-06
1824.961 3.16E-06
1824.943 3.14E-06

ABOR/MH/Priv-003372



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003373



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1824.925 3.05E-06
1824.907 3.06E-06
1824.889 3.3E-06
1824.871 3.49E-06
1824.854 3.36E-06
1824.836 3.41E-06
1824.818 3.34E-06

1824.8 3.17E-06
1824.782 3.15E-06
1824.764 3.27E-06
1824.746 3.26E-06
1824.729 3.27E-06
1824.711 3.19E-06
1824.693 3.19E-06
1824.675 3.18E-06
1824.657 3.3E-06
1824.639 3.42E-06
1824.621 3.38E-06
1824.604 3.44E-06
1824.586 3.41E-06
1824.568 3.46E-06

1824.55 3.58E-06
1824.527 3.43E-06
1824.503 3.44E-06

1824.48 3.53E-06
1824.457 3.36E-06
1824.434 3.29E-06

1824.41 3.16E-06
1824.387 3.13E-06
1824.364 3.15E-06
1824.341 3.1E-06
1824.317 2.95E-06
1824.294 2.99E-06
1824.271 3.2E-06
1824.248 3.47E-06
1824.224 2.97E-06
1824.201 3.13E-06
1824.178 3.17E-06
1824.155 3.26E-06
1824.131 3.13E-06
1824.108 3.28E-06
1824.085 3.5E-06
1824.062 3.44E-06
1824.038 3.26E-06
1824.015 3.31E-06

ABOR/MH/Priv-003374



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003375



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1823.992 3.37E-06
1823.969 3.22E-06
1823.945 3.24E-06
1823.922 3.26E-06
1823.899 3.33E-06
1823.876 3.35E-06
1823.852 3.33E-06
1823.829 3.29E-06
1823.806 3.43E-06
1823.783 3.68E-06
1823.759 3.66E-06
1823.736 3.7E-06
1823.713 3.52E-06

1823.69 3.26E-06
1823.666 3.83E-06
1823.643 3.66E-06

1823.62 3.54E-06
1823.597 3.53E-06
1823.573 3.45E-06

1823.55 3.52E-06
1823.528 3.54E-06
1823.506 3.62E-06
1823.483 3.48E-06
1823.461 3.54E-06
1823.439 3.51E-06
1823.417 3.39E-06
1823.394 3.17E-06
1823.372 3.19E-06

1823.35 3.11E-06
1823.328 3.05E-06
1823.306 2.96E-06
1823.283 3.17E-06
1823.261 3.24E-06
1823.239 3.28E-06
1823.217 3.2E-06
1823.194 3.38E-06
1823.172 3.38E-06

1823.15 3.34E-06
1823.128 3.33E-06
1823.106 3.57E-06
1823.083 3.46E-06
1823.061 3.67E-06
1823.039 3.15E-06
1823.017 3.23E-06
1822.994 3.07E-06

ABOR/MH/Priv-003376



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003377



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1822.972 3.16E-06
1822.95 3.2E-06

1822.928 3.17E-06
1822.906 3.58E-06
1822.883 3.34E-06
1822.861 3.76E-06
1822.839 3.69E-06
1822.817 3.72E-06
1822.794 4.07E-06
1822.772 4.08E-06

1822.75 3.84E-06
1822.728 3.81E-06
1822.706 3.42E-06
1822.683 3.44E-06
1822.661 3.23E-06
1822.639 3.17E-06
1822.617 3.46E-06
1822.594 3.47E-06
1822.572 3.54E-06

1822.55 3.76E-06
1822.533 3.46E-06
1822.516 3.7E-06
1822.498 3.68E-06
1822.481 3.72E-06
1822.464 3.78E-06
1822.447 3.71E-06
1822.429 3.57E-06
1822.412 3.51E-06
1822.395 3.42E-06
1822.378 3.51E-06

1822.36 3.39E-06
1822.343 3.38E-06
1822.326 3.26E-06
1822.309 3.21E-06
1822.291 3.13E-06
1822.274 3.05E-06
1822.257 3.41E-06

1822.24 3.2E-06
1822.222 3.25E-06
1822.205 3.34E-06
1822.188 3.57E-06
1822.171 3.67E-06
1822.153 3.94E-06
1822.136 3.83E-06
1822.119 3.34E-06

ABOR/MH/Priv-003378



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003379



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1822.102 3.29E-06
1822.084 3.2E-06
1822.067 3.38E-06

1822.05 3.31E-06
1822.033 3.11E-06
1822.016 3.27E-06
1821.998 3.09E-06
1821.981 3.15E-06
1821.964 3.13E-06
1821.947 3.04E-06
1821.929 3.31E-06
1821.912 3.17E-06
1821.895 3.17E-06
1821.878 3.13E-06

1821.86 3.42E-06
1821.843 3.59E-06
1821.826 3.44E-06
1821.809 3.48E-06
1821.791 3.44E-06
1821.774 3.29E-06
1821.757 3.16E-06

1821.74 3.18E-06
1821.722 3.27E-06
1821.705 3.33E-06
1821.688 3.26E-06
1821.671 3.03E-06
1821.653 2.98E-06
1821.636 2.96E-06
1821.619 3.02E-06
1821.602 3.12E-06
1821.584 2.8E-06
1821.567 2.93E-06

1821.55 3.03E-06
1821.534 2.9E-06
1821.519 2.97E-06
1821.503 2.87E-06
1821.488 2.92E-06
1821.472 2.75E-06
1821.456 2.74E-06
1821.441 2.83E-06
1821.425 2.77E-06
1821.409 2.64E-06
1821.394 2.67E-06
1821.378 2.53E-06
1821.363 2.48E-06

ABOR/MH/Priv-003380



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003381



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1821.347 2.73E-06
1821.331 2.76E-06
1821.316 2.87E-06

1821.3 2.64E-06
1821.284 2.87E-06
1821.269 2.9E-06
1821.253 2.76E-06
1821.238 2.75E-06
1821.222 2.8E-06
1821.206 3.18E-06
1821.191 3.09E-06
1821.175 2.94E-06
1821.159 3.01E-06
1821.144 3.28E-06
1821.128 3.67E-06
1821.113 3.98E-06
1821.097 3.67E-06
1821.081 3.69E-06
1821.066 3.51E-06

1821.05 3.66E-06
1821.034 4.02E-06
1821.019 3.59E-06
1821.003 3.28E-06
1820.988 3.56E-06
1820.972 3.63E-06
1820.956 3.61E-06
1820.941 3.48E-06
1820.925 3.41E-06
1820.909 3.58E-06
1820.894 3.66E-06
1820.878 3.74E-06
1820.863 3.81E-06
1820.847 3.55E-06
1820.831 3.52E-06
1820.816 3.43E-06

1820.8 3.49E-06
1820.784 3.39E-06
1820.769 3.61E-06
1820.753 3.95E-06
1820.738 3.67E-06
1820.722 3.57E-06
1820.706 3.74E-06
1820.691 3.72E-06
1820.675 3.43E-06
1820.659 3.5E-06

ABOR/MH/Priv-003382



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003383



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1820.644 3.41E-06
1820.628 3.22E-06
1820.613 3.2E-06
1820.597 3.73E-06
1820.581 3.62E-06
1820.566 3.51E-06

1820.55 3.73E-06
1820.528 4.14E-06
1820.506 4.29E-06
1820.483 4.1E-06
1820.461 4.09E-06
1820.439 3.9E-06
1820.417 3.82E-06
1820.394 3.52E-06
1820.372 3.89E-06

1820.35 3.55E-06
1820.328 4.05E-06
1820.306 4.35E-06
1820.283 4.04E-06
1820.261 3.94E-06
1820.239 3.85E-06
1820.217 3.88E-06
1820.194 3.66E-06
1820.172 3.68E-06

1820.15 3.65E-06
1820.128 3.71E-06
1820.106 3.44E-06
1820.083 3.5E-06
1820.061 3.53E-06
1820.039 3.47E-06
1820.017 3.72E-06
1819.994 3.55E-06
1819.972 3.61E-06

1819.95 3.51E-06
1819.928 3.61E-06
1819.906 3.69E-06
1819.883 3.6E-06
1819.861 3.1E-06
1819.839 3.62E-06
1819.817 3.57E-06
1819.794 3.91E-06
1819.772 3.82E-06

1819.75 3.19E-06
1819.728 3.73E-06
1819.706 3.98E-06

ABOR/MH/Priv-003384



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003385



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1819.683 4.1E-06
1819.661 3.89E-06
1819.639 3.56E-06
1819.617 4.22E-06
1819.594 4.19E-06
1819.572 4.09E-06

1819.55 4.06E-06
1819.534 4.09E-06
1819.518 4.39E-06
1819.502 4.62E-06
1819.487 3.94E-06
1819.471 4.09E-06
1819.455 3.91E-06
1819.439 3.91E-06
1819.423 3.82E-06
1819.407 3.94E-06
1819.391 3.8E-06
1819.375 3.66E-06

1819.36 3.89E-06
1819.344 3.7E-06
1819.328 4.04E-06
1819.312 4.48E-06
1819.296 5.16E-06

1819.28 5.09E-06
1819.264 5.37E-06
1819.248 0.000005
1819.233 4.28E-06
1819.217 4.07E-06
1819.201 3.74E-06
1819.185 3.71E-06
1819.169 3.65E-06
1819.153 3.36E-06
1819.137 3.52E-06
1819.121 3.58E-06
1819.106 3.51E-06

1819.09 3.43E-06
1819.074 3.26E-06
1819.058 3.79E-06
1819.042 3.47E-06
1819.026 3.62E-06

1819.01 3.69E-06
1818.994 3.55E-06
1818.979 3.98E-06
1818.963 3.62E-06
1818.947 3.76E-06

ABOR/MH/Priv-003386



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003387



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1818.931 3.6E-06
1818.915 3.61E-06
1818.899 3.89E-06
1818.883 3.41E-06
1818.867 3.68E-06
1818.852 3.68E-06
1818.836 3.7E-06

1818.82 3.6E-06
1818.804 3.55E-06
1818.788 3.6E-06
1818.772 3.23E-06
1818.756 3.32E-06

1818.74 3.72E-06
1818.725 3.38E-06
1818.709 3.31E-06
1818.693 3.75E-06
1818.677 3.47E-06
1818.661 3.92E-06
1818.645 3.8E-06
1818.629 4.14E-06
1818.613 3.7E-06
1818.598 3.93E-06
1818.582 4.1E-06
1818.566 3.66E-06

1818.55 3.65E-06
1818.53 3.77E-06

1818.511 3.8E-06
1818.491 3.61E-06
1818.472 3.93E-06
1818.452 3.97E-06
1818.432 3.66E-06
1818.413 3.64E-06
1818.393 3.45E-06
1818.374 3.4E-06
1818.354 3.45E-06
1818.334 3.26E-06
1818.315 3.49E-06
1818.295 3.83E-06
1818.275 3.59E-06
1818.256 3.41E-06
1818.236 3.05E-06
1818.217 3.36E-06
1818.197 3.34E-06
1818.177 3.05E-06
1818.158 3.33E-06

ABOR/MH/Priv-003388



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003389



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1818.138 3.57E-06
1818.119 3.68E-06
1818.099 3.73E-06
1818.079 3.58E-06

1818.06 3.5E-06
1818.04 3.44E-06

1818.021 3.44E-06
1818.001 3.57E-06
1817.981 3.68E-06
1817.962 3.52E-06
1817.942 3.65E-06
1817.923 3.49E-06
1817.903 3.55E-06
1817.883 3.44E-06
1817.864 3.37E-06
1817.844 3.3E-06
1817.825 3.39E-06
1817.805 3.89E-06
1817.785 3.81E-06
1817.766 3.41E-06
1817.746 3.46E-06
1817.726 3.51E-06
1817.707 3.49E-06
1817.687 3.54E-06
1817.668 3.42E-06
1817.648 3.14E-06
1817.628 3.25E-06
1817.609 3.21E-06
1817.589 3.44E-06

1817.57 3.67E-06
1817.55 3.69E-06

1817.523 3.43E-06
1817.496 3.44E-06
1817.469 3.24E-06
1817.442 3.24E-06
1817.415 3.38E-06
1817.388 3.68E-06
1817.361 3.83E-06
1817.334 3.44E-06
1817.307 3.2E-06

1817.28 3.67E-06
1817.253 3.61E-06
1817.226 3.52E-06
1817.199 3.93E-06
1817.172 3.81E-06

ABOR/MH/Priv-003390



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003391



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1817.145 3.79E-06
1817.118 3.76E-06
1817.091 3.66E-06
1817.064 3.48E-06
1817.036 3.09E-06
1817.009 3.62E-06
1816.982 3.27E-06
1816.955 3.47E-06
1816.928 3.41E-06
1816.901 3.51E-06
1816.874 3.51E-06
1816.847 3.78E-06

1816.82 3.42E-06
1816.793 3.55E-06
1816.766 3.85E-06
1816.739 4.03E-06
1816.712 3.99E-06
1816.685 3.79E-06
1816.658 3.97E-06
1816.631 4.25E-06
1816.604 4.32E-06
1816.577 4.3E-06

1816.55 3.94E-06
1816.526 3.92E-06
1816.502 3.93E-06
1816.479 3.77E-06
1816.455 3.66E-06
1816.431 4.15E-06
1816.407 4.39E-06
1816.383 3.9E-06

1816.36 3.8E-06
1816.336 3.88E-06
1816.312 3.75E-06
1816.288 3.37E-06
1816.264 3.21E-06

1816.24 3.14E-06
1816.217 3.03E-06
1816.193 3.21E-06
1816.169 3.4E-06
1816.145 3.52E-06
1816.121 3.38E-06
1816.098 3.64E-06
1816.074 3.53E-06

1816.05 3.48E-06
1816.026 3.26E-06

ABOR/MH/Priv-003392



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003393



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1816.002 3.22E-06
1815.979 3.48E-06
1815.955 3.39E-06
1815.931 3.41E-06
1815.907 3.7E-06
1815.883 3.96E-06

1815.86 0.000004
1815.836 3.67E-06
1815.812 3.52E-06
1815.788 3.62E-06
1815.764 3.5E-06

1815.74 3.4E-06
1815.717 3.28E-06
1815.693 3.2E-06
1815.669 3.42E-06
1815.645 3.12E-06
1815.621 3.24E-06
1815.598 3.44E-06
1815.574 3.41E-06

1815.55 3.35E-06
1815.521 3.14E-06
1815.493 3.28E-06
1815.464 3.25E-06
1815.436 3.76E-06
1815.407 3.64E-06
1815.379 3.54E-06

1815.35 3.77E-06
1815.321 3.78E-06
1815.293 3.81E-06
1815.264 3.93E-06
1815.236 3.81E-06
1815.207 3.71E-06
1815.179 3.61E-06

1815.15 3.58E-06
1815.121 3.55E-06
1815.093 3.88E-06
1815.064 3.86E-06
1815.036 3.7E-06
1815.007 3.53E-06
1814.979 3.32E-06

1814.95 3.18E-06
1814.921 3.49E-06
1814.893 3.59E-06
1814.864 3.68E-06
1814.836 3.48E-06

ABOR/MH/Priv-003394



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003395



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1814.807 3.54E-06
1814.779 3.4E-06

1814.75 3.35E-06
1814.721 3.14E-06
1814.693 3.11E-06
1814.664 3.32E-06
1814.636 3.46E-06
1814.607 3.24E-06
1814.579 3.09E-06

1814.55 3.24E-06
1814.532 3.52E-06
1814.514 3.83E-06
1814.496 3.7E-06
1814.479 3.54E-06
1814.461 3.37E-06
1814.443 3.58E-06
1814.425 4.07E-06
1814.407 3.96E-06
1814.389 4.03E-06
1814.371 0.000004
1814.354 0.000004
1814.336 3.88E-06
1814.318 3.89E-06

1814.3 4.09E-06
1814.282 3.74E-06
1814.264 3.72E-06
1814.246 3.9E-06
1814.229 3.62E-06
1814.211 3.88E-06
1814.193 3.93E-06
1814.175 3.79E-06
1814.157 3.67E-06
1814.139 3.88E-06
1814.121 4.05E-06
1814.104 4.07E-06
1814.086 3.9E-06
1814.068 4.32E-06

1814.05 4.17E-06
1814.032 3.81E-06
1814.014 3.9E-06
1813.996 3.82E-06
1813.979 3.6E-06
1813.961 3.61E-06
1813.943 3.72E-06
1813.925 3.84E-06

ABOR/MH/Priv-003396



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003397



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1813.907 3.78E-06
1813.889 3.94E-06
1813.871 3.74E-06
1813.854 3.76E-06
1813.836 3.77E-06
1813.818 3.31E-06

1813.8 3.62E-06
1813.782 3.6E-06
1813.764 3.67E-06
1813.746 3.75E-06
1813.729 3.57E-06
1813.711 3.76E-06
1813.693 3.87E-06
1813.675 3.96E-06
1813.657 3.54E-06
1813.639 3.56E-06
1813.621 3.6E-06
1813.604 3.4E-06
1813.586 3.66E-06
1813.568 3.76E-06

1813.55 3.67E-06
1813.53 4.02E-06

1813.511 4.22E-06
1813.491 4.03E-06
1813.472 4.35E-06
1813.452 4.22E-06
1813.433 4.27E-06
1813.413 3.99E-06
1813.393 4.14E-06
1813.374 4.16E-06
1813.354 4.04E-06
1813.335 4.19E-06
1813.315 4.08E-06
1813.296 4.12E-06
1813.276 4.25E-06
1813.257 3.88E-06
1813.237 3.72E-06
1813.217 4.33E-06
1813.198 4.62E-06
1813.178 4.64E-06
1813.159 0.000005
1813.139 4.94E-06

1813.12 4.31E-06
1813.1 3.76E-06

1813.046 2.75E-06

ABOR/MH/Priv-003398



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003399



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1812.991 2.78E-06
1812.937 3.48E-06
1812.882 3.5E-06
1812.828 3.64E-06
1812.773 3.16E-06
1812.719 3.19E-06
1812.664 3.41E-06

1812.61 3.11E-06
1812.555 3.09E-06
1812.526 3.18E-06
1812.498 3.95E-06
1812.469 3.95E-06
1812.441 3.77E-06
1812.412 3.92E-06
1812.384 3.91E-06
1812.355 4.36E-06
1812.326 3.93E-06
1812.298 3.82E-06
1812.269 3.68E-06
1812.241 3.66E-06
1812.212 3.37E-06
1812.184 3.34E-06
1812.155 3.35E-06
1812.126 3.21E-06
1812.098 3.61E-06
1812.069 3.64E-06
1812.041 3.34E-06
1812.012 3.43E-06
1811.984 4.31E-06
1811.955 3.95E-06
1811.926 4.01E-06
1811.898 3.77E-06
1811.869 4.29E-06
1811.841 4.99E-06
1811.812 4.28E-06
1811.784 3.83E-06
1811.755 3.46E-06
1811.726 3.54E-06
1811.698 3.52E-06
1811.669 3.37E-06
1811.641 3.39E-06
1811.612 3.12E-06
1811.584 3.54E-06
1811.555 3.7E-06
1811.523 3.85E-06

ABOR/MH/Priv-003400



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003401



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1811.49 4.37E-06
1811.458 4.39E-06
1811.426 0.000004
1811.394 3.96E-06
1811.361 3.94E-06
1811.329 3.96E-06
1811.297 4.26E-06
1811.265 4.09E-06
1811.232 3.86E-06

1811.2 3.55E-06
1811.168 3.5E-06
1811.136 3.3E-06
1811.103 3.59E-06
1811.071 3.71E-06
1811.039 4.17E-06
1811.007 4.31E-06
1810.974 3.99E-06
1810.942 4.79E-06

1810.91 5.02E-06
1810.878 4.28E-06
1810.845 3.32E-06
1810.813 3.19E-06
1810.781 3.28E-06
1810.749 3.59E-06
1810.716 3.75E-06
1810.684 3.39E-06
1810.652 3.49E-06

1810.62 3.23E-06
1810.587 3.93E-06
1810.555 4.19E-06
1810.529 3.51E-06
1810.504 3.56E-06
1810.478 3.57E-06
1810.452 3.12E-06
1810.427 3.24E-06
1810.401 3.79E-06
1810.376 4.3E-06

1810.35 3.88E-06
1810.324 4.43E-06
1810.299 3.2E-06
1810.273 3.42E-06
1810.247 3.6E-06
1810.222 3.68E-06
1810.196 4.14E-06

1810.17 4.08E-06

ABOR/MH/Priv-003402



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003403



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1810.145 4.13E-06
1810.119 3.8E-06
1810.093 3.72E-06
1810.068 3.81E-06
1810.042 4.03E-06
1810.017 4.04E-06
1809.991 3.47E-06
1809.965 3.43E-06

1809.94 3.54E-06
1809.914 3.44E-06
1809.888 3.32E-06
1809.863 3.51E-06
1809.837 3.3E-06
1809.811 3.45E-06
1809.786 3.35E-06

1809.76 3.31E-06
1809.734 3.15E-06
1809.709 3.3E-06
1809.683 4.15E-06
1809.658 3.8E-06
1809.632 3.86E-06
1809.606 3.77E-06
1809.581 3.49E-06
1809.555 3.82E-06
1809.532 3.84E-06
1809.508 4.24E-06
1809.485 3.64E-06
1809.462 3.31E-06
1809.439 3.42E-06
1809.415 3.73E-06
1809.392 3.42E-06
1809.369 3.17E-06
1809.346 3.25E-06
1809.322 3.24E-06
1809.299 3.39E-06
1809.276 3.24E-06
1809.253 3.34E-06
1809.229 3.23E-06
1809.206 3.11E-06
1809.183 3.26E-06

1809.16 3.43E-06
1809.136 3.4E-06
1809.113 3.5E-06

1809.09 3.56E-06
1809.067 3.44E-06

ABOR/MH/Priv-003404



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003405



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1809.043 3.52E-06
1809.02 3.42E-06

1808.997 4.07E-06
1808.974 3.63E-06

1808.95 3.08E-06
1808.927 3.16E-06
1808.904 3.22E-06
1808.881 3.28E-06
1808.857 3.22E-06
1808.834 3.32E-06
1808.811 3.74E-06
1808.788 3.8E-06
1808.764 3.44E-06
1808.741 3.47E-06
1808.718 3.16E-06
1808.695 3.78E-06
1808.671 3.49E-06
1808.648 3.44E-06
1808.625 3.57E-06
1808.602 3.7E-06
1808.578 3.08E-06
1808.555 3.16E-06
1808.532 3.09E-06

1808.51 3.07E-06
1808.487 3.02E-06
1808.464 3.36E-06
1808.441 3.14E-06
1808.419 3.17E-06
1808.396 3.05E-06
1808.373 2.98E-06

1808.35 3.24E-06
1808.328 3.43E-06
1808.305 3.71E-06
1808.282 3.02E-06

1808.26 3.41E-06
1808.237 3.37E-06
1808.214 3.38E-06
1808.191 3.32E-06
1808.169 3.05E-06
1808.146 3.14E-06
1808.123 2.91E-06

1808.1 0.000003
1808.078 2.95E-06
1808.055 2.97E-06
1808.032 3.18E-06

ABOR/MH/Priv-003406



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003407



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1808.01 3.26E-06
1807.987 3.15E-06
1807.964 3.14E-06
1807.941 3.21E-06
1807.919 0.000003
1807.896 3.01E-06
1807.873 3.36E-06

1807.85 3.19E-06
1807.828 3.29E-06
1807.805 3.59E-06
1807.782 3.66E-06

1807.76 3.48E-06
1807.737 3.4E-06
1807.714 3.64E-06
1807.691 3.81E-06
1807.669 3.49E-06
1807.646 3.27E-06
1807.623 3.01E-06

1807.6 3.39E-06
1807.578 2.87E-06
1807.555 3.03E-06
1807.534 3.28E-06
1807.513 3.94E-06
1807.493 3.55E-06
1807.472 3.24E-06
1807.451 3.37E-06

1807.43 3.44E-06
1807.409 3.42E-06
1807.388 3.53E-06
1807.368 3.47E-06
1807.347 3.75E-06
1807.326 3.58E-06
1807.305 3.57E-06
1807.284 3.32E-06
1807.263 3.63E-06
1807.243 3.44E-06
1807.222 3.25E-06
1807.201 3.29E-06

1807.18 3.21E-06
1807.159 3.32E-06
1807.138 3.5E-06
1807.118 3.33E-06
1807.097 3.41E-06
1807.076 3.04E-06
1807.055 3.25E-06

ABOR/MH/Priv-003408



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003409



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1807.034 3.39E-06
1807.013 4.61E-06
1806.993 3.41E-06
1806.972 3.29E-06
1806.951 4.25E-06

1806.93 3.65E-06
1806.909 3.92E-06
1806.888 4.25E-06
1806.868 5.24E-06
1806.847 3.94E-06
1806.826 3.44E-06
1806.805 3.19E-06
1806.784 3.15E-06
1806.763 3.16E-06
1806.743 3.53E-06
1806.722 3.33E-06
1806.701 3.34E-06

1806.68 3.55E-06
1806.659 3.49E-06
1806.638 3.24E-06
1806.618 3.12E-06
1806.597 3.15E-06
1806.576 3.19E-06
1806.555 3.11E-06
1806.538 3.13E-06
1806.521 3.79E-06
1806.504 3.33E-06
1806.487 3.53E-06

1806.47 3.64E-06
1806.453 3.61E-06
1806.436 3.91E-06
1806.419 3.63E-06
1806.402 3.21E-06
1806.386 3.49E-06
1806.369 3.67E-06
1806.352 4.37E-06
1806.335 3.91E-06
1806.318 4.3E-06
1806.301 3.45E-06
1806.284 4.32E-06
1806.267 4.68E-06

1806.25 3.77E-06
1806.233 3.88E-06
1806.216 3.63E-06
1806.199 3.48E-06

ABOR/MH/Priv-003410



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003411



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1806.182 3.05E-06
1806.165 3.06E-06
1806.148 3.22E-06
1806.131 3.2E-06
1806.114 3.34E-06
1806.097 3.36E-06

1806.08 3.42E-06
1806.063 4.23E-06
1806.047 3.72E-06

1806.03 3.65E-06
1806.013 3.54E-06
1805.996 3.6E-06
1805.979 3.83E-06
1805.962 3.57E-06
1805.945 3.61E-06
1805.928 4.14E-06
1805.911 3.78E-06
1805.894 3.6E-06
1805.877 3.46E-06

1805.86 3.49E-06
1805.843 3.83E-06
1805.826 4.16E-06
1805.809 3.79E-06
1805.792 3.89E-06
1805.775 3.74E-06
1805.758 3.9E-06
1805.741 3.77E-06
1805.724 3.81E-06
1805.708 0.000004
1805.691 3.95E-06
1805.674 3.51E-06
1805.657 3.53E-06

1805.64 3.4E-06
1805.623 3.67E-06
1805.606 4.22E-06
1805.589 3.97E-06
1805.572 4.13E-06
1805.555 4.11E-06
1805.535 3.5E-06
1805.514 3.5E-06
1805.494 3.14E-06
1805.473 3.31E-06
1805.453 3.87E-06
1805.433 3.78E-06
1805.412 3.38E-06

ABOR/MH/Priv-003412



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003413



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1805.392 3.46E-06
1805.371 3.53E-06
1805.351 4.16E-06
1805.331 4.03E-06

1805.31 3.73E-06
1805.29 4.14E-06

1805.269 3.7E-06
1805.249 3.82E-06
1805.228 3.72E-06
1805.208 3.54E-06
1805.188 3.39E-06
1805.167 3.38E-06
1805.147 3.44E-06
1805.126 3.09E-06
1805.106 3.09E-06
1805.086 3.26E-06
1805.065 3.25E-06
1805.045 3.36E-06
1805.024 3.79E-06
1805.004 3.66E-06
1804.984 3.52E-06
1804.963 3.33E-06
1804.943 3.51E-06
1804.922 3.35E-06
1804.902 3.33E-06
1804.882 3.32E-06
1804.861 3.26E-06
1804.841 3.25E-06

1804.82 3.28E-06
1804.8 3.79E-06

1804.779 3.87E-06
1804.759 3.47E-06
1804.739 0.000004
1804.718 0.000004
1804.698 3.67E-06
1804.677 3.44E-06
1804.657 3.15E-06
1804.637 3.38E-06
1804.616 3.43E-06
1804.596 4.39E-06
1804.575 3.73E-06
1804.555 3.38E-06
1804.534 3.64E-06
1804.512 3.97E-06
1804.491 3.87E-06

ABOR/MH/Priv-003414



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003415



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1804.47 3.64E-06
1804.449 3.5E-06
1804.427 3.8E-06
1804.406 3.83E-06
1804.385 4.47E-06
1804.364 4.04E-06
1804.342 3.96E-06
1804.321 3.89E-06

1804.3 3.98E-06
1804.278 4.22E-06
1804.257 3.82E-06
1804.236 3.81E-06
1804.215 3.68E-06
1804.193 3.75E-06
1804.172 3.55E-06
1804.151 3.72E-06
1804.129 4.38E-06
1804.108 4.72E-06
1804.087 4.29E-06
1804.066 4.02E-06
1804.044 3.85E-06
1804.023 4.12E-06
1804.002 4.1E-06
1803.981 4.02E-06
1803.959 3.97E-06
1803.938 3.9E-06
1803.917 3.85E-06
1803.895 3.84E-06
1803.874 3.92E-06
1803.853 3.8E-06
1803.832 3.46E-06

1803.81 3.55E-06
1803.789 3.62E-06
1803.768 3.48E-06
1803.746 3.6E-06
1803.725 4.49E-06
1803.704 3.46E-06
1803.683 3.49E-06
1803.661 3.17E-06

1803.64 3.4E-06
1803.619 3.12E-06
1803.598 3.59E-06
1803.576 3.71E-06
1803.555 3.58E-06
1803.532 3.7E-06

ABOR/MH/Priv-003416



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003417



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1803.508 3.6E-06
1803.485 3.69E-06
1803.462 3.74E-06
1803.439 3.92E-06
1803.415 4.09E-06
1803.392 3.87E-06
1803.369 4.29E-06
1803.346 4.02E-06
1803.322 4.04E-06
1803.299 4.14E-06
1803.276 3.9E-06
1803.253 3.9E-06
1803.229 3.99E-06
1803.206 4.24E-06
1803.183 4.01E-06

1803.16 4.19E-06
1803.136 3.82E-06
1803.113 3.43E-06

1803.09 3.21E-06
1803.067 3.3E-06
1803.043 3.79E-06

1803.02 3.73E-06
1802.997 3.91E-06
1802.974 4.09E-06

1802.95 3.61E-06
1802.927 3.61E-06
1802.904 3.75E-06
1802.881 0.000004
1802.857 3.93E-06
1802.834 3.91E-06
1802.811 4.05E-06
1802.788 3.87E-06
1802.764 3.76E-06
1802.741 3.94E-06
1802.718 3.88E-06
1802.695 3.75E-06
1802.671 3.98E-06
1802.648 4.04E-06
1802.625 3.89E-06
1802.602 3.85E-06
1802.578 4.02E-06
1802.555 4.15E-06

1802.53 4.7E-06
1802.505 4.71E-06

1802.48 4.17E-06

ABOR/MH/Priv-003418



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003419



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1802.455 3.93E-06
1802.43 3.82E-06

1802.405 4.03E-06
1802.38 3.66E-06

1802.355 3.87E-06
1802.33 4.56E-06

1802.305 4.15E-06
1802.28 3.76E-06

1802.255 3.79E-06
1802.23 4.35E-06

1802.205 4.75E-06
1802.18 4.66E-06

1802.155 4.85E-06
1802.13 3.97E-06

1802.105 4.12E-06
1802.08 3.81E-06

1802.055 3.9E-06
1802.03 3.68E-06

1802.005 3.54E-06
1801.98 3.83E-06

1801.955 4.04E-06
1801.93 4.05E-06

1801.905 4.25E-06
1801.88 3.82E-06

1801.855 3.74E-06
1801.83 4.09E-06

1801.805 3.93E-06
1801.78 4.18E-06

1801.755 0.000004
1801.73 3.98E-06

1801.705 3.74E-06
1801.68 3.39E-06

1801.655 3.41E-06
1801.63 3.78E-06

1801.605 3.91E-06
1801.58 3.9E-06

1801.555 4.21E-06
1801.542 3.82E-06
1801.528 3.69E-06
1801.515 3.74E-06
1801.502 3.74E-06
1801.488 3.47E-06
1801.475 3.6E-06
1801.462 3.57E-06
1801.448 3.73E-06

ABOR/MH/Priv-003420



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003421



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1801.435 3.86E-06
1801.422 3.82E-06
1801.408 3.7E-06
1801.395 5.06E-06
1801.382 4.54E-06
1801.368 4.96E-06
1801.355 5.58E-06
1801.342 6.53E-06
1801.328 6.37E-06
1801.315 5.04E-06
1801.302 4.52E-06
1801.288 4.18E-06
1801.275 3.86E-06
1801.262 3.66E-06
1801.248 3.58E-06
1801.235 3.7E-06
1801.222 3.83E-06
1801.208 3.93E-06
1801.195 3.56E-06
1801.182 3.7E-06
1801.168 4.01E-06
1801.155 3.84E-06
1801.142 3.69E-06
1801.128 3.74E-06
1801.115 3.78E-06
1801.102 3.52E-06
1801.088 3.74E-06
1801.075 3.66E-06
1801.062 3.58E-06
1801.048 3.42E-06
1801.035 3.39E-06
1801.022 3.13E-06
1801.008 3.31E-06
1800.995 3.46E-06
1800.982 3.21E-06
1800.968 3.23E-06
1800.955 3.06E-06
1800.942 3.17E-06
1800.928 2.94E-06
1800.915 0.000004
1800.902 3.48E-06
1800.888 3.28E-06
1800.875 3.56E-06
1800.862 4.53E-06
1800.848 4.79E-06

ABOR/MH/Priv-003422



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003423



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1800.835 3.49E-06
1800.822 3.34E-06
1800.808 3.26E-06
1800.795 3.36E-06
1800.782 3.46E-06
1800.768 3.58E-06
1800.755 3.89E-06
1800.742 3.45E-06
1800.728 3.42E-06
1800.715 3.37E-06
1800.702 3.61E-06
1800.688 3.62E-06
1800.675 3.49E-06
1800.662 3.91E-06
1800.648 3.42E-06
1800.635 3.51E-06
1800.622 3.71E-06
1800.608 3.39E-06
1800.595 3.28E-06
1800.582 3.38E-06
1800.568 2.99E-06
1800.555 3.26E-06
1800.531 3.23E-06
1800.507 3.23E-06
1800.484 3.27E-06

1800.46 3.38E-06
1800.436 3.29E-06
1800.412 3.76E-06
1800.388 3.44E-06
1800.365 3.28E-06
1800.341 3.45E-06
1800.317 3.45E-06
1800.293 3.18E-06
1800.269 3.05E-06
1800.245 3.02E-06
1800.222 3.21E-06
1800.198 3.24E-06
1800.174 3.3E-06

1800.15 3.48E-06
1800.126 3.65E-06
1800.103 3.42E-06
1800.079 3.55E-06
1800.055 3.39E-06
1800.031 3.86E-06
1800.007 3.58E-06

ABOR/MH/Priv-003424



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003425



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1799.984 3.48E-06
1799.96 3.62E-06

1799.936 3.79E-06
1799.912 3.19E-06
1799.888 3.45E-06
1799.865 3.78E-06
1799.841 3.46E-06
1799.817 3.32E-06
1799.793 3.41E-06
1799.769 3.71E-06
1799.745 3.46E-06
1799.722 3.47E-06
1799.698 3.26E-06
1799.674 3.18E-06

1799.65 3.28E-06
1799.626 3.15E-06
1799.603 3.6E-06
1799.579 3.45E-06
1799.555 3.52E-06
1799.535 3.33E-06
1799.516 3.51E-06
1799.496 3.58E-06
1799.477 3.22E-06
1799.457 3.12E-06
1799.437 3.52E-06
1799.418 3.48E-06
1799.398 3.88E-06
1799.379 3.45E-06
1799.359 3.14E-06
1799.339 3.22E-06

1799.32 3.84E-06
1799.3 4.86E-06

1799.28 4.27E-06
1799.261 3.41E-06
1799.241 3.34E-06
1799.222 3.08E-06
1799.202 2.97E-06
1799.182 3.08E-06
1799.163 3.13E-06
1799.143 3.16E-06
1799.124 2.96E-06
1799.104 2.9E-06
1799.084 2.81E-06
1799.065 3.27E-06
1799.045 3.49E-06

ABOR/MH/Priv-003426



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003427



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1799.026 3.58E-06
1799.006 3.66E-06
1798.986 3.63E-06
1798.967 3.78E-06
1798.947 3.28E-06
1798.928 3.38E-06
1798.908 3.47E-06
1798.888 3.35E-06
1798.869 3.56E-06
1798.849 3.87E-06

1798.83 3.81E-06
1798.81 3.79E-06
1798.79 3.77E-06

1798.771 3.72E-06
1798.751 3.5E-06
1798.731 3.67E-06
1798.712 3.78E-06
1798.692 3.46E-06
1798.673 3.33E-06
1798.653 3.47E-06
1798.633 3.71E-06
1798.614 3.49E-06
1798.594 3.6E-06
1798.575 3.49E-06
1798.555 3.46E-06
1798.536 3.14E-06
1798.518 3.88E-06
1798.499 3.5E-06
1798.481 3.69E-06
1798.462 3.68E-06
1798.444 3.69E-06
1798.425 4.01E-06
1798.407 3.63E-06
1798.388 3.4E-06

1798.37 3.33E-06
1798.351 2.96E-06
1798.333 3.16E-06
1798.314 3.14E-06
1798.296 3.54E-06
1798.277 3.81E-06
1798.259 3.68E-06

1798.24 3.19E-06
1798.222 3.17E-06
1798.203 3.44E-06
1798.185 3.37E-06

ABOR/MH/Priv-003428



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003429



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1798.166 3.4E-06
1798.148 3.19E-06
1798.129 3.24E-06
1798.111 3.16E-06
1798.092 3.86E-06
1798.074 3.53E-06
1798.055 3.41E-06
1798.036 3.61E-06
1798.018 3.57E-06
1797.999 3.35E-06
1797.981 3.44E-06
1797.962 3.5E-06
1797.944 3.39E-06
1797.925 3.69E-06
1797.907 3.7E-06
1797.888 3.93E-06

1797.87 3.36E-06
1797.851 3.39E-06
1797.833 3.57E-06
1797.814 3.69E-06
1797.796 0.000004
1797.777 4.24E-06
1797.759 4.1E-06

1797.74 4.24E-06
1797.722 4.01E-06
1797.703 3.56E-06
1797.685 3.18E-06
1797.666 3.27E-06
1797.648 3.29E-06
1797.629 3.27E-06
1797.611 3.24E-06
1797.592 3.18E-06
1797.574 3.42E-06
1797.555 4.22E-06
1797.539 3.9E-06
1797.522 3.5E-06
1797.506 3.62E-06
1797.489 3.18E-06
1797.473 3.29E-06
1797.457 3.24E-06

1797.44 3.12E-06
1797.424 3.27E-06
1797.407 3.09E-06
1797.391 3.37E-06
1797.375 3.68E-06

ABOR/MH/Priv-003430



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003431



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1797.358 3.32E-06
1797.342 4.08E-06
1797.325 3.76E-06
1797.309 3.79E-06
1797.293 3.4E-06
1797.276 3.35E-06

1797.26 3.08E-06
1797.244 3.35E-06
1797.227 3.79E-06
1797.211 3.3E-06
1797.194 3.83E-06
1797.178 3.65E-06
1797.162 3.13E-06
1797.145 3.85E-06
1797.129 3.47E-06
1797.112 3.7E-06
1797.096 3.21E-06

1797.08 3.46E-06
1797.063 3.25E-06
1797.047 3.6E-06

1797.03 3.64E-06
1797.014 3.86E-06
1796.998 3.6E-06
1796.981 3.72E-06
1796.965 3.7E-06
1796.948 3.53E-06
1796.932 4.09E-06
1796.916 3.73E-06
1796.899 3.7E-06
1796.883 3.84E-06
1796.866 4.37E-06

1796.85 4.19E-06
1796.834 3.84E-06
1796.817 3.34E-06
1796.801 3.02E-06
1796.785 3.08E-06
1796.768 3.96E-06
1796.752 3.54E-06
1796.735 3.59E-06
1796.719 4.1E-06
1796.703 4.76E-06
1796.686 4.65E-06

1796.67 4.1E-06
1796.653 3.59E-06
1796.637 3.9E-06

ABOR/MH/Priv-003432



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003433



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1796.621 3.83E-06
1796.604 3.53E-06
1796.588 3.71E-06
1796.571 3.88E-06
1796.555 3.87E-06
1796.539 3.82E-06
1796.522 3.76E-06
1796.506 4.01E-06
1796.489 3.83E-06
1796.473 3.7E-06
1796.457 3.5E-06

1796.44 3.29E-06
1796.424 3.77E-06
1796.407 4.41E-06
1796.391 4.59E-06
1796.375 3.65E-06
1796.358 3.69E-06
1796.342 5.8E-06
1796.325 5.67E-06
1796.309 4.8E-06
1796.293 4.61E-06
1796.276 4.74E-06

1796.26 3.95E-06
1796.244 3.93E-06
1796.227 3.9E-06
1796.211 3.3E-06
1796.194 3.7E-06
1796.178 3.82E-06
1796.162 3.37E-06
1796.145 3.71E-06
1796.129 3.94E-06
1796.112 3.97E-06
1796.096 4.73E-06

1796.08 4.4E-06
1796.063 4.08E-06
1796.047 4.09E-06

1796.03 3.93E-06
1796.014 3.76E-06
1795.998 4.13E-06
1795.981 3.71E-06
1795.965 3.3E-06
1795.948 3.13E-06
1795.932 3.21E-06
1795.916 3.41E-06
1795.899 3.2E-06

ABOR/MH/Priv-003434



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003435



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1795.883 3.12E-06
1795.866 2.97E-06

1795.85 3.48E-06
1795.834 4.1E-06
1795.817 3.96E-06
1795.801 3.43E-06
1795.785 3.39E-06
1795.768 3.28E-06
1795.752 3.91E-06
1795.735 3.63E-06
1795.719 3.52E-06
1795.703 3.62E-06
1795.686 3.72E-06

1795.67 3.32E-06
1795.653 3.32E-06
1795.637 4.02E-06
1795.621 3.62E-06
1795.604 3.25E-06
1795.588 3.45E-06
1795.571 3.44E-06
1795.555 4.93E-06
1795.543 4.84E-06
1795.531 4.27E-06
1795.519 3.66E-06
1795.507 3.92E-06
1795.495 4.39E-06
1795.483 4.11E-06
1795.471 3.03E-06
1795.459 2.95E-06
1795.447 3.32E-06
1795.435 3.28E-06
1795.422 4.42E-06

1795.41 4.29E-06
1795.398 4.82E-06
1795.386 4.58E-06
1795.374 4.29E-06
1795.362 3.84E-06

1795.35 3.85E-06
1795.338 3.83E-06
1795.326 3.94E-06
1795.314 3.76E-06
1795.302 3.8E-06

1795.29 3.93E-06
1795.278 3.99E-06
1795.266 3.85E-06

ABOR/MH/Priv-003436



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003437



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1795.254 5.92E-06
1795.242 4.7E-06

1795.23 0.000005
1795.218 5.31E-06
1795.206 5.1E-06
1795.194 5.27E-06
1795.182 4.68E-06
1795.169 4.33E-06
1795.157 3.9E-06
1795.145 0.000003
1795.133 3.62E-06
1795.121 3.35E-06
1795.109 3.3E-06
1795.097 3.21E-06
1795.085 3.43E-06
1795.073 3.29E-06
1795.061 3.44E-06
1795.049 3.03E-06
1795.037 3.51E-06
1795.025 3.16E-06
1795.013 3.01E-06
1795.001 3.56E-06
1794.989 3.14E-06
1794.977 3.85E-06
1794.965 3.4E-06
1794.953 3.34E-06
1794.941 2.82E-06
1794.928 3.2E-06
1794.916 3.61E-06
1794.904 3.43E-06
1794.892 3.51E-06

1794.88 3.51E-06
1794.868 3.36E-06
1794.856 3.51E-06
1794.844 3.73E-06
1794.832 3.42E-06

1794.82 3.27E-06
1794.808 3.26E-06
1794.796 3.5E-06
1794.784 3.51E-06
1794.772 3.36E-06

1794.76 3.53E-06
1794.748 3.66E-06
1794.736 3.58E-06
1794.724 3.65E-06

ABOR/MH/Priv-003438



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003439



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1794.712 3.65E-06
1794.7 3.34E-06

1794.688 3.34E-06
1794.675 3.42E-06
1794.663 3.49E-06
1794.651 3.34E-06
1794.639 3.77E-06
1794.627 3.72E-06
1794.615 3.53E-06
1794.603 3.88E-06
1794.591 3.79E-06
1794.579 3.87E-06
1794.567 3.56E-06
1794.555 3.33E-06
1794.535 3.19E-06
1794.515 3.4E-06
1794.495 3.85E-06
1794.475 3.47E-06
1794.455 3.35E-06
1794.435 3.84E-06
1794.415 3.66E-06
1794.395 3.32E-06
1794.375 3.43E-06
1794.355 3.35E-06
1794.335 3.38E-06
1794.315 3.27E-06
1794.295 3.28E-06
1794.275 3.24E-06
1794.255 2.97E-06
1794.235 2.97E-06
1794.215 3.17E-06
1794.195 3.13E-06
1794.175 3.23E-06
1794.155 3.22E-06
1794.135 3.48E-06
1794.115 3.54E-06
1794.095 3.61E-06
1794.075 3.56E-06
1794.055 3.57E-06
1794.035 3.65E-06
1794.015 3.6E-06
1793.995 3.49E-06
1793.975 3.53E-06
1793.955 3.58E-06
1793.935 3.45E-06

ABOR/MH/Priv-003440



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003441



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1793.915 3.45E-06
1793.895 3.46E-06
1793.875 3.55E-06
1793.855 3.52E-06
1793.835 3.56E-06
1793.815 3.86E-06
1793.795 3.5E-06
1793.775 3.26E-06
1793.755 3.13E-06
1793.735 3.44E-06
1793.715 3.36E-06
1793.695 3.05E-06
1793.675 3.13E-06
1793.655 3.3E-06
1793.635 3.48E-06
1793.615 3.78E-06
1793.595 3.97E-06
1793.575 3.24E-06
1793.555 3.19E-06
1793.535 3.48E-06
1793.514 3.02E-06
1793.494 3.32E-06
1793.473 3.05E-06
1793.453 3.14E-06
1793.433 3.05E-06
1793.412 3.05E-06
1793.392 3.81E-06
1793.371 3.54E-06
1793.351 3.48E-06
1793.331 3.54E-06

1793.31 3.64E-06
1793.29 0.000004

1793.269 4.06E-06
1793.249 3.98E-06
1793.228 3.73E-06
1793.208 3.66E-06
1793.188 3.48E-06
1793.167 3.69E-06
1793.147 3.57E-06
1793.126 3.15E-06
1793.106 3.32E-06
1793.086 3.25E-06
1793.065 3.46E-06
1793.045 3.55E-06
1793.024 3.49E-06

ABOR/MH/Priv-003442



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003443



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1793.004 3.76E-06
1792.984 3.6E-06
1792.963 3.54E-06
1792.943 3.83E-06
1792.922 4.03E-06
1792.902 3.9E-06
1792.882 3.66E-06
1792.861 3.52E-06
1792.841 3.24E-06

1792.82 3.34E-06
1792.8 3.19E-06

1792.779 3.25E-06
1792.759 3.29E-06
1792.739 3.25E-06
1792.718 3.87E-06
1792.698 3.68E-06
1792.677 3.59E-06
1792.657 3.64E-06
1792.637 3.4E-06
1792.616 3.23E-06
1792.596 3.45E-06
1792.575 3.26E-06
1792.555 3.87E-06
1792.531 4.57E-06
1792.506 3.82E-06
1792.482 3.55E-06
1792.457 3.65E-06
1792.433 3.6E-06
1792.409 3.56E-06
1792.384 3.69E-06

1792.36 3.86E-06
1792.335 3.34E-06
1792.311 3.54E-06
1792.287 3.54E-06
1792.262 4.43E-06
1792.238 4.44E-06
1792.214 3.82E-06
1792.189 3.59E-06
1792.165 3.59E-06

1792.14 3.33E-06
1792.116 3.35E-06
1792.092 3.94E-06
1792.067 3.78E-06
1792.043 3.67E-06
1792.018 3.88E-06

ABOR/MH/Priv-003444



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003445



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1791.994 3.05E-06
1791.97 3.18E-06

1791.945 3.38E-06
1791.921 3.05E-06
1791.896 3.24E-06
1791.872 3.36E-06
1791.848 3.55E-06
1791.823 3.29E-06
1791.799 3.38E-06
1791.775 3.5E-06

1791.75 3.56E-06
1791.726 3.42E-06
1791.701 2.96E-06
1791.677 3.09E-06
1791.653 2.86E-06
1791.628 3.03E-06
1791.604 3.04E-06
1791.579 3.59E-06
1791.555 3.71E-06
1791.531 3.59E-06
1791.507 3.5E-06
1791.484 3.24E-06

1791.46 2.99E-06
1791.436 3.38E-06
1791.412 3.81E-06
1791.388 3.49E-06
1791.365 3.74E-06
1791.341 3.59E-06
1791.317 3.62E-06
1791.293 3.83E-06
1791.269 4.1E-06
1791.245 4.44E-06
1791.222 4.7E-06
1791.198 4.98E-06
1791.174 4.99E-06

1791.15 4.58E-06
1791.126 4.9E-06
1791.103 4.72E-06
1791.079 4.5E-06
1791.055 4.32E-06
1791.031 4.41E-06
1791.007 4.48E-06
1790.984 4.09E-06

1790.96 3.89E-06
1790.936 3.85E-06

ABOR/MH/Priv-003446



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003447



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1790.912 3.91E-06
1790.888 3.94E-06
1790.865 3.97E-06
1790.841 3.93E-06
1790.817 0.000004
1790.793 3.94E-06
1790.769 3.85E-06
1790.745 4.09E-06
1790.722 3.68E-06
1790.698 3.84E-06
1790.674 3.88E-06

1790.65 3.58E-06
1790.626 3.82E-06
1790.603 3.69E-06
1790.579 3.54E-06
1790.555 3.98E-06
1790.529 3.8E-06
1790.504 4.07E-06
1790.478 4.17E-06
1790.452 3.55E-06
1790.427 3.89E-06
1790.401 3.73E-06
1790.376 3.98E-06

1790.35 3.66E-06
1790.324 3.71E-06
1790.299 3.41E-06
1790.273 3.4E-06
1790.247 3.58E-06
1790.222 3.89E-06
1790.196 3.89E-06

1790.17 3.85E-06
1790.145 3.9E-06
1790.119 4.28E-06
1790.093 4.28E-06
1790.068 3.94E-06
1790.042 3.8E-06
1790.017 3.94E-06
1789.991 3.85E-06
1789.965 4.08E-06

1789.94 3.59E-06
1789.914 3.56E-06
1789.888 3.6E-06
1789.863 3.63E-06
1789.837 3.97E-06
1789.811 3.91E-06

ABOR/MH/Priv-003448



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003449



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1789.786 3.82E-06
1789.76 3.59E-06

1789.734 3.58E-06
1789.709 3.76E-06
1789.683 4.37E-06
1789.658 3.91E-06
1789.632 3.51E-06
1789.606 3.61E-06
1789.581 4.1E-06
1789.555 4.39E-06
1789.533 3.92E-06
1789.512 4.17E-06

1789.49 3.99E-06
1789.468 4.61E-06
1789.446 4.64E-06
1789.425 4.84E-06
1789.403 4.89E-06
1789.381 4.53E-06
1789.359 4.08E-06
1789.338 5.11E-06
1789.316 4.84E-06
1789.294 5.2E-06
1789.272 5.44E-06
1789.251 4.79E-06
1789.229 5.1E-06
1789.207 4.63E-06
1789.185 4.65E-06
1789.164 4.8E-06
1789.142 5.03E-06

1789.12 4.95E-06
1789.098 3.98E-06
1789.077 3.88E-06
1789.055 3.85E-06
1789.033 3.59E-06
1789.012 3.72E-06

1788.99 3.6E-06
1788.968 3.61E-06
1788.946 3.48E-06
1788.925 3.64E-06
1788.903 3.52E-06
1788.881 3.43E-06
1788.859 3.59E-06
1788.838 3.75E-06
1788.816 3.91E-06
1788.794 3.8E-06

ABOR/MH/Priv-003450



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003451



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1788.772 3.6E-06
1788.751 3.51E-06
1788.729 3.59E-06
1788.707 3.58E-06
1788.685 3.52E-06
1788.664 3.33E-06
1788.642 3.66E-06

1788.62 3.94E-06
1788.598 4.19E-06
1788.577 3.53E-06
1788.555 3.54E-06
1788.529 3.32E-06
1788.502 3.86E-06
1788.476 3.91E-06

1788.45 3.73E-06
1788.423 3.83E-06
1788.397 3.8E-06
1788.371 3.97E-06
1788.344 3.89E-06
1788.318 3.68E-06
1788.292 3.68E-06
1788.266 3.86E-06
1788.239 3.73E-06
1788.213 3.67E-06
1788.187 3.7E-06

1788.16 3.87E-06
1788.134 3.82E-06
1788.108 3.52E-06
1788.081 3.92E-06
1788.055 3.89E-06
1788.029 0.000004
1788.002 3.95E-06
1787.976 3.81E-06

1787.95 3.31E-06
1787.923 3.36E-06
1787.897 3.34E-06
1787.871 3.47E-06
1787.844 3.52E-06
1787.818 3.63E-06
1787.792 3.61E-06
1787.766 3.58E-06
1787.739 3.68E-06
1787.713 3.62E-06
1787.687 3.67E-06

1787.66 3.63E-06

ABOR/MH/Priv-003452



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003453



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1787.634 3.49E-06
1787.608 3.33E-06
1787.581 3.44E-06
1787.555 4.38E-06
1787.524 4.34E-06
1787.493 4.57E-06
1787.461 4.37E-06

1787.43 4.12E-06
1787.399 3.91E-06
1787.368 4.01E-06
1787.336 4.81E-06
1787.305 5.6E-06
1787.274 6.76E-06
1787.243 6.33E-06
1787.211 4.94E-06

1787.18 5.29E-06
1787.149 5.66E-06
1787.118 3.77E-06
1787.086 3.37E-06
1787.055 3.18E-06
1787.024 3.55E-06
1786.993 3.38E-06
1786.961 3.6E-06

1786.93 3.56E-06
1786.899 3.35E-06
1786.868 3.73E-06
1786.836 3.13E-06
1786.805 3.03E-06
1786.774 3.1E-06
1786.743 3.21E-06
1786.711 3.28E-06

1786.68 3.43E-06
1786.649 3.26E-06
1786.618 3.21E-06
1786.586 3.56E-06
1786.555 3.75E-06
1786.531 3.96E-06
1786.507 4.02E-06
1786.484 3.72E-06

1786.46 3.59E-06
1786.436 4.34E-06
1786.412 4.14E-06
1786.388 4.05E-06
1786.365 4.4E-06
1786.341 3.66E-06

ABOR/MH/Priv-003454



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003455



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1786.317 3.42E-06
1786.293 3.94E-06
1786.269 3.69E-06
1786.245 4.66E-06
1786.222 3.9E-06
1786.198 3.67E-06
1786.174 3.89E-06

1786.15 3.87E-06
1786.126 3.6E-06
1786.103 3.94E-06
1786.079 3.12E-06
1786.055 3.32E-06
1786.031 3.06E-06
1786.007 3.34E-06
1785.984 3.59E-06

1785.96 3.79E-06
1785.936 3.46E-06
1785.912 3.49E-06
1785.888 3.69E-06
1785.865 3.52E-06
1785.841 3.61E-06
1785.817 3.8E-06
1785.793 3.88E-06
1785.769 3.99E-06
1785.745 4.2E-06
1785.722 4.36E-06
1785.698 4.14E-06
1785.674 3.96E-06

1785.65 3.89E-06
1785.626 3.72E-06
1785.603 3.77E-06
1785.579 3.79E-06
1785.555 3.47E-06
1785.534 3.57E-06
1785.512 3.46E-06
1785.491 3.49E-06

1785.47 3.37E-06
1785.449 3.68E-06
1785.427 3.56E-06
1785.406 3.4E-06
1785.385 3.4E-06
1785.364 3.32E-06
1785.342 3.48E-06
1785.321 3.17E-06

1785.3 3.24E-06

ABOR/MH/Priv-003456



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003457



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1785.278 3.35E-06
1785.257 3.78E-06
1785.236 3.76E-06
1785.215 3.96E-06
1785.193 3.4E-06
1785.172 3.47E-06
1785.151 3.31E-06
1785.129 3.52E-06
1785.108 3.64E-06
1785.087 3.39E-06
1785.066 3.35E-06
1785.044 3.32E-06
1785.023 3.51E-06
1785.002 3.53E-06
1784.981 4.03E-06
1784.959 3.84E-06
1784.938 3.56E-06
1784.917 3.4E-06
1784.895 3.48E-06
1784.874 3.77E-06
1784.853 3.76E-06
1784.832 3.58E-06

1784.81 3.32E-06
1784.789 3.24E-06
1784.768 3.48E-06
1784.746 3.76E-06
1784.725 3.86E-06
1784.704 4.32E-06
1784.683 4.4E-06
1784.661 3.52E-06

1784.64 3.73E-06
1784.619 3.71E-06
1784.598 3.65E-06
1784.576 3.85E-06
1784.555 3.81E-06
1784.529 3.69E-06
1784.502 4.05E-06
1784.476 3.63E-06

1784.45 3.21E-06
1784.423 3.54E-06
1784.397 3.8E-06
1784.371 4.48E-06
1784.344 4.01E-06
1784.318 3.72E-06
1784.292 3.57E-06

ABOR/MH/Priv-003458



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003459



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1784.266 3.49E-06
1784.239 3.45E-06
1784.213 3.26E-06
1784.187 3.73E-06

1784.16 3.64E-06
1784.134 3.81E-06
1784.108 3.78E-06
1784.081 3.89E-06
1784.055 3.72E-06
1784.029 3.56E-06
1784.002 3.29E-06
1783.976 3.89E-06

1783.95 4.54E-06
1783.923 3.93E-06
1783.897 4.48E-06
1783.871 4.05E-06
1783.844 3.61E-06
1783.818 3.77E-06
1783.792 3.57E-06
1783.766 3.36E-06
1783.739 3.18E-06
1783.713 3.2E-06
1783.687 3.01E-06

1783.66 2.84E-06
1783.634 3.28E-06
1783.608 4.03E-06
1783.581 4.47E-06
1783.555 3.21E-06
1783.529 3.89E-06
1783.504 3.55E-06
1783.478 2.86E-06
1783.452 3.37E-06
1783.427 3.02E-06
1783.401 3.43E-06
1783.376 3.63E-06

1783.35 3.55E-06
1783.324 3.65E-06
1783.299 3.8E-06
1783.273 3.7E-06
1783.247 3.42E-06
1783.222 3.6E-06
1783.196 3.57E-06

1783.17 3.57E-06
1783.145 3.91E-06
1783.119 4.21E-06

ABOR/MH/Priv-003460



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003461



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1783.093 3.64E-06
1783.068 4.07E-06
1783.042 3.42E-06
1783.017 3.19E-06
1782.991 3.28E-06
1782.965 3.54E-06

1782.94 3.95E-06
1782.914 3.56E-06
1782.888 3.32E-06
1782.863 3.29E-06
1782.837 3.34E-06
1782.811 3.36E-06
1782.786 3.56E-06

1782.76 3.33E-06
1782.734 3.41E-06
1782.709 3.16E-06
1782.683 3.32E-06
1782.658 3.32E-06
1782.632 3.29E-06
1782.606 3.9E-06
1782.581 4.18E-06
1782.555 4.83E-06
1782.536 0.000005
1782.517 4.42E-06
1782.497 4.23E-06
1782.478 3.39E-06
1782.459 3.6E-06

1782.44 3.58E-06
1782.42 3.87E-06

1782.401 4.55E-06
1782.382 3.54E-06
1782.363 4.04E-06
1782.343 3.34E-06
1782.324 3.67E-06
1782.305 3.83E-06
1782.286 3.74E-06
1782.267 4.4E-06
1782.247 4.18E-06
1782.228 4.47E-06
1782.209 4.05E-06

1782.19 3.74E-06
1782.17 3.83E-06

1782.151 3.83E-06
1782.132 3.5E-06
1782.113 3.7E-06

ABOR/MH/Priv-003462



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003463



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1782.093 3.82E-06
1782.074 3.96E-06
1782.055 3.97E-06
1782.036 4.12E-06
1782.017 3.58E-06
1781.997 3.79E-06
1781.978 3.54E-06
1781.959 4.07E-06

1781.94 4.6E-06
1781.92 4.26E-06

1781.901 4.04E-06
1781.882 4.11E-06
1781.863 3.95E-06
1781.843 3.82E-06
1781.824 3.8E-06
1781.805 3.76E-06
1781.786 3.74E-06
1781.767 3.89E-06
1781.747 3.48E-06
1781.728 4.28E-06
1781.709 3.36E-06

1781.69 3.46E-06
1781.67 4.06E-06

1781.651 3.45E-06
1781.632 3.71E-06
1781.613 3.79E-06
1781.593 3.55E-06
1781.574 3.69E-06
1781.555 3.44E-06
1781.525 3.68E-06
1781.494 3.49E-06
1781.464 3.44E-06
1781.434 3.39E-06
1781.403 2.9E-06
1781.373 3.12E-06
1781.343 3.51E-06
1781.313 3.17E-06
1781.282 3.06E-06
1781.252 2.79E-06
1781.222 2.75E-06
1781.191 2.96E-06
1781.161 3.26E-06
1781.131 3.06E-06

1781.1 3.67E-06
1781.07 3.6E-06

ABOR/MH/Priv-003464



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003465



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1781.04 4.2E-06
1781.01 4.2E-06

1780.979 3.73E-06
1780.949 3.93E-06
1780.919 3.65E-06
1780.888 4.1E-06
1780.858 4.47E-06
1780.828 4.72E-06
1780.797 4.14E-06
1780.767 3.58E-06
1780.737 3.74E-06
1780.707 3.97E-06
1780.676 3.46E-06
1780.646 3.93E-06
1780.616 3.87E-06
1780.585 4.13E-06
1780.555 4.23E-06
1780.525 3.64E-06
1780.494 0.000004
1780.464 3.81E-06
1780.434 3.39E-06
1780.403 3.23E-06
1780.373 3.52E-06
1780.343 3.6E-06
1780.313 4.22E-06
1780.282 4.97E-06
1780.252 3.94E-06
1780.222 4.12E-06
1780.191 3.32E-06
1780.161 3.2E-06
1780.131 3.23E-06

1780.1 3.11E-06
1780.07 3.77E-06
1780.04 3.31E-06
1780.01 3.3E-06

1779.979 3.74E-06
1779.949 3.63E-06
1779.919 3.58E-06
1779.888 3.42E-06
1779.858 3.53E-06
1779.828 3.46E-06
1779.797 3.65E-06
1779.767 3.73E-06
1779.737 3.55E-06
1779.707 3.54E-06

ABOR/MH/Priv-003466



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003467



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1779.676 3.79E-06
1779.646 3.68E-06
1779.616 4.07E-06
1779.585 4.63E-06
1779.555 4.04E-06
1779.527 3.86E-06
1779.499 3.95E-06
1779.472 4.18E-06
1779.444 4.45E-06
1779.416 4.5E-06
1779.388 4.71E-06
1779.361 5.13E-06
1779.333 4.89E-06
1779.305 4.59E-06
1779.277 4.2E-06
1779.249 3.99E-06
1779.222 3.85E-06
1779.194 3.68E-06
1779.166 3.55E-06
1779.138 3.39E-06
1779.111 3.39E-06
1779.083 3.44E-06
1779.055 3.61E-06
1779.027 3.84E-06
1778.999 3.84E-06
1778.972 3.51E-06
1778.944 3.42E-06
1778.916 3.62E-06
1778.888 3.7E-06
1778.861 3.82E-06
1778.833 3.88E-06
1778.805 3.93E-06
1778.777 3.87E-06
1778.749 3.63E-06
1778.722 3.48E-06
1778.694 3.53E-06
1778.666 3.73E-06
1778.638 3.46E-06
1778.611 3.32E-06
1778.583 3.22E-06
1778.555 3.24E-06
1778.531 3.4E-06
1778.506 3.26E-06
1778.482 3.3E-06
1778.457 3.44E-06

ABOR/MH/Priv-003468



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003469



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1778.433 3.4E-06
1778.409 3.53E-06
1778.384 3.73E-06

1778.36 3.96E-06
1778.335 4.66E-06
1778.311 4.25E-06
1778.287 3.08E-06
1778.262 3.08E-06
1778.238 2.89E-06
1778.214 3.17E-06
1778.189 3.49E-06
1778.165 3.51E-06

1778.14 3.12E-06
1778.116 3.1E-06
1778.092 3.22E-06
1778.067 3.2E-06
1778.043 3.06E-06
1778.018 3.71E-06
1777.994 3.69E-06

1777.97 3.57E-06
1777.945 3.84E-06
1777.921 4.13E-06
1777.896 3.34E-06
1777.872 3.69E-06
1777.848 3.68E-06
1777.823 3.6E-06
1777.799 3.6E-06
1777.775 3.69E-06

1777.75 3.45E-06
1777.726 3.31E-06
1777.701 3.24E-06
1777.677 3.14E-06
1777.653 3.31E-06
1777.628 3.65E-06
1777.604 3.48E-06
1777.579 3.48E-06
1777.555 3.67E-06
1777.527 3.46E-06
1777.499 3.42E-06
1777.472 3.55E-06
1777.444 3.42E-06
1777.416 3.25E-06
1777.388 3.5E-06
1777.361 3.59E-06
1777.333 3.63E-06

ABOR/MH/Priv-003470



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003471



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1777.305 3.37E-06
1777.277 3.27E-06
1777.249 3.48E-06
1777.222 3.2E-06
1777.194 3.28E-06
1777.166 3.11E-06
1777.138 3.6E-06
1777.111 4.02E-06
1777.083 3.57E-06
1777.055 3.13E-06
1777.027 3.2E-06
1776.999 3.31E-06
1776.972 3.03E-06
1776.944 3.24E-06
1776.916 3.62E-06
1776.888 3.75E-06
1776.861 3.55E-06
1776.833 3.4E-06
1776.805 3.29E-06
1776.777 3.18E-06
1776.749 3.14E-06
1776.722 2.93E-06
1776.694 2.95E-06
1776.666 2.79E-06
1776.638 2.94E-06
1776.611 3.25E-06
1776.583 3.03E-06
1776.555 3.08E-06
1776.533 3.26E-06
1776.511 3.34E-06
1776.488 4.1E-06
1776.466 3.78E-06
1776.444 4.14E-06
1776.422 3.88E-06
1776.399 3.96E-06
1776.377 3.63E-06
1776.355 3.36E-06
1776.333 3.69E-06
1776.311 4.73E-06
1776.288 3.94E-06
1776.266 3.68E-06
1776.244 3.51E-06
1776.222 3.31E-06
1776.199 3.22E-06
1776.177 3.33E-06

ABOR/MH/Priv-003472



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003473



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1776.155 3.28E-06
1776.133 0.000003
1776.111 3.13E-06
1776.088 3.49E-06
1776.066 3.4E-06
1776.044 3.26E-06
1776.022 3.34E-06
1775.999 3.27E-06
1775.977 3.21E-06
1775.955 3.16E-06
1775.933 3.08E-06
1775.911 3.3E-06
1775.888 3.52E-06
1775.866 3.76E-06
1775.844 3.35E-06
1775.822 3.62E-06
1775.799 3.53E-06
1775.777 3.4E-06
1775.755 3.5E-06
1775.733 3.53E-06
1775.711 3.77E-06
1775.688 3.61E-06
1775.666 3.26E-06
1775.644 3.47E-06
1775.622 3.67E-06
1775.599 3.45E-06
1775.577 3.58E-06
1775.555 3.87E-06
1775.536 3.35E-06
1775.518 3.19E-06
1775.499 3.24E-06
1775.481 3.28E-06
1775.462 2.95E-06
1775.444 3.13E-06
1775.425 3.53E-06
1775.407 3.17E-06
1775.388 3.32E-06

1775.37 3.55E-06
1775.351 3.53E-06
1775.333 2.88E-06
1775.314 2.84E-06
1775.296 2.96E-06
1775.277 3.03E-06
1775.259 2.75E-06

1775.24 2.91E-06

ABOR/MH/Priv-003474



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003475



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1775.222 2.91E-06
1775.203 3.18E-06
1775.185 3.09E-06
1775.166 3.02E-06
1775.148 3.18E-06
1775.129 3.09E-06
1775.111 3.29E-06
1775.092 3.19E-06
1775.074 3.54E-06
1775.055 3.37E-06
1775.036 3.1E-06
1775.018 3.18E-06
1774.999 3.16E-06
1774.981 3.43E-06
1774.962 3.24E-06
1774.944 3.14E-06
1774.925 3.21E-06
1774.907 3.29E-06
1774.888 3.4E-06

1774.87 3.41E-06
1774.851 3.16E-06
1774.833 3.35E-06
1774.814 3.48E-06
1774.796 3.39E-06
1774.777 3.35E-06
1774.759 3.42E-06

1774.74 3.73E-06
1774.722 3.35E-06
1774.703 3.69E-06
1774.685 3.14E-06
1774.666 3.37E-06
1774.648 3.58E-06
1774.629 3.55E-06
1774.611 3.63E-06
1774.592 3.36E-06
1774.574 3.17E-06
1774.555 3.55E-06
1774.535 3.51E-06
1774.515 3.85E-06
1774.495 4.09E-06
1774.475 3.64E-06
1774.455 3.16E-06
1774.435 3.06E-06
1774.415 3.21E-06
1774.395 3.5E-06

ABOR/MH/Priv-003476



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003477



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1774.375 3.22E-06
1774.355 3.36E-06
1774.335 3.55E-06
1774.315 3.65E-06
1774.295 3.61E-06
1774.275 3.56E-06
1774.255 3.54E-06
1774.235 3.49E-06
1774.215 3.44E-06
1774.195 3.76E-06
1774.175 3.31E-06
1774.155 3.28E-06
1774.135 3.68E-06
1774.115 3.75E-06
1774.095 3.59E-06
1774.075 3.7E-06
1774.055 3.33E-06
1774.035 3.26E-06
1774.015 3.17E-06
1773.995 3.13E-06
1773.975 2.99E-06
1773.955 2.79E-06
1773.935 3.02E-06
1773.915 3.34E-06
1773.895 3.76E-06
1773.875 3.52E-06
1773.855 3.39E-06
1773.835 3.43E-06
1773.815 3.21E-06
1773.795 3.39E-06
1773.775 3.46E-06
1773.755 3.6E-06
1773.735 3.58E-06
1773.715 3.39E-06
1773.695 3.68E-06
1773.675 3.37E-06
1773.655 3.22E-06
1773.635 3.33E-06
1773.615 3.69E-06
1773.595 3.52E-06
1773.575 3.66E-06
1773.555 3.84E-06
1773.541 3.31E-06
1773.528 3.12E-06
1773.514 3.57E-06

ABOR/MH/Priv-003478



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003479



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1773.501 3.65E-06
1773.487 3.6E-06
1773.474 3.25E-06

1773.46 3.41E-06
1773.447 3.24E-06
1773.433 3.33E-06

1773.42 3.4E-06
1773.406 3.78E-06
1773.393 3.91E-06
1773.379 4.47E-06
1773.366 4.65E-06
1773.352 4.29E-06
1773.339 4.01E-06
1773.325 3.83E-06
1773.312 3.77E-06
1773.298 3.37E-06
1773.285 4.12E-06
1773.271 4.49E-06
1773.258 4.46E-06
1773.244 3.82E-06
1773.231 3.86E-06
1773.217 3.9E-06
1773.204 4.19E-06

1773.19 4.1E-06
1773.177 3.67E-06
1773.163 3.04E-06

1773.15 3.36E-06
1773.136 3.37E-06
1773.123 3.45E-06
1773.109 3.86E-06
1773.096 3.39E-06
1773.082 3.52E-06
1773.069 3.53E-06
1773.055 3.34E-06
1773.041 3.73E-06
1773.028 3.67E-06
1773.014 3.73E-06
1773.001 3.58E-06
1772.987 3.72E-06
1772.974 3.52E-06

1772.96 3.67E-06
1772.947 3.45E-06
1772.933 3.43E-06

1772.92 3.52E-06
1772.906 3.37E-06

ABOR/MH/Priv-003480



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003481



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1772.893 3.2E-06
1772.879 3.25E-06
1772.866 3.06E-06
1772.852 3.09E-06
1772.839 3.2E-06
1772.825 3.83E-06
1772.812 4.22E-06
1772.798 3.72E-06
1772.785 3.65E-06
1772.771 3.55E-06
1772.758 3.5E-06
1772.744 3.81E-06
1772.731 4.04E-06
1772.717 3.79E-06
1772.704 3.11E-06

1772.69 3.12E-06
1772.677 3.38E-06
1772.663 3.68E-06

1772.65 3.69E-06
1772.636 3.86E-06
1772.623 4.22E-06
1772.609 3.3E-06
1772.596 3.44E-06
1772.582 3.48E-06
1772.569 3.32E-06
1772.555 3.39E-06
1772.541 3.78E-06
1772.527 3.79E-06
1772.513 3.53E-06
1772.499 3.81E-06
1772.486 3.58E-06
1772.472 3.6E-06
1772.458 3.72E-06
1772.444 3.5E-06

1772.43 3.43E-06
1772.416 3.18E-06
1772.402 3.56E-06
1772.388 3.81E-06
1772.374 3.61E-06
1772.361 3.79E-06
1772.347 3.38E-06
1772.333 3.17E-06
1772.319 3.23E-06
1772.305 3.96E-06
1772.291 0.000004

ABOR/MH/Priv-003482



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003483



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1772.277 4.57E-06
1772.263 3.96E-06
1772.249 3.7E-06
1772.236 3.78E-06
1772.222 3.83E-06
1772.208 3.67E-06
1772.194 3.12E-06

1772.18 3.1E-06
1772.166 3.06E-06
1772.152 3.35E-06
1772.138 3.45E-06
1772.124 3.47E-06
1772.111 3.12E-06
1772.097 3.21E-06
1772.083 3.54E-06
1772.069 3.71E-06
1772.055 4.23E-06
1772.041 4.29E-06
1772.027 3.48E-06
1772.013 3.41E-06
1771.999 3.44E-06
1771.986 3.73E-06
1771.972 3.48E-06
1771.958 3.39E-06
1771.944 3.35E-06

1771.93 3.66E-06
1771.916 3.56E-06
1771.902 3.58E-06
1771.888 3.41E-06
1771.874 3.17E-06
1771.861 3.28E-06
1771.847 3.45E-06
1771.833 3.8E-06
1771.819 3.89E-06
1771.805 3.45E-06
1771.791 3.01E-06
1771.777 3.22E-06
1771.763 3.38E-06
1771.749 3.01E-06
1771.736 3.04E-06
1771.722 3.83E-06
1771.708 3.92E-06
1771.694 4.27E-06

1771.68 4.76E-06
1771.666 4.09E-06

ABOR/MH/Priv-003484



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003485



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1771.652 3.92E-06
1771.638 3.54E-06
1771.624 3.64E-06
1771.611 3.34E-06
1771.597 3.39E-06
1771.583 3.4E-06
1771.569 3.63E-06
1771.555 3.35E-06
1771.542 4.05E-06
1771.529 5.57E-06
1771.516 4.79E-06
1771.502 4.79E-06
1771.489 4.42E-06
1771.476 3.58E-06
1771.463 0.000003

1771.45 3.5E-06
1771.437 3.56E-06
1771.423 4.03E-06

1771.41 4.91E-06
1771.397 4.04E-06
1771.384 4.13E-06
1771.371 3.95E-06
1771.358 3.6E-06
1771.344 3.57E-06
1771.331 3.99E-06
1771.318 4.04E-06
1771.305 4.19E-06
1771.292 0.000004
1771.279 3.9E-06
1771.266 3.63E-06
1771.252 4.03E-06
1771.239 3.62E-06
1771.226 3.84E-06
1771.213 3.98E-06

1771.2 3.93E-06
1771.187 4.36E-06
1771.173 3.34E-06

1771.16 3.61E-06
1771.147 3.8E-06
1771.134 3.53E-06
1771.121 3.74E-06
1771.108 4.01E-06
1771.094 3.23E-06
1771.081 3.36E-06
1771.068 3.7E-06

ABOR/MH/Priv-003486



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003487



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1771.055 3.61E-06
1771.042 3.91E-06
1771.029 3.99E-06
1771.016 3.82E-06
1771.002 3.61E-06
1770.989 3.57E-06
1770.976 3.89E-06
1770.963 4.25E-06

1770.95 4.34E-06
1770.937 3.42E-06
1770.923 3.55E-06

1770.91 3.14E-06
1770.897 3.66E-06
1770.884 3.83E-06
1770.871 3.48E-06
1770.858 3.4E-06
1770.844 3.46E-06
1770.831 3.89E-06
1770.818 3.86E-06
1770.805 3.64E-06
1770.792 3.86E-06
1770.779 4.53E-06
1770.766 4.36E-06
1770.752 3.85E-06
1770.739 3.93E-06
1770.726 3.6E-06
1770.713 3.35E-06

1770.7 3.25E-06
1770.687 3.3E-06
1770.673 3.42E-06

1770.66 3.79E-06
1770.647 3.83E-06
1770.634 3.82E-06
1770.621 3.96E-06
1770.608 3.97E-06
1770.594 0.000004
1770.581 4.14E-06
1770.568 4.25E-06
1770.555 3.88E-06
1770.539 3.39E-06
1770.524 3.92E-06
1770.508 4.03E-06
1770.493 4.1E-06
1770.477 3.88E-06
1770.461 3.77E-06

ABOR/MH/Priv-003488



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003489



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1770.446 3.69E-06
1770.43 3.89E-06

1770.414 3.76E-06
1770.399 3.59E-06
1770.383 3.45E-06
1770.368 3.76E-06
1770.352 3.98E-06
1770.336 4.68E-06
1770.321 4.23E-06
1770.305 3.9E-06
1770.289 3.75E-06
1770.274 3.8E-06
1770.258 3.75E-06
1770.243 3.63E-06
1770.227 4.04E-06
1770.211 4.07E-06
1770.196 3.48E-06

1770.18 3.55E-06
1770.164 3.58E-06
1770.149 3.62E-06
1770.133 3.55E-06
1770.118 4.15E-06
1770.102 4.32E-06
1770.086 4.65E-06
1770.071 4.96E-06
1770.055 4.56E-06
1770.039 4.67E-06
1770.024 4.12E-06
1770.008 4.1E-06
1769.993 4.07E-06
1769.977 4.04E-06
1769.961 4.51E-06
1769.946 4.55E-06

1769.93 4.58E-06
1769.914 4.52E-06
1769.899 3.51E-06
1769.883 3.46E-06
1769.868 3.51E-06
1769.852 3.66E-06
1769.836 3.33E-06
1769.821 3.06E-06
1769.805 3.12E-06
1769.789 2.96E-06
1769.774 2.76E-06
1769.758 3.11E-06

ABOR/MH/Priv-003490



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003491



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1769.743 3.48E-06
1769.727 3.65E-06
1769.711 4.04E-06
1769.696 3.32E-06

1769.68 3.01E-06
1769.664 3.11E-06
1769.649 3.59E-06
1769.633 3.93E-06
1769.618 3.36E-06
1769.602 2.88E-06
1769.586 3.06E-06
1769.571 3.4E-06
1769.555 3.69E-06
1769.532 3.91E-06

1769.51 4.18E-06
1769.487 3.35E-06
1769.464 3.65E-06
1769.441 3.42E-06
1769.419 3.35E-06
1769.396 3.64E-06
1769.373 3.21E-06

1769.35 4.26E-06
1769.328 4.79E-06
1769.305 5.68E-06
1769.282 5.43E-06

1769.26 4.42E-06
1769.237 4.77E-06
1769.214 4.71E-06
1769.191 4.25E-06
1769.169 3.83E-06
1769.146 3.76E-06
1769.123 4.07E-06

1769.1 3.99E-06
1769.078 3.59E-06
1769.055 3.55E-06
1769.032 3.66E-06

1769.01 3.71E-06
1768.987 3.74E-06
1768.964 3.6E-06
1768.941 3.87E-06
1768.919 4.24E-06
1768.896 4.36E-06
1768.873 3.91E-06

1768.85 3.91E-06
1768.828 3.9E-06

ABOR/MH/Priv-003492



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003493



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1768.805 3.82E-06
1768.782 3.35E-06

1768.76 3.91E-06
1768.737 3.67E-06
1768.714 3.75E-06
1768.691 3.42E-06
1768.669 3.89E-06
1768.646 4.07E-06
1768.623 3.84E-06

1768.6 3.81E-06
1768.578 3.53E-06
1768.555 3.66E-06
1768.517 3.34E-06
1768.478 3.37E-06

1768.44 4.39E-06
1768.401 4.52E-06
1768.363 4.89E-06
1768.324 4.4E-06
1768.286 3.37E-06
1768.247 3.57E-06
1768.209 3.44E-06

1768.17 3.24E-06
1768.132 3.35E-06
1768.093 4.04E-06
1768.055 3.85E-06
1768.017 3.65E-06
1767.978 4.23E-06

1767.94 3.67E-06
1767.901 4.01E-06
1767.863 3.66E-06
1767.824 3.77E-06
1767.786 3.61E-06
1767.747 3.77E-06
1767.709 3.37E-06

1767.67 3.7E-06
1767.632 3.73E-06
1767.593 3.32E-06
1767.555 3.73E-06
1767.537 4.32E-06
1767.519 3.68E-06
1767.501 3.45E-06
1767.484 3.87E-06
1767.466 3.65E-06
1767.448 3.67E-06

1767.43 3.46E-06

ABOR/MH/Priv-003494



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003495



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1767.412 3.34E-06
1767.394 3.45E-06
1767.376 3.17E-06
1767.359 3.61E-06
1767.341 3.83E-06
1767.323 3.69E-06
1767.305 3.24E-06
1767.287 3.38E-06
1767.269 3.56E-06
1767.251 3.77E-06
1767.234 3.26E-06
1767.216 3.56E-06
1767.198 3.42E-06

1767.18 3.3E-06
1767.162 3.63E-06
1767.144 3.54E-06
1767.126 3.37E-06
1767.109 3.48E-06
1767.091 3.57E-06
1767.073 3.15E-06
1767.055 3.63E-06
1767.037 3.96E-06
1767.019 3.95E-06
1767.001 3.94E-06
1766.984 3.54E-06
1766.966 3.35E-06
1766.948 3.51E-06

1766.93 3.61E-06
1766.912 3.56E-06
1766.894 3.85E-06
1766.876 3.61E-06
1766.859 3.29E-06
1766.841 3.58E-06
1766.823 3.44E-06
1766.805 3.41E-06
1766.787 3.48E-06
1766.769 3.39E-06
1766.751 3.66E-06
1766.734 3.58E-06
1766.716 3.64E-06
1766.698 3.82E-06

1766.68 3.74E-06
1766.662 3.84E-06
1766.644 4.95E-06
1766.626 4.41E-06

ABOR/MH/Priv-003496



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003497



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1766.609 4.36E-06
1766.591 4.15E-06
1766.573 4.25E-06
1766.555 4.16E-06
1766.536 4.64E-06
1766.517 3.9E-06
1766.497 3.41E-06
1766.478 3.81E-06
1766.459 3.87E-06

1766.44 3.88E-06
1766.42 3.77E-06

1766.401 3.46E-06
1766.382 3.88E-06
1766.363 3.72E-06
1766.343 3.92E-06
1766.324 3.83E-06
1766.305 3.99E-06
1766.286 3.92E-06
1766.267 3.96E-06
1766.247 3.75E-06
1766.228 3.63E-06
1766.209 3.61E-06

1766.19 3.5E-06
1766.17 3.67E-06

1766.151 3.54E-06
1766.132 3.4E-06
1766.113 3.12E-06
1766.093 3.13E-06
1766.074 3.13E-06
1766.055 3.41E-06
1766.036 3.74E-06
1766.017 3.63E-06
1765.997 3.49E-06
1765.978 4.1E-06
1765.959 4.06E-06

1765.94 3.94E-06
1765.92 4.15E-06

1765.901 3.95E-06
1765.882 4.09E-06
1765.863 4.14E-06
1765.843 4.28E-06
1765.824 3.91E-06
1765.805 3.95E-06
1765.786 4.14E-06
1765.767 3.87E-06

ABOR/MH/Priv-003498



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003499



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1765.747 4.08E-06
1765.728 3.65E-06
1765.709 3.99E-06

1765.69 4.83E-06
1765.67 4.02E-06

1765.651 3.94E-06
1765.632 0.000004
1765.613 4.46E-06
1765.593 3.97E-06
1765.574 3.89E-06
1765.555 3.64E-06

1765.54 3.67E-06
1765.525 4.28E-06

1765.51 4.06E-06
1765.495 4.28E-06

1765.48 4.38E-06
1765.465 4.56E-06
1765.451 4.38E-06
1765.436 4.31E-06
1765.421 4.67E-06
1765.406 5.14E-06
1765.391 4.98E-06
1765.376 4.22E-06
1765.361 4.82E-06
1765.346 4.33E-06
1765.331 4.27E-06
1765.316 4.48E-06
1765.301 7.62E-06
1765.286 6.91E-06
1765.271 6.51E-06
1765.256 6.04E-06
1765.242 4.6E-06
1765.227 4.88E-06
1765.212 4.8E-06
1765.197 4.67E-06
1765.182 4.52E-06
1765.167 4.79E-06
1765.152 4.59E-06
1765.137 4.21E-06
1765.122 4.17E-06
1765.107 4.95E-06
1765.092 4.77E-06
1765.077 4.4E-06
1765.062 3.66E-06
1765.048 3.85E-06

ABOR/MH/Priv-003500



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003501



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1765.033 4.26E-06
1765.018 4.29E-06
1765.003 3.9E-06
1764.988 3.69E-06
1764.973 3.93E-06
1764.958 3.74E-06
1764.943 3.89E-06
1764.928 3.99E-06
1764.913 3.76E-06
1764.898 3.27E-06
1764.883 3.45E-06
1764.868 3.81E-06
1764.854 3.66E-06
1764.839 3.84E-06
1764.824 3.84E-06
1764.809 3.86E-06
1764.794 3.75E-06
1764.779 3.94E-06
1764.764 4.06E-06
1764.749 3.94E-06
1764.734 3.93E-06
1764.719 3.62E-06
1764.704 3.95E-06
1764.689 3.95E-06
1764.674 3.8E-06
1764.659 3.81E-06
1764.645 3.47E-06

1764.63 3.52E-06
1764.615 3.47E-06

1764.6 3.52E-06
1764.585 4.05E-06

1764.57 4.29E-06
1764.555 3.98E-06
1764.528 3.88E-06
1764.501 3.89E-06
1764.474 4.83E-06
1764.447 4.31E-06

1764.42 4.43E-06
1764.393 4.18E-06
1764.366 4.26E-06
1764.339 4.85E-06
1764.312 5.04E-06
1764.285 4.41E-06
1764.258 4.67E-06
1764.231 4.12E-06

ABOR/MH/Priv-003502



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003503



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1764.204 4.08E-06
1764.177 3.85E-06

1764.15 3.91E-06
1764.123 4.06E-06
1764.096 3.88E-06
1764.069 3.89E-06
1764.041 3.67E-06
1764.014 4.17E-06
1763.987 4.03E-06

1763.96 3.9E-06
1763.933 3.97E-06
1763.906 3.66E-06
1763.879 3.43E-06
1763.852 3.27E-06
1763.825 3.29E-06
1763.798 3.06E-06
1763.771 3.26E-06
1763.744 3.68E-06
1763.717 3.96E-06

1763.69 4.04E-06
1763.663 4.15E-06
1763.636 4.28E-06
1763.609 4.27E-06
1763.582 4.17E-06
1763.555 3.84E-06
1763.536 3.76E-06
1763.517 4.14E-06
1763.498 4.09E-06

1763.48 3.74E-06
1763.461 4.39E-06
1763.442 4.44E-06
1763.423 4.11E-06
1763.404 3.63E-06
1763.385 4.3E-06
1763.366 4.36E-06
1763.347 4.92E-06
1763.329 5.61E-06

1763.31 5.03E-06
1763.291 4.9E-06
1763.272 3.81E-06
1763.253 3.81E-06
1763.234 3.58E-06
1763.215 3.45E-06
1763.197 3.31E-06
1763.178 3.53E-06

ABOR/MH/Priv-003504



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003505



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1763.159 3.54E-06
1763.14 3.49E-06

1763.121 3.75E-06
1763.102 3.66E-06
1763.083 3.56E-06
1763.064 3.68E-06
1763.046 3.37E-06
1763.027 3.3E-06
1763.008 3.64E-06
1762.989 3.87E-06

1762.97 3.44E-06
1762.951 3.73E-06
1762.932 3.95E-06
1762.913 3.67E-06
1762.895 3.65E-06
1762.876 3.73E-06
1762.857 3.62E-06
1762.838 3.29E-06
1762.819 3.35E-06

1762.8 4.2E-06
1762.781 3.74E-06
1762.763 3.52E-06
1762.744 3.47E-06
1762.725 4.05E-06
1762.706 3.66E-06
1762.687 3.71E-06
1762.668 3.56E-06
1762.649 3.88E-06

1762.63 3.88E-06
1762.612 3.67E-06
1762.593 4.17E-06
1762.574 3.91E-06
1762.555 3.93E-06
1762.522 4.3E-06
1762.488 4.03E-06
1762.455 4.5E-06
1762.422 3.85E-06
1762.388 3.63E-06
1762.355 4.15E-06
1762.322 3.9E-06
1762.288 3.69E-06
1762.255 4.31E-06
1762.222 3.74E-06
1762.188 3.8E-06
1762.155 3.75E-06

ABOR/MH/Priv-003506



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003507



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1762.122 3.7E-06
1762.088 3.52E-06
1762.055 3.57E-06
1762.022 3.49E-06
1761.988 3.84E-06
1761.955 3.63E-06
1761.922 4.04E-06
1761.888 4.24E-06
1761.855 3.86E-06
1761.822 3.56E-06
1761.788 4.5E-06
1761.755 5.09E-06
1761.722 5.39E-06
1761.688 3.6E-06
1761.655 3.82E-06
1761.622 3.74E-06
1761.588 4.08E-06
1761.555 3.87E-06
1761.541 3.69E-06
1761.526 3.96E-06
1761.512 3.74E-06
1761.498 4.04E-06
1761.484 4.13E-06
1761.469 4.46E-06
1761.455 4.24E-06
1761.441 4.52E-06
1761.426 4.85E-06
1761.412 4.86E-06
1761.398 8.07E-06
1761.384 6.95E-06
1761.369 6.62E-06
1761.355 5.72E-06
1761.341 4.61E-06
1761.326 4.29E-06
1761.312 4.46E-06
1761.298 3.78E-06
1761.284 3.89E-06
1761.269 4.24E-06
1761.255 4.06E-06
1761.241 3.98E-06
1761.226 3.96E-06
1761.212 3.9E-06
1761.198 3.41E-06
1761.184 4.08E-06
1761.169 3.14E-06

ABOR/MH/Priv-003508



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003509



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1761.155 3.54E-06
1761.141 4.52E-06
1761.126 6.02E-06
1761.112 3.82E-06
1761.098 3.43E-06
1761.084 3.79E-06
1761.069 3.5E-06
1761.055 3.98E-06
1761.041 4.2E-06
1761.026 4.16E-06
1761.012 4.28E-06
1760.998 3.85E-06
1760.984 3.74E-06
1760.969 3.91E-06
1760.955 3.68E-06
1760.941 3.83E-06
1760.926 3.69E-06
1760.912 4.23E-06
1760.898 3.65E-06
1760.884 3.58E-06
1760.869 4.15E-06
1760.855 3.67E-06
1760.841 4.13E-06
1760.826 4.79E-06
1760.812 3.62E-06
1760.798 4.3E-06
1760.784 4.01E-06
1760.769 0.000004
1760.755 3.72E-06
1760.741 3.87E-06
1760.726 4.09E-06
1760.712 4.08E-06
1760.698 3.96E-06
1760.684 4.05E-06
1760.669 3.92E-06
1760.655 4.27E-06
1760.641 4.29E-06
1760.626 3.65E-06
1760.612 3.24E-06
1760.598 3.46E-06
1760.584 3.24E-06
1760.569 3.22E-06
1760.555 3.47E-06
1760.529 3.7E-06
1760.504 3.89E-06

ABOR/MH/Priv-003510



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003511



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1760.478 3.99E-06
1760.452 3.58E-06
1760.427 3.36E-06
1760.401 3.41E-06
1760.376 3.57E-06

1760.35 3.48E-06
1760.324 3.59E-06
1760.299 3.64E-06
1760.273 3.85E-06
1760.247 3.42E-06
1760.222 4.09E-06
1760.196 4.81E-06

1760.17 5.28E-06
1760.145 3.74E-06
1760.119 3.31E-06
1760.093 3.51E-06
1760.068 3.74E-06
1760.042 3.86E-06
1760.017 3.85E-06
1759.991 3.57E-06
1759.965 3.62E-06

1759.94 3.68E-06
1759.914 3.2E-06
1759.888 3.28E-06
1759.863 3.6E-06
1759.837 3.7E-06
1759.811 3.59E-06
1759.786 3.77E-06

1759.76 3.24E-06
1759.734 3.48E-06
1759.709 3.83E-06
1759.683 4.1E-06
1759.658 4.06E-06
1759.632 3.91E-06
1759.606 3.73E-06
1759.581 3.59E-06
1759.555 3.77E-06
1759.524 3.76E-06
1759.493 3.57E-06
1759.461 3.98E-06

1759.43 4.28E-06
1759.399 4.49E-06
1759.368 4.69E-06
1759.336 4.07E-06
1759.305 3.7E-06

ABOR/MH/Priv-003512



Lough, J. 
& Barnes, 
2000

standard. 
Anoms 
ref'd to 
1934-82 
mean & 
SD

Heiss, 
1994

Felis et 
al. 2000

Haase-
Schramm 
et al. 2003

Haase-
Schramm 
et al. 2003

Linsley 
et al. 
1994

Urban et 
al. 2000

Dunbar  
et al. 
1994

Cole et al. 
2000

Charles et 
al. 1997

year 10 corals

10 corals 5-
yr 
gaussian Year o18 stdev Year o18 Year O18 (%PDB) Year Sr/Ca error (2 sem) Year

d13C 
PDB

d18O 
PDB Year Mai d18O Year o18 PDB Year o18 Year

ABOR/MH/Priv-003513



Quinn et 
al. 1996: 

mean 4 
samples/
yr

Isdale et al. 
2001

Anthrop infl 
>1870

McCulloc
h, M. et 
al., 2003

Anthrop 
infl >1870

Linsley, 
2000a

Quinn et 
al. 1993

Kuhnert et 
al, 1999

Zinke et al, 
2004 - Ifaty 
Madagascar

o18 GRL Age 18O Year Flouresence DATE
Ba/Ca  
(atomic) Year A.D. Sr/Ca

Sr/Ca 
SST

Sr/Ca 
SST-ave 
fil at 8y QSR Age QSR 18O

interpolate
d date

interpolated 
d13C

interpolated 
d18O Year 12C/13C 16O/18O Sr/Ca

1759.274 3.79E-06
1759.243 3.62E-06
1759.211 3.37E-06

1759.18 3.56E-06
1759.149 3.6E-06
1759.118 3.85E-06
1759.086 3.65E-06
1759.055 3.43E-06
1759.024 3.39E-06
1758.993 2.99E-06
1758.961 3.93E-06

1758.93 3.76E-06
1758.899 3.37E-06
1758.868 3.33E-06
1758.836 3.65E-06
1758.805 3.33E-06
1758.774 3.57E-06
1758.743 3.44E-06
1758.711 4.62E-06

1758.68 4.05E-06
1758.649 5.22E-06
1758.618 5.15E-06
1758.586 4.31E-06
1758.555 4.37E-06
1758.527 4.76E-06

1758.5 4.02E-06
1758.472 4.32E-06
1758.444 3.95E-06
1758.416 4.46E-06
1758.389 4.01E-06
1758.361 3.77E-06
1758.333 3.7E-06
1758.305 4.08E-06
1758.278 4.38E-06

1758.25 4.58E-06
1758.222 4.65E-06
1758.194 5.68E-06
1758.167 4.33E-06
1758.139 4.63E-06
1758.111 3.49E-06
1758.083 3.96E-06
1758.056 4.03E-06
1758.028 4.31E-06

1758 4.45E-06

ABOR/MH/Priv-003514



KEY to COLUMN E in Data inventory

Coral 7001 = O-18;    
7002 = C-13;
7003 = Sr/Ca;
7004 = calcification;
7005 = other (fluorescence, density, etc)

Mann et al 1998 used:
Burdekin River             Coral-fluorescence   Precip/Runoff     20S  147E   1746     Lough 1991
Galapagos Isabel Island    Coral-O-18           SST                1S   91W   1607     Dunbar et al 1994
Gulf of Chiriqui, Panama   Coral-O-18           Precip           7.5N   81W   1708     Linsley et al, 1994
Gulf of Chiriqui, Panama   Coral-C-13           ocean circ          "     "   1708          "
Espiritu Santu             Coral-O-18           SST               15S  167E   1806     Quinn et al 1993
New Caledonia              Coral-O-18           SST               22S  166E   1658     Quinn et al 1996
Great Barrier Reef         Coral-band thickness SST               19S  148E   1615     Lough, personal comm
Red Sea                    Coral-O-18           SST/Precip      29.5N   35E   1788     Heiss, 1994
Red Sea                     Coral-C13            ocean circ          "     "   1788          "

ABOR/MH/Priv-003515



From: Michael E. Mann
To: Scott Rutherford; Zhihua Zhang; Hughes Malcolm; Bradley Raymond; fenbiao@ltrr.arizona.edu; Tim Cook;

mann@virginia.edu
Subject: Re: multiproxy
Date: Thursday, January 13, 2005 8:17:34 AM

Dear All,

Following up on Scott's email, we need to make progress now. Zhang has to
do the SLP and temperature reconstructions as part of his ph.d thesis,
which he plans to complete this spring. So we can no longer hold out for
data we're still waiting on.

Scott should produce a master file of what proxies we presently have in our
database (both annual and non-annually resolve), that is ready to do (i.e.,
that Zhang could potentially use in his analysis *right now*).  Then
everyone should take a look at this master file, and decide if there are
any important proxies still missing. I suggest that we finalize this
process within the next week or so, and that we then "freeze" our database
at that point, so that Zhang can proceed w/ the new reconstructions. Its
thus essential that we look carefully over the list that Scott will
hopefully provide for us shortly...

Thanks in advance for your help,

Mike

At 01:29 PM 1/10/05, Scott Rutherford wrote:
>Dear All,
>
>As we make our way into the new year I wanted to check and see where we
>stood. On my end, I have a bunch of proxies that are not on Ray and Tim's
>list that are about ready to go. I have a student who is working through
>them one more time to make sure all is ready.
>
>Zhang is working with the dendro-data provided by Malcolm and Fenbiao and
>Tim and Ray are still gathering proxy data.  Any updates?
>
>Cheers,
>
>Scott
>
>______________________________________________
>Dr. Scott Rutherford
>Assistant Professor
>Dept. of Natural Sciences
>Roger Williams University
>e-mail: srutherford@rwu.edu
>http://fox.rwu.edu/~rutherfo
>phone: 
>snail mail:
>One Ferry Road
>Bristol, RI 02809
>

_______________________________________________________________________
                      Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall

ABOR/MH/Priv-003516



                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Scott Rutherford
To: Mann Mike; Zhihua Zhang; Hughes Malcolm; Bradley Raymond; fenbiao@ltrr.arizona.edu; Tim Cook
Subject: multiproxy
Date: Tuesday, January 11, 2005 12:40:08 PM

Dear All,

As we make our way into the new year I wanted to check and see where we
stood. On my end, I have a bunch of proxies that are not on Ray and
Tim's list that are about ready to go. I have a student who is working
through them one more time to make sure all is ready.

Zhang is working with the dendro-data provided by Malcolm and Fenbiao
and Tim and Ray are still gathering proxy data.  Any updates?

Cheers,

Scott

______________________________________________
Dr. Scott Rutherford
Assistant Professor
Dept. of Natural Sciences
Roger Williams University
e-mail: srutherford@rwu.edu
http://fox.rwu.edu/~rutherfo
phone: 
snail mail:
One Ferry Road
Bristol, RI 02809
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From: Michael E. Mann
To: Malcolm Hughes
Cc: fenbiao@ltrr.arizona.edu
Subject: Re: another angle
Date: Friday, December 10, 2004 6:23:43 PM

Hi Malcolm/Fenbiao,

Yeah, for precip, this might be difficult. Comparisons in normalized units should probably
be fine...

talk to you later,

mike

At 06:03 PM 12/10/2004, Malcolm Hughes wrote:

Hi Mike - many thanks for getting back. Yes, that's pretty much what I had in 
mind - we could sling out all the non-annual stuff, but that would reduce the 
impact quite a bit, I think. I think this approach will work fine for the 
temperature-related proxies, but I fear this cannot be done in a meaningful 
way for the precip-related. In that case I think we may have to be satisfied 
with comparisons in terms of SDs. Maybe Zhang's experience might have 
some bearing on this?
Have a weekend! Malcolm

On 10 Dec 2004 at 17:32, Michael E. Mann wrote:

> HI Malcolm,
> 
> Its been an impossibly busy day w/ the new website, etc. Couldn't even
> take your call, though I saw it. Sorry
> 
> I would go w/ option "1". That seems quite reasonable. In other words.
> If you smooth the annually resolved data w/ a lowpass filter to only
> retain frequencies f<0.1 cycle/year, and use the annually-interpolated
> decadally-resolved indicators, you should be able to normalize them
> all before the analysis by their standard deviation, and then use the
> standard deviations to scale the eof pattern to temperature units
> afterward. I think that's what you're describing?
> 
> Let me know if this needs further explanation...
> 
> Thanks,
> 
> Mike
> 
> At 05:15 PM 12/10/2004, Malcolm Hughes wrote:
>     Mike - there's another angle we'd like your thoughts on. In the
>     case of the 39 proxies back to AD 1200 that pass our summer
>     temperature screening, for example, 26 are tree-rings, and only
>     two others are annual. The rest have decadal to something like
>     bidecadal resolution, with the emphasis on something like. We have
>     interpolated the non-annual stuff to annual values prior to
>     calculating spectra. The problem then arises of how to scale the
>     spatial EOFs of these, if we can at all. 1) One approach would be
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>     to smooth the annual data to resemble the resolution of the others
>     prior to any analysis and use the similarly smoothed variances of
>     the gridpoint climate data to scale them all - these variances
>     might be calculated on very few values as we are using a 70-year
>     long instrumental data set. 2) the other approach would be to
>     forego interpretation in temperature units. Any other thoughts?
>     Cheers, Malcolm . .
> 
>     Malcolm Hughes
>     Professor of Dendrochronology
>     Laboratory of Tree-Ring Research
>     University of Arizona
>     Tucson, AZ 85721
>     520-621-6470
>     fax 520-621-8229
> ____________________________________________________________
> __
> Professor Michael E. Mann
>  Department of Environmental Sciences, Clark Hall
> University of Virginia
> Charlottesville, VA 22903
>
______________________________________________________________________

> _ e-mail: mann@virginia.edu Phone:  
> http://www.evsc.virginia.edu/faculty/people/mann.shtml

Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Malcolm Hughes
To: Michael E. Mann
Cc: fenbiao@ltrr.arizona.edu
Subject: Re: another angle
Date: Friday, December 10, 2004 4:03:12 PM

Hi Mike - many thanks for getting back. Yes, that's pretty much what I had in
mind - we could sling out all the non-annual stuff, but that would reduce the
impact quite a bit, I think. I think this approach will work fine for the
temperature-related proxies, but I fear this cannot be done in a meaningful
way for the precip-related. In that case I think we may have to be satisfied
with comparisons in terms of SDs. Maybe Zhang's experience might have
some bearing on this?
Have a weekend! Malcolm

On 10 Dec 2004 at 17:32, Michael E. Mann wrote:

> HI Malcolm,
>
> Its been an impossibly busy day w/ the new website, etc. Couldn't even
> take your call, though I saw it. Sorry
>
> I would go w/ option "1". That seems quite reasonable. In other words.
> If you smooth the annually resolved data w/ a lowpass filter to only
> retain frequencies f<0.1 cycle/year, and use the annually-interpolated
> decadally-resolved indicators, you should be able to normalize them
> all before the analysis by their standard deviation, and then use the
> standard deviations to scale the eof pattern to temperature units
> afterward. I think that's what you're describing?
>
> Let me know if this needs further explanation...
>
> Thanks,
>
> Mike
>
> At 05:15 PM 12/10/2004, Malcolm Hughes wrote:
>     Mike - there's another angle we'd like your thoughts on. In the
>     case of the 39 proxies back to AD 1200 that pass our summer
>     temperature screening, for example, 26 are tree-rings, and only
>     two others are annual. The rest have decadal to something like
>     bidecadal resolution, with the emphasis on something like. We have
>     interpolated the non-annual stuff to annual values prior to
>     calculating spectra. The problem then arises of how to scale the
>     spatial EOFs of these, if we can at all. 1) One approach would be
>     to smooth the annual data to resemble the resolution of the others
>     prior to any analysis and use the similarly smoothed variances of
>     the gridpoint climate data to scale them all - these variances
>     might be calculated on very few values as we are using a 70-year
>     long instrumental data set. 2) the other approach would be to
>     forego interpretation in temperature units. Any other thoughts?
>     Cheers, Malcolm . .
>
>     Malcolm Hughes
>     Professor of Dendrochronology
>     Laboratory of Tree-Ring Research
>     University of Arizona
>     Tucson, AZ 85721
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>     520-621-6470
>     fax 520-621-8229
> ____________________________________________________________
> __
> Professor Michael E. Mann
>  Department of Environmental Sciences, Clark Hall
> University of Virginia
> Charlottesville, VA 22903
> ______________________________________________________________________
> _ e-mail: mann@virginia.edu Phone:  
> http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes
Subject: Re: another angle
Date: Friday, December 10, 2004 3:33:19 PM

HI Malcolm,

Its been an impossibly busy day w/ the new website, etc. Couldn't even take your
call, though I saw it. Sorry

I would go w/ option "1". That seems quite reasonable. In other words. If you
smooth the annually resolved data w/ a lowpass filter to only retain frequencies f<0.1
cycle/year, and use the annually-interpolated decadally-resolved indicators, you
should be able to normalize them all before the analysis by their standard deviation,
and then use the standard deviations to scale the eof pattern to temperature units
afterward. I think that's what you're describing?

Let me know if this needs further explanation...

Thanks,

Mike

At 05:15 PM 12/10/2004, Malcolm Hughes wrote:

Mike - there's another angle we'd like your thoughts on. In the 
case of the 39 proxies back to AD 1200 that pass our summer 
temperature screening, for example, 26 are tree-rings, and 
only two others are annual. The  rest have decadal to 
something like bidecadal resolution, with the emphasis on 
something like. We have interpolated the non-annual stuff to 
annual values prior to calculating spectra. The problem then 
arises of how to scale the spatial EOFs of these, if we can at 
all. 
1) One approach would be to smooth the annual data to 
resemble the resolution of the others prior to any analysis and 
use the similarly smoothed variances of the gridpoint climate 
data to scale them all - these variances might be calculated on 
very few values  as we are using a 70-year long instrumental 
data set.
2) the other approach would be to forego interpretation in 
temperature units.
Any other thoughts?
Cheers, Malcolm
.
.

Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
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fax 520-621-8229

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Malcolm Hughes
To: mann@virginia.edu
Subject: another angle
Date: Friday, December 10, 2004 3:15:08 PM

Mike - there's another angle we'd like your thoughts on. In the
case of the 39 proxies back to AD 1200 that pass our summer
temperature screening, for example, 26 are tree-rings, and
only two others are annual. The  rest have decadal to
something like bidecadal resolution, with the emphasis on
something like. We have interpolated the non-annual stuff to
annual values prior to calculating spectra. The problem then
arises of how to scale the spatial EOFs of these, if we can at
all.
1) One approach would be to smooth the annual data to
resemble the resolution of the others prior to any analysis and
use the similarly smoothed variances of the gridpoint climate
data to scale them all - these variances might be calculated on
very few values  as we are using a 70-year long instrumental
data set.
2) the other approach would be to forego interpretation in
temperature units.
Any other thoughts?
Cheers, Malcolm
.
.
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From: Michael E. Mann
To: Scott Rutherford
Cc: Zhihua Zhang; Bradley Raymond; Hughes Malcolm; fenbiao@ltrr.arizona.edu
Subject: Re: Multiproxy Project--progress
Date: Monday, December 06, 2004 10:08:25 AM

Scott: Thanks for the clarification,

Mike

At 11:26 AM 12/6/2004, Scott Rutherford wrote:

Zhang, 

What I've been doing with varying temporal resolution is interpolating to annual
resolution then flagging that proxy as useful for the low-frequency component onlyl.
(depending on the original resolution) 

As far as many variables for each series, we should keep all the variables that could
potentially contain climate information, then let the selection process remove those
that are not useful.  The location issue can be a problem. If the series is part of a
larger composite it is difficult to know how to evaluate it with the selection process.
Should we compare it to average temperature (or precip for example) over that
area? If the composite was verified during its composition by the original authors
then can we believe that it is useful and include that proxy without running it
through our own selection process? 

These are things we are going to have to decide on as the come about. 

Scott 

On Dec 6, 2004, at 11:03 AM, Michael E. Mann wrote: 

Hi Zhang, 

We should do surface temp first, because we have some guidelines from
past work as to what the result ought to look like (i.e., hemispheric mean
temperature). Once that looks good, we could proceed w/ the SLP
reconstruction too. 

These will just be preliminary, however, since we will have to redo these
again when the full proxy data set is available from Ray Bradley, etc.
within the next month or two... 

Changing resolution over time would be a problem. Which data are you
talking about? Perhaps I should leave it to you and Scott to first try to
resolve the database issues you mention, including data format problems
(including time-dependent resolution), and missing metadata from the
database for some of the series... 

Thanks, 

MIke 

At 10:44 AM 12/6/2004, Zhang, Zhihua wrote: 

Hi Mike, Scott: 
  
We may start with an annual surface temp. or SLP reconstruction based on tree ring data
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using the hybrid-20 stepwise RegEM approach first. Some other proxy data Scott sent to
me some days ago seems need a little more work before being used as proxy data for
reconstruction. For example, the resolution changes with time; many variables for each
series and having no location information for time series. 
  
Any suggestion? 
  
Thanks, 
  
Zhang 

-----Original Message----- 

From: Michael E. Mann [mailto:mann@virginia.edu] 

Sent: Monday, December 06, 2004 8:25 AM 

To: Scott Rutherford; Zhang, Zhihua 

Cc: mann@virginia.edu 

Subject: Multiproxy Project--progress 

Importance: High 

Dear Scott, Zhang: 

My feeling is that we should start doing some analyses now using the
new, vastly expanded proxy data base and our new predictor screening
procedure. I realize that new proxy data are likely to be acquired over the
next month or two, but we should at least start to do some initial new
analyses and see what the results look like--we can add in the new
proxies later. 

Lets start w/ the surface temperature reconstructions, using the hybrid-20
stepwise RegEM approach. Zhang: I assume you used the stepwise
approach when you reproduced Scott's RegEM results from the Journal of
Climate (in press) paper? Lets start w/ an annual mean surface
temperature reconstruction, and screening for all useful temperature
indicators--I'm interested to see precisely what indicators the screening
process includes/discludes from the data set, before we proceed w/ the
actual reconstructions. 

Let me know how the above sounds. 

Thanks, 

Mike 

______________________________________________________________ 

                    Professor Michael E. Mann 

           Department of Environmental Sciences, Clark Hall 
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                      University of Virginia 

                     Charlottesville, VA 22903 

_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml 

______________________________________________________________ 
                    Professor Michael E. Mann 
           Department of Environmental Sciences, Clark Hall 
                      University of Virginia 
                     Charlottesville, VA 22903 

_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml 

______________________________________________ 
Dr. Scott Rutherford 
Assistant Professor 
Dept. of Natural Sciences 
Roger Williams University 
e-mail: srutherford@rwu.edu 
http://fox.rwu.edu/~rutherfo 
phone:  
snail mail: 
One Ferry Road 
Bristol, RI 02809 

</blockquote></x-html>

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Scott Rutherford
To: Mann Mike; Bradley Raymond; Hughes Malcolm; fenbiao@ltrr.arizona.edu; Zhihua Zhang; Tim Cook
Subject: multiproxy update
Date: Tuesday, November 23, 2004 8:55:54 AM

Dear All,

I've been remiss with weekly updates. My student has a bunch of new
proxies that should be ready to go to Zhang today or tomorrow. These
are proxy that are not on the list that Tim and Ray sent me a while
back, so we are not overlapping.

At last check, Tim and Ray were well on their way with what looked like
a relatively complete list of proxies, and appeared to be working on
filling in with data.

I believe Zhang is ready to go. He has been able to reproduce the NH
mean using the MXD network and the MBH98 network and hasn't found any
major glitches in my code. He also has the proxy-selection method in
place.

Please let me know if you have updates or if I am mis-representing
where anyone is.

Regards,

Scott
______________________________________________
Dr. Scott Rutherford
Assistant Professor
Dept. of Natural Sciences
Roger Williams University
e-mail: srutherford@rwu.edu
http://fox.rwu.edu/~rutherfo
phone: 
snail mail:
One Ferry Road
Bristol, RI 02809
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From: Michael E. Mann
To: Malcolm Hughes; Scott Rutherford; Ray Bradley; Malcolm Hughes; Zhang, Zhihua
Cc: mann@virginia.edu
Subject: Re: CLIWOC database
Date: Tuesday, November 16, 2004 11:46:41 AM

I thought these were all supposed to be ocean observations?? If so, they
are completely independent of any other data we're using. On the other
hand, the data may be more difficult to use than most long
instrumental/historical records because they are often discontinuous in
time, etc. So it would require a bit of investigation  to determine if they
are useful. Perhaps Scott can check this out at some point soon?

mike

At 01:37 PM 11/16/04, Malcolm Hughes wrote:
>Mike- do we know what overlap exists between this datbase and those used
>by Luterbacher, Wanner et al?
>Cheers, Malcolm
>
>On 16 Nov 2004 at 11:16, Michael E. Mann wrote:
>
>Dear All,
>
>Should we think about attempting to incorporate the CLIWOC database into
>our new reconstructions. They could provide valuable oceanic data back to
>AD 1750. More information, and data, available here:
>
>http://www.ucm.es/info/cliwoc/
>
>Let me know what you think.
>
>Thanks,
>
>Mike
>
>p.s. I believe that our revised database is otherwise now complete, w/ the
>exception of some data from Ray which Scott is expecting (Ray, Scott?)
>____________________________________________________
>__________
>Professor Michael E. Mann
>  Department of Environmental Sciences, Clark Hall
>University of Virginia
>Charlottesville, VA 22903
>______________________________________________________________
>_________
>e-mail: mann@virginia.edu Phone:  
>http://www.evsc.virginia.edu/faculty/people/mann.shtmlMalcolm
>Hughes
>Professor of Dendrochronology
>Laboratory of Tree-Ring Research
>University of Arizona
>Tucson, AZ 85721
>520-621-6470
>fax 520-621-8229

_______________________________________________________________________
                      Professor Michael E. Mann
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           Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Malcolm Hughes
To: Scott Rutherford; Ray Bradley; Malcolm Hughes; Zhang, Zhihua; Michael E. Mann
Cc: mann@virginia.edu
Subject: Re: CLIWOC database
Date: Tuesday, November 16, 2004 11:37:21 AM

Mike- do we know what overlap exists between this datbase and those used
by Luterbacher, Wanner et al?
Cheers, Malcolm

On 16 Nov 2004 at 11:16, Michael E. Mann wrote:

Dear All,

Should we think about attempting to incorporate the CLIWOC database into
our new reconstructions. They could provide valuable oceanic data back to
AD 1750. More information, and data, available here:

http://www.ucm.es/info/cliwoc/

Let me know what you think.

Thanks,

Mike

p.s. I believe that our revised database is otherwise now complete, w/ the
exception of some data from Ray which Scott is expecting (Ray, Scott?)
____________________________________________________
__________
Professor Michael E. Mann
 Department of Environmental Sciences, Clark Hall
University of Virginia
Charlottesville, VA 22903
______________________________________________________________
_________
e-mail: mann@virginia.edu Phone:  
http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Malcolm Hughes
To: Michael E. Mann
Subject: Re: proposal
Date: Friday, September 17, 2004 4:51:25 PM

Mike - the draft budget will be done (I hope) Monday. The
proposal is 6411647, the magic numbers are 
The current and pending that I uploaded is not yet complete
ecause it contains neither the present proposal nor the other one
I'm working on. Keep your head down! Malcolm

On 17 Sep 2004 at 17:30, Michael E. Mann wrote:

Hi Malcolm.

Sorry to hear about the virus--I hope its ok now...I guess Norton
failed?

suggestions look good. I've heard from everyone now, so I
should be able to finalize the proposal shortly.

Please update me on your estimated budget and the status of
your fastlane temporary proposal ID, PIN, etc. as soon as you
have the chance...

Thanks, and enjoy the weekend (tornados here!),

mike

At 05:43 PM 9/17/2004, Malcolm Hughes wrote:
    Mike - later than I thought - I've lost 36 hours with a virus
    attack
    on my computer. Anyway, just some typos, as you'll see in
    the
    attached file. Cheers, Malcolm
    .
    .
    Malcolm Hughes
    Professor of Dendrochronology
    Laboratory of Tree-Ring Research
    University of Arizona
    Tucson, AZ 85721
    520-621-6470
    fax 520-621-8229
   
    The following section of this message contains a file
    attachment
    prepared for transmission using the Internet MIME
    message format.
    If you are using Pegasus Mail, or any other MIME-
    compliant system,
    you should be able to save it or view it from within your
    mailer.
    If you cannot, please ask your system administrator for
    assistance.
   
     ---- File information -----------
     File: nsf-esh04913
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     Date: 17 Sep 2004, 14:16
     Size: 2165760 bytes.
     Type: Unknown
___________________________________________
___________________
Professor Michael E. Mann
 Department of Environmental Sciences, Clark Hall
University of Virginia
Charlottesville, VA 22903
____________________________________________________
___________________
e-mail: mann@virginia.edu Phone: 

http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes
Subject: Re: proposal
Date: Friday, September 17, 2004 2:31:02 PM

Hi Malcolm.

Sorry to hear about the virus--I hope its ok now...I guess Norton failed?

suggestions look good. I've heard from everyone now, so I should be able to finalize
the proposal shortly.

Please update me on your estimated budget and the status of your fastlane
temporary proposal ID, PIN, etc. as soon as you have the chance...

Thanks, and enjoy the weekend (tornados here!),

mike

At 05:43 PM 9/17/2004, Malcolm Hughes wrote:

Mike - later than I thought - I've lost 36 hours with a virus attack 
on my computer. Anyway, just some typos, as you'll see in the 
attached file. Cheers, Malcolm
.
.
Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

The following section of this message contains a file attachment
prepared for transmission using the Internet MIME message format.
If you are using Pegasus Mail, or any other MIME-compliant system,
you should be able to save it or view it from within your mailer.
If you cannot, please ask your system administrator for assistance.

   ---- File information -----------
     File: nsf-esh04913
     Date:  17 Sep 2004, 14:16
     Size:  2165760 bytes.
     Type:  Unknown

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
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e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: raymond s. bradley; mhughes@ltrr.arizona.edu
Cc: wahle@alfred.edu; mann@virginia.edu; Scott Rutherford
Subject: Re: proposal question
Date: Friday, September 10, 2004 8:08:46 AM

HI Ray,

Thanks for the comments.

comments below...

Mike

At 10:37 AM 9/10/2004, raymond s. bradley wrote:

I'm working on the Holocene proxy records section.  In the text the focus
is on "paleotemperature" reconstructions.  There are a number of these,
but many more that reconstruct something else--"strength of the
monsoon" (Steve Burns speleothem isotopes in the Indian Ocean), rainfall
over the loess plateau (magnetic susceptibility in Chinese loess), etc, or
other parameters related to some feature of the climate system (upwelling
strength in Cariaco Basin, arguably related to Trade wind strength...or
glaciochemical records from ice cores, related to size &/or intensity of the
polar vortex...)etc etc.  In our previous work we have gladly accepted
proxies that carry some sort of signal of the larger temperature field, via
an ENSO-related connection or the NAO etc.  Should we make the
argument here too that many Holocene time series, not strictly calibrated
in terms of temperature, may be useful in our quest for paleotemperature
reconstruction?  If this seems reasonable, it opens up a much larger
potential database than just paleotemperature reconstructions.

Yes, I don't see any reason why we shouldn't try to be more general here. In fact,
we can frame this in w/ Hugues Goosse's latest work. The point being, that we could
use long series of temperature, Monsoon strength, etc.. all simultaneously as a
constraint on the long model simulations. No reason to stick to just surface
temperature.

The sampling strategy experiments (e.g. Eugene and Scott's contribution) could look
at which regions proxies are most likely to constrain such features (e.g. monsoon,
ENSO, etc.) as well as just the surface temperature field.

Second point: to what extent in this section of the proposal should I
include references to such studies....I started to do this but it quickly gets
out of hand; the danger is that you may include a record that can be
seized upon as crap by somebody specialising in that area, or omit some
key study by a reviewer!  Furthermore, to do this right will be a large part
of what we propose to do...

Yes, we should be careful not to claim to rely on the more dodgy records--I'll trust
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your judgement here...

Third:  I assume we are not planning to re-do
paleotemperature/paleoclimate reconstructions based on raw data (ie
delving into, e.g.,  the pollen data banks at WDC-A).  I am working on the
assumption that we will use published time series of diverse parameters
that others have argued represent one or more aspects of the climate
system.  This is a key point as there have been several studies using such
raw data sets to reconstruct paleoclimate (Guyot, Bartlein etc) over
selected continental areas.  I'll cc this to Gene for his thoughts on this.

Yes, see above. I think the ideal way to use these data is on constraints on which of
an ensemble of long simulations best matches the observed paleo record (again,
drawing on Goosse's latest work).

Finally, I will say a word or two about the dating uncertainties (which may
be the biggest problem in many records) but probably all we can say is
that we will careful screen records to selected those that are the best
dated...

sounds good to me...

All thoughts welcome..

Raymond S. Bradley 
Director, Climate System Research Center*
Department of Geosciences, University of Massachusetts
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel:  
Fax:  
*Climate System Research Center:  
        <http://www.paleoclimate.org> 
Paleoclimatology Book Web Site:
http://www.geo.umass.edu/climate/paleo/html 
Publications (download .pdf files):
http://www.geo.umass.edu/faculty/bradley/bradleypub.html

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: raymond s. bradley
To: mann@multiproxy.evsc.virginia.edu; mhughes@ltrr.arizona.edu
Cc: wahle@alfred.edu
Subject: proposal question
Date: Friday, September 10, 2004 7:37:15 AM

I'm working on the Holocene proxy records section.  In the text the focus is on
"paleotemperature" reconstructions.  There are a number of these, but many more
that reconstruct something else--"strength of the monsoon" (Steve Burns
speleothem isotopes in the Indian Ocean), rainfall over the loess plateau (magnetic
susceptibility in Chinese loess), etc, or other parameters related to some feature of
the climate system (upwelling strength in Cariaco Basin, arguably related to Trade
wind strength...or glaciochemical records from ice cores, related to size &/or
intensity of the polar vortex...)etc etc.  In our previous work we have gladly
accepted proxies that carry some sort of signal of the larger temperature field, via
an ENSO-related connection or the NAO etc.  Should we make the argument here
too that many Holocene time series, not strictly calibrated in terms of temperature,
may be useful in our quest for paleotemperature reconstruction?  If this seems
reasonable, it opens up a much larger potential database than just paleotemperature
reconstructions.
Second point: to what extent in this section of the proposal should I include
references to such studies....I started to do this but it quickly gets out of hand; the
danger is that you may include a record that can be seized upon as crap by
somebody specialising in that area, or omit some key study by a reviewer! 
Furthermore, to do this right will be a large part of what we propose to do...
Third:  I assume we are not planning to re-do paleotemperature/paleoclimate
reconstructions based on raw data (ie delving into, e.g.,  the pollen data banks at
WDC-A).  I am working on the assumption that we will use published time series of
diverse parameters that others have argued represent one or more aspects of the
climate system.  This is a key point as there have been several studies using such
raw data sets to reconstruct paleoclimate (Guyot, Bartlein etc) over selected
continental areas.  I'll cc this to Gene for his thoughts on this.
Finally, I will say a word or two about the dating uncertainties (which may be the
biggest problem in many records) but probably all we can say is that we will careful
screen records to selected those that are the best dated...
All thoughts welcome..

Raymond S. Bradley 
Director, Climate System Research Center*
Department of Geosciences, University of Massachusetts
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel:  
Fax:  
*Climate System Research Center:  
        <http://www.paleoclimate.org> 
Paleoclimatology Book Web Site: http://www.geo.umass.edu/climate/paleo/html 
Publications (download .pdf files):
http://www.geo.umass.edu/faculty/bradley/bradleypub.html
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From: Scott Rutherford
To: Zhihua Zhang; Mann Mike; Bradley Raymond; Hughes Malcolm; fenbiao@ltrr.arizona.edu
Subject: Re: data
Date: Wednesday, September 08, 2004 8:14:38 AM

Zhang,

Thanks, sorry for missing your message.  I have two filtering lines in
hybridstart2.m.

This one        "lowf(start(k):stop(k),k)=filtfilt(lowa,lowb,data);" should
not be used. It is better to use:
                "lowf(start(k):stop(k),k)=lowpass(data,0.05,2,2);"

In both cases the cutoff is 20 years. The difference is in how matlab
defines the frequency. That's why I have "lowlim=1./cutoff./2". If you
look in lowpass.m you will see fn=frequency*2.  So in both cases the
cutoff is 20 years as they are written. For some reason matlab always
assumes that the frequency step is 2.

The order of the filter doesn't make much difference in most cases. So,
you should comment out the line that uses "filtfilt" and leave in the
line that uses "lowpass"

The weighting by percent variance in the frequency band becomes a very
different issue. Since each proxy will be evaluated for each frequency
band we will have two distinct proxy networks, one high frequency and
one low frequency, so there is no need to use my hybridstart2.m.  What
we didn't want happening is a proxy dominated by low frequency
variability when filtered leaves high frequency noise that would be
given the same weight as a proxy that is dominated by high frequency
variability in the high-frequency reconstrtuction. I think with the
significance test in both frequency bands, we would be ensuring that
whatever is left after filtering is significantly correlated with
climate, so we may not need the weights.

Let me know if you have questions.

Also, I'd appreciate it if you let me know of any mistakes in the
programs.

Thanks,

Scott

On Sep 7, 2004, at 4:01 PM, Zhang, Zhihua wrote:

> Hi Scott,
>
> I have not received Ray's data yet. If I get these data I can add the
> data
> to the attached databasemaster.xls file. I sent you a message days
> before
> asking some questions below. In case you miss it I send the message to
> tou
> again.
>
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> In your lowpass.m, you have
> ipts=10;
> fn=frequency*2;
> [b,a]=butter(ipts,fn,'low');
>
> In your hybridstart2.m, you have
> cutoff=20; %years
> lowlim=1./(cutoff./2)
> [lowa,lowb]=butter(5,lowlim,'low');
>
> The difference between them is the order (5, 10). Does it make
> difference in
> the separated low/high-frequency series? Both fn and lowlim are 0.1 if
> we
> choose frequency =0.05 (cutoff=20). Does that means if we choose 20
> year
> period cutoff the parameter fn should be 0.1 instead of 0.05?
>
> The difference between lowpass.m and hybridstart2.m is that in
> hybridstart2.m you calculate weights for both low and high frequency
> series,
> which will be employed in running RegEM. Considering that in our future
> reconstruction, we will make use of 95% confidence level in selecting
> both
> low and high frequency proxies. Some low-frequency series may be
> selected
> while the corresponding high-frequency series may fail to get into the
> reconstruction data-matrix, then the consideration of variance
> contribution
> regarding low-frequency and high-frequency bands may not be so
> efficient.
> The more concern come to me is that, to take consideration of area
> weight
> regarding proxy density region, we employ leading PCs instead of actual
> numbers of proxy for reconstruction. In calculating PCs, we will
> normalize
> all selected (low-frequency or high-frequency) proxies, then variance
> weight
> associated with low/high-frequency series will disappear. How to deal
> with
> that issue?
>
> Any comments.
>
> Thanks
>
> -----Original Message-----
> From: Scott Rutherford [mailto:srutherford@rwu.edu]
> Sent: Tuesday, September 07, 2004 3:37 PM
> To: Zhihua Zhang
> Subject: data
>
>
> Zhang,
>
> I while back you were exchanging e-mails with Ray about ice cores and
> other data. Are you actively getting data? If so can you add the data
> to the attached databasemaster.xls file so we are not both doing the
> same thing.
>
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> Thanks,
>
> Scott
>
>
>
______________________________________________
Assistant Professor
Dept. of Natural Sciences
Roger Williams University
e-mail: srutherford@rwu.edu
http://fox.rwu.edu/~rutherfo
phone: 
snail mail:
One Ferry Road
Bristol, RI 02809
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From: Michael E. Mann
To: Malcolm Hughes
Subject: Re: proposal
Date: Saturday, September 04, 2004 9:06:48 AM

Hi Malcolm,

Thanks--will wait for comments from a few others (including Ray), and then prepare
a revised draft taking into account all the comments...

I think 50K would be ok. I"m submitting this as a 4 year proposal, but expecting we
might be asked to scale this back to 3...

Mike

At 09:19 PM 9/3/2004, Malcolm Hughes wrote:

Mike - please find attached a version of the proposal that I have edited. I
have 
addes a couple of sentences, roughtly where requested by you, and a
bunch of 
references, in a separate list at the end of the text. These are not yet
integrated 
with your bibliography.
Apart from as much as possible, how much less than $50k do you need
the co-
PI budgets to be? Am I right in thinking you are looking at 4 years? 
Have a great Labor Day weekend, cheers, Malcolm
.
.Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

The following section of this message contains a file attachment
prepared for transmission using the Internet MIME message format.
If you are using Pegasus Mail, or any other MIME-compliant system,
you should be able to save it or view it from within your mailer.
If you cannot, please ask your system administrator for assistance.

   ---- File information -----------
     File: nsf-esh04mkh.doc
     Date:  3 Sep 2004, 17:52
     Size:  2222080 bytes.
     Type:  Unknown

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
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                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes; Malcolm Hughes
Cc: Scott Rutherford; Zhang, Zhihua; fenbiao@ltrr.arizona.edu; mhughes@ltrr.arizona.edu;

rbradley@geo.umass.edu; mann@virginia.edu
Subject: Re: chronoloy file
Date: Friday, September 03, 2004 11:29:58 AM

Great. Thanks Malcolm,

There are some subtleties here I hadn't really thought of until Zhang raised them the
other day, but I think we're now back on course...

mike

At 02:43 PM 9/3/2004, Malcolm Hughes wrote:

Mike - clarified beautifully. Cheers, Malcolm

On 3 Sep 2004 at 13:39, Michael E. Mann wrote:

Malcolm,

I'm describing the procedure used by Cook et al in their PDSI
reconstructions 
and also Zhang et al (03):

Zhang, Z., Mann, M.E., Cook, E.R., Alternative methods of proxy-based 
climate field reconstruction: application to summer drought over the 
conterminous United States back to AD 1700 from tree-ring data, The 
Holocene, 14, 502-516, 2004. 

The principle here is that one trusts that the persistence in the predictand
data is 
entirely climatic persistence, but doesn't trust that the persistence in the 
predictor data is entirely climatic in nature. So one pre-whitens both,
calibrates 
the pre-whitened predictors against the pre-whitened predictand. This
gives a 
reconstruction of the "pre-whitened" component of the target
reconstruction. 
One then attempts to produce a total reconstruction of the target field by,
as 
Scott says, "post-coloring" inserting the original estimated climatic
persistence 
back in.

I have to say, it works darned well w/ the PDSI reconstructions. Zhang
and I 
investigated numerous approaches, and found that this approach (which
Ed 
uses) gave by far the best calibration and verification statistics.

The limitation here is that you've imposed the persistence structure of the
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calibration data on the entire reconstruction. This is reasonable if there is
no 
low-frequency variability (and the persistence simply describes the lag-one

markovian structure of the interannual variability), which is true for
example for 
the PDSI reconstructions. So I think this is ok for our high-frequency
band. 
However, this is inappropriate in reconstructing any low-frequency
variability, 
as it would essentially impose a red noise low-frequency continuum
(whereas 
we well know that the spectrum of our reconstructions has far more
century-
scale and secular variability than would be allowed by a simple red noise 
continuum). So this is why I believe we should not do any-prewhitening in
the 
low-frequency band. The non-climatic persistence should not be leaking
into the 
decadal and longer-term variability if my understanding is correct. 

One last reminder, Zhang should first do the analysis w/ no pre-whitening
at all 
for comparison w/ Scott's MXD summer temperature reconstruction
results...

I hope that further clarifies all of this.

thanks,

Mike

At 01:26 PM 9/3/2004, Malcolm Hughes wrote:
    Gents - we're close. Would you mind going over why we would do the 
    "re-coloring" step? Cheers, Malcolm
    Michael E. Mann wrote:

    Thanks Scott,
    
    Yep, that's how I think we should do it...
    
    Mike
    
    At 11:01 AM 9/3/2004, Scott Rutherford wrote:

    Dear all,
    
    Guess I misunderstood a bit. Filter first, then prewhiten the 
    high frequency. Do the reconstruction and post-color the high 
    frequency reconstruction then add the low and high 
    frequencies together.
    
    Since we don't want to prewhiten the low-f band, we should 
    remove it (filter) as the first step.
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    My two cents.
    
    Scott
    
    
    On Sep 3, 2004, at 10:45 AM, Michael E. Mann wrote:

    Thanks Scott,
    
    Yes, in any case, I think we're only talking about pre-
    whitening the high-frequency band. It doesn't make any 
    sense for the low-frequency band. in fact, I think it 
    would be problematic to apply this in the
    low-frequency band (we'd be prescribing the ow-
    frequency variability of our reconstruction as red 
    noise!!!).
    
    The subtlety, which I think Zhang is alluding to is this: 
    does one (a) high-pass and *then* do the pre-whitening 
    (on instrumental and proxies), calibrate, and then 
    restore the estimated persistence structure to the high-
    frequency reconstruction or (b) do the pre-whitening on 
    the unfiltered instrumental and proxy data first, for use 
    in the high-frequency band, and then restore the 
    estimated persistence structure to the high-frequency 
    reconstruction.
    
    There is a potentially important difference here. The 
    estimate of the lag-one persistence will be different in 
    two cases, and so the level of estimated "non-climatic" 
    persistence in the high-frequency reconstruction will be 
    different. The low-frequency reconstruction will 
    obviously be unaffected.
    
    Upon more reflection, I'm convinced that option "a" is 
    the correct one, though we could test out both 
    alternatives.
    
    Do Malcolm or Zhang have further comments on this?
    
    Mike
    At 10:32 AM 9/3/2004, Scott Rutherford wrote:
    
    Zhang,
    
    I agree, we should try pre-whitening the high frequency 
    band only.
    
    Scott
    
    On Sep 2, 2004, at 9:23 PM, Michael E. Mann wrote:
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    Thanks Zhang,
    
    Good point--more like option "1". For the high-
    frequency reconstruction, we would pre-whiten the raw 
    tree-ring and instrumental data first. Then do the 
    calibration and reconstruction for the high-frequency 
    band, and add the persistence back to the high-
    frequency reconstruciton.
    
    For the low-frequency reconstruction, we would do no 
    pre-whitening of either.
    
    The total reconstruction would be the sum of the two.
    
    Scott: does this make sense to you? Comments?
    
    Thanks,
    
    Mike
    
    At 09:05 PM 9/2/2004, Zhang, Zhihua wrote:
    
    Some technique question regarding prewhitening 
    process.
    
    With hybrid approach, we separate both instrumental 
    and proxy data into low-frequency and high-frequency 
    domain. We make use of low/high-frequency proxy 
    data to reconstruct low/high-frequency climate, and 
    add low-frequency and high-frequency climate 
    reconstruction together to obtain the final 
    reconstruction. Do we perform prewhitening process to 
    both proxy and instrumental series before separating 
    these data into low/high-frequency domain? or we do 
    prewhitening process to separated low/high-frequency 
    proxy/instrumental series? The later scheme would be 
    more complicated to perform.
    
    
    Thanks,
    
    Zhang
    
    -----Original Message-----
    
    From: Michael E. Mann [mailto:mann@virginia.edu]
    
    Sent: Thursday, September 02, 2004 7:37 PM
    
    To: Malcolm Hughes
    
    Cc: Zhang, Zhihua; fenbiao@ltrr.arizona.edu; Scott 
    Rutherford; rbradley@geo.umass.edu; 
    mhughes@ltrr.arizona.edu; mann@virginia.edu
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    Subject: Re: chronoloy file
    
    
    Hi Malcolm,
    
    
    OK, thanks for clarifying. Well, lets see how the 
    analyses that Zhang does pan out. The initial analyzes 
    using the MXD data should address some of these 
    questions. Clealry, we'll need to do some sensitivity 
    analyes along the same lines using the full database, 
    which includes variously processed tree-ring 
    chronologies, and see how it plays out.
    
    
    In any case, this is an important issue for us to be 
    keeping in mind as we proceed now. So thanks for the 
    heads up on this.
    
    
    I'm hoping Zhang and Scott may have some 
    comparisons for us to look at soon,
    
    
    Mike
    
    
    At 07:24 PM 9/2/2004, Malcolm Hughes wrote:
    
    Michael E. Mann wrote:
    
    
    Malcolm, I might be misunderstanding you.
    
    
    Many of these (e.g. MXD network) have been 
    processed already to remove these sorts of things, other 
    individuals (Jacoby etc.) don't do this, and I would be 
    extremely hesistant to pre-whiten their data, especially 
    for the low-frequency component.
    
    
    I'm not a big fan of pre-whitening without good reason, 
    i.e. potentially throwing out the baby w/ the bathwater. 
    Scott tried prewhitening the data in the J. Climate 
    paper, and found this degraded the quality of the 
    reconstructions. This is the nature of the point made in 
    the mail I sent the other day.
    
    
    i believe we should use the data as processed and 
    advocated by the original authors. Maybe I'm 
    misunderstanding you though?
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    mike
    
    
    At 03:06 PM 9/2/2004, Malcolm Hughes wrote:
    
    
    Gentlemen - another nasty thought (!) just crossed my 
    mind. Many of the tree-
    
    ring chronologies (including some of the density 
    series) will contain non-
    
    climatic persistence (Zhang's recent comment 
    reminded me of this). What do
    
    you want to do about it? Maybe whiten all of them? If 
    we ignore this we a) have
    
    fewer degrees of freedom than we appear to have, and 
    b) introduce phoney
    
    persistenceinto the reconstructions. THis could be 
    partucularly important on, for
    
    example, "ENSO" or volcano time scales. Sorry I didn't 
    raise this earlier in the
    
    discussion (I did raise it in 1997 (!*@)). Cheers, 
    Malcolm
    
    .
    
    .
    
    Malcolm Hughes
    
    Professor of Dendrochronology
    
    Laboratory of Tree-Ring Research
    
    University of Arizona
    
    Tucson, AZ 85721
    
    520-621-6470
    
    fax 520-621-8229
    
    
    ____________________________________________
    __________________
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    Professor Michael E. Mann
    
     Department of Environmental Sciences, Clark 
    Hall
    
    University of Virginia
    
    Charlottesville, VA 22903
    
    
    ____________________________________________
    ___________________________
    
    e-mail: mann@virginia.edu Phone: 
     
    
    http://www.evsc.virginia.edu/faculty/people/mann
    .shtml
    Mike - I had indeed not seen the message you sent 
    yesterday. My intent was to draw attention to the issue, 
    which you had in fact already done. I do have one 
    question, however. Are we sure that the 
    apparentlybetter skill you refer to is real, once one has 
    made the necessary adjustments arising from the non-
    independence of the yearly values?
    
    By the way, whilst most maximum latewood density 
    index series are whiter than most ring-width series, not 
    all are. It depends, inter alia, on species, so that true 
    firs, for example, have 1st-order serial correlation 
    coefficients similar to those of some ring-width series, 
    but larch do not. Many of the ITRDB ring-width series 
    have notbeen prewhitened, many have, and a 
    significant number have had the pooled persistence 
    structure reimposed, as Zhang described it. So we 
    have a really mixed bag.
    
    My concern is that you folks who know how to do this 
    stuff are aware of the actual data situation we have. 
    Cheers, Malcolm
    
    
    
    ____________________________________________
    __________________
    
    Professor Michael E. Mann
    
     Department of Environmental Sciences, Clark 
    Hall
    
    University of Virginia
    
    Charlottesville, VA 22903
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    ____________________________________________
    ___________________________
    
    e-mail: mann@virginia.edu Phone: 
     
    
    http://www.evsc.virginia.edu/faculty/people/mann
    .shtml
    
    
    ____________________________________________
    __________________
    Professor Michael E. Mann
     Department of Environmental Sciences, Clark 
    Hall
    University of Virginia
    Charlottesville, VA 22903
    
    
    ____________________________________________
    ___________________________
    e-mail: mann@virginia.edu Phone: 
     
    http://www.evsc.virginia.edu/faculty/people/mann
    .shtml
    
    ____________________________________________
    __
    Assistant Professor
    Dept. of Natural Sciences
    Roger Williams University
    e-mail: srutherford@rwu.edu
    
    http://fox.rwu.edu/~rutherfo 
    <http://fox.rwu.edu/%7Erutherfo>
    phone: 
    snail mail:
    One Ferry Road
    Bristol, RI 02809
    
    </blockquote></x-html>
    
    
    ____________________________________________
    __________________
     Professor Michael E. Mann
     Department of Environmental Sciences, Clark 
    Hall
     University of Virginia
     Charlottesville, VA 22903
    
    ____________________________________________
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    ___________________________
    e-mail: mann@virginia.edu Phone:  
    FAX: 
     
    http://www.evsc.virginia.edu/faculty/people/mann.sht
    ml
    
    ______________________________________________
    Assistant Professor
    Dept. of Natural Sciences
    Roger Williams University
    e-mail: srutherford@rwu.edu
    http://fox.rwu.edu/~rutherfo 
    <http://fox.rwu.edu/%7Erutherfo>
    phone: 
    snail mail:
    One Ferry Road
    Bristol, RI 02809
    
    </blockquote></x-html> 
    
    ______________________________________________________
    ________
     Professor Michael E. Mann
     Department of Environmental Sciences, Clark Hall
     University of Virginia
     Charlottesville, VA 22903
    ______________________________________________________
    _________________
    e-mail: mann@virginia.edu Phone:  FAX:  
    
     http://www.evsc.virginia.edu/faculty/people/mann.shtml

_____________________________________________________
_________
 Professor Michael E. Mann
 Department of Environmental Sciences, Clark Hall
 University of Virginia
 Charlottesville, VA 22903
________________________________________________________________

_______
e-mail: mann@virginia.edu Phone:  FAX: 
 http://www.evsc.virginia.edu/faculty/people/mann.shtmlMalcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
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                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes
Cc: Scott Rutherford; Zhang, Zhihua; fenbiao@ltrr.arizona.edu; mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; mann@virginia.edu
Subject: Re: chronoloy file
Date: Friday, September 03, 2004 10:40:12 AM

Malcolm,

I'm describing the procedure used by Cook et al in their PDSI reconstructions and also Zhang et al (03):

Zhang, Z., Mann, M.E., Cook, E.R., Alternative methods of proxy-based climate field reconstruction:
application to summer drought over the conterminous United States back to AD 1700 from tree-ring data,
The Holocene, 14, 502-516, 2004. 

The principle here is that one trusts that the persistence in the predictand data is entirely climatic
persistence, but doesn't trust that the persistence in the predictor data is entirely climatic in nature. So one
pre-whitens both, calibrates the pre-whitened predictors against the pre-whitened predictand. This gives a
reconstruction of the "pre-whitened" component of the target reconstruction. One then attempts to produce
a total reconstruction of the target field by, as Scott says, "post-coloring" inserting the original estimated
climatic persistence back in.

I have to say, it works darned well w/ the PDSI reconstructions. Zhang and I investigated numerous
approaches, and found that this approach (which Ed uses) gave by far the best calibration and verification
statistics.

The limitation here is that you've imposed the persistence structure of the calibration data on the entire
reconstruction. This is reasonable if there is no low-frequency variability (and the persistence simply
describes the lag-one markovian structure of the interannual variability), which is true for example for the
PDSI reconstructions. So I think this is ok for our high-frequency band.  However, this is inappropriate in
reconstructing any low-frequency variability, as it would essentially impose a red noise low-frequency
continuum (whereas we well know that the spectrum of our reconstructions has far more century-scale and
secular variability than would be allowed by a simple red noise continuum). So this is why I believe we
should not do any-prewhitening in the low-frequency band. The non-climatic persistence should not be
leaking into the decadal and longer-term variability if my understanding is correct. 

One last reminder, Zhang should first do the analysis w/ no pre-whitening at all for comparison w/ Scott's
MXD summer temperature reconstruction results...

I hope that further clarifies all of this.

thanks,

Mike

At 01:26 PM 9/3/2004, Malcolm Hughes wrote:

Gents - we're close. Would you mind going over why we would do the "re-coloring" step?
Cheers, Malcolm
Michael E. Mann wrote:

Thanks Scott,

Yep, that's how I think we should do it...

Mike

At 11:01 AM 9/3/2004, Scott Rutherford wrote:

Dear all,

Guess I misunderstood a bit. Filter first, then prewhiten the high
frequency. Do the reconstruction and post-color the high frequency
reconstruction then add the low and high frequencies together.

Since we don't want to prewhiten the low-f band, we should remove it
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(filter) as the first step.

My two cents.

Scott

On Sep 3, 2004, at 10:45 AM, Michael E. Mann wrote:

Thanks Scott,

Yes, in any case, I think we're only talking about pre-whitening
the high-frequency band. It doesn't make any sense for the
low-frequency band. in fact, I think it would be problematic to
apply this in the  
low-frequency band (we'd be prescribing the ow-frequency
variability of our reconstruction as red noise!!!).

The subtlety, which I think Zhang is alluding to is this: does
one (a) high-pass and *then* do the pre-whitening (on
instrumental and proxies), calibrate, and then restore the
estimated persistence structure to the high-frequency
reconstruction or (b) do the pre-whitening on the unfiltered
instrumental and proxy data first, for use in the high-frequency
band, and then restore the estimated persistence structure to
the high-frequency reconstruction.

There is a potentially important difference here. The estimate
of the lag-one persistence will be different in two cases, and so
the level of estimated "non-climatic" persistence in the high-
frequency reconstruction will be different.  The low-frequency
reconstruction will obviously be unaffected.

Upon more reflection, I'm convinced that option "a" is the
correct one, though we could test out both alternatives.

Do Malcolm or Zhang have further comments on this?

Mike
At 10:32 AM 9/3/2004, Scott Rutherford wrote:

Zhang,

I agree, we should try pre-whitening the high frequency band
only.

Scott

On Sep 2, 2004, at 9:23 PM, Michael E. Mann wrote:

Thanks Zhang,

Good point--more like option "1". For the high-frequency
reconstruction, we would pre-whiten the raw tree-ring and
instrumental data first. Then do the calibration and
reconstruction for the high-frequency band, and add the
persistence back to the high-frequency reconstruciton.

For the low-frequency reconstruction, we would do no pre-
whitening of either.

The total reconstruction would be the sum of the two.

Scott: does this make sense to you? Comments?
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Thanks,

Mike

At 09:05 PM 9/2/2004, Zhang, Zhihua wrote:

Some technique question regarding prewhitening process.
 
With hybrid approach, we separate both instrumental and
proxy data into low-frequency and high-frequency domain. We
make use of low/high-frequency proxy data to reconstruct
low/high-frequency climate, and add low-frequency and high-
frequency climate reconstruction together to obtain the final
reconstruction. Do we perform prewhitening process to both
proxy and instrumental series before separating these data into
low/high-frequency domain? or we do prewhitening process to
separated low/high-frequency proxy/instrumental series? The
later scheme would be more complicated to perform.
 

Thanks,
 
Zhang

-----Original Message-----

From: Michael E. Mann [mailto:mann@virginia.edu]

Sent: Thursday, September 02, 2004 7:37 PM

To: Malcolm Hughes

Cc: Zhang, Zhihua; fenbiao@ltrr.arizona.edu; Scott Rutherford;
rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu;
mann@virginia.edu

Subject: Re: chronoloy file

Hi Malcolm,

OK, thanks for clarifying. Well, lets see how the analyses that
Zhang does pan out. The initial analyzes using the MXD data
should address some of these questions. Clealry, we'll need to
do some sensitivity analyes along the same lines using the full
database, which includes variously processed tree-ring
chronologies, and see how it plays out.

In any case, this is an important issue for us to be keeping in
mind as we proceed now. So thanks for the heads up on this.

I'm hoping  Zhang and Scott may have some comparisons for
us to look at soon,

Mike

At 07:24 PM 9/2/2004, Malcolm Hughes wrote:

Michael E. Mann wrote:

Malcolm, I might be misunderstanding you.
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Many of these (e.g. MXD network) have been processed
already to remove these sorts of things, other individuals
(Jacoby etc.) don't do this, and I would be extremely hesistant
to pre-whiten their data, especially for the low-frequency
component.

I'm not a big fan of pre-whitening without good reason, i.e.
potentially throwing out the baby w/ the bathwater. Scott tried
prewhitening the data in the J. Climate paper, and found this
degraded the quality of the reconstructions. This is the nature
of the point made in the mail I sent the other day.

i believe we should use the data as processed and advocated
by the original authors. Maybe I'm misunderstanding you
though?

mike

At 03:06 PM 9/2/2004, Malcolm Hughes wrote:

Gentlemen - another nasty thought (!) just crossed my mind.
Many of the tree-

ring chronologies (including some of the density series) will
contain non-

climatic persistence (Zhang's recent comment reminded me of
this). What do

you want to do about it? Maybe whiten all of them? If we
ignore this we a) have

fewer degrees of freedom than we appear to have, and b)
introduce phoney

persistenceinto the reconstructions. THis could be partucularly
important on, for

example, "ENSO" or volcano time scales. Sorry I didn't raise
this earlier in the

discussion (I did raise it in 1997 (!*@)). Cheers, Malcolm

.

.

Malcolm Hughes

Professor of Dendrochronology

Laboratory of Tree-Ring Research

University of Arizona

Tucson, AZ 85721

520-621-6470

fax 520-621-8229
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______________________________________________________________

                    Professor Michael E. Mann

           Department of Environmental Sciences, Clark Hall

                      University of Virginia

                     Charlottesville, VA 22903

_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX:

         http://www.evsc.virginia.edu/faculty/people/mann.shtml
Mike - I had indeed not seen the message you sent yesterday.
My intent was to draw attention to the issue, which you had in
fact already done. I do have one question, however. Are we
sure that the apparently  better skill you refer to is real, once
one has made the necessary adjustments arising from the non-
independence of the yearly values?

By the way, whilst most maximum latewood density index
series are whiter than most ring-width series, not all are. It
depends, inter alia, on species, so that true firs, for example,
have 1st-order serial correlation coefficients similar to those of
some ring-width series, but larch do not. Many of the ITRDB
ring-width series  have not  been prewhitened, many have,
and a significant  number have had the pooled persistence
structure  reimposed, as Zhang described it. So we have a
really mixed bag.

My concern is that you folks who know how to do this stuff are
aware of the actual data situation we have. Cheers, Malcolm

______________________________________________________________

                    Professor Michael E. Mann

           Department of Environmental Sciences, Clark Hall

                      University of Virginia

                     Charlottesville, VA 22903

_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX:

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________

                    Professor Michael E. Mann
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           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903

_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX:

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________
Assistant Professor
Dept. of Natural Sciences
Roger Williams University
e-mail: srutherford@rwu.edu

http://fox.rwu.edu/~rutherfo
<http://fox.rwu.edu/%7Erutherfo>
phone: 
snail mail:
One Ferry Road
Bristol, RI 02809

</blockquote></x-html>

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903

_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX:

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________
Assistant Professor
Dept. of Natural Sciences
Roger Williams University
e-mail: srutherford@rwu.edu
http://fox.rwu.edu/~rutherfo <http://fox.rwu.edu/%7Erutherfo>
phone: 
snail mail:
One Ferry Road
Bristol, RI 02809

</blockquote></x-html>

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
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                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Zhang, Zhihua
To: Michael E. Mann; Scott Rutherford
Cc: Malcolm Hughes; fenbiao@ltrr.arizona.edu; rbradley@geo.umass.edu
Subject: RE: chronoloy file
Date: Friday, September 03, 2004 8:07:58 AM

Option "a" seems more reasonable.
 
Zhang

-----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu]
Sent: Friday, September 03, 2004 10:45 AM
To: Scott Rutherford
Cc: Zhang, Zhihua; Malcolm Hughes; fenbiao@ltrr.arizona.edu; rbradley@geo.umass.edu; mann@virginia.edu
Subject: Re: chronoloy file

Thanks Scott,

Yes, in any case, I think we're only talking about pre-whitening the high-frequency band. It
doesn't make any sense for the low-frequency band. in fact, I think it would be problematic to
apply this in the  low-frequency band (we'd be prescribing the ow-frequency variability of our
reconstruction as red noise!!!).

The subtlety, which I think Zhang is alluding to is this: does one (a) high-pass and *then* do
the pre-whitening (on instrumental and proxies), calibrate, and then restore the estimated
persistence structure to the high-frequency reconstruction or (b) do the pre-whitening on the
unfiltered instrumental and proxy data first, for use in the high-frequency band, and then restore
the estimated persistence structure to the high-frequency reconstruction.

There is a potentially important difference here. The estimate of the lag-one persistence will be
different in two cases, and so the level of estimated "non-climatic" persistence in the high-
frequency reconstruction will be different.  The low-frequency reconstruction will obviously be
unaffected.

Upon more reflection, I'm convinced that option "a" is the correct one, though we could test out
both alternatives.

Do Malcolm or Zhang have further comments on this?

Mike
At 10:32 AM 9/3/2004, Scott Rutherford wrote:

Zhang, 

I agree, we should try pre-whitening the high frequency band only. 

Scott 

On Sep 2, 2004, at 9:23 PM, Michael E. Mann wrote: 

Thanks Zhang, 

Good point--more like option "1". For the high-frequency reconstruction,
we would pre-whiten the raw tree-ring and instrumental data first. Then
do the calibration and reconstruction for the high-frequency band, and
add the persistence back to the high-frequency reconstruciton. 

For the low-frequency reconstruction, we would do no pre-whitening of
either. 

The total reconstruction would be the sum of the two. 

Scott: does this make sense to you? Comments? 
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Thanks, 

Mike 

At 09:05 PM 9/2/2004, Zhang, Zhihua wrote: 

Some technique question regarding prewhitening process. 
  
With hybrid approach, we separate both instrumental and proxy data into low-frequency
and high-frequency domain. We make use of low/high-frequency proxy data to reconstruct
low/high-frequency climate, and add low-frequency and high-frequency climate
reconstruction together to obtain the final reconstruction. Do we perform prewhitening
process to both proxy and instrumental series before separating these data into low/high-
frequency domain? or we do prewhitening process to separated low/high-frequency
proxy/instrumental series? The later scheme would be more complicated to perform. 
  
Thanks, 
  
Zhang 

-----Original Message----- 

From: Michael E. Mann [mailto:mann@virginia.edu] 

Sent: Thursday, September 02, 2004 7:37 PM 

To: Malcolm Hughes 

Cc: Zhang, Zhihua; fenbiao@ltrr.arizona.edu; Scott Rutherford; rbradley@geo.umass.edu;
mhughes@ltrr.arizona.edu; mann@virginia.edu 

Subject: Re: chronoloy file 

Hi Malcolm, 

OK, thanks for clarifying. Well, lets see how the analyses that Zhang does
pan out. The initial analyzes using the MXD data should address some of
these questions. Clealry, we'll need to do some sensitivity analyes along
the same lines using the full database, which includes variously processed
tree-ring chronologies, and see how it plays out. 

In any case, this is an important issue for us to be keeping in mind as we
proceed now. So thanks for the heads up on this. 

I'm hoping  Zhang and Scott may have some comparisons for us to look
at soon, 

Mike 

At 07:24 PM 9/2/2004, Malcolm Hughes wrote: 

Michael E. Mann wrote: 

Malcolm, I might be misunderstanding you. 

Many of these (e.g. MXD network) have been processed already to
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remove these sorts of things, other individuals (Jacoby etc.) don't do this,
and I would be extremely hesistant to pre-whiten their data, especially for
the low-frequency component. 

I'm not a big fan of pre-whitening without good reason, i.e. potentially
throwing out the baby w/ the bathwater. Scott tried prewhitening the data
in the J. Climate paper, and found this degraded the quality of the
reconstructions. This is the nature of the point made in the mail I sent the
other day. 

i believe we should use the data as processed and advocated by the
original authors. Maybe I'm misunderstanding you though? 

mike 

At 03:06 PM 9/2/2004, Malcolm Hughes wrote: 

Gentlemen - another nasty thought (!) just crossed my mind. Many of the
tree- 

ring chronologies (including some of the density series) will contain non- 

climatic persistence (Zhang's recent comment reminded me of this). What
do 

you want to do about it? Maybe whiten all of them? If we ignore this we
a) have 

fewer degrees of freedom than we appear to have, and b) introduce
phoney 

persistenceinto the reconstructions. THis could be partucularly important
on, for 

example, "ENSO" or volcano time scales. Sorry I didn't raise this earlier in
the 

discussion (I did raise it in 1997 (!*@)). Cheers, Malcolm 

. 

. 

Malcolm Hughes 

Professor of Dendrochronology 

Laboratory of Tree-Ring Research 

University of Arizona 

Tucson, AZ 85721 

520-621-6470 

fax 520-621-8229 

______________________________________________________________
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                    Professor Michael E. Mann 

           Department of Environmental Sciences, Clark Hall 

                      University of Virginia 

                     Charlottesville, VA 22903 

_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml 
Mike - I had indeed not seen the message you sent yesterday. My intent
was to draw attention to the issue, which you had in fact already done. I
do have one question, however. Are we sure that the apparently  better
skill you refer to is real, once one has made the necessary adjustments
arising from the non-independence of the yearly values? 

By the way, whilst most maximum latewood density index series are
whiter than most ring-width series, not all are. It depends, inter alia, on
species, so that true firs, for example, have 1st-order serial correlation
coefficients similar to those of some ring-width series, but larch do not.
Many of the ITRDB ring-width series  have not  been prewhitened, many
have, and a significant  number have had the pooled persistence
structure  reimposed, as Zhang described it. So we have a really mixed
bag. 

My concern is that you folks who know how to do this stuff are aware of
the actual data situation we have. Cheers, Malcolm 

______________________________________________________________ 

                    Professor Michael E. Mann 

           Department of Environmental Sciences, Clark Hall 

                      University of Virginia 

                     Charlottesville, VA 22903 

_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml 

______________________________________________________________ 
                    Professor Michael E. Mann 
           Department of Environmental Sciences, Clark Hall 
                      University of Virginia 
                     Charlottesville, VA 22903 

_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: (434) 982-
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2137 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml 

______________________________________________ 
Assistant Professor 
Dept. of Natural Sciences 
Roger Williams University 
e-mail: srutherford@rwu.edu 
http://fox.rwu.edu/~rutherfo 
phone:  
snail mail: 
One Ferry Road 
Bristol, RI 02809 

</blockquote></x-html>

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Scott Rutherford
Cc: Zhang, Zhihua; Malcolm Hughes; fenbiao@ltrr.arizona.edu; rbradley@geo.umass.edu; mann@virginia.edu
Subject: Re: chronoloy file
Date: Friday, September 03, 2004 8:07:10 AM

Thanks Scott,

Yep, that's how I think we should do it...

Mike

At 11:01 AM 9/3/2004, Scott Rutherford wrote:

Dear all, 

Guess I misunderstood a bit. Filter first, then prewhiten the high frequency. Do the
reconstruction and post-color the high frequency reconstruction then add the low
and high frequencies together. 

Since we don't want to prewhiten the low-f band, we should remove it (filter) as the
first step. 

My two cents. 

Scott 

On Sep 3, 2004, at 10:45 AM, Michael E. Mann wrote: 

Thanks Scott, 

Yes, in any case, I think we're only talking about pre-whitening the high-
frequency band. It doesn't make any sense for the low-frequency band. in
fact, I think it would be problematic to apply this in the  low-frequency
band (we'd be prescribing the ow-frequency variability of our
reconstruction as red noise!!!). 

The subtlety, which I think Zhang is alluding to is this: does one (a) high-
pass and *then* do the pre-whitening (on instrumental and proxies),
calibrate, and then restore the estimated persistence structure to the
high-frequency reconstruction or (b) do the pre-whitening on the
unfiltered instrumental and proxy data first, for use in the high-frequency
band, and then restore the estimated persistence structure to the high-
frequency reconstruction. 

There is a potentially important difference here. The estimate of the lag-
one persistence will be different in two cases, and so the level of
estimated "non-climatic" persistence in the high-frequency reconstruction
will be different.  The low-frequency reconstruction will obviously be
unaffected. 

Upon more reflection, I'm convinced that option "a" is the correct one,
though we could test out both alternatives. 

Do Malcolm or Zhang have further comments on this? 

Mike 
At 10:32 AM 9/3/2004, Scott Rutherford wrote: 
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Zhang, 

I agree, we should try pre-whitening the high frequency band only. 

Scott 

On Sep 2, 2004, at 9:23 PM, Michael E. Mann wrote: 

Thanks Zhang, 

Good point--more like option "1". For the high-frequency reconstruction,
we would pre-whiten the raw tree-ring and instrumental data first. Then
do the calibration and reconstruction for the high-frequency band, and
add the persistence back to the high-frequency reconstruciton. 

For the low-frequency reconstruction, we would do no pre-whitening of
either. 

The total reconstruction would be the sum of the two. 

Scott: does this make sense to you? Comments? 

Thanks, 

Mike 

At 09:05 PM 9/2/2004, Zhang, Zhihua wrote: 

Some technique question regarding prewhitening process. 
  
With hybrid approach, we separate both instrumental and proxy data into low-frequency
and high-frequency domain. We make use of low/high-frequency proxy data to reconstruct
low/high-frequency climate, and add low-frequency and high-frequency climate
reconstruction together to obtain the final reconstruction. Do we perform prewhitening
process to both proxy and instrumental series before separating these data into low/high-
frequency domain? or we do prewhitening process to separated low/high-frequency
proxy/instrumental series? The later scheme would be more complicated to perform. 
  

Thanks, 
  
Zhang 

-----Original Message----- 

From: Michael E. Mann [mailto:mann@virginia.edu] 

Sent: Thursday, September 02, 2004 7:37 PM 

To: Malcolm Hughes 

Cc: Zhang, Zhihua; fenbiao@ltrr.arizona.edu; Scott Rutherford; rbradley@geo.umass.edu;
mhughes@ltrr.arizona.edu; mann@virginia.edu 

Subject: Re: chronoloy file 

Hi Malcolm, 
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OK, thanks for clarifying. Well, lets see how the analyses that Zhang does
pan out. The initial analyzes using the MXD data should address some of
these questions. Clealry, we'll need to do some sensitivity analyes along
the same lines using the full database, which includes variously processed
tree-ring chronologies, and see how it plays out. 

In any case, this is an important issue for us to be keeping in mind as we
proceed now. So thanks for the heads up on this. 

I'm hoping  Zhang and Scott may have some comparisons for us to look
at soon, 

Mike 

At 07:24 PM 9/2/2004, Malcolm Hughes wrote: 

Michael E. Mann wrote: 

Malcolm, I might be misunderstanding you. 

Many of these (e.g. MXD network) have been processed already to
remove these sorts of things, other individuals (Jacoby etc.) don't do this,
and I would be extremely hesistant to pre-whiten their data, especially for
the low-frequency component. 

I'm not a big fan of pre-whitening without good reason, i.e. potentially
throwing out the baby w/ the bathwater. Scott tried prewhitening the data
in the J. Climate paper, and found this degraded the quality of the
reconstructions. This is the nature of the point made in the mail I sent the
other day. 

i believe we should use the data as processed and advocated by the
original authors. Maybe I'm misunderstanding you though? 

mike 

At 03:06 PM 9/2/2004, Malcolm Hughes wrote: 

Gentlemen - another nasty thought (!) just crossed my mind. Many of the
tree- 

ring chronologies (including some of the density series) will contain non- 

climatic persistence (Zhang's recent comment reminded me of this). What
do 

you want to do about it? Maybe whiten all of them? If we ignore this we
a) have 
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fewer degrees of freedom than we appear to have, and b) introduce
phoney 

persistenceinto the reconstructions. THis could be partucularly important
on, for 

example, "ENSO" or volcano time scales. Sorry I didn't raise this earlier in
the 

discussion (I did raise it in 1997 (!*@)). Cheers, Malcolm 

. 

. 

Malcolm Hughes 

Professor of Dendrochronology 

Laboratory of Tree-Ring Research 

University of Arizona 

Tucson, AZ 85721 

520-621-6470 

fax 520-621-8229 

______________________________________________________________

                    Professor Michael E. Mann 

           Department of Environmental Sciences, Clark Hall 

                      University of Virginia 

                     Charlottesville, VA 22903 

_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml 
Mike - I had indeed not seen the message you sent yesterday. My intent
was to draw attention to the issue, which you had in fact already done. I
do have one question, however. Are we sure that the apparently  better
skill you refer to is real, once one has made the necessary adjustments
arising from the non-independence of the yearly values? 

By the way, whilst most maximum latewood density index series are
whiter than most ring-width series, not all are. It depends, inter alia, on
species, so that true firs, for example, have 1st-order serial correlation
coefficients similar to those of some ring-width series, but larch do not.
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Many of the ITRDB ring-width series  have not  been prewhitened, many
have, and a significant  number have had the pooled persistence
structure  reimposed, as Zhang described it. So we have a really mixed
bag. 

My concern is that you folks who know how to do this stuff are aware of
the actual data situation we have. Cheers, Malcolm 

______________________________________________________________ 

                    Professor Michael E. Mann 

           Department of Environmental Sciences, Clark Hall 

                      University of Virginia 

                     Charlottesville, VA 22903 

_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml 

______________________________________________________________ 
                    Professor Michael E. Mann 
           Department of Environmental Sciences, Clark Hall 
                      University of Virginia 
                     Charlottesville, VA 22903 

_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml 

______________________________________________ 
Assistant Professor 
Dept. of Natural Sciences 
Roger Williams University 
e-mail: srutherford@rwu.edu 

http://fox.rwu.edu/~rutherfo 
phone:  
snail mail: 
One Ferry Road 
Bristol, RI 02809 

</blockquote></x-html> 

______________________________________________________________ 
                    Professor Michael E. Mann 
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           Department of Environmental Sciences, Clark Hall 
                      University of Virginia 
                     Charlottesville, VA 22903 

_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml 

______________________________________________ 
Assistant Professor 
Dept. of Natural Sciences 
Roger Williams University 
e-mail: srutherford@rwu.edu 
http://fox.rwu.edu/~rutherfo 
phone:  
snail mail: 
One Ferry Road 
Bristol, RI 02809 

</blockquote></x-html>

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Scott Rutherford
To: Michael E. Mann
Cc: Zhang, Zhihua; Malcolm Hughes; fenbiao@ltrr.arizona.edu; rbradley@geo.umass.edu
Subject: Re: chronoloy file
Date: Friday, September 03, 2004 8:02:08 AM

Dear all,

Guess I misunderstood a bit. Filter first, then prewhiten the high frequency. Do the
reconstruction and post-color the high frequency reconstruction then add the low and high
frequencies together.

Since we don't want to prewhiten the low-f band, we should remove it (filter) as the first
step.

My two cents.

Scott

On Sep 3, 2004, at 10:45 AM, Michael E. Mann wrote:

Thanks Scott,

Yes, in any case, I think we're only talking about pre-whitening the high-
frequency band. It doesn't make any sense for the low-frequency band. in fact,
I think it would be problematic to apply this in the  low-frequency band (we'd
be prescribing the ow-frequency variability of our reconstruction as red
noise!!!).

The subtlety, which I think Zhang is alluding to is this: does one (a) high-pass
and *then* do the pre-whitening (on instrumental and proxies), calibrate, and
then restore the estimated persistence structure to the high-frequency
reconstruction or (b) do the pre-whitening on the unfiltered instrumental and
proxy data first, for use in the high-frequency band, and then restore the
estimated persistence structure to the high-frequency reconstruction.

There is a potentially important difference here. The estimate of the lag-one
persistence will be different in two cases, and so the level of estimated "non-
climatic" persistence in the high-frequency reconstruction will be different.  The
low-frequency reconstruction will obviously be unaffected.

Upon more reflection, I'm convinced that option "a" is the correct one, though
we could test out both alternatives.

Do Malcolm or Zhang have further comments on this?

Mike
At 10:32 AM 9/3/2004, Scott Rutherford wrote:

Zhang,

I agree, we should try pre-whitening the high frequency band only.

Scott
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On Sep 2, 2004, at 9:23 PM, Michael E. Mann wrote:

Thanks Zhang,

Good point--more like option "1". For the high-frequency reconstruction, we
would pre-whiten the raw tree-ring and instrumental data first. Then do the
calibration and reconstruction for the high-frequency band, and add the
persistence back to the high-frequency reconstruciton.

For the low-frequency reconstruction, we would do no pre-whitening of either.

The total reconstruction would be the sum of the two.

Scott: does this make sense to you? Comments?

Thanks,

Mike

At 09:05 PM 9/2/2004, Zhang, Zhihua wrote:

Some technique question regarding prewhitening process. 
 
With hybrid approach, we separate both instrumental and proxy data into low-
frequency and high-frequency domain. We make use of low/high-frequency
proxy data to reconstruct low/high-frequency climate, and add low-frequency
and high-frequency climate reconstruction together to obtain the final
reconstruction. Do we perform prewhitening process to both proxy and
instrumental series before separating these data into low/high-frequency
domain? or we do prewhitening process to separated low/high-frequency
proxy/instrumental series? The later scheme would be more complicated to
perform. 
 

Thanks, 
 
Zhang 

-----Original Message----- 

From: Michael E. Mann [mailto:mann@virginia.edu] 

Sent: Thursday, September 02, 2004 7:37 PM 

To: Malcolm Hughes 

Cc: Zhang, Zhihua; fenbiao@ltrr.arizona.edu; Scott Rutherford;
rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; mann@virginia.edu 

Subject: Re: chronoloy file 

Hi Malcolm,

OK, thanks for clarifying. Well, lets see how the analyses that Zhang does pan
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out. The initial analyzes using the MXD data should address some of these
questions. Clealry, we'll need to do some sensitivity analyes along the same
lines using the full database, which includes variously processed tree-ring
chronologies, and see how it plays out.

In any case, this is an important issue for us to be keeping in mind as we
proceed now. So thanks for the heads up on this.

I'm hoping  Zhang and Scott may have some comparisons for us to look at
soon,

Mike

At 07:24 PM 9/2/2004, Malcolm Hughes wrote:

Michael E. Mann wrote:

Malcolm, I might be misunderstanding you.

Many of these (e.g. MXD network) have been processed already to remove
these sorts of things, other individuals (Jacoby etc.) don't do this, and I would
be extremely hesistant to pre-whiten their data, especially for the low-
frequency component.

I'm not a big fan of pre-whitening without good reason, i.e. potentially throwing
out the baby w/ the bathwater. Scott tried prewhitening the data in the J.
Climate paper, and found this degraded the quality of the reconstructions. This
is the nature of the point made in the mail I sent the other day.

i believe we should use the data as processed and advocated by the original
authors. Maybe I'm misunderstanding you though?

mike

At 03:06 PM 9/2/2004, Malcolm Hughes wrote:

Gentlemen - another nasty thought (!) just crossed my mind. Many of the tree-

ring chronologies (including some of the density series) will contain non-

climatic persistence (Zhang's recent comment reminded me of this). What do

you want to do about it? Maybe whiten all of them? If we ignore this we a)
have

fewer degrees of freedom than we appear to have, and b) introduce phoney
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persistenceinto the reconstructions. THis could be partucularly important on, for

example, "ENSO" or volcano time scales. Sorry I didn't raise this earlier in the

discussion (I did raise it in 1997 (!*@)). Cheers, Malcolm

.

.

Malcolm Hughes

Professor of Dendrochronology

Laboratory of Tree-Ring Research

University of Arizona

Tucson, AZ 85721

520-621-6470

fax 520-621-8229

______________________________________________________________

                    Professor Michael E. Mann

           Department of Environmental Sciences, Clark Hall

                      University of Virginia

                     Charlottesville, VA 22903

_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml 
Mike - I had indeed not seen the message you sent yesterday. My intent was to
draw attention to the issue, which you had in fact already done. I do have one
question, however. Are we sure that the apparently  better skill you refer to is
real, once one has made the necessary adjustments arising from the non-
independence of the yearly values?

By the way, whilst most maximum latewood density index series are whiter
than most ring-width series, not all are. It depends, inter alia, on species, so
that true firs, for example, have 1st-order serial correlation coefficients similar
to those of some ring-width series, but larch do not. Many of the ITRDB ring-
width series  have not  been prewhitened, many have, and a significant 
number have had the pooled persistence structure  reimposed, as Zhang
described it. So we have a really mixed bag.
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My concern is that you folks who know how to do this stuff are aware of the
actual data situation we have. Cheers, Malcolm

______________________________________________________________ 

                    Professor Michael E. Mann

           Department of Environmental Sciences, Clark Hall

                      University of Virginia

                     Charlottesville, VA 22903

_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml 

______________________________________________________________ 
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903

_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml 

______________________________________________
Assistant Professor
Dept. of Natural Sciences
Roger Williams University
e-mail: srutherford@rwu.edu

http://fox.rwu.edu/~rutherfo 
phone: 
snail mail:
One Ferry Road
Bristol, RI 02809

</blockquote></x-html>

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
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_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml 

______________________________________________
Assistant Professor
Dept. of Natural Sciences
Roger Williams University
e-mail: srutherford@rwu.edu
http://fox.rwu.edu/~rutherfo
phone: 
snail mail:
One Ferry Road
Bristol, RI 02809
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From: Michael E. Mann
To: Scott Rutherford
Cc: Zhang, Zhihua; Malcolm Hughes; fenbiao@ltrr.arizona.edu; rbradley@geo.umass.edu; mann@virginia.edu
Subject: Re: chronoloy file
Date: Friday, September 03, 2004 7:45:45 AM

Thanks Scott,

Yes, in any case, I think we're only talking about pre-whitening the high-frequency band. It
doesn't make any sense for the low-frequency band. in fact, I think it would be problematic to
apply this in the  low-frequency band (we'd be prescribing the ow-frequency variability of our
reconstruction as red noise!!!).

The subtlety, which I think Zhang is alluding to is this: does one (a) high-pass and *then* do
the pre-whitening (on instrumental and proxies), calibrate, and then restore the estimated
persistence structure to the high-frequency reconstruction or (b) do the pre-whitening on the
unfiltered instrumental and proxy data first, for use in the high-frequency band, and then restore
the estimated persistence structure to the high-frequency reconstruction.

There is a potentially important difference here. The estimate of the lag-one persistence will be
different in two cases, and so the level of estimated "non-climatic" persistence in the high-
frequency reconstruction will be different.  The low-frequency reconstruction will obviously be
unaffected.

Upon more reflection, I'm convinced that option "a" is the correct one, though we could test out
both alternatives.

Do Malcolm or Zhang have further comments on this?

Mike
At 10:32 AM 9/3/2004, Scott Rutherford wrote:

Zhang, 

I agree, we should try pre-whitening the high frequency band only. 

Scott 

On Sep 2, 2004, at 9:23 PM, Michael E. Mann wrote: 

Thanks Zhang, 

Good point--more like option "1". For the high-frequency reconstruction,
we would pre-whiten the raw tree-ring and instrumental data first. Then
do the calibration and reconstruction for the high-frequency band, and
add the persistence back to the high-frequency reconstruciton. 

For the low-frequency reconstruction, we would do no pre-whitening of
either. 

The total reconstruction would be the sum of the two. 

Scott: does this make sense to you? Comments? 

Thanks, 

Mike 

At 09:05 PM 9/2/2004, Zhang, Zhihua wrote: 
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Some technique question regarding prewhitening process. 
  
With hybrid approach, we separate both instrumental and proxy data into low-frequency
and high-frequency domain. We make use of low/high-frequency proxy data to reconstruct
low/high-frequency climate, and add low-frequency and high-frequency climate
reconstruction together to obtain the final reconstruction. Do we perform prewhitening
process to both proxy and instrumental series before separating these data into low/high-
frequency domain? or we do prewhitening process to separated low/high-frequency
proxy/instrumental series? The later scheme would be more complicated to perform. 
  
Thanks, 
  
Zhang 

-----Original Message----- 

From: Michael E. Mann [mailto:mann@virginia.edu] 

Sent: Thursday, September 02, 2004 7:37 PM 

To: Malcolm Hughes 

Cc: Zhang, Zhihua; fenbiao@ltrr.arizona.edu; Scott Rutherford; rbradley@geo.umass.edu;
mhughes@ltrr.arizona.edu; mann@virginia.edu 

Subject: Re: chronoloy file 

Hi Malcolm, 

OK, thanks for clarifying. Well, lets see how the analyses that Zhang does
pan out. The initial analyzes using the MXD data should address some of
these questions. Clealry, we'll need to do some sensitivity analyes along
the same lines using the full database, which includes variously processed
tree-ring chronologies, and see how it plays out. 

In any case, this is an important issue for us to be keeping in mind as we
proceed now. So thanks for the heads up on this. 

I'm hoping  Zhang and Scott may have some comparisons for us to look
at soon, 

Mike 

At 07:24 PM 9/2/2004, Malcolm Hughes wrote: 

Michael E. Mann wrote: 

Malcolm, I might be misunderstanding you. 

Many of these (e.g. MXD network) have been processed already to
remove these sorts of things, other individuals (Jacoby etc.) don't do this,
and I would be extremely hesistant to pre-whiten their data, especially for
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the low-frequency component. 

I'm not a big fan of pre-whitening without good reason, i.e. potentially
throwing out the baby w/ the bathwater. Scott tried prewhitening the data
in the J. Climate paper, and found this degraded the quality of the
reconstructions. This is the nature of the point made in the mail I sent the
other day. 

i believe we should use the data as processed and advocated by the
original authors. Maybe I'm misunderstanding you though? 

mike 

At 03:06 PM 9/2/2004, Malcolm Hughes wrote: 

Gentlemen - another nasty thought (!) just crossed my mind. Many of the
tree- 

ring chronologies (including some of the density series) will contain non- 

climatic persistence (Zhang's recent comment reminded me of this). What
do 

you want to do about it? Maybe whiten all of them? If we ignore this we
a) have 

fewer degrees of freedom than we appear to have, and b) introduce
phoney 

persistenceinto the reconstructions. THis could be partucularly important
on, for 

example, "ENSO" or volcano time scales. Sorry I didn't raise this earlier in
the 

discussion (I did raise it in 1997 (!*@)). Cheers, Malcolm 

. 

. 

Malcolm Hughes 

Professor of Dendrochronology 

Laboratory of Tree-Ring Research 

University of Arizona 

Tucson, AZ 85721 

520-621-6470 

fax 520-621-8229 
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______________________________________________________________

                    Professor Michael E. Mann 

           Department of Environmental Sciences, Clark Hall 

                      University of Virginia 

                     Charlottesville, VA 22903 

_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml 
Mike - I had indeed not seen the message you sent yesterday. My intent
was to draw attention to the issue, which you had in fact already done. I
do have one question, however. Are we sure that the apparently  better
skill you refer to is real, once one has made the necessary adjustments
arising from the non-independence of the yearly values? 

By the way, whilst most maximum latewood density index series are
whiter than most ring-width series, not all are. It depends, inter alia, on
species, so that true firs, for example, have 1st-order serial correlation
coefficients similar to those of some ring-width series, but larch do not.
Many of the ITRDB ring-width series  have not  been prewhitened, many
have, and a significant  number have had the pooled persistence
structure  reimposed, as Zhang described it. So we have a really mixed
bag. 

My concern is that you folks who know how to do this stuff are aware of
the actual data situation we have. Cheers, Malcolm 

______________________________________________________________ 

                    Professor Michael E. Mann 

           Department of Environmental Sciences, Clark Hall 

                      University of Virginia 

                     Charlottesville, VA 22903 

_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml 

______________________________________________________________ 
                    Professor Michael E. Mann 
           Department of Environmental Sciences, Clark Hall 
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                      University of Virginia 
                     Charlottesville, VA 22903 

_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml 

______________________________________________ 
Assistant Professor 
Dept. of Natural Sciences 
Roger Williams University 
e-mail: srutherford@rwu.edu 
http://fox.rwu.edu/~rutherfo 
phone:  
snail mail: 
One Ferry Road 
Bristol, RI 02809 

</blockquote></x-html>

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Scott Rutherford
To: Michael E. Mann
Cc: Zhang, Zhihua; Malcolm Hughes; fenbiao@ltrr.arizona.edu; rbradley@geo.umass.edu
Subject: Re: chronoloy file
Date: Friday, September 03, 2004 7:32:35 AM

Zhang,

I agree, we should try pre-whitening the high frequency band only.

Scott

On Sep 2, 2004, at 9:23 PM, Michael E. Mann wrote:

Thanks Zhang,

Good point--more like option "1". For the high-frequency reconstruction, we
would pre-whiten the raw tree-ring and instrumental data first. Then do the
calibration and reconstruction for the high-frequency band, and add the
persistence back to the high-frequency reconstruciton.

For the low-frequency reconstruction, we would do no pre-whitening of either.

The total reconstruction would be the sum of the two.

Scott: does this make sense to you? Comments?

Thanks,

Mike

At 09:05 PM 9/2/2004, Zhang, Zhihua wrote:

Some technique question regarding prewhitening process.
 
With hybrid approach, we separate both instrumental and proxy data into low-
frequency and high-frequency domain. We make use of low/high-frequency
proxy data to reconstruct low/high-frequency climate, and add low-frequency
and high-frequency climate reconstruction together to obtain the final
reconstruction. Do we perform prewhitening process to both proxy and
instrumental series before separating these data into low/high-frequency
domain? or we do prewhitening process to separated low/high-frequency
proxy/instrumental series? The later scheme would be more complicated to
perform.
 
Thanks,
 
Zhang

-----Original Message-----

From: Michael E. Mann [mailto:mann@virginia.edu]

Sent: Thursday, September 02, 2004 7:37 PM

To: Malcolm Hughes
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Cc: Zhang, Zhihua; fenbiao@ltrr.arizona.edu; Scott Rutherford;
rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; mann@virginia.edu

Subject: Re: chronoloy file

Hi Malcolm,

OK, thanks for clarifying. Well, lets see how the analyses that Zhang does pan
out. The initial analyzes using the MXD data should address some of these
questions. Clealry, we'll need to do some sensitivity analyes along the same
lines using the full database, which includes variously processed tree-ring
chronologies, and see how it plays out.

In any case, this is an important issue for us to be keeping in mind as we
proceed now. So thanks for the heads up on this.

I'm hoping  Zhang and Scott may have some comparisons for us to look at
soon,

Mike

At 07:24 PM 9/2/2004, Malcolm Hughes wrote:

Michael E. Mann wrote:

Malcolm, I might be misunderstanding you.

Many of these (e.g. MXD network) have been processed already to remove
these sorts of things, other individuals (Jacoby etc.) don't do this, and I would
be extremely hesistant to pre-whiten their data, especially for the low-
frequency component.

I'm not a big fan of pre-whitening without good reason, i.e. potentially throwing
out the baby w/ the bathwater. Scott tried prewhitening the data in the J.
Climate paper, and found this degraded the quality of the reconstructions. This
is the nature of the point made in the mail I sent the other day.

i believe we should use the data as processed and advocated by the original
authors. Maybe I'm misunderstanding you though?

mike

At 03:06 PM 9/2/2004, Malcolm Hughes wrote:
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Gentlemen - another nasty thought (!) just crossed my mind. Many of the tree-

ring chronologies (including some of the density series) will contain non-

climatic persistence (Zhang's recent comment reminded me of this). What do

you want to do about it? Maybe whiten all of them? If we ignore this we a)
have

fewer degrees of freedom than we appear to have, and b) introduce phoney

persistenceinto the reconstructions. THis could be partucularly important on, for

example, "ENSO" or volcano time scales. Sorry I didn't raise this earlier in the

discussion (I did raise it in 1997 (!*@)). Cheers, Malcolm

.

.

Malcolm Hughes

Professor of Dendrochronology

Laboratory of Tree-Ring Research

University of Arizona

Tucson, AZ 85721

520-621-6470

fax 520-621-8229

______________________________________________________________

                    Professor Michael E. Mann

           Department of Environmental Sciences, Clark Hall

                      University of Virginia

                     Charlottesville, VA 22903

_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml
Mike - I had indeed not seen the message you sent yesterday. My intent was to
draw attention to the issue, which you had in fact already done. I do have one
question, however. Are we sure that the apparently  better skill you refer to is
real, once one has made the necessary adjustments arising from the non-
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independence of the yearly values?

By the way, whilst most maximum latewood density index series are whiter
than most ring-width series, not all are. It depends, inter alia, on species, so
that true firs, for example, have 1st-order serial correlation coefficients similar
to those of some ring-width series, but larch do not. Many of the ITRDB ring-
width series  have not  been prewhitened, many have, and a significant 
number have had the pooled persistence structure  reimposed, as Zhang
described it. So we have a really mixed bag.

My concern is that you folks who know how to do this stuff are aware of the
actual data situation we have. Cheers, Malcolm

______________________________________________________________

                    Professor Michael E. Mann

           Department of Environmental Sciences, Clark Hall

                      University of Virginia

                     Charlottesville, VA 22903

_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml 

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903

_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml 

______________________________________________
Assistant Professor
Dept. of Natural Sciences
Roger Williams University
e-mail: srutherford@rwu.edu
http://fox.rwu.edu/~rutherfo
phone: 
snail mail:
One Ferry Road
Bristol, RI 02809
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From: Michael E. Mann
To: Zhang, Zhihua; Malcolm Hughes
Cc: fenbiao@ltrr.arizona.edu; Scott Rutherford; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; mann@virginia.edu
Subject: RE: chronoloy file
Date: Thursday, September 02, 2004 6:24:24 PM

Thanks Zhang,

Good point--more like option "1". For the high-frequency reconstruction, we would pre-whiten the raw tree-ring and
instrumental data first. Then do the calibration and reconstruction for the high-frequency band, and add the
persistence back to the high-frequency reconstruciton.

For the low-frequency reconstruction, we would do no pre-whitening of either.

The total reconstruction would be the sum of the two.

Scott: does this make sense to you? Comments?

Thanks,

Mike

At 09:05 PM 9/2/2004, Zhang, Zhihua wrote:

Some technique question regarding prewhitening process.
 
With hybrid approach, we separate both instrumental and proxy data into low-frequency and high-frequency domain. We make use
of low/high-frequency proxy data to reconstruct low/high-frequency climate, and add low-frequency and high-frequency climate
reconstruction together to obtain the final reconstruction. Do we perform prewhitening process to both proxy and instrumental series
before separating these data into low/high-frequency domain? or we do prewhitening process to separated low/high-frequency
proxy/instrumental series? The later scheme would be more complicated to perform.
 
Thanks,
 
Zhang

-----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu]
Sent: Thursday, September 02, 2004 7:37 PM
To: Malcolm Hughes
Cc: Zhang, Zhihua; fenbiao@ltrr.arizona.edu; Scott Rutherford; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu;
mann@virginia.edu
Subject: Re: chronoloy file

Hi Malcolm,

OK, thanks for clarifying. Well, lets see how the analyses that Zhang does pan out. The initial
analyzes using the MXD data should address some of these questions. Clealry, we'll need to do some
sensitivity analyes along the same lines using the full database, which includes variously processed
tree-ring chronologies, and see how it plays out.

In any case, this is an important issue for us to be keeping in mind as we proceed now. So thanks for
the heads up on this.

I'm hoping  Zhang and Scott may have some comparisons for us to look at soon,

Mike

At 07:24 PM 9/2/2004, Malcolm Hughes wrote:

Michael E. Mann wrote:

Malcolm, I might be misunderstanding you.

Many of these (e.g. MXD network) have been processed already to
remove these sorts of things, other individuals (Jacoby etc.) don't do
this, and I would be extremely hesistant to pre-whiten their data,
especially for the low-frequency component.

I'm not a big fan of pre-whitening without good reason, i.e.
potentially throwing out the baby w/ the bathwater. Scott tried
prewhitening the data in the J. Climate paper, and found this
degraded the quality of the reconstructions. This is the nature of the
point made in the mail I sent the other day.
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i believe we should use the data as processed and advocated by the
original authors. Maybe I'm misunderstanding you though?

mike

At 03:06 PM 9/2/2004, Malcolm Hughes wrote:

Gentlemen - another nasty thought (!) just crossed
my mind. Many of the tree-
ring chronologies (including some of the density
series) will contain non-
climatic persistence (Zhang's recent comment
reminded me of this). What do
you want to do about it? Maybe whiten all of them?
If we ignore this we a) have
fewer degrees of freedom than we appear to have,
and b) introduce phoney
persistenceinto the reconstructions. THis could be
partucularly important on, for
example, "ENSO" or volcano time scales. Sorry I
didn't raise this earlier in the
discussion (I did raise it in 1997 (!*@)). Cheers,
Malcolm
.
.
Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

Mike - I had indeed not seen the message you sent yesterday. My intent was to draw
attention to the issue, which you had in fact already done. I do have one question,
however. Are we sure that the apparently  better skill you refer to is real, once one
has made the necessary adjustments arising from the non-independence of the
yearly values?
By the way, whilst most maximum latewood density index series are whiter than
most ring-width series, not all are. It depends, inter alia, on species, so that true firs,
for example, have 1st-order serial correlation coefficients similar to those of some
ring-width series, but larch do not. Many of the ITRDB ring-width series  have not 
been prewhitened, many have, and a significant  number have had the pooled
persistence structure  reimposed, as Zhang described it. So we have a really mixed
bag.
My concern is that you folks who know how to do this stuff are aware of the actual
data situation we have. Cheers, Malcolm

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml 

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall

ABOR/MH/Priv-003590



                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Zhang, Zhihua
To: Michael E. Mann; Malcolm Hughes
Cc: fenbiao@ltrr.arizona.edu; Scott Rutherford; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Subject: RE: chronoloy file
Date: Thursday, September 02, 2004 6:06:01 PM

Some technique question regarding prewhitening process.
 
With hybrid approach, we separate both instrumental and proxy data into low-frequency and high-frequency domain. We
make use of low/high-frequency proxy data to reconstruct low/high-frequency climate, and add low-frequency and high-
frequency climate reconstruction together to obtain the final reconstruction. Do we perform prewhitening process to both
proxy and instrumental series before separating these data into low/high-frequency domain? or we do prewhitening process
to separated low/high-frequency proxy/instrumental series? The later scheme would be more complicated to perform.
 
Thanks,
 
Zhang

-----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu]
Sent: Thursday, September 02, 2004 7:37 PM
To: Malcolm Hughes
Cc: Zhang, Zhihua; fenbiao@ltrr.arizona.edu; Scott Rutherford; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu;
mann@virginia.edu
Subject: Re: chronoloy file

Hi Malcolm,

OK, thanks for clarifying. Well, lets see how the analyses that Zhang does pan out. The initial
analyzes using the MXD data should address some of these questions. Clealry, we'll need to do
some sensitivity analyes along the same lines using the full database, which includes variously
processed tree-ring chronologies, and see how it plays out.

In any case, this is an important issue for us to be keeping in mind as we proceed now. So
thanks for the heads up on this.

I'm hoping  Zhang and Scott may have some comparisons for us to look at soon,

Mike

At 07:24 PM 9/2/2004, Malcolm Hughes wrote:

Michael E. Mann wrote:

Malcolm, I might be misunderstanding you.

Many of these (e.g. MXD network) have been processed already to
remove these sorts of things, other individuals (Jacoby etc.) don't do this,
and I would be extremely hesistant to pre-whiten their data, especially for
the low-frequency component.

I'm not a big fan of pre-whitening without good reason, i.e. potentially
throwing out the baby w/ the bathwater. Scott tried prewhitening the data
in the J. Climate paper, and found this degraded the quality of the
reconstructions. This is the nature of the point made in the mail I sent the
other day.

i believe we should use the data as processed and advocated by the
original authors. Maybe I'm misunderstanding you though?

mike

At 03:06 PM 9/2/2004, Malcolm Hughes wrote:
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Gentlemen - another nasty thought (!) just crossed my mind.
Many of the tree-
ring chronologies (including some of the density series) will
contain non-
climatic persistence (Zhang's recent comment reminded me of
this). What do
you want to do about it? Maybe whiten all of them? If we
ignore this we a) have
fewer degrees of freedom than we appear to have, and b)
introduce phoney
persistenceinto the reconstructions. THis could be partucularly
important on, for
example, "ENSO" or volcano time scales. Sorry I didn't raise
this earlier in the
discussion (I did raise it in 1997 (!*@)). Cheers, Malcolm
.
.
Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

Mike - I had indeed not seen the message you sent yesterday. My intent was to draw
attention to the issue, which you had in fact already done. I do have one question,
however. Are we sure that the apparently  better skill you refer to is real, once one
has made the necessary adjustments arising from the non-independence of the
yearly values?
By the way, whilst most maximum latewood density index series are whiter than
most ring-width series, not all are. It depends, inter alia, on species, so that true firs,
for example, have 1st-order serial correlation coefficients similar to those of some
ring-width series, but larch do not. Many of the ITRDB ring-width series  have not 
been prewhitened, many have, and a significant  number have had the pooled
persistence structure  reimposed, as Zhang described it. So we have a really mixed
bag.
My concern is that you folks who know how to do this stuff are aware of the actual
data situation we have. Cheers, Malcolm

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes
Cc: Zhang, Zhihua; fenbiao@ltrr.arizona.edu; Scott Rutherford; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu;

mann@virginia.edu
Subject: Re: chronoloy file
Date: Thursday, September 02, 2004 4:39:01 PM

Hi Malcolm,

OK, thanks for clarifying. Well, lets see how the analyses that Zhang does pan out. The initial
analyzes using the MXD data should address some of these questions. Clealry, we'll need to do
some sensitivity analyes along the same lines using the full database, which includes variously
processed tree-ring chronologies, and see how it plays out.

In any case, this is an important issue for us to be keeping in mind as we proceed now. So
thanks for the heads up on this.

I'm hoping  Zhang and Scott may have some comparisons for us to look at soon,

Mike

At 07:24 PM 9/2/2004, Malcolm Hughes wrote:

Michael E. Mann wrote:

Malcolm, I might be misunderstanding you.

Many of these (e.g. MXD network) have been processed already to
remove these sorts of things, other individuals (Jacoby etc.) don't do this,
and I would be extremely hesistant to pre-whiten their data, especially for
the low-frequency component.

I'm not a big fan of pre-whitening without good reason, i.e. potentially
throwing out the baby w/ the bathwater. Scott tried prewhitening the data
in the J. Climate paper, and found this degraded the quality of the
reconstructions. This is the nature of the point made in the mail I sent the
other day.

i believe we should use the data as processed and advocated by the
original authors. Maybe I'm misunderstanding you though?

mike

At 03:06 PM 9/2/2004, Malcolm Hughes wrote:

Gentlemen - another nasty thought (!) just crossed my mind.
Many of the tree-
ring chronologies (including some of the density series) will
contain non-
climatic persistence (Zhang's recent comment reminded me of
this). What do
you want to do about it? Maybe whiten all of them? If we
ignore this we a) have
fewer degrees of freedom than we appear to have, and b)
introduce phoney
persistenceinto the reconstructions. THis could be partucularly
important on, for
example, "ENSO" or volcano time scales. Sorry I didn't raise
this earlier in the
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discussion (I did raise it in 1997 (!*@)). Cheers, Malcolm
.
.
Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

Mike - I had indeed not seen the message you sent yesterday. My intent was to draw
attention to the issue, which you had in fact already done. I do have one question,
however. Are we sure that the apparently  better skill you refer to is real, once one
has made the necessary adjustments arising from the non-independence of the
yearly values?
By the way, whilst most maximum latewood density index series are whiter than
most ring-width series, not all are. It depends, inter alia, on species, so that true firs,
for example, have 1st-order serial correlation coefficients similar to those of some
ring-width series, but larch do not. Many of the ITRDB ring-width series  have not 
been prewhitened, many have, and a significant  number have had the pooled
persistence structure  reimposed, as Zhang described it. So we have a really mixed
bag.
My concern is that you folks who know how to do this stuff are aware of the actual
data situation we have. Cheers, Malcolm

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes
Subject: Fwd: RE: mxd network reconstruction
Date: Thursday, September 02, 2004 2:25:27 PM

Malcolm,

Doesn't my message to the group from yesterday (below) address the issue you raised in your previous
email?

Just want to make sure I'm understanding your comment.

Thanks,

mike

Date: Wed, 01 Sep 2004 08:07:59 -0400
To: "Zhang, Zhihua" <zz9t@virginia.edu>, "Malcolm Hughes" <mhughes@ltrr.arizona.edu>
From: "Michael E. Mann" <mann@virginia.edu>
Subject: RE: mxd network reconstruction
Cc: <fenbiao@ltrr.arizona.edu>, "Scott Rutherford" <srutherford@rwu.edu>,
<rbradley@geo.umass.edu>, <zz9t@virginia.edu>, mann@virginia.edu

HI ZHang,

Thanks for your comments.

I agree that the issue of climate persistence means that there is a statistically valid reason to
potentially use tree-ring growth even when it preceeds the targeted climate. This point was
addressed in the Rutherford et al "Journal of Climate" paper. The screening procedure will
allow for a much more flexible and rigorous test than was used in Rutherford et al for the
lag/lead relationship, and should tend to eliminate false positives. Malcolm, Scott, and I
discussed this previously. If a few spurious false positives make it through the screening
process (which is inevitable!), it is unlikely to have much impact on the reconstruction.

We will of course test this by using different screening thresholds and using no screening
threshold at al, and comparing the verification scores. The verification tests are our only
objective measure for which appears to work best. I suspect these results will be consistent
with our expectations based on the physical/biological responses of the predictors.

With regard to the issue of pre-whitening, Scott found (again see J. Climate paper) that this
does not improve the temperature reconstructions. However, Zhang did fine that this
improves PDSI reconstructions. The main difference, I believe, is in the frequency-domain
attributes of the variables. The PDSI reconstructions are dominated by high-frequency
variability, and the persistence structure is well approximated by a first order AR(1)
dependence. So the procedure used by Cook et al (and by Zhang et al '03) works well here,
and more effectively isolates the true climate signal (which is dominated by a high-frequency
signal which is potentially obscured by first-order non-climatic persistence). On the other
hand,  temperature reconstructions appear to be dominated more by low-frequency
variability, and removing first order  persistence prior to calibration and restoring after
calibration as simple AR(1) term does not appropriately capture the low-frequency variability.

So let me suggest to Zhang that we introduce one additional "variable" to the algorithm. We
should compare reconstructions in which the Cook pre-whitening procedure is used in (i) both
frequency bands, (i) only in the high-frequency band (where I believe it is more appropriate--
my preconception is that this is the preferred appraoch), and (iii) in neither frequency band,
and compare verification scores to decide which appears to be most effective.

Again, it would be very useful to make these comparisons on the MXD warm-season
temperature reconstructions for the time being, since we already have a baseline for
comparison of results, verification statistics, etc. from the latest J. Climate paper.

Lets proceed along these lines. After Scott and Zhang discuss (this afternoon), we should
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proceed methodically with these comparisons. Ideally, Scott and Zhang can provide a weekly
update of progress on these comparisons over the next few weeks and any members of the
group can make comments as we try to make progress.

Thanks all,

Mike

At 11:47 PM 8/31/2004, Zhang, Zhihua wrote:

Dear all,
 
Malcolm provided a critical issue regarding the climate reconstruction. The screening process we
used to select proxies will apply to three proxy dataset +1, 0, -1, and the selected series must pass
95% confidence level. With this sreening process we can make sure that no climate-sensitive proxy
in both Northern and Southern hemisphere will miss. However, as Malcolm mentioned it may cause
trees predict climate.
 
Cauld we explain this issue as that: A) fewer tree series that cause trees preedict climate will pass
the 95% confidence level. B) if some tree series do pass the 95% (especially for low frequency
domain) and cause tree predict climate that may indicate the influence of climate persistence, say,
this year's climate will give some fingerprint for the next year's climate, that make this year's tree
growth be somewhat relevant to next years' climate.
 
Previous works done by Cook and Stahle with prewhitening process before doing reconstruction and
puting back the persistence to the reconstructed climate may consider somewhat the same issue.
The climate persistence really significant in the low frequency domain, which will be part of our
reconstruction (we put together the low frequency reconstruction and high frequency reconstruction
to form the final reconstruction).
 
I have some results from experimental reconstruction of SLP that may provide some points. Without
using hybrid approach, using zero lagging tree dataset give rise somewhat better verification score
than using lagging + zero + leading tree dataset in reconstruction, while using hybrid approach, the
lagging + zero + leading scheme provide a relatively better verification score than zero lagging
scheme (Note: A, we got more low frequency proxy series in reconstructing low frequency climate
than high frequency proxy series in reconstructing high frequency climate. B, generally, hybrid
frequency approach provide better reconstruction than traditional approach).
 
These are some of my thoughts, may be wrong, need more comments.
 
Thanks,
 
Zhang

-----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu]
Sent: Tuesday, August 31, 2004 9:00 PM
To: Malcolm Hughes
Cc: zhang, Zhihua; fenbiao@ltrr.arizona.edu; Scott Rutherford; rbradley@geo.umass.edu
Subject: RE: mxd network reconstruction

Thanks Malcolm,
I agree--we need to very careful about the seasonality assumed in the
screening process.
This is something Scott and Zhang should discuss before proceeding w/ the
implementation of the screening procedure,
Mike
At 09:11 PM 8/31/2004, Malcolm Hughes wrote:

Gentlemen - there are a couple of issues that Fenbiao have
come up against in
screening data for the MTMSVD project that have some
relevance to the
reconstruction procedures. They become important if we
are screening locally
for a relationship to the same variable as we are
reconstrucing on the larger
field. If a linear relationship with some local climate
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parameter (not necessarily
that to be reconstructed) is the standard, then this is less of
an issue. First, when
reconstructing summer half-year variables, surely we need
to use, for example,
series correlated with AMJJAS in the N. Hemisphere, but
ONDJFM in the
southern hemisphere. In each case we need to be aware of
what convention was
used in the southern hemisphere data to designate the year
- for tree rings I think
it's the year in which growth is completed  (i.e. the year of
the JFM).
Similarly, for winter half-year variables, at least in the case
of tree rings, it must
be the winter half-year BEFORE the growth season in that
hemisphere, not
after. Failure to do this will have the trees predicting
climate.
Cheers, Malcolm
On 31 Aug 2004 at 19:49, Michael E. Mann wrote:
Thanks Zhang,
I think this check will be helpful. It the two agree, we're in
good shape to
proceed w/ the reconstructions (still a bit of work left to be
done to finalize the
networks),
mike
At 07:37 PM 8/31/2004, Zhang, Zhihua wrote:
    Thanks Mike,
   
    Sorry for misunderstanding. I will call Scott tomorrow at
11am.
   
    Zhang
    -----Original Message-----
    From: Michael E. Mann [mailto:mann@virginia.edu]
    Sent: Tuesday, August 31, 2004 7:13 PM
    To: Zhang, Zhihua; Scott Rutherford; Bradley Raymond;
Hughes Malcolm;
    fenbiao@ltrr.arizona.edu; zz9t@virginia.edu
    Cc: mann@virginia.edu
    Subject: RE: mxd network reconstruction
    p.s. Zhang, we're not talking about SLP reconstructions
yet.Just
    temperature reconstructions for the time being, so that
we can confirm
    that you and Scott get the same results using the
algorithm applied to
    the same dataset. We need to confirm this before going
on,
    Mike
    At 06:57 PM 8/31/2004, Zhang, Zhihua wrote:
    Thanks Mike and Scott,
   
    This is a good plan of comparing the reconstruction
results. The
    problem we may face is compute time. I have applied a
double space
    in the ITC at UVa, but I still can only run one case of
RegEM at one
    time ( I have tried submitting two runs in ITC and
failed).
   
    Scott, when you finish reconstruction of temperature,
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please send me
    the results and your detailed settings [ e.g. scheme of
choosing
    climate sensitive chronologies (95% significant)? at least
one pass the
    criterion out of 2 (or 4) nearby climate gridpoints? using
raw
    chronologies (or PCs)? I suggest use regional PCs
because it save
    time to run RegEM.....] I also suggest stanardize the
infilled
    temperature from 1856 to 1960 because when we do
final
    reconstruction we will use this kind of standardization.
   
    In previous experimental works I have done for SLP
reconstruction, I
    did not use separated ring-width and density
chronologies when doing
    regional PCs as Mike suggested yesterday ( I will redo
some
    experimental reconstruction of SLP considering both ring-
width and
    density regional PCs). Tomorrow or later, I will send you
all the
    filenames for both ring-width and density chronologies,
so you can run
    itrdbmatrix_1.m to obtain ring-width/density data matrix
to perform
    reconstruction.
   
    I will arrange and send you some of my previous
experimental
    reconstruction of SLP within a few days.
   
    Thanks,
   
    Zhang
    -----Original Message-----
    From: Michael E. Mann [mailto:mann@virginia.edu]
    Sent: Tuesday, August 31, 2004 3:50 PM
    To: Scott Rutherford; Zhihua Zhang; Bradley Raymond;
Hughes Malcolm;
    fenbiao@ltrr.arizona.edu; mann@virginia.edu
    Subject: Re: mxd network reconstruction
    Thanks Scott,
    Can you confirm what the "standardization"entails. Also,
by warm-
    season, you mean AMJJAS, right? Just want to make
sure that
    Zhang has all of the details to reproduce your result.
That is "step
    1".
    Zhang should also estimate the uncertainties, and
compute
    verification statistics, so we can compare w/ your
estimates of
    those.
    Once Zhang can reproduce your result (and uncertainties
and
    verification results), we should then test (step 2) the
application of
    the screening procedure to the MXD data, and compare
the
    resulting reconstruction both with, and w/out the
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screening
    procedure.
    Finally, we should test the use of PCs to replace certain
sub-regions
    of the MXD network as a test of the impact of using PCs
vs. the
    raw indicators. 
    We can use verification statistics to establish which
alternative
    procedure appears to work best.
    Then, we may be ready to start moving forward w/ new
    reconstructions (SLP and temperature) using the
expanded
    multiproxy network. But first, we should establish that
we can
    reproduce your previous results w/ common data and
same
    algorithm, and test some of the procedures we're talking
about
    using.
    Comments are welcome. Thanks,
    Mike
    know we're situated to move forward with the new
temperature
    andAt 03:22 PM 8/31/2004, Scott Rutherford wrote:
    Zhang,
    Mike suggested, and I agree, that we should check a
    reconstruction that I have done with one that you have
done
    just to be sure we are doing everything the same way.
So,
    since you have the MXD network and the infilled
    temperature data, how about running a reconstruction of
    warm-season northern hemisphere temperature? The
    calibration data set is the infilled temperature data from
1856
    to 1960 with the period of standardization 1900-1960.
This
    should be a hybrid with the frequency cut off at 20
years. If
    you can do that and send me the NH mean
reconstruction that
    would be great.
    Scott
    ______________________________________________
    Assistant Professor
    Dept. of Natural Sciences
    Roger Williams University
    e-mail: srutherford@rwu.edu
    http://fox.rwu.edu/~rutherfo
    phone: 
    snail mail:
    One Ferry Road
    Bristol, RI 02809
    _____________________________________________
    _________________
    Professor Michael E. Mann
    Department of Environmental Sciences, Clark Hall
    University of Virginia
    Charlottesville, VA 22903
   
______________________________________________________
    _________________
    e-mail: mann@virginia.edu Phone:  FAX:
(434)
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    982-2137
    http://www.evsc.virginia.edu/faculty/people/mann.shtml 
    _______________________________________________
    _______________
     Professor Michael E. Mann
     Department of Environmental Sciences, Clark Hall
     University of Virginia
     Charlottesville, VA 22903
   
________________________________________________________
    _______________
    e-mail: mann@virginia.edu Phone:  FAX:

    
     http://www.evsc.virginia.edu/faculty/people/mann.shtml
_____________________________________________________
_________
 Professor Michael E. Mann
 Department of Environmental Sciences, Clark Hall
 University of Virginia
 Charlottesville, VA 22903
________________________________________________________________
_______
e-mail: mann@virginia.edu Phone:  FAX:

 
http://www.evsc.virginia.edu/faculty/people/mann.shtmlMalcolm
Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes; Malcolm Hughes; Zhang, Zhihua
Cc: fenbiao@ltrr.arizona.edu; Scott Rutherford; rbradley@geo.umass.edu; mann@virginia.edu
Subject: Re: chronoloy file
Date: Thursday, September 02, 2004 12:51:39 PM

Malcolm, I might be misunderstanding you.

Many of these (e.g. MXD network) have been processed already to remove these
sorts of things, other individuals (Jacoby etc.) don't do this, and I would be
extremely hesistant to pre-whiten their data, especially for the low-frequency
component.

I'm not a big fan of pre-whitening without good reason, i.e. potentially throwing out
the baby w/ the bathwater. Scott tried prewhitening the data in the J. Climate paper,
and found this degraded the quality of the reconstructions. This is the nature of the
point made in the mail I sent the other day.

i believe we should use the data as processed and advocated by the original authors.
Maybe I'm misunderstanding you though?

mike

At 03:06 PM 9/2/2004, Malcolm Hughes wrote:

Gentlemen - another nasty thought (!) just crossed my mind. Many of the
tree-
ring chronologies (including some of the density series) will contain non-
climatic persistence (Zhang's recent comment reminded me of this). What
do 
you want to do about it? Maybe whiten all of them? If we ignore this we
a) have 
fewer degrees of freedom than we appear to have, and b) introduce
phoney 
persistenceinto the reconstructions. THis could be partucularly important
on, for 
example, "ENSO" or volcano time scales. Sorry I didn't raise this earlier in
the 
discussion (I did raise it in 1997 (!*@)). Cheers, Malcolm
.
.
Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
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_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Malcolm Hughes
To: Michael E. Mann; Malcolm Hughes; Zhang, Zhihua
Cc: fenbiao@ltrr.arizona.edu; Scott Rutherford; rbradley@geo.umass.edu
Subject: Re: chronoloy file
Date: Thursday, September 02, 2004 12:07:05 PM

Gentlemen - another nasty thought (!) just crossed my mind. Many of the tree-
ring chronologies (including some of the density series) will contain non-
climatic persistence (Zhang's recent comment reminded me of this). What do
you want to do about it? Maybe whiten all of them? If we ignore this we a) have
fewer degrees of freedom than we appear to have, and b) introduce phoney
persistenceinto the reconstructions. THis could be partucularly important on, for
example, "ENSO" or volcano time scales. Sorry I didn't raise this earlier in the
discussion (I did raise it in 1997 (!*@)). Cheers, Malcolm
.
.
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From: Zhang, Zhihua
To: Michael E. Mann; Malcolm Hughes
Cc: fenbiao@ltrr.arizona.edu; Scott Rutherford; rbradley@geo.umass.edu
Subject: chronoloy file
Date: Thursday, September 02, 2004 9:01:27 AM
Attachments: file_namex.txt

file_namew.txt

Dear all,
 
The attached are ring-density file and ring-width file. If you want to have a ring-density data matrix or a
ring-width data matrix, just run itrdbmatrix_1.m by changing the loading file file_name.txt into
file_namex.txt or file_namew.txt.
 
Thanks,
 
Zhang
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file_namex.txt
CHIN004X
CO509X  
INDI002X
INDI006X
ME010X  
NM529X  
AZ553X
CA559X
CANA111X
CANA112X
CANA113X
CO552X
ID007X
ID008X
MT108X
OR043X
OR044X
UT510X
UT511X
UT512X
WA082X
WA084X
WY021X
WY022X
WY024X
WY025X
AK010X
AUST007X
CANA055X
CANA084X
CANA091X
CANA094X
CANA096X
CANA097X
FRAN026X
FRAN028X
POLA019X
SPAI001X
SWIT112X
SWIT124X
RUSS023X_CRNS
RUSS027X_CRNS
RUSS028X_CRNS
RUSS029X_CRNS
RUSS030X_CRNS
RUSS038X_CRNS
RUSS048X_CRNS
RUSS057X_CRNS
RUSS070X_CRNS
RUSS071X_CRNS
RUSS073X_CRNS
RUSS074X_CRNS
RUSS081X_CRNS
RUSS092X_CRNS
RUSS093X_CRNS
RUSS095X_CRNS
RUSS096X_CRNS
RUSS097X_CRNS
RUSS099X_CRNS
RUSS106X_CRNS
RUSS107X_CRNS
RUSS110X_CRNS
RUSS111X_CRNS

Page 1
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file_namex.txt
RUSS113X_CRNS
RUSS114X_CRNS
RUSS118X_CRNS
RUSS119X_CRNS
RUSS120X_CRNS
RUSS128X_CRNS
RUSS132X_CRNS
RUSS142X_CRNS
RUSS144X_CRNS
RUSS148X_CRNS
RUSS164X_CRNS
SWIT166X_CRNS
SWIT173X_CRNS
SWIT178X_CRNS

Page 2
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file_namew.txt
AK001   
AK014   
AK015   
AK016   
AK017   
AK018   
AK020   
AK021   
AK023   
AK024   
AK025   
AK027   
AK028   
AK029   
AK030   
AK031   
AK032   
AK033   
AK035   
AL001   
AR009   
AR018   
AR024   
AR027   
AR030   
AR033   
AR042   
AR048   
AR049   
AR050   
AR051   
AR052   
AR053   
AR054   
AR055   
AR056   
AR057   
AR058   
AR060   
AR061   
AR064   
AR072   
ARGE001 
ARGE004 
ARGE005 
ARGE006 
ARGE007 
ARGE008 
ARGE009 
ARGE011 
ARGE013 
ARGE015 
ARGE017 
ARGE018 
ARGE019 
ARGE020 
ARGE021 
ARGE022 
ARGE024 
ARGE027 
ARGE030 
ARGE033 
ARGE034 

Page 1
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file_namew.txt
ARGE036 
ARGE037 
ARGE038 
ARGE039 
ARGE040 
ARGE043 
ARGE046 
ARGE050 
ARGE051 
ARGE052 
ARGE054 
ARGE055 
ARGE059 
ARGE060 
ARGE061 
ARGE062 
ARGE063 
ARGE065 
ARGE066 
ARGE068 
ARGE070 
ARGE071 
ARGE072 
ARGE073 
ARGE074 
ARGE075 
ARGE076 
ARGE077 
ARGE078 
ARGE079 
ARGE080 
ARGE082 
ARGE083 
ARGE084 
ARGE086 
ARGE087 
ARGE088 
ARGE089 
ARGE091 
ARGE092 
ARGE093 
ARGE096 
ARGE100 
ARGE106 
ARGE107 
ARGE108 
AUSL002 
AUSL003 
AUSL005 
AUSL007 
AUSL009 
AUSL010 
AUSL012 
AUSL013 
AUSL014 
AUSL018 
AUSL019 
AUSL020 
AUSL022 
AUSL023 
AUST002 
AZ077   
AZ080   

Page 2
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file_namew.txt
AZ081   
AZ082   
AZ084   
AZ086   
AZ087   
AZ088   
AZ089   
AZ090   
AZ091   
AZ098   
AZ099   
AZ100   
AZ101   
AZ102   
AZ104   
AZ105   
AZ106   
AZ109   
AZ127   
AZ129   
AZ135   
AZ139   
AZ143   
AZ144   
AZ505   
AZ510   
AZ511   
AZ513   
AZ514   
AZ515   
AZ516   
AZ517   
AZ518   
AZ519   
AZ520   
AZ521   
AZ522   
AZ523   
AZ524   
AZ525   
AZ526   
AZ527   
AZ530   
AZ531   
AZ532   
AZ533   
AZ534   
AZ536   
AZ537   
AZ538   
AZ539   
AZ540   
AZ541   
AZ542   
AZ543   
AZ544   
AZ545   
AZ546   
AZ547   
AZ548   
AZ549   
AZ550   
AZ556   

Page 3
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file_namew.txt
AZ557   
AZ558   
AZ559   
BRIT008 
BRIT011 
BRIT042 
BRIT044 
CA051   
CA064   
CA065   
CA066   
CA067   
CA070   
CA073   
CA074   
CA076   
CA079   
CA082   
CA084   
CA085   
CA087   
CA089   
CA091   
CA092   
CA094   
CA095   
CA512   
CA514   
CA517   
CA520   
CA528   
CA529   
CA530   
CA531   
CA532   
CA533   
CA534   
CA535   
CA536   
CA544   
CA546   
CA547   
CA552   
CA553   
CA555   
CA602   
CA603   
CA605   
CA606   
CA607   
CA609   
CA610   
CA611   
CA612   
CA613   
CA614   
CA615   
CA616   
CA617   
CA618   
CA619   
CA620   
CA621   

Page 4
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file_namew.txt
CA623   
CA624   
CA625   
CA626   
CA628   
CA629   
CA630   
CA631   
CA632   
CANA002 
CANA029 
CANA030 
CANA032 
CANA033 
CANA034 
CANA035 
CANA036 
CANA037 
CANA099 
CANA104 
CANA105 
CANA106 
CANA107 
CANA109 
CANA110 
CANA117 
CANA119 
CANA121 
CANA123 
CANA127 
CANA128 
CANA135 
CANA136 
CANA137 
CANA138 
CANA147 
CANA150 
CANA151 
CANA152 
CANA153 
CANA154 
CANA155 
CANA156 
CANA157 
CANA158 
CANA159 
CANA161 
CANA174 
CANA175 
CANA194 
CHIL002 
CHIL006 
CHIL007 
CHIL008 
CHIL009 
CHIL011 
CHIL012 
CHIL013 
CHIL016 
CHIL017 
CHIL018 
CHIN004 
CO066   
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CO067   
CO076   
CO509   
CO511   
CO522   
CO523   
CO524   
CO525   
CO526   
CO531   
CO532   
CO533   
CO534   
CO535   
CO538   
CO539   
CO541   
CO542   
CO543   
CO544   
CO545   
CO547   
CO548   
CO549   
CO550   
CO551   
CO555   
CO556   
CO557   
CO558   
CO559   
CO560   
CO563   
CO564   
CO566   
CO568   
CO569   
CO570   
CO572   
CT001   
CT002   
FINL001 
FINL005 
FINL008 
FINL021 
FINL022 
FL001   
FL005   
FRAN001 
FRAN003 
FRAN009 
FRAN010 
FRAN011 
FRAN013 
FRAN014 
GA002   
GA003   
GA004   
GERM040 
GREE009 
IA001   
IA003   
IA004   
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IA020   
IA021   
IA023   
IA024   
IA025   
IA026   
IA027   
IA029   
IA030   
IA032   
ID001   
ID002   
ID006   
ID009   
ID010   
ID011   
ID012   
IL008   
IL009   
IL010   
IL011   
IL013   
IL014   
IL016   
IN001   
INDI002 
INDI003 
INDI006 
ITAL001 
ITAL023 
ITAL024 
JORD001 
KS001   
KS004   
KS007   
KS010   
KY003   
KY004   
LA001   
MA001   
MA002   
ME010   
ME016   
ME017   
ME018   
ME019   
ME020   
ME021   
ME022   
ME023   
ME024   
MEXI001 
MEXI014 
MEXI020 
MEXI021 
MEXI022 
MEXI023 
MEXI025 
MEXI027 
MEXI028 
MEXI029 
MEXI031 
MEXI036 
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MEXI037 
MI004   
MI005   
MI006   
MI007   
MI008   
MI009   
MI010   
MN002   
MN005   
MN006   
MN009   
MN015   
MN026   
MN027   
MO001   
MO003   
MO004   
MO005   
MO008   
MO014   
MO015   
MO018   
MO021   
MO024   
MO027   
MO030   
MO033   
MO036   
MO037   
MO038   
MO039   
MO040   
MO041   
MO042   
MO043   
MO044   
MONG001 
MONG002 
MONG003 
MONG005 
MONG006 
MORC001 
MORC002 
MORC003 
MORC011 
MORC014 
MS001   
MS002   
MT006   
MT104   
MT109   
MT110   
MT111   
NC001   
NC002   
NC003   
NC004   
NC005   
NC006   
NC007   
NC008   
NC009   
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ND001   
ND006   
NE003   
NE004   
NE005   
NE008   
NEWZ002 
NEWZ003 
NEWZ005 
NEWZ006 
NEWZ008 
NEWZ009 
NEWZ010 
NEWZ011 
NEWZ012 
NEWZ014 
NEWZ015 
NEWZ016 
NEWZ018 
NEWZ019 
NEWZ020 
NEWZ021 
NEWZ022 
NEWZ023 
NEWZ028 
NEWZ031 
NEWZ035 
NEWZ036 
NEWZ037 
NEWZ039 
NEWZ040 
NEWZ041 
NEWZ042 
NEWZ045 
NEWZ051 
NEWZ055 
NEWZ056 
NEWZ057 
NEWZ058 
NEWZ059 
NEWZ060 
NEWZ061 
NEWZ062 
NEWZ063 
NEWZ064 
NEWZ065 
NEWZ066 
NEWZ067 
NEWZ068 
NEWZ069 
NEWZ070 
NEWZ072 
NEWZ073 
NEWZ074 
NEWZ075 
NEWZ077 
NH001   
NH002   
NH003   
NH004   
NJ001   
NJ002   
NM020   
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NM021   
NM022   
NM023   
NM024   
NM025   
NM026   
NM027   
NM028   
NM029   
NM030   
NM031   
NM032   
NM033   
NM034   
NM035   
NM036   
NM037   
NM038   
NM039   
NM040   
NM043   
NM047   
NM048   
NM051   
NM052   
NM053   
NM055   
NM061   
NM063   
NM111   
NM112   
NM118   
NM119   
NM500   
NM501   
NM529   
NM546   
NM547   
NM548   
NM549   
NM550   
NM551   
NM552   
NM554   
NM555   
NM556   
NM557   
NM558   
NM559   
NM560   
NM562   
NM564   
NM565   
NM566   
NM567   
NM568   
NM572   
NM573   
NM574   
NM575   
NM576   
NM577   
NM578   
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NM579   
NORW007 
NORW008 
NORW009 
NORW010 
NV036   
NV037   
NV040   
NV048   
NV049   
NV052   
NV053   
NV055   
NV056   
NV057   
NV058   
NV060   
NV061   
NV506   
NV507   
NV509   
NV510   
NV511   
NV512   
NV513   
NV514   
NV515   
NV516   
NV517   
NV518   
NY001   
NY002   
NY003   
NY005   
NY006   
NY008   
NY009   
NY010   
NY011   
NY012   
NY013   
NY014   
OH001   
OH002   
OH003   
OH006   
OK001   
OK004   
OK007   
OK013   
OK016   
OK019   
OK022   
OK025   
OK028   
OK031   
OR001   
OR006   
OR009   
OR012   
OR015   
OR018   
OR021   
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OR029   
OR030   
OR032   
OR033   
OR035   
OR038   
OR040   
OR049   
OR051   
OR054   
OR055   
OR056   
OR057   
OR058   
OR059   
OR060   
OR061   
OR062   
OR063   
PA001   
PA002   
PA003   
PA004   
PA005   
PA006   
PA007   
PA008   
PA009   
PA010   
PA011   
PA012   
PA013   
POLA006 
POLA014 
POLA015 
POLA016 
POLA017 
RUSS014 
RUSS016 
RUSS017 
RUSS019 
SAFR001 
SC004   
SC005   
SD002   
SD004   
SD008   
SD017   
SPAI009 
SPAI010 
SPAI011 
SPAI012 
SPAI013 
SPAI016 
SPAI018 
SPAI019 
SPAI025 
SPAI026 
SPAI027 
SPAI029 
SPAI035 
SPAI036 
SPAI037 
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SPAI038 
SPAI041 
SPAI044 
SPAI045 
SPAI046 
SPAI047 
SPAI048 
SPAI049 
SWED002 
SWED004 
SWED007 
SWED008 
SWED009 
TN005   
TN008   
TN009   
TN010   
TN016   
TN022   
TURK001 
TURK005 
TURK006 
TURK010 
TURK012 
TX003   
TX006   
TX009   
TX012   
TX018   
TX021   
TX024   
TX027   
TX030   
TX033   
TX039   
TX040   
TX041   
TX042   
TX046   
UT013   
UT018   
UT020   
UT021   
UT022   
UT023   
UT024   
UT501   
UT508   
UT509   
VA007   
VA008   
VA009   
VA010   
VA011   
VA012   
VA013   
VA014   
VA015   
VA016   
VA017   
VA021   
VA022   
VA023   
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VA025   
VT001   
VT002   
WA003   
WA009   
WA010   
WA011   
WA013   
WA014   
WA015   
WA016   
WA017   
WA019   
WA020   
WA022   
WA023   
WA024   
WA025   
WA027   
WA029   
WA031   
WA033   
WA034   
WA037   
WA039   
WA040   
WA041   
WA046   
WA067   
WA068   
WA069   
WA070   
WA071   
WA072   
WA073   
WA074   
WA077   
WA078   
WA079   
WA085   
WA086   
WA087   
WA088   
WA089   
WA090   
WA091   
WI004   
WI005   
WV001   
WV002   
WY002   
WY005   
WY006   
WY026   
co579
co580
co581
co582
nv519
ca633
ak046
va026r
or081
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ca524
ca525
ca526
or026
wa047
wa048
wa049
wa050
wa051
wa052
wa053
wa054
wa055
wa056
wa057
wa058
wa061
wa062
wa063
wa064
wa065
wa066
wy019
wy020
qs9std
RCS_chron_908_1998
kolaPenisula
SGH_PSME2crn
CL_PCGL2crn
SGH_PIAL2crn
SGH_PICO2crn
ML_UKC2crn
TL_PCGL2crn
BPM_PICO2crn
PWS2std
hkstd
strathcona
Tsu98ars
Zachro
recjj_yy1
recjj_yy2
alt00ars
Ta98dcrn
yamal2002
junipars
srdsmars
w3std
w42std
yak4lcrn
yak7pcrn
yak8lcrn
yak9lcrn
kuraycrn
ulagcrn
krhcrn
t10crn2
t13crn2
t22crn2
t24jvcrn
kcrn2
vamcrn2
tomlcrn2
evocrn2
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htmcrn2
cerbcrn2
agrcrn2
vchcrn2
nagcrn2
yak11crn2
yak12crn2
aktcrn2
at1crn2
at2crn2
jabecrn2
jabwcrn2
ugbocrn2
uglacrn2
kur2crn2
mscrn2
saypcrn2
sayp2crn2
AZ551
AZ553
AZ554
AZ555
CA556
CA557
CA558
CA559
CANA111
CANA112
CANA113
CO552
CO553
CO554
ID007
ID008
MT108
NM570
OR042
OR043
OR044
OR045
UT510
UT511
UT512
WA081
WA082
WA084
WY021
WY022
WY023
WY024
WY025
AK008
AK010
AUST007
CANA050
CANA055
CANA082
CANA084
CANA091
CANA094
CANA095
CANA096
CANA097
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CYPR009
FINL018
FRAN024
FRAN026
FRAN028
GREE005
ITAL012
POLA019
SPAI001
SPAI002
SWED017
SWIT112
SWIT124
SWIT128
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From: Michael E. Mann
To: Zhang, Zhihua; Malcolm Hughes
Cc: fenbiao@ltrr.arizona.edu; Scott Rutherford; rbradley@geo.umass.edu
Subject: RE: mxd network reconstruction
Date: Wednesday, September 01, 2004 6:52:21 AM

Thanks Zhang,

Looking forward to hearing how the analyses go. We're making good progress now. Lets all keep it up!

Mike

At 09:48 AM 9/1/2004, Zhang, Zhihua wrote:

Thanks Mike,
 
You give me a better understanding of this issue.
 
Zhang

-----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu]
Sent: Wednesday, September 01, 2004 8:08 AM
To: Zhang, Zhihua; Malcolm Hughes
Cc: fenbiao@ltrr.arizona.edu; Scott Rutherford; rbradley@geo.umass.edu; zz9t@virginia.edu; mann@virginia.edu
Subject: RE: mxd network reconstruction

HI ZHang,

Thanks for your comments.

I agree that the issue of climate persistence means that there is a statistically valid reason to
potentially use tree-ring growth even when it preceeds the targeted climate. This point was
addressed in the Rutherford et al "Journal of Climate" paper. The screening procedure will allow for
a much more flexible and rigorous test than was used in Rutherford et al for the lag/lead
relationship, and should tend to eliminate false positives. Malcolm, Scott, and I discussed this
previously. If a few spurious false positives make it through the screening process (which is
inevitable!), it is unlikely to have much impact on the reconstruction.

We will of course test this by using different screening thresholds and using no screening threshold
at al, and comparing the verification scores. The verification tests are our only objective measure
for which appears to work best. I suspect these results will be consistent with our expectations
based on the physical/biological responses of the predictors.

With regard to the issue of pre-whitening, Scott found (again see J. Climate paper) that this does
not improve the temperature reconstructions. However, Zhang did fine that this improves PDSI
reconstructions. The main difference, I believe, is in the frequency-domain attributes of the
variables. The PDSI reconstructions are dominated by high-frequency variability, and the
persistence structure is well approximated by a first order AR(1) dependence. So the procedure
used by Cook et al (and by Zhang et al '03) works well here, and more effectively isolates the true
climate signal (which is dominated by a high-frequency signal which is potentially obscured by first-
order non-climatic persistence). On the other hand,  temperature reconstructions appear to be
dominated more by low-frequency variability, and removing first order  persistence prior to
calibration and restoring after calibration as simple AR(1) term does not appropriately capture the
low-frequency variability.

So let me suggest to Zhang that we introduce one additional "variable" to the algorithm. We
should compare reconstructions in which the Cook pre-whitening procedure is used in (i) both
frequency bands, (i) only in the high-frequency band (where I believe it is more appropriate--my
preconception is that this is the preferred appraoch), and (iii) in neither frequency band, and
compare verification scores to decide which appears to be most effective.

Again, it would be very useful to make these comparisons on the MXD warm-season temperature
reconstructions for the time being, since we already have a baseline for comparison of results,
verification statistics, etc. from the latest J. Climate paper.

Lets proceed along these lines. After Scott and Zhang discuss (this afternoon), we should proceed
methodically with these comparisons. Ideally, Scott and Zhang can provide a weekly update of
progress on these comparisons over the next few weeks and any members of the group can make
comments as we try to make progress.

Thanks all,
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Mike

At 11:47 PM 8/31/2004, Zhang, Zhihua wrote:

Dear all,

 
Malcolm provided a critical issue regarding the climate reconstruction. The screening process we
used to select proxies will apply to three proxy dataset +1, 0, -1, and the selected series must pass
95% confidence level. With this sreening process we can make sure that no climate-sensitive proxy
in both Northern and Southern hemisphere will miss. However, as Malcolm mentioned it may cause
trees predict climate.

 
Cauld we explain this issue as that: A) fewer tree series that cause trees preedict climate will pass
the 95% confidence level. B) if some tree series do pass the 95% (especially for low frequency
domain) and cause tree predict climate that may indicate the influence of climate persistence, say,
this year's climate will give some fingerprint for the next year's climate, that make this year's tree
growth be somewhat relevant to next years' climate.

 
Previous works done by Cook and Stahle with prewhitening process before doing reconstruction and
puting back the persistence to the reconstructed climate may consider somewhat the same issue.
The climate persistence really significant in the low frequency domain, which will be part of our
reconstruction (we put together the low frequency reconstruction and high frequency reconstruction
to form the final reconstruction).

 
I have some results from experimental reconstruction of SLP that may provide some points. Without
using hybrid approach, using zero lagging tree dataset give rise somewhat better verification score
than using lagging + zero + leading tree dataset in reconstruction, while using hybrid approach, the
lagging + zero + leading scheme provide a relatively better verification score than zero lagging
scheme (Note: A, we got more low frequency proxy series in reconstructing low frequency climate
than high frequency proxy series in reconstructing high frequency climate. B, generally, hybrid
frequency approach provide better reconstruction than traditional approach).

 
These are some of my thoughts, may be wrong, need more comments.

 
Thanks,

 
Zhang

-----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu]
Sent: Tuesday, August 31, 2004 9:00 PM
To: Malcolm Hughes
Cc: zhang, Zhihua; fenbiao@ltrr.arizona.edu; Scott Rutherford; rbradley@geo.umass.edu
Subject: RE: mxd network reconstruction

Thanks Malcolm,
I agree--we need to very careful about the seasonality assumed in the
screening process.
This is something Scott and Zhang should discuss before proceeding w/ the
implementation of the screening procedure,
Mike
At 09:11 PM 8/31/2004, Malcolm Hughes wrote:

Gentlemen - there are a couple of issues that Fenbiao have
come up against in
screening data for the MTMSVD project that have some
relevance to the
reconstruction procedures. They become important if we
are screening locally
for a relationship to the same variable as we are
reconstrucing on the larger
field. If a linear relationship with some local climate
parameter (not necessarily
that to be reconstructed) is the standard, then this is less of
an issue. First, when
reconstructing summer half-year variables, surely we need
to use, for example,
series correlated with AMJJAS in the N. Hemisphere, but
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ONDJFM in the
southern hemisphere. In each case we need to be aware of
what convention was
used in the southern hemisphere data to designate the year
- for tree rings I think
it's the year in which growth is completed  (i.e. the year of
the JFM).
Similarly, for winter half-year variables, at least in the case
of tree rings, it must
be the winter half-year BEFORE the growth season in that
hemisphere, not
after. Failure to do this will have the trees predicting
climate.
Cheers, Malcolm
On 31 Aug 2004 at 19:49, Michael E. Mann wrote:
Thanks Zhang,
I think this check will be helpful. It the two agree, we're in
good shape to
proceed w/ the reconstructions (still a bit of work left to be
done to finalize the
networks),
mike
At 07:37 PM 8/31/2004, Zhang, Zhihua wrote:
    Thanks Mike,
   
    Sorry for misunderstanding. I will call Scott tomorrow at
11am.
   
    Zhang
    -----Original Message-----
    From: Michael E. Mann [mailto:mann@virginia.edu]
    Sent: Tuesday, August 31, 2004 7:13 PM
    To: Zhang, Zhihua; Scott Rutherford; Bradley Raymond;
Hughes Malcolm;
    fenbiao@ltrr.arizona.edu; zz9t@virginia.edu
    Cc: mann@virginia.edu
    Subject: RE: mxd network reconstruction
    p.s. Zhang, we're not talking about SLP reconstructions
yet.Just
    temperature reconstructions for the time being, so that
we can confirm
    that you and Scott get the same results using the
algorithm applied to
    the same dataset. We need to confirm this before going
on,
    Mike
    At 06:57 PM 8/31/2004, Zhang, Zhihua wrote:
    Thanks Mike and Scott,
   
    This is a good plan of comparing the reconstruction
results. The
    problem we may face is compute time. I have applied a
double space
    in the ITC at UVa, but I still can only run one case of
RegEM at one
    time ( I have tried submitting two runs in ITC and
failed).
   
    Scott, when you finish reconstruction of temperature,
please send me
    the results and your detailed settings [ e.g. scheme of
choosing
    climate sensitive chronologies (95% significant)? at least
one pass the
    criterion out of 2 (or 4) nearby climate gridpoints? using
raw
    chronologies (or PCs)? I suggest use regional PCs
because it save
    time to run RegEM.....] I also suggest stanardize the
infilled
    temperature from 1856 to 1960 because when we do
final
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    reconstruction we will use this kind of standardization.
   
    In previous experimental works I have done for SLP
reconstruction, I
    did not use separated ring-width and density
chronologies when doing
    regional PCs as Mike suggested yesterday ( I will redo
some
    experimental reconstruction of SLP considering both ring-
width and
    density regional PCs). Tomorrow or later, I will send you
all the
    filenames for both ring-width and density chronologies,
so you can run
    itrdbmatrix_1.m to obtain ring-width/density data matrix
to perform
    reconstruction.
   
    I will arrange and send you some of my previous
experimental
    reconstruction of SLP within a few days.
   
    Thanks,
   
    Zhang
    -----Original Message-----
    From: Michael E. Mann [mailto:mann@virginia.edu]
    Sent: Tuesday, August 31, 2004 3:50 PM
    To: Scott Rutherford; Zhihua Zhang; Bradley Raymond;
Hughes Malcolm;
    fenbiao@ltrr.arizona.edu; mann@virginia.edu
    Subject: Re: mxd network reconstruction
    Thanks Scott,
    Can you confirm what the "standardization"entails. Also,
by warm-
    season, you mean AMJJAS, right? Just want to make
sure that
    Zhang has all of the details to reproduce your result.
That is "step
    1".
    Zhang should also estimate the uncertainties, and
compute
    verification statistics, so we can compare w/ your
estimates of
    those.
    Once Zhang can reproduce your result (and uncertainties
and
    verification results), we should then test (step 2) the
application of
    the screening procedure to the MXD data, and compare
the
    resulting reconstruction both with, and w/out the
screening
    procedure.
    Finally, we should test the use of PCs to replace certain
sub-regions
    of the MXD network as a test of the impact of using PCs
vs. the
    raw indicators. 
    We can use verification statistics to establish which
alternative
    procedure appears to work best.
    Then, we may be ready to start moving forward w/ new
    reconstructions (SLP and temperature) using the
expanded
    multiproxy network. But first, we should establish that
we can
    reproduce your previous results w/ common data and
same
    algorithm, and test some of the procedures we're talking
about
    using.
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    Comments are welcome. Thanks,
    Mike
    know we're situated to move forward with the new
temperature
    andAt 03:22 PM 8/31/2004, Scott Rutherford wrote:
    Zhang,
    Mike suggested, and I agree, that we should check a
    reconstruction that I have done with one that you have
done
    just to be sure we are doing everything the same way.
So,
    since you have the MXD network and the infilled
    temperature data, how about running a reconstruction of
    warm-season northern hemisphere temperature? The
    calibration data set is the infilled temperature data from
1856
    to 1960 with the period of standardization 1900-1960.
This
    should be a hybrid with the frequency cut off at 20
years. If
    you can do that and send me the NH mean
reconstruction that
    would be great.
    Scott
    ______________________________________________
    Assistant Professor
    Dept. of Natural Sciences
    Roger Williams University
    e-mail: srutherford@rwu.edu
    http://fox.rwu.edu/~rutherfo
    phone: 
    snail mail:
    One Ferry Road
    Bristol, RI 02809
    _____________________________________________
    _________________
    Professor Michael E. Mann
    Department of Environmental Sciences, Clark Hall
    University of Virginia
    Charlottesville, VA 22903
   
______________________________________________________
    _________________
    e-mail: mann@virginia.edu Phone:  FAX:

    
    http://www.evsc.virginia.edu/faculty/people/mann.shtml 
    _______________________________________________
    _______________
     Professor Michael E. Mann
     Department of Environmental Sciences, Clark Hall
     University of Virginia
     Charlottesville, VA 22903
   
________________________________________________________
    _______________
    e-mail: mann@virginia.edu Phone:  FAX:

    
     http://www.evsc.virginia.edu/faculty/people/mann.shtml
_____________________________________________________
_________
 Professor Michael E. Mann
 Department of Environmental Sciences, Clark Hall
 University of Virginia
 Charlottesville, VA 22903
________________________________________________________________
_______
e-mail: mann@virginia.edu Phone:  FAX:

 
http://www.evsc.virginia.edu/faculty/people/mann.shtmlMalcolm
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Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml 

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Zhang, Zhihua
To: Michael E. Mann; Malcolm Hughes
Cc: fenbiao@ltrr.arizona.edu; Scott Rutherford; rbradley@geo.umass.edu
Subject: RE: mxd network reconstruction
Date: Wednesday, September 01, 2004 6:49:15 AM

Thanks Mike,
 
You give me a better understanding of this issue.
 
Zhang

-----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu]
Sent: Wednesday, September 01, 2004 8:08 AM
To: Zhang, Zhihua; Malcolm Hughes
Cc: fenbiao@ltrr.arizona.edu; Scott Rutherford; rbradley@geo.umass.edu; zz9t@virginia.edu; mann@virginia.edu
Subject: RE: mxd network reconstruction

HI ZHang,

Thanks for your comments.

I agree that the issue of climate persistence means that there is a statistically valid reason to
potentially use tree-ring growth even when it preceeds the targeted climate. This point was
addressed in the Rutherford et al "Journal of Climate" paper. The screening procedure will
allow for a much more flexible and rigorous test than was used in Rutherford et al for the
lag/lead relationship, and should tend to eliminate false positives. Malcolm, Scott, and I
discussed this previously. If a few spurious false positives make it through the screening
process (which is inevitable!), it is unlikely to have much impact on the reconstruction.

We will of course test this by using different screening thresholds and using no screening
threshold at al, and comparing the verification scores. The verification tests are our only
objective measure for which appears to work best. I suspect these results will be consistent
with our expectations based on the physical/biological responses of the predictors.

With regard to the issue of pre-whitening, Scott found (again see J. Climate paper) that this
does not improve the temperature reconstructions. However, Zhang did fine that this
improves PDSI reconstructions. The main difference, I believe, is in the frequency-domain
attributes of the variables. The PDSI reconstructions are dominated by high-frequency
variability, and the persistence structure is well approximated by a first order AR(1)
dependence. So the procedure used by Cook et al (and by Zhang et al '03) works well here,
and more effectively isolates the true climate signal (which is dominated by a high-frequency
signal which is potentially obscured by first-order non-climatic persistence). On the other
hand,  temperature reconstructions appear to be dominated more by low-frequency
variability, and removing first order  persistence prior to calibration and restoring after
calibration as simple AR(1) term does not appropriately capture the low-frequency variability.

So let me suggest to Zhang that we introduce one additional "variable" to the algorithm. We
should compare reconstructions in which the Cook pre-whitening procedure is used in (i) both
frequency bands, (i) only in the high-frequency band (where I believe it is more appropriate--
my preconception is that this is the preferred appraoch), and (iii) in neither frequency band,
and compare verification scores to decide which appears to be most effective.

Again, it would be very useful to make these comparisons on the MXD warm-season
temperature reconstructions for the time being, since we already have a baseline for
comparison of results, verification statistics, etc. from the latest J. Climate paper.

Lets proceed along these lines. After Scott and Zhang discuss (this afternoon), we should
proceed methodically with these comparisons. Ideally, Scott and Zhang can provide a weekly
update of progress on these comparisons over the next few weeks and any members of the
group can make comments as we try to make progress.

Thanks all,

Mike
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At 11:47 PM 8/31/2004, Zhang, Zhihua wrote:

Dear all,
 
Malcolm provided a critical issue regarding the climate reconstruction. The screening process we
used to select proxies will apply to three proxy dataset +1, 0, -1, and the selected series must pass
95% confidence level. With this sreening process we can make sure that no climate-sensitive proxy
in both Northern and Southern hemisphere will miss. However, as Malcolm mentioned it may cause
trees predict climate.
 
Cauld we explain this issue as that: A) fewer tree series that cause trees preedict climate will pass
the 95% confidence level. B) if some tree series do pass the 95% (especially for low frequency
domain) and cause tree predict climate that may indicate the influence of climate persistence, say,
this year's climate will give some fingerprint for the next year's climate, that make this year's tree
growth be somewhat relevant to next years' climate.
 
Previous works done by Cook and Stahle with prewhitening process before doing reconstruction and
puting back the persistence to the reconstructed climate may consider somewhat the same issue.
The climate persistence really significant in the low frequency domain, which will be part of our
reconstruction (we put together the low frequency reconstruction and high frequency reconstruction
to form the final reconstruction).
 
I have some results from experimental reconstruction of SLP that may provide some points. Without
using hybrid approach, using zero lagging tree dataset give rise somewhat better verification score
than using lagging + zero + leading tree dataset in reconstruction, while using hybrid approach, the
lagging + zero + leading scheme provide a relatively better verification score than zero lagging
scheme (Note: A, we got more low frequency proxy series in reconstructing low frequency climate
than high frequency proxy series in reconstructing high frequency climate. B, generally, hybrid
frequency approach provide better reconstruction than traditional approach).
 
These are some of my thoughts, may be wrong, need more comments.
 
Thanks,
 
Zhang

-----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu]
Sent: Tuesday, August 31, 2004 9:00 PM
To: Malcolm Hughes
Cc: zhang, Zhihua; fenbiao@ltrr.arizona.edu; Scott Rutherford; rbradley@geo.umass.edu
Subject: RE: mxd network reconstruction

Thanks Malcolm,

I agree--we need to very careful about the seasonality assumed in the
screening process.

This is something Scott and Zhang should discuss before proceeding w/ the
implementation of the screening procedure,

Mike

At 09:11 PM 8/31/2004, Malcolm Hughes wrote:

Gentlemen - there are a couple of issues that Fenbiao have
come up against in 
screening data for the MTMSVD project that have some
relevance to the 
reconstruction procedures. They become important if we
are screening locally 
for a relationship to the same variable as we are
reconstrucing on the larger 
field. If a linear relationship with some local climate
parameter (not necessarily 
that to be reconstructed) is the standard, then this is less of
an issue. First, when 
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reconstructing summer half-year variables, surely we need
to use, for example, 
series correlated with AMJJAS in the N. Hemisphere, but
ONDJFM in the 
southern hemisphere. In each case we need to be aware of
what convention was 
used in the southern hemisphere data to designate the year
- for tree rings I think 
it's the year in which growth is completed  (i.e. the year of
the JFM).
Similarly, for winter half-year variables, at least in the case
of tree rings, it must 
be the winter half-year BEFORE the growth season in that
hemisphere, not 
after. Failure to do this will have the trees predicting
climate.
Cheers, Malcolm
On 31 Aug 2004 at 19:49, Michael E. Mann wrote:

Thanks Zhang,

I think this check will be helpful. It the two agree, we're in
good shape to 
proceed w/ the reconstructions (still a bit of work left to be
done to finalize the 
networks),

mike

At 07:37 PM 8/31/2004, Zhang, Zhihua wrote:
    Thanks Mike,
    
    Sorry for misunderstanding. I will call Scott tomorrow at
11am.
    
    Zhang
    -----Original Message-----
    From: Michael E. Mann [mailto:mann@virginia.edu]
    Sent: Tuesday, August 31, 2004 7:13 PM
    To: Zhang, Zhihua; Scott Rutherford; Bradley Raymond;
Hughes Malcolm; 
    fenbiao@ltrr.arizona.edu; zz9t@virginia.edu
    Cc: mann@virginia.edu
    Subject: RE: mxd network reconstruction

    p.s. Zhang, we're not talking about SLP reconstructions
yet.Just 
    temperature reconstructions for the time being, so that
we can confirm 
    that you and Scott get the same results using the
algorithm applied to 
    the same dataset. We need to confirm this before going
on,

    Mike

    At 06:57 PM 8/31/2004, Zhang, Zhihua wrote:
    Thanks Mike and Scott,
    
    This is a good plan of comparing the reconstruction
results. The 
    problem we may face is compute time. I have applied a
double space 
    in the ITC at UVa, but I still can only run one case of
RegEM at one 
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    time ( I have tried submitting two runs in ITC and
failed).
    
    Scott, when you finish reconstruction of temperature,
please send me 
    the results and your detailed settings [ e.g. scheme of
choosing 
    climate sensitive chronologies (95% significant)? at least
one pass the 
    criterion out of 2 (or 4) nearby climate gridpoints? using
raw 
    chronologies (or PCs)? I suggest use regional PCs
because it save 
    time to run RegEM.....] I also suggest stanardize the
infilled 
    temperature from 1856 to 1960 because when we do
final 
    reconstruction we will use this kind of standardization.
    
    In previous experimental works I have done for SLP
reconstruction, I 
    did not use separated ring-width and density
chronologies when doing 
    regional PCs as Mike suggested yesterday ( I will redo
some 
    experimental reconstruction of SLP considering both ring-
width and 
    density regional PCs). Tomorrow or later, I will send you
all the 
    filenames for both ring-width and density chronologies,
so you can run 
    itrdbmatrix_1.m to obtain ring-width/density data matrix
to perform 
    reconstruction.
    
    I will arrange and send you some of my previous
experimental 
    reconstruction of SLP within a few days.
    
    Thanks,
    
    Zhang 
    -----Original Message----- 
    From: Michael E. Mann [mailto:mann@virginia.edu] 
    Sent: Tuesday, August 31, 2004 3:50 PM 
    To: Scott Rutherford; Zhihua Zhang; Bradley Raymond;
Hughes Malcolm; 
    fenbiao@ltrr.arizona.edu; mann@virginia.edu 
    Subject: Re: mxd network reconstruction

    Thanks Scott,
    Can you confirm what the "standardization"entails. Also,
by warm-
    season, you mean AMJJAS, right? Just want to make
sure that 
    Zhang has all of the details to reproduce your result.
That is "step 
    1". 
    Zhang should also estimate the uncertainties, and
compute 
    verification statistics, so we can compare w/ your
estimates of 
    those.
    Once Zhang can reproduce your result (and uncertainties
and 
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    verification results), we should then test (step 2) the
application of 
    the screening procedure to the MXD data, and compare
the 
    resulting reconstruction both with, and w/out the
screening 
    procedure.
    Finally, we should test the use of PCs to replace certain
sub-regions 
    of the MXD network as a test of the impact of using PCs
vs. the 
    raw indicators. 

    We can use verification statistics to establish which
alternative 
    procedure appears to work best. 
    Then, we may be ready to start moving forward w/ new 
    reconstructions (SLP and temperature) using the
expanded 
    multiproxy network. But first, we should establish that
we can 
    reproduce your previous results w/ common data and
same 
    algorithm, and test some of the procedures we're talking
about 
    using.
    Comments are welcome. Thanks,
    Mike

    know we're situated to move forward with the new
temperature 
    andAt 03:22 PM 8/31/2004, Scott Rutherford wrote:
    Zhang,
    Mike suggested, and I agree, that we should check a 
    reconstruction that I have done with one that you have
done 
    just to be sure we are doing everything the same way.
So, 
    since you have the MXD network and the infilled 
    temperature data, how about running a reconstruction of

    warm-season northern hemisphere temperature? The 
    calibration data set is the infilled temperature data from
1856 
    to 1960 with the period of standardization 1900-1960.
This 
    should be a hybrid with the frequency cut off at 20
years. If 
    you can do that and send me the NH mean
reconstruction that 
    would be great.
    Scott

    ______________________________________________ 
    Assistant Professor 
    Dept. of Natural Sciences 
    Roger Williams University 
    e-mail: srutherford@rwu.edu 
    http://fox.rwu.edu/~rutherfo 
    phone:  
    snail mail: 
    One Ferry Road 
    Bristol, RI 02809
    _____________________________________________
    _________________ 
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    Professor Michael E. Mann 
    Department of Environmental Sciences, Clark Hall 
    University of Virginia 
    Charlottesville, VA 22903 
   
______________________________________________________

    _________________ 
    e-mail: mann@virginia.edu Phone:  FAX:

 
     
    http://www.evsc.virginia.edu/faculty/people/mann.shtml 

    _______________________________________________
    _______________
     Professor Michael E. Mann
     Department of Environmental Sciences, Clark Hall
     University of Virginia
     Charlottesville, VA 22903
   
________________________________________________________

    _______________
    e-mail: mann@virginia.edu Phone:  FAX:

 
    
     http://www.evsc.virginia.edu/faculty/people/mann.shtml 
_____________________________________________________

_________
 Professor Michael E. Mann
 Department of Environmental Sciences, Clark Hall
 University of Virginia
 Charlottesville, VA 22903
________________________________________________________________

_______
e-mail: mann@virginia.edu Phone:  FAX:

 
http://www.evsc.virginia.edu/faculty/people/mann.shtmlMalcolm
Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml 

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
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_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Zhang, Zhihua; Malcolm Hughes
Cc: fenbiao@ltrr.arizona.edu; Scott Rutherford; rbradley@geo.umass.edu; zz9t@virginia.edu; mann@virginia.edu
Subject: RE: mxd network reconstruction
Date: Wednesday, September 01, 2004 5:08:11 AM

HI ZHang,

Thanks for your comments.

I agree that the issue of climate persistence means that there is a statistically valid reason to
potentially use tree-ring growth even when it preceeds the targeted climate. This point was
addressed in the Rutherford et al "Journal of Climate" paper. The screening procedure will allow for
a much more flexible and rigorous test than was used in Rutherford et al for the lag/lead
relationship, and should tend to eliminate false positives. Malcolm, Scott, and I discussed this
previously. If a few spurious false positives make it through the screening process (which is
inevitable!), it is unlikely to have much impact on the reconstruction.

We will of course test this by using different screening thresholds and using no screening threshold
at al, and comparing the verification scores. The verification tests are our only objective measure
for which appears to work best. I suspect these results will be consistent with our expectations
based on the physical/biological responses of the predictors.

With regard to the issue of pre-whitening, Scott found (again see J. Climate paper) that this does
not improve the temperature reconstructions. However, Zhang did fine that this improves PDSI
reconstructions. The main difference, I believe, is in the frequency-domain attributes of the
variables. The PDSI reconstructions are dominated by high-frequency variability, and the
persistence structure is well approximated by a first order AR(1) dependence. So the procedure
used by Cook et al (and by Zhang et al '03) works well here, and more effectively isolates the true
climate signal (which is dominated by a high-frequency signal which is potentially obscured by first-
order non-climatic persistence). On the other hand,  temperature reconstructions appear to be
dominated more by low-frequency variability, and removing first order  persistence prior to
calibration and restoring after calibration as simple AR(1) term does not appropriately capture the
low-frequency variability.

So let me suggest to Zhang that we introduce one additional "variable" to the algorithm. We
should compare reconstructions in which the Cook pre-whitening procedure is used in (i) both
frequency bands, (i) only in the high-frequency band (where I believe it is more appropriate--my
preconception is that this is the preferred appraoch), and (iii) in neither frequency band, and
compare verification scores to decide which appears to be most effective.

Again, it would be very useful to make these comparisons on the MXD warm-season temperature
reconstructions for the time being, since we already have a baseline for comparison of results,
verification statistics, etc. from the latest J. Climate paper.

Lets proceed along these lines. After Scott and Zhang discuss (this afternoon), we should proceed
methodically with these comparisons. Ideally, Scott and Zhang can provide a weekly update of
progress on these comparisons over the next few weeks and any members of the group can make
comments as we try to make progress.

Thanks all,

Mike

At 11:47 PM 8/31/2004, Zhang, Zhihua wrote:

Dear all,
 
Malcolm provided a critical issue regarding the climate reconstruction. The screening process we used to
select proxies will apply to three proxy dataset +1, 0, -1, and the selected series must pass 95%
confidence level. With this sreening process we can make sure that no climate-sensitive proxy in both
Northern and Southern hemisphere will miss. However, as Malcolm mentioned it may cause trees predict
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climate.
 
Cauld we explain this issue as that: A) fewer tree series that cause trees preedict climate will pass the
95% confidence level. B) if some tree series do pass the 95% (especially for low frequency domain) and
cause tree predict climate that may indicate the influence of climate persistence, say, this year's climate
will give some fingerprint for the next year's climate, that make this year's tree growth be somewhat
relevant to next years' climate.
 
Previous works done by Cook and Stahle with prewhitening process before doing reconstruction and puting
back the persistence to the reconstructed climate may consider somewhat the same issue. The climate
persistence really significant in the low frequency domain, which will be part of our reconstruction (we put
together the low frequency reconstruction and high frequency reconstruction to form the final
reconstruction).
 
I have some results from experimental reconstruction of SLP that may provide some points. Without using
hybrid approach, using zero lagging tree dataset give rise somewhat better verification score than using
lagging + zero + leading tree dataset in reconstruction, while using hybrid approach, the lagging + zero +
leading scheme provide a relatively better verification score than zero lagging scheme (Note: A, we got
more low frequency proxy series in reconstructing low frequency climate than high frequency proxy series
in reconstructing high frequency climate. B, generally, hybrid frequency approach provide better
reconstruction than traditional approach).
 
These are some of my thoughts, may be wrong, need more comments.
 
Thanks,
 
Zhang

-----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu]
Sent: Tuesday, August 31, 2004 9:00 PM
To: Malcolm Hughes
Cc: zhang, Zhihua; fenbiao@ltrr.arizona.edu; Scott Rutherford; rbradley@geo.umass.edu
Subject: RE: mxd network reconstruction

Thanks Malcolm,

I agree--we need to very careful about the seasonality assumed in the screening
process.

This is something Scott and Zhang should discuss before proceeding w/ the
implementation of the screening procedure,

Mike

At 09:11 PM 8/31/2004, Malcolm Hughes wrote:

Gentlemen - there are a couple of issues that Fenbiao have come
up against in 
screening data for the MTMSVD project that have some relevance
to the 
reconstruction procedures. They become important if we are
screening locally 
for a relationship to the same variable as we are reconstrucing
on the larger 
field. If a linear relationship with some local climate parameter
(not necessarily 
that to be reconstructed) is the standard, then this is less of an
issue. First, when 
reconstructing summer half-year variables, surely we need to
use, for example, 
series correlated with AMJJAS in the N. Hemisphere, but ONDJFM
in the 
southern hemisphere. In each case we need to be aware of what
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convention was 
used in the southern hemisphere data to designate the year - for
tree rings I think 
it's the year in which growth is completed  (i.e. the year of the
JFM).
Similarly, for winter half-year variables, at least in the case of
tree rings, it must 
be the winter half-year BEFORE the growth season in that
hemisphere, not 
after. Failure to do this will have the trees predicting climate.
Cheers, Malcolm
On 31 Aug 2004 at 19:49, Michael E. Mann wrote:

Thanks Zhang,

I think this check will be helpful. It the two agree, we're in good
shape to 
proceed w/ the reconstructions (still a bit of work left to be done
to finalize the 
networks),

mike

At 07:37 PM 8/31/2004, Zhang, Zhihua wrote:
    Thanks Mike,
    
    Sorry for misunderstanding. I will call Scott tomorrow at 11am.
    
    Zhang
    -----Original Message-----
    From: Michael E. Mann [mailto:mann@virginia.edu]
    Sent: Tuesday, August 31, 2004 7:13 PM
    To: Zhang, Zhihua; Scott Rutherford; Bradley Raymond;
Hughes Malcolm; 
    fenbiao@ltrr.arizona.edu; zz9t@virginia.edu
    Cc: mann@virginia.edu
    Subject: RE: mxd network reconstruction

    p.s. Zhang, we're not talking about SLP reconstructions
yet.Just 
    temperature reconstructions for the time being, so that we can
confirm 
    that you and Scott get the same results using the algorithm
applied to 
    the same dataset. We need to confirm this before going on,

    Mike

    At 06:57 PM 8/31/2004, Zhang, Zhihua wrote:
    Thanks Mike and Scott,
    
    This is a good plan of comparing the reconstruction results.
The 
    problem we may face is compute time. I have applied a double
space 
    in the ITC at UVa, but I still can only run one case of RegEM
at one 
    time ( I have tried submitting two runs in ITC and failed).
    
    Scott, when you finish reconstruction of temperature, please
send me 
    the results and your detailed settings [ e.g. scheme of
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choosing 
    climate sensitive chronologies (95% significant)? at least one
pass the 
    criterion out of 2 (or 4) nearby climate gridpoints? using raw 
    chronologies (or PCs)? I suggest use regional PCs because it
save 
    time to run RegEM.....] I also suggest stanardize the infilled 
    temperature from 1856 to 1960 because when we do final 
    reconstruction we will use this kind of standardization.
    
    In previous experimental works I have done for SLP
reconstruction, I 
    did not use separated ring-width and density chronologies
when doing 
    regional PCs as Mike suggested yesterday ( I will redo some 
    experimental reconstruction of SLP considering both ring-width
and 
    density regional PCs). Tomorrow or later, I will send you all
the 
    filenames for both ring-width and density chronologies, so you
can run 
    itrdbmatrix_1.m to obtain ring-width/density data matrix to
perform 
    reconstruction.
    
    I will arrange and send you some of my previous experimental

    reconstruction of SLP within a few days.
    
    Thanks,
    
    Zhang 
    -----Original Message----- 
    From: Michael E. Mann [mailto:mann@virginia.edu] 
    Sent: Tuesday, August 31, 2004 3:50 PM 
    To: Scott Rutherford; Zhihua Zhang; Bradley Raymond;
Hughes Malcolm; 
    fenbiao@ltrr.arizona.edu; mann@virginia.edu 
    Subject: Re: mxd network reconstruction

    Thanks Scott,
    Can you confirm what the "standardization"entails. Also, by
warm-
    season, you mean AMJJAS, right? Just want to make sure that

    Zhang has all of the details to reproduce your result. That is
"step 
    1". 
    Zhang should also estimate the uncertainties, and compute 
    verification statistics, so we can compare w/ your estimates of 
    those.
    Once Zhang can reproduce your result (and uncertainties and 
    verification results), we should then test (step 2) the
application of 
    the screening procedure to the MXD data, and compare the 
    resulting reconstruction both with, and w/out the screening 
    procedure.
    Finally, we should test the use of PCs to replace certain sub-
regions 
    of the MXD network as a test of the impact of using PCs vs.
the 
    raw indicators. 
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    We can use verification statistics to establish which alternative 
    procedure appears to work best. 
    Then, we may be ready to start moving forward w/ new 
    reconstructions (SLP and temperature) using the expanded 
    multiproxy network. But first, we should establish that we can 
    reproduce your previous results w/ common data and same 
    algorithm, and test some of the procedures we're talking about

    using.
    Comments are welcome. Thanks,
    Mike

    know we're situated to move forward with the new
temperature 
    andAt 03:22 PM 8/31/2004, Scott Rutherford wrote:
    Zhang,
    Mike suggested, and I agree, that we should check a 
    reconstruction that I have done with one that you have done 
    just to be sure we are doing everything the same way. So, 
    since you have the MXD network and the infilled 
    temperature data, how about running a reconstruction of 
    warm-season northern hemisphere temperature? The 
    calibration data set is the infilled temperature data from 1856 
    to 1960 with the period of standardization 1900-1960. This 
    should be a hybrid with the frequency cut off at 20 years. If 
    you can do that and send me the NH mean reconstruction that

    would be great.
    Scott

    ______________________________________________ 
    Assistant Professor 
    Dept. of Natural Sciences 
    Roger Williams University 
    e-mail: srutherford@rwu.edu 
    http://fox.rwu.edu/~rutherfo 
    phone:  
    snail mail: 
    One Ferry Road 
    Bristol, RI 02809
    _____________________________________________
    _________________ 
    Professor Michael E. Mann 
    Department of Environmental Sciences, Clark Hall 
    University of Virginia 
    Charlottesville, VA 22903 
   
______________________________________________________

    _________________ 
    e-mail: mann@virginia.edu Phone:  FAX:  
     
    http://www.evsc.virginia.edu/faculty/people/mann.shtml 

    _______________________________________________
    _______________
     Professor Michael E. Mann
     Department of Environmental Sciences, Clark Hall
     University of Virginia
     Charlottesville, VA 22903
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________________________________________________________

    _______________
    e-mail: mann@virginia.edu Phone:  FAX:  
    
     http://www.evsc.virginia.edu/faculty/people/mann.shtml 
_____________________________________________________
_________
 Professor Michael E. Mann
 Department of Environmental Sciences, Clark Hall
 University of Virginia
 Charlottesville, VA 22903
________________________________________________________________

_______
e-mail: mann@virginia.edu Phone:  FAX: 

 http://www.evsc.virginia.edu/faculty/people/mann.shtmlMalcolm
Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml 

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Zhang, Zhihua
To: Michael E. Mann; Malcolm Hughes
Cc: fenbiao@ltrr.arizona.edu; Scott Rutherford; rbradley@geo.umass.edu; zz9t@virginia.edu
Subject: RE: mxd network reconstruction
Date: Tuesday, August 31, 2004 8:47:50 PM

Dear all,
 
Malcolm provided a critical issue regarding the climate reconstruction. The screening process we used to
select proxies will apply to three proxy dataset +1, 0, -1, and the selected series must pass 95% confidence
level. With this sreening process we can make sure that no climate-sensitive proxy in both Northern and
Southern hemisphere will miss. However, as Malcolm mentioned it may cause trees predict climate.
 
Cauld we explain this issue as that: A) fewer tree series that cause trees preedict climate will pass the 95%
confidence level. B) if some tree series do pass the 95% (especially for low frequency domain) and cause tree
predict climate that may indicate the influence of climate persistence, say, this year's climate will give some
fingerprint for the next year's climate, that make this year's tree growth be somewhat relevant to next years'
climate.
 
Previous works done by Cook and Stahle with prewhitening process before doing reconstruction and puting
back the persistence to the reconstructed climate may consider somewhat the same issue. The climate
persistence really significant in the low frequency domain, which will be part of our reconstruction (we put
together the low frequency reconstruction and high frequency reconstruction to form the final reconstruction).
 
I have some results from experimental reconstruction of SLP that may provide some points. Without using
hybrid approach, using zero lagging tree dataset give rise somewhat better verification score than using
lagging + zero + leading tree dataset in reconstruction, while using hybrid approach, the lagging + zero +
leading scheme provide a relatively better verification score than zero lagging scheme (Note: A, we got more
low frequency proxy series in reconstructing low frequency climate than high frequency proxy series in
reconstructing high frequency climate. B, generally, hybrid frequency approach provide better reconstruction
than traditional approach).
 
These are some of my thoughts, may be wrong, need more comments.
 
Thanks,
 
Zhang

-----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu]
Sent: Tuesday, August 31, 2004 9:00 PM
To: Malcolm Hughes
Cc: zhang, Zhihua; fenbiao@ltrr.arizona.edu; Scott Rutherford; rbradley@geo.umass.edu
Subject: RE: mxd network reconstruction

Thanks Malcolm,

I agree--we need to very careful about the seasonality assumed in the screening
process.

This is something Scott and Zhang should discuss before proceeding w/ the
implementation of the screening procedure,

Mike

At 09:11 PM 8/31/2004, Malcolm Hughes wrote:

Gentlemen - there are a couple of issues that Fenbiao have come up
against in 
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screening data for the MTMSVD project that have some relevance to the 
reconstruction procedures. They become important if we are screening
locally 
for a relationship to the same variable as we are reconstrucing on the
larger 
field. If a linear relationship with some local climate parameter (not
necessarily 
that to be reconstructed) is the standard, then this is less of an issue.
First, when 
reconstructing summer half-year variables, surely we need to use, for
example, 
series correlated with AMJJAS in the N. Hemisphere, but ONDJFM in the 
southern hemisphere. In each case we need to be aware of what
convention was 
used in the southern hemisphere data to designate the year - for tree
rings I think 
it's the year in which growth is completed  (i.e. the year of the JFM).
Similarly, for winter half-year variables, at least in the case of tree rings, it
must 
be the winter half-year BEFORE the growth season in that hemisphere,
not 
after. Failure to do this will have the trees predicting climate.
Cheers, Malcolm
On 31 Aug 2004 at 19:49, Michael E. Mann wrote:

Thanks Zhang,

I think this check will be helpful. It the two agree, we're in good shape to 
proceed w/ the reconstructions (still a bit of work left to be done to
finalize the 
networks),

mike

At 07:37 PM 8/31/2004, Zhang, Zhihua wrote:
    Thanks Mike,
    
    Sorry for misunderstanding. I will call Scott tomorrow at 11am.
    
    Zhang
    -----Original Message-----
    From: Michael E. Mann [mailto:mann@virginia.edu]
    Sent: Tuesday, August 31, 2004 7:13 PM
    To: Zhang, Zhihua; Scott Rutherford; Bradley Raymond; Hughes
Malcolm; 
    fenbiao@ltrr.arizona.edu; zz9t@virginia.edu
    Cc: mann@virginia.edu
    Subject: RE: mxd network reconstruction

    p.s. Zhang, we're not talking about SLP reconstructions yet.Just 
    temperature reconstructions for the time being, so that we can confirm 
    that you and Scott get the same results using the algorithm applied to 
    the same dataset. We need to confirm this before going on,

    Mike

    At 06:57 PM 8/31/2004, Zhang, Zhihua wrote:
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    Thanks Mike and Scott,
    
    This is a good plan of comparing the reconstruction results. The 
    problem we may face is compute time. I have applied a double space 
    in the ITC at UVa, but I still can only run one case of RegEM at one 
    time ( I have tried submitting two runs in ITC and failed).
    
    Scott, when you finish reconstruction of temperature, please send me 
    the results and your detailed settings [ e.g. scheme of choosing 
    climate sensitive chronologies (95% significant)? at least one pass the 
    criterion out of 2 (or 4) nearby climate gridpoints? using raw 
    chronologies (or PCs)? I suggest use regional PCs because it save 
    time to run RegEM.....] I also suggest stanardize the infilled 
    temperature from 1856 to 1960 because when we do final 
    reconstruction we will use this kind of standardization.
    
    In previous experimental works I have done for SLP reconstruction, I 
    did not use separated ring-width and density chronologies when doing 
    regional PCs as Mike suggested yesterday ( I will redo some 
    experimental reconstruction of SLP considering both ring-width and 
    density regional PCs). Tomorrow or later, I will send you all the 
    filenames for both ring-width and density chronologies, so you can run 
    itrdbmatrix_1.m to obtain ring-width/density data matrix to perform 
    reconstruction.
    
    I will arrange and send you some of my previous experimental 
    reconstruction of SLP within a few days.
    
    Thanks,
    
    Zhang 
    -----Original Message----- 
    From: Michael E. Mann [mailto:mann@virginia.edu] 
    Sent: Tuesday, August 31, 2004 3:50 PM 
    To: Scott Rutherford; Zhihua Zhang; Bradley Raymond; Hughes
Malcolm; 
    fenbiao@ltrr.arizona.edu; mann@virginia.edu 
    Subject: Re: mxd network reconstruction

    Thanks Scott,
    Can you confirm what the "standardization"entails. Also, by warm-
    season, you mean AMJJAS, right? Just want to make sure that 
    Zhang has all of the details to reproduce your result. That is "step 
    1". 
    Zhang should also estimate the uncertainties, and compute 
    verification statistics, so we can compare w/ your estimates of 
    those.
    Once Zhang can reproduce your result (and uncertainties and 
    verification results), we should then test (step 2) the application of 
    the screening procedure to the MXD data, and compare the 
    resulting reconstruction both with, and w/out the screening 
    procedure.
    Finally, we should test the use of PCs to replace certain sub-regions 
    of the MXD network as a test of the impact of using PCs vs. the 
    raw indicators. 

    We can use verification statistics to establish which alternative 
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    procedure appears to work best. 
    Then, we may be ready to start moving forward w/ new 
    reconstructions (SLP and temperature) using the expanded 
    multiproxy network. But first, we should establish that we can 
    reproduce your previous results w/ common data and same 
    algorithm, and test some of the procedures we're talking about 
    using.
    Comments are welcome. Thanks,
    Mike

    know we're situated to move forward with the new temperature 
    andAt 03:22 PM 8/31/2004, Scott Rutherford wrote:
    Zhang,
    Mike suggested, and I agree, that we should check a 
    reconstruction that I have done with one that you have done 
    just to be sure we are doing everything the same way. So, 
    since you have the MXD network and the infilled 
    temperature data, how about running a reconstruction of 
    warm-season northern hemisphere temperature? The 
    calibration data set is the infilled temperature data from 1856 
    to 1960 with the period of standardization 1900-1960. This 
    should be a hybrid with the frequency cut off at 20 years. If 
    you can do that and send me the NH mean reconstruction that 
    would be great.
    Scott

    ______________________________________________ 
    Assistant Professor 
    Dept. of Natural Sciences 
    Roger Williams University 
    e-mail: srutherford@rwu.edu 
    http://fox.rwu.edu/~rutherfo 
    phone:  
    snail mail: 
    One Ferry Road 
    Bristol, RI 02809
    _____________________________________________
    _________________ 
    Professor Michael E. Mann 
    Department of Environmental Sciences, Clark Hall 
    University of Virginia 
    Charlottesville, VA 22903 
    ______________________________________________________
    _________________ 
    e-mail: mann@virginia.edu Phone:  FAX:  
     
    http://www.evsc.virginia.edu/faculty/people/mann.shtml 

    _______________________________________________
    _______________
     Professor Michael E. Mann
     Department of Environmental Sciences, Clark Hall
     University of Virginia
     Charlottesville, VA 22903
    ________________________________________________________
    _______________
    e-mail: mann@virginia.edu Phone:  FAX: (434) 
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    982-2137
     http://www.evsc.virginia.edu/faculty/people/mann.shtml 
_____________________________________________________
_________
 Professor Michael E. Mann
 Department of Environmental Sciences, Clark Hall
 University of Virginia
 Charlottesville, VA 22903
________________________________________________________________

_______
e-mail: mann@virginia.edu Phone:  FAX: 
 http://www.evsc.virginia.edu/faculty/people/mann.shtmlMalcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Malcolm Hughes
To: Michael E. Mann
Subject: RE: mxd network reconstruction
Date: Tuesday, August 31, 2004 6:11:54 PM

Gentlemen - there are a couple of issues that Fenbiao have come up against in
screening data for the MTMSVD project that have some relevance to the
reconstruction procedures. They become important if we are screening locally
for a relationship to the same variable as we are reconstrucing on the larger
field. If a linear relationship with some local climate parameter (not necessarily
that to be reconstructed) is the standard, then this is less of an issue. First, when
reconstructing summer half-year variables, surely we need to use, for example,
series correlated with AMJJAS in the N. Hemisphere, but ONDJFM in the
southern hemisphere. In each case we need to be aware of what convention was
used in the southern hemisphere data to designate the year - for tree rings I think
it's the year in which growth is completed  (i.e. the year of the JFM).
Similarly, for winter half-year variables, at least in the case of tree rings, it must
be the winter half-year BEFORE the growth season in that hemisphere, not
after. Failure to do this will have the trees predicting climate.
Cheers, Malcolm
On 31 Aug 2004 at 19:49, Michael E. Mann wrote:

Thanks Zhang,

I think this check will be helpful. It the two agree, we're in good shape to
proceed w/ the reconstructions (still a bit of work left to be done to finalize the
networks),

mike

At 07:37 PM 8/31/2004, Zhang, Zhihua wrote:
    Thanks Mike,
   
    Sorry for misunderstanding. I will call Scott tomorrow at 11am.
   
    Zhang
    -----Original Message-----
    From: Michael E. Mann [mailto:mann@virginia.edu]
    Sent: Tuesday, August 31, 2004 7:13 PM
    To: Zhang, Zhihua; Scott Rutherford; Bradley Raymond; Hughes Malcolm;
    fenbiao@ltrr.arizona.edu; zz9t@virginia.edu
    Cc: mann@virginia.edu
    Subject: RE: mxd network reconstruction

    p.s. Zhang, we're not talking about SLP reconstructions yet.Just
    temperature reconstructions for the time being, so that we can confirm
    that you and Scott get the same results using the algorithm applied to
    the same dataset. We need to confirm this before going on,

    Mike

    At 06:57 PM 8/31/2004, Zhang, Zhihua wrote:
    Thanks Mike and Scott,
   
    This is a good plan of comparing the reconstruction results. The
    problem we may face is compute time. I have applied a double space
    in the ITC at UVa, but I still can only run one case of RegEM at one
    time ( I have tried submitting two runs in ITC and failed).
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    Scott, when you finish reconstruction of temperature, please send me
    the results and your detailed settings [ e.g. scheme of choosing
    climate sensitive chronologies (95% significant)? at least one pass the
    criterion out of 2 (or 4) nearby climate gridpoints? using raw
    chronologies (or PCs)? I suggest use regional PCs because it save
    time to run RegEM.....] I also suggest stanardize the infilled
    temperature from 1856 to 1960 because when we do final
    reconstruction we will use this kind of standardization.
   
    In previous experimental works I have done for SLP reconstruction, I
    did not use separated ring-width and density chronologies when doing
    regional PCs as Mike suggested yesterday ( I will redo some
    experimental reconstruction of SLP considering both ring-width and
    density regional PCs). Tomorrow or later, I will send you all the
    filenames for both ring-width and density chronologies, so you can run
    itrdbmatrix_1.m to obtain ring-width/density data matrix to perform
    reconstruction.
   
    I will arrange and send you some of my previous experimental
    reconstruction of SLP within a few days.
   
    Thanks,
   
    Zhang
    -----Original Message-----
    From: Michael E. Mann [mailto:mann@virginia.edu]
    Sent: Tuesday, August 31, 2004 3:50 PM
    To: Scott Rutherford; Zhihua Zhang; Bradley Raymond; Hughes Malcolm;
    fenbiao@ltrr.arizona.edu; mann@virginia.edu
    Subject: Re: mxd network reconstruction

    Thanks Scott,
    Can you confirm what the "standardization"entails. Also, by warm-
    season, you mean AMJJAS, right? Just want to make sure that
    Zhang has all of the details to reproduce your result. That is "step
    1".
    Zhang should also estimate the uncertainties, and compute
    verification statistics, so we can compare w/ your estimates of
    those.
    Once Zhang can reproduce your result (and uncertainties and
    verification results), we should then test (step 2) the application of
    the screening procedure to the MXD data, and compare the
    resulting reconstruction both with, and w/out the screening
    procedure.
    Finally, we should test the use of PCs to replace certain sub-regions
    of the MXD network as a test of the impact of using PCs vs. the
    raw indicators.

    We can use verification statistics to establish which alternative
    procedure appears to work best.
    Then, we may be ready to start moving forward w/ new
    reconstructions (SLP and temperature) using the expanded
    multiproxy network. But first, we should establish that we can
    reproduce your previous results w/ common data and same
    algorithm, and test some of the procedures we're talking about
    using.
    Comments are welcome. Thanks,
    Mike
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    know we're situated to move forward with the new temperature
    andAt 03:22 PM 8/31/2004, Scott Rutherford wrote:
    Zhang,
    Mike suggested, and I agree, that we should check a
    reconstruction that I have done with one that you have done
    just to be sure we are doing everything the same way. So,
    since you have the MXD network and the infilled
    temperature data, how about running a reconstruction of
    warm-season northern hemisphere temperature? The
    calibration data set is the infilled temperature data from 1856
    to 1960 with the period of standardization 1900-1960. This
    should be a hybrid with the frequency cut off at 20 years. If
    you can do that and send me the NH mean reconstruction that
    would be great.
    Scott

    ______________________________________________
    Assistant Professor
    Dept. of Natural Sciences
    Roger Williams University
    e-mail: srutherford@rwu.edu
    http://fox.rwu.edu/~rutherfo
    phone: 
    snail mail:
    One Ferry Road
    Bristol, RI 02809
    _____________________________________________
    _________________
    Professor Michael E. Mann
    Department of Environmental Sciences, Clark Hall
    University of Virginia
    Charlottesville, VA 22903
    ______________________________________________________
    _________________
    e-mail: mann@virginia.edu Phone:  FAX: 
    
    http://www.evsc.virginia.edu/faculty/people/mann.shtml

    _______________________________________________
    _______________
     Professor Michael E. Mann
     Department of Environmental Sciences, Clark Hall
     University of Virginia
     Charlottesville, VA 22903
    ________________________________________________________
    _______________
    e-mail: mann@virginia.edu Phone:  FAX: 
    
     http://www.evsc.virginia.edu/faculty/people/mann.shtml
_____________________________________________________
_________
 Professor Michael E. Mann
 Department of Environmental Sciences, Clark Hall
 University of Virginia
 Charlottesville, VA 22903
________________________________________________________________
_______
e-mail: mann@virginia.edu Phone:  FAX: 
 http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes
Cc: zhang, Zhihua; fenbiao@ltrr.arizona.edu; Scott Rutherford; rbradley@geo.umass.edu
Subject: RE: mxd network reconstruction
Date: Tuesday, August 31, 2004 6:00:25 PM

Thanks Malcolm,

I agree--we need to very careful about the seasonality assumed in the screening
process.

This is something Scott and Zhang should discuss before proceeding w/ the
implementation of the screening procedure,

Mike

At 09:11 PM 8/31/2004, Malcolm Hughes wrote:

Gentlemen - there are a couple of issues that Fenbiao have come up
against in 
screening data for the MTMSVD project that have some relevance to the 
reconstruction procedures. They become important if we are screening
locally 
for a relationship to the same variable as we are reconstrucing on the
larger 
field. If a linear relationship with some local climate parameter (not
necessarily 
that to be reconstructed) is the standard, then this is less of an issue.
First, when 
reconstructing summer half-year variables, surely we need to use, for
example, 
series correlated with AMJJAS in the N. Hemisphere, but ONDJFM in the 
southern hemisphere. In each case we need to be aware of what
convention was 
used in the southern hemisphere data to designate the year - for tree
rings I think 
it's the year in which growth is completed  (i.e. the year of the JFM).
Similarly, for winter half-year variables, at least in the case of tree rings, it
must 
be the winter half-year BEFORE the growth season in that hemisphere,
not 
after. Failure to do this will have the trees predicting climate.
Cheers, Malcolm
On 31 Aug 2004 at 19:49, Michael E. Mann wrote:

Thanks Zhang,

I think this check will be helpful. It the two agree, we're in good shape to 
proceed w/ the reconstructions (still a bit of work left to be done to
finalize the 
networks),

mike
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At 07:37 PM 8/31/2004, Zhang, Zhihua wrote:
    Thanks Mike,
    
    Sorry for misunderstanding. I will call Scott tomorrow at 11am.
    
    Zhang
    -----Original Message-----
    From: Michael E. Mann [mailto:mann@virginia.edu]
    Sent: Tuesday, August 31, 2004 7:13 PM
    To: Zhang, Zhihua; Scott Rutherford; Bradley Raymond; Hughes
Malcolm; 
    fenbiao@ltrr.arizona.edu; zz9t@virginia.edu
    Cc: mann@virginia.edu
    Subject: RE: mxd network reconstruction

    p.s. Zhang, we're not talking about SLP reconstructions yet.Just 
    temperature reconstructions for the time being, so that we can confirm 
    that you and Scott get the same results using the algorithm applied to 
    the same dataset. We need to confirm this before going on,

    Mike

    At 06:57 PM 8/31/2004, Zhang, Zhihua wrote:
    Thanks Mike and Scott,
    
    This is a good plan of comparing the reconstruction results. The 
    problem we may face is compute time. I have applied a double space 
    in the ITC at UVa, but I still can only run one case of RegEM at one 
    time ( I have tried submitting two runs in ITC and failed).
    
    Scott, when you finish reconstruction of temperature, please send me 
    the results and your detailed settings [ e.g. scheme of choosing 
    climate sensitive chronologies (95% significant)? at least one pass the 
    criterion out of 2 (or 4) nearby climate gridpoints? using raw 
    chronologies (or PCs)? I suggest use regional PCs because it save 
    time to run RegEM.....] I also suggest stanardize the infilled 
    temperature from 1856 to 1960 because when we do final 
    reconstruction we will use this kind of standardization.
    
    In previous experimental works I have done for SLP reconstruction, I 
    did not use separated ring-width and density chronologies when doing 
    regional PCs as Mike suggested yesterday ( I will redo some 
    experimental reconstruction of SLP considering both ring-width and 
    density regional PCs). Tomorrow or later, I will send you all the 
    filenames for both ring-width and density chronologies, so you can run 
    itrdbmatrix_1.m to obtain ring-width/density data matrix to perform 
    reconstruction.
    
    I will arrange and send you some of my previous experimental 
    reconstruction of SLP within a few days.
    
    Thanks,
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    Zhang 
    -----Original Message----- 
    From: Michael E. Mann [mailto:mann@virginia.edu] 
    Sent: Tuesday, August 31, 2004 3:50 PM 
    To: Scott Rutherford; Zhihua Zhang; Bradley Raymond; Hughes
Malcolm; 
    fenbiao@ltrr.arizona.edu; mann@virginia.edu 
    Subject: Re: mxd network reconstruction

    Thanks Scott,
    Can you confirm what the "standardization"entails. Also, by warm-
    season, you mean AMJJAS, right? Just want to make sure that 
    Zhang has all of the details to reproduce your result. That is "step 
    1". 
    Zhang should also estimate the uncertainties, and compute 
    verification statistics, so we can compare w/ your estimates of 
    those.
    Once Zhang can reproduce your result (and uncertainties and 
    verification results), we should then test (step 2) the application of 
    the screening procedure to the MXD data, and compare the 
    resulting reconstruction both with, and w/out the screening 
    procedure.
    Finally, we should test the use of PCs to replace certain sub-regions 
    of the MXD network as a test of the impact of using PCs vs. the 
    raw indicators. 

    We can use verification statistics to establish which alternative 
    procedure appears to work best. 
    Then, we may be ready to start moving forward w/ new 
    reconstructions (SLP and temperature) using the expanded 
    multiproxy network. But first, we should establish that we can 
    reproduce your previous results w/ common data and same 
    algorithm, and test some of the procedures we're talking about 
    using.
    Comments are welcome. Thanks,
    Mike

    know we're situated to move forward with the new temperature 
    andAt 03:22 PM 8/31/2004, Scott Rutherford wrote:
    Zhang,
    Mike suggested, and I agree, that we should check a 
    reconstruction that I have done with one that you have done 
    just to be sure we are doing everything the same way. So, 
    since you have the MXD network and the infilled 
    temperature data, how about running a reconstruction of 
    warm-season northern hemisphere temperature? The 
    calibration data set is the infilled temperature data from 1856 
    to 1960 with the period of standardization 1900-1960. This 
    should be a hybrid with the frequency cut off at 20 years. If 
    you can do that and send me the NH mean reconstruction that 
    would be great.
    Scott

    ______________________________________________ 
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    Assistant Professor 
    Dept. of Natural Sciences 
    Roger Williams University 
    e-mail: srutherford@rwu.edu 
    http://fox.rwu.edu/~rutherfo 
    phone:  
    snail mail: 
    One Ferry Road 
    Bristol, RI 02809
    _____________________________________________
    _________________ 
    Professor Michael E. Mann 
    Department of Environmental Sciences, Clark Hall 
    University of Virginia 
    Charlottesville, VA 22903 
    ______________________________________________________
    _________________ 
    e-mail: mann@virginia.edu Phone:  FAX:  
     
    http://www.evsc.virginia.edu/faculty/people/mann.shtml 

    _______________________________________________
    _______________
     Professor Michael E. Mann
     Department of Environmental Sciences, Clark Hall
     University of Virginia
     Charlottesville, VA 22903
    ________________________________________________________
    _______________
    e-mail: mann@virginia.edu Phone:  FAX:  
    
     http://www.evsc.virginia.edu/faculty/people/mann.shtml 
_____________________________________________________
_________
 Professor Michael E. Mann
 Department of Environmental Sciences, Clark Hall
 University of Virginia
 Charlottesville, VA 22903
________________________________________________________________

_______
e-mail: mann@virginia.edu Phone:  FAX: 
 http://www.evsc.virginia.edu/faculty/people/mann.shtmlMalcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
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                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Zhang, Zhihua; Scott Rutherford; Bradley Raymond; Hughes Malcolm; fenbiao@ltrr.arizona.edu; mann@virginia.edu
Subject: RE: mxd network reconstruction
Date: Tuesday, August 31, 2004 4:50:45 PM

Thanks Zhang,

I think this check will be helpful. It the two agree, we're in good shape to proceed w/ the reconstructions (still a
bit of work left to be done to finalize the networks),

mike

At 07:37 PM 8/31/2004, Zhang, Zhihua wrote:

Thanks Mike,
 
Sorry for misunderstanding. I will call Scott tomorrow at 11am.
 
Zhang

-----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu]
Sent: Tuesday, August 31, 2004 7:13 PM
To: Zhang, Zhihua; Scott Rutherford; Bradley Raymond; Hughes Malcolm; fenbiao@ltrr.arizona.edu; zz9t@virginia.edu
Cc: mann@virginia.edu
Subject: RE: mxd network reconstruction

p.s. Zhang, we're not talking about SLP reconstructions yet.  Just temperature reconstructions
for the time being, so that we can confirm that you and Scott get the same results using the
algorithm applied to the same dataset. We need to confirm this before going on,

Mike

At 06:57 PM 8/31/2004, Zhang, Zhihua wrote:

Thanks Mike and Scott,

 
This is a good plan of comparing the reconstruction results. The problem we may face is compute
time. I have applied a double space in the ITC at UVa, but I still can only run one case of RegEM
at one time ( I have tried submitting two runs in ITC and failed).

 
Scott, when you finish reconstruction of temperature, please send me the results and your
detailed settings [ e.g. scheme of choosing climate sensitive chronologies (95% significant)? at
least one pass the criterion out of 2 (or 4) nearby climate gridpoints? using raw chronologies (or
PCs)? I suggest use regional PCs because it save time to run RegEM.....] I also suggest
stanardize the infilled temperature from 1856 to 1960 because when we do final reconstruction
we will use this kind of standardization.

 
In previous experimental works I have done for SLP reconstruction, I did not use separated ring-
width and density chronologies when doing regional PCs as Mike suggested yesterday ( I will
redo some experimental reconstruction of SLP considering both ring-width and density regional
PCs). Tomorrow or later, I will send you all the filenames for both ring-width and density
chronologies, so you can run itrdbmatrix_1.m to obtain ring-width/density data matrix to perform
reconstruction.

 
I will arrange and send you some of my previous experimental reconstruction of SLP within a few
days.

 
Thanks,

 
Zhang

-----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu]
Sent: Tuesday, August 31, 2004 3:50 PM
To: Scott Rutherford; Zhihua Zhang; Bradley Raymond; Hughes Malcolm;
fenbiao@ltrr.arizona.edu; mann@virginia.edu
Subject: Re: mxd network reconstruction
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Thanks Scott,
Can you confirm what the "standardization"entails. Also, by warm-season,
you mean AMJJAS, right? Just want to make sure that Zhang has all of
the details to reproduce your result. That is "step 1".
Zhang should also estimate the uncertainties, and compute verification
statistics, so we can compare w/ your estimates of those.
Once Zhang can reproduce your result (and uncertainties and verification
results), we should then test  (step 2) the application of the screening
procedure to the MXD data, and compare the resulting reconstruction
both with, and w/out the screening procedure.
Finally, we should test the use of PCs to replace certain sub-regions of the
MXD network as a test of the impact of using PCs vs.  the raw indicators. 

We can use verification statistics to establish which alternative procedure
appears to work best. 
Then, we may be ready to start moving forward w/ new reconstructions
(SLP and temperature) using the expanded multiproxy network. But first,
we should establish that we can reproduce your previous results w/
common data and same algorithm, and test some of the procedures we're
talking about using.
Comments are welcome. Thanks,
Mike

 know we're situated to move forward with the new temperature andAt
03:22 PM 8/31/2004, Scott Rutherford wrote:

Zhang,
Mike suggested, and I agree, that we should check a
reconstruction that I have done with one that you have
done just to be sure we are doing everything the same
way. So, since you have the MXD network and the infilled
temperature data, how about running a reconstruction of
warm-season northern hemisphere temperature? The
calibration data set is the infilled temperature data from
1856 to 1960 with the period of standardization 1900-
1960.  This should be a hybrid with the frequency cut off
at 20 years.  If you can do that and send me the NH
mean reconstruction that would be great.
Scott

______________________________________________
Assistant Professor
Dept. of Natural Sciences
Roger Williams University
e-mail: srutherford@rwu.edu
http://fox.rwu.edu/~rutherfo
phone: 
snail mail:
One Ferry Road
Bristol, RI 02809

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml 
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______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Zhang, Zhihua
To: Michael E. Mann; Scott Rutherford; Bradley Raymond; Hughes Malcolm; fenbiao@ltrr.arizona.edu
Subject: RE: mxd network reconstruction
Date: Tuesday, August 31, 2004 4:37:29 PM

Thanks Mike,
 
Sorry for misunderstanding. I will call Scott tomorrow at 11am.
 
Zhang

-----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu]
Sent: Tuesday, August 31, 2004 7:13 PM
To: Zhang, Zhihua; Scott Rutherford; Bradley Raymond; Hughes Malcolm; fenbiao@ltrr.arizona.edu;
zz9t@virginia.edu
Cc: mann@virginia.edu
Subject: RE: mxd network reconstruction

p.s. Zhang, we're not talking about SLP reconstructions yet.  Just temperature
reconstructions for the time being, so that we can confirm that you and Scott get the same
results using the algorithm applied to the same dataset. We need to confirm this before
going on,

Mike

At 06:57 PM 8/31/2004, Zhang, Zhihua wrote:

Thanks Mike and Scott,
 
This is a good plan of comparing the reconstruction results. The problem we may face is compute
time. I have applied a double space in the ITC at UVa, but I still can only run one case of RegEM
at one time ( I have tried submitting two runs in ITC and failed).
 
Scott, when you finish reconstruction of temperature, please send me the results and your
detailed settings [ e.g. scheme of choosing climate sensitive chronologies (95% significant)? at
least one pass the criterion out of 2 (or 4) nearby climate gridpoints? using raw chronologies (or
PCs)? I suggest use regional PCs because it save time to run RegEM.....] I also suggest
stanardize the infilled temperature from 1856 to 1960 because when we do final reconstruction
we will use this kind of standardization.
 
In previous experimental works I have done for SLP reconstruction, I did not use separated ring-
width and density chronologies when doing regional PCs as Mike suggested yesterday ( I will
redo some experimental reconstruction of SLP considering both ring-width and density regional
PCs). Tomorrow or later, I will send you all the filenames for both ring-width and density
chronologies, so you can run itrdbmatrix_1.m to obtain ring-width/density data matrix to perform
reconstruction.
 
I will arrange and send you some of my previous experimental reconstruction of SLP within a few
days.
 
Thanks,
 
Zhang

-----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu]
Sent: Tuesday, August 31, 2004 3:50 PM
To: Scott Rutherford; Zhihua Zhang; Bradley Raymond; Hughes Malcolm;
fenbiao@ltrr.arizona.edu; mann@virginia.edu
Subject: Re: mxd network reconstruction

Thanks Scott,

Can you confirm what the "standardization"entails. Also, by warm-season,
you mean AMJJAS, right? Just want to make sure that Zhang has all of
the details to reproduce your result. That is "step 1".
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Zhang should also estimate the uncertainties, and compute verification
statistics, so we can compare w/ your estimates of those.

Once Zhang can reproduce your result (and uncertainties and verification
results), we should then test  (step 2) the application of the screening
procedure to the MXD data, and compare the resulting reconstruction
both with, and w/out the screening procedure.

Finally, we should test the use of PCs to replace certain sub-regions of the
MXD network as a test of the impact of using PCs vs.  the raw indicators. 

We can use verification statistics to establish which alternative procedure
appears to work best. 

Then, we may be ready to start moving forward w/ new reconstructions
(SLP and temperature) using the expanded multiproxy network. But first,
we should establish that we can reproduce your previous results w/
common data and same algorithm, and test some of the procedures we're
talking about using.

Comments are welcome. Thanks,

Mike

 know we're situated to move forward with the new temperature andAt
03:22 PM 8/31/2004, Scott Rutherford wrote:

Zhang,

Mike suggested, and I agree, that we should check a
reconstruction that I have done with one that you have
done just to be sure we are doing everything the same
way. So, since you have the MXD network and the infilled
temperature data, how about running a reconstruction of
warm-season northern hemisphere temperature? The
calibration data set is the infilled temperature data from
1856 to 1960 with the period of standardization 1900-
1960.  This should be a hybrid with the frequency cut off
at 20 years.  If you can do that and send me the NH
mean reconstruction that would be great.

Scott

______________________________________________
Assistant Professor
Dept. of Natural Sciences
Roger Williams University
e-mail: srutherford@rwu.edu
http://fox.rwu.edu/~rutherfo
phone: 
snail mail:
One Ferry Road
Bristol, RI 02809

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
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e-mail: mann@virginia.edu   Phone:    FAX: 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml 

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Zhang, Zhihua; Scott Rutherford; Bradley Raymond; Hughes Malcolm; fenbiao@ltrr.arizona.edu; zz9t@virginia.edu
Cc: mann@virginia.edu
Subject: RE: mxd network reconstruction
Date: Tuesday, August 31, 2004 4:13:41 PM

p.s. Zhang, we're not talking about SLP reconstructions yet.  Just temperature reconstructions
for the time being, so that we can confirm that you and Scott get the same results using the
algorithm applied to the same dataset. We need to confirm this before going on,

Mike

At 06:57 PM 8/31/2004, Zhang, Zhihua wrote:

Thanks Mike and Scott,
 
This is a good plan of comparing the reconstruction results. The problem we may face is compute time.
I have applied a double space in the ITC at UVa, but I still can only run one case of RegEM at one time
( I have tried submitting two runs in ITC and failed).
 
Scott, when you finish reconstruction of temperature, please send me the results and your detailed
settings [ e.g. scheme of choosing climate sensitive chronologies (95% significant)? at least one pass
the criterion out of 2 (or 4) nearby climate gridpoints? using raw chronologies (or PCs)? I suggest use
regional PCs because it save time to run RegEM.....] I also suggest stanardize the infilled temperature
from 1856 to 1960 because when we do final reconstruction we will use this kind of standardization.
 
In previous experimental works I have done for SLP reconstruction, I did not use separated ring-width
and density chronologies when doing regional PCs as Mike suggested yesterday ( I will redo some
experimental reconstruction of SLP considering both ring-width and density regional PCs). Tomorrow or
later, I will send you all the filenames for both ring-width and density chronologies, so you can run
itrdbmatrix_1.m to obtain ring-width/density data matrix to perform reconstruction.
 
I will arrange and send you some of my previous experimental reconstruction of SLP within a few days.
 
Thanks,
 
Zhang

-----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu]
Sent: Tuesday, August 31, 2004 3:50 PM
To: Scott Rutherford; Zhihua Zhang; Bradley Raymond; Hughes Malcolm;
fenbiao@ltrr.arizona.edu; mann@virginia.edu
Subject: Re: mxd network reconstruction

Thanks Scott,

Can you confirm what the "standardization"entails. Also, by warm-season, you
mean AMJJAS, right? Just want to make sure that Zhang has all of the details
to reproduce your result. That is "step 1".
Zhang should also estimate the uncertainties, and compute verification
statistics, so we can compare w/ your estimates of those.

Once Zhang can reproduce your result (and uncertainties and verification
results), we should then test  (step 2) the application of the screening
procedure to the MXD data, and compare the resulting reconstruction both
with, and w/out the screening procedure.

Finally, we should test the use of PCs to replace certain sub-regions of the MXD
network as a test of the impact of using PCs vs.  the raw indicators. 

We can use verification statistics to establish which alternative procedure
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appears to work best. 

Then, we may be ready to start moving forward w/ new reconstructions (SLP
and temperature) using the expanded multiproxy network. But first, we should
establish that we can reproduce your previous results w/ common data and
same algorithm, and test some of the procedures we're talking about using.

Comments are welcome. Thanks,

Mike

 know we're situated to move forward with the new temperature andAt 03:22
PM 8/31/2004, Scott Rutherford wrote:

Zhang,

Mike suggested, and I agree, that we should check a
reconstruction that I have done with one that you have done
just to be sure we are doing everything the same way. So,
since you have the MXD network and the infilled temperature
data, how about running a reconstruction of warm-season
northern hemisphere temperature? The calibration data set is
the infilled temperature data from 1856 to 1960 with the
period of standardization 1900-1960.  This should be a hybrid
with the frequency cut off at 20 years.  If you can do that and
send me the NH mean reconstruction that would be great.

Scott

______________________________________________
Assistant Professor
Dept. of Natural Sciences
Roger Williams University
e-mail: srutherford@rwu.edu
http://fox.rwu.edu/~rutherfo
phone: 
snail mail:
One Ferry Road
Bristol, RI 02809

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml 

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Zhang, Zhihua; Scott Rutherford; Bradley Raymond; Hughes Malcolm; fenbiao@ltrr.arizona.edu; zz9t@virginia.edu
Cc: mann@virginia.edu
Subject: RE: mxd network reconstruction
Date: Tuesday, August 31, 2004 4:12:16 PM

Hi Zhang,

Based on your email, I think you may be confused about Scott's message.

Scott has already done a reconstruction of Northern Hemisphere mean warm-season
temperature based on the MXD dataset, using the infilled CRU surface temperature data set and
the hybrid method.

We're simply asking for you to do the same analysis that Scott has already done (Scott can send
you the NH mean reconstruction if you like for comparison) so we can check that your execution
of the algorithm and his are yielding the same result.

This is higher priority than any other reconstruction you might be doing now, so if you need to
terminate one of the other runs to execuse this, you should

This analysis doesn't require any scheme for selecting chronologies, etc. It is based on using all
of the 5 degree MXD gridpoint series as described in the Rutherford et al J. Climate paper (in
press). You can refer to that paper for more details.

Perhaps you and Scott should discuss by phone tomorrow to clarify any remaining confusion. Its
important for us to do this comparison before we proceed.

Thanks,

Mike

At 06:57 PM 8/31/2004, Zhang, Zhihua wrote:

Thanks Mike and Scott,
 
This is a good plan of comparing the reconstruction results. The problem we may face is compute time.
I have applied a double space in the ITC at UVa, but I still can only run one case of RegEM at one time
( I have tried submitting two runs in ITC and failed).
 
Scott, when you finish reconstruction of temperature, please send me the results and your detailed
settings [ e.g. scheme of choosing climate sensitive chronologies (95% significant)? at least one pass
the criterion out of 2 (or 4) nearby climate gridpoints? using raw chronologies (or PCs)? I suggest use
regional PCs because it save time to run RegEM.....] I also suggest stanardize the infilled temperature
from 1856 to 1960 because when we do final reconstruction we will use this kind of standardization.
 
In previous experimental works I have done for SLP reconstruction, I did not use separated ring-width
and density chronologies when doing regional PCs as Mike suggested yesterday ( I will redo some
experimental reconstruction of SLP considering both ring-width and density regional PCs). Tomorrow or
later, I will send you all the filenames for both ring-width and density chronologies, so you can run
itrdbmatrix_1.m to obtain ring-width/density data matrix to perform reconstruction.
 
I will arrange and send you some of my previous experimental reconstruction of SLP within a few days.
 
Thanks,
 
Zhang

-----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu]
Sent: Tuesday, August 31, 2004 3:50 PM
To: Scott Rutherford; Zhihua Zhang; Bradley Raymond; Hughes Malcolm;
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fenbiao@ltrr.arizona.edu; mann@virginia.edu
Subject: Re: mxd network reconstruction

Thanks Scott,

Can you confirm what the "standardization"entails. Also, by warm-season, you
mean AMJJAS, right? Just want to make sure that Zhang has all of the details
to reproduce your result. That is "step 1".
Zhang should also estimate the uncertainties, and compute verification
statistics, so we can compare w/ your estimates of those.

Once Zhang can reproduce your result (and uncertainties and verification
results), we should then test  (step 2) the application of the screening
procedure to the MXD data, and compare the resulting reconstruction both
with, and w/out the screening procedure.

Finally, we should test the use of PCs to replace certain sub-regions of the MXD
network as a test of the impact of using PCs vs.  the raw indicators. 

We can use verification statistics to establish which alternative procedure
appears to work best. 

Then, we may be ready to start moving forward w/ new reconstructions (SLP
and temperature) using the expanded multiproxy network. But first, we should
establish that we can reproduce your previous results w/ common data and
same algorithm, and test some of the procedures we're talking about using.

Comments are welcome. Thanks,

Mike

 know we're situated to move forward with the new temperature andAt 03:22
PM 8/31/2004, Scott Rutherford wrote:

Zhang,

Mike suggested, and I agree, that we should check a
reconstruction that I have done with one that you have done
just to be sure we are doing everything the same way. So,
since you have the MXD network and the infilled temperature
data, how about running a reconstruction of warm-season
northern hemisphere temperature? The calibration data set is
the infilled temperature data from 1856 to 1960 with the
period of standardization 1900-1960.  This should be a hybrid
with the frequency cut off at 20 years.  If you can do that and
send me the NH mean reconstruction that would be great.

Scott

______________________________________________
Assistant Professor
Dept. of Natural Sciences
Roger Williams University
e-mail: srutherford@rwu.edu
http://fox.rwu.edu/~rutherfo
phone: 
snail mail:
One Ferry Road
Bristol, RI 02809
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______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml 

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Zhang, Zhihua
To: Michael E. Mann; Scott Rutherford; Bradley Raymond; Hughes Malcolm; fenbiao@ltrr.arizona.edu; zz9t@virginia.edu
Subject: RE: mxd network reconstruction
Date: Tuesday, August 31, 2004 3:57:21 PM

Thanks Mike and Scott,
 
This is a good plan of comparing the reconstruction results. The problem we may face is compute time. I have
applied a double space in the ITC at UVa, but I still can only run one case of RegEM at one time ( I have tried
submitting two runs in ITC and failed).
 
Scott, when you finish reconstruction of temperature, please send me the results and your detailed settings [
e.g. scheme of choosing climate sensitive chronologies (95% significant)? at least one pass the criterion out of
2 (or 4) nearby climate gridpoints? using raw chronologies (or PCs)? I suggest use regional PCs because it
save time to run RegEM.....] I also suggest stanardize the infilled temperature from 1856 to 1960 because
when we do final reconstruction we will use this kind of standardization.
 
In previous experimental works I have done for SLP reconstruction, I did not use separated ring-width and
density chronologies when doing regional PCs as Mike suggested yesterday ( I will redo some experimental
reconstruction of SLP considering both ring-width and density regional PCs). Tomorrow or later, I will send you
all the filenames for both ring-width and density chronologies, so you can run itrdbmatrix_1.m to obtain ring-
width/density data matrix to perform reconstruction.
 
I will arrange and send you some of my previous experimental reconstruction of SLP within a few days.
 
Thanks,
 
Zhang

-----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu]
Sent: Tuesday, August 31, 2004 3:50 PM
To: Scott Rutherford; Zhihua Zhang; Bradley Raymond; Hughes Malcolm; fenbiao@ltrr.arizona.edu;
mann@virginia.edu
Subject: Re: mxd network reconstruction

Thanks Scott,

Can you confirm what the "standardization"entails. Also, by warm-season, you mean
AMJJAS, right? Just want to make sure that Zhang has all of the details to reproduce
your result. That is "step 1".
Zhang should also estimate the uncertainties, and compute verification statistics, so
we can compare w/ your estimates of those.

Once Zhang can reproduce your result (and uncertainties and verification results), we
should then test  (step 2) the application of the screening procedure to the MXD
data, and compare the resulting reconstruction both with, and w/out the screening
procedure.

Finally, we should test the use of PCs to replace certain sub-regions of the MXD
network as a test of the impact of using PCs vs.  the raw indicators. 

We can use verification statistics to establish which alternative procedure appears to
work best. 

Then, we may be ready to start moving forward w/ new reconstructions (SLP and
temperature) using the expanded multiproxy network. But first, we should establish
that we can reproduce your previous results w/ common data and same algorithm,
and test some of the procedures we're talking about using.
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Comments are welcome. Thanks,

Mike

 know we're situated to move forward with the new temperature andAt 03:22 PM
8/31/2004, Scott Rutherford wrote:

Zhang,

Mike suggested, and I agree, that we should check a reconstruction that I
have done with one that you have done just to be sure we are doing
everything the same way. So, since you have the MXD network and the
infilled temperature data, how about running a reconstruction of warm-
season northern hemisphere temperature? The calibration data set is the
infilled temperature data from 1856 to 1960 with the period of
standardization 1900-1960.  This should be a hybrid with the frequency
cut off at 20 years.  If you can do that and send me the NH mean
reconstruction that would be great.

Scott

______________________________________________
Assistant Professor
Dept. of Natural Sciences
Roger Williams University
e-mail: srutherford@rwu.edu
http://fox.rwu.edu/~rutherfo
phone: 
snail mail:
One Ferry Road
Bristol, RI 02809

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Scott Rutherford; Zhihua Zhang; Bradley Raymond; Hughes Malcolm; fenbiao@ltrr.arizona.edu;

mann@virginia.edu
Subject: Re: mxd network reconstruction
Date: Tuesday, August 31, 2004 12:49:58 PM

Thanks Scott,

Can you confirm what the "standardization"entails. Also, by warm-season, you mean
AMJJAS, right? Just want to make sure that Zhang has all of the details to reproduce
your result. That is "step 1".
Zhang should also estimate the uncertainties, and compute verification statistics, so
we can compare w/ your estimates of those.

Once Zhang can reproduce your result (and uncertainties and verification results), we
should then test  (step 2) the application of the screening procedure to the MXD
data, and compare the resulting reconstruction both with, and w/out the screening
procedure.

Finally, we should test the use of PCs to replace certain sub-regions of the MXD
network as a test of the impact of using PCs vs.  the raw indicators. 

We can use verification statistics to establish which alternative procedure appears to
work best. 

Then, we may be ready to start moving forward w/ new reconstructions (SLP and
temperature) using the expanded multiproxy network. But first, we should establish
that we can reproduce your previous results w/ common data and same algorithm,
and test some of the procedures we're talking about using.

Comments are welcome. Thanks,

Mike

 know we're situated to move forward with the new temperature andAt 03:22 PM
8/31/2004, Scott Rutherford wrote:

Zhang,

Mike suggested, and I agree, that we should check a reconstruction that I
have done with one that you have done just to be sure we are doing
everything the same way. So, since you have the MXD network and the
infilled temperature data, how about running a reconstruction of warm-
season northern hemisphere temperature? The calibration data set is the
infilled temperature data from 1856 to 1960 with the period of
standardization 1900-1960.  This should be a hybrid with the frequency
cut off at 20 years.  If you can do that and send me the NH mean
reconstruction that would be great.

Scott

______________________________________________
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Assistant Professor
Dept. of Natural Sciences
Roger Williams University
e-mail: srutherford@rwu.edu
http://fox.rwu.edu/~rutherfo
phone: 
snail mail:
One Ferry Road
Bristol, RI 02809

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Scott Rutherford
To: Zhihua Zhang; Mann Mike; Bradley Raymond; Hughes Malcolm; fenbiao@ltrr.arizona.edu
Subject: mxd network reconstruction
Date: Tuesday, August 31, 2004 12:23:00 PM

Zhang,

Mike suggested, and I agree, that we should check a reconstruction that
I have done with one that you have done just to be sure we are doing
everything the same way. So, since you have the MXD network and the
infilled temperature data, how about running a reconstruction of
warm-season northern hemisphere temperature? The calibration data set
is the infilled temperature data from 1856 to 1960 with the period of
standardization 1900-1960.  This should be a hybrid with the frequency
cut off at 20 years.  If you can do that and send me the NH mean
reconstruction that would be great.

Scott

______________________________________________
Assistant Professor
Dept. of Natural Sciences
Roger Williams University
e-mail: srutherford@rwu.edu
http://fox.rwu.edu/~rutherfo
phone: 
snail mail:
One Ferry Road
Bristol, RI 02809
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From: Malcolm Hughes
To: Michael E. Mann
Subject: Re: mxd data
Date: Monday, August 30, 2004 12:50:45 PM

Mike's right. Another point: It would be wonderful if the regions were
climatically homogenous, but is that really practicable at the scale Scott
indicated? Cheers, Malcolm

On 30 Aug 2004 at 11:43, Michael E. Mann wrote:

Hi Scott,

Yes--we can only do PCs on homogenous networks (e.g. tree-ring widths from a
particular region or tree-ring densities from a particular region). We shouldn't
mix regions, proxies, or even sub-proxy type (i.e. density vs. width),

Mike

At 10:12 AM 8/30/2004, Scott Rutherford wrote:
    Zhang,
   
    Some questions on your calculation of PCs and a prompt for comments
    from others.
   
    First, I don't have a problem with doing PCs on proxies other than tree
    rings but I'm not sure we should mix proxies when calculating PCs. What
    I mean is that should we be be doing PCs on the tree rings over those
    regions separately from the PCs on, say ice cores? Since we really are
    looking for a specific local signal (temp or precip) then maybe that's
    OK, but my first reaction was that we shouldn't do that.
   
    As far as the regions go, should we be concerned about regions that
    cross climatic zones. For example west and east of the rockies?
   
    Finally, we will have to calculate the PCs for every 50-100 years as
    proxies drop out. For verification this isn't an issue because all
    proxies go back to at least 1856, but we will then have to recalculate
    PCs as proxies drop out. This means that the reconstruction must be
    done stepwise with a different set of proxies for each step. We can
    talk more about this later. I have the program to do the stepwise
    reconstruction using the MBH PCs so it shouldn't need many changes.
   
    Regards,
   
    Scott
   
   
    On Aug 25, 2004, at 4:44 PM, Zhang, Zhihua wrote:

    Hi Scott,
   
    Mike has provided some points to your first question.
   
    Here I send you some latest matlab scripts. Those scripts work in
    my
    PC, so,
    after changing input/output direction, they should work for other
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    machines.
   
    itrdbmatrix_1.m is used to form proxy data matrix. The structure
    for
    formed
    data-matrix (itrdbmatrix) should be that: first three raws
    representing
    locations and ID and the first column is the year. Use normf.m to
    normalize
    proxy data in the itrdbmatrix because PCA will be performed in
    proxy-density
    areas.
   
    masterpick_3.m and propick_3.m are used to form the matrix
    suitable for
    runing RegEM. Key points for there two sripts are the structure of
    the
    instrumental data should be similar like that of itrdbmatrix. there is
    no
    specific dimension (e.g. from 1880-1999 or 1900-1988)for
    instrumental
    data-matrix or proxy data-matrix. Missing data in the data-matrix
    should be
    represented with NaN. The names of instrumental data-matrix must
    be
    cold(slp,slpl,slph),warm(slp,slpl,slph),cold(sst,sstl,ssth)....because
    there
    is one year shift when correlating between instrumental and proxy
    data
    for
    different seasons.
   
    In the propick_3.m, I divide the world into 47 regions with region1
    (>70N),
    region2(<=70N and >50N,>=-180W and <-140W)... details see line
    297-311
    in
    the scripts. This division is not only for tree rings but also for
    other
    proxies. If there are more than 6 series is selected in a region the
    proxy
    will be representd with leading PCs (Kaiser's rule is used to retain
    the
    significant PCs). info will provide the information of selected PCs
    and
    series in each region.
   
    verification2.m is used to calculate verification score RE and r for
    SLP
    reconstruction. Instead of calculating RE and r for multivariate
    data
    and
    each gridpoint, I also calculate the verification score by comparing
    the
    differences between actual SOI (first PCs of field SLP within
    20N-20S,120W-60W) and reconstructed SOI, between actual AO,
    PNA (first
    and
    second PCs of field SLP 20N-85N) and reconstructed AO, PNA...
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    Looking forward to questions and comments regarding there
    scripts.
   
    I will say sorry for the scripts that are not organized well.
   
    Thanks,
   
    Zhang
   
   
    -----Original Message-----
    From: Scott Rutherford [mailto:srutherford@rwu.edu]
    Sent: Wednesday, August 25, 2004 11:54 AM
    To: Zhihua Zhang; Mann Mike; Bradley Raymond; Hughes
    Malcolm;
    fenbiao@ltrr.arizona.edu
    Subject: Re: mxd data
   
   
    Zhang,
   
    Just to clarify. When you say "Some test experiments of
    reconstruction
    are based on the infilled gridded climate data. That is easy to do all
    the calculations." I think you mean that the correlations between
    the
    proxy data and the instrumental data are done on the infilled SLP
    data
    and infilled SAT data that we have been working with? if so, then
    that
    means that every proxy has a nearby instrumental gridbox (with
    some
    number of infilled values) for comparison. This may allow us to
    keep
    proxies that otherwise might be discarded due to lack of
    instrumental
    data for the correlation. On the other hand, it may be a point of
    attack by others. Comments anyone?
   
   
    It sounds like we are just about ready to go then. If you have it all
    working for the SLP data and the 1099 dendro chronologies we just
    need
    to incorporate the remaining proxies and get our selection programs
    to
    talk to each other. Can you please send me your latest matlab
    scripts
    to do all this so I can see how I have to integrate things?
   
    Thanks,
   
    Scott
   
   
    On Aug 25, 2004, at 11:23 AM, Zhang, Zhihua wrote:

    Hi Scott,
   
    Thanks for the update. I'm pleased to see that the hybrid
    approach is
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    an improvement. Do you think we should split the MXD data
    into 115
    separate files and treat each one as a separate series? That
    may be
    the
    easiest way to handle it because it would be consistent with
    how we
    deal with every other series.
   
    I will split the MXD and put it somewhere in the Holocene.
   
    It seems from your e-mail that the selection process based on
    correlation with instrumental data is in place and working for
    the
    tree
    rings? Does that mean all we have left to do is get all the
    proxies
    together and that all the other steps are working?
   
    Some test experiments of reconstruction are based on the
    infilled
    gridded
    climate data. That is easy to do all the calculations. I think if
    all
    the
    proxies are ready, we can do reconstruction.
   
   
    On Aug 24, 2004, at 8:08 PM, Zhang, Zhihua wrote:

   
    Hi Scott,
   
    Thanks for sending me the gridded schweinggruber
    tree ring dataset.
    Currently I am testing cold/warm season SLP
    reconstruction based on
    1099-tree ring data-matrix using hybrid frequency
    approach as well as
    using
    raw tree ring/SLP dataset. I am pleasant to tell you that
    limited
    results
    indicate that hybrid frequency approach provides
    better verification
    scores. I will do a few more experiments then I will
    show you and
    Mike
    the
    results. Hope it wouldn't take too long for doing that.
    Because 115
    gridded
    schweingruber series come from 130 schweingruber
    chronologies and
    would not
    provide any more climate information, the 1099-tree
    ring matrix may
    be
    good
    enough for some test experiments. Deleting 130
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    chronologies from
    1099-data
    matrix and adding 115 gridded tree ring series may not
    be a difficult
    thing.
    If we have enough time we can do some extra
    experiments with 115
    gridded
    schweingruber series. In my current test, I make use of
    tree rings
    that
    significantly (95% confidence level) correlate with at
    least one of
    the two
    closest SLP grids. If time permit, I may test more
    schemes.
   
    Again, I am happy to have better verification scores
    with hybrid
    frequency
    approach.
   
    Cheers,
   
    Zhang
   
    -----Original Message-----
    From: Scott Rutherford [mailto:srutherford@rwu.edu]
    Sent: Tuesday, August 24, 2004 3:34 PM
    To: zhihua zhang
    Subject: mxd data
   
   
    Zhang,
   
    Attached is a matlab file with the mxd data. There are
    three
    variabiles
    in the file. "Year" is the year from 1400-1994,
    "mxdlonglatnew" is
    the
    latitude and longitude of the 115 gridboxes.
    "schweingruber_mxdabd_grid" is the data with the first
    column having
    the lat/long of the first row in "mxdlatlongnew". Let
    me know if
    this
    is too difficult for you to deal with. I'm not sure of the
    best way
    to
    deal with this. Should we break the newwork into 115
    separate files
    or
    keep it together? Some of the gridboxes might pass our
    test while
    others might not. What do you think?
   
    Thanks,
   
    Scott
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    ______________________________________________
    Assistant Professor
    Dept. of Natural Sciences
    Roger Williams University
    e-mail: srutherford@rwu.edu
    http://fox.rwu.edu/~rutherfo
    phone: 
    snail mail:
    One Ferry Road
    Bristol, RI 02809
   
    <winmail.dat>
    ______________________________________________
    Assistant Professor
    Dept. of Natural Sciences
    Roger Williams University
    e-mail: srutherford@rwu.edu
    http://fox.rwu.edu/~rutherfo
    phone: 
    snail mail:
    One Ferry Road
    Bristol, RI 02809
   
    <normf.m><itrdbmatrix_1.m><masterpick_3.m><propick_3.m><v
    erification2.m >
    ______________________________________________
    Assistant Professor
    Dept. of Natural Sciences
    Roger Williams University
    e-mail: srutherford@rwu.edu
    http://fox.rwu.edu/~rutherfo
    phone: 
    snail mail:
    One Ferry Road
    Bristol, RI 02809

_____________________________________________________
_________
Professor Michael E. Mann
 Department of Environmental Sciences, Clark Hall
University of Virginia
Charlottesville, VA 22903
________________________________________________________________
_______
e-mail: mann@virginia.edu Phone:  
http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Scott Rutherford; Zhang, Zhihua
Cc: Bradley Raymond; Hughes Malcolm; fenbiao@ltrr.arizona.edu
Subject: Re: mxd data
Date: Monday, August 30, 2004 8:43:36 AM

Hi Scott,

Yes--we can only do PCs on homogenous networks (e.g. tree-ring widths from a particular
region or tree-ring densities from a particular region). We shouldn't mix regions, proxies,
or even sub-proxy type (i.e. density vs. width),

Mike

At 10:12 AM 8/30/2004, Scott Rutherford wrote:

Zhang,

Some questions on your calculation of PCs and a prompt for comments  
from others.

First, I don't have a problem with doing PCs on proxies other than tree  
rings but I'm not sure we should mix proxies when calculating PCs. What  
I mean is that should we be be doing PCs on the tree rings over those  
regions separately from the PCs on, say ice cores? Since we really are  
looking for a specific local signal (temp or precip) then maybe that's  
OK, but my first reaction was that we shouldn't do that.

As far as the regions go, should we be concerned about regions that  
cross climatic zones. For example west and east of the rockies?

Finally, we will have to calculate the PCs for every 50-100 years as  
proxies drop out. For verification this isn't an issue because all  
proxies go back to at least 1856, but we will then have to recalculate  
PCs as proxies drop out. This means that the reconstruction must be  
done stepwise with a different set of proxies for each step. We can  
talk more about this later. I have the program to do the stepwise  
reconstruction using the MBH PCs so it shouldn't need many changes.

Regards,

Scott

On Aug 25, 2004, at 4:44 PM, Zhang, Zhihua wrote:

Hi Scott,

Mike has provided some points to your first question.

Here I send you some latest matlab scripts. Those scripts work in
my  
PC, so,
after changing input/output direction, they should work for other  
machines.
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itrdbmatrix_1.m is used to form proxy data matrix. The structure for 

formed
data-matrix (itrdbmatrix) should be that: first three raws
representing
locations and ID and the first column is the year. Use normf.m to  
normalize
proxy data in the itrdbmatrix because PCA will be performed in  
proxy-density
areas.

masterpick_3.m and propick_3.m are used to form the matrix
suitable for
runing RegEM. Key points for there two sripts are the structure of
the
instrumental data should be similar like that of itrdbmatrix. there is  
no
specific dimension (e.g. from 1880-1999 or 1900-1988)for
instrumental
data-matrix or proxy data-matrix. Missing data in the data-matrix  
should be
represented with NaN. The names of instrumental data-matrix must
be
cold(slp,slpl,slph),warm(slp,slpl,slph),cold(sst,sstl,ssth)....because  
there
is one year shift when correlating between instrumental and proxy
data  
for
different seasons.

In the propick_3.m, I divide the world into 47 regions with region1  
(>70N),
region2(<=70N and >50N,>=-180W and <-140W)... details see line
297-311  
in
the scripts. This division is not only for tree rings but also for  
other
proxies. If there are more than 6 series is selected in a region the  
proxy
will be representd with leading PCs (Kaiser's rule is used to retain  
the
significant PCs). info will provide the information of selected PCs and
series in each region.

verification2.m is used to calculate verification score RE and r for  
SLP
reconstruction. Instead of calculating RE and r for multivariate data  
and
each gridpoint, I also calculate the verification score by comparing  
the
differences between actual SOI (first PCs of field SLP within
20N-20S,120W-60W) and reconstructed SOI, between actual AO,
PNA (first  
and
second PCs of field SLP 20N-85N) and reconstructed AO, PNA...

Looking forward to questions and comments regarding there scripts.
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I will say sorry for the scripts that are not organized well.

Thanks,

Zhang

-----Original Message-----
From: Scott Rutherford [mailto:srutherford@rwu.edu]
Sent: Wednesday, August 25, 2004 11:54 AM
To: Zhihua Zhang; Mann Mike; Bradley Raymond; Hughes Malcolm;
fenbiao@ltrr.arizona.edu
Subject: Re: mxd data

Zhang,

Just to clarify. When you say "Some test experiments of
reconstruction
are based on the infilled gridded climate data. That is easy to do all
the calculations."  I think you mean that the correlations between
the
proxy data and the instrumental data are done on the infilled SLP
data
and infilled SAT data that we have been working with? if so, then
that
means that every proxy has a nearby instrumental gridbox (with
some
number of infilled values) for comparison. This may allow us to keep
proxies that otherwise might be discarded due to lack of
instrumental
data for the correlation. On the other hand, it may be a point of
attack by others. Comments anyone?

It sounds like we are just about ready to go then. If you have it all
working for the SLP data and the 1099 dendro chronologies we just
need
to incorporate the remaining proxies and get our selection programs
to
talk to each other. Can you please send me your latest matlab
scripts
to do all this so I can see how I have to integrate things?

Thanks,

Scott

On Aug 25, 2004, at 11:23 AM, Zhang, Zhihua wrote:

Hi Scott,

Thanks for the update. I'm pleased to see that the hybrid
approach is
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an improvement. Do you think we should split the MXD
data into 115
separate files and treat each one as a separate series?
That may be  
the
easiest way to handle it because it would be consistent
with how we
deal with every other series.

I will split the MXD and put it somewhere in the
Holocene.

It seems from your e-mail that the selection process
based on
correlation with instrumental data is in place and working
for the  
tree
rings? Does that mean all we have left to do is get all the
proxies
together and that all the other steps are working?

Some test experiments of reconstruction are based on
the infilled
gridded
climate data. That is easy to do all the calculations. I
think if all
the
proxies are ready, we can do reconstruction.

On Aug 24, 2004, at 8:08 PM, Zhang, Zhihua wrote:

Hi Scott,

Thanks for sending me the gridded
schweinggruber tree ring dataset.
Currently I am testing cold/warm season SLP
reconstruction based on
1099-tree ring data-matrix using hybrid
frequency approach as well as
using
raw tree ring/SLP dataset. I am pleasant to
tell you that limited
results
indicate that  hybrid frequency approach
provides better verification
scores. I will do a few more experiments then
I will show you and  
Mike
the
results. Hope it wouldn't take too long for
doing that.  Because 115
gridded
schweingruber series come from 130
schweingruber chronologies and
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would not
provide any more climate information, the
1099-tree ring matrix may  
be
good
enough for some test experiments. Deleting
130 chronologies from
1099-data
matrix and adding 115 gridded tree ring series
may not be a difficult
thing.
If we have enough time we can do some
extra experiments with 115
gridded
schweingruber series. In my current test, I
make use of tree rings
that
significantly (95% confidence level) correlate
with at least one of
the two
closest SLP grids. If time permit, I may test
more schemes.

Again, I am happy to have better verification
scores with hybrid
frequency
approach.

Cheers,

Zhang

-----Original Message-----
From: Scott Rutherford
[mailto:srutherford@rwu.edu]
Sent: Tuesday, August 24, 2004 3:34 PM
To: zhihua zhang
Subject: mxd data

Zhang,

Attached is a matlab file with the mxd data.
There are three
variabiles
in the file. "Year" is the year from 1400-1994,
"mxdlonglatnew" is  
the
latitude and longitude of the 115 gridboxes.
"schweingruber_mxdabd_grid" is the data with
the first column having
the lat/long of the first row in
"mxdlatlongnew".  Let me know if  
this
is too difficult for you to deal with. I'm not
sure of the best way  
to
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deal with this. Should we break the newwork
into 115 separate files  
or
keep it together? Some of the gridboxes
might pass our test while
others might not. What do you think?

Thanks,

Scott

______________________________________________
Assistant Professor
Dept. of Natural Sciences
Roger Williams University
e-mail: srutherford@rwu.edu
http://fox.rwu.edu/~rutherfo
phone: 
snail mail:
One Ferry Road
Bristol, RI 02809

<winmail.dat>

______________________________________________
Assistant Professor
Dept. of Natural Sciences
Roger Williams University
e-mail: srutherford@rwu.edu
http://fox.rwu.edu/~rutherfo
phone: 
snail mail:
One Ferry Road
Bristol, RI 02809

<normf.m><itrdbmatrix_1.m><masterpick_3.m><propick_3.m><verification2.m
>

______________________________________________
Assistant Professor
Dept. of Natural Sciences
Roger Williams University
e-mail: srutherford@rwu.edu
http://fox.rwu.edu/~rutherfo
phone: 
snail mail:
One Ferry Road
Bristol, RI 02809

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
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                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Zhang, Zhihua
To: Scott Rutherford; Mann Mike; Bradley Raymond; Hughes Malcolm; fenbiao@ltrr.arizona.edu
Cc: zz9t@virginia.edu
Subject: RE: mxd data
Date: Wednesday, August 25, 2004 1:44:54 PM
Attachments: normf.m

itrdbmatrix_1.m
masterpick_3.m
propick_3.m
verification2.m

Hi Scott,

Mike has provided some points to your first question.

Here I send you some latest matlab scripts. Those scripts work in my PC, so,
after changing input/output direction, they should work for other machines.

itrdbmatrix_1.m is used to form proxy data matrix. The structure for formed
data-matrix (itrdbmatrix) should be that: first three raws representing
locations and ID and the first column is the year. Use normf.m to normalize
proxy data in the itrdbmatrix because PCA will be performed in proxy-density
areas.

masterpick_3.m and propick_3.m are used to form the matrix suitable for
runing RegEM. Key points for there two sripts are the structure of the
instrumental data should be similar like that of itrdbmatrix. there is no
specific dimension (e.g. from 1880-1999 or 1900-1988)for instrumental
data-matrix or proxy data-matrix. Missing data in the data-matrix should be
represented with NaN. The names of instrumental data-matrix must be
cold(slp,slpl,slph),warm(slp,slpl,slph),cold(sst,sstl,ssth)....because there
is one year shift when correlating between instrumental and proxy data for
different seasons.

In the propick_3.m, I divide the world into 47 regions with region1 (>70N),
region2(<=70N and >50N,>=-180W and <-140W)... details see line 297-311 in
the scripts. This division is not only for tree rings but also for other
proxies. If there are more than 6 series is selected in a region the proxy
will be representd with leading PCs (Kaiser's rule is used to retain the
significant PCs). info will provide the information of selected PCs and
series in each region.

verification2.m is used to calculate verification score RE and r for SLP
reconstruction. Instead of calculating RE and r for multivariate data and
each gridpoint, I also calculate the verification score by comparing the
differences between actual SOI (first PCs of field SLP within
20N-20S,120W-60W) and reconstructed SOI, between actual AO, PNA (first and
second PCs of field SLP 20N-85N) and reconstructed AO, PNA...

Looking forward to questions and comments regarding there scripts.

I will say sorry for the scripts that are not organized well.

Thanks,

Zhang

-----Original Message-----
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From: Scott Rutherford [mailto:srutherford@rwu.edu]
Sent: Wednesday, August 25, 2004 11:54 AM
To: Zhihua Zhang; Mann Mike; Bradley Raymond; Hughes Malcolm;
fenbiao@ltrr.arizona.edu
Subject: Re: mxd data

Zhang,

Just to clarify. When you say "Some test experiments of reconstruction
are based on the infilled gridded climate data. That is easy to do all
the calculations."  I think you mean that the correlations between the
proxy data and the instrumental data are done on the infilled SLP data
and infilled SAT data that we have been working with? if so, then that
means that every proxy has a nearby instrumental gridbox (with some
number of infilled values) for comparison. This may allow us to keep
proxies that otherwise might be discarded due to lack of instrumental
data for the correlation. On the other hand, it may be a point of
attack by others. Comments anyone?

It sounds like we are just about ready to go then. If you have it all
working for the SLP data and the 1099 dendro chronologies we just need
to incorporate the remaining proxies and get our selection programs to
talk to each other. Can you please send me your latest matlab scripts
to do all this so I can see how I have to integrate things?

Thanks,

Scott

On Aug 25, 2004, at 11:23 AM, Zhang, Zhihua wrote:

> Hi Scott,
>
> Thanks for the update. I'm pleased to see that the hybrid approach is
> an improvement. Do you think we should split the MXD data into 115
> separate files and treat each one as a separate series? That may be the
> easiest way to handle it because it would be consistent with how we
> deal with every other series.
>
> I will split the MXD and put it somewhere in the Holocene.
>
> It seems from your e-mail that the selection process based on
> correlation with instrumental data is in place and working for the tree
> rings? Does that mean all we have left to do is get all the proxies
> together and that all the other steps are working?
>
> Some test experiments of reconstruction are based on the infilled
> gridded
> climate data. That is easy to do all the calculations. I think if all
> the
> proxies are ready, we can do reconstruction.
>
>
> On Aug 24, 2004, at 8:08 PM, Zhang, Zhihua wrote:
>
>>
>> Hi Scott,
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>>
>> Thanks for sending me the gridded schweinggruber tree ring dataset.
>> Currently I am testing cold/warm season SLP reconstruction based on
>> 1099-tree ring data-matrix using hybrid frequency approach as well as
>> using
>> raw tree ring/SLP dataset. I am pleasant to tell you that limited
>> results
>> indicate that  hybrid frequency approach provides better verification
>> scores. I will do a few more experiments then I will show you and Mike
>> the
>> results. Hope it wouldn't take too long for doing that.  Because 115
>> gridded
>> schweingruber series come from 130 schweingruber chronologies and
>> would not
>> provide any more climate information, the 1099-tree ring matrix may be
>> good
>> enough for some test experiments. Deleting 130 chronologies from
>> 1099-data
>> matrix and adding 115 gridded tree ring series may not be a difficult
>> thing.
>> If we have enough time we can do some extra experiments with 115
>> gridded
>> schweingruber series. In my current test, I make use of tree rings
>> that
>> significantly (95% confidence level) correlate with at least one of
>> the two
>> closest SLP grids. If time permit, I may test more schemes.
>>
>> Again, I am happy to have better verification scores with hybrid
>> frequency
>> approach.
>>
>> Cheers,
>>
>> Zhang
>>
>> -----Original Message-----
>> From: Scott Rutherford [mailto:srutherford@rwu.edu]
>> Sent: Tuesday, August 24, 2004 3:34 PM
>> To: zhihua zhang
>> Subject: mxd data
>>
>>
>> Zhang,
>>
>> Attached is a matlab file with the mxd data. There are three
>> variabiles
>> in the file. "Year" is the year from 1400-1994, "mxdlonglatnew" is the
>> latitude and longitude of the 115 gridboxes.
>> "schweingruber_mxdabd_grid" is the data with the first column having
>> the lat/long of the first row in "mxdlatlongnew".  Let me know if this
>> is too difficult for you to deal with. I'm not sure of the best way to
>> deal with this. Should we break the newwork into 115 separate files or
>> keep it together? Some of the gridboxes might pass our test while
>> others might not. What do you think?
>>
>> Thanks,
>>
>> Scott
>>
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>>
>>
>>
> ______________________________________________
> Assistant Professor
> Dept. of Natural Sciences
> Roger Williams University
> e-mail: srutherford@rwu.edu
> http://fox.rwu.edu/~rutherfo
> phone: 
> snail mail:
> One Ferry Road
> Bristol, RI 02809
>
> <winmail.dat>
______________________________________________
Assistant Professor
Dept. of Natural Sciences
Roger Williams University
e-mail: srutherford@rwu.edu
http://fox.rwu.edu/~rutherfo
phone: 
snail mail:
One Ferry Road
Bristol, RI 02809
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clear all

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%%%%% parameters for the itrdbmatrix %%%%%%%%
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%-- because most tree-chronologies we have are standard chron. we 
choose STD or
%-- some unknown type of index, which are mostly STD files, to 
form itrdbmatrix
%-- the format of individual file is: 1st column yr; 2rd index; 
3rd sample numbers

ibyr = 1;  % start year of the data_matrix
ieyr = 2004; % end year of the data_matrix

isamp = 0;   % the numbers of sample needed for a single tree 
chronlogy
             % to be put in the matrix.
             % (e.g. when isamp=5, means the index values that 
were created 
             % with less than 5 samples will be removed (in the 
begining of chronologies)

icut = 0;   % the early values to be removed due to the possible 
small numbers of
             % sample for those tree chronologies which do not 
have enough 'sample' 
             % information (say, NaN, 1, 24 in the second column 
of chronologies)
             % (e.g. when icut=15, means 15 years' early values 
are removed)
% (Note: if you don't want to remove any values from indivadual 
chronology
%     just set isamp=1 and icut=0)
             
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%%%%% parameters for the sub_itrdbmatrix %%%%%%%%
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
             
isyear = 1000; % select all these chronologies that longer then, 
say, 1600 
               %(Note: isyear should be ibyr < isyear < ieyr )

ilon1 = -180; ilon2 = 180; % select all these chronologies that 
located within a certain area
ilat1 = -90; ilat2 = 90;   % (e.g. -120W~-60W, 20N~60N)

%-----------------------------------------------------------
%------------------ form the itrdbmatrix  ------------------
%-----------------------------------------------------------

1
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%%-------- input tree data file_names -------
dataf = 'D:\database1\itrdb2\file_name.txt';
%%-- The file_name.txt can be a full list of chronologies or part 
of most reliable
%%   and interesting chronologies in the itrdb. That means no 
matter how many chronologies
%%   in the itrdb, selected chronologies will be controlled by 
file_name.txt---

filee = textread(dataf,'%s','delimiter','\n','whitespace','');
[m1,n1] = size(filee);

x(1:3,1)=NaN; x(4:ieyr-ibyr+4,1)=(ibyr:1:ieyr)'; % set the first 
column for itrdbmatrix

for i =1:m1 
cc=lower(filee{i}); dd='D:\database1\itrdb4\'; aa='.ppd';
ccc=strcat(dd,cc,aa);
cf = load(strtok(ccc));

    [m,n] = size(cf);
    
%--- put the selected ring index into data_matrix---
    xx=repmat(NaN,length(x),1);
    xx(1:3,1) = cf(1:3,2);
    if cf(4,3)+cf(round(m/2+2),3)>0 & cf(4,3)==cf(round(m/2+2),3)
        bbyr = cf(4,1)+icut;
        eeyr = cf(m,1);
    elseif cf(4,3)+cf(round(m/2+2),3)>0 & cf(4,2)~=cf(round(m/2+
2),3)
        nn=3;
        for ii=1:m-3
            nn=nn+1;
            if cf(ii+3,3)>=isamp;break;
            end
        end
        bbyr = cf(nn,1);  % identify start and end yr for 
individual chron.
        eeyr = cf(m,1);   % according criteria for removing early 
small sample index
    else
        bbyr = cf(4,1)+icut;
        eeyr = cf(m,1);
    end
    %--
    
    if bbyr < ibyr & eeyr > ieyr
        k1=find(cf(:,1)==ibyr);k2=find(cf(:,1)==ieyr);
        xx(4:length(x),1)=cf(k1:k2,2);
    elseif bbyr < ibyr & eeyr <= ieyr

2
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        k1=find(cf(:,1)==ibyr);k2=find(cf(:,1)==eeyr);
        xx(4:k2-k1+4,1)=cf(k1:k2,2);
    elseif bbyr >= ibyr & eeyr > ieyr
        k1=find(cf(:,1)==bbyr);k2=find(cf(:,1)==ieyr);
        xx(length(x)+k1-k2:length(x),1)=cf(k1:k2,2);
    else
        k1=find(cf(:,1)==bbyr);k2=find(cf(:,1)==eeyr);
        xx(bbyr-ibyr+4:k2-k1+bbyr-ibyr+4,1)=cf(k1:k2,2);
    end
    %--    
       x(:,i+1)=xx; 

end

save('D:\database\temp\itrdbmatrix','x','-ASCII')

%---------------------------------------------------------------
%------------------ form the sub_itrdbmatrix  ------------------
%---------------------------------------------------------------

y(1:3,1)=NaN; y(4:ieyr-ibyr+4,1)=(ibyr:1:ieyr)'; % set the first 
column for sub_itrdbmatrix

kk=find(x(:,1)==isyear);

n=0;
for i=1:m1
    if x(kk,i+1)>0 & x(1,i+1)>=ilon1 & x(1,i+1)<=ilon2 & x(2,i+
1)>=ilat1 & x(2,i+1)<=ilat2
        n=n+1;
        y(:,n+1)=x(:,i+1);
    end
end

save('D:\database\temp\sub_itrdbmatrix','y','-ASCII')

3
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%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%%%%%%
%%   revised file from propick.m. This file is suitable for          
%%
%% all climate and proxy matrix with first three rows are 
locations  %%
%% and ID(not important), and the first column is the year for 
the   %%
%% data. the climate sensitive proxies will be put in a matrix       
%%
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%%%%%%

function [n4, d4, proxyinfo, info, Z, ZZZ] = propick_3(options)

  % ==============           process options        
========================
  if isempty(options)
    fopts      = [];
    else
    fopts      = fieldnames(options)
  end
  % ==============           process options        
========================

  cliname=strcat(options.season,options.clivariable)

       
%  if strmatch('coldslp',cliname,'exact')
%  elseif strmatch('warmslp',cliname,'exact')
      
%  else
%      error('Sorry, no such instrumental data exist'); break;
%  end
  
X_1=load(strcat('D:\database\tempupdated\',cliname));
%-- change X_1 to the climate data format in the propick.m --
[i1,j1]=size(X_1);
X(1:2012,1:j1)=NaN;
X(1:3,1:j1)=X_1(1:3,1:j1); % The first three rows: locations and 
ID
for i=1:2009
    X(i+3,1)=i-1; % the first column: year
end
if X_1(4,1)<0
    X(4:i1-abs(X_1(4,1)),1:j1)=X_1(4+abs(X_1(4,1)):i1,1:j1);
else
    X(4+X_1(4,1):i1+X_1(4,1),1:j1)=X_1(4:i1,1:j1);
end

%++++++++++ modify in 8/3/2004 for normalizing the data 

1
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++++++++++++++

%Xn=X(4:2012,2:j1);
%[Xn]=normf(Xn);
%X(4:2012,2:j1)=Xn;

%++++++++++ end of modify in 8/3/2004 for normalizing the data 
+++++++

%-------------------------------------------------------------

load D:\database\tempupdated\itrdbmatrixl % proxy dataset
itrdbmatrix=itrdbmatrixl;
%-- change itrdbmatrix to the climate data format in the 
propick.m --
[i1,j1]=size(itrdbmatrix);
proxyfile(1:2012,1:j1)=NaN;
proxyfile(1:3,1:j1)=itrdbmatrix(1:3,1:j1); % The first three 
rows: locations and ID
for i=1:2009
    proxyfile(i+3,1)=i-1; % the first column: year
end
if itrdbmatrix(4,1)<0
    proxyfile(4:i1-abs(itrdbmatrix(4,1)),1:j1)=itrdbmatrix(4+abs
(itrdbmatrix(4,1)):i1,1:j1);
else
    proxyfile(4+itrdbmatrix(4,1):i1+itrdbmatrix(4,1),1:j1)
=itrdbmatrix(4:i1,1:j1);
end

%++++++++++ modify in 8/3/2004 for normalizing the data 
++++++++++++++

%Xnn=proxyfile(4:2012,2:j1);
%[Xnn]=normf(Xnn);
%proxyfile(4:2012,2:j1)=Xnn;

%++++++++++ end of modify in 8/3/2004 for normalizing the data 
+++++++

%-------------------------------------------------------------

load D:\database\griddata\rtable1 % correlation table of twe-tail 
confidence level calculated
                                  % with Monte Carlo method

[im,in]=size(X)  % dimension of gridded instrumental data
[pmm,pnn]=size(proxyfile) % dimension of proxy network

lagstate=strcat(options.lagproxy)

if strmatch('nolag',lagstate,'exact')
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    YY = proxyfile;
elseif strmatch('lag',lagstate,'exact')
    YY(1:pmm,1:2*pnn-1) = NaN;
    YY(1:pmm,1:pnn) = proxyfile;
    YY(1:3,pnn+1:2*pnn-1) = proxyfile(1:3,2:pnn);
    YY(4:pmm-1,pnn+1:2*pnn-1) = proxyfile(5:pmm,2:pnn);
    elseif strmatch('laglead',lagstate,'exact')
          YY(1:pmm,1:3*pnn-2) = NaN;
          YY(1:pmm,1:pnn) = proxyfile;
          YY(1:3,pnn+1:2*pnn-1) = proxyfile(1:3,2:pnn);
          YY(4:pmm-1,pnn+1:2*pnn-1) = proxyfile(5:pmm,2:pnn);
          YY(1:3,2*pnn:3*pnn-2) = proxyfile(1:3,2:pnn);
          YY(5:pmm,2*pnn:3*pnn-2) = proxyfile(4:pmm-1,2:pnn);

 % modified in 09/08/04 added laglead choice   
    
    
    
else
    error('You must give a nolag or lag/laglead selection'); 
break;
end

[pm,pn]=size(YY) % dimension for altered proxy network

seasonstate=strcat(options.season)

if strmatch('warm',seasonstate,'exact')
    Y = YY;
elseif strmatch('cold',seasonstate,'exact')
    Y(1:pm,1:pn) = NaN;
    Y(1:3,1:pn) = YY(1:3,1:pn);
    Y(4:pm-1,1:pn) = YY(5:pm,1:pn);
else
    error('Sorry, no such season exist'); break;
end

  if strmatch('CL', fopts)
    CL    = options.CL;
  else
    CL    = 95;  % two-tail significant level (%) criteria for 
selecting proxy data files
  end
  
if CL<60 | CL>99 | round(CL)-CL~=0
    error('confidence level must be: 60,61,......97,98,99'); 
break;
end

  if strmatch('byr', fopts)
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    byr      = options.byr;
  else
    byr      = 1800;  % beginning year for calculating r
  end
  
  if strmatch('eyr', fopts)
    eyr  = options.eyr;
  else
    eyr  = 2000; % end year for calculating r
  end

if byr <1 | byr>2004 | eyr<1 | eyr >2004 | eyr-byr <4 | eyr-byr>
500
    error('something is wrong with your selection of interval for 
cal. conf. level'); break;
end

  if strmatch('igrid', fopts)
    igrid      = options.igrid;
  else
    igrid      = 6;   %numbers of gridpoints near proxy site used 
to cal. corrcoef
  end
  
  if strmatch('igr', fopts)
    igr  = options.igr;
  else
    igr  = 1; % numbers of gripoints need to pass the conf. level
  end

if igr>igrid
    error('the numbers of igr must be equal or less than those of 
igrid'); break;
end

  if strmatch('brecyr', fopts)
    brecyr      = options.brecyr;
  else
    brecyr      = 1800;  % beginning year for calculating r
  end
  
  if strmatch('erecyr', fopts)
    erecyr  = options.erecyr;
  else
    erecyr  = 1998; % end year for calculating r
  end

if brecyr <1 | brecyr>2004 | erecyr<1 | erecyr >2004 | erecyr-
brecyr <20 | erecyr-brecyr>2000
    error('something is wrong with your selection of interval for 
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recn. matrix (RegEM)'); break;
end

  % ==============           end of options        
========================
  
  
k1=find(X(:,1)==byr)
k2=find(X(:,1)==eyr)

n4=0; d4=[]; % n4--> number of selected proxy series, d4-->column 
of selected proxy matrix

for i=1:pn-1
    n1=0; d1=[];
    for j=1:in-1
        n1=n1+1;
        d1(n1)=(Y(1,i+1)-X(1,j+1))^2+(Y(2,i+1)-X(2,j+1))^2;
    end
    [B,isort] = sort(d1); % sort the min distant gridpoints
    
    n3=0; d3=[];
    for k=1:igrid % %numbers of gridpoints near proxy site used 
to cal. corrcoef
        n2=0; d2=[];
        for kk=1:k2-k1+1
            if Y(kk+k1-1,i+1)>-9999 & X(kk+k1-1,isort(k)+1)>-9999
                n2=n2+1; 
                d2(n2,1)=Y(kk+k1-1,i+1);
                d2(n2,2)=X(kk+k1-1,isort(k)+1);
            end
        end
        
%        if n2>3 % at least 4 pair of records
        if n2>20 % at least 20 pair of records % modified 
08/08/04
            n3=n3+1;
            rr=corrcoef(d2);
            k3=find(rtable1(:,1)==n2);
            k4=find(rtable1(1,:)==CL);
            if abs(rr(1,2))>rtable1(k3,k4)
                d3(n3)=1;
            else
                d3(n3)=0;
            end
        end
    end
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    if sum(d3)>=igr % at least 'igr' correlation of 'igrid' pass 
the CL
        n4=n4+1;
        d4(n4)=i+1;
    end
end

d4
n4

%==================================
% to form matrix for reconstruction
%==================================

XX(1:im,1:in+n4) = NaN;
XX(:,1:in) = X;

for i=1:n4
    XX(:,in+i) = Y(:,d4(i)); % this matrix includes first column 
of years
end
%++++++++++ modify in 8/3/2004 for added raw data ++++++++++++++
XXa(1:im,1:in+pn-1) = NaN;
XXa(:,1:in) = X; XXa(:,in+1:in+pn-1) = Y(:,2:pn);
%++++++++++ end of modify in 8/3/2004 for added raw data  +++++++

k5=find(XX(:,1)==brecyr)
k6=find(XX(:,1)==erecyr)

%----- XXX is the matrix suitable for perform RegEM------
XXX(1:k6-k5+1,1:in+n4-1)=XX(k5:k6,2:in+n4);
%----- (:,1:in-1) instrumental, (:,in:in+n4) proxy ------
%++++++++++ modify in 8/3/2004 for added raw data ++++++++++++++
XXXa(1:k6-k5+1,1:in+pn-2)=XXa(k5:k6,2:in+pn-1);
%++++++++++ end of modify in 8/3/2004 for added raw data  +++++++

%============================================
% general info. about selected proxy series %
%============================================
proxyinfo(1:6,1:n4) = NaN;

proxyinfo(1:2,1:n4)=XX(1:2,in+1:in+n4); % long. & lat. for 
selected proxy

mm=0; % count the number of proxy series that is earlier than 
begining year
for i=1:n4 % and identify those locations
    if XXX(1,in+i-1) > -9999
        proxyinfo(3,i) = proxyinfo(1,i);
        proxyinfo(4,i) = proxyinfo(2,i);
        mm = mm+1;
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    end
end

proxyinfo(5,1:n4) = mm;
proxyinfo(6,1:n4) = n4;  % n4--> number of selected proxy series 
        

%%%%% revised in 08/10/04 to add search of regional proxy and 
calculate PCs
%%%%% with Kaiser's rule to retain the significant PCs

%%
Z=XXX(:,1:in-1); % instrumental from k5 to k6
%%
ZZ=XXX(:,in:in+n4-1); %selected proxy from k5 to k6
ZZloc=XX(1:2,in+1:in+n4); % location of selected proxy

CC=XXXa(:,in:in+pn-2); % entire proxy from k5 to k6
CCloc=XXa(1:2,in+1:in+pn-1); % locations of entire proxy

%--- the division like that ------

%
_________________________________________________________________
____________
%lat  >70 | <=70,>50 | <=50,>25 | <=25,>=-25 | <-25,>=-50 | <-
50,>=-70 | <-70
%
_________________________________________________________________
____________
%         |                   >=-180,<-140                             
|
%         |                   >=-140,<-100                             
|
%         |                   >=-100,<-60                              
|
%         |                   >=-60,<-20                               
|
%         |                   >=-20,<20                                
|
%         |                   >=20,<60                                 
|
%         |                   >=60,<100                                
|
%         |                   >=100,<140                               
|
%         |                   >=140,<180                               
|
%
_________________________________________________________________
_____________
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% total regions are 1+5x9+1=47

% --region1--
n=0; loc=[]; aaa=[]; ipcs=0; ZZZ=[]; % ZZZ new formed proxy 
dataset
for i=1:n4 % No. of selected proxy
    if ZZloc(2,i)>70
        n=n+1;
        loc(n)=i;
    end
end

[n1,m1]=size(ZZZ);
if n<1
    ZZZ=ZZZ;
elseif n>=1 & n<6
    for i=1:n
        ZZZ(:,m1+i)=ZZ(:,loc(i));
    end
else
    for i=1:n
        aaa(:,i)=ZZ(:,loc(i));
    end
    st=aaa; % select significant PCs
    s=svd(st);
    norm=s'*s;
    landa=s.*s/norm; 
    meanlanda=mean(landa);
    % bar(landa(1:20)*100);
    for i=1:n
        if landa(i)>=meanlanda & landa(i+1)<meanlanda
            ipcs=i; break;
        end
    end
    [u,ss,v]=svd(st);
    
    for i=1:ipcs
        ZZZ(:,m1+i)=u(:,i);
    end
end

info(1,1)=n; info(1,2)=ipcs;
%-------

%--region2--
n=0; loc=[]; aaa=[]; ipcs=0;
for i=1:n4 % No. of selected proxy
    if ZZloc(2,i)<=70 & ZZloc(2,i)>50 & ZZloc(1,i)>=-180 & ZZloc
(1,i)<-140
        n=n+1;
        loc(n)=i;
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    end
end

[n1,m1]=size(ZZZ);
if n<1
    ZZZ=ZZZ;
elseif n>=1 & n<6
    for i=1:n
        ZZZ(:,m1+i)=ZZ(:,loc(i));
    end
else
    for i=1:n
        aaa(:,i)=ZZ(:,loc(i));
    end
    st=aaa; % select significant PCs
    s=svd(st);
    norm=s'*s;
    landa=s.*s/norm; 
    meanlanda=mean(landa);
    % bar(landa(1:20)*100);
    for i=1:n
        if landa(i)>=meanlanda & landa(i+1)<meanlanda
            ipcs=i; break;
        end
    end
    [u,ss,v]=svd(st);
    
    for i=1:ipcs
        ZZZ(:,m1+i)=u(:,i);
    end
end

info(2,1)=n; info(2,2)=ipcs;
%-------

%--region3--
n=0; loc=[]; aaa=[]; ipcs=0;
for i=1:n4 % No. of selected proxy
    if ZZloc(2,i)<=70 & ZZloc(2,i)>50 & ZZloc(1,i)>=-140 & ZZloc
(1,i)<-100
        n=n+1;
        loc(n)=i;
    end
end

[n1,m1]=size(ZZZ);
if n<1
    ZZZ=ZZZ;
elseif n>=1 & n<6
    for i=1:n
        ZZZ(:,m1+i)=ZZ(:,loc(i));
    end
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else
    for i=1:n
        aaa(:,i)=ZZ(:,loc(i));
    end
    st=aaa; % select significant PCs
    s=svd(st);
    norm=s'*s;
    landa=s.*s/norm; 
    meanlanda=mean(landa);
    % bar(landa(1:20)*100);
    for i=1:n
        if landa(i)>=meanlanda & landa(i+1)<meanlanda
            ipcs=i; break;
        end
    end
    [u,ss,v]=svd(st);
    
    for i=1:ipcs
        ZZZ(:,m1+i)=u(:,i);
    end
end

info(3,1)=n; info(3,2)=ipcs;
%-------

%--region4--
n=0; loc=[]; aaa=[]; ipcs=0;
for i=1:n4 % No. of selected proxy
    if ZZloc(2,i)<=70 & ZZloc(2,i)>50 & ZZloc(1,i)>=-100 & ZZloc
(1,i)<-60
        n=n+1;
        loc(n)=i;
    end
end

[n1,m1]=size(ZZZ);
if n<1
    ZZZ=ZZZ;
elseif n>=1 & n<6
    for i=1:n
        ZZZ(:,m1+i)=ZZ(:,loc(i));
    end
else
    for i=1:n
        aaa(:,i)=ZZ(:,loc(i));
    end
    st=aaa; % select significant PCs
    s=svd(st);
    norm=s'*s;
    landa=s.*s/norm; 
    meanlanda=mean(landa);
    % bar(landa(1:20)*100);
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    for i=1:n
        if landa(i)>=meanlanda & landa(i+1)<meanlanda
            ipcs=i; break;
        end
    end
    [u,ss,v]=svd(st);
    
    for i=1:ipcs
        ZZZ(:,m1+i)=u(:,i);
    end
end

info(4,1)=n; info(4,2)=ipcs;
%-------

%--region5--
n=0; loc=[]; aaa=[]; ipcs=0;
for i=1:n4 % No. of selected proxy
    if ZZloc(2,i)<=70 & ZZloc(2,i)>50 & ZZloc(1,i)>=-60 & ZZloc
(1,i)<-20
        n=n+1;
        loc(n)=i;
    end
end

[n1,m1]=size(ZZZ);
if n<1
    ZZZ=ZZZ;
elseif n>=1 & n<6
    for i=1:n
        ZZZ(:,m1+i)=ZZ(:,loc(i));
    end
else
    for i=1:n
        aaa(:,i)=ZZ(:,loc(i));
    end
    st=aaa; % select significant PCs
    s=svd(st);
    norm=s'*s;
    landa=s.*s/norm; 
    meanlanda=mean(landa);
    % bar(landa(1:20)*100);
    for i=1:n
        if landa(i)>=meanlanda & landa(i+1)<meanlanda
            ipcs=i; break;
        end
    end
    [u,ss,v]=svd(st);
    
    for i=1:ipcs
        ZZZ(:,m1+i)=u(:,i);
    end
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end

info(5,1)=n; info(5,2)=ipcs;
%-------

%--region6--
n=0; loc=[]; aaa=[]; ipcs=0;
for i=1:n4 % No. of selected proxy
    if ZZloc(2,i)<=70 & ZZloc(2,i)>50 & ZZloc(1,i)>=-20 & ZZloc
(1,i)<20
        n=n+1;
        loc(n)=i;
    end
end

[n1,m1]=size(ZZZ);
if n<1
    ZZZ=ZZZ;
elseif n>=1 & n<6
    for i=1:n
        ZZZ(:,m1+i)=ZZ(:,loc(i));
    end
else
    for i=1:n
        aaa(:,i)=ZZ(:,loc(i));
    end
    st=aaa; % select significant PCs
    s=svd(st);
    norm=s'*s;
    landa=s.*s/norm; 
    meanlanda=mean(landa);
    % bar(landa(1:20)*100);
    for i=1:n
        if landa(i)>=meanlanda & landa(i+1)<meanlanda
            ipcs=i; break;
        end
    end
    [u,ss,v]=svd(st);
    
    for i=1:ipcs
        ZZZ(:,m1+i)=u(:,i);
    end
end

info(6,1)=n; info(6,2)=ipcs;
%-------

%--region7--
n=0; loc=[]; aaa=[]; ipcs=0;
for i=1:n4 % No. of selected proxy
    if ZZloc(2,i)<=70 & ZZloc(2,i)>50 & ZZloc(1,i)>=20 & ZZloc
(1,i)<60
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        n=n+1;
        loc(n)=i;
    end
end

[n1,m1]=size(ZZZ);
if n<1
    ZZZ=ZZZ;
elseif n>=1 & n<6
    for i=1:n
        ZZZ(:,m1+i)=ZZ(:,loc(i));
    end
else
    for i=1:n
        aaa(:,i)=ZZ(:,loc(i));
    end
    st=aaa; % select significant PCs
    s=svd(st);
    norm=s'*s;
    landa=s.*s/norm; 
    meanlanda=mean(landa);
    % bar(landa(1:20)*100);
    for i=1:n
        if landa(i)>=meanlanda & landa(i+1)<meanlanda
            ipcs=i; break;
        end
    end
    [u,ss,v]=svd(st);
    
    for i=1:ipcs
        ZZZ(:,m1+i)=u(:,i);
    end
end

info(7,1)=n; info(7,2)=ipcs;
%-------

%--region8--
n=0; loc=[]; aaa=[]; ipcs=0;
for i=1:n4 % No. of selected proxy
    if ZZloc(2,i)<=70 & ZZloc(2,i)>50 & ZZloc(1,i)>=60 & ZZloc
(1,i)<100
        n=n+1;
        loc(n)=i;
    end
end

[n1,m1]=size(ZZZ);
if n<1
    ZZZ=ZZZ;
elseif n>=1 & n<6
    for i=1:n

13

ABOR/MH/Priv-003705



        ZZZ(:,m1+i)=ZZ(:,loc(i));
    end
else
    for i=1:n
        aaa(:,i)=ZZ(:,loc(i));
    end
    st=aaa; % select significant PCs
    s=svd(st);
    norm=s'*s;
    landa=s.*s/norm; 
    meanlanda=mean(landa);
    % bar(landa(1:20)*100);
    for i=1:n
        if landa(i)>=meanlanda & landa(i+1)<meanlanda
            ipcs=i; break;
        end
    end
    [u,ss,v]=svd(st);
    
    for i=1:ipcs
        ZZZ(:,m1+i)=u(:,i);
    end
end

info(8,1)=n; info(8,2)=ipcs;
%-------

%--region9--
n=0; loc=[]; aaa=[]; ipcs=0;
for i=1:n4 % No. of selected proxy
    if ZZloc(2,i)<=70 & ZZloc(2,i)>50 & ZZloc(1,i)>=100 & ZZloc
(1,i)<140
        n=n+1;
        loc(n)=i;
    end
end

[n1,m1]=size(ZZZ);
if n<1
    ZZZ=ZZZ;
elseif n>=1 & n<6
    for i=1:n
        ZZZ(:,m1+i)=ZZ(:,loc(i));
    end
else
    for i=1:n
        aaa(:,i)=ZZ(:,loc(i));
    end
    st=aaa; % select significant PCs
    s=svd(st);
    norm=s'*s;
    landa=s.*s/norm; 
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    meanlanda=mean(landa);
    % bar(landa(1:20)*100);
    for i=1:n
        if landa(i)>=meanlanda & landa(i+1)<meanlanda
            ipcs=i; break;
        end
    end
    [u,ss,v]=svd(st);
    
    for i=1:ipcs
        ZZZ(:,m1+i)=u(:,i);
    end
end

info(9,1)=n; info(9,2)=ipcs;
%-------

%--region10--
n=0; loc=[]; aaa=[]; ipcs=0;
for i=1:n4 % No. of selected proxy
    if ZZloc(2,i)<=70 & ZZloc(2,i)>50 & ZZloc(1,i)>=140 & ZZloc
(1,i)<180
        n=n+1;
        loc(n)=i;
    end
end

[n1,m1]=size(ZZZ);
if n<1
    ZZZ=ZZZ;
elseif n>=1 & n<6
    for i=1:n
        ZZZ(:,m1+i)=ZZ(:,loc(i));
    end
else
    for i=1:n
        aaa(:,i)=ZZ(:,loc(i));
    end
    st=aaa; % select significant PCs
    s=svd(st);
    norm=s'*s;
    landa=s.*s/norm; 
    meanlanda=mean(landa);
    % bar(landa(1:20)*100);
    for i=1:n
        if landa(i)>=meanlanda & landa(i+1)<meanlanda
            ipcs=i; break;
        end
    end
    [u,ss,v]=svd(st);
    
    for i=1:ipcs
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        ZZZ(:,m1+i)=u(:,i);
    end
end

info(10,1)=n; info(10,2)=ipcs;
%-------
%-----------
%--region11--
n=0; loc=[]; aaa=[]; ipcs=0;
for i=1:n4 % No. of selected proxy
    if ZZloc(2,i)<=50 & ZZloc(2,i)>25 & ZZloc(1,i)>=-180 & ZZloc
(1,i)<-140
        n=n+1;
        loc(n)=i;
    end
end

[n1,m1]=size(ZZZ);
if n<1
    ZZZ=ZZZ;
elseif n>=1 & n<6
    for i=1:n
        ZZZ(:,m1+i)=ZZ(:,loc(i));
    end
else
    for i=1:n
        aaa(:,i)=ZZ(:,loc(i));
    end
    st=aaa; % select significant PCs
    s=svd(st);
    norm=s'*s;
    landa=s.*s/norm; 
    meanlanda=mean(landa);
    % bar(landa(1:20)*100);
    for i=1:n
        if landa(i)>=meanlanda & landa(i+1)<meanlanda
            ipcs=i; break;
        end
    end
    [u,ss,v]=svd(st);
    
    for i=1:ipcs
        ZZZ(:,m1+i)=u(:,i);
    end
end

info(11,1)=n; info(11,2)=ipcs;
%-------

%--region12--
n=0; loc=[]; aaa=[]; ipcs=0;
for i=1:n4 % No. of selected proxy
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    if ZZloc(2,i)<=50 & ZZloc(2,i)>25 & ZZloc(1,i)>=-140 & ZZloc
(1,i)<-100
        n=n+1;
        loc(n)=i;
    end
end

[n1,m1]=size(ZZZ);
if n<1
    ZZZ=ZZZ;
elseif n>=1 & n<6
    for i=1:n
        ZZZ(:,m1+i)=ZZ(:,loc(i));
    end
else
    for i=1:n
        aaa(:,i)=ZZ(:,loc(i));
    end
    st=aaa; % select significant PCs
    s=svd(st);
    norm=s'*s;
    landa=s.*s/norm; 
    meanlanda=mean(landa);
    % bar(landa(1:20)*100);
    for i=1:n
        if landa(i)>=meanlanda & landa(i+1)<meanlanda
            ipcs=i; break;
        end
    end
    [u,ss,v]=svd(st);
    
    for i=1:ipcs
        ZZZ(:,m1+i)=u(:,i);
    end
end

info(12,1)=n; info(12,2)=ipcs;
%-------

%--region13--
n=0; loc=[]; aaa=[]; ipcs=0;
for i=1:n4 % No. of selected proxy
    if ZZloc(2,i)<=50 & ZZloc(2,i)>25 & ZZloc(1,i)>=-100 & ZZloc
(1,i)<-60
        n=n+1;
        loc(n)=i;
    end
end

[n1,m1]=size(ZZZ);
if n<1
    ZZZ=ZZZ;
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elseif n>=1 & n<6
    for i=1:n
        ZZZ(:,m1+i)=ZZ(:,loc(i));
    end
else
    for i=1:n
        aaa(:,i)=ZZ(:,loc(i));
    end
    st=aaa; % select significant PCs
    s=svd(st);
    norm=s'*s;
    landa=s.*s/norm; 
    meanlanda=mean(landa);
    % bar(landa(1:20)*100);
    for i=1:n
        if landa(i)>=meanlanda & landa(i+1)<meanlanda
            ipcs=i; break;
        end
    end
    [u,ss,v]=svd(st);
    
    for i=1:ipcs
        ZZZ(:,m1+i)=u(:,i);
    end
end

info(13,1)=n; info(13,2)=ipcs;
%-------

%--region14--
n=0; loc=[]; aaa=[]; ipcs=0;
for i=1:n4 % No. of selected proxy
    if ZZloc(2,i)<=50 & ZZloc(2,i)>25 & ZZloc(1,i)>=-60 & ZZloc
(1,i)<-20
        n=n+1;
        loc(n)=i;
    end
end

[n1,m1]=size(ZZZ);
if n<1
    ZZZ=ZZZ;
elseif n>=1 & n<6
    for i=1:n
        ZZZ(:,m1+i)=ZZ(:,loc(i));
    end
else
    for i=1:n
        aaa(:,i)=ZZ(:,loc(i));
    end
    st=aaa; % select significant PCs
    s=svd(st);
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    norm=s'*s;
    landa=s.*s/norm; 
    meanlanda=mean(landa);
    % bar(landa(1:20)*100);
    for i=1:n
        if landa(i)>=meanlanda & landa(i+1)<meanlanda
            ipcs=i; break;
        end
    end
    [u,ss,v]=svd(st);
    
    for i=1:ipcs
        ZZZ(:,m1+i)=u(:,i);
    end
end

info(14,1)=n; info(14,2)=ipcs;
%-------

%--region15--
n=0; loc=[]; aaa=[]; ipcs=0;
for i=1:n4 % No. of selected proxy
    if ZZloc(2,i)<=50 & ZZloc(2,i)>25 & ZZloc(1,i)>=-20 & ZZloc
(1,i)<20
        n=n+1;
        loc(n)=i;
    end
end

[n1,m1]=size(ZZZ);
if n<1
    ZZZ=ZZZ;
elseif n>=1 & n<6
    for i=1:n
        ZZZ(:,m1+i)=ZZ(:,loc(i));
    end
else
    for i=1:n
        aaa(:,i)=ZZ(:,loc(i));
    end
    st=aaa; % select significant PCs
    s=svd(st);
    norm=s'*s;
    landa=s.*s/norm; 
    meanlanda=mean(landa);
    % bar(landa(1:20)*100);
    for i=1:n
        if landa(i)>=meanlanda & landa(i+1)<meanlanda
            ipcs=i; break;
        end
    end
    [u,ss,v]=svd(st);
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    for i=1:ipcs
        ZZZ(:,m1+i)=u(:,i);
    end
end

info(15,1)=n; info(15,2)=ipcs;
%-------

%--region16--
n=0; loc=[]; aaa=[]; ipcs=0;
for i=1:n4 % No. of selected proxy
    if ZZloc(2,i)<=50 & ZZloc(2,i)>25 & ZZloc(1,i)>=20 & ZZloc
(1,i)<60
        n=n+1;
        loc(n)=i;
    end
end

[n1,m1]=size(ZZZ);
if n<1
    ZZZ=ZZZ;
elseif n>=1 & n<6
    for i=1:n
        ZZZ(:,m1+i)=ZZ(:,loc(i));
    end
else
    for i=1:n
        aaa(:,i)=ZZ(:,loc(i));
    end
    st=aaa; % select significant PCs
    s=svd(st);
    norm=s'*s;
    landa=s.*s/norm; 
    meanlanda=mean(landa);
    % bar(landa(1:20)*100);
    for i=1:n
        if landa(i)>=meanlanda & landa(i+1)<meanlanda
            ipcs=i; break;
        end
    end
    [u,ss,v]=svd(st);
    
    for i=1:ipcs
        ZZZ(:,m1+i)=u(:,i);
    end
end

info(16,1)=n; info(16,2)=ipcs;
%-------

%--region17--
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n=0; loc=[]; aaa=[]; ipcs=0;
for i=1:n4 % No. of selected proxy
    if ZZloc(2,i)<=50 & ZZloc(2,i)>25 & ZZloc(1,i)>=60 & ZZloc
(1,i)<100
        n=n+1;
        loc(n)=i;
    end
end

[n1,m1]=size(ZZZ);
if n<1
    ZZZ=ZZZ;
elseif n>=1 & n<6
    for i=1:n
        ZZZ(:,m1+i)=ZZ(:,loc(i));
    end
else
    for i=1:n
        aaa(:,i)=ZZ(:,loc(i));
    end
    st=aaa; % select significant PCs
    s=svd(st);
    norm=s'*s;
    landa=s.*s/norm; 
    meanlanda=mean(landa);
    % bar(landa(1:20)*100);
    for i=1:n
        if landa(i)>=meanlanda & landa(i+1)<meanlanda
            ipcs=i; break;
        end
    end
    [u,ss,v]=svd(st);
    
    for i=1:ipcs
        ZZZ(:,m1+i)=u(:,i);
    end
end

info(17,1)=n; info(17,2)=ipcs;
%-------

%--region18--
n=0; loc=[]; aaa=[]; ipcs=0;
for i=1:n4 % No. of selected proxy
    if ZZloc(2,i)<=50 & ZZloc(2,i)>25 & ZZloc(1,i)>=100 & ZZloc
(1,i)<140
        n=n+1;
        loc(n)=i;
    end
end

[n1,m1]=size(ZZZ);
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if n<1
    ZZZ=ZZZ;
elseif n>=1 & n<6
    for i=1:n
        ZZZ(:,m1+i)=ZZ(:,loc(i));
    end
else
    for i=1:n
        aaa(:,i)=ZZ(:,loc(i));
    end
    st=aaa; % select significant PCs
    s=svd(st);
    norm=s'*s;
    landa=s.*s/norm; 
    meanlanda=mean(landa);
    % bar(landa(1:20)*100);
    for i=1:n
        if landa(i)>=meanlanda & landa(i+1)<meanlanda
            ipcs=i; break;
        end
    end
    [u,ss,v]=svd(st);
    
    for i=1:ipcs
        ZZZ(:,m1+i)=u(:,i);
    end
end

info(18,1)=n; info(18,2)=ipcs;
%-------

%--region19--
n=0; loc=[]; aaa=[]; ipcs=0;
for i=1:n4 % No. of selected proxy
    if ZZloc(2,i)<=50 & ZZloc(2,i)>25 & ZZloc(1,i)>=140 & ZZloc
(1,i)<180
        n=n+1;
        loc(n)=i;
    end
end

[n1,m1]=size(ZZZ);
if n<1
    ZZZ=ZZZ;
elseif n>=1 & n<6
    for i=1:n
        ZZZ(:,m1+i)=ZZ(:,loc(i));
    end
else
    for i=1:n
        aaa(:,i)=ZZ(:,loc(i));
    end
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    st=aaa; % select significant PCs
    s=svd(st);
    norm=s'*s;
    landa=s.*s/norm; 
    meanlanda=mean(landa);
    % bar(landa(1:20)*100);
    for i=1:n
        if landa(i)>=meanlanda & landa(i+1)<meanlanda
            ipcs=i; break;
        end
    end
    [u,ss,v]=svd(st);
    
    for i=1:ipcs
        ZZZ(:,m1+i)=u(:,i);
    end
end

info(19,1)=n; info(19,2)=ipcs;
%-------
%-----------
%--region20--
n=0; loc=[]; aaa=[]; ipcs=0;
for i=1:n4 % No. of selected proxy
    if ZZloc(2,i)<=25 & ZZloc(2,i)>=-25 & ZZloc(1,i)>=-180 & 
ZZloc(1,i)<-140
        n=n+1;
        loc(n)=i;
    end
end

[n1,m1]=size(ZZZ);
if n<1
    ZZZ=ZZZ;
elseif n>=1 & n<6
    for i=1:n
        ZZZ(:,m1+i)=ZZ(:,loc(i));
    end
else
    for i=1:n
        aaa(:,i)=ZZ(:,loc(i));
    end
    st=aaa; % select significant PCs
    s=svd(st);
    norm=s'*s;
    landa=s.*s/norm; 
    meanlanda=mean(landa);
    % bar(landa(1:20)*100);
    for i=1:n
        if landa(i)>=meanlanda & landa(i+1)<meanlanda
            ipcs=i; break;
        end
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    end
    [u,ss,v]=svd(st);
    
    for i=1:ipcs
        ZZZ(:,m1+i)=u(:,i);
    end
end

info(20,1)=n; info(20,2)=ipcs;
%-------

%--region21--
n=0; loc=[]; aaa=[]; ipcs=0;
for i=1:n4 % No. of selected proxy
    if ZZloc(2,i)<=25 & ZZloc(2,i)>=-25 & ZZloc(1,i)>=-140 & 
ZZloc(1,i)<-100
        n=n+1;
        loc(n)=i;
    end
end

[n1,m1]=size(ZZZ);
if n<1
    ZZZ=ZZZ;
elseif n>=1 & n<6
    for i=1:n
        ZZZ(:,m1+i)=ZZ(:,loc(i));
    end
else
    for i=1:n
        aaa(:,i)=ZZ(:,loc(i));
    end
    st=aaa; % select significant PCs
    s=svd(st);
    norm=s'*s;
    landa=s.*s/norm; 
    meanlanda=mean(landa);
    % bar(landa(1:20)*100);
    for i=1:n
        if landa(i)>=meanlanda & landa(i+1)<meanlanda
            ipcs=i; break;
        end
    end
    [u,ss,v]=svd(st);
    
    for i=1:ipcs
        ZZZ(:,m1+i)=u(:,i);
    end
end

info(21,1)=n; info(21,2)=ipcs;
%-------
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%--region22--
n=0; loc=[]; aaa=[]; ipcs=0;
for i=1:n4 % No. of selected proxy
    if ZZloc(2,i)<=25 & ZZloc(2,i)>=-25 & ZZloc(1,i)>=-100 & 
ZZloc(1,i)<-60
        n=n+1;
        loc(n)=i;
    end
end

[n1,m1]=size(ZZZ);
if n<1
    ZZZ=ZZZ;
elseif n>=1 & n<6
    for i=1:n
        ZZZ(:,m1+i)=ZZ(:,loc(i));
    end
else
    for i=1:n
        aaa(:,i)=ZZ(:,loc(i));
    end
    st=aaa; % select significant PCs
    s=svd(st);
    norm=s'*s;
    landa=s.*s/norm; 
    meanlanda=mean(landa);
    % bar(landa(1:20)*100);
    for i=1:n
        if landa(i)>=meanlanda & landa(i+1)<meanlanda
            ipcs=i; break;
        end
    end
    [u,ss,v]=svd(st);
    
    for i=1:ipcs
        ZZZ(:,m1+i)=u(:,i);
    end
end

info(22,1)=n; info(22,2)=ipcs;
%-------

%--region23--
n=0; loc=[]; aaa=[]; ipcs=0;
for i=1:n4 % No. of selected proxy
    if ZZloc(2,i)<=25 & ZZloc(2,i)>=-25 & ZZloc(1,i)>=-60 & ZZloc
(1,i)<-20
        n=n+1;
        loc(n)=i;
    end
end
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[n1,m1]=size(ZZZ);
if n<1
    ZZZ=ZZZ;
elseif n>=1 & n<6
    for i=1:n
        ZZZ(:,m1+i)=ZZ(:,loc(i));
    end
else
    for i=1:n
        aaa(:,i)=ZZ(:,loc(i));
    end
    st=aaa; % select significant PCs
    s=svd(st);
    norm=s'*s;
    landa=s.*s/norm; 
    meanlanda=mean(landa);
    % bar(landa(1:20)*100);
    for i=1:n
        if landa(i)>=meanlanda & landa(i+1)<meanlanda
            ipcs=i; break;
        end
    end
    [u,ss,v]=svd(st);
    
    for i=1:ipcs
        ZZZ(:,m1+i)=u(:,i);
    end
end

info(23,1)=n; info(23,2)=ipcs;
%-------

%--region24--
n=0; loc=[]; aaa=[]; ipcs=0;
for i=1:n4 % No. of selected proxy
    if ZZloc(2,i)<=25 & ZZloc(2,i)>=-25 & ZZloc(1,i)>=-20 & ZZloc
(1,i)<20
        n=n+1;
        loc(n)=i;
    end
end

[n1,m1]=size(ZZZ);
if n<1
    ZZZ=ZZZ;
elseif n>=1 & n<6
    for i=1:n
        ZZZ(:,m1+i)=ZZ(:,loc(i));
    end
else
    for i=1:n
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        aaa(:,i)=ZZ(:,loc(i));
    end
    st=aaa; % select significant PCs
    s=svd(st);
    norm=s'*s;
    landa=s.*s/norm; 
    meanlanda=mean(landa);
    % bar(landa(1:20)*100);
    for i=1:n
        if landa(i)>=meanlanda & landa(i+1)<meanlanda
            ipcs=i; break;
        end
    end
    [u,ss,v]=svd(st);
    
    for i=1:ipcs
        ZZZ(:,m1+i)=u(:,i);
    end
end

info(24,1)=n; info(24,2)=ipcs;
%-------

%--region25--
n=0; loc=[]; aaa=[]; ipcs=0;
for i=1:n4 % No. of selected proxy
    if ZZloc(2,i)<=25 & ZZloc(2,i)>=-25 & ZZloc(1,i)>=20 & ZZloc
(1,i)<60
        n=n+1;
        loc(n)=i;
    end
end

[n1,m1]=size(ZZZ);
if n<1
    ZZZ=ZZZ;
elseif n>=1 & n<6
    for i=1:n
        ZZZ(:,m1+i)=ZZ(:,loc(i));
    end
else
    for i=1:n
        aaa(:,i)=ZZ(:,loc(i));
    end
    st=aaa; % select significant PCs
    s=svd(st);
    norm=s'*s;
    landa=s.*s/norm; 
    meanlanda=mean(landa);
    % bar(landa(1:20)*100);
    for i=1:n
        if landa(i)>=meanlanda & landa(i+1)<meanlanda
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            ipcs=i; break;
        end
    end
    [u,ss,v]=svd(st);
    
    for i=1:ipcs
        ZZZ(:,m1+i)=u(:,i);
    end
end

info(25,1)=n; info(25,2)=ipcs;
%-------

%--region26--
n=0; loc=[]; aaa=[]; ipcs=0;
for i=1:n4 % No. of selected proxy
    if ZZloc(2,i)<=25 & ZZloc(2,i)>=-25 & ZZloc(1,i)>=60 & ZZloc
(1,i)<100
        n=n+1;
        loc(n)=i;
    end
end

[n1,m1]=size(ZZZ);
if n<1
    ZZZ=ZZZ;
elseif n>=1 & n<6
    for i=1:n
        ZZZ(:,m1+i)=ZZ(:,loc(i));
    end
else
    for i=1:n
        aaa(:,i)=ZZ(:,loc(i));
    end
    st=aaa; % select significant PCs
    s=svd(st);
    norm=s'*s;
    landa=s.*s/norm; 
    meanlanda=mean(landa);
    % bar(landa(1:20)*100);
    for i=1:n
        if landa(i)>=meanlanda & landa(i+1)<meanlanda
            ipcs=i; break;
        end
    end
    [u,ss,v]=svd(st);
    
    for i=1:ipcs
        ZZZ(:,m1+i)=u(:,i);
    end
end

28

ABOR/MH/Priv-003720



info(26,1)=n; info(26,2)=ipcs;
%-------

%--region27--
n=0; loc=[]; aaa=[]; ipcs=0;
for i=1:n4 % No. of selected proxy
    if ZZloc(2,i)<=25 & ZZloc(2,i)>=-25 & ZZloc(1,i)>=100 & ZZloc
(1,i)<140
        n=n+1;
        loc(n)=i;
    end
end

[n1,m1]=size(ZZZ);
if n<1
    ZZZ=ZZZ;
elseif n>=1 & n<6
    for i=1:n
        ZZZ(:,m1+i)=ZZ(:,loc(i));
    end
else
    for i=1:n
        aaa(:,i)=ZZ(:,loc(i));
    end
    st=aaa; % select significant PCs
    s=svd(st);
    norm=s'*s;
    landa=s.*s/norm; 
    meanlanda=mean(landa);
    % bar(landa(1:20)*100);
    for i=1:n
        if landa(i)>=meanlanda & landa(i+1)<meanlanda
            ipcs=i; break;
        end
    end
    [u,ss,v]=svd(st);
    
    for i=1:ipcs
        ZZZ(:,m1+i)=u(:,i);
    end
end

info(27,1)=n; info(27,2)=ipcs;
%-------

%--region28--
n=0; loc=[]; aaa=[]; ipcs=0;
for i=1:n4 % No. of selected proxy
    if ZZloc(2,i)<=25 & ZZloc(2,i)>=-25 & ZZloc(1,i)>=140 & ZZloc
(1,i)<180
        n=n+1;
        loc(n)=i;

29

ABOR/MH/Priv-003721



    end
end

[n1,m1]=size(ZZZ);
if n<1
    ZZZ=ZZZ;
elseif n>=1 & n<6
    for i=1:n
        ZZZ(:,m1+i)=ZZ(:,loc(i));
    end
else
    for i=1:n
        aaa(:,i)=ZZ(:,loc(i));
    end
    st=aaa; % select significant PCs
    s=svd(st);
    norm=s'*s;
    landa=s.*s/norm; 
    meanlanda=mean(landa);
    % bar(landa(1:20)*100);
    for i=1:n
        if landa(i)>=meanlanda & landa(i+1)<meanlanda
            ipcs=i; break;
        end
    end
    [u,ss,v]=svd(st);
    
    for i=1:ipcs
        ZZZ(:,m1+i)=u(:,i);
    end
end

info(28,1)=n; info(28,2)=ipcs;
%-------
%-----------
%--region29--
n=0; loc=[]; aaa=[]; ipcs=0;
for i=1:n4 % No. of selected proxy
    if ZZloc(2,i)<-25 & ZZloc(2,i)>=-50 & ZZloc(1,i)>=-180 & 
ZZloc(1,i)<-140
        n=n+1;
        loc(n)=i;
    end
end

[n1,m1]=size(ZZZ);
if n<1
    ZZZ=ZZZ;
elseif n>=1 & n<6
    for i=1:n
        ZZZ(:,m1+i)=ZZ(:,loc(i));
    end
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else
    for i=1:n
        aaa(:,i)=ZZ(:,loc(i));
    end
    st=aaa; % select significant PCs
    s=svd(st);
    norm=s'*s;
    landa=s.*s/norm; 
    meanlanda=mean(landa);
    % bar(landa(1:20)*100);
    for i=1:n
        if landa(i)>=meanlanda & landa(i+1)<meanlanda
            ipcs=i; break;
        end
    end
    [u,ss,v]=svd(st);
    
    for i=1:ipcs
        ZZZ(:,m1+i)=u(:,i);
    end
end

info(29,1)=n; info(29,2)=ipcs;
%-------

%--region30--
n=0; loc=[]; aaa=[]; ipcs=0;
for i=1:n4 % No. of selected proxy
    if ZZloc(2,i)<-25 & ZZloc(2,i)>=-50 & ZZloc(1,i)>=-140 & 
ZZloc(1,i)<-100
        n=n+1;
        loc(n)=i;
    end
end

[n1,m1]=size(ZZZ);
if n<1
    ZZZ=ZZZ;
elseif n>=1 & n<6
    for i=1:n
        ZZZ(:,m1+i)=ZZ(:,loc(i));
    end
else
    for i=1:n
        aaa(:,i)=ZZ(:,loc(i));
    end
    st=aaa; % select significant PCs
    s=svd(st);
    norm=s'*s;
    landa=s.*s/norm; 
    meanlanda=mean(landa);
    % bar(landa(1:20)*100);

31

ABOR/MH/Priv-003723



    for i=1:n
        if landa(i)>=meanlanda & landa(i+1)<meanlanda
            ipcs=i; break;
        end
    end
    [u,ss,v]=svd(st);
    
    for i=1:ipcs
        ZZZ(:,m1+i)=u(:,i);
    end
end

info(30,1)=n; info(30,2)=ipcs;
%-------

%--region31--
n=0; loc=[]; aaa=[]; ipcs=0;
for i=1:n4 % No. of selected proxy
    if ZZloc(2,i)<-25 & ZZloc(2,i)>=-50 & ZZloc(1,i)>=-100 & 
ZZloc(1,i)<-60
        n=n+1;
        loc(n)=i;
    end
end

[n1,m1]=size(ZZZ);
if n<1
    ZZZ=ZZZ;
elseif n>=1 & n<6
    for i=1:n
        ZZZ(:,m1+i)=ZZ(:,loc(i));
    end
else
    for i=1:n
        aaa(:,i)=ZZ(:,loc(i));
    end
    st=aaa; % select significant PCs
    s=svd(st);
    norm=s'*s;
    landa=s.*s/norm; 
    meanlanda=mean(landa);
    % bar(landa(1:20)*100);
    for i=1:n
        if landa(i)>=meanlanda & landa(i+1)<meanlanda
            ipcs=i; break;
        end
    end
    [u,ss,v]=svd(st);
    
    for i=1:ipcs
        ZZZ(:,m1+i)=u(:,i);
    end
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end

info(31,1)=n; info(31,2)=ipcs;
%-------

%--region32--
n=0; loc=[]; aaa=[]; ipcs=0;
for i=1:n4 % No. of selected proxy
    if ZZloc(2,i)<-25 & ZZloc(2,i)>=-50 & ZZloc(1,i)>=-60 & ZZloc
(1,i)<-20
        n=n+1;
        loc(n)=i;
    end
end

[n1,m1]=size(ZZZ);
if n<1
    ZZZ=ZZZ;
elseif n>=1 & n<6
    for i=1:n
        ZZZ(:,m1+i)=ZZ(:,loc(i));
    end
else
    for i=1:n
        aaa(:,i)=ZZ(:,loc(i));
    end
    st=aaa; % select significant PCs
    s=svd(st);
    norm=s'*s;
    landa=s.*s/norm; 
    meanlanda=mean(landa);
    % bar(landa(1:20)*100);
    for i=1:n
        if landa(i)>=meanlanda & landa(i+1)<meanlanda
            ipcs=i; break;
        end
    end
    [u,ss,v]=svd(st);
    
    for i=1:ipcs
        ZZZ(:,m1+i)=u(:,i);
    end
end

info(32,1)=n; info(32,2)=ipcs;
%-------

%--region33--
n=0; loc=[]; aaa=[]; ipcs=0;
for i=1:n4 % No. of selected proxy
    if ZZloc(2,i)<-25 & ZZloc(2,i)>=-50 & ZZloc(1,i)>=-20 & ZZloc
(1,i)<20
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        n=n+1;
        loc(n)=i;
    end
end

[n1,m1]=size(ZZZ);
if n<1
    ZZZ=ZZZ;
elseif n>=1 & n<6
    for i=1:n
        ZZZ(:,m1+i)=ZZ(:,loc(i));
    end
else
    for i=1:n
        aaa(:,i)=ZZ(:,loc(i));
    end
    st=aaa; % select significant PCs
    s=svd(st);
    norm=s'*s;
    landa=s.*s/norm; 
    meanlanda=mean(landa);
    % bar(landa(1:20)*100);
    for i=1:n
        if landa(i)>=meanlanda & landa(i+1)<meanlanda
            ipcs=i; break;
        end
    end
    [u,ss,v]=svd(st);
    
    for i=1:ipcs
        ZZZ(:,m1+i)=u(:,i);
    end
end

info(33,1)=n; info(33,2)=ipcs;
%-------

%--region34--
n=0; loc=[]; aaa=[]; ipcs=0;
for i=1:n4 % No. of selected proxy
    if ZZloc(2,i)<-25 & ZZloc(2,i)>=-50 & ZZloc(1,i)>=20 & ZZloc
(1,i)<60
        n=n+1;
        loc(n)=i;
    end
end

[n1,m1]=size(ZZZ);
if n<1
    ZZZ=ZZZ;
elseif n>=1 & n<6
    for i=1:n
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        ZZZ(:,m1+i)=ZZ(:,loc(i));
    end
else
    for i=1:n
        aaa(:,i)=ZZ(:,loc(i));
    end
    st=aaa; % select significant PCs
    s=svd(st);
    norm=s'*s;
    landa=s.*s/norm; 
    meanlanda=mean(landa);
    % bar(landa(1:20)*100);
    for i=1:n
        if landa(i)>=meanlanda & landa(i+1)<meanlanda
            ipcs=i; break;
        end
    end
    [u,ss,v]=svd(st);
    
    for i=1:ipcs
        ZZZ(:,m1+i)=u(:,i);
    end
end

info(34,1)=n; info(34,2)=ipcs;
%-------

%--region35--
n=0; loc=[]; aaa=[]; ipcs=0;
for i=1:n4 % No. of selected proxy
    if ZZloc(2,i)<-25 & ZZloc(2,i)>=-50 & ZZloc(1,i)>=60 & ZZloc
(1,i)<100
        n=n+1;
        loc(n)=i;
    end
end

[n1,m1]=size(ZZZ);
if n<1
    ZZZ=ZZZ;
elseif n>=1 & n<6
    for i=1:n
        ZZZ(:,m1+i)=ZZ(:,loc(i));
    end
else
    for i=1:n
        aaa(:,i)=ZZ(:,loc(i));
    end
    st=aaa; % select significant PCs
    s=svd(st);
    norm=s'*s;
    landa=s.*s/norm; 
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    meanlanda=mean(landa);
    % bar(landa(1:20)*100);
    for i=1:n
        if landa(i)>=meanlanda & landa(i+1)<meanlanda
            ipcs=i; break;
        end
    end
    [u,ss,v]=svd(st);
    
    for i=1:ipcs
        ZZZ(:,m1+i)=u(:,i);
    end
end

info(35,1)=n; info(35,2)=ipcs;
%-------

%--region36--
n=0; loc=[]; aaa=[]; ipcs=0;
for i=1:n4 % No. of selected proxy
    if ZZloc(2,i)<-25 & ZZloc(2,i)>=-50 & ZZloc(1,i)>=100 & ZZloc
(1,i)<140
        n=n+1;
        loc(n)=i;
    end
end

[n1,m1]=size(ZZZ);
if n<1
    ZZZ=ZZZ;
elseif n>=1 & n<6
    for i=1:n
        ZZZ(:,m1+i)=ZZ(:,loc(i));
    end
else
    for i=1:n
        aaa(:,i)=ZZ(:,loc(i));
    end
    st=aaa; % select significant PCs
    s=svd(st);
    norm=s'*s;
    landa=s.*s/norm; 
    meanlanda=mean(landa);
    % bar(landa(1:20)*100);
    for i=1:n
        if landa(i)>=meanlanda & landa(i+1)<meanlanda
            ipcs=i; break;
        end
    end
    [u,ss,v]=svd(st);
    
    for i=1:ipcs
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        ZZZ(:,m1+i)=u(:,i);
    end
end

info(36,1)=n; info(36,2)=ipcs;
%-------

%--region37--
n=0; loc=[]; aaa=[]; ipcs=0;
for i=1:n4 % No. of selected proxy
    if ZZloc(2,i)<-25 & ZZloc(2,i)>=-50 & ZZloc(1,i)>=140 & ZZloc
(1,i)<180
        n=n+1;
        loc(n)=i;
    end
end

[n1,m1]=size(ZZZ);
if n<1
    ZZZ=ZZZ;
elseif n>=1 & n<6
    for i=1:n
        ZZZ(:,m1+i)=ZZ(:,loc(i));
    end
else
    for i=1:n
        aaa(:,i)=ZZ(:,loc(i));
    end
    st=aaa; % select significant PCs
    s=svd(st);
    norm=s'*s;
    landa=s.*s/norm; 
    meanlanda=mean(landa);
    % bar(landa(1:20)*100);
    for i=1:n
        if landa(i)>=meanlanda & landa(i+1)<meanlanda
            ipcs=i; break;
        end
    end
    [u,ss,v]=svd(st);
    
    for i=1:ipcs
        ZZZ(:,m1+i)=u(:,i);
    end
end

info(37,1)=n; info(37,2)=ipcs;
%-------
%-----------
%--region38--
n=0; loc=[]; aaa=[]; ipcs=0;
for i=1:n4 % No. of selected proxy
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    if ZZloc(2,i)<-50 & ZZloc(2,i)>=-70 & ZZloc(1,i)>=-180 & 
ZZloc(1,i)<-140
        n=n+1;
        loc(n)=i;
    end
end

[n1,m1]=size(ZZZ);
if n<1
    ZZZ=ZZZ;
elseif n>=1 & n<6
    for i=1:n
        ZZZ(:,m1+i)=ZZ(:,loc(i));
    end
else
    for i=1:n
        aaa(:,i)=ZZ(:,loc(i));
    end
    st=aaa; % select significant PCs
    s=svd(st);
    norm=s'*s;
    landa=s.*s/norm; 
    meanlanda=mean(landa);
    % bar(landa(1:20)*100);
    for i=1:n
        if landa(i)>=meanlanda & landa(i+1)<meanlanda
            ipcs=i; break;
        end
    end
    [u,ss,v]=svd(st);
    
    for i=1:ipcs
        ZZZ(:,m1+i)=u(:,i);
    end
end

info(38,1)=n; info(38,2)=ipcs;
%-------

%--region39--
n=0; loc=[]; aaa=[]; ipcs=0;
for i=1:n4 % No. of selected proxy
    if ZZloc(2,i)<-50 & ZZloc(2,i)>=-70 & ZZloc(1,i)>=-140 & 
ZZloc(1,i)<-100
        n=n+1;
        loc(n)=i;
    end
end

[n1,m1]=size(ZZZ);
if n<1
    ZZZ=ZZZ;
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elseif n>=1 & n<6
    for i=1:n
        ZZZ(:,m1+i)=ZZ(:,loc(i));
    end
else
    for i=1:n
        aaa(:,i)=ZZ(:,loc(i));
    end
    st=aaa; % select significant PCs
    s=svd(st);
    norm=s'*s;
    landa=s.*s/norm; 
    meanlanda=mean(landa);
    % bar(landa(1:20)*100);
    for i=1:n
        if landa(i)>=meanlanda & landa(i+1)<meanlanda
            ipcs=i; break;
        end
    end
    [u,ss,v]=svd(st);
    
    for i=1:ipcs
        ZZZ(:,m1+i)=u(:,i);
    end
end

info(39,1)=n; info(39,2)=ipcs;
%-------

%--region40--
n=0; loc=[]; aaa=[]; ipcs=0;
for i=1:n4 % No. of selected proxy
    if ZZloc(2,i)<-50 & ZZloc(2,i)>=-70 & ZZloc(1,i)>=-100 & 
ZZloc(1,i)<-60
        n=n+1;
        loc(n)=i;
    end
end

[n1,m1]=size(ZZZ);
if n<1
    ZZZ=ZZZ;
elseif n>=1 & n<6
    for i=1:n
        ZZZ(:,m1+i)=ZZ(:,loc(i));
    end
else
    for i=1:n
        aaa(:,i)=ZZ(:,loc(i));
    end
    st=aaa; % select significant PCs
    s=svd(st);
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    norm=s'*s;
    landa=s.*s/norm; 
    meanlanda=mean(landa);
    % bar(landa(1:20)*100);
    for i=1:n
        if landa(i)>=meanlanda & landa(i+1)<meanlanda
            ipcs=i; break;
        end
    end
    [u,ss,v]=svd(st);
    
    for i=1:ipcs
        ZZZ(:,m1+i)=u(:,i);
    end
end

info(40,1)=n; info(40,2)=ipcs;
%-------

%--region41--
n=0; loc=[]; aaa=[]; ipcs=0;
for i=1:n4 % No. of selected proxy
    if ZZloc(2,i)<-50 & ZZloc(2,i)>=-70 & ZZloc(1,i)>=-60 & ZZloc
(1,i)<-20
        n=n+1;
        loc(n)=i;
    end
end

[n1,m1]=size(ZZZ);
if n<1
    ZZZ=ZZZ;
elseif n>=1 & n<6
    for i=1:n
        ZZZ(:,m1+i)=ZZ(:,loc(i));
    end
else
    for i=1:n
        aaa(:,i)=ZZ(:,loc(i));
    end
    st=aaa; % select significant PCs
    s=svd(st);
    norm=s'*s;
    landa=s.*s/norm; 
    meanlanda=mean(landa);
    % bar(landa(1:20)*100);
    for i=1:n
        if landa(i)>=meanlanda & landa(i+1)<meanlanda
            ipcs=i; break;
        end
    end
    [u,ss,v]=svd(st);
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    for i=1:ipcs
        ZZZ(:,m1+i)=u(:,i);
    end
end

info(41,1)=n; info(41,2)=ipcs;
%-------

%--region42--
n=0; loc=[]; aaa=[]; ipcs=0;
for i=1:n4 % No. of selected proxy
    if ZZloc(2,i)<-50 & ZZloc(2,i)>=-70 & ZZloc(1,i)>=-20 & ZZloc
(1,i)<20
        n=n+1;
        loc(n)=i;
    end
end

[n1,m1]=size(ZZZ);
if n<1
    ZZZ=ZZZ;
elseif n>=1 & n<6
    for i=1:n
        ZZZ(:,m1+i)=ZZ(:,loc(i));
    end
else
    for i=1:n
        aaa(:,i)=ZZ(:,loc(i));
    end
    st=aaa; % select significant PCs
    s=svd(st);
    norm=s'*s;
    landa=s.*s/norm; 
    meanlanda=mean(landa);
    % bar(landa(1:20)*100);
    for i=1:n
        if landa(i)>=meanlanda & landa(i+1)<meanlanda
            ipcs=i; break;
        end
    end
    [u,ss,v]=svd(st);
    
    for i=1:ipcs
        ZZZ(:,m1+i)=u(:,i);
    end
end

info(42,1)=n; info(42,2)=ipcs;
%-------

%--region43--
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n=0; loc=[]; aaa=[]; ipcs=0;
for i=1:n4 % No. of selected proxy
    if ZZloc(2,i)<-50 & ZZloc(2,i)>=-70 & ZZloc(1,i)>=20 & ZZloc
(1,i)<60
        n=n+1;
        loc(n)=i;
    end
end

[n1,m1]=size(ZZZ);
if n<1
    ZZZ=ZZZ;
elseif n>=1 & n<6
    for i=1:n
        ZZZ(:,m1+i)=ZZ(:,loc(i));
    end
else
    for i=1:n
        aaa(:,i)=ZZ(:,loc(i));
    end
    st=aaa; % select significant PCs
    s=svd(st);
    norm=s'*s;
    landa=s.*s/norm; 
    meanlanda=mean(landa);
    % bar(landa(1:20)*100);
    for i=1:n
        if landa(i)>=meanlanda & landa(i+1)<meanlanda
            ipcs=i; break;
        end
    end
    [u,ss,v]=svd(st);
    
    for i=1:ipcs
        ZZZ(:,m1+i)=u(:,i);
    end
end

info(43,1)=n; info(43,2)=ipcs;
%-------

%--region44--
n=0; loc=[]; aaa=[]; ipcs=0;
for i=1:n4 % No. of selected proxy
    if ZZloc(2,i)<-50 & ZZloc(2,i)>=-70 & ZZloc(1,i)>=60 & ZZloc
(1,i)<100
        n=n+1;
        loc(n)=i;
    end
end

[n1,m1]=size(ZZZ);
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if n<1
    ZZZ=ZZZ;
elseif n>=1 & n<6
    for i=1:n
        ZZZ(:,m1+i)=ZZ(:,loc(i));
    end
else
    for i=1:n
        aaa(:,i)=ZZ(:,loc(i));
    end
    st=aaa; % select significant PCs
    s=svd(st);
    norm=s'*s;
    landa=s.*s/norm; 
    meanlanda=mean(landa);
    % bar(landa(1:20)*100);
    for i=1:n
        if landa(i)>=meanlanda & landa(i+1)<meanlanda
            ipcs=i; break;
        end
    end
    [u,ss,v]=svd(st);
    
    for i=1:ipcs
        ZZZ(:,m1+i)=u(:,i);
    end
end

info(44,1)=n; info(44,2)=ipcs;
%-------

%--region45--
n=0; loc=[]; aaa=[]; ipcs=0;
for i=1:n4 % No. of selected proxy
    if ZZloc(2,i)<-50 & ZZloc(2,i)>=-70 & ZZloc(1,i)>=100 & ZZloc
(1,i)<140
        n=n+1;
        loc(n)=i;
    end
end

[n1,m1]=size(ZZZ);
if n<1
    ZZZ=ZZZ;
elseif n>=1 & n<6
    for i=1:n
        ZZZ(:,m1+i)=ZZ(:,loc(i));
    end
else
    for i=1:n
        aaa(:,i)=ZZ(:,loc(i));
    end
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    st=aaa; % select significant PCs
    s=svd(st);
    norm=s'*s;
    landa=s.*s/norm; 
    meanlanda=mean(landa);
    % bar(landa(1:20)*100);
    for i=1:n
        if landa(i)>=meanlanda & landa(i+1)<meanlanda
            ipcs=i; break;
        end
    end
    [u,ss,v]=svd(st);
    
    for i=1:ipcs
        ZZZ(:,m1+i)=u(:,i);
    end
end

info(45,1)=n; info(45,2)=ipcs;
%-------

%--region46--
n=0; loc=[]; aaa=[]; ipcs=0;
for i=1:n4 % No. of selected proxy
    if ZZloc(2,i)<-50 & ZZloc(2,i)>=-70 & ZZloc(1,i)>=140 & ZZloc
(1,i)<180
        n=n+1;
        loc(n)=i;
    end
end

[n1,m1]=size(ZZZ);
if n<1
    ZZZ=ZZZ;
elseif n>=1 & n<6
    for i=1:n
        ZZZ(:,m1+i)=ZZ(:,loc(i));
    end
else
    for i=1:n
        aaa(:,i)=ZZ(:,loc(i));
    end
    st=aaa; % select significant PCs
    s=svd(st);
    norm=s'*s;
    landa=s.*s/norm; 
    meanlanda=mean(landa);
    % bar(landa(1:20)*100);
    for i=1:n
        if landa(i)>=meanlanda & landa(i+1)<meanlanda
            ipcs=i; break;
        end
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    end
    [u,ss,v]=svd(st);
    
    for i=1:ipcs
        ZZZ(:,m1+i)=u(:,i);
    end
end

info(46,1)=n; info(46,2)=ipcs;
%-------
%-----------
%--region47--
n=0; loc=[]; aaa=[]; ipcs=0;
for i=1:n4 % No. of selected proxy
    if ZZloc(2,i)<-70
        n=n+1;
        loc(n)=i;
    end
end

[n1,m1]=size(ZZZ);
if n<1
    ZZZ=ZZZ;
elseif n>=1 & n<6
    for i=1:n
        ZZZ(:,m1+i)=ZZ(:,loc(i));
    end
else
    for i=1:n
        aaa(:,i)=ZZ(:,loc(i));
    end
    st=aaa; % select significant PCs
    s=svd(st);
    norm=s'*s;
    landa=s.*s/norm; 
    meanlanda=mean(landa);
    % bar(landa(1:20)*100);
    for i=1:n
        if landa(i)>=meanlanda & landa(i+1)<meanlanda
            ipcs=i; break;
        end
    end
    [u,ss,v]=svd(st);
    
    for i=1:ipcs
        ZZZ(:,m1+i)=u(:,i);
    end
end

info(47,1)=n; info(47,2)=ipcs;
%-------
%-----------

45

ABOR/MH/Priv-003737



% This is a script used to normalize a matrix based on a fixed 
most
% recent interval

function [nx] = normf(x);

m=size(x,1);
n=size(x,2);
mf=m; % if mf=m means a general normalization, mf<=m

xx=0; nx=0; mx=0; stdx=0;
xx(1:mf,1:n)=x(m-mf+1:m,1:n);

mx=nanmean(xx);
stdx=nanstd(xx);

for i=1:m
   for j=1:n
       nx(i,j)=(x(i,j)-mx(j))/stdx(j); % normalized data for 
particular years
   end
end
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% this is the main script for pick up sensitive proxy series

clear all
close all

options.season = 'warm'; % seasons of climate variables, cold--> 
cur. Nev. to following Apr.
                         % warm-->cur. May to cur. Oct.
options.clivariable = 'slpl'; % climate variables for 
reconstruction(slp,sst,ppt..)
options.lagproxy = 'lag'; %lag(nolag)(laglead) lag-1(no lag-1)(-
1,0,+1) year proxy data are added
options.CL = 95; % two-tail significant level (%) criteria for 
selecting proxy data files
options.byr = 1871; % beginning year to calculate r
options.eyr = 1968; % end year to calculate r

options.brecyr = 1871; % beginning year of the matrix suitable 
for running RegEM
options.erecyr = 1968; % end year of the matrix suitable for 
running RegEM

options.igrid = 2; %numbers of gridpoints near proxy site used to 
cal. r
options.igr = 1; % numbers of gripoints need to pass the CL for 
selecting a proxy series

%-----------------------

[n4, d4, proxyinfo, info, Z, ZZZ] = propick_3(options);

d4
n4

% to form matrix for running RegEM for regional selected proxy 
and PCs
[ZZZ]=normf(ZZZ); % because PCs scales are much less than proxy
[n1,m1]=size(ZZZ)
[n2,m2]=size(Z)
regZ=Z;
regZ(:,m2+1:m1+m2)=ZZZ;

%save('d:\reconstructslp\temp\nolagsigemac','regZ','-ascii')
%save('d:\reconstructslp\temp\nolagsigemacw','regZ','-ascii')

regZ(1:49,1:2520)=NaN; % make early half-miss matrix for running 
regEM
save('d:\reconstructslp\temp\input','regZ','-ascii')
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%regZ(50:98,1:2520)=NaN; % make late half-miss matrix for running 
regEM
%save('d:\reconstructslp\temp\input','regZ','-ascii')

%%%%%%%%%%%%%%%%%%%%%%

%load d:\reconstructslp\temp\nolagsigem

load d:\hardd\benmap\world_low.txt

b=proxyinfo(1:2,1:n4);
b=b';

scatter(b(:,1),b(:,2),'.')
  

hold

plot(world_low(:,1),world_low(:,2),'k-','LineWidth',1); 
  axis([-180 175 -85 85]);
  xlabel('Longitude');
  ylabel('Latitude');
  title('locations of proxy data being selected(full dataset)')

  
figure;

b=proxyinfo(3:4,1:n4);
b=b';

scatter(b(:,1),b(:,2),'.')
  

hold

plot(world_low(:,1),world_low(:,2),'k-','LineWidth',1); 
  axis([-180 175 -85 85]);
  xlabel('Longitude');
  ylabel('Latitude');
  title('locations of proxy data being selected(longer than 
brecyr)')
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clear all
close all

load d:\reconstructslp\temp\nolagsigemac

load d:\reconstructslp\temp\llcl1
load d:\reconstructslp\temp\llch1
in1=1; in2=49;
infaaa=llcl1(in1:in2,1:2520);
infbbb=llch1(in1:in2,1:2520);

act=nolagsigemac(in1:in2,1:2520);
inf=infaaa+infbbb;
[n1,m1]=size(act)

%---- calculate multivariate skill of reconstruction------
aa = reshape(act,n1*m1,1);
bb = reshape(inf,n1*m1,1);

cc=aa-bb;

ccw=cc'*cc
aaw=aa'*aa
betamulti=1-ccw/aaw

rmulti=corrcoef(aa,bb)
rm=rmulti(1,2)
%---- end calculating multivariate skill of reconstruction------

%---- calculate RE and r for each gridpoint --------

diff=act-inf;
diffw=diff'*diff;
actw=act'*act;

for i=1:2520
    betag(i)=1-diffw(i,i)/actw(i,i);
end
betagave=nanmean(betag)

for kk=1:2520
        rr=corrcoef(act(:,kk),inf(:,kk));
        rg(kk,1)=rr(1,2);
end
    
rgave=nanmean(rg)

load d:\slppdsi-mtm1\world_low.txt
t=rg;
t=reshape(t,72,35);
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t=t';
lat=0;lon=0;

for i=1:35
    for j=1:72
        lat(i+(j-1)*35,1)=(18-i)*5;
        lon(i+(j-1)*35,1)=(j-37)*5;
    end
end

for i=1:35
    for j=1:36
        map(i,j)=t(i,j+36);
        map(i,j+36)=t(i,j);
    end
end

  pcolor(lon(1:35:2520),lat(1:35)',map)
  shading flat
  caxis([-.5 0.5])
%  caxis([1005 1025])
  hold on;

  plot(world_low(:,1),world_low(:,2),'k-'); 
  axis([-180 175 -85 85]);
  xlabel('Longitude');
  ylabel('Latitude');

  colorbar('horiz')
%  title('Cold season mean slp 1871-2001')
  title('RE between actual and recon. values (cold)')
  
 %---- end calculating RE and r for each gridpoint --------

%##############compare SOI, AO, PNA, AAO 
#################################

%%%% do EOF for actual slp in the tropical region 20N~20S, 120E~
60W  %%%%%%%

%bb(1:130,1:37*9)=NaN; % for the data within (20N~20S, 120E~60W)

for i=1:9
    acta(:,(i-1)*37+1:(i-1)*37+37)=act(:,(13+i-1)*72+25:(13+i-1)*
72+61);
    infa(:,(i-1)*37+1:(i-1)*37+37)=inf(:,(13+i-1)*72+25:(13+i-1)*
72+61);
end

acta=normf(acta);
infa=normf(infa);
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s1=svd(acta);
norm1=s1'*s1;
landa1=s1.*s1/norm1;        % calculate PCA from 1871-2001
bar(landa1(1:20)*100)
[ut1,s1,vt1]=svd(acta);

s2=svd(infa);
norm2=s2'*s2;
landa2=s2.*s2/norm2;        % calculate PCA from 1871-2001
bar(landa2(1:20)*100)
[ut2,s2,vt2]=svd(infa);

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%subplot(2,1,2); bar(landa2(1:20)*100)
%figure;
%-------------------------------------
soi1=ut1(:,1);
soi1=normf(soi1);
soi2=ut2(:,1);
soi2=normf(soi2);
zeroo(1:n1,1)=0;
corrcoef(soi1,soi2)
s1(1,1)
s2(1,1)

subplot(2,1,1); plot(1:n1,soi1(:,1),'--k','LineWidth',1.5)

hold

subplot(2,1,1); plot(1:n1,zeroo(:,1),'--k','LineWidth',1.5)

subplot(2,1,1); plot(1:n1,soi2(:,1),'r','LineWidth',1.5)
%hold
xlabel('year')
ylabel('SOI index') % EOF based SOI and station based SOI (cold 
season)
title('a) cold-season')

%---
%%%% do EOF of global slp in the northern region 20N~85N for AO 
and PNA  %%%%%%%
%---
actb1=act(:,1:14*72);
infb1=inf(:,1:14*72);
actb1=normf(actb1);
infb1=normf(infb1);

for i=1:49
    for k=1:14
        for j=1:72
            actb(i,(k-1)*72+j)= sin(((k-1)*5+5)*pi/180)*actb1(i,
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(k-1)*72+j);
            infb(i,(k-1)*72+j)= sin(((k-1)*5+5)*pi/180)*infb1(i,
(k-1)*72+j);
        end
    end
end

s1=svd(actb);
norm1=s1'*s1;
landa1=s1.*s1/norm1;        % calculate PCA from 1871-2001
bar(landa1(1:20)*100)
[ut1,s1,vt1]=svd(actb);

s2=svd(infb);
norm2=s2'*s2;
landa2=s2.*s2/norm2;        % calculate PCA from 1871-2001
bar(landa2(1:20)*100)
[ut2,s2,vt2]=svd(infb);

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%subplot(2,1,2); bar(landa2(1:20)*100)
%figure;
%-------------------------------------
ao1=ut1(:,1);
ao1=normf(ao1);
ao2=ut2(:,1);
ao2=normf(ao2);
corrcoef(ao1,ao2)

pna1=ut1(:,2);
pna1=normf(pna1);
pna2=ut2(:,2);
pna2=normf(pna2);
corrcoef(pna1,pna2)
%corrcoef(ao2,pna1)

zeroo(1:n1,1)=0;

subplot(2,1,1); plot(1:n1,ao1(:,1),'--k','LineWidth',1.5)

hold

subplot(2,1,1); plot(1:n1,zeroo(:,1),'--k','LineWidth',1.5)

subplot(2,1,1); plot(1:n1,ao2(:,1),'k','LineWidth',1.5)
%hold
xlabel('year')
ylabel('AO index') % EOF based SOI and station based SOI (cold 
season)
title('a) cold-season')

4
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figure;

subplot(2,1,1); plot(1:n1,pna1(:,1),'--k','LineWidth',1.5)

hold

subplot(2,1,1); plot(1:n1,zeroo(:,1),'--k','LineWidth',1.5)

subplot(2,1,1); plot(1:n1,pna2(:,1),'k','LineWidth',1.5)
%hold
xlabel('year')
ylabel('PNA index') % EOF based SOI and station based SOI (cold 
season)
title('a) cold-season')

%%%% do EOF of global slp in the southern region 20S~85S for AAO  
%%%%%%%

actc1=act(:,21*72+1:35*72);
infc1=inf(:,21*72+1:35*72);
actc1=normf(actc1);
infc1=normf(infc1);

for i=1:49
    for k=1:14
        for j=1:72
            actc(i,(k-1)*72+j)= sin(((k-1)*5+110)*pi/180)*actc1
(i,(k-1)*72+j);
            infc(i,(k-1)*72+j)= sin(((k-1)*5+110)*pi/180)*infc1
(i,(k-1)*72+j);
        end
    end
end

s1=svd(actc);
norm1=s1'*s1;
landa1=s1.*s1/norm1;        % calculate PCA from 1871-2001
bar(landa1(1:20)*100)
[ut1,s1,vt1]=svd(actc);

s2=svd(infc);
norm2=s2'*s2;
landa2=s2.*s2/norm2;        % calculate PCA from 1871-2001
bar(landa2(1:20)*100)
[ut2,s2,vt2]=svd(infc);

aao1=ut1(:,1);
aao1=normf(aao1);
aao2=ut2(:,1); % or with second PCs
aao2=normf(aao2);
corrcoef(aao1,aao2)

5
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zeroo(1:n1,1)=0;

subplot(2,1,1); plot(1:n1,aao1(:,1),'--k','LineWidth',1.5)

hold

subplot(2,1,1); plot(1:n1,zeroo(:,1),'--k','LineWidth',1.5)

subplot(2,1,1); plot(1:n1,-aao2(:,1),'k','LineWidth',1.5)
%hold
xlabel('year')
ylabel('AAO index') % EOF based SOI and station based SOI (cold 
season)
title('a) cold-season')

%##############  end comparing SOI, AO, PNA, AAO 
#################################

%---- calculate yearly map RE and r  --------
diffy=act'-inf';
diffwy=diffy'*diffy;
acty=act'; infy=inf';
actwy=acty'*acty;

for i=1:48
    betay(i)=1-diffwy(i,i)/actwy(i,i);
end
betayave=nanmean(betay)

for kk=1:48
        rr=corrcoef(acty(:,kk),infy(:,kk));
        ry(kk,1)=rr(1,2);
end
    
ryave=nanmean(ry)

plot(1:48,betay,'r',1:48,ry,'b',1:48,0)

%---- end calculating yearly map RE and r  --------

6
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From: mem6u@multiproxy.evsc.virginia.edu
To: srutherford@rwu.edu; zz9t@virginia.edu; mann@virginia.edu; rbradley@geo.umass.edu;

mhughes@ltrr.arizona.edu; fenbiao@ltrr.arizona.edu
Subject: Re: mxd data
Date: Wednesday, August 25, 2004 9:17:41 AM

Dear All,

There is a fine line between guarding ourselves against legitimate
criticisms, and bending over so far backwards in fear of spurious
criticisms by contrarians that we impose deleterious decisions.

I don't see any problem w/ doing the correlations w/ infilled data.
It is very hard to argue that the infilling will produce a false
positive--it is much more likely to produce a false negative, and
that's being conservative.

So that's my two cents on this. Sounds like we're making good progress.
I have only intermittent email access this week, but will try to stay
tuned in..

Thanks,

mike
Original Message:
-----------------
From: Scott Rutherford srutherford@rwu.edu
Date: Wed, 25 Aug 2004 11:54:03 -0400
To: zz9t@virginia.edu, mann@virginia.edu, rbradley@geo.umass.edu,
mhughes@ltrr.arizona.edu, fenbiao@ltrr.arizona.edu
Subject: Re: mxd data

Zhang,

Just to clarify. When you say "Some test experiments of reconstruction
are based on the infilled gridded climate data. That is easy to do all
the calculations."  I think you mean that the correlations between the
proxy data and the instrumental data are done on the infilled SLP data
and infilled SAT data that we have been working with? if so, then that
means that every proxy has a nearby instrumental gridbox (with some
number of infilled values) for comparison. This may allow us to keep
proxies that otherwise might be discarded due to lack of instrumental
data for the correlation. On the other hand, it may be a point of
attack by others. Comments anyone?

It sounds like we are just about ready to go then. If you have it all
working for the SLP data and the 1099 dendro chronologies we just need
to incorporate the remaining proxies and get our selection programs to
talk to each other. Can you please send me your latest matlab scripts
to do all this so I can see how I have to integrate things?

Thanks,

Scott
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On Aug 25, 2004, at 11:23 AM, Zhang, Zhihua wrote:

> Hi Scott,
>
> Thanks for the update. I'm pleased to see that the hybrid approach is
> an improvement. Do you think we should split the MXD data into 115
> separate files and treat each one as a separate series? That may be the
> easiest way to handle it because it would be consistent with how we
> deal with every other series.
>
> I will split the MXD and put it somewhere in the Holocene.
>
> It seems from your e-mail that the selection process based on
> correlation with instrumental data is in place and working for the tree
> rings? Does that mean all we have left to do is get all the proxies
> together and that all the other steps are working?
>
> Some test experiments of reconstruction are based on the infilled
> gridded
> climate data. That is easy to do all the calculations. I think if all
> the
> proxies are ready, we can do reconstruction.
>
>
> On Aug 24, 2004, at 8:08 PM, Zhang, Zhihua wrote:
>
>>
>> Hi Scott,
>>
>> Thanks for sending me the gridded schweinggruber tree ring dataset.
>> Currently I am testing cold/warm season SLP reconstruction based on
>> 1099-tree ring data-matrix using hybrid frequency approach as well as
>> using
>> raw tree ring/SLP dataset. I am pleasant to tell you that limited
>> results
>> indicate that  hybrid frequency approach provides better verification
>> scores. I will do a few more experiments then I will show you and Mike
>> the
>> results. Hope it wouldn't take too long for doing that.  Because 115
>> gridded
>> schweingruber series come from 130 schweingruber chronologies and
>> would not
>> provide any more climate information, the 1099-tree ring matrix may be
>> good
>> enough for some test experiments. Deleting 130 chronologies from
>> 1099-data
>> matrix and adding 115 gridded tree ring series may not be a difficult
>> thing.
>> If we have enough time we can do some extra experiments with 115
>> gridded
>> schweingruber series. In my current test, I make use of tree rings
>> that
>> significantly (95% confidence level) correlate with at least one of
>> the two
>> closest SLP grids. If time permit, I may test more schemes.
>>
>> Again, I am happy to have better verification scores with hybrid
>> frequency
>> approach.
>>
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>> Cheers,
>>
>> Zhang
>>
>> -----Original Message-----
>> From: Scott Rutherford [mailto:srutherford@rwu.edu]
>> Sent: Tuesday, August 24, 2004 3:34 PM
>> To: zhihua zhang
>> Subject: mxd data
>>
>>
>> Zhang,
>>
>> Attached is a matlab file with the mxd data. There are three
>> variabiles
>> in the file. "Year" is the year from 1400-1994, "mxdlonglatnew" is the
>> latitude and longitude of the 115 gridboxes.
>> "schweingruber_mxdabd_grid" is the data with the first column having
>> the lat/long of the first row in "mxdlatlongnew".  Let me know if this
>> is too difficult for you to deal with. I'm not sure of the best way to
>> deal with this. Should we break the newwork into 115 separate files or
>> keep it together? Some of the gridboxes might pass our test while
>> others might not. What do you think?
>>
>> Thanks,
>>
>> Scott
>>
>>
>>
>>
> ______________________________________________
> Assistant Professor
> Dept. of Natural Sciences
> Roger Williams University
> e-mail: srutherford@rwu.edu
> http://fox.rwu.edu/~rutherfo
> phone: 
> snail mail:
> One Ferry Road
> Bristol, RI 02809
>
> <winmail.dat>
______________________________________________
Assistant Professor
Dept. of Natural Sciences
Roger Williams University
e-mail: srutherford@rwu.edu
http://fox.rwu.edu/~rutherfo
phone: 
snail mail:
One Ferry Road
Bristol, RI 02809

--------------------------------------------------------------------
mail2web - Check your email from the web at
http://mail2web.com/ .
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From: Scott Rutherford
To: Zhihua Zhang; Mann Mike; Bradley Raymond; Hughes Malcolm; fenbiao@ltrr.arizona.edu
Subject: Re: mxd data
Date: Wednesday, August 25, 2004 8:54:11 AM

Zhang,

Just to clarify. When you say "Some test experiments of reconstruction
are based on the infilled gridded climate data. That is easy to do all
the calculations."  I think you mean that the correlations between the
proxy data and the instrumental data are done on the infilled SLP data
and infilled SAT data that we have been working with? if so, then that
means that every proxy has a nearby instrumental gridbox (with some
number of infilled values) for comparison. This may allow us to keep
proxies that otherwise might be discarded due to lack of instrumental
data for the correlation. On the other hand, it may be a point of
attack by others. Comments anyone?

It sounds like we are just about ready to go then. If you have it all
working for the SLP data and the 1099 dendro chronologies we just need
to incorporate the remaining proxies and get our selection programs to
talk to each other. Can you please send me your latest matlab scripts
to do all this so I can see how I have to integrate things?

Thanks,

Scott

On Aug 25, 2004, at 11:23 AM, Zhang, Zhihua wrote:

> Hi Scott,
>
> Thanks for the update. I'm pleased to see that the hybrid approach is
> an improvement. Do you think we should split the MXD data into 115
> separate files and treat each one as a separate series? That may be the
> easiest way to handle it because it would be consistent with how we
> deal with every other series.
>
> I will split the MXD and put it somewhere in the Holocene.
>
> It seems from your e-mail that the selection process based on
> correlation with instrumental data is in place and working for the tree
> rings? Does that mean all we have left to do is get all the proxies
> together and that all the other steps are working?
>
> Some test experiments of reconstruction are based on the infilled
> gridded
> climate data. That is easy to do all the calculations. I think if all
> the
> proxies are ready, we can do reconstruction.
>
>
> On Aug 24, 2004, at 8:08 PM, Zhang, Zhihua wrote:
>
>>
>> Hi Scott,
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>>
>> Thanks for sending me the gridded schweinggruber tree ring dataset.
>> Currently I am testing cold/warm season SLP reconstruction based on
>> 1099-tree ring data-matrix using hybrid frequency approach as well as
>> using
>> raw tree ring/SLP dataset. I am pleasant to tell you that limited
>> results
>> indicate that  hybrid frequency approach provides better verification
>> scores. I will do a few more experiments then I will show you and Mike
>> the
>> results. Hope it wouldn't take too long for doing that.  Because 115
>> gridded
>> schweingruber series come from 130 schweingruber chronologies and
>> would not
>> provide any more climate information, the 1099-tree ring matrix may be
>> good
>> enough for some test experiments. Deleting 130 chronologies from
>> 1099-data
>> matrix and adding 115 gridded tree ring series may not be a difficult
>> thing.
>> If we have enough time we can do some extra experiments with 115
>> gridded
>> schweingruber series. In my current test, I make use of tree rings
>> that
>> significantly (95% confidence level) correlate with at least one of
>> the two
>> closest SLP grids. If time permit, I may test more schemes.
>>
>> Again, I am happy to have better verification scores with hybrid
>> frequency
>> approach.
>>
>> Cheers,
>>
>> Zhang
>>
>> -----Original Message-----
>> From: Scott Rutherford [mailto:srutherford@rwu.edu]
>> Sent: Tuesday, August 24, 2004 3:34 PM
>> To: zhihua zhang
>> Subject: mxd data
>>
>>
>> Zhang,
>>
>> Attached is a matlab file with the mxd data. There are three
>> variabiles
>> in the file. "Year" is the year from 1400-1994, "mxdlonglatnew" is the
>> latitude and longitude of the 115 gridboxes.
>> "schweingruber_mxdabd_grid" is the data with the first column having
>> the lat/long of the first row in "mxdlatlongnew".  Let me know if this
>> is too difficult for you to deal with. I'm not sure of the best way to
>> deal with this. Should we break the newwork into 115 separate files or
>> keep it together? Some of the gridboxes might pass our test while
>> others might not. What do you think?
>>
>> Thanks,
>>
>> Scott
>>
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>>
>>
>>
> ______________________________________________
> Assistant Professor
> Dept. of Natural Sciences
> Roger Williams University
> e-mail: srutherford@rwu.edu
> http://fox.rwu.edu/~rutherfo
> phone: 
> snail mail:
> One Ferry Road
> Bristol, RI 02809
>
> <winmail.dat>
______________________________________________
Assistant Professor
Dept. of Natural Sciences
Roger Williams University
e-mail: srutherford@rwu.edu
http://fox.rwu.edu/~rutherfo
phone: 
snail mail:
One Ferry Road
Bristol, RI 02809
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From: Scott Rutherford
To: Michael E. Mann
Cc: Bradley Raymond; Hughes Malcolm; fenbiao@ltrr.arizona.edu; zhihua zhang
Subject: Re: database update
Date: Friday, August 13, 2004 10:24:21 AM
Attachments: paleodata-catalogue11.xls

Untitled attachment 00164.txt
Untitled attachment 00167.txt

Y'all,

I should have also included the file that Ray sent me a while ago with all the series
that he has. That file is attached.

Scott
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Description Type Resolution File Dates Location Notes

Cebu Island, Philippines coral 18O CI ANN cebu.o18 1859-1980 vortex c:\frank\climate1\paleo\paleo.zip From Patzold

Galapagos coral 18O CI ANN galapago.2 1607-1981 vortex c:\frank\climate5\corals\allfiles.zip From Rob Dunbar
Great Barrier Reef coral calcification CO ANN jlough 1615-1982 vortex c:\frank\climate1\paleo\paleo.zip From J. Lough
Wetness/dryness index at 120 stations in China HO ANN china.wet 1470-1979 vortex c:\frank\climate5\histser\allfiles.zip 1 value for each station (stations found in china.stn)*
Beijing reconstructed April to August temperatures HO ANN beijsum.dat 1724-1986 vortex c:\frank\climate5\histser\allfiles.zip 5 monthly values per year*
East China decadal dust rain frequency HO DEC zhandust.frq 1400-1930 vortex c:\frank\climate5\histser\allfiles.zip # years with notable dust fall at various locations*
East China reconstructed winter temperature anomalies HO DEC wangechi.win 1470-1979 vortex c:\frank\climate5\histser\allfiles.zip Anomalies from 1880-1979*
East China reconstructed spring temperature anomalies HO DEC wangechi.spr 1470-1979 vortex c:\frank\climate5\histser\allfiles.zip Anomalies from 1880-1979*
East China reconstructed summer temperature anomalies HO DEC wangechi.sum 1470-1979 vortex c:\frank\climate5\histser\allfiles.zip Anomalies from 1880-1979*
East China reconstructed fall temperature anomalies HO DEC wangechi.fal 1470-1979 vortex c:\frank\climate5\histser\allfiles.zip Anomalies from 1880-1979*
East China reconstructed annual temperature anomalies HO DEC wangechi.ann 1470-1979 vortex c:\frank\climate5\histser\allfiles.zip Anomalies from 1880-1979*
North China reconstructed winter temperature anomalies HO DEC wangnchi.win 1380-1979 vortex c:\frank\climate5\histser\allfiles.zip Anomalies from 1880-1979*
North China reconstructed spring temperature anomalies HO DEC wangnchi.spr 1380-1979 vortex c:\frank\climate5\histser\allfiles.zip Anomalies from 1880-1979*
North China reconstructed summer temperature anomalies HO DEC wangnchi.sum 1380-1979 vortex c:\frank\climate5\histser\allfiles.zip Anomalies from 1880-1979*
North China reconstructed fall temperature anomalies HO DEC wangnchi.fal 1380-1979 vortex c:\frank\climate5\histser\allfiles.zip Anomalies from 1880-1979*
North China reconstructed annual temperature anomalies HO DEC wangnchi.ann 1380-1979 vortex c:\frank\climate5\histser\allfiles.zip Anomalies from 1880-1979*
China winter thunder frequency HO 30Y wangthun.win 1160-1880 vortex c:\frank\climate5\histser\allfiles.zip Nov, Dec, Jan*
China regional winter temperature indices HO DEC zhang.rg1 1470-1979 vortex c:\frank\climate5\histser\allfiles.zip Eastern part of Chiangjiang Basin*
China regional winter temperature indices HO DEC zhang.rg2 1470-1979 vortex c:\frank\climate5\histser\allfiles.zip Central part of Chiangjiang Basin*
China regional winter temperature indices HO DEC zhang.rg3 1470-1979 vortex c:\frank\climate5\histser\allfiles.zip Hunan and Jangxi provinces*
China regional winter temperature indices HO DEC zhang.rg4 1470-1979 vortex c:\frank\climate5\histser\allfiles.zip Southeastern provinces*
China regional winter temperature indices HO DEC zhang.rg5 1470-1979 vortex c:\frank\climate5\histser\allfiles.zip Guangdong and Guangxi provinces*
Shandong Province, China cold winter index HO DEC wuyin.win 1470-1979 vortex c:\frank\climate5\histser\allfiles.zip *
S.E. China reconstructed winter temperature anomalies HO DEC wngwngfr.win 1470-1979 vortex c:\frank\climate5\histser\allfiles.zip 24-35N, E of 112E*
S.E. China reconstructed spring temperature anomalies HO DEC wngwngfr.spr 1470-1979 vortex c:\frank\climate5\histser\allfiles.zip 24-35N, E of 112E*
S.E. China reconstructed summer temperature anomalies HO DEC wngwngfr.sum 1470-1979 vortex c:\frank\climate5\histser\allfiles.zip 24-35N, E of 112E*
S.E. China reconstructed fall temperature anomalies HO DEC wngwngfr.fal 1470-1979 vortex c:\frank\climate5\histser\allfiles.zip 24-35N, E of 112E*
S.E. China reconstructed annual temperature anomalies HO DEC wngwngfr.ann 1470-1979 vortex c:\frank\climate5\histser\allfiles.zip 24-35N, E of 112E*
Shanghai, China reconstructed winter temperature anomalieHO DEC wangwang.win 1470-1979 vortex c:\frank\climate5\histser\allfiles.zip Based on freezing index and modified snowfall index*
Haihe Basin China frequency of cold winters HO DEC wuyinc.win 1500-1979 vortex c:\frank\climate5\histser\allfiles.zip *
Haihe Basin China frequency of warm winters HO DEC wuyinw.win 1500-1979 vortex c:\frank\climate5\histser\allfiles.zip *
Eastern China number of cold winters HO DEC zhangong.win 1500-1979 vortex c:\frank\climate5\histser\allfiles.zip *
Lower Yellow R., China summer temperature anomalies HO DEC wngwng1.sum 1470-1979 vortex c:\frank\climate5\histser\allfiles.zip 35N,110E;35N,120E;41N,120E;41N,110E*
Lower Yangtze R., China summer temperature anomalies HO DEC wngwng2.sum 1470-1979 vortex c:\frank\climate5\histser\allfiles.zip 25N,110E;25N,120E;35N,120E;35N,110E*
Lower Yellow R., China number of frosts HO DEC zhangong.frs 1440-1949 vortex c:\frank\climate5\histser\allfiles.zip *
Mid and lower Changjiang R., China winter temp index HO 30Y zhenfeng.win 1471-1979 vortex c:\frank\climate5\histser\allfiles.zip *
Moose Factory, Canada date of first breaking of ice HO ANN moosefac.ice 1736-1871 vortex c:\frank\climate5\histser\allfiles.zip On Moose River - julian day - ~51N, ~81W*
Fort Albany, Canada date of first breaking of ice HO ANN ftalbany.ice 1722-1866 vortex c:\frank\climate5\histser\allfiles.zip On Albany River - julian day - ~52N, ~82W*
Greenland west coast greatest extent drift ice HO ANN arcdrift.ice 1821-1939 vortex c:\frank\climate5\histser\allfiles.zip See paper file*
Santiago District, Chile winter rainfall index HO ANN chilrain.dat 1535-1973 vortex c:\frank\climate5\histser\allfiles.zip Digitized from Lamb -see paper file*
England July/August wetness/dryness index HO DEC lambeng.sum 1100-1969 vortex c:\frank\climate5\histser\allfiles.zip ~50N, ~0E - digitized from Lamb -see paper file*
England DJF mildness/severity index HO DEC lambeng.sum 1100-1969 vortex c:\frank\climate5\histser\allfiles.zip ~50N, ~0E - digitized from Lamb -see paper file*
Bohemia, Czechoslovakia winter temperature index HO DEC bohtemp.win 1501-1900 vortex c:\frank\climate5\histser\allfiles.zip Difference in # extremely warm & extremely cold seasons*
Bohemia, Czechoslovakia spring temperature index HO DEC bohtemp.spr 1501-1900 vortex c:\frank\climate5\histser\allfiles.zip Difference in # extremely warm & extremely cold seasons*
Bohemia, Czechoslovakia summer temperature index HO DEC bohtemp.sum 1501-1900 vortex c:\frank\climate5\histser\allfiles.zip Difference in # extremely warm & extremely cold seasons*
Bohemia, Czechoslovakia fall temperature index HO DEC bohtemp.fal 1501-1900 vortex c:\frank\climate5\histser\allfiles.zip Difference in # extremely warm & extremely cold seasons*
Bohemia, Czechoslovakia winter precipitation index HO DEC bohprec.win 1501-1900 vortex c:\frank\climate5\histser\allfiles.zip Difference in # extremely wet & extremely dry seasons*
Bohemia, Czechoslovakia spring precipitation index HO DEC bohprec.spr 1501-1900 vortex c:\frank\climate5\histser\allfiles.zip Difference in # extremely wet & extremely dry seasons*
Bohemia, Czechoslovakia summer precipitation index HO DEC bohprec.sum 1501-1900 vortex c:\frank\climate5\histser\allfiles.zip Difference in # extremely wet & extremely dry seasons*
Bohemia, Czechoslovakia fall precipitation index HO DEC bohprec.fal 1501-1900 vortex c:\frank\climate5\histser\allfiles.zip Difference in # extremely wet & extremely dry seasons*
Germany DJF mildness/severity index HO DEC lambger.win 1100-1969 vortex c:\frank\climate5\histser\allfiles.zip ~50N, ~12E - digitized from Lamb -see paper file*
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Description Type Resolution File Dates Location Notes
Germany July/August wetness/dryness index HO DEC lambger.sum 1100-1969 vortex c:\frank\climate5\histser\allfiles.zip ~50N, ~12E - digitized from Lamb -see paper file*
Russia DJF mildness/severity index HO DEC lambrus.win 1100-1969 vortex c:\frank\climate5\histser\allfiles.zip ~50N, ~35E - digitized from Lamb -see paper file*
Russia July/August wetness/dryness index HO DEC lambrus.sum 1100-1969 vortex c:\frank\climate5\histser\allfiles.zip ~50N, ~35E - digitized from Lamb -see paper file*
Central Russia winter temperature HO 30Y boriswin.dat 1500-1980 vortex c:\frank\climate5\histser\allfiles.zip 47N-65N, 25E-50E*
Central Russia spring temperature HO 30Y borisspr.dat 1500-1980 vortex c:\frank\climate5\histser\allfiles.zip 47N-65N, 25E-50E*
Central Russia summer temperature HO 30Y borissum.dat 1500-1980 vortex c:\frank\climate5\histser\allfiles.zip 47N-65N, 25E-50E*
Central Russia fall temperature HO 30Y borisfal.dat 1500-1980 vortex c:\frank\climate5\histser\allfiles.zip 47N-65N, 25E-50E*
Oresund (Danish Sound), Denmark # days with ice HO ANN oresund.ice 1763-1926 vortex c:\frank\climate5\histser\allfiles.zip Digitized from Lamb -see paper file*
Baltic Sea greatest area attained by ice HO ANN baltic.ice 1720-1957 vortex c:\frank\climate5\histser\allfiles.zip 1000s of sq km*
Riga, Latvia julian date of final opening of port HO ANN rigaopen.dat 1530-1958 vortex c:\frank\climate5\histser\allfiles.zip Digitized from Lamb -see paper file - not continuous before 1710*
China - geographic characteristics of droughts and floods HO ANN chidrout.fld 950-1984 vortex c:\frank\climate5\histser\allfiles.zip See paper file*
Japan degree of storm damage HO ANN japanstm.dmg 1650-1982 vortex c:\frank\climate5\histser\allfiles.zip Geometric mean of yearly loss of life and residential buildings*
Hirosaki, Japan est. value of winter temperature deviation HO O maejtagt.win 1661-1870 vortex c:\frank\climate5\histser\allfiles.zip From 1661-1868 mean - 20 to 40 year intervals*
Hirosaki, Japan est. value of spring temperature deviation HO O maejtagt.spr 1661-1870 vortex c:\frank\climate5\histser\allfiles.zip From 1661-1868 mean - 20 to 40 year intervals*
Hirosaki, Japan est. value of summer temperature deviation HO O maejtagt.sum 1661-1870 vortex c:\frank\climate5\histser\allfiles.zip From 1661-1868 mean - 20 to 40 year intervals*
Hirosaki, Japan est. value of fall temperature deviation HO O maejtagt.fal 1661-1870 vortex c:\frank\climate5\histser\allfiles.zip From 1661-1868 mean - 20 to 40 year intervals*
Hirosaki, Japan est. value of annual temperature deviation HO O maejtagt.ann 1661-1870 vortex c:\frank\climate5\histser\allfiles.zip From 1661-1868 mean - 20 to 40 year intervals*
Hirosaki, Japan est. value of winter precip deviation HO O maejtagp.win 1661-1870 vortex c:\frank\climate5\histser\allfiles.zip From 1661-1868 mean - 20 to 40 year intervals*
Hirosaki, Japan est. value of spring precip deviation HO O maejtagp.spr 1661-1870 vortex c:\frank\climate5\histser\allfiles.zip From 1661-1868 mean - 20 to 40 year intervals*
Hirosaki, Japan est. value of summer precip deviation HO O maejtagp.sum 1661-1870 vortex c:\frank\climate5\histser\allfiles.zip From 1661-1868 mean - 20 to 40 year intervals*
Hirosaki, Japan est. value of fall precip deviation HO O maejtagp.fal 1661-1870 vortex c:\frank\climate5\histser\allfiles.zip From 1661-1868 mean - 20 to 40 year intervals*
Hirosaki, Japan est. value of annual precip deviation HO O maejtagp.ann 1661-1870 vortex c:\frank\climate5\histser\allfiles.zip From 1661-1868 mean - 20 to 40 year intervals*
Honshu, Japan winter weather type indices HO DEC maejtagi.win 600-1900 vortex c:\frank\climate5\histser\allfiles.zip 51 year weighted running mean*
Honshu, Japan summer weather type indices HO DEC maejtagi.sum 600-1900 vortex c:\frank\climate5\histser\allfiles.zip 51 year weighted running mean*
Seoul, Korea # April-June drought months HO DEC korea.drt 1010-1969 vortex c:\frank\climate5\histser\allfiles.zip Combination of historical and instrumental*
Korea indices of warm winter weather states HO DEC koreawrm.win 1010-1979 vortex c:\frank\climate5\histser\allfiles.zip *
Korea indices of cold winter weather states HO DEC koreacld.win 1010-1979 vortex c:\frank\climate5\histser\allfiles.zip *
Korea indices of warm weather states during spr, sum, fal HO DEC koreawrm.ssf 1010-1979 vortex c:\frank\climate5\histser\allfiles.zip *
Korea indices of cold weather states during spr, sum, fal HO DEC koreacld.ssf 1010-1979 vortex c:\frank\climate5\histser\allfiles.zip *
South Korea frequency of dry and extremely dry events HO 50Y korea.dry 1392-1900 vortex c:\frank\climate5\histser\allfiles.zip *
South Korea frequency of abnormal great rainfall events HO 50Y korea.wet 1392-1900 vortex c:\frank\climate5\histser\allfiles.zip *
Ayuthya, Thailand flood levels HO ANN thaifld.ann 1831-1959 vortex c:\frank\climate5\histser\allfiles.zip For Chao Phya River*
Indian O.,Indonesia,W. Cent. Pac. O SST anomalies HO ANN wang.sst 1470-1989 vortex c:\frank\climate5\histser\allfiles.zip From 1880-1979 - 0N,180W; 0N,90W; 10S,90W; 10S,180W*
NAO reconstruction (Luterbacher) HO MON naomlyrecon.txt 1659-1995 vortex c:\frank\paleo Based on principal components regression analysis
NAO reconstruction (Luterbacher) HO SEA naoseasrecon.txt 1500-1658 vortex c:\frank\paleo Based on principal components regression analysis
Indices of summer sea ice severity in Hudson Strait HO ANN ch1.dat 1751-1889 vortex c:\frank\climate5\histser\allfiles.zip From Climate Since A.D. 1500 - Chapter 2
Indices of summer ice severity in western Hudson Bayt HO ANN ch1.dat 1751-1869 vortex c:\frank\climate5\histser\allfiles.zip From Climate Since A.D. 1500 - Chapter 2
Indices of summer ice severity in eastern Hudson Bayt HO ANN ch1.dat 1751-1870 vortex c:\frank\climate5\histser\allfiles.zip From Climate Since A.D. 1500 - Chapter 2
Recon May/Jun Temp Anom east coast Hud./James Bay HO ANN ch1.dat 1800-1899 vortex c:\frank\climate5\histser\allfiles.zip From Climate Since A.D. 1500 - Chapter 2
Central Europe temperature and precipitation indices HO MLY ch6.dat 1525-1979 vortex c:\frank\climate5\histser\allfiles.zip From Pfister-see Climate Since A.D. 1500, Chap 6 & pfist89.dat below
Beijing May/June/July rain days and rain hours HO ANN ch11.dat 1724-1903 vortex c:\frank\climate5\histser\allfiles.zip From W.C. Wang et al. - see Climate Since A.D. 1500, Chapter 11
Honshu, Japan index of summer weather type frequencies HO DEC maejsum.csv 600-1900 vortex c:\frank\climate5\histser\allfiles.zip From Maejima and Tagami
Honshu, Japan index of winter weather type frequencies HO DEC maejwin.csv 600-1900 vortex c:\frank\climate5\histser\allfiles.zip From Maejima and Tagami
Central Europe temperature indices HO MLY pfist89.dat 1525-1989 vortex c:\frank\climate5\histser\allfiles.zip From C. Pfister - see ch6.dat and readme.pfi in allfiles.zip
South China - 3 regions - number cold winters HO DEC wng16rg6.win (also rg7,rg8) 1510-1960 vortex c:\frank\climate5\histser\allfiles.zip From Wang et al.
Milcent, Greenland ice core accumulation IA ANN l73mc.mil 1176-1967 vortex c:\frank\climate5\histser\fisher\allfiles.z1973 core*
Crete, Greenland ice core accumulation IA ANN l74-12.crt 553-1974 vortex c:\frank\climate5\histser\fisher\allfiles.z1974 core*
Mt. Logan net accumulation IA ANN ch25.dat 1721-1987 vortex c:\frank\climate5\histser\allfiles.zip From Holdsworth - see Climate Since A.D. 1500, Chap 25
Lomonosovfonna, Svalbard accumulation IA ANN ch26.dat 1657-1973 vortex c:\frank\climate5\histser\allfiles.zip From Tarussov - see Climate Since A.D. 1500, Chap 26
Milcent, Greenland accumulation IA ANN ch26.dat 1657-1973 vortex c:\frank\climate5\histser\allfiles.zip From Tarussov - see Climate Since A.D. 1500, Chap 26
Agassiz/Crete/Milcent normalized average accumulation IA ANN acmnorm3.crt 1622-1983 vortex c:\frank\climate5\histser\fisher\allfiles.zip
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Agassiz Ice Cap accumulation IA ANN lamdg-1y.p89 1883-1988 vortex c:\frank\climate5\histser\fisher\allfiles.zip
E. Central Greenland normalized accumulation IA ANN lnorme2.crt 1677-1983 vortex c:\frank\climate5\histser\fisher\allfiles.zip

Central west Greenland super stack 18O II ANN delnorm6.cwg 553-1982 vortex c:\frank\climate1\paleo\paleo.zip From D. Fisher - see file fisher1 in paleo.zip

Penny 2 core 18O II ANN bld1yr.p95 1718-1992 vortex c:\frank\climate1\paleo\paleo.zip From D. Fisher

Agassiz Ice Cap 18O II ANN mg79s1y.a79 973-1972 vortex c:\frank\climate5\histser\fisher\reforma1979 core*

Agassiz Ice Cap 18O II ANN mg84s1y.a84 1217-1973 vortex c:\frank\climate5\histser\fisher\allfiles.z1984 core*

Agassiz Ice Cap 18O II ANN mg87s1yr.a87 1313-1961 vortex c:\frank\climate5\histser\fisher\allfiles.z1987 core*

Agassiz Ice Cap 18O II ANN mer77s1y.a77 1349-1977 vortex c:\frank\climate5\histser\fisher\allfiles.z1977 core*

Devon Island Ice Cap 18O II ANN bld-1.dev 1512-1973 vortex c:\frank\climate5\histser\fisher\allfiles.z1972+1973 cores*

Agassiz Ice Cap 18O II 5Y mg84s5y2.a84 42 BC-1973 vortex c:\frank\climate5\histser\fisher\allfiles.z1984 core*

Agassiz Ice Cap 18O II 5Y mg87s5yr.a87 304 BC-1961 vortex c:\frank\climate5\histser\fisher\allfiles.z1987 core*

Agassiz Ice Cap 18O II 5Y mer77s5y.a77 518 BC-1977 vortex c:\frank\climate5\histser\fisher\allfiles.z1977 core*

Devon Island Ice Cap 18O II 5Y bld-5.dev 727 BC-1973 vortex c:\frank\climate5\histser\fisher\allfiles.z1972+1973 cores*

Greenland 18O II ANN mayewski.o18 1868-1984 vortex c:\frank\climate5\histser\allfiles.zip 65.01N, 44.87W*

Camp Century, Greenland 18O II 5Y cc-5ynew.ccc 1217-1972 vortex c:\frank\climate5\histser\fisher\allfiles.z*

Milcent, Greenland 18O II ANN mc73-1y.mil 1176-1967 vortex c:\frank\climate5\histser\fisher\allfiles.z1973 core*

Camp Century, Greenland 18O II ANN cc-1y.ccc 1176-1967 vortex c:\frank\climate5\histser\fisher\allfiles.z*

Milcent, Greenland 18O II O mc73-8.mil 1177-1967 vortex c:\frank\climate5\histser\fisher\allfiles.z1973 core - 8 values/year*

Crete, Greenland 18O II O ct74-12.crt 554-1974 vortex c:\frank\climate5\histser\fisher\allfiles.z1974 core - 12 values/yr*

North Grip 18O II 20Y northgrip.txt 10064 BC-1996 vortex c:\frank\paleo\data

Quelccaya 18O II ANN queld018.new 1481-1984 vortex c:\frank\climate5\histser\allfiles.zip

Mt. Logan core 18O II ANN ch25.dat 1736-1987 vortex c:\frank\climate5\histser\allfiles.zip From Holdsworth - see Climate Since A.D. 1500, Chap 25

Dunde, China 18O II ANN d1strat.tim 1606-1987 vortex c:\frank\climate5\histser\allfiles.zip From L. Thompson

Dunde, China 18O II DEC d1oxtim.ave last 1500 yrs vortex c:\frank\climate5\histser\allfiles.zip From L. Thompson
Vostok deuterium content/temperature II VAR deutnat.txt last ~423,000 years vortex c:\frank\ray\nature1.zip From Petit et al., 1999, Nature - see readme1.doc in same zip file

Dasuopu 18O II ANN dasuopu.o18 1950-1997 vortex c:\frank\sajdel18o\allfiles.zip 3 cores - annual averages

Agassiz Ice Cap 18O II 25Y a8487s25.a84 9064BC-1961 vortex c:\frank\climate5\histser\fisher\allfiles.z2 core average

Agassiz Ice Cap 18O - scoured minus unscoured II ANN a84-bld.1yr 1888-1973 vortex c:\frank\climate5\histser\fisher\allfiles.zip

Agassiz Ice Cap 18O - blended II ANN bldmer77.1yr 1892-1977 vortex c:\frank\climate5\histser\fisher\allfiles.zip

Crete, Greenland 18O II ANN ct74-1y.crt 553-1974 vortex c:\frank\climate5\histser\fisher\allfiles.zip

Agassiz Ice Cap Denis Greg pit 18O II ANN deldg-1y.p89 1883-1988 vortex c:\frank\climate5\histser\fisher\allfiles.zip

Crete, Greenland normalized averaged 18O II ANN delnorm3.crt 1622-1983 vortex c:\frank\climate5\histser\fisher\allfiles.z3 cores

Crete, Greenland normalized averaged 18O II ANN delnorm4.crt 1622-1983 vortex c:\frank\climate5\histser\fisher\allfiles.z4 cores

Camp Century, Greenland normalized stacked 18O II ANN delnort3.stk 1761-1972 vortex c:\frank\climate5\histser\fisher\allfiles.z3 cores

Crete, Greenland? normalized averaged 18O II ANN dnorme2.crt 1777-1983 vortex c:\frank\climate5\histser\fisher\allfiles.zip

Milcent, Greenland 18O II 8/YR mc73-8.mil 1176-1967 vortex c:\frank\climate5\histser\fisher\allfiles.zip

Agassiz Ice Cap normalized 18O II ANN mg77norm.1yr 1349-1977 vortex c:\frank\climate5\histser\fisher\allfiles.zip

Agassiz Ice Cap normalized 18O II ANN mg79norm.1yr 1173-1972 vortex c:\frank\climate5\histser\fisher\allfiles.zip

Agassiz Ice Cap normalized 18O II ANN mg848779.1yr 1300-1961 vortex c:\frank\climate5\histser\fisher\allfiles.zip

Agassiz Ice Cap normalized 18O II ANN mg8487nm.1yr 1340-1971 vortex c:\frank\climate5\histser\fisher\allfiles.zip

Agassiz Ice Cap normalized 18O II ANN mg84norm.1yr 1217-1973 vortex c:\frank\climate5\histser\fisher\allfiles.zip

Agassiz Ice Cap normalized 18O II ANN mg87norm.1yb 1304-1961 vortex c:\frank\climate5\histser\fisher\allfiles.zip

Agassiz Ice Cap 18O II ANN mg87s1yb.a87 1304-1961 vortex c:\frank\climate5\histser\fisher\allfiles.zip

Agassiz Ice Cap normalized 18O II ANN mgnorm.1yr 1340-1971 vortex c:\frank\climate5\histser\fisher\allfiles.zip
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Agassiz Ice Cap normalized 18O II ANN norm7789.1yr 1892-1977 vortex c:\frank\climate5\histser\fisher\allfiles.zip
Agassiz Ice Cap % melt IM ANN pc84-1y2.a84 1242-1961 vortex c:\frank\climate5\histser\fisher\reforma1984 core*
Agassiz Ice Cap % melt IM ANN pc87-1yr.a87 1231-1961 vortex c:\frank\climate5\histser\fisher\reforma1987 core*
Agassiz Ice Cap % melt IM 5Y pca77vol.a77 466-1966 vortex c:\frank\climate5\histser\fisher\reforma1977 core*
Devon Island Ice Cap % melt IM 5Y melt.dev 1335-1960 vortex c:\frank\climate5\histser\fisher\allfiles.z1973 core*
Devon Island Ice Cap % melt IM 5Y pc5bld.dev 1161-1971 vortex c:\frank\climate5\histser\fisher\reforma1971+1972+1973 cores*
Agassiz Ice Cap % melt IM 5Y pc87-5yr.a87 51-1961 vortex c:\frank\climate5\histser\fisher\reforma1987 core*
Agassiz Ice Cap % melt IM 5Y pc84-5y2.a84 9 BC-1961 vortex c:\frank\climate5\histser\fisher\reforma1984 core*
Austfonna, Svalbard melt percentage IM ANN ch26.dat 575BC-1987 vortex c:\frank\climate5\histser\allfiles.zip From Tarussov - see Climate Since A.D. 1500, Chap 26
South Greenland reconstructed summer temperature IM ANN kameda.dat 1545-1988 vortex c:\frank\climate5\histser\allfiles.zip From T. Kameda
Lomonosov, Svalbard Ice Cap summer melt IM ANN tarussov.dat 1400-1985 vortex c:\frank\climate5\histser\allfiles.zip From Tarussov
Agassiz Ice Cap normalized % melt IM 5Y norm8477.5pc 462-1961 vortex c:\frank\climate5\histser\fisher\allfiles.zip
Agassiz Ice Cap normalized % melt IM 5Y pc778487.5yr 1802-1961 vortex c:\frank\climate5\histser\fisher\allfiles.zip
Agassiz Ice Cap normalized % melt IM 5Y pc7787.5yr 1802-1961 vortex c:\frank\climate5\histser\fisher\allfiles.zip
Agassiz Ice Cap % melt IM ANN pc79-1y.a79 613-1971 vortex c:\frank\climate5\histser\fisher\allfiles.zip
Agassiz Ice Cap % melt IM 5Y pca79-5y.a79 617-1971? vortex c:\frank\climate5\histser\fisher\allfiles.zip
Agassiz Ice Cap % melt IM 50Y pcavhol3.a84 8388BC-1961 vortex c:\frank\climate5\histser\fisher\allfiles.zip
Agassiz Ice Cap normalized averaged % melt IM 5Y pcnorm-5.all 617-1961 vortex c:\frank\climate5\histser\fisher\allfiles.zip
Salem, MA reconstructed winter temperature IN ANN holytem.win 1754-1828 vortex c:\frank\climate5\histser\allfiles.zip *
Salem, MA reconstructed spring temperature IN ANN holytem.spr 1754-1828 vortex c:\frank\climate5\histser\allfiles.zip *
Salem, MA reconstructed summer temperature IN ANN holytem.sum 1754-1828 vortex c:\frank\climate5\histser\allfiles.zip *
Salem, MA reconstructed fall temperature IN ANN holytem.fal 1754-1828 vortex c:\frank\climate5\histser\allfiles.zip *
Salem, MA reconstructed annual temperature IN ANN holytem.ann 1754-1828 vortex c:\frank\climate5\histser\allfiles.zip *
Eastern U.S. reconstructed winter precipitation IN ANN eastuspr.win 1738-1967 vortex c:\frank\climate5\histser\allfiles.zip mm - digitized from Lamb*
Eastern U.S. reconstructed spring precipitation IN ANN eastuspr.spr 1738-1967 vortex c:\frank\climate5\histser\allfiles.zip mm - digitized from Lamb*
Eastern U.S. reconstructed summer precipitation IN ANN eastuspr.sum 1738-1967 vortex c:\frank\climate5\histser\allfiles.zip mm - digitized from Lamb*
Eastern U.S. reconstructed fall precipitation IN ANN eastuspr.fal 1738-1967 vortex c:\frank\climate5\histser\allfiles.zip mm - digitized from Lamb*
Eastern U.S. reconstructed annual precipitation IN ANN eastuspr.ann 1738-1967 vortex c:\frank\climate5\histser\allfiles.zip mm - digitized from Lamb*
Eastern U.S. reconstructed winter temperature IN ANN eastus.win 1738-1967 vortex c:\frank\climate5\histser\allfiles.zip digitized from Lamb*
Eastern U.S. reconstructed spring temperature IN ANN eastus.spr 1738-1967 vortex c:\frank\climate5\histser\allfiles.zip digitized from Lamb*
Eastern U.S. reconstructed summer temperature IN ANN eastus.sum 1738-1967 vortex c:\frank\climate5\histser\allfiles.zip digitized from Lamb*
Eastern U.S. reconstructed fall temperature IN ANN eastus.fal 1738-1967 vortex c:\frank\climate5\histser\allfiles.zip digitized from Lamb*
Eastern U.S. reconstructed annual temperature IN ANN eastus.ann 1738-1967 vortex c:\frank\climate5\histser\allfiles.zip digitized from Lamb*
Central England IN O cengtmp.dat 1659-1897 vortex c:\frank\climate5\histser\allfiles.zip Monthly - see paper file*
Prague-Klementinim, Czech. winter temperature anom. IN DEC pragtemp.win 1761-1900 vortex c:\frank\climate5\histser\allfiles.zip Anomalies from 1771-1980*
Prague-Klementinim, Czech. spring temperature anom. IN DEC pragtemp.spr 1761-1900 vortex c:\frank\climate5\histser\allfiles.zip Anomalies from 1771-1980*
Prague-Klementinim, Czech. summer temperature anom. IN DEC pragtemp.sum 1761-1900 vortex c:\frank\climate5\histser\allfiles.zip Anomalies from 1771-1980*
Prague-Klementinim, Czech. fall temperature anom. IN DEC pragtemp.fal 1761-1900 vortex c:\frank\climate5\histser\allfiles.zip Anomalies from 1771-1980*
Seoul, Korea annual total precipitation IN ANN seoulpre.ann 1771-1961 vortex c:\frank\climate5\histser\allfiles.zip mm*
Long term NH station seasonal temperatures IN SEA ch13.dat 1701-1987 (varies) vortex c:\frank\climate5\histser\allfiles.zip See Climate Since A.D. 1500, Chapter 13
Agassiz Ice Cap volcanic scratch volts IO ANN sch84s1y.a84 1223-1961 vortex c:\frank\climate5\histser\fisher\allfiles.zBore hole A84*
Agassiz Ice Cap electrical conductivity IO ANN a77sc.a77 433-1853 vortex c:\frank\climate5\histser\fisher\allfiles.zBore hole A77*
Crete, Greenland ice core acidity IO ANN crete.acd 553-1972 vortex c:\frank\climate5\histser\allfiles.zip 71°07'N, 37°19'W*
CH4 mixing ratio from Law Dome, Ant. IO O ethch498.xls 1008-1992 vortex c:\frank\paleo\allfiles.zip Irregular time intervals

CO2 concentration ratio from Antarctic ice and firn IO O ethco296.xls 1006-1969 vortex c:\frank\paleo\allfiles.zip Irregular time intervals
GISP2 volcanic sulfate IO VAR 110k volcanic SO4.GISP2 last ~110,000 years vortex c:\frank\paleo\zielinski From Zielinski
Solar irradiance reconstructed from 14C and 10Be IO VAR bardirrad.txt 843-1961 vortex c:\frank\paleo\data From Bard et al., Tellus, 2000
Vostok dust concentration IO VAR dustnat1.txt ~4500 BP-421,000 BP vortex c:\frank\ray\nature1.zip From Petit et al., 1999, Nature - see readme1.doc in same zip file
Vostok sodium concentration IO VAR nanat1.txt last ~420,000 years vortex c:\frank\ray\nature1.zip From Petit et al., 1999, Nature - see readme1.doc in same zip file
Vostok methane concentration IO VAR ch4nat1.txt ~2300 BP-417,000 BP vortex c:\frank\ray\nature1.zip From Petit et al., 1999, Nature - see readme1.doc in same zip file
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Vostok CO2 concentration IO VAR co2nat1.txt ~2300 BP-414,000 BP vortex c:\frank\ray\nature1.zip From Petit et al., 1999, Nature - see readme1.doc in same zip file
Hoyt reconstructed solar irradiance O ANN hoyt 1700-1992 vortex c:\frank\climate1\paleo\paleo.zip From D. Hoyt
Lean reconstructed solar irradiance O ANN lean.196 1600-1999 vortex c:\frank\climate1\paleo\paleo.zip From J. Lean
Lean reconstructed solar irradiance O ANN lean1012 1600-1999 vortex c:\frank\climate1\paleo\paleo.zip From J. Lean
Lean reconstructed solar irradiance O ANN jlean 1611-1988 vortex c:\frank\climate1\paleo\paleo.zip From J. Lean
Cumulative NH dust veil index O ANN cumnh.dvi 1500-1985 vortex c:\frank\climate1\paleo\paleo.zip See program cumnhdvi.f in paleo.zip-uses NDP013 from CDIAC
Lean reconstructed solar irradiance O ANN lean900.doc 900-1800 vortex c:\frank\paleo\allfiles.zip From J. Lean
N. Urals upper limit of trees above modern treeline O 50Y russtree.dat 850-1990 vortex c:\frank\paleo\data\allfiles.zip From Shiyatov, 1993
10Be concentration OI VAR be10-jlean 898-1947 vortex c:\frank\climate1\paleo\paleo.zip From Judith Lean - McHargue and Damon Be10

10Be concentration OI ANN beer 1423-1985 vortex c:\frank\climate1\paleo\paleo.zip From Juerg Beer - Dye 3, Greenland
E. N. America summer temp and annual precip PO VAR gaje88.prn 67 BC-1974 (varies) vortex c:\frank\climate5\histser\gajewski\allfileFrom K. Gajewski - cores from 8 ponds and lakes
N. America tree ring reconstructions TR ANN northern.data 1400-1980 (varies) vortex c:\frank\climate1\paleo\paleo.zip From Gordon Jacoby - several sites
Kolyma River tree ring reconstruction TR ANN kolyma.temp 1545-1989 vortex c:\frank\climate1\paleo\paleo.zip From C. Earle - see kolyma.treering for more info
Mongolia tree ring reconstruction TR ANN mongolia 1550-1994 vortex c:\frank\climate1\paleo\paleo.zip From Gordon Jacoby - see file mongolia2 in paleo.zip
Oroko Swamp, New Zealand temperature reconstruction TR O orokonztr.txt 900-1957 vortex c:\frank\paleo Jan to Mar - silver pine tree rings
Northern Patagonia summer temperature departures TR ANN boninraw.new 1500-1974 vortex c:\frank\climate5\histser\allfiles.zip From J. A. Boninsegna
British Columbia/Pacific NW temp reconstruction TR ANN briffa.bcp 1600-1982 vortex c:\frank\climate5\histser\allfiles.zip From K. Briffa - see briffreg.dat and wusrec.dat
California temperature reconstruction TR ANN briffa.cal 1600-1982 vortex c:\frank\climate5\histser\allfiles.zip From K. Briffa - see briffreg.dat and wusrec.dat
Eastern Rockies/Northern High Plains temp reconstruction TR ANN briffa.ern 1600-1982 vortex c:\frank\climate5\histser\allfiles.zip From K. Briffa - see briffreg.dat and wusrec.dat
Southwest desert temperature reconstruction TR ANN briffa.swd 1600-1982 vortex c:\frank\climate5\histser\allfiles.zip From K. Briffa - see briffreg.dat and wusrec.dat
Western U.S. temperature reconstruction TR ANN briffa.wus 1600-1982 vortex c:\frank\climate5\histser\allfiles.zip From K. Briffa - see briffreg.dat and wusrec.dat
Northern N. America reconstructed temp departures TR ANN ch15.dat 1601-1974 vortex c:\frank\climate5\histser\allfiles.zip From Darrigo and Jacoby - see Climate Since A.D. 1500, Chapter 15
Grt Plains stand. regional tree ring series & eigen. scores TR ANN ch16.dat 1750-1964 vortex c:\frank\climate5\histser\allfiles.zip From D. Meko - see Climate Since A.D. 1500, Chapter 16
East US rotated drought fator scores TR ANN ch17.dat 1700-1972 vortex c:\frank\climate5\histser\allfiles.zip From E. Cook - see Climate Since A.D. 1500, Chapter 17
Northern Fennoscandia recon July/Aug temperatures TR ANN chap19.dat 1580-1978 vortex c:\frank\climate5\histser\allfiles.zip Fr Briffa and Schweingruber-see Climate Since A.D. 1500, Chap 19
UK, Scand, and C. Eur. Recon of Apr-Sep temperature TR ANN chap19.dat 1750-1975 vortex c:\frank\climate5\histser\allfiles.zip Fr Briffa and Schweingruber-see Climate Since A.D. 1500, Chap 19
NW Russia reconstructed June/July temperature TR ANN chap20.dat 961-1969 vortex c:\frank\climate5\histser\allfiles.zip From Graybill and Shiyatov-see Climate Since A.D. 1500, Chap 20
Santiago de Chile reconstructed winter precipitation TR ANN ch23.dat 1500-1972 vortex c:\frank\climate5\histser\allfiles.zip From Boninsegna - see Climate Since A.D. 1500, Chap 23
Subtrop.anticyclone belt summer and winter positions TR ANN ch23.dat 1500-1974 vortex c:\frank\climate5\histser\allfiles.zip From Boninsegna - see Climate Since A.D. 1500, Chap 23
Chiloe reconstructed summer precipitation TR ANN ch23.dat 1556-1985 vortex c:\frank\climate5\histser\allfiles.zip From Boninsegna - see Climate Since A.D. 1500, Chap 23
Ushuaia first eigenvactor amplitudes TR ANN ch23.dat 1751-1984 vortex c:\frank\climate5\histser\allfiles.zip From Boninsegna - see Climate Since A.D. 1500, Chap 23
N. Patagonia reconstructed summer temperature TR ANN ch23.dat 1500-1974 vortex c:\frank\climate5\histser\allfiles.zip From Boninsegna - see Climate Since A.D. 1500, Chap 23
Rio Alerce reconstructed summer temperature TR ANN ch23.dat 1500-1983 vortex c:\frank\climate5\histser\allfiles.zip From Boninsegna - see Climate Since A.D. 1500, Chap 23
Atuel, Neuquen, and Limay R. mean annual flow TR ANN ch23.dat 1575-1970 vortex c:\frank\climate5\histser\allfiles.zip From Boninsegna - see Climate Since A.D. 1500, Chap 23
Lake Coleridge, NZ reconstructed summer rainfall TR ANN ch24.dat 1880-1977 vortex c:\frank\climate5\histser\allfiles.zip From Norton and Palmer - see Climate Since A.D. 1500, Chap 24
Hurunui, NZ reconstructed summer river flow TR ANN ch24.dat 1880-1977 vortex c:\frank\climate5\histser\allfiles.zip From Norton and Palmer - see Climate Since A.D. 1500, Chap 24
New Zealand reconstructed summer temperature TR ANN ch24.dat 1730-1982 vortex c:\frank\climate5\histser\allfiles.zip From Norton and Palmer - see Climate Since A.D. 1500, Chap 24
N. America northern treeline reconstructed temperature TR ANN darrigo.dat 1601-1974 vortex c:\frank\climate5\histser\allfiles.zip From R. D'Arrigo
Western U.S. temperature reconstruction TR ANN frittslo.dat 1602-1961 vortex c:\frank\climate5\histser\allfiles.zip From Fritts and Lough (1985 Climatic Change)
Eastern U.S. temperature reconstruction TR ANN frittslo.dat 1602-1961 vortex c:\frank\climate5\histser\allfiles.zip From Fritts and Lough (1985 Climatic Change)
U.S. and SW Canada temperature reconstruction TR ANN frittslo.dat 1602-1961 vortex c:\frank\climate5\histser\allfiles.zip From Fritts and Lough (1985 Climatic Change)
Srinagar, India reconstructed summer temperature TR ANN srinagar.dat 1660-1980 vortex c:\frank\climate5\histser\allfiles.zip 34 11 N, 74 49 E
Tasmania reconstructed summer temperature TR ANN tasmania.ser 900-1989 vortex c:\frank\climate5\histser\allfiles.zip From Cook et al.
Rio Alerce reconstructed summer temperature TR ANN villalba.dat 869-1983 vortex c:\frank\climate5\histser\allfiles.zip From Villalba - also see ch23.dat (Boninsegna uses this series)
U.S. annual, spring, and summer regional (15) temps TR ANN wusfrtts.dat 1602-1961 vortex c:\frank\climate5\histser\allfiles.zip From Fritts book, Fig. 3.1, p. 36
Tornetrask, Sweden temperature reconstruction TR ANN tornrec.dat 500-1980 vortex c:\frank\paleo\data\allfiles.zip From Briffa et al.
Northeast US tree ring data TR ANN 225 files 1509-1994 (varies) vortex c:\frank\paleo\treering New England + NY,NJ,PA,MD - various parameters
Lake Tuborg (3 core) varve thicknesses VR ANN tuborg.xls 1694-1995 vortex c:\frank\paleo

ABOR/MH/Priv-003759



Untitled attachment 00167.txt

On Friday, August 13, 2004, at 12:52  PM, Michael E. Mann wrote:

<excerpt>Scott,

Thanks for sending.

Unfortunately, this indicates the tremendous amount of work that still
needs to be done.

One quick comment: historical and instrumental data from MBH98 should
not be used. These were annually averaged, etc. We need to go back and
get all available raw long monthly instrumental data, CET monthly
series, etc. as indicated in previous emails I sent some time ago. 
CET for example goes back to 1659 but there are some gaps--gaps are ok
now of course, while they weren't for MBH98. Should go back to public
databases to get raw long historical and instrumental indicators.

Ray may have some additional comments here,

There are many other proxies that are not yet in the database, either
some used by Mann and Jones, or posted over last few years on NGDC
Paleo website. These need to be downloaded.

So lots of work still to do. I guess we're awaiting input from Ray.
Zhang should be able to help out Scott  w/ getting various non-dendro
records into the database...

Mike

At 12:44 PM 8/13/2004, Scott Rutherford wrote:

Dear All,

I will be away next week but before leaving I wanted to provide the
current status of the database. Attached is an Excel file with the
current database. The ITRDB extraction includes the 130
Briffa-Schweingruber series, but they have been given a different ID
number to keep them separate.

I have several questions. First, are the Vaganov and Stahle SWM/OK
series included in the the newer version of the ITRDB?  Second,
Fenbiao sent me a list of non-ITRDB series that should be included
with comments on where to get the data. I have data for most of the
series on Fenbiao's list with the following exceptions:

Page 1
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Corrected Villalba et al 1996 data set  MKH has

POL RCS Bradley has

New Yakutia     MKH has

I'm continuing to add series and I'm sure Ray has a bunch to
contribute. At this stage, I'm not making decisions about what to
include and what to leave out. The only exception are series which
just won't work. For example, I've come across some low-res series
that only have a few values over the calibration period.

So, to keep foster discussion I'm including everything I have to date.

Regards,

Scott

______________________________________________

Assistant Professor

Dept. of Natural Sciences

Roger Williams University

e-mail: srutherford@rwu.edu

<underline><color><param>1999,1999,FFFF</param>http://fox.rwu.edu/~rutherfo

</color></underline>phone: 

snail mail:

One Ferry Road

Bristol, RI 02809

<fixed><fontfamily><param>Courier 
New</param>______________________________________________________________

</fontfamily></fixed>                    Professor Michael E. Mann

           Department of Environmental Sciences, Clark Hall

                      University of Virginia

Page 2
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                     Charlottesville, VA 22903

_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 

        
<underline><color><param>1999,1999,FFFF</param>http://www.evsc.virginia.edu/faculty/
people/mann.shtml

</color></underline></excerpt>______________________________________________

Assistant Professor

Dept. of Natural Sciences

Roger Williams University

e-mail: srutherford@rwu.edu

http://fox.rwu.edu/~rutherfo

phone: 

snail mail:

One Ferry Road

Bristol, RI 02809

Page 3
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Untitled attachment 00164.txt

On Friday, August 13, 2004, at 12:52  PM, Michael E. Mann wrote:

> Scott,
>
> Thanks for sending.
>
> Unfortunately, this indicates the tremendous amount of work that still 
> needs to be done.
>
> One quick comment: historical and instrumental data from MBH98 should 
> not be used. These were annually averaged, etc. We need to go back and 
> get all available raw long monthly instrumental data, CET monthly 
> series, etc. as indicated in previous emails I sent some time ago.  
> CET for example goes back to 1659 but there are some gaps--gaps are ok 
> now of course, while they weren't for MBH98. Should go back to public 
> databases to get raw long historical and instrumental indicators.
>
> Ray may have some additional comments here,
>
> There are many other proxies that are not yet in the database, either 
> some used by Mann and Jones, or posted over last few years on NGDC 
> Paleo website. These need to be downloaded.
>
> So lots of work still to do. I guess we're awaiting input from Ray. 
> Zhang should be able to help out Scott  w/ getting various non-dendro 
> records into the database...
>
> Mike
>
> At 12:44 PM 8/13/2004, Scott Rutherford wrote:
>
> Dear All,
>
>
> I will be away next week but before leaving I wanted to provide the 
> current status of the database. Attached is an Excel file with the 
> current database. The ITRDB extraction includes the 130 
> Briffa-Schweingruber series, but they have been given a different ID 
> number to keep them separate.
>
> I have several questions. First, are the Vaganov and Stahle SWM/OK 
> series included in the the newer version of the ITRDB?  Second, 
> Fenbiao sent me a list of non-ITRDB series that should be included 
> with comments on where to get the data. I have data for most of the 
> series on Fenbiao's list with the following exceptions:
>
> Corrected Villalba et al 1996 data set  MKH has
> POL RCS Bradley has
> New Yakutia     MKH has
>
> I'm continuing to add series and I'm sure Ray has a bunch to 
> contribute. At this stage, I'm not making decisions about what to 
> include and what to leave out. The only exception are series which 
> just won't work. For example, I've come across some low-res series 
> that only have a few values over the calibration period.
>
> So, to keep foster discussion I'm including everything I have to date.
>
> Regards,
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>
>
> Scott
>
>
>
>
>
>
>
> ______________________________________________
> Assistant Professor
> Dept. of Natural Sciences
> Roger Williams University
> e-mail: srutherford@rwu.edu
> http://fox.rwu.edu/~rutherfo
> phone: 
> snail mail:
> One Ferry Road
> Bristol, RI 02809
>
>
>
> ______________________________________________________________
>                     Professor Michael E. Mann
>            Department of Environmental Sciences, Clark Hall
>                       University of Virginia
>                      Charlottesville, VA 22903
> _______________________________________________________________________
> e-mail: mann@virginia.edu   Phone:    FAX: 
>          http://www.evsc.virginia.edu/faculty/people/mann.shtml
______________________________________________
Assistant Professor
Dept. of Natural Sciences
Roger Williams University
e-mail: srutherford@rwu.edu
http://fox.rwu.edu/~rutherfo
phone: 
snail mail:
One Ferry Road
Bristol, RI 02809
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From: Michael E. Mann
To: Scott Rutherford; Bradley Raymond; Hughes Malcolm; fenbiao@ltrr.arizona.edu; zhihua zhang
Cc: mann@virginia.edu
Subject: Re: database update
Date: Friday, August 13, 2004 10:10:45 AM

Scott,

Thanks for sending.

Unfortunately, this indicates the tremendous amount of work that still needs to be
done.

One quick comment: historical and instrumental data from MBH98 should not be
used. These were annually averaged, etc. We need to go back and get all available
raw long monthly instrumental data, CET monthly series, etc. as indicated in previous
emails I sent some time ago.  CET for example goes back to 1659 but there are some
gaps--gaps are ok now of course, while they weren't for MBH98. Should go back to
public databases to get raw long historical and instrumental indicators.

Ray may have some additional comments here,

There are many other proxies that are not yet in the database, either some used by
Mann and Jones, or posted over last few years on NGDC Paleo website. These need
to be downloaded.

So lots of work still to do. I guess we're awaiting input from Ray. Zhang should be
able to help out Scott  w/ getting various non-dendro records into the database...

Mike

At 12:44 PM 8/13/2004, Scott Rutherford wrote:

Dear All,

I will be away next week but before leaving I wanted to provide the
current status of the database. Attached is an Excel file with the current
database. The ITRDB extraction includes the 130 Briffa-Schweingruber
series, but they have been given a different ID number to keep them
separate.

I have several questions. First, are the Vaganov and Stahle SWM/OK
series included in the the newer version of the ITRDB?  Second, Fenbiao
sent me a list of non-ITRDB series that should be included with comments
on where to get the data. I have data for most of the series on Fenbiao's
list with the following exceptions:

Corrected Villalba et al 1996 data set  MKH has
POL RCS Bradley has
New Yakutia     MKH has

I'm continuing to add series and I'm sure Ray has a bunch to contribute.
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At this stage, I'm not making decisions about what to include and what to
leave out. The only exception are series which just won't work. For
example, I've come across some low-res series that only have a few
values over the calibration period.

So, to keep foster discussion I'm including everything I have to date.

Regards,

Scott

______________________________________________
Assistant Professor
Dept. of Natural Sciences
Roger Williams University
e-mail: srutherford@rwu.edu
http://fox.rwu.edu/~rutherfo
phone: 
snail mail:
One Ferry Road
Bristol, RI 02809

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Scott Rutherford
To: Bradley Raymond; Hughes Malcolm; Mann Mike; fenbiao@ltrr.arizona.edu; zhihua zhang
Subject: database update
Date: Friday, August 13, 2004 9:44:41 AM
Attachments: databasemaster.xls

Untitled attachment 00142.txt

Dear All,

I will be away next week but before leaving I wanted to provide the
current status of the database. Attached is an Excel file with the
current database. The ITRDB extraction includes the 130
Briffa-Schweingruber series, but they have been given a different ID
number to keep them separate.

I have several questions. First, are the Vaganov and Stahle SWM/OK
series included in the the newer version of the ITRDB?  Second, Fenbiao
sent me a list of non-ITRDB series that should be included with
comments on where to get the data. I have data for most of the series
on Fenbiao's list with the following exceptions:

Corrected Villalba et al 1996 data set  MKH has
POL RCS Bradley has
New Yakutia     MKH has

I'm continuing to add series and I'm sure Ray has a bunch to
contribute. At this stage, I'm not making decisions about what to
include and what to leave out. The only exception are series which just
won't work. For example, I've come across some low-res series that only
have a few values over the calibration period.

So, to keep foster discussion I'm including everything I have to date.

Regards,

Scott
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______________________________________________
Assistant Professor
Dept. of Natural Sciences
Roger Williams University
e-mail: srutherford@rwu.edu
http://fox.rwu.edu/~rutherfo
phone: 
snail mail:
One Ferry Road
Bristol, RI 02809
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median median 
Data type sample segment Data type sample segment Data type sample segment 

Author description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth length

J Station Tempe at e i t t 7000 42 5 92 5Jones Station Temperature instr-temp 7000 42 5 -92 5Jones Station Temperature instr temp 7000 42.5 92.5

J St ti  T t i t t 7000 47 5 2 5Jones Station Temperature instr-temp 7000 47 5 2 5Jones Station Temperature instr temp 7000 47.5 2.5

J St ti  T t i t t 7000 47 5 7 5Jones Station Temperature instr-temp 7000 47 5 7 5Jones Station Temperature instr temp 7000 47.5 7.5

J St ti  T t i t t 7000 47 5 12 5Jones Station Temperature instr-temp 7000 47 5 12 5Jones Station Temperature instr temp 7000 47.5 12.5p p

J St ti  T t i t t 7000 47 5 17 5Jones Station Temperature instr-temp 7000 47 5 17 5Jones Station Temperature instr temp 7000 47.5 17.5p

J St ti  T t i 7000 52 5 17 5Jones Station Temperature instr-temp 7000 52 5 17 5Jones Station Temperature instr-temp 7000 52.5 17.5p p

S i  T 000Jones Station Temperature instr-temp 7000 57 5 17 5Jones Station Temperature instr-temp 7000 57.5 17.5p p

ABOR/MH/Priv-003769



d d  ldendro onlydendro only
 

y
mean mean 

first year first year last year last year correlation use for first year first year last year last year correlation use for y y y y
with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low 
samples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in database

l / / /bmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigp y /p / p / g
2/MULTIPROXY/DATA/IN2/MULTIPROXY/DATA/IN/ U O / /
STR/TEMP/temp 1820STR/TEMP/temp-1820-STR/TEMP/temp 1820

1820 1980 01 dat1820 1980 yes yes 01.dat1820 1980 yes yes 01.dat

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigp y /p / p / g
2/MULTIPROXY/DATA/IN2/MULTIPROXY/DATA/IN2/MULTIPROXY/DATA/IN
STR/TEMP/temp 1820STR/TEMP/temp-1820-STR/TEMP/temp 1820

1757 1980 02 d t1757 1980 yes yes 02 dat1757 1980 yes yes 02.dat

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigp y /p / p / g
2/MULTIPROXY/DATA/IN2/MULTIPROXY/DATA/IN2/MULTIPROXY/DATA/IN
STR/TEMP/temp 1820STR/TEMP/temp-1820-STR/TEMP/temp 1820

1753 1980 03 d t1753 1980 yes yes 03 dat1753 1980 yes yes 03.dat

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MULTIPROXY/DATA/IN2/MULTIPROXY/DATA/IN2/MULTIPROXY/DATA/IN
STR/TEMP/t 1820STR/TEMP/temp-1820-STR/TEMP/temp 1820

1767 1980 04 d t1767 1980 yes yes 04 dat1767 1980 yes yes 04.daty y

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MULTIPROXY/DATA/IN2/MULTIPROXY/DATA/IN2/MULTIPROXY/DATA/IN
STR/TEMP/t 1820STR/TEMP/temp-1820-STR/TEMP/temp 1820

1775 1980 05 d t1775 1980 yes yes 05 dat1775 1980 yes yes 05.daty y

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MULTIPROXY/DATA/IN2/MULTIPROXY/DATA/IN2/MULTIPROXY/DATA/IN
STR/TEMP/t 1820STR/TEMP/temp-1820-STR/TEMP/temp 1820

1792 1980 07 d t1792 1980 yes yes 07 dat1792 1980 yes yes 07.daty y

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MULTIPROXY/DATA/IN2/MULTIPROXY/DATA/IN2/MULTIPROXY/DATA/IN
STR/TEMP/t 1820STR/TEMP/temp-1820-STR/TEMP/temp 1820

6 980
p

09 d1756 1980 yes yes 09 dat1756 1980 yes yes 09.daty y
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Jones  P D  & Bradley  R S  Climatic variations in the longest instrumental records  Jones, P.D. & Bradley, R.S., Climatic variations in the longest instrumental records, Jo es, & ad ey, S , C at c a at o s t e o gest st u e ta eco ds,
in Climate Since A D  1500  (eds Bradley  R S  & Jones  P D  246 268  Routledge  in Climate Since A.D. 1500, (eds Bradley, R.S. & Jones, P.D., 246-268, Routledge, in Climate Since A.D. 1500, (eds Bradley, R.S. & Jones, P.D., 246 268, Routledge, 
1992)1992).1992).

Jones  P D  & Bradley  R S  Climatic variations in the longest instrumental records  Jones, P.D. & Bradley, R.S., Climatic variations in the longest instrumental records, Jones, P.D. & Bradley, R.S., Climatic variations in the longest instrumental records, 
in Climate Since A D  1500  (eds Bradley  R S  & Jones  P D  246 268  Routledge  in Climate Since A.D. 1500, (eds Bradley, R.S. & Jones, P.D., 246-268, Routledge, in Climate Since A.D. 1500, (eds Bradley, R.S. & Jones, P.D., 246 268, Routledge, 
1992)1992)1992).

Jones  P D  & Bradley  R S  Climatic variations in the longest instrumental records  Jones, P.D. & Bradley, R.S., Climatic variations in the longest instrumental records, Jones, P.D. & Bradley, R.S., Climatic variations in the longest instrumental records, 
in Climate Since A D  1500  (eds Bradley  R S  & Jones  P D  246 268  Routledge  in Climate Since A.D. 1500, (eds Bradley, R.S. & Jones, P.D., 246-268, Routledge, in Climate Since A.D. 1500, (eds Bradley, R.S. & Jones, P.D., 246 268, Routledge, 
1992)1992)1992).

Jones  P D  & Bradley  R S  Climatic variations in the longest instrumental records  Jones, P.D. & Bradley, R.S., Climatic variations in the longest instrumental records, Jones, P.D. & Bradley, R.S., Climatic variations in the longest instrumental records, 
i  Cli t  Si  A D  1500  ( d  B dl  R S  & J  P D  246 268  R tl d  in Climate Since A D  1500  (eds Bradley  R S  & Jones  P D  246-268  Routledge  in Climate Since A.D. 1500, (eds Bradley, R.S. & Jones, P.D., 246 268, Routledge, 
1992)1992)1992).)

Jones  P D  & Bradley  R S  Climatic variations in the longest instrumental records  Jones, P.D. & Bradley, R.S., Climatic variations in the longest instrumental records, Jones, P.D. & Bradley, R.S., Climatic variations in the longest instrumental records, 
i  Cli t  Si  A D  1500  ( d  B dl  R S  & J  P D  246 268  R tl d  in Climate Since A D  1500  (eds Bradley  R S  & Jones  P D  246-268  Routledge  in Climate Since A.D. 1500, (eds Bradley, R.S. & Jones, P.D., 246 268, Routledge, 
1992)1992)1992).

Jones  P D  & Bradley  R S  Climatic variations in the longest instrumental records  Jones, P.D. & Bradley, R.S., Climatic variations in the longest instrumental records, Jones, P.D. & Bradley, R.S., Climatic variations in the longest instrumental records, 
i  Cli t  Si  A D  1500  ( d  B dl  R S  & J  P D  246 268  R tl d  in Climate Since A D  1500  (eds Bradley  R S  & Jones  P D  246-268  Routledge  in Climate Since A.D. 1500, (eds Bradley, R.S. & Jones, P.D., 246 268, Routledge, 
1992)1992)1992).)

J  P D  & B dl  R S  Cli ti  i ti  i  th  l t i t t l d  Jones  P D  & Bradley  R S  Climatic variations in the longest instrumental records  Jones, P.D. & Bradley, R.S., Climatic variations in the longest instrumental records, 
i  Cli t  Si  A D  1500  ( d  B dl  R S  & J  P D  246 268  R tl d  in Climate Since A D  1500  (eds Bradley  R S  & Jones  P D  246-268  Routledge  in Climate Since A.D. 1500, (eds Bradley, R.S. & Jones, P.D., 246 268, Routledge, ( y g
1992)1992)1992).)
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median median 
Data type sample segment Data type sample segment Data type sample segment 

Author description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth length

J Station Tempe at e i t t 7000 57 5 32 5Jones Station Temperature instr-temp 7000 57 5 32 5Jones Station Temperature instr temp 7000 57.5 32.5

J St ti  T t i t t 7000 62 5 7 5Jones Station Temperature instr-temp 7000 62 5 7 5Jones Station Temperature instr temp 7000 62.5 7.5

J St ti  T t i t t 7000 62 5 12 5Jones Station Temperature instr-temp 7000 62 5 12 5Jones Station Temperature instr temp 7000 62.5 12.5

J St ti  T t i t t 7000 62 5 42 5Jones Station Temperature instr-temp 7000 62 5 42 5Jones Station Temperature instr temp 7000 62.5 42.5p p

J St ti  P i it ti i t 7001 12 5 82 5Jones Station Precipitation instr-prec 7001 12 5 82 5Jones Station Precipitation instr prec 7001 12.5 82.5p

J St ti  P i it ti i 7001 17 5 72 5Jones Station Precipitation instr-prec 7001 17 5 72 5Jones Station Precipitation instr-prec 7001 17.5 72.5p p

S i  P i i i 00 3Jones Station Precipitation instr-prec 7001 37 5 77 5Jones Station Precipitation instr-prec 7001 37.5 77.5p p
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d d  ldendro onlydendro only
 

y
mean mean 

first year first year last year last year correlation use for first year first year last year last year correlation use for y y y y
with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low 
samples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in database

l / / /bmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigp y /p / p / g
2/MULTIPROXY/DATA/IN2/MULTIPROXY/DATA/IN/ U O / /
STR/TEMP/temp 1820STR/TEMP/temp-1820-STR/TEMP/temp 1820

1752 1980 10 dat1752 1980 yes yes 10.dat1752 1980 yes yes 10.dat

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigp y /p / p / g
2/MULTIPROXY/DATA/IN2/MULTIPROXY/DATA/IN2/MULTIPROXY/DATA/IN
STR/TEMP/temp 1820STR/TEMP/temp-1820-STR/TEMP/temp 1820

1816 1980 11 d t1816 1980 yes yes 11 dat1816 1980 yes yes 11.dat

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigp y /p / p / g
2/MULTIPROXY/DATA/IN2/MULTIPROXY/DATA/IN2/MULTIPROXY/DATA/IN
STR/TEMP/temp 1820STR/TEMP/temp-1820-STR/TEMP/temp 1820

1761 1980 12 d t1761 1980 yes yes 12 dat1761 1980 yes yes 12.dat

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MULTIPROXY/DATA/IN2/MULTIPROXY/DATA/IN2/MULTIPROXY/DATA/IN
STR/TEMP/t 1820STR/TEMP/temp-1820-STR/TEMP/temp 1820

1814 1980 13 d t1814 1980 yes yes 13 dat1814 1980 yes yes 13.daty y

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MULTIPROXY/DATA/IN2/MULTIPROXY/DATA/IN2/MULTIPROXY/DATA/IN
STR/PREC/ 1820STR/PREC/prec-1820-STR/PREC/prec 1820

1813 1980 01 d t1813 1980 yes yes 01 dat1813 1980 yes yes 01.daty y

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MULTIPROXY/DATA/IN2/MULTIPROXY/DATA/IN2/MULTIPROXY/DATA/IN
STR/PREC/ 1820STR/PREC/prec-1820-STR/PREC/prec 1820

1817 1980 03 d t1817 1980 yes yes 03 dat1817 1980 yes yes 03.daty y

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MULTIPROXY/DATA/IN2/MULTIPROXY/DATA/IN2/MULTIPROXY/DATA/IN
STR/PREC/ 1820STR/PREC/prec-1820-STR/PREC/prec 1820

809 980
p

04 d1809 1980 yes yes 04 dat1809 1980 yes yes 04.daty y
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Jones  P D  & Bradley  R S  Climatic variations in the longest instrumental records  Jones, P.D. & Bradley, R.S., Climatic variations in the longest instrumental records, Jo es, & ad ey, S , C at c a at o s t e o gest st u e ta eco ds,
in Climate Since A D  1500  (eds Bradley  R S  & Jones  P D  246 268  Routledge  in Climate Since A.D. 1500, (eds Bradley, R.S. & Jones, P.D., 246-268, Routledge, in Climate Since A.D. 1500, (eds Bradley, R.S. & Jones, P.D., 246 268, Routledge, 
1992)1992).1992).

Jones  P D  & Bradley  R S  Climatic variations in the longest instrumental records  Jones, P.D. & Bradley, R.S., Climatic variations in the longest instrumental records, Jones, P.D. & Bradley, R.S., Climatic variations in the longest instrumental records, 
in Climate Since A D  1500  (eds Bradley  R S  & Jones  P D  246 268  Routledge  in Climate Since A.D. 1500, (eds Bradley, R.S. & Jones, P.D., 246-268, Routledge, in Climate Since A.D. 1500, (eds Bradley, R.S. & Jones, P.D., 246 268, Routledge, 
1992)1992)1992).

Jones  P D  & Bradley  R S  Climatic variations in the longest instrumental records  Jones, P.D. & Bradley, R.S., Climatic variations in the longest instrumental records, Jones, P.D. & Bradley, R.S., Climatic variations in the longest instrumental records, 
in Climate Since A D  1500  (eds Bradley  R S  & Jones  P D  246 268  Routledge  in Climate Since A.D. 1500, (eds Bradley, R.S. & Jones, P.D., 246-268, Routledge, in Climate Since A.D. 1500, (eds Bradley, R.S. & Jones, P.D., 246 268, Routledge, 
1992)1992)1992).

Jones  P D  & Bradley  R S  Climatic variations in the longest instrumental records  Jones, P.D. & Bradley, R.S., Climatic variations in the longest instrumental records, Jones, P.D. & Bradley, R.S., Climatic variations in the longest instrumental records, 
i  Cli t  Si  A D  1500  ( d  B dl  R S  & J  P D  246 268  R tl d  in Climate Since A D  1500  (eds Bradley  R S  & Jones  P D  246-268  Routledge  in Climate Since A.D. 1500, (eds Bradley, R.S. & Jones, P.D., 246 268, Routledge, 
1992)1992)1992).)

Jones  P D  & Bradley  R S  Climatic variations in the longest instrumental records  Jones, P.D. & Bradley, R.S., Climatic variations in the longest instrumental records, Jones, P.D. & Bradley, R.S., Climatic variations in the longest instrumental records, 
i  Cli t  Si  A D  1500  ( d  B dl  R S  & J  P D  246 268  R tl d  in Climate Since A D  1500  (eds Bradley  R S  & Jones  P D  246-268  Routledge  in Climate Since A.D. 1500, (eds Bradley, R.S. & Jones, P.D., 246 268, Routledge, 
1992)1992)1992).

Jones  P D  & Bradley  R S  Climatic variations in the longest instrumental records  Jones, P.D. & Bradley, R.S., Climatic variations in the longest instrumental records, Jones, P.D. & Bradley, R.S., Climatic variations in the longest instrumental records, 
i  Cli t  Si  A D  1500  ( d  B dl  R S  & J  P D  246 268  R tl d  in Climate Since A D  1500  (eds Bradley  R S  & Jones  P D  246-268  Routledge  in Climate Since A.D. 1500, (eds Bradley, R.S. & Jones, P.D., 246 268, Routledge, 
1992)1992)1992).)

J  P D  & B dl  R S  Cli ti  i ti  i  th  l t i t t l d  Jones  P D  & Bradley  R S  Climatic variations in the longest instrumental records  Jones, P.D. & Bradley, R.S., Climatic variations in the longest instrumental records, 
i  Cli t  Si  A D  1500  ( d  B dl  R S  & J  P D  246 268  R tl d  in Climate Since A D  1500  (eds Bradley  R S  & Jones  P D  246-268  Routledge  in Climate Since A.D. 1500, (eds Bradley, R.S. & Jones, P.D., 246 268, Routledge, ( y g
1992)1992)1992).)
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median median 
Data type sample segment Data type sample segment Data type sample segment 

Author description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth length

J Station P ecipitation i t 7001 42 5 2 5Jones Station Precipitation instr-prec 7001 42 5 2 5Jones Station Precipitation instr prec 7001 42.5 2.5

J St ti  P i it ti i t 7001 42 5 7 5Jones Station Precipitation instr-prec 7001 42 5 7 5Jones Station Precipitation instr prec 7001 42.5 7.5

J St ti  P i it ti i t 7001 42 5 72 5Jones Station Precipitation instr-prec 7001 42 5 -72 5Jones Station Precipitation instr prec 7001 42.5 72.5

J St ti  P i it ti i t 7001 47 5 2 5Jones Station Precipitation instr-prec 7001 47 5 2 5Jones Station Precipitation instr prec 7001 47.5 2.5p p

J St ti  P i it ti i t 7001 47 5 12 5Jones Station Precipitation instr-prec 7001 47 5 12 5Jones Station Precipitation instr prec 7001 47.5 12.5p

J St ti  P i it ti i 7001 52 5 12 5Jones Station Precipitation instr-prec 7001 52 5 12 5Jones Station Precipitation instr-prec 7001 52.5 12.5p p

S i  P i i i 00 2 2Jones Station Precipitation instr-prec 7001 52 5 -2 5Jones Station Precipitation instr-prec 7001 52.5 -2.5p p
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d d  ldendro onlydendro only
 

y
mean mean 

first year first year last year last year correlation use for first year first year last year last year correlation use for y y y y
with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low 
samples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in database

l / / /bmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigp y /p / p / g
2/MULTIPROXY/DATA/IN2/MULTIPROXY/DATA/IN/ U O / /
STR/PREC/prec 1820STR/PREC/prec-1820-STR/PREC/prec 1820

1749 1980 05 dat1749 1980 yes yes 05.dat1749 1980 yes yes 05.dat

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigp y /p / p / g
2/MULTIPROXY/DATA/IN2/MULTIPROXY/DATA/IN2/MULTIPROXY/DATA/IN
STR/PREC/prec 1820STR/PREC/prec-1820-STR/PREC/prec 1820

1804 1980 06 d t1804 1980 yes yes 06 dat1804 1980 yes yes 06.dat

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigp y /p / p / g
2/MULTIPROXY/DATA/IN2/MULTIPROXY/DATA/IN2/MULTIPROXY/DATA/IN
STR/PREC/prec 1820STR/PREC/prec-1820-STR/PREC/prec 1820

1770 1980 07 d t1770 1980 yes yes 07 dat1770 1980 yes yes 07.dat

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MULTIPROXY/DATA/IN2/MULTIPROXY/DATA/IN2/MULTIPROXY/DATA/IN
STR/PREC/ 1820STR/PREC/prec-1820-STR/PREC/prec 1820

1813 1980 08 d t1813 1980 yes yes 08 dat1813 1980 yes yes 08.daty y

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MULTIPROXY/DATA/IN2/MULTIPROXY/DATA/IN2/MULTIPROXY/DATA/IN
STR/PREC/ 1820STR/PREC/prec-1820-STR/PREC/prec 1820

1805 1980 09 d t1805 1980 yes yes 09 dat1805 1980 yes yes 09.daty y

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MULTIPROXY/DATA/IN2/MULTIPROXY/DATA/IN2/MULTIPROXY/DATA/IN
STR/PREC/ 1820STR/PREC/prec-1820-STR/PREC/prec 1820

1697 1980 10 d t1697 1980 yes yes 10 dat1697 1980 yes yes 10.daty y

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MULTIPROXY/DATA/IN2/MULTIPROXY/DATA/IN2/MULTIPROXY/DATA/IN
STR/PREC/ 1820STR/PREC/prec-1820-STR/PREC/prec 1820

800 980
p

11 d1800 1980 yes yes 11 dat1800 1980 yes yes 11.daty y
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Jones  P D  & Bradley  R S  Climatic variations in the longest instrumental records  Jones, P.D. & Bradley, R.S., Climatic variations in the longest instrumental records, Jo es, & ad ey, S , C at c a at o s t e o gest st u e ta eco ds,
in Climate Since A D  1500  (eds Bradley  R S  & Jones  P D  246 268  Routledge  in Climate Since A.D. 1500, (eds Bradley, R.S. & Jones, P.D., 246-268, Routledge, in Climate Since A.D. 1500, (eds Bradley, R.S. & Jones, P.D., 246 268, Routledge, 
1992)1992).1992).

Jones  P D  & Bradley  R S  Climatic variations in the longest instrumental records  Jones, P.D. & Bradley, R.S., Climatic variations in the longest instrumental records, Jones, P.D. & Bradley, R.S., Climatic variations in the longest instrumental records, 
in Climate Since A D  1500  (eds Bradley  R S  & Jones  P D  246 268  Routledge  in Climate Since A.D. 1500, (eds Bradley, R.S. & Jones, P.D., 246-268, Routledge, in Climate Since A.D. 1500, (eds Bradley, R.S. & Jones, P.D., 246 268, Routledge, 
1992)1992)1992).

Jones  P D  & Bradley  R S  Climatic variations in the longest instrumental records  Jones, P.D. & Bradley, R.S., Climatic variations in the longest instrumental records, Jones, P.D. & Bradley, R.S., Climatic variations in the longest instrumental records, 
in Climate Since A D  1500  (eds Bradley  R S  & Jones  P D  246 268  Routledge  in Climate Since A.D. 1500, (eds Bradley, R.S. & Jones, P.D., 246-268, Routledge, in Climate Since A.D. 1500, (eds Bradley, R.S. & Jones, P.D., 246 268, Routledge, 
1992)1992)1992).

Jones  P D  & Bradley  R S  Climatic variations in the longest instrumental records  Jones, P.D. & Bradley, R.S., Climatic variations in the longest instrumental records, Jones, P.D. & Bradley, R.S., Climatic variations in the longest instrumental records, 
i  Cli t  Si  A D  1500  ( d  B dl  R S  & J  P D  246 268  R tl d  in Climate Since A D  1500  (eds Bradley  R S  & Jones  P D  246-268  Routledge  in Climate Since A.D. 1500, (eds Bradley, R.S. & Jones, P.D., 246 268, Routledge, 
1992)1992)1992).)

Jones  P D  & Bradley  R S  Climatic variations in the longest instrumental records  Jones, P.D. & Bradley, R.S., Climatic variations in the longest instrumental records, Jones, P.D. & Bradley, R.S., Climatic variations in the longest instrumental records, 
i  Cli t  Si  A D  1500  ( d  B dl  R S  & J  P D  246 268  R tl d  in Climate Since A D  1500  (eds Bradley  R S  & Jones  P D  246-268  Routledge  in Climate Since A.D. 1500, (eds Bradley, R.S. & Jones, P.D., 246 268, Routledge, 
1992)1992)1992).

Jones  P D  & Bradley  R S  Climatic variations in the longest instrumental records  Jones, P.D. & Bradley, R.S., Climatic variations in the longest instrumental records, Jones, P.D. & Bradley, R.S., Climatic variations in the longest instrumental records, 
i  Cli t  Si  A D  1500  ( d  B dl  R S  & J  P D  246 268  R tl d  in Climate Since A D  1500  (eds Bradley  R S  & Jones  P D  246-268  Routledge  in Climate Since A.D. 1500, (eds Bradley, R.S. & Jones, P.D., 246 268, Routledge, 
1992)1992)1992).)

J  P D  & B dl  R S  Cli ti  i ti  i  th  l t i t t l d  Jones  P D  & Bradley  R S  Climatic variations in the longest instrumental records  Jones, P.D. & Bradley, R.S., Climatic variations in the longest instrumental records, 
i  Cli t  Si  A D  1500  ( d  B dl  R S  & J  P D  246 268  R tl d  in Climate Since A D  1500  (eds Bradley  R S  & Jones  P D  246-268  Routledge  in Climate Since A.D. 1500, (eds Bradley, R.S. & Jones, P.D., 246 268, Routledge, ( y g
1992)1992)1992).)

ABOR/MH/Priv-003777



median median 
Data type sample segment Data type sample segment Data type sample segment 

Author description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth length

J Station P ecipitation i t 7001 57 5 7 5Jones Station Precipitation instr-prec 7001 57 5 -7 5Jones Station Precipitation instr prec 7001 57.5 7.5

B dl C t l E l d i t t 7000 C t l E l d 52 0 0 0Bradley Central England inst-temp 7000 Central England 52 0 0 0Bradley Central England inst temp 7000 Central England 52.0 0.0

B dl C t l E i t t 7000 C t l E 45 0 10 0Bradley Central Europe inst-temp 7000 Central Europe 45 0 10 0Bradley Central Europe inst temp 7000 Central Europe 45.0 10.0

L h 1991 C l fl l B d ki  Ri 20 0 147 0Lough 1991 Coral-fluorescence coral Burdekin River -20 0 147 0Lough 1991 Coral fluorescence coral Burdekin River 20.0 147.0

D b  t l 1994 C l O 18 l G l  I b l I l d 1 0 91 0Dunbar et al 1994 Coral-O-18 coral Galapagos Isabel Island -1 0 -91 0Dunbar et al 1994 Coral O 18 coral Galapagos Isabel Island 1.0 91.0

Li l  t l  1994 C l O 18 l G lf f Chi i i  P 7 5 81 0Linsley et al  1994 Coral-O-18 coral Gulf of Chiriqui  Panama 7 5 -81 0Linsley et al, 1994 Coral O 18 coral Gulf of Chiriqui, Panama 7.5 81.0y q

Li l  t l  1995 C l C 13 l G lf f Chi i i  P 7 5 81 0Linsley et al  1995 Coral-C-13 coral Gulf of Chiriqui  Panama 7 5 -81 0Linsley et al, 1995 Coral C 13 coral Gulf of Chiriqui, Panama 7.5 81.0y , q ,
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d d  ldendro onlydendro only
 

y
mean mean 

first year first year last year last year correlation use for first year first year last year last year correlation use for y y y y
with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low 
samples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in database

l / / /bmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigp y /p / p / g
2/MULTIPROXY/DATA/IN2/MULTIPROXY/DATA/IN/ U O / /
STR/PREC/prec 1820STR/PREC/prec-1820-STR/PREC/prec 1820

1785 1980 12 dat1785 1980 yes yes 12.dat1785 1980 yes yes 12.dat

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigp y /p / p / g
2/MULTIPROXY/DATA/HI2/MULTIPROXY/DATA/HI2/MULTIPROXY/DATA/HI
ST/MANNETAL97/englanST/MANNETAL97/englanST/MANNETAL97/englan

1730 1987 d d t1730 1987 yes yes d dat1730 1987 yes yes d.dat

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigp y /p / p / g
2/MULTIPROXY/DATA/HI2/MULTIPROXY/DATA/HI2/MULTIPROXY/DATA/HI
ST/MANNETAL97/europeST/MANNETAL97/europeST/MANNETAL97/europe

1550 1979 d t1550 1979 yes yes dat1550 1979 yes yes .dat

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MULTIPROXY/DATA/C2/MULTIPROXY/DATA/C2/MULTIPROXY/DATA/C

1746 1980 ORAL/fl d t1746 1980 yes yes ORAL/floresc dat1746 1980 yes yes ORAL/floresc.dat

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigp y /p / p / g
2/MULTIPROXY/DATA/C2/MULTIPROXY/DATA/C2/MULTIPROXY/DATA/C
ORAL/MANNETAL97/galaORAL/MANNETAL97/galaORAL/MANNETAL97/gala

1607 1981 d t1607 1981 yes yes pagos dat1607 1981 yes yes pagos.dat

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigp y /p / p / g
2/MULTIPROXY/DATA/C2/MULTIPROXY/DATA/C2/MULTIPROXY/DATA/C
ORAL/MISC/chiriq o18ORAL/MISC/chiriq-o18-ORAL/MISC/chiriq o18

1708 1983 d t1708 1983 yes yes ann dat1708 1983 yes yes ann.daty y

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MULTIPROXY/DATA/C2/MULTIPROXY/DATA/C2/MULTIPROXY/DATA/C
ORAL/MISC/ hi i 13ORAL/MISC/chiriq-13c-ORAL/MISC/chiriq 13c

1708 1983 d t1708 1983 yes yes ann dat1708 1983 yes yes ann.daty y
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Jones  P D  & Bradley  R S  Climatic variations in the longest instrumental records  Jones, P.D. & Bradley, R.S., Climatic variations in the longest instrumental records, Jo es, & ad ey, S , C at c a at o s t e o gest st u e ta eco ds,
in Climate Since A D  1500  (eds Bradley  R S  & Jones  P D  246 268  Routledge  in Climate Since A.D. 1500, (eds Bradley, R.S. & Jones, P.D., 246-268, Routledge, in Climate Since A.D. 1500, (eds Bradley, R.S. & Jones, P.D., 246 268, Routledge, 
1992)1992).1992).

Bradley  R S  & Jones  P D  `Little Ice Age' summer temperature variations: their Bradley, R.S. & Jones, P.D., Little Ice Age  summer temperature variations: their Bradley, R.S. & Jones, P.D., Little Ice Age  summer temperature variations: their 
nature and relevance to recent global warming trends  Holocene  3  367 376  nature and relevance to recent global warming trends, Holocene , 3, 367-376, nature and relevance to recent global warming trends, Holocene , 3, 367 376, 
199319931993.

Bradley  R S  & Jones  P D  `Little Ice Age' summer temperature variations: their Bradley, R.S. & Jones, P.D., Little Ice Age  summer temperature variations: their Bradley, R.S. & Jones, P.D., Little Ice Age  summer temperature variations: their 
nature and relevance to recent global warming trends  Holocene  3  367 376  nature and relevance to recent global warming trends, Holocene , 3, 367-376, nature and relevance to recent global warming trends, Holocene , 3, 367 376, 
199319931993.

Lough  J M  Rainfall variations in Queensland Australia: 1891 1986  Int  J  Lough, J.M., Rainfall variations in Queensland Australia: 1891-1986, Int. J. Lough, J.M., Rainfall variations in Queensland Australia: 1891 1986, Int. J. 
Cli t l  11  745 768  1991  Climatol  11  745-768  1991  Climatol., 11, 745 768, 1991. 

Dunbar  R B  Wellington  G M  Colgan  M W  & Glynn  P W  Eastern Pacific sea Dunbar, R.B., Wellington, G.M., Colgan, M.W. & Glynn, P.W., Eastern Pacific sea Dunbar, R.B., Wellington, G.M., Colgan, M.W. & Glynn, P.W., Eastern Pacific sea 
surface temperature since 1600 A D  The delta 18O record of climate variability in surface temperature since 1600 A.D. The delta 18O record of climate variability in surface temperature since 1600 A.D. The delta 18O record of climate variability in 
th  G l  l  P l h  9  291 315  1994  the Galapagos corals  Paleoceanography  9  291-315  1994  the Galapagos corals, Paleoceanography, 9, 291 315, 1994. 

Linsley  B K  Dunbar  R B  & D A  Mucciasone  A coral based reconstruction of Linsley, B.K., Dunbar, R.B., & D.A. Mucciasone, A coral-based reconstruction of Linsley, B.K., Dunbar, R.B., & D.A. Mucciasone, A coral based reconstruction of 
Inter Tropical Convergence Zone variability over central America since 1707  J  Inter-Tropical Convergence Zone variability over central America since 1707, J. Inter Tropical Convergence Zone variability over central America since 1707, J. 
G h  R   99  9977 9994  1994  Geophys  Res   99  9977-9994  1994  Geophys. Res. , 99, 9977 9994, 1994. 

Linsley  B K  Dunbar  R B  & D A  Mucciasone  A coral based reconstruction of Linsley, B.K., Dunbar, R.B., & D.A. Mucciasone, A coral-based reconstruction of Linsley, B.K., Dunbar, R.B., & D.A. Mucciasone, A coral based reconstruction of 
I t T i l C  Z  i bilit   t l A i  i  1707  J  Inter-Tropical Convergence Zone variability over central America since 1707  J  Inter Tropical Convergence Zone variability over central America since 1707, J. 
G h  R   99  9977 9994  1994  Geophys  Res   99  9977-9994  1994  Geophys. Res. , 99, 9977 9994, 1994. p y
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median median 
Data type sample segment Data type sample segment Data type sample segment 

Author description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth length

Q i  t l 1993 C l O 18 l E i it  S t 15 0 167 0Quinn et al 1993 Coral-O-18 coral Espiritu Santu -15 0 167 0Quinn et al 1993 Coral O 18 coral Espiritu Santu 15.0 167.0

Q i  t l 1996 C l O 18 l N  C l d i 22 0 166 0Quinn et al 1996 Coral-O-18 coral New Caledonia -22 0 166 0Quinn et al 1996 Coral O 18 coral New Caledonia 22.0 166.0

L h  l C l b d thi k l G t B i  R f 19 0 148 0Lough  personal comm Coral-band thickness coral Great Barrier Reef -19 0 148 0Lough, personal comm. Coral band thickness coral Great Barrier Reef 19.0 148.0g

H i  1994 C l O 18 l R d S 29 5 35 0Heiss  1994 Coral-O-18 coral Red Sea 29 5 35 0Heiss, 1994 Coral O 18 coral Red Sea 29.5 35.0,

H i  1994 C l 13 l R d S 29 5 35 0Heiss  1994 Coral-c13 coral Red Sea 29 5 35 0Heiss, 1994 Coral c13 coral Red Sea 29.5 35.0

Th  1982 I  O 18 i Q l 14 0 71 0Thompson 1982 Ice O-18 ice Quelccaya -14 0 -71 0Thompson 1982 Ice O-18 ice Quelccaya -14.0 -71.0p Q y

h 982 l Q l 0 0Thompson 1982 Ice accumulation ice Quelccaya -14 0 -71 0Thompson 1982 Ice accumulation ice Quelccaya -14.0 -71.0p Q y
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d d  ldendro onlydendro only
 

y
mean mean 

first year first year last year last year correlation use for first year first year last year last year correlation use for y y y y
with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low 
samples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in database

l / / /bmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigp y /p / p / g
2/MULTIPROXY/DATA/C2/MULTIPROXY/DATA/C/ U O / /C
ORAL/MISC/espirituORAL/MISC/espiritu-ORAL/MISC/espiritu

1806 1980 ann dat1806 1980 yes yes ann.dat1806 1980 yes yes ann.dat

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigp y /p / p / g
2/MULTIPROXY/DATA/C2/MULTIPROXY/DATA/C2/MULTIPROXY/DATA/C
ORAL/MISC/newcalORAL/MISC/newcal-ORAL/MISC/newcal

1658 1991 d t1658 1991 yes yes ann dat1658 1991 yes yes ann.dat

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigp y /p / p / g
2/MULTIPROXY/DATA/C2/MULTIPROXY/DATA/C2/MULTIPROXY/DATA/C
ORAL/MISC/MANNETAL9ORAL/MISC/MANNETAL9ORAL/MISC/MANNETAL9

1615 1982 7/ b d t1615 1982 yes yes 7/gbr dat1615 1982 yes yes 7/gbr.dat

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MULTIPROXY/DATA/C2/MULTIPROXY/DATA/C2/MULTIPROXY/DATA/C
ORAL/MISC/ dORAL/MISC/redsea-ORAL/MISC/redsea

1788 1992 18 d t1788 1992 yes yes o18 dat1788 1992 yes yes o18.daty y

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MULTIPROXY/DATA/C2/MULTIPROXY/DATA/C2/MULTIPROXY/DATA/C
ORAL/MISC/ dORAL/MISC/redsea-ORAL/MISC/redsea

1788 1992 13 d t1788 1992 yes yes 13c dat1788 1992 yes yes 13c.daty y

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MULTIPROXY/DATA/IC2/MULTIPROXY/DATA/IC2/MULTIPROXY/DATA/IC
E/MANNETAL97/ l 1E/MANNETAL97/quelc1-E/MANNETAL97/quelc1

470 1984 18 d t470 1984 yes yes o18 dat470 1984 yes yes o18.daty y

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MULTIPROXY/DATA/IC2/MULTIPROXY/DATA/IC2/MULTIPROXY/DATA/IC
E/MANNETAL97/ l 1E/MANNETAL97/quelc1-E/MANNETAL97/quelc1

88 98
q

d488 1984 yes yes accum dat488 1984 yes yes accum.daty y
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Quinn  T M  Taylor  F W  & Crowley  T J  A 173 year stable isotope record from a Quinn, T.M., Taylor, F.W., & Crowley, T.J., A 173 year stable isotope record from a Quinn, T.M., Taylor, F.W., & Crowley, T.J., A 173 year stable isotope record from a 
t opical So th Pacific co al  Q at  Sci  Re  12  407 418  1993tropical South Pacific coral, Quat. Sci. Rev. 12, 407-418, 1993.tropical South Pacific coral, Quat. Sci. Rev. 12, 407 418, 1993.

Quinn  T M  F W  Taylor  T J  Crowley  and S M  Link  Evaluation of sampling Quinn, T.M., F.W. Taylor, T.J. Crowley, and S.M. Link, Evaluation of sampling Quinn, T.M., F.W. Taylor, T.J. Crowley, and S.M. Link, Evaluation of sampling 
resolution in coral stable isotpe records: A case study using monthly stable isotope resolution in coral stable isotpe records: A case study using monthly stable isotope resolution in coral stable isotpe records: A case study using monthly stable isotope 

d  f  N  C l d i  d T  P l h   11  529 542  1996recrods from New Caledonia and Tarawa  Paleoceanography  11  529-542  1996recrods from New Caledonia and Tarawa, Paleoceanography , 11, 529 542, 1996.

H i  G  A  1994  C l f  i  th  R d S  G th  d ti  d t bl  Heiss  G  A  1994  Coral reefs in the Red Sea: Growth  production and stable Heiss, G. A., 1994. Coral reefs in the Red Sea: Growth, production and stable 
i t  GEOMAR R t 32  1 141isotopes  GEOMAR Report 32: 1-141isotopes, GEOMAR Report 32: 1 141.p p

H i  G  A  1994  C l f  i  th  R d S  G th  d ti  d t bl  Heiss  G  A  1994  Coral reefs in the Red Sea: Growth  production and stable Heiss, G. A., 1994. Coral reefs in the Red Sea: Growth, production and stable 
i t  GEOMAR R t 32  1 141isotopes  GEOMAR Report 32: 1-141isotopes, GEOMAR Report 32: 1 141.

Th  L G  I   id  f  P  d Chi  i  Cli t  Si  A D  Thompson  L G  Ice core evidence from Peru and China  in Climate Since A D  Thompson, L.G., Ice core evidence from Peru and China, in Climate Since A.D. 
1500  ( d  B dl  R S  & J  P D  517 548  R tl d  1992)  1500  (eds Bradley  R S  & Jones  P D  517--548  Routledge  1992)  1500, (eds Bradley, R.S. & Jones, P.D., 517--548, Routledge, 1992). , ( y, , , , g , )

Th  L G  I   id  f  P  d Chi  i  Cli t  Si  A D  Thompson  L G  Ice core evidence from Peru and China  in Climate Since A D  Thompson, L.G., Ice core evidence from Peru and China, in Climate Since A.D. p
1500  ( d  B dl  R S  & J  P D  517 548  R l d  1992)  1500  (eds Bradley  R S  & Jones  P D  517--548  Routledge  1992)  1500, (eds Bradley, R.S. & Jones, P.D., 517--548, Routledge, 1992). , ( y, , , , g , )
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median median 
Data type sample segment Data type sample segment Data type sample segment 

Author description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth length

Th  1982 I  O 18 i Q l 14 0 71 0Thompson 1982 Ice O-18 ice Quelccaya -14 0 -71 0Thompson 1982 Ice O 18 ice Quelccaya 14.0 71.0

Th  1982 I  l ti i Q l 14 0 71 0Thompson 1982 Ice accumulation ice Quelccaya -14 0 -71 0Thompson 1982 Ice accumulation ice Quelccaya 14.0 71.0

Th  1982 I  O 18 i D d  I 38 0 96 0Thompson 1982 Ice O-18 ice Dunde Ice 38 0 96 0Thompson 1982 Ice O 18 ice Dunde Ice 38.0 96.0

K d  t l  1996 I  lt i G l d 66 0 45 0Kameda et al  1996 Ice melt ice Greenland 66 0 -45 0Kameda et al, 1996 Ice melt ice Greenland 66.0 45.0,

T  1992 I  lt i S lb d 79 0 17 0Tarussov 1992 Ice melt ice Svalbard 79 0 -17 0Tarussov 1992 Ice melt ice Svalbard 79.0 17.0

Fi h   l 1998 I  O 18  k i P 70 0 70 0Fisher et al 1998 Ice O-18 two-core stack ice Penny 70 0 -70 0Fisher et al 1998 Ice O-18 two-core stack ice Penny 70.0 -70.0y

h l 996 O 8 " k" C l G l d 0 60 0Fisher et al 1996 Ice O-18  "super stack" ice Central Greenland 77 0 -60 0Fisher et al 1996 Ice O-18, super stack ice Central Greenland 77.0 -60.0, p
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d d  ldendro onlydendro only
 

y
mean mean 

first year first year last year last year correlation use for first year first year last year last year correlation use for y y y y
with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low 
samples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in database

l / / /bmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigp y /p / p / g
2/MULTIPROXY/DATA/IC2/MULTIPROXY/DATA/IC/ U O / / C
E/MANNETAL97/quelc2E/MANNETAL97/quelc2-E/MANNETAL97/quelc2

744 1984 o18 dat744 1984 yes yes o18.dat744 1984 yes yes o18.dat

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigp y /p / p / g
2/MULTIPROXY/DATA/IC2/MULTIPROXY/DATA/IC2/MULTIPROXY/DATA/IC
E/MANNETAL97/quelc2E/MANNETAL97/quelc2-E/MANNETAL97/quelc2

744 1984 d t744 1984 yes yes accum dat744 1984 yes yes accum.dat

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigp y /p / p / g
2/MULTIPROXY/DATA/IC2/MULTIPROXY/DATA/IC2/MULTIPROXY/DATA/IC
E/MANNETAL97/dundeE/MANNETAL97/dunde-E/MANNETAL97/dunde

1606 1987 018 d t1606 1987 yes yes 018 dat1606 1987 yes yes 018.dat

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MULTIPROXY/DATA/IC2/MULTIPROXY/DATA/IC2/MULTIPROXY/DATA/IC
E/MANNETAL97/ lE/MANNETAL97/greenlaE/MANNETAL97/greenla

1545 1988 d d t1545 1988 yes yes nd dat1545 1988 yes yes nd.daty y

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MULTIPROXY/DATA/IC2/MULTIPROXY/DATA/IC2/MULTIPROXY/DATA/IC
E/MANNETAL97/ lb dE/MANNETAL97/svalbardE/MANNETAL97/svalbard

1400 1985 d t1400 1985 yes yes dat1400 1985 yes yes .daty y

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MULTIPROXY/DATA/IC2/MULTIPROXY/DATA/IC2/MULTIPROXY/DATA/IC
E/FISHER/E/FISHER/penny-E/FISHER/penny

1718 1992 018 d t1718 1992 yes yes 018 dat1718 1992 yes yes 018,daty y ,

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MULTIPROXY/DATA/IC2/MULTIPROXY/DATA/IC2/MULTIPROXY/DATA/IC
E/FISHER/ tE/FISHER/westgreen-E/FISHER/westgreen

3 982
g

018 d553 1982 yes yes 018 dat553 1982 yes yes 018.daty y
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Thompson  L G  Ice core evidence from Peru and China  in Climate Since A D  Thompson, L.G., Ice core evidence from Peru and China, in Climate Since A.D. Thompson, L.G., Ice core evidence from Peru and China, in Climate Since A.D. 
1500  (eds B adle  R S  & Jones  P D  517 548  Ro tledge  1992)  1500, (eds Bradley, R.S. & Jones, P.D., 517--548, Routledge, 1992). 1500, (eds Bradley, R.S. & Jones, P.D., 517 548, Routledge, 1992). 

Thompson  L G  Ice core evidence from Peru and China  in Climate Since A D  Thompson, L.G., Ice core evidence from Peru and China, in Climate Since A.D. Thompson, L.G., Ice core evidence from Peru and China, in Climate Since A.D. 
1500  ( d  B dl  R S  & J  P D  517 548  R tl d  1992)  1500  (eds Bradley  R S  & Jones  P D  517--548  Routledge  1992)  1500, (eds Bradley, R.S. & Jones, P.D., 517 548, Routledge, 1992). 

Thompson  L G  Ice core evidence from Peru and China  in Climate Since A D  Thompson, L.G., Ice core evidence from Peru and China, in Climate Since A.D. Thompson, L.G., Ice core evidence from Peru and China, in Climate Since A.D. 
1500  ( d  B dl  R S  & J  P D  517 548  R tl d  1992)  1500  (eds Bradley  R S  & Jones  P D  517--548  Routledge  1992)  1500, (eds Bradley, R.S. & Jones, P.D., 517 548, Routledge, 1992). 

Kameda  T  Narita  H  Shoji  J  Nishio  F  & O  Watanabe  Melt features in ice cores Kameda, T, Narita, H., Shoji, J., Nishio, F. & O. Watanabe, Melt features in ice cores Kameda, T, Narita, H., Shoji, J., Nishio, F. & O. Watanabe, Melt features in ice cores 
f  Sit  J  th  G l d   i li ti  f   li t  i  A D  from Site J  southern Greenland: some implications for summer climate since A D  from Site J, southern Greenland: some implications for summer climate since A.D. 
1500  A l  f Gl i l   21  51 58  1995 1500  Annals of Glaciology  21  51-58  1995 1500. Annals of Glaciology , 21, 51 58, 1995 gy

Tarussov  A  The Arctic from Svalbard to Severnaya Zemlya: climatic Tarussov, A., The Arctic from Svalbard to Severnaya Zemlya: climatic Tarussov, A., The Arctic from Svalbard to Severnaya Zemlya: climatic 
t ti  f  i   i  Cli t  Si  A D  1500  ( d  B dl  R S  & reconstructions from ice cores  in Climate Since A D  1500  (eds Bradley  R S  & reconstructions from ice cores, in Climate Since A.D. 1500, (eds Bradley, R.S. & 

J  P D  505 516  R tl d  1992)  Jones  P D  505-516  Routledge  1992)  Jones, P.D., 505 516, Routledge, 1992). 

Fisher D A  et al  Penny Ice Cap Cores  Baffin Island  Canda  and the Wisconsinan Fisher,D.A., et al, Penny Ice Cap Cores, Baffin Island, Canda, and the Wisconsinan Fisher,D.A., et al, Penny Ice Cap Cores, Baffin Island, Canda, and the Wisconsinan 
F  D  C ti  T  St t  f H d  B  I  C  S i   279  692Foxe Dome Connection: Two States of Hudson Bay Ice Cover  Science  279  692-Foxe Dome Connection: Two States of Hudson Bay Ice Cover, Science , 279, 692
965 (1998)965 (1998)965 (1998).( )

Fisher  D A  et al  Inter comparison of ice core delta O 18 and precipitation records Fisher, D.A. et al, Inter-comparison of ice core delta O-18 and precipitation records Fisher, D.A. et al, Inter comparison of ice core delta O 18 and precipitation records 
f  it  i  C d  d G l d  th  l t 3500  d  th  l t f  from sites in Canada and Greenland over the last 3500 years and over the last few from sites in Canada and Greenland over the last 3500 years and over the last few 

t i  i  d t il i  EOF t h i  i  Cli ti  V i ti  d F i  centuries in detail using EOF techniques  in Climatic Variations and Forcing centuries in detail using EOF techniques, in Climatic Variations and Forcing g q g
M h i  f h  l  2000  Mechanisms of the last 2000 years Mechanisms of the last 2000 years ,y ,
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median median 
Data type sample segment Data type sample segment Data type sample segment 

Author description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth length

Grootes GISP2 o18 ice GISP2 o18 72 0 38 0Grootes GISP2 o18 ice GISP2 o18 72.0 -38.0Grootes GISP2 o18 ice GISP2 o18 72.0 38.0

Crowley North Atlantic Overturning composite gdi N/A N/ACrowley North Atlantic Overturning composite gdi N/A N/ACrowley North Atlantic Overturning composite gdi N/A N/A

Dahl Jensen D e 3 bo ehole 1  inte p ice d e 3 65 2 43 8 2477mDahl-Jensen Dye-3 borehole 1yr interp ice dye-3 65 2 -43 8 2477mDahl Jensen Dye 3 borehole 1yr interp ice dye 3 65.2 43.8 2477m

V h  L k  N i h  Af i  l k  l l l k l l i h 0 8 36 4Verschuren Lake Naivasha  Africa lake level lake-level naivasha -0 8 36 4Verschuren Lake Naivasha, Africa lake level lake level naivasha 0.8 36.4

V h  L k  N i h  Af i  di t b d li it l k li it i h 0 8 36 4Verschuren Lake Naivasha  Africa diatom-based salinity lake-salinity naivasha -0 8 36 4Verschuren Lake Naivasha, Africa diatom based salinity lake salinity naivasha 0.8 36.4

V h  k  N i h  Af i  h id b d li l k li it i h 0 8 36 4Verschuren ke Naivasha  Africa chronomid-based salin lake-salinity naivasha -0 8 36 4Verschuren ke Naivasha, Africa chronomid based salin lake salinity naivasha 0.8 36.4y

V h  L k  M l i  Af i  t bi i  ili l k di t M l i 98 10 10 0 34 2Verschuren Lake Malawi  Africa pct biogenic silica lake-sediments Malawi-98-10 -10 0 34 2Verschuren Lake Malawi, Africa pct biogenic silica lake sediments Malawi 98 10 10.0 34.2, p g
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d d  ldendro onlydendro only
 

y
mean mean 

first year first year last year last year correlation use for first year first year last year last year correlation use for y y y y
with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low 
samples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in database

b l / / h f /bissel:/users/rutherfo/mbissel:/users/rutherfo/m/ / /
ultiproxy/database/newdultiproxy/database/newdu t p o y/database/ e d

818 1987 yes yes ata/gisp2o181yr dat818 1987 yes yes ata/gisp2o181yr.dat818 1987 yes yes ata/gisp2o181yr.dat

bi l / / h f /bissel:/users/rutherfo/mbissel:/users/rutherfo/m/ / /
ultiproxy/database/newdultiproxy/database/newdp y/ /

1000 1970 yes yes ata/crowley gdi dat1000 1970 yes yes ata/crowley-gdi.dat1000 1970 yes yes ata/crowley gdi.dat

bi l / / h f /bissel:/users/rutherfo/mbissel:/users/rutherfo/m/ / /
ultiproxy/database/newdultiproxy/database/newdp y/ /
ata/cdahl jensenata/cdahl-jensen-ata/cdahl jensen

17 1981 es es dye3bh1yrinterp txt17 1981 yes yes dye3bh1yrinterp.txt17 1981 yes yes dye3bh1yrinterp.txt

b l / / h f /bissel:/users/rutherfo/mbissel:/users/rutherfo/m/ / /
ultiproxy/database/newdultiproxy/database/newdultiproxy/database/newd
ata/naivasha lakelevel tata/naivasha lakelevel.tata/naivasha_lakelevel.t

884 1993 t884 1993 yes yes xt884 1993 yes yes xt

bissel:/users/rutherfo/mbissel:/users/rutherfo/m/ / /
ultiproxy/database/newdultiproxy/database/newdultiproxy/database/newd
ata/naivasha diatomsaliata/naivasha diatomsaliata/naivasha_diatomsali

883 1993 it t t883 1993 yes yes nity txt883 1993 yes yes nity.txt

bissel:/users/rutherfo/mbissel:/users/rutherfo/m/ / /
ultiproxy/database/newdultiproxy/database/newdultiproxy/database/newd
ata/naivasha chironomiata/naivasha chironomiata/naivasha_chironomi

883 1993 d li it t t883 1993 yes yes dsalinity txt883 1993 yes yes dsalinity.txty y

bissel:/users/rutherfo/mbissel:/users/rutherfo/mbissel:/users/rutherfo/m
lti /d t b / dultiproxy/database/newdultiproxy/database/newd

1674 1982 t / l i 98 10 t t1674 1982 yes yes ata/malawi-98-10 txt1674 1982 yes yes ata/malawi 98 10.txty y
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d / b l l dGrootes  P M  and M  Stuiver  1997  Oxygen 18/16 variability in Greenland snow Grootes, P.M., and M. Stuiver. 1997. Oxygen 18/16 variability in Greenland snow , , yg / y
and ice with 10^3 to 10^5 year time resolution  Journal of Geophysical Research and ice with 10^3 to 10^5-year time resolution. Journal of Geophysical Research a d ce t 0 3 to 0 5 yea t e eso ut o Jou a o Geop ys ca esea c
102:26455 26470102:26455-26470.102:26455 26470.

h d d f ll d d hVerschuren  D  K  R  Laird  and B  F  Cumming  2000  Rainfall and drought in Verschuren, D., K. R. Laird, and B. F. Cumming, 2000, Rainfall and drought in , , , g, , g
equatorial east Africa during the past 1 100 years  Rainfall and drought in equatorial equatorial east Africa during the past 1,100 years. Rainfall and drought in equatorial equatorial east Africa during the past 1,100 years. Rainfall and drought in equatorial 
east Africa during the past 1 100 years  Nature  No 6768  v403  pp410 414   east Africa during the past 1,100 years. Nature, No.6768, v403, pp410-414,  east Africa during the past 1,100 years. Nature, No.6768, v403, pp410 414,  
J  27  2000January 27  2000January 27, 2000.

Verschuren  D  K  R  Laird  and B  F  Cumming  2000  Rainfall and drought in Verschuren, D., K. R. Laird, and B. F. Cumming, 2000, Rainfall and drought in , , , g, , g
equatorial east Africa during the past 1 100 years  Rainfall and drought in equatorial equatorial east Africa during the past 1,100 years. Rainfall and drought in equatorial equatorial east Africa during the past 1,100 years. Rainfall and drought in equatorial 
east Africa during the past 1 100 years  Nature  No 6768  v403  pp410 414   east Africa during the past 1,100 years. Nature, No.6768, v403, pp410-414,  east Africa during the past 1,100 years. Nature, No.6768, v403, pp410 414,  
J  27  2000January 27  2000January 27, 2000.

Verschuren  D  K  R  Laird  and B  F  Cumming  2000  Rainfall and drought in Verschuren, D., K. R. Laird, and B. F. Cumming, 2000, Rainfall and drought in , , , g, , g
equatorial east Africa during the past 1 100 years  Rainfall and drought in equatorial equatorial east Africa during the past 1,100 years. Rainfall and drought in equatorial equatorial east Africa during the past 1,100 years. Rainfall and drought in equatorial 
east Africa during the past 1 100 years  Nature  No 6768  v403  pp410 414   east Africa during the past 1,100 years. Nature, No.6768, v403, pp410-414,  east Africa during the past 1,100 years. Nature, No.6768, v403, pp410 414,  
J  27  2000January 27  2000January 27, 2000.

Verschuren  D  K  R  Laird  and B  F  Cumming  2000  Rainfall and drought in Verschuren, D., K. R. Laird, and B. F. Cumming, 2000, Rainfall and drought in Verschuren, D., K. R. Laird, and B. F. Cumming, 2000, Rainfall and drought in 
equatorial east Africa during the past 1 100 years  Rainfall and drought in equatorial equatorial east Africa during the past 1,100 years. Rainfall and drought in equatorial equatorial east Africa during the past 1,100 years. Rainfall and drought in equatorial 

t Af i  d i  th  t 1 100  N t  N 6768  403  410 414   east Africa during the past 1 100 years  Nature  No 6768  v403  pp410-414   east Africa during the past 1,100 years. Nature, No.6768, v403, pp410 414,  
J  27  2000January 27  2000January 27, 2000.y
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median median 
Data type sample segment Data type sample segment Data type sample segment 

Author description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth length

V h  L k  M l i  Af i  t bi i  ili l k di t M l i 98 11 10 0 34 3Verschuren Lake Malawi  Africa pct biogenic silica lake-sediments Malawi-98-11 -10 0 34 3Verschuren Lake Malawi, Africa pct biogenic silica lake sediments Malawi 98 11 10.0 34.3

D hl J GRIP b h l  1  i t i GRIP 72 0 37 0Dahl-Jensen GRIP borehole 1yr interp ice GRIP 72 0 -37 0Dahl Jensen GRIP borehole 1yr interp ice GRIP 72.0 37.0y p

C k N  Z l d R t ti it N  Z l d N/A N/ACook New Zealand Reconstruction composite New Zealand N/A N/ACook New Zealand Reconstruction composite New Zealand N/A N/A

Al M d  SLP d t i t 7002 M d  (Ch i) 13 1 80 3Alan Madras SLP data inst-press 7002 Madras (Chennai) 13 1 80 3Alan Madras SLP data inst press 7002 Madras (Chennai) 13.1 80.3

K N ki i t t i t t 7000 N ki 32 8 130 0Konnen Nagasaki inst temp inst-temp 7000 Nagasaki 32 8 130 0Konnen Nagasaki inst temp inst temp 7000 Nagasaki 32.8 130.0

J SW I l d P i t 7002 SW I l d 64 1 6 9Jones SW Iceland Pressure inst-press 7002 SW Iceland 64 1 6 9Jones SW Iceland Pressure inst press 7002 SW Iceland 64.1 6.9p

J Gib lt  P i t 7002 Gib lt 36 2 6 4Jones Gibralter Pressure inst-press 7002 Gibralter 36 2 -6 4Jones Gibralter Pressure inst press 7002 Gibralter 36.2 6.4p

C onin Cheaspeake salinit  Mg/Ca ma ine sediments Chesapeak Ba 38 0 76 0Cronin Cheaspeake salinity Mg/Ca marine-sediments Chesapeak Bay 38 0 -76 0Cronin Cheaspeake salinity Mg/Ca marine sediments Chesapeak Bay 38.0 76.0
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d d  ldendro onlydendro only
 

y
mean mean 

first year first year last year last year correlation use for first year first year last year last year correlation use for y y y y
with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low 
samples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in database

bissel:/users/rutherfo/mbissel:/users/rutherfo/mb sse /use s/ ut e o/
ultiproxy/database/newdultiproxy/database/newdultiproxy/database/newd

1655 1997 ata/mala i 98 11 t t1655 1997 yes yes ata/malawi-98-11.txt1655 1997 yes yes ata/malawi 98 11.txt

bissel:/users/rutherfo/mbissel:/users/rutherfo/mbissel:/users/rutherfo/m
ultiproxy/database/newdultiproxy/database/newdultiproxy/database/newd
t / d hl jata/cdahl-jensen-ata/cdahl jensen

20 1996 i bh1 i t t t20 1996 yes yes gripbh1yrinterp txt20 1996 yes yes gripbh1yrinterp.txty y g

bissel:/users/rutherfo/mbissel:/users/rutherfo/mbissel:/users/rutherfo/m
ultiproxy/database/newdultiproxy/database/newdultiproxy/database/newd

900 1957 t / k d t t t900 1957 yes yes ata/cook-nzdata txt900 1957 yes yes ata/cook nzdata.txt

bissel:/users/rutherfo/mbissel:/users/rutherfo/mbissel:/users/rutherfo/m
ultiproxy/database/newdultiproxy/database/newdultiproxy/database/newd

1796 2003 t / k d t t t1796 2003 yes yes ata/cook-nzdata txt1796 2003 yes yes ata/cook nzdata.txt

bissel:/users/rutherfo/mbissel:/users/rutherfo/mbissel:/users/rutherfo/m
ultiproxy/database/newdultiproxy/database/newdultiproxy/database/newd

1818 2000 t / kit d t1818 2000 yes yes ata/nagasakitemp dat1818 2000 yes yes ata/nagasakitemp.dat

bissel:/users/rutherfo/mbissel:/users/rutherfo/mbissel:/users/rutherfo/m
ultiproxy/database/newdultiproxy/database/newdultiproxy/database/newd

1821 2002 t / i l d d t1821 2002 yes yes ata/swicelandpress dat1821 2002 yes yes ata/swicelandpress.daty y

bissel:/users/rutherfo/mbissel:/users/rutherfo/mbissel:/users/rutherfo/m
lti /d t b / dultiproxy/database/newdultiproxy/database/newd

1821 2002 t / ib lt d t1821 2002 yes yes ata/gibralterpress dat1821 2002 yes yes ata/gibralterpress.daty y g p

bissel:/users/rutherfo/mbissel:/users/rutherfo/m/ / /
ultiproxy/database/newdultiproxy/database/newdultiproxy/database/newd

5 1995 es es ata/cronin shells dat5 1995 yes yes ata/cronin-shells dat5 1995 yes yes ata/cronin shells.dat
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h d d f ll d d hVerschuren  D  K  R  Laird  and B  F  Cumming  2000  Rainfall and drought in Verschuren, D., K. R. Laird, and B. F. Cumming, 2000, Rainfall and drought in , , , g, , g
equatorial east Africa during the past 1 100 years  Rainfall and drought in equatorial equatorial east Africa during the past 1,100 years. Rainfall and drought in equatorial equato a east ca du g t e past , 00 yea s a a a d d oug t equato a
east Africa during the past 1 100 years  Nature  No 6768  v403  pp410 414   east Africa during the past 1,100 years. Nature, No.6768, v403, pp410-414,  east Africa during the past 1,100 years. Nature, No.6768, v403, pp410 414,  
Jan a  27  2000January 27, 2000.January 27, 2000.

Allan  R J  Reason  C J C  Carroll  P  and Jones  P D  2002:        A reconstruction Allan, R.J., Reason, C.J.C., Carroll, P. and Jones, P.D., 2002:        A reconstruction Allan, R.J., Reason, C.J.C., Carroll, P. and Jones, P.D., 2002:        A reconstruction 
of Madras (Chennai) mean sea level pressure using instrumental records        from of Madras (Chennai) mean sea level pressure using instrumental records        from of Madras (Chennai) mean sea level pressure using instrumental records        from 
th  l t  18th d l  19th t i  I t  J  Cli t l  22  1119 1142  the late 18th and early 19th centuries  Int  J  Climatol  22  1119-1142  the late 18th and early 19th centuries. Int. J. Climatol. 22 , 1119 1142. 

Können  G P  Zaiki  M  Baede  A P M  Mikami  T  Jones  P D  and Tsukuhara  T  Können, G.P., Zaiki, M., Baede, A.P.M., Mikami, T., Jones, P.D. and Tsukuhara, T., Können, G.P., Zaiki, M., Baede, A.P.M., Mikami, T., Jones, P.D. and Tsukuhara, T., 
2002:       Pre 1872 extension of the Japanese instrumental meteorological 2002:       Pre-1872 extension of the Japanese instrumental meteorological 2002:       Pre 1872 extension of the Japanese instrumental meteorological 
b ti  i  b k t  1819  J  Cli t  (i  )  observation series back to 1819  J  Climate (in press)  observation series back to 1819. J. Climate (in press). 

Jones  P D  Jónsson  T  and Wheeler  D  1997:  Extension to the North Atlantic Jones, P.D., Jónsson, T. and Wheeler, D., 1997:  Extension to the North Atlantic Jones, P.D., Jónsson, T. and Wheeler, D., 1997:  Extension to the North Atlantic 
Oscillation using early instrumental pressure observations from Gibraltar and SouthOscillation using early instrumental pressure observations from Gibraltar and South-Oscillation using early instrumental pressure observations from Gibraltar and South
W t I l d  I t  J  Cli t l  17  1433 1450  West Iceland  Int  J  Climatol  17  1433-1450  West Iceland. Int. J. Climatol. 17 , 1433 1450. 

Jones  P D  Jónsson  T  and Wheeler  D  1997:  Extension to the North Atlantic Jones, P.D., Jónsson, T. and Wheeler, D., 1997:  Extension to the North Atlantic Jones, P.D., Jónsson, T. and Wheeler, D., 1997:  Extension to the North Atlantic 
O ill ti  i  l  i t t l  b ti  f  Gib lt  d S thOscillation using early instrumental pressure observations from Gibraltar and South-Oscillation using early instrumental pressure observations from Gibraltar and South
W t I l d  I t  J  Cli t l  17  1433 1450  West Iceland  Int  J  Climatol  17  1433-1450  West Iceland. Int. J. Climatol. 17 , 1433 1450. 

Cronin  T  M  G  S  Dwyer  T  Kamiya  S  Schwede  and D  A  Willard (2003)  Cronin, T. M., G. S. Dwyer, T. Kamiya, S. Schwede, and D. A. Willard (2003), , , y , y , , ( ),
Medieval Warm Period  Little Ice Age and 20th century temperature variability from Medieval Warm Period, Little Ice Age and 20th century temperature variability from Medieval Warm Period, Little Ice Age and 20th century temperature variability from 
Chesapeake Bay  Global Planet  Change  36  17 29Chesapeake Bay  Global Planet  Change  36  17–29Chesapeake Bay, Global Planet. Change, 36, 17 29.
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median median 
Data type sample segment Data type sample segment Data type sample segment 

Author description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth length

B iff b iff i it it i  it N/A N/ABriffa briffa-eurasia-composite composite eurasia composite N/A N/ABriffa briffa eurasia composite composite eurasia composite N/A N/A

H S h  18 M t  B  J i 18 5 78 0Hasse-Schramm sponge o18 sponge Montego Bay  Jamaica 18 5 -78 0Hasse Schramm sponge o18 sponge Montego Bay, Jamaica 18.5 78.0

H S h  S /C M t  B  J i 18 5 78 0Hasse-Schramm sponge Sr/Ca sponge Montego Bay  Jamaica 18 5 -78 0Hasse Schramm sponge Sr/Ca sponge Montego Bay, Jamaica 18.5 78.0g g g

H S h  18 P d  B k 17 5 79 0Hasse-Schramm sponge o18 sponge Pedro Bank 17 5 -79 0Hasse Schramm sponge o18 sponge Pedro Bank 17.5 79.0p g p g

H S h  S /C P d  B k 17 5 79 0Hasse-Schramm sponge Sr/Ca sponge Pedro Bank 17 5 -79 0Hasse Schramm sponge Sr/Ca sponge Pedro Bank 17.5 79.0p g p g

H h S  l k  thi k thi k S  l k 62 9 69 9Hughen Soper lake varve thickness varve-thickness Soper lake 62 9 -69 9Hughen Soper lake,varve thickness varve thickness Soper lake 62.9 69.9g p p

H h S  l k j  t t ti S  l k 62 9 69 9Hughen Soper lake june temp reconstruction Soper lake 62 9 -69 9Hughen Soper lake,june temp reconstruction Soper lake 62.9 69.9

Moore Donard Lake  varve thickness varve thickness Donard Lake 66 8 61 8Moore Donard Lake, varve thickness varve-thickness Donard Lake 66.8 -61.8Moore Donard Lake, varve thickness varve thickness Donard Lake 66.8 61.8
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d d  ldendro onlydendro only
 

y
mean mean 

first year first year last year last year correlation use for first year first year last year last year correlation use for y y y y
with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low 
samples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in database

b l / / h f /bissel:/users/rutherfo/mbissel:/users/rutherfo/m/ / /
ultiproxy/database/newdultiproxy/database/newdu t p o y/database/ e d
ata/briffa eurasiaata/briffa-eurasia-ata/briffa eurasia

1 1993 composite dat1 1993 yes yes composite.dat1 1993 yes yes composite.dat

bissel:/users/rutherfo/mbissel:/users/rutherfo/m/ / /
ultiproxy/database/newdultiproxy/database/newdultiproxy/database/newd
ata/montego bay 2003ata/montego bay 2003.ata/montego_bay_2003.

1344 1991 t t1344 1991 yes yes txt1344 1991 yes yes txt

bissel:/users/rutherfo/mbissel:/users/rutherfo/m/ / /
ultiproxy/database/newdultiproxy/database/newdultiproxy/database/newd
ata/montego bay 2003ata/montego bay 2003.ata/montego_bay_2003.

1344 1991 t t1344 1991 yes yes txt1344 1991 yes yes txt

bissel:/users/rutherfo/mbissel:/users/rutherfo/mbissel:/users/rutherfo/m
ultiproxy/database/newdultiproxy/database/newdultiproxy/database/newd
t / d b k 2003 tata/pedro bank 2003 txata/pedro_bank_2003.tx

1350 1992 t1350 1992 yes yes t1350 1992 yes yes ty y

bissel:/users/rutherfo/mbissel:/users/rutherfo/mbissel:/users/rutherfo/m
ultiproxy/database/newdultiproxy/database/newdultiproxy/database/newd
t / d b k 2003 tata/pedro bank 2003 txata/pedro_bank_2003.tx

1350 1992 t1350 1992 yes yes t1350 1992 yes yes ty y

bissel:/users/rutherfo/mbissel:/users/rutherfo/mbissel:/users/rutherfo/m
ultiproxy/database/newdultiproxy/database/newdultiproxy/database/newd

1514 1992 t / 2000 t t1514 1992 yes yes ata/soper 2000 txt1514 1992 yes yes ata/soper_2000.txty y

bissel:/users/rutherfo/mbissel:/users/rutherfo/mbissel:/users/rutherfo/m
ultiproxy/database/newdultiproxy/database/newdultiproxy/database/newd

1514 1992 t / 2000 t t1514 1992 yes yes ata/soper 2000 txt1514 1992 yes yes ata/soper_2000.txt

bissel:/users/rutherfo/mbissel:/users/rutherfo/m/ / /
ultiproxy/database/newdultiproxy/database/newdp y/ /

752 1992 yes yes ata/donard 2001 txt752 1992 yes yes ata/donard 2001.txt752 1992 yes yes ata/donard_2001.txt
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H S h  A  F  Böh  A  Ei h  W C  D ll  M M  J hi ki  B  Haase-Schramm  A  F  Böhm  A  Eisenhauer  W -C  Dullo  M M  Joachimski  B  Haase Schramm, A., F. Böhm, A. Eisenhauer, W. C. Dullo, M.M. Joachimski, B. , , , , , ,
Hansen  and J  Reitner  2003  Sr/Ca ratios and oxygen isotopes from Hansen, and J. Reitner, 2003, Sr/Ca ratios and oxygen isotopes from , , , / yg p
sclerosponges: Temperature history of the Caribbean mixed layer and thermocline sclerosponges: Temperature history of the Caribbean mixed layer and thermocline sclerosponges: Temperature history of the Caribbean mixed layer and thermocline 
during the Little Ice Age  Paleoceanography  Vol  18  No  3  1073  during the Little Ice Age, Paleoceanography, Vol. 18, No. 3, 1073, during the Little Ice Age, Paleoceanography, Vol. 18, No. 3, 1073, 
d i 10 1029/2002PA000830doi:10 1029/2002PA000830doi:10.1029/2002PA000830.

H S h  A  F  Böh  A  Ei h  W C  D ll  M M  J hi ki  B  Haase-Schramm  A  F  Böhm  A  Eisenhauer  W -C  Dullo  M M  Joachimski  B  Haase-Schramm, A., F. Böhm, A. Eisenhauer, W.-C. Dullo, M.M. Joachimski, B. , , , , , ,
Hansen  and J  Reitner  2003  Sr/Ca ratios and oxygen isotopes from Hansen, and J. Reitner, 2003, Sr/Ca ratios and oxygen isotopes from , , , / yg p
sclerosponges: Temperature history of the Caribbean mixed layer and thermocline sclerosponges: Temperature history of the Caribbean mixed layer and thermocline sclerosponges: Temperature history of the Caribbean mixed layer and thermocline 
during the Little Ice Age  Paleoceanography  Vol  18  No  3  1073  during the Little Ice Age, Paleoceanography, Vol. 18, No. 3, 1073, during the Little Ice Age, Paleoceanography, Vol. 18, No. 3, 1073, 
d i 10 1029/2002PA000830doi:10 1029/2002PA000830doi:10.1029/2002PA000830.

h h h ll h kHaase-Schramm  A  F  Böhm  A  Eisenhauer  W -C  Dullo  M M  Joachimski  B  Haase-Schramm, A., F. Böhm, A. Eisenhauer, W.-C. Dullo, M.M. Joachimski, B. , , , , , ,
Hansen  and J  Reitner  2003  Sr/Ca ratios and oxygen isotopes from Hansen, and J. Reitner, 2003, Sr/Ca ratios and oxygen isotopes from Hansen, and J. Reitner, 2003, Sr/Ca ratios and oxygen isotopes from 
sclerosponges: Temperature history of the Caribbean mixed layer and thermocline sclerosponges: Temperature history of the Caribbean mixed layer and thermocline sclerosponges: Temperature history of the Caribbean mixed layer and thermocline 
d i  th  Littl  I  A  P l h  V l  18  N  3  1073  during the Little Ice Age  Paleoceanography  Vol  18  No  3  1073  during the Little Ice Age, Paleoceanography, Vol. 18, No. 3, 1073, 
d i 10 1029/2002PA000830doi:10 1029/2002PA000830doi:10.1029/2002PA000830.

Haase Schramm  A  F  Böhm  A  Eisenhauer  W C  Dullo  M M  Joachimski  B  Haase-Schramm, A., F. Böhm, A. Eisenhauer, W.-C. Dullo, M.M. Joachimski, B. , , , , , ,
Hansen  and J  Reitner  2003  Sr/Ca ratios and oxygen isotopes from Hansen, and J. Reitner, 2003, Sr/Ca ratios and oxygen isotopes from Hansen, and J. Reitner, 2003, Sr/Ca ratios and oxygen isotopes from 
sclerosponges: Temperature history of the Caribbean mixed layer and thermocline sclerosponges: Temperature history of the Caribbean mixed layer and thermocline sclerosponges: Temperature history of the Caribbean mixed layer and thermocline 
d i  th  Littl  I  A  P l h  V l  18  N  3  1073  during the Little Ice Age  Paleoceanography  Vol  18  No  3  1073  during the Little Ice Age, Paleoceanography, Vol. 18, No. 3, 1073, 
d i 10 1029/2002PA000830doi:10 1029/2002PA000830doi:10.1029/2002PA000830.

Hughen  K A  Overpeck  J T  and Anderson  R F  2000  Recent Warming in a 500Hughen, K.A., Overpeck, J.T. and Anderson, R.F., 2000, Recent Warming in a 500-Hughen, K.A., Overpeck, J.T. and Anderson, R.F., 2000, Recent Warming in a 500
Year Paleotemperature Record from Varved Sediments: Upper Soper Lake  Baffin Year Paleotemperature Record from Varved Sediments: Upper Soper Lake, Baffin Year Paleotemperature Record from Varved Sediments: Upper Soper Lake, Baffin 
I l d  C d  Th  H l  J  2000  l  10   1   9 19   Island  Canada  The Holocene January 2000  vol  10  no  1  pp  9-19   Island, Canada, The Holocene January 2000, vol. 10, no. 1, pp. 9 19.  

Hughen  K A  Overpeck  J T  and Anderson  R F  2000  Recent Warming in a 500Hughen, K.A., Overpeck, J.T. and Anderson, R.F., 2000, Recent Warming in a 500-Hughen, K.A., Overpeck, J.T. and Anderson, R.F., 2000, Recent Warming in a 500
Year Paleotemperature Record from Varved Sediments: Upper Soper Lake  Baffin Year Paleotemperature Record from Varved Sediments: Upper Soper Lake, Baffin Year Paleotemperature Record from Varved Sediments: Upper Soper Lake, Baffin 
I l d  C d  Th  H l  J  2000  l  10   1   9 19   Island  Canada  The Holocene January 2000  vol  10  no  1  pp  9-19   Island, Canada, The Holocene January 2000, vol. 10, no. 1, pp. 9 19.  

Moore  J J  Hughen  K A  Miller  G H  and Overpeck  J T  2001  Little Ice Age Moore, J.J., Hughen, K.A., Miller, G.H. and Overpeck, J.T., 2001, Little Ice Age , , g , , , p , , , g
Recorded in Summer Temperatures from Varved Sediments of Donard Lake  Baffin Recorded in Summer Temperatures from Varved Sediments of Donard Lake, Baffin p ,
Island  Canada  J  Paleolimnology  25  503 517Island, Canada, J. Paleolimnology, 25, 503-517.Island, Canada, J. Paleolimnology, 25, 503 517.
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median median 
Data type sample segment Data type sample segment Data type sample segment 

Author description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth length

Moore Donard Lake  june temp reconstruction Donard Lake 66 8 61 8Moore Donard Lake, june temp reconstruction Donard Lake 66.8 -61.8Moore Donard Lake, june temp reconstruction Donard Lake 66.8 61.8

Yang China composite (complete) composite China composite N/A N/AYang China composite (complete) composite China composite N/A N/AYang China composite (complete) composite China composite N/A N/A

Yang China composite (weighted) composite China composite N/A N/AYang China composite (weighted) composite China composite N/A N/Aa g C a co pos te ( e g ted) co pos te C a co pos te / /

Cook Tasmania reconstruction composite Tasmania N/A N/ACook Tasmania reconstruction composite Tasmania N/A N/ACook Tasmania reconstruction composite Tasmania N/A N/A

O b MXD A  b d d i l l f dd d t l t d d it MXD 72 5 92 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 72 5 92 5Osborn MXD Age banded regional lowf added tree latewood density MXD 72.5 92.5g g y

Osborn MXD Age banded regional lowf added tree latewood density MXD 72 5 102 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 72.5 102.5Osborn MXD Age banded regional lowf added tree latewood density MXD 72.5 102.5

O b MXD A  b d d i l l f dd d t l t d d it MXD 72 5 112 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 72 5 112 5Osborn MXD Age banded regional lowf added tree latewood density MXD 72.5 112.5g g y

Osborn MXD Age banded regional lowf added tree latewood density MXD 72 5 117 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 72.5 117.5Osborn MXD Age banded regional lowf added tree latewood density MXD 72.5 117.5

O b MXD A  b d d i l l f dd d l d d i MXD 72 5 127 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 72 5 127 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 72.5 127.5g g y

Osborn MXD Age banded regional lowf added tree latewood density MXD 72 5 132 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 72.5 132.5Osborn MXD Age banded regional lowf added tree latewood density MXD 72.5 132.5

O b b d d l l f dd d l d d 2 3Osborn MXD Age banded regional lowf added tree-latewood-density MXD 72 5 137 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 72.5 137.5g g y

Osborn MXD Age banded regional lowf added tree latewood density MXD 72 5 147 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 72.5 147.5Osborn MXD Age banded regional lowf added tree latewood density MXD 72.5 147.5
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d d  ldendro onlydendro only
 

y
mean mean 

first year first year last year last year correlation use for first year first year last year last year correlation use for y y y y
with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low 
samples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in database

b l / / h f /bissel:/users/rutherfo/mbissel:/users/rutherfo/m/ / /
ultiproxy/database/newdultiproxy/database/newdu t p o y/database/ e d

752 1992 yes yes ata/donard 2001 txt752 1992 yes yes ata/donard 2001.txt752 1992 yes yes ata/donard_2001.txt

bi l / / h f /bissel:/users/rutherfo/mbissel:/users/rutherfo/m/ / /
ultiproxy/database/newdultiproxy/database/newdp y/ /

0 1990 yes yes ata/china temp txt0 1990 yes yes ata/china temp.txt0 1990 yes yes ata/china_temp.txt

bi l / / th f /bissel:/users/rutherfo/mbissel:/users/rutherfo/m
l i /d b / dultiproxy/database/newdultiproxy/database/newdp y/ /

0 1990 yes yes ata/china temp txt0 1990 yes yes ata/china temp.txt0 990 yes yes / _ p

bi l / / th f /bissel:/users/rutherfo/mbissel:/users/rutherfo/m/ / /
l /d b / dultiproxy/database/newdultiproxy/database/newdp y/ /

1600 1991 yes yes ata/tasmania recon txt-1600 1991 yes yes ata/tasmania recon.txt1600 1991 yes yes ata/tasmania_recon.txt

h l / / th fholocene:/users/rutherfoholocene:/users/rutherfo
1400 1990 / d d t1400 1990 yes /mxd-data1400 1990 yes /mxd datay

holocene:/users/rutherfoholocene:/users/rutherfo/ /
1453 1990 yes /mxd data1453 1990 yes /mxd-data1453 1990 yes /mxd data

h l / / th fholocene:/users/rutherfoholocene:/users/rutherfo
1453 1990 / d d t1453 1990 yes /mxd-data1453 1990 yes /mxd datay

holocene:/users/rutherfoholocene:/users/rutherfo/ /
1400 1990 yes /mxd data1400 1990 yes /mxd-data1400 1990 yes /mxd data

h l / / th fholocene:/users/rutherfoholocene:/users/rutherfo
1400 1990 / d d t1400 1990 yes /mxd-data1400 1990 yes /mxd-datay /

holocene:/users/rutherfoholocene:/users/rutherfoholocene:/users/rutherfo
1400 1991 yes /mxd data1400 1991 yes /mxd-data1400 1991 yes /mxd data

h l / / th fholocene:/users/rutherfoholocene:/users/rutherfo
00 99 / d d1400 1991 yes /mxd-data1400 1991 yes /mxd-datay /

holocene:/users/rutherfoholocene:/users/rutherfo/ /
1434 1990 yes /mxd data1434 1990 yes /mxd-data1434 1990 yes /mxd data
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h ll d k lMoore  J J  Hughen  K A  Miller  G H  and Overpeck  J T  2001  Little Ice Age Moore, J.J., Hughen, K.A., Miller, G.H. and Overpeck, J.T., 2001, Little Ice Age , , g , , , p , , , g
Recorded in Summer Temperatures from Varved Sediments of Donard Lake  Baffin Recorded in Summer Temperatures from Varved Sediments of Donard Lake, Baffin eco ded Su e e pe atu es o a ed Sed e ts o o a d a e, a
Island  Canada  J  Paleolimnology  25  503 517Island, Canada, J. Paleolimnology, 25, 503-517.Island, Canada, J. Paleolimnology, 25, 503 517.

Y  B  B i  A  J h  K R  d Y f  S  2002  G l Yang  B  Braeuning  A  Johnson  K R  and Yafeng  S  2002  General Yang, B., Braeuning, A., Johnson, K.R., and Yafeng, S., 2002, General g, , g, , , , g, , ,
characteristics of temperature variation in China during the last two millennia  characteristics of temperature variation in China during the last two millennia. p g
Geophysical Research Letters  10 1029/2001GL014485  11 May 2002Geophysical Research Letters, 10.1029/2001GL014485, 11 May 2002.Geophysical Research Letters, 10.1029/2001GL014485, 11 May 2002.

Y  B  B i  A  J h  K R  d Y f  S  2002  G l Yang  B  Braeuning  A  Johnson  K R  and Yafeng  S  2002  General Yang, B., Braeuning, A., Johnson, K.R., and Yafeng, S., 2002, General g g g
h i i  f  i i  i  Chi  d i  h  l   ill i  characteristics of temperature variation in China during the last two millennia  characteristics of temperature variation in China during the last two millennia. p g

Geophysical Research Letters  10 1029/2001GL014485  11 May 2002Geophysical Research Letters, 10.1029/2001GL014485, 11 May 2002.p y , / , y

C k  E R  B kl  B M  D'A i  R D  d P t  M J  2000  W  Cook  E R  Buckley  B M  D'Arrigo  R D  and Peterson  M J  2000  Warm-season Cook, E.R., Buckley, B.M., D Arrigo, R.D., and Peterson, M.J. 2000. Warm season 
t t  i  1600 BC t t d f  T i  t  i  d th i  temperatures since 1600 BC reconstructed from Tasmanian tree rings and their temperatures since 1600 BC reconstructed from Tasmanian tree rings and their p g

l h l l f l lrelationship to large-scale sea surface temperature anomalies   Climate Dynamics relationship to large-scale sea surface temperature anomalies.  Climate Dynamics p g p y
16(2 3): 79 9116(2-3): 79-91.16(2 3): 79 91.
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median median 
Data type sample segment Data type sample segment Data type sample segment 

Author description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth length

Osborn MXD Age banded regional lowf added tree-latewood-density MXD 67 5 17 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 67.5 17.5g g y

O b MXD A  b d d i l l f dd d t l t d d it MXD 67 5 22 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 67 5 22 5Osborn MXD Age banded regional lowf added tree latewood density MXD 67.5 22.5

Osborn MXD Age banded regional lowf added tree latewood density MXD 67 5 27 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 67.5 27.5g g y

O b MXD A  b d d i l l f dd d t l t d d it MXD 67 5 32 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 67 5 32 5Osborn MXD Age banded regional lowf added tree latewood density MXD 67.5 32.5

Osborn MXD Age banded regional lowf added tree latewood density MXD 67 5 42 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 67.5 42.5Osbo ge ba ded eg o a o added t ee ate ood de s ty 6 5 5

O b MXD A  b d d i l l f dd d t l t d d it MXD 67 5 52 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 67 5 52 5Osborn MXD Age banded regional lowf added tree latewood density MXD 67.5 52.5g g

Osborn MXD Age banded regional lowf added tree latewood density MXD 67 5 57 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 67.5 57.5Osborn MXD Age banded regional lowf added tree latewood density MXD 67.5 57.5

O b MXD A  b d d i l l f dd d t l t d d it MXD 67 5 62 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 67 5 62 5Osborn MXD Age banded regional lowf added tree latewood density MXD 67.5 62.5g g y

Osborn MXD Age banded regional lowf added tree latewood density MXD 67 5 67 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 67.5 67.5Osborn MXD Age banded regional lowf added tree latewood density MXD 67.5 67.5

O b MXD A  b d d i l l f dd d t l t d d it MXD 67 5 72 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 67 5 72 5Osborn MXD Age banded regional lowf added tree latewood density MXD 67.5 72.5g g y

Osborn MXD Age banded regional lowf added tree latewood density MXD 67 5 77 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 67.5 77.5Osborn MXD Age banded regional lowf added tree latewood density MXD 67.5 77.5

O b MXD A  b d d i l l f dd d l d d i MXD 67 5 82 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 67 5 82 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 67.5 82.5g g y

Osborn MXD Age banded regional lowf added tree latewood density MXD 67 5 87 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 67.5 87.5Osborn MXD Age banded regional lowf added tree latewood density MXD 67.5 87.5

O b b d d l l f dd d l d d 6 92Osborn MXD Age banded regional lowf added tree-latewood-density MXD 67 5 92 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 67.5 92.5g g y

Osborn MXD Age banded regional lowf added tree latewood density MXD 67 5 97 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 67.5 97.5Osborn MXD Age banded regional lowf added tree latewood density MXD 67.5 97.5

ABOR/MH/Priv-003799



d d  ldendro onlydendro only
 

y
mean mean 

first year first year last year last year correlation use for first year first year last year last year correlation use for y y y y
with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low 
samples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in database

h l / / th fholocene:/users/rutherfoholocene:/users/rutherfo
/ d d1400 1980 yes /mxd-data1400 1980 yes /mxd-datay /

holocene:/users/rutherfoholocene:/users/rutherfoholocene:/users/rutherfo
1400 1988 /m d data1400 1988 yes /mxd-data1400 1988 yes /mxd data

h l / / h fholocene:/users/rutherfoholocene:/users/rutherfo/ /
1400 1988 yes /mxd-data1400 1988 yes /mxd-datay /

holocene:/users/rutherfoholocene:/users/rutherfoholocene:/users/rutherfo
1583 1992 / d d t1583 1992 yes /mxd-data1583 1992 yes /mxd data

h l / / h fholocene:/users/rutherfoholocene:/users/rutherfo/ /
1583 1990 yes /mxd data1583 1990 yes /mxd-data583 990 yes /

holocene:/users/rutherfoholocene:/users/rutherfoholocene:/users/rutherfo
1583 1990 / d d t1583 1990 yes /mxd-data1583 1990 yes /mxd data

h l / / h fholocene:/users/rutherfoholocene:/users/rutherfo/ /
1400 1990 yes /mxd data1400 1990 yes /mxd-data1400 1990 yes /mxd data

h l / / th fholocene:/users/rutherfoholocene:/users/rutherfo
1588 1990 / d d t1588 1990 yes /mxd-data1588 1990 yes /mxd datay

holocene:/users/rutherfoholocene:/users/rutherfo/ /
1400 1991 yes /mxd data1400 1991 yes /mxd-data1400 1991 yes /mxd data

h l / / th fholocene:/users/rutherfoholocene:/users/rutherfo
1400 1990 / d d t1400 1990 yes /mxd-data1400 1990 yes /mxd datay

holocene:/users/rutherfoholocene:/users/rutherfo/ /
1400 1990 yes /mxd data1400 1990 yes /mxd-data1400 1990 yes /mxd data

h l / / th fholocene:/users/rutherfoholocene:/users/rutherfo
1400 1990 / d d t1400 1990 yes /mxd-data1400 1990 yes /mxd-datay /

holocene:/users/rutherfoholocene:/users/rutherfoholocene:/users/rutherfo
1400 1990 yes /mxd data1400 1990 yes /mxd-data1400 1990 yes /mxd data

h l / / th fholocene:/users/rutherfoholocene:/users/rutherfo
83 990 / d d1583 1990 yes /mxd-data1583 1990 yes /mxd-datay /

holocene:/users/rutherfoholocene:/users/rutherfo/ /
1540 1990 yes /mxd data1540 1990 yes /mxd-data1540 1990 yes /mxd data

ABOR/MH/Priv-003800
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median median 
Data type sample segment Data type sample segment Data type sample segment 

Author description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth length

Osborn MXD Age banded regional lowf added tree-latewood-density MXD 67 5 112 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 67.5 112.5g g y

O b MXD A  b d d i l l f dd d t l t d d it MXD 67 5 117 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 67 5 117 5Osborn MXD Age banded regional lowf added tree latewood density MXD 67.5 117.5

Osborn MXD Age banded regional lowf added tree latewood density MXD 67 5 122 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 67.5 122.5g g y

O b MXD A  b d d i l l f dd d t l t d d it MXD 67 5 127 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 67 5 127 5Osborn MXD Age banded regional lowf added tree latewood density MXD 67.5 127.5

Osborn MXD Age banded regional lowf added tree latewood density MXD 67 5 132 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 67.5 132.5Osbo ge ba ded eg o a o added t ee ate ood de s ty 6 5 3 5

O b MXD A  b d d i l l f dd d t l t d d it MXD 67 5 137 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 67 5 137 5Osborn MXD Age banded regional lowf added tree latewood density MXD 67.5 137.5g g

Osborn MXD Age banded regional lowf added tree latewood density MXD 67 5 147 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 67.5 147.5Osborn MXD Age banded regional lowf added tree latewood density MXD 67.5 147.5

O b MXD A  b d d i l l f dd d t l t d d it MXD 67 5 152 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 67 5 152 5Osborn MXD Age banded regional lowf added tree latewood density MXD 67.5 152.5g g y

Osborn MXD Age banded regional lowf added tree latewood density MXD 62 5 147 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 62.5 -147.5Osborn MXD Age banded regional lowf added tree latewood density MXD 62.5 147.5

O b MXD A  b d d i l l f dd d t l t d d it MXD 62 5 142 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 62 5 -142 5Osborn MXD Age banded regional lowf added tree latewood density MXD 62.5 142.5g g y

Osborn MXD Age banded regional lowf added tree latewood density MXD 62 5 137 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 62.5 -137.5Osborn MXD Age banded regional lowf added tree latewood density MXD 62.5 137.5

O b MXD A  b d d i l l f dd d l d d i MXD 62 5 127 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 62 5 -127 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 62.5 -127.5g g y

Osborn MXD Age banded regional lowf added tree latewood density MXD 62 5 122 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 62.5 -122.5Osborn MXD Age banded regional lowf added tree latewood density MXD 62.5 122.5

O b b d d l l f dd d l d d 62Osborn MXD Age banded regional lowf added tree-latewood-density MXD 62 5 -117 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 62.5 -117.5g g y

Osborn MXD Age banded regional lowf added tree latewood density MXD 62 5 112 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 62.5 -112.5Osborn MXD Age banded regional lowf added tree latewood density MXD 62.5 112.5

ABOR/MH/Priv-003802



d d  ldendro onlydendro only
 

y
mean mean 

first year first year last year last year correlation use for first year first year last year last year correlation use for y y y y
with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low 
samples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in database

h l / / th fholocene:/users/rutherfoholocene:/users/rutherfo
/ d d1450 1990 yes /mxd-data1450 1990 yes /mxd-datay /

holocene:/users/rutherfoholocene:/users/rutherfoholocene:/users/rutherfo
1453 1990 /m d data1453 1990 yes /mxd-data1453 1990 yes /mxd data

h l / / h fholocene:/users/rutherfoholocene:/users/rutherfo/ /
1564 1991 yes /mxd-data1564 1991 yes /mxd-datay /

holocene:/users/rutherfoholocene:/users/rutherfoholocene:/users/rutherfo
1694 1990 / d d t1694 1990 yes /mxd-data1694 1990 yes /mxd data

h l / / h fholocene:/users/rutherfoholocene:/users/rutherfo/ /
1669 1991 yes /mxd data1669 1991 yes /mxd-data669 99 yes /

holocene:/users/rutherfoholocene:/users/rutherfoholocene:/users/rutherfo
1481 1991 / d d t1481 1991 yes /mxd-data1481 1991 yes /mxd data

h l / / h fholocene:/users/rutherfoholocene:/users/rutherfo/ /
1400 1991 yes /mxd data1400 1991 yes /mxd-data1400 1991 yes /mxd data

h l / / th fholocene:/users/rutherfoholocene:/users/rutherfo
1556 1991 / d d t1556 1991 yes /mxd-data1556 1991 yes /mxd datay

holocene:/users/rutherfoholocene:/users/rutherfo/ /
1554 1983 yes /mxd data1554 1983 yes /mxd-data1554 1983 yes /mxd data

h l / / th fholocene:/users/rutherfoholocene:/users/rutherfo
1583 1983 / d d t1583 1983 yes /mxd-data1583 1983 yes /mxd datay

holocene:/users/rutherfoholocene:/users/rutherfo/ /
1756 1983 yes /mxd data1756 1983 yes /mxd-data1756 1983 yes /mxd data

h l / / th fholocene:/users/rutherfoholocene:/users/rutherfo
1697 1983 / d d t1697 1983 yes /mxd-data1697 1983 yes /mxd-datay /

holocene:/users/rutherfoholocene:/users/rutherfoholocene:/users/rutherfo
1821 1988 yes /mxd data1821 1988 yes /mxd-data1821 1988 yes /mxd data

h l / / th fholocene:/users/rutherfoholocene:/users/rutherfo
6 2 988 / d d1612 1988 yes /mxd-data1612 1988 yes /mxd-datay /

holocene:/users/rutherfoholocene:/users/rutherfo/ /
1610 1988 yes /mxd data1610 1988 yes /mxd-data1610 1988 yes /mxd data

ABOR/MH/Priv-003803
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median median 
Data type sample segment Data type sample segment Data type sample segment 

Author description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth length

Osborn MXD Age banded regional lowf added tree-latewood-density MXD 62 5 -102 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 62.5 -102.5g g y

O b MXD A  b d d i l l f dd d t l t d d it MXD 62 5 7 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 62 5 7 5Osborn MXD Age banded regional lowf added tree latewood density MXD 62.5 7.5

Osborn MXD Age banded regional lowf added tree latewood density MXD 62 5 12 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 62.5 12.5g g y

O b MXD A  b d d i l l f dd d t l t d d it MXD 62 5 17 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 62 5 17 5Osborn MXD Age banded regional lowf added tree latewood density MXD 62.5 17.5

Osborn MXD Age banded regional lowf added tree latewood density MXD 62 5 22 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 62.5 22.5Osbo ge ba ded eg o a o added t ee ate ood de s ty 6 5 5

O b MXD A  b d d i l l f dd d t l t d d it MXD 62 5 27 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 62 5 27 5Osborn MXD Age banded regional lowf added tree latewood density MXD 62.5 27.5g g

Osborn MXD Age banded regional lowf added tree latewood density MXD 62 5 32 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 62.5 32.5Osborn MXD Age banded regional lowf added tree latewood density MXD 62.5 32.5

O b MXD A  b d d i l l f dd d t l t d d it MXD 62 5 42 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 62 5 42 5Osborn MXD Age banded regional lowf added tree latewood density MXD 62.5 42.5g g y

Osborn MXD Age banded regional lowf added tree latewood density MXD 62 5 52 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 62.5 52.5Osborn MXD Age banded regional lowf added tree latewood density MXD 62.5 52.5

O b MXD A  b d d i l l f dd d t l t d d it MXD 62 5 57 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 62 5 57 5Osborn MXD Age banded regional lowf added tree latewood density MXD 62.5 57.5g g y

Osborn MXD Age banded regional lowf added tree latewood density MXD 62 5 127 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 62.5 127.5Osborn MXD Age banded regional lowf added tree latewood density MXD 62.5 127.5

O b MXD A  b d d i l l f dd d l d d i MXD 62 5 132 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 62 5 132 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 62.5 132.5g g y

Osborn MXD Age banded regional lowf added tree latewood density MXD 62 5 137 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 62.5 137.5Osborn MXD Age banded regional lowf added tree latewood density MXD 62.5 137.5

O b b d d l l f dd d l d d 62Osborn MXD Age banded regional lowf added tree-latewood-density MXD 62 5 147 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 62.5 147.5g g y

Osborn MXD Age banded regional lowf added tree latewood density MXD 62 5 152 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 62.5 152.5Osborn MXD Age banded regional lowf added tree latewood density MXD 62.5 152.5

ABOR/MH/Priv-003805



d d  ldendro onlydendro only
 

y
mean mean 

first year first year last year last year correlation use for first year first year last year last year correlation use for y y y y
with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low 
samples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in database

h l / / th fholocene:/users/rutherfoholocene:/users/rutherfo
/ d d1697 1988 yes /mxd-data1697 1988 yes /mxd-datay /

holocene:/users/rutherfoholocene:/users/rutherfoholocene:/users/rutherfo
1743 1978 /m d data1743 1978 yes /mxd-data1743 1978 yes /mxd data

h l / / h fholocene:/users/rutherfoholocene:/users/rutherfo/ /
1400 1988 yes /mxd-data1400 1988 yes /mxd-datay /

holocene:/users/rutherfoholocene:/users/rutherfoholocene:/users/rutherfo
1858 1978 / d d t1858 1978 yes /mxd-data1858 1978 yes /mxd data

h l / / h fholocene:/users/rutherfoholocene:/users/rutherfo/ /
1400 1988 yes /mxd data1400 1988 yes /mxd-data00 988 yes /

holocene:/users/rutherfoholocene:/users/rutherfoholocene:/users/rutherfo
1400 1990 / d d t1400 1990 yes /mxd-data1400 1990 yes /mxd data

h l / / h fholocene:/users/rutherfoholocene:/users/rutherfo/ /
1578 1992 yes /mxd data1578 1992 yes /mxd-data1578 1992 yes /mxd data

h l / / th fholocene:/users/rutherfoholocene:/users/rutherfo
1578 1991 / d d t1578 1991 yes /mxd-data1578 1991 yes /mxd datay

holocene:/users/rutherfoholocene:/users/rutherfo/ /
1583 1991 yes /mxd data1583 1991 yes /mxd-data1583 1991 yes /mxd data

h l / / th fholocene:/users/rutherfoholocene:/users/rutherfo
1583 1993 / d d t1583 1993 yes /mxd-data1583 1993 yes /mxd datay

holocene:/users/rutherfoholocene:/users/rutherfo/ /
1730 1991 yes /mxd data1730 1991 yes /mxd-data1730 1991 yes /mxd data

h l / / th fholocene:/users/rutherfoholocene:/users/rutherfo
1683 1992 / d d t1683 1992 yes /mxd-data1683 1992 yes /mxd-datay /

holocene:/users/rutherfoholocene:/users/rutherfoholocene:/users/rutherfo
1568 1992 yes /mxd data1568 1992 yes /mxd-data1568 1992 yes /mxd data

h l / / th fholocene:/users/rutherfoholocene:/users/rutherfo
00 99 / d d1400 1994 yes /mxd-data1400 1994 yes /mxd-datay /

holocene:/users/rutherfoholocene:/users/rutherfo/ /
1400 1994 yes /mxd data1400 1994 yes /mxd-data1400 1994 yes /mxd data

ABOR/MH/Priv-003806
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median median 
Data type sample segment Data type sample segment Data type sample segment 

Author description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth length

Osborn MXD Age banded regional lowf added tree-latewood-density MXD 62 5 157 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 62.5 157.5g g y

O b MXD A  b d d i l l f dd d t l t d d it MXD 57 5 137 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 57 5 -137 5Osborn MXD Age banded regional lowf added tree latewood density MXD 57.5 137.5

Osborn MXD Age banded regional lowf added tree latewood density MXD 57 5 132 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 57.5 -132.5g g y

O b MXD A  b d d i l l f dd d t l t d d it MXD 57 5 127 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 57 5 -127 5Osborn MXD Age banded regional lowf added tree latewood density MXD 57.5 127.5

Osborn MXD Age banded regional lowf added tree latewood density MXD 57 5 122 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 57.5 -122.5Osbo ge ba ded eg o a o added t ee ate ood de s ty 5 5 5

O b MXD A  b d d i l l f dd d t l t d d it MXD 57 5 107 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 57 5 -107 5Osborn MXD Age banded regional lowf added tree latewood density MXD 57.5 107.5g g

Osborn MXD Age banded regional lowf added tree latewood density MXD 57 5 92 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 57.5 -92.5Osborn MXD Age banded regional lowf added tree latewood density MXD 57.5 92.5

O b MXD A  b d d i l l f dd d t l t d d it MXD 57 5 77 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 57 5 -77 5Osborn MXD Age banded regional lowf added tree latewood density MXD 57.5 77.5g g y

Osborn MXD Age banded regional lowf added tree latewood density MXD 57 5 72 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 57.5 -72.5Osborn MXD Age banded regional lowf added tree latewood density MXD 57.5 72.5

O b MXD A  b d d i l l f dd d t l t d d it MXD 57 5 67 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 57 5 -67 5Osborn MXD Age banded regional lowf added tree latewood density MXD 57.5 67.5g g y

Osborn MXD Age banded regional lowf added tree latewood density MXD 57 5 7 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 57.5 -7.5Osborn MXD Age banded regional lowf added tree latewood density MXD 57.5 7.5

O b MXD A  b d d i l l f dd d l d d i MXD 57 5 2 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 57 5 -2 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 57.5 -2.5g g y

Osborn MXD Age banded regional lowf added tree latewood density MXD 57 5 12 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 57.5 12.5Osborn MXD Age banded regional lowf added tree latewood density MXD 57.5 12.5

O b b d d l l f dd d l d d 2 2Osborn MXD Age banded regional lowf added tree-latewood-density MXD 52 5 -127 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 52.5 -127.5g g y

Osborn MXD Age banded regional lowf added tree latewood density MXD 52 5 122 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 52.5 -122.5Osborn MXD Age banded regional lowf added tree latewood density MXD 52.5 122.5

ABOR/MH/Priv-003808



d d  ldendro onlydendro only
 

y
mean mean 

first year first year last year last year correlation use for first year first year last year last year correlation use for y y y y
with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low 
samples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in database

h l / / th fholocene:/users/rutherfoholocene:/users/rutherfo
/ d d1400 1994 yes /mxd-data1400 1994 yes /mxd-datay /

holocene:/users/rutherfoholocene:/users/rutherfoholocene:/users/rutherfo
1697 1983 /m d data1697 1983 yes /mxd-data1697 1983 yes /mxd data

h l / / h fholocene:/users/rutherfoholocene:/users/rutherfo/ /
1686 1983 yes /mxd-data1686 1983 yes /mxd-datay /

holocene:/users/rutherfoholocene:/users/rutherfoholocene:/users/rutherfo
1697 1983 / d d t1697 1983 yes /mxd-data1697 1983 yes /mxd data

h l / / h fholocene:/users/rutherfoholocene:/users/rutherfo/ /
1697 1983 yes /mxd data1697 1983 yes /mxd-data69 983 yes /

holocene:/users/rutherfoholocene:/users/rutherfoholocene:/users/rutherfo
1864 1988 / d d t1864 1988 yes /mxd-data1864 1988 yes /mxd data

h l / / h fholocene:/users/rutherfoholocene:/users/rutherfo/ /
1695 1988 yes /mxd data1695 1988 yes /mxd-data1695 1988 yes /mxd data

h l / / th fholocene:/users/rutherfoholocene:/users/rutherfo
1660 1988 / d d t1660 1988 yes /mxd-data1660 1988 yes /mxd datay

holocene:/users/rutherfoholocene:/users/rutherfo/ /
1660 1988 yes /mxd data1660 1988 yes /mxd-data1660 1988 yes /mxd data

h l / / th fholocene:/users/rutherfoholocene:/users/rutherfo
1659 1988 / d d t1659 1988 yes /mxd-data1659 1988 yes /mxd datay

holocene:/users/rutherfoholocene:/users/rutherfo/ /
1671 1978 yes /mxd data1671 1978 yes /mxd-data1671 1978 yes /mxd data

h l / / th fholocene:/users/rutherfoholocene:/users/rutherfo
1697 1978 / d d t1697 1978 yes /mxd-data1697 1978 yes /mxd-datay /

holocene:/users/rutherfoholocene:/users/rutherfoholocene:/users/rutherfo
1775 1978 yes /mxd data1775 1978 yes /mxd-data1775 1978 yes /mxd data

h l / / th fholocene:/users/rutherfoholocene:/users/rutherfo
660 983 / d d1660 1983 yes /mxd-data1660 1983 yes /mxd-datay /

holocene:/users/rutherfoholocene:/users/rutherfo/ /
1652 1983 yes /mxd data1652 1983 yes /mxd-data1652 1983 yes /mxd data

ABOR/MH/Priv-003809
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median median 
Data type sample segment Data type sample segment Data type sample segment 

Author description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth length

Osborn MXD Age banded regional lowf added tree-latewood-density MXD 52 5 -117 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 52.5 -117.5g g y

O b MXD A  b d d i l l f dd d t l t d d it MXD 52 5 97 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 52 5 -97 5Osborn MXD Age banded regional lowf added tree latewood density MXD 52.5 97.5

Osborn MXD Age banded regional lowf added tree latewood density MXD 52 5 92 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 52.5 -92.5g g y

O b MXD A  b d d i l l f dd d t l t d d it MXD 52 5 87 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 52 5 -87 5Osborn MXD Age banded regional lowf added tree latewood density MXD 52.5 87.5

Osborn MXD Age banded regional lowf added tree latewood density MXD 52 5 82 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 52.5 -82.5Osbo ge ba ded eg o a o added t ee ate ood de s ty 5 5 8 5

O b MXD A  b d d i l l f dd d t l t d d it MXD 52 5 77 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 52 5 -77 5Osborn MXD Age banded regional lowf added tree latewood density MXD 52.5 77.5g g

Osborn MXD Age banded regional lowf added tree latewood density MXD 52 5 72 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 52.5 -72.5Osborn MXD Age banded regional lowf added tree latewood density MXD 52.5 72.5

O b MXD A  b d d i l l f dd d t l t d d it MXD 52 5 67 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 52 5 -67 5Osborn MXD Age banded regional lowf added tree latewood density MXD 52.5 67.5g g y

Osborn MXD Age banded regional lowf added tree latewood density MXD 52 5 62 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 52.5 -62.5Osborn MXD Age banded regional lowf added tree latewood density MXD 52.5 62.5

O b MXD A  b d d i l l f dd d t l t d d it MXD 52 5 57 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 52 5 -57 5Osborn MXD Age banded regional lowf added tree latewood density MXD 52.5 57.5g g y

Osborn MXD Age banded regional lowf added tree latewood density MXD 52 5 2 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 52.5 -2.5Osborn MXD Age banded regional lowf added tree latewood density MXD 52.5 2.5

O b MXD A  b d d i l l f dd d l d d i MXD 52 5 12 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 52 5 12 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 52.5 12.5g g y

Osborn MXD Age banded regional lowf added tree latewood density MXD 52 5 57 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 52.5 57.5Osborn MXD Age banded regional lowf added tree latewood density MXD 52.5 57.5

O b b d d l l f dd d l d d 2 82Osborn MXD Age banded regional lowf added tree-latewood-density MXD 52 5 82 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 52.5 82.5g g y

Osborn MXD Age banded regional lowf added tree latewood density MXD 52 5 87 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 52.5 87.5Osborn MXD Age banded regional lowf added tree latewood density MXD 52.5 87.5
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d d  ldendro onlydendro only
 

y
mean mean 

first year first year last year last year correlation use for first year first year last year last year correlation use for y y y y
with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low 
samples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in database

h l / / th fholocene:/users/rutherfoholocene:/users/rutherfo
/ d d1400 1991 yes /mxd-data1400 1991 yes /mxd-datay /

holocene:/users/rutherfoholocene:/users/rutherfoholocene:/users/rutherfo
1819 1988 /m d data1819 1988 yes /mxd-data1819 1988 yes /mxd data

h l / / h fholocene:/users/rutherfoholocene:/users/rutherfo/ /
1813 1988 yes /mxd-data1813 1988 yes /mxd-datay /

holocene:/users/rutherfoholocene:/users/rutherfoholocene:/users/rutherfo
1802 1988 / d d t1802 1988 yes /mxd-data1802 1988 yes /mxd data

h l / / h fholocene:/users/rutherfoholocene:/users/rutherfo/ /
1870 1988 yes /mxd data1870 1988 yes /mxd-data8 0 988 yes /

holocene:/users/rutherfoholocene:/users/rutherfoholocene:/users/rutherfo
1739 1988 / d d t1739 1988 yes /mxd-data1739 1988 yes /mxd data

h l / / h fholocene:/users/rutherfoholocene:/users/rutherfo/ /
1743 1988 yes /mxd data1743 1988 yes /mxd-data1743 1988 yes /mxd data

h l / / th fholocene:/users/rutherfoholocene:/users/rutherfo
1719 1988 / d d t1719 1988 yes /mxd-data1719 1988 yes /mxd datay

holocene:/users/rutherfoholocene:/users/rutherfo/ /
1743 1988 yes /mxd data1743 1988 yes /mxd-data1743 1988 yes /mxd data

h l / / th fholocene:/users/rutherfoholocene:/users/rutherfo
1709 1988 / d d t1709 1988 yes /mxd-data1709 1988 yes /mxd datay

holocene:/users/rutherfoholocene:/users/rutherfo/ /
1843 1976 yes /mxd data1843 1976 yes /mxd-data1843 1976 yes /mxd data

h l / / th fholocene:/users/rutherfoholocene:/users/rutherfo
1739 1977 / d d t1739 1977 yes /mxd-data1739 1977 yes /mxd-datay /

holocene:/users/rutherfoholocene:/users/rutherfoholocene:/users/rutherfo
1671 1993 yes /mxd data1671 1993 yes /mxd-data1671 1993 yes /mxd data

h l / / th fholocene:/users/rutherfoholocene:/users/rutherfo
99 / d d1741 1994 yes /mxd-data1741 1994 yes /mxd-datay /

holocene:/users/rutherfoholocene:/users/rutherfo/ /
1581 1994 yes /mxd data1581 1994 yes /mxd-data1581 1994 yes /mxd data
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median median 
Data type sample segment Data type sample segment Data type sample segment 

Author description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth length

Osborn MXD Age banded regional lowf added tree-latewood-density MXD 52 5 102 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 52.5 102.5g g y

O b MXD A  b d d i l l f dd d t l t d d it MXD 47 5 127 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 47 5 -127 5Osborn MXD Age banded regional lowf added tree latewood density MXD 47.5 127.5

Osborn MXD Age banded regional lowf added tree latewood density MXD 47 5 122 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 47.5 -122.5g g y

O b MXD A  b d d i l l f dd d t l t d d it MXD 47 5 117 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 47 5 -117 5Osborn MXD Age banded regional lowf added tree latewood density MXD 47.5 117.5

Osborn MXD Age banded regional lowf added tree latewood density MXD 47 5 112 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 47.5 -112.5Osbo ge ba ded eg o a o added t ee ate ood de s ty 5 5

O b MXD A  b d d i l l f dd d t l t d d it MXD 47 5 72 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 47 5 -72 5Osborn MXD Age banded regional lowf added tree latewood density MXD 47.5 72.5g g

Osborn MXD Age banded regional lowf added tree latewood density MXD 47 5 67 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 47.5 -67.5Osborn MXD Age banded regional lowf added tree latewood density MXD 47.5 67.5

O b MXD A  b d d i l l f dd d t l t d d it MXD 47 5 7 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 47 5 7 5Osborn MXD Age banded regional lowf added tree latewood density MXD 47.5 7.5g g y

Osborn MXD Age banded regional lowf added tree latewood density MXD 47 5 12 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 47.5 12.5Osborn MXD Age banded regional lowf added tree latewood density MXD 47.5 12.5

O b MXD A  b d d i l l f dd d t l t d d it MXD 47 5 17 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 47 5 17 5Osborn MXD Age banded regional lowf added tree latewood density MXD 47.5 17.5g g y

Osborn MXD Age banded regional lowf added tree latewood density MXD 47 5 22 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 47.5 22.5Osborn MXD Age banded regional lowf added tree latewood density MXD 47.5 22.5

O b MXD A  b d d i l l f dd d l d d i MXD 47 5 27 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 47 5 27 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 47.5 27.5g g y

Osborn MXD Age banded regional lowf added tree latewood density MXD 42 5 122 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 42.5 -122.5Osborn MXD Age banded regional lowf added tree latewood density MXD 42.5 122.5

O b b d d l l f dd d l d d 2Osborn MXD Age banded regional lowf added tree-latewood-density MXD 42 5 -117 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 42.5 -117.5g g y

Osborn MXD Age banded regional lowf added tree latewood density MXD 42 5 112 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 42.5 -112.5Osborn MXD Age banded regional lowf added tree latewood density MXD 42.5 112.5
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d d  ldendro onlydendro only
 

y
mean mean 

first year first year last year last year correlation use for first year first year last year last year correlation use for y y y y
with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low 
samples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in database

h l / / th fholocene:/users/rutherfoholocene:/users/rutherfo
/ d d1890 1978 yes /mxd-data1890 1978 yes /mxd-datay /

holocene:/users/rutherfoholocene:/users/rutherfoholocene:/users/rutherfo
1453 1983 /m d data1453 1983 yes /mxd-data1453 1983 yes /mxd data

h l / / h fholocene:/users/rutherfoholocene:/users/rutherfo/ /
1413 1983 yes /mxd-data1413 1983 yes /mxd-datay /

holocene:/users/rutherfoholocene:/users/rutherfoholocene:/users/rutherfo
1453 1983 / d d t1453 1983 yes /mxd-data1453 1983 yes /mxd data

h l / / h fholocene:/users/rutherfoholocene:/users/rutherfo/ /
1400 1983 yes /mxd data1400 1983 yes /mxd-data00 983 yes /

holocene:/users/rutherfoholocene:/users/rutherfoholocene:/users/rutherfo
1697 1976 / d d t1697 1976 yes /mxd-data1697 1976 yes /mxd data

h l / / h fholocene:/users/rutherfoholocene:/users/rutherfo/ /
1697 1976 yes /mxd data1697 1976 yes /mxd-data1697 1976 yes /mxd data

h l / / th fholocene:/users/rutherfoholocene:/users/rutherfo
1660 1981 / d d t1660 1981 yes /mxd-data1660 1981 yes /mxd datay

holocene:/users/rutherfoholocene:/users/rutherfo/ /
1660 1981 yes /mxd data1660 1981 yes /mxd-data1660 1981 yes /mxd data

h l / / th fholocene:/users/rutherfoholocene:/users/rutherfo
1660 1980 / d d t1660 1980 yes /mxd-data1660 1980 yes /mxd datay

holocene:/users/rutherfoholocene:/users/rutherfo/ /
1743 1981 yes /mxd data1743 1981 yes /mxd-data1743 1981 yes /mxd data

h l / / th fholocene:/users/rutherfoholocene:/users/rutherfo
1836 1981 / d d t1836 1981 yes /mxd-data1836 1981 yes /mxd-datay /

holocene:/users/rutherfoholocene:/users/rutherfoholocene:/users/rutherfo
1525 1983 yes /mxd data1525 1983 yes /mxd-data1525 1983 yes /mxd data

h l / / th fholocene:/users/rutherfoholocene:/users/rutherfo
0 983 / d d1540 1983 yes /mxd-data1540 1983 yes /mxd-datay /

holocene:/users/rutherfoholocene:/users/rutherfo/ /
1400 1983 yes /mxd data1400 1983 yes /mxd-data1400 1983 yes /mxd data
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median median 
Data type sample segment Data type sample segment Data type sample segment 

Author description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth length

Osborn MXD Age banded regional lowf added tree-latewood-density MXD 42 5 -107 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 42.5 -107.5g g y

O b MXD A  b d d i l l f dd d t l t d d it MXD 42 5 72 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 42 5 -72 5Osborn MXD Age banded regional lowf added tree latewood density MXD 42.5 72.5

Osborn MXD Age banded regional lowf added tree latewood density MXD 42 5 2 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 42.5 -2.5g g y

O b MXD A  b d d i l l f dd d t l t d d it MXD 42 5 2 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 42 5 2 5Osborn MXD Age banded regional lowf added tree latewood density MXD 42.5 2.5

Osborn MXD Age banded regional lowf added tree latewood density MXD 42 5 7 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 42.5 7.5Osbo ge ba ded eg o a o added t ee ate ood de s ty 5 5

O b MXD A  b d d i l l f dd d t l t d d it MXD 42 5 12 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 42 5 12 5Osborn MXD Age banded regional lowf added tree latewood density MXD 42.5 12.5g g

Osborn MXD Age banded regional lowf added tree latewood density MXD 42 5 17 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 42.5 17.5Osborn MXD Age banded regional lowf added tree latewood density MXD 42.5 17.5

O b MXD A  b d d i l l f dd d t l t d d it MXD 42 5 22 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 42 5 22 5Osborn MXD Age banded regional lowf added tree latewood density MXD 42.5 22.5g g y

Osborn MXD Age banded regional lowf added tree latewood density MXD 37 5 117 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 37.5 -117.5Osborn MXD Age banded regional lowf added tree latewood density MXD 37.5 117.5

O b MXD A  b d d i l l f dd d t l t d d it MXD 37 5 112 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 37 5 -112 5Osborn MXD Age banded regional lowf added tree latewood density MXD 37.5 112.5g g y

Osborn MXD Age banded regional lowf added tree latewood density MXD 37 5 107 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 37.5 -107.5Osborn MXD Age banded regional lowf added tree latewood density MXD 37.5 107.5

O b MXD A  b d d i l l f dd d l d d i MXD 37 5 17 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 37 5 17 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 37.5 17.5g g y

Osborn MXD Age banded regional lowf added tree latewood density MXD 37 5 22 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 37.5 22.5Osborn MXD Age banded regional lowf added tree latewood density MXD 37.5 22.5

O b b d d l l f dd d l d d 32 9Osborn MXD Age banded regional lowf added tree-latewood-density MXD 32 5 97 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 32.5 97.5g g y

Osborn MXD Age banded regional lowf added tree latewood density MXD 27 5 87 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 27.5 87.5Osborn MXD Age banded regional lowf added tree latewood density MXD 27.5 87.5
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d d  ldendro onlydendro only
 

y
mean mean 

first year first year last year last year correlation use for first year first year last year last year correlation use for y y y y
with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low 
samples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in database

h l / / th fholocene:/users/rutherfoholocene:/users/rutherfo
/ d d1400 1983 yes /mxd-data1400 1983 yes /mxd-datay /

holocene:/users/rutherfoholocene:/users/rutherfoholocene:/users/rutherfo
1667 1976 /m d data1667 1976 yes /mxd-data1667 1976 yes /mxd data

h l / / h fholocene:/users/rutherfoholocene:/users/rutherfo/ /
1609 1977 yes /mxd-data1609 1977 yes /mxd-datay /

holocene:/users/rutherfoholocene:/users/rutherfoholocene:/users/rutherfo
1612 1980 / d d t1612 1980 yes /mxd-data1612 1980 yes /mxd data

h l / / h fholocene:/users/rutherfoholocene:/users/rutherfo/ /
1518 1980 yes /mxd data1518 1980 yes /mxd-data5 8 980 yes /

holocene:/users/rutherfoholocene:/users/rutherfoholocene:/users/rutherfo
1540 1981 / d d t1540 1981 yes /mxd-data1540 1981 yes /mxd data

h l / / h fholocene:/users/rutherfoholocene:/users/rutherfo/ /
1660 1981 yes /mxd data1660 1981 yes /mxd-data1660 1981 yes /mxd data

h l / / th fholocene:/users/rutherfoholocene:/users/rutherfo
1583 1981 / d d t1583 1981 yes /mxd-data1583 1981 yes /mxd datay

holocene:/users/rutherfoholocene:/users/rutherfo/ /
1513 1983 yes /mxd data1513 1983 yes /mxd-data1513 1983 yes /mxd data

h l / / th fholocene:/users/rutherfoholocene:/users/rutherfo
1453 1983 / d d t1453 1983 yes /mxd-data1453 1983 yes /mxd datay

holocene:/users/rutherfoholocene:/users/rutherfo/ /
1453 1983 yes /mxd data1453 1983 yes /mxd-data1453 1983 yes /mxd data

h l / / th fholocene:/users/rutherfoholocene:/users/rutherfo
1441 1980 / d d t1441 1980 yes /mxd-data1441 1980 yes /mxd-datay /

holocene:/users/rutherfoholocene:/users/rutherfoholocene:/users/rutherfo
1583 1981 yes /mxd data1583 1981 yes /mxd-data1583 1981 yes /mxd data

h l / / th fholocene:/users/rutherfoholocene:/users/rutherfo
06 99 / d d1406 1994 yes /mxd-data1406 1994 yes /mxd-datay /

holocene:/users/rutherfoholocene:/users/rutherfo/ /
1722 1978 yes /mxd data1722 1978 yes /mxd-data1722 1978 yes /mxd data
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median median 
Data type sample segment Data type sample segment Data type sample segment 

Author description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth length

Osborn MXD Age banded regional lowf added tree-latewood-density MXD 27 5 97 5Osborn MXD Age banded regional lowf added tree-latewood-density MXD 27.5 97.5g g y

Vaganov Soviet Treeline Dendro tree width sch 66 5 69 2Vaganov Soviet Treeline Dendro tree-width sch 66.5 69.2g

Vaganov Soviet Treeline Dendro tree width kha 67 1 69 5Vaganov Soviet Treeline Dendro tree-width kha 67.1 69.5aga o t ee dt a 6 69 5

Vaganov Soviet Treeline Dendro tree width khd 67 1 69 5Vaganov Soviet Treeline Dendro tree-width khd 67.1 69.5Vaganov Soviet Treeline Dendro tree width khd 67.1 69.5

Vaganov Soviet Treeline Dendro tree width jah 67 3 70 6Vaganov Soviet Treeline Dendro tree-width jah 67.3 70.6Vaganov Soviet Treeline Dendro tree width jah 67.3 70.6

Vaganov Soviet Treeline Dendro tree width nid 66 1 71 4Vaganov Soviet Treeline Dendro tree-width nid 66.1 71.4Vaganov Soviet Treeline Dendro tree width nid 66.1 71.4

Vaganov Soviet Treeline Dendro tree width cha 67 3 76 5Vaganov Soviet Treeline Dendro tree-width cha 67.3 76.5Vaganov Soviet Treeline Dendro tree width cha 67.3 76.5

Vaganov Soviet Treeline Dendro tree width ind 68 1 79 5Vaganov Soviet Treeline Dendro tree-width ind 68.1 79.5Vaganov Soviet Treeline Dendro tree width ind 68.1 79.5
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y
mean mean 

first year first year last year last year correlation use for first year first year last year last year correlation use for y y y y
with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low 
samples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in database

h l / / th fholocene:/users/rutherfoholocene:/users/rutherfo
/ d d1453 1994 yes /mxd-data1453 1994 yes /mxd-datay /

m ltip o /p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR
EE/VAGANOV/ORIG/EE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vag/ / / g

1714 1990 yes yes 01 dat1714 1990 yes yes 01.daty y

lti / 0/t /bimultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR
EE/VAGANOV/ORIG/EE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vag/ / / g

1632 1990 yes yes 02 dat1632 1990 yes yes 02.dat63 990 yes yes

lti / 0/t /bimultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR/ / /

/ / /EE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vag/ / / g
1600 1993 yes yes 03 dat1600 1993 yes yes 03.dat1600 1993 yes yes 03.dat

lti / 0/t /bimultiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigp y p p g
2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR/ / /
EE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vag/ / / g

1584 1991 yes yes 04 dat1584 1991 yes yes 04.dat1584 1991 yes yes 04.dat

lti / 0/t /bimultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR/ / /
EE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vag/ / / g

1724 1990 yes yes 05 dat1724 1990 yes yes 05.dat1724 1990 yes yes 05.dat

lti / 0/t /bimultiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigp y /p / p / g
2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR/ / /
EE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vag

1564 1990 yes yes 06 dat1564 1990 yes yes 06.dat1564 1990 yes yes 06.dat

l i / 0/ /bimultiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigp y /p / p / g
2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR/ / /
EE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vag/ / / g

1594 1990 yes yes 07 dat1594 1990 yes yes 07.dat1594 1990 yes yes 07.dat
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V  E A  Shi t  S G  & V S  M  D d li ti  t d  i  U l Sib i  Vaganov  E A  Shiyatov  S G  & V S  Mazepa  Dendroclimatic study in Ural-Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural Siberian g
b A i  Sib i  B h  R i  A d  f S i   N ibi k  245  (i  sub-Arctic  Siberian Branch  Russian Academy of Science  Novosibirsk  245pp  (in sub Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in , , y , , pp (

Russian)  1996Russian), 1996.),

V  E A  Shi t  S G  & V S  M  D d li ti  t d  i  U l Sib i  Vaganov  E A  Shiyatov  S G  & V S  Mazepa  Dendroclimatic study in Ural-Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural Siberian g
b A i  Sib i  B h  R i  A d  f S i   N ibi k  245  (i  sub-Arctic  Siberian Branch  Russian Academy of Science  Novosibirsk  245pp  (in sub-Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in , , y , , pp (

Russian)  1996Russian), 1996.),

V  E A  Shi t  S G  & V S  M  D d li ti  t d  i  U l Sib i  Vaganov  E A  Shiyatov  S G  & V S  Mazepa  Dendroclimatic study in Ural-Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural Siberian g , , y , p , y
b b h d f b k (sub-Arctic  Siberian Branch  Russian Academy of Science  Novosibirsk  245pp  (in sub-Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in , , y , , pp (

Russian)  1996Russian), 1996.Russian), 1996.

V  E A  Shi  S G  & V S  M  D d li i  d  i  U l Sib i  Vaganov  E A  Shiyatov  S G  & V S  Mazepa  Dendroclimatic study in Ural-Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural Siberian g , , y , p , y
sub Arctic  Siberian Branch  Russian Academy of Science  Novosibirsk  245pp  (in sub-Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in , , y , , pp (
Russian)  1996Russian), 1996.Russian), 1996.

V  E A  Shi t  S G  & V S  M  D d li ti  t d  i  U l Sib i  Vaganov  E A  Shiyatov  S G  & V S  Mazepa  Dendroclimatic study in Ural-Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural-Siberian g , , y , p , y
sub-Arctic  Siberian Branch  Russian Academy of Science  Novosibirsk  245pp  (in sub-Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in , , y , , pp (
Russian)  1996Russian), 1996.Russian), 1996.

Vaganov  E A  Shiyatov  S G  & V S  Mazepa  Dendroclimatic study in Ural-Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural-Siberian g , , y , p , y
sub Arctic  Siberian Branch  Russian Academy of Science  Novosibirsk  245pp  (in sub-Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in sub Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in 
Russian)  1996Russian), 1996.Russian), 1996.

Vaganov  E A  Shiyatov  S G  & V S  Mazepa  Dendroclimatic study in Ural Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural-Siberian g , , y , p , y
sub Arctic  Siberian Branch  Russian Academy of Science  Novosibirsk  245pp  (in sub-Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in , , y , , pp (
Russian)  1996Russian), 1996.Russian), 1996.
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median median 
Data type sample segment Data type sample segment Data type sample segment 

Author description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth length

V So iet T eeline Dend o t idth kh 69 1 84 3Vaganov Soviet Treeline Dendro tree-width skh 69 1 84 3Vaganov Soviet Treeline Dendro tree width skh 69.1 84.3

V S i t T li  D d t idth ik 70 3 89 3Vaganov Soviet Treeline Dendro tree-width iko 70 3 89 3Vaganov Soviet Treeline Dendro tree width iko 70.3 89.3

V S i t T li  D d t idth k 71 2 93 5Vaganov Soviet Treeline Dendro tree-width kam 71 2 93 5Vaganov Soviet Treeline Dendro tree width kam 71.2 93.5g

V S i t T li  D d t idth 72 3 101 5Vaganov Soviet Treeline Dendro tree-width nov 72 3 101 5Vaganov Soviet Treeline Dendro tree width nov 72.3 101.5g

V S i t T li  D d t idth k 72 1 102 4Vaganov Soviet Treeline Dendro tree-width kaz 72 1 102 4Vaganov Soviet Treeline Dendro tree width kaz 72.1 102.4g

V S i t T li  D d id h 71 5 111 0Vaganov Soviet Treeline Dendro tree-width pop 71 5 111 0Vaganov Soviet Treeline Dendro tree-width pop 71.5 111.0g p p

S i  T li  D d d h 8Vaganov Soviet Treeline Dendro tree-width ary 71 4 118 4Vaganov Soviet Treeline Dendro tree-width ary 71.4 118.4g y
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d d  ldendro onlydendro only
 

y
mean mean 

first year first year last year last year correlation use for first year first year last year last year correlation use for y y y y
with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low 
samples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in database

l / / /bmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigp y /p / p / g
2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR/ U O / /
EE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vag

1608 1990 08 dat1608 1990 yes yes 08.dat1608 1990 yes yes 08.dat

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigp y /p / p / g
2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR
EE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vag

1617 1990 09 d t1617 1990 yes yes 09 dat1617 1990 yes yes 09.dat

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigp y /p / p / g
2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR
EE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vag

1545 1990 10 d t1545 1990 yes yes 10 dat1545 1990 yes yes 10.dat

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR
EE/VAGANOV/ORIG/EE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vag

1500 1990 11 d t1500 1990 yes yes 11 dat1500 1990 yes yes 11.daty y

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR
EE/VAGANOV/ORIG/EE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vag

1518 1977 12 d t1518 1977 yes yes 12 dat1518 1977 yes yes 12.daty y

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR
EE/VAGANOV/ORIG/EE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vag

1572 1990 13 d t1572 1990 yes yes 13 dat1572 1990 yes yes 13.daty y

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR
EE/VAGANOV/ORIG/EE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vag

600 990
g

14 d1600 1990 yes yes 14 dat1600 1990 yes yes 14.daty y
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Vaganov  E A  Shiyatov  S G  & V S  Mazepa  Dendroclimatic study in Ural Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural-Siberian aga o , , S yato , S G & S a epa, e d oc at c study U a S be a
sub Arctic  Siberian Branch  Russian Academy of Science  Novosibirsk  245pp  (in sub-Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in sub Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in 
R ssian)  1996Russian), 1996.Russian), 1996.

Vaganov  E A  Shiyatov  S G  & V S  Mazepa  Dendroclimatic study in Ural Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural-Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural Siberian 
sub Arctic  Siberian Branch  Russian Academy of Science  Novosibirsk  245pp  (in sub-Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in sub Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in 
R i )  1996Russian)  1996Russian), 1996.

Vaganov  E A  Shiyatov  S G  & V S  Mazepa  Dendroclimatic study in Ural Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural-Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural Siberian 
sub Arctic  Siberian Branch  Russian Academy of Science  Novosibirsk  245pp  (in sub-Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in sub Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in 
R i )  1996Russian)  1996Russian), 1996.

Vaganov  E A  Shiyatov  S G  & V S  Mazepa  Dendroclimatic study in Ural Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural-Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural Siberian 
b A ti  Sib i  B h  R i  A d  f S i   N ibi k  245  (i  sub-Arctic  Siberian Branch  Russian Academy of Science  Novosibirsk  245pp  (in sub Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in 

R i )  1996Russian)  1996Russian), 1996.)

Vaganov  E A  Shiyatov  S G  & V S  Mazepa  Dendroclimatic study in Ural Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural-Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural Siberian 
b A ti  Sib i  B h  R i  A d  f S i   N ibi k  245  (i  sub-Arctic  Siberian Branch  Russian Academy of Science  Novosibirsk  245pp  (in sub Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in 

R i )  1996Russian)  1996Russian), 1996.

Vaganov  E A  Shiyatov  S G  & V S  Mazepa  Dendroclimatic study in Ural Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural-Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural Siberian 
b A ti  Sib i  B h  R i  A d  f S i   N ibi k  245  (i  sub-Arctic  Siberian Branch  Russian Academy of Science  Novosibirsk  245pp  (in sub Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in 

R i )  1996Russian)  1996Russian), 1996.),

V  E A  Shi t  S G  & V S  M  D d li ti  t d  i  U l Sib i  Vaganov  E A  Shiyatov  S G  & V S  Mazepa  Dendroclimatic study in Ural-Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural Siberian 
b A ti  Sib i  B h  R i  A d  f S i   N ibi k  245  (i  sub-Arctic  Siberian Branch  Russian Academy of Science  Novosibirsk  245pp  (in sub Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in y pp (

R i )  1996Russian)  1996Russian), 1996.),
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median median 
Data type sample segment Data type sample segment Data type sample segment 

Author description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth length

V So iet T eeline Dend o t idth tik 71 1 127 3Vaganov Soviet Treeline Dendro tree-width tik 71 1 127 3Vaganov Soviet Treeline Dendro tree width tik 71.1 127.3

V S i t T li  D d t idth 70 6 132 6Vaganov Soviet Treeline Dendro tree-width omo 70 6 132 6Vaganov Soviet Treeline Dendro tree width omo 70.6 132.6

V S i t T li  D d t idth h 70 2 138 1Vaganov Soviet Treeline Dendro tree-width chn 70 2 138 1Vaganov Soviet Treeline Dendro tree width chn 70.2 138.1g

V S i t T li  D d t idth kil 70 3 143 6Vaganov Soviet Treeline Dendro tree-width kil 70 3 143 6Vaganov Soviet Treeline Dendro tree width kil 70.3 143.6g

V S i t T li  D d t idth ll 70 0 146 3Vaganov Soviet Treeline Dendro tree-width all 70 0 146 3Vaganov Soviet Treeline Dendro tree width all 70.0 146.3g

V S i t T li  D d id h i 70 3 148 1Vaganov Soviet Treeline Dendro tree-width inp 70 3 148 1Vaganov Soviet Treeline Dendro tree-width inp 70.3 148.1g p

S i  T li  D d d h 69 3 2Vaganov Soviet Treeline Dendro tree-width nan 69 3 152 1Vaganov Soviet Treeline Dendro tree-width nan 69.3 152.1g
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d d  ldendro onlydendro only
 

y
mean mean 

first year first year last year last year correlation use for first year first year last year last year correlation use for y y y y
with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low 
samples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in database

l / / /bmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigp y /p / p / g
2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR/ U O / /
EE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vag

1383 1989 15 dat1383 1989 yes yes 15.dat1383 1989 yes yes 15.dat

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigp y /p / p / g
2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR
EE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vag

1419 1989 16 d t1419 1989 yes yes 16 dat1419 1989 yes yes 16.dat

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigp y /p / p / g
2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR
EE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vag

1546 1989 17 d t1546 1989 yes yes 17 dat1546 1989 yes yes 17.dat

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR
EE/VAGANOV/ORIG/EE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vag

1493 1994 18 d t1493 1994 yes yes 18 dat1493 1994 yes yes 18.daty y

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR
EE/VAGANOV/ORIG/EE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vag

1522 1994 19 d t1522 1994 yes yes 19 dat1522 1994 yes yes 19.daty y

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR
EE/VAGANOV/ORIG/EE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vag

1325 1994 20 d t1325 1994 yes yes 20 dat1325 1994 yes yes 20.daty y

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR
EE/VAGANOV/ORIG/EE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vag

09 99
g

21 d1409 1994 yes yes 21 dat1409 1994 yes yes 21.daty y
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Vaganov  E A  Shiyatov  S G  & V S  Mazepa  Dendroclimatic study in Ural Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural-Siberian aga o , , S yato , S G & S a epa, e d oc at c study U a S be a
sub Arctic  Siberian Branch  Russian Academy of Science  Novosibirsk  245pp  (in sub-Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in sub Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in 
R ssian)  1996Russian), 1996.Russian), 1996.

Vaganov  E A  Shiyatov  S G  & V S  Mazepa  Dendroclimatic study in Ural Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural-Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural Siberian 
sub Arctic  Siberian Branch  Russian Academy of Science  Novosibirsk  245pp  (in sub-Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in sub Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in 
R i )  1996Russian)  1996Russian), 1996.

Vaganov  E A  Shiyatov  S G  & V S  Mazepa  Dendroclimatic study in Ural Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural-Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural Siberian 
sub Arctic  Siberian Branch  Russian Academy of Science  Novosibirsk  245pp  (in sub-Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in sub Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in 
R i )  1996Russian)  1996Russian), 1996.

Vaganov  E A  Shiyatov  S G  & V S  Mazepa  Dendroclimatic study in Ural Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural-Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural Siberian 
b A ti  Sib i  B h  R i  A d  f S i   N ibi k  245  (i  sub-Arctic  Siberian Branch  Russian Academy of Science  Novosibirsk  245pp  (in sub Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in 

R i )  1996Russian)  1996Russian), 1996.)

Vaganov  E A  Shiyatov  S G  & V S  Mazepa  Dendroclimatic study in Ural Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural-Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural Siberian 
b A ti  Sib i  B h  R i  A d  f S i   N ibi k  245  (i  sub-Arctic  Siberian Branch  Russian Academy of Science  Novosibirsk  245pp  (in sub Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in 

R i )  1996Russian)  1996Russian), 1996.

Vaganov  E A  Shiyatov  S G  & V S  Mazepa  Dendroclimatic study in Ural Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural-Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural Siberian 
b A ti  Sib i  B h  R i  A d  f S i   N ibi k  245  (i  sub-Arctic  Siberian Branch  Russian Academy of Science  Novosibirsk  245pp  (in sub Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in 

R i )  1996Russian)  1996Russian), 1996.),

V  E A  Shi t  S G  & V S  M  D d li ti  t d  i  U l Sib i  Vaganov  E A  Shiyatov  S G  & V S  Mazepa  Dendroclimatic study in Ural-Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural Siberian 
b A ti  Sib i  B h  R i  A d  f S i   N ibi k  245  (i  sub-Arctic  Siberian Branch  Russian Academy of Science  Novosibirsk  245pp  (in sub Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in y pp (

R i )  1996Russian)  1996Russian), 1996.),
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median median 
Data type sample segment Data type sample segment Data type sample segment 

Author description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth length

V So iet T eeline Dend o t idth d 69 2 154 5Vaganov Soviet Treeline Dendro tree-width and 69 2 154 5Vaganov Soviet Treeline Dendro tree width and 69.2 154.5

V S i t T li  D d t idth 68 5 163 0Vaganov Soviet Treeline Dendro tree-width cer 68 5 163 0Vaganov Soviet Treeline Dendro tree width cer 68.5 163.0

V S i t T li  D d t idth l 67 1 165 1Vaganov Soviet Treeline Dendro tree-width vol 67 1 165 1Vaganov Soviet Treeline Dendro tree width vol 67.1 165.1g

V S i t T li  D d t idth bil 67 3 167 4Vaganov Soviet Treeline Dendro tree-width bil 67 3 167 4Vaganov Soviet Treeline Dendro tree width bil 67.3 167.4g

V S i t T li  D d t idth b 66 5 65 5Vaganov Soviet Treeline Dendro tree-width sob 66 5 65 5Vaganov Soviet Treeline Dendro tree width sob 66.5 65.5g

V S i t T li  D d id h 66 5 65 5Vaganov Soviet Treeline Dendro tree-width sop 66 5 65 5Vaganov Soviet Treeline Dendro tree-width sop 66.5 65.5g p

S i  T li  D d d h 66 2 6Vaganov Soviet Treeline Dendro tree-width poz 66 2 67 1Vaganov Soviet Treeline Dendro tree-width poz 66.2 67.1g p
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d d  ldendro onlydendro only
 

y
mean mean 

first year first year last year last year correlation use for first year first year last year last year correlation use for y y y y
with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low 
samples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in database

l / / /bmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigp y /p / p / g
2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR/ U O / /
EE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vag

1417 1991 22 dat1417 1991 yes yes 22.dat1417 1991 yes yes 22.dat

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigp y /p / p / g
2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR
EE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vag

1470 1989 23 d t1470 1989 yes yes 23 dat1470 1989 yes yes 23.dat

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigp y /p / p / g
2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR
EE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vag

1573 1989 24 d t1573 1989 yes yes 24 dat1573 1989 yes yes 24.dat

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR
EE/VAGANOV/ORIG/EE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vag

1422 1989 25 d t1422 1989 yes yes 25 dat1422 1989 yes yes 25.daty y

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR
EE/VAGANOV/ORIG/EE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vag

1562 1992 26 d t1562 1992 yes yes 26 dat1562 1992 yes yes 26.daty y

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR
EE/VAGANOV/ORIG/EE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vag

1642 1992 27 d t1642 1992 yes yes 27 dat1642 1992 yes yes 27.daty y

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR
EE/VAGANOV/ORIG/EE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vag

6 9 992
g

28 d1659 1992 yes yes 28 dat1659 1992 yes yes 28.daty y

ABOR/MH/Priv-003830



Vaganov  E A  Shiyatov  S G  & V S  Mazepa  Dendroclimatic study in Ural Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural-Siberian aga o , , S yato , S G & S a epa, e d oc at c study U a S be a
sub Arctic  Siberian Branch  Russian Academy of Science  Novosibirsk  245pp  (in sub-Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in sub Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in 
R ssian)  1996Russian), 1996.Russian), 1996.

Vaganov  E A  Shiyatov  S G  & V S  Mazepa  Dendroclimatic study in Ural Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural-Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural Siberian 
sub Arctic  Siberian Branch  Russian Academy of Science  Novosibirsk  245pp  (in sub-Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in sub Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in 
R i )  1996Russian)  1996Russian), 1996.

Vaganov  E A  Shiyatov  S G  & V S  Mazepa  Dendroclimatic study in Ural Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural-Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural Siberian 
sub Arctic  Siberian Branch  Russian Academy of Science  Novosibirsk  245pp  (in sub-Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in sub Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in 
R i )  1996Russian)  1996Russian), 1996.

Vaganov  E A  Shiyatov  S G  & V S  Mazepa  Dendroclimatic study in Ural Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural-Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural Siberian 
b A ti  Sib i  B h  R i  A d  f S i   N ibi k  245  (i  sub-Arctic  Siberian Branch  Russian Academy of Science  Novosibirsk  245pp  (in sub Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in 

R i )  1996Russian)  1996Russian), 1996.)

Vaganov  E A  Shiyatov  S G  & V S  Mazepa  Dendroclimatic study in Ural Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural-Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural Siberian 
b A ti  Sib i  B h  R i  A d  f S i   N ibi k  245  (i  sub-Arctic  Siberian Branch  Russian Academy of Science  Novosibirsk  245pp  (in sub Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in 

R i )  1996Russian)  1996Russian), 1996.

Vaganov  E A  Shiyatov  S G  & V S  Mazepa  Dendroclimatic study in Ural Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural-Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural Siberian 
b A ti  Sib i  B h  R i  A d  f S i   N ibi k  245  (i  sub-Arctic  Siberian Branch  Russian Academy of Science  Novosibirsk  245pp  (in sub Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in 

R i )  1996Russian)  1996Russian), 1996.),

V  E A  Shi t  S G  & V S  M  D d li ti  t d  i  U l Sib i  Vaganov  E A  Shiyatov  S G  & V S  Mazepa  Dendroclimatic study in Ural-Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural Siberian 
b A ti  Sib i  B h  R i  A d  f S i   N ibi k  245  (i  sub-Arctic  Siberian Branch  Russian Academy of Science  Novosibirsk  245pp  (in sub Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in y pp (

R i )  1996Russian)  1996Russian), 1996.),

ABOR/MH/Priv-003831



median median 
Data type sample segment Data type sample segment Data type sample segment 

Author description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth length

V So iet T eeline Dend o t idth 66 0 68 4Vaganov Soviet Treeline Dendro tree-width pom 66 0 68 4Vaganov Soviet Treeline Dendro tree width pom 66.0 68.4

V S i t T li  D d t idth lb 66 0 68 4Vaganov Soviet Treeline Dendro tree-width plb 66 0 68 4Vaganov Soviet Treeline Dendro tree width plb 66.0 68.4

V S i t T li  D d t idth ll 65 3 68 6Vaganov Soviet Treeline Dendro tree-width pll 65 3 68 6Vaganov Soviet Treeline Dendro tree width pll 65.3 68.6g

V S i t T li  D d t idth d 65 3 69 4Vaganov Soviet Treeline Dendro tree-width pdp 65 3 69 4Vaganov Soviet Treeline Dendro tree width pdp 65.3 69.4g p p

V S i t T li  D d t idth l 65 3 69 4Vaganov Soviet Treeline Dendro tree-width plo 65 3 69 4Vaganov Soviet Treeline Dendro tree width plo 65.3 69.4g p

V S i t T li  D d id h 65 2 69 3Vaganov Soviet Treeline Dendro tree-width ppp 65 2 69 3Vaganov Soviet Treeline Dendro tree-width ppp 65.2 69.3g ppp

S i  T li  D d d h l 6 2 69 3Vaganov Soviet Treeline Dendro tree-width plr 65 2 69 3Vaganov Soviet Treeline Dendro tree-width plr 65.2 69.3g p

ABOR/MH/Priv-003832



d d  ldendro onlydendro only
 

y
mean mean 

first year first year last year last year correlation use for first year first year last year last year correlation use for y y y y
with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low 
samples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in database

l / / /bmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigp y /p / p / g
2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR/ U O / /
EE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vag

1642 1992 29 dat1642 1992 yes yes 29.dat1642 1992 yes yes 29.dat

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigp y /p / p / g
2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR
EE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vag

1618 1992 30 d t1618 1992 yes yes 30 dat1618 1992 yes yes 30.dat

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigp y /p / p / g
2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR
EE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vag

1561 1992 31 d t1561 1992 yes yes 31 dat1561 1992 yes yes 31.dat

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR
EE/VAGANOV/ORIG/EE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vag

1509 1992 32 d t1509 1992 yes yes 32 dat1509 1992 yes yes 32.daty y

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR
EE/VAGANOV/ORIG/EE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vag

1686 1992 33 d t1686 1992 yes yes 33 dat1686 1992 yes yes 33.daty y

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR
EE/VAGANOV/ORIG/EE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vag

1600 1992 34 d t1600 1992 yes yes 34 dat1600 1992 yes yes 34.daty y

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR
EE/VAGANOV/ORIG/EE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vag

6 992
g

35 d1611 1992 yes yes 35 dat1611 1992 yes yes 35.daty y

ABOR/MH/Priv-003833



Vaganov  E A  Shiyatov  S G  & V S  Mazepa  Dendroclimatic study in Ural Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural-Siberian aga o , , S yato , S G & S a epa, e d oc at c study U a S be a
sub Arctic  Siberian Branch  Russian Academy of Science  Novosibirsk  245pp  (in sub-Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in sub Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in 
R ssian)  1996Russian), 1996.Russian), 1996.

Vaganov  E A  Shiyatov  S G  & V S  Mazepa  Dendroclimatic study in Ural Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural-Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural Siberian 
sub Arctic  Siberian Branch  Russian Academy of Science  Novosibirsk  245pp  (in sub-Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in sub Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in 
R i )  1996Russian)  1996Russian), 1996.

Vaganov  E A  Shiyatov  S G  & V S  Mazepa  Dendroclimatic study in Ural Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural-Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural Siberian 
sub Arctic  Siberian Branch  Russian Academy of Science  Novosibirsk  245pp  (in sub-Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in sub Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in 
R i )  1996Russian)  1996Russian), 1996.

Vaganov  E A  Shiyatov  S G  & V S  Mazepa  Dendroclimatic study in Ural Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural-Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural Siberian 
b A ti  Sib i  B h  R i  A d  f S i   N ibi k  245  (i  sub-Arctic  Siberian Branch  Russian Academy of Science  Novosibirsk  245pp  (in sub Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in 

R i )  1996Russian)  1996Russian), 1996.)

Vaganov  E A  Shiyatov  S G  & V S  Mazepa  Dendroclimatic study in Ural Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural-Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural Siberian 
b A ti  Sib i  B h  R i  A d  f S i   N ibi k  245  (i  sub-Arctic  Siberian Branch  Russian Academy of Science  Novosibirsk  245pp  (in sub Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in 

R i )  1996Russian)  1996Russian), 1996.

Vaganov  E A  Shiyatov  S G  & V S  Mazepa  Dendroclimatic study in Ural Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural-Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural Siberian 
b A ti  Sib i  B h  R i  A d  f S i   N ibi k  245  (i  sub-Arctic  Siberian Branch  Russian Academy of Science  Novosibirsk  245pp  (in sub Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in 

R i )  1996Russian)  1996Russian), 1996.),

V  E A  Shi t  S G  & V S  M  D d li ti  t d  i  U l Sib i  Vaganov  E A  Shiyatov  S G  & V S  Mazepa  Dendroclimatic study in Ural-Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural Siberian 
b A ti  Sib i  B h  R i  A d  f S i   N ibi k  245  (i  sub-Arctic  Siberian Branch  Russian Academy of Science  Novosibirsk  245pp  (in sub Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in y pp (

R i )  1996Russian)  1996Russian), 1996.),

ABOR/MH/Priv-003834



median median 
Data type sample segment Data type sample segment Data type sample segment 

Author description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth length

V So iet T eeline Dend o t idth l 65 2 69 4Vaganov Soviet Treeline Dendro tree-width plp 65 2 69 4Vaganov Soviet Treeline Dendro tree width plp 65.2 69.4

V S i t T li  D d t idth kh 65 3 72 4Vaganov Soviet Treeline Dendro tree-width khe 65 3 72 4Vaganov Soviet Treeline Dendro tree width khe 65.3 72.4

V S i t T li  D d t idth l 67 1 77 5Vaganov Soviet Treeline Dendro tree-width mal 67 1 77 5Vaganov Soviet Treeline Dendro tree width mal 67.1 77.5g

V S i t T li  D d t idth id 66 4 82 2Vaganov Soviet Treeline Dendro tree-width sid 66 4 82 2Vaganov Soviet Treeline Dendro tree width sid 66.4 82.2g

V S i t T li  D d t idth i 66 4 82 2Vaganov Soviet Treeline Dendro tree-width sip 66 4 82 2Vaganov Soviet Treeline Dendro tree width sip 66.4 82.2g p

V S i t T li  D d id h l 68 1 85 0Vaganov Soviet Treeline Dendro tree-width sol 68 1 85 0Vaganov Soviet Treeline Dendro tree-width sol 68.1 85.0g

S i  T li  D d d h khl 6 6 88Vaganov Soviet Treeline Dendro tree-width khl 65 6 88 5Vaganov Soviet Treeline Dendro tree-width khl 65.6 88.5g

ABOR/MH/Priv-003835



d d  ldendro onlydendro only
 

y
mean mean 

first year first year last year last year correlation use for first year first year last year last year correlation use for y y y y
with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low 
samples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in database

l / / /bmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigp y /p / p / g
2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR/ U O / /
EE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vag

1596 1992 36 dat1596 1992 yes yes 36.dat1596 1992 yes yes 36.dat

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigp y /p / p / g
2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR
EE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vag

1769 1989 37 d t1769 1989 yes yes 37 dat1769 1989 yes yes 37.dat

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigp y /p / p / g
2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR
EE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vag

1747 1989 38 d t1747 1989 yes yes 38 dat1747 1989 yes yes 38.dat

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR
EE/VAGANOV/ORIG/EE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vag

1624 1989 39 d t1624 1989 yes yes 39 dat1624 1989 yes yes 39.daty y

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR
EE/VAGANOV/ORIG/EE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vag

1678 1989 40 d t1678 1989 yes yes 40 dat1678 1989 yes yes 40.daty y

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR
EE/VAGANOV/ORIG/EE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vag

1555 1989 41 d t1555 1989 yes yes 41 dat1555 1989 yes yes 41.daty y

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR
EE/VAGANOV/ORIG/EE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vag

06 992
g

42 d1506 1992 yes yes 42 dat1506 1992 yes yes 42.daty y

ABOR/MH/Priv-003836



Vaganov  E A  Shiyatov  S G  & V S  Mazepa  Dendroclimatic study in Ural Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural-Siberian aga o , , S yato , S G & S a epa, e d oc at c study U a S be a
sub Arctic  Siberian Branch  Russian Academy of Science  Novosibirsk  245pp  (in sub-Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in sub Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in 
R ssian)  1996Russian), 1996.Russian), 1996.

Vaganov  E A  Shiyatov  S G  & V S  Mazepa  Dendroclimatic study in Ural Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural-Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural Siberian 
sub Arctic  Siberian Branch  Russian Academy of Science  Novosibirsk  245pp  (in sub-Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in sub Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in 
R i )  1996Russian)  1996Russian), 1996.

Vaganov  E A  Shiyatov  S G  & V S  Mazepa  Dendroclimatic study in Ural Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural-Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural Siberian 
sub Arctic  Siberian Branch  Russian Academy of Science  Novosibirsk  245pp  (in sub-Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in sub Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in 
R i )  1996Russian)  1996Russian), 1996.

Vaganov  E A  Shiyatov  S G  & V S  Mazepa  Dendroclimatic study in Ural Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural-Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural Siberian 
b A ti  Sib i  B h  R i  A d  f S i   N ibi k  245  (i  sub-Arctic  Siberian Branch  Russian Academy of Science  Novosibirsk  245pp  (in sub Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in 

R i )  1996Russian)  1996Russian), 1996.)

Vaganov  E A  Shiyatov  S G  & V S  Mazepa  Dendroclimatic study in Ural Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural-Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural Siberian 
b A ti  Sib i  B h  R i  A d  f S i   N ibi k  245  (i  sub-Arctic  Siberian Branch  Russian Academy of Science  Novosibirsk  245pp  (in sub Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in 

R i )  1996Russian)  1996Russian), 1996.

Vaganov  E A  Shiyatov  S G  & V S  Mazepa  Dendroclimatic study in Ural Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural-Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural Siberian 
b A ti  Sib i  B h  R i  A d  f S i   N ibi k  245  (i  sub-Arctic  Siberian Branch  Russian Academy of Science  Novosibirsk  245pp  (in sub Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in 

R i )  1996Russian)  1996Russian), 1996.),

V  E A  Shi t  S G  & V S  M  D d li ti  t d  i  U l Sib i  Vaganov  E A  Shiyatov  S G  & V S  Mazepa  Dendroclimatic study in Ural-Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural Siberian 
b A ti  Sib i  B h  R i  A d  f S i   N ibi k  245  (i  sub-Arctic  Siberian Branch  Russian Academy of Science  Novosibirsk  245pp  (in sub Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in y pp (

R i )  1996Russian)  1996Russian), 1996.),

ABOR/MH/Priv-003837



median median 
Data type sample segment Data type sample segment Data type sample segment 

Author description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth length

V So iet T eeline Dend o t idth khb 65 6 88 5Vaganov Soviet Treeline Dendro tree-width khb 65 6 88 5Vaganov Soviet Treeline Dendro tree width khb 65.6 88.5

V S i t T li  D d t idth k l 67 6 88 6Vaganov Soviet Treeline Dendro tree-width kul 67 6 88 6Vaganov Soviet Treeline Dendro tree width kul 67.6 88.6

V S i t T li  D d t idth k 67 6 88 6Vaganov Soviet Treeline Dendro tree-width kup 67 6 88 6Vaganov Soviet Treeline Dendro tree width kup 67.6 88.6g

V S i t T li  D d t idth 69 3 97 3Vaganov Soviet Treeline Dendro tree-width aya 69 3 97 3Vaganov Soviet Treeline Dendro tree width aya 69.3 97.3g y

V S i t T li  D d t idth k d 70 2 103 3Vaganov Soviet Treeline Dendro tree-width kod 70 2 103 3Vaganov Soviet Treeline Dendro tree width kod 70.2 103.3g

V S i t T li  D d id h k 70 2 103 3Vaganov Soviet Treeline Dendro tree-width kos 70 2 103 3Vaganov Soviet Treeline Dendro tree-width kos 70.2 103.3g

S i  T li  D d d h k 0 0 2Vaganov Soviet Treeline Dendro tree-width kor 70 4 104 2Vaganov Soviet Treeline Dendro tree-width kor 70.4 104.2g

ABOR/MH/Priv-003838



d d  ldendro onlydendro only
 

y
mean mean 

first year first year last year last year correlation use for first year first year last year last year correlation use for y y y y
with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low 
samples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in database

l / / /bmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigp y /p / p / g
2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR/ U O / /
EE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vag

1588 1993 43 dat1588 1993 yes yes 43.dat1588 1993 yes yes 43.dat

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigp y /p / p / g
2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR
EE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vag

1522 1989 44 d t1522 1989 yes yes 44 dat1522 1989 yes yes 44.dat

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigp y /p / p / g
2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR
EE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vag

1622 1989 45 d t1622 1989 yes yes 45 dat1622 1989 yes yes 45.dat

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR
EE/VAGANOV/ORIG/EE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vag

1517 1989 46 d t1517 1989 yes yes 46 dat1517 1989 yes yes 46.daty y

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR
EE/VAGANOV/ORIG/EE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vag

1535 1989 47 d t1535 1989 yes yes 47 dat1535 1989 yes yes 47.daty y

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR
EE/VAGANOV/ORIG/EE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vag

1613 1989 48 d t1613 1989 yes yes 48 dat1613 1989 yes yes 48.daty y

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR
EE/VAGANOV/ORIG/EE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vag

2 989
g

49 d1412 1989 yes yes 49 dat1412 1989 yes yes 49.daty y

ABOR/MH/Priv-003839



Vaganov  E A  Shiyatov  S G  & V S  Mazepa  Dendroclimatic study in Ural Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural-Siberian aga o , , S yato , S G & S a epa, e d oc at c study U a S be a
sub Arctic  Siberian Branch  Russian Academy of Science  Novosibirsk  245pp  (in sub-Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in sub Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in 
R ssian)  1996Russian), 1996.Russian), 1996.

Vaganov  E A  Shiyatov  S G  & V S  Mazepa  Dendroclimatic study in Ural Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural-Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural Siberian 
sub Arctic  Siberian Branch  Russian Academy of Science  Novosibirsk  245pp  (in sub-Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in sub Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in 
R i )  1996Russian)  1996Russian), 1996.

Vaganov  E A  Shiyatov  S G  & V S  Mazepa  Dendroclimatic study in Ural Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural-Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural Siberian 
sub Arctic  Siberian Branch  Russian Academy of Science  Novosibirsk  245pp  (in sub-Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in sub Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in 
R i )  1996Russian)  1996Russian), 1996.

Vaganov  E A  Shiyatov  S G  & V S  Mazepa  Dendroclimatic study in Ural Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural-Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural Siberian 
b A ti  Sib i  B h  R i  A d  f S i   N ibi k  245  (i  sub-Arctic  Siberian Branch  Russian Academy of Science  Novosibirsk  245pp  (in sub Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in 

R i )  1996Russian)  1996Russian), 1996.)

Vaganov  E A  Shiyatov  S G  & V S  Mazepa  Dendroclimatic study in Ural Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural-Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural Siberian 
b A ti  Sib i  B h  R i  A d  f S i   N ibi k  245  (i  sub-Arctic  Siberian Branch  Russian Academy of Science  Novosibirsk  245pp  (in sub Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in 

R i )  1996Russian)  1996Russian), 1996.

Vaganov  E A  Shiyatov  S G  & V S  Mazepa  Dendroclimatic study in Ural Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural-Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural Siberian 
b A ti  Sib i  B h  R i  A d  f S i   N ibi k  245  (i  sub-Arctic  Siberian Branch  Russian Academy of Science  Novosibirsk  245pp  (in sub Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in 

R i )  1996Russian)  1996Russian), 1996.),

V  E A  Shi t  S G  & V S  M  D d li ti  t d  i  U l Sib i  Vaganov  E A  Shiyatov  S G  & V S  Mazepa  Dendroclimatic study in Ural-Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural Siberian 
b A ti  Sib i  B h  R i  A d  f S i   N ibi k  245  (i  sub-Arctic  Siberian Branch  Russian Academy of Science  Novosibirsk  245pp  (in sub Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in y pp (

R i )  1996Russian)  1996Russian), 1996.),

ABOR/MH/Priv-003840



median median 
Data type sample segment Data type sample segment Data type sample segment 

Author description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth length

V So iet T eeline Dend o t idth k 69 5 112 5Vaganov Soviet Treeline Dendro tree-width kuo 69 5 112 5Vaganov Soviet Treeline Dendro tree width kuo 69.5 112.5

V S i t T li  D d t idth l 68 4 112 2Vaganov Soviet Treeline Dendro tree-width ole 68 4 112 2Vaganov Soviet Treeline Dendro tree width ole 68.4 112.2

V S i t T li  D d t idth 69 5 119 1Vaganov Soviet Treeline Dendro tree-width zwa 69 5 119 1Vaganov Soviet Treeline Dendro tree width zwa 69.5 119.1g

V S i t T li  D d t idth i 66 3 122 2Vaganov Soviet Treeline Dendro tree-width zig 66 3 122 2Vaganov Soviet Treeline Dendro tree width zig 66.3 122.2g g

V S i t T li  D d t idth l 69 2 125 2Vaganov Soviet Treeline Dendro tree-width sel 69 2 125 2Vaganov Soviet Treeline Dendro tree width sel 69.2 125.2g

V S i t T li  D d id h i 67 4 137 3Vaganov Soviet Treeline Dendro tree-width tir 67 4 137 3Vaganov Soviet Treeline Dendro tree-width tir 67.4 137.3g

S i  T li  D d d h d 68 3 3Vaganov Soviet Treeline Dendro tree-width ujd 68 3 143 1Vaganov Soviet Treeline Dendro tree-width ujd 68.3 143.1g j

ABOR/MH/Priv-003841



d d  ldendro onlydendro only
 

y
mean mean 

first year first year last year last year correlation use for first year first year last year last year correlation use for y y y y
with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low 
samples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in database

l / / /bmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigp y /p / p / g
2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR/ U O / /
EE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vag

1416 1989 50 dat1416 1989 yes yes 50.dat1416 1989 yes yes 50.dat

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigp y /p / p / g
2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR
EE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vag

1458 1989 51 d t1458 1989 yes yes 51 dat1458 1989 yes yes 51.dat

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigp y /p / p / g
2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR
EE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vag

1404 1989 52 d t1404 1989 yes yes 52 dat1404 1989 yes yes 52.dat

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR
EE/VAGANOV/ORIG/EE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vag

1541 1989 53 d t1541 1989 yes yes 53 dat1541 1989 yes yes 53.daty y

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR
EE/VAGANOV/ORIG/EE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vag

1705 1989 54 d t1705 1989 yes yes 54 dat1705 1989 yes yes 54.daty y

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR
EE/VAGANOV/ORIG/EE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vag

1564 1991 56 d t1564 1991 yes yes 56 dat1564 1991 yes yes 56.daty y

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR
EE/VAGANOV/ORIG/EE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vag

3 3 989
g

57 d1373 1989 yes yes 57 dat1373 1989 yes yes 57.daty y

ABOR/MH/Priv-003842



Vaganov  E A  Shiyatov  S G  & V S  Mazepa  Dendroclimatic study in Ural Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural-Siberian aga o , , S yato , S G & S a epa, e d oc at c study U a S be a
sub Arctic  Siberian Branch  Russian Academy of Science  Novosibirsk  245pp  (in sub-Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in sub Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in 
R ssian)  1996Russian), 1996.Russian), 1996.

Vaganov  E A  Shiyatov  S G  & V S  Mazepa  Dendroclimatic study in Ural Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural-Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural Siberian 
sub Arctic  Siberian Branch  Russian Academy of Science  Novosibirsk  245pp  (in sub-Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in sub Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in 
R i )  1996Russian)  1996Russian), 1996.

Vaganov  E A  Shiyatov  S G  & V S  Mazepa  Dendroclimatic study in Ural Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural-Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural Siberian 
sub Arctic  Siberian Branch  Russian Academy of Science  Novosibirsk  245pp  (in sub-Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in sub Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in 
R i )  1996Russian)  1996Russian), 1996.

Vaganov  E A  Shiyatov  S G  & V S  Mazepa  Dendroclimatic study in Ural Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural-Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural Siberian 
b A ti  Sib i  B h  R i  A d  f S i   N ibi k  245  (i  sub-Arctic  Siberian Branch  Russian Academy of Science  Novosibirsk  245pp  (in sub Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in 

R i )  1996Russian)  1996Russian), 1996.)

Vaganov  E A  Shiyatov  S G  & V S  Mazepa  Dendroclimatic study in Ural Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural-Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural Siberian 
b A ti  Sib i  B h  R i  A d  f S i   N ibi k  245  (i  sub-Arctic  Siberian Branch  Russian Academy of Science  Novosibirsk  245pp  (in sub Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in 

R i )  1996Russian)  1996Russian), 1996.

Vaganov  E A  Shiyatov  S G  & V S  Mazepa  Dendroclimatic study in Ural Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural-Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural Siberian 
b A ti  Sib i  B h  R i  A d  f S i   N ibi k  245  (i  sub-Arctic  Siberian Branch  Russian Academy of Science  Novosibirsk  245pp  (in sub Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in 

R i )  1996Russian)  1996Russian), 1996.),

V  E A  Shi t  S G  & V S  M  D d li ti  t d  i  U l Sib i  Vaganov  E A  Shiyatov  S G  & V S  Mazepa  Dendroclimatic study in Ural-Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural Siberian 
b A ti  Sib i  B h  R i  A d  f S i   N ibi k  245  (i  sub-Arctic  Siberian Branch  Russian Academy of Science  Novosibirsk  245pp  (in sub Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in y pp (

R i )  1996Russian)  1996Russian), 1996.),

ABOR/MH/Priv-003843



median median 
Data type sample segment Data type sample segment Data type sample segment 

Author description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth length

V So iet T eeline Dend o t idth l 68 3 147 4Vaganov Soviet Treeline Dendro tree-width ala 68 3 147 4Vaganov Soviet Treeline Dendro tree width ala 68.3 147.4

V S i t T li  D d t idth k l 67 2 153 4Vaganov Soviet Treeline Dendro tree-width kol 67 2 153 4Vaganov Soviet Treeline Dendro tree width kol 67.2 153.4

V S i t T li  D d t idth 66 3 160 5Vaganov Soviet Treeline Dendro tree-width nas 66 3 160 5Vaganov Soviet Treeline Dendro tree width nas 66.3 160.5g

V S i t T li  D d t idth b l 66 1 165 3Vaganov Soviet Treeline Dendro tree-width bol 66 1 165 3Vaganov Soviet Treeline Dendro tree width bol 66.1 165.3g

St hl N h  R  OK t idth N h  R  OK 37 0 94 0Stahle Neosho Res  OK tree-width Neosho Res  OK 37 0 -94 0Stahle Neosho Res., OK tree width Neosho Res., OK 37.0 94.0

S hl K t  R  OK id h K t  R  OK 36 0 96 0Stahle Keystone Res  OK tree-width Keystone Res  OK 36 0 -96 0Stahle Keystone Res., OK tree-width Keystone Res., OK 36.0 -96.0y , y ,

S hl C di  R  OK d h C di  R  OK 3 0 98 0Stahle Canadian Res  OK tree-width Canadian Res  OK 35 0 -98 0Stahle Canadian Res., OK tree-width Canadian Res., OK 35.0 -98.0, ,

ABOR/MH/Priv-003844



d d  ldendro onlydendro only
 

y
mean mean 

first year first year last year last year correlation use for first year first year last year last year correlation use for y y y y
with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low 
samples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in database

l / / /bmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigp y /p / p / g
2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR/ U O / /
EE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vag

1609 1989 58 dat1609 1989 yes yes 58.dat1609 1989 yes yes 58.dat

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigp y /p / p / g
2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR
EE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vag

1437 1989 59 d t1437 1989 yes yes 59 dat1437 1989 yes yes 59.dat

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigp y /p / p / g
2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR
EE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vag

1793 1989 60 d t1793 1989 yes yes 60 dat1793 1989 yes yes 60.dat

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR2/MLUTIPROXY/DATA/TR
EE/VAGANOV/ORIG/EE/VAGANOV/ORIG/vagEE/VAGANOV/ORIG/vag

1413 1989 61 d t1413 1989 yes yes 61 dat1413 1989 yes yes 61.daty y

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR
EE/STAHLE/OK/ kt 01 dEE/STAHLE/OK/oktx01 dEE/STAHLE/OK/oktx01.d

1681 1982 t1681 1982 yes yes at1681 1982 yes yes aty y

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR
EE/STAHLE/OK/ kt 02 dEE/STAHLE/OK/oktx02 dEE/STAHLE/OK/oktx02.d

1613 1995 t1613 1995 yes yes at1613 1995 yes yes aty y

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR
EE/STAHLE/OK/ kt 03 dEE/STAHLE/OK/oktx03 dEE/STAHLE/OK/oktx03.d

682 9821682 1982 yes yes at1682 1982 yes yes aty y

ABOR/MH/Priv-003845



Vaganov  E A  Shiyatov  S G  & V S  Mazepa  Dendroclimatic study in Ural Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural-Siberian aga o , , S yato , S G & S a epa, e d oc at c study U a S be a
sub Arctic  Siberian Branch  Russian Academy of Science  Novosibirsk  245pp  (in sub-Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in sub Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in 
R ssian)  1996Russian), 1996.Russian), 1996.

Vaganov  E A  Shiyatov  S G  & V S  Mazepa  Dendroclimatic study in Ural Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural-Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural Siberian 
sub Arctic  Siberian Branch  Russian Academy of Science  Novosibirsk  245pp  (in sub-Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in sub Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in 
R i )  1996Russian)  1996Russian), 1996.

Vaganov  E A  Shiyatov  S G  & V S  Mazepa  Dendroclimatic study in Ural Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural-Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural Siberian 
sub Arctic  Siberian Branch  Russian Academy of Science  Novosibirsk  245pp  (in sub-Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in sub Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in 
R i )  1996Russian)  1996Russian), 1996.

Vaganov  E A  Shiyatov  S G  & V S  Mazepa  Dendroclimatic study in Ural Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural-Siberian Vaganov, E.A., Shiyatov, S.G. & V.S. Mazepa, Dendroclimatic study in Ural Siberian 
b A ti  Sib i  B h  R i  A d  f S i   N ibi k  245  (i  sub-Arctic  Siberian Branch  Russian Academy of Science  Novosibirsk  245pp  (in sub Arctic, Siberian Branch, Russian Academy of Science , Novosibirsk, 245pp. (in 

R i )  1996Russian)  1996Russian), 1996.)

Stahle  D W  & M K  Cleaveland  Southern Oscillation Extremes Reconstructed from Stahle, D.W. & M.K. Cleaveland, Southern Oscillation Extremes Reconstructed from Stahle, D.W. & M.K. Cleaveland, Southern Oscillation Extremes Reconstructed from 
T  Ri  f th  Si  M d  O id t l d S th  G t Pl i  J  Cli t   6  Tree Rings of the Sierra Madre Occidental and Southern Great Plains  J  Climate  6  Tree Rings of the Sierra Madre Occidental and Southern Great Plains, J. Climate , 6, 
129 139  1993  129-139  1993  129 139, 1993. 

Stahle  D W  & M K  Cleaveland  Southern Oscillation Extremes Reconstructed from Stahle, D.W. & M.K. Cleaveland, Southern Oscillation Extremes Reconstructed from Stahle, D.W. & M.K. Cleaveland, Southern Oscillation Extremes Reconstructed from 
T  Ri  f th  Si  M d  O id t l d S th  G t Pl i  J  Cli t   6  Tree Rings of the Sierra Madre Occidental and Southern Great Plains  J  Climate  6  Tree Rings of the Sierra Madre Occidental and Southern Great Plains, J. Climate , 6, 
129 139  1993  129-139  1993  129-139, 1993. ,

St hl  D W  & M K  Cl l d  S th  O ill ti  E t  R t t d f  Stahle  D W  & M K  Cleaveland  Southern Oscillation Extremes Reconstructed from Stahle, D.W. & M.K. Cleaveland, Southern Oscillation Extremes Reconstructed from 
T  Ri  f th  Si  M d  O id t l d S th  G t Pl i  J  Cli t   6  Tree Rings of the Sierra Madre Occidental and Southern Great Plains  J  Climate  6  Tree Rings of the Sierra Madre Occidental and Southern Great Plains, J. Climate , 6, g
129 139  1993  129-139  1993  129-139, 1993. ,
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median median 
Data type sample segment Data type sample segment Data type sample segment 

Author description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth length

St hl Q anah Mtn  OK t idth Q anah Mtn  OK 35 0 98 0Stahle Quanah Mtn., OK tree-width Quanah Mtn., OK 35 0 -98 0Stahle Quanah Mtn., OK tree width Quanah Mtn., OK 35.0 98.0

St hl L k  A b kl  OK t idth L k  A b kl  OK 34 0 97 0Stahle Lake Arbuckle  OK tree-width Lake Arbuckle  OK 34 0 -97 0Stahle Lake Arbuckle, OK tree width Lake Arbuckle, OK 34.0 97.0

St hl M C t i  Wild  OK t idth M C t i  Wild  OK 34 0 94 0Stahle McCurtain Wilderness  OK tree-width McCurtain Wilderness  OK 34 0 -94 0Stahle McCurtain Wilderness, OK tree width McCurtain Wilderness, OK 34.0 94.0

St hl M d C k  OK t idth M d C k  OK 34 0 98 0Stahle Mud Creek  OK tree-width Mud Creek  OK 34 0 -98 0Stahle Mud Creek, OK tree width Mud Creek, OK 34.0 98.0

St hl P  B  TX t idth P  B  TX 34 0 95 0Stahle Pecan Bayou  TX tree-width Pecan Bayou  TX 34 0 -95 0Stahle Pecan Bayou, TX tree width Pecan Bayou, TX 34.0 95.0

S hl Ni h l  R h  TX id h Ni h l  R h  TX 33 0 99 0Stahle Nichols Ranch  TX tree-width Nichols Ranch  TX 33 0 -99 0Stahle Nichols Ranch, TX tree-width Nichols Ranch, TX 33.0 -99.0, ,

S hl B  R  TX d h B  R  TX 3 0 9 0Stahle Brazos Res  TX tree-width Brazos Res  TX 31 0 -97 0Stahle Brazos Res., TX tree-width Brazos Res., TX 31.0 -97.0, ,
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d d  ldendro onlydendro only
 

y
mean mean 

first year first year last year last year correlation use for first year first year last year last year correlation use for y y y y
with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low 
samples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in database

l / / /bmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigp y /p / p / g
2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR/ U O / /
EE/STAHLE/OK/oktx04 dEE/STAHLE/OK/oktx04.dEE/STAHLE/OK/oktx04.d

1687 1980 at1687 1980 yes yes at1687 1980 yes yes at

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigp y /p / p / g
2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR
EE/STAHLE/OK/oktx05 dEE/STAHLE/OK/oktx05.dEE/STAHLE/OK/oktx05.d

1700 1995 t1700 1995 yes yes at1700 1995 yes yes at

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigp y /p / p / g
2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR
EE/STAHLE/OK/oktx06 dEE/STAHLE/OK/oktx06.dEE/STAHLE/OK/oktx06.d

1630 1982 t1630 1982 yes yes at1630 1982 yes yes at

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR
EE/STAHLE/OK/ kt 07 dEE/STAHLE/OK/oktx07 dEE/STAHLE/OK/oktx07.d

1692 1995 t1692 1995 yes yes at1692 1995 yes yes aty y

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR
EE/STAHLE/OK/ kt 08 dEE/STAHLE/OK/oktx08 dEE/STAHLE/OK/oktx08.d

1696 1982 t1696 1982 yes yes at1696 1982 yes yes aty y

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR
EE/STAHLE/OK/ kt 09 dEE/STAHLE/OK/oktx09 dEE/STAHLE/OK/oktx09.d

1683 1995 t1683 1995 yes yes at1683 1995 yes yes aty y

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR
EE/STAHLE/OK/ kt 10 dEE/STAHLE/OK/oktx10 dEE/STAHLE/OK/oktx10.d

6 6 991676 1995 yes yes at1676 1995 yes yes aty y
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Stahle  D W  & M K  Cleaveland  Southern Oscillation Extremes Reconstructed from Stahle, D.W. & M.K. Cleaveland, Southern Oscillation Extremes Reconstructed from Sta e, & C ea e a d, Sout e Osc at o t e es eco st ucted o
Tree Rings of the Sierra Madre Occidental and Southern Great Plains  J  Climate  6  Tree Rings of the Sierra Madre Occidental and Southern Great Plains, J. Climate , 6, Tree Rings of the Sierra Madre Occidental and Southern Great Plains, J. Climate , 6, 
129 139  1993  129-139, 1993. 129 139, 1993. 

Stahle  D W  & M K  Cleaveland  Southern Oscillation Extremes Reconstructed from Stahle, D.W. & M.K. Cleaveland, Southern Oscillation Extremes Reconstructed from Stahle, D.W. & M.K. Cleaveland, Southern Oscillation Extremes Reconstructed from 
Tree Rings of the Sierra Madre Occidental and Southern Great Plains  J  Climate  6  Tree Rings of the Sierra Madre Occidental and Southern Great Plains, J. Climate , 6, Tree Rings of the Sierra Madre Occidental and Southern Great Plains, J. Climate , 6, 
129 139  1993  129-139  1993  129 139, 1993. 

Stahle  D W  & M K  Cleaveland  Southern Oscillation Extremes Reconstructed from Stahle, D.W. & M.K. Cleaveland, Southern Oscillation Extremes Reconstructed from Stahle, D.W. & M.K. Cleaveland, Southern Oscillation Extremes Reconstructed from 
Tree Rings of the Sierra Madre Occidental and Southern Great Plains  J  Climate  6  Tree Rings of the Sierra Madre Occidental and Southern Great Plains, J. Climate , 6, Tree Rings of the Sierra Madre Occidental and Southern Great Plains, J. Climate , 6, 
129 139  1993  129-139  1993  129 139, 1993. 

Stahle  D W  & M K  Cleaveland  Southern Oscillation Extremes Reconstructed from Stahle, D.W. & M.K. Cleaveland, Southern Oscillation Extremes Reconstructed from Stahle, D.W. & M.K. Cleaveland, Southern Oscillation Extremes Reconstructed from 
T  Ri  f th  Si  M d  O id t l d S th  G t Pl i  J  Cli t   6  Tree Rings of the Sierra Madre Occidental and Southern Great Plains  J  Climate  6  Tree Rings of the Sierra Madre Occidental and Southern Great Plains, J. Climate , 6, 
129 139  1993  129-139  1993  129 139, 1993. 

Stahle  D W  & M K  Cleaveland  Southern Oscillation Extremes Reconstructed from Stahle, D.W. & M.K. Cleaveland, Southern Oscillation Extremes Reconstructed from Stahle, D.W. & M.K. Cleaveland, Southern Oscillation Extremes Reconstructed from 
T  Ri  f th  Si  M d  O id t l d S th  G t Pl i  J  Cli t   6  Tree Rings of the Sierra Madre Occidental and Southern Great Plains  J  Climate  6  Tree Rings of the Sierra Madre Occidental and Southern Great Plains, J. Climate , 6, 
129 139  1993  129-139  1993  129 139, 1993. 

Stahle  D W  & M K  Cleaveland  Southern Oscillation Extremes Reconstructed from Stahle, D.W. & M.K. Cleaveland, Southern Oscillation Extremes Reconstructed from Stahle, D.W. & M.K. Cleaveland, Southern Oscillation Extremes Reconstructed from 
T  Ri  f th  Si  M d  O id t l d S th  G t Pl i  J  Cli t   6  Tree Rings of the Sierra Madre Occidental and Southern Great Plains  J  Climate  6  Tree Rings of the Sierra Madre Occidental and Southern Great Plains, J. Climate , 6, 
129 139  1993  129-139  1993  129-139, 1993. ,

St hl  D W  & M K  Cl l d  S th  O ill ti  E t  R t t d f  Stahle  D W  & M K  Cleaveland  Southern Oscillation Extremes Reconstructed from Stahle, D.W. & M.K. Cleaveland, Southern Oscillation Extremes Reconstructed from 
T  Ri  f th  Si  M d  O id t l d S th  G t Pl i  J  Cli t   6  Tree Rings of the Sierra Madre Occidental and Southern Great Plains  J  Climate  6  Tree Rings of the Sierra Madre Occidental and Southern Great Plains, J. Climate , 6, g
129 139  1993  129-139  1993  129-139, 1993. ,
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median median 
Data type sample segment Data type sample segment Data type sample segment 

Author description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth length

St hl Mason Mtn  TX t idth Mason Mtn  TX 31 0 99 0Stahle Mason Mtn., TX tree-width Mason Mtn., TX 31 0 -99 0Stahle Mason Mtn., TX tree width Mason Mtn., TX 31.0 99.0

St hl Y  C k  TX t idth Y  C k  TX 30 0 96 0Stahle Yegua Creek  TX tree-width Yegua Creek  TX 30 0 -96 0Stahle Yegua Creek, TX tree width Yegua Creek, TX 30.0 96.0

St hl H ll t ill  TX t idth H ll t ill  TX 29 0 97 0Stahle Halletsville  TX tree-width Halletsville  TX 29 0 -97 0Stahle Halletsville, TX tree width Halletsville, TX 29.0 97.0

St hl C l t  C k  TX t idth C l t  C k  TX 29 0 97 0Stahle Coleto Creek  TX tree-width Coleto Creek  TX 29 0 -97 0Stahle Coleto Creek, TX tree width Coleto Creek, TX 29.0 97.0

S hl S  C  CO l d id h S  C  CO 37 0 108 0Stahle Spruce Canyon  CO tree-earlywood-width Spruce Canyon  CO 37 0 -108 0Stahle Spruce Canyon, CO tree-earlywood-width Spruce Canyon, CO 37.0 -108.0p y , y p y ,

Stahle Ditch Canyon  NM tree earlywood width Ditch Canyon  NM 37 0 108 0Stahle Ditch Canyon, NM tree-earlywood-width Ditch Canyon, NM 37.0 -108.0Stahle Ditch Canyon, NM tree earlywood width Ditch Canyon, NM 37.0 108.0

Stahle Pueblita Canyon  NM tree earlywood width Pueblita Canyon  NM 36 0 109 0Stahle Pueblita Canyon, NM tree-earlywood-width Pueblita Canyon, NM 36.0 -109.0Stahle Pueblita Canyon, NM tree earlywood width Pueblita Canyon, NM 36.0 109.0
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d d  ldendro onlydendro only
 

y
mean mean 

first year first year last year last year correlation use for first year first year last year last year correlation use for y y y y
with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low 
samples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in database

l / / /bmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigp y /p / p / g
2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR/ U O / /
EE/STAHLE/OK/oktx11 dEE/STAHLE/OK/oktx11.dEE/STAHLE/OK/oktx11.d

1679 1995 at1679 1995 yes yes at1679 1995 yes yes at

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigp y /p / p / g
2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR
EE/STAHLE/OK/oktx12 dEE/STAHLE/OK/oktx12.dEE/STAHLE/OK/oktx12.d

1666 1995 t1666 1995 yes yes at1666 1995 yes yes at

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigp y /p / p / g
2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR
EE/STAHLE/OK/oktx13 dEE/STAHLE/OK/oktx13.dEE/STAHLE/OK/oktx13.d

1671 1995 t1671 1995 yes yes at1671 1995 yes yes at

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR
EE/STAHLE/OK/ kt 14 dEE/STAHLE/OK/oktx14 dEE/STAHLE/OK/oktx14.d

1684 1995 t1684 1995 yes yes at1684 1995 yes yes aty y

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR
EE/STAHLE/SWM/ dEE/STAHLE/SWM/swmxdEE/STAHLE/SWM/swmxd

1375 1978 f 01 d t1375 1978 yes yes few01 dat1375 1978 yes yes few01.daty y

lti / 0/t /bimultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR/ / /
EE/STAHLE/SWM/swmxdEE/STAHLE/SWM/swmxd/ / /

1489 1978 yes yes few02 dat1489 1978 yes yes few02.dat1489 1978 yes yes few02.dat

l i / 0/ /bimultiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigp y /p / p / g
2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR/ / /
EE/STAHLE/SWM/swmxdEE/STAHLE/SWM/swmxd/ / /

1572 1978 yes yes few03 dat1572 1978 yes yes few03.dat1572 1978 yes yes few03.dat
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Stahle  D W  & M K  Cleaveland  Southern Oscillation Extremes Reconstructed from Stahle, D.W. & M.K. Cleaveland, Southern Oscillation Extremes Reconstructed from Sta e, & C ea e a d, Sout e Osc at o t e es eco st ucted o
Tree Rings of the Sierra Madre Occidental and Southern Great Plains  J  Climate  6  Tree Rings of the Sierra Madre Occidental and Southern Great Plains, J. Climate , 6, Tree Rings of the Sierra Madre Occidental and Southern Great Plains, J. Climate , 6, 
129 139  1993  129-139, 1993. 129 139, 1993. 

Stahle  D W  & M K  Cleaveland  Southern Oscillation Extremes Reconstructed from Stahle, D.W. & M.K. Cleaveland, Southern Oscillation Extremes Reconstructed from Stahle, D.W. & M.K. Cleaveland, Southern Oscillation Extremes Reconstructed from 
Tree Rings of the Sierra Madre Occidental and Southern Great Plains  J  Climate  6  Tree Rings of the Sierra Madre Occidental and Southern Great Plains, J. Climate , 6, Tree Rings of the Sierra Madre Occidental and Southern Great Plains, J. Climate , 6, 
129 139  1993  129-139  1993  129 139, 1993. 

Stahle  D W  & M K  Cleaveland  Southern Oscillation Extremes Reconstructed from Stahle, D.W. & M.K. Cleaveland, Southern Oscillation Extremes Reconstructed from Stahle, D.W. & M.K. Cleaveland, Southern Oscillation Extremes Reconstructed from 
Tree Rings of the Sierra Madre Occidental and Southern Great Plains  J  Climate  6  Tree Rings of the Sierra Madre Occidental and Southern Great Plains, J. Climate , 6, Tree Rings of the Sierra Madre Occidental and Southern Great Plains, J. Climate , 6, 
129 139  1993  129-139  1993  129 139, 1993. 

Stahle  D W  & M K  Cleaveland  Southern Oscillation Extremes Reconstructed from Stahle, D.W. & M.K. Cleaveland, Southern Oscillation Extremes Reconstructed from Stahle, D.W. & M.K. Cleaveland, Southern Oscillation Extremes Reconstructed from 
T  Ri  f th  Si  M d  O id t l d S th  G t Pl i  J  Cli t   6  Tree Rings of the Sierra Madre Occidental and Southern Great Plains  J  Climate  6  Tree Rings of the Sierra Madre Occidental and Southern Great Plains, J. Climate , 6, 
129 139  1993  129-139  1993  129 139, 1993. 

Stahle  D W  R D  D'Arrigo  P J  Krusic  M K  Cleaveland  E R  Cook  R J  Allan  J E  Stahle, D.W., R.D. D Arrigo, P.J. Krusic, M.K. Cleaveland, E.R. Cook, R.J. Allan, J.E. Stahle, D.W., R.D. D Arrigo, P.J. Krusic, M.K. Cleaveland, E.R. Cook, R.J. Allan, J.E. 
Cole  R B  Dunbar  M D  Therrell  D A  Gay  M D  Moore  M A  Stokes  B T  Burns  J  Cole, R.B. Dunbar, M.D. Therrell, D.A. Gay, M.D. Moore, M.A. Stokes, B.T. Burns, J. Cole, R.B. Dunbar, M.D. Therrell, D.A. Gay, M.D. Moore, M.A. Stokes, B.T. Burns, J. 
Vill Di  d L G  Th  E i t l D d li ti  R t ti  f Villanueva-Diaz  and L G  Thompson  Experimental Dendroclimatic Reconstruction of Villanueva Diaz, and L.G. Thompson, Experimental Dendroclimatic Reconstruction of 
th  S th  O ill ti  B ll ti  f th  A i  M t l i l S i t  79 (10)  the Southern Oscillation  Bulletin of the American Meteorological Society  79 (10)  the Southern Oscillation, Bulletin of the American Meteorological Society, 79 (10), 
2137 2152  19982137-2152  19982137-2152, 1998.,

Stahle  D W  R D  D'Arrigo  P J  Krusic  M K  Cleaveland  E R  Cook  R J  Allan  J E  Stahle, D.W., R.D. D'Arrigo, P.J. Krusic, M.K. Cleaveland, E.R. Cook, R.J. Allan, J.E. Stahle, D.W., R.D. D Arrigo, P.J. Krusic, M.K. Cleaveland, E.R. Cook, R.J. Allan, J.E. 
C l  R B  D b  M D  Th ll  D A  G  M D  M  M A  St k  B T  B  J  Cole  R B  Dunbar  M D  Therrell  D A  Gay  M D  Moore  M A  Stokes  B T  Burns  J  Cole, R.B. Dunbar, M.D. Therrell, D.A. Gay, M.D. Moore, M.A. Stokes, B.T. Burns, J. 
Vill Di  d L G  Th  E i t l D d li ti  R t ti  f Villanueva-Diaz  and L G  Thompson  Experimental Dendroclimatic Reconstruction of Villanueva-Diaz, and L.G. Thompson, Experimental Dendroclimatic Reconstruction of , p , p
the Southern Oscillation  Bulletin of the American Meteorological Society  79 (10)  the Southern Oscillation, Bulletin of the American Meteorological Society, 79 (10), , g y, ( ),
2137 2152  19982137-2152, 1998.2137 2152, 1998.

St hl  D W  R D  D'A i  P J  K i  M K  Cl l d  E R  C k  R J  All  J E  Stahle  D W  R D  D'Arrigo  P J  Krusic  M K  Cleaveland  E R  Cook  R J  Allan  J E  Stahle, D.W., R.D. D Arrigo, P.J. Krusic, M.K. Cleaveland, E.R. Cook, R.J. Allan, J.E. g
C l  R B  D b  M D  Th ll  D A  G  M D  M  M A  S k  B T  B  J  Cole  R B  Dunbar  M D  Therrell  D A  Gay  M D  Moore  M A  Stokes  B T  Burns  J  Cole, R.B. Dunbar, M.D. Therrell, D.A. Gay, M.D. Moore, M.A. Stokes, B.T. Burns, J. , , , y, , , ,
Villanueva Diaz  and L G  Thompson  Experimental Dendroclimatic Reconstruction of Villanueva-Diaz, and L.G. Thompson, Experimental Dendroclimatic Reconstruction of , p , p
the Southern Oscillation  Bulletin of the American Meteorological Society  79 (10)  the Southern Oscillation, Bulletin of the American Meteorological Society, 79 (10), , g y, ( ),
2137 2152  19982137-2152, 1998.2137 2152, 1998.
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median median 
Data type sample segment Data type sample segment Data type sample segment 

Author description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth length

St hl G d l  P k  TX t l d idth G d l  P k  TX 32 0 105 0Stahle Guadalupe Peak  TX tree-earlywood-width Guadalupe Peak  TX 32 0 -105 0Stahle Guadalupe Peak, TX tree earlywood width Guadalupe Peak, TX 32.0 105.0y

S hl Bi  B d N P  TX l d id h Bi  B d N P  TX 29 0 103 0Stahle Big Bend N P  TX tree-earlywood-width Big Bend N P  TX 29 0 -103 0Stahle Big Bend N.P., TX tree-earlywood-width Big Bend N.P., TX 29.0 -103.0g , y g ,

Stahle Las Tinajas  Chih  Mex tree earlywood width Las Tinajas  Chih  Mex 30 0 108 0Stahle Las Tinajas, Chih. Mex. tree-earlywood-width Las Tinajas, Chih. Mex. 30.0 -108.0Stahle Las Tinajas, Chih. Mex. tree earlywood width Las Tinajas, Chih. Mex. 30.0 108.0

Stahle El Tabacote  Chih  Mex tree earlywood width El Tabacote  Chih  Mex 28 0 108 0Stahle El Tabacote, Chih. Mex. tree-earlywood-width El Tabacote, Chih. Mex. 28.0 -108.0Stahle El Tabacote, Chih. Mex. tree earlywood width El Tabacote, Chih. Mex. 28.0 108.0

St hl C l Ai t  Chih  M t l d idth C l Ai t  Chih  M 28 0 107 0Stahle Creel Airport  Chih  Mex tree-earlywood-width Creel Airport  Chih  Mex 28 0 -107 0Stahle Creel Airport, Chih. Mex. tree earlywood width Creel Airport, Chih. Mex. 28.0 107.0y

S hl C  B j  D  M l d d h C  B j  D  M 26 0 06 0Stahle Cerro Baraja  Durango Mex tree-earlywood-width Cerro Baraja  Durango Mex 26 0 -106 0Stahle Cerro Baraja, Durango Mex. tree-earlywood-width Cerro Baraja, Durango Mex. 26.0 -106.0j , g y j , g
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d d  ldendro onlydendro only
 

y
mean mean 

first year first year last year last year correlation use for first year first year last year last year correlation use for y y y y
with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low 
samples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in database

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigu t p o y /p0/tape/b g
2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR
EE/STAHLE/SWM/s m dEE/STAHLE/SWM/swmxdEE/STAHLE/SWM/swmxd

1543 1992 f 04 d t1543 1992 yes yes few04 dat1543 1992 yes yes few04.daty y

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR
EE/STAHLE/SWM/ dEE/STAHLE/SWM/swmxdEE/STAHLE/SWM/swmxd

1475 1992 f 05 d1475 1992 yes yes few05 dat1475 1992 yes yes few05.daty y

lti / 0/t /bimultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR/ / /

/ / / dEE/STAHLE/SWM/swmxdEE/STAHLE/SWM/swmxd/ / /
1627 1993 yes yes few06 dat1627 1993 yes yes few06.dat1627 1993 yes yes few06.dat

l i / 0/ /bimultiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigp y /p / p / g
2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR/ / /
EE/STAHLE/SWM/swmxdEE/STAHLE/SWM/swmxdEE/STAHLE/SWM/swmxd

1595 1993 yes yes few07 dat1595 1993 yes yes few07.dat1595 1993 yes yes few07.dat

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigp y /p / p / g
2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR
EE/STAHLE/SWM/swmxdEE/STAHLE/SWM/swmxdEE/STAHLE/SWM/swmxd

1647 1993 f 08 d t1647 1993 yes yes few08 dat1647 1993 yes yes few08.daty y

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR
EE/STAHLE/SWM/ dEE/STAHLE/SWM/swmxdEE/STAHLE/SWM/swmxd

38 993 f 09 d1384 1993 yes yes few09 dat1384 1993 yes yes few09.daty y
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hl ' l l d k llStahle  D W  R D  D'Arrigo  P J  Krusic  M K  Cleaveland  E R  Cook  R J  Allan  J E  Stahle, D.W., R.D. D Arrigo, P.J. Krusic, M.K. Cleaveland, E.R. Cook, R.J. Allan, J.E. , , g , , , , ,
Cole  R B  Dunbar  M D  Therrell  D A  Gay  M D  Moore  M A  Stokes  B T  Burns  J  Cole, R.B. Dunbar, M.D. Therrell, D.A. Gay, M.D. Moore, M.A. Stokes, B.T. Burns, J. Co e, u ba , e e , Gay, oo e, Sto es, u s, J
Villanueva Diaz  and L G  Thompson  Experimental Dendroclimatic Reconstruction of Villanueva-Diaz, and L.G. Thompson, Experimental Dendroclimatic Reconstruction of Villanueva Diaz, and L.G. Thompson, Experimental Dendroclimatic Reconstruction of 
the So the n Oscillation  B lletin of the Ame ican Meteo ological Societ  79 (10)  the Southern Oscillation, Bulletin of the American Meteorological Society, 79 (10), the Southern Oscillation, Bulletin of the American Meteorological Society, 79 (10), 
2137 2152  19982137-2152  19982137 2152, 1998.

Stahle  D W  R D  D'Arrigo  P J  Krusic  M K  Cleaveland  E R  Cook  R J  Allan  J E  Stahle, D.W., R.D. D Arrigo, P.J. Krusic, M.K. Cleaveland, E.R. Cook, R.J. Allan, J.E. Stahle, D.W., R.D. D Arrigo, P.J. Krusic, M.K. Cleaveland, E.R. Cook, R.J. Allan, J.E. 
Cole  R B  Dunbar  M D  Therrell  D A  Gay  M D  Moore  M A  Stokes  B T  Burns  J  Cole, R.B. Dunbar, M.D. Therrell, D.A. Gay, M.D. Moore, M.A. Stokes, B.T. Burns, J. Cole, R.B. Dunbar, M.D. Therrell, D.A. Gay, M.D. Moore, M.A. Stokes, B.T. Burns, J. 
Vill Di  d L G  Th  E i t l D d li ti  R t ti  f Villanueva-Diaz  and L G  Thompson  Experimental Dendroclimatic Reconstruction of Villanueva Diaz, and L.G. Thompson, Experimental Dendroclimatic Reconstruction of 
th  S th  O ill ti  B ll ti  f th  A i  M t l i l S i t  79 (10)  the Southern Oscillation  Bulletin of the American Meteorological Society  79 (10)  the Southern Oscillation, Bulletin of the American Meteorological Society, 79 (10), g
2137 2152  19982137-2152  19982137-2152, 1998.,

Stahle  D W  R D  D'Arrigo  P J  Krusic  M K  Cleaveland  E R  Cook  R J  Allan  J E  Stahle, D.W., R.D. D'Arrigo, P.J. Krusic, M.K. Cleaveland, E.R. Cook, R.J. Allan, J.E. Stahle, D.W., R.D. D Arrigo, P.J. Krusic, M.K. Cleaveland, E.R. Cook, R.J. Allan, J.E. 
C l  R B  D b  M D  Th ll  D A  G  M D  M  M A  St k  B T  B  J  Cole  R B  Dunbar  M D  Therrell  D A  Gay  M D  Moore  M A  Stokes  B T  Burns  J  Cole, R.B. Dunbar, M.D. Therrell, D.A. Gay, M.D. Moore, M.A. Stokes, B.T. Burns, J. 
Vill Di  d L G  Th  E i t l D d li ti  R t ti  f Villanueva-Diaz  and L G  Thompson  Experimental Dendroclimatic Reconstruction of Villanueva Diaz, and L.G. Thompson, Experimental Dendroclimatic Reconstruction of , p , p
h h ll ll f h l l ( )the Southern Oscillation  Bulletin of the American Meteorological Society  79 (10)  the Southern Oscillation, Bulletin of the American Meteorological Society, 79 (10), , g y, ( ),

2137 2152  19982137-2152, 1998.2137 2152, 1998.

St hl  D W  R D  D'A i  P J  K i  M K  Cl l d  E R  C k  R J  All  J E  Stahle  D W  R D  D'Arrigo  P J  Krusic  M K  Cleaveland  E R  Cook  R J  Allan  J E  Stahle, D.W., R.D. D Arrigo, P.J. Krusic, M.K. Cleaveland, E.R. Cook, R.J. Allan, J.E. g
C l  R B  D b  M D  Th ll  D A  G  M D  M  M A  S k  B T  B  J  Cole  R B  Dunbar  M D  Therrell  D A  Gay  M D  Moore  M A  Stokes  B T  Burns  J  Cole, R.B. Dunbar, M.D. Therrell, D.A. Gay, M.D. Moore, M.A. Stokes, B.T. Burns, J. , , , y, , , ,
Villanueva Diaz  and L G  Thompson  Experimental Dendroclimatic Reconstruction of Villanueva-Diaz, and L.G. Thompson, Experimental Dendroclimatic Reconstruction of , p , p
the Southern Oscillation  Bulletin of the American Meteorological Society  79 (10)  the Southern Oscillation, Bulletin of the American Meteorological Society, 79 (10), the Southern Oscillation, Bulletin of the American Meteorological Society, 79 (10), 
2137 2152  19982137-2152, 1998.2137 2152, 1998.

St hl  D W  R D  D'A i  P J  K i  M K  Cl l d  E R  C k  R J  All  J E  Stahle  D W  R D  D'Arrigo  P J  Krusic  M K  Cleaveland  E R  Cook  R J  Allan  J E  Stahle, D.W., R.D. D Arrigo, P.J. Krusic, M.K. Cleaveland, E.R. Cook, R.J. Allan, J.E. , , g , , , , ,
Cole  R B  Dunbar  M D  Therrell  D A  Gay  M D  Moore  M A  Stokes  B T  Burns  J  Cole, R.B. Dunbar, M.D. Therrell, D.A. Gay, M.D. Moore, M.A. Stokes, B.T. Burns, J. , , , y, , , ,
Villanueva Diaz  and L G  Thompson  Experimental Dendroclimatic Reconstruction of Villanueva-Diaz, and L.G. Thompson, Experimental Dendroclimatic Reconstruction of Villanueva Diaz, and L.G. Thompson, Experimental Dendroclimatic Reconstruction of 
the Southern Oscillation  Bulletin of the American Meteorological Society  79 (10)  the Southern Oscillation, Bulletin of the American Meteorological Society, 79 (10), the Southern Oscillation, Bulletin of the American Meteorological Society, 79 (10), 
2137 2152  19982137-2152  19982137 2152, 1998.

Stahle  D W  R D  D'Arrigo  P J  Krusic  M K  Cleaveland  E R  Cook  R J  Allan  J E  Stahle, D.W., R.D. D Arrigo, P.J. Krusic, M.K. Cleaveland, E.R. Cook, R.J. Allan, J.E. Stahle, D.W., R.D. D Arrigo, P.J. Krusic, M.K. Cleaveland, E.R. Cook, R.J. Allan, J.E. 
Cole  R B  Dunbar  M D  Therrell  D A  Gay  M D  Moore  M A  Stokes  B T  Burns  J  Cole, R.B. Dunbar, M.D. Therrell, D.A. Gay, M.D. Moore, M.A. Stokes, B.T. Burns, J. Cole, R.B. Dunbar, M.D. Therrell, D.A. Gay, M.D. Moore, M.A. Stokes, B.T. Burns, J. 
Vill Di  d L G  Th  E i t l D d li ti  R t ti  f Villanueva-Diaz  and L G  Thompson  Experimental Dendroclimatic Reconstruction of Villanueva Diaz, and L.G. Thompson, Experimental Dendroclimatic Reconstruction of 
th  S th  O ill ti  B ll ti  f th  A i  M t l i l S i t  79 (10)  the Southern Oscillation  Bulletin of the American Meteorological Society  79 (10)  the Southern Oscillation, Bulletin of the American Meteorological Society, 79 (10), g y ( )
2137 2152  19982137-2152  19982137-2152, 1998.,
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median median 
Data type sample segment Data type sample segment Data type sample segment 

Author description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth length

St hl El S lt  D  M t l d idth El S lt  D  M 24 0 105 0Stahle El Salto  Durango Mex tree-earlywood-width El Salto  Durango Mex 24 0 -105 0Stahle El Salto, Durango Mex. tree earlywood width El Salto, Durango Mex. 24.0 105.0g y g

S hl ifi d l d id h N/A N/AStahle unspecified tree-earlywood-width N/A N/AStahle unspecified tree-earlywood-width N/A N/Ap y / /

Stahle Spruce Canyon  CO tree latewood width Spruce Canyon  CO 37 0 108 0Stahle Spruce Canyon, CO tree-latewood-width Spruce Canyon, CO 37.0 -108.0Stahle Spruce Canyon, CO tree latewood width Spruce Canyon, CO 37.0 108.0

Stahle Ditch Canyon  NM tree latewood width Ditch Canyon  NM 37 0 108 0Stahle Ditch Canyon, NM tree-latewood-width Ditch Canyon, NM 37.0 -108.0Stahle Ditch Canyon, NM tree latewood width Ditch Canyon, NM 37.0 108.0

St hl P blit  C  NM t l t d idth P blit  C  NM 36 0 109 0Stahle Pueblita Canyon  NM tree-latewood-width Pueblita Canyon  NM 36 0 -109 0Stahle Pueblita Canyon, NM tree latewood width Pueblita Canyon, NM 36.0 109.0

S hl G d l  P k  TX l d d h G d l  P k  TX 32 0 0 0Stahle Guadalupe Peak  TX tree-latewood-width Guadalupe Peak  TX 32 0 -105 0Stahle Guadalupe Peak, TX tree-latewood-width Guadalupe Peak, TX 32.0 -105.0p , p ,
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d d  ldendro onlydendro only
 

y
mean mean 

first year first year last year last year correlation use for first year first year last year last year correlation use for y y y y
with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low 
samples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in database

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigu t p o y /p0/tape/b g
2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR
EE/STAHLE/SWM/s m dEE/STAHLE/SWM/swmxdEE/STAHLE/SWM/swmxd

1493 1993 f 10 d t1493 1993 yes yes few10 dat1493 1993 yes yes few10.daty y

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR
EE/STAHLE/SWM/ dEE/STAHLE/SWM/swmxdEE/STAHLE/SWM/swmxd

1376 1978 f 11 d1376 1978 yes yes few11 dat1376 1978 yes yes few11.daty y

lti / 0/t /bimultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR/ / /

/ / / dEE/STAHLE/SWM/swmxdEE/STAHLE/SWM/swmxd/ / /
1375 1978 yes yes flw01 dat1375 1978 yes yes flw01.dat1375 1978 yes yes flw01.dat

l i / 0/ /bimultiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigp y /p / p / g
2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR/ / /
EE/STAHLE/SWM/swmxdEE/STAHLE/SWM/swmxdEE/STAHLE/SWM/swmxd

1488 1978 yes yes flw02 dat1488 1978 yes yes flw02.dat1488 1978 yes yes flw02.dat

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigp y /p / p / g
2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR
EE/STAHLE/SWM/swmxdEE/STAHLE/SWM/swmxdEE/STAHLE/SWM/swmxd

1571 1978 fl 03 d t1571 1978 yes yes flw03 dat1571 1978 yes yes flw03.daty y

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR
EE/STAHLE/SWM/ dEE/STAHLE/SWM/swmxdEE/STAHLE/SWM/swmxd

0 992 fl 04 d1540 1992 yes yes flw04 dat1540 1992 yes yes flw04.daty y
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hl ' l l d k llStahle  D W  R D  D'Arrigo  P J  Krusic  M K  Cleaveland  E R  Cook  R J  Allan  J E  Stahle, D.W., R.D. D Arrigo, P.J. Krusic, M.K. Cleaveland, E.R. Cook, R.J. Allan, J.E. , , g , , , , ,
Cole  R B  Dunbar  M D  Therrell  D A  Gay  M D  Moore  M A  Stokes  B T  Burns  J  Cole, R.B. Dunbar, M.D. Therrell, D.A. Gay, M.D. Moore, M.A. Stokes, B.T. Burns, J. Co e, u ba , e e , Gay, oo e, Sto es, u s, J
Villanueva Diaz  and L G  Thompson  Experimental Dendroclimatic Reconstruction of Villanueva-Diaz, and L.G. Thompson, Experimental Dendroclimatic Reconstruction of Villanueva Diaz, and L.G. Thompson, Experimental Dendroclimatic Reconstruction of 
the So the n Oscillation  B lletin of the Ame ican Meteo ological Societ  79 (10)  the Southern Oscillation, Bulletin of the American Meteorological Society, 79 (10), the Southern Oscillation, Bulletin of the American Meteorological Society, 79 (10), 
2137 2152  19982137-2152  19982137 2152, 1998.

S hl   Stahle pers  commStahle pers. comm.p

Stahle  D W  R D  D'Arrigo  P J  Krusic  M K  Cleaveland  E R  Cook  R J  Allan  J E  Stahle, D.W., R.D. D'Arrigo, P.J. Krusic, M.K. Cleaveland, E.R. Cook, R.J. Allan, J.E. Stahle, D.W., R.D. D Arrigo, P.J. Krusic, M.K. Cleaveland, E.R. Cook, R.J. Allan, J.E. 
C l  R B  D b  M D  Th ll  D A  G  M D  M  M A  St k  B T  B  J  Cole  R B  Dunbar  M D  Therrell  D A  Gay  M D  Moore  M A  Stokes  B T  Burns  J  Cole, R.B. Dunbar, M.D. Therrell, D.A. Gay, M.D. Moore, M.A. Stokes, B.T. Burns, J. 
Vill Di  d L G  Th  E i t l D d li ti  R t ti  f Villanueva-Diaz  and L G  Thompson  Experimental Dendroclimatic Reconstruction of Villanueva Diaz, and L.G. Thompson, Experimental Dendroclimatic Reconstruction of , p , p
h h ll ll f h l l ( )the Southern Oscillation  Bulletin of the American Meteorological Society  79 (10)  the Southern Oscillation, Bulletin of the American Meteorological Society, 79 (10), , g y, ( ),

2137 2152  19982137-2152, 1998.2137 2152, 1998.

St hl  D W  R D  D'A i  P J  K i  M K  Cl l d  E R  C k  R J  All  J E  Stahle  D W  R D  D'Arrigo  P J  Krusic  M K  Cleaveland  E R  Cook  R J  Allan  J E  Stahle, D.W., R.D. D Arrigo, P.J. Krusic, M.K. Cleaveland, E.R. Cook, R.J. Allan, J.E. g
C l  R B  D b  M D  Th ll  D A  G  M D  M  M A  S k  B T  B  J  Cole  R B  Dunbar  M D  Therrell  D A  Gay  M D  Moore  M A  Stokes  B T  Burns  J  Cole, R.B. Dunbar, M.D. Therrell, D.A. Gay, M.D. Moore, M.A. Stokes, B.T. Burns, J. , , , y, , , ,
Villanueva Diaz  and L G  Thompson  Experimental Dendroclimatic Reconstruction of Villanueva-Diaz, and L.G. Thompson, Experimental Dendroclimatic Reconstruction of , p , p
the Southern Oscillation  Bulletin of the American Meteorological Society  79 (10)  the Southern Oscillation, Bulletin of the American Meteorological Society, 79 (10), the Southern Oscillation, Bulletin of the American Meteorological Society, 79 (10), 
2137 2152  19982137-2152, 1998.2137 2152, 1998.

St hl  D W  R D  D'A i  P J  K i  M K  Cl l d  E R  C k  R J  All  J E  Stahle  D W  R D  D'Arrigo  P J  Krusic  M K  Cleaveland  E R  Cook  R J  Allan  J E  Stahle, D.W., R.D. D Arrigo, P.J. Krusic, M.K. Cleaveland, E.R. Cook, R.J. Allan, J.E. , , g , , , , ,
Cole  R B  Dunbar  M D  Therrell  D A  Gay  M D  Moore  M A  Stokes  B T  Burns  J  Cole, R.B. Dunbar, M.D. Therrell, D.A. Gay, M.D. Moore, M.A. Stokes, B.T. Burns, J. , , , y, , , ,
Villanueva Diaz  and L G  Thompson  Experimental Dendroclimatic Reconstruction of Villanueva-Diaz, and L.G. Thompson, Experimental Dendroclimatic Reconstruction of Villanueva Diaz, and L.G. Thompson, Experimental Dendroclimatic Reconstruction of 
the Southern Oscillation  Bulletin of the American Meteorological Society  79 (10)  the Southern Oscillation, Bulletin of the American Meteorological Society, 79 (10), the Southern Oscillation, Bulletin of the American Meteorological Society, 79 (10), 
2137 2152  19982137-2152  19982137 2152, 1998.

Stahle  D W  R D  D'Arrigo  P J  Krusic  M K  Cleaveland  E R  Cook  R J  Allan  J E  Stahle, D.W., R.D. D Arrigo, P.J. Krusic, M.K. Cleaveland, E.R. Cook, R.J. Allan, J.E. Stahle, D.W., R.D. D Arrigo, P.J. Krusic, M.K. Cleaveland, E.R. Cook, R.J. Allan, J.E. 
Cole  R B  Dunbar  M D  Therrell  D A  Gay  M D  Moore  M A  Stokes  B T  Burns  J  Cole, R.B. Dunbar, M.D. Therrell, D.A. Gay, M.D. Moore, M.A. Stokes, B.T. Burns, J. Cole, R.B. Dunbar, M.D. Therrell, D.A. Gay, M.D. Moore, M.A. Stokes, B.T. Burns, J. 
Vill Di  d L G  Th  E i t l D d li ti  R t ti  f Villanueva-Diaz  and L G  Thompson  Experimental Dendroclimatic Reconstruction of Villanueva Diaz, and L.G. Thompson, Experimental Dendroclimatic Reconstruction of 
th  S th  O ill ti  B ll ti  f th  A i  M t l i l S i t  79 (10)  the Southern Oscillation  Bulletin of the American Meteorological Society  79 (10)  the Southern Oscillation, Bulletin of the American Meteorological Society, 79 (10), g y ( )
2137 2152  19982137-2152  19982137-2152, 1998.,
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median median 
Data type sample segment Data type sample segment Data type sample segment 

Author description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth length

St hl Bi  B d N P  TX t l t d idth Bi  B d N P  TX 29 0 103 0Stahle Big Bend N P  TX tree-latewood-width Big Bend N P  TX 29 0 -103 0Stahle Big Bend N.P., TX tree latewood width Big Bend N.P., TX 29.0 103.0g g

S hl L  Ti j  Chih  M l d id h L  Ti j  Chih  M 30 0 108 0Stahle Las Tinajas  Chih  Mex tree-latewood-width Las Tinajas  Chih  Mex 30 0 -108 0Stahle Las Tinajas, Chih. Mex. tree-latewood-width Las Tinajas, Chih. Mex. 30.0 -108.0j , j ,

Stahle El Tabacote  Chih  Mex tree latewood width El Tabacote  Chih  Mex 28 0 108 0Stahle El Tabacote, Chih. Mex. tree-latewood-width El Tabacote, Chih. Mex. 28.0 -108.0Stahle El Tabacote, Chih. Mex. tree latewood width El Tabacote, Chih. Mex. 28.0 108.0

Stahle Creel Airport  Chih  Mex tree latewood width Creel Airport  Chih  Mex 28 0 107 0Stahle Creel Airport, Chih. Mex. tree-latewood-width Creel Airport, Chih. Mex. 28.0 -107.0Stahle Creel Airport, Chih. Mex. tree latewood width Creel Airport, Chih. Mex. 28.0 107.0

St hl C  B j  D  M t l t d idth C  B j  D  M 26 0 106 0Stahle Cerro Baraja  Durango Mex tree-latewood-width Cerro Baraja  Durango Mex 26 0 -106 0Stahle Cerro Baraja, Durango Mex. tree latewood width Cerro Baraja, Durango Mex. 26.0 106.0

S hl El S l  D  M l d d h El S l  D  M 2 0 0 0Stahle El Salto  Durango Mex tree-latewood-width El Salto  Durango Mex 24 0 -105 0Stahle El Salto, Durango Mex. tree-latewood-width El Salto, Durango Mex. 24.0 -105.0, g , g
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d d  ldendro onlydendro only
 

y
mean mean 

first year first year last year last year correlation use for first year first year last year last year correlation use for y y y y
with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low 
samples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in database

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigu t p o y /p0/tape/b g
2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR
EE/STAHLE/SWM/s m dEE/STAHLE/SWM/swmxdEE/STAHLE/SWM/swmxd

1476 1992 fl 05 d t1476 1992 yes yes flw05 dat1476 1992 yes yes flw05.daty y

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR
EE/STAHLE/SWM/ dEE/STAHLE/SWM/swmxdEE/STAHLE/SWM/swmxd

1622 1993 fl 06 d1622 1993 yes yes flw06 dat1622 1993 yes yes flw06.daty y

lti / 0/t /bimultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR/ / /

/ / / dEE/STAHLE/SWM/swmxdEE/STAHLE/SWM/swmxd/ / /
1589 1993 yes yes flw07 dat1589 1993 yes yes flw07.dat1589 1993 yes yes flw07.dat

l i / 0/ /bimultiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigp y /p / p / g
2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR/ / /
EE/STAHLE/SWM/swmxdEE/STAHLE/SWM/swmxdEE/STAHLE/SWM/swmxd

1649 1993 yes yes flw08 dat1649 1993 yes yes flw08.dat1649 1993 yes yes flw08.dat

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigp y /p / p / g
2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR
EE/STAHLE/SWM/swmxdEE/STAHLE/SWM/swmxdEE/STAHLE/SWM/swmxd

1386 1993 fl 09 d t1386 1993 yes yes flw09 dat1386 1993 yes yes flw09.daty y

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR
EE/STAHLE/SWM/ dEE/STAHLE/SWM/swmxdEE/STAHLE/SWM/swmxd

86 993 fl 10 d1486 1993 yes yes flw10 dat1486 1993 yes yes flw10.daty y
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hl ' l l d k llStahle  D W  R D  D'Arrigo  P J  Krusic  M K  Cleaveland  E R  Cook  R J  Allan  J E  Stahle, D.W., R.D. D Arrigo, P.J. Krusic, M.K. Cleaveland, E.R. Cook, R.J. Allan, J.E. , , g , , , , ,
Cole  R B  Dunbar  M D  Therrell  D A  Gay  M D  Moore  M A  Stokes  B T  Burns  J  Cole, R.B. Dunbar, M.D. Therrell, D.A. Gay, M.D. Moore, M.A. Stokes, B.T. Burns, J. Co e, u ba , e e , Gay, oo e, Sto es, u s, J
Villanueva Diaz  and L G  Thompson  Experimental Dendroclimatic Reconstruction of Villanueva-Diaz, and L.G. Thompson, Experimental Dendroclimatic Reconstruction of Villanueva Diaz, and L.G. Thompson, Experimental Dendroclimatic Reconstruction of 
the So the n Oscillation  B lletin of the Ame ican Meteo ological Societ  79 (10)  the Southern Oscillation, Bulletin of the American Meteorological Society, 79 (10), the Southern Oscillation, Bulletin of the American Meteorological Society, 79 (10), 
2137 2152  19982137-2152  19982137 2152, 1998.

Stahle  D W  R D  D'Arrigo  P J  Krusic  M K  Cleaveland  E R  Cook  R J  Allan  J E  Stahle, D.W., R.D. D Arrigo, P.J. Krusic, M.K. Cleaveland, E.R. Cook, R.J. Allan, J.E. Stahle, D.W., R.D. D Arrigo, P.J. Krusic, M.K. Cleaveland, E.R. Cook, R.J. Allan, J.E. 
Cole  R B  Dunbar  M D  Therrell  D A  Gay  M D  Moore  M A  Stokes  B T  Burns  J  Cole, R.B. Dunbar, M.D. Therrell, D.A. Gay, M.D. Moore, M.A. Stokes, B.T. Burns, J. Cole, R.B. Dunbar, M.D. Therrell, D.A. Gay, M.D. Moore, M.A. Stokes, B.T. Burns, J. 
Vill Di  d L G  Th  E i t l D d li ti  R t ti  f Villanueva-Diaz  and L G  Thompson  Experimental Dendroclimatic Reconstruction of Villanueva Diaz, and L.G. Thompson, Experimental Dendroclimatic Reconstruction of 
th  S th  O ill ti  B ll ti  f th  A i  M t l i l S i t  79 (10)  the Southern Oscillation  Bulletin of the American Meteorological Society  79 (10)  the Southern Oscillation, Bulletin of the American Meteorological Society, 79 (10), g
2137 2152  19982137-2152  19982137-2152, 1998.,

Stahle  D W  R D  D'Arrigo  P J  Krusic  M K  Cleaveland  E R  Cook  R J  Allan  J E  Stahle, D.W., R.D. D'Arrigo, P.J. Krusic, M.K. Cleaveland, E.R. Cook, R.J. Allan, J.E. Stahle, D.W., R.D. D Arrigo, P.J. Krusic, M.K. Cleaveland, E.R. Cook, R.J. Allan, J.E. 
C l  R B  D b  M D  Th ll  D A  G  M D  M  M A  St k  B T  B  J  Cole  R B  Dunbar  M D  Therrell  D A  Gay  M D  Moore  M A  Stokes  B T  Burns  J  Cole, R.B. Dunbar, M.D. Therrell, D.A. Gay, M.D. Moore, M.A. Stokes, B.T. Burns, J. 
Vill Di  d L G  Th  E i t l D d li ti  R t ti  f Villanueva-Diaz  and L G  Thompson  Experimental Dendroclimatic Reconstruction of Villanueva Diaz, and L.G. Thompson, Experimental Dendroclimatic Reconstruction of , p , p
h h ll ll f h l l ( )the Southern Oscillation  Bulletin of the American Meteorological Society  79 (10)  the Southern Oscillation, Bulletin of the American Meteorological Society, 79 (10), , g y, ( ),

2137 2152  19982137-2152, 1998.2137 2152, 1998.

St hl  D W  R D  D'A i  P J  K i  M K  Cl l d  E R  C k  R J  All  J E  Stahle  D W  R D  D'Arrigo  P J  Krusic  M K  Cleaveland  E R  Cook  R J  Allan  J E  Stahle, D.W., R.D. D Arrigo, P.J. Krusic, M.K. Cleaveland, E.R. Cook, R.J. Allan, J.E. g
C l  R B  D b  M D  Th ll  D A  G  M D  M  M A  S k  B T  B  J  Cole  R B  Dunbar  M D  Therrell  D A  Gay  M D  Moore  M A  Stokes  B T  Burns  J  Cole, R.B. Dunbar, M.D. Therrell, D.A. Gay, M.D. Moore, M.A. Stokes, B.T. Burns, J. , , , y, , , ,
Villanueva Diaz  and L G  Thompson  Experimental Dendroclimatic Reconstruction of Villanueva-Diaz, and L.G. Thompson, Experimental Dendroclimatic Reconstruction of , p , p
the Southern Oscillation  Bulletin of the American Meteorological Society  79 (10)  the Southern Oscillation, Bulletin of the American Meteorological Society, 79 (10), the Southern Oscillation, Bulletin of the American Meteorological Society, 79 (10), 
2137 2152  19982137-2152, 1998.2137 2152, 1998.

St hl  D W  R D  D'A i  P J  K i  M K  Cl l d  E R  C k  R J  All  J E  Stahle  D W  R D  D'Arrigo  P J  Krusic  M K  Cleaveland  E R  Cook  R J  Allan  J E  Stahle, D.W., R.D. D Arrigo, P.J. Krusic, M.K. Cleaveland, E.R. Cook, R.J. Allan, J.E. , , g , , , , ,
Cole  R B  Dunbar  M D  Therrell  D A  Gay  M D  Moore  M A  Stokes  B T  Burns  J  Cole, R.B. Dunbar, M.D. Therrell, D.A. Gay, M.D. Moore, M.A. Stokes, B.T. Burns, J. , , , y, , , ,
Villanueva Diaz  and L G  Thompson  Experimental Dendroclimatic Reconstruction of Villanueva-Diaz, and L.G. Thompson, Experimental Dendroclimatic Reconstruction of Villanueva Diaz, and L.G. Thompson, Experimental Dendroclimatic Reconstruction of 
the Southern Oscillation  Bulletin of the American Meteorological Society  79 (10)  the Southern Oscillation, Bulletin of the American Meteorological Society, 79 (10), the Southern Oscillation, Bulletin of the American Meteorological Society, 79 (10), 
2137 2152  19982137-2152  19982137 2152, 1998.

Stahle  D W  R D  D'Arrigo  P J  Krusic  M K  Cleaveland  E R  Cook  R J  Allan  J E  Stahle, D.W., R.D. D Arrigo, P.J. Krusic, M.K. Cleaveland, E.R. Cook, R.J. Allan, J.E. Stahle, D.W., R.D. D Arrigo, P.J. Krusic, M.K. Cleaveland, E.R. Cook, R.J. Allan, J.E. 
Cole  R B  Dunbar  M D  Therrell  D A  Gay  M D  Moore  M A  Stokes  B T  Burns  J  Cole, R.B. Dunbar, M.D. Therrell, D.A. Gay, M.D. Moore, M.A. Stokes, B.T. Burns, J. Cole, R.B. Dunbar, M.D. Therrell, D.A. Gay, M.D. Moore, M.A. Stokes, B.T. Burns, J. 
Vill Di  d L G  Th  E i t l D d li ti  R t ti  f Villanueva-Diaz  and L G  Thompson  Experimental Dendroclimatic Reconstruction of Villanueva Diaz, and L.G. Thompson, Experimental Dendroclimatic Reconstruction of 
th  S th  O ill ti  B ll ti  f th  A i  M t l i l S i t  79 (10)  the Southern Oscillation  Bulletin of the American Meteorological Society  79 (10)  the Southern Oscillation, Bulletin of the American Meteorological Society, 79 (10), g y ( )
2137 2152  19982137-2152  19982137-2152, 1998.,
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median median 
Data type sample segment Data type sample segment Data type sample segment 

Author description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth length

St hl ifi d t l d idth N/A N/AStahle unspecified tree-earlywood-width N/A N/AStahle unspecified tree earlywood width N/A N/Ay

S h i b U  K l  Ri t U  K l  Ri 68 0 155 0Schweingruber Upper Kolyma River tree Upper Kolyma River 68 0 155 0Schweingruber Upper Kolyma River tree Upper Kolyma River 68.0 155.0g

J b J id h J 8 0 113 0Jacoby Java tree-width Java -8 0 113 0Jacoby Java tree-width Java -8.0 113.0y

C k T i id h T i 3 0 8 0Cook Tasmania tree-width Tasmania -43 0 148 0Cook Tasmania tree-width Tasmania -43.0 148.0

N N  Z l d id h N  Z l d 44 0 170 0Norton New Zealand tree-width New Zealand -44 0 170 0Norton New Zealand tree-width New Zealand -44.0 170.0

Boninsegna Central Patagonia tree width Central Patagonia 41 0 68 0Boninsegna Central Patagonia tree-width Central Patagonia -41.0 -68.0g g g

Boninsegna Northern Patagonia tree width Northern Patagonia 38 0 68 0Boninsegna Northern Patagonia tree-width Northern Patagonia -38.0 -68.0g g g
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d d  ldendro onlydendro only
 

y
mean mean 

first year first year last year last year correlation use for first year first year last year last year correlation use for y y y y
with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low 
samples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in database

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigu t p o y /p0/tape/b g
2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR
EE/STAHLE/SWM/s m dEE/STAHLE/SWM/swmxdEE/STAHLE/SWM/swmxd

1376 1978 fl 11 d t1376 1978 yes yes flw11 dat1376 1978 yes yes flw11.daty y

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR
EE/MANNETAL97/k lEE/MANNETAL97/kolymaEE/MANNETAL97/kolyma

1550 1989 d t1550 1989 yes yes dat1550 1989 yes yes .daty y

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR
EE/MANNETAL97/j dEE/MANNETAL97/java dEE/MANNETAL97/java.d

1746 1982 t1746 1982 yes yes at1746 1982 yes yes aty y

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR
EE/MANNETAL97/tEE/MANNETAL97/tasmaEE/MANNETAL97/tasma

900 989 i d900 1989 yes yes nia dat900 1989 yes yes nia.daty y

lti / 0/t /bimultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR

1730 1982 EE/MANNETAL97/ d t1730 1982 yes yes EE/MANNETAL97/nz dat1730 1982 yes yes EE/MANNETAL97/nz.daty y / /

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR
EE/MANNETAL97/ tEE/MANNETAL97/cpatagEE/MANNETAL97/cpatag/ / p g

1500 1980 yes yes onia dat1500 1980 yes yes onia.daty y

lti / 0/t /bimultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR
EE/MANNETAL97/EE/MANNETAL97/npatagEE/MANNETAL97/npatag/ / p g

869 1983 yes yes onia dat869 1983 yes yes onia.daty y
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St hl   Stahle pers  commStahle pers. comm.

S h i b  l i tiSchweingruber  personal communicationSchweingruber, personal communicationg

J b  G C  & D'A i  R D  T k   t i l i  f l l  d d li ti  Jacoby  G C  & D'Arrigo  R D  Teak: a tropical species of large-scale dendroclimatic Jacoby, G.C. & D Arrigo, R.D., Teak: a tropical species of large scale dendroclimatic 
t ti l  D d h l i  8  83 98  1990  potential  Dendrochronologia  8  83-98  1990  potential, Dendrochronologia, 8, 83 98, 1990. p , g , , ,

C k  E R  t l  Cli ti  h  i  T i  i f d f   1089  t i  Cook  E R  et al  Climatic change in Tasmania inferred from a 1089-year tree-ring Cook, E.R. et al, Climatic change in Tasmania inferred from a 1089 year tree ring g y g
h l  f H  Pi  S i  253  1266 1268  1991chronology of Huon Pine  Science  253  1266-1268  1991chronology of Huon Pine, Science, 253, 1266 1268, 1991gy , , , ,

N t  D A  d P l  J G  D d li ti  id  f  A t l i  i  Cli t  Norton  D A  and Palmer  J G  Dendroclimatic evidence from Australasia  in Climate Norton, D.A. and Palmer, J.G., Dendroclimatic evidence from Australasia, in Climate 
Si  A D  1500 ( d  B dl  R S  & J  P D  463 482  R tl d  1992)Since A D  1500 (eds Bradley  R S  & Jones  P D  463-482  Routledge  1992)Since A.D. 1500 (eds Bradley, R.S. & Jones, P.D., 463-482, Routledge, 1992).( y, , , , g , )

B i  J A  S th A i  d d li t l i l d  i  Cli t  Si  Boninsegna  J A  South American dendroclimatological records  in Climate Since Boninsegna, J.A., South American dendroclimatological records, in Climate Since g , , g ,
A D  1500  (eds Bradley  R S  & Jones  P D  446--462 Routledge  1992)A.D. 1500, (eds Bradley, R.S. & Jones, P.D., 446--462,Routledge, 1992)., ( y, , , , g , )

B i  J A  S h A i  d d li l i l d  i  Cli  Si  Boninsegna  J A  South American dendroclimatological records  in Climate Since Boninsegna, J.A., South American dendroclimatological records, in Climate Since g , , g ,
A D  1500  (eds Bradley  R S  & Jones  P D  446 462 Routledge  1992)A.D. 1500, (eds Bradley, R.S. & Jones, P.D., 446--462,Routledge, 1992)., ( y, , , , g , )
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median median 
Data type sample segment Data type sample segment Data type sample segment 

Author description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth length

B iff Fennoscandia t d it Fennoscandia 68 0 23 0Briffa Fennoscandia tree-density Fennoscandia 68 0 23 0Briffa Fennoscandia tree density Fennoscandia 68.0 23.0

B iff N th  U l t d it N th  U l 67 0 65 0Briffa Northern Urals tree-density Northern Urals 67 0 65 0Briffa Northern Urals tree density Northern Urals 67.0 65.0

F itt W t  N th A i t idth W t  N th A i 39 0 111 0Fritts Western North America tree-width Western North America 39 0 -111 0Fritts Western North America tree width Western North America 39.0 111.0

F itt W t  N th A i t d it W t  N th A i 39 0 111 0Fritts Western North America tree-density Western North America 39 0 -111 0Fritts Western North America tree density Western North America 39.0 111.0y

Jacoby North American Treeline tree width North American Treeline 69 0 163 0Jacoby North American Treeline tree-width North American Treeline 69.0 -163.0Jacoby tree width 69.0 163.0

J b N th A i  T li t idth N th A i  T li 66 0 157 0Jacoby North American Treeline tree-width North American Treeline 66 0 -157 0Jacoby North American Treeline tree width North American Treeline 66.0 157.0
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d d  ldendro onlydendro only
 

y
mean mean 

first year first year last year last year correlation use for first year first year last year last year correlation use for y y y y
with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low 
samples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in database

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigu t p o y /p0/tape/b g
2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR

500 1980 EE/MISC/ als ne dat500 1980 yes yes EE/MISC/urals-new.dat500 1980 yes yes EE/MISC/urals new.dat

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR

914 1990 EE/MISC/f d t914 1990 yes yes EE/MISC/fenno-new dat914 1990 yes yes EE/MISC/fenno new.dat

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR

1602 1982 EE/MANNETAL97/t d t1602 1982 yes yes EE/MANNETAL97/trw dat1602 1982 yes yes EE/MANNETAL97/trw.dat

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR

1600 1982 EE/MANNETAL97/t d d t1600 1982 yes yes EE/MANNETAL97/trd dat1600 1982 yes yes EE/MANNETAL97/trd.daty y

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR
EE/MANNETAL97/MULTIEE/MANNETAL97/MULTIEE/MANNETAL97/MULTI
PROXY/DATA/TREEli 1PROXY/DATA/TREEline1PROXY/DATA/TREEline1./ /

1515 1980 yes yes dat1515 1980 yes yes dat1515 1980 yes yes

lti / 0/t /bimultiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigp y /p / p / g
2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR/ / /
EE/MANNETAL97/MULTIEE/MANNETAL97/MULTIEE/MANNETAL97/MULTI
PROXY/DATA/TREEline2PROXY/DATA/TREEline2.PROXY/DATA/TREEline2.

1586 1980 d t1586 1980 yes yes dat1586 1980 yes yes dat

ABOR/MH/Priv-003866



Briffa  K R  et al  Fennoscandian summers from AD 500: temperature changes on Briffa, K.R. et al, Fennoscandian summers from AD 500: temperature changes on Briffa, K.R. et al, Fennoscandian summers from AD 500: temperature changes on 
sho t and long timescales  Clim  D n   7  111 119  1992short and long timescales, Clim. Dyn. , 7, 111-119, 1992.short and long timescales, Clim. Dyn. , 7, 111 119, 1992.

Briffa  K R  Jones  P D  Schweingruber  F H  Shiyatov  S G  & E R  Cook  Unusual Briffa, K.R., Jones, P.D., Schweingruber, F.H., Shiyatov, S.G., & E.R. Cook, Unusual Briffa, K.R., Jones, P.D., Schweingruber, F.H., Shiyatov, S.G., & E.R. Cook, Unusual 
twentieth century summer warmth in a 1000 year temperature record from Siberia  twentieth-century summer warmth in a 1000-year temperature record from Siberia, twentieth century summer warmth in a 1000 year temperature record from Siberia, 
N t   376  156 159  1995Nature  376  156-159  1995Nature , 376, 156 159, 1995.

Fritts  H C  & Shao  X M  Mapping climate using tree rings from western North Fritts, H.C. & Shao, X.-M., Mapping climate using tree-rings from western North Fritts, H.C. & Shao, X. M., Mapping climate using tree rings from western North 
America Dendroclimatic evidence from the northern Soviet Union  in Climate since America,Dendroclimatic evidence from the northern Soviet Union, in Climate since America,Dendroclimatic evidence from the northern Soviet Union, in Climate since 
A D  1500  ( d  B dl  R S  & J  P D  269 294  R tl d  1992)A D  1500  (eds Bradley  R S  & Jones  P D  269-294  Routledge  1992)A.D. 1500, (eds Bradley, R.S. & Jones, P.D., 269 294, Routledge, 1992).

Fritts  H C  & Shao  X M  Mapping climate using tree rings from western North Fritts, H.C. & Shao, X.-M., Mapping climate using tree-rings from western North Fritts, H.C. & Shao, X. M., Mapping climate using tree rings from western North 
A i D d li ti  id  f  th  th  S i t U i  i  Cli t  i  America Dendroclimatic evidence from the northern Soviet Union  in Climate since America,Dendroclimatic evidence from the northern Soviet Union, in Climate since 
A D  1500  ( d  B dl  R S  & J  P D  269 294  R tl d  1992)A D  1500  (eds Bradley  R S  & Jones  P D  269-294  Routledge  1992)A.D. 1500, (eds Bradley, R.S. & Jones, P.D., 269 294, Routledge, 1992).( y g )

J b  G C  & D'A i  R  R t t d N th  H i h  l t t  Jacoby  G C  & D'Arrigo  R  Reconstructed Northern Hemisphere annual temperature Jacoby, G.C. & D Arrigo, R. Reconstructed Northern Hemisphere annual temperature 
i  1671 b d  hi h l tit d  t i  d t  f  N th A i  Cli  Ch  since 1671 based on high-latitude tree-ring data from North America  Clim  Change since 1671 based on high-latitude tree-ring data from North America, Clim. Change g g , g

14  39-59 198914, 39-59 1989.,

Jacoby  G C  & D'Arrigo  R  Reconstructed Northern Hemisphere annual temperature Jacoby, G.C. & D Arrigo, R. Reconstructed Northern Hemisphere annual temperature Jacoby, G.C. & D Arrigo, R. Reconstructed Northern Hemisphere annual temperature 
since 1671 based on high latitude tree ring data from North America  Clim  Change since 1671 based on high-latitude tree-ring data from North America, Clim. Change since 1671 based on high latitude tree ring data from North America, Clim. Change 
14  39 59 198914  39-59 198914, 39 59 1989.
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median median 
Data type sample segment Data type sample segment Data type sample segment 

Author description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth length

J b N h A i  T li id h N h A i  T li 68 0 142 0Jacoby North American Treeline tree-width North American Treeline 68 0 -142 0Jacoby North American Treeline tree-width North American Treeline 68.0 -142.0y

Jacoby North American Treeline tree width North American Treeline 64 0 137 0Jacoby North American Treeline tree-width North American Treeline 64.0 -137.0Jacoby North American Treeline tree width North American Treeline 64.0 137.0

J b N th A i  T li t idth N th A i  T li 66 0 132 0Jacoby North American Treeline tree-width North American Treeline 66 0 -132 0Jacoby North American Treeline tree width North American Treeline 66.0 132.0y

Jacoby North American Treeline tree width North American Treeline 68 0 115 0Jacoby North American Treeline tree-width North American Treeline 68.0 -115.0Jacoby tree width 68.0 115.0

J b N th A i  T li t idth N th A i  T li 64 0 102 0Jacoby North American Treeline tree-width North American Treeline 64 0 -102 0Jacoby North American Treeline tree width North American Treeline 64.0 102.0
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d d  ldendro onlydendro only
 

y
mean mean 

first year first year last year last year correlation use for first year first year last year last year correlation use for y y y y
with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low 
samples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in database

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigu t p o y /p0/tape/b g
2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR
EE/MANNETAL97/MULTIEE/MANNETAL97/MULTIEE/MANNETAL97/MULTI
PROXY/DATA/TREEli 3PROXY/DATA/TREEline3PROXY/DATA/TREEline3.

1580 1980 d1580 1980 yes yes dat1580 1980 yes yes daty y

lti / 0/t /bimultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR
EE/MANNETAL97/MULTIEE/MANNETAL97/MULTIEE/MANNETAL97/MULTI/ /
PROXY/DATA/TREEline4PROXY/DATA/TREEline4./ /

1459 1980 yes yes dat1459 1980 yes yes dat1459 1980 yes yes dat

l / / /bmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigp y /p / p / g
2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR
EE/MANNETAL97/MULTIEE/MANNETAL97/MULTIEE/MANNETAL97/MULTI
PROXY/DATA/TREEli 5PROXY/DATA/TREEline5PROXY/DATA/TREEline5.

1626 1984 d t1626 1984 yes yes dat1626 1984 yes yes daty y

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR
EE/MANNETAL97/MULTIEE/MANNETAL97/MULTIEE/MANNETAL97/MULTI
PROXY/DATA/TREEli 6PROXY/DATA/TREEline6PROXY/DATA/TREEline6./ /

1428 1980 yes yes dat1428 1980 yes yes dat1428 1980 yes yes

lti / 0/t /bimultiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigp y /p / p / g
2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR/ / /
EE/MANNETAL97/MULTIEE/MANNETAL97/MULTIEE/MANNETAL97/MULTI
PROXY/DATA/TREEline7PROXY/DATA/TREEline7.PROXY/DATA/TREEline7.

1491 1984 d t1491 1984 yes yes dat1491 1984 yes yes dat
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Jacob  G C  & D'A igo  R  Reconst cted No the n Hemisphe e ann al tempe at e Jacoby, G.C. & D'Arrigo, R. Reconstructed Northern Hemisphere annual temperature Jacoby, G.C. & D Arrigo, R. Reconstructed Northern Hemisphere annual temperature 
i  1671 b d  hi h l tit d  t i  d t  f  N th A i  Cli  Ch  since 1671 based on high-latitude tree-ring data from North America  Clim  Change since 1671 based on high latitude tree ring data from North America, Clim. Change g g g

14  39 59 198914  39-59 198914, 39 59 1989.,

J b  G C  & D'A i  R  R d N h  H i h  l  Jacoby  G C  & D'Arrigo  R  Reconstructed Northern Hemisphere annual temperature Jacoby, G.C. & D Arrigo, R. Reconstructed Northern Hemisphere annual temperature y, g , p p
since 1671 based on high latitude tree ring data from North America  Clim  Change since 1671 based on high-latitude tree-ring data from North America, Clim. Change g g , g
14  39 59 198914, 39-59 1989.14, 39 59 1989.

Jacoby  G C  & D'Arrigo  R  Reconstructed Northern Hemisphere annual temperature Jacoby, G.C. & D'Arrigo, R. Reconstructed Northern Hemisphere annual temperature Jacoby, G.C. & D Arrigo, R. Reconstructed Northern Hemisphere annual temperature 
i  1671 b d  hi h l tit d  t i  d t  f  N th A i  Cli  Ch  since 1671 based on high-latitude tree-ring data from North America  Clim  Change since 1671 based on high latitude tree ring data from North America, Clim. Change 

14  39 59 198914  39-59 198914, 39 59 1989.

J b  G C  & D'A i  R  R t t d N th  H i h  l t t  Jacoby  G C  & D'Arrigo  R  Reconstructed Northern Hemisphere annual temperature Jacoby, G.C. & D Arrigo, R. Reconstructed Northern Hemisphere annual temperature 
i  1671 b d  hi h l tit d  t i  d t  f  N th A i  Cli  Ch  since 1671 based on high-latitude tree-ring data from North America  Clim  Change since 1671 based on high-latitude tree-ring data from North America, Clim. Change g g , g

14  39-59 198914, 39-59 1989.,

Jacoby  G C  & D'Arrigo  R  Reconstructed Northern Hemisphere annual temperature Jacoby, G.C. & D Arrigo, R. Reconstructed Northern Hemisphere annual temperature Jacoby, G.C. & D Arrigo, R. Reconstructed Northern Hemisphere annual temperature 
since 1671 based on high latitude tree ring data from North America  Clim  Change since 1671 based on high-latitude tree-ring data from North America, Clim. Change since 1671 based on high latitude tree ring data from North America, Clim. Change 
14  39 59 198914  39-59 198914, 39 59 1989.
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median median 
Data type sample segment Data type sample segment Data type sample segment 

Author description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth length

J b N h A i  T li id h N h A i  T li 58 0 93 0Jacoby North American Treeline tree-width North American Treeline 58 0 -93 0Jacoby North American Treeline tree-width North American Treeline 58.0 -93.0y

Jacoby North American Treeline tree width North American Treeline 57 0 77 0Jacoby North American Treeline tree-width North American Treeline 57.0 -77.0Jacoby North American Treeline tree width North American Treeline 57.0 77.0

J b N th A i  T li t idth N th A i  T li 59 0 71 0Jacoby North American Treeline tree-width North American Treeline 59 0 -71 0Jacoby North American Treeline tree width North American Treeline 59.0 71.0y

Jacoby North American Treeline tree width North American Treeline 48 0 66 0Jacoby North American Treeline tree-width North American Treeline 48.0 -66.0Jacoby tree width 48.0 66.0

Stahle Southeast U S  N  Carolina tree width Southeast U S  N  Carolina 36 0 80 0Stahle Southeast U.S. N. Carolina tree-width Southeast U.S. N. Carolina 36.0 -80.0Stahle Southeast U.S. N. Carolina tree width Southeast U.S. N. Carolina 36.0 80.0

Stahle Southeast U S  S  Carolina tree width Southeast U S  S  Carolina 34 0 81 0Stahle Southeast U.S. S. Carolina tree-width Southeast U.S. S. Carolina 34.0 -81.0Sta e t ee dt 3 0 8 0
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d d  ldendro onlydendro only
 

y
mean mean 

first year first year last year last year correlation use for first year first year last year last year correlation use for y y y y
with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low 
samples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in database

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigu t p o y /p0/tape/b g
2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR
EE/MANNETAL97/MULTIEE/MANNETAL97/MULTIEE/MANNETAL97/MULTI
PROXY/DATA/TREEli 8PROXY/DATA/TREEline8PROXY/DATA/TREEline8.

1650 1982 d1650 1982 yes yes dat1650 1982 yes yes daty y

lti / 0/t /bimultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR
EE/MANNETAL97/MULTIEE/MANNETAL97/MULTIEE/MANNETAL97/MULTI/ /
PROXY/DATA/TREEline9PROXY/DATA/TREEline9./ /

1663 1982 yes yes dat1663 1982 yes yes dat1663 1982 yes yes dat

l / / /bmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigp y /p / p / g
2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR
EE/MANNETAL97/MULTIEE/MANNETAL97/MULTIEE/MANNETAL97/MULTI
PROXY/DATA/TREEli 1PROXY/DATA/TREEline1PROXY/DATA/TREEline1

1641 1980 0 d t1641 1980 yes yes 0 dat1641 1980 yes yes 0.daty y

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR
EE/MANNETAL97/MULTIEE/MANNETAL97/MULTIEE/MANNETAL97/MULTI
PROXY/DATA/TREEli 1PROXY/DATA/TREEline1PROXY/DATA/TREEline1/ /

1400 1982 yes yes 1 dat1400 1982 yes yes 1.dat1400 1982 yes yes

lti / 0/t /bimultiproxy:/p0/tape/bigmultiproxy:/p0/tape/big
2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR/ / /
EE/MANNETAL97/sepreciEE/MANNETAL97/sepreci/ / p

1005 1985 yes yes p nc dat1005 1985 yes yes p-nc.dat1005 1985 yes yes p nc.dat

lti / 0/t /bimultiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigp y p p g
2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR/ / /
EE/MANNETAL97/sepreciEE/MANNETAL97/sepreci/ / p

1005 1985 yes yes p sc dat1005 1985 yes yes p-sc.dat005 985 yes yes p
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Jacob  G C  & D'A igo  R  Reconst cted No the n Hemisphe e ann al tempe at e Jacoby, G.C. & D'Arrigo, R. Reconstructed Northern Hemisphere annual temperature Jacoby, G.C. & D Arrigo, R. Reconstructed Northern Hemisphere annual temperature 
i  1671 b d  hi h l tit d  t i  d t  f  N th A i  Cli  Ch  since 1671 based on high-latitude tree-ring data from North America  Clim  Change since 1671 based on high latitude tree ring data from North America, Clim. Change g g g

14  39 59 198914  39-59 198914, 39 59 1989.,

J b  G C  & D'A i  R  R d N h  H i h  l  Jacoby  G C  & D'Arrigo  R  Reconstructed Northern Hemisphere annual temperature Jacoby, G.C. & D Arrigo, R. Reconstructed Northern Hemisphere annual temperature y, g , p p
since 1671 based on high latitude tree ring data from North America  Clim  Change since 1671 based on high-latitude tree-ring data from North America, Clim. Change g g , g
14  39 59 198914, 39-59 1989.14, 39 59 1989.

Jacoby  G C  & D'Arrigo  R  Reconstructed Northern Hemisphere annual temperature Jacoby, G.C. & D'Arrigo, R. Reconstructed Northern Hemisphere annual temperature Jacoby, G.C. & D Arrigo, R. Reconstructed Northern Hemisphere annual temperature 
i  1671 b d  hi h l tit d  t i  d t  f  N th A i  Cli  Ch  since 1671 based on high-latitude tree-ring data from North America  Clim  Change since 1671 based on high latitude tree ring data from North America, Clim. Change 

14  39 59 198914  39-59 198914, 39 59 1989.

J b  G C  & D'A i  R  R t t d N th  H i h  l t t  Jacoby  G C  & D'Arrigo  R  Reconstructed Northern Hemisphere annual temperature Jacoby, G.C. & D Arrigo, R. Reconstructed Northern Hemisphere annual temperature 
i  1671 b d  hi h l tit d  t i  d t  f  N th A i  Cli  Ch  since 1671 based on high-latitude tree-ring data from North America  Clim  Change since 1671 based on high-latitude tree-ring data from North America, Clim. Change g g , g

14  39-59 198914, 39-59 1989.,

Stahle  D W  Cleaveland  M K  & Heher  J G  North Carolina climate changes Stahle, D.W., Cleaveland, M.K., & Heher, J.G., North Carolina climate changes , , , , , , g
reconstructed from tree rings A D  372 to 1985  Science  240  1517 1519  1988  reconstructed from tree rings A.D. 372 to 1985, Science, 240, 1517-1519, 1988. reconstructed from tree rings A.D. 372 to 1985, Science, 240, 1517 1519, 1988. 

Stahle  D W  Cleaveland  M K  & Heher  J G  North Carolina climate changes Stahle, D.W., Cleaveland, M.K., & Heher, J.G., North Carolina climate changes , , , , , , g
reconstructed from tree rings A D  372 to 1985  Science  240  1517 1519  1988  reconstructed from tree rings A.D. 372 to 1985, Science, 240, 1517-1519, 1988. g , , , ,
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median median 
Data type sample segment Data type sample segment Data type sample segment 

Author description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth length

St hl So theast U S  Geo gia t idth So theast U S  Geo gia 33 0 83 0Stahle Southeast U.S. Georgia tree-width Southeast U.S. Georgia 33 0 -83 0Stahle Southeast U.S. Georgia tree width Southeast U.S. Georgia 33.0 83.0

Hughes Yakutia tree width Yakutia 62 0 130 0Hughes Yakutia tree-width Yakutia 62.0 130.0Hughes Yakutia tree width Yakutia 62.0 130.0

D'A i M li  i i li  i N/A N/AD'Arrigo Mongolia composite composite mongolia composite N/A N/AD Arrigo Mongolia composite composite mongolia composite N/A N/Ag g p p g p / /
ITRDB extraction tree 9000 agrcrn2 56 38 124 70ITRDB extraction tree 9000 agrcrn2 56.38 124.70e t act o t ee 9000 ag c 56 38 0
ITRDB extraction tree 9000 ak001 60 43 147 75ITRDB extraction tree 9000 ak001 60.43 -147.75ITRDB extraction tree 9000 ak001 60.43 147.75
ITRDB e t action t ee 9009 ak008 60 50 149 50ITRDB extraction tree 9009 ak008 60 50 -149 50ITRDB extraction tree 9009 ak008 60.50 149.50
ITRDB t ti t 9009 k010 61 83 147 33ITRDB extraction tree 9009 ak010 61 83 -147 33ITRDB extraction tree 9009 ak010 61.83 147.33
ITRDB i 9009 k010 61 83 147 33ITRDB extraction tree 9009 ak010x 61 83 -147 33ITRDB extraction tree 9009 ak010x 61.83 -147.33
ITRDB extraction tree 9000 ak014 58 05 -152 70ITRDB extraction tree 9000 ak014 58.05 -152.70
ITRDB extraction tree 9000 ak015 60 08 148 97ITRDB extraction tree 9000 ak015 60.08 -148.97ITRDB extraction tree 9000 ak015 60.08 148.97
ITRDB extraction tree 9000 ak016 60 20 149 58ITRDB extraction tree 9000 ak016 60.20 -149.58ITRDB extraction tree 9000 ak016 60.20 149.58
ITRDB t ti t 9000 k017 59 62 151 15ITRDB extraction tree 9000 ak017 59 62 -151 15ITRDB extraction tree 9000 ak017 59.62 151.15
ITRDB t ti t 9000 k018 59 68 151 42ITRDB extraction tree 9000 ak018 59 68 -151 42ITRDB extraction tree 9000 ak018 59.68 151.42

i 9000 k020 60 60 6ITRDB extraction tree 9000 ak020 60 60 -145 67ITRDB extraction tree 9000 ak020 60.60 -145.67
ITRDB extraction tree 9000 ak021 60 00 141 68ITRDB extraction tree 9000 ak021 60.00 -141.68
ITRDB extraction tree 9000 ak023 59 37 150 83ITRDB extraction tree 9000 ak023 59.37 -150.83ITRDB extraction tree 9000 ak023 59.37 150.83
ITRDB extraction tree 9000 ak024 60 07 148 83ITRDB extraction tree 9000 ak024 60.07 -148.83ITRDB extraction tree 9000 ak024 60.07 148.83
ITRDB t ti t 9000 k025 60 75 148 45ITRDB extraction tree 9000 ak025 60 75 -148 45ITRDB extraction tree 9000 ak025 60.75 148.45
ITRDB t ti t 9000 k027 60 82 149 17ITRDB extraction tree 9000 ak027 60 82 -149 17ITRDB extraction tree 9000 ak027 60.82 149.17
ITRDB i 9000 k028 60 83 148 58ITRDB extraction tree 9000 ak028 60 83 -148 58ITRDB extraction tree 9000 ak028 60.83 -148.58
ITRDB extraction tree 9000 ak029 60 12 149 47ITRDB extraction tree 9000 ak029 60.12 -149.47ITRDB extraction tree 9000 ak029 60.12 149.47
ITRDB extraction tree 9000 ak030 60 37 148 90ITRDB extraction tree 9000 ak030 60.37 -148.90ITRDB extraction tree 9000 ak030 60.37 148.90
ITRDB t ti t 9000 k031 67 93 162 30ITRDB extraction tree 9000 ak031 67 93 -162 30ITRDB extraction tree 9000 ak031 67.93 162.30
ITRDB t ti t 9000 k032 67 45 154 05ITRDB extraction tree 9000 ak032 67 45 -154 05ITRDB extraction tree 9000 ak032 67.45 154.05
ITRDB i 9000 k033 68 63 143 72ITRDB extraction tree 9000 ak033 68 63 -143 72ITRDB extraction tree 9000 ak033 68.63 -143.72
ITRDB extraction tree 9000 ak035 63 25 147 78ITRDB extraction tree 9000 ak035 63.25 -147.78
ITRDB extraction tree 9000 ak046 67 07 159 62ITRDB extraction tree 9000 ak046 67.07 -159.62ITRDB extraction tree 9000 ak046 67.07 159.62
ITRDB extraction tree 9000 aktcrn2 50 42 87 62ITRDB extraction tree 9000 aktcrn2 50.42 87.62ITRDB extraction tree 9000 aktcrn2 50.42 87.62
ITRDB t ti t 9000 l001 34 33 87 45ITRDB extraction tree 9000 al001 34 33 -87 45ITRDB extraction tree 9000 al001 34.33 87.45
ITRDB t ti t 9000 lt00 71 50 102 00ITRDB extraction tree 9000 alt00ars 71 50 102 00ITRDB extraction tree 9000 alt00ars 71.50 102.00

9000 009 3 6 93 0ITRDB extraction tree 9000 ar009 35 65 -93 07ITRDB extraction tree 9000 ar009 35.65 -93.07
ITRDB extraction tree 9000 ar018 34 72 94 45ITRDB extraction tree 9000 ar018 34.72 -94.45
ITRDB extraction tree 9000 ar024 36 08 94 40ITRDB extraction tree 9000 ar024 36.08 -94.40e t act o t ee 9000 a 0 36 08 9 0
ITRDB extraction tree 9000 ar027 34 80 92 93ITRDB extraction tree 9000 ar027 34.80 -92.93ITRDB extraction tree 9000 ar027 34.80 92.93
ITRDB e t action t ee 9000 a 030 34 52 93 50ITRDB extraction tree 9000 ar030 34 52 -93 50ITRDB extraction tree 9000 ar030 34.52 93.50
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d d  ldendro onlydendro only
 

y
mean mean 

first year first year last year last year correlation use for first year first year last year last year correlation use for y y y y
with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low 
samples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in database

l / / /bmultiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigp y /p / p / g
2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR/ U O / /
EE/MANNETAL97/sepreciEE/MANNETAL97/sepreciEE/MANNETAL97/sepreci

1005 1985 p ga dat1005 1985 yes yes p-ga.dat1005 1985 yes yes p ga.dat

multiproxy:/p0/tape/bigmultiproxy:/p0/tape/bigp y /p / p / g
2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR2/MULTIPROXY/DATA/TR

1400 1994 yes yes EE/MISC/yakut dat1400 1994 yes yes EE/MISC/yakut.dat1400 1994 yes yes EE/MISC/yakut.dat

???????? no???? no
1683 19991683 1999683 999

0 6281 1422 19720.6281 1422 19720.6281 1422 1972
0 5648 1664 19830 5648 1664 19830.5648 1664 1983
0 7319 1654 19830 7319 1654 19830.7319 1654 1983
0 7958 1654 19830 7958 1654 19830.7958 1654 1983
0 7377 1690 19960.7377 1690 1996
0 6531 1543 19910.6531 1543 19910.6531 1543 1991
0 5957 1574 19880.5957 1574 19880.5957 1574 1988
0 5318 1719 19880 5318 1719 19880.5318 1719 1988
0 5432 1720 19880 5432 1720 19880.5432 1720 1988
0 328 36 9920 7328 1365 19920.7328 1365 1992
0 6848 1428 19950.6848 1428 1995
0 6801 1615 19870.6801 1615 19870.6801 1615 1987
0 6996 1514 19920.6996 1514 19920.6996 1514 1992
0 6808 1450 19910 6808 1450 19910.6808 1450 1991
0 6486 1709 19900 6486 1709 19900.6486 1709 1990
0 5666 1412 19910 5666 1412 19910.5666 1412 1991
0 7006 1727 19890.7006 1727 19890.7006 1727 1989
0 6889 1247 19910.6889 1247 19910.6889 1247 1991
0 6316 1524 19900 6316 1524 19900.6316 1524 1990
0 6366 1585 19900 6366 1585 19900.6366 1585 1990
0 7108 1296 19790 7108 1296 19790.7108 1296 1979
0 5978 1642 19970.5978 1642 1997

978 1992978 1992978 1992
1601 19951601 19951601 1995

0 633 1679 19850 633 1679 19850.633 1679 1985
906 1998906 1998906 1998

0 66 3 9 20 665 1713 19720.665 1713 1972
0 5808 1650 19800.5808 1650 1980
0 6638 1725 19820.6638 1725 19820 6638 5 98
0 7054 1667 19800.7054 1667 19800.7054 1667 1980
0 6882 1736 19820 6882 1736 19820.6882 1736 1982
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Stahle  D W  Cleaveland  M K  & Heher  J G  North Carolina climate changes Stahle, D.W., Cleaveland, M.K., & Heher, J.G., North Carolina climate changes Stahle, D.W., Cleaveland, M.K., & Heher, J.G., North Carolina climate changes 
econst cted f om t ee ings A D  372 to 1985  Science  240  1517 1519  1988  reconstructed from tree rings A.D. 372 to 1985, Science, 240, 1517-1519, 1988. reconstructed from tree rings A.D. 372 to 1985, Science, 240, 1517 1519, 1988. 

Hughes  M K  Vaganov  E A  Shiyatov  S A  Touchan  R  & Funkhouser  Hughes, M.K., Vaganov, E.A., Shiyatov, S.A., Touchan, R. & Funkhouser, g , , g , , y , , , ,
G Twentieth century summer warmth in northern Yakutia in a 600 year G.,Twentieth-century summer warmth in northern Yakutia in a 600-year G.,Twentieth century summer warmth in northern Yakutia in a 600 year 
context (submitted)context (submitted).context (submitted).
D’A i  R  G  J b  D  F k  N  P d  E  C k  B  B kl  T t  D’Arrigo  R  G  Jacoby  D  Frank  N  Pederson  E  Cook  B  Buckley  Temperature D Arrigo, R., G. Jacoby, D. Frank, N. Pederson, E. Cook, B. Buckley, Temperature 
V i bilit  I f d f   T Ri  Width Ch l  f Sib i  Pi  G h  Variability Inferred from a Tree-Ring Width Chronology of Siberian Pine  Geophys  Variability Inferred from a Tree Ring Width Chronology of Siberian Pine, Geophys. g g
R  L  28  543  546  2001Res  Lett  28  543– 546  2001Res. Lett., 28, 543– 546, 2001., , ,
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median median 
Data type sample segment Data type sample segment Data type sample segment 

Author description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth length
ITRDB t ti t 9000 033 34 37 93 97ITRDB extraction tree 9000 ar033 34 37 -93 97ITRDB extraction tree 9000 ar033 34.37 93.97
ITRDB t ti t 9000 042 34 63 91 75ITRDB extraction tree 9000 ar042 34 63 -91 75ITRDB extraction tree 9000 ar042 34.63 -91.75
ITRDB extraction tree 9000 ar048 35 85 -90 95ITRDB extraction tree 9000 ar048 35.85 -90.95
ITRDB extraction tree 9000 ar049 34 95 91 22ITRDB extraction tree 9000 ar049 34.95 -91.22ITRDB extraction tree 9000 ar049 34.95 91.22
ITRDB extraction tree 9000 ar050 35 15 91 30ITRDB extraction tree 9000 ar050 35.15 -91.30ITRDB extraction tree 9000 ar050 35.15 91.30
ITRDB t ti t 9000 051 34 83 92 50ITRDB extraction tree 9000 ar051 34 83 -92 50ITRDB extraction tree 9000 ar051 34.83 92.50
ITRDB t ti t 9000 052 35 55 91 25ITRDB extraction tree 9000 ar052 35 55 -91 25ITRDB extraction tree 9000 ar052 35.55 91.25
ITRDB i 9000 053 33 77 92 33ITRDB extraction tree 9000 ar053 33 77 -92 33ITRDB extraction tree 9000 ar053 33.77 -92.33
ITRDB extraction tree 9000 ar054 35 63 90 45ITRDB extraction tree 9000 ar054 35.63 -90.45
ITRDB extraction tree 9000 ar055 36 07 93 30ITRDB extraction tree 9000 ar055 36.07 -93.30ITRDB extraction tree 9000 ar055 36.07 93.30
ITRDB extraction tree 9000 ar056 36 07 93 30ITRDB extraction tree 9000 ar056 36.07 -93.30ITRDB extraction tree 9000 ar056 36.07 93.30
ITRDB t ti t 9000 057 36 07 93 18ITRDB extraction tree 9000 ar057 36 07 -93 18ITRDB extraction tree 9000 ar057 36.07 93.18
ITRDB t ti t 9000 058 36 10 94 13ITRDB extraction tree 9000 ar058 36 10 -94 13ITRDB extraction tree 9000 ar058 36.10 94.13
ITRDB i 9000 060 36 30 92 20ITRDB extraction tree 9000 ar060 36 30 -92 20ITRDB extraction tree 9000 ar060 36.30 -92.20
ITRDB extraction tree 9000 ar061 36 93 92 87ITRDB extraction tree 9000 ar061 36.93 -92.87e t act o t ee 9000 a 06 36 93 9 8
ITRDB extraction tree 9000 ar064 34 25 94 17ITRDB extraction tree 9000 ar064 34.25 -94.17ITRDB extraction tree 9000 ar064 34.25 94.17
ITRDB e t action t ee 9000 a 072 35 83 94 00ITRDB extraction tree 9000 ar072 35 83 -94 00ITRDB extraction tree 9000 ar072 35.83 94.00
ITRDB t ti t 9000 001 37 87 71 02ITRDB extraction tree 9000 arge001 -37 87 -71 02ITRDB extraction tree 9000 arge001 37.87 71.02g
ITRDB i 9000 004 39 40 70 80ITRDB extraction tree 9000 arge004 -39 40 -70 80ITRDB extraction tree 9000 arge004 -39.40 -70.80g
ITRDB extraction tree 9000 arge005 -38 63 -70 75ITRDB extraction tree 9000 arge005 -38.63 -70.75g
ITRDB extraction tree 9000 arge006 38 10 70 85ITRDB extraction tree 9000 arge006 -38.10 -70.85ITRDB extraction tree 9000 arge006 38.10 70.85
ITRDB extraction tree 9000 arge007 41 08 71 15ITRDB extraction tree 9000 arge007 -41.08 -71.15ITRDB extraction tree 9000 arge007 41.08 71.15
ITRDB t ti t 9000 008 40 72 71 13ITRDB extraction tree 9000 arge008 -40 72 -71 13ITRDB extraction tree 9000 arge008 40.72 71.13
ITRDB t ti t 9000 009 42 95 71 43ITRDB extraction tree 9000 arge009 -42 95 -71 43ITRDB extraction tree 9000 arge009 42.95 71.43g

i 9000 0 38 8 2ITRDB extraction tree 9000 arge011 -38 87 -71 25ITRDB extraction tree 9000 arge011 -38.87 -71.25g
ITRDB extraction tree 9000 arge013 38 98 71 05ITRDB extraction tree 9000 arge013 -38.98 -71.05g
ITRDB extraction tree 9000 arge015 38 88 70 62ITRDB extraction tree 9000 arge015 -38.88 -70.62ITRDB extraction tree 9000 arge015 38.88 70.62
ITRDB extraction tree 9000 arge017 39 68 71 22ITRDB extraction tree 9000 arge017 -39.68 -71.22ITRDB extraction tree 9000 arge017 39.68 71.22
ITRDB t ti t 9000 018 39 22 71 17ITRDB extraction tree 9000 arge018 -39 22 -71 17ITRDB extraction tree 9000 arge018 39.22 71.17
ITRDB t ti t 9000 019 39 22 71 17ITRDB extraction tree 9000 arge019 -39 22 -71 17ITRDB extraction tree 9000 arge019 39.22 71.17g
ITRDB i 9000 020 39 60 71 37ITRDB extraction tree 9000 arge020 -39 60 -71 37ITRDB extraction tree 9000 arge020 -39.60 -71.37g
ITRDB extraction tree 9000 arge021 37 07 70 60ITRDB extraction tree 9000 arge021 -37.07 -70.60ITRDB extraction tree 9000 arge021 37.07 70.60
ITRDB extraction tree 9000 arge022 54 52 67 42ITRDB extraction tree 9000 arge022 -54.52 -67.42ITRDB extraction tree 9000 arge022 54.52 67.42
ITRDB t ti t 9000 024 54 83 64 33ITRDB extraction tree 9000 arge024 -54 83 -64 33ITRDB extraction tree 9000 arge024 54.83 64.33
ITRDB t ti t 9000 027 41 25 71 75ITRDB extraction tree 9000 arge027 -41 25 -71 75ITRDB extraction tree 9000 arge027 41.25 71.75g
ITRDB i 9000 030 42 15 71 55ITRDB extraction tree 9000 arge030 -42 15 -71 55ITRDB extraction tree 9000 arge030 -42.15 -71.55g
ITRDB extraction tree 9000 arge033 54 43 67 92ITRDB extraction tree 9000 arge033 -54.43 -67.92g
ITRDB extraction tree 9000 arge034 54 05 68 57ITRDB extraction tree 9000 arge034 -54.05 -68.57ITRDB extraction tree 9000 arge034 54.05 68.57
ITRDB extraction tree 9000 arge036 54 68 67 83ITRDB extraction tree 9000 arge036 -54.68 -67.83ITRDB extraction tree 9000 arge036 54.68 67.83
ITRDB t ti t 9000 037 45 00 71 50ITRDB extraction tree 9000 arge037 -45 00 -71 50ITRDB extraction tree 9000 arge037 45.00 71.50
ITRDB t ti t 9000 038 54 65 67 87ITRDB extraction tree 9000 arge038 -54 65 -67 87ITRDB extraction tree 9000 arge038 54.65 67.87g

9000 039 93ITRDB extraction tree 9000 arge039 -41 17 -71 93ITRDB extraction tree 9000 arge039 -41.17 -71.93g
ITRDB extraction tree 9000 arge040 54 92 67 33ITRDB extraction tree 9000 arge040 -54.92 -67.33g
ITRDB extraction tree 9000 arge043 54 65 67 87ITRDB extraction tree 9000 arge043 -54.65 -67.87e t act o t ee 9000 a ge0 3 5 65 6 8
ITRDB extraction tree 9000 arge046 54 47 67 72ITRDB extraction tree 9000 arge046 -54.47 -67.72ITRDB extraction tree 9000 arge046 54.47 67.72
ITRDB e t action t ee 9000 a ge050 40 67 71 25ITRDB extraction tree 9000 arge050 -40 67 -71 25ITRDB extraction tree 9000 arge050 40.67 71.25
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d d  ldendro onlydendro only
 

y
mean mean 

first year first year last year last year correlation use for first year first year last year last year correlation use for y y y y
with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low 
samples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in database

0 7167 1708 19820 7167 1708 19820.7167 1708 1982
0 7761 1522 19800 7761 1522 19800.7761 1522 1980
0 6899 1417 19800.6899 1417 1980
0 8027 1133 19850.8027 1133 19850.8027 1133 1985
0 7009 1019 19800.7009 1019 19800.7009 1019 1980
0 5796 1532 19850 5796 1532 19850.5796 1532 1985
0 6878 998 19900 6878 998 19900.6878 998 1990
0 6742 1262 19850 6742 1262 19850.6742 1262 1985
0 6903 1321 19900.6903 1321 1990
0 5766 1359 19920.5766 1359 19920.5766 1359 1992
0 6452 1670 19920.6452 1670 19920.6452 1670 1992
0 6156 1620 19930 6156 1620 19930.6156 1620 1993
0 632 1679 19920 632 1679 19920.632 1679 1992

0 6433 1637 19930 6433 1637 19930.6433 1637 1993
0 7192 1692 19930.7192 1692 19930 9 69 993
0 571 1658 19910.571 1658 19910.571 1658 1991

0 5855 1625 19910 5855 1625 19910.5855 1625 1991
0 5121 1444 19740 5121 1444 19740.5121 1444 1974
0 6155 1483 19740 6155 1483 19740.6155 1483 1974
0 5913 1459 19740.5913 1459 1974
0 5541 1246 19740.5541 1246 19740.5541 1246 1974
0 6428 1539 19740.6428 1539 19740.6428 1539 1974
0 6761 1543 19740 6761 1543 19740.6761 1543 1974
0 6358 1540 19740 6358 1540 19740.6358 1540 1974
0 628 60 90 6287 1601 19740.6287 1601 1974
0 5344 1306 19740.5344 1306 1974
0 6098 1140 19740.6098 1140 19740.6098 1140 1974
0 5569 1690 19760.5569 1690 19760.5569 1690 1976
0 5477 1392 19760 5477 1392 19760.5477 1392 1976
0 6523 1572 19760 6523 1572 19760.6523 1572 1976
0 519 1617 19760 519 1617 19760.519 1617 1976

0 6406 1418 19750.6406 1418 19750.6406 1418 1975
0 7345 1666 19860.7345 1666 19860.7345 1666 1986
0 6247 1647 19860 6247 1647 19860.6247 1647 1986
0 5476 1626 19820 5476 1626 19820.5476 1626 1982
0 5152 441 19740 5152 441 19740.5152 441 1974
0 7378 1726 19860.7378 1726 1986
0 6934 1723 19850.6934 1723 19850.6934 1723 1985
0 5774 1664 19840.5774 1664 19840.5774 1664 1984
0 7774 1647 19850 7774 1647 19850.7774 1647 1985
0 6386 1662 19850 6386 1662 19850.6386 1662 1985
0 983 9 980 5983 1595 19850.5983 1595 1985
0 7266 1700 19850.7266 1700 1985
0 6174 1575 19840.6174 1575 19840 6 5 5 98
0 7205 1731 19860.7205 1731 19860.7205 1731 1986
0 6232 1692 19860 6232 1692 19860.6232 1692 1986
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median median 
Data type sample segment Data type sample segment Data type sample segment 

Author description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth length
ITRDB t ti t 9000 051 54 83 64 37ITRDB extraction tree 9000 arge051 -54 83 -64 37ITRDB extraction tree 9000 arge051 54.83 64.37
ITRDB t ti t 9000 052 53 50 71 17ITRDB extraction tree 9000 arge052 -53 50 -71 17ITRDB extraction tree 9000 arge052 -53.50 -71.17g
ITRDB extraction tree 9000 arge054 -39 08 -71 30ITRDB extraction tree 9000 arge054 -39.08 -71.30g
ITRDB extraction tree 9000 arge055 54 50 67 80ITRDB extraction tree 9000 arge055 -54.50 -67.80ITRDB extraction tree 9000 arge055 54.50 67.80
ITRDB extraction tree 9000 arge059 54 52 66 17ITRDB extraction tree 9000 arge059 -54.52 -66.17ITRDB extraction tree 9000 arge059 54.52 66.17
ITRDB t ti t 9000 060 54 90 66 92ITRDB extraction tree 9000 arge060 -54 90 -66 92ITRDB extraction tree 9000 arge060 54.90 66.92
ITRDB t ti t 9000 061 54 78 68 47ITRDB extraction tree 9000 arge061 -54 78 -68 47ITRDB extraction tree 9000 arge061 54.78 68.47g
ITRDB i 9000 062 54 78 68 18ITRDB extraction tree 9000 arge062 -54 78 -68 18ITRDB extraction tree 9000 arge062 -54.78 -68.18g
ITRDB extraction tree 9000 arge063 50 37 72 78ITRDB extraction tree 9000 arge063 -50.37 -72.78g
ITRDB extraction tree 9000 arge065 39 60 71 43ITRDB extraction tree 9000 arge065 -39.60 -71.43ITRDB extraction tree 9000 arge065 39.60 71.43
ITRDB extraction tree 9000 arge066 54 52 67 42ITRDB extraction tree 9000 arge066 -54.52 -67.42ITRDB extraction tree 9000 arge066 54.52 67.42
ITRDB t ti t 9000 068 40 70 71 15ITRDB extraction tree 9000 arge068 -40 70 -71 15ITRDB extraction tree 9000 arge068 40.70 71.15
ITRDB t ti t 9000 070 40 73 71 10ITRDB extraction tree 9000 arge070 -40 73 -71 10ITRDB extraction tree 9000 arge070 40.73 71.10g
ITRDB i 9000 071 39 93 71 13ITRDB extraction tree 9000 arge071 -39 93 -71 13ITRDB extraction tree 9000 arge071 -39.93 -71.13g
ITRDB extraction tree 9000 arge072 43 18 71 70ITRDB extraction tree 9000 arge072 -43.18 -71.70e t act o t ee 9000 a ge0 3 8 0
ITRDB extraction tree 9000 arge073 41 03 70 98ITRDB extraction tree 9000 arge073 -41.03 -70.98ITRDB extraction tree 9000 arge073 41.03 70.98
ITRDB e t action t ee 9000 a ge074 40 05 71 28ITRDB extraction tree 9000 arge074 -40 05 -71 28ITRDB extraction tree 9000 arge074 40.05 71.28
ITRDB t ti t 9000 075 41 08 71 15ITRDB extraction tree 9000 arge075 -41 08 -71 15ITRDB extraction tree 9000 arge075 41.08 71.15g
ITRDB i 9000 076 40 70 71 27ITRDB extraction tree 9000 arge076 -40 70 -71 27ITRDB extraction tree 9000 arge076 -40.70 -71.27g
ITRDB extraction tree 9000 arge077 -40 65 -71 40ITRDB extraction tree 9000 arge077 -40.65 -71.40g
ITRDB extraction tree 9000 arge078 42 97 71 22ITRDB extraction tree 9000 arge078 -42.97 -71.22ITRDB extraction tree 9000 arge078 42.97 71.22
ITRDB extraction tree 9000 arge079 39 12 71 12ITRDB extraction tree 9000 arge079 -39.12 -71.12ITRDB extraction tree 9000 arge079 39.12 71.12
ITRDB t ti t 9000 080 41 53 71 48ITRDB extraction tree 9000 arge080 -41 53 -71 48ITRDB extraction tree 9000 arge080 41.53 71.48
ITRDB t ti t 9000 082 40 07 71 03ITRDB extraction tree 9000 arge082 -40 07 -71 03ITRDB extraction tree 9000 arge082 40.07 71.03g

i 9000 083 39 28 2ITRDB extraction tree 9000 arge083 -39 28 -71 27ITRDB extraction tree 9000 arge083 -39.28 -71.27g
ITRDB extraction tree 9000 arge084 41 05 70 98ITRDB extraction tree 9000 arge084 -41.05 -70.98g
ITRDB extraction tree 9000 arge086 40 70 71 13ITRDB extraction tree 9000 arge086 -40.70 -71.13ITRDB extraction tree 9000 arge086 40.70 71.13
ITRDB extraction tree 9000 arge087 41 10 71 80ITRDB extraction tree 9000 arge087 -41.10 -71.80ITRDB extraction tree 9000 arge087 41.10 71.80
ITRDB t ti t 9000 088 41 17 71 78ITRDB extraction tree 9000 arge088 -41 17 -71 78ITRDB extraction tree 9000 arge088 41.17 71.78
ITRDB t ti t 9000 089 41 83 71 77ITRDB extraction tree 9000 arge089 -41 83 -71 77ITRDB extraction tree 9000 arge089 41.83 71.77g
ITRDB i 9000 091 42 08 71 83ITRDB extraction tree 9000 arge091 -42 08 -71 83ITRDB extraction tree 9000 arge091 -42.08 -71.83g
ITRDB extraction tree 9000 arge092 41 25 71 90ITRDB extraction tree 9000 arge092 -41.25 -71.90ITRDB extraction tree 9000 arge092 41.25 71.90
ITRDB extraction tree 9000 arge093 42 73 71 97ITRDB extraction tree 9000 arge093 -42.73 -71.97ITRDB extraction tree 9000 arge093 42.73 71.97
ITRDB t ti t 9000 096 41 27 71 63ITRDB extraction tree 9000 arge096 -41 27 -71 63ITRDB extraction tree 9000 arge096 41.27 71.63
ITRDB t ti t 9000 100 41 12 71 80ITRDB extraction tree 9000 arge100 -41 12 -71 80ITRDB extraction tree 9000 arge100 41.12 71.80g
ITRDB i 9000 106 41 15 71 80ITRDB extraction tree 9000 arge106 -41 15 -71 80ITRDB extraction tree 9000 arge106 -41.15 -71.80g
ITRDB extraction tree 9000 arge107 41 15 71 80ITRDB extraction tree 9000 arge107 -41.15 -71.80g
ITRDB extraction tree 9000 arge108 41 15 71 80ITRDB extraction tree 9000 arge108 -41.15 -71.80ITRDB extraction tree 9000 arge108 41.15 71.80
ITRDB extraction tree 9000 at1crn2 50 08 87 93ITRDB extraction tree 9000 at1crn2 50.08 87.93ITRDB extraction tree 9000 at1crn2 50.08 87.93
ITRDB t ti t 9000 t2 2 50 08 87 93ITRDB extraction tree 9000 at2crn2 50 08 87 93ITRDB extraction tree 9000 at2crn2 50.08 87.93
ITRDB t ti t 9000 l002 41 63 145 93ITRDB extraction tree 9000 ausl002 -41 63 145 93ITRDB extraction tree 9000 ausl002 41.63 145.93

9000 l003 2 6 6ITRDB extraction tree 9000 ausl003 -42 67 146 55ITRDB extraction tree 9000 ausl003 -42.67 146.55
ITRDB extraction tree 9000 ausl005 42 77 146 07ITRDB extraction tree 9000 ausl005 -42.77 146.07
ITRDB extraction tree 9000 ausl007 41 75 146 70ITRDB extraction tree 9000 ausl007 -41.75 146.70e t act o t ee 9000 aus 00 5 6 0
ITRDB extraction tree 9000 ausl009 42 65 146 57ITRDB extraction tree 9000 ausl009 -42.65 146.57ITRDB extraction tree 9000 ausl009 42.65 146.57
ITRDB e t action t ee 9000 a sl010 42 67 146 27ITRDB extraction tree 9000 ausl010 -42 67 146 27ITRDB extraction tree 9000 ausl010 42.67 146.27
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y
mean mean 

first year first year last year last year correlation use for first year first year last year last year correlation use for y y y y
with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low 
samples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in database

0 6279 1726 19860 6279 1726 19860.6279 1726 1986
0 782 1662 19880 782 1662 19880.782 1662 1988

0 6488 1589 19890.6488 1589 1989
0 7536 1739 19860.7536 1739 19860.7536 1739 1986
0 7156 1705 19860.7156 1705 19860.7156 1705 1986
0 5832 1528 19860 5832 1528 19860.5832 1528 1986
0 5029 1657 19840 5029 1657 19840.5029 1657 1984
0 5359 1593 19840 5359 1593 19840.5359 1593 1984
0 7518 1706 19840.7518 1706 1984
0 6049 1385 19830.6049 1385 19830.6049 1385 1983
0 854 1639 19860.854 1639 19860.854 1639 1986

0 7625 1723 19890 7625 1723 19890.7625 1723 1989
0 7395 1461 19890 7395 1461 19890.7395 1461 1989
0 565 1596 19890 565 1596 19890.565 1596 1989

0 6732 1700 19920.6732 1700 19920 6 3 00 99
0 6102 1497 19910.6102 1497 19910.6102 1497 1991
0 7046 1508 19890 7046 1508 19890.7046 1508 1989
0 664 1539 19910 664 1539 19910.664 1539 1991

0 6284 1589 19910 6284 1589 19910.6284 1589 1991
0 5923 1635 19910.5923 1635 1991
0 729 1567 19920.729 1567 19920.729 1567 1992

0 6596 1562 19890.6596 1562 19890.6596 1562 1989
0 6854 1741 19910 6854 1741 19910.6854 1741 1991
0 5578 1508 19890 5578 1508 19890.5578 1508 1989
0 662 6 6 9890 6625 1676 19890.6625 1676 1989
0 6444 1650 19910.6444 1650 1991
0 6648 1679 19910.6648 1679 19910.6648 1679 1991
0 5349 888 19910.5349 888 19910.5349 888 1991
0 5455 864 19910 5455 864 19910.5455 864 1991
0 549 539 19930 549 539 19930.549 539 1993
0 522 320 19930 522 320 19930.522 320 1993
0 516 342 19950.516 -342 19950.516 342 1995
0 533 311 19920.533 311 19920.533 311 1992

0 6867 1546 19910 6867 1546 19910.6867 1546 1991
0 6018 1701 19910 6018 1701 19910.6018 1701 1991
0 623 1539 19910 623 1539 19910.623 1539 1991

0 6326 1562 19910.6326 1562 1991
0 6729 1572 19910.6729 1572 19910.6729 1572 1991

1605 19981605 19981605 1998
1495 19981495 19981495 1998

0 6431 1198 19750 6431 1198 19750.6431 1198 1975
0 9 286 90 5597 1286 19740.5597 1286 1974
0 8025 1675 19740.8025 1675 1974
0 6134 1514 19740.6134 1514 19740 6 3 5 9
0 6488 1028 19750.6488 1028 19750.6488 1028 1975
0 7044 1554 19740 7044 1554 19740.7044 1554 1974
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median median 
Data type sample segment Data type sample segment Data type sample segment 

Author description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth length
ITRDB t ti t 9000 l012 43 37 147 27ITRDB extraction tree 9000 ausl012 -43 37 147 27ITRDB extraction tree 9000 ausl012 43.37 147.27
ITRDB t ti t 9000 l013 42 20 145 98ITRDB extraction tree 9000 ausl013 -42 20 145 98ITRDB extraction tree 9000 ausl013 -42.20 145.98
ITRDB extraction tree 9000 ausl014 -43 42 147 27ITRDB extraction tree 9000 ausl014 -43.42 147.27
ITRDB extraction tree 9000 ausl018 41 78 145 42ITRDB extraction tree 9000 ausl018 -41.78 145.42ITRDB extraction tree 9000 ausl018 41.78 145.42
ITRDB extraction tree 9000 ausl019 41 18 148 00ITRDB extraction tree 9000 ausl019 -41.18 148.00ITRDB extraction tree 9000 ausl019 41.18 148.00
ITRDB t ti t 9000 l020 43 47 147 28ITRDB extraction tree 9000 ausl020 -43 47 147 28ITRDB extraction tree 9000 ausl020 43.47 147.28
ITRDB t ti t 9000 l022 42 33 146 00ITRDB extraction tree 9000 ausl022 -42 33 146 00ITRDB extraction tree 9000 ausl022 42.33 146.00
ITRDB i 9000 l023 42 33 146 00ITRDB extraction tree 9000 ausl023 -42 33 146 00ITRDB extraction tree 9000 ausl023 -42.33 146.00
ITRDB extraction tree 9000 aust002 46 85 11 02ITRDB extraction tree 9000 aust002 46.85 11.02
ITRDB extraction tree 9000 aust007 47 13 11 28ITRDB extraction tree 9000 aust007 47.13 11.28ITRDB extraction tree 9000 aust007 47.13 11.28
ITRDB extraction tree 9009 aust007x 47 13 11 28ITRDB extraction tree 9009 aust007x 47.13 11.28ITRDB extraction tree 9009 aust007x 47.13 11.28
ITRDB t ti t 9009 077 34 07 110 62ITRDB extraction tree 9009 az077 34 07 -110 62ITRDB extraction tree 9009 az077 34.07 110.62
ITRDB t ti t 9000 080 36 10 109 35ITRDB extraction tree 9000 az080 36 10 -109 35ITRDB extraction tree 9000 az080 36.10 109.35
ITRDB i 9000 081 36 08 109 37ITRDB extraction tree 9000 az081 36 08 -109 37ITRDB extraction tree 9000 az081 36.08 -109.37
ITRDB extraction tree 9000 az082 36 10 109 38ITRDB extraction tree 9000 az082 36.10 -109.38e t act o t ee 9000 a 08 36 0 09 38
ITRDB extraction tree 9000 az084 36 17 110 50ITRDB extraction tree 9000 az084 36.17 -110.50ITRDB extraction tree 9000 az084 36.17 110.50
ITRDB e t action t ee 9000 a 086 36 83 110 73ITRDB extraction tree 9000 az086 36 83 -110 73ITRDB extraction tree 9000 az086 36.83 110.73
ITRDB t ti t 9000 087 35 38 111 53ITRDB extraction tree 9000 az087 35 38 -111 53ITRDB extraction tree 9000 az087 35.38 111.53
ITRDB i 9000 088 35 40 111 57ITRDB extraction tree 9000 az088 35 40 -111 57ITRDB extraction tree 9000 az088 35.40 -111.57
ITRDB extraction tree 9000 az089 34 25 -109 82ITRDB extraction tree 9000 az089 34.25 -109.82
ITRDB extraction tree 9000 az090 35 67 109 33ITRDB extraction tree 9000 az090 35.67 -109.33ITRDB extraction tree 9000 az090 35.67 109.33
ITRDB extraction tree 9000 az091 35 57 111 65ITRDB extraction tree 9000 az091 35.57 -111.65ITRDB extraction tree 9000 az091 35.57 111.65
ITRDB t ti t 9000 098 35 50 111 83ITRDB extraction tree 9000 az098 35 50 -111 83ITRDB extraction tree 9000 az098 35.50 111.83
ITRDB t ti t 9000 099 34 50 109 95ITRDB extraction tree 9000 az099 34 50 -109 95ITRDB extraction tree 9000 az099 34.50 109.95

i 9000 00 3 3 68ITRDB extraction tree 9000 az100 35 43 -111 68ITRDB extraction tree 9000 az100 35.43 -111.68
ITRDB extraction tree 9000 az101 34 75 111 10ITRDB extraction tree 9000 az101 34.75 -111.10
ITRDB extraction tree 9000 az102 36 68 110 53ITRDB extraction tree 9000 az102 36.68 -110.53ITRDB extraction tree 9000 az102 36.68 110.53
ITRDB extraction tree 9000 az104 36 75 113 73ITRDB extraction tree 9000 az104 36.75 -113.73ITRDB extraction tree 9000 az104 36.75 113.73
ITRDB t ti t 9000 105 33 95 109 13ITRDB extraction tree 9000 az105 33 95 -109 13ITRDB extraction tree 9000 az105 33.95 109.13
ITRDB t ti t 9000 106 35 82 112 07ITRDB extraction tree 9000 az106 35 82 -112 07ITRDB extraction tree 9000 az106 35.82 112.07
ITRDB i 9000 109 35 00 113 00ITRDB extraction tree 9000 az109 35 00 -113 00ITRDB extraction tree 9000 az109 35.00 -113.00
ITRDB extraction tree 9000 az127 36 73 112 23ITRDB extraction tree 9000 az127 36.73 -112.23ITRDB extraction tree 9000 az127 36.73 112.23
ITRDB extraction tree 9000 az129 36 63 112 10ITRDB extraction tree 9000 az129 36.63 -112.10ITRDB extraction tree 9000 az129 36.63 112.10
ITRDB t ti t 9000 135 35 08 113 90ITRDB extraction tree 9000 az135 35 08 -113 90ITRDB extraction tree 9000 az135 35.08 113.90
ITRDB t ti t 9000 139 35 70 109 37ITRDB extraction tree 9000 az139 35 70 -109 37ITRDB extraction tree 9000 az139 35.70 109.37
ITRDB i 9000 143 35 95 113 08ITRDB extraction tree 9000 az143 35 95 -113 08ITRDB extraction tree 9000 az143 35.95 -113.08
ITRDB extraction tree 9000 az144 36 83 112 05ITRDB extraction tree 9000 az144 36.83 -112.05
ITRDB extraction tree 9000 az505 36 42 112 00ITRDB extraction tree 9000 az505 36.42 -112.00ITRDB extraction tree 9000 az505 36.42 112.00
ITRDB extraction tree 9000 az510 35 50 111 67ITRDB extraction tree 9000 az510 35.50 -111.67ITRDB extraction tree 9000 az510 35.50 111.67
ITRDB t ti t 9000 511 32 70 109 87ITRDB extraction tree 9000 az511 32 70 -109 87ITRDB extraction tree 9000 az511 32.70 109.87
ITRDB t ti t 9000 513 33 70 109 23ITRDB extraction tree 9000 az513 33 70 -109 23ITRDB extraction tree 9000 az513 33.70 109.23

9000 33 80 09 32ITRDB extraction tree 9000 az514 33 80 -109 32ITRDB extraction tree 9000 az514 33.80 -109.32
ITRDB extraction tree 9000 az515 32 42 110 73ITRDB extraction tree 9000 az515 32.42 -110.73
ITRDB extraction tree 9000 az516 32 20 110 55ITRDB extraction tree 9000 az516 32.20 -110.55e t act o t ee 9000 a 5 6 3 0 0 55
ITRDB extraction tree 9000 az517 34 88 111 82ITRDB extraction tree 9000 az517 34.88 -111.82ITRDB extraction tree 9000 az517 34.88 111.82
ITRDB e t action t ee 9000 a 518 33 47 109 48ITRDB extraction tree 9000 az518 33 47 -109 48ITRDB extraction tree 9000 az518 33.47 109.48
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d d  ldendro onlydendro only
 

y
mean mean 

first year first year last year last year correlation use for first year first year last year last year correlation use for y y y y
with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low 
samples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in database

0 8098 1711 19750 8098 1711 19750.8098 1711 1975
0 7003 1673 19750 7003 1673 19750.7003 1673 1975
0 7563 1579 19750.7563 1579 1975
0 6485 1310 19750.6485 1310 19750.6485 1310 1975
0 7822 1507 19740.7822 1507 19740.7822 1507 1974
0 7087 1542 19750 7087 1542 19750.7087 1542 1975
0 5883 1542 19920 5883 1542 19920.5883 1542 1992
0 5836 1058 19920 5836 1058 19920.5836 1058 1992
0 6734 1566 19710.6734 1566 1971
0 7143 1745 19750.7143 1745 19750.7143 1745 1975
0 8679 1745 19750.8679 1745 19750.8679 1745 1975
0 7984 1642 19710 7984 1642 19710.7984 1642 1971
0 8313 1598 19710 8313 1598 19710.8313 1598 1971
0 8361 1601 19710 8361 1601 19710.8361 1601 1971
0 7403 1376 19720.7403 1376 19720 03 3 6 9
0 8391 1470 19710.8391 1470 19710.8391 1470 1971
0 9157 1365 19710 9157 1365 19710.9157 1365 1971
0 8261 1611 19720 8261 1611 19720.8261 1611 1972

0 82 1679 19720 82 1679 19720.82 1679 1972
0 8354 1596 19720.8354 1596 1972
0 7782 1611 19720.7782 1611 19720.7782 1611 1972
0 8325 1689 19720.8325 1689 19720.8325 1689 1972
0 7904 1648 19720 7904 1648 19720.7904 1648 1972
0 8839 1687 19730 8839 1687 19730.8839 1687 1973
0 8 8 6 9 9 20 8178 1659 19720.8178 1659 1972
0 7436 1534 19720.7436 1534 1972
0 9047 1490 19720.9047 1490 19720.9047 1490 1972
0 8391 1594 19710.8391 1594 19710.8391 1594 1971
0 7437 1599 19730 7437 1599 19730.7437 1599 1973
0 7682 1448 19750 7682 1448 19750.7682 1448 1975
0 801 1598 19710 801 1598 19710.801 1598 1971
0 641 1581 19760.641 1581 19760.641 1581 1976

0 8244 1482 19760.8244 1482 19760.8244 1482 1976
0 7851 1569 19710 7851 1569 19710.7851 1569 1971
0 8403 1620 19720 8403 1620 19720.8403 1620 1972
0 8538 1643 19720 8538 1643 19720.8538 1643 1972
0 8425 1481 19750.8425 1481 1975
0 5719 1693 19750.5719 1693 19750.5719 1693 1975
0 5903 548 19830.5903 548 19830.5903 548 1983

0 71 1696 19900 71 1696 19900.71 1696 1990
0 7447 1570 19860 7447 1570 19860.7447 1570 1986
0 8 8 80 980 8185 1580 19870.8185 1580 1987
0 7304 1610 19870.7304 1610 1987
0 7594 1720 19870.7594 1720 19870 59 0 98
0 8195 1630 19860.8195 1630 19860.8195 1630 1986
0 8107 1640 19870 8107 1640 19870.8107 1640 1987
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median median 
Data type sample segment Data type sample segment Data type sample segment 

Author description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth length
ITRDB t ti t 9000 519 32 38 110 68ITRDB extraction tree 9000 az519 32 38 -110 68ITRDB extraction tree 9000 az519 32.38 110.68
ITRDB t ti t 9000 520 32 38 110 68ITRDB extraction tree 9000 az520 32 38 -110 68ITRDB extraction tree 9000 az520 32.38 -110.68
ITRDB extraction tree 9000 az521 35 27 -111 75ITRDB extraction tree 9000 az521 35.27 -111.75
ITRDB extraction tree 9000 az522 34 38 110 42ITRDB extraction tree 9000 az522 34.38 -110.42ITRDB extraction tree 9000 az522 34.38 110.42
ITRDB extraction tree 9000 az523 34 07 110 62ITRDB extraction tree 9000 az523 34.07 -110.62ITRDB extraction tree 9000 az523 34.07 110.62
ITRDB t ti t 9000 524 32 22 110 55ITRDB extraction tree 9000 az524 32 22 -110 55ITRDB extraction tree 9000 az524 32.22 110.55
ITRDB t ti t 9000 525 32 22 110 55ITRDB extraction tree 9000 az525 32 22 -110 55ITRDB extraction tree 9000 az525 32.22 110.55
ITRDB i 9000 526 31 70 110 87ITRDB extraction tree 9000 az526 31 70 -110 87ITRDB extraction tree 9000 az526 31.70 -110.87
ITRDB extraction tree 9000 az527 34 32 110 77ITRDB extraction tree 9000 az527 34.32 -110.77
ITRDB extraction tree 9000 az530 32 22 110 55ITRDB extraction tree 9000 az530 32.22 -110.55ITRDB extraction tree 9000 az530 32.22 110.55
ITRDB extraction tree 9000 az531 32 22 110 55ITRDB extraction tree 9000 az531 32.22 -110.55ITRDB extraction tree 9000 az531 32.22 110.55
ITRDB t ti t 9000 532 32 22 110 55ITRDB extraction tree 9000 az532 32 22 -110 55ITRDB extraction tree 9000 az532 32.22 110.55
ITRDB t ti t 9000 533 33 90 111 40ITRDB extraction tree 9000 az533 33 90 -111 40ITRDB extraction tree 9000 az533 33.90 111.40
ITRDB i 9000 534 31 93 109 27ITRDB extraction tree 9000 az534 31 93 -109 27ITRDB extraction tree 9000 az534 31.93 -109.27
ITRDB extraction tree 9000 az536 32 68 109 88ITRDB extraction tree 9000 az536 32.68 -109.88e t act o t ee 9000 a 536 3 68 09 88
ITRDB extraction tree 9000 az537 32 00 109 33ITRDB extraction tree 9000 az537 32.00 -109.33ITRDB extraction tree 9000 az537 32.00 109.33
ITRDB e t action t ee 9000 a 538 34 72 111 50ITRDB extraction tree 9000 az538 34 72 -111 50ITRDB extraction tree 9000 az538 34.72 111.50
ITRDB t ti t 9000 539 35 38 111 53ITRDB extraction tree 9000 az539 35 38 -111 53ITRDB extraction tree 9000 az539 35.38 111.53
ITRDB i 9000 540 32 00 109 33ITRDB extraction tree 9000 az540 32 00 -109 33ITRDB extraction tree 9000 az540 32.00 -109.33
ITRDB extraction tree 9000 az541 33 42 -109 37ITRDB extraction tree 9000 az541 33.42 -109.37
ITRDB extraction tree 9000 az542 34 25 109 93ITRDB extraction tree 9000 az542 34.25 -109.93ITRDB extraction tree 9000 az542 34.25 109.93
ITRDB extraction tree 9000 az543 35 50 111 83ITRDB extraction tree 9000 az543 35.50 -111.83ITRDB extraction tree 9000 az543 35.50 111.83
ITRDB t ti t 9000 544 31 72 110 83ITRDB extraction tree 9000 az544 31 72 -110 83ITRDB extraction tree 9000 az544 31.72 110.83
ITRDB t ti t 9000 545 32 20 110 55ITRDB extraction tree 9000 az545 32 20 -110 55ITRDB extraction tree 9000 az545 32.20 110.55

i 9000 6 32 22 0ITRDB extraction tree 9000 az546 32 22 -110 55ITRDB extraction tree 9000 az546 32.22 -110.55
ITRDB extraction tree 9000 az547 35 17 111 52ITRDB extraction tree 9000 az547 35.17 -111.52
ITRDB extraction tree 9000 az548 35 17 111 52ITRDB extraction tree 9000 az548 35.17 -111.52ITRDB extraction tree 9000 az548 35.17 111.52
ITRDB extraction tree 9000 az549 32 70 109 93ITRDB extraction tree 9000 az549 32.70 -109.93ITRDB extraction tree 9000 az549 32.70 109.93
ITRDB t ti t 9000 550 32 70 109 92ITRDB extraction tree 9000 az550 32 70 -109 92ITRDB extraction tree 9000 az550 32.70 109.92
ITRDB t ti t 9009 551 31 85 109 30ITRDB extraction tree 9009 az551 31 85 -109 30ITRDB extraction tree 9009 az551 31.85 109.30
ITRDB i 9009 553 35 43 110 20ITRDB extraction tree 9009 az553 35 43 -110 20ITRDB extraction tree 9009 az553 35.43 -110.20
ITRDB extraction tree 9009 az553x 35 43 110 20ITRDB extraction tree 9009 az553x 35.43 -110.20ITRDB extraction tree 9009 az553x 35.43 110.20
ITRDB extraction tree 9009 az554 33 97 109 55ITRDB extraction tree 9009 az554 33.97 -109.55ITRDB extraction tree 9009 az554 33.97 109.55
ITRDB t ti t 9009 555 32 45 110 78ITRDB extraction tree 9009 az555 32 45 -110 78ITRDB extraction tree 9009 az555 32.45 110.78
ITRDB t ti t 9000 556 31 45 110 35ITRDB extraction tree 9000 az556 31 45 -110 35ITRDB extraction tree 9000 az556 31.45 110.35
ITRDB i 9000 557 32 45 110 78ITRDB extraction tree 9000 az557 32 45 -110 78ITRDB extraction tree 9000 az557 32.45 -110.78
ITRDB extraction tree 9000 az558 32 70 109 92ITRDB extraction tree 9000 az558 32.70 -109.92
ITRDB extraction tree 9000 az559 32 72 109 92ITRDB extraction tree 9000 az559 32.72 -109.92ITRDB extraction tree 9000 az559 32.72 109.92
ITRDB extraction tree 9000 bpm pico2crn 48 00 110 00ITRDB extraction tree 9000 bpm pico2crn 48.00 -110.00ITRDB extraction tree 9000 bpm_pico2crn 48.00 110.00
ITRDB t ti t 9000 b it008 55 27 3 43ITRDB extraction tree 9000 brit008 55 27 -3 43ITRDB extraction tree 9000 brit008 55.27 3.43
ITRDB t ti t 9000 b it011 52 82 1 22ITRDB extraction tree 9000 brit011 52 82 1 22ITRDB extraction tree 9000 brit011 52.82 1.22

9000 b 0 2 3 6 2ITRDB extraction tree 9000 brit042 54 73 -6 27ITRDB extraction tree 9000 brit042 54.73 -6.27
ITRDB extraction tree 9000 brit044 54 33 7 60ITRDB extraction tree 9000 brit044 54.33 -7.60
ITRDB extraction tree 9000 ca051 34 12 116 82ITRDB extraction tree 9000 ca051 34.12 -116.82e t act o t ee 9000 ca05 3 6 8
ITRDB extraction tree 9000 ca064 39 57 120 25ITRDB extraction tree 9000 ca064 39.57 -120.25ITRDB extraction tree 9000 ca064 39.57 120.25
ITRDB e t action t ee 9000 ca065 41 62 120 70ITRDB extraction tree 9000 ca065 41 62 -120 70ITRDB extraction tree 9000 ca065 41.62 120.70
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d d  ldendro onlydendro only
 

y
mean mean 

first year first year last year last year correlation use for first year first year last year last year correlation use for y y y y
with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low 
samples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in database

0 7127 1550 19860 7127 1550 19860.7127 1550 1986
0 7464 1460 19860 7464 1460 19860.7464 1460 1986
0 7336 1550 19870.7336 1550 1987
0 8449 1660 19860.8449 1660 19860.8449 1660 1986
0 8372 1700 19850.8372 1700 19850.8372 1700 1985
0 717 1690 19870 717 1690 19870.717 1690 1987

0 7685 1720 19870 7685 1720 19870.7685 1720 1987
0 7541 1720 19870 7541 1720 19870.7541 1720 1987
0 6615 1630 19860.6615 1630 1986
0 681 1720 19870.681 1720 19870.681 1720 1987

0 6972 1640 19870.6972 1640 19870.6972 1640 1987
0 7528 1700 19870 7528 1700 19870.7528 1700 1987
0 7919 1570 19870 7919 1570 19870.7919 1570 1987
0 8125 1650 19860 8125 1650 19860.8125 1650 1986
0 7679 1610 19860.7679 1610 19860 6 9 6 0 986
0 8158 1640 19870.8158 1640 19870.8158 1640 1987
0 798 1670 19860 798 1670 19860.798 1670 1986

0 8215 1630 19860 8215 1630 19860.8215 1630 1986
0 7792 1640 19870 7792 1640 19870.7792 1640 1987
0 858 1660 19870.858 1660 1987

0 8678 1630 19860.8678 1630 19860.8678 1630 1986
0 7869 1600 19860.7869 1600 19860.7869 1600 1986
0 8239 1600 19860 8239 1600 19860.8239 1600 1986
0 6859 1660 19870 6859 1660 19870.6859 1660 1987
0 692 6 0 980 6927 1670 19870.6927 1670 1987
0 8183 1420 19870.8183 1420 1987
0 7715 1680 19860.7715 1680 19860.7715 1680 1986
0 7154 1557 19910.7154 1557 19910.7154 1557 1991
0 6184 1249 19910 6184 1249 19910.6184 1249 1991
0 5131 1703 19830 5131 1703 19830.5131 1703 1983
0 6914 1453 19830 6914 1453 19830.6914 1453 1983
0 7078 1453 19830.7078 1453 19830.7078 1453 1983
0 6071 1556 19830.6071 1556 19830.6071 1556 1983
0 6966 1568 19830 6966 1568 19830.6966 1568 1983
0 714 1630 19950 714 1630 19950.714 1630 1995

0 6947 1321 19980 6947 1321 19980.6947 1321 1998
0 7724 1464 19990.7724 1464 1999
0 8338 1571 20010.8338 1571 20010.8338 1571 2001

1727 19981727 19981727 1998
0 555 1652 19750 555 1652 19750.555 1652 1975
0 559 1717 19790 559 1717 19790.559 1717 1979

0 6 9 9920 5545 1649 19920.5545 1649 1992
0 5499 1708 19840.5499 1708 1984
0 707 42 19700.707 -42 19700 0 9 0

0 6587 1415 19800.6587 1415 19800.6587 1415 1980
0 6094 1357 19800 6094 1357 19800.6094 1357 1980
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median median 
Data type sample segment Data type sample segment Data type sample segment 

Author description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth length
ITRDB t ti t 9000 066 40 15 120 60ITRDB extraction tree 9000 ca066 40 15 -120 60ITRDB extraction tree 9000 ca066 40.15 120.60
ITRDB t ti t 9000 067 40 15 120 60ITRDB extraction tree 9000 ca067 40 15 -120 60ITRDB extraction tree 9000 ca067 40.15 -120.60
ITRDB extraction tree 9000 ca070 39 50 -122 67ITRDB extraction tree 9000 ca070 39.50 -122.67
ITRDB extraction tree 9000 ca073 41 77 120 75ITRDB extraction tree 9000 ca073 41.77 -120.75ITRDB extraction tree 9000 ca073 41.77 120.75
ITRDB extraction tree 9000 ca074 39 32 120 35ITRDB extraction tree 9000 ca074 39.32 -120.35ITRDB extraction tree 9000 ca074 39.32 120.35
ITRDB t ti t 9000 076 37 75 119 75ITRDB extraction tree 9000 ca076 37 75 -119 75ITRDB extraction tree 9000 ca076 37.75 119.75
ITRDB t ti t 9000 079 38 13 120 05ITRDB extraction tree 9000 ca079 38 13 -120 05ITRDB extraction tree 9000 ca079 38.13 120.05
ITRDB i 9000 082 39 43 122 68ITRDB extraction tree 9000 ca082 39 43 -122 68ITRDB extraction tree 9000 ca082 39.43 -122.68
ITRDB extraction tree 9000 ca084 39 67 122 97ITRDB extraction tree 9000 ca084 39.67 -122.97
ITRDB extraction tree 9000 ca085 39 60 122 95ITRDB extraction tree 9000 ca085 39.60 -122.95ITRDB extraction tree 9000 ca085 39.60 122.95
ITRDB extraction tree 9000 ca087 37 28 119 08ITRDB extraction tree 9000 ca087 37.28 -119.08ITRDB extraction tree 9000 ca087 37.28 119.08
ITRDB t ti t 9000 089 35 43 118 28ITRDB extraction tree 9000 ca089 35 43 -118 28ITRDB extraction tree 9000 ca089 35.43 118.28
ITRDB t ti t 9000 091 38 75 119 67ITRDB extraction tree 9000 ca091 38 75 -119 67ITRDB extraction tree 9000 ca091 38.75 119.67
ITRDB i 9000 092 36 72 118 88ITRDB extraction tree 9000 ca092 36 72 -118 88ITRDB extraction tree 9000 ca092 36.72 -118.88
ITRDB extraction tree 9000 ca094 35 53 118 43ITRDB extraction tree 9000 ca094 35.53 -118.43e t act o t ee 9000 ca09 35 53 8 3
ITRDB extraction tree 9000 ca095 41 72 121 80ITRDB extraction tree 9000 ca095 41.72 -121.80ITRDB extraction tree 9000 ca095 41.72 121.80
ITRDB e t action t ee 9000 ca512 33 73 117 55ITRDB extraction tree 9000 ca512 33 73 -117 55ITRDB extraction tree 9000 ca512 33.73 117.55
ITRDB t ti t 9000 514 36 03 118 18ITRDB extraction tree 9000 ca514 36 03 -118 18ITRDB extraction tree 9000 ca514 36.03 118.18
ITRDB i 9000 517 41 72 120 75ITRDB extraction tree 9000 ca517 41 72 -120 75ITRDB extraction tree 9000 ca517 41.72 -120.75
ITRDB extraction tree 9000 ca520 41 15 -120 57ITRDB extraction tree 9000 ca520 41.15 -120.57
ITRDB extraction tree 9000 ca524 41 17 122 03ITRDB extraction tree 9000 ca524 41.17 -122.03ITRDB extraction tree 9000 ca524 41.17 122.03
ITRDB extraction tree 9000 ca525 41 50 121 17ITRDB extraction tree 9000 ca525 41.50 -121.17ITRDB extraction tree 9000 ca525 41.50 121.17
ITRDB t ti t 9000 526 41 18 120 12ITRDB extraction tree 9000 ca526 41 18 -120 12ITRDB extraction tree 9000 ca526 41.18 120.12
ITRDB t ti t 9000 528 36 77 118 37ITRDB extraction tree 9000 ca528 36 77 -118 37ITRDB extraction tree 9000 ca528 36.77 118.37

i 9000 29 36 8 60ITRDB extraction tree 9000 ca529 36 45 -118 60ITRDB extraction tree 9000 ca529 36.45 -118.60
ITRDB extraction tree 9000 ca530 36 45 118 22ITRDB extraction tree 9000 ca530 36.45 -118.22
ITRDB extraction tree 9000 ca531 36 77 118 35ITRDB extraction tree 9000 ca531 36.77 -118.35ITRDB extraction tree 9000 ca531 36.77 118.35
ITRDB extraction tree 9000 ca532 36 45 118 62ITRDB extraction tree 9000 ca532 36.45 -118.62ITRDB extraction tree 9000 ca532 36.45 118.62
ITRDB t ti t 9000 533 37 50 118 22ITRDB extraction tree 9000 ca533 37 50 -118 22ITRDB extraction tree 9000 ca533 37.50 118.22
ITRDB t ti t 9000 534 37 37 118 22ITRDB extraction tree 9000 ca534 37 37 -118 22ITRDB extraction tree 9000 ca534 37.37 118.22
ITRDB i 9000 535 37 43 118 17ITRDB extraction tree 9000 ca535 37 43 -118 17ITRDB extraction tree 9000 ca535 37.43 -118.17
ITRDB extraction tree 9000 ca536 34 27 117 28ITRDB extraction tree 9000 ca536 34.27 -117.28ITRDB extraction tree 9000 ca536 34.27 117.28
ITRDB extraction tree 9000 ca544 34 17 117 12ITRDB extraction tree 9000 ca544 34.17 -117.12ITRDB extraction tree 9000 ca544 34.17 117.12
ITRDB t ti t 9000 546 34 17 117 07ITRDB extraction tree 9000 ca546 34 17 -117 07ITRDB extraction tree 9000 ca546 34.17 117.07
ITRDB t ti t 9000 547 34 17 117 05ITRDB extraction tree 9000 ca547 34 17 -117 05ITRDB extraction tree 9000 ca547 34.17 117.05
ITRDB i 9000 552 34 10 116 97ITRDB extraction tree 9000 ca552 34 10 -116 97ITRDB extraction tree 9000 ca552 34.10 -116.97
ITRDB extraction tree 9000 ca553 34 17 116 73ITRDB extraction tree 9000 ca553 34.17 -116.73
ITRDB extraction tree 9000 ca555 40 03 122 87ITRDB extraction tree 9000 ca555 40.03 -122.87ITRDB extraction tree 9000 ca555 40.03 122.87
ITRDB extraction tree 9009 ca556 37 17 118 47ITRDB extraction tree 9009 ca556 37.17 -118.47ITRDB extraction tree 9009 ca556 37.17 118.47
ITRDB t ti t 9009 557 40 45 121 52ITRDB extraction tree 9009 ca557 40 45 -121 52ITRDB extraction tree 9009 ca557 40.45 121.52
ITRDB t ti t 9009 558 40 75 123 67ITRDB extraction tree 9009 ca558 40 75 -123 67ITRDB extraction tree 9009 ca558 40.75 123.67

9009 9 39 0 9 2ITRDB extraction tree 9009 ca559 39 10 -119 27ITRDB extraction tree 9009 ca559 39.10 -119.27
ITRDB extraction tree 9009 ca559x 39 10 119 27ITRDB extraction tree 9009 ca559x 39.10 -119.27
ITRDB extraction tree 9000 ca602 37 83 119 42ITRDB extraction tree 9000 ca602 37.83 -119.42e t act o t ee 9000 ca60 3 83 9
ITRDB extraction tree 9000 ca603 37 92 119 23ITRDB extraction tree 9000 ca603 37.92 -119.23ITRDB extraction tree 9000 ca603 37.92 119.23
ITRDB e t action t ee 9000 ca605 37 87 119 28ITRDB extraction tree 9000 ca605 37 87 -119 28ITRDB extraction tree 9000 ca605 37.87 119.28
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y
mean mean 

first year first year last year last year correlation use for first year first year last year last year correlation use for y y y y
with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low 
samples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in database

0 5208 1471 19800 5208 1471 19800.5208 1471 1980
0 5627 1484 19800 5627 1484 19800.5627 1484 1980
0 6333 1543 19800.6333 1543 1980
0 7186 1310 19800.7186 1310 19800.7186 1310 1980
0 6826 1510 19800.6826 1510 19800.6826 1510 1980
0 581 1441 19800 581 1441 19800.581 1441 1980

0 6626 1557 19800 6626 1557 19800.6626 1557 1980
0 5494 1500 19800 5494 1500 19800.5494 1500 1980
0 5711 1318 19800.5711 1318 1980
0 6177 1497 19800.6177 1497 19800.6177 1497 1980
0 6436 1140 19810.6436 1140 19810.6436 1140 1981
0 7988 1505 19810 7988 1505 19810.7988 1505 1981
0 7955 1556 19830 7955 1556 19830.7955 1556 1983
0 6371 1434 19810 6371 1434 19810.6371 1434 1981
0 6886 1528 19810.6886 1528 19810 6886 5 8 98
0 7012 1548 19820.7012 1548 19820.7012 1548 1982
0 7941 1610 19720 7941 1610 19720.7941 1610 1972
0 8499 1607 19810 8499 1607 19810.8499 1607 1981
0 722 1654 19800 722 1654 19800.722 1654 1980
0 708 1653 19800.708 1653 1980

1661 19791661 19791661 1979
1627 19791627 19791627 1979
1526 19791526 19791526 1979

0 6047 898 19870 6047 898 19870.6047 898 1987
0 2 699 980 7247 699 19870.7247 699 1987
0 6904 917 19870.6904 917 1987
0 7583 1027 19870.7583 1027 19870.7583 1027 1987
0 7292 1050 19870.7292 1050 19870.7292 1050 1987
0 706 626 19830 706 626 19830.706 626 1983

0 6776 0 19900 6776 0 19900.6776 0 1990
0 7428 6000 19790 7428 -6000 19790.7428 -6000 1979
0 6385 1654 19880.6385 1654 19880.6385 1654 1988
0 7285 1707 19880.7285 1707 19880.7285 1707 1988
0 7008 1741 19880 7008 1741 19880.7008 1741 1988
0 641 1684 19880 641 1684 19880.641 1684 1988

0 7929 1628 19880 7929 1628 19880.7929 1628 1988
0 8159 1540 19880.8159 1540 1988
0 6186 1177 19880.6186 1177 19880.6186 1177 1988
0 5011 1548 19830.5011 1548 19830.5011 1548 1983
0 5394 1525 19830 5394 1525 19830.5394 1525 1983
0 6537 1642 19830 6537 1642 19830.6537 1642 1983
0 6 3 2 9830 7653 1712 19830.7653 1712 1983
0 6649 1712 19830.6649 1712 1983
0 5619 1532 19910.5619 1532 19910 56 9 53 99
0 6027 1430 19960.6027 1430 19960.6027 1430 1996
0 5642 885 19960 5642 885 19960.5642 885 1996
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median median 
Data type sample segment Data type sample segment Data type sample segment 

Author description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth length
ITRDB t ti t 9000 606 37 83 119 22ITRDB extraction tree 9000 ca606 37 83 -119 22ITRDB extraction tree 9000 ca606 37.83 119.22
ITRDB t ti t 9000 607 37 72 119 67ITRDB extraction tree 9000 ca607 37 72 -119 67ITRDB extraction tree 9000 ca607 37.72 -119.67
ITRDB extraction tree 9000 ca609 34 12 -116 80ITRDB extraction tree 9000 ca609 34.12 -116.80
ITRDB extraction tree 9000 ca610 32 87 116 42ITRDB extraction tree 9000 ca610 32.87 -116.42ITRDB extraction tree 9000 ca610 32.87 116.42
ITRDB extraction tree 9000 ca611 33 35 116 85ITRDB extraction tree 9000 ca611 33.35 -116.85ITRDB extraction tree 9000 ca611 33.35 116.85
ITRDB t ti t 9000 612 34 65 119 37ITRDB extraction tree 9000 ca612 34 65 -119 37ITRDB extraction tree 9000 ca612 34.65 119.37
ITRDB t ti t 9000 613 33 73 117 55ITRDB extraction tree 9000 ca613 33 73 -117 55ITRDB extraction tree 9000 ca613 33.73 117.55
ITRDB i 9000 614 35 30 120 27ITRDB extraction tree 9000 ca614 35 30 -120 27ITRDB extraction tree 9000 ca614 35.30 -120.27
ITRDB extraction tree 9000 ca615 39 02 122 82ITRDB extraction tree 9000 ca615 39.02 -122.82
ITRDB extraction tree 9000 ca616 37 72 120 42ITRDB extraction tree 9000 ca616 37.72 -120.42ITRDB extraction tree 9000 ca616 37.72 120.42
ITRDB extraction tree 9000 ca617 39 82 123 07ITRDB extraction tree 9000 ca617 39.82 -123.07ITRDB extraction tree 9000 ca617 39.82 123.07
ITRDB t ti t 9000 618 39 52 121 43ITRDB extraction tree 9000 ca618 39 52 -121 43ITRDB extraction tree 9000 ca618 39.52 121.43
ITRDB t ti t 9000 619 40 27 121 85ITRDB extraction tree 9000 ca619 40 27 -121 85ITRDB extraction tree 9000 ca619 40.27 121.85
ITRDB i 9000 620 38 77 121 10ITRDB extraction tree 9000 ca620 38 77 -121 10ITRDB extraction tree 9000 ca620 38.77 -121.10
ITRDB extraction tree 9000 ca621 35 52 118 67ITRDB extraction tree 9000 ca621 35.52 -118.67e t act o t ee 9000 ca6 35 5 8 6
ITRDB extraction tree 9000 ca623 37 87 121 95ITRDB extraction tree 9000 ca623 37.87 -121.95ITRDB extraction tree 9000 ca623 37.87 121.95
ITRDB e t action t ee 9000 ca624 37 87 121 95ITRDB extraction tree 9000 ca624 37 87 -121 95ITRDB extraction tree 9000 ca624 37.87 121.95
ITRDB t ti t 9000 625 37 05 121 00ITRDB extraction tree 9000 ca625 37 05 -121 00ITRDB extraction tree 9000 ca625 37.05 121.00
ITRDB i 9000 626 36 47 121 18ITRDB extraction tree 9000 ca626 36 47 -121 18ITRDB extraction tree 9000 ca626 36.47 -121.18
ITRDB extraction tree 9000 ca628 40 15 -120 60ITRDB extraction tree 9000 ca628 40.15 -120.60
ITRDB extraction tree 9000 ca629 41 45 120 90ITRDB extraction tree 9000 ca629 41.45 -120.90ITRDB extraction tree 9000 ca629 41.45 120.90
ITRDB extraction tree 9000 ca630 38 70 120 00ITRDB extraction tree 9000 ca630 38.70 -120.00ITRDB extraction tree 9000 ca630 38.70 120.00
ITRDB t ti t 9000 631 39 52 120 55ITRDB extraction tree 9000 ca631 39 52 -120 55ITRDB extraction tree 9000 ca631 39.52 120.55
ITRDB t ti t 9000 632 39 55 120 20ITRDB extraction tree 9000 ca632 39 55 -120 20ITRDB extraction tree 9000 ca632 39.55 120.20

i 9000 633 3 8 68ITRDB extraction tree 9000 ca633 37 75 -118 68ITRDB extraction tree 9000 ca633 37.75 -118.68
ITRDB extraction tree 9000 cana002 58 37 68 38ITRDB extraction tree 9000 cana002 58.37 -68.38
ITRDB extraction tree 9000 cana029 68 63 138 63ITRDB extraction tree 9000 cana029 68.63 -138.63ITRDB extraction tree 9000 cana029 68.63 138.63
ITRDB extraction tree 9000 cana030 55 33 63 25ITRDB extraction tree 9000 cana030 55.33 -63.25ITRDB extraction tree 9000 cana030 55.33 63.25
ITRDB t ti t 9000 032 44 82 64 00ITRDB extraction tree 9000 cana032 44 82 -64 00ITRDB extraction tree 9000 cana032 44.82 64.00
ITRDB t ti t 9000 033 45 80 78 20ITRDB extraction tree 9000 cana033 45 80 -78 20ITRDB extraction tree 9000 cana033 45.80 78.20
ITRDB i 9000 034 45 17 78 75ITRDB extraction tree 9000 cana034 45 17 -78 75ITRDB extraction tree 9000 cana034 45.17 -78.75
ITRDB extraction tree 9000 cana035 46 63 71 88ITRDB extraction tree 9000 cana035 46.63 -71.88ITRDB extraction tree 9000 cana035 46.63 71.88
ITRDB extraction tree 9000 cana036 48 58 65 92ITRDB extraction tree 9000 cana036 48.58 -65.92ITRDB extraction tree 9000 cana036 48.58 65.92
ITRDB t ti t 9000 037 47 00 79 92ITRDB extraction tree 9000 cana037 47 00 -79 92ITRDB extraction tree 9000 cana037 47.00 79.92
ITRDB t ti t 9009 050 53 48 58 67ITRDB extraction tree 9009 cana050 53 48 -58 67ITRDB extraction tree 9009 cana050 53.48 58.67
ITRDB i 9009 055 50 17 68 17ITRDB extraction tree 9009 cana055 50 17 -68 17ITRDB extraction tree 9009 cana055 50.17 -68.17
ITRDB extraction tree 9009 cana055x 50 17 68 17ITRDB extraction tree 9009 cana055x 50.17 -68.17
ITRDB extraction tree 9009 cana082 61 67 139 67ITRDB extraction tree 9009 cana082 61.67 -139.67ITRDB extraction tree 9009 cana082 61.67 139.67
ITRDB extraction tree 9009 cana084 59 92 136 83ITRDB extraction tree 9009 cana084 59.92 -136.83ITRDB extraction tree 9009 cana084 59.92 136.83
ITRDB t ti t 9009 084 59 92 136 83ITRDB extraction tree 9009 cana084x 59 92 -136 83ITRDB extraction tree 9009 cana084x 59.92 136.83
ITRDB t ti t 9009 091 54 90 127 25ITRDB extraction tree 9009 cana091 54 90 -127 25ITRDB extraction tree 9009 cana091 54.90 127.25

9009 09 90 2 2ITRDB extraction tree 9009 cana091x 54 90 -127 25ITRDB extraction tree 9009 cana091x 54.90 -127.25
ITRDB extraction tree 9009 cana094 53 33 120 67ITRDB extraction tree 9009 cana094 53.33 -120.67
ITRDB extraction tree 9009 cana094x 53 33 120 67ITRDB extraction tree 9009 cana094x 53.33 -120.67e t act o t ee 9009 ca a09 53 33 0 6
ITRDB extraction tree 9009 cana095 51 88 121 25ITRDB extraction tree 9009 cana095 51.88 -121.25ITRDB extraction tree 9009 cana095 51.88 121.25
ITRDB e t action t ee 9009 cana096 52 25 117 00ITRDB extraction tree 9009 cana096 52 25 -117 00ITRDB extraction tree 9009 cana096 52.25 117.00
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d d  ldendro onlydendro only
 

y
mean mean 

first year first year last year last year correlation use for first year first year last year last year correlation use for y y y y
with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low 
samples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in database

0 6257 800 19960 6257 800 19960.6257 800 1996
0 7101 1681 19910 7101 1681 19910.7101 1681 1991
0 6681 1560 19950.6681 1560 1995
0 7631 1660 19950.7631 1660 19950.7631 1660 1995
0 7461 1640 19920.7461 1640 19920.7461 1640 1992
0 8581 1470 19930 8581 1470 19930.8581 1470 1993
0 784 1660 19950 784 1660 19950.784 1660 1995

0 7801 1577 19960 7801 1577 19960.7801 1577 1996
0 6504 1642 19960.6504 1642 1996
0 6878 1669 19920.6878 1669 19920.6878 1669 1992
0 6557 1535 19960.6557 1535 19960.6557 1535 1996
0 5921 1637 19960 5921 1637 19960.5921 1637 1996
0 5782 1515 19960 5782 1515 19960.5782 1515 1996
0 6589 1603 19960 6589 1603 19960.6589 1603 1996
0 8142 1585 19960.8142 1585 19960 8 585 996
0 752 1645 19970.752 1645 19970.752 1645 1997

0 6502 1621 19960 6502 1621 19960.6502 1621 1996
0 7881 1607 19960 7881 1607 19960.7881 1607 1996
0 8014 1578 19960 8014 1578 19960.8014 1578 1996
0 5267 1450 19980.5267 1450 1998
0 7018 1152 19980.7018 1152 19980.7018 1152 1998
0 6806 420 19990.6806 -420 19990.6806 420 1999
0 7062 930 19990 7062 930 19990.7062 930 1999
0 6827 1010 19990 6827 1010 19990.6827 1010 1999

680 2000680 2000680 2000
0 7436 1650 19740.7436 1650 1974
0 7923 1570 19770.7923 1570 19770.7923 1570 1977
0 6126 1660 19760.6126 1660 19760.6126 1660 1976
0 6716 1572 19820 6716 1572 19820.6716 1572 1982
0 5493 1550 19820 5493 1550 19820.5493 1550 1982
0 7084 1641 19820 7084 1641 19820.7084 1641 1982
0 6535 1524 19820.6535 1524 19820.6535 1524 1982
0 5891 1404 19820.5891 1404 19820.5891 1404 1982
0 6169 1644 19830 6169 1644 19830.6169 1644 1983
0 5378 1709 19880 5378 1709 19880.5378 1709 1988
0 6052 1719 19880 6052 1719 19880.6052 1719 1988
0 7012 1719 19880.7012 1719 1988
0 5517 1585 19830.5517 1585 19830.5517 1585 1983
0 6805 1732 19830.6805 1732 19830.6805 1732 1983
0 7021 1732 19830 7021 1732 19830.7021 1732 1983
0 5955 1680 19830 5955 1680 19830.5955 1680 1983
0 99 680 9830 5599 1680 19830.5599 1680 1983
0 5549 1649 19830.5549 1649 1983
0 5153 1649 19830.5153 1649 19830 5 53 6 9 983
0 7018 1669 19830.7018 1669 19830.7018 1669 1983
0 6837 1608 19830 6837 1608 19830.6837 1608 1983
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median median 
Data type sample segment Data type sample segment Data type sample segment 

Author description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth length
ITRDB t ti t 9009 096 52 25 117 00ITRDB extraction tree 9009 cana096x 52 25 -117 00ITRDB extraction tree 9009 cana096x 52.25 117.00
ITRDB t ti t 9009 097 51 75 116 22ITRDB extraction tree 9009 cana097 51 75 -116 22ITRDB extraction tree 9009 cana097 51.75 -116.22
ITRDB extraction tree 9009 cana097x 51 75 -116 22ITRDB extraction tree 9009 cana097x 51.75 -116.22
ITRDB extraction tree 9000 cana099 50 57 115 15ITRDB extraction tree 9000 cana099 50.57 -115.15ITRDB extraction tree 9000 cana099 50.57 115.15
ITRDB extraction tree 9000 cana104 58 98 111 50ITRDB extraction tree 9000 cana104 58.98 -111.50ITRDB extraction tree 9000 cana104 58.98 111.50
ITRDB t ti t 9000 105 58 37 111 50ITRDB extraction tree 9000 cana105 58 37 -111 50ITRDB extraction tree 9000 cana105 58.37 111.50
ITRDB t ti t 9000 106 48 47 79 28ITRDB extraction tree 9000 cana106 48 47 -79 28ITRDB extraction tree 9000 cana106 48.47 79.28
ITRDB i 9000 107 49 52 123 07ITRDB extraction tree 9000 cana107 49 52 -123 07ITRDB extraction tree 9000 cana107 49.52 -123.07
ITRDB extraction tree 9000 cana109 49 53 123 03ITRDB extraction tree 9000 cana109 49.53 -123.03
ITRDB extraction tree 9000 cana110 49 53 123 03ITRDB extraction tree 9000 cana110 49.53 -123.03ITRDB extraction tree 9000 cana110 49.53 123.03
ITRDB extraction tree 9009 cana111 49 42 123 08ITRDB extraction tree 9009 cana111 49.42 -123.08ITRDB extraction tree 9009 cana111 49.42 123.08
ITRDB t ti t 9009 111 49 42 123 08ITRDB extraction tree 9009 cana111x 49 42 -123 08ITRDB extraction tree 9009 cana111x 49.42 123.08
ITRDB t ti t 9009 112 49 08 116 75ITRDB extraction tree 9009 cana112 49 08 -116 75ITRDB extraction tree 9009 cana112 49.08 116.75
ITRDB i 9009 112 49 08 116 75ITRDB extraction tree 9009 cana112x 49 08 -116 75ITRDB extraction tree 9009 cana112x 49.08 -116.75
ITRDB extraction tree 9009 cana113 49 15 125 23ITRDB extraction tree 9009 cana113 49.15 -125.23e t act o t ee 9009 ca a 3 9 5 5 3
ITRDB extraction tree 9009 cana113x 49 15 125 23ITRDB extraction tree 9009 cana113x 49.15 -125.23ITRDB extraction tree 9009 cana113x 49.15 125.23
ITRDB e t action t ee 9000 cana117 65 35 126 70ITRDB extraction tree 9000 cana117 65 35 -126 70ITRDB extraction tree 9000 cana117 65.35 126.70
ITRDB t ti t 9000 119 64 97 127 48ITRDB extraction tree 9000 cana119 64 97 -127 48ITRDB extraction tree 9000 cana119 64.97 127.48
ITRDB i 9000 121 66 72 136 28ITRDB extraction tree 9000 cana121 66 72 -136 28ITRDB extraction tree 9000 cana121 66.72 -136.28
ITRDB extraction tree 9000 cana123 64 98 -127 57ITRDB extraction tree 9000 cana123 64.98 -127.57
ITRDB extraction tree 9000 cana127 45 42 78 60ITRDB extraction tree 9000 cana127 45.42 -78.60ITRDB extraction tree 9000 cana127 45.42 78.60
ITRDB extraction tree 9000 cana128 46 72 80 20ITRDB extraction tree 9000 cana128 46.72 -80.20ITRDB extraction tree 9000 cana128 46.72 80.20
ITRDB t ti t 9000 135 51 17 114 67ITRDB extraction tree 9000 cana135 51 17 -114 67ITRDB extraction tree 9000 cana135 51.17 114.67
ITRDB t ti t 9000 136 49 58 114 22ITRDB extraction tree 9000 cana136 49 58 -114 22ITRDB extraction tree 9000 cana136 49.58 114.22

i 9000 3 9 8 20ITRDB extraction tree 9000 cana137 49 58 -114 20ITRDB extraction tree 9000 cana137 49.58 -114.20
ITRDB extraction tree 9000 cana138 68 27 133 33ITRDB extraction tree 9000 cana138 68.27 -133.33
ITRDB extraction tree 9000 cana147 50 82 119 90ITRDB extraction tree 9000 cana147 50.82 -119.90ITRDB extraction tree 9000 cana147 50.82 119.90
ITRDB extraction tree 9000 cana150 49 87 118 85ITRDB extraction tree 9000 cana150 49.87 -118.85ITRDB extraction tree 9000 cana150 49.87 118.85
ITRDB t ti t 9000 151 49 87 118 85ITRDB extraction tree 9000 cana151 49 87 -118 85ITRDB extraction tree 9000 cana151 49.87 118.85
ITRDB t ti t 9000 152 49 87 118 85ITRDB extraction tree 9000 cana152 49 87 -118 85ITRDB extraction tree 9000 cana152 49.87 118.85
ITRDB i 9000 153 67 23 115 92ITRDB extraction tree 9000 cana153 67 23 -115 92ITRDB extraction tree 9000 cana153 67.23 -115.92
ITRDB extraction tree 9000 cana154 65 33 126 68ITRDB extraction tree 9000 cana154 65.33 -126.68ITRDB extraction tree 9000 cana154 65.33 126.68
ITRDB extraction tree 9000 cana155 64 03 103 87ITRDB extraction tree 9000 cana155 64.03 -103.87ITRDB extraction tree 9000 cana155 64.03 103.87
ITRDB t ti t 9000 156 65 00 127 83ITRDB extraction tree 9000 cana156 65 00 -127 83ITRDB extraction tree 9000 cana156 65.00 127.83
ITRDB t ti t 9000 157 65 00 138 33ITRDB extraction tree 9000 cana157 65 00 -138 33ITRDB extraction tree 9000 cana157 65.00 138.33
ITRDB i 9000 158 58 72 94 07ITRDB extraction tree 9000 cana158 58 72 -94 07ITRDB extraction tree 9000 cana158 58.72 -94.07
ITRDB extraction tree 9000 cana159 56 17 76 55ITRDB extraction tree 9000 cana159 56.17 -76.55
ITRDB extraction tree 9000 cana161 51 03 119 05ITRDB extraction tree 9000 cana161 51.03 -119.05ITRDB extraction tree 9000 cana161 51.03 119.05
ITRDB extraction tree 9000 cana174 50 22 126 35ITRDB extraction tree 9000 cana174 50.22 -126.35ITRDB extraction tree 9000 cana174 50.22 126.35
ITRDB t ti t 9000 175 50 22 126 35ITRDB extraction tree 9000 cana175 50 22 -126 35ITRDB extraction tree 9000 cana175 50.22 126.35
ITRDB t ti t 9000 194 49 83 97 20ITRDB extraction tree 9000 cana194 49 83 -97 20ITRDB extraction tree 9000 cana194 49.83 97.20

9000 b 2 6 2 90ITRDB extraction tree 9000 cerbcrn2 56 75 124 90ITRDB extraction tree 9000 cerbcrn2 56.75 124.90
ITRDB extraction tree 9000 chil002 31 97 71 03ITRDB extraction tree 9000 chil002 -31.97 -71.03
ITRDB extraction tree 9000 chil006 38 33 71 35ITRDB extraction tree 9000 chil006 -38.33 -71.35e t act o t ee 9000 c 006 38 33 35
ITRDB extraction tree 9000 chil007 33 78 70 25ITRDB extraction tree 9000 chil007 -33.78 -70.25ITRDB extraction tree 9000 chil007 33.78 70.25
ITRDB e t action t ee 9000 chil008 38 38 71 57ITRDB extraction tree 9000 chil008 -38 38 -71 57ITRDB extraction tree 9000 chil008 38.38 71.57

ABOR/MH/Priv-003889



d d  ldendro onlydendro only
 

y
mean mean 

first year first year last year last year correlation use for first year first year last year last year correlation use for y y y y
with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low 
samples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in database

0 6874 1608 19830 6874 1608 19830.6874 1608 1983
0 7822 1634 19830 7822 1634 19830.7822 1634 1983
0 8547 1634 19830.8547 1634 1983
0 626 1499 19890.626 1499 19890.626 1499 1989

0 7115 1698 19700.7115 1698 19700.7115 1698 1970
0 7262 1708 19700 7262 1708 19700.7262 1708 1970
0 5454 1186 19870 5454 1186 19870.5454 1186 1987
0 698 1687 19920 698 1687 19920.698 1687 1992

0 7038 1539 19920.7038 1539 1992
0 7307 1344 19930.7307 1344 19930.7307 1344 1993
0 6615 1413 19830.6615 1413 19830.6615 1413 1983
0 5783 1413 19830 5783 1413 19830.5783 1413 1983
0 6711 1701 19830 6711 1701 19830.6711 1701 1983
0 7027 1701 19830 7027 1701 19830.7027 1701 1983
0 5405 1629 19830.5405 1629 19830 5 05 6 9 983
0 6634 1629 19830.6634 1629 19830.6634 1629 1983
0 5372 1409 19910 5372 1409 19910.5372 1409 1991
0 5859 1506 19890 5859 1506 19890.5859 1506 1989
0 6318 1547 19920 6318 1547 19920.6318 1547 1992
0 5658 1588 19890.5658 1588 1989
0 5776 1662 19940.5776 1662 19940.5776 1662 1994
0 5505 1547 19940.5505 1547 19940.5505 1547 1994
0 6665 1315 19920 6665 1315 19920.6665 1315 1992
0 6358 1466 19920 6358 1466 19920.6358 1466 1992
0 6 2 6 9920 6742 1467 19920.6742 1467 1992
0 6542 1060 19920.6542 1060 1992
0 6249 1665 19940.6249 1665 19940.6249 1665 1994
0 646 1689 19980.646 1689 19980.646 1689 1998

0 5578 1669 19980 5578 1669 19980.5578 1669 1998
0 6086 1725 19980 6086 1725 19980.6086 1725 1998
0 7551 1428 19770 7551 1428 19770.7551 1428 1977
0 6263 1625 19830.6263 1625 19830.6263 1625 1983
0 7304 1491 19840.7304 1491 19840.7304 1491 1984
0 6876 1626 19840 6876 1626 19840.6876 1626 1984
0 6607 1530 19920 6607 1530 19920.6607 1530 1992
0 639 1650 19820 639 1650 19820.639 1650 1982

0 6773 1663 19820.6773 1663 1982
0 6819 1710 19960.6819 1710 19960.6819 1710 1996
0 6133 1420 19990.6133 1420 19990.6133 1420 1999
0 5288 1200 19990 5288 1200 19990.5288 1200 1999
0 6162 1286 19990 6162 1286 19990.6162 1286 1999

66 9991661 19991661 1999
0 5979 1011 19720.5979 1011 1972
0 5769 1386 19750.5769 1386 19750 5 69 386 9 5
0 5862 1131 19750.5862 1131 19750.5862 1131 1975
0 5684 1664 19750 5684 1664 19750.5684 1664 1975
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median median 
Data type sample segment Data type sample segment Data type sample segment 

Author description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth length
ITRDB t ti t 9000 hil009 37 68 73 17ITRDB extraction tree 9000 chil009 -37 68 -73 17ITRDB extraction tree 9000 chil009 37.68 73.17
ITRDB t ti t 9000 hil011 37 35 71 50ITRDB extraction tree 9000 chil011 -37 35 -71 50ITRDB extraction tree 9000 chil011 -37.35 -71.50
ITRDB extraction tree 9000 chil012 -37 83 -73 03ITRDB extraction tree 9000 chil012 -37.83 -73.03
ITRDB extraction tree 9000 chil013 34 78 70 75ITRDB extraction tree 9000 chil013 -34.78 -70.75ITRDB extraction tree 9000 chil013 34.78 70.75
ITRDB extraction tree 9000 chil016 43 00 72 50ITRDB extraction tree 9000 chil016 -43.00 -72.50ITRDB extraction tree 9000 chil016 43.00 72.50
ITRDB t ti t 9000 hil017 43 00 72 50ITRDB extraction tree 9000 chil017 -43 00 -72 50ITRDB extraction tree 9000 chil017 43.00 72.50
ITRDB t ti t 9000 hil018 42 50 73 83ITRDB extraction tree 9000 chil018 -42 50 -73 83ITRDB extraction tree 9000 chil018 42.50 73.83
ITRDB i 9000 hi 004 34 48 110 08ITRDB extraction tree 9000 chin004 34 48 110 08ITRDB extraction tree 9000 chin004 34.48 110.08
ITRDB extraction tree 9000 chin004x 34 48 110 08ITRDB extraction tree 9000 chin004x 34.48 110.08
ITRDB extraction tree 9000 cl pcgl2crn NaN NaNITRDB extraction tree 9000 cl pcgl2crn NaN NaNITRDB extraction tree 9000 cl_pcgl2crn NaN NaN
ITRDB extraction tree 9000 co066 37 58 108 55ITRDB extraction tree 9000 co066 37.58 -108.55ITRDB extraction tree 9000 co066 37.58 108.55
ITRDB t ti t 9000 067 37 58 108 55ITRDB extraction tree 9000 co067 37 58 -108 55ITRDB extraction tree 9000 co067 37.58 108.55
ITRDB t ti t 9000 076 37 17 108 52ITRDB extraction tree 9000 co076 37 17 -108 52ITRDB extraction tree 9000 co076 37.17 108.52
ITRDB i 9000 509 37 18 108 48ITRDB extraction tree 9000 co509 37 18 -108 48ITRDB extraction tree 9000 co509 37.18 -108.48
ITRDB extraction tree 9000 co509x 37 18 108 48ITRDB extraction tree 9000 co509x 37.18 -108.48e t act o t ee 9000 co509 3 8 08 8
ITRDB extraction tree 9000 co511 40 03 105 58ITRDB extraction tree 9000 co511 40.03 -105.58ITRDB extraction tree 9000 co511 40.03 105.58
ITRDB e t action t ee 9000 co522 39 63 105 58ITRDB extraction tree 9000 co522 39 63 -105 58ITRDB extraction tree 9000 co522 39.63 105.58
ITRDB t ti t 9000 523 39 32 106 08ITRDB extraction tree 9000 co523 39 32 -106 08ITRDB extraction tree 9000 co523 39.32 106.08
ITRDB i 9000 524 38 77 104 98ITRDB extraction tree 9000 co524 38 77 -104 98ITRDB extraction tree 9000 co524 38.77 -104.98
ITRDB extraction tree 9000 co525 38 10 -105 63ITRDB extraction tree 9000 co525 38.10 -105.63
ITRDB extraction tree 9000 co526 40 42 105 47ITRDB extraction tree 9000 co526 40.42 -105.47ITRDB extraction tree 9000 co526 40.42 105.47
ITRDB extraction tree 9000 co531 38 95 104 95ITRDB extraction tree 9000 co531 38.95 -104.95ITRDB extraction tree 9000 co531 38.95 104.95
ITRDB t ti t 9000 532 40 37 105 58ITRDB extraction tree 9000 co532 40 37 -105 58ITRDB extraction tree 9000 co532 40.37 105.58
ITRDB t ti t 9000 533 39 93 105 28ITRDB extraction tree 9000 co533 39 93 -105 28ITRDB extraction tree 9000 co533 39.93 105.28

i 9000 3 39 93 0 2ITRDB extraction tree 9000 co534 39 93 -105 27ITRDB extraction tree 9000 co534 39.93 -105.27
ITRDB extraction tree 9000 co535 38 77 104 97ITRDB extraction tree 9000 co535 38.77 -104.97
ITRDB extraction tree 9000 co538 40 53 105 13ITRDB extraction tree 9000 co538 40.53 -105.13ITRDB extraction tree 9000 co538 40.53 105.13
ITRDB extraction tree 9000 co539 39 68 105 20ITRDB extraction tree 9000 co539 39.68 -105.20ITRDB extraction tree 9000 co539 39.68 105.20
ITRDB t ti t 9000 541 39 45 105 13ITRDB extraction tree 9000 co541 39 45 -105 13ITRDB extraction tree 9000 co541 39.45 105.13
ITRDB t ti t 9000 542 40 17 105 28ITRDB extraction tree 9000 co542 40 17 -105 28ITRDB extraction tree 9000 co542 40.17 105.28
ITRDB i 9000 543 40 42 105 80ITRDB extraction tree 9000 co543 40 42 -105 80ITRDB extraction tree 9000 co543 40.42 -105.80
ITRDB extraction tree 9000 co544 40 10 105 73ITRDB extraction tree 9000 co544 40.10 -105.73ITRDB extraction tree 9000 co544 40.10 105.73
ITRDB extraction tree 9000 co545 40 05 105 55ITRDB extraction tree 9000 co545 40.05 -105.55ITRDB extraction tree 9000 co545 40.05 105.55
ITRDB t ti t 9000 547 40 40 105 67ITRDB extraction tree 9000 co547 40 40 -105 67ITRDB extraction tree 9000 co547 40.40 105.67
ITRDB t ti t 9000 548 38 60 104 87ITRDB extraction tree 9000 co548 38 60 -104 87ITRDB extraction tree 9000 co548 38.60 104.87
ITRDB i 9000 549 40 37 105 67ITRDB extraction tree 9000 co549 40 37 -105 67ITRDB extraction tree 9000 co549 40.37 -105.67
ITRDB extraction tree 9000 co550 40 37 105 25ITRDB extraction tree 9000 co550 40.37 -105.25
ITRDB extraction tree 9000 co551 40 05 105 43ITRDB extraction tree 9000 co551 40.05 -105.43ITRDB extraction tree 9000 co551 40.05 105.43
ITRDB extraction tree 9009 co552 37 90 107 72ITRDB extraction tree 9009 co552 37.90 -107.72ITRDB extraction tree 9009 co552 37.90 107.72
ITRDB t ti t 9009 552 37 90 107 72ITRDB extraction tree 9009 co552x 37 90 -107 72ITRDB extraction tree 9009 co552x 37.90 107.72
ITRDB t ti t 9009 553 39 33 105 03ITRDB extraction tree 9009 co553 39 33 -105 03ITRDB extraction tree 9009 co553 39.33 105.03

9009 38 6 0 8ITRDB extraction tree 9009 co554 38 67 -107 58ITRDB extraction tree 9009 co554 38.67 -107.58
ITRDB extraction tree 9000 co555 37 78 105 50ITRDB extraction tree 9000 co555 37.78 -105.50
ITRDB extraction tree 9000 co556 37 72 105 47ITRDB extraction tree 9000 co556 37.72 -105.47e t act o t ee 9000 co556 3 05
ITRDB extraction tree 9000 co557 37 78 106 82ITRDB extraction tree 9000 co557 37.78 -106.82ITRDB extraction tree 9000 co557 37.78 106.82
ITRDB e t action t ee 9000 co558 38 10 106 37ITRDB extraction tree 9000 co558 38 10 -106 37ITRDB extraction tree 9000 co558 38.10 106.37
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d d  ldendro onlydendro only
 

y
mean mean 

first year first year last year last year correlation use for first year first year last year last year correlation use for y y y y
with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low 
samples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in database

0 6176 1440 19750 6176 1440 19750.6176 1440 1975
0 6119 1641 19750 6119 1641 19750.6119 1641 1975
0 5036 1242 19750.5036 1242 1975
0 6085 1568 19750.6085 1568 19750.6085 1568 1975
0 5558 1489 19860.5558 1489 19860.5558 1489 1986
0 5624 1489 19860 5624 1489 19860.5624 1489 1986
0 6288 1554 19870 6288 1554 19870.6288 1554 1987
0 7195 1540 19890 7195 1540 19890.7195 1540 1989
0 6978 1560 19880.6978 1560 1988

1636 20011636 20011636 2001
0 7638 1457 19780.7638 1457 19780.7638 1457 1978
0 8178 1270 19780 8178 1270 19780.8178 1270 1978
0 8701 1390 19710 8701 1390 19710.8701 1390 1971
0 8298 1373 19780 8298 1373 19780.8298 1373 1978
0 7403 1373 19780.7403 1373 19780 03 3 3 9 8
0 5674 1169 19890.5674 1169 19890.5674 1169 1989
0 6712 525 19830 6712 525 19830.6712 525 1983
0 6061 1050 19850 6061 1050 19850.6061 1050 1985
0 6266 560 19830 6266 560 19830.6266 560 1983
0 5699 1048 19830.5699 1048 1983
0 8177 1650 19800.8177 1650 19800.8177 1650 1980
0 7617 1714 19840.7617 1714 19840.7617 1714 1984
0 7586 1640 19870 7586 1640 19870.7586 1640 1987
0 7063 1550 19870 7063 1550 19870.7063 1550 1987
0 680 980 7171 1680 19870.7171 1680 1987
0 7386 1320 19870.7386 1320 1987
0 7433 1670 19870.7433 1670 19870.7433 1670 1987
0 7533 1550 19870.7533 1550 19870.7533 1550 1987
0 7968 1710 19870 7968 1710 19870.7968 1710 1987
0 6974 1690 19870 6974 1690 19870.6974 1690 1987
0 7184 1570 19870 7184 1570 19870.7184 1570 1987
0 5879 1430 19870.5879 1430 19870.5879 1430 1987
0 6074 1330 19870.6074 1330 19870.6074 1330 1987
0 6185 1070 19870 6185 1070 19870.6185 1070 1987
0 8142 1650 19880 8142 1650 19880.8142 1650 1988
0 6983 1510 19870 6983 1510 19870.6983 1510 1987
0 7522 1690 19870.7522 1690 1987
0 7193 1750 19870.7193 1750 19870.7193 1750 1987
0 6075 1626 19830.6075 1626 19830.6075 1626 1983
0 786 1626 19830 786 1626 19830.786 1626 1983

0 5753 1530 19830 5753 1530 19830.5753 1530 1983
0 6 6 9820 5611 1565 19820.5611 1565 1982
0 655 1260 19950.655 1260 1995

0 7048 1035 19950.7048 1035 19950 0 8 035 995
0 8377 1654 19970.8377 1654 19970.8377 1654 1997
0 8408 1605 19970 8408 1605 19970.8408 1605 1997
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median median 
Data type sample segment Data type sample segment Data type sample segment 

Author description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth length
ITRDB t ti t 9000 559 37 38 106 28ITRDB extraction tree 9000 co559 37 38 -106 28ITRDB extraction tree 9000 co559 37.38 106.28
ITRDB t ti t 9000 560 37 63 106 68ITRDB extraction tree 9000 co560 37 63 -106 68ITRDB extraction tree 9000 co560 37.63 -106.68
ITRDB extraction tree 9000 co563 40 42 -105 57ITRDB extraction tree 9000 co563 40.42 -105.57
ITRDB extraction tree 9000 co564 39 50 104 22ITRDB extraction tree 9000 co564 39.50 -104.22ITRDB extraction tree 9000 co564 39.50 104.22
ITRDB extraction tree 9000 co566 39 07 104 43ITRDB extraction tree 9000 co566 39.07 -104.43ITRDB extraction tree 9000 co566 39.07 104.43
ITRDB t ti t 9000 568 37 23 103 25ITRDB extraction tree 9000 co568 37 23 -103 25ITRDB extraction tree 9000 co568 37.23 103.25
ITRDB t ti t 9000 569 37 10 103 62ITRDB extraction tree 9000 co569 37 10 -103 62ITRDB extraction tree 9000 co569 37.10 103.62
ITRDB i 9000 570 37 07 103 27ITRDB extraction tree 9000 co570 37 07 -103 27ITRDB extraction tree 9000 co570 37.07 -103.27
ITRDB extraction tree 9000 co572 40 32 105 55ITRDB extraction tree 9000 co572 40.32 -105.55
ITRDB extraction tree 9000 co579 39 95 106 52ITRDB extraction tree 9000 co579 39.95 -106.52ITRDB extraction tree 9000 co579 39.95 106.52
ITRDB extraction tree 9000 co580 39 00 108 15ITRDB extraction tree 9000 co580 39.00 -108.15ITRDB extraction tree 9000 co580 39.00 108.15
ITRDB t ti t 9000 581 40 75 106 85ITRDB extraction tree 9000 co581 40 75 -106 85ITRDB extraction tree 9000 co581 40.75 106.85
ITRDB t ti t 9000 582 38 67 108 35ITRDB extraction tree 9000 co582 38 67 -108 35ITRDB extraction tree 9000 co582 38.67 108.35
ITRDB i 9000 001 41 95 73 22ITRDB extraction tree 9000 ct001 41 95 -73 22ITRDB extraction tree 9000 ct001 41.95 -73.22
ITRDB extraction tree 9000 ct002 41 97 73 22ITRDB extraction tree 9000 ct002 41.97 -73.22e t act o t ee 9000 ct00 9 3
ITRDB extraction tree 9009 cypr009 34 98 32 68ITRDB extraction tree 9009 cypr009 34.98 32.68ITRDB extraction tree 9009 cypr009 34.98 32.68
ITRDB e t action t ee 9000 e oc n2 57 52 125 17ITRDB extraction tree 9000 evocrn2 57 52 125 17ITRDB extraction tree 9000 evocrn2 57.52 125.17
ITRDB t ti t 9000 fi l001 62 98 31 30ITRDB extraction tree 9000 finl001 62 98 31 30ITRDB extraction tree 9000 finl001 62.98 31.30
ITRDB i 9000 fi l005 63 68 29 88ITRDB extraction tree 9000 finl005 63 68 29 88ITRDB extraction tree 9000 finl005 63.68 29.88
ITRDB extraction tree 9000 finl008 63 10 30 63ITRDB extraction tree 9000 finl008 63.10 30.63
ITRDB extraction tree 9009 finl018 66 37 29 43ITRDB extraction tree 9009 finl018 66.37 29.43ITRDB extraction tree 9009 finl018 66.37 29.43
ITRDB extraction tree 9000 finl021 68 83 27 25ITRDB extraction tree 9000 finl021 68.83 27.25ITRDB extraction tree 9000 finl021 68.83 27.25
ITRDB t ti t 9000 fi l022 68 58 28 00ITRDB extraction tree 9000 finl022 68 58 28 00ITRDB extraction tree 9000 finl022 68.58 28.00
ITRDB t ti t 9000 fl001 30 47 85 88ITRDB extraction tree 9000 fl001 30 47 -85 88ITRDB extraction tree 9000 fl001 30.47 85.88

i 9000 fl00 29 3 82 9ITRDB extraction tree 9000 fl005 29 73 -82 95ITRDB extraction tree 9000 fl005 29.73 -82.95
ITRDB extraction tree 9000 fran001 47 57 1 50ITRDB extraction tree 9000 fran001 47.57 1.50
ITRDB extraction tree 9000 fran003 48 45 2 68ITRDB extraction tree 9000 fran003 48.45 2.68ITRDB extraction tree 9000 fran003 48.45 2.68
ITRDB extraction tree 9000 fran009 44 03 7 45ITRDB extraction tree 9000 fran009 44.03 7.45ITRDB extraction tree 9000 fran009 44.03 7.45
ITRDB t ti t 9000 f 010 44 03 7 45ITRDB extraction tree 9000 fran010 44 03 7 45ITRDB extraction tree 9000 fran010 44.03 7.45
ITRDB t ti t 9000 f 011 45 22 6 68ITRDB extraction tree 9000 fran011 45 22 6 68ITRDB extraction tree 9000 fran011 45.22 6.68
ITRDB i 9000 f 013 45 22 6 68ITRDB extraction tree 9000 fran013 45 22 6 68ITRDB extraction tree 9000 fran013 45.22 6.68
ITRDB extraction tree 9000 fran014 45 22 6 68ITRDB extraction tree 9000 fran014 45.22 6.68ITRDB extraction tree 9000 fran014 45.22 6.68
ITRDB extraction tree 9009 fran024 42 60 2 07ITRDB extraction tree 9009 fran024 42.60 2.07ITRDB extraction tree 9009 fran024 42.60 2.07
ITRDB t ti t 9009 f 026 42 98 0 75ITRDB extraction tree 9009 fran026 42 98 0 75ITRDB extraction tree 9009 fran026 42.98 0.75
ITRDB t ti t 9009 f 026 42 98 0 75ITRDB extraction tree 9009 fran026x 42 98 0 75ITRDB extraction tree 9009 fran026x 42.98 0.75
ITRDB i 9009 f 028 43 87 7 33ITRDB extraction tree 9009 fran028 43 87 7 33ITRDB extraction tree 9009 fran028 43.87 7.33
ITRDB extraction tree 9009 fran028x 43 87 7 33ITRDB extraction tree 9009 fran028x 43.87 7.33
ITRDB extraction tree 9000 ga002 31 62 81 80ITRDB extraction tree 9000 ga002 31.62 -81.80ITRDB extraction tree 9000 ga002 31.62 81.80
ITRDB extraction tree 9000 ga003 32 35 81 22ITRDB extraction tree 9000 ga003 32.35 -81.22ITRDB extraction tree 9000 ga003 32.35 81.22
ITRDB t ti t 9000 004 32 05 83 30ITRDB extraction tree 9000 ga004 32 05 -83 30ITRDB extraction tree 9000 ga004 32.05 83.30
ITRDB t ti t 9000 040 49 10 13 33ITRDB extraction tree 9000 germ040 49 10 13 33ITRDB extraction tree 9000 germ040 49.10 13.33g

9009 00 0 08 22 2ITRDB extraction tree 9009 gree005 40 08 22 42ITRDB extraction tree 9009 gree005 40.08 22.42g
ITRDB extraction tree 9000 gree009 36 92 22 35ITRDB extraction tree 9000 gree009 36.92 22.35g
ITRDB extraction tree 9000 hkstd 59 48 139 13ITRDB extraction tree 9000 hkstd 59.48 -139.13e t act o t ee 9000 std 59 8 39 3
ITRDB extraction tree 9000 htmcrn2 57 42 124 97ITRDB extraction tree 9000 htmcrn2 57.42 124.97ITRDB extraction tree 9000 htmcrn2 57.42 124.97
ITRDB e t action t ee 9000 ia001 42 62 91 57ITRDB extraction tree 9000 ia001 42 62 -91 57ITRDB extraction tree 9000 ia001 42.62 91.57
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d d  ldendro onlydendro only
 

y
mean mean 

first year first year last year last year correlation use for first year first year last year last year correlation use for y y y y
with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low 
samples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in database

0 8589 1600 19970 8589 1600 19970.8589 1600 1997
0 763 1675 19970 763 1675 19970.763 1675 1997

0 5698 1698 20010.5698 1698 2001
0 7119 1709 19970.7119 1709 19970.7119 1709 1997
0 811 1534 19980.811 1534 19980.811 1534 1998
0 692 1628 19980 692 1628 19980.692 1628 1998

0 7569 1464 19970 7569 1464 19970.7569 1464 1997
0 7514 1460 19980 7514 1460 19980.7514 1460 1998
0 7661 894 19980.7661 894 1998

1320 19991320 19991320 1999
1135 20001135 20001135 2000
1539 20001539 20001539 2000
1569 19991569 19991569 1999

0 6815 1659 19850 6815 1659 19850.6815 1659 1985
0 6429 1650 19850.6429 1650 19850 6 9 650 985
0 6024 1675 19810.6024 1675 19810.6024 1675 1981

1645 19991645 19991645 1999
0 5722 1589 19830 5722 1589 19830.5722 1589 1983
0 5436 1588 19830 5436 1588 19830.5436 1588 1983
0 5128 1683 19840.5128 1683 1984
0 5836 1726 19780.5836 1726 19780.5836 1726 1978
0 743 1398 19930.743 1398 19930.743 1398 1993

0 6603 1659 19920 6603 1659 19920.6603 1659 1992
0 6288 899 19920 6288 899 19920.6288 899 1992
0 606 2 9930 6065 1725 19930.6065 1725 1993
0 7786 1732 19790.7786 1732 1979
0 5792 1531 19790.5792 1531 19790.5792 1531 1979
0 7331 1187 19740.7331 1187 19740.7331 1187 1974
0 7197 988 19740 7197 988 19740.7197 988 1974
0 6564 1539 19730 6564 1539 19730.6564 1539 1973
0 692 1740 19730 692 1740 19730.692 1740 1973

0 6143 1735 19730.6143 1735 19730.6143 1735 1973
0 5046 1742 19770.5046 1742 19770.5046 1742 1977
0 6885 1743 19770 6885 1743 19770.6885 1743 1977
0 5024 1743 19770 5024 1743 19770.5024 1743 1977
0 6587 1715 19770 6587 1715 19770.6587 1715 1977
0 5589 1715 19770.5589 1715 1977
0 6542 929 19850.6542 929 19850.6542 929 1985
0 7632 990 19850.7632 990 19850.7632 990 1985
0 7266 1202 19840 7266 1202 19840.7266 1202 1984
0 6284 1540 19950 6284 1540 19950.6284 1540 1995
0 6 83 980 6117 1583 19810.6117 1583 1981
0 5483 1657 19990.5483 1657 1999

1599 19951599 1995599 995
1414 19991414 19991414 1999

0 7202 1730 19800 7202 1730 19800.7202 1730 1980
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median median 
Data type sample segment Data type sample segment Data type sample segment 

Author description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth length
ITRDB t ti t 9000 i 003 40 72 91 97ITRDB extraction tree 9000 ia003 40 72 -91 97ITRDB extraction tree 9000 ia003 40.72 91.97
ITRDB t ti t 9000 i 004 40 83 91 37ITRDB extraction tree 9000 ia004 40 83 -91 37ITRDB extraction tree 9000 ia004 40.83 -91.37
ITRDB extraction tree 9000 ia020 41 68 -93 68ITRDB extraction tree 9000 ia020 41.68 -93.68
ITRDB extraction tree 9000 ia021 41 72 93 70ITRDB extraction tree 9000 ia021 41.72 -93.70ITRDB extraction tree 9000 ia021 41.72 93.70
ITRDB extraction tree 9000 ia023 42 00 93 88ITRDB extraction tree 9000 ia023 42.00 -93.88ITRDB extraction tree 9000 ia023 42.00 93.88
ITRDB t ti t 9000 i 024 41 28 94 07ITRDB extraction tree 9000 ia024 41 28 -94 07ITRDB extraction tree 9000 ia024 41.28 94.07
ITRDB t ti t 9000 i 025 41 28 93 58ITRDB extraction tree 9000 ia025 41 28 -93 58ITRDB extraction tree 9000 ia025 41.28 93.58
ITRDB i 9000 i 026 42 42 94 10ITRDB extraction tree 9000 ia026 42 42 -94 10ITRDB extraction tree 9000 ia026 42.42 -94.10
ITRDB extraction tree 9000 ia027 42 38 94 08ITRDB extraction tree 9000 ia027 42.38 -94.08
ITRDB extraction tree 9000 ia029 43 18 91 25ITRDB extraction tree 9000 ia029 43.18 -91.25ITRDB extraction tree 9000 ia029 43.18 91.25
ITRDB extraction tree 9000 ia030 42 63 91 13ITRDB extraction tree 9000 ia030 42.63 -91.13ITRDB extraction tree 9000 ia030 42.63 91.13
ITRDB t ti t 9000 i 032 42 70 91 13ITRDB extraction tree 9000 ia032 42 70 -91 13ITRDB extraction tree 9000 ia032 42.70 91.13
ITRDB t ti t 9000 id001 47 63 116 47ITRDB extraction tree 9000 id001 47 63 -116 47ITRDB extraction tree 9000 id001 47.63 116.47
ITRDB i 9000 id002 47 53 115 90ITRDB extraction tree 9000 id002 47 53 -115 90ITRDB extraction tree 9000 id002 47.53 -115.90
ITRDB extraction tree 9000 id006 42 52 116 80ITRDB extraction tree 9000 id006 42.52 -116.80e t act o t ee 9000 d006 5 6 80
ITRDB extraction tree 9009 id007 44 43 116 08ITRDB extraction tree 9009 id007 44.43 -116.08ITRDB extraction tree 9009 id007 44.43 116.08
ITRDB e t action t ee 9009 id007 44 43 116 08ITRDB extraction tree 9009 id007x 44 43 -116 08ITRDB extraction tree 9009 id007x 44.43 116.08
ITRDB t ti t 9009 id008 43 87 114 72ITRDB extraction tree 9009 id008 43 87 -114 72ITRDB extraction tree 9009 id008 43.87 114.72
ITRDB i 9009 id008 43 87 114 72ITRDB extraction tree 9009 id008x 43 87 -114 72ITRDB extraction tree 9009 id008x 43.87 -114.72
ITRDB extraction tree 9000 id009 44 60 -114 45ITRDB extraction tree 9000 id009 44.60 -114.45
ITRDB extraction tree 9000 id010 43 97 114 97ITRDB extraction tree 9000 id010 43.97 -114.97ITRDB extraction tree 9000 id010 43.97 114.97
ITRDB extraction tree 9000 id011 43 97 114 97ITRDB extraction tree 9000 id011 43.97 -114.97ITRDB extraction tree 9000 id011 43.97 114.97
ITRDB t ti t 9000 id012 44 13 114 55ITRDB extraction tree 9000 id012 44 13 -114 55ITRDB extraction tree 9000 id012 44.13 114.55
ITRDB t ti t 9000 il008 41 30 89 00ITRDB extraction tree 9000 il008 41 30 -89 00ITRDB extraction tree 9000 il008 41.30 89.00

i 9000 il009 22 88 00ITRDB extraction tree 9000 il009 41 22 -88 00ITRDB extraction tree 9000 il009 41.22 -88.00
ITRDB extraction tree 9000 il010 39 97 89 85ITRDB extraction tree 9000 il010 39.97 -89.85
ITRDB extraction tree 9000 il011 39 42 88 17ITRDB extraction tree 9000 il011 39.42 -88.17ITRDB extraction tree 9000 il011 39.42 88.17
ITRDB extraction tree 9000 il013 37 53 88 98ITRDB extraction tree 9000 il013 37.53 -88.98ITRDB extraction tree 9000 il013 37.53 88.98
ITRDB t ti t 9000 il014 37 60 89 20ITRDB extraction tree 9000 il014 37 60 -89 20ITRDB extraction tree 9000 il014 37.60 89.20
ITRDB t ti t 9000 il016 37 27 89 05ITRDB extraction tree 9000 il016 37 27 -89 05ITRDB extraction tree 9000 il016 37.27 89.05
ITRDB i 9000 i 001 41 05 86 70ITRDB extraction tree 9000 in001 41 05 -86 70ITRDB extraction tree 9000 in001 41.05 -86.70
ITRDB extraction tree 9000 indi002 35 08 74 30ITRDB extraction tree 9000 indi002 35.08 74.30ITRDB extraction tree 9000 indi002 35.08 74.30
ITRDB extraction tree 9000 indi002x 35 08 74 30ITRDB extraction tree 9000 indi002x 35.08 74.30ITRDB extraction tree 9000 indi002x 35.08 74.30
ITRDB t ti t 9000 i di003 35 08 74 33ITRDB extraction tree 9000 indi003 35 08 74 33ITRDB extraction tree 9000 indi003 35.08 74.33
ITRDB t ti t 9000 i di006 34 58 75 53ITRDB extraction tree 9000 indi006 34 58 75 53ITRDB extraction tree 9000 indi006 34.58 75.53
ITRDB i 9000 i di006 34 58 75 53ITRDB extraction tree 9000 indi006x 34 58 75 53ITRDB extraction tree 9000 indi006x 34.58 75.53
ITRDB extraction tree 9000 ital001 41 77 13 82ITRDB extraction tree 9000 ital001 41.77 13.82
ITRDB extraction tree 9009 ital012 42 68 13 43ITRDB extraction tree 9009 ital012 42.68 13.43ITRDB extraction tree 9009 ital012 42.68 13.43
ITRDB extraction tree 9000 ital023 46 63 12 10ITRDB extraction tree 9000 ital023 46.63 12.10ITRDB extraction tree 9000 ital023 46.63 12.10
ITRDB t ti t 9000 it l024 46 63 12 10ITRDB extraction tree 9000 ital024 46 63 12 10ITRDB extraction tree 9000 ital024 46.63 12.10
ITRDB t ti t 9000 j b 2 50 87 85 23ITRDB extraction tree 9000 jabecrn2 50 87 85 23ITRDB extraction tree 9000 jabecrn2 50.87 85.23j

9000 b 2 0 8 8 23ITRDB extraction tree 9000 jabwcrn2 50 87 85 23ITRDB extraction tree 9000 jabwcrn2 50.87 85.23j
ITRDB extraction tree 9000 jord001 30 63 35 50ITRDB extraction tree 9000 jord001 30.63 35.50j
ITRDB extraction tree 9000 junipars 67 50 70 50ITRDB extraction tree 9000 junipars 67.50 70.50e t act o t ee 9000 ju pa s 6 50 0 50
ITRDB extraction tree 9000 kcrn2 52 10 108 92ITRDB extraction tree 9000 kcrn2 52.10 108.92ITRDB extraction tree 9000 kcrn2 52.10 108.92
ITRDB e t action t ee 9000 kolapenis la NaN NaNITRDB extraction tree 9000 kolapenisula NaN NaNITRDB extraction tree 9000 kolapenisula NaN NaN
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d d  ldendro onlydendro only
 

y
mean mean 

first year first year last year last year correlation use for first year first year last year last year correlation use for y y y y
with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low 
samples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in database

0 7071 1715 19810 7071 1715 19810.7071 1715 1981
0 7554 1724 19840 7554 1724 19840.7554 1724 1984
0 7357 1654 19790.7357 1654 1979
0 7043 1654 19810.7043 1654 19810.7043 1654 1981
0 6961 1663 19790.6961 1663 19790.6961 1663 1979
0 7408 1635 19790 7408 1635 19790.7408 1635 1979
0 7367 1574 19800 7367 1574 19800.7367 1574 1980
0 6908 1698 19790 6908 1698 19790.6908 1698 1979
0 7333 1685 19810.7333 1685 1981
0 677 1651 19800.677 1651 19800.677 1651 1980

0 7214 1631 19800.7214 1631 19800.7214 1631 1980
0 6931 1711 19800 6931 1711 19800.6931 1711 1980
0 5421 1712 19760 5421 1712 19760.5421 1712 1976
0 6425 1672 19760 6425 1672 19760.6425 1672 1976
0 8045 1492 19840.8045 1492 19840 80 5 9 98
0 7386 1716 19830.7386 1716 19830.7386 1716 1983
0 5641 1716 19830 5641 1716 19830.5641 1716 1983
0 7327 1530 19830 7327 1530 19830.7327 1530 1983
0 629 1530 19830 629 1530 19830.629 1530 1983

0 6435 965 19920.6435 965 1992
0 7051 955 19910.7051 955 19910.7051 955 1991
0 6683 1210 19920.6683 1210 19920.6683 1210 1992
0 6079 726 19920 6079 726 19920.6079 726 1992
0 7377 1633 19800 7377 1633 19800.7377 1633 1980
0 6 6 686 9800 6767 1686 19800.6767 1686 1980
0 7382 1671 19800.7382 1671 1980
0 7499 1674 19800.7499 1674 19800.7499 1674 1980
0 6878 1655 19810.6878 1655 19810.6878 1655 1981
0 7457 1652 19810 7457 1652 19810.7457 1652 1981
0 6459 1468 19850 6459 1468 19850.6459 1468 1985
0 6864 1692 19850 6864 1692 19850.6864 1692 1985
0 6272 1604 19800.6272 1604 19800.6272 1604 1980
0 7294 1620 19800.7294 1620 19800.7294 1620 1980
0 6086 1608 19800 6086 1608 19800.6086 1608 1980
0 5564 1654 19810 5564 1654 19810.5564 1654 1981
0 6884 1654 19810 6884 1654 19810.6884 1654 1981
0 5917 1750 19870.5917 1750 1987
0 5524 1654 19800.5524 1654 19800.5524 1654 1980
0 5552 1474 19900.5552 1474 19900.5552 1474 1990
0 6857 1520 19900 6857 1520 19900.6857 1520 1990

1568 19951568 19951568 1995
8 991748 19951748 1995

0 7094 1469 19950.7094 1469 1995
641 2000641 20006 000

1719 19981719 19981719 1998
1595 19971595 19971595 1997
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median median 
Data type sample segment Data type sample segment Data type sample segment 

Author description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth length
ITRDB t ti t 9000 k h 50 95 94 30ITRDB extraction tree 9000 krhcrn 50 95 94 30ITRDB extraction tree 9000 krhcrn 50.95 94.30
ITRDB t ti t 9000 k 001 38 40 94 77ITRDB extraction tree 9000 ks001 38 40 -94 77ITRDB extraction tree 9000 ks001 38.40 -94.77
ITRDB extraction tree 9000 ks004 37 78 -95 95ITRDB extraction tree 9000 ks004 37.78 -95.95
ITRDB extraction tree 9000 ks007 37 58 95 95ITRDB extraction tree 9000 ks007 37.58 -95.95ITRDB extraction tree 9000 ks007 37.58 95.95
ITRDB extraction tree 9000 ks010 37 27 95 77ITRDB extraction tree 9000 ks010 37.27 -95.77ITRDB extraction tree 9000 ks010 37.27 95.77
ITRDB t ti t 9000 k 2 2 50 30 87 83ITRDB extraction tree 9000 kur2crn2 50 30 87 83ITRDB extraction tree 9000 kur2crn2 50.30 87.83
ITRDB t ti t 9000 k 50 27 87 83ITRDB extraction tree 9000 kuraycrn 50 27 87 83ITRDB extraction tree 9000 kuraycrn 50.27 87.83y
ITRDB i 9000 k 003 37 08 83 00ITRDB extraction tree 9000 ky003 37 08 -83 00ITRDB extraction tree 9000 ky003 37.08 -83.00y
ITRDB extraction tree 9000 ky004 37 18 86 10ITRDB extraction tree 9000 ky004 37.18 -86.10y
ITRDB extraction tree 9000 la001 32 25 92 97ITRDB extraction tree 9000 la001 32.25 -92.97ITRDB extraction tree 9000 la001 32.25 92.97
ITRDB extraction tree 9000 ma001 42 63 72 98ITRDB extraction tree 9000 ma001 42.63 -72.98ITRDB extraction tree 9000 ma001 42.63 72.98
ITRDB t ti t 9000 002 42 62 72 97ITRDB extraction tree 9000 ma002 42 62 -72 97ITRDB extraction tree 9000 ma002 42.62 72.97
ITRDB t ti t 9000 010 44 77 70 77ITRDB extraction tree 9000 me010 44 77 -70 77ITRDB extraction tree 9000 me010 44.77 70.77
ITRDB i 9000 010 44 77 70 77ITRDB extraction tree 9000 me010x 44 77 -70 77ITRDB extraction tree 9000 me010x 44.77 -70.77
ITRDB extraction tree 9000 me016 45 92 68 90ITRDB extraction tree 9000 me016 45.92 -68.90e t act o t ee 9000 e0 6 5 9 68 90
ITRDB extraction tree 9000 me017 44 42 68 15ITRDB extraction tree 9000 me017 44.42 -68.15ITRDB extraction tree 9000 me017 44.42 68.15
ITRDB e t action t ee 9000 me018 44 42 68 15ITRDB extraction tree 9000 me018 44 42 -68 15ITRDB extraction tree 9000 me018 44.42 68.15
ITRDB t ti t 9000 019 45 50 68 28ITRDB extraction tree 9000 me019 45 50 -68 28ITRDB extraction tree 9000 me019 45.50 68.28
ITRDB i 9000 020 45 32 68 25ITRDB extraction tree 9000 me020 45 32 -68 25ITRDB extraction tree 9000 me020 45.32 -68.25
ITRDB extraction tree 9000 me021 46 23 -69 00ITRDB extraction tree 9000 me021 46.23 -69.00
ITRDB extraction tree 9000 me022 46 77 69 17ITRDB extraction tree 9000 me022 46.77 -69.17ITRDB extraction tree 9000 me022 46.77 69.17
ITRDB extraction tree 9000 me023 46 00 69 33ITRDB extraction tree 9000 me023 46.00 -69.33ITRDB extraction tree 9000 me023 46.00 69.33
ITRDB t ti t 9000 024 44 58 68 17ITRDB extraction tree 9000 me024 44 58 -68 17ITRDB extraction tree 9000 me024 44.58 68.17
ITRDB t ti t 9000 i001 31 17 115 50ITRDB extraction tree 9000 mexi001 31 17 -115 50ITRDB extraction tree 9000 mexi001 31.17 115.50

i 9000 i0 28 93 02 62ITRDB extraction tree 9000 mexi014 28 93 -102 62ITRDB extraction tree 9000 mexi014 28.93 -102.62
ITRDB extraction tree 9000 mexi020 30 97 115 50ITRDB extraction tree 9000 mexi020 30.97 -115.50
ITRDB extraction tree 9000 mexi021 19 58 103 62ITRDB extraction tree 9000 mexi021 19.58 -103.62ITRDB extraction tree 9000 mexi021 19.58 103.62
ITRDB extraction tree 9000 mexi022 26 40 106 08ITRDB extraction tree 9000 mexi022 26.40 -106.08ITRDB extraction tree 9000 mexi022 26.40 106.08
ITRDB t ti t 9000 i023 26 40 106 08ITRDB extraction tree 9000 mexi023 26 40 -106 08ITRDB extraction tree 9000 mexi023 26.40 106.08
ITRDB t ti t 9000 i025 27 70 107 62ITRDB extraction tree 9000 mexi025 27 70 -107 62ITRDB extraction tree 9000 mexi025 27.70 107.62
ITRDB i 9000 i027 23 75 105 75ITRDB extraction tree 9000 mexi027 23 75 -105 75ITRDB extraction tree 9000 mexi027 23.75 -105.75
ITRDB extraction tree 9000 mexi028 28 33 108 00ITRDB extraction tree 9000 mexi028 28.33 -108.00ITRDB extraction tree 9000 mexi028 28.33 108.00
ITRDB extraction tree 9000 mexi029 16 60 96 90ITRDB extraction tree 9000 mexi029 16.60 -96.90ITRDB extraction tree 9000 mexi029 16.60 96.90
ITRDB t ti t 9000 i031 30 40 108 40ITRDB extraction tree 9000 mexi031 30 40 -108 40ITRDB extraction tree 9000 mexi031 30.40 108.40
ITRDB t ti t 9000 i036 21 68 99 78ITRDB extraction tree 9000 mexi036 21 68 -99 78ITRDB extraction tree 9000 mexi036 21.68 99.78
ITRDB i 9000 i037 19 53 97 88ITRDB extraction tree 9000 mexi037 19 53 -97 88ITRDB extraction tree 9000 mexi037 19.53 -97.88
ITRDB extraction tree 9000 mi004 46 32 86 62ITRDB extraction tree 9000 mi004 46.32 -86.62
ITRDB extraction tree 9000 mi005 42 67 83 42ITRDB extraction tree 9000 mi005 42.67 -83.42ITRDB extraction tree 9000 mi005 42.67 83.42
ITRDB extraction tree 9000 mi006 46 20 89 30ITRDB extraction tree 9000 mi006 46.20 -89.30ITRDB extraction tree 9000 mi006 46.20 89.30
ITRDB t ti t 9000 i007 46 72 89 97ITRDB extraction tree 9000 mi007 46 72 -89 97ITRDB extraction tree 9000 mi007 46.72 89.97
ITRDB t ti t 9000 i008 46 72 89 97ITRDB extraction tree 9000 mi008 46 72 -89 97ITRDB extraction tree 9000 mi008 46.72 89.97

9000 009 6 8 8ITRDB extraction tree 9000 mi009 46 47 -84 87ITRDB extraction tree 9000 mi009 46.47 -84.87
ITRDB extraction tree 9000 mi010 46 70 88 75ITRDB extraction tree 9000 mi010 46.70 -88.75
ITRDB extraction tree 9000 ml ukc2crn NaN NaNITRDB extraction tree 9000 ml ukc2crn NaN NaNe t act o t ee 9000 _u c c a a
ITRDB extraction tree 9000 mn002 48 22 90 90ITRDB extraction tree 9000 mn002 48.22 -90.90ITRDB extraction tree 9000 mn002 48.22 90.90
ITRDB e t action t ee 9000 mn005 48 22 90 90ITRDB extraction tree 9000 mn005 48 22 -90 90ITRDB extraction tree 9000 mn005 48.22 90.90
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d d  ldendro onlydendro only
 

y
mean mean 

first year first year last year last year correlation use for first year first year last year last year correlation use for y y y y
with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low 
samples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in database

1580 20011580 20011580 2001
0 6667 1714 19820 6667 1714 19820.6667 1714 1982
0 7318 1728 19820.7318 1728 1982
0 7263 1738 19820.7263 1738 19820.7263 1738 1982
0 6913 1724 19820.6913 1724 19820.6913 1724 1982

1538 20001538 20001538 2000
1497 20001497 20001497 2000

0 683 1660 19820 683 1660 19820.683 1660 1982
0 6134 1649 19850.6134 1649 1985
0 6889 997 19880.6889 997 19880.6889 997 1988
0 6426 1697 19710.6426 1697 19710.6426 1697 1971
0 6992 1697 19800 6992 1697 19800.6992 1697 1980
0 717 1667 19760 717 1667 19760.717 1667 1976

0 7758 1667 19760 7758 1667 19760.7758 1667 1976
0 6352 1610 19810.6352 1610 19810 635 6 0 98
0 538 1665 19820.538 1665 19820.538 1665 1982

0 5624 1665 19820 5624 1665 19820.5624 1665 1982
0 6874 1697 19810 6874 1697 19810.6874 1697 1981
0 6162 1686 19810 6162 1686 19810.6162 1686 1981
0 6442 1639 19860.6442 1639 1986
0 6182 1674 19860.6182 1674 19860.6182 1674 1986
0 5739 1692 19820.5739 1692 19820.5739 1692 1982
0 5151 1692 19820 5151 1692 19820.5151 1692 1982
0 7244 1449 19710 7244 1449 19710.7244 1449 1971
0 682 6 90 6825 1675 19710.6825 1675 1971
0 6361 1560 19950.6361 1560 1995
0 6045 1553 19970.6045 1553 19970.6045 1553 1997
0 741 1376 19930.741 1376 19930.741 1376 1993

0 7229 1376 19930 7229 1376 19930.7229 1376 1993
0 6694 1644 19930 6694 1644 19930.6694 1644 1993
0 6911 1481 19930 6911 1481 19930.6911 1481 1993
0 6971 1583 19930.6971 1583 19930.6971 1583 1993
0 5237 1750 19980.5237 1750 19980.5237 1750 1998
0 7773 1621 19930 7773 1621 19930.7773 1621 1993
0 5213 1574 19960 5213 1574 19960.5213 1574 1996
0 6522 1710 19980 6522 1710 19980.6522 1710 1998
0 7812 1652 19830.7812 1652 1983
0 6118 1581 19830.6118 1581 19830.6118 1581 1983
0 7737 1570 19830.7737 1570 19830.7737 1570 1983
0 7312 1444 19830 7312 1444 19830.7312 1444 1983
0 6117 1652 19830 6117 1652 19830.6117 1652 1983
0 9 0 9830 7194 1510 19830.7194 1510 1983
0 8044 1635 19830.8044 1635 1983

1709 20011709 200109 00
0 7181 1671 19710.7181 1671 19710.7181 1671 1971
0 6468 1620 19720 6468 1620 19720.6468 1620 1972
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median median 
Data type sample segment Data type sample segment Data type sample segment 

Author description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth length
ITRDB t ti t 9000 006 48 22 90 90ITRDB extraction tree 9000 mn006 48 22 -90 90ITRDB extraction tree 9000 mn006 48.22 90.90
ITRDB t ti t 9000 009 47 20 95 25ITRDB extraction tree 9000 mn009 47 20 -95 25ITRDB extraction tree 9000 mn009 47.20 -95.25
ITRDB extraction tree 9000 mn015 48 08 -91 97ITRDB extraction tree 9000 mn015 48.08 -91.97
ITRDB extraction tree 9000 mn026 48 23 90 90ITRDB extraction tree 9000 mn026 48.23 -90.90ITRDB extraction tree 9000 mn026 48.23 90.90
ITRDB extraction tree 9000 mn027 48 23 90 90ITRDB extraction tree 9000 mn027 48.23 -90.90ITRDB extraction tree 9000 mn027 48.23 90.90
ITRDB t ti t 9000 001 37 27 91 27ITRDB extraction tree 9000 mo001 37 27 -91 27ITRDB extraction tree 9000 mo001 37.27 91.27
ITRDB t ti t 9000 003 37 12 91 50ITRDB extraction tree 9000 mo003 37 12 -91 50ITRDB extraction tree 9000 mo003 37.12 91.50
ITRDB i 9000 004 37 50 90 50ITRDB extraction tree 9000 mo004 37 50 -90 50ITRDB extraction tree 9000 mo004 37.50 -90.50
ITRDB extraction tree 9000 mo005 37 50 90 50ITRDB extraction tree 9000 mo005 37.50 -90.50
ITRDB extraction tree 9000 mo008 37 72 90 20ITRDB extraction tree 9000 mo008 37.72 -90.20ITRDB extraction tree 9000 mo008 37.72 90.20
ITRDB extraction tree 9000 mo014 38 60 90 72ITRDB extraction tree 9000 mo014 38.60 -90.72ITRDB extraction tree 9000 mo014 38.60 90.72
ITRDB t ti t 9000 015 38 65 91 50ITRDB extraction tree 9000 mo015 38 65 -91 50ITRDB extraction tree 9000 mo015 38.65 91.50
ITRDB t ti t 9000 018 36 60 93 82ITRDB extraction tree 9000 mo018 36 60 -93 82ITRDB extraction tree 9000 mo018 36.60 93.82
ITRDB i 9000 021 38 50 92 12ITRDB extraction tree 9000 mo021 38 50 -92 12ITRDB extraction tree 9000 mo021 38.50 -92.12
ITRDB extraction tree 9000 mo024 37 68 92 00ITRDB extraction tree 9000 mo024 37.68 -92.00e t act o t ee 9000 o0 3 68 9 00
ITRDB extraction tree 9000 mo027 37 97 92 75ITRDB extraction tree 9000 mo027 37.97 -92.75ITRDB extraction tree 9000 mo027 37.97 92.75
ITRDB e t action t ee 9000 mo030 38 03 93 33ITRDB extraction tree 9000 mo030 38 03 -93 33ITRDB extraction tree 9000 mo030 38.03 93.33
ITRDB t ti t 9000 033 36 68 92 82ITRDB extraction tree 9000 mo033 36 68 -92 82ITRDB extraction tree 9000 mo033 36.68 92.82
ITRDB i 9000 036 36 60 93 82ITRDB extraction tree 9000 mo036 36 60 -93 82ITRDB extraction tree 9000 mo036 36.60 -93.82
ITRDB extraction tree 9000 mo037 36 57 -90 48ITRDB extraction tree 9000 mo037 36.57 -90.48
ITRDB extraction tree 9000 mo038 37 17 92 50ITRDB extraction tree 9000 mo038 37.17 -92.50ITRDB extraction tree 9000 mo038 37.17 92.50
ITRDB extraction tree 9000 mo039 37 50 91 88ITRDB extraction tree 9000 mo039 37.50 -91.88ITRDB extraction tree 9000 mo039 37.50 91.88
ITRDB t ti t 9000 040 37 12 91 18ITRDB extraction tree 9000 mo040 37 12 -91 18ITRDB extraction tree 9000 mo040 37.12 91.18
ITRDB t ti t 9000 041 37 42 91 57ITRDB extraction tree 9000 mo041 37 42 -91 57ITRDB extraction tree 9000 mo041 37.42 91.57

i 9000 0 2 3 0 9 03ITRDB extraction tree 9000 mo042 37 07 -91 03ITRDB extraction tree 9000 mo042 37.07 -91.03
ITRDB extraction tree 9000 mo043 37 10 91 53ITRDB extraction tree 9000 mo043 37.10 -91.53
ITRDB extraction tree 9000 mo044 37 25 91 27ITRDB extraction tree 9000 mo044 37.25 -91.27ITRDB extraction tree 9000 mo044 37.25 91.27
ITRDB extraction tree 9000 mong001 50 77 100 20ITRDB extraction tree 9000 mong001 50.77 100.20ITRDB extraction tree 9000 mong001 50.77 100.20
ITRDB t ti t 9000 002 47 77 107 00ITRDB extraction tree 9000 mong002 47 77 107 00ITRDB extraction tree 9000 mong002 47.77 107.00
ITRDB t ti t 9000 003 48 30 98 93ITRDB extraction tree 9000 mong003 48 30 98 93ITRDB extraction tree 9000 mong003 48.30 98.93g
ITRDB i 9000 005 48 57 110 55ITRDB extraction tree 9000 mong005 48 57 110 55ITRDB extraction tree 9000 mong005 48.57 110.55g
ITRDB extraction tree 9000 mong006 47 78 107 50ITRDB extraction tree 9000 mong006 47.78 107.50ITRDB extraction tree 9000 mong006 47.78 107.50
ITRDB extraction tree 9000 morc001 32 42 5 25ITRDB extraction tree 9000 morc001 32.42 -5.25ITRDB extraction tree 9000 morc001 32.42 5.25
ITRDB t ti t 9000 002 35 03 4 83ITRDB extraction tree 9000 morc002 35 03 -4 83ITRDB extraction tree 9000 morc002 35.03 4.83
ITRDB t ti t 9000 003 32 38 5 60ITRDB extraction tree 9000 morc003 32 38 -5 60ITRDB extraction tree 9000 morc003 32.38 5.60
ITRDB i 9000 011 33 45 5 03ITRDB extraction tree 9000 morc011 33 45 -5 03ITRDB extraction tree 9000 morc011 33.45 -5.03
ITRDB extraction tree 9000 morc014 33 02 5 07ITRDB extraction tree 9000 morc014 33.02 -5.07
ITRDB extraction tree 9000 ms001 32 87 89 13ITRDB extraction tree 9000 ms001 32.87 -89.13ITRDB extraction tree 9000 ms001 32.87 89.13
ITRDB extraction tree 9000 ms002 30 58 88 58ITRDB extraction tree 9000 ms002 30.58 -88.58ITRDB extraction tree 9000 ms002 30.58 88.58
ITRDB t ti t 9000 2 49 17 87 28ITRDB extraction tree 9000 mscrn2 49 17 87 28ITRDB extraction tree 9000 mscrn2 49.17 87.28
ITRDB t ti t 9000 t006 45 00 110 72ITRDB extraction tree 9000 mt006 45 00 -110 72ITRDB extraction tree 9000 mt006 45.00 110.72

9000 0 2 2ITRDB extraction tree 9000 mt104 45 42 -111 27ITRDB extraction tree 9000 mt104 45.42 -111.27
ITRDB extraction tree 9009 mt108 45 75 112 53ITRDB extraction tree 9009 mt108 45.75 -112.53
ITRDB extraction tree 9009 mt108x 45 75 112 53ITRDB extraction tree 9009 mt108x 45.75 -112.53e t act o t ee 9009 t 08 5 5 53
ITRDB extraction tree 9000 mt109 45 17 109 52ITRDB extraction tree 9000 mt109 45.17 -109.52ITRDB extraction tree 9000 mt109 45.17 109.52
ITRDB e t action t ee 9000 mt110 45 30 111 33ITRDB extraction tree 9000 mt110 45 30 -111 33ITRDB extraction tree 9000 mt110 45.30 111.33
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d d  ldendro onlydendro only
 

y
mean mean 

first year first year last year last year correlation use for first year first year last year last year correlation use for y y y y
with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low 
samples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in database

0 6818 1697 19720 6818 1697 19720.6818 1697 1972
0 566 1672 19710 566 1672 19710.566 1672 1971

0 6376 1700 19820.6376 1700 1982
0 624 1719 19880.624 1719 19880.624 1719 1988
0 692 1644 19880.692 1644 19880.692 1644 1988

0 6908 1636 19810 6908 1636 19810.6908 1636 1981
0 6472 1693 19810 6472 1693 19810.6472 1693 1981
0 6569 1728 19820 6569 1728 19820.6569 1728 1982
0 6784 1708 19820.6784 1708 1982
0 7097 1669 19820.7097 1669 19820.7097 1669 1982
0 6721 1641 19800.6721 1641 19800.6721 1641 1980
0 7171 1662 19820 7171 1662 19820.7171 1662 1982
0 6433 1724 19820 6433 1724 19820.6433 1724 1982
0 7206 1688 19820 7206 1688 19820.7206 1688 1982
0 6894 1620 19920.6894 1620 19920 689 6 0 99
0 6848 1660 19820.6848 1660 19820.6848 1660 1982
0 7135 1732 19820 7135 1732 19820.7135 1732 1982
0 6295 1696 19920 6295 1696 19920.6295 1696 1992
0 6574 1689 19820 6574 1689 19820.6574 1689 1982
0 6517 1185 19920.6517 1185 1992
0 6173 1553 19920.6173 1553 19920.6173 1553 1992
0 5876 1664 19920.5876 1664 19920.5876 1664 1992
0 6061 1693 19930 6061 1693 19930.6061 1693 1993
0 6195 1410 19910 6195 1410 19910.6195 1410 1991
0 6 39 990 6157 1391 19910.6157 1391 1991
0 6089 1138 19900.6089 1138 1990
0 6197 1588 19920.6197 1588 19920.6197 1588 1992
0 7653 1550 19940.7653 1550 19940.7653 1550 1994
0 8581 1505 19940 8581 1505 19940.8581 1505 1994
0 6372 1475 19940 6372 1475 19940.6372 1475 1994
0 8218 1651 19960 8218 1651 19960.8218 1651 1996
0 8473 1582 19960.8473 1582 19960.8473 1582 1996
0 7687 1253 19840.7687 1253 19840.7687 1253 1984
0 7051 1632 19840 7051 1632 19840.7051 1632 1984
0 8244 1728 19840 8244 1728 19840.8244 1728 1984
0 7443 1549 19840 7443 1549 19840.7443 1549 1984
0 7186 984 19840.7186 984 1984
0 6963 1546 19830.6963 1546 19830.6963 1546 1983
0 7111 1466 19920.7111 1466 19920.7111 1466 1992

1542 20001542 20001542 2000
0 7621 1185 19710 7621 1185 19710.7621 1185 1971
0 8 8 623 90 8184 1623 19710.8184 1623 1971
0 7754 1496 19830.7754 1496 1983
0 6616 1496 19830.6616 1496 19830 66 6 96 983
0 6943 1660 19990.6943 1660 19990.6943 1660 1999
0 6495 819 20000 6495 819 20000.6495 819 2000
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median median 
Data type sample segment Data type sample segment Data type sample segment 

Author description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth length
ITRDB t ti t 9000 t111 45 30 111 33ITRDB extraction tree 9000 mt111 45 30 -111 33ITRDB extraction tree 9000 mt111 45.30 111.33
ITRDB t ti t 9000 2 56 00 124 87ITRDB extraction tree 9000 nagcrn2 56 00 124 87ITRDB extraction tree 9000 nagcrn2 56.00 124.87g
ITRDB extraction tree 9000 nc001 35 73 -82 33ITRDB extraction tree 9000 nc001 35.73 -82.33
ITRDB extraction tree 9000 nc002 35 60 83 43ITRDB extraction tree 9000 nc002 35.60 -83.43ITRDB extraction tree 9000 nc002 35.60 83.43
ITRDB extraction tree 9000 nc003 36 07 81 82ITRDB extraction tree 9000 nc003 36.07 -81.82ITRDB extraction tree 9000 nc003 36.07 81.82
ITRDB t ti t 9000 004 35 22 83 97ITRDB extraction tree 9000 nc004 35 22 -83 97ITRDB extraction tree 9000 nc004 35.22 83.97
ITRDB t ti t 9000 005 35 08 83 18ITRDB extraction tree 9000 nc005 35 08 -83 18ITRDB extraction tree 9000 nc005 35.08 83.18
ITRDB i 9000 006 35 08 83 18ITRDB extraction tree 9000 nc006 35 08 -83 18ITRDB extraction tree 9000 nc006 35.08 -83.18
ITRDB extraction tree 9000 nc007 35 88 81 93ITRDB extraction tree 9000 nc007 35.88 -81.93
ITRDB extraction tree 9000 nc008 34 32 78 22ITRDB extraction tree 9000 nc008 34.32 -78.22ITRDB extraction tree 9000 nc008 34.32 78.22
ITRDB extraction tree 9000 nc009 36 45 76 62ITRDB extraction tree 9000 nc009 36.45 -76.62ITRDB extraction tree 9000 nc009 36.45 76.62
ITRDB t ti t 9000 d001 46 60 103 47ITRDB extraction tree 9000 nd001 46 60 -103 47ITRDB extraction tree 9000 nd001 46.60 103.47
ITRDB t ti t 9000 d006 46 92 103 48ITRDB extraction tree 9000 nd006 46 92 -103 48ITRDB extraction tree 9000 nd006 46.92 103.48
ITRDB i 9000 003 41 65 103 72ITRDB extraction tree 9000 ne003 41 65 -103 72ITRDB extraction tree 9000 ne003 41.65 -103.72
ITRDB extraction tree 9000 ne004 42 82 100 00ITRDB extraction tree 9000 ne004 42.82 -100.00e t act o t ee 9000 e00 8 00 00
ITRDB extraction tree 9000 ne005 42 70 100 87ITRDB extraction tree 9000 ne005 42.70 -100.87ITRDB extraction tree 9000 ne005 42.70 100.87
ITRDB e t action t ee 9000 ne008 42 63 103 25ITRDB extraction tree 9000 ne008 42 63 -103 25ITRDB extraction tree 9000 ne008 42.63 103.25
ITRDB t ti t 9000 002 45 83 170 53ITRDB extraction tree 9000 newz002 -45 83 170 53ITRDB extraction tree 9000 newz002 45.83 170.53
ITRDB i 9000 003 39 25 174 08ITRDB extraction tree 9000 newz003 -39 25 174 08ITRDB extraction tree 9000 newz003 -39.25 174.08
ITRDB extraction tree 9000 newz005 -42 38 171 80ITRDB extraction tree 9000 newz005 -42.38 171.80
ITRDB extraction tree 9000 newz006 42 38 171 80ITRDB extraction tree 9000 newz006 -42.38 171.80ITRDB extraction tree 9000 newz006 42.38 171.80
ITRDB extraction tree 9000 newz008 37 07 175 13ITRDB extraction tree 9000 newz008 -37.07 175.13ITRDB extraction tree 9000 newz008 37.07 175.13
ITRDB t ti t 9000 009 38 70 177 20ITRDB extraction tree 9000 newz009 -38 70 177 20ITRDB extraction tree 9000 newz009 38.70 177.20
ITRDB t ti t 9000 010 45 53 167 30ITRDB extraction tree 9000 newz010 -45 53 167 30ITRDB extraction tree 9000 newz010 45.53 167.30

i 9000 0 39 3 8ITRDB extraction tree 9000 newz011 -39 35 175 48ITRDB extraction tree 9000 newz011 -39.35 175.48
ITRDB extraction tree 9000 newz012 39 35 175 48ITRDB extraction tree 9000 newz012 -39.35 175.48
ITRDB extraction tree 9000 newz014 39 28 174 10ITRDB extraction tree 9000 newz014 -39.28 174.10ITRDB extraction tree 9000 newz014 39.28 174.10
ITRDB extraction tree 9000 newz015 41 12 173 67ITRDB extraction tree 9000 newz015 -41.12 173.67ITRDB extraction tree 9000 newz015 41.12 173.67
ITRDB t ti t 9000 016 46 38 169 45ITRDB extraction tree 9000 newz016 -46 38 169 45ITRDB extraction tree 9000 newz016 46.38 169.45
ITRDB t ti t 9000 018 40 08 176 00ITRDB extraction tree 9000 newz018 -40 08 176 00ITRDB extraction tree 9000 newz018 40.08 176.00
ITRDB i 9000 019 38 68 177 20ITRDB extraction tree 9000 newz019 -38 68 177 20ITRDB extraction tree 9000 newz019 -38.68 177.20
ITRDB extraction tree 9000 newz020 38 57 175 70ITRDB extraction tree 9000 newz020 -38.57 175.70ITRDB extraction tree 9000 newz020 38.57 175.70
ITRDB extraction tree 9000 newz021 37 03 175 53ITRDB extraction tree 9000 newz021 -37.03 175.53ITRDB extraction tree 9000 newz021 37.03 175.53
ITRDB t ti t 9000 022 35 68 173 55ITRDB extraction tree 9000 newz022 -35 68 173 55ITRDB extraction tree 9000 newz022 35.68 173.55
ITRDB t ti t 9000 023 43 05 171 68ITRDB extraction tree 9000 newz023 -43 05 171 68ITRDB extraction tree 9000 newz023 43.05 171.68
ITRDB i 9000 028 43 08 171 70ITRDB extraction tree 9000 newz028 -43 08 171 70ITRDB extraction tree 9000 newz028 -43.08 171.70
ITRDB extraction tree 9000 newz031 45 30 167 68ITRDB extraction tree 9000 newz031 -45.30 167.68
ITRDB extraction tree 9000 newz035 43 08 171 72ITRDB extraction tree 9000 newz035 -43.08 171.72ITRDB extraction tree 9000 newz035 43.08 171.72
ITRDB extraction tree 9000 newz036 43 87 169 78ITRDB extraction tree 9000 newz036 -43.87 169.78ITRDB extraction tree 9000 newz036 43.87 169.78
ITRDB t ti t 9000 037 43 13 171 60ITRDB extraction tree 9000 newz037 -43 13 171 60ITRDB extraction tree 9000 newz037 43.13 171.60
ITRDB t ti t 9000 039 43 08 170 98ITRDB extraction tree 9000 newz039 -43 08 170 98ITRDB extraction tree 9000 newz039 43.08 170.98

9000 0 0 3 2 2ITRDB extraction tree 9000 newz040 -43 12 171 72ITRDB extraction tree 9000 newz040 -43.12 171.72
ITRDB extraction tree 9000 newz041 43 13 171 65ITRDB extraction tree 9000 newz041 -43.13 171.65
ITRDB extraction tree 9000 newz042 43 08 171 70ITRDB extraction tree 9000 newz042 -43.08 171.70e t act o t ee 9000 e 0 3 08 0
ITRDB extraction tree 9000 newz045 43 10 171 68ITRDB extraction tree 9000 newz045 -43.10 171.68ITRDB extraction tree 9000 newz045 43.10 171.68
ITRDB e t action t ee 9000 ne 051 45 30 167 68ITRDB extraction tree 9000 newz051 -45 30 167 68ITRDB extraction tree 9000 newz051 45.30 167.68
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d d  ldendro onlydendro only
 

y
mean mean 

first year first year last year last year correlation use for first year first year last year last year correlation use for y y y y
with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low 
samples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in database

0 6598 500 20000 6598 500 20000.6598 500 2000
1713 19991713 19991713 1999

0 5844 1609 19830.5844 1609 1983
0 6027 1558 19830.6027 1558 19830.6027 1558 1983
0 5793 1560 19830.5793 1560 19830.5793 1560 1983
0 5677 1641 19830 5677 1641 19830.5677 1641 1983
0 5855 1560 19830 5855 1560 19830.5855 1560 1983
0 6845 1677 19830 6845 1677 19830.6845 1677 1983
0 5374 1617 19770.5374 1617 1977
0 7463 365 19850.7463 365 19850.7463 365 1985
0 6197 1524 19840.6197 1524 19840.6197 1524 1984
0 6861 1592 19900 6861 1592 19900.6861 1592 1990
0 6679 1630 19910 6679 1630 19910.6679 1630 1991
0 636 1640 19790 636 1640 19790.636 1640 1979

0 6363 1589 19970.6363 1589 19970 6363 589 99
0 6256 1728 19980.6256 1728 19980.6256 1728 1998
0 6671 1567 19970 6671 1567 19970.6671 1567 1997
0 6395 1492 19750 6395 1492 19750.6395 1492 1975
0 6391 1616 19750 6391 1616 19750.6391 1616 1975
0 6399 1403 19760.6399 1403 1976
0 6003 1525 19760.6003 1525 19760.6003 1525 1976
0 673 1712 19760.673 1712 19760.673 1712 1976

0 8309 1535 19760 8309 1535 19760.8309 1535 1976
0 7111 1567 19760 7111 1567 19760.7111 1567 1976
0 669 6 9 60 6695 1464 19760.6695 1464 1976
0 589 1662 19760.589 1662 1976
0 654 1625 19760.654 1625 19760.654 1625 1976

0 6905 1724 19760.6905 1724 19760.6905 1724 1976
0 6109 1732 19760 6109 1732 19760.6109 1732 1976
0 6424 1256 19760 6424 1256 19760.6424 1256 1976
0 7127 1346 19760 7127 1346 19760.7127 1346 1976
0 7763 1745 19760.7763 1745 19760.7763 1745 1976
0 6848 1664 19760.6848 1664 19760.6848 1664 1976
0 7369 1585 19760 7369 1585 19760.7369 1585 1976
0 7547 1730 19790 7547 1730 19790.7547 1730 1979
0 7226 1740 19790 7226 1740 19790.7226 1740 1979
0 7291 1630 19790.7291 1630 1979
0 7481 1730 19790.7481 1730 19790.7481 1730 1979
0 7084 1580 19800.7084 1580 19800.7084 1580 1980
0 7584 1730 19790 7584 1730 19790.7584 1730 1979
0 569 1460 19780 569 1460 19780.569 1460 1978

0 8 0 9 90 7817 1740 19790.7817 1740 1979
0 6818 1720 19790.6818 1720 1979
0 779 1740 19790.779 1740 19790 9 0 9 9

0 8034 1744 19770.8034 1744 19770.8034 1744 1977
0 7013 1584 19790 7013 1584 19790.7013 1584 1979
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median median 
Data type sample segment Data type sample segment Data type sample segment 

Author description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth length
ITRDB t ti t 9000 055 43 08 170 97ITRDB extraction tree 9000 newz055 -43 08 170 97ITRDB extraction tree 9000 newz055 43.08 170.97
ITRDB t ti t 9000 056 38 65 175 63ITRDB extraction tree 9000 newz056 -38 65 175 63ITRDB extraction tree 9000 newz056 -38.65 175.63
ITRDB extraction tree 9000 newz057 -38 65 175 67ITRDB extraction tree 9000 newz057 -38.65 175.67
ITRDB extraction tree 9000 newz058 38 70 175 60ITRDB extraction tree 9000 newz058 -38.70 175.60ITRDB extraction tree 9000 newz058 38.70 175.60
ITRDB extraction tree 9000 newz059 42 38 171 80ITRDB extraction tree 9000 newz059 -42.38 171.80ITRDB extraction tree 9000 newz059 42.38 171.80
ITRDB t ti t 9000 060 39 25 174 08ITRDB extraction tree 9000 newz060 -39 25 174 08ITRDB extraction tree 9000 newz060 39.25 174.08
ITRDB t ti t 9000 061 39 28 174 10ITRDB extraction tree 9000 newz061 -39 28 174 10ITRDB extraction tree 9000 newz061 39.28 174.10
ITRDB i 9000 062 40 07 175 98ITRDB extraction tree 9000 newz062 -40 07 175 98ITRDB extraction tree 9000 newz062 -40.07 175.98
ITRDB extraction tree 9000 newz063 38 68 177 20ITRDB extraction tree 9000 newz063 -38.68 177.20
ITRDB extraction tree 9000 newz064 39 63 176 10ITRDB extraction tree 9000 newz064 -39.63 176.10ITRDB extraction tree 9000 newz064 39.63 176.10
ITRDB extraction tree 9000 newz065 41 27 172 60ITRDB extraction tree 9000 newz065 -41.27 172.60ITRDB extraction tree 9000 newz065 41.27 172.60
ITRDB t ti t 9000 066 39 53 175 73ITRDB extraction tree 9000 newz066 -39 53 175 73ITRDB extraction tree 9000 newz066 39.53 175.73
ITRDB t ti t 9000 067 40 93 172 93ITRDB extraction tree 9000 newz067 -40 93 172 93ITRDB extraction tree 9000 newz067 40.93 172.93
ITRDB i 9000 068 39 62 176 12ITRDB extraction tree 9000 newz068 -39 62 176 12ITRDB extraction tree 9000 newz068 -39.62 176.12
ITRDB extraction tree 9000 newz069 39 63 176 18ITRDB extraction tree 9000 newz069 -39.63 176.18e t act o t ee 9000 e 069 39 63 6 8
ITRDB extraction tree 9000 newz070 42 32 172 12ITRDB extraction tree 9000 newz070 -42.32 172.12ITRDB extraction tree 9000 newz070 42.32 172.12
ITRDB e t action t ee 9000 ne 072 39 23 175 43ITRDB extraction tree 9000 newz072 -39 23 175 43ITRDB extraction tree 9000 newz072 39.23 175.43
ITRDB t ti t 9000 073 39 23 175 43ITRDB extraction tree 9000 newz073 -39 23 175 43ITRDB extraction tree 9000 newz073 39.23 175.43
ITRDB i 9000 074 39 23 175 43ITRDB extraction tree 9000 newz074 -39 23 175 43ITRDB extraction tree 9000 newz074 -39.23 175.43
ITRDB extraction tree 9000 newz075 -43 07 171 28ITRDB extraction tree 9000 newz075 -43.07 171.28
ITRDB extraction tree 9000 newz077 40 67 175 52ITRDB extraction tree 9000 newz077 -40.67 175.52ITRDB extraction tree 9000 newz077 40.67 175.52
ITRDB extraction tree 9000 nh001 44 10 71 38ITRDB extraction tree 9000 nh001 44.10 -71.38ITRDB extraction tree 9000 nh001 44.10 71.38
ITRDB t ti t 9000 h002 44 22 71 40ITRDB extraction tree 9000 nh002 44 22 -71 40ITRDB extraction tree 9000 nh002 44.22 71.40
ITRDB t ti t 9000 h003 44 10 71 38ITRDB extraction tree 9000 nh003 44 10 -71 38ITRDB extraction tree 9000 nh003 44.10 71.38

i 9000 h00 28 2ITRDB extraction tree 9000 nh004 44 28 -71 27ITRDB extraction tree 9000 nh004 44.28 -71.27
ITRDB extraction tree 9000 nj001 40 50 74 57ITRDB extraction tree 9000 nj001 40.50 -74.57j
ITRDB extraction tree 9000 nj002 40 50 74 57ITRDB extraction tree 9000 nj002 40.50 -74.57ITRDB extraction tree 9000 nj002 40.50 74.57
ITRDB extraction tree 9000 nm020 32 35 106 55ITRDB extraction tree 9000 nm020 32.35 -106.55ITRDB extraction tree 9000 nm020 32.35 106.55
ITRDB t ti t 9000 021 37 00 107 82ITRDB extraction tree 9000 nm021 37 00 -107 82ITRDB extraction tree 9000 nm021 37.00 107.82
ITRDB t ti t 9000 022 37 00 107 82ITRDB extraction tree 9000 nm022 37 00 -107 82ITRDB extraction tree 9000 nm022 37.00 107.82
ITRDB i 9000 023 37 00 107 82ITRDB extraction tree 9000 nm023 37 00 -107 82ITRDB extraction tree 9000 nm023 37.00 -107.82
ITRDB extraction tree 9000 nm024 36 68 107 32ITRDB extraction tree 9000 nm024 36.68 -107.32ITRDB extraction tree 9000 nm024 36.68 107.32
ITRDB extraction tree 9000 nm025 35 60 108 13ITRDB extraction tree 9000 nm025 35.60 -108.13ITRDB extraction tree 9000 nm025 35.60 108.13
ITRDB t ti t 9000 026 36 35 106 52ITRDB extraction tree 9000 nm026 36 35 -106 52ITRDB extraction tree 9000 nm026 36.35 106.52
ITRDB t ti t 9000 027 35 23 107 68ITRDB extraction tree 9000 nm027 35 23 -107 68ITRDB extraction tree 9000 nm027 35.23 107.68
ITRDB i 9000 028 35 23 107 68ITRDB extraction tree 9000 nm028 35 23 -107 68ITRDB extraction tree 9000 nm028 35.23 -107.68
ITRDB extraction tree 9000 nm029 35 40 108 52ITRDB extraction tree 9000 nm029 35.40 -108.52
ITRDB extraction tree 9000 nm030 35 40 108 52ITRDB extraction tree 9000 nm030 35.40 -108.52ITRDB extraction tree 9000 nm030 35.40 108.52
ITRDB extraction tree 9000 nm031 35 43 108 53ITRDB extraction tree 9000 nm031 35.43 -108.53ITRDB extraction tree 9000 nm031 35.43 108.53
ITRDB t ti t 9000 032 35 03 108 35ITRDB extraction tree 9000 nm032 35 03 -108 35ITRDB extraction tree 9000 nm032 35.03 108.35
ITRDB t ti t 9000 033 35 03 108 35ITRDB extraction tree 9000 nm033 35 03 -108 35ITRDB extraction tree 9000 nm033 35.03 108.35

9000 03 3 92 0 83ITRDB extraction tree 9000 nm034 34 92 -107 83ITRDB extraction tree 9000 nm034 34.92 -107.83
ITRDB extraction tree 9000 nm035 34 22 108 63ITRDB extraction tree 9000 nm035 34.22 -108.63
ITRDB extraction tree 9000 nm036 34 77 106 33ITRDB extraction tree 9000 nm036 34.77 -106.33e t act o t ee 9000 036 3 06 33
ITRDB extraction tree 9000 nm037 34 77 106 32ITRDB extraction tree 9000 nm037 34.77 -106.32ITRDB extraction tree 9000 nm037 34.77 106.32
ITRDB e t action t ee 9000 nm038 35 45 105 73ITRDB extraction tree 9000 nm038 35 45 -105 73ITRDB extraction tree 9000 nm038 35.45 105.73
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d d  ldendro onlydendro only
 

y
mean mean 

first year first year last year last year correlation use for first year first year last year last year correlation use for y y y y
with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low 
samples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in database

0 5832 1526 19780 5832 1526 19780.5832 1526 1978
0 7545 1550 19790 7545 1550 19790.7545 1550 1979
0 7654 1650 19790.7654 1650 1979
0 7479 1613 19790.7479 1613 19790.7479 1613 1979
0 5323 1525 19920.5323 1525 19920.5323 1525 1992
0 6212 1616 19900 6212 1616 19900.6212 1616 1990
0 6348 1625 19900 6348 1625 19900.6348 1625 1990
0 5998 1256 19920 5998 1256 19920.5998 1256 1992
0 6533 1140 19920.6533 1140 1992
0 5879 1450 19910.5879 1450 19910.5879 1450 1991
0 6523 1683 19910.6523 1683 19910.6523 1683 1991
0 5491 1431 19910 5491 1431 19910.5491 1431 1991
0 5753 1490 19910 5753 1490 19910.5753 1490 1991
0 6177 1585 19910 6177 1585 19910.6177 1585 1991
0 5821 1473 19910.5821 1473 19910 58 3 99
0 5454 1560 19920.5454 1560 19920.5454 1560 1992
0 6188 1511 19930 6188 1511 19930.6188 1511 1993
0 6272 1332 19920 6272 1332 19920.6272 1332 1992
0 5399 1213 19930 5399 1213 19930.5399 1213 1993
0 6501 1674 19920.6501 1674 1992
0 6071 1646 19930.6071 1646 19930.6071 1646 1993
0 6396 1561 19720.6396 1561 19720.6396 1561 1972
0 6513 1509 19810 6513 1509 19810.6513 1509 1981
0 665 1610 19790 665 1610 19790.665 1610 1979

0 68 6 8 9 60 6874 1678 19760.6874 1678 1976
0 6582 1620 19820.6582 1620 1982
0 6622 1674 19820.6622 1674 19820.6622 1674 1982
0 597 1597 19700.597 1597 19700.597 1597 1970

0 7581 1555 19710 7581 1555 19710.7581 1555 1971
0 7094 1660 19710 7094 1660 19710.7094 1660 1971
0 8283 1575 19710 8283 1575 19710.8283 1575 1971
0 8303 1643 19710.8303 1643 19710.8303 1643 1971
0 8989 1381 19720.8989 1381 19720.8989 1381 1972
0 8352 1362 19720 8352 1362 19720.8352 1362 1972
0 7884 1691 19720 7884 1691 19720.7884 1691 1972
0 8189 1611 19720 8189 1611 19720.8189 1611 1972
0 8483 1595 19720.8483 1595 1972
0 8025 1411 19720.8025 1411 19720.8025 1411 1972
0 8431 1478 19720.8431 1478 19720.8431 1478 1972
0 8295 1638 19720 8295 1638 19720.8295 1638 1972
0 758 1536 19720 758 1536 19720.758 1536 1972

0 8232 662 9 20 8232 1662 19720.8232 1662 1972
0 8494 1490 19720.8494 1490 1972
0 8222 1691 19720.8222 1691 19720 8 69 9
0 8084 1656 19720.8084 1656 19720.8084 1656 1972
0 8325 1556 19720 8325 1556 19720.8325 1556 1972
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median median 
Data type sample segment Data type sample segment Data type sample segment 

Author description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth length
ITRDB t ti t 9000 039 35 53 105 57ITRDB extraction tree 9000 nm039 35 53 -105 57ITRDB extraction tree 9000 nm039 35.53 105.57
ITRDB t ti t 9000 040 35 53 105 57ITRDB extraction tree 9000 nm040 35 53 -105 57ITRDB extraction tree 9000 nm040 35.53 -105.57
ITRDB extraction tree 9000 nm043 35 70 -106 63ITRDB extraction tree 9000 nm043 35.70 -106.63
ITRDB extraction tree 9000 nm047 36 82 103 02ITRDB extraction tree 9000 nm047 36.82 -103.02ITRDB extraction tree 9000 nm047 36.82 103.02
ITRDB extraction tree 9000 nm048 33 78 107 62ITRDB extraction tree 9000 nm048 33.78 -107.62ITRDB extraction tree 9000 nm048 33.78 107.62
ITRDB t ti t 9000 051 35 58 107 25ITRDB extraction tree 9000 nm051 35 58 -107 25ITRDB extraction tree 9000 nm051 35.58 107.25
ITRDB t ti t 9000 052 35 58 107 25ITRDB extraction tree 9000 nm052 35 58 -107 25ITRDB extraction tree 9000 nm052 35.58 107.25
ITRDB i 9000 053 35 90 107 63ITRDB extraction tree 9000 nm053 35 90 -107 63ITRDB extraction tree 9000 nm053 35.90 -107.63
ITRDB extraction tree 9000 nm055 36 68 107 32ITRDB extraction tree 9000 nm055 36.68 -107.32
ITRDB extraction tree 9000 nm061 33 25 108 50ITRDB extraction tree 9000 nm061 33.25 -108.50ITRDB extraction tree 9000 nm061 33.25 108.50
ITRDB extraction tree 9000 nm063 33 25 108 50ITRDB extraction tree 9000 nm063 33.25 -108.50ITRDB extraction tree 9000 nm063 33.25 108.50
ITRDB t ti t 9000 111 34 20 105 80ITRDB extraction tree 9000 nm111 34 20 -105 80ITRDB extraction tree 9000 nm111 34.20 105.80
ITRDB t ti t 9000 112 34 23 105 78ITRDB extraction tree 9000 nm112 34 23 -105 78ITRDB extraction tree 9000 nm112 34.23 105.78
ITRDB i 9000 118 35 08 105 65ITRDB extraction tree 9000 nm118 35 08 -105 65ITRDB extraction tree 9000 nm118 35.08 -105.65
ITRDB extraction tree 9000 nm119 32 93 108 02ITRDB extraction tree 9000 nm119 32.93 -108.02e t act o t ee 9000 9 3 93 08 0
ITRDB extraction tree 9000 nm500 36 12 105 73ITRDB extraction tree 9000 nm500 36.12 -105.73ITRDB extraction tree 9000 nm500 36.12 105.73
ITRDB e t action t ee 9000 nm501 35 78 106 28ITRDB extraction tree 9000 nm501 35 78 -106 28ITRDB extraction tree 9000 nm501 35.78 106.28
ITRDB t ti t 9000 529 35 97 108 80ITRDB extraction tree 9000 nm529 35 97 -108 80ITRDB extraction tree 9000 nm529 35.97 108.80
ITRDB i 9000 529 35 97 108 80ITRDB extraction tree 9000 nm529x 35 97 -108 80ITRDB extraction tree 9000 nm529x 35.97 -108.80
ITRDB extraction tree 9000 nm546 33 55 -106 67ITRDB extraction tree 9000 nm546 33.55 -106.67
ITRDB extraction tree 9000 nm547 33 25 106 75ITRDB extraction tree 9000 nm547 33.25 -106.75ITRDB extraction tree 9000 nm547 33.25 106.75
ITRDB extraction tree 9000 nm548 36 72 105 55ITRDB extraction tree 9000 nm548 36.72 -105.55ITRDB extraction tree 9000 nm548 36.72 105.55
ITRDB t ti t 9000 549 36 73 105 47ITRDB extraction tree 9000 nm549 36 73 -105 47ITRDB extraction tree 9000 nm549 36.73 105.47
ITRDB t ti t 9000 550 35 88 106 67ITRDB extraction tree 9000 nm550 35 88 -106 67ITRDB extraction tree 9000 nm550 35.88 106.67

i 9000 36 33 0 3ITRDB extraction tree 9000 nm551 36 33 -105 37ITRDB extraction tree 9000 nm551 36.33 -105.37
ITRDB extraction tree 9000 nm552 36 30 105 42ITRDB extraction tree 9000 nm552 36.30 -105.42
ITRDB extraction tree 9000 nm554 36 12 105 52ITRDB extraction tree 9000 nm554 36.12 -105.52ITRDB extraction tree 9000 nm554 36.12 105.52
ITRDB extraction tree 9000 nm555 35 80 106 62ITRDB extraction tree 9000 nm555 35.80 -106.62ITRDB extraction tree 9000 nm555 35.80 106.62
ITRDB t ti t 9000 556 35 78 106 62ITRDB extraction tree 9000 nm556 35 78 -106 62ITRDB extraction tree 9000 nm556 35.78 106.62
ITRDB t ti t 9000 557 36 15 105 60ITRDB extraction tree 9000 nm557 36 15 -105 60ITRDB extraction tree 9000 nm557 36.15 105.60
ITRDB i 9000 558 35 82 106 57ITRDB extraction tree 9000 nm558 35 82 -106 57ITRDB extraction tree 9000 nm558 35.82 -106.57
ITRDB extraction tree 9000 nm559 36 70 105 43ITRDB extraction tree 9000 nm559 36.70 -105.43ITRDB extraction tree 9000 nm559 36.70 105.43
ITRDB extraction tree 9000 nm560 36 73 105 47ITRDB extraction tree 9000 nm560 36.73 -105.47ITRDB extraction tree 9000 nm560 36.73 105.47
ITRDB t ti t 9000 562 32 70 106 35ITRDB extraction tree 9000 nm562 32 70 -106 35ITRDB extraction tree 9000 nm562 32.70 106.35
ITRDB t ti t 9000 564 34 22 108 62ITRDB extraction tree 9000 nm564 34 22 -108 62ITRDB extraction tree 9000 nm564 34.22 108.62
ITRDB i 9000 565 33 38 108 23ITRDB extraction tree 9000 nm565 33 38 -108 23ITRDB extraction tree 9000 nm565 33.38 -108.23
ITRDB extraction tree 9000 nm566 33 38 108 23ITRDB extraction tree 9000 nm566 33.38 -108.23
ITRDB extraction tree 9000 nm567 33 22 108 27ITRDB extraction tree 9000 nm567 33.22 -108.27ITRDB extraction tree 9000 nm567 33.22 108.27
ITRDB extraction tree 9000 nm568 32 95 108 02ITRDB extraction tree 9000 nm568 32.95 -108.02ITRDB extraction tree 9000 nm568 32.95 108.02
ITRDB t ti t 9009 570 33 33 105 67ITRDB extraction tree 9009 nm570 33 33 -105 67ITRDB extraction tree 9009 nm570 33.33 105.67
ITRDB t ti t 9000 572 34 97 108 10ITRDB extraction tree 9000 nm572 34 97 -108 10ITRDB extraction tree 9000 nm572 34.97 108.10

9000 3 32 80 0 90ITRDB extraction tree 9000 nm573 32 80 -105 90ITRDB extraction tree 9000 nm573 32.80 -105.90
ITRDB extraction tree 9000 nm574 36 80 103 98ITRDB extraction tree 9000 nm574 36.80 -103.98
ITRDB extraction tree 9000 nm575 36 77 103 97ITRDB extraction tree 9000 nm575 36.77 -103.97e t act o t ee 9000 5 5 36 03 9
ITRDB extraction tree 9000 nm576 36 77 103 95ITRDB extraction tree 9000 nm576 36.77 -103.95ITRDB extraction tree 9000 nm576 36.77 103.95
ITRDB e t action t ee 9000 nm577 36 07 104 35ITRDB extraction tree 9000 nm577 36 07 -104 35ITRDB extraction tree 9000 nm577 36.07 104.35
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d d  ldendro onlydendro only
 

y
mean mean 

first year first year last year last year correlation use for first year first year last year last year correlation use for y y y y
with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low 
samples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in database

0 8598 1690 19720 8598 1690 19720.8598 1690 1972
0 8378 1579 19720 8378 1579 19720.8378 1579 1972
0 8902 1658 19720.8902 1658 1972
0 7231 1640 19740.7231 1640 19740.7231 1640 1974
0 8524 1666 19740.8524 1666 19740.8524 1666 1974
0 818 1687 19760 818 1687 19760.818 1687 1976

0 8092 1638 19760 8092 1638 19760.8092 1638 1976
0 8343 1629 19760 8343 1629 19760.8343 1629 1976
0 8303 1594 19710.8303 1594 1971
0 8035 1690 19790.8035 1690 19790.8035 1690 1979
0 7993 1636 19800.7993 1636 19800.7993 1636 1980
0 8687 1660 19810 8687 1660 19810.8687 1660 1981
0 8007 1644 19820 8007 1644 19820.8007 1644 1982
0 8312 1564 19820 8312 1564 19820.8312 1564 1982
0 8295 1655 19820.8295 1655 19820 8 95 655 98
0 8176 1708 19720.8176 1708 19720.8176 1708 1972
0 8594 1727 19720 8594 1727 19720.8594 1727 1972
0 7188 1652 19770 7188 1652 19770.7188 1652 1977
0 6148 1653 19770 6148 1653 19770.6148 1653 1977
0 7974 1644 19810.7974 1644 1981
0 8424 1687 19900.8424 1687 19900.8424 1687 1990
0 8698 1592 19810.8698 1592 19810.8698 1592 1981
0 8822 1639 19870 8822 1639 19870.8822 1639 1987
0 7211 1532 19860 7211 1532 19860.7211 1532 1986
0 926 00 980 7926 1700 19810.7926 1700 1981
0 6126 1581 19810.6126 1581 1981
0 7799 1690 19860.7799 1690 19860.7799 1690 1986
0 8459 1604 19860.8459 1604 19860.8459 1604 1986
0 7577 1572 19860 7577 1572 19860.7577 1572 1986
0 8253 1555 19860 8253 1555 19860.8253 1555 1986
0 7969 1653 19870 7969 1653 19870.7969 1653 1987
0 7352 1391 19870.7352 1391 19870.7352 1391 1987
0 8604 837 19890.8604 837 19890.8604 837 1989
0 671 1659 19900 671 1659 19900.671 1659 1990

0 8767 1410 19870 8767 1410 19870.8767 1410 1987
0 8655 1470 19860 8655 1470 19860.8655 1470 1986
0 8578 1590 19870.8578 1590 1987
0 7608 1530 19870.7608 1530 19870.7608 1530 1987
0 8354 1670 19860.8354 1670 19860.8354 1670 1986
0 6972 1554 19830 6972 1554 19830.6972 1554 1983
0 8544 136 19920 8544 -136 19920.8544 136 1992
0 8 3 6 0 990 813 1610 19940.813 1610 1994

0 8026 1613 19980.8026 1613 1998
0 7721 1712 19980.7721 1712 19980 998
0 8197 1626 19980.8197 1626 19980.8197 1626 1998
0 7875 1595 19980 7875 1595 19980.7875 1595 1998
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median median 
Data type sample segment Data type sample segment Data type sample segment 

Author description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth length
ITRDB t ti t 9000 578 36 78 103 93ITRDB extraction tree 9000 nm578 36 78 -103 93ITRDB extraction tree 9000 nm578 36.78 103.93
ITRDB t ti t 9000 579 32 80 105 80ITRDB extraction tree 9000 nm579 32 80 -105 80ITRDB extraction tree 9000 nm579 32.80 -105.80
ITRDB extraction tree 9000 norw007 69 47 25 50ITRDB extraction tree 9000 norw007 69.47 25.50
ITRDB extraction tree 9000 norw008 69 53 18 73ITRDB extraction tree 9000 norw008 69.53 18.73ITRDB extraction tree 9000 norw008 69.53 18.73
ITRDB extraction tree 9000 norw009 69 08 17 22ITRDB extraction tree 9000 norw009 69.08 17.22ITRDB extraction tree 9000 norw009 69.08 17.22
ITRDB t ti t 9000 010 68 80 15 73ITRDB extraction tree 9000 norw010 68 80 15 73ITRDB extraction tree 9000 norw010 68.80 15.73
ITRDB t ti t 9000 036 39 27 114 12ITRDB extraction tree 9000 nv036 39 27 -114 12ITRDB extraction tree 9000 nv036 39.27 114.12
ITRDB i 9000 037 39 42 114 65ITRDB extraction tree 9000 nv037 39 42 -114 65ITRDB extraction tree 9000 nv037 39.42 -114.65
ITRDB extraction tree 9000 nv040 39 33 114 75ITRDB extraction tree 9000 nv040 39.33 -114.75
ITRDB extraction tree 9000 nv048 40 15 115 53ITRDB extraction tree 9000 nv048 40.15 -115.53ITRDB extraction tree 9000 nv048 40.15 115.53
ITRDB extraction tree 9000 nv049 39 82 114 62ITRDB extraction tree 9000 nv049 39.82 -114.62ITRDB extraction tree 9000 nv049 39.82 114.62
ITRDB t ti t 9000 052 39 10 115 80ITRDB extraction tree 9000 nv052 39 10 -115 80ITRDB extraction tree 9000 nv052 39.10 115.80
ITRDB t ti t 9000 053 40 40 114 22ITRDB extraction tree 9000 nv053 40 40 -114 22ITRDB extraction tree 9000 nv053 40.40 114.22
ITRDB i 9000 055 38 68 117 23ITRDB extraction tree 9000 nv055 38 68 -117 23ITRDB extraction tree 9000 nv055 38.68 -117.23
ITRDB extraction tree 9000 nv056 41 05 114 58ITRDB extraction tree 9000 nv056 41.05 -114.58e t act o t ee 9000 056 05 58
ITRDB extraction tree 9000 nv057 37 77 114 18ITRDB extraction tree 9000 nv057 37.77 -114.18ITRDB extraction tree 9000 nv057 37.77 114.18
ITRDB e t action t ee 9000 n 058 39 18 116 78ITRDB extraction tree 9000 nv058 39 18 -116 78ITRDB extraction tree 9000 nv058 39.18 116.78
ITRDB t ti t 9000 060 41 30 118 43ITRDB extraction tree 9000 nv060 41 30 -118 43ITRDB extraction tree 9000 nv060 41.30 118.43
ITRDB i 9000 061 41 90 115 42ITRDB extraction tree 9000 nv061 41 90 -115 42ITRDB extraction tree 9000 nv061 41.90 -115.42
ITRDB extraction tree 9000 nv506 36 67 -115 17ITRDB extraction tree 9000 nv506 36.67 -115.17
ITRDB extraction tree 9000 nv507 39 38 114 92ITRDB extraction tree 9000 nv507 39.38 -114.92ITRDB extraction tree 9000 nv507 39.38 114.92
ITRDB extraction tree 9000 nv509 39 37 114 72ITRDB extraction tree 9000 nv509 39.37 -114.72ITRDB extraction tree 9000 nv509 39.37 114.72
ITRDB t ti t 9000 510 36 27 115 70ITRDB extraction tree 9000 nv510 36 27 -115 70ITRDB extraction tree 9000 nv510 36.27 115.70
ITRDB t ti t 9000 511 38 78 116 95ITRDB extraction tree 9000 nv511 38 78 -116 95ITRDB extraction tree 9000 nv511 38.78 116.95

i 9000 2 0 23 3ITRDB extraction tree 9000 nv512 40 23 -115 53ITRDB extraction tree 9000 nv512 40.23 -115.53
ITRDB extraction tree 9000 nv513 38 90 114 32ITRDB extraction tree 9000 nv513 38.90 -114.32
ITRDB extraction tree 9000 nv514 40 55 114 82ITRDB extraction tree 9000 nv514 40.55 -114.82ITRDB extraction tree 9000 nv514 40.55 114.82
ITRDB extraction tree 9000 nv515 39 08 115 43ITRDB extraction tree 9000 nv515 39.08 -115.43ITRDB extraction tree 9000 nv515 39.08 115.43
ITRDB t ti t 9000 516 38 93 114 23ITRDB extraction tree 9000 nv516 38 93 -114 23ITRDB extraction tree 9000 nv516 38.93 114.23
ITRDB t ti t 9000 517 36 32 115 70ITRDB extraction tree 9000 nv517 36 32 -115 70ITRDB extraction tree 9000 nv517 36.32 115.70
ITRDB i 9000 518 41 30 118 43ITRDB extraction tree 9000 nv518 41 30 -118 43ITRDB extraction tree 9000 nv518 41.30 -118.43
ITRDB extraction tree 9000 nv519 37 86 118 33ITRDB extraction tree 9000 nv519 37.86 -118.33ITRDB extraction tree 9000 nv519 37.86 118.33
ITRDB extraction tree 9000 ny001 44 13 73 78ITRDB extraction tree 9000 ny001 44.13 -73.78ITRDB extraction tree 9000 ny001 44.13 73.78
ITRDB t ti t 9000 002 41 42 74 08ITRDB extraction tree 9000 ny002 41 42 -74 08ITRDB extraction tree 9000 ny002 41.42 74.08
ITRDB t ti t 9000 003 41 77 74 17ITRDB extraction tree 9000 ny003 41 77 -74 17ITRDB extraction tree 9000 ny003 41.77 74.17y
ITRDB i 9000 005 41 77 74 18ITRDB extraction tree 9000 ny005 41 77 -74 18ITRDB extraction tree 9000 ny005 41.77 -74.18y
ITRDB extraction tree 9000 ny006 41 77 74 18ITRDB extraction tree 9000 ny006 41.77 -74.18y
ITRDB extraction tree 9000 ny008 43 55 73 80ITRDB extraction tree 9000 ny008 43.55 -73.80ITRDB extraction tree 9000 ny008 43.55 73.80
ITRDB extraction tree 9000 ny009 44 13 73 75ITRDB extraction tree 9000 ny009 44.13 -73.75ITRDB extraction tree 9000 ny009 44.13 73.75
ITRDB t ti t 9000 010 44 13 73 75ITRDB extraction tree 9000 ny010 44 13 -73 75ITRDB extraction tree 9000 ny010 44.13 73.75
ITRDB t ti t 9000 011 41 77 74 17ITRDB extraction tree 9000 ny011 41 77 -74 17ITRDB extraction tree 9000 ny011 41.77 74.17y

9000 0 2 8ITRDB extraction tree 9000 ny012 41 77 -74 18ITRDB extraction tree 9000 ny012 41.77 -74.18y
ITRDB extraction tree 9000 ny013 44 33 73 90ITRDB extraction tree 9000 ny013 44.33 -73.90y
ITRDB extraction tree 9000 ny014 44 33 73 88ITRDB extraction tree 9000 ny014 44.33 -73.88e t act o t ee 9000 y0 33 3 88
ITRDB extraction tree 9000 oh001 40 88 81 75ITRDB extraction tree 9000 oh001 40.88 -81.75ITRDB extraction tree 9000 oh001 40.88 81.75
ITRDB e t action t ee 9000 oh002 41 55 81 27ITRDB extraction tree 9000 oh002 41 55 -81 27ITRDB extraction tree 9000 oh002 41.55 81.27
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d d  ldendro onlydendro only
 

y
mean mean 

first year first year last year last year correlation use for first year first year last year last year correlation use for y y y y
with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low 
samples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in database

0 8392 1635 19920 8392 1635 19920.8392 1635 1992
0 7621 1627 19920 7621 1627 19920.7621 1627 1992
0 6964 1698 19920.6964 1698 1992
0 6884 1599 19920.6884 1599 19920.6884 1599 1992
0 6456 1403 19970.6456 1403 19970.6456 1403 1997
0 6983 877 19940 6983 877 19940.6983 877 1994
0 8412 1567 19780 8412 1567 19780.8412 1567 1978
0 6977 783 19760 6977 783 19760.6977 783 1976
0 8165 1570 19760.8165 1570 1976
0 7289 1503 19780.7289 1503 19780.7289 1503 1978
0 7797 1400 19820.7797 1400 19820.7797 1400 1982
0 7979 1470 19820 7979 1470 19820.7979 1470 1982
0 8531 1400 19820 8531 1400 19820.8531 1400 1982
0 8766 1490 19820 8766 1490 19820.8766 1490 1982
0 7372 1330 19820.7372 1330 19820 3 330 98
0 7932 1556 19820.7932 1556 19820.7932 1556 1982
0 8433 1439 19820 8433 1439 19820.8433 1439 1982
0 6642 1267 19840 6642 1267 19840.6642 1267 1984
0 7079 1334 19840 7079 1334 19840.7079 1334 1984
0 8821 1605 19770.8821 1605 1977
0 8353 1465 19760.8353 1465 19760.8353 1465 1976
0 848 1551 19760.848 1551 19760.848 1551 1976

0 6472 800 19840 6472 800 19840.6472 800 1984
0 6175 1300 19800 6175 1300 19800.6175 1300 1980
0 66 9 320 980 6659 320 19850.6659 320 1985
0 7087 825 19830.7087 825 1983
0 6244 302 19850.6244 302 19850.6244 302 1985
0 6232 2370 19800.6232 -2370 19800.6232 2370 1980
0 7557 0 19840 7557 0 19840.7557 0 1984
0 7973 320 19840 7973 320 19840.7973 320 1984
0 6945 975 19980 6945 975 19980.6945 975 1998

990 2000990 2000990 2000
0 671 1608 19810.671 1608 19810.671 1608 1981

0 5948 1648 19770 5948 1648 19770.5948 1648 1977
0 6295 1690 19730 6295 1690 19730.6295 1690 1973
0 6336 1622 19730 6336 1622 19730.6336 1622 1973
0 6479 1626 19840.6479 1626 1984
0 7398 1595 19760.7398 1595 19760.7398 1595 1976
0 6096 1619 19780.6096 1619 19780.6096 1619 1978
0 6894 1599 19780 6894 1599 19780.6894 1599 1978
0 6884 1658 19860 6884 1658 19860.6884 1658 1986
0 6966 980 6966 1511 19840.6966 1511 1984
0 5871 1632 19810.5871 1632 1981

0 55 1696 19780.55 1696 19780 55 696 9 8
0 7009 1626 19850.7009 1626 19850.7009 1626 1985
0 7143 1612 19830 7143 1612 19830.7143 1612 1983
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median median 
Data type sample segment Data type sample segment Data type sample segment 

Author description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth length
ITRDB t ti t 9000 h003 39 90 84 40ITRDB extraction tree 9000 oh003 39 90 -84 40ITRDB extraction tree 9000 oh003 39.90 84.40
ITRDB t ti t 9000 h006 39 98 81 00ITRDB extraction tree 9000 oh006 39 98 -81 00ITRDB extraction tree 9000 oh006 39.98 -81.00
ITRDB extraction tree 9000 ok001 36 68 -94 73ITRDB extraction tree 9000 ok001 36.68 -94.73
ITRDB extraction tree 9000 ok004 36 70 96 38ITRDB extraction tree 9000 ok004 36.70 -96.38ITRDB extraction tree 9000 ok004 36.70 96.38
ITRDB extraction tree 9000 ok007 36 20 96 22ITRDB extraction tree 9000 ok007 36.20 -96.22ITRDB extraction tree 9000 ok007 36.20 96.22
ITRDB t ti t 9000 k013 35 58 98 38ITRDB extraction tree 9000 ok013 35 58 -98 38ITRDB extraction tree 9000 ok013 35.58 98.38
ITRDB t ti t 9000 k016 35 10 95 63ITRDB extraction tree 9000 ok016 35 10 -95 63ITRDB extraction tree 9000 ok016 35.10 95.63
ITRDB i 9000 k019 34 30 94 65ITRDB extraction tree 9000 ok019 34 30 -94 65ITRDB extraction tree 9000 ok019 34.30 -94.65
ITRDB extraction tree 9000 ok022 32 35 97 00ITRDB extraction tree 9000 ok022 32.35 -97.00
ITRDB extraction tree 9000 ok025 34 10 97 67ITRDB extraction tree 9000 ok025 34.10 -97.67ITRDB extraction tree 9000 ok025 34.10 97.67
ITRDB extraction tree 9000 ok028 34 68 98 63ITRDB extraction tree 9000 ok028 34.68 -98.63ITRDB extraction tree 9000 ok028 34.68 98.63
ITRDB t ti t 9000 k031 34 30 94 65ITRDB extraction tree 9000 ok031 34 30 -94 65ITRDB extraction tree 9000 ok031 34.30 94.65
ITRDB t ti t 9000 001 45 15 120 12ITRDB extraction tree 9000 or001 45 15 -120 12ITRDB extraction tree 9000 or001 45.15 120.12
ITRDB i 9000 006 44 90 118 93ITRDB extraction tree 9000 or006 44 90 -118 93ITRDB extraction tree 9000 or006 44.90 -118.93
ITRDB extraction tree 9000 or009 43 98 118 80ITRDB extraction tree 9000 or009 43.98 -118.80e t act o t ee 9000 o 009 3 98 8 80
ITRDB extraction tree 9000 or012 43 97 121 07ITRDB extraction tree 9000 or012 43.97 -121.07ITRDB extraction tree 9000 or012 43.97 121.07
ITRDB e t action t ee 9000 o 015 43 58 120 45ITRDB extraction tree 9000 or015 43 58 -120 45ITRDB extraction tree 9000 or015 43.58 120.45
ITRDB t ti t 9000 018 43 13 119 87ITRDB extraction tree 9000 or018 43 13 -119 87ITRDB extraction tree 9000 or018 43.13 119.87
ITRDB i 9000 021 42 67 118 92ITRDB extraction tree 9000 or021 42 67 -118 92ITRDB extraction tree 9000 or021 42.67 -118.92
ITRDB extraction tree 9000 or026 42 92 -122 50ITRDB extraction tree 9000 or026 42.92 -122.50
ITRDB extraction tree 9000 or029 45 97 117 68ITRDB extraction tree 9000 or029 45.97 -117.68ITRDB extraction tree 9000 or029 45.97 117.68
ITRDB extraction tree 9000 or030 45 97 117 72ITRDB extraction tree 9000 or030 45.97 -117.72ITRDB extraction tree 9000 or030 45.97 117.72
ITRDB t ti t 9000 032 45 12 117 02ITRDB extraction tree 9000 or032 45 12 -117 02ITRDB extraction tree 9000 or032 45.12 117.02
ITRDB t ti t 9000 033 45 28 118 57ITRDB extraction tree 9000 or033 45 28 -118 57ITRDB extraction tree 9000 or033 45.28 118.57

i 9000 03 83 80ITRDB extraction tree 9000 or035 45 83 -117 80ITRDB extraction tree 9000 or035 45.83 -117.80
ITRDB extraction tree 9000 or038 45 78 117 92ITRDB extraction tree 9000 or038 45.78 -117.92
ITRDB extraction tree 9000 or040 45 77 117 97ITRDB extraction tree 9000 or040 45.77 -117.97ITRDB extraction tree 9000 or040 45.77 117.97
ITRDB extraction tree 9009 or042 42 97 122 17ITRDB extraction tree 9009 or042 42.97 -122.17ITRDB extraction tree 9009 or042 42.97 122.17
ITRDB t ti t 9009 043 45 32 121 65ITRDB extraction tree 9009 or043 45 32 -121 65ITRDB extraction tree 9009 or043 45.32 121.65
ITRDB t ti t 9009 043 45 32 121 65ITRDB extraction tree 9009 or043x 45 32 -121 65ITRDB extraction tree 9009 or043x 45.32 121.65
ITRDB i 9009 044 42 07 122 72ITRDB extraction tree 9009 or044 42 07 -122 72ITRDB extraction tree 9009 or044 42.07 -122.72
ITRDB extraction tree 9009 or044x 42 07 122 72ITRDB extraction tree 9009 or044x 42.07 -122.72ITRDB extraction tree 9009 or044x 42.07 122.72
ITRDB extraction tree 9009 or045 45 33 121 68ITRDB extraction tree 9009 or045 45.33 -121.68ITRDB extraction tree 9009 or045 45.33 121.68
ITRDB t ti t 9000 049 43 72 121 60ITRDB extraction tree 9000 or049 43 72 -121 60ITRDB extraction tree 9000 or049 43.72 121.60
ITRDB t ti t 9000 051 43 47 121 40ITRDB extraction tree 9000 or051 43 47 -121 40ITRDB extraction tree 9000 or051 43.47 121.40
ITRDB i 9000 054 43 08 121 95ITRDB extraction tree 9000 or054 43 08 -121 95ITRDB extraction tree 9000 or054 43.08 -121.95
ITRDB extraction tree 9000 or055 42 92 121 53ITRDB extraction tree 9000 or055 42.92 -121.53
ITRDB extraction tree 9000 or056 42 93 121 62ITRDB extraction tree 9000 or056 42.93 -121.62ITRDB extraction tree 9000 or056 42.93 121.62
ITRDB extraction tree 9000 or057 42 75 121 52ITRDB extraction tree 9000 or057 42.75 -121.52ITRDB extraction tree 9000 or057 42.75 121.52
ITRDB t ti t 9000 058 42 78 122 07ITRDB extraction tree 9000 or058 42 78 -122 07ITRDB extraction tree 9000 or058 42.78 122.07
ITRDB t ti t 9000 059 42 63 121 53ITRDB extraction tree 9000 or059 42 63 -121 53ITRDB extraction tree 9000 or059 42.63 121.53

9000 060 3 8 20ITRDB extraction tree 9000 or060 43 58 -120 45ITRDB extraction tree 9000 or060 43.58 -120.45
ITRDB extraction tree 9000 or061 43 97 121 07ITRDB extraction tree 9000 or061 43.97 -121.07
ITRDB extraction tree 9000 or062 43 18 120 90ITRDB extraction tree 9000 or062 43.18 -120.90e t act o t ee 9000 o 06 3 8 0 90
ITRDB extraction tree 9000 or063 42 67 118 92ITRDB extraction tree 9000 or063 42.67 -118.92ITRDB extraction tree 9000 or063 42.67 118.92
ITRDB e t action t ee 9000 o 081 42 00 123 56ITRDB extraction tree 9000 or081 42 00 -123 56ITRDB extraction tree 9000 or081 42.00 123.56
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d d  ldendro onlydendro only
 

y
mean mean 

first year first year last year last year correlation use for first year first year last year last year correlation use for y y y y
with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low 
samples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in database

0 6753 1662 19850 6753 1662 19850.6753 1662 1985
0 7632 1625 19980 7632 1625 19980.7632 1625 1998
0 6546 1675 19820.6546 1675 1982
0 7522 1737 19820.7522 1737 19820.7522 1737 1982
0 5112 1611 19950.5112 1611 19950.5112 1611 1995
0 6927 1680 19820 6927 1680 19820.6927 1680 1982
0 7384 1745 19800 7384 1745 19800.7384 1745 1980
0 6582 1624 19820 6582 1624 19820.6582 1624 1982
0 7228 1698 19950.7228 1698 1995
0 7733 1691 19950.7733 1691 19950.7733 1691 1995
0 7735 1686 19800.7735 1686 19800.7735 1686 1980
0 6744 1685 19820 6744 1685 19820.6744 1685 1982
0 6791 1497 19750 6791 1497 19750.6791 1497 1975
0 6837 1405 19820 6837 1405 19820.6837 1405 1982
0 7554 1396 19820.7554 1396 19820 55 396 98
0 8268 1281 19820.8268 1281 19820.8268 1281 1982
0 7888 1097 19820 7888 1097 19820.7888 1097 1982
0 8548 1377 19820 8548 1377 19820.8548 1377 1982
0 7538 1501 19820 7538 1501 19820.7538 1501 1982

1614 19791614 1979
0 6517 1485 19910.6517 1485 19910.6517 1485 1991
0 6625 1502 19910.6625 1502 19910.6625 1502 1991
0 6038 1550 19900 6038 1550 19900.6038 1550 1990
0 6263 1469 19900 6263 1469 19900.6263 1469 1990
0 683 66 9900 6834 1665 19900.6834 1665 1990
0 6028 1665 19900.6028 1665 1990
0 6151 1675 19910.6151 1675 19910.6151 1675 1991
0 6362 1564 19830.6362 1564 19830.6362 1564 1983
0 6384 1504 19830 6384 1504 19830.6384 1504 1983
0 7561 1504 19830 7561 1504 19830.7561 1504 1983
0 696 1739 19830 696 1739 19830.696 1739 1983

0 7354 1739 19830.7354 1739 19830.7354 1739 1983
0 6415 1706 19830.6415 1706 19830.6415 1706 1983
0 5086 1334 19930 5086 1334 19930.5086 1334 1993
0 5537 1574 19950 5537 1574 19950.5537 1574 1995
0 5078 1513 19950 5078 1513 19950.5078 1513 1995
0 5045 1423 19950.5045 1423 1995
0 5394 1570 19950.5394 1570 19950.5394 1570 1995
0 519 1442 19950.519 1442 19950.519 1442 1995
0 522 1572 19900 522 1572 19900.522 1572 1990

0 5892 1653 19950 5892 1653 19950.5892 1653 1995
0 8039 8 0 9960 8039 870 19960.8039 870 1996
0 8421 830 19960.8421 830 1996
0 8485 530 19960.8485 530 19960 8 85 530 996
0 7653 1017 19980.7653 1017 19980.7653 1017 1998

1420 20001420 20001420 2000
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median median 
Data type sample segment Data type sample segment Data type sample segment 

Author description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth length
ITRDB t ti t 9000 001 40 67 77 70ITRDB extraction tree 9000 pa001 40 67 -77 70ITRDB extraction tree 9000 pa001 40.67 77.70
ITRDB t ti t 9000 002 40 88 77 32ITRDB extraction tree 9000 pa002 40 88 -77 32ITRDB extraction tree 9000 pa002 40.88 -77.32p
ITRDB extraction tree 9000 pa003 41 22 -74 92ITRDB extraction tree 9000 pa003 41.22 -74.92p
ITRDB extraction tree 9000 pa004 41 33 77 72ITRDB extraction tree 9000 pa004 41.33 -77.72ITRDB extraction tree 9000 pa004 41.33 77.72
ITRDB extraction tree 9000 pa005 39 83 79 70ITRDB extraction tree 9000 pa005 39.83 -79.70ITRDB extraction tree 9000 pa005 39.83 79.70
ITRDB t ti t 9000 006 41 32 79 22ITRDB extraction tree 9000 pa006 41 32 -79 22ITRDB extraction tree 9000 pa006 41.32 79.22
ITRDB t ti t 9000 007 40 23 77 65ITRDB extraction tree 9000 pa007 40 23 -77 65ITRDB extraction tree 9000 pa007 40.23 77.65p
ITRDB i 9000 008 41 33 79 20ITRDB extraction tree 9000 pa008 41 33 -79 20ITRDB extraction tree 9000 pa008 41.33 -79.20p
ITRDB extraction tree 9000 pa009 39 88 76 40ITRDB extraction tree 9000 pa009 39.88 -76.40p
ITRDB extraction tree 9000 pa010 41 37 76 30ITRDB extraction tree 9000 pa010 41.37 -76.30ITRDB extraction tree 9000 pa010 41.37 76.30
ITRDB extraction tree 9000 pa011 41 87 75 88ITRDB extraction tree 9000 pa011 41.87 -75.88ITRDB extraction tree 9000 pa011 41.87 75.88
ITRDB t ti t 9000 012 39 83 78 52ITRDB extraction tree 9000 pa012 39 83 -78 52ITRDB extraction tree 9000 pa012 39.83 78.52
ITRDB t ti t 9000 013 41 75 78 97ITRDB extraction tree 9000 pa013 41 75 -78 97ITRDB extraction tree 9000 pa013 41.75 78.97p
ITRDB i 9000 l 006 53 50 16 00ITRDB extraction tree 9000 pola006 53 50 16 00ITRDB extraction tree 9000 pola006 53.50 16.00p
ITRDB extraction tree 9000 pola014 53 08 18 55ITRDB extraction tree 9000 pola014 53.08 18.55e t act o t ee 9000 po a0 53 08 8 55
ITRDB extraction tree 9000 pola015 52 30 20 98ITRDB extraction tree 9000 pola015 52.30 20.98ITRDB extraction tree 9000 pola015 52.30 20.98
ITRDB e t action t ee 9000 pola016 53 95 14 50ITRDB extraction tree 9000 pola016 53 95 14 50ITRDB extraction tree 9000 pola016 53.95 14.50
ITRDB t ti t 9000 l 017 51 25 17 17ITRDB extraction tree 9000 pola017 51 25 17 17ITRDB extraction tree 9000 pola017 51.25 17.17
ITRDB i 9009 l 019 49 25 19 92ITRDB extraction tree 9009 pola019 49 25 19 92ITRDB extraction tree 9009 pola019 49.25 19.92p
ITRDB extraction tree 9009 pola019x 49 25 19 92ITRDB extraction tree 9009 pola019x 49.25 19.92p
ITRDB extraction tree 9000 pws2std 61 00 150 00ITRDB extraction tree 9000 pws2std 61.00 -150.00ITRDB extraction tree 9000 pws2std 61.00 150.00
ITRDB extraction tree 9000 qs9std 30 00 96 00ITRDB extraction tree 9000 qs9std 30.00 96.00ITRDB extraction tree 9000 qs9std 30.00 96.00
ITRDB t ti t 9000 h 908 1998 62 30 13 30ITRDB extraction tree 9000 rcs chron 908 1998 62 30 13 30ITRDB extraction tree 9000 rcs_chron_908_1998 62.30 13.30
ITRDB t ti t 9000 jj 1 N N N NITRDB extraction tree 9000 recjj yy1 NaN NaNITRDB extraction tree 9000 recjj_yy1 NaN NaNjj yy

i 9000 jj 2ITRDB extraction tree 9000 recjj yy2 NaN NaNITRDB extraction tree 9000 recjj_yy2 NaN NaNjj_yy
ITRDB extraction tree 9000 russ014 55 90 158 80ITRDB extraction tree 9000 russ014 55.90 158.80
ITRDB extraction tree 9000 russ016 66 00 31 00ITRDB extraction tree 9000 russ016 66.00 31.00ITRDB extraction tree 9000 russ016 66.00 31.00
ITRDB extraction tree 9000 russ017 66 25 30 50ITRDB extraction tree 9000 russ017 66.25 30.50ITRDB extraction tree 9000 russ017 66.25 30.50
ITRDB t ti t 9000 019 72 50 105 17ITRDB extraction tree 9000 russ019 72 50 105 17ITRDB extraction tree 9000 russ019 72.50 105.17
ITRDB t ti t 9009 023 66 67 82 33ITRDB extraction tree 9009 russ023x crns 66 67 -82 33ITRDB extraction tree 9009 russ023x_crns 66.67 82.33
ITRDB i 9009 027 68 25 80 18ITRDB extraction tree 9009 russ027x crns 68 25 -80 18ITRDB extraction tree 9009 russ027x crns 68.25 -80.18_
ITRDB extraction tree 9009 russ028x crns 67 97 88 92ITRDB extraction tree 9009 russ028x crns 67.97 -88.92ITRDB extraction tree 9009 russ028x_crns 67.97 88.92
ITRDB extraction tree 9009 russ029x crns 70 52 89 50ITRDB extraction tree 9009 russ029x crns 70.52 -89.50ITRDB extraction tree 9009 russ029x_crns 70.52 89.50
ITRDB t ti t 9009 030 67 97 88 92ITRDB extraction tree 9009 russ030x crns 67 97 -88 92ITRDB extraction tree 9009 russ030x_crns 67.97 88.92
ITRDB t ti t 9009 038 70 27 103 52ITRDB extraction tree 9009 russ038x crns 70 27 -103 52ITRDB extraction tree 9009 russ038x_crns 70.27 103.52
ITRDB i 9009 048 68 60 112 25ITRDB extraction tree 9009 russ048x crns 68 60 -112 25ITRDB extraction tree 9009 russ048x_crns 68.60 -112.25_
ITRDB extraction tree 9009 russ057x crns 62 47 137 75ITRDB extraction tree 9009 russ057x_crns 62.47 -137.75_
ITRDB extraction tree 9009 russ070x crns 63 52 151 72ITRDB extraction tree 9009 russ070x crns 63.52 -151.72ITRDB extraction tree 9009 russ070x_crns 63.52 151.72
ITRDB extraction tree 9009 russ071x crns 66 67 82 33ITRDB extraction tree 9009 russ071x crns 66.67 -82.33ITRDB extraction tree 9009 russ071x_crns 66.67 82.33
ITRDB t ti t 9009 073 65 33 41 12ITRDB extraction tree 9009 russ073x crns 65 33 -41 12ITRDB extraction tree 9009 russ073x_crns 65.33 41.12
ITRDB t ti t 9009 074 60 70 51 38ITRDB extraction tree 9009 russ074x crns 60 70 -51 38ITRDB extraction tree 9009 russ074x_crns 60.70 51.38

9009 08 6 3 30 90ITRDB extraction tree 9009 russ081x crns 61 37 -30 90ITRDB extraction tree 9009 russ081x_crns 61.37 -30.90_
ITRDB extraction tree 9009 russ092x crns 67 47 76 77ITRDB extraction tree 9009 russ092x crns 67.47 -76.77_
ITRDB extraction tree 9009 russ093x crns 68 77 32 80ITRDB extraction tree 9009 russ093x crns 68.77 -32.80e t act o t ee 9009 uss093 _c s 68 3 80
ITRDB extraction tree 9009 russ095x crns 62 60 58 80ITRDB extraction tree 9009 russ095x crns 62.60 -58.80ITRDB extraction tree 9009 russ095x_crns 62.60 58.80
ITRDB e t action t ee 9009 ss096 c ns 68 77 32 80ITRDB extraction tree 9009 russ096x crns 68 77 -32 80ITRDB extraction tree 9009 russ096x_crns 68.77 32.80
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d d  ldendro onlydendro only
 

y
mean mean 

first year first year last year last year correlation use for first year first year last year last year correlation use for y y y y
with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low 
samples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in database

0 6323 1609 19810 6323 1609 19810.6323 1609 1981
0 647 1641 19810 647 1641 19810.647 1641 1981

0 6871 1609 19810.6871 1609 1981
0 6585 1540 19810.6585 1540 19810.6585 1540 1981
0 6747 1623 19810.6747 1623 19810.6747 1623 1981
0 6571 1660 19810 6571 1660 19810.6571 1660 1981
0 629 1535 19810 629 1535 19810.629 1535 1981

0 6999 1679 19810 6999 1679 19810.6999 1679 1981
0 5873 1631 19810.5873 1631 1981
0 6579 1637 19810.6579 1637 19810.6579 1637 1981
0 7212 1619 19810.7212 1619 19810.7212 1619 1981
0 6779 1612 19810 6779 1612 19810.6779 1612 1981
0 6871 1425 19780 6871 1425 19780.6871 1425 1978
0 5591 990 19790 5591 990 19790.5591 990 1979
0 6317 1710 19790.6317 1710 19790 63 0 9 9
0 6218 1690 19790.6218 1690 19790.6218 1690 1979
0 6511 1550 19790 6511 1550 19790.6511 1550 1979
0 6524 1720 19790 6524 1720 19790.6524 1720 1979
0 7574 1699 19780 7574 1699 19780.7574 1699 1978
0 8265 1699 19780.8265 1699 1978

873 1991873 1991873 1991
449 1994449 1994449 1994
908 1998908 1998908 1998
407 1996-407 1996407 1996

992-75 1992-75 1992
0 7419 1690 19830.7419 1690 1983
0 6341 1546 19930.6341 1546 19930.6341 1546 1993
0 5741 1471 19930.5741 1471 19930.5741 1471 1993
0 7565 1580 19970 7565 1580 19970.7565 1580 1997
0 6319 1750 19900 6319 1750 19900.6319 1750 1990
0 5352 1592 19900 5352 1592 19900.5352 1592 1990
0 5225 1574 19900.5225 1574 19900.5225 1574 1990
0 6158 1657 19900.6158 1657 19900.6158 1657 1990
0 5195 1661 19900 5195 1661 19900.5195 1661 1990
0 5527 1630 19900 5527 1630 19900.5527 1630 1990
0 5431 1450 19900 5431 1450 19900.5431 1450 1990
0 6867 1729 19910.6867 1729 1991
0 6908 1362 19910.6908 1362 19910.6908 1362 1991
0 5685 1674 19900.5685 1674 19900.5685 1674 1990
0 7503 1594 19900 7503 1594 19900.7503 1594 1990
0 6573 1651 19910 6573 1651 19910.6573 1651 1991
0 2 9920 5172 1715 19920.5172 1715 1992
0 6558 1585 19900.6558 1585 1990
0 5018 1715 19920.5018 1715 19920 50 8 5 99
0 7625 1616 19910.7625 1616 19910.7625 1616 1991
0 519 1678 19920 519 1678 19920.519 1678 1992
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median median 
Data type sample segment Data type sample segment Data type sample segment 

Author description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth length
ITRDB t ti t 9009 097 65 35 69 52ITRDB extraction tree 9009 russ097x crns 65 35 -69 52ITRDB extraction tree 9009 russ097x_crns 65.35 69.52
ITRDB t ti t 9009 099 60 57 59 55ITRDB extraction tree 9009 russ099x crns 60 57 -59 55ITRDB extraction tree 9009 russ099x_crns 60.57 -59.55_
ITRDB extraction tree 9009 russ106x crns 70 25 -138 17ITRDB extraction tree 9009 russ106x crns 70.25 -138.17_
ITRDB extraction tree 9009 russ107x crns 68 80 163 05ITRDB extraction tree 9009 russ107x crns 68.80 -163.05ITRDB extraction tree 9009 russ107x_crns 68.80 163.05
ITRDB extraction tree 9009 russ110x crns 67 83 130 83ITRDB extraction tree 9009 russ110x crns 67.83 -130.83ITRDB extraction tree 9009 russ110x_crns 67.83 130.83
ITRDB t ti t 9009 111 63 58 148 28ITRDB extraction tree 9009 russ111x crns 63 58 -148 28ITRDB extraction tree 9009 russ111x_crns 63.58 148.28
ITRDB t ti t 9009 113 67 62 137 47ITRDB extraction tree 9009 russ113x crns 67 62 -137 47ITRDB extraction tree 9009 russ113x_crns 67.62 137.47
ITRDB i 9009 114 70 95 132 98ITRDB extraction tree 9009 russ114x crns 70 95 -132 98ITRDB extraction tree 9009 russ114x_crns 70.95 -132.98_
ITRDB extraction tree 9009 russ118x crns 54 88 58 88ITRDB extraction tree 9009 russ118x crns 54.88 -58.88_
ITRDB extraction tree 9009 russ119x crns 65 60 50 63ITRDB extraction tree 9009 russ119x crns 65.60 -50.63ITRDB extraction tree 9009 russ119x_crns 65.60 50.63
ITRDB extraction tree 9009 russ120x crns 61 27 59 33ITRDB extraction tree 9009 russ120x crns 61.27 -59.33ITRDB extraction tree 9009 russ120x_crns 61.27 59.33
ITRDB t ti t 9009 128 71 22 127 43ITRDB extraction tree 9009 russ128x crns 71 22 -127 43ITRDB extraction tree 9009 russ128x_crns 71.22 127.43
ITRDB t ti t 9009 132 69 28 154 77ITRDB extraction tree 9009 russ132x crns 69 28 -154 77ITRDB extraction tree 9009 russ132x_crns 69.28 154.77
ITRDB i 9009 142 70 28 148 05ITRDB extraction tree 9009 russ142x crns 70 28 -148 05ITRDB extraction tree 9009 russ142x crns 70.28 -148.05_
ITRDB extraction tree 9009 russ144x crns 61 17 153 97ITRDB extraction tree 9009 russ144x crns 61.17 -153.97e t act o t ee 9009 uss _c s 6 53 9
ITRDB extraction tree 9009 russ148x crns 62 13 154 58ITRDB extraction tree 9009 russ148x crns 62.13 -154.58ITRDB extraction tree 9009 russ148x_crns 62.13 154.58
ITRDB e t action t ee 9009 ss164 c ns 42 18 78 18ITRDB extraction tree 9009 russ164x crns 42 18 -78 18ITRDB extraction tree 9009 russ164x_crns 42.18 78.18
ITRDB t ti t 9000 f 001 32 40 19 22ITRDB extraction tree 9000 safr001 -32 40 19 22ITRDB extraction tree 9000 safr001 32.40 19.22
ITRDB i 9000 2 2 52 28 92 22ITRDB extraction tree 9000 sayp2crn2 52 28 92 22ITRDB extraction tree 9000 sayp2crn2 52.28 92.22yp
ITRDB extraction tree 9000 saypcrn2 52 27 91 53ITRDB extraction tree 9000 saypcrn2 52.27 91.53yp
ITRDB extraction tree 9000 sc004 33 18 80 42ITRDB extraction tree 9000 sc004 33.18 -80.42ITRDB extraction tree 9000 sc004 33.18 80.42
ITRDB extraction tree 9000 sc005 33 18 80 42ITRDB extraction tree 9000 sc005 33.18 -80.42ITRDB extraction tree 9000 sc005 33.18 80.42
ITRDB t ti t 9000 d002 43 78 103 60ITRDB extraction tree 9000 sd002 43 78 -103 60ITRDB extraction tree 9000 sd002 43.78 103.60
ITRDB t ti t 9000 d004 43 60 101 12ITRDB extraction tree 9000 sd004 43 60 -101 12ITRDB extraction tree 9000 sd004 43.60 101.12

i 9000 d008 3 03 3ITRDB extraction tree 9000 sd008 45 35 -103 13ITRDB extraction tree 9000 sd008 45.35 -103.13
ITRDB extraction tree 9000 sd017 43 90 103 60ITRDB extraction tree 9000 sd017 43.90 -103.60
ITRDB extraction tree 9000 sgh pial2crn 48 70 112 00ITRDB extraction tree 9000 sgh pial2crn 48.70 -112.00ITRDB extraction tree 9000 sgh_pial2crn 48.70 112.00
ITRDB extraction tree 9000 sgh pico2crn 48 70 112 00ITRDB extraction tree 9000 sgh pico2crn 48.70 -112.00ITRDB extraction tree 9000 sgh_pico2crn 48.70 112.00
ITRDB t ti t 9000 h 2 48 70 112 00ITRDB extraction tree 9000 sgh psme2crn 48 70 -112 00ITRDB extraction tree 9000 sgh_psme2crn 48.70 112.00
ITRDB t ti t 9009 i001 42 67 0 12ITRDB extraction tree 9009 spai001 42 67 0 12ITRDB extraction tree 9009 spai001 42.67 0.12p
ITRDB i 9009 i001 42 67 0 12ITRDB extraction tree 9009 spai001x 42 67 0 12ITRDB extraction tree 9009 spai001x 42.67 0.12p
ITRDB extraction tree 9009 spai002 40 80 4 03ITRDB extraction tree 9009 spai002 40.80 -4.03ITRDB extraction tree 9009 spai002 40.80 4.03
ITRDB extraction tree 9000 spai009 40 35 2 13ITRDB extraction tree 9000 spai009 40.35 -2.13ITRDB extraction tree 9000 spai009 40.35 2.13
ITRDB t ti t 9000 i010 40 30 2 13ITRDB extraction tree 9000 spai010 40 30 -2 13ITRDB extraction tree 9000 spai010 40.30 2.13
ITRDB t ti t 9000 i011 40 18 2 08ITRDB extraction tree 9000 spai011 40 18 -2 08ITRDB extraction tree 9000 spai011 40.18 2.08p
ITRDB i 9000 i012 40 87 4 10ITRDB extraction tree 9000 spai012 40 87 -4 10ITRDB extraction tree 9000 spai012 40.87 -4.10p
ITRDB extraction tree 9000 spai013 40 02 0 12ITRDB extraction tree 9000 spai013 40.02 0.12p
ITRDB extraction tree 9000 spai016 40 48 4 78ITRDB extraction tree 9000 spai016 40.48 -4.78ITRDB extraction tree 9000 spai016 40.48 4.78
ITRDB extraction tree 9000 spai018 40 43 4 93ITRDB extraction tree 9000 spai018 40.43 -4.93ITRDB extraction tree 9000 spai018 40.43 4.93
ITRDB t ti t 9000 i019 40 78 4 00ITRDB extraction tree 9000 spai019 40 78 -4 00ITRDB extraction tree 9000 spai019 40.78 4.00
ITRDB t ti t 9000 i025 37 95 2 93ITRDB extraction tree 9000 spai025 37 95 -2 93ITRDB extraction tree 9000 spai025 37.95 2.93p

9000 026 3 82 2 9ITRDB extraction tree 9000 spai026 37 82 -2 95ITRDB extraction tree 9000 spai026 37.82 -2.95p
ITRDB extraction tree 9000 spai027 37 83 2 93ITRDB extraction tree 9000 spai027 37.83 -2.93p
ITRDB extraction tree 9000 spai029 40 15 1 90ITRDB extraction tree 9000 spai029 40.15 -1.90e t act o t ee 9000 spa 0 9 0 5 90
ITRDB extraction tree 9000 spai035 40 82 4 05ITRDB extraction tree 9000 spai035 40.82 -4.05ITRDB extraction tree 9000 spai035 40.82 4.05
ITRDB e t action t ee 9000 spai036 40 80 3 98ITRDB extraction tree 9000 spai036 40 80 -3 98ITRDB extraction tree 9000 spai036 40.80 3.98
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d d  ldendro onlydendro only
 

y
mean mean 

first year first year last year last year correlation use for first year first year last year last year correlation use for y y y y
with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low 
samples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in database

0 6387 1601 19910 6387 1601 19910.6387 1601 1991
0 7964 1612 19920 7964 1612 19920.7964 1612 1992
0 5865 1550 19910.5865 1550 1991
0 5305 1538 19910.5305 1538 19910.5305 1538 1991
0 5264 1669 19910.5264 1669 19910.5264 1669 1991
0 5955 1688 19910 5955 1688 19910.5955 1688 1991
0 5444 1565 19910 5444 1565 19910.5444 1565 1991
0 6789 1496 19910 6789 1496 19910.6789 1496 1991
0 6862 1671 19930.6862 1671 1993
0 5532 1603 19900.5532 1603 19900.5532 1603 1990
0 7608 1703 19930.7608 1703 19930.7608 1703 1993
0 5504 1391 19900 5504 1391 19900.5504 1391 1990
0 5657 1449 19910 5657 1449 19910.5657 1449 1991
0 6416 1434 19900 6416 1434 19900.6416 1434 1990
0 569 1653 19940.569 1653 19940 569 653 99

0 5829 1497 19940.5829 1497 19940.5829 1497 1994
0 522 1689 19950 522 1689 19950.522 1689 1995

0 6082 1564 19760 6082 1564 19760.6082 1564 1976
1534 20011534 20011534 2001
1489 20011489 2001

0 6412 1001 19850.6412 1001 19850.6412 1001 1985
0 6673 1639 19920.6673 1639 19920.6673 1639 1992
0 6681 1600 19910 6681 1600 19910.6681 1600 1991
0 7334 1646 19910 7334 1646 19910.7334 1646 1991
0 6 9 6 9900 6494 1651 19900.6494 1651 1990
0 564 1281 19910.564 1281 1991

1560 20001560 20001560 2000
1653 20001653 20001653 2000
1447 19961447 19961447 1996

0 6406 1609 19770 6406 1609 19770.6406 1609 1977
0 5551 1609 19770 5551 1609 19770.5551 1609 1977
0 523 1663 19770.523 1663 19770.523 1663 1977

0 6927 1688 19880.6927 1688 19880.6927 1688 1988
0 6994 1615 19880 6994 1615 19880.6994 1615 1988
0 6358 1485 19880 6358 1485 19880.6358 1485 1988
0 6137 1527 19880 6137 1527 19880.6137 1527 1988
0 6011 1685 19920.6011 1685 1992
0 7385 1667 19880.7385 1667 19880.7385 1667 1988
0 6282 1687 19890.6282 1687 19890.6282 1687 1989
0 7264 1523 19880 7264 1523 19880.7264 1523 1988
0 6941 1745 19850 6941 1745 19850.6941 1745 1985
0 33 8 980 733 1585 19850.733 1585 1985

0 6725 1698 19850.6725 1698 1985
0 669 1711 19830.669 1711 19830 669 983

0 6362 1726 19830.6362 1726 19830.6362 1726 1983
0 5622 1749 19830 5622 1749 19830.5622 1749 1983
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median median 
Data type sample segment Data type sample segment Data type sample segment 

Author description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth length
ITRDB t ti t 9000 i037 40 78 3 80ITRDB extraction tree 9000 spai037 40 78 -3 80ITRDB extraction tree 9000 spai037 40.78 3.80
ITRDB t ti t 9000 i038 40 80 3 95ITRDB extraction tree 9000 spai038 40 80 -3 95ITRDB extraction tree 9000 spai038 40.80 -3.95p
ITRDB extraction tree 9000 spai041 40 28 0 70ITRDB extraction tree 9000 spai041 40.28 0.70p
ITRDB extraction tree 9000 spai044 42 80 0 70ITRDB extraction tree 9000 spai044 42.80 0.70ITRDB extraction tree 9000 spai044 42.80 0.70
ITRDB extraction tree 9000 spai045 40 25 1 93ITRDB extraction tree 9000 spai045 40.25 -1.93ITRDB extraction tree 9000 spai045 40.25 1.93
ITRDB t ti t 9000 i046 40 27 1 93ITRDB extraction tree 9000 spai046 40 27 -1 93ITRDB extraction tree 9000 spai046 40.27 1.93
ITRDB t ti t 9000 i047 41 98 2 87ITRDB extraction tree 9000 spai047 41 98 -2 87ITRDB extraction tree 9000 spai047 41.98 2.87p
ITRDB i 9000 i048 42 02 2 90ITRDB extraction tree 9000 spai048 42 02 -2 90ITRDB extraction tree 9000 spai048 42.02 -2.90p
ITRDB extraction tree 9000 spai049 42 03 3 03ITRDB extraction tree 9000 spai049 42.03 -3.03p
ITRDB extraction tree 9000 srdsmars NaN NaNITRDB extraction tree 9000 srdsmars NaN NaNITRDB extraction tree 9000 srdsmars NaN NaN
ITRDB extraction tree 9000 strathcona 49 50 125 50ITRDB extraction tree 9000 strathcona 49.50 -125.50ITRDB extraction tree 9000 strathcona 49.50 125.50
ITRDB t ti t 9000 d002 66 85 20 37ITRDB extraction tree 9000 swed002 66 85 20 37ITRDB extraction tree 9000 swed002 66.85 20.37
ITRDB t ti t 9000 d004 66 85 20 37ITRDB extraction tree 9000 swed004 66 85 20 37ITRDB extraction tree 9000 swed004 66.85 20.37
ITRDB i 9000 d007 66 33 18 45ITRDB extraction tree 9000 swed007 66 33 18 45ITRDB extraction tree 9000 swed007 66.33 18.45
ITRDB extraction tree 9000 swed008 62 82 14 80ITRDB extraction tree 9000 swed008 62.82 14.80e t act o t ee 9000 s ed008 6 8 80
ITRDB extraction tree 9000 swed009 67 87 19 42ITRDB extraction tree 9000 swed009 67.87 19.42ITRDB extraction tree 9000 swed009 67.87 19.42
ITRDB e t action t ee 9009 s ed017 66 07 17 98ITRDB extraction tree 9009 swed017 66 07 17 98ITRDB extraction tree 9009 swed017 66.07 17.98
ITRDB t ti t 9009 it112 46 42 7 32ITRDB extraction tree 9009 swit112 46 42 7 32ITRDB extraction tree 9009 swit112 46.42 7.32
ITRDB i 9009 i 112 46 42 7 32ITRDB extraction tree 9009 swit112x 46 42 7 32ITRDB extraction tree 9009 swit112x 46.42 7.32
ITRDB extraction tree 9009 swit124 46 28 7 83ITRDB extraction tree 9009 swit124 46.28 7.83
ITRDB extraction tree 9009 swit124x 46 28 7 83ITRDB extraction tree 9009 swit124x 46.28 7.83ITRDB extraction tree 9009 swit124x 46.28 7.83
ITRDB extraction tree 9009 swit128 47 32 7 22ITRDB extraction tree 9009 swit128 47.32 7.22ITRDB extraction tree 9009 swit128 47.32 7.22
ITRDB t ti t 9009 it166 46 52 7 40ITRDB extraction tree 9009 swit166x crns 46 52 -7 40ITRDB extraction tree 9009 swit166x_crns 46.52 7.40
ITRDB t ti t 9009 it173 46 73 9 08ITRDB extraction tree 9009 swit173x crns 46 73 -9 08ITRDB extraction tree 9009 swit173x_crns 46.73 9.08

i 9009 i 8 00ITRDB extraction tree 9009 swit178x crns 47 00 -7 57ITRDB extraction tree 9009 swit178x_crns 47.00 -7.57_
ITRDB extraction tree 9000 t10crn2 50 80 94 30ITRDB extraction tree 9000 t10crn2 50.80 94.30
ITRDB extraction tree 9000 t13crn2 50 75 91 73ITRDB extraction tree 9000 t13crn2 50.75 91.73ITRDB extraction tree 9000 t13crn2 50.75 91.73
ITRDB extraction tree 9000 t22crn2 51 05 92 22ITRDB extraction tree 9000 t22crn2 51.05 92.22ITRDB extraction tree 9000 t22crn2 51.05 92.22
ITRDB t ti t 9000 t24j 50 62 95 17ITRDB extraction tree 9000 t24jvcrn 50 62 95 17ITRDB extraction tree 9000 t24jvcrn 50.62 95.17
ITRDB t ti t 9000 t 98d 30 95 115 50ITRDB extraction tree 9000 ta98dcrn 30 95 115 50ITRDB extraction tree 9000 ta98dcrn 30.95 115.50
ITRDB i 9000 l l2 N N N NITRDB extraction tree 9000 tl pcgl2crn NaN NaNITRDB extraction tree 9000 tl pcgl2crn NaN NaN_p g
ITRDB extraction tree 9000 tn005 35 70 84 88ITRDB extraction tree 9000 tn005 35.70 -84.88ITRDB extraction tree 9000 tn005 35.70 84.88
ITRDB extraction tree 9000 tn008 36 22 84 08ITRDB extraction tree 9000 tn008 36.22 -84.08ITRDB extraction tree 9000 tn008 36.22 84.08
ITRDB t ti t 9000 t 009 35 45 85 57ITRDB extraction tree 9000 tn009 35 45 -85 57ITRDB extraction tree 9000 tn009 35.45 85.57
ITRDB t ti t 9000 t 010 36 42 89 37ITRDB extraction tree 9000 tn010 36 42 -89 37ITRDB extraction tree 9000 tn010 36.42 89.37
ITRDB i 9000 016 35 60 83 08ITRDB extraction tree 9000 tn016 35 60 -83 08ITRDB extraction tree 9000 tn016 35.60 -83.08
ITRDB extraction tree 9000 tn022 35 62 83 93ITRDB extraction tree 9000 tn022 35.62 -83.93
ITRDB extraction tree 9000 tomlcrn2 59 03 126 42ITRDB extraction tree 9000 tomlcrn2 59.03 126.42ITRDB extraction tree 9000 tomlcrn2 59.03 126.42
ITRDB extraction tree 9000 tsu98ars NaN NaNITRDB extraction tree 9000 tsu98ars NaN NaNITRDB extraction tree 9000 tsu98ars NaN NaN
ITRDB t ti t 9000 t k001 40 00 31 08ITRDB extraction tree 9000 turk001 40 00 31 08ITRDB extraction tree 9000 turk001 40.00 31.08
ITRDB t ti t 9000 t k005 36 67 29 92ITRDB extraction tree 9000 turk005 36 67 29 92ITRDB extraction tree 9000 turk005 36.67 29.92

9000 k006 36 6 29 92ITRDB extraction tree 9000 turk006 36 67 29 92ITRDB extraction tree 9000 turk006 36.67 29.92
ITRDB extraction tree 9000 turk010 39 80 27 13ITRDB extraction tree 9000 turk010 39.80 27.13
ITRDB extraction tree 9000 turk012 38 03 31 80ITRDB extraction tree 9000 turk012 38.03 31.80e t act o t ee 9000 tu 0 38 03 3 80
ITRDB extraction tree 9000 tx003 33 73 95 08ITRDB extraction tree 9000 tx003 33.73 -95.08ITRDB extraction tree 9000 tx003 33.73 95.08
ITRDB e t action t ee 9000 t 006 32 85 97 48ITRDB extraction tree 9000 tx006 32 85 -97 48ITRDB extraction tree 9000 tx006 32.85 97.48
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d d  ldendro onlydendro only
 

y
mean mean 

first year first year last year last year correlation use for first year first year last year last year correlation use for y y y y
with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low 
samples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in database

0 5851 1661 19850 5851 1661 19850.5851 1661 1985
0 6439 1599 19840 6439 1599 19840.6439 1599 1984
0 6378 1681 19850.6378 1681 1985
0 6118 1605 19850.6118 1605 19850.6118 1605 1985
0 6837 1638 19850.6837 1638 19850.6837 1638 1985
0 6347 1644 19850 6347 1644 19850.6347 1644 1985
0 5929 1567 19830 5929 1567 19830.5929 1567 1983
0 6429 1671 19830 6429 1671 19830.6429 1671 1983
0 6054 1593 19850.6054 1593 1985

1682 19981682 19981682 1998
1420 19951420 19951420 1995

0 7418 1532 19720 7418 1532 19720.7418 1532 1972
0 7331 1572 19710 7331 1572 19710.7331 1572 1971
0 6052 1553 19740 6052 1553 19740.6052 1553 1974
0 6734 1671 19710.6734 1671 19710 6 3 6 9
0 6324 1614 19710.6324 1614 19710.6324 1614 1971
0 5472 1634 19780 5472 1634 19780.5472 1634 1978
0 6694 1701 19760 6694 1701 19760.6694 1701 1976
0 8348 1701 19760 8348 1701 19760.8348 1701 1976
0 6087 1707 19800.6087 1707 1980
0 7505 1707 19800.7505 1707 19800.7505 1707 1980
0 5323 1688 19820.5323 1688 19820.5323 1688 1982
0 6645 1690 19860 6645 1690 19860.6645 1690 1986
0 6745 1537 19950 6745 1537 19950.6745 1537 1995
0 9 60 5441 1714 19760.5441 1714 1976

1676 20011676 2001
1547 20011547 20011547 2001
1627 20011627 20011627 2001
1734 20011734 20011734 2001
1613 19981613 19981613 1998
1722 19981722 19981722 1998

0 6638 1651 19820.6638 1651 19820.6638 1651 1982
0 6538 1633 19800.6538 1633 19800.6538 1633 1980
0 6697 1610 19850 6697 1610 19850.6697 1610 1985
0 6133 1677 19900 6133 1677 19900.6133 1677 1990
0 6283 1736 19950 6283 1736 19950.6283 1736 1995

0 59 1683 19960.59 1683 1996
1672 19991672 19991672 1999
1700 19941700 19941700 1994

0 5697 1306 19790 5697 1306 19790.5697 1306 1979
0 5932 1370 19790 5932 1370 19790.5932 1370 1979
0 6222 360 9 90 6222 1360 19790.6222 1360 1979
0 557 1556 19890.557 1556 1989

0 6182 1551 19890.6182 1551 19890 6 8 55 989
0 7121 1694 19820.7121 1694 19820.7121 1694 1982
0 696 1737 19800 696 1737 19800.696 1737 1980
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median median 
Data type sample segment Data type sample segment Data type sample segment 

Author description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth length
ITRDB t ti t 9000 t 009 32 98 99 18ITRDB extraction tree 9000 tx009 32 98 -99 18ITRDB extraction tree 9000 tx009 32.98 99.18
ITRDB t ti t 9000 t 012 32 18 98 50ITRDB extraction tree 9000 tx012 32 18 -98 50ITRDB extraction tree 9000 tx012 32.18 -98.50
ITRDB extraction tree 9000 tx018 30 93 -96 80ITRDB extraction tree 9000 tx018 30.93 -96.80
ITRDB extraction tree 9000 tx021 30 32 96 63ITRDB extraction tree 9000 tx021 30.32 -96.63ITRDB extraction tree 9000 tx021 30.32 96.63
ITRDB extraction tree 9000 tx024 30 83 98 52ITRDB extraction tree 9000 tx024 30.83 -98.52ITRDB extraction tree 9000 tx024 30.83 98.52
ITRDB t ti t 9000 t 027 30 88 99 18ITRDB extraction tree 9000 tx027 30 88 -99 18ITRDB extraction tree 9000 tx027 30.88 99.18
ITRDB t ti t 9000 t 030 29 48 97 78ITRDB extraction tree 9000 tx030 29 48 -97 78ITRDB extraction tree 9000 tx030 29.48 97.78
ITRDB i 9000 033 29 30 96 97ITRDB extraction tree 9000 tx033 29 30 -96 97ITRDB extraction tree 9000 tx033 29.30 -96.97
ITRDB extraction tree 9000 tx039 28 77 97 18ITRDB extraction tree 9000 tx039 28.77 -97.18
ITRDB extraction tree 9000 tx040 30 40 94 07ITRDB extraction tree 9000 tx040 30.40 -94.07ITRDB extraction tree 9000 tx040 30.40 94.07
ITRDB extraction tree 9000 tx041 29 45 97 92ITRDB extraction tree 9000 tx041 29.45 -97.92ITRDB extraction tree 9000 tx041 29.45 97.92
ITRDB t ti t 9000 t 042 29 25 103 30ITRDB extraction tree 9000 tx042 29 25 -103 30ITRDB extraction tree 9000 tx042 29.25 103.30
ITRDB t ti t 9000 t 046 31 90 104 85ITRDB extraction tree 9000 tx046 31 90 -104 85ITRDB extraction tree 9000 tx046 31.90 104.85
ITRDB i 9000 b 2 50 50 87 68ITRDB extraction tree 9000 ugbocrn2 50 50 87 68ITRDB extraction tree 9000 ugbocrn2 50.50 87.68g
ITRDB extraction tree 9000 uglacrn2 50 48 87 48ITRDB extraction tree 9000 uglacrn2 50.48 87.48e t act o t ee 9000 ug ac 50 8 8 8
ITRDB extraction tree 9000 ulagcrn 50 75 81 13ITRDB extraction tree 9000 ulagcrn 50.75 81.13ITRDB extraction tree 9000 ulagcrn 50.75 81.13
ITRDB e t action t ee 9000 t013 40 78 110 00ITRDB extraction tree 9000 ut013 40 78 -110 00ITRDB extraction tree 9000 ut013 40.78 110.00
ITRDB t ti t 9000 t018 38 50 109 25ITRDB extraction tree 9000 ut018 38 50 -109 25ITRDB extraction tree 9000 ut018 38.50 109.25
ITRDB i 9000 020 37 53 109 90ITRDB extraction tree 9000 ut020 37 53 -109 90ITRDB extraction tree 9000 ut020 37.53 -109.90
ITRDB extraction tree 9000 ut021 37 03 -110 85ITRDB extraction tree 9000 ut021 37.03 -110.85
ITRDB extraction tree 9000 ut022 37 02 110 85ITRDB extraction tree 9000 ut022 37.02 -110.85ITRDB extraction tree 9000 ut022 37.02 110.85
ITRDB extraction tree 9000 ut023 37 62 110 02ITRDB extraction tree 9000 ut023 37.62 -110.02ITRDB extraction tree 9000 ut023 37.62 110.02
ITRDB t ti t 9000 t024 37 62 109 73ITRDB extraction tree 9000 ut024 37 62 -109 73ITRDB extraction tree 9000 ut024 37.62 109.73
ITRDB t ti t 9000 t501 40 57 109 95ITRDB extraction tree 9000 ut501 40 57 -109 95ITRDB extraction tree 9000 ut501 40.57 109.95

i 9000 08 39 2 0ITRDB extraction tree 9000 ut508 39 42 -111 07ITRDB extraction tree 9000 ut508 39.42 -111.07
ITRDB extraction tree 9000 ut509 37 65 112 67ITRDB extraction tree 9000 ut509 37.65 -112.67
ITRDB extraction tree 9009 ut510 39 58 111 33ITRDB extraction tree 9009 ut510 39.58 -111.33ITRDB extraction tree 9009 ut510 39.58 111.33
ITRDB extraction tree 9009 ut510x 39 58 111 33ITRDB extraction tree 9009 ut510x 39.58 -111.33ITRDB extraction tree 9009 ut510x 39.58 111.33
ITRDB t ti t 9009 t511 37 58 112 85ITRDB extraction tree 9009 ut511 37 58 -112 85ITRDB extraction tree 9009 ut511 37.58 112.85
ITRDB t ti t 9009 t511 37 58 112 85ITRDB extraction tree 9009 ut511x 37 58 -112 85ITRDB extraction tree 9009 ut511x 37.58 112.85
ITRDB i 9009 512 40 57 111 63ITRDB extraction tree 9009 ut512 40 57 -111 63ITRDB extraction tree 9009 ut512 40.57 -111.63
ITRDB extraction tree 9009 ut512x 40 57 111 63ITRDB extraction tree 9009 ut512x 40.57 -111.63ITRDB extraction tree 9009 ut512x 40.57 111.63
ITRDB extraction tree 9000 va007 38 97 77 20ITRDB extraction tree 9000 va007 38.97 -77.20ITRDB extraction tree 9000 va007 38.97 77.20
ITRDB t ti t 9000 008 38 30 79 35ITRDB extraction tree 9000 va008 38 30 -79 35ITRDB extraction tree 9000 va008 38.30 79.35
ITRDB t ti t 9000 009 37 55 79 45ITRDB extraction tree 9000 va009 37 55 -79 45ITRDB extraction tree 9000 va009 37.55 79.45
ITRDB i 9000 010 37 50 79 52ITRDB extraction tree 9000 va010 37 50 -79 52ITRDB extraction tree 9000 va010 37.50 -79.52
ITRDB extraction tree 9000 va011 37 38 80 50ITRDB extraction tree 9000 va011 37.38 -80.50
ITRDB extraction tree 9000 va012 36 67 81 67ITRDB extraction tree 9000 va012 36.67 -81.67ITRDB extraction tree 9000 va012 36.67 81.67
ITRDB extraction tree 9000 va013 37 38 80 50ITRDB extraction tree 9000 va013 37.38 -80.50ITRDB extraction tree 9000 va013 37.38 80.50
ITRDB t ti t 9000 014 38 50 78 35ITRDB extraction tree 9000 va014 38 50 -78 35ITRDB extraction tree 9000 va014 38.50 78.35
ITRDB t ti t 9000 015 38 33 79 33ITRDB extraction tree 9000 va015 38 33 -79 33ITRDB extraction tree 9000 va015 38.33 79.33

9000 0 6 38 0 8 3ITRDB extraction tree 9000 va016 38 50 -78 35ITRDB extraction tree 9000 va016 38.50 -78.35
ITRDB extraction tree 9000 va017 37 92 79 80ITRDB extraction tree 9000 va017 37.92 -79.80
ITRDB extraction tree 9000 va021 36 78 76 88ITRDB extraction tree 9000 va021 36.78 -76.88e t act o t ee 9000 a0 36 8 6 88
ITRDB extraction tree 9000 va022 37 38 76 93ITRDB extraction tree 9000 va022 37.38 -76.93ITRDB extraction tree 9000 va022 37.38 76.93
ITRDB e t action t ee 9000 a023 37 62 76 67ITRDB extraction tree 9000 va023 37 62 -76 67ITRDB extraction tree 9000 va023 37.62 76.67
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d d  ldendro onlydendro only
 

y
mean mean 

first year first year last year last year correlation use for first year first year last year last year correlation use for y y y y
with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low 
samples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in database

0 7621 1681 19950 7621 1681 19950.7621 1681 1995
0 7709 1730 19820 7709 1730 19820.7709 1730 1982
0 7245 1668 19950.7245 1668 1995
0 7697 1658 19950.7697 1658 19950.7697 1658 1995
0 7833 1735 19820.7833 1735 19820.7833 1735 1982
0 7464 1677 19950 7464 1677 19950.7464 1677 1995
0 6308 1712 19820 6308 1712 19820.6308 1712 1982
0 7951 1668 19950 7951 1668 19950.7951 1668 1995
0 7406 1682 19950.7406 1682 1995
0 6508 1254 19930.6508 1254 19930.6508 1254 1993
0 6737 1695 19960.6737 1695 19960.6737 1695 1996
0 657 1473 19920 657 1473 19920.657 1473 1992

0 8352 1537 19920 8352 1537 19920.8352 1537 1992
1698 19951698 19951698 1995
1550 19951550 1995550 995
1555 20001555 20001555 2000

0 6001 1433 19710 6001 1433 19710.6001 1433 1971
0 8216 1489 19720 8216 1489 19720.8216 1489 1972
0 796 1445 19710 796 1445 19710.796 1445 1971

0 7696 1565 19710.7696 1565 1971
0 8544 1469 19710.8544 1469 19710.8544 1469 1971
0 785 1347 19720.785 1347 19720.785 1347 1972

0 8676 1276 19700 8676 1276 19700.8676 1276 1970
0 8239 1635 19710 8239 1635 19710.8239 1635 1971
0 33 286 980 7133 286 19850.7133 286 1985
0 7567 0 19890.7567 0 1989
0 7085 1542 19830.7085 1542 19830.7085 1542 1983
0 6203 1542 19830.6203 1542 19830.6203 1542 1983
0 5868 1581 19830 5868 1581 19830.5868 1581 1983
0 636 1581 19830 636 1581 19830.636 1581 1983

0 5042 1511 19830 5042 1511 19830.5042 1511 1983
0 524 1511 19830.524 1511 19830.524 1511 1983

0 6388 1742 19770.6388 1742 19770.6388 1742 1977
0 626 1660 19780 626 1660 19780.626 1660 1978

0 5399 1587 19820 5399 1587 19820.5399 1587 1982
0 6317 1531 19820 6317 1531 19820.6317 1531 1982
0 6752 1552 19830.6752 1552 1983
0 5382 1645 19820.5382 1645 19820.5382 1645 1982
0 5486 1694 19820.5486 1694 19820.5486 1694 1982
0 5804 1612 19810 5804 1612 19810.5804 1612 1981
0 5879 1595 19810 5879 1595 19810.5879 1595 1981
0 922 6 2 980 5922 1642 19810.5922 1642 1981
0 5987 1569 19820.5987 1569 1982
0 7166 932 19850.7166 932 19850 66 93 985
0 6382 1662 19840.6382 1662 19840.6382 1662 1984
0 6687 1372 19840 6687 1372 19840.6687 1372 1984
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median median 
Data type sample segment Data type sample segment Data type sample segment 

Author description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth length
ITRDB t ti t 9000 025 36 78 77 13ITRDB extraction tree 9000 va025 36 78 -77 13ITRDB extraction tree 9000 va025 36.78 77.13
ITRDB t ti t 9000 026 38 20 78 15ITRDB extraction tree 9000 va026r 38 20 -78 15ITRDB extraction tree 9000 va026r 38.20 -78.15
ITRDB extraction tree 9000 vamcrn2 59 72 127 22ITRDB extraction tree 9000 vamcrn2 59.72 127.22
ITRDB extraction tree 9000 vchcrn2 56 05 124 85ITRDB extraction tree 9000 vchcrn2 56.05 124.85ITRDB extraction tree 9000 vchcrn2 56.05 124.85
ITRDB extraction tree 9000 vt001 44 32 72 90ITRDB extraction tree 9000 vt001 44.32 -72.90ITRDB extraction tree 9000 vt001 44.32 72.90
ITRDB t ti t 9000 t002 44 03 72 83ITRDB extraction tree 9000 vt002 44 03 -72 83ITRDB extraction tree 9000 vt002 44.03 72.83
ITRDB t ti t 9000 3 td 36 75 98 22ITRDB extraction tree 9000 w3std 36 75 98 22ITRDB extraction tree 9000 w3std 36.75 98.22
ITRDB i 9000 42 d 36 67 98 42ITRDB extraction tree 9000 w42std 36 67 98 42ITRDB extraction tree 9000 w42std 36.67 98.42
ITRDB extraction tree 9000 wa003 48 83 118 30ITRDB extraction tree 9000 wa003 48.83 -118.30
ITRDB extraction tree 9000 wa009 48 42 120 40ITRDB extraction tree 9000 wa009 48.42 -120.40ITRDB extraction tree 9000 wa009 48.42 120.40
ITRDB extraction tree 9000 wa010 48 50 118 80ITRDB extraction tree 9000 wa010 48.50 -118.80ITRDB extraction tree 9000 wa010 48.50 118.80
ITRDB t ti t 9000 011 48 57 119 15ITRDB extraction tree 9000 wa011 48 57 -119 15ITRDB extraction tree 9000 wa011 48.57 119.15
ITRDB t ti t 9000 013 46 22 117 70ITRDB extraction tree 9000 wa013 46 22 -117 70ITRDB extraction tree 9000 wa013 46.22 117.70
ITRDB i 9000 014 45 32 118 80ITRDB extraction tree 9000 wa014 45 32 -118 80ITRDB extraction tree 9000 wa014 45.32 -118.80
ITRDB extraction tree 9000 wa015 47 65 120 43ITRDB extraction tree 9000 wa015 47.65 -120.43e t act o t ee 9000 a0 5 65 0 3
ITRDB extraction tree 9000 wa016 46 67 120 93ITRDB extraction tree 9000 wa016 46.67 -120.93ITRDB extraction tree 9000 wa016 46.67 120.93
ITRDB e t action t ee 9000 a017 46 67 121 53ITRDB extraction tree 9000 wa017 46 67 -121 53ITRDB extraction tree 9000 wa017 46.67 121.53
ITRDB t ti t 9000 019 48 90 121 80ITRDB extraction tree 9000 wa019 48 90 -121 80ITRDB extraction tree 9000 wa019 48.90 121.80
ITRDB i 9000 020 47 95 123 25ITRDB extraction tree 9000 wa020 47 95 -123 25ITRDB extraction tree 9000 wa020 47.95 -123.25
ITRDB extraction tree 9000 wa022 48 48 -120 73ITRDB extraction tree 9000 wa022 48.48 -120.73
ITRDB extraction tree 9000 wa023 48 48 120 73ITRDB extraction tree 9000 wa023 48.48 -120.73ITRDB extraction tree 9000 wa023 48.48 120.73
ITRDB extraction tree 9000 wa024 48 72 120 65ITRDB extraction tree 9000 wa024 48.72 -120.65ITRDB extraction tree 9000 wa024 48.72 120.65
ITRDB t ti t 9000 025 48 73 121 05ITRDB extraction tree 9000 wa025 48 73 -121 05ITRDB extraction tree 9000 wa025 48.73 121.05
ITRDB t ti t 9000 027 45 97 121 98ITRDB extraction tree 9000 wa027 45 97 -121 98ITRDB extraction tree 9000 wa027 45.97 121.98

i 9000 029 6 22 20ITRDB extraction tree 9000 wa029 46 17 -122 20ITRDB extraction tree 9000 wa029 46.17 -122.20
ITRDB extraction tree 9000 wa031 47 82 123 15ITRDB extraction tree 9000 wa031 47.82 -123.15
ITRDB extraction tree 9000 wa033 45 88 122 03ITRDB extraction tree 9000 wa033 45.88 -122.03ITRDB extraction tree 9000 wa033 45.88 122.03
ITRDB extraction tree 9000 wa034 48 13 121 63ITRDB extraction tree 9000 wa034 48.13 -121.63ITRDB extraction tree 9000 wa034 48.13 121.63
ITRDB t ti t 9000 037 48 28 120 23ITRDB extraction tree 9000 wa037 48 28 -120 23ITRDB extraction tree 9000 wa037 48.28 120.23
ITRDB t ti t 9000 039 48 83 120 65ITRDB extraction tree 9000 wa039 48 83 -120 65ITRDB extraction tree 9000 wa039 48.83 120.65
ITRDB i 9000 040 46 92 121 73ITRDB extraction tree 9000 wa040 46 92 -121 73ITRDB extraction tree 9000 wa040 46.92 -121.73
ITRDB extraction tree 9000 wa041 48 35 121 75ITRDB extraction tree 9000 wa041 48.35 -121.75ITRDB extraction tree 9000 wa041 48.35 121.75
ITRDB extraction tree 9000 wa046 48 73 120 90ITRDB extraction tree 9000 wa046 48.73 -120.90ITRDB extraction tree 9000 wa046 48.73 120.90
ITRDB t ti t 9000 047 48 05 121 60ITRDB extraction tree 9000 wa047 48 05 -121 60ITRDB extraction tree 9000 wa047 48.05 121.60
ITRDB t ti t 9000 048 46 88 121 62ITRDB extraction tree 9000 wa048 46 88 -121 62ITRDB extraction tree 9000 wa048 46.88 121.62
ITRDB i 9000 049 48 07 121 33ITRDB extraction tree 9000 wa049 48 07 -121 33ITRDB extraction tree 9000 wa049 48.07 -121.33
ITRDB extraction tree 9000 wa050 47 02 121 70ITRDB extraction tree 9000 wa050 47.02 -121.70
ITRDB extraction tree 9000 wa051 48 63 121 37ITRDB extraction tree 9000 wa051 48.63 -121.37ITRDB extraction tree 9000 wa051 48.63 121.37
ITRDB extraction tree 9000 wa052 47 30 120 55ITRDB extraction tree 9000 wa052 47.30 -120.55ITRDB extraction tree 9000 wa052 47.30 120.55
ITRDB t ti t 9000 053 47 60 123 58ITRDB extraction tree 9000 wa053 47 60 -123 58ITRDB extraction tree 9000 wa053 47.60 123.58
ITRDB t ti t 9000 054 47 60 123 23ITRDB extraction tree 9000 wa054 47 60 -123 23ITRDB extraction tree 9000 wa054 47.60 123.23

9000 0 98 23 0ITRDB extraction tree 9000 wa055 47 98 -123 05ITRDB extraction tree 9000 wa055 47.98 -123.05
ITRDB extraction tree 9000 wa056 47 42 121 47ITRDB extraction tree 9000 wa056 47.42 -121.47
ITRDB extraction tree 9000 wa057 47 53 121 05ITRDB extraction tree 9000 wa057 47.53 -121.05e t act o t ee 9000 a05 53 05
ITRDB extraction tree 9000 wa058 47 48 123 35ITRDB extraction tree 9000 wa058 47.48 -123.35ITRDB extraction tree 9000 wa058 47.48 123.35
ITRDB e t action t ee 9000 a061 48 47 120 50ITRDB extraction tree 9000 wa061 48 47 -120 50ITRDB extraction tree 9000 wa061 48.47 120.50
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d d  ldendro onlydendro only
 

y
mean mean 

first year first year last year last year correlation use for first year first year last year last year correlation use for y y y y
with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low 
samples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in database

0 7103 1171 19840 7103 1171 19840.7103 1171 1984
1713 20001713 20001713 2000
1638 19991638 1999
1727 19991727 19991727 1999

0 6483 1635 19710.6483 1635 19710.6483 1635 1971
0 672 1670 19810 672 1670 19810.672 1670 1981

781 2001781 2001781 2001
900 2001900 2001900 2001

0 7471 1743 19750.7471 1743 1975
0 5979 1695 19750.5979 1695 19750.5979 1695 1975
0 571 1653 19750.571 1653 19750.571 1653 1975

0 7229 1632 19750 7229 1632 19750.7229 1632 1975
0 5759 1623 19750 5759 1623 19750.5759 1623 1975
0 7048 1538 19750 7048 1538 19750.7048 1538 1975
0 6603 1640 19750.6603 1640 19750 6603 6 0 9 5
0 613 1682 19750.613 1682 19750.613 1682 1975

0 5418 1420 19750 5418 1420 19750.5418 1420 1975
0 5772 1548 19760 5772 1548 19760.5772 1548 1976
0 6981 1710 19760 6981 1710 19760.6981 1710 1976
0 6949 1708 19760.6949 1708 1976
0 6996 1748 19760.6996 1748 19760.6996 1748 1976
0 739 1700 19760.739 1700 19760.739 1700 1976

0 6355 1586 19760 6355 1586 19760.6355 1586 1976
0 6361 1397 19760 6361 1397 19760.6361 1397 1976
0 6093 6 3 9 60 6093 1653 19760.6093 1653 1976
0 6124 1750 19760.6124 1750 1976
0 6271 1534 19760.6271 1534 19760.6271 1534 1976

0 68 1628 19760.68 1628 19760.68 1628 1976
0 6078 1648 19750 6078 1648 19750.6078 1648 1975
0 5966 1331 19760 5966 1331 19760.5966 1331 1976
0 5008 1605 19760 5008 1605 19760.5008 1605 1976
0 6564 1321 19760.6564 1321 19760.6564 1321 1976
0 6413 1698 19890.6413 1698 19890.6413 1698 1989

1248 19791248 19791248 1979
1286 19791286 19791286 1979
1500 19791500 19791500 1979
1447 19791447 1979
1401 19791401 19791401 1979
1487 19791487 19791487 1979
1324 19791324 19791324 1979
1574 19791574 19791574 1979

99 9 91499 19791499 1979
1259 19791259 1979
1430 19791430 197930 9 9
1417 19791417 19791417 1979
1316 19791316 19791316 1979
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median median 
Data type sample segment Data type sample segment Data type sample segment 

Author description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth length
ITRDB t ti t 9000 062 47 07 121 57ITRDB extraction tree 9000 wa062 47 07 -121 57ITRDB extraction tree 9000 wa062 47.07 121.57
ITRDB t ti t 9000 063 46 85 121 50ITRDB extraction tree 9000 wa063 46 85 -121 50ITRDB extraction tree 9000 wa063 46.85 -121.50
ITRDB extraction tree 9000 wa064 48 17 -120 37ITRDB extraction tree 9000 wa064 48.17 -120.37
ITRDB extraction tree 9000 wa065 47 50 120 80ITRDB extraction tree 9000 wa065 47.50 -120.80ITRDB extraction tree 9000 wa065 47.50 120.80
ITRDB extraction tree 9000 wa066 46 62 121 42ITRDB extraction tree 9000 wa066 46.62 -121.42ITRDB extraction tree 9000 wa066 46.62 121.42
ITRDB t ti t 9000 067 48 68 120 63ITRDB extraction tree 9000 wa067 48 68 -120 63ITRDB extraction tree 9000 wa067 48.68 120.63
ITRDB t ti t 9000 068 48 68 120 63ITRDB extraction tree 9000 wa068 48 68 -120 63ITRDB extraction tree 9000 wa068 48.68 120.63
ITRDB i 9000 069 48 70 120 65ITRDB extraction tree 9000 wa069 48 70 -120 65ITRDB extraction tree 9000 wa069 48.70 -120.65
ITRDB extraction tree 9000 wa070 48 70 120 65ITRDB extraction tree 9000 wa070 48.70 -120.65
ITRDB extraction tree 9000 wa071 48 70 120 65ITRDB extraction tree 9000 wa071 48.70 -120.65ITRDB extraction tree 9000 wa071 48.70 120.65
ITRDB extraction tree 9000 wa072 48 73 120 65ITRDB extraction tree 9000 wa072 48.73 -120.65ITRDB extraction tree 9000 wa072 48.73 120.65
ITRDB t ti t 9000 073 48 73 120 65ITRDB extraction tree 9000 wa073 48 73 -120 65ITRDB extraction tree 9000 wa073 48.73 120.65
ITRDB t ti t 9000 074 48 73 120 65ITRDB extraction tree 9000 wa074 48 73 -120 65ITRDB extraction tree 9000 wa074 48.73 120.65
ITRDB i 9000 077 48 75 120 63ITRDB extraction tree 9000 wa077 48 75 -120 63ITRDB extraction tree 9000 wa077 48.75 -120.63
ITRDB extraction tree 9000 wa078 48 75 120 63ITRDB extraction tree 9000 wa078 48.75 -120.63e t act o t ee 9000 a0 8 8 5 0 63
ITRDB extraction tree 9000 wa079 48 70 120 65ITRDB extraction tree 9000 wa079 48.70 -120.65ITRDB extraction tree 9000 wa079 48.70 120.65
ITRDB e t action t ee 9009 a081 46 15 122 15ITRDB extraction tree 9009 wa081 46 15 -122 15ITRDB extraction tree 9009 wa081 46.15 122.15
ITRDB t ti t 9009 082 47 95 123 47ITRDB extraction tree 9009 wa082 47 95 -123 47ITRDB extraction tree 9009 wa082 47.95 123.47
ITRDB i 9009 082 47 95 123 47ITRDB extraction tree 9009 wa082x 47 95 -123 47ITRDB extraction tree 9009 wa082x 47.95 -123.47
ITRDB extraction tree 9009 wa084 47 97 -123 43ITRDB extraction tree 9009 wa084 47.97 -123.43
ITRDB extraction tree 9009 wa084x 47 97 123 43ITRDB extraction tree 9009 wa084x 47.97 -123.43ITRDB extraction tree 9009 wa084x 47.97 123.43
ITRDB extraction tree 9000 wa085 47 37 121 33ITRDB extraction tree 9000 wa085 47.37 -121.33ITRDB extraction tree 9000 wa085 47.37 121.33
ITRDB t ti t 9000 086 47 83 123 03ITRDB extraction tree 9000 wa086 47 83 -123 03ITRDB extraction tree 9000 wa086 47.83 123.03
ITRDB t ti t 9000 087 48 33 121 72ITRDB extraction tree 9000 wa087 48 33 -121 72ITRDB extraction tree 9000 wa087 48.33 121.72

i 9000 088 8 00 2 00ITRDB extraction tree 9000 wa088 48 00 -124 00ITRDB extraction tree 9000 wa088 48.00 -124.00
ITRDB extraction tree 9000 wa089 46 63 121 83ITRDB extraction tree 9000 wa089 46.63 -121.83
ITRDB extraction tree 9000 wa090 47 88 121 33ITRDB extraction tree 9000 wa090 47.88 -121.33ITRDB extraction tree 9000 wa090 47.88 121.33
ITRDB extraction tree 9000 wa091 46 80 122 88ITRDB extraction tree 9000 wa091 46.80 -122.88ITRDB extraction tree 9000 wa091 46.80 122.88
ITRDB t ti t 9000 i004 45 10 88 88ITRDB extraction tree 9000 wi004 45 10 -88 88ITRDB extraction tree 9000 wi004 45.10 88.88
ITRDB t ti t 9000 i005 43 42 89 72ITRDB extraction tree 9000 wi005 43 42 -89 72ITRDB extraction tree 9000 wi005 43.42 89.72
ITRDB i 9000 001 38 70 79 83ITRDB extraction tree 9000 wv001 38 70 -79 83ITRDB extraction tree 9000 wv001 38.70 -79.83
ITRDB extraction tree 9000 wv002 38 85 79 37ITRDB extraction tree 9000 wv002 38.85 -79.37ITRDB extraction tree 9000 wv002 38.85 79.37
ITRDB extraction tree 9000 wy002 43 08 110 07ITRDB extraction tree 9000 wy002 43.08 -110.07ITRDB extraction tree 9000 wy002 43.08 110.07
ITRDB t ti t 9000 005 44 58 109 08ITRDB extraction tree 9000 wy005 44 58 -109 08ITRDB extraction tree 9000 wy005 44.58 109.08
ITRDB t ti t 9000 006 43 70 110 52ITRDB extraction tree 9000 wy006 43 70 -110 52ITRDB extraction tree 9000 wy006 43.70 110.52y
ITRDB i 9000 019 41 13 106 05ITRDB extraction tree 9000 wy019 41 13 -106 05ITRDB extraction tree 9000 wy019 41.13 -106.05y
ITRDB extraction tree 9000 wy020 41 40 106 28ITRDB extraction tree 9000 wy020 41.40 -106.28y
ITRDB extraction tree 9009 wy021 44 15 107 05ITRDB extraction tree 9009 wy021 44.15 -107.05ITRDB extraction tree 9009 wy021 44.15 107.05
ITRDB extraction tree 9009 wy021x 44 15 107 05ITRDB extraction tree 9009 wy021x 44.15 -107.05ITRDB extraction tree 9009 wy021x 44.15 107.05
ITRDB t ti t 9009 022 41 30 107 70ITRDB extraction tree 9009 wy022 41 30 -107 70ITRDB extraction tree 9009 wy022 41.30 107.70
ITRDB t ti t 9009 022 41 30 107 70ITRDB extraction tree 9009 wy022x 41 30 -107 70ITRDB extraction tree 9009 wy022x 41.30 107.70y

9009 023 3 0 3ITRDB extraction tree 9009 wy023 44 37 -110 13ITRDB extraction tree 9009 wy023 44.37 -110.13y
ITRDB extraction tree 9009 wy024 44 78 107 87ITRDB extraction tree 9009 wy024 44.78 -107.87y
ITRDB extraction tree 9009 wy024x 44 78 107 87ITRDB extraction tree 9009 wy024x 44.78 -107.87e t act o t ee 9009 y0 8 0 8
ITRDB extraction tree 9009 wy025 43 72 110 05ITRDB extraction tree 9009 wy025 43.72 -110.05ITRDB extraction tree 9009 wy025 43.72 110.05
ITRDB e t action t ee 9009 025 43 72 110 05ITRDB extraction tree 9009 wy025x 43 72 -110 05ITRDB extraction tree 9009 wy025x 43.72 110.05
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y
mean mean 

first year first year last year last year correlation use for first year first year last year last year correlation use for y y y y
with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low 
samples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in database

1601 19791601 19791601 1979
1586 19791586 19791586 1979
1487 19791487 1979
1542 19791542 19791542 1979
1520 19791520 19791520 1979

0 7658 1471 19910 7658 1471 19910.7658 1471 1991
0 5827 1669 19910 5827 1669 19910.5827 1669 1991
0 7498 1685 19910 7498 1685 19910.7498 1685 1991
0 6737 1722 19910.6737 1722 1991
0 7829 1585 19910.7829 1585 19910.7829 1585 1991
0 7643 1529 19900.7643 1529 19900.7643 1529 1990
0 6656 1683 19900 6656 1683 19900.6656 1683 1990
0 6896 1590 19900 6896 1590 19900.6896 1590 1990
0 6951 1679 19910 6951 1679 19910.6951 1679 1991
0 714 1636 19900.714 1636 19900 636 990

0 7767 1585 19910.7767 1585 19910.7767 1585 1991
0 5734 1609 19830 5734 1609 19830.5734 1609 1983
0 6518 1698 19830 6518 1698 19830.6518 1698 1983
0 5343 1698 19830 5343 1698 19830.5343 1698 1983
0 6464 1750 19830.6464 1750 1983
0 5996 1750 19830.5996 1750 19830.5996 1750 1983
0 5871 1515 19870.5871 1515 19870.5871 1515 1987
0 6006 1288 19870 6006 1288 19870.6006 1288 1987
0 6177 1502 19870 6177 1502 19870.6177 1502 1987
0 62 8 39 980 6258 1394 19870.6258 1394 1987
0 6322 1539 19870.6322 1539 1987
0 5136 1326 19870.5136 1326 19870.5136 1326 1987
0 6113 1410 19870.6113 1410 19870.6113 1410 1987
0 7551 1595 19830 7551 1595 19830.7551 1595 1983
0 6801 1642 19820 6801 1642 19820.6801 1642 1982
0 5677 1596 19770 5677 1596 19770.5677 1596 1977
0 6766 1476 19810.6766 1476 19810.6766 1476 1981
0 5666 1492 19720.5666 1492 19720.5666 1492 1972
0 8225 1580 19710 8225 1580 19710.8225 1580 1971
0 6808 1400 19710 6808 1400 19710.6808 1400 1971

1412 19901412 19901412 1990
1421 19901421 1990

0 7187 1496 19830.7187 1496 19830.7187 1496 1983
0 6433 1496 19830.6433 1496 19830.6433 1496 1983
0 7109 1401 19830 7109 1401 19830.7109 1401 1983
0 7802 1401 19830 7802 1401 19830.7802 1401 1983
0 32 388 9830 5532 1388 19830.5532 1388 1983
0 6771 1508 19830.6771 1508 1983
0 5495 1508 19830.5495 1508 19830 5 95 508 983
0 6289 1672 19830.6289 1672 19830.6289 1672 1983
0 5651 1672 19830 5651 1672 19830.5651 1672 1983
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median median 
Data type sample segment Data type sample segment Data type sample segment 

Author description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth lengthAuthor description Data type code site id/chronid latitude longitude species elevation depth length
ITRDB t ti t 9000 026 41 87 110 80ITRDB extraction tree 9000 wy026 41 87 -110 80ITRDB extraction tree 9000 wy026 41.87 110.80
ITRDB t ti t 9000 k11 2 62 50 129 75ITRDB extraction tree 9000 yak11crn2 62 50 129 75ITRDB extraction tree 9000 yak11crn2 62.50 129.75y
ITRDB extraction tree 9000 yak12crn2 62 87 131 82ITRDB extraction tree 9000 yak12crn2 62.87 131.82y
ITRDB extraction tree 9000 yak4lcrn 62 17 127 28ITRDB extraction tree 9000 yak4lcrn 62.17 127.28ITRDB extraction tree 9000 yak4lcrn 62.17 127.28
ITRDB extraction tree 9000 yak7pcrn 62 05 128 80ITRDB extraction tree 9000 yak7pcrn 62.05 128.80ITRDB extraction tree 9000 yak7pcrn 62.05 128.80
ITRDB t ti t 9000 k8l 62 63 128 95ITRDB extraction tree 9000 yak8lcrn 62 63 128 95ITRDB extraction tree 9000 yak8lcrn 62.63 128.95
ITRDB t ti t 9000 k9l 62 70 129 12ITRDB extraction tree 9000 yak9lcrn 62 70 129 12ITRDB extraction tree 9000 yak9lcrn 62.70 129.12y
ITRDB i 9000 l2002 67 30 70 00ITRDB extraction tree 9000 yamal2002 67 30 70 00ITRDB extraction tree 9000 yamal2002 67.30 70.00y
ITRDB extraction tree 9000 zachro NaN NaNITRDB extraction tree 9000 zachro NaN NaN
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d d  ldendro onlydendro only
 

y
mean mean 

first year first year last year last year correlation use for first year first year last year last year correlation use for y y y y
with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low with 10 with 20 with 10 with 20 between instrumental high use for low 
samples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in databasesamples samples samples samples cores start year end year correlations frequency? frequency? is it public? doI have it? location in database

0 6679 1480 19980 6679 1480 19980.6679 1480 1998
1667 20011667 20011667 2001
1648 20011648 2001
1669 20011669 20011669 2001
1649 20011649 20011649 2001
1654 20011654 20011654 2001
1621 20011621 20011621 2001
2067 1996-2067 1996-2067 1996
1743 19921743 1992
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From: Malcolm Hughes
To: Michael E. Mann
Subject: Re: Overpeck Lake records
Date: Tuesday, August 10, 2004 1:15:38 PM

I'm not familiar with these records - we should ask our card-
carrying member of the International Brotherhood of
Sludgewunps (Ray). Cheers, Malcolm

On 10 Aug 2004 at 15:45, Michael E. Mann wrote:

> Scott,
>
> If Ray or Malcolm can't clarify, you should get in touch w/ Peck
> directly. I'm sure he can send you the records (jto@u.arizona.edu)...
>
> Mike
>
> At 03:44 PM 8/10/2004, Scott Rutherford wrote:
>     Dear All,
>
>     I've tried to download Overpeck's lake records (Arctic
>     Environmental Change of the Last Four Centuries, Science, v. 278,
>     n. 5341 p.
>      1251-1256, 1997.) from NGDC but the I'm not sure of the data. The
>      data viewed
>     in the table format online is different from what you get if you
>     click on the "Dowload text file" link.Does anyone (Ray") have any
>     of the data so I can compare?
>
>     Thanks,
>
>     Scott
>
>     ______________________________________________
>     Assistant Professor
>     Dept. of Natural Sciences
>     Roger Williams University
>     e-mail: srutherford@rwu.edu
>     http://fox.rwu.edu/~rutherfo
>     phone: 
>     snail mail:
>     One Ferry Road
>     Bristol, RI 02809
>
> ____________________________________________________________
> __
> Professor Michael E. Mann
>  Department of Environmental Sciences, Clark Hall
> University of Virginia
> Charlottesville, VA 22903
> ______________________________________________________________________
> _ e-mail: mann@virginia.edu Phone:  
> http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Scott Rutherford; Bradley Raymond; zhihua zhang; fenbiao@ltrr.arizona.edu; Hughes Malcolm
Subject: Re: Overpeck Lake records
Date: Tuesday, August 10, 2004 12:50:53 PM

Scott,

If Ray or Malcolm can't clarify, you should get in touch w/ Peck directly. I'm sure he
can send you the records (jto@u.arizona.edu)...

Mike

At 03:44 PM 8/10/2004, Scott Rutherford wrote:

Dear All,

I've tried to download Overpeck's lake records (Arctic Environmental
Change of the Last Four Centuries, Science, v. 278, n. 5341 p.          
   1251-1256, 1997.) from NGDC but the I'm not sure of the data. The
data viewed in the table format online is different from what you get if
you click on the "Dowload text file" link.  Does anyone (Ray") have any of
the data so I can compare?

Thanks,

Scott

______________________________________________
Assistant Professor
Dept. of Natural Sciences
Roger Williams University
e-mail: srutherford@rwu.edu
http://fox.rwu.edu/~rutherfo
phone: 
snail mail:
One Ferry Road
Bristol, RI 02809

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Scott Rutherford
To: Bradley Raymond; Mann Mike; zhihua zhang; fenbiao@ltrr.arizona.edu; Hughes Malcolm
Subject: Overpeck Lake records
Date: Tuesday, August 10, 2004 12:44:31 PM

Dear All,

I've tried to download Overpeck's lake records (Arctic Environmental
Change of the Last Four Centuries, Science, v. 278, n. 5341 p.         
    1251-1256, 1997.) from NGDC but the I'm not sure of the data. The
data viewed in the table format online is different from what you get
if you click on the "Dowload text file" link.  Does anyone (Ray") have
any of the data so I can compare?

Thanks,

Scott

______________________________________________
Assistant Professor
Dept. of Natural Sciences
Roger Williams University
e-mail: srutherford@rwu.edu
http://fox.rwu.edu/~rutherfo
phone: 
snail mail:
One Ferry Road
Bristol, RI 02809
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From: Malcolm Hughes
To: Michael E. Mann
Subject: Re: correlations
Date: Friday, August 06, 2004 1:39:24 PM

Seems good to me, CHeers, Malcolm

On 6 Aug 2004 at 16:10, Michael E. Mann wrote:

> Hi Malcolm,
>
> Your raise a valid point. This is why I think we need to do analyses
> both w/ and w/out the screening process, as we originally discussed,
> and see how it plays out, and both w/ and w/out the PCA reduction
> step...
>
> We shouldn't script this too tightly yet, we should leave open the
> possiblity of trying various things depending on how our different
> analyses turn out, so I'm open-minded to doing analyses both w/ and
> w/out PCA. The PCA does restrict our calibration interval, because it
> doesn't allow any missing data (while RegEM does allow missing data).
> So there are trade-offs.
>
> so, why don't we just see how it plays out and modify as we go along
> if necessary?
>
> Mike
>
> At 04:26 PM 8/6/2004, Malcolm Hughes wrote:
>     I think there are problems in this reasoning. The gridding isn't
>     perfect. The first problem arises thus - many proxy networks are
>     densest in mountain regions, where instrumental data are sparse,
>     and where gridding and interpolation of climate data are
>     particularly hazardous. Your reasoning could introduce a bias in
>     favor of lowland records, that in fact has nothing to do with the
>     real strength of climate signal in them. The second problem is
>     that, at least for tree rings, the most robust climate signal is
>     the emergent signal in regional networks, rather than in each site
>     chronology. The existence of strong common variance, as expressed
>     by strong interseries correlations, constitutes the best prima
>     facie case for a good climate signal. I understand that using PCA
>     creates a lot of practical problems, but it also has some pretty
>     big benefits associated with it. Cheers, Malcolm
>
>     On 6 Aug 2004 at 15:00, Michael E. Mann wrote:
>
>     > Well put Scott...
>     >
>     > Mike
>     >
>     > At 02:57 PM 8/6/2004, Scott Rutherford wrote:
>     > Dear All,
>     >
>     > I aggree, I think the screening process and the flexibility it >
>     provides for lagging individual proxies is a vast improvement over
>     > having to lag the entire proxy network. Let's see what it kicks
>     > out. Also, we may not need to add the complication of PCs. The >
>     screening should do two things. First it will screen out the noise
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>     > which, presumably, would end up in higher PCs. Second, it will >
>     reduce the proxy count and may thin out some of the dense >
>     networks. We will have to see what happens, but if the screening >
>     allows us to avoid the calculation of PCs that will be a HUGE step
>     > on the way to simplicity and elegance. > > Scott > > > > On
>     Friday, August 6, 2004, at 02:39 PM, Michael E. Mann wrote: > >
>     Thanks Malcolm, > > Zhang and I just got off the phone and had
>     discussed this a bit > before we got your email. > > THe screening
>     process should help us significantly in guarding > against
>     spurious lagged relationships. I imagine that if we set > the
>     screening correlation threshold at, say, 95% significance, > we're
>     generally going to pick out the lag/lead relationships that > make
>     sense biologically, etc. This is a step that was *not* used > in
>     the Rutherford et al J. Climate manuscript, and I think it will >
>     protect us. > > So why don't we start out by considering all
>     lead/lag > relationships for indicators (+1,0,-1), and let the
>     screening > process rapidly cull out the spurious relationships
>     for us. > > Do people agree w/ this approach? > > mike > > At
>     02:36 PM 8/6/2004, Malcolm Hughes wrote: > > Mike's right that
>     this should be treated carefully. We should > avoid getting into a
>     situation where we seem to be using proxies > to "predict" next
>     year's (or even this fall's, in the case of tree > rings) climate.
>     On the other hand, there may be useful information > lagged in the
>     tree rings, that is, a ring may well be influenced > by conditions
>     in seasons and years before the growth season or > year. Cheers,
>     Malcolm > > On 6 Aug 2004 at 12:05, Michael E. Mann wrote: > > >
>     The issue of how to lag proxies is one we have to consider >
>     carefully, > and this will require some sensitivity analyses. > >
>     > This issue is raised in the Rutherford et al paper, which I've >
>     > attached (see discussion on pages 27-29), > > Mike > > At 12:02
>     PM > 8/6/2004, Zhang, Zhihua wrote: > Thanks Scott, > > One
>     concern > comes to lag correlation. Because tree-rings are well >
>     > crossdated, then lag+1 correlation would correlate this year's >
>     > tree growth with next year's climate condition, there would be
>     no > > physical relationship between them even though the climate
>     is > > persistent. > > I will do some preparation work with SLP
>     first > using actual data > (not infilled data matrix). > > Zhang
>     > > > -----Original Message----- > From: Scott Rutherford
>     >[mailto:srutherford@rwu.edu] > Sent: Friday, August 06, 2004
>     11:02 > AM > To: zhihua zhang; Mann Mike; Bradley Raymond; Hughes
>     Malcolm > > Subject: correlations > > >Zhang et al., > > Please
>     comment on > the following: > > I wanted to follow up our phone
>     conversation > yesterday with a > summary of what we decided as
>     well as some > ideas for how to do > things. > >First, I put the
>     raw > instrumental temperature data in > >
>     /users/shared/instrumental/temp. There are three data files, > >
>     annual, cold-season and warm-season. The first year of the annual
>     > > is january-december 1856, the warm season is april-sept 1856
>     and > > the cold season is october 1856 to march 1857. Also there
>     is the > > file "longlat" which has the gridbox centers for the
>     data. The > top > longitude/latitude is for column 1 in the
>     temperature data. > > > Also in /users/shared/instrumental/precip
>     is the 5-degree by > > 5-degree LAND-ONLY precipitation data
>     (g55wld0098.dat) along with > > a pdf file explaining the format
>     (g55wld0098_doc.pdf). Also > there > is the TROPICAL LAND AND
>     OCEAN precipitation data gridded > > 2.5-degrees latitude by 3.75
>     degrees longitude (gu23trp7494.dat) > > and an explanation file
>     (gu23trp7494_doc.pdf). Hopefully, the > > tropical land and ocean
>     data set will cover all our marine > > proxies. I think we should
>     replace the tropical data from the > > land-only file with the
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>     combined tropical land and ocean data to > > make a single file
>     that is global land and tropical ocean. Let me > > know if you
>     need help with this. >> Now we can start with the > correlations.
>     Even though we don't have >all the proxies yet, we > can get all
>     the methods and programs in >place. > > We should > have the
>     latitude/longitude of each tree proxy. I > suggest that > we
>     calculate the distance (kilometers) from each > proxy location >
>     to the nearest two gridpoints and perform the > correlation for >
>     the period of overlap. I'm going to suggest the > following >
>     procedures for the annual resolution correlations as a > point to
>     > start discussion: > > 0) Correlations should be done on the two
>     > instrumental gridboxes > nearest to the proxy location. 1) To >
>     perform the correlation there > must be at least 20 years of >
>     available instrumental data over the >period 1900-1960. a) if the
>     > two closest instrumental gridboxes do >not meet the 20 year >
>     requirement then look farther until a gridbox > meeting this >
>     requirement is found. b) if there is not enough > instrumental >
>     data within 850km (~distance of 1.5 gridboxes in > latitude) then
>     > the correlation is set to zero. 2) If enough > instrumental data
>     > is found within these requirements then >correlation should be >
>     done with lags of -1 year, 0 years and +1 > year (please be sure >
>     to write down how you define a lag of -1 or > +1). c) record the >
>     p-value, r, gridbox location, and lag of the > best correlation 3)
>     > the correlation should be performed for both > the temperature
>     and > precipitation data for cold season-mean, > warm-season mean,
>     and > annual mean. > > Attached is a diagram with a suggested
>     approach. >
>     >____________________________________________________________ > >
>     __ > Professor Michael E. Mann >Department of Environmental >
>     Sciences, Clark Hall > University of Virginia > Charlottesville, >
>     VA 22903
>     >>____________________________________________________________ >
>     __________ > _ e-mail: mann@virginia.edu Phone: 
>     > 
>     >>http://www.evsc.virginia.edu/faculty/people/mann.shtml > >
>     Malcolm Hughes > Professor of Dendrochronology > Laboratory of
>     Tree-Ring Research > University of Arizona > Tucson, AZ 85721 >
>     520-621-6470 > fax 520-621-8229 > > >
>     >______________________________________________________________ >
>     Professor Michael E. Mann > Department of Environmental Sciences,
>     Clark Hall > University of Virginia > Charlottesville, VA 22903
>     >______________________________________________________________ >
>     _________ e-mail: mann@virginia.edu Phone:  FAX: >
>     
>     >http://www.evsc.virginia.edu/faculty/people/mann.shtml >
>     ______________________________________________ > Assistant
>     Professor > Dept. of Natural Sciences > Roger Williams University
>     > e-mail: srutherford@rwu.edu > http://fox.rwu.edu/~rutherfo >
>     phone:  > snail mail: > One Ferry Road > Bristol, RI
>     02809 > > </blockquote></x-html> >
>     ____________________________________________________________ > __
>     > Professor Michael E. Mann > Department of Environmental
>     Sciences, Clark Hall > University of Virginia > Charlottesville,
>     VA 22903 >
>     __________________________________________________________________
>     _ ___ > _ e-mail: mann@virginia.edu Phone:  FAX:
>      >
>     http://www.evsc.virginia.edu/faculty/people/mann.shtml
>
>     Malcolm Hughes
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>     Professor of Dendrochronology
>     Laboratory of Tree-Ring Research
>     University of Arizona
>     Tucson, AZ 85721
>     520-621-6470
>     fax 520-621-8229
> ____________________________________________________________
> __
>  Professor Michael E. Mann
>  Department of Environmental Sciences, Clark Hall
>  University of Virginia
>  Charlottesville, VA 22903
> ______________________________________________________________________
> _ e-mail: mann@virginia.edu Phone:  FAX: 
>  http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Malcolm Hughes
To: Michael E. Mann
Subject: Re: correlations
Date: Friday, August 06, 2004 1:26:35 PM

I think there  are problems in this reasoning. The gridding isn't perfect. The first
problem arises thus - many proxy networks are densest in  mountain regions,
where instrumental data are sparse, and where gridding and interpolation of
climate data are particularly hazardous. Your reasoning could introduce a bias in
favor of lowland records, that in fact has nothing to do with the real strength of
climate signal in them. The second problem is that, at least for tree rings, the
most robust climate signal is the emergent signal in regional networks, rather
than in each site chronology. The existence of strong common variance, as
expressed by strong interseries correlations, constitutes the best prima facie case
for a good climate signal. I understand that using PCA creates a lot of practical
problems, but it also has some pretty big benefits associated with it. Cheers,
Malcolm

On 6 Aug 2004 at 15:00, Michael E. Mann wrote:

> Well put Scott...
>
> Mike
>
> At 02:57 PM 8/6/2004, Scott Rutherford wrote:
>     Dear All,
>
>     I aggree, I think the screening process and the flexibility it
>     provides for lagging individual proxies is a vast improvement over
>     having to lag the entire proxy network. Let's see what it kicks
>     out. Also, we may not need to add the complication of PCs. The
>     screening should do two things. First it will screen out the noise
>     which, presumably, would end up in higher PCs. Second, it will
>     reduce the proxy count and may thin out some of the dense
>     networks. We will have to see what happens, but if the screening
>     allows us to avoid the calculation of PCs that will be a HUGE step
>     on the way to simplicity and elegance.
>
>     Scott
>
>
>
>     On Friday, August 6, 2004, at 02:39 PM, Michael E. Mann wrote:
>
>     Thanks Malcolm,
>
>     Zhang and I just got off the phone and had discussed this a bit
>     before we got your email.
>
>     THe screening process should help us significantly in guarding
>     against spurious lagged relationships. I imagine that if we set
>     the screening correlation threshold at, say, 95% significance,
>     we're generally going to pick out the lag/lead relationships that
>     make sense biologically, etc. This is a step that was *not* used
>     in the Rutherford et al J. Climate manuscript, and I think it will
>     protect us.
>
>     So why don't we start out by considering all lead/lag
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>     relationships for indicators (+1,0,-1), and let the screening
>     process rapidly cull out the spurious relationships for us.
>
>     Do people agree w/ this approach?
>
>     mike
>
>     At 02:36 PM 8/6/2004, Malcolm Hughes wrote:
>
>     Mike's right that this should be treated carefully. We should
>     avoid getting into a situation where we seem to be using proxies
>     to "predict" next year's (or even this fall's, in the case of tree
>     rings) climate. On the other hand, there may be useful information
>     lagged in the tree rings, that is, a ring may well be influenced
>     by conditions in seasons and years before the growth season or
>     year. Cheers, Malcolm
>
>     On 6 Aug 2004 at 12:05, Michael E. Mann wrote:
>
>     > The issue of how to lag proxies is one we have to consider
>     carefully, > and this will require some sensitivity analyses. > >
>     This issue is raised in the Rutherford et al paper, which I've >
>     attached (see discussion on pages 27-29), > > Mike > > At 12:02 PM
>     8/6/2004, Zhang, Zhihua wrote: > Thanks Scott, > > One concern
>     comes to lag correlation. Because tree-rings are well >
>     crossdated, then lag+1 correlation would correlate this year's >
>     tree growth with next year's climate condition, there would be no
>     > physical relationship between them even though the climate is >
>     persistent. > > I will do some preparation work with SLP first
>     using actual data > (not infilled data matrix). > > Zhang > >
>     -----Original Message----- > From: Scott Rutherford
>     [mailto:srutherford@rwu.edu] > Sent: Friday, August 06, 2004 11:02
>     AM > To: zhihua zhang; Mann Mike; Bradley Raymond; Hughes Malcolm
>     > Subject: correlations > > > Zhang et al., > > Please comment on
>     the following: > > I wanted to follow up our phone conversation
>     yesterday with a > summary of what we decided as well as some
>     ideas for how to do > things. > > First, I put the raw
>     instrumental temperature data in >
>     /users/shared/instrumental/temp. There are three data files, >
>     annual, cold-season and warm-season. The first year of the annual
>     > is january-december 1856, the warm season is april-sept 1856 and
>     > the cold season is october 1856 to march 1857. Also there is the
>     > file "longlat" which has the gridbox centers for the data. The
>     top > longitude/latitude is for column 1 in the temperature data.
>     > > Also in /users/shared/instrumental/precip is the 5-degree by >
>     5-degree LAND-ONLY precipitation data (g55wld0098.dat) along with
>     > a pdf file explaining the format (g55wld0098_doc.pdf). Also
>     there > is the TROPICAL LAND AND OCEAN precipitation data gridded
>     > 2.5-degrees latitude by 3.75 degrees longitude (gu23trp7494.dat)
>     > and an explanation file (gu23trp7494_doc.pdf). Hopefully, the >
>     tropical land and ocean data set will cover all our marine >
>     proxies. I think we should replace the tropical data from the >
>     land-only file with the combined tropical land and ocean data to >
>     make a single file that is global land and tropical ocean. Let me
>     > know if you need help with this. > > Now we can start with the
>     correlations. Even though we don't have > all the proxies yet, we
>     can get all the methods and programs in > place. > > We should
>     have the latitude/longitude of each tree proxy. I > suggest that
>     we calculate the distance (kilometers) from each > proxy location
>     to the nearest two gridpoints and perform the > correlation for
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>     the period of overlap. I'm going to suggest the > following
>     procedures for the annual resolution correlations as a > point to
>     start discussion: > > 0) Correlations should be done on the two
>     instrumental gridboxes > nearest to the proxy location. 1) To
>     perform the correlation there > must be at least 20 years of
>     available instrumental data over the > period 1900-1960. a) if the
>     two closest instrumental gridboxes do > not meet the 20 year
>     requirement then look farther until a gridbox > meeting this
>     requirement is found. b) if there is not enough > instrumental
>     data within 850km (~distance of 1.5 gridboxes in > latitude) then
>     the correlation is set to zero. 2) If enough > instrumental data
>     is found within these requirements then > correlation should be
>     done with lags of -1 year, 0 years and +1 > year (please be sure
>     to write down how you define a lag of -1 or > +1). c) record the
>     p-value, r, gridbox location, and lag of the > best correlation 3)
>     the correlation should be performed for both > the temperature and
>     precipitation data for cold season-mean, > warm-season mean, and
>     annual mean. > > Attached is a diagram with a suggested approach.
>     > ____________________________________________________________ >
>     __ > Professor Michael E. Mann > Department of Environmental
>     Sciences, Clark Hall > University of Virginia > Charlottesville,
>     VA 22903
>     >____________________________________________________________
>     __________ > _ e-mail: mann@virginia.edu Phone: 
>     
>     >http://www.evsc.virginia.edu/faculty/people/mann.shtml
>
>     Malcolm Hughes
>     Professor of Dendrochronology
>     Laboratory of Tree-Ring Research
>     University of Arizona
>     Tucson, AZ 85721
>     520-621-6470
>     fax 520-621-8229
>
>
>
>     ______________________________________________________________
>      Professor Michael E. Mann
>      Department of Environmental Sciences, Clark Hall
>      University of Virginia
>      Charlottesville, VA 22903
>     ______________________________________________________________
>     _________ e-mail: mann@virginia.edu Phone:  FAX:
>     
>      http://www.evsc.virginia.edu/faculty/people/mann.shtml
>     ______________________________________________
>     Assistant Professor
>     Dept. of Natural Sciences
>     Roger Williams University
>     e-mail: srutherford@rwu.edu
>     http://fox.rwu.edu/~rutherfo
>     phone: 
>     snail mail:
>     One Ferry Road
>     Bristol, RI 02809
>
>     </blockquote></x-html>
> ____________________________________________________________
> __

ABOR/MH/Priv-003934



>  Professor Michael E. Mann
>  Department of Environmental Sciences, Clark Hall
>  University of Virginia
>  Charlottesville, VA 22903
> ______________________________________________________________________
> _ e-mail: mann@virginia.edu Phone:  FAX: 
>  http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes
Subject: Re: correlations
Date: Friday, August 06, 2004 1:20:59 PM

ok..thanks Malcolm,

I'm looking forward to us making some rapid progress here in the weeks ahead. I've tried
to light a fire under Scott and Zhang--lets see what happens!

mike

At 04:39 PM 8/6/2004, Malcolm Hughes wrote:

Seems good to me, CHeers, Malcolm

On 6 Aug 2004 at 16:10, Michael E. Mann wrote:

> Hi Malcolm,
> 
> Your raise a valid point. This is why I think we need to do analyses
> both w/ and w/out the screening process, as we originally discussed,
> and see how it plays out, and both w/ and w/out the PCA reduction
> step...
> 
> We shouldn't script this too tightly yet, we should leave open the
> possiblity of trying various things depending on how our different
> analyses turn out, so I'm open-minded to doing analyses both w/ and
> w/out PCA. The PCA does restrict our calibration interval, because it
> doesn't allow any missing data (while RegEM does allow missing data).
> So there are trade-offs.
> 
> so, why don't we just see how it plays out and modify as we go along
> if necessary?
> 
> Mike
> 
> At 04:26 PM 8/6/2004, Malcolm Hughes wrote:
>     I think there are problems in this reasoning. The gridding isn't
>     perfect. The first problem arises thus - many proxy networks are
>     densest in mountain regions, where instrumental data are sparse,
>     and where gridding and interpolation of climate data are
>     particularly hazardous. Your reasoning could introduce a bias in
>     favor of lowland records, that in fact has nothing to do with the
>     real strength of climate signal in them. The second problem is
>     that, at least for tree rings, the most robust climate signal is
>     the emergent signal in regional networks, rather than in each site
>     chronology. The existence of strong common variance, as expressed
>     by strong interseries correlations, constitutes the best prima
>     facie case for a good climate signal. I understand that using PCA
>     creates a lot of practical problems, but it also has some pretty
>     big benefits associated with it. Cheers, Malcolm
> 
>     On 6 Aug 2004 at 15:00, Michael E. Mann wrote:
> 
>     > Well put Scott...
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>     > 
>     > Mike
>     > 
>     > At 02:57 PM 8/6/2004, Scott Rutherford wrote:
>     > Dear All, 
>     > 
>     > I aggree, I think the screening process and the flexibility it >
>     provides for lagging individual proxies is a vast improvement over
>     > having to lag the entire proxy network. Let's see what it kicks
>     > out. Also, we may not need to add the complication of PCs. The >
>     screening should do two things. First it will screen out the noise
>     > which, presumably, would end up in higher PCs. Second, it will >
>     reduce the proxy count and may thin out some of the dense >
>     networks. We will have to see what happens, but if the screening >
>     allows us to avoid the calculation of PCs that will be a HUGE step
>     > on the way to simplicity and elegance. > > Scott > > > > On
>     Friday, August 6, 2004, at 02:39 PM, Michael E. Mann wrote: > >
>     Thanks Malcolm, > > Zhang and I just got off the phone and had
>     discussed this a bit > before we got your email. > > THe screening
>     process should help us significantly in guarding > against
>     spurious lagged relationships. I imagine that if we set > the
>     screening correlation threshold at, say, 95% significance, > we're
>     generally going to pick out the lag/lead relationships that > make
>     sense biologically, etc. This is a step that was *not* used > in
>     the Rutherford et al J. Climate manuscript, and I think it will >
>     protect us. > > So why don't we start out by considering all
>     lead/lag > relationships for indicators (+1,0,-1), and let the
>     screening > process rapidly cull out the spurious relationships
>     for us. > > Do people agree w/ this approach? > > mike > > At
>     02:36 PM 8/6/2004, Malcolm Hughes wrote: > > Mike's right that
>     this should be treated carefully. We should > avoid getting into a
>     situation where we seem to be using proxies > to "predict" next
>     year's (or even this fall's, in the case of tree > rings) climate.
>     On the other hand, there may be useful information > lagged in the
>     tree rings, that is, a ring may well be influenced > by conditions
>     in seasons and years before the growth season or > year. Cheers,
>     Malcolm > > On 6 Aug 2004 at 12:05, Michael E. Mann wrote: > > >
>     The issue of how to lag proxies is one we have to consider >
>     carefully, > and this will require some sensitivity analyses. > >
>     > This issue is raised in the Rutherford et al paper, which I've >
>     > attached (see discussion on pages 27-29), > > Mike > > At 12:02
>     PM > 8/6/2004, Zhang, Zhihua wrote: > Thanks Scott, > > One
>     concern > comes to lag correlation. Because tree-rings are well >
>     > crossdated, then lag+1 correlation would correlate this year's >
>     > tree growth with next year's climate condition, there would be
>     no > > physical relationship between them even though the climate
>     is > > persistent. > > I will do some preparation work with SLP
>     first > using actual data > (not infilled data matrix). > > Zhang
>     > > > -----Original Message----- > From: Scott Rutherford
>     >[mailto:srutherford@rwu.edu] > Sent: Friday, August 06, 2004
>     11:02 > AM > To: zhihua zhang; Mann Mike; Bradley Raymond; Hughes
>     Malcolm > > Subject: correlations > > >Zhang et al., > > Please
>     comment on > the following: > > I wanted to follow up our phone
>     conversation > yesterday with a > summary of what we decided as
>     well as some > ideas for how to do > things. > >First, I put the
>     raw > instrumental temperature data in > >
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>     /users/shared/instrumental/temp. There are three data files, > >
>     annual, cold-season and warm-season. The first year of the annual
>     > > is january-december 1856, the warm season is april-sept 1856
>     and > > the cold season is october 1856 to march 1857. Also there
>     is the > > file "longlat" which has the gridbox centers for the
>     data. The > top > longitude/latitude is for column 1 in the
>     temperature data. > > > Also in /users/shared/instrumental/precip
>     is the 5-degree by > > 5-degree LAND-ONLY precipitation data
>     (g55wld0098.dat) along with > > a pdf file explaining the format
>     (g55wld0098_doc.pdf). Also > there > is the TROPICAL LAND AND
>     OCEAN precipitation data gridded > > 2.5-degrees latitude by 3.75
>     degrees longitude (gu23trp7494.dat) > > and an explanation file
>     (gu23trp7494_doc.pdf). Hopefully, the > > tropical land and ocean
>     data set will cover all our marine > > proxies. I think we should
>     replace the tropical data from the > > land-only file with the
>     combined tropical land and ocean data to > > make a single file
>     that is global land and tropical ocean. Let me > > know if you
>     need help with this. >> Now we can start with the > correlations.
>     Even though we don't have >all the proxies yet, we > can get all
>     the methods and programs in >place. > > We should > have the
>     latitude/longitude of each tree proxy. I > suggest that > we
>     calculate the distance (kilometers) from each > proxy location >
>     to the nearest two gridpoints and perform the > correlation for >
>     the period of overlap. I'm going to suggest the > following >
>     procedures for the annual resolution correlations as a > point to
>     > start discussion: > > 0) Correlations should be done on the two
>     > instrumental gridboxes > nearest to the proxy location. 1) To >
>     perform the correlation there > must be at least 20 years of >
>     available instrumental data over the >period 1900-1960. a) if the
>     > two closest instrumental gridboxes do >not meet the 20 year >
>     requirement then look farther until a gridbox > meeting this >
>     requirement is found. b) if there is not enough > instrumental >
>     data within 850km (~distance of 1.5 gridboxes in > latitude) then
>     > the correlation is set to zero. 2) If enough > instrumental data
>     > is found within these requirements then >correlation should be >
>     done with lags of -1 year, 0 years and +1 > year (please be sure >
>     to write down how you define a lag of -1 or > +1). c) record the >
>     p-value, r, gridbox location, and lag of the > best correlation 3)
>     > the correlation should be performed for both > the temperature
>     and > precipitation data for cold season-mean, > warm-season mean,
>     and > annual mean. > > Attached is a diagram with a suggested
>     approach. >
>    
>____________________________________________________________ >
>
>     __ > Professor Michael E. Mann >Department of Environmental >
>     Sciences, Clark Hall > University of Virginia > Charlottesville, >
>     VA 22903
>    
>>____________________________________________________________
>
>     __________ > _ e-mail: mann@virginia.edu Phone: 
>     > 
>     >>http://www.evsc.virginia.edu/faculty/people/mann.shtml > >
>     Malcolm Hughes > Professor of Dendrochronology > Laboratory of
>     Tree-Ring Research > University of Arizona > Tucson, AZ 85721 >
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>     520-621-6470 > fax 520-621-8229 > > >
>    
>______________________________________________________________
>
>     Professor Michael E. Mann > Department of Environmental Sciences,
>     Clark Hall > University of Virginia > Charlottesville, VA 22903
>    
>______________________________________________________________
>
>     _________ e-mail: mann@virginia.edu Phone:  FAX: >
>     
>     >http://www.evsc.virginia.edu/faculty/people/mann.shtml >
>     ______________________________________________ > Assistant
>     Professor > Dept. of Natural Sciences > Roger Williams University
>     > e-mail: srutherford@rwu.edu > http://fox.rwu.edu/~rutherfo >
>     phone:  > snail mail: > One Ferry Road > Bristol, RI
>     02809 > > </blockquote></x-html> >
>     ____________________________________________________________
> __
>     > Professor Michael E. Mann > Department of Environmental
>     Sciences, Clark Hall > University of Virginia > Charlottesville,
>     VA 22903 >
>    
__________________________________________________________________

>     _ ___ > _ e-mail: mann@virginia.edu Phone:  FAX:
>      >
>     http://www.evsc.virginia.edu/faculty/people/mann.shtml
> 
>     Malcolm Hughes
>     Professor of Dendrochronology
>     Laboratory of Tree-Ring Research
>     University of Arizona
>     Tucson, AZ 85721
>     520-621-6470
>     fax 520-621-8229
> ____________________________________________________________
> __
>  Professor Michael E. Mann
>  Department of Environmental Sciences, Clark Hall
>  University of Virginia
>  Charlottesville, VA 22903
>
______________________________________________________________________

> _ e-mail: mann@virginia.edu Phone:  FAX: 
>  http://www.evsc.virginia.edu/faculty/people/mann.shtml

Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229
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______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes
Subject: Re: correlations
Date: Friday, August 06, 2004 1:12:18 PM

Hi Malcolm,

Your raise a valid point. This is why I think we need to do analyses both w/ and w/out
the screening process, as we originally discussed, and see how it plays out, and both w/
and w/out the PCA reduction step...

We shouldn't script this too tightly yet, we should leave open the possiblity of trying
various things depending on how our different analyses turn out, so I'm open-minded to
doing analyses both w/ and w/out PCA. The PCA does restrict our calibration interval,
because it doesn't allow any missing data (while RegEM does allow missing data). So
there are trade-offs.

so, why don't we just see how it plays out and modify as we go along if necessary?

Mike

At 04:26 PM 8/6/2004, Malcolm Hughes wrote:

I think there  are problems in this reasoning. The gridding isn't perfect. The
first 
problem arises thus - many proxy networks are densest in  mountain regions, 
where instrumental data are sparse, and where gridding and interpolation of 
climate data are particularly hazardous. Your reasoning could introduce a bias
in 
favor of lowland records, that in fact has nothing to do with the real strength
of 
climate signal in them. The second problem is that, at least for tree rings, the 
most robust climate signal is the emergent signal in regional networks, rather 
than in each site chronology. The existence of strong common variance, as 
expressed by strong interseries correlations, constitutes the best prima facie
case 
for a good climate signal. I understand that using PCA creates a lot of
practical 
problems, but it also has some pretty big benefits associated with it. Cheers, 
Malcolm

On 6 Aug 2004 at 15:00, Michael E. Mann wrote:

> Well put Scott...
> 
> Mike
> 
> At 02:57 PM 8/6/2004, Scott Rutherford wrote:
>     Dear All, 
> 
>     I aggree, I think the screening process and the flexibility it
>     provides for lagging individual proxies is a vast improvement over
>     having to lag the entire proxy network. Let's see what it kicks
>     out. Also, we may not need to add the complication of PCs. The
>     screening should do two things. First it will screen out the noise
>     which, presumably, would end up in higher PCs. Second, it will
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>     reduce the proxy count and may thin out some of the dense
>     networks. We will have to see what happens, but if the screening
>     allows us to avoid the calculation of PCs that will be a HUGE step
>     on the way to simplicity and elegance. 
> 
>     Scott 
> 
> 
> 
>     On Friday, August 6, 2004, at 02:39 PM, Michael E. Mann wrote: 
> 
>     Thanks Malcolm, 
> 
>     Zhang and I just got off the phone and had discussed this a bit
>     before we got your email. 
> 
>     THe screening process should help us significantly in guarding
>     against spurious lagged relationships. I imagine that if we set
>     the screening correlation threshold at, say, 95% significance,
>     we're generally going to pick out the lag/lead relationships that
>     make sense biologically, etc. This is a step that was *not* used
>     in the Rutherford et al J. Climate manuscript, and I think it will
>     protect us. 
> 
>     So why don't we start out by considering all lead/lag
>     relationships for indicators (+1,0,-1), and let the screening
>     process rapidly cull out the spurious relationships for us. 
> 
>     Do people agree w/ this approach? 
> 
>     mike 
> 
>     At 02:36 PM 8/6/2004, Malcolm Hughes wrote: 
> 
>     Mike's right that this should be treated carefully. We should
>     avoid getting into a situation where we seem to be using proxies
>     to "predict" next year's (or even this fall's, in the case of tree
>     rings) climate. On the other hand, there may be useful information
>     lagged in the tree rings, that is, a ring may well be influenced
>     by conditions in seasons and years before the growth season or
>     year. Cheers, Malcolm 
> 
>     On 6 Aug 2004 at 12:05, Michael E. Mann wrote: 
> 
>     > The issue of how to lag proxies is one we have to consider
>     carefully, > and this will require some sensitivity analyses. > >
>     This issue is raised in the Rutherford et al paper, which I've >
>     attached (see discussion on pages 27-29), > > Mike > > At 12:02 PM
>     8/6/2004, Zhang, Zhihua wrote: > Thanks Scott, > > One concern
>     comes to lag correlation. Because tree-rings are well >
>     crossdated, then lag+1 correlation would correlate this year's >
>     tree growth with next year's climate condition, there would be no
>     > physical relationship between them even though the climate is >
>     persistent. > > I will do some preparation work with SLP first
>     using actual data > (not infilled data matrix). > > Zhang > >
>     -----Original Message----- > From: Scott Rutherford
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>     [mailto:srutherford@rwu.edu] > Sent: Friday, August 06, 2004 11:02
>     AM > To: zhihua zhang; Mann Mike; Bradley Raymond; Hughes Malcolm
>     > Subject: correlations > > > Zhang et al., > > Please comment on
>     the following: > > I wanted to follow up our phone conversation
>     yesterday with a > summary of what we decided as well as some
>     ideas for how to do > things. > > First, I put the raw
>     instrumental temperature data in >
>     /users/shared/instrumental/temp. There are three data files, >
>     annual, cold-season and warm-season. The first year of the annual
>     > is january-december 1856, the warm season is april-sept 1856 and
>     > the cold season is october 1856 to march 1857. Also there is the
>     > file "longlat" which has the gridbox centers for the data. The
>     top > longitude/latitude is for column 1 in the temperature data.
>     > > Also in /users/shared/instrumental/precip is the 5-degree by >
>     5-degree LAND-ONLY precipitation data (g55wld0098.dat) along with
>     > a pdf file explaining the format (g55wld0098_doc.pdf). Also
>     there > is the TROPICAL LAND AND OCEAN precipitation data gridded
>     > 2.5-degrees latitude by 3.75 degrees longitude (gu23trp7494.dat)
>     > and an explanation file (gu23trp7494_doc.pdf). Hopefully, the >
>     tropical land and ocean data set will cover all our marine >
>     proxies. I think we should replace the tropical data from the >
>     land-only file with the combined tropical land and ocean data to >
>     make a single file that is global land and tropical ocean. Let me
>     > know if you need help with this. > > Now we can start with the
>     correlations. Even though we don't have > all the proxies yet, we
>     can get all the methods and programs in > place. > > We should
>     have the latitude/longitude of each tree proxy. I > suggest that
>     we calculate the distance (kilometers) from each > proxy location
>     to the nearest two gridpoints and perform the > correlation for
>     the period of overlap. I'm going to suggest the > following
>     procedures for the annual resolution correlations as a > point to
>     start discussion: > > 0) Correlations should be done on the two
>     instrumental gridboxes > nearest to the proxy location. 1) To
>     perform the correlation there > must be at least 20 years of
>     available instrumental data over the > period 1900-1960. a) if the
>     two closest instrumental gridboxes do > not meet the 20 year
>     requirement then look farther until a gridbox > meeting this
>     requirement is found. b) if there is not enough > instrumental
>     data within 850km (~distance of 1.5 gridboxes in > latitude) then
>     the correlation is set to zero. 2) If enough > instrumental data
>     is found within these requirements then > correlation should be
>     done with lags of -1 year, 0 years and +1 > year (please be sure
>     to write down how you define a lag of -1 or > +1). c) record the
>     p-value, r, gridbox location, and lag of the > best correlation 3)
>     the correlation should be performed for both > the temperature and
>     precipitation data for cold season-mean, > warm-season mean, and
>     annual mean. > > Attached is a diagram with a suggested approach.
>     >
____________________________________________________________ >
>     __ > Professor Michael E. Mann > Department of Environmental
>     Sciences, Clark Hall > University of Virginia > Charlottesville,
>     VA 22903
>    
>____________________________________________________________
>     __________ > _ e-mail: mann@virginia.edu Phone: 
>     
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>     >http://www.evsc.virginia.edu/faculty/people/mann.shtml 
> 
>     Malcolm Hughes 
>     Professor of Dendrochronology 
>     Laboratory of Tree-Ring Research 
>     University of Arizona 
>     Tucson, AZ 85721 
>     520-621-6470 
>     fax 520-621-8229 
> 
> 
> 
>    
______________________________________________________________ 
>      Professor Michael E. Mann 
>      Department of Environmental Sciences, Clark Hall 
>      University of Virginia 
>      Charlottesville, VA 22903 
>    
______________________________________________________________
>     _________ e-mail: mann@virginia.edu Phone:  FAX:
>      
>      http://www.evsc.virginia.edu/faculty/people/mann.shtml 
>     ______________________________________________ 
>     Assistant Professor 
>     Dept. of Natural Sciences 
>     Roger Williams University 
>     e-mail: srutherford@rwu.edu 
>     http://fox.rwu.edu/~rutherfo 
>     phone:  
>     snail mail: 
>     One Ferry Road 
>     Bristol, RI 02809 
> 
>     </blockquote></x-html> 
> ____________________________________________________________
> __
>  Professor Michael E. Mann
>  Department of Environmental Sciences, Clark Hall
>  University of Virginia
>  Charlottesville, VA 22903
>
______________________________________________________________________

> _ e-mail: mann@virginia.edu Phone:  FAX: 
>  http://www.evsc.virginia.edu/faculty/people/mann.shtml

Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________
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                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Scott Rutherford
Cc: Malcolm Hughes; Zhang, Zhihua; Bradley Raymond
Subject: Re: correlations
Date: Friday, August 06, 2004 12:01:16 PM

Well put Scott...

Mike

At 02:57 PM 8/6/2004, Scott Rutherford wrote:

Dear All, 

I aggree, I think the screening process and the flexibility it provides for lagging
individual proxies is a vast improvement over having to lag the entire proxy network.
Let's see what it kicks out. Also, we may not need to add the complication of PCs.
The screening should do two things. First it will screen out the noise which,
presumably, would end up in higher PCs. Second, it will reduce the proxy count and
may thin out some of the dense networks. We will have to see what happens, but if
the screening allows us to avoid the calculation of PCs that will be a HUGE step on
the way to simplicity and elegance. 

Scott 

On Friday, August 6, 2004, at 02:39  PM, Michael E. Mann wrote: 

Thanks Malcolm, 

Zhang and I just got off the phone and had discussed this a bit before we
got your email. 

THe screening process should help us significantly in guarding against
spurious lagged relationships. I imagine that if we set the screening
correlation threshold at, say, 95% significance, we're generally going to
pick out the lag/lead relationships that make sense biologically, etc. This is
a step that was *not* used in the Rutherford et al J. Climate manuscript,
and I think it will protect us. 

So why don't we start out by considering all lead/lag relationships for
indicators (+1,0,-1), and let the screening process rapidly cull out the
spurious relationships for us. 

Do people agree w/ this approach? 

mike 

At 02:36 PM 8/6/2004, Malcolm Hughes wrote: 

Mike's right that this should be treated carefully. We should avoid getting
into a 
situation where we seem to be using proxies to "predict" next year's (or
even 
this fall's, in the case of tree rings) climate. On the other hand, there may
be 
useful information lagged in the tree rings, that is, a ring may well be
influenced 
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by conditions in seasons and years before the growth season or year.
Cheers, 
Malcolm 

On 6 Aug 2004 at 12:05, Michael E. Mann wrote: 

> The issue of how to lag proxies is one we have to consider carefully, 
> and this will require some sensitivity analyses. 
> 
> This issue is raised in the Rutherford et al paper, which I've 
> attached (see discussion on pages 27-29), 
> 
> Mike 
> 
> At 12:02 PM 8/6/2004, Zhang, Zhihua wrote: 
>     Thanks Scott, 
> 
>     One concern comes to lag correlation. Because tree-rings are well 
>     crossdated, then lag+1 correlation would correlate this year's 
>     tree growth with next year's climate condition, there would be no 
>     physical relationship between them even though the climate is 
>     persistent. 
> 
>     I will do some preparation work with SLP first using actual data 
>     (not infilled data matrix). 
> 
>     Zhang 
> 
>     -----Original Message----- 
>     From: Scott Rutherford [mailto:srutherford@rwu.edu] 
>     Sent: Friday, August 06, 2004 11:02 AM 
>     To: zhihua zhang; Mann Mike; Bradley Raymond; Hughes Malcolm 
>     Subject: correlations 
> 
> 
>     Zhang et al., 
> 
>     Please comment on the following: 
> 
>     I wanted to follow up our phone conversation yesterday with a 
>     summary of what we decided as well as some ideas for how to do 
>     things. 
> 
>     First, I put the raw instrumental temperature data in 
>     /users/shared/instrumental/temp. There are three data files, 
>     annual, cold-season and warm-season. The first year of the annual 
>     is january-december 1856, the warm season is april-sept 1856 and 
>     the cold season is october 1856 to march 1857. Also there is the 
>     file "longlat" which has the gridbox centers for the data. The top 
>     longitude/latitude is for column 1 in the temperature data. 
> 
>     Also in /users/shared/instrumental/precip is the 5-degree by 
>     5-degree LAND-ONLY precipitation data (g55wld0098.dat) along with

>     a pdf file explaining the format (g55wld0098_doc.pdf). Also there 
>     is the TROPICAL LAND AND OCEAN precipitation data gridded 
>     2.5-degrees latitude by 3.75 degrees longitude (gu23trp7494.dat) 
>     and an explanation file (gu23trp7494_doc.pdf). Hopefully, the 
>     tropical land and ocean data set will cover all our marine 
>     proxies. I think we should replace the tropical data from the 
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>     land-only file with the combined tropical land and ocean data to 
>     make a single file that is global land and tropical ocean. Let me 
>     know if you need help with this. 
> 
>     Now we can start with the correlations. Even though we don't have 
>     all the proxies yet, we can get all the methods and programs in 
>     place. 
> 
>     We should have the latitude/longitude of each tree proxy. I 
>     suggest that we calculate the distance (kilometers) from each 
>     proxy location to the nearest two gridpoints and perform the 
>     correlation for the period of overlap. I'm going to suggest the 
>     following procedures for the annual resolution correlations as a 
>     point to start discussion: 
> 
>     0) Correlations should be done on the two instrumental gridboxes 
>     nearest to the proxy location. 1) To perform the correlation there 
>     must be at least 20 years of available instrumental data over the 
>     period 1900-1960. a) if the two closest instrumental gridboxes do 
>     not meet the 20 year requirement then look farther until a gridbox 
>     meeting this requirement is found. b) if there is not enough 
>     instrumental data within 850km (~distance of 1.5 gridboxes in 
>     latitude) then the correlation is set to zero. 2) If enough 
>     instrumental data is found within these requirements then 
>     correlation should be done with lags of -1 year, 0 years and +1 
>     year (please be sure to write down how you define a lag of -1 or 
>     +1). c) record the p-value, r, gridbox location, and lag of the 
>     best correlation 3) the correlation should be performed for both 
>     the temperature and precipitation data for cold season-mean, 
>     warm-season mean, and annual mean. 
> 
>     Attached is a diagram with a suggested approach. 
>
____________________________________________________________ 
> __ 
> Professor Michael E. Mann 
>  Department of Environmental Sciences, Clark Hall 
> University of Virginia 
> Charlottesville, VA 22903 
>
______________________________________________________________________

> _ e-mail: mann@virginia.edu Phone:  
 

> http://www.evsc.virginia.edu/faculty/people/mann.shtml 

Malcolm Hughes 
Professor of Dendrochronology 
Laboratory of Tree-Ring Research 
University of Arizona 
Tucson, AZ 85721 
520-621-6470 
fax 520-621-8229 

______________________________________________________________ 
                    Professor Michael E. Mann 
           Department of Environmental Sciences, Clark Hall 
                      University of Virginia 
                     Charlottesville, VA 22903 
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_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________ 
Assistant Professor 
Dept. of Natural Sciences 
Roger Williams University 
e-mail: srutherford@rwu.edu 
http://fox.rwu.edu/~rutherfo 
phone:  
snail mail: 
One Ferry Road 
Bristol, RI 02809 

</blockquote></x-html>

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Scott Rutherford
To: Michael E. Mann
Cc: Malcolm Hughes; Zhang, Zhihua; Bradley Raymond
Subject: Re: correlations
Date: Friday, August 06, 2004 11:57:43 AM

Dear All,

I aggree, I think the screening process and the flexibility it provides for lagging individual
proxies is a vast improvement over having to lag the entire proxy network. Let's see what
it kicks out. Also, we may not need to add the complication of PCs. The screening should
do two things. First it will screen out the noise which, presumably, would end up in higher
PCs. Second, it will reduce the proxy count and may thin out some of the dense networks.
We will have to see what happens, but if the screening allows us to avoid the calculation
of PCs that will be a HUGE step on the way to simplicity and elegance.

Scott

On Friday, August 6, 2004, at 02:39 PM, Michael E. Mann wrote:

Thanks Malcolm,

Zhang and I just got off the phone and had discussed this a bit before we got
your email.

THe screening process should help us significantly in guarding against spurious
lagged relationships. I imagine that if we set the screening correlation threshold
at, say, 95% significance, we're generally going to pick out the lag/lead
relationships that make sense biologically, etc. This is a step that was *not*
used in the Rutherford et al J. Climate manuscript, and I think it will protect us.

So why don't we start out by considering all lead/lag relationships for indicators
(+1,0,-1), and let the screening process rapidly cull out the spurious
relationships for us.

Do people agree w/ this approach?

mike

At 02:36 PM 8/6/2004, Malcolm Hughes wrote:

Mike's right that this should be treated carefully. We should avoid getting into a
situation where we seem to be using proxies to "predict" next year's (or even
this fall's, in the case of tree rings) climate. On the other hand, there may be
useful information lagged in the tree rings, that is, a ring may well be
influenced
by conditions in seasons and years before the growth season or year. Cheers,
Malcolm

On 6 Aug 2004 at 12:05, Michael E. Mann wrote:

> The issue of how to lag proxies is one we have to consider carefully,
> and this will require some sensitivity analyses.
>
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> This issue is raised in the Rutherford et al paper, which I've
> attached (see discussion on pages 27-29),
>
> Mike
>
> At 12:02 PM 8/6/2004, Zhang, Zhihua wrote:
>     Thanks Scott,
>
>     One concern comes to lag correlation. Because tree-rings are well
>     crossdated, then lag+1 correlation would correlate this year's
>     tree growth with next year's climate condition, there would be no
>     physical relationship between them even though the climate is
>     persistent.
>
>     I will do some preparation work with SLP first using actual data
>     (not infilled data matrix).
>
>     Zhang
>
>     -----Original Message-----
>     From: Scott Rutherford [mailto:srutherford@rwu.edu]
>     Sent: Friday, August 06, 2004 11:02 AM
>     To: zhihua zhang; Mann Mike; Bradley Raymond; Hughes Malcolm
>     Subject: correlations
>
>
>     Zhang et al.,
>
>     Please comment on the following:
>
>     I wanted to follow up our phone conversation yesterday with a
>     summary of what we decided as well as some ideas for how to do
>     things.
>
>     First, I put the raw instrumental temperature data in
>     /users/shared/instrumental/temp. There are three data files,
>     annual, cold-season and warm-season. The first year of the annual
>     is january-december 1856, the warm season is april-sept 1856 and
>     the cold season is october 1856 to march 1857. Also there is the
>     file "longlat" which has the gridbox centers for the data. The top
>     longitude/latitude is for column 1 in the temperature data.
>
>     Also in /users/shared/instrumental/precip is the 5-degree by
>     5-degree LAND-ONLY precipitation data (g55wld0098.dat) along with
>     a pdf file explaining the format (g55wld0098_doc.pdf). Also there
>     is the TROPICAL LAND AND OCEAN precipitation data gridded
>     2.5-degrees latitude by 3.75 degrees longitude (gu23trp7494.dat)
>     and an explanation file (gu23trp7494_doc.pdf). Hopefully, the
>     tropical land and ocean data set will cover all our marine
>     proxies. I think we should replace the tropical data from the
>     land-only file with the combined tropical land and ocean data to
>     make a single file that is global land and tropical ocean. Let me
>     know if you need help with this.
>
>     Now we can start with the correlations. Even though we don't have
>     all the proxies yet, we can get all the methods and programs in
>     place.
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>
>     We should have the latitude/longitude of each tree proxy. I
>     suggest that we calculate the distance (kilometers) from each
>     proxy location to the nearest two gridpoints and perform the
>     correlation for the period of overlap. I'm going to suggest the
>     following procedures for the annual resolution correlations as a
>     point to start discussion:
>
>     0) Correlations should be done on the two instrumental gridboxes
>     nearest to the proxy location. 1) To perform the correlation there
>     must be at least 20 years of available instrumental data over the
>     period 1900-1960. a) if the two closest instrumental gridboxes do
>     not meet the 20 year requirement then look farther until a gridbox
>     meeting this requirement is found. b) if there is not enough
>     instrumental data within 850km (~distance of 1.5 gridboxes in
>     latitude) then the correlation is set to zero. 2) If enough
>     instrumental data is found within these requirements then
>     correlation should be done with lags of -1 year, 0 years and +1
>     year (please be sure to write down how you define a lag of -1 or
>     +1). c) record the p-value, r, gridbox location, and lag of the
>     best correlation 3) the correlation should be performed for both
>     the temperature and precipitation data for cold season-mean,
>     warm-season mean, and annual mean.
>
>     Attached is a diagram with a suggested approach.
> ____________________________________________________________
> __
> Professor Michael E. Mann
>  Department of Environmental Sciences, Clark Hall
> University of Virginia
> Charlottesville, VA 22903
>
______________________________________________________________________

> _ e-mail: mann@virginia.edu Phone:  
> http://www.evsc.virginia.edu/faculty/people/mann.shtml

Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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______________________________________________
Assistant Professor
Dept. of Natural Sciences
Roger Williams University
e-mail: srutherford@rwu.edu
http://fox.rwu.edu/~rutherfo
phone: 
snail mail:
One Ferry Road
Bristol, RI 02809
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From: Michael E. Mann
To: Malcolm Hughes; Zhang, Zhihua; Scott Rutherford; Bradley Raymond; Hughes Malcolm
Cc: mann@virginia.edu
Subject: RE: correlations
Date: Friday, August 06, 2004 11:41:09 AM

Thanks Malcolm,

Zhang and I just got off the phone and had discussed this a bit before we got your email.

THe screening process should help us significantly in guarding against spurious lagged
relationships. I imagine that if we set the screening correlation threshold at, say, 95%
significance, we're generally going to pick out the lag/lead relationships that make sense
biologically, etc. This is a step that was *not* used in the Rutherford et al J. Climate
manuscript, and I think it will protect us.

So why don't we start out by considering all lead/lag relationships for indicators (+1,0,-1),
and let the screening process rapidly cull out the spurious relationships for us.

Do people agree w/ this approach?

mike

At 02:36 PM 8/6/2004, Malcolm Hughes wrote:

Mike's right that this should be treated carefully. We should avoid getting into
a 
situation where we seem to be using proxies to "predict" next year's (or even 
this fall's, in the case of tree rings) climate. On the other hand, there may be 
useful information lagged in the tree rings, that is, a ring may well be
influenced 
by conditions in seasons and years before the growth season or year. Cheers, 
Malcolm

On 6 Aug 2004 at 12:05, Michael E. Mann wrote:

> The issue of how to lag proxies is one we have to consider carefully,
> and this will require some sensitivity analyses.
> 
> This issue is raised in the Rutherford et al paper, which I've
> attached (see discussion on pages 27-29),
> 
> Mike
> 
> At 12:02 PM 8/6/2004, Zhang, Zhihua wrote:
>     Thanks Scott,
> 
>     One concern comes to lag correlation. Because tree-rings are well
>     crossdated, then lag+1 correlation would correlate this year's
>     tree growth with next year's climate condition, there would be no
>     physical relationship between them even though the climate is
>     persistent.
> 
>     I will do some preparation work with SLP first using actual data
>     (not infilled data matrix).
> 
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>     Zhang
> 
>     -----Original Message-----
>     From: Scott Rutherford [mailto:srutherford@rwu.edu]
>     Sent: Friday, August 06, 2004 11:02 AM
>     To: zhihua zhang; Mann Mike; Bradley Raymond; Hughes Malcolm
>     Subject: correlations
> 
> 
>     Zhang et al.,
> 
>     Please comment on the following:
> 
>     I wanted to follow up our phone conversation yesterday with a
>     summary of what we decided as well as some ideas for how to do
>     things.
> 
>     First, I put the raw instrumental temperature data in
>     /users/shared/instrumental/temp. There are three data files,
>     annual, cold-season and warm-season. The first year of the annual
>     is january-december 1856, the warm season is april-sept 1856 and
>     the cold season is october 1856 to march 1857. Also there is the
>     file "longlat" which has the gridbox centers for the data. The top
>     longitude/latitude is for column 1 in the temperature data.
> 
>     Also in /users/shared/instrumental/precip is the 5-degree by
>     5-degree LAND-ONLY precipitation data (g55wld0098.dat) along with
>     a pdf file explaining the format (g55wld0098_doc.pdf). Also there
>     is the TROPICAL LAND AND OCEAN precipitation data gridded
>     2.5-degrees latitude by 3.75 degrees longitude (gu23trp7494.dat)
>     and an explanation file (gu23trp7494_doc.pdf). Hopefully, the
>     tropical land and ocean data set will cover all our marine
>     proxies. I think we should replace the tropical data from the
>     land-only file with the combined tropical land and ocean data to
>     make a single file that is global land and tropical ocean. Let me
>     know if you need help with this.
> 
>     Now we can start with the correlations. Even though we don't have
>     all the proxies yet, we can get all the methods and programs in
>     place.
> 
>     We should have the latitude/longitude of each tree proxy. I
>     suggest that we calculate the distance (kilometers) from each
>     proxy location to the nearest two gridpoints and perform the
>     correlation for the period of overlap. I'm going to suggest the
>     following procedures for the annual resolution correlations as a
>     point to start discussion:
> 
>     0) Correlations should be done on the two instrumental gridboxes
>     nearest to the proxy location. 1) To perform the correlation there
>     must be at least 20 years of available instrumental data over the
>     period 1900-1960. a) if the two closest instrumental gridboxes do
>     not meet the 20 year requirement then look farther until a gridbox
>     meeting this requirement is found. b) if there is not enough
>     instrumental data within 850km (~distance of 1.5 gridboxes in
>     latitude) then the correlation is set to zero. 2) If enough
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>     instrumental data is found within these requirements then
>     correlation should be done with lags of -1 year, 0 years and +1
>     year (please be sure to write down how you define a lag of -1 or
>     +1). c) record the p-value, r, gridbox location, and lag of the
>     best correlation 3) the correlation should be performed for both
>     the temperature and precipitation data for cold season-mean,
>     warm-season mean, and annual mean.
> 
>     Attached is a diagram with a suggested approach.
> ____________________________________________________________
> __
> Professor Michael E. Mann
>  Department of Environmental Sciences, Clark Hall
> University of Virginia
> Charlottesville, VA 22903
>
______________________________________________________________________

> _ e-mail: mann@virginia.edu Phone:  
> http://www.evsc.virginia.edu/faculty/people/mann.shtml

Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

ABOR/MH/Priv-003956



From: Michael E. Mann
To: Malcolm Hughes; Zhang, Zhihua; Scott Rutherford; Bradley Raymond; Hughes Malcolm
Cc: mann@virginia.edu
Subject: RE: correlations
Date: Friday, August 06, 2004 11:41:09 AM

Thanks Malcolm,

Zhang and I just got off the phone and had discussed this a bit before we got your email.

THe screening process should help us significantly in guarding against spurious lagged
relationships. I imagine that if we set the screening correlation threshold at, say, 95%
significance, we're generally going to pick out the lag/lead relationships that make sense
biologically, etc. This is a step that was *not* used in the Rutherford et al J. Climate
manuscript, and I think it will protect us.

So why don't we start out by considering all lead/lag relationships for indicators (+1,0,-1),
and let the screening process rapidly cull out the spurious relationships for us.

Do people agree w/ this approach?

mike

At 02:36 PM 8/6/2004, Malcolm Hughes wrote:

Mike's right that this should be treated carefully. We should avoid getting into
a 
situation where we seem to be using proxies to "predict" next year's (or even 
this fall's, in the case of tree rings) climate. On the other hand, there may be 
useful information lagged in the tree rings, that is, a ring may well be
influenced 
by conditions in seasons and years before the growth season or year. Cheers, 
Malcolm

On 6 Aug 2004 at 12:05, Michael E. Mann wrote:

> The issue of how to lag proxies is one we have to consider carefully,
> and this will require some sensitivity analyses.
> 
> This issue is raised in the Rutherford et al paper, which I've
> attached (see discussion on pages 27-29),
> 
> Mike
> 
> At 12:02 PM 8/6/2004, Zhang, Zhihua wrote:
>     Thanks Scott,
> 
>     One concern comes to lag correlation. Because tree-rings are well
>     crossdated, then lag+1 correlation would correlate this year's
>     tree growth with next year's climate condition, there would be no
>     physical relationship between them even though the climate is
>     persistent.
> 
>     I will do some preparation work with SLP first using actual data
>     (not infilled data matrix).
> 
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>     Zhang
> 
>     -----Original Message-----
>     From: Scott Rutherford [mailto:srutherford@rwu.edu]
>     Sent: Friday, August 06, 2004 11:02 AM
>     To: zhihua zhang; Mann Mike; Bradley Raymond; Hughes Malcolm
>     Subject: correlations
> 
> 
>     Zhang et al.,
> 
>     Please comment on the following:
> 
>     I wanted to follow up our phone conversation yesterday with a
>     summary of what we decided as well as some ideas for how to do
>     things.
> 
>     First, I put the raw instrumental temperature data in
>     /users/shared/instrumental/temp. There are three data files,
>     annual, cold-season and warm-season. The first year of the annual
>     is january-december 1856, the warm season is april-sept 1856 and
>     the cold season is october 1856 to march 1857. Also there is the
>     file "longlat" which has the gridbox centers for the data. The top
>     longitude/latitude is for column 1 in the temperature data.
> 
>     Also in /users/shared/instrumental/precip is the 5-degree by
>     5-degree LAND-ONLY precipitation data (g55wld0098.dat) along with
>     a pdf file explaining the format (g55wld0098_doc.pdf). Also there
>     is the TROPICAL LAND AND OCEAN precipitation data gridded
>     2.5-degrees latitude by 3.75 degrees longitude (gu23trp7494.dat)
>     and an explanation file (gu23trp7494_doc.pdf). Hopefully, the
>     tropical land and ocean data set will cover all our marine
>     proxies. I think we should replace the tropical data from the
>     land-only file with the combined tropical land and ocean data to
>     make a single file that is global land and tropical ocean. Let me
>     know if you need help with this.
> 
>     Now we can start with the correlations. Even though we don't have
>     all the proxies yet, we can get all the methods and programs in
>     place.
> 
>     We should have the latitude/longitude of each tree proxy. I
>     suggest that we calculate the distance (kilometers) from each
>     proxy location to the nearest two gridpoints and perform the
>     correlation for the period of overlap. I'm going to suggest the
>     following procedures for the annual resolution correlations as a
>     point to start discussion:
> 
>     0) Correlations should be done on the two instrumental gridboxes
>     nearest to the proxy location. 1) To perform the correlation there
>     must be at least 20 years of available instrumental data over the
>     period 1900-1960. a) if the two closest instrumental gridboxes do
>     not meet the 20 year requirement then look farther until a gridbox
>     meeting this requirement is found. b) if there is not enough
>     instrumental data within 850km (~distance of 1.5 gridboxes in
>     latitude) then the correlation is set to zero. 2) If enough
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>     instrumental data is found within these requirements then
>     correlation should be done with lags of -1 year, 0 years and +1
>     year (please be sure to write down how you define a lag of -1 or
>     +1). c) record the p-value, r, gridbox location, and lag of the
>     best correlation 3) the correlation should be performed for both
>     the temperature and precipitation data for cold season-mean,
>     warm-season mean, and annual mean.
> 
>     Attached is a diagram with a suggested approach.
> ____________________________________________________________
> __
> Professor Michael E. Mann
>  Department of Environmental Sciences, Clark Hall
> University of Virginia
> Charlottesville, VA 22903
>
______________________________________________________________________

> _ e-mail: mann@virginia.edu Phone:  
> http://www.evsc.virginia.edu/faculty/people/mann.shtml

Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Zhang, Zhihua
To: Michael E. Mann; Scott Rutherford; Bradley Raymond; Hughes Malcolm
Subject: RE: correlations
Date: Friday, August 06, 2004 9:22:41 AM

Thanks Mike,
 
Zhang

-----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu]
Sent: Friday, August 06, 2004 12:05 PM
To: Zhang, Zhihua; Scott Rutherford; Bradley Raymond; Hughes Malcolm
Subject: RE: correlations

The issue of how to lag proxies is one we have to consider carefully, and this will
require some sensitivity analyses.

This issue is raised in the Rutherford et al paper, which I've attached (see discussion
on pages 27-29),

Mike

At 12:02 PM 8/6/2004, Zhang, Zhihua wrote:

Thanks Scott,

One concern comes to lag correlation. Because tree-rings are well
crossdated, then lag+1 correlation would correlate this year's tree growth
with next year's climate condition, there would be no physical relationship
between them even though the climate is persistent.

I will do some preparation work with SLP first using actual data (not
infilled data matrix).

Zhang

-----Original Message-----
From: Scott Rutherford [mailto:srutherford@rwu.edu]
Sent: Friday, August 06, 2004 11:02 AM
To: zhihua zhang; Mann Mike; Bradley Raymond; Hughes Malcolm
Subject: correlations

Zhang et al.,

Please comment on the following:

I wanted to follow up our phone conversation yesterday with a summary
of what we decided as well as some ideas for how to do things.

First, I put the raw instrumental temperature data in
/users/shared/instrumental/temp.  There are three data files, annual,
cold-season and warm-season. The first year of the annual is
january-december 1856, the warm season is april-sept 1856 and the cold
season is october 1856 to march 1857.  Also there is the file "longlat"
which has the gridbox centers for the data. The top longitude/latitude
is for column 1 in the temperature data.
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Also in /users/shared/instrumental/precip is the 5-degree by 5-degree
LAND-ONLY precipitation data (g55wld0098.dat) along with a pdf file
explaining the format (g55wld0098_doc.pdf).  Also there is the TROPICAL
LAND AND OCEAN precipitation data gridded 2.5-degrees latitude by 3.75
degrees longitude (gu23trp7494.dat) and an explanation file
(gu23trp7494_doc.pdf). Hopefully, the tropical land and ocean data set
will cover all our marine proxies. I think we should replace the
tropical data from the land-only file with the combined tropical land
and ocean data to make a single file that is global land and tropical
ocean. Let me know if you need help with this.

Now we can start with the correlations. Even though we don't have all
the proxies yet, we can get all the methods and programs in place.

We should have the latitude/longitude of each tree proxy. I suggest
that we calculate the distance (kilometers) from each proxy location to
the nearest two gridpoints and perform the correlation for the period
of overlap. I'm going to suggest the following procedures for the
annual resolution correlations as a point to start discussion:

0) Correlations should be done on the two instrumental gridboxes
nearest to the proxy location.
1) To perform the correlation there must be at least 20 years of
available instrumental data over the period 1900-1960.
        a) if the two closest instrumental gridboxes do not meet the 20 year
requirement then look farther until a gridbox meeting this requirement
is found.
        b) if there is not enough instrumental data within 850km (~distance
of
1.5 gridboxes in latitude) then the correlation is set to zero.
2) If enough instrumental data is found within these requirements then
correlation should be done with lags of -1 year, 0 years and +1 year
(please be sure to write down how you define a lag of -1 or +1).
        c) record the p-value, r, gridbox location, and lag of the best
correlation
3) the correlation should be performed for both the temperature and
precipitation data for cold season-mean, warm-season mean, and annual
mean.

Attached is a diagram with a suggested approach.

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Zhang, Zhihua; Scott Rutherford; Bradley Raymond; Hughes Malcolm
Subject: RE: correlations
Date: Friday, August 06, 2004 9:07:14 AM

The issue of how to lag proxies is one we have to consider carefully, and this will
require some sensitivity analyses.

This issue is raised in the Rutherford et al paper, which I've attached (see discussion
on pages 27-29),

Mike

At 12:02 PM 8/6/2004, Zhang, Zhihua wrote:

Thanks Scott,

One concern comes to lag correlation. Because tree-rings are well
crossdated, then lag+1 correlation would correlate this year's tree growth
with next year's climate condition, there would be no physical relationship
between them even though the climate is persistent.

I will do some preparation work with SLP first using actual data (not
infilled data matrix).

Zhang

-----Original Message-----
From: Scott Rutherford [mailto:srutherford@rwu.edu]
Sent: Friday, August 06, 2004 11:02 AM
To: zhihua zhang; Mann Mike; Bradley Raymond; Hughes Malcolm
Subject: correlations

Zhang et al.,

Please comment on the following:

I wanted to follow up our phone conversation yesterday with a summary
of what we decided as well as some ideas for how to do things.

First, I put the raw instrumental temperature data in
/users/shared/instrumental/temp.  There are three data files, annual,
cold-season and warm-season. The first year of the annual is
january-december 1856, the warm season is april-sept 1856 and the cold
season is october 1856 to march 1857.  Also there is the file "longlat"
which has the gridbox centers for the data. The top longitude/latitude
is for column 1 in the temperature data.

Also in /users/shared/instrumental/precip is the 5-degree by 5-degree
LAND-ONLY precipitation data (g55wld0098.dat) along with a pdf file
explaining the format (g55wld0098_doc.pdf).  Also there is the TROPICAL
LAND AND OCEAN precipitation data gridded 2.5-degrees latitude by 3.75
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degrees longitude (gu23trp7494.dat) and an explanation file
(gu23trp7494_doc.pdf). Hopefully, the tropical land and ocean data set
will cover all our marine proxies. I think we should replace the
tropical data from the land-only file with the combined tropical land
and ocean data to make a single file that is global land and tropical
ocean. Let me know if you need help with this.

Now we can start with the correlations. Even though we don't have all
the proxies yet, we can get all the methods and programs in place.

We should have the latitude/longitude of each tree proxy. I suggest
that we calculate the distance (kilometers) from each proxy location to
the nearest two gridpoints and perform the correlation for the period
of overlap. I'm going to suggest the following procedures for the
annual resolution correlations as a point to start discussion:

0) Correlations should be done on the two instrumental gridboxes
nearest to the proxy location.
1) To perform the correlation there must be at least 20 years of
available instrumental data over the period 1900-1960.
        a) if the two closest instrumental gridboxes do not meet the 20 year
requirement then look farther until a gridbox meeting this requirement
is found.
        b) if there is not enough instrumental data within 850km (~distance
of
1.5 gridboxes in latitude) then the correlation is set to zero.
2) If enough instrumental data is found within these requirements then
correlation should be done with lags of -1 year, 0 years and +1 year
(please be sure to write down how you define a lag of -1 or +1).
        c) record the p-value, r, gridbox location, and lag of the best
correlation
3) the correlation should be performed for both the temperature and
precipitation data for cold season-mean, warm-season mean, and annual
mean.

Attached is a diagram with a suggested approach.

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Zhang, Zhihua
To: Scott Rutherford; Mann Mike; Bradley Raymond; Hughes Malcolm
Subject: RE: correlations
Date: Friday, August 06, 2004 9:02:37 AM

Thanks Scott,

One concern comes to lag correlation. Because tree-rings are well
crossdated, then lag+1 correlation would correlate this year's tree growth
with next year's climate condition, there would be no physical relationship
between them even though the climate is persistent.

I will do some preparation work with SLP first using actual data (not
infilled data matrix).

Zhang

-----Original Message-----
From: Scott Rutherford [mailto:srutherford@rwu.edu]
Sent: Friday, August 06, 2004 11:02 AM
To: zhihua zhang; Mann Mike; Bradley Raymond; Hughes Malcolm
Subject: correlations

Zhang et al.,

Please comment on the following:

I wanted to follow up our phone conversation yesterday with a summary
of what we decided as well as some ideas for how to do things.

First, I put the raw instrumental temperature data in
/users/shared/instrumental/temp.  There are three data files, annual,
cold-season and warm-season. The first year of the annual is
january-december 1856, the warm season is april-sept 1856 and the cold
season is october 1856 to march 1857.  Also there is the file "longlat"
which has the gridbox centers for the data. The top longitude/latitude
is for column 1 in the temperature data.

Also in /users/shared/instrumental/precip is the 5-degree by 5-degree
LAND-ONLY precipitation data (g55wld0098.dat) along with a pdf file
explaining the format (g55wld0098_doc.pdf).  Also there is the TROPICAL
LAND AND OCEAN precipitation data gridded 2.5-degrees latitude by 3.75
degrees longitude (gu23trp7494.dat) and an explanation file
(gu23trp7494_doc.pdf). Hopefully, the tropical land and ocean data set
will cover all our marine proxies. I think we should replace the
tropical data from the land-only file with the combined tropical land
and ocean data to make a single file that is global land and tropical
ocean. Let me know if you need help with this.

Now we can start with the correlations. Even though we don't have all
the proxies yet, we can get all the methods and programs in place.

We should have the latitude/longitude of each tree proxy. I suggest
that we calculate the distance (kilometers) from each proxy location to
the nearest two gridpoints and perform the correlation for the period
of overlap. I'm going to suggest the following procedures for the
annual resolution correlations as a point to start discussion:
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0) Correlations should be done on the two instrumental gridboxes
nearest to the proxy location.
1) To perform the correlation there must be at least 20 years of
available instrumental data over the period 1900-1960.
        a) if the two closest instrumental gridboxes do not meet the 20 year
requirement then look farther until a gridbox meeting this requirement
is found.
        b) if there is not enough instrumental data within 850km (~distance of
1.5 gridboxes in latitude) then the correlation is set to zero.
2) If enough instrumental data is found within these requirements then
correlation should be done with lags of -1 year, 0 years and +1 year
(please be sure to write down how you define a lag of -1 or +1).
        c) record the p-value, r, gridbox location, and lag of the best
correlation
3) the correlation should be performed for both the temperature and
precipitation data for cold season-mean, warm-season mean, and annual
mean.

Attached is a diagram with a suggested approach.
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From: Michael E. Mann
To: Scott Rutherford; zhihua zhang; Bradley Raymond; Hughes Malcolm
Subject: Re: correlations
Date: Friday, August 06, 2004 8:34:08 AM

HI Scott,

Thanks...

I think 20 year period is right cutoff, since that's what the hybrid experiments seem
to have been telling us.

Decadal resolution proxies should be interpolated to annual, and then lowpassed.
Oversampling is always best way to avoid aliasing problems.

I'll let Zhang  and others iterate on the other issues raised w/ you...

Thanks

Mike

p.s. it would be very nice to see what our 'multiproxy' base looks like soon, so we
can comment on what data seem to be missing, etc...

At 11:02 AM 8/6/2004, Scott Rutherford wrote:

Zhang et al.,

Please comment on the following:

I wanted to follow up our phone conversation yesterday with a summary
of what we decided as well as some ideas for how to do things.

First, I put the raw instrumental temperature data in
/users/shared/instrumental/temp.  There are three data files, annual, cold-
season and warm-season. The first year of the annual is  
january-december 1856, the warm season is april-sept 1856 and the cold
season is october 1856 to march 1857.  Also there is the file "longlat"
which has the gridbox centers for the data. The top longitude/latitude is
for column 1 in the temperature data.

Also in /users/shared/instrumental/precip is the 5-degree by 5-degree
LAND-ONLY precipitation data (g55wld0098.dat) along with a pdf file
explaining the format (g55wld0098_doc.pdf).  Also there is the TROPICAL
LAND AND OCEAN precipitation data gridded 2.5-degrees latitude by 3.75
degrees longitude (gu23trp7494.dat) and an explanation file
(gu23trp7494_doc.pdf). Hopefully, the tropical land and ocean data set
will cover all our marine proxies. I think we should replace the tropical
data from the land-only file with the combined tropical land and ocean
data to make a single file that is global land and tropical ocean. Let me
know if you need help with this.

Now we can start with the correlations. Even though we don't have all the
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proxies yet, we can get all the methods and programs in place.

We should have the latitude/longitude of each tree proxy. I suggest that
we calculate the distance (kilometers) from each proxy location to the
nearest two gridpoints and perform the correlation for the period of
overlap. I'm going to suggest the following procedures for the annual
resolution correlations as a point to start discussion:

0) Correlations should be done on the two instrumental gridboxes nearest
to the proxy location.
1) To perform the correlation there must be at least 20 years of available
instrumental data over the period 1900-1960.
        a) if the two closest instrumental gridboxes do not meet the 20 year
requirement then look farther until a gridbox meeting this requirement is
found.
        b) if there is not enough instrumental data within 850km (~distance
of 1.5 gridboxes in latitude) then the correlation is set to zero.
2) If enough instrumental data is found within these requirements then
correlation should be done with lags of -1 year, 0 years and +1 year
(please be sure to write down how you define a lag of -1 or +1).
        c) record the p-value, r, gridbox location, and lag of the best
correlation
3) the correlation should be performed for both the temperature and
precipitation data for cold season-mean, warm-season mean, and annual
mean.

Attached is a diagram with a suggested approach.

We also need to decide on what to do about decadal correlations.  
Again, here are some ideas just to get started. In this case we require the
instrumental gridbox data to be nearly complete (80%) data (1900-1960).
We then linearly interpolate over the gaps. Then lowpass filter (lowpass.m
attached) the instrumental data and the proxy data and perform the
correlations. Where should the lowpass cutoff be? Let's start the
discussion at 20 years.

What do we do with proxy data at less than annual resolution, or variable
resolution. What happens if we linearly interpolate to annual resolution
then filter? (Mike, bad idea, good idea, got a better idea?)

What do you think about all this?

Scott
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______________________________________________
Assistant Professor
Dept. of Natural Sciences
Roger Williams University
e-mail: srutherford@rwu.edu
http://fox.rwu.edu/~rutherfo
phone: 
snail mail:
One Ferry Road
Bristol, RI 02809

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Scott Rutherford
To: zhihua zhang; Mann Mike; Bradley Raymond; Hughes Malcolm
Subject: correlations
Date: Friday, August 06, 2004 8:02:38 AM
Attachments: correlationflowchart.pdf

Untitled attachment 00154.txt
lowpass.m
Untitled attachment 00157.txt

Zhang et al.,

Please comment on the following:

I wanted to follow up our phone conversation yesterday with a summary
of what we decided as well as some ideas for how to do things.

First, I put the raw instrumental temperature data in
/users/shared/instrumental/temp.  There are three data files, annual,
cold-season and warm-season. The first year of the annual is 
january-december 1856, the warm season is april-sept 1856 and the cold
season is october 1856 to march 1857.  Also there is the file "longlat"
which has the gridbox centers for the data. The top longitude/latitude
is for column 1 in the temperature data.

Also in /users/shared/instrumental/precip is the 5-degree by 5-degree
LAND-ONLY precipitation data (g55wld0098.dat) along with a pdf file
explaining the format (g55wld0098_doc.pdf).  Also there is the TROPICAL
LAND AND OCEAN precipitation data gridded 2.5-degrees latitude by 3.75
degrees longitude (gu23trp7494.dat) and an explanation file
(gu23trp7494_doc.pdf). Hopefully, the tropical land and ocean data set
will cover all our marine proxies. I think we should replace the
tropical data from the land-only file with the combined tropical land
and ocean data to make a single file that is global land and tropical
ocean. Let me know if you need help with this.

Now we can start with the correlations. Even though we don't have all
the proxies yet, we can get all the methods and programs in place.

We should have the latitude/longitude of each tree proxy. I suggest
that we calculate the distance (kilometers) from each proxy location to
the nearest two gridpoints and perform the correlation for the period
of overlap. I'm going to suggest the following procedures for the
annual resolution correlations as a point to start discussion:

0) Correlations should be done on the two instrumental gridboxes
nearest to the proxy location.
1) To perform the correlation there must be at least 20 years of
available instrumental data over the period 1900-1960.
        a) if the two closest instrumental gridboxes do not meet the 20 year
requirement then look farther until a gridbox meeting this requirement
is found.
        b) if there is not enough instrumental data within 850km (~distance of
1.5 gridboxes in latitude) then the correlation is set to zero.
2) If enough instrumental data is found within these requirements then
correlation should be done with lags of -1 year, 0 years and +1 year
(please be sure to write down how you define a lag of -1 or +1).
        c) record the p-value, r, gridbox location, and lag of the best
correlation
3) the correlation should be performed for both the temperature and
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precipitation data for cold season-mean, warm-season mean, and annual
mean.

Attached is a diagram with a suggested approach.
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repeat for annual
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function [smoothed,mse] = lowpass(indata,frequency,iconb,icone)
%
% [smoothed,mse] = lowpass(indata,frequency,iconb,icone)
% lowpass filter.
% assumes unit time spaced series 
% 
% lowpass cutoff at f="frequency" (in cycles/time unit)
%
% icon is any one of several possible boundary constraints on the 
smooth at 
% the begin/end x limits
% (0) minimum norm,
% (1) minimum slope
% (2) minimum roughness 
%
% see:
% Park, J., Envelope estimation for quasi-periodic geophysical 
%  signals in noise: A multitaper approach, in Statistics in the 
Environmental 
%  and Earth Sciences, edited by A. T. Walden and P. Guttorp, pp. 
189-219, 
%  Edward Arnold, London, 1992; 
% Ghil, M., Allen, M.R., Dettinger, M.D., Ide, K., Kondrashov, 
D., Mann, M.E., 
%  Robertson, A.W., Tian, Y., Varadi, F., Yiou, P., 
%  Advanced Spectral Methods for Climatic Time Series, Reviews of 
Geophysics, 
%  40 (1), 1003, doi: 10.1029/2000RG000092, 2002.]
%
% The lowpass routine employs a 10 point butterworth filter. 

% Rather than implementing contraints (0)-(2) in the frequency 
domain (as in Park, 
% Ghil et al) we use the following approximate implementations of 
the boundary 
% constraints
% 
% (0) pad series with mean value beyond x boundary
% (1) pad series with values over last 1/2 filter width reflected 
w.r.t. x
%     [imposes a local maximum/minimum beyond x boundary]
% (2) pad series with values over last 1/2 filter width reflected 
w.r.t. x and y (w.r.t. final value)
%     [imposes a point of inflection beyond x boundary]
%
ipts=10;
fn=frequency*2;
npad=1/fn;
nn=length(indata);
padded(npad+1:npad+nn)=indata;
padded(npad+nn+1:nn+2*npad)=indata(nn);
padded(1:npad)=indata(1);

1
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for j=nn+npad+1:nn+2*npad
   ipad=j-nn-npad;
   if (icone==0) 
       apad=mean(indata);
   else if (icone==1)
           apad=indata(nn-ipad);
        else
           apad=2*indata(nn)-indata(nn-ipad);
        end
   end
   padded(j:j)=apad;
end
for j=1:npad
   ipad=j;
   if (iconb==0) 
       apad=mean(indata);
   else if (iconb==1)
           apad=indata(npad-ipad+1);
        else
           apad=2*indata(1)-indata(npad-ipad+1);
        end
   end
   padded(j:j)=apad;
end
%
% smoothed=padded;
[b,a]=butter(ipts,fn,'low');
smoothed0=filtfilt(b,a,padded);
smoothed=smoothed0(npad+1:nn+npad)';
%
% determine mse relative to raw data
%
asum = 0.0;
resid=smoothed-indata;
mse=var(resid)/var(indata);

2
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Untitled attachment 00157.txt

______________________________________________
Assistant Professor
Dept. of Natural Sciences
Roger Williams University
e-mail: srutherford@rwu.edu
http://fox.rwu.edu/~rutherfo
phone: 
snail mail:
One Ferry Road
Bristol, RI 02809

Page 1
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Untitled attachment 00154.txt

We also need to decide on what to do about decadal correlations.  
Again, here are some ideas just to get started. In this case we require 
the instrumental gridbox data to be nearly complete (80%) data 
(1900-1960). We then linearly interpolate over the gaps. Then lowpass 
filter (lowpass.m attached) the instrumental data and the proxy data 
and perform the correlations. Where should the lowpass cutoff be? Let's 
start the discussion at 20 years.

What do we do with proxy data at less than annual resolution, or 
variable resolution. What happens if we linearly interpolate to annual 
resolution then filter? (Mike, bad idea, good idea, got a better idea?)

What do you think about all this?

Scott

Page 1
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From: Michael E. Mann
To: Zhang, Zhihua; Scott Rutherford; Bradley Raymond; Hughes Malcolm; fenbiao@ltrr.arizona.edu
Cc: mann@virginia.edu
Subject: RE: proxy database
Date: Wednesday, August 04, 2004 4:14:14 PM

Hi Zhang,

Thanks for your message. Before you proceed further, you and Scott should probably
discuss some details. I want to make sure that we aren't "re-inventing the wheel",
and that we are all on the same page here. Better to proceed slowly and
methodically, than have to go back and redo the analyses repeatedly.

The tree-ring only analyses will be useful test exercises, but of course we will need
to await the completion of the full network before we can do more meaningful
'multiproxy' reconstructions.
I am assuming you are using the hybrid frequency-domain calibration approach that
Scott has developed? If not, you need to discuss this with Scott..

What gridded temperature and precip data are you using for the screening
correlations? Again, you should discuss w/ Scott to make sure you are using the
same common gridded instrumental and precipitation data for the screening
regressions. Also, in the hybrid frequency-domain approach, the screening
correlations have to be calculated separately for both frequency bands. This is
another detail you should probably discuss with Scott.

Also, you talk about comparing w/ 4 or 6 neighboring gridpoints, but this is *not*
what Scott and I have decided upon. We have decided to only compare against the
nearest and next-nearest gridpoint center to the location of the proxy. Do we have
the locations of all of the proxies in the data base yet? This is necessary to determine
the closest gridpoints.

Why don't you and Scott plan to discuss these details further (maybe by phone
tomorrow), before proceeding. We should proceed  cautiously at this point, rather
than hurry the analyses.

Thanks,

Mike

At 06:59 PM 8/4/2004, Zhang, Zhihua wrote:

Thanks Scott,

Sorry for a delaied response due to my cable problem, which makes me
out of
the outside for almost two days.

Your comment of doing correlation is very good, which is similar to my
previous m-files (masterpick_1.m, propick_1.m) these m-files is not
restrict
to gridded instrumental/proxy records. Fenbiao is currently using these
m-files for doing selection of climate sensitive proxies.
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I have just further checked the itrdb we made before and found there are
17
chronologies that miss several years of earliest data. The updated itrdb
network will be put in the Holocene no later than tomorrow. If someone
has
downloaded itrdb data from the Holocene before, please download it
again
tomorrow or later.

If there is no space limit in the UVa ASPEN system, I will begin some test
reconstruction using tree ring within a couple of days. With the full tree
ring dataset, I will test and compare the reconstruction scores for the
cases :
1. with entire chronologies.
2. with those chronologies from the full dataset that significant at 95%
confident level with at least one out of four or six closest instrumental
gridpoints.
3. the same as case 1 but the proxy will be regional PCs.
4. the same as case 2 but the proxy will be regional PCs.
Note: for simplicity, the regions could be like that, region1 (70N-90N),
region2 (70N-50N,0E-20E), and so on, some box region change may
depend on
land/ocean distribution.

Zhang

-----Original Message-----
From: Scott Rutherford [mailto:srutherford@rwu.edu]
Sent: Tuesday, August 03, 2004 11:40 AM
To: zhihua zhang; Mann Mike; Bradley Raymond; Hughes Malcolm;
fenbiao@ltrr.arizona.edu
Subject: proxy database

Zhang et al.,

We should start to get ready to perform the correlations between all
the proxies and the instrumental data so that when the proxy network is
complete we are ready to go.

I think what we want to do is the correlation between each proxy and
the instrumental temperature and precipitation data for the same
gridbox as well as the next closest gridbox. For example, if a proxy is
located at 45.2 N and 72.1 W then it should be correlated with the
instrumental data centered at 47.5N 72.5W and 42.5N 72.5N. I think the
easiest way to do this is to just calculate the great-circle distance
from the Lat/Long of the proxy to all the gridbox centers then find the
two shortest distances. Below is a matlab code to do this. It was
originally written to find the closest coastline location to an ocean
lat/long. So lon2/lat2 would be the instrumental lat/long locations and
lon1/Iat1 would be the lat/long of each proxy.  The code only finds the
closest point but it can be easily modified.
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Now for the correlations. Once we find the two closes gridbox centers,
then we do the correlation using the available instrumental values.
Since we have to cut the MXD data at 1960 we can either do the MXD
correlations 1900-1960 and all others 1900-1980 or do everything
1900-1960. We also have to decide if we are going to look at the
correlations on the detrended data or the raw data (linearly  detrended
is probably the way to go (Mike?).

Other things to consider:

1) I don't think we should be correlating to infilled instrumental
data. We should stick with available instrumental data. So, what do we
do about correlations at  low-frequency. We have to filter over missing
values. Just linearly interpolate first? I think that is simpler and
easier to defend compared to RegEM infilled.

2) At what time scales should we do the correlations? Obviously annual.
Should we do 10 years or 20 years or both?

3) How many available instrumental values and how close should the
instrumental data have to be to perform the correlation? If there is
not enough instrumental data (e.g. 80% complete 1900-1960) in the
adjacent gridboxes, do we look farther out; do we drop the proxy?

Comments? Suggestions?

Scott

----------------------------------------------
% matlab great-circle distance program

a = 6378 %km (3963 mi) Equatorial radius (surface to center distance)
b = 6357 %km (3950 mi) Polar radius (surface to center distance)
e = 0.081082 %Eccentricity
                 lon1=long(:,1)*pi/180;
                 lat1=long(:,2)*pi/180;
                 lon2=coast(:,1)*pi/180;
                 lat2=coast(:,2)*pi/180;

for i=1:length(long)
                 r = a * sqrt(1 - e^2) / (1 - e^2 *
(sin(lat1(i)))^2);%radius of curvature
                 dlon = lon2 - lon1(i);
                 dlat = lat2 - lat1(i);
                 one = (sin(dlat/2)).^2 +
cos(lat1(i)).*cos(lat2).*(sin(dlon/2)).^2;
                 c = 2 * atan2( sqrt(one),sqrt(1-one) );
                 d = r.*c; % that gives the distance to all points in
"coast"
              nearest(i)=min(d);
end
------------------------------------------
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______________________________________________
Assistant Professor
Dept. of Natural Sciences
Roger Williams University
e-mail: srutherford@rwu.edu
http://fox.rwu.edu/~rutherfo
phone: 
snail mail:
One Ferry Road
Bristol, RI 02809

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Zhang, Zhihua
To: Scott Rutherford; Mann Mike; Bradley Raymond; Hughes Malcolm; fenbiao@ltrr.arizona.edu
Cc: zz9t@virginia.edu
Subject: RE: proxy database
Date: Wednesday, August 04, 2004 3:59:59 PM

Thanks Scott,

Sorry for a delaied response due to my cable problem, which makes me out of
the outside for almost two days.

Your comment of doing correlation is very good, which is similar to my
previous m-files (masterpick_1.m, propick_1.m) these m-files is not restrict
to gridded instrumental/proxy records. Fenbiao is currently using these
m-files for doing selection of climate sensitive proxies.

I have just further checked the itrdb we made before and found there are 17
chronologies that miss several years of earliest data. The updated itrdb
network will be put in the Holocene no later than tomorrow. If someone has
downloaded itrdb data from the Holocene before, please download it again
tomorrow or later.

If there is no space limit in the UVa ASPEN system, I will begin some test
reconstruction using tree ring within a couple of days. With the full tree
ring dataset, I will test and compare the reconstruction scores for the
cases :
1. with entire chronologies.
2. with those chronologies from the full dataset that significant at 95%
confident level with at least one out of four or six closest instrumental
gridpoints.
3. the same as case 1 but the proxy will be regional PCs.
4. the same as case 2 but the proxy will be regional PCs.
Note: for simplicity, the regions could be like that, region1 (70N-90N),
region2 (70N-50N,0E-20E), and so on, some box region change may depend on
land/ocean distribution.

Zhang

-----Original Message-----
From: Scott Rutherford [mailto:srutherford@rwu.edu]
Sent: Tuesday, August 03, 2004 11:40 AM
To: zhihua zhang; Mann Mike; Bradley Raymond; Hughes Malcolm;
fenbiao@ltrr.arizona.edu
Subject: proxy database

Zhang et al.,

We should start to get ready to perform the correlations between all
the proxies and the instrumental data so that when the proxy network is
complete we are ready to go.

I think what we want to do is the correlation between each proxy and
the instrumental temperature and precipitation data for the same
gridbox as well as the next closest gridbox. For example, if a proxy is
located at 45.2 N and 72.1 W then it should be correlated with the
instrumental data centered at 47.5N 72.5W and 42.5N 72.5N. I think the
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easiest way to do this is to just calculate the great-circle distance
from the Lat/Long of the proxy to all the gridbox centers then find the
two shortest distances. Below is a matlab code to do this. It was
originally written to find the closest coastline location to an ocean
lat/long. So lon2/lat2 would be the instrumental lat/long locations and
lon1/Iat1 would be the lat/long of each proxy.  The code only finds the
closest point but it can be easily modified.

Now for the correlations. Once we find the two closes gridbox centers,
then we do the correlation using the available instrumental values.
Since we have to cut the MXD data at 1960 we can either do the MXD
correlations 1900-1960 and all others 1900-1980 or do everything
1900-1960. We also have to decide if we are going to look at the
correlations on the detrended data or the raw data (linearly  detrended
is probably the way to go (Mike?).

Other things to consider:

1) I don't think we should be correlating to infilled instrumental
data. We should stick with available instrumental data. So, what do we
do about correlations at  low-frequency. We have to filter over missing
values. Just linearly interpolate first? I think that is simpler and
easier to defend compared to RegEM infilled.

2) At what time scales should we do the correlations? Obviously annual.
Should we do 10 years or 20 years or both?

3) How many available instrumental values and how close should the
instrumental data have to be to perform the correlation? If there is
not enough instrumental data (e.g. 80% complete 1900-1960) in the
adjacent gridboxes, do we look farther out; do we drop the proxy?

Comments? Suggestions?

Scott

----------------------------------------------
% matlab great-circle distance program

a = 6378 %km (3963 mi) Equatorial radius (surface to center distance)
b = 6357 %km (3950 mi) Polar radius (surface to center distance)
e = 0.081082 %Eccentricity
                 lon1=long(:,1)*pi/180;
                 lat1=long(:,2)*pi/180;
                 lon2=coast(:,1)*pi/180;
                 lat2=coast(:,2)*pi/180;

for i=1:length(long)
                 r = a * sqrt(1 - e^2) / (1 - e^2 *
(sin(lat1(i)))^2);%radius of curvature
                 dlon = lon2 - lon1(i);
                 dlat = lat2 - lat1(i);
                 one = (sin(dlat/2)).^2 +
cos(lat1(i)).*cos(lat2).*(sin(dlon/2)).^2;
                 c = 2 * atan2( sqrt(one),sqrt(1-one) );
                 d = r.*c; % that gives the distance to all points in
"coast"
              nearest(i)=min(d);
end
------------------------------------------
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From: Scott Rutherford
To: zhihua zhang; Mann Mike; Bradley Raymond; Hughes Malcolm; fenbiao@ltrr.arizona.edu
Subject: proxy database
Date: Tuesday, August 03, 2004 8:41:29 AM

Zhang et al.,

We should start to get ready to perform the correlations between all
the proxies and the instrumental data so that when the proxy network is
complete we are ready to go.

I think what we want to do is the correlation between each proxy and
the instrumental temperature and precipitation data for the same
gridbox as well as the next closest gridbox. For example, if a proxy is
located at 45.2 N and 72.1 W then it should be correlated with the
instrumental data centered at 47.5N 72.5W and 42.5N 72.5N. I think the
easiest way to do this is to just calculate the great-circle distance
from the Lat/Long of the proxy to all the gridbox centers then find the
two shortest distances. Below is a matlab code to do this. It was
originally written to find the closest coastline location to an ocean
lat/long. So lon2/lat2 would be the instrumental lat/long locations and
lon1/Iat1 would be the lat/long of each proxy.  The code only finds the
closest point but it can be easily modified.

Now for the correlations. Once we find the two closes gridbox centers,
then we do the correlation using the available instrumental values. 
Since we have to cut the MXD data at 1960 we can either do the MXD
correlations 1900-1960 and all others 1900-1980 or do everything
1900-1960. We also have to decide if we are going to look at the
correlations on the detrended data or the raw data (linearly  detrended
is probably the way to go (Mike?).

Other things to consider:

1) I don't think we should be correlating to infilled instrumental
data. We should stick with available instrumental data. So, what do we
do about correlations at  low-frequency. We have to filter over missing
values. Just linearly interpolate first? I think that is simpler and
easier to defend compared to RegEM infilled.

2) At what time scales should we do the correlations? Obviously annual.
Should we do 10 years or 20 years or both?

3) How many available instrumental values and how close should the
instrumental data have to be to perform the correlation? If there is
not enough instrumental data (e.g. 80% complete 1900-1960) in the
adjacent gridboxes, do we look farther out; do we drop the proxy?

Comments? Suggestions?

Scott

----------------------------------------------
% matlab great-circle distance program

a = 6378 %km (3963 mi) Equatorial radius (surface to center distance)
b = 6357 %km (3950 mi) Polar radius (surface to center distance)
e = 0.081082 %Eccentricity
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                 lon1=long(:,1)*pi/180;
                 lat1=long(:,2)*pi/180;
                 lon2=coast(:,1)*pi/180;
                 lat2=coast(:,2)*pi/180;

for i=1:length(long)
                 r = a * sqrt(1 - e^2) / (1 - e^2 *
(sin(lat1(i)))^2);%radius of curvature
                 dlon = lon2 - lon1(i);
                 dlat = lat2 - lat1(i);
                 one = (sin(dlat/2)).^2 +
cos(lat1(i)).*cos(lat2).*(sin(dlon/2)).^2;
                 c = 2 * atan2( sqrt(one),sqrt(1-one) );
                 d = r.*c; % that gives the distance to all points in
"coast"
              nearest(i)=min(d);
end
------------------------------------------

______________________________________________
Assistant Professor
Dept. of Natural Sciences
Roger Williams University
e-mail: srutherford@rwu.edu
http://fox.rwu.edu/~rutherfo
phone: 
snail mail:
One Ferry Road
Bristol, RI 02809
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From: Zhang, Zhihua
To: Michael E. Mann; Scott Rutherford
Cc: Malcolm Hughes; fenbiao@ltrr.arizona.edu; Bradley Raymond
Subject: RE: reconstruction
Date: Monday, August 02, 2004 9:55:50 AM

I agree that we try an analysis first w/out having replaced *any* data by PCs, i.e., an "all proxy" analysis to make
sure that if using PCs gives an improvement!
 
Zhnag

-----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu]
Sent: Monday, August 02, 2004 12:22 PM
To: Scott Rutherford
Cc: Zhang, Zhihua; Malcolm Hughes; fenbiao@ltrr.arizona.edu; Bradley Raymond; mann@virginia.edu
Subject: Re: reconstruction

HI Scott, Zhang, et al...

See below,

Mike

At 11:15 AM 8/2/2004, Scott Rutherford wrote:

A few comments below: 

On Monday, August 2, 2004, at 07:46  AM, Michael E. Mann wrote: 

HI Zhankg, 

Thanks for your comments. Some replies below. I encourage further
feedback from others, 

Mike 

At 11:40 PM 8/1/2004, Zhang, Zhihua wrote: 

Dear All, 

 <?xml:namespace prefix = o ns = "urn:schemas-microsoft-com:office:office" /> 

I am planning to do some test reconstruction of global SLP based on tree ring
proxy that can be a preparation work for future reconstruction of climate field rest
on multi-proxy data when the multi-proxy dataset is ready. 

  

Maybe the most merit of this work is to write the scripts which can server final
climate reconstruction and to go through some specific problems that we may
meet later. 

  

Mike concerned the potential redundant proxy data problem in the previous
discussion. To solve this problem in performing reconstruction, may we just
compare those proxy series (e.g. tree chronologies) that located at the same sites,
if the proxy series exhibit very high correlation (say r=0.98), then we only take
one of the proxy series in the reconstruction while get rid of the others. 
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Good safety check 

Mike suggested using principal components of proxy data in data rich regions. It
is a very good process for solving weight problem. I think, for tree ring, the
regions need to do PCs would be North American and European areas. May it be
appropriate we separate North American into west half and east half to extract
PCs for retaining more climate information? 

  

Worth trying this decomposition as a first cut. One question: will
screening for apparent regional climate signal be done before or after
calculation of PCs? It would be worth considering both alternatives. 

My thought is to screen for the climate signal first. I think that should be the first
step for the inclusion of ANY series into the network. That makes things a little tricky
though because we may want to test the effect of changing the threshold for
inclusion (fewer, high-quality proxies). Then all the PCs would have to be recalculated
over each time interval. On the other hand we could hope (assume?) that the series
that are weakly-related or unrelated to climate would fall into the higher-order PCs
and be removed anyway. How about if we set an initial minimum threshold for
inclusion at the most basic level then do the PCs on what remains. It would probably
be worthwhile to do at least one test where we set a higher threshold then do the
PCs, as Mike suggested. It would be ideal to automate the process where one sets
the correlation threshold for a series then calculates all the PCs on the fly, but I fear
that would be a real bear to implement. 

Yes, in fact this raises another importnat issue. A simple "cluster analysis" for choosing spatial
regions as Zhang suggests won't work if there is a mixed temperature/precip signal in the data.
So any clustering or PCA decomposition of the data should be based on the use of tree-ring data
that have already been pre-sorted for the nature of the underlying signal.

Of course, we'll probably want to try an analysis first w/out having replaced *any* data by PCs,
i.e., an "all proxy" analysis, as Scott refers to it, before we even start replacing networks by PCs.
We need to make sure that this gives an improvement!

There are several other regions besides North America and Europe to be
considered by the way: Australia/Tasmania; South America; New Zealand 

Because when we reconstruct climate fields back in time, the available tree sites
will be reduced (e.g. back to 1400 we may have 20 chronologies in east half of
North American). Do we need to set a criterion for the least numbers of proxy
series required to use PCs ( if there are only 5 or 6 proxy series it may not be
necessary to use PCs)? 

I would recommend that we not use PCs if there are less than 6 series in
a network... 

  

It need complete data matrix to calculate PCs (no missing data were allowed). In
North American, some older chronologies end in 1970, so, if we use PCs as proxy
data for reconstruction, the overlapped interval between proxy and instrumental
climate data will be 1871-1970 (for global SLP). It would be a great waste of
climate information retained in many chronologies that have more recent data.
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Can we use RegEM method to extend those early-ended tree chronologies to 1980
or more before calculating PCs? Doing this is somewhat like we directly put tree
chronologies and instrumental data together to run RegEM (for reconstruction)
when gaps in the early-ended tree chronologies will be treat as missing data for
infilling. 

  

Using RegEM to complete these series is one option. Ending on the
earliest end year of any consistuent series (i.e., 1971 in the case of the
North American ITRDB data) is the other. It probably doesn't make much
of a difference in the end which we do, and the latter option would be
easiest. 

The second option would be the easiest to implement and remove a potential
criticism.

Yes!

Looking forward to more comments from all of you. 

  

Many thanks, 

  

Fenbiao, there are 6 chronologies (RUSS023,027,030,073,093,099X_CRN) from
briffaSchweingruber130 that have the end year exceed 2100, which may result
from one or two sample shift when forming chronologies. Do you think it would
cause some quality problem? 

  
Zhang 

______________________________________________________________ 
                    Professor Michael E. Mann 
           Department of Environmental Sciences, Clark Hall 
                      University of Virginia 
                     Charlottesville, VA 22903 
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________ 
Assistant Professor 
Dept. of Natural Sciences 
Roger Williams University 
e-mail: srutherford@rwu.edu 
http://fox.rwu.edu/~rutherfo 
phone:  
snail mail: 
One Ferry Road 
Bristol, RI 02809 
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                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Scott Rutherford
Cc: Zhang, Zhihua; Malcolm Hughes; fenbiao@ltrr.arizona.edu; Bradley Raymond; mann@virginia.edu
Subject: Re: reconstruction
Date: Monday, August 02, 2004 9:25:52 AM

HI Scott, Zhang, et al...

See below,

Mike

At 11:15 AM 8/2/2004, Scott Rutherford wrote:

A few comments below: 

On Monday, August 2, 2004, at 07:46  AM, Michael E. Mann wrote: 

HI Zhankg, 

Thanks for your comments. Some replies below. I encourage further
feedback from others, 

Mike 

At 11:40 PM 8/1/2004, Zhang, Zhihua wrote: 

Dear All, 

 <?xml:namespace prefix = o ns = "urn:schemas-microsoft-com:office:office" /> 

I am planning to do some test reconstruction of global SLP based on tree ring
proxy that can be a preparation work for future reconstruction of climate field rest
on multi-proxy data when the multi-proxy dataset is ready. 

  

Maybe the most merit of this work is to write the scripts which can server final
climate reconstruction and to go through some specific problems that we may
meet later. 

  

Mike concerned the potential redundant proxy data problem in the previous
discussion. To solve this problem in performing reconstruction, may we just
compare those proxy series (e.g. tree chronologies) that located at the same sites,
if the proxy series exhibit very high correlation (say r=0.98), then we only take
one of the proxy series in the reconstruction while get rid of the others. 

Good safety check 

Mike suggested using principal components of proxy data in data rich regions. It
is a very good process for solving weight problem. I think, for tree ring, the
regions need to do PCs would be North American and European areas. May it be
appropriate we separate North American into west half and east half to extract
PCs for retaining more climate information? 
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Worth trying this decomposition as a first cut. One question: will
screening for apparent regional climate signal be done before or after
calculation of PCs? It would be worth considering both alternatives. 

My thought is to screen for the climate signal first. I think that should be the first
step for the inclusion of ANY series into the network. That makes things a little tricky
though because we may want to test the effect of changing the threshold for
inclusion (fewer, high-quality proxies). Then all the PCs would have to be recalculated
over each time interval. On the other hand we could hope (assume?) that the series
that are weakly-related or unrelated to climate would fall into the higher-order PCs
and be removed anyway. How about if we set an initial minimum threshold for
inclusion at the most basic level then do the PCs on what remains. It would probably
be worthwhile to do at least one test where we set a higher threshold then do the
PCs, as Mike suggested. It would be ideal to automate the process where one sets
the correlation threshold for a series then calculates all the PCs on the fly, but I fear
that would be a real bear to implement. 

Yes, in fact this raises another importnat issue. A simple "cluster analysis" for choosing spatial
regions as Zhang suggests won't work if there is a mixed temperature/precip signal in the data.
So any clustering or PCA decomposition of the data should be based on the use of tree-ring data
that have already been pre-sorted for the nature of the underlying signal.

Of course, we'll probably want to try an analysis first w/out having replaced *any* data by PCs,
i.e., an "all proxy" analysis, as Scott refers to it, before we even start replacing networks by PCs.
We need to make sure that this gives an improvement!

There are several other regions besides North America and Europe to be
considered by the way: Australia/Tasmania; South America; New Zealand 

Because when we reconstruct climate fields back in time, the available tree sites
will be reduced (e.g. back to 1400 we may have 20 chronologies in east half of
North American). Do we need to set a criterion for the least numbers of proxy
series required to use PCs ( if there are only 5 or 6 proxy series it may not be
necessary to use PCs)? 

I would recommend that we not use PCs if there are less than 6 series in
a network... 

  

It need complete data matrix to calculate PCs (no missing data were allowed). In
North American, some older chronologies end in 1970, so, if we use PCs as proxy
data for reconstruction, the overlapped interval between proxy and instrumental
climate data will be 1871-1970 (for global SLP). It would be a great waste of
climate information retained in many chronologies that have more recent data.
Can we use RegEM method to extend those early-ended tree chronologies to 1980
or more before calculating PCs? Doing this is somewhat like we directly put tree
chronologies and instrumental data together to run RegEM (for reconstruction)
when gaps in the early-ended tree chronologies will be treat as missing data for
infilling. 
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Using RegEM to complete these series is one option. Ending on the
earliest end year of any consistuent series (i.e., 1971 in the case of the
North American ITRDB data) is the other. It probably doesn't make much
of a difference in the end which we do, and the latter option would be
easiest. 

The second option would be the easiest to implement and remove a potential
criticism.

Yes!

Looking forward to more comments from all of you. 

  

Many thanks, 

  

Fenbiao, there are 6 chronologies (RUSS023,027,030,073,093,099X_CRN) from
briffaSchweingruber130 that have the end year exceed 2100, which may result
from one or two sample shift when forming chronologies. Do you think it would
cause some quality problem? 

  
Zhang 

______________________________________________________________ 
                    Professor Michael E. Mann 
           Department of Environmental Sciences, Clark Hall 
                      University of Virginia 
                     Charlottesville, VA 22903 
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________ 
Assistant Professor 
Dept. of Natural Sciences 
Roger Williams University 
e-mail: srutherford@rwu.edu 
http://fox.rwu.edu/~rutherfo 
phone:  
snail mail: 
One Ferry Road 
Bristol, RI 02809 
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                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Scott Rutherford
To: Michael E. Mann
Cc: Zhang, Zhihua; Malcolm Hughes; fenbiao@ltrr.arizona.edu; Bradley Raymond
Subject: Re: reconstruction
Date: Monday, August 02, 2004 8:15:59 AM

A few comments below:

On Monday, August 2, 2004, at 07:46 AM, Michael E. Mann wrote:

HI Zhankg,

Thanks for your comments. Some replies below. I encourage further feedback
from others,

Mike

At 11:40 PM 8/1/2004, Zhang, Zhihua wrote:

Dear All,

 <?xml:namespace prefix = o ns = "urn:schemas-microsoft-com:office:office"
/>

I am planning to do some test reconstruction of global SLP based on tree ring
proxy that can be a preparation work for future reconstruction of climate field
rest on multi-proxy data when the multi-proxy dataset is ready.

 

Maybe the most merit of this work is to write the scripts which can server final
climate reconstruction and to go through some specific problems that we may
meet later.

 

Mike concerned the potential redundant proxy data problem in the previous
discussion. To solve this problem in performing reconstruction, may we just
compare those proxy series (e.g. tree chronologies) that located at the same
sites, if the proxy series exhibit very high correlation (say r=0.98), then we only
take one of the proxy series in the reconstruction while get rid of the others.

Good safety check

 

Mike suggested using principal components of proxy data in data rich regions. It
is a very good process for solving weight problem. I think, for tree ring, the
regions need to do PCs would be North American and European areas. May it
be appropriate we separate North American into west half and east half to
extract PCs for retaining more climate information?
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Worth trying this decomposition as a first cut. One question: will screening for
apparent regional climate signal be done before or after calculation of PCs? It
would be worth considering both alternatives.

My thought is to screen for the climate signal first. I think that should be the first step for
the inclusion of ANY series into the network. That makes things a little tricky though
because we may want to test the effect of changing the threshold for inclusion (fewer,
high-quality proxies). Then all the PCs would have to be recalculated over each time
interval. On the other hand we could hope (assume?) that the series that are weakly-
related or unrelated to climate would fall into the higher-order PCs and be removed
anyway. How about if we set an initial minimum threshold for inclusion at the most basic
level then do the PCs on what remains. It would probably be worthwhile to do at least one
test where we set a higher threshold then do the PCs, as Mike suggested. It would be ideal
to automate the process where one sets the correlation threshold for a series then
calculates all the PCs on the fly, but I fear that would be a real bear to implement. 

There are several other regions besides North America and Europe to be
considered by the way: Australia/Tasmania; South America; New Zealand

Because when we reconstruct climate fields back in time, the available tree
sites will be reduced (e.g. back to 1400 we may have 20 chronologies in east
half of North American). Do we need to set a criterion for the least numbers of
proxy series required to use PCs ( if there are only 5 or 6 proxy series it may
not be necessary to use PCs)?

I would recommend that we not use PCs if there are less than 6 series in a
network...

 

It need complete data matrix to calculate PCs (no missing data were allowed).
In North American, some older chronologies end in 1970, so, if we use PCs as
proxy data for reconstruction, the overlapped interval between proxy and
instrumental climate data will be 1871-1970 (for global SLP). It would be a
great waste of climate information retained in many chronologies that have
more recent data. Can we use RegEM method to extend those early-ended tree
chronologies to 1980 or more before calculating PCs? Doing this is somewhat
like we directly put tree chronologies and instrumental data together to run
RegEM (for reconstruction) when gaps in the early-ended tree chronologies will
be treat as missing data for infilling.

 

Using RegEM to complete these series is one option. Ending on the earliest end
year of any consistuent series (i.e., 1971 in the case of the North American
ITRDB data) is the other. It probably doesn't make much of a difference in the
end which we do, and the latter option would be easiest.

The second option would be the easiest to implement and remove a potential criticism.
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Looking forward to more comments from all of you.

 

Many thanks,

 

Fenbiao, there are 6 chronologies (RUSS023,027,030,073,093,099X_CRN) from
briffaSchweingruber130 that have the end year exceed 2100, which may result
from one or two sample shift when forming chronologies. Do you think it would
cause some quality problem?

 
Zhang

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________
Assistant Professor
Dept. of Natural Sciences
Roger Williams University
e-mail: srutherford@rwu.edu
http://fox.rwu.edu/~rutherfo
phone: 
snail mail:
One Ferry Road
Bristol, RI 02809
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From: Zhang, Zhihua
To: Michael E. Mann; Scott Rutherford
Cc: Malcolm Hughes; fenbiao@ltrr.arizona.edu; Bradley Raymond
Subject: RE: reconstruction
Date: Monday, August 02, 2004 8:15:37 AM

Thanks Mike.
 
I will take your and possible other people's comments in reconstruction.
 
I will try to use claster method to get roughly homogeneous climate regions where PCs will be taken from
proxy data.
 
Zhang

-----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu]
Sent: Monday, August 02, 2004 7:47 AM
To: Zhang, Zhihua; Scott Rutherford
Cc: Malcolm Hughes; fenbiao@ltrr.arizona.edu; Bradley Raymond; mann@virginia.edu
Subject: Re: reconstruction

HI Zhankg,

Thanks for your comments. Some replies below. I encourage further feedback from
others,

Mike

At 11:40 PM 8/1/2004, Zhang, Zhihua wrote:

Dear All,

 <?xml:namespace prefix = o ns = "urn:schemas-microsoft-com:office:office" />

I am planning to do some test reconstruction of global SLP based on tree ring
proxy that can be a preparation work for future reconstruction of climate field rest
on multi-proxy data when the multi-proxy dataset is ready.

 

Maybe the most merit of this work is to write the scripts which can server final
climate reconstruction and to go through some specific problems that we may
meet later.

 

Mike concerned the potential redundant proxy data problem in the previous
discussion. To solve this problem in performing reconstruction, may we just
compare those proxy series (e.g. tree chronologies) that located at the same sites,
if the proxy series exhibit very high correlation (say r=0.98), then we only take
one of the proxy series in the reconstruction while get rid of the others.

 

Mike suggested using principal components of proxy data in data rich regions. It
is a very good process for solving weight problem. I think, for tree ring, the
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regions need to do PCs would be North American and European areas. May it be
appropriate we separate North American into west half and east half to extract
PCs for retaining more climate information?

 

Worth trying this decomposition as a first cut. One question: will screening for
apparent regional climate signal be done before or after calculation of PCs? It would
be worth considering both alternatives.

There are several other regions besides North America and Europe to be considered
by the way: Australia/Tasmania; South America; New Zealand

Because when we reconstruct climate fields back in time, the available tree sites
will be reduced (e.g. back to 1400 we may have 20 chronologies in east half of
North American). Do we need to set a criterion for the least numbers of proxy
series required to use PCs ( if there are only 5 or 6 proxy series it may not be
necessary to use PCs)?

I would recommend that we not use PCs if there are less than 6 series in a network...

It need complete data matrix to calculate PCs (no missing data were allowed). In
North American, some older chronologies end in 1970, so, if we use PCs as proxy
data for reconstruction, the overlapped interval between proxy and instrumental
climate data will be 1871-1970 (for global SLP). It would be a great waste of
climate information retained in many chronologies that have more recent data.
Can we use RegEM method to extend those early-ended tree chronologies to 1980
or more before calculating PCs? Doing this is somewhat like we directly put tree
chronologies and instrumental data together to run RegEM (for reconstruction)
when gaps in the early-ended tree chronologies will be treat as missing data for
infilling. 

 

Using RegEM to complete these series is one option. Ending on the earliest end year
of any consistuent series (i.e., 1971 in the case of the North American ITRDB data) is
the other. It probably doesn't make much of a difference in the end which we do,
and the latter option would be easiest. 

Looking forward to more comments from all of you.

 

Many thanks,
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Fenbiao, there are 6 chronologies (RUSS023,027,030,073,093,099X_CRN) from
briffaSchweingruber130 that have the end year exceed 2100, which may result
from one or two sample shift when forming chronologies. Do you think it would
cause some quality problem?

 
Zhang

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Zhang, Zhihua; Scott Rutherford
Cc: Malcolm Hughes; fenbiao@ltrr.arizona.edu; Bradley Raymond; mann@virginia.edu
Subject: Re: reconstruction
Date: Monday, August 02, 2004 4:49:53 AM

HI Zhankg,

Thanks for your comments. Some replies below. I encourage further feedback from
others,

Mike

At 11:40 PM 8/1/2004, Zhang, Zhihua wrote:

Dear All,

 <?xml:namespace prefix = o ns = "urn:schemas-microsoft-com:office:office" />

I am planning to do some test reconstruction of global SLP based on tree ring
proxy that can be a preparation work for future reconstruction of climate field rest
on multi-proxy data when the multi-proxy dataset is ready.

 

Maybe the most merit of this work is to write the scripts which can server final
climate reconstruction and to go through some specific problems that we may
meet later.

 

Mike concerned the potential redundant proxy data problem in the previous
discussion. To solve this problem in performing reconstruction, may we just
compare those proxy series (e.g. tree chronologies) that located at the same sites,
if the proxy series exhibit very high correlation (say r=0.98), then we only take
one of the proxy series in the reconstruction while get rid of the others.

 

Mike suggested using principal components of proxy data in data rich regions. It
is a very good process for solving weight problem. I think, for tree ring, the
regions need to do PCs would be North American and European areas. May it be
appropriate we separate North American into west half and east half to extract
PCs for retaining more climate information?

 

Worth trying this decomposition as a first cut. One question: will screening for
apparent regional climate signal be done before or after calculation of PCs? It would
be worth considering both alternatives.
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There are several other regions besides North America and Europe to be considered
by the way: Australia/Tasmania; South America; New Zealand

Because when we reconstruct climate fields back in time, the available tree sites
will be reduced (e.g. back to 1400 we may have 20 chronologies in east half of
North American). Do we need to set a criterion for the least numbers of proxy
series required to use PCs ( if there are only 5 or 6 proxy series it may not be
necessary to use PCs)?

I would recommend that we not use PCs if there are less than 6 series in a network...

It need complete data matrix to calculate PCs (no missing data were allowed). In
North American, some older chronologies end in 1970, so, if we use PCs as proxy
data for reconstruction, the overlapped interval between proxy and instrumental
climate data will be 1871-1970 (for global SLP). It would be a great waste of
climate information retained in many chronologies that have more recent data.
Can we use RegEM method to extend those early-ended tree chronologies to 1980
or more before calculating PCs? Doing this is somewhat like we directly put tree
chronologies and instrumental data together to run RegEM (for reconstruction)
when gaps in the early-ended tree chronologies will be treat as missing data for
infilling. 

 

Using RegEM to complete these series is one option. Ending on the earliest end year
of any consistuent series (i.e., 1971 in the case of the North American ITRDB data) is
the other. It probably doesn't make much of a difference in the end which we do,
and the latter option would be easiest. 

Looking forward to more comments from all of you.

 

Many thanks,

 

Fenbiao, there are 6 chronologies (RUSS023,027,030,073,093,099X_CRN) from
briffaSchweingruber130 that have the end year exceed 2100, which may result
from one or two sample shift when forming chronologies. Do you think it would
cause some quality problem?

 
Zhang
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______________________________________________________________
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From: Michael E. Mann
To: Malcolm Hughes
Cc: Scott Rutherford; raymond s. bradley; mann@virginia.edu
Subject: Re: coral data
Date: Wednesday, July 28, 2004 4:11:03 PM

so the proxy network will include a large number of lake sediments, and other decadally-resolved proxy
records, that I've previously point out (some time ago). Scott has a list of various such records which he in
the process of adding to the network.

Once we've assembled the network, we can have a "comment period" where we can all criticize the
inclusion or disclusion of certain indicators, and discuss whether we believe they should be used in high-
freq, low-freq, or both...

Again, Scott should be coordinating this process, and I expect we should be ready for this stage within a
few weeks,

mike

At 06:51 PM 7/28/2004, Malcolm Hughes wrote:

Ray - for the 98 effort we tried to screen proxies for not only climate signal but also temporal
resolution and dating quality. How do the various coral records stand up on these criteria?
Cheers, Malcolm
Michael E. Mann wrote:

Sounds find Scott,

However makes the most sense, just as long as the screening procedure is in place
and can be described and reproduced easily...

Mike

At 04:08 PM 7/28/2004, Scott Rutherford wrote:

Mike,

I had not planned on doing the screening with the GUI. I though we
would just do the instrumental correlations over a standard lat/long range
(average of available surrounding and co-located gridboxes?). Then the
GUI would be used to select the minimum correlation for inclusion in the
database.

Scott

On Wednesday, July 28, 2004, at 03:59  PM, Michael E. Mann wrote:

Hi Ray,

I think Scott and I both agree that we want to let candidate
predictors at least get a chance to compete in the automated
screening process. So lets screen all of these  in initially, i.e.,
include them in our database.  If they don't correlate
significantly with local temperature or precipitation records
during the subsequent screening process, we're likely to
choose to drop then, although we're going to want to
experiment w/ sensitivity tests regarding screening correlation
thresholds, etc.--i.e., see how sensitive the reconstructions
actually are to what we include/disclude...

It occurs to me that we're going to need lat/lon coordinates for
all predictors so that we can choose an appropriate region for
looking at the instrumental correlations (Scott: have we
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incorporated this in to the GUI yet?).

One note about Galopagos: it used to go through 1979 or
1980, right? I think they decided there were age model errors
in the recent decades, hence the post 1952 values have
apparently now been eliminated. Actually, this isn't a problem
for the RegEM approach. We don't need the series to be
complete over the calibration interval, so might as well not
include the post 1952 values which are believed to have dating
errors. No need to infill any missing values either, which is a
plus...

mike

At 03:38 PM 7/28/2004, raymond s. bradley wrote:

Reviewing the available long (pre-1850 start date) coral
records, the best for our purposes are:
Egypt/Red Sea 1788+
Maiana Atoll 1840+
Galapagos 1607+ (but ends 1952...)
Seychelles 1847+
Rarotonga 1727+
New Caledonia 1658+
Houtman Is  1795+

These have demonstrated a generally consistent, statistically
significant relationship to either SSTs &/or the SOI index.

There are a few other long records (notably Vanuatu, 1807+,
Aquaba 1788+ & Secas Is, 1708+) that don't show any
statistically significant relationship to local SSTs, rainfall or
SOI.  I therefore think that we should exclude these.

The alternative is just to throw everything in the pot & see
what floats....if you think that is the approach we should take,
let me know.  I'm just afraid that this might introduce a lot of
superfluous rubbish into the mix, & it might be better to pre-
filter the records for a least some evidence of a useful climate
signal. This will come up again vis a vis other records (ice
cores, especially) so it's an important issue, I think

What do you think?
ray

*Raymond S. Bradley
*Director, *Climate System Research Center**
Department of Geosciences, University of Massachusetts
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel: 
Fax: 
**Climate System Research Center: 
        *<_http://www.paleoclimate.org_>
*/Paleoclimatology/* Book Web Site:
_http://www.geo.umass.edu/climate/paleo/html_

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
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From: Michael E. Mann
To: Malcolm Hughes
Cc: Scott Rutherford; raymond s. bradley; mann@virginia.edu
Subject: Re: coral data
Date: Wednesday, July 28, 2004 4:11:03 PM

so the proxy network will include a large number of lake sediments, and other decadally-resolved proxy
records, that I've previously point out (some time ago). Scott has a list of various such records which he in
the process of adding to the network.

Once we've assembled the network, we can have a "comment period" where we can all criticize the
inclusion or disclusion of certain indicators, and discuss whether we believe they should be used in high-
freq, low-freq, or both...

Again, Scott should be coordinating this process, and I expect we should be ready for this stage within a
few weeks,

mike

At 06:51 PM 7/28/2004, Malcolm Hughes wrote:

Ray - for the 98 effort we tried to screen proxies for not only climate signal but also temporal
resolution and dating quality. How do the various coral records stand up on these criteria?
Cheers, Malcolm
Michael E. Mann wrote:

Sounds find Scott,

However makes the most sense, just as long as the screening procedure is in place
and can be described and reproduced easily...

Mike

At 04:08 PM 7/28/2004, Scott Rutherford wrote:

Mike,

I had not planned on doing the screening with the GUI. I though we
would just do the instrumental correlations over a standard lat/long range
(average of available surrounding and co-located gridboxes?). Then the
GUI would be used to select the minimum correlation for inclusion in the
database.

Scott

On Wednesday, July 28, 2004, at 03:59  PM, Michael E. Mann wrote:

Hi Ray,

I think Scott and I both agree that we want to let candidate
predictors at least get a chance to compete in the automated
screening process. So lets screen all of these  in initially, i.e.,
include them in our database.  If they don't correlate
significantly with local temperature or precipitation records
during the subsequent screening process, we're likely to
choose to drop then, although we're going to want to
experiment w/ sensitivity tests regarding screening correlation
thresholds, etc.--i.e., see how sensitive the reconstructions
actually are to what we include/disclude...

It occurs to me that we're going to need lat/lon coordinates for
all predictors so that we can choose an appropriate region for
looking at the instrumental correlations (Scott: have we
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incorporated this in to the GUI yet?).

One note about Galopagos: it used to go through 1979 or
1980, right? I think they decided there were age model errors
in the recent decades, hence the post 1952 values have
apparently now been eliminated. Actually, this isn't a problem
for the RegEM approach. We don't need the series to be
complete over the calibration interval, so might as well not
include the post 1952 values which are believed to have dating
errors. No need to infill any missing values either, which is a
plus...

mike

At 03:38 PM 7/28/2004, raymond s. bradley wrote:

Reviewing the available long (pre-1850 start date) coral
records, the best for our purposes are:
Egypt/Red Sea 1788+
Maiana Atoll 1840+
Galapagos 1607+ (but ends 1952...)
Seychelles 1847+
Rarotonga 1727+
New Caledonia 1658+
Houtman Is  1795+

These have demonstrated a generally consistent, statistically
significant relationship to either SSTs &/or the SOI index.

There are a few other long records (notably Vanuatu, 1807+,
Aquaba 1788+ & Secas Is, 1708+) that don't show any
statistically significant relationship to local SSTs, rainfall or
SOI.  I therefore think that we should exclude these.

The alternative is just to throw everything in the pot & see
what floats....if you think that is the approach we should take,
let me know.  I'm just afraid that this might introduce a lot of
superfluous rubbish into the mix, & it might be better to pre-
filter the records for a least some evidence of a useful climate
signal. This will come up again vis a vis other records (ice
cores, especially) so it's an important issue, I think

What do you think?
ray

*Raymond S. Bradley
*Director, *Climate System Research Center**
Department of Geosciences, University of Massachusetts
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel: 
Fax: 
**Climate System Research Center: 
        *<_http://www.paleoclimate.org_>
*/Paleoclimatology/* Book Web Site:
_http://www.geo.umass.edu/climate/paleo/html_

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
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From: Michael E. Mann
To: Malcolm Hughes
Cc: Scott Rutherford; raymond s. bradley; mann@virginia.edu
Subject: Re: coral data
Date: Wednesday, July 28, 2004 4:02:22 PM

HI Guys

Well, in the new analyses the plan is to allow non-annually resolved data if we believe they have reasonable
age models on decadal timescales...

Mike

At 06:51 PM 7/28/2004, Malcolm Hughes wrote:

Ray - for the 98 effort we tried to screen proxies for not only climate signal but also temporal
resolution and dating quality. How do the various coral records stand up on these criteria?
Cheers, Malcolm
Michael E. Mann wrote:

Sounds find Scott,

However makes the most sense, just as long as the screening procedure is in place
and can be described and reproduced easily...

Mike

At 04:08 PM 7/28/2004, Scott Rutherford wrote:

Mike,

I had not planned on doing the screening with the GUI. I though we
would just do the instrumental correlations over a standard lat/long range
(average of available surrounding and co-located gridboxes?). Then the
GUI would be used to select the minimum correlation for inclusion in the
database.

Scott

On Wednesday, July 28, 2004, at 03:59  PM, Michael E. Mann wrote:

Hi Ray,

I think Scott and I both agree that we want to let candidate
predictors at least get a chance to compete in the automated
screening process. So lets screen all of these  in initially, i.e.,
include them in our database.  If they don't correlate
significantly with local temperature or precipitation records
during the subsequent screening process, we're likely to
choose to drop then, although we're going to want to
experiment w/ sensitivity tests regarding screening correlation
thresholds, etc.--i.e., see how sensitive the reconstructions
actually are to what we include/disclude...

It occurs to me that we're going to need lat/lon coordinates for
all predictors so that we can choose an appropriate region for
looking at the instrumental correlations (Scott: have we
incorporated this in to the GUI yet?).

One note about Galopagos: it used to go through 1979 or
1980, right? I think they decided there were age model errors
in the recent decades, hence the post 1952 values have
apparently now been eliminated. Actually, this isn't a problem
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for the RegEM approach. We don't need the series to be
complete over the calibration interval, so might as well not
include the post 1952 values which are believed to have dating
errors. No need to infill any missing values either, which is a
plus...

mike

At 03:38 PM 7/28/2004, raymond s. bradley wrote:

Reviewing the available long (pre-1850 start date) coral
records, the best for our purposes are:
Egypt/Red Sea 1788+
Maiana Atoll 1840+
Galapagos 1607+ (but ends 1952...)
Seychelles 1847+
Rarotonga 1727+
New Caledonia 1658+
Houtman Is  1795+

These have demonstrated a generally consistent, statistically
significant relationship to either SSTs &/or the SOI index.

There are a few other long records (notably Vanuatu, 1807+,
Aquaba 1788+ & Secas Is, 1708+) that don't show any
statistically significant relationship to local SSTs, rainfall or
SOI.  I therefore think that we should exclude these.

The alternative is just to throw everything in the pot & see
what floats....if you think that is the approach we should take,
let me know.  I'm just afraid that this might introduce a lot of
superfluous rubbish into the mix, & it might be better to pre-
filter the records for a least some evidence of a useful climate
signal. This will come up again vis a vis other records (ice
cores, especially) so it's an important issue, I think

What do you think?
ray

*Raymond S. Bradley
*Director, *Climate System Research Center**
Department of Geosciences, University of Massachusetts
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel: 
Fax: 
**Climate System Research Center: 
        *<_http://www.paleoclimate.org_>
*/Paleoclimatology/* Book Web Site:
_http://www.geo.umass.edu/climate/paleo/html_
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From: Michael E. Mann
To: Scott Rutherford
Cc: raymond s. bradley; mhughes@ltrr.arizona.edu
Subject: Re: coral data
Date: Wednesday, July 28, 2004 1:13:46 PM

Sounds find Scott,

However makes the most sense, just as long as the screening procedure is in place and can be
described and reproduced easily...

Mike

At 04:08 PM 7/28/2004, Scott Rutherford wrote:

Mike, 

I had not planned on doing the screening with the GUI. I though we would just do
the instrumental correlations over a standard lat/long range (average of available
surrounding and co-located gridboxes?). Then the GUI would be used to select the
minimum correlation for inclusion in the database. 

Scott 

On Wednesday, July 28, 2004, at 03:59  PM, Michael E. Mann wrote: 

Hi Ray, 

I think Scott and I both agree that we want to let candidate predictors at
least get a chance to compete in the automated screening process. So lets
screen all of these  in initially, i.e., include them in our database.  If they
don't correlate significantly with local temperature or precipitation records
during the subsequent screening process, we're likely to choose to drop
then, although we're going to want to experiment w/ sensitivity tests
regarding screening correlation thresholds, etc.--i.e., see how sensitive the
reconstructions actually are to what we include/disclude... 

It occurs to me that we're going to need lat/lon coordinates for all
predictors so that we can choose an appropriate region for looking at the
instrumental correlations (Scott: have we incorporated this in to the GUI
yet?). 

One note about Galopagos: it used to go through 1979 or 1980, right? I
think they decided there were age model errors in the recent decades,
hence the post 1952 values have apparently now been eliminated.
Actually, this isn't a problem for the RegEM approach. We don't need the
series to be complete over the calibration interval, so might as well not
include the post 1952 values which are believed to have dating errors. No
need to infill any missing values either, which is a plus... 

mike 

At 03:38 PM 7/28/2004, raymond s. bradley wrote: 

Reviewing the available long (pre-1850 start date) coral records, the best
for our purposes are: 
Egypt/Red Sea 1788+ 
Maiana Atoll 1840+ 
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Galapagos 1607+ (but ends 1952...) 
Seychelles 1847+ 
Rarotonga 1727+ 
New Caledonia 1658+ 
Houtman Is  1795+ 

These have demonstrated a generally consistent, statistically significant
relationship to either SSTs &/or the SOI index. 

There are a few other long records (notably Vanuatu, 1807+, Aquaba
1788+ & Secas Is, 1708+) that don't show any statistically significant
relationship to local SSTs, rainfall or SOI.  I therefore think that we should
exclude these. 

The alternative is just to throw everything in the pot & see what floats....if
you think that is the approach we should take, let me know.  I'm just
afraid that this might introduce a lot of superfluous rubbish into the mix,
& it might be better to pre-filter the records for a least some evidence of
a useful climate signal.  
This will come up again vis a vis other records (ice cores, especially) so
it's an important issue, I think 

What do you think? 
ray 

Raymond S. Bradley 
Director, Climate System Research Center* 
Department of Geosciences, University of Massachusetts 
Morrill Science Center 
611 North Pleasant Street 
AMHERST, MA 01003-9297 

Tel:  
Fax:  
*Climate System Research Center:  
        <http://www.paleoclimate.org> 
Paleoclimatology Book Web Site:
http://www.geo.umass.edu/climate/paleo/html 

______________________________________________________________ 
                    Professor Michael E. Mann 
           Department of Environmental Sciences, Clark Hall 
                      University of Virginia 
                     Charlottesville, VA 22903 
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
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Assistant Professor 
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From: Scott Rutherford
To: Michael E. Mann
Cc: raymond s. bradley; mhughes@ltrr.arizona.edu
Subject: Re: coral data
Date: Wednesday, July 28, 2004 1:09:31 PM

Mike,

I had not planned on doing the screening with the GUI. I though we would just do the
instrumental correlations over a standard lat/long range (average of available surrounding
and co-located gridboxes?). Then the GUI would be used to select the minimum
correlation for inclusion in the database.

Scott

On Wednesday, July 28, 2004, at 03:59 PM, Michael E. Mann wrote:

Hi Ray,

I think Scott and I both agree that we want to let candidate predictors at least
get a chance to compete in the automated screening process. So lets screen all
of these  in initially, i.e., include them in our database.  If they don't correlate
significantly with local temperature or precipitation records during the
subsequent screening process, we're likely to choose to drop then, although
we're going to want to experiment w/ sensitivity tests regarding screening
correlation thresholds, etc.--i.e., see how sensitive the reconstructions actually
are to what we include/disclude...

It occurs to me that we're going to need lat/lon coordinates for all predictors so
that we can choose an appropriate region for looking at the instrumental
correlations (Scott: have we incorporated this in to the GUI yet?).

One note about Galopagos: it used to go through 1979 or 1980, right? I think
they decided there were age model errors in the recent decades, hence the
post 1952 values have apparently now been eliminated. Actually, this isn't a
problem for the RegEM approach. We don't need the series to be complete over
the calibration interval, so might as well not include the post 1952 values which
are believed to have dating errors. No need to infill any missing values either,
which is a plus...

mike

At 03:38 PM 7/28/2004, raymond s. bradley wrote:

Reviewing the available long (pre-1850 start date) coral records, the best for
our purposes are:
Egypt/Red Sea 1788+
Maiana Atoll 1840+
Galapagos 1607+ (but ends 1952...)
Seychelles 1847+
Rarotonga 1727+
New Caledonia 1658+
Houtman Is  1795+

These have demonstrated a generally consistent, statistically significant
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relationship to either SSTs &/or the SOI index.

There are a few other long records (notably Vanuatu, 1807+, Aquaba 1788+ &
Secas Is, 1708+) that don't show any statistically significant relationship to
local SSTs, rainfall or SOI.  I therefore think that we should exclude these.

The alternative is just to throw everything in the pot & see what floats....if you
think that is the approach we should take, let me know.  I'm just afraid that
this might introduce a lot of superfluous rubbish into the mix, & it might be
better to pre-filter the records for a least some evidence of a useful climate
signal. 
This will come up again vis a vis other records (ice cores, especially) so it's an
important issue, I think

What do you think?
ray

Raymond S. Bradley
Director, Climate System Research Center*
Department of Geosciences, University of Massachusetts
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel: 
Fax: 
*Climate System Research Center: 
        <http://www.paleoclimate.org>
Paleoclimatology Book Web Site: http://www.geo.umass.edu/climate/paleo/html

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________
Assistant Professor
Dept. of Natural Sciences
Roger Williams University
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From: Michael E. Mann
To: raymond s. bradley; srutherford@rwu.edu; mhughes@ltrr.arizona.edu
Cc: mann@virginia.edu
Subject: Re: coral data
Date: Wednesday, July 28, 2004 1:01:56 PM

Hi Ray,

I think Scott and I both agree that we want to let candidate predictors at least get a
chance to compete in the automated screening process. So lets screen all of these  in
initially, i.e., include them in our database.  If they don't correlate significantly with
local temperature or precipitation records during the subsequent screening process,
we're likely to choose to drop then, although we're going to want to experiment w/
sensitivity tests regarding screening correlation thresholds, etc.--i.e., see how
sensitive the reconstructions actually are to what we include/disclude...

It occurs to me that we're going to need lat/lon coordinates for all predictors so that
we can choose an appropriate region for looking at the instrumental correlations
(Scott: have we incorporated this in to the GUI yet?).

One note about Galopagos: it used to go through 1979 or 1980, right? I think they
decided there were age model errors in the recent decades, hence the post 1952
values have apparently now been eliminated. Actually, this isn't a problem for the
RegEM approach. We don't need the series to be complete over the calibration
interval, so might as well not include the post 1952 values which are believed to have
dating errors. No need to infill any missing values either, which is a plus...

mike

At 03:38 PM 7/28/2004, raymond s. bradley wrote:

Reviewing the available long (pre-1850 start date) coral records, the best
for our purposes are:
Egypt/Red Sea 1788+
Maiana Atoll 1840+
Galapagos 1607+ (but ends 1952...)
Seychelles 1847+
Rarotonga 1727+
New Caledonia 1658+
Houtman Is  1795+

These have demonstrated a generally consistent, statistically significant
relationship to either SSTs &/or the SOI index.

There are a few other long records (notably Vanuatu, 1807+, Aquaba
1788+ & Secas Is, 1708+) that don't show any statistically significant
relationship to local SSTs, rainfall or SOI.  I therefore think that we should
exclude these.

The alternative is just to throw everything in the pot & see what floats....if
you think that is the approach we should take, let me know.  I'm just
afraid that this might introduce a lot of superfluous rubbish into the mix,
& it might be better to pre-filter the records for a least some evidence of
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a useful climate signal.  
This will come up again vis a vis other records (ice cores, especially) so
it's an important issue, I think

What do you think?
ray

Raymond S. Bradley 
Director, Climate System Research Center*
Department of Geosciences, University of Massachusetts
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel:  
Fax:  
*Climate System Research Center:  
        <http://www.paleoclimate.org> 
Paleoclimatology Book Web Site:
http://www.geo.umass.edu/climate/paleo/html

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: raymond s. bradley
To: mann@multiproxy.evsc.virginia.edu; srutherford@rwu.edu; mhughes@ltrr.arizona.edu
Subject: coral data
Date: Wednesday, July 28, 2004 12:38:34 PM

Reviewing the available long (pre-1850 start date) coral records, the best for our
purposes are:
Egypt/Red Sea 1788+
Maiana Atoll 1840+
Galapagos 1607+ (but ends 1952...)
Seychelles 1847+
Rarotonga 1727+
New Caledonia 1658+
Houtman Is  1795+

These have demonstrated a generally consistent, statistically significant relationship
to either SSTs &/or the SOI index.

There are a few other long records (notably Vanuatu, 1807+, Aquaba 1788+ &
Secas Is, 1708+) that don't show any statistically significant relationship to local
SSTs, rainfall or SOI.  I therefore think that we should exclude these.

The alternative is just to throw everything in the pot & see what floats....if you think
that is the approach we should take, let me know.  I'm just afraid that this might
introduce a lot of superfluous rubbish into the mix, & it might be better to pre-filter
the records for a least some evidence of a useful climate signal.  
This will come up again vis a vis other records (ice cores, especially) so it's an
important issue, I think

What do you think?
ray

Raymond S. Bradley 
Director, Climate System Research Center*
Department of Geosciences, University of Massachusetts
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel:  
Fax:  
*Climate System Research Center:  
        <http://www.paleoclimate.org> 
Paleoclimatology Book Web Site: http://www.geo.umass.edu/climate/paleo/html 
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From: Scott Rutherford
To: Michael E. Mann
Cc: Malcolm Hughes; fenbiao@ltrr.arizona.edu; zhihua zhang; Bradley Raymond
Subject: Re: itrdb and briffa-schweingruber
Date: Tuesday, July 27, 2004 11:29:44 AM

Dear All,

I aggree that we should be set up to use either the 115 gridded age-banded series or the
130 non-age-banded series that pass our criteria for ITRDB extraction. It should not be a
problem as long as we give those series different ID numbers.

Scott

On Tuesday, July 27, 2004, at 01:25 PM, Michael E. Mann wrote:

Dear All,

Malcolm and I have discussed the matter over the phone.

We've decided that we will likely simply want to use the 115 gridded age-
banded reconstructions for *both* frequency bands (i.e., that is the only
version we will likely use). HOwever, it would be nice to be set up to use either
the 115 gridded age-banded, *or* the 130 chronologies identified by Fenbiao,
for sensitivity testing reasons, etc.

To avoid any possibility of redundancy, we should have some sort of 'exclusive
or' setting on the use of these data, so that either version, but not both
simulataneously, can be selected for use.

I hope this clarifies the matter now.

Thanks,

Mike

At 01:05 PM 7/27/2004, Michael E. Mann wrote:

Thanks a bunch Malcolm,

So these are the MXD data that we would use in the 'high-frequency'
calibration/reconstruction, while the gridded (115) Age-banded version provided
by Tim are the version that we would use for the low-frequency
calibration/reconstruction.

Those are the only two versions of the Briffa/Schweingruber/etc. MXD data we
should be using, right?

Thanks,

Mike

At 01:20 PM 7/27/2004, Malcolm Hughes wrote:

Fenbiao can confirm this, but the 130 are indeed the only Schweingruber/Briffa
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site density chronologies to pass the present criteria (much relaxed since 98). 
CHeers, Malcolm

On 27 Jul 2004 at 12:16, Michael E. Mann wrote:

> Scott,
>
> Malcolm should comment here...
>
> Mike
>
> At 12:13 PM 7/27/2004, Scott Rutherford wrote:
>     Mike,
>
>     I'm trying to understand how the 130 ITRDB series fit in. I have
>     the MXD age- banded and gridded network covering 115 gridboxes. I
>     also have 387 "raw" MXD chronologies that were used to create the
>     regional age-banding in Briffa et al. 2001, and the 115 gridboxes
>     we have been using. What I'm unclear on is the 130 series that
>     come out of the ITRDB. Are they a subset of the 387 that I got
>     from Tim? Are the 130 the only ones out of 387 that passed our
>     criteria for inclusion into the new network? If I do an ITRDB
>     search for "Schweingruber" and "Latewood" I get 357 series + 42
>     for "Briffa". If I look at the ITRDB updated "schweingruber" data
>     (updates since April 1, 2004) I get 496 series.
>
>     So, my best guess is that the 130 series from Fenbiao's ITRDB
>     extraction is the Briffa/Schweingruber series in the ITRDB that
>     passed the criteria for inclusion into the new network. If that is
>     true, then those 130 should be kept separate from the 387 and
>     tried as a potential "high quality" mxd (non-age-banded) network.
>
>     Am I making any sense?
>
>     Scott
>
>     P.S. working on the MBH98 issue.
>
>
>
>
>     On Tuesday, July 27, 2004, at 11:19 AM, Michael E. Mann wrote:
>
>     Thanks Scott,
>
>     I want to make sure we're all on the same page here. There are two
>     entirely different version of the MXD data that we want to use.
>     One version, the age- banded, we will be using for the
>     low-frequency calibration/reconstruction, and the other older
>     version using more traditional and liberal standardization
>     techniques (but potentially retaining greater high-frequency
>     variability) we will use for the high-frequency
>     calibration/reconstruction. There are two versions of the MXD
>     datasets you're talking about, right? The proxy data GUI we're
>     using should allow us to indicate the frequency-band specific
>     preferences explicitly...
>
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>     Mike
>
>     At 11:12 AM 7/27/2004, Scott Rutherford wrote:
>
>     Dear All,
>
>     Ok, let's keep the 130 Briffa/Scheweingruber series separate as
>     9001. Can we call Briffa/Schweingruber from ITRDB? Then we will
>     have the 387 series that I got from Tim (Briffa/Schweingruber from
>     TJO), as 9002 and the gridded 115 (Briffa/Schweingruber gridded)
>     series from Tim as 9003.
>
>     Zhang,
>
>     I will provide you with the 387 individual series and the gridded
>     series. I don't have any information about Chron IDs etc. but I'm
>     sure Tim/Keith can supply that info when we need it.
>
>     Regards,
>
>     Scott
>
>     On Sunday, July 25, 2004, at 07:57 PM, fenbiao@ltrr.arizona.edu
>     wrote:
>
>     Hi Scott and Zhang,
>     I think we agree not to use the 130 Briffa/Schweingruber series
>     since you have a better gridded version. We removed the 130 just
>     to avoid redundance. Fenbiao
>
>
>     Quoting Scott Rutherford <srutherford@rwu.edu>:
>
>     Zhang et al.,
>
>     I need some help understanding the Briffa/Schweingruber "network".
>     The data that Fenbiao originally sent had 130 Briffa/Schweingruber
>     series. Then a second set was sent with 130 Briffa/Schweingruber
>     series removed. Zhang has now folded those back into the itrdb
>     "network".
>
>     If I recall, we wanted to keep the Briffa/Schweingruber network
>     separate because we wanted to investigate some different
>     possibilities.
>
>     How do the 130 Briffa/Schweingruber series Fenbiao originally sent
>     fit it with the Briffa/Schweingruber MXD network? The MXD network
>     that Tim sent me has 387 series. Are the 130 Briffa/Schweingruber
>     series that Fenbiao originally included a subset of the 387 series
>     I have? Should I be asking Tim/Keith this question?
>
>     In any case, I imagine we will want to ID those
>     Briffa/Schweingruber series as separate from the basic ITRDB
>     series.
>
>     Zhang,
>
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>     Can we make the ID number for the Briffa/Schweingruber series 9001
>     instead of 9000? We will want to have a unique ID for the
>     Schweingruber MXD series as well.
>
>     Scott
>
>
>     ______________________________________________
>     Assistant Professor
>     Dept. of Natural Sciences
>     Roger Williams University
>     e-mail: srutherford@rwu.edu
>     http://fox.rwu.edu/~rutherfo
>     phone: 
>     snail mail:
>     One Ferry Road
>     Bristol, RI 02809
>
>
>
>
>
>     ______________________________________________
>     Assistant Professor
>     Dept. of Natural Sciences
>     Roger Williams University
>     e-mail: srutherford@rwu.edu
>     http://fox.rwu.edu/~rutherfo
>     phone: 
>     snail mail:
>     One Ferry Road
>     Bristol, RI 02809
>
>
>
>    
______________________________________________________________
>      Professor Michael E. Mann
>      Department of Environmental Sciences, Clark Hall
>      University of Virginia
>      Charlottesville, VA 22903
>    
______________________________________________________________
>     _________ e-mail: mann@virginia.edu Phone:  FAX:
>     
>      http://www.evsc.virginia.edu/faculty/people/mann.shtml
>     ______________________________________________
>     Assistant Professor
>     Dept. of Natural Sciences
>     Roger Williams University
>     e-mail: srutherford@rwu.edu
>     http://fox.rwu.edu/~rutherfo
>     phone: 
>     snail mail:
>     One Ferry Road
>     Bristol, RI 02809
>
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>     </blockquote></x-html>
> ____________________________________________________________
> __
>  Professor Michael E. Mann
>  Department of Environmental Sciences, Clark Hall
>  University of Virginia
>  Charlottesville, VA 22903
>
______________________________________________________________________

> _ e-mail: mann@virginia.edu Phone:  FAX: 
>  http://www.evsc.virginia.edu/faculty/people/mann.shtml

Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________
Assistant Professor
Dept. of Natural Sciences
Roger Williams University
e-mail: srutherford@rwu.edu
http://fox.rwu.edu/~rutherfo
phone: 
snail mail:
One Ferry Road
Bristol, RI 02809
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From: Malcolm Hughes
To: Scott Rutherford; Michael E. Mann
Cc: fenbiao@ltrr.arizona.edu; zhihua zhang; Hughes Malcolm; Bradley Raymond
Subject: Re: itrdb and briffa-schweingruber
Date: Tuesday, July 27, 2004 10:20:14 AM

Fenbiao can confirm this, but the 130 are indeed the only Schweingruber/Briffa
site density chronologies to pass the present criteria (much relaxed since 98). 
CHeers, Malcolm

On 27 Jul 2004 at 12:16, Michael E. Mann wrote:

> Scott,
>
> Malcolm should comment here...
>
> Mike
>
> At 12:13 PM 7/27/2004, Scott Rutherford wrote:
>     Mike,
>
>     I'm trying to understand how the 130 ITRDB series fit in. I have
>     the MXD age- banded and gridded network covering 115 gridboxes. I
>     also have 387 "raw" MXD chronologies that were used to create the
>     regional age-banding in Briffa et al. 2001, and the 115 gridboxes
>     we have been using. What I'm unclear on is the 130 series that
>     come out of the ITRDB. Are they a subset of the 387 that I got
>     from Tim? Are the 130 the only ones out of 387 that passed our
>     criteria for inclusion into the new network? If I do an ITRDB
>     search for "Schweingruber" and "Latewood" I get 357 series + 42
>     for "Briffa". If I look at the ITRDB updated "schweingruber" data
>     (updates since April 1, 2004) I get 496 series.
>
>     So, my best guess is that the 130 series from Fenbiao's ITRDB
>     extraction is the Briffa/Schweingruber series in the ITRDB that
>     passed the criteria for inclusion into the new network. If that is
>     true, then those 130 should be kept separate from the 387 and
>     tried as a potential "high quality" mxd (non-age-banded) network.
>
>     Am I making any sense?
>
>     Scott
>
>     P.S. working on the MBH98 issue.
>
>
>
>
>     On Tuesday, July 27, 2004, at 11:19 AM, Michael E. Mann wrote:
>
>     Thanks Scott,
>
>     I want to make sure we're all on the same page here. There are two
>     entirely different version of the MXD data that we want to use.
>     One version, the age- banded, we will be using for the
>     low-frequency calibration/reconstruction, and the other older
>     version using more traditional and liberal standardization
>     techniques (but potentially retaining greater high-frequency
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>     variability) we will use for the high-frequency
>     calibration/reconstruction. There are two versions of the MXD
>     datasets you're talking about, right? The proxy data GUI we're
>     using should allow us to indicate the frequency-band specific
>     preferences explicitly...
>
>     Mike
>
>     At 11:12 AM 7/27/2004, Scott Rutherford wrote:
>
>     Dear All,
>
>     Ok, let's keep the 130 Briffa/Scheweingruber series separate as
>     9001. Can we call Briffa/Schweingruber from ITRDB? Then we will
>     have the 387 series that I got from Tim (Briffa/Schweingruber from
>     TJO), as 9002 and the gridded 115 (Briffa/Schweingruber gridded)
>     series from Tim as 9003.
>
>     Zhang,
>
>     I will provide you with the 387 individual series and the gridded
>     series. I don't have any information about Chron IDs etc. but I'm
>     sure Tim/Keith can supply that info when we need it.
>
>     Regards,
>
>     Scott
>
>     On Sunday, July 25, 2004, at 07:57 PM, fenbiao@ltrr.arizona.edu
>     wrote:
>
>     Hi Scott and Zhang,
>     I think we agree not to use the 130 Briffa/Schweingruber series
>     since you have a better gridded version. We removed the 130 just
>     to avoid redundance. Fenbiao
>
>
>     Quoting Scott Rutherford <srutherford@rwu.edu>:
>
>     Zhang et al.,
>
>     I need some help understanding the Briffa/Schweingruber "network".
>     The data that Fenbiao originally sent had 130 Briffa/Schweingruber
>     series. Then a second set was sent with 130 Briffa/Schweingruber
>     series removed. Zhang has now folded those back into the itrdb
>     "network".
>
>     If I recall, we wanted to keep the Briffa/Schweingruber network
>     separate because we wanted to investigate some different
>     possibilities.
>
>     How do the 130 Briffa/Schweingruber series Fenbiao originally sent
>     fit it with the Briffa/Schweingruber MXD network? The MXD network
>     that Tim sent me has 387 series. Are the 130 Briffa/Schweingruber
>     series that Fenbiao originally included a subset of the 387 series
>     I have? Should I be asking Tim/Keith this question?
>
>     In any case, I imagine we will want to ID those
>     Briffa/Schweingruber series as separate from the basic ITRDB
>     series.
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>
>     Zhang,
>
>     Can we make the ID number for the Briffa/Schweingruber series 9001
>     instead of 9000? We will want to have a unique ID for the
>     Schweingruber MXD series as well.
>
>     Scott
>
>
>     ______________________________________________
>     Assistant Professor
>     Dept. of Natural Sciences
>     Roger Williams University
>     e-mail: srutherford@rwu.edu
>     http://fox.rwu.edu/~rutherfo
>     phone: 
>     snail mail:
>     One Ferry Road
>     Bristol, RI 02809
>
>
>
>
>
>     ______________________________________________
>     Assistant Professor
>     Dept. of Natural Sciences
>     Roger Williams University
>     e-mail: srutherford@rwu.edu
>     http://fox.rwu.edu/~rutherfo
>     phone: 
>     snail mail:
>     One Ferry Road
>     Bristol, RI 02809
>
>
>
>     ______________________________________________________________
>      Professor Michael E. Mann
>      Department of Environmental Sciences, Clark Hall
>      University of Virginia
>      Charlottesville, VA 22903
>     ______________________________________________________________
>     _________ e-mail: mann@virginia.edu Phone:  FAX:
>     
>      http://www.evsc.virginia.edu/faculty/people/mann.shtml
>     ______________________________________________
>     Assistant Professor
>     Dept. of Natural Sciences
>     Roger Williams University
>     e-mail: srutherford@rwu.edu
>     http://fox.rwu.edu/~rutherfo
>     phone: 
>     snail mail:
>     One Ferry Road
>     Bristol, RI 02809
>
>     </blockquote></x-html>
> ____________________________________________________________
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> __
>  Professor Michael E. Mann
>  Department of Environmental Sciences, Clark Hall
>  University of Virginia
>  Charlottesville, VA 22903
> ______________________________________________________________________
> _ e-mail: mann@virginia.edu Phone:  FAX: 
>  http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes; Scott Rutherford
Cc: fenbiao@ltrr.arizona.edu; zhihua zhang; Hughes Malcolm; Bradley Raymond; mann@virginia.edu
Subject: Re: itrdb and briffa-schweingruber
Date: Tuesday, July 27, 2004 10:06:43 AM

Thanks a bunch Malcolm,

So these are the MXD data that we would use in the 'high-frequency'
calibration/reconstruction, while the gridded (115) Age-banded version provided by Tim
are the version that we would use for the low-frequency calibration/reconstruction.

Those are the only two versions of the Briffa/Schweingruber/etc. MXD data we should be
using, right?

Thanks,

Mike

At 01:20 PM 7/27/2004, Malcolm Hughes wrote:

Fenbiao can confirm this, but the 130 are indeed the only
Schweingruber/Briffa 
site density chronologies to pass the present criteria (much relaxed since 98).  
CHeers, Malcolm

On 27 Jul 2004 at 12:16, Michael E. Mann wrote:

> Scott,
> 
> Malcolm should comment here...
> 
> Mike
> 
> At 12:13 PM 7/27/2004, Scott Rutherford wrote:
>     Mike, 
> 
>     I'm trying to understand how the 130 ITRDB series fit in. I have
>     the MXD age- banded and gridded network covering 115 gridboxes. I
>     also have 387 "raw" MXD chronologies that were used to create the
>     regional age-banding in Briffa et al. 2001, and the 115 gridboxes
>     we have been using. What I'm unclear on is the 130 series that
>     come out of the ITRDB. Are they a subset of the 387 that I got
>     from Tim? Are the 130 the only ones out of 387 that passed our
>     criteria for inclusion into the new network? If I do an ITRDB
>     search for "Schweingruber" and "Latewood" I get 357 series + 42
>     for "Briffa". If I look at the ITRDB updated "schweingruber" data
>     (updates since April 1, 2004) I get 496 series. 
> 
>     So, my best guess is that the 130 series from Fenbiao's ITRDB
>     extraction is the Briffa/Schweingruber series in the ITRDB that
>     passed the criteria for inclusion into the new network. If that is
>     true, then those 130 should be kept separate from the 387 and
>     tried as a potential "high quality" mxd (non-age-banded) network. 
> 
>     Am I making any sense? 
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> 
>     Scott 
> 
>     P.S. working on the MBH98 issue. 
> 
> 
> 
> 
>     On Tuesday, July 27, 2004, at 11:19 AM, Michael E. Mann wrote: 
> 
>     Thanks Scott, 
> 
>     I want to make sure we're all on the same page here. There are two
>     entirely different version of the MXD data that we want to use.
>     One version, the age- banded, we will be using for the
>     low-frequency calibration/reconstruction, and the other older
>     version using more traditional and liberal standardization
>     techniques (but potentially retaining greater high-frequency
>     variability) we will use for the high-frequency
>     calibration/reconstruction. There are two versions of the MXD
>     datasets you're talking about, right? The proxy data GUI we're
>     using should allow us to indicate the frequency-band specific
>     preferences explicitly... 
> 
>     Mike 
> 
>     At 11:12 AM 7/27/2004, Scott Rutherford wrote: 
> 
>     Dear All, 
> 
>     Ok, let's keep the 130 Briffa/Scheweingruber series separate as
>     9001. Can we call Briffa/Schweingruber from ITRDB? Then we will
>     have the 387 series that I got from Tim (Briffa/Schweingruber from
>     TJO), as 9002 and the gridded 115 (Briffa/Schweingruber gridded)
>     series from Tim as 9003. 
> 
>     Zhang, 
> 
>     I will provide you with the 387 individual series and the gridded
>     series. I don't have any information about Chron IDs etc. but I'm
>     sure Tim/Keith can supply that info when we need it. 
> 
>     Regards, 
> 
>     Scott 
> 
>     On Sunday, July 25, 2004, at 07:57 PM, fenbiao@ltrr.arizona.edu
>     wrote: 
> 
>     Hi Scott and Zhang, 
>     I think we agree not to use the 130 Briffa/Schweingruber series
>     since you have a better gridded version. We removed the 130 just
>     to avoid redundance. Fenbiao 
> 
> 
>     Quoting Scott Rutherford <srutherford@rwu.edu>: 
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> 
>     Zhang et al., 
> 
>     I need some help understanding the Briffa/Schweingruber "network".
>     The data that Fenbiao originally sent had 130 Briffa/Schweingruber
>     series. Then a second set was sent with 130 Briffa/Schweingruber
>     series removed. Zhang has now folded those back into the itrdb
>     "network". 
> 
>     If I recall, we wanted to keep the Briffa/Schweingruber network
>     separate because we wanted to investigate some different
>     possibilities. 
> 
>     How do the 130 Briffa/Schweingruber series Fenbiao originally sent
>     fit it with the Briffa/Schweingruber MXD network? The MXD network
>     that Tim sent me has 387 series. Are the 130 Briffa/Schweingruber
>     series that Fenbiao originally included a subset of the 387 series
>     I have? Should I be asking Tim/Keith this question? 
> 
>     In any case, I imagine we will want to ID those
>     Briffa/Schweingruber series as separate from the basic ITRDB
>     series. 
> 
>     Zhang, 
> 
>     Can we make the ID number for the Briffa/Schweingruber series 9001
>     instead of 9000? We will want to have a unique ID for the
>     Schweingruber MXD series as well. 
> 
>     Scott 
> 
> 
>     ______________________________________________ 
>     Assistant Professor 
>     Dept. of Natural Sciences 
>     Roger Williams University 
>     e-mail: srutherford@rwu.edu 
>     http://fox.rwu.edu/~rutherfo 
>     phone:  
>     snail mail: 
>     One Ferry Road 
>     Bristol, RI 02809 
> 
> 
> 
> 
> 
>     ______________________________________________ 
>     Assistant Professor 
>     Dept. of Natural Sciences 
>     Roger Williams University 
>     e-mail: srutherford@rwu.edu 
>     http://fox.rwu.edu/~rutherfo 
>     phone:  
>     snail mail: 
>     One Ferry Road 
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>     Bristol, RI 02809 
> 
> 
> 
>    
______________________________________________________________ 
>      Professor Michael E. Mann 
>      Department of Environmental Sciences, Clark Hall 
>      University of Virginia 
>      Charlottesville, VA 22903 
>    
______________________________________________________________
>     _________ e-mail: mann@virginia.edu Phone:  FAX:
>      
>      http://www.evsc.virginia.edu/faculty/people/mann.shtml 
>     ______________________________________________ 
>     Assistant Professor 
>     Dept. of Natural Sciences 
>     Roger Williams University 
>     e-mail: srutherford@rwu.edu 
>     http://fox.rwu.edu/~rutherfo 
>     phone:  
>     snail mail: 
>     One Ferry Road 
>     Bristol, RI 02809 
> 
>     </blockquote></x-html> 
> ____________________________________________________________
> __
>  Professor Michael E. Mann
>  Department of Environmental Sciences, Clark Hall
>  University of Virginia
>  Charlottesville, VA 22903
>
______________________________________________________________________

> _ e-mail: mann@virginia.edu Phone:  FAX: 
>  http://www.evsc.virginia.edu/faculty/people/mann.shtml

Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Scott Rutherford
Cc: fenbiao@ltrr.arizona.edu; zhihua zhang; Hughes Malcolm; Bradley Raymond; mann@virginia.edu
Subject: Re: itrdb and briffa-schweingruber
Date: Tuesday, July 27, 2004 9:54:51 AM

Dear Scott,

Apparently Malcolm is travelling through early/mid August. We'll have to await further word from
Malcolm before we can finalize this issue. Meanwhile, lets work on filling out the rest of the
network,

Mike

At 12:13 PM 7/27/2004, Scott Rutherford wrote:

Mike, 

I'm trying to understand how the 130 ITRDB series fit in. I have the MXD age-
banded and gridded network covering 115 gridboxes. I also have 387 "raw" MXD
chronologies that were used to create the regional age-banding in Briffa et al. 2001,
and the 115 gridboxes we have been using.  What I'm unclear on is the 130 series
that come out of the ITRDB. Are they a subset of the 387 that I got from Tim? Are
the 130 the only ones out of 387 that passed our criteria for inclusion into the new
network? If I do an ITRDB search for "Schweingruber" and "Latewood" I get 357
series + 42 for "Briffa". If I look at the ITRDB updated "schweingruber" data
(updates since April 1, 2004) I get 496 series. 

So, my best guess is that the 130 series from Fenbiao's ITRDB extraction is the
Briffa/Schweingruber series in the ITRDB that passed the criteria for inclusion into the
new network. If that is true, then those 130 should be kept separate from the 387
and tried as a potential "high quality" mxd (non-age-banded) network. 

Am I making any sense? 

Scott 

P.S. working on the MBH98 issue. 

On Tuesday, July 27, 2004, at 11:19  AM, Michael E. Mann wrote: 

Thanks Scott, 

I want to make sure we're all on the same page here. There are two
entirely different version of the MXD data that we want to use. One
version, the age-banded, we will be using for the low-frequency
calibration/reconstruction, and the other older version using more
traditional and liberal standardization techniques (but potentially retaining
greater high-frequency variability) we will use for the high-frequency
calibration/reconstruction.  There are two versions of the MXD datasets
you're talking about, right? The proxy data GUI we're using should allow
us to indicate the frequency-band specific preferences explicitly... 

Mike 

At 11:12 AM 7/27/2004, Scott Rutherford wrote: 
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Dear All, 

Ok, let's keep the 130 Briffa/Scheweingruber series separate as 9001. Can
we call Briffa/Schweingruber from ITRDB? Then we will have the 387
series that I got from Tim (Briffa/Schweingruber from TJO), as 9002 and
the gridded 115 (Briffa/Schweingruber gridded) series from Tim as 9003. 

Zhang, 

I will provide you with the 387 individual series and the gridded series. I
don't have any information about Chron IDs etc. but I'm sure Tim/Keith
can supply that info when we need it. 

Regards, 

Scott 

On Sunday, July 25, 2004, at 07:57  PM, fenbiao@ltrr.arizona.edu wrote: 

Hi Scott and Zhang, 
I think we agree not to use the 130 Briffa/Schweingruber series since you
have a 
better gridded version. We removed the 130 just to avoid redundance. 
Fenbiao 

Quoting Scott Rutherford <srutherford@rwu.edu>: 

Zhang et al., 

I need some help understanding the Briffa/Schweingruber "network".  
The 
data that Fenbiao originally sent had 130 Briffa/Schweingruber series. 
Then a second set was sent with 130 Briffa/Schweingruber series 
removed. Zhang has now folded those back into the itrdb "network". 

If I recall, we wanted to keep the Briffa/Schweingruber network 
separate because we wanted to investigate some different possibilities. 

How do the 130 Briffa/Schweingruber series Fenbiao originally sent fit 
it with the Briffa/Schweingruber MXD network? The MXD network that Tim

sent me has 387 series. Are the 130 Briffa/Schweingruber series that 
Fenbiao originally included a subset of the 387 series I have? Should I 
be asking Tim/Keith this question? 

In any case, I imagine we will want to ID those Briffa/Schweingruber 
series as separate from the basic ITRDB series. 

Zhang, 

Can we make the ID number for the Briffa/Schweingruber series 9001 
instead of 9000? We will want to have a unique ID for the Schweingruber 
MXD series as well. 

Scott 

______________________________________________ 
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Assistant Professor 
Dept. of Natural Sciences 
Roger Williams University 
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From: Michael E. Mann
To: Scott Rutherford
Cc: fenbiao@ltrr.arizona.edu; zhihua zhang; Hughes Malcolm; Bradley Raymond
Subject: Re: itrdb and briffa-schweingruber
Date: Tuesday, July 27, 2004 9:18:33 AM
Importance: High

Scott,

Malcolm should comment here...

Mike

At 12:13 PM 7/27/2004, Scott Rutherford wrote:

Mike, 

I'm trying to understand how the 130 ITRDB series fit in. I have the MXD age-
banded and gridded network covering 115 gridboxes. I also have 387 "raw" MXD
chronologies that were used to create the regional age-banding in Briffa et al. 2001,
and the 115 gridboxes we have been using.  What I'm unclear on is the 130 series
that come out of the ITRDB. Are they a subset of the 387 that I got from Tim? Are
the 130 the only ones out of 387 that passed our criteria for inclusion into the new
network? If I do an ITRDB search for "Schweingruber" and "Latewood" I get 357
series + 42 for "Briffa". If I look at the ITRDB updated "schweingruber" data
(updates since April 1, 2004) I get 496 series. 

So, my best guess is that the 130 series from Fenbiao's ITRDB extraction is the
Briffa/Schweingruber series in the ITRDB that passed the criteria for inclusion into the
new network. If that is true, then those 130 should be kept separate from the 387
and tried as a potential "high quality" mxd (non-age-banded) network. 

Am I making any sense? 

Scott 

P.S. working on the MBH98 issue. 

On Tuesday, July 27, 2004, at 11:19  AM, Michael E. Mann wrote: 

Thanks Scott, 

I want to make sure we're all on the same page here. There are two
entirely different version of the MXD data that we want to use. One
version, the age-banded, we will be using for the low-frequency
calibration/reconstruction, and the other older version using more
traditional and liberal standardization techniques (but potentially retaining
greater high-frequency variability) we will use for the high-frequency
calibration/reconstruction.  There are two versions of the MXD datasets
you're talking about, right? The proxy data GUI we're using should allow
us to indicate the frequency-band specific preferences explicitly... 

Mike 

At 11:12 AM 7/27/2004, Scott Rutherford wrote: 

Dear All, 
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Ok, let's keep the 130 Briffa/Scheweingruber series separate as 9001. Can
we call Briffa/Schweingruber from ITRDB? Then we will have the 387
series that I got from Tim (Briffa/Schweingruber from TJO), as 9002 and
the gridded 115 (Briffa/Schweingruber gridded) series from Tim as 9003. 

Zhang, 

I will provide you with the 387 individual series and the gridded series. I
don't have any information about Chron IDs etc. but I'm sure Tim/Keith
can supply that info when we need it. 

Regards, 

Scott 

On Sunday, July 25, 2004, at 07:57  PM, fenbiao@ltrr.arizona.edu wrote: 

Hi Scott and Zhang, 
I think we agree not to use the 130 Briffa/Schweingruber series since you
have a 
better gridded version. We removed the 130 just to avoid redundance. 
Fenbiao 

Quoting Scott Rutherford <srutherford@rwu.edu>: 

Zhang et al., 

I need some help understanding the Briffa/Schweingruber "network".  
The 
data that Fenbiao originally sent had 130 Briffa/Schweingruber series. 
Then a second set was sent with 130 Briffa/Schweingruber series 
removed. Zhang has now folded those back into the itrdb "network". 

If I recall, we wanted to keep the Briffa/Schweingruber network 
separate because we wanted to investigate some different possibilities. 

How do the 130 Briffa/Schweingruber series Fenbiao originally sent fit 
it with the Briffa/Schweingruber MXD network? The MXD network that Tim

sent me has 387 series. Are the 130 Briffa/Schweingruber series that 
Fenbiao originally included a subset of the 387 series I have? Should I 
be asking Tim/Keith this question? 

In any case, I imagine we will want to ID those Briffa/Schweingruber 
series as separate from the basic ITRDB series. 

Zhang, 

Can we make the ID number for the Briffa/Schweingruber series 9001 
instead of 9000? We will want to have a unique ID for the Schweingruber 
MXD series as well. 

Scott 

______________________________________________ 
Assistant Professor 
Dept. of Natural Sciences 
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From: Scott Rutherford
To: Michael E. Mann
Cc: fenbiao@ltrr.arizona.edu; zhihua zhang; Hughes Malcolm; Bradley Raymond
Subject: Re: itrdb and briffa-schweingruber
Date: Tuesday, July 27, 2004 9:13:31 AM

Mike,

I'm trying to understand how the 130 ITRDB series fit in. I have the MXD age-banded and
gridded network covering 115 gridboxes. I also have 387 "raw" MXD chronologies that
were used to create the regional age-banding in Briffa et al. 2001, and the 115 gridboxes
we have been using. What I'm unclear on is the 130 series that come out of the ITRDB.
Are they a subset of the 387 that I got from Tim? Are the 130 the only ones out of 387
that passed our criteria for inclusion into the new network? If I do an ITRDB search for
"Schweingruber" and "Latewood" I get 357 series + 42 for "Briffa". If I look at the ITRDB
updated "schweingruber" data (updates since April 1, 2004) I get 496 series.

So, my best guess is that the 130 series from Fenbiao's ITRDB extraction is the
Briffa/Schweingruber series in the ITRDB that passed the criteria for inclusion into the new
network. If that is true, then those 130 should be kept separate from the 387 and tried as
a potential "high quality" mxd (non-age-banded) network.

Am I making any sense?

Scott

P.S. working on the MBH98 issue.

On Tuesday, July 27, 2004, at 11:19 AM, Michael E. Mann wrote:

Thanks Scott,

I want to make sure we're all on the same page here. There are two entirely
different version of the MXD data that we want to use. One version, the age-
banded, we will be using for the low-frequency calibration/reconstruction, and
the other older version using more traditional and liberal standardization
techniques (but potentially retaining greater high-frequency variability) we will
use for the high-frequency calibration/reconstruction.  There are two versions of
the MXD datasets you're talking about, right? The proxy data GUI we're using
should allow us to indicate the frequency-band specific preferences explicitly...

Mike

At 11:12 AM 7/27/2004, Scott Rutherford wrote:

Dear All,

Ok, let's keep the 130 Briffa/Scheweingruber series separate as 9001. Can we
call Briffa/Schweingruber from ITRDB? Then we will have the 387 series that I
got from Tim (Briffa/Schweingruber from TJO), as 9002 and the gridded 115
(Briffa/Schweingruber gridded) series from Tim as 9003.

Zhang,
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I will provide you with the 387 individual series and the gridded series. I don't
have any information about Chron IDs etc. but I'm sure Tim/Keith can supply
that info when we need it.

Regards,

Scott

On Sunday, July 25, 2004, at 07:57  PM, fenbiao@ltrr.arizona.edu wrote:

Hi Scott and Zhang,
I think we agree not to use the 130 Briffa/Schweingruber series since you have
a
better gridded version. We removed the 130 just to avoid redundance.
Fenbiao

Quoting Scott Rutherford <srutherford@rwu.edu>:

Zhang et al.,

I need some help understanding the Briffa/Schweingruber "network". 
The
data that Fenbiao originally sent had 130 Briffa/Schweingruber series.
Then a second set was sent with 130 Briffa/Schweingruber series
removed. Zhang has now folded those back into the itrdb "network".

If I recall, we wanted to keep the Briffa/Schweingruber network
separate because we wanted to investigate some different possibilities.

How do the 130 Briffa/Schweingruber series Fenbiao originally sent fit
it with the Briffa/Schweingruber MXD network? The MXD network that Tim
sent me has 387 series. Are the 130 Briffa/Schweingruber series that
Fenbiao originally included a subset of the 387 series I have? Should I
be asking Tim/Keith this question?

In any case, I imagine we will want to ID those Briffa/Schweingruber
series as separate from the basic ITRDB series.

Zhang,

Can we make the ID number for the Briffa/Schweingruber series 9001
instead of 9000? We will want to have a unique ID for the Schweingruber
MXD series as well.

Scott

______________________________________________
Assistant Professor
Dept. of Natural Sciences
Roger Williams University
e-mail: srutherford@rwu.edu
http://fox.rwu.edu/~rutherfo
phone: 
snail mail:
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One Ferry Road
Bristol, RI 02809
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Assistant Professor
Dept. of Natural Sciences
Roger Williams University
e-mail: srutherford@rwu.edu
http://fox.rwu.edu/~rutherfo
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snail mail:
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Bristol, RI 02809

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________
Assistant Professor
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From: Zhang, Zhihua
To: Scott Rutherford; fenbiao@ltrr.arizona.edu
Cc: Mann Mike; Hughes Malcolm; Bradley Raymond
Subject: RE: itrdb and briffa-schweingruber
Date: Tuesday, July 27, 2004 8:43:40 AM

Hi Scott,

Put those data somewhere in the Holocene, I will give them ID (9001..9003)
later.

Cheers,

Zhang

-----Original Message-----
From: Scott Rutherford [mailto:srutherford@rwu.edu]
Sent: Tuesday, July 27, 2004 11:12 AM
To: fenbiao@ltrr.arizona.edu
Cc: zhihua zhang; Mann Mike; Hughes Malcolm; Bradley Raymond
Subject: Re: itrdb and briffa-schweingruber

Dear All,

Ok, let's keep the 130 Briffa/Scheweingruber series separate as 9001.
Can we call Briffa/Schweingruber from ITRDB? Then we will have the 387
series that I got from Tim (Briffa/Schweingruber from TJO), as 9002 and
the gridded 115 (Briffa/Schweingruber gridded) series from Tim as 9003.

Zhang,

I will provide you with the 387 individual series and the gridded
series. I don't have any information about Chron IDs etc. but I'm sure
Tim/Keith can supply that info when we need it.

Regards,

Scott

On Sunday, July 25, 2004, at 07:57  PM, fenbiao@ltrr.arizona.edu wrote:

> Hi Scott and Zhang,
> I think we agree not to use the 130 Briffa/Schweingruber series since
> you have a
> better gridded version. We removed the 130 just to avoid redundance.
> Fenbiao
>
>
> Quoting Scott Rutherford <srutherford@rwu.edu>:
>
>> Zhang et al.,
>>
>> I need some help understanding the Briffa/Schweingruber "network".
>> The
>> data that Fenbiao originally sent had 130 Briffa/Schweingruber series.
>> Then a second set was sent with 130 Briffa/Schweingruber series
>> removed. Zhang has now folded those back into the itrdb "network".
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>>
>> If I recall, we wanted to keep the Briffa/Schweingruber network
>> separate because we wanted to investigate some different
>> possibilities.
>>
>> How do the 130 Briffa/Schweingruber series Fenbiao originally sent fit
>> it with the Briffa/Schweingruber MXD network? The MXD network that Tim
>> sent me has 387 series. Are the 130 Briffa/Schweingruber series that
>> Fenbiao originally included a subset of the 387 series I have? Should
>> I
>> be asking Tim/Keith this question?
>>
>> In any case, I imagine we will want to ID those Briffa/Schweingruber
>> series as separate from the basic ITRDB series.
>>
>> Zhang,
>>
>> Can we make the ID number for the Briffa/Schweingruber series 9001
>> instead of 9000? We will want to have a unique ID for the
>> Schweingruber
>> MXD series as well.
>>
>> Scott
>>
>>
>> ______________________________________________
>> Assistant Professor
>> Dept. of Natural Sciences
>> Roger Williams University
>> e-mail: srutherford@rwu.edu
>> http://fox.rwu.edu/~rutherfo
>> phone: 
>> snail mail:
>> One Ferry Road
>> Bristol, RI 02809
>>
>>
>
>
>
>
>
______________________________________________
Assistant Professor
Dept. of Natural Sciences
Roger Williams University
e-mail: srutherford@rwu.edu
http://fox.rwu.edu/~rutherfo
phone: 
snail mail:
One Ferry Road
Bristol, RI 02809
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From: Michael E. Mann
To: Scott Rutherford; fenbiao@ltrr.arizona.edu
Cc: zhihua zhang; Hughes Malcolm; Bradley Raymond; mann@virginia.edu
Subject: Re: itrdb and briffa-schweingruber
Date: Tuesday, July 27, 2004 8:20:24 AM

Thanks Scott,

I want to make sure we're all on the same page here. There are two entirely
different version of the MXD data that we want to use. One version, the age-banded,
we will be using for the low-frequency calibration/reconstruction, and the other older
version using more traditional and liberal standardization techniques (but potentially
retaining greater high-frequency variability) we will use for the high-frequency
calibration/reconstruction.  There are two versions of the MXD datasets you're talking
about, right? The proxy data GUI we're using should allow us to indicate the
frequency-band specific preferences explicitly...

Mike

At 11:12 AM 7/27/2004, Scott Rutherford wrote:

Dear All,

Ok, let's keep the 130 Briffa/Scheweingruber series separate as 9001. Can
we call Briffa/Schweingruber from ITRDB? Then we will have the 387
series that I got from Tim (Briffa/Schweingruber from TJO), as 9002 and
the gridded 115 (Briffa/Schweingruber gridded) series from Tim as 9003.

Zhang,

I will provide you with the 387 individual series and the gridded series. I
don't have any information about Chron IDs etc. but I'm sure Tim/Keith
can supply that info when we need it.

Regards,

Scott

On Sunday, July 25, 2004, at 07:57  PM, fenbiao@ltrr.arizona.edu wrote:

Hi Scott and Zhang,
I think we agree not to use the 130 Briffa/Schweingruber
series since you have a
better gridded version. We removed the 130 just to avoid
redundance.
Fenbiao

Quoting Scott Rutherford <srutherford@rwu.edu>:

Zhang et al.,
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I need some help understanding the
Briffa/Schweingruber "network".  
The
data that Fenbiao originally sent had 130
Briffa/Schweingruber series.
Then a second set was sent with 130
Briffa/Schweingruber series
removed. Zhang has now folded those back into the
itrdb "network".

If I recall, we wanted to keep the
Briffa/Schweingruber network
separate because we wanted to investigate some
different possibilities.

How do the 130 Briffa/Schweingruber series
Fenbiao originally sent fit
it with the Briffa/Schweingruber MXD network? The
MXD network that Tim
sent me has 387 series. Are the 130
Briffa/Schweingruber series that
Fenbiao originally included a subset of the 387
series I have? Should I
be asking Tim/Keith this question?

In any case, I imagine we will want to ID those
Briffa/Schweingruber
series as separate from the basic ITRDB series.

Zhang,

Can we make the ID number for the
Briffa/Schweingruber series 9001
instead of 9000? We will want to have a unique ID
for the Schweingruber
MXD series as well.

Scott

______________________________________________

Assistant Professor
Dept. of Natural Sciences
Roger Williams University
e-mail: srutherford@rwu.edu
http://fox.rwu.edu/~rutherfo
phone: 
snail mail:
One Ferry Road
Bristol, RI 02809
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______________________________________________
Assistant Professor
Dept. of Natural Sciences
Roger Williams University
e-mail: srutherford@rwu.edu
http://fox.rwu.edu/~rutherfo
phone: 
snail mail:
One Ferry Road
Bristol, RI 02809

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Zhang, Zhihua
To: Scott Rutherford
Cc: Bradley Raymond; Hughes Malcolm; Mann Mike; fenbiao@ltrr.arizona.edu
Subject: RE: itrdb and briffa-schweingruber
Date: Wednesday, July 21, 2004 1:34:30 PM

Hi Scott,

I agree with you.

Zhang

-----Original Message-----
From: Scott Rutherford [mailto:srutherford@rwu.edu]
Sent: Wednesday, July 21, 2004 4:06 PM
To: Zhang, Zhihua
Cc: Bradley Raymond; Hughes Malcolm; Mann Mike; fenbiao@ltrr.arizona.edu
Subject: Re: itrdb and briffa-schweingruber

Zhang,

Ok, I understand what you mean. But what I need to do is to search our
databasemaster.xls file for particular proxies that people want. Maybe
they will want to use Schweingruber and maybe not. In fact there are
several different versions of Schweingruber we want to investigate. So
what I need to be able to do is to MAKE the "file_name" file when a
user selects a check box in the graphical interface (attached). The
easiest way for me to do that is to search on some identification
number. So for example, if you want to use the itrdb data you would
look for all proxies that are 9000. If you want to include the
Briffa/Schweingruber data you would include all 9000 and 9001.  If you
want to include itrdb data, no Briffa/Schweingruber data and all the
ice core data you would look to match everything from 8000 to 9000.  To
keep things consistent I want to use the same Identification numbers
that you do. Since your matlab script doesn't care what the number in
the actual datafile is, you don't HAVE to change them from 9000 to 9001
in the datafiles. I can just create the "file_name" file from my
numbers.

The only thing is consistency. We have to expect that someone will
examine every detail of the database we create. If my list says ITRDB
is 9000 and Briffa/Schweingruber is 9001 and all your files are 9000
then they will jump on that as a mistake. Never mind that it doesn't
matter one bit. It will still be listed as an error in the data files.

There is certainly no hurry in making the change. We should try to
break things out as much as possible, it is easier to combine them
later than to make new categories. Your ideas for the ice cores
(8001=isotopes; 8002=ice-accumulation; 8003=ice melt) is absolutely
perfect. It then becomes very ease to create the "file_name" file by
searching for identifying numbers.

I hope all this make sense. Let me know if you have questions.

Scott
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From: Zhang, Zhihua
To: Scott Rutherford; fenbiao@ltrr.arizona.edu; Mann Mike; Hughes Malcolm; Bradley Raymond
Subject: RE: itrdb and briffa-schweingruber
Date: Wednesday, July 21, 2004 12:44:24 PM

Hi Scott,

I put all ITRDB series together because they can be easily seperated by
using a m-file(matlab script) which read and re-write files under the
control of file_name (text file). For example, if you only want the
Briffa/Schweingruber series you can simply change the text of file_name by
deleting the first 970 file names in the text (remain the last 130 file
names) and run the m-file script.

I will make the ID number for the Briffa/Schweingruber series 9001 this
afternoon.

Thanks,

Zhang

-----Original Message-----
From: Scott Rutherford [mailto:srutherford@rwu.edu]
Sent: Wednesday, July 21, 2004 2:13 PM
To: zhihua zhang; fenbiao@ltrr.arizona.edu; Mann Mike; Hughes Malcolm;
Bradley Raymond
Subject: itrdb and briffa-schweingruber

Zhang et al.,

I need some help understanding the Briffa/Schweingruber "network".  The
data that Fenbiao originally sent had 130 Briffa/Schweingruber series.
Then a second set was sent with 130 Briffa/Schweingruber series
removed. Zhang has now folded those back into the itrdb "network".

If I recall, we wanted to keep the Briffa/Schweingruber network
separate because we wanted to investigate some different possibilities.

How do the 130 Briffa/Schweingruber series Fenbiao originally sent fit
it with the Briffa/Schweingruber MXD network? The MXD network that Tim
sent me has 387 series. Are the 130 Briffa/Schweingruber series that
Fenbiao originally included a subset of the 387 series I have? Should I
be asking Tim/Keith this question?

In any case, I imagine we will want to ID those Briffa/Schweingruber
series as separate from the basic ITRDB series.

Zhang,

Can we make the ID number for the Briffa/Schweingruber series 9001
instead of 9000? We will want to have a unique ID for the Schweingruber
MXD series as well.

Scott
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______________________________________________
Assistant Professor
Dept. of Natural Sciences
Roger Williams University
e-mail: srutherford@rwu.edu
http://fox.rwu.edu/~rutherfo
phone: 
snail mail:
One Ferry Road
Bristol, RI 02809
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From: Scott Rutherford
To: zhihua zhang; fenbiao@ltrr.arizona.edu; Mann Mike; Hughes Malcolm; Bradley Raymond
Subject: itrdb and briffa-schweingruber
Date: Wednesday, July 21, 2004 11:12:58 AM

Zhang et al.,

I need some help understanding the Briffa/Schweingruber "network".  The
data that Fenbiao originally sent had 130 Briffa/Schweingruber series.
Then a second set was sent with 130 Briffa/Schweingruber series
removed. Zhang has now folded those back into the itrdb "network".

If I recall, we wanted to keep the Briffa/Schweingruber network
separate because we wanted to investigate some different possibilities.

How do the 130 Briffa/Schweingruber series Fenbiao originally sent fit
it with the Briffa/Schweingruber MXD network? The MXD network that Tim
sent me has 387 series. Are the 130 Briffa/Schweingruber series that
Fenbiao originally included a subset of the 387 series I have? Should I
be asking Tim/Keith this question?

In any case, I imagine we will want to ID those Briffa/Schweingruber
series as separate from the basic ITRDB series.

Zhang,

Can we make the ID number for the Briffa/Schweingruber series 9001
instead of 9000? We will want to have a unique ID for the Schweingruber
MXD series as well.

Scott

______________________________________________
Assistant Professor
Dept. of Natural Sciences
Roger Williams University
e-mail: srutherford@rwu.edu
http://fox.rwu.edu/~rutherfo
phone: 
snail mail:
One Ferry Road
Bristol, RI 02809
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From: Scott Rutherford
To: Mann Mike; Bradley Raymond; Hughes Malcolm; zhihua zhang; fenbiao@ltrr.arizona.edu
Subject: proxy database
Date: Friday, July 16, 2004 10:46:22 AM

Deer All,

It sounds like everything is proceeding with good speed. If anybody has
comments, questions, thoughts or puzzles they wish to put forward to
the group, here's the weekly e-mail prompt (a day late and a dollar
short as usual).

Regards,

Scott

______________________________________________
                      Scott Rutherford 

Assistant Professor
Dept. of Natural Sciences
Roger Williams University
e-mail: srutherford@rwu.edu
http://fox.rwu.edu/~rutherfo
phone: 
snail mail:
One Ferry Road
Bristol, RI 02809
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From: Zhang, Zhihua
To: Scott Rutherford
Cc: Michael E. Mann; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Subject: RE: revised proxy network
Date: Tuesday, July 13, 2004 10:38:43 AM

Scott,
 
That's reasonable. I will add the third column with -9999 for non-dendro proxies.
 
Zhang

-----Original Message-----
From: Scott Rutherford [mailto:srutherford@rwu.edu]
Sent: Tuesday, July 13, 2004 12:59 PM
To: Zhang, Zhihua
Cc: Michael E. Mann; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Subject: Re: revised proxy network

Zhang,

The reason I was thinking of keeping three columns, even though we might not need
the last one, is that all the data files will have the same format. This way only one
program needs to be run to compile all proxies wanted from the "filelist". Or, if
someone wants to write another program later to do something with the proxies say
in FORTRAN, all the files are the same format. Even if the third column is all -9999, it
might make things easier in the future.

Scott

On Monday, July 12, 2004, at 10:04 PM, Zhang, Zhihua wrote:

Hi Scott,
 
You are right, the format for all non-dendro records should be the same
as dendro records with first three rows being latitude, longitude and some
numeric indication of the type of record. We may not need the third
column because it may mix up with dendro records that have no sample
information. It is easy to add a third column to a group of files using
matlab.
 
Zhang
 
 

-----Original Message-----
From: Scott Rutherford [mailto:srutherford@rwu.edu]
Sent: Monday, July 12, 2004 8:57 PM
To: Zhang, Zhihua
Cc: Michael E. Mann; rbradley@geo.umass.edu;
mhughes@ltrr.arizona.edu
Subject: Re: revised proxy network

Zhang,

Can we keep the same file format as the dendro records? That would be
three columns, the third one possibly being nothing but a place holder,
the first three rows being latitude, longitude and some numeric indication
of the type of record? Either that or we should have a common file format
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for all non-dendro records. What do you think?

Scott

On Monday, July 12, 2004, at 02:13 PM, Zhang, Zhihua wrote:

Hi Mike,
 
I will first search the annual resolution ice core data (as well as
documental data) at NGDC website and put them in a dataset with an
uniform format. When I finish some step of that I will give a detailed list
and all of you can advise if some important files are miss or some files are
not so important and need tobe eliminates from the list. I may not collect
those ice cores that are shorter than 1850 because they may not
contribute much to reconstructions.
 
Any suggestions?
 
Thanks,
 
Zhang

-----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu]
Sent: Monday, July 12, 2004 12:21 PM
To: Scott Rutherford
Cc: Zhang, Zhihua; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu;
mann@virginia.edu
Subject: revised proxy network

Dear Zhang, Scott, et al

We should now be going over the latest NGDC Paleo archives:

http://www.ngdc.noaa.gov/paleo/whatsnew.html
and
http://www.ngdc.noaa.gov/paleo/data.html

 to determine all potentially useful proxy series that have been published
and are available in public domain since about 1997 (i.e., since the
MBH98 network was put together). You guys should discuss w/ Ray, just
to make sure we've got all annual and decadal/multidecadal resolution
non-dendro series (historical, lake varve, speleothem, corals, etc.)
including some that may not be in public domain. The network should
include the GISP2 ice core data (all species available), other recent ice
cores, a number of published lake varves and high-res (multidecadal)
ocean/estuarine sediments, etc.

I also wanted to make sure you had the following notes I made at some
time back regarding the new network, as we proceed w/ putting together
the new network. IN particular, we have to be very careful about making
sure to use the MBH98 data, put fixing minor problems (infilled values),
and eliminating all redundant indicators, including both redundancies
within the network (I believe one of the NOrthern Treeline series is
repeated--Scott knows which one), and redundancies w/ the revised
extraction of the ITRDB dataset that is being done by Fenbiao et al now.
Also, we need to be very careful in our use of long instrumental and
historical series.

ABOR/MH/Priv-004053



From my notes:

     RE-OBTAIN ALL LONG INSTRUMENTAL (SLP, TEMP, AND PRECIP)
AND HISTORICAL SERIES (INCLUDING CET AND CENTRAL EUROPE).
OBTAIN AVAILABLE CET VALUES BACK TO 1659(?), ELIMINATING THE
De BILT VALUES (DISCUSS w/ RAY!). USE INSTRUMENTAL AND
HISTORICAL RECORDS AT SEASONAL (COLD, WARM) AND CALENDER
ANNUAL MEAN (JAN-DEC) RESOLUTION, WITH THE PARTICULAR
SEASON DEPENDING ON THE SEASONAL RECONSTRUCTION TO BE
PERFORMED. GRID THE LONG INSTR TEMP SERIES ON JONES INSTR
GRID FOR USE AS LONG-VERIFICATION SERIES.
     
Please let me know if there are questions. I'm looking forward to us
making rapid progress on this!

Thanks,

mike

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________
Scott Rutherford

Assistant Professor
Dept. of Natural Sciences
Roger Williams University
e-mail: srutherford@rwu.edu
http://fox.rwu.edu/~rutherfo
phone: 
snail mail:
One Ferry Road
Bristol, RI 02809

______________________________________________
Scott Rutherford 

Assistant Professor
Dept. of Natural Sciences
Roger Williams University
e-mail: srutherford@rwu.edu
http://fox.rwu.edu/~rutherfo
phone: 
snail mail:
One Ferry Road
Bristol, RI 02809
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From: Michael E. Mann
To: Zhang, Zhihua; Scott Rutherford
Cc: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; zz9t@virginia.edu; mann@virginia.edu
Subject: RE: revised proxy network
Date: Monday, July 12, 2004 2:44:43 PM

Hi Zhang,

This sounds reasonable. We want all new ice cores, corals, etc. for the time being. Of course,
we will be performing an objective screening of all annual resolution data based on the
procedure we have discussed already--you and Scott need to discuss and test the
implementation of that procedure.

Meanwhile, we should also be getting together the lower-resolution records too. We can decide
how to deal with assigning reliability, seasonality, etc. to them at a later time...

Hopefully Scott and you and coordinate this together, w/ some help and occasional guidance
from the rest of the group,

Mike

At 02:13 PM 7/12/2004, Zhang, Zhihua wrote:

Hi Mike,
 
I will first search the annual resolution ice core data (as well as documental data) at NGDC website and
put them in a dataset with an uniform format. When I finish some step of that I will give a detailed list
and all of you can advise if some important files are miss or some files are not so important and need
tobe eliminates from the list. I may not collect those ice cores that are shorter than 1850 because they
may not contribute much to reconstructions.
 
Any suggestions?
 
Thanks,
 
Zhang

-----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu]
Sent: Monday, July 12, 2004 12:21 PM
To: Scott Rutherford
Cc: Zhang, Zhihua; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; mann@virginia.edu
Subject: revised proxy network

Dear Zhang, Scott, et al

We should now be going over the latest NGDC Paleo archives:

http://www.ngdc.noaa.gov/paleo/whatsnew.html
and
http://www.ngdc.noaa.gov/paleo/data.html

 to determine all potentially useful proxy series that have been published and
are available in public domain since about 1997 (i.e., since the MBH98 network
was put together). You guys should discuss w/ Ray, just to make sure we've
got all annual and decadal/multidecadal resolution non-dendro series (historical,
lake varve, speleothem, corals, etc.) including some that may not be in public
domain. The network should include the GISP2 ice core data (all species
available), other recent ice cores, a number of published lake varves and high-
res (multidecadal) ocean/estuarine sediments, etc. 

I also wanted to make sure you had the following notes I made at some time
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back regarding the new network, as we proceed w/ putting together the new
network. IN particular, we have to be very careful about making sure to use
the MBH98 data, put fixing minor problems (infilled values), and eliminating all
redundant indicators, including both redundancies within the network (I believe
one of the NOrthern Treeline series is repeated--Scott knows which one), and
redundancies w/ the revised extraction of the ITRDB dataset that is being done
by Fenbiao et al now. Also, we need to be very careful in our use of long
instrumental and historical series.

From my notes:

     RE-OBTAIN ALL LONG INSTRUMENTAL (SLP, TEMP, AND PRECIP) AND
HISTORICAL SERIES (INCLUDING CET AND CENTRAL EUROPE). OBTAIN
AVAILABLE CET VALUES BACK TO 1659(?), ELIMINATING THE De BILT VALUES
(DISCUSS w/ RAY!). USE INSTRUMENTAL AND HISTORICAL RECORDS AT
SEASONAL (COLD, WARM) AND CALENDER ANNUAL MEAN (JAN-DEC)
RESOLUTION, WITH THE PARTICULAR SEASON DEPENDING ON THE
SEASONAL RECONSTRUCTION TO BE PERFORMED. GRID THE LONG INSTR
TEMP SERIES ON JONES INSTR GRID FOR USE AS LONG-VERIFICATION
SERIES. 
      
Please let me know if there are questions. I'm looking forward to us making
rapid progress on this!

Thanks,

mike

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml 

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Zhang, Zhihua
To: Michael E. Mann; Scott Rutherford
Cc: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; zz9t@virginia.edu
Subject: RE: revised proxy network
Date: Monday, July 12, 2004 11:13:25 AM

Hi Mike,
 
I will first search the annual resolution ice core data (as well as documental data) at NGDC website and put
them in a dataset with an uniform format. When I finish some step of that I will give a detailed list and all of
you can advise if some important files are miss or some files are not so important and need tobe eliminates
from the list. I may not collect those ice cores that are shorter than 1850 because they may not contribute
much to reconstructions.
 
Any suggestions?
 
Thanks,
 
Zhang

-----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu]
Sent: Monday, July 12, 2004 12:21 PM
To: Scott Rutherford
Cc: Zhang, Zhihua; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; mann@virginia.edu
Subject: revised proxy network

Dear Zhang, Scott, et al

We should now be going over the latest NGDC Paleo archives:

http://www.ngdc.noaa.gov/paleo/whatsnew.html
and
http://www.ngdc.noaa.gov/paleo/data.html

 to determine all potentially useful proxy series that have been published and are
available in public domain since about 1997 (i.e., since the MBH98 network was put
together). You guys should discuss w/ Ray, just to make sure we've got all annual
and decadal/multidecadal resolution non-dendro series (historical, lake varve,
speleothem, corals, etc.) including some that may not be in public domain. The
network should include the GISP2 ice core data (all species available), other recent
ice cores, a number of published lake varves and high-res (multidecadal)
ocean/estuarine sediments, etc. 

I also wanted to make sure you had the following notes I made at some time back
regarding the new network, as we proceed w/ putting together the new network. IN
particular, we have to be very careful about making sure to use the MBH98 data, put
fixing minor problems (infilled values), and eliminating all redundant indicators,
including both redundancies within the network (I believe one of the NOrthern
Treeline series is repeated--Scott knows which one), and redundancies w/ the revised
extraction of the ITRDB dataset that is being done by Fenbiao et al now. Also, we
need to be very careful in our use of long instrumental and historical series.

From my notes:

     RE-OBTAIN ALL LONG INSTRUMENTAL (SLP, TEMP, AND PRECIP) AND
HISTORICAL SERIES (INCLUDING CET AND CENTRAL EUROPE). OBTAIN AVAILABLE
CET VALUES BACK TO 1659(?), ELIMINATING THE De BILT VALUES (DISCUSS w/
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RAY!). USE INSTRUMENTAL AND HISTORICAL RECORDS AT SEASONAL (COLD,
WARM) AND CALENDER ANNUAL MEAN (JAN-DEC) RESOLUTION, WITH THE
PARTICULAR SEASON DEPENDING ON THE SEASONAL RECONSTRUCTION TO BE
PERFORMED. GRID THE LONG INSTR TEMP SERIES ON JONES INSTR GRID FOR USE
AS LONG-VERIFICATION SERIES. 
      
Please let me know if there are questions. I'm looking forward to us making rapid
progress on this!

Thanks,

mike

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Scott Rutherford
To: Mann Mike; zhihua zhang; Hughes Malcolm; fenbiao@ltrr.arizona.edu; Bradley Raymond; frank@geo.umass.edu
Subject: new proxy network
Date: Thursday, July 08, 2004 11:51:39 AM
Attachments: databasemaster.xls

Untitled attachment 00148.txt

Dear All,

I want to start a weekly e-mail to keep everyone involved in the
development of the new proxy network. I would like this to be a prompt
for everyone to let the group know what they've been up to, problems
they have encountered, decisions that have to be made and what the next
steps are. My goal is to send the e-mail out on Thursday afternoon
allowing for discussion of issues via e-mail on Friday.

So with that, attached is an updated databasemaster.xls file with all
the ITRDB extractions added. I got the lat, long, start year, end year
and chronology id from Zhang's files. There are a number of other
pieces of information we might want (see empty columns in spreadsheet).
Are these easily extractable by someone (Zhang?, Fenbiao?) using
existing programs?  If the information is in the .crn (text) files I
can probably easily extract is using unix shell commands. (But I don't
know if I have the latest version of the crn files) The point of this
compilation is to allow us to vary the proxy network easily. The Web
interface will compile a list of filenames from this spreadsheet.  The
list of filenames can then be fed into Zhang's matlab program that
compiles the individual proxy records into a network.  For example,
using the Web interface, we may only want to use dendro records between
time periods when there are more than 10 samples (or 5 or whatever) in
the chronology. Or we may only want to use dendro records where the
correlation between cores is greater than 0.6 or 0.7 etc.

OK, so, anybody want to update the group on what they are up to and
what issues they are facing?

Cheers,

Scott
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Untitled attachment 00148.txt

______________________________________________
         Scott Rutherford

Assistant Professor
Dept. of Natural Sciences
Roger Williams University
e-mail: srutherford@rwu.edu
http://fox.rwu.edu/~rutherfo
phone: 
snail mail:
One Ferry Road
Bristol, RI 02809

Page 1
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d d  ldendro onlydendro onlyy

first year first year y
median segment with 5 median segment with 5 median segment with 5 

Author description Data type site id/chronid latitude longitude species elevation sample depth length treesAuthor description Data type site id/chronid latitude longitude species elevation sample depth length treesAuthor description Data type site id/chronid latitude longitude species elevation sample depth length trees

Jones Station Temperature instr temp 42 5 92 5Jones Station Temperature instr-temp 42.5 -92.5Jones Station Temperature instr temp 42.5 92.5

Jones Station Temperature instr temp 47 5 2 5Jones Station Temperature instr-temp 47.5 2.5Jones Station Temperature instr temp 47.5 2.5

Jones Station Temperature instr temp 47 5 7 5Jones Station Temperature instr-temp 47.5 7.5Jo es p st te p 5 5

Jones Station Temperature instr-temp 47 5 12 5Jones Station Temperature instr-temp 47.5 12.5p p

S i  T iJones Station Temperature instr-temp 47 5 17 5Jones Station Temperature instr temp 47.5 17.5p p

J St ti  T t i t t 52 5 17 5Jones Station Temperature instr-temp 52 5 17 5Jones Station Temperature instr temp 52.5 17.5p p

J St ti  T t i t t 57 5 17 5Jones Station Temperature instr-temp 57 5 17 5Jones Station Temperature instr temp 57.5 17.5p

J St ti  T t i t t 57 5 32 5Jones Station Temperature instr-temp 57 5 32 5Jones Station Temperature instr temp 57.5 32.5
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 mean mean 
first year first year last year last year last year correlation first year first year last year last year last year correlation y y y y y
with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we 

trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?

1820 1980 yes yes yes yes1820 1980 yes yes yes yes1820 1980 yes yes yes yes

1757 1980 yes yes yes yes1757 1980 yes yes yes yes1757 1980 yes yes yes yes

1753 1980 yes yes yes yes1753 1980 yes yes yes yes53 980 yes yes yes yes

1767 1980 yes yes yes yes1767 1980 yes yes yes yesy y y y

9801775 1980 yes yes yes yes1775 1980 yes yes yes yesy y y y

1792 19801792 1980 yes yes yes yes1792 1980 yes yes yes yesy y y y

1756 19801756 1980 yes yes yes yes1756 1980 yes yes yes yesy y y y

1752 19801752 1980 yes yes yes yes1752 1980 yes yes yes yes
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location in databaselocation in databaselocation in database
J  P D  & B dl  R S  Cli ti  Jones  P D  & Bradley  R S  Climatic Jones, P.D. & Bradley, R.S., Climatic 

i ti  i  th  l t i t t l variations in the longest instrumental variations in the longest instrumental g
d l ( drecords  in Climate Since A D  1500  (eds records, in Climate Since A.D. 1500, (eds , , (

multiproxy:/p0/tape/big2/MULTIPROXY/DATA/INSR/TEM Bradley  R S  & Jones  P D  246 268  multiproxy:/p0/tape/big2/MULTIPROXY/DATA/INSR/TEM Bradley, R.S. & Jones, P.D., 246-268, u t p o y /p0/tape/b g / U O / / S / ad ey, S & Jo es, , 6 68,
P Routledge  1992)P Routledge, 1992).P Routledge, 1992).

Jone  P D  & B dle  R S  Clim ti  Jones, P.D. & Bradley, R.S., Climatic Jones, P.D. & Bradley, R.S., Climatic 
i ti  i  th  l t i t t l variations in the longest instrumental variations in the longest instrumental g

d  i  Cli  Si  A D  1500  ( d  records  in Climate Since A D  1500  (eds records, in Climate Since A.D. 1500, (eds , , (
multiproxy:/p0/tape/big2/MULTIPROXY/DATA/INSR/TEM Bradley  R S  & Jones  P D  246 268  multiproxy:/p0/tape/big2/MULTIPROXY/DATA/INSR/TEM Bradley, R.S. & Jones, P.D., 246-268, p y /p / p / g / / / / y, , , ,
P Routledge  1992)P Routledge, 1992).P Routledge, 1992).

Jones  P D  & Bradley  R S  Climatic Jones, P.D. & Bradley, R.S., Climatic Jones, P.D. & Bradley, R.S., Climatic 
i ti  i  th  l t i t t l variations in the longest instrumental variations in the longest instrumental 

d  i  Cli t  Si  A D  1500  ( d  records  in Climate Since A D  1500  (eds records, in Climate Since A.D. 1500, (eds 
l i / 0/ /bi 2/MULTIPROXY/DATA/INSR/TEM B dl  R S  & J  P D  246 268  multiproxy:/p0/tape/big2/MULTIPROXY/DATA/INSR/TEM Bradley  R S  & Jones  P D  246-268  multiproxy:/p0/tape/big2/MULTIPROXY/DATA/INSR/TEM Bradley, R.S. & Jones, P.D., 246-268, p y /p / p / g / / / / y, , , ,

P Routledge  1992)P Routledge, 1992).g , )
Jones  P D  & Bradley  R S  Climatic Jones, P.D. & Bradley, R.S., Climatic Jones, P.D. & Bradley, R.S., Climatic 
variations in the longest instrumental variations in the longest instrumental variations in the longest instrumental 

d  i  Cli t  Si  A D  1500  ( d  records  in Climate Since A D  1500  (eds records, in Climate Since A.D. 1500, (eds 
lti / 0/t /bi 2/MULTIPROXY/DATA/INSR/TEM B dl  R S  & J  P D  246 268  multiproxy:/p0/tape/big2/MULTIPROXY/DATA/INSR/TEM Bradley  R S  & Jones  P D  246-268  multiproxy:/p0/tape/big2/MULTIPROXY/DATA/INSR/TEM Bradley, R.S. & Jones, P.D., 246 268, p y /p / p / g / / / / y, , , ,

l d )P Routledge  1992)P Routledge, 1992).g , )
Jones  P D  & Bradley  R S  Climatic Jones, P.D. & Bradley, R.S., Climatic Jones, P.D. & Bradley, R.S., Climatic 
variations in the longest instrumental variations in the longest instrumental variations in the longest instrumental 

d  i  Cli t  Si  A D  1500  ( d  records  in Climate Since A D  1500  (eds records, in Climate Since A.D. 1500, (eds 
lti / 0/t /bi 2/MULTIPROXY/DATA/INSR/TEM B dl  R S  & J  P D  246 268  multiproxy:/p0/tape/big2/MULTIPROXY/DATA/INSR/TEM Bradley  R S  & Jones  P D  246-268  multiproxy:/p0/tape/big2/MULTIPROXY/DATA/INSR/TEM Bradley, R.S. & Jones, P.D., 246 268, p y p p g

P
y

R l d  1992)P Routledge  1992)P Routledge, 1992).g , )
Jones  P D  & Bradley  R S  Climatic Jones, P.D. & Bradley, R.S., Climatic , y, ,
variations in the longest instrumental variations in the longest instrumental g
records  in Climate Since A D  1500  (eds records, in Climate Since A.D. 1500, (eds records, in Climate Since A.D. 1500, (eds 

lti / 0/t /bi 2/MULTIPROXY/DATA/INSR/TEM B dl  R S  & J  P D  246 268  multiproxy:/p0/tape/big2/MULTIPROXY/DATA/INSR/TEM Bradley  R S  & Jones  P D  246-268  multiproxy:/p0/tape/big2/MULTIPROXY/DATA/INSR/TEM Bradley, R.S. & Jones, P.D., 246 268, 
P R tl d  1992)P Routledge  1992)P Routledge, 1992).g , )

& dl S ClJones  P D  & Bradley  R S  Climatic Jones, P.D. & Bradley, R.S., Climatic , y, ,
variations in the longest instrumental variations in the longest instrumental g
records  in Climate Since A D  1500  (eds records, in Climate Since A.D. 1500, (eds records, in Climate Since A.D. 1500, (eds 

multiproxy:/p0/tape/big2/MULTIPROXY/DATA/INSR/TEM Bradley  R S  & Jones  P D  246 268  multiproxy:/p0/tape/big2/MULTIPROXY/DATA/INSR/TEM Bradley, R.S. & Jones, P.D., 246-268, multiproxy:/p0/tape/big2/MULTIPROXY/DATA/INSR/TEM Bradley, R.S. & Jones, P.D., 246 268, 
P R tl d  1992)P Routledge  1992)P Routledge, 1992).

J  P D  & B dl  R S  Cli ti  Jones  P D  & Bradley  R S  Climatic Jones, P.D. & Bradley, R.S., Climatic , y, ,
variations in the longest instrumental variations in the longest instrumental g
records  in Climate Since A D  1500  (eds records, in Climate Since A.D. 1500, (eds records, in Climate Since A.D. 1500, (eds 

multiproxy:/p0/tape/big2/MULTIPROXY/DATA/INSR/TEM Bradley  R S  & Jones  P D  246 268  multiproxy:/p0/tape/big2/MULTIPROXY/DATA/INSR/TEM Bradley, R.S. & Jones, P.D., 246-268, multiproxy:/p0/tape/big2/MULTIPROXY/DATA/INSR/TEM Bradley, R.S. & Jones, P.D., 246 268, 
P R tl d  1992)P Routledge  1992)P Routledge, 1992).
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d d  ldendro onlydendro onlyy

first year first year y
median segment with 5 median segment with 5 median segment with 5 

Author description Data type site id/chronid latitude longitude species elevation sample depth length treesAuthor description Data type site id/chronid latitude longitude species elevation sample depth length treesAuthor description Data type site id/chronid latitude longitude species elevation sample depth length trees

Jones Station Temperature instr temp 62 5 7 5Jones Station Temperature instr-temp 62.5 7.5Jones Station Temperature instr temp 62.5 7.5

Jones Station Temperature instr temp 62 5 12 5Jones Station Temperature instr-temp 62.5 12.5Jones Station Temperature instr temp 62.5 12.5

Jones Station Temperature instr temp 62 5 42 5Jones Station Temperature instr-temp 62.5 42.5Jo es p st te p 6 5 5

Jones Station Precipitation instr-prec 12 5 82 5Jones Station Precipitation instr-prec 12.5 82.5p p

S i  P i i i i 2Jones Station Precipitation instr-prec 17 5 72 5Jones Station Precipitation instr prec 17.5 72.5p p

J St ti  P i it ti i t 37 5 77 5Jones Station Precipitation instr-prec 37 5 77 5Jones Station Precipitation instr prec 37.5 77.5p p

J St ti  P i it ti i t 42 5 2 5Jones Station Precipitation instr-prec 42 5 2 5Jones Station Precipitation instr prec 42.5 2.5p

J St ti  P i it ti i t 42 5 7 5Jones Station Precipitation instr-prec 42 5 7 5Jones Station Precipitation instr prec 42.5 7.5

ABOR/MH/Priv-004064



 mean mean 
first year first year last year last year last year correlation first year first year last year last year last year correlation y y y y y
with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we 

trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?

1816 1980 yes yes yes yes1816 1980 yes yes yes yes1816 1980 yes yes yes yes

1761 1980 yes yes yes yes1761 1980 yes yes yes yes1761 1980 yes yes yes yes

1814 1980 yes yes yes yes1814 1980 yes yes yes yes8 980 yes yes yes yes

1813 1980 yes yes yes yes1813 1980 yes yes yes yesy y y y

8 9801817 1980 yes yes yes yes1817 1980 yes yes yes yesy y y y

1809 19801809 1980 yes yes yes yes1809 1980 yes yes yes yesy y y y

1749 19801749 1980 yes yes yes yes1749 1980 yes yes yes yesy y y y

1804 19801804 1980 yes yes yes yes1804 1980 yes yes yes yes

ABOR/MH/Priv-004065



location in databaselocation in databaselocation in database
J  P D  & B dl  R S  Cli ti  Jones  P D  & Bradley  R S  Climatic Jones, P.D. & Bradley, R.S., Climatic 

i ti  i  th  l t i t t l variations in the longest instrumental variations in the longest instrumental g
d l ( drecords  in Climate Since A D  1500  (eds records, in Climate Since A.D. 1500, (eds , , (

multiproxy:/p0/tape/big2/MULTIPROXY/DATA/INSR/TEM Bradley  R S  & Jones  P D  246 268  multiproxy:/p0/tape/big2/MULTIPROXY/DATA/INSR/TEM Bradley, R.S. & Jones, P.D., 246-268, u t p o y /p0/tape/b g / U O / / S / ad ey, S & Jo es, , 6 68,
P Routledge  1992)P Routledge, 1992).P Routledge, 1992).

Jone  P D  & B dle  R S  Clim ti  Jones, P.D. & Bradley, R.S., Climatic Jones, P.D. & Bradley, R.S., Climatic 
i ti  i  th  l t i t t l variations in the longest instrumental variations in the longest instrumental g

d  i  Cli  Si  A D  1500  ( d  records  in Climate Since A D  1500  (eds records, in Climate Since A.D. 1500, (eds , , (
multiproxy:/p0/tape/big2/MULTIPROXY/DATA/INSR/TEM Bradley  R S  & Jones  P D  246 268  multiproxy:/p0/tape/big2/MULTIPROXY/DATA/INSR/TEM Bradley, R.S. & Jones, P.D., 246-268, p y /p / p / g / / / / y, , , ,
P Routledge  1992)P Routledge, 1992).P Routledge, 1992).

Jones  P D  & Bradley  R S  Climatic Jones, P.D. & Bradley, R.S., Climatic Jones, P.D. & Bradley, R.S., Climatic 
i ti  i  th  l t i t t l variations in the longest instrumental variations in the longest instrumental 

d  i  Cli t  Si  A D  1500  ( d  records  in Climate Since A D  1500  (eds records, in Climate Since A.D. 1500, (eds 
l i / 0/ /bi 2/MULTIPROXY/DATA/INSR/TEM B dl  R S  & J  P D  246 268  multiproxy:/p0/tape/big2/MULTIPROXY/DATA/INSR/TEM Bradley  R S  & Jones  P D  246-268  multiproxy:/p0/tape/big2/MULTIPROXY/DATA/INSR/TEM Bradley, R.S. & Jones, P.D., 246-268, p y /p / p / g / / / / y, , , ,

P Routledge  1992)P Routledge, 1992).g , )
Jones  P D  & Bradley  R S  Climatic Jones, P.D. & Bradley, R.S., Climatic Jones, P.D. & Bradley, R.S., Climatic 
variations in the longest instrumental variations in the longest instrumental variations in the longest instrumental 

d  i  Cli t  Si  A D  1500  ( d  records  in Climate Since A D  1500  (eds records, in Climate Since A.D. 1500, (eds 
lti / 0/t /bi 2/MULTIPROXY/DATA/INSR/PRE B dl  R S  & J  P D  246 268  multiproxy:/p0/tape/big2/MULTIPROXY/DATA/INSR/PRE Bradley  R S  & Jones  P D  246-268  multiproxy:/p0/tape/big2/MULTIPROXY/DATA/INSR/PRE Bradley, R.S. & Jones, P.D., 246 268, p y /p / p / g / / / / y, , , ,

l d )C Routledge  1992)C Routledge, 1992).g , )
Jones  P D  & Bradley  R S  Climatic Jones, P.D. & Bradley, R.S., Climatic Jones, P.D. & Bradley, R.S., Climatic 
variations in the longest instrumental variations in the longest instrumental variations in the longest instrumental 

d  i  Cli t  Si  A D  1500  ( d  records  in Climate Since A D  1500  (eds records, in Climate Since A.D. 1500, (eds 
lti / 0/t /bi 2/MULTIPROXY/DATA/INSR/PRE B dl  R S  & J  P D  246 268  multiproxy:/p0/tape/big2/MULTIPROXY/DATA/INSR/PRE Bradley  R S  & Jones  P D  246-268  multiproxy:/p0/tape/big2/MULTIPROXY/DATA/INSR/PRE Bradley, R.S. & Jones, P.D., 246 268, p y p p g

C
y

R l d  1992)C Routledge  1992)C Routledge, 1992).g , )
Jones  P D  & Bradley  R S  Climatic Jones, P.D. & Bradley, R.S., Climatic , y, ,
variations in the longest instrumental variations in the longest instrumental g
records  in Climate Since A D  1500  (eds records, in Climate Since A.D. 1500, (eds records, in Climate Since A.D. 1500, (eds 

lti / 0/t /bi 2/MULTIPROXY/DATA/INSR/PRE B dl  R S  & J  P D  246 268  multiproxy:/p0/tape/big2/MULTIPROXY/DATA/INSR/PRE Bradley  R S  & Jones  P D  246-268  multiproxy:/p0/tape/big2/MULTIPROXY/DATA/INSR/PRE Bradley, R.S. & Jones, P.D., 246 268, 
C R tl d  1992)C Routledge  1992)C Routledge, 1992).g , )

& dl S ClJones  P D  & Bradley  R S  Climatic Jones, P.D. & Bradley, R.S., Climatic , y, ,
variations in the longest instrumental variations in the longest instrumental g
records  in Climate Since A D  1500  (eds records, in Climate Since A.D. 1500, (eds records, in Climate Since A.D. 1500, (eds 

multiproxy:/p0/tape/big2/MULTIPROXY/DATA/INSR/PRE Bradley  R S  & Jones  P D  246 268  multiproxy:/p0/tape/big2/MULTIPROXY/DATA/INSR/PRE Bradley, R.S. & Jones, P.D., 246-268, multiproxy:/p0/tape/big2/MULTIPROXY/DATA/INSR/PRE Bradley, R.S. & Jones, P.D., 246 268, 
C R tl d  1992)C Routledge  1992)C Routledge, 1992).

J  P D  & B dl  R S  Cli ti  Jones  P D  & Bradley  R S  Climatic Jones, P.D. & Bradley, R.S., Climatic , y, ,
variations in the longest instrumental variations in the longest instrumental g
records  in Climate Since A D  1500  (eds records, in Climate Since A.D. 1500, (eds records, in Climate Since A.D. 1500, (eds 

multiproxy:/p0/tape/big2/MULTIPROXY/DATA/INSR/PRE Bradley  R S  & Jones  P D  246 268  multiproxy:/p0/tape/big2/MULTIPROXY/DATA/INSR/PRE Bradley, R.S. & Jones, P.D., 246-268, multiproxy:/p0/tape/big2/MULTIPROXY/DATA/INSR/PRE Bradley, R.S. & Jones, P.D., 246 268, 
C R tl d  1992)C Routledge  1992)C Routledge, 1992).

ABOR/MH/Priv-004066



d d  ldendro onlydendro onlyy

first year first year y
median segment with 5 median segment with 5 median segment with 5 

Author description Data type site id/chronid latitude longitude species elevation sample depth length treesAuthor description Data type site id/chronid latitude longitude species elevation sample depth length treesAuthor description Data type site id/chronid latitude longitude species elevation sample depth length trees

Jones Station Precipitation instr prec 42 5 72 5Jones Station Precipitation instr-prec 42.5 -72.5Jones Station Precipitation instr prec 42.5 72.5

Jones Station Precipitation instr prec 47 5 2 5Jones Station Precipitation instr-prec 47.5 2.5Jones Station Precipitation instr prec 47.5 2.5

Jones Station Precipitation instr prec 47 5 12 5Jones Station Precipitation instr-prec 47.5 12.5Jo es p st p ec 5 5

Jones Station Precipitation instr-prec 52 5 12 5Jones Station Precipitation instr-prec 52.5 12.5p p

S i  P i i i i 2 2Jones Station Precipitation instr-prec 52 5 -2 5Jones Station Precipitation instr prec 52.5 2.5p p

J St ti  P i it ti i t 57 5 7 5Jones Station Precipitation instr-prec 57 5 -7 5Jones Station Precipitation instr prec 57.5 7.5p p

B dl C t l E l d i t t 52 0Bradley Central England inst-temp 52 0Bradley Central England inst temp 52 0y p

B dl C t l E i t t 45 10Bradley Central Europe inst-temp 45 10Bradley Central Europe inst temp 45 10
it db t ti d d 2 56 38 124 70itrdb extraction dendro agrcrn2 56 38 124 70itrdb extraction dendro agrcrn2 56.38 124.70g
i db i d d k00 60 3itrdb extraction dendro ak001 60 43 -147 75itrdb extraction dendro ak001 60.43 -147.75
itrdb extraction dendro ak008 60 50 149 50itrdb extraction dendro ak008 60.50 -149.50

ABOR/MH/Priv-004067



 mean mean 
first year first year last year last year last year correlation first year first year last year last year last year correlation y y y y y
with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we 

trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?

1770 1980 yes yes yes yes1770 1980 yes yes yes yes1770 1980 yes yes yes yes

1813 1980 yes yes yes yes1813 1980 yes yes yes yes1813 1980 yes yes yes yes

1805 1980 yes yes yes yes1805 1980 yes yes yes yes805 980 yes yes yes yes

1697 1980 yes yes yes yes1697 1980 yes yes yes yesy y y y

800 9801800 1980 yes yes yes yes1800 1980 yes yes yes yesy y y y

1785 19801785 1980 yes yes yes yes1785 1980 yes yes yes yesy y y y

1730 19871730 1987 yes yes yes yes1730 1987 yes yes yes yesy y y y

1550 19791550 1979 yes yes yes yes1550 1979 yes yes yes yes
1683 19991683 1999 yes yes yes yes1683 1999 yes yes yes yesy y y y

22 9 21422 1972 yes yes yes yes1422 1972 yes yes yes yesy y y y
1664 1983 yes yes yes yes1664 1983 yes yes yes yesy y y y

ABOR/MH/Priv-004068



location in databaselocation in databaselocation in database
J  P D  & B dl  R S  Cli ti  Jones  P D  & Bradley  R S  Climatic Jones, P.D. & Bradley, R.S., Climatic 

i ti  i  th  l t i t t l variations in the longest instrumental variations in the longest instrumental g
d l ( drecords  in Climate Since A D  1500  (eds records, in Climate Since A.D. 1500, (eds , , (

multiproxy:/p0/tape/big2/MULTIPROXY/DATA/INSR/PRE Bradley  R S  & Jones  P D  246 268  multiproxy:/p0/tape/big2/MULTIPROXY/DATA/INSR/PRE Bradley, R.S. & Jones, P.D., 246-268, u t p o y /p0/tape/b g / U O / / S / ad ey, S & Jo es, , 6 68,
C Routledge  1992)C Routledge, 1992).C Routledge, 1992).

Jone  P D  & B dle  R S  Clim ti  Jones, P.D. & Bradley, R.S., Climatic Jones, P.D. & Bradley, R.S., Climatic 
i ti  i  th  l t i t t l variations in the longest instrumental variations in the longest instrumental g

d  i  Cli  Si  A D  1500  ( d  records  in Climate Since A D  1500  (eds records, in Climate Since A.D. 1500, (eds , , (
multiproxy:/p0/tape/big2/MULTIPROXY/DATA/INSR/PRE Bradley  R S  & Jones  P D  246 268  multiproxy:/p0/tape/big2/MULTIPROXY/DATA/INSR/PRE Bradley, R.S. & Jones, P.D., 246-268, p y /p / p / g / / / / y, , , ,
C Routledge  1992)C Routledge, 1992).C Routledge, 1992).

Jones  P D  & Bradley  R S  Climatic Jones, P.D. & Bradley, R.S., Climatic Jones, P.D. & Bradley, R.S., Climatic 
i ti  i  th  l t i t t l variations in the longest instrumental variations in the longest instrumental 

d  i  Cli t  Si  A D  1500  ( d  records  in Climate Since A D  1500  (eds records, in Climate Since A.D. 1500, (eds 
l i / 0/ /bi 2/MULTIPROXY/DATA/INSR/PRE B dl  R S  & J  P D  246 268  multiproxy:/p0/tape/big2/MULTIPROXY/DATA/INSR/PRE Bradley  R S  & Jones  P D  246-268  multiproxy:/p0/tape/big2/MULTIPROXY/DATA/INSR/PRE Bradley, R.S. & Jones, P.D., 246-268, p y /p / p / g / / / / y, , , ,

C Routledge  1992)C Routledge, 1992).g , )
Jones  P D  & Bradley  R S  Climatic Jones, P.D. & Bradley, R.S., Climatic Jones, P.D. & Bradley, R.S., Climatic 
variations in the longest instrumental variations in the longest instrumental variations in the longest instrumental 

d  i  Cli t  Si  A D  1500  ( d  records  in Climate Since A D  1500  (eds records, in Climate Since A.D. 1500, (eds 
lti / 0/t /bi 2/MULTIPROXY/DATA/INSR/PRE B dl  R S  & J  P D  246 268  multiproxy:/p0/tape/big2/MULTIPROXY/DATA/INSR/PRE Bradley  R S  & Jones  P D  246-268  multiproxy:/p0/tape/big2/MULTIPROXY/DATA/INSR/PRE Bradley, R.S. & Jones, P.D., 246 268, p y /p / p / g / / / / y, , , ,

l d )C Routledge  1992)C Routledge, 1992).g , )
Jones  P D  & Bradley  R S  Climatic Jones, P.D. & Bradley, R.S., Climatic Jones, P.D. & Bradley, R.S., Climatic 
variations in the longest instrumental variations in the longest instrumental variations in the longest instrumental 

d  i  Cli t  Si  A D  1500  ( d  records  in Climate Since A D  1500  (eds records, in Climate Since A.D. 1500, (eds 
lti / 0/t /bi 2/MULTIPROXY/DATA/INSR/PRE B dl  R S  & J  P D  246 268  multiproxy:/p0/tape/big2/MULTIPROXY/DATA/INSR/PRE Bradley  R S  & Jones  P D  246-268  multiproxy:/p0/tape/big2/MULTIPROXY/DATA/INSR/PRE Bradley, R.S. & Jones, P.D., 246 268, p y p p g

C
y

R l d  1992)C Routledge  1992)C Routledge, 1992).g , )
Jones  P D  & Bradley  R S  Climatic Jones, P.D. & Bradley, R.S., Climatic , y, ,
variations in the longest instrumental variations in the longest instrumental g
records  in Climate Since A D  1500  (eds records, in Climate Since A.D. 1500, (eds records, in Climate Since A.D. 1500, (eds 

lti / 0/t /bi 2/MULTIPROXY/DATA/INSR/PRE B dl  R S  & J  P D  246 268  multiproxy:/p0/tape/big2/MULTIPROXY/DATA/INSR/PRE Bradley  R S  & Jones  P D  246-268  multiproxy:/p0/tape/big2/MULTIPROXY/DATA/INSR/PRE Bradley, R.S. & Jones, P.D., 246 268, 
C R tl d  1992)C Routledge  1992)C Routledge, 1992).g , )

dl S & ` l 'Bradley  R S  & Jones  P D  `Little Ice Age' Bradley, R.S. & Jones, P.D., Little Ice Age  y, , , g
summer temperature variations: their summer temperature variations: their p
nature and relevance to recent global nature and relevance to recent global nature and relevance to recent global 

multiproxy:/p0/tape/big2/MULTIPROXY/DATA/HIST/MAN warming trends  Holocene  3  367 376  multiproxy:/p0/tape/big2/MULTIPROXY/DATA/HIST/MAN warming trends, Holocene , 3, 367-376, multiproxy:/p0/tape/big2/MULTIPROXY/DATA/HIST/MAN warming trends, Holocene , 3, 367 376, 
NETAL97 1993NETAL97 1993NETAL97 1993.

B dl  R S  & J  P D  `Littl  I  A ' Bradley  R S  & Jones  P D  `Little Ice Age' Bradley, R.S. & Jones, P.D., Little Ice Age  y, , , g
summer temperature variations: their summer temperature variations: their p
nature and relevance to recent global nature and relevance to recent global nature and relevance to recent global 

multiproxy:/p0/tape/big2/MULTIPROXY/DATA/HIST/MAN warming trends  Holocene  3  367 376  multiproxy:/p0/tape/big2/MULTIPROXY/DATA/HIST/MAN warming trends, Holocene , 3, 367-376, multiproxy:/p0/tape/big2/MULTIPROXY/DATA/HIST/MAN warming trends, Holocene , 3, 367 376, 
NETAL97 1993NETAL97 1993NETAL97 1993.
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /

ABOR/MH/Priv-004069



d d  ldendro onlydendro onlyy

first year first year y
median segment with 5 median segment with 5 median segment with 5 

Author description Data type site id/chronid latitude longitude species elevation sample depth length treesAuthor description Data type site id/chronid latitude longitude species elevation sample depth length treesAuthor description Data type site id/chronid latitude longitude species elevation sample depth length trees
it db t ti d d k010 61 83 147 33itrdb extraction dendro ak010 61 83 -147 33itrdb extraction dendro ak010 61.83 147.33
it db t ti d d k010  61 83 147 33itrdb extraction dendro ak010x 61 83 -147 33itrdb extraction dendro ak010x 61.83 -147.33

dbitrdb extraction dendro ak014 58 05 -152 70itrdb extraction dendro ak014 58.05 -152.70
itrdb extraction dendro ak015 60 08 148 97itrdb extraction dendro ak015 60.08 -148.97t db e t act o dendro ak015 60.08 148.97
itrdb extraction dendro ak016 60 20 149 58itrdb extraction dendro ak016 60.20 -149.58itrdb extraction dendro ak016 60.20 149.58
it db e t tion d d k017 59 62 151 15itrdb extraction dendro ak017 59 62 -151 15itrdb extraction dendro ak017 59.62 151.15
it db t ti d d k018 59 68 151 42itrdb extraction dendro ak018 59 68 -151 42itrdb extraction dendro ak018 59.68 151.42
i db i d d k020 60 60 145 67itrdb extraction dendro ak020 60 60 -145 67itrdb extraction dendro ak020 60.60 -145.67
itrdb extraction dendro ak021 60 00 141 68itrdb extraction dendro ak021 60.00 -141.68
itrdb extraction dendro ak023 59 37 150 83itrdb extraction dendro ak023 59.37 -150.83itrdb extraction dendro ak023 59.37 150.83
itrdb extraction dendro ak024 60 07 148 83itrdb extraction dendro ak024 60.07 -148.83itrdb extraction dendro ak024 60.07 148.83
it db t ti d d k025 60 75 148 45itrdb extraction dendro ak025 60 75 -148 45itrdb extraction dendro ak025 60.75 148.45
it db t ti d d k027 60 82 149 17itrdb extraction dendro ak027 60 82 -149 17itrdb extraction dendro ak027 60.82 149.17
i db i d d k028 60 83 148 58itrdb extraction dendro ak028 60 83 -148 58itrdb extraction dendro ak028 60.83 -148.58
itrdb extraction dendro ak029 60 12 149 47itrdb extraction dendro ak029 60.12 -149.47de d o a 0 9 60 9
itrdb extraction dendro ak030 60 37 148 90itrdb extraction dendro ak030 60.37 -148.90itrdb extraction dendro ak030 60.37 148.90
itrdb extraction dend o ak031 67 93 162 30itrdb extraction dendro ak031 67 93 -162 30itrdb extraction dendro ak031 67.93 162.30
it db t ti d d k032 67 45 154 05itrdb extraction dendro ak032 67 45 -154 05itrdb extraction dendro ak032 67.45 154.05
it db t ti d d k033 68 63 143 72itrdb extraction dendro ak033 68 63 -143 72itrdb extraction dendro ak033 68.63 -143.72

dbitrdb extraction dendro ak035 63 25 -147 78itrdb extraction dendro ak035 63.25 -147.78
itrdb extraction dendro ak046 67 07 159 62itrdb extraction dendro ak046 67.07 -159.62itrdb extraction dendro ak046 67.07 159.62
itrdb extraction dendro aktcrn2 50 42 87 62itrdb extraction dendro aktcrn2 50.42 87.62itrdb extraction dendro aktcrn2 50.42 87.62
it db t ti d d l001 34 33 87 45itrdb extraction dendro al001 34 33 -87 45itrdb extraction dendro al001 34.33 87.45
it db t ti d d lt00  71 50 102 00itrdb extraction dendro alt00ars 71 50 102 00itrdb extraction dendro alt00ars 71.50 102.00
i db i d d 009 3 6 93 0itrdb extraction dendro ar009 35 65 -93 07itrdb extraction dendro ar009 35.65 93.07
itrdb extraction dendro ar018 34 72 94 45itrdb extraction dendro ar018 34.72 -94.45
itrdb extraction dendro ar024 36 08 94 40itrdb extraction dendro ar024 36.08 -94.40dendro ar024 36.08 94.40
itrdb extraction dendro ar027 34 80 92 93itrdb extraction dendro ar027 34.80 -92.93itrdb extraction dendro ar027 34.80 92.93
it db t ti d d 030 34 52 93 50itrdb extraction dendro ar030 34 52 -93 50itrdb extraction dendro ar030 34.52 93.50
it db t ti d d 033 34 37 93 97itrdb extraction dendro ar033 34 37 -93 97itrdb extraction dendro ar033 34.37 93.97

db d ditrdb extraction dendro ar042 34 63 -91 75itrdb extraction dendro ar042 34.63 -91.75
itrdb extraction dendro ar048 35 85 90 95itrdb extraction dendro ar048 35.85 -90.95dendro ar048 35.85 90.95
itrdb extraction dendro ar049 34 95 91 22itrdb extraction dendro ar049 34.95 -91.22itrdb extraction dendro ar049 34.95 91.22
itrdb extraction d d 050 35 15 91 30itrdb extraction dendro ar050 35.15 -91.30itrdb extraction dendro ar050 35.15 91.30
it db t ti d d 051 34 83 92 50itrdb extraction dendro ar051 34 83 -92 50itrdb extraction dendro ar051 34.83 92.50
it db t ti d d 052 35 55 91 25itrdb extraction dendro ar052 35 55 -91 25itrdb extraction dendro ar052 35.55 -91.25
itrdb extraction dendro ar053 33 77 92 33itrdb extraction dendro ar053 33.77 -92.33
itrdb extraction dendro ar054 35 63 90 45itrdb extraction dendro ar054 35.63 -90.45itrdb extraction dendro ar054 35.63 90.45
itrdb extraction dendro ar055 36 07 93 30itrdb extraction dendro ar055 36.07 -93.30itrdb extraction dendro ar055 36.07 93.30
it db t ti d d 056 36 07 93 30itrdb extraction dendro ar056 36 07 -93 30itrdb extraction dendro ar056 36.07 93.30
it db t ti d d 057 36 07 93 18itrdb extraction dendro ar057 36 07 -93 18itrdb extraction dendro ar057 36.07 93.18
i db i d d 0 8 36 0 9 3itrdb extraction dendro ar058 36 10 -94 13itrdb extraction dendro ar058 36.10 -94.13
itrdb extraction dendro ar060 36 30 92 20itrdb extraction dendro ar060 36.30 -92.20

ABOR/MH/Priv-004070



 mean mean 
first year first year last year last year last year correlation first year first year last year last year last year correlation y y y y y
with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we 

trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?
1654 19831654 1983 yes yes yes yes1654 1983 yes yes yes yes
1654 19831654 1983 yes yes yes yes1654 1983 yes yes yes yesy y y y
1690 1996 yes yes yes yes1690 1996 yes yes yes yesy y y y
1543 1991 yes yes yes yes1543 1991 yes yes yes yes1543 1991 yes yes yes yes
1574 1988 yes yes yes yes1574 1988 yes yes yes yes1574 1988 yes yes yes yes
1719 19881719 1988 yes yes yes yes1719 1988 yes yes yes yes
1720 19881720 1988 yes yes yes yes1720 1988 yes yes yes yesy y y y
1365 19921365 1992 yes yes yes yes1365 1992 yes yes yes yesy y y y
1428 1995 yes yes yes yes1428 1995 yes yes yes yesy y y y
1615 1987 yes yes yes yes1615 1987 yes yes yes yes1615 1987 yes yes yes yes
1514 1992 yes yes yes yes1514 1992 yes yes yes yes1514 1992 yes yes yes yes
1450 19911450 1991 yes yes yes yes1450 1991 yes yes yes yes
1709 19901709 1990 yes yes yes yes1709 1990 yes yes yes yesy y y y
1412 19911412 1991 yes yes yes yes1412 1991 yes yes yes yesy y y y
1727 1989 yes yes yes yes1727 1989 yes yes yes yes989 yes yes yes yes
1247 1991 yes yes yes yes1247 1991 yes yes yes yes1247 1991 yes yes yes yes
1524 1990 es es es es1524 1990 yes yes yes yes1524 1990 yes yes yes yes
1585 19901585 1990 yes yes yes yes1585 1990 yes yes yes yes
1296 19691296 1969 yes yes yes yes1296 1969 yes yes yes yesy y y y
1642 1997 yes yes yes yes1642 1997 yes yes yes yesy y y y
978 1992 yes yes yes yes978 1992 yes yes yes yes978 1992 yes yes yes yes
1601 1995 yes yes yes yes1601 1995 yes yes yes yes1601 1995 yes yes yes yes
1679 19851679 1985 yes yes yes yes1679 1985 yes yes yes yes
906 1998906 1998 yes yes yes yes906 1998 yes yes yes yesy y y y

3 9 21713 1972 yes yes yes yes1713 1972 yes yes yes yesy y y y
1650 1980 yes yes yes yes1650 1980 yes yes yes yesy y y y
1725 1982 yes yes yes yes1725 1982 yes yes yes yes1725 1982 yes yes yes yes
1667 1980 yes yes yes yes1667 1980 yes yes yes yes1667 1980 yes yes yes yes
1736 19821736 1982 yes yes yes yes1736 1982 yes yes yes yes
1708 19821708 1982 yes yes yes yes1708 1982 yes yes yes yesy y y y
1522 1980 yes yes yes yes1522 1980 yes yes yes yesy y y y
1417 1980 yes yes yes yes1417 1980 yes yes yes yes1417 1980 yes yes yes yes
1133 1985 yes yes yes yes1133 1985 yes yes yes yes1133 1985 yes yes yes yes
1019 19801019 1980 yes yes yes yes1019 1980 yes yes yes yes
1532 19851532 1985 yes yes yes yes1532 1985 yes yes yes yesy y y y
998 1990998 1990 yes yes yes yes998 1990 yes yes yes yesy y y y
1262 1985 yes yes yes yes1262 1985 yes yes yes yesy y y y
1321 1990 yes yes yes yes1321 1990 yes yes yes yes1321 1990 yes yes yes yes
1359 1992 yes yes yes yes1359 1992 yes yes yes yes1359 1992 yes yes yes yes
1670 19921670 1992 yes yes yes yes1670 1992 yes yes yes yes
1620 19931620 1993 yes yes yes yes1620 1993 yes yes yes yesy y y y
6 9 9921679 1992 yes yes yes yes1679 1992 yes yes yes yesy y y y

1637 1993 yes yes yes yes1637 1993 yes yes yes yesy y y y

ABOR/MH/Priv-004071



location in databaselocation in databaselocation in database
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/datao oce e /uses/s a ed/ t db/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holo ene / e / h ed/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /

ABOR/MH/Priv-004072



d d  ldendro onlydendro onlyy

first year first year y
median segment with 5 median segment with 5 median segment with 5 

Author description Data type site id/chronid latitude longitude species elevation sample depth length treesAuthor description Data type site id/chronid latitude longitude species elevation sample depth length treesAuthor description Data type site id/chronid latitude longitude species elevation sample depth length trees
it db t ti d d 061 36 93 92 87itrdb extraction dendro ar061 36 93 -92 87itrdb extraction dendro ar061 36.93 92.87
it db t ti d d 064 34 25 94 17itrdb extraction dendro ar064 34 25 -94 17itrdb extraction dendro ar064 34.25 -94.17

dbitrdb extraction dendro ar072 35 83 -94 00itrdb extraction dendro ar072 35.83 -94.00
itrdb extraction dendro arge001 37 87 71 02itrdb extraction dendro arge001 -37.87 -71.02t db e t act o dendro arge001 37.87 71.02
itrdb extraction dendro arge004 39 40 70 80itrdb extraction dendro arge004 -39.40 -70.80itrdb extraction dendro arge004 39.40 70.80
it db e t tion d d 005 38 63 70 75itrdb extraction dendro arge005 -38 63 -70 75itrdb extraction dendro arge005 38.63 70.75
it db t ti d d 006 38 10 70 85itrdb extraction dendro arge006 -38 10 -70 85itrdb extraction dendro arge006 38.10 70.85g
i db i d d 007 41 08 71 15itrdb extraction dendro arge007 -41 08 -71 15itrdb extraction dendro arge007 -41.08 -71.15g
itrdb extraction dendro arge008 40 72 71 13itrdb extraction dendro arge008 -40.72 -71.13g
itrdb extraction dendro arge009 42 95 71 43itrdb extraction dendro arge009 -42.95 -71.43itrdb extraction dendro arge009 42.95 71.43
itrdb extraction dendro arge011 38 87 71 25itrdb extraction dendro arge011 -38.87 -71.25itrdb extraction dendro arge011 38.87 71.25
it db t ti d d 013 38 98 71 05itrdb extraction dendro arge013 -38 98 -71 05itrdb extraction dendro arge013 38.98 71.05
it db t ti d d 015 38 88 70 62itrdb extraction dendro arge015 -38 88 -70 62itrdb extraction dendro arge015 38.88 70.62g
i db i d d 017 39 68 71 22itrdb extraction dendro arge017 -39 68 -71 22itrdb extraction dendro arge017 -39.68 -71.22g
itrdb extraction dendro arge018 39 22 71 17itrdb extraction dendro arge018 -39.22 -71.17de d o a ge0 8 39
itrdb extraction dendro arge019 39 22 71 17itrdb extraction dendro arge019 -39.22 -71.17itrdb extraction dendro arge019 39.22 71.17
itrdb extraction dend o a ge020 39 60 71 37itrdb extraction dendro arge020 -39 60 -71 37itrdb extraction dendro arge020 39.60 71.37
it db t ti d d 021 37 07 70 60itrdb extraction dendro arge021 -37 07 -70 60itrdb extraction dendro arge021 37.07 70.60g
it db t ti d d 022 54 52 67 42itrdb extraction dendro arge022 -54 52 -67 42itrdb extraction dendro arge022 -54.52 -67.42g

dbitrdb extraction dendro arge024 -54 83 -64 33itrdb extraction dendro arge024 -54.83 -64.33g
itrdb extraction dendro arge027 41 25 71 75itrdb extraction dendro arge027 -41.25 -71.75itrdb extraction dendro arge027 41.25 71.75
itrdb extraction dendro arge030 42 15 71 55itrdb extraction dendro arge030 -42.15 -71.55itrdb extraction dendro arge030 42.15 71.55
it db t ti d d 033 54 43 67 92itrdb extraction dendro arge033 -54 43 -67 92itrdb extraction dendro arge033 54.43 67.92
it db t ti d d 034 54 05 68 57itrdb extraction dendro arge034 -54 05 -68 57itrdb extraction dendro arge034 54.05 68.57g
i db i d d 036 68 6 83itrdb extraction dendro arge036 -54 68 -67 83itrdb extraction dendro arge036 54.68 67.83g
itrdb extraction dendro arge037 45 00 71 50itrdb extraction dendro arge037 -45.00 -71.50g
itrdb extraction dendro arge038 54 65 67 87itrdb extraction dendro arge038 -54.65 -67.87dendro arge038 54.65 67.87
itrdb extraction dendro arge039 41 17 71 93itrdb extraction dendro arge039 -41.17 -71.93itrdb extraction dendro arge039 41.17 71.93
it db t ti d d 040 54 92 67 33itrdb extraction dendro arge040 -54 92 -67 33itrdb extraction dendro arge040 54.92 67.33
it db t ti d d 043 54 65 67 87itrdb extraction dendro arge043 -54 65 -67 87itrdb extraction dendro arge043 54.65 67.87g

db d ditrdb extraction dendro arge046 -54 47 -67 72itrdb extraction dendro arge046 -54.47 -67.72g
itrdb extraction dendro arge050 40 67 71 25itrdb extraction dendro arge050 -40.67 -71.25dendro arge050 40.67 71.25
itrdb extraction dendro arge051 54 83 64 37itrdb extraction dendro arge051 -54.83 -64.37itrdb extraction dendro arge051 54.83 64.37
itrdb extraction d d 052 53 50 71 17itrdb extraction dendro arge052 -53.50 -71.17itrdb extraction dendro arge052 53.50 71.17
it db t ti d d 054 39 08 71 30itrdb extraction dendro arge054 -39 08 -71 30itrdb extraction dendro arge054 39.08 71.30g
it db t ti d d 055 54 50 67 80itrdb extraction dendro arge055 -54 50 -67 80itrdb extraction dendro arge055 -54.50 -67.80g
itrdb extraction dendro arge059 54 52 66 17itrdb extraction dendro arge059 -54.52 -66.17g
itrdb extraction dendro arge060 54 90 66 92itrdb extraction dendro arge060 -54.90 -66.92itrdb extraction dendro arge060 54.90 66.92
itrdb extraction dendro arge061 54 78 68 47itrdb extraction dendro arge061 -54.78 -68.47itrdb extraction dendro arge061 54.78 68.47
it db t ti d d 062 54 78 68 18itrdb extraction dendro arge062 -54 78 -68 18itrdb extraction dendro arge062 54.78 68.18
it db t ti d d 063 50 37 72 78itrdb extraction dendro arge063 -50 37 -72 78itrdb extraction dendro arge063 50.37 72.78g
i db i d d 06 39 60 3itrdb extraction dendro arge065 -39 60 -71 43itrdb extraction dendro arge065 -39.60 -71.43g
itrdb extraction dendro arge066 54 52 67 42itrdb extraction dendro arge066 -54.52 -67.42g

ABOR/MH/Priv-004073



 mean mean 
first year first year last year last year last year correlation first year first year last year last year last year correlation y y y y y
with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we 

trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?
1692 19931692 1993 yes yes yes yes1692 1993 yes yes yes yes
1658 19911658 1991 yes yes yes yes1658 1991 yes yes yes yesy y y y
1625 1991 yes yes yes yes1625 1991 yes yes yes yesy y y y
1444 1974 yes yes yes yes1444 1974 yes yes yes yes1444 1974 yes yes yes yes
1483 1974 yes yes yes yes1483 1974 yes yes yes yes1483 1974 yes yes yes yes
1459 19741459 1974 yes yes yes yes1459 1974 yes yes yes yes
1246 19741246 1974 yes yes yes yes1246 1974 yes yes yes yesy y y y
1539 19741539 1974 yes yes yes yes1539 1974 yes yes yes yesy y y y
1543 1974 yes yes yes yes1543 1974 yes yes yes yesy y y y
1540 1974 yes yes yes yes1540 1974 yes yes yes yes1540 1974 yes yes yes yes
1601 1974 yes yes yes yes1601 1974 yes yes yes yes1601 1974 yes yes yes yes
1306 19741306 1974 yes yes yes yes1306 1974 yes yes yes yes
1140 19741140 1974 yes yes yes yes1140 1974 yes yes yes yesy y y y
1690 19761690 1976 yes yes yes yes1690 1976 yes yes yes yesy y y y
1392 1976 yes yes yes yes1392 1976 yes yes yes yes39 9 6 yes yes yes yes
1572 1976 yes yes yes yes1572 1976 yes yes yes yes1572 1976 yes yes yes yes
1617 1976 es es es es1617 1976 yes yes yes yes1617 1976 yes yes yes yes
1418 19751418 1975 yes yes yes yes1418 1975 yes yes yes yes
1666 19861666 1986 yes yes yes yes1666 1986 yes yes yes yesy y y y
1647 1986 yes yes yes yes1647 1986 yes yes yes yesy y y y
1626 1982 yes yes yes yes1626 1982 yes yes yes yes1626 1982 yes yes yes yes
441 1974 yes yes yes yes441 1974 yes yes yes yes441 1974 yes yes yes yes
1726 19861726 1986 yes yes yes yes1726 1986 yes yes yes yes
1723 19851723 1985 yes yes yes yes1723 1985 yes yes yes yesy y y y
66 981664 1984 yes yes yes yes1664 1984 yes yes yes yesy y y y

1647 1985 yes yes yes yes1647 1985 yes yes yes yesy y y y
1662 1985 yes yes yes yes1662 1985 yes yes yes yes1662 1985 yes yes yes yes
1595 1985 yes yes yes yes1595 1985 yes yes yes yes1595 1985 yes yes yes yes
1700 19851700 1985 yes yes yes yes1700 1985 yes yes yes yes
1575 19841575 1984 yes yes yes yes1575 1984 yes yes yes yesy y y y
1731 1986 yes yes yes yes1731 1986 yes yes yes yesy y y y
1692 1986 yes yes yes yes1692 1986 yes yes yes yes1692 1986 yes yes yes yes
1726 1986 yes yes yes yes1726 1986 yes yes yes yes1726 1986 yes yes yes yes
1662 19881662 1988 yes yes yes yes1662 1988 yes yes yes yes
1589 19891589 1989 yes yes yes yes1589 1989 yes yes yes yesy y y y
1739 19861739 1986 yes yes yes yes1739 1986 yes yes yes yesy y y y
1705 1986 yes yes yes yes1705 1986 yes yes yes yesy y y y
1528 1986 yes yes yes yes1528 1986 yes yes yes yes1528 1986 yes yes yes yes
1657 1984 yes yes yes yes1657 1984 yes yes yes yes1657 1984 yes yes yes yes
1593 19841593 1984 yes yes yes yes1593 1984 yes yes yes yes
1706 19841706 1984 yes yes yes yes1706 1984 yes yes yes yesy y y y
38 9831385 1983 yes yes yes yes1385 1983 yes yes yes yesy y y y

1639 1986 yes yes yes yes1639 1986 yes yes yes yesy y y y

ABOR/MH/Priv-004074



location in databaselocation in databaselocation in database
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/datao oce e /uses/s a ed/ t db/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holo ene / e / h ed/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /

ABOR/MH/Priv-004075



d d  ldendro onlydendro onlyy

first year first year y
median segment with 5 median segment with 5 median segment with 5 

Author description Data type site id/chronid latitude longitude species elevation sample depth length treesAuthor description Data type site id/chronid latitude longitude species elevation sample depth length treesAuthor description Data type site id/chronid latitude longitude species elevation sample depth length trees
it db t ti d d 068 40 70 71 15itrdb extraction dendro arge068 -40 70 -71 15itrdb extraction dendro arge068 40.70 71.15
it db t ti d d 070 40 73 71 10itrdb extraction dendro arge070 -40 73 -71 10itrdb extraction dendro arge070 -40.73 -71.10g

dbitrdb extraction dendro arge071 -39 93 -71 13itrdb extraction dendro arge071 -39.93 -71.13g
itrdb extraction dendro arge072 43 18 71 70itrdb extraction dendro arge072 -43.18 -71.70t db e t act o dendro arge072 43.18 71.70
itrdb extraction dendro arge073 41 03 70 98itrdb extraction dendro arge073 -41.03 -70.98itrdb extraction dendro arge073 41.03 70.98
it db e t tion d d 074 40 05 71 28itrdb extraction dendro arge074 -40 05 -71 28itrdb extraction dendro arge074 40.05 71.28
it db t ti d d 075 41 08 71 15itrdb extraction dendro arge075 -41 08 -71 15itrdb extraction dendro arge075 41.08 71.15g
i db i d d 076 40 70 71 27itrdb extraction dendro arge076 -40 70 -71 27itrdb extraction dendro arge076 -40.70 -71.27g
itrdb extraction dendro arge077 40 65 71 40itrdb extraction dendro arge077 -40.65 -71.40g
itrdb extraction dendro arge078 42 97 71 22itrdb extraction dendro arge078 -42.97 -71.22itrdb extraction dendro arge078 42.97 71.22
itrdb extraction dendro arge079 39 12 71 12itrdb extraction dendro arge079 -39.12 -71.12itrdb extraction dendro arge079 39.12 71.12
it db t ti d d 080 41 53 71 48itrdb extraction dendro arge080 -41 53 -71 48itrdb extraction dendro arge080 41.53 71.48
it db t ti d d 082 40 07 71 03itrdb extraction dendro arge082 -40 07 -71 03itrdb extraction dendro arge082 40.07 71.03g
i db i d d 083 39 28 71 27itrdb extraction dendro arge083 -39 28 -71 27itrdb extraction dendro arge083 -39.28 -71.27g
itrdb extraction dendro arge084 41 05 70 98itrdb extraction dendro arge084 -41.05 -70.98de d o a ge08 05 0 98
itrdb extraction dendro arge086 40 70 71 13itrdb extraction dendro arge086 -40.70 -71.13itrdb extraction dendro arge086 40.70 71.13
itrdb extraction dend o a ge087 41 10 71 80itrdb extraction dendro arge087 -41 10 -71 80itrdb extraction dendro arge087 41.10 71.80
it db t ti d d 088 41 17 71 78itrdb extraction dendro arge088 -41 17 -71 78itrdb extraction dendro arge088 41.17 71.78g
it db t ti d d 089 41 83 71 77itrdb extraction dendro arge089 -41 83 -71 77itrdb extraction dendro arge089 -41.83 -71.77g

dbitrdb extraction dendro arge091 -42 08 -71 83itrdb extraction dendro arge091 -42.08 -71.83g
itrdb extraction dendro arge092 41 25 71 90itrdb extraction dendro arge092 -41.25 -71.90itrdb extraction dendro arge092 41.25 71.90
itrdb extraction dendro arge093 42 73 71 97itrdb extraction dendro arge093 -42.73 -71.97itrdb extraction dendro arge093 42.73 71.97
it db t ti d d 096 41 27 71 63itrdb extraction dendro arge096 -41 27 -71 63itrdb extraction dendro arge096 41.27 71.63
it db t ti d d 100 41 12 71 80itrdb extraction dendro arge100 -41 12 -71 80itrdb extraction dendro arge100 41.12 71.80g
i db i d d 06 80itrdb extraction dendro arge106 -41 15 -71 80itrdb extraction dendro arge106 41.15 71.80g
itrdb extraction dendro arge107 41 15 71 80itrdb extraction dendro arge107 -41.15 -71.80g
itrdb extraction dendro arge108 41 15 71 80itrdb extraction dendro arge108 -41.15 -71.80dendro arge108 41.15 71.80
itrdb extraction dendro at1crn2 50 08 87 93itrdb extraction dendro at1crn2 50.08 87.93itrdb extraction dendro at1crn2 50.08 87.93
it db t ti d d t2 2 50 08 87 93itrdb extraction dendro at2crn2 50 08 87 93itrdb extraction dendro at2crn2 50.08 87.93
it db t ti d d l002 41 63 145 93itrdb extraction dendro ausl002 -41 63 145 93itrdb extraction dendro ausl002 41.63 145.93

db d d litrdb extraction dendro ausl003 -42 67 146 55itrdb extraction dendro ausl003 -42.67 146.55
itrdb extraction dendro ausl005 42 77 146 07itrdb extraction dendro ausl005 -42.77 146.07dendro ausl005 42.77 146.07
itrdb extraction dendro ausl007 41 75 146 70itrdb extraction dendro ausl007 -41.75 146.70itrdb extraction dendro ausl007 41.75 146.70
itrdb extraction d d l009 42 65 146 57itrdb extraction dendro ausl009 -42.65 146.57itrdb extraction dendro ausl009 42.65 146.57
it db t ti d d l010 42 67 146 27itrdb extraction dendro ausl010 -42 67 146 27itrdb extraction dendro ausl010 42.67 146.27
it db t ti d d l012 43 37 147 27itrdb extraction dendro ausl012 -43 37 147 27itrdb extraction dendro ausl012 -43.37 147.27
itrdb extraction dendro ausl013 42 20 145 98itrdb extraction dendro ausl013 -42.20 145.98
itrdb extraction dendro ausl014 43 42 147 27itrdb extraction dendro ausl014 -43.42 147.27itrdb extraction dendro ausl014 43.42 147.27
itrdb extraction dendro ausl018 41 78 145 42itrdb extraction dendro ausl018 -41.78 145.42itrdb extraction dendro ausl018 41.78 145.42
it db t ti d d l019 41 18 148 00itrdb extraction dendro ausl019 -41 18 148 00itrdb extraction dendro ausl019 41.18 148.00
it db t ti d d l020 43 47 147 28itrdb extraction dendro ausl020 -43 47 147 28itrdb extraction dendro ausl020 43.47 147.28
i db i d d l022 2 33 6 00itrdb extraction dendro ausl022 -42 33 146 00itrdb extraction dendro ausl022 -42.33 146.00
itrdb extraction dendro ausl023 42 33 146 00itrdb extraction dendro ausl023 -42.33 146.00

ABOR/MH/Priv-004076



 mean mean 
first year first year last year last year last year correlation first year first year last year last year last year correlation y y y y y
with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we 

trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?
1723 19891723 1989 yes yes yes yes1723 1989 yes yes yes yes
1461 19891461 1989 yes yes yes yes1461 1989 yes yes yes yesy y y y
1596 1989 yes yes yes yes1596 1989 yes yes yes yesy y y y
1700 1992 yes yes yes yes1700 1992 yes yes yes yes1700 1992 yes yes yes yes
1497 1991 yes yes yes yes1497 1991 yes yes yes yes1497 1991 yes yes yes yes
1508 19891508 1989 yes yes yes yes1508 1989 yes yes yes yes
1539 19911539 1991 yes yes yes yes1539 1991 yes yes yes yesy y y y
1589 19911589 1991 yes yes yes yes1589 1991 yes yes yes yesy y y y
1635 1991 yes yes yes yes1635 1991 yes yes yes yesy y y y
1567 1992 yes yes yes yes1567 1992 yes yes yes yes1567 1992 yes yes yes yes
1562 1989 yes yes yes yes1562 1989 yes yes yes yes1562 1989 yes yes yes yes
1741 19911741 1991 yes yes yes yes1741 1991 yes yes yes yes
1508 19891508 1989 yes yes yes yes1508 1989 yes yes yes yesy y y y
1676 19891676 1989 yes yes yes yes1676 1989 yes yes yes yesy y y y
1650 1991 yes yes yes yes1650 1991 yes yes yes yes650 99 yes yes yes yes
1679 1991 yes yes yes yes1679 1991 yes yes yes yes1679 1991 yes yes yes yes
888 1991 es es es es888 1991 yes yes yes yes888 1991 yes yes yes yes
864 1991864 1991 yes yes yes yes864 1991 yes yes yes yes
539 1993539 1993 yes yes yes yes539 1993 yes yes yes yesy y y y
320 1993 yes yes yes yes320 1993 yes yes yes yesy y y y
342 1995 yes yes yes yes-342 1995 yes yes yes yes342 1995 yes yes yes yes
311 1992 yes yes yes yes311 1992 yes yes yes yes311 1992 yes yes yes yes
1546 19911546 1991 yes yes yes yes1546 1991 yes yes yes yes
1701 19911701 1991 yes yes yes yes1701 1991 yes yes yes yesy y y y

39 991539 1991 yes yes yes yes1539 1991 yes yes yes yesy y y y
1562 1991 yes yes yes yes1562 1991 yes yes yes yesy y y y
1572 1991 yes yes yes yes1572 1991 yes yes yes yes1572 1991 yes yes yes yes
1605 1998 yes yes yes yes1605 1998 yes yes yes yes1605 1998 yes yes yes yes
1495 19981495 1998 yes yes yes yes1495 1998 yes yes yes yes
1198 19751198 1975 yes yes yes yes1198 1975 yes yes yes yesy y y y
1286 1974 yes yes yes yes1286 1974 yes yes yes yesy y y y
1675 1974 yes yes yes yes1675 1974 yes yes yes yes1675 1974 yes yes yes yes
1514 1974 yes yes yes yes1514 1974 yes yes yes yes1514 1974 yes yes yes yes
1028 19751028 1975 yes yes yes yes1028 1975 yes yes yes yes
1554 19741554 1974 yes yes yes yes1554 1974 yes yes yes yesy y y y
1711 19751711 1975 yes yes yes yes1711 1975 yes yes yes yesy y y y
1673 1975 yes yes yes yes1673 1975 yes yes yes yesy y y y
1579 1975 yes yes yes yes1579 1975 yes yes yes yes1579 1975 yes yes yes yes
1310 1975 yes yes yes yes1310 1975 yes yes yes yes1310 1975 yes yes yes yes
1507 19741507 1974 yes yes yes yes1507 1974 yes yes yes yes
1542 19751542 1975 yes yes yes yes1542 1975 yes yes yes yesy y y y

2 9921542 1992 yes yes yes yes1542 1992 yes yes yes yesy y y y
1058 1992 yes yes yes yes1058 1992 yes yes yes yesy y y y

ABOR/MH/Priv-004077



location in databaselocation in databaselocation in database
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/datao oce e /uses/s a ed/ t db/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holo ene / e / h ed/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /

ABOR/MH/Priv-004078



d d  ldendro onlydendro onlyy

first year first year y
median segment with 5 median segment with 5 median segment with 5 

Author description Data type site id/chronid latitude longitude species elevation sample depth length treesAuthor description Data type site id/chronid latitude longitude species elevation sample depth length treesAuthor description Data type site id/chronid latitude longitude species elevation sample depth length trees
it db t ti d d t002 46 85 11 02itrdb extraction dendro aust002 46 85 11 02itrdb extraction dendro aust002 46.85 11.02
it db t ti d d t007 47 13 11 28itrdb extraction dendro aust007 47 13 11 28itrdb extraction dendro aust007 47.13 11.28

dbitrdb extraction dendro aust007x 47 13 11 28itrdb extraction dendro aust007x 47.13 11.28
itrdb extraction dendro az077 34 07 110 62itrdb extraction dendro az077 34.07 -110.62t db e t act o dendro az077 34.07 110.62
itrdb extraction dendro az080 36 10 109 35itrdb extraction dendro az080 36.10 -109.35itrdb extraction dendro az080 36.10 109.35
it db e t tion d d 081 36 08 109 37itrdb extraction dendro az081 36 08 -109 37itrdb extraction dendro az081 36.08 109.37
it db t ti d d 082 36 10 109 38itrdb extraction dendro az082 36 10 -109 38itrdb extraction dendro az082 36.10 109.38
i db i d d 084 36 17 110 50itrdb extraction dendro az084 36 17 -110 50itrdb extraction dendro az084 36.17 -110.50
itrdb extraction dendro az086 36 83 110 73itrdb extraction dendro az086 36.83 -110.73
itrdb extraction dendro az087 35 38 111 53itrdb extraction dendro az087 35.38 -111.53itrdb extraction dendro az087 35.38 111.53
itrdb extraction dendro az088 35 40 111 57itrdb extraction dendro az088 35.40 -111.57itrdb extraction dendro az088 35.40 111.57
it db t ti d d 089 34 25 109 82itrdb extraction dendro az089 34 25 -109 82itrdb extraction dendro az089 34.25 109.82
it db t ti d d 090 35 67 109 33itrdb extraction dendro az090 35 67 -109 33itrdb extraction dendro az090 35.67 109.33
i db i d d 091 35 57 111 65itrdb extraction dendro az091 35 57 -111 65itrdb extraction dendro az091 35.57 -111.65
itrdb extraction dendro az098 35 50 111 83itrdb extraction dendro az098 35.50 -111.83de d o a 098 35 50 83
itrdb extraction dendro az099 34 50 109 95itrdb extraction dendro az099 34.50 -109.95itrdb extraction dendro az099 34.50 109.95
itrdb extraction dend o a 100 35 43 111 68itrdb extraction dendro az100 35 43 -111 68itrdb extraction dendro az100 35.43 111.68
it db t ti d d 101 34 75 111 10itrdb extraction dendro az101 34 75 -111 10itrdb extraction dendro az101 34.75 111.10
it db t ti d d 102 36 68 110 53itrdb extraction dendro az102 36 68 -110 53itrdb extraction dendro az102 36.68 -110.53

dbitrdb extraction dendro az104 36 75 -113 73itrdb extraction dendro az104 36.75 -113.73
itrdb extraction dendro az105 33 95 109 13itrdb extraction dendro az105 33.95 -109.13itrdb extraction dendro az105 33.95 109.13
itrdb extraction dendro az106 35 82 112 07itrdb extraction dendro az106 35.82 -112.07itrdb extraction dendro az106 35.82 112.07
it db t ti d d 109 35 00 113 00itrdb extraction dendro az109 35 00 -113 00itrdb extraction dendro az109 35.00 113.00
it db t ti d d 127 36 73 112 23itrdb extraction dendro az127 36 73 -112 23itrdb extraction dendro az127 36.73 112.23
i db i d d 29 36 63 2 0itrdb extraction dendro az129 36 63 -112 10itrdb extraction dendro az129 36.63 112.10
itrdb extraction dendro az135 35 08 113 90itrdb extraction dendro az135 35.08 -113.90
itrdb extraction dendro az139 35 70 109 37itrdb extraction dendro az139 35.70 -109.37dendro az139 35.70 109.37
itrdb extraction dendro az143 35 95 113 08itrdb extraction dendro az143 35.95 -113.08itrdb extraction dendro az143 35.95 113.08
it db t ti d d 144 36 83 112 05itrdb extraction dendro az144 36 83 -112 05itrdb extraction dendro az144 36.83 112.05
it db t ti d d 505 36 42 112 00itrdb extraction dendro az505 36 42 -112 00itrdb extraction dendro az505 36.42 112.00

db d ditrdb extraction dendro az510 35 50 -111 67itrdb extraction dendro az510 35.50 -111.67
itrdb extraction dendro az511 32 70 109 87itrdb extraction dendro az511 32.70 -109.87dendro az511 32.70 109.87
itrdb extraction dendro az513 33 70 109 23itrdb extraction dendro az513 33.70 -109.23itrdb extraction dendro az513 33.70 109.23
itrdb extraction d d 514 33 80 109 32itrdb extraction dendro az514 33.80 -109.32itrdb extraction dendro az514 33.80 109.32
it db t ti d d 515 32 42 110 73itrdb extraction dendro az515 32 42 -110 73itrdb extraction dendro az515 32.42 110.73
it db t ti d d 516 32 20 110 55itrdb extraction dendro az516 32 20 -110 55itrdb extraction dendro az516 32.20 -110.55
itrdb extraction dendro az517 34 88 111 82itrdb extraction dendro az517 34.88 -111.82
itrdb extraction dendro az518 33 47 109 48itrdb extraction dendro az518 33.47 -109.48itrdb extraction dendro az518 33.47 109.48
itrdb extraction dendro az519 32 38 110 68itrdb extraction dendro az519 32.38 -110.68itrdb extraction dendro az519 32.38 110.68
it db t ti d d 520 32 38 110 68itrdb extraction dendro az520 32 38 -110 68itrdb extraction dendro az520 32.38 110.68
it db t ti d d 521 35 27 111 75itrdb extraction dendro az521 35 27 -111 75itrdb extraction dendro az521 35.27 111.75
i db i d d 22 3 38 0 2itrdb extraction dendro az522 34 38 -110 42itrdb extraction dendro az522 34.38 -110.42
itrdb extraction dendro az523 34 07 110 62itrdb extraction dendro az523 34.07 -110.62

ABOR/MH/Priv-004079



 mean mean 
first year first year last year last year last year correlation first year first year last year last year last year correlation y y y y y
with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we 

trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?
1566 19691566 1969 yes yes yes yes1566 1969 yes yes yes yes
1745 19751745 1975 yes yes yes yes1745 1975 yes yes yes yesy y y y
1745 1975 yes yes yes yes1745 1975 yes yes yes yesy y y y
1642 1971 yes yes yes yes1642 1971 yes yes yes yes1642 1971 yes yes yes yes
1598 1971 yes yes yes yes1598 1971 yes yes yes yes1598 1971 yes yes yes yes
1601 19711601 1971 yes yes yes yes1601 1971 yes yes yes yes
1376 19721376 1972 yes yes yes yes1376 1972 yes yes yes yesy y y y
1470 19711470 1971 yes yes yes yes1470 1971 yes yes yes yesy y y y
1365 1971 yes yes yes yes1365 1971 yes yes yes yesy y y y
1611 1972 yes yes yes yes1611 1972 yes yes yes yes1611 1972 yes yes yes yes
1679 1972 yes yes yes yes1679 1972 yes yes yes yes1679 1972 yes yes yes yes
1596 19721596 1972 yes yes yes yes1596 1972 yes yes yes yes
1611 19721611 1972 yes yes yes yes1611 1972 yes yes yes yesy y y y
1689 19721689 1972 yes yes yes yes1689 1972 yes yes yes yesy y y y
1648 1972 yes yes yes yes1648 1972 yes yes yes yes6 8 9 yes yes yes yes
1687 1973 yes yes yes yes1687 1973 yes yes yes yes1687 1973 yes yes yes yes
1659 1972 es es es es1659 1972 yes yes yes yes1659 1972 yes yes yes yes
1534 19721534 1972 yes yes yes yes1534 1972 yes yes yes yes
1490 19721490 1972 yes yes yes yes1490 1972 yes yes yes yesy y y y
1594 1971 yes yes yes yes1594 1971 yes yes yes yesy y y y
1599 1969 yes yes yes yes1599 1969 yes yes yes yes1599 1969 yes yes yes yes
1448 1975 yes yes yes yes1448 1975 yes yes yes yes1448 1975 yes yes yes yes
1598 19711598 1971 yes yes yes yes1598 1971 yes yes yes yes
1581 19761581 1976 yes yes yes yes1581 1976 yes yes yes yesy y y y

82 9 61482 1976 yes yes yes yes1482 1976 yes yes yes yesy y y y
1569 1971 yes yes yes yes1569 1971 yes yes yes yesy y y y
1620 1972 yes yes yes yes1620 1972 yes yes yes yes1620 1972 yes yes yes yes
1643 1972 yes yes yes yes1643 1972 yes yes yes yes1643 1972 yes yes yes yes
1481 19751481 1975 yes yes yes yes1481 1975 yes yes yes yes
1693 19751693 1975 yes yes yes yes1693 1975 yes yes yes yesy y y y
548 1983 yes yes yes yes548 1983 yes yes yes yesy y y y
1696 1990 yes yes yes yes1696 1990 yes yes yes yes1696 1990 yes yes yes yes
1570 1986 yes yes yes yes1570 1986 yes yes yes yes1570 1986 yes yes yes yes
1580 19871580 1987 yes yes yes yes1580 1987 yes yes yes yes
1610 19871610 1987 yes yes yes yes1610 1987 yes yes yes yesy y y y
1720 19871720 1987 yes yes yes yes1720 1987 yes yes yes yesy y y y
1630 1986 yes yes yes yes1630 1986 yes yes yes yesy y y y
1640 1987 yes yes yes yes1640 1987 yes yes yes yes1640 1987 yes yes yes yes
1550 1986 yes yes yes yes1550 1986 yes yes yes yes1550 1986 yes yes yes yes
1460 19861460 1986 yes yes yes yes1460 1986 yes yes yes yes
1550 19871550 1987 yes yes yes yes1550 1987 yes yes yes yesy y y y
660 9861660 1986 yes yes yes yes1660 1986 yes yes yes yesy y y y

1700 1985 yes yes yes yes1700 1985 yes yes yes yesy y y y

ABOR/MH/Priv-004080



location in databaselocation in databaselocation in database
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/datao oce e /uses/s a ed/ t db/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holo ene / e / h ed/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /

ABOR/MH/Priv-004081



d d  ldendro onlydendro onlyy

first year first year y
median segment with 5 median segment with 5 median segment with 5 

Author description Data type site id/chronid latitude longitude species elevation sample depth length treesAuthor description Data type site id/chronid latitude longitude species elevation sample depth length treesAuthor description Data type site id/chronid latitude longitude species elevation sample depth length trees
it db t ti d d 524 32 22 110 55itrdb extraction dendro az524 32 22 -110 55itrdb extraction dendro az524 32.22 110.55
it db t ti d d 525 32 22 110 55itrdb extraction dendro az525 32 22 -110 55itrdb extraction dendro az525 32.22 -110.55

dbitrdb extraction dendro az526 31 70 -110 87itrdb extraction dendro az526 31.70 -110.87
itrdb extraction dendro az527 34 32 110 77itrdb extraction dendro az527 34.32 -110.77t db e t act o dendro az527 34.32 110.77
itrdb extraction dendro az530 32 22 110 55itrdb extraction dendro az530 32.22 -110.55itrdb extraction dendro az530 32.22 110.55
it db e t tion d d 531 32 22 110 55itrdb extraction dendro az531 32 22 -110 55itrdb extraction dendro az531 32.22 110.55
it db t ti d d 532 32 22 110 55itrdb extraction dendro az532 32 22 -110 55itrdb extraction dendro az532 32.22 110.55
i db i d d 533 33 90 111 40itrdb extraction dendro az533 33 90 -111 40itrdb extraction dendro az533 33.90 -111.40
itrdb extraction dendro az534 31 93 109 27itrdb extraction dendro az534 31.93 -109.27
itrdb extraction dendro az536 32 68 109 88itrdb extraction dendro az536 32.68 -109.88itrdb extraction dendro az536 32.68 109.88
itrdb extraction dendro az537 32 00 109 33itrdb extraction dendro az537 32.00 -109.33itrdb extraction dendro az537 32.00 109.33
it db t ti d d 538 34 72 111 50itrdb extraction dendro az538 34 72 -111 50itrdb extraction dendro az538 34.72 111.50
it db t ti d d 539 35 38 111 53itrdb extraction dendro az539 35 38 -111 53itrdb extraction dendro az539 35.38 111.53
i db i d d 540 32 00 109 33itrdb extraction dendro az540 32 00 -109 33itrdb extraction dendro az540 32.00 -109.33
itrdb extraction dendro az541 33 42 109 37itrdb extraction dendro az541 33.42 -109.37de d o a 5 33 09 3
itrdb extraction dendro az542 34 25 109 93itrdb extraction dendro az542 34.25 -109.93itrdb extraction dendro az542 34.25 109.93
itrdb extraction dend o a 543 35 50 111 83itrdb extraction dendro az543 35 50 -111 83itrdb extraction dendro az543 35.50 111.83
it db t ti d d 544 31 72 110 83itrdb extraction dendro az544 31 72 -110 83itrdb extraction dendro az544 31.72 110.83
it db t ti d d 545 32 20 110 55itrdb extraction dendro az545 32 20 -110 55itrdb extraction dendro az545 32.20 -110.55

dbitrdb extraction dendro az546 32 22 -110 55itrdb extraction dendro az546 32.22 -110.55
itrdb extraction dendro az547 35 17 111 52itrdb extraction dendro az547 35.17 -111.52itrdb extraction dendro az547 35.17 111.52
itrdb extraction dendro az548 35 17 111 52itrdb extraction dendro az548 35.17 -111.52itrdb extraction dendro az548 35.17 111.52
it db t ti d d 549 32 70 109 93itrdb extraction dendro az549 32 70 -109 93itrdb extraction dendro az549 32.70 109.93
it db t ti d d 550 32 70 109 92itrdb extraction dendro az550 32 70 -109 92itrdb extraction dendro az550 32.70 109.92
i db i d d 3 8 09 30itrdb extraction dendro az551 31 85 -109 30itrdb extraction dendro az551 31.85 109.30
itrdb extraction dendro az553 35 43 110 20itrdb extraction dendro az553 35.43 -110.20
itrdb extraction dendro az553x 35 43 110 20itrdb extraction dendro az553x 35.43 -110.20dendro az553x 35.43 110.20
itrdb extraction dendro az554 33 97 109 55itrdb extraction dendro az554 33.97 -109.55itrdb extraction dendro az554 33.97 109.55
it db t ti d d 555 32 45 110 78itrdb extraction dendro az555 32 45 -110 78itrdb extraction dendro az555 32.45 110.78
it db t ti d d 556 31 45 110 35itrdb extraction dendro az556 31 45 -110 35itrdb extraction dendro az556 31.45 110.35

db d ditrdb extraction dendro az557 32 45 -110 78itrdb extraction dendro az557 32.45 -110.78
itrdb extraction dendro az558 32 70 109 92itrdb extraction dendro az558 32.70 -109.92dendro az558 32.70 109.92
itrdb extraction dendro az559 32 72 109 92itrdb extraction dendro az559 32.72 -109.92itrdb extraction dendro az559 32.72 109.92
itrdb extraction d d b i 2  48 00 110 00itrdb extraction dendro bpm pico2crn 48.00 -110.00itrdb extraction dendro bpm_pico2crn 48.00 110.00
it db t ti d d b it008 55 27 3 43itrdb extraction dendro brit008 55 27 -3 43itrdb extraction dendro brit008 55.27 3.43
it db t ti d d b i 011 52 82 1 22itrdb extraction dendro brit011 52 82 1 22itrdb extraction dendro brit011 52.82 1.22
itrdb extraction dendro brit042 54 73 6 27itrdb extraction dendro brit042 54.73 -6.27
itrdb extraction dendro brit044 54 33 7 60itrdb extraction dendro brit044 54.33 -7.60itrdb extraction dendro brit044 54.33 7.60
itrdb extraction dendro ca051 34 12 116 82itrdb extraction dendro ca051 34.12 -116.82itrdb extraction dendro ca051 34.12 116.82
it db t ti d d 064 39 57 120 25itrdb extraction dendro ca064 39 57 -120 25itrdb extraction dendro ca064 39.57 120.25
it db t ti d d 065 41 62 120 70itrdb extraction dendro ca065 41 62 -120 70itrdb extraction dendro ca065 41.62 120.70
i db i d d 066 0 20 60itrdb extraction dendro ca066 40 15 -120 60itrdb extraction dendro ca066 40.15 -120.60
itrdb extraction dendro ca067 40 15 120 60itrdb extraction dendro ca067 40.15 -120.60

ABOR/MH/Priv-004082



 mean mean 
first year first year last year last year last year correlation first year first year last year last year last year correlation y y y y y
with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we 

trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?
1690 19871690 1987 yes yes yes yes1690 1987 yes yes yes yes
1720 19871720 1987 yes yes yes yes1720 1987 yes yes yes yesy y y y
1720 1987 yes yes yes yes1720 1987 yes yes yes yesy y y y
1630 1986 yes yes yes yes1630 1986 yes yes yes yes1630 1986 yes yes yes yes
1720 1987 yes yes yes yes1720 1987 yes yes yes yes1720 1987 yes yes yes yes
1640 19871640 1987 yes yes yes yes1640 1987 yes yes yes yes
1700 19871700 1987 yes yes yes yes1700 1987 yes yes yes yesy y y y
1570 19871570 1987 yes yes yes yes1570 1987 yes yes yes yesy y y y
1650 1986 yes yes yes yes1650 1986 yes yes yes yesy y y y
1610 1986 yes yes yes yes1610 1986 yes yes yes yes1610 1986 yes yes yes yes
1640 1987 yes yes yes yes1640 1987 yes yes yes yes1640 1987 yes yes yes yes
1670 19861670 1986 yes yes yes yes1670 1986 yes yes yes yes
1630 19861630 1986 yes yes yes yes1630 1986 yes yes yes yesy y y y
1640 19871640 1987 yes yes yes yes1640 1987 yes yes yes yesy y y y
1660 1987 yes yes yes yes1660 1987 yes yes yes yes660 98 yes yes yes yes
1630 1986 yes yes yes yes1630 1986 yes yes yes yes1630 1986 yes yes yes yes
1600 1986 es es es es1600 1986 yes yes yes yes1600 1986 yes yes yes yes
1600 19861600 1986 yes yes yes yes1600 1986 yes yes yes yes
1660 19871660 1987 yes yes yes yes1660 1987 yes yes yes yesy y y y
1670 1987 yes yes yes yes1670 1987 yes yes yes yesy y y y
1420 1987 yes yes yes yes1420 1987 yes yes yes yes1420 1987 yes yes yes yes
1680 1986 yes yes yes yes1680 1986 yes yes yes yes1680 1986 yes yes yes yes
1557 19911557 1991 yes yes yes yes1557 1991 yes yes yes yes
1249 19911249 1991 yes yes yes yes1249 1991 yes yes yes yesy y y y

03 9831703 1983 yes yes yes yes1703 1983 yes yes yes yesy y y y
1453 1983 yes yes yes yes1453 1983 yes yes yes yesy y y y
1453 1983 yes yes yes yes1453 1983 yes yes yes yes1453 1983 yes yes yes yes
1556 1983 yes yes yes yes1556 1983 yes yes yes yes1556 1983 yes yes yes yes
1568 19831568 1983 yes yes yes yes1568 1983 yes yes yes yes
1630 19951630 1995 yes yes yes yes1630 1995 yes yes yes yesy y y y
1321 1998 yes yes yes yes1321 1998 yes yes yes yesy y y y
1464 1999 yes yes yes yes1464 1999 yes yes yes yes1464 1999 yes yes yes yes
1571 2001 yes yes yes yes1571 2001 yes yes yes yes1571 2001 yes yes yes yes
1727 19981727 1998 yes yes yes yes1727 1998 yes yes yes yes
1652 19751652 1975 yes yes yes yes1652 1975 yes yes yes yesy y y y
1717 19791717 1979 yes yes yes yes1717 1979 yes yes yes yesy y y y
1649 1992 yes yes yes yes1649 1992 yes yes yes yesy y y y
1708 1984 yes yes yes yes1708 1984 yes yes yes yes1708 1984 yes yes yes yes

42 1970 yes yes yes yes-42 1970 yes yes yes yes42 1970 yes yes yes yes
1415 19801415 1980 yes yes yes yes1415 1980 yes yes yes yes
1357 19801357 1980 yes yes yes yes1357 1980 yes yes yes yesy y y y

9801471 1980 yes yes yes yes1471 1980 yes yes yes yesy y y y
1484 1980 yes yes yes yes1484 1980 yes yes yes yesy y y y

ABOR/MH/Priv-004083



location in databaselocation in databaselocation in database
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/datao oce e /uses/s a ed/ t db/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holo ene / e / h ed/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /

ABOR/MH/Priv-004084



d d  ldendro onlydendro onlyy

first year first year y
median segment with 5 median segment with 5 median segment with 5 

Author description Data type site id/chronid latitude longitude species elevation sample depth length treesAuthor description Data type site id/chronid latitude longitude species elevation sample depth length treesAuthor description Data type site id/chronid latitude longitude species elevation sample depth length trees
it db t ti d d 070 39 50 122 67itrdb extraction dendro ca070 39 50 -122 67itrdb extraction dendro ca070 39.50 122.67
it db t ti d d 073 41 77 120 75itrdb extraction dendro ca073 41 77 -120 75itrdb extraction dendro ca073 41.77 -120.75

dbitrdb extraction dendro ca074 39 32 -120 35itrdb extraction dendro ca074 39.32 -120.35
itrdb extraction dendro ca076 37 75 119 75itrdb extraction dendro ca076 37.75 -119.75t db e t act o dendro ca076 37.75 119.75
itrdb extraction dendro ca079 38 13 120 05itrdb extraction dendro ca079 38.13 -120.05itrdb extraction dendro ca079 38.13 120.05
it db e t tion d d 082 39 43 122 68itrdb extraction dendro ca082 39 43 -122 68itrdb extraction dendro ca082 39.43 122.68
it db t ti d d 084 39 67 122 97itrdb extraction dendro ca084 39 67 -122 97itrdb extraction dendro ca084 39.67 122.97
i db i d d 085 39 60 122 95itrdb extraction dendro ca085 39 60 -122 95itrdb extraction dendro ca085 39.60 -122.95
itrdb extraction dendro ca087 37 28 119 08itrdb extraction dendro ca087 37.28 -119.08
itrdb extraction dendro ca089 35 43 118 28itrdb extraction dendro ca089 35.43 -118.28itrdb extraction dendro ca089 35.43 118.28
itrdb extraction dendro ca091 38 75 119 67itrdb extraction dendro ca091 38.75 -119.67itrdb extraction dendro ca091 38.75 119.67
it db t ti d d 092 36 72 118 88itrdb extraction dendro ca092 36 72 -118 88itrdb extraction dendro ca092 36.72 118.88
it db t ti d d 094 35 53 118 43itrdb extraction dendro ca094 35 53 -118 43itrdb extraction dendro ca094 35.53 118.43
i db i d d 095 41 72 121 80itrdb extraction dendro ca095 41 72 -121 80itrdb extraction dendro ca095 41.72 -121.80
itrdb extraction dendro ca512 33 73 117 55itrdb extraction dendro ca512 33.73 -117.55de d o ca5 33 3 55
itrdb extraction dendro ca514 36 03 118 18itrdb extraction dendro ca514 36.03 -118.18itrdb extraction dendro ca514 36.03 118.18
itrdb extraction dend o ca517 41 72 120 75itrdb extraction dendro ca517 41 72 -120 75itrdb extraction dendro ca517 41.72 120.75
it db t ti d d 520 41 15 120 57itrdb extraction dendro ca520 41 15 -120 57itrdb extraction dendro ca520 41.15 120.57
it db t ti d d 524 41 17 122 03itrdb extraction dendro ca524 41 17 -122 03itrdb extraction dendro ca524 41.17 -122.03

dbitrdb extraction dendro ca525 41 50 -121 17itrdb extraction dendro ca525 41.50 -121.17
itrdb extraction dendro ca526 41 18 120 12itrdb extraction dendro ca526 41.18 -120.12itrdb extraction dendro ca526 41.18 120.12
itrdb extraction dendro ca528 36 77 118 37itrdb extraction dendro ca528 36.77 -118.37itrdb extraction dendro ca528 36.77 118.37
it db t ti d d 529 36 45 118 60itrdb extraction dendro ca529 36 45 -118 60itrdb extraction dendro ca529 36.45 118.60
it db t ti d d 530 36 45 118 22itrdb extraction dendro ca530 36 45 -118 22itrdb extraction dendro ca530 36.45 118.22
i db i d d 3 36 8 3itrdb extraction dendro ca531 36 77 -118 35itrdb extraction dendro ca531 36.77 118.35
itrdb extraction dendro ca532 36 45 118 62itrdb extraction dendro ca532 36.45 -118.62
itrdb extraction dendro ca533 37 50 118 22itrdb extraction dendro ca533 37.50 -118.22dendro ca533 37.50 118.22
itrdb extraction dendro ca534 37 37 118 22itrdb extraction dendro ca534 37.37 -118.22itrdb extraction dendro ca534 37.37 118.22
it db t ti d d 535 37 43 118 17itrdb extraction dendro ca535 37 43 -118 17itrdb extraction dendro ca535 37.43 118.17
it db t ti d d 536 34 27 117 28itrdb extraction dendro ca536 34 27 -117 28itrdb extraction dendro ca536 34.27 117.28

db d ditrdb extraction dendro ca544 34 17 -117 12itrdb extraction dendro ca544 34.17 -117.12
itrdb extraction dendro ca546 34 17 117 07itrdb extraction dendro ca546 34.17 -117.07dendro ca546 34.17 117.07
itrdb extraction dendro ca547 34 17 117 05itrdb extraction dendro ca547 34.17 -117.05itrdb extraction dendro ca547 34.17 117.05
itrdb extraction d d 552 34 10 116 97itrdb extraction dendro ca552 34.10 -116.97itrdb extraction dendro ca552 34.10 116.97
it db t ti d d 553 34 17 116 73itrdb extraction dendro ca553 34 17 -116 73itrdb extraction dendro ca553 34.17 116.73
it db t ti d d 555 40 03 122 87itrdb extraction dendro ca555 40 03 -122 87itrdb extraction dendro ca555 40.03 -122.87
itrdb extraction dendro ca556 37 17 118 47itrdb extraction dendro ca556 37.17 -118.47
itrdb extraction dendro ca557 40 45 121 52itrdb extraction dendro ca557 40.45 -121.52itrdb extraction dendro ca557 40.45 121.52
itrdb extraction dendro ca558 40 75 123 67itrdb extraction dendro ca558 40.75 -123.67itrdb extraction dendro ca558 40.75 123.67
it db t ti d d 559 39 10 119 27itrdb extraction dendro ca559 39 10 -119 27itrdb extraction dendro ca559 39.10 119.27
it db t ti d d 559  39 10 119 27itrdb extraction dendro ca559x 39 10 -119 27itrdb extraction dendro ca559x 39.10 119.27
i db i d d 602 3 83 9 2itrdb extraction dendro ca602 37 83 -119 42itrdb extraction dendro ca602 37.83 -119.42
itrdb extraction dendro ca603 37 92 119 23itrdb extraction dendro ca603 37.92 -119.23

ABOR/MH/Priv-004085



 mean mean 
first year first year last year last year last year correlation first year first year last year last year last year correlation y y y y y
with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we 

trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?
1543 19801543 1980 yes yes yes yes1543 1980 yes yes yes yes
1310 19801310 1980 yes yes yes yes1310 1980 yes yes yes yesy y y y
1510 1980 yes yes yes yes1510 1980 yes yes yes yesy y y y
1441 1980 yes yes yes yes1441 1980 yes yes yes yes1441 1980 yes yes yes yes
1557 1980 yes yes yes yes1557 1980 yes yes yes yes1557 1980 yes yes yes yes
1500 19801500 1980 yes yes yes yes1500 1980 yes yes yes yes
1318 19801318 1980 yes yes yes yes1318 1980 yes yes yes yesy y y y
1497 19801497 1980 yes yes yes yes1497 1980 yes yes yes yesy y y y
1140 1981 yes yes yes yes1140 1981 yes yes yes yesy y y y
1505 1981 yes yes yes yes1505 1981 yes yes yes yes1505 1981 yes yes yes yes
1556 1983 yes yes yes yes1556 1983 yes yes yes yes1556 1983 yes yes yes yes
1434 19811434 1981 yes yes yes yes1434 1981 yes yes yes yes
1528 19811528 1981 yes yes yes yes1528 1981 yes yes yes yesy y y y
1548 19821548 1982 yes yes yes yes1548 1982 yes yes yes yesy y y y
1610 1969 yes yes yes yes1610 1969 yes yes yes yes6 0 969 yes yes yes yes
1607 1981 yes yes yes yes1607 1981 yes yes yes yes1607 1981 yes yes yes yes
1654 1980 es es es es1654 1980 yes yes yes yes1654 1980 yes yes yes yes
1653 19801653 1980 yes yes yes yes1653 1980 yes yes yes yes
1661 19791661 1979 yes yes yes yes1661 1979 yes yes yes yesy y y y
1627 1979 yes yes yes yes1627 1979 yes yes yes yesy y y y
1526 1979 yes yes yes yes1526 1979 yes yes yes yes1526 1979 yes yes yes yes
898 1987 yes yes yes yes898 1987 yes yes yes yes898 1987 yes yes yes yes
699 1987699 1987 yes yes yes yes699 1987 yes yes yes yes
917 1987917 1987 yes yes yes yes917 1987 yes yes yes yesy y y y
02 981027 1987 yes yes yes yes1027 1987 yes yes yes yesy y y y

1050 1987 yes yes yes yes1050 1987 yes yes yes yesy y y y
626 1983 yes yes yes yes626 1983 yes yes yes yes626 1983 yes yes yes yes
0 1990 yes yes yes yes0 1990 yes yes yes yes0 1990 yes yes yes yes

6000 1979-6000 1979 yes yes yes yes6000 1979 yes yes yes yes
1654 19881654 1988 yes yes yes yes1654 1988 yes yes yes yesy y y y
1707 1988 yes yes yes yes1707 1988 yes yes yes yesy y y y
1741 1988 yes yes yes yes1741 1988 yes yes yes yes1741 1988 yes yes yes yes
1684 1988 yes yes yes yes1684 1988 yes yes yes yes1684 1988 yes yes yes yes
1628 19881628 1988 yes yes yes yes1628 1988 yes yes yes yes
1540 19881540 1988 yes yes yes yes1540 1988 yes yes yes yesy y y y
1177 19881177 1988 yes yes yes yes1177 1988 yes yes yes yesy y y y
1548 1983 yes yes yes yes1548 1983 yes yes yes yesy y y y
1525 1983 yes yes yes yes1525 1983 yes yes yes yes1525 1983 yes yes yes yes
1642 1983 yes yes yes yes1642 1983 yes yes yes yes1642 1983 yes yes yes yes
1712 19831712 1983 yes yes yes yes1712 1983 yes yes yes yes
1712 19831712 1983 yes yes yes yes1712 1983 yes yes yes yesy y y y

32 991532 1991 yes yes yes yes1532 1991 yes yes yes yesy y y y
1430 1996 yes yes yes yes1430 1996 yes yes yes yesy y y y

ABOR/MH/Priv-004086



location in databaselocation in databaselocation in database
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/datao oce e /uses/s a ed/ t db/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holo ene / e / h ed/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /

ABOR/MH/Priv-004087



d d  ldendro onlydendro onlyy

first year first year y
median segment with 5 median segment with 5 median segment with 5 

Author description Data type site id/chronid latitude longitude species elevation sample depth length treesAuthor description Data type site id/chronid latitude longitude species elevation sample depth length treesAuthor description Data type site id/chronid latitude longitude species elevation sample depth length trees
it db t ti d d 605 37 87 119 28itrdb extraction dendro ca605 37 87 -119 28itrdb extraction dendro ca605 37.87 119.28
it db t ti d d 606 37 83 119 22itrdb extraction dendro ca606 37 83 -119 22itrdb extraction dendro ca606 37.83 -119.22

dbitrdb extraction dendro ca607 37 72 -119 67itrdb extraction dendro ca607 37.72 -119.67
itrdb extraction dendro ca609 34 12 116 80itrdb extraction dendro ca609 34.12 -116.80t db e t act o dendro ca609 34.12 116.80
itrdb extraction dendro ca610 32 87 116 42itrdb extraction dendro ca610 32.87 -116.42itrdb extraction dendro ca610 32.87 116.42
it db e t tion d d 611 33 35 116 85itrdb extraction dendro ca611 33 35 -116 85itrdb extraction dendro ca611 33.35 116.85
it db t ti d d 612 34 65 119 37itrdb extraction dendro ca612 34 65 -119 37itrdb extraction dendro ca612 34.65 119.37
i db i d d 613 33 73 117 55itrdb extraction dendro ca613 33 73 -117 55itrdb extraction dendro ca613 33.73 -117.55
itrdb extraction dendro ca614 35 30 120 27itrdb extraction dendro ca614 35.30 -120.27
itrdb extraction dendro ca615 39 02 122 82itrdb extraction dendro ca615 39.02 -122.82itrdb extraction dendro ca615 39.02 122.82
itrdb extraction dendro ca616 37 72 120 42itrdb extraction dendro ca616 37.72 -120.42itrdb extraction dendro ca616 37.72 120.42
it db t ti d d 617 39 82 123 07itrdb extraction dendro ca617 39 82 -123 07itrdb extraction dendro ca617 39.82 123.07
it db t ti d d 618 39 52 121 43itrdb extraction dendro ca618 39 52 -121 43itrdb extraction dendro ca618 39.52 121.43
i db i d d 619 40 27 121 85itrdb extraction dendro ca619 40 27 -121 85itrdb extraction dendro ca619 40.27 -121.85
itrdb extraction dendro ca620 38 77 121 10itrdb extraction dendro ca620 38.77 -121.10de d o ca6 0 38 0
itrdb extraction dendro ca621 35 52 118 67itrdb extraction dendro ca621 35.52 -118.67itrdb extraction dendro ca621 35.52 118.67
itrdb extraction dend o ca623 37 87 121 95itrdb extraction dendro ca623 37 87 -121 95itrdb extraction dendro ca623 37.87 121.95
it db t ti d d 624 37 87 121 95itrdb extraction dendro ca624 37 87 -121 95itrdb extraction dendro ca624 37.87 121.95
it db t ti d d 625 37 05 121 00itrdb extraction dendro ca625 37 05 -121 00itrdb extraction dendro ca625 37.05 -121.00

dbitrdb extraction dendro ca626 36 47 -121 18itrdb extraction dendro ca626 36.47 -121.18
itrdb extraction dendro ca628 40 15 120 60itrdb extraction dendro ca628 40.15 -120.60itrdb extraction dendro ca628 40.15 120.60
itrdb extraction dendro ca629 41 45 120 90itrdb extraction dendro ca629 41.45 -120.90itrdb extraction dendro ca629 41.45 120.90
it db t ti d d 630 38 70 120 00itrdb extraction dendro ca630 38 70 -120 00itrdb extraction dendro ca630 38.70 120.00
it db t ti d d 631 39 52 120 55itrdb extraction dendro ca631 39 52 -120 55itrdb extraction dendro ca631 39.52 120.55
i db i d d 632 39 20 20itrdb extraction dendro ca632 39 55 -120 20itrdb extraction dendro ca632 39.55 120.20
itrdb extraction dendro ca633 37 75 118 68itrdb extraction dendro ca633 37.75 -118.68
itrdb extraction dendro cana002 58 37 68 38itrdb extraction dendro cana002 58.37 -68.38dendro cana002 58.37 68.38
itrdb extraction dendro cana029 68 63 138 63itrdb extraction dendro cana029 68.63 -138.63itrdb extraction dendro cana029 68.63 138.63
it db t ti d d 030 55 33 63 25itrdb extraction dendro cana030 55 33 -63 25itrdb extraction dendro cana030 55.33 63.25
it db t ti d d 032 44 82 64 00itrdb extraction dendro cana032 44 82 -64 00itrdb extraction dendro cana032 44.82 64.00

db d ditrdb extraction dendro cana033 45 80 -78 20itrdb extraction dendro cana033 45.80 -78.20
itrdb extraction dendro cana034 45 17 78 75itrdb extraction dendro cana034 45.17 -78.75dendro cana034 45.17 78.75
itrdb extraction dendro cana035 46 63 71 88itrdb extraction dendro cana035 46.63 -71.88itrdb extraction dendro cana035 46.63 71.88
itrdb extraction d d 036 48 58 65 92itrdb extraction dendro cana036 48.58 -65.92itrdb extraction dendro cana036 48.58 65.92
it db t ti d d 037 47 00 79 92itrdb extraction dendro cana037 47 00 -79 92itrdb extraction dendro cana037 47.00 79.92
it db t ti d d 050 53 48 58 67itrdb extraction dendro cana050 53 48 -58 67itrdb extraction dendro cana050 53.48 -58.67
itrdb extraction dendro cana055 50 17 68 17itrdb extraction dendro cana055 50.17 -68.17
itrdb extraction dendro cana055x 50 17 68 17itrdb extraction dendro cana055x 50.17 -68.17itrdb extraction dendro cana055x 50.17 68.17
itrdb extraction dendro cana082 61 67 139 67itrdb extraction dendro cana082 61.67 -139.67itrdb extraction dendro cana082 61.67 139.67
it db t ti d d 084 59 92 136 83itrdb extraction dendro cana084 59 92 -136 83itrdb extraction dendro cana084 59.92 136.83
it db t ti d d 084  59 92 136 83itrdb extraction dendro cana084x 59 92 -136 83itrdb extraction dendro cana084x 59.92 136.83
i db i d d 09 90 2 2itrdb extraction dendro cana091 54 90 -127 25itrdb extraction dendro cana091 54.90 -127.25
itrdb extraction dendro cana091x 54 90 127 25itrdb extraction dendro cana091x 54.90 -127.25

ABOR/MH/Priv-004088



 mean mean 
first year first year last year last year last year correlation first year first year last year last year last year correlation y y y y y
with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we 

trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?
885 1996885 1996 yes yes yes yes885 1996 yes yes yes yes
800 1996800 1996 yes yes yes yes800 1996 yes yes yes yesy y y y
1681 1991 yes yes yes yes1681 1991 yes yes yes yesy y y y
1560 1995 yes yes yes yes1560 1995 yes yes yes yes1560 1995 yes yes yes yes
1660 1995 yes yes yes yes1660 1995 yes yes yes yes1660 1995 yes yes yes yes
1640 19921640 1992 yes yes yes yes1640 1992 yes yes yes yes
1470 19931470 1993 yes yes yes yes1470 1993 yes yes yes yesy y y y
1660 19951660 1995 yes yes yes yes1660 1995 yes yes yes yesy y y y
1577 1996 yes yes yes yes1577 1996 yes yes yes yesy y y y
1642 1996 yes yes yes yes1642 1996 yes yes yes yes1642 1996 yes yes yes yes
1669 1992 yes yes yes yes1669 1992 yes yes yes yes1669 1992 yes yes yes yes
1535 19961535 1996 yes yes yes yes1535 1996 yes yes yes yes
1637 19961637 1996 yes yes yes yes1637 1996 yes yes yes yesy y y y
1515 19961515 1996 yes yes yes yes1515 1996 yes yes yes yesy y y y
1603 1996 yes yes yes yes1603 1996 yes yes yes yes603 996 yes yes yes yes
1585 1996 yes yes yes yes1585 1996 yes yes yes yes1585 1996 yes yes yes yes
1645 1997 es es es es1645 1997 yes yes yes yes1645 1997 yes yes yes yes
1621 19961621 1996 yes yes yes yes1621 1996 yes yes yes yes
1607 19961607 1996 yes yes yes yes1607 1996 yes yes yes yesy y y y
1578 1996 yes yes yes yes1578 1996 yes yes yes yesy y y y
1450 1998 yes yes yes yes1450 1998 yes yes yes yes1450 1998 yes yes yes yes
1152 1998 yes yes yes yes1152 1998 yes yes yes yes1152 1998 yes yes yes yes
420 1999-420 1999 yes yes yes yes420 1999 yes yes yes yes
930 1999930 1999 yes yes yes yes930 1999 yes yes yes yesy y y y
0 0 9991010 1999 yes yes yes yes1010 1999 yes yes yes yesy y y y
680 2000 yes yes yes yes680 2000 yes yes yes yesy y y y
1650 1969 yes yes yes yes1650 1969 yes yes yes yes1650 1969 yes yes yes yes
1570 1969 yes yes yes yes1570 1969 yes yes yes yes1570 1969 yes yes yes yes
1660 19691660 1969 yes yes yes yes1660 1969 yes yes yes yes
1572 19821572 1982 yes yes yes yes1572 1982 yes yes yes yesy y y y
1550 1982 yes yes yes yes1550 1982 yes yes yes yesy y y y
1641 1982 yes yes yes yes1641 1982 yes yes yes yes1641 1982 yes yes yes yes
1524 1982 yes yes yes yes1524 1982 yes yes yes yes1524 1982 yes yes yes yes
1404 19821404 1982 yes yes yes yes1404 1982 yes yes yes yes
1644 19831644 1983 yes yes yes yes1644 1983 yes yes yes yesy y y y
1709 19881709 1988 yes yes yes yes1709 1988 yes yes yes yesy y y y
1719 1988 yes yes yes yes1719 1988 yes yes yes yesy y y y
1719 1988 yes yes yes yes1719 1988 yes yes yes yes1719 1988 yes yes yes yes
1585 1983 yes yes yes yes1585 1983 yes yes yes yes1585 1983 yes yes yes yes
1732 19831732 1983 yes yes yes yes1732 1983 yes yes yes yes
1732 19831732 1983 yes yes yes yes1732 1983 yes yes yes yesy y y y
680 9831680 1983 yes yes yes yes1680 1983 yes yes yes yesy y y y

1680 1983 yes yes yes yes1680 1983 yes yes yes yesy y y y

ABOR/MH/Priv-004089



location in databaselocation in databaselocation in database
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/datao oce e /uses/s a ed/ t db/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holo ene / e / h ed/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /

ABOR/MH/Priv-004090



d d  ldendro onlydendro onlyy

first year first year y
median segment with 5 median segment with 5 median segment with 5 

Author description Data type site id/chronid latitude longitude species elevation sample depth length treesAuthor description Data type site id/chronid latitude longitude species elevation sample depth length treesAuthor description Data type site id/chronid latitude longitude species elevation sample depth length trees
it db t ti d d 094 53 33 120 67itrdb extraction dendro cana094 53 33 -120 67itrdb extraction dendro cana094 53.33 120.67
it db t ti d d 094  53 33 120 67itrdb extraction dendro cana094x 53 33 -120 67itrdb extraction dendro cana094x 53.33 -120.67

dbitrdb extraction dendro cana095 51 88 -121 25itrdb extraction dendro cana095 51.88 -121.25
itrdb extraction dendro cana096 52 25 117 00itrdb extraction dendro cana096 52.25 -117.00t db e t act o dendro cana096 52.25 117.00
itrdb extraction dendro cana096x 52 25 117 00itrdb extraction dendro cana096x 52.25 -117.00itrdb extraction dendro cana096x 52.25 117.00
it db e t tion d d 097 51 75 116 22itrdb extraction dendro cana097 51 75 -116 22itrdb extraction dendro cana097 51.75 116.22
it db t ti d d 097  51 75 116 22itrdb extraction dendro cana097x 51 75 -116 22itrdb extraction dendro cana097x 51.75 116.22
i db i d d 099 50 57 115 15itrdb extraction dendro cana099 50 57 -115 15itrdb extraction dendro cana099 50.57 -115.15
itrdb extraction dendro cana104 58 98 111 50itrdb extraction dendro cana104 58.98 -111.50
itrdb extraction dendro cana105 58 37 111 50itrdb extraction dendro cana105 58.37 -111.50itrdb extraction dendro cana105 58.37 111.50
itrdb extraction dendro cana106 48 47 79 28itrdb extraction dendro cana106 48.47 -79.28itrdb extraction dendro cana106 48.47 79.28
it db t ti d d 107 49 52 123 07itrdb extraction dendro cana107 49 52 -123 07itrdb extraction dendro cana107 49.52 123.07
it db t ti d d 109 49 53 123 03itrdb extraction dendro cana109 49 53 -123 03itrdb extraction dendro cana109 49.53 123.03
i db i d d 110 49 53 123 03itrdb extraction dendro cana110 49 53 -123 03itrdb extraction dendro cana110 49.53 -123.03
itrdb extraction dendro cana111 49 42 123 08itrdb extraction dendro cana111 49.42 -123.08de d o ca a 9 3 08
itrdb extraction dendro cana111x 49 42 123 08itrdb extraction dendro cana111x 49.42 -123.08itrdb extraction dendro cana111x 49.42 123.08
itrdb extraction dend o cana112 49 08 116 75itrdb extraction dendro cana112 49 08 -116 75itrdb extraction dendro cana112 49.08 116.75
it db t ti d d 112  49 08 116 75itrdb extraction dendro cana112x 49 08 -116 75itrdb extraction dendro cana112x 49.08 116.75
it db t ti d d 113 49 15 125 23itrdb extraction dendro cana113 49 15 -125 23itrdb extraction dendro cana113 49.15 -125.23

dbitrdb extraction dendro cana113x 49 15 -125 23itrdb extraction dendro cana113x 49.15 -125.23
itrdb extraction dendro cana117 65 35 126 70itrdb extraction dendro cana117 65.35 -126.70itrdb extraction dendro cana117 65.35 126.70
itrdb extraction dendro cana119 64 97 127 48itrdb extraction dendro cana119 64.97 -127.48itrdb extraction dendro cana119 64.97 127.48
it db t ti d d 121 66 72 136 28itrdb extraction dendro cana121 66 72 -136 28itrdb extraction dendro cana121 66.72 136.28
it db t ti d d 123 64 98 127 57itrdb extraction dendro cana123 64 98 -127 57itrdb extraction dendro cana123 64.98 127.57
i db i d d 2 2 8 60itrdb extraction dendro cana127 45 42 -78 60itrdb extraction dendro cana127 45.42 78.60
itrdb extraction dendro cana128 46 72 80 20itrdb extraction dendro cana128 46.72 -80.20
itrdb extraction dendro cana135 51 17 114 67itrdb extraction dendro cana135 51.17 -114.67dendro cana135 51.17 114.67
itrdb extraction dendro cana136 49 58 114 22itrdb extraction dendro cana136 49.58 -114.22itrdb extraction dendro cana136 49.58 114.22
it db t ti d d 137 49 58 114 20itrdb extraction dendro cana137 49 58 -114 20itrdb extraction dendro cana137 49.58 114.20
it db t ti d d 138 68 27 133 33itrdb extraction dendro cana138 68 27 -133 33itrdb extraction dendro cana138 68.27 133.33

db d ditrdb extraction dendro cana147 50 82 -119 90itrdb extraction dendro cana147 50.82 -119.90
itrdb extraction dendro cana150 49 87 118 85itrdb extraction dendro cana150 49.87 -118.85dendro cana150 49.87 118.85
itrdb extraction dendro cana151 49 87 118 85itrdb extraction dendro cana151 49.87 -118.85itrdb extraction dendro cana151 49.87 118.85
itrdb extraction d d 152 49 87 118 85itrdb extraction dendro cana152 49.87 -118.85itrdb extraction dendro cana152 49.87 118.85
it db t ti d d 153 67 23 115 92itrdb extraction dendro cana153 67 23 -115 92itrdb extraction dendro cana153 67.23 115.92
it db t ti d d 154 65 33 126 68itrdb extraction dendro cana154 65 33 -126 68itrdb extraction dendro cana154 65.33 -126.68
itrdb extraction dendro cana155 64 03 103 87itrdb extraction dendro cana155 64.03 -103.87
itrdb extraction dendro cana156 65 00 127 83itrdb extraction dendro cana156 65.00 -127.83itrdb extraction dendro cana156 65.00 127.83
itrdb extraction dendro cana157 65 00 138 33itrdb extraction dendro cana157 65.00 -138.33itrdb extraction dendro cana157 65.00 138.33
it db t ti d d 158 58 72 94 07itrdb extraction dendro cana158 58 72 -94 07itrdb extraction dendro cana158 58.72 94.07
it db t ti d d 159 56 17 76 55itrdb extraction dendro cana159 56 17 -76 55itrdb extraction dendro cana159 56.17 76.55
i db i d d 6 03 9 0itrdb extraction dendro cana161 51 03 -119 05itrdb extraction dendro cana161 51.03 -119.05
itrdb extraction dendro cana174 50 22 126 35itrdb extraction dendro cana174 50.22 -126.35

ABOR/MH/Priv-004091



 mean mean 
first year first year last year last year last year correlation first year first year last year last year last year correlation y y y y y
with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we 

trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?
1649 19831649 1983 yes yes yes yes1649 1983 yes yes yes yes
1649 19831649 1983 yes yes yes yes1649 1983 yes yes yes yesy y y y
1669 1983 yes yes yes yes1669 1983 yes yes yes yesy y y y
1608 1983 yes yes yes yes1608 1983 yes yes yes yes1608 1983 yes yes yes yes
1608 1983 yes yes yes yes1608 1983 yes yes yes yes1608 1983 yes yes yes yes
1634 19831634 1983 yes yes yes yes1634 1983 yes yes yes yes
1634 19831634 1983 yes yes yes yes1634 1983 yes yes yes yesy y y y
1499 19891499 1989 yes yes yes yes1499 1989 yes yes yes yesy y y y
1698 1970 yes yes yes yes1698 1970 yes yes yes yesy y y y
1708 1970 yes yes yes yes1708 1970 yes yes yes yes1708 1970 yes yes yes yes
1186 1987 yes yes yes yes1186 1987 yes yes yes yes1186 1987 yes yes yes yes
1687 19921687 1992 yes yes yes yes1687 1992 yes yes yes yes
1539 19921539 1992 yes yes yes yes1539 1992 yes yes yes yesy y y y
1344 19931344 1993 yes yes yes yes1344 1993 yes yes yes yesy y y y
1413 1983 yes yes yes yes1413 1983 yes yes yes yes3 983 yes yes yes yes
1413 1983 yes yes yes yes1413 1983 yes yes yes yes1413 1983 yes yes yes yes
1701 1983 es es es es1701 1983 yes yes yes yes1701 1983 yes yes yes yes
1701 19831701 1983 yes yes yes yes1701 1983 yes yes yes yes
1629 19831629 1983 yes yes yes yes1629 1983 yes yes yes yesy y y y
1629 1983 yes yes yes yes1629 1983 yes yes yes yesy y y y
1409 1991 yes yes yes yes1409 1991 yes yes yes yes1409 1991 yes yes yes yes
1506 1989 yes yes yes yes1506 1989 yes yes yes yes1506 1989 yes yes yes yes
1547 19921547 1992 yes yes yes yes1547 1992 yes yes yes yes
1588 19891588 1989 yes yes yes yes1588 1989 yes yes yes yesy y y y
662 991662 1994 yes yes yes yes1662 1994 yes yes yes yesy y y y

1547 1994 yes yes yes yes1547 1994 yes yes yes yesy y y y
1315 1992 yes yes yes yes1315 1992 yes yes yes yes1315 1992 yes yes yes yes
1466 1992 yes yes yes yes1466 1992 yes yes yes yes1466 1992 yes yes yes yes
1467 19921467 1992 yes yes yes yes1467 1992 yes yes yes yes
1060 19921060 1992 yes yes yes yes1060 1992 yes yes yes yesy y y y
1665 1994 yes yes yes yes1665 1994 yes yes yes yesy y y y
1689 1998 yes yes yes yes1689 1998 yes yes yes yes1689 1998 yes yes yes yes
1669 1998 yes yes yes yes1669 1998 yes yes yes yes1669 1998 yes yes yes yes
1725 19981725 1998 yes yes yes yes1725 1998 yes yes yes yes
1428 19771428 1977 yes yes yes yes1428 1977 yes yes yes yesy y y y
1625 19831625 1983 yes yes yes yes1625 1983 yes yes yes yesy y y y
1491 1984 yes yes yes yes1491 1984 yes yes yes yesy y y y
1626 1984 yes yes yes yes1626 1984 yes yes yes yes1626 1984 yes yes yes yes
1530 1992 yes yes yes yes1530 1992 yes yes yes yes1530 1992 yes yes yes yes
1650 19821650 1982 yes yes yes yes1650 1982 yes yes yes yes
1663 19821663 1982 yes yes yes yes1663 1982 yes yes yes yesy y y y

0 9961710 1996 yes yes yes yes1710 1996 yes yes yes yesy y y y
1420 1999 yes yes yes yes1420 1999 yes yes yes yesy y y y

ABOR/MH/Priv-004092



location in databaselocation in databaselocation in database
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/datao oce e /uses/s a ed/ t db/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holo ene / e / h ed/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /

ABOR/MH/Priv-004093



d d  ldendro onlydendro onlyy

first year first year y
median segment with 5 median segment with 5 median segment with 5 

Author description Data type site id/chronid latitude longitude species elevation sample depth length treesAuthor description Data type site id/chronid latitude longitude species elevation sample depth length treesAuthor description Data type site id/chronid latitude longitude species elevation sample depth length trees
it db t ti d d 175 50 22 126 35itrdb extraction dendro cana175 50 22 -126 35itrdb extraction dendro cana175 50.22 126.35
it db t ti d d 194 49 83 97 20itrdb extraction dendro cana194 49 83 -97 20itrdb extraction dendro cana194 49.83 -97.20

dbitrdb extraction dendro cerbcrn2 56 75 124 90itrdb extraction dendro cerbcrn2 56.75 124.90
itrdb extraction dendro chil002 31 97 71 03itrdb extraction dendro chil002 -31.97 -71.03t db e t act o dendro chil002 31.97 71.03
itrdb extraction dendro chil006 38 33 71 35itrdb extraction dendro chil006 -38.33 -71.35itrdb extraction dendro chil006 38.33 71.35
it db e t tion d d hil007 33 78 70 25itrdb extraction dendro chil007 -33 78 -70 25itrdb extraction dendro chil007 33.78 70.25
it db t ti d d hil008 38 38 71 57itrdb extraction dendro chil008 -38 38 -71 57itrdb extraction dendro chil008 38.38 71.57
i db i d d hil009 37 68 73 17itrdb extraction dendro chil009 -37 68 -73 17itrdb extraction dendro chil009 -37.68 -73.17
itrdb extraction dendro chil011 37 35 71 50itrdb extraction dendro chil011 -37.35 -71.50
itrdb extraction dendro chil012 37 83 73 03itrdb extraction dendro chil012 -37.83 -73.03itrdb extraction dendro chil012 37.83 73.03
itrdb extraction dendro chil013 34 78 70 75itrdb extraction dendro chil013 -34.78 -70.75itrdb extraction dendro chil013 34.78 70.75
it db t ti d d hil016 43 00 72 50itrdb extraction dendro chil016 -43 00 -72 50itrdb extraction dendro chil016 43.00 72.50
it db t ti d d hil017 43 00 72 50itrdb extraction dendro chil017 -43 00 -72 50itrdb extraction dendro chil017 43.00 72.50
i db i d d hil018 42 50 73 83itrdb extraction dendro chil018 -42 50 -73 83itrdb extraction dendro chil018 -42.50 -73.83
itrdb extraction dendro chin004 34 48 110 08itrdb extraction dendro chin004 34.48 110.08de d o c 00 3 8 0 08
itrdb extraction dendro chin004x 34 48 110 08itrdb extraction dendro chin004x 34.48 110.08itrdb extraction dendro chin004x 34.48 110.08
itrdb extraction dend o cl pcgl2c n NaN NaNitrdb extraction dendro cl pcgl2crn NaN NaNitrdb extraction dendro cl_pcgl2crn NaN NaN
it db t ti d d 066 37 58 108 55itrdb extraction dendro co066 37 58 -108 55itrdb extraction dendro co066 37.58 108.55
it db t ti d d 067 37 58 108 55itrdb extraction dendro co067 37 58 -108 55itrdb extraction dendro co067 37.58 -108.55

dbitrdb extraction dendro co076 37 17 -108 52itrdb extraction dendro co076 37.17 -108.52
itrdb extraction dendro co509 37 18 108 48itrdb extraction dendro co509 37.18 -108.48itrdb extraction dendro co509 37.18 108.48
itrdb extraction dendro co509x 37 18 108 48itrdb extraction dendro co509x 37.18 -108.48itrdb extraction dendro co509x 37.18 108.48
it db t ti d d 511 40 03 105 58itrdb extraction dendro co511 40 03 -105 58itrdb extraction dendro co511 40.03 105.58
it db t ti d d 522 39 63 105 58itrdb extraction dendro co522 39 63 -105 58itrdb extraction dendro co522 39.63 105.58
i db i d d 23 39 32 06 08itrdb extraction dendro co523 39 32 -106 08itrdb extraction dendro co523 39.32 106.08
itrdb extraction dendro co524 38 77 104 98itrdb extraction dendro co524 38.77 -104.98
itrdb extraction dendro co525 38 10 105 63itrdb extraction dendro co525 38.10 -105.63dendro co525 38.10 105.63
itrdb extraction dendro co526 40 42 105 47itrdb extraction dendro co526 40.42 -105.47itrdb extraction dendro co526 40.42 105.47
it db t ti d d 531 38 95 104 95itrdb extraction dendro co531 38 95 -104 95itrdb extraction dendro co531 38.95 104.95
it db t ti d d 532 40 37 105 58itrdb extraction dendro co532 40 37 -105 58itrdb extraction dendro co532 40.37 105.58

db d ditrdb extraction dendro co533 39 93 -105 28itrdb extraction dendro co533 39.93 -105.28
itrdb extraction dendro co534 39 93 105 27itrdb extraction dendro co534 39.93 -105.27dendro co534 39.93 105.27
itrdb extraction dendro co535 38 77 104 97itrdb extraction dendro co535 38.77 -104.97itrdb extraction dendro co535 38.77 104.97
itrdb extraction d d 538 40 53 105 13itrdb extraction dendro co538 40.53 -105.13itrdb extraction dendro co538 40.53 105.13
it db t ti d d 539 39 68 105 20itrdb extraction dendro co539 39 68 -105 20itrdb extraction dendro co539 39.68 105.20
it db t ti d d 541 39 45 105 13itrdb extraction dendro co541 39 45 -105 13itrdb extraction dendro co541 39.45 -105.13
itrdb extraction dendro co542 40 17 105 28itrdb extraction dendro co542 40.17 -105.28
itrdb extraction dendro co543 40 42 105 80itrdb extraction dendro co543 40.42 -105.80itrdb extraction dendro co543 40.42 105.80
itrdb extraction dendro co544 40 10 105 73itrdb extraction dendro co544 40.10 -105.73itrdb extraction dendro co544 40.10 105.73
it db t ti d d 545 40 05 105 55itrdb extraction dendro co545 40 05 -105 55itrdb extraction dendro co545 40.05 105.55
it db t ti d d 547 40 40 105 67itrdb extraction dendro co547 40 40 -105 67itrdb extraction dendro co547 40.40 105.67
i db i d d 8 38 60 0 8itrdb extraction dendro co548 38 60 -104 87itrdb extraction dendro co548 38.60 -104.87
itrdb extraction dendro co549 40 37 105 67itrdb extraction dendro co549 40.37 -105.67

ABOR/MH/Priv-004094



 mean mean 
first year first year last year last year last year correlation first year first year last year last year last year correlation y y y y y
with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we 

trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?
1200 19991200 1999 yes yes yes yes1200 1999 yes yes yes yes
1286 19991286 1999 yes yes yes yes1286 1999 yes yes yes yesy y y y
1661 1999 yes yes yes yes1661 1999 yes yes yes yesy y y y
1011 1972 yes yes yes yes1011 1972 yes yes yes yes1011 1972 yes yes yes yes
1386 1975 yes yes yes yes1386 1975 yes yes yes yes1386 1975 yes yes yes yes
1131 19751131 1975 yes yes yes yes1131 1975 yes yes yes yes
1664 19751664 1975 yes yes yes yes1664 1975 yes yes yes yesy y y y
1440 19751440 1975 yes yes yes yes1440 1975 yes yes yes yesy y y y
1641 1975 yes yes yes yes1641 1975 yes yes yes yesy y y y
1242 1975 yes yes yes yes1242 1975 yes yes yes yes1242 1975 yes yes yes yes
1568 1975 yes yes yes yes1568 1975 yes yes yes yes1568 1975 yes yes yes yes
1489 19861489 1986 yes yes yes yes1489 1986 yes yes yes yes
1489 19861489 1986 yes yes yes yes1489 1986 yes yes yes yesy y y y
1554 19871554 1987 yes yes yes yes1554 1987 yes yes yes yesy y y y
1540 1989 yes yes yes yes1540 1989 yes yes yes yes5 0 989 yes yes yes yes
1560 1988 yes yes yes yes1560 1988 yes yes yes yes1560 1988 yes yes yes yes
1636 2001 es es es es1636 2001 yes yes yes yes1636 2001 yes yes yes yes
1457 19781457 1978 yes yes yes yes1457 1978 yes yes yes yes
1270 19781270 1978 yes yes yes yes1270 1978 yes yes yes yesy y y y
1390 1971 yes yes yes yes1390 1971 yes yes yes yesy y y y
1373 1978 yes yes yes yes1373 1978 yes yes yes yes1373 1978 yes yes yes yes
1373 1978 yes yes yes yes1373 1978 yes yes yes yes1373 1978 yes yes yes yes
1169 19891169 1989 yes yes yes yes1169 1989 yes yes yes yes
525 1983525 1983 yes yes yes yes525 1983 yes yes yes yesy y y y
0 0 981050 1985 yes yes yes yes1050 1985 yes yes yes yesy y y y
560 1983 yes yes yes yes560 1983 yes yes yes yesy y y y
1048 1983 yes yes yes yes1048 1983 yes yes yes yes1048 1983 yes yes yes yes
1650 1980 yes yes yes yes1650 1980 yes yes yes yes1650 1980 yes yes yes yes
1714 19841714 1984 yes yes yes yes1714 1984 yes yes yes yes
1640 19871640 1987 yes yes yes yes1640 1987 yes yes yes yesy y y y
1550 1987 yes yes yes yes1550 1987 yes yes yes yesy y y y
1680 1987 yes yes yes yes1680 1987 yes yes yes yes1680 1987 yes yes yes yes
1320 1987 yes yes yes yes1320 1987 yes yes yes yes1320 1987 yes yes yes yes
1670 19871670 1987 yes yes yes yes1670 1987 yes yes yes yes
1550 19871550 1987 yes yes yes yes1550 1987 yes yes yes yesy y y y
1710 19871710 1987 yes yes yes yes1710 1987 yes yes yes yesy y y y
1690 1987 yes yes yes yes1690 1987 yes yes yes yesy y y y
1570 1987 yes yes yes yes1570 1987 yes yes yes yes1570 1987 yes yes yes yes
1430 1987 yes yes yes yes1430 1987 yes yes yes yes1430 1987 yes yes yes yes
1330 19871330 1987 yes yes yes yes1330 1987 yes yes yes yes
1070 19871070 1987 yes yes yes yes1070 1987 yes yes yes yesy y y y
6 0 9881650 1988 yes yes yes yes1650 1988 yes yes yes yesy y y y

1510 1987 yes yes yes yes1510 1987 yes yes yes yesy y y y

ABOR/MH/Priv-004095



location in databaselocation in databaselocation in database
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/datao oce e /uses/s a ed/ t db/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holo ene / e / h ed/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /

ABOR/MH/Priv-004096



d d  ldendro onlydendro onlyy

first year first year y
median segment with 5 median segment with 5 median segment with 5 

Author description Data type site id/chronid latitude longitude species elevation sample depth length treesAuthor description Data type site id/chronid latitude longitude species elevation sample depth length treesAuthor description Data type site id/chronid latitude longitude species elevation sample depth length trees
it db t ti d d 550 40 37 105 25itrdb extraction dendro co550 40 37 -105 25itrdb extraction dendro co550 40.37 105.25
it db t ti d d 551 40 05 105 43itrdb extraction dendro co551 40 05 -105 43itrdb extraction dendro co551 40.05 -105.43

dbitrdb extraction dendro co552 37 90 -107 72itrdb extraction dendro co552 37.90 -107.72
itrdb extraction dendro co552x 37 90 107 72itrdb extraction dendro co552x 37.90 -107.72t db e t act o dendro co552x 37.90 107.72
itrdb extraction dendro co553 39 33 105 03itrdb extraction dendro co553 39.33 -105.03itrdb extraction dendro co553 39.33 105.03
it db e t tion d d 554 38 67 107 58itrdb extraction dendro co554 38 67 -107 58itrdb extraction dendro co554 38.67 107.58
it db t ti d d 555 37 78 105 50itrdb extraction dendro co555 37 78 -105 50itrdb extraction dendro co555 37.78 105.50
i db i d d 556 37 72 105 47itrdb extraction dendro co556 37 72 -105 47itrdb extraction dendro co556 37.72 -105.47
itrdb extraction dendro co557 37 78 106 82itrdb extraction dendro co557 37.78 -106.82
itrdb extraction dendro co558 38 10 106 37itrdb extraction dendro co558 38.10 -106.37itrdb extraction dendro co558 38.10 106.37
itrdb extraction dendro co559 37 38 106 28itrdb extraction dendro co559 37.38 -106.28itrdb extraction dendro co559 37.38 106.28
it db t ti d d 560 37 63 106 68itrdb extraction dendro co560 37 63 -106 68itrdb extraction dendro co560 37.63 106.68
it db t ti d d 563 40 42 105 57itrdb extraction dendro co563 40 42 -105 57itrdb extraction dendro co563 40.42 105.57
i db i d d 564 39 50 104 22itrdb extraction dendro co564 39 50 -104 22itrdb extraction dendro co564 39.50 -104.22
itrdb extraction dendro co566 39 07 104 43itrdb extraction dendro co566 39.07 -104.43de d o co566 39 0 0 3
itrdb extraction dendro co568 37 23 103 25itrdb extraction dendro co568 37.23 -103.25itrdb extraction dendro co568 37.23 103.25
itrdb extraction dend o co569 37 10 103 62itrdb extraction dendro co569 37 10 -103 62itrdb extraction dendro co569 37.10 103.62
it db t ti d d 570 37 07 103 27itrdb extraction dendro co570 37 07 -103 27itrdb extraction dendro co570 37.07 103.27
it db t ti d d 572 40 32 105 55itrdb extraction dendro co572 40 32 -105 55itrdb extraction dendro co572 40.32 -105.55

dbitrdb extraction dendro co579 39 95 -106 52itrdb extraction dendro co579 39.95 -106.52
itrdb extraction dendro co580 39 00 108 15itrdb extraction dendro co580 39.00 -108.15itrdb extraction dendro co580 39.00 108.15
itrdb extraction dendro co581 40 75 106 85itrdb extraction dendro co581 40.75 -106.85itrdb extraction dendro co581 40.75 106.85
it db t ti d d 582 38 67 108 35itrdb extraction dendro co582 38 67 -108 35itrdb extraction dendro co582 38.67 108.35
it db t ti d d t001 41 95 73 22itrdb extraction dendro ct001 41 95 -73 22itrdb extraction dendro ct001 41.95 73.22
i db i d d 002 9 3 22itrdb extraction dendro ct002 41 97 -73 22itrdb extraction dendro ct002 41.97 73.22
itrdb extraction dendro cypr009 34 98 32 68itrdb extraction dendro cypr009 34.98 32.68yp
itrdb extraction dendro evocrn2 57 52 125 17itrdb extraction dendro evocrn2 57.52 125.17dendro evocrn2 57.52 125.17
itrdb extraction dendro finl001 62 98 31 30itrdb extraction dendro finl001 62.98 31.30itrdb extraction dendro finl001 62.98 31.30
it db t ti d d fi l005 63 68 29 88itrdb extraction dendro finl005 63 68 29 88itrdb extraction dendro finl005 63.68 29.88
it db t ti d d fi l008 63 10 30 63itrdb extraction dendro finl008 63 10 30 63itrdb extraction dendro finl008 63.10 30.63

db d d f litrdb extraction dendro finl018 66 37 29 43itrdb extraction dendro finl018 66.37 29.43
itrdb extraction dendro finl021 68 83 27 25itrdb extraction dendro finl021 68.83 27.25dendro finl021 68.83 27.25
itrdb extraction dendro finl022 68 58 28 00itrdb extraction dendro finl022 68.58 28.00itrdb extraction dendro finl022 68.58 28.00
itrdb extraction d d fl001 30 47 85 88itrdb extraction dendro fl001 30.47 -85.88itrdb extraction dendro fl001 30.47 85.88
it db t ti d d fl005 29 73 82 95itrdb extraction dendro fl005 29 73 -82 95itrdb extraction dendro fl005 29.73 82.95
it db t ti d d f 001 47 57 1 50itrdb extraction dendro fran001 47 57 1 50itrdb extraction dendro fran001 47.57 1.50
itrdb extraction dendro fran003 48 45 2 68itrdb extraction dendro fran003 48.45 2.68
itrdb extraction dendro fran009 44 03 7 45itrdb extraction dendro fran009 44.03 7.45itrdb extraction dendro fran009 44.03 7.45
itrdb extraction dendro fran010 44 03 7 45itrdb extraction dendro fran010 44.03 7.45itrdb extraction dendro fran010 44.03 7.45
it db t ti d d f 011 45 22 6 68itrdb extraction dendro fran011 45 22 6 68itrdb extraction dendro fran011 45.22 6.68
it db t ti d d f 013 45 22 6 68itrdb extraction dendro fran013 45 22 6 68itrdb extraction dendro fran013 45.22 6.68
i db i d d f 0 22 6 68itrdb extraction dendro fran014 45 22 6 68itrdb extraction dendro fran014 45.22 6.68
itrdb extraction dendro fran024 42 60 2 07itrdb extraction dendro fran024 42.60 2.07

ABOR/MH/Priv-004097



 mean mean 
first year first year last year last year last year correlation first year first year last year last year last year correlation y y y y y
with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we 

trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?
1690 19871690 1987 yes yes yes yes1690 1987 yes yes yes yes
1750 19871750 1987 yes yes yes yes1750 1987 yes yes yes yesy y y y
1626 1983 yes yes yes yes1626 1983 yes yes yes yesy y y y
1626 1983 yes yes yes yes1626 1983 yes yes yes yes1626 1983 yes yes yes yes
1530 1983 yes yes yes yes1530 1983 yes yes yes yes1530 1983 yes yes yes yes
1565 19821565 1982 yes yes yes yes1565 1982 yes yes yes yes
1260 19951260 1995 yes yes yes yes1260 1995 yes yes yes yesy y y y
1035 19951035 1995 yes yes yes yes1035 1995 yes yes yes yesy y y y
1654 1997 yes yes yes yes1654 1997 yes yes yes yesy y y y
1605 1997 yes yes yes yes1605 1997 yes yes yes yes1605 1997 yes yes yes yes
1600 1997 yes yes yes yes1600 1997 yes yes yes yes1600 1997 yes yes yes yes
1675 19971675 1997 yes yes yes yes1675 1997 yes yes yes yes
1698 20011698 2001 yes yes yes yes1698 2001 yes yes yes yesy y y y
1709 19971709 1997 yes yes yes yes1709 1997 yes yes yes yesy y y y
1534 1998 yes yes yes yes1534 1998 yes yes yes yes53 998 yes yes yes yes
1628 1998 yes yes yes yes1628 1998 yes yes yes yes1628 1998 yes yes yes yes
1464 1997 es es es es1464 1997 yes yes yes yes1464 1997 yes yes yes yes
1460 19981460 1998 yes yes yes yes1460 1998 yes yes yes yes
894 1998894 1998 yes yes yes yes894 1998 yes yes yes yesy y y y
1320 1999 yes yes yes yes1320 1999 yes yes yes yesy y y y
1135 2000 yes yes yes yes1135 2000 yes yes yes yes1135 2000 yes yes yes yes
1539 2000 yes yes yes yes1539 2000 yes yes yes yes1539 2000 yes yes yes yes
1569 19991569 1999 yes yes yes yes1569 1999 yes yes yes yes
1659 19851659 1985 yes yes yes yes1659 1985 yes yes yes yesy y y y
6 0 981650 1985 yes yes yes yes1650 1985 yes yes yes yesy y y y

1675 1981 yes yes yes yes1675 1981 yes yes yes yesy y y y
1645 1999 yes yes yes yes1645 1999 yes yes yes yes1645 1999 yes yes yes yes
1589 1983 yes yes yes yes1589 1983 yes yes yes yes1589 1983 yes yes yes yes
1588 19831588 1983 yes yes yes yes1588 1983 yes yes yes yes
1683 19841683 1984 yes yes yes yes1683 1984 yes yes yes yesy y y y
1726 1978 yes yes yes yes1726 1978 yes yes yes yesy y y y
1398 1993 yes yes yes yes1398 1993 yes yes yes yes1398 1993 yes yes yes yes
1659 1992 yes yes yes yes1659 1992 yes yes yes yes1659 1992 yes yes yes yes
899 1992899 1992 yes yes yes yes899 1992 yes yes yes yes
1725 19931725 1993 yes yes yes yes1725 1993 yes yes yes yesy y y y
1732 19791732 1979 yes yes yes yes1732 1979 yes yes yes yesy y y y
1531 1979 yes yes yes yes1531 1979 yes yes yes yesy y y y
1187 1969 yes yes yes yes1187 1969 yes yes yes yes1187 1969 yes yes yes yes
988 1969 yes yes yes yes988 1969 yes yes yes yes988 1969 yes yes yes yes
1539 19731539 1973 yes yes yes yes1539 1973 yes yes yes yes
1740 19731740 1973 yes yes yes yes1740 1973 yes yes yes yesy y y y

3 9 31735 1973 yes yes yes yes1735 1973 yes yes yes yesy y y y
1742 1977 yes yes yes yes1742 1977 yes yes yes yesy y y y

ABOR/MH/Priv-004098



location in databaselocation in databaselocation in database
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/datao oce e /uses/s a ed/ t db/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holo ene / e / h ed/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /

ABOR/MH/Priv-004099



d d  ldendro onlydendro onlyy

first year first year y
median segment with 5 median segment with 5 median segment with 5 

Author description Data type site id/chronid latitude longitude species elevation sample depth length treesAuthor description Data type site id/chronid latitude longitude species elevation sample depth length treesAuthor description Data type site id/chronid latitude longitude species elevation sample depth length trees
it db t ti d d f 026 42 98 0 75itrdb extraction dendro fran026 42 98 0 75itrdb extraction dendro fran026 42.98 0.75
it db t ti d d f 026  42 98 0 75itrdb extraction dendro fran026x 42 98 0 75itrdb extraction dendro fran026x 42.98 0.75

dbitrdb extraction dendro fran028 43 87 7 33itrdb extraction dendro fran028 43.87 7.33
itrdb extraction dendro fran028x 43 87 7 33itrdb extraction dendro fran028x 43.87 7.33t db e t act o dendro fran028x 43.87 7.33
itrdb extraction dendro ga002 31 62 81 80itrdb extraction dendro ga002 31.62 -81.80itrdb extraction dendro ga002 31.62 81.80
it db e t tion d d 003 32 35 81 22itrdb extraction dendro ga003 32 35 -81 22itrdb extraction dendro ga003 32.35 81.22
it db t ti d d 004 32 05 83 30itrdb extraction dendro ga004 32 05 -83 30itrdb extraction dendro ga004 32.05 83.30g
i db i d d 040 49 10 13 33itrdb extraction dendro germ040 49 10 13 33itrdb extraction dendro germ040 49.10 13.33g
itrdb extraction dendro gree005 40 08 22 42itrdb extraction dendro gree005 40.08 22.42g
itrdb extraction dendro gree009 36 92 22 35itrdb extraction dendro gree009 36.92 22.35itrdb extraction dendro gree009 36.92 22.35
itrdb extraction dendro hkstd 59 48 139 13itrdb extraction dendro hkstd 59.48 -139.13itrdb extraction dendro hkstd 59.48 139.13
it db t ti d d ht 2 57 42 124 97itrdb extraction dendro htmcrn2 57 42 124 97itrdb extraction dendro htmcrn2 57.42 124.97
it db t ti d d i 001 42 62 91 57itrdb extraction dendro ia001 42 62 -91 57itrdb extraction dendro ia001 42.62 91.57
i db i d d i 003 40 72 91 97itrdb extraction dendro ia003 40 72 -91 97itrdb extraction dendro ia003 40.72 -91.97
itrdb extraction dendro ia004 40 83 91 37itrdb extraction dendro ia004 40.83 -91.37de d o a00 0 83 9 3
itrdb extraction dendro ia020 41 68 93 68itrdb extraction dendro ia020 41.68 -93.68itrdb extraction dendro ia020 41.68 93.68
itrdb extraction dend o ia021 41 72 93 70itrdb extraction dendro ia021 41 72 -93 70itrdb extraction dendro ia021 41.72 93.70
it db t ti d d i 023 42 00 93 88itrdb extraction dendro ia023 42 00 -93 88itrdb extraction dendro ia023 42.00 93.88
it db t ti d d i 024 41 28 94 07itrdb extraction dendro ia024 41 28 -94 07itrdb extraction dendro ia024 41.28 -94.07

dbitrdb extraction dendro ia025 41 28 -93 58itrdb extraction dendro ia025 41.28 -93.58
itrdb extraction dendro ia026 42 42 94 10itrdb extraction dendro ia026 42.42 -94.10itrdb extraction dendro ia026 42.42 94.10
itrdb extraction dendro ia027 42 38 94 08itrdb extraction dendro ia027 42.38 -94.08itrdb extraction dendro ia027 42.38 94.08
it db t ti d d i 029 43 18 91 25itrdb extraction dendro ia029 43 18 -91 25itrdb extraction dendro ia029 43.18 91.25
it db t ti d d i 030 42 63 91 13itrdb extraction dendro ia030 42 63 -91 13itrdb extraction dendro ia030 42.63 91.13
i db i d d i 032 2 0 9 3itrdb extraction dendro ia032 42 70 -91 13itrdb extraction dendro ia032 42.70 91.13
itrdb extraction dendro id001 47 63 116 47itrdb extraction dendro id001 47.63 -116.47
itrdb extraction dendro id002 47 53 115 90itrdb extraction dendro id002 47.53 -115.90dendro id002 47.53 115.90
itrdb extraction dendro id006 42 52 116 80itrdb extraction dendro id006 42.52 -116.80itrdb extraction dendro id006 42.52 116.80
it db t ti d d id007 44 43 116 08itrdb extraction dendro id007 44 43 -116 08itrdb extraction dendro id007 44.43 116.08
it db t ti d d id007  44 43 116 08itrdb extraction dendro id007x 44 43 -116 08itrdb extraction dendro id007x 44.43 116.08

db d d ditrdb extraction dendro id008 43 87 -114 72itrdb extraction dendro id008 43.87 -114.72
itrdb extraction dendro id008x 43 87 114 72itrdb extraction dendro id008x 43.87 -114.72dendro id008x 43.87 114.72
itrdb extraction dendro id009 44 60 114 45itrdb extraction dendro id009 44.60 -114.45itrdb extraction dendro id009 44.60 114.45
itrdb extraction d d id010 43 97 114 97itrdb extraction dendro id010 43.97 -114.97itrdb extraction dendro id010 43.97 114.97
it db t ti d d id011 43 97 114 97itrdb extraction dendro id011 43 97 -114 97itrdb extraction dendro id011 43.97 114.97
it db t ti d d id012 44 13 114 55itrdb extraction dendro id012 44 13 -114 55itrdb extraction dendro id012 44.13 -114.55
itrdb extraction dendro il008 41 30 89 00itrdb extraction dendro il008 41.30 -89.00
itrdb extraction dendro il009 41 22 88 00itrdb extraction dendro il009 41.22 -88.00itrdb extraction dendro il009 41.22 88.00
itrdb extraction dendro il010 39 97 89 85itrdb extraction dendro il010 39.97 -89.85itrdb extraction dendro il010 39.97 89.85
it db t ti d d il011 39 42 88 17itrdb extraction dendro il011 39 42 -88 17itrdb extraction dendro il011 39.42 88.17
it db t ti d d il013 37 53 88 98itrdb extraction dendro il013 37 53 -88 98itrdb extraction dendro il013 37.53 88.98
i db i d d l0 3 60 89 20itrdb extraction dendro il014 37 60 -89 20itrdb extraction dendro il014 37.60 -89.20
itrdb extraction dendro il016 37 27 89 05itrdb extraction dendro il016 37.27 -89.05

ABOR/MH/Priv-004100



 mean mean 
first year first year last year last year last year correlation first year first year last year last year last year correlation y y y y y
with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we 

trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?
1743 19771743 1977 yes yes yes yes1743 1977 yes yes yes yes
1743 19771743 1977 yes yes yes yes1743 1977 yes yes yes yesy y y y
1715 1977 yes yes yes yes1715 1977 yes yes yes yesy y y y
1715 1977 yes yes yes yes1715 1977 yes yes yes yes1715 1977 yes yes yes yes
929 1985 yes yes yes yes929 1985 yes yes yes yes929 1985 yes yes yes yes
990 1985990 1985 yes yes yes yes990 1985 yes yes yes yes
1202 19841202 1984 yes yes yes yes1202 1984 yes yes yes yesy y y y
1540 19951540 1995 yes yes yes yes1540 1995 yes yes yes yesy y y y
1583 1981 yes yes yes yes1583 1981 yes yes yes yesy y y y
1657 1999 yes yes yes yes1657 1999 yes yes yes yes1657 1999 yes yes yes yes
1599 1995 yes yes yes yes1599 1995 yes yes yes yes1599 1995 yes yes yes yes
1414 19991414 1999 yes yes yes yes1414 1999 yes yes yes yes
1730 19801730 1980 yes yes yes yes1730 1980 yes yes yes yesy y y y
1715 19811715 1981 yes yes yes yes1715 1981 yes yes yes yesy y y y
1724 1984 yes yes yes yes1724 1984 yes yes yes yes98 yes yes yes yes
1654 1979 yes yes yes yes1654 1979 yes yes yes yes1654 1979 yes yes yes yes
1654 1981 es es es es1654 1981 yes yes yes yes1654 1981 yes yes yes yes
1663 19791663 1979 yes yes yes yes1663 1979 yes yes yes yes
1635 19791635 1979 yes yes yes yes1635 1979 yes yes yes yesy y y y
1574 1980 yes yes yes yes1574 1980 yes yes yes yesy y y y
1698 1979 yes yes yes yes1698 1979 yes yes yes yes1698 1979 yes yes yes yes
1685 1981 yes yes yes yes1685 1981 yes yes yes yes1685 1981 yes yes yes yes
1651 19801651 1980 yes yes yes yes1651 1980 yes yes yes yes
1631 19801631 1980 yes yes yes yes1631 1980 yes yes yes yesy y y y

9801711 1980 yes yes yes yes1711 1980 yes yes yes yesy y y y
1712 1976 yes yes yes yes1712 1976 yes yes yes yesy y y y
1672 1976 yes yes yes yes1672 1976 yes yes yes yes1672 1976 yes yes yes yes
1492 1984 yes yes yes yes1492 1984 yes yes yes yes1492 1984 yes yes yes yes
1716 19831716 1983 yes yes yes yes1716 1983 yes yes yes yes
1716 19831716 1983 yes yes yes yes1716 1983 yes yes yes yesy y y y
1530 1983 yes yes yes yes1530 1983 yes yes yes yesy y y y
1530 1983 yes yes yes yes1530 1983 yes yes yes yes1530 1983 yes yes yes yes
965 1992 yes yes yes yes965 1992 yes yes yes yes965 1992 yes yes yes yes
955 1991955 1991 yes yes yes yes955 1991 yes yes yes yes
1210 19921210 1992 yes yes yes yes1210 1992 yes yes yes yesy y y y
726 1992726 1992 yes yes yes yes726 1992 yes yes yes yesy y y y
1633 1980 yes yes yes yes1633 1980 yes yes yes yesy y y y
1686 1980 yes yes yes yes1686 1980 yes yes yes yes1686 1980 yes yes yes yes
1671 1980 yes yes yes yes1671 1980 yes yes yes yes1671 1980 yes yes yes yes
1674 19801674 1980 yes yes yes yes1674 1980 yes yes yes yes
1655 19811655 1981 yes yes yes yes1655 1981 yes yes yes yesy y y y
6 2 981652 1981 yes yes yes yes1652 1981 yes yes yes yesy y y y

1468 1985 yes yes yes yes1468 1985 yes yes yes yesy y y y

ABOR/MH/Priv-004101



location in databaselocation in databaselocation in database
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/datao oce e /uses/s a ed/ t db/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holo ene / e / h ed/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /

ABOR/MH/Priv-004102



d d  ldendro onlydendro onlyy

first year first year y
median segment with 5 median segment with 5 median segment with 5 

Author description Data type site id/chronid latitude longitude species elevation sample depth length treesAuthor description Data type site id/chronid latitude longitude species elevation sample depth length treesAuthor description Data type site id/chronid latitude longitude species elevation sample depth length trees
it db t ti d d i 001 41 05 86 70itrdb extraction dendro in001 41 05 -86 70itrdb extraction dendro in001 41.05 86.70
it db t ti d d i di002 35 08 74 30itrdb extraction dendro indi002 35 08 74 30itrdb extraction dendro indi002 35.08 74.30

dbitrdb extraction dendro indi002x 35 08 74 30itrdb extraction dendro indi002x 35.08 74.30
itrdb extraction dendro indi003 35 08 74 33itrdb extraction dendro indi003 35.08 74.33t db e t act o dendro indi003 35.08 74.33
itrdb extraction dendro indi006 34 58 75 53itrdb extraction dendro indi006 34.58 75.53itrdb extraction dendro indi006 34.58 75.53
it db e t tion d d i di006  34 58 75 53itrdb extraction dendro indi006x 34 58 75 53itrdb extraction dendro indi006x 34.58 75.53
it db t ti d d it l001 41 77 13 82itrdb extraction dendro ital001 41 77 13 82itrdb extraction dendro ital001 41.77 13.82
i db i d d i l012 42 68 13 43itrdb extraction dendro ital012 42 68 13 43itrdb extraction dendro ital012 42.68 13.43
itrdb extraction dendro ital023 46 63 12 10itrdb extraction dendro ital023 46.63 12.10
itrdb extraction dendro ital024 46 63 12 10itrdb extraction dendro ital024 46.63 12.10itrdb extraction dendro ital024 46.63 12.10
itrdb extraction dendro jabecrn2 50 87 85 23itrdb extraction dendro jabecrn2 50.87 85.23itrdb extraction dendro jabecrn2 50.87 85.23
it db t ti d d j b 2 50 87 85 23itrdb extraction dendro jabwcrn2 50 87 85 23itrdb extraction dendro jabwcrn2 50.87 85.23
it db t ti d d j d001 30 63 35 50itrdb extraction dendro jord001 30 63 35 50itrdb extraction dendro jord001 30.63 35.50j
i db i d d j i  67 50 70 50itrdb extraction dendro junipars 67 50 70 50itrdb extraction dendro junipars 67.50 70.50j p
itrdb extraction dendro kcrn2 52 10 108 92itrdb extraction dendro kcrn2 52.10 108.92de d o c 5 0 08 9
itrdb extraction dendro kolapenisula NaN NaNitrdb extraction dendro kolapenisula NaN NaNitrdb extraction dendro kolapenisula NaN NaN
itrdb extraction dend o k hc n 50 95 94 30itrdb extraction dendro krhcrn 50 95 94 30itrdb extraction dendro krhcrn 50.95 94.30
it db t ti d d k 001 38 40 94 77itrdb extraction dendro ks001 38 40 -94 77itrdb extraction dendro ks001 38.40 94.77
it db t ti d d k 004 37 78 95 95itrdb extraction dendro ks004 37 78 -95 95itrdb extraction dendro ks004 37.78 -95.95

dbitrdb extraction dendro ks007 37 58 -95 95itrdb extraction dendro ks007 37.58 -95.95
itrdb extraction dendro ks010 37 27 95 77itrdb extraction dendro ks010 37.27 -95.77itrdb extraction dendro ks010 37.27 95.77
itrdb extraction dendro kur2crn2 50 30 87 83itrdb extraction dendro kur2crn2 50.30 87.83itrdb extraction dendro kur2crn2 50.30 87.83
it db t ti d d k  50 27 87 83itrdb extraction dendro kuraycrn 50 27 87 83itrdb extraction dendro kuraycrn 50.27 87.83
it db t ti d d k 003 37 08 83 00itrdb extraction dendro ky003 37 08 -83 00itrdb extraction dendro ky003 37.08 83.00y
i db i d d k 00 3 8 86 0itrdb extraction dendro ky004 37 18 -86 10itrdb extraction dendro ky004 37.18 86.10y
itrdb extraction dendro la001 32 25 92 97itrdb extraction dendro la001 32.25 -92.97
itrdb extraction dendro ma001 42 63 72 98itrdb extraction dendro ma001 42.63 -72.98dendro ma001 42.63 72.98
itrdb extraction dendro ma002 42 62 72 97itrdb extraction dendro ma002 42.62 -72.97itrdb extraction dendro ma002 42.62 72.97
it db t ti d d 010 44 77 70 77itrdb extraction dendro me010 44 77 -70 77itrdb extraction dendro me010 44.77 70.77
it db t ti d d 010  44 77 70 77itrdb extraction dendro me010x 44 77 -70 77itrdb extraction dendro me010x 44.77 70.77

db d ditrdb extraction dendro me016 45 92 -68 90itrdb extraction dendro me016 45.92 -68.90
itrdb extraction dendro me017 44 42 68 15itrdb extraction dendro me017 44.42 -68.15dendro me017 44.42 68.15
itrdb extraction dendro me018 44 42 68 15itrdb extraction dendro me018 44.42 -68.15itrdb extraction dendro me018 44.42 68.15
itrdb extraction d d 019 45 50 68 28itrdb extraction dendro me019 45.50 -68.28itrdb extraction dendro me019 45.50 68.28
it db t ti d d 020 45 32 68 25itrdb extraction dendro me020 45 32 -68 25itrdb extraction dendro me020 45.32 68.25
it db t ti d d 021 46 23 69 00itrdb extraction dendro me021 46 23 -69 00itrdb extraction dendro me021 46.23 -69.00
itrdb extraction dendro me022 46 77 69 17itrdb extraction dendro me022 46.77 -69.17
itrdb extraction dendro me023 46 00 69 33itrdb extraction dendro me023 46.00 -69.33itrdb extraction dendro me023 46.00 69.33
itrdb extraction dendro me024 44 58 68 17itrdb extraction dendro me024 44.58 -68.17itrdb extraction dendro me024 44.58 68.17
it db t ti d d i001 31 17 115 50itrdb extraction dendro mexi001 31 17 -115 50itrdb extraction dendro mexi001 31.17 115.50
it db t ti d d i014 28 93 102 62itrdb extraction dendro mexi014 28 93 -102 62itrdb extraction dendro mexi014 28.93 102.62
i db i d d 020 30 9 0itrdb extraction dendro mexi020 30 97 -115 50itrdb extraction dendro mexi020 30.97 -115.50
itrdb extraction dendro mexi021 19 58 103 62itrdb extraction dendro mexi021 19.58 -103.62

ABOR/MH/Priv-004103



 mean mean 
first year first year last year last year last year correlation first year first year last year last year last year correlation y y y y y
with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we 

trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?
1692 19851692 1985 yes yes yes yes1692 1985 yes yes yes yes
1604 19801604 1980 yes yes yes yes1604 1980 yes yes yes yesy y y y
1620 1980 yes yes yes yes1620 1980 yes yes yes yesy y y y
1608 1980 yes yes yes yes1608 1980 yes yes yes yes1608 1980 yes yes yes yes
1654 1981 yes yes yes yes1654 1981 yes yes yes yes1654 1981 yes yes yes yes
1654 19811654 1981 yes yes yes yes1654 1981 yes yes yes yes
1750 19871750 1987 yes yes yes yes1750 1987 yes yes yes yesy y y y
1654 19801654 1980 yes yes yes yes1654 1980 yes yes yes yesy y y y
1474 1990 yes yes yes yes1474 1990 yes yes yes yesy y y y
1520 1990 yes yes yes yes1520 1990 yes yes yes yes1520 1990 yes yes yes yes
1568 1995 yes yes yes yes1568 1995 yes yes yes yes1568 1995 yes yes yes yes
1748 19951748 1995 yes yes yes yes1748 1995 yes yes yes yes
1469 19951469 1995 yes yes yes yes1469 1995 yes yes yes yesy y y y
641 2000641 2000 yes yes yes yes641 2000 yes yes yes yesy y y y
1719 1998 yes yes yes yes1719 1998 yes yes yes yes9 998 yes yes yes yes
1595 1997 yes yes yes yes1595 1997 yes yes yes yes1595 1997 yes yes yes yes
1580 2001 es es es es1580 2001 yes yes yes yes1580 2001 yes yes yes yes
1714 19821714 1982 yes yes yes yes1714 1982 yes yes yes yes
1728 19821728 1982 yes yes yes yes1728 1982 yes yes yes yesy y y y
1738 1982 yes yes yes yes1738 1982 yes yes yes yesy y y y
1724 1982 yes yes yes yes1724 1982 yes yes yes yes1724 1982 yes yes yes yes
1538 2000 yes yes yes yes1538 2000 yes yes yes yes1538 2000 yes yes yes yes
1497 20001497 2000 yes yes yes yes1497 2000 yes yes yes yes
1660 19821660 1982 yes yes yes yes1660 1982 yes yes yes yesy y y y
6 9 981649 1985 yes yes yes yes1649 1985 yes yes yes yesy y y y
997 1988 yes yes yes yes997 1988 yes yes yes yesy y y y
1697 1971 yes yes yes yes1697 1971 yes yes yes yes1697 1971 yes yes yes yes
1697 1980 yes yes yes yes1697 1980 yes yes yes yes1697 1980 yes yes yes yes
1667 19761667 1976 yes yes yes yes1667 1976 yes yes yes yes
1667 19761667 1976 yes yes yes yes1667 1976 yes yes yes yesy y y y
1610 1981 yes yes yes yes1610 1981 yes yes yes yesy y y y
1665 1982 yes yes yes yes1665 1982 yes yes yes yes1665 1982 yes yes yes yes
1665 1982 yes yes yes yes1665 1982 yes yes yes yes1665 1982 yes yes yes yes
1697 19811697 1981 yes yes yes yes1697 1981 yes yes yes yes
1686 19811686 1981 yes yes yes yes1686 1981 yes yes yes yesy y y y
1639 19861639 1986 yes yes yes yes1639 1986 yes yes yes yesy y y y
1674 1986 yes yes yes yes1674 1986 yes yes yes yesy y y y
1692 1982 yes yes yes yes1692 1982 yes yes yes yes1692 1982 yes yes yes yes
1692 1982 yes yes yes yes1692 1982 yes yes yes yes1692 1982 yes yes yes yes
1449 19711449 1971 yes yes yes yes1449 1971 yes yes yes yes
1675 19711675 1971 yes yes yes yes1675 1971 yes yes yes yesy y y y

60 991560 1995 yes yes yes yes1560 1995 yes yes yes yesy y y y
1553 1997 yes yes yes yes1553 1997 yes yes yes yesy y y y
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location in databaselocation in databaselocation in database
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/datao oce e /uses/s a ed/ t db/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holo ene / e / h ed/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
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d d  ldendro onlydendro onlyy

first year first year y
median segment with 5 median segment with 5 median segment with 5 

Author description Data type site id/chronid latitude longitude species elevation sample depth length treesAuthor description Data type site id/chronid latitude longitude species elevation sample depth length treesAuthor description Data type site id/chronid latitude longitude species elevation sample depth length trees
it db t ti d d i022 26 40 106 08itrdb extraction dendro mexi022 26 40 -106 08itrdb extraction dendro mexi022 26.40 106.08
it db t ti d d i023 26 40 106 08itrdb extraction dendro mexi023 26 40 -106 08itrdb extraction dendro mexi023 26.40 -106.08

dbitrdb extraction dendro mexi025 27 70 -107 62itrdb extraction dendro mexi025 27.70 -107.62
itrdb extraction dendro mexi027 23 75 105 75itrdb extraction dendro mexi027 23.75 -105.75t db e t act o dendro mexi027 23.75 105.75
itrdb extraction dendro mexi028 28 33 108 00itrdb extraction dendro mexi028 28.33 -108.00itrdb extraction dendro mexi028 28.33 108.00
it db e t tion d d i029 16 60 96 90itrdb extraction dendro mexi029 16 60 -96 90itrdb extraction dendro mexi029 16.60 96.90
it db t ti d d i031 30 40 108 40itrdb extraction dendro mexi031 30 40 -108 40itrdb extraction dendro mexi031 30.40 108.40
i db i d d i036 21 68 99 78itrdb extraction dendro mexi036 21 68 -99 78itrdb extraction dendro mexi036 21.68 -99.78
itrdb extraction dendro mexi037 19 53 97 88itrdb extraction dendro mexi037 19.53 -97.88
itrdb extraction dendro mi004 46 32 86 62itrdb extraction dendro mi004 46.32 -86.62itrdb extraction dendro mi004 46.32 86.62
itrdb extraction dendro mi005 42 67 83 42itrdb extraction dendro mi005 42.67 -83.42itrdb extraction dendro mi005 42.67 83.42
it db t ti d d i006 46 20 89 30itrdb extraction dendro mi006 46 20 -89 30itrdb extraction dendro mi006 46.20 89.30
it db t ti d d i007 46 72 89 97itrdb extraction dendro mi007 46 72 -89 97itrdb extraction dendro mi007 46.72 89.97
i db i d d i008 46 72 89 97itrdb extraction dendro mi008 46 72 -89 97itrdb extraction dendro mi008 46.72 -89.97
itrdb extraction dendro mi009 46 47 84 87itrdb extraction dendro mi009 46.47 -84.87de d o 009 6 8 8
itrdb extraction dendro mi010 46 70 88 75itrdb extraction dendro mi010 46.70 -88.75itrdb extraction dendro mi010 46.70 88.75
itrdb extraction dend o ml kc2c n NaN NaNitrdb extraction dendro ml ukc2crn NaN NaNitrdb extraction dendro ml_ukc2crn NaN NaN
it db t ti d d 002 48 22 90 90itrdb extraction dendro mn002 48 22 -90 90itrdb extraction dendro mn002 48.22 90.90
it db t ti d d 005 48 22 90 90itrdb extraction dendro mn005 48 22 -90 90itrdb extraction dendro mn005 48.22 -90.90

dbitrdb extraction dendro mn006 48 22 -90 90itrdb extraction dendro mn006 48.22 -90.90
itrdb extraction dendro mn009 47 20 95 25itrdb extraction dendro mn009 47.20 -95.25itrdb extraction dendro mn009 47.20 95.25
itrdb extraction dendro mn015 48 08 91 97itrdb extraction dendro mn015 48.08 -91.97itrdb extraction dendro mn015 48.08 91.97
it db t ti d d 026 48 23 90 90itrdb extraction dendro mn026 48 23 -90 90itrdb extraction dendro mn026 48.23 90.90
it db t ti d d 027 48 23 90 90itrdb extraction dendro mn027 48 23 -90 90itrdb extraction dendro mn027 48.23 90.90
i db i d d 00 3 2 9 2itrdb extraction dendro mo001 37 27 -91 27itrdb extraction dendro mo001 37.27 91.27
itrdb extraction dendro mo003 37 12 91 50itrdb extraction dendro mo003 37.12 -91.50
itrdb extraction dendro mo004 37 50 90 50itrdb extraction dendro mo004 37.50 -90.50dendro mo004 37.50 90.50
itrdb extraction dendro mo005 37 50 90 50itrdb extraction dendro mo005 37.50 -90.50itrdb extraction dendro mo005 37.50 90.50
it db t ti d d 008 37 72 90 20itrdb extraction dendro mo008 37 72 -90 20itrdb extraction dendro mo008 37.72 90.20
it db t ti d d 014 38 60 90 72itrdb extraction dendro mo014 38 60 -90 72itrdb extraction dendro mo014 38.60 90.72

db d ditrdb extraction dendro mo015 38 65 -91 50itrdb extraction dendro mo015 38.65 -91.50
itrdb extraction dendro mo018 36 60 93 82itrdb extraction dendro mo018 36.60 -93.82dendro mo018 36.60 93.82
itrdb extraction dendro mo021 38 50 92 12itrdb extraction dendro mo021 38.50 -92.12itrdb extraction dendro mo021 38.50 92.12
itrdb extraction d d 024 37 68 92 00itrdb extraction dendro mo024 37.68 -92.00itrdb extraction dendro mo024 37.68 92.00
it db t ti d d 027 37 97 92 75itrdb extraction dendro mo027 37 97 -92 75itrdb extraction dendro mo027 37.97 92.75
it db t ti d d 030 38 03 93 33itrdb extraction dendro mo030 38 03 -93 33itrdb extraction dendro mo030 38.03 -93.33
itrdb extraction dendro mo033 36 68 92 82itrdb extraction dendro mo033 36.68 -92.82
itrdb extraction dendro mo036 36 60 93 82itrdb extraction dendro mo036 36.60 -93.82itrdb extraction dendro mo036 36.60 93.82
itrdb extraction dendro mo037 36 57 90 48itrdb extraction dendro mo037 36.57 -90.48itrdb extraction dendro mo037 36.57 90.48
it db t ti d d 038 37 17 92 50itrdb extraction dendro mo038 37 17 -92 50itrdb extraction dendro mo038 37.17 92.50
it db t ti d d 039 37 50 91 88itrdb extraction dendro mo039 37 50 -91 88itrdb extraction dendro mo039 37.50 91.88
i db i d d 0 0 3 2 9 8itrdb extraction dendro mo040 37 12 -91 18itrdb extraction dendro mo040 37.12 -91.18
itrdb extraction dendro mo041 37 42 91 57itrdb extraction dendro mo041 37.42 -91.57
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 mean mean 
first year first year last year last year last year correlation first year first year last year last year last year correlation y y y y y
with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we 

trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?
1376 19931376 1993 yes yes yes yes1376 1993 yes yes yes yes
1376 19931376 1993 yes yes yes yes1376 1993 yes yes yes yesy y y y
1644 1993 yes yes yes yes1644 1993 yes yes yes yesy y y y
1481 1993 yes yes yes yes1481 1993 yes yes yes yes1481 1993 yes yes yes yes
1583 1993 yes yes yes yes1583 1993 yes yes yes yes1583 1993 yes yes yes yes
1750 19981750 1998 yes yes yes yes1750 1998 yes yes yes yes
1621 19931621 1993 yes yes yes yes1621 1993 yes yes yes yesy y y y
1574 19961574 1996 yes yes yes yes1574 1996 yes yes yes yesy y y y
1710 1998 yes yes yes yes1710 1998 yes yes yes yesy y y y
1652 1983 yes yes yes yes1652 1983 yes yes yes yes1652 1983 yes yes yes yes
1581 1983 yes yes yes yes1581 1983 yes yes yes yes1581 1983 yes yes yes yes
1570 19831570 1983 yes yes yes yes1570 1983 yes yes yes yes
1444 19831444 1983 yes yes yes yes1444 1983 yes yes yes yesy y y y
1652 19831652 1983 yes yes yes yes1652 1983 yes yes yes yesy y y y
1510 1983 yes yes yes yes1510 1983 yes yes yes yes5 0 983 yes yes yes yes
1635 1983 yes yes yes yes1635 1983 yes yes yes yes1635 1983 yes yes yes yes
1709 2001 es es es es1709 2001 yes yes yes yes1709 2001 yes yes yes yes
1671 19711671 1971 yes yes yes yes1671 1971 yes yes yes yes
1620 19721620 1972 yes yes yes yes1620 1972 yes yes yes yesy y y y
1697 1972 yes yes yes yes1697 1972 yes yes yes yesy y y y
1672 1971 yes yes yes yes1672 1971 yes yes yes yes1672 1971 yes yes yes yes
1700 1982 yes yes yes yes1700 1982 yes yes yes yes1700 1982 yes yes yes yes
1719 19881719 1988 yes yes yes yes1719 1988 yes yes yes yes
1644 19881644 1988 yes yes yes yes1644 1988 yes yes yes yesy y y y
636 981636 1981 yes yes yes yes1636 1981 yes yes yes yesy y y y

1693 1981 yes yes yes yes1693 1981 yes yes yes yesy y y y
1728 1982 yes yes yes yes1728 1982 yes yes yes yes1728 1982 yes yes yes yes
1708 1982 yes yes yes yes1708 1982 yes yes yes yes1708 1982 yes yes yes yes
1669 19821669 1982 yes yes yes yes1669 1982 yes yes yes yes
1641 19801641 1980 yes yes yes yes1641 1980 yes yes yes yesy y y y
1662 1982 yes yes yes yes1662 1982 yes yes yes yesy y y y
1724 1982 yes yes yes yes1724 1982 yes yes yes yes1724 1982 yes yes yes yes
1688 1982 yes yes yes yes1688 1982 yes yes yes yes1688 1982 yes yes yes yes
1620 19921620 1992 yes yes yes yes1620 1992 yes yes yes yes
1660 19821660 1982 yes yes yes yes1660 1982 yes yes yes yesy y y y
1732 19821732 1982 yes yes yes yes1732 1982 yes yes yes yesy y y y
1696 1992 yes yes yes yes1696 1992 yes yes yes yesy y y y
1689 1982 yes yes yes yes1689 1982 yes yes yes yes1689 1982 yes yes yes yes
1185 1992 yes yes yes yes1185 1992 yes yes yes yes1185 1992 yes yes yes yes
1553 19921553 1992 yes yes yes yes1553 1992 yes yes yes yes
1664 19921664 1992 yes yes yes yes1664 1992 yes yes yes yesy y y y
693 9931693 1993 yes yes yes yes1693 1993 yes yes yes yesy y y y

1410 1991 yes yes yes yes1410 1991 yes yes yes yesy y y y
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location in databaselocation in databaselocation in database
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/datao oce e /uses/s a ed/ t db/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holo ene / e / h ed/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /

ABOR/MH/Priv-004108



d d  ldendro onlydendro onlyy

first year first year y
median segment with 5 median segment with 5 median segment with 5 

Author description Data type site id/chronid latitude longitude species elevation sample depth length treesAuthor description Data type site id/chronid latitude longitude species elevation sample depth length treesAuthor description Data type site id/chronid latitude longitude species elevation sample depth length trees
it db t ti d d 042 37 07 91 03itrdb extraction dendro mo042 37 07 -91 03itrdb extraction dendro mo042 37.07 91.03
it db t ti d d 043 37 10 91 53itrdb extraction dendro mo043 37 10 -91 53itrdb extraction dendro mo043 37.10 -91.53

dbitrdb extraction dendro mo044 37 25 -91 27itrdb extraction dendro mo044 37.25 -91.27
itrdb extraction dendro mong001 50 77 100 20itrdb extraction dendro mong001 50.77 100.20t db e t act o dendro mong001 50.77 100.20
itrdb extraction dendro mong002 47 77 107 00itrdb extraction dendro mong002 47.77 107.00itrdb extraction dendro mong002 47.77 107.00
it db e t tion d d 003 48 30 98 93itrdb extraction dendro mong003 48 30 98 93itrdb extraction dendro mong003 48.30 98.93
it db t ti d d 005 48 57 110 55itrdb extraction dendro mong005 48 57 110 55itrdb extraction dendro mong005 48.57 110.55g
i db i d d 006 47 78 107 50itrdb extraction dendro mong006 47 78 107 50itrdb extraction dendro mong006 47.78 107.50g
itrdb extraction dendro morc001 32 42 5 25itrdb extraction dendro morc001 32.42 -5.25
itrdb extraction dendro morc002 35 03 4 83itrdb extraction dendro morc002 35.03 -4.83itrdb extraction dendro morc002 35.03 4.83
itrdb extraction dendro morc003 32 38 5 60itrdb extraction dendro morc003 32.38 -5.60itrdb extraction dendro morc003 32.38 5.60
it db t ti d d 011 33 45 5 03itrdb extraction dendro morc011 33 45 -5 03itrdb extraction dendro morc011 33.45 5.03
it db t ti d d 014 33 02 5 07itrdb extraction dendro morc014 33 02 -5 07itrdb extraction dendro morc014 33.02 5.07
i db i d d 001 32 87 89 13itrdb extraction dendro ms001 32 87 -89 13itrdb extraction dendro ms001 32.87 -89.13
itrdb extraction dendro ms002 30 58 88 58itrdb extraction dendro ms002 30.58 -88.58de d o s00 30 58 88 58
itrdb extraction dendro mscrn2 49 17 87 28itrdb extraction dendro mscrn2 49.17 87.28itrdb extraction dendro mscrn2 49.17 87.28
itrdb extraction dend o mt006 45 00 110 72itrdb extraction dendro mt006 45 00 -110 72itrdb extraction dendro mt006 45.00 110.72
it db t ti d d t104 45 42 111 27itrdb extraction dendro mt104 45 42 -111 27itrdb extraction dendro mt104 45.42 111.27
it db t ti d d 108 45 75 112 53itrdb extraction dendro mt108 45 75 -112 53itrdb extraction dendro mt108 45.75 -112.53

dbitrdb extraction dendro mt108x 45 75 -112 53itrdb extraction dendro mt108x 45.75 -112.53
itrdb extraction dendro mt109 45 17 109 52itrdb extraction dendro mt109 45.17 -109.52itrdb extraction dendro mt109 45.17 109.52
itrdb extraction dendro mt110 45 30 111 33itrdb extraction dendro mt110 45.30 -111.33itrdb extraction dendro mt110 45.30 111.33
it db t ti d d t111 45 30 111 33itrdb extraction dendro mt111 45 30 -111 33itrdb extraction dendro mt111 45.30 111.33
it db t ti d d 2 56 00 124 87itrdb extraction dendro nagcrn2 56 00 124 87itrdb extraction dendro nagcrn2 56.00 124.87g
i db i d d 00 3 3 82 33itrdb extraction dendro nc001 35 73 -82 33itrdb extraction dendro nc001 35.73 82.33
itrdb extraction dendro nc002 35 60 83 43itrdb extraction dendro nc002 35.60 -83.43
itrdb extraction dendro nc003 36 07 81 82itrdb extraction dendro nc003 36.07 -81.82dendro nc003 36.07 81.82
itrdb extraction dendro nc004 35 22 83 97itrdb extraction dendro nc004 35.22 -83.97itrdb extraction dendro nc004 35.22 83.97
it db t ti d d 005 35 08 83 18itrdb extraction dendro nc005 35 08 -83 18itrdb extraction dendro nc005 35.08 83.18
it db t ti d d 006 35 08 83 18itrdb extraction dendro nc006 35 08 -83 18itrdb extraction dendro nc006 35.08 83.18

db d ditrdb extraction dendro nc007 35 88 -81 93itrdb extraction dendro nc007 35.88 -81.93
itrdb extraction dendro nc008 34 32 78 22itrdb extraction dendro nc008 34.32 -78.22dendro nc008 34.32 78.22
itrdb extraction dendro nc009 36 45 76 62itrdb extraction dendro nc009 36.45 -76.62itrdb extraction dendro nc009 36.45 76.62
itrdb extraction d d d001 46 60 103 47itrdb extraction dendro nd001 46.60 -103.47itrdb extraction dendro nd001 46.60 103.47
it db t ti d d d006 46 92 103 48itrdb extraction dendro nd006 46 92 -103 48itrdb extraction dendro nd006 46.92 103.48
it db t ti d d 003 41 65 103 72itrdb extraction dendro ne003 41 65 -103 72itrdb extraction dendro ne003 41.65 -103.72
itrdb extraction dendro ne004 42 82 100 00itrdb extraction dendro ne004 42.82 -100.00
itrdb extraction dendro ne005 42 70 100 87itrdb extraction dendro ne005 42.70 -100.87itrdb extraction dendro ne005 42.70 100.87
itrdb extraction dendro ne008 42 63 103 25itrdb extraction dendro ne008 42.63 -103.25itrdb extraction dendro ne008 42.63 103.25
it db t ti d d 002 45 83 170 53itrdb extraction dendro newz002 -45 83 170 53itrdb extraction dendro newz002 45.83 170.53
it db t ti d d 003 39 25 174 08itrdb extraction dendro newz003 -39 25 174 08itrdb extraction dendro newz003 39.25 174.08
i db i d d 00 2 38 80itrdb extraction dendro newz005 -42 38 171 80itrdb extraction dendro newz005 -42.38 171.80
itrdb extraction dendro newz006 42 38 171 80itrdb extraction dendro newz006 -42.38 171.80

ABOR/MH/Priv-004109



 mean mean 
first year first year last year last year last year correlation first year first year last year last year last year correlation y y y y y
with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we 

trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?
1391 19911391 1991 yes yes yes yes1391 1991 yes yes yes yes
1138 19901138 1990 yes yes yes yes1138 1990 yes yes yes yesy y y y
1588 1992 yes yes yes yes1588 1992 yes yes yes yesy y y y
1550 1994 yes yes yes yes1550 1994 yes yes yes yes1550 1994 yes yes yes yes
1505 1994 yes yes yes yes1505 1994 yes yes yes yes1505 1994 yes yes yes yes
1475 19941475 1994 yes yes yes yes1475 1994 yes yes yes yes
1651 19961651 1996 yes yes yes yes1651 1996 yes yes yes yesy y y y
1582 19961582 1996 yes yes yes yes1582 1996 yes yes yes yesy y y y
1253 1984 yes yes yes yes1253 1984 yes yes yes yesy y y y
1632 1984 yes yes yes yes1632 1984 yes yes yes yes1632 1984 yes yes yes yes
1728 1984 yes yes yes yes1728 1984 yes yes yes yes1728 1984 yes yes yes yes
1549 19841549 1984 yes yes yes yes1549 1984 yes yes yes yes
984 1984984 1984 yes yes yes yes984 1984 yes yes yes yesy y y y
1546 19831546 1983 yes yes yes yes1546 1983 yes yes yes yesy y y y
1466 1992 yes yes yes yes1466 1992 yes yes yes yes66 99 yes yes yes yes
1542 2000 yes yes yes yes1542 2000 yes yes yes yes1542 2000 yes yes yes yes
1185 1971 es es es es1185 1971 yes yes yes yes1185 1971 yes yes yes yes
1623 19711623 1971 yes yes yes yes1623 1971 yes yes yes yes
1496 19831496 1983 yes yes yes yes1496 1983 yes yes yes yesy y y y
1496 1983 yes yes yes yes1496 1983 yes yes yes yesy y y y
1660 1999 yes yes yes yes1660 1999 yes yes yes yes1660 1999 yes yes yes yes
819 2000 yes yes yes yes819 2000 yes yes yes yes819 2000 yes yes yes yes
500 2000500 2000 yes yes yes yes500 2000 yes yes yes yes
1713 19991713 1999 yes yes yes yes1713 1999 yes yes yes yesy y y y
609 9831609 1983 yes yes yes yes1609 1983 yes yes yes yesy y y y

1558 1983 yes yes yes yes1558 1983 yes yes yes yesy y y y
1560 1983 yes yes yes yes1560 1983 yes yes yes yes1560 1983 yes yes yes yes
1641 1983 yes yes yes yes1641 1983 yes yes yes yes1641 1983 yes yes yes yes
1560 19831560 1983 yes yes yes yes1560 1983 yes yes yes yes
1677 19831677 1983 yes yes yes yes1677 1983 yes yes yes yesy y y y
1617 1977 yes yes yes yes1617 1977 yes yes yes yesy y y y
365 1985 yes yes yes yes365 1985 yes yes yes yes365 1985 yes yes yes yes
1524 1984 yes yes yes yes1524 1984 yes yes yes yes1524 1984 yes yes yes yes
1592 19901592 1990 yes yes yes yes1592 1990 yes yes yes yes
1630 19911630 1991 yes yes yes yes1630 1991 yes yes yes yesy y y y
1640 19791640 1979 yes yes yes yes1640 1979 yes yes yes yesy y y y
1589 1997 yes yes yes yes1589 1997 yes yes yes yesy y y y
1728 1998 yes yes yes yes1728 1998 yes yes yes yes1728 1998 yes yes yes yes
1567 1997 yes yes yes yes1567 1997 yes yes yes yes1567 1997 yes yes yes yes
1492 19751492 1975 yes yes yes yes1492 1975 yes yes yes yes
1616 19751616 1975 yes yes yes yes1616 1975 yes yes yes yesy y y y

03 9 61403 1976 yes yes yes yes1403 1976 yes yes yes yesy y y y
1525 1976 yes yes yes yes1525 1976 yes yes yes yesy y y y

ABOR/MH/Priv-004110



location in databaselocation in databaselocation in database
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/datao oce e /uses/s a ed/ t db/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holo ene / e / h ed/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /

ABOR/MH/Priv-004111



d d  ldendro onlydendro onlyy

first year first year y
median segment with 5 median segment with 5 median segment with 5 

Author description Data type site id/chronid latitude longitude species elevation sample depth length treesAuthor description Data type site id/chronid latitude longitude species elevation sample depth length treesAuthor description Data type site id/chronid latitude longitude species elevation sample depth length trees
it db t ti d d 008 37 07 175 13itrdb extraction dendro newz008 -37 07 175 13itrdb extraction dendro newz008 37.07 175.13
it db t ti d d 009 38 70 177 20itrdb extraction dendro newz009 -38 70 177 20itrdb extraction dendro newz009 -38.70 177.20

dbitrdb extraction dendro newz010 -45 53 167 30itrdb extraction dendro newz010 -45.53 167.30
itrdb extraction dendro newz011 39 35 175 48itrdb extraction dendro newz011 -39.35 175.48t db e t act o dendro newz011 39.35 175.48
itrdb extraction dendro newz012 39 35 175 48itrdb extraction dendro newz012 -39.35 175.48itrdb extraction dendro newz012 39.35 175.48
it db e t tion d d 014 39 28 174 10itrdb extraction dendro newz014 -39 28 174 10itrdb extraction dendro newz014 39.28 174.10
it db t ti d d 015 41 12 173 67itrdb extraction dendro newz015 -41 12 173 67itrdb extraction dendro newz015 41.12 173.67
i db i d d 016 46 38 169 45itrdb extraction dendro newz016 -46 38 169 45itrdb extraction dendro newz016 -46.38 169.45
itrdb extraction dendro newz018 40 08 176 00itrdb extraction dendro newz018 -40.08 176.00
itrdb extraction dendro newz019 38 68 177 20itrdb extraction dendro newz019 -38.68 177.20itrdb extraction dendro newz019 38.68 177.20
itrdb extraction dendro newz020 38 57 175 70itrdb extraction dendro newz020 -38.57 175.70itrdb extraction dendro newz020 38.57 175.70
it db t ti d d 021 37 03 175 53itrdb extraction dendro newz021 -37 03 175 53itrdb extraction dendro newz021 37.03 175.53
it db t ti d d 022 35 68 173 55itrdb extraction dendro newz022 -35 68 173 55itrdb extraction dendro newz022 35.68 173.55
i db i d d 023 43 05 171 68itrdb extraction dendro newz023 -43 05 171 68itrdb extraction dendro newz023 -43.05 171.68
itrdb extraction dendro newz028 43 08 171 70itrdb extraction dendro newz028 -43.08 171.70de d o e 0 8 3 08 0
itrdb extraction dendro newz031 45 30 167 68itrdb extraction dendro newz031 -45.30 167.68itrdb extraction dendro newz031 45.30 167.68
itrdb extraction dend o ne 035 43 08 171 72itrdb extraction dendro newz035 -43 08 171 72itrdb extraction dendro newz035 43.08 171.72
it db t ti d d 036 43 87 169 78itrdb extraction dendro newz036 -43 87 169 78itrdb extraction dendro newz036 43.87 169.78
it db t ti d d 037 43 13 171 60itrdb extraction dendro newz037 -43 13 171 60itrdb extraction dendro newz037 -43.13 171.60

dbitrdb extraction dendro newz039 -43 08 170 98itrdb extraction dendro newz039 -43.08 170.98
itrdb extraction dendro newz040 43 12 171 72itrdb extraction dendro newz040 -43.12 171.72itrdb extraction dendro newz040 43.12 171.72
itrdb extraction dendro newz041 43 13 171 65itrdb extraction dendro newz041 -43.13 171.65itrdb extraction dendro newz041 43.13 171.65
it db t ti d d 042 43 08 171 70itrdb extraction dendro newz042 -43 08 171 70itrdb extraction dendro newz042 43.08 171.70
it db t ti d d 045 43 10 171 68itrdb extraction dendro newz045 -43 10 171 68itrdb extraction dendro newz045 43.10 171.68
i db i d d 0 30 6 68itrdb extraction dendro newz051 -45 30 167 68itrdb extraction dendro newz051 45.30 167.68
itrdb extraction dendro newz055 43 08 170 97itrdb extraction dendro newz055 -43.08 170.97
itrdb extraction dendro newz056 38 65 175 63itrdb extraction dendro newz056 -38.65 175.63dendro newz056 38.65 175.63
itrdb extraction dendro newz057 38 65 175 67itrdb extraction dendro newz057 -38.65 175.67itrdb extraction dendro newz057 38.65 175.67
it db t ti d d 058 38 70 175 60itrdb extraction dendro newz058 -38 70 175 60itrdb extraction dendro newz058 38.70 175.60
it db t ti d d 059 42 38 171 80itrdb extraction dendro newz059 -42 38 171 80itrdb extraction dendro newz059 42.38 171.80

db d ditrdb extraction dendro newz060 -39 25 174 08itrdb extraction dendro newz060 -39.25 174.08
itrdb extraction dendro newz061 39 28 174 10itrdb extraction dendro newz061 -39.28 174.10dendro newz061 39.28 174.10
itrdb extraction dendro newz062 40 07 175 98itrdb extraction dendro newz062 -40.07 175.98itrdb extraction dendro newz062 40.07 175.98
itrdb extraction d d 063 38 68 177 20itrdb extraction dendro newz063 -38.68 177.20itrdb extraction dendro newz063 38.68 177.20
it db t ti d d 064 39 63 176 10itrdb extraction dendro newz064 -39 63 176 10itrdb extraction dendro newz064 39.63 176.10
it db t ti d d 065 41 27 172 60itrdb extraction dendro newz065 -41 27 172 60itrdb extraction dendro newz065 -41.27 172.60
itrdb extraction dendro newz066 39 53 175 73itrdb extraction dendro newz066 -39.53 175.73
itrdb extraction dendro newz067 40 93 172 93itrdb extraction dendro newz067 -40.93 172.93itrdb extraction dendro newz067 40.93 172.93
itrdb extraction dendro newz068 39 62 176 12itrdb extraction dendro newz068 -39.62 176.12itrdb extraction dendro newz068 39.62 176.12
it db t ti d d 069 39 63 176 18itrdb extraction dendro newz069 -39 63 176 18itrdb extraction dendro newz069 39.63 176.18
it db t ti d d 070 42 32 172 12itrdb extraction dendro newz070 -42 32 172 12itrdb extraction dendro newz070 42.32 172.12
i db i d d 0 2 39 23 3itrdb extraction dendro newz072 -39 23 175 43itrdb extraction dendro newz072 -39.23 175.43
itrdb extraction dendro newz073 39 23 175 43itrdb extraction dendro newz073 -39.23 175.43

ABOR/MH/Priv-004112



 mean mean 
first year first year last year last year last year correlation first year first year last year last year last year correlation y y y y y
with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we 

trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?
1712 19761712 1976 yes yes yes yes1712 1976 yes yes yes yes
1535 19761535 1976 yes yes yes yes1535 1976 yes yes yes yesy y y y
1567 1976 yes yes yes yes1567 1976 yes yes yes yesy y y y
1464 1976 yes yes yes yes1464 1976 yes yes yes yes1464 1976 yes yes yes yes
1662 1976 yes yes yes yes1662 1976 yes yes yes yes1662 1976 yes yes yes yes
1625 19761625 1976 yes yes yes yes1625 1976 yes yes yes yes
1724 19761724 1976 yes yes yes yes1724 1976 yes yes yes yesy y y y
1732 19761732 1976 yes yes yes yes1732 1976 yes yes yes yesy y y y
1256 1976 yes yes yes yes1256 1976 yes yes yes yesy y y y
1346 1976 yes yes yes yes1346 1976 yes yes yes yes1346 1976 yes yes yes yes
1745 1976 yes yes yes yes1745 1976 yes yes yes yes1745 1976 yes yes yes yes
1664 19761664 1976 yes yes yes yes1664 1976 yes yes yes yes
1585 19761585 1976 yes yes yes yes1585 1976 yes yes yes yesy y y y
1730 19791730 1979 yes yes yes yes1730 1979 yes yes yes yesy y y y
1740 1979 yes yes yes yes1740 1979 yes yes yes yes0 9 9 yes yes yes yes
1630 1979 yes yes yes yes1630 1979 yes yes yes yes1630 1979 yes yes yes yes
1730 1979 es es es es1730 1979 yes yes yes yes1730 1979 yes yes yes yes
1580 19801580 1980 yes yes yes yes1580 1980 yes yes yes yes
1730 19791730 1979 yes yes yes yes1730 1979 yes yes yes yesy y y y
1460 1978 yes yes yes yes1460 1978 yes yes yes yesy y y y
1740 1979 yes yes yes yes1740 1979 yes yes yes yes1740 1979 yes yes yes yes
1720 1979 yes yes yes yes1720 1979 yes yes yes yes1720 1979 yes yes yes yes
1740 19791740 1979 yes yes yes yes1740 1979 yes yes yes yes
1744 19771744 1977 yes yes yes yes1744 1977 yes yes yes yesy y y y

8 9 91584 1979 yes yes yes yes1584 1979 yes yes yes yesy y y y
1526 1978 yes yes yes yes1526 1978 yes yes yes yesy y y y
1550 1979 yes yes yes yes1550 1979 yes yes yes yes1550 1979 yes yes yes yes
1650 1979 yes yes yes yes1650 1979 yes yes yes yes1650 1979 yes yes yes yes
1613 19791613 1979 yes yes yes yes1613 1979 yes yes yes yes
1525 19921525 1992 yes yes yes yes1525 1992 yes yes yes yesy y y y
1616 1990 yes yes yes yes1616 1990 yes yes yes yesy y y y
1625 1990 yes yes yes yes1625 1990 yes yes yes yes1625 1990 yes yes yes yes
1256 1992 yes yes yes yes1256 1992 yes yes yes yes1256 1992 yes yes yes yes
1140 19921140 1992 yes yes yes yes1140 1992 yes yes yes yes
1450 19911450 1991 yes yes yes yes1450 1991 yes yes yes yesy y y y
1683 19911683 1991 yes yes yes yes1683 1991 yes yes yes yesy y y y
1431 1991 yes yes yes yes1431 1991 yes yes yes yesy y y y
1490 1991 yes yes yes yes1490 1991 yes yes yes yes1490 1991 yes yes yes yes
1585 1991 yes yes yes yes1585 1991 yes yes yes yes1585 1991 yes yes yes yes
1473 19911473 1991 yes yes yes yes1473 1991 yes yes yes yes
1560 19921560 1992 yes yes yes yes1560 1992 yes yes yes yesy y y y

9931511 1993 yes yes yes yes1511 1993 yes yes yes yesy y y y
1332 1992 yes yes yes yes1332 1992 yes yes yes yesy y y y

ABOR/MH/Priv-004113



location in databaselocation in databaselocation in database
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/datao oce e /uses/s a ed/ t db/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holo ene / e / h ed/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /

ABOR/MH/Priv-004114



d d  ldendro onlydendro onlyy

first year first year y
median segment with 5 median segment with 5 median segment with 5 

Author description Data type site id/chronid latitude longitude species elevation sample depth length treesAuthor description Data type site id/chronid latitude longitude species elevation sample depth length treesAuthor description Data type site id/chronid latitude longitude species elevation sample depth length trees
it db t ti d d 074 39 23 175 43itrdb extraction dendro newz074 -39 23 175 43itrdb extraction dendro newz074 39.23 175.43
it db t ti d d 075 43 07 171 28itrdb extraction dendro newz075 -43 07 171 28itrdb extraction dendro newz075 -43.07 171.28

dbitrdb extraction dendro newz077 -40 67 175 52itrdb extraction dendro newz077 -40.67 175.52
itrdb extraction dendro nh001 44 10 71 38itrdb extraction dendro nh001 44.10 -71.38t db e t act o dendro nh001 44.10 71.38
itrdb extraction dendro nh002 44 22 71 40itrdb extraction dendro nh002 44.22 -71.40itrdb extraction dendro nh002 44.22 71.40
it db e t tion d d h003 44 10 71 38itrdb extraction dendro nh003 44 10 -71 38itrdb extraction dendro nh003 44.10 71.38
it db t ti d d h004 44 28 71 27itrdb extraction dendro nh004 44 28 -71 27itrdb extraction dendro nh004 44.28 71.27
i db i d d j001 40 50 74 57itrdb extraction dendro nj001 40 50 -74 57itrdb extraction dendro nj001 40.50 -74.57j
itrdb extraction dendro nj002 40 50 74 57itrdb extraction dendro nj002 40.50 -74.57j
itrdb extraction dendro nm020 32 35 106 55itrdb extraction dendro nm020 32.35 -106.55itrdb extraction dendro nm020 32.35 106.55
itrdb extraction dendro nm021 37 00 107 82itrdb extraction dendro nm021 37.00 -107.82itrdb extraction dendro nm021 37.00 107.82
it db t ti d d 022 37 00 107 82itrdb extraction dendro nm022 37 00 -107 82itrdb extraction dendro nm022 37.00 107.82
it db t ti d d 023 37 00 107 82itrdb extraction dendro nm023 37 00 -107 82itrdb extraction dendro nm023 37.00 107.82
i db i d d 024 36 68 107 32itrdb extraction dendro nm024 36 68 -107 32itrdb extraction dendro nm024 36.68 -107.32
itrdb extraction dendro nm025 35 60 108 13itrdb extraction dendro nm025 35.60 -108.13de d o 0 5 35 60 08 3
itrdb extraction dendro nm026 36 35 106 52itrdb extraction dendro nm026 36.35 -106.52itrdb extraction dendro nm026 36.35 106.52
itrdb extraction dend o nm027 35 23 107 68itrdb extraction dendro nm027 35 23 -107 68itrdb extraction dendro nm027 35.23 107.68
it db t ti d d 028 35 23 107 68itrdb extraction dendro nm028 35 23 -107 68itrdb extraction dendro nm028 35.23 107.68
it db t ti d d 029 35 40 108 52itrdb extraction dendro nm029 35 40 -108 52itrdb extraction dendro nm029 35.40 -108.52

dbitrdb extraction dendro nm030 35 40 -108 52itrdb extraction dendro nm030 35.40 -108.52
itrdb extraction dendro nm031 35 43 108 53itrdb extraction dendro nm031 35.43 -108.53itrdb extraction dendro nm031 35.43 108.53
itrdb extraction dendro nm032 35 03 108 35itrdb extraction dendro nm032 35.03 -108.35itrdb extraction dendro nm032 35.03 108.35
it db t ti d d 033 35 03 108 35itrdb extraction dendro nm033 35 03 -108 35itrdb extraction dendro nm033 35.03 108.35
it db t ti d d 034 34 92 107 83itrdb extraction dendro nm034 34 92 -107 83itrdb extraction dendro nm034 34.92 107.83
i db i d d 03 3 22 08 63itrdb extraction dendro nm035 34 22 -108 63itrdb extraction dendro nm035 34.22 108.63
itrdb extraction dendro nm036 34 77 106 33itrdb extraction dendro nm036 34.77 -106.33
itrdb extraction dendro nm037 34 77 106 32itrdb extraction dendro nm037 34.77 -106.32dendro nm037 34.77 106.32
itrdb extraction dendro nm038 35 45 105 73itrdb extraction dendro nm038 35.45 -105.73itrdb extraction dendro nm038 35.45 105.73
it db t ti d d 039 35 53 105 57itrdb extraction dendro nm039 35 53 -105 57itrdb extraction dendro nm039 35.53 105.57
it db t ti d d 040 35 53 105 57itrdb extraction dendro nm040 35 53 -105 57itrdb extraction dendro nm040 35.53 105.57

db d ditrdb extraction dendro nm043 35 70 -106 63itrdb extraction dendro nm043 35.70 -106.63
itrdb extraction dendro nm047 36 82 103 02itrdb extraction dendro nm047 36.82 -103.02dendro nm047 36.82 103.02
itrdb extraction dendro nm048 33 78 107 62itrdb extraction dendro nm048 33.78 -107.62itrdb extraction dendro nm048 33.78 107.62
itrdb extraction d d 051 35 58 107 25itrdb extraction dendro nm051 35.58 -107.25itrdb extraction dendro nm051 35.58 107.25
it db t ti d d 052 35 58 107 25itrdb extraction dendro nm052 35 58 -107 25itrdb extraction dendro nm052 35.58 107.25
it db t ti d d 053 35 90 107 63itrdb extraction dendro nm053 35 90 -107 63itrdb extraction dendro nm053 35.90 -107.63
itrdb extraction dendro nm055 36 68 107 32itrdb extraction dendro nm055 36.68 -107.32
itrdb extraction dendro nm061 33 25 108 50itrdb extraction dendro nm061 33.25 -108.50itrdb extraction dendro nm061 33.25 108.50
itrdb extraction dendro nm063 33 25 108 50itrdb extraction dendro nm063 33.25 -108.50itrdb extraction dendro nm063 33.25 108.50
it db t ti d d 111 34 20 105 80itrdb extraction dendro nm111 34 20 -105 80itrdb extraction dendro nm111 34.20 105.80
it db t ti d d 112 34 23 105 78itrdb extraction dendro nm112 34 23 -105 78itrdb extraction dendro nm112 34.23 105.78
i db i d d 8 3 08 0 6itrdb extraction dendro nm118 35 08 -105 65itrdb extraction dendro nm118 35.08 -105.65
itrdb extraction dendro nm119 32 93 108 02itrdb extraction dendro nm119 32.93 -108.02

ABOR/MH/Priv-004115



 mean mean 
first year first year last year last year last year correlation first year first year last year last year last year correlation y y y y y
with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we 

trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?
1213 19931213 1993 yes yes yes yes1213 1993 yes yes yes yes
1674 19921674 1992 yes yes yes yes1674 1992 yes yes yes yesy y y y
1646 1993 yes yes yes yes1646 1993 yes yes yes yesy y y y
1561 1972 yes yes yes yes1561 1972 yes yes yes yes1561 1972 yes yes yes yes
1509 1981 yes yes yes yes1509 1981 yes yes yes yes1509 1981 yes yes yes yes
1610 19791610 1979 yes yes yes yes1610 1979 yes yes yes yes
1678 19761678 1976 yes yes yes yes1678 1976 yes yes yes yesy y y y
1620 19821620 1982 yes yes yes yes1620 1982 yes yes yes yesy y y y
1674 1982 yes yes yes yes1674 1982 yes yes yes yesy y y y
1597 1970 yes yes yes yes1597 1970 yes yes yes yes1597 1970 yes yes yes yes
1555 1971 yes yes yes yes1555 1971 yes yes yes yes1555 1971 yes yes yes yes
1660 19711660 1971 yes yes yes yes1660 1971 yes yes yes yes
1575 19711575 1971 yes yes yes yes1575 1971 yes yes yes yesy y y y
1643 19711643 1971 yes yes yes yes1643 1971 yes yes yes yesy y y y
1381 1972 yes yes yes yes1381 1972 yes yes yes yes38 9 yes yes yes yes
1362 1972 yes yes yes yes1362 1972 yes yes yes yes1362 1972 yes yes yes yes
1691 1972 es es es es1691 1972 yes yes yes yes1691 1972 yes yes yes yes
1611 19721611 1972 yes yes yes yes1611 1972 yes yes yes yes
1595 19721595 1972 yes yes yes yes1595 1972 yes yes yes yesy y y y
1411 1972 yes yes yes yes1411 1972 yes yes yes yesy y y y
1478 1972 yes yes yes yes1478 1972 yes yes yes yes1478 1972 yes yes yes yes
1638 1972 yes yes yes yes1638 1972 yes yes yes yes1638 1972 yes yes yes yes
1536 19721536 1972 yes yes yes yes1536 1972 yes yes yes yes
1662 19721662 1972 yes yes yes yes1662 1972 yes yes yes yesy y y y

90 9 21490 1972 yes yes yes yes1490 1972 yes yes yes yesy y y y
1691 1972 yes yes yes yes1691 1972 yes yes yes yesy y y y
1656 1972 yes yes yes yes1656 1972 yes yes yes yes1656 1972 yes yes yes yes
1556 1972 yes yes yes yes1556 1972 yes yes yes yes1556 1972 yes yes yes yes
1690 19721690 1972 yes yes yes yes1690 1972 yes yes yes yes
1579 19721579 1972 yes yes yes yes1579 1972 yes yes yes yesy y y y
1658 1972 yes yes yes yes1658 1972 yes yes yes yesy y y y
1640 1974 yes yes yes yes1640 1974 yes yes yes yes1640 1974 yes yes yes yes
1666 1974 yes yes yes yes1666 1974 yes yes yes yes1666 1974 yes yes yes yes
1687 19761687 1976 yes yes yes yes1687 1976 yes yes yes yes
1638 19761638 1976 yes yes yes yes1638 1976 yes yes yes yesy y y y
1629 19761629 1976 yes yes yes yes1629 1976 yes yes yes yesy y y y
1594 1971 yes yes yes yes1594 1971 yes yes yes yesy y y y
1690 1979 yes yes yes yes1690 1979 yes yes yes yes1690 1979 yes yes yes yes
1636 1980 yes yes yes yes1636 1980 yes yes yes yes1636 1980 yes yes yes yes
1660 19811660 1981 yes yes yes yes1660 1981 yes yes yes yes
1644 19821644 1982 yes yes yes yes1644 1982 yes yes yes yesy y y y

6 9821564 1982 yes yes yes yes1564 1982 yes yes yes yesy y y y
1655 1982 yes yes yes yes1655 1982 yes yes yes yesy y y y
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location in databaselocation in databaselocation in database
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/datao oce e /uses/s a ed/ t db/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holo ene / e / h ed/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /

ABOR/MH/Priv-004117



d d  ldendro onlydendro onlyy

first year first year y
median segment with 5 median segment with 5 median segment with 5 

Author description Data type site id/chronid latitude longitude species elevation sample depth length treesAuthor description Data type site id/chronid latitude longitude species elevation sample depth length treesAuthor description Data type site id/chronid latitude longitude species elevation sample depth length trees
it db t ti d d 500 36 12 105 73itrdb extraction dendro nm500 36 12 -105 73itrdb extraction dendro nm500 36.12 105.73
it db t ti d d 501 35 78 106 28itrdb extraction dendro nm501 35 78 -106 28itrdb extraction dendro nm501 35.78 -106.28

dbitrdb extraction dendro nm529 35 97 -108 80itrdb extraction dendro nm529 35.97 -108.80
itrdb extraction dendro nm529x 35 97 108 80itrdb extraction dendro nm529x 35.97 -108.80t db e t act o dendro nm529x 35.97 108.80
itrdb extraction dendro nm546 33 55 106 67itrdb extraction dendro nm546 33.55 -106.67itrdb extraction dendro nm546 33.55 106.67
it db e t tion d d 547 33 25 106 75itrdb extraction dendro nm547 33 25 -106 75itrdb extraction dendro nm547 33.25 106.75
it db t ti d d 548 36 72 105 55itrdb extraction dendro nm548 36 72 -105 55itrdb extraction dendro nm548 36.72 105.55
i db i d d 549 36 73 105 47itrdb extraction dendro nm549 36 73 -105 47itrdb extraction dendro nm549 36.73 -105.47
itrdb extraction dendro nm550 35 88 106 67itrdb extraction dendro nm550 35.88 -106.67
itrdb extraction dendro nm551 36 33 105 37itrdb extraction dendro nm551 36.33 -105.37itrdb extraction dendro nm551 36.33 105.37
itrdb extraction dendro nm552 36 30 105 42itrdb extraction dendro nm552 36.30 -105.42itrdb extraction dendro nm552 36.30 105.42
it db t ti d d 554 36 12 105 52itrdb extraction dendro nm554 36 12 -105 52itrdb extraction dendro nm554 36.12 105.52
it db t ti d d 555 35 80 106 62itrdb extraction dendro nm555 35 80 -106 62itrdb extraction dendro nm555 35.80 106.62
i db i d d 556 35 78 106 62itrdb extraction dendro nm556 35 78 -106 62itrdb extraction dendro nm556 35.78 -106.62
itrdb extraction dendro nm557 36 15 105 60itrdb extraction dendro nm557 36.15 -105.60de d o 55 36 5 05 60
itrdb extraction dendro nm558 35 82 106 57itrdb extraction dendro nm558 35.82 -106.57itrdb extraction dendro nm558 35.82 106.57
itrdb extraction dend o nm559 36 70 105 43itrdb extraction dendro nm559 36 70 -105 43itrdb extraction dendro nm559 36.70 105.43
it db t ti d d 560 36 73 105 47itrdb extraction dendro nm560 36 73 -105 47itrdb extraction dendro nm560 36.73 105.47
it db t ti d d 562 32 70 106 35itrdb extraction dendro nm562 32 70 -106 35itrdb extraction dendro nm562 32.70 -106.35

dbitrdb extraction dendro nm564 34 22 -108 62itrdb extraction dendro nm564 34.22 -108.62
itrdb extraction dendro nm565 33 38 108 23itrdb extraction dendro nm565 33.38 -108.23itrdb extraction dendro nm565 33.38 108.23
itrdb extraction dendro nm566 33 38 108 23itrdb extraction dendro nm566 33.38 -108.23itrdb extraction dendro nm566 33.38 108.23
it db t ti d d 567 33 22 108 27itrdb extraction dendro nm567 33 22 -108 27itrdb extraction dendro nm567 33.22 108.27
it db t ti d d 568 32 95 108 02itrdb extraction dendro nm568 32 95 -108 02itrdb extraction dendro nm568 32.95 108.02
i db i d d 0 33 33 0 6itrdb extraction dendro nm570 33 33 -105 67itrdb extraction dendro nm570 33.33 105.67
itrdb extraction dendro nm572 34 97 108 10itrdb extraction dendro nm572 34.97 -108.10
itrdb extraction dendro nm573 32 80 105 90itrdb extraction dendro nm573 32.80 -105.90dendro nm573 32.80 105.90
itrdb extraction dendro nm574 36 80 103 98itrdb extraction dendro nm574 36.80 -103.98itrdb extraction dendro nm574 36.80 103.98
it db t ti d d 575 36 77 103 97itrdb extraction dendro nm575 36 77 -103 97itrdb extraction dendro nm575 36.77 103.97
it db t ti d d 576 36 77 103 95itrdb extraction dendro nm576 36 77 -103 95itrdb extraction dendro nm576 36.77 103.95

db d ditrdb extraction dendro nm577 36 07 -104 35itrdb extraction dendro nm577 36.07 -104.35
itrdb extraction dendro nm578 36 78 103 93itrdb extraction dendro nm578 36.78 -103.93dendro nm578 36.78 103.93
itrdb extraction dendro nm579 32 80 105 80itrdb extraction dendro nm579 32.80 -105.80itrdb extraction dendro nm579 32.80 105.80
itrdb extraction d d 007 69 47 25 50itrdb extraction dendro norw007 69.47 25.50itrdb extraction dendro norw007 69.47 25.50
it db t ti d d 008 69 53 18 73itrdb extraction dendro norw008 69 53 18 73itrdb extraction dendro norw008 69.53 18.73
it db t ti d d 009 69 08 17 22itrdb extraction dendro norw009 69 08 17 22itrdb extraction dendro norw009 69.08 17.22
itrdb extraction dendro norw010 68 80 15 73itrdb extraction dendro norw010 68.80 15.73
itrdb extraction dendro nv036 39 27 114 12itrdb extraction dendro nv036 39.27 -114.12itrdb extraction dendro nv036 39.27 114.12
itrdb extraction dendro nv037 39 42 114 65itrdb extraction dendro nv037 39.42 -114.65itrdb extraction dendro nv037 39.42 114.65
it db t ti d d 040 39 33 114 75itrdb extraction dendro nv040 39 33 -114 75itrdb extraction dendro nv040 39.33 114.75
it db t ti d d 048 40 15 115 53itrdb extraction dendro nv048 40 15 -115 53itrdb extraction dendro nv048 40.15 115.53
i db i d d 0 9 39 82 62itrdb extraction dendro nv049 39 82 -114 62itrdb extraction dendro nv049 39.82 -114.62
itrdb extraction dendro nv052 39 10 115 80itrdb extraction dendro nv052 39.10 -115.80

ABOR/MH/Priv-004118



 mean mean 
first year first year last year last year last year correlation first year first year last year last year last year correlation y y y y y
with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we 

trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?
1708 19721708 1972 yes yes yes yes1708 1972 yes yes yes yes
1727 19721727 1972 yes yes yes yes1727 1972 yes yes yes yesy y y y
1652 1977 yes yes yes yes1652 1977 yes yes yes yesy y y y
1653 1977 yes yes yes yes1653 1977 yes yes yes yes1653 1977 yes yes yes yes
1644 1981 yes yes yes yes1644 1981 yes yes yes yes1644 1981 yes yes yes yes
1687 19901687 1990 yes yes yes yes1687 1990 yes yes yes yes
1592 19811592 1981 yes yes yes yes1592 1981 yes yes yes yesy y y y
1639 19871639 1987 yes yes yes yes1639 1987 yes yes yes yesy y y y
1532 1986 yes yes yes yes1532 1986 yes yes yes yesy y y y
1700 1981 yes yes yes yes1700 1981 yes yes yes yes1700 1981 yes yes yes yes
1581 1981 yes yes yes yes1581 1981 yes yes yes yes1581 1981 yes yes yes yes
1690 19861690 1986 yes yes yes yes1690 1986 yes yes yes yes
1604 19861604 1986 yes yes yes yes1604 1986 yes yes yes yesy y y y
1572 19861572 1986 yes yes yes yes1572 1986 yes yes yes yesy y y y
1555 1986 yes yes yes yes1555 1986 yes yes yes yes555 986 yes yes yes yes
1653 1987 yes yes yes yes1653 1987 yes yes yes yes1653 1987 yes yes yes yes
1391 1987 es es es es1391 1987 yes yes yes yes1391 1987 yes yes yes yes
837 1989837 1989 yes yes yes yes837 1989 yes yes yes yes
1659 19901659 1990 yes yes yes yes1659 1990 yes yes yes yesy y y y
1410 1987 yes yes yes yes1410 1987 yes yes yes yesy y y y
1470 1986 yes yes yes yes1470 1986 yes yes yes yes1470 1986 yes yes yes yes
1590 1987 yes yes yes yes1590 1987 yes yes yes yes1590 1987 yes yes yes yes
1530 19871530 1987 yes yes yes yes1530 1987 yes yes yes yes
1670 19861670 1986 yes yes yes yes1670 1986 yes yes yes yesy y y y

9831554 1983 yes yes yes yes1554 1983 yes yes yes yesy y y y
136 1992 yes yes yes yes-136 1992 yes yes yes yesy y y y

1610 1994 yes yes yes yes1610 1994 yes yes yes yes1610 1994 yes yes yes yes
1613 1998 yes yes yes yes1613 1998 yes yes yes yes1613 1998 yes yes yes yes
1712 19981712 1998 yes yes yes yes1712 1998 yes yes yes yes
1626 19981626 1998 yes yes yes yes1626 1998 yes yes yes yesy y y y
1595 1998 yes yes yes yes1595 1998 yes yes yes yesy y y y
1635 1992 yes yes yes yes1635 1992 yes yes yes yes1635 1992 yes yes yes yes
1627 1992 yes yes yes yes1627 1992 yes yes yes yes1627 1992 yes yes yes yes
1698 19921698 1992 yes yes yes yes1698 1992 yes yes yes yes
1599 19921599 1992 yes yes yes yes1599 1992 yes yes yes yesy y y y
1403 19971403 1997 yes yes yes yes1403 1997 yes yes yes yesy y y y
877 1994 yes yes yes yes877 1994 yes yes yes yesy y y y
1567 1978 yes yes yes yes1567 1978 yes yes yes yes1567 1978 yes yes yes yes
783 1976 yes yes yes yes783 1976 yes yes yes yes783 1976 yes yes yes yes
1570 19761570 1976 yes yes yes yes1570 1976 yes yes yes yes
1503 19781503 1978 yes yes yes yes1503 1978 yes yes yes yesy y y y

00 9821400 1982 yes yes yes yes1400 1982 yes yes yes yesy y y y
1470 1982 yes yes yes yes1470 1982 yes yes yes yesy y y y

ABOR/MH/Priv-004119



location in databaselocation in databaselocation in database
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/datao oce e /uses/s a ed/ t db/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holo ene / e / h ed/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /

ABOR/MH/Priv-004120



d d  ldendro onlydendro onlyy

first year first year y
median segment with 5 median segment with 5 median segment with 5 

Author description Data type site id/chronid latitude longitude species elevation sample depth length treesAuthor description Data type site id/chronid latitude longitude species elevation sample depth length treesAuthor description Data type site id/chronid latitude longitude species elevation sample depth length trees
it db t ti d d 053 40 40 114 22itrdb extraction dendro nv053 40 40 -114 22itrdb extraction dendro nv053 40.40 114.22
it db t ti d d 055 38 68 117 23itrdb extraction dendro nv055 38 68 -117 23itrdb extraction dendro nv055 38.68 -117.23

dbitrdb extraction dendro nv056 41 05 -114 58itrdb extraction dendro nv056 41.05 -114.58
itrdb extraction dendro nv057 37 77 114 18itrdb extraction dendro nv057 37.77 -114.18t db e t act o dendro nv057 37.77 114.18
itrdb extraction dendro nv058 39 18 116 78itrdb extraction dendro nv058 39.18 -116.78itrdb extraction dendro nv058 39.18 116.78
it db e t tion d d 060 41 30 118 43itrdb extraction dendro nv060 41 30 -118 43itrdb extraction dendro nv060 41.30 118.43
it db t ti d d 061 41 90 115 42itrdb extraction dendro nv061 41 90 -115 42itrdb extraction dendro nv061 41.90 115.42
i db i d d 506 36 67 115 17itrdb extraction dendro nv506 36 67 -115 17itrdb extraction dendro nv506 36.67 -115.17
itrdb extraction dendro nv507 39 38 114 92itrdb extraction dendro nv507 39.38 -114.92
itrdb extraction dendro nv509 39 37 114 72itrdb extraction dendro nv509 39.37 -114.72itrdb extraction dendro nv509 39.37 114.72
itrdb extraction dendro nv510 36 27 115 70itrdb extraction dendro nv510 36.27 -115.70itrdb extraction dendro nv510 36.27 115.70
it db t ti d d 511 38 78 116 95itrdb extraction dendro nv511 38 78 -116 95itrdb extraction dendro nv511 38.78 116.95
it db t ti d d 512 40 23 115 53itrdb extraction dendro nv512 40 23 -115 53itrdb extraction dendro nv512 40.23 115.53
i db i d d 513 38 90 114 32itrdb extraction dendro nv513 38 90 -114 32itrdb extraction dendro nv513 38.90 -114.32
itrdb extraction dendro nv514 40 55 114 82itrdb extraction dendro nv514 40.55 -114.82de d o 5 0 55 8
itrdb extraction dendro nv515 39 08 115 43itrdb extraction dendro nv515 39.08 -115.43itrdb extraction dendro nv515 39.08 115.43
itrdb extraction dend o n 516 38 93 114 23itrdb extraction dendro nv516 38 93 -114 23itrdb extraction dendro nv516 38.93 114.23
it db t ti d d 517 36 32 115 70itrdb extraction dendro nv517 36 32 -115 70itrdb extraction dendro nv517 36.32 115.70
it db t ti d d 518 41 30 118 43itrdb extraction dendro nv518 41 30 -118 43itrdb extraction dendro nv518 41.30 -118.43

dbitrdb extraction dendro nv519 37 86 -118 33itrdb extraction dendro nv519 37.86 -118.33
itrdb extraction dendro ny001 44 13 73 78itrdb extraction dendro ny001 44.13 -73.78itrdb extraction dendro ny001 44.13 73.78
itrdb extraction dendro ny002 41 42 74 08itrdb extraction dendro ny002 41.42 -74.08itrdb extraction dendro ny002 41.42 74.08
it db t ti d d 003 41 77 74 17itrdb extraction dendro ny003 41 77 -74 17itrdb extraction dendro ny003 41.77 74.17
it db t ti d d 005 41 77 74 18itrdb extraction dendro ny005 41 77 -74 18itrdb extraction dendro ny005 41.77 74.18y
i db i d d 006 8itrdb extraction dendro ny006 41 77 -74 18itrdb extraction dendro ny006 41.77 74.18y
itrdb extraction dendro ny008 43 55 73 80itrdb extraction dendro ny008 43.55 -73.80y
itrdb extraction dendro ny009 44 13 73 75itrdb extraction dendro ny009 44.13 -73.75dendro ny009 44.13 73.75
itrdb extraction dendro ny010 44 13 73 75itrdb extraction dendro ny010 44.13 -73.75itrdb extraction dendro ny010 44.13 73.75
it db t ti d d 011 41 77 74 17itrdb extraction dendro ny011 41 77 -74 17itrdb extraction dendro ny011 41.77 74.17
it db t ti d d 012 41 77 74 18itrdb extraction dendro ny012 41 77 -74 18itrdb extraction dendro ny012 41.77 74.18y

db d ditrdb extraction dendro ny013 44 33 -73 90itrdb extraction dendro ny013 44.33 -73.90y
itrdb extraction dendro ny014 44 33 73 88itrdb extraction dendro ny014 44.33 -73.88dendro ny014 44.33 73.88
itrdb extraction dendro oh001 40 88 81 75itrdb extraction dendro oh001 40.88 -81.75itrdb extraction dendro oh001 40.88 81.75
itrdb extraction d d h002 41 55 81 27itrdb extraction dendro oh002 41.55 -81.27itrdb extraction dendro oh002 41.55 81.27
it db t ti d d h003 39 90 84 40itrdb extraction dendro oh003 39 90 -84 40itrdb extraction dendro oh003 39.90 84.40
it db t ti d d h006 39 98 81 00itrdb extraction dendro oh006 39 98 -81 00itrdb extraction dendro oh006 39.98 -81.00
itrdb extraction dendro ok001 36 68 94 73itrdb extraction dendro ok001 36.68 -94.73
itrdb extraction dendro ok004 36 70 96 38itrdb extraction dendro ok004 36.70 -96.38itrdb extraction dendro ok004 36.70 96.38
itrdb extraction dendro ok007 36 20 96 22itrdb extraction dendro ok007 36.20 -96.22itrdb extraction dendro ok007 36.20 96.22
it db t ti d d k013 35 58 98 38itrdb extraction dendro ok013 35 58 -98 38itrdb extraction dendro ok013 35.58 98.38
it db t ti d d k016 35 10 95 63itrdb extraction dendro ok016 35 10 -95 63itrdb extraction dendro ok016 35.10 95.63
i db i d d k0 9 3 30 9 6itrdb extraction dendro ok019 34 30 -94 65itrdb extraction dendro ok019 34.30 -94.65
itrdb extraction dendro ok022 32 35 97 00itrdb extraction dendro ok022 32.35 -97.00

ABOR/MH/Priv-004121



 mean mean 
first year first year last year last year last year correlation first year first year last year last year last year correlation y y y y y
with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we 

trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?
1400 19821400 1982 yes yes yes yes1400 1982 yes yes yes yes
1490 19821490 1982 yes yes yes yes1490 1982 yes yes yes yesy y y y
1330 1982 yes yes yes yes1330 1982 yes yes yes yesy y y y
1556 1982 yes yes yes yes1556 1982 yes yes yes yes1556 1982 yes yes yes yes
1439 1982 yes yes yes yes1439 1982 yes yes yes yes1439 1982 yes yes yes yes
1267 19841267 1984 yes yes yes yes1267 1984 yes yes yes yes
1334 19841334 1984 yes yes yes yes1334 1984 yes yes yes yesy y y y
1605 19691605 1969 yes yes yes yes1605 1969 yes yes yes yesy y y y
1465 1976 yes yes yes yes1465 1976 yes yes yes yesy y y y
1551 1976 yes yes yes yes1551 1976 yes yes yes yes1551 1976 yes yes yes yes
800 1984 yes yes yes yes800 1984 yes yes yes yes800 1984 yes yes yes yes
1300 19801300 1980 yes yes yes yes1300 1980 yes yes yes yes
320 1985320 1985 yes yes yes yes320 1985 yes yes yes yesy y y y
825 1983825 1983 yes yes yes yes825 1983 yes yes yes yesy y y y
302 1985 yes yes yes yes302 1985 yes yes yes yes30 985 yes yes yes yes
2370 1980 yes yes yes yes-2370 1980 yes yes yes yes2370 1980 yes yes yes yes

0 1984 es es es es0 1984 yes yes yes yes0 1984 yes yes yes yes
320 1984320 1984 yes yes yes yes320 1984 yes yes yes yes
975 1998975 1998 yes yes yes yes975 1998 yes yes yes yesy y y y
990 2000 yes yes yes yes990 2000 yes yes yes yesy y y y
1608 1981 yes yes yes yes1608 1981 yes yes yes yes1608 1981 yes yes yes yes
1648 1977 yes yes yes yes1648 1977 yes yes yes yes1648 1977 yes yes yes yes
1690 19731690 1973 yes yes yes yes1690 1973 yes yes yes yes
1622 19731622 1973 yes yes yes yes1622 1973 yes yes yes yesy y y y
626 981626 1984 yes yes yes yes1626 1984 yes yes yes yesy y y y

1595 1976 yes yes yes yes1595 1976 yes yes yes yesy y y y
1619 1978 yes yes yes yes1619 1978 yes yes yes yes1619 1978 yes yes yes yes
1599 1978 yes yes yes yes1599 1978 yes yes yes yes1599 1978 yes yes yes yes
1658 19861658 1986 yes yes yes yes1658 1986 yes yes yes yes
1511 19841511 1984 yes yes yes yes1511 1984 yes yes yes yesy y y y
1632 1981 yes yes yes yes1632 1981 yes yes yes yesy y y y
1696 1978 yes yes yes yes1696 1978 yes yes yes yes1696 1978 yes yes yes yes
1626 1985 yes yes yes yes1626 1985 yes yes yes yes1626 1985 yes yes yes yes
1612 19831612 1983 yes yes yes yes1612 1983 yes yes yes yes
1662 19851662 1985 yes yes yes yes1662 1985 yes yes yes yesy y y y
1625 19981625 1998 yes yes yes yes1625 1998 yes yes yes yesy y y y
1675 1982 yes yes yes yes1675 1982 yes yes yes yesy y y y
1737 1982 yes yes yes yes1737 1982 yes yes yes yes1737 1982 yes yes yes yes
1611 1995 yes yes yes yes1611 1995 yes yes yes yes1611 1995 yes yes yes yes
1680 19821680 1982 yes yes yes yes1680 1982 yes yes yes yes
1745 19801745 1980 yes yes yes yes1745 1980 yes yes yes yesy y y y
62 9821624 1982 yes yes yes yes1624 1982 yes yes yes yesy y y y

1698 1995 yes yes yes yes1698 1995 yes yes yes yesy y y y

ABOR/MH/Priv-004122



location in databaselocation in databaselocation in database
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/datao oce e /uses/s a ed/ t db/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holo ene / e / h ed/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /

ABOR/MH/Priv-004123



d d  ldendro onlydendro onlyy

first year first year y
median segment with 5 median segment with 5 median segment with 5 

Author description Data type site id/chronid latitude longitude species elevation sample depth length treesAuthor description Data type site id/chronid latitude longitude species elevation sample depth length treesAuthor description Data type site id/chronid latitude longitude species elevation sample depth length trees
it db t ti d d k025 34 10 97 67itrdb extraction dendro ok025 34 10 -97 67itrdb extraction dendro ok025 34.10 97.67
it db t ti d d k028 34 68 98 63itrdb extraction dendro ok028 34 68 -98 63itrdb extraction dendro ok028 34.68 -98.63

dbitrdb extraction dendro ok031 34 30 -94 65itrdb extraction dendro ok031 34.30 -94.65
itrdb extraction dendro or001 45 15 120 12itrdb extraction dendro or001 45.15 -120.12t db e t act o dendro or001 45.15 120.12
itrdb extraction dendro or006 44 90 118 93itrdb extraction dendro or006 44.90 -118.93itrdb extraction dendro or006 44.90 118.93
it db e t tion d d 009 43 98 118 80itrdb extraction dendro or009 43 98 -118 80itrdb extraction dendro or009 43.98 118.80
it db t ti d d 012 43 97 121 07itrdb extraction dendro or012 43 97 -121 07itrdb extraction dendro or012 43.97 121.07
i db i d d 015 43 58 120 45itrdb extraction dendro or015 43 58 -120 45itrdb extraction dendro or015 43.58 -120.45
itrdb extraction dendro or018 43 13 119 87itrdb extraction dendro or018 43.13 -119.87
itrdb extraction dendro or021 42 67 118 92itrdb extraction dendro or021 42.67 -118.92itrdb extraction dendro or021 42.67 118.92
itrdb extraction dendro or026 42 92 122 50itrdb extraction dendro or026 42.92 -122.50itrdb extraction dendro or026 42.92 122.50
it db t ti d d 029 45 97 117 68itrdb extraction dendro or029 45 97 -117 68itrdb extraction dendro or029 45.97 117.68
it db t ti d d 030 45 97 117 72itrdb extraction dendro or030 45 97 -117 72itrdb extraction dendro or030 45.97 117.72
i db i d d 032 45 12 117 02itrdb extraction dendro or032 45 12 -117 02itrdb extraction dendro or032 45.12 -117.02
itrdb extraction dendro or033 45 28 118 57itrdb extraction dendro or033 45.28 -118.57de d o o 033 5 8 8 5
itrdb extraction dendro or035 45 83 117 80itrdb extraction dendro or035 45.83 -117.80itrdb extraction dendro or035 45.83 117.80
itrdb extraction dend o o 038 45 78 117 92itrdb extraction dendro or038 45 78 -117 92itrdb extraction dendro or038 45.78 117.92
it db t ti d d 040 45 77 117 97itrdb extraction dendro or040 45 77 -117 97itrdb extraction dendro or040 45.77 117.97
it db t ti d d 042 42 97 122 17itrdb extraction dendro or042 42 97 -122 17itrdb extraction dendro or042 42.97 -122.17

dbitrdb extraction dendro or043 45 32 -121 65itrdb extraction dendro or043 45.32 -121.65
itrdb extraction dendro or043x 45 32 121 65itrdb extraction dendro or043x 45.32 -121.65itrdb extraction dendro or043x 45.32 121.65
itrdb extraction dendro or044 42 07 122 72itrdb extraction dendro or044 42.07 -122.72itrdb extraction dendro or044 42.07 122.72
it db t ti d d 044  42 07 122 72itrdb extraction dendro or044x 42 07 -122 72itrdb extraction dendro or044x 42.07 122.72
it db t ti d d 045 45 33 121 68itrdb extraction dendro or045 45 33 -121 68itrdb extraction dendro or045 45.33 121.68
i db i d d 0 9 3 2 2 60itrdb extraction dendro or049 43 72 -121 60itrdb extraction dendro or049 43.72 121.60
itrdb extraction dendro or051 43 47 121 40itrdb extraction dendro or051 43.47 -121.40
itrdb extraction dendro or054 43 08 121 95itrdb extraction dendro or054 43.08 -121.95dendro or054 43.08 121.95
itrdb extraction dendro or055 42 92 121 53itrdb extraction dendro or055 42.92 -121.53itrdb extraction dendro or055 42.92 121.53
it db t ti d d 056 42 93 121 62itrdb extraction dendro or056 42 93 -121 62itrdb extraction dendro or056 42.93 121.62
it db t ti d d 057 42 75 121 52itrdb extraction dendro or057 42 75 -121 52itrdb extraction dendro or057 42.75 121.52

db d ditrdb extraction dendro or058 42 78 -122 07itrdb extraction dendro or058 42.78 -122.07
itrdb extraction dendro or059 42 63 121 53itrdb extraction dendro or059 42.63 -121.53dendro or059 42.63 121.53
itrdb extraction dendro or060 43 58 120 45itrdb extraction dendro or060 43.58 -120.45itrdb extraction dendro or060 43.58 120.45
itrdb extraction d d 061 43 97 121 07itrdb extraction dendro or061 43.97 -121.07itrdb extraction dendro or061 43.97 121.07
it db t ti d d 062 43 18 120 90itrdb extraction dendro or062 43 18 -120 90itrdb extraction dendro or062 43.18 120.90
it db t ti d d 063 42 67 118 92itrdb extraction dendro or063 42 67 -118 92itrdb extraction dendro or063 42.67 -118.92
itrdb extraction dendro or081 42 00 123 56itrdb extraction dendro or081 42.00 -123.56
itrdb extraction dendro pa001 40 67 77 70itrdb extraction dendro pa001 40.67 -77.70itrdb extraction dendro pa001 40.67 77.70
itrdb extraction dendro pa002 40 88 77 32itrdb extraction dendro pa002 40.88 -77.32itrdb extraction dendro pa002 40.88 77.32
it db t ti d d 003 41 22 74 92itrdb extraction dendro pa003 41 22 -74 92itrdb extraction dendro pa003 41.22 74.92
it db t ti d d 004 41 33 77 72itrdb extraction dendro pa004 41 33 -77 72itrdb extraction dendro pa004 41.33 77.72p
i db i d d 00 39 83 9 0itrdb extraction dendro pa005 39 83 -79 70itrdb extraction dendro pa005 39.83 -79.70p
itrdb extraction dendro pa006 41 32 79 22itrdb extraction dendro pa006 41.32 -79.22p

ABOR/MH/Priv-004124



 mean mean 
first year first year last year last year last year correlation first year first year last year last year last year correlation y y y y y
with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we 

trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?
1691 19951691 1995 yes yes yes yes1691 1995 yes yes yes yes
1686 19801686 1980 yes yes yes yes1686 1980 yes yes yes yesy y y y
1685 1982 yes yes yes yes1685 1982 yes yes yes yesy y y y
1497 1975 yes yes yes yes1497 1975 yes yes yes yes1497 1975 yes yes yes yes
1405 1982 yes yes yes yes1405 1982 yes yes yes yes1405 1982 yes yes yes yes
1396 19821396 1982 yes yes yes yes1396 1982 yes yes yes yes
1281 19821281 1982 yes yes yes yes1281 1982 yes yes yes yesy y y y
1097 19821097 1982 yes yes yes yes1097 1982 yes yes yes yesy y y y
1377 1982 yes yes yes yes1377 1982 yes yes yes yesy y y y
1501 1982 yes yes yes yes1501 1982 yes yes yes yes1501 1982 yes yes yes yes
1614 1979 yes yes yes yes1614 1979 yes yes yes yes1614 1979 yes yes yes yes
1485 19911485 1991 yes yes yes yes1485 1991 yes yes yes yes
1502 19911502 1991 yes yes yes yes1502 1991 yes yes yes yesy y y y
1550 19901550 1990 yes yes yes yes1550 1990 yes yes yes yesy y y y
1469 1990 yes yes yes yes1469 1990 yes yes yes yes69 990 yes yes yes yes
1665 1990 yes yes yes yes1665 1990 yes yes yes yes1665 1990 yes yes yes yes
1665 1990 es es es es1665 1990 yes yes yes yes1665 1990 yes yes yes yes
1675 19911675 1991 yes yes yes yes1675 1991 yes yes yes yes
1564 19831564 1983 yes yes yes yes1564 1983 yes yes yes yesy y y y
1504 1983 yes yes yes yes1504 1983 yes yes yes yesy y y y
1504 1983 yes yes yes yes1504 1983 yes yes yes yes1504 1983 yes yes yes yes
1739 1983 yes yes yes yes1739 1983 yes yes yes yes1739 1983 yes yes yes yes
1739 19831739 1983 yes yes yes yes1739 1983 yes yes yes yes
1706 19831706 1983 yes yes yes yes1706 1983 yes yes yes yesy y y y
33 9931334 1993 yes yes yes yes1334 1993 yes yes yes yesy y y y

1574 1995 yes yes yes yes1574 1995 yes yes yes yesy y y y
1513 1995 yes yes yes yes1513 1995 yes yes yes yes1513 1995 yes yes yes yes
1423 1995 yes yes yes yes1423 1995 yes yes yes yes1423 1995 yes yes yes yes
1570 19951570 1995 yes yes yes yes1570 1995 yes yes yes yes
1442 19951442 1995 yes yes yes yes1442 1995 yes yes yes yesy y y y
1572 1990 yes yes yes yes1572 1990 yes yes yes yesy y y y
1653 1995 yes yes yes yes1653 1995 yes yes yes yes1653 1995 yes yes yes yes
870 1996 yes yes yes yes870 1996 yes yes yes yes870 1996 yes yes yes yes
830 1996830 1996 yes yes yes yes830 1996 yes yes yes yes
530 1996530 1996 yes yes yes yes530 1996 yes yes yes yesy y y y
1017 19981017 1998 yes yes yes yes1017 1998 yes yes yes yesy y y y
1420 2000 yes yes yes yes1420 2000 yes yes yes yesy y y y
1609 1981 yes yes yes yes1609 1981 yes yes yes yes1609 1981 yes yes yes yes
1641 1981 yes yes yes yes1641 1981 yes yes yes yes1641 1981 yes yes yes yes
1609 19811609 1981 yes yes yes yes1609 1981 yes yes yes yes
1540 19811540 1981 yes yes yes yes1540 1981 yes yes yes yesy y y y
623 981623 1981 yes yes yes yes1623 1981 yes yes yes yesy y y y

1660 1981 yes yes yes yes1660 1981 yes yes yes yesy y y y
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location in databaselocation in databaselocation in database
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/datao oce e /uses/s a ed/ t db/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holo ene / e / h ed/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
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d d  ldendro onlydendro onlyy

first year first year y
median segment with 5 median segment with 5 median segment with 5 

Author description Data type site id/chronid latitude longitude species elevation sample depth length treesAuthor description Data type site id/chronid latitude longitude species elevation sample depth length treesAuthor description Data type site id/chronid latitude longitude species elevation sample depth length trees
it db t ti d d 007 40 23 77 65itrdb extraction dendro pa007 40 23 -77 65itrdb extraction dendro pa007 40.23 77.65
it db t ti d d 008 41 33 79 20itrdb extraction dendro pa008 41 33 -79 20itrdb extraction dendro pa008 41.33 -79.20p

dbitrdb extraction dendro pa009 39 88 -76 40itrdb extraction dendro pa009 39.88 -76.40p
itrdb extraction dendro pa010 41 37 76 30itrdb extraction dendro pa010 41.37 -76.30t db e t act o dendro pa010 41.37 76.30
itrdb extraction dendro pa011 41 87 75 88itrdb extraction dendro pa011 41.87 -75.88itrdb extraction dendro pa011 41.87 75.88
it db e t tion d d 012 39 83 78 52itrdb extraction dendro pa012 39 83 -78 52itrdb extraction dendro pa012 39.83 78.52
it db t ti d d 013 41 75 78 97itrdb extraction dendro pa013 41 75 -78 97itrdb extraction dendro pa013 41.75 78.97p
i db i d d l 006 53 50 16 00itrdb extraction dendro pola006 53 50 16 00itrdb extraction dendro pola006 53.50 16.00p
itrdb extraction dendro pola014 53 08 18 55itrdb extraction dendro pola014 53.08 18.55p
itrdb extraction dendro pola015 52 30 20 98itrdb extraction dendro pola015 52.30 20.98itrdb extraction dendro pola015 52.30 20.98
itrdb extraction dendro pola016 53 95 14 50itrdb extraction dendro pola016 53.95 14.50itrdb extraction dendro pola016 53.95 14.50
it db t ti d d l 017 51 25 17 17itrdb extraction dendro pola017 51 25 17 17itrdb extraction dendro pola017 51.25 17.17
it db t ti d d l 019 49 25 19 92itrdb extraction dendro pola019 49 25 19 92itrdb extraction dendro pola019 49.25 19.92p
i db i d d l 019  49 25 19 92itrdb extraction dendro pola019x 49 25 19 92itrdb extraction dendro pola019x 49.25 19.92p
itrdb extraction dendro pws2std 61 00 150 00itrdb extraction dendro pws2std 61.00 -150.00de d o p s std 6 00 50 00
itrdb extraction dendro qs9std 30 00 96 00itrdb extraction dendro qs9std 30.00 96.00itrdb extraction dendro qs9std 30.00 96.00
itrdb extraction dend o cs ch on 908 1998 62 30 13 30itrdb extraction dendro rcs chron 908 1998 62 30 13 30itrdb extraction dendro rcs_chron_908_1998 62.30 13.30
it db t ti d d jj 1 N N N Nitrdb extraction dendro recjj yy1 NaN NaNitrdb extraction dendro recjj_yy1 NaN NaNjj
it db t ti d d jj 2 N N N Nitrdb extraction dendro recjj yy2 NaN NaNitrdb extraction dendro recjj_yy2 NaN NaNjj_yy

dbitrdb extraction dendro russ014 55 90 158 80itrdb extraction dendro russ014 55.90 158.80
itrdb extraction dendro russ016 66 00 31 00itrdb extraction dendro russ016 66.00 31.00itrdb extraction dendro russ016 66.00 31.00
itrdb extraction dendro russ017 66 25 30 50itrdb extraction dendro russ017 66.25 30.50itrdb extraction dendro russ017 66.25 30.50
it db t ti d d 019 72 50 105 17itrdb extraction dendro russ019 72 50 105 17itrdb extraction dendro russ019 72.50 105.17
it db t ti d d 023  66 67 82 33itrdb extraction dendro russ023x crns 66 67 -82 33itrdb extraction dendro russ023x_crns 66.67 82.33
i db i d d 02 68 2 80 8itrdb extraction dendro russ027x crns 68 25 -80 18itrdb extraction dendro russ027x_crns 68.25 80.18_
itrdb extraction dendro russ028x crns 67 97 88 92itrdb extraction dendro russ028x crns 67.97 -88.92_
itrdb extraction dendro russ029x crns 70 52 89 50itrdb extraction dendro russ029x crns 70.52 -89.50dendro russ029x_crns 70.52 89.50
itrdb extraction dendro russ030x crns 67 97 88 92itrdb extraction dendro russ030x crns 67.97 -88.92itrdb extraction dendro russ030x_crns 67.97 88.92
it db t ti d d 038  70 27 103 52itrdb extraction dendro russ038x crns 70 27 -103 52itrdb extraction dendro russ038x_crns 70.27 103.52
it db t ti d d 048  68 60 112 25itrdb extraction dendro russ048x crns 68 60 -112 25itrdb extraction dendro russ048x_crns 68.60 112.25_

db d ditrdb extraction dendro russ057x crns 62 47 -137 75itrdb extraction dendro russ057x crns 62.47 -137.75_
itrdb extraction dendro russ070x crns 63 52 151 72itrdb extraction dendro russ070x crns 63.52 -151.72dendro russ070x_crns 63.52 151.72
itrdb extraction dendro russ071x crns 66 67 82 33itrdb extraction dendro russ071x crns 66.67 -82.33itrdb extraction dendro russ071x_crns 66.67 82.33
itrdb extraction d d 073  65 33 41 12itrdb extraction dendro russ073x crns 65.33 -41.12itrdb extraction dendro russ073x_crns 65.33 41.12
it db t ti d d 074  60 70 51 38itrdb extraction dendro russ074x crns 60 70 -51 38itrdb extraction dendro russ074x_crns 60.70 51.38
it db t ti d d 081  61 37 30 90itrdb extraction dendro russ081x crns 61 37 -30 90itrdb extraction dendro russ081x_crns 61.37 -30.90_
itrdb extraction dendro russ092x crns 67 47 76 77itrdb extraction dendro russ092x crns 67.47 -76.77_
itrdb extraction dendro russ093x crns 68 77 32 80itrdb extraction dendro russ093x crns 68.77 -32.80itrdb extraction dendro russ093x_crns 68.77 32.80
itrdb extraction dendro russ095x crns 62 60 58 80itrdb extraction dendro russ095x crns 62.60 -58.80itrdb extraction dendro russ095x_crns 62.60 58.80
it db t ti d d 096  68 77 32 80itrdb extraction dendro russ096x crns 68 77 -32 80itrdb extraction dendro russ096x_crns 68.77 32.80
it db t ti d d 097  65 35 69 52itrdb extraction dendro russ097x crns 65 35 -69 52itrdb extraction dendro russ097x_crns 65.35 69.52
i db i d d 099 60 9itrdb extraction dendro russ099x crns 60 57 -59 55itrdb extraction dendro russ099x_crns 60.57 -59.55_
itrdb extraction dendro russ106x crns 70 25 138 17itrdb extraction dendro russ106x crns 70.25 -138.17_
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 mean mean 
first year first year last year last year last year correlation first year first year last year last year last year correlation y y y y y
with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we 

trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?
1535 19811535 1981 yes yes yes yes1535 1981 yes yes yes yes
1679 19811679 1981 yes yes yes yes1679 1981 yes yes yes yesy y y y
1631 1981 yes yes yes yes1631 1981 yes yes yes yesy y y y
1637 1981 yes yes yes yes1637 1981 yes yes yes yes1637 1981 yes yes yes yes
1619 1981 yes yes yes yes1619 1981 yes yes yes yes1619 1981 yes yes yes yes
1612 19811612 1981 yes yes yes yes1612 1981 yes yes yes yes
1425 19781425 1978 yes yes yes yes1425 1978 yes yes yes yesy y y y
990 1979990 1979 yes yes yes yes990 1979 yes yes yes yesy y y y
1710 1979 yes yes yes yes1710 1979 yes yes yes yesy y y y
1690 1979 yes yes yes yes1690 1979 yes yes yes yes1690 1979 yes yes yes yes
1550 1979 yes yes yes yes1550 1979 yes yes yes yes1550 1979 yes yes yes yes
1720 19791720 1979 yes yes yes yes1720 1979 yes yes yes yes
1699 19781699 1978 yes yes yes yes1699 1978 yes yes yes yesy y y y
1699 19781699 1978 yes yes yes yes1699 1978 yes yes yes yesy y y y
873 1991 yes yes yes yes873 1991 yes yes yes yes8 3 99 yes yes yes yes
449 1994 yes yes yes yes449 1994 yes yes yes yes449 1994 yes yes yes yes
908 1998 es es es es908 1998 yes yes yes yes908 1998 yes yes yes yes
407 1996-407 1996 yes yes yes yes407 1996 yes yes yes yes
75 1992-75 1992 yes yes yes yes-75 1992 yes yes yes yesy y y y

1690 1983 yes yes yes yes1690 1983 yes yes yes yesy y y y
1546 1993 yes yes yes yes1546 1993 yes yes yes yes1546 1993 yes yes yes yes
1471 1993 yes yes yes yes1471 1993 yes yes yes yes1471 1993 yes yes yes yes
1580 19971580 1997 yes yes yes yes1580 1997 yes yes yes yes
1750 21001750 2100 yes yes yes yes1750 2100 yes yes yes yesy y y y
6 08 8 0-6408 -5840 yes yes yes yes6408 5840 yes yes yes yesy y y y
1574 1990 yes yes yes yes1574 1990 yes yes yes yesy y y y
1657 1990 yes yes yes yes1657 1990 yes yes yes yes1657 1990 yes yes yes yes
6339 5860 yes yes yes yes-6339 -5860 yes yes yes yes6339 5860 yes yes yes yes
1630 19901630 1990 yes yes yes yes1630 1990 yes yes yes yes
1450 19901450 1990 yes yes yes yes1450 1990 yes yes yes yesy y y y
1729 1991 yes yes yes yes1729 1991 yes yes yes yesy y y y
1362 1991 yes yes yes yes1362 1991 yes yes yes yes1362 1991 yes yes yes yes
1674 1990 yes yes yes yes1674 1990 yes yes yes yes1674 1990 yes yes yes yes
6406 5470-6406 -5470 yes yes yes yes6406 5470 yes yes yes yes
1651 19911651 1991 yes yes yes yes1651 1991 yes yes yes yesy y y y
1715 19921715 1992 yes yes yes yes1715 1992 yes yes yes yesy y y y
1585 1990 yes yes yes yes1585 1990 yes yes yes yesy y y y
6285 5768 yes yes yes yes-6285 -5768 yes yes yes yes6285 5768 yes yes yes yes
1616 1991 yes yes yes yes1616 1991 yes yes yes yes1616 1991 yes yes yes yes
1678 19921678 1992 yes yes yes yes1678 1992 yes yes yes yes
1601 19911601 1991 yes yes yes yes1601 1991 yes yes yes yesy y y y
6388 6 9-6388 -5649 yes yes yes yes-6388 -5649 yes yes yes yesy y y y
1550 1991 yes yes yes yes1550 1991 yes yes yes yesy y y y
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location in databaselocation in databaselocation in database
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/datao oce e /uses/s a ed/ t db/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holo ene / e / h ed/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /

ABOR/MH/Priv-004129



d d  ldendro onlydendro onlyy

first year first year y
median segment with 5 median segment with 5 median segment with 5 

Author description Data type site id/chronid latitude longitude species elevation sample depth length treesAuthor description Data type site id/chronid latitude longitude species elevation sample depth length treesAuthor description Data type site id/chronid latitude longitude species elevation sample depth length trees
it db t ti d d 107  68 80 163 05itrdb extraction dendro russ107x crns 68 80 -163 05itrdb extraction dendro russ107x_crns 68.80 163.05
it db t ti d d 110  67 83 130 83itrdb extraction dendro russ110x crns 67 83 -130 83itrdb extraction dendro russ110x_crns 67.83 -130.83_

dbitrdb extraction dendro russ111x crns 63 58 -148 28itrdb extraction dendro russ111x crns 63.58 -148.28_
itrdb extraction dendro russ113x crns 67 62 137 47itrdb extraction dendro russ113x crns 67.62 -137.47t db e t act o dendro russ113x_crns 67.62 137.47
itrdb extraction dendro russ114x crns 70 95 132 98itrdb extraction dendro russ114x crns 70.95 -132.98itrdb extraction dendro russ114x_crns 70.95 132.98
it db e t tion d d 118  54 88 58 88itrdb extraction dendro russ118x crns 54 88 -58 88itrdb extraction dendro russ118x_crns 54.88 58.88
it db t ti d d 119  65 60 50 63itrdb extraction dendro russ119x crns 65 60 -50 63itrdb extraction dendro russ119x_crns 65.60 50.63
i db i d d 120  61 27 59 33itrdb extraction dendro russ120x crns 61 27 -59 33itrdb extraction dendro russ120x_crns 61.27 -59.33_
itrdb extraction dendro russ128x crns 71 22 127 43itrdb extraction dendro russ128x crns 71.22 -127.43_
itrdb extraction dendro russ132x crns 69 28 154 77itrdb extraction dendro russ132x crns 69.28 -154.77itrdb extraction dendro russ132x_crns 69.28 154.77
itrdb extraction dendro russ142x crns 70 28 148 05itrdb extraction dendro russ142x crns 70.28 -148.05itrdb extraction dendro russ142x_crns 70.28 148.05
it db t ti d d 144  61 17 153 97itrdb extraction dendro russ144x crns 61 17 -153 97itrdb extraction dendro russ144x_crns 61.17 153.97
it db t ti d d 148  62 13 154 58itrdb extraction dendro russ148x crns 62 13 -154 58itrdb extraction dendro russ148x_crns 62.13 154.58
i db i d d 164  42 18 78 18itrdb extraction dendro russ164x crns 42 18 -78 18itrdb extraction dendro russ164x crns 42.18 -78.18_
itrdb extraction dendro safr001 32 40 19 22itrdb extraction dendro safr001 -32.40 19.22de d o sa 00 3 0 9
itrdb extraction dendro sayp2crn2 52 28 92 22itrdb extraction dendro sayp2crn2 52.28 92.22itrdb extraction dendro sayp2crn2 52.28 92.22
itrdb extraction dend o sa pc n2 52 27 91 53itrdb extraction dendro saypcrn2 52 27 91 53itrdb extraction dendro saypcrn2 52.27 91.53
it db t ti d d 004 33 18 80 42itrdb extraction dendro sc004 33 18 -80 42itrdb extraction dendro sc004 33.18 80.42
it db t ti d d 005 33 18 80 42itrdb extraction dendro sc005 33 18 -80 42itrdb extraction dendro sc005 33.18 -80.42

dbitrdb extraction dendro sd002 43 78 -103 60itrdb extraction dendro sd002 43.78 -103.60
itrdb extraction dendro sd004 43 60 101 12itrdb extraction dendro sd004 43.60 -101.12itrdb extraction dendro sd004 43.60 101.12
itrdb extraction dendro sd008 45 35 103 13itrdb extraction dendro sd008 45.35 -103.13itrdb extraction dendro sd008 45.35 103.13
it db t ti d d d017 43 90 103 60itrdb extraction dendro sd017 43 90 -103 60itrdb extraction dendro sd017 43.90 103.60
it db t ti d d h i l2  48 70 112 00itrdb extraction dendro sgh pial2crn 48 70 -112 00itrdb extraction dendro sgh_pial2crn 48.70 112.00g p
i db i d d h i 2 8 0 2 00itrdb extraction dendro sgh pico2crn 48 70 -112 00itrdb extraction dendro sgh_pico2crn 48.70 112.00g _p
itrdb extraction dendro sgh psme2crn 48 70 112 00itrdb extraction dendro sgh psme2crn 48.70 -112.00g _p
itrdb extraction dendro spai001 42 67 0 12itrdb extraction dendro spai001 42.67 0.12dendro spai001 42.67 0.12
itrdb extraction dendro spai001x 42 67 0 12itrdb extraction dendro spai001x 42.67 0.12itrdb extraction dendro spai001x 42.67 0.12
it db t ti d d i002 40 80 4 03itrdb extraction dendro spai002 40 80 -4 03itrdb extraction dendro spai002 40.80 4.03
it db t ti d d i009 40 35 2 13itrdb extraction dendro spai009 40 35 -2 13itrdb extraction dendro spai009 40.35 2.13p

db d ditrdb extraction dendro spai010 40 30 -2 13itrdb extraction dendro spai010 40.30 -2.13p
itrdb extraction dendro spai011 40 18 2 08itrdb extraction dendro spai011 40.18 -2.08dendro spai011 40.18 2.08
itrdb extraction dendro spai012 40 87 4 10itrdb extraction dendro spai012 40.87 -4.10itrdb extraction dendro spai012 40.87 4.10
itrdb extraction d d i013 40 02 0 12itrdb extraction dendro spai013 40.02 0.12itrdb extraction dendro spai013 40.02 0.12
it db t ti d d i016 40 48 4 78itrdb extraction dendro spai016 40 48 -4 78itrdb extraction dendro spai016 40.48 4.78p
it db t ti d d i018 40 43 4 93itrdb extraction dendro spai018 40 43 -4 93itrdb extraction dendro spai018 40.43 -4.93p
itrdb extraction dendro spai019 40 78 4 00itrdb extraction dendro spai019 40.78 -4.00p
itrdb extraction dendro spai025 37 95 2 93itrdb extraction dendro spai025 37.95 -2.93itrdb extraction dendro spai025 37.95 2.93
itrdb extraction dendro spai026 37 82 2 95itrdb extraction dendro spai026 37.82 -2.95itrdb extraction dendro spai026 37.82 2.95
it db t ti d d i027 37 83 2 93itrdb extraction dendro spai027 37 83 -2 93itrdb extraction dendro spai027 37.83 2.93
it db t ti d d i029 40 15 1 90itrdb extraction dendro spai029 40 15 -1 90itrdb extraction dendro spai029 40.15 1.90p
i db i d d 03 0 82 0itrdb extraction dendro spai035 40 82 -4 05itrdb extraction dendro spai035 40.82 -4.05p
itrdb extraction dendro spai036 40 80 3 98itrdb extraction dendro spai036 40.80 -3.98p

ABOR/MH/Priv-004130



 mean mean 
first year first year last year last year last year correlation first year first year last year last year last year correlation y y y y y
with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we 

trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?
1538 19911538 1991 yes yes yes yes1538 1991 yes yes yes yes
1669 19911669 1991 yes yes yes yes1669 1991 yes yes yes yesy y y y
1688 1991 yes yes yes yes1688 1991 yes yes yes yesy y y y
1565 1991 yes yes yes yes1565 1991 yes yes yes yes1565 1991 yes yes yes yes
1496 1991 yes yes yes yes1496 1991 yes yes yes yes1496 1991 yes yes yes yes
1671 19931671 1993 yes yes yes yes1671 1993 yes yes yes yes
1603 19901603 1990 yes yes yes yes1603 1990 yes yes yes yesy y y y
1703 19931703 1993 yes yes yes yes1703 1993 yes yes yes yesy y y y
1391 1990 yes yes yes yes1391 1990 yes yes yes yesy y y y
1449 1991 yes yes yes yes1449 1991 yes yes yes yes1449 1991 yes yes yes yes
1434 1990 yes yes yes yes1434 1990 yes yes yes yes1434 1990 yes yes yes yes
1653 19941653 1994 yes yes yes yes1653 1994 yes yes yes yes
1497 19941497 1994 yes yes yes yes1497 1994 yes yes yes yesy y y y
1689 19951689 1995 yes yes yes yes1689 1995 yes yes yes yesy y y y
1564 1976 yes yes yes yes1564 1976 yes yes yes yes56 9 6 yes yes yes yes
1534 2001 yes yes yes yes1534 2001 yes yes yes yes1534 2001 yes yes yes yes
1489 2001 es es es es1489 2001 yes yes yes yes1489 2001 yes yes yes yes
1001 10791001 1079 yes yes yes yes1001 1079 yes yes yes yes
1639 19921639 1992 yes yes yes yes1639 1992 yes yes yes yesy y y y
1600 1991 yes yes yes yes1600 1991 yes yes yes yesy y y y
1646 1991 yes yes yes yes1646 1991 yes yes yes yes1646 1991 yes yes yes yes
1651 1990 yes yes yes yes1651 1990 yes yes yes yes1651 1990 yes yes yes yes
1281 19911281 1991 yes yes yes yes1281 1991 yes yes yes yes
1560 20001560 2000 yes yes yes yes1560 2000 yes yes yes yesy y y y
6 3 20001653 2000 yes yes yes yes1653 2000 yes yes yes yesy y y y

1447 1996 yes yes yes yes1447 1996 yes yes yes yesy y y y
1609 1977 yes yes yes yes1609 1977 yes yes yes yes1609 1977 yes yes yes yes
1609 1977 yes yes yes yes1609 1977 yes yes yes yes1609 1977 yes yes yes yes
1663 19771663 1977 yes yes yes yes1663 1977 yes yes yes yes
1688 19881688 1988 yes yes yes yes1688 1988 yes yes yes yesy y y y
1615 1988 yes yes yes yes1615 1988 yes yes yes yesy y y y
1485 1988 yes yes yes yes1485 1988 yes yes yes yes1485 1988 yes yes yes yes
1527 1988 yes yes yes yes1527 1988 yes yes yes yes1527 1988 yes yes yes yes
1685 19921685 1992 yes yes yes yes1685 1992 yes yes yes yes
1667 19881667 1988 yes yes yes yes1667 1988 yes yes yes yesy y y y
1687 19891687 1989 yes yes yes yes1687 1989 yes yes yes yesy y y y
1523 1988 yes yes yes yes1523 1988 yes yes yes yesy y y y
1745 1985 yes yes yes yes1745 1985 yes yes yes yes1745 1985 yes yes yes yes
1585 1985 yes yes yes yes1585 1985 yes yes yes yes1585 1985 yes yes yes yes
1698 19851698 1985 yes yes yes yes1698 1985 yes yes yes yes
1711 19831711 1983 yes yes yes yes1711 1983 yes yes yes yesy y y y

26 9831726 1983 yes yes yes yes1726 1983 yes yes yes yesy y y y
1749 1983 yes yes yes yes1749 1983 yes yes yes yesy y y y
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location in databaselocation in databaselocation in database
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/datao oce e /uses/s a ed/ t db/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holo ene / e / h ed/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
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d d  ldendro onlydendro onlyy

first year first year y
median segment with 5 median segment with 5 median segment with 5 

Author description Data type site id/chronid latitude longitude species elevation sample depth length treesAuthor description Data type site id/chronid latitude longitude species elevation sample depth length treesAuthor description Data type site id/chronid latitude longitude species elevation sample depth length trees
it db t ti d d i037 40 78 3 80itrdb extraction dendro spai037 40 78 -3 80itrdb extraction dendro spai037 40.78 3.80
it db t ti d d i038 40 80 3 95itrdb extraction dendro spai038 40 80 -3 95itrdb extraction dendro spai038 40.80 -3.95p

dbitrdb extraction dendro spai041 40 28 0 70itrdb extraction dendro spai041 40.28 0.70p
itrdb extraction dendro spai044 42 80 0 70itrdb extraction dendro spai044 42.80 0.70t db e t act o dendro spai044 42.80 0.70
itrdb extraction dendro spai045 40 25 1 93itrdb extraction dendro spai045 40.25 -1.93itrdb extraction dendro spai045 40.25 1.93
it db e t tion d d i046 40 27 1 93itrdb extraction dendro spai046 40 27 -1 93itrdb extraction dendro spai046 40.27 1.93
it db t ti d d i047 41 98 2 87itrdb extraction dendro spai047 41 98 -2 87itrdb extraction dendro spai047 41.98 2.87p
i db i d d i048 42 02 2 90itrdb extraction dendro spai048 42 02 -2 90itrdb extraction dendro spai048 42.02 -2.90p
itrdb extraction dendro spai049 42 03 3 03itrdb extraction dendro spai049 42.03 -3.03p
itrdb extraction dendro srdsmars NaN NaNitrdb extraction dendro srdsmars NaN NaNitrdb extraction dendro srdsmars NaN NaN
itrdb extraction dendro strathcona 49 50 125 50itrdb extraction dendro strathcona 49.50 -125.50itrdb extraction dendro strathcona 49.50 125.50
it db t ti d d d002 66 85 20 37itrdb extraction dendro swed002 66 85 20 37itrdb extraction dendro swed002 66.85 20.37
it db t ti d d d004 66 85 20 37itrdb extraction dendro swed004 66 85 20 37itrdb extraction dendro swed004 66.85 20.37
i db i d d d007 66 33 18 45itrdb extraction dendro swed007 66 33 18 45itrdb extraction dendro swed007 66.33 18.45
itrdb extraction dendro swed008 62 82 14 80itrdb extraction dendro swed008 62.82 14.80de d o s ed008 6 8 80
itrdb extraction dendro swed009 67 87 19 42itrdb extraction dendro swed009 67.87 19.42itrdb extraction dendro swed009 67.87 19.42
itrdb extraction dend o s ed017 66 07 17 98itrdb extraction dendro swed017 66 07 17 98itrdb extraction dendro swed017 66.07 17.98
it db t ti d d it112 46 42 7 32itrdb extraction dendro swit112 46 42 7 32itrdb extraction dendro swit112 46.42 7.32
it db t ti d d i 112  46 42 7 32itrdb extraction dendro swit112x 46 42 7 32itrdb extraction dendro swit112x 46.42 7.32

dbitrdb extraction dendro swit124 46 28 7 83itrdb extraction dendro swit124 46.28 7.83
itrdb extraction dendro swit124x 46 28 7 83itrdb extraction dendro swit124x 46.28 7.83itrdb extraction dendro swit124x 46.28 7.83
itrdb extraction dendro swit128 47 32 7 22itrdb extraction dendro swit128 47.32 7.22itrdb extraction dendro swit128 47.32 7.22
it db t ti d d it166  46 52 7 40itrdb extraction dendro swit166x crns 46 52 -7 40itrdb extraction dendro swit166x_crns 46.52 7.40
it db t ti d d it173  46 73 9 08itrdb extraction dendro swit173x crns 46 73 -9 08itrdb extraction dendro swit173x_crns 46.73 9.08
i db i d d i 8 00itrdb extraction dendro swit178x crns 47 00 -7 57itrdb extraction dendro swit178x_crns 47.00 7.57_
itrdb extraction dendro t10crn2 50 80 94 30itrdb extraction dendro t10crn2 50.80 94.30
itrdb extraction dendro t13crn2 50 75 91 73itrdb extraction dendro t13crn2 50.75 91.73dendro t13crn2 50.75 91.73
itrdb extraction dendro t22crn2 51 05 92 22itrdb extraction dendro t22crn2 51.05 92.22itrdb extraction dendro t22crn2 51.05 92.22
it db t ti d d t24j  50 62 95 17itrdb extraction dendro t24jvcrn 50 62 95 17itrdb extraction dendro t24jvcrn 50.62 95.17
it db t ti d d t 98d  30 95 115 50itrdb extraction dendro ta98dcrn 30 95 115 50itrdb extraction dendro ta98dcrn 30.95 115.50

db d d l litrdb extraction dendro tl pcgl2crn NaN NaNitrdb extraction dendro tl pcgl2crn NaN NaN_p g
itrdb extraction dendro tn005 35 70 84 88itrdb extraction dendro tn005 35.70 -84.88dendro tn005 35.70 84.88
itrdb extraction dendro tn008 36 22 84 08itrdb extraction dendro tn008 36.22 -84.08itrdb extraction dendro tn008 36.22 84.08
itrdb extraction d d t 009 35 45 85 57itrdb extraction dendro tn009 35.45 -85.57itrdb extraction dendro tn009 35.45 85.57
it db t ti d d t 010 36 42 89 37itrdb extraction dendro tn010 36 42 -89 37itrdb extraction dendro tn010 36.42 89.37
it db t ti d d 016 35 60 83 08itrdb extraction dendro tn016 35 60 -83 08itrdb extraction dendro tn016 35.60 -83.08
itrdb extraction dendro tn022 35 62 83 93itrdb extraction dendro tn022 35.62 -83.93
itrdb extraction dendro tomlcrn2 59 03 126 42itrdb extraction dendro tomlcrn2 59.03 126.42itrdb extraction dendro tomlcrn2 59.03 126.42
itrdb extraction dendro tsu98ars NaN NaNitrdb extraction dendro tsu98ars NaN NaNitrdb extraction dendro tsu98ars NaN NaN
it db t ti d d t k001 40 00 31 08itrdb extraction dendro turk001 40 00 31 08itrdb extraction dendro turk001 40.00 31.08
it db t ti d d t k005 36 67 29 92itrdb extraction dendro turk005 36 67 29 92itrdb extraction dendro turk005 36.67 29.92
i db i d d k006 36 6 29 92itrdb extraction dendro turk006 36 67 29 92itrdb extraction dendro turk006 36.67 29.92
itrdb extraction dendro turk010 39 80 27 13itrdb extraction dendro turk010 39.80 27.13
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 mean mean 
first year first year last year last year last year correlation first year first year last year last year last year correlation y y y y y
with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we 

trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?
1661 19851661 1985 yes yes yes yes1661 1985 yes yes yes yes
1599 19841599 1984 yes yes yes yes1599 1984 yes yes yes yesy y y y
1681 1985 yes yes yes yes1681 1985 yes yes yes yesy y y y
1605 1985 yes yes yes yes1605 1985 yes yes yes yes1605 1985 yes yes yes yes
1638 1985 yes yes yes yes1638 1985 yes yes yes yes1638 1985 yes yes yes yes
1644 19851644 1985 yes yes yes yes1644 1985 yes yes yes yes
1567 19831567 1983 yes yes yes yes1567 1983 yes yes yes yesy y y y
1671 19831671 1983 yes yes yes yes1671 1983 yes yes yes yesy y y y
1593 1985 yes yes yes yes1593 1985 yes yes yes yesy y y y
1682 1998 yes yes yes yes1682 1998 yes yes yes yes1682 1998 yes yes yes yes
1420 1995 yes yes yes yes1420 1995 yes yes yes yes1420 1995 yes yes yes yes
1532 19721532 1972 yes yes yes yes1532 1972 yes yes yes yes
1572 19711572 1971 yes yes yes yes1572 1971 yes yes yes yesy y y y
1553 19741553 1974 yes yes yes yes1553 1974 yes yes yes yesy y y y
1671 1969 yes yes yes yes1671 1969 yes yes yes yes6 969 yes yes yes yes
1614 1969 yes yes yes yes1614 1969 yes yes yes yes1614 1969 yes yes yes yes
1634 1978 es es es es1634 1978 yes yes yes yes1634 1978 yes yes yes yes
1701 19761701 1976 yes yes yes yes1701 1976 yes yes yes yes
1701 19761701 1976 yes yes yes yes1701 1976 yes yes yes yesy y y y
1707 1980 yes yes yes yes1707 1980 yes yes yes yesy y y y
1707 1980 yes yes yes yes1707 1980 yes yes yes yes1707 1980 yes yes yes yes
1688 1982 yes yes yes yes1688 1982 yes yes yes yes1688 1982 yes yes yes yes
1690 19861690 1986 yes yes yes yes1690 1986 yes yes yes yes
1537 19951537 1995 yes yes yes yes1537 1995 yes yes yes yesy y y y

9 61714 1976 yes yes yes yes1714 1976 yes yes yes yesy y y y
1676 2001 yes yes yes yes1676 2001 yes yes yes yesy y y y
1547 2001 yes yes yes yes1547 2001 yes yes yes yes1547 2001 yes yes yes yes
1627 2001 yes yes yes yes1627 2001 yes yes yes yes1627 2001 yes yes yes yes
1734 20011734 2001 yes yes yes yes1734 2001 yes yes yes yes
1613 19981613 1998 yes yes yes yes1613 1998 yes yes yes yesy y y y
1722 1998 yes yes yes yes1722 1998 yes yes yes yesy y y y
1651 1982 yes yes yes yes1651 1982 yes yes yes yes1651 1982 yes yes yes yes
1633 1980 yes yes yes yes1633 1980 yes yes yes yes1633 1980 yes yes yes yes
1610 19851610 1985 yes yes yes yes1610 1985 yes yes yes yes
1677 19901677 1990 yes yes yes yes1677 1990 yes yes yes yesy y y y
1736 19951736 1995 yes yes yes yes1736 1995 yes yes yes yesy y y y
1683 1996 yes yes yes yes1683 1996 yes yes yes yesy y y y
1672 1999 yes yes yes yes1672 1999 yes yes yes yes1672 1999 yes yes yes yes
1700 1994 yes yes yes yes1700 1994 yes yes yes yes1700 1994 yes yes yes yes
1306 19791306 1979 yes yes yes yes1306 1979 yes yes yes yes
1370 19791370 1979 yes yes yes yes1370 1979 yes yes yes yesy y y y
360 9 91360 1979 yes yes yes yes1360 1979 yes yes yes yesy y y y

1556 1989 yes yes yes yes1556 1989 yes yes yes yesy y y y
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location in databaselocation in databaselocation in database
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/datao oce e /uses/s a ed/ t db/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holo ene / e / h ed/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /

ABOR/MH/Priv-004135



d d  ldendro onlydendro onlyy

first year first year y
median segment with 5 median segment with 5 median segment with 5 

Author description Data type site id/chronid latitude longitude species elevation sample depth length treesAuthor description Data type site id/chronid latitude longitude species elevation sample depth length treesAuthor description Data type site id/chronid latitude longitude species elevation sample depth length trees
it db t ti d d t k012 38 03 31 80itrdb extraction dendro turk012 38 03 31 80itrdb extraction dendro turk012 38.03 31.80
it db t ti d d t 003 33 73 95 08itrdb extraction dendro tx003 33 73 -95 08itrdb extraction dendro tx003 33.73 -95.08

dbitrdb extraction dendro tx006 32 85 -97 48itrdb extraction dendro tx006 32.85 -97.48
itrdb extraction dendro tx009 32 98 99 18itrdb extraction dendro tx009 32.98 -99.18t db e t act o dendro tx009 32.98 99.18
itrdb extraction dendro tx012 32 18 98 50itrdb extraction dendro tx012 32.18 -98.50itrdb extraction dendro tx012 32.18 98.50
it db e t tion d d t 018 30 93 96 80itrdb extraction dendro tx018 30 93 -96 80itrdb extraction dendro tx018 30.93 96.80
it db t ti d d t 021 30 32 96 63itrdb extraction dendro tx021 30 32 -96 63itrdb extraction dendro tx021 30.32 96.63
i db i d d 024 30 83 98 52itrdb extraction dendro tx024 30 83 -98 52itrdb extraction dendro tx024 30.83 -98.52
itrdb extraction dendro tx027 30 88 99 18itrdb extraction dendro tx027 30.88 -99.18
itrdb extraction dendro tx030 29 48 97 78itrdb extraction dendro tx030 29.48 -97.78itrdb extraction dendro tx030 29.48 97.78
itrdb extraction dendro tx033 29 30 96 97itrdb extraction dendro tx033 29.30 -96.97itrdb extraction dendro tx033 29.30 96.97
it db t ti d d t 039 28 77 97 18itrdb extraction dendro tx039 28 77 -97 18itrdb extraction dendro tx039 28.77 97.18
it db t ti d d t 040 30 40 94 07itrdb extraction dendro tx040 30 40 -94 07itrdb extraction dendro tx040 30.40 94.07
i db i d d 041 29 45 97 92itrdb extraction dendro tx041 29 45 -97 92itrdb extraction dendro tx041 29.45 -97.92
itrdb extraction dendro tx042 29 25 103 30itrdb extraction dendro tx042 29.25 -103.30de d o t 0 9 5 03 30
itrdb extraction dendro tx046 31 90 104 85itrdb extraction dendro tx046 31.90 -104.85itrdb extraction dendro tx046 31.90 104.85
itrdb extraction dend o gboc n2 50 50 87 68itrdb extraction dendro ugbocrn2 50 50 87 68itrdb extraction dendro ugbocrn2 50.50 87.68
it db t ti d d l 2 50 48 87 48itrdb extraction dendro uglacrn2 50 48 87 48itrdb extraction dendro uglacrn2 50.48 87.48g
it db t ti d d l  50 75 81 13itrdb extraction dendro ulagcrn 50 75 81 13itrdb extraction dendro ulagcrn 50.75 81.13g

dbitrdb extraction dendro ut013 40 78 -110 00itrdb extraction dendro ut013 40.78 -110.00
itrdb extraction dendro ut018 38 50 109 25itrdb extraction dendro ut018 38.50 -109.25itrdb extraction dendro ut018 38.50 109.25
itrdb extraction dendro ut020 37 53 109 90itrdb extraction dendro ut020 37.53 -109.90itrdb extraction dendro ut020 37.53 109.90
it db t ti d d t021 37 03 110 85itrdb extraction dendro ut021 37 03 -110 85itrdb extraction dendro ut021 37.03 110.85
it db t ti d d t022 37 02 110 85itrdb extraction dendro ut022 37 02 -110 85itrdb extraction dendro ut022 37.02 110.85
i db i d d 023 3 62 0 02itrdb extraction dendro ut023 37 62 -110 02itrdb extraction dendro ut023 37.62 110.02
itrdb extraction dendro ut024 37 62 109 73itrdb extraction dendro ut024 37.62 -109.73
itrdb extraction dendro ut501 40 57 109 95itrdb extraction dendro ut501 40.57 -109.95dendro ut501 40.57 109.95
itrdb extraction dendro ut508 39 42 111 07itrdb extraction dendro ut508 39.42 -111.07itrdb extraction dendro ut508 39.42 111.07
it db t ti d d t509 37 65 112 67itrdb extraction dendro ut509 37 65 -112 67itrdb extraction dendro ut509 37.65 112.67
it db t ti d d t510 39 58 111 33itrdb extraction dendro ut510 39 58 -111 33itrdb extraction dendro ut510 39.58 111.33

db d ditrdb extraction dendro ut510x 39 58 -111 33itrdb extraction dendro ut510x 39.58 -111.33
itrdb extraction dendro ut511 37 58 112 85itrdb extraction dendro ut511 37.58 -112.85dendro ut511 37.58 112.85
itrdb extraction dendro ut511x 37 58 112 85itrdb extraction dendro ut511x 37.58 -112.85itrdb extraction dendro ut511x 37.58 112.85
itrdb extraction d d t512 40 57 111 63itrdb extraction dendro ut512 40.57 -111.63itrdb extraction dendro ut512 40.57 111.63
it db t ti d d t512  40 57 111 63itrdb extraction dendro ut512x 40 57 -111 63itrdb extraction dendro ut512x 40.57 111.63
it db t ti d d 007 38 97 77 20itrdb extraction dendro va007 38 97 -77 20itrdb extraction dendro va007 38.97 -77.20
itrdb extraction dendro va008 38 30 79 35itrdb extraction dendro va008 38.30 -79.35
itrdb extraction dendro va009 37 55 79 45itrdb extraction dendro va009 37.55 -79.45itrdb extraction dendro va009 37.55 79.45
itrdb extraction dendro va010 37 50 79 52itrdb extraction dendro va010 37.50 -79.52itrdb extraction dendro va010 37.50 79.52
it db t ti d d 011 37 38 80 50itrdb extraction dendro va011 37 38 -80 50itrdb extraction dendro va011 37.38 80.50
it db t ti d d 012 36 67 81 67itrdb extraction dendro va012 36 67 -81 67itrdb extraction dendro va012 36.67 81.67
i db i d d 0 3 3 38 80 0itrdb extraction dendro va013 37 38 -80 50itrdb extraction dendro va013 37.38 -80.50
itrdb extraction dendro va014 38 50 78 35itrdb extraction dendro va014 38.50 -78.35

ABOR/MH/Priv-004136



 mean mean 
first year first year last year last year last year correlation first year first year last year last year last year correlation y y y y y
with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we 

trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?
1551 19891551 1989 yes yes yes yes1551 1989 yes yes yes yes
1694 19821694 1982 yes yes yes yes1694 1982 yes yes yes yesy y y y
1737 1980 yes yes yes yes1737 1980 yes yes yes yesy y y y
1681 1995 yes yes yes yes1681 1995 yes yes yes yes1681 1995 yes yes yes yes
1730 1982 yes yes yes yes1730 1982 yes yes yes yes1730 1982 yes yes yes yes
1668 19951668 1995 yes yes yes yes1668 1995 yes yes yes yes
1658 19951658 1995 yes yes yes yes1658 1995 yes yes yes yesy y y y
1735 19821735 1982 yes yes yes yes1735 1982 yes yes yes yesy y y y
1677 1995 yes yes yes yes1677 1995 yes yes yes yesy y y y
1712 1982 yes yes yes yes1712 1982 yes yes yes yes1712 1982 yes yes yes yes
1668 1995 yes yes yes yes1668 1995 yes yes yes yes1668 1995 yes yes yes yes
1682 19951682 1995 yes yes yes yes1682 1995 yes yes yes yes
1254 19931254 1993 yes yes yes yes1254 1993 yes yes yes yesy y y y
1695 19961695 1996 yes yes yes yes1695 1996 yes yes yes yesy y y y
1473 1992 yes yes yes yes1473 1992 yes yes yes yes3 99 yes yes yes yes
1537 1992 yes yes yes yes1537 1992 yes yes yes yes1537 1992 yes yes yes yes
1698 1995 es es es es1698 1995 yes yes yes yes1698 1995 yes yes yes yes
1550 19951550 1995 yes yes yes yes1550 1995 yes yes yes yes
1555 20001555 2000 yes yes yes yes1555 2000 yes yes yes yesy y y y
1433 1971 yes yes yes yes1433 1971 yes yes yes yesy y y y
1489 1972 yes yes yes yes1489 1972 yes yes yes yes1489 1972 yes yes yes yes
1445 1971 yes yes yes yes1445 1971 yes yes yes yes1445 1971 yes yes yes yes
1565 19711565 1971 yes yes yes yes1565 1971 yes yes yes yes
1469 19711469 1971 yes yes yes yes1469 1971 yes yes yes yesy y y y
3 9 21347 1972 yes yes yes yes1347 1972 yes yes yes yesy y y y

1276 1970 yes yes yes yes1276 1970 yes yes yes yesy y y y
1635 1971 yes yes yes yes1635 1971 yes yes yes yes1635 1971 yes yes yes yes
286 1985 yes yes yes yes286 1985 yes yes yes yes286 1985 yes yes yes yes
0 19890 1989 yes yes yes yes0 1989 yes yes yes yes

1542 19831542 1983 yes yes yes yes1542 1983 yes yes yes yesy y y y
1542 1983 yes yes yes yes1542 1983 yes yes yes yesy y y y
1581 1983 yes yes yes yes1581 1983 yes yes yes yes1581 1983 yes yes yes yes
1581 1983 yes yes yes yes1581 1983 yes yes yes yes1581 1983 yes yes yes yes
1511 19831511 1983 yes yes yes yes1511 1983 yes yes yes yes
1511 19831511 1983 yes yes yes yes1511 1983 yes yes yes yesy y y y
1742 19771742 1977 yes yes yes yes1742 1977 yes yes yes yesy y y y
1660 1969 yes yes yes yes1660 1969 yes yes yes yesy y y y
1587 1982 yes yes yes yes1587 1982 yes yes yes yes1587 1982 yes yes yes yes
1531 1982 yes yes yes yes1531 1982 yes yes yes yes1531 1982 yes yes yes yes
1552 19831552 1983 yes yes yes yes1552 1983 yes yes yes yes
1645 19821645 1982 yes yes yes yes1645 1982 yes yes yes yesy y y y
69 9821694 1982 yes yes yes yes1694 1982 yes yes yes yesy y y y

1612 1981 yes yes yes yes1612 1981 yes yes yes yesy y y y

ABOR/MH/Priv-004137



location in databaselocation in databaselocation in database
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/datao oce e /uses/s a ed/ t db/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holo ene / e / h ed/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /

ABOR/MH/Priv-004138



d d  ldendro onlydendro onlyy

first year first year y
median segment with 5 median segment with 5 median segment with 5 

Author description Data type site id/chronid latitude longitude species elevation sample depth length treesAuthor description Data type site id/chronid latitude longitude species elevation sample depth length treesAuthor description Data type site id/chronid latitude longitude species elevation sample depth length trees
it db t ti d d 015 38 33 79 33itrdb extraction dendro va015 38 33 -79 33itrdb extraction dendro va015 38.33 79.33
it db t ti d d 016 38 50 78 35itrdb extraction dendro va016 38 50 -78 35itrdb extraction dendro va016 38.50 -78.35

dbitrdb extraction dendro va017 37 92 -79 80itrdb extraction dendro va017 37.92 -79.80
itrdb extraction dendro va021 36 78 76 88itrdb extraction dendro va021 36.78 -76.88t db e t act o dendro va021 36.78 76.88
itrdb extraction dendro va022 37 38 76 93itrdb extraction dendro va022 37.38 -76.93itrdb extraction dendro va022 37.38 76.93
it db e t tion d d 023 37 62 76 67itrdb extraction dendro va023 37 62 -76 67itrdb extraction dendro va023 37.62 76.67
it db t ti d d 025 36 78 77 13itrdb extraction dendro va025 36 78 -77 13itrdb extraction dendro va025 36.78 77.13
i db i d d 026  38 20 78 15itrdb extraction dendro va026r 38 20 -78 15itrdb extraction dendro va026r 38.20 -78.15
itrdb extraction dendro vamcrn2 59 72 127 22itrdb extraction dendro vamcrn2 59.72 127.22
itrdb extraction dendro vchcrn2 56 05 124 85itrdb extraction dendro vchcrn2 56.05 124.85itrdb extraction dendro vchcrn2 56.05 124.85
itrdb extraction dendro vt001 44 32 72 90itrdb extraction dendro vt001 44.32 -72.90itrdb extraction dendro vt001 44.32 72.90
it db t ti d d t002 44 03 72 83itrdb extraction dendro vt002 44 03 -72 83itrdb extraction dendro vt002 44.03 72.83
it db t ti d d 3 td 36 75 98 22itrdb extraction dendro w3std 36 75 98 22itrdb extraction dendro w3std 36.75 98.22
i db i d d 42 d 36 67 98 42itrdb extraction dendro w42std 36 67 98 42itrdb extraction dendro w42std 36.67 98.42
itrdb extraction dendro wa003 48 83 118 30itrdb extraction dendro wa003 48.83 -118.30de d o a003 8 83 8 30
itrdb extraction dendro wa009 48 42 120 40itrdb extraction dendro wa009 48.42 -120.40itrdb extraction dendro wa009 48.42 120.40
itrdb extraction dend o a010 48 50 118 80itrdb extraction dendro wa010 48 50 -118 80itrdb extraction dendro wa010 48.50 118.80
it db t ti d d 011 48 57 119 15itrdb extraction dendro wa011 48 57 -119 15itrdb extraction dendro wa011 48.57 119.15
it db t ti d d 013 46 22 117 70itrdb extraction dendro wa013 46 22 -117 70itrdb extraction dendro wa013 46.22 -117.70

dbitrdb extraction dendro wa014 45 32 -118 80itrdb extraction dendro wa014 45.32 -118.80
itrdb extraction dendro wa015 47 65 120 43itrdb extraction dendro wa015 47.65 -120.43itrdb extraction dendro wa015 47.65 120.43
itrdb extraction dendro wa016 46 67 120 93itrdb extraction dendro wa016 46.67 -120.93itrdb extraction dendro wa016 46.67 120.93
it db t ti d d 017 46 67 121 53itrdb extraction dendro wa017 46 67 -121 53itrdb extraction dendro wa017 46.67 121.53
it db t ti d d 019 48 90 121 80itrdb extraction dendro wa019 48 90 -121 80itrdb extraction dendro wa019 48.90 121.80
i db i d d 020 9 23 2itrdb extraction dendro wa020 47 95 -123 25itrdb extraction dendro wa020 47.95 123.25
itrdb extraction dendro wa022 48 48 120 73itrdb extraction dendro wa022 48.48 -120.73
itrdb extraction dendro wa023 48 48 120 73itrdb extraction dendro wa023 48.48 -120.73dendro wa023 48.48 120.73
itrdb extraction dendro wa024 48 72 120 65itrdb extraction dendro wa024 48.72 -120.65itrdb extraction dendro wa024 48.72 120.65
it db t ti d d 025 48 73 121 05itrdb extraction dendro wa025 48 73 -121 05itrdb extraction dendro wa025 48.73 121.05
it db t ti d d 027 45 97 121 98itrdb extraction dendro wa027 45 97 -121 98itrdb extraction dendro wa027 45.97 121.98

db d ditrdb extraction dendro wa029 46 17 -122 20itrdb extraction dendro wa029 46.17 -122.20
itrdb extraction dendro wa031 47 82 123 15itrdb extraction dendro wa031 47.82 -123.15dendro wa031 47.82 123.15
itrdb extraction dendro wa033 45 88 122 03itrdb extraction dendro wa033 45.88 -122.03itrdb extraction dendro wa033 45.88 122.03
itrdb extraction d d 034 48 13 121 63itrdb extraction dendro wa034 48.13 -121.63itrdb extraction dendro wa034 48.13 121.63
it db t ti d d 037 48 28 120 23itrdb extraction dendro wa037 48 28 -120 23itrdb extraction dendro wa037 48.28 120.23
it db t ti d d 039 48 83 120 65itrdb extraction dendro wa039 48 83 -120 65itrdb extraction dendro wa039 48.83 -120.65
itrdb extraction dendro wa040 46 92 121 73itrdb extraction dendro wa040 46.92 -121.73
itrdb extraction dendro wa041 48 35 121 75itrdb extraction dendro wa041 48.35 -121.75itrdb extraction dendro wa041 48.35 121.75
itrdb extraction dendro wa046 48 73 120 90itrdb extraction dendro wa046 48.73 -120.90itrdb extraction dendro wa046 48.73 120.90
it db t ti d d 047 48 05 121 60itrdb extraction dendro wa047 48 05 -121 60itrdb extraction dendro wa047 48.05 121.60
it db t ti d d 048 46 88 121 62itrdb extraction dendro wa048 46 88 -121 62itrdb extraction dendro wa048 46.88 121.62
i db i d d 0 9 8 0 2 33itrdb extraction dendro wa049 48 07 -121 33itrdb extraction dendro wa049 48.07 -121.33
itrdb extraction dendro wa050 47 02 121 70itrdb extraction dendro wa050 47.02 -121.70

ABOR/MH/Priv-004139



 mean mean 
first year first year last year last year last year correlation first year first year last year last year last year correlation y y y y y
with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we 

trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?
1595 19811595 1981 yes yes yes yes1595 1981 yes yes yes yes
1642 19811642 1981 yes yes yes yes1642 1981 yes yes yes yesy y y y
1569 1982 yes yes yes yes1569 1982 yes yes yes yesy y y y
932 1985 yes yes yes yes932 1985 yes yes yes yes932 1985 yes yes yes yes
1662 1984 yes yes yes yes1662 1984 yes yes yes yes1662 1984 yes yes yes yes
1372 19841372 1984 yes yes yes yes1372 1984 yes yes yes yes
1171 19841171 1984 yes yes yes yes1171 1984 yes yes yes yesy y y y
1713 20001713 2000 yes yes yes yes1713 2000 yes yes yes yesy y y y
1638 1999 yes yes yes yes1638 1999 yes yes yes yesy y y y
1727 1999 yes yes yes yes1727 1999 yes yes yes yes1727 1999 yes yes yes yes
1635 1971 yes yes yes yes1635 1971 yes yes yes yes1635 1971 yes yes yes yes
1670 19811670 1981 yes yes yes yes1670 1981 yes yes yes yes
781 2001781 2001 yes yes yes yes781 2001 yes yes yes yesy y y y
900 2001900 2001 yes yes yes yes900 2001 yes yes yes yesy y y y
1743 1969 yes yes yes yes1743 1969 yes yes yes yes3 969 yes yes yes yes
1695 1975 yes yes yes yes1695 1975 yes yes yes yes1695 1975 yes yes yes yes
1653 1975 es es es es1653 1975 yes yes yes yes1653 1975 yes yes yes yes
1632 19751632 1975 yes yes yes yes1632 1975 yes yes yes yes
1623 19751623 1975 yes yes yes yes1623 1975 yes yes yes yesy y y y
1538 1975 yes yes yes yes1538 1975 yes yes yes yesy y y y
1640 1975 yes yes yes yes1640 1975 yes yes yes yes1640 1975 yes yes yes yes
1682 1975 yes yes yes yes1682 1975 yes yes yes yes1682 1975 yes yes yes yes
1420 19751420 1975 yes yes yes yes1420 1975 yes yes yes yes
1548 19761548 1976 yes yes yes yes1548 1976 yes yes yes yesy y y y

0 9 61710 1976 yes yes yes yes1710 1976 yes yes yes yesy y y y
1708 1976 yes yes yes yes1708 1976 yes yes yes yesy y y y
1748 1976 yes yes yes yes1748 1976 yes yes yes yes1748 1976 yes yes yes yes
1700 1976 yes yes yes yes1700 1976 yes yes yes yes1700 1976 yes yes yes yes
1586 19761586 1976 yes yes yes yes1586 1976 yes yes yes yes
1397 19761397 1976 yes yes yes yes1397 1976 yes yes yes yesy y y y
1653 1976 yes yes yes yes1653 1976 yes yes yes yesy y y y
1750 1969 yes yes yes yes1750 1969 yes yes yes yes1750 1969 yes yes yes yes
1534 1976 yes yes yes yes1534 1976 yes yes yes yes1534 1976 yes yes yes yes
1628 19761628 1976 yes yes yes yes1628 1976 yes yes yes yes
1648 19751648 1975 yes yes yes yes1648 1975 yes yes yes yesy y y y
1331 19761331 1976 yes yes yes yes1331 1976 yes yes yes yesy y y y
1605 1976 yes yes yes yes1605 1976 yes yes yes yesy y y y
1321 1976 yes yes yes yes1321 1976 yes yes yes yes1321 1976 yes yes yes yes
1698 1989 yes yes yes yes1698 1989 yes yes yes yes1698 1989 yes yes yes yes
1248 19791248 1979 yes yes yes yes1248 1979 yes yes yes yes
1286 19791286 1979 yes yes yes yes1286 1979 yes yes yes yesy y y y

00 9 91500 1979 yes yes yes yes1500 1979 yes yes yes yesy y y y
1447 1979 yes yes yes yes1447 1979 yes yes yes yesy y y y

ABOR/MH/Priv-004140



location in databaselocation in databaselocation in database
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/datao oce e /uses/s a ed/ t db/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holo ene / e / h ed/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /

ABOR/MH/Priv-004141



d d  ldendro onlydendro onlyy

first year first year y
median segment with 5 median segment with 5 median segment with 5 

Author description Data type site id/chronid latitude longitude species elevation sample depth length treesAuthor description Data type site id/chronid latitude longitude species elevation sample depth length treesAuthor description Data type site id/chronid latitude longitude species elevation sample depth length trees
it db t ti d d 051 48 63 121 37itrdb extraction dendro wa051 48 63 -121 37itrdb extraction dendro wa051 48.63 121.37
it db t ti d d 052 47 30 120 55itrdb extraction dendro wa052 47 30 -120 55itrdb extraction dendro wa052 47.30 -120.55

dbitrdb extraction dendro wa053 47 60 -123 58itrdb extraction dendro wa053 47.60 -123.58
itrdb extraction dendro wa054 47 60 123 23itrdb extraction dendro wa054 47.60 -123.23t db e t act o dendro wa054 47.60 123.23
itrdb extraction dendro wa055 47 98 123 05itrdb extraction dendro wa055 47.98 -123.05itrdb extraction dendro wa055 47.98 123.05
it db e t tion d d 056 47 42 121 47itrdb extraction dendro wa056 47 42 -121 47itrdb extraction dendro wa056 47.42 121.47
it db t ti d d 057 47 53 121 05itrdb extraction dendro wa057 47 53 -121 05itrdb extraction dendro wa057 47.53 121.05
i db i d d 058 47 48 123 35itrdb extraction dendro wa058 47 48 -123 35itrdb extraction dendro wa058 47.48 -123.35
itrdb extraction dendro wa061 48 47 120 50itrdb extraction dendro wa061 48.47 -120.50
itrdb extraction dendro wa062 47 07 121 57itrdb extraction dendro wa062 47.07 -121.57itrdb extraction dendro wa062 47.07 121.57
itrdb extraction dendro wa063 46 85 121 50itrdb extraction dendro wa063 46.85 -121.50itrdb extraction dendro wa063 46.85 121.50
it db t ti d d 064 48 17 120 37itrdb extraction dendro wa064 48 17 -120 37itrdb extraction dendro wa064 48.17 120.37
it db t ti d d 065 47 50 120 80itrdb extraction dendro wa065 47 50 -120 80itrdb extraction dendro wa065 47.50 120.80
i db i d d 066 46 62 121 42itrdb extraction dendro wa066 46 62 -121 42itrdb extraction dendro wa066 46.62 -121.42
itrdb extraction dendro wa067 48 68 120 63itrdb extraction dendro wa067 48.68 -120.63de d o a06 8 68 0 63
itrdb extraction dendro wa068 48 68 120 63itrdb extraction dendro wa068 48.68 -120.63itrdb extraction dendro wa068 48.68 120.63
itrdb extraction dend o a069 48 70 120 65itrdb extraction dendro wa069 48 70 -120 65itrdb extraction dendro wa069 48.70 120.65
it db t ti d d 070 48 70 120 65itrdb extraction dendro wa070 48 70 -120 65itrdb extraction dendro wa070 48.70 120.65
it db t ti d d 071 48 70 120 65itrdb extraction dendro wa071 48 70 -120 65itrdb extraction dendro wa071 48.70 -120.65

dbitrdb extraction dendro wa072 48 73 -120 65itrdb extraction dendro wa072 48.73 -120.65
itrdb extraction dendro wa073 48 73 120 65itrdb extraction dendro wa073 48.73 -120.65itrdb extraction dendro wa073 48.73 120.65
itrdb extraction dendro wa074 48 73 120 65itrdb extraction dendro wa074 48.73 -120.65itrdb extraction dendro wa074 48.73 120.65
it db t ti d d 077 48 75 120 63itrdb extraction dendro wa077 48 75 -120 63itrdb extraction dendro wa077 48.75 120.63
it db t ti d d 078 48 75 120 63itrdb extraction dendro wa078 48 75 -120 63itrdb extraction dendro wa078 48.75 120.63
i db i d d 0 9 8 0 20 6itrdb extraction dendro wa079 48 70 -120 65itrdb extraction dendro wa079 48.70 120.65
itrdb extraction dendro wa081 46 15 122 15itrdb extraction dendro wa081 46.15 -122.15
itrdb extraction dendro wa082 47 95 123 47itrdb extraction dendro wa082 47.95 -123.47dendro wa082 47.95 123.47
itrdb extraction dendro wa082x 47 95 123 47itrdb extraction dendro wa082x 47.95 -123.47itrdb extraction dendro wa082x 47.95 123.47
it db t ti d d 084 47 97 123 43itrdb extraction dendro wa084 47 97 -123 43itrdb extraction dendro wa084 47.97 123.43
it db t ti d d 084  47 97 123 43itrdb extraction dendro wa084x 47 97 -123 43itrdb extraction dendro wa084x 47.97 123.43

db d ditrdb extraction dendro wa085 47 37 -121 33itrdb extraction dendro wa085 47.37 -121.33
itrdb extraction dendro wa086 47 83 123 03itrdb extraction dendro wa086 47.83 -123.03dendro wa086 47.83 123.03
itrdb extraction dendro wa087 48 33 121 72itrdb extraction dendro wa087 48.33 -121.72itrdb extraction dendro wa087 48.33 121.72
itrdb extraction d d 088 48 00 124 00itrdb extraction dendro wa088 48.00 -124.00itrdb extraction dendro wa088 48.00 124.00
it db t ti d d 089 46 63 121 83itrdb extraction dendro wa089 46 63 -121 83itrdb extraction dendro wa089 46.63 121.83
it db t ti d d 090 47 88 121 33itrdb extraction dendro wa090 47 88 -121 33itrdb extraction dendro wa090 47.88 -121.33
itrdb extraction dendro wa091 46 80 122 88itrdb extraction dendro wa091 46.80 -122.88
itrdb extraction dendro wi004 45 10 88 88itrdb extraction dendro wi004 45.10 -88.88itrdb extraction dendro wi004 45.10 88.88
itrdb extraction dendro wi005 43 42 89 72itrdb extraction dendro wi005 43.42 -89.72itrdb extraction dendro wi005 43.42 89.72
it db t ti d d 001 38 70 79 83itrdb extraction dendro wv001 38 70 -79 83itrdb extraction dendro wv001 38.70 79.83
it db t ti d d 002 38 85 79 37itrdb extraction dendro wv002 38 85 -79 37itrdb extraction dendro wv002 38.85 79.37
i db i d d 002 3 08 0 0itrdb extraction dendro wy002 43 08 -110 07itrdb extraction dendro wy002 43.08 -110.07y
itrdb extraction dendro wy005 44 58 109 08itrdb extraction dendro wy005 44.58 -109.08y

ABOR/MH/Priv-004142



 mean mean 
first year first year last year last year last year correlation first year first year last year last year last year correlation y y y y y
with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we 

trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?
1401 19791401 1979 yes yes yes yes1401 1979 yes yes yes yes
1487 19791487 1979 yes yes yes yes1487 1979 yes yes yes yesy y y y
1324 1979 yes yes yes yes1324 1979 yes yes yes yesy y y y
1574 1979 yes yes yes yes1574 1979 yes yes yes yes1574 1979 yes yes yes yes
1499 1979 yes yes yes yes1499 1979 yes yes yes yes1499 1979 yes yes yes yes
1259 19791259 1979 yes yes yes yes1259 1979 yes yes yes yes
1430 19791430 1979 yes yes yes yes1430 1979 yes yes yes yesy y y y
1417 19791417 1979 yes yes yes yes1417 1979 yes yes yes yesy y y y
1316 1979 yes yes yes yes1316 1979 yes yes yes yesy y y y
1601 1979 yes yes yes yes1601 1979 yes yes yes yes1601 1979 yes yes yes yes
1586 1979 yes yes yes yes1586 1979 yes yes yes yes1586 1979 yes yes yes yes
1487 19791487 1979 yes yes yes yes1487 1979 yes yes yes yes
1542 19791542 1979 yes yes yes yes1542 1979 yes yes yes yesy y y y
1520 19791520 1979 yes yes yes yes1520 1979 yes yes yes yesy y y y
1471 1991 yes yes yes yes1471 1991 yes yes yes yes99 yes yes yes yes
1669 1991 yes yes yes yes1669 1991 yes yes yes yes1669 1991 yes yes yes yes
1685 1991 es es es es1685 1991 yes yes yes yes1685 1991 yes yes yes yes
1722 19911722 1991 yes yes yes yes1722 1991 yes yes yes yes
1585 19911585 1991 yes yes yes yes1585 1991 yes yes yes yesy y y y
1529 1990 yes yes yes yes1529 1990 yes yes yes yesy y y y
1683 1990 yes yes yes yes1683 1990 yes yes yes yes1683 1990 yes yes yes yes
1590 1990 yes yes yes yes1590 1990 yes yes yes yes1590 1990 yes yes yes yes
1679 19911679 1991 yes yes yes yes1679 1991 yes yes yes yes
1636 19901636 1990 yes yes yes yes1636 1990 yes yes yes yesy y y y

8 991585 1991 yes yes yes yes1585 1991 yes yes yes yesy y y y
1609 1983 yes yes yes yes1609 1983 yes yes yes yesy y y y
1698 1983 yes yes yes yes1698 1983 yes yes yes yes1698 1983 yes yes yes yes
1698 1983 yes yes yes yes1698 1983 yes yes yes yes1698 1983 yes yes yes yes
1750 19831750 1983 yes yes yes yes1750 1983 yes yes yes yes
1750 19831750 1983 yes yes yes yes1750 1983 yes yes yes yesy y y y
1515 1987 yes yes yes yes1515 1987 yes yes yes yesy y y y
1288 1987 yes yes yes yes1288 1987 yes yes yes yes1288 1987 yes yes yes yes
1502 1987 yes yes yes yes1502 1987 yes yes yes yes1502 1987 yes yes yes yes
1394 19871394 1987 yes yes yes yes1394 1987 yes yes yes yes
1539 19871539 1987 yes yes yes yes1539 1987 yes yes yes yesy y y y
1326 19871326 1987 yes yes yes yes1326 1987 yes yes yes yesy y y y
1410 1987 yes yes yes yes1410 1987 yes yes yes yesy y y y
1595 1983 yes yes yes yes1595 1983 yes yes yes yes1595 1983 yes yes yes yes
1642 1982 yes yes yes yes1642 1982 yes yes yes yes1642 1982 yes yes yes yes
1596 19771596 1977 yes yes yes yes1596 1977 yes yes yes yes
1476 19811476 1981 yes yes yes yes1476 1981 yes yes yes yesy y y y

92 9 21492 1972 yes yes yes yes1492 1972 yes yes yes yesy y y y
1580 1971 yes yes yes yes1580 1971 yes yes yes yesy y y y

ABOR/MH/Priv-004143



location in databaselocation in databaselocation in database
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/datao oce e /uses/s a ed/ t db/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holo ene / e / h ed/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /

ABOR/MH/Priv-004144



d d  ldendro onlydendro onlyy

first year first year y
median segment with 5 median segment with 5 median segment with 5 

Author description Data type site id/chronid latitude longitude species elevation sample depth length treesAuthor description Data type site id/chronid latitude longitude species elevation sample depth length treesAuthor description Data type site id/chronid latitude longitude species elevation sample depth length trees
it db t ti d d 006 43 70 110 52itrdb extraction dendro wy006 43 70 -110 52itrdb extraction dendro wy006 43.70 110.52
it db t ti d d 019 41 13 106 05itrdb extraction dendro wy019 41 13 -106 05itrdb extraction dendro wy019 41.13 -106.05y

dbitrdb extraction dendro wy020 41 40 -106 28itrdb extraction dendro wy020 41.40 -106.28y
itrdb extraction dendro wy021 44 15 107 05itrdb extraction dendro wy021 44.15 -107.05t db e t act o dendro wy021 44.15 107.05
itrdb extraction dendro wy021x 44 15 107 05itrdb extraction dendro wy021x 44.15 -107.05itrdb extraction dendro wy021x 44.15 107.05
it db e t tion d d 022 41 30 107 70itrdb extraction dendro wy022 41 30 -107 70itrdb extraction dendro wy022 41.30 107.70
it db t ti d d 022  41 30 107 70itrdb extraction dendro wy022x 41 30 -107 70itrdb extraction dendro wy022x 41.30 107.70y
i db i d d 023 44 37 110 13itrdb extraction dendro wy023 44 37 -110 13itrdb extraction dendro wy023 44.37 -110.13y
itrdb extraction dendro wy024 44 78 107 87itrdb extraction dendro wy024 44.78 -107.87y
itrdb extraction dendro wy024x 44 78 107 87itrdb extraction dendro wy024x 44.78 -107.87itrdb extraction dendro wy024x 44.78 107.87
itrdb extraction dendro wy025 43 72 110 05itrdb extraction dendro wy025 43.72 -110.05itrdb extraction dendro wy025 43.72 110.05
it db t ti d d 025  43 72 110 05itrdb extraction dendro wy025x 43 72 -110 05itrdb extraction dendro wy025x 43.72 110.05
it db t ti d d 026 41 87 110 80itrdb extraction dendro wy026 41 87 -110 80itrdb extraction dendro wy026 41.87 110.80y
i db i d d k11 2 62 50 129 75itrdb extraction dendro yak11crn2 62 50 129 75itrdb extraction dendro yak11crn2 62.50 129.75y
itrdb extraction dendro yak12crn2 62 87 131 82itrdb extraction dendro yak12crn2 62.87 131.82de d o ya c 6 8 3 8
itrdb extraction dendro yak4lcrn 62 17 127 28itrdb extraction dendro yak4lcrn 62.17 127.28itrdb extraction dendro yak4lcrn 62.17 127.28
itrdb extraction dend o ak7pc n 62 05 128 80itrdb extraction dendro yak7pcrn 62 05 128 80itrdb extraction dendro yak7pcrn 62.05 128.80
it db t ti d d k8l  62 63 128 95itrdb extraction dendro yak8lcrn 62 63 128 95itrdb extraction dendro yak8lcrn 62.63 128.95
it db t ti d d k9l  62 70 129 12itrdb extraction dendro yak9lcrn 62 70 129 12itrdb extraction dendro yak9lcrn 62.70 129.12y

dbitrdb extraction dendro yamal2002 67 30 70 00itrdb extraction dendro yamal2002 67.30 70.00y
itrdb extraction dendro zachro NaN NaNitrdb extraction dendro zachro NaN NaNitrdb extraction dendro zachro NaN NaN

ABOR/MH/Priv-004145



 mean mean 
first year first year last year last year last year correlation first year first year last year last year last year correlation y y y y y
with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we with 10 with 20 with 5 with 10 with 20 between instrumental use for high use for low do we 

trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?trees trees trees trees trees cores start year end year correlations frequency? frequency? is it public? have it?
1400 19711400 1971 yes yes yes yes1400 1971 yes yes yes yes
1412 19901412 1990 yes yes yes yes1412 1990 yes yes yes yesy y y y
1421 1990 yes yes yes yes1421 1990 yes yes yes yesy y y y
1496 1983 yes yes yes yes1496 1983 yes yes yes yes1496 1983 yes yes yes yes
1496 1983 yes yes yes yes1496 1983 yes yes yes yes1496 1983 yes yes yes yes
1401 19831401 1983 yes yes yes yes1401 1983 yes yes yes yes
1401 19831401 1983 yes yes yes yes1401 1983 yes yes yes yesy y y y
1388 19831388 1983 yes yes yes yes1388 1983 yes yes yes yesy y y y
1508 1983 yes yes yes yes1508 1983 yes yes yes yesy y y y
1508 1983 yes yes yes yes1508 1983 yes yes yes yes1508 1983 yes yes yes yes
1672 1983 yes yes yes yes1672 1983 yes yes yes yes1672 1983 yes yes yes yes
1672 19831672 1983 yes yes yes yes1672 1983 yes yes yes yes
1480 19981480 1998 yes yes yes yes1480 1998 yes yes yes yesy y y y
1667 20011667 2001 yes yes yes yes1667 2001 yes yes yes yesy y y y
1648 2001 yes yes yes yes1648 2001 yes yes yes yes6 8 00 yes yes yes yes
1669 2001 yes yes yes yes1669 2001 yes yes yes yes1669 2001 yes yes yes yes
1649 2001 es es es es1649 2001 yes yes yes yes1649 2001 yes yes yes yes
1654 20011654 2001 yes yes yes yes1654 2001 yes yes yes yes
1621 20011621 2001 yes yes yes yes1621 2001 yes yes yes yesy y y y
-2067 1996 yes yes yes yes-2067 1996 yes yes yes yesy y y y
1743 1992 yes yes yes yes1743 1992 yes yes yes yes1743 1992 yes yes yes yes

ABOR/MH/Priv-004146



location in databaselocation in databaselocation in database
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/datao oce e /uses/s a ed/ t db/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holo ene / e / h ed/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/i db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
h l / / h d/it db/d tholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
h l / / h d/ db/dholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data/ / / /
holocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/dataholocene:/uses/shared/itrdb/data
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From: Zhang, Zhihua
To: Scott Rutherford; Michael E. Mann
Cc: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; Anderson Justin; fenbiao@ltrr.arizona.edu
Subject: RE: new proxy network
Date: Friday, July 02, 2004 7:35:04 AM

Thanks Scott,
 
Zhang

-----Original Message-----
From: Scott Rutherford [mailto:srutherford@rwu.edu]
Sent: Friday, July 02, 2004 9:50 AM
To: Michael E. Mann
Cc: Zhang, Zhihua; mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; Anderson
Justin; fenbiao@ltrr.arizona.edu
Subject: Re: new proxy network

Zhang,

See my comments below.

-Scott

On Thursday, July 1, 2004, at 08:44 PM, Michael E. Mann wrote:

Hi Zhang,

On most of these issues, it probably makes the most sense
for you to be discussing directly w/ Scott. Some responses
below,

Mike

At 11:42 AM 7/1/2004, Zhang, Zhihua wrote:

Thanks Mike,
 
I agree with you.
 
I have some questions related to the sensitivity study:
 
1, Do we need to make use of all proxy data (tree, coral, ice
core, document, etc) when doing sensitivity study?
 

Yes, this will only involve a specific set of series. We can make a separate
data file with and without CO2 fertilization adjusted and just pick which
one to try as we do it. (more later today)

the sensitivity study I mentioned in my previous email was
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specific to the co2 fertilization problem that has been raised
by Malcolm--so it only applies to certain tree-ring
chronologies. More generally, we will want to look at the
sensitivity of the reconstructions to the use/exclusion of
certain networks, however...

2, When we reduce the density of proxy data (e.g. tree series)
by using of leading PCs in continental US or in Europe, how
many PCs should be kept? Do we calculate PCs using
(all/climate-sensitive) tree series over entire US region or over
West/East half of US?
 

best for you to coordinate this w/ Scott. Selection of PC
should be based on an objective criterion (e.g. Preisendorffer
Rule) as mentioned in a previous email I sent...

I agree, Preisendorfer's Rule N is probably as good as anything unless
someone has another idea.

3, Since the available proxy data reduce over time (e.g. back
to 1700(1000 series), back to 1500 (450 series)), do we need
to do sensitivity study for all the cases or we just do
sensitivity study for one case, for example, using 1000 proxy
series?
 

We will have to see which series are a problem and how long they are.
But in general, yes we will have to see the effect over different times. We
will start with the whole network (what i've been calling "allproxy") so
that part is easy. For the the PCs of the dense networks (what I've been
calling PCproxy) we will have to recalculate the PCs for different time
steps. So we will have to have two sets of PCs two try for however many
time steps we need. Note that this makes the reconstruction a bit
different because you can't just put everything into RegEM and let it go.
You have to keep replacing the proxies with a new set for every time
step. One thing we have to try also is how we want to do this stepwise
approach. We can do it as in MBH98 or as I did it (we can talk about the
two possibilities later). We haven't really completely tested which method
is best but may be able to do so with the pseudoproxy experiments that
are beginning soon.

You and Scott should discuss a systematic approach to doing
these sensitivity analyses...

I really concern about the computing time. Scott told me we
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may have a fast machine to use in the future, meanwhile I will
run some case in the UVa ASPEN to test the average time it
may take to run one case.
 

I've got one fast processor now and expect to have two more dual-
processor machines by the end of July. Each has 2Gb of ram and 500GB
of storage so we should be in good shape shortly. Of the UVa computers,
pleistocene is the fastest of the servers.

Scott

Scott Rutherford 

Assistant Professor
Dept. of Natural Sciences
Roger Williams University
e-mail: srutherford@rwu.edu
http://fox.rwu.edu/~rutherfo
phone: 
snail mail:
One Ferry Road
Bristol, RI 02809
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From: Scott Rutherford
To: Michael E. Mann
Cc: Zhang, Zhihua; mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; Anderson Justin; fenbiao@ltrr.arizona.edu
Subject: Re: new proxy network
Date: Friday, July 02, 2004 6:50:34 AM

Zhang,

See my comments below.

-Scott

On Thursday, July 1, 2004, at 08:44 PM, Michael E. Mann wrote:

Hi Zhang,

On most of these issues, it probably makes the most sense for you to be
discussing directly w/ Scott. Some responses below,

Mike

At 11:42 AM 7/1/2004, Zhang, Zhihua wrote:

Thanks Mike,
 
I agree with you.
 
I have some questions related to the sensitivity study:
 
1, Do we need to make use of all proxy data (tree, coral, ice core,
document, etc) when doing sensitivity study?
 

Yes, this will only involve a specific set of series. We can make a separate data file
with and without CO2 fertilization adjusted and just pick which one to try as we do
it. (more later today)

the sensitivity study I mentioned in my previous email was specific to the
co2 fertilization problem that has been raised by Malcolm--so it only
applies to certain tree-ring chronologies. More generally, we will want to
look at the sensitivity of the reconstructions to the use/exclusion of
certain networks, however...

2, When we reduce the density of proxy data (e.g. tree series) by using
of leading PCs in continental US or in Europe, how many PCs should be
kept? Do we calculate PCs using (all/climate-sensitive) tree series over
entire US region or over West/East half of US?
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best for you to coordinate this w/ Scott. Selection of PC should be based
on an objective criterion (e.g. Preisendorffer Rule) as mentioned in a
previous email I sent...

I agree, Preisendorfer's Rule N is probably as good as anything unless someone has
another idea.

3, Since the available proxy data reduce over time (e.g. back to
1700(1000 series), back to 1500 (450 series)), do we need to do
sensitivity study for all the cases or we just do sensitivity study for one
case, for example, using 1000 proxy series?
 

We will have to see which series are a problem and how long they are. But in
general, yes we will have to see the effect over different times. We will start with the
whole network (what i've been calling "allproxy") so that part is easy. For the the
PCs of the dense networks (what I've been calling PCproxy) we will have to
recalculate the PCs for different time steps. So we will have to have two sets of PCs
two try for however many time steps we need. Note that this makes the
reconstruction a bit different because you can't just put everything into RegEM and
let it go. You have to keep replacing the proxies with a new set for every time step.
One thing we have to try also is how we want to do this stepwise approach. We can
do it as in MBH98 or as I did it (we can talk about the two possibilities later). We
haven't really completely tested which method is best but may be able to do so with
the pseudoproxy experiments that are beginning soon.

You and Scott should discuss a systematic approach to doing these
sensitivity analyses...

I really concern about the computing time. Scott told me we may have a
fast machine to use in the future, meanwhile I will run some case in the
UVa ASPEN to test the average time it may take to run one case.
 

I've got one fast processor now and expect to have two more dual-processor
machines by the end of July. Each has 2Gb of ram and 500GB of storage so we
should be in good shape shortly. Of the UVa computers, pleistocene is the fastest of
the servers.

Scott

Scott Rutherford 

Assistant Professor
Dept. of Natural Sciences
Roger Williams University
e-mail: srutherford@rwu.edu
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http://fox.rwu.edu/~rutherfo
phone: 
snail mail:
One Ferry Road
Bristol, RI 02809
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From: Michael E. Mann
To: Zhang, Zhihua
Cc: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; Anderson Justin; zz9t@virginia.edu; mann@virginia.edu; Scott Rutherford; fenbiao@ltrr.arizona.edu
Subject: RE: new proxy network
Date: Thursday, July 01, 2004 5:44:39 PM

Hi Zhang,

On most of these issues, it probably makes the most sense for you to be discussing directly w/ Scott. Some responses below,

Mike

At 11:42 AM 7/1/2004, Zhang, Zhihua wrote:

Thanks Mike,
 
I agree with you.
 
I have some questions related to the sensitivity study:
 
1, Do we need to make use of all proxy data (tree, coral, ice core, document, etc) when doing sensitivity study?
 

the sensitivity study I mentioned in my previous email was specific to the co2 fertilization problem that has been raised by Malcolm--so it
only applies to certain tree-ring chronologies. More generally, we will want to look at the sensitivity of the reconstructions to the
use/exclusion of certain networks, however...

2, When we reduce the density of proxy data (e.g. tree series) by using of leading PCs in continental US or in Europe, how many PCs should be kept? Do we
calculate PCs using (all/climate-sensitive) tree series over entire US region or over West/East half of US?
 

best for you to coordinate this w/ Scott. Selection of PC should be based on an objective criterion (e.g. Preisendorffer Rule) as mentioned in
a previous email I sent...

3, Since the available proxy data reduce over time (e.g. back to 1700(1000 series), back to 1500 (450 series)), do we need to do sensitivity study for all the
cases or we just do sensitivity study for one case, for example, using 1000 proxy series?
 

You and Scott should discuss a systematic approach to doing these sensitivity analyses...

I really concern about the computing time. Scott told me we may have a fast machine to use in the future, meanwhile I will run some case in the UVa ASPEN
to test the average time it may take to run one case.
 

Again, best for Scott to address...

Zhang

-----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu]
Sent: Thursday, July 01, 2004 12:20 AM
To: Zhang, Zhihua; fenbiao@ltrr.arizona.edu; Scott Rutherford
Cc: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; Anderson Justin; zz9t@virginia.edu
Subject: RE: new proxy network

Thanks Zhang,

Your idea is a good one to pursue. I think we should plan to do some sensitivity studies first (i.e., how much of a difference
does eliminating the potentially problematic chronologies make in the first place), and then potentially do some experiments
along the lines you suggest as well.

mike

At 11:30 PM 6/30/2004, Zhang, Zhihua wrote:

Dear All,

 
Mike and Malcolm's consideration of how to detail w/ the issue of non-climatic influences on certain tree-ring
series (i.e., possible co2 fertilization) is very good. The potential questions are: A) It may be difficult to identify
which series exhibit co2 fertilization; B) We need to assume that the co2-fertilized tree series and the non-
co2-fertilized tree series have similar sensitivity to climate in order to assess the difference in the
reconstruction. Motivated by Mike and Malcolm's thought, I come to an idea for discussion. To make things
even simple, if we only want to see the differnce, we may use a set of tree ring data to reconstruct some
climate fields and then do the same reconstruction again using the same tree series but randomly added
artificial co2 fertilization trends in the data.

 
I am now collecting and re-formating some ice core data with annual resolution and is ready to do the
revised network, etc.
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Thanks,

 
Zhang

 

 
-----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu]
Sent: Wednesday, June 30, 2004 9:26 PM
To: Zhang, Zhihua; fenbiao@ltrr.arizona.edu; Scott Rutherford
Cc: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; Anderson Justin; mann@virginia.edu
Subject: RE: new proxy network

Dear All,
Malcolm and I have been discussing one other consideration. How to detail w/ the issue of non-
climatic influences on certain tree-ring series (i.e., possible co2 fertilization).

The simplest, initial thing to do will be flag those series which we believe are likely to exhibit this
problem, and exclude them from the analysis, and see if it makes a difference. If so, we'll need to
more carefully consider if there is an objective way to process them to attempt to remove the non-
climatic influence.
In the next few weeks, we should begin to make significant progress on building the revised network,
classifying the proxies by field/season, etc.  I'm hoping that Zhang, Scott, and Fenbiao can coordinate
efforts on this, keeping the rest of us posted, over the next few weeks.
Thanks,
Mike
At 10:34 AM 6/11/2004, Zhang, Zhihua wrote:

Dear all,
 <?xml:namespace prefix = o ns = "urn:schemas-microsoft-com:office:office" />
The new three-column format tree ring files are now available in the Holocene
(/users/shared/itrdb/data/), with the 1st column year, 2rd tree index and 3rd sample
number, while the first three rows indicating location and proxy ID (I use 9000 to
represent tree chronologies). The file names are the same as previous files saved at
the (/users/shared/zhang/), but with different extension (.ppd) which means paleo-
proxy-data.
Looking forward to taking more suggestion on the further stage of this database project.
Many thanks,
Zhang

-----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu]
Sent: Tuesday, June 08, 2004 1:59 PM
To: fenbiao@ltrr.arizona.edu; Scott Rutherford
Cc: Zhang, Zhihua; mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; Anderson Justin;
mann@virginia.edu
Subject: Re: new proxy network

thanks fenbiao,
great to see us making some real progress on this now...
some feedback below. One general comment is that we have to keep our
thinking
general enough so that it applies now just to dendro proxies, but other proxies
as well...
mike
At 09:26 PM 6/7/2004, fenbiao@ltrr.arizona.edu wrote:

Hi Scott and everybody,
Some comments on your questions:
1)      Do Malcolm and Fenbiao have a list of those data
records that we cannot
make available? We will need that information in the master
database.
All the ITRDB files are publicly available, most files from letters
are not
publicly available as indicated in table crn24FromLetter.xls that
I have
already send you last year. All the Russian files from Shishov
are not public.

this would include any records that have been scanned rather than provided by
researchers. Scott should be able to provide info this...

2)      Which standardization should we use? Should we use
ARSTD if
available?
I think we are using only standard chronologies and use other
type of data as
substitute only when standard is not available or is problematic
etc. This was
discussed with Mike in 1997, and the outcome then was, use
the Standard
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Chronology, because not all have been prepared with the same
software. This
means that many will contain some non-climatic persistence,
which was
documented for Miek and Ray back then. It seemed more
efficient to deal with
any persistence at a general level, rather than getting into
details that may
be missing for hindreds of the series.

this is really a question for Malcolm. One important issue is the MXD data. I
believe
we have decided to flag one version (age-banded) for use at low-frequencies,
and
the other version for use at high frequencies--our database has to allow for
such informaiton to be provided (i.e., which frequency bands data should be
used in). Some proxies will only be used
for low-frequency calibration because of their intrinsic resolution (e.g. varves,
etc.)...

3)      I think it we may save a lot of headache down the road
if every file
has the same number of columns with the different
measurements/standardizations
ALWAYS in the same column, so every file with have the
maximum possible number
of columns. So column 3 is always raw, column 4 is always std,
column 5 is
always arstd etc. If a measurement/standardization is missing,
that column can
be filled with NaN or -9999 or some other missing value flag.
How about 1st column as year, 2nd column as value (in this
case standard
chronology or other substitutes for example reconstruction,
other proxy), 3rd
column as sample number, which is number of cores (might
have missing for
example if data is reconstruction or other proxies)? Data type
can be kept
track in the file name list (see point 4).
4)      The use of the file name list to gather the proxies is
perfect. Will it
work if we have to jump around directories to get different
files? It may be
that we want to specify the full path to the file name.
The use of the file name list to gather the proxies is fine as
long as its ID
is unique. I think at least we need to have the following
attributes in the
table that keep track all files, type of data, path of data (in
which directory
it is located), publicly available or not, 1st year, last year
(length is not
necessary since it is a derived attribute), latitude, longitude,
sources
(contributor), references ID (if it is available to point to
another reference
table), series intercorelations etc etc. This will allow us to sort
out a group
of sub-data according to some criteria.
5)      I assume that sample number (second column) is
number of trees?
Sample number is # of cores. Sometimes 2 cores are taken for
every tree,
sometimes 1, sometimes two are taken but only 1 survives,
etc.
Best regards,
Malcolm and Fenbiao

Quoting Scott Rutherford <srutherford@rwu.edu>:
> Dear all,
>
> I have a few comments on the data files:
>
> 1) Do Malcolm and Fenbiao have a list of those data records
that we can
> NOT make available? We will need that information in the
master
> database.
>
> 2) Which standardization should we use? Should we use
ARSTD if
> available?
>
> 3) I think it we may save a lot of headache down the road if
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every file
> has the same number of columns with the different
> measurements/standardizations ALWAYS in the same
column, so every file
> with have the maximum possible number of columns. So
column 3 is always
> raw, column 4 is always std, column 5 is always arstd etc. If
a
> measurement/standardization is missing, that column can be
filled with
> NaN or -9999 or some other missing value flag.
>
> 4) The use of the file name list to gather the proxies is
perfect. Will
> it work if we have to jump around directories to get
different files?
> It may be that we want to specify the full path to the file
name.
>
> 5) I assume that sample number (second column) is number
of trees?
>
> Those are the things that sprung to mind.
>
>
> Also, I've cc'd an undergraduate student, Justin Anderson,
on this
> e-mail. Justin will be working with me on the database.
Please include
> him in your cc-list on future e-mails.
>
> Thanks,
>
> Scott
>
>
>
>
>
>
>
> On Thursday, June 3, 2004, at 01:56  PM, Zhang, Zhihua
wrote:
>
> > Dear all,
> >
> > 
> >
> > I have converted all chronologies into uni-formated data
files and
> > saved them at the Holocene (users\shared\zhang). The
files look like
> > that: First column, year; second column, sample number;
third to sixth
> > column, different types of tree chronologies, say, raw, std,
res and
> > ars. Most files have only three columns with no raw, res
and ars
> > chronologies. The first row of the files is longitude, second
is
> > latitude and the third is identification of chronologies (I
used 5555,
> > 6666, 7777, 8888 represent raw, std, res and ars
respectively with NaN
> > indicating unknown type of chronologies). For these files
that have
> > less than 5 columns, the third column values are mostly
std indices,
> > files recjj_yy1,2 are reconstructed summer and annual
Tem. as
> > exceptions. For 6-column files, std indices are in the 4th
column.
> >
> > 
> >
> > The total numbers of converted files are 1099, which
include 912 itrdb
> > version 5.03 without BriffaSchweingruber, 24 from letter
(the original
> > chronol.rwl is the raw data for yamal2002.txt, so, was not
included),
> > 33 selected from Shishov (in the original dataset the
t13jvcrn and
> > t22jvcrn are the same chronologies with t13crn2 and
t22crns with
> > different format, so deleted. File t09jvcrn have no
corresponded data
> > in the 36selectedfromshishov dataset). 130
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BriffaSchweingruber files
> > were also converted and put in the itrdb pool ( one data
file in the
> > 130-BriffaSchweingruber named russ023x_crns may have
some problem with
> > one tree sample shifting around 100-year when running
arstan).
> >
> > 
> >
> > I wrote a matlab script itrdbmatrix.m (attached) for
putting data
> > files into a big data matrix with first column indicating
years and 2
> > to n columns being tree ring data (first two rows are
longitude and
> > latitude, the third row is chronology ID which is not so
important).
> > The key for the itrdbmatrix.m is the file_name.txt
(attached) which
> > control which chronologies will be used to form the big
data_matrix.
> > For example, if you delete last 130 file names in the
file_name.txt,
> > all 130 BriffaSchweingruber files will not come to the
data_matrix.
> > Implication for that is we can add new proxy files to the
itrdb pool
> > and only need to add the names on the file_name.txt to
use these data.
> > Because the early_year indices usually come from very
few tree samples
> > which may amplify reconstructed climate variability, I
added some
> > control rules in the itrdbmatrix.m for removing these
earlier data.
> > The itrdbmatrix.m also provides a sub_datamatrix for
selecting longer
> > and regional data files (details see the script). If a tree file
> > having no location information, this will not be put in the
> > sub_datamatrix (there are 7 chronologies from
24fromletter with no
> > longitude/latitude).
> >
> > 
> >
> > This is current step I have done for the ITRDB, I will be
happy to
> > take any advicefrom you for this ITRDB project.
> >
> > 
> >
> > I need some help from Scott: Before the Holocene hacker,
I can connect
> > the Holocene through the Blue.unix of Uva from my home
PC. Now I cant
> > do that (I still can ftp to the Holocene). Would you please
solve that
> > problem for me? By the way, could you give me some
suggestion about
> > web page design, say, some reference books or some
websites.
> >
> > 
> >
> > Many thanks,
> >
> > 
> >
> > Zhang
> >
> > -----Original Message-----
> > From: Michael E. Mann [mailto:mann@virginia.edu]
> > Sent: Friday, May 21, 2004 10:09 AM
> > To: Zhang, Zhihua; Scott Rutherford
> > Cc: mhughes@ltrr.arizona.edu; fenbiao@ltrr.arizona.edu;
> > zz9t@virginia.edu; rbradley@geo.umass.edu;
mann@virginia.edu
> > Subject: RE: new proxy network
> >
> > HI Zhang,
> >
> > Thanks for your email.
> >
> > Clearly, it is time for us to really start making some
progress on
> > getting the revised proxy network together. Ray, Malcolm,
and I have
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> > discussed this a bit.
> >
> > We're going to need to be very careful about filtering the
ITRDB for
> > precisely the requirements necessary to fulfill quality
control, and
> > in choosing which other datasets to use.
> >
> > Zhang raises the issue of which version of the MXD data
> > (Schwieingruber et al) to use. We will be using the
gridded,
> > age-banded version of these series prepared by Briffa et
al. Scott has
> > already been working with these data.
> >
> > So what we really need now is good communication, and
a coordinated
> > effort. Scott will hopefully be taking a key role in the
coordination
> > of this effort overe the summer, while it is my hope that
Zhang and
> > Fenbiao can work on helping get the data together, w/
Ray, Malcolm,
> > and me advising on quality control. It will be useful to cc
the entire
> > group on any emails related to this project, so that
everyone is up to
> > speed.
> >
> > I look forward to us making significant progress on this
over the next
> > month or two,
> >
> > mike
> >
> >  At 01:56 PM 5/20/2004, Zhang, Zhihua wrote:
> >
> > Hi Scott,
> >
> > What's your opinion about the preliminary matlab script
for picking up
> > sensitive proxy series based on SLP and some tree ring
data I have (it
> > suitable for other climate variables and proxy data if
format is
> > matched),
> > that I sent to you last time. I afraid it would need more
effort to
> > put it
> > works on web interface ("databasegui.html").
> >
> > I have converted some of the tree ring chronologies with
ITRDB format
> > into
> > vectors using Dr. Dave Meko's matlab scripts (it does not
work for some
> > other format, I am now revise this script). Since the tree
ring
> > chronologies
> > have three types, say, standard, residual and ARSTND, do
we need
> > category
> > each type of chronology into a matrix or we just focus on
the ARSTND
> > chronology?
> >
> > The ITRDB Fenbiao selected is smaller than the ITRDB in
the
> > http://www.ngdc.noaa.gov/paleo/treering.html . Do we
have more updated
> > version of ITRDB dataset than
crn912NoScweingruberPlusITRDB503. Dr.
> > Fritz
> > Schweingruber contributed nearly 500 sites of
chronologies, which we
> > only
> > use part of them here, should we add a little more of his
chronologies?
> >
> > Many thanks,
> >
> > Zhang
> >
> >
> >
> >
______________________________________________________________
> >                     Professor Michael E. Mann

ABOR/MH/Priv-004159



> >            Department of Environmental Sciences, Clark Hall
> >                       University of Virginia
> >                      Charlottesville, VA 22903
> >
_______________________________________________________________________
> > e-mail: mann@virginia.edu   Phone:   
FAX: 
> >         
http://www.evsc.virginia.edu/faculty/people/mann.shtml
> >
> > <1099itrdb.xls><itrdbmatrix.m><file_name.txt>
> ______________________________________________
>                     Scott Rutherford  
>
> Assistant Professor
> Dept. of Natural Sciences
> Roger Williams University
> e-mail: srutherford@rwu.edu
> phone: 
> snail mail:
> One Ferry Road
> Bristol, RI 02809
>

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml 

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Zhang, Zhihua
To: Michael E. Mann; fenbiao@ltrr.arizona.edu; Scott Rutherford
Cc: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; Anderson Justin; zz9t@virginia.edu
Subject: RE: new proxy network
Date: Thursday, July 01, 2004 8:43:05 AM

Thanks Mike,
 
I agree with you.
 
I have some questions related to the sensitivity study:
 
1, Do we need to make use of all proxy data (tree, coral, ice core, document, etc) when doing sensitivity study?
 
2, When we reduce the density of proxy data (e.g. tree series) by using of leading PCs in continental US or in Europe, how many PCs should be kept? Do we
calculate PCs using (all/climate-sensitive) tree series over entire US region or over West/East half of US?
 
3, Since the available proxy data reduce over time (e.g. back to 1700(1000 series), back to 1500 (450 series)), do we need to do sensitivity study for all the
cases or we just do sensitivity study for one case, for example, using 1000 proxy series?
 
I really concern about the computing time. Scott told me we may have a fast machine to use in the future, meanwhile I will run some case in the UVa ASPEN
to test the average time it may take to run one case.
 
Zhang

-----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu]
Sent: Thursday, July 01, 2004 12:20 AM
To: Zhang, Zhihua; fenbiao@ltrr.arizona.edu; Scott Rutherford
Cc: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; Anderson Justin; zz9t@virginia.edu
Subject: RE: new proxy network

Thanks Zhang,

Your idea is a good one to pursue. I think we should plan to do some sensitivity studies first (i.e., how much of a
difference does eliminating the potentially problematic chronologies make in the first place), and then potentially do
some experiments along the lines you suggest as well.

mike

At 11:30 PM 6/30/2004, Zhang, Zhihua wrote:

Dear All,
 
Mike and Malcolm's consideration of how to detail w/ the issue of non-climatic influences on certain tree-ring
series (i.e., possible co2 fertilization) is very good. The potential questions are: A) It may be difficult to identify
which series exhibit co2 fertilization; B) We need to assume that the co2-fertilized tree series and the non-
co2-fertilized tree series have similar sensitivity to climate in order to assess the difference in the
reconstruction. Motivated by Mike and Malcolm's thought, I come to an idea for discussion. To make things
even simple, if we only want to see the differnce, we may use a set of tree ring data to reconstruct some
climate fields and then do the same reconstruction again using the same tree series but randomly added
artificial co2 fertilization trends in the data.
 
I am now collecting and re-formating some ice core data with annual resolution and is ready to do the
revised network, etc.
 
Thanks,
 
Zhang
 
 

-----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu]
Sent: Wednesday, June 30, 2004 9:26 PM
To: Zhang, Zhihua; fenbiao@ltrr.arizona.edu; Scott Rutherford
Cc: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; Anderson Justin; mann@virginia.edu
Subject: RE: new proxy network

Dear All,

Malcolm and I have been discussing one other consideration. How to detail w/ the issue of non-
climatic influences on certain tree-ring series (i.e., possible co2 fertilization).

The simplest, initial thing to do will be flag those series which we believe are likely to exhibit this
problem, and exclude them from the analysis, and see if it makes a difference. If so, we'll need to
more carefully consider if there is an objective way to process them to attempt to remove the non-
climatic influence.

In the next few weeks, we should begin to make significant progress on building the revised network,
classifying the proxies by field/season, etc.  I'm hoping that Zhang, Scott, and Fenbiao can coordinate
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efforts on this, keeping the rest of us posted, over the next few weeks.

Thanks,

Mike

At 10:34 AM 6/11/2004, Zhang, Zhihua wrote:

Dear all,

 <?xml:namespace prefix = o ns = "urn:schemas-microsoft-com:office:office" />

The new three-column format tree ring files are now available in the Holocene
(/users/shared/itrdb/data/), with the 1st column year, 2rd tree index and 3rd sample number,
while the first three rows indicating location and proxy ID (I use 9000 to represent tree
chronologies). The file names are the same as previous files saved at the
(/users/shared/zhang/), but with different extension (.ppd) which means paleo-proxy-data.

 
Looking forward to taking more suggestion on the further stage of this database project.

 
Many thanks,

 
Zhang

-----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu]
Sent: Tuesday, June 08, 2004 1:59 PM
To: fenbiao@ltrr.arizona.edu; Scott Rutherford
Cc: Zhang, Zhihua; mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; Anderson Justin;
mann@virginia.edu
Subject: Re: new proxy network

thanks fenbiao,
great to see us making some real progress on this now...
some feedback below. One general comment is that we have to keep our
thinking
general enough so that it applies now just to dendro proxies, but other proxies
as well...
mike
At 09:26 PM 6/7/2004, fenbiao@ltrr.arizona.edu wrote:

Hi Scott and everybody,
Some comments on your questions:
1)      Do Malcolm and Fenbiao have a list of those data
records that we cannot
make available? We will need that information in the master
database.

All the ITRDB files are publicly available, most files from letters
are not
publicly available as indicated in table crn24FromLetter.xls that
I have
already send you last year. All the Russian files from Shishov
are not public.

this would include any records that have been scanned rather than provided by
researchers. Scott should be able to provide info this...

2)      Which standardization should we use? Should we use
ARSTD if
available?
I think we are using only standard chronologies and use other
type of data as
substitute only when standard is not available or is problematic
etc. This was
discussed with Mike in 1997, and the outcome then was, use
the Standard
Chronology, because not all have been prepared with the same
software. This
means that many will contain some non-climatic persistence,
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which was
documented for Miek and Ray back then. It seemed more
efficient to deal with
any persistence at a general level, rather than getting into
details that may
be missing for hindreds of the series.

this is really a question for Malcolm. One important issue is the MXD data. I
believe
we have decided to flag one version (age-banded) for use at low-frequencies,
and
the other version for use at high frequencies--our database has to allow for
such informaiton to be provided (i.e., which frequency bands data should be
used in). Some proxies will only be used
for low-frequency calibration because of their intrinsic resolution (e.g. varves,
etc.)...

3)      I think it we may save a lot of headache down the road
if every file
has the same number of columns with the different
measurements/standardizations
ALWAYS in the same column, so every file with have the
maximum possible number
of columns. So column 3 is always raw, column 4 is always std,
column 5 is
always arstd etc. If a measurement/standardization is missing,
that column can
be filled with NaN or -9999 or some other missing value flag.
How about 1st column as year, 2nd column as value (in this
case standard
chronology or other substitutes for example reconstruction,
other proxy), 3rd
column as sample number, which is number of cores (might
have missing for
example if data is reconstruction or other proxies)? Data type
can be kept
track in the file name list (see point 4).
4)      The use of the file name list to gather the proxies is
perfect. Will it
work if we have to jump around directories to get different
files? It may be
that we want to specify the full path to the file name.
The use of the file name list to gather the proxies is fine as
long as its ID
is unique. I think at least we need to have the following
attributes in the
table that keep track all files, type of data, path of data (in
which directory
it is located), publicly available or not, 1st year, last year
(length is not
necessary since it is a derived attribute), latitude, longitude,
sources
(contributor), references ID (if it is available to point to
another reference
table), series intercorelations etc etc. This will allow us to sort
out a group
of sub-data according to some criteria.
5)      I assume that sample number (second column) is
number of trees?
Sample number is # of cores. Sometimes 2 cores are taken for
every tree,
sometimes 1, sometimes two are taken but only 1 survives,
etc. 
Best regards,
Malcolm and Fenbiao

Quoting Scott Rutherford <srutherford@rwu.edu>:
> Dear all,
>
> I have a few comments on the data files:
>
> 1) Do Malcolm and Fenbiao have a list of those data records
that we can
> NOT make available? We will need that information in the
master
> database.
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>
> 2) Which standardization should we use? Should we use
ARSTD if
> available?
>
> 3) I think it we may save a lot of headache down the road if
every file
> has the same number of columns with the different
> measurements/standardizations ALWAYS in the same
column, so every file
> with have the maximum possible number of columns. So
column 3 is always
> raw, column 4 is always std, column 5 is always arstd etc. If
a
> measurement/standardization is missing, that column can be
filled with
> NaN or -9999 or some other missing value flag.
>
> 4) The use of the file name list to gather the proxies is
perfect. Will
> it work if we have to jump around directories to get
different files?
> It may be that we want to specify the full path to the file
name.
>
> 5) I assume that sample number (second column) is number
of trees?
>
> Those are the things that sprung to mind.
>
>
> Also, I've cc'd an undergraduate student, Justin Anderson,
on this
> e-mail. Justin will be working with me on the database.
Please include
> him in your cc-list on future e-mails.
>
> Thanks,
>
> Scott
>
>
>
>
>
>
>
> On Thursday, June 3, 2004, at 01:56  PM, Zhang, Zhihua
wrote:
>
> > Dear all,
> >
> > 
> >
> > I have converted all chronologies into uni-formated data
files and
> > saved them at the Holocene (users\shared\zhang). The
files look like
> > that: First column, year; second column, sample number;
third to sixth
> > column, different types of tree chronologies, say, raw, std,
res and
> > ars. Most files have only three columns with no raw, res
and ars
> > chronologies. The first row of the files is longitude, second
is
> > latitude and the third is identification of chronologies (I
used 5555,
> > 6666, 7777, 8888 represent raw, std, res and ars
respectively with NaN
> > indicating unknown type of chronologies). For these files
that have
> > less than 5 columns, the third column values are mostly
std indices,
> > files recjj_yy1,2 are reconstructed summer and annual
Tem. as
> > exceptions. For 6-column files, std indices are in the 4th
column.
> >
> > 
> >
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> > The total numbers of converted files are 1099, which
include 912 itrdb
> > version 5.03 without BriffaSchweingruber, 24 from letter
(the original
> > chronol.rwl is the raw data for yamal2002.txt, so, was not
included),
> > 33 selected from Shishov (in the original dataset the
t13jvcrn and
> > t22jvcrn are the same chronologies with t13crn2 and
t22crns with
> > different format, so deleted. File t09jvcrn have no
corresponded data
> > in the 36selectedfromshishov dataset). 130
BriffaSchweingruber files
> > were also converted and put in the itrdb pool ( one data
file in the
> > 130-BriffaSchweingruber named russ023x_crns may have
some problem with
> > one tree sample shifting around 100-year when running
arstan).
> >
> > 
> >
> > I wrote a matlab script itrdbmatrix.m (attached) for
putting data
> > files into a big data matrix with first column indicating
years and 2
> > to n columns being tree ring data (first two rows are
longitude and
> > latitude, the third row is chronology ID which is not so
important).
> > The key for the itrdbmatrix.m is the file_name.txt
(attached) which
> > control which chronologies will be used to form the big
data_matrix.
> > For example, if you delete last 130 file names in the
file_name.txt,
> > all 130 BriffaSchweingruber files will not come to the
data_matrix.
> > Implication for that is we can add new proxy files to the
itrdb pool
> > and only need to add the names on the file_name.txt to
use these data.
> > Because the early_year indices usually come from very
few tree samples
> > which may amplify reconstructed climate variability, I
added some
> > control rules in the itrdbmatrix.m for removing these
earlier data.
> > The itrdbmatrix.m also provides a sub_datamatrix for
selecting longer
> > and regional data files (details see the script). If a tree file
> > having no location information, this will not be put in the
> > sub_datamatrix (there are 7 chronologies from
24fromletter with no
> > longitude/latitude).
> >
> > 
> >
> > This is current step I have done for the ITRDB, I will be
happy to
> > take any advicefrom you for this ITRDB project.
> >
> > 
> >
> > I need some help from Scott: Before the Holocene hacker,
I can connect
> > the Holocene through the Blue.unix of Uva from my home
PC. Now I cant
> > do that (I still can ftp to the Holocene). Would you please
solve that
> > problem for me? By the way, could you give me some
suggestion about
> > web page design, say, some reference books or some
websites.
> >
> > 
> >
> > Many thanks,
> >
> > 
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> >
> > Zhang
> >
> > -----Original Message-----
> > From: Michael E. Mann [mailto:mann@virginia.edu]
> > Sent: Friday, May 21, 2004 10:09 AM
> > To: Zhang, Zhihua; Scott Rutherford
> > Cc: mhughes@ltrr.arizona.edu; fenbiao@ltrr.arizona.edu;
> > zz9t@virginia.edu; rbradley@geo.umass.edu;
mann@virginia.edu
> > Subject: RE: new proxy network
> >
> > HI Zhang,
> >
> > Thanks for your email.
> >
> > Clearly, it is time for us to really start making some
progress on
> > getting the revised proxy network together. Ray, Malcolm,
and I have
> > discussed this a bit.
> >
> > We're going to need to be very careful about filtering the
ITRDB for
> > precisely the requirements necessary to fulfill quality
control, and
> > in choosing which other datasets to use.
> >
> > Zhang raises the issue of which version of the MXD data
> > (Schwieingruber et al) to use. We will be using the
gridded,
> > age-banded version of these series prepared by Briffa et
al. Scott has
> > already been working with these data.
> >
> > So what we really need now is good communication, and
a coordinated
> > effort. Scott will hopefully be taking a key role in the
coordination
> > of this effort overe the summer, while it is my hope that
Zhang and
> > Fenbiao can work on helping get the data together, w/
Ray, Malcolm,
> > and me advising on quality control. It will be useful to cc
the entire
> > group on any emails related to this project, so that
everyone is up to
> > speed.
> >
> > I look forward to us making significant progress on this
over the next
> > month or two,
> >
> > mike
> >
> >  At 01:56 PM 5/20/2004, Zhang, Zhihua wrote:
> >
> > Hi Scott,
> >
> > What's your opinion about the preliminary matlab script
for picking up
> > sensitive proxy series based on SLP and some tree ring
data I have (it
> > suitable for other climate variables and proxy data if
format is
> > matched),
> > that I sent to you last time. I afraid it would need more
effort to
> > put it
> > works on web interface ("databasegui.html").
> >
> > I have converted some of the tree ring chronologies with
ITRDB format
> > into
> > vectors using Dr. Dave Meko's matlab scripts (it does not
work for some
> > other format, I am now revise this script). Since the tree
ring
> > chronologies
> > have three types, say, standard, residual and ARSTND, do
we need
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> > category
> > each type of chronology into a matrix or we just focus on
the ARSTND
> > chronology?
> >
> > The ITRDB Fenbiao selected is smaller than the ITRDB in
the
> > http://www.ngdc.noaa.gov/paleo/treering.html . Do we
have more updated
> > version of ITRDB dataset than
crn912NoScweingruberPlusITRDB503. Dr.
> > Fritz
> > Schweingruber contributed nearly 500 sites of
chronologies, which we
> > only
> > use part of them here, should we add a little more of his
chronologies?
> >
> > Many thanks,
> >
> > Zhang
> >
> >
> >
> >
______________________________________________________________
> >                     Professor Michael E. Mann
> >            Department of Environmental Sciences, Clark Hall
> >                       University of Virginia
> >                      Charlottesville, VA 22903
> >
_______________________________________________________________________
> > e-mail: mann@virginia.edu   Phone:   
FAX: 
> >         
http://www.evsc.virginia.edu/faculty/people/mann.shtml
> >
> > <1099itrdb.xls><itrdbmatrix.m><file_name.txt>
> ______________________________________________
>                     Scott Rutherford  
>
> Assistant Professor
> Dept. of Natural Sciences
> Roger Williams University
> e-mail: srutherford@rwu.edu
> phone: 
> snail mail:
> One Ferry Road
> Bristol, RI 02809
>

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml 

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Zhang, Zhihua; fenbiao@ltrr.arizona.edu; Scott Rutherford
Cc: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; Anderson Justin; zz9t@virginia.edu
Subject: RE: new proxy network
Date: Wednesday, June 30, 2004 9:19:59 PM

Thanks Zhang,

Your idea is a good one to pursue. I think we should plan to do some sensitivity studies first (i.e., how much of a difference
does eliminating the potentially problematic chronologies make in the first place), and then potentially do some experiments
along the lines you suggest as well.

mike

At 11:30 PM 6/30/2004, Zhang, Zhihua wrote:

Dear All,
 
Mike and Malcolm's consideration of how to detail w/ the issue of non-climatic influences on certain tree-ring
series (i.e., possible co2 fertilization) is very good. The potential questions are: A) It may be difficult to identify
which series exhibit co2 fertilization; B) We need to assume that the co2-fertilized tree series and the non-co2-
fertilized tree series have similar sensitivity to climate in order to assess the difference in the reconstruction.
Motivated by Mike and Malcolm's thought, I come to an idea for discussion. To make things even simple, if we only
want to see the differnce, we may use a set of tree ring data to reconstruct some climate fields and then do the
same reconstruction again using the same tree series but randomly added artificial co2 fertilization trends in the
data.
 
I am now collecting and re-formating some ice core data with annual resolution and is ready to do the revised
network, etc.
 
Thanks,
 
Zhang
 
 

-----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu]
Sent: Wednesday, June 30, 2004 9:26 PM
To: Zhang, Zhihua; fenbiao@ltrr.arizona.edu; Scott Rutherford
Cc: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; Anderson Justin; mann@virginia.edu
Subject: RE: new proxy network

Dear All,

Malcolm and I have been discussing one other consideration. How to detail w/ the issue of non-climatic
influences on certain tree-ring series (i.e., possible co2 fertilization).

The simplest, initial thing to do will be flag those series which we believe are likely to exhibit this problem,
and exclude them from the analysis, and see if it makes a difference. If so, we'll need to more carefully
consider if there is an objective way to process them to attempt to remove the non-climatic influence.

In the next few weeks, we should begin to make significant progress on building the revised network,
classifying the proxies by field/season, etc.  I'm hoping that Zhang, Scott, and Fenbiao can coordinate
efforts on this, keeping the rest of us posted, over the next few weeks.

Thanks,

Mike

At 10:34 AM 6/11/2004, Zhang, Zhihua wrote:

Dear all,

 <?xml:namespace prefix = o ns = "urn:schemas-microsoft-com:office:office" />

The new three-column format tree ring files are now available in the Holocene
(/users/shared/itrdb/data/), with the 1st column year, 2rd tree index and 3rd sample number, while
the first three rows indicating location and proxy ID (I use 9000 to represent tree chronologies). The
file names are the same as previous files saved at the (/users/shared/zhang/), but with different
extension (.ppd) which means paleo-proxy-data.
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Looking forward to taking more suggestion on the further stage of this database project.

 
Many thanks,

 
Zhang

-----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu]
Sent: Tuesday, June 08, 2004 1:59 PM
To: fenbiao@ltrr.arizona.edu; Scott Rutherford
Cc: Zhang, Zhihua; mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; Anderson Justin;
mann@virginia.edu
Subject: Re: new proxy network

thanks fenbiao,
great to see us making some real progress on this now...
some feedback below. One general comment is that we have to keep our thinking
general enough so that it applies now just to dendro proxies, but other proxies as
well...
mike
At 09:26 PM 6/7/2004, fenbiao@ltrr.arizona.edu wrote:

Hi Scott and everybody,
Some comments on your questions:
1)      Do Malcolm and Fenbiao have a list of those data records that
we cannot
make available? We will need that information in the master
database.

All the ITRDB files are publicly available, most files from letters are
not
publicly available as indicated in table crn24FromLetter.xls that I
have
already send you last year. All the Russian files from Shishov are not
public.

this would include any records that have been scanned rather than provided by
researchers. Scott should be able to provide info this...

2)      Which standardization should we use? Should we use ARSTD
if
available?
I think we are using only standard chronologies and use other type
of data as
substitute only when standard is not available or is problematic etc.
This was
discussed with Mike in 1997, and the outcome then was, use the
Standard
Chronology, because not all have been prepared with the same
software. This
means that many will contain some non-climatic persistence, which
was
documented for Miek and Ray back then. It seemed more efficient
to deal with
any persistence at a general level, rather than getting into details
that may
be missing for hindreds of the series.

this is really a question for Malcolm. One important issue is the MXD data. I believe
we have decided to flag one version (age-banded) for use at low-frequencies, and
the other version for use at high frequencies--our database has to allow for such
informaiton to be provided (i.e., which frequency bands data should be used in).
Some proxies will only be used
for low-frequency calibration because of their intrinsic resolution (e.g. varves, etc.)...

3)      I think it we may save a lot of headache down the road if
every file
has the same number of columns with the different
measurements/standardizations
ALWAYS in the same column, so every file with have the maximum
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possible number
of columns. So column 3 is always raw, column 4 is always std,
column 5 is
always arstd etc. If a measurement/standardization is missing, that
column can
be filled with NaN or -9999 or some other missing value flag.
How about 1st column as year, 2nd column as value (in this case
standard
chronology or other substitutes for example reconstruction, other
proxy), 3rd
column as sample number, which is number of cores (might have
missing for
example if data is reconstruction or other proxies)? Data type can be
kept
track in the file name list (see point 4).
4)      The use of the file name list to gather the proxies is perfect.
Will it
work if we have to jump around directories to get different files? It
may be
that we want to specify the full path to the file name.
The use of the file name list to gather the proxies is fine as long as
its ID
is unique. I think at least we need to have the following attributes in
the
table that keep track all files, type of data, path of data (in which
directory
it is located), publicly available or not, 1st year, last year (length is
not
necessary since it is a derived attribute), latitude, longitude, sources
(contributor), references ID (if it is available to point to another
reference
table), series intercorelations etc etc. This will allow us to sort out a
group
of sub-data according to some criteria.
5)      I assume that sample number (second column) is number of
trees?
Sample number is # of cores. Sometimes 2 cores are taken for
every tree,
sometimes 1, sometimes two are taken but only 1 survives, etc. 
Best regards,
Malcolm and Fenbiao

Quoting Scott Rutherford <srutherford@rwu.edu>:
> Dear all,
>
> I have a few comments on the data files:
>
> 1) Do Malcolm and Fenbiao have a list of those data records that
we can
> NOT make available? We will need that information in the master
> database.
>
> 2) Which standardization should we use? Should we use ARSTD if
> available?
>
> 3) I think it we may save a lot of headache down the road if every
file
> has the same number of columns with the different
> measurements/standardizations ALWAYS in the same column, so
every file
> with have the maximum possible number of columns. So column 3
is always
> raw, column 4 is always std, column 5 is always arstd etc. If a
> measurement/standardization is missing, that column can be filled
with
> NaN or -9999 or some other missing value flag.
>
> 4) The use of the file name list to gather the proxies is perfect.
Will
> it work if we have to jump around directories to get different
files?
> It may be that we want to specify the full path to the file name.
>
> 5) I assume that sample number (second column) is number of
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trees?
>
> Those are the things that sprung to mind.
>
>
> Also, I've cc'd an undergraduate student, Justin Anderson, on this
> e-mail. Justin will be working with me on the database. Please
include
> him in your cc-list on future e-mails.
>
> Thanks,
>
> Scott
>
>
>
>
>
>
>
> On Thursday, June 3, 2004, at 01:56  PM, Zhang, Zhihua wrote:
>
> > Dear all,
> >
> > 
> >
> > I have converted all chronologies into uni-formated data files
and
> > saved them at the Holocene (users\shared\zhang). The files
look like
> > that: First column, year; second column, sample number; third
to sixth
> > column, different types of tree chronologies, say, raw, std, res
and
> > ars. Most files have only three columns with no raw, res and ars
> > chronologies. The first row of the files is longitude, second is
> > latitude and the third is identification of chronologies (I used
5555,
> > 6666, 7777, 8888 represent raw, std, res and ars respectively
with NaN
> > indicating unknown type of chronologies). For these files that
have
> > less than 5 columns, the third column values are mostly std
indices,
> > files recjj_yy1,2 are reconstructed summer and annual Tem. as
> > exceptions. For 6-column files, std indices are in the 4th
column.
> >
> > 
> >
> > The total numbers of converted files are 1099, which include
912 itrdb
> > version 5.03 without BriffaSchweingruber, 24 from letter (the
original
> > chronol.rwl is the raw data for yamal2002.txt, so, was not
included),
> > 33 selected from Shishov (in the original dataset the t13jvcrn
and
> > t22jvcrn are the same chronologies with t13crn2 and t22crns
with
> > different format, so deleted. File t09jvcrn have no corresponded
data
> > in the 36selectedfromshishov dataset). 130 BriffaSchweingruber
files
> > were also converted and put in the itrdb pool ( one data file in
the
> > 130-BriffaSchweingruber named russ023x_crns may have some
problem with
> > one tree sample shifting around 100-year when running arstan).
> >
> > 
> >
> > I wrote a matlab script itrdbmatrix.m (attached) for putting
data
> > files into a big data matrix with first column indicating years
and 2
> > to n columns being tree ring data (first two rows are longitude
and
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> > latitude, the third row is chronology ID which is not so
important).
> > The key for the itrdbmatrix.m is the file_name.txt (attached)
which
> > control which chronologies will be used to form the big
data_matrix.
> > For example, if you delete last 130 file names in the
file_name.txt,
> > all 130 BriffaSchweingruber files will not come to the
data_matrix.
> > Implication for that is we can add new proxy files to the itrdb
pool
> > and only need to add the names on the file_name.txt to use
these data.
> > Because the early_year indices usually come from very few tree
samples
> > which may amplify reconstructed climate variability, I added
some
> > control rules in the itrdbmatrix.m for removing these earlier
data.
> > The itrdbmatrix.m also provides a sub_datamatrix for selecting
longer
> > and regional data files (details see the script). If a tree file
> > having no location information, this will not be put in the
> > sub_datamatrix (there are 7 chronologies from 24fromletter
with no
> > longitude/latitude).
> >
> > 
> >
> > This is current step I have done for the ITRDB, I will be happy
to
> > take any advicefrom you for this ITRDB project.
> >
> > 
> >
> > I need some help from Scott: Before the Holocene hacker, I can
connect
> > the Holocene through the Blue.unix of Uva from my home PC.
Now I cant
> > do that (I still can ftp to the Holocene). Would you please solve
that
> > problem for me? By the way, could you give me some
suggestion about
> > web page design, say, some reference books or some websites.
> >
> > 
> >
> > Many thanks,
> >
> > 
> >
> > Zhang
> >
> > -----Original Message-----
> > From: Michael E. Mann [mailto:mann@virginia.edu]
> > Sent: Friday, May 21, 2004 10:09 AM
> > To: Zhang, Zhihua; Scott Rutherford
> > Cc: mhughes@ltrr.arizona.edu; fenbiao@ltrr.arizona.edu;
> > zz9t@virginia.edu; rbradley@geo.umass.edu;
mann@virginia.edu
> > Subject: RE: new proxy network
> >
> > HI Zhang,
> >
> > Thanks for your email.
> >
> > Clearly, it is time for us to really start making some progress on
> > getting the revised proxy network together. Ray, Malcolm, and I
have
> > discussed this a bit.
> >
> > We're going to need to be very careful about filtering the
ITRDB for
> > precisely the requirements necessary to fulfill quality control,
and
> > in choosing which other datasets to use.
> >
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> > Zhang raises the issue of which version of the MXD data
> > (Schwieingruber et al) to use. We will be using the gridded,
> > age-banded version of these series prepared by Briffa et al.
Scott has
> > already been working with these data.
> >
> > So what we really need now is good communication, and a
coordinated
> > effort. Scott will hopefully be taking a key role in the
coordination
> > of this effort overe the summer, while it is my hope that Zhang
and
> > Fenbiao can work on helping get the data together, w/ Ray,
Malcolm,
> > and me advising on quality control. It will be useful to cc the
entire
> > group on any emails related to this project, so that everyone is
up to
> > speed.
> >
> > I look forward to us making significant progress on this over
the next
> > month or two,
> >
> > mike
> >
> >  At 01:56 PM 5/20/2004, Zhang, Zhihua wrote:
> >
> > Hi Scott,
> >
> > What's your opinion about the preliminary matlab script for
picking up
> > sensitive proxy series based on SLP and some tree ring data I
have (it
> > suitable for other climate variables and proxy data if format is
> > matched),
> > that I sent to you last time. I afraid it would need more effort
to
> > put it
> > works on web interface ("databasegui.html").
> >
> > I have converted some of the tree ring chronologies with ITRDB
format
> > into
> > vectors using Dr. Dave Meko's matlab scripts (it does not work
for some
> > other format, I am now revise this script). Since the tree ring
> > chronologies
> > have three types, say, standard, residual and ARSTND, do we
need
> > category
> > each type of chronology into a matrix or we just focus on the
ARSTND
> > chronology?
> >
> > The ITRDB Fenbiao selected is smaller than the ITRDB in the
> > http://www.ngdc.noaa.gov/paleo/treering.html . Do we have
more updated
> > version of ITRDB dataset than
crn912NoScweingruberPlusITRDB503. Dr.
> > Fritz
> > Schweingruber contributed nearly 500 sites of chronologies,
which we
> > only
> > use part of them here, should we add a little more of his
chronologies?
> >
> > Many thanks,
> >
> > Zhang
> >
> >
> >
> >
______________________________________________________________
> >                     Professor Michael E. Mann
> >            Department of Environmental Sciences, Clark Hall
> >                       University of Virginia
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> >                      Charlottesville, VA 22903
> >
_______________________________________________________________________
> > e-mail: mann@virginia.edu   Phone:    FAX:

> >          http://www.evsc.virginia.edu/faculty/people/mann.shtml
> >
> > <1099itrdb.xls><itrdbmatrix.m><file_name.txt>
> ______________________________________________
>                     Scott Rutherford  
>
> Assistant Professor
> Dept. of Natural Sciences
> Roger Williams University
> e-mail: srutherford@rwu.edu
> phone: 
> snail mail:
> One Ferry Road
> Bristol, RI 02809
>

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml 

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Zhang, Zhihua
To: Michael E. Mann; fenbiao@ltrr.arizona.edu; Scott Rutherford
Cc: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; Anderson Justin; zz9t@virginia.edu
Subject: RE: new proxy network
Date: Wednesday, June 30, 2004 8:30:31 PM

Dear All,
 
Mike and Malcolm's consideration of how to detail w/ the issue of non-climatic influences on certain tree-ring
series (i.e., possible co2 fertilization) is very good. The potential questions are: A) It may be difficult to identify
which series exhibit co2 fertilization; B) We need to assume that the co2-fertilized tree series and the non-co2-
fertilized tree series have similar sensitivity to climate in order to assess the difference in the reconstruction.
Motivated by Mike and Malcolm's thought, I come to an idea for discussion. To make things even simple, if we only
want to see the differnce, we may use a set of tree ring data to reconstruct some climate fields and then do the
same reconstruction again using the same tree series but randomly added artificial co2 fertilization trends in the
data.
 
I am now collecting and re-formating some ice core data with annual resolution and is ready to do the revised
network, etc.
 
Thanks,
 
Zhang
 
 

-----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu]
Sent: Wednesday, June 30, 2004 9:26 PM
To: Zhang, Zhihua; fenbiao@ltrr.arizona.edu; Scott Rutherford
Cc: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; Anderson Justin; mann@virginia.edu
Subject: RE: new proxy network

Dear All,

Malcolm and I have been discussing one other consideration. How to detail w/ the issue of non-
climatic influences on certain tree-ring series (i.e., possible co2 fertilization).

The simplest, initial thing to do will be flag those series which we believe are likely to exhibit this
problem, and exclude them from the analysis, and see if it makes a difference. If so, we'll need to
more carefully consider if there is an objective way to process them to attempt to remove the non-
climatic influence.

In the next few weeks, we should begin to make significant progress on building the revised network,
classifying the proxies by field/season, etc.  I'm hoping that Zhang, Scott, and Fenbiao can coordinate
efforts on this, keeping the rest of us posted, over the next few weeks.

Thanks,

Mike

At 10:34 AM 6/11/2004, Zhang, Zhihua wrote:

Dear all,

 <?xml:namespace prefix = o ns = "urn:schemas-microsoft-com:office:office" />

The new three-column format tree ring files are now available in the Holocene
(/users/shared/itrdb/data/), with the 1st column year, 2rd tree index and 3rd sample number, while the
first three rows indicating location and proxy ID (I use 9000 to represent tree chronologies). The file
names are the same as previous files saved at the (/users/shared/zhang/), but with different extension
(.ppd) which means paleo-proxy-data.

 

Looking forward to taking more suggestion on the further stage of this database project.
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Many thanks,

 

Zhang 

-----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu]
Sent: Tuesday, June 08, 2004 1:59 PM
To: fenbiao@ltrr.arizona.edu; Scott Rutherford
Cc: Zhang, Zhihua; mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; Anderson Justin;
mann@virginia.edu
Subject: Re: new proxy network

thanks fenbiao,

great to see us making some real progress on this now...

some feedback below. One general comment is that we have to keep our thinking
general enough so that it applies now just to dendro proxies, but other proxies as
well...

mike

At 09:26 PM 6/7/2004, fenbiao@ltrr.arizona.edu wrote:

Hi Scott and everybody,

Some comments on your questions:

1)      Do Malcolm and Fenbiao have a list of those data records that
we cannot 
make available? We will need that information in the master
database.

All the ITRDB files are publicly available, most files from letters are
not 
publicly available as indicated in table crn24FromLetter.xls that I
have 
already send you last year. All the Russian files from Shishov are not
public.

this would include any records that have been scanned rather than provided by
researchers. Scott should be able to provide info this...

2)      Which standardization should we use? Should we use ARSTD
if 
available?

I think we are using only standard chronologies and use other type
of data as 
substitute only when standard is not available or is problematic etc.
This was 
discussed with Mike in 1997, and the outcome then was, use the
Standard 
Chronology, because not all have been prepared with the same
software. This 
means that many will contain some non-climatic persistence, which
was 
documented for Miek and Ray back then. It seemed more efficient
to deal with 
any persistence at a general level, rather than getting into details
that may 
be missing for hindreds of the series.
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this is really a question for Malcolm. One important issue is the MXD data. I believe
we have decided to flag one version (age-banded) for use at low-frequencies, and
the other version for use at high frequencies--our database has to allow for such
informaiton to be provided (i.e., which frequency bands data should be used in).
Some proxies will only be used
for low-frequency calibration because of their intrinsic resolution (e.g. varves, etc.)...

3)      I think it we may save a lot of headache down the road if
every file 
has the same number of columns with the different
measurements/standardizations 
ALWAYS in the same column, so every file with have the maximum
possible number 
of columns. So column 3 is always raw, column 4 is always std,
column 5 is 
always arstd etc. If a measurement/standardization is missing, that
column can 
be filled with NaN or -9999 or some other missing value flag.

How about 1st column as year, 2nd column as value (in this case
standard 
chronology or other substitutes for example reconstruction, other
proxy), 3rd 
column as sample number, which is number of cores (might have
missing for 
example if data is reconstruction or other proxies)? Data type can be
kept 
track in the file name list (see point 4).

4)      The use of the file name list to gather the proxies is perfect.
Will it 
work if we have to jump around directories to get different files? It
may be 
that we want to specify the full path to the file name.

The use of the file name list to gather the proxies is fine as long as
its ID 
is unique. I think at least we need to have the following attributes in
the 
table that keep track all files, type of data, path of data (in which
directory 
it is located), publicly available or not, 1st year, last year (length is
not 
necessary since it is a derived attribute), latitude, longitude, sources 
(contributor), references ID (if it is available to point to another
reference 
table), series intercorelations etc etc. This will allow us to sort out a
group 
of sub-data according to some criteria.

5)      I assume that sample number (second column) is number of
trees?

Sample number is # of cores. Sometimes 2 cores are taken for
every tree, 
sometimes 1, sometimes two are taken but only 1 survives, etc. 

Best regards,

Malcolm and Fenbiao

Quoting Scott Rutherford <srutherford@rwu.edu>:

> Dear all,
> 
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> I have a few comments on the data files:
> 
> 1) Do Malcolm and Fenbiao have a list of those data records that
we can 
> NOT make available? We will need that information in the master 
> database.
> 
> 2) Which standardization should we use? Should we use ARSTD if 
> available?
> 
> 3) I think it we may save a lot of headache down the road if every
file 
> has the same number of columns with the different 
> measurements/standardizations ALWAYS in the same column, so
every file 
> with have the maximum possible number of columns. So column 3
is always 
> raw, column 4 is always std, column 5 is always arstd etc. If a 
> measurement/standardization is missing, that column can be filled
with 
> NaN or -9999 or some other missing value flag.
> 
> 4) The use of the file name list to gather the proxies is perfect.
Will 
> it work if we have to jump around directories to get different
files? 
> It may be that we want to specify the full path to the file name.
> 
> 5) I assume that sample number (second column) is number of
trees?
> 
> Those are the things that sprung to mind.
> 
> 
> Also, I've cc'd an undergraduate student, Justin Anderson, on this 
> e-mail. Justin will be working with me on the database. Please
include 
> him in your cc-list on future e-mails.
> 
> Thanks,
> 
> Scott
> 
> 
> 
> 
> 
> 
> 
> On Thursday, June 3, 2004, at 01:56  PM, Zhang, Zhihua wrote:
> 
> > Dear all,
> >
> >  
> >
> > I have converted all chronologies into uni-formated data files
and 
> > saved them at the Holocene (users\shared\zhang). The files
look like 
> > that: First column, year; second column, sample number; third
to sixth 
> > column, different types of tree chronologies, say, raw, std, res
and 
> > ars. Most files have only three columns with no raw, res and ars

> > chronologies. The first row of the files is longitude, second is 
> > latitude and the third is identification of chronologies (I used
5555, 
> > 6666, 7777, 8888 represent raw, std, res and ars respectively
with NaN 
> > indicating unknown type of chronologies). For these files that
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have 
> > less than 5 columns, the third column values are mostly std
indices, 
> > files recjj_yy1,2 are reconstructed summer and annual Tem. as 
> > exceptions. For 6-column files, std indices are in the 4th
column.
> >
> >  
> >
> > The total numbers of converted files are 1099, which include
912 itrdb 
> > version 5.03 without BriffaSchweingruber, 24 from letter (the
original 
> > chronol.rwl is the raw data for yamal2002.txt, so, was not
included), 
> > 33 selected from Shishov (in the original dataset the t13jvcrn
and 
> > t22jvcrn are the same chronologies with t13crn2 and t22crns
with 
> > different format, so deleted. File t09jvcrn have no corresponded
data 
> > in the 36selectedfromshishov dataset). 130 BriffaSchweingruber
files 
> > were also converted and put in the itrdb pool ( one data file in
the 
> > 130-BriffaSchweingruber named russ023x_crns may have some
problem with 
> > one tree sample shifting around 100-year when running arstan).
> >
> >  
> >
> > I wrote a matlab script itrdbmatrix.m (attached) for putting
data 
> > files into a big data matrix with first column indicating years
and 2 
> > to n columns being tree ring data (first two rows are longitude
and 
> > latitude, the third row is chronology ID which is not so
important). 
> > The key for the itrdbmatrix.m is the file_name.txt (attached)
which 
> > control which chronologies will be used to form the big
data_matrix. 
> > For example, if you delete last 130 file names in the
file_name.txt, 
> > all 130 BriffaSchweingruber files will not come to the
data_matrix. 
> > Implication for that is we can add new proxy files to the itrdb
pool 
> > and only need to add the names on the file_name.txt to use
these data. 
> > Because the early_year indices usually come from very few tree
samples 
> > which may amplify reconstructed climate variability, I added
some 
> > control rules in the itrdbmatrix.m for removing these earlier
data. 
> > The itrdbmatrix.m also provides a sub_datamatrix for selecting
longer 
> > and regional data files (details see the script). If a tree file 
> > having no location information, this will not be put in the 
> > sub_datamatrix (there are 7 chronologies from 24fromletter
with no 
> > longitude/latitude).
> >
> >  
> >
> > This is current step I have done for the ITRDB, I will be happy
to 
> > take any advicefrom you for this ITRDB project.
> >
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> >  
> >
> > I need some help from Scott: Before the Holocene hacker, I can
connect 
> > the Holocene through the Blue.unix of Uva from my home PC.
Now I cant 
> > do that (I still can ftp to the Holocene). Would you please solve
that 
> > problem for me? By the way, could you give me some
suggestion about 
> > web page design, say, some reference books or some websites.
> >
> >  
> >
> > Many thanks,
> >
> >  
> >
> > Zhang
> >
> > -----Original Message-----
> > From: Michael E. Mann [mailto:mann@virginia.edu]
> > Sent: Friday, May 21, 2004 10:09 AM
> > To: Zhang, Zhihua; Scott Rutherford
> > Cc: mhughes@ltrr.arizona.edu; fenbiao@ltrr.arizona.edu; 
> > zz9t@virginia.edu; rbradley@geo.umass.edu;
mann@virginia.edu
> > Subject: RE: new proxy network
> >
> > HI Zhang,
> >
> > Thanks for your email.
> >
> > Clearly, it is time for us to really start making some progress on

> > getting the revised proxy network together. Ray, Malcolm, and I
have 
> > discussed this a bit.
> >
> > We're going to need to be very careful about filtering the
ITRDB for 
> > precisely the requirements necessary to fulfill quality control,
and 
> > in choosing which other datasets to use.
> >
> > Zhang raises the issue of which version of the MXD data 
> > (Schwieingruber et al) to use. We will be using the gridded, 
> > age-banded version of these series prepared by Briffa et al.
Scott has 
> > already been working with these data.
> >
> > So what we really need now is good communication, and a
coordinated 
> > effort. Scott will hopefully be taking a key role in the
coordination 
> > of this effort overe the summer, while it is my hope that Zhang
and 
> > Fenbiao can work on helping get the data together, w/ Ray,
Malcolm, 
> > and me advising on quality control. It will be useful to cc the
entire 
> > group on any emails related to this project, so that everyone is
up to 
> > speed.
> >
> > I look forward to us making significant progress on this over
the next 
> > month or two,
> >
> > mike
> >
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> >  At 01:56 PM 5/20/2004, Zhang, Zhihua wrote:
> >
> > Hi Scott,
> >
> > What's your opinion about the preliminary matlab script for
picking up
> > sensitive proxy series based on SLP and some tree ring data I
have (it
> > suitable for other climate variables and proxy data if format is 
> > matched),
> > that I sent to you last time. I afraid it would need more effort
to 
> > put it
> > works on web interface ("databasegui.html").
> >
> > I have converted some of the tree ring chronologies with ITRDB
format 
> > into
> > vectors using Dr. Dave Meko's matlab scripts (it does not work
for some
> > other format, I am now revise this script). Since the tree ring 
> > chronologies
> > have three types, say, standard, residual and ARSTND, do we
need 
> > category
> > each type of chronology into a matrix or we just focus on the
ARSTND
> > chronology?
> >
> > The ITRDB Fenbiao selected is smaller than the ITRDB in the
> > http://www.ngdc.noaa.gov/paleo/treering.html . Do we have
more updated
> > version of ITRDB dataset than
crn912NoScweingruberPlusITRDB503. Dr. 
> > Fritz
> > Schweingruber contributed nearly 500 sites of chronologies,
which we 
> > only
> > use part of them here, should we add a little more of his
chronologies?
> >
> > Many thanks,
> >
> > Zhang
> >
> >
> >
> >
______________________________________________________________

> >                     Professor Michael E. Mann
> >            Department of Environmental Sciences, Clark Hall
> >                       University of Virginia
> >                      Charlottesville, VA 22903
> >
_______________________________________________________________________

> > e-mail: mann@virginia.edu   Phone:    FAX:

> >          http://www.evsc.virginia.edu/faculty/people/mann.shtml
> >
> > <1099itrdb.xls><itrdbmatrix.m><file_name.txt>
> ______________________________________________
>                     Scott Rutherford  
> 
> Assistant Professor
> Dept. of Natural Sciences
> Roger Williams University
> e-mail: srutherford@rwu.edu
> phone: 
> snail mail:
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> One Ferry Road
> Bristol, RI 02809
>

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml 

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Zhang, Zhihua; fenbiao@ltrr.arizona.edu; Scott Rutherford
Cc: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; Anderson Justin; mann@virginia.edu
Subject: RE: new proxy network
Date: Wednesday, June 30, 2004 6:26:28 PM

Dear All,

Malcolm and I have been discussing one other consideration. How to detail w/ the issue of non-climatic
influences on certain tree-ring series (i.e., possible co2 fertilization).

The simplest, initial thing to do will be flag those series which we believe are likely to exhibit this problem,
and exclude them from the analysis, and see if it makes a difference. If so, we'll need to more carefully
consider if there is an objective way to process them to attempt to remove the non-climatic influence.

In the next few weeks, we should begin to make significant progress on building the revised network,
classifying the proxies by field/season, etc.  I'm hoping that Zhang, Scott, and Fenbiao can coordinate
efforts on this, keeping the rest of us posted, over the next few weeks.

Thanks,

Mike

At 10:34 AM 6/11/2004, Zhang, Zhihua wrote:

Dear all,

 <?xml:namespace prefix = o ns = "urn:schemas-microsoft-com:office:office" />

The new three-column format tree ring files are now available in the Holocene (/users/shared/itrdb/data/),
with the 1st column year, 2rd tree index and 3rd sample number, while the first three rows indicating
location and proxy ID (I use 9000 to represent tree chronologies). The file names are the same as previous
files saved at the (/users/shared/zhang/), but with different extension (.ppd) which means paleo-proxy-
data.

 

Looking forward to taking more suggestion on the further stage of this database project.

 

Many thanks,

 

Zhang 

-----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu]
Sent: Tuesday, June 08, 2004 1:59 PM
To: fenbiao@ltrr.arizona.edu; Scott Rutherford
Cc: Zhang, Zhihua; mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; Anderson Justin; mann@virginia.edu
Subject: Re: new proxy network

thanks fenbiao,

great to see us making some real progress on this now...

some feedback below. One general comment is that we have to keep our thinking
general enough so that it applies now just to dendro proxies, but other proxies as well...

mike

At 09:26 PM 6/7/2004, fenbiao@ltrr.arizona.edu wrote:

Hi Scott and everybody,
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Some comments on your questions:

1)      Do Malcolm and Fenbiao have a list of those data records that we
cannot 
make available? We will need that information in the master database.

All the ITRDB files are publicly available, most files from letters are not 
publicly available as indicated in table crn24FromLetter.xls that I have 
already send you last year. All the Russian files from Shishov are not
public.

this would include any records that have been scanned rather than provided by
researchers. Scott should be able to provide info this...

2)      Which standardization should we use? Should we use ARSTD if 
available?

I think we are using only standard chronologies and use other type of
data as 
substitute only when standard is not available or is problematic etc. This
was 
discussed with Mike in 1997, and the outcome then was, use the Standard

Chronology, because not all have been prepared with the same software.
This 
means that many will contain some non-climatic persistence, which was 
documented for Miek and Ray back then. It seemed more efficient to deal
with 
any persistence at a general level, rather than getting into details that
may 
be missing for hindreds of the series.

this is really a question for Malcolm. One important issue is the MXD data. I believe
we have decided to flag one version (age-banded) for use at low-frequencies, and
the other version for use at high frequencies--our database has to allow for such
informaiton to be provided (i.e., which frequency bands data should be used in). Some
proxies will only be used
for low-frequency calibration because of their intrinsic resolution (e.g. varves, etc.)...

3)      I think it we may save a lot of headache down the road if every file 
has the same number of columns with the different
measurements/standardizations 
ALWAYS in the same column, so every file with have the maximum
possible number 
of columns. So column 3 is always raw, column 4 is always std, column 5
is 
always arstd etc. If a measurement/standardization is missing, that
column can 
be filled with NaN or -9999 or some other missing value flag.

How about 1st column as year, 2nd column as value (in this case
standard 
chronology or other substitutes for example reconstruction, other proxy),
3rd 
column as sample number, which is number of cores (might have missing
for 
example if data is reconstruction or other proxies)? Data type can be kept 
track in the file name list (see point 4).

4)      The use of the file name list to gather the proxies is perfect. Will it 
work if we have to jump around directories to get different files? It may
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be 
that we want to specify the full path to the file name.

The use of the file name list to gather the proxies is fine as long as its ID 
is unique. I think at least we need to have the following attributes in the 
table that keep track all files, type of data, path of data (in which directory

it is located), publicly available or not, 1st year, last year (length is not 
necessary since it is a derived attribute), latitude, longitude, sources 
(contributor), references ID (if it is available to point to another reference 
table), series intercorelations etc etc. This will allow us to sort out a group

of sub-data according to some criteria.

5)      I assume that sample number (second column) is number of trees?

Sample number is # of cores. Sometimes 2 cores are taken for every tree,

sometimes 1, sometimes two are taken but only 1 survives, etc. 

Best regards,

Malcolm and Fenbiao

Quoting Scott Rutherford <srutherford@rwu.edu>:

> Dear all,
> 
> I have a few comments on the data files:
> 
> 1) Do Malcolm and Fenbiao have a list of those data records that we
can 
> NOT make available? We will need that information in the master 
> database.
> 
> 2) Which standardization should we use? Should we use ARSTD if 
> available?
> 
> 3) I think it we may save a lot of headache down the road if every file 
> has the same number of columns with the different 
> measurements/standardizations ALWAYS in the same column, so every
file 
> with have the maximum possible number of columns. So column 3 is
always 
> raw, column 4 is always std, column 5 is always arstd etc. If a 
> measurement/standardization is missing, that column can be filled with 
> NaN or -9999 or some other missing value flag.
> 
> 4) The use of the file name list to gather the proxies is perfect. Will 
> it work if we have to jump around directories to get different files? 
> It may be that we want to specify the full path to the file name.
> 
> 5) I assume that sample number (second column) is number of trees?
> 
> Those are the things that sprung to mind.
> 
> 
> Also, I've cc'd an undergraduate student, Justin Anderson, on this 
> e-mail. Justin will be working with me on the database. Please include 
> him in your cc-list on future e-mails.
> 
> Thanks,
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> 
> Scott
> 
> 
> 
> 
> 
> 
> 
> On Thursday, June 3, 2004, at 01:56  PM, Zhang, Zhihua wrote:
> 
> > Dear all,
> >
> >  
> >
> > I have converted all chronologies into uni-formated data files and 
> > saved them at the Holocene (users\shared\zhang). The files look like 
> > that: First column, year; second column, sample number; third to
sixth 
> > column, different types of tree chronologies, say, raw, std, res and 
> > ars. Most files have only three columns with no raw, res and ars 
> > chronologies. The first row of the files is longitude, second is 
> > latitude and the third is identification of chronologies (I used 5555, 
> > 6666, 7777, 8888 represent raw, std, res and ars respectively with
NaN 
> > indicating unknown type of chronologies). For these files that have 
> > less than 5 columns, the third column values are mostly std indices, 
> > files recjj_yy1,2 are reconstructed summer and annual Tem. as 
> > exceptions. For 6-column files, std indices are in the 4th column.
> >
> >  
> >
> > The total numbers of converted files are 1099, which include 912
itrdb 
> > version 5.03 without BriffaSchweingruber, 24 from letter (the original 
> > chronol.rwl is the raw data for yamal2002.txt, so, was not included), 
> > 33 selected from Shishov (in the original dataset the t13jvcrn and 
> > t22jvcrn are the same chronologies with t13crn2 and t22crns with 
> > different format, so deleted. File t09jvcrn have no corresponded data 
> > in the 36selectedfromshishov dataset). 130 BriffaSchweingruber files 
> > were also converted and put in the itrdb pool ( one data file in the 
> > 130-BriffaSchweingruber named russ023x_crns may have some
problem with 
> > one tree sample shifting around 100-year when running arstan).
> >
> >  
> >
> > I wrote a matlab script itrdbmatrix.m (attached) for putting data 
> > files into a big data matrix with first column indicating years and 2 
> > to n columns being tree ring data (first two rows are longitude and 
> > latitude, the third row is chronology ID which is not so important). 
> > The key for the itrdbmatrix.m is the file_name.txt (attached) which 
> > control which chronologies will be used to form the big data_matrix. 
> > For example, if you delete last 130 file names in the file_name.txt, 
> > all 130 BriffaSchweingruber files will not come to the data_matrix. 
> > Implication for that is we can add new proxy files to the itrdb pool 
> > and only need to add the names on the file_name.txt to use these
data. 
> > Because the early_year indices usually come from very few tree
samples 
> > which may amplify reconstructed climate variability, I added some 
> > control rules in the itrdbmatrix.m for removing these earlier data. 
> > The itrdbmatrix.m also provides a sub_datamatrix for selecting longer

> > and regional data files (details see the script). If a tree file 
> > having no location information, this will not be put in the 
> > sub_datamatrix (there are 7 chronologies from 24fromletter with no 
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> > longitude/latitude).
> >
> >  
> >
> > This is current step I have done for the ITRDB, I will be happy to 
> > take any advicefrom you for this ITRDB project.
> >
> >  
> >
> > I need some help from Scott: Before the Holocene hacker, I can
connect 
> > the Holocene through the Blue.unix of Uva from my home PC. Now I
cant 
> > do that (I still can ftp to the Holocene). Would you please solve that 
> > problem for me? By the way, could you give me some suggestion
about 
> > web page design, say, some reference books or some websites.
> >
> >  
> >
> > Many thanks,
> >
> >  
> >
> > Zhang
> >
> > -----Original Message-----
> > From: Michael E. Mann [mailto:mann@virginia.edu]
> > Sent: Friday, May 21, 2004 10:09 AM
> > To: Zhang, Zhihua; Scott Rutherford
> > Cc: mhughes@ltrr.arizona.edu; fenbiao@ltrr.arizona.edu; 
> > zz9t@virginia.edu; rbradley@geo.umass.edu; mann@virginia.edu
> > Subject: RE: new proxy network
> >
> > HI Zhang,
> >
> > Thanks for your email.
> >
> > Clearly, it is time for us to really start making some progress on 
> > getting the revised proxy network together. Ray, Malcolm, and I have

> > discussed this a bit.
> >
> > We're going to need to be very careful about filtering the ITRDB for 
> > precisely the requirements necessary to fulfill quality control, and 
> > in choosing which other datasets to use.
> >
> > Zhang raises the issue of which version of the MXD data 
> > (Schwieingruber et al) to use. We will be using the gridded, 
> > age-banded version of these series prepared by Briffa et al. Scott has

> > already been working with these data.
> >
> > So what we really need now is good communication, and a
coordinated 
> > effort. Scott will hopefully be taking a key role in the coordination 
> > of this effort overe the summer, while it is my hope that Zhang and 
> > Fenbiao can work on helping get the data together, w/ Ray, Malcolm,

> > and me advising on quality control. It will be useful to cc the entire 
> > group on any emails related to this project, so that everyone is up to 
> > speed.
> >
> > I look forward to us making significant progress on this over the next

> > month or two,
> >
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> > mike
> >
> >  At 01:56 PM 5/20/2004, Zhang, Zhihua wrote:
> >
> > Hi Scott,
> >
> > What's your opinion about the preliminary matlab script for picking
up
> > sensitive proxy series based on SLP and some tree ring data I have
(it
> > suitable for other climate variables and proxy data if format is 
> > matched),
> > that I sent to you last time. I afraid it would need more effort to 
> > put it
> > works on web interface ("databasegui.html").
> >
> > I have converted some of the tree ring chronologies with ITRDB
format 
> > into
> > vectors using Dr. Dave Meko's matlab scripts (it does not work for
some
> > other format, I am now revise this script). Since the tree ring 
> > chronologies
> > have three types, say, standard, residual and ARSTND, do we need 
> > category
> > each type of chronology into a matrix or we just focus on the
ARSTND
> > chronology?
> >
> > The ITRDB Fenbiao selected is smaller than the ITRDB in the
> > http://www.ngdc.noaa.gov/paleo/treering.html . Do we have more
updated
> > version of ITRDB dataset than crn912NoScweingruberPlusITRDB503.
Dr. 
> > Fritz
> > Schweingruber contributed nearly 500 sites of chronologies, which we

> > only
> > use part of them here, should we add a little more of his
chronologies?
> >
> > Many thanks,
> >
> > Zhang
> >
> >
> >
> >
______________________________________________________________

> >                     Professor Michael E. Mann
> >            Department of Environmental Sciences, Clark Hall
> >                       University of Virginia
> >                      Charlottesville, VA 22903
> >
_______________________________________________________________________

> > e-mail: mann@virginia.edu   Phone:    FAX: 

> >          http://www.evsc.virginia.edu/faculty/people/mann.shtml
> >
> > <1099itrdb.xls><itrdbmatrix.m><file_name.txt>
> ______________________________________________
>                     Scott Rutherford  
> 
> Assistant Professor
> Dept. of Natural Sciences
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> Roger Williams University
> e-mail: srutherford@rwu.edu
> phone: 
> snail mail:
> One Ferry Road
> Bristol, RI 02809
>

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml 

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Zhang, Zhihua; fenbiao@ltrr.arizona.edu; Scott Rutherford
Cc: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; Anderson Justin; mann@virginia.edu
Subject: RE: new proxy network
Date: Wednesday, June 30, 2004 6:26:28 PM

Dear All,

Malcolm and I have been discussing one other consideration. How to detail w/ the issue of non-climatic
influences on certain tree-ring series (i.e., possible co2 fertilization).

The simplest, initial thing to do will be flag those series which we believe are likely to exhibit this problem,
and exclude them from the analysis, and see if it makes a difference. If so, we'll need to more carefully
consider if there is an objective way to process them to attempt to remove the non-climatic influence.

In the next few weeks, we should begin to make significant progress on building the revised network,
classifying the proxies by field/season, etc.  I'm hoping that Zhang, Scott, and Fenbiao can coordinate
efforts on this, keeping the rest of us posted, over the next few weeks.

Thanks,

Mike

At 10:34 AM 6/11/2004, Zhang, Zhihua wrote:

Dear all,

 <?xml:namespace prefix = o ns = "urn:schemas-microsoft-com:office:office" />

The new three-column format tree ring files are now available in the Holocene (/users/shared/itrdb/data/),
with the 1st column year, 2rd tree index and 3rd sample number, while the first three rows indicating
location and proxy ID (I use 9000 to represent tree chronologies). The file names are the same as previous
files saved at the (/users/shared/zhang/), but with different extension (.ppd) which means paleo-proxy-
data.

 

Looking forward to taking more suggestion on the further stage of this database project.

 

Many thanks,

 

Zhang 

-----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu]
Sent: Tuesday, June 08, 2004 1:59 PM
To: fenbiao@ltrr.arizona.edu; Scott Rutherford
Cc: Zhang, Zhihua; mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; Anderson Justin; mann@virginia.edu
Subject: Re: new proxy network

thanks fenbiao,

great to see us making some real progress on this now...

some feedback below. One general comment is that we have to keep our thinking
general enough so that it applies now just to dendro proxies, but other proxies as well...

mike

At 09:26 PM 6/7/2004, fenbiao@ltrr.arizona.edu wrote:

Hi Scott and everybody,
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Some comments on your questions:

1)      Do Malcolm and Fenbiao have a list of those data records that we
cannot 
make available? We will need that information in the master database.

All the ITRDB files are publicly available, most files from letters are not 
publicly available as indicated in table crn24FromLetter.xls that I have 
already send you last year. All the Russian files from Shishov are not
public.

this would include any records that have been scanned rather than provided by
researchers. Scott should be able to provide info this...

2)      Which standardization should we use? Should we use ARSTD if 
available?

I think we are using only standard chronologies and use other type of
data as 
substitute only when standard is not available or is problematic etc. This
was 
discussed with Mike in 1997, and the outcome then was, use the Standard

Chronology, because not all have been prepared with the same software.
This 
means that many will contain some non-climatic persistence, which was 
documented for Miek and Ray back then. It seemed more efficient to deal
with 
any persistence at a general level, rather than getting into details that
may 
be missing for hindreds of the series.

this is really a question for Malcolm. One important issue is the MXD data. I believe
we have decided to flag one version (age-banded) for use at low-frequencies, and
the other version for use at high frequencies--our database has to allow for such
informaiton to be provided (i.e., which frequency bands data should be used in). Some
proxies will only be used
for low-frequency calibration because of their intrinsic resolution (e.g. varves, etc.)...

3)      I think it we may save a lot of headache down the road if every file 
has the same number of columns with the different
measurements/standardizations 
ALWAYS in the same column, so every file with have the maximum
possible number 
of columns. So column 3 is always raw, column 4 is always std, column 5
is 
always arstd etc. If a measurement/standardization is missing, that
column can 
be filled with NaN or -9999 or some other missing value flag.

How about 1st column as year, 2nd column as value (in this case
standard 
chronology or other substitutes for example reconstruction, other proxy),
3rd 
column as sample number, which is number of cores (might have missing
for 
example if data is reconstruction or other proxies)? Data type can be kept 
track in the file name list (see point 4).

4)      The use of the file name list to gather the proxies is perfect. Will it 
work if we have to jump around directories to get different files? It may
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be 
that we want to specify the full path to the file name.

The use of the file name list to gather the proxies is fine as long as its ID 
is unique. I think at least we need to have the following attributes in the 
table that keep track all files, type of data, path of data (in which directory

it is located), publicly available or not, 1st year, last year (length is not 
necessary since it is a derived attribute), latitude, longitude, sources 
(contributor), references ID (if it is available to point to another reference 
table), series intercorelations etc etc. This will allow us to sort out a group

of sub-data according to some criteria.

5)      I assume that sample number (second column) is number of trees?

Sample number is # of cores. Sometimes 2 cores are taken for every tree,

sometimes 1, sometimes two are taken but only 1 survives, etc. 

Best regards,

Malcolm and Fenbiao

Quoting Scott Rutherford <srutherford@rwu.edu>:

> Dear all,
> 
> I have a few comments on the data files:
> 
> 1) Do Malcolm and Fenbiao have a list of those data records that we
can 
> NOT make available? We will need that information in the master 
> database.
> 
> 2) Which standardization should we use? Should we use ARSTD if 
> available?
> 
> 3) I think it we may save a lot of headache down the road if every file 
> has the same number of columns with the different 
> measurements/standardizations ALWAYS in the same column, so every
file 
> with have the maximum possible number of columns. So column 3 is
always 
> raw, column 4 is always std, column 5 is always arstd etc. If a 
> measurement/standardization is missing, that column can be filled with 
> NaN or -9999 or some other missing value flag.
> 
> 4) The use of the file name list to gather the proxies is perfect. Will 
> it work if we have to jump around directories to get different files? 
> It may be that we want to specify the full path to the file name.
> 
> 5) I assume that sample number (second column) is number of trees?
> 
> Those are the things that sprung to mind.
> 
> 
> Also, I've cc'd an undergraduate student, Justin Anderson, on this 
> e-mail. Justin will be working with me on the database. Please include 
> him in your cc-list on future e-mails.
> 
> Thanks,
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> 
> Scott
> 
> 
> 
> 
> 
> 
> 
> On Thursday, June 3, 2004, at 01:56  PM, Zhang, Zhihua wrote:
> 
> > Dear all,
> >
> >  
> >
> > I have converted all chronologies into uni-formated data files and 
> > saved them at the Holocene (users\shared\zhang). The files look like 
> > that: First column, year; second column, sample number; third to
sixth 
> > column, different types of tree chronologies, say, raw, std, res and 
> > ars. Most files have only three columns with no raw, res and ars 
> > chronologies. The first row of the files is longitude, second is 
> > latitude and the third is identification of chronologies (I used 5555, 
> > 6666, 7777, 8888 represent raw, std, res and ars respectively with
NaN 
> > indicating unknown type of chronologies). For these files that have 
> > less than 5 columns, the third column values are mostly std indices, 
> > files recjj_yy1,2 are reconstructed summer and annual Tem. as 
> > exceptions. For 6-column files, std indices are in the 4th column.
> >
> >  
> >
> > The total numbers of converted files are 1099, which include 912
itrdb 
> > version 5.03 without BriffaSchweingruber, 24 from letter (the original 
> > chronol.rwl is the raw data for yamal2002.txt, so, was not included), 
> > 33 selected from Shishov (in the original dataset the t13jvcrn and 
> > t22jvcrn are the same chronologies with t13crn2 and t22crns with 
> > different format, so deleted. File t09jvcrn have no corresponded data 
> > in the 36selectedfromshishov dataset). 130 BriffaSchweingruber files 
> > were also converted and put in the itrdb pool ( one data file in the 
> > 130-BriffaSchweingruber named russ023x_crns may have some
problem with 
> > one tree sample shifting around 100-year when running arstan).
> >
> >  
> >
> > I wrote a matlab script itrdbmatrix.m (attached) for putting data 
> > files into a big data matrix with first column indicating years and 2 
> > to n columns being tree ring data (first two rows are longitude and 
> > latitude, the third row is chronology ID which is not so important). 
> > The key for the itrdbmatrix.m is the file_name.txt (attached) which 
> > control which chronologies will be used to form the big data_matrix. 
> > For example, if you delete last 130 file names in the file_name.txt, 
> > all 130 BriffaSchweingruber files will not come to the data_matrix. 
> > Implication for that is we can add new proxy files to the itrdb pool 
> > and only need to add the names on the file_name.txt to use these
data. 
> > Because the early_year indices usually come from very few tree
samples 
> > which may amplify reconstructed climate variability, I added some 
> > control rules in the itrdbmatrix.m for removing these earlier data. 
> > The itrdbmatrix.m also provides a sub_datamatrix for selecting longer

> > and regional data files (details see the script). If a tree file 
> > having no location information, this will not be put in the 
> > sub_datamatrix (there are 7 chronologies from 24fromletter with no 
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> > longitude/latitude).
> >
> >  
> >
> > This is current step I have done for the ITRDB, I will be happy to 
> > take any advicefrom you for this ITRDB project.
> >
> >  
> >
> > I need some help from Scott: Before the Holocene hacker, I can
connect 
> > the Holocene through the Blue.unix of Uva from my home PC. Now I
cant 
> > do that (I still can ftp to the Holocene). Would you please solve that 
> > problem for me? By the way, could you give me some suggestion
about 
> > web page design, say, some reference books or some websites.
> >
> >  
> >
> > Many thanks,
> >
> >  
> >
> > Zhang
> >
> > -----Original Message-----
> > From: Michael E. Mann [mailto:mann@virginia.edu]
> > Sent: Friday, May 21, 2004 10:09 AM
> > To: Zhang, Zhihua; Scott Rutherford
> > Cc: mhughes@ltrr.arizona.edu; fenbiao@ltrr.arizona.edu; 
> > zz9t@virginia.edu; rbradley@geo.umass.edu; mann@virginia.edu
> > Subject: RE: new proxy network
> >
> > HI Zhang,
> >
> > Thanks for your email.
> >
> > Clearly, it is time for us to really start making some progress on 
> > getting the revised proxy network together. Ray, Malcolm, and I have

> > discussed this a bit.
> >
> > We're going to need to be very careful about filtering the ITRDB for 
> > precisely the requirements necessary to fulfill quality control, and 
> > in choosing which other datasets to use.
> >
> > Zhang raises the issue of which version of the MXD data 
> > (Schwieingruber et al) to use. We will be using the gridded, 
> > age-banded version of these series prepared by Briffa et al. Scott has

> > already been working with these data.
> >
> > So what we really need now is good communication, and a
coordinated 
> > effort. Scott will hopefully be taking a key role in the coordination 
> > of this effort overe the summer, while it is my hope that Zhang and 
> > Fenbiao can work on helping get the data together, w/ Ray, Malcolm,

> > and me advising on quality control. It will be useful to cc the entire 
> > group on any emails related to this project, so that everyone is up to 
> > speed.
> >
> > I look forward to us making significant progress on this over the next

> > month or two,
> >
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> > mike
> >
> >  At 01:56 PM 5/20/2004, Zhang, Zhihua wrote:
> >
> > Hi Scott,
> >
> > What's your opinion about the preliminary matlab script for picking
up
> > sensitive proxy series based on SLP and some tree ring data I have
(it
> > suitable for other climate variables and proxy data if format is 
> > matched),
> > that I sent to you last time. I afraid it would need more effort to 
> > put it
> > works on web interface ("databasegui.html").
> >
> > I have converted some of the tree ring chronologies with ITRDB
format 
> > into
> > vectors using Dr. Dave Meko's matlab scripts (it does not work for
some
> > other format, I am now revise this script). Since the tree ring 
> > chronologies
> > have three types, say, standard, residual and ARSTND, do we need 
> > category
> > each type of chronology into a matrix or we just focus on the
ARSTND
> > chronology?
> >
> > The ITRDB Fenbiao selected is smaller than the ITRDB in the
> > http://www.ngdc.noaa.gov/paleo/treering.html . Do we have more
updated
> > version of ITRDB dataset than crn912NoScweingruberPlusITRDB503.
Dr. 
> > Fritz
> > Schweingruber contributed nearly 500 sites of chronologies, which we

> > only
> > use part of them here, should we add a little more of his
chronologies?
> >
> > Many thanks,
> >
> > Zhang
> >
> >
> >
> >
______________________________________________________________

> >                     Professor Michael E. Mann
> >            Department of Environmental Sciences, Clark Hall
> >                       University of Virginia
> >                      Charlottesville, VA 22903
> >
_______________________________________________________________________

> > e-mail: mann@virginia.edu   Phone:    FAX: 

> >          http://www.evsc.virginia.edu/faculty/people/mann.shtml
> >
> > <1099itrdb.xls><itrdbmatrix.m><file_name.txt>
> ______________________________________________
>                     Scott Rutherford  
> 
> Assistant Professor
> Dept. of Natural Sciences
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> Roger Williams University
> e-mail: srutherford@rwu.edu
> phone: 
> snail mail:
> One Ferry Road
> Bristol, RI 02809
>

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml 

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Zhang, Zhihua
To: Michael E. Mann; fenbiao@ltrr.arizona.edu; Scott Rutherford
Cc: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; Anderson Justin; zz9t@virginia.edu
Subject: RE: new proxy network
Date: Monday, June 21, 2004 7:21:14 AM

Thanks Mike,
 
I will do the infilling of global SLP for the Oct-Mar and Apr-Sep half-year seasons (and the Jan-Dec calender mean).
 
Zhang

-----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu]
Sent: Monday, June 21, 2004 8:09 AM
To: Zhang, Zhihua; fenbiao@ltrr.arizona.edu; Scott Rutherford
Cc: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; Anderson Justin; zz9t@virginia.edu; mann@virginia.edu
Subject: RE: new proxy network

Hi Zhang,

Thanks for the update and information.

For consistency with previous analyses, I suggest we keep to the Oct-Mar and Apr-Sep half-year seasons (and the Jan-Dec
calender mean), unless anyone else has strong opinions about using different seasonal definitions? I realize this means you'll have
to re-compute the seasonal instrumental SLP analyses. Scott has already computed the Oct-Mar and Apr-Sep surface temperature
seasonal analyses...Note that we will also need to compute the annual (Jan-Dec) means for the instrumental surface temperature
(Scott?) and SLP fields (Zhang?) too. 

As mentioned in my previous email, we will want to attempt analyses in which all proxy data available are used, regardless of the
target season/field of the reconstruction. In other cases, we will want to use the screening to decide which proxies are used,
depending on field/seasonal window. So if we represent sub-networks by PCs, we'll need to do this on an adaptive basis (i.e., we
need to do this separately for each analysis). So this could get a bit tedious. I do think it is probably a necessary step however.

One other issue: we want to use as many instrumental records as are available back through the 19th, 18th, 17th centuries as
predictors. But we should plan to do analyses both with and without the long instrumental series, so that long verification runs
can be done...

Mike

At 01:09 AM 6/21/2004, Zhang, Zhihua wrote:

Dear all,

 <?xml:namespace prefix = o ns = "urn:schemas-microsoft-com:office:office" />

Thanks Mike for giving such a detailed instruction for the next step regarding the project. You mentioned that the reconstructions
will be performed for Oct-Mar and Apr-Sep half year seasons, but our previous work of infilled global SLP was done using
Nev-Apr and May-Oct half year seasons. It makes no big difference between these two half-year-season scenarios and I can make
another version of Oct-Mar (Apr-Sep) half year season in a couple of days.

 

Here I want to introduce some m-files that may be useful for this project. These m-files are intended to pick up climate sensitive
proxies based on the significance of correlation of proxy indices with instrumental data. The significant levels were calculated with
Monte Carlo method (100000 times) for a Two-Tailed Test and were put in a table named rtable1 (3-500 sample range, 50%-99%
confident level range), which is ready to use in the m-file. The m-file (masterpick_1) is very flexible. You can choose ‘seasons’
and ‘climate variables’ for loading seasonal climate variables, you can also decide if or not your search of sensitive proxy data will
include lag-1 proxies. The criteria for selecting proxy data must be integral numbers from 50 to 99. The time interval you want to
calculation the corrcoef is flexible and does not care how many missing data in the interval. It is also flexible to select the numbers
of gridpoints (instrumental data) near proxy site used to calculate R and  the numbers of gripoints need to pass the confident level
for selecting a proxy series. I have put the R-table (rtable1) and cold/warm season global SLP (coldslp/warmslp) in the Holocene
(/users/shared/itrdb/clidata/). The proxy matrix is come from itrdbmatrix_1.m. If interesting, you can change some path directions
in the M-files and run these files to get SLP sensitive proxy dataset. 

 

I like Mike’s notion of reducing the dimensionality of certain very large datasets by PCs in certain regions. Do these proxy data for
calculating PCs also need to pass a certain level of correlation with closest instrumental data?

 

Many thanks,

 

Zhang

 

-----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu]
Sent: Sunday, June 20, 2004 12:41 PM
To: Zhang, Zhihua; fenbiao@ltrr.arizona.edu; Scott Rutherford
Cc: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; Anderson Justin; mann@virginia.edu
Subject: RE: new proxy network
Importance: High
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Dear All,

One other issue I forgot to raise below.

In MBH98 we represented certain regional tree-ring networks by PCs, to reduce the dimensionality of certain very
large datasets (e.g. the western North American tree-ring data) that would otherwise dominate the network. This
seemed to lead to modest improvements in verification skill.

We may want to do the same thing here, as the number of proxy indicators becomes very large. However, we
would want to be as objective as possible about how we do this. We would want to make sure this was done
only on homogenous networks of data (i.e., not combine apples and oranges), make sure we document the
objective criterion that was used to select the number of PCs of each network retained, and we would want to
make sure to standardize the data appropriately before performing the PC (MBH98 used a 20th century
standardization period--however it is probably better to standardize the data using means and standard
deviations from  the full period available in each step of the step-wise RegEM (we will probably want to go back
in steps of one century at a time, as far back as we can go--i.e., back to 1800, 1700, 1600, 1500, 1400, 1300, 
1200, 1100, 1000, 900, 800, 700, ...,  0AD???). I would suggest that Scott discuss this issue carefully w/ Zhang
and Fenbiao  as we proceed w/ finalizing the predictor network.

Finally, we need to flag (w/ Malcolm's help), those tree-ring data (high-elevation western North American tree-
ring data in particular) that likely suffer from the possible co2-fertilization effect discussed in Mann et al (1999)
and decide upon an objective means of removing the influence (e.g. as in Mann et al, 1999).

At 10:55 AM 6/19/2004, Michael E. Mann wrote:

Dear All,

As we now appear to be making good progress, I wanted to recap the primary tasks that we
hope to complete by the termination of this project (which comes in a little more than one year
now). I've organized this into 4 distinct tasks, the 3rd and 4th of which represent the
culmination of this project (and presumably several published manuscripts).

I. Assimilation of proxy network: 

This includes ITRDB data (Fenbiao, Zhang in collaboration w/ Malcolm), other recently published
proxy series (tree rings, corals, etc.) that are available in the public domain, as collected by all
(including Ray, Mike, Scott, et al). This includes numerous decadal or multidecadal-resolution
proxy records (lake sediments, speleothems, etc.). Scott will be coordinating this, w/ Fenbiao,
Zhang, Malcolm, Ray, and Mike all contributing.

We have made good progress here, but work remains to be done. We need to make sure we
have input from all project members as to any new records that may be useful for our database.

This NGDC Paleo website should be reviewed again for any records published over the past few
years that may be appropriate:

http://www.ngdc.noaa.gov/paleo/whatsnew.html

Keep in mind that the timeframe we are concentrating on is the past 1 to 2 millennia...

II. Database

Database will need to contain numerous categories of information, as discussed previously, so
that proper subnetworks can be chosen for the analysis at hand. 

This includes:

A. Categorize proxies based on perceived frequency-domain fidelity:

1. Useful for all frequencies (interannual through century-scale)
2. Useful for high-frequencies only (e.g. interannual through decadal)
3. Useful for low-frequencies only (e.g. decadal through century-scale).

This determination will be based on subjective expert judgement, which should nonetheless be
obvious in certain cases (i.e., liberally standardized chronologies w/ short segment lengths would
get placed in category "2").

In some cases, as discussed previously, we may use different versions of the same data for
different frequency bands. For example, for the Briffa et al MXD data, we will use the age-
banded version for low-frequencies and the older version for the high-frequencies.

We need to consider how best to treat the ITRDB data along these lines (Malcolm in consulation
w/ FenBiao, Zhang).

B. Categorize all proxies based on local seasonality/climate variable into:

1. Warm-season circulation (or precip)
2. Warm-season temperature
3. Cold-season circulation (or precip)
4. Cold-season temperature

This is to be determined by an automated process (Fenbiao/Scott) that correlates proxies with
closest instrumental gridpoint seasonal-mean temperature and SLP data to determine the
optimal season/variable. For low-frequency proxies which cannot be realiably etermined by
correlation against instrumental data, subjective expert judgement will be required to classify the
proxy.

ABOR/MH/Priv-004198



III. Frequency-Domain Analyses of Proxy Data

This will be headed by Fenbiao, in collaboration w/ Mike and Malcolm. The proxy indicators
themselves (rather then any climate field reconstructions) will be analyzed for frequency-domain
behavior directly, using MTM-SVD. For these analyses, proxy data will be grouped into those
capable of resolving interannual and longer timescales, and those only capable of resolving
decadal and longer timescales. Separate analyses will be done for each of the 4 categories of 
season/climate variable described above (warm-season temp, warm-season circ, cold-season
temp, cold-season cir).

IV. Climate Field Reconstructions:

Global Surface Temperature and Global Mean Sea Level Pressure

Zhang (under supervision by Scott) will be performing the actual (i) seasonal surface
temperature and (ii) SLP reconstructions using the stepwise, hybrid-frequency domain version of
RegEM (this should include estimation of uncertainties).  The hybrid-frequency domain approach
will use weights for the 2 different frequency bands based on bandwidth factors as described by
Rutherford et al (2004) unless the proxy has been designated as only reliable in one band or the
other (see above). In this case, the weights are assigned identically  1 and 0  or 0 and 1 in the
two different frequency bands.

The reconstructions will be performed for Oct-Mar and Apr-Sep half year seasons, as well as
calender annual mean (Jan-Dec), the latter to allow direct comparison w/ Mann et al (1998)
reconstructions. This means a total of 6 different climate field reconstructions (2 different
climate fields, 3 different seasonal windows). 

The domain will be global (based on infilled versions of the instrumental surface temeprature
and SLP records, as previously computed by Scott and Zhang), and key indices will be diagnosed
directly from the climate field reconstructions (hemispheric mean, tropical mean, extratropical
mean, extratropical continental mean, Nino3 and PDO from surface temperature reconstructions
and SOI, NAO, AO, and PNA from SLP reconstructions).

For verification of reconstructions, we should use in all cases a split calibration/verification
approach in which the first half/second half of the instrumental record are alternatively used for
calibration/verification (this in contrast to Mann et al, 1998 which only did an "early"
verification). The split calib/verif will also allow us to address the issue of whether the proxy
network can successfully track the late 20th century climate changes...

Reconstructions should be performed for each of the 6 season/field combinations based on the
following alternative 

1. All indicators
2. Only indicators designated as having the same season as the target seasonal field
reconstruction
3. Only indicators having both the same season and same variable as the target seasonal field
reconstruction.

Its a fair amount of work to complete in what is now just a bit more than a year, so we need to
make lots of progress this summer. The payoff will be a fundamental improvement in existing
large-scale reconstructions of cliamte over the past 1 to 2 millennia.

Comments, additional suggestions, modifications, etc. on any of the above are welcome!

mike

At 10:34 AM 6/11/2004, Zhang, Zhihua wrote:

Dear all,

 <?xml:namespace prefix = o ns = "urn:schemas-microsoft-com:office:office" />

The new three-column format tree ring files are now available in the Holocene
(/users/shared/itrdb/data/), with the 1st column year, 2rd tree index and 3rd sample
number, while the first three rows indicating location and proxy ID (I use 9000 to
represent tree chronologies). The file names are the same as previous files saved at the
(/users/shared/zhang/), but with different extension (.ppd) which means paleo-proxy-
data.

 
Looking forward to taking more suggestion on the further stage of this database project.

 
Many thanks,

 
Zhang

-----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu]
Sent: Tuesday, June 08, 2004 1:59 PM
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To: fenbiao@ltrr.arizona.edu; Scott Rutherford
Cc: Zhang, Zhihua; mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; Anderson Justin;
mann@virginia.edu
Subject: Re: new proxy network

thanks fenbiao,
great to see us making some real progress on this now...
some feedback below. One general comment is that we have to keep our
thinking
general enough so that it applies now just to dendro proxies, but other
proxies as well...
mike
At 09:26 PM 6/7/2004, fenbiao@ltrr.arizona.edu wrote:

Hi Scott and everybody,
Some comments on your questions:
1)      Do Malcolm and Fenbiao have a list of those data
records that we cannot
make available? We will need that information in the
master database.
All the ITRDB files are publicly available, most files from
letters are not
publicly available as indicated in table
crn24FromLetter.xls that I have
already send you last year. All the Russian files from
Shishov are not public.

this would include any records that have been scanned rather than
provided by researchers. Scott should be able to provide info this...

2)      Which standardization should we use? Should we
use ARSTD if
available?
I think we are using only standard chronologies and use
other type of data as
substitute only when standard is not available or is
problematic etc. This was
discussed with Mike in 1997, and the outcome then was,
use the Standard
Chronology, because not all have been prepared with the
same software. This
means that many will contain some non-climatic
persistence, which was
documented for Miek and Ray back then. It seemed
more efficient to deal with
any persistence at a general level, rather than getting
into details that may
be missing for hindreds of the series.

this is really a question for Malcolm. One important issue is the MXD data.
I believe
we have decided to flag one version (age-banded) for use at low-
frequencies, and
the other version for use at high frequencies--our database has to allow
for such informaiton to be provided (i.e., which frequency bands data
should be used in). Some proxies will only be used
for low-frequency calibration because of their intrinsic resolution (e.g.
varves, etc.)...

3)      I think it we may save a lot of headache down the
road if every file
has the same number of columns with the different
measurements/standardizations
ALWAYS in the same column, so every file with have the
maximum possible number
of columns. So column 3 is always raw, column 4 is
always std, column 5 is
always arstd etc. If a measurement/standardization is
missing, that column can
be filled with NaN or -9999 or some other missing value
flag.
How about 1st column as year, 2nd column as value (in
this case standard
chronology or other substitutes for example
reconstruction, other proxy), 3rd
column as sample number, which is number of cores
(might have missing for
example if data is reconstruction or other proxies)? Data
type can be kept
track in the file name list (see point 4).
4)      The use of the file name list to gather the proxies
is perfect. Will it
work if we have to jump around directories to get
different files? It may be
that we want to specify the full path to the file name.
The use of the file name list to gather the proxies is fine
as long as its ID
is unique. I think at least we need to have the following
attributes in the
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table that keep track all files, type of data, path of data
(in which directory
it is located), publicly available or not, 1st year, last year
(length is not
necessary since it is a derived attribute), latitude,
longitude, sources
(contributor), references ID (if it is available to point to
another reference
table), series intercorelations etc etc. This will allow us to
sort out a group
of sub-data according to some criteria.
5)      I assume that sample number (second column) is
number of trees?
Sample number is # of cores. Sometimes 2 cores are
taken for every tree,
sometimes 1, sometimes two are taken but only 1
survives, etc.
Best regards,
Malcolm and Fenbiao
Quoting Scott Rutherford <srutherford@rwu.edu>:
> Dear all,
>
> I have a few comments on the data files:
>
> 1) Do Malcolm and Fenbiao have a list of those data
records that we can
> NOT make available? We will need that information in
the master
> database.
>
> 2) Which standardization should we use? Should we
use ARSTD if
> available?
>
> 3) I think it we may save a lot of headache down the
road if every file
> has the same number of columns with the different
> measurements/standardizations ALWAYS in the same
column, so every file
> with have the maximum possible number of columns.
So column 3 is always
> raw, column 4 is always std, column 5 is always arstd
etc. If a
> measurement/standardization is missing, that column
can be filled with
> NaN or -9999 or some other missing value flag.
>
> 4) The use of the file name list to gather the proxies is
perfect. Will
> it work if we have to jump around directories to get
different files?
> It may be that we want to specify the full path to the
file name.
>
> 5) I assume that sample number (second column) is
number of trees?
>
> Those are the things that sprung to mind.
>
>
> Also, I've cc'd an undergraduate student, Justin
Anderson, on this
> e-mail. Justin will be working with me on the database.
Please include
> him in your cc-list on future e-mails.
>
> Thanks,
>
> Scott
>
>
>
>
>
>
>
> On Thursday, June 3, 2004, at 01:56  PM, Zhang,
Zhihua wrote:
>
> > Dear all,
> >
> > 
> >
> > I have converted all chronologies into uni-formated
data files and
> > saved them at the Holocene (users\shared\zhang).
The files look like
> > that: First column, year; second column, sample
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number; third to sixth
> > column, different types of tree chronologies, say,
raw, std, res and
> > ars. Most files have only three columns with no raw,
res and ars
> > chronologies. The first row of the files is longitude,
second is
> > latitude and the third is identification of chronologies
(I used 5555,
> > 6666, 7777, 8888 represent raw, std, res and ars
respectively with NaN
> > indicating unknown type of chronologies). For these
files that have
> > less than 5 columns, the third column values are
mostly std indices,
> > files recjj_yy1,2 are reconstructed summer and
annual Tem. as
> > exceptions. For 6-column files, std indices are in the
4th column.
> >
> > 
> >
> > The total numbers of converted files are 1099, which
include 912 itrdb
> > version 5.03 without BriffaSchweingruber, 24 from
letter (the original
> > chronol.rwl is the raw data for yamal2002.txt, so,
was not included),
> > 33 selected from Shishov (in the original dataset the
t13jvcrn and
> > t22jvcrn are the same chronologies with t13crn2 and
t22crns with
> > different format, so deleted. File t09jvcrn have no
corresponded data
> > in the 36selectedfromshishov dataset). 130
BriffaSchweingruber files
> > were also converted and put in the itrdb pool ( one
data file in the
> > 130-BriffaSchweingruber named russ023x_crns may
have some problem with
> > one tree sample shifting around 100-year when
running arstan).
> >
> > 
> >
> > I wrote a matlab script itrdbmatrix.m (attached) for
putting data
> > files into a big data matrix with first column
indicating years and 2
> > to n columns being tree ring data (first two rows are
longitude and
> > latitude, the third row is chronology ID which is not
so important).
> > The key for the itrdbmatrix.m is the file_name.txt
(attached) which
> > control which chronologies will be used to form the
big data_matrix.
> > For example, if you delete last 130 file names in the
file_name.txt,
> > all 130 BriffaSchweingruber files will not come to the
data_matrix.
> > Implication for that is we can add new proxy files to
the itrdb pool
> > and only need to add the names on the
file_name.txt to use these data.
> > Because the early_year indices usually come from
very few tree samples
> > which may amplify reconstructed climate variability,
I added some
> > control rules in the itrdbmatrix.m for removing these
earlier data.
> > The itrdbmatrix.m also provides a sub_datamatrix
for selecting longer
> > and regional data files (details see the script). If a
tree file
> > having no location information, this will not be put in
the
> > sub_datamatrix (there are 7 chronologies from
24fromletter with no
> > longitude/latitude).
> >
> > 
> >
> > This is current step I have done for the ITRDB, I will
be happy to
> > take any advicefrom you for this ITRDB project.
> >
> > 
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> >
> > I need some help from Scott: Before the Holocene
hacker, I can connect
> > the Holocene through the Blue.unix of Uva from my
home PC. Now I cant
> > do that (I still can ftp to the Holocene). Would you
please solve that
> > problem for me? By the way, could you give me
some suggestion about
> > web page design, say, some reference books or
some websites.
> >
> > 
> >
> > Many thanks,
> >
> > 
> >
> > Zhang
> >
> > -----Original Message-----
> > From: Michael E. Mann [mailto:mann@virginia.edu]
> > Sent: Friday, May 21, 2004 10:09 AM
> > To: Zhang, Zhihua; Scott Rutherford
> > Cc: mhughes@ltrr.arizona.edu;
fenbiao@ltrr.arizona.edu;
> > zz9t@virginia.edu; rbradley@geo.umass.edu;
mann@virginia.edu
> > Subject: RE: new proxy network
> >
> > HI Zhang,
> >
> > Thanks for your email.
> >
> > Clearly, it is time for us to really start making some
progress on
> > getting the revised proxy network together. Ray,
Malcolm, and I have
> > discussed this a bit.
> >
> > We're going to need to be very careful about
filtering the ITRDB for
> > precisely the requirements necessary to fulfill quality
control, and
> > in choosing which other datasets to use.
> >
> > Zhang raises the issue of which version of the MXD
data
> > (Schwieingruber et al) to use. We will be using the
gridded,
> > age-banded version of these series prepared by
Briffa et al. Scott has
> > already been working with these data.
> >
> > So what we really need now is good communication,
and a coordinated
> > effort. Scott will hopefully be taking a key role in the
coordination
> > of this effort overe the summer, while it is my hope
that Zhang and
> > Fenbiao can work on helping get the data together,
w/ Ray, Malcolm,
> > and me advising on quality control. It will be useful
to cc the entire
> > group on any emails related to this project, so that
everyone is up to
> > speed.
> >
> > I look forward to us making significant progress on
this over the next
> > month or two,
> >
> > mike
> >
> >  At 01:56 PM 5/20/2004, Zhang, Zhihua wrote:
> >
> > Hi Scott,
> >
> > What's your opinion about the preliminary matlab
script for picking up
> > sensitive proxy series based on SLP and some tree
ring data I have (it
> > suitable for other climate variables and proxy data if
format is
> > matched),
> > that I sent to you last time. I afraid it would need
more effort to
> > put it
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> > works on web interface ("databasegui.html").
> >
> > I have converted some of the tree ring chronologies
with ITRDB format
> > into
> > vectors using Dr. Dave Meko's matlab scripts (it
does not work for some
> > other format, I am now revise this script). Since the
tree ring
> > chronologies
> > have three types, say, standard, residual and
ARSTND, do we need
> > category
> > each type of chronology into a matrix or we just
focus on the ARSTND
> > chronology?
> >
> > The ITRDB Fenbiao selected is smaller than the
ITRDB in the
> > http://www.ngdc.noaa.gov/paleo/treering.html . Do
we have more updated
> > version of ITRDB dataset than
crn912NoScweingruberPlusITRDB503. Dr.
> > Fritz
> > Schweingruber contributed nearly 500 sites of
chronologies, which we
> > only
> > use part of them here, should we add a little more
of his chronologies?
> >
> > Many thanks,
> >
> > Zhang
> >
> >
> >
> >
______________________________________________________________
> >                     Professor Michael E. Mann
> >            Department of Environmental Sciences, Clark
Hall
> >                       University of Virginia
> >                      Charlottesville, VA 22903
> >
_______________________________________________________________________
> > e-mail: mann@virginia.edu   Phone: 

   FAX: 
> >         
http://www.evsc.virginia.edu/faculty/people/mann.shtml
> >
> > <1099itrdb.xls><itrdbmatrix.m><file_name.txt>
>
______________________________________________
>                     Scott Rutherford  
>
> Assistant Professor
> Dept. of Natural Sciences
> Roger Williams University
> e-mail: srutherford@rwu.edu
> phone: 
> snail mail:
> One Ferry Road
> Bristol, RI 02809
>

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
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                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml 

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Zhang, Zhihua; fenbiao@ltrr.arizona.edu; Scott Rutherford
Cc: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; Anderson Justin; zz9t@virginia.edu; mann@virginia.edu
Subject: RE: new proxy network
Date: Monday, June 21, 2004 5:34:16 AM

Hi Zhang,

Thanks for the update and information.

For consistency with previous analyses, I suggest we keep to the Oct-Mar and Apr-Sep half-year seasons (and the Jan-Dec calender
mean), unless anyone else has strong opinions about using different seasonal definitions? I realize this means you'll have to re-
compute the seasonal instrumental SLP analyses. Scott has already computed the Oct-Mar and Apr-Sep surface temperature seasonal
analyses...Note that we will also need to compute the annual (Jan-Dec) means for the instrumental surface temperature (Scott?) and
SLP fields (Zhang?) too. 

As mentioned in my previous email, we will want to attempt analyses in which all proxy data available are used, regardless of the
target season/field of the reconstruction. In other cases, we will want to use the screening to decide which proxies are used, depending
on field/seasonal window. So if we represent sub-networks by PCs, we'll need to do this on an adaptive basis (i.e., we need to do this
separately for each analysis). So this could get a bit tedious. I do think it is probably a necessary step however.

One other issue: we want to use as many instrumental records as are available back through the 19th, 18th, 17th centuries as
predictors. But we should plan to do analyses both with and without the long instrumental series, so that long verification runs can be
done...

Mike

At 01:09 AM 6/21/2004, Zhang, Zhihua wrote:

Dear all,

 <?xml:namespace prefix = o ns = "urn:schemas-microsoft-com:office:office" />

Thanks Mike for giving such a detailed instruction for the next step regarding the project. You mentioned that the reconstructions will
be performed for Oct-Mar and Apr-Sep half year seasons, but our previous work of infilled global SLP was done using Nev-Apr and
May-Oct half year seasons. It makes no big difference between these two half-year-season scenarios and I can make another version of
Oct-Mar (Apr-Sep) half year season in a couple of days.

 

Here I want to introduce some m-files that may be useful for this project. These m-files are intended to pick up climate sensitive proxies
based on the significance of correlation of proxy indices with instrumental data. The significant levels were calculated with Monte Carlo
method (100000 times) for a Two-Tailed Test and were put in a table named rtable1 (3-500 sample range, 50%-99% confident level
range), which is ready to use in the m-file. The m-file (masterpick_1) is very flexible. You can choose ‘seasons’ and ‘climate variables’
for loading seasonal climate variables, you can also decide if or not your search of sensitive proxy data will include lag-1 proxies. The
criteria for selecting proxy data must be integral numbers from 50 to 99. The time interval you want to calculation the corrcoef is flexible
and does not care how many missing data in the interval. It is also flexible to select the numbers of gridpoints (instrumental data) near
proxy site used to calculate R and  the numbers of gripoints need to pass the confident level for selecting a proxy series. I have put the
R-table (rtable1) and cold/warm season global SLP (coldslp/warmslp) in the Holocene (/users/shared/itrdb/clidata/). The proxy matrix is
come from itrdbmatrix_1.m. If interesting, you can change some path directions in the M-files and run these files to get SLP sensitive
proxy dataset. 

 

I like Mike’s notion of reducing the dimensionality of certain very large datasets by PCs in certain regions. Do these proxy data for
calculating PCs also need to pass a certain level of correlation with closest instrumental data?

 

Many thanks,

 

Zhang

 

-----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu]
Sent: Sunday, June 20, 2004 12:41 PM
To: Zhang, Zhihua; fenbiao@ltrr.arizona.edu; Scott Rutherford
Cc: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; Anderson Justin; mann@virginia.edu
Subject: RE: new proxy network
Importance: High

Dear All,

One other issue I forgot to raise below.

In MBH98 we represented certain regional tree-ring networks by PCs, to reduce the dimensionality of certain very large
datasets (e.g. the western North American tree-ring data) that would otherwise dominate the network. This seemed to
lead to modest improvements in verification skill.

We may want to do the same thing here, as the number of proxy indicators becomes very large. However, we would
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want to be as objective as possible about how we do this. We would want to make sure this was done only on
homogenous networks of data (i.e., not combine apples and oranges), make sure we document the objective criterion
that was used to select the number of PCs of each network retained, and we would want to make sure to standardize
the data appropriately before performing the PC (MBH98 used a 20th century standardization period--however it is
probably better to standardize the data using means and standard deviations from  the full period available in each
step of the step-wise RegEM (we will probably want to go back in steps of one century at a time, as far back as we
can go--i.e., back to 1800, 1700, 1600, 1500, 1400, 1300,  1200, 1100, 1000, 900, 800, 700, ...,  0AD???). I would
suggest that Scott discuss this issue carefully w/ Zhang and Fenbiao  as we proceed w/ finalizing the predictor
network.

Finally, we need to flag (w/ Malcolm's help), those tree-ring data (high-elevation western North American tree-ring
data in particular) that likely suffer from the possible co2-fertilization effect discussed in Mann et al (1999) and decide
upon an objective means of removing the influence (e.g. as in Mann et al, 1999).

At 10:55 AM 6/19/2004, Michael E. Mann wrote:

Dear All,

As we now appear to be making good progress, I wanted to recap the primary tasks that we hope to
complete by the termination of this project (which comes in a little more than one year now). I've
organized this into 4 distinct tasks, the 3rd and 4th of which represent the culmination of this project
(and presumably several published manuscripts).

I. Assimilation of proxy network: 

This includes ITRDB data (Fenbiao, Zhang in collaboration w/ Malcolm), other recently published
proxy series (tree rings, corals, etc.) that are available in the public domain, as collected by all
(including Ray, Mike, Scott, et al). This includes numerous decadal or multidecadal-resolution proxy
records (lake sediments, speleothems, etc.). Scott will be coordinating this, w/ Fenbiao, Zhang,
Malcolm, Ray, and Mike all contributing.

We have made good progress here, but work remains to be done. We need to make sure we have
input from all project members as to any new records that may be useful for our database. 

This NGDC Paleo website should be reviewed again for any records published over the past few years
that may be appropriate:

http://www.ngdc.noaa.gov/paleo/whatsnew.html

Keep in mind that the timeframe we are concentrating on is the past 1 to 2 millennia...

II. Database

Database will need to contain numerous categories of information, as discussed previously, so that
proper subnetworks can be chosen for the analysis at hand. 

This includes:

A. Categorize proxies based on perceived frequency-domain fidelity:

1. Useful for all frequencies (interannual through century-scale)
2. Useful for high-frequencies only (e.g. interannual through decadal)
3. Useful for low-frequencies only (e.g. decadal through century-scale).

This determination will be based on subjective expert judgement, which should nonetheless be
obvious in certain cases (i.e., liberally standardized chronologies w/ short segment lengths would get
placed in category "2").

In some cases, as discussed previously, we may use different versions of the same data for different
frequency bands. For example, for the Briffa et al MXD data, we will use the age-banded version for
low-frequencies and the older version for the high-frequencies.

We need to consider how best to treat the ITRDB data along these lines (Malcolm in consulation w/
FenBiao, Zhang).

B. Categorize all proxies based on local seasonality/climate variable into:

1. Warm-season circulation (or precip)
2. Warm-season temperature
3. Cold-season circulation (or precip)
4. Cold-season temperature

This is to be determined by an automated process (Fenbiao/Scott) that correlates proxies with closest
instrumental gridpoint seasonal-mean temperature and SLP data to determine the optimal
season/variable. For low-frequency proxies which cannot be realiably etermined by correlation against
instrumental data, subjective expert judgement will be required to classify the proxy.

III. Frequency-Domain Analyses of Proxy Data

This will be headed by Fenbiao, in collaboration w/ Mike and Malcolm. The proxy indicators
themselves (rather then any climate field reconstructions) will be analyzed for frequency-domain
behavior directly, using MTM-SVD. For these analyses, proxy data will be grouped into those capable
of resolving interannual and longer timescales, and those only capable of resolving decadal and longer
timescales. Separate analyses will be done for each of the 4 categories of  season/climate variable
described above (warm-season temp, warm-season circ, cold-season temp, cold-season cir).
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IV. Climate Field Reconstructions:

Global Surface Temperature and Global Mean Sea Level Pressure

Zhang (under supervision by Scott) will be performing the actual (i) seasonal surface temperature and
(ii) SLP reconstructions using the stepwise, hybrid-frequency domain version of RegEM (this should
include estimation of uncertainties).  The hybrid-frequency domain approach will use weights for the 2
different frequency bands based on bandwidth factors as described by Rutherford et al (2004) unless
the proxy has been designated as only reliable in one band or the other (see above). In this case, the
weights are assigned identically  1 and 0  or 0 and 1 in the two different frequency bands.

The reconstructions will be performed for Oct-Mar and Apr-Sep half year seasons, as well as calender
annual mean (Jan-Dec), the latter to allow direct comparison w/ Mann et al (1998) reconstructions.
This means a total of 6 different climate field reconstructions (2 different climate fields, 3 different
seasonal windows). 

The domain will be global (based on infilled versions of the instrumental surface temeprature and SLP
records, as previously computed by Scott and Zhang), and key indices will be diagnosed directly from
the climate field reconstructions (hemispheric mean, tropical mean, extratropical mean, extratropical
continental mean, Nino3 and PDO from surface temperature reconstructions and SOI, NAO, AO, and
PNA from SLP reconstructions).

For verification of reconstructions, we should use in all cases a split calibration/verification approach in
which the first half/second half of the instrumental record are alternatively used for
calibration/verification (this in contrast to Mann et al, 1998 which only did an "early" verification). The
split calib/verif will also allow us to address the issue of whether the proxy network can successfully
track the late 20th century climate changes...

Reconstructions should be performed for each of the 6 season/field combinations based on the
following alternative 

1. All indicators
2. Only indicators designated as having the same season as the target seasonal field reconstruction
3. Only indicators having both the same season and same variable as the target seasonal field
reconstruction.

Its a fair amount of work to complete in what is now just a bit more than a year, so we need to make
lots of progress this summer. The payoff will be a fundamental improvement in existing large-scale
reconstructions of cliamte over the past 1 to 2 millennia.

Comments, additional suggestions, modifications, etc. on any of the above are welcome!

mike

At 10:34 AM 6/11/2004, Zhang, Zhihua wrote:

Dear all,

 <?xml:namespace prefix = o ns = "urn:schemas-microsoft-com:office:office" />

The new three-column format tree ring files are now available in the Holocene
(/users/shared/itrdb/data/), with the 1st column year, 2rd tree index and 3rd sample number,
while the first three rows indicating location and proxy ID (I use 9000 to represent tree
chronologies). The file names are the same as previous files saved at the
(/users/shared/zhang/), but with different extension (.ppd) which means paleo-proxy-data.

 
Looking forward to taking more suggestion on the further stage of this database project.

 
Many thanks,

 
Zhang

-----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu]
Sent: Tuesday, June 08, 2004 1:59 PM
To: fenbiao@ltrr.arizona.edu; Scott Rutherford
Cc: Zhang, Zhihua; mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; Anderson Justin;
mann@virginia.edu
Subject: Re: new proxy network

thanks fenbiao,
great to see us making some real progress on this now...
some feedback below. One general comment is that we have to keep our
thinking
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general enough so that it applies now just to dendro proxies, but other proxies
as well...
mike
At 09:26 PM 6/7/2004, fenbiao@ltrr.arizona.edu wrote:

Hi Scott and everybody,
Some comments on your questions:
1)      Do Malcolm and Fenbiao have a list of those data
records that we cannot
make available? We will need that information in the master
database.
All the ITRDB files are publicly available, most files from letters
are not
publicly available as indicated in table crn24FromLetter.xls that
I have
already send you last year. All the Russian files from Shishov
are not public.

this would include any records that have been scanned rather than provided by
researchers. Scott should be able to provide info this...

2)      Which standardization should we use? Should we use
ARSTD if
available?
I think we are using only standard chronologies and use other
type of data as
substitute only when standard is not available or is problematic
etc. This was
discussed with Mike in 1997, and the outcome then was, use
the Standard
Chronology, because not all have been prepared with the same
software. This
means that many will contain some non-climatic persistence,
which was
documented for Miek and Ray back then. It seemed more
efficient to deal with
any persistence at a general level, rather than getting into
details that may
be missing for hindreds of the series.

this is really a question for Malcolm. One important issue is the MXD data. I
believe
we have decided to flag one version (age-banded) for use at low-frequencies,
and
the other version for use at high frequencies--our database has to allow for
such informaiton to be provided (i.e., which frequency bands data should be
used in). Some proxies will only be used
for low-frequency calibration because of their intrinsic resolution (e.g. varves,
etc.)...

3)      I think it we may save a lot of headache down the road
if every file
has the same number of columns with the different
measurements/standardizations
ALWAYS in the same column, so every file with have the
maximum possible number
of columns. So column 3 is always raw, column 4 is always std,
column 5 is
always arstd etc. If a measurement/standardization is missing,
that column can
be filled with NaN or -9999 or some other missing value flag.
How about 1st column as year, 2nd column as value (in this
case standard
chronology or other substitutes for example reconstruction,
other proxy), 3rd
column as sample number, which is number of cores (might
have missing for
example if data is reconstruction or other proxies)? Data type
can be kept
track in the file name list (see point 4).
4)      The use of the file name list to gather the proxies is
perfect. Will it
work if we have to jump around directories to get different
files? It may be
that we want to specify the full path to the file name.
The use of the file name list to gather the proxies is fine as
long as its ID
is unique. I think at least we need to have the following
attributes in the
table that keep track all files, type of data, path of data (in
which directory
it is located), publicly available or not, 1st year, last year
(length is not
necessary since it is a derived attribute), latitude, longitude,
sources
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(contributor), references ID (if it is available to point to
another reference
table), series intercorelations etc etc. This will allow us to sort
out a group
of sub-data according to some criteria.
5)      I assume that sample number (second column) is
number of trees?
Sample number is # of cores. Sometimes 2 cores are taken for
every tree,
sometimes 1, sometimes two are taken but only 1 survives,
etc.
Best regards,
Malcolm and Fenbiao
Quoting Scott Rutherford <srutherford@rwu.edu>:
> Dear all,
>
> I have a few comments on the data files:
>
> 1) Do Malcolm and Fenbiao have a list of those data records
that we can
> NOT make available? We will need that information in the
master
> database.
>
> 2) Which standardization should we use? Should we use
ARSTD if
> available?
>
> 3) I think it we may save a lot of headache down the road if
every file
> has the same number of columns with the different
> measurements/standardizations ALWAYS in the same
column, so every file
> with have the maximum possible number of columns. So
column 3 is always
> raw, column 4 is always std, column 5 is always arstd etc. If
a
> measurement/standardization is missing, that column can be
filled with
> NaN or -9999 or some other missing value flag.
>
> 4) The use of the file name list to gather the proxies is
perfect. Will
> it work if we have to jump around directories to get
different files?
> It may be that we want to specify the full path to the file
name.
>
> 5) I assume that sample number (second column) is number
of trees?
>
> Those are the things that sprung to mind.
>
>
> Also, I've cc'd an undergraduate student, Justin Anderson,
on this
> e-mail. Justin will be working with me on the database.
Please include
> him in your cc-list on future e-mails.
>
> Thanks,
>
> Scott
>
>
>
>
>
>
>
> On Thursday, June 3, 2004, at 01:56  PM, Zhang, Zhihua
wrote:
>
> > Dear all,
> >
> > 
> >
> > I have converted all chronologies into uni-formated data
files and
> > saved them at the Holocene (users\shared\zhang). The
files look like
> > that: First column, year; second column, sample number;
third to sixth
> > column, different types of tree chronologies, say, raw, std,
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res and
> > ars. Most files have only three columns with no raw, res
and ars
> > chronologies. The first row of the files is longitude, second
is
> > latitude and the third is identification of chronologies (I
used 5555,
> > 6666, 7777, 8888 represent raw, std, res and ars
respectively with NaN
> > indicating unknown type of chronologies). For these files
that have
> > less than 5 columns, the third column values are mostly
std indices,
> > files recjj_yy1,2 are reconstructed summer and annual
Tem. as
> > exceptions. For 6-column files, std indices are in the 4th
column.
> >
> > 
> >
> > The total numbers of converted files are 1099, which
include 912 itrdb
> > version 5.03 without BriffaSchweingruber, 24 from letter
(the original
> > chronol.rwl is the raw data for yamal2002.txt, so, was not
included),
> > 33 selected from Shishov (in the original dataset the
t13jvcrn and
> > t22jvcrn are the same chronologies with t13crn2 and
t22crns with
> > different format, so deleted. File t09jvcrn have no
corresponded data
> > in the 36selectedfromshishov dataset). 130
BriffaSchweingruber files
> > were also converted and put in the itrdb pool ( one data
file in the
> > 130-BriffaSchweingruber named russ023x_crns may have
some problem with
> > one tree sample shifting around 100-year when running
arstan).
> >
> > 
> >
> > I wrote a matlab script itrdbmatrix.m (attached) for
putting data
> > files into a big data matrix with first column indicating
years and 2
> > to n columns being tree ring data (first two rows are
longitude and
> > latitude, the third row is chronology ID which is not so
important).
> > The key for the itrdbmatrix.m is the file_name.txt
(attached) which
> > control which chronologies will be used to form the big
data_matrix.
> > For example, if you delete last 130 file names in the
file_name.txt,
> > all 130 BriffaSchweingruber files will not come to the
data_matrix.
> > Implication for that is we can add new proxy files to the
itrdb pool
> > and only need to add the names on the file_name.txt to
use these data.
> > Because the early_year indices usually come from very
few tree samples
> > which may amplify reconstructed climate variability, I
added some
> > control rules in the itrdbmatrix.m for removing these
earlier data.
> > The itrdbmatrix.m also provides a sub_datamatrix for
selecting longer
> > and regional data files (details see the script). If a tree file
> > having no location information, this will not be put in the
> > sub_datamatrix (there are 7 chronologies from
24fromletter with no
> > longitude/latitude).
> >
> > 
> >
> > This is current step I have done for the ITRDB, I will be
happy to
> > take any advicefrom you for this ITRDB project.
> >
> > 
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> >
> > I need some help from Scott: Before the Holocene hacker,
I can connect
> > the Holocene through the Blue.unix of Uva from my home
PC. Now I cant
> > do that (I still can ftp to the Holocene). Would you please
solve that
> > problem for me? By the way, could you give me some
suggestion about
> > web page design, say, some reference books or some
websites.
> >
> > 
> >
> > Many thanks,
> >
> > 
> >
> > Zhang
> >
> > -----Original Message-----
> > From: Michael E. Mann [mailto:mann@virginia.edu]
> > Sent: Friday, May 21, 2004 10:09 AM
> > To: Zhang, Zhihua; Scott Rutherford
> > Cc: mhughes@ltrr.arizona.edu; fenbiao@ltrr.arizona.edu;
> > zz9t@virginia.edu; rbradley@geo.umass.edu;
mann@virginia.edu
> > Subject: RE: new proxy network
> >
> > HI Zhang,
> >
> > Thanks for your email.
> >
> > Clearly, it is time for us to really start making some
progress on
> > getting the revised proxy network together. Ray, Malcolm,
and I have
> > discussed this a bit.
> >
> > We're going to need to be very careful about filtering the
ITRDB for
> > precisely the requirements necessary to fulfill quality
control, and
> > in choosing which other datasets to use.
> >
> > Zhang raises the issue of which version of the MXD data
> > (Schwieingruber et al) to use. We will be using the
gridded,
> > age-banded version of these series prepared by Briffa et
al. Scott has
> > already been working with these data.
> >
> > So what we really need now is good communication, and
a coordinated
> > effort. Scott will hopefully be taking a key role in the
coordination
> > of this effort overe the summer, while it is my hope that
Zhang and
> > Fenbiao can work on helping get the data together, w/
Ray, Malcolm,
> > and me advising on quality control. It will be useful to cc
the entire
> > group on any emails related to this project, so that
everyone is up to
> > speed.
> >
> > I look forward to us making significant progress on this
over the next
> > month or two,
> >
> > mike
> >
> >  At 01:56 PM 5/20/2004, Zhang, Zhihua wrote:
> >
> > Hi Scott,
> >
> > What's your opinion about the preliminary matlab script
for picking up
> > sensitive proxy series based on SLP and some tree ring
data I have (it
> > suitable for other climate variables and proxy data if
format is
> > matched),
> > that I sent to you last time. I afraid it would need more

ABOR/MH/Priv-004212



effort to
> > put it
> > works on web interface ("databasegui.html").
> >
> > I have converted some of the tree ring chronologies with
ITRDB format
> > into
> > vectors using Dr. Dave Meko's matlab scripts (it does not
work for some
> > other format, I am now revise this script). Since the tree
ring
> > chronologies
> > have three types, say, standard, residual and ARSTND, do
we need
> > category
> > each type of chronology into a matrix or we just focus on
the ARSTND
> > chronology?
> >
> > The ITRDB Fenbiao selected is smaller than the ITRDB in
the
> > http://www.ngdc.noaa.gov/paleo/treering.html . Do we
have more updated
> > version of ITRDB dataset than
crn912NoScweingruberPlusITRDB503. Dr.
> > Fritz
> > Schweingruber contributed nearly 500 sites of
chronologies, which we
> > only
> > use part of them here, should we add a little more of his
chronologies?
> >
> > Many thanks,
> >
> > Zhang
> >
> >
> >
> >
______________________________________________________________
> >                     Professor Michael E. Mann
> >            Department of Environmental Sciences, Clark Hall
> >                       University of Virginia
> >                      Charlottesville, VA 22903
> >
_______________________________________________________________________
> > e-mail: mann@virginia.edu   Phone:   
FAX: 
> >         
http://www.evsc.virginia.edu/faculty/people/mann.shtml
> >
> > <1099itrdb.xls><itrdbmatrix.m><file_name.txt>
> ______________________________________________
>                     Scott Rutherford  
>
> Assistant Professor
> Dept. of Natural Sciences
> Roger Williams University
> e-mail: srutherford@rwu.edu
> phone: 
> snail mail:
> One Ferry Road
> Bristol, RI 02809
>

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
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                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml 

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Zhang, Zhihua
To: Michael E. Mann; fenbiao@ltrr.arizona.edu; Scott Rutherford
Cc: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; Anderson Justin; zz9t@virginia.edu
Subject: RE: new proxy network
Date: Sunday, June 20, 2004 10:09:51 PM
Attachments: itrdbmatrix_1.m

masterpick_1.m
propick_1.m

Dear all,
 
Thanks Mike for giving such a detailed instruction for the next step regarding the project. You mentioned that the reconstructions
will be performed for Oct-Mar and Apr-Sep half year seasons, but our previous work of infilled global SLP was done using
Nev-Apr and May-Oct half year seasons. It makes no big difference between these two half-year-season scenarios and I can make
another version of Oct-Mar (Apr-Sep) half year season in a couple of days.
 
Here I want to introduce some m-files that may be useful for this project. These m-files are intended to pick up climate sensitive
proxies based on the significance of correlation of proxy indices with instrumental data. The significant levels were calculated with
Monte Carlo method (100000 times) for a Two-Tailed Test and were put in a table named rtable1 (3-500 sample range, 50%-99%
confident level range), which is ready to use in the m-file. The m-file (masterpick_1) is very flexible. You can choose ‘seasons’
and ‘climate variables’ for loading seasonal climate variables, you can also decide if or not your search of sensitive proxy data will
include lag-1 proxies. The criteria for selecting proxy data must be integral numbers from 50 to 99. The time interval you want to
calculation the corrcoef is flexible and does not care how many missing data in the interval. It is also flexible to select the numbers
of gridpoints (instrumental data) near proxy site used to calculate R and  the numbers of gripoints need to pass the confident level
for selecting a proxy series. I have put the R-table (rtable1) and cold/warm season global SLP (coldslp/warmslp) in the Holocene
(/users/shared/itrdb/clidata/). The proxy matrix is come from itrdbmatrix_1.m. If interesting, you can change some path directions
in the M-files and run these files to get SLP sensitive proxy dataset.
 
I like Mike’s notion of reducing the dimensionality of certain very large datasets by PCs in certain regions. Do these proxy data for
calculating PCs also need to pass a certain level of correlation with closest instrumental data?
 
Many thanks,
 
Zhang
 

-----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu]
Sent: Sunday, June 20, 2004 12:41 PM
To: Zhang, Zhihua; fenbiao@ltrr.arizona.edu; Scott Rutherford
Cc: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; Anderson Justin; mann@virginia.edu
Subject: RE: new proxy network
Importance: High

Dear All,

One other issue I forgot to raise below.

In MBH98 we represented certain regional tree-ring networks by PCs, to reduce the dimensionality of certain very
large datasets (e.g. the western North American tree-ring data) that would otherwise dominate the network. This
seemed to lead to modest improvements in verification skill.

We may want to do the same thing here, as the number of proxy indicators becomes very large. However, we
would want to be as objective as possible about how we do this. We would want to make sure this was done
only on homogenous networks of data (i.e., not combine apples and oranges), make sure we document the
objective criterion that was used to select the number of PCs of each network retained, and we would want to
make sure to standardize the data appropriately before performing the PC (MBH98 used a 20th century
standardization period--however it is probably better to standardize the data using means and standard
deviations from  the full period available in each step of the step-wise RegEM (we will probably want to go back
in steps of one century at a time, as far back as we can go--i.e., back to 1800, 1700, 1600, 1500, 1400, 1300, 
1200, 1100, 1000, 900, 800, 700, ...,  0AD???). I would suggest that Scott discuss this issue carefully w/ Zhang
and Fenbiao  as we proceed w/ finalizing the predictor network.

Finally, we need to flag (w/ Malcolm's help), those tree-ring data (high-elevation western North American tree-
ring data in particular) that likely suffer from the possible co2-fertilization effect discussed in Mann et al (1999)
and decide upon an objective means of removing the influence (e.g. as in Mann et al, 1999).

At 10:55 AM 6/19/2004, Michael E. Mann wrote:

Dear All,

As we now appear to be making good progress, I wanted to recap the primary tasks that we hope to
complete by the termination of this project (which comes in a little more than one year now). I've
organized this into 4 distinct tasks, the 3rd and 4th of which represent the culmination of this project
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(and presumably several published manuscripts).

I. Assimilation of proxy network: 

This includes ITRDB data (Fenbiao, Zhang in collaboration w/ Malcolm), other recently published
proxy series (tree rings, corals, etc.) that are available in the public domain, as collected by all
(including Ray, Mike, Scott, et al). This includes numerous decadal or multidecadal-resolution proxy
records (lake sediments, speleothems, etc.). Scott will be coordinating this, w/ Fenbiao, Zhang,
Malcolm, Ray, and Mike all contributing.

We have made good progress here, but work remains to be done. We need to make sure we have
input from all project members as to any new records that may be useful for our database. 

This NGDC Paleo website should be reviewed again for any records published over the past few years
that may be appropriate:

http://www.ngdc.noaa.gov/paleo/whatsnew.html

Keep in mind that the timeframe we are concentrating on is the past 1 to 2 millennia...

II. Database

Database will need to contain numerous categories of information, as discussed previously, so that
proper subnetworks can be chosen for the analysis at hand. 

This includes:

A. Categorize proxies based on perceived frequency-domain fidelity:

1. Useful for all frequencies (interannual through century-scale)
2. Useful for high-frequencies only (e.g. interannual through decadal)
3. Useful for low-frequencies only (e.g. decadal through century-scale).

This determination will be based on subjective expert judgement, which should nonetheless be
obvious in certain cases (i.e., liberally standardized chronologies w/ short segment lengths would get
placed in category "2").

In some cases, as discussed previously, we may use different versions of the same data for different
frequency bands. For example, for the Briffa et al MXD data, we will use the age-banded version for
low-frequencies and the older version for the high-frequencies.

We need to consider how best to treat the ITRDB data along these lines (Malcolm in consulation w/
FenBiao, Zhang).

B. Categorize all proxies based on local seasonality/climate variable into:

1. Warm-season circulation (or precip)
2. Warm-season temperature
3. Cold-season circulation (or precip)
4. Cold-season temperature

This is to be determined by an automated process (Fenbiao/Scott) that correlates proxies with closest
instrumental gridpoint seasonal-mean temperature and SLP data to determine the optimal
season/variable. For low-frequency proxies which cannot be realiably etermined by correlation against
instrumental data, subjective expert judgement will be required to classify the proxy.

III. Frequency-Domain Analyses of Proxy Data

This will be headed by Fenbiao, in collaboration w/ Mike and Malcolm. The proxy indicators
themselves (rather then any climate field reconstructions) will be analyzed for frequency-domain
behavior directly, using MTM-SVD. For these analyses, proxy data will be grouped into those capable
of resolving interannual and longer timescales, and those only capable of resolving decadal and longer
timescales. Separate analyses will be done for each of the 4 categories of  season/climate variable
described above (warm-season temp, warm-season circ, cold-season temp, cold-season cir).

IV. Climate Field Reconstructions:

Global Surface Temperature and Global Mean Sea Level Pressure

Zhang (under supervision by Scott) will be performing the actual (i) seasonal surface temperature and
(ii) SLP reconstructions using the stepwise, hybrid-frequency domain version of RegEM (this should
include estimation of uncertainties).  The hybrid-frequency domain approach will use weights for the 2
different frequency bands based on bandwidth factors as described by Rutherford et al (2004) unless
the proxy has been designated as only reliable in one band or the other (see above). In this case, the
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weights are assigned identically  1 and 0  or 0 and 1 in the two different frequency bands.

The reconstructions will be performed for Oct-Mar and Apr-Sep half year seasons, as well as calender
annual mean (Jan-Dec), the latter to allow direct comparison w/ Mann et al (1998) reconstructions.
This means a total of 6 different climate field reconstructions (2 different climate fields, 3 different
seasonal windows). 

The domain will be global (based on infilled versions of the instrumental surface temeprature and SLP
records, as previously computed by Scott and Zhang), and key indices will be diagnosed directly from
the climate field reconstructions (hemispheric mean, tropical mean, extratropical mean, extratropical
continental mean, Nino3 and PDO from surface temperature reconstructions and SOI, NAO, AO, and
PNA from SLP reconstructions).

For verification of reconstructions, we should use in all cases a split calibration/verification approach in
which the first half/second half of the instrumental record are alternatively used for
calibration/verification (this in contrast to Mann et al, 1998 which only did an "early" verification). The
split calib/verif will also allow us to address the issue of whether the proxy network can successfully
track the late 20th century climate changes...

Reconstructions should be performed for each of the 6 season/field combinations based on the
following alternative 

1. All indicators
2. Only indicators designated as having the same season as the target seasonal field reconstruction
3. Only indicators having both the same season and same variable as the target seasonal field
reconstruction.

Its a fair amount of work to complete in what is now just a bit more than a year, so we need to make
lots of progress this summer. The payoff will be a fundamental improvement in existing large-scale
reconstructions of cliamte over the past 1 to 2 millennia.

Comments, additional suggestions, modifications, etc. on any of the above are welcome!

mike

At 10:34 AM 6/11/2004, Zhang, Zhihua wrote:

Dear all,

 <?xml:namespace prefix = o ns = "urn:schemas-microsoft-com:office:office" />

The new three-column format tree ring files are now available in the Holocene
(/users/shared/itrdb/data/), with the 1st column year, 2rd tree index and 3rd sample number, while the
first three rows indicating location and proxy ID (I use 9000 to represent tree chronologies). The file
names are the same as previous files saved at the (/users/shared/zhang/), but with different extension
(.ppd) which means paleo-proxy-data.

 

Looking forward to taking more suggestion on the further stage of this database project.

 

Many thanks,

 

Zhang

-----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu]
Sent: Tuesday, June 08, 2004 1:59 PM
To: fenbiao@ltrr.arizona.edu; Scott Rutherford
Cc: Zhang, Zhihua; mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; Anderson Justin;
mann@virginia.edu
Subject: Re: new proxy network

thanks fenbiao,
great to see us making some real progress on this now...
some feedback below. One general comment is that we have to keep our thinking
general enough so that it applies now just to dendro proxies, but other proxies as
well...
mike
At 09:26 PM 6/7/2004, fenbiao@ltrr.arizona.edu wrote:
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Hi Scott and everybody,
Some comments on your questions:
1)      Do Malcolm and Fenbiao have a list of those data records that
we cannot
make available? We will need that information in the master
database.
All the ITRDB files are publicly available, most files from letters are
not
publicly available as indicated in table crn24FromLetter.xls that I
have
already send you last year. All the Russian files from Shishov are not
public.

this would include any records that have been scanned rather than provided by
researchers. Scott should be able to provide info this...

2)      Which standardization should we use? Should we use ARSTD
if
available?
I think we are using only standard chronologies and use other type
of data as
substitute only when standard is not available or is problematic etc.
This was
discussed with Mike in 1997, and the outcome then was, use the
Standard
Chronology, because not all have been prepared with the same
software. This
means that many will contain some non-climatic persistence, which
was
documented for Miek and Ray back then. It seemed more efficient
to deal with
any persistence at a general level, rather than getting into details
that may
be missing for hindreds of the series.

this is really a question for Malcolm. One important issue is the MXD data. I believe
we have decided to flag one version (age-banded) for use at low-frequencies, and
the other version for use at high frequencies--our database has to allow for such
informaiton to be provided (i.e., which frequency bands data should be used in).
Some proxies will only be used
for low-frequency calibration because of their intrinsic resolution (e.g. varves, etc.)...

3)      I think it we may save a lot of headache down the road if
every file
has the same number of columns with the different
measurements/standardizations
ALWAYS in the same column, so every file with have the maximum
possible number
of columns. So column 3 is always raw, column 4 is always std,
column 5 is
always arstd etc. If a measurement/standardization is missing, that
column can
be filled with NaN or -9999 or some other missing value flag.
How about 1st column as year, 2nd column as value (in this case
standard
chronology or other substitutes for example reconstruction, other
proxy), 3rd
column as sample number, which is number of cores (might have
missing for
example if data is reconstruction or other proxies)? Data type can be
kept
track in the file name list (see point 4).
4)      The use of the file name list to gather the proxies is perfect.
Will it
work if we have to jump around directories to get different files? It
may be
that we want to specify the full path to the file name.
The use of the file name list to gather the proxies is fine as long as
its ID
is unique. I think at least we need to have the following attributes in
the
table that keep track all files, type of data, path of data (in which
directory
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it is located), publicly available or not, 1st year, last year (length is
not
necessary since it is a derived attribute), latitude, longitude, sources
(contributor), references ID (if it is available to point to another
reference
table), series intercorelations etc etc. This will allow us to sort out a
group
of sub-data according to some criteria.
5)      I assume that sample number (second column) is number of
trees?
Sample number is # of cores. Sometimes 2 cores are taken for
every tree,
sometimes 1, sometimes two are taken but only 1 survives, etc.
Best regards,
Malcolm and Fenbiao

Quoting Scott Rutherford <srutherford@rwu.edu>:
> Dear all,
>
> I have a few comments on the data files:
>
> 1) Do Malcolm and Fenbiao have a list of those data records that
we can
> NOT make available? We will need that information in the master
> database.
>
> 2) Which standardization should we use? Should we use ARSTD if
> available?
>
> 3) I think it we may save a lot of headache down the road if every
file
> has the same number of columns with the different
> measurements/standardizations ALWAYS in the same column, so
every file
> with have the maximum possible number of columns. So column 3
is always
> raw, column 4 is always std, column 5 is always arstd etc. If a
> measurement/standardization is missing, that column can be filled
with
> NaN or -9999 or some other missing value flag.
>
> 4) The use of the file name list to gather the proxies is perfect.
Will
> it work if we have to jump around directories to get different
files?
> It may be that we want to specify the full path to the file name.
>
> 5) I assume that sample number (second column) is number of
trees?
>
> Those are the things that sprung to mind.
>
>
> Also, I've cc'd an undergraduate student, Justin Anderson, on this
> e-mail. Justin will be working with me on the database. Please
include
> him in your cc-list on future e-mails.
>
> Thanks,
>
> Scott
>
>
>
>
>
>
>
> On Thursday, June 3, 2004, at 01:56  PM, Zhang, Zhihua wrote:
>
> > Dear all,
> >
> > 
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> >
> > I have converted all chronologies into uni-formated data files
and
> > saved them at the Holocene (users\shared\zhang). The files
look like
> > that: First column, year; second column, sample number; third
to sixth
> > column, different types of tree chronologies, say, raw, std, res
and
> > ars. Most files have only three columns with no raw, res and ars
> > chronologies. The first row of the files is longitude, second is
> > latitude and the third is identification of chronologies (I used
5555,
> > 6666, 7777, 8888 represent raw, std, res and ars respectively
with NaN
> > indicating unknown type of chronologies). For these files that
have
> > less than 5 columns, the third column values are mostly std
indices,
> > files recjj_yy1,2 are reconstructed summer and annual Tem. as
> > exceptions. For 6-column files, std indices are in the 4th
column.
> >
> > 
> >
> > The total numbers of converted files are 1099, which include
912 itrdb
> > version 5.03 without BriffaSchweingruber, 24 from letter (the
original
> > chronol.rwl is the raw data for yamal2002.txt, so, was not
included),
> > 33 selected from Shishov (in the original dataset the t13jvcrn
and
> > t22jvcrn are the same chronologies with t13crn2 and t22crns
with
> > different format, so deleted. File t09jvcrn have no corresponded
data
> > in the 36selectedfromshishov dataset). 130 BriffaSchweingruber
files
> > were also converted and put in the itrdb pool ( one data file in
the
> > 130-BriffaSchweingruber named russ023x_crns may have some
problem with
> > one tree sample shifting around 100-year when running arstan).
> >
> > 
> >
> > I wrote a matlab script itrdbmatrix.m (attached) for putting
data
> > files into a big data matrix with first column indicating years
and 2
> > to n columns being tree ring data (first two rows are longitude
and
> > latitude, the third row is chronology ID which is not so
important).
> > The key for the itrdbmatrix.m is the file_name.txt (attached)
which
> > control which chronologies will be used to form the big
data_matrix.
> > For example, if you delete last 130 file names in the
file_name.txt,
> > all 130 BriffaSchweingruber files will not come to the
data_matrix.
> > Implication for that is we can add new proxy files to the itrdb
pool
> > and only need to add the names on the file_name.txt to use
these data.
> > Because the early_year indices usually come from very few tree
samples
> > which may amplify reconstructed climate variability, I added
some
> > control rules in the itrdbmatrix.m for removing these earlier
data.
> > The itrdbmatrix.m also provides a sub_datamatrix for selecting
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longer
> > and regional data files (details see the script). If a tree file
> > having no location information, this will not be put in the
> > sub_datamatrix (there are 7 chronologies from 24fromletter
with no
> > longitude/latitude).
> >
> > 
> >
> > This is current step I have done for the ITRDB, I will be happy
to
> > take any advicefrom you for this ITRDB project.
> >
> > 
> >
> > I need some help from Scott: Before the Holocene hacker, I can
connect
> > the Holocene through the Blue.unix of Uva from my home PC.
Now I cant
> > do that (I still can ftp to the Holocene). Would you please solve
that
> > problem for me? By the way, could you give me some
suggestion about
> > web page design, say, some reference books or some websites.
> >
> > 
> >
> > Many thanks,
> >
> > 
> >
> > Zhang
> >
> > -----Original Message-----
> > From: Michael E. Mann [mailto:mann@virginia.edu]
> > Sent: Friday, May 21, 2004 10:09 AM
> > To: Zhang, Zhihua; Scott Rutherford
> > Cc: mhughes@ltrr.arizona.edu; fenbiao@ltrr.arizona.edu;
> > zz9t@virginia.edu; rbradley@geo.umass.edu;
mann@virginia.edu
> > Subject: RE: new proxy network
> >
> > HI Zhang,
> >
> > Thanks for your email.
> >
> > Clearly, it is time for us to really start making some progress on
> > getting the revised proxy network together. Ray, Malcolm, and I
have
> > discussed this a bit.
> >
> > We're going to need to be very careful about filtering the
ITRDB for
> > precisely the requirements necessary to fulfill quality control,
and
> > in choosing which other datasets to use.
> >
> > Zhang raises the issue of which version of the MXD data
> > (Schwieingruber et al) to use. We will be using the gridded,
> > age-banded version of these series prepared by Briffa et al.
Scott has
> > already been working with these data.
> >
> > So what we really need now is good communication, and a
coordinated
> > effort. Scott will hopefully be taking a key role in the
coordination
> > of this effort overe the summer, while it is my hope that Zhang
and
> > Fenbiao can work on helping get the data together, w/ Ray,
Malcolm,
> > and me advising on quality control. It will be useful to cc the
entire
> > group on any emails related to this project, so that everyone is
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up to
> > speed.
> >
> > I look forward to us making significant progress on this over
the next
> > month or two,
> >
> > mike
> >
> >  At 01:56 PM 5/20/2004, Zhang, Zhihua wrote:
> >
> > Hi Scott,
> >
> > What's your opinion about the preliminary matlab script for
picking up
> > sensitive proxy series based on SLP and some tree ring data I
have (it
> > suitable for other climate variables and proxy data if format is
> > matched),
> > that I sent to you last time. I afraid it would need more effort
to
> > put it
> > works on web interface ("databasegui.html").
> >
> > I have converted some of the tree ring chronologies with ITRDB
format
> > into
> > vectors using Dr. Dave Meko's matlab scripts (it does not work
for some
> > other format, I am now revise this script). Since the tree ring
> > chronologies
> > have three types, say, standard, residual and ARSTND, do we
need
> > category
> > each type of chronology into a matrix or we just focus on the
ARSTND
> > chronology?
> >
> > The ITRDB Fenbiao selected is smaller than the ITRDB in the
> > http://www.ngdc.noaa.gov/paleo/treering.html . Do we have
more updated
> > version of ITRDB dataset than
crn912NoScweingruberPlusITRDB503. Dr.
> > Fritz
> > Schweingruber contributed nearly 500 sites of chronologies,
which we
> > only
> > use part of them here, should we add a little more of his
chronologies?
> >
> > Many thanks,
> >
> > Zhang
> >
> >
> >
> >
______________________________________________________________
> >                     Professor Michael E. Mann
> >            Department of Environmental Sciences, Clark Hall
> >                       University of Virginia
> >                      Charlottesville, VA 22903
> >
_______________________________________________________________________
> > e-mail: mann@virginia.edu   Phone:    FAX:

> >          http://www.evsc.virginia.edu/faculty/people/mann.shtml
> >
> > <1099itrdb.xls><itrdbmatrix.m><file_name.txt>
> ______________________________________________
>                     Scott Rutherford  
>
> Assistant Professor
> Dept. of Natural Sciences
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> Roger Williams University
> e-mail: srutherford@rwu.edu
> phone: 
> snail mail:
> One Ferry Road
> Bristol, RI 02809
>

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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clear all

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%%%%% parameters for the itrdbmatrix %%%%%%%%
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%-- because most tree-chronologies we have are standard chron. we 
choose STD or
%-- some unknown type of index, which are mostly STD files, to 
form itrdbmatrix
%-- the format of individual file is: 1st column yr; 2rd index; 
3rd sample numbers

ibyr = 900;  % start year of the data_matrix
ieyr = 2004; % end year of the data_matrix

isamp = 5;   % the numbers of sample needed for a single tree 
chronlogy
             % to be put in the matrix.
             % (e.g. when isamp=5, means the index values that 
were created 
             % with less than 5 samples will be removed (in the 
begining of chronologies)

icut = 15;   % the early values to be removed due to the possible 
small numbers of
             % sample for those tree chronologies which do not 
have enough 'sample' 
             % information (say, NaN, 1, 24 in the second column 
of chronologies)
             % (e.g. when icut=15, means 15 years' early values 
are removed)
% (Note: if you don't want to remove any values from indivadual 
chronology
%     just set isamp=1 and icut=0)
             
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%%%%% parameters for the sub_itrdbmatrix %%%%%%%%
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
             
isyear = 1000; % select all these chronologies that longer then, 
say, 1600 
               %(Note: isyear should be ibyr < isyear < ieyr )

ilon1 = -180; ilon2 = 180; % select all these chronologies that 
located within a certain area
ilat1 = -90; ilat2 = 90;   % (e.g. -120W~-60W, 20N~60N)

%-----------------------------------------------------------
%------------------ form the itrdbmatrix  ------------------
%-----------------------------------------------------------

1
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%%-------- input tree data file_names -------
dataf = 'D:\database1\itrdb2\file_name.txt';
%%-- The file_name.txt can be a full list of chronologies or part 
of most reliable
%%   and interesting chronologies in the itrdb. That means no 
matter how many chronologies
%%   in the itrdb, selected chronologies will be controlled by 
file_name.txt---

filee = textread(dataf,'%s','delimiter','\n','whitespace','');
[m1,n1] = size(filee);

x(1:3,1)=NaN; x(4:ieyr-ibyr+4,1)=(ibyr:1:ieyr)'; % set the first 
column for itrdbmatrix

for i =1:m1 
cc=lower(filee{i}); dd='D:\database1\itrdb3\'; aa='.ppd';
ccc=strcat(dd,cc,aa);
cf = load(strtok(ccc));

    [m,n] = size(cf);
    
%--- put the selected ring index into data_matrix---
    xx=repmat(NaN,length(x),1);
    xx(1:3,1) = cf(1:3,2);
    if cf(4,3)+cf(round(m/2+2),3)>0 & cf(4,3)==cf(round(m/2+2),3)
        bbyr = cf(4,1)+icut;
        eeyr = cf(m,1);
    elseif cf(4,3)+cf(round(m/2+2),3)>0 & cf(4,2)~=cf(round(m/2+
2),3)
        nn=3;
        for ii=1:m-3
            nn=nn+1;
            if cf(ii+3,3)>=isamp;break;
            end
        end
        bbyr = cf(nn,1);  % identify start and end yr for 
individual chron.
        eeyr = cf(m,1);   % according criteria for removing early 
small sample index
    else
        bbyr = cf(4,1)+icut;
        eeyr = cf(m,1);
    end
    %--
    
    if bbyr < ibyr & eeyr > ieyr
        k1=find(cf(:,1)==ibyr);k2=find(cf(:,1)==ieyr);
        xx(4:length(x),1)=cf(k1:k2,2);
    elseif bbyr < ibyr & eeyr <= ieyr

2
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        k1=find(cf(:,1)==ibyr);k2=find(cf(:,1)==eeyr);
        xx(4:k2-k1+4,1)=cf(k1:k2,2);
    elseif bbyr >= ibyr & eeyr > ieyr
        k1=find(cf(:,1)==bbyr);k2=find(cf(:,1)==ieyr);
        xx(length(x)+k1-k2:length(x),1)=cf(k1:k2,2);
    else
        k1=find(cf(:,1)==bbyr);k2=find(cf(:,1)==eeyr);
        xx(bbyr-ibyr+4:k2-k1+bbyr-ibyr+4,1)=cf(k1:k2,2);
    end
    %--    
       x(:,i+1)=xx; 

end

save('D:\database\temp\itrdbmatrix','x','-ASCII')

%---------------------------------------------------------------
%------------------ form the sub_itrdbmatrix  ------------------
%---------------------------------------------------------------

y(1:3,1)=NaN; y(4:ieyr-ibyr+4,1)=(ibyr:1:ieyr)'; % set the first 
column for sub_itrdbmatrix

kk=find(x(:,1)==isyear);

n=0;
for i=1:m1
    if x(kk,i+1)>0 & x(1,i+1)>=ilon1 & x(1,i+1)<=ilon2 & x(2,i+
1)>=ilat1 & x(2,i+1)<=ilat2
        n=n+1;
        y(:,n+1)=x(:,i+1);
    end
end

save('D:\database\temp\sub_itrdbmatrix','y','-ASCII')

3
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%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%%%%%%
%%   revised file from propick.m. This file is suitable for          
%%
%% all climate and proxy matrix with first three rows are 
locations  %%
%% and ID(not important), and the first column is the year for 
the   %%
%% data. the climate sensitive proxies will be put in a matrix       
%%
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%%%%%%

function [n4, d4, XX, XXX, proxyinfo] = propick_1(options)

  % ==============           process options        
========================
  if isempty(options)
    fopts      = [];
    else
    fopts      = fieldnames(options)
  end
  % ==============           process options        
========================

  cliname=strcat(options.season,options.clivariable)

       
  if strmatch('coldslp',cliname,'exact')
  elseif strmatch('warmslp',cliname,'exact')
      
  else
      error('Sorry, no such instrumental data exist'); break;
  end
  
X_1=load(strcat('D:\database\temp\',cliname));
%-- change X_1 to the climate data format in the propick.m --
[i1,j1]=size(X_1);
X(1:2012,1:j1)=NaN;
X(1:3,1:j1)=X_1(1:3,1:j1); % The first three rows: locations and 
ID
for i=1:2009
    X(i+3,1)=i-1; % the first column: year
end
if X_1(4,1)<0
    X(4:i1-abs(X_1(4,1)),1:j1)=X_1(4+abs(X_1(4,1)):i1,1:j1);
else
    X(4+X_1(4,1):i1+X_1(4,1),1:j1)=X_1(4:i1,1:j1);
end
%-------------------------------------------------------------

1
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load D:\database\temp\itrdbmatrix % proxy dataset
%-- change itrdbmatrix to the climate data format in the 
propick.m --
[i1,j1]=size(itrdbmatrix);
proxyfile(1:2012,1:j1)=NaN;
proxyfile(1:3,1:j1)=itrdbmatrix(1:3,1:j1); % The first three 
rows: locations and ID
for i=1:2009
    proxyfile(i+3,1)=i-1; % the first column: year
end
if itrdbmatrix(4,1)<0
    proxyfile(4:i1-abs(itrdbmatrix(4,1)),1:j1)=itrdbmatrix(4+abs
(itrdbmatrix(4,1)):i1,1:j1);
else
    proxyfile(4+itrdbmatrix(4,1):i1+itrdbmatrix(4,1),1:j1)
=itrdbmatrix(4:i1,1:j1);
end
%-------------------------------------------------------------

load D:\database\griddata\rtable1 % correlation table of twe-tail 
confidence level calculated
                                  % with Monte Carlo method

[im,in]=size(X)  % dimension of gridded instrumental data
[pmm,pnn]=size(proxyfile) % dimension of proxy network

lagstate=strcat(options.lagproxy)

if strmatch('nolag',lagstate,'exact')
    YY = proxyfile;
elseif strmatch('lag',lagstate,'exact')
    YY(1:pmm,1:2*pnn-1) = NaN;
    YY(1:pmm,1:pnn) = proxyfile;
    YY(1:3,pnn+1:2*pnn-1) = proxyfile(1:3,2:pnn);
    YY(4:pmm-1,pnn+1:2*pnn-1) = proxyfile(5:pmm,2:pnn);
else
    error('You must give a nolag or lag selection'); break;
end

[pm,pn]=size(YY) % dimension for altered proxy network

seasonstate=strcat(options.season)

if strmatch('warm',seasonstate,'exact')
    Y = YY;
elseif strmatch('cold',seasonstate,'exact')
    Y(1:pm,1:pn) = NaN;
    Y(1:3,1:pn) = YY(1:3,1:pn);
    Y(4:pm-1,1:pn) = YY(5:pm,1:pn);
else
    error('Sorry, no such season exist'); break;
end
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  if strmatch('CL', fopts)
    CL    = options.CL;
  else
    CL    = 95;  % two-tail significant level (%) criteria for 
selecting proxy data files
  end
  
if CL<60 | CL>99 | round(CL)-CL~=0
    error('confidence level must be: 60,61,......97,98,99'); 
break;
end

  if strmatch('byr', fopts)
    byr      = options.byr;
  else
    byr      = 1800;  % beginning year for calculating r
  end
  
  if strmatch('eyr', fopts)
    eyr  = options.eyr;
  else
    eyr  = 2000; % end year for calculating r
  end

if byr <1 | byr>2004 | eyr<1 | eyr >2004 | eyr-byr <4 | eyr-byr>
500
    error('something is wrong with your selection of interval for 
cal. conf. level'); break;
end

  if strmatch('igrid', fopts)
    igrid      = options.igrid;
  else
    igrid      = 6;   %numbers of gridpoints near proxy site used 
to cal. corrcoef
  end
  
  if strmatch('igr', fopts)
    igr  = options.igr;
  else
    igr  = 1; % numbers of gripoints need to pass the conf. level
  end

if igr>igrid
    error('the numbers of igr must be equal or less than those of 
igrid'); break;
end
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  if strmatch('brecyr', fopts)
    brecyr      = options.brecyr;
  else
    brecyr      = 1800;  % beginning year for calculating r
  end
  
  if strmatch('erecyr', fopts)
    erecyr  = options.erecyr;
  else
    erecyr  = 1998; % end year for calculating r
  end

if brecyr <1 | brecyr>2004 | erecyr<1 | erecyr >2004 | erecyr-
brecyr <20 | erecyr-brecyr>2000
    error('something is wrong with your selection of interval for 
recn. matrix (RegEM)'); break;
end

  % ==============           end of options        
========================
  
  
k1=find(X(:,1)==byr)
k2=find(X(:,1)==eyr)

n4=0; d4=[]; % n4--> number of selected proxy series, d4-->column 
of selected proxy matrix

for i=1:pn-1
    n1=0; d1=[];
    for j=1:in-1
        n1=n1+1;
        d1(n1)=(Y(1,i+1)-X(1,j+1))^2+(Y(2,i+1)-X(2,j+1))^2;
    end
    [B,isort] = sort(d1); % sort the min distant gridpoints
    
    n3=0; d3=[];
    for k=1:igrid % %numbers of gridpoints near proxy site used 
to cal. corrcoef
        n2=0; d2=[];
        for kk=1:k2-k1+1
            if Y(kk+k1-1,i+1)>-9999 & X(kk+k1-1,isort(k)+1)>-9999
                n2=n2+1; 
                d2(n2,1)=Y(kk+k1-1,i+1);
                d2(n2,2)=X(kk+k1-1,isort(k)+1);
            end
        end
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        if n2>3 % at least 4 pair of records
            n3=n3+1;
            rr=corrcoef(d2);
            k3=find(rtable1(:,1)==n2);
            k4=find(rtable1(1,:)==CL);
            if abs(rr(1,2))>rtable1(k3,k4)
                d3(n3)=1;
            else
                d3(n3)=0;
            end
        end
    end
    
    if sum(d3)>=igr % at least 'igr' correlation of 'igrid' pass 
the CL
        n4=n4+1;
        d4(n4)=i+1;
    end
end

d4
n4

%==================================
% to form matrix for reconstruction
%==================================

XX(1:im,1:in+n4) = NaN;
XX(:,1:in) = X;

for i=1:n4
    XX(:,in+i) = Y(:,d4(i)); % this matrix includes first column 
of years
end

k5=find(XX(:,1)==brecyr)
k6=find(XX(:,1)==erecyr)

%----- XXX is the matrix suitable for perform RegEM------
XXX(1:k6-k5+1,1:in+n4-1)=XX(k5:k6,2:in+n4);
%----- (:,1:in-1) instrumental, (:,in:in+n4) proxy ------

%============================================
% general info. about selected proxy series %
%============================================
proxyinfo(1:6,1:n4) = NaN;

proxyinfo(1:2,1:n4)=XX(1:2,in+1:in+n4); % long. & lat. for 
selected proxy
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mm=0; % count the number of proxy series that is earlier than 
begining year
for i=1:n4 % and identify those locations
    if XXX(1,in+i-1) > -9999
        proxyinfo(3,i) = proxyinfo(1,i);
        proxyinfo(4,i) = proxyinfo(2,i);
        mm = mm+1;
    end
end

proxyinfo(5,1:n4) = mm;
proxyinfo(6,1:n4) = n4;  % n4--> number of selected proxy series 
        

6
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% this is the main script for pick up sensitive proxy series

clear all
close all

options.season = 'cold'; % seasons of climate variables, cold--> 
cur. Nev. to following Apr.
                         % warm-->cur. May to cur. Oct.
options.clivariable = 'slp'; % climate variables for 
reconstruction(slp,sst,ppt..)
options.lagproxy = 'nolag'; %lag(nolag) lag-1(no lag-1) year 
proxy data are added
options.CL = 95; % two-tail significant level (%) criteria for 
selecting proxy data files
options.byr = 1920; % beginning year to calculate r
options.eyr = 1978; % end year to calculate r

options.brecyr = 1400; % beginning year of the matrix suitable 
for running RegEM
options.erecyr = 1998; % end year of the matrix suitable for 
running RegEM

options.igrid = 6; %numbers of gridpoints near proxy site used to 
cal. r
options.igr = 1; % numbers of gripoints need to pass the CL for 
selecting a proxy series

%-----------------------

[n4, d4, XX, XXX, proxyinfo] = propick_1(options);

d4
n4
save('D:\database\temp\XX','XX','-ASCII')                              
save('D:\database\temp\XXX','XXX','-ASCII')                              
save('D:\database\temp\proxyinfo','proxyinfo','-ASCII')                         

load d:\hardd\benmap\world_low.txt

b=proxyinfo(1:2,1:n4);
b=b';

scatter(b(:,1),b(:,2),'.')
  

hold
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plot(world_low(:,1),world_low(:,2),'k-','LineWidth',1); 
  axis([-180 175 -85 85]);
  xlabel('Longitude');
  ylabel('Latitude');
  title('locations of proxy data being selected(full dataset)')
figure;

b=proxyinfo(3:4,1:n4);
b=b';

scatter(b(:,1),b(:,2),'.')
  

hold

plot(world_low(:,1),world_low(:,2),'k-','LineWidth',1); 
  axis([-180 175 -85 85]);
  xlabel('Longitude');
  ylabel('Latitude');
  title('locations of proxy data being selected(longer than 
brecyr)')
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From: Michael E. Mann
To: Zhang, Zhihua; fenbiao@ltrr.arizona.edu; Scott Rutherford
Cc: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; Anderson Justin; mann@virginia.edu
Subject: RE: new proxy network
Date: Sunday, June 20, 2004 10:06:29 AM
Importance: High

Dear All,

One other issue I forgot to raise below.

In MBH98 we represented certain regional tree-ring networks by PCs, to reduce the dimensionality of certain very
large datasets (e.g. the western North American tree-ring data) that would otherwise dominate the network. This
seemed to lead to modest improvements in verification skill.

We may want to do the same thing here, as the number of proxy indicators becomes very large. However, we
would want to be as objective as possible about how we do this. We would want to make sure this was done
only on homogenous networks of data (i.e., not combine apples and oranges), make sure we document the
objective criterion that was used to select the number of PCs of each network retained, and we would want to
make sure to standardize the data appropriately before performing the PC (MBH98 used a 20th century
standardization period--however it is probably better to standardize the data using means and standard
deviations from  the full period available in each step of the step-wise RegEM (we will probably want to go back
in steps of one century at a time, as far back as we can go--i.e., back to 1800, 1700, 1600, 1500, 1400, 1300, 
1200, 1100, 1000, 900, 800, 700, ...,  0AD???). I would suggest that Scott discuss this issue carefully w/ Zhang
and Fenbiao  as we proceed w/ finalizing the predictor network.

Finally, we need to flag (w/ Malcolm's help), those tree-ring data (high-elevation western North American tree-
ring data in particular) that likely suffer from the possible co2-fertilization effect discussed in Mann et al (1999)
and decide upon an objective means of removing the influence (e.g. as in Mann et al, 1999).

At 10:55 AM 6/19/2004, Michael E. Mann wrote:

Dear All,

As we now appear to be making good progress, I wanted to recap the primary tasks that we hope to
complete by the termination of this project (which comes in a little more than one year now). I've
organized this into 4 distinct tasks, the 3rd and 4th of which represent the culmination of this project
(and presumably several published manuscripts).

I. Assimilation of proxy network: 

This includes ITRDB data (Fenbiao, Zhang in collaboration w/ Malcolm), other recently published
proxy series (tree rings, corals, etc.) that are available in the public domain, as collected by all
(including Ray, Mike, Scott, et al). This includes numerous decadal or multidecadal-resolution proxy
records (lake sediments, speleothems, etc.). Scott will be coordinating this, w/ Fenbiao, Zhang,
Malcolm, Ray, and Mike all contributing.

We have made good progress here, but work remains to be done. We need to make sure we have
input from all project members as to any new records that may be useful for our database. 

This NGDC Paleo website should be reviewed again for any records published over the past few years
that may be appropriate:

http://www.ngdc.noaa.gov/paleo/whatsnew.html

Keep in mind that the timeframe we are concentrating on is the past 1 to 2 millennia...

II. Database

Database will need to contain numerous categories of information, as discussed previously, so that
proper subnetworks can be chosen for the analysis at hand. 

This includes:

A. Categorize proxies based on perceived frequency-domain fidelity:

1. Useful for all frequencies (interannual through century-scale)
2. Useful for high-frequencies only (e.g. interannual through decadal)
3. Useful for low-frequencies only (e.g. decadal through century-scale).

This determination will be based on subjective expert judgement, which should nonetheless be
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obvious in certain cases (i.e., liberally standardized chronologies w/ short segment lengths would get
placed in category "2").

In some cases, as discussed previously, we may use different versions of the same data for different
frequency bands. For example, for the Briffa et al MXD data, we will use the age-banded version for
low-frequencies and the older version for the high-frequencies.

We need to consider how best to treat the ITRDB data along these lines (Malcolm in consulation w/
FenBiao, Zhang).

B. Categorize all proxies based on local seasonality/climate variable into:

1. Warm-season circulation (or precip)
2. Warm-season temperature
3. Cold-season circulation (or precip)
4. Cold-season temperature

This is to be determined by an automated process (Fenbiao/Scott) that correlates proxies with closest
instrumental gridpoint seasonal-mean temperature and SLP data to determine the optimal
season/variable. For low-frequency proxies which cannot be realiably etermined by correlation against
instrumental data, subjective expert judgement will be required to classify the proxy.

III. Frequency-Domain Analyses of Proxy Data

This will be headed by Fenbiao, in collaboration w/ Mike and Malcolm. The proxy indicators
themselves (rather then any climate field reconstructions) will be analyzed for frequency-domain
behavior directly, using MTM-SVD. For these analyses, proxy data will be grouped into those capable
of resolving interannual and longer timescales, and those only capable of resolving decadal and longer
timescales. Separate analyses will be done for each of the 4 categories of  season/climate variable
described above (warm-season temp, warm-season circ, cold-season temp, cold-season cir).

IV. Climate Field Reconstructions:

Global Surface Temperature and Global Mean Sea Level Pressure

Zhang (under supervision by Scott) will be performing the actual (i) seasonal surface temperature and
(ii) SLP reconstructions using the stepwise, hybrid-frequency domain version of RegEM (this should
include estimation of uncertainties).  The hybrid-frequency domain approach will use weights for the 2
different frequency bands based on bandwidth factors as described by Rutherford et al (2004) unless
the proxy has been designated as only reliable in one band or the other (see above). In this case, the
weights are assigned identically  1 and 0  or 0 and 1 in the two different frequency bands.

The reconstructions will be performed for Oct-Mar and Apr-Sep half year seasons, as well as calender
annual mean (Jan-Dec), the latter to allow direct comparison w/ Mann et al (1998) reconstructions.
This means a total of 6 different climate field reconstructions (2 different climate fields, 3 different
seasonal windows). 

The domain will be global (based on infilled versions of the instrumental surface temeprature and SLP
records, as previously computed by Scott and Zhang), and key indices will be diagnosed directly from
the climate field reconstructions (hemispheric mean, tropical mean, extratropical mean, extratropical
continental mean, Nino3 and PDO from surface temperature reconstructions and SOI, NAO, AO, and
PNA from SLP reconstructions).

For verification of reconstructions, we should use in all cases a split calibration/verification approach in
which the first half/second half of the instrumental record are alternatively used for
calibration/verification (this in contrast to Mann et al, 1998 which only did an "early" verification). The
split calib/verif will also allow us to address the issue of whether the proxy network can successfully
track the late 20th century climate changes...

Reconstructions should be performed for each of the 6 season/field combinations based on the
following alternative 

1. All indicators
2. Only indicators designated as having the same season as the target seasonal field reconstruction
3. Only indicators having both the same season and same variable as the target seasonal field
reconstruction.

Its a fair amount of work to complete in what is now just a bit more than a year, so we need to make
lots of progress this summer. The payoff will be a fundamental improvement in existing large-scale
reconstructions of cliamte over the past 1 to 2 millennia.
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Comments, additional suggestions, modifications, etc. on any of the above are welcome!

mike

At 10:34 AM 6/11/2004, Zhang, Zhihua wrote:

Dear all,

 <?xml:namespace prefix = o ns = "urn:schemas-microsoft-com:office:office" />

The new three-column format tree ring files are now available in the Holocene
(/users/shared/itrdb/data/), with the 1st column year, 2rd tree index and 3rd sample number, while the
first three rows indicating location and proxy ID (I use 9000 to represent tree chronologies). The file
names are the same as previous files saved at the (/users/shared/zhang/), but with different extension
(.ppd) which means paleo-proxy-data.

 

Looking forward to taking more suggestion on the further stage of this database project.

 

Many thanks,

 

Zhang

-----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu]
Sent: Tuesday, June 08, 2004 1:59 PM
To: fenbiao@ltrr.arizona.edu; Scott Rutherford
Cc: Zhang, Zhihua; mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; Anderson Justin;
mann@virginia.edu
Subject: Re: new proxy network

thanks fenbiao,
great to see us making some real progress on this now...
some feedback below. One general comment is that we have to keep our thinking
general enough so that it applies now just to dendro proxies, but other proxies as
well...
mike
At 09:26 PM 6/7/2004, fenbiao@ltrr.arizona.edu wrote:

Hi Scott and everybody,
Some comments on your questions:
1)      Do Malcolm and Fenbiao have a list of those data records that
we cannot
make available? We will need that information in the master
database.
All the ITRDB files are publicly available, most files from letters are
not
publicly available as indicated in table crn24FromLetter.xls that I
have
already send you last year. All the Russian files from Shishov are not
public.

this would include any records that have been scanned rather than provided by
researchers. Scott should be able to provide info this...

2)      Which standardization should we use? Should we use ARSTD
if
available?
I think we are using only standard chronologies and use other type
of data as
substitute only when standard is not available or is problematic etc.
This was
discussed with Mike in 1997, and the outcome then was, use the
Standard
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Chronology, because not all have been prepared with the same
software. This
means that many will contain some non-climatic persistence, which
was
documented for Miek and Ray back then. It seemed more efficient
to deal with
any persistence at a general level, rather than getting into details
that may
be missing for hindreds of the series.

this is really a question for Malcolm. One important issue is the MXD data. I believe
we have decided to flag one version (age-banded) for use at low-frequencies, and
the other version for use at high frequencies--our database has to allow for such
informaiton to be provided (i.e., which frequency bands data should be used in).
Some proxies will only be used
for low-frequency calibration because of their intrinsic resolution (e.g. varves, etc.)...

3)      I think it we may save a lot of headache down the road if
every file
has the same number of columns with the different
measurements/standardizations
ALWAYS in the same column, so every file with have the maximum
possible number
of columns. So column 3 is always raw, column 4 is always std,
column 5 is
always arstd etc. If a measurement/standardization is missing, that
column can
be filled with NaN or -9999 or some other missing value flag.
How about 1st column as year, 2nd column as value (in this case
standard
chronology or other substitutes for example reconstruction, other
proxy), 3rd
column as sample number, which is number of cores (might have
missing for
example if data is reconstruction or other proxies)? Data type can be
kept
track in the file name list (see point 4).
4)      The use of the file name list to gather the proxies is perfect.
Will it
work if we have to jump around directories to get different files? It
may be
that we want to specify the full path to the file name.
The use of the file name list to gather the proxies is fine as long as
its ID
is unique. I think at least we need to have the following attributes in
the
table that keep track all files, type of data, path of data (in which
directory
it is located), publicly available or not, 1st year, last year (length is
not
necessary since it is a derived attribute), latitude, longitude, sources
(contributor), references ID (if it is available to point to another
reference
table), series intercorelations etc etc. This will allow us to sort out a
group
of sub-data according to some criteria.
5)      I assume that sample number (second column) is number of
trees?
Sample number is # of cores. Sometimes 2 cores are taken for
every tree,
sometimes 1, sometimes two are taken but only 1 survives, etc.
Best regards,
Malcolm and Fenbiao

Quoting Scott Rutherford <srutherford@rwu.edu>:
> Dear all,
>
> I have a few comments on the data files:
>
> 1) Do Malcolm and Fenbiao have a list of those data records that
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we can
> NOT make available? We will need that information in the master
> database.
>
> 2) Which standardization should we use? Should we use ARSTD if
> available?
>
> 3) I think it we may save a lot of headache down the road if every
file
> has the same number of columns with the different
> measurements/standardizations ALWAYS in the same column, so
every file
> with have the maximum possible number of columns. So column 3
is always
> raw, column 4 is always std, column 5 is always arstd etc. If a
> measurement/standardization is missing, that column can be filled
with
> NaN or -9999 or some other missing value flag.
>
> 4) The use of the file name list to gather the proxies is perfect.
Will
> it work if we have to jump around directories to get different
files?
> It may be that we want to specify the full path to the file name.
>
> 5) I assume that sample number (second column) is number of
trees?
>
> Those are the things that sprung to mind.
>
>
> Also, I've cc'd an undergraduate student, Justin Anderson, on this
> e-mail. Justin will be working with me on the database. Please
include
> him in your cc-list on future e-mails.
>
> Thanks,
>
> Scott
>
>
>
>
>
>
>
> On Thursday, June 3, 2004, at 01:56  PM, Zhang, Zhihua wrote:
>
> > Dear all,
> >
> > 
> >
> > I have converted all chronologies into uni-formated data files
and
> > saved them at the Holocene (users\shared\zhang). The files
look like
> > that: First column, year; second column, sample number; third
to sixth
> > column, different types of tree chronologies, say, raw, std, res
and
> > ars. Most files have only three columns with no raw, res and ars
> > chronologies. The first row of the files is longitude, second is
> > latitude and the third is identification of chronologies (I used
5555,
> > 6666, 7777, 8888 represent raw, std, res and ars respectively
with NaN
> > indicating unknown type of chronologies). For these files that
have
> > less than 5 columns, the third column values are mostly std
indices,
> > files recjj_yy1,2 are reconstructed summer and annual Tem. as
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> > exceptions. For 6-column files, std indices are in the 4th
column.
> >
> > 
> >
> > The total numbers of converted files are 1099, which include
912 itrdb
> > version 5.03 without BriffaSchweingruber, 24 from letter (the
original
> > chronol.rwl is the raw data for yamal2002.txt, so, was not
included),
> > 33 selected from Shishov (in the original dataset the t13jvcrn
and
> > t22jvcrn are the same chronologies with t13crn2 and t22crns
with
> > different format, so deleted. File t09jvcrn have no corresponded
data
> > in the 36selectedfromshishov dataset). 130 BriffaSchweingruber
files
> > were also converted and put in the itrdb pool ( one data file in
the
> > 130-BriffaSchweingruber named russ023x_crns may have some
problem with
> > one tree sample shifting around 100-year when running arstan).
> >
> > 
> >
> > I wrote a matlab script itrdbmatrix.m (attached) for putting
data
> > files into a big data matrix with first column indicating years
and 2
> > to n columns being tree ring data (first two rows are longitude
and
> > latitude, the third row is chronology ID which is not so
important).
> > The key for the itrdbmatrix.m is the file_name.txt (attached)
which
> > control which chronologies will be used to form the big
data_matrix.
> > For example, if you delete last 130 file names in the
file_name.txt,
> > all 130 BriffaSchweingruber files will not come to the
data_matrix.
> > Implication for that is we can add new proxy files to the itrdb
pool
> > and only need to add the names on the file_name.txt to use
these data.
> > Because the early_year indices usually come from very few tree
samples
> > which may amplify reconstructed climate variability, I added
some
> > control rules in the itrdbmatrix.m for removing these earlier
data.
> > The itrdbmatrix.m also provides a sub_datamatrix for selecting
longer
> > and regional data files (details see the script). If a tree file
> > having no location information, this will not be put in the
> > sub_datamatrix (there are 7 chronologies from 24fromletter
with no
> > longitude/latitude).
> >
> > 
> >
> > This is current step I have done for the ITRDB, I will be happy
to
> > take any advicefrom you for this ITRDB project.
> >
> > 
> >
> > I need some help from Scott: Before the Holocene hacker, I can
connect
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> > the Holocene through the Blue.unix of Uva from my home PC.
Now I cant
> > do that (I still can ftp to the Holocene). Would you please solve
that
> > problem for me? By the way, could you give me some
suggestion about
> > web page design, say, some reference books or some websites.
> >
> > 
> >
> > Many thanks,
> >
> > 
> >
> > Zhang
> >
> > -----Original Message-----
> > From: Michael E. Mann [mailto:mann@virginia.edu]
> > Sent: Friday, May 21, 2004 10:09 AM
> > To: Zhang, Zhihua; Scott Rutherford
> > Cc: mhughes@ltrr.arizona.edu; fenbiao@ltrr.arizona.edu;
> > zz9t@virginia.edu; rbradley@geo.umass.edu;
mann@virginia.edu
> > Subject: RE: new proxy network
> >
> > HI Zhang,
> >
> > Thanks for your email.
> >
> > Clearly, it is time for us to really start making some progress on
> > getting the revised proxy network together. Ray, Malcolm, and I
have
> > discussed this a bit.
> >
> > We're going to need to be very careful about filtering the
ITRDB for
> > precisely the requirements necessary to fulfill quality control,
and
> > in choosing which other datasets to use.
> >
> > Zhang raises the issue of which version of the MXD data
> > (Schwieingruber et al) to use. We will be using the gridded,
> > age-banded version of these series prepared by Briffa et al.
Scott has
> > already been working with these data.
> >
> > So what we really need now is good communication, and a
coordinated
> > effort. Scott will hopefully be taking a key role in the
coordination
> > of this effort overe the summer, while it is my hope that Zhang
and
> > Fenbiao can work on helping get the data together, w/ Ray,
Malcolm,
> > and me advising on quality control. It will be useful to cc the
entire
> > group on any emails related to this project, so that everyone is
up to
> > speed.
> >
> > I look forward to us making significant progress on this over
the next
> > month or two,
> >
> > mike
> >
> >  At 01:56 PM 5/20/2004, Zhang, Zhihua wrote:
> >
> > Hi Scott,
> >
> > What's your opinion about the preliminary matlab script for
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picking up
> > sensitive proxy series based on SLP and some tree ring data I
have (it
> > suitable for other climate variables and proxy data if format is
> > matched),
> > that I sent to you last time. I afraid it would need more effort
to
> > put it
> > works on web interface ("databasegui.html").
> >
> > I have converted some of the tree ring chronologies with ITRDB
format
> > into
> > vectors using Dr. Dave Meko's matlab scripts (it does not work
for some
> > other format, I am now revise this script). Since the tree ring
> > chronologies
> > have three types, say, standard, residual and ARSTND, do we
need
> > category
> > each type of chronology into a matrix or we just focus on the
ARSTND
> > chronology?
> >
> > The ITRDB Fenbiao selected is smaller than the ITRDB in the
> > http://www.ngdc.noaa.gov/paleo/treering.html . Do we have
more updated
> > version of ITRDB dataset than
crn912NoScweingruberPlusITRDB503. Dr.
> > Fritz
> > Schweingruber contributed nearly 500 sites of chronologies,
which we
> > only
> > use part of them here, should we add a little more of his
chronologies?
> >
> > Many thanks,
> >
> > Zhang
> >
> >
> >
> >
______________________________________________________________
> >                     Professor Michael E. Mann
> >            Department of Environmental Sciences, Clark Hall
> >                       University of Virginia
> >                      Charlottesville, VA 22903
> >
_______________________________________________________________________
> > e-mail: mann@virginia.edu   Phone:    FAX:

> >          http://www.evsc.virginia.edu/faculty/people/mann.shtml
> >
> > <1099itrdb.xls><itrdbmatrix.m><file_name.txt>
> ______________________________________________
>                     Scott Rutherford  
>
> Assistant Professor
> Dept. of Natural Sciences
> Roger Williams University
> e-mail: srutherford@rwu.edu
> phone: 
> snail mail:
> One Ferry Road
> Bristol, RI 02809
>

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
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                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Zhang, Zhihua; fenbiao@ltrr.arizona.edu; Scott Rutherford
Cc: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; Anderson Justin; mann@virginia.edu
Subject: RE: new proxy network
Date: Sunday, June 20, 2004 10:06:29 AM
Importance: High

Dear All,

One other issue I forgot to raise below.

In MBH98 we represented certain regional tree-ring networks by PCs, to reduce the dimensionality of certain very
large datasets (e.g. the western North American tree-ring data) that would otherwise dominate the network. This
seemed to lead to modest improvements in verification skill.

We may want to do the same thing here, as the number of proxy indicators becomes very large. However, we
would want to be as objective as possible about how we do this. We would want to make sure this was done
only on homogenous networks of data (i.e., not combine apples and oranges), make sure we document the
objective criterion that was used to select the number of PCs of each network retained, and we would want to
make sure to standardize the data appropriately before performing the PC (MBH98 used a 20th century
standardization period--however it is probably better to standardize the data using means and standard
deviations from  the full period available in each step of the step-wise RegEM (we will probably want to go back
in steps of one century at a time, as far back as we can go--i.e., back to 1800, 1700, 1600, 1500, 1400, 1300, 
1200, 1100, 1000, 900, 800, 700, ...,  0AD???). I would suggest that Scott discuss this issue carefully w/ Zhang
and Fenbiao  as we proceed w/ finalizing the predictor network.

Finally, we need to flag (w/ Malcolm's help), those tree-ring data (high-elevation western North American tree-
ring data in particular) that likely suffer from the possible co2-fertilization effect discussed in Mann et al (1999)
and decide upon an objective means of removing the influence (e.g. as in Mann et al, 1999).

At 10:55 AM 6/19/2004, Michael E. Mann wrote:

Dear All,

As we now appear to be making good progress, I wanted to recap the primary tasks that we hope to
complete by the termination of this project (which comes in a little more than one year now). I've
organized this into 4 distinct tasks, the 3rd and 4th of which represent the culmination of this project
(and presumably several published manuscripts).

I. Assimilation of proxy network: 

This includes ITRDB data (Fenbiao, Zhang in collaboration w/ Malcolm), other recently published
proxy series (tree rings, corals, etc.) that are available in the public domain, as collected by all
(including Ray, Mike, Scott, et al). This includes numerous decadal or multidecadal-resolution proxy
records (lake sediments, speleothems, etc.). Scott will be coordinating this, w/ Fenbiao, Zhang,
Malcolm, Ray, and Mike all contributing.

We have made good progress here, but work remains to be done. We need to make sure we have
input from all project members as to any new records that may be useful for our database. 

This NGDC Paleo website should be reviewed again for any records published over the past few years
that may be appropriate:

http://www.ngdc.noaa.gov/paleo/whatsnew.html

Keep in mind that the timeframe we are concentrating on is the past 1 to 2 millennia...

II. Database

Database will need to contain numerous categories of information, as discussed previously, so that
proper subnetworks can be chosen for the analysis at hand. 

This includes:

A. Categorize proxies based on perceived frequency-domain fidelity:

1. Useful for all frequencies (interannual through century-scale)
2. Useful for high-frequencies only (e.g. interannual through decadal)
3. Useful for low-frequencies only (e.g. decadal through century-scale).

This determination will be based on subjective expert judgement, which should nonetheless be
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obvious in certain cases (i.e., liberally standardized chronologies w/ short segment lengths would get
placed in category "2").

In some cases, as discussed previously, we may use different versions of the same data for different
frequency bands. For example, for the Briffa et al MXD data, we will use the age-banded version for
low-frequencies and the older version for the high-frequencies.

We need to consider how best to treat the ITRDB data along these lines (Malcolm in consulation w/
FenBiao, Zhang).

B. Categorize all proxies based on local seasonality/climate variable into:

1. Warm-season circulation (or precip)
2. Warm-season temperature
3. Cold-season circulation (or precip)
4. Cold-season temperature

This is to be determined by an automated process (Fenbiao/Scott) that correlates proxies with closest
instrumental gridpoint seasonal-mean temperature and SLP data to determine the optimal
season/variable. For low-frequency proxies which cannot be realiably etermined by correlation against
instrumental data, subjective expert judgement will be required to classify the proxy.

III. Frequency-Domain Analyses of Proxy Data

This will be headed by Fenbiao, in collaboration w/ Mike and Malcolm. The proxy indicators
themselves (rather then any climate field reconstructions) will be analyzed for frequency-domain
behavior directly, using MTM-SVD. For these analyses, proxy data will be grouped into those capable
of resolving interannual and longer timescales, and those only capable of resolving decadal and longer
timescales. Separate analyses will be done for each of the 4 categories of  season/climate variable
described above (warm-season temp, warm-season circ, cold-season temp, cold-season cir).

IV. Climate Field Reconstructions:

Global Surface Temperature and Global Mean Sea Level Pressure

Zhang (under supervision by Scott) will be performing the actual (i) seasonal surface temperature and
(ii) SLP reconstructions using the stepwise, hybrid-frequency domain version of RegEM (this should
include estimation of uncertainties).  The hybrid-frequency domain approach will use weights for the 2
different frequency bands based on bandwidth factors as described by Rutherford et al (2004) unless
the proxy has been designated as only reliable in one band or the other (see above). In this case, the
weights are assigned identically  1 and 0  or 0 and 1 in the two different frequency bands.

The reconstructions will be performed for Oct-Mar and Apr-Sep half year seasons, as well as calender
annual mean (Jan-Dec), the latter to allow direct comparison w/ Mann et al (1998) reconstructions.
This means a total of 6 different climate field reconstructions (2 different climate fields, 3 different
seasonal windows). 

The domain will be global (based on infilled versions of the instrumental surface temeprature and SLP
records, as previously computed by Scott and Zhang), and key indices will be diagnosed directly from
the climate field reconstructions (hemispheric mean, tropical mean, extratropical mean, extratropical
continental mean, Nino3 and PDO from surface temperature reconstructions and SOI, NAO, AO, and
PNA from SLP reconstructions).

For verification of reconstructions, we should use in all cases a split calibration/verification approach in
which the first half/second half of the instrumental record are alternatively used for
calibration/verification (this in contrast to Mann et al, 1998 which only did an "early" verification). The
split calib/verif will also allow us to address the issue of whether the proxy network can successfully
track the late 20th century climate changes...

Reconstructions should be performed for each of the 6 season/field combinations based on the
following alternative 

1. All indicators
2. Only indicators designated as having the same season as the target seasonal field reconstruction
3. Only indicators having both the same season and same variable as the target seasonal field
reconstruction.

Its a fair amount of work to complete in what is now just a bit more than a year, so we need to make
lots of progress this summer. The payoff will be a fundamental improvement in existing large-scale
reconstructions of cliamte over the past 1 to 2 millennia.
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Comments, additional suggestions, modifications, etc. on any of the above are welcome!

mike

At 10:34 AM 6/11/2004, Zhang, Zhihua wrote:

Dear all,

 <?xml:namespace prefix = o ns = "urn:schemas-microsoft-com:office:office" />

The new three-column format tree ring files are now available in the Holocene
(/users/shared/itrdb/data/), with the 1st column year, 2rd tree index and 3rd sample number, while the
first three rows indicating location and proxy ID (I use 9000 to represent tree chronologies). The file
names are the same as previous files saved at the (/users/shared/zhang/), but with different extension
(.ppd) which means paleo-proxy-data.

 

Looking forward to taking more suggestion on the further stage of this database project.

 

Many thanks,

 

Zhang

-----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu]
Sent: Tuesday, June 08, 2004 1:59 PM
To: fenbiao@ltrr.arizona.edu; Scott Rutherford
Cc: Zhang, Zhihua; mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; Anderson Justin;
mann@virginia.edu
Subject: Re: new proxy network

thanks fenbiao,
great to see us making some real progress on this now...
some feedback below. One general comment is that we have to keep our thinking
general enough so that it applies now just to dendro proxies, but other proxies as
well...
mike
At 09:26 PM 6/7/2004, fenbiao@ltrr.arizona.edu wrote:

Hi Scott and everybody,
Some comments on your questions:
1)      Do Malcolm and Fenbiao have a list of those data records that
we cannot
make available? We will need that information in the master
database.
All the ITRDB files are publicly available, most files from letters are
not
publicly available as indicated in table crn24FromLetter.xls that I
have
already send you last year. All the Russian files from Shishov are not
public.

this would include any records that have been scanned rather than provided by
researchers. Scott should be able to provide info this...

2)      Which standardization should we use? Should we use ARSTD
if
available?
I think we are using only standard chronologies and use other type
of data as
substitute only when standard is not available or is problematic etc.
This was
discussed with Mike in 1997, and the outcome then was, use the
Standard
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Chronology, because not all have been prepared with the same
software. This
means that many will contain some non-climatic persistence, which
was
documented for Miek and Ray back then. It seemed more efficient
to deal with
any persistence at a general level, rather than getting into details
that may
be missing for hindreds of the series.

this is really a question for Malcolm. One important issue is the MXD data. I believe
we have decided to flag one version (age-banded) for use at low-frequencies, and
the other version for use at high frequencies--our database has to allow for such
informaiton to be provided (i.e., which frequency bands data should be used in).
Some proxies will only be used
for low-frequency calibration because of their intrinsic resolution (e.g. varves, etc.)...

3)      I think it we may save a lot of headache down the road if
every file
has the same number of columns with the different
measurements/standardizations
ALWAYS in the same column, so every file with have the maximum
possible number
of columns. So column 3 is always raw, column 4 is always std,
column 5 is
always arstd etc. If a measurement/standardization is missing, that
column can
be filled with NaN or -9999 or some other missing value flag.
How about 1st column as year, 2nd column as value (in this case
standard
chronology or other substitutes for example reconstruction, other
proxy), 3rd
column as sample number, which is number of cores (might have
missing for
example if data is reconstruction or other proxies)? Data type can be
kept
track in the file name list (see point 4).
4)      The use of the file name list to gather the proxies is perfect.
Will it
work if we have to jump around directories to get different files? It
may be
that we want to specify the full path to the file name.
The use of the file name list to gather the proxies is fine as long as
its ID
is unique. I think at least we need to have the following attributes in
the
table that keep track all files, type of data, path of data (in which
directory
it is located), publicly available or not, 1st year, last year (length is
not
necessary since it is a derived attribute), latitude, longitude, sources
(contributor), references ID (if it is available to point to another
reference
table), series intercorelations etc etc. This will allow us to sort out a
group
of sub-data according to some criteria.
5)      I assume that sample number (second column) is number of
trees?
Sample number is # of cores. Sometimes 2 cores are taken for
every tree,
sometimes 1, sometimes two are taken but only 1 survives, etc.
Best regards,
Malcolm and Fenbiao

Quoting Scott Rutherford <srutherford@rwu.edu>:
> Dear all,
>
> I have a few comments on the data files:
>
> 1) Do Malcolm and Fenbiao have a list of those data records that
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we can
> NOT make available? We will need that information in the master
> database.
>
> 2) Which standardization should we use? Should we use ARSTD if
> available?
>
> 3) I think it we may save a lot of headache down the road if every
file
> has the same number of columns with the different
> measurements/standardizations ALWAYS in the same column, so
every file
> with have the maximum possible number of columns. So column 3
is always
> raw, column 4 is always std, column 5 is always arstd etc. If a
> measurement/standardization is missing, that column can be filled
with
> NaN or -9999 or some other missing value flag.
>
> 4) The use of the file name list to gather the proxies is perfect.
Will
> it work if we have to jump around directories to get different
files?
> It may be that we want to specify the full path to the file name.
>
> 5) I assume that sample number (second column) is number of
trees?
>
> Those are the things that sprung to mind.
>
>
> Also, I've cc'd an undergraduate student, Justin Anderson, on this
> e-mail. Justin will be working with me on the database. Please
include
> him in your cc-list on future e-mails.
>
> Thanks,
>
> Scott
>
>
>
>
>
>
>
> On Thursday, June 3, 2004, at 01:56  PM, Zhang, Zhihua wrote:
>
> > Dear all,
> >
> > 
> >
> > I have converted all chronologies into uni-formated data files
and
> > saved them at the Holocene (users\shared\zhang). The files
look like
> > that: First column, year; second column, sample number; third
to sixth
> > column, different types of tree chronologies, say, raw, std, res
and
> > ars. Most files have only three columns with no raw, res and ars
> > chronologies. The first row of the files is longitude, second is
> > latitude and the third is identification of chronologies (I used
5555,
> > 6666, 7777, 8888 represent raw, std, res and ars respectively
with NaN
> > indicating unknown type of chronologies). For these files that
have
> > less than 5 columns, the third column values are mostly std
indices,
> > files recjj_yy1,2 are reconstructed summer and annual Tem. as
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> > exceptions. For 6-column files, std indices are in the 4th
column.
> >
> > 
> >
> > The total numbers of converted files are 1099, which include
912 itrdb
> > version 5.03 without BriffaSchweingruber, 24 from letter (the
original
> > chronol.rwl is the raw data for yamal2002.txt, so, was not
included),
> > 33 selected from Shishov (in the original dataset the t13jvcrn
and
> > t22jvcrn are the same chronologies with t13crn2 and t22crns
with
> > different format, so deleted. File t09jvcrn have no corresponded
data
> > in the 36selectedfromshishov dataset). 130 BriffaSchweingruber
files
> > were also converted and put in the itrdb pool ( one data file in
the
> > 130-BriffaSchweingruber named russ023x_crns may have some
problem with
> > one tree sample shifting around 100-year when running arstan).
> >
> > 
> >
> > I wrote a matlab script itrdbmatrix.m (attached) for putting
data
> > files into a big data matrix with first column indicating years
and 2
> > to n columns being tree ring data (first two rows are longitude
and
> > latitude, the third row is chronology ID which is not so
important).
> > The key for the itrdbmatrix.m is the file_name.txt (attached)
which
> > control which chronologies will be used to form the big
data_matrix.
> > For example, if you delete last 130 file names in the
file_name.txt,
> > all 130 BriffaSchweingruber files will not come to the
data_matrix.
> > Implication for that is we can add new proxy files to the itrdb
pool
> > and only need to add the names on the file_name.txt to use
these data.
> > Because the early_year indices usually come from very few tree
samples
> > which may amplify reconstructed climate variability, I added
some
> > control rules in the itrdbmatrix.m for removing these earlier
data.
> > The itrdbmatrix.m also provides a sub_datamatrix for selecting
longer
> > and regional data files (details see the script). If a tree file
> > having no location information, this will not be put in the
> > sub_datamatrix (there are 7 chronologies from 24fromletter
with no
> > longitude/latitude).
> >
> > 
> >
> > This is current step I have done for the ITRDB, I will be happy
to
> > take any advicefrom you for this ITRDB project.
> >
> > 
> >
> > I need some help from Scott: Before the Holocene hacker, I can
connect
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> > the Holocene through the Blue.unix of Uva from my home PC.
Now I cant
> > do that (I still can ftp to the Holocene). Would you please solve
that
> > problem for me? By the way, could you give me some
suggestion about
> > web page design, say, some reference books or some websites.
> >
> > 
> >
> > Many thanks,
> >
> > 
> >
> > Zhang
> >
> > -----Original Message-----
> > From: Michael E. Mann [mailto:mann@virginia.edu]
> > Sent: Friday, May 21, 2004 10:09 AM
> > To: Zhang, Zhihua; Scott Rutherford
> > Cc: mhughes@ltrr.arizona.edu; fenbiao@ltrr.arizona.edu;
> > zz9t@virginia.edu; rbradley@geo.umass.edu;
mann@virginia.edu
> > Subject: RE: new proxy network
> >
> > HI Zhang,
> >
> > Thanks for your email.
> >
> > Clearly, it is time for us to really start making some progress on
> > getting the revised proxy network together. Ray, Malcolm, and I
have
> > discussed this a bit.
> >
> > We're going to need to be very careful about filtering the
ITRDB for
> > precisely the requirements necessary to fulfill quality control,
and
> > in choosing which other datasets to use.
> >
> > Zhang raises the issue of which version of the MXD data
> > (Schwieingruber et al) to use. We will be using the gridded,
> > age-banded version of these series prepared by Briffa et al.
Scott has
> > already been working with these data.
> >
> > So what we really need now is good communication, and a
coordinated
> > effort. Scott will hopefully be taking a key role in the
coordination
> > of this effort overe the summer, while it is my hope that Zhang
and
> > Fenbiao can work on helping get the data together, w/ Ray,
Malcolm,
> > and me advising on quality control. It will be useful to cc the
entire
> > group on any emails related to this project, so that everyone is
up to
> > speed.
> >
> > I look forward to us making significant progress on this over
the next
> > month or two,
> >
> > mike
> >
> >  At 01:56 PM 5/20/2004, Zhang, Zhihua wrote:
> >
> > Hi Scott,
> >
> > What's your opinion about the preliminary matlab script for
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picking up
> > sensitive proxy series based on SLP and some tree ring data I
have (it
> > suitable for other climate variables and proxy data if format is
> > matched),
> > that I sent to you last time. I afraid it would need more effort
to
> > put it
> > works on web interface ("databasegui.html").
> >
> > I have converted some of the tree ring chronologies with ITRDB
format
> > into
> > vectors using Dr. Dave Meko's matlab scripts (it does not work
for some
> > other format, I am now revise this script). Since the tree ring
> > chronologies
> > have three types, say, standard, residual and ARSTND, do we
need
> > category
> > each type of chronology into a matrix or we just focus on the
ARSTND
> > chronology?
> >
> > The ITRDB Fenbiao selected is smaller than the ITRDB in the
> > http://www.ngdc.noaa.gov/paleo/treering.html . Do we have
more updated
> > version of ITRDB dataset than
crn912NoScweingruberPlusITRDB503. Dr.
> > Fritz
> > Schweingruber contributed nearly 500 sites of chronologies,
which we
> > only
> > use part of them here, should we add a little more of his
chronologies?
> >
> > Many thanks,
> >
> > Zhang
> >
> >
> >
> >
______________________________________________________________
> >                     Professor Michael E. Mann
> >            Department of Environmental Sciences, Clark Hall
> >                       University of Virginia
> >                      Charlottesville, VA 22903
> >
_______________________________________________________________________
> > e-mail: mann@virginia.edu   Phone:    FAX:

> >          http://www.evsc.virginia.edu/faculty/people/mann.shtml
> >
> > <1099itrdb.xls><itrdbmatrix.m><file_name.txt>
> ______________________________________________
>                     Scott Rutherford  
>
> Assistant Professor
> Dept. of Natural Sciences
> Roger Williams University
> e-mail: srutherford@rwu.edu
> phone: 
> snail mail:
> One Ferry Road
> Bristol, RI 02809
>

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
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                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Zhang, Zhihua; fenbiao@ltrr.arizona.edu; Scott Rutherford
Cc: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; Anderson Justin; mann@virginia.edu
Subject: RE: new proxy network
Date: Saturday, June 19, 2004 8:19:31 AM

Dear All,

As we now appear to be making good progress, I wanted to recap the primary tasks that we hope to
complete by the termination of this project (which comes in a little more than one year now). I've
organized this into 4 distinct tasks, the 3rd and 4th of which represent the culmination of this project (and
presumably several published manuscripts).

I. Assimilation of proxy network: 

This includes ITRDB data (Fenbiao, Zhang in collaboration w/ Malcolm), other recently published proxy
series (tree rings, corals, etc.) that are available in the public domain, as collected by all (including Ray,
Mike, Scott, et al). This includes numerous decadal or multidecadal-resolution proxy records (lake
sediments, speleothems, etc.). Scott will be coordinating this, w/ Fenbiao, Zhang, Malcolm, Ray, and Mike
all contributing.

We have made good progress here, but work remains to be done. We need to make sure we have input
from all project members as to any new records that may be useful for our database. 

This NGDC Paleo website should be reviewed again for any records published over the past few years that
may be appropriate:

http://www.ngdc.noaa.gov/paleo/whatsnew.html

Keep in mind that the timeframe we are concentrating on is the past 1 to 2 millennia...

II. Database

Database will need to contain numerous categories of information, as discussed previously, so that proper
subnetworks can be chosen for the analysis at hand. 

This includes:

A. Categorize proxies based on perceived frequency-domain fidelity:

1. Useful for all frequencies (interannual through century-scale)
2. Useful for high-frequencies only (e.g. interannual through decadal)
3. Useful for low-frequencies only (e.g. decadal through century-scale).

This determination will be based on subjective expert judgement, which should nonetheless be obvious in
certain cases (i.e., liberally standardized chronologies w/ short segment lengths would get placed in
category "2").

In some cases, as discussed previously, we may use different versions of the same data for different
frequency bands. For example, for the Briffa et al MXD data, we will use the age-banded version for low-
frequencies and the older version for the high-frequencies.

We need to consider how best to treat the ITRDB data along these lines (Malcolm in consulation w/
FenBiao, Zhang).

B. Categorize all proxies based on local seasonality/climate variable into:

1. Warm-season circulation (or precip)
2. Warm-season temperature
3. Cold-season circulation (or precip)
4. Cold-season temperature

This is to be determined by an automated process (Fenbiao/Scott) that correlates proxies with closest
instrumental gridpoint seasonal-mean temperature and SLP data to determine the optimal season/variable.
For low-frequency proxies which cannot be realiably etermined by correlation against instrumental data,
subjective expert judgement will be required to classify the proxy.
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III. Frequency-Domain Analyses of Proxy Data

This will be headed by Fenbiao, in collaboration w/ Mike and Malcolm. The proxy indicators themselves
(rather then any climate field reconstructions) will be analyzed for frequency-domain behavior directly, using
MTM-SVD. For these analyses, proxy data will be grouped into those capable of resolving interannual and
longer timescales, and those only capable of resolving decadal and longer timescales. Separate analyses will
be done for each of the 4 categories of  season/climate variable described above (warm-season temp,
warm-season circ, cold-season temp, cold-season cir).

IV. Climate Field Reconstructions:

Global Surface Temperature and Global Mean Sea Level Pressure

Zhang (under supervision by Scott) will be performing the actual (i) seasonal surface temperature and (ii)
SLP reconstructions using the stepwise, hybrid-frequency domain version of RegEM (this should include
estimation of uncertainties).  The hybrid-frequency domain approach will use weights for the 2 different
frequency bands based on bandwidth factors as described by Rutherford et al (2004) unless the proxy has
been designated as only reliable in one band or the other (see above). In this case, the weights are
assigned identically  1 and 0  or 0 and 1 in the two different frequency bands.

The reconstructions will be performed for Oct-Mar and Apr-Sep half year seasons, as well as calender
annual mean (Jan-Dec), the latter to allow direct comparison w/ Mann et al (1998) reconstructions. This
means a total of 6 different climate field reconstructions (2 different climate fields, 3 different seasonal
windows). 

The domain will be global (based on infilled versions of the instrumental surface temeprature and SLP
records, as previously computed by Scott and Zhang), and key indices will be diagnosed directly from the
climate field reconstructions (hemispheric mean, tropical mean, extratropical mean, extratropical continental
mean, Nino3 and PDO from surface temperature reconstructions and SOI, NAO, AO, and PNA from SLP
reconstructions).

For verification of reconstructions, we should use in all cases a split calibration/verification approach in
which the first half/second half of the instrumental record are alternatively used for calibration/verification
(this in contrast to Mann et al, 1998 which only did an "early" verification). The split calib/verif will also
allow us to address the issue of whether the proxy network can successfully track the late 20th century
climate changes...

Reconstructions should be performed for each of the 6 season/field combinations based on the following
alternative 

1. All indicators
2. Only indicators designated as having the same season as the target seasonal field reconstruction
3. Only indicators having both the same season and same variable as the target seasonal field
reconstruction.

Its a fair amount of work to complete in what is now just a bit more than a year, so we need to make lots
of progress this summer. The payoff will be a fundamental improvement in existing large-scale
reconstructions of cliamte over the past 1 to 2 millennia.

Comments, additional suggestions, modifications, etc. on any of the above are welcome!

mike

At 10:34 AM 6/11/2004, Zhang, Zhihua wrote:

Dear all,

 <?xml:namespace prefix = o ns = "urn:schemas-microsoft-com:office:office" />

The new three-column format tree ring files are now available in the Holocene (/users/shared/itrdb/data/),
with the 1st column year, 2rd tree index and 3rd sample number, while the first three rows indicating
location and proxy ID (I use 9000 to represent tree chronologies). The file names are the same as previous
files saved at the (/users/shared/zhang/), but with different extension (.ppd) which means paleo-proxy-
data.
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Looking forward to taking more suggestion on the further stage of this database project.

 

Many thanks,

 

Zhang

-----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu]
Sent: Tuesday, June 08, 2004 1:59 PM
To: fenbiao@ltrr.arizona.edu; Scott Rutherford
Cc: Zhang, Zhihua; mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; Anderson Justin; mann@virginia.edu
Subject: Re: new proxy network

thanks fenbiao,
great to see us making some real progress on this now...
some feedback below. One general comment is that we have to keep our thinking
general enough so that it applies now just to dendro proxies, but other proxies as well...
mike
At 09:26 PM 6/7/2004, fenbiao@ltrr.arizona.edu wrote:

Hi Scott and everybody,
Some comments on your questions:
1)      Do Malcolm and Fenbiao have a list of those data records that we
cannot
make available? We will need that information in the master database.
All the ITRDB files are publicly available, most files from letters are not
publicly available as indicated in table crn24FromLetter.xls that I have
already send you last year. All the Russian files from Shishov are not
public.

this would include any records that have been scanned rather than provided by
researchers. Scott should be able to provide info this...

2)      Which standardization should we use? Should we use ARSTD if
available?
I think we are using only standard chronologies and use other type of
data as
substitute only when standard is not available or is problematic etc. This
was
discussed with Mike in 1997, and the outcome then was, use the Standard
Chronology, because not all have been prepared with the same software.
This
means that many will contain some non-climatic persistence, which was
documented for Miek and Ray back then. It seemed more efficient to deal
with
any persistence at a general level, rather than getting into details that
may
be missing for hindreds of the series.

this is really a question for Malcolm. One important issue is the MXD data. I believe
we have decided to flag one version (age-banded) for use at low-frequencies, and
the other version for use at high frequencies--our database has to allow for such
informaiton to be provided (i.e., which frequency bands data should be used in). Some
proxies will only be used
for low-frequency calibration because of their intrinsic resolution (e.g. varves, etc.)...

3)      I think it we may save a lot of headache down the road if every file
has the same number of columns with the different
measurements/standardizations
ALWAYS in the same column, so every file with have the maximum
possible number
of columns. So column 3 is always raw, column 4 is always std, column 5
is
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always arstd etc. If a measurement/standardization is missing, that
column can
be filled with NaN or -9999 or some other missing value flag.
How about 1st column as year, 2nd column as value (in this case
standard
chronology or other substitutes for example reconstruction, other proxy),
3rd
column as sample number, which is number of cores (might have missing
for
example if data is reconstruction or other proxies)? Data type can be kept
track in the file name list (see point 4).
4)      The use of the file name list to gather the proxies is perfect. Will it
work if we have to jump around directories to get different files? It may
be
that we want to specify the full path to the file name.
The use of the file name list to gather the proxies is fine as long as its ID
is unique. I think at least we need to have the following attributes in the
table that keep track all files, type of data, path of data (in which directory
it is located), publicly available or not, 1st year, last year (length is not
necessary since it is a derived attribute), latitude, longitude, sources
(contributor), references ID (if it is available to point to another reference
table), series intercorelations etc etc. This will allow us to sort out a group
of sub-data according to some criteria.
5)      I assume that sample number (second column) is number of trees?
Sample number is # of cores. Sometimes 2 cores are taken for every tree,
sometimes 1, sometimes two are taken but only 1 survives, etc.
Best regards,
Malcolm and Fenbiao

Quoting Scott Rutherford <srutherford@rwu.edu>:
> Dear all,
>
> I have a few comments on the data files:
>
> 1) Do Malcolm and Fenbiao have a list of those data records that we
can
> NOT make available? We will need that information in the master
> database.
>
> 2) Which standardization should we use? Should we use ARSTD if
> available?
>
> 3) I think it we may save a lot of headache down the road if every file
> has the same number of columns with the different
> measurements/standardizations ALWAYS in the same column, so every
file
> with have the maximum possible number of columns. So column 3 is
always
> raw, column 4 is always std, column 5 is always arstd etc. If a
> measurement/standardization is missing, that column can be filled with
> NaN or -9999 or some other missing value flag.
>
> 4) The use of the file name list to gather the proxies is perfect. Will
> it work if we have to jump around directories to get different files?
> It may be that we want to specify the full path to the file name.
>
> 5) I assume that sample number (second column) is number of trees?
>
> Those are the things that sprung to mind.
>
>
> Also, I've cc'd an undergraduate student, Justin Anderson, on this
> e-mail. Justin will be working with me on the database. Please include
> him in your cc-list on future e-mails.
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>
> Thanks,
>
> Scott
>
>
>
>
>
>
>
> On Thursday, June 3, 2004, at 01:56  PM, Zhang, Zhihua wrote:
>
> > Dear all,
> >
> > 
> >
> > I have converted all chronologies into uni-formated data files and
> > saved them at the Holocene (users\shared\zhang). The files look like
> > that: First column, year; second column, sample number; third to
sixth
> > column, different types of tree chronologies, say, raw, std, res and
> > ars. Most files have only three columns with no raw, res and ars
> > chronologies. The first row of the files is longitude, second is
> > latitude and the third is identification of chronologies (I used 5555,
> > 6666, 7777, 8888 represent raw, std, res and ars respectively with
NaN
> > indicating unknown type of chronologies). For these files that have
> > less than 5 columns, the third column values are mostly std indices,
> > files recjj_yy1,2 are reconstructed summer and annual Tem. as
> > exceptions. For 6-column files, std indices are in the 4th column.
> >
> > 
> >
> > The total numbers of converted files are 1099, which include 912
itrdb
> > version 5.03 without BriffaSchweingruber, 24 from letter (the original
> > chronol.rwl is the raw data for yamal2002.txt, so, was not included),
> > 33 selected from Shishov (in the original dataset the t13jvcrn and
> > t22jvcrn are the same chronologies with t13crn2 and t22crns with
> > different format, so deleted. File t09jvcrn have no corresponded data
> > in the 36selectedfromshishov dataset). 130 BriffaSchweingruber files
> > were also converted and put in the itrdb pool ( one data file in the
> > 130-BriffaSchweingruber named russ023x_crns may have some
problem with
> > one tree sample shifting around 100-year when running arstan).
> >
> > 
> >
> > I wrote a matlab script itrdbmatrix.m (attached) for putting data
> > files into a big data matrix with first column indicating years and 2
> > to n columns being tree ring data (first two rows are longitude and
> > latitude, the third row is chronology ID which is not so important).
> > The key for the itrdbmatrix.m is the file_name.txt (attached) which
> > control which chronologies will be used to form the big data_matrix.
> > For example, if you delete last 130 file names in the file_name.txt,
> > all 130 BriffaSchweingruber files will not come to the data_matrix.
> > Implication for that is we can add new proxy files to the itrdb pool
> > and only need to add the names on the file_name.txt to use these
data.
> > Because the early_year indices usually come from very few tree
samples
> > which may amplify reconstructed climate variability, I added some
> > control rules in the itrdbmatrix.m for removing these earlier data.
> > The itrdbmatrix.m also provides a sub_datamatrix for selecting longer
> > and regional data files (details see the script). If a tree file
> > having no location information, this will not be put in the
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> > sub_datamatrix (there are 7 chronologies from 24fromletter with no
> > longitude/latitude).
> >
> > 
> >
> > This is current step I have done for the ITRDB, I will be happy to
> > take any advicefrom you for this ITRDB project.
> >
> > 
> >
> > I need some help from Scott: Before the Holocene hacker, I can
connect
> > the Holocene through the Blue.unix of Uva from my home PC. Now I
cant
> > do that (I still can ftp to the Holocene). Would you please solve that
> > problem for me? By the way, could you give me some suggestion
about
> > web page design, say, some reference books or some websites.
> >
> > 
> >
> > Many thanks,
> >
> > 
> >
> > Zhang
> >
> > -----Original Message-----
> > From: Michael E. Mann [mailto:mann@virginia.edu]
> > Sent: Friday, May 21, 2004 10:09 AM
> > To: Zhang, Zhihua; Scott Rutherford
> > Cc: mhughes@ltrr.arizona.edu; fenbiao@ltrr.arizona.edu;
> > zz9t@virginia.edu; rbradley@geo.umass.edu; mann@virginia.edu
> > Subject: RE: new proxy network
> >
> > HI Zhang,
> >
> > Thanks for your email.
> >
> > Clearly, it is time for us to really start making some progress on
> > getting the revised proxy network together. Ray, Malcolm, and I have
> > discussed this a bit.
> >
> > We're going to need to be very careful about filtering the ITRDB for
> > precisely the requirements necessary to fulfill quality control, and
> > in choosing which other datasets to use.
> >
> > Zhang raises the issue of which version of the MXD data
> > (Schwieingruber et al) to use. We will be using the gridded,
> > age-banded version of these series prepared by Briffa et al. Scott has
> > already been working with these data.
> >
> > So what we really need now is good communication, and a
coordinated
> > effort. Scott will hopefully be taking a key role in the coordination
> > of this effort overe the summer, while it is my hope that Zhang and
> > Fenbiao can work on helping get the data together, w/ Ray, Malcolm,
> > and me advising on quality control. It will be useful to cc the entire
> > group on any emails related to this project, so that everyone is up to
> > speed.
> >
> > I look forward to us making significant progress on this over the next
> > month or two,
> >
> > mike
> >
> >  At 01:56 PM 5/20/2004, Zhang, Zhihua wrote:
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> >
> > Hi Scott,
> >
> > What's your opinion about the preliminary matlab script for picking
up
> > sensitive proxy series based on SLP and some tree ring data I have
(it
> > suitable for other climate variables and proxy data if format is
> > matched),
> > that I sent to you last time. I afraid it would need more effort to
> > put it
> > works on web interface ("databasegui.html").
> >
> > I have converted some of the tree ring chronologies with ITRDB
format
> > into
> > vectors using Dr. Dave Meko's matlab scripts (it does not work for
some
> > other format, I am now revise this script). Since the tree ring
> > chronologies
> > have three types, say, standard, residual and ARSTND, do we need
> > category
> > each type of chronology into a matrix or we just focus on the
ARSTND
> > chronology?
> >
> > The ITRDB Fenbiao selected is smaller than the ITRDB in the
> > http://www.ngdc.noaa.gov/paleo/treering.html . Do we have more
updated
> > version of ITRDB dataset than crn912NoScweingruberPlusITRDB503.
Dr.
> > Fritz
> > Schweingruber contributed nearly 500 sites of chronologies, which we
> > only
> > use part of them here, should we add a little more of his
chronologies?
> >
> > Many thanks,
> >
> > Zhang
> >
> >
> >
> >
______________________________________________________________
> >                     Professor Michael E. Mann
> >            Department of Environmental Sciences, Clark Hall
> >                       University of Virginia
> >                      Charlottesville, VA 22903
> >
_______________________________________________________________________
> > e-mail: mann@virginia.edu   Phone:    FAX: 

> >          http://www.evsc.virginia.edu/faculty/people/mann.shtml
> >
> > <1099itrdb.xls><itrdbmatrix.m><file_name.txt>
> ______________________________________________
>                     Scott Rutherford  
>
> Assistant Professor
> Dept. of Natural Sciences
> Roger Williams University
> e-mail: srutherford@rwu.edu
> phone: 
> snail mail:
> One Ferry Road
> Bristol, RI 02809
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>

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: P.JONES@uea.ac.uk; JOUZEL@lsce.saclay.cea.fr
Cc: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu
Date: Tuesday, November 30, 1999 3:18:44 PM

Dear Phil, Jean;

FYI, here is the abstract for the talk I have submitted for our session,
through the EGS website. How many have we receved thusfar?

cheers,

mike

_____________________________________________________________________
Title: Seasonal Proxy-Reconstructed Temperature Patterns in Past Centuries

authors: Michael E. Mann, Raymond S. Bradley, Malcolm K. Hughes

abstract:

Recent paleoclimate studies seeking to reconstruct patterns of temperature
variation in past centuries from climate proxy data have typically focused on
warm-season conditions (e.g. Bradley and Jones, 1993; Overpeck et al, 1997;
Jones et al, 1998; Briffa et al, 1998). In contrast, Mann et al (1998) have
demonstrated verifiable skill in  reconstructions of annual-mean global
surface
temperature patterns back to AD 1400, based on calibration of the modern
surface
temperature record against diverse "multiproxy" data networks of
dendroclimatic,
ice-core, coral, and historical indicators. Additional, more recent
analyses show
that skillful independent cold- and warm-season surface temperature
patterns are
resolvable from these multiproxy data networks several centuries back in time.
Here, we present reconstructions of large-scale surface temperature patterns
for both boreal cold- and warm-half year intervals.  We discuss insights
into the
seasonality of patterns of forced and unforced climate variability during
past few
centuries based on these seasonal reconstructions.
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu
Subject: dendro only NH
Date: Wednesday, December 08, 1999 1:59:17 PM

   1750  -0.11776145386761
   1751  -0.13360503946183
   1752  -0.16135224886165
   1753  -0.13635878986941
   1754   -9.9550960045457D-02
   1755  -0.13605700366472
   1756   -7.8282514717804D-03
   1757  -0.11901893434183
   1758   -2.8347809263237D-03
   1759    8.4463682502084D-02
   1760    1.7148499768559D-02
   1761  -0.15009453104508
   1762   -2.7642369884062D-02
   1763  -0.16478586140467
   1764  -0.19754304803059
   1765   -7.4243350616359D-02
   1766   -3.9168913082032D-02
   1767   -4.6072755213101D-02
   1768   -2.9492281462689D-02
   1769  -0.15024521837615
   1770    1.0398997002032D-01
   1771   -2.5594492165476D-02
   1772    2.2654905418611D-02
   1773   -6.4670320138999D-02
   1774   -2.0548133045230D-03
   1775    1.0034971014719D-03
   1776    1.6818227987102D-02
   1777   -7.3760452817373D-02
   1778   -7.4617215324729D-02
   1779  -0.17296609882646
   1780  -0.14505698951486
   1781   -7.8763371403538D-02
   1782  -0.20521968583128
   1783   -7.8240171006164D-02
   1784   -5.5112825014549D-02
   1785  -0.18357162401354
   1786  -0.13998712342646
   1787  -0.24000369255721
   1788   -9.4665160678883D-02
   1789  -0.16469135262237
   1790  -0.21725830749128
   1791   -3.1306224100951D-02
   1792   -2.7855635239376D-02
   1793   -4.1661843266491D-02
   1794   -3.6979643782720D-02
   1795   -3.2033776506753D-02
   1796  -0.10781394878740
   1797  -0.20601767363889
   1798   -1.3228502763633D-02
   1799   -3.3503977677721D-02
   1800   -6.1291862678165D-02
   1801  -0.13548349552583
   1802  -0.12090729346567
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   1803  -0.17951220684225
   1804   -6.5309802579549D-03
   1805  -0.15464770854481
   1806   -9.2703306085142D-02
   1807   -1.0422853047260D-01
   1808   -4.6751999731265D-02
   1809   -8.4981814848584D-02
   1810  -0.10618153379398
   1811  -0.21404728105701
   1812  -0.15229248055651
   1813  -0.13540552888035
   1814  -0.17026300120020
   1815  -0.14591976966437
   1816   -8.0348343148795D-02
   1817  -0.20296263400610
   1818  -0.17087813928135
   1819  -0.27370374212017
   1820  -0.27275760062494
   1821  -0.23491083815446
   1822  -0.27918593831985
   1823  -0.18187826099284
   1824  -0.18672697799106
   1825   -9.9262378386642D-02
   1826   -9.4053073979036D-02
   1827  -0.11220440681025
   1828   -8.6426522535555D-02
   1829   -8.7989238161516D-02
   1830  -0.14548632762780
   1831   -7.4004406466345D-02
   1832  -0.22745285208124
   1833   -7.8469193477408D-02
   1834   -1.9842981596865D-02
   1835  -0.24145413875897
   1836  -0.20931049773012
   1837  -0.32127697231979
   1838  -0.28510058505044
   1839  -0.27545724813830
   1840  -0.30017829868251
   1841  -0.22724899044602
   1842  -0.28115398401483
   1843  -0.20914340752827
   1844  -0.29107431345128
   1845  -0.33835103826887
   1846  -0.19007138483853
   1847  -0.27264053178767
   1848  -0.20170993412253
   1849  -0.27779168193636
   1850  -0.19198156629913
   1851  -0.21200068730535
   1852  -0.12771945483919
   1853  -0.18952189689317
   1854  -0.19674661284402
   1855   -6.5666919575502D-02
   1856  -0.14679054205126
   1857   -9.9071278600744D-02
   1858  -0.14322005088853
   1859  -0.17505722714437
   1860  -0.11586951784272
   1861   -1.0284858731044D-01
   1862  -0.18316249820662
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   1863   -6.5786934609329D-02
   1864  -0.19379068774102
   1865  -0.13373582723730
   1866  -0.27318559895116
   1867  -0.13265100347115
   1868  -0.15443417710107
   1869  -0.15470389260829
   1870  -0.24785145599228
   1871  -0.16082850310495
   1872  -0.26431903865558
   1873  -0.14538752842105
   1874  -0.15786477337314
   1875   -9.7940043294733D-02
   1876  -0.17965742157732
   1877   -3.2944094302707D-02
   1878  -0.11214477137372
   1879  -0.13898577173209
   1880  -0.25834058633460
   1881   -9.9765138821820D-02
   1882  -0.14998383880417
   1883  -0.15826042485471
   1884  -0.11621224038966
   1885   -5.5689913597821D-02
   1886   -8.3503819978611D-02
   1887  -0.21283331002626
   1888   -5.9288788470808D-02
   1889   -5.5769797198632D-02
   1890  -0.20614802385145
   1891   -3.0258708036173D-02
   1892  -0.19078448566756
   1893  -0.22068478660516
   1894   -7.9949171007764D-02
   1895   -7.9945620600060D-02
   1896   -4.5268027570719D-02
   1897   -3.6687958748401D-02
   1898  -0.17050871770501
   1899  -0.32606361259075
   1900  -0.18154779250361
   1901  -0.15589332183968
   1902  -0.19122772996834
   1903  -0.11474209412859
   1904  -0.34294315949915
   1905  -0.20311152602653
   1906  -0.19719823513666
   1907  -0.24876267947011
   1908  -0.15694639319196
   1909  -0.26082779881458
   1910  -0.20293106210539
   1911  -0.18896129193144
   1912  -0.26793045614970
   1913  -0.21215545229822
   1914  -0.17797313649248
   1915  -0.12293183302268
   1916  -0.20754296139579
   1917  -0.24355741697266
   1918  -0.17988444161195
   1919    3.2225348527946D-02
   1920  -0.11909963343760
   1921   -7.6026187827117D-02
   1922  -0.15007210872806
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   1923   -4.4037055157556D-02
   1924   -4.5004128673715D-02
   1925  -0.18124089031200
   1926    8.9596554469206D-02
   1927   -9.5752350889415D-02
   1928   -1.8695683846738D-02
   1929   -7.8431462906534D-02
   1930    1.0152601554667D-01
   1931    7.1532233657689D-02
   1932    9.2045471377922D-02
   1933   -1.7571090524022D-02
   1934   0.11514962837271
   1935    4.4450938197245D-02
   1936    9.8703870922317D-02
   1937   0.12056164790196
   1938    1.0005307512716D-01
   1939    7.5036304611731D-02
   1940   0.13280150853996
   1941   0.19079982575682
   1942   0.13866727252559
   1943   0.13555178455398
   1944   0.17647403820015
   1945    8.0364322968027D-02
   1946   0.13620275434857
   1947   0.12891233722929
   1948    7.4634184456478D-02
   1949   -1.0230477020920D-01
   1950    4.4920353035049D-02
   1951   -6.3746953259135D-02
   1952    4.6687843820508D-02
   1953    5.3917673682010D-02
   1954    8.5553220705299D-02
   1955    7.8221045829347D-02
   1956   -5.6811882330292D-04
   1957    1.4141894421253D-03
   1958   0.19462315785248
   1959   0.11270490296471
   1960   0.25607668723150
   1961   0.14654748401660
   1962    9.1642492272221D-02
   1963   0.11447635129401
   1964    1.1139448435031D-03
   1965   -1.5446496250522D-02
   1966   0.12523924041450
   1967    3.4612900795160D-03
   1968    3.8685264634382D-02
   1969   0.15967472494125
   1970    8.7708692948888D-02
   1971   -6.4899544864095D-02
   1972    6.5687115732252D-02
   1973    9.3738077973512D-02
   1974   -3.7416805090889D-02
   1975    4.2425739077080D-02
   1976    2.9786988992173D-02
   1977   0.20039804049670
   1978   0.11382166603308
   1979   0.20833684088680
   1980    9.7788888327175D-02
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu
Cc: rbradley@geo.umass.edu
Subject: Re: Asking a favor again
Date: Thursday, December 09, 1999 9:18:41 AM

Hi Malcolm,

It looks great to me! I suggest you bring a few copies along to AGU to give
to people. The plot comparing tree-rings, no treerings, and all records is
very useful, and we may want to give to people. I will include that plot
(and the data) in our revised E.I. manuscript, if its ok w/ you. A few
comments below [Incidentally, for my own records, what was the date and
title of the conference??)

Thanks,

mike

comments:

a. can you label page numbers, and put the detailed information of the meeting
(place, date, etc.) on the title page? It might be useful to have that
info available if we give this out to people (e.g., at AGU).

b. section "Calibration and Verification", page 4, line 11, typo:
"after1400" should be "after 1400".

c. section on "Reconstruction", page 5, 6th line down. Perhaps we should
point out regarding the borehole reconstruction (though, farther back in
time, surface temperature estimates from boreholes and conventional
high-resolution proxy data show some quantitative discprepancies which need
to be resolved.".

d. last sentence in section "The Reconstruction" (ie, right before
"Probable causes", typo: "that1998" should be "that 1998".

e. section on "Possible Causes", last sentence: I think "exactly" is
probably too strong. "has a slope roughly consistent with model-based
estimate of Milankovitch" or something similar would probably be more
defensible.

f. "What Next?" section. Perhaps it would also be appropriate to give a one
sentence plug for testing more elaborate statistical methodologies, and
using synthetic data (coupled model output from long integrations) to test
out the methods, both of which promise to be an important part of what we
do during
the next couple years...

5) "What Next?" section appears to single-spaced, while the rest of the
extended abstract is doublespaced?

6) References: "Diaz 1996" is incomplete; the reference to our E.I. article
is out-of-date (note there are added authors now:
· Mann, M.E., Gille, E., Bradley, R.S., Hughes, M.K., Overpeck, J.T.,
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Keimig, F.T., Gross, W.,  Annual  Temperature Patterns in Past Centuries:
An interactive presentation, Earth Interactions, in press, 2000.)
At 10:33 PM 12/8/99 -0700, you wrote:
>Mike and Ray - I'd be very grateful if you could look over this 6-page
>'paper' (more an extended abstract), that I need to get to Mikami in
>a big hurry. It's the price I pay for going to Tokyo last September. I
>have been delinquent (again) in getting it to him for his conference
>volume. It's an MS-Word file. Many thanks, Malcolm
>The following section of this message contains a file attachment
>prepared for transmission using the Internet MIME message format.
>If you are using Pegasus Mail, or any another MIME-compliant system,
>you should be able to save it or view it from within your mailer.
>If you cannot, please ask your system administrator for assistance.
>
>   ---- File information -----------
>     File:  globalpaperfull.doc
>     Date:  8 Dec 1999, 22:26
>     Size:  140288 bytes.
>     Type:  Unknown
>
>Attachment Converted: "c:\eudora\attach\globalpaperfull1.doc"
>
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: Ed Gille
Cc: jto@u.arizona.edu; mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; mann@virginia.edu
Subject: EI paper
Date: Saturday, January 08, 2000 1:20:31 PM

Dear Ed,

I wanted to let you know ahead of time that I have nearly wrapped up the
revisions in the E.I. article. Hopefully, I find you with a small window of
time available in the next few weeks to help get the revised web page
together?

I've revised the text where appropriate (using the original web pages for
the different sections, sans figures) and will send on the revised versions
of the web pages which make up the document.

The main change, however, will be the availability of seasonal as well as
annual mean reconstructions. So, pretty much everywhere we had an annual
mean pattern or an annual mean time series, we will have two other versions
now. I will try to make sure that I have all the additional data in one
location, with appropriate titles, etc., and will let you know where they
are. In the revised web pages, I'll also indicate where I think some
additional links to these data might be placed.

The timeline I expect to have this done is the next 7-10 days. I'll let you
know when its all ready. Please let me know if you have any questions,
concerns, etc.

thanks in advance,

mike
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: epg@ngdc.noaa.gov
Cc: jto@u.arizona.edu; mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; mann@virginia.edu
Date: Tuesday, January 11, 2000 3:45:58 PM

Dear Ed,

Didn't hear back from you in response to my message of January 8, and
wanted to confirm you are still there. (?).

The revisions for the EI article have now been finished.

I wanted to provide you, first off, with the location of the new data which
will need to be downloaded to the site and incorporated into the article
GUI.

Where we used to provide only the annual mean reconstructions, we will now
be providing the spatial pattern reconstructions for independent cold- and
warm-seasons ("warm season" back to 1750, "cold season": back to 1730) as
well as the associated gridpoint uncertainties. These have all been
prepared with
similar names, and in similar format, to the original annual-mean
reconstructions you downloaded many months ago. The appropriate raw PCs
(pc01.out, pc02.out, ...) and reconstructed PCs (rpc1.dat, rpc2.dat,..)
have also been supplied for the seasonal reconstructions, as before.

The raw data are stored in raw.grd, the filtered data in filtered.grd, the
reconstructions in recon.grd, and the verification raw
data in verif.grd, as before.

You can find all  these data in the two directories:

ftp://eclogite.geo.umass.edu/pub/mann/WEBB/COLD
ftp://eclogite.geo.umass.edu/pub/mann/WEBB/WARM

Also, the regional (europe and north america), latitudinal band (tropical
and extratropical), global, southern, and northern series have now been
calculated for both seasons and for annual mean. The annual mean raw data
have been updated through 1998 for each of these series. For the
annual-mean, these are available in

ftp://eclogite.geo.umass.edu/pub/mann/WEBB/ANNUAL

The raw.grd and filtered.grd data have *not* been updated through 1998, and
we will be sticking with the termination date of 1993 in this case.

I will have the revised web pages forming the revised EI article within the
next few days, indicating certain new explicit links. I will let you know when
and where to download these from.

I am hoping that within a week we can have a mock-up of the revised EI
article w/ links to the new seasonal reconstructions, etc.

Please confirm your reciept of this message if possible, and let me know if
you have any questions. Thanks in advance for your continued help,

mike
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_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: Ed Gille
Cc: jto@u.arizona.edu; mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; mann@virginia.edu
Subject: Re: Still here
Date: Tuesday, January 11, 2000 3:56:51 PM

Thanks a bunch Ed,

I figured you were probably around, but you never know this time of year.
People are often difficult to reach just after the holidays.

Thanks a bunch for your quick response, and let me know how it goes, and
where you need help. Thanks again,

mike

At 03:51 PM 1/11/00 -0700, Ed Gille wrote:
>Mike,
>
>       I'll get to work on the revised web pages. Sorry I didn't respond to
>your last message, but I had computer issues here to deal with that
>distracted me from letting you know that I was ready to help put the
>finishing touches on the document. I'll let you know if I have any problems
>adding the new material.
>
>       Ed
>
>
>At 05:57 PM 1/11/00 -0500, you wrote:
>>Dear Ed,
>>
>>Didn't hear back from you in response to my message of January 8, and
>>wanted to confirm you are still there. (?).
>>
>>The revisions for the EI article have now been finished.
>>
>>I wanted to provide you, first off, with the location of the new data which
>>will need to be downloaded to the site and incorporated into the article
>>GUI.
>>
>>Where we used to provide only the annual mean reconstructions, we will now
>>be providing the spatial pattern reconstructions for independent cold- and
>>warm-seasons ("warm season" back to 1750, "cold season": back to 1730) as
>>well as the associated gridpoint uncertainties. These have all been
>>prepared with
>>similar names, and in similar format, to the original annual-mean
>>reconstructions you downloaded many months ago. The appropriate raw PCs
>>(pc01.out, pc02.out, ...) and reconstructed PCs (rpc1.dat, rpc2.dat,..)
>>have also been supplied for the seasonal reconstructions, as before.
>>
>>The raw data are stored in raw.grd, the filtered data in filtered.grd, the
>>reconstructions in recon.grd, and the verification raw
>>data in verif.grd, as before.
>>
>>You can find all  these data in the two directories:
>>
>>ftp://eclogite.geo.umass.edu/pub/mann/WEBB/COLD
>>ftp://eclogite.geo.umass.edu/pub/mann/WEBB/WARM
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>>
>>Also, the regional (europe and north america), latitudinal band (tropical
>>and extratropical), global, southern, and northern series have now been
>>calculated for both seasons and for annual mean. The annual mean raw data
>>have been updated through 1998 for each of these series. For the
>>annual-mean, these are available in
>>
>>ftp://eclogite.geo.umass.edu/pub/mann/WEBB/ANNUAL
>>
>>The raw.grd and filtered.grd data have *not* been updated through 1998, and
>>we will be sticking with the termination date of 1993 in this case.
>>
>>I will have the revised web pages forming the revised EI article within the
>>next few days, indicating certain new explicit links. I will let you know
>when
>>and where to download these from.
>>
>>I am hoping that within a week we can have a mock-up of the revised EI
>>article w/ links to the new seasonal reconstructions, etc.
>>
>>Please confirm your reciept of this message if possible, and let me know if
>>you have any questions. Thanks in advance for your continued help,
>>
>>mike
>>
>>
>>_______________________________________________________________________
>>                     Professor Michael E. Mann
>>          Department of Environmental Sciences, Clark Hall
>>                      University of Virginia
>>                     Charlottesville, VA 22903
>>_______________________________________________________________________
>>e-mail: mann@virginia.edu   Phone:    FAX: 
>>       http://www.evsc.virginia.edu/faculty/people/mann.html
>>
>
>
>
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html

ABOR/MH/Priv-004272



From: Michael E. Mann
To: AMotley@agu.org
Cc: jto@u.arizona.edu; mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; epg@ngdc.noaa.gov;

mann@virginia.edu
Subject: EI Article
Date: Wednesday, January 12, 2000 2:09:46 PM

Dear Apryl,

As promised we have nearly finalized the revisions of our article EI033
"Global Temperature Patterns In Past Centuries". We apologize for the
lateness of the revisions, originally promised for the end of October.
These took longer than we expected, as they involved substantial new
analyses and calculations.

We expect to have both the interactive and hardcopy versions of the revised
manuscript available within the next week or so, and will notify you and
Dr. Manton once all my co-authors have had a chance to look over these
revisions and make any final comments. At that time, I will forward to you
for Dr. Manton's consideration a description of the changes made and
responses to reviewers' and editor's original comments.

Please let us know if you forsee any problems with any of the above.

Thanks in advance,

mike mann
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; jto@u.arizona.edu
Cc: epg@luna.ngdc.noaa.gov
Subject: EI article revisions
Date: Thursday, January 27, 2000 2:21:36 PM

Dear co-authors,

Thanks to Ed Gille's generous help, we have prepared the revised version
of the EI article. You'll see that there are considerable revisions, which
take into account recent results (the seasonally-specific reconstructions,
improved NINO3 index, Malcolm's more detailed analysis of the influence of
tree
ring records on the analysis), reviewer's comments, and appropriate updates
of the instrumental record where possible. Also, latitudinal and hemispheric
differences in trends are more emphasized. A seasonal comparison of the
pattern
for 1816 is made explicitly, and is informative in the discussion of the
NAO for example.

The revised article is available here:

http://www.ngdc.noaa.gov/paleo/ei/ei_cover.html

I wanted to solicit your final comments before we resubmit to EI. The
sooner we do this the better (it has already languished for some time) so
it'd be great
if I can here back from people ASAP. I understand that some of you may be
travelling for the next week at least.

Looking forward to your feedback, and finally resubmitting the article.

best regards,

mike
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Subject: global land ave
Date: Saturday, February 19, 2000 2:34:56 PM

Given the latest borehole article, I think we need to calculate a global
LAND ave and compare. This may explain some (but not all) of the discrepancy.
David Karoly (lead author on detection chapter of ipcc this go round) thinks
this is the problem w/ the borehole estimates. We could withold from the EI
article, and include in a short note to Nature (brief correspondance). If
you think this makes sense, will draft something and inquire w/ nature
directly as to whether they would print something short along these lines...

mike
_______________________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.html             
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From: Malcolm Hughes
To: Michael E. Mann
Subject: EI
Date: Tuesday, February 29, 2000 11:11:23 AM

Mike - I finally got a chance to check the EI mss. In general it
looks very good to me.The only minor modifications I would
suggest are in the short attachement. Cheers,Malcolm

Attachments:
  C:\Projects\Bradley and Mann\EI\A Note on Possible Non.doc
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From: Michael E. Mann
To: epg@luna.ngdc.noaa.gov
Cc: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; jto@u.arizona.edu
Subject: EI Manuscript #31
Date: Monday, May 29, 2000 2:13:03 PM

Dear Ed,

I have made the necessary revisions in the EI article indicated below. Please
upload and incorporate these into the official on-line version at the NGDC
site.

The modified files are contained in:

ftp://eclogite.geo.umass.edu/pub/mann/WEBB/

and are:

ei_cover.html
ei_reconsa.html
ei_reconsb.html
ei_reconsc.html

Once I hear back from you, I'll email the editor, pointing out the
availability of the final revised version.

Thanks in advance for your help,

mike

>Date: Fri, 12 May 2000 09:22:41 -0400
>From: Carolyn Williamson <CWilliamson@agu.org>
>Subject: EI Manuscript #31
>To: mann@virginia.edu
>X-Mailer: Mozilla 4.5 [en] (WinNT; U)
>X-Accept-Language: en
>X-Status:
>X-Keywords:
>X-UID: 4874
>
>Dear Dr. Mann
>
>The Editor has informed me that he would like to accept your paper
>"Global Temperature Patterns in Past Centuries" with minor revisions,
>for publication in Earth Interactions.
>
>Please read  Dr. Mike Manton's comments  as stated below:
>
>The authors have repsonded to each of the comments
>from the referees.  I believe that the paper now contains
>enough original material to warrant publication.
>
>Moreover the format of the paper is ideal for EI.  It is truly
>interactive,
>and the format adds value to the paper by providing direct access to
>original
>data and to formats not contained in the paper.  (The maintenance of
>these
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>links will be an interesting challenge for the future - and even now.)
>
>I have a couple of minor points.  I would ask the authors to look at
>figure
>15.  Panels 15a and 15b look identical to me, contradicting the
>statement
>that the volcanic forcing with a 1-year lag is 'more consistent and
>significant than at zero lag'.  The relatively strong negative
>correlation
>with CO2 is a little disturbing (as is noted by the authors), and makes
>one
>wonder if it is some statistical anomaly.  For example, the CO2 forcing
>is
>essentially constant (esp if log CO2 is used - the scale in figure 14
>doesn't
>suggest log, however) over the early period, giving it a very small
>variance
>and making the covariance with anything (eg NH temp) very small (and
>meaningless).  Thus the correlation involves the ratio of two small
>numbers.
>
>I do not see the need to repeat the figures at the end of the paper (as
>in a
>convention ms).
>
>The last section needs to have the figure numbers revised, to account
>for the
>extra figures in the previous section.  Moreover, the formal list of
>figures
>does not include the new ones. (I'm still not sure that we need such a
>list
>anyway.)
>
>Please send your revised manuscript to this email address by June 1,
>2000
>
>Mike Manton, Editor Earth Interactions
>via
>Ngozi Messam
>Editorial Support at AGU
>Tel: 202/777-7433
>Email: cwilliamson@agu.org
>
>
>
>
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: Carolyn Williamson
Cc: epg@luna.ngdc.noaa.gov; jto@u.arizona.edu; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Subject: Re: EI Manuscript #31
Date: Tuesday, May 30, 2000 10:55:57 AM

Dear Carolyn,

Thankyou for informing us of the decision on our manuscript.

We have made the necessary revisions indicated by editor Dr. Manton.
Our response to specific suggestions is indicated below.

The final revised manuscript is being placed on-line in both interactive
format and as a pdf file: http://www.ngdc.noaa.gov/paleo/ei/ei_cover.html

I am asking Ed Gille (epg@paleosun.ngdc.noaa.gov) to notify you when this
has been done, and to provide you the manuscript in whatever other format/s
might also be required.

Please let me know if there are any further questions about the above.

Thanks very much,

mike mann

At 09:22 AM 5/12/00 -0400, you wrote:
>Dear Dr. Mann
>
>The Editor has informed me that he would like to accept your paper
>"Global Temperature Patterns in Past Centuries" with minor revisions,
>for publication in Earth Interactions.
>
>Please read  Dr. Mike Manton's comments  as stated below:
>
>The authors have repsonded to each of the comments
>from the referees.  I believe that the paper now contains
>enough original material to warrant publication.
>
>Moreover the format of the paper is ideal for EI.  It is truly
>interactive,
>and the format adds value to the paper by providing direct access to
>original
>data and to formats not contained in the paper.  (The maintenance of
>these
>links will be an interesting challenge for the future - and even now.)
>
>I have a couple of minor points.  I would ask the authors to look at
>figure
>15.  Panels 15a and 15b look identical to me, contradicting the
>statement
>that the volcanic forcing with a 1-year lag is 'more consistent and
>significant than at zero lag'. 
>
The distinction is subtle, and we have provide further
clarification/discussion
of this point. At 1-year lag the average correlation is slightly greater, and
more consistently near or above the 95% significance level, although
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this is not obvious on the scale shown

>The relatively strong negative
>correlation
>with CO2 is a little disturbing (as is noted by the authors), and makes
>one
>wonder if it is some statistical anomaly.  For example, the CO2 forcing
>is
>essentially constant

>the scale in figure 14 doesn't suggest log, however)

It is a log scale, but the log scale essentially appears linear, since
the range of variation in the ordinate isn't even 150% (i.e., 280 vs 360)

>over the early period, giving it a very small
>variance
>and making the covariance with anything (eg NH temp) very small (and
>meaningless).  Thus the correlation involves the ratio of two small
>numbers.
>

Yes, this is indeed worthy of more discussion. The large negative
correlations are often not significant because of the small number of
degrees of freedom in the co2 series, and, as the editor notes, the
accordingly very small variance leading to a correlation between the
temperature series and a series w/ very little variance. The Monte Carlo
estimates of confidence intervals *do* take this into account implicitly.
However, the confidence intervals shown are slightly too liberal for the
earlier values, since the CO2 series has even less variance early on
(before the ramping up after 1800 or so). So we have added some further
comment in this regard.

>I do not see the need to repeat the figures at the end of the paper (as
>in a
>convention ms).
>

Yes, we have eliminated this now.

>The last section needs to have the figure numbers revised, to account
>for the
>extra figures in the previous section.  Moreover, the formal list of
>figures
>does not include the new ones. (I'm still not sure that we need such a
>list
>anyway.)
>

The figures have been properly resequence (and, we have enforced a uniform
Figure Caption style throughout the manuscript, which was not the case in
the penultimate version). As mentioned above, the formal list of figures
has now been eliminated.

>
>Please send your revised manuscript to this email address by June 1,
>2000
>
>Mike Manton, Editor Earth Interactions
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>via
>Ngozi Messam
>Editorial Support at AGU
>Tel: 202/777-7433
>Email: cwilliamson@agu.org
>
>
>
>
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: Carolyn Williamson
Cc: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; jto@u.arizona.edu; epg@luna.ngdc.noaa.gov
Subject: Re: EI Manuscript #31
Date: Wednesday, September 27, 2000 2:33:48 PM

Dear Dr. Williamson,

Several months ago we provided E.I. with a final draft of our manuscript,
taking into account the editors comments below. Ed Gille of NGDC (cc'd on
this message), a co-author of the manuscript, provided E.I. with the final
version in interactive as well as hardcopy format.

As yet, I have received any word on the status of this manuscript.

I would appreciate it if you could provide me a progress update as soon as
possible.

Thanks in advance,

Michael Mann

At 09:22 AM 5/12/00 -0400, Carolyn Williamson wrote:
>Dear Dr. Mann
>
>The Editor has informed me that he would like to accept your paper
>"Global Temperature Patterns in Past Centuries" with minor revisions,
>for publication in Earth Interactions.
>
>Please read  Dr. Mike Manton's comments  as stated below:
>
>The authors have repsonded to each of the comments
>from the referees.  I believe that the paper now contains
>enough original material to warrant publication.
>
>Moreover the format of the paper is ideal for EI.  It is truly
>interactive,
>and the format adds value to the paper by providing direct access to
>original
>data and to formats not contained in the paper.  (The maintenance of
>these
>links will be an interesting challenge for the future - and even now.)
>
>I have a couple of minor points.  I would ask the authors to look at
>figure
>15.  Panels 15a and 15b look identical to me, contradicting the
>statement
>that the volcanic forcing with a 1-year lag is 'more consistent and
>significant than at zero lag'.  The relatively strong negative
>correlation
>with CO2 is a little disturbing (as is noted by the authors), and makes
>one
>wonder if it is some statistical anomaly.  For example, the CO2 forcing
>is
>essentially constant (esp if log CO2 is used - the scale in figure 14
>doesn't
>suggest log, however) over the early period, giving it a very small
>variance
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>and making the covariance with anything (eg NH temp) very small (and
>meaningless).  Thus the correlation involves the ratio of two small
>numbers.
>
>I do not see the need to repeat the figures at the end of the paper (as
>in a
>convention ms).
>
>The last section needs to have the figure numbers revised, to account
>for the
>extra figures in the previous section.  Moreover, the formal list of
>figures
>does not include the new ones. (I'm still not sure that we need such a
>list
>anyway.)
>
>Please send your revised manuscript to this email address by June 1,
>2000
>
>Mike Manton, Editor Earth Interactions
>via
>Ngozi Messam
>Editorial Support at AGU
>Tel: 202/777-7433
>Email: cwilliamson@agu.org
>
>
>
>
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: m.manton@bom.gov.au
Cc: mann@virginia.edu; mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; jto@u.arizona.edu;

epg@luna.ngdc.noaa.gov
Subject: Re: EI Manuscript #31
Date: Wednesday, October 11, 2000 8:10:53 AM

Dear Dr. Manton,

I have had some trouble getting any information on the status of our
manuscript from the support staff (no response to the message to C.
Williamson below, which was bounced back to me, and no response from the EI
support email). The final draft was provided to E.I. several months ago.

I'll look forward to any information you can provide.

Thanks in advance,

mike mann

>Date: Wed, 27 Sep 2000 17:48:55 -0400
>To: Carolyn Williamson <CWilliamson@agu.org>
>From: "Michael E. Mann" <mann@multiproxy.evsc.virginia.edu>
>Subject: Re: EI Manuscript #31
>Cc: mhughes@ltrr.arizona.edu, rbradley@geo.umass.edu, jto@u.arizona.edu,
epg@paleosun.ngdc.noaa.gov
>In-Reply-To: <391C05A1.B28BD1C@agu.org>
>
>Dear Dr. Williamson,
>
>Several months ago we provided E.I. with a final draft of our manuscript,
>taking into account the editors comments below. Ed Gille of NGDC (cc'd on
this message), a co-author of the manuscript, provided E.I. with the final
version in interactive as well as hardcopy format.
>
>As yet, I have received any word on the status of this manuscript.
>
>I would appreciate it if you could provide me a progress update as soon as
possible.
>
>Thanks in advance,
>
>Michael Mann
>
>At 09:22 AM 5/12/00 -0400, Carolyn Williamson wrote:
>>Dear Dr. Mann
>>
>>The Editor has informed me that he would like to accept your paper
>>"Global Temperature Patterns in Past Centuries" with minor revisions,
>>for publication in Earth Interactions.
>>
>>Please read  Dr. Mike Manton's comments  as stated below:
>>
>>The authors have repsonded to each of the comments
>>from the referees.  I believe that the paper now contains
>>enough original material to warrant publication.
>>
>>Moreover the format of the paper is ideal for EI.  It is truly
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>>interactive,
>>and the format adds value to the paper by providing direct access to
>>original
>>data and to formats not contained in the paper.  (The maintenance of
>>these
>>links will be an interesting challenge for the future - and even now.)
>>
>>I have a couple of minor points.  I would ask the authors to look at
>>figure
>>15.  Panels 15a and 15b look identical to me, contradicting the
>>statement
>>that the volcanic forcing with a 1-year lag is 'more consistent and
>>significant than at zero lag'.  The relatively strong negative
>>correlation
>>with CO2 is a little disturbing (as is noted by the authors), and makes
>>one
>>wonder if it is some statistical anomaly.  For example, the CO2 forcing
>>is
>>essentially constant (esp if log CO2 is used - the scale in figure 14
>>doesn't
>>suggest log, however) over the early period, giving it a very small
>>variance
>>and making the covariance with anything (eg NH temp) very small (and
>>meaningless).  Thus the correlation involves the ratio of two small
>>numbers.
>>
>>I do not see the need to repeat the figures at the end of the paper (as
>>in a
>>convention ms).
>>
>>The last section needs to have the figure numbers revised, to account
>>for the
>>extra figures in the previous section.  Moreover, the formal list of
>>figures
>>does not include the new ones. (I'm still not sure that we need such a
>>list
>>anyway.)
>>
>>Please send your revised manuscript to this email address by June 1,
>>2000
>>
>>Mike Manton, Editor Earth Interactions
>>via
>>Ngozi Messam
>>Editorial Support at AGU
>>Tel: 202/777-7433
>>Email: cwilliamson@agu.org
>>
>>
>>
>>
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: m.manton@bom.gov.au
Cc: mann@virginia.edu; mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; jto@u.arizona.edu;

epg@luna.ngdc.noaa.gov
Subject: Re: EI Manuscript #31
Date: Wednesday, October 11, 2000 8:10:53 AM

Dear Dr. Manton,

I have had some trouble getting any information on the status of our
manuscript from the support staff (no response to the message to C.
Williamson below, which was bounced back to me, and no response from the EI
support email). The final draft was provided to E.I. several months ago.

I'll look forward to any information you can provide.

Thanks in advance,

mike mann

>Date: Wed, 27 Sep 2000 17:48:55 -0400
>To: Carolyn Williamson <CWilliamson@agu.org>
>From: "Michael E. Mann" <mann@multiproxy.evsc.virginia.edu>
>Subject: Re: EI Manuscript #31
>Cc: mhughes@ltrr.arizona.edu, rbradley@geo.umass.edu, jto@u.arizona.edu,
epg@paleosun.ngdc.noaa.gov
>In-Reply-To: <391C05A1.B28BD1C@agu.org>
>
>Dear Dr. Williamson,
>
>Several months ago we provided E.I. with a final draft of our manuscript,
>taking into account the editors comments below. Ed Gille of NGDC (cc'd on
this message), a co-author of the manuscript, provided E.I. with the final
version in interactive as well as hardcopy format.
>
>As yet, I have received any word on the status of this manuscript.
>
>I would appreciate it if you could provide me a progress update as soon as
possible.
>
>Thanks in advance,
>
>Michael Mann
>
>At 09:22 AM 5/12/00 -0400, Carolyn Williamson wrote:
>>Dear Dr. Mann
>>
>>The Editor has informed me that he would like to accept your paper
>>"Global Temperature Patterns in Past Centuries" with minor revisions,
>>for publication in Earth Interactions.
>>
>>Please read  Dr. Mike Manton's comments  as stated below:
>>
>>The authors have repsonded to each of the comments
>>from the referees.  I believe that the paper now contains
>>enough original material to warrant publication.
>>
>>Moreover the format of the paper is ideal for EI.  It is truly
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>>interactive,
>>and the format adds value to the paper by providing direct access to
>>original
>>data and to formats not contained in the paper.  (The maintenance of
>>these
>>links will be an interesting challenge for the future - and even now.)
>>
>>I have a couple of minor points.  I would ask the authors to look at
>>figure
>>15.  Panels 15a and 15b look identical to me, contradicting the
>>statement
>>that the volcanic forcing with a 1-year lag is 'more consistent and
>>significant than at zero lag'.  The relatively strong negative
>>correlation
>>with CO2 is a little disturbing (as is noted by the authors), and makes
>>one
>>wonder if it is some statistical anomaly.  For example, the CO2 forcing
>>is
>>essentially constant (esp if log CO2 is used - the scale in figure 14
>>doesn't
>>suggest log, however) over the early period, giving it a very small
>>variance
>>and making the covariance with anything (eg NH temp) very small (and
>>meaningless).  Thus the correlation involves the ratio of two small
>>numbers.
>>
>>I do not see the need to repeat the figures at the end of the paper (as
>>in a
>>convention ms).
>>
>>The last section needs to have the figure numbers revised, to account
>>for the
>>extra figures in the previous section.  Moreover, the formal list of
>>figures
>>does not include the new ones. (I'm still not sure that we need such a
>>list
>>anyway.)
>>
>>Please send your revised manuscript to this email address by June 1,
>>2000
>>
>>Mike Manton, Editor Earth Interactions
>>via
>>Ngozi Messam
>>Editorial Support at AGU
>>Tel: 202/777-7433
>>Email: cwilliamson@agu.org
>>
>>
>>
>>
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: lpeterson@ametsoc.org
Cc: epg@ngdc.noaa.gov; mhughes@ltrr.arizona.edu; jto@u.arizona.edu; rbradley@geo.umass.edu;

mann@virginia.edu
Subject: Re: EI Manuscript #31
Date: Tuesday, October 17, 2000 9:27:09 AM

Dear Linda,

Thanks for your message from the other day.

I just wanted to make sure that you are in touch w/ Ed Gille
(epg@ngdc.noaa.gov) regarding the publication of the E.I. article. Ed
hasn't heard anything from E.I. yet. He's the one in the position to
provide the appropriate electronic format, etc.

Please let me know if any questions. Thanks in advance,

mike mann

>To: "Michael E. Mann" <mann@multiproxy.evsc.virginia.edu>
>From: Ed Gille <epg@ngdc.noaa.gov>
>Subject: Re: EI Manuscript #31
>
>Mike,
>       I just wanted to let you know that I haven't heard anything from the
>E.I. folks either.
>
>       Ed
>

_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: lpeterson@ametsoc.org
Cc: epg@ngdc.noaa.gov; mhughes@ltrr.arizona.edu; jto@u.arizona.edu; rbradley@geo.umass.edu;

mann@virginia.edu
Subject: Re: EI Manuscript #31
Date: Tuesday, October 17, 2000 9:27:09 AM

Dear Linda,

Thanks for your message from the other day.

I just wanted to make sure that you are in touch w/ Ed Gille
(epg@ngdc.noaa.gov) regarding the publication of the E.I. article. Ed
hasn't heard anything from E.I. yet. He's the one in the position to
provide the appropriate electronic format, etc.

Please let me know if any questions. Thanks in advance,

mike mann

>To: "Michael E. Mann" <mann@multiproxy.evsc.virginia.edu>
>From: Ed Gille <epg@ngdc.noaa.gov>
>Subject: Re: EI Manuscript #31
>
>Mike,
>       I just wanted to let you know that I haven't heard anything from the
>E.I. folks either.
>
>       Ed
>

_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: Jonathan Overpeck
Cc: Mark Eakin; mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; mann@virginia.edu
Subject: Re: EI article
Date: Wednesday, November 15, 2000 11:42:39 AM
Attachments: eint vol4 0004 1 29 2.pdf

Untitled attachment 00258.txt

Hi Peck,

Thanks--I'll leave it to the others to decide if it merits additional
press, etc.

But certainly, I think it would be great if  NOAA Paleo  could highlight
the interactive version of the paper:

http://www.ngdc.noaa.gov/paleo/ei/ei cover.html

on the NOAA paleo main page...

mike

At 10:48 AM 11/15/00 -0700, Jonathan Overpeck wrote:
>Cool! What about press release junk? I'm going to forward it to our
>press folks here, and also to Mark Eakin, since his team still has a
>bunch of key co-authors (and NOAA supported the effort). Good job,
>Cheers, Peck
>--
>Jonathan T. Overpeck
>Director, Institute for the Study of Planet Earth
>Professor, Department of Geosciences
>
>Mail and Fedex Address:
>
>Institute for the Study of Planet Earth
>715 N. Park Ave. 2nd Floor
>University of Arizona
>Tucson, AZ 85721
>direct tel: +1 520 622-9065
>fax: +1 520 792-8795
>http://www.geo.arizona.edu/Faculty_Pages/Overpeck.J.html
>http://www.ispe.arizona.edu/
>
>
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_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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The recent availability of global networks of annual or sea-ABSTRACT:

sonal resolution proxy data, combined with the few long instrumental and

historical climate records available during the past few centimes, make it

possible now to reconstruct annual and seasonal spatial patterns of temperature

variation, as well as hemispheric, global-mean, and regional temperature

trends, several centimes back in time.

Reconstructions of large-scale global or hemispheric trends during centimes

past can place the instrumental assessments of climate diuing the twentieth
century in a longer-term perspective and provide more robust evidence re

garding the roles of potential climate forcings over time. The reconstructed
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spatial patterns lead to important inferences regarding ENSO-scale variability,
the spatial influences of climatic forcings, and the regional patterns that un-
derlie large-scale climate variations. Here proxy-based annual global temper-
ature pattern reconstructions described recently by Mann et al. are expanded
upon. For the first time seasonally resolved versions of the proxy-reconstructed
surface temperature patterns are presented, and the seasonal differences be-
tween key climate indices and patterns of variations are diagnosed. The reader
is enabled to interactively examine spatial as well as temporal details (and
their uncertainties) of yearly temperatures back in time for both annual-mean
and seasonal windows. Annual and seasonal time histories of reconstructed
Northern Hemisphere, Southern Hemisphere, and global-mean temperature are
made available, as are time histories of the Niño-3 index describing El Niño–
related variations, time histories for particular regions of interest such as North
America and Europe, and time series for temperature variations in different
(e.g., tropical and extratropical) latitude bands. Time histories for specific grid
points are available along with their estimated uncertainties. Time histories
for the different eigenvectors [i.e., the reconstructed principal components
(RPCs)] are also available, along with the raw instrumental series, which un-
derlie the temperature pattern reconstructions. For both the annual-mean and
seasonally resolved temperature reconstructions, the reader can directly com-
pare reconstructed patterns for different years, as well as the raw and recon-
structed patterns during calibration and verification intervals, and view ani-
mated year-by-year sequences of reconstructed global temperature patterns.
The statistical relationships between climate forcings and temperature varia-
tions are also analyzed in more detail, taking into account potential lagged
responses to climate forcings in empirical attribution analyses.

KEYWORDS: Global change; Solar variability; Paleoclimatology; Climate
and interannual variability; El Niño

1. Introduction
In order to gauge just how unusual climate trends during the twentieth century
truly are, and what the likely causative agents influencing these trends may be,
we must rely on indirect lines of evidence to provide a broader context of past
climate changes. For assessing some of the broad long-term trends, the history
of mountain glacier fluctuations (Grove and Switsur, 1994) and geothermal, bore-
hole-based estimates of past ground temperature (Pollack et al., 1998) can provide
important information on climate changes during past centuries. For assessing a
year-by-year or even decade-by-decade chronology of such climate changes, how-
ever, we must rely upon high-resolution ‘‘proxy’’ climate indicators—natural ar-
chives that record seasonal or annual climate conditions such as ice cores, tree-
ring measurements, laminated sediments, and corals—combined with the scant
available historical documentary or instrumental evidence available in prior cen-
turies.

Increasingly, studies based on the assimilation and analysis of such global
‘‘multiproxy’’ networks of high-resolution proxy climate data have proven useful
for assessing global or hemispheric patterns of climate in past centuries (e.g.,
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Bradley and Jones, 1993; Hughes and Diaz, 1994; Lean et al., 1995; Mann et al.,
1995; Jones et al., 1998; Crowley and Lowery, 2000) and reconstructing climate
trends in particularly sensitive, high-latitude regions (Overpeck et al., 1997; Briffa
et al., 1998). Such studies have been spurred by hopes to better constrain the
influences of natural and anthropogenic factors on long-term climate variability
and change (Lean et al., 1995; Overpeck et al., 1997; Mann et al., 1998), to
estimate climate sensitivity to external radiative forcing (Crowley and Kim, 1999;
Waple et al., 2000), and to validate the behavior of climate models on multide-
cadal and longer timescales (Barnett et al., 1996; Jones et al., 1998; Delworth
and Mann, 2000).

Most recently, global multiproxy climate data have been used to calibrate
global-scale patterns of temperature on a yearly basis, several centuries in time
by Mann et al. (Mann et al., 1998). The reliability of these reconstructions was
demonstrated by cross-validation with independent data, and uncertainties back
in time were assessed. These reconstructions have since been extended to estimate
Northern Hemisphere (NH) temperature variations over the past millennium
(Mann et al., 1999), to examine ENSO-scale patterns of climate variability during
past centuries (Mann et al., 2000), to compare observed patterns of variability in
the Atlantic with natural coupled ocean–atmosphere modes evident in long cli-
mate model integrations (Delworth and Mann, 2000), and to assess the relation-
ship between global patterns of climate variation and particular regional patterns
such as the North Atlantic oscillation (NAO) (Mann, 2000; Cullen et al., 2000)
Here we further expand on the results of the Mann et al. (Mann et al., 1998)
study. We make available for the first time seasonally resolved versions global
surface temperature patterns based on the data and methods described in that
study. These reconstructions, as well as the original annual-mean reconstructions
of Mann et al. (Mann et al., 1998), are made available in a ‘‘user friendly’’
interactive forum, allowing readers to select the particular spatial regions and time
periods of particular interest. We also examine in greater detail than before issues
related to the sensitivity of the climate reconstructions to varying networks of
proxy data, the regional and latitudinal details of past climate variability, and the
detection of natural and anthropogenic influences on past temperature changes.
We encourage readers to investigate the details of the temperature reconstructions
themselves through an interactive graphical user interface. It is our intent here to
provide information about past climate changes for consumption by a broad, mul-
tidisciplinary readership. Details regarding regional variations, verification or
‘‘cross-validation,’’ and uncertainties inherent in the reconstructions are stressed,
so as to encourage a prudent interpretation of proxy-based estimates of past cli-
mate changes.

2. Review of data and methods
Details about the data and methods used are provided by Mann et al. (Mann et
al., 1998; Mann et al., 1999). The most important aspects of the data and methods
used in that study are summarized here for the benefit of the reader. In Figure 1
we show the distribution of proxy and long instrumental data that compose the
multiproxy network used by Mann et al. (Mann et al., 1998).
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Figure 1 . Distribution of annual resolution proxy indicators used in this study. Den-

droclimatic reconstructions are indicated by tree symbols, ice core/ice

melt proxies by star symbols, and coral records by C symbols. Long his

torical records and instrumental "gridpoint" series are shown by squares

(temperature), or diamonds (precipitation). Groups of plus (+) symbols

indicate principal components of dense tree-ring subnetworks, with the

number of such symbols Indicating the number of retained principal

components. Sites are shown dating back to at least 1820 (red), 1800

(blue-green), 1750 (green), 1600 (blue), and 1400 (black). Certain sites

(e.g., the Quelccaya Ice core) consist of multiple proxy indicators (e.g.,

multiple cores, and both oxygen isotope and accumulation measure

ments). [Reprinted with permission from Mann et al. (Mann et al. 1998).]

These data were calibrated (see details in Mann et al., 1998) by the instru

mental surface temperatine data (Figure 2) available dming the twentieth century,

based on a multivariate regression of the proxy data network against the primary

eigenvectors of the monthly global instrumental temperature data (Figure 3) to

yield a statistical relationship that would allow the projection of temperature pat

terns on a year-by-year basis, preceding the twentieth century (1902-80) period

of widespread instrumental data. The spatial temperatrue patterns were determined

by summing over the reconstructed histories of the retained eigenvectors RPCs.

The reader is referred to Mann et al. (Mann et al., 1998) for details regarding the

calibration process, hi the present study, the entire procedure has been repeated

for two distinct half-year seasons: the boreal warm season/austral cold season

(Apr-Sep) and the boreal cold season/austral warm season (Oct-Mar). [Note: It

is our convention to reference the boreal cold season reconstructions to the year

corresponding to Jan-Mar rather than Oct-Dec. This differs by 1 yr from certain

other conventions (e.g., the typical convention for referring to winter-mean South-

em Oscillation index (SOI) and should be kept in mind in making comparisons

with other winter climate indices.] The results of the temperature pattern calibra-
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Figure 2. Distribution of the (1082) nearly continuous available monthly land air-

sea surface temperature gridpoint data available from 1902 onward in

dicated by shading. The squares indicate the subset of 219 grid points

with nearly continuous records extending back to 1854 that are used for

verification. Northern Hemisphere (NH) and global (GLB) mean temper

ature are estimated as areally weighted (i.e., cosine latitude) averages

over the Northern Hemisphere and global domains, respectively. The

large rectangle indicates the tropical Pacific SST subdomain discussed

in the text. The small rectangle in the eastern tropical Pacific shows the

traditional Nino-3 region. These data are described in more detail by

Jones (Jones, 1994). [Initial comparisons using an updated version of
this dataset (e.g., Jones et al., 1999) showed no significant differences in

the large-scale structure of the twentieth century surface temperature

dataset, although some specific differences are notable, particularly

during the World War II years (e.g., the mid-1940s). Future updates of

these reconstructions will employ this latter instrumental surface temper

ature dataset.] [Reprinted with permission from Mann et al. (Mann et al.
1998).]

tions for both the amiual-meaii reconstructions of Mann et al. (Mann et al., 1998)

and the more recent seasonal (boreal cold and warm half-year) reconstructions

are provided for the reader.

The validity of the annual-mean reconstructions was demonstrated based on

a series of statistical cross-validation or "verification" experiments. In these ex

periments, the reconstructions based on the calibration of twentieth century in

strumental data were compared against withheld instrumental data, including
those available on a large-scale basis during the latter half of the nineteenth

century (see Figure 4), and sparser data available in certain regions (e.g., Europe

and North America) several centuries back in time. The reader is referred to Mann

et al. (Mann et al., 1998) for details of these experiments. We provide here the
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Figure 3. Empirical orthogonal functions (EOFs) for the five leading eigenvectors

of the global temperature data from 1902 tol993. [Reprinted with per
mission from Mann et al. (Mann et al. 1998).]

actual statistical results from the verification experiments for the annual mean,

cold season, and warm season. (The results are available online: annual, http : //

www.ngdc.noaa.gov/paleo/ei/stats-supp-annual.html; cold season, http://

www.ngdc.noaa.gov/paleo/ei/stats-supp-cold.html; warm season, http://

www.ngdc.noaa.gov/paleo/ei/stats-snpp-warm.html.) The reconstructions have

been demonstrated to be imbiased back in time, as the imcalibrated variance

during the twentieth century calibration period was shown to be consistent with

a normal distribution (Figure 5) and with a white noise spectrum. Unbiased self-

consistent estimates of the uncertainties in the reconstructions were consequently

available based on the residual variance imcalibrated by increasingly sparse mul-

tiproxy networks back in time. [This was shown to hold up for reconstructions
back to about 1600. For reconstructions farther back hi time, Mann et al. (Mann

et al., 1999) show that the spectrum of the calibration residuals is somewhat more

"red," and more care needs to be taken in estimating the considerably expanded

uncertainties farther back in time.]

These various internal consistency checks and verification experiments, to-
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Figure 4. Spatial patterns of (top) calibration beta, (middle) verification beta, and

(bottom) /--squared statistics for annual-mean reconstructions. The calibra

tion statistics are based on the 1902-80 data, while the verification statistics

are based on the sparser 1854-1901 instrumental data (see Figure 2) with

held from calibration. For the beta statistic, values that are insignificant at

the 99% level are shown in gray, while negative, but 99% significant values

are shown in yellow, and significant positive values are shown in two shades

of red. For the /--squared statistic, statistically insignificant values (or any grid

points with unphysical negative values of correlation) are indicated in gray.

The color scale indicates values significant at the 90% (yellow), 99% (light

red), and 99.9% (dark red) levels (these significance levels are slightly high

er for the calibration statistics that are based on a longer period of time).

More details regarding significance level estimation are provided in Mann

et al. (Mann et al, 1998). [Reprinted with permission from Mann et al. (Mann
et al., 1998).]
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Figure 5. Histogram of calibration residuals for annual-mean NH series. A Gaussian

parent distribution is shown for comparison, along with the ±2 standard

error bars for the frequencies of each bin. The distributions are consistent

with a Gaussian distribution at a high (95%) level of confidence. The

distribution of residuals for the Nino-3 Index (not shown) Is consistent with

a Gaussian distribution at a 99% level of confidence.
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gether, indicate that skillful and unbiased reconstructions are possible several cen-
turies back in time, both for the annual mean and independent cold and warm
seasons. However, the reader will note that a considerably smaller fraction of the
instrumental variance is calibrated in the seasonal reconstructions (particularly the
warm season) than in the annual-mean reconstructions. We attribute this to the
constructive mutual seasonal information in the diverse network of proxy data
used, which allows more effective reconstruction of annual-mean conditions than
particular seasonal conditions. The uncertainties are thus considerably greater for
the seasonal reconstructions. Moreover, the annual-mean reconstructions are not
equivalent to the sum of the cold-season and warm-season reconstructions since
the substantially greater uncertainties in the latter add in quadrature, rather than
canceling, in a numerical average. For example, the amplitude of the NH series
variations in past centuries is similarly underestimated for both warm and cold
seasons, and the average of the two is a considerable underestimate of the annual-
mean reconstruction. For these reasons, the quantitative details of these latter
reconstructions should be interpreted quite cautiously, although the qualitative
insights afforded by the seasonally resolved versions of the reconstructions are
useful.

Owing to the decreased number of spatial degrees of freedom in the earliest
reconstructions (associated with significantly decreased calibrated variance before,
e.g., 1730 for annual-mean and cold-season pattern reconstructions, and about
1750 for warm-season pattern reconstructions) regional inferences are most mean-
ingful in the mid–eighteenth century and later, while the largest-scale averages
are useful farther back in time. For example, the NH annual-mean temperature
series appears to exhibit skill back to at least A.D. 1400 [and has now been
extended back to A.D. 1000 by Mann et al. (Mann et al., 1999), albeit with
expanded uncertainty estimates]. We have also verified that possible low-fre-
quency bias due to nonclimatic influences on dendroclimatic (tree ring) indicators
is not problematic in our temperature reconstructions. (A note on possible non-
climatic tree-ring trend bias is available online: http://www.ngdc.noaa.gov/paleo/
ei/eipnodendro.html.)

A Niño-3 SST index, describing El Niño–related variability, can be calcu-
lated in the eastern tropical Pacific directly from these reconstructions (i.e., by
averaging the global reconstructions over the Niño-3 rectangular region defined
in Figure 2). The Niño-3 reconstructions are also discussed in more detail in the
next section.

3. Temperature reconstructions
In this section, we describe, present, and interpret the annual and seasonal tem-
perature reconstructions, associated uncertainties, and raw data used in calibration
and verification.

3.1. Large-scale trends

The reconstructed annual Northern Hemisphere mean temperature series is shown
in Figure 6. Based on this reconstruction, Mann et al. (Mann et al., 1998) argued
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Figure 6. Northern Hemisphere mean temperature reconstruction from a.d. 1400

1980, shown with raw instrumental NH series (red) through 1998. The low-

frequency trend (timescales longer than 40 yr emphasized) is shown by

the thick curve. The blue-shaded region indicates the two standard error

uncertainty limits in the reconstruction (see Mann et al., 1998 for details).

Additional data are available online at ftp://ftp.ngdc.noaa.gov/paleo/

paleocean/by_contributor/mannl998/mannnhem.dat.

that the warmth of the 1990s (three years in particular: 1990, 1995, 1997) was

unprecedented in at least the past 600 years, taking into account the self-consis-

tently estimated uncertainties in the reconstruction back to a.d. 1400. Based on

the most recent extensions of this reconstruction (Mann et al., 1999), it further

more now appears that 1998 was likely to have been the wannest year of at least

the past millennium. (Millennium reconstructions are available online: http : //

www.ngdc.noaa.gov/paleo/ei/ei_millemn.html.)

The raw NH annual-mean series used for calibration (based on the full sam

pling available diuing the 1902-80 calibration period; see Figure 2) and verifi

cation (based on the sparser sampling available during the 1854-1901 verification

interval; see also Figure 2) are also shown (Figure 7) along with the reconstructed

NH series constructed from the corresponding spatial samplings (this is for the

sake of comparison with the available instrumental record back in time; the NH

series reconstruction discussed elsewhere is based on the full spatial sampling of
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Figure 7. Reconstructed NH mean temperature series vs raw instrumental NH se

ries from 1854 to 1980. For the purposes of a meaningful comparison,

the NH spatial means have in this case been diagnosed in both the raw

data and reconstructions from the sparse gridpoint coverage of the ver

ification period from 1854 to 1901 (ftp://ftp.ngdc.noaa.gov/paleo/pa-

leocean/by_contributor/mannl998/nhem-sparse.dat), and the dense

coverage of the calibration period from 1902 to 1980 (ftp://

ftp.ngdc.noaa.gov/paleo/paleocean/by_contributor/mannl998/

nhem-dense.dat).

the calibration period, which is implicit in the pattern reconstructions back in

time). The good overall correspondence between the reconstructed NH series in

both calibration and independent verification intervals visually confirms the quan

titative indications of statistical skill discussed earlier.

We focus on the NH mean temperature series because it is the most reliable

hemispheric estimate given the available spatial sampling in the surface temper

ature fields (Figure 2). Nonetheless, Southern Hemisphere (SH) and global (GLB)

mean temperatures can be diagnosed from the appropriate areally weighted av

erages of the available spatial sampling in the pattern reconstructions. Taking into

account the limitations in these latter estimates (the SH sampling is almost entirely
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HEMISPHERE vs GLOBAL TEMPERATURE TRENDS
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Figure 8. Comparison of reconstucted annual-mean temperature trends for South

ern Hemisphere, Northern Hemisphere, and global mean, diagnosed

from the available spatial sampling (Figure 1). Additional data are avail

able online at http://www.ngdc.noaa.gov/paleo/ei/ei_reconsa.html.

tropical and subtropical, and the GLB estimate is necessarily dominated by the

coverage in the Northern Hemisphere half of the domain), some interesting con

clusions can be drawn. While the two hemispheres (NH and SH series) show

similar temperature trends during the past few centuries (Figure 8), the coldness

of the nineteenth century appears to be somewhat more pronounced for the North-

em Hemisphere. The GLB series, dominated by the Northern Hemisphere half of

the domain, shows similar character to the NH series. Only through assembling

a greater distribution of both instrumental and proxy data in the Southern Hemi

sphere will it be possible to calculate truly meaningful estimates of Southern

Hemisphere and global temperature variations during past centuries.

It is also instinctive to examine the trends in different latitude bands. Ov-

eipeck et al. (Oveipeck et al., 1997) suggested that post- 1850 wanning was more

dramatic at high northern latitudes relative to lower latitudes due to larger positive

feedbacks at high latitudes. The annual-mean temperature trends at high latitudes
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Figure 9. Reconstructed annual-mean NH mean temperature series based on full

latitudinal coverage (red) vs the average reconstructed series for the

extratropical latitude 30°-70°N band (blue). Additional data are avail

able online: http://www.ngdc.noaa.gov/paleo/ei/eLreconsa.html.

are seen (Figure 9) to be greater than the hemispheric trends themselves, hi con

trast, the tropical (30°S-30°N) band shows less change than the entire Northern

Hemisphere series.

It is also instructive to compare hemispheric trends with other more regional

temperature trends. In Figure 10, we show the reconstructed NH series along with

an areal-mean reconstruction over the North American region, dining the past

few centuries. It is clear that the nineteenth century was especially cold in North

America (approximately 0.6°C colder than the entire NH mean), and the subse

quent warming trend of the twentieth century accordingly more dramatic (i.e.,

approximate 1.2° vs 0.6°C). The fluctuations are significantly greater on almost

all timescales for the North American series, which is simply a consequence of

the spatial sampling statistics of a smaller region. It is thus clear that one would

be remiss hi drawing conclusions regarding hemispheric-scale temperature chang

es from such highly variable regional temperature estimates, underscoring the
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Figure 10. Comparison of reconstructed NH (red) and North American (blue) re

gional temperature variations during past centuries.

importance of drawing inferences from the largest-scale mean trends in which

regional "noise" is dampened and certain types of signals (e.g., the influence of

climate forcings, discussed later) are more clearly detected. Seasonal distinctions

are also clearly important. For example, it is clear that interannual fluctuations in

European cold-season temperatures are considerably greater than those during the

warm season (Figure 11). This observation is consistent with the impact of the

large year-to-year variability hi the predominantly cold-season NAO phenomenon

(see, e.g., Luterbacher et al., 1999: Maim, 2000; Cullen et al., 2000). The impact

of the NAO and detailed regional inferences are discussed hi detail in the sub

sequent section.

We also provide the time histories of the first five RPC series (along with

then raw counterparts from 1902 to 1993; see Figure 12). Note that the RPCs

are available for different lengths back in time owing to the decreasing spatial

degrees of freedom resolved by the multiproxy network back in time (see Maim

et al., 1998 for a discussion).
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COLD vs WARM SEASON TEMPERATURE TRENDS
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Figure 1 1 . Comparison of European temperature trends back to 1 750 for cold and

warm half-year seasonal windows.

3.2. Spatial patterns

Yearly global temperature maps for annual mean, boreal cold season, and warm

season are available below for the reconstructed temperature fields (1730-1980),

the raw temperature data (1902-93) used for calibration, and the sparse raw "ver

ification" temperature data (1854-1901) used for cross-validation. Also available

are the "EOF filtered" instrumental data from 1902 to 1993. In the latter case,

only that data variance during the calibration period described by the actual ei

genvectors used to calibrate the multiproxy network (see section 2) is retained.

These filtered versions of the raw data are thus in some sense a more appropriate

standard for comparison to the multiproxy-reconstiucted patterns than the raw

data themselves.

Raw data and reconstructed patterns can be compared side by side where

available. These maps are "clickable" so that time series for particular regions

(with uncertainties, in the case of reconstructions) can be obtained. Movie 1 shows

the temperature fields.

To investigate the spatial patterns and thne histories of the global temperature
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Figure 12. RPC series for the first five eigenvectors (see Figure 3) back in time, along

with their twentieth century instrumental counterparts. Annual-mean and

seasonal RPC data can be found online at the bottom of the following

Web page: http://www.ngdc.noaa.gov/paleo/ei/eLreconsa.html.

reconstructions, readers can begin by visiting the following site online: http://

www.ngdc.noaa.gov/cgi-bin/paleo/mannplot2.pl, where maps such as the one for

1730 shown below can be viewed.

hi part due to the especially strong El Nino of 1997-98, there has been

renewed interest in past variations in the El Nino phenomenon, and the context

in which they place prominent recent (1997-98 and 1982-83) events. Two ex

cellent examples of past very strong El Niiios in the reconstructions are those

evident in the temperature patterns for 1791 and 1878 (Figure 13). Independent

corroboration of these events is provided by the historical chronology of Quinn

and Neal (Quinn and Neal, 1992; see also Maim et al., 1998). The reader may

note that an improvement upon this historical El Nino chronology has recently
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Figure 13. Global temperature pattern reconstructions for two historically docu

mented very strong El Nino events during (top) 1791 and (bottom) 1878.

been provided by Ortlieb (Ortlieb, 2000), with conclusions that sometimes differ

from those of Quinn and Neal (Quinn and Neal, 1992). We note, however, that,
to the extent that the Quinn and Neal chronology used here is imperfect, it will

provide a very conservative corroboration of our own chronology, as mismatch

may be due to uncertainties in the chronology as well as in 0111 reconstruction.

Both events shown exhibit the classic eastern tropical Pacific wanning and horse

shoe pattern of warming and cooling in the North Pacific. The details of ENSO-
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related patterns of variation in the annual-mean temperature reconstructions are
discussed by Mann et al. (Mann et al., 2000).

The reconstructed annual-mean Niño-3 index provides an estimate of El
Niño–related temperature variability in our reconstructions. Based on this index,
the 1997–98 and 1982–83 events appeared (see the discussion in Mann et al.,
2000) to be among the strongest events back to at least A.D. 1650. However, it
could not be concluded with much certainty at that time that they are stronger
than any other events during that period, owing to the appreciable uncertainties
in the reconstructions for the tropical Pacific region and the suboptimal calendar-
mean basis for that reconstruction.

However, as is evident in the statistics, the cold-season Niño-3 index cali-
brates/cross-validates a considerably larger share of the instrumental data variance
than the annual-mean series (about 50% in calibration and verification back to
1780, and about 40% back to 1650). This is not surprising because a boreal cold-
season window is a more appropriate basis for defining the ENSO phenomenon
than a calendar mean. Our winter Niño-3 reconstruction exhibits a highly signif-
icant correlation with largely independent reconstruction of the winter (Dec–Jan–
Feb) SOI of Stahle et al. (Stahle et al., 1998). The two reconstructions are cor-
related at r 5 0.63 over the full period of overlap (1705–1976) and r 5 0.60
during the precalibration interval (1705–1901). This is nearly as high as the ob-
served correlation (r 5 0.7) between the instrumental SOI and Niño-3 series
during the twentieth century. The similarity of these two reconstructions, as well
as the significant correspondence with the historically based El Niño chronology
of Quinn and Neal (Quinn and Neal, 1992) discussed earlier (see cold-season
calibration/verification statistics available online: http://www.ngdc.noaa.gov/pa-
leo/ei/eipcalverif.html), suggests considerable reliability in the ENSO-related fea-
tures of our surface temperature reconstructions. Using this improved, seasonal
reconstruction of Niño-3 (Figure 14) we find added evidence that the two recent
events, 1982–83 and 1997–98, stand out as somewhat anomalous in the long-
term record. There is evidence that certain events (such as the 1877–78 El Niño)
may be more underestimated in their amplitude in our reconstruction than would
be expected from random calibration uncertainties. This is difficult to determine,
as the instrumental surface temperature record is quite sparse during that period
of time. Moreover (see Mann et al., 2000), the winter SOI, used as a substitute
for the Niño-3 index, shows quite similar behavior to our reconstruction at that
time. Only further work with both the instrumental record and proxy climate
records in ENSO-sensitive regions will further elucidate this issue. (Annual-mean
Niño-3 indices are available online at http://www.ngdc.noaa.gov/paleo/ei/eipNiño-
3ann.html and Niño-3 cold-season data are available at http://www.ngdc.
noaa.gov/paleo/ei/eipdata/Niñocold-recon.dat.)

As commented upon earlier, there are important distinctions between regional
and hemispheric trends, with regional trends exhibiting considerably greater var-
iability and heterogeneity. Cold and warm periods in different parts of the globe,
for example, are not in general synchronous. Even during the ‘‘Little Ice Age’’
(Bradley and Jones, 1993) not all areas were uniformly cold; geographical and
temporal variations were apparent, as highlighted by an examination of the re-
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Figure 14. Reconstructed boreal cold-season Nino-3 index back to 1650. Shown

for comparison is a partially independent (dendroclimatic rather than

multiproxy) winter (DFJ) reconstruction of the SOI (Stahle et al., 1998).

Yellow-shaded region indicates the 95% confidence bounds for the

Nino-3 reconstruction.

constructions presented here. The "Medieval Warm Period" or "Medieval Op

timum" (Hughes and Diaz, 1994) is even more enigmatic.

It is sometimes erroneously argued that the globe was as warm or even

wanner than present during the early part of the millennium (e.g., A.D. 1000

1200) based on historical or anecdotal considerations (e.g., the early colonization

of Greenland, unusually bountiful agricultural yields and wine harvests in Europe

early in the millennium, etc.). Mann et al. (Mann et al., 2000) use a careful

statistical analysis to show that the sparse regional information available earlier

than a.d. 1400, while allowing for verifiable hemispheric temperature reconstruc

tions back to about a.d. 1000, is associated with self-consistent estimates of

imcertainties that are greatly expanded beyond those during more recent centuries.

These limitations notwithstanding, the best evidence, based on the extension

of hemispheric climate reconstructions back a Ml millennium, is that late twen-
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Figure 15. Global annual-mean temperature pattern reconstructions for three

years associated with unusually warm or cold anomalies In the Euro

pean sector during (top, left) 1834, (top, right) 1822, and (left) 1838.

tieth century conditions are probably wanner than those that prevailed at any time

this millennium, though conditions during the eleventh through fourteenth cen

turies appear wanner than those that prevailed during the fifteenth through nine
teenth centuries in general. This conclusion is supported by independent estimates

based on composites of modest numbers of Northern Hemisphere proxy records

(Jones et al., 1998; Crowley and Lowery, 2000). The nineteenth century was

particularly cold for both Europe and North America (the reader is refened to

the regionally averaged temperatrue series for North America and Europe here).

This period comes closest to being a truly "global" cold period (see Mann et al.,

1999) although, as noted earlier, even in this case the cooling is not nearly as

evident in the Southern Hemisphere.

To illustrate some of the problems inherent in estimating hemispheric mean

temperature from limited regional information, consider (Figure 15) the wannest

(1834), second wannest (1822), and coldest (1838) years in Europe prior to the

twentieth century, based on the Mann et al. (Maim et al., 1998) temperature

pattern reconstructions.

While 1834 was the wannest year in Europe, it was colder than typical

conditions (by twentieth century standards) over large parts of the Northern Hemi

sphere. This is especially true for 1822, the second waimest year in Europe, but
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Figure 16. Annual-mean global temperature pattern reconstructions for the so-

called year without a summer— 1816.

a cold year over most of the Northern Hemisphere. In contrast, the coldest year

in Europe (1838) was indeed one of the coldest over much of the Northern Hemi

sphere (see discussion below), but in fact, temperatures were nonetheless warm,

relative to typical twentieth century conditions, over significant portions of Gr een

land and Alaska. The coldest years in Europe might, by analogy with this ex

ample, have been quite unusually mild in Greenland, and a favorable opportunity

for its colonization. It becomes readily evident from such examples (let alone,

more careful statistical diagnostics) that inferences into hemispheric or global-

scale temperature variations based on limited regional (e.g., European) informa

tion are perilous. In fact, the considerable low-frequency "noise" hi the Atlantic

and neighboring regions, due in large part to modes of ocean circulation vari

ability (see, e.g., Dehvorth and Mann, 2000), and the substantial overprint of the

North Atlantic oscillation on climate variations in this region dining past centuries

(see, e.g., Cullen et al., 2000: Maim, 2000) particularly obscures hemispheric

trends in this region. There is modeling evidence, in fact, that suggests that me

dieval warmth was restricted to regions influenced by the North Atlantic (Over-

peck, 1998). Statistically speaking, estimates of European temperature variability

provide a very poor indication of large-scale temperature trends in past centimes,

and should be strictly avoided for hemispheric, let alone global scale, climate

inferences.

Note that 1816 (the so-called year without a summer; Figure 16), in addition

to appearing to have indeed been an especially cold summer (see Briffa et al.,

ABOR/MH/Priv-004314



Earth Interactions • Volume 4 (2000) • Paper No. 4 • Page 22

1998) and a cold year for the NH temperature as a whole (though not anomalous
relative to other years during that very cold decade), was an anomalously cold
year only in Europe and parts of North America. In fact, conditions in the Middle
and Near East were warmer than normal by twentieth century standards.

A number of other years (1870, 1864, 1838, 1820, 1700, 1642, and many
years during the 1450s and 1460s) appear to have been substantially colder than
1816 for the hemisphere as a whole in the temperature reconstructions presented
here. Our notions of this year as a particularly cold one may thus arise in large
part from the fact that the coldness was most pronounced in those regions—
Europe and North America—that figure most prominently in the western anec-
dotal and historical framework. The regional overprints of warming (e.g., in the
Middle East) and extreme cold (e.g., Europe) that are superimposed on generally
cold hemispheric conditions, in regions neighboring the North Atlantic, may be
attributed to the NAO [see Luterbacher et al. (Luterbacher et al., 1999), Cullen
et al.(Cullen et al., 2000), and Mann (Mann, 2000) for a discussion of inferences
into past NAO-related climate variability]. We believe that both the cold hemi-
spheric conditions, and a strong NAO-like atmospheric circulation anomaly, were
due to the explosive Tambora eruption in Indonesia during spring of 1815 (see
Mann et al., 1998). Seasonally specific reconstructions of 1816 for the cold (Oct–
Mar) and warm (Apr–Sep) half-years (see Figure 16) indicate that this pattern is
clearer and more dominant during the cold season, wherein the quadrapole pattern
of warm and cold anomalies in continental regions bordering the North Atlantic
is quite distinct. This is as expected, since the NAO is primarily, though not
exclusively, a cold-season mode of atmospheric circulation variability. There is
some evidence of the persistence of this pattern, albeit more weakly, into the
warm season. In particular, distinct cooling in the eastern United States and over
much of Europe is clearly expressed during the warm season, consistent with the
notion of 1816 having been a year without a summer in those regions. Some of
the coldness of the early nineteenth century might also be due to weakened solar
irradiance forcing at that time. The possible influences of external climate forcings
on hemispheric temperatures are discussed below.

3.3. Influence of climate forcings

The statistical relationship between variations in NH mean temperature and es-
timates of the histories (see Mann et al., 1998) of solar, greenhouse gas, and
volcanic forcings is shown in Figure 17. [For a note about the difference between
the plot shown herein and that shown in Mann et al. (Mann et al., 1998), see
http://www.ngdc.noaa.gov/paleo/ei/eipattriold.html.]

While the natural (solar and volcanic) forcings appear to be important factors
governing the natural variations of temperatures in past centuries, only human
greenhouse gas forcing alone, as noted by Mann et al. (Mann et al., 1998), can
statistically explain the unusual warmth of the past few decades. The possible
influences of regional industrial aerosol cooling during the latter part of the twen-
tieth century (see Houghton et al., 1995) were not included in our attribution
analysis, and this cooling may in fact mask an even stronger greenhouse gas
signal during the past few decades.
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Figure 17. (continued) (a) Reconstructed NH temperature series from 1610 to 1980,
updated with raw data from 1981 to 1995. (b) GHGs represented by atmospheric
CO2 measurements. (c) Reconstructed solar irradiance (see Lean et al., 1995). (d)
Weighted volcanic dust veil index (DVI). (e) Evolving multivariate correlation of
NH series with the three forcings (a, b, and c).

The time axis denotes the center of a 200-yr moving correlation window. Signif-
icance levels are based on the null hypothesis that the surface temperature series
is a realization of natural variability represented as represented by a red noise
process with the persistence structure of the observed NH series (see Mann et al.,
1998 for details). One-sided significance levels for correlations with the different
forcing agents are shown, under the assumption that only positive relationships
with GHG and CO2, and negative relationships with DVI, are physically meaningful.
These confidence levels are approximately constant over time and are thus rep-
resented by their average values over time for simplicity (although the number
of degrees of freedom in the CO2 series is somewhat decreased prior to 1800
when the series is essentially flat, so that the confidence intervals are slightly too
liberal in this case). Significance levels for correlations of temperature with CO2

and solar irradiance are nearly identical, and the 90%, 95%, and 99% (positive)
significance levels are shown by the horizontal dashed lines. The 95% (negative)
significance level for DVI is shown by a horizontal dotted line. The lower dotted
line indicates the 99% significance level for correlation with GHG if a two-sided
hypothesis test is invoked (this is only added to emphasize that the seemingly
spurious negative correlation of NH with GHG apparent during the late eigh-
teenth–early nineteenth century is in fact not statistically significant if the a priori
physical requirement of a positive relationship between CO2 and temperature is
not taken into account in hypothesis testing). The gray bars indicate two different
200-yr windows of data in the moving correlation, with the long-dashed vertical
lines indicating the center of the corresponding windows.

Mann et al. (Mann et al., 1998) noted that the contemporaneous (i.e., zero
delay) response to forcings implicit in their statistical attribution analysis may
underestimate the true, lagged responses to forcing. Volcanic responses appear to
be slightly greater and more consistently significant about 1 yr following the
eruption (see Briffa et al., 1998), while the response of the climate to global
radiative forcings should be significantly delayed [e.g., 10–20 yr based on most
sensitivity estimates; see Houghton et al. (Houghton et al., 1995)] by the thermal
inertia of the oceans. In Figure 18 we investigate possible such lagged relation-
ships to forcing. We also examine the sensitivity of the time-dependent attribution
approach discussed above to employing a shorter (100 yr) window. A comple-
mentary approach to the attribution of forcings involves the use of a climate
model forced with estimated histories of greenhouse, volcanic, and solar radiative
forcings to estimate the expected large-scale temperature trends in past centuries.
Preliminary results of such an experiment (Robertson et al., 1998) show a favor-
able comparison with our hemispheric temperature reconstructions.

From the above analysis it is clear that when physically reasonable lags are
incorporated into the attribution analysis, there is evidence of even greater statis-
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Figure 18. (continued) above. In the first panel, we repeat the zero-lag case shown
above for comparison, while the second panel shows the results for 1-yr lag, the
third panel the 10-yr lag, and the fourth panel the 15-yr lag. The fifth panel shows
the results based on employing a 100-yr moving window in the time-dependent
attribution analysis, and with a 15-yr lag in the relationship of temperature to forc-
ings. For lags much larger than 1 yr, the relationship of temperatures to volcanic
forcing is not physically meaningful and is quite small. Thus, the relationship to
volcanic forcing is not shown in the third, fourth, and fifth panels.

tical relationships with particular forcings. At the physically expected lag of 1 yr,
the relationship between temperature variations and volcanic forcing is slightly
more consistent and significant (at or near 95% significant for much of the interval
examined, in contrast with the zero-lag case). For lags of 10–15 yr the relationship
between greenhouse gas (GHG) increases in recent decades and increasing tem-
peratures is considerably more significant, while the relationship with solar irra-
diance is considerably less significant. For the shorter (100 yr) window there are
few enough degrees of freedom in the temperature and forcing series that the
statistics are not as stable (i.e., the results are much ‘‘noisier’’). In particular,
larger negative correlations with GHGs are achieved prior to 1800 in this case,
although these are not significant taking into account the decreased degrees of
freedom in the series. Nonetheless, even with the large sampling variations that
arise in the 100-yr window case, the relationship between recent warming and
increasing greenhouse gas concentrations is the dominant statistical feature. It is
evident that the inclusion of a representation of the lagged response of tempera-
tures to forcing heightens the evidence for a recent anthropogenic impact on
twentieth century climate beyond that presented in Mann et al. (Mann et al.,
1998).

4. Summary
A number of important conclusions are evident from the global-scale temperature
reconstructions presented here. The sequences of annual and seasonal spatial tem-
perature patterns presented in this study provide considerably more insight into
the large-scale trends discussed in earlier work. The combination of multiple
factors including El Niño/La Niña influences; interannual, decadal, and multide-
cadal patterns of extratropical variability; and putative responses to external forc-
ings (such as volcanic aerosol loading of the upper atmosphere) leads to rich
year-to-year spatial and temporal behavior that is readily documented in the an-
nual temperature patterns. Considerable physical and dynamical insight into em-
pirical climate variability over several centuries is thus obtained from the details
of the patterns of annual and seasonal surface temperature variation. Some im-
portant new insights into the largest-scale climate trends are also available. As
documented previously, not only is the global-scale warmth of the most recent
decade observed to be quite unusual in the context of at least the past six centuries
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(and evidently, at least the past millennium), but 1998—the warmest year in the
instrumental record—is seen to be truly exceptional in a long-term context. There
is, however, a distinct latitudinal, seasonal, and spatial dependence evident in
surface temperature trends during the past few centuries. Certain recent El Niño
events (i.e., 1997–98 and 1982–83) also appear to be somewhat anomalous in the
context of the past few centuries, though the recent trends in ENSO indices are
not nearly as dramatic as those in the recent hemispheric warmth. Indeed, revised
statistical attribution analyses comparing the hemispheric temperature series to
candidate external forcings show greater evidence for a likely anthropogenic in-
fluence than that presented previously, when the potential for a lagged response
of the climate system to radiative forcing (owing to oceanic thermal inertia) is
taken into account.

It is clear that the primary limitations of large-scale proxy-based reconstruc-
tion in past centuries, both temporally and spatially, reside in the increasingly
sparse nature of available proxy networks available to provide reliable climate
information back in time. Only through the arduous efforts of large numbers of
paleoclimate researchers can such networks be extended in space and time to the
point where significant improvements will be possible in proxy-based reconstruc-
tion of the global climate. Such improvements will lead to further advances in
our empirical understanding of climate variations during the past millennium and
will allow for more meaningful comparisons with the results obtained from model
simulations of past climate variation and empirical climate variability.
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From: Michael E. Mann
To: mark.eakin@noaa.gov
Cc: Jonathan Overpeck; mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; mann@virginia.edu;

epg@ngdc.noaa.gov
Subject: Re: EI article
Date: Wednesday, November 15, 2000 12:23:29 PM

HI Mark,

Sorry we didn't clarify. Indeed, the EI paper is finally to appear, due out
on the EI website any day now. The pdf I sent you is the version that will
appear on their site, but, as I understand, it,  w/ a clear link to the
"interactive" version on the NGDC site, which allows full access to the
reconstructions, animations of the yearly patterns, etc.

The official reference is:

Mann, M.E., Gille, E., Bradley, R.S., Hughes, M.K., Overpeck, J.T., Keimig,
F.T., Gross, W., Global Temperature Patterns in Past Centuries: An
interactive presentation, Earth Interactions, 4-4, 1-29, 2000.

mike

At 12:14 PM 11/15/00 -0700, Mark Eakin wrote:
>Publicity is something that we can definitely do.  However, I missed the
original
>message.  Does this mean that the long awaited EI paper is offically
coming out?
>
>Mark
>
>"Michael E. Mann" wrote:
>
>> Hi Peck,
>>
>> Thanks--I'll leave it to the others to decide if it merits additional
>> press, etc.
>>
>> But certainly, I think it would be great if  NOAA Paleo  could highlight
>> the interactive version of the paper:
>>
>> http://www.ngdc.noaa.gov/paleo/ei/ei cover.html
>>
>> on the NOAA paleo main page...
>>
>> mike
>>
>> At 10:48 AM 11/15/00 -0700, Jonathan Overpeck wrote:
>> >Cool! What about press release junk? I'm going to forward it to our
>> >press folks here, and also to Mark Eakin, since his team still has a
>> >bunch of key co-authors (and NOAA supported the effort). Good job,
>> >Cheers, Peck
>> >--
>> >Jonathan T. Overpeck
>> >Director, Institute for the Study of Planet Earth
>> >Professor, Department of Geosciences
>> >
>> >Mail and Fedex Address:
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>> >University of Arizona
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>> >fax: +1 520 792-8795
>> >http://www.geo.arizona.edu/Faculty_Pages/Overpeck.J.html
>> >http://www.ispe.arizona.edu/
>> >
>> >
>>
>>   ------------------------------------------------------------------------
>>                                        Name: eint_vol4_0004_1_29_2.pdf
>>    eint_vol4_0004_1_29_2.pdf           Type: Portable Document Format
(application/pdf)
>>                                    Encoding: base64
>>                             Download Status: Not downloaded with message
>>
>>   ------------------------------------------------------------------------
>>
>> _______________________________________________________________________
>>                      Professor Michael E. Mann
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From: Michael E. Mann
To: mark.eakin@noaa.gov; Ed Gille; Wendy Gross; Bradley; Overpeck; Hughes; Francis T Keimig; Patricia Viets
Cc: mann@virginia.edu
Subject: Re: EI Press Release
Date: Friday, November 17, 2000 12:40:36 PM

Dear All,

I've revised the release below to make sure things are factually correct.
We need to be careful not to reiterate claims that are essentially identical
to those presented in the original '98 article (and in the accompanying
press releases!). I've modified the wording accordingly.

Comments welcome from all...

mike

CONTACT:        Patricia Viets, NOAA         OR IMMEDIATE RELEASE
                (301) 457-5005                                  Date
               

        New Evidence Found to Support Human-Induced Global Warming,
NOAA and University Scientists Report

        Only human-induced greenhouse gases can statistically explain the unusual
warmth of the past few decades,  NOAA and university
scientists reported today.  The scientists also reaffirmed conclusions
from other recent studies that the warmest year of the past century --1998
-- is now believed to be the warmest year of at least the past 1000 years.
Writing in the online journal Earth Interactions, the scientists note that
their work provides the scientific community, for the first time,
year-by-year spatially-detailed estimates of temperature patterns during
past centuries that blend both paleoclimate information and instrumental
data.  To assess climate conditions that existed before instrumental
weather measurements were common,  scientists rely on so-called proxy
indicators.  These are natural archives such as ice cores, tree-rings, lake
sediments, and corals, which record seasonal or annual climate conditions.
Data from the natural archives were calibrated by the instrumental surface
temperature data available during the 20th century.

        "The best evidence, based on the extension of hemispheric climate
reconstructions back a full millennium is that late 20th century conditions
are probably warmer than those which prevailed any time this millennium,"
the scientists wrote. They noted that conditions during the 11th through
14th centuries appear warmer than those which prevailed during the 15th
through 19th centuries in general, but emphasized that past warm periods
such as the so-called "Medieval Warm Period" of Europe were, on a global
scale, actually somewhat cooler than then 20th century.
        The scientists also studied the statistical relationship between
variations in the northern hemisphere mean temperatures and estimates of
the histories of solar, greenhouse gas, and volcanic factors, taking into
account the physically-expected delay of the climate system to these
factors. These analyses strengthen previous statistical evidence for a
causal relationship between greenhouse gases and recent warming.  "While the
natural -- solar and volcanic -- forcings appear to be important factors
governing the natural variations of temperatures in past centuries, only
human greenhouse gas forcing alone....can statistically explain the unusual
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warmth of the past few decades," they wrote. 
       
        The scientists are:  lead author Michael E. Mann, from the University of
Virginia; Ed Gille and  Wendy Gross,  NOAA's National Geophysical Data
Center; Raymond S. Bradley and Frank Keimig, University of Massachusetts;
Jonathan Overpeck, formerly of NOAA, now with the University of Arizona,
and Malcolm K. Hughes, University of Arizona.

        The publication, titled Global Temperature Patterns in Past Centuries,
contains the latest look at temperatures over the past millennium, and
includes data and animations of global temperatures from paleoclimatic
records starting in 1730, up through instrumental data through 1993.   The
publication is available at the NGDC web site in pdf form at
http://www.ngdc.noaa.gov/paleo/ei/ei_pdf.html and in interactive form at
http://www.ngdc.noaa.gov/paleo/ei/ei cover.html and at Earth Interactions
at: http://www.earthinteractions.org

###

At 10:21 AM 11/17/00 -0700, Mark Eakin wrote:
>Folks,
>
>Pat Viets has in NESDIS Public Affairs has put together a press release
>on the Earth Interactions article.  Please take a look at it and let Pat
>and I know if you have any changes, ASAP.  You will see one correction
>that I have added in the second paragraph.
>
>Thanks,
>Mark
>
>-------- Original Message --------
>Subject: Earth Interactions
>Date: Fri, 17 Nov 2000 10:46:59 -0500
>From: Patricia Viets <Patricia.Viets@noaa.gov>
>To: Mark.Eakin@noaa.gov
>CC: bmcgehan@boulder.noaa.gov,Barbara.McGehan@noaa.gov
>
>Hi, Mark,
>
>Here's a first draft of the press release on the Earth Interactions
>article.  Can you give a copy to Ed Gille and Wendy Gross, then provide
>comments, corrections, etc. to me.
>
>We should probably also ask Michael Mann, Ray Bradley, Peck, Malcolm
>Hughes, and Frank Keimig for their comments.  I would be happy to do this,
>or it can be done at your end -- whatever works best for you.  Just let me
>know what you would prefer.
>
>Thank you for all of your help.
>
>Pat
>Attachment Converted: "c:\eudora\attach\paleo2.1998.wpd"
>
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903

ABOR/MH/Priv-004326



_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: mark.eakin@noaa.gov; Ed Gille; Wendy Gross; Bradley; Overpeck; Hughes; Francis T Keimig; Patricia Viets
Cc: mann@virginia.edu
Subject: Re: EI Press Release
Date: Friday, November 17, 2000 12:40:36 PM

Dear All,

I've revised the release below to make sure things are factually correct.
We need to be careful not to reiterate claims that are essentially identical
to those presented in the original '98 article (and in the accompanying
press releases!). I've modified the wording accordingly.

Comments welcome from all...

mike

CONTACT:        Patricia Viets, NOAA         OR IMMEDIATE RELEASE
                (301) 457-5005                                  Date
               

        New Evidence Found to Support Human-Induced Global Warming,
NOAA and University Scientists Report

        Only human-induced greenhouse gases can statistically explain the unusual
warmth of the past few decades,  NOAA and university
scientists reported today.  The scientists also reaffirmed conclusions
from other recent studies that the warmest year of the past century --1998
-- is now believed to be the warmest year of at least the past 1000 years.
Writing in the online journal Earth Interactions, the scientists note that
their work provides the scientific community, for the first time,
year-by-year spatially-detailed estimates of temperature patterns during
past centuries that blend both paleoclimate information and instrumental
data.  To assess climate conditions that existed before instrumental
weather measurements were common,  scientists rely on so-called proxy
indicators.  These are natural archives such as ice cores, tree-rings, lake
sediments, and corals, which record seasonal or annual climate conditions.
Data from the natural archives were calibrated by the instrumental surface
temperature data available during the 20th century.

        "The best evidence, based on the extension of hemispheric climate
reconstructions back a full millennium is that late 20th century conditions
are probably warmer than those which prevailed any time this millennium,"
the scientists wrote. They noted that conditions during the 11th through
14th centuries appear warmer than those which prevailed during the 15th
through 19th centuries in general, but emphasized that past warm periods
such as the so-called "Medieval Warm Period" of Europe were, on a global
scale, actually somewhat cooler than then 20th century.
        The scientists also studied the statistical relationship between
variations in the northern hemisphere mean temperatures and estimates of
the histories of solar, greenhouse gas, and volcanic factors, taking into
account the physically-expected delay of the climate system to these
factors. These analyses strengthen previous statistical evidence for a
causal relationship between greenhouse gases and recent warming.  "While the
natural -- solar and volcanic -- forcings appear to be important factors
governing the natural variations of temperatures in past centuries, only
human greenhouse gas forcing alone....can statistically explain the unusual
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warmth of the past few decades," they wrote. 
       
        The scientists are:  lead author Michael E. Mann, from the University of
Virginia; Ed Gille and  Wendy Gross,  NOAA's National Geophysical Data
Center; Raymond S. Bradley and Frank Keimig, University of Massachusetts;
Jonathan Overpeck, formerly of NOAA, now with the University of Arizona,
and Malcolm K. Hughes, University of Arizona.

        The publication, titled Global Temperature Patterns in Past Centuries,
contains the latest look at temperatures over the past millennium, and
includes data and animations of global temperatures from paleoclimatic
records starting in 1730, up through instrumental data through 1993.   The
publication is available at the NGDC web site in pdf form at
http://www.ngdc.noaa.gov/paleo/ei/ei_pdf.html and in interactive form at
http://www.ngdc.noaa.gov/paleo/ei/ei cover.html and at Earth Interactions
at: http://www.earthinteractions.org

###

At 10:21 AM 11/17/00 -0700, Mark Eakin wrote:
>Folks,
>
>Pat Viets has in NESDIS Public Affairs has put together a press release
>on the Earth Interactions article.  Please take a look at it and let Pat
>and I know if you have any changes, ASAP.  You will see one correction
>that I have added in the second paragraph.
>
>Thanks,
>Mark
>
>-------- Original Message --------
>Subject: Earth Interactions
>Date: Fri, 17 Nov 2000 10:46:59 -0500
>From: Patricia Viets <Patricia.Viets@noaa.gov>
>To: Mark.Eakin@noaa.gov
>CC: bmcgehan@boulder.noaa.gov,Barbara.McGehan@noaa.gov
>
>Hi, Mark,
>
>Here's a first draft of the press release on the Earth Interactions
>article.  Can you give a copy to Ed Gille and Wendy Gross, then provide
>comments, corrections, etc. to me.
>
>We should probably also ask Michael Mann, Ray Bradley, Peck, Malcolm
>Hughes, and Frank Keimig for their comments.  I would be happy to do this,
>or it can be done at your end -- whatever works best for you.  Just let me
>know what you would prefer.
>
>Thank you for all of your help.
>
>Pat
>Attachment Converted: "c:\eudora\attach\paleo2.1998.wpd"
>
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
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_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Raymond S. Bradley
To: mann@multiproxy.evsc.virginia.edu; mark.eakin@noaa.gov; mhughes@ltrr.arizona.edu;

rbradley@geo.umass.edu; jto@u.arizona.edu
Subject: revised press release
Date: Friday, November 17, 2000 2:39:21 PM
Attachments: EI-press release-revised.doc

Untitled attachment 00264.txt

attached (& pasted below) you can find my suggestions for a revised press
release.  You can change it but compare with the earlier version to see the
change in emphasis.  I prefer this, obviously.
Comments?
ray
         Patterns of Global Climate Changes Over Recent Centuries Reported
By NOAA and University Scientists

Year-by-year patterns of global temperature over the past few centuries
have now been revealed for the first time by a team of University and NOAA
scientists.  Evidence from ice cores, tree rings, corals, historical
records and sediments in lakes was used to obtain the yearly maps,
extending the history of global climate to a time before people began
taking measurements with weather instruments.

Writing in the online journal Earth Interactions, the scientists note that
their work highlights periods of unusual climatic conditions, such as the
period of "dry fogs" that were reported by Benjamin Franklin in the
1780s.  The new study shows that the hazy conditions Franklin described
from his home (at that time, in Paris) was related to a cold episode that
affected all of Europe for several years following the eruption of a
volcano in Iceland (Laki) in 1784.  Other major eruptions have had similar
climatic effects.  After the eruption of Tambora in Indonesia in 1815,
temperatures in North America and Europe fell sharply, and cool conditions
prevailed for several years.

The current study provides an interactive database that can be used to
examine maps of global temperature patterns for any year since 1730  These
are based on natural archives such as ice cores, tree-rings, lake
sediments, and corals, which record seasonal or annual climate
conditions.  Data from the natural archives were calibrated by the
instrumental surface temperature data available during the 20th century.

The study also provided a longer-term view of temperatures across the
northern hemisphere.  "The best evidence, based on the extension of
hemispheric climate reconstructions back a full millennium is that late
20th century conditions are probably warmer than those which prevailed any
time this millennium," the scientists wrote. They noted that conditions
during the 11th through 14th centuries appear warmer than those which
prevailed during the 15th through 19th centuries in general.

The scientists also studied the statistical relationship between variations
in the northern hemisphere mean temperatures and estimates of the histories
of solar, greenhouse gas, and volcanic factors.  "While the natural --
solar and volcanic -- forcings appear to be important factors governing the
natural variations of temperatures in past centuries, only human greenhouse
gas forcing alone....can statistically explain the unusual warmth of the
past few decades," they wrote.

The scientists are:  lead author Michael E. Mann, from the University of
Virginia; Ed Gille and  Wendy Gross,  NOAA's National Geophysical Data

ABOR/MH/Priv-004331



Center; Raymond S. Bradley and Frank Keimig, University of Massachusetts;
Jonathan Overpeck, formerly of NOAA, now with the University of Arizona,
and Malcolm K. Hughes, University of Arizona.

The publication, titled Global Temperature Patterns in Past Centuries,
contains the latest look at temperatures over the last 600 years, and
includes data and animations of global temperatures from paleoclimatic
records starting in 1730, up through instrumental data through 1993.   The
publication is available at the NGDC web site in pdf form at
http://www.ngdc.noaa.gov/paleo/ei/ei_pdf.html and in interactive form at
http://www.ngdc.noaa.gov/paleo/ei/ei cover.html and at Earth Interactions
at: http://www.earthinteractions.org

###

.
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Untitled attachment 00264.txt
Raymond S. Bradley
Professor and Head of Department
Department of Geosciences
University of Massachusetts
Amherst, MA 01003-5820

Tel: 
Fax: 
Climate System Research Center: 
Climate System Research Center Web Page: 
<http://www.geo.umass.edu/climate/climate.html>
Paleoclimatology Book Web Site (1999): 
http://www.geo.umass.edu/climate/paleo/html
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NOAA 00- 
 
CONTACT:   Patricia Viets, NOAA             FOR IMMEDIATE RELEASE 
           (301) 457-5005                    Date 

 
 
 Patterns of Global Climate Changes Over Recent Centuries Reported By 

NOAA and University Scientists 
 

Year-by-year patterns of global temperature over the past few centuries have 

now been revealed for the first time by a team of University and NOAA scientists.  

Evidence from ice cores, tree rings, corals, historical records and sediments in lakes 

was used to obtain the yearly maps, extending the history of global climate to a time 

before people began taking measurements with weather instruments. 

Writing in the online journal Earth Interactions, the scientists note that their work 
highlights periods of unusual climatic conditions, such as the period of “dry fogs” that 
were reported by Benjamin Franklin in the 1780s.  The new study shows that the hazy 
conditions Franklin described from his home (at that time, in Paris) was related to a cold 
episode that affected all of Europe for several years following the eruption of a volcano 
in Iceland (Laki) in 1784.  Other major eruptions have had similar climatic effects.  After 
the eruption of Tambora in Indonesia in 1815, temperatures in North America and 
Europe fell sharply, and cool conditions prevailed for several years.   

 
The current study provides an interactive database that can be used to examine 

maps of global temperature patterns for any year since 1730  These are based on 
natural archives such as ice cores, tree-rings, lake sediments, and corals, which record 
seasonal or annual climate conditions.  Data from the natural archives were calibrated 
by the instrumental surface temperature data available during the 20th century. 
 

The study also provided a longer-term view of temperatures across the northern 
hemisphere.  “The best evidence, based on the extension of hemispheric climate 
reconstructions back a full millennium is that late 20th century conditions are probably 
warmer than those which prevailed any time this millennium,” the scientists wrote. They 
noted that conditions during the 11th through 14th centuries appear warmer than those 
which prevailed during the 15th through 19th centuries in general. 

 
The scientists also studied the statistical relationship between variations in the 

northern hemisphere mean temperatures and estimates of the histories of solar, 
greenhouse gas, and volcanic factors.  “While the natural -- solar and volcanic -- 
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forcings appear to be important factors governing the natural variations of temperatures 
in past centuries, only human greenhouse gas forcing alone....can statistically explain 
the unusual warmth of the past few decades,” they wrote.   

 
The scientists are:  lead author Michael E. Mann, from the University of Virginia; 

Ed Gille and  Wendy Gross,  NOAA’s National Geophysical Data Center; Raymond S. 
Bradley and Frank Keimig, University of Massachusetts; Jonathan Overpeck, formerly 
of NOAA, now with the University of Arizona, and Malcolm K. Hughes, University of 
Arizona. 
 

The publication, titled Global Temperature Patterns in Past Centuries, contains 
the latest look at temperatures over the last 600 years, and includes data and 
animations of global temperatures from paleoclimatic records starting in 1730, up 
through instrumental data through 1993.   The publication is available at the NGDC web 
site in pdf form at http://www.ngdc.noaa.gov/paleo/ei/ei pdf.html and in interactive form 
at http://www.ngdc.noaa.gov/paleo/ei/ei cover.html and at Earth Interactions at: 
http://www.earthinteractions.org 
 
 

### 
 
 
 
 
.   
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From: Michael E. Mann
To: Jonathan Overpeck
Cc: mhughes@ltrr.arizona.edu; mann@multiproxy.evsc.virginia.edu; mark.eakin@noaa.gov;

mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu
Subject: Re: revised press release
Date: Saturday, November 18, 2000 5:43:25 PM

Dear All,

I like Ray's revised version too.

I think it retains enough "punch" to justify a press-release, but properly
separates out what is truly new about *this* paper from what it isn't.

I say we go w/ this version (or, rather, send it on to Patricia for final
revisions) unless there are futher objections??

thanks all (and particular, to Ray!) for the feedback and help,

mike

At 03:32 PM 11/18/00 -0700, Jonathan Overpeck wrote:
>I'm happy with Ray's version too, but can go either way. Thx, Peck
>
>
>>I strongly prefer Ray's version. Malcolm
>>
>>
>>Quoting "Raymond S. Bradley" <rbradley@geo.umass.edu>:
>>
>>>  attached (& pasted below) you can find my suggestions for a revised
>>>  press
>>>  release.  You can change it but compare with the earlier version to see
>>>  the
>>>  change in emphasis.  I prefer this, obviously.
>>>  Comments?
>>>  ray
>>>           Patterns of Global Climate Changes Over Recent Centuries
>>>  Reported
>>>  By NOAA and University Scientists
>>>
>>>  Year-by-year patterns of global temperature over the past few centuries
>>>  have now been revealed for the first time by a team of University and
>>>  NOAA
>>>  scientists.  Evidence from ice cores, tree rings, corals, historical
>>>  records and sediments in lakes was used to obtain the yearly maps,
>>>  extending the history of global climate to a time before people began
>>>  taking measurements with weather instruments.
>>>
>>>  Writing in the online journal Earth Interactions, the scientists note
>>>  that
>>>  their work highlights periods of unusual climatic conditions, such as
>>>  the
>>>  period of "dry fogs" that were reported by Benjamin Franklin in the
>>>  1780s.  The new study shows that the hazy conditions Franklin described
>>>  from his home (at that time, in Paris) was related to a cold episode
>>>  that
>>>  affected all of Europe for several years following the eruption of a
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>>>  volcano in Iceland (Laki) in 1784.  Other major eruptions have had
>>>  similar
>>>  climatic effects.  After the eruption of Tambora in Indonesia in 1815,
>>>  temperatures in North America and Europe fell sharply, and cool
>>>  conditions
>>>  prevailed for several years.
>>>
>>>  The current study provides an interactive database that can be used to
>>>  examine maps of global temperature patterns for any year since 1730
>>>  These
>>>  are based on natural archives such as ice cores, tree-rings, lake
>>>  sediments, and corals, which record seasonal or annual climate
>>>  conditions.  Data from the natural archives were calibrated by the
>>>  instrumental surface temperature data available during the 20th century.
>>>
>>>  The study also provided a longer-term view of temperatures across the
>>>  northern hemisphere.  "The best evidence, based on the extension of
>>>  hemispheric climate reconstructions back a full millennium is that late
>>>  20th century conditions are probably warmer than those which prevailed
>>>  any
>>>  time this millennium," the scientists wrote. They noted that conditions
>>>  during the 11th through 14th centuries appear warmer than those which
>>>  prevailed during the 15th through 19th centuries in general.
>>>
>>>  The scientists also studied the statistical relationship between
>>>  variations
>>>  in the northern hemisphere mean temperatures and estimates of the
>>>  histories
>>>  of solar, greenhouse gas, and volcanic factors.  "While the natural --
>>>  solar and volcanic -- forcings appear to be important factors governing
>>>  the
>>>  natural variations of temperatures in past centuries, only human
>>>  greenhouse
>>>  gas forcing alone....can statistically explain the unusual warmth of the
>>>
>>>  past few decades," they wrote.
>>>
>>>  The scientists are:  lead author Michael E. Mann, from the University of
>>>
>>>  Virginia; Ed Gille and  Wendy Gross,  NOAA's National Geophysical Data
>>>  Center; Raymond S. Bradley and Frank Keimig, University of
>>>  Massachusetts;
>>>  Jonathan Overpeck, formerly of NOAA, now with the University of Arizona,
>>>
>>>  and Malcolm K. Hughes, University of Arizona.
>>>
>>>  The publication, titled Global Temperature Patterns in Past Centuries,
>>>  contains the latest look at temperatures over the last 600 years, and
>>>  includes data and animations of global temperatures from paleoclimatic
>>>  records starting in 1730, up through instrumental data through 1993.
>>>  The
>>>  publication is available at the NGDC web site in pdf form at
>>>  http://www.ngdc.noaa.gov/paleo/ei/ei_pdf.html and in interactive form at
>>  >
>>>  http://www.ngdc.noaa.gov/paleo/ei/ei cover.html and at Earth
>>>  Interactions
>>>  at: http://www.earthinteractions.org
>>>
>>>
>>>  ###
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>>>
>>>
>>>
>>>
>>>  .
>>>
>>>
>
>--
>Jonathan T. Overpeck
>Director, Institute for the Study of Planet Earth
>Professor, Department of Geosciences
>
>Mail and Fedex Address:
>
>Institute for the Study of Planet Earth
>715 N. Park Ave. 2nd Floor
>University of Arizona
>Tucson, AZ 85721
>direct tel: +1 520 622-9065
>fax: +1 520 792-8795
>http://www.geo.arizona.edu/Faculty_Pages/Overpeck.J.html
>http://www.ispe.arizona.edu/
>
>
_______________________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.html             
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From: Jonathan Overpeck
To: Michael E. Mann
Cc: mhughes@ltrr.arizona.edu; mann@multiproxy.evsc.virginia.edu; mark.eakin@noaa.gov;

mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu
Subject: Re: revised press release
Date: Saturday, November 18, 2000 6:13:06 PM

You da mann...

>Dear All,
>
>I like Ray's revised version too.
>
>I think it retains enough "punch" to justify a press-release, but properly
>separates out what is truly new about *this* paper from what it isn't.
>
>I say we go w/ this version (or, rather, send it on to Patricia for final
>revisions) unless there are futher objections??
>
>thanks all (and particular, to Ray!) for the feedback and help,
>
>mike
>
>At 03:32 PM 11/18/00 -0700, Jonathan Overpeck wrote:
>>I'm happy with Ray's version too, but can go either way. Thx, Peck
>>
>>
>>>I strongly prefer Ray's version. Malcolm
>>>
>>>
>>>Quoting "Raymond S. Bradley" <rbradley@geo.umass.edu>:
>>>
>>>>   attached (& pasted below) you can find my suggestions for a revised
>>>>   press
>>>>   release.  You can change it but compare with the earlier version to see
>>>>   the
>>>>   change in emphasis.  I prefer this, obviously.
>>>>   Comments?
>>>>   ray
>>>>            Patterns of Global Climate Changes Over Recent Centuries
>>>>   Reported
>>>>   By NOAA and University Scientists
>>>>
>>>>   Year-by-year patterns of global temperature over the past few centuries
>>>>   have now been revealed for the first time by a team of University and
>>>>   NOAA
>>>>   scientists.  Evidence from ice cores, tree rings, corals, historical
>>>>   records and sediments in lakes was used to obtain the yearly maps,
>>>>   extending the history of global climate to a time before people began
>>>>   taking measurements with weather instruments.
>>>>
>>>>   Writing in the online journal Earth Interactions, the scientists note
>>>>   that
>>>>   their work highlights periods of unusual climatic conditions, such as
>>>>   the
>>>>   period of "dry fogs" that were reported by Benjamin Franklin in the
>>>>   1780s.  The new study shows that the hazy conditions Franklin described
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>>>>   from his home (at that time, in Paris) was related to a cold episode
>>>>   that
>>>>   affected all of Europe for several years following the eruption of a
>>>>   volcano in Iceland (Laki) in 1784.  Other major eruptions have had
>>>>   similar
>>>>   climatic effects.  After the eruption of Tambora in Indonesia in 1815,
>>>>   temperatures in North America and Europe fell sharply, and cool
>>>>   conditions
>>>>   prevailed for several years.
>>>>
>>>>   The current study provides an interactive database that can be used to
>>>>   examine maps of global temperature patterns for any year since 1730
>>>>   These
>>>>   are based on natural archives such as ice cores, tree-rings, lake
>>>>   sediments, and corals, which record seasonal or annual climate
>>>>   conditions.  Data from the natural archives were calibrated by the
>>>>   instrumental surface temperature data available during the 20th century.
>>>>
>>>>   The study also provided a longer-term view of temperatures across the
>>>>   northern hemisphere.  "The best evidence, based on the extension of
>>>>   hemispheric climate reconstructions back a full millennium is that late
>>>>   20th century conditions are probably warmer than those which prevailed
>>>>   any
>>>>   time this millennium," the scientists wrote. They noted that conditions
>>>>   during the 11th through 14th centuries appear warmer than those which
>>>>   prevailed during the 15th through 19th centuries in general.
>>>>
>>>>   The scientists also studied the statistical relationship between
>>>>   variations
>>>>   in the northern hemisphere mean temperatures and estimates of the
>>>>   histories
>>>>   of solar, greenhouse gas, and volcanic factors.  "While the natural --
>>>>   solar and volcanic -- forcings appear to be important factors governing
>>>>   the
>>>>   natural variations of temperatures in past centuries, only human
>>>>   greenhouse
>>>>   gas forcing alone....can statistically explain the unusual warmth of the
>>>>
>>>>   past few decades," they wrote.
>>>>
>>>>   The scientists are:  lead author Michael E. Mann, from the University of
>  >>>
>>>>   Virginia; Ed Gille and  Wendy Gross,  NOAA's National Geophysical Data
>>>>   Center; Raymond S. Bradley and Frank Keimig, University of
>>>>   Massachusetts;
>>>>   Jonathan Overpeck, formerly of NOAA, now with the University of Arizona,
>>>>
>>>>   and Malcolm K. Hughes, University of Arizona.
>>>>
>>>>   The publication, titled Global Temperature Patterns in Past Centuries,
>>>>   contains the latest look at temperatures over the last 600 years, and
>>>>   includes data and animations of global temperatures from paleoclimatic
>>>>   records starting in 1730, up through instrumental data through 1993.
>>>>   The
>>>>   publication is available at the NGDC web site in pdf form at
>>>>   http://www.ngdc.noaa.gov/paleo/ei/ei_pdf.html and in interactive form at
>>>   >
>>>>   http://www.ngdc.noaa.gov/paleo/ei/ei_cover.html and at Earth
>>>>   Interactions
>>>>   at: http://www.earthinteractions.org
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>>>>
>>>>
>>>>   ###
>>>>
>>>>
>>>>
>>>>
>>>>   .
>>>>
>>>>
>>
>>--
>>Jonathan T. Overpeck
>>Director, Institute for the Study of Planet Earth
>>Professor, Department of Geosciences
>>
>>Mail and Fedex Address:
>>
>>Institute for the Study of Planet Earth
>>715 N. Park Ave. 2nd Floor
>>University of Arizona
>>Tucson, AZ 85721
>>direct tel: +1 520 622-9065
>>fax: +1 520 792-8795
>>http://www.geo.arizona.edu/Faculty_Pages/Overpeck.J.html
>>http://www.ispe.arizona.edu/
>>
>>
>_______________________________________________________________________
>                     Professor Michael E. Mann
>            Department of Environmental Sciences, Clark Hall
>                       University of Virginia
>                      Charlottesville, VA 22903
>_______________________________________________________________________
>e-mail: mann@virginia.edu   Phone:    FAX: 
>          http://www.evsc.virginia.edu/faculty/people/mann.html

--
Jonathan T. Overpeck
Director, Institute for the Study of Planet Earth
Professor, Department of Geosciences

Mail and Fedex Address:

Institute for the Study of Planet Earth
715 N. Park Ave. 2nd Floor
University of Arizona
Tucson, AZ 85721
direct tel: +1 520 622-9065
fax: +1 520 792-8795
http://www.geo.arizona.edu/Faculty Pages/Overpeck.J.html
http://www.ispe.arizona.edu/
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From: Michael E. Mann
To: pviets@nesdis.noaa.gov
Cc: mann@multiproxy.evsc.virginia.edu; mark.eakin@noaa.gov; mhughes@ltrr.arizona.edu;

rbradley@geo.umass.edu; jto@u.arizona.edu
Subject: revised press release
Date: Sunday, November 19, 2000 3:44:21 PM

Dear Patricia,

Below I've pasted a revised version of the press release produced amongst us as
a result of a healthy discussion amongst the different contributors.

Our collective feeling is that the previous version didn't represent accurately
enough what exactly was new about this particular study (several
of the claims referred to were actually described previously published
work). The revised version below highlights what is in fact *new* about the
current study. We feel that it is important for us not be misleading in this
regard.
Hopefully, the revised version still justifies a press release. In the
tradeoff between being dramatic and being as accurate as possible, we feel
it is important to lean towards the latter. If this means that a press
release isn't justified after all, we'll understand.

Please feel free to revise in a manner consistent w/ the above.

Thanks again for your help,

mike

>Patterns of Global Climate Changes Over Recent Centuries Reported
>By NOAA and University Scientists
>
>Year-by-year patterns of global temperature over the past few centuries
>have now been revealed for the first time by a team of University and NOAA
>scientists.  Evidence from ice cores, tree rings, corals, historical
>records and sediments in lakes was used to obtain the yearly maps,
>extending the history of global climate to a time before people began
>taking measurements with weather instruments.
>
>Writing in the online journal Earth Interactions, the scientists note that
>their work highlights periods of unusual climatic conditions, such as the
>period of "dry fogs" that were reported by Benjamin Franklin in the
>1780s.  The new study shows that the hazy conditions Franklin described
>from his home (at that time, in Paris) was related to a cold episode that
>affected all of Europe for several years following the eruption of a
>volcano in Iceland (Laki) in 1784.  Other major eruptions have had similar
>climatic effects.  After the eruption of Tambora in Indonesia in 1815,
>temperatures in North America and Europe fell sharply, and cool conditions
>prevailed for several years.
>
>The current study provides an interactive database that can be used to
>examine maps of global temperature patterns for any year since 1730  These
>are based on natural archives such as ice cores, tree-rings, lake
>sediments, and corals, which record seasonal or annual climate
>conditions.  Data from the natural archives were calibrated by the
>instrumental surface temperature data available during the 20th century.
>
>The study also provided a longer-term view of temperatures across the
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>northern hemisphere.  "The best evidence, based on the extension of
>hemispheric climate reconstructions back a full millennium is that late
>20th century conditions are probably warmer than those which prevailed any
>time this millennium," the scientists wrote. They noted that conditions
>during the 11th through 14th centuries appear warmer than those which
>prevailed during the 15th through 19th centuries in general.
>
>The scientists also studied the statistical relationship between variations
>in the northern hemisphere mean temperatures and estimates of the histories
>of solar, greenhouse gas, and volcanic factors.  "While the natural --
>solar and volcanic -- forcings appear to be important factors governing the
>natural variations of temperatures in past centuries, only human greenhouse
>gas forcing alone....can statistically explain the unusual warmth of the
>past few decades," they wrote.
>
>The scientists are:  lead author Michael E. Mann, from the University of
>Virginia; Ed Gille and  Wendy Gross,  NOAA's National Geophysical Data
>Center; Raymond S. Bradley and Frank Keimig, University of Massachusetts;
>Jonathan Overpeck, formerly of NOAA, now with the University of Arizona,
>and Malcolm K. Hughes, University of Arizona.
>
>The publication, titled Global Temperature Patterns in Past Centuries,
>contains the latest look at temperatures over the last 600 years, and
>includes data and animations of global temperatures from paleoclimatic
>records starting in 1730, up through instrumental data through 1993.   The
>publication is available at the NGDC web site in pdf form at
>http://www.ngdc.noaa.gov/paleo/ei/ei pdf.html and in interactive form at
>http://www.ngdc.noaa.gov/paleo/ei/ei_cover.html and at Earth Interactions
>at: http://www.earthinteractions.org
>
>
>###
>
>
>
>
>.
>
>
>Attachment Converted: C:\Program Files\Eudora\Attach\EI-press
release-revised.doc
>Raymond S. Bradley
>Professor and Head of Department
>Department of Geosciences
>University of Massachusetts
>Amherst, MA 01003-5820
>
>Tel: 
>Fax: 
>Climate System Research Center: 
>Climate System Research Center Web Page:
><http://www.geo.umass.edu/climate/climate.html>
>Paleoclimatology Book Web Site (1999):
>http://www.geo.umass.edu/climate/paleo/html
>
>
>
_______________________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
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                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.html             

ABOR/MH/Priv-004344



From: Michael E. Mann
To: pviets@nesdis.noaa.gov
Cc: mann@multiproxy.evsc.virginia.edu; mark.eakin@noaa.gov; mhughes@ltrr.arizona.edu;

rbradley@geo.umass.edu; jto@u.arizona.edu
Subject: revised press release
Date: Sunday, November 19, 2000 3:44:21 PM

Dear Patricia,

Below I've pasted a revised version of the press release produced amongst us as
a result of a healthy discussion amongst the different contributors.

Our collective feeling is that the previous version didn't represent accurately
enough what exactly was new about this particular study (several
of the claims referred to were actually described previously published
work). The revised version below highlights what is in fact *new* about the
current study. We feel that it is important for us not be misleading in this
regard.
Hopefully, the revised version still justifies a press release. In the
tradeoff between being dramatic and being as accurate as possible, we feel
it is important to lean towards the latter. If this means that a press
release isn't justified after all, we'll understand.

Please feel free to revise in a manner consistent w/ the above.

Thanks again for your help,

mike

>Patterns of Global Climate Changes Over Recent Centuries Reported
>By NOAA and University Scientists
>
>Year-by-year patterns of global temperature over the past few centuries
>have now been revealed for the first time by a team of University and NOAA
>scientists.  Evidence from ice cores, tree rings, corals, historical
>records and sediments in lakes was used to obtain the yearly maps,
>extending the history of global climate to a time before people began
>taking measurements with weather instruments.
>
>Writing in the online journal Earth Interactions, the scientists note that
>their work highlights periods of unusual climatic conditions, such as the
>period of "dry fogs" that were reported by Benjamin Franklin in the
>1780s.  The new study shows that the hazy conditions Franklin described
>from his home (at that time, in Paris) was related to a cold episode that
>affected all of Europe for several years following the eruption of a
>volcano in Iceland (Laki) in 1784.  Other major eruptions have had similar
>climatic effects.  After the eruption of Tambora in Indonesia in 1815,
>temperatures in North America and Europe fell sharply, and cool conditions
>prevailed for several years.
>
>The current study provides an interactive database that can be used to
>examine maps of global temperature patterns for any year since 1730  These
>are based on natural archives such as ice cores, tree-rings, lake
>sediments, and corals, which record seasonal or annual climate
>conditions.  Data from the natural archives were calibrated by the
>instrumental surface temperature data available during the 20th century.
>
>The study also provided a longer-term view of temperatures across the
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>northern hemisphere.  "The best evidence, based on the extension of
>hemispheric climate reconstructions back a full millennium is that late
>20th century conditions are probably warmer than those which prevailed any
>time this millennium," the scientists wrote. They noted that conditions
>during the 11th through 14th centuries appear warmer than those which
>prevailed during the 15th through 19th centuries in general.
>
>The scientists also studied the statistical relationship between variations
>in the northern hemisphere mean temperatures and estimates of the histories
>of solar, greenhouse gas, and volcanic factors.  "While the natural --
>solar and volcanic -- forcings appear to be important factors governing the
>natural variations of temperatures in past centuries, only human greenhouse
>gas forcing alone....can statistically explain the unusual warmth of the
>past few decades," they wrote.
>
>The scientists are:  lead author Michael E. Mann, from the University of
>Virginia; Ed Gille and  Wendy Gross,  NOAA's National Geophysical Data
>Center; Raymond S. Bradley and Frank Keimig, University of Massachusetts;
>Jonathan Overpeck, formerly of NOAA, now with the University of Arizona,
>and Malcolm K. Hughes, University of Arizona.
>
>The publication, titled Global Temperature Patterns in Past Centuries,
>contains the latest look at temperatures over the last 600 years, and
>includes data and animations of global temperatures from paleoclimatic
>records starting in 1730, up through instrumental data through 1993.   The
>publication is available at the NGDC web site in pdf form at
>http://www.ngdc.noaa.gov/paleo/ei/ei pdf.html and in interactive form at
>http://www.ngdc.noaa.gov/paleo/ei/ei_cover.html and at Earth Interactions
>at: http://www.earthinteractions.org
>
>
>###
>
>
>
>
>.
>
>
>Attachment Converted: C:\Program Files\Eudora\Attach\EI-press
release-revised.doc
>Raymond S. Bradley
>Professor and Head of Department
>Department of Geosciences
>University of Massachusetts
>Amherst, MA 01003-5820
>
>Tel: 
>Fax: 
>Climate System Research Center: 
>Climate System Research Center Web Page:
><http://www.geo.umass.edu/climate/climate.html>
>Paleoclimatology Book Web Site (1999):
>http://www.geo.umass.edu/climate/paleo/html
>
>
>
_______________________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
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                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.html             
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu
Subject: revisions
Date: Monday, November 20, 2000 2:08:24 PM

HI Malcolm,

Don't know if you had a chance to look over Jeff's revisions. I think you
can do a fair amount of editing in incorporating them. The discussion of
the specifics results of Park and Mann regarding ENSO and global mean
temperature,  etc. seems a bit superfluous, and would be better to use that
space to relate the multiwavelet approach to the proposal at hand.

In any case, why don't you make  a stab at incorporating  the changes (and
I would advise, doing so sparingly everywhere but the description of the
multiwavelet method) then I can have another stab.

I take off for Thanksgiving on wednesday afternoon and don't get back until
Sunday afternoon, so I'll only have a slow connection (read, no large
attachments please) between those dates. If you can get a revised draft for
me to look at wednesday morning or earlier, that'd be great...

mike
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu
Cc: Michael E. Mann
Subject: Re: revisions
Date: Monday, November 20, 2000 5:56:29 PM

Hi Malcolm,

No problem--I don't think Jeff has to see it again, and I'll leave it to
your discretion to decide how to incorporate the most recent
changes/additions. As I mentioned before, I'd lean towards being
as sparing in adopting the latest changes as possible. The important
part if filling out the discussion of the multiwavelet section.

I can have one quick re-read after you revise, then I'll consider it
entirely in your hands...

mike

At 03:01 PM 11/20/00 -0700, mhughes@ltrr.arizona.edu wrote:
>Dear Mike - after a thoroughly miserable weekend fighting with my computer
(with
>MArtin Munro on the speakerphone from Tucson talking me through it), I just
took
>off into the oods with a couple of guys this morning to core some trees. Hence
>the late start today. Anyway - I'll do the redraft this evening, so you should
>have something tomorrow- I really need to get this whole thing off to TUcson
>Wednesday, so they can sign and copy everything and ship it to DC for the
30th.
>Cheers, Malcolm
>
>
>Quoting "Michael E. Mann" <mann@multiproxy.evsc.virginia.edu>:
>
>> HI Malcolm,
>>
>> Don't know if you had a chance to look over Jeff's revisions. I think
>> you
>> can do a fair amount of editing in incorporating them. The discussion of
>> the specifics results of Park and Mann regarding ENSO and global mean
>> temperature,  etc. seems a bit superfluous, and would be better to use
>> that
>> space to relate the multiwavelet approach to the proposal at hand.
>>
>> In any case, why don't you make  a stab at incorporating  the changes
>> (and
>> I would advise, doing so sparingly everywhere but the description of the
>> multiwavelet method) then I can have another stab.
>>
>> I take off for Thanksgiving on wednesday afternoon and don't get back
>> until
>> Sunday afternoon, so I'll only have a slow connection (read, no large
>> attachments please) between those dates. If you can get a revised draft
>> for
>> me to look at wednesday morning or earlier, that'd be great...
>>
>> mike
>> _______________________________________________________________________
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>>                      Professor Michael E. Mann
>>           Department of Environmental Sciences, Clark Hall
>>                       University of Virginia
>>                      Charlottesville, VA 22903
>> _______________________________________________________________________
>> e-mail: mann@virginia.edu   Phone:    FAX: 
>>        http://www.evsc.virginia.edu/faculty/people/mann.html
>>
>>
>
>
>
>
>
>
_______________________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.html             

ABOR/MH/Priv-004350



From: Michael E. Mann
To: mark.eakin@noaa.gov; Ed Gille; Wendy Gross; Bradley; Overpeck; Hughes; Francis T Keimig; Patricia Viets
Subject: Re: EI Press Release
Date: Tuesday, November 21, 2000 3:03:55 PM

Thanks Mark,

Looks great to me. Will let you know if I get any inquiries (between the
election stuff and Thanksgiving, I would think unlikely, but who knows...)

mike

At 12:38 PM 11/21/00 -0700, Mark Eakin wrote:
>I just received word from Pat that the Press Release is out.  Thanks for all
>of your help.
>
>Here it is:
>
>        NOAA 00 080
>Contact: Patricia Viets, NOAA   FOR IMMEDIATE RELEASE
>  (301) 457-5005    November 21, 2000
>
>Patterns of Global Climate Change Over Recent Centuries Reported
>By NOAA and University Scientists
>
> For the first time, year-by-year patterns of global temperature over the
>past few centuries have now been revealed.  Evidence from ice cores, tree
>rings, corals, historical records and sediments in lakes was used by a team
>of university and NOAA scientists to obtain the yearly maps, extending the
>history of global climate to a time before people began taking measurements
>with weather instruments.
> Writing in the online journal Earth Interactions, the scientists note that
>their work highlights periods of unusual climatic conditions, such as the
>period of "dry fogs" that were reported by Benjamin Franklin in the 1780s.
>The new study shows that the hazy conditions Franklin described from his home
>(at that time, in Paris) were related to a cold episode that affected all of
>Europe for several years following the eruption of a volcano in Iceland
>(Laki) in 1784.  Other major eruptions have had similar climatic effects.
>After the eruption of Tambora in Indonesia in 1815, temperatures in North
>America and Europe fell sharply, and cool conditions prevailed for several
>years.
>
> The current study provides an interactive database that can be used to
>examine maps of global temperature patterns for any year since 1730.  These
>are based on natural archives such as ice cores, tree-rings, lake sediments,
>and corals, which record seasonal or annual climate conditions.  Data from
>the natural archives were calibrated by the instrumental surface temperature
>data available during the 20th century.
>
> The study also provided a longer-term view of temperatures across the
>northern hemisphere.  "The best evidence, based on the extension of
>hemispheric climate reconstructions back a full millennium is that late 20th
>century conditions are probably warmer than those which prevailed any time
>this millennium," the scientists wrote.  They noted that conditions during
>the 11th through 14th centuries appear warmer than those which prevailed
>during the 15th through 19th centuries in general.
>
> The scientists also studied the statistical relationship between variations
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>in the northern hemisphere mean temperatures and estimates of the histories
>of solar, greenhouse gas, and volcanic factors.  "While the natural -- solar
>and volcanic -- forcings appear to be important factors governing the natural
>variations of temperatures in past centuries, only human greenhouse gas
>forcing alone....can statistically explain the unusual warmth of the past few
>decades," they wrote.
>
> The scientists are:  lead author Michael E. Mann, from the University of
>Virginia; Ed Gille and  Wendy Gross,  NOAA's National Geophysical Data
>Center; Raymond S. Bradley and Frank Keimig, University of Massachusetts;
>Jonathan Overpeck, formerly of NOAA, now with the University of Arizona, and
>Malcolm K. Hughes, University of Arizona.
>
> The publication, titled Global Temperature Patterns in Past Centuries,
>contains the latest look at temperatures over the last 600 years, and
>includes data and animations of global temperatures from paleoclimatic
>records starting in 1730, up through instrumental data through 1993.  The
>publication is available at the NGDC Web site in PDF form at
>http://www.ngdc.noaa.gov/paleo/ei/ei pdf.html and in interactive form at
>http://www.ngdc.noaa.gov/paleo/ei/ei_cover.html and at Earth Interactions at:
>http://www.earthinteractions.org
>
>--
>C. Mark Eakin, Ph.D.
>Chief of NOAA Paleoclimatology Program and
>Director of the World Data Center for Paleoclimatology
>
>NOAA/National Geophysical Data Center
>325 Broadway E/GC
>DSRC 1B139
>Boulder, CO 80305-3328
>Voice: 303-497-6172                       Fax: 303-497-6513
>Internet: mark.eakin@noaa.gov
>http://www.ngdc.noaa.gov/paleo/paleo.html
>
>
>
>
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu
Cc: Jeffrey Park
Subject: revised proposal
Date: Wednesday, November 22, 2000 9:19:03 AM
Attachments: statement-revised.doc

Untitled attachment 00270.txt

Dear Malcolm (and Jeff),

I've taken the latest draft, edited/revised further, and I'm pretty happy
w/ it at this point. Since Malcolm needs to get this off today, I'm happy
to leave it in Malcolm's hands at this point.

I'll be away for the next 5 days, but will have intermittent access to email.

Cheers, and thanks both for the effort on this,

mike
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Untitled attachment 00270.txt
_______________________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.html              

Page 1
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Statement of work: 
 
Global multidecadal to century-scale climate oscillations during the last 
1000 years 
 

Problem statement 

The problem we address is the detection, distribution and analysis of 
quasiperiodic features in the climate system at time scales approaching the length of 
the instrumental record. Schlesinger and Ramankutty (1994a) used singular spectrum 
analysis to identify an oscillation with a period of 65-70 years in 4 global-mean 
instrumental temperature records. After analyzing 11 regional records, they suggested 
that this was the statistical result of oscillations at 50-88 years in the North Atlantic 
Ocean and its bounding Northern Hemisphere continents. Their analytical approach and 
findings were questioned by Elsner and Tsonis (1994), and defended by them 
(Schlesinger and Ramankutty, 1994b) on both statistical and modeling grounds. Mann 
and Park (1994), in an analysis of 100 years of global temperature anomaly data designed 
to identify coherent spatiotemporal ‘modes’ of global climate variability, found a 
significant share of the secular variance to be linked to a roughly centennial mode linked 
to the North Atlantic. They pointed out that an instrumental record of 100-150 years in 
length was of limited help in identifying and explaining such oscillations. Mann et al. 
(1995), in a multivariate analysis of a globally distributed set of temperature proxy 
records of several centuries’ duration, produced evidence for persistent natural 
interdecadal and century-scale climate oscillations. They saw a coherent signal with 
roughly 50-year period before AD 1650, which got stronger and more significant after 
that date, drifting into a 60-70 year periodicity in recent centuries. Both the time scale 
and North Atlantic emphasis of the signal was similar to that identified by Delworth and 
coworkers (Delworth et al., 1993; see also Delworth et al., 1997; Delworth and Mann, 
2000) in the GFDL coupled ocean-atmosphere model, suggesting an underlying 
thermohaline circulation dynamical mechanism of oscillatory behavior. 

Interestingly, Dettinger et al., (1998) identified an oscillatory mode of similar 
period in instrumental and tree-ring records of precipitation back to AD 1705 in western 
North America. This was clearest and strongest in the 20th century, but weaker before 
then, especially in the 18th century. Hughes and Funkhouser (1998) observed a similar 
pattern in moisture-sensitive trees in a region centered on the Great Basin, where 
fluctuations with a period of around 60 to 80 years appear clearly from AD 200 to 600, 
from 1300 to 1600, and then after 1850. Unpublished results (M.K.Hughes) suggest 
associations with both SST variation in the Pacific and in the Atlantic for ~70 year 
features in moisture availability in the American Southwest since AD 1000. The Atlantic 
connection is particularly intriguing, given the teleconnection in the global precipitation 
field between the American Southwest and North Africa (Cayan et al. 1998). 

We plan to place these changing patterns of oscillation in a global perspective 
for the past 1000 years. This should lead to a clearer knowledge of their spatiotemporal 
relations, their links to other oscillations (ENSO, AO, NAO) and major climatic 
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phenomena. This in turn should lead to the formulation of hypotheses concerning the 
causes of the multidecadal- to century scale global climate oscillations.  

This work has clear relevance to the scientific goals of the NOAA/OGP Climate 
Change Data and Detection program element, particularly goal (3) ”document the 
quantitative character of observed climate variations and changes”. High-resolution, 
quality-controlled natural archives of the kinds the PIs have accumulated considerable 
experience in analyzing present a unique opportunity to address the problem of very 
large-scale climate variations whose time-scale is close to the total length of the 
instrumental record. These fluctuations are short enough to be of fairly immediate human 
concern, especially if they are implicated in modifying the expression of higher-
frequency variability such as ENSO (Gershunov and Barnett, 1998). They are long 
enough to confound the task of detecting anthropogenic climate change. They also seem 
to be of periods long enough to benefit from an analysis based on 1000 years of record 
rather than 100. For all these reasons, we argue that this work will be of relevance to the 
overall NOAA Climate and Global Change Program as well as to the Climate Change 
Data and Detection program element.  

 
Scientific background 

Natural archives and multi-decade to century periodic phenomena.  
Multidecadal to century-scale oscillations have been detected in many high-

resolution (usually annual) proxy climate records covering recent centuries. Compilations 
of spectra for proxy records on a worldwide basis have been made by at least three sets of 
authors, all finding evidence for widespread oscillations of 50-100 years (highlighted). 
Pulwarty and Diaz (1994) find ‘significant spectral peaks’ as follows in a set of records 
covering all or much of the last 1000 years, using multi-taper spectral estimates (MTM):   
Historical evidence for El Nino effects in Peru (Quinn) ~40-60 yr. 

Historical evidence for degree of severity of Nile River floods ~40-60yr., ~90 yr. 

Oxygen isotopic ration in Quelccaya Ice core, Peru (Thompson) ~25-50 yr. 

Tree-ring reconstructed winter rainfall, Santiago, Chile (Boninsegna) ~94 & 125 yr. 

SOI Index based on Chinese drought (Zhang) ~70-85 yr.  

Tree-ring reconstructed winter precipitation, Sierra Nevada, Ca. (Graumlich) ~35-60  
and 100 yr. 

Following the earlier study of Mann et al., 1995, Mahasenan et al., 1997, using 
singular spectrum analysis (SSA), also found ~160 and ~80 yrs to be the ‘most 
predominant modes’ of oscillation in most of 27 ‘temperature-proxy records’ –tree rings, 
ice cores and corals. Similarly Stocker and Mysak (1992) calculated or compiled power 
spectra from some dozens of proxy records of these same types, plus varves and early 
instrumental records, in an examination of century scale  fluctuations. They found notable 
fluctuations at 300~330, 250, ~200, 160~170, 125~130, 90~110, 60~70 and 50~60 yrs. 
Minobe (1997) used MTM to identify a 50-70 yr oscillation in N. American temperatures 
reconstructed from tree rings. Many other authors have identified similar effects in 
several kinds of proxy records in diverse locations, as indicated in the text box. 
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An example 
Hughes, Ni and Funkhouser (unpublished work) have reconstructed the Pacific 

Decadal Oscillation from AD 1000 to 1987, using a set of very strongly replicated 
moisture-sensitive tree-ring chronologies from the western U.S. (Figure 1a). The PDO is 
described by Mantua et al. (1997) as a ‘robust, recurring pattern of ocean-atmosphere 

PROXY CLIMATE DATA WITH EVIDENCE FOR NOTABLE 25 –500 YEAR 
OSCILLATIONS 

Northern Hemisphere tree rings 

Tree-ring reconstructed Fennoscandian summer temperature, 33~38 years, 89 yrs. Briffa 
and Schweingruber, 1992, using variance spectrum. 

Drought-sensitive tree-ring chronologies from the Colorado Plateau 20 – 80 yrs. Taylor et 
al., 1992, using evolutive power spectra. 

Southern Hemisphere tree rings 

Tree-ring reconstructed warm-season temperatures, Tasmania, 31, 57, 77 and 200 yrs.  
Cook et al., 1996, using power spectra. 

8 long Fitzroya cuppressoides   tree-ring width index chronologies from the southern 
Andes, 33, 50, 77, 250 yrs. Villalba et al., 1996, using  Maximum Entropy (ME) spectra 
and Singular Spectrum Analysis (SSA).  

Greenland ice       

Deuterium excess in the GISP2 Greenland ice core. Intermittent 44-80 yrs. White et al, 
1996, using evolutionary  power spectra. 

Various chemical species in the GISP2 Greenland ice core, 455, 204, 168, 156, 143, 135, 
112, 73, 64, 54, 43, 31yrs, several of these intermittent. Mayewski et al., 1993, using 
evolutionary power spectra. 

Coral geochemistry 

Urvina Bay, Galapagos Islands coral oxygen isotope record ~ 33 yrs;Gulf of Chiriqui, 
Panama coral oxygen isotope record ~30 yrs. Dunbar et al., 1996, using evolutionary 
power spectra. 

Laminated marine sediments 

Santa Barbara Basin, California, sediment mass accumulation rate, ~26.5, 58 yrs. Biondi 
et al., 2000, using singular spectrum analysis (SSA). 

Early instrumental data 
 
Central England temperature data, ~100 yrs. Baliunas et al., 1997 using wavelet analysis. 
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climate variability centered over the mid-latitude North Pacific basin’. As index they use 
the leading eigenvectors of North Pacific sea surface temperatures. The calibrated tree 
ring records (Figure 1b) were used to extend the PDO record in time (Figure 1c), 
allowing a comparison with other data for the decades before the calibration period. The 
trees do capture a major PDO reversal in the late 1800s observed in both instrumental 
data and other proxy records. There is a striking and significant 73-year periodicity in the 
PDO reconstruction (Figure 1d), present at varying amplitude throughout the millennium 
(Figure 1e).  

Integrated analyses 

Although abundant evidence for multidecade to century scale climate oscillations 
exists, only limited attempts have been made to examine relationships between these 
records. Mann et al. (1995), compiled a climate-proxy data set for the last 500 years 
(Figure 2), which they analyzed using the MTM-SVD method (Mann and Park, 
1994;1996;1999). The MTM-SVD method (see further discussion below) allows for the 
detection of coherent patterns of variability among multiple records which have a 
common preferred oscillatory timescale. The method provides a multivariate spectrum, 
the "LFV" spectrum, which can be used to detect the presence of coherent oscillatory 
patterns at varying frequencies.  The LFV spectrum for the sparse dataset used by Mann 
et al (1995) is shown along with that of the global surface temperature dataset, and that of 
a sparse, approximately spatially co-located set of instrumental summer temperature 
gridpoint series during a period of overlap during the 20th century (Figure 3). The 
comparison indicates the potential faithfulness with which the frequency-domain analysis 
of the multiproxy data captures the frequency-domain structure of the  instrumental 
record itself, given an adequate enough spatial network of proxy data.  

Of particular interest in Figure 3 is a "multidecadal" 50-70 year oscillatory signal 
described by Mann et al (1995), corresponding to the frequency range where the proxy-
instrumental comparison is most favorable. An "evolutive" version of the MTM-SVD 
spectrum shows evidence for a robust signal on this timescale in the data during the past 
few centuries (Figure 4). The pattern of is the signal (Figure 5) is global, but there is 
particularly prominent North Atlantic signature, suggesting a possible origin in this 
region.  Recent comparison between  model simulations and the Mann et al (1998; 1999) 
spatial temperature reconstructions shows consistency between the signal in the 
paleoclimate record during the past few centuries, and that exhibited in long control 
integrations of the GFDL R15 and R30 coupled ocean-atmosphere model (Delworth and 
Mann, 2000). Furthermore, the model simulations substantiate an origin of the signal in 
the North Atlantic thermohaline circulation, with an apparent larger-scale atmospheric 
response. The comparison, however, is hampered somewhat by the limited spatial detail  
in key regions in the Mann et al reconstructions, which approximate the signal in 
question in terms of a small number of standing temperature patterns. This limitation is 
further discussed below. 

We will apply an analogous signal-detection approach in the proposed work, 
taking advantage of a greatly enhanced proxy data set, and exploiting recent refinements 
in the multivariate signal detection techniques discussed above (Mann and Park, 1999; 
Park and Mann, 2000). This includes supplementing the "evolutive" multivariate spectral 
analysis of Mann et al (1995) with a wavelet-based signal detection approach that Park 
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and Mann (2000) have successfully applied to examining changes in the spatiotemporal 
character of ENSO in the instrumental record. We plan to extend the climate proxy 
analyses to cover at least the period since AD 1000.  
 
 

Statement of research questions 
What robust multidecadal to century scale features of climate fluctuation does a global 
multivariate analysis of the last 1000 years reveal?  
 
What are the characteristic features of these fluctuations in space and time, in particular, 
how do they migrate spatially, and how do their periods fluctuate through time? 
 
How do the multidecadal to century-scale features of the instrumental period compare to 
those of the last 1000 years? In particular, does the 20th-century relationship between the 
~70 year fluctuation in the North Atlantic and multidecadal features elsewhere in the 
world extend into the past? Are mid-millennium changes in the multidecadal oscillations, 
inferred in western North America and its continental margin, expressed elsewhere? 
 
What reasonable dynamical interpretations can be made of the patterns of spatially-
coherent multidecadal variability  in long-term proxy data? 

Methods 
Selection of records to use.  

We plan to use existing quality-controlled annual resolution proxy records valid 
for all or most of the last 1000 years, as there is reason to expect a change in behavior of 
the climate system about 500 years ago (Biondi et al., 2000, Hughes and Graumlich, 
1996). The records we use will be drawn from as many parts of the world as possible, and 
as representative of its different major regions and components as possible. We would 
also consider using records of decadal resolution if their age control is adequate for this 
task. In addition to sound chronology, these records must have a demonstrable 
relationship to some element of local climate. There has been a considerable growth in 
the availability of such records since Mann et al. published their 1995 analysis, and an 
increase in the care and attention given to conserving multidecadal to century scale 
fluctuations in their preparation (e.g. Hughes and Graumlich, 1996; Hughes and 
Funkhouser, 1998). We are at a late stage in assembling this data set for our work on 
reconstructing global temperature fields from natural archives (Mann, Bradley and 
Hughes, 1998) but had not planned to conduct the type of analyses proposed here as part 
of that work. We hope to take advantage of currently funded efforts to assemble a global 
database in this proposal to investigate past oscillatory climate fluctuations. We will 
screen the available data for those with annual to decadal resolution and chronological 
precision, evidence of a simple relationship to local climate, absence of distortion of 30-
100-year time scale signal and coverage of all or most of the period AD 1000-2000. We 
will use proxy records of soil moisture, precipitation and other climate system variables, 
as well as temperature. Such an approach allows the examination of seasons and regions 
for which good temperature proxies are rare, and contributes to the capture of information 
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on large-scale climate patterns, as demonstrated in our work on reconstructing 
hemispheric temperatures (see below). 

This approach will allow us to include newly available annual resolution data, 
including the latest millennial-scale dendroclimatic reconstructions (see Figure 6)  and 
ice core data (O-18, and chemical species) from Greenland (e.g.,Mayewski et al, 1994), 
the Canadian Arctic, low latitude sites and Antarctica which were not used in our prior 
work, and other sources of information with lower temporal resolution but long temporal 
coverage e.g. high resolution (varved) lacustrine and (varved or high deposition rate) 
sediment records (e.g., Keigwin, 1996), banded speleothems and  historical documentary 
data from China and Europe (e.g. Pfister, 1998).   

 
Quantitative methods. 

One approach to analyzing the complementary information in a diverse set of 
proxy climate indicators in paleoclimate reconstruction is to statistically relate this 
information to the leading patterns of variability which can be resolved in the modern 
instrumental record, and use this modern "calibration" between the instrumental record 
and proxy indicators to estimate large-scale climate patterns back in time, prior to the 
instrumental record.  This approach has been highlighted in the recent work of Mann, 
Bradley, and Hughes (Mann et al, 1998;1999;in press; Bradley et al, in press), with 
applications to large-scale surface temperature pattern reconstruction (Mann et al, 
1998;1999), reconstruction of the ENSO phenomenon (Mann et al, 2000), the North 
Atlantic Oscillation (Mann, in press; Cullen et al, in press), multidecadal North Atlantic 
surface temperature patterns (Delworth and Mann, 2000), and patterns of forced climate 
variability (Mann et al, 1998;in press; Waple et al; accepted). Cross-validation 
experiments (Mann et al, 1998;1999) have demonstrated the considerable skill with 
which it is possible to reconstruct the spatiotemporal patterns of past climate change 
using such an approach. Furthermore, the frequency-domain structure of these climate 
reconstructions has been examined (Mann et al, 1999; Delworth and Mann, 2000). 
However, the underlying approach, while optimal in terms of its  time domain properties, 
is not optimal in terms of its frequency-domain properties (see Mann and Park, 1999).  
Oscillatory climate signals typically contain spatially-propagating features, which are 
associated with variable lag-lead relationships between fluctuations in different regions. 
Such variable time delays are best analyzed with frequency-domain methods at the level 
of the raw data series, which naturally describe a coherent oscillatory pattern with a 
spatially-variable pattern of phase.  The use of time-domain eigenvectors as an 
intermediary step offers no real advantage in this context. In fact, it represents a 
hindrance. When the data contain an oscillatory climate signal with spatially propagating 
features (e.g. as in a typical El Nino event),  the true lag-lead relationships are unlikely to 
be faithfully retained in an  "eigenvector" reconstruction which approximates the data as 
a superposition of a small number of standing (rather than propagating) patterns. See 
Mann and Park (1999) for a thorough discussion of this point. 

For this reason, we propose to revisit the work of Mann et al (1995), which was 
based on the direct application such a method (the MTM-SVD method) using the 
considerably more widespread and longer proxy climate database that is now available 
(see previous paragraph and Mann et al, 1998;1999). These proposed investigations are 
synergistic with a currently NOAA-funded proposal supporting the investigators' efforts 
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to expand the multiproxy database for improved spatial pattern reconstructions, since 
these enhancements of the database will allow for improved analyses of frequency-
domain structure.  Moreover, the frequency-domain approach lifts the restriction of 
annually-resolved proxy data which was required in the time-domain reconstructions of 
Mann et al (1998;1999), allowing lower (ie, decadal)  resolution proxy indicators to 
potentially supplement the network of annual resolution indicators in analyzing 
spatiotemporal patterns of past climate variability in the frequency domain. 

The MTM-SVD approach of Mann and Park is described in detail by Mann and 
Park (1994;1996;1999). It exploits the optimal properties of multiple taper spectral 
analysis (Thomson, 1982; Park et al 1987) in isolating narrowband patterns of climate 
variability that are statistically significant relative to the null hypothesis of spatially-
correlated colored climate noise. The use of multiple tapers allows for a spatiotemporal 
decomposition that is performed locally in the frequency-domain, as opposed to other 
multivariate frequency-domain decompositions (e.g. Complex Harmonic Principal 
Components Analysis-see Mann and Park, 1999). This important distinction allows for a 
higher signal-to-noise ratio in the detection of narrowband spatiotemporal signals than 
conventional methods. Moreover, this attribute of MTM-SVD naturally provides for an 
extremely flexible null hypothesis of spatially-correlated colored to be invoked in signal 
detection. The MTM-SVD analysis produces a multivariate spectrum (the local fractional 
variance or "LFV" spectrum) which measures the amplitude of the principle mode of 
spatiotemporal variability at a particular frequency, relative to the expected noise 
background at that frequency. This parameter can be compared against expectations 
under the null hypothesis of spatially correlated colored noise to determine the statistical 
significance of an apparent narrowband spatiotemporal climate signal. The method also 
allows for the reconstruction of the spatial and temporal pattern of an associated signal. 
Earlier in this proposal (see ‘Scientific background’) we cite the example of the work of 
Mann et al, 1995, using this approach, as evidence of its potential.  With the more 
widespread proxy data set we are currently collating, we expect to be able to describe in 
far more detail the spatiotemporal attributes of past multidecadal climate variability.  

A generalization of the MTM-SVD method employing wavelets rather than a 
Fourier basis has recently been developed and applied to the instrumental temperature 
record (Park and Mann, 2000). The "multiwavelet" analysis is similar to the "evolutive" 
MTM-SVD analysis, which uses a fixed-duration time window that steps through a 
longer time series.  The "multiwavelet" SVD method allows the time window to stretch 
with the targeted oscillatory period, cross-correlating different data series over a fixed 
number of oscillations. The "multiwavelet" approach is suited for the analysis of 
oscillatory climate signals, such as ENSO, that have a strongly event-like character, 
remaining coherent for  little more than an oscillatory cycle or two. Using this approach, 
Park and Mann (2000) found that decade-long ENSO "episodes" could be isolated in the 
20th century, each consisting of a few El-Niño/La-Niña cycles with a similar 
spatiotemporal pattern.  Evolutive MTM-SVD analysis of multiproxy data (Mann et al 
1995) suggests secular modulation in the amplitude and frequency of multidecadal and 
century-scale climate signals over the past few centuries.  Changes in the spatial pattern 
of this variability, however, have not yet been investigated.  We propose to apply the 
multiwavelet analysis approach to the longer and more complete multiproxy dataset now 
being assembled.  Comparison of inferences from the MTM-SVD and multiwavelet 
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analyses of the data will lead to more robust description of the spatial and frequency-
domain character of past multidecadal climate variability. 

 
Interpretation and climatic implications 

Two main categories of explanation have so far been advanced for the existence 
of persistent, spatially coherent climate oscillations whose wavelength approaches the 
length of the instrumental record. In one, these oscillations are forced externally by 
changes in the quantity or nature of solar receipts. In the other, they result from the 
unforced natural variability of the climate system. Taylor et al. (1992) note ‘a close 
correspondence between times of low sunspot activity and abrupt changes in the power 
spectrum observed….’ in tree-ring width chronologies from the Colorado Plateau. 
Stocker and Mysak (1992), on the other hand, use a two-dimensional ocean model to 
demonstrate that the ‘thermohaline circulation of the Pacific-Atlantic basin may exhibit 
such cycles, and further describe the spatial expression of these cycles in their model in a 
manner that would allow testing against proxy data. By producing evidence of the global 
spatial expression of these oscillations for a time period 10 to 14 times their length, we 
will provide opportunities for testing such hypotheses. 
 

Responsibilities 
The PI will be responsible for general oversight of the project, supervision of the 
postdoctoral fellow, and the coordination of publication of results. Drs. M.E. Mann and 
J.Park, through subcontracts to the University of Virginia and Yale University, will be 
responsible for the tasks that are the subjects of those subcontracts.  

Products  
The results of this work will be submitted for publication in relevant peer-reviewed 
journals. No new data will be generated, but where derived data are produced, they will 
be made available through World Data Center ‘A’ for Paleoclimatology. 

Benefits of proposed project to general public and scientific community  
The proposed project will provide insight into low frequency changes in the climate 
system that will underlie whatever anthropogenic changes take place in the future.  
Recognizing that both "natural" and anthropogenic changes can be expected in future is 
of great importance in anticipating the overall changes that may take place. 
Understanding the spatial and temporal expression of such changes in climate is an 
important goal to verify that model simulations have incorporated all relevant processes. 
With the release of the 2001 IPCC assessment, public interest in climatic change and 
media discussion of the various issues will be high and research on this project will be of 
direct relevance to public concerns over past and future climate changes. 
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Figure 1e: The 73 yr waveform over the last millennium. 
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Figure 2. Distribution of a relatively sparse network of decadal or higher resolution proxy climate 
indicators used in MTM-SVD analysis to determine significant narrowband signals (from Mann et al, 1995-
-see for an explanation of the symbols for different types of proxy climate information). The proxy data in 
this case were largely, though not exclusively, believed to be summer temperature indicators. 
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Figure 3. LFV spectrum (from Mann et al, 1995) resulting from  MTM-SVD of  (i) sparse proxy data shown 
in Figure 1, (ii) co-located instrumental surface temperature data, and (iii) globally extensive surface temperature 
gridpoint data used by Mann and Park (1994). Note how closely the  LFV spectrum of the sparse proxy data 
approximates that of the co-located instrumental surface temperature data during the period of overlap, 
particularly at multidecadal timescales. 
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Figure 4. Evolutive LFV spectrum (from Mann et al, 1995) resulting from  MTM-SVD of decadal and 
higher-resolution proxy data shown in Figure (1) with a 200 year moving window. Features visible above 
the purple background are significant above the 90% confidence level, with "warmer" colors indicating 
greater significance. 
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Figure 5. Spatial pattern of multidecadal oscillatory climate signal evident in Figure 3. The length of the 
arrow at each site indicates the relative amplitude of the signal, while the direction represents the relative 
lead/lag between peak amplitude of the signal spatially, with counterclockwise rotation indicating positive 
lag. For example, peak amplitude of signal in Svalbard is approximately twice that in Southern Greenland 
or Fennoscandia, with peak amplitude occuring roughly 1/4 cycle (approximately 50yr/4 = 12 years) earlier 
in Svalbard than in Fennoscandia, and approximately 12 years later in Svalbard than in Southern 
Greenland, with Southern Greenland and Fennoscandia roughly anticorrelated. These lag-lead relationships 
are interpreted dynamically by Mann et al (1995) and related to the model-based observations of Delworth 
et al (1993).
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Figure 6. Locations of regions with strong dendroclimatic reconstructions extending back to before AD

1000 (see Jones et al. 1996 and chapters within; Briffa et al. 1992; 1995; Naurzbaev and Vaganov. 19998;

Hughes et al. 1999; Chbouki. et al. 1995). All have been prepared by methods designed to conserve

century-scale variability, and most show evidence of such features. Several, notably those in the

conterminous United States and southern South America, are based on multiple site chronologies.
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu
Cc: mann@virginia.edu
Subject: Re: Letter of intent
Date: Friday, September 15, 2000 12:07:32 PM

HI Malcolm--

OK, will look over it over the weekend and get back to you w/ comments by
monday. Send me a nasty email if I haven't gotten back to you by then!

more soon,

mike

At 12:03 PM 9/15/00 -0700, mhughes@ltrr.arizona.edu wrote:
>
>
>Dear Mike - I spoke to Bill Murray, who says to go ahead and sent hima a
letter
>of intent for this year's NOAA OGP round. I include a rough first draft in
this
>message. It must be there by 9/24, and Ray gets back from Japan on Monday.
You
>comments, changes and contributions are very much needed. CHeers, Malcolm
>To: Dr. Bill Murray
>NOAA/OGP
>
>
>Dear Dr. Murray,
>This is our letter of intent signifying our wish to submit a proposal to the
>'Climate Change Data and Detection'program element of the recent NOAA
Climate
>and Global Change Program announcement. The tentative project title is
'Global
>multidecadal to century-scale climate oscillations during the last 1000
years'.
>The principal investigators will be Malcolm K. Hughes, University of Arizona
>(lead), Michael E. Mann, University of Virginia, and Raymond S. Bradley,
>University of Massachusetts.
>The problem we address is the detection, distribution and analysis of
>quasiperiodic features in the climate system at time scales approaching the
>length of the instrumental record. Schlesinger and Ramankutty (1994a) used
>singular spectrum analysis to identify an oscillation with a period of 65-70
>years in 4 global-mean instrumental temperature records. After analyzing  11
>regional records, they suggested that this was the statistical result of
>oscillations at 50-88 years in the North Atlantic Oscillation and its
bounding
>Northern Hemisphere continents. Their analytical approach and findings were
>questioned by Elsner and Tsonis (1994) on statistical grounds, and
defended by
>them (Schlesinger and Ramankutty, 1994b) on both statistical and modeling
>grounds. Mann and Park (1994), in an analysis of 100 years of global
temperature
>anomaly data designed to identify coherent spatiotemporal 'modes' of global
>climate variability, found a significant share of the secular variance to be
>linked to a roughly centennial mode linked to the high latitude North
Atlantic.
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>They pointed out that an instrumental record of 100-150 years in length
was of
>limited help in identifying and explaining an oscillation on multidecadal to
>century time scales. Mann et al. (1995), in a multivariate analysis of a
>globally distributed set of temperature proxy records of several centuries'
>duration, produced evidence for persistent natural interdecadal and
>century-scale climate oscillations. They saw a coherent signal with roughly
>50-year period before AD 1650, which gets stronger and more significant
after
>that date, drifting into a 60-70 year periodicity, and an even longer period
>after 1800. Interestingly, Dettinger et al., (1998) identified a
quasiperiodic
>mode of similar period in instrumental and tree-ring records of
precipitation
>back to AD 1705 on the western seaboard of North America. This was
clearest and
>strongest in the 20th century, but weaker before then, especially in the
18th
>century. Hughes and Funkhouser (1998) observed a similar pattern in
>moisture-sensitive trees in a region centered on the Great Basin, where
>fluctuations with a period of around 60 to 80 years appear clearly from AD
200
>to 600, from 1300 to 1600, and then after 1850. Unpublished results
(M.K.Hughes)
>suggest associations with both SST variation in the Pacific and in the
Atlantic
>for ~70 year features in moisture availability in the American Southwest
since
>AD 1000. The Atlantic connection is particularly intriguing, given the
important
>connection in the global precipitation field between the American
Southwest and
>North Africa (Cayan et al. 1998).
>       We propose that the work to be completed would consist of the analysis
>of existing quality-controlled annual resolution proxy records valid for
all or
>most of the last 1000 years, drawn from as many parts of the world as
possible,
>and as representative of its different major regions and components as can
be
>achieved. There has been a considerable growth in the availability of such
>records since Mann et al. published their 1995 analysis. We are at a late
stage
>in assembling this data set for our work on reconstructing global
temperature
>fields from natural archives, but had not planned to conduct the type of
>analyses proposed here as part of that work. We hope to take the
opportunity our
>other work presents to address the problem described above.
>       The methodology to be used will be chosen specifically for its ability
>to help identifying persistent multidecadal to century-scale oscillations
whose
>amplitude varies through time, and characterizing their spatial
expression. MIKE
> - THIS IS WHERE SOME STUFF FROM YOU IS REALLY NEEDED.
>       
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>

>       This work has clear relevance to the scientific goals of the Climate
>Change Data and Detection program element, particularly goal (3) "document
the
>quantitative character of observed climate variations and changes".
>High-resolution, quality-controlled natural archives of the kinds the PIs
have
>accumulated considerable experience in analyzing present a unique
opportunity to
>address the problem of very large-scale climate variations who time-scale is
>close to the total length of the instrumental record. These fluctuations are
>short enough to be of fairly immediate human concern, especially if they are
>implicated in modifying the expression of higher-frequency variability
such as
>ENSO (Gershunov and Barnett, 1998). They are long enough to confound the
task of
>detecting anthropogenic climate change, if they are of sufficient
importance to
>the operation of the global climate signal. They also seem to be of
periods long
>enough to benefit from an analysis based on 1000 years of record rather than
>100. For all these reasons, we argue that this work will be of relevance
to the
>program.
>       We look forward to hearing from concerning whether a full proposal would
>be welcomed, and would be happy to answer any questions you may have in the
>meantime.
>
>
>
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu
Cc: mann@virginia.edu
Subject: Re: Letter of intent
Date: Sunday, September 17, 2000 8:42:17 AM
Attachments: malcolm-letterofintent.txt

Untitled attachment 00282.txt

Hi Malcolm,

Overall, looks very good!

Attached is my suggested revisions/changes (in ALL CAPS). Its a bit
lengthened now, so you might want to further edit at your discretion.
I thought it was important to stress the issue of how this multidecadal
variation potentially complicates the detection of an anthropogenic signal,
and we might even want to further expand upon that. After all, this
program is, first and foremost, a "detection" program...

I thought it was worth reminding NOAA that they got some press out
of the very-much related Delworth and Mann (2000) paper earlier this
month, that stressed the detection aspects of the work, so I added a line to
do this. I've added in some additional references and explanation of the
motivation
of our use of MTM-SVD, etc...

Let me know what you think, and if you can use any further input from
me.

cheers,

mike

At 12:03 PM 9/15/00 -0700, mhughes@ltrr.arizona.edu wrote:
>
>
>Dear Mike - I spoke to Bill Murray, who says to go ahead and sent hima a
letter
>of intent for this year's NOAA OGP round. I include a rough first draft in
this
>message. It must be there by 9/24, and Ray gets back from Japan on Monday. You
>comments, changes and contributions are very much needed. CHeers, Malcolm
>To: Dr. Bill Murray
>NOAA/OGP
>
>
>Dear Dr. Murray,
>This is our letter of intent signifying our wish to submit a proposal to the
>'Climate Change Data and Detection'program element of the recent NOAA Climate
>and Global Change Program announcement. The tentative project title is 'Global
>multidecadal to century-scale climate oscillations during the last 1000
years'.
>The principal investigators will be Malcolm K. Hughes, University of Arizona
>(lead), Michael E. Mann, University of Virginia, and Raymond S. Bradley,
>University of Massachusetts.
>The problem we address is the detection, distribution and analysis of
>quasiperiodic features in the climate system at time scales approaching the
>length of the instrumental record. Schlesinger and Ramankutty (1994a) used
>singular spectrum analysis to identify an oscillation with a period of 65-70
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>years in 4 global-mean instrumental temperature records. After analyzing  11
>regional records, they suggested that this was the statistical result of
>oscillations at 50-88 years in the North Atlantic Oscillation and its bounding
>Northern Hemisphere continents. Their analytical approach and findings were
>questioned by Elsner and Tsonis (1994) on statistical grounds, and defended by
>them (Schlesinger and Ramankutty, 1994b) on both statistical and modeling
>grounds. Mann and Park (1994), in an analysis of 100 years of global
temperature
>anomaly data designed to identify coherent spatiotemporal 'modes' of global
>climate variability, found a significant share of the secular variance to be
>linked to a roughly centennial mode linked to the high latitude North
Atlantic.
>They pointed out that an instrumental record of 100-150 years in length was of
>limited help in identifying and explaining an oscillation on multidecadal to
>century time scales. Mann et al. (1995), in a multivariate analysis of a
>globally distributed set of temperature proxy records of several centuries'
>duration, produced evidence for persistent natural interdecadal and
>century-scale climate oscillations. They saw a coherent signal with roughly
>50-year period before AD 1650, which gets stronger and more significant after
>that date, drifting into a 60-70 year periodicity, and an even longer period
>after 1800. Interestingly, Dettinger et al., (1998) identified a quasiperiodic
>mode of similar period in instrumental and tree-ring records of precipitation
>back to AD 1705 on the western seaboard of North America. This was clearest
and
>strongest in the 20th century, but weaker before then, especially in the 18th
>century. Hughes and Funkhouser (1998) observed a similar pattern in
>moisture-sensitive trees in a region centered on the Great Basin, where
>fluctuations with a period of around 60 to 80 years appear clearly from AD 200
>to 600, from 1300 to 1600, and then after 1850. Unpublished results
(M.K.Hughes)
>suggest associations with both SST variation in the Pacific and in the
Atlantic
>for ~70 year features in moisture availability in the American Southwest since
>AD 1000. The Atlantic connection is particularly intriguing, given the
important
>connection in the global precipitation field between the American Southwest
and
>North Africa (Cayan et al. 1998).
>       We propose that the work to be completed would consist of the analysis
>of existing quality-controlled annual resolution proxy records valid for
all or
>most of the last 1000 years, drawn from as many parts of the world as
possible,
>and as representative of its different major regions and components as can be
>achieved. There has been a considerable growth in the availability of such
>records since Mann et al. published their 1995 analysis. We are at a late
stage
>in assembling this data set for our work on reconstructing global temperature
>fields from natural archives, but had not planned to conduct the type of
>analyses proposed here as part of that work. We hope to take the
opportunity our
>other work presents to address the problem described above.
>       The methodology to be used will be chosen specifically for its ability
>to help identifying persistent multidecadal to century-scale oscillations
whose
>amplitude varies through time, and characterizing their spatial expression.
MIKE
> - THIS IS WHERE SOME STUFF FROM YOU IS REALLY NEEDED.
>       .
>  
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>

>       This work has clear relevance to the scientific goals of the Climate
>Change Data and Detection program element, particularly goal (3) "document the
>quantitative character of observed climate variations and changes".
>High-resolution, quality-controlled natural archives of the kinds the PIs have
>accumulated considerable experience in analyzing present a unique
opportunity to
>address the problem of very large-scale climate variations who time-scale is
>close to the total length of the instrumental record. These fluctuations are
>short enough to be of fairly immediate human concern, especially if they are
>implicated in modifying the expression of higher-frequency variability such as
>ENSO (Gershunov and Barnett, 1998). They are long enough to confound the
task of
>detecting anthropogenic climate change, if they are of sufficient
importance to
>the operation of the global climate signal. They also seem to be of periods
long
>enough to benefit from an analysis based on 1000 years of record rather than
>100. For all these reasons, we argue that this work will be of relevance to
the
>program.
>       We look forward to hearing from concerning whether a full proposal would
>be welcomed, and would be happy to answer any questions you may have in the
>meantime.
>
>
>
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_______________________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.html              
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malcolm-letterofintent.txt

Dear Dr. Murray,
This is our letter of intent signifying our wish to submit a proposal to the 
'Climate Change Data and Detection'program element of the recent NOAA Climate 
and Global Change Program announcement. The tentative project title is 'Global 
multidecadal to century-scale climate oscillations during the last 1000 years'. 
The principal investigators will be Malcolm K. Hughes, University of Arizona 
(lead), Michael E. Mann, University of Virginia, and Raymond S. Bradley, 
University of Massachusetts. 

The problem we PROPOSE TO address is the detection, distribution and analysis of 
OSCILLATORY features in the climate system at time scales approaching the 
length of the instrumental record. Schlesinger and Ramankutty (1994a) argued
for the existence of an oscillation with a period of 65-70 
years in global-mean instrumental temperature records. After analyzing  11 
regional records, they suggested that this was the statistical result of 
oscillations at 50-88 years in the North Atlantic OCEAN [NOTE MALCOLM: NOTE
TYPO IN YOUR ORIGINAL VERSION] and its bounding 
Northern Hemisphere continents. Their analytical approach and findings were 
questioned by Elsner and Tsonis (1994) on statistical grounds, and defended by 
them (Schlesinger and Ramankutty, 1994b) on both statistical and modeling 
grounds. Mann and Park (1994), in an analysis of 100 years of global temperature 
anomaly data designed to identify coherent spatiotemporal 'modes' of global 
climate variability, found a significant share of the secular variance to be 
linked to a roughly centennial mode linked to the [NOTE: "HIGH LATITUDE" ELIMINATED,
SINCE WE DIDN'T REALLY EVEN HAVE MUCH TRULY HIGH-LATITUDE DATA!] North Atlantic. 
They pointed out that an instrumental record of 100-150 years in length was of 
limited help in identifying and explaining an oscillation on multidecadal to 
century time scales, though Mann et al. (1995), in a multivariate analysis of a 
globally distributed set of temperature proxy records of several centuries' 
duration, produced evidence for persistent natural interdecadal and 
century-scale climate oscillations. They saw a coherent signal with roughly 
50-year period before AD 1650, which gets stronger and more significant after 
that date, drifting INTO A 60-70 YEAR PERIODICITY IN RECENT CENTURIES. BOTH 
THE TIMESCALE AND NORTH ATLANTIC EMPHASIS OF THE SIGNAL WAS FOUND TO BE SIMILAR TO 
THAT
IDENTIFIED BY DELWORTH AND COWORKERS (DELWORTH ET AL, 1993; SEE ALSO
DELWORTH ET AL 1997; DELWORTH
AND MANN, 2000) IN THE GFDL COUPLED OCEAN-ATMOSPHERE MODEL, SUGGESTING
AN UNDERLYING THERMOHALINE OCEAN CIRCULATION DYNAMICAL MECHANISM OF OSCILLATORY 
BEHAVIOR.

Interestingly, 
Dettinger et al., (1998) identified an OSCILLATORY [NOTE: "QUASIPERIODIC" HAS A 
TECHNICAL MEANING THAT IS MORE STRICT THAN WHAT WE MEAN, SO BEST TO AVOID IT]
mode of similar period in instrumental and tree-ring records of precipitation 
back to AD 1705 on the western seaboard of North America. This was clearest and 
strongest in the 20th century, but weaker before then, especially in the 18th 
century. Hughes and Funkhouser (1998) observed a similar pattern in 
moisture-sensitive trees in a region centered on the Great Basin, where 
fluctuations with a period of around 60 to 80 years appear clearly from AD 200 
to 600, from 1300 to 1600, and then after 1850. Unpublished results (M.K.Hughes) 
suggest associations with both SST variation in the Pacific and in the Atlantic 
for ~70 year features in moisture availability in the American Southwest since 
AD 1000. The Atlantic connection is particularly intriguing, given the important 
connection in the global precipitation field between the American Southwest and 
North Africa (Cayan et al. 1998).
 THE PROPOSED WORK WOULD MAKE USE OF 
existing quality-controlled annual resolution (OR DECADAL RESOLUTION WITH
APPROPRIATE AGE CONTROL) proxy records, valid for all or 
most of the last 1000 years, drawn from as many parts of the world as possible, 
and as representative of its different major regions and components as can be 
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malcolm-letterofintent.txt
achieved. There has been a considerable growth in the availability of such 
records since Mann et al. published their 1995 analysis. We are at a late stage 
in assembling this data set for our work on reconstructing global temperature 
fields from natural archives (Mann, Bradley, Hughes 1998), but had not planned to  
conduct the type of analyses proposed here as part of that work. We hope 
TAKE ADVANTAGE OF THESE CURRENTLY FUNDED EFFORTS
TO ASSIMILATE A GLOBAL PROXY DATABASE, to address the problem described above.
 OUR METHODOLOGY OF CHOICE, THE "MTM-SVD" SPATIOTEMPORAL SIGNAL DETECTION
METHOD (MANN AND PARK, 1994;1996;1999; RAJAGOPALAN ET AL, 1998; TOURRE ET AL, 1998;
DELWORTH AND MANN, 2000) IS CHOSEN SPECIFICALLY FOR ITS ABILITY TO DETECT 
OSCILLATORY
SIGNALS WITH AN EVOLVING SPATIAL AND TEMPORAL SIGNATURE, IN THE PRESENCE OF SIZEABLE
CLIMATE NOISE. THE MERITS OF THIS APPROACH ARE DISCUSSED IN DETAIL IN THE REVIEW
BY MANN AND PARK (1999). THE MTM-SVD METHOD HAS RECENTLY BEEN EFFECTIVELY APPLIED
TO THE PROBLEM OF IDENTIFYING MULTIDECADAL OSCILLATORY BEHAVIOR IN THE GLOBAL
TEMPERATURE RECONSTRUCTIONS OF MANN, BRADLEY, AND HUGHES (DELWORTH AND MANN, 2000),
BUT  THESE RECONSTRUCTIONS ONLY GO BACK  A FEW CENTURIES IN TIME. FOR THE PROBLEM
OF CLIMATE SIGNAL DETECTION, THE PROXY RECORDS CAN BE ANALYZED DIRECTLY, WITHOUT THE
NEED
TO FIRST EMPLOY THEM IN CLIMATE FIELD RECONSTRUCTIONS (AS IN MANN, BRADLEY, HUGHES,
1998). IT SHOULD THUS BE POSSIBLE TO ANALYZE MORE SPATIALLY EXTENSIVE DATA THAN THAT

USED ORIGINALLY BY MANN ET AL (1995),  AND LONGER (MILLENNIAL-LENGTH) PROXY DATA 
THAN THAT USED IN THE TEMPRERATURE RECONSTRUCTIONS OF MANN, BRADLEY, HUGHES (1998) 
[AS ANALYZED BY  DELWORTH AND MANN, 2000] FOR MORE ROBUST INSIGHTS INTO MULTIDECADAL
CLIMATE PATTERNS OVER THE PAST 1000 YEARS.

  
 

 
 

 This work has clear relevance to the scientific goals of the Climate 
Change Data and Detection program element, particularly goal (3) "document the 
quantitative character of observed climate variations and changes". 
High-resolution, quality-controlled natural archives of the kinds the PIs have 
accumulated considerable experience in analyzing present a unique opportunity to 
address the problem of very large-scale climate variations who time-scale is 
close to the total length of the instrumental record. These fluctuations are 
short enough to be of fairly immediate human concern, especially if they are 
implicated in modifying the expression of higher-frequency variability such as 
ENSO (Gershunov and Barnett, 1998). They are long enough to confound the task of 
detecting anthropogenic climate change, AS HIGHLIGHTED RECENTLY IN A NEWS ARTICLE
BY RICHARD KERR (Science, June 16, 2000) AND IN A RECENT (SEPT 5) NOAA PRESS 
RELEASE (AND "WEATHER CHANNEL" NEWS STORY) DESCRIBING THE RECENT PAPER BY DELWORTH 
AND MANN (2000)
They also seem to be of periods long 
enough to benefit from an analysis based on 1000 years of record rather than 
100. For all these reasons, we argue that this work will be of relevance to the 
program.
 We look forward to hearing from concerning whether a full proposal would 
be welcomed, and would be happy to answer any questions you may have in the 
meantime.

Page 2

ABOR/MH/Priv-004377



From: Michael E. Mann
To: mhughes@ltrr.arizona.edu
Subject: Re: charlotteville paleo workshop
Date: Monday, September 18, 2000 7:57:33 AM

THanks Malcolm,

Did you get my comments on the NOAA LOI? Let me know if you have questions.
Thanks,

mike

At 07:55 AM 9/18/00 -0700, you wrote:
>Mike - I don't know (or perhaps remember!) what the other dates (the ones
>problematic for von Storch et al) were, but I know f no big deal conflicts
witht
>he 17-20 April, CHeers, MAlcolm
>
>
>Quoting "Michael E. Mann" <mann@multiproxy.evsc.virginia.edu>:
>
>> Hans,
>>
>> That seems fine to me--I know of no conflicts with those dates. However,
>> I've forwarded to a few of my U.S. colleagues to let me know if they
>> know
>> of any conflicts which would prevent participation in the workshop on
>> those
>> dates from the U.S. side...
>>
>> mike
>>
>> At 11:39 AM 9/18/00 +0200, Hans von Storch wrote:
>> >Folks,
>> >it seems that we have a problem with the dates of the planned
>> >Charlottesville meeting. At the same time the European Union of
>> >geosciences is meeting, and many of our geoscience colleagues will have
>> >to go there.
>> >What about postponing the meeting to 17-20 April?
>> >
>> >--
>> >
>> >Hans von Storch
>> >
>> >Institute of Hydrophysics
>> >GKSS Research Center, Max-Planck-Strasse 1, PO Box,
>> >WWW: http://w3g.gkss.de/G/Mitarbeiter/storch/
>> >e-mail: storch@gkss.de and storch@dkrz.de
>> >Phone: + 49 / 4152 87 1831, fax: + 49 / 4152 87 2832
>> >privat fax: + 49 / 4153 582 522
>> >
>> >
>> >
>> >
>> >
>> _______________________________________________________________________
>>                      Professor Michael E. Mann
>>           Department of Environmental Sciences, Clark Hall
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>>                       University of Virginia
>>                      Charlottesville, VA 22903
>> _______________________________________________________________________
>> e-mail: mann@virginia.edu   Phone:    FAX: 
>>        http://www.evsc.virginia.edu/faculty/people/mann.html
>>
>>
>
>
>
>
>
>
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: Keith Briffa
Cc: t.osborn@uea.ac.uk; p.jones@uea.ac.uk; srutherford@virginia.edu
Subject: Re:
Date: Monday, September 25, 2000 12:50:40 PM

HI Keith et al,

Thanks for your message.

This sounds fine. I do have to warn that with a full teaching courseload
this semester, my own free time will necessarily be somewhat limited. Thus,
Scott's involvement here will be key.

Scott has  been dealing w/ the new methodology and analyses, and hence my
concern w/ any plans that expect new analyses w/ our old methodology. The
code is not especially user friendly, though Tim is welcome to use it.
Scott will be able to devote a decent share of his time to these activities
during Tim's visit, though this will necessarily have to be split with time
devoted to activities that Scott is explicitly supported for by our NOAA
grant (ie, the development of a synthetic proxy network from model data,
and wavelet-based calibration methods, as detailed in my previous email).

So I'm sure we'll be able to find common ground. Tim will have free access
to our data and codes, and can make the comparisons indicated below. We of
course appreciate your willingness to make available to us the tree ring
density data.
It may be interesting to do a (highly preliminary!) analysis of both proxy
datasets with our expectation maximization ridge regression scheme, and
that would certainly fit in well w/ both our agendas (your NERC grant, and
our NOAA grant).

Hopefully, our 4-processor Dell server (running Linux) will be back up and
running, so Scott can use our Sun server, while Tim will have the Dell
server to himself if he needs it.

I hope the above all sounds good.

Best regards,

mike

At 10:16 AM 9/25/00 +0100, Keith Briffa wrote:
>Dear Mike
>            I know Tim has communicated with you about plans for his visit
>to Virginia. We have discussed ideas here and I ,for one, am excited about
>the prospects of joint work. Thank you for agreeing to his visit and for
>taking the trouble to arrange things .
>The purpose of this brief message is simply to reiterate what we said in
>our brief discussions in Venice - namely that it is our intention to work
>with you rather than in any sense of competition. Our motivation for
>wanting to do some of the detailed comparisons between the results of our
>work and your own is to understand the sources of uncertainty in both. We
>are also committed to doing some of this work by the terms of our current
>NERC grant.   We wish to involve you as much as possible , get your advice
>, and solicit criticisms of our approach -especially in relation to the
>Palaeo-model comparisons .
>  Our EC proposal was not funded , but we wish to follow it up with another
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>to PRESCIENT (a NERC Thematic Programme of research along the same lines),
>and again we would be happy to collaborate with you. Better two way
>communication between here and there would be a major help.
>   It is my feeling that  the relatively short time Tim has with you ,
>might be best spent getting to grips with the finer details of your "old"
>and "new"  approaches, including the details and results of your other work
>that is only partly described in the publications ( seasonal
>runs,  different data sets etc.) and , most importantly, discussing
>approaches and philosophies for data-model comparison work. That way he
>could come away with some concrete plans , and the means of fulfilling
>them, on his return. Any time you can spare to discuss and liaise along
>these lines would be much appreciated. He has discussed the specifics of
>your suggestions and I am happy with the approach and prioritization he has
>expressed.
>While he is with you , we can always exchange emails if any issues need
>wider discussion.
>very best wishes
>Keith
>--
>Dr. Keith Briffa, Climatic Research Unit, University of East Anglia,
>Norwich, NR4 7TJ, United Kingdom
>Phone: +44-1603-592090    Fax: 
>
>
>
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu
Subject: Re: General stuff
Date: Thursday, October 12, 2000 12:09:19 PM

HI Malcolm,

Thanks for getting in touch.

By the way, did you ever get my email about the USGCRP letter? Just wondering
if you had any thoughts on that, since I didn't hear back...

Re: the information you provided to Chick. I personally thought it was very
helpful, and I think he disseminated that information to the email
distribution list, but I have to go back and check that for sure.

Re: the proposal. Now, that you mention the date, I realize I've got two of
those I'm co-PI on, so it will be a busy time, but I think it is also a
pretty straightforward proposal to write. If you want to take a first crack
at it (word97 format, right?), we could iterate back and forth between the
3 of us.
I also talked to Henry who is putting together a related DOE proposal w/ Ray.
Have you discussed w/ Henry. There may be some possibility to indicate
synergistic relationships w/ what they are looking at (decadal precip
variability from paleo), just a thought.

I teach all day tuesday, so it is by far the worst day to talk. afternoons
just about any other day would work...

mike

 It clearly addressedAt 11:43 AM 10/12/00 -0700, you wrote:
>Dear Mike - we're both on the road so much at the moment that
communication is
>going to take a bit of organizing. I'm in Tucson to 2 days for a student's
exam
>and then in Boulder for two weeks. I wanted to discuss 2 points with you.
1) I
>didn't hear anything back from Chick or yourself about the materials I
sent a
>week or so back. Were these of any help? 2) Assumung that our Letter of
INtent
>is accepted, we need to prepare that NOAA proposal by NOv 24. WHat I
suggest is
>that you and I fix a time to talk on the phone early next week. Apart from
an
>11.45 am dental appointment, Boulder time, on Tuesday, any time is fine by
me.
>Cheers, MAlcolm
>
>
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
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       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu
Cc: mann@virginia.edu; rbradley@geo.umass.edu
Subject: proposal
Date: Monday, October 30, 2000 11:42:22 AM

HI Malcolm,

I'm starting to work on the proposal now.

If I have to do my own paperwork, etc. is going to make things quite a bit
more
complicated, since it will take some time to work through all the NOAA
paperwork w/ my grants administrator here. etc.

I wanted to make sure about what we're asking for.

Let me know if you can find out what the limit is. Would be easier for me
not to have to do all the NOAA paperwork...

thanks,

mike
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu
Cc: mann@virginia.edu; rbradley@geo.umass.edu
Subject: proposal
Date: Monday, October 30, 2000 11:42:22 AM

HI Malcolm,

I'm starting to work on the proposal now.

If I have to do my own paperwork, etc. is going to make things quite a bit
more
complicated, since it will take some time to work through all the NOAA
paperwork w/ my grants administrator here. etc.

I wanted to make sure about what we're asking for.

Let me know if you can find out what the limit is. Would be easier for me
not to have to do all the NOAA paperwork...

thanks,

mike
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu
Cc: mann@virginia.edu
Subject: proposal?
Date: Wednesday, November 01, 2000 11:00:33 AM

Hi Malcolm,

Surely, NOAA considers this modest enough to do as a subcontract? Let me
know what you think. Proposal draft on its way soon,

mike

_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu
Cc: mann@virginia.edu
Subject: proposal?
Date: Wednesday, November 01, 2000 11:00:33 AM

Hi Malcolm,

Surely, NOAA considers this modest enough to do as a subcontract? Let me
know what you think. Proposal draft on its way soon,

mike

_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu
Subject: Re: Proposal
Date: Wednesday, November 01, 2000 11:06:23 AM

Thanks Malcolm,

Our emails might have just crossed? I just sent a revised prospective budget,
where I have no summer salary at all (does this mean that I don't need to
provide a C&P??).

Let me know what Bill Murray thinks (I love that name! makes me think of
Groundhog Day!)...

By the way, remind me of how long you're in Amherst for? We've got to try to
arrange to get you down here, even if for just an informal visit...

m

p.s. I'll probably be up in Amherst at some point during the winter break...

At 11:03 AM 11/1/00 -0700, you wrote:
>
>
>Mike - sorry about the delay in replying - I was involved in some rather
>complicated travel. Anyway, I'm now back in Mass. I think the thing to do
is to
>submit the proposal with subcontracts as you suggest, and I'm sure that if
NOAA
>decide to fund it and want three seperate proposals, we can do them at that
>point. I'll check with Murray just in case he blows a gasket. Cheers, Malcolm
>
>
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu
Subject: draft
Date: Friday, November 03, 2000 1:02:37 PM

Hi Malcolm,

You can download the draft  here:

http://www.people.virginia.edu/~mem6u/noaadraft.doc

My contributions in blue font. I've included my 1 page cv, I don't think I
need a C&P since I'm not requesting summer salary.

At some point, we can get some input on the methods section from Jeff Park.
I guess you and Ray can take it from here for the next iteration...

Let me know what you think,

mike
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu
Cc: nrg2p@virginia.edu; mann@virginia.edu
Subject: paperwork for proposal
Date: Tuesday, November 07, 2000 8:36:13 AM

HI Malcolm,

I've forwarded this information to our grants administrator Neal Grandy.
We're already working on something similar for a U.Va subcontract on a NOAA
proposal w/ Lamont, so I'm expecting we'll do both the same way.

Malcolm: Do I really need to provide a C&P if I'm not requesting salary?
Can get the other stuff together this week,

mike

>From: mhughes@ltrr.arizona.edu
>X-Authentication-Warning: schulman.ltrr.arizona.edu: www set sender to
mhughes@ltrr.arizona.edu using -f
>Date: Tue, 07 Nov 2000 08:08:45 -0700
>To: "Michael E. Mann" <mann@multiproxy.evsc.virginia.edu>,
>        Ray Bradley <rbradley@geo.umass.edu>
>Subject: paperwork for proposal
>User-Agent: IMP/PHP IMAP webmail program 2.2.0-pre10
>
>
>
>Dear Mike, Ray and Jeff,
>I am hoping to make significant progress with the NOAA proposal this week.
Apart
>from your invaluable input to the scientific part of the proposal, I will
need
>the following from each of you:
>
>1)     "abbreviated curriculum vitae. Reference lists should be limited to all
>publications in the last three years, with up to five other relevant papers."
>2)     A budget, based on an 18-month project starting May 1 2001. "the
>proposal must include total and annual itemized budgets corresponding with
the
>desciptions provided in the statement of work. Travel must be itemized to
>include destination, airfare, per diem, lodging and ground travel. The
form is
>included in the standard NOAA application kit." This kit is available from
>http://www.ogp.noaa.gov/
>3)     "Budget justification: a brief justification of the expenses listed on
>the budget and how they address the proposed work. Item justifications must
>include salaries, equipment, publications, supplies, tuition, travel, etc."
>4)     "Current and pending support: FOR EACH INVESTIGATOR, submit a list that
>includes project title, supporting agency with grant number, investigator
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months
>per year, dollar value and duration"
>
>Please try to get this stuff to me this week.
>The hope is that we can keep everything small enough so that these can be
>treated as subcontracts from the UA, although Bill Murray at OGP took some
>persuading of this. I hope to find out later today what else the
University of
>Arizona Sponsored Projects office will require from subcontractors as this
stage
>- the time difference means that it will probably be tomorrow (Wednesday)
before
>I can enlighten you on this.
>
>Cheers, Malcolm
>
>
>
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu
Subject: Re: paperwork for proposal
Date: Tuesday, November 07, 2000 8:37:31 AM

p.s. you addressed the following email to me, ray, *and* Jeff, but it
doesn't look like Jeff's email was in the list on this one, unless it was
in the "bcc". You might want to doublecheck...

mike

At 08:08 AM 11/7/00 -0700, you wrote:
>
>
>Dear Mike, Ray and Jeff,
>I am hoping to make significant progress with the NOAA proposal this week.
Apart
>from your invaluable input to the scientific part of the proposal, I will
need
>the following from each of you:
>
>1)     "abbreviated curriculum vitae. Reference lists should be limited to all
>publications in the last three years, with up to five other relevant papers."
>2)     A budget, based on an 18-month project starting May 1 2001. "the
>proposal must include total and annual itemized budgets corresponding with
the
>desciptions provided in the statement of work. Travel must be itemized to
>include destination, airfare, per diem, lodging and ground travel. The
form is
>included in the standard NOAA application kit." This kit is available from
>http://www.ogp.noaa.gov/
>3)     "Budget justification: a brief justification of the expenses listed on
>the budget and how they address the proposed work. Item justifications must
>include salaries, equipment, publications, supplies, tuition, travel, etc."
>4)     "Current and pending support: FOR EACH INVESTIGATOR, submit a list that
>includes project title, supporting agency with grant number, investigator
months
>per year, dollar value and duration"
>
>Please try to get this stuff to me this week.
>The hope is that we can keep everything small enough so that these can be
>treated as subcontracts from the UA, although Bill Murray at OGP took some
>persuading of this. I hope to find out later today what else the
University of
>Arizona Sponsored Projects office will require from subcontractors as this
stage
>- the time difference means that it will probably be tomorrow (Wednesday)
before
>I can enlighten you on this.
>
>Cheers, Malcolm
>
>
>
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
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                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu
Subject: Re: paperwork for proposal
Date: Wednesday, November 08, 2000 1:16:16 PM
Attachments: mann-cp00.doc

cv1page.doc
Untitled attachment 00288.txt

HI Malcolm,

I've attached both my CV and my C&P as word97 files. The rest (ie, cover
letter/budget paperwork/etc) should be on its way soon...

mike

At 03:31 PM 11/7/00 -0700, you wrote:
>Mike - the announcement says current and pending needed from all
investigators -
>that's what I'm going on, Cheers, Malcolm
>> >
>> _______________________________________________________________________
>>                      Professor Michael E. Mann
>>           Department of Environmental Sciences, Clark Hall
>>                       University of Virginia
>>                      Charlottesville, VA 22903
>> _______________________________________________________________________
>> e-mail: mann@virginia.edu   Phone:    FAX: 
>>        http://www.evsc.virginia.edu/faculty/people/mann.html
>>
>>
>
>
>
>
>
>
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Current and Pending Support: M.E. Mann 

See GPG Section II.D.8 for guidance on information to include on this form.) 

The following information should be provided for each investigator and other senior personnel.  Failure to provide this information may delay 
i ti f t i l Other agencies (including NSF) to which this proposal has been/will be submitted. 

Investigator:  M.E. Mann none 

Support:  x   Current    Pending   Submission Planned in Near Future   *Transfer of Support  

Project/Proposal Title: 

Multiproxy Climate Reconstruction: Extension in Space and Time, And Model/Data Intercomparison 
 
Source of Support:  NOAA (ESH) 

Total Award Amount:  $ 382,000 Total Award Period Covered: 1999-2002 (3 years) 

Location of Project:  Charlottesville, VA 

Person-Months Per Year Committed to the Project.       Cal:  Acad:  Sumr:  2.5/yr 

Support:   x    Current  Pending   Submission Planned in Near Future   *Transfer of Support 

Project/Proposal Title: 

Advancing predictive models of marine sediment transport 

Source of Support: Office of Naval Research 
 

Total Award Amount: $88,643 Total Award Period Covered: 2001-2002 (2 years) 

Location of Project: Charlottesville, VA 

Person-Months Per Year Committed to the Project.       Cal:   Acad:  Sumr:  0.5/yr 

Support:   Current   Pending   Submission Planned in Near Future  *Transfer of Support 

Project/Proposal Title: 

 

      
Source of Support:   

Total Award Amount Total Award Period Covered:  

Location of Project:  

Person-Months Per Year Committed to the Project.       Cal:   Acad:  Sumr:  

Support:   Current  Pending   Submission Planned in Near Future  *Transfer of Support 

Project/Proposal Title: 

 

 
Source of Support:  

Total Award Amount Total Award Period Covered:  

Location of Project 

Person-Months Per Year Committed to the Project.       Cal:   Acad:  Sumr 

Support:     Current   Pending   Submission Planned in Near Future  *Transfer of Support 

Project/Proposal Title: 

 

 
Source of Support:  

Total Award Amount:   Total Award Period Covered:   

Location of Project:  

Person-Months Per Year Committed to the Project. Cal:       Acad:  Sumr:  

*If this project has previously been funded by another agency, please list and furnish information for immediately preceding funding period. 

NSF Form 1239 (7/95)                               USE ADDITIONAL SHEETS AS NECESSARY 
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MICHAEL E. MANN 

Assistant Professor 
University of Virginia, Department of Environmental Sciences, Charlottesville, VA 22903 

Tel:  FAX  email: mann@virginia.edu 
http://www.evsc.virginia.edu/faculty/people/mann.html 

 
Education 
1998  Ph.D. Yale University, Department of Geology & Geophysics 
1993  M.Phil.Yale University, Department of Geology & Geophysics 
1991  M.Phil.Yale University, Department of Physics 
1991 M.S. Yale University, Department of Physics 
1989  A.B. (double), University of California-Berkeley, Applied Math, Physics (Honors) 

Honors and Awards: 
1998  Council of Graduate Schools' Distinguished Dissertation Award, nominated 
1997  Phillip M. Orville Prize for outstanding dissertation in the earth sciences, Yale University 
1996  Alexander Hollaender Distinguished Postdoctoral Fellowship (DOE) 
1989  Josiah Willard Gibbs Prize for outstanding research and scholarship in Physics, Yale University 

Professional Experience (1996-present): 
8/99-  Assistant Professor, University of Virginia, Department of Environmental Sciences 
1998-99  Research Assistant Professor, University of Massachusetts, Department of Geosciences 
1997-98  Adjunct Assistant Professor, University of Massachusetts, Department of Geosciences 
1996-98   Alexander Hollaender Distinguished Postdoctoral Research Fellow (DOE) 

Professional Activities (current): 
2000- Member of Working Group, International PAGES/CLIVAR 
2000- Panel member, NOAA Climate Change Data and Detection Program 
2000-  Editor, Journal of Climate 
1999-    Guest editor, special issue of Climatic Change, in review 
1998- Lead author, Chapter 2, Intergovernmental Panel on Climate Change (IPCC), Third Assessment Report 
1998- Contributing author, Chapters 7,8,12, IPCC, Third Assessment Report 

Ten Recent Publications: 
 Rajagopalan, B., Mann, M.E., and Lall, U., A Multivariate Frequency-Domain Approach to Long-Lead Climatic 

Forecasting, Weather and Forecasting,,13, 58-74, 1998.  
 Mann, M.E., Bradley, R.S., and Hughes, M.K., Global-Scale Temperature Patterns and Climate Forcing Over the 

Past Six Centuries, Nature, 392, 779-787, 1998.  
 Mann, M.E., Bradley, R.S. and Hughes, M.K., Northern Hemisphere Temperatures During the Past Millennium: 

Inferences, Uncertainties, and Limitations, Geophysical Research Letters, 26, 759-762, 1999. 
 Jain, S., Lall, U., Mann, M.E., Seasonality and Interannual Variations of Northern Hemisphere Temperature: 

Equator-to-Pole Gradient and Land-Ocean Contrast, Journal of Climate, 12, 1086-1100, 1999. 
 Mann, M.E., Park, J., Oscillatory Spatiotemporal Signal Detection in Climate Studies: A Multiple-Taper Spectral 

Domain Approach, Advances in Geophysics, 41, 1-131, 1999.  
 Park, J., Mann, M.E., Interannual Temperature Events and Shifts in Global Temperature: A Multiple Wavelet 

Correlation Approach, Earth Interactions, 4-001, 2000. 
 Rittenour, T., Brigham-Grette, J., Mann, M.E., El Niño-like Climate Teleconnections in North America During 

the Late Pleistocene: Insights From a New England Glacial Varve Chronology, Science, 288, 1039-1042, 2000. 
 Mann, M.E., Bradley, R.S., Hughes, M.K., Long-term variability in the El Nino Southern Oscillation and 

associated teleconnections, Diaz, H.F. & Markgraf, V. (eds) El Nino and the Southern Oscillation: Multiscale 
Variability and its Impacts on Natural Ecosystems and Society, Cambridge University Press, Cambridge, UK, 357-
412, 2000.  

 Delworth, T.D., Mann, M.E., Observed and Simulated Multidecadal Variability in the North Atlantic, Climate 
Dynamics, 16,661-676, 2000.  

 Cullen, H., D'Arrigo, R., Cook, E., Mann, M.E., Multiproxy reconstructions of the North Atlantic Oscillation. In 
press, Paleoceanography.  
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Untitled attachment 00288.txt

_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu
Subject: Re: Comments needed
Date: Friday, November 10, 2000 4:05:04 PM

Malcolm,

Will try to look at and comment over the weekend,
 Talk to you soon,

mike

At 03:45 PM 11/10/00 -0700, mhughes@ltrr.arizona.edu wrote:
>Gentlemen - please find attached a very very rough first cut at a statement of
>work - commented very much needed, and text where indicated . Cheers, Malcolm
>
>
>Attachment Converted: C:\Program Files\Eudora\Attach\statement of work.doc
>
>Attachment Converted: C:\Program Files\Eudora\Attach\Statementwk1.pdf
>
_______________________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.html             
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu
Subject: Re:proposal
Date: Tuesday, November 14, 2000 8:03:55 AM

HI Malcolm,

Yes, the MTM-SVD software is standard fortran, and runs fine on any unix-type
platform. The simple MTM analysis etc. runs on the SSA-MTM toolkit, and I
think Ghil and company have that adapted for almost all platforms now.

I would go w/ a 900(?) MHz Xeon PC w/ lots of cache, running red hat linux.
We have a server w/ 4 of these, and its as fast as my 4 processor Sun server!

let me know if I can be of any additional help,

mike

At 06:45 AM 11/14/00 -0700, you wrote:
>Dear Mike - I'm tring to get the budget sorted out today, and it occurred
to me
>that I should check with you what the relevant software will run on. Would a
>fast pc running Linux be adequate? Cheers, Malcolm
>
>
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu; Jeffrey Park
Subject: Re:NOAA budget
Date: Tuesday, November 14, 2000 10:33:27 AM

Thanks Malcolm,

Can we get a letter from Ray saying he is interested in "consulting" on the
project, etc. to include? w/ the proposal?

mike

At 09:06 AM 11/14/00 -0700, mhughes@ltrr.arizona.edu wrote:
>Dear Mike, Neal and Jeff,
>The University of Arizona pre-awards office tell me that all they require at
>this stage is a budget with a budget justification that meets NOAA's
needs. NOAA
>are a little more picky, and so I attach to this message the relevant
pages from
>their application kit. Ignore everything except pages 3, 4, 5, 6. It seems
the
>thing they are most concerned about is absolutely no used of the word
>miscellaneous in connection with budgets. Please note that Ray is no longer
>involved in the budget end of things, although he wishes to remain involved
>scientifically. Looking forwards to hearing from you , Cheers, Malcolm
>
>Attachment Converted: "c:\eudora\attach\applicationSept99.pdf"
>
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: Neal Grandy
Cc: mhughes@ltrr.arizona.edu
Subject: Current state of play.
Date: Thursday, November 16, 2000 10:27:28 AM

Dear Neal,

Can you forward Malcolm a copy of the proposed budget worksheet when you
have the chance (as an excel spreadsheet would be fine). Thanks for the help,

mike

>From: mhughes@ltrr.arizona.edu
>X-Authentication-Warning: schulman.ltrr.arizona.edu: www set sender to
mhughes@ltrr.arizona.edu using -f
>Date: Thu, 16 Nov 2000 09:24:03 -0700
>To: "Michael E. Mann" <mann@multiproxy.evsc.virginia.edu>
>Cc: Jeffrey Park <park@hess.geology.yale.edu>, <mhughes@ltrr.arizona.edu>
>Subject: Current state of play.
>User-Agent: IMP/PHP IMAP webmail program 2.2.0-pre10
>
>Dear Jeff and Mike - I'd be most grateful if you could give me an estimate
of
>when I might expect your budgets and budget justifications. As soon as I get
>them I can get the proposal through my university (the only scientific
componet
>they need is an abstract, which I can easily produce). I hope to get all
of that
>done in the next day or two, so that the whole proposal can be produced, and
>then shipped to Tucson for signature and copying, and then shipped back to
C for
>the Nov 30 deadline.
>Jeff - thanks for the cv. In addition to the budget stuff mentioned above, I
>will need a 'Current and Pending' from you, plus, I'd be very grateful if
you
>could provide a little text at the point indicated in the methods section
of the
>attached draft 'Statement of Work'. Hope you're feeling better.
>draft 'prior work', statement of work and refs attached. Comments needed/
>welcomed. Cheers, MAlcolm
>Attachment Converted: "c:\eudora\attach\Prior work.doc"
>
>Attachment Converted: "c:\eudora\attach\Refs1.rtf"
>
>Attachment Converted: "c:\eudora\attach\statement of work2.doc"
>
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu
Subject: Re: Sorry to be a little behind the curve
Date: Thursday, November 16, 2000 10:29:41 AM

HI Malcolm,

As it turns out, I've got a bit of a window this afternoon to do this.

Please send me the PDO reconstruction ASAP, and I'll try to work some magic
...

mike

At 09:14 AM 11/16/00 -0700, you wrote:
>Mike - I have a favor to ask. If it's not possible, it's no big deal at
all. If
>I were to send you the PDO reconstruction (the thing with the nice clear
73 yr
>oscillation), would you be able to get someone to a) run a
coherency-squared or
>something better between it and rpc#5 from MBH98, b) plot the smoothed
versions
>of the two time series if they do cohere in the 'centennial frequency band?
>Either or both of these would seen to me to be helpful for the NOAA proposal
>(and interesting, anyway). Cheers, Malcolm
>
>
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu
Cc: mann@virginia.edu
Subject: Re: Reconstruction Proposal
Date: Thursday, November 16, 2000 12:33:08 PM

HI Malcolm,

I guess you received this?

I wanted to send Mark the following email from both of us. Let me know what
you think. If you're happy, or want to take a stab at revising before
sending it on to him...

mike

_________________________________________________

Dear Mark,

I've had a chance to skim the proposal. It looks pretty good as a rough
draft, though there are some rough edges  here and there (for example, it
isn't true that the Mann et al reconstruction are based on
entirely terrestrial data!! It *is* true that the available coral
records were sparse, and this is a justifiable argument for expanding the
coral data, etc. I will tackle the appropriate change-of-wording in a
revised version. I'm working on a revised version of the draft you sent,
which I'll forward to Malcolm for his suggestions to kill two birds w/ one
stone.

However, there is a more basic concern that both I and Malcolm share. The
list of PIs aren't as representative as they probably need to be. The
proposal is *very* heavy on Lamont (ie, Lamont scientists or recent Lamont
graduates) and the community needs to be more broadly represented.

I would suggest that we seriously consider adding the following individuals:

David Stahle
Henry Diaz
Ray Bradley
Tom Delworth

Clearly, in addition, we would expect both Ray and Peck to be very much
involved in these efforts. Since they are adequately represented at present
by their collaborators, I understand it isn't necessary to have them as PIs.
But I hope we can have them in attendance at the meetings...

A very modest addition to the current list, but one which expands considerably
the representativeness in terms of the community and, in my opinion, the
credibility of the effort...

Also, with regard to the breakdown of responsibilities: Given current efforts,
I think it would be appropriate for both Malcolm and I to be listed in the
Pacific and Atlantic recon variability efforts...
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 We should
probably also considering including money  for a group publication that
would highlight/advertise the effort (e.g., a BAMS article w/ color
figures, etc).

Let me know what you think about any of the above.

Thanks,

mike

>Date: Wed, 15 Nov 2000 18:00:21 -0700
>From: Mark Eakin <Mark.Eakin@noaa.gov>
>Reply-To: mark.eakin@noaa.gov
>Organization: NOAA/NGDC Paleoclimatology
>X-Mailer: Mozilla 4.75 (Macintosh; U; PPC)
>X-Accept-Language: en
>To: Michael Evans <mevans@fas.harvard.edu>, Kaplan
<alexeyk@ldeo.columbia.edu>,
>        "D'Arrigo" <druidrd@lamont.ldgo.columbia.edu>,
>        Hughes <MHUGHES@ltrr.arizona.edu>,
>        Cook <drdendro@lamont.ldgo.columbia.edu>, Mann <mann@virginia.edu>,
>        Russell Vose <Russell.Vose@noaa.gov>,
>        David Easterling <David.Easterling@noaa.gov>,
>        Robin Webb <rwebb@cdc.noaa.gov>, Cane <mcane@ldeo.columbia.edu>
>CC: Dave Anderson <dma@luna.ngdc.noaa.gov>,
>        Connie Woodhouse <Connie.Woodhouse@noaa.gov>
>Subject: Re: Reconstruction Proposal
>
>I am glad to hear that all of you are interested in participating.
>Enclosed is a draft start to the proposal.  It needs some important
>details, especially regarding how much we expect to accomplish and specific
>milestones.  I need each of you to look at the activities listed.  Please
>indicate where you are in the right or wrong place and what other
>activities we should be adding.  I expect that many of us will be involved
>in most everything.  The idea of the names is to indicate the major players
>that will steer particular parts of this.
>
>Also, some of you have provided me with copies of recently funded or
>pending proposals that relate to this work.  I will incorporate some
>details and figures from them next.  I think it will be important to
>demonstrate the current state of the art as we move into a discussion of
>how we will do this.
>
>The important thing to consider first on this draft is the general
>direction in which it is going.  I need critical comments on the scope of
>what we are planning.  In fact, when you provide these, you should probably
>copy the whole group so that we can hammer out important issues.
>
>In addition to comments on the draft and details of what we will do, there
>are some things each of you need to consider.  If you would like to have
>support for a student/post-doc/programmer or such, we need to figure that
>in now.  As I indicated before, we want to keep this as cheap as possible
>by using leverage against our existing efforts.  Also, each of you will
>need to prepare short (1 page?) CVs, current and pending, etc.
>
>I hope to hear back from all of you soon.
>
>Cheers,
>Mark
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>--
>C. Mark Eakin, Ph.D.
>Chief of NOAA Paleoclimatology Program and
>Director of the World Data Center for Paleoclimatology
>
>NOAA/National Geophysical Data Center
>325 Broadway E/GC
>DSRC 1B139
>Boulder, CO 80305-3328
>Voice: 303-497-6172                       Fax: 303-497-6513
>Internet: mark.eakin@noaa.gov
>http://www.ngdc.noaa.gov/paleo/paleo.html
>
>
>Attachment Converted: "c:\eudora\attach\reconstr_proposal_2.doc"
>
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu
Subject: revised text
Date: Thursday, November 16, 2000 3:20:38 PM

Hi Malcolm,

What you think about the revised below. Feel free to further revise, but
please
paste the text in directly in the email, w/out the forward (">"arrows) so I
can use directly.

Thanks,

mike

____________________________________________________________
Dear Mark,

I've had a chance to skim the proposal. It looks pretty good as a rough
draft, though there are some rough edges  here and there (for example, it
isn't true that the Mann et al reconstruction are based on entirely
terrestrial data!! It *is* true that the available coral records were
sparse, and this is a justifiable argument for expanding the coral data,
etc. I will tackle the appropriate change-of-wording in a revised version.
I'm working on a revised version of the draft you sent, which I'll forward
to Malcolm for his suggestions to kill two birds w/ one stone.

However, there is a more basic concern that both I and Malcolm share. The
list of PIs aren't as representative as they probably need to be. The
proposal is *very* heavy on Lamont (ie, Lamont scientists or recent Lamont
graduates) and the community needs to be more broadly represented. I think
that the limited representation is, at present, a real shortcoming of the
proposal.

I would suggest that we seriously consider adding the following
individuals, or at least several of them:

David Stahle
Henry Diaz
Ray Bradley
Tom Delworth
Tom Crowley

In addition there are others worth considering:

Franco Biondi
David Meko

I'm not sure what the appropriate limit is on the number of PIs involved,
but whatever it is, it should be *broadly* representative of the community.
Otherwise, it looks a bit too much like a club! (a Lamont club, to be
truthful, in its present makeup!), and if it is perceived as such, it just
won't work!
The community is too broad to buy into that. A very modest addition to the
current list, but one which expands considerably the representativeness in
terms of the community and, in my opinion, the credibility of the effort...
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Clearly, in addition, we would expect both Ray and Peck and Julie Cole to
be very much involved in these efforts. Since they are adequately
represented at present by their collaborators, I understand it isn't
necessary to have them as PIs. But I hope we can have them in attendance at
the meetings...

Also, with regard to the breakdown of responsibilities: Given current efforts,
I think it would be appropriate for both Malcolm and I to be listed in the
Pacific and Atlantic recon variability efforts...

Finally, Re: money. 

 We should
probably also considering including money  for a group publication that
would highlight/advertise the effort (e.g., a BAMS article w/ color
figures, etc).

Let me know what you think about any of the above.

Thanks,

mike

_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu
Cc: Michael E. Mann
Subject: Re: travel
Date: Thursday, November 16, 2000 7:50:13 PM

Hi Malcolm,

Hmmm. That sounds pretty ridiculous indeed. I normally fly out of C'ville
(connecting through DC/Dulles or Charlotte NC depending on whether it is
United or US Air), and never pay those kinds of fares? What is the expensive
part, I wonder? Denver/C'ville is only a few hundred...

mike

At 04:22 PM 11/16/00 -0700, mhughes@ltrr.arizona.edu wrote:
>Dear Mike - in putting together the budget for tis NOAA proposal, I'm getting
>horrific airfares between Tucson and Charlottesville - from $1800 to $2400,
even
>9 months ahead, midweek and including Saturdays. Where do you normally fly
>through? Richmond isn't much better. Cheers, Malcolm
>
>
_______________________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.html             
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From: Michael E. Mann
To: mark.eakin@noaa.gov
Cc: mhughes@ltrr.arizona.edu; mann@virginia.edu
Subject: Re: Reconstruction Proposal
Date: Friday, November 17, 2000 8:59:32 AM

Dear Mark,

    I've had a chance to skim the proposal. It looks pretty good as a rough
    draft, though there are some rough edges  here and there. For example, it
    isn't true that the Mann et al reconstruction are based on entirely
    terrestrial data!! It *is* true that the available coral records were
    sparse, and this is a justifiable argument for expanding the coral data,
    etc. I will tackle the appropriate change-of-wording in a revised version.
    I'm working on a revised version of the draft you sent, which I'll forward
    to Malcolm for his suggestions to kill two birds w/ one stone.

    However, there is a more basic concern that both I and Malcolm share. The
    list of PIs aren't as representative as they need to be. The
    proposal is *very* Lamont-heavy (ie, Lamont scientists or recent Lamont
    graduates) and the community needs to be more broadly represented. I think
    that the limited representation is, at present, a real shortcoming of the
    proposal.

    I would suggest that we seriously consider adding the following
    individuals, or at least several of them:

    David Stahle
    Henry Diaz
    Ray Bradley
    Tom Delworth
    Tom Crowley
    David Meko
    Franco Biondi
    Jonathan Overpeck
    Julia Cole
    Rob Dunbar
   

    I'm not sure what the appropriate limit is on the number of PIs involved,
    but whatever it is, it should be *broadly* representative of the community.
    Otherwise, it looks a bit too much like a club! (a Lamont club, to be
    truthful, in its present makeup!), and if it is perceived as such, it just
    won't work! A very modest addition to the current list which expands the
representativeness of the group of PIs will in my opinion, add considerable
credibility to the effort...

    And, in any case,  all of the individuals named above should be involved
in     the meetings, even if they aren't all PIs on the proposal.

    With regard to the breakdown of responsibilities: Given current
    efforts, I think it would be appropriate for both Malcolm and I to be
listed     in the Pacific and Atlantic variability reconstruction efforts.

    Finally, Re: money. 
    
     We should
    probably also considering including money  for a group publication that
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    would highlight/advertise the effort (e.g., a BAMS article w/ color
    figures, etc).

    Let me know what you think about any of the above.

    Thanks,

    mike

At 01:56 PM 11/16/00 -0700, Mark Eakin wrote:
>Thanks Malcolm,
>
>I appreciate the comments.  I have only taken a brief look at them, but
clearly I
>overstepped some of the generalizations.  I will soft-pedal on some of
these and
>correct those that were incorrect.  I will work your changes in and get
back to you
>with more specific questions that I might have.
>
>One point I do want to confirm right off the bat.  I had planned to delete the
>reference to the MWP and speak only of the LIA.  In quoting Hughes & Diaz
on the
>LIA, however, the reference is actually to a comment on the LIA (page 137) that
>states that "only a few decades in the seventeenth and nineteenth centuries
A.D.
>showed exceptionally cold conditions which were sufficiently widespread, to to
>represent a large-scale climatic signal".
>
>Do you still consider this to be correct?
>
>Mark
>
>mhughes@ltrr.arizona.edu wrote:
>
>> Dear Mark - Mike Mann and I will be getting back to you shortly on some more
>> general matters, but there are rather a lot of problems with the first
part of
>> the draft, which I have indicated in the attached, marked-up version of your
>> draft. It's written as if all that was done before about 1996 had been
expunged
>> from the record, resulting in a gross distortion of the way the field has
>> developed, and where. It is also written as if the Mann et al papers had only
>> produced the Hemispheric mean reconstructions, whereas they contain spatial
>> reconstructions of annual and seasonal temperaures for several centuries
and we
>> are currently funded (by NOAA!) to push this back substantially. Of
course there
>> is room for improvement, but we did do this first, and like Fritts at the
>> continental scale before us, should be recognized. I like the drift of the
>> second part of the proposal, and suggest that you keep the objectives
modest sp
>> as to help sustain morale. I didn't think it appropriate to circulate this to
>> the whole group, as I didn't want to start a food fight. Cheers, Malcolm
>>
>>   ------------------------------------------------------------------------
>>                            Name: eakinprop.doc
>>    eakinprop.doc           Type: Microsoft Word Document (application/msword)
>>                        Encoding: base64
>>                 Download Status: Not downloaded with message
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>
>--
>C. Mark Eakin, Ph.D.
>Chief of NOAA Paleoclimatology Program and
>Director of the World Data Center for Paleoclimatology
>
>NOAA/National Geophysical Data Center
>325 Broadway E/GC
>DSRC 1B139
>Boulder, CO 80305-3328
>Voice: 303-497-6172                       Fax: 303-497-6513
>Internet: mark.eakin@noaa.gov
>http://www.ngdc.noaa.gov/paleo/paleo.html
>
>
>
>
At 01:56 PM 11/16/00 -0700, Mark Eakin wrote:
>Thanks Malcolm,
>
>I appreciate the comments.  I have only taken a brief look at them, but
clearly I
>overstepped some of the generalizations.  I will soft-pedal on some of
these and
>correct those that were incorrect.  I will work your changes in and get
back to you
>with more specific questions that I might have.
>
>One point I do want to confirm right off the bat.  I had planned to delete the
>reference to the MWP and speak only of the LIA.  In quoting Hughes & Diaz
on the
>LIA, however, the reference is actually to a comment on the LIA (page 137) that
>states that "only a few decades in the seventeenth and nineteenth centuries
A.D.
>showed exceptionally cold conditions which were sufficiently widespread, to to
>represent a large-scale climatic signal".
>
>Do you still consider this to be correct?
>
>Mark
>
>mhughes@ltrr.arizona.edu wrote:
>
>> Dear Mark - Mike Mann and I will be getting back to you shortly on some more
>> general matters, but there are rather a lot of problems with the first
part of
>> the draft, which I have indicated in the attached, marked-up version of your
>> draft. It's written as if all that was done before about 1996 had been
expunged
>> from the record, resulting in a gross distortion of the way the field has
>> developed, and where. It is also written as if the Mann et al papers had only
>> produced the Hemispheric mean reconstructions, whereas they contain spatial
>> reconstructions of annual and seasonal temperaures for several centuries
and we
>> are currently funded (by NOAA!) to push this back substantially. Of
course there
>> is room for improvement, but we did do this first, and like Fritts at the
>> continental scale before us, should be recognized. I like the drift of the
>> second part of the proposal, and suggest that you keep the objectives
modest sp
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>> as to help sustain morale. I didn't think it appropriate to circulate this to
>> the whole group, as I didn't want to start a food fight. Cheers, Malcolm
>>
>>   ------------------------------------------------------------------------
>>                            Name: eakinprop.doc
>>    eakinprop.doc           Type: Microsoft Word Document (application/msword)
>>                        Encoding: base64
>>                 Download Status: Not downloaded with message
>
>--
>C. Mark Eakin, Ph.D.
>Chief of NOAA Paleoclimatology Program and
>Director of the World Data Center for Paleoclimatology
>
>NOAA/National Geophysical Data Center
>325 Broadway E/GC
>DSRC 1B139
>Boulder, CO 80305-3328
>Voice: 303-497-6172                       Fax: 303-497-6513
>Internet: mark.eakin@noaa.gov
>http://www.ngdc.noaa.gov/paleo/paleo.html
>
>
>
>
_______________________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.html             
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From: Michael E. Mann
To: Jeffrey Park
Cc: mhughes@ltrr.arizona.edu; mann@virginia.edu
Subject: Re: try again
Date: Sunday, November 19, 2000 9:19:03 PM

Jeff,

Your attachment is coming through to me as 33 consecutive emails w/
uuencoded text. Also, I should warn you
that large attachments are a real pain for me over the weekend, because I'm only
logged on through a modem connection.

Lets wait until tomorrow to try again. Malcolm: if you recieved this from
Jeff as an intact word97 file (rather than as described above) then please
attach to me as a binary attachment in an email tomorrow.For some reason,
the format
Jeff sends his attachments in is not readable by either my desktop or laptop
(both are Dell PCs running windows95)...

mike

At 10:42 PM 11/19/00 -0500, Jeffrey Park wrote:
>
>Dear Malcolm and Mike,
>
>In the next email message is a WORD document based on the last proposal
>draft that was sent to me.  If you do not receive it or cannot read it,
>send email.
>
>I have chewed the prose of the technical description to make the
>sentences shorter and to intersperse time-series jargon with some
>descriptive comments. I have also described the multiwavelet algorithm
>by analogy to evolutive spectrum analysis and described its past
>application to 20th century ENSO.  My changes are underlined in the
>text, using WORD formatting.
>
>Note that the take-home results of Mann et al (1995) were not spelled
>out in the last text version.  Since we are proposing to apply the same
>methodology to a larger dataset, I took a stab at writing a
>reviewer-teaser.  Please feel free to modify.  Also, Mike should be the
>final arbiter of what level of technical description is best suited for
>getting the proposal a positive review.  My bias is to add sentences
>that a non-specialist can latch onto.  You need to check that my
>down-homisms, such as they are, have not introduced any naive statements
>into the text.
>
>Jeffrey
>
>additional references in text:
>
>
>Park, J., C. R. Lindberg and F. L. Vernon III, Multitaper spectral
>analysis of high frequency seismograms, J. Geophys. Res., v92,
>12675-12684, 1987.
>
>Park, J. and M. E. Mann, Interannual temperature events and shifts in
>global temperature: A multiwavelet correlation approach, Earth
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>Interactions, v. 4, online paper 4-001, 2000. PDF of accepted
>manuscript at ftp://love.geology.yale.edu/pub/park/EI012/ei012final.pdf
>
>Thomson, D. J., Spectrum estimation and harmonic analysis, IEEE
>Proceedings, v70, 1055-1096, 1982.
>
>
>Coming next:  prop3.doc in WORD97 format
>
>
_______________________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.html             
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From: Michael E. Mann
To: Jeffrey Park; mhughes@ltrr.arizona.edu
Subject: Re: Second attempt at text transmission -- figures removed
Date: Monday, November 20, 2000 9:47:30 AM

HI again Jeff,

This is what comes through. Are you both using Macs by any chance?

Jeff: can you post the file on anonymous ftp somewhere, and then I can
try to download (the full one w/ figures please).

Thanks...

mike

At 11:40 AM 11/20/00 -0500, Jeffrey Park wrote:
>----------
>X-Sun-Data-Type: text
>X-Sun-Data-Description: text
>X-Sun-Data-Name: text
>X-Sun-Charset: us-ascii
>X-Sun-Content-Lines: 9
>
>Mike and Malcolm,
>
>I have removed the figures from the proposal file, so that it is a
>shadow of its former self, 20 times smaller.  I have also gone over
>the grammar, wording and punctuation of the passages that I added
>yesterday.  The Word97-format file is attached.  My changes are
>underlined in text.
>
>Jeffrey
>----------
>X-Sun-Data-Type: default
>X-Sun-Data-Name: prop3.doc
>X-Sun-Encoding-Info: uuencode
>X-Sun-Content-Lines: 1016
>
>begin 600 prop3.doc
>MT,\1X*&Q&N$                     .P # /[_"0 &               !
>M    5@          $    @    $   #^____          #_____________
>M____________________________________________________________
>M____________________________________________________________
>M____________________________________________________________
>M____________________________________________________________
>M____________________________________________________________
>M____________________________________________________________
>M____________________________________________________________
>M____________________________________________________________
>M____________________________________________________________
>M_______________________]__________[___\5    !0    8    '   
>M"     D    *    "P    P    -    #@    \    0    $0   !(    3
>M    %    /[____^____%P   !@    9    &@   !L    <    '0   !X
>M   ?    (    "$    B    (P   "0    E    )@   "<    H    *0 
>M "H    K    +    "T    N    +P   #     Q    ,@   #,    T   
>M-0   #8    W    .    #D    Z    .P   #P    ]    /@   #\   !
>M    00   $(   !#    1    $4   !&    1P   $@   !)    2@   $L
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>M  !,    30   $X   !/    4    %$   !2    4P   %0   !5    _O__
>M_U<   #^____________________________________________________
>M____________________________________________________________
>M____________________________________________________________
>M_____________________________________________U( ;P!O '0 ( !%
>M &X = !R 'D                                                
>M           6  4 ________________                           
>M                    _O___P                                 
>M                                                           
>M      #_______________\                                    
>M          #^____                                           
>M                                                         /__
>M_____________P                                             
>M /[___\                                                    
>M                                                ____________
>M____                                                _O___P 
>M         0   /[____^____!     4    &    !P    @   #^________
>M____________________________________________________________
>M____________________________________________________________
>M____________________________________________________________
>M____________________________________________________________
>M____________________________________________________________
>M____________________________________________________________
>M____________________________________________________________
>M____________________________________________________________
>M____________________________________________________________
>M____________________________________________________________
>M______________________________\! /[_ PH  /____\&"0(      , 
>M      !&&    $UI8W)O<V]F="!7;W)D+41O:W5M96YT  H   !-4U=O<F1$
>M;V, $    %=O<F0N1&]C=6UE;G0N. #T.;)Q                       
>M                      $   (                                
>M                                              #^_P   0     
>M                   !    X(6?\OE/:!"KD0@ *R>SV3     X 0  #  
>M  D   !H    "@   '0    +    @     T   ",    #    )@    (   
>MI     0   "\    !@   -0    '    X     4   #P     P   /P    "
>M    " $  !X    #    ,34  $      *'.=,    $      6OE*(5'  4 
>M    ;#G E%+  4      QF>& 4S  1X    -    2F5F9G)E>2!087)K   
>M !X    -    36EC:&%E;"!-86YN     !X    !         !X    '   
>M3F]R;6%L   >     0         >     0         >    )@   !( :P *
>M  $ 6P /  (         .@  $/'_ @ Z    " !3 '0 80!N &0 80!R &0
>M   (    ,20!*B0!$ !/2@0 44H$ $-*% !M2 D$1@ !$ $  @!&    "0!(
>M &4 80!D &D ;@!G "  ,0    \  0 *)@ +1@$ !B0! R0# !( 3TH& %%*
>M!@!#2AP -@@!-0@!2@ "$ $  @!*    "0!( &4 80!D &D ;@!G "  ,@ 
>M !0  @ *)@$+1@$ $Z3P !2D/  &) $2 $]*!@!12@8 0TH< #8( 34( 4@
>M Q !  ( 2     D 2 !E &$ 9 !I &X 9P @ #,    4  , "B8""T8! !.D
>M\  4I#P !B0!#P!/2@8 44H& $-*&@ U" $ 0  $$ $  @!     "0!( &4
>M80!D &D ;@!G "  -    !0 !  *)@,+1@$ $Z3P !2D/  &) $' $-*'  U
>M" $ 0  %$ $  @!     "0!( &4 80!D &D ;@!G "  -0   !$ !0 *)@0+
>M1@$ $Z3P !2D/   "@!#2AH -@@!-0@!1  &$ $  @!$    "0!( &4 80!D
>M &D ;@!G "  -@    \ !@ *)@4+1@$ !B0! R0#  \ 3TH& %%*!@!#2AP
>M-@@! #H !Q !  ( .@    D 2 !E &$ 9 !I &X 9P @ #<    1  < "B8&
>M"T8! !.D\  4I#P   0 0TH8 #X "! !  ( /@    D 2 !E &$ 9 !I &X
>M9P @ #@    1  @ "B8'"T8! !.D\  4I#P   < 0TH8 #8( 0!"  D0 0 "
>M $(    ) $@ 90!A &0 :0!N &< (  Y    $0 )  HF" M& 0 3I/  %*0\
>M   , $]*!@!12@8 0TH6 $( 04#R_Z$ 0@   !D 00!B ', 80!T 'H +0!3
>M '0 80!N &0 80!R &0 <P!C &@ <@!I &8 = !A '( =              
>M  !" /X?\O_Q $(    9 %< 5P M $0 90!F &$ =0!L '0 ( !0 &$ <@!A
>M &< <@!A '  :  @ $8 ;P!N '0      !P _A_R_P$!'     0 0P!) %0
>M10    , -@@! "H _A_R_Q$!*@    L 2 !4 $T 3  @ $T 80!R &L =0!P
>M     P!"*@8 *@#^'_+_(0$J    "0!7 %< . !. '4 ;0 U 'H ,     @
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>M3TH* %%*"@ J /X?\O\Q 2H    ) %< 5P X $X =0!M #8 >@ P    " !/
>M2@H 44H* "H _A_R_T$!*@    D 5P!7 #@ 3@!U &T -P!Z #     ( $]*
>M"@!12@H *@#^'_+_40$J    "0!7 %< . !. '4 ;0 X 'H ,     @ 3TH*
>M %%*"@ L /X?\O]A 2P    * %< 5P X $X =0!M #$ , !Z #     ( $]*
>M"@!12@H + #^'_+_<0$L    "@!7 %< . !. '4 ;0 Q #, >@ P    " !/
>M2@H 44H* "P _A_R_X$!+     H 5P!7 #@ 3@!U &T ,0 T 'H ,     @
>M3TH* %%*"@ L /X?\O^1 2P    * %< 5P X $X =0!M #$ -0!Z #     (
>M $]*"@!12@H , #^'_+_H0$P    "@!7 %< . !. '4 ;0 Q #8 >@ P   
>M# !/2@H 44H* $-*%  N /X?\O^Q 2X    + %< 5P X $X =0!M %, =  V
>M 'H ,     @ 3TH* %%*"@ Z /X? 0#2 3H    ' $@ 90!A &0 :0!N &<
>M   - !P $Z3P !2D>  &) $ # !/2@4 44H% $-*'  P $(0 0#2 3     )
>M %0 90!X '0 ( !B &\ 9 !Y     @ =  H 0BH&0TH8 #8( 2X _A\!  (
>M+@    ( 2  S    "  >  8D 0,D P\ 3TH' %%*!P!#2AP -0@! $( _A\!
>M /(!0@    X 5P!7 "T 0@!O &0 >0 @ %0 90!X '0 (  R     @ ? !(
>M3TH& %%*!@!#2A@ -@@!-0@!. #^'P$  @(X    #@!7 %< +0!" &\ 9 !Y
>M "  5 !E '@ =  @ #,    " "  !P!"*@9#2A@  $P 0Q ! !("3    ! 
>M5 !E '@ =  @ &( ;P!D 'D ( !I &X 9 !E &X =    !$ (0 /A   #H0
>M !&$T (#) , !P!"*@%#2A@  $( _A\! "("0@    T 5P!7 "T 0@!L &\
>M8P!K "  5 !E '@ =    !8 (@ /A* %#H2@!1&$ 0 3I   %*1X    9 #^
>M']$!,@)D    &0!7 %< +0!" &\ 9 !Y "  5 !E '@ =  @ $8 :0!R ',
>M=  @ $D ;@!D &4 ;@!T    %@ C  ^$   .A   $832 !.D   4I'@ "@!"
>M*@%#2A0 -@@ :@#^'Q$"0@)J    &P!7 %< +0!" &\ 9 !Y "  5 !E '@
>M=  @ $8 :0!R ', =  @ $D ;@!D &4 ;@!T "  ,@   !D )  /A&@!#H0
>M !&$T@ 3I   %*1X  ,D   ' $(J 4-*%   6 #^'P$ 4@)8    %0!7 %<
>M+0!" &\ 9 !Y "  5 !E '@ =  @ $D ;@!D &4 ;@!T "  ,@   !P )0 /
>MA&@!#H0  !&$ 0 3I   %*1X !)DX $!    5@#^'P$ 8@)6    %0!7 %<
>M+0!" &\ 9 !Y "  5 !E '@ =  @ $D ;@!D &4 ;@!T "  ,P   !8 )@ /
>MA&@!#H0  !&$ 0 3I   %*1X  0 0TH0 "X _A\!  ( +@    < 0P!A ' 
>M= !I &\ ;@    H )P 3I'@ %*1X  , -0@! #0 _A\! (("-     H 5P!7
>M "T 0P!L &\ <P!I &X 9P    X *  /A. 0#H0  !&$ 0   #( _A\! )("
>M,@    \ 5P!7 "T 0P!O &T ;0!E &X =  @ %0 90!X '0    " "D    B
>M /X? 0 " "(    ' %< 5P M $0 80!T &4    " "H    ^ /X? 0"R CX
>M   / %< 5P M $0 ;P!C '4 ;0!E &X =  @ $T 80!P    !@ K "U$* $(
>M $]*" !12@@ - #^'P$ P@(T    $ !% "T ;0!A &D ;  @ %, :0!G &X
>M80!T '4 <@!E     @ L    (@ K$ $ T@(B    !P!% &X 9 !N &\ = !E
>M     @ M    /@ D$ $ X@(^    "0!! &0 9 !R &4 <P!S &4 90    X
>M+@ /A$ +#H0  !&$ 0 , $]*!@!12@8 0TH8 "@ )1 ! /("*     8 4P!E
>M &X 9 !E '(    " "\ " !/2@8 44H& "P (! !  (#+     8 1@!O &\
>M= !E '(    - #  #<8(  +@$, A 0(    D !T0 0 2 R0    ( $8 ;P!O
>M '0 ;@!O '0 90    ( ,0   "P 'Q ! "(#+     8 2 !E &$ 9 !E '(
>M   - #( #<8(  +@$, A 0(    P /X? 0 R S     , $@ 5 !- $P ( !!
>M &0 9 !R &4 <P!S     @ S  , -@@! #X _A\! $(#/@   !$ 2 !4 $T
>M3  @ %  <@!E &8 ;P!R &T 80!T '0 90!D     @ T  @ 3TH) %%*"0 >
>M /X? 0!2 QX    % $D ;@!D &4 >     ( -0   "X "A !  ( +@    <
>M20!N &0 90!X "  ,0    X -@ /A,@ #H0  !&$./\  "X "Q !  ( +@ 
>M  < 20!N &0 90!X "  ,@    X -P /A) !#H0  !&$./\  "X #! !  (
>M+@    < 20!N &0 90!X "  ,P    X .  /A%@"#H0  !&$./\  #0 _A\!
>M  ( -     H 5P!7 "T 20!N &0 90!X "  -     X .0 /A" ##H0  !&$
>M./\  #0 _A\!  ( -     H 5P!7 "T 20!N &0 90!X "  -0    X .@ /
>MA.@##H0  !&$./\  #0 _A\!  ( -     H 5P!7 "T 20!N &0 90!X " 
>M-@    X .P /A+ $#H0  !&$./\  #0 _A\!  ( -     H 5P!7 "T 20!N
>M &0 90!X "  -P    X /  /A'@%#H0  !&$./\  #0 _A\!  ( -     H
>M5P!7 "T 20!N &0 90!X "  .     X /0 /A$ &#H0  !&$./\  #0 _A\!
>M  ( -     H 5P!7 "T 20!N &0 90!X "  .0    X /@ /A @'#H0  !&$
>M./\  #H (1 ! &(#.@    T 20!N &0 90!X "  2 !E &$ 9 !I &X 9P 
>M  ( /P + $]*!@!12@8 -0@! "@ +Q !  ($*     0 3 !I ', =     X
>M0  /A&@!#H0  !&$F/X  "P _A\! !($+     8 3 !I ', =  @ #(    .
>M $$ #X30 @Z$   1A)C^   L /X? 0 B!"P    & $P :0!S '0 (  S   
>M#@!"  ^$. 0.A   $828_@  + #^'P$ ,@0L    !@!, &D <P!T "  -  
>M  X 0P /A* %#H0  !&$F/X  "P _A\! $($+     8 3 !I ', =  @ #4
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>M   . $0 #X0(!PZ$   1A)C^   P /X? 0!2!#     . %< 5P M $P :0!S
>M '0 ( !" '4 ; !L &4 =     ( 10   #0 _A\! &($-    !  5P!7 "T
>M3 !I ', =  @ $( =0!L &P 90!T "  ,@    ( 1@   #0 _A\! '($-  
>M !  5P!7 "T 3 !I ', =  @ $( =0!L &P 90!T "  ,P    ( 1P   #0
>M_A\! (($-    !  5P!7 "T 3 !I ', =  @ $( =0!L &P 90!T "  -  
>M  ( 2    #0 _A\! )($-    !  5P!7 "T 3 !I ', =  @ $( =0!L &P
>M90!T "  -0    ( 20   $@ _A\! *($2    !  5P!7 "T 3 !I ', =  @
>M $, ;P!N '0 :0!N '4 90   !8 2@ /A&@!#H0  !&$ 0 3I   %*1X   
>M3 #^'P$ L@1,    $@!7 %< +0!, &D <P!T "  0P!O &X = !I &X =0!E
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          Department of Environmental Sciences, Clark Hall
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From: Michael E. Mann
To: Jeffrey Park
Cc: mhughes@ltrr.arizona.edu
Subject: Re: anonymous ftp file
Date: Monday, November 20, 2000 1:23:10 PM

thanks jeff,

had no problem downloading off the ftp site.

One thing I did note upon skimming this. The first sentence after
"Quantitative Methods" which was modified, should be kept in its original
form. The revised version seems to confuse what is supposed to be a recap
of best work with the alternative approach we are actually proposing...

Perhaps the best plan of  attack at this point is to let Malcolm decide how
best to incorporate the changes/additions into a revised version of the
proposal, then I'll try to give the relevant sections one more smooth-over.
Sound good to everyone?

cheers,

mike

At 01:47 PM 11/20/00 -0500, you wrote:
>Mike,
>
>the anonymous ftp file is now blessed with the figures.
>
>ftp love.geology.yale.edu
>cd pub/park/Multiwavelet
>binary
>get prop4.doc
>quit
>
>should be in Word97 format, fresh from Mac, unaltered by Sun.
>If you have trouble with ftp, try to use secure-ftp software.
>The absolute location of the file is
>/home/ftp/pub/park/Multiwavelet/prop4.doc
>
>Jeffrey
>
>Here is the message we have about secure ftp:
>
>NEWS (10/4/00):
>                                         secure replacements for telnet
and ftp
>                                       are now available for the MAC and
the PC.
>                                            Telnet will be shut down soon,
>                                    so you should install the new software
ASAP. See
>
ftp://ftp.geology.yale.edu/pub/downloads
>                                         for README files and the software.
>
>
>
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_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Jeffrey Park
To: mhughes@ltrr.arizona.edu; mann@virginia.edu
Subject: Second attempt at text transmission -- figures removed
Date: Monday, November 20, 2000 1:32:27 PM
Attachments: prop3.doc

----------
X-Sun-Data-Type: text
X-Sun-Data-Description: text
X-Sun-Data-Name: text
X-Sun-Charset: us-ascii
X-Sun-Content-Lines: 9

Mike and Malcolm,

I have removed the figures from the proposal file, so that it is a
shadow of its former self, 20 times smaller.  I have also gone over
the grammar, wording and punctuation of the passages that I added
yesterday.  The Word97-format file is attached.  My changes are
underlined in text.

Jeffrey
----------
X-Sun-Data-Type: default
X-Sun-Data-Name: prop3.doc
X-Sun-Encoding-Info: uuencode
X-Sun-Content-Lines: 1016
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Statement of work: 
 
Global multidecadal to century-scale climate oscillations during the last 
1000 years 
 

Problem statement 

The problem we address is the detection, distribution and analysis of 
quasiperiodic features in the climate system at time scales approaching the length of 
the instrumental record. Schlesinger and Ramankutty (1994a) used singular spectrum 
analysis to identify an oscillation with a period of 65-70 years in 4 global-mean 
instrumental temperature records. After analyzing 11 regional records, they suggested 
that this was the statistical result of oscillations at 50-88 years in the North Atlantic 
Ocean and its bounding Northern Hemisphere continents. Their analytical approach and 
findings were questioned by Elsner and Tsonis (1994), and defended by them 
(Schlesinger and Ramankutty, 1994b) on both statistical and modeling grounds. Mann 
and Park (1994), in an analysis of 100 years of global temperature anomaly data designed 
to identify coherent spatiotemporal 'modes' of global climate variability, found a 
significant share of the secular variance to be linked to a roughly centennial mode linked 
to the North Atlantic. They pointed out that an instrumental record of 100-150 years in 
length was of limited help in identifying and explaining such oscillations. Mann et al. 
(1995), in a multivariate analysis of a globally distributed set of temperature proxy 
records of several centuries' duration, produced evidence for persistent natural 
interdecadal and century-scale climate oscillations. They saw a coherent signal with 
roughly 50-year period before AD 1650, which got stronger and more significant after 
that date, drifting into a 60-70 year periodicity in recent centuries. Both the time scale 
and North Atlantic emphasis of the signal was similar to that identified by Delworth and 
coworkers (Delworth et al., 1993; see also Delworth et al., 1997; Delworth and Mann, 
2000) in the GFDL coupled ocean-atmosphere model, suggesting an underlying 
thermohaline circulation dynamical mechanism of oscillatory behavior. 

Interestingly, Dettinger et al., (1998) identified an oscillatory mode of similar 
period in instrumental and tree-ring records of precipitation back to AD 1705 in western 
North America. This was clearest and strongest in the 20th century, but weaker before 
then, especially in the 18th century. Hughes and Funkhouser (1998) observed a similar 
pattern in moisture-sensitive trees in a region centered on the Great Basin, where 
fluctuations with a period of around 60 to 80 years appear clearly from AD 200 to 600, 
from 1300 to 1600, and then after 1850. Unpublished results (M.K.Hughes) suggest 
associations with both SST variation in the Pacific and in the Atlantic for ~70 year 
features in moisture availability in the American Southwest since AD 1000. The Atlantic 
connection is particularly intriguing, given the teleconnection in the global precipitation 
field between the American Southwest and North Africa (Cayan et al. 1998). 

We plan to place these changing patterns of oscillation in a global perspective 
for the past 1000 years. This should lead to a clearer knowledge of their spatiotemporal 
relations, their links to other oscillations (ENSO, AO, NAO) and major climatic 
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phenomena. This in turn should lead to the formulation of hypotheses concerning the

PROXY CLIMATE DATA WITH EVIDENCE FOR NOTABLE 25 500 YEAR

OSCILLATIONS

Northern Hemisphere tree rings

Tree-ring reconstructed Fennoscandian summer temperature. 33-38 years, 89 yrs. Briffa

and Schweingruber, 1992, using variance spectrum.

Drought-sensitive tree-ling chronologies from the Colorado Plateau 20 - 80 yrs. Taylor et

ah, 1992, using evolutive power spectra.

Southern Hemisphere tree rings

Tree-ring reconstructed warm-season temperatures, Tasmania, 31, 57, 77 and 200 yrs.

Cook et ah, 1996, usingpower spectra.

8 long Fitzroya cuppressoides tree-ring width index chronologies from the southern

Andes, 33, 50, 77, 250 yrs. Villalba et ah, 1996, using Maximum Entropy (ME) spectra

and Singular Spectrum Analysis (SSA).

Greenland ice

Deuterium excess in the GISP2 Greenland ice core. Intermittent 44-80 yrs. White et al,

1996, using evolutionary power spectra.

Various chemical species in the GISP2 Greenland ice core, 455, 204, 168, 156, 143, 135,

112, 73, 64, 54, 43, 31yrs, several of these intermittent. Mavewski et ah, 1993, using

evolutionary power spectra.

Coral geochemistry

Uivina Bay, Galapagos Islands coral oxygen isotope record ~ 33 yrs:Gulf of Chiriqui,

Panama coral oxygen isotope record -30 yrs. Dunbar et ah, 1996, using evolutionary

power spectra.

Laminated marine sediments

Santa Barbara Basin, California, sediment mass accumulation rate, -26.5, 58 yrs. Biondi et

ah, 2000, using singular spectrum analysis (SSA).

Early instrumental data

Central England temperature data. -100 vrs. Baliunas et ah. 1997 usine wavelet analvsis.

causes of the multidecadal- to century scale global climate oscillations.

This work has clear relevance to the scientific goals of the NOAA/OGP Climate

Change Data and Detection program element, particularly goal (3) "document the

quantitative character of observed climate variations and changes". High-resolution,

quality-controlled natural archives of the kinds the Pis have accumulated considerable
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experience in analyzing present a unique opportunity to address the problem of very 
large-scale climate variations whose time-scale is close to the total length of the 
instrumental record. These fluctuations are short enough to be of fairly immediate human 
concern, especially if they are implicated in modifying the expression of higher-
frequency variability such as ENSO (Gershunov and Barnett, 1998). They are long 
enough to confound the task of detecting anthropogenic climate change. They also seem 
to be of periods long enough to benefit from an analysis based on 1000 years of record 
rather than 100. For all these reasons, we argue that this work will be of relevance to the 
overall NOAA Climate and Global Change Program as well as to the Climate Change 
Data and Detection program element.  

 
Scientific background 

Natural archives and multi-decade to century periodic phenomena.  
Multidecadal to century-scale oscillations have been detected in many high-

resolution (usually annual) proxy climate records covering recent centuries. Compilations 
of spectra for proxy records on a worldwide basis have been made by at least three sets of 
authors, all finding evidence for widespread oscillations of 50-100 years (highlighted). 
Pulwarty and Diaz (1994) find 'significant spectral peaks' as follows in a set of records 
covering all or much of the last 1000 years, using multi-taper spectral estimates (MTM):   
Historical evidence for El Nino effects in Peru (Quinn) ~40-60 yr. 

Historical evidence for degree of severity of Nile River floods ~40-60yr., ~90 yr. 

Oxygen isotopic ration in Quelccaya Ice core, Peru (Thompson) ~25-50 yr. 

Tree-ring reconstructed winter rainfall, Santiago, Chile (Boninsegna) ~94 & 125 yr. 

SOI Index based on Chinese drought (Zhang) ~70-85 yr.  

Tree-ring reconstructed winter precipitation, Sierra Nevada, Ca. (Graumlich) ~35-60  
and 100 yr. 

Following the earlier study of Mann et al., 1995, Mahasenan et al., 1997, using 
singular spectrum analysis (SSA), also found ~160 and ~80 yrs to be the 'most 
predominant modes' of oscillation in most of 27 'temperature-proxy records' -tree 
rings, ice cores and corals. Similarly Stocker and Mysak (1992) calculated or 
compiled power spectra from some dozens of proxy records of these same types, 
plus varves and early instrumental records, in an examination of century scale  
fluctuations. They found notable fluctuations at 300~330, 250, ~200, 160~170, 
125~130, 90~110, 60~70 and 50~60 yrs. Minobe (1997) used MTM to identify a 
50-70 yr oscillation in N. American temperatures reconstructed from tree rings. 
Many other authors have identified similar effects in several kinds of proxy 
records in diverse locations, as indicated in the text box. 

 
 
  
An example 

Hughes, Ni and Funkhouser (unpublished work) have reconstructed the Pacific 
Decadal Oscillation from AD 1000 to 1987, using a set of very strongly replicated 
moisture-sensitive tree-ring chronologies from the western U.S. (Figure 1a). The PDO is 
described by Mantua et al. (1997) as a 'robust, recurring pattern of ocean-atmosphere 
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climate variability centered over the mid-latitude North Pacific basin'. As index they use 
the leading eigenvectors of North Pacific sea surface temperatures.  
The calibrated tree ring records (Figure 1b) were used to extend the PDO record in time 
(Figure 1c), allowing a comparison with other data for the decades before the calibration 
period. The trees do capture a major PDO reversal in the late 1800s observed in both 
instrumental data and other proxy records. There is a striking and significant 73-year 
periodicity in the PDO reconstruction (Figure 1d), present at varying amplitude 
throughout the millennium (Figure 1e).  

Integrated analyses 

Although abundant evidence for multidecade to century scale climate oscillations 
exists, few attempts have been made to examine relationships between these records. If 
the global climate system has a natural 50-100-yr oscillatory variation, clues to its 
dynamics should be expressed in statistical correlations among long-term climate-proxy 
records. Mann et al., (1995) compiled a climate-proxy data set for the last 500 years 
(Figure 2), which they analyzed using the MTM-SVD method for detecting unusual 
correlation of data sets at specified oscillatory frequencies.  MTM-SVD generates a 
frequency-dependent detection parameter, called the LFV spectrum. Figure 3 compares 
the LFV spectrum for (1) the sparse dataset of Mann et al (1995), (2) the global surface 
temperature dataset, and (3) a sparse set of summer surface temperature data chosen to 
match the coverage of the proxy data during the 20th century. The comparison indicates 
that the multiproxy data and the instrumental record have recorded similar oscillatory 
climate signals.  This encourages a similar analysis of longer multiproxy climate data 
series, at times earlier than can be studied using instrumental data, with a broad spatial 
network of proxy data.  

Of particular interest in Figure 3 is a "multidecadal" 50-70 year oscillatory signal 
described by Mann et al (1995), corresponding to the frequency range where the proxy-
instrumental comparison is most favorable. An "evolutive" version of the MTM-SVD 
spectrum shows evidence for a robust signal on this timescale in the data during the past 
few centuries (Figure 4).  The correlations of the multidecadal signal are global, but 
correlations appear strongest in the North Atlantic region, hinting at a dynamical cause.  
Recent evidence from model simulations and the Mann et al (1998; 1999) spatial 
temperature reconstructions shows dynamical consistency between (1) the paleoclimate 
record during the past few centuries, and (2) long control integrations of the GFDL R15 
and R30 coupled ocean-atmosphere model (Delworth and Mann, 2000), though the 
comparison is limited by the low level of resolved regional temperature variance in 
certain regions of the Mann et al reconstructions.  MTM-SVD offers an alternative 
description of the signal's spatial pattern: a coupled system with regional amplitude 
variations and time delays (Figure 5).  

We will apply an analogous approach in the proposed work, taking advantage of a 
proxy data set that is much larger, using statistical techniques that have been 
incrementally improved by us in recent years.  We plan to extend the climate proxy 
analyses to cover at least the period since AD 1000. We will also supplement the 
"evolutive" multivariate spectral analysis of Mann et al (1995) with a wavelet-based 
crosscorrelation analysis that Park and Mann (2000) developed to capture changes in the 
spatial pattern of ENSO in the 20th century. 
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Statement of research questions 
What multidecadal to century-scale climate fluctuation does a global multivariate 
analysis of the last 1000 years reveal?  What is the statistical confidence that these 
fluctuations are globally correlated, and not just random from place to place? 
What are the characteristic features of these fluctuations in space and time, in particular, 
how do they migrate spatially, and how do their periods fluctuate through time? 
How do the multidecadal to century-scale features of the instrumental period compare to 
those of the last 1000 years? In particular, does the 20th-century relationship between the 
~70 year fluctuation in the North Atlantic and multidecadal features elsewhere in the 
world extend into the past? Are mid-millennium changes in the multidecadal oscillations, 
inferred in western North America and its continental margin, expressed elsewhere? 
What might be reasonable physical explanations for the statistical correlations revealed in 
the planned proxy-data analyses? 
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We plan to use existing quality-controlled annual resolution proxy records valid 
for all or most of the last 1000 years, as there is reason to expect a change in behavior of 
the climate system about 500 years ago (Biondi et al., 2000, Hughes and Graumlich, 
1996). The records we use will be drawn from as many parts of the world as possible, and 
as representative of its different major regions and components as possible. We would 
also consider using records of decadal resolution if their age control is adequate for this 
task. In addition to a dependable chronology, these records must have a demonstrable 
relationship to local climate. There has been a considerable growth in the availability of 
such records since Mann et al. published their 1995 analysis, and increased care given to 
conserving multidecadal to century-scale fluctuations in their preparation (e.g. Hughes 
and Graumlich, 1996; Hughes and Funkhouser, 1998). We are at a late stage in 
assembling this data set for our work on reconstructing global temperature fields from 
natural archives (Mann, Bradley and Hughes, 1998) but had not planned to conduct the 
type of analyses proposed here as part of that work. We hope to take advantage of 
currently funded efforts to assemble a global database in this proposal to investigate past 
oscillatory climate fluctuations. We will screen the available data for those with annual to 
decadal resolution and chronological precision, evidence of a simple relationship to local 
climate, absence of distortion of 30-100-year time scale signal and coverage of all or 
most of the period AD 1000-2000. We will use proxy records of soil moisture, 
precipitation and other climate system variables, as well as temperature. Such an 
approach allows the examination of seasons and regions for which good temperature 
proxies are rare, and contributes to the capture of information on large-scale climate 
patterns, as demonstrated in our work on reconstructing hemispheric temperatures (see 
below). 

This approach will allow us to include newly available annual resolution data, 
including the latest millennial-scale dendroclimatic reconstructions (see Figure 6)  and 
ice core data (O-18, and chemical species) from Greenland (e.g.,Mayewski et al, 1994), 
the Canadian Arctic, low latitude sites and Antarctica which were not used in our prior 
work, and other sources of information with lower temporal resolution but long temporal 
coverage e.g. high resolution (varved) lacustrine and (varved or high deposition rate) 
sediment records (e.g., Keigwin, 1996), banded speleothems and  historical documentary 
data from China and Europe (e.g. Pfister, 1998).   

 
Quantitative methods. 

One approach to analyzing the complementary information in proxy climate 
indicators is to relate this information to the principal patterns of variability in the modern 
instrumental record.  Using a modern "calibration" between the instrumental record and 
proxy indicators, we propose to estimate large-scale climate patterns prior to the 
instrumental record.  This approach has been highlighted in the recent work of Mann, 
Bradley, and Hughes (Mann et al, 1998; 1999; in press; Bradley et al, in press), with 
applications to large-scale surface temperature pattern reconstruction (Mann et al, 
1998;1999), reconstruction of the ENSO phenomenon (Mann et al, 2000), the North 
Atlantic Oscillation (Mann, in press; Cullen et al, in press), multidecadal North Atlantic 
surface temperature patterns (Delworth and Mann, 2000), and patterns of forced climate 
variability (Mann et al, 1998;in press; Waple et al; accepted). Cross-validation 
experiments (Mann et al, 1998;1999) have demonstrated the considerable skill with 
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which it is possible to reconstruct the spatiotemporal patterns of past climate change 
using such an approach. The frequency-domain structure of these climate reconstructions 
has been examined (Mann et al, 1999; Delworth and Mann, 2000). However, the 
underlying approach, while optimal in terms of its  time domain properties, is not optimal 
in terms of its frequency-domain properties.  Climate signals often involve time delays 
between fluctiations in different regions and/or between different proxy indicators.  Such 
time delays are best analysed with frequency-domain methods at the level of the raw data 
series, because time delays correspond directly to phase-lags in the Fourier spectra.  The 
use of time-domain eigenvectors as an intermediary step offers no real advantages and 
can have deleterious side effects.  When the data contain an oscillatory climate signal 
with spatially propagating features (e.g. in a single El Nino event),  the associated time 
delays can be missed by a time-domain "eigenvector" reconstruction. See Mann and Park 
(1999) for a thorough discussion of this point.  

We propose to extend the work of Mann et al (1995), which applied the 
frequency-domain MTM-SVD method, using the considerably more widespread and 
longer proxy climate database that is now available (see previous paragraph and Mann et 
al, 1998;1999). These proposed investigations are synergistic with a currently NOAA-
funded proposal supporting the investigators' efforts to expand the multiproxy database 
for improved spatial pattern reconstructions, since these enhancements of the database 
will allow for improved analyses of frequency-domain structure.  Moreover, the 
frequency-domain approach lifts the restriction of annually-resolved proxy data which 
was required in the time-domain reconstructions of Mann et al (1998;1999). This may 
allow lower resolution (i.e. decadal) proxy indicators to supplement annual-resolution 
indicators in analyzing spatiotemporal oscillatory patterns of past climate variability. 

The MTM-SVD approach of Mann and Park is described in detail by Mann and 
Park (1994;1996;1999). It exploits the optimal properties of multiple taper spectral 
analysis (Thomson, 1982; Park et al 1987) in isolating narrowband patterns of climate 
variability that are statistically significant relative to the null hypothesis of spatially-
correlated colored climate noise. The use of multiple tapers allows for a spatiotemporal 
decomposition in the frequency-domain, so that weak oscillatory signals can be isolated 
from signals and noise at other time scales. This distinction relative to time-domain 
"eigenvector" methods provides a higher signal-to-noise ratio in the detection of 
narrowband spatiotemporal signals, and it allows for a flexible (and more realistic) null 
hypothesis to be invoked in signal detection. MTM-SVD produces a multivariate local 
fractional variance ("LFV") spectrum, which measures the relative dominance of the 
principal mode of spatiotemporal variability at a particular frequency. The random 
distribution of the LFV spectrum for white or colored noise, with or without regional 
spatial correlations, can be estimated via Monte Carlo methods. Using empirical 
confidence levels for nonrandomness, we can assess the statistical significance of a 
potential narrowband climate signal. The method also allows for the reconstruction of the 
spatial and temporal pattern of an associated signal.  We expect that the application of the 
MTM-SVD approach to the expanded multiproxy dataset will improve our understanding 
of how long-term climate signals evolve in space and time. Earlier in this proposal (see 
'Scientific background') we cite the example of the work of Mann et al, 1995, using this 
approach, as evidence of its potential.  With the more widespread proxy data set we are 
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now collating, we expect to capture far more of the spatiotemporal structure of past 
oscillatory climate variability. 

A "multiwavelet" generalization of the MTM-SVD method has recently been 
applied to the instrumental temperature record to study ENSO fluctuations in the 20th 
century (Park and Mann, 2000).  The "multiwavelet" analysis is similar to "evolutive" 
spectrum analysis. "Evolutive" MTM-SVD uses a fixed-duration time window that steps 
through a longer time series.  The "multiwavelet" SVD method allows the time window 
to stretch with the targeted oscillatory period, cross-correlating different data series over 
a fixed number of oscillations. The "multiwavelet" approach is suited for the analysis of 
climate signals, such as ENSO, that may remain spatially coherent over only a few 
cycles.  "Standard" MTM-SVD analyses of ENSO variability (Mann and Park, 1994; 
1996) found several closely spaced peaks in the LFV spectrum, but the spatiotemporal 
patterns of the distinct LFV peaks were not easy to unify into a dynamical description.  
Using wavelets, Park and Mann (2000) found that decade-long ENSO "episodes" could 
be isolated in the 20th century, each consisting of a few El-Nino/La-Nina cycles with 
similar spatiotemporal pattern.  The patterns of distinct "episodes", however, differed 
strongly, suggesting secular changes in ENSO.  In particular, cyclic fluctuations in 
global-average temperature were largest (0.40o-0.45oC) for ENSO cycles just prior to the 
1920-1940 and 1975-present secular increases in global-average temperature. In contrast, 
cyclic fluctuations in global-average temperature were near-zero for the ENSO cycles 
that concluded the 1920-1940 secular increase in global-average temperature.   Because 
ENSO is widely recognized as involving an exchange of heat between atmosphere and 
the tropical ocean, this behavior may indicate secular changes in the relative heat contents 
of the atmosphere and the shallow ocean. 

Evolutive spectrum analysis of multiproxy data (Mann et al 1995) suggests 
secular changes in the strength and period of multidecadal and century-scale climate 
signals over the last 500 years.  Changes in spatial patterns over time have not yet been 
investigated.  We propose to apply wavelet-based analysis tools to the longer and more 
complete multiproxy dataset now being assembled.  We expect that comparison of 
inferences from the MTM-SVD and multiwavelet analyses of the data will lead to more 
robust inferences regarding the spatial and frequency-domain character of past 
multidecadal climate variability. 

 
Interpretation and climatic implications 

Two main categories of explanation have so far been advanced for the existence 
of persistent, spatially coherent climate oscillations whose wavelength approaches the 
length of the instrumental record. In one, these oscillations are forced externally by 
changes in the quantity or nature of solar insolation. In the other, they result from the 
unforced natural variability of the climate system. Taylor et al. (1992) note 'a close 
correspondence between times of low sunspot activity and abrupt changes in the power 
spectrum observed?.' in tree-ring width chronologies from the Colorado Plateau. Stocker 
and Mysak (1992), on the other hand, use a two-dimensional ocean model to demonstrate 
that the 'thermohaline circulation of the Pacific-Atlantic basin may exhibit such cycles', 
and further describe the spatial expression of these cycles in their model in a manner that 
would allow testing against proxy data. By producing evidence of the global spatial 
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expression of these oscillations for a time period 10 to 14 times their length, we will 
provide opportunities for testing such hypotheses. 
 

Responsibilities 
The PI will be responsible for general oversight of the project, supervision of the 
postdoctoral fellow, and the coordination of publication of results. Drs. M. E. Mann and 
J. Park, through subcontracts to the University of Virginia and Yale University, will be 
responsible for the tasks that are the subjects of those subcontracts.  

Products  
The results of this work will be submitted for publication in relevant peer-reviewed 
journals. No new data will be generated, but where derived data are produced, they will 
be made available through World Data Center 'A' for Paleoclimatology. 

Benefits of proposed project to general public and scientific community  
The proposed project will provide insight into low frequency changes in the climate 
system that will underlie whatever anthropogenic changes take place in the future.  
Recognizing that both "natural" and anthropogenic changes can be expected in future is 
of great importance in anticipating the overall changes that may take place. 
Understanding the spatial and temporal expression of such changes in climate is an 
important goal to verify that model simulations have incorporated all relevant processes. 
With the release of the 2001 IPCC assessment, public interest in climatic change and 
media discussion of the various issues will be high and research on this project will be of 
direct relevance to public concerns over past and future climate changes. 
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From: Jeffrey Park
To: mann@multiproxy.evsc.virginia.edu
Cc: mhughes@ltrr.arizona.edu; park@dana.geology.yale.edu
Subject: anonymous ftp file
Date: Monday, November 20, 2000 1:32:27 PM

Mike,

the anonymous ftp file is now blessed with the figures.

ftp love.geology.yale.edu
cd pub/park/Multiwavelet
binary
get prop4.doc
quit

should be in Word97 format, fresh from Mac, unaltered by Sun.
If you have trouble with ftp, try to use secure-ftp software.
The absolute location of the file is
/home/ftp/pub/park/Multiwavelet/prop4.doc

Jeffrey

Here is the message we have about secure ftp:

NEWS (10/4/00):
                                         secure replacements for telnet and ftp
                                       are now available for the MAC and the PC.
                                            Telnet will be shut down soon,
                                    so you should install the new software ASAP. See
                                       ftp://ftp.geology.yale.edu/pub/downloads
                                         for README files and the software.
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From: Jeffrey Park
To: mhughes@ltrr.arizona.edu; mann@virginia.edu
Subject: try again
Date: Monday, November 20, 2000 1:32:28 PM

Dear Malcolm and Mike,

In the next email message is a WORD document based on the last proposal
draft that was sent to me.  If you do not receive it or cannot read it,
send email.

I have chewed the prose of the technical description to make the
sentences shorter and to intersperse time-series jargon with some
descriptive comments. I have also described the multiwavelet algorithm
by analogy to evolutive spectrum analysis and described its past
application to 20th century ENSO.  My changes are underlined in the
text, using WORD formatting.

Note that the take-home results of Mann et al (1995) were not spelled
out in the last text version.  Since we are proposing to apply the same
methodology to a larger dataset, I took a stab at writing a
reviewer-teaser.  Please feel free to modify.  Also, Mike should be the
final arbiter of what level of technical description is best suited for
getting the proposal a positive review.  My bias is to add sentences
that a non-specialist can latch onto.  You need to check that my
down-homisms, such as they are, have not introduced any naive statements
into the text.

Jeffrey

additional references in text:

Park, J., C. R. Lindberg and F. L. Vernon III, Multitaper spectral
analysis of high frequency seismograms, J. Geophys. Res., v92,
12675-12684, 1987.

Park, J. and M. E. Mann, Interannual temperature events and shifts in
global temperature: A multiwavelet correlation approach, Earth
Interactions, v. 4, online paper 4-001, 2000. PDF of accepted
manuscript at ftp://love.geology.yale.edu/pub/park/EI012/ei012final.pdf

Thomson, D. J., Spectrum estimation and harmonic analysis, IEEE
Proceedings, v70, 1055-1096, 1982.

Coming next:  prop3.doc in WORD97 format
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From: Jeffrey Park
To: mhughes@ltrr.arizona.edu; mann@virginia.edu
Subject: MSWORD document attached
Date: Monday, November 20, 2000 1:32:35 PM
Attachments: prop3.doc

----------
X-Sun-Data-Type: text
X-Sun-Data-Description: text
X-Sun-Data-Name: text
X-Sun-Charset: us-ascii
X-Sun-Content-Lines: 4

MSWORD document attached

----------
X-Sun-Data-Type: default
X-Sun-Data-Name: prop3.doc
X-Sun-Encoding-Info: uuencode
X-Sun-Content-Lines: 26559
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From: Michael E. Mann
To: srutherford@virginia.edu; mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu
Cc: mann@virginia.edu
Subject: revised multiproxy data and reconstructions
Date: Tuesday, January 23, 2001 1:48:47 PM

Dear all,

Scott and I are slowly making our way towards being ready to attempt a
revised set of reconstructions. We have finished up the methodology project
w/ the GFDL folks, and working on wrapping up the comparisonss w/ Tim
Osborn of their reconstrutions w/ ours. Next project in the pipeline is (a)
experiments w/ synthetic proxy data using the revised methodology
(including perhaps a frequency-dependent calibration approach) and (b)
revised reconstructions
using the expanded data base. I expect that Scott and I will get around to
(b) late this spring, so in the meantime we should be data gathering. Scott
should probably be in touch w/ Malcolm at this point regarding the
revised/expanded tree ring data base.

Malcolm: I'm think we should also add the data that Franco Biondi and
colleagues used in this recent paper:

http://web.ngdc.noaa.gov/paleo/pubs/biondi2001/biondi2001.html

Looks like (scott) we can download directly from the NOAA site. THoughts,
comments?

cheers,

mike

http://web.ngdc.noaa.gov/paleo/pubs/biondi2001/biondi2001.html
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Raymond S. Bradley
To: Michael E. Mann
Cc: mhughes@ltrr.arizona.edu
Subject: Re: revised multiproxy data and reconstructions
Date: Tuesday, January 23, 2001 4:16:46 PM

OK--I'm starting to get together a list of potentially useful non-tree data
sets and will pursue sources over the next few weeks
ray

Raymond S. Bradley
Professor and Head of Department
Department of Geosciences
University of Massachusetts
Amherst, MA 01003-5820

Tel: 
Fax: 
Climate System Research Center: 
Climate System Research Center Web Page:
<http://www.geo.umass.edu/climate/climate.html>
Paleoclimatology Book Web Site (1999):
http://www.geo.umass.edu/climate/paleo/html
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From: Michael E. Mann
To: Raymond S. Bradley
Cc: Michael E. Mann; mhughes@ltrr.arizona.edu; srutherford@virginia.edu
Subject: Re: revised multiproxy data and reconstructions
Date: Tuesday, January 23, 2001 5:56:36 PM

Thanks Ray,

That sounds good...

mike

At 06:16 PM 1/23/01 -0500, Raymond S. Bradley wrote:
>OK--I'm starting to get together a list of potentially useful non-tree data
>sets and will pursue sources over the next few weeks
>ray
>
>
>Raymond S. Bradley
>Professor and Head of Department
>Department of Geosciences
>University of Massachusetts
>Amherst, MA 01003-5820
>
>Tel: 
>Fax: 
>Climate System Research Center: 
>Climate System Research Center Web Page:
><http://www.geo.umass.edu/climate/climate.html>
>Paleoclimatology Book Web Site (1999):
>http://www.geo.umass.edu/climate/paleo/html
>
>
>
>
>
_______________________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.html             
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From: drdendro@ldeo.columbia.edu
To: mark.eakin@noaa.gov; jcole@geo.arizona.edu; woodhous@ngdc.noaa.gov; mevans@fas.harvard.edu;

alexeyk@ldeo.columbia.edu; druidrd@ldeo.columbia.edu; mhughes@ltrr.arizona.edu;
drdendro@ldeo.columbia.edu; mann@virginia.edu; russell.vose@noaa.gov

Subject: RE: Re: CCDD proposal
Date: Thursday, March 01, 2001 4:41:58 PM

.gov>, "rwebb@cdc.noaa.gov" <rwebb@cdc.noaa.gov>, "mcane@ldeo.columbia.edu"
<mcane@ldeo.columbia.edu>, "david.easterling@noaa.gov" <david.easterling@noaa.gov>,
"dma@luna.ngdc.noaa.gov" <dma@luna.ngdc.noaa.gov>, "tcrowley@ocean.tamu.edu"
<tcrowley@ocean.tamu.edu>, "dunbarro@nbp.polar.org" <dunbarro@nbp.polar.org>,
"tom.delworth@noaa.gov" <tom.delworth@noaa.gov>, "dunbar@stanford.edu"
<dunbar@stanford.edu>, "dstahle@comp.uark.edu" <dstahle@comp.uark.edu>, "kew@cdc.noaa.gov"
<kew@cdc.noaa.gov>
Reply-To: drdendro@ldeo.columbia.edu
X-Priority: 3
X-MSMail-Priority: Normal
Content-Transfer-Encoding: Quoted-Printable
MIME-Version: 1.0
Content-Type: text/plain;
        charset="iso-8859-1"
X-Mailer: JMail 3.7.0 by Dimac (www.dimac.net)
Message-Id: <200103011841205.SM01608@m2w041>

Hi Mark,

Given that the CCDD proposal has apparently been shunted over to ESH, I think that it is time to pull
the plug on it. I f=
ully understand your good intentions and support them in a conceptual/scientific way, but the funding
situation in ESH is=
 very weak now. If NSF decides to pull back support from ESH because of this proposal, the program
will collapse, leaving=
 many scientists like myself without a future source of funding. Obviously, this would be disasterous for
us and paleo in=
 general. Unless you can prove that all funding to support the CCDD proposal would come from money
independent of ESH, I =
can not see how it can proceed without doing significant harm to the ESH program. I am sorry it has all
worked out this w=
ay.

Regards,

Ed

Original Message:
-----------------
From: Mark Eakin Mark.Eakin@noaa.gov
Date: Thu, 01 Mar 2001 08:37:34 -0700
To: jcole@geo.arizona.edu, woodhous@ngdc.noaa.gov, mevans@fas.harvard.edu,
alexeyk@ldeo.columbia.edu, druidrd@ldeo.columb=
ia.edu, MHUGHES@ltrr.arizona.edu, drdendro@ldeo.columbia.edu, mann@virginia.edu,
Russell.Vose@noaa.gov, rwebb@cdc.noaa.go=
v, mcane@ldeo.columbia.edu, David.Easterling@noaa.gov, dma@luna.ngdc.noaa.gov,
tcrowley@ocean.tamu.edu, dunbarro@nbp.pola=
r.org, Tom.Delworth@noaa.gov, dunbar@stanford.edu, dstahle@comp.uark.edu, kew@cdc.noaa.gov
Subject: Re: CCDD proposal

Julie, and others:
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The proposal was submitted to the NOAA Climate Change Data and Detection
program element, the part of OGP in which the paleo funding now resides.
In discussing this with Chris Miller and Tom Karl, it was preferable to
submit the proposal directly to CCDD rather than Paleo so that it could
be considered with other CCDD proposals.  It was not an ESH proposal.
That is why we worked to submit it last fall, rather than waiting for
the ESH deadline.  My understanding was that OGP program managers would
consider funding it with a combination of funds from both paleo and the
general CCDD budget.  In other words, it may influence the NOAA
contribution to ESH, but would include access CCDD funds as well.  I did
encourage Chris Miller to be sure to coordinate the review with Dave
Verardo.

I just heard last Friday from Malcolm that NOAA was considering moving
funding for this proposal and the other paleo-related CCDD proposals
from CCDD into ESH.  I was awaiting a copy of his e-mail that I just
received yesterday before moving forward.  From Malcolm's information
(from Bill Murray) it appears that all of the paleo-related proposals
were moved to ESH.  However, I have not yet had a chance to speak with
either Chris Miller, Bill Murray or Dave Verardo.

I am not happy with the apparent situation either.  I intend to find out
what is going on and let all of you know.  However, at this point I do
not have enough first hand information to recommend a course of action.
I do recommend that we find out all of the facts before rushing to
judgment.  I will keep you informed.

Cheers,
Mark

Julia Cole wrote:

> Dear Mark,
>
> I've been talking with Malcolm and others about the situation
> regarding our CCDD submission and how it may get funded. I'm very
> troubled by what I hear. It sounds like we (and a few other, much
> smaller, proposals) have triggered something of a firestorm between
> OGP and NSF (ESH) on paleo funding. I understand that Dave Verardo
> was (is?) considering pulling the plug on high-resolution paleo
> funding from ESH (more than NOAA's contribution) as a consequence.
>
> ESH is absolutely critical to this community, and high-resolution
> paleo studies have no other stable funding source outside ESH.
> Keeping this component strong - and in NSF - is so obviously in the
> community's best interest. I don't foresee NOAA maintaining a strong
> and dedicated commitment to this area outside of ESH. By partnering
> with NSF, NOAA obviously has significant leverage in keeping
> high-resolution paleo a national science priority.
>
>  From what I have heard, it seems that ESH may well be the funding
> source for our proposal, either through NOAA money that would NOT get
> sent to ESH or through outright management by NSF and ESH. I agreed
> to add my name on this proposal thinking it was going to tap an
> independent source for paleo funds. I am not interested in
> participating in this proposal if it in any way affects the
> contribution of NOAA money to ESH, if it goes to ESH for
> consideration, or if it continues to fuel the discord between NOAA
> and NSF on this issue.
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>
> I don't pretend to speak for anyone but myself here, but you must
> realize that paleo scientists depend on ESH for the kinds of
> proposals that are the backbone of our lab and field support. Many of
> us have such proposals now pending at ESH. As you know, ESH is not
> exactly flush this year. Competing with ourselves, with an expensive
> proposal that includes minimal actual science, is a bad strategy and
> I want no part of it.
>
> I think at the least, you need to bring us up to date with what's
> going on. If it's as bad as it sounds, your co-PI's deserve the
> chance to rethink their involvement in this proposal.
>
> Thanks,
> Julie
>
> __________________________________
> Dr. Julia Cole
> Dept. of Geosciences
> Gould-Simpson Bldg.
> 1040 E. 4th St.
> University of Arizona
> Tucson AZ   85721
>
> phone 520-626-2341
> fax 520-621-2672
> __________________________________

--
C. Mark Eakin, Ph.D.
Chief of NOAA Paleoclimatology Program and
Director of the World Data Center for Paleoclimatology

NOAA/National Geophysical Data Center
325 Broadway E/GC
DSRC 1B139
Boulder, CO 80305-3328
Voice: 303-497-6172                       Fax: 303-497-6513
Internet: mark.eakin@noaa.gov
http://www.ngdc.noaa.gov/paleo/paleo.html

--------------------------------------------------------------------
Mail2Web - Check your email from the web at
http://www.mail2web.com/ .

ABOR/MH/Priv-004453



From: drdendro@ldeo.columbia.edu
To: mark.eakin@noaa.gov; jcole@geo.arizona.edu; woodhous@ngdc.noaa.gov; mevans@fas.harvard.edu;

alexeyk@ldeo.columbia.edu; druidrd@ldeo.columbia.edu; mhughes@ltrr.arizona.edu;
drdendro@ldeo.columbia.edu; mann@virginia.edu; russell.vose@noaa.gov

Subject: RE: Re: CCDD proposal
Date: Friday, March 02, 2001 4:34:22 PM

.gov>, "rwebb@cdc.noaa.gov" <rwebb@cdc.noaa.gov>, "mcane@ldeo.columbia.edu"
<mcane@ldeo.columbia.edu>, "david.easterling@noaa.gov" <david.easterling@noaa.gov>,
"dma@luna.ngdc.noaa.gov" <dma@luna.ngdc.noaa.gov>, "tcrowley@ocean.tamu.edu"
<tcrowley@ocean.tamu.edu>, "dunbarro@nbp.polar.org" <dunbarro@nbp.polar.org>,
"tom.delworth@noaa.gov" <tom.delworth@noaa.gov>, "dunbar@stanford.edu"
<dunbar@stanford.edu>, "dstahle@comp.uark.edu" <dstahle@comp.uark.edu>, "kew@cdc.noaa.gov"
<kew@cdc.noaa.gov>
Reply-To: drdendro@ldeo.columbia.edu
X-Priority: 3
X-MSMail-Priority: Normal
Content-Transfer-Encoding: Quoted-Printable
MIME-Version: 1.0
Content-Type: text/plain;
        charset="iso-8859-1"
X-Mailer: JMail 3.7.0 by Dimac (www.dimac.net)
Message-Id: <200103021832290.SM01240@m2w043>

Hi Mark et al.,

Your latest email was very useful, although it is still clear that we really don't know what is going on
w.r.t. our propo=
sal to CCDC and ESH. Personally, I think that a workshop organized through NOAA/NSF/UCAR is the
way to go, with no money =
going directly to any institutions. This way a lot of overhead money is saved. In addition, it is usually
possible to get=
 workshop money directly from program managers without going through what we are now. There is
very little to be gained b=
y the way the proposal is organized now with subcontracts to institutions. I don't benefit at all by it in
any direct mon=
etary sense, while Columbia skims off 53% of the money in overhead. That doesn't seem very cost
effective to me. So, a wo=
rkshop is the way to go in my opinion.

Cheers,

Ed

--------------------------------------------------------------------
Mail2Web - Check your email from the web at
http://www.mail2web.com/ .
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From: Michael E. Mann
To: Jeffrey Park
Cc: mhughes@ltrr.arizona.edu; mann@virginia.edu
Subject: Re: NOAA/NSF proposal, or wherever it ended up
Date: Wednesday, May 02, 2001 11:56:06 AM

Hey Malcolm,

Can you update Jef on what you've heard? Thanks,

mike

O e hn Wed, 2 May 2001,
Jeffrey Park wrote:

>
> Mike,
>
> Are we still waiting for news on the paleoclimate proposal we submitted
> long ago?  NSF is dragging its feet on my proposals to other panels, so
> I would not be surprised.  Seems that the new administration prefers
> faith-based science to NSF.
>
> Jeffrey
>

_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Jeffrey Park
To: mann@multiproxy.evsc.virginia.edu; mhughes@ltrr.arizona.edu
Cc: park@hess.geology.yale.edu
Subject: Re: NOAA/NSF proposal, or wherever it ended up
Date: Wednesday, May 02, 2001 1:20:10 PM

Thanks for the update.  Hope to communicate about *science* eventually.
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu
Subject: Chris Miller"s email
Date: Wednesday, May 02, 2001 2:07:23 PM

>Date: 30 Apr 2001 09:41:48 -0700
>From: Chris Miller <miller@ogp.noaa.gov>
>Subject: Update
>To: <mann@multiproxy.evsc.virginia.edu>
>X-Mailer: QuickMail Pro 2.1 (Mac)
>Reply-To: Chris Miller <miller@ogp.noaa.gov>
>X-MIME-Autoconverted: from quoted-printable to 8bit by
>multiproxy.evsc.Virginia.EDU id JAA04626
>
>Mike, I very much enjoyed my stay in Charlottesville.  It was definitely a
>worthwhile workshop - I learned quite a lot. Congratulations on a
>successful event.
>
>With respect to your project, you have a Progress Report due for the
>second year activities in June (for a re-start on Sep. 1). When I get it,
>I can prepare the paperwork for next year's funding and get it into Grants
>Management.
>
>On the June meeting: I will be working up an agenda and may schedule your
>tutorial on the afternoon of the first day (title: The Science and
>Practice of Paleoclimatology?). I will send you a version of the agenda as
>soon as I have a draft.
>
>Best, Chris

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
          http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: Malcolm K. Hughes
Cc: mann@virginia.edu; park@hess.geology.yale.edu
Subject: Re: Fwd: Re: Proposal
Date: Thursday, May 03, 2001 10:26:47 AM

Thanks Malcolm,

Great news! I'll be up at Yale in early Novembefr for a symposium for my
adviser, Barry Saltzman, who sadly passed away a few months ago.

THat would be a good time for Jeff and me to find some time to sit down
and start discussing strategy at our end.

Talk to you,

mike

On Thu, 3
May 2001, Malcolm K. Hughes wrote:

> Mike and Jeff - some good news! Malcolm
>
> ----- Forwarded message from Chris Miller <miller@ogp.noaa.gov> -----
> Date: 03 May 2001 10:15:49 -0700
> From: Chris Miller <miller@ogp.noaa.gov>
> Reply-To: Chris Miller <miller@ogp.noaa.gov>
> Subject: Re: Proposal
> To: "Malcolm K. Hughes" <mhughes@ltrr.arizona.edu>
>
> Malcolm, I enjoyed our get-together. We'll have to do it again.
>
> Your proposal reviewed favorably and we would like to fund it. However, funds
> this year are very tight. I propose that it be carried over to next year and we
> guarantee (subject to Congress cutting our budget) funding at that time. This
> would mean a  formal start date "approximately" in December (I need to talk with
> our grants person before I commit to a specific date and she is out today). PIs
> can start to spend 90 days before this formal date if their universities are
> willing to take a risk that there will be no problem with the processing of the
> grant.
>
> Hope this helps.
>
> Chris
>
> On Wednesday, May 2, 2001 2:05 PM, Malcolm K. Hughes <mhughes@ltrr.arizona.edu>
> wrote:
> >Dear Chris - it was a pleasure to meet you at the Charlottesville workshop. You
> >    mentioned that we (myself, Mike Mann and Jeff Park) should be hearing
> >something soon about our proposal to CCDD from last Fall. I am currently trying
> >to do some  planning concerning hiring students and post-docs, and I wondered
> if
> >you could  give me any idea of when there will be an outcome from that
> proposal.
> >Many thanks, Malcolm Hughes
> >
> >
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> >
> >Professor Malcolm K. Hughes
> >Laboratory of Tree-Ring Research
> >W.Stadium 105
> >University of Arizona
> >Tucson, AZ 85721
> >phone 520-621-6470
> >fax 520-621-8229
> >
>
>
>
> ----- End forwarded message -----
>
>
>
> Professor Malcolm K. Hughes
> Laboratory of Tree-Ring Research
> W.Stadium 105
> University of Arizona
> Tucson, AZ 85721
> phone 520-621-6470
> fax 520-621-8229
>

_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Jeffrey Park
To: mhughes@ltrr.arizona.edu; mann@multiproxy.evsc.virginia.edu
Subject: Re: Fwd: Re: Proposal
Date: Thursday, May 03, 2001 10:32:38 AM

Malcolm, Mike,

Ditto on the great news.  Im looking forward to wrestling with
paleoclimate data again.

Jeffrey
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From: Michael E. Mann
To: Scott Rutherford; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Cc: mann@virginia.edu
Subject: summary
Date: Sunday, August 26, 2001 9:39:21 AM

Dear All:

I thought it would be helpful for me to summarize our project-related
priorities for the remainder of the term of the ESH proposal (basically,
the remaining year). I plan to try to submit a renewal of the proposal late
this Fall (perhaps U.Va w/ subcontracts to the other institutions?).
Interested in what you all think the best strategy for that is at present.
NSF ESH and NOAA CCDD are already tremendously oversubscribed, so where do
we go?

cheers,

mike

______________

Project Priorities:

1) revised J. Climate modeling paper, send off to GFDL co-authors, return
to editor w/ explanation of changes made [chief responsibility: Scott]
2) finalize GRL paper on Pseudoproxies, send off to GRL [chief
responsibility: Mike]
3) finalize results and draft of Rutherford et al proxy reconstruction
dataset intercomparison paper (I forget where we were planning on
submitting this Scott?] [chief responsibility: Scott]--send to all
co-authors (Bradley, Hughes, Osborn, Jones, Briffa) for comments.
4) contact Tim Osborn about companion methods intercomparison paper [chief
responsibility: Scott and Mike]
5) longer pseudoproxy paper using GFDL control and forced model results
[chief responsibility: Mike]
6) assimilate revised combined low-res/high-res global multiproxy network
[chief responsibilities: Malcolm, Ray in close communication w/ Scott & Mike]
7) perform revised global seasonal and annual surface temperature
reconstructions [chief responsibility: Scott]
8) perform large-scale SLP and continental drought reconstructions [cheif
responsibility: Mike w/ assistance from Zhang and Scott]

How does this all sound. Its a lot to try to do in a year, but most of this
stuff is done or in progress. The main thing is assimilating the new data
set...

Please let me know if any comments or questions. Thanks,

mike

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
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         http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: Connie Woodhouse
Cc: Scott Rutherford; Malcolm Hughes; Ray Bradley; Henry Diaz; mann@virginia.edu
Subject: Re: 19th century proposal
Date: Wednesday, December 19, 2001 11:45:27 AM

Hi Connie,

I'm just starting to work on our proposal. I've taken the liberty of cc'ing
Malcolm, Ray, and Scott on this email (the co-PIs on our prospective
proposal) as well as Henry so we can start to get some dialogue/ideas
flowing, since AGU wasn't as convenient as I'd hoped for getting us all
together to discuss...

Just to clarify, the proposal you're talking about is to support a meeting
on the 19th century reconstruction work, and that is going to NOAA CCDD,
right? I'm trying to remember what you and Henry had said about this...

Our currently funded ESH proposal provides for doing a set of revised
seasonal and annual mean reconstructions using all available proxy data,
including considerably expanded networks of 19th century data such as Ed's
PDSI (which we can include because we're using a split frequency-domain
calibration, so we can use indicators that may not retain much
low-frequency variability without degrading the low-frequency component
calibration), the Briffa et al data, etc. That work is in progress right
now (and presumably will be "delivered" as promised, by the termination of
our current proposal). The surface temperature reconstructions are still on
a 5x5 grid, but more of the globe is covered because we've used infilling
techniques to fill in more area than was covered in MBH98. Scott
(Rutherford) is actually the one performing much of this work. My personal
feeling is that anything further beyond this will be somewhat diminishing
returns as far as global gridded surface temperature reconstructions. There
is much more to be done on the SLP reconstruction front (which we are
leaving for the next proposal), and more to be done even w/ temperature at
smaller regional scales (e.g. North America) during the 19th century where
there is much more possible data available (ie, what you guys are doing).
So I think that the real emphasis in terms of the cross-referencing of our
efforts should be on the potential merging of that data w/ the other
instrumental/historical sources that you, Cary, and Henry have been talking
about, which is largely only possible during the 19th century. We can
cross-refer to each others proposals as complementary--we're trying to do
global reconstructions using everything currently available, without
focusing on any one particular century or region. Whereas, you're talking
more about North America during the 19th century. During the 19th century,
we could use our SST reconstructions to force an atmospheric GCM (as you
and Henry have mentioned) and try to cross-validate against independent
terrestrial information available over North America (e.g., the new
instrumental and historical records you guys are assimilated together).

Feedback from all appreciate at this point.

Thanks,

mike

At 10:49 AM 12/19/01 -0700, you wrote:
>Hi Mike,
>
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>I'm working on a draft of a preliminary proposal for the 19th century
>climate project you, Henry, and I talked about last week.  I wanted to
>put in something about how we will build upon the work of Mann et al.,
>thinking we'd have the Earth Interactions gridded reconstructed
>temperature dataset/tools as part of this 19th century database.  I know
>you are applying for another round of funding, and I'm wondering if some
>of what you are planning to do would be worth us mentioning, or if it
>will be more or less a continuation of the original work.  Are you going
>to stick with the 5x5 grid?  Add any new data for the reconstructions?
>
>Actually what might be interesting to do would be to regenerate the
>temperature reconstructions for the 19th century using all available or
>the best 19th available century proxy data.  I asked Ed about doing this
>with the PDSI and he thought it would be worth doing.  If you are
>interested in that and think it wortwhile, this might be something we
>could incorporate into the project at some point.
>
>thanks!
>
>Connie
>
>--
>Connie Woodhouse
>NOAA Paleoclimatology Program
>325 Broadway  E/GC
>Boulder, CO  80305
>USA
>
>tel: (303) 497-6297
>fax: (303) 497-6513
>e-mail: Connie.Woodhouse@noaa.gov
>   or  woodhous@ngdc.noaa.gov

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: Neal Grandy
Cc: Ray Bradley; Malcolm Hughes; Scott Rutherford; mann@virginia.edu
Subject: ESH proposal for Jan 15th
Date: Wednesday, December 19, 2001 12:51:11 PM

Dear Folks:

Neal Grandy is our grants administrator extraordinaire here in the U.Va
Env. Sci dept.

I wanted to give Neal a heads up in advance on the ESH proposal we're
putting in with a Jan 15th deadline:

http://www.nsf.gov/pubs/2002/nsf02005/nsf02005.pdf

I'm planning on having the proposal finalized within one week of that date
at the latest, so we can safely get the paperwork through the U.Va system.
I should have a draft/outline sent off to you by the end of the week, so we
start to iterate towards a final version.  I'm hoping to meet w/ Ray and
Scott in Amherst on Jan 6th to make any final changes, and then submit when
I return to U.Va a couple days later.

The proposal will involve 3 institutions:  U.Va (primary), U.Mass and U.
Arizona. I believe that the appropriate way to do this is as a
"collaborative" proposal, with the actual proposal being submitted at the
U.Va end, but separate budget/coversheets from the other two institutions.

The budget would be for 3 years. At the U.Va end,  I'm looking for 2
mo/year summer salary, 3 years x 50% calender year post-doc support (for
Scott), a graduate student, new PC, travel and pubs.

We should try to get a preliminary budget. My guess is that this will come
out cheaper than last time, hopefully making us eminently fund-worthy...

Any advice/suggestions as we proceed w/ getting this together is much
appreciated,

thanks,

mike

p.s. If for some reason we don't get funded, we should know in time for the
July NOAA CCDD deadline, so it makes sense to apply to ESH in any case...

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: Henry Diaz
Cc: Michael E. Mann; srutherford@virginia.edu; mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu;

Connie.Woodhouse@noaa.gov; Anne.Waple@noaa.gov; MockCJ@gwm.sc.edu
Subject: Re: 19th century proposal
Date: Friday, December 21, 2001 7:45:29 AM

Thanks Henry,

This all sounds very good--I think this meshes nicely w/ what we are
proposing. I'm looking forward to the AVL meeting,

mike

At 09:22 PM 12/20/01 -0700, Henry Diaz wrote:
>  Hi Mike -
>
>   Beyond the comments that Connie sent you yesterday, I would only add
> that my view of the 19th C project is that its goal is mainly to create a
> best guess estimate of the climate of the contiguous US (plus whatever
> other parts of N. Am. are suitable) based on all of the instrumental,
> historical, and paleo-proxys (mostly tree rings) we can bring to bear at
> the highest temporal resolution possible--ideally on seasonal time
> scales. Methodologies, collaborators, etc. will be defined at some future
> date, but principally arising out of the meeting in AVL that we hope to
> organize with Anne's help. I think Tom Karl is quite enthusiastic about
> the prospects. I also think that there will be substantial overlap,
> insofar as the development of certain data set merging techniques, with
> the project that you're thinking of submitting to NSF or elsewhere.
>
>   I see this project more as an opportunity to collaborate on some
> interesting science. We'll have a chance to discuss specifics in AVL, at
> which time our own project document should be fairly well finalized.
>
>    Enjoy the Holidays!
>
>    Henry
>
>----------------------------------
>>Hi Connie,
>>
>>I'm just starting to work on our proposal. I've taken the liberty of
>>cc'ing Malcolm, Ray, and Scott on this email (the co-PIs on our
>>prospective proposal) as well as Henry so we can start to get some
>>dialogue/ideas flowing, since AGU wasn't as convenient as I'd hoped for
>>getting us all together to discuss...
>>
>>Just to clarify, the proposal you're talking about is to support a
>>meeting on the 19th century reconstruction work, and that is going to
>>NOAA CCDD, right? I'm trying to remember what you and Henry had said
>>about this...
>>
>>Our currently funded ESH proposal provides for doing a set of revised
>>seasonal and annual mean reconstructions using all available proxy data,
>>including considerably expanded networks of 19th century data such as
>>Ed's PDSI (which we can include because we're using a split
>>frequency-domain calibration, so we can use indicators that may not
>>retain much low-frequency variability without degrading the low-frequency
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>>component calibration), the Briffa et al data, etc. That work is in
>>progress right now (and presumably will be "delivered" as promised, by
>>the termination of our current proposal). The surface temperature
>>reconstructions are still on a 5x5 grid, but more of the globe is covered
>>because we've used infilling techniques to fill in more area than was
>>covered in MBH98. Scott (Rutherford) is actually the one performing much
>>of this work. My personal feeling is that anything further beyond this
>>will be somewhat diminishing returns as far as global gridded surface
>>temperature reconstructions. There is much more to be done on the SLP
>>reconstruction front (which we are leaving for the next proposal), and
>>more to be done even w/ temperature at smaller regional scales (e.g.
>>North America) during the 19th century where there is much more possible
>>data available (ie, what you guys are doing).
>>So I think that the real emphasis in terms of the cross-referencing of
>>our efforts should be on the potential merging of that data w/ the other
>>instrumental/historical sources that you, Cary, and Henry have been
>>talking about, which is largely only possible during the 19th century. We
>>can cross-refer to each others proposals as complementary--we're trying
>>to do global reconstructions using everything currently available,
>>without focusing on any one particular century or region. Whereas, you're
>>talking more about North America during the 19th century. During the 19th
>>century, we could use our SST reconstructions to force an atmospheric GCM
>>(as you and Henry have mentioned) and try to cross-validate against
>>independent terrestrial information available over North America (e.g.,
>>the new instrumental and historical records you guys are assimilated together).
>>
>>Feedback from all appreciate at this point.
>>
>>Thanks,
>>
>>mike
>----------------------------------------
>
>--
>Henry F. Diaz
>NOAA/OAR/CDC
>325 Broadway
>Boulder, CO USA 80303
>
>Office ph. (303) 497 6649
>Fax. (303) 497 7013
>e-mail: hfd@cdc.noaa.gov
>

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: Scott Rutherford
Cc: mann@virginia.edu; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Subject: ESH proposal
Date: Monday, December 31, 2001 3:11:21 PM
Attachments: nsf-esh02.doc

Dear Scott (et al):

I won't blame you if you don't even look at this email until tomorrow.
However, I wanted to get this in your court as soon as possible to give us
as much of a head start in finalizing this as possible.

Attached is a (rough) draft of the proposal.

A fair amount of work still needs to be done. I have put place-holders
and/or captions for figures that I have in mind to show, but we can include
the actual figures later (better to keep the document small while we
iterate). The important thing is to get a sense of the over all strategy
and emphasis I'm proposing, so you can provide any feedback on the big
picture as soon as possible.

I'm requesting that Scott act from here on as the coordinator (Scott:
please let me know if this is a problem). Scott can incorporate subsequent
changes and comments, both his and yours, into one central copy of the
proposal, and deal w/ format issues, etc. Scott: I'm forwarding you
separately the NSF proposal format guidelines. We need to coordinate w/
Neal Grandy (nrg2p@virginia.edu) regarding budgets & statements of work,
etc., and need to get our CVs and C&Ps together in a format acceptable by
NSF Fastline (best to get these to Scott in the form of word files, and let
Scott render these in appropriate pdf format--NSF is very particular about
which pdf documents are and are not acceptable (I've forwarded a relevant
email).

I will forward the various emails/letters I get form collaborators to Scott
to be included in our proposal. As I see it, we need to have this in
close-to-final-shape by next sunday (when I'm hoping that Ray, Scott, and I
can meet in Amherst: Ray, Scott--does this work???), so we can finalize the
paperwork and get the budgets in on time, etc.

Please let me know if any question/comments.

Happy New Year,

Mike

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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PROJECT SUMMARY 
 

Reconstruction and Analysis of Patterns of Climate Variability Over the Past Couple 
Millennia 

 
The proposed work extends past research employing a global database of multiproxy climate indicators in 
annual and seasonal paleoclimate reconstructions. A variety of analyses and model/data comparisons will 
be performed to allow additional insight into the patterns, mechanisms, and forcings governing climate 
variability and change over the timeframe of the past one-to-two millennia . The proposed activities 
exploit existing collaborations with other researchers engaged in complementary work in the areas of 
empirical paleoclimate reconstruction and paleoclimate modeling. The emphasis of the proposed work is 
three-fold: 

1) Continued testing and refinement of paleoclimate reconstruction methodologies. This involves the 
testing of alternative climate field reconstruction (CFR) strategies using networks of 'Pseudoproxies'. 
Current experiments based on pseudoproxy data networks diagnosed from a resampling of the available 
instrumental record will be extended by resampling surface temperature fields from long integrations of 
state-of-the art coupled models (in collaboration with T. Delworth of GFDL). These integrations will 
include the effects of both unforced and forced (e.g. volcanic and solar) variability, to provide a 
reasonably faithful representation of century and multi-century natural variability prior to anthropogenic 
influence. Through the use of realistic surrogates for actual proxy data, these latter analyses will provide 
estimates of the long-term fidelity of currently used paleoclimate reconstruction techniques on timescales 
longer than can be resolved in cross-validation experiments using the instrumental record. 

2) Multiproxy reconstructions of large-scale seasonal atmospheric circulation patterns.  Specifically, this 
involves the application of current CFR methodologies and available multiproxy data networks to the 
reconstruction of patterns of Sea Level Pressure (SLP) over the past few centuries. These reconstructions 
will be compared to the latest available seasonal surface temperature reconstructions, as well as existing 
continental drought reconstructions (in collaboration with Cook of Lamont/Columbia and Woodhouse of 
NOAA/CIRES) for insights into the oceanic and atmospheric dynamics underlying climate variability 
over the past few one-to-two millennia.  Various indices of SST (e.g., the "PDO" and Nino3) and 
atmospheric (e.g., the NAO/AO) variability will be used for inferences regarding mechanism of climate 
variability and to strengthen long-term detection/attribution exercises (e.g. as in Braganza et al, 2001; 
Covey et a, 2001; Crowley, 2000). 

3) Systematic investigation of mechanisms and forcings of past climate variability. These investigations 
will make use of both the climate indices discussed above and the full spatial information available in the 
reconstructions. A detailed analysis of the reconstructed patterns of climate variability in the North 
Atlantic sector will be undertaken (these activities are synergistic w/ a NOAA-funded grant to reconstruct 
the AO/NAO index with E. Cook and R. D'Arrigo of Lamont/Columbia) such as the NAO and related 
patterns of decadal variability, exploiting the enhance fidelity of  low-frequency variability expected in 
the most recent/proposed seasonal surface temperature and SLP reconstructions. These more resolved 
reconstructions should allow for direct comparisons with the predictions of the forced response of the 
North Atlantic atmospheric circulation and impacts on the thermohaline circulation (in collaboration with 
D. Shindell and G. Schmidt of NASA/GISS and T. Delworth of GFDL). Previous model/data 
comparisons of forced large-scale climate variability have focused on global energy balance balances 
(e.g., Crowley, 2000) which do not resolve certain important tropical coupled-ocean atmosphere 
processes. We this limitation in mind, we intend to focus on the additional possible response of tropical 
ocean-atmosphere dynamics,  through comparisons of observed tropical variability with forcing 
experiments employing the Cane-Zebiak model of tropical coupled ocean-atmosphere dynamics (in 
collaboration w/ M. Cane, LDEO).  
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PROJECT DESCRIPTION
Reconstruction and Analysis of Patterns of Climate Change During the Past Two Millennia

Results from prior NSF support

Patterns of Organized Climatic Variability: Spatio-Temporal Analysis of Global Distributed

Climate Proxy Records and Long-term Model Integrations

Grant ESH ATM-9626833[
4/1/96 - 3/31/98. $178,730,~P.L: R~S\ Bradley. c<>"invek"iga"tors:"ME. Mann. M.K. Hughes"

__ „ - -f Comment [MEM1]: Number Ray? ]

The goal of this study was to assimilate a global database of high-resolution (annual or seasonal) proxy

climate indicators which could be used to describe patterns of climate variability during the past several

centuries. Once assimilated, these data were calibrated against modem instrumental surface temperatures

to yield estimated patterns of surface temperature several centuries back in time. These reconstructed

surface temperature patterns were diagnosed for inferences into low-frequency natural variability, and

were compared to estimates of possible candidate forcing agents (e.g., greenhouse gas concentrations,

solar irradiance variations, and the history of explosive volcanic emptions). The basic methodology,

features of the reconstructed climate during the past six centuries, and inferences into possible

relationships between climate variations and external forcing mechanisms were discussed by Mann et al

(1998). Investigations of the long-term changes in the ENSO phenomenon evident from these

reconstructions are addressed by Mann et al (2000a). Extensions of Northern Hemisphere (NH) mean

temperature a full millennium in time, and the inherent associated uncertainties were also investigated

(Mann et al, 1999). Comparisons of model-produced and observed patterns of variability during the past

few centuries have also been made (Delworth and Mann, 2000).

The reconstructions have been made accessible over the internet via the NOAA paleoclimatology website

(http://wwwngdc.noaa.gov/paleo/paleo.html), and in an interactive, online publication (Mann et al,

2000b). This work has led to roughly a dozen publications, a highly cited reconstruction of NH annual

mean temperatures back in time, and widely publicized implications for the detection of human influence

on climate. This proposal has also helped support Anne Waple's progress towards her dissertation in

Geosciences at the University ofMassachusetts.

Multiproxy Climate Reconstruction: Extension in Space and Time, and Model/Data Inter-

comparison,

Grant ESH NA96GP0404 (NOAA/NSF joint)|_ _
1/1/99 - 8/31/02, $382,000, P.I.: M.E. Mann, co-investigators: R.S. Bradley, M.K. Hughes

, - - -f Comment [MEM2]: Number Ray?

This project led to advances in the areas of (1) statistical paleoclimate reconstruction, (2) empirical and

model-based studies of natural climate variability, and (3) climate change model/data comparison and

model validation. Seasonally-specific analyses have led to

calibrated/cross-validated) cold-season Nino3 index as reconstruction ofpast ENSO behavior (Mann et al,

2000b). The reconstructions are also available in an interactive, online publication (Mann et al, 2000b).

Investigations of the spatial-patterns of sensitivity to solar irradiance forcing and comparisons with

modeling results have been made (Shindell et al, 2001; Waple et al, 2002). Comparisons of the Mann et al

(1998) reconstructions with other empirical and model-based estimates of changes in surface temperature,

and analyses of patterns related to the NAO, ENSO, and forced climate variability have been made

(Bradley et al 2000, Cullen et al 2001, Mann et al 2000ab, Mann 2001abcd;2002). Tests using surface

temperature field output from control and anthropogenic forced coupled model simulations forced model

integrations have been used to investigate the potential impact of calibration period non-stationarity (e.g.

associated with anthropogenic forcing) on covariance based reconstructions of past climate patterns

(Rutherford et al, 2002a). These tests suggest that such potential non-stationarity does not in general bias

reconstruction of past surface temperature trends. An improved methodology based on the Regularized

Expectation Maximization fRegEM1) method (Rutherford et al, 200 lab) has been employed, along w/ a

split low-frequency/high-frequency band calibration and reconstruction approach that allows for a more

considerably improved (better
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natural inclusion of proxies with lower than annual resolution (e.g., lake and sediment cores), and exploits 
the complimentary frequency-domain fidelity of differing proxy indicators. 
 
This sensitivity of reconstructions of Northern Hemisphere mean surface temperature to different methods 
and proxy data have been investigated. Collaboration with colleagues at the Climatic Research Unit, 
University of East Anglia (T. Osborn and K. Briffa)  has clarified the role of spatial sampling, seasonality 
of indicators, and methodology in understanding differences between varying estimates. This work 
suggests that there are no true discrepancies between the different estimates (Rutherford et al., in 
preparation, 2002b; Osborn et al., 2002, in preparation).  Additional analyses have further shown that 
apparent discrepancies between proxy-based hemispheric temperature reconstructions and independent 
estimates from borehole data can be rectified when the noise/bias contribution in the borehole data is 
properly taken into account (Mann et al, 2002).  Current work during the completion phase of this project 
involves the assimilation of a combined low and high-frequency indicator network, using the revised 
hybrid frequency-domain approach discussed above, to yield an improved set of proxy reconstructions of 
seasonal surface temperature patterns back through the past one-to-two millennia.  
 
This work has led to  (at the time of the writing of this proposal) 11 peer-reviewed publications (4 
published, 3 in the press, 4 submitted), with results that featured prominently in several chapters of the 
2001 IPCC report (e.g., Folland et al, 2001).  This proposal has also helped support Brad Adams' and 
Zhihua Zhang's progress towards their dissertations in the Department of Environmental Sciences at the 
University of Virginia, and has furthered the post-graduate scientific development of University of 
Virginia postdoctoral researcher Dr. Scott Rutherford. 
 
1. Introduction 
 
Considerable progress has been made in recent years regarding our knowledge and understanding of the 
climate variability of the climate of the late Holocene (i.e., the past one-to-two millennia). This progress 
has resulted both from improved techniques and data for reconstructing past climate patterns from proxy 
data (e.g., Bradley and Jones, 1993; Hughes and Diaz, 1994; Mann et al, 1995; Overpeck et al, 1997; 
Jones et al, 1998; 2001; Briffa et al, 1998; Mann et al, 1998; 1999; 2000ab; Briffa and Osborn, 1999; 
Cook et al, 1999; Schmutz et al, 1999; Luterbacher et al, 1999; Folland et al, 2000; Briffa et al, 2001; 
Cook et al, 2002) and better constraint on the forcings and dynamical mechanisms in modeling climate 
changes in past centuries (e.g. Crowley and Kim, 1996; Cubasch et al, 1997; Free and Robock, 1999; 
Delworth and Mann, 2000; Crowley, 2000; Shindell et al, 2001; Bond et al, 2001; Waple et al, 2002).  
The study of the climate of the late Holocene has now reached a level of maturity where insights from 
empirical reconstructions and modeling approaches are being brought together in a synthesizing 
framework (e.g. Mann et al, 2001). 
 
Despite this progress, a number of significant unresolved issues remain. Though different hemispheric 
temperature reconstructions appear to be within the estimated uncertainties (Mann 2000; Briffa et al, 
2001; Folland et al, 2001), the amplitude of estimated hemispheric temperature changes in past centuries 
varies somewhat among different proxy estimates Proxy-based estimates moreover appear to suggest 
smaller amplitude variations in past centuries than independent estimates from terrestrial boreholes 
(Pollack et al, 1998; Huang et al, 1999), though recent analyses suggest that the latter estimates are within 
the uncertainties of the proxy estimates when sources of bias in  borehole data are accounted for (Mann, 
2001a; Mann et al, 2002). Regional patterns of climate anomalies in past centuries are even less well 
constrained, with mixed evidence from high-resolution (e.g. Luterbacher et al, 1998; Pfister, 1998; Mann 
et al, 1998) and low-resolution (Demenocal et al, 2000; Bond et al, 2001) indicators. Given the differing 
age model control and resolution of such estimates, putative discrepancies (e.g., Broecker, 2001; Bradley 
et al, 2001) are difficult to resolve. 
 
The best available evidence suggests that enhanced regional climate anomalies in part of the Northern 
Hemisphere (e.g., Europe) often used to define the so-called "Medieval Warm Period" and "Little Ice 
Age" likely arise from the response of the extratropical atmospheric circulation to external forcing (e.g., 
Shindell et al, 2001) projecting relatively weakly onto annual, hemispheric temperature estimates (Mann 
et al, 1999; Crowley et al, 2000; Mann, 2001a; Shindell et al, 2001; Mann et al, 1999). The possible role 
of ocean circulation responses to such changes, however, remains unknown (see Shindell et al, 2001) and 

ABOR/MH/Priv-004471



could help explain (see e.g. Delworth and Dixon, 2001) the patterns evident in North Atlantic oceanic 
proxy indicators (e.g., Keigwin, 1996; Keigwin and Pickart, 1999; Demenocal et al, 2000; Bond et al, 
2001).  
 
The relative importance of internal variability (such as might be associated with instabilities in the 
thermohaline circulation, c f. Broecker et al, 1999) and external forcing (e.g., Shindell et al, 2001; Bond et 
al, 2001; Crowley et al, 2001) in governing the major century-scale variations are still unresolved, though 
the evidence appears to support a modest role for the thermohaline circulation in governing hemispheric 
mean temperature changes (Crowley, 2000). The estimated patterns of solar forcing on surface 
temperature patterns of the past few centuries  (Waple et al, 2002) shows evidence of similarities with 
model predictions both in terms of the AO/NAO pattern of atmospheric circulation response in the 
extratropics (see Shindell et a, 2001) and coupled ocean-atmosphere processes (related to ENSO) 
important in the tropical Pacific (see  Cane et al, 1997).  The possible role of ENSO-scale feedbacks has 
not been incorporated into model estimates of externally-forced hemispheric or global temperature 
changes in past centuries (e.g., Crowley, 2000).  The behavior of the El Nino/Southern Oscillation is only 
reasonably well resolved by proxy reconstructions over the past few centuries (Stahle et al, 1998; Mann et 
al, 1999a; Mann, 2001a; Jones et al, 2001; Folland et al, 2001) and reconstructions of the NAO in past 
centuries are still somewhat uncertain (see e.g. Schmutz et al, 2001, Jones et al, 2001; Cullen et all, 2001; 
Cook et al, 2002).  
 
Such current limitations obscure the roles of various plausible processes and mechanisms in governing the 
climate variability of the late Holocene. Longer, more spatially and seasonally-resolved reconstructions of 
surface temperature and sea level pressure, combined with more detailed model/data comparisons should 
allow for a more confident establishment of the roles of internal and external mechanisms, and regional 
vs. hemispheric/global patterns of response, in the climate variations of late Holocene. Such assessments 
are not only of interest for the insights they can provide into the workings of the climate system, but they 
hold important implications for climate sensitivity estimates and projections of future climate change 
(e.g., Overpeck, 2000; Crowley, 2001; Mann, 2001). 

 
2. Previous Work 
 
2.1.  Mann et al  Surface Temperature Reconstructions 
 
Global multiproxy climate data were used to calibrate global-scale patterns of temperature on a yearly 
basis, several centuries in time by Mann et al (1998) (henceforth "MBH98"). The annual surface 
temperature pattern reconstructions described by MBH98 employed a multiproxy network consisting of 
diverse high-quality annual resolution proxy climate indicators and long historical or instrumental records 
(details and references provided in MBH98). Unlike conventional transfer function approaches to 
paleoclimate reconstruction (e.g. Fritts et al, 1971; Cook et al, 1994), the climate field reconstruction 
(CFR) methodology used by MBH98 does not assume a fixed relationship between a given proxy 
indicator (e.g., a  particular coral or tree-ring series) and a given predictand (i.e., principal component of 
the global temperature field) over the calibration interval. Instead, the best common choice of values for 
the small number of principal components was  determined from the mutual statistical information 
present in the network of multiproxy data on a year-by-year basis. The reconstruction approach is thus 
relatively resistant to errors or biases (e.g., dating errors) specific to any small number of indicators, in 
contrast to most conventional approaches. This becomes important when dealing with multiproxy data 
(e.g., ice cores or varves), some of which may contain significant uncertainties with age models [age 
model uncertainty is less important in reconstructions based strictly on tree ring data--e.g. Briffa et al, 
1998; Cook et al, 1999--which are typically composed from massively replicated chronologies]. The 
reliability of these reconstructions was demonstrated by cross-validation with independent data and 
uncertainties back in time, further, were assessed. The methodological details and numerous aspects and 
features of these reconstructions are described in detail in the literature (Bradley et al, 2000; Braganza et 
al, 2002; Covey et al, 2002; Cullen et al, 2000; Delworth and Mann, 2000; Folland et al, 2000; Mann et 
al, 1998;1998;2000ab;2001;2002; Mann 2000;2001abcd; Shindell et al, 2001; Waple et al, 2002). These 
reconstructions serve as a benchmark for recent and proposed extensions of paleoclimatic reconstructions 
described henceforth. 
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2.2 Seasonally-resolved Surface Temperature Reconstructions  
 
Mann et al (2001b) describe seasonally resolved surface temperature pattern reconstructions over the past 
few centuries, based on the separate application of the Mann et al (1998) calibration procedure to  distinct 
(i.e., Northern hemisphere cold season=Oct-Mar; warm=Apr-Sep) half-year intervals. The diverse 
seasonal windows of variability recorded by different proxy indicators lead to complimentary strengths of 
the multiproxy network in recording distinct seasonal variations. While less variance is resolved in 
calibration/cross-validation in these seasonal temperature reconstructions (owing to the smaller amount of 
information available in the multiproxy network of MBH98 for any particular season), skillful 
reconstructions were possible back through the 17th century for both seasons. These  seasonally-distinct 
reconstructions allow for a more faithful reconstruction of climate anomalies associated with known 
seasonal phenomena such as the cold-season influences associated with the NAO--(see Mann, 2002) or 
the cold-season Nino3 reconstruction (Figure 1) which provides a better representation of the ENSO 
signal than the annual mean Nino3 (see Mann et al, 2001b; Mann 2001b).  
  

 
 
 
 
 
 
 
2.3 Methodological Advances 
 
2.3.1 RegEM approach: One key  recent advance involves our application of a refinement of the Mann et 
al (1998) methodology, exploiting a newly developed Regularized Expectation Maximization (RegEM) 
CFR Algorithm (Schneider, 2000).  This method was originally developed for imputing missing values in 
instrumental data sets by T. Schneider of Courant Institute, New York University (Schneider, 2001). In 
collaboration w/ T. Schneider, we have adapted the method to climate field reconstruction from proxy 
data. We are currently applying this  refined methodology in revised seasonal surface temperature 
reconstructions (Rutherford et al, 2002a).  Cross-validation results from some initial comparisons 
(Rutherford et al, 2002b) indicate that the RegEM method may provide slightly more robust climate field 
reconstructions than previous methods (e.g., MBH98 approach).  
 
2.3.2 Hybrid Frequency-Domain Calibration: A simple generalization of  current (e.g., MBH98 and 
RegEM) CFR approaches involves  the decomposition of the calibration and reconstruction process into 
two distinct frequency bands: (1) a low-frequency band, resolvable by most non-dendroclimatic indicators 
(non-varved lake sediments, , and the subset of dendroclimatic indicators which preserve low-frequency 
(ie, century-scale) variability, and (2) a high-frequency band resolvable by all interannual interannual 
proxy indicators (tree-rings, corals, ice cores, speleothems, historical records). 
 
The choice of the cutoff frequency f0  represents a tradeoff between, at the low frequency end, having 
sufficient degrees of freedom to calibrate the proxy network in the low-frequency band with the relatively 
short instrumental record and, at the high frequency end, providing a natural separation of the multiproxy 
network between the annual resolution indicators which can resolve the highest frequency variations, and 
the coarser resolution indicators which  resolve decadal or perhaps only century-scale and long-term 
variations--initial experiments suggeset that the choice f0=0.05 cycle/yr (i.e., roughly 20 year period) 
appears to be optimal (Rutherford et al, 2002b). However, the ability to cross-validate. As discussed later, 
methodological experiments using model-produced 'pseudoproxies' may help constrain the appropriate 
choice. 
 
. The eigenvectors of the instrumental record would be separately assessed for the low and high-frequency 
bands in a manner similar to that described by Allan et al (1999). This hybrid calibration approach 
provides the additional benefit of insuring a more physical eigenvector decomposition of the instrumental 
temperature data, since the dominant high-frequency patterns are associated with processes (e.g., ENSO 
and the NAO) which are quite distinct from those processes associated with decadal and lower-frequency 
patterns (ie, secular warming, multidecadal Atlantic variability, and Pacific decadal variability--see e.g. 

Figure 1: Cold-season Nino3 temperature index reconstruction (AD 1650-1980)  and instrumental series (1902-
1998) [from Mann et al, 2001b].  The shaded band indicates 95% confidence limits for the Nino3 reconstruction. 
The Stahle et al (1998) SOI reconstruction has been rescaled to have both the same  sign and standard deviation 
as the  Nino3 reconstruction; the two reconstructions, based on independent methods and partially independent 
data, have a linear correlation r=0.64 during the pre-calibration interval of mutual overlap (1707-1901). The 
magnitude of the 1997/98 event is shown for comparison. 
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Folland et al, 1984; Kushnir, 1994; Schlesinger and Ramankutty, 1994; Mann and Park, 1994;1996; Allan 
et al, 1998). 
 
The RPCs and the temperature pattern reconstructions are, in this approach, determined from separate 
applications of the calibration/reconstruction procedure within these two distinct frequency bands 
(Rutherford et al, in press). In contrast to the procedure of MBH98, wherein uniform weights are assumed 
for each of the standardized proxy indicators, each proxy indicator  would be weighted by the proportion 
of the total variance of that indicator that is localized within the particular frequency band (low or high) 
being reconstructed. This latter step insures that proxy climate indicators compete to calibrate climate 
patterns in proportion to their strength in resolving climate variations in the particular frequency band of 
interest. This step guards against the danger, for example, that a very weak residual low-frequency signal 
in a dendroclimatic record that has been detrended on multidecadal and longer time scales is unjustifiably 
given the same weight as, for example, a sediment core record which records almost exclusively century 
and longer-term variations, in the reconstruction of low-frequency patterns. The full reconstructions are 
then obtained in a straightforward manner as the sum of the high-frequency and low-frequency 
temperature pattern reconstructions. This approach would retain the high-frequency information of the 
annual resolution multiproxy reconstructions described by MBH98 (and allow the usage of additional 
annual resolution data not used by MBH98 to calibrate and reconstruct the  high-frequency patterns). 
However, it would allow the annual resolution and coarser resolution proxy data to compete to describe 
the lowest-frequency patterns of variation in the instrumental record, favoring within that set those 
indicators which best calibrate the observed patterns of low-frequency climate variability in the 20th 
century instrumental record. 
 

[FIGURE 2: SCOTT NEED AN APPROPRIATE FIGURE FOR THIS SECTION] 
 
 
2.3.3 Testing Impacts of Non-Stationarity: Covariance-based CFR approaches (e.g., MBH98; Kaplan et 
al, 1998; Schneider, 2000) assume that the fundamental spatial patterns of variation which the climate 
has exhibited during the past century are similar to those by which it has varied during past recent 
centuries. Studies of instrumental surface temperature patterns suggest that such a form of stationarity 
holds up at least on multidecadal timescales, during the past century (Kaplan et al. 1998). However, one 
key question that has remained regards whether or not the calibration of proxy data against non-stationary 
late 20th century instrumental data will produce a biased reconstruction of past temperature trends?  This 
question has been investigated data (Rutherford et al, 2002a) based on sparse subsampling of climate field 
data from both control and forced integrations of the Geophysical Fluid Dynamics Laboratory (GFDL) 
R30 coupled ocean-atmosphere model (in collaboration with T. Delworth and R. Stouffer) and from 
infilled instrumental. Cross-validation results from these experiments indicate that covariance-based CFR 
reconstructions of large-scale temperature trends in prior centuries are approximately unbiased even when 
a non-stationary (e.g., 20th century) interval  is used as a calibration period. Generalization to the case of 
'pseudoproxies' where the sparse network of data imperfectly represents the true underlying temperature 
field, are described below (section 2.3.4). 
 

[FIGURE 3: SCOTT NEED AN APPROPRIATE FIGURE FOR THIS SECTION] 
 
2.3.4 Testing Sampling Strategies with 'Pseudoproxies': We have recently tested the performance of 
proxy-based climate field reconstruction methods using sets of synthetic proxy climate indicators (Mann 
and Rutherford, 2002). These 'pseudoproxies' are constructed through the degradation of instrumental 
surface temperature data by additive noise with variable statistical properties (mean signal-to-noise ratio, 
noise autocorrelation level, and proxy network sampling density). Cross-validation experiments are 
performed using pseudoproxy networks of varying spatial and seasonal representation and with varying 
noise attributes to reconstruct independent intervals of the instrumental record. The results of these 
experiments support conclusions from  cross-validation results for actual proxy-reconstructions (e.g., 
MBH98; Rutherford et al, 2002b), regarding the indicated levels of reconstructive skill. The results 
furthermore place upper limits on the possible resolved variance in proxy-based paleoclimate 
reconstruction, based on experiments using "perfect" (noise-free) proxies.  These experiments support at 
least two distinct strategies for improved proxy-based large-scale surface temperature pattern 
reconstructions. Similar levels of resolved spatial variance can be obtained by a strategy of widespread 
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sampling (hundreds of proxies) with relatively low signal-to-noise ratios, or more selective sampling 
with a smaller number of  proxy indicators with higher signal-to-noise ratios.  In the latter case, in 
particular,  certain regions are likely to be of particular importance in such strategies (e.g. the tropical 
Pacific). Initial experiments with forced and control model simulations using noise-free indicators (a 
special limiting case of the 'Pseudoproxy' experiments) are described by Rutherford et al (2002a). Similar 
experiments generating  long synthetic proxy climate time series from model output (as discussed later in 
the 'Proposed Research' section) should allow for the investigation of implications on longer timescales 
that cannot be addressed with experiment based on resampling the instrumental record. 

[FIGURE 4: RESULT FROM MANN AND RUTHERFORD PSEUDOPROXY PAPER] 
 
2.4 Paleoreconstruction Intercomparison 
 
A variety of methods and data have been used over the past few years to reconstruct hemispheric 
temperature trends.  Certain studies (e.g., Briffa et al, 1998;2001) relate a particular proxy record (tree 
ring density) locally to an at-site instrumental record of some a priori selected meteorological variable 
(e.g. temperature,), during some a priori selected seasonal (e.g., summer) window.  In contrast, the 
MBH98 approach (or the RegEM generalization of the approach described by Rutherford et al, 2000ab; 
Mann and Rutherford, 2002) uses a covariance-based CFR methodology, making the assumption that 
whatever combination of local meteorological variables influence the proxy record, they find expression 
in one or more of the largest-scale patterns of annual climate variability. Ice core and coral proxy 
indicators reflect, in general, a variety of seasonal influences. Many extratropical tree ring (ring widths 
and density) series primarily reflect warm-season temperature influences (see e.g., Bradley and Jones, 
1993).  Tree ring width series in subtropical semiarid regions, however, are reflective in large part of 
cold-season precipitation influences. These influences are, in turn, tied to larger-scale atmospheric 
circulation variations (e.g., the PNA or NAO atmospheric patterns) that have important influences on 
large-scale temperature patterns (e.g., the PNA--Trenberth, 1990; Mann and Park and NAO--Hurrell, 
1995). When a proxy indicator represents some complex combination of local meteorological and 
seasonal influences, the covariance-based CFR approach makes more complete use of the available 
information in the calibration process than do conventional approaches, but implicit in the approaches are 
e.g. assumptions of stationarity of the eigenstructure of the data (see section 2.3.3). Another advantage of 
the covariance-based CFR approach is that it naturally allows  for reconstructions of a multiple climate 
fields (e.g., surface temperature and SLP) during independent seasonal windows (e.g., cold vs. warm 
season) using the same underlying proxy dataset. 
 
The sensitivity of Northern Hemisphere mean temperature reconstructions to different methods and proxy 
networks has been tested, in collaboration with colleagues (T. Osborn and K. Briffa) at the Climatic 
Research Unit, University of East Anglia. Specific comparisons have been made  between local-
calibration based warm-season surface temperature reconstructions using extratropical maximum 
latewood tree ring density networks (e.g., Briffa et al, 1998;2001) and annual mean reconstructions using 
the covariance-based CFR approach and the MBH98 tropical & extratropical multiproxy network  (e.g., 
MBH98; Mann et al, 1999; Rutherford et al, 2000a).  There are two major findings of this work.  First is 
the importance of comparing reconstructions that have the same target reconstruction area.  Regional 
reconstructions can produce significantly different results when compared to full-hemisphere 
reconstructions.  It is important to use only the reconstructed gridpoints when comparing reconstructions 
based on different methods and proxy networks.  Second, when properly compared, different 
methodological approaches using different proxy networks produce similar reconstructions back to at 
least 1400 A.D. (Rutherford et al., in preparation; Osborn et al., in preparation).   
 
In other paleotemperature reconstruction intercomparison work, optimal signal detection techniques have 
been applied to borehole data to investigate putative discrepancies between borehole and conventional 
proxy estimates of surface temperature trends in past centuries. These analyses (Mann et al, 2002)  
suggest that such apparent discrepancies are due to the projection of a large noise/bias component of 
variance in the borehole data which, when accounted for, leads to consistent estimates of temperature 
trends in past centuries. 
 

[FIGURE 5: SCOTT NEED A REPRESENTATIVE FIGURE FROM RUTHERFORD ET AL 2002B] 
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[FIGURE 6: FIGURE FROM MANN ET AL 2002 BOREHOLE PAPER] 

 
2.5 Model/Data Comparison 
 
Recent studies invoking statistical comparisons of reconstructions of surface temperature with model-
estimates of internal and externally-forced variability show favorable. Crowley (2000) has shown that 
between 40% and 60% of the low-frequency variability in the Northern Hemisphere temperature 
reconstructions of both Mann et al (1999) and Crowley and Lowery (2000) can be explained in terms of 
the response to a combination of natural and anthropogenic forcing (Figure 7). The 20th century warming, 
however, can only be explained by anthropogenic (greenhouse gas plus sulphate aerosol) forcing. 
Crowley's model prediction under-predicts the observed cooling of the late 19th century, which may arise 
from albedo changes associated with anthropogenic land-cover changes which are not incorporated in his 
analysis (see Mann, 2000). Equally importantly, Crowley shows that the spectrum of the residuals (i.e. the 
remaining component after this forced variability is accounted for) agrees almost precisely with that of 
unforced variability from control runs of coupled models. Delworth and Mann (2000) have demonstrated 
a favorable comparison between a  pattern of  enhanced internal multidecadal variability in the GFDL 
coupled model and a similar pattern of variability found in the MBH98 reconstructions of the past few 
centuries. 
 
Waple et al (2000), furthermore, find compelling similarities between  the results of experiments with a 
coupled model forced with estimated solar irradiance variations in past centuries (Cubasch et al, 1997) 
and the spatial patterns of correlation between empirical temperature reconstructions and reconstructions 
of solar radiative forcing during the period 1650-1850 preceding the apparent emergence of an 
anthropogenic climate change signal (ie, Mann et al, 1998). Within these analyses is evidence that the 
more pronounced European "Little Ice Age" (and  perhaps "Medieval Warm Period") is consistent with a 
response of the AO/NAO pattern to solar irradiance forcing (Shindell et al, 2001).  
 
 
 

 
 
 

 
2.6 Expanded Spatial Sampling and Extension Back in Time (in progress) 
 
[SCOTT ET AL: THIS SECTION NEEDS A LOT OF WORK] 
The revised, hybrid calibration procedure described earlier will more naturally allow for the inclusion of 
dendroclimatic climate indicators in the International Tree Ring Data Bank (ITRDB) there were excluded 
in our previous filterings of that archive because of their poor resolution of low-frequency  (century-scale 
and longer term) variations. Relaxing that requirement, we can improve resolution of spatial variance 
associated with the high-frequency patterns of variance wherin the number of spatial degrees of freedom 
are presumably greatest, using a more liberal and widespread filtering of the ITRDB archive (see Figure 
9). Additional coarse (decadal-to-century) resolution data not used in the previous multiproxy 
reconstructions (e.g., records of glacial recession/advancement, high-resolution sediment core data, and 
numerous lake level and lake sediment core data) can be used to better resolve the low-frequency patterns 
of variance. While geothermal borehole data can also complement the spatial sampling afforded by 
multiproxy network (see Pollack et al, 1998) their combination with conventional multiproxy data, as 
discussed earlier, raises complications which are beyond the scope of this proposal. 
 
MXD network, lake levels evidence, and a large number of other recent records (e.g., coral records). 
This includes newly available annual resolution data, including the latest millennial-scale dendroclimatic 
reconstructions (see Figure 10)  and ice core data (O-18, and chemical species) from Greenland 
(e.g.,Mayewski et al, 1994), the Canadian Arctic, low latitude sites and Antarctica which were not used in 
our prior reconstructions, and other sources of information with lower temporal resolution but long 
temporal coverage e.g. well-dated records of glacial advance and retreat, high resolution (varved) 
lacustrine and (varved or high deposition rate) sediment records (e.g., Keigwin, 1996), banded 
speleothems and  historical documentary data from China and Europe (e.g. Pfister, 1998).  The latter 

Fig. 7:  Comparison of empirical and EBM-estimated millennial changes in Northern Hemisphere 
annual mean temperatures during the past millennium, smoothed to highlight variations on 
timescales greater than 40 years. The two-standard error uncertainty range for the Mann et al 
reconstruction is shown by the shaded region. 
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historical data may also be withheld from calibration to provide long-term verification of millenial-scale 
reconstructions in limited regions. Lower res (Laird et al (1996) lake sediment and lake level (Verschuren 
et al (2000) records (SOI indicator). Briffa et al (1999)_and;  D'Arrigo et al, 2001 millennium+ 
chronologies should allow for extension to beyond past millennium. A tendency for positive values of the 
cold-season Nino3 reconstruction of Mann et al (2000b), which can be interpreted as a negative peak in 
the SOI, around 1700 (see Jones et al, 2000) is associated with a peak in the level of lake Naivasha 
(Verschuren et al, 2000), which resides in a region which is typically wet during El Nino events 
consistent with positive ENSO-like conditions. This suggests prospects for combining century-resolution 
information from e.g. lake levels with annually-resolved proxies. 
 
MXD network combined w/ Mann et al gives improved annual mean, but warm seasonal should be 
better... 
 
 
3. Proposed Research 
 
The proposed work extends past work employing a global database of multiproxy climate indicators of 
mixed high (annual) and medium (multidecadal) resolution for state-of-the-art seasonal and annual 
paleoclimate reconstructions. Making use of these reconstructions, a number of analyses and comparisons 
which will be performed to provide insight into the patterns, mechanisms, and forcings of climate 
variability and change during the past couple millennia.  
 
3.1. Continued testing and refinement of paleoclimate reconstruction methodologies 
 
We plan additional experiments testing the performance of alternative approaches to paleoclimate 
reconstruction using 'pseudoproxies' derived from model-generated surface temperature and sea level 
pressure data for methodological refinement; if necessary, revised seasonal surface temperature 
reconstructions based on results of these experiments; then application to SLP (see "2" below). 
 
Cross-validation of century timescale variability in paleoclimate reconstructions is possible only on a very 
limited basis, using the relatively small number of instrumental data available two or more centuries back 
in time. This limitation leads to a relatively large uncertainty in the choice, for example, of the optimal 
frequency cutoff in the hybrid frequency-domain calibration approach discussed above (Rutherford et al, 
2002b).  We propose  to exploit the availability of multi-century scale information in surface (temperature 
and SLP) data fields available in long model integrations. 
 
 
We will perform similar experiments to those described earlier (section 2.3.4). The experiments will 
involve producing "pseudo-proxies" from the model surface temperature fields, based on sparse networks 
of  time series constructed, in the simplest case, as linear combinations of  actual model gridpoint data and 
additive noise chosen to have similar signal/noise ratios to typical climate proxy records.. This training 
period will be taken from both forced and unforced control simulations to more fully examine the range 
of possible past variability. The multiproxy reconstruction approach described in this proposal will then 
be applied to the reconstruction of several centuries of past model data, and the faithfulness of the 
reconstructions will be precisely tested against the actual full model temperature field available. In 
collaboration with  individuals at the Geophysical Fluid Dynamics Laboratory (GFDL) in Princeton (T. 
Delworth and R. Stouffer) we will test the multiproxy reconstruction methodology with surface 
temperature patterns from millennial integrations of the both the low-resolution GFDL coupled model  
(which exhibits a millennial-scale mean drift that is similar in magnitude to that exhibited in the actual 
millennial temperature reconstructions of Mann et al, 1999) and millennial integrations of a higher R30 
version of the coupled model--T. Delworth, pers. comm.). The model integrations has been shown to 
faithfully represent decadal (Delworth and Mehta, 1998) and multidecadal (Delworth et al, 1993;1997) 
climate variability in the Atlantic, the COWL pattern of Northern Hemisphere temperature variations 
(Broccoli et al, 1998), and the spectrum of observed climate variability on annual-to-decadal timescales in 
general (Stouffer et al, 1999). The R30 model shows evidence of significant ENSO-like variability 
(Knutson et al, 1999).  The model-produced temperature fields thus afford a perfect opportunity to test 
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reconstruction methodologies in a simulated climate where the exact history over a 1000 year period is 
known. 
 
3.2 Application of statistical reconstruction methodologies and available multiproxy data networks to 
the development of large-scale seasonal Sea Level Pressure (SLP) reconstructions in past centuries 
 
We propose to apply the recently developed methodologies and recently assembled multiproxy data 
described above to the reconstruction of seasonal sea level pressure patterns. There is considerable 
information regarding atmospheric circulation patterns in existing multiproxy databases. In the case of 
dendroclimatic indicators, for example, ring width variations in arid and semiarid subtropical 
environments are often reflective of cold-season precipitation variations, which may be indicative of 
large-scale extratropical cold-season atmospheric circulation variations (such as the PNA and NAO 
patterns). Coral indicators of salinity and tree ring drought indicators provide further seasonal 
atmospheric circulation information. This information can be synthesized at the hemispheric scale in a 
similar manner to that used for seasonal surface temperature reconstructions described earlier in this 
proposal. Related work has been attempted at regional scales in  the past using e.g. tree ring data  at the 
scale of individual ocean basins (e.g., Fritts et al, 1971), or indices of atmospheric circulation such as the 
SOI (Stahle et al, 1998),  or coral data (e.g. Cole and Fairbanks, 1990) of the SOI or reconstructions of the 
NAO (Luterbacher et al, 1998; Cullen et al, 2001; Cook et al, 2001  ). We expect that recent 
improvements in methodological approaches and the exploitation of large-scale teleconnected variability 
in a global multiproxy network, will allow for skillful SLP reconstructions at the hemispheric scale.  
 
The SLP reconstructions will make employ, for calibration purposes, existing Northern Hemisphere SLP 
data available back to 1899 (Trenberth and Paolino, 1980) combined with more sparse available southern 
hemisphere and tropical data (Rayner et al, 1996), and serially complete global seasonal (cold and warm 
half year) instrumental fields will be computed based on the procedure of Rutherford et al (2002a). This 
procedure is similar too eigenvector-based methods used for the infilling of large-scale instrumental 
surface temperature and SLP data (e.g., Basnett et al, 1997; Kaplan et al, 1997); but employs a more 
complete use of the available covariance information in the data using the RegEM method of Schneider et 
al (2000). The resulting seasonal instrumental SLP fields will be employed in proxy-based 
reconstructions of the SLP fields in past centuries. These analyses are synergistic with a independent 
proposed project (Steig, Weinbrenner, Mann) to reconstruct atmospheric circulation patterns in polar 
Southern Hemisphere and currently  funded collaborative activities (M. Mann in collaboration w/ E. Cook 
and R. D'Arrigo of the Lamont Doherty Earth Observatory/Columbia) targeting the reconstruction of the 
AO/NAO phenomenon in past centuries. The proposed analyses will take a more global/hemispheric 
approach to reconstructing seasonal atmospheric circulation patterns, which is complementary to the more 
targeted atmospheric circulation reconstruction projects. 
 

3.3 Mechanisms and Forcings 

We intend to engage in collaborations with climate modelers to compare patterns of observed climate 
variation of the past few centuries to couple of millennia with those generated in model simulations as a 
consequence of both internal and forced variability, to allow for a more fundamental understanding of this 
observed climate variability. We intend to concentrate on three particular issues: 
 

1. Dynamical insight from multiple climate fields: We will use the state-of-the art global annual and 
seasonal reconstructions of surface temperature and sea level pressure variations over the past several 
centuries/couple millennia as a baseline for diagnosing inter-relationships between patterns of past 
variability in differernt climate field. We will compare with existing continental drought reconstructions 
(in collaboration with Cook of Lamont/Columbia and Woodhouse of NOAA/CIRES) for insights into the 
oceanic and atmospheric dynamics underlying climate variability over the past few one-to-two millennia.  
Various indices of SST (e.g., the "PDO" and Nino3) and atmospheric (e.g., the NAO/AO) variability will 
be used for inferences regarding mechanism of climate variability and to strengthen long-term 
detection/attribution exercises (e.g. as in Braganza et al, 2001; Covey et a, 2001; Crowley, 2000). 

2. AO/NAO forcing and North Atlantic Patterns of Climate Variability: This exploits collaborations w/ 
individuals at NASA/GISS (G. Schmidt and D. Shindell) in seeking to understand forced patterns of 
winter-season climate variability in the Northern Hemisphere. 
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[FIGURE 8: Shindell et al (2000)] 

3. Role of forcing in past tropical SST changes: These analyses are synergistic with an  independent  
proposed projct (Mehta, Cole, Mann) to reconstruct patterns of surface temperature and SLP in the Indo-
Pacific region.  Improved reconstructions of ENSO will be used to test dynamical mechanisms (in 
collaboration w/ M. Cane of Lamont/Columbia). For example, the apparent tendency for El Nino 
conditions during the late 17th/early 18th century discussed above. Can this be explained in terms of 
forcings (volcanic or solar?).  

 

 [FIGURE 9: Representative Adams NINO3 superposed epoch analysis plot] 

 
4. Work Plan 
 
Year 1:  

 GISS comparison experiments (Mann in collaboration w/ Shindell and Schmidt during Mann's 
sabbatical at NASA/GISS Fall '02). 

 Additional experiments using pseudoproxies for methodological refinement;  
 Revised seasonal surface temperature reconstructions as necessary based on results of these 

experiments;  
 Assemble instrumental SLP data required for SLP reconstructions 
 Perform large-scale seasonal SLP reconstructions 
 Finalize superposed epoch analyses 
 

Year 2:  
 Finalize seasonal SLP and (if necessary) temperature reconstructions 
 Analyses of  spatial patterns for key indices (NAO, SOI, PDO) 
 Cane-Zebiak experiments, comparisons w/ results from superposed epoch analyses and empirical 

estimates of tropical solar forcing patterns 
 Continue analysis of reconstructions for inferences into observed spatial and temporal patterns of  

climate variability during the past millennium; continue model comparisons; 
 Analyses of internal consistency in SLP/Temp/drought reconstructions and dynamical 

interpretation; 
 
Year 3:  

 Continue and Finalize model/data comparisons; 
 Publication of results 
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Budget Justification 
 
 
1. PI:  
 
Michael E. Mann (Assistant Professor, University of Virginia; PI) developed and performed the 
multiproxy reconstruction analyses described previously [Mann et al, 1998abcd], and will 
continue to devote the majority of his time to the continuation of this work, and the activities 
described in this proposal. We request 2 months summer salary for each of the 3 years for Dr. 
Mann. Dr. Mann is independently funded by the University of Virginia on a sabbatical leave to 
take place at NASA/GISS in Fall '02 during which time he plans to contribute a significant 
component of his 6 month leave (calendar year) leave towards the proposed project at no cost to 
NSF. 
 
2. Other Personnel: 
 
Scott Rutherford (Postdoctoral Research Associate, University of Virginia) has played an 
important role in the methodological paleoclimate reconstructions advances and additional 
analyses performed during the most recent round of funding (Rutherford et al, 2002ab; Mann and 
Rutherford 2002; Mann et al, 2002) and will continue to devote 6 months/year of effort towards 
this project.  
 
 
Raymond S. Bradley (Professor, University of Massachusetts) has supervised the analysis and 
interpretation of proxy and historical climate data used in the multiproxy climate reconstructions. 
His expertise we continue to be essential as we seek to broaden the database of indicators for use 
in our paleoclimate reconstructions. Prof. Bradley requests XXX  month/year of salary, to help 
support his participation in this project. 
 
Malcolm K. Hughes (Professor, University of Virginia) has provided essential assistance in the 
assimilation of an appropriate network of dendroclimatic proxy indicators for use in high-
resolution, long-term climate reconstruction. Prof. Hughes assistance will be essential in the 
continued updating of the available proxy data network, and the re-evaluation of existing 
archives for use in the revised proxy-reconstruction procedures described in this proposal. We 
request  XXX  month/year of salary, to help support his participation in this project. 
 
We request a modest travel budget to allow for travel of PI and/or co-PIs between Virginia and 
the host institutions of the various consultants (NOAA/GFDL Princeton, Lamont 
Doherty/Columbia University, New York, NASA/GISS New York, NOAA/CIRES Boulder CO) 
who will be advising on testing of methodologies, comparison with coupled model simulation 
results, and comparison of reconstructions and model results. 
 
We also request full-time funding for two graduate students at the University of Virginia who 
will assist in the analysis of model results and comparison of model-produced and proxy-
reconstructed patterns. 
 
3. Travel:  
 
We request funds for travel to the Fall American Geophysical Union Meeting by the PI and co-
PIs for the purpose of reporting on the progress of the project, and interacting with other 
members of the paleoclimate and climate modeling communities.  
 
4. Publications: 
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We request funds which will cover colour page charges/reprint costs for 2 to 3 journal 
articles. 
 
5. Equipment: 
 
We request funds for a PC and basic required hardware and software for use by 
our research group in project-related activities. 
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From: Michael E. Mann
To: Scott Rutherford
Cc: Malcolm Hughes; Ray Bradley; mann@virginia.edu
Subject: Fwd: Fastlane and Scanned Documents
Date: Monday, December 31, 2001 3:12:08 PM

Please note the Fastlane requirements:

>X-Sender: nrg2p@unix.mail.virginia.edu
>X-Mailer: QUALCOMM Windows Eudora Version 5.0
>Date: Thu, 27 Dec 2001 15:58:44 -0500
>To: envisci-faculty@virginia.edu
>From: Neal Grandy <nrg2p@virginia.edu>
>Subject: Fastlane and Scanned Documents
>
>Please note that we have had some problems recently with scanned documents
>when they are downloaded into Fastlane. Therefore, if you are working on
>an NSF proposal and plan to include scanned documents, please review the
>information at the link below and the detailed information contained
>therein. This was passed along by Sandy Schluge at OSP:
>
>>https://www.fastlane.nsf.gov/a1/PitstopBlockedPDF.html
>>
>>contains following:
>>
>>Hewlett-Packard Intelligent Scanners
>>  The "Save as PDF" feature on HP Intelligent Scanners produces PDF files
>> that
>>  cannot be uploaded into FastLane. The recommended method is to use the
>> "Save as" feature of the scanning software to save a .jpeg or .bmp file.
>> Then, import this picture into one of the supported word processor
>> formats (Microsoft Word, Microsoft PowerPoint, or WordPerfect - Note: It
>> is important that you "import" or "insert" the picture file into the
>> Word Processing document, rather than using the "cut" and "paste"
>> options.) You can then upload this word processing file into FastLane
>> for conversion into PDF. If saving as .jpeg or .bmp doesn't work, or if
>> you don't have access to the supported word processors, attempt to "save
>> as" or "export as" Encapsulated PostScript (.eps) from your scanning
>> software. This .eps file can be uploaded into FastLane, although the
>> image quality might not be as good as the previously described method.
>Neal
>
>Neal R. Grandy
>Grants Administrator, Univ. of Virginia
>Dept. of Environmental Sciences
>291 McCormick Rd., P.O. Box 400123
>Charlottesville, VA  22904-4123
>Tel:    Fax: 
>

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: Scott Rutherford
Cc: mann@virginia.edu; Ray Bradley; Malcolm Hughes
Subject: Cane intent to collaborate
Date: Monday, December 31, 2001 3:14:26 PM

HERE IS THE LETTER OF INTENT TO COLLABORATE (EMAIL) FROM CANE TO BE
INCLUDED IN APPENDIX
>X-Sender: mcane@ldeo.columbia.edu (Unverified)
>Date: Sat, 22 Dec 2001 18:28:01 -0500
>To: "Michael E. Mann" <mann@virginia.edu>
>From: "Mark A. Cane" <mcane@ldeo.columbia.edu>
>Subject: Re: greetings
>Cc: virginia@lamont.ldeo.columbia.edu
>
>Dear Mike,
>
>I would be delighted to collaborate with you 
>on the experiments with the Zebiak-Cane model that we discussed when I
>visited at the University of Virgina last Spring. The recent work of
>Crowley, Shindell et al, Bond and collaborators has made the solar-cliamte
>connection look more plausible than ever before.  There is also good
>evidence for a significant impact on climate of volcanic aerosols.  It is
>timely to have a look at the effect of these exogenous factors on the
>tropical climate system in general, and El Nino in particular.
>
>Best regards,
>
>Mark
>
>
>Mark A. Cane
>G. Unger Vetlesen Professor of Earth and Climate Sciences
>Lamont-Doherty Earth Observatory of Columbia University
>61 Route 9W
>Palisades, NY 10964-8000
>
>mcane@ldeo.columbia.edu              Secretary: Virginia Morris
>  (phone)                            
>  (fax)                              virginia@ldeo.columbia.edu
>  http://rainbow.ldeo.columbia.edu

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: Scott Rutherford
Cc: rbradley@geo.umass.edu; Malcolm Hughes; mann@virginia.edu
Subject: Fwd: Is this Ok?
Date: Thursday, January 03, 2002 1:56:36 PM

>Sender: td@GFDL.NOAA.GOV
>Date: Thu, 03 Jan 2002 11:59:06 -0500
>From: Tom Delworth <td@GFDL.NOAA.GOV>
>X-Mailer: Mozilla 4.78 [en] (X11; U; Linux 2.4.3-SGI_XFS_1.0.1 i686)
>X-Accept-Language: en
>To: "Michael E. Mann" <mann@multiproxy.evsc.virginia.edu>
>CC: Thomas Delworth <td@GFDL.NOAA.GOV>
>Subject: Is this Ok?
>
>Prof. Michael E. Mann
>Dept. of Environmental Sciences
>University of Virginia
>
>Dear Mike,
>
>This letter is to confirm my strong interest in collaborating on the
>proposed project "Reconstruction and Analysis of Patterns of Climate
>Variability Over the Past Couple Millennia". Such projects combining
>simulated and observed data offer tremendous potential for improving our
>understanding of the climate system.
>
>There are a number of multi-century to millennia-scale integrations of
>the GFDL coupled ocean-atmosphere model which will be made available to
>this project. These include the lower resolution R15 results, as well as
>newer integrations of the higher resolution R30 model. In addition, we
>anticipate that simulations with a completely new coupled model will be
>available within the time frame of the proposed work, and would be
>available for use in the proposed work. This new coupled model will
>incorporate increased resolution and improved model physics.
>
>Specialized integrations will also be made available, including
>experiments investigating the response of the North Atlantic climate
>system to changes in the Arctic/North Atlantic Oscillation. In addition,
>multicentury experiments are being planned in which observed estimates
>of the changes in radiative forcing associated with volcanic and solar
>activity would be incorporated.
>
>I look forward to our collaboration on this activity.
>
>Sincerely,
>
>
>Thomas L. Delworth
>Leader,  Climate Dynamics and
>Prediction Group

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
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_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: Malcolm Hughes
Cc: mann@virginia.edu; srutherford@virginia.edu; Ray Bradley
Subject: Re: FIRST ATTEMPT
Date: Friday, January 04, 2002 7:49:14 AM

Hi Malcolm,

Thanks--those comments are helpful. I'll let Scott address them in detail,
but one point of clarification. Scott may try to clarify the wording:

The idea w/ the hybrid frequency-domain approach is that both the
underlying patterns and proxies used to calibrate them may have distinct
high-freq/low-freq behavior. Patterns of interannual variability may or may
not be distinct from those of lower-frequency variability. If they aren't,
then breaking them up in this way shouldn't hurt you anyways. I think that
the interannual ENSO pattern is somewhat different from the decadal
pattern, and e.g. the multidecadal North Atlantic pattern certainly looks
different from anything seen on interannual timescales. But when the
patterns are similar in both frequency-bands, splitting them up in this way
shouldn't hurt you. So we can clarify that.

Re, the issue of weighting in the two frequency bands. What I mean to be
saying is that each proxy gets a weight that is proportional to the
fraction of its overall variance that is contained in the particular
frequency band being calibrated. It is a matter of the relative variance
between the two frequency bands. So in other words, if a tree ring record
has been very liberally standardized, and has very little low-frequency
variability left compared to the amplitude of high-frequency variability
contained in the record, it gets a  considerably lower weight than some
indicator that has all of its variance in the low-frequency band (e.g.,
sediment core). Scott and I have tested this a bit, and its clear that the
result blows up if you don't do this, because you end up magnifying the
noise from indicators that have little relative low-frequency variance.
Again, perhaps Scott can clarify the wording here a bit...

mike

At 10:50 PM 1/3/02 -0700, you wrote:
>Scott - please find attached a PDF version of your draft with
>my comments and suggestions contained in the little yellow
>notes - just click on them to open them. I also attach a Word
>document containing the three references I mentioned. More
>later, MalcolmMalcolm Hughes
>Professor of Dendrochronology
>Laboratory of Tree-Ring Research
>University of Arizona
>Tucson, AZ 85721
>520-621-6470
>fax 520-621-8229

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
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         http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: Malcolm K. Hughes
Cc: Michael E. Mann; Malcolm Hughes; srutherford@virginia.edu; ray Bradley
Subject: Re: Luterbacher
Date: Friday, January 04, 2002 9:13:40 AM

Hi Malcolm,

Do you want to send off the same email to Phil, Keith and Tim?

Thanks,

mike

At 08:05 AM 1/4/02 -0700, Malcolm K. Hughes wrote:
>I agree and suggest tat you add in comparison with the pressure
>reconstructions
>reported in the paper with a thousand authors headed up by Phil (in the
>file I
>sent Scott). CHeers, Malcolm
>Quoting "Michael E. Mann" <mann@virginia.edu>:
>
> > HI Malcolm,
> >
> > This letter looks great to me. Regarding Phil, you make a good point. We
> >
> > could ask Tim, Phil, and Keith to write a letter indicating their
> > interest
> > in continuing w/ the comparisons that Scott, Tim, and I have already
> > been
> > doing w/ the MXD and multiproxy datasets.
> >
> > Thoughts?
> >
> > mike
> >
> > At 11:01 PM 1/3/02 -0700, Malcolm Hughes wrote:
> > >Here's the text of the message I propose sending to the Swiss
> > >guys - we should probably also send something similar to Phil
> > >Jones. What do you think? Malcolm:
> > >Dear Heinz and Juerg,
> > >Many thanks for the Christmas card. I have a request. Mike
> > >Mann, Scott Rutherford, Ray Bradley and I are preparing a
> > >proposal to continue our large-scale reconstruction work. One
> > >of its major emphases will be the use of proxies to reconstruct
> > >sea level pressure on a hemispheric scale for as far back as the
> > >available paleoclimatic data will allow. Obviously, the work in
> > >which you have been involved, reconstructing both pressure
> > >over a very significant sector of the Northern Hemisphere, and
> > >the North Atlantic Oscillation, has provided a wonderful basis
> > >for comparison for any effort such as the one we propose.
> > >Therefore, we very much hope that it will be possible for us to
> > >collaborate in this way, using your reconstructions as an
> > >independent source of verification data back to AD 1675, of
> > >course, in consultation with you.
> > >If you agree, it would be very helpful if you could fax a letter
> > >saying this to me at 1-520-621-8229. If you have any
> > >questions about this, please do not hesitate to contact me.
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> > >Happy New Year! Malcolm
> > >Malcolm Hughes
> > >Professor of Dendrochronology
> > >Laboratory of Tree-Ring Research
> > >University of Arizona
> > >Tucson, AZ 85721
> > >520-621-6470
> > >fax 520-621-8229
> >
> > _______________________________________________________________________
> >                      Professor Michael E. Mann
> >             Department of Environmental Sciences, Clark Hall
> >                        University of Virginia
> >                       Charlottesville, VA 22903
> > _______________________________________________________________________
> > e-mail: mann@virginia.edu   Phone:    FAX: 
> >          http://www.evsc.virginia.edu/faculty/people/mann.shtml
> >
> >
> >
>
>
>
>Professor Malcolm K. Hughes
>Laboratory of Tree-Ring Research
>W.Stadium 105
>University of Arizona
>Tucson, AZ 85721
>phone 520-621-6470
>fax 520-621-8229

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: Malcolm K. Hughes
Cc: Michael E. Mann; Malcolm K. Hughes; srutherford@virginia.edu; ray Bradley
Subject: Re: Luterbacher
Date: Friday, January 04, 2002 9:53:40 AM

HI Malcolm,

I was feeling exactly the same way. I think it would be too much (we can't
have the whole community as collaborators!). So lets cancel that idea. I
think we've got enough collaborators as it is (6+, pending feedback from
Luterbacher et al).

mike

At 09:40 AM 1/4/02 -0700, Malcolm K. Hughes wrote:
>Since suggesting it, it has occurred to me that having them appearing in that
>way in the proposal might rule them out as reviewers, which I think might
>not be
>what we would want. THoughts? Malcolm
>
>Quoting "Michael E. Mann" <mann@virginia.edu>:
>
> > Hi Malcolm,
> >
> > Do you want to send off the same email to Phil, Keith and Tim?
> >
> > Thanks,
> >
> > mike
> >
> > At 08:05 AM 1/4/02 -0700, Malcolm K. Hughes wrote:
> > >I agree and suggest tat you add in comparison with the pressure
> > >reconstructions
> > >reported in the paper with a thousand authors headed up by Phil (in the
> >
> > >file I
> > >sent Scott). CHeers, Malcolm
> > >Quoting "Michael E. Mann" <mann@virginia.edu>:
> > >
> > > > HI Malcolm,
> > > >
> > > > This letter looks great to me. Regarding Phil, you make a good
> > point. We
> > > >
> > > > could ask Tim, Phil, and Keith to write a letter indicating their
> > > > interest
> > > > in continuing w/ the comparisons that Scott, Tim, and I have already
> > > > been
> > > > doing w/ the MXD and multiproxy datasets.
> > > >
> > > > Thoughts?
> > > >
> > > > mike
> > > >
> > > > At 11:01 PM 1/3/02 -0700, Malcolm Hughes wrote:
> > > > >Here's the text of the message I propose sending to the Swiss
> > > > >guys - we should probably also send something similar to Phil
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> > > > >Jones. What do you think? Malcolm:
> > > > >Dear Heinz and Juerg,
> > > > >Many thanks for the Christmas card. I have a request. Mike
> > > > >Mann, Scott Rutherford, Ray Bradley and I are preparing a
> > > > >proposal to continue our large-scale reconstruction work. One
> > > > >of its major emphases will be the use of proxies to reconstruct
> > > > >sea level pressure on a hemispheric scale for as far back as the
> > > > >available paleoclimatic data will allow. Obviously, the work in
> > > > >which you have been involved, reconstructing both pressure
> > > > >over a very significant sector of the Northern Hemisphere, and
> > > > >the North Atlantic Oscillation, has provided a wonderful basis
> > > > >for comparison for any effort such as the one we propose.
> > > > >Therefore, we very much hope that it will be possible for us to
> > > > >collaborate in this way, using your reconstructions as an
> > > > >independent source of verification data back to AD 1675, of
> > > > >course, in consultation with you.
> > > > >If you agree, it would be very helpful if you could fax a letter
> > > > >saying this to me at 1-520-621-8229. If you have any
> > > > >questions about this, please do not hesitate to contact me.
> > > > >Happy New Year! Malcolm
> > > > >Malcolm Hughes
> > > > >Professor of Dendrochronology
> > > > >Laboratory of Tree-Ring Research
> > > > >University of Arizona
> > > > >Tucson, AZ 85721
> > > > >520-621-6470
> > > > >fax 520-621-8229
> > > >
> > > >
> > _______________________________________________________________________
> > > >                      Professor Michael E. Mann
> > > >             Department of Environmental Sciences, Clark Hall
> > > >                        University of Virginia
> > > >                       Charlottesville, VA 22903
> > > >
> > _______________________________________________________________________
> > > > e-mail: mann@virginia.edu   Phone:    FAX: (434)
> > 982-2137
> > > >          http://www.evsc.virginia.edu/faculty/people/mann.shtml
> > > >
> > > >
> > > >
> > >
> > >
> > >
> > >Professor Malcolm K. Hughes
> > >Laboratory of Tree-Ring Research
> > >W.Stadium 105
> > >University of Arizona
> > >Tucson, AZ 85721
> > >phone 520-621-6470
> > >fax 520-621-8229
> >
> > _______________________________________________________________________
> >                      Professor Michael E. Mann
> >             Department of Environmental Sciences, Clark Hall
> >                        University of Virginia
> >                       Charlottesville, VA 22903
> > _______________________________________________________________________
> > e-mail: mann@virginia.edu   Phone:    FAX: 
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> >          http://www.evsc.virginia.edu/faculty/people/mann.shtml
> >
> >
> >
>
>
>
>Professor Malcolm K. Hughes
>Laboratory of Tree-Ring Research
>W.Stadium 105
>University of Arizona
>Tucson, AZ 85721
>phone 520-621-6470
>fax 520-621-8229

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: Raymond S. Bradley
Cc: Malcolm K. Hughes; mann@multiproxy.evsc.virginia.edu; srutherford@virginia.edu
Subject: Re: Luterbacher letter?
Date: Friday, January 04, 2002 9:57:27 AM

oops I guess its too late now?

Lets see what they say. I think it doesn't hurt to explicitly indicate a
spirit of collaboration w/ them, given that there has been some tension w/
these guys recently (e.g., over the Shindell et al paper)...

mike

At 11:48 AM 1/4/02 -0500, Raymond S. Bradley wrote:
>It occurred to me that there is not really any need to get a letter from
>Juerg (or Phil) in that we can do the comparison that we suggest
>ourselves.  In fact Juerg has sent me the seasonal/NAO reconstructions
>with that aim in mind I guess.  However, the collaboration letter from Tom
>D. is more important in that it clearly defines a direction for new
>research/collaboration.  So, I'd skip the Luterbacher/Jones letters and
>just make sure we fully acknowledge their IMPORTANT work!
>Ray
>
>At 09:40 AM 1/4/02 -0700, you wrote:
>>Since suggesting it, it has occurred to me that having them appearing in that
>>way in the proposal might rule them out as reviewers, which I think might
>>not be
>>what we would want. THoughts? Malcolm
>
>Raymond S. Bradley
>Professor and Head of Department
>Department of Geosciences
>University of Massachusetts
>Amherst, MA 01003-5820
>
>Tel: 
>Fax: 
>Climate System Research Center: 
>Climate System Research Center Web Page:
><http://www.geo.umass.edu/climate/climate.html>
>Paleoclimatology Book Web Site (1999):
>http://www.geo.umass.edu/climate/paleo/html
>
>
>

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: Scott Rutherford
Cc: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; mann@virginia.edu; zhang zhihua
Subject: Fwd: NAO,SLP and 500 hPa data
Date: Wednesday, January 09, 2002 8:20:18 AM
Attachments: cooknao.dat

Scott (and Zhang):

You should download the Luterbacher seasonal NAO reconstruction back to 1500:

http://www.cru.uea.ac.uk/cru/data/naojurg.htm

and their seasonal SLP reconstructions:

http://www.ngdc.noaa.gov/paleo/pubs/luterbacher2002/

as well as the Cook et al NAO reconstrution (attached)

These can be use in our next round of seasonal temperature and SLP
reconstructions. We can withold them and use them for long-term
verification of our own SLP reconstructions, which Zhang will be performing
down the road...

Obviously, there is information in these that is redundant to what we have,
but there is also some information in these that we don't have...

mike
>Date: Tue, 08 Jan 2002 18:34:10 +0100 (MET)
>From: Juerg Luterbacher <juerg@giub.unibe.ch>
>Subject: NAO,SLP and 500 hPa data
>To: mhughes@ltrr.arizona.edu
>Cc: mann@virginia.edu, rbradley@geo.umass.edu, srutherford@virginia.edu,
>         juerg@alp.unibe.ch, wanner@alp.unibe.ch
>
>Content-type: text/plain; charset=us-ascii
>Content-transfer-encoding: 7BIT
>Content-MD5: o62Z0a2bNjBQaqnzND8AUg==
>X-Sun-Data-type: text
>
>Dear colleagues
>
>I hope you all started the new year very well!
>All the best from Bern!
>
>Your future plans on the NH large-scale
>SLP fields sound very interesting and we would
>be much interested in collaborating with you.
>
>There is no problem to use our reconstructions, in the contrary,
>it is very good that people are interested in these and use them
>for comparison.
>
>I have attached the accepted version of the Atmospheric
>Science Letter paper dealing with the 500-year NAO
>reconstructions. It should be available soon
>from the net. I will let you know about it.
>

ABOR/MH/Priv-004500



>The reference for the NAO paper is:
>Luterbacher, J., Xoplaki, E., Dietrich, D., Jones, P.D., Davies, T.D.,
>Portis, D., Gonzalez-Rouco, J.F., von Storch, H., Gyalistras, D., Casty,
>C., and Wanner, H., 2002. Extending North Atlantic Oscillation
>Reconstructions Back to 1500. Atmos. Sci. Lett.,
>doi:10.1006/asle.2001.0044.
>
>The reconstructed NAO values are available from the Climatic Research Unit
>data homepage http://www.cru.uea.ac.uk/cru/data/
>
>
>Concerning the SLP (and 500 hPa) fields:
>We have a paper in Climate Dynamics which was
>published electronically in mid-December 2001.
>You can get a html version from
>http://link.springer.de/link/service/journals/00382/contents/01/00196/paper/s003
>82-001-0196-6ch000.html
>
>There, as for the NAO reconstructions, we present monthly SLP estimates
>back to
>1659  and seasonal reconstructions for the period 1500-1658 for the
>area 30N-70N;30W-40E (The SLP are on a 5x5deg grid, the
>500hPa fields on a 2.5degx2.5deg grid).
>
>The printed version will be published this spring, I suppose.
>
>The reference for this publication is:
>Luterbacher, J., Xoplaki, E., Dietrich, D., Rickli, R., Jacobeit, J.,
>Beck, C., Gyalistras, D., Schmutz, C. and Wanner, H., 2002. Reconstruction
>of Sea Level Pressure fields over the Eastern North Atlantic and Europe
>back to 1500. Clim. Dyn., in press.
>
>The reconstructed SLP and 500 hPa
>fields are available from the World Data
>Center for Paleoclimatology and NOAA
>Paleoclimatology Program
>http://www.ngdc.noaa.gov/paleo/pubs/luterbacher2002 and from the
>MEDIAS-France
>homepage http://medias.obs-mip.fr/slp
>
>We would be happy if these data are of use for you and we
>are looking very much forward to collaborate with you.
>If you need more information, just send us an email.
>
>Actually, we also reconstruct independently temperature and
>precipitation fields for the Northern North Atlantic-Eurasian
>area for the last 500 years and we would be much interested in
>comparing our results with your reconstructions later on.
>
>Malcolm, we will send you the requested fax soon.
>
>Many greetings from Bern
>
>
>Juerg
>
>+----------------------------------------------------------------------------+
>| Dr. Juerg Luterbacher                 EMAIL: juerg@giub.unibe.ch           |
>| University of
>Bern                                                         |

ABOR/MH/Priv-004501



>| NCCR Climate                          PHONE: ++41 31 631 85 45             |
>| Institute of Geography                                                     |
>| Climatology and Meteorology           FAX:   ++41 31 631 85
>11             |
>|
>| Hallerstrasse
>12                                                           |
>|
>| CH-3012 Bern                                                               |
>| Switzerland                                                                |
>+----------------------------------------------------------------------------+
>Content-type: application/octet-stream; name=Figure3new.pdf
>Content-disposition: attachment; filename=Figure3new.pdf
>Content-description: Figure3new.pdf
>Content-MD5: CLCCUol1D7Sb+OdstOq7zQ==
>
>Content-type: application/octet-stream; name=Figure2new.pdf
>Content-disposition: attachment; filename=Figure2new.pdf
>Content-description: Figure2new.pdf
>Content-MD5: H0yHP/PF3xP0HopuedLRNA==
>
>Content-type: application/octet-stream; name=Figure1new.pdf
>Content-disposition: attachment; filename=Figure1new.pdf
>Content-description: Figure1new.pdf
>Content-MD5: g5GnfNaobikXop2F+KiwyQ==
>
>Content-type: application/octet-stream; name=NAO_ASLinpress.doc
>Content-disposition: attachment; filename=NAO_ASLinpress.doc
>Content-description: NAO_ASLinpress.doc
>Content-MD5: PQhwJbl6qETNznc2N7VgPQ==
>
>Content-type: application/octet-stream; name=NAO_ASLinpress.rtf
>Content-disposition: attachment; filename=NAO_ASLinpress.rtf
>Content-description: NAO_ASLinpress.rtf
>Content-MD5: 776XgMjz28PV4Y4RcUyuKw==

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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Sure. Here it is.

 YEAR  NAO REC
 580 1.0
(5x,f8.3)
 1400  -0.256
 1401  -0.915
 1402  -0.099
 1403  -0.680
 1404  -0.512
 1405   0.273
 1406   0.277
 1407   0.134
 1408  -0.843
 1409  -0.116
 1410  -0.094
 1411  -0.715
 1412  -1.846
 1413   1.005
 1414  -0.978
 1415   0.680
 1416  -0.571
 1417  -0.502
 1418  -0.516
 1419  -0.185
 1420   0.610
 1421  -0.335
 1422   0.530
 1423  -0.538
 1424   0.698
 1425  -0.749
 1426  -0.235
 1427  -0.977
 1428   0.389
 1429  -0.164
 1430  -0.435
 1431  -0.391
 1432  -0.048
 1433  -0.144
 1434   0.267
 1435  -0.048
 1436  -0.298
 1437  -0.676
 1438   0.923
 1439  -0.749
 1440  -0.104
 1441  -0.730
 1442  -0.384
 1443  -0.461
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 1444  -0.404
 1445   0.945
 1446  -0.060
 1447  -0.882
 1448  -1.170
 1449   1.245
 1450  -0.655
 1451  -0.007
 1452  -1.012
 1453  -0.272
 1454  -0.872
 1455  -0.036
 1456  -0.123
 1457   0.390
 1458  -0.940
 1459  -0.244
 1460  -0.043
 1461  -0.664
 1462   0.358
 1463  -0.523
 1464  -0.052
 1465   1.202
 1466  -0.934
 1467  -0.536
 1468  -0.228
 1469   0.299
 1470  -0.580
 1471   0.286
 1472   0.277
 1473   0.581
 1474   0.842
 1475  -1.597
 1476  -0.561
 1477  -0.131
 1478   1.185
 1479   1.289
 1480  -0.207
 1481   0.232
 1482   0.501
 1483   0.168
 1484   0.744
 1485   0.704
 1486   0.445
 1487   0.026
 1488   0.410
 1489  -0.070
 1490  -0.536
 1491  -0.459
 1492  -0.452
 1493   1.757
 1494  -0.260
 1495  -1.266
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 1496  -0.609
 1497   0.248
 1498   0.861
 1499  -1.085
 1500   1.240
 1501  -0.491
 1502  -0.299
 1503  -1.410
 1504  -0.087
 1505  -0.765
 1506  -0.722
 1507  -0.204
 1508   0.732
 1509   0.707
 1510   1.145
 1511  -0.651
 1512   0.000
 1513  -0.610
 1514  -1.350
 1515   1.041
 1516   0.135
 1517   0.300
 1518   0.720
 1519  -1.282
 1520   0.049
 1521   1.777
 1522  -0.233
 1523   0.419
 1524  -0.831
 1525   0.691
 1526   1.002
 1527   0.349
 1528  -0.181
 1529   0.715
 1530  -0.022
 1531  -0.230
 1532  -0.614
 1533  -0.247
 1534  -0.134
 1535  -0.670
 1536   0.717
 1537  -0.567
 1538   0.116
 1539  -0.669
 1540  -0.390
 1541  -0.044
 1542   0.738
 1543  -0.268
 1544  -1.524
 1545   1.945
 1546  -0.830
 1547   0.168

3

ABOR/MH/Priv-004505



 1548   0.879
 1549   0.008
 1550  -0.190
 1551  -0.970
 1552  -0.502
 1553  -0.021
 1554  -0.620
 1555   1.421
 1556  -0.101
 1557  -0.190
 1558   0.191
 1559  -1.799
 1560   0.357
 1561  -0.108
 1562  -0.602
 1563  -0.262
 1564  -1.327
 1565   0.157
 1566  -0.391
 1567  -0.376
 1568  -0.034
 1569  -0.495
 1570  -0.952
 1571  -0.742
 1572   0.307
 1573  -1.574
 1574   0.316
 1575   0.243
 1576  -0.048
 1577  -0.409
 1578   0.310
 1579  -0.042
 1580  -0.332
 1581   0.843
 1582   1.061
 1583   0.374
 1584   0.156
 1585   1.513
 1586  -0.191
 1587  -1.541
 1588   1.310
 1589   0.666
 1590  -0.366
 1591   1.127
 1592  -0.385
 1593   0.032
 1594  -0.780
 1595  -0.110
 1596   0.182
 1597  -0.434
 1598   0.439
 1599  -0.061

4

ABOR/MH/Priv-004506



 1600   0.055
 1601   0.376
 1602   0.155
 1603   0.320
 1604  -0.225
 1605   0.140
 1606  -0.072
 1607   0.362
 1608   0.508
 1609  -0.198
 1610   0.547
 1611  -0.362
 1612  -0.864
 1613   0.505
 1614  -0.757
 1615  -0.532
 1616   0.935
 1617  -0.485
 1618  -0.949
 1619  -0.153
 1620  -0.184
 1621  -0.014
 1622  -0.216
 1623   0.388
 1624  -0.789
 1625  -1.285
 1626  -0.385
 1627  -0.073
 1628   0.367
 1629  -0.678
 1630   0.158
 1631   0.394
 1632   0.472
 1633  -0.144
 1634   1.077
 1635  -0.557
 1636   0.266
 1637   0.289
 1638   0.020
 1639   0.468
 1640  -0.123
 1641  -0.977
 1642  -0.014
 1643   0.641
 1644   0.644
 1645   0.308
 1646  -1.523
 1647  -0.164
 1648  -0.790
 1649   0.333
 1650  -0.299
 1651  -0.240

5

ABOR/MH/Priv-004507



 1652  -0.062
 1653   0.159
 1654   0.455
 1655  -1.149
 1656  -0.155
 1657  -0.396
 1658  -0.306
 1659  -0.553
 1660   0.184
 1661   1.029
 1662   0.109
 1663  -2.091
 1664   0.175
 1665  -0.026
 1666  -0.921
 1667  -0.782
 1668  -0.795
 1669   0.147
 1670  -0.174
 1671   0.642
 1672  -0.061
 1673  -0.311
 1674  -0.158
 1675  -1.005
 1676   0.385
 1677  -0.383
 1678   0.283
 1679  -0.918
 1680   1.024
 1681  -0.727
 1682  -0.190
 1683   0.970
 1684  -1.621
 1685   0.341
 1686  -0.156
 1687  -0.454
 1688  -1.261
 1689   0.346
 1690  -0.156
 1691  -0.292
 1692  -1.132
 1693   1.097
 1694   1.026
 1695  -0.565
 1696  -0.492
 1697  -1.082
 1698  -1.256
 1699  -0.473
 1700  -0.593
 1701   0.176
 1702   0.028
 1703   0.054
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 1704  -0.403
 1705   0.332
 1706   0.225
 1707  -0.170
 1708  -1.130
 1709  -0.263
 1710   0.591
 1711  -0.282
 1712   0.526
 1713  -0.010
 1714  -0.219
 1715   0.080
 1716  -0.272
 1717   0.086
 1718   0.454
 1719   0.191
 1720   0.176
 1721  -0.140
 1722   0.161
 1723  -0.377
 1724  -0.093
 1725  -0.113
 1726  -0.563
 1727  -0.338
 1728  -0.627
 1729   0.046
 1730  -0.295
 1731  -0.361
 1732   0.233
 1733  -0.523
 1734   1.213
 1735  -0.723
 1736  -0.948
 1737  -0.016
 1738   0.532
 1739  -0.073
 1740   0.362
 1741   0.040
 1742  -0.149
 1743  -0.324
 1744   1.194
 1745   0.361
 1746  -0.896
 1747  -0.149
 1748  -1.146
 1749   0.112
 1750   0.729
 1751  -0.204
 1752  -0.234
 1753   0.987
 1754  -0.821
 1755  -0.955
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 1756   0.096
 1757  -0.440
 1758  -1.063
 1759   0.991
 1760  -0.451
 1761   0.308
 1762  -0.006
 1763  -1.132
 1764  -0.016
 1765   0.333
 1766  -0.724
 1767  -0.708
 1768  -0.855
 1769   0.285
 1770   0.177
 1771  -0.821
 1772  -0.969
 1773   0.400
 1774  -0.882
 1775   0.300
 1776  -0.165
 1777   0.271
 1778  -0.316
 1779   1.244
 1780  -0.988
 1781   0.421
 1782  -0.586
 1783   0.051
 1784  -1.619
 1785  -0.038
 1786  -0.874
 1787   0.075
 1788  -0.849
 1789  -0.163
 1790   0.178
 1791   0.333
 1792  -0.719
 1793   0.371
 1794   0.483
 1795  -0.227
 1796   0.505
 1797  -0.172
 1798   0.538
 1799  -0.440
 1800  -1.182
 1801   0.581
 1802   0.873
 1803   0.131
 1804  -0.376
 1805  -0.192
 1806  -0.727
 1807   0.109

8
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 1808   0.080
 1809   0.121
 1810  -0.308
 1811  -0.001
 1812  -0.677
 1813   0.390
 1814  -0.860
 1815   1.153
 1816  -0.269
 1817   1.329
 1818  -0.787
 1819  -0.077
 1820   0.001
 1821  -0.053
 1822   0.487
 1823  -0.126
 1824   0.037
 1825   0.532
 1826  -0.381
 1827  -1.092
 1828   1.001
 1829  -2.131
 1830   0.157
 1831  -0.612
 1832  -0.005
 1833  -0.765
 1834   1.196
 1835   0.640
 1836  -0.198
 1837  -1.675
 1838  -0.329
 1839  -0.220
 1840   0.312
 1841  -0.803
 1842   0.316
 1843   0.139
 1844   0.404
 1845  -0.825
 1846   0.151
 1847  -0.935
 1848   0.561
 1849   0.219
 1850   0.131
 1851  -0.299
 1852   0.033
 1853  -1.076
 1854   0.555
 1855  -1.113
 1856  -0.988
 1857   0.313
 1858   0.570
 1859   0.420
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 1860  -0.563
 1861   0.296
 1862  -0.357
 1863   0.245
 1864  -0.394
 1865  -0.498
 1866   0.420
 1867   0.121
 1868   0.975
 1869   0.178
 1870  -0.474
 1871  -0.977
 1872  -0.274
 1873  -1.083
 1874   0.997
 1875  -0.223
 1876  -0.608
 1877  -0.814
 1878   0.694
 1879  -1.491
 1880   0.817
 1881  -0.573
 1882   2.269
 1883  -0.412
 1884   0.498
 1885  -0.469
 1886  -0.540
 1887   0.176
 1888  -1.119
 1889  -0.092
 1890   0.182
 1891  -0.176
 1892  -0.389
 1893  -0.098
 1894  -0.163
 1895  -1.738
 1896   0.094
 1897   0.184
 1898   0.573
 1899  -0.493
 1900  -1.103
 1901  -1.094
 1902  -0.282
 1903   1.381
 1904  -0.407
 1905   0.865
 1906   1.033
 1907   0.566
 1908   0.126
 1909  -0.112
 1910  -0.409
 1911  -0.253

10
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 1912  -0.757
 1913   0.696
 1914   0.101
 1915  -0.141
 1916  -0.407
 1917  -1.295
 1918   0.656
 1919   0.397
 1920   1.062
 1921   0.394
 1922  -0.299
 1923   0.867
 1924  -0.829
 1925   0.839
 1926  -0.041
 1927  -0.005
 1928  -0.412
 1929  -0.524
 1930  -0.280
 1931  -1.099
 1932  -0.584
 1933   0.721
 1934   0.070
 1935   0.272
 1936  -1.295
 1937   1.076
 1938   0.308
 1939  -0.638
 1940  -0.653
 1941  -1.152
 1942  -0.816
 1943   0.493
 1944  -0.800
 1945   1.451
 1946   0.315
 1947  -1.573
 1948   0.381
 1949   0.749
 1950   0.128
 1951  -0.298
 1952  -0.487
 1953  -0.059
 1954  -0.463
 1955  -1.133
 1956  -0.408
 1957   1.920
 1958  -1.643
 1959   0.377
 1960  -1.634
 1961   1.260
 1962  -1.226
 1963  -1.946
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 1964  -0.738
 1965  -0.706
 1966  -0.166
 1967   1.111
 1968  -0.066
 1969  -1.720
 1970  -0.341
 1971  -0.159
 1972  -0.018
 1973   1.187
 1974   0.984
 1975   0.151
 1976   0.553
 1977  -0.334
 1978  -0.866
 1979  -1.216

==================================
Dr. Edward R. Cook
Doherty Senior Scholar
Tree-Ring Laboratory
Lamont-Doherty Earth Observatory
Palisades, New York  10964  USA
Phone:  1-
Fax:    1-
Email:  drdendro@ldeo.columbia.edu
==================================
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From: Michael E. Mann
To: juerg@alp.unibe.ch; wanner@alp.unibe.ch
Cc: mhughes@ltrr.arizona.edu; mann@virginia.edu; rbradley@geo.umass.edu; srutherford@virginia.edu
Subject: Re: NAO,SLP and 500 hPa data
Date: Wednesday, January 09, 2002 8:35:10 AM

Dear Juerg and Heinz,

Very excited to hear that you're interested in collaborating w/ us on this. I think it
will be enjoyable, and informative. My thought is that we can both incorporate your
seasonal SLP reconstructions w/ our  other indicators in the large-scale seasonal
temperature reconstructions we are attempting, and then also use them but also
withold them for verification, when we get around to attempting large-scale seasonal
SLP reconstructions (that is somewhat down the road). We'll keep you fully informed
as we progress, and will look forward to working w/ you on this.

Best regards (and happy holidays),

mike

p.s. Thanks for the nice card over the holidays!

At 11:18 AM 1/8/02 -0700, Malcolm K. Hughes wrote:

Dear Juerg,
Many thanks for your very helpful e-mail. I will let you know when the fax

arrives successfully. You've provided much interesting material to read,
and 
digest. Greetings from the sunshine (to those on the US East Coast too)!
CHeers, 
Malcolm

Quoting Juerg Luterbacher <juerg@giub.unibe.ch>:

> Dear colleagues
>
> I hope you all started the new year very well!
> All the best from Bern!
>
> Your future plans on the NH large-scale
> SLP fields sound very interesting and we would
> be much interested in collaborating with you.
>
> There is no problem to use our reconstructions, in the contrary,
> it is very good that people are interested in these and use them
> for comparison.
>
> I have attached the accepted version of the Atmospheric
> Science Letter paper dealing with the 500-year NAO
> reconstructions. It should be available soon
> from the net. I will let you know about it.
>
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> The reference for the NAO paper is:
> Luterbacher, J., Xoplaki, E., Dietrich, D., Jones, P.D., Davies, T.D.,
> Portis, D., Gonzalez-Rouco, J.F., von Storch, H., Gyalistras, D., Casty,
> C., and Wanner, H., 2002. Extending North Atlantic Oscillation
> Reconstructions Back to 1500. Atmos. Sci. Lett.,
> doi:10.1006/asle.2001.0044.
>
> The reconstructed NAO values are available from the Climatic Research
> Unit
> data homepage http://www.cru.uea.ac.uk/cru/data/
>
>
> Concerning the SLP (and 500 hPa) fields:
> We have a paper in Climate Dynamics which was
> published electronically in mid-December 2001.
> You can get a html version from
> 
http://link.springer.de/link/service/journals/00382/contents/01/00196/paper/s003

> 82-001-0196-6ch000.html
>
> There, as for the NAO reconstructions, we present monthly SLP
estimates
> back to
> 1659  and seasonal reconstructions for the period 1500-1658 for the
> area 30N-70N;30W-40E (The SLP are on a 5x5deg grid, the
> 500hPa fields on a 2.5degx2.5deg grid).
>
> The printed version will be published this spring, I suppose.
>
> The reference for this publication is:
> Luterbacher, J., Xoplaki, E., Dietrich, D., Rickli, R., Jacobeit, J.,
> Beck, C., Gyalistras, D., Schmutz, C. and Wanner, H., 2002.
> Reconstruction
> of Sea Level Pressure fields over the Eastern North Atlantic and Europe
> back to 1500. Clim. Dyn., in press.
>
> The reconstructed SLP and 500 hPa
> fields are available from the World Data
> Center for Paleoclimatology and NOAA
> Paleoclimatology Program
> http://www.ngdc.noaa.gov/paleo/pubs/luterbacher2002 and from the
> MEDIAS-France
> homepage http://medias.obs-mip.fr/slp
>
> We would be happy if these data are of use for you and we
> are looking very much forward to collaborate with you.
> If you need more information, just send us an email.
>
> Actually, we also reconstruct independently temperature and
> precipitation fields for the Northern North Atlantic-Eurasian
> area for the last 500 years and we would be much interested in
> comparing our results with your reconstructions later on.
>
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> Malcolm, we will send you the requested fax soon.
>
> Many greetings from Bern
>
>
> Juerg
>
> +----------------------------------------------------------------------------+
> | Dr. Juerg Luterbacher                       EMAIL: juerg@giub.unibe.ch      

    |
> | University of Bern                                                    
>     |
> | NCCR Climate                          PHONE: ++41 31 631 85 45        
>     |
> | Institute of Geography                                                
>     |
> | Climatology and Meteorology           FAX:   ++41 31 631 85 11        
>     |
> |
> | Hallerstrasse 12                                                         |  
> |
> | CH-3012 Bern                                                                 
    |
> | Switzerland                                                              |
> +----------------------------------------------------------------------------+
> 

Professor Malcolm K. Hughes
Laboratory of Tree-Ring Research
W.Stadium 105
University of Arizona
Tucson, AZ 85721
phone 520-621-6470
fax 520-621-8229

_______________________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: srutherford@virginia.edu
Cc: mann@virginia.edu; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; Neal Grandy
Subject: Letters
Date: Thursday, January 10, 2002 9:14:11 AM
Attachments: giss-letter.jpg

delworth-letter.jpg
woodhouse-letter.jpg

Scott:

Attached (in jpeg format) are 3 scanned letters from Schmidt/Shindell,
Woodhouse, and Delworth.

You should already have the email letter from Cane (let me know if you are
missing it) and we (Malcolm?) are awaiting a letter from Luterbacher. My
understanding is that Neal has already explained how to upload the letters
in fastlane.

Neal is working on finalizing a U.Va budget today, and will let you all
know when that is ready...

mike

_______________________________________________________________________
                      Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml
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UNITED STATES DEPARTMENT OF COMMERCE

National Oceanic and Atmospheric Administration
NATIONAL ENVIRONMENTAL SATELLITE, DATA. AND INFORMATION SERVICEi ^ \
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NATIONAL GEOPHYSICAL DATA CENTER

3.25 Bipaflway
Boulder, Colorado 80303-3328

December 24, 2001

Dr. Michael Mann

Department of Environmental Sciences. Clark Hall

University of Virginia

Charlottesville. VA 22903

Dear Mike,

Thanks for sharing with me some information about the large-scale mult i proxy climate

reconstruction project that you and your co-PCs are currently working on and what you have

planned for the future. As we discussed over e-mail, it does seem that your project and the

proposal for 19th century North American climate reconstructions that Henry Diaz and I are

in the process ofwriting are indeed complementary. Whereas your reconstructions are

large-scale in nature, with a focus on global gridded surface temperature. SLP. and SST. our

focus will be more regional and include temperature and moisture-related reconstruction

variables. There is some overlap in these two projects, such as working out data merging

issues, but these two projects will also provide opportunities for some interesting

complementary comparisons. In particular, it will be interesting to compare your new SLP

reconstructions with regional patterns of drought, from which I think we both can learn quite

a bit. Our work will also involve a number of collaborators, several of whom I'm sure will

be interested in working with your group, and I'd certainly be happy to act as an outside

collaborator on your project to facilitate theses complementary studies.

13 est regards,

L'Vw'—

Connie Woodhou.se

Physical Scientist

NOAA Paleocl imatology Program

(303) 497-6297

woodhous@ngdc.noaa.gov
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Jan. 09 2002 01 :37PM PIFAX NO. : 12126785561FROM : NASA-GISS

National Aeronautics and
Space Administration

Goddard Space Flight Center
Goddard Institute for Space Studies
2880 Broadway

New York, NY 10025

iV

ne;My lo A!in of; Drs. Drew Shindell and Gavin A. Schmidt
Tel:

Fax; (212) 678 5552
E-«iait: dshindd Ifygiys .nasa.gov
E-mail: gschmidt@giss.nasa,gov

Professor Michael E. Mann
Department of Environmental Sciences
University of Virginia
'2000 Florida Avenue, NW
Charlottesville, VA 22903

Dear Mike,

Wo would be pleased to be able to continue our valuable collaboration with you and
your colleagues, Ray Bradley and Malcom Hughes. Comparison of GCM output with
the extensive data provided by the multiproxy network assembled by this team is
of fundamental importance in evaluating and validating the performance of climate
models. Our collaboration thus far, examining the role of solar forcing in century-scale
climate change, has been very fruitful. We hope to extend our efforts to include volcanic
forcing and to compare the next generation of GISS GCMs with the multiproxy data
sets. As these are our best means of testing our paleoclimate simulations, further
refinement of those data are crucial to our modeling efforts. Recent advances in the
quality of the multiproxy data allowing recovery of seasonal data sets with extensive
geographical coverage for example, have been extremely valuable.

We look forward to further productive collaboration.

Yours sincerely,,!-

ft
(

iw
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UNITED STATES DEPARTMENT OF COMMERCE

National Oceanic and Atmospheric Administration /ERL

GEOPHYSICAL FLUID DYNAMICS UBOFfATORY

Princeton University

Forrestal Campus. US Ftoute 1

Post Office Box 308

f*/ ^

K §
X?'tl

Princeton, New Jersey 08542

PHONE: 609-452-6565

FAX: 609-987-5063

January 3, 2002

Prof. Michael E. Mann

Dept. of Environmental Sciences

University of Virginia

Dear Mike,

This letter is to confirm my strong interest in collaborating on the proposed project

"Reconstruction and Analysis of Patterns of Climate Variability Over the Past Couple Millennia".

Such projects combining simulated and observed data offer tremendous potential for improving

our understanding of the climate system-

There are a number of multi-century to millennia-scale integrations of the GFDL coupled

ocean-atmosphere model which will be made available to this project. These include the lower

resolution RI5 results, as well as newer integrations of the higher resolution R30 model. In addi

tion, we anticipate that simulations with a completely new coupled model will be available within

the time frame of the proposed work, and would be available for use in the proposed work. This

new coupled model will incorporate increased resolution and improved model physics.

Specialized integrations will also be made available, including experiments investigating

the response of the North Atlantic climate system to changes in the Arctic/North Atlantic Oscilla

tion. In addition, multicentury experiments are being planned in which observed estimates of the

changes in radiative forcing associated with volcanic and solar activity would be incorporated.

I look forward to our collaboration on this activity.

Sincerely,

homas L. Del worth

Leader, Climate Dynamics and

Prediction Group
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From: Michael E. Mann
To: Malcolm Hughes; srutherford@virginia.edu
Cc: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; Neal Grandy
Subject: Re: Letters
Date: Thursday, January 10, 2002 9:41:16 AM

Hi Malcolm,

OK--are they faxing to you or Scott?

mike

At 09:38 AM 1/10/02 -0700, Malcolm Hughes wrote:
>I got e-mails from Juerg and Heinz this moring asking for a
>couple of details so they can put their fax together. Given the
>time difference, I expect it will be Friday morning when it
>comes. CHeers, MalcolmMalcolm Hughes
>Professor of Dendrochronology
>Laboratory of Tree-Ring Research
>University of Arizona
>Tucson, AZ 85721
>520-621-6470
>fax 520-621-8229

_______________________________________________________________________
                      Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml

ABOR/MH/Priv-004522



From: Scott Rutherford
To: Michael E. Mann
Cc: mann@virginia.edu; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; Neal Grandy
Subject: Re: Letters
Date: Thursday, January 10, 2002 10:09:56 AM

Mike,

Cane, Shindell, Woodhouse and Delworth letters uploaded to fastlane.

-Scott

On Thursday, January 10, 2002, at 11:19 AM, Michael E. Mann wrote:

> Scott:
>
> Attached (in jpeg format) are 3 scanned letters from Schmidt/Shindell,
> Woodhouse, and Delworth.
>
> You should already have the email letter from Cane (let me know if you
> are missing it) and we (Malcolm?) are awaiting a letter from
> Luterbacher. My understanding is that Neal has already explained how to
> upload the letters in fastlane.
>
> Neal is working on finalizing a U.Va budget today, and will let you all
> know when that is ready...
>
> mike
>
> _______________________________________________________________________
>                      Professor Michael E. Mann
>           Department of Environmental Sciences, Clark Hall
>                       University of Virginia
>                      Charlottesville, VA 22903
> _______________________________________________________________________
> e-mail: mann@virginia.edu   Phone:    FAX: 
>        http://www.evsc.virginia.edu/faculty/people/mann.shtml
>
______________________________________________
                      Scott Rutherford 

University of Virginia          University of Rhode Island
Environmental Sciences          Graduate School of Oceanography
Clark Hall                                      South Ferry Road
Charlottesville, VA 22903       Narragansett, RI 02882
srutherford@virginia.edu                srutherford@gso.uri.edu
phone:            
fax:                      
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From: Michael E. Mann
To: Scott Rutherford
Cc: Michael E. Mann; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; Neal Grandy
Subject: Re: Letters
Date: Thursday, January 10, 2002 10:17:43 AM

Sounds good Scott,

Please let everyone know when a final version is available for download.
then I suggest we allow 24 hours for any final comments, before submitting
the proposal.

Meanwhile, the budgets should be coming along...

mike

At 12:09 PM 1/10/02 -0500, Scott Rutherford wrote:
>Mike,
>
>Cane, Shindell, Woodhouse and Delworth letters uploaded to fastlane.
>
>-Scott
>
>On Thursday, January 10, 2002, at 11:19 AM, Michael E. Mann wrote:
>
>>Scott:
>>
>>Attached (in jpeg format) are 3 scanned letters from Schmidt/Shindell,
>>Woodhouse, and Delworth.
>>
>>You should already have the email letter from Cane (let me know if you
>>are missing it) and we (Malcolm?) are awaiting a letter from Luterbacher.
>>My understanding is that Neal has already explained how to upload the
>>letters in fastlane.
>>
>>Neal is working on finalizing a U.Va budget today, and will let you all
>>know when that is ready...
>>
>>mike
>>
>>_______________________________________________________________________
>>                      Professor Michael E. Mann
>>           Department of Environmental Sciences, Clark Hall
>>                       University of Virginia
>>                      Charlottesville, VA 22903
>>_______________________________________________________________________
>>e-mail: mann@virginia.edu   Phone:    FAX: 
>>        http://www.evsc.virginia.edu/faculty/people/mann.shtml
>______________________________________________
>                       Scott Rutherford
>
>University of Virginia          University of Rhode Island
>Environmental Sciences          Graduate School of Oceanography
>Clark Hall                                      South Ferry Road
>Charlottesville, VA 22903       Narragansett, RI 02882
>srutherford@virginia.edu                srutherford@gso.uri.edu
>phone:            
>fax:                      
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>

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: Malcolm Hughes
Cc: mann@virginia.edu; Neal Grandy
Subject: Re: Post-doc ad
Date: Thursday, January 10, 2002 3:21:41 PM

HI Malcolm,

What is the status of this? Have you received applications?

Also, when is there an official start date when we can expect some money from
NOAA?

Thanks,

mike

At 03:31 PM 11/2/01 -0700, you wrote:

I'd be grateful for any comments or suggestions you may have about this
- I'd like to put it into circulation on Monday.  Cheers, Malcolm 

High-resolution paleoclimatology. Applications are invited for a
postdoctoral research associate position in high-resolution
paleoclimatology in the Laboratory of Tree-Ring Research at the University
of Arizona. The position is available for 1.5 years. The successful
candidate will work on the project “Global multidecadal to century-scale
climate oscillations during the last 1000 years”, which is concerned with
the detection, distribution and analysis of quasiperiodic features in the
climate system at time scales approaching the length of the instrumental
record.  They will interact with the PI, Dr. Malcolm K. Hughes, Dr. Michael
E. Mann of the University of Virginia and Dr. Jeffrey Park of Yale
University. 
Candidates should be familiar with and used to dealing with climate data,
and familiar with (or interested in becoming familiar) with proxy climate
data derived from natural archives. It is essential that they have a state-
of-the –art knowledge of statistical and time-series analysis techniques
used in climatology. A completed Ph.D. in a closely related field is
required. 
        To apply, please submit a letter of application, resume, list of
publications, and statement of research interests to: Professor Malcolm K.
Hughes, Laboratory of Tree-Ring Research, W. Stadium 105, University of
Arizona, Tucson, AZ 85721. Letters of recommendation should be sent
directly to Professor Hughes by at least three persons who are well
acquainted with the applicant’s professional accomplishments and
potential. Those interested in applying are encouraged to contact
Professor Hughes for further details at { HYPERLINK
"mailto:mhughes@ltrr.arizona.edu" }mhughes@ltrr.arizona.edu. The
review of applications will begin December 14, 2001, and will continue
until the position is filled. 
The University of Arizona is an EEO/AA employer – M/W/D/V. 

Malcolm Hughes Professor of Dendrochronology Laboratory of Tree-Ring
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Research University of Arizona Tucson, AZ 85721 520-621-6470 fax 520-
621-8229 
</blockquote></x-html>

_______________________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Malcolm Hughes
To: Michael E. Mann
Cc: mann@virginia.edu; Neal Grandy
Subject: Re: Post-doc ad
Date: Thursday, January 10, 2002 5:15:27 PM

Mike - the start date was January 1. I suggest you have Neal
contact Phyllis (pgress@ltrr.arizona.edu).. I have several
applications, and plan to deal with them once everything is off
to ESH (I'm involved in three proposals, and a final report to
another agency, all due Tuesday).
CHeers, Malcolm
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From: Malcolm Hughes
To: Michael E. Mann
Subject: question
Date: Friday, June 07, 2002 11:22:51 AM

Mike - thanks for the update. I'm trying to get
the revised budget out of here today and
wondered if you knew the answer to the
following - does it matter if I take the cut in
year 1 or in year 3, so long as the bottom line
effect on the amount requested is close to the
same? I know that the illustration you sent had
the cut in year 1, and was not sure how critical
this timing is. Cheers, Malcolm
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From: Michael E. Mann
To: Malcolm Hughes
Subject: Re: question
Date: Friday, June 07, 2002 12:04:20 PM

HI Malcolm,

I think as far as Chris is concerned, its really only the total that
matters, although its probably easier to back-load then front-load the
money. But I think we can do it either way. I assumed year 1 made more
sense because you'd be advertising the position, but as long as the bottom
line isn't changed, I don't see it mattering one way or the other.

Talk to you later,

mike

p.s. off to Copenhagen sunday to give a talk at DMI, then Santorini to talk
about volcanic forcing. Back on the 24th,

At 11:22 AM 6/7/02 -0700, you wrote:
>Mike - thanks for the update. I'm trying to get
>the revised budget out of here today and
>wondered if you knew the answer to the
>following - does it matter if I take the cut in
>year 1 or in year 3, so long as the bottom line
>effect on the amount requested is close to the
>same? I know that the illustration you sent had
>the cut in year 1, and was not sure how critical
>this timing is. Cheers, MalcolmMalcolm
>Hughes
>Professor of Dendrochronology
>Laboratory of Tree-Ring Research
>University of Arizona
>Tucson, AZ 85721
>520-621-6470
>fax 520-621-8229

_______________________________________________________________________
                      Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Malcolm Hughes
To: mann@virginia.edu
Cc: rbradley@geo.umass.edu
Subject: NOAA grant - new one
Date: Wednesday, June 12, 2002 9:14:15 AM

Mike - we are in some confusion about the procedure to
be followed for the proposal recently passed by NSF to
NOAA. Is this going to NOAA as a single proposal from
Virginia with subcontracts to Arizona and Massachusetts,
or as three separate, linked sets of paperwork? Cheers,
Malcolm
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From: mann@multiproxy.evsc.virginia.edu
To: mhughes@ltrr.arizona.edu; mann@virginia.edu; rbradley@geo.umass.edu; nrg2p@virginia.edu
Subject: RE: NOAA grant - new one
Date: Tuesday, June 18, 2002 6:28:10 AM

Malcolm:

As before, this is three separate contracts for the different institutions. Please contact Chris Miller if
there any remaining confusion. I've also cc'd to Neal Grandy (our grants administrator) who might be
able to provide some help well I'm away (travelling until 24th).

good luck,

mike

Original Message:
-----------------
From: Malcolm Hughes mhughes@ltrr.arizona.edu
Date: Wed, 12 Jun 2002 09:14:08 -0700
To: mann@virginia.edu, rbradley@geo.umass.edu
Subject: NOAA grant - new one

Mike - we are in some confusion about the procedure to
be followed for the proposal recently passed by NSF to
NOAA. Is this going to NOAA as a single proposal from
Virginia with subcontracts to Arizona and Massachusetts,
or as three separate, linked sets of paperwork? Cheers,
MalcolmMalcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

--------------------------------------------------------------------
mail2web - Check your email from the web at
http://mail2web.com/ .

ABOR/MH/Priv-004532



From: Michael E. Mann
To: fenbiao@ltrr.arizona.edu
Cc: mhughes@ltrr.arizona.edu; mann@multiproxy.evsc.virginia.edu
Subject: Re:
Date: Monday, June 24, 2002 6:47:45 AM

Dear Fenbiao,

Thanks for your email, and welcome to the project! I'm very much looking
forward to working with you. I'm happy that you and Zhang have been in
contact--I guess you know Zhang already? Since Zhang will also have some
involvement in this project, its great that the two of you are already in
contact.

The dates you mention should be fine.

July 10-21 is actually the better choice. I'll be around from the
10th-18th, but unfortunately will be travelling from the 19th-21st.
However, you might wish to spend the last two days interacting with Zhang,
after I've left.

You should be able to get reimbursed for your travel expenses from the
grant, but you should confirm this with Malcolm.

Please let me know if you need any more information from me. I'll look
forward to seeing you in July,

mike

p.s. If you haven't already done so, you may wish to download our review
paper on MTM-SVD for some background, before we begin. It is available here:

Mann, M.E., Park, J, Oscillatory Spatiotemporal Signal Detection in Climate
Studies: A Multiple-Taper Spectral Domain Approach , Advances in
Geophysics, 41, 1-131, 1999.
ftp://holocene.evsc.virginia.edu/pub/mann/mtmsvd.pdf

(click here for version w/ color figures:
ftp://holocene.evsc.virginia.edu/pub/mann/mtmsvd-color.pdf

There is also more information, software links, etc. available here:

http://www.people.virginia.edu/~mem6u/mtmsvd.html

At 12:01 AM 6/24/02 -0700, you wrote:
>Dear Dr. Michael Mann:
>
>Thank you very much for providing me with the opportunity to learn directly
>from you the MTM-SVD software that you developed over the years. Dr. Hughes
>told me the best time for you in July is around the week of 15th and a couple
>days following that week. I have already shopped around for the cheapest air
>ticket possible and it seems that July 12th or 11th or 10th to July 21th would
>be the best. I am wondering if this could work out with your schedule?
>
>Boarding also has been taken care. Thanks to Zhihua Zhang. He has reserved a
>room for me in Budget Inn at the University with a pretty good rate of $44 per
>day. Zhihua also kindly offer to pick me up at the airport.
>
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>I am looking forward to this exciting opportunity.
>
>Fenbiao

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: Jeffrey.Park@yale.edu
Cc: mhughes@ltrr.arizona.edu; fenbiao@ltrr.arizona.edu; Scott Rutherford; mann@virginia.edu
Subject: Progress report
Date: Wednesday, August 14, 2002 4:26:21 PM

HI Jeff,

Wanted to give you a status update on the project, and get everyone on the project in touch
w/ each other to help coordinate things...

Fenbiao, who is a post-doc on the project at U. Arizona w/ Malcolm, is already doing some
initial MTM-SVD analyses of the basic multiproxy dataset used by Mann et al, 1998. That will
provide a baseline for comparison, but we're in the process of assembling a far more
comprehensive dataset.

Fenbiao and Scott Rutherford (Scott is a research associate working part time w/ me here at
U.Va, and also part time w/ Steve Dhondt and company at URI) are working, with Malcolm, 
on assembling the expanded dataset, and I've put them in touch w/ you by cc of this email,
so that we can eventually coordinate the application of the multiwavelet analysis to the same
data. It will probably take several months to get the new data set put together. Feel free to
get in touch w/ Fenbia and/or Scott for status updates on this.

On a related note, my sabbatical at GISS in NYC begins in September, so I'm hoping to make
it up  to New Haven at some point soon after I arrive.  Will be in touch once I'm in the area.

Talk to you soon,

Mike

_______________________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

il: mann@virginia.edu   Phone:    FAX: 

     http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: fenbiao@ltrr.arizona.edu
Cc: mann@virginia.edu; mhughes@ltrr.arizona.edu; Jeffrey.Park@yale.edu
Subject: Re:
Date: Friday, August 23, 2002 9:01:06 AM

Hi Fenbiao,

Thanks--why don't you send these to Jeff Park too--it will be interesting to see how the
multiwavalet analysis compares. The MTM-SVD spectrum shows a number of interesting
p;eaks in the interannual, decadal, and centennial--not as much in the multidecadal range as
I would have expected. What if you use the more widespread network available since 1600
(57 indicators)?? That is worth doing too...

The color/significance scale on the evolutive spectrum seems a bit odd though. Half of the
spectrum should at least be above the median level, but it isn't clear what this is. Can you
label the signif. levels on the color bar?

Scott and I will be in touch w/ you soon regarding assimilating the expanded network. This is
also high (next) on Scott's agenda, and I've discussed this w/ Ray Bradley too...

Thanks,

mike

At 12:15 AM 8/23/2002 -0700, you wrote:

Dear Dr. Michael Mann:

Attached please find the LFV and evolutive LFV spectrum of Mann et al 1998 
data. I did a 200 years moving window and used the whole length of data from 
1400-1974 (22 PCs) so the figures can be compared with Figure 3 and 4 in the 
proposal. Please let me know how do you think about these?

After you guys moved your office, I have experienced some difficulties as you 
guys might also have in doing thing through Holocene. I have downloaded your 
programs through web page and did the MTMSVD analysis through computer
down 
here and it worked out fine.

After Dr. Hughes came back from his Russia trip last week, we have briefly 
exchanged ideas about assembling data here for the comprehensive multiproxy 
dataset. Dr. Hughes is on a field trip again this week. Hopefully, we might be 
able to put together something and sent it to Scott next week.

Fenbiao

_______________________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

il: mann@virginia.edu   Phone:    FAX: 

     http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Malcolm Hughes
To: Michael E. Mann; Jeffrey.Park@yale.edu
Cc: mhughes@ltrr.arizona.edu; fenbiao@ltrr.arizona.edu; Scott Rutherford; mann@virginia.edu
Subject: Re: Progress report
Date: Tuesday, August 27, 2002 2:23:58 PM

Hi Mike and Jeff - I'm now back from
fieldwork, and have my class set up OK, so I
can begin to think about other things.
I am giving a couple of talks at Yale
September 23 and 24, and will probably be in
NYC for the preceding Saturday, so one way
or another we may be able to meet, Cheers,
Malcolm
> HI Jeff,
>
> Wanted to give you a status update on the project, and get
> everyone on the project in touch w/ each other to help coordinate
> things...
>
> Fenbiao, who is a post-doc on the project at U. Arizona w/
> Malcolm, is already doing some initial MTM-SVD analyses of the
> basic multiproxy dataset used by Mann et al, 1998. That will
> provide a baseline for comparison, but we're in the process of
> assembling a far more comprehensive dataset.
>
> Fenbiao and Scott Rutherford (Scott is a research associate
> working part time w/ me here at U.Va, and also part time w/ Steve
> Dhondt and company at URI) are working, with Malcolm, on assembling
> the expanded dataset, and I've put them in touch w/ you by cc of this
> email, so that we can eventually coordinate the application of the
> multiwavelet analysis to the same data. It will probably take several
> months to get the new data set put together. Feel free to get in touch
> w/ Fenbia and/or Scott for status updates on this.
>
> On a related note, my sabbatical at GISS in NYC begins in
> September, so I'm hoping to make it up to New Haven at some
> point soon after I arrive. Will be in touch once I'm in the area.
>
> Talk to you soon,
>
> Mike
> _____________________________________________
> __________________________
> Professor Michael E. Mann
>  Department of Environmental
> Sciences, Clark Hall
> University of Virginia
> Charlottesville, VA 22903
> _____________________________________________
> __________________________
> e-mail: mann@virginia.edu Phone: (434) 924-
> 7770FAX: 
> http://www.evsc.virginia.edu/faculty/
> people/mann.shtml
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu; fenbiao@ltrr.arizona edu; Scott Rutherford; Zhang zhihua; rbradley@geo.umass.edu; mann@virginia.edu
Subject: NOAA Project/s Progress report
Date: Monday, September 16, 2002 8:43:15 AM

Dear All:

 will be performing reconstructions of large-scale atmospheric
circulation patterns based on the use of our multiproxy data network, and will also be partly
supported by our NOAA grant/s. Zhang should work closely w/ the others (i.e., Scott and Fenbiao
in particular) in helping to assemble and make use of our revised multiproxy data network, as
described in previous emails.

Zhang: feel free to consult w/ Scott and Zhang for the details.

Scott and I are trying to finish up the intercomparison of seasonal temperature reconstructions
based on multiproxy, MXD, and combined networks, and  a draft manuscript should be
forthcoming.

Following finalization of this manuscript, our primary activity will be to assemble the revised
network, so expect more details within the next month or so...

best regards,

mike

At 07:25 PM 8/14/2002 -0400, Michael E. Mann wrote:

HI Jeff,

Wanted to give you a status update on the project, and get everyone on the project in
touch w/ each other to help coordinate things...

Fenbiao, who is a post-doc on the project at U. Arizona w/ Malcolm, is already doing
some initial MTM-SVD analyses of the basic multiproxy dataset used by Mann et al,
1998. That will provide a baseline for comparison, but we're in the process of
assembling a far more comprehensive dataset.

Fenbiao and Scott Rutherford (Scott is a research associate working part time w/ me
here at U.Va, and also part time w/ Steve Dhondt and company at URI) are working,
with Malcolm,  on assembling the expanded dataset, and I've put them in touch w/ you
by cc of this email, so that we can eventually coordinate the application of the
multiwavelet analysis to the same data. It will probably take several months to get the
new data set put together. Feel free to get in touch w/ Fenbia and/or Scott for status
updates on this.

On a related note, my sabbatical at GISS in NYC begins in September, so I'm hoping to
make it up  to New Haven at some point soon after I arrive.  Will be in touch once I'm
in the area.

Talk to you soon,

Mike

_______________________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: (434)
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982-2137
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

_______________________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
____________________________________ ________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.e ple/mann.
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From: Michael E. Mann
To: paleo@noaa.gov
Cc: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; srutherford@virginia.edu; Mark.Eakin@noaa.gov
Subject: Re: reconstruction
Date: Monday, September 16, 2002 8:51:23 AM

Dear All:
 
I apologzie for a typo in my previous message ("projections" should be "projects"). Also, the
hyperlinks provided don't seem to work w/ all email programs. The papers listed are all available
here:

http://www.people.virginia.edu/~mem6u/preprints.html

best regards,

Mike M

At 11:28 AM 9/16/2002 -0400, Michael E. Mann wrote:

Dear folks:

I've noted a number of significant omissions from the NOAA Paleo website that I wanted
to bring to your attention.

In your "circulation" reconstruction section of this webpage:

http://www.ngdc.noaa.gov/paleo/recons.html

the Mann et al cold-season Nino3 reconstruction should be included. It is available here:

http://www.ngdc.noaa.gov/paleo/ei/ei_data/ninocold-recon.dat

Also, there are a number of recently published papers (based on NOAA-funded
projections) which ought to be listed on the NOAA website
(http://www.ngdc.noaa.gov/paleo/whatsnew.html)

They are (titles and hyperlinks to pdf reprints provided):

Mann, M.E. Climate During the Past Millennium, Weather, 56, 91-101, 2001. 

Shindell, D.T., Schmidt, G.A., Mann, M.E., Rind, D., Waple, A., Solar forcing of regional
climate change during the Maunder Minimum, Science, 7, 2149-2152, 2001. 

Mann, M.E., Bradley, R.S., Briffa, K.R., Cole, J., Hughes, M.K., Jones, J.M., Overpeck,
J.T., von Storch, H., Wanner, H., Weber, S.L., Widmann, M., Reconstructing the Climate
of the Late Holocene, Eos, 82, 553, 2001. 

Waple, A., Mann, M.E., Bradley, R.S., Long-term Patterns of Solar Irradiance Forcing in
Model Experiments and Proxy-based Surface Temperature Reconstructions, Climate
Dynamics, 18, 563-578, 2002. 

Mann, M.E. , The Value of Multiple Proxies, Science, 297, 1481-1482, 2002. 

Mann, M.E., Rutherford, S., Climate Reconstruction Using 'Pseudoproxies', Geophysical
Research Letters, 29, 1391-1-1391-4, 2002. 

Thanks in advance for taking note of these omissions.
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Best regards,

Mike Mann

_______________________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

mann@virginia.edu   Phone:    FAX: 

 http://www.evsc.virginia.edu/faculty/people/mann.shtml

_______________________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
____________________________________ ________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.e ple/mann.
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From: Michael E. Mann
To: Bruce A Bauer
Cc: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; srutherford@virginia.edu; Mark.Eakin@noaa.gov
Subject: Re: Reconstruction and What"s New web pages
Date: Monday, September 16, 2002 5:00:01 PM

Thanks Bruce,

Actually, several of these publication are associated with new data, though some of them are
in contrast just reviews of and/or comparisons between already published data (like the Jones
et al review paper in Science ).

The Shindell et al paper introduces new results. The supplementary data is already provided
on the Science website:

http://www.sciencemag.org/cgi/content/full/294/5549/2149/DC1

and includes empirical and model-based estimates of sensitivity patterns.

Similar data/results are available from the Waple et al paper, and I'm sure Anne Waple would
be happy to provide them.

Use these as you wish/see fit.

best regards,

Mike M

At 04:34 PM 9/16/2002 -0600, Bruce A Bauer wrote:

Hi Mike,
   Thanks for your note about climate reconstructions.  Sorry about the omission of
a link to the Nino3 reconstruction published in Earth Interactions - I have added
one on our climate reconstructions page, and the paper was already featured on
the 2000 "What's New" page.

  The "What's New" page is intended to feature significant new
data/reconstructions available from us, so it only includes new series we archive or
new services we provide.   The page intro unfortunately didn't actually say that, so
I have modified the intro text as follows:

Now:
The World Data Center for Paleoclimatology features newly archived paleoclimatic
data and climate reconstructions relevant to important issues in paleoclimatology,
plus new services we offer to the scientific community.

Was:
The NOAA Paleoclimatology Program has dedicated this section to studies and
data, as well as science research articles that focus on issues important to climate
and paleoclimatology.

Please let me know if you have more comments/suggestions.
                        Cheers, Bruce

At 11:43 AM 9/16/2002 -0400, you wrote:

Dear All:
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I apologzie for a typo in my previous message ("projections" should be
"projects"). Also, the hyperlinks provided don't seem to work w/ all
email programs. The papers listed are all available here:

http://www.people.virginia.edu/~mem6u/preprints.html

best regards,

Mike M

At 11:28 AM 9/16/2002 -0400, Michael E. Mann wrote:

Dear folks:

I've noted a number of significant omissions from the NOAA
Paleo website that I wanted to bring to your attention.

In your "circulation" reconstruction section of this webpage:

http://www.ngdc.noaa.gov/paleo/recons.html

the Mann et al cold-season Nino3 reconstruction should be
included. It is available here:

http://www.ngdc.noaa.gov/paleo/ei/ei_data/ninocold-
recon.dat

Also, there are a number of recently published papers
(based on NOAA-funded projections) which ought to be
listed on the NOAA website
(http://www.ngdc.noaa.gov/paleo/whatsnew.html)

They are (titles and hyperlinks to pdf reprints provided):

Mann, M.E. Climate During the Past Millennium, Weather,
56, 91-101, 2001.

Shindell, D.T., Schmidt, G.A., Mann, M.E., Rind, D., Waple,
A., Solar forcing of regional climate change during the
Maunder Minimum, Science, 7, 2149-2152, 2001.

Mann, M.E., Bradley, R.S., Briffa, K.R., Cole, J., Hughes,
M.K., Jones, J.M., Overpeck, J.T., von Storch, H., Wanner,
H., Weber, S.L., Widmann, M., Reconstructing the Climate of
the Late Holocene, Eos, 82, 553, 2001.

Waple, A., Mann, M.E., Bradley, R.S., Long-term Patterns of
Solar Irradiance Forcing in Model Experiments and Proxy-
based Surface Temperature Reconstructions, Climate
Dynamics, 18, 563-578, 2002.

Mann, M.E. , The Value of Multiple Proxies, Science, 297,
1481-1482, 2002.

Mann, M.E., Rutherford, S., Climate Reconstruction Using
'Pseudoproxies', Geophysical Research Letters, 29, 1391-1-
1391-4, 2002.
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Thanks in advance for taking note of these omissions.

Best regards,

Mike Mann

_______________________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

il: mann@virginia.edu   Phone:    FAX: 

     http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: mark.eakin@noaa.gov
Cc: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; Scott Rutherford
Subject: Re: Reconstruction and What"s New web pages
Date: Monday, September 16, 2002 5:03:43 PM

HI Mark,

Thanks--actually, by the time that paper actually appears (which is about 6 years late owing
to an absolutely failed attempt at a special issue of C. C. w/ Harvey Weiss ) these
reconstructions will be so out-of-date as to render them entirely useless (much better NAO
reconstructions are already published by Cook and others). So I wouldn't bother, personally...

We do have some more significant revised reconstructions which are in the mill/slated for
publication, and we'll be sure to keep you guys posted of that.

best regards,

mike

At 05:07 PM 9/16/2002 -0600, you wrote:

Of course, Mike, once the Climatic Change 2001 paper is out, we would be glad
to feature the new MNET and tNAO reconstruction data sets.

Cheers,
Mark

Bruce A Bauer wrote:

> Hi Mike,
>     Thanks for your note about climate reconstructions.  Sorry about the
> omission of a link to the Nino3 reconstruction published in Earth
> Interactions - I have added one on our climate reconstructions page, and
> the paper was already featured on the 2000 "What's New" page.
>
>    The "What's New" page is intended to feature significant new
> data/reconstructions available from us, so it only includes new series we
> archive or new services we provide.   The page intro unfortunately didn't
> actually say that, so I have modified the intro text as follows:
>
> Now:
> The World Data Center for Paleoclimatology features newly archived
> paleoclimatic data and climate reconstructions relevant to important issues
> in paleoclimatology, plus new services we offer to the scientific community.
>
> Was:
> The NOAA Paleoclimatology Program has dedicated this section to studies and
> data, as well as science research articles that focus on issues important
> to climate and paleoclimatology.
>
> Please let me know if you have more comments/suggestions.
>                          Cheers, Bruce
>
> At 11:43 AM 9/16/2002 -0400, you wrote:
> >Dear All:
> >
> >I apologzie for a typo in my previous message ("projections" should be
> >"projects"). Also, the hyperlinks provided don't seem to work w/ all email
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> >programs. The papers listed are all available here:
> >
> >http://www.people.virginia.edu/~mem6u/preprints.html
> >
> >best regards,
> >
> >Mike M
> >
> >At 11:28 AM 9/16/2002 -0400, Michael E. Mann wrote:
> >>Dear folks:
> >>
> >>I've noted a number of significant omissions from the NOAA Paleo website
> >>that I wanted to bring to your attention.
> >>
> >>In your "circulation" reconstruction section of this webpage:
> >>
> >>http://www.ngdc.noaa.gov/paleo/recons.html
> >>
> >>the Mann et al cold-season Nino3 reconstruction should be included. It is
> >>available here:
> >>
> >>http://www.ngdc.noaa.gov/paleo/ei/ei_data/ninocold-recon.dat
> >>
> >>Also, there are a number of recently published papers (based on
> >>NOAA-funded projections) which ought to be listed on the NOAA website
> >>(http://www.ngdc.noaa.gov/paleo/whatsnew.html)
> >>
> >>They are (titles and hyperlinks to pdf reprints provided):
> >>
> >>Mann, M.E. Climate During the Past Millennium, Weather, 56, 91-101, 2001.
> >>
> >>Shindell, D.T., Schmidt, G.A., Mann, M.E., Rind, D., Waple, A., Solar
> >>forcing of regional climate change during the Maunder Minimum, Science,
> >>7, 2149-2152, 2001.
> >>
> >>
> >>Mann, M.E., Bradley, R.S., Briffa, K.R., Cole, J., Hughes, M.K., Jones,
> >>J.M., Overpeck, J.T., von Storch, H., Wanner, H., Weber, S.L., Widmann,
> >>M., Reconstructing the Climate of the Late Holocene, Eos, 82, 553, 2001.
> >>
> >>
> >>Waple, A., Mann, M.E., Bradley, R.S., Long-term Patterns of Solar
> >>Irradiance Forcing in Model Experiments and Proxy-based Surface
> >>Temperature Reconstructions, Climate Dynamics, 18, 563-578, 2002.
> >>
> >>Mann, M.E. , The Value of Multiple Proxies, Science, 297, 1481-1482, 2002.
> >>
> >>Mann, M.E., Rutherford, S., Climate Reconstruction Using 'Pseudoproxies',
> >>Geophysical Research Letters, 29, 1391-1-1391-4, 2002.
> >>
> >>
> >>Thanks in advance for taking note of these omissions.
> >>
> >>Best regards,
> >>
> >>Mike Mann
> >>

--
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C. Mark Eakin, Ph.D.
Chief of NOAA Paleoclimatology Program and
Director of the World Data Center for Paleoclimatology

NOAA/National Climatic Data Center
325 Broadway E/CC23
Boulder, CO 80305-3328
Voice: 303-497-6172                  Fax: 303-497-6513
Internet: mark.eakin@noaa.gov
http://www.ngdc.noaa.gov/paleo/paleo.html

_______________________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

il: mann@virginia.edu   Phone:    FAX: 

     http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Raymond S. Bradley
To: mann@multiproxy.evsc.virginia.edu
Cc: mhughes@ltrr.arizona.edu
Subject: GRL etc
Date: Tuesday, July 15, 2003 6:40:47 AM

Mike:
I think we (MKH & I) need to know what your further plans are with
Phil.  The GRL paper came as a complete surprise to Malcolm & I -- we
thought that this was the sort of thing that we were funded by NOAA to
do!  I've been gathering together long-term data sets & now find that both
you & Phil have been in touch with Ellen M-T to get the oxygen isotope data
for the S. American & Tibetan ice cores that I showed in my EGS Nice talk...
This all reminds me of the DoE project that I was supposedly collaborating
on with Phil years ago where every time I turned around I found that we
were reading on each others toes.  We need to get it clear what we are all
doing.  I know Malcolm was surprised to see the tree ring series that you
selected in the GRL piece, as he has been evaluating what the best records
are that we should be using in our reconstructions...
Anyway, we need to be upfront about what we are working on, or this will
become very frustrating..
As you know, I'm (slowly!) working on a short piece on Climate in Medieval
Time, but this will not include anything more than what I said in Nice.  If
it seems justified once I get that done, it might be worth extending this
theme to a longer review-type article, but I'm not sure yet if there is
anything sufficiently new to justify that.
ray

Raymond S. Bradley
Distinguished Professor
Director, Climate System Research Center*
Department of Geosciences
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel: 
Fax: 
*Climate System Research Center: 
         <http://www.paleoclimate.org>
Paleoclimatology Book Web Site: http://www.geo.umass.edu/climate/paleo/html
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From: Michael E. Mann
To: Raymond S. Bradley
Cc: mhughes@ltrr.arizona.edu; mann@virginia.edu
Subject: Re: GRL etc
Date: Tuesday, July 15, 2003 7:26:18 AM

HI Ray,

I had no idea you or Malcolm fealt like this.

It looks like there has been a communication breakdown,where I didn't perceive their
was one. I'm pretty sure that I had informed you and Malcolm fully of the limited
two-millennium extension I was doing w/ Phil, which is just a composite (like Bradley
and Jones), not the full pattern reconstructions that we're in the process of doing
together. It was an 'initial' result that Phil and I tried to work on quickly (hence we
didn't involve a whole bunch of others, which hopelessly slows down the process) to
both confront the recent controversy, and to provide a longer-term framework to
discuss in the review article we're working on. But the more interesting work, in my
opinion, is the full pattern reconstructions. The composite that Phil and I have done
will provide a useful comparison for a more rigorous N. Hem reconstruction based on
the average of our patterns back 2K--and the patterns themselves will tell a lot more.
I'm sure there is a Nature article in that (note that Phil and I didn't try to go to
Nature or Science w/ this).

By the way, the data was only for that GRL article. Lonnie/Ellen just sent us some of
Lonnie's ice core data, but it was too late (see forwarded email!). But I put it in my
data directory and made a note to give it to Scott for use in our work!!

I thought that collaborating w/ Phil on a couple papers would go a very long way (in
combination w/ our joint paper Scott is working on finalizing) to restoring an
appropriate level of collegiality between our respective groups (you, me, and Malcolm
vs. Phil, Keith, and Tim), and that's part of the impetus for doing the GRL and the
Reviews of Geophysics paper w/ him in the context of a "two-body" problem (writing
either of these would have been difficult w/ multiple authors)
I didn't think think the paper w/ Phil was a problem--Malcolm has been working
independently of you and me w/ other groups (Alexey Kaplan, Mike Evans, and
others) on reconstructions of PDO, drought, etc. and you've been doing work w/
Lonnie, Alexey, Mike Evans, Alexey Kaplan, etc. independently of us on tropical
Pacific SST reconstructions. You and Malcolm have a nice chapter in the PAGES book
that I'm not involved in, and there is this medieval paper that you're working on w/
no involvement on my part--and I've always been fully comfortable with this. So I
assumed (perhaps incorrectly?) that we had all become comfortable w/ the idea that
we might collaborate occasionally w/ others on related projects, though I expect we'll
remain the closest of colleagues (and friends!) for the rest of our careers. 

So if I've done anything that might interfere w/ this, we should talk about. We could
try to organize a conference call w/ the 3 of us this morning (I'm at home, -

it should
be in the morning,

mike

At 09:40 AM 7/15/2003 -0400, you wrote:

ABOR/MH/Priv-004549



Mike:
I think we (MKH & I) need to know what your further plans are with Phil. 
The GRL paper came as a complete surprise to Malcolm & I -- we thought
that this was the sort of thing that we were funded by NOAA to do!  I've
been gathering together long-term data sets & now find that both you &
Phil have been in touch with Ellen M-T to get the oxygen isotope data for
the S. American & Tibetan ice cores that I showed in my EGS Nice talk...
This all reminds me of the DoE project that I was supposedly collaborating
on with Phil years ago where every time I turned around I found that we
were reading on each others toes.  We need to get it clear what we are
all doing.  I know Malcolm was surprised to see the tree ring series that
you selected in the GRL piece, as he has been evaluating what the best
records are that we should be using in our reconstructions...
Anyway, we need to be upfront about what we are working on, or this
will become very frustrating..
As you know, I'm (slowly!) working on a short piece on Climate in
Medieval Time, but this will not include anything more than what I said in
Nice.  If it seems justified once I get that done, it might be worth
extending this theme to a longer review-type article, but I'm not sure yet
if there is anything sufficiently new to justify that.
ray

Raymond S. Bradley
Distinguished Professor
Director, Climate System Research Center*
Department of Geosciences
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel: 
Fax: 
*Climate System Research Center: 
        <http://www.paleoclimate.org>
Paleoclimatology Book Web Site:
http://www.geo.umass.edu/climate/paleo/html

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

ABOR/MH/Priv-004550



From: Raymond S. Bradley
To: Michael E. Mann
Cc: mhughes@ltrr.arizona.edu
Subject: Re: GRL etc
Date: Tuesday, July 15, 2003 8:44:08 AM

No problems really, other than the need to keep lines of communication
clearer.  Of course, I'm not trying to limit who you collaborate with, but
this topic seemed absolutely central to what we said in our ESH proposal
that we were planning to do! And, as you know, in the current "climate",
any "new" series that gets published becomes an instant celebrity, so you
have to be pretty confident that it will stand up to scrutiny.
I did not know about the GRL work until it surfaced in the EOS article  ---
& as I noted to Phil, there were some series included in that that I would
not have recommended.  In Nice, you talked about the planned Reviews of
Geophysics article, but the GRL paper took me by surprise.  Given the
weighting exercise that you employed, it seems that the 2000 year record is
pretty much dominated by Yamal/Taimyr/Tornestrask, W. US & the Yang China
series in the NH.  The map shows three sites in Greenland, but Phil shows
only a composite (stacked) series from Dave Fisher that extends back to
~AD500...
I don't know what Antarctic series you used in the SH but otherwise, that
series is dominated by just Tasmania.  So, given the dominance of tree-ring
records, & the duplication with Briffa et al. for the NH, it would have
been useful to get Malcolm's input on the data selected.  He knows much
more about this than Phil, or you & I.  I am particularly sceptical about
the tree ring series used in the Yang et al composite, but again Malcolm is
in the best position to evaluate these, &/or to suggest better series.  And
he nows the Siberian data particularly well...

Anyway, we do probably need to meet more often--either by phone or
collectively to make sure we are not crossing wires.  With relatively few
series available, there's not much point in us all pursuing them
independently.  But more importantly, we don't want to end up with two
papers within a few months of each other postulating different
results.  This will only provide fire for you-know-who...
I'm not sure if Malcolm is back yet from Taimyr....maybe later this
week.  So, maybe it's best to schedule a conference call for early next
week.  I go to INQUA on 7/23.

Ray

At 10:24 AM 7/15/2003 -0400, you wrote:
>HI Ray,
>
>I had no idea you or Malcolm fealt like this.
>
>It looks like there has been a communication breakdown,where I didn't
>perceive their was one. I'm pretty sure that I had informed you and
>Malcolm fully of the limited two-millennium extension I was doing w/ Phil,
>which is just a composite (like Bradley and Jones), not the full pattern
>reconstructions that we're in the process of doing together. It was an
>'initial' result that Phil and I tried to work on quickly (hence we didn't
>involve a whole bunch of others, which hopelessly slows down the process)
>to both confront the recent controversy, and to provide a longer-term
>framework to discuss in the review article we're working on. But the more
>interesting work, in my opinion, is the full pattern reconstructions. The
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>composite that Phil and I have done will provide a useful comparison for a
>more rigorous N. Hem reconstruction based on the average of our patterns
>back 2K--and the patterns themselves will tell a lot more. I'm sure there
>is a Nature article in that (note that Phil and I didn't try to go to
>Nature or Science w/ this).
>
>By the way, the data was only for that GRL article. Lonnie/Ellen just sent
>us some of Lonnie's ice core data, but it was too late (see forwarded
>email!). But I put it in my data directory and made a note to give it to
>Scott for use in our work!!
>
>I thought that collaborating w/ Phil on a couple papers would go a very
>long way (in combination w/ our joint paper Scott is working on
>finalizing) to restoring an appropriate level of collegiality between our
>respective groups (you, me, and Malcolm vs. Phil, Keith, and Tim), and
>that's part of the impetus for doing the GRL and the Reviews of Geophysics
>paper w/ him in the context of a "two-body" problem (writing either of
>these would have been difficult w/ multiple authors)
>I didn't think think the paper w/ Phil was a problem--Malcolm has been
>working independently of you and me w/ other groups (Alexey Kaplan, Mike
>Evans, and others) on reconstructions of PDO, drought, etc. and you've
>been doing work w/ Lonnie, Alexey, Mike Evans, Alexey Kaplan, etc.
>independently of us on tropical Pacific SST reconstructions. You and
>Malcolm have a nice chapter in the PAGES book that I'm not involved in,
>and there is this medieval paper that you're working on w/ no involvement
>on my part--and I've always been fully comfortable with this. So I assumed
>(perhaps incorrectly?) that we had all become comfortable w/ the idea that
>we might collaborate occasionally w/ others on related projects, though I
>expect we'll remain the closest of colleagues (and friends!) for the rest
>of our careers.
>
>So if I've done anything that might interfere w/ this, we should talk
>about. We could try to organize a conference call w/ the 3 of us this
>morning (I'm at home, . I have to leave for the airport
>(flight to seattle) around 1:30 pm, so it should be in the morning,
>
>mike
>
>At 09:40 AM 7/15/2003 -0400, you wrote:
>>Mike:
>>I think we (MKH & I) need to know what your further plans are with
>>Phil.  The GRL paper came as a complete surprise to Malcolm & I -- we
>>thought that this was the sort of thing that we were funded by NOAA to
>>do!  I've been gathering together long-term data sets & now find that
>>both you & Phil have been in touch with Ellen M-T to get the oxygen
>>isotope data for the S. American & Tibetan ice cores that I showed in my
>>EGS Nice talk...
>>This all reminds me of the DoE project that I was supposedly
>>collaborating on with Phil years ago where every time I turned around I
>>found that we were reading on each others toes.  We need to get it clear
>>what we are all doing.  I know Malcolm was surprised to see the tree ring
>>series that you selected in the GRL piece, as he has been evaluating what
>>the best records are that we should be using in our reconstructions...
>>Anyway, we need to be upfront about what we are working on, or this will
>>become very frustrating..
>>As you know, I'm (slowly!) working on a short piece on Climate in
>>Medieval Time, but this will not include anything more than what I said
>>in Nice.  If it seems justified once I get that done, it might be worth
>>extending this theme to a longer review-type article, but I'm not sure
>>yet if there is anything sufficiently new to justify that.
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>>ray
>>
>>
>>
>>Raymond S. Bradley
>>Distinguished Professor
>>Director, Climate System Research Center*
>>Department of Geosciences
>>Morrill Science Center
>>611 North Pleasant Street
>>AMHERST, MA 01003-9297
>>
>>Tel: 
>>Fax: 
>>*Climate System Research Center: 
>>         <http://www.paleoclimate.org>
>>Paleoclimatology Book Web Site: http://www.geo.umass.edu/climate/paleo/html
>>
>>
>______________________________________________________________
>                     Professor Michael E. Mann
>            Department of Environmental Sciences, Clark Hall
>                       University of Virginia
>                      Charlottesville, VA 22903
>_______________________________________________________________________
>e-mail: mann@virginia.edu   Phone:    FAX: 
>          http://www.evsc.virginia.edu/faculty/people/mann.shtml

Raymond S. Bradley
Distinguished Professor
Director, Climate System Research Center*
Department of Geosciences
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel: 
Fax: 
*Climate System Research Center: 
         <http://www.paleoclimate.org>
Paleoclimatology Book Web Site: http://www.geo.umass.edu/climate/paleo/html
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From: Michael E. Mann
To: Scott Rutherford
Cc: Raymond Bradley; mhughes@ltrr.arizona.edu
Subject: new analysis
Date: Tuesday, July 15, 2003 9:15:58 AM
Attachments: 6-core-composite-for-Bradley-Jones-Mann.XLS

nz-cook-update.dat
mongolia-darrigo.dat
dahl-jensen-gripbh1yrinterp.txt
dahl-jensen-dye3bh1yrinterp.txt
china-annual.dat
lawdome-interp.dat
jones-southamerica.dat
tornyamataim.ave
chesapeake.dat
itrdb-long-fixed.dat
westgreen-o18.dat

Scott,

It seems like now would be a good time for us to assess how close were to being
ready to begin the new proxy-based surface temperature reconstructions.

What is the progress on the new network and the interface for selecting the proxies
to use for the different reconstructions? I've attached a few additional series
including the ones Phil and I used in our in-press GRL [if you don't have it, the
preprint is on my website], and also some new ice core series from Lonnie that we
should add to the collection. Some of these I know you already have (in fact, you
digitized for me!) but sending these all just to cover our bases...

We've all had a healthy debate recently about which records are or are not reliable,
and how best to determine that. In the Mann and Jones estimate (a simple
composite--it will be very interesting to see how it holds up against the NH mean
reconstruction we estimate from our spatial surface temperature patterns that we will
produce) we used a variety of weighting schemes, one of which uses the correlation
w/ local instrumental temperature data as  a weight (records with near zero or
negative correlations are eliminated). This is only one possible way to do it.

But it occurs to me that in our automated screening process, we will have all of these
correlations (including seasonal temp and precip correlations, right?). We might want
to think about whether it is worth incorporating the correlations as weights in the
mulltivaraite reconstruction approach--at least, we might want to play around with
this sort of thing.

Anyway, the main purpose of this email is to start a dialogue about how we can
progress ASAP towards beginning the revised reconstructions, as the issue is pressed
a bit now by the Mann and Jones composite extension back to AD 200...

cheers,

mike

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
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_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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 553   .860
 554  2.401
 555   .752
 556  -.012
 557  1.093
 558  -.116
 559  1.488
 560  2.898
 561  1.121
 562  -.152
 563   .824
 564  1.664
 565  -.039
 566  -.945
 567  -.501
 568   .633
 569   .414
 570   .745
 571   .288
 572   .901
 573  -.354
 574  -.930
 575  -.352
 576   .637
 577  -.687
 578 -2.957
 579 -2.333
 580   .714
 581   .880
 582  -.400
 583   .152
 584  -.413
 585  1.482
 586   .004
 587  -.148
 588 -1.156
 589  -.732
 590 -1.304
 591 -1.545
 592 -1.357
 593 -1.479
 594  -.769
 595  1.596
 596  1.381
 597  1.164
 598   .977
 599  1.148
 600   .196
 601   .582
 602  2.689
 603  1.032
 604   .292
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 605  -.535
 606  -.463
 607  -.964
 608  -.443
 609  1.510
 610  -.040
 611  -.636
 612   .825
 613  -.947
 614 -1.583
 615 -1.369
 616   .239
 617  -.179
 618   .219
 619  1.630
 620   .489
 621 -1.844
 622 -1.544
 623 -1.590
 624   .219
 625  -.244
 626   .958
 627  1.634
 628   .037
 629  -.586
 630 -3.217
 631  -.916
 632  -.496
 633   .347
 634  1.422
 635   .090
 636 -1.140
 637   .179
 638  1.306
 639  -.002
 640 -3.294
 641  -.941
 642   .409
 643   .278
 644 -1.065
 645  -.323
 646  -.747
 647  -.374
 648   .988
 649  1.166
 650   .369
 651 -1.159
 652 -1.505
 653   .990
 654   .573
 655  -.606
 656   .366
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 657  -.085
 658  -.422
 659   .950
 660  1.392
 661   .949
 662  -.381
 663  -.650
 664   .078
 665  -.477
 666 -1.348
 667  -.102
 668   .380
 669  -.641
 670   .033
 671  -.871
 672   .882
 673  1.650
 674  -.084
 675   .105
 676  1.172
 677  -.601
 678  -.661
 679 -1.072
 680  -.567
 681 -1.605
 682  -.632
 683 -1.927
 684 -1.725
 685 -2.177
 686 -3.107
 687   .759
 688   .102
 689  1.164
 690   .408
 691  -.316
 692  -.962
 693  -.306
 694  -.709
 695   .275
 696  1.092
 697 -1.332
 698 -1.055
 699  1.055
 700  1.380
 701   .027
 702  -.753
 703   .414
 704 -2.433
 705   .023
 706  -.329
 707 -1.378
 708 -1.469
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 709 -1.147
 710 -1.336
 711  -.849
 712   .365
 713  -.070
 714   .057
 715   .756
 716  -.344
 717  -.277
 718   .570
 719   .994
 720  -.005
 721  1.075
 722  -.257
 723   .432
 724  -.373
 725   .097
 726  1.611
 727   .784
 728   .598
 729   .488
 730  -.480
 731  1.288
 732   .609
 733  -.059
 734 -1.119
 735  1.152
 736  1.291
 737  1.543
 738   .763
 739   .430
 740  -.844
 741  1.408
 742   .962
 743   .404
 744 -1.771
 745   .581
 746   .035
 747   .498
 748  -.008
 749  -.701
 750  -.539
 751  -.369
 752   .691
 753 -2.401
 754   .281
 755  1.316
 756   .523
 757  -.055
 758   .079
 759  1.349
 760   .636
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 761   .259
 762   .010
 763   .746
 764  3.015
 765   .698
 766   .609
 767   .842
 768   .583
 769   .678
 770  -.752
 771   .646
 772   .091
 773  1.519
 774   .596
 775   .306
 776  -.459
 777   .039
 778  -.475
 779  -.194
 780  -.668
 781   .103
 782   .154
 783  -.229
 784   .182
 785   .734
 786  -.625
 787   .264
 788  -.321
 789   .745
 790   .578
 791  1.223
 792   .897
 793  1.466
 794  -.243
 795   .174
 796   .243
 797  1.092
 798  -.038
 799  1.059
 800   .929
 801 -1.849
 802 -1.149
 803  -.270
 804   .032
 805  -.178
 806   .820
 807   .081
 808   .713
 809   .733
 810  -.188
 811  -.770
 812 -2.057
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 813  -.857
 814   .243
 815   .471
 816  -.393
 817  1.871
 818  1.079
 819  1.463
 820  -.078
 821 -1.102
 822   .105
 823  -.665
 824  -.657
 825  -.079
 826  -.727
 827  -.565
 828  1.021
 829  1.474
 830  -.950
 831 -2.398
 832 -1.741
 833 -1.309
 834 -1.820
 835  -.271
 836 -1.742
 837 -1.069
 838   .408
 839   .851
 840   .220
 841  1.514
 842  1.688
 843   .200
 844   .764
 845  -.720
 846  -.552
 847 -1.576
 848 -3.187
 849  -.708
 850 -1.341
 851   .233
 852 -1.210
 853 -1.197
 854   .478
 855  -.045
 856   .241
 857 -1.148
 858  1.709
 859  -.711
 860  -.108
 861 -2.027
 862  -.304
 863  -.810
 864  -.525
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 865  1.184
 866  -.917
 867   .281
 868   .359
 869  -.177
 870  -.125
 871  1.242
 872  1.163
 873 -1.291
 874 -2.715
 875  -.906
 876  -.880
 877 -1.326
 878  -.271
 879   .821
 880   .315
 881  -.537
 882 -1.118
 883 -2.602
 884   .075
 885  -.364
 886  1.307
 887  -.833
 888 -1.098
 889  -.049
 890  -.453
 891   .463
 892  1.000
 893   .541
 894  -.909
 895 -1.113
 896  -.568
 897   .171
 898  -.178
 899  -.331
 900   .416
 901   .058
 902  1.200
 903   .127
 904  1.780
 905   .868
 906 -2.017
 907  -.554
 908  2.170
 909  -.730
 910  -.713
 911  2.481
 912   .009
 913   .335
 914   .077
 915   .713
 916  -.643
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 917 -1.185
 918   .125
 919   .673
 920   .971
 921   .514
 922   .520
 923 -1.070
 924  -.715
 925   .915
 926   .847
 927   .190
 928 -1.055
 929   .935
 930  1.964
 931   .774
 932   .295
 933   .637
 934  1.239
 935   .966
 936   .166
 937  -.863
 938   .232
 939  2.129
 940   .862
 941  -.461
 942 -2.023
 943 -1.623
 944  -.407
 945  -.421
 946  -.757
 947  -.119
 948   .040
 949   .026
 950   .294
 951   .933
 952   .729
 953   .100
 954  -.735
 955  -.079
 956   .407
 957  -.521
 958  1.188
 959  1.067
 960 -1.645
 961  -.144
 962  -.343
 963   .950
 964   .448
 965   .196
 966   .171
 967  -.380
 968  2.028
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 969  2.069
 970   .859
 971   .297
 972   .647
 973  -.802
 974   .353
 975  -.001
 976   .440
 977  -.315
 978  1.156
 979   .718
 980   .158
 981  -.671
 982  -.023
 983  -.225
 984   .544
 985   .139
 986  -.154
 987   .509
 988  1.825
 989  -.027
 990  -.005
 991   .451
 992   .150
 993   .228
 994   .777
 995  -.996
 996  -.634
 997 -1.219
 998  -.802
 999  -.889
1000   .028
1001   .887
1002   .001
1003 -1.140
1004  -.694
1005   .854
1006  1.157
1007  1.594
1008  -.299
1009  1.219
1010   .573
1011   .654
1012 -1.508
1013  -.695
1014   .867
1015  1.732
1016   .608
1017  -.243
1018  -.545
1019  1.140
1020   .443

9
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1021   .828
1022  -.713
1023   .932
1024  -.549
1025 -1.542
1026 -1.380
1027   .136
1028   .372
1029 -1.141
1030  -.329
1031  -.124
1032  -.200
1033  -.632
1034  -.630
1035 -1.378
1036  -.164
1037   .308
1038  -.365
1039  1.108
1040  -.126
1041  -.685
1042   .412
1043  1.779
1044   .803
1045  -.467
1046  -.782
1047  1.369
1048   .052
1049  -.134
1050   .101
1051  -.053
1052  -.616
1053   .725
1054  -.029
1055  -.716
1056  -.322
1057 -1.035
1058  1.160
1059  -.597
1060 -1.525
1061  -.492
1062   .300
1063  -.417
1064  -.222
1065  -.574
1066  -.590
1067  -.281
1068   .362
1069  1.421
1070   .791
1071  -.582
1072 -1.150

10
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1073  -.370
1074  -.170
1075  -.161
1076  -.411
1077 -1.224
1078 -1.136
1079  -.024
1080   .030
1081   .623
1082   .738
1083   .251
1084  -.188
1085  -.001
1086   .310
1087   .762
1088   .200
1089  -.154
1090  -.352
1091   .755
1092  -.054
1093  -.042
1094  -.162
1095   .114
1096   .760
1097   .328
1098   .477
1099   .506
1100   .258
1101  -.827
1102  -.495
1103   .261
1104   .254
1105   .175
1106  -.837
1107  -.651
1108  -.489
1109  -.761
1110   .195
1111  -.149
1112  -.161
1113  -.557
1114 -1.206
1115  -.045
1116   .676
1117   .555
1118  -.309
1119   .230
1120   .777
1121   .465
1122   .088
1123   .472
1124  1.503
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1125   .419
1126  -.334
1127  1.145
1128  -.292
1129  -.492
1130  -.314
1131   .160
1132  1.507
1133  1.395
1134  1.024
1135   .687
1136   .432
1137   .240
1138   .503
1139  -.569
1140   .273
1141   .568
1142  -.501
1143   .429
1144   .763
1145   .449
1146   .571
1147   .088
1148  -.482
1149  -.661
1150  -.469
1151  -.684
1152 -1.144
1153  -.967
1154  -.762
1155  -.567
1156   .346
1157   .093
1158  -.492
1159  -.058
1160   .379
1161  -.665
1162 -1.520
1163   .840
1164   .542
1165  -.228
1166   .265
1167  -.526
1168 -1.438
1169  -.130
1170   .051
1171   .048
1172  -.823
1173  -.243
1174   .240
1175  1.303
1176  1.602

12
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1177   .479
1178  -.691
1179  -.207
1180  -.221
1181   .426
1182  -.164
1183  -.263
1184  -.517
1185 -1.231
1186  -.676
1187  -.411
1188   .072
1189   .135
1190  -.354
1191 -1.018
1192  -.611
1193   .363
1194   .500
1195  -.749
1196  -.864
1197  1.225
1198   .838
1199   .210
1200   .124
1201 -1.089
1202 -1.148
1203  -.642
1204  -.063
1205  1.125
1206  1.139
1207  -.328
1208  -.280
1209  2.133
1210   .475
1211  -.805
1212   .331
1213   .456
1214   .642
1215   .885
1216   .229
1217 -1.201
1218  -.317
1219   .313
1220   .382
1221  1.184
1222  1.850
1223   .869
1224  1.764
1225   .490
1226  -.129
1227  -.276
1228 -1.106
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1229 -1.395
1230   .318
1231   .461
1232  -.421
1233   .023
1234   .400
1235   .119
1236  -.450
1237  -.041
1238  1.077
1239   .224
1240   .174
1241  -.281
1242  -.212
1243  -.351
1244  -.399
1245  -.484
1246  -.893
1247  -.660
1248   .259
1249  1.242
1250   .349
1251 -1.209
1252   .017
1253  1.831
1254  1.276
1255  -.058
1256   .011
1257  -.636
1258  -.162
1259  -.265
1260   .289
1261  -.774
1262 -1.268
1263 -1.399
1264  -.570
1265 -1.293
1266  -.367
1267   .654
1268  -.292
1269   .488
1270  -.406
1271  -.073
1272   .571
1273  -.052
1274   .630
1275   .233
1276  -.267
1277  -.033
1278   .299
1279   .464
1280  1.403
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1281   .734
1282   .482
1283   .283
1284  -.638
1285   .535
1286   .466
1287   .593
1288   .170
1289  -.108
1290  -.474
1291  -.427
1292  -.312
1293  -.979
1294   .669
1295   .426
1296  -.112
1297  -.592
1298  -.493
1299   .179
1300   .521
1301  -.314
1302   .603
1303  -.448
1304  -.158
1305   .667
1306   .572
1307   .782
1308   .904
1309   .123
1310  -.525
1311  -.148
1312  -.221
1313  -.472
1314   .190
1315  -.095
1316  -.375
1317  -.096
1318  -.361
1319   .062
1320  -.365
1321  -.594
1322  -.960
1323  -.372
1324  -.046
1325   .244
1326  -.085
1327  -.890
1328  -.454
1329   .132
1330  -.798
1331  -.538
1332  -.076
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1333  -.204
1334  -.152
1335   .538
1336  -.327
1337  -.153
1338   .242
1339   .499
1340  -.459
1341  -.580
1342   .209
1343   .235
1344   .521
1345  -.413
1346   .349
1347   .275
1348   .222
1349  -.174
1350  -.464
1351 -1.423
1352 -1.580
1353  -.756
1354   .563
1355  -.845
1356 -1.268
1357  -.082
1358  -.227
1359   .219
1360  -.175
1361  -.198
1362  -.723
1363  -.058
1364 -1.236
1365  -.929
1366  -.266
1367  -.746
1368   .677
1369  1.420
1370  -.143
1371  -.064
1372   .490
1373  -.223
1374  -.622
1375  -.618
1376  -.943
1377  -.298
1378  -.853
1379  -.646
1380 -1.862
1381 -1.668
1382 -1.187
1383  -.117
1384   .354
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1385  -.282
1386  -.069
1387  -.071
1388   .690
1389   .254
1390   .043
1391  -.300
1392   .369
1393   .439
1394   .714
1395  1.445
1396   .656
1397   .699
1398   .616
1399   .343
1400  -.564
1401  -.644
1402   .374
1403   .249
1404  -.487
1405  -.038
1406   .539
1407  -.039
1408   .565
1409   .388
1410   .334
1411   .529
1412   .690
1413  -.071
1414   .898
1415   .109
1416  -.006
1417   .759
1418   .682
1419   .269
1420   .040
1421  -.330
1422  -.246
1423  -.088
1424   .126
1425  -.240
1426  -.149
1427  -.060
1428  -.368
1429   .085
1430   .322
1431   .312
1432  -.326
1433  -.499
1434  -.222
1435   .129
1436  -.362
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1437  -.395
1438  -.130
1439   .154
1440   .313
1441   .628
1442  -.342
1443  -.170
1444   .628
1445   .298
1446  -.095
1447  -.498
1448  -.448
1449   .058
1450  1.002
1451  -.130
1452  1.786
1453   .518
1454   .080
1455  -.064
1456   .861
1457  1.126
1458   .588
1459   .417
1460  -.111
1461  -.500
1462   .131
1463   .541
1464  -.139
1465   .472
1466   .575
1467  -.336
1468   .170
1469   .811
1470   .221
1471  -.734
1472  -.638
1473  -.585
1474   .024
1475  -.789
1476  -.667
1477  -.159
1478   .805
1479   .860
1480  -.451
1481  -.867
1482 -1.188
1483  -.213
1484  -.442
1485  -.452
1486  -.554
1487  -.291
1488   .233

18

ABOR/MH/Priv-004573



1489  1.100
1490   .035
1491   .551
1492  -.537
1493  -.676
1494   .145
1495   .350
1496   .631
1497  -.369
1498  1.232
1499  -.201
1500   .736
1501   .512
1502  -.169
1503  -.183
1504   .462
1505  -.131
1506  -.266
1507   .384
1508  -.442
1509   .578
1510   .991
1511   .208
1512   .727
1513  -.429
1514  1.191
1515   .453
1516  -.328
1517  -.558
1518  -.643
1519  -.714
1520   .697
1521  -.263
1522  -.233
1523  -.003
1524   .004
1525  -.552
1526  -.680
1527   .508
1528  -.730
1529  -.153
1530  1.058
1531   .535
1532   .655
1533  -.033
1534   .760
1535  -.382
1536   .658
1537   .424
1538   .405
1539  -.940
1540  -.806
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1541   .836
1542  -.723
1543  -.384
1544  -.009
1545  -.855
1546  -.585
1547  -.506
1548   .100
1549  1.181
1550   .859
1551   .362
1552   .293
1553   .565
1554   .366
1555  -.246
1556   .840
1557   .704
1558   .352
1559   .134
1560 -1.013
1561 -1.197
1562   .153
1563   .261
1564  -.169
1565  -.400
1566  -.565
1567 -1.150
1568  -.793
1569   .751
1570   .873
1571  -.018
1572   .784
1573  1.119
1574   .928
1575   .411
1576  -.742
1577   .471
1578   .273
1579   .019
1580  -.203
1581   .427
1582   .011
1583  -.298
1584 -1.144
1585   .431
1586   .573
1587  1.126
1588   .143
1589   .332
1590  -.128
1591   .239
1592 -1.025
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1593  -.247
1594   .472
1595   .230
1596  -.060
1597   .125
1598  -.790
1599  -.722
1600   .540
1601  -.221
1602 -1.049
1603   .885
1604  -.422
1605  -.410
1606   .675
1607  -.376
1608   .371
1609   .740
1610   .308
1611   .460
1612   .073
1613   .123
1614   .823
1615  1.205
1616   .214
1617   .450
1618   .175
1619   .706
1620   .696
1621  -.085
1622   .079
1623   .015
1624 -1.039
1625 -1.285
1626  -.239
1627  -.470
1628  1.115
1629   .623
1630   .392
1631  -.073
1632  -.241
1633  -.275
1634  -.848
1635   .229
1636  -.817
1637  -.045
1638   .149
1639  -.504
1640  -.313
1641  -.813
1642   .004
1643  -.458
1644  -.848
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1645  -.324
1646   .059
1647  -.693
1648  -.696
1649  1.049
1650  -.075
1651  1.122
1652   .272
1653  -.223
1654  -.379
1655  -.548
1656   .359
1657   .995
1658  -.163
1659  -.459
1660   .494
1661  -.645
1662  -.635
1663  1.010
1664  1.314
1665  -.014
1666   .843
1667  1.132
1668  -.129
1669   .188
1670   .090
1671  -.689
1672  -.646
1673   .347
1674  1.266
1675   .412
1676 -1.165
1677  -.588
1678  -.213
1679   .182
1680 -1.905
1681   .192
1682 -1.485
1683   .849
1684   .866
1685  -.375
1686   .039
1687   .626
1688 -1.069
1689  -.612
1690   .503
1691  -.052
1692   .726
1693   .192
1694  -.762
1695  -.303
1696 -1.343
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1697 -1.081
1698 -1.246
1699 -1.046
1700  -.375
1701  -.042
1702   .020
1703  -.055
1704   .268
1705  -.456
1706  -.830
1707  -.696
1708   .118
1709   .806
1710   .006
1711   .189
1712   .400
1713   .651
1714   .185
1715   .009
1716   .317
1717  -.300
1718  -.163
1719  -.589
1720  -.418
1721  -.762
1722 -1.358
1723   .439
1724  -.208
1725   .838
1726   .304
1727  1.391
1728  1.321
1729  1.767
1730  1.245
1731   .950
1732   .400
1733   .683
1734  -.570
1735 -1.431
1736   .041
1737 -1.317
1738  -.742
1739   .458
1740  1.293
1741   .756
1742  -.019
1743   .262
1744  -.105
1745  -.341
1746  -.240
1747  -.234
1748   .090
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1749  -.315
1750  -.395
1751  -.240
1752  -.462
1753   .155
1754  -.145
1755  -.164
1756  -.262
1757  -.752
1758  -.634
1759  -.433
1760  -.027
1761 -1.145
1762   .507
1763   .722
1764  1.255
1765   .223
1766   .485
1767  -.254
1768  -.103
1769  -.299
1770  -.656
1771   .546
1772   .623
1773  -.026
1774   .379
1775   .811
1776   .589
1777  -.562
1778 -1.065
1779  -.862
1780  -.544
1781   .199
1782   .117
1783  -.022
1784  -.244
1785   .508
1786  1.451
1787   .699
1788   .068
1789  -.042
1790   .056
1791   .754
1792   .506
1793  -.786
1794   .353
1795   .129
1796  -.151
1797  -.793
1798  -.805
1799  -.102
1800   .622
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1801   .538
1802 -1.739
1803  -.529
1804   .974
1805   .840
1806  -.019
1807   .104
1808   .407
1809   .554
1810  -.210
1811  -.242
1812  -.060
1813  -.783
1814  -.371
1815   .072
1816  -.529
1817 -1.021
1818  -.749
1819   .246
1820   .950
1821  -.243
1822   .447
1823  -.141
1824  -.522
1825   .069
1826  -.631
1827   .451
1828   .848
1829   .340
1830   .144
1831   .905
1832  -.320
1833  -.368
1834  -.857
1835 -1.831
1836 -1.749
1837   .166
1838   .893
1839  -.204
1840   .836
1841   .727
1842   .558
1843  -.413
1844  -.493
1845  -.019
1846  -.138
1847   .648
1848  -.314
1849  -.681
1850   .017
1851   .711
1852  1.227
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1853   .557
1854  -.116
1855  -.041
1856  -.019
1857  -.369
1858  -.165
1859  -.135
1860  -.588
1861  -.573
1862  -.621
1863 -1.309
1864  -.362
1865  -.826
1866 -1.017
1867   .074
1868  -.530
1869  -.414
1870   .369
1871  1.430
1872  1.086
1873  -.565
1874  -.554
1875   .808
1876  1.038
1877   .236
1878   .638
1879   .047
1880   .454
1881  -.144
1882  -.912
1883  -.339
1884  -.435
1885  -.983
1886  -.686
1887   .011
1888   .829
1889   .604
1890  -.745
1891  -.191
1892  -.155
1893   .029
1894   .681
1895   .864
1896   .166
1897  -.460
1898   .203
1899  -.672
1900  -.894
1901   .485
1902   .955
1903  -.695
1904  -.650
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1905 -1.147
1906 -1.390
1907  -.989
1908  1.208
1909   .666
1910  -.243
1911   .177
1912   .024
1913  -.567
1914  -.895
1915  -.176
1916  1.952
1917  -.854
1918  -.610
1919  -.426
1920  -.333
1921 -1.625
1922  -.725
1923   .041
1924 -1.535
1925  -.340
1926  -.495
1927   .093
1928   .640
1929  1.388
1930   .454
1931   .876
1932  1.817
1933   .897
1934  1.217
1935   .640
1936   .496
1937 -1.052
1938  -.297
1939  1.233
1940   .018
1941  1.356
1942   .871
1943  -.851
1944  -.387
1945  1.175
1946  1.157
1947   .996
1948  -.197
1949 -1.353
1950  -.300
1951   .048
1952   .634
1953   .826
1954  -.272
1955  -.138
1956  -.447
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1957 -1.138
1958  -.175
1959   .736
1960   .008
1961   .651
1962   .347
1963   .335
1964  1.019
1965   .855
1966   .399
1967  -.199
1968   .781
1969   .239
1970  -.109
1971  -.381
1972  -.373
1973  -.169
1974   .081
1975   .246
1976   .658
1977  1.614
1978   .602
1979 -1.674
1980  -.415
1981  -.482
1982  -.418
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        1993
   1      0.05
   2      0.17
   3      0.35
   4      1.56
   5      0.65
   6     -0.93
   7      0.24
   8     -0.97
   9     -1.03
  10     -1.83
  11     -1.35
  12     -0.74
  13     -0.60
  14     -0.32
  15     -1.40
  16     -0.84
  17      0.89
  18     -0.71
  19      0.53
  20      0.31
  21     -0.78
  22      0.18
  23      0.62
  24     -0.73
  25      0.67
  26      0.03
  27      0.12
  28      0.73
  29      0.21
  30      0.09
  31     -0.10
  32      1.72
  33      1.40
  34      0.59
  35      2.48
  36     -0.81
  37      0.80
  38      0.03
  39      0.72
  40      0.58
  41      0.78
  42      0.92
  43      1.11
  44      0.45
  45     -0.48
  46     -1.31
  47      0.34
  48     -0.09
  49     -1.09
  50     -0.54
  51     -0.66
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  52     -0.55
  53      0.29
  54      0.24
  55      0.12
  56     -0.26
  57     -0.61
  58     -0.23
  59     -0.52
  60      0.12
  61      0.57
  62     -0.13
  63      0.96
  64      1.03
  65      1.07
  66     -0.18
  67      0.74
  68     -0.80
  69      0.90
  70      0.34
  71      0.29
  72     -0.27
  73      0.62
  74     -0.78
  75     -0.23
  76      0.12
  77     -0.04
  78     -0.99
  79      0.37
  80      0.55
  81      0.26
  82      0.48
  83      0.55
  84      0.09
  85     -0.21
  86      0.20
  87      0.57
  88      0.57
  89      0.55
  90      0.54
  91     -0.17
  92      1.13
  93      0.55
  94      0.11
  95      0.63
  96      1.75
  97      1.21
  98      0.16
  99      1.13
 100      1.32
 101     -0.01
 102     -0.01
 103      0.85
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 104      0.98
 105      0.40
 106     -0.02
 107      1.82
 108      0.87
 109     -0.04
 110      0.33
 111      0.70
 112     -0.24
 113      0.80
 114      0.02
 115      1.15
 116      1.33
 117      0.62
 118      1.48
 119      0.15
 120      1.06
 121      1.50
 122      1.03
 123      0.35
 124      0.09
 125      0.69
 126      0.35
 127      0.37
 128      0.93
 129      1.39
 130      1.41
 131      1.42
 132      0.28
 133     -0.46
 134     -0.03
 135      0.19
 136      0.92
 137     -0.43
 138     -0.30
 139      0.48
 140      1.05
 141      0.77
 142      0.05
 143     -0.17
 144      0.50
 145      0.33
 146     -0.84
 147      0.52
 148     -0.48
 149      0.88
 150     -1.32
 151     -1.12
 152     -0.69
 153      0.36
 154      0.39
 155      0.92
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 156      1.34
 157      0.01
 158      0.60
 159     -0.53
 160      1.12
 161      1.82
 162      0.05
 163     -0.66
 164     -0.14
 165     -0.08
 166     -1.28
 167      0.12
 168      0.13
 169     -0.04
 170     -1.89
 171      0.16
 172     -0.30
 173     -0.88
 174     -0.50
 175     -0.89
 176     -0.71
 177     -1.39
 178      0.25
 179      0.87
 180     -1.50
 181     -1.13
 182     -0.33
 183      0.28
 184     -0.37
 185      0.41
 186     -0.22
 187      1.08
 188     -0.43
 189     -0.08
 190     -0.18
 191     -0.06
 192     -0.28
 193      0.43
 194     -0.18
 195     -0.07
 196     -0.61
 197     -0.64
 198     -0.24
 199     -1.26
 200     -0.04
 201     -0.75
 202     -0.82
 203      0.37
 204     -0.26
 205      1.09
 206      0.92
 207     -0.45
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 208     -0.02
 209     -1.53
 210     -0.16
 211     -0.52
 212     -0.45
 213      0.85
 214      0.60
 215     -0.06
 216     -0.55
 217     -0.39
 218     -1.03
 219     -0.81
 220     -1.32
 221     -0.85
 222     -0.35
 223     -0.65
 224     -0.18
 225      0.58
 226      0.25
 227      0.56
 228     -0.96
 229      0.73
 230     -0.52
 231      0.25
 232     -0.39
 233     -0.97
 234      0.45
 235      0.32
 236     -0.67
 237     -1.32
 238      0.11
 239     -0.00
 240      1.70
 241      0.12
 242      1.93
 243      0.27
 244      0.69
 245      1.90
 246      1.65
 247      1.73
 248      1.38
 249      0.78
 250      1.26
 251      1.23
 252      1.13
 253      1.18
 254     -0.54
 255      0.49
 256      1.28
 257      1.10
 258      1.73
 259      1.23
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 260      0.23
 261      1.55
 262      1.22
 263      1.69
 264      1.61
 265      0.79
 266      0.49
 267     -0.09
 268     -1.21
 269      0.33
 270      0.30
 271     -1.16
 272      0.37
 273     -0.04
 274     -1.06
 275     -0.60
 276     -0.48
 277     -0.58
 278      0.03
 279     -0.39
 280      0.90
 281     -0.53
 282      1.57
 283      1.26
 284      1.51
 285      0.64
 286      0.62
 287      1.62
 288      0.79
 289      0.64
 290     -0.96
 291      1.33
 292     -0.09
 293     -0.12
 294      0.15
 295      0.36
 296      0.74
 297      0.04
 298     -0.77
 299      0.69
 300     -0.59
 301     -1.12
 302     -1.31
 303     -0.22
 304     -0.39
 305     -0.98
 306     -0.50
 307     -0.67
 308     -0.66
 309     -0.82
 310     -0.76
 311     -0.33
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 312     -0.41
 313      0.33
 314     -0.33
 315     -0.31
 316     -0.51
 317     -0.15
 318     -0.76
 319     -0.95
 320     -1.32
 321     -1.31
 322     -0.30
 323     -1.42
 324     -0.38
 325     -0.44
 326     -0.62
 327     -0.43
 328      0.19
 329     -0.96
 330     -1.77
 331     -0.14
 332      0.27
 333     -0.69
 334      0.15
 335     -0.73
 336     -0.65
 337     -1.01
 338     -1.93
 339     -1.45
 340     -1.40
 341     -1.59
 342     -1.11
 343     -1.56
 344     -1.08
 345     -1.03
 346     -1.14
 347     -1.39
 348     -0.95
 349     -1.11
 350     -0.79
 351     -1.51
 352     -1.11
 353     -0.11
 354     -0.05
 355     -0.16
 356      0.07
 357      0.35
 358      0.57
 359     -1.05
 360      1.26
 361      1.26
 362      0.40
 363      0.75
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 364      1.92
 365      1.30
 366      0.20
 367     -0.06
 368      0.44
 369     -0.81
 370      0.10
 371      0.49
 372      0.51
 373      0.92
 374     -0.05
 375      1.50
 376      1.15
 377      0.85
 378     -0.47
 379      0.33
 380     -1.49
 381     -1.39
 382     -1.07
 383     -0.05
 384      0.57
 385      0.93
 386      1.39
 387     -0.27
 388      0.35
 389      0.31
 390      1.08
 391      1.82
 392      1.82
 393     -0.55
 394      0.64
 395      1.45
 396      0.56
 397      0.35
 398      0.92
 399      0.49
 400      2.01
 401      1.35
 402      2.12
 403      2.18
 404      0.37
 405      0.66
 406      1.63
 407      1.27
 408      0.16
 409      0.89
 410     -0.04
 411      0.37
 412     -0.10
 413     -1.11
 414      0.40
 415      0.40
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 416      0.57
 417      0.53
 418      0.51
 419      1.12
 420      0.08
 421     -1.81
 422      0.00
 423     -0.10
 424      0.25
 425      0.38
 426     -0.42
 427      0.78
 428      0.73
 429      1.43
 430      0.92
 431      0.94
 432      0.12
 433      1.51
 434      1.37
 435      1.52
 436     -0.22
 437      0.79
 438      0.66
 439      0.12
 440      0.35
 441      0.44
 442      0.60
 443      0.15
 444      0.30
 445      0.43
 446      1.04
 447      0.75
 448      1.26
 449      1.06
 450      1.47
 451      1.13
 452      1.05
 453      0.81
 454      1.00
 455      1.03
 456      0.86
 457      1.42
 458      1.47
 459      1.01
 460     -0.78
 461      0.46
 462      0.26
 463      0.51
 464     -0.18
 465     -0.11
 466      0.07
 467      0.51
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 468     -0.18
 469      0.18
 470      0.08
 471     -0.05
 472      0.01
 473      0.15
 474      0.04
 475      0.12
 476      0.03
 477     -0.02
 478      0.69
 479     -0.54
 480     -0.07
 481      0.17
 482      0.17
 483      0.07
 484     -0.27
 485      0.06
 486     -0.24
 487      0.24
 488     -0.93
 489      0.22
 490      1.10
 491      0.61
 492     -0.49
 493     -0.02
 494      0.13
 495     -0.86
 496      0.25
 497     -1.25
 498     -1.30
 499     -0.53
 500     -0.28
 501     -0.42
 502     -0.16
 503     -0.92
 504     -0.42
 505     -0.88
 506     -0.87
 507     -1.10
 508     -1.28
 509      0.10
 510     -0.42
 511     -0.22
 512     -0.53
 513      0.77
 514     -0.67
 515      0.39
 516     -0.25
 517     -0.29
 518      0.23
 519     -0.46
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 520     -0.73
 521      0.55
 522     -1.52
 523     -0.98
 524     -0.30
 525      0.13
 526     -0.52
 527      0.12
 528     -1.26
 529      0.04
 530      0.24
 531      0.59
 532      0.16
 533     -0.75
 534      0.51
 535      0.51
 536     -3.56
 537     -2.64
 538     -1.50
 539     -1.26
 540     -1.70
 541     -2.45
 542     -1.85
 543     -2.73
 544     -2.74
 545     -2.99
 546     -2.74
 547     -2.02
 548     -1.30
 549     -1.16
 550     -1.88
 551     -1.08
 552     -2.52
 553     -1.01
 554     -1.09
 555     -0.50
 556     -0.20
 557      0.11
 558      0.00
 559      0.48
 560      0.22
 561     -0.72
 562      0.03
 563      0.35
 564      0.43
 565     -0.38
 566     -0.51
 567      0.51
 568     -0.51
 569      0.42
 570     -0.57
 571     -0.88
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 572     -0.38
 573     -0.64
 574     -0.51
 575     -0.54
 576      0.85
 577     -0.73
 578      0.03
 579     -0.14
 580      0.29
 581      0.26
 582     -1.37
 583      0.29
 584      0.98
 585      0.88
 586      1.11
 587      0.84
 588      1.20
 589     -0.60
 590      0.71
 591      0.97
 592      1.15
 593      1.02
 594      1.67
 595      1.97
 596     -0.68
 597      0.04
 598     -0.88
 599     -1.00
 600      0.36
 601      0.78
 602      0.84
 603     -0.26
 604      0.60
 605      1.06
 606      0.69
 607     -0.65
 608     -0.51
 609      0.16
 610     -0.97
 611      0.21
 612      0.25
 613      0.03
 614     -0.05
 615     -0.60
 616      1.07
 617      0.40
 618     -0.44
 619     -0.89
 620     -0.13
 621     -1.33
 622     -0.17
 623     -1.66
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 624     -0.76
 625     -0.60
 626     -0.14
 627     -2.08
 628     -1.90
 629     -0.25
 630     -0.44
 631     -1.11
 632     -0.45
 633     -0.21
 634     -0.95
 635     -0.94
 636     -2.12
 637     -1.57
 638     -0.81
 639     -1.34
 640     -1.53
 641     -1.27
 642     -0.91
 643     -1.33
 644     -0.77
 645     -0.51
 646     -0.82
 647     -0.58
 648     -1.61
 649     -0.29
 650     -1.00
 651     -0.58
 652     -0.44
 653     -0.30
 654     -0.92
 655     -0.57
 656     -0.92
 657      0.66
 658      0.36
 659      0.41
 660     -0.69
 661     -1.21
 662     -1.54
 663     -1.07
 664     -0.14
 665     -0.75
 666      0.70
 667      0.54
 668     -0.50
 669     -1.09
 670     -0.16
 671      0.30
 672      0.02
 673      1.19
 674      1.09
 675      0.43
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 676      0.43
 677      0.33
 678     -1.26
 679     -0.34
 680      0.14
 681     -0.25
 682     -1.83
 683     -0.58
 684     -0.30
 685     -0.87
 686      0.14
 687     -0.69
 688     -0.69
 689     -0.72
 690     -1.28
 691      0.39
 692      0.35
 693     -0.77
 694      1.30
 695      0.21
 696      1.13
 697      0.26
 698      0.39
 699      1.12
 700     -0.33
 701      0.34
 702     -0.30
 703      1.25
 704      0.61
 705      0.75
 706     -0.23
 707     -1.78
 708      0.71
 709      0.69
 710     -0.28
 711     -0.22
 712     -0.07
 713      0.20
 714      0.41
 715      0.99
 716     -1.22
 717      0.04
 718     -0.33
 719     -0.89
 720     -0.57
 721     -0.74
 722      0.66
 723     -0.25
 724     -0.56
 725     -0.42
 726      0.24
 727     -0.13
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 728      0.37
 729      0.05
 730      0.70
 731      0.62
 732      0.62
 733      0.94
 734      0.59
 735      0.74
 736      0.88
 737      0.38
 738     -0.49
 739      0.33
 740     -0.01
 741     -0.70
 742     -0.89
 743     -1.12
 744     -1.87
 745     -0.58
 746     -0.24
 747     -0.84
 748      0.68
 749      0.62
 750      0.28
 751     -0.32
 752     -0.44
 753      0.66
 754     -0.97
 755      0.63
 756     -0.62
 757     -0.71
 758      0.08
 759      0.41
 760     -0.16
 761     -0.05
 762     -0.40
 763      0.27
 764      0.92
 765      1.22
 766     -0.35
 767      0.46
 768      1.08
 769     -0.08
 770     -0.39
 771     -0.21
 772     -1.00
 773     -1.45
 774     -1.63
 775     -1.42
 776     -0.60
 777     -1.04
 778      0.01
 779     -0.46
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 780     -0.94
 781      0.16
 782      0.27
 783      0.08
 784     -0.38
 785      0.79
 786      1.11
 787      0.61
 788      0.15
 789     -0.18
 790      1.65
 791     -1.29
 792      0.97
 793      0.72
 794      0.33
 795      0.33
 796      0.28
 797     -0.40
 798      0.13
 799      0.16
 800     -2.07
 801     -0.98
 802     -1.72
 803     -1.34
 804     -2.43
 805     -1.24
 806     -1.62
 807     -2.06
 808     -0.47
 809     -0.96
 810     -1.90
 811     -0.47
 812     -1.28
 813     -1.74
 814     -2.03
 815     -2.54
 816     -1.99
 817     -1.76
 818     -1.96
 819     -0.86
 820      0.17
 821      0.54
 822     -0.12
 823      0.52
 824      0.23
 825     -0.22
 826     -1.51
 827     -0.88
 828     -0.44
 829     -1.05
 830     -0.12
 831     -0.55

16

ABOR/MH/Priv-004599



 832     -0.83
 833      0.03
 834     -0.04
 835      0.03
 836      0.68
 837      0.26
 838      0.43
 839      0.28
 840      1.44
 841      1.62
 842      0.19
 843      0.34
 844      1.10
 845      0.43
 846     -0.43
 847      0.24
 848     -0.44
 849      0.31
 850     -0.01
 851     -1.28
 852     -2.01
 853     -0.76
 854     -2.72
 855     -1.58
 856     -1.12
 857     -0.14
 858     -0.82
 859     -1.30
 860     -1.30
 861     -0.78
 862     -0.15
 863     -1.06
 864     -1.09
 865     -1.13
 866     -0.35
 867     -0.80
 868     -0.90
 869     -0.08
 870     -1.48
 871     -1.03
 872     -0.49
 873     -0.15
 874      0.51
 875     -0.36
 876     -0.47
 877      1.57
 878      0.97
 879      1.62
 880      0.94
 881     -0.31
 882      0.87
 883     -0.09
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 884     -1.52
 885      0.67
 886      0.96
 887      1.15
 888     -0.16
 889      0.02
 890      1.38
 891      0.24
 892      0.50
 893      0.38
 894      1.62
 895      1.59
 896      1.07
 897      0.83
 898      1.38
 899      1.37
 900     -0.43
 901     -0.96
 902     -0.22
 903     -2.62
 904     -1.60
 905     -1.66
 906     -1.14
 907     -2.26
 908     -1.41
 909     -1.27
 910     -0.91
 911     -1.59
 912     -1.25
 913     -0.81
 914     -1.14
 915     -1.30
 916     -1.46
 917      0.29
 918     -1.16
 919      0.14
 920     -0.81
 921     -0.42
 922      0.26
 923      0.60
 924      0.37
 925     -0.48
 926     -0.60
 927      0.65
 928      0.64
 929      0.36
 930     -0.38
 931      1.18
 932     -0.48
 933      0.12
 934      0.22
 935      0.78
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 936      1.95
 937      0.62
 938      0.85
 939      0.99
 940     -1.37
 941      0.23
 942     -0.26
 943     -0.34
 944     -0.36
 945     -0.29
 946      0.01
 947     -1.28
 948     -0.53
 949      0.40
 950     -1.01
 951     -0.93
 952     -0.41
 953     -0.76
 954      0.29
 955     -0.41
 956     -1.01
 957      0.51
 958     -1.38
 959     -0.22
 960      0.55
 961     -0.75
 962     -1.43
 963      0.55
 964      0.23
 965      1.82
 966      0.68
 967     -0.48
 968      1.57
 969      1.18
 970      1.36
 971      0.37
 972     -0.17
 973     -0.39
 974     -0.11
 975      0.33
 976      0.84
 977      1.30
 978      1.81
 979      1.34
 980      1.83
 981      1.18
 982      2.02
 983      2.15
 984      1.70
 985      0.41
 986      2.66
 987      1.01
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 988      1.66
 989      2.63
 990      2.75
 991      1.26
 992      1.69
 993      1.76
 994      1.15
 995      3.36
 996      2.40
 997      0.77
 998      2.00
 999      0.86
1000      0.92
1001      0.83
1002     -0.07
1003     -0.68
1004     -0.27
1005      0.76
1006      0.47
1007      0.99
1008      1.17
1009     -0.15
1010      0.17
1011      0.03
1012      0.35
1013      0.46
1014      1.12
1015      1.20
1016      1.37
1017      2.53
1018      1.10
1019      0.20
1020      2.05
1021      0.87
1022      1.97
1023      1.32
1024      1.81
1025     -0.04
1026      1.49
1027      2.52
1028      1.84
1029      1.33
1030      1.88
1031      1.97
1032      1.19
1033      1.75
1034      1.55
1035      0.26
1036      0.32
1037      0.76
1038      0.46
1039      0.75
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1040      0.67
1041      0.22
1042     -0.36
1043      0.93
1044      0.83
1045      0.01
1046      0.55
1047      0.22
1048      1.31
1049      0.15
1050      0.44
1051     -0.63
1052      0.78
1053      0.86
1054     -0.18
1055      0.08
1056      1.15
1057      1.22
1058      0.57
1059      0.31
1060      0.56
1061      2.14
1062      1.62
1063      1.21
1064      1.51
1065      0.67
1066      1.74
1067      1.03
1068     -0.18
1069     -0.07
1070      0.50
1071     -0.03
1072     -0.29
1073      1.88
1074      0.99
1075      0.92
1076     -0.65
1077     -0.04
1078      0.36
1079      0.06
1080     -0.39
1081      0.39
1082      0.27
1083      1.15
1084      1.02
1085      0.85
1086      0.60
1087      1.41
1088      0.15
1089      1.86
1090      1.57
1091      2.43
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1092      0.64
1093      1.89
1094      1.32
1095      1.72
1096     -0.70
1097      0.64
1098      0.29
1099      0.25
1100      0.27
1101      0.23
1102      1.43
1103      1.16
1104      1.00
1105      1.27
1106      1.60
1107      1.11
1108      0.29
1109      0.06
1110     -0.78
1111     -0.06
1112     -0.00
1113      0.72
1114      0.50
1115      0.64
1116      0.99
1117      1.27
1118     -0.11
1119      1.00
1120      0.17
1121     -0.49
1122     -1.78
1123     -0.02
1124     -0.69
1125     -2.03
1126     -0.41
1127     -0.32
1128     -1.12
1129     -1.16
1130      0.01
1131      0.51
1132     -0.01
1133      0.27
1134     -0.03
1135      0.73
1136     -0.70
1137      0.22
1138      0.35
1139      0.38
1140     -2.23
1141     -0.10
1142      0.94
1143      0.76
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1144      1.05
1145     -0.11
1146      0.32
1147      0.23
1148      0.37
1149      0.44
1150      0.70
1151     -1.94
1152     -0.32
1153      0.47
1154     -1.34
1155      0.57
1156      0.23
1157     -0.20
1158      0.36
1159      0.51
1160      0.46
1161     -0.73
1162      0.68
1163      0.03
1164      0.37
1165     -0.60
1166     -1.06
1167     -0.24
1168      1.08
1169      0.45
1170     -0.46
1171     -1.03
1172     -0.08
1173     -0.43
1174      0.18
1175      0.88
1176      0.54
1177      0.67
1178     -0.02
1179      0.06
1180     -0.38
1181      0.95
1182     -0.35
1183      0.49
1184      0.60
1185      0.94
1186     -0.60
1187     -0.24
1188      1.43
1189      0.03
1190     -0.27
1191     -0.03
1192      0.64
1193     -0.30
1194     -0.63
1195     -0.44

23

ABOR/MH/Priv-004606



1196     -1.46
1197      0.04
1198     -1.21
1199      0.22
1200     -0.58
1201     -0.28
1202     -0.68
1203      0.48
1204     -0.19
1205     -0.50
1206     -1.62
1207     -1.93
1208     -0.13
1209     -1.23
1210     -2.37
1211     -0.03
1212     -0.19
1213     -2.18
1214     -1.14
1215     -1.32
1216     -1.25
1217     -1.04
1218     -0.31
1219     -0.99
1220     -1.14
1221     -0.44
1222     -0.28
1223      0.18
1224     -0.57
1225      0.97
1226      0.21
1227      0.45
1228      0.40
1229      0.85
1230      0.57
1231      0.31
1232     -0.01
1233     -0.94
1234     -0.49
1235     -0.80
1236     -0.73
1237     -1.36
1238     -1.18
1239     -1.11
1240     -0.08
1241     -0.28
1242     -0.26
1243     -1.26
1244     -0.65
1245     -0.37
1246     -0.62
1247     -0.13
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1248     -0.15
1249      0.21
1250      0.95
1251      0.35
1252     -0.93
1253      0.41
1254     -0.35
1255      0.68
1256      0.25
1257      0.70
1258     -0.47
1259     -2.17
1260     -0.86
1261     -0.50
1262     -0.11
1263     -2.31
1264     -1.23
1265     -0.44
1266     -0.55
1267     -0.56
1268      0.29
1269     -0.22
1270     -1.24
1271     -1.72
1272     -0.26
1273     -0.08
1274     -0.73
1275      0.89
1276     -0.27
1277     -1.23
1278     -1.03
1279     -1.46
1280     -1.26
1281     -0.89
1282     -1.12
1283     -1.40
1284     -1.02
1285     -1.18
1286     -1.70
1287     -0.22
1288      0.20
1289     -1.48
1290     -0.72
1291     -1.05
1292     -0.36
1293     -2.40
1294     -1.72
1295     -1.06
1296     -1.15
1297     -2.00
1298     -1.09
1299     -1.16
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1300     -1.73
1301      0.09
1302     -1.42
1303     -0.20
1304      0.09
1305     -0.54
1306      0.17
1307      1.18
1308      0.23
1309     -0.23
1310      0.34
1311      1.10
1312     -0.82
1313     -0.19
1314     -0.77
1315      0.44
1316     -0.25
1317     -1.14
1318     -0.54
1319     -0.05
1320     -1.05
1321      0.32
1322      0.24
1323     -0.86
1324     -0.08
1325      0.93
1326      0.57
1327      0.74
1328     -0.14
1329      0.07
1330     -1.08
1331      0.15
1332     -0.42
1333     -0.59
1334     -1.33
1335     -0.79
1336     -1.59
1337     -0.98
1338     -1.70
1339      0.02
1340     -0.62
1341     -0.27
1342     -0.72
1343     -0.26
1344      0.06
1345     -1.86
1346     -1.72
1347     -1.84
1348     -1.20
1349     -1.06
1350     -2.17
1351     -0.52
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1352     -0.08
1353      0.02
1354     -0.47
1355      1.73
1356      1.22
1357      0.45
1358      0.48
1359      0.09
1360      0.02
1361      0.98
1362      1.93
1363      0.29
1364      0.95
1365      1.66
1366      1.42
1367      1.56
1368      0.63
1369      0.84
1370     -0.40
1371      0.03
1372     -1.15
1373      0.74
1374      0.44
1375      0.32
1376      0.12
1377     -0.34
1378      0.49
1379     -0.20
1380     -0.08
1381     -0.72
1382     -0.13
1383     -0.51
1384      0.85
1385      0.29
1386      0.02
1387     -0.67
1388      0.71
1389      0.33
1390      1.11
1391      0.68
1392     -0.40
1393     -1.42
1394     -0.31
1395      0.18
1396     -0.35
1397      0.50
1398      0.15
1399      0.10
1400      0.16
1401     -0.20
1402     -0.61
1403      0.87
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1404      1.08
1405      1.05
1406      1.84
1407      1.21
1408      0.25
1409      1.59
1410      1.53
1411      1.32
1412      0.63
1413      2.03
1414      0.11
1415      0.72
1416      1.47
1417      1.13
1418      1.45
1419      1.21
1420      0.87
1421      0.38
1422     -0.12
1423     -0.34
1424      1.29
1425      1.90
1426      1.28
1427      1.30
1428      0.66
1429      0.48
1430      0.75
1431      1.64
1432      1.08
1433      0.33
1434      1.64
1435      0.00
1436      0.91
1437      1.84
1438      0.78
1439      1.27
1440      1.54
1441      0.37
1442      1.69
1443      2.92
1444      0.83
1445      2.23
1446      0.26
1447      0.54
1448     -1.07
1449     -0.97
1450      0.63
1451      0.00
1452      0.33
1453     -0.76
1454     -0.87
1455     -1.04
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1456     -0.98
1457     -0.78
1458     -0.20
1459     -0.83
1460     -0.97
1461     -0.23
1462     -1.29
1463     -0.01
1464     -0.57
1465      0.56
1466     -0.75
1467     -0.28
1468     -0.76
1469      0.49
1470      0.56
1471      0.79
1472      0.42
1473      1.11
1474      1.31
1475     -0.56
1476      2.02
1477     -0.34
1478      0.45
1479      0.30
1480      0.89
1481     -1.52
1482      0.59
1483     -0.29
1484     -0.51
1485      0.58
1486      0.81
1487      0.31
1488     -0.11
1489      1.38
1490      1.43
1491      1.06
1492      1.05
1493      0.89
1494      0.04
1495      0.82
1496      1.60
1497      1.33
1498      0.78
1499      0.63
1500      1.18
1501      1.21
1502     -0.74
1503     -0.30
1504      1.62
1505      1.19
1506      0.84
1507      1.33

29

ABOR/MH/Priv-004612



1508      0.24
1509     -0.80
1510      0.79
1511      0.22
1512      1.03
1513     -0.00
1514     -0.35
1515     -0.47
1516     -0.50
1517      0.30
1518      0.59
1519      0.68
1520     -0.06
1521     -0.59
1522     -0.33
1523     -0.64
1524     -1.13
1525     -0.87
1526     -0.40
1527     -0.71
1528     -0.81
1529     -2.45
1530     -1.51
1531     -0.82
1532     -0.11
1533     -1.10
1534     -0.29
1535     -0.00
1536      0.54
1537      0.33
1538      1.00
1539      1.51
1540      0.39
1541     -0.47
1542     -0.19
1543     -0.09
1544     -0.94
1545     -0.38
1546      0.45
1547     -0.26
1548      0.81
1549      0.54
1550      0.41
1551      0.58
1552      0.66
1553      1.06
1554      0.33
1555     -0.69
1556     -0.04
1557      0.61
1558      0.10
1559      0.31
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1560     -0.20
1561      0.63
1562      0.50
1563      0.62
1564      1.23
1565      1.31
1566      0.67
1567      1.15
1568     -0.40
1569     -0.40
1570     -0.14
1571     -0.74
1572      0.28
1573     -0.02
1574     -1.19
1575      0.16
1576     -1.67
1577      0.18
1578     -1.88
1579     -1.40
1580     -0.96
1581     -1.43
1582     -0.79
1583     -0.33
1584      0.43
1585     -1.03
1586      0.08
1587     -0.19
1588     -0.80
1589     -2.47
1590     -0.59
1591     -1.79
1592     -0.82
1593     -1.70
1594      0.01
1595     -0.51
1596     -0.67
1597     -0.75
1598      0.19
1599      0.47
1600     -0.51
1601     -2.04
1602     -1.45
1603     -1.60
1604     -1.62
1605     -1.69
1606     -1.21
1607     -1.05
1608     -1.41
1609     -2.07
1610     -0.95
1611     -0.23
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1612     -0.65
1613     -0.42
1614     -1.12
1615     -1.55
1616     -0.95
1617     -1.56
1618     -1.44
1619     -0.87
1620     -1.10
1621     -0.65
1622     -2.02
1623     -1.24
1624     -0.69
1625     -0.98
1626      0.01
1627      0.15
1628     -1.14
1629     -0.19
1630     -0.53
1631     -1.74
1632     -0.90
1633     -1.03
1634     -1.18
1635     -0.69
1636      0.16
1637      1.26
1638     -0.85
1639     -0.23
1640      0.24
1641     -1.44
1642     -3.43
1643     -0.98
1644     -2.80
1645     -1.91
1646     -1.20
1647     -1.34
1648     -1.00
1649     -1.10
1650     -0.57
1651     -1.20
1652     -0.41
1653     -0.61
1654      0.02
1655     -0.28
1656      0.33
1657     -0.58
1658      1.09
1659      0.78
1660     -0.76
1661     -0.24
1662     -0.37
1663     -0.35
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1664     -0.44
1665     -0.25
1666     -0.46
1667     -0.42
1668     -0.02
1669     -0.23
1670     -0.03
1671      0.77
1672      0.17
1673     -0.10
1674     -1.06
1675     -1.20
1676     -1.11
1677     -1.07
1678     -1.36
1679     -1.72
1680     -1.97
1681     -1.72
1682     -1.64
1683     -1.11
1684     -1.37
1685     -1.50
1686     -0.69
1687     -0.71
1688     -1.60
1689     -0.71
1690     -0.56
1691     -0.59
1692     -0.64
1693     -0.14
1694     -0.99
1695      0.31
1696     -1.81
1697     -1.64
1698     -2.34
1699     -2.40
1700     -1.38
1701     -1.18
1702     -1.11
1703     -0.54
1704     -0.34
1705     -0.73
1706     -1.61
1707      0.23
1708     -0.93
1709     -0.82
1710     -0.46
1711     -1.05
1712     -0.22
1713     -0.24
1714     -1.73
1715      0.37
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1716     -0.17
1717     -0.99
1718     -2.01
1719     -0.51
1720     -0.99
1721     -0.80
1722     -0.82
1723     -2.01
1724     -0.41
1725     -0.68
1726     -0.51
1727      0.69
1728     -1.95
1729     -0.16
1730     -0.92
1731     -0.77
1732     -1.70
1733     -0.15
1734     -1.21
1735     -1.07
1736     -0.98
1737     -0.45
1738     -0.56
1739     -0.08
1740     -0.44
1741     -1.69
1742     -2.25
1743     -0.32
1744     -0.36
1745     -0.93
1746     -0.53
1747     -0.36
1748     -0.03
1749     -0.54
1750     -0.92
1751     -0.80
1752     -0.23
1753     -0.66
1754     -0.07
1755     -0.30
1756      0.66
1757      1.50
1758      1.07
1759     -0.07
1760     -0.56
1761      1.26
1762      1.00
1763      0.60
1764      0.54
1765      1.14
1766      1.01
1767      1.95
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1768     -0.31
1769      0.35
1770     -1.31
1771     -0.23
1772     -0.92
1773     -1.48
1774      0.31
1775      1.36
1776     -0.38
1777      0.99
1778      1.21
1779      0.09
1780      0.90
1781      0.06
1782      1.02
1783     -1.22
1784      0.05
1785      0.71
1786     -0.96
1787      0.11
1788     -1.08
1789     -0.02
1790      0.06
1791     -0.44
1792     -0.24
1793      0.56
1794      0.96
1795     -0.15
1796      0.68
1797     -0.11
1798     -0.22
1799      0.02
1800     -1.49
1801      0.16
1802      0.08
1803     -0.49
1804     -0.10
1805      0.30
1806     -0.66
1807     -1.11
1808      0.14
1809     -0.53
1810     -1.05
1811     -1.19
1812     -2.95
1813     -2.03
1814     -1.73
1815     -2.04
1816     -1.76
1817     -1.38
1818     -1.08
1819     -1.61
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1820     -1.79
1821     -1.09
1822     -0.80
1823     -0.07
1824     -0.43
1825     -1.52
1826      0.52
1827      0.87
1828      0.54
1829      1.01
1830     -0.49
1831      0.65
1832     -0.32
1833     -1.63
1834     -0.48
1835     -0.40
1836     -0.78
1837     -2.36
1838     -1.87
1839     -1.56
1840     -1.14
1841     -1.67
1842     -0.31
1843     -1.02
1844     -0.31
1845      0.47
1846      0.43
1847      0.38
1848      0.00
1849     -0.57
1850      0.23
1851     -0.16
1852      1.19
1853      0.68
1854      0.88
1855      0.05
1856      0.97
1857      0.04
1858      0.74
1859      0.20
1860      0.84
1861      1.52
1862      0.36
1863      0.17
1864      0.47
1865      0.45
1866     -0.32
1867     -1.46
1868      0.40
1869     -1.26
1870      0.36
1871     -0.07
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1872      0.42
1873     -0.60
1874     -0.96
1875      0.25
1876      0.37
1877      1.37
1878      1.23
1879      1.03
1880      0.66
1881     -0.53
1882     -0.18
1883      0.39
1884     -1.02
1885     -1.33
1886     -0.75
1887      0.41
1888     -0.38
1889     -0.91
1890      0.74
1891      0.56
1892      0.01
1893     -0.55
1894      0.21
1895      0.81
1896      1.60
1897      1.71
1898      1.56
1899     -0.71
1900     -0.54
1901      0.66
1902      0.79
1903     -1.27
1904     -0.79
1905     -1.16
1906     -0.40
1907     -0.67
1908      1.14
1909      0.35
1910     -0.48
1911     -0.21
1912     -1.37
1913     -0.43
1914      0.00
1915      1.56
1916      0.61
1917      0.67
1918      1.64
1919      0.69
1920      1.24
1921      1.47
1922      2.34
1923      2.80
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1924      2.79
1925      1.67
1926      2.10
1927      0.51
1928      1.41
1929      0.74
1930      1.34
1931      0.43
1932      0.40
1933      1.09
1934      0.75
1935      0.60
1936      0.55
1937      2.17
1938      2.96
1939      3.10
1940      1.83
1941      2.15
1942      2.90
1943      2.37
1944      1.43
1945      2.45
1946      1.22
1947      0.40
1948      1.99
1949      0.38
1950      1.41
1951      1.20
1952      1.37
1953      3.16
1954      2.11
1955      2.09
1956      2.71
1957      1.62
1958      0.90
1959      1.26
1960      1.29
1961      1.26
1962      1.09
1963      0.93
1964      3.13
1965      2.39
1966      0.84
1967      1.37
1968      0.20
1969      1.03
1970      0.60
1971     -0.26
1972      0.51
1973      0.11
1974      0.30
1975     -0.15
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1976      0.95
1977      0.72
1978      1.42
1979      2.28
1980     -0.18
1981      0.39
1982      1.28
1983      1.82
1984      2.84
1985      1.22
1986      2.01
1987      1.65
1988      2.16
1989      2.09
1990      2.13
1991      1.92
1992      2.01
1993      1.93
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  1.0000000e+000 -5.6822800e-001
  2.0000000e+000 -4.5644440e-001
  3.0000000e+000 -3.2230408e-001
  4.0000000e+000 -1.9710645e-001
  5.0000000e+000 -1.0320822e-001
  6.0000000e+000 -4.6869290e-002
  7.0000000e+000 -2.0577787e-002
  8.0000000e+000 -1.1563557e-002
  9.0000000e+000 -9.5353557e-003
  1.0000000e+001 -9.3100000e-003
  1.1000000e+001  6.1266000e-002
  1.2000000e+001  1.8830280e-001
  1.3000000e+001  3.4074696e-001
  1.4000000e+001  4.8302818e-001
  1.5000000e+001  5.8973909e-001
  1.6000000e+001  6.5376564e-001
  1.7000000e+001  6.8364469e-001
  1.8000000e+001  6.9388894e-001
  1.9000000e+001  6.9619389e-001
  2.0000000e+001  6.9645000e-001
  2.1000000e+001  6.6906600e-001
  2.2000000e+001  6.1977480e-001
  2.3000000e+001  5.6062536e-001
  2.4000000e+001  5.0541922e-001
  2.5000000e+001  4.6401461e-001
  2.6000000e+001  4.3917184e-001
  2.7000000e+001  4.2757855e-001
  2.8000000e+001  4.2360371e-001
  2.9000000e+001  4.2270937e-001
  3.0000000e+001  4.2261000e-001
  3.1000000e+001  4.2502900e-001
  3.2000000e+001  4.2938320e-001
  3.3000000e+001  4.3460824e-001
  3.4000000e+001  4.3948494e-001
  3.5000000e+001  4.4314247e-001
  3.6000000e+001  4.4533699e-001
  3.7000000e+001  4.4636110e-001
  3.8000000e+001  4.4671222e-001
  3.9000000e+001  4.4679122e-001
  4.0000000e+001  4.4680000e-001
  4.1000000e+001  4.2663400e-001
  4.2000000e+001  3.9033520e-001
  4.3000000e+001  3.4677664e-001
  4.4000000e+001  3.0612198e-001
  4.5000000e+001  2.7563099e-001
  4.6000000e+001  2.5733640e-001
  4.7000000e+001  2.4879892e-001
  4.8000000e+001  2.4587178e-001
  4.9000000e+001  2.4521318e-001
  5.0000000e+001  2.4514000e-001
  5.1000000e+001  2.3280100e-001
  5.2000000e+001  2.1059080e-001
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  5.3000000e+001  1.8393856e-001
  5.4000000e+001  1.5906314e-001
  5.5000000e+001  1.4040657e-001
  5.6000000e+001  1.2921263e-001
  5.7000000e+001  1.2398879e-001
  5.8000000e+001  1.2219776e-001
  5.9000000e+001  1.2179478e-001
  6.0000000e+001  1.2175000e-001
  6.1000000e+001  1.1743400e-001
  6.2000000e+001  1.0966520e-001
  6.3000000e+001  1.0034264e-001
  6.4000000e+001  9.1641584e-002
  6.5000000e+001  8.5115792e-002
  6.6000000e+001  8.1200317e-002
  6.7000000e+001  7.9373095e-002
  6.8000000e+001  7.8746619e-002
  6.9000000e+001  7.8605662e-002
  7.0000000e+001  7.8590000e-002
  7.1000000e+001  6.2736000e-002
  7.2000000e+001  3.4198800e-002
  7.3000000e+001 -4.5840000e-005
  7.4000000e+001 -3.2007504e-002
  7.5000000e+001 -5.5978752e-002
  7.6000000e+001 -7.0361501e-002
  7.7000000e+001 -7.7073450e-002
  7.8000000e+001 -7.9374690e-002
  7.9000000e+001 -7.9892469e-002
  8.0000000e+001 -7.9950000e-002
  8.1000000e+001 -1.0659200e-001
  8.2000000e+001 -1.5454760e-001
  8.3000000e+001 -2.1209432e-001
  8.4000000e+001 -2.6580459e-001
  8.5000000e+001 -3.0608730e-001
  8.6000000e+001 -3.3025692e-001
  8.7000000e+001 -3.4153608e-001
  8.8000000e+001 -3.4540322e-001
  8.9000000e+001 -3.4627332e-001
  9.0000000e+001 -3.4637000e-001
  9.1000000e+001 -3.5289000e-001
  9.2000000e+001 -3.6462600e-001
  9.3000000e+001 -3.7870920e-001
  9.4000000e+001 -3.9185352e-001
  9.5000000e+001 -4.0171176e-001
  9.6000000e+001 -4.0762670e-001
  9.7000000e+001 -4.1038701e-001
  9.8000000e+001 -4.1133340e-001
  9.9000000e+001 -4.1154634e-001
  1.0000000e+002 -4.1157000e-001
  1.0100000e+002 -4.0046200e-001
  1.0200000e+002 -3.8046760e-001
  1.0300000e+002 -3.5647432e-001
  1.0400000e+002 -3.3408059e-001
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  1.0500000e+002 -3.1728530e-001
  1.0600000e+002 -3.0720812e-001
  1.0700000e+002 -3.0250544e-001
  1.0800000e+002 -3.0089309e-001
  1.0900000e+002 -3.0053031e-001
  1.1000000e+002 -3.0049000e-001
  1.1100000e+002 -2.7615300e-001
  1.1200000e+002 -2.3234640e-001
  1.1300000e+002 -1.7977848e-001
  1.1400000e+002 -1.3071509e-001
  1.1500000e+002 -9.3917544e-002
  1.1600000e+002 -7.1839018e-002
  1.1700000e+002 -6.1535705e-002
  1.1800000e+002 -5.8003141e-002
  1.1900000e+002 -5.7208314e-002
  1.2000000e+002 -5.7120000e-002
  1.2100000e+002 -6.1249000e-002
  1.2200000e+002 -6.8681200e-002
  1.2300000e+002 -7.7599840e-002
  1.2400000e+002 -8.5923904e-002
  1.2500000e+002 -9.2166952e-002
  1.2600000e+002 -9.5912781e-002
  1.2700000e+002 -9.7660834e-002
  1.2800000e+002 -9.8260167e-002
  1.2900000e+002 -9.8395017e-002
  1.3000000e+002 -9.8410000e-002
  1.3100000e+002 -5.0328000e-002
  1.3200000e+002  3.6219600e-002
  1.3300000e+002  1.4007672e-001
  1.3400000e+002  2.3701003e-001
  1.3500000e+002  3.0971002e-001
  1.3600000e+002  3.5333001e-001
  1.3700000e+002  3.7368600e-001
  1.3800000e+002  3.8066520e-001
  1.3900000e+002  3.8223552e-001
  1.4000000e+002  3.8241000e-001
  1.4100000e+002  3.8482800e-001
  1.4200000e+002  3.8918040e-001
  1.4300000e+002  3.9440328e-001
  1.4400000e+002  3.9927797e-001
  1.4500000e+002  4.0293398e-001
  1.4600000e+002  4.0512759e-001
  1.4700000e+002  4.0615128e-001
  1.4800000e+002  4.0650226e-001
  1.4900000e+002  4.0658123e-001
  1.5000000e+002  4.0659000e-001
  1.5100000e+002  4.2149900e-001
  1.5200000e+002  4.4833520e-001
  1.5300000e+002  4.8053864e-001
  1.5400000e+002  5.1059518e-001
  1.5500000e+002  5.3313759e-001
  1.5600000e+002  5.4666304e-001
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  1.5700000e+002  5.5297491e-001
  1.5800000e+002  5.5513898e-001
  1.5900000e+002  5.5562590e-001
  1.6000000e+002  5.5568000e-001
  1.6100000e+002  5.6585800e-001
  1.6200000e+002  5.8417840e-001
  1.6300000e+002  6.0616288e-001
  1.6400000e+002  6.2668173e-001
  1.6500000e+002  6.4207086e-001
  1.6600000e+002  6.5130435e-001
  1.6700000e+002  6.5561330e-001
  1.6800000e+002  6.5709066e-001
  1.6900000e+002  6.5742307e-001
  1.7000000e+002  6.5746000e-001
  1.7100000e+002  6.5749600e-001
  1.7200000e+002  6.5756080e-001
  1.7300000e+002  6.5763856e-001
  1.7400000e+002  6.5771114e-001
  1.7500000e+002  6.5776557e-001
  1.7600000e+002  6.5779823e-001
  1.7700000e+002  6.5781347e-001
  1.7800000e+002  6.5781869e-001
  1.7900000e+002  6.5781987e-001
  1.8000000e+002  6.5782000e-001
  1.8100000e+002  6.5000100e-001
  1.8200000e+002  6.3592680e-001
  1.8300000e+002  6.1903776e-001
  1.8400000e+002  6.0327466e-001
  1.8500000e+002  5.9145233e-001
  1.8600000e+002  5.8435893e-001
  1.8700000e+002  5.8104868e-001
  1.8800000e+002  5.7991374e-001
  1.8900000e+002  5.7965837e-001
  1.9000000e+002  5.7963000e-001
  1.9100000e+002  5.6950500e-001
  1.9200000e+002  5.5128000e-001
  1.9300000e+002  5.2941000e-001
  1.9400000e+002  5.0899800e-001
  1.9500000e+002  4.9368900e-001
  1.9600000e+002  4.8450360e-001
  1.9700000e+002  4.8021708e-001
  1.9800000e+002  4.7874742e-001
  1.9900000e+002  4.7841674e-001
  2.0000000e+002  4.7838000e-001
  2.0100000e+002  4.9869800e-001
  2.0200000e+002  5.3527040e-001
  2.0300000e+002  5.7915728e-001
  2.0400000e+002  6.2011837e-001
  2.0500000e+002  6.5083918e-001
  2.0600000e+002  6.6927167e-001
  2.0700000e+002  6.7787350e-001
  2.0800000e+002  6.8082270e-001
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  2.0900000e+002  6.8148627e-001
  2.1000000e+002  6.8156000e-001
  2.1100000e+002  7.0341300e-001
  2.1200000e+002  7.4274840e-001
  2.1300000e+002  7.8995088e-001
  2.1400000e+002  8.3400653e-001
  2.1500000e+002  8.6704826e-001
  2.1600000e+002  8.8687331e-001
  2.1700000e+002  8.9612499e-001
  2.1800000e+002  8.9929700e-001
  2.1900000e+002  9.0001070e-001
  2.2000000e+002  9.0009000e-001
  2.2100000e+002  8.4596200e-001
  2.2200000e+002  7.4853160e-001
  2.2300000e+002  6.3161512e-001
  2.2400000e+002  5.2249307e-001
  2.2500000e+002  4.4065154e-001
  2.2600000e+002  3.9154661e-001
  2.2700000e+002  3.6863098e-001
  2.2800000e+002  3.6077420e-001
  2.2900000e+002  3.5900642e-001
  2.3000000e+002  3.5881000e-001
  2.3100000e+002  3.0437300e-001
  2.3200000e+002  2.0638640e-001
  2.3300000e+002  8.8802480e-002
  2.3400000e+002 -2.0942512e-002
  2.3500000e+002 -1.0325126e-001
  2.3600000e+002 -1.5263650e-001
  2.3700000e+002 -1.7568295e-001
  2.3800000e+002 -1.8358459e-001
  2.3900000e+002 -1.8536246e-001
  2.4000000e+002 -1.8556000e-001
  2.4100000e+002 -1.6471700e-001
  2.4200000e+002 -1.2719960e-001
  2.4300000e+002 -8.2178720e-002
  2.4400000e+002 -4.0159232e-002
  2.4500000e+002 -8.6446160e-003
  2.4600000e+002  1.0264154e-002
  2.4700000e+002  1.9088246e-002
  2.4800000e+002  2.2113649e-002
  2.4900000e+002  2.2794365e-002
  2.5000000e+002  2.2870000e-002
  2.5100000e+002  1.7070000e-003
  2.5200000e+002 -3.6386400e-002
  2.5300000e+002 -8.2098480e-002
  2.5400000e+002 -1.2476309e-001
  2.5500000e+002 -1.5676154e-001
  2.5600000e+002 -1.7596062e-001
  2.5700000e+002 -1.8492019e-001
  2.5800000e+002 -1.8799204e-001
  2.5900000e+002 -1.8868320e-001
  2.6000000e+002 -1.8876000e-001
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  2.6100000e+002 -1.8857400e-001
  2.6200000e+002 -1.8823920e-001
  2.6300000e+002 -1.8783744e-001
  2.6400000e+002 -1.8746246e-001
  2.6500000e+002 -1.8718123e-001
  2.6600000e+002 -1.8701249e-001
  2.6700000e+002 -1.8693375e-001
  2.6800000e+002 -1.8690675e-001
  2.6900000e+002 -1.8690067e-001
  2.7000000e+002 -1.8690000e-001
  2.7100000e+002 -1.7962000e-001
  2.7200000e+002 -1.6651600e-001
  2.7300000e+002 -1.5079120e-001
  2.7400000e+002 -1.3611472e-001
  2.7500000e+002 -1.2510736e-001
  2.7600000e+002 -1.1850294e-001
  2.7700000e+002 -1.1542088e-001
  2.7800000e+002 -1.1436418e-001
  2.7900000e+002 -1.1412642e-001
  2.8000000e+002 -1.1410000e-001
  2.8100000e+002 -7.5480000e-002
  2.8200000e+002 -5.9640000e-003
  2.8300000e+002  7.7455200e-002
  2.8400000e+002  1.5531312e-001
  2.8500000e+002  2.1370656e-001
  2.8600000e+002  2.4874262e-001
  2.8700000e+002  2.6509279e-001
  2.8800000e+002  2.7069856e-001
  2.8900000e+002  2.7195986e-001
  2.9000000e+002  2.7210000e-001
  2.9100000e+002  2.3710600e-001
  2.9200000e+002  1.7411680e-001
  2.9300000e+002  9.8529760e-002
  2.9400000e+002  2.7981856e-002
  2.9500000e+002 -2.4929072e-002
  2.9600000e+002 -5.6675629e-002
  2.9700000e+002 -7.1490689e-002
  2.9800000e+002 -7.6570138e-002
  2.9900000e+002 -7.7713014e-002
  3.0000000e+002 -7.7840000e-002
  3.0100000e+002 -8.5743000e-002
  3.0200000e+002 -9.9968400e-002
  3.0300000e+002 -1.1703888e-001
  3.0400000e+002 -1.3297133e-001
  3.0500000e+002 -1.4492066e-001
  3.0600000e+002 -1.5209027e-001
  3.0700000e+002 -1.5543608e-001
  3.0800000e+002 -1.5658322e-001
  3.0900000e+002 -1.5684132e-001
  3.1000000e+002 -1.5687000e-001
  3.1100000e+002 -1.7087100e-001
  3.1200000e+002 -1.9607280e-001
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  3.1300000e+002 -2.2631496e-001
  3.1400000e+002 -2.5454098e-001
  3.1500000e+002 -2.7571049e-001
  3.1600000e+002 -2.8841220e-001
  3.1700000e+002 -2.9433966e-001
  3.1800000e+002 -2.9637193e-001
  3.1900000e+002 -2.9682919e-001
  3.2000000e+002 -2.9688000e-001
  3.2100000e+002 -2.7715400e-001
  3.2200000e+002 -2.4164720e-001
  3.2300000e+002 -1.9903904e-001
  3.2400000e+002 -1.5927142e-001
  3.2500000e+002 -1.2944571e-001
  3.2600000e+002 -1.1155028e-001
  3.2700000e+002 -1.0319909e-001
  3.2800000e+002 -1.0033582e-001
  3.2900000e+002 -9.9691582e-002
  3.3000000e+002 -9.9620000e-002
  3.3100000e+002 -1.0403000e-001
  3.3200000e+002 -1.1196800e-001
  3.3300000e+002 -1.2149360e-001
  3.3400000e+002 -1.3038416e-001
  3.3500000e+002 -1.3705208e-001
  3.3600000e+002 -1.4105283e-001
  3.3700000e+002 -1.4291985e-001
  3.3800000e+002 -1.4355997e-001
  3.3900000e+002 -1.4370400e-001
  3.4000000e+002 -1.4372000e-001
  3.4100000e+002 -1.4357500e-001
  3.4200000e+002 -1.4331400e-001
  3.4300000e+002 -1.4300080e-001
  3.4400000e+002 -1.4270848e-001
  3.4500000e+002 -1.4248924e-001
  3.4600000e+002 -1.4235770e-001
  3.4700000e+002 -1.4229631e-001
  3.4800000e+002 -1.4227526e-001
  3.4900000e+002 -1.4227053e-001
  3.5000000e+002 -1.4227000e-001
  3.5100000e+002 -1.3358300e-001
  3.5200000e+002 -1.1794640e-001
  3.5300000e+002 -9.9182480e-002
  3.5400000e+002 -8.1669488e-002
  3.5500000e+002 -6.8534744e-002
  3.5600000e+002 -6.0653898e-002
  3.5700000e+002 -5.6976169e-002
  3.5800000e+002 -5.5715234e-002
  3.5900000e+002 -5.5431523e-002
  3.6000000e+002 -5.5400000e-002
  3.6100000e+002 -6.6202000e-002
  3.6200000e+002 -8.5645600e-002
  3.6300000e+002 -1.0897792e-001
  3.6400000e+002 -1.3075475e-001
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  3.6500000e+002 -1.4708738e-001
  3.6600000e+002 -1.5688695e-001
  3.6700000e+002 -1.6146009e-001
  3.6800000e+002 -1.6302802e-001
  3.6900000e+002 -1.6338080e-001
  3.7000000e+002 -1.6342000e-001
  3.7100000e+002 -1.4736600e-001
  3.7200000e+002 -1.1846880e-001
  3.7300000e+002 -8.3792160e-002
  3.7400000e+002 -5.1427296e-002
  3.7500000e+002 -2.7153648e-002
  3.7600000e+002 -1.2589459e-002
  3.7700000e+002 -5.7928378e-003
  3.7800000e+002 -3.4625676e-003
  3.7900000e+002 -2.9382568e-003
  3.8000000e+002 -2.8800000e-003
  3.8100000e+002 -3.5291000e-002
  3.8200000e+002 -9.3630800e-002
  3.8300000e+002 -1.6363856e-001
  3.8400000e+002 -2.2897914e-001
  3.8500000e+002 -2.7798457e-001
  3.8600000e+002 -3.0738783e-001
  3.8700000e+002 -3.2110935e-001
  3.8800000e+002 -3.2581387e-001
  3.8900000e+002 -3.2687239e-001
  3.9000000e+002 -3.2699000e-001
  3.9100000e+002 -3.2068200e-001
  3.9200000e+002 -3.0932760e-001
  3.9300000e+002 -2.9570232e-001
  3.9400000e+002 -2.8298539e-001
  3.9500000e+002 -2.7344770e-001
  3.9600000e+002 -2.6772508e-001
  3.9700000e+002 -2.6505452e-001
  3.9800000e+002 -2.6413890e-001
  3.9900000e+002 -2.6393289e-001
  4.0000000e+002 -2.6391000e-001
  4.0100000e+002 -2.7384900e-001
  4.0200000e+002 -2.9173920e-001
  4.0300000e+002 -3.1320744e-001
  4.0400000e+002 -3.3324446e-001
  4.0500000e+002 -3.4827223e-001
  4.0600000e+002 -3.5728889e-001
  4.0700000e+002 -3.6149667e-001
  4.0800000e+002 -3.6293933e-001
  4.0900000e+002 -3.6326393e-001
  4.1000000e+002 -3.6330000e-001
  4.1100000e+002 -3.6752300e-001
  4.1200000e+002 -3.7512440e-001
  4.1300000e+002 -3.8424608e-001
  4.1400000e+002 -3.9275965e-001
  4.1500000e+002 -3.9914482e-001
  4.1600000e+002 -4.0297593e-001
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  4.1700000e+002 -4.0476378e-001
  4.1800000e+002 -4.0537676e-001
  4.1900000e+002 -4.0551468e-001
  4.2000000e+002 -4.0553000e-001
  4.2100000e+002 -4.2401900e-001
  4.2200000e+002 -4.5729920e-001
  4.2300000e+002 -4.9723544e-001
  4.2400000e+002 -5.3450926e-001
  4.2500000e+002 -5.6246463e-001
  4.2600000e+002 -5.7923785e-001
  4.2700000e+002 -5.8706536e-001
  4.2800000e+002 -5.8974907e-001
  4.2900000e+002 -5.9035291e-001
  4.3000000e+002 -5.9042000e-001
  4.3100000e+002 -5.8979100e-001
  4.3200000e+002 -5.8865880e-001
  4.3300000e+002 -5.8730016e-001
  4.3400000e+002 -5.8603210e-001
  4.3500000e+002 -5.8508105e-001
  4.3600000e+002 -5.8451042e-001
  4.3700000e+002 -5.8424413e-001
  4.3800000e+002 -5.8415283e-001
  4.3900000e+002 -5.8413228e-001
  4.4000000e+002 -5.8413000e-001
  4.4100000e+002 -5.6309800e-001
  4.4200000e+002 -5.2524040e-001
  4.4300000e+002 -4.7981128e-001
  4.4400000e+002 -4.3741077e-001
  4.4500000e+002 -4.0561038e-001
  4.4600000e+002 -3.8653015e-001
  4.4700000e+002 -3.7762605e-001
  4.4800000e+002 -3.7457321e-001
  4.4900000e+002 -3.7388632e-001
  4.5000000e+002 -3.7381000e-001
  4.5100000e+002 -3.7571200e-001
  4.5200000e+002 -3.7913560e-001
  4.5300000e+002 -3.8324392e-001
  4.5400000e+002 -3.8707835e-001
  4.5500000e+002 -3.8995418e-001
  4.5600000e+002 -3.9167967e-001
  4.5700000e+002 -3.9248490e-001
  4.5800000e+002 -3.9276098e-001
  4.5900000e+002 -3.9282310e-001
  4.6000000e+002 -3.9283000e-001
  4.6100000e+002 -4.0341200e-001
  4.6200000e+002 -4.2245960e-001
  4.6300000e+002 -4.4531672e-001
  4.6400000e+002 -4.6665003e-001
  4.6500000e+002 -4.8265002e-001
  4.6600000e+002 -4.9225001e-001
  4.6700000e+002 -4.9673000e-001
  4.6800000e+002 -4.9826600e-001
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  4.6900000e+002 -4.9861160e-001
  4.7000000e+002 -4.9865000e-001
  4.7100000e+002 -4.9169900e-001
  4.7200000e+002 -4.7918720e-001
  4.7300000e+002 -4.6417304e-001
  4.7400000e+002 -4.5015982e-001
  4.7500000e+002 -4.3964991e-001
  4.7600000e+002 -4.3334396e-001
  4.7700000e+002 -4.3040119e-001
  4.7800000e+002 -4.2939224e-001
  4.7900000e+002 -4.2916522e-001
  4.8000000e+002 -4.2914000e-001
  4.8100000e+002 -4.1376300e-001
  4.8200000e+002 -3.8608440e-001
  4.8300000e+002 -3.5287008e-001
  4.8400000e+002 -3.2187005e-001
  4.8500000e+002 -2.9862002e-001
  4.8600000e+002 -2.8467001e-001
  4.8700000e+002 -2.7816000e-001
  4.8800000e+002 -2.7592800e-001
  4.8900000e+002 -2.7542580e-001
  4.9000000e+002 -2.7537000e-001
  4.9100000e+002 -2.7544300e-001
  4.9200000e+002 -2.7557440e-001
  4.9300000e+002 -2.7573208e-001
  4.9400000e+002 -2.7587925e-001
  4.9500000e+002 -2.7598962e-001
  4.9600000e+002 -2.7605585e-001
  4.9700000e+002 -2.7608675e-001
  4.9800000e+002 -2.7609735e-001
  4.9900000e+002 -2.7609974e-001
  5.0000000e+002 -2.7610000e-001
  5.0100000e+002 -2.4501100e-001
  5.0200000e+002 -1.8905080e-001
  5.0300000e+002 -1.2189856e-001
  5.0400000e+002 -5.9223136e-002
  5.0500000e+002 -1.2216568e-002
  5.0600000e+002  1.5987373e-002
  5.0700000e+002  2.9149212e-002
  5.0800000e+002  3.3661842e-002
  5.0900000e+002  3.4677184e-002
  5.1000000e+002  3.4790000e-002
  5.1100000e+002  9.7380000e-003
  5.1200000e+002 -3.5355600e-002
  5.1300000e+002 -8.9467920e-002
  5.1400000e+002 -1.3997275e-001
  5.1500000e+002 -1.7785138e-001
  5.1600000e+002 -2.0057855e-001
  5.1700000e+002 -2.1118457e-001
  5.1800000e+002 -2.1482091e-001
  5.1900000e+002 -2.1563909e-001
  5.2000000e+002 -2.1573000e-001
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  5.2100000e+002 -2.2769400e-001
  5.2200000e+002 -2.4922920e-001
  5.2300000e+002 -2.7507144e-001
  5.2400000e+002 -2.9919086e-001
  5.2500000e+002 -3.1728043e-001
  5.2600000e+002 -3.2813417e-001
  5.2700000e+002 -3.3319925e-001
  5.2800000e+002 -3.3493585e-001
  5.2900000e+002 -3.3532659e-001
  5.3000000e+002 -3.3537000e-001
  5.3100000e+002 -3.5949100e-001
  5.3200000e+002 -4.0290880e-001
  5.3300000e+002 -4.5501016e-001
  5.3400000e+002 -5.0363810e-001
  5.3500000e+002 -5.4010905e-001
  5.3600000e+002 -5.6199162e-001
  5.3700000e+002 -5.7220349e-001
  5.3800000e+002 -5.7570470e-001
  5.3900000e+002 -5.7649247e-001
  5.4000000e+002 -5.7658000e-001
  5.4100000e+002 -5.9962900e-001
  5.4200000e+002 -6.4111720e-001
  5.4300000e+002 -6.9090304e-001
  5.4400000e+002 -7.3736982e-001
  5.4500000e+002 -7.7221991e-001
  5.4600000e+002 -7.9312996e-001
  5.4700000e+002 -8.0288799e-001
  5.4800000e+002 -8.0623360e-001
  5.4900000e+002 -8.0698636e-001
  5.5000000e+002 -8.0707000e-001
  5.5100000e+002 -7.6630500e-001
  5.5200000e+002 -6.9292800e-001
  5.5300000e+002 -6.0487560e-001
  5.5400000e+002 -5.2269336e-001
  5.5500000e+002 -4.6105668e-001
  5.5600000e+002 -4.2407467e-001
  5.5700000e+002 -4.0681640e-001
  5.5800000e+002 -4.0089928e-001
  5.5900000e+002 -3.9956793e-001
  5.6000000e+002 -3.9942000e-001
  5.6100000e+002 -3.9697200e-001
  5.6200000e+002 -3.9256560e-001
  5.6300000e+002 -3.8727792e-001
  5.6400000e+002 -3.8234275e-001
  5.6500000e+002 -3.7864138e-001
  5.6600000e+002 -3.7642055e-001
  5.6700000e+002 -3.7538417e-001
  5.6800000e+002 -3.7502883e-001
  5.6900000e+002 -3.7494888e-001
  5.7000000e+002 -3.7494000e-001
  5.7100000e+002 -3.8098600e-001
  5.7200000e+002 -3.9186880e-001
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  5.7300000e+002 -4.0492816e-001
  5.7400000e+002 -4.1711690e-001
  5.7500000e+002 -4.2625845e-001
  5.7600000e+002 -4.3174338e-001
  5.7700000e+002 -4.3430301e-001
  5.7800000e+002 -4.3518060e-001
  5.7900000e+002 -4.3537806e-001
  5.8000000e+002 -4.3540000e-001
  5.8100000e+002 -3.8263600e-001
  5.8200000e+002 -2.8766080e-001
  5.8300000e+002 -1.7369056e-001
  5.8400000e+002 -6.7318336e-002
  5.8500000e+002  1.2460832e-002
  5.8600000e+002  6.0328333e-002
  5.8700000e+002  8.2666500e-002
  5.8800000e+002  9.0325300e-002
  5.8900000e+002  9.2048530e-002
  5.9000000e+002  9.2240000e-002
  5.9100000e+002  1.1030000e-001
  5.9200000e+002  1.4280800e-001
  5.9300000e+002  1.8181760e-001
  5.9400000e+002  2.1822656e-001
  5.9500000e+002  2.4553328e-001
  5.9600000e+002  2.6191731e-001
  5.9700000e+002  2.6956319e-001
  5.9800000e+002  2.7218464e-001
  5.9900000e+002  2.7277446e-001
  6.0000000e+002  2.7284000e-001
  6.0100000e+002  2.8284900e-001
  6.0200000e+002  3.0086520e-001
  6.0300000e+002  3.2248464e-001
  6.0400000e+002  3.4266278e-001
  6.0500000e+002  3.5779639e-001
  6.0600000e+002  3.6687656e-001
  6.0700000e+002  3.7111397e-001
  6.0800000e+002  3.7256679e-001
  6.0900000e+002  3.7289368e-001
  6.1000000e+002  3.7293000e-001
  6.1100000e+002  3.6828000e-001
  6.1200000e+002  3.5991000e-001
  6.1300000e+002  3.4986600e-001
  6.1400000e+002  3.4049160e-001
  6.1500000e+002  3.3346080e-001
  6.1600000e+002  3.2924232e-001
  6.1700000e+002  3.2727370e-001
  6.1800000e+002  3.2659874e-001
  6.1900000e+002  3.2644687e-001
  6.2000000e+002  3.2643000e-001
  6.2100000e+002  2.8126000e-001
  6.2200000e+002  1.9995400e-001
  6.2300000e+002  1.0238680e-001
  6.2400000e+002  1.1324080e-002

12

ABOR/MH/Priv-004634



  6.2500000e+002 -5.6972960e-002
  6.2600000e+002 -9.7951184e-002
  6.2700000e+002 -1.1707436e-001
  6.2800000e+002 -1.2363087e-001
  6.2900000e+002 -1.2510609e-001
  6.3000000e+002 -1.2527000e-001
  6.3100000e+002 -1.2293200e-001
  6.3200000e+002 -1.1872360e-001
  6.3300000e+002 -1.1367352e-001
  6.3400000e+002 -1.0896011e-001
  6.3500000e+002 -1.0542506e-001
  6.3600000e+002 -1.0330402e-001
  6.3700000e+002 -1.0231421e-001
  6.3800000e+002 -1.0197484e-001
  6.3900000e+002 -1.0189848e-001
  6.4000000e+002 -1.0189000e-001
  6.4100000e+002 -1.3564700e-001
  6.4200000e+002 -1.9640960e-001
  6.4300000e+002 -2.6932472e-001
  6.4400000e+002 -3.3737883e-001
  6.4500000e+002 -3.8841942e-001
  6.4600000e+002 -4.1904377e-001
  6.4700000e+002 -4.3333513e-001
  6.4800000e+002 -4.3823503e-001
  6.4900000e+002 -4.3933750e-001
  6.5000000e+002 -4.3946000e-001
  6.5100000e+002 -4.0373200e-001
  6.5200000e+002 -3.3942160e-001
  6.5300000e+002 -2.6224912e-001
  6.5400000e+002 -1.9022147e-001
  6.5500000e+002 -1.3620074e-001
  6.5600000e+002 -1.0378829e-001
  6.5700000e+002 -8.8662488e-002
  6.5800000e+002 -8.3476498e-002
  6.5900000e+002 -8.2309650e-002
  6.6000000e+002 -8.2180000e-002
  6.6100000e+002 -8.5363000e-002
  6.6200000e+002 -9.1092400e-002
  6.6300000e+002 -9.7967680e-002
  6.6400000e+002 -1.0438461e-001
  6.6500000e+002 -1.0919730e-001
  6.6600000e+002 -1.1208492e-001
  6.6700000e+002 -1.1343248e-001
  6.6800000e+002 -1.1389450e-001
  6.6900000e+002 -1.1399845e-001
  6.7000000e+002 -1.1401000e-001
  6.7100000e+002 -1.2258200e-001
  6.7200000e+002 -1.3801160e-001
  6.7300000e+002 -1.5652712e-001
  6.7400000e+002 -1.7380827e-001
  6.7500000e+002 -1.8676914e-001
  6.7600000e+002 -1.9454565e-001
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  6.7700000e+002 -1.9817470e-001
  6.7800000e+002 -1.9941894e-001
  6.7900000e+002 -1.9969889e-001
  6.8000000e+002 -1.9973000e-001
  6.8100000e+002 -2.0400300e-001
  6.8200000e+002 -2.1169440e-001
  6.8300000e+002 -2.2092408e-001
  6.8400000e+002 -2.2953845e-001
  6.8500000e+002 -2.3599922e-001
  6.8600000e+002 -2.3987569e-001
  6.8700000e+002 -2.4168471e-001
  6.8800000e+002 -2.4230494e-001
  6.8900000e+002 -2.4244449e-001
  6.9000000e+002 -2.4246000e-001
  6.9100000e+002 -2.6446400e-001
  6.9200000e+002 -3.0407120e-001
  6.9300000e+002 -3.5159984e-001
  6.9400000e+002 -3.9595990e-001
  6.9500000e+002 -4.2922995e-001
  6.9600000e+002 -4.4919198e-001
  6.9700000e+002 -4.5850759e-001
  6.9800000e+002 -4.6170152e-001
  6.9900000e+002 -4.6242015e-001
  7.0000000e+002 -4.6250000e-001
  7.0100000e+002 -4.7047800e-001
  7.0200000e+002 -4.8483840e-001
  7.0300000e+002 -5.0207088e-001
  7.0400000e+002 -5.1815453e-001
  7.0500000e+002 -5.3021726e-001
  7.0600000e+002 -5.3745491e-001
  7.0700000e+002 -5.4083247e-001
  7.0800000e+002 -5.4199049e-001
  7.0900000e+002 -5.4225105e-001
  7.1000000e+002 -5.4228000e-001
  7.1100000e+002 -5.3465500e-001
  7.1200000e+002 -5.2093000e-001
  7.1300000e+002 -5.0446000e-001
  7.1400000e+002 -4.8908800e-001
  7.1500000e+002 -4.7755900e-001
  7.1600000e+002 -4.7064160e-001
  7.1700000e+002 -4.6741348e-001
  7.1800000e+002 -4.6630670e-001
  7.1900000e+002 -4.6605767e-001
  7.2000000e+002 -4.6603000e-001
  7.2100000e+002 -4.5650000e-001
  7.2200000e+002 -4.3934600e-001
  7.2300000e+002 -4.1876120e-001
  7.2400000e+002 -3.9954872e-001
  7.2500000e+002 -3.8513936e-001
  7.2600000e+002 -3.7649374e-001
  7.2700000e+002 -3.7245912e-001
  7.2800000e+002 -3.7107582e-001

14

ABOR/MH/Priv-004636



  7.2900000e+002 -3.7076458e-001
  7.3000000e+002 -3.7073000e-001
  7.3100000e+002 -3.5505600e-001
  7.3200000e+002 -3.2684280e-001
  7.3300000e+002 -2.9298696e-001
  7.3400000e+002 -2.6138818e-001
  7.3500000e+002 -2.3768909e-001
  7.3600000e+002 -2.2346964e-001
  7.3700000e+002 -2.1683389e-001
  7.3800000e+002 -2.1455878e-001
  7.3900000e+002 -2.1404688e-001
  7.4000000e+002 -2.1399000e-001
  7.4100000e+002 -2.0922200e-001
  7.4200000e+002 -2.0063960e-001
  7.4300000e+002 -1.9034072e-001
  7.4400000e+002 -1.8072843e-001
  7.4500000e+002 -1.7351922e-001
  7.4600000e+002 -1.6919369e-001
  7.4700000e+002 -1.6717511e-001
  7.4800000e+002 -1.6648302e-001
  7.4900000e+002 -1.6632730e-001
  7.5000000e+002 -1.6631000e-001
  7.5100000e+002 -1.1602000e-001
  7.5200000e+002 -2.5498000e-002
  7.5300000e+002  8.3128400e-002
  7.5400000e+002  1.8451304e-001
  7.5500000e+002  2.6055152e-001
  7.5600000e+002  3.0617461e-001
  7.5700000e+002  3.2746538e-001
  7.5800000e+002  3.3476508e-001
  7.5900000e+002  3.3640751e-001
  7.6000000e+002  3.3659000e-001
  7.6100000e+002  3.3138700e-001
  7.6200000e+002  3.2202160e-001
  7.6300000e+002  3.1078312e-001
  7.6400000e+002  3.0029387e-001
  7.6500000e+002  2.9242694e-001
  7.6600000e+002  2.8770677e-001
  7.6700000e+002  2.8550403e-001
  7.6800000e+002  2.8474881e-001
  7.6900000e+002  2.8457888e-001
  7.7000000e+002  2.8456000e-001
  7.7100000e+002  2.6868800e-001
  7.7200000e+002  2.4011840e-001
  7.7300000e+002  2.0583488e-001
  7.7400000e+002  1.7383693e-001
  7.7500000e+002  1.4983846e-001
  7.7600000e+002  1.3543939e-001
  7.7700000e+002  1.2871982e-001
  7.7800000e+002  1.2641596e-001
  7.7900000e+002  1.2589760e-001
  7.8000000e+002  1.2584000e-001
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  7.8100000e+002  1.4620800e-001
  7.8200000e+002  1.8287040e-001
  7.8300000e+002  2.2686528e-001
  7.8400000e+002  2.6792717e-001
  7.8500000e+002  2.9872358e-001
  7.8600000e+002  3.1720143e-001
  7.8700000e+002  3.2582443e-001
  7.8800000e+002  3.2878089e-001
  7.8900000e+002  3.2944609e-001
  7.9000000e+002  3.2952000e-001
  7.9100000e+002  2.9128700e-001
  7.9200000e+002  2.2246760e-001
  7.9300000e+002  1.3988432e-001
  7.9400000e+002  6.2806592e-002
  7.9500000e+002  4.9982960e-003
  7.9600000e+002 -2.9686682e-002
  7.9700000e+002 -4.5873004e-002
  7.9800000e+002 -5.1422601e-002
  7.9900000e+002 -5.2671260e-002
  8.0000000e+002 -5.2810000e-002
  8.0100000e+002 -2.7071000e-002
  8.0200000e+002  1.9259200e-002
  8.0300000e+002  7.4855440e-002
  8.0400000e+002  1.2674526e-001
  8.0500000e+002  1.6566263e-001
  8.0600000e+002  1.8901305e-001
  8.0700000e+002  1.9990992e-001
  8.0800000e+002  2.0364598e-001
  8.0900000e+002  2.0448660e-001
  8.1000000e+002  2.0458000e-001
  8.1100000e+002  2.4924900e-001
  8.1200000e+002  3.2965320e-001
  8.1300000e+002  4.2613824e-001
  8.1400000e+002  5.1619094e-001
  8.1500000e+002  5.8373047e-001
  8.1600000e+002  6.2425419e-001
  8.1700000e+002  6.4316526e-001
  8.1800000e+002  6.4964905e-001
  8.1900000e+002  6.5110791e-001
  8.2000000e+002  6.5127000e-001
  8.2100000e+002  6.4529000e-001
  8.2200000e+002  6.3452600e-001
  8.2300000e+002  6.2160920e-001
  8.2400000e+002  6.0955352e-001
  8.2500000e+002  6.0051176e-001
  8.2600000e+002  5.9508670e-001
  8.2700000e+002  5.9255501e-001
  8.2800000e+002  5.9168700e-001
  8.2900000e+002  5.9149170e-001
  8.3000000e+002  5.9147000e-001
  8.3100000e+002  6.5121900e-001
  8.3200000e+002  7.5876720e-001
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  8.3300000e+002  8.8782504e-001
  8.3400000e+002  1.0082790e+000
  8.3500000e+002  1.0986195e+000
  8.3600000e+002  1.1528238e+000
  8.3700000e+002  1.1781191e+000
  8.3800000e+002  1.1867918e+000
  8.3900000e+002  1.1887432e+000
  8.4000000e+002  1.1889600e+000
  8.4100000e+002  1.1728810e+000
  8.4200000e+002  1.1439388e+000
  8.4300000e+002  1.1092082e+000
  8.4400000e+002  1.0767929e+000
  8.4500000e+002  1.0524814e+000
  8.4600000e+002  1.0378946e+000
  8.4700000e+002  1.0310874e+000
  8.4800000e+002  1.0287535e+000
  8.4900000e+002  1.0282283e+000
  8.5000000e+002  1.0281700e+000
  8.5100000e+002  1.0259610e+000
  8.5200000e+002  1.0219848e+000
  8.5300000e+002  1.0172134e+000
  8.5400000e+002  1.0127600e+000
  8.5500000e+002  1.0094200e+000
  8.5600000e+002  1.0074160e+000
  8.5700000e+002  1.0064808e+000
  8.5800000e+002  1.0061602e+000
  8.5900000e+002  1.0060880e+000
  8.6000000e+002  1.0060800e+000
  8.6100000e+002  1.0131880e+000
  8.6200000e+002  1.0259824e+000
  8.6300000e+002  1.0413357e+000
  8.6400000e+002  1.0556654e+000
  8.6500000e+002  1.0664127e+000
  8.6600000e+002  1.0728611e+000
  8.6700000e+002  1.0758703e+000
  8.6800000e+002  1.0769021e+000
  8.6900000e+002  1.0771342e+000
  8.7000000e+002  1.0771600e+000
  8.7100000e+002  1.0635560e+000
  8.7200000e+002  1.0390688e+000
  8.7300000e+002  1.0096842e+000
  8.7400000e+002  9.8225850e-001
  8.7500000e+002  9.6168925e-001
  8.7600000e+002  9.4934770e-001
  8.7700000e+002  9.4358831e-001
  8.7800000e+002  9.4161366e-001
  8.7900000e+002  9.4116937e-001
  8.8000000e+002  9.4112000e-001
  8.8100000e+002  9.0241300e-001
  8.8200000e+002  8.3274040e-001
  8.8300000e+002  7.4913328e-001
  8.8400000e+002  6.7109997e-001
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  8.8500000e+002  6.1257498e-001
  8.8600000e+002  5.7745999e-001
  8.8700000e+002  5.6107300e-001
  8.8800000e+002  5.5545460e-001
  8.8900000e+002  5.5419046e-001
  8.9000000e+002  5.5405000e-001
  8.9100000e+002  4.9709000e-001
  8.9200000e+002  3.9456200e-001
  8.9300000e+002  2.7152840e-001
  8.9400000e+002  1.5669704e-001
  8.9500000e+002  7.0573520e-002
  8.9600000e+002  1.8899408e-002
  8.9700000e+002 -5.2151776e-003
  8.9800000e+002 -1.3483036e-002
  8.9900000e+002 -1.5343304e-002
  9.0000000e+002 -1.5550000e-002
  9.0100000e+002 -2.9597000e-002
  9.0200000e+002 -5.4881600e-002
  9.0300000e+002 -8.5223120e-002
  9.0400000e+002 -1.1354187e-001
  9.0500000e+002 -1.3478094e-001
  9.0600000e+002 -1.4752437e-001
  9.0700000e+002 -1.5347131e-001
  9.0800000e+002 -1.5551026e-001
  9.0900000e+002 -1.5596903e-001
  9.1000000e+002 -1.5602000e-001
  9.1100000e+002 -1.2831900e-001
  9.1200000e+002 -7.8457200e-002
  9.1300000e+002 -1.8623040e-002
  9.1400000e+002  3.7222176e-002
  9.1500000e+002  7.9106088e-002
  9.1600000e+002  1.0423644e-001
  9.1700000e+002  1.1596393e-001
  9.1800000e+002  1.1998479e-001
  9.1900000e+002  1.2088948e-001
  9.2000000e+002  1.2099000e-001
  9.2100000e+002  1.4703200e-001
  9.2200000e+002  1.9390760e-001
  9.2300000e+002  2.5015832e-001
  9.2400000e+002  3.0265899e-001
  9.2500000e+002  3.4203450e-001
  9.2600000e+002  3.6565980e-001
  9.2700000e+002  3.7668494e-001
  9.2800000e+002  3.8046499e-001
  9.2900000e+002  3.8131550e-001
  9.3000000e+002  3.8141000e-001
  9.3100000e+002  3.9832300e-001
  9.3200000e+002  4.2876640e-001
  9.3300000e+002  4.6529848e-001
  9.3400000e+002  4.9939509e-001
  9.3500000e+002  5.2496754e-001
  9.3600000e+002  5.4031102e-001
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  9.3700000e+002  5.4747131e-001
  9.3800000e+002  5.4992626e-001
  9.3900000e+002  5.5047863e-001
  9.4000000e+002  5.5054000e-001
  9.4100000e+002  5.3725400e-001
  9.4200000e+002  5.1333920e-001
  9.4300000e+002  4.8464144e-001
  9.4400000e+002  4.5785686e-001
  9.4500000e+002  4.3776843e-001
  9.4600000e+002  4.2571537e-001
  9.4700000e+002  4.2009061e-001
  9.4800000e+002  4.1816212e-001
  9.4900000e+002  4.1772821e-001
  9.5000000e+002  4.1768000e-001
  9.5100000e+002  4.8174600e-001
  9.5200000e+002  5.9706480e-001
  9.5300000e+002  7.3544736e-001
  9.5400000e+002  8.6460442e-001
  9.5500000e+002  9.6147221e-001
  9.5600000e+002  1.0195929e+000
  9.5700000e+002  1.0467159e+000
  9.5800000e+002  1.0560152e+000
  9.5900000e+002  1.0581075e+000
  9.6000000e+002  1.0583400e+000
  9.6100000e+002  1.0414780e+000
  9.6200000e+002  1.0111264e+000
  9.6300000e+002  9.7470448e-001
  9.6400000e+002  9.4071069e-001
  9.6500000e+002  9.1521534e-001
  9.6600000e+002  8.9991814e-001
  9.6700000e+002  8.9277944e-001
  9.6800000e+002  8.9033189e-001
  9.6900000e+002  8.8978119e-001
  9.7000000e+002  8.8972000e-001
  9.7100000e+002  8.5584300e-001
  9.7200000e+002  7.9486440e-001
  9.7300000e+002  7.2169008e-001
  9.7400000e+002  6.5339405e-001
  9.7500000e+002  6.0217202e-001
  9.7600000e+002  5.7143881e-001
  9.7700000e+002  5.5709664e-001
  9.7800000e+002  5.5217933e-001
  9.7900000e+002  5.5107293e-001
  9.8000000e+002  5.5095000e-001
  9.8100000e+002  5.2942200e-001
  9.8200000e+002  4.9067160e-001
  9.8300000e+002  4.4417112e-001
  9.8400000e+002  4.0077067e-001
  9.8500000e+002  3.6822034e-001
  9.8600000e+002  3.4869013e-001
  9.8700000e+002  3.3957604e-001
  9.8800000e+002  3.3645121e-001
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  9.8900000e+002  3.3574812e-001
  9.9000000e+002  3.3567000e-001
  9.9100000e+002  2.9735900e-001
  9.9200000e+002  2.2839920e-001
  9.9300000e+002  1.4564744e-001
  9.9400000e+002  6.8412464e-002
  9.9500000e+002  1.0486232e-002
  9.9600000e+002 -2.4269507e-002
  9.9700000e+002 -4.0488852e-002
  9.9800000e+002 -4.6049770e-002
  9.9900000e+002 -4.7300977e-002
  1.0000000e+003 -4.7440000e-002
  1.0010000e+003 -2.8821000e-002
  1.0020000e+003  4.6932000e-003
  1.0030000e+003  4.4910240e-002
  1.0040000e+003  8.2446144e-002
  1.0050000e+003  1.1059807e-001
  1.0060000e+003  1.2748923e-001
  1.0070000e+003  1.3537177e-001
  1.0080000e+003  1.3807435e-001
  1.0090000e+003  1.3868244e-001
  1.0100000e+003  1.3875000e-001
  1.0110000e+003  1.7015800e-001
  1.0120000e+003  2.2669240e-001
  1.0130000e+003  2.9453368e-001
  1.0140000e+003  3.5785221e-001
  1.0150000e+003  4.0534110e-001
  1.0160000e+003  4.3383444e-001
  1.0170000e+003  4.4713133e-001
  1.0180000e+003  4.5169027e-001
  1.0190000e+003  4.5271603e-001
  1.0200000e+003  4.5283000e-001
  1.0210000e+003  4.7852700e-001
  1.0220000e+003  5.2478160e-001
  1.0230000e+003  5.8028712e-001
  1.0240000e+003  6.3209227e-001
  1.0250000e+003  6.7094614e-001
  1.0260000e+003  6.9425845e-001
  1.0270000e+003  7.0513754e-001
  1.0280000e+003  7.0886751e-001
  1.0290000e+003  7.0970675e-001
  1.0300000e+003  7.0980000e-001
  1.0310000e+003  7.3441000e-001
  1.0320000e+003  7.7870800e-001
  1.0330000e+003  8.3186560e-001
  1.0340000e+003  8.8147936e-001
  1.0350000e+003  9.1868968e-001
  1.0360000e+003  9.4101587e-001
  1.0370000e+003  9.5143476e-001
  1.0380000e+003  9.5500695e-001
  1.0390000e+003  9.5581070e-001
  1.0400000e+003  9.5590000e-001
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  1.0410000e+003  9.3419400e-001
  1.0420000e+003  8.9512320e-001
  1.0430000e+003  8.4823824e-001
  1.0440000e+003  8.0447894e-001
  1.0450000e+003  7.7165947e-001
  1.0460000e+003  7.5196779e-001
  1.0470000e+003  7.4277834e-001
  1.0480000e+003  7.3962767e-001
  1.0490000e+003  7.3891877e-001
  1.0500000e+003  7.3884000e-001
  1.0510000e+003  7.2637700e-001
  1.0520000e+003  7.0394360e-001
  1.0530000e+003  6.7702352e-001
  1.0540000e+003  6.5189811e-001
  1.0550000e+003  6.3305406e-001
  1.0560000e+003  6.2174762e-001
  1.0570000e+003  6.1647129e-001
  1.0580000e+003  6.1466226e-001
  1.0590000e+003  6.1425523e-001
  1.0600000e+003  6.1421000e-001
  1.0610000e+003  6.2132300e-001
  1.0620000e+003  6.3412640e-001
  1.0630000e+003  6.4949048e-001
  1.0640000e+003  6.6383029e-001
  1.0650000e+003  6.7458514e-001
  1.0660000e+003  6.8103806e-001
  1.0670000e+003  6.8404942e-001
  1.0680000e+003  6.8508188e-001
  1.0690000e+003  6.8531419e-001
  1.0700000e+003  6.8534000e-001
  1.0710000e+003  6.6714800e-001
  1.0720000e+003  6.3440240e-001
  1.0730000e+003  5.9510768e-001
  1.0740000e+003  5.5843261e-001
  1.0750000e+003  5.3092630e-001
  1.0760000e+003  5.1442252e-001
  1.0770000e+003  5.0672076e-001
  1.0780000e+003  5.0408015e-001
  1.0790000e+003  5.0348602e-001
  1.0800000e+003  5.0342000e-001
  1.0810000e+003  4.7598300e-001
  1.0820000e+003  4.2659640e-001
  1.0830000e+003  3.6733248e-001
  1.0840000e+003  3.1201949e-001
  1.0850000e+003  2.7053474e-001
  1.0860000e+003  2.4564390e-001
  1.0870000e+003  2.3402817e-001
  1.0880000e+003  2.3004563e-001
  1.0890000e+003  2.2914956e-001
  1.0900000e+003  2.2905000e-001
  1.0910000e+003  2.2168300e-001
  1.0920000e+003  2.0842240e-001
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  1.0930000e+003  1.9250968e-001
  1.0940000e+003  1.7765781e-001
  1.0950000e+003  1.6651890e-001
  1.0960000e+003  1.5983556e-001
  1.0970000e+003  1.5671667e-001
  1.0980000e+003  1.5564733e-001
  1.0990000e+003  1.5540673e-001
  1.1000000e+003  1.5538000e-001
  1.1010000e+003  1.7210500e-001
  1.1020000e+003  2.0221000e-001
  1.1030000e+003  2.3833600e-001
  1.1040000e+003  2.7205360e-001
  1.1050000e+003  2.9734180e-001
  1.1060000e+003  3.1251472e-001
  1.1070000e+003  3.1959542e-001
  1.1080000e+003  3.2202308e-001
  1.1090000e+003  3.2256931e-001
  1.1100000e+003  3.2263000e-001
  1.1110000e+003  3.3011800e-001
  1.1120000e+003  3.4359640e-001
  1.1130000e+003  3.5977048e-001
  1.1140000e+003  3.7486629e-001
  1.1150000e+003  3.8618814e-001
  1.1160000e+003  3.9298126e-001
  1.1170000e+003  3.9615138e-001
  1.1180000e+003  3.9723828e-001
  1.1190000e+003  3.9748283e-001
  1.1200000e+003  3.9751000e-001
  1.1210000e+003  3.8181400e-001
  1.1220000e+003  3.5356120e-001
  1.1230000e+003  3.1965784e-001
  1.1240000e+003  2.8801470e-001
  1.1250000e+003  2.6428235e-001
  1.1260000e+003  2.5004294e-001
  1.1270000e+003  2.4339788e-001
  1.1280000e+003  2.4111958e-001
  1.1290000e+003  2.4060696e-001
  1.1300000e+003  2.4055000e-001
  1.1310000e+003  2.1530900e-001
  1.1320000e+003  1.6987520e-001
  1.1330000e+003  1.1535464e-001
  1.1340000e+003  6.4468784e-002
  1.1350000e+003  2.6304392e-002
  1.1360000e+003  3.4057568e-003
  1.1370000e+003 -7.2802730e-003
  1.1380000e+003 -1.0944055e-002
  1.1390000e+003 -1.1768405e-002
  1.1400000e+003 -1.1860000e-002
  1.1410000e+003 -2.7130000e-003
  1.1420000e+003  1.3751600e-002
  1.1430000e+003  3.3509120e-002
  1.1440000e+003  5.1949472e-002
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  1.1450000e+003  6.5779736e-002
  1.1460000e+003  7.4077894e-002
  1.1470000e+003  7.7950368e-002
  1.1480000e+003  7.9278074e-002
  1.1490000e+003  7.9576807e-002
  1.1500000e+003  7.9610000e-002
  1.1510000e+003  9.4637000e-002
  1.1520000e+003  1.2168560e-001
  1.1530000e+003  1.5414392e-001
  1.1540000e+003  1.8443835e-001
  1.1550000e+003  2.0715918e-001
  1.1560000e+003  2.2079167e-001
  1.1570000e+003  2.2715350e-001
  1.1580000e+003  2.2933470e-001
  1.1590000e+003  2.2982547e-001
  1.1600000e+003  2.2988000e-001
  1.1610000e+003  2.5105000e-001
  1.1620000e+003  2.8915600e-001
  1.1630000e+003  3.3488320e-001
  1.1640000e+003  3.7756192e-001
  1.1650000e+003  4.0957096e-001
  1.1660000e+003  4.2877638e-001
  1.1670000e+003  4.3773892e-001
  1.1680000e+003  4.4081178e-001
  1.1690000e+003  4.4150318e-001
  1.1700000e+003  4.4158000e-001
  1.1710000e+003  4.1710400e-001
  1.1720000e+003  3.7304720e-001
  1.1730000e+003  3.2017904e-001
  1.1740000e+003  2.7083542e-001
  1.1750000e+003  2.3382771e-001
  1.1760000e+003  2.1162308e-001
  1.1770000e+003  2.0126093e-001
  1.1780000e+003  1.9770819e-001
  1.1790000e+003  1.9690882e-001
  1.1800000e+003  1.9682000e-001
  1.1810000e+003  1.8253000e-001
  1.1820000e+003  1.5680800e-001
  1.1830000e+003  1.2594160e-001
  1.1840000e+003  9.7132960e-002
  1.1850000e+003  7.5526480e-002
  1.1860000e+003  6.2562592e-002
  1.1870000e+003  5.6512778e-002
  1.1880000e+003  5.4438556e-002
  1.1890000e+003  5.3971856e-002
  1.1900000e+003  5.3920000e-002
  1.1910000e+003  4.7532000e-002
  1.1920000e+003  3.6033600e-002
  1.1930000e+003  2.2235520e-002
  1.1940000e+003  9.3573120e-003
  1.1950000e+003 -3.0134400e-004
  1.1960000e+003 -6.0965376e-003
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  1.1970000e+003 -8.8009613e-003
  1.1980000e+003 -9.7281923e-003
  1.1990000e+003 -9.9368192e-003
  1.2000000e+003 -9.9600000e-003
  1.2010000e+003 -7.4890000e-003
  1.2020000e+003 -3.0412000e-003
  1.2030000e+003  2.2961600e-003
  1.2040000e+003  7.2776960e-003
  1.2050000e+003  1.1013848e-002
  1.2060000e+003  1.3255539e-002
  1.2070000e+003  1.4301662e-002
  1.2080000e+003  1.4660332e-002
  1.2090000e+003  1.4741033e-002
  1.2100000e+003  1.4750000e-002
  1.2110000e+003 -1.9990000e-003
  1.2120000e+003 -3.2147200e-002
  1.2130000e+003 -6.8325040e-002
  1.2140000e+003 -1.0209102e-001
  1.2150000e+003 -1.2741551e-001
  1.2160000e+003 -1.4261020e-001
  1.2170000e+003 -1.4970106e-001
  1.2180000e+003 -1.5213221e-001
  1.2190000e+003 -1.5267922e-001
  1.2200000e+003 -1.5274000e-001
  1.2210000e+003 -1.1915400e-001
  1.2220000e+003 -5.8699200e-002
  1.2230000e+003  1.3846560e-002
  1.2240000e+003  8.1555936e-002
  1.2250000e+003  1.3233797e-001
  1.2260000e+003  1.6280719e-001
  1.2270000e+003  1.7702616e-001
  1.2280000e+003  1.8190123e-001
  1.2290000e+003  1.8299812e-001
  1.2300000e+003  1.8312000e-001
  1.2310000e+003  2.0676000e-001
  1.2320000e+003  2.4931200e-001
  1.2330000e+003  3.0037440e-001
  1.2340000e+003  3.4803264e-001
  1.2350000e+003  3.8377632e-001
  1.2360000e+003  4.0522253e-001
  1.2370000e+003  4.1523076e-001
  1.2380000e+003  4.1866215e-001
  1.2390000e+003  4.1943422e-001
  1.2400000e+003  4.1952000e-001
  1.2410000e+003  4.0909300e-001
  1.2420000e+003  3.9032440e-001
  1.2430000e+003  3.6780208e-001
  1.2440000e+003  3.4678125e-001
  1.2450000e+003  3.3101562e-001
  1.2460000e+003  3.2155625e-001
  1.2470000e+003  3.1714187e-001
  1.2480000e+003  3.1562837e-001
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  1.2490000e+003  3.1528784e-001
  1.2500000e+003  3.1525000e-001
  1.2510000e+003  2.9771500e-001
  1.2520000e+003  2.6615200e-001
  1.2530000e+003  2.2827640e-001
  1.2540000e+003  1.9292584e-001
  1.2550000e+003  1.6641292e-001
  1.2560000e+003  1.5050517e-001
  1.2570000e+003  1.4308155e-001
  1.2580000e+003  1.4053631e-001
  1.2590000e+003  1.3996363e-001
  1.2600000e+003  1.3990000e-001
  1.2610000e+003  1.2723900e-001
  1.2620000e+003  1.0444920e-001
  1.2630000e+003  7.7101440e-002
  1.2640000e+003  5.1576864e-002
  1.2650000e+003  3.2433432e-002
  1.2660000e+003  2.0947373e-002
  1.2670000e+003  1.5587212e-002
  1.2680000e+003  1.3749442e-002
  1.2690000e+003  1.3335944e-002
  1.2700000e+003  1.3290000e-002
  1.2710000e+003 -1.0877000e-002
  1.2720000e+003 -5.4377600e-002
  1.2730000e+003 -1.0657832e-001
  1.2740000e+003 -1.5529899e-001
  1.2750000e+003 -1.9183950e-001
  1.2760000e+003 -2.1376380e-001
  1.2770000e+003 -2.2399514e-001
  1.2780000e+003 -2.2750303e-001
  1.2790000e+003 -2.2829230e-001
  1.2800000e+003 -2.2838000e-001
  1.2810000e+003 -2.1374300e-001
  1.2820000e+003 -1.8739640e-001
  1.2830000e+003 -1.5578048e-001
  1.2840000e+003 -1.2627229e-001
  1.2850000e+003 -1.0414114e-001
  1.2860000e+003 -9.0862458e-002
  1.2870000e+003 -8.4665737e-002
  1.2880000e+003 -8.2541147e-002
  1.2890000e+003 -8.2063115e-002
  1.2900000e+003 -8.2010000e-002
  1.2910000e+003 -7.5388000e-002
  1.2920000e+003 -6.3468400e-002
  1.2930000e+003 -4.9164880e-002
  1.2940000e+003 -3.5814928e-002
  1.2950000e+003 -2.5802464e-002
  1.2960000e+003 -1.9794986e-002
  1.2970000e+003 -1.6991496e-002
  1.2980000e+003 -1.6030299e-002
  1.2990000e+003 -1.5814030e-002
  1.3000000e+003 -1.5790000e-002
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  1.3010000e+003 -1.7911000e-002
  1.3020000e+003 -2.1728800e-002
  1.3030000e+003 -2.6310160e-002
  1.3040000e+003 -3.0586096e-002
  1.3050000e+003 -3.3793048e-002
  1.3060000e+003 -3.5717219e-002
  1.3070000e+003 -3.6615166e-002
  1.3080000e+003 -3.6923033e-002
  1.3090000e+003 -3.6992303e-002
  1.3100000e+003 -3.7000000e-002
  1.3110000e+003 -2.1918000e-002
  1.3120000e+003  5.2296000e-003
  1.3130000e+003  3.7806720e-002
  1.3140000e+003  6.8212032e-002
  1.3150000e+003  9.1016016e-002
  1.3160000e+003  1.0469841e-001
  1.3170000e+003  1.1108352e-001
  1.3180000e+003  1.1327270e-001
  1.3190000e+003  1.1376527e-001
  1.3200000e+003  1.1382000e-001
  1.3210000e+003  1.1327400e-001
  1.3220000e+003  1.1229120e-001
  1.3230000e+003  1.1111184e-001
  1.3240000e+003  1.1001110e-001
  1.3250000e+003  1.0918555e-001
  1.3260000e+003  1.0869022e-001
  1.3270000e+003  1.0845907e-001
  1.3280000e+003  1.0837981e-001
  1.3290000e+003  1.0836198e-001
  1.3300000e+003  1.0836000e-001
  1.3310000e+003  1.0334200e-001
  1.3320000e+003  9.4309600e-002
  1.3330000e+003  8.3470720e-002
  1.3340000e+003  7.3354432e-002
  1.3350000e+003  6.5767216e-002
  1.3360000e+003  6.1214886e-002
  1.3370000e+003  5.9090466e-002
  1.3380000e+003  5.8362093e-002
  1.3390000e+003  5.8198209e-002
  1.3400000e+003  5.8180000e-002
  1.3410000e+003  7.0386000e-002
  1.3420000e+003  9.2356800e-002
  1.3430000e+003  1.1872176e-001
  1.3440000e+003  1.4332906e-001
  1.3450000e+003  1.6178453e-001
  1.3460000e+003  1.7285781e-001
  1.3470000e+003  1.7802534e-001
  1.3480000e+003  1.7979707e-001
  1.3490000e+003  1.8019571e-001
  1.3500000e+003  1.8024000e-001
  1.3510000e+003  1.6126300e-001
  1.3520000e+003  1.2710440e-001
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  1.3530000e+003  8.6114080e-002
  1.3540000e+003  4.7856448e-002
  1.3550000e+003  1.9163224e-002
  1.3560000e+003  1.9472896e-003
  1.3570000e+003 -6.0868131e-003
  1.3580000e+003 -8.8413626e-003
  1.3590000e+003 -9.4611363e-003
  1.3600000e+003 -9.5300000e-003
  1.3610000e+003  2.1664000e-002
  1.3620000e+003  7.7813200e-002
  1.3630000e+003  1.4519224e-001
  1.3640000e+003  2.0807934e-001
  1.3650000e+003  2.5524467e-001
  1.3660000e+003  2.8354387e-001
  1.3670000e+003  2.9675016e-001
  1.3680000e+003  3.0127803e-001
  1.3690000e+003  3.0229680e-001
  1.3700000e+003  3.0241000e-001
  1.3710000e+003  2.8777700e-001
  1.3720000e+003  2.6143760e-001
  1.3730000e+003  2.2983032e-001
  1.3740000e+003  2.0033019e-001
  1.3750000e+003  1.7820510e-001
  1.3760000e+003  1.6493004e-001
  1.3770000e+003  1.5873501e-001
  1.3780000e+003  1.5661100e-001
  1.3790000e+003  1.5613310e-001
  1.3800000e+003  1.5608000e-001
  1.3810000e+003  1.5658200e-001
  1.3820000e+003  1.5748560e-001
  1.3830000e+003  1.5856992e-001
  1.3840000e+003  1.5958195e-001
  1.3850000e+003  1.6034098e-001
  1.3860000e+003  1.6079639e-001
  1.3870000e+003  1.6100892e-001
  1.3880000e+003  1.6108178e-001
  1.3890000e+003  1.6109818e-001
  1.3900000e+003  1.6110000e-001
  1.3910000e+003  1.6214000e-001
  1.3920000e+003  1.6401200e-001
  1.3930000e+003  1.6625840e-001
  1.3940000e+003  1.6835504e-001
  1.3950000e+003  1.6992752e-001
  1.3960000e+003  1.7087101e-001
  1.3970000e+003  1.7131130e-001
  1.3980000e+003  1.7146226e-001
  1.3990000e+003  1.7149623e-001
  1.4000000e+003  1.7150000e-001
  1.4010000e+003  1.5909300e-001
  1.4020000e+003  1.3676040e-001
  1.4030000e+003  1.0996128e-001
  1.4040000e+003  8.4948768e-002
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  1.4050000e+003  6.6189384e-002
  1.4060000e+003  5.4933754e-002
  1.4070000e+003  4.9681126e-002
  1.4080000e+003  4.7880225e-002
  1.4090000e+003  4.7475023e-002
  1.4100000e+003  4.7430000e-002
  1.4110000e+003  1.9115000e-002
  1.4120000e+003 -3.1852000e-002
  1.4130000e+003 -9.3012400e-002
  1.4140000e+003 -1.5009544e-001
  1.4150000e+003 -1.9290772e-001
  1.4160000e+003 -2.1859509e-001
  1.4170000e+003 -2.3058253e-001
  1.4180000e+003 -2.3469251e-001
  1.4190000e+003 -2.3561725e-001
  1.4200000e+003 -2.3572000e-001
  1.4210000e+003 -2.4308000e-001
  1.4220000e+003 -2.5632800e-001
  1.4230000e+003 -2.7222560e-001
  1.4240000e+003 -2.8706336e-001
  1.4250000e+003 -2.9819168e-001
  1.4260000e+003 -3.0486867e-001
  1.4270000e+003 -3.0798460e-001
  1.4280000e+003 -3.0905292e-001
  1.4290000e+003 -3.0929329e-001
  1.4300000e+003 -3.0932000e-001
  1.4310000e+003 -3.3536500e-001
  1.4320000e+003 -3.8224600e-001
  1.4330000e+003 -4.3850320e-001
  1.4340000e+003 -4.9100992e-001
  1.4350000e+003 -5.3038996e-001
  1.4360000e+003 -5.5401798e-001
  1.4370000e+003 -5.6504440e-001
  1.4380000e+003 -5.6882488e-001
  1.4390000e+003 -5.6967549e-001
  1.4400000e+003 -5.6977000e-001
  1.4410000e+003 -5.7073400e-001
  1.4420000e+003 -5.7246920e-001
  1.4430000e+003 -5.7455144e-001
  1.4440000e+003 -5.7649486e-001
  1.4450000e+003 -5.7795243e-001
  1.4460000e+003 -5.7882697e-001
  1.4470000e+003 -5.7923509e-001
  1.4480000e+003 -5.7937502e-001
  1.4490000e+003 -5.7940650e-001
  1.4500000e+003 -5.7941000e-001
  1.4510000e+003 -5.5973900e-001
  1.4520000e+003 -5.2433120e-001
  1.4530000e+003 -4.8184184e-001
  1.4540000e+003 -4.4218510e-001
  1.4550000e+003 -4.1244255e-001
  1.4560000e+003 -3.9459702e-001
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  1.4570000e+003 -3.8626911e-001
  1.4580000e+003 -3.8341382e-001
  1.4590000e+003 -3.8277138e-001
  1.4600000e+003 -3.8270000e-001
  1.4610000e+003 -3.9406900e-001
  1.4620000e+003 -4.1453320e-001
  1.4630000e+003 -4.3909024e-001
  1.4640000e+003 -4.6201014e-001
  1.4650000e+003 -4.7920007e-001
  1.4660000e+003 -4.8951403e-001
  1.4670000e+003 -4.9432721e-001
  1.4680000e+003 -4.9597744e-001
  1.4690000e+003 -4.9634874e-001
  1.4700000e+003 -4.9639000e-001
  1.4710000e+003 -5.1543800e-001
  1.4720000e+003 -5.4972440e-001
  1.4730000e+003 -5.9086808e-001
  1.4740000e+003 -6.2926885e-001
  1.4750000e+003 -6.5806942e-001
  1.4760000e+003 -6.7534977e-001
  1.4770000e+003 -6.8341393e-001
  1.4780000e+003 -6.8617879e-001
  1.4790000e+003 -6.8680088e-001
  1.4800000e+003 -6.8687000e-001
  1.4810000e+003 -6.8655100e-001
  1.4820000e+003 -6.8597680e-001
  1.4830000e+003 -6.8528776e-001
  1.4840000e+003 -6.8464466e-001
  1.4850000e+003 -6.8416233e-001
  1.4860000e+003 -6.8387293e-001
  1.4870000e+003 -6.8373788e-001
  1.4880000e+003 -6.8369158e-001
  1.4890000e+003 -6.8368116e-001
  1.4900000e+003 -6.8368000e-001
  1.4910000e+003 -6.6365300e-001
  1.4920000e+003 -6.2760440e-001
  1.4930000e+003 -5.8434608e-001
  1.4940000e+003 -5.4397165e-001
  1.4950000e+003 -5.1369082e-001
  1.4960000e+003 -4.9552233e-001
  1.4970000e+003 -4.8704370e-001
  1.4980000e+003 -4.8413674e-001
  1.4990000e+003 -4.8348267e-001
  1.5000000e+003 -4.8341000e-001
  1.5010000e+003 -4.9284800e-001
  1.5020000e+003 -5.0983640e-001
  1.5030000e+003 -5.3022248e-001
  1.5040000e+003 -5.4924949e-001
  1.5050000e+003 -5.6351974e-001
  1.5060000e+003 -5.7208190e-001
  1.5070000e+003 -5.7607757e-001
  1.5080000e+003 -5.7744751e-001
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  1.5090000e+003 -5.7775575e-001
  1.5100000e+003 -5.7779000e-001
  1.5110000e+003 -6.0055600e-001
  1.5120000e+003 -6.4153480e-001
  1.5130000e+003 -6.9070936e-001
  1.5140000e+003 -7.3660562e-001
  1.5150000e+003 -7.7102781e-001
  1.5160000e+003 -7.9168112e-001
  1.5170000e+003 -8.0131934e-001
  1.5180000e+003 -8.0462387e-001
  1.5190000e+003 -8.0536739e-001
  1.5200000e+003 -8.0545000e-001
  1.5210000e+003 -7.8845700e-001
  1.5220000e+003 -7.5786960e-001
  1.5230000e+003 -7.2116472e-001
  1.5240000e+003 -6.8690683e-001
  1.5250000e+003 -6.6121342e-001
  1.5260000e+003 -6.4579737e-001
  1.5270000e+003 -6.3860321e-001
  1.5280000e+003 -6.3613664e-001
  1.5290000e+003 -6.3558166e-001
  1.5300000e+003 -6.3552000e-001
  1.5310000e+003 -6.0489200e-001
  1.5320000e+003 -5.4976160e-001
  1.5330000e+003 -4.8360512e-001
  1.5340000e+003 -4.2185907e-001
  1.5350000e+003 -3.7554954e-001
  1.5360000e+003 -3.4776381e-001
  1.5370000e+003 -3.3479714e-001
  1.5380000e+003 -3.3035143e-001
  1.5390000e+003 -3.2935114e-001
  1.5400000e+003 -3.2924000e-001
  1.5410000e+003 -3.3866600e-001
  1.5420000e+003 -3.5563280e-001
  1.5430000e+003 -3.7599296e-001
  1.5440000e+003 -3.9499578e-001
  1.5450000e+003 -4.0924789e-001
  1.5460000e+003 -4.1779916e-001
  1.5470000e+003 -4.2178975e-001
  1.5480000e+003 -4.2315795e-001
  1.5490000e+003 -4.2346579e-001
  1.5500000e+003 -4.2350000e-001
  1.5510000e+003 -4.1913200e-001
  1.5520000e+003 -4.1126960e-001
  1.5530000e+003 -4.0183472e-001
  1.5540000e+003 -3.9302883e-001
  1.5550000e+003 -3.8642442e-001
  1.5560000e+003 -3.8246177e-001
  1.5570000e+003 -3.8061253e-001
  1.5580000e+003 -3.7997851e-001
  1.5590000e+003 -3.7983585e-001
  1.5600000e+003 -3.7982000e-001
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  1.5610000e+003 -3.6347600e-001
  1.5620000e+003 -3.3405680e-001
  1.5630000e+003 -2.9875376e-001
  1.5640000e+003 -2.6580426e-001
  1.5650000e+003 -2.4109213e-001
  1.5660000e+003 -2.2626485e-001
  1.5670000e+003 -2.1934546e-001
  1.5680000e+003 -2.1697309e-001
  1.5690000e+003 -2.1643931e-001
  1.5700000e+003 -2.1638000e-001
  1.5710000e+003 -2.3385400e-001
  1.5720000e+003 -2.6530720e-001
  1.5730000e+003 -3.0305104e-001
  1.5740000e+003 -3.3827862e-001
  1.5750000e+003 -3.6469931e-001
  1.5760000e+003 -3.8055172e-001
  1.5770000e+003 -3.8794952e-001
  1.5780000e+003 -3.9048590e-001
  1.5790000e+003 -3.9105659e-001
  1.5800000e+003 -3.9112000e-001
  1.5810000e+003 -3.9989900e-001
  1.5820000e+003 -4.1570120e-001
  1.5830000e+003 -4.3466384e-001
  1.5840000e+003 -4.5236230e-001
  1.5850000e+003 -4.6563615e-001
  1.5860000e+003 -4.7360046e-001
  1.5870000e+003 -4.7731714e-001
  1.5880000e+003 -4.7859143e-001
  1.5890000e+003 -4.7887814e-001
  1.5900000e+003 -4.7891000e-001
  1.5910000e+003 -4.8589700e-001
  1.5920000e+003 -4.9847360e-001
  1.5930000e+003 -5.1356552e-001
  1.5940000e+003 -5.2765131e-001
  1.5950000e+003 -5.3821566e-001
  1.5960000e+003 -5.4455426e-001
  1.5970000e+003 -5.4751228e-001
  1.5980000e+003 -5.4852646e-001
  1.5990000e+003 -5.4875465e-001
  1.6000000e+003 -5.4878000e-001
  1.6010000e+003 -5.6825900e-001
  1.6020000e+003 -6.0332120e-001
  1.6030000e+003 -6.4539584e-001
  1.6040000e+003 -6.8466550e-001
  1.6050000e+003 -7.1411775e-001
  1.6060000e+003 -7.3178910e-001
  1.6070000e+003 -7.4003573e-001
  1.6080000e+003 -7.4286315e-001
  1.6090000e+003 -7.4349931e-001
  1.6100000e+003 -7.4357000e-001
  1.6110000e+003 -7.4506000e-001
  1.6120000e+003 -7.4774200e-001
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  1.6130000e+003 -7.5096040e-001
  1.6140000e+003 -7.5396424e-001
  1.6150000e+003 -7.5621712e-001
  1.6160000e+003 -7.5756885e-001
  1.6170000e+003 -7.5819965e-001
  1.6180000e+003 -7.5841593e-001
  1.6190000e+003 -7.5846459e-001
  1.6200000e+003 -7.5847000e-001
  1.6210000e+003 -7.4427900e-001
  1.6220000e+003 -7.1873520e-001
  1.6230000e+003 -6.8808264e-001
  1.6240000e+003 -6.5947358e-001
  1.6250000e+003 -6.3801679e-001
  1.6260000e+003 -6.2514272e-001
  1.6270000e+003 -6.1913482e-001
  1.6280000e+003 -6.1707496e-001
  1.6290000e+003 -6.1661150e-001
  1.6300000e+003 -6.1656000e-001
  1.6310000e+003 -6.5398700e-001
  1.6320000e+003 -7.2135560e-001
  1.6330000e+003 -8.0219792e-001
  1.6340000e+003 -8.7765075e-001
  1.6350000e+003 -9.3424038e-001
  1.6360000e+003 -9.6819415e-001
  1.6370000e+003 -9.8403925e-001
  1.6380000e+003 -9.8947185e-001
  1.6390000e+003 -9.9069418e-001
  1.6400000e+003 -9.9083000e-001
  1.6410000e+003 -9.9332400e-001
  1.6420000e+003 -9.9781320e-001
  1.6430000e+003 -1.0032002e+000
  1.6440000e+003 -1.0082281e+000
  1.6450000e+003 -1.0119991e+000
  1.6460000e+003 -1.0142616e+000
  1.6470000e+003 -1.0153175e+000
  1.6480000e+003 -1.0156795e+000
  1.6490000e+003 -1.0157609e+000
  1.6500000e+003 -1.0157700e+000
  1.6510000e+003 -1.0079730e+000
  1.6520000e+003 -9.9393840e-001
  1.6530000e+003 -9.7709688e-001
  1.6540000e+003 -9.6137813e-001
  1.6550000e+003 -9.4958906e-001
  1.6560000e+003 -9.4251563e-001
  1.6570000e+003 -9.3921469e-001
  1.6580000e+003 -9.3808294e-001
  1.6590000e+003 -9.3782829e-001
  1.6600000e+003 -9.3780000e-001
  1.6610000e+003 -9.2822800e-001
  1.6620000e+003 -9.1099840e-001
  1.6630000e+003 -8.9032288e-001
  1.6640000e+003 -8.7102573e-001
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  1.6650000e+003 -8.5655286e-001
  1.6660000e+003 -8.4786915e-001
  1.6670000e+003 -8.4381674e-001
  1.6680000e+003 -8.4242735e-001
  1.6690000e+003 -8.4211473e-001
  1.6700000e+003 -8.4208000e-001
  1.6710000e+003 -8.3132600e-001
  1.6720000e+003 -8.1196880e-001
  1.6730000e+003 -7.8874016e-001
  1.6740000e+003 -7.6706010e-001
  1.6750000e+003 -7.5080005e-001
  1.6760000e+003 -7.4104402e-001
  1.6770000e+003 -7.3649121e-001
  1.6780000e+003 -7.3493024e-001
  1.6790000e+003 -7.3457902e-001
  1.6800000e+003 -7.3454000e-001
  1.6810000e+003 -7.1878400e-001
  1.6820000e+003 -6.9042320e-001
  1.6830000e+003 -6.5639024e-001
  1.6840000e+003 -6.2462614e-001
  1.6850000e+003 -6.0080307e-001
  1.6860000e+003 -5.8650923e-001
  1.6870000e+003 -5.7983877e-001
  1.6880000e+003 -5.7755175e-001
  1.6890000e+003 -5.7703718e-001
  1.6900000e+003 -5.7698000e-001
  1.6910000e+003 -5.5172500e-001
  1.6920000e+003 -5.0626600e-001
  1.6930000e+003 -4.5171520e-001
  1.6940000e+003 -4.0080112e-001
  1.6950000e+003 -3.6261556e-001
  1.6960000e+003 -3.3970422e-001
  1.6970000e+003 -3.2901227e-001
  1.6980000e+003 -3.2534645e-001
  1.6990000e+003 -3.2452165e-001
  1.7000000e+003 -3.2443000e-001
  1.7010000e+003 -3.1510800e-001
  1.7020000e+003 -2.9832840e-001
  1.7030000e+003 -2.7819288e-001
  1.7040000e+003 -2.5939973e-001
  1.7050000e+003 -2.4530486e-001
  1.7060000e+003 -2.3684795e-001
  1.7070000e+003 -2.3290138e-001
  1.7080000e+003 -2.3154828e-001
  1.7090000e+003 -2.3124383e-001
  1.7100000e+003 -2.3121000e-001
  1.7110000e+003 -2.1806300e-001
  1.7120000e+003 -1.9439840e-001
  1.7130000e+003 -1.6600088e-001
  1.7140000e+003 -1.3949653e-001
  1.7150000e+003 -1.1961826e-001
  1.7160000e+003 -1.0769131e-001
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  1.7170000e+003 -1.0212539e-001
  1.7180000e+003 -1.0021708e-001
  1.7190000e+003 -9.9787708e-002
  1.7200000e+003 -9.9740000e-002
  1.7210000e+003 -6.4313000e-002
  1.7220000e+003 -5.4440000e-004
  1.7230000e+003  7.5977920e-002
  1.7240000e+003  1.4739875e-001
  1.7250000e+003  2.0096438e-001
  1.7260000e+003  2.3310375e-001
  1.7270000e+003  2.4810213e-001
  1.7280000e+003  2.5324443e-001
  1.7290000e+003  2.5440144e-001
  1.7300000e+003  2.5453000e-001
  1.7310000e+003  2.4697900e-001
  1.7320000e+003  2.3338720e-001
  1.7330000e+003  2.1707704e-001
  1.7340000e+003  2.0185422e-001
  1.7350000e+003  1.9043711e-001
  1.7360000e+003  1.8358684e-001
  1.7370000e+003  1.8039005e-001
  1.7380000e+003  1.7929401e-001
  1.7390000e+003  1.7904740e-001
  1.7400000e+003  1.7902000e-001
  1.7410000e+003  1.8505000e-001
  1.7420000e+003  1.9590400e-001
  1.7430000e+003  2.0892880e-001
  1.7440000e+003  2.2108528e-001
  1.7450000e+003  2.3020264e-001
  1.7460000e+003  2.3567306e-001
  1.7470000e+003  2.3822592e-001
  1.7480000e+003  2.3910118e-001
  1.7490000e+003  2.3929812e-001
  1.7500000e+003  2.3932000e-001
  1.7510000e+003  2.2675400e-001
  1.7520000e+003  2.0413520e-001
  1.7530000e+003  1.7699264e-001
  1.7540000e+003  1.5165958e-001
  1.7550000e+003  1.3265979e-001
  1.7560000e+003  1.2125992e-001
  1.7570000e+003  1.1593998e-001
  1.7580000e+003  1.1411600e-001
  1.7590000e+003  1.1370560e-001
  1.7600000e+003  1.1366000e-001
  1.7610000e+003  1.2062200e-001
  1.7620000e+003  1.3315360e-001
  1.7630000e+003  1.4819152e-001
  1.7640000e+003  1.6222691e-001
  1.7650000e+003  1.7275346e-001
  1.7660000e+003  1.7906938e-001
  1.7670000e+003  1.8201681e-001
  1.7680000e+003  1.8302736e-001
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  1.7690000e+003  1.8325474e-001
  1.7700000e+003  1.8328000e-001
  1.7710000e+003  1.7197900e-001
  1.7720000e+003  1.5163720e-001
  1.7730000e+003  1.2722704e-001
  1.7740000e+003  1.0444422e-001
  1.7750000e+003  8.7357112e-002
  1.7760000e+003  7.7104845e-002
  1.7770000e+003  7.2320453e-002
  1.7780000e+003  7.0680091e-002
  1.7790000e+003  7.0311009e-002
  1.7800000e+003  7.0270000e-002
  1.7810000e+003  7.6686000e-002
  1.7820000e+003  8.8234800e-002
  1.7830000e+003  1.0209336e-001
  1.7840000e+003  1.1502802e-001
  1.7850000e+003  1.2472901e-001
  1.7860000e+003  1.3054960e-001
  1.7870000e+003  1.3326588e-001
  1.7880000e+003  1.3419718e-001
  1.7890000e+003  1.3440672e-001
  1.7900000e+003  1.3443000e-001
  1.7910000e+003  1.1020500e-001
  1.7920000e+003  6.6600000e-002
  1.7930000e+003  1.4274000e-002
  1.7940000e+003 -3.4563600e-002
  1.7950000e+003 -7.1191800e-002
  1.7960000e+003 -9.3168720e-002
  1.7970000e+003 -1.0342462e-001
  1.7980000e+003 -1.0694092e-001
  1.7990000e+003 -1.0773209e-001
  1.8000000e+003 -1.0782000e-001
  1.8010000e+003 -1.3324800e-001
  1.8020000e+003 -1.7901840e-001
  1.8030000e+003 -2.3394288e-001
  1.8040000e+003 -2.8520573e-001
  1.8050000e+003 -3.2365286e-001
  1.8060000e+003 -3.4672115e-001
  1.8070000e+003 -3.5748634e-001
  1.8080000e+003 -3.6117727e-001
  1.8090000e+003 -3.6200773e-001
  1.8100000e+003 -3.6210000e-001
  1.8110000e+003 -3.4692100e-001
  1.8120000e+003 -3.1959880e-001
  1.8130000e+003 -2.8681216e-001
  1.8140000e+003 -2.5621130e-001
  1.8150000e+003 -2.3326065e-001
  1.8160000e+003 -2.1949026e-001
  1.8170000e+003 -2.1306408e-001
  1.8180000e+003 -2.1086082e-001
  1.8190000e+003 -2.1036508e-001
  1.8200000e+003 -2.1031000e-001
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  1.8210000e+003 -2.1547000e-001
  1.8220000e+003 -2.2475800e-001
  1.8230000e+003 -2.3590360e-001
  1.8240000e+003 -2.4630616e-001
  1.8250000e+003 -2.5410808e-001
  1.8260000e+003 -2.5878923e-001
  1.8270000e+003 -2.6097377e-001
  1.8280000e+003 -2.6172275e-001
  1.8290000e+003 -2.6189128e-001
  1.8300000e+003 -2.6191000e-001
  1.8310000e+003 -2.3478600e-001
  1.8320000e+003 -1.8596280e-001
  1.8330000e+003 -1.2737496e-001
  1.8340000e+003 -7.2692976e-002
  1.8350000e+003 -3.1681488e-002
  1.8360000e+003 -7.0745952e-003
  1.8370000e+003  4.4086214e-003
  1.8380000e+003  8.3457243e-003
  1.8390000e+003  9.2315724e-003
  1.8400000e+003  9.3300000e-003
  1.8410000e+003  9.4800000e-004
  1.8420000e+003 -1.4139600e-002
  1.8430000e+003 -3.2244720e-002
  1.8440000e+003 -4.9142832e-002
  1.8450000e+003 -6.1816416e-002
  1.8460000e+003 -6.9420566e-002
  1.8470000e+003 -7.2969170e-002
  1.8480000e+003 -7.4185834e-002
  1.8490000e+003 -7.4459583e-002
  1.8500000e+003 -7.4490000e-002
  1.8510000e+003 -8.3670000e-002
  1.8520000e+003 -1.0019400e-001
  1.8530000e+003 -1.2002280e-001
  1.8540000e+003 -1.3852968e-001
  1.8550000e+003 -1.5240984e-001
  1.8560000e+003 -1.6073794e-001
  1.8570000e+003 -1.6462438e-001
  1.8580000e+003 -1.6595688e-001
  1.8590000e+003 -1.6625669e-001
  1.8600000e+003 -1.6629000e-001
  1.8610000e+003 -1.7106000e-001
  1.8620000e+003 -1.7964600e-001
  1.8630000e+003 -1.8994920e-001
  1.8640000e+003 -1.9956552e-001
  1.8650000e+003 -2.0677776e-001
  1.8660000e+003 -2.1110510e-001
  1.8670000e+003 -2.1312453e-001
  1.8680000e+003 -2.1381691e-001
  1.8690000e+003 -2.1397269e-001
  1.8700000e+003 -2.1399000e-001
  1.8710000e+003 -1.8194800e-001
  1.8720000e+003 -1.2427240e-001
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  1.8730000e+003 -5.5061680e-002
  1.8740000e+003  9.5349920e-003
  1.8750000e+003  5.7982496e-002
  1.8760000e+003  8.7050998e-002
  1.8770000e+003  1.0061630e-001
  1.8780000e+003  1.0526726e-001
  1.8790000e+003  1.0631373e-001
  1.8800000e+003  1.0643000e-001
  1.8810000e+003  9.9105000e-002
  1.8820000e+003  8.5920000e-002
  1.8830000e+003  7.0098000e-002
  1.8840000e+003  5.5330800e-002
  1.8850000e+003  4.4255400e-002
  1.8860000e+003  3.7610160e-002
  1.8870000e+003  3.4509048e-002
  1.8880000e+003  3.3445810e-002
  1.8890000e+003  3.3206581e-002
  1.8900000e+003  3.3180000e-002
  1.8910000e+003  5.0110000e-002
  1.8920000e+003  8.0584000e-002
  1.8930000e+003  1.1715280e-001
  1.8940000e+003  1.5128368e-001
  1.8950000e+003  1.7688184e-001
  1.8960000e+003  1.9224074e-001
  1.8970000e+003  1.9940822e-001
  1.8980000e+003  2.0186564e-001
  1.8990000e+003  2.0241856e-001
  1.9000000e+003  2.0248000e-001
  1.9010000e+003  1.7987900e-001
  1.9020000e+003  1.3919720e-001
  1.9030000e+003  9.0379040e-002
  1.9040000e+003  4.4815424e-002
  1.9050000e+003  1.0642712e-002
  1.9060000e+003 -9.8609152e-003
  1.9070000e+003 -1.9429275e-002
  1.9080000e+003 -2.2709855e-002
  1.9090000e+003 -2.3447985e-002
  1.9100000e+003 -2.3530000e-002
  1.9110000e+003 -3.9109000e-002
  1.9120000e+003 -6.7151200e-002
  1.9130000e+003 -1.0080184e-001
  1.9140000e+003 -1.3220910e-001
  1.9150000e+003 -1.5576455e-001
  1.9160000e+003 -1.6989782e-001
  1.9170000e+003 -1.7649335e-001
  1.9180000e+003 -1.7875467e-001
  1.9190000e+003 -1.7926347e-001
  1.9200000e+003 -1.7932000e-001
  1.9210000e+003 -1.6590500e-001
  1.9220000e+003 -1.4175800e-001
  1.9230000e+003 -1.1278160e-001
  1.9240000e+003 -8.5736960e-002
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  1.9250000e+003 -6.5453480e-002
  1.9260000e+003 -5.3283392e-002
  1.9270000e+003 -4.7604018e-002
  1.9280000e+003 -4.5656804e-002
  1.9290000e+003 -4.5218680e-002
  1.9300000e+003 -4.5170000e-002
  1.9310000e+003 -2.2440000e-003
  1.9320000e+003  7.5022800e-002
  1.9330000e+003  1.6774296e-001
  1.9340000e+003  2.5428178e-001
  1.9350000e+003  3.1918589e-001
  1.9360000e+003  3.5812836e-001
  1.9370000e+003  3.7630151e-001
  1.9380000e+003  3.8253230e-001
  1.9390000e+003  3.8393423e-001
  1.9400000e+003  3.8409000e-001
  1.9410000e+003  4.0973400e-001
  1.9420000e+003  4.5589320e-001
  1.9430000e+003  5.1128424e-001
  1.9440000e+003  5.6298254e-001
  1.9450000e+003  6.0175627e-001
  1.9460000e+003  6.2502051e-001
  1.9470000e+003  6.3587715e-001
  1.9480000e+003  6.3959943e-001
  1.9490000e+003  6.4043694e-001
  1.9500000e+003  6.4053000e-001
  1.9510000e+003  6.5500300e-001
  1.9520000e+003  6.8105440e-001
  1.9530000e+003  7.1231608e-001
  1.9540000e+003  7.4149365e-001
  1.9550000e+003  7.6337682e-001
  1.9560000e+003  7.7650673e-001
  1.9570000e+003  7.8263402e-001
  1.9580000e+003  7.8473480e-001
  1.9590000e+003  7.8520748e-001
  1.9600000e+003  7.8526000e-001
  1.9610000e+003  8.1930300e-001
  1.9620000e+003  8.8058040e-001
  1.9630000e+003  9.5411328e-001
  1.9640000e+003  1.0227440e+000
  1.9650000e+003  1.0742170e+000
  1.9660000e+003  1.1051008e+000
  1.9670000e+003  1.1195132e+000
  1.9680000e+003  1.1244546e+000
  1.9690000e+003  1.1255665e+000
  1.9700000e+003  1.1256900e+000
  1.9710000e+003  1.1142150e+000
  1.9720000e+003  1.0935600e+000
  1.9730000e+003  1.0687740e+000
  1.9740000e+003  1.0456404e+000
  1.9750000e+003  1.0282902e+000
  1.9760000e+003  1.0178801e+000
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  1.9770000e+003  1.0130220e+000
  1.9780000e+003  1.0113564e+000
  1.9790000e+003  1.0109816e+000
  1.9800000e+003  1.0109400e+000
  1.9810000e+003  1.0563940e+000
  1.9820000e+003  1.1382112e+000
  1.9830000e+003  1.2363918e+000
  1.9840000e+003  1.3280271e+000
  1.9850000e+003  1.3967536e+000
  1.9860000e+003  1.4379894e+000
  1.9870000e+003  1.4572328e+000
  1.9880000e+003  1.4638306e+000
  1.9890000e+003  1.4653151e+000
  1.9900000e+003  1.4654800e+000
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  2.0000000e+002  4.5230897e-002
  2.0100000e+002 -1.4101808e-001
  2.0200000e+002  7.1609466e-002
  2.0300000e+002  2.3086973e-001
  2.0400000e+002  1.6557694e-001
  2.0500000e+002  1.4141997e-001
  2.0600000e+002  1.5490376e-001
  2.0700000e+002 -6.7329653e-002
  2.0800000e+002 -3.4868656e-001
  2.0900000e+002 -6.4681123e-002
  2.1000000e+002  1.0412907e-001
  2.1100000e+002 -1.0264800e-001
  2.1200000e+002  2.4708150e-001
  2.1300000e+002  2.5611239e-001
  2.1400000e+002 -4.5894348e-002
  2.1500000e+002 -2.3259002e-001
  2.1600000e+002 -1.3456777e-003
  2.1700000e+002  1.9857802e-001
  2.1800000e+002  2.8776055e-001
  2.1900000e+002  4.4711074e-002
  2.2000000e+002  5.3919657e-002
  2.2100000e+002 -1.1875264e-001
  2.2200000e+002  8.8973150e-002
  2.2300000e+002 -9.1259320e-002
  2.2400000e+002 -1.4402436e-001
  2.2500000e+002 -1.6096705e-001
  2.2600000e+002 -2.6208358e-001
  2.2700000e+002 -7.2958768e-002
  2.2800000e+002  9.8745040e-002
  2.2900000e+002  7.7315665e-002
  2.3000000e+002 -8.0012950e-002
  2.3100000e+002 -1.8626051e-001
  2.3200000e+002  1.7355218e-001
  2.3300000e+002 -4.9687281e-002
  2.3400000e+002 -1.1593413e-001
  2.3500000e+002 -6.5324775e-001
  2.3600000e+002 -4.1801480e-001
  2.3700000e+002  7.6009188e-002
  2.3800000e+002 -1.8650955e-001
  2.3900000e+002 -9.2330591e-002
  2.4000000e+002  1.4272447e-001
  2.4100000e+002  2.6436751e-001
  2.4200000e+002  1.0404803e-001
  2.4300000e+002 -1.6246920e-001
  2.4400000e+002 -1.2449244e-001
  2.4500000e+002 -1.5481713e-002
  2.4600000e+002  5.2372046e-002
  2.4700000e+002  2.3123795e-001
  2.4800000e+002 -2.5759096e-001
  2.4900000e+002 -9.4177648e-003
  2.5000000e+002  1.3680481e-001
  2.5100000e+002  3.1184972e-001
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  2.5200000e+002  3.4406059e-001
  2.5300000e+002  1.8687745e-001
  2.5400000e+002  3.2581439e-001
  2.5500000e+002 -2.0856548e-001
  2.5600000e+002  1.0104373e-001
  2.5700000e+002  1.4412084e-003
  2.5800000e+002  6.4588885e-002
  2.5900000e+002 -2.4417537e-002
  2.6000000e+002  1.5410920e-001
  2.6100000e+002 -2.7288919e-001
  2.6200000e+002 -1.6343176e-001
  2.6300000e+002 -5.3187689e-002
  2.6400000e+002  2.7596431e-002
  2.6500000e+002  4.8221364e-002
  2.6600000e+002  1.5251811e-001
  2.6700000e+002  1.0381085e-001
  2.6800000e+002  4.5356011e-001
  2.6900000e+002  3.0716795e-001
  2.7000000e+002  2.4997294e-001
  2.7100000e+002  1.6884807e-001
  2.7200000e+002 -4.5469398e-002
  2.7300000e+002  7.9924664e-002
  2.7400000e+002 -3.9591538e-001
  2.7500000e+002 -6.9450454e-002
  2.7600000e+002  2.3574717e-001
  2.7700000e+002  2.5868997e-001
  2.7800000e+002 -9.5427790e-002
  2.7900000e+002 -3.4529387e-002
  2.8000000e+002  2.8243483e-001
  2.8100000e+002  3.5786674e-001
  2.8200000e+002  1.6875913e-001
  2.8300000e+002  2.0523295e-001
  2.8400000e+002  1.3783853e-001
  2.8500000e+002  1.7954991e-002
  2.8600000e+002  3.1694399e-001
  2.8700000e+002  7.0676551e-002
  2.8800000e+002  3.8222065e-001
  2.8900000e+002  9.9743180e-002
  2.9000000e+002  3.0375411e-002
  2.9100000e+002 -3.9919442e-001
  2.9200000e+002  4.7713400e-002
  2.9300000e+002 -3.8361158e-001
  2.9400000e+002 -5.3856244e-001
  2.9500000e+002  3.4156484e-002
  2.9600000e+002  1.5572797e-001
  2.9700000e+002 -9.8639626e-002
  2.9800000e+002  3.2257053e-002
  2.9900000e+002  1.0387607e-001
  3.0000000e+002  1.1778086e-001
  3.0100000e+002 -1.5808829e-003
  3.0200000e+002  7.6679227e-002
  3.0300000e+002 -5.0475910e-002
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  3.0400000e+002  1.2251659e-001
  3.0500000e+002 -1.0498029e-001
  3.0600000e+002 -3.2494268e-001
  3.0700000e+002 -2.1022378e-001
  3.0800000e+002 -3.2897873e-001
  3.0900000e+002 -9.5967378e-002
  3.1000000e+002  1.3833266e-001
  3.1100000e+002  1.8876324e-001
  3.1200000e+002  7.5922222e-002
  3.1300000e+002  1.2781957e-001
  3.1400000e+002  2.8783249e-001
  3.1500000e+002  1.4234894e-001
  3.1600000e+002  2.1924703e-001
  3.1700000e+002  2.6191465e-001
  3.1800000e+002  1.4286481e-001
  3.1900000e+002  3.2068435e-001
  3.2000000e+002 -1.6515430e-002
  3.2100000e+002 -5.1340141e-001
  3.2200000e+002 -6.3837151e-002
  3.2300000e+002 -8.4491732e-002
  3.2400000e+002 -1.3054058e-001
  3.2500000e+002  8.5893740e-002
  3.2600000e+002 -8.5250714e-002
  3.2700000e+002  1.8074570e-001
  3.2800000e+002 -1.4656418e-001
  3.2900000e+002  4.4272288e-002
  3.3000000e+002  3.4922918e-001
  3.3100000e+002  1.9525985e-001
  3.3200000e+002  2.5275884e-001
  3.3300000e+002  4.3209907e-003
  3.3400000e+002  8.2509946e-002
  3.3500000e+002  9.6817938e-002
  3.3600000e+002 -1.4085008e-001
  3.3700000e+002 -1.4300646e-001
  3.3800000e+002  1.4131324e-001
  3.3900000e+002 -1.8827063e-001
  3.4000000e+002 -1.0929502e-001
  3.4100000e+002  4.8187764e-002
  3.4200000e+002 -7.4638805e-002
  3.4300000e+002  1.4570901e-001
  3.4400000e+002 -1.9871651e-001
  3.4500000e+002  2.1103876e-001
  3.4600000e+002  1.4586318e-001
  3.4700000e+002  1.8641099e-001
  3.4800000e+002 -7.2170138e-002
  3.4900000e+002  1.4163541e-001
  3.5000000e+002  2.6184033e-001
  3.5100000e+002  1.8555654e-001
  3.5200000e+002  7.7284040e-002
  3.5300000e+002  9.6904904e-002
  3.5400000e+002  1.7061705e-001
  3.5500000e+002  3.2475656e-001
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  3.5600000e+002  2.4065684e-001
  3.5700000e+002  8.9697539e-003
  3.5800000e+002  1.5391451e-002
  3.5900000e+002 -3.7600892e-002
  3.6000000e+002  2.1325641e-001
  3.6100000e+002 -7.0527654e-002
  3.6200000e+002  4.1070333e-002
  3.6300000e+002 -2.2451003e-001
  3.6400000e+002 -2.4858300e-002
  3.6500000e+002  3.3164669e-001
  3.6600000e+002  1.4263158e-001
  3.6700000e+002  1.7696067e-002
  3.6800000e+002  1.7729926e-001
  3.6900000e+002 -2.9905824e-001
  3.7000000e+002 -4.0041393e-001
  3.7100000e+002 -1.2753430e-001
  3.7200000e+002  1.8714862e-001
  3.7300000e+002 -1.5768208e-001
  3.7400000e+002 -1.1034652e-001
  3.7500000e+002 -3.7112692e-002
  3.7600000e+002 -9.2636951e-002
  3.7700000e+002 -1.2448058e-001
  3.7800000e+002 -1.2942780e-001
  3.7900000e+002  1.1161611e-001
  3.8000000e+002  6.0372978e-002
  3.8100000e+002  1.5037359e-001
  3.8200000e+002  9.8725275e-002
  3.8300000e+002 -7.0725306e-002
  3.8400000e+002  1.3501903e-002
  3.8500000e+002 -1.4333258e-001
  3.8600000e+002 -1.1578985e-001
  3.8700000e+002 -8.3005393e-002
  3.8800000e+002 -2.0041533e-002
  3.8900000e+002  2.5101121e-001
  3.9000000e+002  2.8910813e-002
  3.9100000e+002 -1.1340914e-002
  3.9200000e+002  2.7815824e-002
  3.9300000e+002  1.6354706e-001
  3.9400000e+002  1.7375774e-001
  3.9500000e+002  1.1359262e-001
  3.9600000e+002  7.2243927e-002
  3.9700000e+002  7.0528312e-002
  3.9800000e+002  1.3495973e-002
  3.9900000e+002 -4.5240122e-002
  4.0000000e+002 -2.2291103e-001
  4.0100000e+002  7.6910479e-002
  4.0200000e+002 -3.6439590e-001
  4.0300000e+002 -1.4757616e-001
  4.0400000e+002 -1.4948745e-001
  4.0500000e+002 -7.2879707e-002
  4.0600000e+002 -1.4024724e-001
  4.0700000e+002  2.7416568e-002

4

ABOR/MH/Priv-004665



  4.0800000e+002  1.2191177e-001
  4.0900000e+002 -6.0654962e-002
  4.1000000e+002  1.0045473e-001
  4.1100000e+002  1.8783151e-002
  4.1200000e+002 -1.3292030e-001
  4.1300000e+002 -1.1752029e-002
  4.1400000e+002 -2.0292550e-002
  4.1500000e+002 -2.0415094e-002
  4.1600000e+002 -3.2927323e-001
  4.1700000e+002  7.2566099e-002
  4.1800000e+002 -1.8489474e-001
  4.1900000e+002 -2.7518392e-001
  4.2000000e+002 -2.0705542e-001
  4.2100000e+002 -1.1844925e-002
  4.2200000e+002  6.5840019e-002
  4.2300000e+002 -1.1734536e-001
  4.2400000e+002 -1.3154267e-001
  4.2500000e+002  9.0560291e-002
  4.2600000e+002  1.3116482e-002
  4.2700000e+002  1.9650130e-001
  4.2800000e+002  5.0508192e-002
  4.2900000e+002  1.7657862e-001
  4.3000000e+002  2.0181101e-001
  4.3100000e+002 -2.1047875e-001
  4.3200000e+002  3.3968715e-002
  4.3300000e+002  2.9471709e-001
  4.3400000e+002  1.3139509e-001
  4.3500000e+002  2.6254951e-001
  4.3600000e+002 -7.3881800e-002
  4.3700000e+002 -4.3304224e-001
  4.3800000e+002  9.9938855e-002
  4.3900000e+002 -1.8154455e-001
  4.4000000e+002 -2.0070488e-001
  4.4100000e+002 -2.2646875e-001
  4.4200000e+002 -3.7213000e-001
  4.4300000e+002 -1.7187346e-001
  4.4400000e+002 -1.8288265e-001
  4.4500000e+002 -1.1546965e-001
  4.4600000e+002 -3.5552332e-001
  4.4700000e+002 -3.3644995e-001
  4.4800000e+002 -1.9368430e-001
  4.4900000e+002 -4.6569624e-001
  4.5000000e+002 -1.6389822e-001
  4.5100000e+002 -2.6813369e-001
  4.5200000e+002  1.2954408e-002
  4.5300000e+002  7.8363218e-002
  4.5400000e+002  7.3775726e-002
  4.5500000e+002 -1.3294600e-001
  4.5600000e+002 -6.1781576e-002
  4.5700000e+002  6.8907570e-002
  4.5800000e+002  2.4495279e-001
  4.5900000e+002  2.9115086e-001
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  4.6000000e+002  8.0269563e-003
  4.6100000e+002 -1.6947595e-001
  4.6200000e+002  1.9411307e-001
  4.6300000e+002 -4.1343916e-001
  4.6400000e+002 -1.7193868e-001
  4.6500000e+002 -3.8223494e-002
  4.6600000e+002 -9.7429999e-002
  4.6700000e+002 -1.1341210e-001
  4.6800000e+002  7.3364611e-002
  4.6900000e+002 -1.1572067e-001
  4.7000000e+002 -1.4950722e-001
  4.7100000e+002 -1.6742630e-001
  4.7200000e+002 -3.3961238e-001
  4.7300000e+002 -2.1411751e-001
  4.7400000e+002 -2.8081106e-001
  4.7500000e+002 -5.0764481e-002
  4.7600000e+002  6.7747356e-002
  4.7700000e+002  1.6321500e-001
  4.7800000e+002  7.3374494e-002
  4.7900000e+002 -9.4629278e-002
  4.8000000e+002  2.8629338e-001
  4.8100000e+002  1.0855448e-001
  4.8200000e+002 -1.3206744e-002
  4.8300000e+002  4.6527491e-002
  4.8400000e+002  9.2216611e-002
  4.8500000e+002  6.3017555e-002
  4.8600000e+002 -2.0115553e-001
  4.8700000e+002  1.6046370e-001
  4.8800000e+002 -3.5238462e-001
  4.8900000e+002 -9.5338847e-002
  4.9000000e+002 -3.3671580e-002
  4.9100000e+002 -9.5334893e-002
  4.9200000e+002 -2.8655185e-002
  4.9300000e+002 -1.1637391e-002
  4.9400000e+002  1.7522490e-001
  4.9500000e+002  1.9787794e-001
  4.9600000e+002  2.5345991e-001
  4.9700000e+002  1.1792909e-001
  4.9800000e+002  1.5010873e-001
  4.9900000e+002  1.5621024e-001
  5.0000000e+002  5.3123122e-002
  5.0100000e+002 -3.8616820e-002
  5.0200000e+002  3.5310190e-001
  5.0300000e+002  3.1221142e-001
  5.0400000e+002  3.8152335e-001
  5.0500000e+002  1.3754205e-001
  5.0600000e+002 -2.3016681e-001
  5.0700000e+002 -1.8734072e-003
  5.0800000e+002  1.6300945e-001
  5.0900000e+002  1.1139276e-001
  5.1000000e+002  2.2749997e-001
  5.1100000e+002  1.5680022e-002

6

ABOR/MH/Priv-004667



  5.1200000e+002 -3.6614611e-002
  5.1300000e+002 -1.0955394e-001
  5.1400000e+002 -2.5524385e-002
  5.1500000e+002 -7.1013877e-002
  5.1600000e+002 -1.5396623e-001
  5.1700000e+002 -2.0412228e-001
  5.1800000e+002 -1.6098484e-001
  5.1900000e+002  9.2853049e-002
  5.2000000e+002  5.7631552e-002
  5.2100000e+002  9.0321133e-002
  5.2200000e+002  1.9812125e-001
  5.2300000e+002  2.9913974e-001
  5.2400000e+002  1.7277738e-001
  5.2500000e+002  1.2333289e-001
  5.2600000e+002  1.6386725e-001
  5.2700000e+002  3.4385859e-001
  5.2800000e+002 -9.0609046e-002
  5.2900000e+002 -2.9530781e-002
  5.3000000e+002  2.4900939e-001
  5.3100000e+002 -1.9633481e-001
  5.3200000e+002  1.0278701e-001
  5.3300000e+002  9.1829214e-002
  5.3400000e+002  4.1121723e-002
  5.3500000e+002 -1.1469090e-001
  5.3600000e+002 -5.0475218e-001
  5.3700000e+002 -1.9737643e-001
  5.3800000e+002  3.6249072e-001
  5.3900000e+002 -3.4695415e-002
  5.4000000e+002  3.7093585e-002
  5.4100000e+002  9.0416006e-002
  5.4200000e+002 -2.6188593e-001
  5.4300000e+002 -2.8290023e-001
  5.4400000e+002 -1.1004609e-001
  5.4500000e+002 -1.4929375e-001
  5.4600000e+002 -7.2717633e-002
  5.4700000e+002 -2.3326401e-001
  5.4800000e+002  5.2158582e-002
  5.4900000e+002  1.3813501e-001
  5.5000000e+002  4.2204853e-002
  5.5100000e+002 -2.6087692e-002
  5.5200000e+002  1.4715780e-001
  5.5300000e+002  1.3915686e-001
  5.5400000e+002 -3.9477493e-001
  5.5500000e+002  7.3054298e-002
  5.5600000e+002 -1.7543712e-001
  5.5700000e+002  3.2452452e-001
  5.5800000e+002  1.0436328e-002
  5.5900000e+002 -5.9573808e-002
  5.6000000e+002  1.3959763e-001
  5.6100000e+002  1.5215541e-002
  5.6200000e+002 -3.0169294e-001
  5.6300000e+002 -4.7776682e-001
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  5.6400000e+002  3.9158052e-003
  5.6500000e+002 -1.9194102e-001
  5.6600000e+002 -1.4641694e-002
  5.6700000e+002  1.1321511e-001
  5.6800000e+002 -2.1523919e-002
  5.6900000e+002 -5.4435759e-001
  5.7000000e+002 -3.6376341e-001
  5.7100000e+002 -7.2557535e-002
  5.7200000e+002 -1.4015139e-002
  5.7300000e+002  1.7121001e-001
  5.7400000e+002  3.0003826e-002
  5.7500000e+002  2.4763077e-001
  5.7600000e+002 -3.3161639e-002
  5.7700000e+002  5.9364956e-002
  5.7800000e+002 -1.5637165e-001
  5.7900000e+002 -8.1730541e-002
  5.8000000e+002 -2.9035762e-001
  5.8100000e+002 -2.9159196e-002
  5.8200000e+002  1.4646997e-001
  5.8300000e+002  8.5960941e-002
  5.8400000e+002 -7.3271057e-002
  5.8500000e+002  5.2943259e-002
  5.8600000e+002  3.8351270e-001
  5.8700000e+002  2.5542753e-001
  5.8800000e+002  9.4716902e-002
  5.8900000e+002  3.3291542e-001
  5.9000000e+002 -9.7708688e-002
  5.9100000e+002 -2.5850609e-001
  5.9200000e+002  1.9718754e-001
  5.9300000e+002  2.0886756e-001
  5.9400000e+002 -2.1072186e-001
  5.9500000e+002  1.2408594e-001
  5.9600000e+002 -4.1264460e-001
  5.9700000e+002  3.2735607e-001
  5.9800000e+002  1.5331859e-001
  5.9900000e+002  8.3213585e-002
  6.0000000e+002  1.5542161e-001
  6.0100000e+002  9.7623364e-003
  6.0200000e+002 -1.0593297e-001
  6.0300000e+002 -3.2245623e-001
  6.0400000e+002 -6.1447545e-002
  6.0500000e+002  8.7095461e-002
  6.0600000e+002 -1.0785612e-001
  6.0700000e+002  1.3014396e-001
  6.0800000e+002 -1.0596459e-001
  6.0900000e+002  1.2484946e-004
  6.1000000e+002 -3.0189454e-001
  6.1100000e+002 -4.6342720e-001
  6.1200000e+002 -2.2689568e-001
  6.1300000e+002 -1.4621829e-001
  6.1400000e+002  4.0182878e-002
  6.1500000e+002 -1.3126991e-001
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  6.1600000e+002 -2.0943317e-001
  6.1700000e+002 -7.0632410e-002
  6.1800000e+002  4.4031153e-002
  6.1900000e+002 -1.2912539e-001
  6.2000000e+002 -2.6201835e-001
  6.2100000e+002  1.9907571e-001
  6.2200000e+002  8.8852582e-002
  6.2300000e+002  1.6958531e-001
  6.2400000e+002 -1.4359744e-001
  6.2500000e+002 -1.6911820e-001
  6.2600000e+002 -1.1737106e-001
  6.2700000e+002 -5.1956813e-001
  6.2800000e+002  8.7779335e-002
  6.2900000e+002  1.0393734e-001
  6.3000000e+002 -4.8665422e-002
  6.3100000e+002  2.2242724e-001
  6.3200000e+002  8.9483091e-002
  6.3300000e+002  1.9453189e-002
  6.3400000e+002  1.6545736e-002
  6.3500000e+002 -1.0957470e-002
  6.3600000e+002  2.0793326e-001
  6.3700000e+002  4.1307515e-002
  6.3800000e+002  1.0177306e-001
  6.3900000e+002 -1.9493939e-001
  6.4000000e+002 -1.2606180e-001
  6.4100000e+002  2.1038948e-001
  6.4200000e+002  1.6240859e-001
  6.4300000e+002  8.9319040e-002
  6.4400000e+002 -2.0145991e-001
  6.4500000e+002 -5.6748874e-001
  6.4600000e+002 -2.3417123e-001
  6.4700000e+002  2.8845588e-002
  6.4800000e+002 -2.8446168e-001
  6.4900000e+002  4.2440058e-002
  6.5000000e+002 -1.5754472e-002
  6.5100000e+002 -4.1999329e-001
  6.5200000e+002  3.6257519e-002
  6.5300000e+002 -7.4245479e-002
  6.5400000e+002 -1.9122453e-002
  6.5500000e+002  3.5719907e-002
  6.5600000e+002  2.0182761e-001
  6.5700000e+002  1.4500340e-001
  6.5800000e+002 -1.4306678e-003
  6.5900000e+002 -3.0876788e-002
  6.6000000e+002 -1.4895379e-001
  6.6100000e+002 -3.6956548e-002
  6.6200000e+002  6.7749332e-002
  6.6300000e+002  4.5084635e-002
  6.6400000e+002 -1.5247001e-001
  6.6500000e+002  6.0224740e-002
  6.6600000e+002  5.8969653e-002
  6.6700000e+002 -3.0380682e-002
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  6.6800000e+002  2.2193054e-001
  6.6900000e+002  2.1801942e-001
  6.7000000e+002  1.2062506e-001
  6.7100000e+002  4.0360626e-001
  6.7200000e+002  4.8314795e-001
  6.7300000e+002  7.3200561e-002
  6.7400000e+002  2.3732740e-001
  6.7500000e+002  1.2028510e-001
  6.7600000e+002 -6.0320931e-002
  6.7700000e+002 -5.4239886e-001
  6.7800000e+002 -5.8053868e-002
  6.7900000e+002  2.4375068e-001
  6.8000000e+002  5.1783044e-002
  6.8100000e+002 -3.4812918e-001
  6.8200000e+002  3.0750949e-002
  6.8300000e+002  1.7963154e-001
  6.8400000e+002  3.2409245e-002
  6.8500000e+002 -8.5398953e-002
  6.8600000e+002 -3.8956781e-002
  6.8700000e+002 -4.5414055e-002
  6.8800000e+002  9.9966526e-002
  6.8900000e+002  1.6598608e-001
  6.9000000e+002  1.8676083e-001
  6.9100000e+002  2.0641905e-001
  6.9200000e+002  1.3302967e-001
  6.9300000e+002 -6.2508933e-002
  6.9400000e+002  1.4343898e-002
  6.9500000e+002  7.5728523e-002
  6.9600000e+002  7.7052788e-002
  6.9700000e+002 -5.5553577e-002
  6.9800000e+002 -1.4342350e-001
  6.9900000e+002 -5.0431339e-001
  7.0000000e+002  2.1667163e-001
  7.0100000e+002  5.1510285e-002
  7.0200000e+002 -5.1877259e-002
  7.0300000e+002 -5.8623105e-002
  7.0400000e+002  1.6527849e-001
  7.0500000e+002  2.4985653e-001
  7.0600000e+002 -8.4448249e-002
  7.0700000e+002 -7.5113169e-002
  7.0800000e+002  1.3547659e-001
  7.0900000e+002  5.9617950e-002
  7.1000000e+002  1.9809773e-001
  7.1100000e+002  5.0187005e-003
  7.1200000e+002 -1.0452569e-001
  7.1300000e+002 -1.0617015e-001
  7.1400000e+002  4.0663171e-002
  7.1500000e+002  9.6667723e-002
  7.1600000e+002  6.2995814e-002
  7.1700000e+002 -3.0706906e-001
  7.1800000e+002 -1.8406955e-002
  7.1900000e+002  3.9554346e-002
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  7.2000000e+002 -2.2176465e-001
  7.2100000e+002  9.5713066e-002
  7.2200000e+002  1.5922442e-001
  7.2300000e+002  2.8056406e-001
  7.2400000e+002  2.8766666e-001
  7.2500000e+002  1.7658969e-001
  7.2600000e+002  1.9171358e-001
  7.2700000e+002  8.4814562e-002
  7.2800000e+002  3.7157633e-001
  7.2900000e+002 -2.8352778e-002
  7.3000000e+002  1.8486911e-001
  7.3100000e+002  2.9701518e-001
  7.3200000e+002  1.4178168e-001
  7.3300000e+002 -3.9640655e-002
  7.3400000e+002  1.0420516e-002
  7.3500000e+002  2.8494500e-001
  7.3600000e+002  3.0750949e-002
  7.3700000e+002  3.3332277e-002
  7.3800000e+002 -1.5832643e-001
  7.3900000e+002 -1.3374846e-001
  7.4000000e+002 -2.1014867e-001
  7.4100000e+002 -2.4140133e-001
  7.4200000e+002  1.5083016e-001
  7.4300000e+002 -2.7079013e-001
  7.4400000e+002 -1.8206239e-001
  7.4500000e+002 -2.0567779e-001
  7.4600000e+002 -5.5725534e-002
  7.4700000e+002 -2.9327200e-002
  7.4800000e+002  2.8226939e-002
  7.4900000e+002 -8.1210718e-002
  7.5000000e+002 -1.7483428e-001
  7.5100000e+002 -2.2370163e-001
  7.5200000e+002 -7.7283382e-002
  7.5300000e+002  3.0416918e-002
  7.5400000e+002  2.1383751e-001
  7.5500000e+002  1.7917437e-002
  7.5600000e+002  1.2475202e-001
  7.5700000e+002  2.5813614e-002
  7.5800000e+002  7.3008839e-002
  7.5900000e+002  2.1875468e-001
  7.6000000e+002  1.5635650e-001
  7.6100000e+002 -2.4388976e-001
  7.6200000e+002 -5.6240317e-001
  7.6300000e+002 -8.7561260e-002
  7.6400000e+002 -1.4493455e-002
  7.6500000e+002  1.1553949e-001
  7.6600000e+002 -3.6272673e-002
  7.6700000e+002 -1.9797927e-001
  7.6800000e+002  4.0449708e-002
  7.6900000e+002 -1.5482602e-001
  7.7000000e+002 -1.1915783e-001
  7.7100000e+002 -1.6731562e-001
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  7.7200000e+002  5.3431458e-002
  7.7300000e+002 -2.0541096e-001
  7.7400000e+002 -1.1063114e-001
  7.7500000e+002 -1.3009191e-001
  7.7600000e+002 -9.5301293e-002
  7.7700000e+002 -2.0162001e-001
  7.7800000e+002 -8.1329308e-002
  7.7900000e+002  3.1658169e-002
  7.8000000e+002 -3.7055373e-002
  7.8100000e+002 -1.0348209e-001
  7.8200000e+002 -3.4437380e-001
  7.8300000e+002 -1.0643698e-001
  7.8400000e+002  2.2378590e-001
  7.8500000e+002  3.4834449e-001
  7.8600000e+002  2.3258356e-001
  7.8700000e+002  1.7541366e-001
  7.8800000e+002 -3.3493693e-002
  7.8900000e+002 -6.6388832e-002
  7.9000000e+002 -7.9107706e-002
  7.9100000e+002  4.0222408e-002
  7.9200000e+002  3.7852567e-002
  7.9300000e+002  5.7603881e-002
  7.9400000e+002 -2.1306798e-001
  7.9500000e+002 -1.0658522e-001
  7.9600000e+002 -2.0905368e-001
  7.9700000e+002 -2.8364538e-001
  7.9800000e+002 -2.6972874e-001
  7.9900000e+002 -6.0744201e-001
  8.0000000e+002 -6.9530506e-003
  8.0100000e+002 -4.3111415e-002
  8.0200000e+002 -6.5499400e-002
  8.0300000e+002  2.1378809e-001
  8.0400000e+002 -3.2902715e-002
  8.0500000e+002  2.5449462e-001
  8.0600000e+002  1.7814520e-001
  8.0700000e+002  6.8213813e-002
  8.0800000e+002 -3.6308251e-002
  8.0900000e+002 -7.7046694e-001
  8.1000000e+002 -1.0624130e-001
  8.1100000e+002  7.3674924e-002
  8.1200000e+002  2.4574775e-001
  8.1300000e+002  6.2788280e-002
  8.1400000e+002 -1.6626115e-002
  8.1500000e+002  1.6964065e-001
  8.1600000e+002  1.8216840e-004
  8.1700000e+002 -5.6621982e-001
  8.1800000e+002 -2.5783802e-001
  8.1900000e+002 -2.2423332e-001
  8.2000000e+002  1.6131557e-001
  8.2100000e+002  2.5386668e-001
  8.2200000e+002  8.5186147e-002
  8.2300000e+002 -1.1559417e-001
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  8.2400000e+002  2.9804198e-002
  8.2500000e+002 -7.4595322e-002
  8.2600000e+002  1.7227140e-001
  8.2700000e+002 -8.6385234e-002
  8.2800000e+002  1.3209082e-001
  8.2900000e+002 -1.8018866e-001
  8.3000000e+002 -1.4131061e-001
  8.3100000e+002 -1.9067111e-002
  8.3200000e+002  9.2572384e-002
  8.3300000e+002  2.6601592e-001
  8.3400000e+002  1.0979376e-001
  8.3500000e+002 -6.1421850e-002
  8.3600000e+002 -7.4377905e-002
  8.3700000e+002 -2.5291650e-001
  8.3800000e+002 -9.9333383e-002
  8.3900000e+002 -3.0560841e-001
  8.4000000e+002 -2.8718433e-002
  8.4100000e+002 -4.2653160e-001
  8.4200000e+002  1.5974424e-001
  8.4300000e+002  1.6812071e-001
  8.4400000e+002  7.7295900e-002
  8.4500000e+002 -2.9791681e-002
  8.4600000e+002  1.6231767e-001
  8.4700000e+002 -4.2674506e-001
  8.4800000e+002  3.3253217e-002
  8.4900000e+002  1.3291898e-001
  8.5000000e+002  1.3939998e-001
  8.5100000e+002  2.2465873e-001
  8.5200000e+002  1.6789935e-001
  8.5300000e+002  2.4264956e-001
  8.5400000e+002  2.2302455e-001
  8.5500000e+002  6.1175443e-002
  8.5600000e+002  2.5019550e-001
  8.5700000e+002  2.1602057e-001
  8.5800000e+002  3.7440622e-001
  8.5900000e+002  3.1498111e-001
  8.6000000e+002 -1.0201947e-001
  8.6100000e+002  6.5156145e-002
  8.6200000e+002  2.3467491e-002
  8.6300000e+002  1.1546636e-001
  8.6400000e+002  9.3398567e-002
  8.6500000e+002 -3.5721522e-001
  8.6600000e+002 -1.0103714e-001
  8.6700000e+002 -4.0281342e-001
  8.6800000e+002 -3.0586338e-001
  8.6900000e+002 -1.8267907e-001
  8.7000000e+002  1.2824650e-001
  8.7100000e+002  1.3451798e-001
  8.7200000e+002 -1.5804181e-001
  8.7300000e+002  7.3251950e-002
  8.7400000e+002  5.4963257e-002
  8.7500000e+002 -2.3773193e-002
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  8.7600000e+002  1.7779753e-001
  8.7700000e+002  1.0805936e-002
  8.7800000e+002 -2.7352958e-001
  8.7900000e+002  7.4402282e-002
  8.8000000e+002 -1.4038165e-001
  8.8100000e+002  6.5725381e-002
  8.8200000e+002  1.3620000e-001
  8.8300000e+002 -6.8207226e-002
  8.8400000e+002 -4.1051195e-001
  8.8500000e+002  7.6825489e-002
  8.8600000e+002 -2.5194603e-001
  8.8700000e+002 -5.7103165e-002
  8.8800000e+002 -3.9824471e-002
  8.8900000e+002 -1.2393111e-001
  8.9000000e+002  7.9260555e-002
  8.9100000e+002  3.3477295e-001
  8.9200000e+002  2.4008167e-001
  8.9300000e+002  1.2414523e-001
  8.9400000e+002  4.7040180e-001
  8.9500000e+002  1.7109735e-001
  8.9600000e+002  4.7349149e-001
  8.9700000e+002  2.8922100e-001
  8.9800000e+002  1.0834497e-001
  8.9900000e+002 -6.1732163e-002
  9.0000000e+002 -1.1986542e-001
  9.0100000e+002 -6.8166711e-003
  9.0200000e+002 -1.1107586e-001
  9.0300000e+002 -1.9685265e-001
  9.0400000e+002 -8.7505918e-002
  9.0500000e+002  1.2714954e-001
  9.0600000e+002 -1.5483590e-001
  9.0700000e+002 -3.8967948e-001
  9.0800000e+002  1.9959177e-002
  9.0900000e+002 -1.1535897e-001
  9.1000000e+002 -1.7308309e-001
  9.1100000e+002 -4.5453585e-002
  9.1200000e+002  7.1632192e-003
  9.1300000e+002 -3.1004767e-001
  9.1400000e+002 -1.0192459e-001
  9.1500000e+002  4.5596553e-002
  9.1600000e+002  3.4763274e-002
  9.1700000e+002  2.5416118e-001
  9.1800000e+002 -1.3119283e-001
  9.1900000e+002 -2.3294777e-001
  9.2000000e+002 -3.2318754e-001
  9.2100000e+002  1.6231470e-002
  9.2200000e+002 -4.3392574e-001
  9.2300000e+002 -2.5839935e-001
  9.2400000e+002 -6.8056516e-001
  9.2500000e+002 -9.4164797e-002
  9.2600000e+002 -2.9249131e-003
  9.2700000e+002 -2.2611101e-001
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  9.2800000e+002 -1.5629457e-001
  9.2900000e+002 -1.6296333e-001
  9.3000000e+002 -2.6217450e-001
  9.3100000e+002 -1.8827260e-001
  9.3200000e+002 -1.2920841e-001
  9.3300000e+002 -7.4284060e-004
  9.3400000e+002 -9.5828073e-004
  9.3500000e+002  4.9387508e-002
  9.3600000e+002  5.5868501e-002
  9.3700000e+002  3.5232681e-001
  9.3800000e+002  1.8686816e-001
  9.3900000e+002 -7.3361977e-002
  9.4000000e+002  1.3046415e-001
  9.4100000e+002  3.0719661e-001
  9.4200000e+002 -1.8022819e-001
  9.4300000e+002 -4.1636935e-002
  9.4400000e+002 -9.2631021e-002
  9.4500000e+002 -4.9645774e-002
  9.4600000e+002 -7.4787044e-002
  9.4700000e+002 -2.2848875e-001
  9.4800000e+002 -3.3163615e-002
  9.4900000e+002 -1.3103866e-001
  9.5000000e+002 -4.0811744e-003
  9.5100000e+002 -3.1054674e-002
  9.5200000e+002 -1.9543549e-001
  9.5300000e+002  7.0965122e-002
  9.5400000e+002 -9.3202234e-002
  9.5500000e+002 -3.0405685e-001
  9.5600000e+002 -7.0294425e-002
  9.5700000e+002 -6.0163501e-001
  9.5800000e+002 -2.4854445e-001
  9.5900000e+002 -9.1004349e-002
  9.6000000e+002 -2.6083739e-002
  9.6100000e+002 -5.2621911e-001
  9.6200000e+002  9.5456119e-002
  9.6300000e+002  1.9760577e-001
  9.6400000e+002  5.6269733e-002
  9.6500000e+002 -7.8444588e-003
  9.6600000e+002  3.0122971e-001
  9.6700000e+002 -2.1040957e-001
  9.6800000e+002  2.4919459e-001
  9.6900000e+002 -4.5768345e-001
  9.7000000e+002  2.0089252e-001
  9.7100000e+002 -1.4949733e-001
  9.7200000e+002 -2.8272630e-001
  9.7300000e+002 -3.4017470e-002
  9.7400000e+002  8.2883507e-002
  9.7500000e+002 -2.2331424e-001
  9.7600000e+002 -4.0403590e-002
  9.7700000e+002  1.2247705e-001
  9.7800000e+002  1.7941413e-001
  9.7900000e+002 -2.6639238e-001
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  9.8000000e+002 -2.7084152e-001
  9.8100000e+002 -4.6891796e-001
  9.8200000e+002  2.1922885e-001
  9.8300000e+002 -1.2381054e-001
  9.8400000e+002 -2.5596231e-001
  9.8500000e+002  2.5277979e-002
  9.8600000e+002  2.9985702e-001
  9.8700000e+002  1.5963751e-001
  9.8800000e+002 -8.8049459e-002
  9.8900000e+002  3.9895434e-001
  9.9000000e+002 -1.0752208e-001
  9.9100000e+002  2.1903076e-003
  9.9200000e+002 -5.8937371e-002
  9.9300000e+002 -1.3797425e-001
  9.9400000e+002 -8.3525217e-002
  9.9500000e+002 -6.9387501e-001
  9.9600000e+002 -8.0115728e-002
  9.9700000e+002 -2.3629401e-001
  9.9800000e+002 -3.8368471e-001
  9.9900000e+002 -2.0921082e-002
  1.0000000e+003 -6.2750068e-002
  1.0010000e+003 -4.0244183e-001
  1.0020000e+003 -6.3477425e-002
  1.0030000e+003 -1.5974556e-001
  1.0040000e+003  3.1766877e-002
  1.0050000e+003 -5.7387881e-001
  1.0060000e+003 -2.6670467e-001
  1.0070000e+003  1.4841091e-001
  1.0080000e+003 -4.7742390e-002
  1.0090000e+003 -9.4945520e-002
  1.0100000e+003  1.1527266e-001
  1.0110000e+003 -2.1740050e-001
  1.0120000e+003 -1.8469313e-001
  1.0130000e+003 -1.1386077e-001
  1.0140000e+003 -4.8316864e-001
  1.0150000e+003 -5.9931558e-002
  1.0160000e+003 -1.0770590e-001
  1.0170000e+003  6.7233462e-002
  1.0180000e+003 -1.6404745e-002
  1.0190000e+003 -1.2629898e-001
  1.0200000e+003  1.8688555e-001
  1.0210000e+003 -1.1329153e-001
  1.0220000e+003 -3.2917045e-001
  1.0230000e+003  1.0294118e-001
  1.0240000e+003  5.8123704e-002
  1.0250000e+003 -6.9814132e-002
  1.0260000e+003 -3.4307721e-001
  1.0270000e+003 -2.2132784e-001
  1.0280000e+003 -1.1436083e-001
  1.0290000e+003  5.0977611e-003
  1.0300000e+003 -1.0401179e-001
  1.0310000e+003 -8.5632182e-002
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  1.0320000e+003 -1.2766870e-001
  1.0330000e+003 -2.7795697e-001
  1.0340000e+003 -5.8047939e-002
  1.0350000e+003 -4.0258217e-001
  1.0360000e+003 -1.0684809e-001
  1.0370000e+003 -1.8965221e-001
  1.0380000e+003 -6.7877148e-002
  1.0390000e+003 -8.5481966e-002
  1.0400000e+003  4.8316237e-002
  1.0410000e+003  6.1930472e-002
  1.0420000e+003  2.0715945e-001
  1.0430000e+003 -3.1325950e-001
  1.0440000e+003 -1.8948618e-001
  1.0450000e+003 -7.1709610e-002
  1.0460000e+003 -2.4319402e-001
  1.0470000e+003  2.1672816e-002
  1.0480000e+003 -5.5997996e-001
  1.0490000e+003 -2.8284884e-001
  1.0500000e+003 -3.9798776e-002
  1.0510000e+003  5.0286823e-002
  1.0520000e+003 -4.1127986e-003
  1.0530000e+003 -2.5088860e-001
  1.0540000e+003 -6.0260651e-003
  1.0550000e+003 -2.0330202e-001
  1.0560000e+003 -1.7269569e-001
  1.0570000e+003 -2.1826819e-001
  1.0580000e+003  5.4664803e-002
  1.0590000e+003 -1.7860942e-001
  1.0600000e+003 -1.2270172e-001
  1.0610000e+003  2.2141645e-001
  1.0620000e+003  1.6798730e-002
  1.0630000e+003 -4.2768493e-003
  1.0640000e+003 -7.4741584e-002
  1.0650000e+003  1.8634379e-001
  1.0660000e+003  7.0534242e-002
  1.0670000e+003 -3.1324171e-001
  1.0680000e+003 -3.0235705e-001
  1.0690000e+003 -2.3569117e-001
  1.0700000e+003 -1.9897741e-001
  1.0710000e+003 -4.5283605e-002
  1.0720000e+003  3.0804315e-002
  1.0730000e+003 -2.0998166e-002
  1.0740000e+003 -4.2542179e-002
  1.0750000e+003 -4.1869215e-004
  1.0760000e+003  1.7155985e-001
  1.0770000e+003 -1.5693694e-001
  1.0780000e+003 -1.2731293e-001
  1.0790000e+003  1.4990318e-001
  1.0800000e+003  2.0335407e-001
  1.0810000e+003  3.1578081e-001
  1.0820000e+003  4.0943481e-001
  1.0830000e+003 -6.8956325e-002

17

ABOR/MH/Priv-004678



  1.0840000e+003  3.0828330e-001
  1.0850000e+003  1.7072774e-001
  1.0860000e+003  3.7645012e-001
  1.0870000e+003  3.5157747e-001
  1.0880000e+003  2.4802865e-001
  1.0890000e+003  1.9216007e-002
  1.0900000e+003  3.0032861e-001
  1.0910000e+003  2.3166824e-001
  1.0920000e+003  3.7303379e-001
  1.0930000e+003  8.6223818e-002
  1.0940000e+003  4.6648059e-002
  1.0950000e+003  1.2338230e-001
  1.0960000e+003  2.5743567e-001
  1.0970000e+003  9.2991405e-002
  1.0980000e+003 -2.0217343e-001
  1.0990000e+003  1.9819122e-001
  1.1000000e+003  2.7048344e-001
  1.1010000e+003  1.4043765e-001
  1.1020000e+003  1.4279563e-001
  1.1030000e+003 -1.6225969e-001
  1.1040000e+003  2.9244034e-001
  1.1050000e+003  3.8508395e-001
  1.1060000e+003  3.8941267e-001
  1.1070000e+003  3.7755011e-001
  1.1080000e+003  6.6589118e-002
  1.1090000e+003  1.2286050e-001
  1.1100000e+003  1.3837219e-001
  1.1110000e+003  7.0063831e-002
  1.1120000e+003  3.9330032e-001
  1.1130000e+003 -5.9746757e-003
  1.1140000e+003 -6.4698912e-002
  1.1150000e+003  1.3449427e-001
  1.1160000e+003  2.6836402e-001
  1.1170000e+003  1.1587154e-001
  1.1180000e+003 -1.3460034e-001
  1.1190000e+003 -5.3300350e-002
  1.1200000e+003  1.3136544e-001
  1.1210000e+003 -3.2794896e-001
  1.1220000e+003  1.3644311e-001
  1.1230000e+003 -1.2739990e-001
  1.1240000e+003 -5.6144555e-002
  1.1250000e+003  2.8519227e-001
  1.1260000e+003 -2.3252282e-001
  1.1270000e+003 -3.0687042e-002
  1.1280000e+003  1.4495596e-001
  1.1290000e+003  1.1752786e-001
  1.1300000e+003 -6.8752744e-002
  1.1310000e+003  2.2604782e-001
  1.1320000e+003 -3.2139879e-001
  1.1330000e+003 -5.8308147e-001
  1.1340000e+003 -2.1942841e-001
  1.1350000e+003 -1.2566649e-001
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  1.1360000e+003 -5.8820756e-002
  1.1370000e+003 -1.9434743e-002
  1.1380000e+003 -5.3909116e-002
  1.1390000e+003 -2.2108967e-002
  1.1400000e+003 -2.2081395e-001
  1.1410000e+003  1.6142527e-002
  1.1420000e+003 -1.5633015e-001
  1.1430000e+003 -1.1094541e-001
  1.1440000e+003  2.9515627e-002
  1.1450000e+003 -4.8477653e-002
  1.1460000e+003 -1.9795753e-001
  1.1470000e+003 -1.2267207e-001
  1.1480000e+003 -4.2196783e-001
  1.1490000e+003 -2.0228807e-001
  1.1500000e+003 -3.9050368e-001
  1.1510000e+003 -4.1084598e-001
  1.1520000e+003 -8.2852217e-003
  1.1530000e+003 -2.0217936e-001
  1.1540000e+003 -2.7610102e-001
  1.1550000e+003  3.6514466e-002
  1.1560000e+003 -1.0775531e-001
  1.1570000e+003 -1.1926061e-001
  1.1580000e+003 -1.5128806e-001
  1.1590000e+003  2.0940754e-001
  1.1600000e+003  1.6284935e-001
  1.1610000e+003  1.3915686e-001
  1.1620000e+003  1.0582590e-002
  1.1630000e+003  1.8683100e-001
  1.1640000e+003 -1.2778729e-001
  1.1650000e+003  2.5800669e-001
  1.1660000e+003 -3.9828424e-002
  1.1670000e+003  8.5356128e-002
  1.1680000e+003  2.0720135e-002
  1.1690000e+003  2.6229750e-001
  1.1700000e+003  8.6630980e-002
  1.1710000e+003 -1.1935845e-002
  1.1720000e+003  2.0139040e-002
  1.1730000e+003  1.5805037e-001
  1.1740000e+003 -5.7829537e-003
  1.1750000e+003  1.6523698e-001
  1.1760000e+003  1.9904863e-001
  1.1770000e+003  2.3661190e-002
  1.1780000e+003  2.6652250e-001
  1.1790000e+003  2.6922776e-001
  1.1800000e+003  3.5916567e-003
  1.1810000e+003  2.9426407e-001
  1.1820000e+003  2.9542626e-001
  1.1830000e+003  4.1118165e-001
  1.1840000e+003  3.5367509e-001
  1.1850000e+003  1.1602176e-001
  1.1860000e+003 -7.3002251e-002
  1.1870000e+003  1.5787446e-001
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  1.1880000e+003  1.5422977e-001
  1.1890000e+003  8.1475237e-003
  1.1900000e+003  3.0643288e-001
  1.1910000e+003  1.0535846e-001
  1.1920000e+003  1.5116222e-001
  1.1930000e+003  2.4599540e-001
  1.1940000e+003 -4.3318949e-002
  1.1950000e+003  3.0643031e-001
  1.1960000e+003 -1.3453314e-001
  1.1970000e+003  4.7089672e-001
  1.1980000e+003  7.2937684e-002
  1.1990000e+003  3.3083236e-002
  1.2000000e+003  1.3470378e-001
  1.2010000e+003 -8.9873783e-002
  1.2020000e+003  2.6930583e-001
  1.2030000e+003  1.9204524e-001
  1.2040000e+003 -3.5201402e-002
  1.2050000e+003  1.1355407e-002
  1.2060000e+003 -6.7766463e-002
  1.2070000e+003  7.4159170e-002
  1.2080000e+003 -3.4857489e-002
  1.2090000e+003 -7.4937259e-002
  1.2100000e+003  1.0434451e-001
  1.2110000e+003  3.4032399e-001
  1.2120000e+003  2.7733937e-001
  1.2130000e+003  1.6144602e-001
  1.2140000e+003  1.7214292e-001
  1.2150000e+003 -8.7636368e-002
  1.2160000e+003  1.0321394e-001
  1.2170000e+003 -4.6972438e-001
  1.2180000e+003 -4.2003282e-001
  1.2190000e+003  5.9240435e-002
  1.2200000e+003  1.0491967e-001
  1.2210000e+003  1.3286364e-001
  1.2220000e+003  3.4466343e-001
  1.2230000e+003  7.6695039e-002
  1.2240000e+003  2.4366430e-001
  1.2250000e+003  1.3188329e-001
  1.2260000e+003  2.1542287e-001
  1.2270000e+003 -5.3964360e-001
  1.2280000e+003  1.7492408e-001
  1.2290000e+003  1.3199397e-001
  1.2300000e+003 -1.5472324e-001
  1.2310000e+003  2.3788912e-001
  1.2320000e+003  1.4328086e-002
  1.2330000e+003 -1.9903868e-001
  1.2340000e+003 -2.2347829e-001
  1.2350000e+003  1.5747224e-002
  1.2360000e+003 -2.2862020e-002
  1.2370000e+003 -5.8676471e-002
  1.2380000e+003  1.5620035e-001
  1.2390000e+003  7.7102201e-002
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  1.2400000e+003  2.2457492e-002
  1.2410000e+003  9.7440540e-002
  1.2420000e+003  8.8065930e-002
  1.2430000e+003 -1.3515376e-001
  1.2440000e+003 -2.1162513e-001
  1.2450000e+003 -8.3165491e-002
  1.2460000e+003 -4.4150568e-001
  1.2470000e+003 -1.2615074e-001
  1.2480000e+003  9.5377058e-002
  1.2490000e+003  1.2974075e-001
  1.2500000e+003 -2.3854230e-002
  1.2510000e+003 -2.1773058e-001
  1.2520000e+003 -8.7818207e-002
  1.2530000e+003  9.5756549e-002
  1.2540000e+003 -4.8731734e-001
  1.2550000e+003 -3.0385525e-001
  1.2560000e+003 -2.7816846e-001
  1.2570000e+003  1.2467296e-001
  1.2580000e+003 -5.9322099e-001
  1.2590000e+003  2.1502796e-001
  1.2600000e+003  1.1146984e-001
  1.2610000e+003  1.2211931e-001
  1.2620000e+003  1.7565341e-001
  1.2630000e+003 -1.3298655e-003
  1.2640000e+003 -2.8723671e-001
  1.2650000e+003 -2.9255946e-001
  1.2660000e+003  1.8678395e-002
  1.2670000e+003  1.3686015e-001
  1.2680000e+003  1.6184330e-001
  1.2690000e+003 -6.6412550e-002
  1.2700000e+003 -1.4477939e-001
  1.2710000e+003 -6.9480101e-002
  1.2720000e+003  1.6350951e-001
  1.2730000e+003 -3.9337951e-001
  1.2740000e+003 -1.5642502e-001
  1.2750000e+003  7.6736546e-002
  1.2760000e+003 -1.9640201e-001
  1.2770000e+003 -2.9317317e-002
  1.2780000e+003 -2.7678490e-001
  1.2790000e+003  1.4041590e-001
  1.2800000e+003  1.5695834e-002
  1.2810000e+003 -1.0086716e-001
  1.2820000e+003  9.4732714e-002
  1.2830000e+003  2.1328902e-002
  1.2840000e+003 -1.8435120e-001
  1.2850000e+003 -4.5965206e-001
  1.2860000e+003 -2.4947341e-001
  1.2870000e+003 -1.3469719e-001
  1.2880000e+003 -4.5578995e-001
  1.2890000e+003 -3.5509442e-001
  1.2900000e+003 -1.0524316e-001
  1.2910000e+003 -5.8858310e-002

21

ABOR/MH/Priv-004682



  1.2920000e+003 -2.4023716e-001
  1.2930000e+003 -1.8157617e-001
  1.2940000e+003 -8.5796232e-002
  1.2950000e+003 -2.2874372e-001
  1.2960000e+003 -8.5369305e-002
  1.2970000e+003 -9.0735543e-002
  1.2980000e+003  1.4491050e-001
  1.2990000e+003 -2.7806765e-001
  1.3000000e+003  1.3235073e-002
  1.3010000e+003  3.7366344e-002
  1.3020000e+003  1.5422581e-001
  1.3030000e+003  1.6960804e-002
  1.3040000e+003  5.5267640e-002
  1.3050000e+003  1.0560552e-001
  1.3060000e+003  5.1409483e-002
  1.3070000e+003 -3.0108219e-001
  1.3080000e+003 -5.8040033e-002
  1.3090000e+003  5.6956533e-004
  1.3100000e+003  5.0601088e-002
  1.3110000e+003  8.2757010e-002
  1.3120000e+003  1.2944822e-001
  1.3130000e+003  2.7778448e-001
  1.3140000e+003  4.2726752e-001
  1.3150000e+003 -9.2488712e-002
  1.3160000e+003 -1.8211774e-001
  1.3170000e+003 -1.0417881e-002
  1.3180000e+003 -3.7725412e-002
  1.3190000e+003  2.7715022e-002
  1.3200000e+003  2.2794547e-001
  1.3210000e+003  2.1572152e-001
  1.3220000e+003  1.7179506e-001
  1.3230000e+003 -5.7018174e-002
  1.3240000e+003  2.7850749e-001
  1.3250000e+003  3.4110906e-001
  1.3260000e+003  3.0232905e-001
  1.3270000e+003  3.7613636e-001
  1.3280000e+003  2.5648477e-001
  1.3290000e+003  9.9000010e-002
  1.3300000e+003  4.3558213e-001
  1.3310000e+003  3.8392864e-001
  1.3320000e+003  8.9137201e-002
  1.3330000e+003  3.4367201e-001
  1.3340000e+003 -7.3670313e-002
  1.3350000e+003 -9.9598236e-002
  1.3360000e+003 -4.4068345e-001
  1.3370000e+003  3.8657009e-002
  1.3380000e+003 -4.4610503e-001
  1.3390000e+003 -1.8127969e-001
  1.3400000e+003 -2.3688104e-001
  1.3410000e+003 -8.7535565e-002
  1.3420000e+003 -2.7148586e-001
  1.3430000e+003 -2.1756653e-001
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  1.3440000e+003 -1.6798961e-001
  1.3450000e+003 -1.3110981e-001
  1.3460000e+003 -6.9632293e-002
  1.3470000e+003 -1.4455012e-001
  1.3480000e+003 -1.5732433e-001
  1.3490000e+003 -2.0291858e-001
  1.3500000e+003 -3.2686386e-001
  1.3510000e+003 -3.0359237e-001
  1.3520000e+003 -1.1717538e-001
  1.3530000e+003 -5.7354182e-002
  1.3540000e+003 -8.4118171e-002
  1.3550000e+003 -1.9229876e-001
  1.3560000e+003  1.6264972e-001
  1.3570000e+003  4.4501563e-002
  1.3580000e+003 -5.9133046e-002
  1.3590000e+003 -2.8659138e-002
  1.3600000e+003 -4.0756298e-001
  1.3610000e+003 -4.7841116e-001
  1.3620000e+003 -4.8888669e-001
  1.3630000e+003 -3.5071644e-001
  1.3640000e+003 -2.9513684e-001
  1.3650000e+003 -2.5426053e-001
  1.3660000e+003 -1.2627724e-001
  1.3670000e+003  8.9065054e-003
  1.3680000e+003  9.1424028e-002
  1.3690000e+003 -1.0937408e-001
  1.3700000e+003  1.8923483e-002
  1.3710000e+003 -9.4303153e-002
  1.3720000e+003  3.3089166e-002
  1.3730000e+003  8.6258403e-003
  1.3740000e+003  1.4798596e-001
  1.3750000e+003 -2.1277941e-001
  1.3760000e+003 -9.5923895e-002
  1.3770000e+003 -3.5820545e-001
  1.3780000e+003 -1.1401296e-001
  1.3790000e+003 -3.7301350e-001
  1.3800000e+003 -7.2753210e-002
  1.3810000e+003 -1.4577358e-001
  1.3820000e+003 -1.0761103e-001
  1.3830000e+003  1.2905292e-001
  1.3840000e+003  7.0231835e-002
  1.3850000e+003  1.7627206e-001
  1.3860000e+003  1.8838059e-001
  1.3870000e+003  1.9752968e-001
  1.3880000e+003  2.1083063e-001
  1.3890000e+003  4.5092541e-002
  1.3900000e+003 -3.4426609e-002
  1.3910000e+003  1.2844613e-001
  1.3920000e+003  2.1592233e-001
  1.3930000e+003  8.0467214e-003
  1.3940000e+003  4.2321922e-001
  1.3950000e+003  2.4857357e-001
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  1.3960000e+003 -4.8230589e-002
  1.3970000e+003 -1.5646257e-001
  1.3980000e+003 -1.0398412e-001
  1.3990000e+003 -2.1383092e-001
  1.4000000e+003 -2.0685580e-001
  1.4010000e+003 -9.8422210e-002
  1.4020000e+003  1.5789620e-001
  1.4030000e+003 -1.8569029e-002
  1.4040000e+003 -4.6684954e-002
  1.4050000e+003  5.4777465e-002
  1.4060000e+003  4.2144985e-001
  1.4070000e+003  9.1374616e-002
  1.4080000e+003  1.1587747e-001
  1.4090000e+003  3.3922742e-001
  1.4100000e+003  1.9355095e-001
  1.4110000e+003  2.0110440e-001
  1.4120000e+003  1.3288736e-001
  1.4130000e+003 -1.0446046e-001
  1.4140000e+003  1.2918831e-002
  1.4150000e+003  1.4742265e-001
  1.4160000e+003  5.0187997e-002
  1.4170000e+003  4.0422531e-001
  1.4180000e+003  1.0820464e-001
  1.4190000e+003  7.2830952e-002
  1.4200000e+003  1.7477683e-001
  1.4210000e+003  1.1095793e-001
  1.4220000e+003  2.6782937e-001
  1.4230000e+003  2.8743146e-001
  1.4240000e+003  3.7055504e-001
  1.4250000e+003  7.1597607e-002
  1.4260000e+003  7.3944715e-003
  1.4270000e+003  1.1036102e-001
  1.4280000e+003  4.4810948e-001
  1.4290000e+003  1.7565341e-001
  1.4300000e+003  1.2577191e-001
  1.4310000e+003 -8.7922014e-004
  1.4320000e+003  2.0902469e-001
  1.4330000e+003  9.8195569e-002
  1.4340000e+003 -7.6820878e-002
  1.4350000e+003  2.0241009e-001
  1.4360000e+003  4.5236827e-002
  1.4370000e+003  4.0611782e-002
  1.4380000e+003 -2.6896976e-001
  1.4390000e+003 -1.7351594e-001
  1.4400000e+003  1.0347682e-001
  1.4410000e+003 -9.6277691e-002
  1.4420000e+003 -3.4917080e-001
  1.4430000e+003 -3.5238956e-002
  1.4440000e+003 -1.9843980e-001
  1.4450000e+003 -7.3085265e-002
  1.4460000e+003 -3.1806836e-001
  1.4470000e+003 -1.0139193e-002
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  1.4480000e+003 -3.4946333e-001
  1.4490000e+003 -8.3430344e-002
  1.4500000e+003 -3.9055507e-001
  1.4510000e+003 -6.9744954e-002
  1.4520000e+003 -4.9074561e-002
  1.4530000e+003 -5.8648799e-002
  1.4540000e+003 -7.7931679e-002
  1.4550000e+003 -1.3271277e-001
  1.4560000e+003 -1.6164302e-001
  1.4570000e+003 -1.9952688e-001
  1.4580000e+003 -3.0878863e-001
  1.4590000e+003 -2.9577920e-001
  1.4600000e+003 -3.5734962e-001
  1.4610000e+003 -3.7759704e-001
  1.4620000e+003 -3.5338473e-001
  1.4630000e+003 -1.2424538e-001
  1.4640000e+003 -3.2444658e-001
  1.4650000e+003 -2.7870212e-001
  1.4660000e+003 -2.2792149e-001
  1.4670000e+003 -9.8026907e-002
  1.4680000e+003 -3.8838881e-001
  1.4690000e+003 -1.2194076e-001
  1.4700000e+003 -7.3780998e-002
  1.4710000e+003 -3.6624394e-001
  1.4720000e+003 -2.8048691e-001
  1.4730000e+003 -2.8182303e-001
  1.4740000e+003 -4.3965368e-001
  1.4750000e+003 -5.2178578e-001
  1.4760000e+003 -1.4804855e-001
  1.4770000e+003 -5.3387317e-002
  1.4780000e+003  4.8849896e-002
  1.4790000e+003 -2.3786139e-001
  1.4800000e+003 -2.8028728e-001
  1.4810000e+003  1.5206351e-001
  1.4820000e+003 -1.3912063e-001
  1.4830000e+003 -2.4500847e-001
  1.4840000e+003  2.2519417e-001
  1.4850000e+003  2.4442052e-001
  1.4860000e+003  1.2467889e-001
  1.4870000e+003  1.0939846e-001
  1.4880000e+003 -4.1759479e-002
  1.4890000e+003  7.0585631e-002
  1.4900000e+003  2.5645314e-001
  1.4910000e+003  7.3331995e-003
  1.4920000e+003 -4.8225351e-001
  1.4930000e+003 -1.1192774e-001
  1.4940000e+003  5.6099753e-002
  1.4950000e+003 -2.1379732e-001
  1.4960000e+003 -4.2066926e-001
  1.4970000e+003 -5.7651153e-001
  1.4980000e+003 -3.3468888e-001
  1.4990000e+003 -9.8054578e-002
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  1.5000000e+003 -5.5042153e-001
  1.5010000e+003 -1.0571555e-001
  1.5020000e+003 -5.5861913e-002
  1.5030000e+003 -2.5990843e-002
  1.5040000e+003 -1.1220346e-002
  1.5050000e+003 -3.3530357e-001
  1.5060000e+003 -3.9631859e-001
  1.5070000e+003  7.5756194e-002
  1.5080000e+003 -1.0239105e-001
  1.5090000e+003  2.4764085e-002
  1.5100000e+003  5.1773162e-002
  1.5110000e+003  6.8543891e-002
  1.5120000e+003 -7.9459525e-002
  1.5130000e+003 -1.1370462e-001
  1.5140000e+003  1.1994514e-001
  1.5150000e+003 -2.6066246e-001
  1.5160000e+003  1.2261739e-001
  1.5170000e+003  1.0669854e-001
  1.5180000e+003 -1.7985463e-001
  1.5190000e+003  2.6917992e-001
  1.5200000e+003  2.3940768e-001
  1.5210000e+003 -4.7734484e-002
  1.5220000e+003 -1.9375743e-001
  1.5230000e+003 -4.2262996e-001
  1.5240000e+003  8.1250906e-002
  1.5250000e+003 -8.6073936e-003
  1.5260000e+003  3.8672821e-002
  1.5270000e+003  3.0856495e-001
  1.5280000e+003 -1.0065172e-001
  1.5290000e+003 -4.8669375e-002
  1.5300000e+003  1.3498839e-001
  1.5310000e+003  6.3390125e-003
  1.5320000e+003 -6.3413228e-004
  1.5330000e+003 -1.9872441e-001
  1.5340000e+003 -4.7368828e-002
  1.5350000e+003  2.7482406e-001
  1.5360000e+003  1.0577946e-001
  1.5370000e+003  1.7914987e-001
  1.5380000e+003 -2.1630749e-001
  1.5390000e+003  2.0234565e-001
  1.5400000e+003  1.0098838e-001
  1.5410000e+003 -2.4281256e-001
  1.5420000e+003 -5.3959814e-001
  1.5430000e+003 -1.5106273e-001
  1.5440000e+003 -2.1247898e-001
  1.5450000e+003 -2.6902510e-001
  1.5460000e+003 -1.5432003e-001
  1.5470000e+003 -3.7799827e-001
  1.5480000e+003 -1.3389077e-001
  1.5490000e+003 -8.3944238e-002
  1.5500000e+003  6.1811881e-002
  1.5510000e+003 -7.7904008e-002
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  1.5520000e+003 -1.0610888e-001
  1.5530000e+003  1.5561926e-001
  1.5540000e+003  1.0810581e-001
  1.5550000e+003  1.0085200e-001
  1.5560000e+003  3.0005170e-001
  1.5570000e+003  2.2242289e-001
  1.5580000e+003 -3.0142018e-001
  1.5590000e+003 -4.1401730e-002
  1.5600000e+003 -8.0169094e-002
  1.5610000e+003  2.4222520e-002
  1.5620000e+003  1.6080959e-001
  1.5630000e+003 -5.7660542e-002
  1.5640000e+003  8.9109529e-002
  1.5650000e+003 -6.8709260e-002
  1.5660000e+003 -1.4157151e-001
  1.5670000e+003  1.1609884e-001
  1.5680000e+003  2.2918989e-001
  1.5690000e+003  1.6029965e-001
  1.5700000e+003  1.6357078e-001
  1.5710000e+003 -2.4288079e-003
  1.5720000e+003  1.3606164e-001
  1.5730000e+003 -2.2755386e-001
  1.5740000e+003  5.1597252e-002
  1.5750000e+003  5.9471688e-002
  1.5760000e+003  8.8148943e-002
  1.5770000e+003  1.9872210e-002
  1.5780000e+003 -1.8713018e-001
  1.5790000e+003 -4.8504830e-001
  1.5800000e+003 -4.6340151e-001
  1.5810000e+003  1.0756523e-002
  1.5820000e+003 -8.1252224e-002
  1.5830000e+003 -2.8082987e-003
  1.5840000e+003 -2.8773084e-001
  1.5850000e+003 -4.3579355e-001
  1.5860000e+003 -9.9789958e-002
  1.5870000e+003  3.8815130e-002
  1.5880000e+003  1.9168571e-002
  1.5890000e+003 -4.4206405e-002
  1.5900000e+003 -6.1937621e-001
  1.5910000e+003 -1.0955592e-001
  1.5920000e+003 -3.6801292e-001
  1.5930000e+003 -2.5959317e-001
  1.5940000e+003  1.3155124e-001
  1.5950000e+003 -1.8798601e-001
  1.5960000e+003  6.2531333e-002
  1.5970000e+003 -1.5222789e-002
  1.5980000e+003 -1.0704970e-001
  1.5990000e+003 -1.9329987e-002
  1.6000000e+003 -5.9638934e-001
  1.6010000e+003 -2.1533900e-001
  1.6020000e+003 -1.9491369e-001
  1.6030000e+003  9.5195219e-002
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  1.6040000e+003  4.1924188e-002
  1.6050000e+003 -1.1656859e-001
  1.6060000e+003 -3.3155808e-001
  1.6070000e+003 -2.8687698e-001
  1.6080000e+003  1.5266437e-001
  1.6090000e+003 -6.5171299e-002
  1.6100000e+003 -1.8161372e-001
  1.6110000e+003 -1.1239222e-001
  1.6120000e+003 -1.5981079e-001
  1.6130000e+003 -1.2734258e-001
  1.6140000e+003 -5.4258960e-002
  1.6150000e+003 -5.6972715e-002
  1.6160000e+003  2.4646621e-001
  1.6170000e+003  1.9484675e-001
  1.6180000e+003 -2.2545876e-001
  1.6190000e+003 -7.2865871e-002
  1.6200000e+003 -1.0005086e-001
  1.6210000e+003  1.1973168e-001
  1.6220000e+003 -1.6621272e-001
  1.6230000e+003 -2.0207263e-001
  1.6240000e+003 -5.5956489e-001
  1.6250000e+003  8.1519712e-002
  1.6260000e+003 -4.8539024e-001
  1.6270000e+003 -1.8563000e-001
  1.6280000e+003 -8.5709266e-002
  1.6290000e+003  4.0159160e-002
  1.6300000e+003 -1.4340769e-001
  1.6310000e+003 -3.6879562e-001
  1.6320000e+003 -5.4374091e-001
  1.6330000e+003 -1.2053451e-003
  1.6340000e+003  1.2136428e-001
  1.6350000e+003 -6.4208736e-002
  1.6360000e+003  1.4438771e-002
  1.6370000e+003 -2.3395184e-001
  1.6380000e+003 -2.6382686e-001
  1.6390000e+003 -2.4595423e-002
  1.6400000e+003  2.0665782e-001
  1.6410000e+003 -2.3349131e-001
  1.6420000e+003 -4.5138035e-001
  1.6430000e+003 -6.3487308e-002
  1.6440000e+003 -1.6542211e-001
  1.6450000e+003 -2.5945086e-001
  1.6460000e+003 -1.9038352e-001
  1.6470000e+003 -3.2647448e-001
  1.6480000e+003 -1.7238538e-001
  1.6490000e+003 -7.2541723e-002
  1.6500000e+003 -1.3375834e-001
  1.6510000e+003  1.8048105e-001
  1.6520000e+003 -2.8269072e-001
  1.6530000e+003 -1.9459943e-001
  1.6540000e+003 -2.4487999e-001
  1.6550000e+003 -2.9611521e-001
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  1.6560000e+003 -1.8633760e-001
  1.6570000e+003 -1.6598147e-001
  1.6580000e+003 -1.4222376e-001
  1.6590000e+003 -2.9218492e-002
  1.6600000e+003  6.8016162e-002
  1.6610000e+003  2.3954841e-001
  1.6620000e+003 -5.8601363e-002
  1.6630000e+003 -9.8862973e-002
  1.6640000e+003  1.2502478e-001
  1.6650000e+003 -8.5461217e-003
  1.6660000e+003  5.6551383e-003
  1.6670000e+003 -1.4586351e-002
  1.6680000e+003 -3.6861180e-001
  1.6690000e+003 -2.9595116e-001
  1.6700000e+003 -3.6444531e-001
  1.6710000e+003 -1.8950496e-002
  1.6720000e+003 -2.7993744e-001
  1.6730000e+003 -1.5987206e-001
  1.6740000e+003 -1.2906807e-001
  1.6750000e+003 -3.0128380e-001
  1.6760000e+003 -1.9178685e-001
  1.6770000e+003 -2.3377198e-001
  1.6780000e+003 -4.6309416e-002
  1.6790000e+003 -1.3447977e-001
  1.6800000e+003  1.3743038e-002
  1.6810000e+003 -4.7744465e-001
  1.6820000e+003  3.6559926e-002
  1.6830000e+003 -5.8402727e-003
  1.6840000e+003 -1.8128958e-001
  1.6850000e+003 -2.2252165e-001
  1.6860000e+003 -4.2971774e-001
  1.6870000e+003 -1.4590996e-001
  1.6880000e+003 -3.9081301e-002
  1.6890000e+003 -9.7028767e-002
  1.6900000e+003 -3.2314405e-001
  1.6910000e+003 -2.1286737e-002
  1.6920000e+003 -3.0242326e-002
  1.6930000e+003 -6.0186528e-002
  1.6940000e+003 -4.7131647e-002
  1.6950000e+003  2.2298379e-003
  1.6960000e+003 -2.6365886e-001
  1.6970000e+003 -1.0072485e-001
  1.6980000e+003  1.3137730e-001
  1.6990000e+003 -1.7941979e-001
  1.7000000e+003 -1.5733800e-001
  1.7010000e+003 -1.4340000e-002
  1.7020000e+003 -1.7449400e-001
  1.7030000e+003 -6.0936000e-001
  1.7040000e+003 -4.6677000e-001
  1.7050000e+003 -4.5929000e-001
  1.7060000e+003 -2.1746200e-001
  1.7070000e+003 -4.0935900e-001
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  1.7080000e+003 -5.3900700e-001
  1.7090000e+003 -1.2363200e-001
  1.7100000e+003 -2.5522700e-001
  1.7110000e+003 -1.9244000e-001
  1.7120000e+003 -5.2460000e-003
  1.7130000e+003 -3.2930000e-002
  1.7140000e+003 -1.8971300e-001
  1.7150000e+003 -7.9847000e-002
  1.7160000e+003 -1.6019900e-001
  1.7170000e+003 -4.7387000e-002
  1.7180000e+003  1.1724800e-001
  1.7190000e+003  2.1564000e-002
  1.7200000e+003  1.1270100e-001
  1.7210000e+003  1.8520300e-001
  1.7220000e+003 -3.7027000e-002
  1.7230000e+003 -9.9253000e-002
  1.7240000e+003  2.9626300e-001
  1.7250000e+003  2.5236200e-001
  1.7260000e+003  7.2691000e-002
  1.7270000e+003  1.3231500e-001
  1.7280000e+003  1.5025400e-001
  1.7290000e+003 -1.2850700e-001
  1.7300000e+003  4.6172000e-002
  1.7310000e+003 -2.2024000e-002
  1.7320000e+003  1.5000800e-001
  1.7330000e+003 -2.5594800e-001
  1.7340000e+003  2.2723200e-001
  1.7350000e+003 -3.1145000e-001
  1.7360000e+003 -3.6215000e-002
  1.7370000e+003  8.8310000e-003
  1.7380000e+003  1.0532500e-001
  1.7390000e+003 -6.0231000e-002
  1.7400000e+003  9.5050000e-003
  1.7410000e+003  4.4301900e-001
  1.7420000e+003 -5.4788000e-002
  1.7430000e+003  1.4904400e-001
  1.7440000e+003 -5.1627000e-002
  1.7450000e+003 -7.4858000e-002
  1.7460000e+003  5.6796000e-002
  1.7470000e+003  2.2780700e-001
  1.7480000e+003 -1.5134000e-002
  1.7490000e+003 -6.2941000e-002
  1.7500000e+003 -2.2295000e-002
  1.7510000e+003  1.9781800e-001
  1.7520000e+003 -1.6588300e-001
  1.7530000e+003 -2.7594600e-001
  1.7540000e+003 -7.2101000e-002
  1.7550000e+003 -3.1638600e-001
  1.7560000e+003 -1.7950000e-001
  1.7570000e+003 -4.9696000e-002
  1.7580000e+003  2.1131000e-002
  1.7590000e+003 -9.3275000e-002
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  1.7600000e+003  3.6631000e-001
  1.7610000e+003  1.8287800e-001
  1.7620000e+003  9.5405000e-002
  1.7630000e+003 -8.6306000e-002
  1.7640000e+003 -1.9748200e-001
  1.7650000e+003 -2.6352000e-002
  1.7660000e+003 -9.9322000e-002
  1.7670000e+003  6.2967000e-002
  1.7680000e+003 -1.7496800e-001
  1.7690000e+003 -1.7711000e-002
  1.7700000e+003 -2.6276600e-001
  1.7710000e+003  6.8641000e-002
  1.7720000e+003 -1.9179000e-002
  1.7730000e+003  1.5497000e-002
  1.7740000e+003 -7.0204000e-002
  1.7750000e+003  9.8297000e-002
  1.7760000e+003  5.9345000e-002
  1.7770000e+003 -7.0806000e-002
  1.7780000e+003  1.3055700e-001
  1.7790000e+003  9.9538000e-002
  1.7800000e+003  6.4173000e-002
  1.7810000e+003  1.4387700e-001
  1.7820000e+003 -4.1423300e-001
  1.7830000e+003  6.1243000e-002
  1.7840000e+003  6.5986000e-002
  1.7850000e+003  2.2448900e-001
  1.7860000e+003  1.9982200e-001
  1.7870000e+003  1.4830700e-001
  1.7880000e+003  1.4028400e-001
  1.7890000e+003  1.2513700e-001
  1.7900000e+003  8.1655000e-002
  1.7910000e+003  8.5482000e-002
  1.7920000e+003  2.1535800e-001
  1.7930000e+003 -2.8859000e-002
  1.7940000e+003  2.3892000e-002
  1.7950000e+003  1.6558000e-002
  1.7960000e+003  1.2530300e-001
  1.7970000e+003  1.8704700e-001
  1.7980000e+003  1.1839200e-001
  1.7990000e+003  2.0588400e-001
  1.8000000e+003  1.4557300e-001
  1.8010000e+003  2.6790000e-001
  1.8020000e+003  1.4750700e-001
  1.8030000e+003  1.6071500e-001
  1.8040000e+003  6.1810000e-002
  1.8050000e+003  1.8613800e-001
  1.8060000e+003 -3.0531000e-002
  1.8070000e+003  1.7066400e-001
  1.8080000e+003  1.7367700e-001
  1.8090000e+003  8.9519000e-002
  1.8100000e+003 -3.9154500e-001
  1.8110000e+003 -8.7329000e-002
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  1.8120000e+003 -3.1368300e-001
  1.8130000e+003 -3.2110100e-001
  1.8140000e+003 -2.4386000e-001
  1.8150000e+003 -2.5435300e-001
  1.8160000e+003 -3.1349600e-001
  1.8170000e+003 -1.9516000e-002
  1.8180000e+003 -4.8100000e-001
  1.8190000e+003 -3.1785800e-001
  1.8200000e+003 -2.9873200e-001
  1.8210000e+003 -1.9649600e-001
  1.8220000e+003 -4.0734500e-001
  1.8230000e+003 -2.2459700e-001
  1.8240000e+003 -4.1124800e-001
  1.8250000e+003 -1.6957400e-001
  1.8260000e+003 -2.5978000e-002
  1.8270000e+003  1.0898000e-001
  1.8280000e+003 -1.4702000e-001
  1.8290000e+003 -1.9864700e-001
  1.8300000e+003 -1.3187700e-001
  1.8310000e+003 -1.8046000e-002
  1.8320000e+003 -2.8295200e-001
  1.8330000e+003 -3.4125000e-002
  1.8340000e+003 -1.4508200e-001
  1.8350000e+003 -1.4375600e-001
  1.8360000e+003 -5.1516600e-001
  1.8370000e+003 -3.8192400e-001
  1.8380000e+003 -4.6500300e-001
  1.8390000e+003 -1.9958400e-001
  1.8400000e+003 -4.2518700e-001
  1.8410000e+003 -3.9492200e-001
  1.8420000e+003 -5.9639700e-001
  1.8430000e+003 -3.6926600e-001
  1.8440000e+003 -5.3727800e-001
  1.8450000e+003 -5.3453400e-001
  1.8460000e+003 -3.0606700e-001
  1.8470000e+003 -4.7455400e-001
  1.8480000e+003  9.4032000e-002
  1.8490000e+003 -2.1939600e-001
  1.8500000e+003 -2.6749400e-001
  1.8510000e+003 -3.6254600e-001
  1.8520000e+003 -1.4985000e-001
  1.8530000e+003 -6.6258000e-002
  1.8540000e+003  1.7763000e-002
  1.8550000e+003 -1.0531000e-001
  1.8560000e+003 -4.3872100e-001
  1.8570000e+003 -6.3343500e-001
  1.8580000e+003 -2.2485900e-001
  1.8590000e+003 -1.6271900e-001
  1.8600000e+003 -2.5490000e-002
  1.8610000e+003 -2.9349100e-001
  1.8620000e+003 -1.1234400e-001
  1.8630000e+003 -4.4003600e-001
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  1.8640000e+003 -2.8340000e-002
  1.8650000e+003 -5.0567200e-001
  1.8660000e+003  2.1872200e-001
  1.8670000e+003  4.6657000e-002
  1.8680000e+003  3.1139000e-002
  1.8690000e+003 -1.0066100e-001
  1.8700000e+003 -7.8447000e-002
  1.8710000e+003 -1.4334300e-001
  1.8720000e+003 -1.1729100e-001
  1.8730000e+003 -1.5264000e-002
  1.8740000e+003  1.3134600e-001
  1.8750000e+003 -1.8988000e-001
  1.8760000e+003 -7.8478000e-002
  1.8770000e+003  5.6061000e-002
  1.8780000e+003 -1.7132000e-002
  1.8790000e+003 -1.6059400e-001
  1.8800000e+003 -3.7485200e-001
  1.8810000e+003 -2.9651400e-001
  1.8820000e+003 -2.6293000e-002
  1.8830000e+003 -2.1238800e-001
  1.8840000e+003 -1.5183200e-001
  1.8850000e+003 -1.8898000e-001
  1.8860000e+003  1.6948600e-001
  1.8870000e+003 -1.8090000e-001
  1.8880000e+003 -4.9930000e-003
  1.8890000e+003  1.0421200e-001
  1.8900000e+003 -1.3492900e-001
  1.8910000e+003  9.7124000e-002
  1.8920000e+003 -2.1576000e-002
  1.8930000e+003 -1.4653900e-001
  1.8940000e+003 -2.6451300e-001
  1.8950000e+003 -1.9258000e-002
  1.8960000e+003 -1.7345400e-001
  1.8970000e+003 -7.3802000e-002
  1.8980000e+003  2.7034000e-001
  1.8990000e+003 -1.7677400e-001
  1.9000000e+003  2.0659800e-001
  1.9010000e+003  1.4748900e-001
  1.9020000e+003  5.3922000e-002
  1.9030000e+003  4.9683000e-002
  1.9040000e+003  5.5000000e-003
  1.9050000e+003  1.5618200e-001
  1.9060000e+003  1.4049100e-001
  1.9070000e+003  4.0483700e-001
  1.9080000e+003  2.1822500e-001
  1.9090000e+003  2.5397600e-001
  1.9100000e+003  4.7925000e-002
  1.9110000e+003  4.0615400e-001
  1.9120000e+003 -4.7709000e-002
  1.9130000e+003 -2.7873500e-001
  1.9140000e+003  1.5036600e-001
  1.9150000e+003  2.8128000e-002
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  1.9160000e+003 -1.6482700e-001
  1.9170000e+003 -1.1961100e-001
  1.9180000e+003 -1.4339100e-001
  1.9190000e+003  1.0377600e-001
  1.9200000e+003  5.1878000e-002
  1.9210000e+003  1.3940000e-003
  1.9220000e+003  2.2046800e-001
  1.9230000e+003 -9.2968000e-002
  1.9240000e+003 -2.8309600e-001
  1.9250000e+003  1.4895900e-001
  1.9260000e+003  6.2300000e-002
  1.9270000e+003  1.9108500e-001
  1.9280000e+003  2.2454900e-001
  1.9290000e+003 -3.0419000e-002
  1.9300000e+003  4.1827800e-001
  1.9310000e+003  2.9501000e-001
  1.9320000e+003  3.0592800e-001
  1.9330000e+003  3.3318900e-001
  1.9340000e+003 -3.1700000e-004
  1.9350000e+003  2.3921000e-001
  1.9360000e+003  8.7058000e-002
  1.9370000e+003  5.9223400e-001
  1.9380000e+003  3.8449200e-001
  1.9390000e+003  2.7005100e-001
  1.9400000e+003  5.1980100e-001
  1.9410000e+003  1.6228000e-001
  1.9420000e+003  3.6011900e-001
  1.9430000e+003  2.9823700e-001
  1.9440000e+003  2.4607000e-002
  1.9450000e+003  8.9334000e-002
  1.9460000e+003  2.4527100e-001
  1.9470000e+003  1.4748100e-001
  1.9480000e+003  1.4866200e-001
  1.9490000e+003 -1.1724500e-001
  1.9500000e+003  1.1304700e-001
  1.9510000e+003  2.8634900e-001
  1.9520000e+003  9.0976000e-002
  1.9530000e+003  7.1545000e-002
  1.9540000e+003  8.2593000e-002
  1.9550000e+003  2.9069900e-001
  1.9560000e+003  9.1534000e-002
  1.9570000e+003  3.1725100e-001
  1.9580000e+003  2.6548400e-001
  1.9590000e+003  2.9436000e-001
  1.9600000e+003  1.6490000e-002
  1.9610000e+003  5.6698000e-002
  1.9620000e+003  2.7677200e-001
  1.9630000e+003  4.0728700e-001
  1.9640000e+003  3.6278900e-001
  1.9650000e+003  2.4739500e-001
  1.9660000e+003  5.0359000e-002
  1.9670000e+003  4.0831200e-001
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  1.9680000e+003  4.5401300e-001
  1.9690000e+003  6.4383100e-001
  1.9700000e+003  3.9171100e-001
  1.9710000e+003  4.1840900e-001
  1.9720000e+003  2.0031300e-001
  1.9730000e+003  4.7143500e-001
  1.9740000e+003  1.3989000e-001
  1.9750000e+003  3.3375900e-001
  1.9760000e+003  3.8532600e-001
  1.9770000e+003  7.3132000e-001
  1.9780000e+003  5.7653500e-001
  1.9790000e+003  3.7412200e-001
  1.9800000e+003  7.9906000e-001
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  5.0000000e+000  2.1309354e+001
  6.0000000e+000  2.1348331e+001
  7.0000000e+000  2.1387308e+001
  8.0000000e+000  2.1426285e+001
  9.0000000e+000  2.1465262e+001
  1.0000000e+001  2.1504239e+001
  1.1000000e+001  2.1543216e+001
  1.2000000e+001  2.1582192e+001
  1.3000000e+001  2.1410469e+001
  1.4000000e+001  2.1423876e+001
  1.5000000e+001  2.1437282e+001
  1.6000000e+001  2.1450689e+001
  1.7000000e+001  2.1464095e+001
  1.8000000e+001  2.1477502e+001
  1.9000000e+001  2.1490908e+001
  2.0000000e+001  2.1504314e+001
  2.1000000e+001  2.1517721e+001
  2.2000000e+001  2.4837668e+001
  2.3000000e+001  2.5042869e+001
  2.4000000e+001  2.5248070e+001
  2.5000000e+001  2.5453271e+001
  2.6000000e+001  2.5658472e+001
  2.7000000e+001  2.5863673e+001
  2.8000000e+001  2.6068874e+001
  2.9000000e+001  2.6274076e+001
  3.0000000e+001  1.9876836e+001
  3.1000000e+001  1.9820451e+001
  3.2000000e+001  1.9764066e+001
  3.3000000e+001  1.9707681e+001
  3.4000000e+001  1.9651295e+001
  3.5000000e+001  1.9594910e+001
  3.6000000e+001  1.9538525e+001
  3.7000000e+001  1.9482140e+001
  3.8000000e+001  2.4530219e+001
  3.9000000e+001  2.4627398e+001
  4.0000000e+001  2.4724577e+001
  4.1000000e+001  2.4821755e+001
  4.2000000e+001  2.4918934e+001
  4.3000000e+001  2.5016113e+001
  4.4000000e+001  2.5113292e+001
  4.5000000e+001  2.5210470e+001
  4.6000000e+001  2.5307649e+001
  4.7000000e+001  2.5404828e+001
  4.8000000e+001  2.5502006e+001
  4.9000000e+001  2.5599185e+001
  5.0000000e+001  2.5696364e+001
  5.1000000e+001  2.5793542e+001
  5.2000000e+001  2.5890721e+001
  5.3000000e+001  2.5987900e+001
  5.4000000e+001  2.6085078e+001
  5.5000000e+001  2.6182257e+001
  5.6000000e+001  2.6279436e+001
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  5.7000000e+001  2.6376614e+001
  5.8000000e+001  2.6473793e+001
  5.9000000e+001  2.6570972e+001
  6.0000000e+001  2.6668150e+001
  6.1000000e+001  2.6765329e+001
  6.2000000e+001  2.6862508e+001
  6.3000000e+001  2.0412466e+001
  6.4000000e+001  2.0397226e+001
  6.5000000e+001  2.0381987e+001
  6.6000000e+001  2.0366748e+001
  6.7000000e+001  2.0351509e+001
  6.8000000e+001  2.0336269e+001
  6.9000000e+001  2.0321030e+001
  7.0000000e+001  2.0305791e+001
  7.1000000e+001  2.0079648e+001
  7.2000000e+001  2.0061225e+001
  7.3000000e+001  2.0042801e+001
  7.4000000e+001  2.0024378e+001
  7.5000000e+001  2.0005955e+001
  7.6000000e+001  1.9987532e+001
  7.7000000e+001  1.9969109e+001
  7.8000000e+001  1.9950685e+001
  7.9000000e+001  2.5445564e+001
  8.0000000e+001  2.5501405e+001
  8.1000000e+001  2.5557245e+001
  8.2000000e+001  2.5613085e+001
  8.3000000e+001  2.5668925e+001
  8.4000000e+001  2.5724765e+001
  8.5000000e+001  2.5780605e+001
  8.6000000e+001  2.5836445e+001
  8.7000000e+001  2.4918451e+001
  8.8000000e+001  2.4962449e+001
  8.9000000e+001  2.5006448e+001
  9.0000000e+001  2.5050447e+001
  9.1000000e+001  2.5094445e+001
  9.2000000e+001  2.5138444e+001
  9.3000000e+001  2.5182443e+001
  9.4000000e+001  2.5226441e+001
  9.5000000e+001  2.3518641e+001
  9.6000000e+001  2.3543227e+001
  9.7000000e+001  2.3567813e+001
  9.8000000e+001  2.3592399e+001
  9.9000000e+001  2.3616985e+001
  1.0000000e+002  2.3641571e+001
  1.0100000e+002  2.3666157e+001
  1.0200000e+002  2.3690743e+001
  1.0300000e+002  2.3715329e+001
  1.0400000e+002  3.3547945e+001
  1.0500000e+002  3.3671363e+001
  1.0600000e+002  3.3794780e+001
  1.0700000e+002  3.3918198e+001
  1.0800000e+002  3.4041615e+001
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  1.0900000e+002  3.4165032e+001
  1.1000000e+002  3.4288450e+001
  1.1100000e+002  3.4411867e+001
  1.1200000e+002  2.4400556e+001
  1.1300000e+002  2.4429468e+001
  1.1400000e+002  2.4458380e+001
  1.1500000e+002  2.4487293e+001
  1.1600000e+002  2.4516205e+001
  1.1700000e+002  2.4545117e+001
  1.1800000e+002  2.4574029e+001
  1.1900000e+002  2.4602942e+001
  1.2000000e+002  2.0063580e+001
  1.2100000e+002  2.0052851e+001
  1.2200000e+002  2.0042121e+001
  1.2300000e+002  2.0031392e+001
  1.2400000e+002  2.0020663e+001
  1.2500000e+002  2.0009934e+001
  1.2600000e+002  1.9999205e+001
  1.2700000e+002  1.9988476e+001
  1.2800000e+002  2.0783526e+001
  1.2900000e+002  2.0779336e+001
  1.3000000e+002  2.0775145e+001
  1.3100000e+002  2.0770954e+001
  1.3200000e+002  2.0766763e+001
  1.3300000e+002  2.0762572e+001
  1.3400000e+002  2.0758382e+001
  1.3500000e+002  2.0754191e+001
  1.3600000e+002  2.0750000e+001
  1.3700000e+002  2.5046041e+001
  1.3800000e+002  2.5074369e+001
  1.3900000e+002  2.5102697e+001
  1.4000000e+002  2.5131024e+001
  1.4100000e+002  2.5159352e+001
  1.4200000e+002  2.5187679e+001
  1.4300000e+002  2.5216007e+001
  1.4400000e+002  2.5244334e+001
  1.4500000e+002  2.3719405e+001
  1.4600000e+002  2.3736657e+001
  1.4700000e+002  2.3753909e+001
  1.4800000e+002  2.3771161e+001
  1.4900000e+002  2.3788413e+001
  1.5000000e+002  2.3805664e+001
  1.5100000e+002  2.3822916e+001
  1.5200000e+002  2.3840168e+001
  1.5300000e+002  2.3857420e+001
  1.5400000e+002  2.3874672e+001
  1.5500000e+002  2.3891924e+001
  1.5600000e+002  2.3909176e+001
  1.5700000e+002  2.3926428e+001
  1.5800000e+002  2.3943680e+001
  1.5900000e+002  2.3960931e+001
  1.6000000e+002  2.3978183e+001
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  1.6100000e+002  2.3995435e+001
  1.6200000e+002  2.4012687e+001
  1.6300000e+002  2.4029939e+001
  1.6400000e+002  2.4047191e+001
  1.6500000e+002  2.4064443e+001
  1.6600000e+002  2.4081695e+001
  1.6700000e+002  2.4098947e+001
  1.6800000e+002  2.4116198e+001
  1.6900000e+002  2.3693280e+001
  1.7000000e+002  2.3707851e+001
  1.7100000e+002  2.3722423e+001
  1.7200000e+002  2.3736995e+001
  1.7300000e+002  2.3751567e+001
  1.7400000e+002  2.3766139e+001
  1.7500000e+002  2.3780711e+001
  1.7600000e+002  2.3795282e+001
  1.7700000e+002  2.3809854e+001
  1.7800000e+002  3.2359711e+001
  1.7900000e+002  3.2423551e+001
  1.8000000e+002  3.2487392e+001
  1.8100000e+002  3.2551232e+001
  1.8200000e+002  3.2615072e+001
  1.8300000e+002  3.2678913e+001
  1.8400000e+002  3.2742753e+001
  1.8500000e+002  3.2806594e+001
  1.8600000e+002  1.9176807e+001
  1.8700000e+002  1.9165092e+001
  1.8800000e+002  1.9153377e+001
  1.8900000e+002  1.9141662e+001
  1.9000000e+002  1.9129948e+001
  1.9100000e+002  1.9118233e+001
  1.9200000e+002  1.9106518e+001
  1.9300000e+002  1.9094803e+001
  1.9400000e+002  1.8629024e+001
  1.9500000e+002  1.8614910e+001
  1.9600000e+002  1.8600795e+001
  1.9700000e+002  1.8586681e+001
  1.9800000e+002  1.8572567e+001
  1.9900000e+002  1.8558453e+001
  2.0000000e+002  1.8544338e+001
  2.0100000e+002  1.8530224e+001
  2.0200000e+002  1.8516110e+001
  2.0300000e+002  1.8501996e+001
  2.0400000e+002  1.8487881e+001
  2.0500000e+002  1.8473767e+001
  2.0600000e+002  1.8459653e+001
  2.0700000e+002  1.8445539e+001
  2.0800000e+002  1.8431425e+001
  2.0900000e+002  1.8417310e+001
  2.1000000e+002  1.8403196e+001
  2.1100000e+002  1.8389082e+001
  2.1200000e+002  1.8374968e+001
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  2.1300000e+002  1.8360853e+001
  2.1400000e+002  1.8346739e+001
  2.1500000e+002  1.8332625e+001
  2.1600000e+002  1.8318511e+001
  2.1700000e+002  1.8304397e+001
  2.1800000e+002  1.8290282e+001
  2.1900000e+002  2.5130897e+001
  2.2000000e+002  2.5148778e+001
  2.2100000e+002  2.5166659e+001
  2.2200000e+002  2.5184541e+001
  2.2300000e+002  2.5202422e+001
  2.2400000e+002  2.5220303e+001
  2.2500000e+002  2.5238185e+001
  2.2600000e+002  2.5256066e+001
  2.2700000e+002  2.1841912e+001
  2.2800000e+002  2.1844350e+001
  2.2900000e+002  2.1846789e+001
  2.3000000e+002  2.1849227e+001
  2.3100000e+002  2.1851666e+001
  2.3200000e+002  2.1854104e+001
  2.3300000e+002  2.1856543e+001
  2.3400000e+002  2.1858981e+001
  2.3500000e+002  2.1861419e+001
  2.3600000e+002  2.1863858e+001
  2.3700000e+002  2.1866296e+001
  2.3800000e+002  2.1868735e+001
  2.3900000e+002  2.1871173e+001
  2.4000000e+002  2.1873611e+001
  2.4100000e+002  2.1876050e+001
  2.4200000e+002  2.1878488e+001
  2.4300000e+002  2.3914153e+001
  2.4400000e+002  2.3925126e+001
  2.4500000e+002  2.3936099e+001
  2.4600000e+002  2.3947071e+001
  2.4700000e+002  2.3958044e+001
  2.4800000e+002  2.3969017e+001
  2.4900000e+002  2.3979990e+001
  2.5000000e+002  2.3990962e+001
  2.5100000e+002  2.4001935e+001
  2.5200000e+002  2.4012908e+001
  2.5300000e+002  2.4023881e+001
  2.5400000e+002  2.4034854e+001
  2.5500000e+002  2.4045826e+001
  2.5600000e+002  2.4056799e+001
  2.5700000e+002  2.4067772e+001
  2.5800000e+002  2.4078745e+001
  2.5900000e+002  2.4089717e+001
  2.6000000e+002  2.4100690e+001
  2.6100000e+002  2.4111663e+001
  2.6200000e+002  2.4122636e+001
  2.6300000e+002  2.4133608e+001
  2.6400000e+002  2.4144581e+001
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  2.6500000e+002  2.4155554e+001
  2.6600000e+002  2.4166527e+001
  2.6700000e+002  2.4177500e+001
  2.6800000e+002  2.4188472e+001
  2.6900000e+002  2.4199445e+001
  2.7000000e+002  2.4210418e+001
  2.7100000e+002  2.4221391e+001
  2.7200000e+002  2.4232363e+001
  2.7300000e+002  2.4243336e+001
  2.7400000e+002  2.4254309e+001
  2.7500000e+002  2.4265282e+001
  2.7600000e+002  2.3321993e+001
  2.7700000e+002  2.3329448e+001
  2.7800000e+002  2.3336902e+001
  2.7900000e+002  2.3344357e+001
  2.8000000e+002  2.3351812e+001
  2.8100000e+002  2.3359266e+001
  2.8200000e+002  2.3366721e+001
  2.8300000e+002  2.3374176e+001
  2.8400000e+002  2.3381630e+001
  2.8500000e+002  2.3389085e+001
  2.8600000e+002  2.3396540e+001
  2.8700000e+002  2.3403994e+001
  2.8800000e+002  2.3411449e+001
  2.8900000e+002  2.3418903e+001
  2.9000000e+002  2.3426358e+001
  2.9100000e+002  2.3433813e+001
  2.9200000e+002  2.1953306e+001
  2.9300000e+002  2.1955580e+001
  2.9400000e+002  2.1957855e+001
  2.9500000e+002  2.1960129e+001
  2.9600000e+002  2.1962403e+001
  2.9700000e+002  2.1964678e+001
  2.9800000e+002  2.1966952e+001
  2.9900000e+002  2.1969227e+001
  3.0000000e+002  1.9910188e+001
  3.0100000e+002  2.6065703e+001
  3.0200000e+002  2.6081791e+001
  3.0300000e+002  2.6097878e+001
  3.0400000e+002  2.6113965e+001
  3.0500000e+002  2.6130053e+001
  3.0600000e+002  2.6146140e+001
  3.0700000e+002  2.6162227e+001
  3.0800000e+002  2.6178315e+001
  3.0900000e+002  2.6194402e+001
  3.1000000e+002  2.6210489e+001
  3.1100000e+002  2.6226576e+001
  3.1200000e+002  2.6242664e+001
  3.1300000e+002  2.6258751e+001
  3.1400000e+002  2.6274838e+001
  3.1500000e+002  2.6290926e+001
  3.1600000e+002  2.6307013e+001
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  3.1700000e+002  2.6323100e+001
  3.1800000e+002  2.6339188e+001
  3.1900000e+002  2.6355275e+001
  3.2000000e+002  2.6371362e+001
  3.2100000e+002  2.6387450e+001
  3.2200000e+002  2.6403537e+001
  3.2300000e+002  2.6419624e+001
  3.2400000e+002  2.6435711e+001
  3.2500000e+002  2.6451799e+001
  3.2600000e+002  2.6467886e+001
  3.2700000e+002  2.6483973e+001
  3.2800000e+002  2.6500061e+001
  3.2900000e+002  2.6516148e+001
  3.3000000e+002  2.6532235e+001
  3.3100000e+002  2.6548323e+001
  3.3200000e+002  2.6564410e+001
  3.3300000e+002  2.6580497e+001
  3.3400000e+002  2.6596584e+001
  3.3500000e+002  2.6612672e+001
  3.3600000e+002  2.6628759e+001
  3.3700000e+002  2.6644846e+001
  3.3800000e+002  2.6660934e+001
  3.3900000e+002  2.6677021e+001
  3.4000000e+002  2.6693108e+001
  3.4100000e+002  2.6709196e+001
  3.4200000e+002  1.8539314e+001
  3.4300000e+002  1.8531128e+001
  3.4400000e+002  1.8522942e+001
  3.4500000e+002  1.8514756e+001
  3.4600000e+002  1.8506570e+001
  3.4700000e+002  1.8498384e+001
  3.4800000e+002  1.8490198e+001
  3.4900000e+002  1.8482011e+001
  3.5000000e+002  1.8473825e+001
  3.5100000e+002  1.8465639e+001
  3.5200000e+002  1.8457453e+001
  3.5300000e+002  1.8449267e+001
  3.5400000e+002  1.8441081e+001
  3.5500000e+002  1.8432895e+001
  3.5600000e+002  1.8424709e+001
  3.5700000e+002  1.8416523e+001
  3.5800000e+002  1.8408336e+001
  3.5900000e+002  1.8400150e+001
  3.6000000e+002  1.8391964e+001
  3.6100000e+002  1.8383778e+001
  3.6200000e+002  1.8375592e+001
  3.6300000e+002  1.8367406e+001
  3.6400000e+002  1.8359220e+001
  3.6500000e+002  1.8351034e+001
  3.6600000e+002  1.8342847e+001
  3.6700000e+002  1.8334661e+001
  3.6800000e+002  1.8326475e+001
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  3.6900000e+002  1.8318289e+001
  3.7000000e+002  1.8310103e+001
  3.7100000e+002  1.8301917e+001
  3.7200000e+002  1.8293731e+001
  3.7300000e+002  1.8285545e+001
  3.7400000e+002  1.8277359e+001
  3.7500000e+002  1.8269172e+001
  3.7600000e+002  1.8260986e+001
  3.7700000e+002  1.8252800e+001
  3.7800000e+002  1.8244614e+001
  3.7900000e+002  1.8236428e+001
  3.8000000e+002  1.8228242e+001
  3.8100000e+002  1.8220056e+001
  3.8200000e+002  1.8211870e+001
  3.8300000e+002  1.8203684e+001
  3.8400000e+002  1.8195497e+001
  3.8500000e+002  1.8187311e+001
  3.8600000e+002  1.8179125e+001
  3.8700000e+002  1.8170939e+001
  3.8800000e+002  1.8162753e+001
  3.8900000e+002  1.8154567e+001
  3.9000000e+002  1.8146381e+001
  3.9100000e+002  1.8138195e+001
  3.9200000e+002  1.8130008e+001
  3.9300000e+002  1.8121822e+001
  3.9400000e+002  1.8113636e+001
  3.9500000e+002  1.8105450e+001
  3.9600000e+002  1.8097264e+001
  3.9700000e+002  1.8089078e+001
  3.9800000e+002  1.8080892e+001
  3.9900000e+002  1.8072706e+001
  4.0000000e+002  1.8064520e+001
  4.0100000e+002  1.8056333e+001
  4.0200000e+002  1.8048147e+001
  4.0300000e+002  1.8039961e+001
  4.0400000e+002  1.8031775e+001
  4.0500000e+002  1.8023589e+001
  4.0600000e+002  1.8015403e+001
  4.0700000e+002  2.3555918e+001
  4.0800000e+002  2.3561526e+001
  4.0900000e+002  2.3567135e+001
  4.1000000e+002  2.3572743e+001
  4.1100000e+002  2.3578352e+001
  4.1200000e+002  2.3583960e+001
  4.1300000e+002  2.3589568e+001
  4.1400000e+002  2.3595177e+001
  4.1500000e+002  2.4801128e+001
  4.1600000e+002  2.4809662e+001
  4.1700000e+002  2.4818197e+001
  4.1800000e+002  2.4826731e+001
  4.1900000e+002  2.4835265e+001
  4.2000000e+002  2.4843800e+001
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  4.2100000e+002  2.4852334e+001
  4.2200000e+002  2.4860868e+001
  4.2300000e+002  2.4869403e+001
  4.2400000e+002  2.8583694e+001
  4.2500000e+002  2.8601068e+001
  4.2600000e+002  2.8618441e+001
  4.2700000e+002  2.8635815e+001
  4.2800000e+002  2.8653188e+001
  4.2900000e+002  2.8670562e+001
  4.3000000e+002  2.8687936e+001
  4.3100000e+002  2.8705309e+001
  4.3200000e+002  2.5988033e+001
  4.3300000e+002  2.5999006e+001
  4.3400000e+002  2.6009979e+001
  4.3500000e+002  2.6020951e+001
  4.3600000e+002  2.6031924e+001
  4.3700000e+002  2.6042897e+001
  4.3800000e+002  2.6053870e+001
  4.3900000e+002  2.6064843e+001
  4.4000000e+002  2.4591987e+001
  4.4100000e+002  2.4599551e+001
  4.4200000e+002  2.4607114e+001
  4.4300000e+002  2.4614678e+001
  4.4400000e+002  2.4622242e+001
  4.4500000e+002  2.4629805e+001
  4.4600000e+002  2.4637369e+001
  4.4700000e+002  2.4644932e+001
  4.4800000e+002  2.9494502e+001
  4.4900000e+002  2.9512989e+001
  4.5000000e+002  2.9531477e+001
  4.5100000e+002  2.9549965e+001
  4.5200000e+002  2.9568452e+001
  4.5300000e+002  2.9586940e+001
  4.5400000e+002  2.9605428e+001
  4.5500000e+002  2.9623916e+001
  4.5600000e+002  2.4404412e+001
  4.5700000e+002  2.4411291e+001
  4.5800000e+002  2.4418171e+001
  4.5900000e+002  2.4425051e+001
  4.6000000e+002  2.4431931e+001
  4.6100000e+002  2.4438810e+001
  4.6200000e+002  2.4445690e+001
  4.6300000e+002  2.4452570e+001
  4.6400000e+002  2.4459450e+001
  4.6500000e+002  2.3259013e+001
  4.6600000e+002  2.3263269e+001
  4.6700000e+002  2.3267526e+001
  4.6800000e+002  2.3271782e+001
  4.6900000e+002  2.3276039e+001
  4.7000000e+002  2.3280295e+001
  4.7100000e+002  2.3284552e+001
  4.7200000e+002  2.3288808e+001
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  4.7300000e+002  2.2402390e+001
  4.7400000e+002  2.2404744e+001
  4.7500000e+002  2.2407098e+001
  4.7600000e+002  2.2409453e+001
  4.7700000e+002  2.2411807e+001
  4.7800000e+002  2.2414161e+001
  4.7900000e+002  2.2416516e+001
  4.8000000e+002  2.2418870e+001
  4.8100000e+002  2.7539382e+001
  4.8200000e+002  2.7552483e+001
  4.8300000e+002  2.7565584e+001
  4.8400000e+002  2.7578686e+001
  4.8500000e+002  2.7591787e+001
  4.8600000e+002  2.7604888e+001
  4.8700000e+002  2.7617990e+001
  4.8800000e+002  2.7631091e+001
  4.8900000e+002  2.1319680e+001
  4.9000000e+002  2.1319720e+001
  4.9100000e+002  2.1319761e+001
  4.9200000e+002  2.1319802e+001
  4.9300000e+002  2.1319842e+001
  4.9400000e+002  2.1319883e+001
  4.9500000e+002  2.1319924e+001
  4.9600000e+002  2.1319964e+001
  4.9700000e+002  2.6524141e+001
  4.9800000e+002  2.6534754e+001
  4.9900000e+002  2.6545367e+001
  5.0000000e+002  2.6555980e+001
  5.0100000e+002  2.6566593e+001
  5.0200000e+002  2.6577206e+001
  5.0300000e+002  2.6587819e+001
  5.0400000e+002  2.6598432e+001
  5.0500000e+002  2.6609045e+001
  5.0600000e+002  2.4996242e+001
  5.0700000e+002  2.5003616e+001
  5.0800000e+002  2.5010991e+001
  5.0900000e+002  2.5018365e+001
  5.1000000e+002  2.5025739e+001
  5.1100000e+002  2.5033113e+001
  5.1200000e+002  2.5040487e+001
  5.1300000e+002  2.5047861e+001
  5.1400000e+002  2.4759123e+001
  5.1500000e+002  2.4765915e+001
  5.1600000e+002  2.4772708e+001
  5.1700000e+002  2.4779501e+001
  5.1800000e+002  2.4786293e+001
  5.1900000e+002  2.4793086e+001
  5.2000000e+002  2.4799879e+001
  5.2100000e+002  2.4806672e+001
  5.2200000e+002  2.7409173e+001
  5.2300000e+002  2.7420984e+001
  5.2400000e+002  2.7432795e+001
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  5.2500000e+002  2.7444606e+001
  5.2600000e+002  2.7456417e+001
  5.2700000e+002  2.7468228e+001
  5.2800000e+002  2.7480039e+001
  5.2900000e+002  2.7491850e+001
  5.3000000e+002  2.1152220e+001
  5.3100000e+002  2.1151939e+001
  5.3200000e+002  2.1151657e+001
  5.3300000e+002  2.1151376e+001
  5.3400000e+002  2.1151094e+001
  5.3500000e+002  2.1150813e+001
  5.3600000e+002  2.1150532e+001
  5.3700000e+002  2.1150250e+001
  5.3800000e+002  2.4658977e+001
  5.3900000e+002  2.4665276e+001
  5.4000000e+002  2.4671575e+001
  5.4100000e+002  2.4677874e+001
  5.4200000e+002  2.4684173e+001
  5.4300000e+002  2.4690473e+001
  5.4400000e+002  2.4696772e+001
  5.4500000e+002  2.4703071e+001
  5.4600000e+002  2.4709370e+001
  5.4700000e+002  2.6756540e+001
  5.4800000e+002  2.6766603e+001
  5.4900000e+002  2.6776666e+001
  5.5000000e+002  2.6786729e+001
  5.5100000e+002  2.6796792e+001
  5.5200000e+002  2.6806855e+001
  5.5300000e+002  2.6816918e+001
  5.5400000e+002  2.6826981e+001
  5.5500000e+002  2.3421089e+001
  5.5600000e+002  2.3424944e+001
  5.5700000e+002  2.3428798e+001
  5.5800000e+002  2.3432653e+001
  5.5900000e+002  2.3436508e+001
  5.6000000e+002  2.3440363e+001
  5.6100000e+002  2.3444218e+001
  5.6200000e+002  2.3448073e+001
  5.6300000e+002  2.2868367e+001
  5.6400000e+002  2.2871176e+001
  5.6500000e+002  2.2873986e+001
  5.6600000e+002  2.2876795e+001
  5.6700000e+002  2.2879605e+001
  5.6800000e+002  2.2882414e+001
  5.6900000e+002  2.2885224e+001
  5.7000000e+002  2.2888033e+001
  5.7100000e+002  2.3854362e+001
  5.7200000e+002  2.3858873e+001
  5.7300000e+002  2.3863385e+001
  5.7400000e+002  2.3867896e+001
  5.7500000e+002  2.3872407e+001
  5.7600000e+002  2.3876918e+001

11

ABOR/MH/Priv-004707



  5.7700000e+002  2.3881429e+001
  5.7800000e+002  2.3885940e+001
  5.7900000e+002  2.6141622e+001
  5.8000000e+002  2.6150053e+001
  5.8100000e+002  2.6158484e+001
  5.8200000e+002  2.6166916e+001
  5.8300000e+002  2.6175347e+001
  5.8400000e+002  2.6183778e+001
  5.8500000e+002  2.6192210e+001
  5.8600000e+002  2.6200641e+001
  5.8700000e+002  2.6209073e+001
  5.8800000e+002  2.1408638e+001
  5.8900000e+002  2.1408825e+001
  5.9000000e+002  2.1409011e+001
  5.9100000e+002  2.1409197e+001
  5.9200000e+002  2.1409383e+001
  5.9300000e+002  2.1409570e+001
  5.9400000e+002  2.1409756e+001
  5.9500000e+002  2.1409942e+001
  5.9600000e+002  2.5358449e+001
  5.9700000e+002  2.5365313e+001
  5.9800000e+002  2.5372178e+001
  5.9900000e+002  2.5379042e+001
  6.0000000e+002  2.5385906e+001
  6.0100000e+002  2.5392771e+001
  6.0200000e+002  2.5399635e+001
  6.0300000e+002  2.5406499e+001
  6.0400000e+002  2.6216740e+001
  6.0500000e+002  2.6224945e+001
  6.0600000e+002  2.6233150e+001
  6.0700000e+002  2.6241355e+001
  6.0800000e+002  2.6249560e+001
  6.0900000e+002  2.6257765e+001
  6.1000000e+002  2.6265970e+001
  6.1100000e+002  2.6274174e+001
  6.1200000e+002  2.0836044e+001
  6.1300000e+002  2.0835280e+001
  6.1400000e+002  2.0834515e+001
  6.1500000e+002  2.0833751e+001
  6.1600000e+002  2.0832987e+001
  6.1700000e+002  2.0832223e+001
  6.1800000e+002  2.0831459e+001
  6.1900000e+002  2.0830695e+001
  6.2000000e+002  3.2383716e+001
  6.2100000e+002  3.2401731e+001
  6.2200000e+002  3.2419747e+001
  6.2300000e+002  3.2437762e+001
  6.2400000e+002  3.2455777e+001
  6.2500000e+002  3.2473792e+001
  6.2600000e+002  3.2491808e+001
  6.2700000e+002  3.2509823e+001
  6.2800000e+002  3.2527838e+001
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  6.2900000e+002  2.0538925e+001
  6.3000000e+002  2.0537705e+001
  6.3100000e+002  2.0536486e+001
  6.3200000e+002  2.0535267e+001
  6.3300000e+002  2.0534048e+001
  6.3400000e+002  2.0532829e+001
  6.3500000e+002  2.0531609e+001
  6.3600000e+002  2.0530390e+001
  6.3700000e+002  2.3474140e+001
  6.3800000e+002  2.3477579e+001
  6.3900000e+002  2.3481018e+001
  6.4000000e+002  2.3484457e+001
  6.4100000e+002  2.3487895e+001
  6.4200000e+002  2.3491334e+001
  6.4300000e+002  2.3494773e+001
  6.4400000e+002  2.3498212e+001
  6.4500000e+002  2.3582478e+001
  6.4600000e+002  2.3586043e+001
  6.4700000e+002  2.3589608e+001
  6.4800000e+002  2.3593173e+001
  6.4900000e+002  2.3596738e+001
  6.5000000e+002  2.3600303e+001
  6.5100000e+002  2.3603868e+001
  6.5200000e+002  2.3607433e+001
  6.5300000e+002  2.0983862e+001
  6.5400000e+002  2.0983375e+001
  6.5500000e+002  2.0982887e+001
  6.5600000e+002  2.0982399e+001
  6.5700000e+002  2.0981912e+001
  6.5800000e+002  2.0981424e+001
  6.5900000e+002  2.0980936e+001
  6.6000000e+002  2.0980449e+001
  6.6100000e+002  2.8757609e+001
  6.6200000e+002  2.8768974e+001
  6.6300000e+002  2.8780338e+001
  6.6400000e+002  2.8791702e+001
  6.6500000e+002  2.8803066e+001
  6.6600000e+002  2.8814430e+001
  6.6700000e+002  2.8825794e+001
  6.6800000e+002  2.8837159e+001
  6.6900000e+002  2.8848523e+001
  6.7000000e+002  2.4356324e+001
  6.7100000e+002  2.4360918e+001
  6.7200000e+002  2.4365512e+001
  6.7300000e+002  2.4370107e+001
  6.7400000e+002  2.4374701e+001
  6.7500000e+002  2.4379295e+001
  6.7600000e+002  2.4383890e+001
  6.7700000e+002  2.4388484e+001
  6.7800000e+002  2.6323810e+001
  6.7900000e+002  2.6331272e+001
  6.8000000e+002  2.6338734e+001
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  6.8100000e+002  2.6346197e+001
  6.8200000e+002  2.6353659e+001
  6.8300000e+002  2.6361121e+001
  6.8400000e+002  2.6368583e+001
  6.8500000e+002  2.6376045e+001
  6.8600000e+002  2.9368448e+001
  6.8700000e+002  2.9380291e+001
  6.8800000e+002  2.9392135e+001
  6.8900000e+002  2.9403979e+001
  6.9000000e+002  2.9415823e+001
  6.9100000e+002  2.9427667e+001
  6.9200000e+002  2.9439510e+001
  6.9300000e+002  2.9451354e+001
  6.9400000e+002  1.4527916e+001
  6.9500000e+002  1.4518090e+001
  6.9600000e+002  1.4508265e+001
  6.9700000e+002  1.4498439e+001
  6.9800000e+002  1.4488614e+001
  6.9900000e+002  1.4478789e+001
  7.0000000e+002  1.4468963e+001
  7.0100000e+002  1.4459138e+001
  7.0200000e+002  2.1784345e+001
  7.0300000e+002  2.1785040e+001
  7.0400000e+002  2.1785735e+001
  7.0500000e+002  2.1786429e+001
  7.0600000e+002  2.1787124e+001
  7.0700000e+002  2.1787819e+001
  7.0800000e+002  2.1788513e+001
  7.0900000e+002  2.1789208e+001
  7.1000000e+002  2.1789903e+001
  7.1100000e+002  2.9811539e+001
  7.1200000e+002  2.9823591e+001
  7.1300000e+002  2.9835643e+001
  7.1400000e+002  2.9847695e+001
  7.1500000e+002  2.9859747e+001
  7.1600000e+002  2.9871799e+001
  7.1700000e+002  2.9883850e+001
  7.1800000e+002  2.9895902e+001
  7.1900000e+002  2.3091092e+001
  7.2000000e+002  2.3093600e+001
  7.2100000e+002  2.3096107e+001
  7.2200000e+002  2.3098615e+001
  7.2300000e+002  2.3101123e+001
  7.2400000e+002  2.3103630e+001
  7.2500000e+002  2.3106138e+001
  7.2600000e+002  2.3108646e+001
  7.2700000e+002  2.6148045e+001
  7.2800000e+002  2.6154758e+001
  7.2900000e+002  2.6161470e+001
  7.3000000e+002  2.6168183e+001
  7.3100000e+002  2.6174895e+001
  7.3200000e+002  2.6181608e+001
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  7.3300000e+002  2.6188320e+001
  7.3400000e+002  2.6195033e+001
  7.3500000e+002  2.6176972e+001
  7.3600000e+002  2.6183651e+001
  7.3700000e+002  2.6190329e+001
  7.3800000e+002  2.6197008e+001
  7.3900000e+002  2.6203686e+001
  7.4000000e+002  2.6210365e+001
  7.4100000e+002  2.6217044e+001
  7.4200000e+002  2.6223722e+001
  7.4300000e+002  2.1853885e+001
  7.4400000e+002  2.1854636e+001
  7.4500000e+002  2.1855386e+001
  7.4600000e+002  2.1856136e+001
  7.4700000e+002  2.1856886e+001
  7.4800000e+002  2.1857637e+001
  7.4900000e+002  2.1858387e+001
  7.5000000e+002  2.1859137e+001
  7.5100000e+002  2.1859887e+001
  7.5200000e+002  1.7843994e+001
  7.5300000e+002  1.7839369e+001
  7.5400000e+002  1.7834744e+001
  7.5500000e+002  1.7830119e+001
  7.5600000e+002  1.7825494e+001
  7.5700000e+002  1.7820869e+001
  7.5800000e+002  1.7816244e+001
  7.5900000e+002  1.7811619e+001
  7.6000000e+002  2.1864358e+001
  7.6100000e+002  2.1865105e+001
  7.6200000e+002  2.1865853e+001
  7.6300000e+002  2.1866600e+001
  7.6400000e+002  2.1867347e+001
  7.6500000e+002  2.1868094e+001
  7.6600000e+002  2.1868842e+001
  7.6700000e+002  2.1869589e+001
  7.6800000e+002  2.3943161e+001
  7.6900000e+002  2.3946624e+001
  7.7000000e+002  2.3950087e+001
  7.7100000e+002  2.3953550e+001
  7.7200000e+002  2.3957013e+001
  7.7300000e+002  2.3960477e+001
  7.7400000e+002  2.3963940e+001
  7.7500000e+002  2.3967403e+001
  7.7600000e+002  2.6559790e+001
  7.7700000e+002  2.6566610e+001
  7.7800000e+002  2.6573430e+001
  7.7900000e+002  2.6580250e+001
  7.8000000e+002  2.6587070e+001
  7.8100000e+002  2.6593890e+001
  7.8200000e+002  2.6600710e+001
  7.8300000e+002  2.6607530e+001
  7.8400000e+002  2.6614350e+001

15

ABOR/MH/Priv-004711



  7.8500000e+002  2.6621169e+001
  7.8600000e+002  2.6627989e+001
  7.8700000e+002  2.6634809e+001
  7.8800000e+002  2.6641629e+001
  7.8900000e+002  2.6648449e+001
  7.9000000e+002  2.6655269e+001
  7.9100000e+002  2.6662089e+001
  7.9200000e+002  2.6668909e+001
  7.9300000e+002  2.3836318e+001
  7.9400000e+002  2.3839535e+001
  7.9500000e+002  2.3842753e+001
  7.9600000e+002  2.3845971e+001
  7.9700000e+002  2.3849189e+001
  7.9800000e+002  2.3852406e+001
  7.9900000e+002  2.3855624e+001
  8.0000000e+002  2.3858842e+001
  8.0100000e+002  2.8316516e+001
  8.0200000e+002  2.8325328e+001
  8.0300000e+002  2.8334140e+001
  8.0400000e+002  2.8342952e+001
  8.0500000e+002  2.8351764e+001
  8.0600000e+002  2.8360576e+001
  8.0700000e+002  2.8369388e+001
  8.0800000e+002  2.8378200e+001
  8.0900000e+002  2.8387012e+001
  8.1000000e+002  2.8395825e+001
  8.1100000e+002  2.8404637e+001
  8.1200000e+002  2.8413449e+001
  8.1300000e+002  2.8422261e+001
  8.1400000e+002  2.8431073e+001
  8.1500000e+002  2.8439885e+001
  8.1600000e+002  2.8448697e+001
  8.1700000e+002  2.8457509e+001
  8.1800000e+002  2.8466321e+001
  8.1900000e+002  2.8475133e+001
  8.2000000e+002  2.8483945e+001
  8.2100000e+002  2.8492757e+001
  8.2200000e+002  2.8501569e+001
  8.2300000e+002  2.8510381e+001
  8.2400000e+002  2.8519193e+001
  8.2500000e+002  2.8528005e+001
  8.2600000e+002  2.8536818e+001
  8.2700000e+002  2.8545630e+001
  8.2800000e+002  2.8554442e+001
  8.2900000e+002  2.8563254e+001
  8.3000000e+002  2.8572066e+001
  8.3100000e+002  2.8580878e+001
  8.3200000e+002  2.8589690e+001
  8.3300000e+002  2.8598502e+001
  8.3400000e+002  1.9049997e+001
  8.3500000e+002  1.9047284e+001
  8.3600000e+002  1.9044571e+001
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  8.3700000e+002  1.9041857e+001
  8.3800000e+002  1.9039144e+001
  8.3900000e+002  1.9036431e+001
  8.4000000e+002  1.9033717e+001
  8.4100000e+002  1.9031004e+001
  8.4200000e+002  2.7117401e+001
  8.4300000e+002  2.7124350e+001
  8.4400000e+002  2.7131298e+001
  8.4500000e+002  2.7138246e+001
  8.4600000e+002  2.7145195e+001
  8.4700000e+002  2.7152143e+001
  8.4800000e+002  2.7159091e+001
  8.4900000e+002  2.7166039e+001
  8.5000000e+002  2.9871208e+001
  8.5100000e+002  2.9881348e+001
  8.5200000e+002  2.9891489e+001
  8.5300000e+002  2.9901630e+001
  8.5400000e+002  2.9911770e+001
  8.5500000e+002  2.9921911e+001
  8.5600000e+002  2.9932051e+001
  8.5700000e+002  2.9942192e+001
  8.5800000e+002  2.3905661e+001
  8.5900000e+002  2.3908715e+001
  8.6000000e+002  2.3911769e+001
  8.6100000e+002  2.3914822e+001
  8.6200000e+002  2.3917876e+001
  8.6300000e+002  2.3920930e+001
  8.6400000e+002  2.3923984e+001
  8.6500000e+002  2.3927038e+001
  8.6600000e+002  2.4658105e+001
  8.6700000e+002  2.4662004e+001
  8.6800000e+002  2.4665903e+001
  8.6900000e+002  2.4669802e+001
  8.7000000e+002  2.4673702e+001
  8.7100000e+002  2.4677601e+001
  8.7200000e+002  2.4681500e+001
  8.7300000e+002  2.4685399e+001
  8.7400000e+002  2.4689298e+001
  8.7500000e+002  2.0700729e+001
  8.7600000e+002  2.0700040e+001
  8.7700000e+002  2.0699352e+001
  8.7800000e+002  2.0698663e+001
  8.7900000e+002  2.0697974e+001
  8.8000000e+002  2.0697286e+001
  8.8100000e+002  2.0696597e+001
  8.8200000e+002  2.0695908e+001
  8.8300000e+002  2.0695220e+001
  8.8400000e+002  2.0694531e+001
  8.8500000e+002  2.0693843e+001
  8.8600000e+002  2.0693154e+001
  8.8700000e+002  2.0692465e+001
  8.8800000e+002  2.0691777e+001
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  8.8900000e+002  2.0691088e+001
  8.9000000e+002  2.0690399e+001
  8.9100000e+002  3.4642867e+001
  8.9200000e+002  3.4657923e+001
  8.9300000e+002  3.4672979e+001
  8.9400000e+002  3.4688034e+001
  8.9500000e+002  3.4703090e+001
  8.9600000e+002  3.4718145e+001
  8.9700000e+002  3.4733201e+001
  8.9800000e+002  3.4748257e+001
  8.9900000e+002  1.8569436e+001
  9.0000000e+002  1.8566383e+001
  9.0100000e+002  1.8563329e+001
  9.0200000e+002  1.8560276e+001
  9.0300000e+002  1.8557222e+001
  9.0400000e+002  1.8554169e+001
  9.0500000e+002  1.8551115e+001
  9.0600000e+002  1.8548062e+001
  9.0700000e+002  1.8545008e+001
  9.0800000e+002  1.8541955e+001
  9.0900000e+002  1.8538901e+001
  9.1000000e+002  1.8535848e+001
  9.1100000e+002  1.8532794e+001
  9.1200000e+002  1.8529741e+001
  9.1300000e+002  1.8526687e+001
  9.1400000e+002  1.8523634e+001
  9.1500000e+002  1.8520580e+001
  9.1600000e+002  1.9984348e+001
  9.1700000e+002  1.9982904e+001
  9.1800000e+002  1.9981460e+001
  9.1900000e+002  1.9980017e+001
  9.2000000e+002  1.9978573e+001
  9.2100000e+002  1.9977129e+001
  9.2200000e+002  1.9975685e+001
  9.2300000e+002  1.9974241e+001
  9.2400000e+002  1.9972798e+001
  9.2500000e+002  1.9971354e+001
  9.2600000e+002  1.9969910e+001
  9.2700000e+002  1.9968466e+001
  9.2800000e+002  1.9967022e+001
  9.2900000e+002  1.9965579e+001
  9.3000000e+002  1.9964135e+001
  9.3100000e+002  1.9962691e+001
  9.3200000e+002  1.9961247e+001
  9.3300000e+002  1.9959803e+001
  9.3400000e+002  1.9958360e+001
  9.3500000e+002  1.9956916e+001
  9.3600000e+002  1.9955472e+001
  9.3700000e+002  1.9954028e+001
  9.3800000e+002  1.9952584e+001
  9.3900000e+002  1.9951141e+001
  9.4000000e+002  2.3064922e+001
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  9.4100000e+002  2.3066809e+001
  9.4200000e+002  2.3068696e+001
  9.4300000e+002  2.3070583e+001
  9.4400000e+002  2.3072470e+001
  9.4500000e+002  2.3074357e+001
  9.4600000e+002  2.3076245e+001
  9.4700000e+002  2.3078132e+001
  9.4800000e+002  2.3183625e+001
  9.4900000e+002  2.3185622e+001
  9.5000000e+002  2.3187619e+001
  9.5100000e+002  2.3189616e+001
  9.5200000e+002  2.3191613e+001
  9.5300000e+002  2.3193610e+001
  9.5400000e+002  2.3195607e+001
  9.5500000e+002  2.3197604e+001
  9.5600000e+002  2.3199601e+001
  9.5700000e+002  2.4505093e+001
  9.5800000e+002  2.4508459e+001
  9.5900000e+002  2.4511824e+001
  9.6000000e+002  2.4515190e+001
  9.6100000e+002  2.4518556e+001
  9.6200000e+002  2.4521922e+001
  9.6300000e+002  2.4525288e+001
  9.6400000e+002  2.4528654e+001
  9.6500000e+002  2.8483148e+001
  9.6600000e+002  2.8490628e+001
  9.6700000e+002  2.8498109e+001
  9.6800000e+002  2.8505589e+001
  9.6900000e+002  2.8513070e+001
  9.7000000e+002  2.8520551e+001
  9.7100000e+002  2.8528031e+001
  9.7200000e+002  2.8535512e+001
  9.7300000e+002  2.1786084e+001
  9.7400000e+002  2.1786586e+001
  9.7500000e+002  2.1787088e+001
  9.7600000e+002  2.1787590e+001
  9.7700000e+002  2.1788092e+001
  9.7800000e+002  2.1788594e+001
  9.7900000e+002  2.1789096e+001
  9.8000000e+002  2.1789598e+001
  9.8100000e+002  2.4424396e+001
  9.8200000e+002  2.4427597e+001
  9.8300000e+002  2.4430797e+001
  9.8400000e+002  2.4433998e+001
  9.8500000e+002  2.4437198e+001
  9.8600000e+002  2.4440399e+001
  9.8700000e+002  2.4443599e+001
  9.8800000e+002  2.4446800e+001
  9.8900000e+002  2.4450000e+001
  9.9000000e+002  2.7464885e+001
  9.9100000e+002  2.7471143e+001
  9.9200000e+002  2.7477400e+001
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  9.9300000e+002  2.7483657e+001
  9.9400000e+002  2.7489914e+001
  9.9500000e+002  2.7496171e+001
  9.9600000e+002  2.7502429e+001
  9.9700000e+002  2.7508686e+001
  9.9800000e+002  2.2442051e+001
  9.9900000e+002  2.2443201e+001
  1.0000000e+003  2.2444351e+001
  1.0010000e+003  2.2445501e+001
  1.0020000e+003  2.2446651e+001
  1.0030000e+003  2.2447800e+001
  1.0040000e+003  2.2448950e+001
  1.0050000e+003  2.2450100e+001
  1.0060000e+003  2.2451250e+001
  1.0070000e+003  2.2452400e+001
  1.0080000e+003  2.2453549e+001
  1.0090000e+003  2.2454699e+001
  1.0100000e+003  2.2455849e+001
  1.0110000e+003  2.2456999e+001
  1.0120000e+003  2.2458149e+001
  1.0130000e+003  2.2459299e+001
  1.0140000e+003  2.4028883e+001
  1.0150000e+003  2.4031586e+001
  1.0160000e+003  2.4034290e+001
  1.0170000e+003  2.4036994e+001
  1.0180000e+003  2.4039698e+001
  1.0190000e+003  2.4042402e+001
  1.0200000e+003  2.4045106e+001
  1.0210000e+003  2.4047810e+001
  1.0220000e+003  2.6141874e+001
  1.0230000e+003  2.6146634e+001
  1.0240000e+003  2.6151394e+001
  1.0250000e+003  2.6156153e+001
  1.0260000e+003  2.6160913e+001
  1.0270000e+003  2.6165673e+001
  1.0280000e+003  2.6170433e+001
  1.0290000e+003  2.6175193e+001
  1.0300000e+003  2.6179952e+001
  1.0310000e+003  2.1995110e+001
  1.0320000e+003  2.1995787e+001
  1.0330000e+003  2.1996464e+001
  1.0340000e+003  2.1997142e+001
  1.0350000e+003  2.1997819e+001
  1.0360000e+003  2.1998496e+001
  1.0370000e+003  2.1999174e+001
  1.0380000e+003  2.1999851e+001
  1.0390000e+003  1.8132723e+001
  1.0400000e+003  1.8129661e+001
  1.0410000e+003  1.8126598e+001
  1.0420000e+003  1.8123536e+001
  1.0430000e+003  1.8120473e+001
  1.0440000e+003  1.8117411e+001
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  1.0450000e+003  1.8114349e+001
  1.0460000e+003  1.8111286e+001
  1.0470000e+003  2.1111379e+001
  1.0480000e+003  2.1111198e+001
  1.0490000e+003  2.1111017e+001
  1.0500000e+003  2.1110836e+001
  1.0510000e+003  2.1110655e+001
  1.0520000e+003  2.1110474e+001
  1.0530000e+003  2.1110293e+001
  1.0540000e+003  2.1110112e+001
  1.0550000e+003  2.2550687e+001
  1.0560000e+003  2.2551878e+001
  1.0570000e+003  2.2553069e+001
  1.0580000e+003  2.2554260e+001
  1.0590000e+003  2.2555451e+001
  1.0600000e+003  2.2556642e+001
  1.0610000e+003  2.2557833e+001
  1.0620000e+003  2.2559023e+001
  1.0630000e+003  1.8789030e+001
  1.0640000e+003  1.8786657e+001
  1.0650000e+003  1.8784284e+001
  1.0660000e+003  1.8781911e+001
  1.0670000e+003  1.8779539e+001
  1.0680000e+003  1.8777166e+001
  1.0690000e+003  1.8774793e+001
  1.0700000e+003  1.8772420e+001
  1.0710000e+003  1.8770047e+001
  1.0720000e+003  2.1329798e+001
  1.0730000e+003  2.1329826e+001
  1.0740000e+003  2.1329854e+001
  1.0750000e+003  2.1329882e+001
  1.0760000e+003  2.1329910e+001
  1.0770000e+003  2.1329938e+001
  1.0780000e+003  2.1329966e+001
  1.0790000e+003  2.1329994e+001
  1.0800000e+003  2.1766775e+001
  1.0810000e+003  2.1767209e+001
  1.0820000e+003  2.1767643e+001
  1.0830000e+003  2.1768077e+001
  1.0840000e+003  2.1768511e+001
  1.0850000e+003  2.1768945e+001
  1.0860000e+003  2.1769379e+001
  1.0870000e+003  2.1769813e+001
  1.0880000e+003  2.5669225e+001
  1.0890000e+003  2.5673258e+001
  1.0900000e+003  2.5677292e+001
  1.0910000e+003  2.5681325e+001
  1.0920000e+003  2.5685358e+001
  1.0930000e+003  2.5689392e+001
  1.0940000e+003  2.5693425e+001
  1.0950000e+003  2.5697459e+001
  1.0960000e+003  2.1041852e+001
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  1.0970000e+003  2.1041616e+001
  1.0980000e+003  2.1041379e+001
  1.0990000e+003  2.1041143e+001
  1.1000000e+003  2.1040906e+001
  1.1010000e+003  2.1040669e+001
  1.1020000e+003  2.1040433e+001
  1.1030000e+003  2.1040196e+001
  1.1040000e+003  1.9453489e+001
  1.1050000e+003  1.9451809e+001
  1.1060000e+003  1.9450129e+001
  1.1070000e+003  1.9448449e+001
  1.1080000e+003  1.9446770e+001
  1.1090000e+003  1.9445090e+001
  1.1100000e+003  1.9443410e+001
  1.1110000e+003  1.9441730e+001
  1.1120000e+003  1.9440050e+001
  1.1130000e+003  2.2591562e+001
  1.1140000e+003  2.2592728e+001
  1.1150000e+003  2.2593893e+001
  1.1160000e+003  2.2595059e+001
  1.1170000e+003  2.2596224e+001
  1.1180000e+003  2.2597389e+001
  1.1190000e+003  2.2598555e+001
  1.1200000e+003  2.2599720e+001
  1.1210000e+003  2.1627815e+001
  1.1220000e+003  2.1628109e+001
  1.1230000e+003  2.1628402e+001
  1.1240000e+003  2.1628696e+001
  1.1250000e+003  2.1628990e+001
  1.1260000e+003  2.1629283e+001
  1.1270000e+003  2.1629577e+001
  1.1280000e+003  2.1629871e+001
  1.1290000e+003  2.7815721e+001
  1.1300000e+003  2.7821517e+001
  1.1310000e+003  2.7827312e+001
  1.1320000e+003  2.7833108e+001
  1.1330000e+003  2.7838904e+001
  1.1340000e+003  2.7844699e+001
  1.1350000e+003  2.7850495e+001
  1.1360000e+003  2.7856291e+001
  1.1370000e+003  2.0147977e+001
  1.1380000e+003  2.0146960e+001
  1.1390000e+003  2.0145942e+001
  1.1400000e+003  2.0144925e+001
  1.1410000e+003  2.0143907e+001
  1.1420000e+003  2.0142890e+001
  1.1430000e+003  2.0141872e+001
  1.1440000e+003  2.0140855e+001
  1.1450000e+003  2.0277212e+001
  1.1460000e+003  2.0276315e+001
  1.1470000e+003  2.0275418e+001
  1.1480000e+003  2.0274521e+001
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  1.1490000e+003  2.0273624e+001
  1.1500000e+003  2.0272727e+001
  1.1510000e+003  2.0271830e+001
  1.1520000e+003  2.0270933e+001
  1.1530000e+003  2.0270036e+001
  1.1540000e+003  1.9652153e+001
  1.1550000e+003  1.9650719e+001
  1.1560000e+003  1.9649285e+001
  1.1570000e+003  1.9647852e+001
  1.1580000e+003  1.9646418e+001
  1.1590000e+003  1.9644984e+001
  1.1600000e+003  1.9643550e+001
  1.1610000e+003  1.9642116e+001
  1.1620000e+003  1.9640682e+001
  1.1630000e+003  1.9639248e+001
  1.1640000e+003  1.9637815e+001
  1.1650000e+003  1.9636381e+001
  1.1660000e+003  1.9634947e+001
  1.1670000e+003  1.9633513e+001
  1.1680000e+003  1.9632079e+001
  1.1690000e+003  1.9630645e+001
  1.1700000e+003  2.0405870e+001
  1.1710000e+003  2.0405103e+001
  1.1720000e+003  2.0404335e+001
  1.1730000e+003  2.0403568e+001
  1.1740000e+003  2.0402801e+001
  1.1750000e+003  2.0402033e+001
  1.1760000e+003  2.0401266e+001
  1.1770000e+003  2.0400499e+001
  1.1780000e+003  1.7753728e+001
  1.1790000e+003  1.7750705e+001
  1.1800000e+003  1.7747682e+001
  1.1810000e+003  1.7744660e+001
  1.1820000e+003  1.7741637e+001
  1.1830000e+003  1.7738615e+001
  1.1840000e+003  1.7735592e+001
  1.1850000e+003  1.7732569e+001
  1.1860000e+003  1.7664774e+001
  1.1870000e+003  1.7661696e+001
  1.1880000e+003  1.7658619e+001
  1.1890000e+003  1.7655541e+001
  1.1900000e+003  1.7652464e+001
  1.1910000e+003  1.7649386e+001
  1.1920000e+003  1.7646309e+001
  1.1930000e+003  1.7643231e+001
  1.1940000e+003  1.7640154e+001
  1.1950000e+003  1.9699761e+001
  1.1960000e+003  1.9698416e+001
  1.1970000e+003  1.9697072e+001
  1.1980000e+003  1.9695727e+001
  1.1990000e+003  1.9694383e+001
  1.2000000e+003  1.9693038e+001

23

ABOR/MH/Priv-004719



  1.2010000e+003  1.9691694e+001
  1.2020000e+003  1.9690350e+001
  1.2030000e+003  2.4470263e+001
  1.2040000e+003  2.4472908e+001
  1.2050000e+003  2.4475554e+001
  1.2060000e+003  2.4478200e+001
  1.2070000e+003  2.4480846e+001
  1.2080000e+003  2.4483491e+001
  1.2090000e+003  2.4486137e+001
  1.2100000e+003  2.4488783e+001
  1.2110000e+003  2.4062458e+001
  1.2120000e+003  2.4064748e+001
  1.2130000e+003  2.4067038e+001
  1.2140000e+003  2.4069328e+001
  1.2150000e+003  2.4071618e+001
  1.2160000e+003  2.4073908e+001
  1.2170000e+003  2.4076198e+001
  1.2180000e+003  2.4078489e+001
  1.2190000e+003  2.1526998e+001
  1.2200000e+003  2.1527185e+001
  1.2210000e+003  2.1527372e+001
  1.2220000e+003  2.1527558e+001
  1.2230000e+003  2.1527745e+001
  1.2240000e+003  2.1527932e+001
  1.2250000e+003  2.1528119e+001
  1.2260000e+003  2.1528306e+001
  1.2270000e+003  2.1528493e+001
  1.2280000e+003  2.1528680e+001
  1.2290000e+003  2.1528867e+001
  1.2300000e+003  2.1529054e+001
  1.2310000e+003  2.1529241e+001
  1.2320000e+003  2.1529428e+001
  1.2330000e+003  2.1529615e+001
  1.2340000e+003  2.1529802e+001
  1.2350000e+003  2.1529989e+001
  1.2360000e+003  2.7195191e+001
  1.2370000e+003  2.7199979e+001
  1.2380000e+003  2.7204767e+001
  1.2390000e+003  2.7209555e+001
  1.2400000e+003  2.7214343e+001
  1.2410000e+003  2.7219131e+001
  1.2420000e+003  2.7223919e+001
  1.2430000e+003  2.7228707e+001
  1.2440000e+003  2.4073283e+001
  1.2450000e+003  2.4075521e+001
  1.2460000e+003  2.4077759e+001
  1.2470000e+003  2.4079997e+001
  1.2480000e+003  2.4082235e+001
  1.2490000e+003  2.4084472e+001
  1.2500000e+003  2.4086710e+001
  1.2510000e+003  2.4088948e+001
  1.2520000e+003  2.4679219e+001
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  1.2530000e+003  2.4681929e+001
  1.2540000e+003  2.4684638e+001
  1.2550000e+003  2.4687347e+001
  1.2560000e+003  2.4690057e+001
  1.2570000e+003  2.4692766e+001
  1.2580000e+003  2.4695475e+001
  1.2590000e+003  2.4698185e+001
  1.2600000e+003  2.8504547e+001
  1.2610000e+003  2.3577545e+001
  1.2620000e+003  2.3579358e+001
  1.2630000e+003  2.3581171e+001
  1.2640000e+003  2.3582984e+001
  1.2650000e+003  2.3584797e+001
  1.2660000e+003  2.3586610e+001
  1.2670000e+003  2.3588423e+001
  1.2680000e+003  2.1190698e+001
  1.2690000e+003  2.1190612e+001
  1.2700000e+003  2.1190525e+001
  1.2710000e+003  2.1190439e+001
  1.2720000e+003  2.1190352e+001
  1.2730000e+003  2.1190266e+001
  1.2740000e+003  2.1190179e+001
  1.2750000e+003  2.1190093e+001
  1.2760000e+003  2.1190006e+001
  1.2770000e+003  1.6209131e+001
  1.2780000e+003  1.6205129e+001
  1.2790000e+003  1.6201128e+001
  1.2800000e+003  1.6197126e+001
  1.2810000e+003  1.6193125e+001
  1.2820000e+003  1.6189123e+001
  1.2830000e+003  1.6185122e+001
  1.2840000e+003  1.6181120e+001
  1.2850000e+003  2.9067639e+001
  1.2860000e+003  2.9073706e+001
  1.2870000e+003  2.9079774e+001
  1.2880000e+003  2.9085841e+001
  1.2890000e+003  2.9091908e+001
  1.2900000e+003  2.9097976e+001
  1.2910000e+003  2.9104043e+001
  1.2920000e+003  2.9110110e+001
  1.2930000e+003  2.9116178e+001
  1.2940000e+003  1.9340155e+001
  1.2950000e+003  1.9338634e+001
  1.2960000e+003  1.9337114e+001
  1.2970000e+003  1.9335594e+001
  1.2980000e+003  1.9334074e+001
  1.2990000e+003  1.9332554e+001
  1.3000000e+003  1.9331034e+001
  1.3010000e+003  2.0260257e+001
  1.3020000e+003  2.4513108e+001
  1.3030000e+003  2.4515585e+001
  1.3040000e+003  2.4518061e+001
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  1.3050000e+003  2.4520538e+001
  1.3060000e+003  2.4523015e+001
  1.3070000e+003  2.4525492e+001
  1.3080000e+003  2.4527969e+001
  1.3090000e+003  2.3726752e+001
  1.3100000e+003  2.3728613e+001
  1.3110000e+003  2.3730473e+001
  1.3120000e+003  2.3732334e+001
  1.3130000e+003  2.3734195e+001
  1.3140000e+003  2.3736055e+001
  1.3150000e+003  2.3737916e+001
  1.3160000e+003  2.3739777e+001
  1.3170000e+003  2.2389934e+001
  1.3180000e+003  2.3182489e+001
  1.3190000e+003  2.3183922e+001
  1.3200000e+003  2.3185356e+001
  1.3210000e+003  2.3186789e+001
  1.3220000e+003  2.3188222e+001
  1.3230000e+003  2.3189656e+001
  1.3240000e+003  1.8322911e+001
  1.3250000e+003  1.8320654e+001
  1.3260000e+003  1.9884457e+001
  1.3270000e+003  1.9883386e+001
  1.3280000e+003  1.9882314e+001
  1.3290000e+003  1.9881243e+001
  1.3300000e+003  1.9880171e+001
  1.3310000e+003  2.2657451e+001
  1.3320000e+003  2.2658475e+001
  1.3330000e+003  2.2659498e+001
  1.3340000e+003  2.7693445e+001
  1.3350000e+003  2.7698255e+001
  1.3360000e+003  2.7703065e+001
  1.3370000e+003  2.7707875e+001
  1.3380000e+003  2.7712685e+001
  1.3390000e+003  2.7717494e+001
  1.3400000e+003  2.7722304e+001
  1.3410000e+003  2.7727114e+001
  1.3420000e+003  1.4883596e+001
  1.3430000e+003  1.4878798e+001
  1.3440000e+003  1.4874000e+001
  1.3450000e+003  1.4869202e+001
  1.3460000e+003  1.4864403e+001
  1.3470000e+003  1.4859605e+001
  1.3480000e+003  1.4854807e+001
  1.3490000e+003  1.4850009e+001
  1.3500000e+003  1.4845210e+001
  1.3510000e+003  1.4840412e+001
  1.3520000e+003  1.4835614e+001
  1.3530000e+003  1.4830816e+001
  1.3540000e+003  1.5483020e+001
  1.3550000e+003  1.5478709e+001
  1.3560000e+003  1.5474398e+001
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  1.3570000e+003  1.5470086e+001
  1.3580000e+003  2.6648617e+001
  1.3590000e+003  2.6652569e+001
  1.3600000e+003  2.6656522e+001
  1.3610000e+003  2.5710247e+001
  1.3620000e+003  2.5713499e+001
  1.3630000e+003  2.5716751e+001
  1.3640000e+003  2.5720003e+001
  1.3650000e+003  2.5723254e+001
  1.3660000e+003  2.5726506e+001
  1.3670000e+003  2.5729758e+001
  1.3680000e+003  2.5733010e+001
  1.3690000e+003  2.5736262e+001
  1.3700000e+003  2.5739514e+001
  1.3710000e+003  2.5742765e+001
  1.3720000e+003  2.5746017e+001
  1.3730000e+003  2.5749269e+001
  1.3740000e+003  2.5752521e+001
  1.3750000e+003  2.5755773e+001
  1.3760000e+003  2.5759024e+001
  1.3770000e+003  2.5011453e+001
  1.3780000e+003  2.5014158e+001
  1.3790000e+003  2.5016863e+001
  1.3800000e+003  2.5019567e+001
  1.3810000e+003  2.6049578e+001
  1.3820000e+003  2.6053029e+001
  1.3830000e+003  2.6056480e+001
  1.3840000e+003  2.6059931e+001
  1.3850000e+003  2.8046538e+001
  1.3860000e+003  2.8051426e+001
  1.3870000e+003  2.8056314e+001
  1.3880000e+003  2.8061202e+001
  1.3890000e+003  2.8066090e+001
  1.3900000e+003  2.7567521e+001
  1.3910000e+003  2.7572045e+001
  1.3920000e+003  2.7576570e+001
  1.3930000e+003  2.7581094e+001
  1.3940000e+003  2.7585619e+001
  1.3950000e+003  2.7590143e+001
  1.3960000e+003  2.7594668e+001
  1.3970000e+003  2.7599192e+001
  1.3980000e+003  2.7603717e+001
  1.3990000e+003  2.7608241e+001
  1.4000000e+003  2.7612766e+001
  1.4010000e+003  2.7617290e+001
  1.4020000e+003  2.7621815e+001
  1.4030000e+003  2.7626339e+001
  1.4040000e+003  2.7630864e+001
  1.4050000e+003  2.7635388e+001
  1.4060000e+003  2.7639913e+001
  1.4070000e+003  2.7644437e+001
  1.4080000e+003  2.7648962e+001
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  1.4090000e+003  2.7653486e+001
  1.4100000e+003  2.7658011e+001
  1.4110000e+003  2.7662535e+001
  1.4120000e+003  2.7667060e+001
  1.4130000e+003  2.7671584e+001
  1.4140000e+003  2.7676109e+001
  1.4150000e+003  2.2566659e+001
  1.4160000e+003  2.2567557e+001
  1.4170000e+003  2.2568455e+001
  1.4180000e+003  2.2569353e+001
  1.4190000e+003  2.2626642e+001
  1.4200000e+003  2.2627580e+001
  1.4210000e+003  2.2628518e+001
  1.4220000e+003  2.2629456e+001
  1.4230000e+003  3.0268310e+001
  1.4240000e+003  3.0274634e+001
  1.4250000e+003  3.0280957e+001
  1.4260000e+003  3.0287281e+001
  1.4270000e+003  2.5161068e+001
  1.4280000e+003  2.5163783e+001
  1.4290000e+003  2.5166498e+001
  1.4300000e+003  2.5169213e+001
  1.4310000e+003  3.1397769e+001
  1.4320000e+003  3.1404849e+001
  1.4330000e+003  3.1411929e+001
  1.4340000e+003  3.1419009e+001
  1.4350000e+003  2.0079142e+001
  1.4360000e+003  2.0078288e+001
  1.4370000e+003  2.0077435e+001
  1.4380000e+003  2.0076581e+001
  1.4390000e+003  2.0075728e+001
  1.4400000e+003  2.0074874e+001
  1.4410000e+003  2.0074020e+001
  1.4420000e+003  2.0073167e+001
  1.4430000e+003  2.0072313e+001
  1.4440000e+003  2.0071460e+001
  1.4450000e+003  2.0070606e+001
  1.4460000e+003  2.1867080e+001
  1.4470000e+003  2.1867474e+001
  1.4480000e+003  2.1867867e+001
  1.4490000e+003  2.1868261e+001
  1.4500000e+003  2.1868654e+001
  1.4510000e+003  2.1869048e+001
  1.4520000e+003  2.1869441e+001
  1.4530000e+003  2.1869835e+001
  1.4540000e+003  1.6198685e+001
  1.4550000e+003  1.6195165e+001
  1.4560000e+003  1.6191645e+001
  1.4570000e+003  1.6188125e+001
  1.4580000e+003  1.6184605e+001
  1.4590000e+003  1.6181085e+001
  1.4600000e+003  1.6177565e+001
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  1.4610000e+003  1.6174045e+001
  1.4620000e+003  1.6170525e+001
  1.4630000e+003  1.6167005e+001
  1.4640000e+003  1.6163485e+001
  1.4650000e+003  1.8447521e+001
  1.4660000e+003  1.8445567e+001
  1.4670000e+003  1.8443614e+001
  1.4680000e+003  1.8441660e+001
  1.4690000e+003  2.2297479e+001
  1.4700000e+003  2.2298161e+001
  1.4710000e+003  2.2298842e+001
  1.4720000e+003  2.2299523e+001
  1.4730000e+003  2.6437543e+001
  1.4740000e+003  2.6441042e+001
  1.4750000e+003  2.6444541e+001
  1.4760000e+003  2.6448040e+001
  1.4770000e+003  1.7907880e+001
  1.4780000e+003  1.7905576e+001
  1.4790000e+003  1.7903272e+001
  1.4800000e+003  1.7900968e+001
  1.4810000e+003  1.5989499e+001
  1.4820000e+003  1.5985901e+001
  1.4830000e+003  1.5982304e+001
  1.4840000e+003  1.5978707e+001
  1.4850000e+003  1.5975109e+001
  1.4860000e+003  1.5971512e+001
  1.4870000e+003  1.5967915e+001
  1.4880000e+003  1.5964317e+001
  1.4890000e+003  1.5960720e+001
  1.4900000e+003  1.5957123e+001
  1.4910000e+003  1.5953525e+001
  1.4920000e+003  2.1319948e+001
  1.4930000e+003  2.1319962e+001
  1.4940000e+003  2.1319975e+001
  1.4950000e+003  2.1319989e+001
  1.4960000e+003  2.6058194e+001
  1.4970000e+003  2.6061385e+001
  1.4980000e+003  2.6064576e+001
  1.4990000e+003  2.6067766e+001
  1.5000000e+003  3.3600795e+001
  1.5010000e+003  3.3609022e+001
  1.5020000e+003  3.3617249e+001
  1.5030000e+003  3.3625475e+001
  1.5040000e+003  1.4265999e+001
  1.5050000e+003  1.4261307e+001
  1.5060000e+003  1.4256615e+001
  1.5070000e+003  1.4251924e+001
  1.5080000e+003  2.1240130e+001
  1.5090000e+003  2.1240090e+001
  1.5100000e+003  2.1240050e+001
  1.5110000e+003  2.1240010e+001
  1.5120000e+003  2.1757880e+001
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  1.5130000e+003  2.1758183e+001
  1.5140000e+003  2.1758487e+001
  1.5150000e+003  2.1758791e+001
  1.5160000e+003  2.1759095e+001
  1.5170000e+003  2.1759399e+001
  1.5180000e+003  2.1759702e+001
  1.5190000e+003  1.1624473e+001
  1.5200000e+003  1.1618083e+001
  1.5210000e+003  1.1611693e+001
  1.5220000e+003  1.1605303e+001
  1.5230000e+003  1.8047904e+001
  1.5240000e+003  1.8045762e+001
  1.5250000e+003  1.8043620e+001
  1.5260000e+003  1.8041478e+001
  1.5270000e+003  2.6697448e+001
  1.5280000e+003  2.6700994e+001
  1.5290000e+003  2.6704540e+001
  1.5300000e+003  2.6708085e+001
  1.5310000e+003  2.3634799e+001
  1.5320000e+003  2.3636329e+001
  1.5330000e+003  2.3637858e+001
  1.5340000e+003  2.3639388e+001
  1.5350000e+003  2.7814823e+001
  1.5360000e+003  2.7819081e+001
  1.5370000e+003  2.7823338e+001
  1.5380000e+003  2.7827595e+001
  1.5390000e+003  2.7831853e+001
  1.5400000e+003  2.7836110e+001
  1.5410000e+003  2.7840367e+001
  1.5420000e+003  2.7844625e+001
  1.5430000e+003  2.7848882e+001
  1.5440000e+003  2.7853140e+001
  1.5450000e+003  2.7857397e+001
  1.5460000e+003  2.7861654e+001
  1.5470000e+003  2.7865912e+001
  1.5480000e+003  2.7870169e+001
  1.5490000e+003  2.7874427e+001
  1.5500000e+003  2.7878684e+001
  1.5510000e+003  2.7882941e+001
  1.5520000e+003  2.7887199e+001
  1.5530000e+003  2.7891456e+001
  1.5540000e+003  2.7895713e+001
  1.5550000e+003  2.7899971e+001
  1.5560000e+003  2.7904228e+001
  1.5570000e+003  2.7908486e+001
  1.5580000e+003  2.7912743e+001
  1.5590000e+003  2.7917000e+001
  1.5600000e+003  2.7921258e+001
  1.5610000e+003  2.7925515e+001
  1.5620000e+003  2.7929773e+001
  1.5630000e+003  2.7934030e+001
  1.5640000e+003  2.7938287e+001
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  1.5650000e+003  2.7942545e+001
  1.5660000e+003  2.7946802e+001
  1.5670000e+003  2.7951059e+001
  1.5680000e+003  2.7955317e+001
  1.5690000e+003  2.7959574e+001
  1.5700000e+003  2.3994904e+001
  1.5710000e+003  2.3996625e+001
  1.5720000e+003  2.3998347e+001
  1.5730000e+003  1.9755151e+001
  1.5740000e+003  1.9754166e+001
  1.5750000e+003  1.9753180e+001
  1.5760000e+003  1.9752195e+001
  1.5770000e+003  1.9751210e+001
  1.5780000e+003  1.9750225e+001
  1.5790000e+003  1.9749240e+001
  1.5800000e+003  1.9748255e+001
  1.5810000e+003  1.9747270e+001
  1.5820000e+003  1.9746285e+001
  1.5830000e+003  1.9745300e+001
  1.5840000e+003  1.9744315e+001
  1.5850000e+003  1.9743330e+001
  1.5860000e+003  1.9742345e+001
  1.5870000e+003  1.9741359e+001
  1.5880000e+003  1.9740374e+001
  1.5890000e+003  1.9014674e+001
  1.5900000e+003  1.9013231e+001
  1.5910000e+003  1.9011789e+001
  1.5920000e+003  1.9010346e+001
  1.5930000e+003  2.3715286e+001
  1.5940000e+003  2.3716806e+001
  1.5950000e+003  2.3718327e+001
  1.5960000e+003  2.3719848e+001
  1.5970000e+003  2.1040481e+001
  1.5980000e+003  2.1040318e+001
  1.5990000e+003  2.1040155e+001
  1.6000000e+003  1.9713788e+001
  1.6010000e+003  1.9712794e+001
  1.6020000e+003  1.9711800e+001
  1.6030000e+003  1.9710805e+001
  1.6040000e+003  2.9680820e+001
  1.6050000e+003  2.9686060e+001
  1.6060000e+003  2.9691301e+001
  1.6070000e+003  2.9696541e+001
  1.6080000e+003  3.0739276e+001
  1.6090000e+003  3.0745163e+001
  1.6100000e+003  3.0751051e+001
  1.6110000e+003  3.0756938e+001
  1.6120000e+003  2.1300000e+001
  1.6130000e+003  2.1300000e+001
  1.6140000e+003  2.1300000e+001
  1.6150000e+003  2.1300000e+001
  1.6160000e+003  2.1300000e+001
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  1.6170000e+003  2.1300000e+001
  1.6180000e+003  2.1300000e+001
  1.6190000e+003  2.1300000e+001
  1.6200000e+003  2.1300000e+001
  1.6210000e+003  2.1300000e+001
  1.6220000e+003  2.1300000e+001
  1.6230000e+003  2.1300000e+001
  1.6240000e+003  3.3560137e+001
  1.6250000e+003  3.3567709e+001
  1.6260000e+003  3.3575280e+001
  1.6270000e+003  3.3582852e+001
  1.6280000e+003  3.3590423e+001
  1.6290000e+003  3.3597995e+001
  1.6300000e+003  3.3605566e+001
  1.6310000e+003  3.3613138e+001
  1.6320000e+003  3.3620709e+001
  1.6330000e+003  3.3628281e+001
  1.6340000e+003  3.3635852e+001
  1.6350000e+003  3.3643424e+001
  1.6360000e+003  3.3650995e+001
  1.6370000e+003  3.3658567e+001
  1.6380000e+003  3.3666139e+001
  1.6390000e+003  1.9922840e+001
  1.6400000e+003  1.9921997e+001
  1.6410000e+003  1.9921154e+001
  1.6420000e+003  1.9920312e+001
  1.6430000e+003  2.3106449e+001
  1.6440000e+003  2.3107552e+001
  1.6450000e+003  2.3108655e+001
  1.6460000e+003  2.3109757e+001
  1.6470000e+003  2.9794069e+001
  1.6480000e+003  2.9799242e+001
  1.6490000e+003  2.9804414e+001
  1.6500000e+003  2.9809586e+001
  1.6510000e+003  2.5305930e+001
  1.6520000e+003  2.5308364e+001
  1.6530000e+003  2.5310797e+001
  1.6540000e+003  2.5313230e+001
  1.6550000e+003  2.5315664e+001
  1.6560000e+003  2.5318097e+001
  1.6570000e+003  2.5320531e+001
  1.6580000e+003  2.5322964e+001
  1.6590000e+003  2.5325397e+001
  1.6600000e+003  2.5327831e+001
  1.6610000e+003  2.5330264e+001
  1.6620000e+003  2.5332697e+001
  1.6630000e+003  2.5335131e+001
  1.6640000e+003  2.5337564e+001
  1.6650000e+003  2.5339998e+001
  1.6660000e+003  2.5342431e+001
  1.6670000e+003  2.5344864e+001
  1.6680000e+003  2.5347298e+001
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  1.6690000e+003  2.5349731e+001
  1.6700000e+003  2.5352165e+001
  1.6710000e+003  2.5354598e+001
  1.6720000e+003  2.5357031e+001
  1.6730000e+003  2.5359465e+001
  1.6740000e+003  1.5962161e+001
  1.6750000e+003  1.5958963e+001
  1.6760000e+003  1.5955765e+001
  1.6770000e+003  1.5952567e+001
  1.6780000e+003  1.5949369e+001
  1.6790000e+003  1.5946172e+001
  1.6800000e+003  1.5942974e+001
  1.6810000e+003  3.0318130e+001
  1.6820000e+003  3.0323510e+001
  1.6830000e+003  3.0328890e+001
  1.6840000e+003  3.0334270e+001
  1.6850000e+003  3.0339650e+001
  1.6860000e+003  3.0345030e+001
  1.6870000e+003  3.0350410e+001
  1.6880000e+003  3.0355790e+001
  1.6890000e+003  3.0361170e+001
  1.6900000e+003  3.0366550e+001
  1.6910000e+003  3.0371930e+001
  1.6920000e+003  3.0377310e+001
  1.6930000e+003  1.8715129e+001
  1.6940000e+003  1.8713598e+001
  1.6950000e+003  1.8712067e+001
  1.6960000e+003  1.8710536e+001
  1.6970000e+003  2.4157130e+001
  1.6980000e+003  2.4158818e+001
  1.6990000e+003  2.4507709e+001
  1.7000000e+003  2.4509602e+001
  1.7010000e+003  2.1879915e+001
  1.7020000e+003  2.8131708e+001
  1.7030000e+003  2.8135733e+001
  1.7040000e+003  2.8139758e+001
  1.7050000e+003  1.9751230e+001
  1.7060000e+003  1.9750319e+001
  1.7070000e+003  2.4152543e+001
  1.7080000e+003  2.4154219e+001
  1.7090000e+003  2.4155894e+001
  1.7100000e+003  2.4157570e+001
  1.7110000e+003  2.4159246e+001
  1.7120000e+003  1.2907844e+001
  1.7130000e+003  1.2902928e+001
  1.7140000e+003  1.2898012e+001
  1.7150000e+003  1.2893097e+001
  1.7160000e+003  2.6698265e+001
  1.7170000e+003  2.2815892e+001
  1.7180000e+003  2.2816777e+001
  1.7190000e+003  2.2817663e+001
  1.7200000e+003  2.2818548e+001
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  1.7210000e+003  2.2819433e+001
  1.7220000e+003  3.0652702e+001
  1.7230000e+003  3.0658148e+001
  1.7240000e+003  2.4613832e+001
  1.7250000e+003  2.4615760e+001
  1.7260000e+003  2.4617687e+001
  1.7270000e+003  2.4619615e+001
  1.7280000e+003  2.2987004e+001
  1.7290000e+003  2.2987983e+001
  1.7300000e+003  2.2988962e+001
  1.7310000e+003  2.2989941e+001
  1.7320000e+003  1.8225180e+001
  1.7330000e+003  1.8223400e+001
  1.7340000e+003  1.8221620e+001
  1.7350000e+003  1.6914917e+001
  1.7360000e+003  1.6912382e+001
  1.7370000e+003  2.0612002e+001
  1.7380000e+003  2.0611605e+001
  1.7390000e+003  2.0611207e+001
  1.7400000e+003  2.0610810e+001
  1.7410000e+003  2.0610413e+001
  1.7420000e+003  2.0610016e+001
  1.7430000e+003  2.5501588e+001
  1.7440000e+003  2.5504005e+001
  1.7450000e+003  2.5506423e+001
  1.7460000e+003  2.5508840e+001
  1.7470000e+003  2.1130013e+001
  1.7480000e+003  1.3919907e+001
  1.7490000e+003  1.3915673e+001
  1.7500000e+003  1.3911439e+001
  1.7510000e+003  3.4445985e+001
  1.7520000e+003  3.4453513e+001
  1.7530000e+003  3.4461041e+001
  1.7540000e+003  3.4468570e+001
  1.7550000e+003  1.9182818e+001
  1.7560000e+003  1.9181609e+001
  1.7570000e+003  1.9180399e+001
  1.7580000e+003  2.3519937e+001
  1.7590000e+003  1.8735015e+001
  1.7600000e+003  1.8733553e+001
  1.7610000e+003  1.8732091e+001
  1.7620000e+003  1.8730629e+001
  1.7630000e+003  2.8059389e+001
  1.7640000e+003  2.8063234e+001
  1.7650000e+003  2.8067078e+001
  1.7660000e+003  2.3907735e+001
  1.7670000e+003  2.3909215e+001
  1.7680000e+003  3.5366068e+001
  1.7690000e+003  3.5374045e+001
  1.7700000e+003  3.5382023e+001
  1.7710000e+003  3.5390000e+001
  1.7720000e+003  1.6861557e+001
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  1.7730000e+003  1.6043359e+001
  1.7740000e+003  1.6040386e+001
  1.7750000e+003  2.4056372e+001
  1.7760000e+003  2.4057929e+001
  1.7770000e+003  2.4059486e+001
  1.7780000e+003  2.3686796e+001
  1.7790000e+003  2.3688143e+001
  1.7800000e+003  2.3689489e+001
  1.7810000e+003  2.6899433e+001
  1.7820000e+003  2.0440397e+001
  1.7830000e+003  2.0910110e+001
  1.7840000e+003  2.4784849e+001
  1.7850000e+003  2.4786807e+001
  1.7860000e+003  2.4788766e+001
  1.7870000e+003  2.4238483e+001
  1.7880000e+003  2.9491961e+001
  1.7890000e+003  2.9496555e+001
  1.7900000e+003  1.7066521e+001
  1.7910000e+003  1.7064150e+001
  1.7920000e+003  1.7061779e+001
  1.7930000e+003  2.5829949e+001
  1.7940000e+003  2.5773474e+001
  1.7950000e+003  2.5775975e+001
  1.7960000e+003  2.5778475e+001
  1.7970000e+003  2.3298762e+001
  1.7980000e+003  2.3299877e+001
  1.7990000e+003  3.0489334e+001
  1.8000000e+003  2.1240015e+001
  1.8010000e+003  1.8172177e+001
  1.8020000e+003  1.8170435e+001
  1.8030000e+003  2.2419869e+001
  1.8040000e+003  3.1558176e+001
  1.8050000e+003  2.9978168e+001
  1.8060000e+003  2.8261575e+001
  1.8070000e+003  2.8265439e+001
  1.8080000e+003  2.8269304e+001
  1.8090000e+003  3.4810306e+001
  1.8100000e+003  3.4817794e+001
  1.8110000e+003  3.4825283e+001
  1.8120000e+003  1.9980022e+001
  1.8130000e+003  2.6218885e+001
  1.8140000e+003  2.7077605e+001
  1.8150000e+003  4.2609523e+001
  1.8160000e+003  2.4806361e+001
  1.8170000e+003  2.4808296e+001
  1.8180000e+003  2.2459674e+001
  1.8190000e+003  2.3739005e+001
  1.8200000e+003  2.6727010e+001
  1.8210000e+003  2.6730000e+001
  1.8220000e+003  2.3278258e+001
  1.8230000e+003  2.3279347e+001
  1.8240000e+003  1.8076131e+001
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  1.8250000e+003  1.8074359e+001
  1.8260000e+003  1.8072587e+001
  1.8270000e+003  1.8070815e+001
  1.8280000e+003  2.4858634e+001
  1.8290000e+003  2.6965714e+001
  1.8300000e+003  2.6968820e+001
  1.8310000e+003  1.9430317e+001
  1.8320000e+003  2.2526891e+001
  1.8330000e+003  2.2527563e+001
  1.8340000e+003  2.2528234e+001
  1.8350000e+003  2.2528906e+001
  1.8360000e+003  2.2529577e+001
  1.8370000e+003  3.0949034e+001
  1.8380000e+003  3.0954301e+001
  1.8390000e+003  3.0959567e+001
  1.8400000e+003  3.0964833e+001
  1.8410000e+003  3.0970099e+001
  1.8420000e+003  3.0975366e+001
  1.8430000e+003  1.9234203e+001
  1.8440000e+003  1.9233079e+001
  1.8450000e+003  1.9231955e+001
  1.8460000e+003  1.9230832e+001
  1.8470000e+003  2.8146658e+001
  1.8480000e+003  2.8150374e+001
  1.8490000e+003  2.8154091e+001
  1.8500000e+003  2.8157807e+001
  1.8510000e+003  3.0402990e+001
  1.8520000e+003  3.0407920e+001
  1.8530000e+003  3.0412851e+001
  1.8540000e+003  3.0417781e+001
  1.8550000e+003  3.2067789e+001
  1.8560000e+003  3.0427674e+001
  1.8570000e+003  3.0432604e+001
  1.8580000e+003  3.0437535e+001
  1.8590000e+003  2.5909279e+001
  1.8600000e+003  2.4946796e+001
  1.8610000e+003  2.4948762e+001
  1.8620000e+003  4.1758238e+001
  1.8630000e+003  2.0410837e+001
  1.8640000e+003  2.0410359e+001
  1.8650000e+003  3.3313413e+001
  1.8660000e+003  3.3319871e+001
  1.8670000e+003  2.1859735e+001
  1.8680000e+003  3.1892944e+001
  1.8690000e+003  3.1898630e+001
  1.8700000e+003  3.1904315e+001
  1.8710000e+003  3.1910000e+001
  1.8720000e+003  3.2679457e+001
  1.8730000e+003  3.2685551e+001
  1.8740000e+003  4.0446710e+001
  1.8750000e+003  4.0456953e+001
  1.8760000e+003  4.0467196e+001
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  1.8770000e+003  4.0477439e+001
  1.8780000e+003  3.0827895e+001
  1.8790000e+003  3.0832981e+001
  1.8800000e+003  3.0838067e+001
  1.8810000e+003  2.5149097e+001
  1.8820000e+003  1.8931892e+001
  1.8830000e+003  1.8930631e+001
  1.8840000e+003  2.9427016e+001
  1.8850000e+003  2.5468515e+001
  1.8860000e+003  2.7897790e+001
  1.8870000e+003  2.3309317e+001
  1.8880000e+003  1.7301338e+001
  1.8890000e+003  2.5868763e+001
  1.8900000e+003  2.4997254e+001
  1.8910000e+003  2.4999216e+001
  1.8920000e+003  2.3609315e+001
  1.8930000e+003  2.6579217e+001
  1.8940000e+003  2.4819013e+001
  1.8950000e+003  3.4128846e+001
  1.8960000e+003  2.8510000e+001
  1.8970000e+003  3.2999629e+001
  1.8980000e+003  2.9078069e+001
  1.8990000e+003  2.3899822e+001
  1.9000000e+003  3.2107548e+001
  1.9010000e+003  3.0551608e+001
  1.9020000e+003  3.0556487e+001
  1.9030000e+003  2.5486978e+001
  1.9040000e+003  2.5489184e+001
  1.9050000e+003  2.3859488e+001
  1.9060000e+003  2.2029869e+001
  1.9070000e+003  2.5506948e+001
  1.9080000e+003  2.5509160e+001
  1.9090000e+003  2.2838982e+001
  1.9100000e+003  2.2839790e+001
  1.9110000e+003  2.6077118e+001
  1.9120000e+003  2.6079624e+001
  1.9130000e+003  2.3539730e+001
  1.9140000e+003  2.7119878e+001
  1.9150000e+003  2.5199612e+001
  1.9160000e+003  2.4378132e+001
  1.9170000e+003  2.4379742e+001
  1.9180000e+003  2.1769963e+001
  1.9190000e+003  2.1409993e+001
  1.9200000e+003  2.7189662e+001
  1.9210000e+003  2.9990000e+001
  1.9220000e+003  2.7349748e+001
  1.9230000e+003  2.9957879e+001
  1.9240000e+003  3.5340051e+001
  1.9250000e+003  3.5347366e+001
  1.9260000e+003  2.0091868e+001
  1.9270000e+003  2.0091239e+001
  1.9280000e+003  2.0090610e+001
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  1.9290000e+003  2.1739557e+001
  1.9300000e+003  2.1739785e+001
  1.9310000e+003  2.2429461e+001
  1.9320000e+003  1.8971100e+001
  1.9330000e+003  2.5438090e+001
  1.9340000e+003  2.4898377e+001
  1.9350000e+003  1.9290895e+001
  1.9360000e+003  4.2862408e+001
  1.9370000e+003  2.5838051e+001
  1.9380000e+003  2.0590209e+001
  1.9390000e+003  3.9632891e+001
  1.9400000e+003  1.8501128e+001
  1.9410000e+003  2.5366325e+001
  1.9420000e+003  2.5368425e+001
  1.9430000e+003  3.3519220e+001
  1.9440000e+003  3.3525524e+001
  1.9450000e+003  2.5089590e+001
  1.9460000e+003  3.0999450e+001
  1.9470000e+003  2.0700207e+001
  1.9480000e+003  2.2500000e+001
  1.9490000e+003  2.6218406e+001
  1.9500000e+003  2.2429640e+001
  1.9510000e+003  2.1150059e+001
  1.9520000e+003  3.7577910e+001
  1.9530000e+003  2.9797514e+001
  1.9540000e+003  2.4239171e+001
  1.9550000e+003  2.8898519e+001
  1.9560000e+003  2.6058732e+001
  1.9570000e+003  3.7186501e+001
  1.9580000e+003  3.1167525e+001
  1.9590000e+003  3.2288201e+001
  1.9600000e+003  3.5129576e+001
  1.9610000e+003  1.9040243e+001
  1.9620000e+003  2.4239354e+001
  1.9630000e+003  1.9340090e+001
  1.9640000e+003  2.5059252e+001
  1.9650000e+003  2.4179442e+001
  1.9660000e+003  2.2109872e+001
  1.9670000e+003  1.7180189e+001
  1.9680000e+003  2.6689094e+001
  1.9690000e+003  2.1869872e+001
  1.9700000e+003  2.3089727e+001
  1.9710000e+003  2.6680000e+001
  1.9720000e+003  2.5328915e+001
  1.9730000e+003  2.8089138e+001
  1.9740000e+003  2.6129436e+001
  1.9750000e+003  2.6816640e+001
  1.9760000e+003  2.6819440e+001
  1.9770000e+003  2.6669483e+001
  1.9780000e+003  2.6399561e+001
  1.9790000e+003  2.7909498e+001
  1.9800000e+003  3.3729497e+001
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  1.9810000e+003  2.5399751e+001
  1.9820000e+003  2.2859913e+001
  1.9830000e+003  4.1816059e+001
  1.9840000e+003  2.7159793e+001
  1.9850000e+003  2.0330993e+001
  1.9860000e+003  2.0330504e+001
  1.9870000e+003  2.0330015e+001
  1.9880000e+003  1.8880012e+001
  1.9890000e+003  2.0250518e+001
  1.9900000e+003  2.2119604e+001
  1.9910000e+003  2.4228599e+001
  1.9920000e+003  1.8554007e+001
  1.9930000e+003  1.8552625e+001
  1.9940000e+003  1.8551244e+001
  1.9950000e+003  2.3179169e+001
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  264.  .78600204
  265.  1.09711981
  266.  1.10648966
  267.  1.11585951
  268.  1.12522936
  269.  1.13459909
  270.  1.14396894
  271.  .929185569
  272.  .677611351
  273.  .650272965
  274.  .702124476
  275.  .753975987
  276.  .805827498
  277.  .857679009
  278.  .90953052
  279.  .961382031
  280.  1.01323354
  281.  1.06508505
  282.  1.04930091
  283.  .814065218
  284.  .919320226
  285.  1.02457523
  286.  1.12983012
  287.  1.1516993
  288.  1.16991329
  289.  1.1881274
  290.  1.20634139
  291.  1.22455549
  292.  1.24276948
  293.  1.16586912
  294.  1.02475834
  295.  .88364768
  296.  .854434311
  297.  .981667578
  298.  1.1089009
  299.  1.19303036
  300.  1.13839066
  301.  1.08375084
  302.  1.02911115
  303.  .97447145
  304.  1.01457453
  305.  1.055058
  306.  1.09554148
  307.  1.08316922
  308.  1.05887938
  309.  1.03458953
  310.  1.01029956
  311.  .986009717
  312.  .961719871
  313.  .978833079
  314.  1.04534078
  315.  1.11184847
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  316.  1.17212713
  317.  1.21606624
  318.  1.26000524
  319.  1.28955078
  320.  1.18198168
  321.  1.07441258
  322.  .966843486
  323.  1.03945768
  324.  1.1288085
  325.  1.2181592
  326.  1.3075099
  327.  1.26921237
  328.  1.169451
  329.  1.06968975
  330.  .969928384
  331.  .937458634
  332.  .992391407
  333.  1.04732418
  334.  1.10225701
  335.  1.15718973
  336.  1.21212256
  337.  1.25365973
  338.  1.12758362
  339.  1.00150752
  340.  .875431538
  341.  .929800093
  342.  1.00556087
  343.  1.0813216
  344.  1.02123129
  345.  .906721652
  346.  .859817922
  347.  .859124064
  348.  .858430207
  349.  .857736409
  350.  .857042551
  351.  1.21775901
  352.  1.12615132
  353.  1.03454351
  354.  .942935705
  355.  .851328015
  356.  .759720206
  357.  .897482276
  358.  1.03685856
  359.  1.17623496
  360.  1.13065875
  361.  1.04253793
  362.  .954417109
  363.  .866296291
  364.  .778175473
  365.  .706450343
  366.  .650352776
  367.  .594255149
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  368.  .560698867
  369.  .572496653
  370.  .584294379
  371.  .596092165
  372.  .60788995
  373.  .620323658
  374.  .651986957
  375.  .683650196
  376.  .715313494
  377.  .746976793
  378.  .702279687
  379.  .637527406
  380.  .572775126
  381.  .579811931
  382.  .632555425
  383.  .68529892
  384.  .738042474
  385.  .790786028
  386.  .831550658
  387.  .845777571
  388.  .860004544
  389.  .874231458
  390.  .888458371
  391.  .902195513
  392.  .871840358
  393.  .841485262
  394.  .811130106
  395.  .780775011
  396.  .873096883
  397.  1.0020647
  398.  1.13103271
  399.  1.19050562
  400.  1.20168483
  401.  1.21286392
  402.  1.22404313
  403.  1.23522222
  404.  1.24640131
  405.  1.25758052
  406.  1.26875961
  407.  1.27993882
  408.  1.2884655
  409.  1.24552536
  410.  1.20258522
  411.  1.15964496
  412.  1.11670482
  413.  1.07376468
  414.  1.03082454
  415.  .987884402
  416.  .944944263
  417.  1.0310812
  418.  1.12314594
  419.  1.12661529
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  420.  1.13008463
  421.  1.13355398
  422.  1.0801357
  423.  .918529689
  424.  .933566213
  425.  .948602736
  426.  .968127072
  427.  1.14335704
  428.  1.31858706
  429.  1.33733547
  430.  1.34022701
  431.  1.34311843
  432.  1.34600997
  433.  1.34890151
  434.  1.35179305
  435.  .935724854
  436.  .902334392
  437.  .86894387
  438.  .835553408
  439.  .884587705
  440.  1.11967599
  441.  1.20275474
  442.  .697344244
  443.  .689103007
  444.  .680861771
  445.  .672620535
  446.  .664379299
  447.  .683453918
  448.  .706008673
  449.  .728563428
  450.  .711457133
  451.  .677914321
  452.  .64437151
  453.  .645417511
  454.  .677507102
  455.  .709596753
  456.  .741686344
  457.  .78305763
  458.  .847599268
  459.  .912140965
  460.  .976682603
  461.  1.04122424
  462.  1.10576594
  463.  .922887206
  464.  .921152115
  465.  .919417024
  466.  .917681873
  467.  .915946782
  468.  .955183864
  469.  1.01317453
  470.  1.07116508
  471.  1.12915576
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  472.  1.18714643
  473.  1.2451371
  474.  1.30312777
  475.  1.30850661
  476.  1.1679734
  477.  1.02744007
  478.  .903657198
  479.  .960206747
  480.  1.0167563
  481.  1.07330596
  482.  1.12985551
  483.  1.18640506
  484.  1.18807852
  485.  1.17463279
  486.  1.16118693
  487.  1.1477412
  488.  1.14562082
  489.  1.15299344
  490.  1.16036594
  491.  1.16773856
  492.  1.04681981
  493.  .7512182
  494.  .824521899
  495.  .897825599
  496.  .971129298
  497.  .876790345
  498.  .878871799
  499.  .880953312
  500.  .883034825
  501.  .885116339
  502.  .887197793
  503.  .84268707
  504.  .77849263
  505.  .799467325
  506.  .881358743
  507.  .96325016
  508.  1.04514158
  509.  1.127033
  510.  1.19883811
  511.  1.24508774
  512.  1.29133737
  513.  1.33256042
  514.  1.32952511
  515.  1.32648969
  516.  1.32345426
  517.  1.32041895
  518.  1.2826128
  519.  1.23923993
  520.  1.22643995
  521.  1.22427022
  522.  1.22210038
  523.  1.21993053
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  524.  1.197366
  525.  1.15457022
  526.  1.11177456
  527.  1.08812213
  528.  1.10477364
  529.  1.12142515
  530.  1.13807666
  531.  1.15472817
  532.  1.17092073
  533.  1.16571629
  534.  1.16051185
  535.  1.15530741
  536.  .902053058
  537.  1.08971334
  538.  1.06013989
  539.  .893581331
  540.  .727022767
  541.  .787552357
  542.  1.04073799
  543.  1.19524086
  544.  1.21345782
  545.  .981065631
  546.  .364746749
  547.  .384525687
  548.  .404304594
  549.  .424083501
  550.  .443862408
  551.  .463641316
  552.  .462381572
  553.  .459778965
  554.  .457176358
  555.  .45457375
  556.  .47646144
  557.  .508844376
  558.  .541227281
  559.  .573610187
  560.  .605993152
  561.  .638376057
  562.  .670758963
  563.  .703141928
  564.  .735524833
  565.  .77117151
  566.  .82408154
  567.  .87699157
  568.  .9299016
  569.  .982811689
  570.  1.03572178
  571.  1.08863175
  572.  1.14154184
  573.  1.19445181
  574.  1.20884371
  575.  1.20494032
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  576.  1.20103705
  577.  1.19713366
  578.  1.18240154
  579.  1.15377414
  580.  1.00514996
  581.  .695179462
  582.  .66134733
  583.  .627515137
  584.  .593683004
  585.  .561396956
  586.  .613436341
  587.  .665475726
  588.  .717515111
  589.  .769554436
  590.  .821593821
  591.  .943300366
  592.  1.09250736
  593.  1.10499942
  594.  1.07483768
  595.  1.0874778
  596.  1.10011804
  597.  1.11275816
  598.  1.1253984
  599.  1.13803852
  600.  1.15067875
  601.  1.15189612
  602.  1.06690919
  603.  .981922269
  604.  .896935344
  605.  1.18217289
  606.  1.17
  607.  1.16
  608.  1.15
  609.  1.14
  610.  1.13241577
  611.  .993616939
  612.  .950604796
  613.  .997442424
  614.  1.04428005
  615.  1.09111762
  616.  1.13795531
  617.  1.184793
  618.  1.23163056
  619.  1.26133251
  620.  1.12773943
  621.  .994146407
  622.  .860553384
  623.  .848242581
  624.  .847201586
  625.  .84616065
  626.  .845119715
  627.  .844078779

7

ABOR/MH/Priv-004742



  628.  1.11444688
  629.  1.11514115
  630.  1.11583531
  631.  1.11652958
  632.  1.11722374
  633.  1.09895813
  634.  1.03927541
  635.  .9795928
  636.  .919910133
  637.  .860227466
  638.  .80037266
  639.  .728371084
  640.  .656369448
  641.  .66812408
  642.  .689811349
  643.  .711498678
  644.  .733186007
  645.  .754873335
  646.  .776560664
  647.  1.14766109
  648.  1.04878628
  649.  .949911475
  650.  .851036668
  651.  .75216186
  652.  .701382518
  653.  .808951616
  654.  .916520715
  655.  1.02408981
  656.  1.13165903
  657.  1.23922813
  658.  1.34679723
  659.  1.02421474
  660.  1.01565754
  661.  1.093732
  662.  1.17180634
  663.  1.22049773
  664.  1.25215328
  665.  1.28380883
  666.  1.31546438
  667.  1.30056632
  668.  1.21347141
  669.  1.12637663
  670.  1.03928173
  671.  .952186882
  672.  .896402359
  673.  1.14172101
  674.  1.14519274
  675.  1.14866447
  676.  1.17427707
  677.  1.20202649
  678.  1.22977591
  679.  1.23512733
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  680.  1.23223746
  681.  1.22934747
  682.  1.050228
  683.  .937943697
  684.  1.04377615
  685.  1.14960861
  686.  1.21019936
  687.  1.1705476
  688.  1.13089585
  689.  1.0912441
  690.  1.05159235
  691.  1.0119406
  692.  .972288847
  693.  .932637095
  694.  .917466938
  695.  .905322075
  696.  1.04280436
  697.  1.05559504
  698.  .999209344
  699.  .942823708
  700.  .886438012
  701.  .884682477
  702.  .944538295
  703.  1.00439405
  704.  1.06424987
  705.  1.09278774
  706.  1.01646721
  707.  .940146625
  708.  .863826036
  709.  .787505507
  710.  .814693749
  711.  .843031883
  712.  .871370018
  713.  1.11986637
  714.  .979333937
  715.  .996599555
  716.  1.08508325
  717.  1.17356706
  718.  1.26205075
  719.  1.35053444
  720.  1.28987169
  721.  .994922876
  722.  .795279264
  723.  .85464859
  724.  .914017916
  725.  .973387241
  726.  1.03275657
  727.  1.09212589
  728.  1.15149522
  729.  1.21086454
  730.  1.27023387
  731.  1.3296032
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  732.  1.37126362
  733.  1.40630865
  734.  1.44135356
  735.  1.47639859
  736.  1.5114435
  737.  1.48348761
  738.  1.3713268
  739.  1.259166
  740.  1.09242761
  741.  .822489738
  742.  .827199042
  743.  .831908345
  744.  .836617649
  745.  .841326952
  746.  .846036255
  747.  .850745559
  748.  .855454862
  749.  .864536464
  750.  .874945998
  751.  .885355592
  752.  1.09971011
  753.  1.10352635
  754.  1.1073426
  755.  1.11115897
  756.  1.11497521
  757.  1.05070996
  758.  .886678457
  759.  .963016689
  760.  1.03935492
  761.  1.11369693
  762.  1.14665878
  763.  1.17962074
  764.  1.21258259
  765.  1.24554443
  766.  1.2785064
  767.  1.31146824
  768.  1.34443021
  769.  1.37739205
  770.  1.41035402
  771.  1.41370177
  772.  1.38802254
  773.  1.36234319
  774.  1.33666396
  775.  1.31098461
  776.  1.25251031
  777.  1.0668689
  778.  .907410502
  779.  1.02972639
  780.  1.15204215
  781.  1.06649542
  782.  .973415494
  783.  .880335569
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  784.  .878592968
  785.  .902015209
  786.  .925437391
  787.  .948859632
  788.  .949472427
  789.  .930966139
  790.  .912459791
  791.  .916689515
  792.  .960642397
  793.  1.0045954
  794.  1.04854822
  795.  1.09250116
  796.  1.13645411
  797.  1.17979717
  798.  1.07233608
  799.  1.11823666
  800.  1.17340851
  801.  1.22858036
  802.  1.2837522
  803.  1.33892393
  804.  1.34579027
  805.  1.32583725
  806.  1.23737478
  807.  1.07799661
  808.  .908836365
  809.  .914941788
  810.  1.13800585
  811.  1.06029379
  812.  .982581615
  813.  .904869437
  814.  .827157378
  815.  .7494452
  816.  .839025617
  817.  .931673348
  818.  1.02432108
  819.  1.11696887
  820.  1.20961666
  821.  1.30226445
  822.  1.39491224
  823.  1.48756003
  824.  1.58020771
  825.  1.6728555
  826.  1.55952418
  827.  1.11298645
  828.  .954602957
  829.  1.43780577
  830.  1.22787261
  831.  1.01793933
  832.  .812951326
  833.  .838542402
  834.  .864133537
  835.  .889724612
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  836.  .915315747
  837.  .910350621
  838.  .896817565
  839.  .883284509
  840.  .869751453
  841.  .856218398
  842.  .889525592
  843.  .973369777
  844.  1.05721402
  845.  1.14105821
  846.  1.22490239
  847.  1.3087467
  848.  1.38343215
  849.  1.39095116
  850.  1.39847004
  851.  1.40598893
  852.  1.35262036
  853.  1.29536545
  854.  1.28733552
  855.  1.29011047
  856.  1.2928853
  857.  1.29566026
  858.  1.29843521
  859.  1.18406534
  860.  .961119711
  861.  .7381742
  862.  .515228629
  863.  .363195866
  864.  .394425631
  865.  .425655425
  866.  .456885219
  867.  .488994658
  868.  .542779267
  869.  .596563816
  870.  .608891964
  871.  .617566526
  872.  .656271279
  873.  .702530026
  874.  .748788774
  875.  .795047522
  876.  .841306329
  877.  .887565017
  878.  .933537364
  879.  .979142189
  880.  1.02474701
  881.  1.07035184
  882.  1.11595666
  883.  1.16156149
  884.  1.20716631
  885.  1.25244975
  886.  1.28020167
  887.  1.30795372
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  888.  1.33570576
  889.  1.34313416
  890.  1.34660399
  891.  1.35007381
  892.  1.35354364
  893.  1.35701346
  894.  1.31032884
  895.  1.2203989
  896.  1.13046896
  897.  1.04053903
  898.  .950609088
  899.  .86067915
  900.  .794694245
  901.  .840045571
  902.  .885396898
  903.  .930748165
  904.  .976099491
  905.  1.02145076
  906.  1.06680214
  907.  1.11215341
  908.  .951129258
  909.  .954599202
  910.  .958069205
  911.  .961539149
  912.  .965009153
  913.  .968479097
  914.  .991186142
  915.  1.04323506
  916.  1.09528387
  917.  1.11935616
  918.  1.04188597
  919.  .964415789
  920.  .891778767
  921.  .952504158
  922.  1.01322949
  923.  1.07395494
  924.  1.13468027
  925.  1.16735959
  926.  1.19280624
  927.  1.21825278
  928.  1.11494374
  929.  1.05596471
  930.  1.09716284
  931.  1.13836098
  932.  1.17955923
  933.  1.06155026
  934.  1.12285173
  935.  1.18415308
  936.  1.24545455
  937.  1.30675602
  938.  1.36805749
  939.  1.42935896
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  940.  1.02501881
  941.  1.1480583
  942.  1.33630395
  943.  1.38064134
  944.  1.38295579
  945.  1.38527024
  946.  1.30661619
  947.  1.17261875
  948.  1.03862119
  949.  .904623747
  950.  0.885
  951.  0.870
  952.  0.855
  953.  0.840
  954.  .824726105
  955.  .884872258
  956.  .94501847
  957.  1.00516462
  958.  1.06531084
  959.  1.12545705
  960.  1.18560326
  961.  .972955763
  962.  .949251354
  963.  .925546944
  964.  .934588253
  965.  .968129396
  966.  1.0016706
  967.  1.0352118
  968.  1.06875288
  969.  1.10229409
  970.  1.13583517
  971.  1.16937637
  972.  1.20291758
  973.  1.23645878
  974.  1.26999986
  975.  1.30354095
  976.  1.33708215
  977.  1.37062335
  978.  1.40416455
  979.  1.43770564
  980.  1.3462888
  981.  1.19360924
  982.  1.22352743
  983.  1.239
  984.  1.254
  985.  1.269
  986.  1.284
  987.  1.299
  988.  1.31903601
  989.  1.34289217
  990.  1.36674833
  991.  1.39060462
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  992.  1.41446078
  993.  1.31830573
  994.  1.21596563
  995.  1.11362553
  996.  1.01128531
  997.  1.01328528
  998.  1.05789828
  999.  1.10251141
  1000.  1.14712453
  1001.  1.19173753
  1002.  1.23635066
  1003.  1.28096366
  1004.  1.3010695
  1005.  1.26116848
  1006.  1.02326345
  1007.  1.04110849
  1008.  1.05895352
  1009.  1.07679856
  1010.  1.09464359
  1011.  1.11248863
  1012.  1.13033366
  1013.  1.1481787
  1014.  1.07001245
  1015.  .959842384
  1016.  1.03057337
  1017.  1.10568058
  1018.  1.10394478
  1019.  1.10220885
  1020.  1.10047305
  1021.  1.07912707
  1022.  1.01796985
  1023.  .956812501
  1024.  .895655215
  1025.  .85256511
  1026.  .992230535
  1027.  1.13189602
  1028.  1.07662737
  1029.  1.01532388
  1030.  .954020381
  1031.  1.06861472
  1032.  .970965981
  1033.  .777516961
  1034.  .904217005
  1035.  .991618633
  1036.  .879426181
  1037.  .767233729
  1038.  .710193157
  1039.  .74706161
  1040.  .783930123
  1041.  .820798576
  1042.  .853437841
  1043.  .857775152
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  1044.  .862804174
  1045.  .936249793
  1046.  1.00969541
  1047.  1.08314109
  1048.  1.10254228
  1049.  1.11087072
  1050.  1.11919904
  1051.  1.12752748
  1052.  1.13585591
  1053.  1.14666665
  1054.  1.15967846
  1055.  1.17269027
  1056.  1.18570209
  1057.  1.16860521
  1058.  1.07780802
  1059.  .987010777
  1060.  .896213531
  1061.  .805416346
  1062.  .71461916
  1063.  .623821914
  1064.  .63312304
  1065.  .649952233
  1066.  .666781425
  1067.  .683610559
  1068.  .700439811
  1069.  .717268944
  1070.  .734098136
  1071.  .750927329
  1072.  .767756522
  1073.  .784585714
  1074.  .872577667
  1075.  1.04370296
  1076.  1.04889882
  1077.  1.05409455
  1078.  1.05929041
  1079.  1.06448615
  1080.  1.069682
  1081.  1.10902667
  1082.  1.14979553
  1083.  1.17818069
  1084.  1.20420635
  1085.  1.23023212
  1086.  1.04898536
  1087.  .760978103
  1088.  .657738745
  1089.  .711869597
  1090.  .76600039
  1091.  .820131183
  1092.  .874262035
  1093.  .899579585
  1094.  .833650231
  1095.  .781169832
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  1096.  .82731998
  1097.  .873470128
  1098.  .919620275
  1099.  .965770364
  1100.  1.01192057
  1101.  .875117123
  1102.  .674420118
  1103.  .712749481
  1104.  .856753111
  1105.  .837247074
  1106.  .699316084
  1107.  .633765936
  1108.  .653197885
  1109.  .672629833
  1110.  .692061841
  1111.  .71149379
  1112.  .724946916
  1113.  .707019269
  1114.  .689091563
  1115.  .671163857
  1116.  .686674237
  1117.  .702867627
  1118.  .719061077
  1119.  .727850735
  1120.  .742494106
  1121.  .759844482
  1122.  .777194858
  1123.  .839725494
  1124.  .937746525
  1125.  .860586882
  1126.  .698877215
  1127.  .763071716
  1128.  .814484596
  1129.  .829520762
  1130.  .844556987
  1131.  1.00239873
  1132.  .963361025
  1133.  .92432338
  1134.  .885285676
  1135.  .846248031
  1136.  .807210326
  1137.  .768172681
  1138.  .805958509
  1139.  .873624444
  1140.  .941290319
  1141.  .988155067
  1142.  1.01730311
  1143.  1.04645109
  1144.  1.07559919
  1145.  1.10474718
  1146.  1.10732949
  1147.  1.02578247
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  1148.  .944235444
  1149.  .867099762
  1150.  .859003365
  1151.  .850906968
  1152.  .842810571
  1153.  .847946107
  1154.  .854885876
  1155.  .861825705
  1156.  .900542378
  1157.  .952880859
  1158.  1.00521934
  1159.  1.05755782
  1160.  1.1098963
  1161.  1.16223478
  1162.  1.14752889
  1163.  1.00265837
  1164.  .896524608
  1165.  .927754283
  1166.  .958984017
  1167.  .990213692
  1168.  1.02144337
  1169.  1.0526731
  1170.  1.30737293
  1171.  1.30563712
  1172.  1.3039012
  1173.  1.30216539
  1174.  1.31891465
  1175.  1.34436083
  1176.  1.36980689
  1177.  1.35672212
  1178.  1.3051064
  1179.  1.25349069
  1180.  1.20187509
  1181.  1.15676284
  1182.  1.1301595
  1183.  1.10355616
  1184.  .558804154
  1185.  .607094467
  1186.  .655384839
  1187.  .70367521
  1188.  .751965582
  1189.  .800255954
  1190.  .848546267
  1191.  .871229589
  1192.  .883953154
  1193.  .89667666
  1194.  1.00558972
  1195.  1.08428788
  1196.  1.04149008
  1197.  .998692334
  1198.  .937502921
  1199.  .873380661
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  1200.  .935840249
  1201.  .980499566
  1202.  .894617796
  1203.  .808736026
  1204.  .850375235
  1205.  .892014503
  1206.  .822961748
  1207.  .738815308
  1208.  .753234327
  1209.  .79877758
  1210.  .844320834
  1211.  .889864087
  1212.  .91510731
  1213.  .921613455
  1214.  .9281196
  1215.  .934625745
  1216.  .981578708
  1217.  1.13252246
  1218.  1.25366461
  1219.  1.21838844
  1220.  1.18311238
  1221.  1.14783621
  1222.  1.16281891
  1223.  1.17882836
  1224.  1.19483781
  1225.  1.21084714
  1226.  1.24303389
  1227.  1.28120446
  1228.  1.31937504
  1229.  1.28525507
  1230.  1.19199991
  1231.  1.09874475
  1232.  1.00548959
  1233.  1.26561487
  1234.  1.14358926
  1235.  1.02156365
  1236.  1.21362686
  1237.  1.18760312
  1238.  1.16072845
  1239.  1.04968905
  1240.  .938649714
  1241.  .985111713
  1242.  1.14608943
  1243.  1.13103402
  1244.  1.05758643
  1245.  .984138966
  1246.  .977565944
  1247.  1.01747155
  1248.  1.0573771
  1249.  .994133711
  1250.  .921521842
  1251.  1.10716283
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  1252.  1.25609601
  1253.  1.2821244
  1254.  1.29318643
  1255.  1.18313932
  1256.  1.07309234
  1257.  .963045239
  1258.  .852998257
  1259.  .742951155
  1260.  .632904053
  1261.  .52285707
  1262.  1.24564576
  1263.  1.19918656
  1264.  1.15272737
  1265.  1.10626817
  1266.  1.05980897
  1267.  1.01334977
  1268.  .966890574
  1269.  .920431495
  1270.  .873972178
  1271.  .834222734
  1272.  .832487881
  1273.  .830752969
  1274.  .829018116
  1275.  .888203502
  1276.  .949274898
  1277.  1.01034629
  1278.  1.07141769
  1279.  1.13248909
  1280.  1.15380311
  1281.  1.15553892
  1282.  1.15727472
  1283.  1.15249264
  1284.  1.14092636
  1285.  1.12936008
  1286.  1.12514567
  1287.  1.13729084
  1288.  1.149436
  1289.  1.16158128
  1290.  1.17372644
  1291.  1.18374705
  1292.  .983648241
  1293.  .783549428
  1294.  .583450615
  1295.  .5533849
  1296.  .558156133
  1297.  .562927365
  1298.  .567698658
  1299.  .587908924
  1300.  .618849576
  1301.  .649790168
  1302.  .68073082
  1303.  .711671472
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  1304.  .742612123
  1305.  .778407574
  1306.  .830457926
  1307.  .882508218
  1308.  .93455857
  1309.  .986608922
  1310.  1.03865933
  1311.  1.05649984
  1312.  1.07176757
  1313.  1.08703542
  1314.  1.10230315
  1315.  1.117571
  1316.  1.05363011
  1317.  .943171024
  1318.  .832711935
  1319.  1.05735469
  1320.  1.07445598
  1321.  1.09155726
  1322.  1.10865855
  1323.  1.12575972
  1324.  1.14286101
  1325.  1.1599623
  1326.  1.17669332
  1327.  1.18146455
  1328.  1.18623579
  1329.  1.19100702
  1330.  1.19577825
  1331.  1.14469993
  1332.  1.09629238
  1333.  1.05436301
  1334.  1.01243377
  1335.  .970504403
  1336.  .928575039
  1337.  .886645734
  1338.  .859459698
  1339.  .857377589
  1340.  .855295539
  1341.  .853213489
  1342.  .851131439
  1343.  1.0161767
  1344.  .958227396
  1345.  .900278091
  1346.  .842328787
  1347.  .784379482
  1348.  .726430178
  1349.  .719782948
  1350.  .728457987
  1351.  .737132967
  1352.  .745808005
  1353.  .773137212
  1354.  .817006946
  1355.  .86087662
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  1356.  .904746294
  1357.  .948615968
  1358.  .992485642
  1359.  1.03635526
  1360.  1.07513297
  1361.  1.07270455
  1362.  1.07027626
  1363.  1.06784797
  1364.  1.06541967
  1365.  1.06299138
  1366.  1.06056309
  1367.  1.05813479
  1368.  1.05570638
  1369.  1.05327809
  1370.  1.0508498
  1371.  1.05503297
  1372.  1.06556809
  1373.  1.07610333
  1374.  1.08663845
  1375.  1.09717357
  1376.  1.10770869
  1377.  1.11824381
  1378.  1.12877893
  1379.  1.13931417
  1380.  1.1498493
  1381.  1.16038442
  1382.  1.17091954
  1383.  1.18145466
  1384.  1.19198978
  1385.  1.19868708
  1386.  1.20389163
  1387.  1.20909619
  1388.  1.20821154
  1389.  1.20214081
  1390.  1.18258691
  1391.  1.14441705
  1392.  1.10624719
  1393.  1.06807733
  1394.  1.04302776
  1395.  1.07772744
  1396.  1.11242723
  1397.  1.14712691
  1398.  1.18182659
  1399.  1.21652627
  1400.  1.02069092
  1401.  1.00964499
  1402.  1.04608035
  1403.  1.08251572
  1404.  1.11895096
  1405.  1.15538633
  1406.  1.19182169
  1407.  1.22825706
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  1408.  1.26469231
  1409.  1.30112767
  1410.  1.3234731
  1411.  1.30959284
  1412.  1.29571259
  1413.  1.26032233
  1414.  1.04030716
  1415.  1.0364902
  1416.  1.03267324
  1417.  1.0288564
  1418.  1.02503943
  1419.  1.02122247
  1420.  1.06747591
  1421.  1.1313225
  1422.  1.19516909
  1423.  1.25901568
  1424.  1.32286227
  1425.  1.36663449
  1426.  1.38485146
  1427.  1.40306854
  1428.  1.42128551
  1429.  1.4395026
  1430.  1.45771956
  1431.  1.473405
  1432.  1.45995915
  1433.  1.44651341
  1434.  1.43306756
  1435.  1.41962171
  1436.  1.31108725
  1437.  1.18443608
  1438.  1.20310032
  1439.  1.27828431
  1440.  1.3534683
  1441.  1.32246435
  1442.  1.26613855
  1443.  1.28036511
  1444.  1.29459167
  1445.  1.30881834
  1446.  1.3230449
  1447.  1.29816055
  1448.  1.09516859
  1449.  .912338972
  1450.  1.04505897
  1451.  1.17777896
  1452.  1.15639448
  1453.  1.12516332
  1454.  .90981853
  1455.  .833477616
  1456.  .757136643
  1457.  .735682964
  1458.  .745101333
  1459.  .754519761
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  1460.  .763938129
  1461.  .773356557
  1462.  .782774925
  1463.  .792193353
  1464.  .794960141
  1465.  .774139881
  1466.  .753319621
  1467.  .733217239
  1468.  .730325699
  1469.  .727434158
  1470.  .724542677
  1471.  .721651137
  1472.  .718759656
  1473.  .715868115
  1474.  .735393882
  1475.  .765466332
  1476.  .795538783
  1477.  .825611234
  1478.  .855683684
  1479.  .885756135
  1480.  .92526567
  1481.  .984833956
  1482.  1.04440224
  1483.  1.09847581
  1484.  1.11880052
  1485.  1.13912511
  1486.  1.15944982
  1487.  1.17977452
  1488.  1.20009923
  1489.  1.22042382
  1490.  1.24074852
  1491.  1.13901305
  1492.  .989802718
  1493.  .907213986
  1494.  .869044065
  1495.  1.07155478
  1496.  1.02927661
  1497.  .880069613
  1498.  .783310592
  1499.  .808901668
  1500.  .834492803
  1501.  .860083878
  1502.  .886030972
  1503.  .91754961
  1504.  .949068248
  1505.  .980586886
  1506.  1.01210558
  1507.  1.04362416
  1508.  1.07514286
  1509.  1.01416361
  1510.  .913533211
  1511.  .878978491
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  1512.  .89228034
  1513.  .90558219
  1514.  .90130198
  1515.  .870651245
  1516.  .84000051
  1517.  .817427754
  1518.  .823500216
  1519.  .829572618
  1520.  .83564502
  1521.  .841717422
  1522.  .877001166
  1523.  .912881613
  1524.  .948762059
  1525.  .984642506
  1526.  1.02052295
  1527.  1.0564034
  1528.  1.09228384
  1529.  1.12816429
  1530.  1.16404474
  1531.  1.19992518
  1532.  1.14356697
  1533.  1.01111531
  1534.  1.0588268
  1535.  1.1065383
  1536.  1.15424967
  1537.  1.20196116
  1538.  1.24967265
  1539.  1.29738402
  1540.  1.34509552
  1541.  1.39280701
  1542.  1.01190126
  1543.  .988333762
  1544.  1.02095079
  1545.  1.05356789
  1546.  1.08618498
  1547.  1.11880207
  1548.  1.11461818
  1549.  1.06893051
  1550.  1.02324283
  1551.  .977555096
  1552.  .931867361
  1553.  .886179686
  1554.  .846089482
  1555.  .85097611
  1556.  .849819541
  1557.  .848662972
  1558.  .847506404
  1559.  .886601508
  1560.  .931711495
  1561.  1.09262061
  1562.  1.11577559
  1563.  1.0596776
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  1564.  1.0035795
  1565.  1.09731269
  1566.  1.22180474
  1567.  1.20792496
  1568.  1.19404531
  1569.  1.18016553
  1570.  1.17047453
  1571.  1.17654538
  1572.  1.18319392
  1573.  1.19568658
  1574.  1.20817924
  1575.  1.22067177
  1576.  1.23316443
  1577.  1.24565709
  1578.  1.20304644
  1579.  1.14579153
  1580.  1.06935441
  1581.  .983471215
  1582.  1.0183084
  1583.  1.09153986
  1584.  1.1019479
  1585.  1.11235595
  1586.  1.12276399
  1587.  1.05987465
  1588.  .83212316
  1589.  .839063108
  1590.  .846002996
  1591.  .852942884
  1592.  .859882832
  1593.  .86682272
  1594.  .817144275
  1595.  .760469139
  1596.  .703794003
  1597.  .648555219
  1598.  .593903184
  1599.  .539251208
  1600.  .484599173
  1601.  .474269718
  1602.  .513926864
  1603.  .553584039
  1604.  .593241215
  1605.  .632898331
  1606.  .672555506
  1607.  .712212682
  1608.  .751997948
  1609.  .794215262
  1610.  .836432576
  1611.  .87864995
  1612.  .920867264
  1613.  .963084579
  1614.  1.00530195
  1615.  1.04751921
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  1616.  1.08973658
  1617.  1.13195395
  1618.  1.12662578
  1619.  1.07561851
  1620.  1.02461123
  1621.  .973604023
  1622.  .922596753
  1623.  .896870553
  1624.  .966271758
  1625.  1.0356729
  1626.  1.10174835
  1627.  1.06039762
  1628.  1.01904678
  1629.  .977696121
  1630.  .936345339
  1631.  .894994617
  1632.  .853643894
  1633.  .87100029
  1634.  .917266369
  1635.  .963532388
  1636.  1.00979853
  1637.  1.05606449
  1638.  1.10233068
  1639.  1.14859664
  1640.  1.19486272
  1641.  1.2411288
  1642.  .872410059
  1643.  .966098964
  1644.  1.05905497
  1645.  1.07952833
  1646.  1.10000169
  1647.  1.12047505
  1648.  1.14094853
  1649.  1.1614219
  1650.  1.17064416
  1651.  1.17527008
  1652.  1.179896
  1653.  1.19233894
  1654.  1.21171319
  1655.  1.23108745
  1656.  1.2504617
  1657.  1.26983595
  1658.  1.2892102
  1659.  1.26074409
  1660.  1.03922987
  1661.  1.1450603
  1662.  1.25089073
  1663.  1.24765611
  1664.  1.24331892
  1665.  1.2389816
  1666.  1.23464429
  1667.  1.20449913
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  1668.  1.16575134
  1669.  1.12700367
  1670.  .984751821
  1671.  .948897541
  1672.  1.09029794
  1673.  1.10888338
  1674.  .935385883
  1675.  .801263988
  1676.  .773591816
  1677.  .745919645
  1678.  .720903933
  1679.  .726455867
  1680.  .732007861
  1681.  .737559795
  1682.  .743111789
  1683.  .748663783
  1684.  .828039885
  1685.  .928234696
  1686.  1.02842951
  1687.  1.12862432
  1688.  1.16890109
  1689.  1.15814459
  1690.  1.1473881
  1691.  1.13663161
  1692.  1.125875
  1693.  1.11878264
  1694.  1.12329388
  1695.  1.12780523
  1696.  1.13231647
  1697.  1.13682783
  1698.  1.14133906
  1699.  .877406836
  1700.  .842151284
  1701.  .840416431
  1702.  .838681519
  1703.  .836946666
  1704.  .835211754
  1705.  .87406075
  1706.  .942303419
  1707.  1.01054609
  1708.  .798116803
  1709.  .780767441
  1710.  .763418078
  1711.  .771639407
  1712.  .870536208
  1713.  .96943301
  1714.  1.06197333
  1715.  1.00211513
  1716.  .942256987
  1717.  .995732903
  1718.  1.05905807
  1719.  1.02209723
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  1720.  .960072577
  1721.  .898047924
  1722.  .836023211
  1723.  .811043739
  1724.  .815164208
  1725.  .819284678
  1726.  .823405147
  1727.  .827525616
  1728.  .831646085
  1729.  .835766494
  1730.  .839886963
  1731.  .844602823
  1732.  .85616976
  1733.  .867736697
  1734.  .879303634
  1735.  1.02412033
  1736.  1.18373871
  1737.  1.11328971
  1738.  .977961123
  1739.  .933328271
  1740.  .935410321
  1741.  .937492371
  1742.  .93957442
  1743.  .94165647
  1744.  .940490663
  1745.  .933550537
  1746.  .92661047
  1747.  .919670343
  1748.  .920329094
  1749.  .976715267
  1750.  1.03310156
  1751.  1.08948767
  1752.  1.1458739
  1753.  1.10301924
  1754.  1.04663229
  1755.  1.07925272
  1756.  1.13997924
  1757.  1.18960059
  1758.  1.21184421
  1759.  1.2187829
  1760.  1.23928916
  1761.  1.22124374
  1762.  1.12148404
  1763.  1.10795569
  1764.  1.27453804
  1765.  1.29362309
  1766.  1.31201434
  1767.  1.32416058
  1768.  1.33630681
  1769.  1.34845316
  1770.  1.3605994
  1771.  1.37722003
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  1772.  1.39456916
  1773.  1.41191816
  1774.  1.42926729
  1775.  1.43236375
  1776.  1.42672455
  1777.  1.42108548
  1778.  1.41544628
  1779.  1.31503975
  1780.  1.19268072
  1781.  1.32045412
  1782.  1.357584
  1783.  1.39471376
  1784.  1.43184364
  1785.  1.46897352
  1786.  1.5061034
  1787.  1.35352862
  1788.  1.19304144
  1789.  1.03255427
  1790.  .872067094
  1791.  .809221447
  1792.  .784352958
  1793.  .759484529
  1794.  .737114966
  1795.  .716873765
  1796.  .696632624
  1797.  .686957002
  1798.  .696065724
  1799.  .705174506
  1800.  .714283228
  1801.  .723201096
  1802.  .730719209
  1803.  .738237381
  1804.  .745755494
  1805.  .740227282
  1806.  .733865559
  1807.  .727503777
  1808.  .760919988
  1809.  .806896985
  1810.  .852873981
  1811.  .898850977
  1812.  .944827974
  1813.  .99080503
  1814.  .630136132
  1815.  .615822434
  1816.  .601508737
  1817.  .587195039
  1818.  .57794857
  1819.  .595298469
  1820.  .612648368
  1821.  .629998207
  1822.  .647348106
  1823.  .664698005
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  1824.  .682047904
  1825.  .83539325
  1826.  .892731786
  1827.  .901985109
  1828.  .911238372
  1829.  .920491695
  1830.  .929745018
  1831.  .938998342
  1832.  .911832809
  1833.  .822655499
  1834.  .733478248
  1835.  .644300938
  1836.  .555123687
  1837.  .471480131
  1838.  .461417168
  1839.  .451354206
  1840.  .441291213
  1841.  .43122825
  1842.  .421165287
  1843.  .459311545
  1844.  .511856377
  1845.  .564401209
  1846.  .616946101
  1847.  .669490933
  1848.  .722035766
  1849.  .774580598
  1850.  .76699084
  1851.  .647710621
  1852.  .528430402
  1853.  .409150153
  1854.  .309763223
  1855.  .371355087
  1856.  .43294698
  1857.  .494538873
  1858.  .556130767
  1859.  .588504255
  1860.  .616511643
  1861.  .644519031
  1862.  .672526419
  1863.  .700533807
  1864.  .728541195
  1865.  .756548584
  1866.  .622059047
  1867.  .409783661
  1868.  .386535019
  1869.  .363286376
  1870.  .340037733
  1871.  .316789091
  1872.  .298972368
  1873.  .336101562
  1874.  .373230755
  1875.  .410359919
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  1876.  .447489142
  1877.  .484618306
  1878.  .512289226
  1879.  .537446558
  1880.  .562603831
  1881.  .587761104
  1882.  .612918437
  1883.  .638075709
  1884.  .686363161
  1885.  .765304863
  1886.  .804439425
  1887.  .754995465
  1888.  .725686193
  1889.  .782246768
  1890.  .838807344
  1891.  .89536798
  1892.  .951928496
  1893.  1.00848913
  1894.  .964911222
  1895.  .908958495
  1896.  .853005767
  1897.  .797053099
  1898.  .850212276
  1899.  .962117672
  1900.  .999536932
  1901.  .970910132
  1902.  .942283332
  1903.  .913656533
  1904.  .885029793
  1905.  .856402993
  1906.  .840683222
  1907.  .887960434
  1908.  .935237706
  1909.  .982514977
  1910.  1.02979219
  1911.  1.07706952
  1912.  1.12434673
  1913.  1.17162395
  1914.  1.21890128
  1915.  1.23485684
  1916.  1.23673654
  1917.  1.23861635
  1918.  1.24049604
  1919.  1.24237573
  1920.  1.24425554
  1921.  1.24613523
  1922.  1.24801493
  1923.  1.24989462
  1924.  1.25177443
  1925.  1.25365412
  1926.  1.25553381
  1927.  1.25741363
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  1928.  1.26925075
  1929.  1.28139615
  1930.  1.29354167
  1931.  1.30568707
  1932.  1.31783259
  1933.  1.33160496
  1934.  1.34617829
  1935.  1.36075175
  1936.  1.3753252
  1937.  1.38989866
  1938.  1.38495767
  1939.  1.34678841
  1940.  1.30861926
  1941.  1.22266293
  1942.  .976258934
  1943.  1.01998031
  1944.  1.06370163
  1945.  1.10742295
  1946.  1.15114427
  1947.  1.19486558
  1948.  1.2385869
  1949.  1.28230834
  1950.  1.32602966
  1951.  1.36975098
  1952.  1.41347229
  1953.  1.43976784
  1954.  1.45061219
  1955.  1.46145654
  1956.  1.47230101
  1957.  1.47245181
  1958.  1.44642711
  1959.  1.42040241
  1960.  1.39964437
  1961.  1.42150509
  1962.  1.44336581
  1963.  1.46522641
  1964.  1.48708713
  1965.  1.50894773
  1966.  1.38802552
  1967.  1.23362362
  1968.  1.19724095
  1969.  1.21389592
  1970.  1.23055077
  1971.  1.24720573
  1972.  1.2638607
  1973.  1.27081358
  1974.  1.26259243
  1975.  1.25437117
  1976.  1.24615002
  1977.  1.24138784
  1978.  1.25787139
  1979.  1.27435493
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  1980.  1.29083848
  1981.  1.30732203
  1982.  1.37923574
  1983.  1.45730686
  1984.  1.53537786
  1985.  1.47937512
  1986.  1.371225
  1987.  1.26307487
  1988.  1.23394322
  1989.  1.2721132
  1990.  1.31028306
  1991.  1.34845293
  1992.  1.37438941
  1993.  1.37178802
  1994.  1.36918664
  1995.  1.36658525
  1996.  1.36291039
  1997.  1.34243703
  1998.  1.32196367
  1999.  1.30149019
  2000.  1.28101683
  2001.  1.26054347
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  864    0.42    0.00    5.31
  865    0.25    0.00    2.02
  866   -0.57    0.00    1.85
  867    0.23    0.00    2.21
  868    0.74    0.00    2.24
  869   -0.07    0.00    2.21
  870   -0.55    0.00    1.89
  871    0.19    0.00    2.61
  872   -0.07    0.00    2.68
  873   -0.48    0.00    4.06
  874    0.04    0.00    3.36
  875    0.18    0.00    2.65
  876    0.17    0.00    1.87
  877    0.39    0.00    1.83
  878    0.22    0.00    2.86
  879    0.37    0.00    3.16
  880    0.60    0.00    3.10
  881    0.55    0.00    3.16
  882    0.09    0.00    3.37
  883    0.63    0.00    3.21
  884    0.48    0.00    3.28
  885    0.59    0.00    2.44
  886    0.72    0.00    2.61
  887    0.78    0.00    2.43
  888    0.61    0.00    2.17
  889    0.71    0.00    4.10
  890    0.38    0.00    4.66
  891   -1.01    0.00    4.68
  892   -0.91    0.00    4.78
  893   -0.84    0.00    4.67
  894   -0.65    0.00    4.48
  895   -0.12    0.00    3.68
  896   -0.15    0.00    3.50
  897   -0.78    0.00    3.54
  898   -0.53    0.00    3.35
  899   -0.84    0.00    3.10
  900   -0.59    0.00    3.02
  901   -0.50    0.00    2.87
  902   -0.61    0.00    2.81
  903   -0.56    0.00    3.52
  904   -0.77    0.00    3.37
  905   -0.87    0.00    3.46
  906   -0.87    0.00    2.94
  907   -0.59    0.00    2.84
  908   -0.65    0.00    2.44
  909   -0.80    0.00    2.41
  910   -0.43    0.00    1.87
  911   -0.45    0.00    1.95
  912   -0.72    0.00    2.30
  913   -0.06    0.00    2.55
  914   -0.55    0.00    2.76
  915    0.41    0.00    2.44
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  916    0.17    0.00    2.84
  917   -0.77    0.00    1.60
  918   -0.34    0.00    1.57
  919   -0.09    0.00    1.27
  920   -0.22    0.00    1.44
  921   -0.35    0.00    1.49
  922   -0.59    0.00    1.47
  923   -0.64    0.00    2.65
  924    0.15    0.00    2.72
  925    0.67    0.00    2.86
  926    0.04    0.00    2.27
  927   -0.91    0.00    2.23
  928   -0.07    0.00    1.77
  929    0.11    0.00    2.14
  930   -0.36    0.00    2.16
  931   -0.08    0.00    2.82
  932   -0.27    0.00    3.71
  933   -1.27    0.00    3.66
  934   -0.85    0.00    3.60
  935   -0.41    0.00    2.42
  936    0.06    0.00    1.97
  937   -0.69    0.00    1.90
  938   -0.34    0.00    1.90
  939   -0.40    0.00    2.10
  940   -0.46    0.00    2.00
  941   -0.23    0.00    3.37
  942   -0.44    0.00    3.37
  943   -0.18    0.00    3.83
  944   -0.01    0.00    3.52
  945   -0.50    0.00    4.75
  946   -1.05    0.00    4.80
  947   -0.90    0.00    4.74
  948   -0.61    0.00    3.52
  949   -0.63    0.00    2.76
  950   -0.49    0.00    2.33
  951   -0.49    0.00    2.02
  952   -0.45    0.00    1.96
  953    0.21    0.00    1.04
  954    0.00    0.00    0.87
  955   -0.04    0.00    0.91
  956   -0.17    0.00    0.85
  957   -0.25    0.00    1.35
  958   -0.06    0.00    1.23
  959    0.15    0.00    1.42
  960    0.20    0.00    1.25
  961    0.21    0.00    1.32
  962    0.18    0.00    1.56
  963   -0.03    0.00    1.63
  964   -0.46    0.00    1.60
  965   -0.04    0.00    2.90
  966    0.27    0.00    3.09
  967   -0.45    0.00    3.26
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  968   -0.44    0.00    3.38
  969   -0.81    0.00    3.34
  970   -0.34    0.00    3.34
  971   -0.30    0.00    3.46
  972   -0.72    0.00    3.41
  973   -1.03    0.00    3.37
  974   -0.29    0.00    2.54
  975   -0.47    0.00    2.09
  976   -0.16    0.00    2.79
  977    0.24    0.00    1.96
  978    0.20    0.00    1.80
  979   -0.05    0.00    1.20
  980    0.18    0.00    1.91
  981    0.48    0.00    1.83
  982    0.07    0.00    1.81
  983   -0.04    0.00    0.97
  984   -0.10    0.00    0.85
  985    0.03    0.00    0.75
  986   -0.19    0.00    1.63
  987   -0.51    0.00    2.17
  988   -0.04    0.00    2.29
  989    0.07    0.00    2.36
  990    0.07    0.00    2.71
  991   -0.12    0.00    2.69
  992   -0.21    0.00    2.66
  993   -0.33    0.00    2.14
  994    0.22    0.00    2.19
  995    0.42    0.00    2.94
  996    0.66    0.00    2.78
  997   -0.19    0.00    1.81
  998   -0.14    0.00    1.32
  999    0.02    0.00    1.15
 1000    0.53    0.00    1.89
 1001    0.18    0.00    1.83
 1002   -0.10    0.00    2.08
 1003   -0.56    0.00    1.80
 1004   -0.28    0.00    1.70
 1005    0.32    0.00    2.95
 1006   -0.59    0.00    3.01
 1007   -0.92    0.00    3.24
 1008   -0.50    0.00    2.47
 1009   -0.02    0.00    1.67
 1010   -0.18    0.00    1.19
 1011   -0.01    0.00    1.27
 1012   -0.08    0.00    1.27
 1013    0.09    0.00    1.18
 1014   -0.12    0.00    1.18
 1015    0.09    0.00    1.20
 1016    0.26    0.00    1.25
 1017   -0.11    0.00    0.87
 1018   -0.15    0.00    0.91
 1019   -0.52    0.00    1.43
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 1020    0.04    0.00    1.79
 1021   -0.38    0.00    1.68
 1022   -0.54    0.00    1.46
 1023   -0.22    0.00    1.40
 1024    0.00    0.00    1.34
 1025   -0.11    0.00    1.84
 1026   -0.06    0.00    1.73
 1027    0.49    0.00    1.95
 1028   -0.04    0.00    1.52
 1029   -0.24    0.00    2.97
 1030    0.06    0.00    3.44
 1031   -1.31    0.00    3.46
 1032   -0.61    0.00    2.95
 1033   -0.10    0.00    1.68
 1034   -0.46    0.00    1.67
 1035   -0.13    0.00    1.68
 1036   -0.15    0.00    1.39
 1037   -0.01    0.00    0.87
 1038    0.13    0.00    1.74
 1039    0.27    0.00    1.80
 1040   -0.53    0.00    1.88
 1041    0.30    0.00    1.31
 1042    0.01    0.00    1.27
 1043    0.03    0.00    1.09
 1044    0.18    0.00    1.09
 1045    0.45    0.00    2.13
 1046    0.37    0.00    2.33
 1047   -0.14    0.00    2.39
 1048    0.06    0.00    1.94
 1049    0.22    0.00    1.78
 1050    0.27    0.00    1.92
 1051    0.18    0.00    1.78
 1052    0.62    0.00    2.27
 1053   -0.18    0.00    2.13
 1054   -0.30    0.00    1.59
 1055   -0.07    0.00    0.99
 1056   -0.24    0.00    1.24
 1057   -0.30    0.00    1.48
 1058   -0.42    0.00    1.46
 1059    0.00    0.00    1.35
 1060    0.13    0.00    2.21
 1061   -0.69    0.00    2.06
 1062   -0.57    0.00    2.24
 1063   -0.89    0.00    2.48
 1064    0.34    0.00    2.75
 1065   -0.25    0.00    2.36
 1066   -0.30    0.00    1.92
 1067   -0.13    0.00    2.06
 1068   -0.11    0.00    2.08
 1069   -0.01    0.00    1.98
 1070    0.23    0.00    1.97
 1071   -0.37    0.00    1.45
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 1072   -0.43    0.00    1.82
 1073    0.00    0.00    1.71
 1074    0.09    0.00    1.70
 1075    0.09    0.00    1.88
 1076   -0.34    0.00    1.37
 1077   -0.21    0.00    1.63
 1078   -0.19    0.00    1.81
 1079    0.16    0.00    2.31
 1080    0.14    0.00    2.58
 1081    0.66    0.00    3.63
 1082    1.10    0.00    3.39
 1083    0.13    0.00    2.33
 1084    0.23    0.00    1.81
 1085    0.30    0.00    1.97
 1086    0.37    0.00    1.96
 1087    0.35    0.00    1.86
 1088    0.25    0.00    1.52
 1089    0.28    0.00    1.25
 1090    0.06    0.00    1.09
 1091   -0.02    0.00    1.13
 1092    0.05    0.00    1.16
 1093    0.12    0.00    1.37
 1094   -0.33    0.00    1.57
 1095   -0.45    0.00    2.17
 1096    0.12    0.00    2.07
 1097    0.20    0.00    1.70
 1098   -0.01    0.00    1.17
 1099   -0.20    0.00    0.89
 1100   -0.13    0.00    0.84
 1101   -0.14    0.00    0.98
 1102   -0.46    0.00    1.02
 1103   -0.36    0.00    1.43
 1104    0.19    0.00    1.37
 1105   -0.21    0.00    1.27
 1106    0.20    0.00    1.16
 1107   -0.24    0.00    1.97
 1108   -0.21    0.00    2.48
 1109   -0.23    0.00    2.37
 1110    0.43    0.00    2.13
 1111   -0.27    0.00    1.59
 1112   -0.05    0.00    1.72
 1113    0.29    0.00    1.81
 1114    0.09    0.00    1.71
 1115   -0.10    0.00    1.25
 1116    0.14    0.00    1.24
 1117   -0.07    0.00    1.61
 1118    0.24    0.00    2.48
 1119   -0.03    0.00    2.83
 1120   -0.53    0.00    2.23
 1121   -0.45    0.00    2.03
 1122   -0.05    0.00    1.18
 1123   -0.46    0.00    1.38
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 1124    0.00    0.00    1.38
 1125   -0.07    0.00    1.66
 1126   -0.07    0.00    2.22
 1127   -0.36    0.00    2.44
 1128    0.36    0.00    2.28
 1129   -0.10    0.00    2.17
 1130    0.17    0.00    2.05
 1131    0.54    0.00    1.99
 1132    0.20    0.00    1.88
 1133   -0.41    0.00    1.92
 1134   -0.01    0.00    1.78
 1135    0.25    0.00    1.82
 1136    0.00    0.00    1.84
 1137   -0.18    0.00    2.19
 1138    0.09    0.00    2.25
 1139    0.46    0.00    2.11
 1140    0.33    0.00    1.93
 1141    0.60    0.00    1.57
 1142    0.09    0.00    1.62
 1143    0.32    0.00    1.74
 1144    0.59    0.00    1.85
 1145    0.43    0.00    1.82
 1146    0.16    0.00    1.55
 1147    0.16    0.00    1.07
 1148   -0.03    0.00    0.92
 1149    0.14    0.00    1.50
 1150    0.05    0.00    1.80
 1151   -0.15    0.00    1.50
 1152   -0.62    0.00    1.70
 1153   -0.23    0.00    1.24
 1154    0.26    0.00    1.16
 1155   -0.16    0.00    0.79
 1156   -0.13    0.00    0.75
 1157    0.02    0.00    0.91
 1158    0.26    0.00    1.20
 1159   -0.21    0.00    1.43
 1160   -0.46    0.00    1.30
 1161   -0.54    0.00    1.75
 1162   -0.18    0.00    1.87
 1163   -0.03    0.00    1.39
 1164   -0.16    0.00    1.32
 1165   -0.13    0.00    1.29
 1166   -0.03    0.00    1.52
 1167   -0.20    0.00    1.54
 1168   -0.45    0.00    1.54
 1169   -0.45    0.00    1.45
 1170   -0.15    0.00    1.57
 1171   -0.38    0.00    1.24
 1172    0.16    0.00    1.24
 1173   -0.05    0.00    0.83
 1174   -0.02    0.00    0.83
 1175   -0.09    0.00    0.89
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 1176   -0.13    0.00    0.80
 1177    0.06    0.00    1.37
 1178   -0.05    0.00    1.34
 1179   -0.14    0.00    1.21
 1180    0.05    0.00    0.97
 1181    0.13    0.00    1.40
 1182    0.18    0.00    1.60
 1183    0.12    0.00    1.66
 1184    0.06    0.00    1.74
 1185    0.28    0.00    1.86
 1186    0.16    0.00    2.22
 1187   -0.12    0.00    2.85
 1188   -0.78    0.00    3.25
 1189   -0.72    0.00    3.13
 1190   -0.91    0.00    3.03
 1191   -0.56    0.00    2.32
 1192   -0.51    0.00    2.07
 1193   -0.26    0.00    1.59
 1194   -0.01    0.00    1.76
 1195   -0.30    0.00    1.44
 1196   -0.19    0.00    1.42
 1197   -0.25    0.00    1.10
 1198   -0.29    0.00    1.42
 1199    0.09    0.00    1.80
 1200   -0.86    0.00    2.09
 1201   -0.46    0.00    1.90
 1202   -0.24    0.00    1.21
 1203   -0.23    0.00    1.18
 1204    0.11    0.00    1.44
 1205   -0.22    0.00    1.18
 1206   -0.65    0.00    2.11
 1207   -0.25    0.00    1.83
 1208    0.30    0.00    1.92
 1209   -0.44    0.00    1.74
 1210    0.34    0.00    2.19
 1211    0.24    0.00    2.18
 1212   -0.19    0.00    1.71
 1213    0.20    0.00    1.40
 1214    0.24    0.00    1.98
 1215    0.05    0.00    2.96
 1216    0.04    0.00    2.81
 1217    0.67    0.00    2.67
 1218    0.16    0.00    2.18
 1219   -0.67    0.00    2.05
 1220   -0.36    0.00    1.93
 1221   -0.11    0.00    1.83
 1222   -0.29    0.00    1.79
 1223   -0.35    0.00    1.88
 1224   -0.27    0.00    2.12
 1225   -0.23    0.00    2.07
 1226   -0.03    0.00    2.09
 1227   -0.13    0.00    1.62
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 1228   -0.36    0.00    1.28
 1229   -0.21    0.00    1.38
 1230   -0.23    0.00    1.16
 1231    0.14    0.00    2.11
 1232    0.65    0.00    1.81
 1233   -0.23    0.00    1.62
 1234   -0.05    0.00    1.38
 1235    0.25    0.00    1.32
 1236    0.17    0.00    1.48
 1237    0.49    0.00    1.49
 1238    0.33    0.00    1.39
 1239    0.09    0.00    1.31
 1240    0.19    0.00    1.23
 1241   -0.21    0.00    1.65
 1242   -0.06    0.00    1.74
 1243    0.37    0.00    1.67
 1244   -0.18    0.00    1.59
 1245    0.17    0.00    1.22
 1246   -0.01    0.00    1.71
 1247    0.23    0.00    1.80
 1248    0.18    0.00    1.75
 1249    0.02    0.00    1.80
 1250    0.49    0.00    1.99
 1251    0.07    0.00    1.80
 1252    0.16    0.00    1.32
 1253   -0.01    0.00    1.55
 1254    0.18    0.00    1.77
 1255    0.37    0.00    1.81
 1256   -0.15    0.00    1.51
 1257   -0.65    0.00    1.71
 1258   -0.38    0.00    1.18
 1259   -0.04    0.00    1.42
 1260    0.30    0.00    1.38
 1261    0.00    0.00    1.40
 1262   -0.50    0.00    1.55
 1263   -0.40    0.00    1.39
 1264    0.09    0.00    0.94
 1265   -0.07    0.00    1.22
 1266   -0.25    0.00    1.45
 1267   -0.58    0.00    1.48
 1268   -0.15    0.00    1.19
 1269   -0.26    0.00    1.06
 1270   -0.11    0.00    2.01
 1271    0.36    0.00    2.40
 1272    0.11    0.00    2.25
 1273   -0.39    0.00    1.21
 1274   -0.16    0.00    0.97
 1275   -0.04    0.00    1.31
 1276   -0.75    0.00    1.93
 1277   -0.36    0.00    1.94
 1278    0.42    0.00    1.88
 1279   -0.12    0.00    1.36
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 1280   -0.02    0.00    1.32
 1281    0.36    0.00    1.40
 1282    0.26    0.00    1.42
 1283    0.46    0.00    1.34
 1284    0.10    0.00    1.70
 1285   -0.32    0.00    1.56
 1286   -0.31    0.00    1.30
 1287   -0.36    0.00    1.44
 1288    0.05    0.00    0.99
 1289   -0.21    0.00    1.08
 1290   -0.24    0.00    0.98
 1291    0.18    0.00    2.17
 1292    0.53    0.00    2.95
 1293   -0.38    0.00    2.75
 1294   -0.34    0.00    2.70
 1295   -0.13    0.00    1.86
 1296   -0.30    0.00    1.78
 1297   -0.17    0.00    1.64
 1298   -0.23    0.00    1.56
 1299   -0.07    0.00    1.74
 1300    0.09    0.00    1.44
 1301   -0.05    0.00    1.36
 1302   -0.41    0.00    1.12
 1303   -0.31    0.00    1.18
 1304   -0.22    0.00    1.62
 1305   -0.16    0.00    1.54
 1306   -0.37    0.00    1.33
 1307   -0.23    0.00    0.88
 1308   -0.23    0.00    0.88
 1309   -0.28    0.00    0.90
 1310   -0.28    0.00    1.25
 1311    0.21    0.00    1.46
 1312   -0.21    0.00    1.75
 1313    0.03    0.00    1.56
 1314   -0.41    0.00    1.45
 1315   -0.48    0.00    1.32
 1316   -0.63    0.00    1.65
 1317   -0.21    0.00    1.71
 1318    0.30    0.00    1.98
 1319   -0.26    0.00    2.06
 1320   -0.55    0.00    1.68
 1321    0.29    0.00    1.85
 1322   -0.22    0.00    1.63
 1323   -0.66    0.00    1.71
 1324   -0.58    0.00    1.47
 1325   -0.34    0.00    1.64
 1326   -0.74    0.00    2.27
 1327   -0.48    0.00    2.56
 1328   -0.03    0.00    2.34
 1329   -0.39    0.00    2.25
 1330   -0.34    0.00    2.21
 1331   -0.46    0.00    1.99
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 1332    0.44    0.00    2.59
 1333   -0.60    0.00    2.05
 1334   -0.47    0.00    1.79
 1335   -0.74    0.00    1.66
 1336   -0.43    0.00    1.66
 1337    0.00    0.00    1.60
 1338   -0.09    0.00    1.64
 1339   -0.66    0.00    1.63
 1340   -0.49    0.00    1.87
 1341   -0.65    0.00    1.88
 1342   -0.55    0.00    1.97
 1343   -0.67    0.00    1.88
 1344   -0.73    0.00    1.99
 1345   -0.35    0.00    2.60
 1346    0.39    0.00    2.62
 1347   -0.42    0.00    1.78
 1348   -0.44    0.00    1.48
 1349   -0.28    0.00    1.50
 1350   -0.17    0.00    1.60
 1351   -0.83    0.00    2.01
 1352   -0.15    0.00    1.83
 1353   -0.10    0.00    1.18
 1354   -0.16    0.00    0.99
 1355    0.13    0.00    2.41
 1356    0.59    0.00    2.91
 1357   -0.56    0.00    3.12
 1358   -0.87    0.00    2.89
 1359   -0.20    0.00    2.62
 1360   -0.43    0.00    1.88
 1361   -0.06    0.00    2.58
 1362   -0.30    0.00    2.73
 1363   -0.60    0.00    2.72
 1364   -0.51    0.00    2.11
 1365   -0.23    0.00    1.74
 1366   -0.46    0.00    1.64
 1367   -0.57    0.00    1.61
 1368   -0.39    0.00    1.16
 1369   -0.28    0.00    1.36
 1370   -0.36    0.00    1.35
 1371   -0.24    0.00    1.41
 1372   -0.58    0.00    1.47
 1373   -0.47    0.00    1.57
 1374    0.06    0.00    1.47
 1375   -0.34    0.00    0.94
 1376   -0.26    0.00    1.01
 1377   -0.29    0.00    1.30
 1378    0.20    0.00    1.37
 1379   -0.23    0.00    1.09
 1380   -0.32    0.00    0.98
 1381   -0.08    0.00    1.00
 1382    0.13    0.00    1.67
 1383    0.05    0.00    1.73
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 1384   -0.32    0.00    2.03
 1385    0.04    0.00    1.69
 1386    0.15    0.00    1.27
 1387   -0.32    0.00    1.08
 1388   -0.18    0.00    0.82
 1389   -0.15    0.00    0.78
 1390    0.24    0.00    2.87
 1391    0.93    0.00    3.44
 1392   -0.06    0.00    3.42
 1393   -0.11    0.00    3.36
 1394   -0.10    0.00    3.21
 1395   -0.18    0.00    3.27
 1396    0.57    0.00    3.01
 1397    0.21    0.00    2.65
 1398   -0.27    0.00    2.23
 1399   -0.05    0.00    1.80
 1400   -0.14    0.00    1.48
 1401   -0.17    0.00    1.59
 1402   -0.17    0.00    1.84
 1403    0.11    0.00    1.98
 1404    0.01    0.00    1.57
 1405   -0.23    0.00    1.29
 1406    0.12    0.00    1.15
 1407   -0.18    0.00    1.13
 1408   -0.23    0.00    1.21
 1409   -0.04    0.00    1.19
 1410   -0.30    0.00    1.12
 1411   -0.14    0.00    1.05
 1412    0.06    0.00    0.95
 1413   -0.36    0.00    1.21
 1414   -0.20    0.00    1.15
 1415   -0.13    0.00    1.54
 1416   -0.07    0.00    1.76
 1417   -0.21    0.00    1.85
 1418   -0.36    0.00    1.70
 1419   -0.09    0.00    1.63
 1420   -0.03    0.00    1.82
 1421   -0.19    0.00    1.72
 1422   -0.21    0.00    1.62
 1423   -0.40    0.00    1.60
 1424   -0.01    0.00    1.70
 1425   -0.17    0.00    1.85
 1426   -0.32    0.00    1.82
 1427   -0.03    0.00    1.72
 1428   -0.08    0.00    1.52
 1429   -0.35    0.00    1.11
 1430   -0.08    0.00    1.11
 1431   -0.18    0.00    1.58
 1432   -0.63    0.00    1.57
 1433   -0.15    0.00    1.53
 1434   -0.08    0.00    0.99
 1435   -0.43    0.00    1.21
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 1436   -0.28    0.00    1.56
 1437   -0.02    0.00    1.52
 1438    0.19    0.00    1.65
 1439   -0.25    0.00    1.51
 1440   -0.24    0.00    1.25
 1441   -0.03    0.00    1.24
 1442   -0.29    0.00    1.44
 1443   -0.15    0.00    1.65
 1444    0.01    0.00    1.65
 1445   -0.05    0.00    1.98
 1446    0.24    0.00    2.37
 1447    0.18    0.00    2.40
 1448   -0.45    0.00    1.05
 1449   -0.11    0.00    1.19
 1450   -0.20    0.00    1.30
 1451   -0.27    0.00    1.26
 1452   -0.03    0.00    0.98
 1453   -0.33    0.00    1.21
 1454    0.37    0.00    1.52
 1455    0.26    0.00    1.54
 1456    0.18    0.00    1.75
 1457    0.15    0.00    1.68
 1458    0.01    0.00    1.34
 1459   -0.05    0.00    0.77
 1460    0.00    0.00    1.35
 1461    0.56    0.00    1.70
 1462    0.16    0.00    1.99
 1463    0.21    0.00    2.05
 1464   -0.47    0.00    1.94
 1465    0.13    0.00    1.14
 1466    0.14    0.00    1.17
 1467   -0.10    0.00    2.73
 1468    0.91    0.00    3.23
 1469    0.78    0.00    3.09
 1470    0.46    0.00    2.92
 1471    0.27    0.00    2.24
 1472    0.35    0.00    1.64
 1473    0.34    0.00    1.43
 1474   -0.03    0.00    1.42
 1475   -0.05    0.00    1.22
 1476   -0.38    0.00    0.99
 1477   -0.13    0.00    1.26
 1478   -0.48    0.00    1.25
 1479    0.13    0.00    2.16
 1480    0.55    0.00    2.31
 1481   -0.23    0.00    2.26
 1482   -0.15    0.00    2.27
 1483   -0.13    0.00    2.23
 1484    0.11    0.00    2.21
 1485   -0.22    0.00    1.74
 1486   -0.27    0.00    1.50
 1487   -0.19    0.00    1.18
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 1488   -0.25    0.00    1.24
 1489   -0.15    0.00    0.76
 1490   -0.17    0.00    1.08
 1491   -0.19    0.00    1.14
 1492   -0.31    0.00    1.92
 1493   -0.16    0.00    2.04
 1494    0.45    0.00    2.09
 1495   -0.42    0.00    1.20
 1496   -0.07    0.00    1.11
 1497   -0.05    0.00    1.15
 1498   -0.33    0.00    1.50
 1499   -0.17    0.00    1.60
 1500    0.12    0.00    2.04
 1501    0.07    0.00    1.96
 1502    0.30    0.00    1.88
 1503   -0.12    0.00    1.05
 1504    0.07    0.00    0.96
 1505   -0.18    0.00    1.59
 1506   -0.07    0.00    1.54
 1507    0.19    0.00    1.52
 1508   -0.03    0.00    1.01
 1509   -0.15    0.00    1.22
 1510    0.29    0.00    1.29
 1511    0.22    0.00    1.43
 1512   -0.26    0.00    1.54
 1513   -0.03    0.00    1.37
 1514    0.25    0.00    1.43
 1515   -0.40    0.00    2.03
 1516    0.11    0.00    1.73
 1517    0.32    0.00    1.72
 1518    0.02    0.00    1.17
 1519   -0.17    0.00    1.36
 1520    0.37    0.00    1.40
 1521   -0.01    0.00    1.22
 1522   -0.38    0.00    1.35
 1523    0.04    0.00    1.58
 1524   -0.33    0.00    1.50
 1525   -0.29    0.00    1.83
 1526   -0.18    0.00    1.74
 1527    0.24    0.00    1.38
 1528   -0.33    0.00    1.24
 1529   -0.34    0.00    1.75
 1530   -0.02    0.00    1.72
 1531    0.33    0.00    1.89
 1532   -0.41    0.00    1.06
 1533   -0.34    0.00    1.05
 1534   -0.24    0.00    0.92
 1535   -0.22    0.00    1.29
 1536   -0.08    0.00    1.44
 1537    0.01    0.00    1.67
 1538    0.38    0.00    1.94
 1539    0.14    0.00    1.89
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 1540   -0.41    0.00    2.10
 1541   -0.54    0.00    2.06
 1542   -0.49    0.00    2.03
 1543   -0.30    0.00    2.19
 1544   -0.19    0.00    2.08
 1545   -0.40    0.00    1.95
 1546   -0.20    0.00    1.78
 1547   -0.55    0.00    1.79
 1548   -0.56    0.00    1.80
 1549   -0.33    0.00    1.54
 1550   -0.27    0.00    1.88
 1551   -0.18    0.00    1.87
 1552   -0.42    0.00    1.77
 1553   -0.54    0.00    1.85
 1554   -0.29    0.00    1.50
 1555    0.37    0.00    1.78
 1556   -0.52    0.00    1.51
 1557   -0.32    0.00    1.31
 1558   -0.44    0.00    1.31
 1559    0.10    0.00    1.31
 1560   -0.25    0.00    1.48
 1561   -0.75    0.00    1.85
 1562   -0.24    0.00    1.65
 1563   -0.02    0.00    1.62
 1564    0.48    0.00    2.46
 1565    0.16    0.00    2.31
 1566   -0.62    0.00    1.97
 1567   -0.28    0.00    1.20
 1568   -0.29    0.00    1.26
 1569   -0.02    0.00    1.27
 1570   -0.27    0.00    1.57
 1571    0.25    0.00    1.92
 1572   -0.10    0.00    1.75
 1573   -0.45    0.00    1.77
 1574   -0.46    0.00    1.18
 1575   -0.39    0.00    1.14
 1576   -0.17    0.00    1.18
 1577   -0.41    0.00    1.32
 1578   -0.04    0.00    1.37
 1579   -0.33    0.00    1.02
 1580   -0.18    0.00    0.96
 1581   -0.36    0.00    1.60
 1582    0.10    0.00    1.93
 1583   -0.01    0.00    2.01
 1584   -0.72    0.00    1.72
 1585   -0.25    0.00    1.49
 1586    0.03    0.00    1.35
 1587   -0.17    0.00    1.06
 1588   -0.10    0.00    1.16
 1589    0.19    0.00    1.39
 1590   -0.48    0.00    1.31
 1591   -0.41    0.00    1.25
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 1592    0.21    0.00    2.09
 1593   -0.22    0.00    2.00
 1594   -0.73    0.00    1.74
 1595   -0.32    0.00    1.43
 1596   -0.51    0.00    1.35
 1597    0.06    0.00    1.42
 1598   -0.26    0.00    1.41
 1599    0.27    0.00    1.42
 1600   -0.23    0.00    1.36
 1601   -0.27    0.00    1.05
 1602   -0.08    0.00    0.98
 1603    0.02    0.00    1.15
 1604    0.03    0.00    1.17
 1605   -0.39    0.00    1.19
 1606   -0.35    0.00    0.95
 1607   -0.02    0.00    1.11
 1608   -0.07    0.00    1.73
 1609   -0.76    0.00    1.88
 1610   -0.37    0.00    1.52
 1611   -0.08    0.00    1.56
 1612    0.12    0.00    1.32
 1613   -0.43    0.00    1.29
 1614   -0.07    0.00    0.96
 1615   -0.29    0.00    0.98
 1616    0.00    0.00    0.86
 1617   -0.07    0.00    0.89
 1618   -0.08    0.00    0.74
 1619   -0.21    0.00    1.20
 1620   -0.14    0.00    2.28
 1621    0.39    0.00    2.70
 1622   -0.57    0.00    2.47
 1623   -0.60    0.00    2.17
 1624    0.09    0.00    1.00
 1625   -0.16    0.00    0.86
 1626   -0.14    0.00    0.99
 1627    0.10    0.00    0.96
 1628   -0.21    0.00    0.95
 1629    0.01    0.00    1.11
 1630   -0.31    0.00    1.71
 1631   -0.43    0.00    1.68
 1632    0.30    0.00    1.72
 1633   -0.53    0.00    1.68
 1634   -0.52    0.00    1.59
 1635   -0.10    0.00    1.66
 1636   -0.73    0.00    1.63
 1637   -0.38    0.00    1.99
 1638   -0.48    0.00    1.94
 1639   -0.53    0.00    2.04
 1640    0.13    0.00    1.95
 1641   -0.40    0.00    2.03
 1642   -0.38    0.00    1.72
 1643   -0.59    0.00    1.79
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 1644   -0.66    0.00    1.90
 1645   -0.77    0.00    2.12
 1646   -0.54    0.00    1.96
 1647    0.04    0.00    1.94
 1648   -0.55    0.00    1.75
 1649   -0.86    0.00    2.12
 1650   -0.25    0.00    2.13
 1651    0.21    0.00    1.74
 1652    0.06    0.00    1.89
 1653    0.15    0.00    2.20
 1654    0.28    0.00    3.06
 1655   -0.27    0.00    2.16
 1656   -0.44    0.00    2.03
 1657   -0.19    0.00    1.84
 1658   -0.26    0.00    2.56
 1659   -0.65    0.00    2.60
 1660   -0.70    0.00    2.69
 1661   -0.57    0.00    2.28
 1662   -0.74    0.00    2.34
 1663   -0.96    0.00    2.06
 1664   -0.51    0.00    2.72
 1665    0.48    0.00    2.36
 1666   -0.12    0.00    1.63
 1667    0.04    0.00    1.12
 1668   -0.05    0.00    1.06
 1669    0.08    0.00    1.33
 1670    0.42    0.00    1.33
 1671   -0.04    0.00    1.15
 1672   -0.02    0.00    1.52
 1673   -0.11    0.00    1.76
 1674    0.15    0.00    2.01
 1675    0.16    0.00    1.91
 1676    0.13    0.00    1.90
 1677   -0.05    0.00    1.45
 1678    0.00    0.00    1.44
 1679   -0.03    0.00    1.11
 1680   -0.34    0.00    1.66
 1681   -0.08    0.00    1.73
 1682    0.26    0.00    1.80
 1683   -0.23    0.00    1.03
 1684   -0.56    0.00    1.28
 1685   -0.32    0.00    1.41
 1686    0.17    0.00    1.13
 1687   -0.33    0.00    2.07
 1688   -0.32    0.00    2.04
 1689    0.30    0.00    2.00
 1690    0.19    0.00    1.36
 1691   -0.24    0.00    1.53
 1692   -0.20    0.00    1.33
 1693    0.13    0.00    2.11
 1694   -0.72    0.00    2.03
 1695    0.24    0.00    2.10
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 1696   -0.01    0.00    1.77
 1697   -0.58    0.00    1.88
 1698   -0.14    0.00    2.37
 1699    0.71    0.00    1.86
 1700   -0.08    0.00    1.81
 1701   -0.22    0.00    1.12
 1702    0.10    0.00    2.24
 1703   -0.01    0.00    2.28
 1704   -0.72    0.00    2.11
 1705   -0.42    0.00    1.37
 1706   -0.35    0.00    1.01
 1707   -0.35    0.00    1.08
 1708   -0.34    0.00    1.58
 1709   -0.60    0.00    1.61
 1710   -0.09    0.00    1.84
 1711   -0.63    0.00    1.40
 1712   -0.33    0.00    1.56
 1713   -0.54    0.00    1.38
 1714   -0.38    0.00    1.71
 1715   -0.27    0.00    1.67
 1716   -0.58    0.00    1.53
 1717   -0.34    0.00    2.44
 1718    0.66    0.00    2.33
 1719    0.16    0.00    1.81
 1720   -0.03    0.00    1.98
 1721    0.08    0.00    2.32
 1722    0.55    0.00    2.28
 1723   -0.15    0.00    1.61
 1724    0.43    0.00    1.36
 1725   -0.17    0.00    1.39
 1726   -0.14    0.00    0.86
 1727   -0.31    0.00    0.91
 1728   -0.35    0.00    1.02
 1729    0.13    0.00    1.79
 1730   -0.17    0.00    1.78
 1731   -0.56    0.00    1.78
 1732   -0.55    0.00    1.51
 1733    0.09    0.00    2.31
 1734    0.33    0.00    2.58
 1735   -0.82    0.00    2.71
 1736   -0.84    0.00    2.41
 1737    0.06    0.00    2.74
 1738    0.34    0.00    2.17
 1739   -0.24    0.00    2.34
 1740   -0.35    0.00    1.92
 1741   -0.31    0.00    1.88
 1742   -0.12    0.00    1.96
 1743    0.02    0.00    2.41
 1744   -0.20    0.00    2.38
 1745   -0.34    0.00    2.35
 1746    0.13    0.00    1.95
 1747    0.10    0.00    2.00
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 1748    0.15    0.00    1.78
 1749   -0.24    0.00    1.48
 1750   -0.28    0.00    0.94
 1751   -0.15    0.00    0.99
 1752    0.08    0.00    1.96
 1753   -0.20    0.00    2.07
 1754   -0.63    0.00    3.20
 1755    0.25    0.00    2.91
 1756    0.37    0.00    1.92
 1757    0.00    0.00    1.22
 1758    0.07    0.00    1.14
 1759   -0.20    0.00    1.26
 1760    0.00    0.00    1.47
 1761   -0.22    0.00    1.36
 1762   -0.28    0.00    1.65
 1763   -0.19    0.00    1.62
 1764   -0.45    0.00    1.66
 1765   -0.21    0.00    2.01
 1766    0.25    0.00    1.92
 1767    0.13    0.00    1.78
 1768    0.34    0.00    1.60
 1769    0.05    0.00    1.33
 1770    0.14    0.00    1.35
 1771    0.02    0.00    1.43
 1772    0.37    0.00    1.33
 1773    0.07    0.00    1.50
 1774    0.06    0.00    1.49
 1775    0.32    0.00    1.56
 1776    0.19    0.00    1.52
 1777    0.08    0.00    1.67
 1778   -0.21    0.00    2.14
 1779    0.11    0.00    2.35
 1780    0.25    0.00    2.41
 1781   -0.05    0.00    2.62
 1782   -0.06    0.00    2.11
 1783    0.22    0.00    2.08
 1784   -0.13    0.90    1.36
 1785   -0.34   -0.28    1.19
 1786   -0.17   -0.56    1.22
 1787    0.09   -1.03    1.40
 1788   -0.02   -1.16    1.22
 1789   -0.32   -1.28    0.96
 1790   -0.31   -1.48    1.67
 1791    0.09    0.10    1.88
 1792    0.59    1.05    1.86
 1793    0.27   -0.28    1.91
 1794   -0.19   -1.45    1.52
 1795    0.27   -0.09    1.28
 1796   -0.04    0.38    1.15
 1797   -0.22   -0.40    1.06
 1798   -0.01   -0.01    0.86
 1799   -0.32   -0.28    1.25
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 1800   -0.31   -0.89    1.64
 1801   -0.16   -0.37    1.64
 1802   -0.38   -0.64    1.23
 1803   -0.34   -0.16    1.58
 1804   -0.58   -0.52    1.75
 1805    0.24    0.43    1.74
 1806   -0.13   -0.11    2.12
 1807    0.36   -0.67    1.87
 1808   -0.40   -0.80    1.49
 1809   -0.62   -1.85    1.75
 1810    0.10   -0.23    1.83
 1811    0.54    0.10    1.57
 1812    0.02   -0.61    1.13
 1813   -0.03   -0.62    0.96
 1814    0.04   -0.54    1.17
 1815    0.34    0.19    1.22
 1816    0.12    0.19    1.29
 1817   -0.04    0.13    1.32
 1818    0.48    0.54    1.48
 1819    0.25   -0.09    1.44
 1820    0.06    0.72    1.59
 1821    0.28    0.61    1.46
 1822   -0.03    0.67    1.61
 1823    0.08    0.33    1.58
 1824    0.19    0.69    1.68
 1825    0.24    0.73    1.49
 1826   -0.09    0.39    1.39
 1827   -0.10   -0.05    0.78
 1828   -0.17    0.90    1.01
 1829   -0.45   -1.15    1.15
 1830   -0.11   -0.96    1.21
 1831   -0.14    0.14    1.13
 1832   -0.26    0.26    1.92
 1833    0.39   -0.30    1.91
 1834   -0.12   -0.60    1.59
 1835   -0.31   -0.64    1.10
 1836   -0.08   -0.45    0.86
 1837    0.35   -0.07    1.92
 1838   -0.19   -1.00    1.95
 1839   -0.08   -0.81    1.85
 1840    0.03    0.45    1.62
 1841    0.33    0.64    1.67
 1842    0.19    0.62    1.64
 1843    0.19    0.63    1.27
 1844   -0.30    0.10    1.86
 1845   -0.15    0.10    1.71
 1846    0.17   -0.20    1.48
 1847    0.25   -0.27    1.13
 1848   -0.29   -0.93    1.20
 1849   -0.43   -0.70    1.18
 1850    0.26    0.40    2.71
 1851    0.97    1.02    2.60
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 1852    0.21    0.58    2.39
 1853    0.08    0.00    1.71
 1854    0.14    0.70    1.14
 1855    0.07   -0.31    1.14
 1856   -0.15   -0.17    1.11
 1857   -0.20   -1.08    0.91
 1858    0.06   -1.09    0.94
 1859    0.34   -0.15    1.27
 1860    0.30   -0.24    1.24
 1861   -0.17   -0.39    1.25
 1862    0.19    0.62    0.99
 1863   -0.06   -0.22    1.24
 1864   -0.20   -0.08    1.65
 1865    0.38    0.42    1.52
 1866   -0.22   -0.38    1.45
 1867    0.31    0.38    1.49
 1868   -0.25   -0.26    1.46
 1869   -0.15   -0.49    1.04
 1870   -0.19   -0.37    0.91
 1871    0.19    0.38    1.45
 1872   -0.21   -0.23    1.52
 1873   -0.26   -0.74    1.29
 1874    0.01    0.33    0.97
 1875   -0.23    0.23    1.15
 1876   -0.25    0.81    2.68
 1877    0.83    1.06    2.72
 1878    0.14   -0.34    2.16
 1879    0.24    0.19    1.39
 1880   -0.09   -0.32    1.32
 1881    0.42    0.37    1.30
 1882    0.15   -0.19    1.31
 1883   -0.05   -0.06    1.54
 1884   -0.21   -0.30    1.42
 1885    0.14    0.90    1.54
 1886   -0.44   -0.52    1.51
 1887    0.01   -0.06    1.36
 1888    0.19    0.14    1.38
 1889   -0.10   -0.30    1.35
 1890   -0.03   -0.14    1.24
 1891   -0.17    0.20    1.41
 1892   -0.13    0.71    1.51
 1893   -0.06    0.22    1.77
 1894    0.10    0.40    2.10
 1895    0.24    0.13    1.97
 1896   -0.52   -0.97    1.94
 1897    0.18   -0.13    1.85
 1898    0.21   -0.50    1.95
 1899   -0.12   -0.15    1.63
 1900   -0.30   -0.42    1.09
 1901   -0.26   -0.09    1.19
 1902    0.01   -0.16    1.94
 1903   -0.44   -0.33    1.85
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 1904   -0.37   -0.22    1.61
 1905   -0.17    0.48    1.59
 1906   -0.47   -0.37    1.61
 1907   -0.42   -0.74    1.82
 1908   -0.38   -0.60    1.58
 1909   -0.70   -0.64    2.10
 1910   -0.61   -0.29    1.98
 1911    0.32    0.40    2.06
 1912    0.23   -0.19    1.48
 1913    0.16    0.30    1.38
 1914    0.03    0.74    0.68
 1915   -0.17    0.52    1.43
 1916   -0.30    0.40    1.50
 1917   -0.15    0.15    1.34
 1918    0.02    0.62    2.28
 1919    0.69    0.95    2.21
 1920   -0.28   -0.40    2.28
 1921   -0.47   -0.09    1.76
 1922   -0.05    0.23    1.68
 1923    0.43    0.72    1.64
 1924   -0.24    0.20    1.25
 1925   -0.27    0.19    0.96
 1926   -0.49   -0.19    1.45
 1927   -0.08    0.24    1.47
 1928   -0.22   -0.08    1.58
 1929   -0.41   -0.79    1.39
 1930   -0.14   -0.23    1.55
 1931   -0.39   -0.38    1.41
 1932   -0.39    0.60    1.70
 1933   -0.66   -0.61    1.85
 1934   -0.24   -0.69    2.18
 1935   -0.42   -0.33    2.54
 1936    0.36    0.19    2.17
 1937   -0.20   -0.17    1.38
 1938   -0.07   -0.46    1.52
 1939   -0.26   -0.55    1.43
 1940   -0.25   -0.03    1.47
 1941   -0.28   -0.49    1.55
 1942   -0.29   -0.60    1.48
 1943   -0.27    0.32    1.84
 1944    0.17    2.00    1.61
 1945    0.01    1.06    2.00
 1946   -0.26   -0.34    2.23
 1947   -0.80   -0.89    2.13
 1948   -0.55   -0.10    1.93
 1949   -0.12   -0.51    2.20
 1950   -0.59   -0.04    2.17
 1951   -0.69   -0.68    2.18
 1952   -0.62   -0.08    2.05
 1953   -0.41    0.28    1.46
 1954   -0.20    0.10    1.46
 1955   -0.12   -0.22    1.39
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 1956   -0.48   -0.41    1.17
 1957    0.14    0.41    1.64
 1958   -0.16    0.11    1.47
 1959   -0.14   -0.13    1.97
 1960    0.49    0.70    1.79
 1961   -0.18   -0.27    1.67
 1962    0.26    0.62    1.13
 1963    0.06    0.49    1.26
 1964   -0.26   -0.14    1.24
 1965    0.17   -0.59    1.24
 1966   -0.46   -0.77    1.34
 1967    0.12   -0.55    1.36
 1968   -0.14   -0.64    1.23
 1969   -0.32   -0.17    1.05
 1970   -0.27   -0.24    1.88
 1971   -0.93   -0.84    2.20
 1972   -0.54   -0.59    2.34
 1973    0.33    0.21    1.90
 1974   -0.56   -0.21    1.67
 1975    0.09    0.16    1.75
 1976   -0.52   -0.79    1.45
 1977   -0.36   -0.50    1.60
 1978    0.17    0.41    1.75
 1979    0.23    0.95    1.50
 1980   -0.18    0.40    1.79
 1981   -0.46   -0.13    1.43
 1982    0.10    0.49    1.25
 1983    0.25    0.41    1.15
 1984   -0.17   -0.08    1.51
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dahl-jensen-dye3bh1yrinterp.txt
  17. -19.905302
  18. -19.9053078
  19. -19.9053116
  20. -19.9053154
  21. -19.9053192
  22. -19.905323
  23. -19.9053268
  24. -19.9053307
  25. -19.9053345
  26. -19.9053383
  27. -19.9053421
  28. -19.9053459
  29. -19.9053497
  30. -19.9053535
  31. -19.9053574
  32. -19.9053612
  33. -19.905365
  34. -19.9053688
  35. -19.9053726
  36. -19.9053764
  37. -19.9053822
  38. -19.905386
  39. -19.9053898
  40. -19.9053936
  41. -19.9053974
  42. -19.9053974
  43. -19.9053936
  44. -19.9053898
  45. -19.905386
  46. -19.9053822
  47. -19.9053783
  48. -19.9053745
  49. -19.9053707
  50. -19.9053669
  51. -19.9053631
  52. -19.9053593
  53. -19.9053555
  54. -19.9053516
  55. -19.9053478
  56. -19.905344
  57. -19.9053383
  58. -19.9053345
  59. -19.9053307
  60. -19.9053268
  61. -19.905323
  62. -19.9053192
  63. -19.9053154
  64. -19.9053116
  65. -19.9053078
  66. -19.905304
  67. -19.9053001
  68. -19.905304
  69. -19.9053078
  70. -19.9053116
  71. -19.9053154
  72. -19.9053192
  73. -19.905323
  74. -19.9053268
  75. -19.9053307
  76. -19.9053364
  77. -19.9053402
  78. -19.905344
  79. -19.9053478
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dahl-jensen-dye3bh1yrinterp.txt
  80. -19.9053516
  81. -19.9053555
  82. -19.9053593
  83. -19.9053631
  84. -19.9053669
  85. -19.9053707
  86. -19.9053745
  87. -19.9053783
  88. -19.9053822
  89. -19.905386
  90. -19.9053898
  91. -19.9053936
  92. -19.9053974
  93. -19.9050846
  94. -19.9046307
  95. -19.9041748
  96. -19.9037209
  97. -19.903265
  98. -19.9028111
  99. -19.9023552
  100. -19.9019012
  101. -19.9014473
  102. -19.9009914
  103. -19.9005375
  104. -19.9000816
  105. -19.8996277
  106. -19.8991718
  107. -19.8987179
  108. -19.8982639
  109. -19.8978081
  110. -19.8973541
  111. -19.8968983
  112. -19.8964443
  113. -19.8959885
  114. -19.8955345
  115. -19.8950806
  116. -19.894516
  117. -19.8934002
  118. -19.8922825
  119. -19.8911648
  120. -19.8900471
  121. -19.8889294
  122. -19.8878117
  123. -19.886694
  124. -19.8855762
  125. -19.8844585
  126. -19.8833408
  127. -19.8822231
  128. -19.8811054
  129. -19.8799877
  130. -19.87887
  131. -19.8777523
  132. -19.8766346
  133. -19.8755169
  134. -19.8743992
  135. -19.8732815
  136. -19.8721638
  137. -19.8710461
  138. -19.8699284
  139. -19.8688107
  140. -19.8673954
  141. -19.8658085
  142. -19.8642216
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dahl-jensen-dye3bh1yrinterp.txt
  143. -19.8626347
  144. -19.8610458
  145. -19.8594589
  146. -19.857872
  147. -19.8562851
  148. -19.8546982
  149. -19.8531113
  150. -19.8515224
  151. -19.8499355
  152. -19.8483486
  153. -19.8467617
  154. -19.8451748
  155. -19.843586
  156. -19.8419991
  157. -19.8404121
  158. -19.8388252
  159. -19.8372383
  160. -19.8355732
  161. -19.8338776
  162. -19.8321838
  163. -19.8304901
  164. -19.8287945
  165. -19.8271008
  166. -19.825407
  167. -19.8237114
  168. -19.8220177
  169. -19.8203239
  170. -19.8186283
  171. -19.8169346
  172. -19.8152409
  173. -19.8135452
  174. -19.8118515
  175. -19.8101578
  176. -19.8084621
  177. -19.8067684
  178. -19.8050747
  179. -19.8033791
  180. -19.8016853
  181. -19.7999897
  182. -19.7982006
  183. -19.7964115
  184. -19.7946224
  185. -19.7928333
  186. -19.7910442
  187. -19.7892551
  188. -19.787466
  189. -19.785677
  190. -19.7838879
  191. -19.7820988
  192. -19.7803097
  193. -19.7785206
  194. -19.7767315
  195. -19.7749424
  196. -19.7731533
  197. -19.7713642
  198. -19.7695751
  199. -19.767786
  200. -19.7659969
  201. -19.7642078
  202. -19.7624187
  203. -19.7606277
  204. -19.7588387
  205. -19.7570496
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dahl-jensen-dye3bh1yrinterp.txt
  206. -19.7552605
  207. -19.7534714
  208. -19.7516823
  209. -19.7498932
  210. -19.7481041
  211. -19.746315
  212. -19.7445259
  213. -19.7427349
  214. -19.7409458
  215. -19.7391567
  216. -19.7373676
  217. -19.7355785
  218. -19.7337894
  219. -19.7320004
  220. -19.7302113
  221. -19.7284203
  222. -19.7266312
  223. -19.7248421
  224. -19.723053
  225. -19.7212639
  226. -19.7194748
  227. -19.7176857
  228. -19.7158966
  229. -19.7143154
  230. -19.7127476
  231. -19.7111797
  232. -19.7096119
  233. -19.7080421
  234. -19.7064743
  235. -19.7049065
  236. -19.7033386
  237. -19.7017708
  238. -19.7002029
  239. -19.6986332
  240. -19.6970654
  241. -19.6954975
  242. -19.6939297
  243. -19.6923618
  244. -19.6907921
  245. -19.6892242
  246. -19.6876564
  247. -19.6860886
  248. -19.6845207
  249. -19.6829529
  250. -19.6813831
  251. -19.6798153
  252. -19.6783829
  253. -19.6771393
  254. -19.6758957
  255. -19.674654
  256. -19.6734104
  257. -19.6721668
  258. -19.6709232
  259. -19.6696815
  260. -19.668438
  261. -19.6671944
  262. -19.6659508
  263. -19.6647072
  264. -19.6634655
  265. -19.6622219
  266. -19.6609783
  267. -19.6597347
  268. -19.658493
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dahl-jensen-dye3bh1yrinterp.txt
  269. -19.6572495
  270. -19.6560059
  271. -19.6547623
  272. -19.6535206
  273. -19.652277
  274. -19.6510334
  275. -19.6497898
  276. -19.6485481
  277. -19.6472511
  278. -19.6453133
  279. -19.6433735
  280. -19.6414356
  281. -19.6394978
  282. -19.6375599
  283. -19.635622
  284. -19.6336823
  285. -19.6317444
  286. -19.6298065
  287. -19.6278687
  288. -19.6259289
  289. -19.623991
  290. -19.6220531
  291. -19.6201153
  292. -19.6181774
  293. -19.6162376
  294. -19.6142998
  295. -19.6123619
  296. -19.610424
  297. -19.6084862
  298. -19.6065464
  299. -19.6047802
  300. -19.6033249
  301. -19.6018677
  302. -19.6004124
  303. -19.5989552
  304. -19.5974998
  305. -19.5960426
  306. -19.5945873
  307. -19.5931301
  308. -19.5916748
  309. -19.5902176
  310. -19.5887623
  311. -19.5873051
  312. -19.5858498
  313. -19.5843925
  314. -19.5829372
  315. -19.58148
  316. -19.5800228
  317. -19.5785675
  318. -19.5771103
  319. -19.575655
  320. -19.5741978
  321. -19.5727425
  322. -19.5712852
  323. -19.5698299
  324. -19.5683689
  325. -19.5667076
  326. -19.5650463
  327. -19.563385
  328. -19.5617237
  329. -19.5600624
  330. -19.5584011
  331. -19.5567398
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  332. -19.5550785
  333. -19.5534172
  334. -19.5517559
  335. -19.5500946
  336. -19.5484333
  337. -19.5467701
  338. -19.5451088
  339. -19.5434475
  340. -19.5417862
  341. -19.5401249
  342. -19.5384636
  343. -19.5368023
  344. -19.535141
  345. -19.5334797
  346. -19.5318184
  347. -19.5301571
  348. -19.5284958
  349. -19.5268345
  350. -19.5251732
  351. -19.52351
  352. -19.5218487
  353. -19.5201874
  354. -19.5185261
  355. -19.5168648
  356. -19.5152035
  357. -19.5135422
  358. -19.5118809
  359. -19.5102196
  360. -19.5085583
  361. -19.506897
  362. -19.5052357
  363. -19.5035744
  364. -19.5019131
  365. -19.5002499
  366. -19.4985886
  367. -19.4969273
  368. -19.495266
  369. -19.4936047
  370. -19.4919434
  371. -19.4902821
  372. -19.4886208
  373. -19.4869595
  374. -19.4852982
  375. -19.483593
  376. -19.4818039
  377. -19.4800148
  378. -19.4782257
  379. -19.4764366
  380. -19.4746475
  381. -19.4728584
  382. -19.4710674
  383. -19.4692783
  384. -19.4674892
  385. -19.4657001
  386. -19.4639111
  387. -19.462122
  388. -19.4603329
  389. -19.4585438
  390. -19.4567547
  391. -19.4549656
  392. -19.4531765
  393. -19.4513874
  394. -19.4495983
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  395. -19.4478073
  396. -19.4460182
  397. -19.4442291
  398. -19.44244
  399. -19.4397449
  400. -19.4368362
  401. -19.4339294
  402. -19.4310207
  403. -19.428112
  404. -19.4252033
  405. -19.4222965
  406. -19.4193878
  407. -19.4164791
  408. -19.4135723
  409. -19.4106636
  410. -19.4077549
  411. -19.4048462
  412. -19.4019394
  413. -19.3990307
  414. -19.396122
  415. -19.3932152
  416. -19.3903065
  417. -19.3873978
  418. -19.3844891
  419. -19.3822346
  420. -19.3800526
  421. -19.3778706
  422. -19.3756886
  423. -19.3735046
  424. -19.3713226
  425. -19.3691406
  426. -19.3669586
  427. -19.3647766
  428. -19.3625927
  429. -19.3604107
  430. -19.3582287
  431. -19.3560467
  432. -19.3538647
  433. -19.3516808
  434. -19.3494987
  435. -19.3473167
  436. -19.3451347
  437. -19.3429527
  438. -19.3407688
  439. -19.3385868
  440. -19.3363152
  441. -19.3336334
  442. -19.3309498
  443. -19.3282681
  444. -19.3255863
  445. -19.3229046
  446. -19.3202229
  447. -19.3175411
  448. -19.3148594
  449. -19.3121777
  450. -19.3094959
  451. -19.3068142
  452. -19.3041325
  453. -19.3014507
  454. -19.298769
  455. -19.2960873
  456. -19.2934055
  457. -19.2907238
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  458. -19.2880421
  459. -19.2853603
  460. -19.2826786
  461. -19.2799969
  462. -19.2773151
  463. -19.2746334
  464. -19.2722435
  465. -19.2700081
  466. -19.2677727
  467. -19.2655373
  468. -19.2633018
  469. -19.2610664
  470. -19.258831
  471. -19.2565956
  472. -19.2543602
  473. -19.2521248
  474. -19.2498875
  475. -19.2476521
  476. -19.2454166
  477. -19.2431812
  478. -19.2409458
  479. -19.2387104
  480. -19.236475
  481. -19.2342396
  482. -19.2320042
  483. -19.2297688
  484. -19.2275333
  485. -19.2252979
  486. -19.2230625
  487. -19.2208099
  488. -19.2184277
  489. -19.2160473
  490. -19.2136669
  491. -19.2112865
  492. -19.2089062
  493. -19.2065239
  494. -19.2041435
  495. -19.2017632
  496. -19.1993828
  497. -19.1970005
  498. -19.1946201
  499. -19.1922398
  500. -19.1898594
  501. -19.1874771
  502. -19.1850967
  503. -19.1827164
  504. -19.180336
  505. -19.1779556
  506. -19.1755733
  507. -19.1731377
  508. -19.170496
  509. -19.1678543
  510. -19.1652126
  511. -19.162569
  512. -19.1599274
  513. -19.1572857
  514. -19.154644
  515. -19.1520023
  516. -19.1493607
  517. -19.146719
  518. -19.1440773
  519. -19.1414337
  520. -19.138792

Page 8

ABOR/MH/Priv-004799



dahl-jensen-dye3bh1yrinterp.txt
  521. -19.1361504
  522. -19.1335087
  523. -19.130867
  524. -19.1282253
  525. -19.1255836
  526. -19.1229401
  527. -19.1203651
  528. -19.1179371
  529. -19.1155109
  530. -19.1130848
  531. -19.1106586
  532. -19.1082325
  533. -19.1058064
  534. -19.1033783
  535. -19.1009521
  536. -19.098526
  537. -19.0960999
  538. -19.0936737
  539. -19.0912476
  540. -19.0888214
  541. -19.0863934
  542. -19.0839672
  543. -19.0815411
  544. -19.0791149
  545. -19.0766888
  546. -19.0742626
  547. -19.0718346
  548. -19.0694084
  549. -19.0669861
  550. -19.0645638
  551. -19.0621414
  552. -19.059721
  553. -19.0572987
  554. -19.0548763
  555. -19.0524559
  556. -19.0500336
  557. -19.0476112
  558. -19.0451908
  559. -19.0427685
  560. -19.0403461
  561. -19.0379257
  562. -19.0355034
  563. -19.0330811
  564. -19.0306606
  565. -19.0282383
  566. -19.025816
  567. -19.0233955
  568. -19.0209732
  569. -19.0185509
  570. -19.0161304
  571. -19.0137081
  572. -19.0112858
  573. -19.0088634
  574. -19.006443
  575. -19.0040207
  576. -19.0015984
  577. -18.999176
  578. -18.9967556
  579. -18.9943333
  580. -18.9919109
  581. -18.9894886
  582. -18.9870682
  583. -18.9846458
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  584. -18.9822235
  585. -18.9798012
  586. -18.9773788
  587. -18.9749584
  588. -18.9725361
  589. -18.9701138
  590. -18.9676914
  591. -18.965271
  592. -18.9628487
  593. -18.9604206
  594. -18.9579945
  595. -18.9555683
  596. -18.9531422
  597. -18.950716
  598. -18.9482899
  599. -18.9458637
  600. -18.9434376
  601. -18.9410114
  602. -18.9385853
  603. -18.9361572
  604. -18.9337311
  605. -18.9313049
  606. -18.9288788
  607. -18.9264526
  608. -18.9240265
  609. -18.9216003
  610. -18.9191742
  611. -18.916748
  612. -18.9143219
  613. -18.9118938
  614. -18.9097061
  615. -18.9078388
  616. -18.9059734
  617. -18.9041061
  618. -18.9022388
  619. -18.9003735
  620. -18.8985062
  621. -18.8966389
  622. -18.8947735
  623. -18.8929062
  624. -18.8910389
  625. -18.8891716
  626. -18.8873062
  627. -18.8854389
  628. -18.8835716
  629. -18.8817062
  630. -18.8798389
  631. -18.8779716
  632. -18.8761063
  633. -18.874239
  634. -18.8723717
  635. -18.8705063
  636. -18.868639
  637. -18.8667717
  638. -18.8649063
  639. -18.8630447
  640. -18.8612556
  641. -18.8594666
  642. -18.8576775
  643. -18.8558884
  644. -18.8540993
  645. -18.8523102
  646. -18.8505211
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  647. -18.848732
  648. -18.8469429
  649. -18.8451538
  650. -18.8433628
  651. -18.8415737
  652. -18.8397846
  653. -18.8379955
  654. -18.8362064
  655. -18.8344173
  656. -18.8326283
  657. -18.8308392
  658. -18.8290501
  659. -18.827261
  660. -18.8254719
  661. -18.8236828
  662. -18.8218937
  663. -18.8198528
  664. -18.8176136
  665. -18.8153725
  666. -18.8131332
  667. -18.810894
  668. -18.8086548
  669. -18.8064137
  670. -18.8041744
  671. -18.8019352
  672. -18.799696
  673. -18.7974548
  674. -18.7952156
  675. -18.7929764
  676. -18.7907372
  677. -18.7884979
  678. -18.7862568
  679. -18.7840176
  680. -18.7817783
  681. -18.7795391
  682. -18.777298
  683. -18.7750587
  684. -18.7728195
  685. -18.7705803
  686. -18.7683506
  687. -18.7665348
  688. -18.764719
  689. -18.7629013
  690. -18.7610855
  691. -18.7592697
  692. -18.757452
  693. -18.7556362
  694. -18.7538204
  695. -18.7520027
  696. -18.7501869
  697. -18.7483711
  698. -18.7465553
  699. -18.7447376
  700. -18.7429218
  701. -18.741106
  702. -18.7392883
  703. -18.7374725
  704. -18.7356567
  705. -18.733839
  706. -18.7320232
  707. -18.7302074
  708. -18.7283897
  709. -18.7265739
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  710. -18.7247581
  711. -18.7229404
  712. -18.7211246
  713. -18.7193089
  714. -18.7174931
  715. -18.7157001
  716. -18.7142448
  717. -18.7127876
  718. -18.7113323
  719. -18.7098751
  720. -18.7084198
  721. -18.7069626
  722. -18.7055073
  723. -18.7040501
  724. -18.7025948
  725. -18.7011375
  726. -18.6996822
  727. -18.698225
  728. -18.6967697
  729. -18.6953125
  730. -18.6938572
  731. -18.6924
  732. -18.6909447
  733. -18.6894875
  734. -18.6880322
  735. -18.6865749
  736. -18.6851196
  737. -18.6836624
  738. -18.6822071
  739. -18.6807499
  740. -18.6792946
  741. -18.6774883
  742. -18.6755505
  743. -18.6736126
  744. -18.6716747
  745. -18.6697388
  746. -18.6678009
  747. -18.665863
  748. -18.6639252
  749. -18.6619892
  750. -18.6600513
  751. -18.6581135
  752. -18.6561775
  753. -18.6542397
  754. -18.6523018
  755. -18.6503639
  756. -18.648428
  757. -18.6464901
  758. -18.6445522
  759. -18.6426144
  760. -18.6406784
  761. -18.6387405
  762. -18.6368027
  763. -18.6348667
  764. -18.6329288
  765. -18.630991
  766. -18.6290531
  767. -18.6271172
  768. -18.6251335
  769. -18.6231194
  770. -18.6211052
  771. -18.619091
  772. -18.6170769
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  773. -18.6150608
  774. -18.6130466
  775. -18.6110325
  776. -18.6090183
  777. -18.6070023
  778. -18.6049881
  779. -18.6029739
  780. -18.6009598
  781. -18.5989437
  782. -18.5969296
  783. -18.5949154
  784. -18.5929012
  785. -18.5908871
  786. -18.588871
  787. -18.5868568
  788. -18.5848427
  789. -18.5828285
  790. -18.5808125
  791. -18.5788269
  792. -18.5773754
  793. -18.575922
  794. -18.5744705
  795. -18.5730171
  796. -18.5715656
  797. -18.5701141
  798. -18.5686607
  799. -18.5672092
  800. -18.5657578
  801. -18.5643044
  802. -18.5628529
  803. -18.5614014
  804. -18.559948
  805. -18.5584965
  806. -18.5570431
  807. -18.5555916
  808. -18.5541401
  809. -18.5526867
  810. -18.5512352
  811. -18.5497837
  812. -18.5483303
  813. -18.5468788
  814. -18.5454273
  815. -18.5439739
  816. -18.5425224
  817. -18.5419617
  818. -18.5417671
  819. -18.5415726
  820. -18.5413761
  821. -18.5411816
  822. -18.540987
  823. -18.5407906
  824. -18.540596
  825. -18.5403996
  826. -18.540205
  827. -18.5400105
  828. -18.539814
  829. -18.5396194
  830. -18.5394249
  831. -18.5392284
  832. -18.5390339
  833. -18.5388393
  834. -18.5386429
  835. -18.5384483
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  836. -18.5382519
  837. -18.5380573
  838. -18.5378628
  839. -18.5376663
  840. -18.5374718
  841. -18.5372772
  842. -18.5370808
  843. -18.5368862
  844. -18.5366936
  845. -18.5365009
  846. -18.5363102
  847. -18.5361176
  848. -18.5359268
  849. -18.5357361
  850. -18.5355434
  851. -18.5353527
  852. -18.5351601
  853. -18.5349693
  854. -18.5347786
  855. -18.534586
  856. -18.5343952
  857. -18.5342026
  858. -18.5340118
  859. -18.5338211
  860. -18.5336285
  861. -18.5334377
  862. -18.5332451
  863. -18.5330544
  864. -18.5328617
  865. -18.532671
  866. -18.5324802
  867. -18.5322876
  868. -18.5320969
  869. -18.5319042
  870. -18.5317135
  871. -18.5316029
  872. -18.5316067
  873. -18.5316105
  874. -18.5316143
  875. -18.5316162
  876. -18.53162
  877. -18.5316238
  878. -18.5316277
  879. -18.5316315
  880. -18.5316353
  881. -18.5316391
  882. -18.5316429
  883. -18.5316467
  884. -18.5316505
  885. -18.5316544
  886. -18.5316582
  887. -18.5316601
  888. -18.5316639
  889. -18.5316677
  890. -18.5316715
  891. -18.5316753
  892. -18.5316792
  893. -18.531683
  894. -18.5316868
  895. -18.5316906
  896. -18.5316944
  897. -18.5316982
  898. -18.5316505
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  899. -18.5314655
  900. -18.5312786
  901. -18.5310917
  902. -18.5309048
  903. -18.5307198
  904. -18.5305328
  905. -18.5303459
  906. -18.530159
  907. -18.529974
  908. -18.5297871
  909. -18.5296001
  910. -18.5294132
  911. -18.5292282
  912. -18.5290413
  913. -18.5288544
  914. -18.5286674
  915. -18.5284805
  916. -18.5282955
  917. -18.5281086
  918. -18.5279217
  919. -18.5277348
  920. -18.5275497
  921. -18.5273628
  922. -18.5271759
  923. -18.526989
  924. -18.526804
  925. -18.5266171
  926. -18.5264301
  927. -18.5263462
  928. -18.5265007
  929. -18.5266552
  930. -18.5268097
  931. -18.5269642
  932. -18.5271187
  933. -18.5272713
  934. -18.5274258
  935. -18.5275803
  936. -18.5277348
  937. -18.5278893
  938. -18.5280418
  939. -18.5281963
  940. -18.5283508
  941. -18.5285053
  942. -18.5286598
  943. -18.5288124
  944. -18.5289669
  945. -18.5291214
  946. -18.5292759
  947. -18.5294304
  948. -18.5295849
  949. -18.5297375
  950. -18.529892
  951. -18.5300465
  952. -18.530201
  953. -18.5303555
  954. -18.530508
  955. -18.5306625
  956. -18.530817
  957. -18.5309715
  958. -18.531126
  959. -18.5312786
  960. -18.5314331
  961. -18.5315876

Page 15

ABOR/MH/Priv-004806



dahl-jensen-dye3bh1yrinterp.txt
  962. -18.5321331
  963. -18.5327148
  964. -18.5332966
  965. -18.5338783
  966. -18.5344601
  967. -18.5350418
  968. -18.5356236
  969. -18.5362072
  970. -18.5367889
  971. -18.5373707
  972. -18.5379524
  973. -18.5385342
  974. -18.5391159
  975. -18.5396976
  976. -18.5402794
  977. -18.5408611
  978. -18.5414429
  979. -18.5420246
  980. -18.5426083
  981. -18.54319
  982. -18.5437717
  983. -18.5443535
  984. -18.5449352
  985. -18.545517
  986. -18.5460987
  987. -18.5466805
  988. -18.5472622
  989. -18.5505772
  990. -18.5547295
  991. -18.5588837
  992. -18.563036
  993. -18.5671902
  994. -18.5713425
  995. -18.5754967
  996. -18.579649
  997. -18.5838032
  998. -18.5879555
  999. -18.5921097
  1000. -18.596262
  1001. -18.6002579
  1002. -18.6028423
  1003. -18.6054268
  1004. -18.6080112
  1005. -18.6105957
  1006. -18.6131802
  1007. -18.6157646
  1008. -18.6183491
  1009. -18.6209335
  1010. -18.623518
  1011. -18.6261024
  1012. -18.6286869
  1013. -18.6312714
  1014. -18.6338558
  1015. -18.6364403
  1016. -18.6390247
  1017. -18.6416092
  1018. -18.6442204
  1019. -18.6468391
  1020. -18.6494579
  1021. -18.6520767
  1022. -18.6546955
  1023. -18.6573143
  1024. -18.6599331
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  1025. -18.6625519
  1026. -18.6651707
  1027. -18.6677895
  1028. -18.6704102
  1029. -18.6730289
  1030. -18.6756477
  1031. -18.6782665
  1032. -18.6808853
  1033. -18.6835041
  1034. -18.6861229
  1035. -18.6887417
  1036. -18.6910477
  1037. -18.693224
  1038. -18.6954021
  1039. -18.6975803
  1040. -18.6997566
  1041. -18.7019348
  1042. -18.704113
  1043. -18.7062912
  1044. -18.7084675
  1045. -18.7106457
  1046. -18.7128239
  1047. -18.7150002
  1048. -18.7171783
  1049. -18.7193565
  1050. -18.7215347
  1051. -18.723711
  1052. -18.7258892
  1053. -18.7280674
  1054. -18.7302437
  1055. -18.7324219
  1056. -18.7346001
  1057. -18.7367783
  1058. -18.7412777
  1059. -18.7458019
  1060. -18.7503262
  1061. -18.7548504
  1062. -18.7593746
  1063. -18.7638988
  1064. -18.7684231
  1065. -18.7729473
  1066. -18.7774715
  1067. -18.7819958
  1068. -18.78652
  1069. -18.7910442
  1070. -18.7955685
  1071. -18.8000927
  1072. -18.8046169
  1073. -18.8091412
  1074. -18.8125362
  1075. -18.8154449
  1076. -18.8183556
  1077. -18.8212643
  1078. -18.8241749
  1079. -18.8270855
  1080. -18.8299942
  1081. -18.8329048
  1082. -18.8358135
  1083. -18.8387241
  1084. -18.8416328
  1085. -18.8445435
  1086. -18.8474522
  1087. -18.8503628
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  1088. -18.8532734
  1089. -18.8561821
  1090. -18.8590927
  1091. -18.8620014
  1092. -18.864912
  1093. -18.8678207
  1094. -18.8707314
  1095. -18.8736401
  1096. -18.8771152
  1097. -18.8806019
  1098. -18.8840885
  1099. -18.8875751
  1100. -18.8910599
  1101. -18.8945465
  1102. -18.8980331
  1103. -18.9015198
  1104. -18.9050064
  1105. -18.9084911
  1106. -18.9119778
  1107. -18.9154644
  1108. -18.918951
  1109. -18.9224377
  1110. -18.9259224
  1111. -18.929409
  1112. -18.9328957
  1113. -18.9363823
  1114. -18.9398727
  1115. -18.9433651
  1116. -18.9468555
  1117. -18.9503479
  1118. -18.9538403
  1119. -18.9573307
  1120. -18.9608231
  1121. -18.9643154
  1122. -18.9678059
  1123. -18.9712982
  1124. -18.9747906
  1125. -18.978281
  1126. -18.9817734
  1127. -18.9852657
  1128. -18.9887562
  1129. -18.9922485
  1130. -18.9957409
  1131. -18.9992313
  1132. -19.0029469
  1133. -19.0067272
  1134. -19.0105057
  1135. -19.0142841
  1136. -19.0180645
  1137. -19.021843
  1138. -19.0256214
  1139. -19.0293999
  1140. -19.0331802
  1141. -19.0369587
  1142. -19.0407372
  1143. -19.0445156
  1144. -19.048296
  1145. -19.0520744
  1146. -19.0558529
  1147. -19.0596333
  1148. -19.0634117
  1149. -19.0671902
  1150. -19.0743351
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  1151. -19.083065
  1152. -19.091795
  1153. -19.100523
  1154. -19.1092529
  1155. -19.1179829
  1156. -19.1267109
  1157. -19.1354408
  1158. -19.1441708
  1159. -19.1508331
  1160. -19.1562824
  1161. -19.1617298
  1162. -19.1671791
  1163. -19.1726284
  1164. -19.1780777
  1165. -19.1835251
  1166. -19.1889744
  1167. -19.1944237
  1168. -19.199873
  1169. -19.2053204
  1170. -19.2107697
  1171. -19.2162189
  1172. -19.2216682
  1173. -19.2271729
  1174. -19.2329922
  1175. -19.2388115
  1176. -19.2446308
  1177. -19.2504501
  1178. -19.2562695
  1179. -19.2620888
  1180. -19.26791
  1181. -19.2737293
  1182. -19.2795486
  1183. -19.285368
  1184. -19.2913265
  1185. -19.2976246
  1186. -19.3039227
  1187. -19.3102207
  1188. -19.3165207
  1189. -19.3228188
  1190. -19.3291168
  1191. -19.3354149
  1192. -19.341713
  1193. -19.3480129
  1194. -19.354311
  1195. -19.3602219
  1196. -19.3656216
  1197. -19.3710194
  1198. -19.3764172
  1199. -19.3818169
  1200. -19.3872147
  1201. -19.3926125
  1202. -19.3980122
  1203. -19.40341
  1204. -19.4088097
  1205. -19.4142075
  1206. -19.4196053
  1207. -19.425005
  1208. -19.429985
  1209. -19.4348354
  1210. -19.4396858
  1211. -19.4445343
  1212. -19.4493847
  1213. -19.4542332
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  1214. -19.4590836
  1215. -19.4639339
  1216. -19.4687824
  1217. -19.4736328
  1218. -19.4784813
  1219. -19.4833317
  1220. -19.4881821
  1221. -19.4930305
  1222. -19.4978809
  1223. -19.5027294
  1224. -19.5080338
  1225. -19.5138474
  1226. -19.5196629
  1227. -19.5254784
  1228. -19.5312939
  1229. -19.5371075
  1230. -19.542923
  1231. -19.5487385
  1232. -19.5545521
  1233. -19.5603676
  1234. -19.5661831
  1235. -19.5719967
  1236. -19.5778122
  1237. -19.5836277
  1238. -19.5894413
  1239. -19.5948448
  1240. -19.6002426
  1241. -19.6056423
  1242. -19.6110401
  1243. -19.6164398
  1244. -19.6218376
  1245. -19.6272354
  1246. -19.6326351
  1247. -19.6380329
  1248. -19.6434307
  1249. -19.6488304
  1250. -19.6542282
  1251. -19.6596432
  1252. -19.6650925
  1253. -19.6705418
  1254. -19.6759892
  1255. -19.6814384
  1256. -19.6868877
  1257. -19.692337
  1258. -19.6977844
  1259. -19.7032337
  1260. -19.708683
  1261. -19.7141323
  1262. -19.7195816
  1263. -19.725029
  1264. -19.7304783
  1265. -19.7359276
  1266. -19.741991
  1267. -19.7481728
  1268. -19.7543526
  1269. -19.7605343
  1270. -19.7667141
  1271. -19.7728958
  1272. -19.7790775
  1273. -19.7852573
  1274. -19.7914391
  1275. -19.7976208
  1276. -19.8038006
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  1277. -19.8099823
  1278. -19.8161621
  1279. -19.8223438
  1280. -19.8285255
  1281. -19.8347054
  1282. -19.8408871
  1283. -19.8470669
  1284. -19.8532486
  1285. -19.8594303
  1286. -19.8656101
  1287. -19.8717918
  1288. -19.8779716
  1289. -19.8841534
  1290. -19.8903351
  1291. -19.8965149
  1292. -19.9026966
  1293. -19.9088783
  1294. -19.9150581
  1295. -19.9213428
  1296. -19.9276409
  1297. -19.933939
  1298. -19.940237
  1299. -19.9465351
  1300. -19.9528332
  1301. -19.9591331
  1302. -19.9654312
  1303. -19.9717293
  1304. -19.9780273
  1305. -19.9843006
  1306. -19.9893913
  1307. -19.9944801
  1308. -19.9995708
  1309. -20.0046597
  1310. -20.0097504
  1311. -20.0148392
  1312. -20.0199299
  1313. -20.0250206
  1314. -20.0301094
  1315. -20.0352001
  1316. -20.0402889
  1317. -20.0453796
  1318. -20.0504684
  1319. -20.0555592
  1320. -20.0612621
  1321. -20.0674896
  1322. -20.0737171
  1323. -20.0799446
  1324. -20.0861721
  1325. -20.0923996
  1326. -20.0986271
  1327. -20.1048546
  1328. -20.1110821
  1329. -20.1173096
  1330. -20.1235371
  1331. -20.1297646
  1332. -20.1359921
  1333. -20.1418648
  1334. -20.1476879
  1335. -20.1535091
  1336. -20.1593304
  1337. -20.1651535
  1338. -20.1709747
  1339. -20.176796
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  1340. -20.1826172
  1341. -20.1884403
  1342. -20.1942616
  1343. -20.2000828
  1344. -20.2059059
  1345. -20.2117271
  1346. -20.2175484
  1347. -20.2235279
  1348. -20.2297554
  1349. -20.2359829
  1350. -20.2422104
  1351. -20.2484379
  1352. -20.2546654
  1353. -20.2608929
  1354. -20.2671185
  1355. -20.2733459
  1356. -20.2795734
  1357. -20.2858009
  1358. -20.2920284
  1359. -20.2982559
  1360. -20.3037205
  1361. -20.3088894
  1362. -20.3140583
  1363. -20.3192272
  1364. -20.3243961
  1365. -20.329565
  1366. -20.334734
  1367. -20.3399029
  1368. -20.3450718
  1369. -20.3502407
  1370. -20.3554096
  1371. -20.3605785
  1372. -20.3657475
  1373. -20.3709164
  1374. -20.3760853
  1375. -20.3812523
  1376. -20.3862839
  1377. -20.3911343
  1378. -20.3959846
  1379. -20.4008331
  1380. -20.4056835
  1381. -20.410532
  1382. -20.4153824
  1383. -20.4202328
  1384. -20.4250813
  1385. -20.4299316
  1386. -20.4347801
  1387. -20.4396305
  1388. -20.4444809
  1389. -20.4493294
  1390. -20.4541798
  1391. -20.4590282
  1392. -20.4638329
  1393. -20.4683533
  1394. -20.4728737
  1395. -20.477396
  1396. -20.4819164
  1397. -20.4864368
  1398. -20.4909573
  1399. -20.4954796
  1400. -20.5
  1401. -20.5045204
  1402. -20.5090427
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  1403. -20.5135632
  1404. -20.5180836
  1405. -20.522604
  1406. -20.5271263
  1407. -20.5316467
  1408. -20.5361671
  1409. -20.5421619
  1410. -20.5483971
  1411. -20.5546322
  1412. -20.5608673
  1413. -20.5671043
  1414. -20.5733395
  1415. -20.5795746
  1416. -20.5858097
  1417. -20.5920448
  1418. -20.59828
  1419. -20.6045151
  1420. -20.6107502
  1421. -20.6163025
  1422. -20.6189442
  1423. -20.6215858
  1424. -20.6242275
  1425. -20.6268692
  1426. -20.6295128
  1427. -20.6321545
  1428. -20.6347961
  1429. -20.6374378
  1430. -20.6400795
  1431. -20.6427212
  1432. -20.6453629
  1433. -20.6480045
  1434. -20.6506462
  1435. -20.6532879
  1436. -20.6559296
  1437. -20.6585732
  1438. -20.6612148
  1439. -20.6638565
  1440. -20.6664982
  1441. -20.6699123
  1442. -20.6753101
  1443. -20.6807079
  1444. -20.6861076
  1445. -20.6915054
  1446. -20.6969032
  1447. -20.7023029
  1448. -20.7077007
  1449. -20.7131004
  1450. -20.7184982
  1451. -20.723896
  1452. -20.7292957
  1453. -20.7346935
  1454. -20.7389679
  1455. -20.7425213
  1456. -20.7460766
  1457. -20.74963
  1458. -20.7531853
  1459. -20.7567387
  1460. -20.760294
  1461. -20.7638474
  1462. -20.7674026
  1463. -20.7709579
  1464. -20.7745113
  1465. -20.7780666
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  1466. -20.78162
  1467. -20.7851753
  1468. -20.7887287
  1469. -20.792284
  1470. -20.7947636
  1471. -20.7949581
  1472. -20.7951527
  1473. -20.7953491
  1474. -20.7955437
  1475. -20.7957382
  1476. -20.7959347
  1477. -20.7961292
  1478. -20.7963238
  1479. -20.7965202
  1480. -20.7967148
  1481. -20.7969093
  1482. -20.7971058
  1483. -20.7973003
  1484. -20.7974949
  1485. -20.7976913
  1486. -20.7978859
  1487. -20.7980804
  1488. -20.7982769
  1489. -20.7984715
  1490. -20.798666
  1491. -20.7988605
  1492. -20.799057
  1493. -20.7992516
  1494. -20.7994461
  1495. -20.7996426
  1496. -20.7998371
  1497. -20.8000984
  1498. -20.8006802
  1499. -20.8012619
  1500. -20.8018436
  1501. -20.8024254
  1502. -20.8030071
  1503. -20.8035908
  1504. -20.8041725
  1505. -20.8047543
  1506. -20.805336
  1507. -20.8059177
  1508. -20.8064995
  1509. -20.8070812
  1510. -20.807663
  1511. -20.8082466
  1512. -20.8088284
  1513. -20.8094101
  1514. -20.8099918
  1515. -20.8105736
  1516. -20.8111553
  1517. -20.8117371
  1518. -20.8123188
  1519. -20.8129025
  1520. -20.8134842
  1521. -20.8140659
  1522. -20.8146477
  1523. -20.8152294
  1524. -20.8158035
  1525. -20.8160286
  1526. -20.8162556
  1527. -20.8164806
  1528. -20.8167057
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  1529. -20.8169308
  1530. -20.8171558
  1531. -20.8173809
  1532. -20.817606
  1533. -20.817831
  1534. -20.8180561
  1535. -20.8182831
  1536. -20.8185081
  1537. -20.8187332
  1538. -20.8189583
  1539. -20.8191833
  1540. -20.8194084
  1541. -20.8196335
  1542. -20.8198586
  1543. -20.8200836
  1544. -20.8203087
  1545. -20.8205357
  1546. -20.8207607
  1547. -20.8209858
  1548. -20.8186569
  1549. -20.8136673
  1550. -20.8086796
  1551. -20.8036919
  1552. -20.7987041
  1553. -20.7937145
  1554. -20.7887268
  1555. -20.7837391
  1556. -20.7787514
  1557. -20.7737637
  1558. -20.768774
  1559. -20.7637863
  1560. -20.7587986
  1561. -20.7541523
  1562. -20.7495842
  1563. -20.7450142
  1564. -20.7404442
  1565. -20.7358742
  1566. -20.7313042
  1567. -20.7267342
  1568. -20.7221642
  1569. -20.7175941
  1570. -20.7130241
  1571. -20.7084541
  1572. -20.7038841
  1573. -20.6994343
  1574. -20.6956539
  1575. -20.6918755
  1576. -20.688097
  1577. -20.6843166
  1578. -20.6805382
  1579. -20.6767597
  1580. -20.6729794
  1581. -20.6692009
  1582. -20.6654224
  1583. -20.6616421
  1584. -20.6578636
  1585. -20.6540852
  1586. -20.6503048
  1587. -20.6465263
  1588. -20.6427479
  1589. -20.6389675
  1590. -20.6351891
  1591. -20.6313496
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  1592. -20.6263618
  1593. -20.6213741
  1594. -20.6163845
  1595. -20.6113968
  1596. -20.6064091
  1597. -20.6014214
  1598. -20.5964336
  1599. -20.591444
  1600. -20.5864563
  1601. -20.5814686
  1602. -20.5764809
  1603. -20.5714912
  1604. -20.5664654
  1605. -20.5613747
  1606. -20.5562859
  1607. -20.5511951
  1608. -20.5461063
  1609. -20.5410156
  1610. -20.5359268
  1611. -20.5308361
  1612. -20.5257473
  1613. -20.5206566
  1614. -20.5155678
  1615. -20.5104771
  1616. -20.5053883
  1617. -20.5002975
  1618. -20.4952087
  1619. -20.488718
  1620. -20.4820728
  1621. -20.4754276
  1622. -20.4687824
  1623. -20.4621353
  1624. -20.4554901
  1625. -20.4488449
  1626. -20.4421997
  1627. -20.4355545
  1628. -20.4289074
  1629. -20.4222622
  1630. -20.415617
  1631. -20.4083595
  1632. -20.3990555
  1633. -20.3897514
  1634. -20.3804474
  1635. -20.3711433
  1636. -20.3618393
  1637. -20.3525372
  1638. -20.3432331
  1639. -20.3339291
  1640. -20.3248158
  1641. -20.3165741
  1642. -20.3083324
  1643. -20.3000927
  1644. -20.291851
  1645. -20.2836094
  1646. -20.2753677
  1647. -20.267128
  1648. -20.2588863
  1649. -20.2506447
  1650. -20.242403
  1651. -20.2349396
  1652. -20.2291241
  1653. -20.2233086
  1654. -20.217495
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  1655. -20.2116795
  1656. -20.205864
  1657. -20.2000484
  1658. -20.1942348
  1659. -20.1884193
  1660. -20.1826038
  1661. -20.1767902
  1662. -20.1709747
  1663. -20.1651592
  1664. -20.1593456
  1665. -20.1535301
  1666. -20.1438103
  1667. -20.1333466
  1668. -20.1228809
  1669. -20.1124172
  1670. -20.1019535
  1671. -20.0914898
  1672. -20.0810242
  1673. -20.0705605
  1674. -20.0600967
  1675. -20.0539932
  1676. -20.0490475
  1677. -20.0441036
  1678. -20.0391579
  1679. -20.034214
  1680. -20.0292683
  1681. -20.0243244
  1682. -20.0193806
  1683. -20.0144348
  1684. -20.009491
  1685. -20.0045452
  1686. -19.9996014
  1687. -19.9946556
  1688. -19.9897118
  1689. -19.984766
  1690. -19.9798222
  1691. -19.9748764
  1692. -19.9699326
  1693. -19.9643879
  1694. -19.9585724
  1695. -19.9527569
  1696. -19.9469433
  1697. -19.9411278
  1698. -19.9353123
  1699. -19.9294968
  1700. -19.9236832
  1701. -19.9178677
  1702. -19.9120522
  1703. -19.9062386
  1704. -19.900423
  1705. -19.8946075
  1706. -19.8887939
  1707. -19.8828259
  1708. -19.8762856
  1709. -19.8697453
  1710. -19.863205
  1711. -19.8566666
  1712. -19.8501263
  1713. -19.843586
  1714. -19.8370457
  1715. -19.8305054
  1716. -19.8239651
  1717. -19.8174248
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  1718. -19.8108845
  1719. -19.8043461
  1720. -19.7978058
  1721. -19.7912655
  1722. -19.7893353
  1723. -19.7891102
  1724. -19.7888851
  1725. -19.78866
  1726. -19.788435
  1727. -19.7882099
  1728. -19.7879829
  1729. -19.7877579
  1730. -19.7875328
  1731. -19.7873077
  1732. -19.7870827
  1733. -19.7868576
  1734. -19.7866325
  1735. -19.7864075
  1736. -19.7861824
  1737. -19.7859573
  1738. -19.7857323
  1739. -19.7855072
  1740. -19.7852821
  1741. -19.7850571
  1742. -19.784832
  1743. -19.7846069
  1744. -19.78438
  1745. -19.7844696
  1746. -19.7858124
  1747. -19.7871552
  1748. -19.7884979
  1749. -19.7898407
  1750. -19.7911835
  1751. -19.7925262
  1752. -19.793869
  1753. -19.7952118
  1754. -19.7965565
  1755. -19.7978992
  1756. -19.799242
  1757. -19.8005848
  1758. -19.8019276
  1759. -19.8032703
  1760. -19.8046131
  1761. -19.8059559
  1762. -19.8072987
  1763. -19.8086414
  1764. -19.8099842
  1765. -19.811327
  1766. -19.8126717
  1767. -19.8140144
  1768. -19.8153572
  1769. -19.8268433
  1770. -19.8433266
  1771. -19.859808
  1772. -19.8762913
  1773. -19.8927727
  1774. -19.9079151
  1775. -19.9188137
  1776. -19.9297104
  1777. -19.940609
  1778. -19.9515057
  1779. -19.9624043
  1780. -19.9733009
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  1781. -19.9841995
  1782. -20.0016403
  1783. -20.0190792
  1784. -20.03652
  1785. -20.0539589
  1786. -20.0713997
  1787. -20.0863628
  1788. -20.0994568
  1789. -20.1125507
  1790. -20.1256447
  1791. -20.1387386
  1792. -20.1518326
  1793. -20.1649265
  1794. -20.1797771
  1795. -20.1981926
  1796. -20.21661
  1797. -20.2350273
  1798. -20.2534428
  1799. -20.2718601
  1800. -20.2867966
  1801. -20.3013477
  1802. -20.315897
  1803. -20.3304482
  1804. -20.3449993
  1805. -20.3595486
  1806. -20.3740997
  1807. -20.3983917
  1808. -20.4274788
  1809. -20.4565678
  1810. -20.4854374
  1811. -20.5101604
  1812. -20.5348854
  1813. -20.5596085
  1814. -20.5986938
  1815. -20.6568146
  1816. -20.6874638
  1817. -20.7012749
  1818. -20.7150879
  1819. -20.7289009
  1820. -20.742712
  1821. -20.756525
  1822. -20.7703362
  1823. -20.8010063
  1824. -20.8591805
  1825. -20.8974552
  1826. -20.9207153
  1827. -20.9439754
  1828. -20.9672356
  1829. -21.0153732
  1830. -21.0606155
  1831. -21.0800076
  1832. -21.0993996
  1833. -21.1187916
  1834. -21.1381836
  1835. -21.1575756
  1836. -21.1735172
  1837. -21.1880474
  1838. -21.2025776
  1839. -21.2171078
  1840. -21.231638
  1841. -21.2494259
  1842. -21.2755852
  1843. -21.3017464
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  1844. -21.3279057
  1845. -21.3425617
  1846. -21.3512897
  1847. -21.3600197
  1848. -21.3687496
  1849. -21.3774776
  1850. -21.3862076
  1851. -21.3949375
  1852. -21.4036655
  1853. -21.4123955
  1854. -21.4997272
  1855. -21.507967
  1856. -21.5162086
  1857. -21.5244503
  1858. -21.532692
  1859. -21.5409336
  1860. -21.5491753
  1861. -21.557415
  1862. -21.5656567
  1863. -21.5738983
  1864. -21.58214
  1865. -21.580658
  1866. -21.5759335
  1867. -21.571209
  1868. -21.5664864
  1869. -21.5617619
  1870. -21.5570393
  1871. -21.5523148
  1872. -21.5475903
  1873. -21.5428677
  1874. -21.5381432
  1875. -21.5334206
  1876. -21.5286961
  1877. -21.5239716
  1878. -21.519249
  1879. -21.5137596
  1880. -21.5062008
  1881. -21.4986439
  1882. -21.4910851
  1883. -21.4835262
  1884. -21.4759693
  1885. -21.4684105
  1886. -21.4608536
  1887. -21.4532948
  1888. -21.4422836
  1889. -21.4190235
  1890. -21.3957634
  1891. -21.3725033
  1892. -21.3317738
  1893. -21.279398
  1894. -21.2247524
  1895. -21.1695061
  1896. -21.1503525
  1897. -21.1319351
  1898. -21.1135197
  1899. -21.0951023
  1900. -21.0766869
  1901. -20.9609051
  1902. -20.9376469
  1903. -20.9143867
  1904. -20.8911266
  1905. -20.8651428
  1906. -20.8389568
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  1907. -20.8127689
  1908. -20.7865906
  1909. -20.7604313
  1910. -20.7342701
  1911. -20.7081108
  1912. -20.6598606
  1913. -20.6016808
  1914. -20.4330063
  1915. -20.3769684
  1916. -20.3493443
  1917. -20.3217201
  1918. -20.2940941
  1919. -20.2553577
  1920. -20.2030354
  1921. -20.1507149
  1922. -20.0983963
  1923. -20.04846
  1924. -19.9995632
  1925. -19.9777679
  1926. -19.9559727
  1927. -19.9341774
  1928. -19.7358971
  1929. -19.7203903
  1930. -19.7048836
  1931. -19.6893787
  1932. -19.673872
  1933. -19.6583652
  1934. -19.5180225
  1935. -19.4700603
  1936. -19.4148121
  1937. -19.3697453
  1938. -19.3435841
  1939. -19.3174248
  1940. -19.2912636
  1941. -19.246006
  1942. -19.1936836
  1943. -19.1467018
  1944. -18.9972801
  1945. -18.9725571
  1946. -18.9478321
  1947. -18.9231091
  1948. -18.7299862
  1949. -18.7052612
  1950. -18.6805382
  1951. -18.6558132
  1952. -18.6336365
  1953. -18.6118412
  1954. -18.5900459
  1955. -18.5695801
  1956. -18.5530968
  1957. -18.5366154
  1958. -18.5201321
  1959. -18.5036488
  1960. -18.4871674
  1961. -18.4955254
  1962. -18.5093365
  1963. -18.5231495
  1964. -18.5369606
  1965. -18.5507736
  1966. -18.5645866
  1967. -18.5783978
  1968. -18.6095142
  1969. -18.653162
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  1970. -18.6967659
  1971. -18.7403545
  1972. -18.8737698
  1973. -19.1455879
  1974. -19.168848
  1975. -19.2914886
  1976. -19.343811
  1977. -19.4915314
  1978. -19.5351772
  1979. -19.8546009
  1980. -19.879324
  1981. -19.904047
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  900  13.751
  901  14.461
  902  13.236
  903  13.331
  904  13.483
  905  13.632
  906  12.959
  907  13.628
  908  13.372
  909  12.868
  910  13.244
  911  13.793
  912  14.048
  913  14.444
  914  13.095
  915  14.036
  916  13.215
  917  13.698
  918  13.570
  919  13.665
  920  13.871
  921  13.966
  922  14.762
  923  14.325
  924  14.077
  925  14.713
  926  14.081
  927  14.218
  928  13.793
  929  14.151
  930  14.985
  931  13.599
  932  14.663
  933  14.110
  934  14.968
  935  14.391
  936  15.484
  937  15.554
  938  14.977
  939  15.303
  940  15.179
  941  15.591
  942  14.737
  943  14.007
  944  14.865
  945  14.449
  946  14.350
  947  15.096
  948  15.257
  949  15.789
  950  15.303
  951  15.513

1

ABOR/MH/Priv-004824



  952  16.111
  953  15.723
  954  15.459
  955  14.015
  956  13.083
  957  13.850
  958  14.069
  959  13.772
  960  14.873
  961  14.692
  962  14.923
  963  14.527
  964  15.034
  965  14.688
  966  14.486
  967  14.444
  968  14.436
  969  13.776
  970  13.809
  971  14.391
  972  13.487
  973  13.995
  974  14.061
  975  14.321
  976  14.882
  977  14.226
  978  14.977
  979  15.447
  980  14.424
  981  14.923
  982  14.180
  983  15.484
  984  13.487
  985  14.168
  986  14.176
  987  15.699
  988  15.187
  989  16.305
  990  14.845
  991  14.647
  992  15.765
  993  14.754
  994  14.271
  995  13.623
  996  14.300
  997  13.937
  998  14.040
  999  14.011
 1000  12.976
 1001  13.904
 1002  13.500
 1003  13.586
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 1004  14.090
 1005  13.809
 1006  13.413
 1007  13.318
 1008  13.892
 1009  14.151
 1010  14.391
 1011  13.793
 1012  14.626
 1013  13.755
 1014  13.838
 1015  13.017
 1016  13.083
 1017  13.549
 1018  13.471
 1019  13.087
 1020  13.458
 1021  13.203
 1022  14.090
 1023  13.574
 1024  13.755
 1025  13.826
 1026  13.137
 1027  13.194
 1028  14.036
 1029  13.091
 1030  13.768
 1031  13.813
 1032  13.846
 1033  13.871
 1034  14.255
 1035  14.370
 1036  13.805
 1037  14.576
 1038  13.504
 1039  13.867
 1040  14.927
 1041  14.420
 1042  15.661
 1043  15.484
 1044  15.595
 1045  14.741
 1046  13.644
 1047  14.271
 1048  14.288
 1049  13.661
 1050  13.665
 1051  13.298
 1052  14.003
 1053  13.826
 1054  13.788
 1055  13.768
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 1056  12.976
 1057  13.397
 1058  13.529
 1059  13.549
 1060  13.846
 1061  14.032
 1062  14.820
 1063  13.962
 1064  14.279
 1065  14.151
 1066  14.358
 1067  14.131
 1068  13.652
 1069  13.941
 1070  14.007
 1071  14.403
 1072  13.764
 1073  13.982
 1074  13.846
 1075  13.830
 1076  13.450
 1077  13.632
 1078  13.265
 1079  13.331
 1080  14.267
 1081  13.644
 1082  13.549
 1083  13.557
 1084  13.549
 1085  14.725
 1086  13.479
 1087  12.848
 1088  12.559
 1089  12.926
 1090  13.793
 1091  14.387
 1092  14.531
 1093  14.114
 1094  14.754
 1095  14.688
 1096  14.845
 1097  14.729
 1098  15.059
 1099  15.059
 1100  15.055
 1101  16.057
 1102  15.208
 1103  15.492
 1104  14.519
 1105  14.741
 1106  14.151
 1107  15.005
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 1108  13.640
 1109  13.652
 1110  13.566
 1111  13.978
 1112  14.424
 1113  14.180
 1114  14.931
 1115  14.601
 1116  14.403
 1117  14.391
 1118  14.981
 1119  15.125
 1120  13.817
 1121  12.897
 1122  13.863
 1123  14.271
 1124  14.857
 1125  14.882
 1126  14.762
 1127  14.548
 1128  14.403
 1129  14.667
 1130  14.572
 1131  14.057
 1132  14.556
 1133  15.018
 1134  13.892
 1135  13.995
 1136  13.982
 1137  14.853
 1138  14.779
 1139  15.129
 1140  15.117
 1141  14.849
 1142  15.228
 1143  15.216
 1144  15.030
 1145  14.428
 1146  15.063
 1147  15.216
 1148  15.043
 1149  15.034
 1150  14.370
 1151  15.096
 1152  15.410
 1153  15.719
 1154  16.577
 1155  15.769
 1156  15.364
 1157  15.855
 1158  15.422
 1159  14.515
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 1160  15.810
 1161  15.628
 1162  15.402
 1163  15.092
 1164  15.298
 1165  14.865
 1166  14.882
 1167  15.274
 1168  14.605
 1169  14.746
 1170  15.472
 1171  15.509
 1172  15.018
 1173  15.369
 1174  15.084
 1175  15.855
 1176  14.795
 1177  15.571
 1178  14.255
 1179  14.510
 1180  14.865
 1181  14.036
 1182  14.688
 1183  14.713
 1184  14.519
 1185  14.255
 1186  15.204
 1187  14.461
 1188  15.476
 1189  14.882
 1190  15.005
 1191  14.453
 1192  14.729
 1193  15.265
 1194  14.444
 1195  14.696
 1196  15.793
 1197  14.581
 1198  15.014
 1199  14.539
 1200  14.044
 1201  14.733
 1202  14.853
 1203  15.298
 1204  13.772
 1205  13.991
 1206  14.651
 1207  14.836
 1208  14.440
 1209  15.162
 1210  14.766
 1211  15.010
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 1212  15.356
 1213  14.787
 1214  15.645
 1215  15.435
 1216  15.043
 1217  15.063
 1218  14.151
 1219  15.397
 1220  15.154
 1221  15.892
 1222  15.488
 1223  15.938
 1224  15.525
 1225  15.591
 1226  14.589
 1227  15.496
 1228  15.963
 1229  14.502
 1230  14.457
 1231  15.468
 1232  14.985
 1233  15.282
 1234  14.989
 1235  15.237
 1236  15.711
 1237  15.888
 1238  14.259
 1239  14.560
 1240  15.711
 1241  15.195
 1242  15.484
 1243  15.166
 1244  16.020
 1245  16.454
 1246  15.480
 1247  15.492
 1248  16.528
 1249  15.150
 1250  14.436
 1251  14.878
 1252  15.723
 1253  15.043
 1254  15.121
 1255  14.845
 1256  14.807
 1257  14.482
 1258  14.585
 1259  15.307
 1260  15.100
 1261  14.354
 1262  13.995
 1263  14.106
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 1264  14.403
 1265  14.754
 1266  14.581
 1267  14.799
 1268  14.378
 1269  14.671
 1270  14.193
 1271  14.387
 1272  14.453
 1273  14.510
 1274  15.187
 1275  15.393
 1276  14.498
 1277  14.560
 1278  15.022
 1279  14.498
 1280  14.725
 1281  13.549
 1282  14.977
 1283  14.065
 1284  14.024
 1285  13.603
 1286  15.220
 1287  15.080
 1288  14.898
 1289  14.774
 1290  15.542
 1291  15.212
 1292  14.267
 1293  14.692
 1294  13.644
 1295  14.222
 1296  15.038
 1297  14.721
 1298  15.682
 1299  13.896
 1300  14.766
 1301  14.836
 1302  14.370
 1303  14.812
 1304  14.812
 1305  13.673
 1306  14.036
 1307  13.929
 1308  14.807
 1309  14.114
 1310  13.446
 1311  13.368
 1312  14.168
 1313  14.989
 1314  14.292
 1315  14.985
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 1316  14.123
 1317  14.321
 1318  13.966
 1319  14.325
 1320  14.647
 1321  14.622
 1322  14.279
 1323  14.510
 1324  13.689
 1325  13.450
 1326  14.197
 1327  13.867
 1328  14.205
 1329  14.779
 1330  14.350
 1331  14.729
 1332  13.479
 1333  13.974
 1334  14.453
 1335  14.535
 1336  15.402
 1337  14.424
 1338  14.399
 1339  14.906
 1340  15.430
 1341  14.531
 1342  15.785
 1343  15.513
 1344  15.220
 1345  15.352
 1346  15.443
 1347  15.410
 1348  15.777
 1349  14.902
 1350  14.576
 1351  14.605
 1352  14.168
 1353  14.601
 1354  15.414
 1355  14.300
 1356  14.630
 1357  15.170
 1358  14.919
 1359  14.688
 1360  14.081
 1361  14.799
 1362  14.581
 1363  15.133
 1364  13.838
 1365  14.708
 1366  13.149
 1367  13.281
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 1368  13.760
 1369  14.123
 1370  13.314
 1371  14.523
 1372  14.267
 1373  14.226
 1374  14.044
 1375  14.271
 1376  15.307
 1377  14.684
 1378  14.168
 1379  14.473
 1380  13.578
 1381  13.586
 1382  13.999
 1383  13.991
 1384  13.710
 1385  14.411
 1386  13.867
 1387  14.255
 1388  13.611
 1389  13.974
 1390  13.916
 1391  13.615
 1392  14.440
 1393  14.787
 1394  15.880
 1395  16.297
 1396  16.289
 1397  15.170
 1398  16.082
 1399  15.463
 1400  14.366
 1401  14.758
 1402  14.902
 1403  14.568
 1404  15.158
 1405  15.579
 1406  13.966
 1407  13.970
 1408  13.772
 1409  14.523
 1410  14.498
 1411  14.791
 1412  14.007
 1413  15.818
 1414  13.974
 1415  13.776
 1416  13.760
 1417  14.407
 1418  14.498
 1419  14.515
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 1420  14.341
 1421  14.374
 1422  13.677
 1423  14.354
 1424  13.223
 1425  13.801
 1426  14.560
 1427  14.374
 1428  14.494
 1429  15.051
 1430  14.836
 1431  13.999
 1432  14.341
 1433  14.865
 1434  15.063
 1435  15.311
 1436  15.765
 1437  15.789
 1438  15.204
 1439  15.298
 1440  15.257
 1441  15.443
 1442  14.737
 1443  15.385
 1444  15.723
 1445  14.717
 1446  15.088
 1447  15.253
 1448  14.477
 1449  16.004
 1450  14.581
 1451  14.449
 1452  14.993
 1453  14.151
 1454  14.556
 1455  14.366
 1456  14.601
 1457  13.813
 1458  14.242
 1459  15.047
 1460  14.919
 1461  14.300
 1462  15.010
 1463  14.139
 1464  15.001
 1465  14.873
 1466  15.406
 1467  14.399
 1468  14.671
 1469  15.092
 1470  14.337
 1471  14.948
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 1472  15.047
 1473  14.523
 1474  14.680
 1475  14.395
 1476  15.661
 1477  15.158
 1478  15.414
 1479  15.641
 1480  15.909
 1481  15.748
 1482  14.708
 1483  14.981
 1484  14.659
 1485  15.113
 1486  14.754
 1487  15.740
 1488  15.327
 1489  15.125
 1490  15.026
 1491  15.567
 1492  15.265
 1493  15.996
 1494  16.326
 1495  14.915
 1496  15.831
 1497  14.845
 1498  15.670
 1499  16.156
 1500  15.864
 1501  15.831
 1502  16.581
 1503  15.212
 1504  15.534
 1505  15.270
 1506  15.492
 1507  15.633
 1508  14.420
 1509  15.723
 1510  14.816
 1511  15.282
 1512  15.641
 1513  14.655
 1514  14.510
 1515  13.508
 1516  14.172
 1517  14.251
 1518  13.628
 1519  13.698
 1520  13.405
 1521  13.920
 1522  13.974
 1523  13.978
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 1524  14.238
 1525  14.003
 1526  13.298
 1527  13.694
 1528  15.005
 1529  14.218
 1530  14.110
 1531  14.593
 1532  13.916
 1533  14.510
 1534  14.057
 1535  14.048
 1536  13.673
 1537  14.477
 1538  14.090
 1539  14.300
 1540  14.374
 1541  14.387
 1542  14.085
 1543  14.184
 1544  14.597
 1545  14.783
 1546  15.348
 1547  15.859
 1548  15.835
 1549  14.729
 1550  15.451
 1551  15.204
 1552  15.022
 1553  15.352
 1554  14.251
 1555  14.135
 1556  14.609
 1557  14.572
 1558  15.224
 1559  14.688
 1560  14.618
 1561  15.179
 1562  14.399
 1563  14.873
 1564  13.652
 1565  13.958
 1566  15.595
 1567  14.898
 1568  13.595
 1569  14.019
 1570  15.030
 1571  15.228
 1572  15.241
 1573  16.355
 1574  14.865
 1575  14.923
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 1576  15.542
 1577  15.162
 1578  14.956
 1579  15.657
 1580  15.208
 1581  15.208
 1582  15.166
 1583  14.473
 1584  14.052
 1585  14.213
 1586  14.568
 1587  14.762
 1588  14.288
 1589  14.069
 1590  13.929
 1591  13.479
 1592  14.044
 1593  14.267
 1594  14.288
 1595  14.609
 1596  14.362
 1597  13.846
 1598  14.098
 1599  14.147
 1600  14.783
 1601  13.995
 1602  13.925
 1603  13.999
 1604  14.688
 1605  13.892
 1606  15.410
 1607  14.325
 1608  15.241
 1609  15.104
 1610  14.531
 1611  15.958
 1612  14.597
 1613  14.337
 1614  14.647
 1615  13.318
 1616  14.424
 1617  13.768
 1618  14.779
 1619  14.886
 1620  14.065
 1621  14.085
 1622  14.626
 1623  13.912
 1624  13.487
 1625  14.292
 1626  13.075
 1627  13.871
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 1628  13.850
 1629  13.755
 1630  14.680
 1631  14.048
 1632  14.601
 1633  15.752
 1634  14.420
 1635  14.085
 1636  14.230
 1637  15.426
 1638  16.322
 1639  14.762
 1640  14.882
 1641  14.985
 1642  14.931
 1643  15.484
 1644  15.843
 1645  14.861
 1646  14.284
 1647  14.494
 1648  14.935
 1649  13.966
 1650  14.296
 1651  13.768
 1652  15.001
 1653  14.944
 1654  15.418
 1655  15.146
 1656  14.915
 1657  14.803
 1658  14.638
 1659  14.630
 1660  14.052
 1661  13.702
 1662  14.081
 1663  14.312
 1664  14.197
 1665  13.780
 1666  14.292
 1667  14.634
 1668  13.768
 1669  14.671
 1670  14.246
 1671  14.812
 1672  15.216
 1673  15.810
 1674  14.869
 1675  16.148
 1676  14.977
 1677  14.923
 1678  15.488
 1679  14.956
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 1680  14.098
 1681  14.523
 1682  15.327
 1683  15.666
 1684  15.554
 1685  15.270
 1686  15.492
 1687  15.459
 1688  14.754
 1689  14.741
 1690  14.700
 1691  14.906
 1692  13.904
 1693  14.527
 1694  15.063
 1695  14.399
 1696  15.096
 1697  15.360
 1698  15.694
 1699  15.249
 1700  14.779
 1701  14.609
 1702  15.336
 1703  15.121
 1704  15.154
 1705  15.212
 1706  14.750
 1707  15.472
 1708  14.164
 1709  13.665
 1710  14.213
 1711  14.741
 1712  15.521
 1713  15.410
 1714  14.519
 1715  15.154
 1716  14.597
 1717  15.212
 1718  14.688
 1719  13.962
 1720  15.109
 1721  15.839
 1722  15.765
 1723  15.001
 1724  15.389
 1725  15.088
 1726  14.655
 1727  14.312
 1728  14.824
 1729  14.981
 1730  13.640
 1731  15.043

16

ABOR/MH/Priv-004839



 1732  13.953
 1733  13.681
 1734  14.036
 1735  13.937
 1736  14.832
 1737  14.807
 1738  14.325
 1739  14.337
 1740  14.680
 1741  14.779
 1742  14.255
 1743  14.205
 1744  14.024
 1745  14.069
 1746  15.216
 1747  15.455
 1748  15.447
 1749  15.851
 1750  15.253
 1751  14.626
 1752  15.294
 1753  15.744
 1754  15.158
 1755  14.750
 1756  15.319
 1757  15.059
 1758  15.195
 1759  14.725
 1760  14.609
 1761  14.869
 1762  15.212
 1763  15.505
 1764  14.634
 1765  15.175
 1766  14.552
 1767  15.109
 1768  14.312
 1769  14.090
 1770  14.246
 1771  14.127
 1772  14.667
 1773  14.312
 1774  14.659
 1775  14.296
 1776  14.527
 1777  14.069
 1778  15.005
 1779  14.832
 1780  15.146
 1781  14.865
 1782  14.102
 1783  13.735
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 1784  14.510
 1785  14.052
 1786  14.795
 1787  15.455
 1788  15.298
 1789  14.325
 1790  14.927
 1791  14.230
 1792  14.230
 1793  14.836
 1794  15.637
 1795  15.022
 1796  14.473
 1797  14.968
 1798  14.028
 1799  13.463
 1800  14.151
 1801  15.187
 1802  15.290
 1803  15.732
 1804  14.985
 1805  15.224
 1806  16.251
 1807  13.289
 1808  14.420
 1809  14.696
 1810  14.568
 1811  15.802
 1812  16.082
 1813  16.416
 1814  16.082
 1815  16.309
 1816  15.967
 1817  16.247
 1818  15.208
 1819  15.587
 1820  15.323
 1821  15.505
 1822  14.812
 1823  15.298
 1824  15.022
 1825  15.179
 1826  15.967
 1827  14.040
 1828  14.449
 1829  14.242
 1830  14.548
 1831  14.378
 1832  15.137
 1833  13.496
 1834  14.081
 1835  15.228
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 1836  14.700
 1837  14.432
 1838  14.927
 1839  14.482
 1840  15.175
 1841  14.296
 1842  14.762
 1843  14.350
 1844  14.770
 1845  15.026
 1846  14.688
 1847  14.944
 1848  15.088
 1849  14.774
 1850  14.865
 1851  14.787
 1852  14.527
 1853  14.502
 1854  15.183
 1855  14.828
 1856  15.270
 1857  14.436
 1858  14.721
 1859  14.539
 1860  14.407
 1861  14.832
 1862  14.271
 1863  14.490
 1864  13.953
 1865  15.290
 1866  14.473
 1867  15.414
 1868  14.440
 1869  15.129
 1870  15.022
 1871  15.468
 1872  14.993
 1873  14.890
 1874  14.638
 1875  14.898
 1876  14.993
 1877  14.366
 1878  14.333
 1879  13.454
 1880  15.369
 1881  15.109
 1882  15.187
 1883  15.278
 1884  14.308
 1885  15.026
 1886  15.385
 1887  15.183
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 1888  14.127
 1889  14.985
 1890  15.480
 1891  14.717
 1892  15.773
 1893  14.807
 1894  15.451
 1895  15.179
 1896  13.780
 1897  14.531
 1898  13.912
 1899  14.354
 1900  15.290
 1901  15.752
 1902  14.886
 1903  15.216
 1904  15.938
 1905  15.208
 1906  14.279
 1907  14.923
 1908  15.022
 1909  15.501
 1910  15.633
 1911  15.212
 1912  13.648
 1913  14.329
 1914  15.389
 1915  14.704
 1916  15.983
 1917  14.779
 1918  14.432
 1919  14.024
 1920  14.040
 1921  14.622
 1922  15.315
 1923  14.560
 1924  15.835
 1925  14.927
 1926  14.812
 1927  15.220
 1928  16.433
 1929  14.506
 1930  14.535
 1931  14.073
 1932  14.440
 1933  15.406
 1934  14.708
 1935  15.026
 1936  14.106
 1937  13.372
 1938  14.663
 1939  13.842
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 1940  13.879
 1941  14.725
 1942  14.510
 1943  14.337
 1944  15.133
 1945  14.189
 1946  14.048
 1947  14.098
 1948  14.923
 1949  14.733
 1950  14.581
 1951  15.121
 1952  14.073
 1953  14.572
 1954  14.106
 1955  14.457
 1956  14.849
 1957  14.626
 1958  14.8
 1959  14.8
 1960  14.8
 1961  14.8
 1962  14.8
 1963  14.8
 1964  14.8
 1965  14.8
 1966  14.8
 1967  14.8
 1968  14.8
 1969  14.8
 1970  14.8
 1971  14.8
 1972  14.8
 1973  14.8
 1974  14.8
 1975  14.8
 1976  14.8
 1977  14.8
 1978  14.8
 1979  14.8
 1980  14.8
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  1.0000000e+000 -2.1264000e+001
  2.0000000e+000 -2.1264584e+001
  3.0000000e+000 -2.1265169e+001
  4.0000000e+000 -2.1265753e+001
  5.0000000e+000 -2.2041511e+001
  6.0000000e+000 -2.2041707e+001
  7.0000000e+000 -2.2041902e+001
  8.0000000e+000 -2.2042097e+001
  9.0000000e+000 -2.1777219e+001
  1.0000000e+001 -2.1777547e+001
  1.1000000e+001 -2.1777876e+001
  1.2000000e+001 -2.1778205e+001
  1.3000000e+001 -2.1836401e+001
  1.4000000e+001 -2.1836701e+001
  1.5000000e+001 -2.1837000e+001
  1.6000000e+001 -2.1837300e+001
  1.7000000e+001 -2.1616060e+001
  1.8000000e+001 -2.1616472e+001
  1.9000000e+001 -2.1616883e+001
  2.0000000e+001 -2.1617295e+001
  2.1000000e+001 -2.0927399e+001
  2.2000000e+001 -2.0928160e+001
  2.3000000e+001 -2.0928921e+001
  2.4000000e+001 -2.0929682e+001
  2.5000000e+001 -2.1859674e+001
  2.6000000e+001 -2.1859963e+001
  2.7000000e+001 -2.1860253e+001
  2.8000000e+001 -2.1860542e+001
  2.9000000e+001 -2.1755369e+001
  3.0000000e+001 -2.1755712e+001
  3.1000000e+001 -2.1756055e+001
  3.2000000e+001 -2.1756398e+001
  3.3000000e+001 -2.1656235e+001
  3.4000000e+001 -2.1656630e+001
  3.5000000e+001 -2.1657024e+001
  3.6000000e+001 -2.1657418e+001
  3.7000000e+001 -2.1815902e+001
  3.8000000e+001 -2.1816215e+001
  3.9000000e+001 -2.1816529e+001
  4.0000000e+001 -2.1816842e+001
  4.1000000e+001 -2.1565009e+001
  4.2000000e+001 -2.1565451e+001
  4.3000000e+001 -2.1565894e+001
  4.4000000e+001 -2.1566336e+001
  4.5000000e+001 -2.1600528e+001
  4.6000000e+001 -2.1600954e+001
  4.7000000e+001 -2.1601379e+001
  4.8000000e+001 -2.1601804e+001
  4.9000000e+001 -2.2093922e+001
  5.0000000e+001 -2.2094095e+001
  5.1000000e+001 -2.2094267e+001
  5.2000000e+001 -2.2094440e+001
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  5.3000000e+001 -2.2210688e+001
  5.4000000e+001 -2.2210801e+001
  5.5000000e+001 -2.2210914e+001
  5.6000000e+001 -2.2211027e+001
  5.7000000e+001 -2.1898746e+001
  5.8000000e+001 -2.1899020e+001
  5.9000000e+001 -2.1899294e+001
  6.0000000e+001 -2.1899569e+001
  6.1000000e+001 -2.1621643e+001
  6.2000000e+001 -2.1622061e+001
  6.3000000e+001 -2.1622479e+001
  6.4000000e+001 -2.1622897e+001
  6.5000000e+001 -2.1092744e+001
  6.6000000e+001 -2.1093436e+001
  6.7000000e+001 -2.1094129e+001
  6.8000000e+001 -2.1094822e+001
  6.9000000e+001 -2.2141112e+001
  7.0000000e+001 -2.2141262e+001
  7.1000000e+001 -2.2141412e+001
  7.2000000e+001 -2.2141562e+001
  7.3000000e+001 -2.2244182e+001
  7.4000000e+001 -2.2244279e+001
  7.5000000e+001 -2.2244375e+001
  7.6000000e+001 -2.2244472e+001
  7.7000000e+001 -2.1000585e+001
  7.8000000e+001 -2.1001330e+001
  7.9000000e+001 -2.1002075e+001
  8.0000000e+001 -2.1002820e+001
  8.1000000e+001 -2.1874778e+001
  8.2000000e+001 -2.1875068e+001
  8.3000000e+001 -2.1875358e+001
  8.4000000e+001 -2.1875648e+001
  8.5000000e+001 -2.2651641e+001
  8.6000000e+001 -2.2651525e+001
  8.7000000e+001 -2.2651410e+001
  8.8000000e+001 -2.2651294e+001
  8.9000000e+001 -2.2032207e+001
  9.0000000e+001 -2.2032415e+001
  9.1000000e+001 -2.2032624e+001
  9.2000000e+001 -2.2032833e+001
  9.3000000e+001 -2.2399587e+001
  9.4000000e+001 -2.2399603e+001
  9.5000000e+001 -2.2399619e+001
  9.6000000e+001 -2.2399636e+001
  9.7000000e+001 -2.1633981e+001
  9.8000000e+001 -2.1634401e+001
  9.9000000e+001 -2.1634820e+001
  1.0000000e+002 -2.1635239e+001
  1.0100000e+002 -2.1326125e+001
  1.0200000e+002 -2.1326707e+001
  1.0300000e+002 -2.1327290e+001
  1.0400000e+002 -2.1327873e+001
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  1.0500000e+002 -2.1689531e+001
  1.0600000e+002 -2.1689922e+001
  1.0700000e+002 -2.1690314e+001
  1.0800000e+002 -2.1690706e+001
  1.0900000e+002 -2.2535216e+001
  1.1000000e+002 -2.2535161e+001
  1.1100000e+002 -2.2535105e+001
  1.1200000e+002 -2.2535050e+001
  1.1300000e+002 -2.1426847e+001
  1.1400000e+002 -2.1427380e+001
  1.1500000e+002 -2.1427913e+001
  1.1600000e+002 -2.1428446e+001
  1.1700000e+002 -2.1781517e+001
  1.1800000e+002 -2.1781863e+001
  1.1900000e+002 -2.1782208e+001
  1.2000000e+002 -2.1782553e+001
  1.2100000e+002 -2.2746058e+001
  1.2200000e+002 -2.2745889e+001
  1.2300000e+002 -2.2745721e+001
  1.2400000e+002 -2.2745552e+001
  1.2500000e+002 -2.2323512e+001
  1.2600000e+002 -2.2323569e+001
  1.2700000e+002 -2.2323626e+001
  1.2800000e+002 -2.2323683e+001
  1.2900000e+002 -2.1852346e+001
  1.3000000e+002 -2.1852655e+001
  1.3100000e+002 -2.1852965e+001
  1.3200000e+002 -2.1853274e+001
  1.3300000e+002 -2.2539714e+001
  1.3400000e+002 -2.2539656e+001
  1.3500000e+002 -2.2539597e+001
  1.3600000e+002 -2.2539538e+001
  1.3700000e+002 -2.2016690e+001
  1.3800000e+002 -2.2016913e+001
  1.3900000e+002 -2.2017135e+001
  1.4000000e+002 -2.2017358e+001
  1.4100000e+002 -2.2832581e+001
  1.4200000e+002 -2.2832364e+001
  1.4300000e+002 -2.2832147e+001
  1.4400000e+002 -2.2831931e+001
  1.4500000e+002 -2.2402903e+001
  1.4600000e+002 -2.2402918e+001
  1.4700000e+002 -2.2402932e+001
  1.4800000e+002 -2.2402947e+001
  1.4900000e+002 -2.1672044e+001
  1.5000000e+002 -2.1672454e+001
  1.5100000e+002 -2.1672865e+001
  1.5200000e+002 -2.1673275e+001
  1.5300000e+002 -2.1093167e+001
  1.5400000e+002 -2.1093892e+001
  1.5500000e+002 -2.1094618e+001
  1.5600000e+002 -2.1095343e+001
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  1.5700000e+002 -2.1920992e+001
  1.5800000e+002 -2.1921269e+001
  1.5900000e+002 -2.1921546e+001
  1.6000000e+002 -2.1921823e+001
  1.6100000e+002 -2.2287178e+001
  1.6200000e+002 -2.2287256e+001
  1.6300000e+002 -2.2287334e+001
  1.6400000e+002 -2.2287412e+001
  1.6500000e+002 -2.1439022e+001
  1.6600000e+002 -2.1439564e+001
  1.6700000e+002 -2.1440105e+001
  1.6800000e+002 -2.1440647e+001
  1.6900000e+002 -2.1570702e+001
  1.7000000e+002 -2.1571173e+001
  1.7100000e+002 -2.1571643e+001
  1.7200000e+002 -2.1572114e+001
  1.7300000e+002 -2.1960137e+001
  1.7400000e+002 -2.1960395e+001
  1.7500000e+002 -2.1960653e+001
  1.7600000e+002 -2.1960911e+001
  1.7700000e+002 -2.2637801e+001
  1.7800000e+002 -2.2637687e+001
  1.7900000e+002 -2.2637573e+001
  1.8000000e+002 -2.2637459e+001
  1.8100000e+002 -2.1874596e+001
  1.8200000e+002 -2.1874902e+001
  1.8300000e+002 -2.1875208e+001
  1.8400000e+002 -2.1875515e+001
  1.8500000e+002 -2.2516446e+001
  1.8600000e+002 -2.2516399e+001
  1.8700000e+002 -2.2516351e+001
  1.8800000e+002 -2.2516304e+001
  1.8900000e+002 -2.2091160e+001
  1.9000000e+002 -2.2091347e+001
  1.9100000e+002 -2.2091535e+001
  1.9200000e+002 -2.2091723e+001
  1.9300000e+002 -2.1908439e+001
  1.9400000e+002 -2.1908729e+001
  1.9500000e+002 -2.1909018e+001
  1.9600000e+002 -2.1909308e+001
  1.9700000e+002 -2.1569519e+001
  1.9800000e+002 -2.1569998e+001
  1.9900000e+002 -2.1570476e+001
  2.0000000e+002 -2.1570955e+001
  2.0100000e+002 -2.2958000e+001
  2.0200000e+002 -2.2957706e+001
  2.0300000e+002 -2.2957412e+001
  2.0400000e+002 -2.2957118e+001
  2.0500000e+002 -2.2264921e+001
  2.0600000e+002 -2.2265014e+001
  2.0700000e+002 -2.2265106e+001
  2.0800000e+002 -2.2265198e+001
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  2.0900000e+002 -2.1435641e+001
  2.1000000e+002 -2.1436197e+001
  2.1100000e+002 -2.1436754e+001
  2.1200000e+002 -2.1437310e+001
  2.1300000e+002 -2.1920298e+001
  2.1400000e+002 -2.1920584e+001
  2.1500000e+002 -2.1920870e+001
  2.1600000e+002 -2.1921156e+001
  2.1700000e+002 -2.1270868e+001
  2.1800000e+002 -2.1271519e+001
  2.1900000e+002 -2.1272171e+001
  2.2000000e+002 -2.1272823e+001
  2.2100000e+002 -2.2564358e+001
  2.2200000e+002 -2.2564283e+001
  2.2300000e+002 -2.2564207e+001
  2.2400000e+002 -2.2564132e+001
  2.2500000e+002 -2.1342452e+001
  2.2600000e+002 -2.1343066e+001
  2.2700000e+002 -2.1343681e+001
  2.2800000e+002 -2.1344295e+001
  2.2900000e+002 -2.2120668e+001
  2.3000000e+002 -2.2120843e+001
  2.3100000e+002 -2.2121019e+001
  2.3200000e+002 -2.2121194e+001
  2.3300000e+002 -2.2035751e+001
  2.3400000e+002 -2.2035975e+001
  2.3500000e+002 -2.2036198e+001
  2.3600000e+002 -2.2036422e+001
  2.3700000e+002 -2.1954606e+001
  2.3800000e+002 -2.1954877e+001
  2.3900000e+002 -2.1955147e+001
  2.4000000e+002 -2.1955418e+001
  2.4100000e+002 -2.2210242e+001
  2.4200000e+002 -2.2210368e+001
  2.4300000e+002 -2.2210493e+001
  2.4400000e+002 -2.2210619e+001
  2.4500000e+002 -2.1117332e+001
  2.4600000e+002 -2.1118082e+001
  2.4700000e+002 -2.1118831e+001
  2.4800000e+002 -2.1119581e+001
  2.4900000e+002 -2.1226021e+001
  2.5000000e+002 -2.1226711e+001
  2.5100000e+002 -2.1227400e+001
  2.5200000e+002 -2.1228089e+001
  2.5300000e+002 -2.2017152e+001
  2.5400000e+002 -2.2017389e+001
  2.5500000e+002 -2.2017626e+001
  2.5600000e+002 -2.2017863e+001
  2.5700000e+002 -2.1416206e+001
  2.5800000e+002 -2.1416789e+001
  2.5900000e+002 -2.1417372e+001
  2.6000000e+002 -2.1417956e+001
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  2.6100000e+002 -2.1467617e+001
  2.6200000e+002 -2.1468172e+001
  2.6300000e+002 -2.1468727e+001
  2.6400000e+002 -2.1469281e+001
  2.6500000e+002 -2.2301314e+001
  2.6600000e+002 -2.2301388e+001
  2.6700000e+002 -2.2301463e+001
  2.6800000e+002 -2.2301537e+001
  2.6900000e+002 -2.1163391e+001
  2.7000000e+002 -2.1164124e+001
  2.7100000e+002 -2.1164858e+001
  2.7200000e+002 -2.1165591e+001
  2.7300000e+002 -2.2063777e+001
  2.7400000e+002 -2.2063989e+001
  2.7500000e+002 -2.2064202e+001
  2.7600000e+002 -2.2064415e+001
  2.7700000e+002 -2.1639361e+001
  2.7800000e+002 -2.1639821e+001
  2.7900000e+002 -2.1640281e+001
  2.8000000e+002 -2.1640741e+001
  2.8100000e+002 -2.2336116e+001
  2.8200000e+002 -2.2336171e+001
  2.8300000e+002 -2.2336226e+001
  2.8400000e+002 -2.2336281e+001
  2.8500000e+002 -2.0997060e+001
  2.8600000e+002 -2.0997897e+001
  2.8700000e+002 -2.0998735e+001
  2.8800000e+002 -2.0999573e+001
  2.8900000e+002 -2.1758814e+001
  2.9000000e+002 -2.1759208e+001
  2.9100000e+002 -2.1759601e+001
  2.9200000e+002 -2.1759994e+001
  2.9300000e+002 -2.1016754e+001
  2.9400000e+002 -2.1017584e+001
  2.9500000e+002 -2.1018414e+001
  2.9600000e+002 -2.1019244e+001
  2.9700000e+002 -2.1392194e+001
  2.9800000e+002 -2.1392805e+001
  2.9900000e+002 -2.1393416e+001
  3.0000000e+002 -2.1394027e+001
  3.0100000e+002 -2.2038529e+001
  3.0200000e+002 -2.2038760e+001
  3.0300000e+002 -2.2038991e+001
  3.0400000e+002 -2.2039222e+001
  3.0500000e+002 -2.2926982e+001
  3.0600000e+002 -2.2926689e+001
  3.0700000e+002 -2.2926395e+001
  3.0800000e+002 -2.2926101e+001
  3.0900000e+002 -2.2223023e+001
  3.1000000e+002 -2.2223146e+001
  3.1100000e+002 -2.2223269e+001
  3.1200000e+002 -2.2223391e+001
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  3.1300000e+002 -2.1381605e+001
  3.1400000e+002 -2.1382228e+001
  3.1500000e+002 -2.1382851e+001
  3.1600000e+002 -2.1383474e+001
  3.1700000e+002 -2.0902562e+001
  3.1800000e+002 -2.0903472e+001
  3.1900000e+002 -2.0904382e+001
  3.2000000e+002 -2.0905292e+001
  3.2100000e+002 -2.1893119e+001
  3.2200000e+002 -2.1893439e+001
  3.2300000e+002 -2.1893760e+001
  3.2400000e+002 -2.1894081e+001
  3.2500000e+002 -2.1560279e+001
  3.2600000e+002 -2.1560799e+001
  3.2700000e+002 -2.1561320e+001
  3.2800000e+002 -2.1561841e+001
  3.2900000e+002 -2.2242778e+001
  3.3000000e+002 -2.2242891e+001
  3.3100000e+002 -2.2243003e+001
  3.3200000e+002 -2.2243116e+001
  3.3300000e+002 -2.2093291e+001
  3.3400000e+002 -2.2093493e+001
  3.3500000e+002 -2.2093696e+001
  3.3600000e+002 -2.2093899e+001
  3.3700000e+002 -2.1571878e+001
  3.3800000e+002 -2.1572396e+001
  3.3900000e+002 -2.1572913e+001
  3.4000000e+002 -2.1573431e+001
  3.4100000e+002 -2.2173477e+001
  3.4200000e+002 -2.2173632e+001
  3.4300000e+002 -2.2173788e+001
  3.4400000e+002 -2.2173943e+001
  3.4500000e+002 -2.1466549e+001
  3.4600000e+002 -2.1467132e+001
  3.4700000e+002 -2.1467716e+001
  3.4800000e+002 -2.1468300e+001
  3.4900000e+002 -2.1492926e+001
  3.5000000e+002 -2.1493495e+001
  3.5100000e+002 -2.1494064e+001
  3.5200000e+002 -2.1494634e+001
  3.5300000e+002 -2.1007966e+001
  3.5400000e+002 -2.1008831e+001
  3.5500000e+002 -2.1009697e+001
  3.5600000e+002 -2.1010563e+001
  3.5700000e+002 -2.2514241e+001
  3.5800000e+002 -2.2514190e+001
  3.5900000e+002 -2.2514138e+001
  3.6000000e+002 -2.2514087e+001
  3.6100000e+002 -2.1455101e+001
  3.6200000e+002 -2.1455698e+001
  3.6300000e+002 -2.1456294e+001
  3.6400000e+002 -2.1456891e+001
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  3.6500000e+002 -2.1965377e+001
  3.6600000e+002 -2.1965662e+001
  3.6700000e+002 -2.1965947e+001
  3.6800000e+002 -2.1966232e+001
  3.6900000e+002 -2.2182220e+001
  3.7000000e+002 -2.2182373e+001
  3.7100000e+002 -2.2182525e+001
  3.7200000e+002 -2.2182678e+001
  3.7300000e+002 -2.2180297e+001
  3.7400000e+002 -2.2180451e+001
  3.7500000e+002 -2.2180605e+001
  3.7600000e+002 -2.2180759e+001
  3.7700000e+002 -2.2215400e+001
  3.7800000e+002 -2.2215532e+001
  3.7900000e+002 -2.2215665e+001
  3.8000000e+002 -2.2215798e+001
  3.8100000e+002 -2.1787389e+001
  3.8200000e+002 -2.1787787e+001
  3.8300000e+002 -2.1788185e+001
  3.8400000e+002 -2.1788583e+001
  3.8500000e+002 -2.1773276e+001
  3.8600000e+002 -2.1773684e+001
  3.8700000e+002 -2.1774091e+001
  3.8800000e+002 -2.1774499e+001
  3.8900000e+002 -2.1297265e+001
  3.9000000e+002 -2.1297970e+001
  3.9100000e+002 -2.1298675e+001
  3.9200000e+002 -2.1299380e+001
  3.9300000e+002 -2.1509643e+001
  3.9400000e+002 -2.1510218e+001
  3.9500000e+002 -2.1510792e+001
  3.9600000e+002 -2.1511366e+001
  3.9700000e+002 -2.2463347e+001
  3.9800000e+002 -2.2463327e+001
  3.9900000e+002 -2.2463306e+001
  4.0000000e+002 -2.2463285e+001
  4.0100000e+002 -2.2313718e+001
  4.0200000e+002 -2.2313791e+001
  4.0300000e+002 -2.2313864e+001
  4.0400000e+002 -2.2313937e+001
  4.0500000e+002 -2.1901903e+001
  4.0600000e+002 -2.1902235e+001
  4.0700000e+002 -2.1902567e+001
  4.0800000e+002 -2.1902899e+001
  4.0900000e+002 -2.1654746e+001
  4.1000000e+002 -2.1655234e+001
  4.1100000e+002 -2.1655723e+001
  4.1200000e+002 -2.1656212e+001
  4.1300000e+002 -2.2297282e+001
  4.1400000e+002 -2.2297366e+001
  4.1500000e+002 -2.2297450e+001
  4.1600000e+002 -2.2297534e+001
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  4.1700000e+002 -2.1954116e+001
  4.1800000e+002 -2.1954417e+001
  4.1900000e+002 -2.1954719e+001
  4.2000000e+002 -2.1955020e+001
  4.2100000e+002 -2.1525821e+001
  4.2200000e+002 -2.1526396e+001
  4.2300000e+002 -2.1526970e+001
  4.2400000e+002 -2.1527544e+001
  4.2500000e+002 -2.1780138e+001
  4.2600000e+002 -2.1780552e+001
  4.2700000e+002 -2.1780966e+001
  4.2800000e+002 -2.1781379e+001
  4.2900000e+002 -2.1454105e+001
  4.3000000e+002 -2.1454728e+001
  4.3100000e+002 -2.1455351e+001
  4.3200000e+002 -2.1455974e+001
  4.3300000e+002 -2.1722549e+001
  4.3400000e+002 -2.1723002e+001
  4.3500000e+002 -2.1723454e+001
  4.3600000e+002 -2.1723907e+001
  4.3700000e+002 -2.1269749e+001
  4.3800000e+002 -2.1270494e+001
  4.3900000e+002 -2.1271238e+001
  4.4000000e+002 -2.1271983e+001
  4.4100000e+002 -2.2202264e+001
  4.4200000e+002 -2.2202410e+001
  4.4300000e+002 -2.2202557e+001
  4.4400000e+002 -2.2202704e+001
  4.4500000e+002 -2.1690167e+001
  4.4600000e+002 -2.1690644e+001
  4.4700000e+002 -2.1691122e+001
  4.4800000e+002 -2.1691599e+001
  4.4900000e+002 -2.1443156e+001
  4.5000000e+002 -2.1443794e+001
  4.5100000e+002 -2.1444432e+001
  4.5200000e+002 -2.1445070e+001
  4.5300000e+002 -2.2258933e+001
  4.5400000e+002 -2.2259044e+001
  4.5500000e+002 -2.2259155e+001
  4.5600000e+002 -2.2259266e+001
  4.5700000e+002 -2.1991162e+001
  4.5800000e+002 -2.1991448e+001
  4.5900000e+002 -2.1991733e+001
  4.6000000e+002 -2.1992018e+001
  4.6100000e+002 -2.1978933e+001
  4.6200000e+002 -2.1979227e+001
  4.6300000e+002 -2.1979521e+001
  4.6400000e+002 -2.1979815e+001
  4.6500000e+002 -2.2330673e+001
  4.6600000e+002 -2.2330738e+001
  4.6700000e+002 -2.2330803e+001
  4.6800000e+002 -2.2330868e+001
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  4.6900000e+002 -2.1719463e+001
  4.7000000e+002 -2.1719928e+001
  4.7100000e+002 -2.1720394e+001
  4.7200000e+002 -2.1720859e+001
  4.7300000e+002 -2.1701078e+001
  4.7400000e+002 -2.1701557e+001
  4.7500000e+002 -2.1702035e+001
  4.7600000e+002 -2.1702514e+001
  4.7700000e+002 -2.2655911e+001
  4.7800000e+002 -2.2655763e+001
  4.7900000e+002 -2.2655614e+001
  4.8000000e+002 -2.2655466e+001
  4.8100000e+002 -2.2115836e+001
  4.8200000e+002 -2.2116043e+001
  4.8300000e+002 -2.2116251e+001
  4.8400000e+002 -2.2116458e+001
  4.8500000e+002 -2.2152548e+001
  4.8600000e+002 -2.2152732e+001
  4.8700000e+002 -2.2152915e+001
  4.8800000e+002 -2.2153099e+001
  4.8900000e+002 -2.2246598e+001
  4.9000000e+002 -2.2246720e+001
  4.9100000e+002 -2.2246842e+001
  4.9200000e+002 -2.2246964e+001
  4.9300000e+002 -2.1541840e+001
  4.9400000e+002 -2.1542431e+001
  4.9500000e+002 -2.1543022e+001
  4.9600000e+002 -2.1543613e+001
  4.9700000e+002 -2.1524021e+001
  4.9800000e+002 -2.1524625e+001
  4.9900000e+002 -2.1525230e+001
  5.0000000e+002 -2.1525834e+001
  5.0100000e+002 -2.1878317e+001
  5.0200000e+002 -2.1878686e+001
  5.0300000e+002 -2.1879056e+001
  5.0400000e+002 -2.1879425e+001
  5.0500000e+002 -2.1661373e+001
  5.0600000e+002 -2.1661888e+001
  5.0700000e+002 -2.1662404e+001
  5.0800000e+002 -2.1662920e+001
  5.0900000e+002 -2.1275668e+001
  5.1000000e+002 -2.1276445e+001
  5.1100000e+002 -2.1277221e+001
  5.1200000e+002 -2.1277998e+001
  5.1300000e+002 -2.1411025e+001
  5.1400000e+002 -2.1411713e+001
  5.1500000e+002 -2.1412400e+001
  5.1600000e+002 -2.1413087e+001
  5.1700000e+002 -2.1349182e+001
  5.1800000e+002 -2.1349913e+001
  5.1900000e+002 -2.1350644e+001
  5.2000000e+002 -2.1351375e+001
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  5.2100000e+002 -2.2167947e+001
  5.2200000e+002 -2.2168125e+001
  5.2300000e+002 -2.2168303e+001
  5.2400000e+002 -2.2168480e+001
  5.2500000e+002 -2.2541658e+001
  5.2600000e+002 -2.2541583e+001
  5.2700000e+002 -2.2541507e+001
  5.2800000e+002 -2.2541431e+001
  5.2900000e+002 -2.1772706e+001
  5.3000000e+002 -2.1773154e+001
  5.3100000e+002 -2.1773603e+001
  5.3200000e+002 -2.1774051e+001
  5.3300000e+002 -2.1540220e+001
  5.3400000e+002 -2.1540829e+001
  5.3500000e+002 -2.1541437e+001
  5.3600000e+002 -2.1542046e+001
  5.3700000e+002 -2.1674598e+001
  5.3800000e+002 -2.1675116e+001
  5.3900000e+002 -2.1675634e+001
  5.4000000e+002 -2.1676152e+001
  5.4100000e+002 -2.2225911e+001
  5.4200000e+002 -2.2226052e+001
  5.4300000e+002 -2.2226192e+001
  5.4400000e+002 -2.2226333e+001
  5.4500000e+002 -2.1904609e+001
  5.4600000e+002 -2.1904972e+001
  5.4700000e+002 -2.1905334e+001
  5.4800000e+002 -2.1905696e+001
  5.4900000e+002 -2.1271479e+001
  5.5000000e+002 -2.1272280e+001
  5.5100000e+002 -2.1273080e+001
  5.5200000e+002 -2.1273881e+001
  5.5300000e+002 -2.2282186e+001
  5.5400000e+002 -2.2282288e+001
  5.5500000e+002 -2.2282391e+001
  5.5600000e+002 -2.2282494e+001
  5.5700000e+002 -2.1287283e+001
  5.5800000e+002 -2.1288078e+001
  5.5900000e+002 -2.1288872e+001
  5.6000000e+002 -2.1289666e+001
  5.6100000e+002 -2.2468632e+001
  5.6200000e+002 -2.2468606e+001
  5.6300000e+002 -2.2468579e+001
  5.6400000e+002 -2.2468552e+001
  5.6500000e+002 -2.1397761e+001
  5.6600000e+002 -2.1398482e+001
  5.6700000e+002 -2.1399204e+001
  5.6800000e+002 -2.1399925e+001
  5.6900000e+002 -2.1368403e+001
  5.7000000e+002 -2.1369147e+001
  5.7100000e+002 -2.1369891e+001
  5.7200000e+002 -2.1370636e+001
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  5.7300000e+002 -2.1799818e+001
  5.7400000e+002 -2.1800261e+001
  5.7500000e+002 -2.1800704e+001
  5.7600000e+002 -2.1801147e+001
  5.7700000e+002 -2.2005971e+001
  5.7800000e+002 -2.2006270e+001
  5.7900000e+002 -2.2006569e+001
  5.8000000e+002 -2.2006868e+001
  5.8100000e+002 -2.1261599e+001
  5.8200000e+002 -2.1262425e+001
  5.8300000e+002 -2.1263251e+001
  5.8400000e+002 -2.1264077e+001
  5.8500000e+002 -2.1924769e+001
  5.8600000e+002 -2.1925128e+001
  5.8700000e+002 -2.1925486e+001
  5.8800000e+002 -2.1925844e+001
  5.8900000e+002 -2.1858583e+001
  5.9000000e+002 -2.1858990e+001
  5.9100000e+002 -2.1859396e+001
  5.9200000e+002 -2.1859802e+001
  5.9300000e+002 -2.1865765e+001
  5.9400000e+002 -2.1866168e+001
  5.9500000e+002 -2.1866570e+001
  5.9600000e+002 -2.1866972e+001
  5.9700000e+002 -2.1822729e+001
  5.9800000e+002 -2.1823164e+001
  5.9900000e+002 -2.1823598e+001
  6.0000000e+002 -2.1824032e+001
  6.0100000e+002 -2.1616370e+001
  6.0200000e+002 -2.1616954e+001
  6.0300000e+002 -2.1617537e+001
  6.0400000e+002 -2.1618121e+001
  6.0500000e+002 -2.2147803e+001
  6.0600000e+002 -2.2148006e+001
  6.0700000e+002 -2.2148209e+001
  6.0800000e+002 -2.2148412e+001
  6.0900000e+002 -2.1836650e+001
  6.1000000e+002 -2.1837078e+001
  6.1100000e+002 -2.1837506e+001
  6.1200000e+002 -2.1837934e+001
  6.1300000e+002 -2.1301472e+001
  6.1400000e+002 -2.1302288e+001
  6.1500000e+002 -2.1303105e+001
  6.1600000e+002 -2.1303921e+001
  6.1700000e+002 -2.1587267e+001
  6.1800000e+002 -2.1587879e+001
  6.1900000e+002 -2.1588490e+001
  6.2000000e+002 -2.1589101e+001
  6.2100000e+002 -2.2128057e+001
  6.2200000e+002 -2.2128277e+001
  6.2300000e+002 -2.2128496e+001
  6.2400000e+002 -2.2128716e+001
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  6.2500000e+002 -2.2023496e+001
  6.2600000e+002 -2.2023792e+001
  6.2700000e+002 -2.2024089e+001
  6.2800000e+002 -2.2024386e+001
  6.2900000e+002 -2.2199859e+001
  6.3000000e+002 -2.2200027e+001
  6.3100000e+002 -2.2200196e+001
  6.3200000e+002 -2.2200364e+001
  6.3300000e+002 -2.1471701e+001
  6.3400000e+002 -2.1472405e+001
  6.3500000e+002 -2.1473108e+001
  6.3600000e+002 -2.1473811e+001
  6.3700000e+002 -2.2164727e+001
  6.3800000e+002 -2.2164923e+001
  6.3900000e+002 -2.2165118e+001
  6.4000000e+002 -2.2165314e+001
  6.4100000e+002 -2.2258347e+001
  6.4200000e+002 -2.2258474e+001
  6.4300000e+002 -2.2258601e+001
  6.4400000e+002 -2.2258728e+001
  6.4500000e+002 -2.1970965e+001
  6.4600000e+002 -2.1971305e+001
  6.4700000e+002 -2.1971645e+001
  6.4800000e+002 -2.1971985e+001
  6.4900000e+002 -2.1789049e+001
  6.5000000e+002 -2.1789525e+001
  6.5100000e+002 -2.1790001e+001
  6.5200000e+002 -2.1790477e+001
  6.5300000e+002 -2.2101132e+001
  6.5400000e+002 -2.2101377e+001
  6.5500000e+002 -2.2101622e+001
  6.5600000e+002 -2.2101867e+001
  6.5700000e+002 -2.1388826e+001
  6.5800000e+002 -2.1389604e+001
  6.5900000e+002 -2.1390381e+001
  6.6000000e+002 -2.1391159e+001
  6.6100000e+002 -2.1269511e+001
  6.6200000e+002 -2.1270381e+001
  6.6300000e+002 -2.1271250e+001
  6.6400000e+002 -2.1272120e+001
  6.6500000e+002 -2.1706408e+001
  6.6600000e+002 -2.1706952e+001
  6.6700000e+002 -2.1707496e+001
  6.6800000e+002 -2.1708039e+001
  6.6900000e+002 -2.0098655e+001
  6.7000000e+002 -2.0100412e+001
  6.7100000e+002 -2.0102169e+001
  6.7200000e+002 -2.0103926e+001
  6.7300000e+002 -2.1223387e+001
  6.7400000e+002 -2.1224299e+001
  6.7500000e+002 -2.1225212e+001
  6.7600000e+002 -2.1226124e+001
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  6.7700000e+002 -2.1143634e+001
  6.7800000e+002 -2.1144610e+001
  6.7900000e+002 -2.1145585e+001
  6.8000000e+002 -2.1146561e+001
  6.8100000e+002 -2.0966451e+001
  6.8200000e+002 -2.0967564e+001
  6.8300000e+002 -2.0968678e+001
  6.8400000e+002 -2.0969791e+001
  6.8500000e+002 -2.1180552e+001
  6.8600000e+002 -2.1181506e+001
  6.8700000e+002 -2.1182459e+001
  6.8800000e+002 -2.1183412e+001
  6.8900000e+002 -2.0729433e+001
  6.9000000e+002 -2.0730735e+001
  6.9100000e+002 -2.0732036e+001
  6.9200000e+002 -2.0733337e+001
  6.9300000e+002 -2.2129589e+001
  6.9400000e+002 -2.2129820e+001
  6.9500000e+002 -2.2130050e+001
  6.9600000e+002 -2.2130281e+001
  6.9700000e+002 -2.1806192e+001
  6.9800000e+002 -2.1806673e+001
  6.9900000e+002 -2.1807153e+001
  7.0000000e+002 -2.1807634e+001
  7.0100000e+002 -2.2084148e+001
  7.0200000e+002 -2.2084416e+001
  7.0300000e+002 -2.2084683e+001
  7.0400000e+002 -2.2084950e+001
  7.0500000e+002 -2.1268187e+001
  7.0600000e+002 -2.1269087e+001
  7.0700000e+002 -2.1269987e+001
  7.0800000e+002 -2.1270888e+001
  7.0900000e+002 -2.1582873e+001
  7.1000000e+002 -2.1583532e+001
  7.1100000e+002 -2.1584190e+001
  7.1200000e+002 -2.1584849e+001
  7.1300000e+002 -2.1202367e+001
  7.1400000e+002 -2.1203324e+001
  7.1500000e+002 -2.1204281e+001
  7.1600000e+002 -2.1205238e+001
  7.1700000e+002 -2.1506314e+001
  7.1800000e+002 -2.1507037e+001
  7.1900000e+002 -2.1507759e+001
  7.2000000e+002 -2.1508482e+001
  7.2100000e+002 -2.1443863e+001
  7.2200000e+002 -2.1444636e+001
  7.2300000e+002 -2.1445410e+001
  7.2400000e+002 -2.1446184e+001
  7.2500000e+002 -2.0853095e+001
  7.2600000e+002 -2.0854336e+001
  7.2700000e+002 -2.0855577e+001
  7.2800000e+002 -2.0856818e+001
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  7.2900000e+002 -2.1898656e+001
  7.3000000e+002 -2.1899075e+001
  7.3100000e+002 -2.1899495e+001
  7.3200000e+002 -2.1899914e+001
  7.3300000e+002 -2.0925985e+001
  7.3400000e+002 -2.0927176e+001
  7.3500000e+002 -2.0928367e+001
  7.3600000e+002 -2.0929558e+001
  7.3700000e+002 -2.1840695e+001
  7.3800000e+002 -2.1841164e+001
  7.3900000e+002 -2.1841632e+001
  7.4000000e+002 -2.1842100e+001
  7.4100000e+002 -2.1384667e+001
  7.4200000e+002 -2.1385500e+001
  7.4300000e+002 -2.1386333e+001
  7.4400000e+002 -2.1387167e+001
  7.4500000e+002 -2.1423337e+001
  7.4600000e+002 -2.1424142e+001
  7.4700000e+002 -2.1424947e+001
  7.4800000e+002 -2.1425752e+001
  7.4900000e+002 -2.2134479e+001
  7.5000000e+002 -2.2134716e+001
  7.5100000e+002 -2.2134954e+001
  7.5200000e+002 -2.2135191e+001
  7.5300000e+002 -2.1591807e+001
  7.5400000e+002 -2.1592481e+001
  7.5500000e+002 -2.1593156e+001
  7.5600000e+002 -2.1593830e+001
  7.5700000e+002 -2.0917759e+001
  7.5800000e+002 -2.0918980e+001
  7.5900000e+002 -2.0920200e+001
  7.6000000e+002 -2.0921421e+001
  7.6100000e+002 -2.1883710e+001
  7.6200000e+002 -2.1884152e+001
  7.6300000e+002 -2.1884595e+001
  7.6400000e+002 -2.1885037e+001
  7.6500000e+002 -2.2162938e+001
  7.6600000e+002 -2.2163155e+001
  7.6700000e+002 -2.2163373e+001
  7.6800000e+002 -2.2163590e+001
  7.6900000e+002 -2.2207167e+001
  7.7000000e+002 -2.2207349e+001
  7.7100000e+002 -2.2207531e+001
  7.7200000e+002 -2.2207712e+001
  7.7300000e+002 -2.1487067e+001
  7.7400000e+002 -2.1487838e+001
  7.7500000e+002 -2.1488610e+001
  7.7600000e+002 -2.1489381e+001
  7.7700000e+002 -2.1507175e+001
  7.7800000e+002 -2.1507933e+001
  7.7900000e+002 -2.1508690e+001
  7.8000000e+002 -2.1509447e+001

15

ABOR/MH/Priv-004859



  7.8100000e+002 -2.1700542e+001
  7.8200000e+002 -2.1701142e+001
  7.8300000e+002 -2.1701743e+001
  7.8400000e+002 -2.1702343e+001
  7.8500000e+002 -2.2054279e+001
  7.8600000e+002 -2.2054590e+001
  7.8700000e+002 -2.2054900e+001
  7.8800000e+002 -2.2055211e+001
  7.8900000e+002 -2.1708386e+001
  7.9000000e+002 -2.1708984e+001
  7.9100000e+002 -2.1709582e+001
  7.9200000e+002 -2.1710180e+001
  7.9300000e+002 -2.1479407e+001
  7.9400000e+002 -2.1480198e+001
  7.9500000e+002 -2.1480988e+001
  7.9600000e+002 -2.1481779e+001
  7.9700000e+002 -2.1902010e+001
  7.9800000e+002 -2.1902450e+001
  7.9900000e+002 -2.1902891e+001
  8.0000000e+002 -2.1903331e+001
  8.0100000e+002 -2.2005101e+001
  8.0200000e+002 -2.2005457e+001
  8.0300000e+002 -2.2005812e+001
  8.0400000e+002 -2.2006168e+001
  8.0500000e+002 -2.2398584e+001
  8.0600000e+002 -2.2398610e+001
  8.0700000e+002 -2.2398637e+001
  8.0800000e+002 -2.2398663e+001
  8.0900000e+002 -2.1686231e+001
  8.1000000e+002 -2.1686858e+001
  8.1100000e+002 -2.1687485e+001
  8.1200000e+002 -2.1688111e+001
  8.1300000e+002 -2.1560155e+001
  8.1400000e+002 -2.1560890e+001
  8.1500000e+002 -2.1561626e+001
  8.1600000e+002 -2.1562361e+001
  8.1700000e+002 -2.0908358e+001
  8.1800000e+002 -2.0909649e+001
  8.1900000e+002 -2.0910940e+001
  8.2000000e+002 -2.0912230e+001
  8.2100000e+002 -2.2099145e+001
  8.2200000e+002 -2.2099427e+001
  8.2300000e+002 -2.2099708e+001
  8.2400000e+002 -2.2099990e+001
  8.2500000e+002 -2.1812043e+001
  8.2600000e+002 -2.1812571e+001
  8.2700000e+002 -2.1813099e+001
  8.2800000e+002 -2.1813627e+001
  8.2900000e+002 -2.1781996e+001
  8.3000000e+002 -2.1782551e+001
  8.3100000e+002 -2.1783107e+001
  8.3200000e+002 -2.1783662e+001

16

ABOR/MH/Priv-004860



  8.3300000e+002 -2.1865852e+001
  8.3400000e+002 -2.1866338e+001
  8.3500000e+002 -2.1866823e+001
  8.3600000e+002 -2.1867308e+001
  8.3700000e+002 -2.2058531e+001
  8.3800000e+002 -2.2058852e+001
  8.3900000e+002 -2.2059172e+001
  8.4000000e+002 -2.2059493e+001
  8.4100000e+002 -2.2185564e+001
  8.4200000e+002 -2.2185776e+001
  8.4300000e+002 -2.2185988e+001
  8.4400000e+002 -2.2186200e+001
  8.4500000e+002 -2.1195192e+001
  8.4600000e+002 -2.1196265e+001
  8.4700000e+002 -2.1197338e+001
  8.4800000e+002 -2.1198411e+001
  8.4900000e+002 -2.1120403e+001
  8.5000000e+002 -2.1121545e+001
  8.5100000e+002 -2.1122687e+001
  8.5200000e+002 -2.1123829e+001
  8.5300000e+002 -2.0441956e+001
  8.5400000e+002 -2.0443695e+001
  8.5500000e+002 -2.0445435e+001
  8.5600000e+002 -2.0447174e+001
  8.5700000e+002 -2.1951661e+001
  8.5800000e+002 -2.1952081e+001
  8.5900000e+002 -2.1952502e+001
  8.6000000e+002 -2.1952922e+001
  8.6100000e+002 -2.1460514e+001
  8.6200000e+002 -2.1461369e+001
  8.6300000e+002 -2.1462223e+001
  8.6400000e+002 -2.1463078e+001
  8.6500000e+002 -2.1692979e+001
  8.6600000e+002 -2.1693631e+001
  8.6700000e+002 -2.1694283e+001
  8.6800000e+002 -2.1694935e+001
  8.6900000e+002 -2.2513104e+001
  8.7000000e+002 -2.2513030e+001
  8.7100000e+002 -2.2512957e+001
  8.7200000e+002 -2.2512883e+001
  8.7300000e+002 -2.2195476e+001
  8.7400000e+002 -2.2195685e+001
  8.7500000e+002 -2.2195894e+001
  8.7600000e+002 -2.2196103e+001
  8.7700000e+002 -2.1587065e+001
  8.7800000e+002 -2.1587818e+001
  8.7900000e+002 -2.1588572e+001
  8.8000000e+002 -2.1589325e+001
  8.8100000e+002 -2.1675678e+001
  8.8200000e+002 -2.1676355e+001
  8.8300000e+002 -2.1677031e+001
  8.8400000e+002 -2.1677708e+001
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  8.8500000e+002 -2.1321332e+001
  8.8600000e+002 -2.1322330e+001
  8.8700000e+002 -2.1323328e+001
  8.8800000e+002 -2.1324327e+001
  8.8900000e+002 -2.1881034e+001
  8.9000000e+002 -2.1881530e+001
  8.9100000e+002 -2.1882026e+001
  8.9200000e+002 -2.1882523e+001
  8.9300000e+002 -2.2193686e+001
  8.9400000e+002 -2.2193900e+001
  8.9500000e+002 -2.2194115e+001
  8.9600000e+002 -2.2194329e+001
  8.9700000e+002 -2.1951808e+001
  8.9800000e+002 -2.1952244e+001
  8.9900000e+002 -2.1952679e+001
  9.0000000e+002 -2.1953114e+001
  9.0100000e+002 -2.2396804e+001
  9.0200000e+002 -2.2396834e+001
  9.0300000e+002 -2.2396865e+001
  9.0400000e+002 -2.2396895e+001
  9.0500000e+002 -2.1667006e+001
  9.0600000e+002 -2.1667705e+001
  9.0700000e+002 -2.1668405e+001
  9.0800000e+002 -2.1669104e+001
  9.0900000e+002 -2.1153305e+001
  9.1000000e+002 -2.1154480e+001
  9.1100000e+002 -2.1155654e+001
  9.1200000e+002 -2.1156829e+001
  9.1300000e+002 -2.1510768e+001
  9.1400000e+002 -2.1511617e+001
  9.1500000e+002 -2.1512466e+001
  9.1600000e+002 -2.1513315e+001
  9.1700000e+002 -2.1141007e+001
  9.1800000e+002 -2.1142202e+001
  9.1900000e+002 -2.1143397e+001
  9.2000000e+002 -2.1144592e+001
  9.2100000e+002 -2.1614354e+001
  9.2200000e+002 -2.1615113e+001
  9.2300000e+002 -2.1615872e+001
  9.2400000e+002 -2.1616631e+001
  9.2500000e+002 -2.1352938e+001
  9.2600000e+002 -2.1353944e+001
  9.2700000e+002 -2.1354950e+001
  9.2800000e+002 -2.1355956e+001
  9.2900000e+002 -2.2118979e+001
  9.3000000e+002 -2.2119271e+001
  9.3100000e+002 -2.2119562e+001
  9.3200000e+002 -2.2119854e+001
  9.3300000e+002 -2.1934434e+001
  9.3400000e+002 -2.1934901e+001
  9.3500000e+002 -2.1935367e+001
  9.3600000e+002 -2.1935834e+001
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  9.3700000e+002 -2.1662454e+001
  9.3800000e+002 -2.1663179e+001
  9.3900000e+002 -2.1663904e+001
  9.4000000e+002 -2.1664629e+001
  9.4100000e+002 -2.1435049e+001
  9.4200000e+002 -2.1435993e+001
  9.4300000e+002 -2.1436936e+001
  9.4400000e+002 -2.1437879e+001
  9.4500000e+002 -2.1740833e+001
  9.4600000e+002 -2.1741489e+001
  9.4700000e+002 -2.1742145e+001
  9.4800000e+002 -2.1742801e+001
  9.4900000e+002 -2.1592640e+001
  9.5000000e+002 -2.1593440e+001
  9.5100000e+002 -2.1594240e+001
  9.5200000e+002 -2.1595040e+001
  9.5300000e+002 -2.2241896e+001
  9.5400000e+002 -2.2242076e+001
  9.5500000e+002 -2.2242257e+001
  9.5600000e+002 -2.2242437e+001
  9.5700000e+002 -2.1262908e+001
  9.5800000e+002 -2.1264031e+001
  9.5900000e+002 -2.1265155e+001
  9.6000000e+002 -2.1266278e+001
  9.6100000e+002 -2.1713172e+001
  9.6200000e+002 -2.1713865e+001
  9.6300000e+002 -2.1714558e+001
  9.6400000e+002 -2.1715250e+001
  9.6500000e+002 -2.1841018e+001
  9.6600000e+002 -2.1841589e+001
  9.6700000e+002 -2.1842161e+001
  9.6800000e+002 -2.1842732e+001
  9.6900000e+002 -2.1558114e+001
  9.7000000e+002 -2.1558963e+001
  9.7100000e+002 -2.1559813e+001
  9.7200000e+002 -2.1560662e+001
  9.7300000e+002 -2.0652307e+001
  9.7400000e+002 -2.0654045e+001
  9.7500000e+002 -2.0655783e+001
  9.7600000e+002 -2.0657521e+001
  9.7700000e+002 -2.1066903e+001
  9.7800000e+002 -2.1068241e+001
  9.7900000e+002 -2.1069579e+001
  9.8000000e+002 -2.1070917e+001
  9.8100000e+002 -2.1204568e+001
  9.8200000e+002 -2.1205775e+001
  9.8300000e+002 -2.1206983e+001
  9.8400000e+002 -2.1208190e+001
  9.8500000e+002 -2.0867379e+001
  9.8600000e+002 -2.0868925e+001
  9.8700000e+002 -2.0870471e+001
  9.8800000e+002 -2.0872017e+001
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  9.8900000e+002 -2.0338924e+001
  9.9000000e+002 -2.0341001e+001
  9.9100000e+002 -2.0343077e+001
  9.9200000e+002 -2.0345154e+001
  9.9300000e+002 -2.1593832e+001
  9.9400000e+002 -2.1594666e+001
  9.9500000e+002 -2.1595500e+001
  9.9600000e+002 -2.1596334e+001
  9.9700000e+002 -2.2256239e+001
  9.9800000e+002 -2.2256413e+001
  9.9900000e+002 -2.2256588e+001
  1.0000000e+003 -2.2256762e+001
  1.0010000e+003 -2.0742732e+001
  1.0020000e+003 -2.0744428e+001
  1.0030000e+003 -2.0746124e+001
  1.0040000e+003 -2.0747820e+001
  1.0050000e+003 -2.1006621e+001
  1.0060000e+003 -2.1008057e+001
  1.0070000e+003 -2.1009494e+001
  1.0080000e+003 -2.1010930e+001
  1.0090000e+003 -2.2131399e+001
  1.0100000e+003 -2.2131702e+001
  1.0110000e+003 -2.2132004e+001
  1.0120000e+003 -2.2132307e+001
  1.0130000e+003 -2.1686690e+001
  1.0140000e+003 -2.1687447e+001
  1.0150000e+003 -2.1688203e+001
  1.0160000e+003 -2.1688960e+001
  1.0170000e+003 -2.2042719e+001
  1.0180000e+003 -2.2043115e+001
  1.0190000e+003 -2.2043511e+001
  1.0200000e+003 -2.2043907e+001
  1.0210000e+003 -2.1621180e+001
  1.0220000e+003 -2.1622010e+001
  1.0230000e+003 -2.1622840e+001
  1.0240000e+003 -2.1623669e+001
  1.0250000e+003 -2.1808110e+001
  1.0260000e+003 -2.1808751e+001
  1.0270000e+003 -2.1809391e+001
  1.0280000e+003 -2.1810032e+001
  1.0290000e+003 -2.1789839e+001
  1.0300000e+003 -2.1790502e+001
  1.0310000e+003 -2.1791164e+001
  1.0320000e+003 -2.1791826e+001
  1.0330000e+003 -2.2423167e+001
  1.0340000e+003 -2.2423175e+001
  1.0350000e+003 -2.2423182e+001
  1.0360000e+003 -2.2423190e+001
  1.0370000e+003 -2.0583400e+001
  1.0380000e+003 -2.0585326e+001
  1.0390000e+003 -2.0587252e+001
  1.0400000e+003 -2.0589177e+001
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  1.0410000e+003 -2.1936030e+001
  1.0420000e+003 -2.1936547e+001
  1.0430000e+003 -2.1937065e+001
  1.0440000e+003 -2.1937582e+001
  1.0450000e+003 -2.1315232e+001
  1.0460000e+003 -2.1316404e+001
  1.0470000e+003 -2.1317577e+001
  1.0480000e+003 -2.1318749e+001
  1.0490000e+003 -2.1674759e+001
  1.0500000e+003 -2.1675557e+001
  1.0510000e+003 -2.1676354e+001
  1.0520000e+003 -2.1677152e+001
  1.0530000e+003 -2.2067493e+001
  1.0540000e+003 -2.2067877e+001
  1.0550000e+003 -2.2068262e+001
  1.0560000e+003 -2.2068647e+001
  1.0570000e+003 -2.2556574e+001
  1.0580000e+003 -2.2556439e+001
  1.0590000e+003 -2.2556305e+001
  1.0600000e+003 -2.2556170e+001
  1.0610000e+003 -2.2229199e+001
  1.0620000e+003 -2.2229414e+001
  1.0630000e+003 -2.2229629e+001
  1.0640000e+003 -2.2229844e+001
  1.0650000e+003 -2.1666708e+001
  1.0660000e+003 -2.1667528e+001
  1.0670000e+003 -2.1668349e+001
  1.0680000e+003 -2.1669169e+001
  1.0690000e+003 -2.2542330e+001
  1.0700000e+003 -2.2542209e+001
  1.0710000e+003 -2.2542088e+001
  1.0720000e+003 -2.2541968e+001
  1.0730000e+003 -2.2208878e+001
  1.0740000e+003 -2.2209118e+001
  1.0750000e+003 -2.2209358e+001
  1.0760000e+003 -2.2209598e+001
  1.0770000e+003 -2.1131185e+001
  1.0780000e+003 -2.1132598e+001
  1.0790000e+003 -2.1134012e+001
  1.0800000e+003 -2.1135425e+001
  1.0810000e+003 -2.2000875e+001
  1.0820000e+003 -2.2001345e+001
  1.0830000e+003 -2.2001814e+001
  1.0840000e+003 -2.2002283e+001
  1.0850000e+003 -2.1365822e+001
  1.0860000e+003 -2.1366991e+001
  1.0870000e+003 -2.1368159e+001
  1.0880000e+003 -2.1369328e+001
  1.0890000e+003 -2.1644383e+001
  1.0900000e+003 -2.1645250e+001
  1.0910000e+003 -2.1646116e+001
  1.0920000e+003 -2.1646983e+001
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  1.0930000e+003 -2.2050573e+001
  1.0940000e+003 -2.2050993e+001
  1.0950000e+003 -2.2051413e+001
  1.0960000e+003 -2.2051834e+001
  1.0970000e+003 -2.2606517e+001
  1.0980000e+003 -2.2606321e+001
  1.0990000e+003 -2.2606125e+001
  1.1000000e+003 -2.2605929e+001
  1.1010000e+003 -2.2515791e+001
  1.1020000e+003 -2.2515696e+001
  1.1030000e+003 -2.2515600e+001
  1.1040000e+003 -2.2515505e+001
  1.1050000e+003 -2.2343822e+001
  1.1060000e+003 -2.2343919e+001
  1.1070000e+003 -2.2344016e+001
  1.1080000e+003 -2.2344113e+001
  1.1090000e+003 -2.2569946e+001
  1.1100000e+003 -2.2569788e+001
  1.1110000e+003 -2.2569631e+001
  1.1120000e+003 -2.2569473e+001
  1.1130000e+003 -2.1917111e+001
  1.1140000e+003 -2.1917692e+001
  1.1150000e+003 -2.1918274e+001
  1.1160000e+003 -2.1918855e+001
  1.1170000e+003 -2.2481722e+001
  1.1180000e+003 -2.2481664e+001
  1.1190000e+003 -2.2481605e+001
  1.1200000e+003 -2.2481547e+001
  1.1210000e+003 -2.1825001e+001
  1.1220000e+003 -2.1825693e+001
  1.1230000e+003 -2.1826384e+001
  1.1240000e+003 -2.1827076e+001
  1.1250000e+003 -2.1874601e+001
  1.1260000e+003 -2.1875239e+001
  1.1270000e+003 -2.1875877e+001
  1.1280000e+003 -2.1876515e+001
  1.1290000e+003 -2.2168184e+001
  1.1300000e+003 -2.2168487e+001
  1.1310000e+003 -2.2168789e+001
  1.1320000e+003 -2.2169091e+001
  1.1330000e+003 -2.2048290e+001
  1.1340000e+003 -2.2048732e+001
  1.1350000e+003 -2.2049175e+001
  1.1360000e+003 -2.2049618e+001
  1.1370000e+003 -2.1552165e+001
  1.1380000e+003 -2.1553188e+001
  1.1390000e+003 -2.1554210e+001
  1.1400000e+003 -2.1555232e+001
  1.1410000e+003 -2.1710250e+001
  1.1420000e+003 -2.1711092e+001
  1.1430000e+003 -2.1711934e+001
  1.1440000e+003 -2.1712777e+001
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  1.1450000e+003 -2.2028488e+001
  1.1460000e+003 -2.2028960e+001
  1.1470000e+003 -2.2029432e+001
  1.1480000e+003 -2.2029905e+001
  1.1490000e+003 -2.1842698e+001
  1.1500000e+003 -2.1843391e+001
  1.1510000e+003 -2.1844085e+001
  1.1520000e+003 -2.1844779e+001
  1.1530000e+003 -2.2331800e+001
  1.1540000e+003 -2.2331917e+001
  1.1550000e+003 -2.2332033e+001
  1.1560000e+003 -2.2332150e+001
  1.1570000e+003 -2.2256508e+001
  1.1580000e+003 -2.2256715e+001
  1.1590000e+003 -2.2256922e+001
  1.1600000e+003 -2.2257129e+001
  1.1610000e+003 -2.2166992e+001
  1.1620000e+003 -2.2167308e+001
  1.1630000e+003 -2.2167623e+001
  1.1640000e+003 -2.2167938e+001
  1.1650000e+003 -2.3078279e+001
  1.1660000e+003 -2.3077499e+001
  1.1670000e+003 -2.3076720e+001
  1.1680000e+003 -2.3075940e+001
  1.1690000e+003 -2.2121761e+001
  1.1700000e+003 -2.2122134e+001
  1.1710000e+003 -2.2122507e+001
  1.1720000e+003 -2.2122880e+001
  1.1730000e+003 -2.1829571e+001
  1.1740000e+003 -2.1830301e+001
  1.1750000e+003 -2.1831031e+001
  1.1760000e+003 -2.1831761e+001
  1.1770000e+003 -2.2192961e+001
  1.1780000e+003 -2.2193251e+001
  1.1790000e+003 -2.2193540e+001
  1.1800000e+003 -2.2193830e+001
  1.1810000e+003 -2.2004685e+001
  1.1820000e+003 -2.2005207e+001
  1.1830000e+003 -2.2005730e+001
  1.1840000e+003 -2.2006252e+001
  1.1850000e+003 -2.2174057e+001
  1.1860000e+003 -2.2174373e+001
  1.1870000e+003 -2.2174689e+001
  1.1880000e+003 -2.2175005e+001
  1.1890000e+003 -2.2000039e+001
  1.1900000e+003 -2.2000572e+001
  1.1910000e+003 -2.2001105e+001
  1.1920000e+003 -2.2001639e+001
  1.1930000e+003 -2.2601814e+001
  1.1940000e+003 -2.2601601e+001
  1.1950000e+003 -2.2601387e+001
  1.1960000e+003 -2.2601174e+001
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  1.1970000e+003 -2.1973822e+001
  1.1980000e+003 -2.1974394e+001
  1.1990000e+003 -2.1974965e+001
  1.2000000e+003 -2.1975536e+001
  1.2010000e+003 -2.1584843e+001
  1.2020000e+003 -2.1585907e+001
  1.2030000e+003 -2.1586970e+001
  1.2040000e+003 -2.1588034e+001
  1.2050000e+003 -2.2049699e+001
  1.2060000e+003 -2.2050180e+001
  1.2070000e+003 -2.2050661e+001
  1.2080000e+003 -2.2051143e+001
  1.2090000e+003 -2.2444592e+001
  1.2100000e+003 -2.2444574e+001
  1.2110000e+003 -2.2444555e+001
  1.2120000e+003 -2.2444537e+001
  1.2130000e+003 -2.1979961e+001
  1.2140000e+003 -2.1980536e+001
  1.2150000e+003 -2.1981111e+001
  1.2160000e+003 -2.1981687e+001
  1.2170000e+003 -2.1926298e+001
  1.2180000e+003 -2.1926945e+001
  1.2190000e+003 -2.1927592e+001
  1.2200000e+003 -2.1928239e+001
  1.2210000e+003 -2.2360621e+001
  1.2220000e+003 -2.2360711e+001
  1.2230000e+003 -2.2360801e+001
  1.2240000e+003 -2.2360891e+001
  1.2250000e+003 -2.1946529e+001
  1.2260000e+003 -2.1947157e+001
  1.2270000e+003 -2.1947784e+001
  1.2280000e+003 -2.1948412e+001
  1.2290000e+003 -2.2590875e+001
  1.2300000e+003 -2.2590665e+001
  1.2310000e+003 -2.2590456e+001
  1.2320000e+003 -2.2590246e+001
  1.2330000e+003 -2.1698845e+001
  1.2340000e+003 -2.1699803e+001
  1.2350000e+003 -2.1700762e+001
  1.2360000e+003 -2.1701721e+001
  1.2370000e+003 -2.1903954e+001
  1.2380000e+003 -2.1904648e+001
  1.2390000e+003 -2.1905341e+001
  1.2400000e+003 -2.1906035e+001
  1.2410000e+003 -2.1862343e+001
  1.2420000e+003 -2.1863095e+001
  1.2430000e+003 -2.1863848e+001
  1.2440000e+003 -2.1864600e+001
  1.2450000e+003 -2.1951969e+001
  1.2460000e+003 -2.1952606e+001
  1.2470000e+003 -2.1953243e+001
  1.2480000e+003 -2.1953880e+001
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  1.2490000e+003 -2.1787613e+001
  1.2500000e+003 -2.1788474e+001
  1.2510000e+003 -2.1789334e+001
  1.2520000e+003 -2.1790194e+001
  1.2530000e+003 -2.2240149e+001
  1.2540000e+003 -2.2240405e+001
  1.2550000e+003 -2.2240661e+001
  1.2560000e+003 -2.2240917e+001
  1.2570000e+003 -2.2192417e+001
  1.2580000e+003 -2.2192739e+001
  1.2590000e+003 -2.2193061e+001
  1.2600000e+003 -2.2193383e+001
  1.2610000e+003 -2.2003859e+001
  1.2620000e+003 -2.2004439e+001
  1.2630000e+003 -2.2005020e+001
  1.2640000e+003 -2.2005600e+001
  1.2650000e+003 -2.2795178e+001
  1.2660000e+003 -2.2794679e+001
  1.2670000e+003 -2.2794179e+001
  1.2680000e+003 -2.2793680e+001
  1.2690000e+003 -2.2328953e+001
  1.2700000e+003 -2.2329093e+001
  1.2710000e+003 -2.2329232e+001
  1.2720000e+003 -2.2329372e+001
  1.2730000e+003 -2.2196830e+001
  1.2740000e+003 -2.2197153e+001
  1.2750000e+003 -2.2197476e+001
  1.2760000e+003 -2.2197799e+001
  1.2770000e+003 -2.2851161e+001
  1.2780000e+003 -2.2850575e+001
  1.2790000e+003 -2.2849990e+001
  1.2800000e+003 -2.2849405e+001
  1.2810000e+003 -2.2123457e+001
  1.2820000e+003 -2.2123886e+001
  1.2830000e+003 -2.2124315e+001
  1.2840000e+003 -2.2124745e+001
  1.2850000e+003 -2.2315860e+001
  1.2860000e+003 -2.2316021e+001
  1.2870000e+003 -2.2316182e+001
  1.2880000e+003 -2.2316343e+001
  1.2890000e+003 -2.2669663e+001
  1.2900000e+003 -2.2669325e+001
  1.2910000e+003 -2.2668986e+001
  1.2920000e+003 -2.2668648e+001
  1.2930000e+003 -2.2623466e+001
  1.2940000e+003 -2.2623191e+001
  1.2950000e+003 -2.2622917e+001
  1.2960000e+003 -2.2622642e+001
  1.2970000e+003 -2.2104369e+001
  1.2980000e+003 -2.2104836e+001
  1.2990000e+003 -2.2105302e+001
  1.3000000e+003 -2.2105768e+001
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  1.3010000e+003 -2.2361320e+001
  1.3020000e+003 -2.2361419e+001
  1.3030000e+003 -2.2361519e+001
  1.3040000e+003 -2.2361618e+001
  1.3050000e+003 -2.1479873e+001
  1.3060000e+003 -2.1481249e+001
  1.3070000e+003 -2.1482624e+001
  1.3080000e+003 -2.1484000e+001
  1.3090000e+003 -2.1831318e+001
  1.3100000e+003 -2.1832190e+001
  1.3110000e+003 -2.1833062e+001
  1.3120000e+003 -2.1833933e+001
  1.3130000e+003 -2.1818107e+001
  1.3140000e+003 -2.1819004e+001
  1.3150000e+003 -2.1819900e+001
  1.3160000e+003 -2.1820796e+001
  1.3170000e+003 -2.1966194e+001
  1.3180000e+003 -2.1966878e+001
  1.3190000e+003 -2.1967561e+001
  1.3200000e+003 -2.1968245e+001
  1.3210000e+003 -2.1715352e+001
  1.3220000e+003 -2.1716411e+001
  1.3230000e+003 -2.1717470e+001
  1.3240000e+003 -2.1718530e+001
  1.3250000e+003 -2.1775889e+001
  1.3260000e+003 -2.1776865e+001
  1.3270000e+003 -2.1777840e+001
  1.3280000e+003 -2.1778815e+001
  1.3290000e+003 -2.1792983e+001
  1.3300000e+003 -2.1793939e+001
  1.3310000e+003 -2.1794894e+001
  1.3320000e+003 -2.1795850e+001
  1.3330000e+003 -2.1960058e+001
  1.3340000e+003 -2.1960767e+001
  1.3350000e+003 -2.1961477e+001
  1.3360000e+003 -2.1962186e+001
  1.3370000e+003 -2.2167239e+001
  1.3380000e+003 -2.2167638e+001
  1.3390000e+003 -2.2168037e+001
  1.3400000e+003 -2.2168437e+001
  1.3410000e+003 -2.1642036e+001
  1.3420000e+003 -2.1643240e+001
  1.3430000e+003 -2.1644443e+001
  1.3440000e+003 -2.1645647e+001
  1.3450000e+003 -2.2181938e+001
  1.3460000e+003 -2.2182320e+001
  1.3470000e+003 -2.2182701e+001
  1.3480000e+003 -2.2183083e+001
  1.3490000e+003 -2.1161637e+001
  1.3500000e+003 -2.1163598e+001
  1.3510000e+003 -2.1165558e+001
  1.3520000e+003 -2.1167519e+001
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  1.3530000e+003 -2.1861122e+001
  1.3540000e+003 -2.1862007e+001
  1.3550000e+003 -2.1862892e+001
  1.3560000e+003 -2.1863778e+001
  1.3570000e+003 -2.1873114e+001
  1.3580000e+003 -2.1873986e+001
  1.3590000e+003 -2.1874858e+001
  1.3600000e+003 -2.1875730e+001
  1.3610000e+003 -2.2043349e+001
  1.3620000e+003 -2.2043959e+001
  1.3630000e+003 -2.2044568e+001
  1.3640000e+003 -2.2045177e+001
  1.3650000e+003 -2.2248168e+001
  1.3660000e+003 -2.2248456e+001
  1.3670000e+003 -2.2248745e+001
  1.3680000e+003 -2.2249033e+001
  1.3690000e+003 -2.1881301e+001
  1.3700000e+003 -2.1882176e+001
  1.3710000e+003 -2.1883052e+001
  1.3720000e+003 -2.1883927e+001
  1.3730000e+003 -2.2070074e+001
  1.3740000e+003 -2.2070652e+001
  1.3750000e+003 -2.2071231e+001
  1.3760000e+003 -2.2071809e+001
  1.3770000e+003 -2.2200245e+001
  1.3780000e+003 -2.2200616e+001
  1.3790000e+003 -2.2200988e+001
  1.3800000e+003 -2.2201360e+001
  1.3810000e+003 -2.2059313e+001
  1.3820000e+003 -2.2059916e+001
  1.3830000e+003 -2.2060520e+001
  1.3840000e+003 -2.2061123e+001
  1.3850000e+003 -2.1627099e+001
  1.3860000e+003 -2.1628413e+001
  1.3870000e+003 -2.1629728e+001
  1.3880000e+003 -2.1631042e+001
  1.3890000e+003 -2.1912099e+001
  1.3900000e+003 -2.1912952e+001
  1.3910000e+003 -2.1913806e+001
  1.3920000e+003 -2.1914660e+001
  1.3930000e+003 -2.2302856e+001
  1.3940000e+003 -2.2303068e+001
  1.3950000e+003 -2.2303279e+001
  1.3960000e+003 -2.2303490e+001
  1.3970000e+003 -2.1828178e+001
  1.3980000e+003 -2.1829183e+001
  1.3990000e+003 -2.1830189e+001
  1.4000000e+003 -2.1831194e+001
  1.4010000e+003 -2.1786614e+001
  1.4020000e+003 -2.1787696e+001
  1.4030000e+003 -2.1788777e+001
  1.4040000e+003 -2.1789859e+001
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  1.4050000e+003 -2.1839916e+001
  1.4060000e+003 -2.1840915e+001
  1.4070000e+003 -2.1841914e+001
  1.4080000e+003 -2.1842913e+001
  1.4090000e+003 -2.2000822e+001
  1.4100000e+003 -2.2001553e+001
  1.4110000e+003 -2.2002285e+001
  1.4120000e+003 -2.2003016e+001
  1.4130000e+003 -2.1905483e+001
  1.4140000e+003 -2.1906383e+001
  1.4150000e+003 -2.1907284e+001
  1.4160000e+003 -2.1908184e+001
  1.4170000e+003 -2.1749438e+001
  1.4180000e+003 -2.1750614e+001
  1.4190000e+003 -2.1751790e+001
  1.4200000e+003 -2.1752966e+001
  1.4210000e+003 -2.2153367e+001
  1.4220000e+003 -2.2153848e+001
  1.4230000e+003 -2.2154330e+001
  1.4240000e+003 -2.2154811e+001
  1.4250000e+003 -2.1777886e+001
  1.4260000e+003 -2.1779028e+001
  1.4270000e+003 -2.1780171e+001
  1.4280000e+003 -2.1781313e+001
  1.4290000e+003 -2.1837845e+001
  1.4300000e+003 -2.1838890e+001
  1.4310000e+003 -2.1839935e+001
  1.4320000e+003 -2.1840979e+001
  1.4330000e+003 -2.1553148e+001
  1.4340000e+003 -2.1554706e+001
  1.4350000e+003 -2.1556264e+001
  1.4360000e+003 -2.1557822e+001
  1.4370000e+003 -2.1842573e+001
  1.4380000e+003 -2.1843625e+001
  1.4390000e+003 -2.1844676e+001
  1.4400000e+003 -2.1845727e+001
  1.4410000e+003 -2.1963438e+001
  1.4420000e+003 -2.1964279e+001
  1.4430000e+003 -2.1965120e+001
  1.4440000e+003 -2.1965962e+001
  1.4450000e+003 -2.2593338e+001
  1.4460000e+003 -2.2593042e+001
  1.4470000e+003 -2.2592746e+001
  1.4480000e+003 -2.2592450e+001
  1.4490000e+003 -2.2390292e+001
  1.4500000e+003 -2.2390365e+001
  1.4510000e+003 -2.2390438e+001
  1.4520000e+003 -2.2390511e+001
  1.4530000e+003 -2.2306850e+001
  1.4540000e+003 -2.2307078e+001
  1.4550000e+003 -2.2307305e+001
  1.4560000e+003 -2.2307532e+001
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  1.4570000e+003 -2.2137190e+001
  1.4580000e+003 -2.2137734e+001
  1.4590000e+003 -2.2138277e+001
  1.4600000e+003 -2.2138821e+001
  1.4610000e+003 -2.2216228e+001
  1.4620000e+003 -2.2216628e+001
  1.4630000e+003 -2.2217028e+001
  1.4640000e+003 -2.2217428e+001
  1.4650000e+003 -2.2254799e+001
  1.4660000e+003 -2.2255130e+001
  1.4670000e+003 -2.2255460e+001
  1.4680000e+003 -2.2255791e+001
  1.4690000e+003 -2.1935110e+001
  1.4700000e+003 -2.1936049e+001
  1.4710000e+003 -2.1936989e+001
  1.4720000e+003 -2.1937928e+001
  1.4730000e+003 -2.1837864e+001
  1.4740000e+003 -2.1838996e+001
  1.4750000e+003 -2.1840129e+001
  1.4760000e+003 -2.1841262e+001
  1.4770000e+003 -2.1639594e+001
  1.4780000e+003 -2.1641118e+001
  1.4790000e+003 -2.1642641e+001
  1.4800000e+003 -2.1644165e+001
  1.4810000e+003 -2.2571777e+001
  1.4820000e+003 -2.2571503e+001
  1.4830000e+003 -2.2571228e+001
  1.4840000e+003 -2.2570953e+001
  1.4850000e+003 -2.2174028e+001
  1.4860000e+003 -2.2174530e+001
  1.4870000e+003 -2.2175031e+001
  1.4880000e+003 -2.2175533e+001
  1.4890000e+003 -2.2225972e+001
  1.4900000e+003 -2.2226375e+001
  1.4910000e+003 -2.2226778e+001
  1.4920000e+003 -2.2227181e+001
  1.4930000e+003 -2.2147318e+001
  1.4940000e+003 -2.2147880e+001
  1.4950000e+003 -2.2148443e+001
  1.4960000e+003 -2.2149005e+001
  1.4970000e+003 -2.2092952e+001
  1.4980000e+003 -2.2093628e+001
  1.4990000e+003 -2.2094304e+001
  1.5000000e+003 -2.2094980e+001
  1.5010000e+003 -2.2440028e+001
  1.5020000e+003 -2.2440009e+001
  1.5030000e+003 -2.2439989e+001
  1.5040000e+003 -2.2439969e+001
  1.5050000e+003 -2.2102630e+001
  1.5060000e+003 -2.2103298e+001
  1.5070000e+003 -2.2103965e+001
  1.5080000e+003 -2.2104632e+001
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  1.5090000e+003 -2.2192430e+001
  1.5100000e+003 -2.2192919e+001
  1.5110000e+003 -2.2193407e+001
  1.5120000e+003 -2.2193896e+001
  1.5130000e+003 -2.1786333e+001
  1.5140000e+003 -2.1787666e+001
  1.5150000e+003 -2.1789000e+001
  1.5160000e+003 -2.1790333e+001
  1.5170000e+003 -2.1909849e+001
  1.5180000e+003 -2.1910935e+001
  1.5190000e+003 -2.1912022e+001
  1.5200000e+003 -2.1913108e+001
  1.5210000e+003 -2.2033295e+001
  1.5220000e+003 -2.2034131e+001
  1.5230000e+003 -2.2034966e+001
  1.5240000e+003 -2.2035802e+001
  1.5250000e+003 -2.1089617e+001
  1.5260000e+003 -2.1092464e+001
  1.5270000e+003 -2.1095310e+001
  1.5280000e+003 -2.1098157e+001
  1.5290000e+003 -2.1742717e+001
  1.5300000e+003 -2.1744190e+001
  1.5310000e+003 -2.1745662e+001
  1.5320000e+003 -2.1747134e+001
  1.5330000e+003 -2.2119432e+001
  1.5340000e+003 -2.2120104e+001
  1.5350000e+003 -2.2120775e+001
  1.5360000e+003 -2.2121447e+001
  1.5370000e+003 -2.2247330e+001
  1.5380000e+003 -2.2247728e+001
  1.5390000e+003 -2.2248127e+001
  1.5400000e+003 -2.2248525e+001
  1.5410000e+003 -2.1689774e+001
  1.5420000e+003 -2.1691402e+001
  1.5430000e+003 -2.1693029e+001
  1.5440000e+003 -2.1694657e+001
  1.5450000e+003 -2.2375636e+001
  1.5460000e+003 -2.2375757e+001
  1.5470000e+003 -2.2375879e+001
  1.5480000e+003 -2.2376000e+001
  1.5490000e+003 -2.2193563e+001
  1.5500000e+003 -2.2194092e+001
  1.5510000e+003 -2.2194622e+001
  1.5520000e+003 -2.2195151e+001
  1.5530000e+003 -2.2219506e+001
  1.5540000e+003 -2.2219982e+001
  1.5550000e+003 -2.2220457e+001
  1.5560000e+003 -2.2220933e+001
  1.5570000e+003 -2.1850763e+001
  1.5580000e+003 -2.1852083e+001
  1.5590000e+003 -2.1853403e+001
  1.5600000e+003 -2.1854723e+001
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  1.5610000e+003 -2.2021104e+001
  1.5620000e+003 -2.2022044e+001
  1.5630000e+003 -2.2022985e+001
  1.5640000e+003 -2.2023926e+001
  1.5650000e+003 -2.1828590e+001
  1.5660000e+003 -2.1829986e+001
  1.5670000e+003 -2.1831382e+001
  1.5680000e+003 -2.1832778e+001
  1.5690000e+003 -2.1823230e+001
  1.5700000e+003 -2.1824651e+001
  1.5710000e+003 -2.1826073e+001
  1.5720000e+003 -2.1827495e+001
  1.5730000e+003 -2.2356682e+001
  1.5740000e+003 -2.2356856e+001
  1.5750000e+003 -2.2357030e+001
  1.5760000e+003 -2.2357204e+001
  1.5770000e+003 -2.2286644e+001
  1.5780000e+003 -2.2286987e+001
  1.5790000e+003 -2.2287329e+001
  1.5800000e+003 -2.2287672e+001
  1.5810000e+003 -2.2210044e+001
  1.5820000e+003 -2.2210574e+001
  1.5830000e+003 -2.2211105e+001
  1.5840000e+003 -2.2211636e+001
  1.5850000e+003 -2.2491229e+001
  1.5860000e+003 -2.2491080e+001
  1.5870000e+003 -2.2490932e+001
  1.5880000e+003 -2.2490784e+001
  1.5890000e+003 -2.1849316e+001
  1.5900000e+003 -2.1850744e+001
  1.5910000e+003 -2.1852171e+001
  1.5920000e+003 -2.1853599e+001
  1.5930000e+003 -2.2476111e+001
  1.5940000e+003 -2.2475998e+001
  1.5950000e+003 -2.2475884e+001
  1.5960000e+003 -2.2475770e+001
  1.5970000e+003 -2.2357041e+001
  1.5980000e+003 -2.2357224e+001
  1.5990000e+003 -2.2357408e+001
  1.6000000e+003 -2.2357591e+001
  1.6010000e+003 -2.1962657e+001
  1.6020000e+003 -2.1963841e+001
  1.6030000e+003 -2.1965025e+001
  1.6040000e+003 -2.1966208e+001
  1.6050000e+003 -2.2073000e+001
  1.6060000e+003 -2.2073914e+001
  1.6070000e+003 -2.2074827e+001
  1.6080000e+003 -2.2075741e+001
  1.6090000e+003 -2.1481926e+001
  1.6100000e+003 -2.1484376e+001
  1.6110000e+003 -2.1486827e+001
  1.6120000e+003 -2.1489277e+001
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  1.6130000e+003 -2.1451755e+001
  1.6140000e+003 -2.1454310e+001
  1.6150000e+003 -2.1456865e+001
  1.6160000e+003 -2.1459420e+001
  1.6170000e+003 -2.1545287e+001
  1.6180000e+003 -2.1547622e+001
  1.6190000e+003 -2.1549957e+001
  1.6200000e+003 -2.1552292e+001
  1.6210000e+003 -2.1727766e+001
  1.6220000e+003 -2.1729640e+001
  1.6230000e+003 -2.1731513e+001
  1.6240000e+003 -2.1733387e+001
  1.6250000e+003 -2.1839750e+001
  1.6260000e+003 -2.1841341e+001
  1.6270000e+003 -2.1842933e+001
  1.6280000e+003 -2.1844525e+001
  1.6290000e+003 -2.1834612e+001
  1.6300000e+003 -2.1836235e+001
  1.6310000e+003 -2.1837858e+001
  1.6320000e+003 -2.1839481e+001
  1.6330000e+003 -2.2036013e+001
  1.6340000e+003 -2.2037099e+001
  1.6350000e+003 -2.2038185e+001
  1.6360000e+003 -2.2039272e+001
  1.6370000e+003 -2.2141979e+001
  1.6380000e+003 -2.2142782e+001
  1.6390000e+003 -2.2143585e+001
  1.6400000e+003 -2.2144388e+001
  1.6410000e+003 -2.2206180e+001
  1.6420000e+003 -2.2206812e+001
  1.6430000e+003 -2.2207443e+001
  1.6440000e+003 -2.2208074e+001
  1.6450000e+003 -2.2137802e+001
  1.6460000e+003 -2.2138636e+001
  1.6470000e+003 -2.2139469e+001
  1.6480000e+003 -2.2140302e+001
  1.6490000e+003 -2.1546387e+001
  1.6500000e+003 -2.1548935e+001
  1.6510000e+003 -2.1551482e+001
  1.6520000e+003 -2.1554029e+001
  1.6530000e+003 -2.1615101e+001
  1.6540000e+003 -2.1617477e+001
  1.6550000e+003 -2.1619854e+001
  1.6560000e+003 -2.1622231e+001
  1.6570000e+003 -2.1341025e+001
  1.6580000e+003 -2.1344238e+001
  1.6590000e+003 -2.1347451e+001
  1.6600000e+003 -2.1350665e+001
  1.6610000e+003 -2.2383192e+001
  1.6620000e+003 -2.2383332e+001
  1.6630000e+003 -2.2383473e+001
  1.6640000e+003 -2.2383613e+001
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  1.6650000e+003 -2.1963382e+001
  1.6660000e+003 -2.1964792e+001
  1.6670000e+003 -2.1966203e+001
  1.6680000e+003 -2.1967613e+001
  1.6690000e+003 -2.1880310e+001
  1.6700000e+003 -2.1881992e+001
  1.6710000e+003 -2.1883674e+001
  1.6720000e+003 -2.1885356e+001
  1.6730000e+003 -2.2107440e+001
  1.6740000e+003 -2.2108439e+001
  1.6750000e+003 -2.2109439e+001
  1.6760000e+003 -2.2110438e+001
  1.6770000e+003 -2.1777441e+001
  1.6780000e+003 -2.1779487e+001
  1.6790000e+003 -2.1781534e+001
  1.6800000e+003 -2.1783580e+001
  1.6810000e+003 -2.1642728e+001
  1.6820000e+003 -2.1645228e+001
  1.6830000e+003 -2.1647729e+001
  1.6840000e+003 -2.1650229e+001
  1.6850000e+003 -2.1816049e+001
  1.6860000e+003 -2.1818024e+001
  1.6870000e+003 -2.1819999e+001
  1.6880000e+003 -2.1821974e+001
  1.6890000e+003 -2.2195898e+001
  1.6900000e+003 -2.2196662e+001
  1.6910000e+003 -2.2197425e+001
  1.6920000e+003 -2.2198189e+001
  1.6930000e+003 -2.2351412e+001
  1.6940000e+003 -2.2351673e+001
  1.6950000e+003 -2.2351933e+001
  1.6960000e+003 -2.2352193e+001
  1.6970000e+003 -2.2445707e+001
  1.6980000e+003 -2.2445656e+001
  1.6990000e+003 -2.2445604e+001
  1.7000000e+003 -2.2445553e+001
  1.7010000e+003 -2.2985953e+001
  1.7020000e+003 -2.2984070e+001
  1.7030000e+003 -2.2982186e+001
  1.7040000e+003 -2.2980303e+001
  1.7050000e+003 -2.2268684e+001
  1.7060000e+003 -2.2269240e+001
  1.7070000e+003 -2.2269795e+001
  1.7080000e+003 -2.2270350e+001
  1.7090000e+003 -2.1385986e+001
  1.7100000e+003 -2.1389624e+001
  1.7110000e+003 -2.1393263e+001
  1.7120000e+003 -2.1396902e+001
  1.7130000e+003 -2.1601356e+001
  1.7140000e+003 -2.1604285e+001
  1.7150000e+003 -2.1607214e+001
  1.7160000e+003 -2.1610143e+001
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  1.7170000e+003 -2.1446390e+001
  1.7180000e+003 -2.1449916e+001
  1.7190000e+003 -2.1453443e+001
  1.7200000e+003 -2.1456969e+001
  1.7210000e+003 -2.1350053e+001
  1.7220000e+003 -2.1353981e+001
  1.7230000e+003 -2.1357909e+001
  1.7240000e+003 -2.1361837e+001
  1.7250000e+003 -2.1708041e+001
  1.7260000e+003 -2.1710706e+001
  1.7270000e+003 -2.1713371e+001
  1.7280000e+003 -2.1716036e+001
  1.7290000e+003 -2.2128414e+001
  1.7300000e+003 -2.2129544e+001
  1.7310000e+003 -2.2130675e+001
  1.7320000e+003 -2.2131805e+001
  1.7330000e+003 -2.2030075e+001
  1.7340000e+003 -2.2031596e+001
  1.7350000e+003 -2.2033118e+001
  1.7360000e+003 -2.2034640e+001
  1.7370000e+003 -2.2174529e+001
  1.7380000e+003 -2.2175517e+001
  1.7390000e+003 -2.2176504e+001
  1.7400000e+003 -2.2177492e+001
  1.7410000e+003 -2.2257390e+001
  1.7420000e+003 -2.2258068e+001
  1.7430000e+003 -2.2258746e+001
  1.7440000e+003 -2.2259424e+001
  1.7450000e+003 -2.2266020e+001
  1.7460000e+003 -2.2266675e+001
  1.7470000e+003 -2.2267329e+001
  1.7480000e+003 -2.2267984e+001
  1.7490000e+003 -2.2012735e+001
  1.7500000e+003 -2.2014426e+001
  1.7510000e+003 -2.2016116e+001
  1.7520000e+003 -2.2017807e+001
  1.7530000e+003 -2.1715411e+001
  1.7540000e+003 -2.1718353e+001
  1.7550000e+003 -2.1721295e+001
  1.7560000e+003 -2.1724236e+001
  1.7570000e+003 -2.2059877e+001
  1.7580000e+003 -2.2061427e+001
  1.7590000e+003 -2.2062976e+001
  1.7600000e+003 -2.2064526e+001
  1.7610000e+003 -2.2811561e+001
  1.7620000e+003 -2.2809938e+001
  1.7630000e+003 -2.2808316e+001
  1.7640000e+003 -2.2806693e+001
  1.7650000e+003 -2.2128937e+001
  1.7660000e+003 -2.2130241e+001
  1.7670000e+003 -2.2131546e+001
  1.7680000e+003 -2.2132850e+001
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  1.7690000e+003 -2.1665775e+001
  1.7700000e+003 -2.1669143e+001
  1.7710000e+003 -2.1672511e+001
  1.7720000e+003 -2.1675879e+001
  1.7730000e+003 -2.1903335e+001
  1.7740000e+003 -2.1905698e+001
  1.7750000e+003 -2.1908061e+001
  1.7760000e+003 -2.1910424e+001
  1.7770000e+003 -2.1640869e+001
  1.7780000e+003 -2.1644473e+001
  1.7790000e+003 -2.1648078e+001
  1.7800000e+003 -2.1651683e+001
  1.7810000e+003 -2.2073908e+001
  1.7820000e+003 -2.2075565e+001
  1.7830000e+003 -2.2077223e+001
  1.7840000e+003 -2.2078880e+001
  1.7850000e+003 -2.2229572e+001
  1.7860000e+003 -2.2230523e+001
  1.7870000e+003 -2.2231475e+001
  1.7880000e+003 -2.2232426e+001
  1.7890000e+003 -2.2634542e+001
  1.7900000e+003 -2.2633555e+001
  1.7910000e+003 -2.2632569e+001
  1.7920000e+003 -2.2631582e+001
  1.7930000e+003 -2.2131165e+001
  1.7940000e+003 -2.2132639e+001
  1.7950000e+003 -2.2134112e+001
  1.7960000e+003 -2.2135586e+001
  1.7970000e+003 -2.2460578e+001
  1.7980000e+003 -2.2460426e+001
  1.7990000e+003 -2.2460273e+001
  1.8000000e+003 -2.2460121e+001
  1.8010000e+003 -2.2409129e+001
  1.8020000e+003 -2.2409238e+001
  1.8030000e+003 -2.2409346e+001
  1.8040000e+003 -2.2409455e+001
  1.8050000e+003 -2.2786166e+001
  1.8060000e+003 -2.2784302e+001
  1.8070000e+003 -2.2782439e+001
  1.8080000e+003 -2.2780576e+001
  1.8090000e+003 -2.2848707e+001
  1.8100000e+003 -2.2846470e+001
  1.8110000e+003 -2.2844232e+001
  1.8120000e+003 -2.2841995e+001
  1.8130000e+003 -2.2076408e+001
  1.8140000e+003 -2.2078341e+001
  1.8150000e+003 -2.2080275e+001
  1.8160000e+003 -2.2082209e+001
  1.8170000e+003 -2.2640839e+001
  1.8180000e+003 -2.2639662e+001
  1.8190000e+003 -2.2638486e+001
  1.8200000e+003 -2.2637310e+001
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  1.8210000e+003 -2.2674568e+001
  1.8220000e+003 -2.2673172e+001
  1.8230000e+003 -2.2671776e+001
  1.8240000e+003 -2.2670380e+001
  1.8250000e+003 -2.2285911e+001
  1.8260000e+003 -2.2286756e+001
  1.8270000e+003 -2.2287600e+001
  1.8280000e+003 -2.2288444e+001
  1.8290000e+003 -2.1855441e+001
  1.8300000e+003 -2.1858883e+001
  1.8310000e+003 -2.1862326e+001
  1.8320000e+003 -2.1865768e+001
  1.8330000e+003 -2.1774307e+001
  1.8340000e+003 -2.1778332e+001
  1.8350000e+003 -2.1782356e+001
  1.8360000e+003 -2.1786381e+001
  1.8370000e+003 -2.2624339e+001
  1.8380000e+003 -2.2623118e+001
  1.8390000e+003 -2.2621898e+001
  1.8400000e+003 -2.2620677e+001
  1.8410000e+003 -2.2999623e+001
  1.8420000e+003 -2.2995950e+001
  1.8430000e+003 -2.2992277e+001
  1.8440000e+003 -2.2988603e+001
  1.8450000e+003 -2.1941913e+001
  1.8460000e+003 -2.1945147e+001
  1.8470000e+003 -2.1948382e+001
  1.8480000e+003 -2.1951616e+001
  1.8490000e+003 -2.1601436e+001
  1.8500000e+003 -2.1607075e+001
  1.8510000e+003 -2.1612713e+001
  1.8520000e+003 -2.1618352e+001
  1.8530000e+003 -2.1928827e+001
  1.8540000e+003 -2.1932333e+001
  1.8550000e+003 -2.1935840e+001
  1.8560000e+003 -2.1939347e+001
  1.8570000e+003 -2.2175117e+001
  1.8580000e+003 -2.2176952e+001
  1.8590000e+003 -2.2178788e+001
  1.8600000e+003 -2.2180624e+001
  1.8610000e+003 -2.1910241e+001
  1.8620000e+003 -2.1914093e+001
  1.8630000e+003 -2.1917946e+001
  1.8640000e+003 -2.1921798e+001
  1.8650000e+003 -2.2520811e+001
  1.8660000e+003 -2.2520120e+001
  1.8670000e+003 -2.2519429e+001
  1.8680000e+003 -2.2518738e+001
  1.8690000e+003 -2.2115916e+001
  1.8700000e+003 -2.2118392e+001
  1.8710000e+003 -2.2120867e+001
  1.8720000e+003 -2.2123342e+001
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  1.8730000e+003 -2.2690907e+001
  1.8740000e+003 -2.2688788e+001
  1.8750000e+003 -2.2686669e+001
  1.8760000e+003 -2.2684550e+001
  1.8770000e+003 -2.2844479e+001
  1.8780000e+003 -2.2840999e+001
  1.8790000e+003 -2.2837518e+001
  1.8800000e+003 -2.2834037e+001
  1.8810000e+003 -2.2460806e+001
  1.8820000e+003 -2.2460540e+001
  1.8830000e+003 -2.2460275e+001
  1.8840000e+003 -2.2460009e+001
  1.8850000e+003 -2.2433950e+001
  1.8860000e+003 -2.2433917e+001
  1.8870000e+003 -2.2433884e+001
  1.8880000e+003 -2.2433851e+001
  1.8890000e+003 -2.2662922e+001
  1.8900000e+003 -2.2660748e+001
  1.8910000e+003 -2.2658573e+001
  1.8920000e+003 -2.2656399e+001
  1.8930000e+003 -2.2395520e+001
  1.8940000e+003 -2.2395857e+001
  1.8950000e+003 -2.2396195e+001
  1.8960000e+003 -2.2396532e+001
  1.8970000e+003 -2.2452149e+001
  1.8980000e+003 -2.2451928e+001
  1.8990000e+003 -2.2451707e+001
  1.9000000e+003 -2.2451487e+001
  1.9010000e+003 -2.2041339e+001
  1.9020000e+003 -2.2045433e+001
  1.9030000e+003 -2.2049527e+001
  1.9040000e+003 -2.2053622e+001
  1.9050000e+003 -2.2456430e+001
  1.9060000e+003 -2.2456142e+001
  1.9070000e+003 -2.2455855e+001
  1.9080000e+003 -2.2455568e+001
  1.9090000e+003 -2.2141757e+001
  1.9100000e+003 -2.2145074e+001
  1.9110000e+003 -2.2148390e+001
  1.9120000e+003 -2.2151707e+001
  1.9130000e+003 -2.2314251e+001
  1.9140000e+003 -2.2315649e+001
  1.9150000e+003 -2.2317047e+001
  1.9160000e+003 -2.2318445e+001
  1.9170000e+003 -2.2136399e+001
  1.9180000e+003 -2.2140119e+001
  1.9190000e+003 -2.2143839e+001
  1.9200000e+003 -2.2147559e+001
  1.9210000e+003 -2.2367886e+001
  1.9220000e+003 -2.2368718e+001
  1.9230000e+003 -2.2369550e+001
  1.9240000e+003 -2.2370382e+001
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  1.9250000e+003 -2.2529906e+001
  1.9260000e+003 -2.2528503e+001
  1.9270000e+003 -2.2527100e+001
  1.9280000e+003 -2.2525696e+001
  1.9290000e+003 -2.2261187e+001
  1.9300000e+003 -2.2263711e+001
  1.9310000e+003 -2.2266235e+001
  1.9320000e+003 -2.2268758e+001
  1.9330000e+003 -2.2089309e+001
  1.9340000e+003 -2.2094722e+001
  1.9350000e+003 -2.2100134e+001
  1.9360000e+003 -2.2105546e+001
  1.9370000e+003 -2.2705604e+001
  1.9380000e+003 -2.2700937e+001
  1.9390000e+003 -2.2696271e+001
  1.9400000e+003 -2.2691604e+001
  1.9410000e+003 -2.2368970e+001
  1.9420000e+003 -2.2370085e+001
  1.9430000e+003 -2.2371199e+001
  1.9440000e+003 -2.2372314e+001
  1.9450000e+003 -2.2503317e+001
  1.9460000e+003 -2.2501885e+001
  1.9470000e+003 -2.2500453e+001
  1.9480000e+003 -2.2499021e+001
  1.9490000e+003 -2.2299060e+001
  1.9500000e+003 -2.2301852e+001
  1.9510000e+003 -2.2304644e+001
  1.9520000e+003 -2.2307436e+001
  1.9530000e+003 -2.2115602e+001
  1.9540000e+003 -2.2122920e+001
  1.9550000e+003 -2.2130239e+001
  1.9560000e+003 -2.2137557e+001
  1.9570000e+003 -2.2229186e+001
  1.9580000e+003 -2.2234343e+001
  1.9590000e+003 -2.2239499e+001
  1.9600000e+003 -2.2244655e+001
  1.9610000e+003 -2.2698591e+001
  1.9620000e+003 -2.2690925e+001
  1.9630000e+003 -2.2683259e+001
  1.9640000e+003 -2.2675593e+001
  1.9650000e+003 -2.2369185e+001
  1.9660000e+003 -2.2371156e+001
  1.9670000e+003 -2.2373127e+001
  1.9680000e+003 -2.2375098e+001
  1.9690000e+003 -2.2781704e+001
  1.9700000e+003 -2.2768689e+001
  1.9710000e+003 -2.2755673e+001
  1.9720000e+003 -2.2742658e+001
  1.9730000e+003 -2.2337853e+001
  1.9740000e+003 -2.2341872e+001
  1.9750000e+003 -2.2345890e+001
  1.9760000e+003 -2.2349909e+001
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  1.9770000e+003 -2.1893406e+001
  1.9780000e+003 -2.1921663e+001
  1.9790000e+003 -2.1949919e+001
  1.9800000e+003 -2.1978176e+001
  1.9810000e+003 -2.2211347e+001
  1.9820000e+003 -2.2225943e+001
  1.9830000e+003 -2.2240538e+001
  1.9840000e+003 -2.2255134e+001
  1.9850000e+003 -2.2052479e+001
  1.9860000e+003 -2.2086825e+001
  1.9870000e+003 -2.2121171e+001
  1.9880000e+003 -2.2155517e+001
  1.9890000e+003 -2.2341716e+001
  1.9900000e+003 -2.2354368e+001
  1.9910000e+003 -2.2367021e+001
  1.9920000e+003 -2.2379674e+001
  1.9930000e+003 -2.2501146e+001
  1.9940000e+003 -2.2477525e+001
  1.9950000e+003 -2.2453905e+001
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  20. -31.899435
  21. -31.8976154
  22. -31.8957977
  23. -31.89398
  24. -31.8921623
  25. -31.8903427
  26. -31.888525
  27. -31.8867073
  28. -31.8848896
  29. -31.88307
  30. -31.8812523
  31. -31.8794346
  32. -31.8776169
  33. -31.8757973
  34. -31.8739796
  35. -31.8721619
  36. -31.8703442
  37. -31.8685246
  38. -31.8667068
  39. -31.8648891
  40. -31.8631287
  41. -31.8616371
  42. -31.8601456
  43. -31.858654
  44. -31.8571625
  45. -31.8556709
  46. -31.8541794
  47. -31.8526878
  48. -31.8511963
  49. -31.8497047
  50. -31.8482132
  51. -31.8467197
  52. -31.8452282
  53. -31.8437366
  54. -31.8422451
  55. -31.8407536
  56. -31.839262
  57. -31.8377705
  58. -31.8362789
  59. -31.8347874
  60. -31.8332882
  61. -31.8317738
  62. -31.8302593
  63. -31.8287449
  64. -31.8272305
  65. -31.825716
  66. -31.8241997
  67. -31.8226852
  68. -31.8211708
  69. -31.8196564
  70. -31.8181419
  71. -31.8166275
  72. -31.8151112
  73. -31.8135967
  74. -31.8120823
  75. -31.8105679
  76. -31.8090534
  77. -31.8075371
  78. -31.8060226
  79. -31.8045082
  80. -31.8029938
  81. -31.8014793
  82. -31.7996674
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  83. -31.797617
  84. -31.7955647
  85. -31.7935143
  86. -31.7914639
  87. -31.7894115
  88. -31.7873611
  89. -31.7853088
  90. -31.7832584
  91. -31.7812061
  92. -31.7791557
  93. -31.7771034
  94. -31.775053
  95. -31.7730026
  96. -31.7709675
  97. -31.7691498
  98. -31.7673321
  99. -31.7655144
  100. -31.7636967
  101. -31.761879
  102. -31.7600613
  103. -31.7582436
  104. -31.7564259
  105. -31.7546082
  106. -31.7527905
  107. -31.7509727
  108. -31.749155
  109. -31.7473373
  110. -31.7455196
  111. -31.7437019
  112. -31.7418842
  113. -31.7400665
  114. -31.7382488
  115. -31.7364311
  116. -31.7346134
  117. -31.7327957
  118. -31.730978
  119. -31.7291603
  120. -31.7273426
  121. -31.7255249
  122. -31.7237072
  123. -31.7218895
  124. -31.7200718
  125. -31.7182541
  126. -31.7164364
  127. -31.7146187
  128. -31.712801
  129. -31.7109833
  130. -31.7091656
  131. -31.7073479
  132. -31.7055302
  133. -31.7039967
  134. -31.7025051
  135. -31.7010136
  136. -31.699522
  137. -31.6980305
  138. -31.6965389
  139. -31.6950474
  140. -31.6935539
  141. -31.6920624
  142. -31.6905708
  143. -31.6890793
  144. -31.6875877
  145. -31.6860962
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  146. -31.6846046
  147. -31.6831131
  148. -31.6816216
  149. -31.6801281
  150. -31.6786366
  151. -31.677145
  152. -31.6756535
  153. -31.6725941
  154. -31.6694775
  155. -31.6663589
  156. -31.6632423
  157. -31.6601238
  158. -31.6570072
  159. -31.6538887
  160. -31.6507721
  161. -31.6476536
  162. -31.644537
  163. -31.6414185
  164. -31.6383018
  165. -31.6353874
  166. -31.6329632
  167. -31.630537
  168. -31.6281128
  169. -31.6256886
  170. -31.6232624
  171. -31.6208382
  172. -31.618412
  173. -31.6159878
  174. -31.6135635
  175. -31.6111374
  176. -31.6087132
  177. -31.606287
  178. -31.6038628
  179. -31.6014366
  180. -31.5990124
  181. -31.5965862
  182. -31.5938511
  183. -31.591116
  184. -31.5883808
  185. -31.5856457
  186. -31.5829124
  187. -31.5801773
  188. -31.5774422
  189. -31.574707
  190. -31.5719719
  191. -31.5692368
  192. -31.5665035
  193. -31.5637684
  194. -31.5610332
  195. -31.5582981
  196. -31.5555668
  197. -31.5528393
  198. -31.5501118
  199. -31.5473843
  200. -31.5446548
  201. -31.5419273
  202. -31.5391998
  203. -31.5364723
  204. -31.5337448
  205. -31.5310173
  206. -31.5282879
  207. -31.5255604
  208. -31.5228329
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  209. -31.5201054
  210. -31.5173569
  211. -31.5141735
  212. -31.5109882
  213. -31.5078049
  214. -31.5046215
  215. -31.5014362
  216. -31.4982529
  217. -31.4950695
  218. -31.4918842
  219. -31.4887009
  220. -31.4855175
  221. -31.4823322
  222. -31.4791489
  223. -31.4759655
  224. -31.4727802
  225. -31.4699116
  226. -31.4672852
  227. -31.4646568
  228. -31.4620304
  229. -31.4594021
  230. -31.4567757
  231. -31.4541492
  232. -31.4515209
  233. -31.4488945
  234. -31.4462662
  235. -31.4436398
  236. -31.4410114
  237. -31.438385
  238. -31.4357567
  239. -31.4331303
  240. -31.4305019
  241. -31.427784
  242. -31.4248295
  243. -31.4218731
  244. -31.4189167
  245. -31.4159603
  246. -31.4130058
  247. -31.4100494
  248. -31.407093
  249. -31.4041367
  250. -31.4011822
  251. -31.3982258
  252. -31.3952694
  253. -31.3923149
  254. -31.3893585
  255. -31.3864021
  256. -31.3838634
  257. -31.3814335
  258. -31.3790016
  259. -31.3765717
  260. -31.3741398
  261. -31.3717098
  262. -31.369278
  263. -31.366848
  264. -31.3644161
  265. -31.3619862
  266. -31.3595543
  267. -31.3571243
  268. -31.3546925
  269. -31.3522606
  270. -31.3498306
  271. -31.3473988
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  272. -31.3452797
  273. -31.3434601
  274. -31.3416424
  275. -31.3398247
  276. -31.338007
  277. -31.3361874
  278. -31.3343697
  279. -31.332552
  280. -31.3307323
  281. -31.3289146
  282. -31.3270969
  283. -31.3252792
  284. -31.3234596
  285. -31.3216419
  286. -31.3198242
  287. -31.3180046
  288. -31.3161869
  289. -31.3143692
  290. -31.3125496
  291. -31.3107319
  292. -31.3094158
  293. -31.3084393
  294. -31.3074608
  295. -31.3064842
  296. -31.3055058
  297. -31.3045292
  298. -31.3035507
  299. -31.3025742
  300. -31.3015957
  301. -31.3006191
  302. -31.2996407
  303. -31.2986641
  304. -31.2976856
  305. -31.2967091
  306. -31.2957306
  307. -31.294754
  308. -31.2937756
  309. -31.292799
  310. -31.2918224
  311. -31.290844
  312. -31.2898674
  313. -31.2888889
  314. -31.2879124
  315. -31.2869072
  316. -31.2855396
  317. -31.2841721
  318. -31.2828045
  319. -31.2814369
  320. -31.2800713
  321. -31.2787037
  322. -31.2773361
  323. -31.2759686
  324. -31.274601
  325. -31.2732334
  326. -31.2718658
  327. -31.2704983
  328. -31.2691307
  329. -31.2677631
  330. -31.2663956
  331. -31.265028
  332. -31.2636604
  333. -31.2622929
  334. -31.2609253
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  335. -31.2595577
  336. -31.2581902
  337. -31.2569103
  338. -31.2557926
  339. -31.2546749
  340. -31.2535572
  341. -31.2524395
  342. -31.2513218
  343. -31.2502041
  344. -31.2490864
  345. -31.2479687
  346. -31.246851
  347. -31.2457333
  348. -31.2446156
  349. -31.2434978
  350. -31.2423801
  351. -31.2412624
  352. -31.2401447
  353. -31.239027
  354. -31.2379093
  355. -31.2367916
  356. -31.2356739
  357. -31.2345562
  358. -31.2334385
  359. -31.2323208
  360. -31.2312031
  361. -31.2299671
  362. -31.2287045
  363. -31.2274418
  364. -31.226181
  365. -31.2249184
  366. -31.2236557
  367. -31.222393
  368. -31.2211304
  369. -31.2198677
  370. -31.2186069
  371. -31.2173443
  372. -31.2160816
  373. -31.214819
  374. -31.2135563
  375. -31.2122936
  376. -31.2110329
  377. -31.2097702
  378. -31.2085075
  379. -31.2072449
  380. -31.2059822
  381. -31.2047215
  382. -31.2034588
  383. -31.2021961
  384. -31.2010536
  385. -31.2002068
  386. -31.1993599
  387. -31.198513
  388. -31.1976662
  389. -31.1968193
  390. -31.1959705
  391. -31.1951237
  392. -31.1942768
  393. -31.1934299
  394. -31.1925831
  395. -31.1917362
  396. -31.1908894
  397. -31.1900425
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  398. -31.1891937
  399. -31.1883469
  400. -31.1875
  401. -31.1866531
  402. -31.1858063
  403. -31.1849594
  404. -31.1841125
  405. -31.1832657
  406. -31.1824169
  407. -31.1815701
  408. -31.1807232
  409. -31.1798763
  410. -31.1790295
  411. -31.1781731
  412. -31.1772614
  413. -31.1763496
  414. -31.1754379
  415. -31.1745262
  416. -31.1736145
  417. -31.1727028
  418. -31.1717911
  419. -31.1708794
  420. -31.1699677
  421. -31.1690559
  422. -31.1681442
  423. -31.1672325
  424. -31.1663208
  425. -31.1654091
  426. -31.1644974
  427. -31.1635857
  428. -31.162674
  429. -31.1617622
  430. -31.1608505
  431. -31.1599388
  432. -31.1590271
  433. -31.1581154
  434. -31.1572037
  435. -31.156292
  436. -31.1553802
  437. -31.1543255
  438. -31.1532364
  439. -31.1521454
  440. -31.1510544
  441. -31.1499653
  442. -31.1488743
  443. -31.1477852
  444. -31.1466942
  445. -31.1456032
  446. -31.1445141
  447. -31.1434231
  448. -31.142334
  449. -31.141243
  450. -31.1401539
  451. -31.1390629
  452. -31.1379719
  453. -31.1368828
  454. -31.1357918
  455. -31.1347027
  456. -31.1336117
  457. -31.1325207
  458. -31.1314316
  459. -31.1303406
  460. -31.1292515
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  461. -31.1281605
  462. -31.1270695
  463. -31.1259804
  464. -31.1250057
  465. -31.124094
  466. -31.1231823
  467. -31.1222725
  468. -31.1213608
  469. -31.1204491
  470. -31.1195374
  471. -31.1186256
  472. -31.1177139
  473. -31.1168022
  474. -31.1158905
  475. -31.1149788
  476. -31.1140671
  477. -31.1131554
  478. -31.1122437
  479. -31.1113319
  480. -31.1104202
  481. -31.1095085
  482. -31.1085968
  483. -31.107687
  484. -31.1067753
  485. -31.1058636
  486. -31.1049519
  487. -31.1040401
  488. -31.1031284
  489. -31.102169
  490. -31.1011047
  491. -31.1000423
  492. -31.098978
  493. -31.0979137
  494. -31.0968513
  495. -31.095787
  496. -31.0947227
  497. -31.0936604
  498. -31.0925961
  499. -31.0915318
  500. -31.0904694
  501. -31.0894051
  502. -31.0883408
  503. -31.0872784
  504. -31.0862141
  505. -31.0851498
  506. -31.0840874
  507. -31.0830231
  508. -31.0819588
  509. -31.0808964
  510. -31.0798321
  511. -31.0784416
  512. -31.076828
  513. -31.0752125
  514. -31.0735989
  515. -31.0719833
  516. -31.0703697
  517. -31.0687561
  518. -31.0671406
  519. -31.065527
  520. -31.0639114
  521. -31.0622978
  522. -31.0606842
  523. -31.0590687
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  524. -31.0574551
  525. -31.0558395
  526. -31.0542259
  527. -31.0526009
  528. -31.0509472
  529. -31.0492954
  530. -31.0476418
  531. -31.04599
  532. -31.0443382
  533. -31.0426846
  534. -31.0410328
  535. -31.0393791
  536. -31.0377274
  537. -31.0360756
  538. -31.0344219
  539. -31.0327702
  540. -31.0311165
  541. -31.0294647
  542. -31.027813
  543. -31.0261593
  544. -31.0245075
  545. -31.0228539
  546. -31.0212021
  547. -31.0193386
  548. -31.0171509
  549. -31.0149632
  550. -31.0127754
  551. -31.0105877
  552. -31.0084
  553. -31.0062122
  554. -31.0040245
  555. -31.0018349
  556. -30.9996471
  557. -30.9974594
  558. -30.9952717
  559. -30.993084
  560. -30.9908962
  561. -30.9887085
  562. -30.9865208
  563. -30.984333
  564. -30.9821453
  565. -30.9801998
  566. -30.9788361
  567. -30.9774742
  568. -30.9761105
  569. -30.9747486
  570. -30.9733849
  571. -30.972023
  572. -30.9706593
  573. -30.9692974
  574. -30.9679337
  575. -30.9665718
  576. -30.9652081
  577. -30.9638443
  578. -30.9624825
  579. -30.9611187
  580. -30.9597569
  581. -30.9583931
  582. -30.9570312
  583. -30.9556675
  584. -30.9543056
  585. -30.9529419
  586. -30.95158
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  587. -30.9500427
  588. -30.9483757
  589. -30.9467087
  590. -30.9450417
  591. -30.9433746
  592. -30.9417095
  593. -30.9400425
  594. -30.9383755
  595. -30.9367085
  596. -30.9350414
  597. -30.9333763
  598. -30.9317093
  599. -30.9300423
  600. -30.9283752
  601. -30.9267082
  602. -30.9250431
  603. -30.9233761
  604. -30.9217091
  605. -30.920042
  606. -30.918375
  607. -30.9167099
  608. -30.9150429
  609. -30.9135017
  610. -30.9119816
  611. -30.9104633
  612. -30.9089432
  613. -30.907423
  614. -30.9059048
  615. -30.9043846
  616. -30.9028645
  617. -30.9013462
  618. -30.899826
  619. -30.8983078
  620. -30.8967876
  621. -30.8952675
  622. -30.8937492
  623. -30.8922291
  624. -30.8907089
  625. -30.8891907
  626. -30.8876705
  627. -30.8861523
  628. -30.8846321
  629. -30.883112
  630. -30.881525
  631. -30.8795052
  632. -30.8774853
  633. -30.8754654
  634. -30.8734474
  635. -30.8714275
  636. -30.8694077
  637. -30.8673878
  638. -30.8653679
  639. -30.863348
  640. -30.8613281
  641. -30.8593082
  642. -30.8572903
  643. -30.8552704
  644. -30.8532505
  645. -30.8512306
  646. -30.8492107
  647. -30.8474979
  648. -30.8458405
  649. -30.844183
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  650. -30.8425255
  651. -30.840868
  652. -30.8392105
  653. -30.837553
  654. -30.8358955
  655. -30.8342381
  656. -30.8325806
  657. -30.8309231
  658. -30.8292656
  659. -30.8276081
  660. -30.8259506
  661. -30.8242931
  662. -30.8226357
  663. -30.8209782
  664. -30.8193207
  665. -30.8176632
  666. -30.8160057
  667. -30.8145905
  668. -30.8131924
  669. -30.8117943
  670. -30.8103962
  671. -30.8089981
  672. -30.8076
  673. -30.8062019
  674. -30.8048038
  675. -30.8034058
  676. -30.8020077
  677. -30.8006077
  678. -30.7992096
  679. -30.7978115
  680. -30.7964134
  681. -30.7950153
  682. -30.7936172
  683. -30.7922192
  684. -30.7908211
  685. -30.789423
  686. -30.7880249
  687. -30.7866268
  688. -30.7852287
  689. -30.7838306
  690. -30.7824459
  691. -30.7810841
  692. -30.7797203
  693. -30.7783585
  694. -30.7769947
  695. -30.7756329
  696. -30.7742691
  697. -30.7729053
  698. -30.7715435
  699. -30.7701797
  700. -30.7688179
  701. -30.7674541
  702. -30.7660923
  703. -30.7647285
  704. -30.7633667
  705. -30.7620029
  706. -30.7606411
  707. -30.7592773
  708. -30.7579155
  709. -30.7565517
  710. -30.755188
  711. -30.7538261
  712. -30.7526836
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  713. -30.7516422
  714. -30.7506008
  715. -30.7495575
  716. -30.7485161
  717. -30.7474747
  718. -30.7464333
  719. -30.7453899
  720. -30.7443485
  721. -30.7433071
  722. -30.7422657
  723. -30.7412224
  724. -30.740181
  725. -30.7391396
  726. -30.7380981
  727. -30.7370548
  728. -30.7360134
  729. -30.734972
  730. -30.7339306
  731. -30.7328873
  732. -30.7318459
  733. -30.7308044
  734. -30.729763
  735. -30.7287197
  736. -30.7276783
  737. -30.7265244
  738. -30.7251625
  739. -30.7237988
  740. -30.7224369
  741. -30.7210732
  742. -30.7197113
  743. -30.7183475
  744. -30.7169857
  745. -30.7156219
  746. -30.7142601
  747. -30.7128963
  748. -30.7115326
  749. -30.7101707
  750. -30.708807
  751. -30.7074451
  752. -30.7060814
  753. -30.7047195
  754. -30.7033558
  755. -30.7019939
  756. -30.7006302
  757. -30.6992683
  758. -30.6979046
  759. -30.6969414
  760. -30.6962109
  761. -30.6954823
  762. -30.6947517
  763. -30.6940231
  764. -30.6932945
  765. -30.692564
  766. -30.6918354
  767. -30.6911068
  768. -30.6903763
  769. -30.6896477
  770. -30.6889191
  771. -30.6881886
  772. -30.6874599
  773. -30.6867313
  774. -30.6860008
  775. -30.6852722
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  776. -30.6845436
  777. -30.6838131
  778. -30.6830845
  779. -30.6823559
  780. -30.6816254
  781. -30.6808968
  782. -30.6801682
  783. -30.6794376
  784. -30.678709
  785. -30.6779804
  786. -30.6769772
  787. -30.6756802
  788. -30.6743813
  789. -30.6730824
  790. -30.6717834
  791. -30.6704865
  792. -30.6691875
  793. -30.6678886
  794. -30.6665897
  795. -30.6652927
  796. -30.6639938
  797. -30.6626949
  798. -30.661396
  799. -30.660099
  800. -30.6588001
  801. -30.6575012
  802. -30.6562023
  803. -30.6549053
  804. -30.6536064
  805. -30.6523075
  806. -30.6510086
  807. -30.6497116
  808. -30.6484127
  809. -30.6471138
  810. -30.6458149
  811. -30.6445637
  812. -30.6435909
  813. -30.6426182
  814. -30.6416454
  815. -30.6406727
  816. -30.6397018
  817. -30.6387291
  818. -30.6377563
  819. -30.6367836
  820. -30.6358109
  821. -30.6348381
  822. -30.6338673
  823. -30.6328945
  824. -30.6319218
  825. -30.630949
  826. -30.6299763
  827. -30.6290054
  828. -30.6280327
  829. -30.6270599
  830. -30.6260872
  831. -30.6251144
  832. -30.6241417
  833. -30.6231709
  834. -30.6221981
  835. -30.6212254
  836. -30.6202526
  837. -30.6192799
  838. -30.618309
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  839. -30.6168594
  840. -30.615406
  841. -30.6139526
  842. -30.6125011
  843. -30.6110477
  844. -30.6095943
  845. -30.6081409
  846. -30.6066875
  847. -30.6052341
  848. -30.6037827
  849. -30.6023293
  850. -30.6008759
  851. -30.5994225
  852. -30.5979691
  853. -30.5965176
  854. -30.5950642
  855. -30.5936108
  856. -30.5921574
  857. -30.5908623
  858. -30.5895863
  859. -30.5883083
  860. -30.5870323
  861. -30.5857563
  862. -30.5844803
  863. -30.5832043
  864. -30.5819283
  865. -30.5806522
  866. -30.5793743
  867. -30.5780983
  868. -30.5768223
  869. -30.5755463
  870. -30.5742702
  871. -30.5729942
  872. -30.5717163
  873. -30.5704403
  874. -30.5691643
  875. -30.5695553
  876. -30.570385
  877. -30.5712128
  878. -30.5720425
  879. -30.5728703
  880. -30.5737
  881. -30.5745277
  882. -30.5753574
  883. -30.5761852
  884. -30.5770149
  885. -30.5778427
  886. -30.5786724
  887. -30.5795002
  888. -30.5803299
  889. -30.5811577
  890. -30.5819874
  891. -30.5828152
  892. -30.5836449
  893. -30.5844727
  894. -30.5853024
  895. -30.5860863
  896. -30.5868626
  897. -30.5876408
  898. -30.5884171
  899. -30.5891953
  900. -30.5899734
  901. -30.5907497
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  902. -30.5915279
  903. -30.5923061
  904. -30.5930824
  905. -30.5938606
  906. -30.5946369
  907. -30.5954151
  908. -30.5961933
  909. -30.5969696
  910. -30.5977478
  911. -30.598526
  912. -30.5993023
  913. -30.6000805
  914. -30.6008587
  915. -30.601635
  916. -30.6024132
  917. -30.6031895
  918. -30.6039677
  919. -30.6047459
  920. -30.6055336
  921. -30.6063309
  922. -30.6071301
  923. -30.6079273
  924. -30.6087246
  925. -30.6095219
  926. -30.6103191
  927. -30.6111183
  928. -30.6119156
  929. -30.6127129
  930. -30.6135101
  931. -30.6143074
  932. -30.6151066
  933. -30.6159039
  934. -30.6167011
  935. -30.6174984
  936. -30.6182957
  937. -30.6190948
  938. -30.6198921
  939. -30.6206894
  940. -30.6214867
  941. -30.6222858
  942. -30.6230831
  943. -30.6238804
  944. -30.6246777
  945. -30.6254749
  946. -30.6262741
  947. -30.6270714
  948. -30.6278687
  949. -30.6289082
  950. -30.6301193
  951. -30.6313286
  952. -30.6325397
  953. -30.6337509
  954. -30.6349621
  955. -30.6361732
  956. -30.6373825
  957. -30.6385937
  958. -30.6398048
  959. -30.641016
  960. -30.6422272
  961. -30.6434364
  962. -30.6446476
  963. -30.6458588
  964. -30.6470699
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  965. -30.6482811
  966. -30.6494904
  967. -30.6507015
  968. -30.6519127
  969. -30.6531239
  970. -30.654335
  971. -30.6562176
  972. -30.6582069
  973. -30.6601963
  974. -30.6621857
  975. -30.6641731
  976. -30.6661625
  977. -30.6681519
  978. -30.6701412
  979. -30.6721306
  980. -30.6741199
  981. -30.6761074
  982. -30.6780968
  983. -30.6800861
  984. -30.6820755
  985. -30.6840649
  986. -30.6860542
  987. -30.6880436
  988. -30.6900311
  989. -30.6920204
  990. -30.6940098
  991. -30.6958351
  992. -30.6976547
  993. -30.6994724
  994. -30.7012901
  995. -30.7031078
  996. -30.7049274
  997. -30.7067451
  998. -30.7085629
  999. -30.7103806
  1000. -30.7122002
  1001. -30.7140179
  1002. -30.7158356
  1003. -30.7176533
  1004. -30.7194729
  1005. -30.7212906
  1006. -30.7231083
  1007. -30.724926
  1008. -30.7267456
  1009. -30.7289104
  1010. -30.7311325
  1011. -30.7333546
  1012. -30.7355766
  1013. -30.7378006
  1014. -30.7400227
  1015. -30.7422447
  1016. -30.7444668
  1017. -30.7466888
  1018. -30.7489109
  1019. -30.751133
  1020. -30.753355
  1021. -30.755579
  1022. -30.7578011
  1023. -30.7600231
  1024. -30.7622452
  1025. -30.7644482
  1026. -30.7666359
  1027. -30.7688236
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  1028. -30.7710114
  1029. -30.7731991
  1030. -30.7753868
  1031. -30.7775745
  1032. -30.7797623
  1033. -30.78195
  1034. -30.7841377
  1035. -30.7863255
  1036. -30.7885132
  1037. -30.7907009
  1038. -30.7928886
  1039. -30.7950764
  1040. -30.7972641
  1041. -30.7994518
  1042. -30.8016396
  1043. -30.8050804
  1044. -30.8099327
  1045. -30.814785
  1046. -30.8196373
  1047. -30.8244915
  1048. -30.8293438
  1049. -30.8341961
  1050. -30.8390484
  1051. -30.8439007
  1052. -30.8487549
  1053. -30.8536072
  1054. -30.8588295
  1055. -30.8642883
  1056. -30.8697472
  1057. -30.8752041
  1058. -30.8806629
  1059. -30.8861217
  1060. -30.8915806
  1061. -30.8970394
  1062. -30.9024982
  1063. -30.906683
  1064. -30.9098663
  1065. -30.9130497
  1066. -30.9162331
  1067. -30.9194183
  1068. -30.9226017
  1069. -30.9257851
  1070. -30.9289684
  1071. -30.9321518
  1072. -30.9353371
  1073. -30.9385204
  1074. -30.9417038
  1075. -30.9448872
  1076. -30.9480705
  1077. -30.9513321
  1078. -30.955492
  1079. -30.9596519
  1080. -30.9638119
  1081. -30.9679699
  1082. -30.9721298
  1083. -30.9762897
  1084. -30.9804497
  1085. -30.9846077
  1086. -30.9887676
  1087. -30.9929276
  1088. -30.9970875
  1089. -31.0012455
  1090. -31.0053787

Page 17

ABOR/MH/Priv-004900



dahl-jensen-gripbh1yrinterp.txt
  1091. -31.0094738
  1092. -31.0135708
  1093. -31.0176659
  1094. -31.0217609
  1095. -31.025856
  1096. -31.0299511
  1097. -31.0340462
  1098. -31.0381413
  1099. -31.0422363
  1100. -31.0463314
  1101. -31.0504284
  1102. -31.0545235
  1103. -31.0586185
  1104. -31.0627136
  1105. -31.0663853
  1106. -31.0700245
  1107. -31.0736637
  1108. -31.0773029
  1109. -31.0809422
  1110. -31.0845814
  1111. -31.0882206
  1112. -31.0918617
  1113. -31.0955009
  1114. -31.0991402
  1115. -31.1027794
  1116. -31.1064186
  1117. -31.1100578
  1118. -31.1136971
  1119. -31.1170635
  1120. -31.1200962
  1121. -31.1231289
  1122. -31.1261616
  1123. -31.1291943
  1124. -31.1322269
  1125. -31.1352596
  1126. -31.1382923
  1127. -31.141325
  1128. -31.1443577
  1129. -31.1473904
  1130. -31.150423
  1131. -31.1534557
  1132. -31.1564884
  1133. -31.1595211
  1134. -31.1625538
  1135. -31.1655235
  1136. -31.1681709
  1137. -31.1708183
  1138. -31.1734638
  1139. -31.1761112
  1140. -31.1787586
  1141. -31.181406
  1142. -31.1840515
  1143. -31.1866989
  1144. -31.1893463
  1145. -31.1919937
  1146. -31.1946392
  1147. -31.1972866
  1148. -31.199934
  1149. -31.2025795
  1150. -31.2052269
  1151. -31.2078743
  1152. -31.2105217
  1153. -31.2131672
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  1154. -31.2158146
  1155. -31.2185955
  1156. -31.2217808
  1157. -31.2249641
  1158. -31.2281475
  1159. -31.2313309
  1160. -31.2345142
  1161. -31.2376995
  1162. -31.2408829
  1163. -31.2440662
  1164. -31.2472496
  1165. -31.250433
  1166. -31.2536182
  1167. -31.2568016
  1168. -31.259985
  1169. -31.2631683
  1170. -31.2660789
  1171. -31.2689095
  1172. -31.27174
  1173. -31.2745686
  1174. -31.2773991
  1175. -31.2802296
  1176. -31.2830582
  1177. -31.2858887
  1178. -31.2887192
  1179. -31.2915478
  1180. -31.2943783
  1181. -31.2972088
  1182. -31.3000374
  1183. -31.3028679
  1184. -31.3056984
  1185. -31.308527
  1186. -31.3114853
  1187. -31.314579
  1188. -31.3176727
  1189. -31.3207664
  1190. -31.3238602
  1191. -31.3269539
  1192. -31.3300476
  1193. -31.3331413
  1194. -31.336235
  1195. -31.3393288
  1196. -31.3424244
  1197. -31.3455181
  1198. -31.3486118
  1199. -31.3517056
  1200. -31.3547993
  1201. -31.357893
  1202. -31.3609867
  1203. -31.3640804
  1204. -31.3671513
  1205. -31.3701839
  1206. -31.3732166
  1207. -31.3762493
  1208. -31.379282
  1209. -31.3823147
  1210. -31.3853474
  1211. -31.3883801
  1212. -31.3914127
  1213. -31.3944454
  1214. -31.3974762
  1215. -31.4005089
  1216. -31.4035416
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  1217. -31.4065742
  1218. -31.4096069
  1219. -31.4126396
  1220. -31.4156361
  1221. -31.4182625
  1222. -31.4208908
  1223. -31.4235191
  1224. -31.4261456
  1225. -31.4287739
  1226. -31.4314003
  1227. -31.4340286
  1228. -31.436655
  1229. -31.4392834
  1230. -31.4419098
  1231. -31.4445381
  1232. -31.4471645
  1233. -31.4497929
  1234. -31.4524193
  1235. -31.4550476
  1236. -31.4576759
  1237. -31.4611111
  1238. -31.4647503
  1239. -31.4683876
  1240. -31.4720268
  1241. -31.4756641
  1242. -31.4793034
  1243. -31.4829426
  1244. -31.4865799
  1245. -31.4902191
  1246. -31.4938564
  1247. -31.4974957
  1248. -31.501133
  1249. -31.5045948
  1250. -31.5068741
  1251. -31.5091534
  1252. -31.5114326
  1253. -31.5137119
  1254. -31.5159912
  1255. -31.5182705
  1256. -31.5205498
  1257. -31.5228271
  1258. -31.5251064
  1259. -31.5273857
  1260. -31.529665
  1261. -31.5319443
  1262. -31.5342236
  1263. -31.5365028
  1264. -31.5387821
  1265. -31.5410614
  1266. -31.5433388
  1267. -31.5456181
  1268. -31.5478973
  1269. -31.5501766
  1270. -31.5524559
  1271. -31.5548782
  1272. -31.5575047
  1273. -31.560133
  1274. -31.5627594
  1275. -31.5653877
  1276. -31.5680141
  1277. -31.5706425
  1278. -31.5732689
  1279. -31.5758972
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  1280. -31.5785236
  1281. -31.5811501
  1282. -31.5837784
  1283. -31.5864048
  1284. -31.5890331
  1285. -31.5916595
  1286. -31.5942879
  1287. -31.5970364
  1288. -31.6006737
  1289. -31.604311
  1290. -31.6079483
  1291. -31.6115856
  1292. -31.6152229
  1293. -31.6188602
  1294. -31.6224976
  1295. -31.6261349
  1296. -31.6297722
  1297. -31.6334095
  1298. -31.6369114
  1299. -31.640028
  1300. -31.6431465
  1301. -31.6462631
  1302. -31.6493816
  1303. -31.6524982
  1304. -31.6556168
  1305. -31.6587334
  1306. -31.6618519
  1307. -31.6649685
  1308. -31.668087
  1309. -31.6712036
  1310. -31.6743221
  1311. -31.678606
  1312. -31.6836987
  1313. -31.6887932
  1314. -31.6938877
  1315. -31.6989822
  1316. -31.7040749
  1317. -31.7091694
  1318. -31.7142639
  1319. -31.7193584
  1320. -31.7233887
  1321. -31.7265129
  1322. -31.7296391
  1323. -31.7327652
  1324. -31.7358894
  1325. -31.7390156
  1326. -31.7421398
  1327. -31.745266
  1328. -31.7483921
  1329. -31.7515163
  1330. -31.7546425
  1331. -31.7577667
  1332. -31.7608929
  1333. -31.7666836
  1334. -31.772871
  1335. -31.7790585
  1336. -31.7852459
  1337. -31.7914352
  1338. -31.7976227
  1339. -31.8038101
  1340. -31.8099995
  1341. -31.8161869
  1342. -31.8217697
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  1343. -31.8272209
  1344. -31.8326721
  1345. -31.8381233
  1346. -31.8435745
  1347. -31.8490257
  1348. -31.8544769
  1349. -31.8599281
  1350. -31.8653793
  1351. -31.8708305
  1352. -31.8762817
  1353. -31.8799934
  1354. -31.8836327
  1355. -31.8872719
  1356. -31.8909111
  1357. -31.8945503
  1358. -31.8981915
  1359. -31.9018307
  1360. -31.9054699
  1361. -31.9091091
  1362. -31.9127483
  1363. -31.9163876
  1364. -31.9200268
  1365. -31.9236679
  1366. -31.9273071
  1367. -31.9307308
  1368. -31.9339218
  1369. -31.9371128
  1370. -31.9403038
  1371. -31.9434929
  1372. -31.9466839
  1373. -31.9498749
  1374. -31.9530659
  1375. -31.9562569
  1376. -31.9594479
  1377. -31.9626389
  1378. -31.9658279
  1379. -31.9690189
  1380. -31.9722099
  1381. -31.9754009
  1382. -31.9783115
  1383. -31.9812241
  1384. -31.9841347
  1385. -31.9870472
  1386. -31.9899578
  1387. -31.9928703
  1388. -31.9957809
  1389. -31.9986935
  1390. -32.001606
  1391. -32.0045166
  1392. -32.0074272
  1393. -32.0103378
  1394. -32.0132523
  1395. -32.0161629
  1396. -32.0190735
  1397. -32.0219841
  1398. -32.0248947
  1399. -32.0278091
  1400. -32.0302811
  1401. -32.032711
  1402. -32.0351372
  1403. -32.0375633
  1404. -32.0399895
  1405. -32.0424156
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  1406. -32.0448418
  1407. -32.0472679
  1408. -32.0496941
  1409. -32.0521202
  1410. -32.0545464
  1411. -32.0569725
  1412. -32.0593987
  1413. -32.0618248
  1414. -32.0642509
  1415. -32.0666771
  1416. -32.0691795
  1417. -32.0717278
  1418. -32.0742722
  1419. -32.0768204
  1420. -32.0793686
  1421. -32.081913
  1422. -32.0844612
  1423. -32.0870094
  1424. -32.0895538
  1425. -32.0921021
  1426. -32.0946503
  1427. -32.0971947
  1428. -32.0997429
  1429. -32.1022911
  1430. -32.1048355
  1431. -32.1073837
  1432. -32.1099319
  1433. -32.1124802
  1434. -32.1140556
  1435. -32.1147385
  1436. -32.1154251
  1437. -32.1161079
  1438. -32.1167908
  1439. -32.1174736
  1440. -32.1181564
  1441. -32.1188431
  1442. -32.1195259
  1443. -32.1202087
  1444. -32.1208916
  1445. -32.1215782
  1446. -32.122261
  1447. -32.1229439
  1448. -32.1236267
  1449. -32.1243095
  1450. -32.1249962
  1451. -32.125679
  1452. -32.1263618
  1453. -32.1270447
  1454. -32.1277275
  1455. -32.1284142
  1456. -32.129097
  1457. -32.1297798
  1458. -32.1304626
  1459. -32.1311493
  1460. -32.1318321
  1461. -32.132515
  1462. -32.1331978
  1463. -32.1339684
  1464. -32.1348038
  1465. -32.135643
  1466. -32.1364784
  1467. -32.1373177
  1468. -32.1381531
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  1469. -32.1389923
  1470. -32.1398277
  1471. -32.140667
  1472. -32.1415024
  1473. -32.1423416
  1474. -32.143177
  1475. -32.1440125
  1476. -32.1448517
  1477. -32.1456871
  1478. -32.1465263
  1479. -32.1473618
  1480. -32.148201
  1481. -32.1490364
  1482. -32.1498756
  1483. -32.1507111
  1484. -32.1515503
  1485. -32.1523857
  1486. -32.1532097
  1487. -32.1536407
  1488. -32.154068
  1489. -32.1544991
  1490. -32.1549263
  1491. -32.1553574
  1492. -32.1557846
  1493. -32.1562157
  1494. -32.1566429
  1495. -32.157074
  1496. -32.1575012
  1497. -32.1579323
  1498. -32.1583595
  1499. -32.1587906
  1500. -32.1592178
  1501. -32.1596489
  1502. -32.1600761
  1503. -32.1605072
  1504. -32.1609344
  1505. -32.1613617
  1506. -32.1617928
  1507. -32.16222
  1508. -32.1626511
  1509. -32.1630783
  1510. -32.1635094
  1511. -32.1639366
  1512. -32.1643677
  1513. -32.1647949
  1514. -32.165226
  1515. -32.1656532
  1516. -32.1660843
  1517. -32.1669197
  1518. -32.1689224
  1519. -32.1709213
  1520. -32.1729202
  1521. -32.1749191
  1522. -32.1769218
  1523. -32.1789207
  1524. -32.1809196
  1525. -32.1829185
  1526. -32.1849213
  1527. -32.1869202
  1528. -32.1889191
  1529. -32.190918
  1530. -32.1929207
  1531. -32.1949196
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  1532. -32.1969185
  1533. -32.1989174
  1534. -32.2009201
  1535. -32.2030067
  1536. -32.205555
  1537. -32.2080994
  1538. -32.2106476
  1539. -32.2131958
  1540. -32.2157402
  1541. -32.2182884
  1542. -32.2208366
  1543. -32.223381
  1544. -32.2259293
  1545. -32.2284775
  1546. -32.2310219
  1547. -32.2335701
  1548. -32.2361183
  1549. -32.2386627
  1550. -32.2412109
  1551. -32.2437592
  1552. -32.2463036
  1553. -32.248745
  1554. -32.249527
  1555. -32.250309
  1556. -32.251091
  1557. -32.251873
  1558. -32.252655
  1559. -32.2534332
  1560. -32.2542152
  1561. -32.2549973
  1562. -32.2557793
  1563. -32.2565613
  1564. -32.2573433
  1565. -32.2581253
  1566. -32.2589035
  1567. -32.2596855
  1568. -32.2604675
  1569. -32.2612495
  1570. -32.2620316
  1571. -32.2628136
  1572. -32.2635956
  1573. -32.2643738
  1574. -32.2651558
  1575. -32.2659378
  1576. -32.2667198
  1577. -32.2675018
  1578. -32.2682838
  1579. -32.267849
  1580. -32.2669411
  1581. -32.2660332
  1582. -32.2651253
  1583. -32.2642174
  1584. -32.2633095
  1585. -32.2624016
  1586. -32.2614937
  1587. -32.2605858
  1588. -32.2596779
  1589. -32.25877
  1590. -32.2578621
  1591. -32.2569542
  1592. -32.2560463
  1593. -32.2551384
  1594. -32.2542305
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  1595. -32.2533226
  1596. -32.2524147
  1597. -32.2515068
  1598. -32.2505989
  1599. -32.249691
  1600. -32.2487831
  1601. -32.2478752
  1602. -32.2469711
  1603. -32.2460632
  1604. -32.2442856
  1605. -32.2410965
  1606. -32.2379036
  1607. -32.2347145
  1608. -32.2315254
  1609. -32.2283325
  1610. -32.2251434
  1611. -32.2219505
  1612. -32.2187614
  1613. -32.2155724
  1614. -32.2123795
  1615. -32.2091904
  1616. -32.2059975
  1617. -32.2028084
  1618. -32.1996193
  1619. -32.1952057
  1620. -32.1906548
  1621. -32.1861076
  1622. -32.1815567
  1623. -32.1770096
  1624. -32.1724625
  1625. -32.1679115
  1626. -32.1633644
  1627. -32.1588135
  1628. -32.1542664
  1629. -32.1496239
  1630. -32.1428032
  1631. -32.1359787
  1632. -32.1291542
  1633. -32.1223335
  1634. -32.115509
  1635. -32.1086845
  1636. -32.1018639
  1637. -32.0958405
  1638. -32.0900154
  1639. -32.0841942
  1640. -32.0783691
  1641. -32.0725479
  1642. -32.0667229
  1643. -32.0609016
  1644. -32.0550766
  1645. -32.0492554
  1646. -32.0431557
  1647. -32.0369682
  1648. -32.0307808
  1649. -32.0245934
  1650. -32.0184059
  1651. -32.0122185
  1652. -32.006031
  1653. -31.9998436
  1654. -31.9936562
  1655. -31.987978
  1656. -31.9825172
  1657. -31.9770584
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  1658. -31.9715977
  1659. -31.9661369
  1660. -31.9606762
  1661. -31.9552155
  1662. -31.9497566
  1663. -31.9442959
  1664. -31.9388351
  1665. -31.9333744
  1666. -31.9267006
  1667. -31.9197941
  1668. -31.9128876
  1669. -31.9059811
  1670. -31.8990746
  1671. -31.89217
  1672. -31.8852634
  1673. -31.8783569
  1674. -31.8714504
  1675. -31.8646107
  1676. -31.8577862
  1677. -31.8509636
  1678. -31.844141
  1679. -31.8373165
  1680. -31.8304939
  1681. -31.8236713
  1682. -31.8188457
  1683. -31.8156548
  1684. -31.8124638
  1685. -31.8092747
  1686. -31.8060837
  1687. -31.8028927
  1688. -31.7997017
  1689. -31.7965107
  1690. -31.7933216
  1691. -31.7901306
  1692. -31.7869396
  1693. -31.7837486
  1694. -31.7805595
  1695. -31.7773685
  1696. -31.7742462
  1697. -31.7720222
  1698. -31.7698002
  1699. -31.7675781
  1700. -31.7653561
  1701. -31.763134
  1702. -31.7609119
  1703. -31.7586899
  1704. -31.7564659
  1705. -31.7542439
  1706. -31.7520218
  1707. -31.7497997
  1708. -31.7475777
  1709. -31.7453556
  1710. -31.7431335
  1711. -31.7409096
  1712. -31.7386875
  1713. -31.7362499
  1714. -31.7337494
  1715. -31.7312489
  1716. -31.7287483
  1717. -31.7262497
  1718. -31.7237492
  1719. -31.7212486
  1720. -31.71875
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dahl-jensen-gripbh1yrinterp.txt
  1721. -31.7162495
  1722. -31.7137489
  1723. -31.7112503
  1724. -31.7087498
  1725. -31.7062492
  1726. -31.7037487
  1727. -31.7026672
  1728. -31.7048893
  1729. -31.7071114
  1730. -31.7093334
  1731. -31.7115555
  1732. -31.7137775
  1733. -31.7159996
  1734. -31.7182217
  1735. -31.7204437
  1736. -31.7226658
  1737. -31.7248878
  1738. -31.7271099
  1739. -31.729332
  1740. -31.731554
  1741. -31.733778
  1742. -31.7360001
  1743. -31.7382336
  1744. -31.7416115
  1745. -31.7449894
  1746. -31.7483673
  1747. -31.7517452
  1748. -31.7551231
  1749. -31.7585011
  1750. -31.761879
  1751. -31.7652588
  1752. -31.7686367
  1753. -31.7720146
  1754. -31.7753925
  1755. -31.7787704
  1756. -31.7821598
  1757. -31.7855721
  1758. -31.7889824
  1759. -31.7923946
  1760. -31.7958069
  1761. -31.7992172
  1762. -31.8026295
  1763. -31.8060417
  1764. -31.8094521
  1765. -31.8128643
  1766. -31.8162766
  1767. -31.8196888
  1768. -31.8230991
  1769. -31.8265114
  1770. -31.8299236
  1771. -31.8339767
  1772. -31.8381367
  1773. -31.8422966
  1774. -31.8464565
  1775. -31.8506145
  1776. -31.8547745
  1777. -31.8589344
  1778. -31.8630943
  1779. -31.8672523
  1780. -31.8714123
  1781. -31.8755722
  1782. -31.8797302
  1783. -31.8841381
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  1784. -31.8895988
  1785. -31.8950577
  1786. -31.9005184
  1787. -31.9059792
  1788. -31.9114399
  1789. -31.9169006
  1790. -31.9223595
  1791. -31.9278202
  1792. -31.9332809
  1793. -31.9387417
  1794. -31.9437523
  1795. -31.9478512
  1796. -31.9519482
  1797. -31.9560471
  1798. -31.960146
  1799. -31.9642429
  1800. -31.9683418
  1801. -31.9724407
  1802. -31.9765377
  1803. -31.9806366
  1804. -31.9847355
  1805. -31.9888325
  1806. -31.9929314
  1807. -31.9970284
  1808. -32.0011292
  1809. -32.0075684
  1810. -32.0143929
  1811. -32.0212173
  1812. -32.028038
  1813. -32.0348625
  1814. -32.041687
  1815. -32.0485077
  1816. -32.0542603
  1817. -32.0593529
  1818. -32.0644455
  1819. -32.0695419
  1820. -32.0746346
  1821. -32.0797272
  1822. -32.0848198
  1823. -32.0899162
  1824. -32.0950089
  1825. -32.1054955
  1826. -32.1200523
  1827. -32.134613
  1828. -32.1491699
  1829. -32.1572456
  1830. -32.1649818
  1831. -32.1727142
  1832. -32.1804504
  1833. -32.1881866
  1834. -32.195919
  1835. -32.2036552
  1836. -32.2100334
  1837. -32.2158546
  1838. -32.2216797
  1839. -32.2275009
  1840. -32.233326
  1841. -32.2391472
  1842. -32.2449722
  1843. -32.2507935
  1844. -32.2566185
  1845. -32.2621994
  1846. -32.2676582
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  1847. -32.2731171
  1848. -32.2785759
  1849. -32.2840347
  1850. -32.2894936
  1851. -32.2949524
  1852. -32.3004112
  1853. -32.3058701
  1854. -32.3087387
  1855. -32.3099556
  1856. -32.3111725
  1857. -32.3123856
  1858. -32.3136024
  1859. -32.3148193
  1860. -32.3160324
  1861. -32.3172493
  1862. -32.3184662
  1863. -32.3196793
  1864. -32.3208961
  1865. -32.3221092
  1866. -32.3233261
  1867. -32.324543
  1868. -32.3257561
  1869. -32.326973
  1870. -32.3281898
  1871. -32.3294029
  1872. -32.3306198
  1873. -32.3318367
  1874. -32.3330498
  1875. -32.3342667
  1876. -32.3316994
  1877. -32.3286705
  1878. -32.3256378
  1879. -32.3226051
  1880. -32.3195724
  1881. -32.3165398
  1882. -32.3135071
  1883. -32.3104744
  1884. -32.3074417
  1885. -32.304409
  1886. -32.3013763
  1887. -32.2983437
  1888. -32.295311
  1889. -32.2922783
  1890. -32.2892456
  1891. -32.2862129
  1892. -32.2800865
  1893. -32.2718964
  1894. -32.2637062
  1895. -32.2555122
  1896. -32.2473221
  1897. -32.2391319
  1898. -32.2309418
  1899. -32.2225876
  1900. -32.2139397
  1901. -32.2052956
  1902. -32.1966476
  1903. -32.1880035
  1904. -32.1793556
  1905. -32.1707115
  1906. -32.1618652
  1907. -32.1515503
  1908. -32.1412392
  1909. -32.1309242
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  1910. -32.1206131
  1911. -32.1102982
  1912. -32.0957985
  1913. -32.0794182
  1914. -32.0630341
  1915. -32.0469475
  1916. -32.0348129
  1917. -32.0226784
  1918. -32.01054
  1919. -31.9984035
  1920. -31.986269
  1921. -31.9632645
  1922. -31.9341507
  1923. -31.9193859
  1924. -31.9075642
  1925. -31.8957405
  1926. -31.8847771
  1927. -31.8770409
  1928. -31.8693066
  1929. -31.8615723
  1930. -31.853838
  1931. -31.8461018
  1932. -31.8383675
  1933. -31.8306332
  1934. -31.8153954
  1935. -31.7999268
  1936. -31.7844563
  1937. -31.7635727
  1938. -31.7326317
  1939. -31.7017212
  1940. -31.6708393
  1941. -31.6549721
  1942. -31.644659
  1943. -31.634346
  1944. -31.624033
  1945. -31.6137199
  1946. -31.6023979
  1947. -31.5887222
  1948. -31.5750484
  1949. -31.5613747
  1950. -31.5491714
  1951. -31.5376625
  1952. -31.5261517
  1953. -31.5146408
  1954. -31.5031319
  1955. -31.4957123
  1956. -31.5005646
  1957. -31.5054169
  1958. -31.5102711
  1959. -31.5151234
  1960. -31.5199757
  1961. -31.524828
  1962. -31.5296803
  1963. -31.5345345
  1964. -31.5393867
  1965. -31.544239
  1966. -31.5528774
  1967. -31.5674343
  1968. -31.5819931
  1969. -31.5965519
  1970. -31.6048031
  1971. -31.6111698
  1972. -31.6175365
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  1973. -31.6239052
  1974. -31.6302719
  1975. -31.6366405
  1976. -31.6430073
  1977. -31.6488914
  1978. -31.6543465
  1979. -31.6598034
  1980. -31.6652584
  1981. -31.6707153
  1982. -31.6761703
  1983. -31.6816254
  1984. -31.6856499
  1985. -31.6861706
  1986. -31.6866932
  1987. -31.6872139
  1988. -31.6877346
  1989. -31.6882553
  1990. -31.688776
  1991. -31.6892967
  1992. -31.6898193
  1993. -31.69034
  1994. -31.6908607
  1995. -31.6913815
  1996. -31.6919022
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Here are the decadal averages for the 6 cores: 3 from Tibet and 3 from South America
please read the note at the  top of each core - it provides some qualifying information 
you whould consider when using the data
note that the decadal averages are slightly difference among the cores
these are the data used in Climate Change 03 

Guliya Dunde Dasuopu core drilled in 1983
drilled in 1992 drilled in 1987 drilled in 1997 values updated from pit 
these are approximate these are approximate decadal averages top bottom d18O top bottom
top bottom d18O model time scale d18O 1997 1991 -17.34 2000 1991

1989 1980 -12.35 1987 1981 -10.09 1990 1981 -18.58 1990 1981
1979 1970 -13.75 1980 1971 -10.33 1980 1971 -17.67 1980 1971
1969 1960 -12.63 1970 1961 -10.39 1970 1961 -17.97 1970 1961
1959 1950 -13.74 1960 1951 -9.74 1960 1951 -17.91 1960 1951
1949 1940 -12.78 1950 1941 -9.22 1950 1941 -17.14 1950 1941
1939 1930 -13.46 1940 1931 -9.43 1940 1931 -18.41 1940 1931
1929 1920 -13.29 1930 1921 -9.85 1930 1921 -19.01 1930 1921
1919 1910 -14.22 1920 1911 -9.74 1920 1911 -19.78 1920 1911
1909 1900 -14.18 1910 1901 -10.86 1910 1901 -18.58 1910 1901
1899 1890 -14.10 1900 1891 -10.16 1900 1891 -20.24 1900 1891
1889 1880 -12.28 1890 1881 -9.89 1890 1881 -18.65 1890 1881
1879 1870 -15.86 1880 1871 -11.63 1880 1871 -18.65 1880 1871
1869 1860 -14.77 1870 1861 -10.00 1870 1861 -20.20 1870 1861
1859 1850 -15.29 1860 1851 -10.08 1860 1851 -18.98 1860 1851
1849 1840 -14.75 1850 1841 -10.56 1850 1841 -19.72 1850 1841
1839 1830 -17.14 1840 1831 -10.24 1840 1831 -19.97 1840 1831
1829 1820 -14.38 1830 1821 -10.77 1830 1821 -19.35 1830 1821
1819 1810 -13.59 1820 1811 -10.70 1820 1811 -20.67 1820 1811
1809 1800 -17.83 1810 1801 -10.19 1810 1801 -19.63 1810 1801
1799 1790 -15.17 1800 1791 -10.60 1800 1791 -18.67 1800 1791
1789 1780 -14.39 1790 1781 -11.38 1790 1781 -21.52 1790 1781
1779 1770 -13.96 1780 1771 -11.63 1780 1771 -21.04 1780 1771
1769 1760 -14.86 1770 1761 -10.82 1770 1761 -21.08 1770 1761
1759 1750 -15.60 1760 1751 -10.19 1760 1751 -19.63 1760 1751
1749 1740 -15.16 1750 1741 -10.60 1750 1741 -19.29 1750 1741
1739 1730 -13.24 1740 1731 -10.51 1740 1731 -21.99 1740 1731
1729 1720 -14.92 1730 1721 -10.43 1730 1721 -19.77 1730 1721
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Quelccaya Sajama Huascaran Core 2

samples note - first decade is 1997 to 1991 note first decade is 1995 to 1991
d18O top bottom d18O top bottom d18O

-16.55 1997 1991 -16.91 1995 1991 -15.87
-17.70 1990 1981 -17.20 1990 1981 -17.32
-18.48 1980 1971 -18.72 1980 1971 -18.20
-16.75 1970 1961 -16.40 1970 1961 -16.46
-17.93 1960 1951 -16.39 1960 1951 -17.88
-16.86 1950 1941 -15.41 1950 1941 -17.18
-17.21 1940 1931 -16.92 1940 1931 -16.93
-17.71 1930 1921 -17.88 1930 1921 -17.39
-17.90 1920 1911 -17.82 1920 1911 -18.10
-17.42 1910 1901 -16.13 1910 1901 -17.84
-18.74 1900 1891 -17.97 1900 1891 -18.99
-18.05 1890 1881 -16.86 1890 1881 -17.19
-18.89 1880 1871 -19.51 1880 1871 -16.50
-18.50 1870 1861 -17.82 1870 1861 -17.49
-18.26 1860 1851 -17.06 1860 1851 -17.87
-17.87 1850 1841 -16.35 1850 1841 -17.96
-18.30 1840 1831 -16.06 1840 1831 -17.29
-18.10 1830 1821 -19.77 1830 1821 -16.64
-20.00 1820 1811 -18.71 1820 1811 -18.18
-18.57 1810 1801 -17.48 1810 1801 -17.13
-18.41 1800 1791 -15.13 1800 1791 -16.41
-18.94 1790 1781 -16.90 1790 1781 -16.71
-18.72 1780 1771 -17.23 1780 1771 -18.46
-18.67 1770 1761 -18.22 1770 1761 -17.23
-19.35 1760 1751 -16.59 1760 1751 -18.33
-18.61 1750 1741 -18.32 1750 1741 -18.14
-19.38 1740 1731 -18.60 1740 1731 -19.34
-17.85 1730 1721 -17.20 1730 1721 -20.06
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Here are the decadal averages for the 6 cores: 3 from Tibet and 3 from South America
please read the note at the  top of each core - it provides some qualifying information 
you whould consider when using the data
note that the decadal averages are slightly difference among the cores
these are the data used in Climate Change 03 

Guliya Dunde Dasuopu core drilled in 1983
drilled in 1992 drilled in 1987 drilled in 1997 values updated from pit 
these are approximate these are approximate decadal averages top bottom d18O top bottom

1719 1710 -15.11 1720 1711 -9.74 1720 1711 -20.68 1720 1711
1709 1700 -15.60 1710 1701 -9.75 1710 1701 -19.93 1710 1701
1699 1690 -14.11 1700 1691 -10.02 1700 1691 -19.42 1700 1691
1689 1680 -15.50 1690 1681 -10.22 1690 1681 -19.58 1690 1681
1679 1670 -15.14 1680 1671 -11.56 1680 1671 -19.28 1680 1671
1669 1660 -13.44 1670 1661 -11.47 1670 1661 -20.63 1670 1661
1659 1650 -12.54 1660 1651 -12.18 1660 1651 -20.72 1660 1651
1649 1640 -13.44 1650 1641 -11.98 1650 1641 -19.95 1650 1641
1639 1630 -14.15 1640 1631 -10.44 1640 1631 -20.04 1640 1631
1629 1620 -12.91 1630 1621 -11.18 1630 1621 -20.84 1630 1621
1619 1610 -13.44 1620 1611 -12.40 1620 1611 -21.29 1620 1611
1609 1600 -13.70 1610 1601 -10.83 1610 1601 -20.78 1610 1601
1599 1590 -13.80 1600 1591 -10.61 1600 1591 -21.10 1600 1591
1589 1580 -14.20 1590 1581 -11.15 1590 1581 -20.83 1590 1581
1579 1570 -14.41 1580 1571 -10.24 1580 1571 -20.53 1580 1571
1569 1560 -14.36 1570 1561 -10.15 1570 1561 -20.71 1570 1561
1559 1550 -11.71 1560 1551 -11.13 1560 1551 -20.69 1560 1551
1549 1540 -14.56 1550 1541 -10.20 1550 1541 -19.98 1550 1541
1539 1530 -14.68 1540 1531 -11.56 1540 1531 -20.56 1540 1531
1529 1520 -12.87 1530 1521 -10.80 1530 1521 -20.71 1530 1521
1519 1510 -15.19 1520 1511 -10.06 1520 1511 -21.33 1520 1511
1509 1500 -14.84 1510 1501 -11.73 1510 1501 -20.56 1510 1501
1499 1490 -16.23 1500 1491 -10.48 1500 1491 -19.93 1500 1491
1489 1480 -14.67 1490 1481 -10.93 1490 1481 -20.34 1490 1481
1479 1470 -13.07 1480 1471 -11.56 1480 1471 -20.58 1480 1471
1469 1460 -13.17 1470 1461 -11.29 1470 1461 -20.77 1470 1461
1459 1450 -14.57 1460 1451 -11.06 1460 1451 -20.24 1460 1451
1449 1440 -12.17 1450 1441 -11.20 1450 1443 -21.29 1450 1441
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Quelccaya Sajama Huascaran Core 2

samples note - first decade is 1997 to 1991 note first decade is 1995 to 1991
d18O top bottom d18O top bottom d18O

-18.54 1720 1711 -18.35 1720 1711 -19.57
-18.82 1710 1701 -18.42 1710 1701 -18.16
-18.87 1700 1691 -16.75 1700 1691 -18.74
-18.73 1690 1681 -17.65 1690 1681 -19.04
-19.19 1680 1671 -16.60 1680 1671 -18.97
-19.36 1670 1661 -16.56 1670 1661 -19.12
-17.75 1660 1651 -18.22 1660 1651 -19.19
-18.48 1650 1641 -17.57 1650 1641 -19.27
-18.21 1640 1631 -17.68 1640 1631 -19.29
-18.97 1630 1621 -20.36 1630 1621 -19.39
-18.54 1620 1611 -14.50 1620 1611 -18.85
-18.95 1610 1601 -16.21 1610 1601 -19.59
-17.79 1600 1591 -17.07 1600 1591 -18.74
-18.28 1590 1581 -16.06 1590 1581 -19.76
-19.16 1580 1571 -17.35 1580 1571 -19.37
-18.50 1570 1561 -16.75 1570 1561 -19.58
-18.37 1560 1551 -17.54 1560 1551 -18.77
-18.66 1550 1541 -20.27 1550 1541 -19.19
-17.57 1540 1531 -17.09 1540 1531 -19.21
-17.24 1530 1521 -14.94 1530 1521 -19.04
-18.36 1520 1511 -17.67 1520 1511 -19.69
-18.05 1510 1501 -15.16 1510 1501 -19.15
-17.71 1500 1491 -16.82 1500 1491 -19.58
-17.71 1490 1481 -17.99 1490 1481 -19.44
-18.49 1480 1471 -17.23 1480 1471 -19.31
-18.14 1470 1461 -13.92 1470 1461 -19.20
-18.47 1460 1451 -17.68 1460 1451 -19.03
-17.47 1450 1441 -17.47 1450 1441 -19.10
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Here are the decadal averages for the 6 cores: 3 from Tibet and 3 from South America
please read the note at the  top of each core - it provides some qualifying information 
you whould consider when using the data
note that the decadal averages are slightly difference among the cores
these are the data used in Climate Change 03 

Guliya Dunde Dasuopu core drilled in 1983
drilled in 1992 drilled in 1987 drilled in 1997 values updated from pit 
these are approximate these are approximate decadal averages top bottom d18O top bottom

1439 1430 -15.50 1440 1431 -10.69 1440 1431 -20.60 1440 1431
1429 1420 -13.14 1430 1421 -12.41 1430 1421 -21.38 1430 1421
1419 1410 -13.42 1420 1411 -10.89 1420 1411 -20.79 1420 1411
1409 1400 -12.96 1410 1401 -12.03 1410 1401 -21.09 1410 1401
1399 1390 -12.26 1400 1391 -12.80 1400 1391 -20.46 1400 1391
1389 1380 -12.52 1390 1381 -11.03 1390 1381 -19.81 1390 1381
1379 1370 -14.24 1380 1371 -11.31 1380 1371 -20.60 1380 1371
1369 1360 -13.92 1370 1361 -11.36 1370 1361 -20.71 1370 1361
1359 1350 -14.58 1360 1351 -12.83 1360 1351 -20.27 1360 1351
1349 1340 -14.17 1350 1341 -11.09 1350 1341 -20.36 1350 1341
1339 1330 -14.83 1340 1331 -11.27 1340 1331 -20.69 1340 1331
1329 1320 -13.34 1330 1321 -11.30 1330 1321 -21.03 1330 1321
1319 1310 -15.78 1320 1311 -10.10 1320 1311 -20.41 1320 1311
1309 1300 -13.93 1310 1301 -11.37 1310 1301 -21.12 1310 1301
1299 1290 -14.69 1300 1291 -11.23 1300 1291 -20.35 1300 1291
1289 1280 -16.21 1290 1281 -11.52 1290 1281 -20.42 1290 1281
1279 1270 -17.57 1280 1271 -10.93 1280 1271 -21.00 1280 1271
1269 1260 -16.91 1270 1261 -11.04 1270 1261 -20.24 1270 1261
1259 1250 -17.58 1260 1251 -10.76 1260 1251 -20.44 1260 1251
1249 1240 -14.23 1250 1241 -10.20 1250 1241 -21.12 1250 1241
1239 1230 -13.81 1240 1231 -10.69 1240 1231 -19.67 1240 1231
1229 1220 -13.53 1230 1221 -9.56 1230 1221 -20.89 1230 1221
1219 1210 -13.18 1220 1211 -9.84 1220 1211 -21.30 1220 1211
1209 1200 -15.38 1210 1201 -10.58 1210 1201 -20.69 1210 1201
1199 1190 -15.49 1200 1191 -9.88 1200 1191 -21.34 1200 1191
1189 1180 -12.89 1190 1181 -10.28 1190 1181 -20.78 1190 1181
1179 1170 -13.46 1180 1171 -10.86 1180 1171 -21.08 1180 1171
1169 1160 -12.77 1170 1161 -11.79 1170 1161 -20.98 1170 1161

ABOR/MH/Priv-004920



Quelccaya Sajama Huascaran Core 2

samples note - first decade is 1997 to 1991 note first decade is 1995 to 1991
d18O top bottom d18O top bottom d18O

-18.42 1440 1431 -17.94 1440 1431 -19.64
-18.03 1430 1421 -11.68 1430 1421 -19.04
-17.64 1420 1411 -16.55 1420 1411 -19.25
-17.75 1410 1401 -16.69 1410 1401 -19.06
-18.38 1400 1391 -15.33 1400 1391 -18.80
-17.99 1390 1381 -16.99 1390 1381 -18.65
-17.05 1380 1371 -13.79 1380 1371 -18.56
-16.90 1370 1361 -15.43 1370 1361 -18.93
-17.41 1360 1351 -13.79 1360 1351 -19.23
-18.74 1350 1341 -16.14 1350 1341 -18.96
-16.87 1340 1331 -18.39 1340 1331 -18.80
-17.37 1330 1321 -17.73 1330 1321 -18.20
-16.95 1320 1311 -14.68 1320 1311 -18.54
-17.59 1310 1301 -17.31 1310 1301 -18.35
-18.49 1300 1291 -16.55 1300 1291 -18.46
-18.60 1290 1281 -14.16 1290 1281 -18.84
-16.74 1280 1271 -15.95 1280 1271 -18.62
-18.72 1270 1261 -17.11 1270 1261 -18.49
-17.62 1260 1251 -16.79 1260 1251 -18.12
-16.86 1250 1241 -16.72 1250 1241 -18.41
-18.79 1240 1231 -15.12 1240 1231 -18.71
-17.70 1230 1221 -15.90 1230 1221 -18.27
-17.01 1220 1211 -15.48 1220 1211 -18.54
-18.37 1210 1201 -18.02 1210 1201 -18.44
-17.98 1200 1191 -16.12 1200 1191 -18.31
-18.11 1190 1181 -15.03 1190 1181 -17.68
-18.14 1180 1171 -15.91 1180 1171 -17.81
-18.16 1170 1161 -16.42 1170 1161 -18.21
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Here are the decadal averages for the 6 cores: 3 from Tibet and 3 from South America
please read the note at the  top of each core - it provides some qualifying information 
you whould consider when using the data
note that the decadal averages are slightly difference among the cores
these are the data used in Climate Change 03 

Guliya Dunde Dasuopu core drilled in 1983
drilled in 1992 drilled in 1987 drilled in 1997 values updated from pit 
these are approximate these are approximate decadal averages top bottom d18O top bottom

1159 1150 -13.84 1160 1151 -11.76 1160 1151 -20.77 1160 1151
1149 1140 -13.95 1150 1141 -10.64 1150 1141 -20.50 1150 1141
1139 1130 -13.67 1140 1131 -11.60 1140 1131 -20.67 1140 1131
1129 1120 -12.12 1130 1121 -11.39 1130 1121 -21.94 1130 1121
1119 1110 -14.95 1120 1111 -11.12 1120 1111 -21.38 1120 1111
1109 1100 -14.46 1110 1101 -9.98 1110 1101 -20.89 1110 1101
1099 1090 -12.52 1100 1091 -9.64 1100 1091 -21.48 1100 1091
1089 1080 -14.14 1090 1081 -11.19 1090 1081 -21.22 1090 1081
1079 1070 -14.49 1080 1071 -10.49 1080 1071 -21.73 1080 1071
1069 1060 -14.35 1070 1061 -11.23 1070 1061 -20.56 1070 1061
1059 1050 -14.04 1060 1051 -10.80 1060 1051 -20.71 1060 1051
1049 1040 -14.58 1050 1041 -10.98 1050 1041 -21.93 1050 1041
1039 1030 -14.43 1040 1031 -11.64 1040 1031 -21.71 1040 1031
1029 1020 -13.83 1030 1021 -10.80 1030 1021 -21.52 1030 1021
1019 1010 -14.65 1020 1011 -10.74 1020 1011 -21.47 1020 1011
1009 1000 -14.75 1010 1001 -11.37 1010 1001 -22.18 1010 1001
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Quelccaya Sajama Huascaran Core 2

samples note - first decade is 1997 to 1991 note first decade is 1995 to 1991
d18O top bottom d18O top bottom d18O

-17.27 1160 1151 -14.25 1160 1151 -17.54
-17.99 1150 1141 -15.25 1150 1141 -18.26
-18.17 1140 1131 -15.66 1140 1131 -18.24
-16.97 1130 1121 -14.10 1130 1121 -18.29
-17.57 1120 1111 -16.75 1120 1111 -18.57
-17.95 1110 1101 -16.64 1110 1101 -18.43
-17.60 1100 1091 -17.03 1100 1091 -18.50
-17.49 1090 1081 -17.04 1090 1081 -18.75
-15.87 1080 1071 -19.48 1080 1071 -18.03
-17.08 1070 1061 -14.69 1070 1061 -18.05
-18.68 1060 1051 -17.69 1060 1051 -18.45
-18.23 1050 1041 -17.76 1050 1041 -18.37
-18.98 1040 1031 -19.36 1040 1031 -18.41
-18.04 1030 1021 -15.02 1030 1021 -18.89
-17.37 1020 1011 -14.38 1020 1011 -18.71
-18.45 1010 1001 -15.47 1010 1001 -18.09
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From: Raymond S. Bradley
To: srutherford@virginia.edu; mann@multiproxy.evsc.virginia.edu; mhughes@ltrr.arizona.edu
Cc: mark.eakin@noaa.gov
Subject: WDC-A
Date: Thursday, July 31, 2003 10:02:20 AM

I spoke with Mark Eakin today and he is enthusiastic about collaborating on
the database/display end of our plans.  He has programmers who are working
on some of these ideas anyway, so this will be a synergistic exercise.
I said that Scott would contact Mark directly, once he gets his head above
water....

C. Mark Eakin, Ph.D.
Chief of NOAA Paleoclimatology and
Director of the World Data Center for Paleoclimatology

NOAA/National Climatic Data Center
325 Broadway E/CC23
Boulder, CO 80305-3328
Voice: 303-497-6172                  Fax: 303-497-6513
Internet: <mailto:mark.eakin@noaa.gov>mark.eakin@noaa.gov
http://www.ngdc.noaa.gov/paleo/paleo.html

Ray

Raymond S. Bradley
Distinguished Professor
Director, Climate System Research Center*
Department of Geosciences
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel: 
Fax: 
*Climate System Research Center: 
         <http://www.paleoclimate.org>
Paleoclimatology Book Web Site: http://www.geo.umass.edu/climate/paleo/html
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From: Michael E. Mann
To: Raymond S. Bradley; srutherford@virginia.edu; mhughes@ltrr.arizona.edu
Cc: mark.eakin@noaa.gov
Subject: Re: WDC-A
Date: Thursday, July 31, 2003 10:08:11 AM

Dear All,

This sounds really great. Looking forward to working w/ Mark on this,

mike

At 01:01 PM 7/31/2003 -0400, Raymond S. Bradley wrote:

I spoke with Mark Eakin today and he is enthusiastic about collaborating
on the database/display end of our plans.  He has programmers who are
working on some of these ideas anyway, so this will be a synergistic
exercise.
I said that Scott would contact Mark directly, once he gets his head above
water....

C. Mark Eakin, Ph.D.
Chief of NOAA Paleoclimatology and
Director of the World Data Center for Paleoclimatology

NOAA/National Climatic Data Center
325 Broadway E/CC23
Boulder, CO 80305-3328
Voice: 303-497-6172                  Fax: 303-497-6513
Internet: <mailto:mark.eakin@noaa.gov>mark.eakin@noaa.gov
http://www.ngdc.noaa.gov/paleo/paleo.html

Ray

Raymond S. Bradley
Distinguished Professor
Director, Climate System Research Center*
Department of Geosciences
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel: 
Fax: 
*Climate System Research Center: 
        <http://www.paleoclimate.org>
Paleoclimatology Book Web Site:
http://www.geo.umass.edu/climate/paleo/html
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______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Raymond S. Bradley; srutherford@virginia.edu; mhughes@ltrr.arizona.edu
Cc: mark.eakin@noaa.gov
Subject: Re: WDC-A
Date: Thursday, July 31, 2003 10:08:11 AM

Dear All,

This sounds really great. Looking forward to working w/ Mark on this,

mike

At 01:01 PM 7/31/2003 -0400, Raymond S. Bradley wrote:

I spoke with Mark Eakin today and he is enthusiastic about collaborating
on the database/display end of our plans.  He has programmers who are
working on some of these ideas anyway, so this will be a synergistic
exercise.
I said that Scott would contact Mark directly, once he gets his head above
water....

C. Mark Eakin, Ph.D.
Chief of NOAA Paleoclimatology and
Director of the World Data Center for Paleoclimatology

NOAA/National Climatic Data Center
325 Broadway E/CC23
Boulder, CO 80305-3328
Voice: 303-497-6172                  Fax: 303-497-6513
Internet: <mailto:mark.eakin@noaa.gov>mark.eakin@noaa.gov
http://www.ngdc.noaa.gov/paleo/paleo.html

Ray

Raymond S. Bradley
Distinguished Professor
Director, Climate System Research Center*
Department of Geosciences
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel: 
Fax: 
*Climate System Research Center: 
        <http://www.paleoclimate.org>
Paleoclimatology Book Web Site:
http://www.geo.umass.edu/climate/paleo/html
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______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Ray Bradley
To: mhughes@ltrr.arizona.edu; mann@virginia.edu
Cc: rbradley@geo.umass.edu
Subject: further revisions to BAMS reply
Date: Friday, February 18, 2000 1:19:52 PM
Attachments: barnettBAMS99-reply.doc

Untitled attachment 00334.txt

I attach the penultimate version of the response to Barnett et al....
Please check the refs (espec. the XXa or XXb for Briffa et al & the misc Mann et
al's...) and complete those that are missing & that you can do easily.
I think it now reads OK. If I were to change it further, it would be to add a few
sentences about the value of paleoclimatic data in general (ie beyond just
temperature) to point out the importance of the paleo record for understanding the
record of forcings & of biogeochemical tracers in general (even of CO2!!). How they
think they can get at natural variability without knowing the forcings is beyond me!

Let's fix this up asap & get it submitted by Monday or Tuesday

ray
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Untitled attachment 00334.txt

Raymond S. Bradley

Professor and Head of Department 

Department of Geosciences

University of Massachusetts

Amherst, MA 01003-5820

                                                    

Tel: 

Fax: 

Climate System Research Center:  

Climate System Research Center Web Page:
<<http://www.geo.umass.edu/climate/climate.html>

<italic>Paleoclimatology</italic> Book Web Site (1999):
http://www.geo.umass.edu/climate/paleo/html

Page 1
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Comments on “Detection and Attribution of Recent Climate Change: A Status 
Report” 
 
Barnett et al (1999) provide an excellent review of progress in model-based detection and 
attribution during the past few years.  Unfortunately, the section on “Paleoclimate 
proxies” is flawed.  Here we point out several issues that lead to erroneous conclusions in 
their paper. 
 
1. They state: “Straightforward comparisons via cross-spectral analysis…show that most 
of the Paleodata are not simple proxies of temperature”.  The authors might have added, 
“…, as most paleoclimatologists familiar with such data already know.”  Those who 
routinely work with such data recognize that careful calibration of each record is required 
to extract the appropriate signal, which may be primarily temperature or precipitation, or 
sometimes both, and often is very specific to a particular season.  However, their inability 
to identify a strong local temperature signal in the proxies they select is almost irrelevant 
to the detection and attribution problem at hand.  The authors imply that this is a 
fundamental limitation to the use of paleoclimatic data in large-scale temperature 
reconstructions.  This is not so.  Several studies (e.g., Bradley, 1996; Mann et al, 1998a; 
Evans et al., 1999?) have shown that the available network of proxy climate records is 
more than adequate to reconstruct the principal patterns of climate variability.  These 
studies have pointed out that the main issue is whether or not a particular distribution of 
data is adequate to sample the key patterns of climate variability on interannual and 
longer timescales  (associated, for example, with ENSO, the NAO, and various decadal 
and multidecadal patterns of intrinsic climate variability; cf. Kelly et al., 1999).  Proxies 
that may be unrelated to local temperature may nonetheless capture some of the variance 
of the large scale climate system.  Consider, for example, the drought-sensitive tree ring 
latewood density chronologies from Mexico and the southwestern U.S. (Stahle et al, 
1998) which show very strong (and statistically significant) correlations with the 
Southern Oscillation Index, an index that characterizes a phenomenon of global 
significance.  Similarly, trees that are sensitive to drought in (Stockton and XX, 19XX) 
appear to be effective indicators of the North Atlantic Oscillation, a primary mode of 
extra-tropical cold-season temperature variability.  Correlating such records against local 
instrumental temperature data is not a useful assessment of their potential usefulness in 
large-scale temperature pattern reconstruction.  Barnett et al. (1999) confuse the issue of 
the usefulness of a proxy record in calibrating a local temperature signal, and the 
potential usefulness of the same record in calibrating a large-scale pattern of climate 
variability.  Indeed, the two are often largely uncorrelated (see the discussion in Mann et 
al, 1998b). 
 
 
2.  The statement that “only a few of the tree-ring records from mid to high-latitude sites 
can be interpreted directly as temperature changes” is factually incorrect; the authors 
overlook several decades of dendroclimatological research which demonstrates otherwise 
(e.g. Briffa et al, 1988a, 1990; Graybill and Shiyatov, 1992; Hughes et al., 1999; Jacoby 
and Cook, 1981; Vaganov et al., 1996). There is a body of careful work, in which the 
difficulties of using natural archives are addressed explicitly (for example, Briffa et al., 
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1998a; Vaganov et al, 1999). More preposterous still is the notion that there is such a 
thing as a small handful of “good records” that should be used to  reconstruct 
hemispheric temperatures.  This argument is not based on any rigorous statistical 
considerations, but rather a flawed preconception about the means by which optimal 
pattern reconstructions are obtained. More careful considerations of optimal proxy 
networks, which take into account the covariance structure of the instrumental and proxy 
observations, are available in the literature (Bradley 1996; Cook et al., 1994, Evans et al, 
1998; Fritts, 1991, Mann et al, 1998a). As discussed above, non-temperature related 
proxies may sometimes be more vital in this problem than temperature-related proxies. 
Even when the proxy data sets have been limited to records with strong, clear, local or 
regional temperature signal, valuable reconstructions on continental to hemispheric scales 
have been established (e.g. Briffa et al., 1988b; Briffa and Osborne, 1999) 
 
3.  The statement  “The disparity between these reconstructions at some times over the 
last 400 years is as large as the observed changes in global temperature over the last 100 
years” [in reference to the comparison shown in  their Figure 2 between the hemispheric 
temperature estimates of Mann et al (1998a), Briffa et al (1998a), and Jones et al (1998)]  
is incorrect.  The maximum discrepancy during the 400 year interval shown is 0.45ºC,  
between the Briffa et al (1998a) and Jones et al (1998) estimates around 1840.  In 
contrast, the mean 20th century warming indicated by the smoothed instrumental record is 
approximately 0.8ºC.  In fact, by appropriate measures, as discussed below, the proxy 
reconstructions of hemispheric mean temperature are more similar to some of the model 
simulations in terms of the amplitude of estimated internal variability, than the models 
are to each other. 
 
 
4. The claim that the disparity between the three reconstructions shown in Figure 2 is 
largely due to intrinsic uncertainties in our ability to estimate hemispheric mean 
temperature ignores evidence to the contrary.  A large part of the difference between the 
Mann et al (1998a) and reconstruction, for example, is to be expected, because the 
reconstructions were designed to cover different regions and seasons (Jones et al, 1998; 
Mann et al, 2000)  (the Jones et al estimate is calibrated as an indicator of extratropical 
summer temperatures, while the Mann et al 1998a (and 1999) series is calibrated as a 
Northern Hemisphere and annual-mean estimate. Other series, such as the Overpeck et al 
(1997) estimate, are based on a yet different, high-latitude summer sampling emphasis.  
These seasonal and latitudinal sampling issues appear to be the primary reason for 
differences between the estimates.  If the Mann et al pattern reconstructions  are sampled 
in a similar  extra-tropical latitude band (30-70N), the two reconstructions lie well 
within the self-consistently estimated uncertainties of Mann et al (1998a).  Showing these 
series without mentioning the explicit differences between them is quite misleading.   
An entirely independent estimate by Crowley and Lowery (2000) shows similar behavior 
to the Mann et al (1999) estimates during the past millennium.  Furthermore a more 
recent version of the Briffa et al. (1998a) series, using more conservative standardization 
techniques (Briffa and Osborn in press) is far more similar to the Mann et al. (1998a) 
series than their earlier study reported.  
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5. Barnett et al.’s  statement  that it is “debatable whether there is enough temperature 
proxy data to be representative of hemispheric, let alone global climate changes 
given…lack of large spatial coherence in the data” is incorrect on at least two counts. 
a) The ability to skillfully reconstruct northern hemisphere mean temperature with such 
data has been rigorously demonstrated with careful cross-validation exercises by Mann et 
al (1998a; 1999) using independent large-scale temperature measurements from the 19th 
century, and the sparse available measurements several centuries back in time in Europe 
and North America, to test the pattern reconstructions.  
b) Highly significant coherence in these data has been clearly demonstrated; Mann et al.   
(1995) showed that interdecadal (15-35 year) and multidecadal (50-100 year)  frequency-
bands exhibit clearly enhanced amplitude climate variability in global proxy data during 
the past 5 centuries, even relative to the null hypothesis of spatially-correlated colored 
climatic noise. 
 
Finally, we believe that relying on computer models without the validated ability to 
model century and longer timescale variability to estimate the actual low-frequency 
variability of the climate is thoroughly unwise. Despite the comments of Barnett et al 
(1999), it is self-evident that global climate models can never be relied upon to give a 
definitive description of the natural variability of the true climate system. Models cannot 
estimate variability associated with processes or feedbacks that are not present in the 
models themselves. The potential non-linearities of small-scale processes that are not 
resolved,  dynamical feedbacks which are not accurately represented (cf. Cane et al, 
1997), and numerous potential surprises regarding the true global climate system (e.g., 
the role of gas hydrates) will forever limit the ability of models to accurately represent 
the true system.  The arguments of Barnett et al. fly in the face of some of the most basic 
tenets of natural science, whereby the real-word truth must always be the target for our 
theoretical  models.  In the control integrations that Barnett et al suggest we rely upon to 
estimate natural variability, the very factors that may have led to that variability are 
missing.  For example, there is absolutely no representation of long-term changes in solar 
irradiance forcing, volcanic forcing, astronomical variations, land use changes and other 
factors which may influence climate on decadal to millennial timescales.  Without a 
consideration of such effects, how meaningful can model-based estimates of “natural 
variability” really be?  
 
In contrast to the conclusion of Barnett et al., we argue that, in fact, paleo data offer the 
best and only hope of validating the low-frequency behavior of models.  They add a 
critical element to the detection and attribution problem that will never be possible from a 
comparison of 20th century model simulations and instrumental observations alone. The 
paleo data allow us to look at potential forcing mechanisms prior to the era of 
anthropogenic forcing, potentially validating or testing model-based estimates of climate 
sensitivity.  In fact, model experiments with various forcings have shown close 
similarities between empirically estimated and modeled variations.  Mann et al (1998a) 
estimate a sensitivity to solar irradiance forcing of ~0.4W m-2 from the relationship 
between their hemispheric temperature reconstruction and the Lean et al (1995) solar 
irradiance reconstruction. This estimate is nearly identical to that estimated in the 
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modeling study of Cubasch et al. (1997).  Furthermore, Waple et al. (2000) show that the 
empirical patterns of sensitivity to estimated solar-irradiance variations during the pre-
anthropogenic interval 1650-1850 are remarkably similar to the model-estimated pattern 
of Cubasch et al. (1997) both in terms of global mean sensitivity, and the underlying 
spatial pattern.  Given that solar irradiance variations are the only logical candidate for 
large-scale radiative forcing prior to the anthropogenic era, this represents a key 
confirmation of  the model-estimated signature of solar irradiance forcing.  Finally,  
Crowley and Kim (1999) have shown that when estimates of naturally-forced variability 
are removed from the proxy estimates, the residual variability is quite similar in its 
spectrum to the low-frequency variability of the models, in fact as similar as the different 
models are to each other! 
 
In summary, Barnett et al. (1999) completely undervalue the role of paleoclimatic data in 
assessing and documenting climate variability. Models are useful tools to understand the 
complexities of past and future climate variations, but they are no substitute for reality.  
We would delude ourselves if we were to think that that models alone can tell us more 
about climate system variability than natural archives of past climate. 
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From: Michael E. Mann
To: Ray Bradley
Cc: mhughes@ltrr.arizona.edu
Subject: Re: further revisions to BAMS reply
Date: Saturday, February 19, 2000 1:14:17 PM

Thanks Ray,

Just back from Auckland. Will read and get back to you ASAP. Meanwhile,
I need yours and Malcolm's final comments on the revised EI article ASAP.
We need to send this off immediately also. Will look forward to hearing
back. More soon,

mike

p.s. Did you read the latest borehole article in Nature. We may need to craft
a short response to Nature on that as well. This would paraphrase the comments
in my review as to why they never should have published it in the first place...

At 03:19 PM 2/18/00 -0500, you wrote:
>I attach the penultimate version of the response to Barnett et al....
>Please check the refs (espec. the XXa or XXb for Briffa et al & the misc
Mann et al's...) and complete those that are missing & that you can do easily.
>I think it now reads OK.  If I were to change it further, it would be to
add a few sentences about the value of paleoclimatic data in general (ie
beyond just temperature) to point out the importance of the paleo record for
understanding the record of forcings & of biogeochemical tracers in general
(even of CO2!!).  How they think they can get at natural variability without
knowing the forcings is beyond me!
>
>Let's fix this up asap & get it submitted by Monday or Tuesday
>
>ray
>
>
>Attachment Converted: c:\program files\eudora\attach\barnettBAMS99-reply.doc
>
>Raymond S. Bradley
>Professor and Head of Department
>Department of Geosciences
>University of Massachusetts
>Amherst, MA 01003-5820
>                                                   
>Tel: 
>Fax: 
>Climate System Research Center:  
>Climate System Research Center Web Page:
<http://www.geo.umass.edu/climate/climate.html>
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                    Professor Michael E. Mann
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e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.html             

ABOR/MH/Priv-004937



From: Michael E. Mann
To: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Cc: mann@virginia.edu
Subject: Reply to BAMS
Date: Saturday, February 19, 2000 11:55:40 PM
Attachments: barnettBAMS99-reply.doc

Untitled attachment 00314.txt

Ray, Malcolm:

I've tried to fill in all the references I could on the BAMS paper (the
only Cook et al drought reconstruction paper I know of is the 1999 J. Climate
paper. I have a *preprint* of the same paper from 1994!! (in other words,
it looks like it took 5 years to appear, if this is possible). You can
doublecheck that. I think I've filled in all the other refs, except the
Kelly one, and Stockton and Glueck which I don't have (I'll leave you and
Ray to fill those in). Note that the title on the EI paper was slightly
changed (I've fixed this). The revised version is attached in word format.

Otherwise, I wouldn't change a word! I think it is concise, lucid, and
convincing, and will hopefully be a lesson to others to be a bit more
circumspect before publishing that kind of diatribe...

At this point, I think the two of you have put in as much or more effort
than I have, and I'm perfectly happy for us to simply go alphabetical on the
author list, if that seems agreeable to you guys. I take it that Ray will be
handling the submission process?

Let me know if you need further from me. Looking forward to hearing back on
the EI article...

mike
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Comments on “Detection and Attribution of Recent Climate Change: A Status 
Report” 
 
Barnett et al (1999) provide an excellent review of progress in model-based detection and 
attribution during the past few years.  Unfortunately, the section on “Paleoclimate 
proxies” is flawed.  Here we point out several issues that lead to erroneous conclusions in 
their paper. 
 
1. They state: “Straightforward comparisons via cross-spectral analysis…show that most 
of the Paleodata are not simple proxies of temperature”.  The authors might have added, 
“…, as most paleoclimatologists familiar with such data already know.”  Those who 
routinely work with such data recognize that careful calibration of each record is required 
to extract the appropriate signal, which may be primarily temperature or precipitation, or 
sometimes both, and often is very specific to a particular season.  However, their inability 
to identify a strong local temperature signal in the proxies they select is almost irrelevant 
to the detection and attribution problem at hand.  The authors imply that this is a 
fundamental limitation to the use of paleoclimatic data in large-scale temperature 
reconstructions.  This is not so.  Several studies (e.g., Bradley, 1996; Mann et al, 1998a; 
Evans et al., 1998) have shown that the available network of proxy climate records is 
more than adequate to reconstruct the principal patterns of climate variability.  These 
studies have pointed out that the main issue is whether or not a particular distribution of 
data is adequate to sample the key patterns of climate variability on interannual and 
longer timescales  (associated, for example, with ENSO, the NAO, and various decadal 
and multidecadal patterns of intrinsic climate variability; cf. Kelly et al., 1999).  Proxies 
that may be unrelated to local temperature may nonetheless capture some of the variance 
of the large scale climate system.  Consider, for example, the drought-sensitive tree ring 
latewood density chronologies from Mexico and the southwestern U.S. (Stahle et al, 
1998) which show very strong (and statistically significant) correlations with the 
Southern Oscillation Index, an index that characterizes a phenomenon of global 
significance.  Similarly, trees that are sensitive to drought in (Stockton and XX, 19XX) 
appear to be effective indicators of the North Atlantic Oscillation, a primary mode of 
extra-tropical cold-season temperature variability.  Correlating such records against local 
instrumental temperature data is not a useful assessment of their potential usefulness in 
large-scale temperature pattern reconstruction.  Barnett et al. (1999) confuse the issue of 
the usefulness of a proxy record in calibrating a local temperature signal, and the 
potential usefulness of the same record in calibrating a large-scale pattern of climate 
variability.  Indeed, the two are often largely uncorrelated (see the discussion in Mann et 
al, 1998b). 
 
 
2.  The statement that “only a few of the tree-ring records from mid to high-latitude sites 
can be interpreted directly as temperature changes” is factually incorrect; the authors 
overlook several decades of dendroclimatological research which demonstrates otherwise 
(e.g. Briffa et al, 1988a, 1990; Graybill and Shiyatov, 1992; Hughes et al., 1999; Jacoby 
and Cook, 1981; Vaganov et al., 1996). There is a body of careful work, in which the 
difficulties of using natural archives are addressed explicitly (for example, Briffa et al., 
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1998a; Vaganov et al, 1999). More preposterous still is the notion that there is such a 
thing as a small handful of “good records” that should be used to  reconstruct 
hemispheric temperatures.  This argument is not based on any rigorous statistical 
considerations, but rather a flawed preconception about the means by which optimal 
pattern reconstructions are obtained. More careful considerations of optimal proxy 
networks, which take into account the covariance structure of the instrumental and proxy 
observations, are available in the literature (Bradley 1996; Cook et al., 1999, Evans et al, 
1998; Fritts, 1991, Mann et al, 1998a). As discussed above, non-temperature related 
proxies may sometimes be more vital in this problem than temperature-related proxies. 
Even when the proxy data sets have been limited to records with strong, clear, local or 
regional temperature signal, valuable reconstructions on continental to hemispheric scales 
have been established (e.g. Briffa et al., 1988b; Briffa and Osborne, 1999) 
 
3.  The statement  “The disparity between these reconstructions at some times over the 
last 400 years is as large as the observed changes in global temperature over the last 100 
years” [in reference to the comparison shown in  their Figure 2 between the hemispheric 
temperature estimates of Mann et al (1998a), Briffa et al (1998a), and Jones et al (1998)]  
is incorrect.  The maximum discrepancy during the 400 year interval shown is 0.45ºC,  
between the Briffa et al (1998a) and Jones et al (1998) estimates around 1840.  In 
contrast, the mean 20th century warming indicated by the smoothed instrumental record is 
approximately 0.8ºC.  In fact, by appropriate measures, as discussed below, the proxy 
reconstructions of hemispheric mean temperature are more similar to some of the model 
simulations in terms of the amplitude of estimated internal variability, than the models 
are to each other. 
 
 
4. The claim that the disparity between the three reconstructions shown in Figure 2 is 
largely due to intrinsic uncertainties in our ability to estimate hemispheric mean 
temperature ignores evidence to the contrary.  A large part of the difference between the 
Mann et al (1998a) and reconstruction, for example, is to be expected, because the 
reconstructions were designed to cover different regions and seasons (Jones et al, 1998; 
Mann et al, 2000)  (the Jones et al estimate is calibrated as an indicator of extratropical 
summer temperatures, while the Mann et al 1998a (and 1999) series is calibrated as a 
Northern Hemisphere and annual-mean estimate. Other series, such as the Overpeck et al 
(1997) estimate, are based on a yet different, high-latitude summer sampling emphasis.  
These seasonal and latitudinal sampling issues appear to be the primary reason for 
differences between the estimates.  If the Mann et al pattern reconstructions  are sampled 
in a similar  extra-tropical latitude band (30-70N), the two reconstructions lie well 
within the self-consistently estimated uncertainties of Mann et al (1998a).  Showing these 
series without mentioning the explicit differences between them is quite misleading.   
An entirely independent estimate by Crowley and Lowery (2000) shows similar behavior 
to the Mann et al (1999) estimates during the past millennium.  Furthermore a more 
recent version of the Briffa et al. (1998a) series, using more conservative standardization 
techniques (Briffa and Osborn in press) is far more similar to the Mann et al. (1998a) 
series than their earlier study reported.  
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5. Barnett et al.’s  statement  that it is “debatable whether there is enough temperature 
proxy data to be representative of hemispheric, let alone global climate changes 
given…lack of large spatial coherence in the data” is incorrect on at least two counts. 
a) The ability to skillfully reconstruct northern hemisphere mean temperature with such 
data has been rigorously demonstrated with careful cross-validation exercises by Mann et 
al (1998a; 1999) using independent large-scale temperature measurements from the 19th 
century, and the sparse available measurements several centuries back in time in Europe 
and North America, to test the pattern reconstructions.  
b) Highly significant coherence in these data has been clearly demonstrated; Mann et al.   
(1995) showed that interdecadal (15-35 year) and multidecadal (50-100 year)  frequency-
bands exhibit clearly enhanced amplitude climate variability in global proxy data during 
the past 5 centuries, even relative to the null hypothesis of spatially-correlated colored 
climatic noise. 
 
Finally, we believe that relying on computer models without the validated ability to 
model century and longer timescale variability to estimate the actual low-frequency 
variability of the climate is thoroughly unwise. Despite the comments of Barnett et al 
(1999), it is self-evident that global climate models can never be relied upon to give a 
definitive description of the natural variability of the true climate system. Models cannot 
estimate variability associated with processes or feedbacks that are not present in the 
models themselves. The potential non-linearities of small-scale processes that are not 
resolved,  dynamical feedbacks which are not accurately represented (cf. Cane et al, 
1997), and numerous potential surprises regarding the true global climate system (e.g., 
the role of gas hydrates) will forever limit the ability of models to accurately represent 
the true system.  The arguments of Barnett et al. fly in the face of some of the most basic 
tenets of natural science, whereby the real-word truth must always be the target for our 
theoretical  models.  In the control integrations that Barnett et al suggest we rely upon to 
estimate natural variability, the very factors that may have led to that variability are 
missing.  For example, there is absolutely no representation of long-term changes in solar 
irradiance forcing, volcanic forcing, astronomical variations, land use changes and other 
factors which may influence climate on decadal to millennial timescales.  Without a 
consideration of such effects, how meaningful can model-based estimates of “natural 
variability” really be?  
 
In contrast to the conclusion of Barnett et al., we argue that, in fact, paleo data offer the 
best and only hope of validating the low-frequency behavior of models.  They add a 
critical element to the detection and attribution problem that will never be possible from a 
comparison of 20th century model simulations and instrumental observations alone. The 
paleo data allow us to look at potential forcing mechanisms prior to the era of 
anthropogenic forcing, potentially validating or testing model-based estimates of climate 
sensitivity.  In fact, model experiments with various forcings have shown close 
similarities between empirically estimated and modeled variations.  Mann et al (1998a) 
estimate a sensitivity to solar irradiance forcing of ~0.4W m-2 from the relationship 
between their hemispheric temperature reconstruction and the Lean et al (1995) solar 
irradiance reconstruction. This estimate is nearly identical to that estimated in the 
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modeling study of Cubasch et al. (1997).  Furthermore, Waple et al. (2000) show that the 
empirical patterns of sensitivity to estimated solar-irradiance variations during the pre-
anthropogenic interval 1650-1850 are remarkably similar to the model-estimated pattern 
of Cubasch et al. (1997) both in terms of global mean sensitivity, and the underlying 
spatial pattern.  Given that solar irradiance variations are the only logical candidate for 
large-scale radiative forcing prior to the anthropogenic era, this represents a key 
confirmation of  the model-estimated signature of solar irradiance forcing.  Finally,  
Crowley and Kim (1999) have shown that when estimates of naturally-forced variability 
are removed from the proxy estimates, the residual variability is quite similar in its 
spectrum to the low-frequency variability of the models, in fact as similar as the different 
models are to each other! 
 
In summary, Barnett et al. (1999) completely undervalue the role of paleoclimatic data in 
assessing and documenting climate variability. Models are useful tools to understand the 
complexities of past and future climate variations, but they are no substitute for reality.  
We would delude ourselves if we were to think that that models alone can tell us more 
about climate system variability than natural archives of past climate. 
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From: Ray Bradley
To: mhughes@ltrr.arizona.edu; mann@virginia.edu
Subject: helpful comments from Henry
Date: Tuesday, February 22, 2000 12:15:32 PM

Hi Ray -

I read over the reply text. It artfully sticks the knife in with the proper reserve.

Some comments. On page 3, second para. Change the word "thoroughly unwise" to:

Finally, we believe that relying on computer models without the validated ability to
model century and longer timescale variability to estimate the actual low-frequency
variability of the climate is emphatically unwise. 

In the same para.:

it is self-evident that global climate models can never be relied upon to give a
definitive description of the natural variability of the true climate system.
Change to: "it is self-evident that global climate models can not now, or in the
foreseeable future, be relied upon to give a definitive description of the natural
variability of the true climate system.

and change 

and numerous potential surprises regarding the true global climate system (e.g., the
role of gas hydrates) will forever limit the ability of models to accurately represent
the true system. 

to

and numerous potential surprises regarding the true global climate system (e.g., the
role of gas hydrates) will likely always limit the ability of models to accurately
represent the true system. 

Same paragraph:

In the control integrations that Barnett et al suggest we rely upon to estimate
natural variability

change to:

In the control integrations that Barnett et al suggest we should rely upon to
estimate natural variability..

Last sentence of the same pargraph:

. Without a consideration of such effects, how meaningful can model-based
estimates of "natural variability" really be?

You shouldn't ask the question, because the exercise can be meaningful, in the
sense that it will be a "useful" exercise.
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You should state that, "Without a consideration of such effects, model estimates of
natural variability will always come up short of reproducing "reality."

You also have to be careful you don't open a line of riposte. In the paragraph:

.. " In fact, model experiments with various forcings have shown close similarities
between empirically estimated and modeled variations. Mann et al (1998a) estimate
a sensitivity to solar irradiance forcing of ~0.4W m-2 from the relationship between
their hemispheric temperature reconstruction and the Lean et al (1995) solar
irradiance reconstruction. This estimate is nearly identical to that estimated in the
modeling study of Cubasch et al. (1997). Furthermore, Waple et al. (2000) show
that the empirical patterns of sensitivity to estimated solar-irradiance variations
during the pre-anthropogenic interval 1650-1850 are remarkably similar to the
model-estimated pattern of Cubasch et al. (1997) both in terms of global mean
sensitivity, and the underlying spatial pattern"

Remember that a modeling study "sensitivity" is not the same as measuring the
"true" sensitivity of the global climate to solar irradiance variations--those can only
be ascertained by measurement--say of the solar output and the earth's tempeature
from properly and long-term calibrated satellite measurements. A model number
depends on the parameter values specified apriori--you get a number back that is
commensurate with the explicitly coded mathematics. I'm not sure that what you
said above is totally germain to your argument.

Finally:

"Crowley and Kim (1999) have shown that when estimates of naturally-forced
variability are removed from the proxy estimates, the residual variability is quite
similar in its spectrum to the low-frequency variability of the models, in fact as
similar as the different models are to each other!"

This last sentence is imporant, but it's a bit opaque. Rephrase perhaps?

Cheers, Henry

Henry F. Diaz
NOAA/ERL/CDC
325 Broadway
Boulder, CO USA 80303

Office ph. (303) 497 6649
Fax. (303) 497 7013
e-mail: hfd@cdc.noaa.gov

Raymond S. Bradley
Professor and Head of Department 
Department of Geosciences
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University of Massachusetts
Amherst, MA 01003-5820

Tel: 
Fax: 
Climate System Research Center: 
Climate System Research Center Web Page:
<http://www.geo.umass.edu/climate/climate.html>
Paleoclimatology Book Web Site (1999):
http://www.geo.umass.edu/climate/paleo/html
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From: Michael E. Mann
To: Ray Bradley; mhughes@ltrr.arizona.edu
Cc: mann@virginia.edu
Subject: Re: helpful comments from Henry
Date: Tuesday, February 22, 2000 12:52:42 PM

Thanks Ray,

Good advice from Henry. The discussion of Waple et al, Cubasch et al,
sensitivity, etc. is seeming gratuitous to me now, although I'm the one who
put it in there. I think we *would* do well to excise that and shorten the
piece in the process.

The more important point is in the discussion of Crowley and Kim (1999), which
could, as Henry suggests, be rephrased:

Crowley and Kim (1999), using an energy balance model, estimate that as
much as 18-34% of low frequency variability in proxy-based hemispheric
temperature reconstructions over the preanthropogenic interval could be
forced by volcanism and solar variability. Most importantly, they show that
the spectrum of the residuals (ie, the remaining component when this forced
variability is accounted for) agrees  with that of unforced variability
from control runs of coupled models at the 90% significance level. In other
words, the estimated level of natural variability in the proxy-based
temperature series is as similar to the models as the models are to each
other.

At 02:15 PM 2/22/00 -0500, Ray Bradley wrote:
>Hi Ray -
>
>I read over the reply text.  It artfully sticks the knife in with the
>proper reserve.
>
>Some comments.  On page 3, second para.  Change the word "thoroughly
>unwise" to:
>
>Finally, we believe that relying on computer models without the validated
>ability to model century and longer timescale variability to estimate the
>actual low-frequency variability of the climate is emphatically unwise.
>
>In the same para.:
>
>it is self-evident that global climate models can never be relied upon to
>give a definitive description of the natural variability of the true
>climate system.
>Change to:  "it is self-evident that global climate models can not now, or
>in the foreseeable future, be relied upon to give a definitive description
>of the natural variability of the true climate system.
>
>and  change
>
>and numerous potential surprises regarding the true global climate system
>(e.g., the role of gas hydrates) will forever limit the ability of models
>to accurately represent the true system.
>
>to
>
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>and numerous potential surprises regarding the true global climate system
>(e.g., the role of gas hydrates) will likely always limit the ability of
>models to accurately represent the true system.
>
>Same paragraph:
>
>In the control integrations that Barnett et al suggest we rely upon to
>estimate natural variability
>
>change to:
>
>In the control integrations that Barnett et al suggest we should rely upon
>to estimate natural variability..
>
>Last sentence of the same pargraph:
>
>.  Without a consideration of such effects, how meaningful can model-based
>estimates of "natural variability" really be?
>
>You shouldn't ask the question, because the exercise can be meaningful, in
>the sense that it will be a "useful" exercise.
>
>You should state that,   "Without a consideration of such effects, model
>estimates of natural variability will always come up short of reproducing
>"reality."
>
>You also have to be careful you don't open a line of riposte.  In the
>paragraph:
>
>.. " In fact, model experiments with various forcings have shown close
>similarities between empirically estimated and modeled variations.  Mann et
>al (1998a) estimate a sensitivity to solar irradiance forcing of ~0.4W m-2
>from the relationship between their hemispheric temperature reconstruction
>and the Lean et al (1995) solar irradiance reconstruction. This estimate is
>nearly identical to that estimated in the modeling study of Cubasch et al.
>(1997).  Furthermore, Waple et al. (2000) show that the empirical patterns
>of sensitivity to estimated solar-irradiance variations during the
>pre-anthropogenic interval 1650-1850 are remarkably similar to the
>model-estimated pattern of Cubasch et al. (1997) both in terms of global
>mean sensitivity, and the underlying spatial pattern"
>
>Remember that a modeling study "sensitivity" is not the same as measuring
>the "true" sensitivity of the global climate to solar irradiance
>variations--those can only be ascertained by measurement--say of the solar
>output and the earth's tempeature from properly and long-term calibrated
>satellite measurements.  A model number depends on the parameter values
>specified apriori--you get a number back that is commensurate with the
>explicitly coded mathematics.  I'm not sure that what you said above is
>totally germain to your argument.
>
>Finally:
>
>"Crowley and Kim (1999) have shown that when estimates of naturally-forced
>variability are removed from the proxy estimates, the residual variability
>is quite similar in its spectrum to the low-frequency variability of the
>models, in fact as similar as the different models are to each other!"
>
>This last sentence is imporant, but it's a bit opaque.  Rephrase perhaps?
>
>
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>Cheers, Henry
>
>
>
>Henry F. Diaz
>NOAA/ERL/CDC
>325 Broadway
>Boulder, CO USA 80303
>
>Office ph. (303) 497 6649
>Fax. (303) 497 7013
>e-mail: hfd@cdc.noaa.gov
>
>
>
>
>Raymond S. Bradley
>Professor and Head of Department
>Department of Geosciences
>University of Massachusetts
>Amherst, MA 01003-5820
>                                                   
>Tel: 
>Fax: 
>Climate System Research Center:  
>Climate System Research Center Web Page:
><http://www.geo.umass.edu/climate/climate.html>
>Paleoclimatology Book Web Site (1999):
>http://www.geo.umass.edu/climate/paleo/html
>
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Ray Bradley
To: Michael E. Mann
Cc: mhughes@ltrr.arizona.edu
Subject: Re: helpful comments from Henry
Date: Tuesday, February 22, 2000 1:13:30 PM
Attachments: EI COMMENTS.doc

Untitled attachment 00339.txt

HERE ARE SOME COMMENTS ON THE EI TEXT THAT i FINALLY had chance to look at. 
I hope these are clear, & you can find the places in the text easily.
At this point, MKH has the BAMS article for "final" tweaking" so i leave it to him to fix
the changes suggested by you & HFD.
Ray

At 03:07 PM 2/22/00 -0500, you wrote:
>Thanks Ray,
>
>Good advice from Henry. The discussion of Waple et al, Cubasch et al,
>sensitivity, etc. is seeming gratuitous to me now, although I'm the one who
>put it in there. I think we *would* do well to excise that and shorten the
>piece in the process.
>
>The more important point is in the discussion of Crowley and Kim (1999), which
>could, as Henry suggests, be rephrased:
>
>Crowley and Kim (1999), using an energy balance model, estimate that as
>much as 18-34% of low frequency variability in proxy-based hemispheric
>temperature reconstructions over the preanthropogenic interval could be
>forced by volcanism and solar variability. Most importantly, they show that
>the spectrum of the residuals (ie, the remaining component when this forced
>variability is accounted for) agrees with that of unforced variability
>from control runs of coupled models at the 90% significance level. In other
>words, the estimated level of natural variability in the proxy-based
>temperature series is as similar to the models as the models are to each
>other.
>
>
>At 02:15 PM 2/22/00 -0500, Ray Bradley wrote:
>>Hi Ray -
>>
>>I read over the reply text. It artfully sticks the knife in with the
>>proper reserve.
>>
>>Some comments. On page 3, second para. Change the word "thoroughly
>>unwise" to:
>>
>>Finally, we believe that relying on computer models without the validated
>>ability to model century and longer timescale variability to estimate the
>>actual low-frequency variability of the climate is emphatically unwise. 
>>
>>In the same para.:
>>
>>it is self-evident that global climate models can never be relied upon to
>>give a definitive description of the natural variability of the true
>>climate system.
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>>Change to: "it is self-evident that global climate models can not now, or
>>in the foreseeable future, be relied upon to give a definitive description
>>of the natural variability of the true climate system.
>>
>>and change 
>>
>>and numerous potential surprises regarding the true global climate system
>>(e.g., the role of gas hydrates) will forever limit the ability of models
>>to accurately represent the true system. 
>>
>>to
>>
>>and numerous potential surprises regarding the true global climate system
>>(e.g., the role of gas hydrates) will likely always limit the ability of
>>models to accurately represent the true system. 
>>
>>Same paragraph:
>>
>>In the control integrations that Barnett et al suggest we rely upon to
>>estimate natural variability
>>
>>change to:
>>
>>In the control integrations that Barnett et al suggest we should rely upon
>>to estimate natural variability..
>>
>>Last sentence of the same pargraph:
>>
>>. Without a consideration of such effects, how meaningful can model-based
>>estimates of "natural variability" really be?
>>
>>You shouldn't ask the question, because the exercise can be meaningful, in
>>the sense that it will be a "useful" exercise.
>>
>>You should state that, "Without a consideration of such effects, model
>>estimates of natural variability will always come up short of reproducing
>>"reality."
>>
>>You also have to be careful you don't open a line of riposte. In the
>>paragraph:
>>
>>.. " In fact, model experiments with various forcings have shown close
>>similarities between empirically estimated and modeled variations. Mann et
>>al (1998a) estimate a sensitivity to solar irradiance forcing of ~0.4W m-2
>>from the relationship between their hemispheric temperature reconstruction
>>and the Lean et al (1995) solar irradiance reconstruction. This estimate is
>>nearly identical to that estimated in the modeling study of Cubasch et al.
>>(1997). Furthermore, Waple et al. (2000) show that the empirical patterns
>>of sensitivity to estimated solar-irradiance variations during the
>>pre-anthropogenic interval 1650-1850 are remarkably similar to the
>>model-estimated pattern of Cubasch et al. (1997) both in terms of global
>>mean sensitivity, and the underlying spatial pattern"
>>
>>Remember that a modeling study "sensitivity" is not the same as measuring

ABOR/MH/Priv-004954



>>the "true" sensitivity of the global climate to solar irradiance
>>variations--those can only be ascertained by measurement--say of the solar
>>output and the earth's tempeature from properly and long-term calibrated
>>satellite measurements. A model number depends on the parameter values
>>specified apriori--you get a number back that is commensurate with the
>>explicitly coded mathematics. I'm not sure that what you said above is
>>totally germain to your argument.
>>
>>Finally:
>>
>>"Crowley and Kim (1999) have shown that when estimates of naturally-forced
>>variability are removed from the proxy estimates, the residual variability
>>is quite similar in its spectrum to the low-frequency variability of the
>>models, in fact as similar as the different models are to each other!"
>>
>>This last sentence is imporant, but it's a bit opaque. Rephrase perhaps?
>>
>>
>>Cheers, Henry
>>
>>
>>
>>Henry F. Diaz
>>NOAA/ERL/CDC
>>325 Broadway
>>Boulder, CO USA 80303
>>
>>Office ph. (303) 497 6649
>>Fax. (303) 497 7013
>>e-mail: hfd@cdc.noaa.gov
>>
>>
>>
>>
>>Raymond S. Bradley
>>Professor and Head of Department 
>>Department of Geosciences
>>University of Massachusetts
>>Amherst, MA 01003-5820
>> 
>>Tel: 
>>Fax: 
>>Climate System Research Center: 
>>Climate System Research Center Web Page:
>><http://www.geo.umass.edu/climate/climate.html>
>>Paleoclimatology Book Web Site (1999):
>>http://www.geo.umass.edu/climate/paleo/html
>> 
>_______________________________________________________________________

> Professor Michael E. Mann
> Department of Environmental Sciences, Clark Hall
> University of Virginia
> Charlottesville, VA 22903
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>_______________________________________________________________________

>e-mail: mann@virginia.edu Phone:  FAX: 
> http://www.evsc.virginia.edu/faculty/people/mann.html
>
>
>
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Untitled attachment 00339.txt

Raymond S. Bradley

Professor and Head of Department 

Department of Geosciences

University of Massachusetts

Amherst, MA 01003-5820

                                                    

Tel: 

Fax: 

Climate System Research Center:  

Climate System Research Center Web Page:
<<http://www.geo.umass.edu/climate/climate.html>

<italic>Paleoclimatology</italic> Book Web Site (1999):
http://www.geo.umass.edu/climate/paleo/html
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            These various internal consistency checks and verification experiments, 
            together, indicate that skillful and unbiased reconstructions are possible 
            several centuries back in time, both for the annual-mean and independent 
            cold- and warm- season. 
ARE THEY REALLY INDEPENDENT? 
 However, the reader will note that a considerably 
            smaller fraction of the instrumental variance is calibrated in the seasonal 
            reconstructions (particularly the warm-season) than in the annual-mean 
            reconstructions. We attribute this to the constructive mutual seasonal 
            information in the diverse network of proxy data used, which allows more 
            effective reconstruction of annual mean conditions than particular seasonal 
            conditions.  
THIS SENTENCE IS A BIT OBSCURE FOR ME…. 
The uncertainties are thus considerably greater for the seasonal 
            reconstructions. Moreover, the annual mean reconstructions are not 
            equivalent to the sum of the cold-season and warm-season reconstructions 
            since the substantially greater uncertainties in the latter add in quadrature, 
            rather than cancelling, in a numerical average. For example, the amplitude 
            of the NH series variations in past centuries is similarly underestimated for 
            both warm and cold-season, and the average of the two is a considerably 
CHANGE TO CONSIDERABLE 
            underestimate of the annual-mean reconstruction. For these reasons, the 
            quantative details of these latter reconstructions should be interpreted quite 
            cautiously, although the qualitative insights afforded by the 
            seasonally-resolved versions of the reconstructions are useful. 
 
 
 
The reconstructed annual Northern Hemisphere mean temperature series is 
            shown in Figure 6. Based on this reconstruction, MBH98 argued that the warmth 
            of the 1990s (3 years in particular: 1990, 1995, 1997) were is unprecedented in at 
            least the past 600 years,  
CHANGE WERE IS TO WAS 
 
 
 
Note that the 19th century was especially cold in North America 
            (approximately 0.6 degrees C colder than the entire NH mean), and the 
            subsequent warming trend of the 20th century accordingly more dramatic (ie, 
            approximate 1.2 C vs 0.6 C). The fluctuations are signficantly greater on almost all 
            timescales for the North American series, underscoring the importance of drawing 
            inferences from the largest-scale mean trends in which regional "noise" is 
            dampened and certain types of signals (e.g., the influence of climate forcings--see 
            later section) are more cleanly detected.  
THE AMPLITUDE OF ANOMALIES OVER N.AMERICA IS BOUND TO BE LARGER THAN 
FOR THE NH, JUST BECAUSE OF THE SIZE OF THE REGION AVERAGED, SO I DON’T 
THINK THIS COMPARISON MAKES MUCH SENSE.  IT WOULD BE MORE MEANINGFUL 
TO COMPARE NORMALIZED ANOMALIES, USING (PERHAPS) THE sd FOR 1902-80 FOR 
EACH SERIES.  SAME GOES FOR THE Europe NH COMPARISON IN THE NEXT FIGURE 
9WHICH INCIDENTALLY IS MISSING SOME TICK MARKS ON THE X-AXIS). 
 
A number of other years (1870, 1864, 1838, 1820, 1700, 1642, and many years during 
            the 1450s and 1460s decades) appear to have been substantially colder for the 
            hemisphere as a whole in the temperature reconstructions presented here. Our notions 
            of this year as a particularly cold one may thus arise in large part from the fact that the 
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            coldness was most pronounced in those regions--Europe and North America--which 
            figure most prominently in the western anecdotal and historical framework 
LOSES THREAD TO 1816….MAYBE CHANGE TO: 
….appear to have been substantially colder THAN 1816 for the  hemisphere as a whole …. 
ALSO, CAPITALISE EUROPE AND MIDDLE EAST EVERYWHERE 
 
 
Summary 
 
 Not only, as documented previously, is the global-scale warmth of the most recent decade observed to be 
quite unusual 
SHOULD READ: 
 As documented previously, NOT ONLY is the global-scale warmth of the most recent decade observed to 
be quite unusual 
 
&… 
 
 Certain recent (ie, the 1997-98 and 1982-83) El Nino events also appear somewhat… 
SHOULD READ: 
 
 Certain recent El Nino events (ie, the 1997-98 and 1982-83) also appear somewhat… 
 
 Only through the arduous efforts of 
            large numbers of paleoclimate researchers, can such networks be 
            extended in space and time to the point where significant improvements will 
            be possible in proxy-based reconstruction of the global climate back in 
            time.  
REMOVE PHRASE IN BOLD (REPETATIVE) 
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From: Michael E. Mann
To: Ray Bradley
Cc: mhughes@ltrr.arizona.edu
Subject: Re: helpful comments from Henry
Date: Tuesday, February 22, 2000 1:27:54 PM

Thanks Ray,

Sounds good on all counts.

The only comment on the EI article I differ with you is on the Northern
Hemisphere/North America reconstruction. The point I am trying to make
is precisely the one you note--that a small region, like N. Amer, is likely
to exhibit larger flucationations. So, the fact that North America was
quite cold in the 19th century doesn't mean the entire NH was that cold,
and there is no inconsistency in pointing out that 19th century temps
in North America were 1.5 degrees colder, but the hemisphere was less
than 0.7 degrees colder. Its that some old point we're trying to drive home
about regional vs. hemisphere-mean temperature variations, but using this
specific example.

I can reword to try to clarify this, but I don't want to standardize
the series, because this would not make the point that I want to make
here. Let me know if you still have a problem w/ that...

mike

At 03:12 PM 2/22/00 -0500, Ray Bradley wrote:
>HERE ARE SOME COMMENTS ON THE EI TEXT THAT i FINALLY had chance to look at. 
>I hope these are clear, & you can find the places in the text easily.
>At this point, MKH has the BAMS article for "final" tweaking" so i leave it
>to him to fix the changes suggested by you & HFD.
>Ray
>
>At 03:07 PM 2/22/00 -0500, you wrote:
>>Thanks Ray,
>>
>>Good advice from Henry. The discussion of Waple et al, Cubasch et al,
>>sensitivity, etc. is seeming gratuitous to me now, although I'm the one who
>>put it in there. I think we *would* do well to excise that and shorten the
>>piece in the process.
>>
>>The more important point is in the discussion of Crowley and Kim (1999),
which
>>could, as Henry suggests, be rephrased:
>>
>>Crowley and Kim (1999), using an energy balance model, estimate that as
>>much as 18-34% of low frequency variability in proxy-based hemispheric
>>temperature reconstructions over the preanthropogenic interval could be
>>forced by volcanism and solar variability. Most importantly, they show that
>>the spectrum of the residuals (ie, the remaining component when this forced
>>variability is accounted for) agrees  with that of unforced variability
>>from control runs of coupled models at the 90% significance level. In other
>>words, the estimated level of natural variability in the proxy-based
>>temperature series is as similar to the models as the models are to each
>>other.
>>
>>
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>>At 02:15 PM 2/22/00 -0500, Ray Bradley wrote:
>>>Hi Ray -
>>>
>>>I read over the reply text.  It artfully sticks the knife in with the
>>>proper reserve.
>>>
>>>Some comments.  On page 3, second para.  Change the word "thoroughly
>>>unwise" to:
>>>
>>>Finally, we believe that relying on computer models without the validated
>>>ability to model century and longer timescale variability to estimate the
>>>actual low-frequency variability of the climate is emphatically unwise.
>>>
>>>In the same para.:
>>>
>>>it is self-evident that global climate models can never be relied upon to
>>>give a definitive description of the natural variability of the true
>>>climate system.
>>>Change to:  "it is self-evident that global climate models can not now, or
>>>in the foreseeable future, be relied upon to give a definitive description
>>>of the natural variability of the true climate system.
>>>
>>>and  change
>>>
>>>and numerous potential surprises regarding the true global climate system
>>>(e.g., the role of gas hydrates) will forever limit the ability of models
>>>to accurately represent the true system.
>>>
>>>to
>>>
>>>and numerous potential surprises regarding the true global climate system
>>>(e.g., the role of gas hydrates) will likely always limit the ability of
>>>models to accurately represent the true system.
>>>
>>>Same paragraph:
>>>
>>>In the control integrations that Barnett et al suggest we rely upon to
>>>estimate natural variability
>>>
>>>change to:
>>>
>>>In the control integrations that Barnett et al suggest we should rely upon
>>>to estimate natural variability..
>>>
>>>Last sentence of the same pargraph:
>>>
>>>.  Without a consideration of such effects, how meaningful can model-based
>>>estimates of "natural variability" really be?
>>>
>>>You shouldn't ask the question, because the exercise can be meaningful, in
>>>the sense that it will be a "useful" exercise.
>>>
>>>You should state that,   "Without a consideration of such effects, model
>>>estimates of natural variability will always come up short of reproducing
>>>"reality."
>>>
>>>You also have to be careful you don't open a line of riposte.  In the
>>>paragraph:
>>>
>>>.. " In fact, model experiments with various forcings have shown close
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>>>similarities between empirically estimated and modeled variations.  Mann et
>>>al (1998a) estimate a sensitivity to solar irradiance forcing of ~0.4W m-2
>>>from the relationship between their hemispheric temperature reconstruction
>>>and the Lean et al (1995) solar irradiance reconstruction. This estimate is
>>>nearly identical to that estimated in the modeling study of Cubasch et al.
>>>(1997).  Furthermore, Waple et al. (2000) show that the empirical patterns
>>>of sensitivity to estimated solar-irradiance variations during the
>>>pre-anthropogenic interval 1650-1850 are remarkably similar to the
>>>model-estimated pattern of Cubasch et al. (1997) both in terms of global
>>>mean sensitivity, and the underlying spatial pattern"
>>>
>>>Remember that a modeling study "sensitivity" is not the same as measuring
>>>the "true" sensitivity of the global climate to solar irradiance
>>>variations--those can only be ascertained by measurement--say of the solar
>>>output and the earth's tempeature from properly and long-term calibrated
>>>satellite measurements.  A model number depends on the parameter values
>>>specified apriori--you get a number back that is commensurate with the
>>>explicitly coded mathematics.  I'm not sure that what you said above is
>>>totally germain to your argument.
>>>
>>>Finally:
>>>
>>>"Crowley and Kim (1999) have shown that when estimates of naturally-forced
>>>variability are removed from the proxy estimates, the residual variability
>>>is quite similar in its spectrum to the low-frequency variability of the
>>>models, in fact as similar as the different models are to each other!"
>>>
>>>This last sentence is imporant, but it's a bit opaque.  Rephrase perhaps?
>>>
>>>
>>>Cheers, Henry
>>>
>>>
>>>
>>>Henry F. Diaz
>>>NOAA/ERL/CDC
>>>325 Broadway
>>>Boulder, CO USA 80303
>>>
>>>Office ph. (303) 497 6649
>>>Fax. (303) 497 7013
>>>e-mail: hfd@cdc.noaa.gov
>>>
>>>
>>>
>>>
>>>Raymond S. Bradley
>>>Professor and Head of Department
>>>Department of Geosciences
>>>University of Massachusetts
>>>Amherst, MA 01003-5820
>>>                                                   
>>>Tel: 
>>>Fax: 
>>>Climate System Research Center:  
>>>Climate System Research Center Web Page:
>>><http://www.geo.umass.edu/climate/climate.html>
>>>Paleoclimatology Book Web Site (1999):
>>>http://www.geo.umass.edu/climate/paleo/html
>>>
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>>_______________________________________________________________________
>>                     Professor Michael E. Mann
>>          Department of Environmental Sciences, Clark Hall
>>                      University of Virginia
>>                     Charlottesville, VA 22903
>>_______________________________________________________________________
>>e-mail: mann@virginia.edu   Phone:    FAX: 
>>       http://www.evsc.virginia.edu/faculty/people/mann.html
>>
>>
>>
>Attachment Converted: "c:\eudora\attach\EI COMMENTS.doc"
>Raymond S. Bradley
>Professor and Head of Department
>Department of Geosciences
>University of Massachusetts
>Amherst, MA 01003-5820
>                                                   
>Tel: 
>Fax: 
>Climate System Research Center:  
>Climate System Research Center Web Page:
><http://www.geo.umass.edu/climate/climate.html>
>Paleoclimatology Book Web Site (1999):
>http://www.geo.umass.edu/climate/paleo/html
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Malcolm Hughes
To: Michael E. Mann; rbradley@geo.umass.edu
Cc: mann@virginia.edu
Subject: Re: helpful comments from Henry
Date: Tuesday, February 22, 2000 8:34:26 PM

Dear Ray and Mike - the latest version is attached. I have tried to
incorporate, with some modificaitons, all the suggestions. Please
review it carefully. Read right to the very end. One question arises
in section 4. The draft talks about the Crowley and Lowery series
being an entirely independent estimate, but isn't it based mostly on
overlapping data? We lack a reference for Briffa and Osborne, in
press. Cheers, Malcolm

Attachments:
  C:\Projects\Bradley and Mann\Barnett\draft modified by MKH.doc
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From: Malcolm Hughes
To: Michael E. Mann; rbradley@geo.umass.edu
Cc: mann@virginia.edu
Subject: Re: helpful comments from Henry
Date: Tuesday, February 22, 2000 8:34:26 PM

Dear Ray and Mike - the latest version is attached. I have tried to
incorporate, with some modificaitons, all the suggestions. Please
review it carefully. Read right to the very end. One question arises
in section 4. The draft talks about the Crowley and Lowery series
being an entirely independent estimate, but isn't it based mostly on
overlapping data? We lack a reference for Briffa and Osborne, in
press. Cheers, Malcolm

Attachments:
  C:\Projects\Bradley and Mann\Barnett\draft modified by MKH.doc
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From: Michael E. Mann
To: Malcolm Hughes
Subject: Re: helpful comments from Henry
Date: Tuesday, February 22, 2000 10:52:28 PM

Hi Malcolm,

Will look over it and let you know if I have any final comments. Otherwise,
I say, send it off...

One comment on Crowley and Lowery.

Here are the series they used:

yr      white   color    jasp   mich    sargass gisp2   iceland  c. eng n
fenno  france         germany urals   w. chin dunde   e. chin norm mean

The main thing is they use decadal means, and incorporate things like gisp2,
iceland (what is that?), Keigwin's sargasso se record, and chinese
phenological evidence that we don't use, and simply average all series that
are standardized by their peak amplitude of variations. SO the data are
in good part independent, and the method once again quite different.
Yet the conclusions are similar to ours. Make of that what you will, and
rephrase as you think is most appropriate.

Will be in touch again soon. Thanks for taking the lead role on this.

More soon,

mike
At 09:01 PM 2/22/00 -0700, you wrote:
>Content-type: text/plain; charset=US-ASCII
>Content-description: Mail message body
>Content-Transfer-Encoding: 7BIT
>
>Dear Ray and Mike - the latest version is attached. I have tried to
>incorporate, with some modificaitons, all the suggestions. Please
>review it carefully. Read right to the very end. One question arises
>in section 4. The draft talks about the Crowley and Lowery series
>being an entirely independent estimate, but isn't it based mostly on
>overlapping data? We lack a reference for Briffa and Osborne, in
>press. Cheers, Malcolm
>Content-type: text/plain; charset=US-ASCII
>Content-disposition: inline
>Content-description: Attachment information.
>
>The following section of this message contains a file attachment
>prepared for transmission using the Internet MIME message format.
>If you are using Pegasus Mail, or any another MIME-compliant system,
>you should be able to save it or view it from within your mailer.
>If you cannot, please ask your system administrator for assistance.
>
>   ---- File information -----------
>     File:  draft modified by MKH.doc
>     Date:  22 Feb 2000, 20:29
>     Size:  43008 bytes.
>     Type:  Unknown
>
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>Attachment Converted: c:\program files\eudora\attach\draft modified by MKH.doc
>
_______________________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.html             

ABOR/MH/Priv-004967



From: Michael E. Mann
To: Malcolm Hughes
Cc: rbradley@geo.umass.edu
Subject: Re: helpful comments from Henry
Date: Wednesday, February 23, 2000 9:31:37 AM

HI Malcolm,

Looks great, it seems a bit long, but they can tell us if we need to
further effort. I think it hits all of the key points lucidly.

Did Henry want to sign his name to this too? That would be great.

Anyways, keep me posted. At this point, I'm happy for you to send
off, as is, w/ the minor changes you mentioned in your email...

mike

p.s. for some reason you've been "double-mailing" me. Just using
"mann@virginia.edu" is good enough, I promise...

At 09:01 PM 2/22/00 -0700, you wrote:
>Dear Ray and Mike - the latest version is attached. I have tried to
>incorporate, with some modificaitons, all the suggestions. Please
>review it carefully. Read right to the very end. One question arises
>in section 4. The draft talks about the Crowley and Lowery series
>being an entirely independent estimate, but isn't it based mostly on
>overlapping data? We lack a reference for Briffa and Osborne, in
>press. Cheers, Malcolm
>The following section of this message contains a file attachment
>prepared for transmission using the Internet MIME message format.
>If you are using Pegasus Mail, or any another MIME-compliant system,
>you should be able to save it or view it from within your mailer.
>If you cannot, please ask your system administrator for assistance.
>
>   ---- File information -----------
>     File:  draft modified by MKH.doc
>     Date:  22 Feb 2000, 20:29
>     Size:  43008 bytes.
>     Type:  Unknown
>
>Attachment Converted: "c:\eudora\attach\draft modified by MKH1.doc"
>
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: Ray Bradley
Cc: mhughes@ltrr.arizona.edu; mann@virginia.edu
Subject: Re: helpful comments from Henry
Date: Wednesday, February 23, 2000 10:17:32 AM

Hi Ray,

I think the problem is that the discussion of it is now orphaned from where
it was before. The point is that they have shown that a proper estimate
of natural varaibility from our reconstruciton is very similar to that
in the coupled models, ie, closer to the models than they are to each other!
This directly challenges Barnett's assertion to the contrary. We need to
discuss it. Perhaps the discussion of the 34% explained variance by
the forcings is a bit unnecessary, but the discussion about residual
variability and its comparison w/ coupled models from Crowley and Kim
is absolutely essential. I'll leave it to you/Malcolm to perhaps rephrase
or otherwise modify a bit. But that one key point must be in there, in
my opinion...

mike

 At 11:56 AM 2/23/00 -0500, you wrote:
>
>>I think this is just about ready --my only thought on reading it again is
that I don't find the discussion of Crowley & Kim very useful --perhaps I am
missing some amazing point here...
>
>OK to include HFD..I had thought of that too.
>>ray
>>
>>
>>
>>
>>At 09:01 PM 2/22/00 -0700, you wrote:
>>>Dear Ray and Mike - the latest version is attached. I have tried to
>>>incorporate, with some modificaitons, all the suggestions. Please
>>>review it carefully. Read right to the very end. One question arises
>>>in section 4. The draft talks about the Crowley and Lowery series
>>>being an entirely independent estimate, but isn't it based mostly on
>>>overlapping data? We lack a reference for Briffa and Osborne, in
>>>press. Cheers, Malcolm
>>>The following section of this message contains a file attachment
>>>prepared for transmission using the Internet MIME message format.
>>>If you are using Pegasus Mail, or any another MIME-compliant system,
>>>you should be able to save it or view it from within your mailer.
>>>If you cannot, please ask your system administrator for assistance.
>>>
>>>   ---- File information -----------
>>>     File:  draft modified by MKH.doc
>>>     Date:  22 Feb 2000, 20:29
>>>     Size:  43008 bytes.
>>>     Type:  Unknown
>>>
>>>
>>>
>Raymond S. Bradley
>Professor and Head of Department
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>Department of Geosciences
>University of Massachusetts
>Amherst, MA 01003-5820
>                                                   
>Tel: 
>Fax: 
>Climate System Research Center:  
>Climate System Research Center Web Page:
<http://www.geo.umass.edu/climate/climate.html>
>Paleoclimatology Book Web Site (1999):
http://www.geo.umass.edu/climate/paleo/html
>
_______________________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.html             
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From: Michael E. Mann
To: Ray Bradley
Cc: mhughes@ltrr.arizona.edu; mann@virginia.edu
Subject: Re: helpful comments from Henry
Date: Wednesday, February 23, 2000 10:17:32 AM

Hi Ray,

I think the problem is that the discussion of it is now orphaned from where
it was before. The point is that they have shown that a proper estimate
of natural varaibility from our reconstruciton is very similar to that
in the coupled models, ie, closer to the models than they are to each other!
This directly challenges Barnett's assertion to the contrary. We need to
discuss it. Perhaps the discussion of the 34% explained variance by
the forcings is a bit unnecessary, but the discussion about residual
variability and its comparison w/ coupled models from Crowley and Kim
is absolutely essential. I'll leave it to you/Malcolm to perhaps rephrase
or otherwise modify a bit. But that one key point must be in there, in
my opinion...

mike

 At 11:56 AM 2/23/00 -0500, you wrote:
>
>>I think this is just about ready --my only thought on reading it again is
that I don't find the discussion of Crowley & Kim very useful --perhaps I am
missing some amazing point here...
>
>OK to include HFD..I had thought of that too.
>>ray
>>
>>
>>
>>
>>At 09:01 PM 2/22/00 -0700, you wrote:
>>>Dear Ray and Mike - the latest version is attached. I have tried to
>>>incorporate, with some modificaitons, all the suggestions. Please
>>>review it carefully. Read right to the very end. One question arises
>>>in section 4. The draft talks about the Crowley and Lowery series
>>>being an entirely independent estimate, but isn't it based mostly on
>>>overlapping data? We lack a reference for Briffa and Osborne, in
>>>press. Cheers, Malcolm
>>>The following section of this message contains a file attachment
>>>prepared for transmission using the Internet MIME message format.
>>>If you are using Pegasus Mail, or any another MIME-compliant system,
>>>you should be able to save it or view it from within your mailer.
>>>If you cannot, please ask your system administrator for assistance.
>>>
>>>   ---- File information -----------
>>>     File:  draft modified by MKH.doc
>>>     Date:  22 Feb 2000, 20:29
>>>     Size:  43008 bytes.
>>>     Type:  Unknown
>>>
>>>
>>>
>Raymond S. Bradley
>Professor and Head of Department
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>Department of Geosciences
>University of Massachusetts
>Amherst, MA 01003-5820
>                                                   
>Tel: 
>Fax: 
>Climate System Research Center:  
>Climate System Research Center Web Page:
<http://www.geo.umass.edu/climate/climate.html>
>Paleoclimatology Book Web Site (1999):
http://www.geo.umass.edu/climate/paleo/html
>
_______________________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.html             
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu
Subject: TYPO
Date: Thursday, February 24, 2000 7:22:52 PM

HI Malcolm,

Looks like there is one typo in your latest draft of the BAMS piece,
The mention of Crowley and Kim is repeated identically. Looks like
you might have accidentally "copied" rather than "cut" and "past"?
Anyways, looks great otherwise. Keep me posted. Did Henry want to sign on?

talk to you soon,

mike

p.s. are you around amherst in mid-march? I'll be up in Amherst for part
of our spring break...
_______________________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.html             
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From: Ray Bradley
To: mann@virginia.edu; mhughes@ltrr.arizona.edu
Subject: BAMS final?
Date: Wednesday, March 01, 2000 9:58:13 AM
Attachments: BAMS final.doc

Untitled attachment 00319.txt

I was about to send this out, but took one final look. It seems to me the message
we wish to get over has been diluted by going into too much detail in one or two
places, which may divert attention from the main points. 
In the attached file, I have highlighted 3 places in red font. Take a quick look and
see what you think. Removing these sections tightens it up a bit, without losing the
focus. I'm not saying these points are wrong, just a distraction.....& the final
sentence leaves the argument a bit flat -- and confusing to the reader who might
wonder: aren't we all in agreement in the end? (this is due to the many
inconsistencies in their paper -- but we don't need to acknowledge with that).
ray
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Untitled attachment 00319.txt

Raymond S. Bradley

Professor and Head of Department 

Department of Geosciences

University of Massachusetts

Amherst, MA 01003-5820

                                                    

Tel: 

Fax: 

Climate System Research Center:  

Climate System Research Center Web Page:
<<http://www.geo.umass.edu/climate/climate.html>

<italic>Paleoclimatology</italic> Book Web Site (1999):
http://www.geo.umass.edu/climate/paleo/html

Page 1
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Comments on  

“Detection and Attribution of Recent Climate Change: A Status Report” 

 
Raymond S. Bradley1, Malcolm K. Hughes2 and Michael E. Mann3 

 

Barnett et al (1999) provide an excellent review of progress in model-based detection and 

attribution during the past few years.  Unfortunately, the section on “Paleoclimate 

proxies” is flawed.  Here we point out several issues that lead to erroneous conclusions in 

their paper. 

 

1. They state: “Straightforward comparisons via cross-spectral analysis…show that most 

of the paleodata are not simple proxies of temperature”.  The authors might have added, 

“…, as most paleoclimatologists familiar with such data already know.”  Those who 

routinely work with such data recognize that careful calibration of each record is required 

to extract the appropriate signal, which may be primarily temperature or precipitation, or 

sometimes both, and is often very specific to a particular season.  No information is given 

on what temperature variable for which season was used in the calculation of correlations 

and coherency-squared in their Table 1, and so the reader is not able to judge the 

appropriateness of the comparisons reported there. The reference to Jones et al. (1998) is 

not as helpful as might be hoped. The correlations reported by Barnett et al. (1999) and 

                                                           
1   Department of Geosciences, University of Massachusetts, Amherst, MA 01003-5820 
2  Laboratory for Tree Ring Research, University of Arizona, Tucson, AR 85721 
3  Department of Environmental Sciences, University of Virginia, Charlottesville, VA  22903 

Corresponding Author address:  Raymond S. Bradley. Department of Geosciences, Morrill Science Center, 
University of Massachusetts, Amherst, MA 01003-5820. 

E-mail: rbradley@geo.umass.edu 
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Jones et al. (1998) differ in most cases, and 4 of the 21 records used by Barnett et al. are 

not documented by Jones et al. . The set of records that they use is one in which ice cores 

and corals, with their particularly weak temperature signals and dating uncertainties, are 

more strongly represented than in any of the rigorous reconstructions reported in the last 

two or three years. However, Barnett et al.’s (op.cit.) inability to identify a strong local 

temperature signal in some of the proxies they select is almost irrelevant to the detection 

and attribution problem at hand.  The authors imply that this is a fundamental limitation 

to the use of paleoclimatic data in large-scale temperature reconstructions.  This is not so.  

Several studies (e.g., Bradley, 1996; Mann et al, 1998a; Evans et al., 1998) have shown 

that the available network of proxy climate records is more than adequate to reconstruct 

the principal patterns of climate variability.  These studies have pointed out that the main 

issue is whether or not a particular distribution of data is adequate to sample the key 

patterns of climate variability on interannual and longer timescales  (associated, for 

example, with ENSO, the NAO, and various decadal and multidecadal patterns of 

intrinsic climate variability; cf. Kelly et al., 1999).  Proxies that may be unrelated to local 

temperature may nonetheless capture some of the variance of the large scale climate 

system as a result of their relationship to another local climate factor or set of factors.  

Consider, for example, the drought-sensitive tree ring latewood width chronologies from 

Mexico and the southwestern U.S. (Stahle et al, 1998) which show very strong (and 

statistically significant) correlations with the Southern Oscillation Index, an index that 

characterizes a phenomenon of global significance. Similarly, trees that are sensitive to 

drought in Morocco (Stockton and Glueck, 1999) appear to be effective indicators of the 
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North Atlantic Oscillation, a primary mode of extra-tropical cold-season temperature 

variability.  Correlating such records against local instrumental temperature data is not a 

useful assessment of their potential usefulness in large-scale temperature pattern 

reconstruction.  Barnett et al. (1999) confuse the issue of the usefulness of a proxy record 

in calibrating a local temperature signal, and the potential usefulness of the same record 

in calibrating a large-scale pattern of climate variability.  Indeed, the two are often largely 

uncorrelated (see the discussion in Mann et al, 1998b). 

 

2.  The statement that “only a few of the tree-ring records from mid to high-latitude sites 

can be interpreted directly as temperature changes” is factually incorrect; the authors 

overlook several decades of dendroclimatological research which demonstrates otherwise 

(e.g. Briffa et al, 1988a, 1990; Graybill and Shiyatov, 1992; Hughes et al., 1999; Jacoby 

and Cook, 1981; Vaganov et al., 1996). There is a body of careful work, in which the 

difficulties of using natural archives are addressed explicitly (for example, Briffa et al., 

1998; Vaganov et al, 1999). More preposterous still is the notion that there is such a thing 

as a small handful of “good records” that should be used to reconstruct hemispheric 

temperatures.  This argument is not based on any rigorous statistical considerations, but 

rather a flawed preconception about the means by which optimal pattern reconstructions 

are obtained. More careful considerations of optimal proxy networks, which take into 

account the covariance structure of the instrumental and proxy observations, are available 

in the literature (Bradley 1996; Cook et al., 1999, Evans et al, 1998; Fritts, 1991, Mann et 

al, 1998a). As discussed above, non-temperature related proxies may sometimes be more 
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vital in this problem than temperature-related proxies. When the proxy data sets have 

been limited to records with strong, clear, local or regional temperature signal, valuable 

reconstructions on continental to hemispheric scales have been established (e.g. Briffa et 

al., 1988b; Briffa and Osborne, 1999), but they are largely limited to high latitudes. 

 

3.  The statement  “The disparity between these reconstructions at some times over the 

last 400 years is as large as the observed changes in global temperature over the last 100 

years” [in reference to the comparison shown in  their Figure 2 between the hemispheric 

temperature estimates of Mann et al (1998a), Briffa et al (1998a), and Jones et al (1998)]  

is incorrect.  The maximum discrepancy during the 400 year interval shown is 0.45ºC,  

between the Briffa et al (1998) and Jones et al (1998) estimates around 1840.  In contrast, 

the mean 20th century warming indicated by the smoothed instrumental record is 

approximately 0.8ºC.  In fact, by appropriate measures, the proxy reconstructions of 

hemispheric mean temperature are more similar to some of the model simulations in 

terms of the amplitude of estimated internal variability, than the models are to each other. 

Crowley and Kim (1999), using an energy balance model, estimate that as much as 18-

34% of low frequency variability in proxy-based hemispheric temperature 

reconstructions over the pre-anthropogenic interval could be forced by volcanism and 

solar variability. Most importantly, they show that the spectrum of the residuals (i.e. the 

remaining component when this forced variability is accounted for) agrees with that of 

unforced variability from control runs of coupled models at the 90% significance level.  
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4. The claim that the disparity between the three reconstructions shown in Figure 2 is 

largely due to intrinsic uncertainties in our ability to estimate hemispheric mean 

temperature ignores evidence to the contrary.  A large part of the difference between the 

Mann et al (1998a) and Jones et al. (1998) reconstruction, for example, is to be expected, 

because the reconstructions were designed to cover different regions and seasons (Mann 

et al., 2000). The Jones et al estimate is calibrated as an indicator of extratropical summer 

temperatures, while the Mann et al 1998a (and 1999) series is calibrated as a Northern 

Hemisphere and annual-mean estimate. Other series, such as the Overpeck et al (1997) 

estimate, are based on a yet different, high-latitude summer sampling emphasis.  These 

seasonal and latitudinal sampling issues appear to be the primary reason for differences 

between the estimates.  If the Mann et al. pattern reconstructions are sampled in a similar  

extra-tropical latitude band (30-70N), the two reconstructions lie well within the self-

consistently estimated uncertainties of Mann et al (1998a).  Furthermore a more recent 

version of the Briffa et al. (1998) series, using more conservative standardization 

techniques (Briffa and Osborn in press) is far more similar to the Mann et al. (1998a) 

series than their earlier study reported.  

 

5. Barnett et al.’s  statement  that it is “debatable whether there is enough temperature 

proxy data to be representative of hemispheric, let alone global climate changes 

given…lack of large spatial coherence in the data” is incorrect on at least two counts. 

a) The ability to skillfully reconstruct northern hemisphere mean temperature with such 

data has been rigorously demonstrated with careful cross-validation exercises by Mann et 
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al (1998a; 1999) using independent large-scale temperature measurements from the 19th 

century, and the sparse available measurements several centuries back in time in Europe 

and North America, to test the pattern reconstructions.  

b) Highly significant coherence in these data has been clearly demonstrated; Mann et al.   

(1995) showed that interdecadal (15-35 year) and multidecadal (50-100 year)  frequency-

bands exhibit clearly enhanced amplitude climate variability in global proxy data during 

the past 5 centuries, even relative to the null hypothesis of spatially-correlated colored 

climatic noise. 

Finally, we believe that relying on computer models to estimate the actual low-

frequency variability of the climate without the validated ability to model century and 

longer timescale variability is decidedly unwise. Despite the comments of Barnett et al 

(1999), it is self-evident that global climate models cannot now, or in the foreseeable 

future, be relied upon to give a definitive description of the natural variability of the true 

climate system. Models cannot estimate variability associated with processes or 

feedbacks that are not present in the models themselves. The potential non-linearities of 

small-scale processes that are not resolved,  dynamical feedbacks which are not 

accurately represented (cf. Cane et al, 1997), and numerous potential surprises regarding 

the true global climate system (e.g., the role of gas hydrates) will probably always limit 

the ability of models to accurately represent the true system.  The arguments of Barnett et 

al. fly in the face of some of the most basic tenets of natural science, whereby the real-

word truth must always be the target for our theoretical  models.  In the control 

integrations that Barnett et al suggest we should rely upon to estimate natural variability, 
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most of the very factors that may have led to that variability are missing.  For example, 

there is absolutely no representation of long-term changes in solar irradiance forcing, 

volcanic forcing, astronomical variations, land use changes and other factors which may 

influence climate on decadal to millennial timescales.  Without a consideration of such 

effects, model-based estimates of “natural variability” must necessarily be very imperfect 

approximations to reality.  

In contrast to the conclusion of Barnett et al., we argue that, in fact, paleo data 

offer the best and only hope of validating the low-frequency behavior of models.  They 

add a critical element to the detection and attribution problem that will never be possible 

from a comparison of 20th century model simulations and instrumental observations 

alone. The paleo data allow us to look at potential forcing mechanisms prior to the era of 

anthropogenic forcing, potentially validating or testing model-based estimates of climate 

sensitivity.   

In summary, Barnett et al. (1999) completely undervalue the role of paleoclimatic 

data in assessing and documenting climate variability. The utility of these data is not 

limited to the study of past fluctuations in seasonal or annual temperature, but extends to 

precipitation, circulation patterns, the past behavior of the oceans and of the cryosphere, 

and several important forcing factors such as atmospheric composition, solar receipts and 

volcanic eruptions (Alverson et al., 2000; Bradley, 1999). Models are useful tools to 

understand the complexities of past and future climate variations, but they are no 

substitute for reality.  We would delude ourselves if we were to think that models alone 

can tell us more about climate system variability than natural archives of past climate. 
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We agree with Barnett et al. when they assert that proxy records are ‘our only means to 

determine levels of natural variability over the last 1000 or so years from real data’ (page 

2652, op.cit.). 
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From: Michael E. Mann
To: Ray Bradley; mhughes@ltrr.arizona.edu
Subject: Re: BAMS final?
Date: Wednesday, March 01, 2000 8:09:47 PM

HI Ray,

I think that the second highlighted passage is actually quite important
to keep, but could be abbreviated perhaps?

The other two are Malcolm's, I believe, and I'll leave it to you two
to discuss those. otherwise, I'm happy to sign off. More soon...

mike

At 11:57 AM 3/1/00 -0500, Ray Bradley wrote:
>I was about to send this out, but took one final look.  It seems to me the
>message we wish to get over has been diluted by going into too much detail
>in one or two places, which may divert attention from the main points. 
>In the attached file, I have highlighted 3 places in red font.  Take a
>quick look and see what you think.  Removing these sections tightens it up
>a bit, without losing the focus.  I'm not saying these points are wrong,
>just a distraction.....& the final sentence leaves the argument a bit flat
>-- and confusing to the reader who might wonder: aren't we all in agreement
>in the end? (this is due to the many inconsistencies in their paper -- but
>we don't need to acknowledge with that).
>ray
>Attachment Converted: "c:\eudora\attach\BAMS final.doc"
>Raymond S. Bradley
>Professor and Head of Department
>Department of Geosciences
>University of Massachusetts
>Amherst, MA 01003-5820
>                                                   
>Tel: 
>Fax: 
>Climate System Research Center:  
>Climate System Research Center Web Page:
><http://www.geo.umass.edu/climate/climate.html>
>Paleoclimatology Book Web Site (1999):
>http://www.geo.umass.edu/climate/paleo/html
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Malcolm Hughes
To: Michael E. Mann
Cc: mann@virginia.edu; rbradley@geo.umass.edu
Subject: Re: confirmation
Date: Monday, March 27, 2000 11:21:23 AM

Dear Mike - got the e-mails OK. Ray is on the road this week, so I
don't know if he is in e-mail contact. He's been thinking about this
question quite a lot, and at least you and he, maybe all three of us,
 need to be in touch before we go much further. I have two
suggestions regarding your diagram: a) I think we also need to
show Huang et al's version of their line as well as the three
alternative cases; and b) Ray raised the question of whether the
Huang et al-derived curves shouldn't in fact be anchored to 1980
rather than 2000, as that's when many of the readings were taken.
In general, I think it'd be a good idea to have Henry Pollack
involved, if possible. Cheers, Malcolm
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From: Malcolm Hughes
To: Michael E. Mann
Cc: rbradley@geo.umass.edu
Subject: Re: confirmation
Date: Monday, March 27, 2000 12:10:19 PM

OK, Malcolm
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From: Malcolm Hughes
To: Michael E. Mann
Subject: Re: huang et al response
Date: Thursday, March 30, 2000 1:55:35 PM

Dear Mike - from what I have actually seen so far, I agree with you
about the value of an early comment. However, I really would like to
have a chance to discuss Ray's reservations with him before
proceeding. I don't know if we will overlap before I go to Mendoza
for next week, but I wonder if we could hold on until the week of
April 10? Cheers, Malcolm
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From: Malcolm Hughes
To: Michael E. Mann
Subject: Re: huang et al response
Date: Thursday, March 30, 2000 7:11:37 PM

THanks, Mike
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From: Michael E. Mann
To: Raymond S. Bradley; mhughes@ltrr.arizona.edu
Cc: frank@geo.umass.edu
Subject: Re: boring holes
Date: Monday, May 01, 2000 8:08:55 AM

Thanks for the message Ray,

Just back from EGS.

I will be up, hopefully, from May 13th-18th or so. We'll let you know when
my plans are finalized. Would be good to discuss all this in more detail
then. Perhaps we can meet on saturday morning the 13th at RAOs :)

The suggestions that Henry makes don't seem all that useful. We can
diagnose from our full reconstructions the continental vs ocean anomalies,
and, now, albeit with only limited resolvability, the seasonal trends. The
work that we're doing now (w/ Scott Rutherford's help, and w/ enhanced data
from Malcolm and Ray) will lead to increasingly more detailed and reliable
pattern reconstructions during the past few centuries. This is clearly, I
think we all agree, the most profitable direction for us to take.

I think that the analyses Frank is doing right now is precisely what we
should be doing, trying to figure out the spatial and latitudinal
discrepancies. That will be very telling. Will look forward to seeing when
Frank has finished with these...

I honestly would be very concerned by borehole spatial patterns which are
more heterogenous than even the Jones et al instrumental data! THe spatial
heterogeneity of the borehole patterns my be arising from  site-level
non-climatic noise (recall the scatter plot of their trends--they showed in
the Science paper a couple years ago--the trends are all over the place,
and the signal is a cancellation of large negative and positive numbers.
This, in part, motivates my skepticism that site-scale effects are as large
or larger than the climatic signal.

p.s. talked to Phil at EGS. I doesn't think we should publish the BAMS
response. There is no surprise there. I told him we would consider, if
Barnett wanted to publish a partial retraction w/ us. But, as I suspsected,
he agreed that T.B. would not have any part in that (Phil himself would be
willing to, I suppose, if not for T.B.). So I think we need to proceed as
planned...

Back to reading my accumulated emails!

mike

At 09:18 PM 4/30/00 -0400, Raymond S. Bradley wrote:
>We obtained the list of sites from Huang & Pollack, with century trends at
>each site (5 values per site).
>Frank has now (inverse-distance weighted)/ interpolated the borehole values
>to each grid point of our grid, (since there are often many boreholes in a
>grid box) & done a century-by-century comparison with our data.  The
>results are shown in a series of maps, color-coded by temperature
>difference at each grid point (Mann et al-Pollack et al).  The interesting
>thing is how much spatial variability there is geographically -- the
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>borehole data seem to have a lot more spatial variability than our
>data.  This may be in part due to the fact that we have effectively
>filtered the spatial "noise" in our data via selection of EOFs, but I would
>expect the trends to be less affected by this.  As a check, Frank is
>computing the difference maps from the "raw" instrumental data to compare
>with the Mann et al difference maps.
>Frank also computed zonal means for borehole trends & again there is very
>little coherence with latitude...
>
>Malcolm should stop by to see the maps & discuss; Frank can send Mike the
>maps to review early next week, then we can discuss when Mike is next in
>Amherst.
>I paste here some comments from Henry Pollack; suggestion 1 makes little
>sense....but we have produced a land-only sub-set of our reconstruction &
>it varies very little from land+sea areas.  Projects 2 & 3 are more suited
>to Mike's talents than mine...
>Any further thoughts?
>Ray
>
>Date: Tue, 25 Apr 2000 16:22:05 -0400 (EDT)
>From: "Henry N. Pollack" <hpollack@geo.lsa.umich.edu>
>Reply-To: "Henry N. Pollack" <hpollack@geo.lsa.umich.edu>
>To: "Raymond S. Bradley" <rbradley@geo.umass.edu>
>cc: Shaopeng Huang <shaopeng@umich.edu>
>Subject: Re: borehole spread sheet
>
>Hi Ray,
>Shaopeng has sent you the spreadsheet of our results, and so I thought I
>might make a few suggestions of things to look at:
>1. As all of the geothermal sites are continental, you might try a
>multi-proxy reconstruction not using any marine proxies.
>2. As the density of the geothermal sites is regionally variable, one
>might think of a weighted continental multi-proxy reconstruction, with
>weights for the proxies according to the density of the geothermal sites.
>In such a reconstruction, proxy locations far from any geothermal results
>would receive little weight.
>3. Of course, the same procedure could be tried giving greater weight to
>geothermal sites that regionally are close to proxy sites, and less weight
>to geothermal sites far from any proxies.
>To be honest, I don't think the above will bring the geothermal and
>multi-proxy reconstructions into alignment, but I think we must do this
>comparison because it is an obvious question to look at.
>Over the summer, I am having  at the geographic distribution
>of snow cover with time, and the number of freeze days/yr, to see what
>effects or correlations there might be with the regional geothermal
>results.
>What do you think of the two recent GRL articles "Can we trust proxy-based
>NAO index reconstructions?" (just appeared in GRL 27, 1135-1138, April 15,
>2000) and "Borehole versus isotope temperatures on Greenland:
>seasonality does matter" ( GRL 27, 723-726, March 1, 2000)?
>Let's keep in touch as we attempt to reconcile the differences in these
>reconstructions.
>Cheers,
>Henry
>
>
>Raymond S. Bradley
>Professor and Head of Department
>Department of Geosciences
>University of Massachusetts
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>Amherst, MA 01003-5820
>Tel: 
>Fax: 
>Climate System Research Center: 
>Climate System Research Center Web Site:
><<http://www.geo.umass.edu/climate/climate.html>http://www.geo.umass.edu/cli
>mate/climate.html
>Paleoclimatology Book Web Site (1999):
><http://www.geo.umass.edu/climate/paleo/html>http://www.geo.umass.edu/climat
>e/paleo/html
>
>
>
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Ray Bradley
To: mann@virginia.edu; mhughes@ltrr.arizona.edu
Subject: Here"s my "final" BAMS effort--comments?
Date: Friday, May 19, 2000 10:49:57 AM
Attachments: BAMS-final.doc

Untitled attachment 00329.txt

Comments on "Detection and Attribution of Recent Climate Change: A Status
Report"

Barnett et al. (1999) provide an excellent review of progress in model-based
detection and attribution during the past few years. Unfortunately, the section on
"Paleoclimate proxies" is flawed. We can not agree that "our best estimates of
natural variability will come from CGCMs" or that "…paleoproxy data have serious
shortcomings that preclude their use for this purpose". On the contrary, we believe
that paleoclimate data provide the only prospect for realistically estimating the
envelope of natural climate variability and validating model simulations. Here we
point out several issues that lead to erroneous conclusions in their paper.

They state: "Straightforward comparisons via cross-spectral analysis…show that
most of the paleodata are not simple proxies of temperature". This may be true for
the sample of proxy data that they selected. Unfortunately, no information is given
on what temperature variable or season was used in the calculation of correlations
and coherency-squared in their Table 1, and so the reader is not able to judge the
appropriateness of the comparisons they report. However, their inability to identify a
strong local temperature signal in the proxies they select is almost irrelevant to the
detection and attribution problem at hand. The authors imply that this is a
fundamental limitation to the use of paleoclimatic data in large-scale temperature
reconstructions. This is not so. Several studies (e.g., Bradley, 1996; Mann et al,
1998a; Evans et al., 1998) have shown that the available network of proxy climate
records is more than adequate to reconstruct the principal patterns of temperature
variability. These studies have pointed out that the main issue is whether or not a
particular distribution of data is adequate to sample the key patterns of temperature
variability on interannual and longer timescales (associated, for example, with ENSO,
the NAO, and various decadal and multidecadal patterns of intrinsic climate
variability; cf. Kelly et al., 1999). Proxies that may be poorly correlated with local
temperature records (i.e. from nearby weather stations) may nonetheless capture
some of the variance of the large-scale temperature patterns. This is because the
proxy may be responding to a set of conditions that are correlated with large-scale
climatic conditions. Consider, for example, the drought-sensitive tree ring latewood
density chronologies from Mexico and the southwestern U.S. (Stahle et al. 1998)
which show very strong (and statistically significant) correlations with the Southern
Oscillation Index. In combination with coral records in the tropical Pacific (reflecting
e.g. salinity changes related to ENSO) such indicators can constrain quite effectively
the behavior of the ENSO phenomenon. In so doing, this combination of indicators is
thus able to constrain a prominent global surface temperature pattern responsible
for substantial variability over much of the tropical and extra-tropical Pacific Ocean,
where the available proxy indicators themselves are quite sparse. Similarly, trees
that are sensitive to drought in (Stockton and Glueck, 1999) appear to be effective
indicators of the North Atlantic Oscillation, a primary mode of extra-tropical cold-
season temperature variability. Again, such proxy indicators can be calibrated to
resolve a prominent share of large-scale surface temperature variability, even
though they may not be a direct indicator of their local temperature. Hence, a simple
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correlation of such records against local instrumental temperature data is not a
useful assessment of their potential usefulness in large-scale temperature pattern
reconstruction. Barnett et al. (1999) confuse the issue of the usefulness of a proxy
record in calibrating a local temperature signal, and the potential usefulness of the
same record in calibrating a large-scale pattern of climate (and temperature)
variability.

2. The statement that "only a few of the tree-ring records from mid to high-latitude
sites can be interpreted directly as temperature changes" is factually incorrect; the
authors overlook several decades of dendroclimatological research which
demonstrates otherwise (e.g. Briffa et al, 1988, 1990; Graybill and Shiyatov, 1992;
Hughes et al., 1999; Jacoby and Cook, 1981; Vaganov et al., 1996). There is a body
of careful work in which the difficulties of using natural archives are addressed
explicitly (for example, Briffa et al., 1998; Vaganov et al., 1999). 

3. The statement "The disparity between these reconstructions at some times over
the last 400 years is as large as the observed changes in global temperature over
the last 100 years" [in reference to the comparison shown in their Figure 2 between
the hemispheric temperature estimates of Mann et al.(1998a), Briffa et al.(1998),
and Jones et al.(1998)] is incorrect. The maximum discrepancy during the 400-year
interval shown is 0.45ºC, between the Briffa et al. (1998) and Jones et al. (1998)
estimates around 1840. In contrast, the mean 20th century warming indicated by the
smoothed instrumental record is approximately 0.8ºC. In fact, by appropriate
measures, the proxy reconstructions of hemispheric mean temperature are more
similar to some of the model simulations in terms of the amplitude of estimated
internal variability, than the models are to each other. Crowley and Kim (1999) using
an energy balance model, estimate that as much as 18-34% of low frequency
variability in proxy-based hemispheric temperature reconstructions over the pre-
anthropogenic interval could be forced by volcanism and solar variability. Most
importantly, they show that the spectrum of the residuals (i.e. the remaining
component after this forced variability is accounted for) agrees with that of unforced
variability from control runs of coupled models, at the 90% significance level. 

The claim that the disparity between the three reconstructions shown in Figure 2 is
largely due to intrinsic uncertainties in our ability to estimate hemispheric mean
temperature ignores evidence to the contrary. A large part of the difference
between the Mann et al. (1998) and reconstruction, for example, is to be expected,
because the reconstructions were designed to cover different regions and seasons
(Jones et al, 1998; Mann et al, 2000). The Jones et al. estimate is simply scaled to
be an indicator of extra-tropical summer temperatures, while the Mann et al.1998
(and 1999) series are calibrated as a Northern Hemisphere and annual-mean
estimate. Other series, such as the Overpeck et al. (1997) estimate, are based on a
yet different, high-latitude summer sampling emphasis. These seasonal and
latitudinal sampling issues appear to be the primary reason for differences between
the estimates. If the Mann et al. pattern reconstructions are sampled in a similar
extra-tropical latitude band (30-70°N), the two reconstructions lie well within the
self-consistently estimated uncertainties of Mann et al. (1998). Showing these series
without mentioning the explicit differences between them is misleading. Furthermore
a more recent version of the Briffa et al. (1998) series, using more conservative
standardization techniques (Briffa and Osborn, 1999) is far more similar to the Mann
et al. (1998) series than their earlier study reported. 
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4. Barnett et al.'s statement that it is "debatable whether there is enough
temperature proxy data to be representative of hemispheric, let alone global climate
changes given…lack of large spatial coherence in the data" is incorrect on at least
two counts.
a) The ability to skillfully reconstruct northern hemisphere mean temperature with
such data has been rigorously demonstrated with careful cross-validation exercises
by Mann et al.(1998; 1999) using independent large-scale temperature
measurements from the 19th century, and the sparse available measurements
several centuries back in time in Europe and North America, to test the pattern
reconstructions. 
b) Highly significant coherence in these data has been clearly demonstrated; Mann
et al. (1995) showed that interdecadal (15-35 year) and multidecadal (50-100 year)
frequency-bands exhibit clearly enhanced amplitude climate variability in global
proxy data during the past 5 centuries, even relative to the null hypothesis of
spatially-correlated colored climatic noise. Such findings have been confirmed by
other recent work (Delworth and Mann, in press) which not only demonstrate the
robustness of the multidecadal signal in the proxy data, but show striking similarities
(in both timescale and spatial pattern of the climate signal) to an intrinsic
multidecadal mode of variability evident in long integrations of the GFDL coupled
ocean-atmosphere model. The latter establishes, indeed, a causal dynamical
mechanism for the signal

Finally, we believe that relying on computer models without the validated ability to
model century and longer timescale variability to estimate the actual low-frequency
variability of the climate is thoroughly unwise. Despite the comments of Barnett et al.
(1999), it is self-evident that global climate models can never be relied upon to give
a definitive description of the natural variability of the true climate system. Models
cannot estimate variability associated with processes or feedbacks that are not
present in the models themselves. The potential non-linearities of small-scale
processes that are not resolved, dynamical feedbacks which are not accurately
represented (cf. Cane et al, 1997), and numerous potential surprises regarding the
true global climate system (e.g., the role of gas hydrates) will forever limit the ability
of models to accurately represent the true system. The arguments of Barnett et al.
fly in the face of the most basic tenet of natural science, whereby the real-word
truth must always be the target for our theoretical models. In the control
integrations that Barnett et al. suggest we rely upon to estimate natural variability,
the very factors that may have led to that variability are missing. For example, there
is absolutely no representation of long-term changes in solar irradiance forcing,
volcanic forcing, astronomical variations, land use changes and other factors which
may influence climate on decadal to millennial timescales. Without a consideration of
such effects, model-based estimates of "natural variability" must necessarily be very
imperfect approximations to reality. 

In contrast to the conclusion of Barnett et al., we argue that, in fact, paleo data
offer the best and only hope of validating the low-frequency behavior of models.
They add a critical element to the detection and attribution problem that will never
be possible from a comparison of 20th century model simulations and instrumental
observations alone. The paleo data allow us to look at potential forcing mechanisms
prior to the era of anthropogenic forcing, potentially validating or testing model-
based estimates of climate sensitivity. 

In summary, Barnett et al. (1999) completely undervalue the role of paleoclimatic
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data in assessing and documenting temperature variability. Indeed, the utility of
these data is not only limited to the study of past fluctuations in seasonal or annual
temperature, but extends to precipitation, circulation patterns, the past behavior of
the oceans and of the cryosphere, as well several important forcing factors such as
atmospheric composition, solar irradiance changes and volcanic eruptions (Alverson
et al.2000; Bradley, 1999). Models are useful tools to understand the complexities of
past and future climate variations, but they are no substitute for reality. 

REFERENCES

Alverson, K.D., F. Oldfield and R.S. Bradley (eds.) 2000. Past Global Changes and
Their Significance for the Future. Pergamon, New York, 479pp.
Barnett, T.P., K. Hasselmann, M. Chelliah, T. Delworth, G. Hegerl, P. Jones, E.
Rasmusson, E. Roeckner, C. Ropelewski, B. Santer, and S. Tett (1999). Detection
and Attribution of Recent Climate Change: A Status Report, Bulletin of the American
Meteorological Society, 80 (12), 2631-2659.
Bradley,R.S., 1999. Paleoclimatology. Academic Press, San Diego, 610pp.
Bradley, R.S., 1996: Are there optimum sites for global paleotemperature
reconstruction? In: Climate Variations and Forcing Mechanisms of the Last 2000
years. (P.D. Jones, R.S. Bradley and J. Jouzel, eds.) Springer-Verlag, Berlin, 603-
624.
Briffa, K.R., P.D. Jones, J.R. Pilcher, and M.K. Hughes. 1988. Reconstructing Summer
Temperatures in Northern Fennoscandinavia Back to A.D. 1700 Using Tree-Ring Data
From Scots Pine. Arctic and Alpine Research 20, no. 4: 385-94.
Briffa, K.R., T.S. Bartholin, D. Eckstein, P.D. Jones, W. Karlen, F.H. Schweingruber,
and P. Zetterberg, 1990. A 1,400-Year Tree-Ring Record of Summer Temperatures in
Fennoscandia. Nature 346: 434-9.
Briffa, K.R. Schweingruber F. H. Jones P. D. Osborn T. J. Shiyatov S. G. Vaganov E.
A., 1998. Reduced sensitivity of recent tree-growth to temperature at high northern
latitudes. Nature 391: 678-82.
Briffa, K.R., and T.J. Osborn. 1999. Seeing the wood from the trees. Science 284:
926-7.
Cane MA, Clement AC, Kaplan A, Kushnir Y, Pozdnyakov D, Seager R, Zebiak SE, and
Murtugudde R (1997) Twentieth-century sea surface temperature trends. Science
275: 957-960
Crowley T.J. and Kim K-Y (1999). Modeling the temperature response to forced
climate change over the last six centuries, Geophys. Res. Lett. 26 13: 1901-1904.
Delworth, T.D., and Mann, M.E., Observed and Simulated Multidecadal Variability in
the North Atlantic, Climate Dynamics (in press), 2000. 
Evans, M.E., Kaplan, A., and Cane, M.A., (1998). Optimal Sites for Coral-based
Reconstruction of Global Sea Surface Temperature, Paleoceanography, 13, 502-
516,1998.
Fritts, Harold C. 1991. Reconstructing Large-Scale Climatic Patterns From Tree-Ring
Data, The University of Arizona Press, Tucson.
Graybill, D. A., and S. G. Shiyatov. 1992. Dendroclimatic Evidence From the Northern
Soviet Union. Climate Since A.D. 1500. Raymond S. Bradley, and Phillip D. Jones,
393-414. London: Routledge.
Hughes, M. K. Vaganov E. A. Shiyatov S. Touchan R. and Funkhouser G. 1999.
Twentieth-Century Summer Warmth in Northern Yakutia in a 600-Year Context. The
Holocene 9: 629-34.
Jacoby, G. C., and E. R. Cook. 1981. Past Temperature Variations Inferred From a
400-Year Tree-Ring Chronology From Yukon Territory, Canada. Arctic and Alpine

ABOR/MH/Priv-004998



Research 13, no. 4: 409-18.
Jones, P.D., Briffa, K.R., Barnett, T.P., and S.F.B. Tett, 1998. High-resolution
palaeoclimatic records for the last millennium: interpretation, integration and
comparison with General Circulation Model control run temperatures. Holocene, 8,
477-483.
Kelly, P.M., P.D. Jones and P-J Lia, 1999. Spatial patterns of variability in the global
surface air temperature data set. Journal of Geophysical Research, 104D: 24237-
24256. 
Mann, M.E., Park, J., Bradley, R.S., Global Interdecadal and Century-Scale Climate
Oscillations During the Past Five Centuries, Nature, 378, 266-270, 1995. 
Mann, M.E., Bradley, R.S., and Hughes, M.K., Global-Scale Temperature Patterns
and Climate Forcing Over the Past Six Centuries, Nature, 392, 779-787, 1998a. 
Mann, M.E., Bradley, R.S. and Hughes, M.K., Northern Hemisphere Temperatures
During the Past Millennium: Inferences, Uncertainties, and Limitations, Geophysical
Research Letters, 26, 759-762, 1999.
Mann, M.E., Gille, E., Bradley, R.S., Hughes, M.K., Overpeck, J.T., Keimig, F.T.,
Gross, W., Global Temperature Patterns in Past Centuries: An interactive
presentation, Earth Interactions, in press, 2000.
Overpeck, J., Hughen, K., Hardy, D., Bradley, R., Case, R., Douglas, M., Finney, B.,
Gajewski, K., Jacoby, G., Jennings, A., Lamoureux, S., Lasca, A., Macdonald, G.,
Moore, J., Retelle, M., Smith, S., Wolfe, A., Zielinski, G. (1997). Arctic environmental
changes of the last four centuries. Science, 278, 1251-1256. 
Stahle, D.W., Cleaveland, M.K., Therrell, M.D., Gay, D.A., D'Arrigo, R.D., Krusic, P.
J., Cook, E.R., Allan, R.J., Cole, J.E., Dunbar, R.B., Moore, M.D., Stokes, M.A., Burns,
B. T., Villanueva-Diaz, J., Thompson, L.G. (1998). Experimental Dendroclimatic
Reconstruction of the Southern Oscillation. Bulletin of the American Meteorological
Society 79(10):2137-2152.
Stockton, C.W. and Glueck, M.F., 1999. Long-term variability of the North Atlantic
Oscillation (NAO). In: Preprints of the 10th Symposium on Global Change Studies,
10-15 January, 1999. American Meteorological Society, Boston.
Vaganov, E. A., S. G. Shiyatov, and V. S. Mazepa. 1996. Dendroclimatic Study in
Ural-Siberian Subarctic. Novosibirsk: "Nauka" Siberian Publishing Firm RAS.
Vaganov, E. A. Hughes M. K. Kirdyanov A. V. Schweingruber F. H. and Silkin P. P.
1999. Influence of Snowfall and Melt Timing on Tree Growth in Subarctic Eurasia.
Nature 400: 149-51.

ABOR/MH/Priv-004999



Untitled attachment 00329.txt

Raymond S. Bradley

Professor and Head of Department=20

Department of Geosciences

University of Massachusetts

Amherst, MA 01003-5820

                                                   =20

Tel: 

Fax: 

Climate System Research Center:  

Climate System Research Center Web Page:
<<http://www.geo.umass.edu/climate/climate.html>

<italic>Paleoclimatology</italic> Book Web Site (1999):
http://www.geo.umass.edu/climate/paleo/html

Page 1

ABOR/MH/Priv-005000



Comments on “Detection and Attribution of Recent Climate Change: A Status 
Report” 
 
Barnett et al. (1999) provide an excellent review of progress in model-based detection 
and attribution during the past few years.  Unfortunately, the section on “Paleoclimate 
proxies” is flawed.  We can not agree that “our best estimates of natural variability will 
come from CGCMs” or that “…paleoproxy data have serious shortcomings that preclude 
their use for this purpose”.  On the contrary, we believe that paleoclimate data provide 
the only prospect for realistically estimating the envelope of natural climate variability 
and validating model simulations.  Here we point out several issues that lead to erroneous 
conclusions in their paper. 
 
They state: “Straightforward comparisons via cross-spectral analysis…show that most of 
the paleodata are not simple proxies of temperature”.  This may be true for the sample of 
proxy data that they selected.  Unfortunately, no information is given on what 
temperature variable or season was used in the calculation of correlations and coherency-
squared in their Table 1, and so the reader is not able to judge the appropriateness of the 
comparisons they report.  However, their inability to identify a strong local temperature 
signal in the proxies they select is almost irrelevant to the detection and attribution 
problem at hand.  The authors imply that this is a fundamental limitation to the use of 
paleoclimatic data in large-scale temperature reconstructions.  This is not so.  Several 
studies (e.g., Bradley, 1996; Mann et al, 1998a; Evans et al., 1998) have shown that the 
available network of proxy climate records is more than adequate to reconstruct the 
principal patterns of temperature variability.  These studies have pointed out that the main 
issue is whether or not a particular distribution of data is adequate to sample the key 
patterns of temperature variability on interannual and longer timescales  (associated, for 
example, with ENSO, the NAO, and various decadal and multidecadal patterns of 
intrinsic climate variability; cf. Kelly et al., 1999).  Proxies that may be poorly correlated 
with local temperature records (i.e. from nearby weather stations) may nonetheless 
capture some of the variance of the large-scale temperature patterns.  This is because the 
proxy may be responding to a set of conditions that are correlated with large-scale 
climatic conditions.  Consider, for example, the drought-sensitive tree ring latewood 
density chronologies from Mexico and the southwestern U.S. (Stahle et al. 1998) which 
show very strong (and statistically significant) correlations with the Southern Oscillation 
Index.  In combination with coral records in the tropical Pacific (reflecting e.g. salinity 
changes related to ENSO) such indicators can constrain quite effectively the behavior of 
the ENSO phenomenon.  In so doing, this combination of indicators is thus able to 
constrain a prominent global surface temperature pattern responsible for substantial 
variability over much of the tropical and extra-tropical Pacific Ocean, where the available 
proxy indicators themselves are quite sparse.  Similarly, trees that are sensitive to drought 
in (Stockton and Glueck, 1999) appear to be effective indicators of the North Atlantic 
Oscillation, a primary mode of extra-tropical cold-season temperature variability.  Again, 
such proxy indicators can be calibrated to resolve a prominent share of large-scale 
surface temperature variability, even though they may not be a direct indicator of their 
local temperature.  Hence, a simple correlation of such records against local instrumental 
temperature data is not a useful assessment of their potential usefulness in large-scale 
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temperature pattern reconstruction.  Barnett et al. (1999) confuse the issue of the 
usefulness of a proxy record in calibrating a local temperature signal, and the potential 
usefulness of the same record in calibrating a large-scale pattern of climate (and 
temperature) variability. 
 
 
2. The statement that “only a few of the tree-ring records from mid to high-latitude sites 
can be interpreted directly as temperature changes” is factually incorrect; the authors 
overlook several decades of dendroclimatological research which demonstrates otherwise 
(e.g. Briffa et al, 1988, 1990; Graybill and Shiyatov, 1992; Hughes et al., 1999; Jacoby 
and Cook, 1981; Vaganov et al., 1996).  There is a body of careful work in which the 
difficulties of using natural archives are addressed explicitly (for example, Briffa et al., 
1998; Vaganov et al., 1999).  
 
3.  The statement  “The disparity between these reconstructions at some times over the 
last 400 years is as large as the observed changes in global temperature over the last 100 
years” [in reference to the comparison shown in their Figure 2 between the hemispheric 
temperature estimates of Mann et al.(1998a), Briffa et al.(1998), and Jones et al.(1998)] is 
incorrect.  The maximum discrepancy during the 400-year interval shown is 0.45ºC, 
between the Briffa et al. (1998) and Jones et al. (1998) estimates around 1840.  In 
contrast, the mean 20th century warming indicated by the smoothed instrumental record is 
approximately 0.8ºC.  In fact, by appropriate measures, the proxy reconstructions of 
hemispheric mean temperature are more similar to some of the model simulations in 
terms of the amplitude of estimated internal variability, than the models are to each other.  
Crowley and Kim (1999) using an energy balance model, estimate that as much as 18-
34% of low frequency variability in proxy-based hemispheric temperature 
reconstructions over the pre-anthropogenic interval could be forced by volcanism and 
solar variability.  Most importantly, they show that the spectrum of the residuals (i.e. the 
remaining component after this forced variability is accounted for) agrees with that of 
unforced variability from control runs of coupled models, at the 90% significance level.   
 
The claim that the disparity between the three reconstructions shown in Figure 2 is 
largely due to intrinsic uncertainties in our ability to estimate hemispheric mean 
temperature ignores evidence to the contrary.  A large part of the difference between the 
Mann et al. (1998) and reconstruction, for example, is to be expected, because the 
reconstructions were designed to cover different regions and seasons (Jones et al, 1998; 
Mann et al, 2000).   The Jones et al. estimate is simply scaled to be an indicator of extra-
tropical summer temperatures, while the Mann et al.1998 (and 1999) series are calibrated 
as a Northern Hemisphere and annual-mean estimate.  Other series, such as the Overpeck 
et al. (1997) estimate, are based on a yet different, high-latitude summer sampling 
emphasis.  These seasonal and latitudinal sampling issues appear to be the primary reason 
for differences between the estimates.  If the Mann et al. pattern reconstructions are 
sampled in a similar extra-tropical latitude band (30-70N), the two reconstructions lie 
well within the self-consistently estimated uncertainties of Mann et al. (1998).  Showing 
these series without mentioning the explicit differences between them is misleading.  
Furthermore a more recent version of the Briffa et al. (1998) series, using more 
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conservative standardization techniques (Briffa and Osborn, 1999) is far more similar to 
the Mann et al. (1998) series than their earlier study reported.  
 
 
4. Barnett et al.’s statement that it is “debatable whether there is enough temperature 
proxy data to be representative of hemispheric, let alone global climate changes 
given…lack of large spatial coherence in the data” is incorrect on at least two counts. 
a) The ability to skillfully reconstruct northern hemisphere mean temperature with such 
data has been rigorously demonstrated with careful cross-validation exercises by Mann et 
al.(1998; 1999) using independent large-scale temperature measurements from the 19th 
century, and the sparse available measurements several centuries back in time in Europe 
and North America, to test the pattern reconstructions.  
b) Highly significant coherence in these data has been clearly demonstrated; Mann et al.    
(1995) showed that interdecadal (15-35 year) and multidecadal (50-100 year) frequency-
bands exhibit clearly enhanced amplitude climate variability in global proxy data during 
the past 5 centuries, even relative to the null hypothesis of spatially-correlated colored 
climatic noise.  Such findings have been confirmed by other recent work (Delworth and 
Mann, in press) which not only demonstrate the robustness of the multidecadal signal in 
the proxy data, but show striking similarities (in both timescale and spatial pattern of the 
climate signal) to an intrinsic multidecadal mode of variability evident in long 
integrations of the GFDL coupled ocean-atmosphere model. The latter establishes, 
indeed, a causal dynamical mechanism for the signal 
 
Finally, we believe that relying on computer models without the validated ability to 
model century and longer timescale variability to estimate the actual low-frequency 
variability of the climate is thoroughly unwise. Despite the comments of Barnett et al. 
(1999), it is self-evident that global climate models can never be relied upon to give a 
definitive description of the natural variability of the true climate system. Models cannot 
estimate variability associated with processes or feedbacks that are not present in the 
models themselves. The potential non-linearities of small-scale processes that are not 
resolved, dynamical feedbacks which are not accurately represented (cf. Cane et al, 
1997), and numerous potential surprises regarding the true global climate system (e.g., 
the role of gas hydrates) will forever limit the ability of models to accurately represent 
the true system.  The arguments of Barnett et al. fly in the face of the most basic tenet of 
natural science, whereby the real-word truth must always be the target for our theoretical  
models.  In the control integrations that Barnett et al. suggest we rely upon to estimate 
natural variability, the very factors that may have led to that variability are missing.  For 
example, there is absolutely no representation of long-term changes in solar irradiance 
forcing, volcanic forcing, astronomical variations, land use changes and other factors 
which may influence climate on decadal to millennial timescales.  Without a 
consideration of such effects, model-based estimates of “natural variability” must 
necessarily be very imperfect approximations to reality.  
 
In contrast to the conclusion of Barnett et al., we argue that, in fact, paleo data offer the 
best and only hope of validating the low-frequency behavior of models.  They add a 
critical element to the detection and attribution problem that will never be possible from a 
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comparison of 20th century model simulations and instrumental observations alone.  The 
paleo data allow us to look at potential forcing mechanisms prior to the era of 
anthropogenic forcing, potentially validating or testing model-based estimates of climate 
sensitivity.   
 
In summary, Barnett et al. (1999) completely undervalue the role of paleoclimatic data in 
assessing and documenting temperature variability. Indeed, the utility of these data is not 
only limited to the study of past fluctuations in seasonal or annual temperature, but 
extends to precipitation, circulation patterns, the past behavior of the oceans and of the 
cryosphere, as well several important forcing factors such as atmospheric composition, 
solar irradiance changes and volcanic eruptions (Alverson et al.2000; Bradley, 1999).  
Models are useful tools to understand the complexities of past and future climate 
variations, but they are no substitute for reality.  
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From: Michael E. Mann
To: Ray Bradley; mhughes@ltrr.arizona.edu
Subject: Re: Here"s my "final" BAMS effort--comments?
Date: Friday, May 19, 2000 12:28:25 PM

Looks good to me. I'm happy to sign off at this point. Lets submit it!

cheers,

mike

At 01:51 PM 5/19/00 -0300, Ray Bradley wrote:
>Comments on "Detection and Attribution of Recent Climate Change: A Status
>Report"
>
>Barnett et al. (1999) provide an excellent review of progress in
>model-based detection and attribution during the past few years.
>Unfortunately, the section on "Paleoclimate proxies" is flawed.  We can not
>agree that "our best estimates of natural variability will come from CGCMs"
>or that "…paleoproxy data have serious shortcomings that preclude their use
>for this purpose".  On the contrary, we believe that paleoclimate data
>provide the only prospect for realistically estimating the envelope of
>natural climate variability and validating model simulations.  Here we
>point out several issues that lead to erroneous conclusions in their paper.
>
>They state: "Straightforward comparisons via cross-spectral analysis…show
>that most of the paleodata are not simple proxies of temperature".  This
>may be true for the sample of proxy data that they selected.
>Unfortunately, no information is given on what temperature variable or
>season was used in the calculation of correlations and coherency-squared in
>their Table 1, and so the reader is not able to judge the appropriateness
>of the comparisons they report.  However, their inability to identify a
>strong local temperature signal in the proxies they select is almost
>irrelevant to the detection and attribution problem at hand.  The authors
>imply that this is a fundamental limitation to the use of paleoclimatic
>data in large-scale temperature reconstructions.  This is not so.  Several
>studies (e.g., Bradley, 1996; Mann et al, 1998a; Evans et al., 1998) have
>shown that the available network of proxy climate records is more than
>adequate to reconstruct the principal patterns of temperature variability.
>These studies have pointed out that the main issue is whether or not a
>particular distribution of data is adequate to sample the key patterns of
>temperature variability on interannual and longer timescales  (associated,
>for example, with ENSO, the NAO, and various decadal and multidecadal
>patterns of intrinsic climate variability; cf. Kelly et al., 1999).
>Proxies that may be poorly correlated with local temperature records (i.e.
>from nearby weather stations) may nonetheless capture some of the variance
>of the large-scale temperature patterns.  This is because the proxy may be
>responding to a set of conditions that are correlated with large-scale
>climatic conditions.  Consider, for example, the drought-sensitive tree
>ring latewood density chronologies from Mexico and the southwestern U.S.
>(Stahle et al. 1998) which show very strong (and statistically significant)
>correlations with the Southern Oscillation Index.  In combination with
>coral records in the tropical Pacific (reflecting e.g. salinity changes
>related to ENSO) such indicators can constrain quite effectively the
>behavior of the ENSO phenomenon.  In so doing, this combination of
>indicators is thus able to constrain a prominent global surface temperature
>pattern responsible for substantial variability over much of the tropical
>and extra-tropical Pacific Ocean, where the available proxy indicators

ABOR/MH/Priv-005007



>themselves are quite sparse.  Similarly, trees that are sensitive to
>drought in (Stockton and Glueck, 1999) appear to be effective indicators of
>the North Atlantic Oscillation, a primary mode of extra-tropical
>cold-season temperature variability.  Again, such proxy indicators can be
>calibrated to resolve a prominent share of large-scale surface temperature
>variability, even though they may not be a direct indicator of their local
>temperature.  Hence, a simple correlation of such records against local
>instrumental temperature data is not a useful assessment of their potential
>usefulness in large-scale temperature pattern reconstruction.  Barnett et
>al. (1999) confuse the issue of the usefulness of a proxy record in
>calibrating a local temperature signal, and the potential usefulness of the
>same record in calibrating a large-scale pattern of climate (and
>temperature) variability.
>
>
>2. The statement that "only a few of the tree-ring records from mid to
>high-latitude sites can be interpreted directly as temperature changes" is
>factually incorrect; the authors overlook several decades of
>dendroclimatological research which demonstrates otherwise (e.g. Briffa et
>al, 1988, 1990; Graybill and Shiyatov, 1992; Hughes et al., 1999; Jacoby
>and Cook, 1981; Vaganov et al., 1996).  There is a body of careful work in
>which the difficulties of using natural archives are addressed explicitly
>(for example, Briffa et al., 1998; Vaganov et al., 1999).
>
>3.  The statement  "The disparity between these reconstructions at some
>times over the last 400 years is as large as the observed changes in global
>temperature over the last 100 years" [in reference to the comparison shown
>in their Figure 2 between the hemispheric temperature estimates of Mann et
>al.(1998a), Briffa et al.(1998), and Jones et al.(1998)] is incorrect.  The
>maximum discrepancy during the 400-year interval shown is 0.45ºC, between
>the Briffa et al. (1998) and Jones et al. (1998) estimates around 1840.  In
>contrast, the mean 20th century warming indicated by the smoothed
>instrumental record is approximately 0.8ºC.  In fact, by appropriate
>measures, the proxy reconstructions of hemispheric mean temperature are
>more similar to some of the model simulations in terms of the amplitude of
>estimated internal variability, than the models are to each other.  Crowley
>and Kim (1999) using an energy balance model, estimate that as much as
>18-34% of low frequency variability in proxy-based hemispheric temperature
>reconstructions over the pre-anthropogenic interval could be forced by
>volcanism and solar variability.  Most importantly, they show that the
>spectrum of the residuals (i.e. the remaining component after this forced
>variability is accounted for) agrees with that of unforced variability from
>control runs of coupled models, at the 90% significance level. 
>
>The claim that the disparity between the three reconstructions shown in
>Figure 2 is largely due to intrinsic uncertainties in our ability to
>estimate hemispheric mean temperature ignores evidence to the contrary.  A
>large part of the difference between the Mann et al. (1998) and
>reconstruction, for example, is to be expected, because the reconstructions
>were designed to cover different regions and seasons (Jones et al, 1998;
>Mann et al, 2000).   The Jones et al. estimate is simply scaled to be an
>indicator of extra-tropical summer temperatures, while the Mann et al.1998
>(and 1999) series are calibrated as a Northern Hemisphere and annual-mean
>estimate.  Other series, such as the Overpeck et al. (1997) estimate, are
>based on a yet different, high-latitude summer sampling emphasis.  These
>seasonal and latitudinal sampling issues appear to be the primary reason
>for differences between the estimates.  If the Mann et al. pattern
>reconstructions are sampled in a similar extra-tropical latitude band
>(30-70°N), the two reconstructions lie well within the self-consistently
>estimated uncertainties of Mann et al. (1998).  Showing these series
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>without mentioning the explicit differences between them is misleading.
>Furthermore a more recent version of the Briffa et al. (1998) series, using
>more conservative standardization techniques (Briffa and Osborn, 1999) is
>far more similar to the Mann et al. (1998) series than their earlier study
>reported.
>
>
>4. Barnett et al.'s statement that it is "debatable whether there is enough
>temperature proxy data to be representative of hemispheric, let alone
>global climate changes given…lack of large spatial coherence in the data"
>is incorrect on at least two counts.
>a) The ability to skillfully reconstruct northern hemisphere mean
>temperature with such data has been rigorously demonstrated with careful
>cross-validation exercises by Mann et al.(1998; 1999) using independent
>large-scale temperature measurements from the 19th century, and the sparse
>available measurements several centuries back in time in Europe and North
>America, to test the pattern reconstructions.
>b) Highly significant coherence in these data has been clearly
>demonstrated; Mann et al.    (1995) showed that interdecadal (15-35 year)
>and multidecadal (50-100 year) frequency-bands exhibit clearly enhanced
>amplitude climate variability in global proxy data during the past 5
>centuries, even relative to the null hypothesis of spatially-correlated
>colored climatic noise.  Such findings have been confirmed by other recent
>work (Delworth and Mann, in press) which not only demonstrate the
>robustness of the multidecadal signal in the proxy data, but show striking
>similarities (in both timescale and spatial pattern of the climate signal)
>to an intrinsic multidecadal mode of variability evident in long
>integrations of the GFDL coupled ocean-atmosphere model. The latter
>establishes, indeed, a causal dynamical mechanism for the signal
>
>Finally, we believe that relying on computer models without the validated
>ability to model century and longer timescale variability to estimate the
>actual low-frequency variability of the climate is thoroughly unwise.
>Despite the comments of Barnett et al. (1999), it is self-evident that
>global climate models can never be relied upon to give a definitive
>description of the natural variability of the true climate system. Models
>cannot estimate variability associated with processes or feedbacks that are
>not present in the models themselves. The potential non-linearities of
>small-scale processes that are not resolved, dynamical feedbacks which are
>not accurately represented (cf. Cane et al, 1997), and numerous potential
>surprises regarding the true global climate system (e.g., the role of gas
>hydrates) will forever limit the ability of models to accurately represent
>the true system.  The arguments of Barnett et al. fly in the face of the
>most basic tenet of natural science, whereby the real-word truth must
>always be the target for our theoretical  models.  In the control
>integrations that Barnett et al. suggest we rely upon to estimate natural
>variability, the very factors that may have led to that variability are
>missing.  For example, there is absolutely no representation of long-term
>changes in solar irradiance forcing, volcanic forcing, astronomical
>variations, land use changes and other factors which may influence climate
>on decadal to millennial timescales.  Without a consideration of such
>effects, model-based estimates of "natural variability" must necessarily be
>very imperfect approximations to reality.
>
>In contrast to the conclusion of Barnett et al., we argue that, in fact,
>paleo data offer the best and only hope of validating the low-frequency
>behavior of models.  They add a critical element to the detection and
>attribution problem that will never be possible from a comparison of 20th
>century model simulations and instrumental observations alone.  The paleo
>data allow us to look at potential forcing mechanisms prior to the era of
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>anthropogenic forcing, potentially validating or testing model-based
>estimates of climate sensitivity. 
>
>In summary, Barnett et al. (1999) completely undervalue the role of
>paleoclimatic data in assessing and documenting temperature variability.
>Indeed, the utility of these data is not only limited to the study of past
>fluctuations in seasonal or annual temperature, but extends to
>precipitation, circulation patterns, the past behavior of the oceans and of
>the cryosphere, as well several important forcing factors such as
>atmospheric composition, solar irradiance changes and volcanic eruptions
>(Alverson et al.2000; Bradley, 1999).  Models are useful tools to
>understand the complexities of past and future climate variations, but they
>are no substitute for reality.
>
>
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Comments on “Detection and 

Attribution of Recent Climate Change: 

A Status Report” 

 

Barnett et al. (1999) provide an excellent 

review of progress in model-based 

detection and attribution during the past 

few years.  Unfortunately, the section on 

“Paleoclimate proxies” is flawed.  We 

can not agree that “our best estimates of 

natural variability will come from 

CGCMs” or that “…paleoproxy data 

have serious shortcomings that preclude 

their use for this purpose”.  On the 

contrary, we believe that paleoclimate 

data provide the only prospect for 

realistically estimating the envelope of 

natural climate variability and validating 

model simulations.  Here we point out 

several issues that lead to erroneous 

conclusions in their paper. 

They state: “Straightforward 

comparisons via cross-spectral 

analysis…show that most of the 
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paleodata are not simple proxies of 

temperature”.  This may be true for the 

sample of proxy data that they selected.  

Unfortunately, no information is given on 

what temperature variable or season was 

used in the calculation of correlations and 

coherency-squared in their Table 1, and 

so the reader is not able to judge the 

appropriateness of the comparisons they 

report.  However, their inability to 

identify a strong local temperature signal 

in the proxies they select is almost 

irrelevant to the detection and attribution 

problem at hand.  The authors imply that 

this is a fundamental limitation to the use 

of paleoclimatic data in large-scale 

temperature reconstructions.  This is not 

so.  Several studies (e.g., Bradley, 1996; 

Mann et al, 1998a; Evans et al., 1998) 

have shown that the available network of 

proxy climate records is more than 

adequate to reconstruct the principal 

patterns of temperature variability.  These 
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studies have pointed out that the main 

issue is whether or not a particular 

distribution of data is adequate to sample 

the key patterns of temperature 

variability on interannual and longer 

timescales  (associated, for example, with 

ENSO, the NAO, and various decadal 

and multidecadal patterns of intrinsic 

climate variability; cf. Kelly et al., 1999).  

Proxies that may be poorly correlated 

with local temperature records (i.e. from 

nearby weather stations) may nonetheless 

capture some of the variance of the large-

scale temperature patterns.  This is 

because the proxy may be responding to 

a set of conditions that are correlated with 

large-scale climatic conditions.  

Consider, for example, the drought-

sensitive tree ring latewood density 

chronologies from Mexico and the 

southwestern U.S. (Stahle et al. 1998) 

which show very strong (and statistically 

significant) correlations with the 
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Southern Oscillation Index.  In 

combination with coral records in the 

tropical Pacific (reflecting e.g. salinity 

changes related to ENSO) such indicators 

can constrain quite effectively the 

behavior of the ENSO phenomenon.  In 

so doing, this combination of indicators 

is thus able to constrain a prominent 

global surface temperature pattern 

responsible for substantial variability 

over much of the tropical and extra-

tropical Pacific Ocean, where the 

available proxy indicators themselves are 

quite sparse.  Similarly, trees that are 

sensitive to drought in Morocco 

(Stockton and Glueck, 1999) appear to be 

effective indicators of the North Atlantic 

Oscillation, a primary mode of extra-

tropical cold-season temperature 

variability.  Again, such proxy indicators 

can be calibrated to resolve a prominent 

share of large-scale surface temperature 

variability, even though they may not be 
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a direct indicator of their local 

temperature.  Hence, a simple correlation 

of such records against local instrumental 

temperature data is not a useful 

assessment of their potential usefulness 

in large-scale temperature pattern 

reconstruction.  Barnett et al. (1999) 

confuse the issue of the usefulness of a 

proxy record in calibrating a local 

temperature signal, and the potential 

usefulness of the same record in 

calibrating a large-scale pattern of 

climate (and temperature) variability. 

 

2. The statement that “only a few of the 

tree-ring records from mid to high-

latitude sites can be interpreted directly 

as temperature changes” is factually 

incorrect; the authors overlook several 

decades of dendroclimatological research 

which demonstrates otherwise (e.g. Briffa 

et al, 1988, 1990; Graybill and Shiyatov, 

1992; Hughes et al., 1999; Jacoby and 
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Cook, 1981; Vaganov et al., 1996).  

There is a body of careful work in which 

the difficulties of using natural archives 

are addressed explicitly (for example, 

Briffa et al., 1998; Vaganov et al., 1999).  

 

3.  The statement  “The disparity between 

these reconstructions at some times over 

the last 400 years is as large as the 

observed changes in global temperature 

over the last 100 years” [in reference to 

the comparison shown in their Figure 2 

between the hemispheric temperature 

estimates of Mann et al.(1998a), Briffa et 

al.(1998), and Jones et al.(1998)] is 

incorrect.  The maximum discrepancy 

during the 400-year interval shown is 

0.45ºC, between the Briffa et al. (1998) 

and Jones et al. (1998) estimates around 

1840.  In contrast, the mean 20th century 

warming indicated by the smoothed 

instrumental record is approximately 

0.8ºC.  In fact, by appropriate measures, 
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the proxy reconstructions of hemispheric 

mean temperature are more similar to 

some of the model simulations in terms 

of the amplitude of estimated internal 

variability, than the models are to each 

other.  Crowley and Kim (1999) using an 

energy balance model, estimate that as 

much as 18-34% of low frequency 

variability in proxy-based hemispheric 

temperature reconstructions over the pre-

anthropogenic interval could be forced by 

volcanism and solar variability.  Most 

importantly, they show that the spectrum 

of the residuals (i.e. the remaining 

component after this forced variability is 

accounted for) agrees with that of 

unforced variability from control runs of 

coupled models, at the 90% significance 

level.   

The claim that the disparity between 

the three reconstructions shown in Figure 

2 is largely due to intrinsic uncertainties 

in our ability to estimate hemispheric 
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mean temperature ignores evidence to the 

contrary.  A large part of the difference 

between the Mann et al. (1998) and 

reconstruction, for example, is to be 

expected, because the reconstructions 

were designed to cover different regions 

and seasons (Jones et al, 1998; Mann et 

al, 2000).   The Jones et al. estimate is 

simply scaled to be an indicator of extra-

tropical summer temperatures, while the 

Mann et al.1998 (and 1999) series are 

calibrated as a Northern Hemisphere and 

annual-mean estimate.  Other series, such 

as the Overpeck et al. (1997) estimate, 

are based on a yet different, high-latitude 

summer sampling emphasis.  These 

seasonal and latitudinal sampling issues 

appear to be the primary reason for 

differences between the estimates.  If the 

Mann et al. pattern reconstructions are 

sampled in a similar extra-tropical 

latitude band (30-70N), the two 

reconstructions lie well within the self-
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consistently estimated uncertainties of 

Mann et al. (1998).  Showing these series 

without mentioning the explicit 

differences between them is misleading.  

Furthermore a more recent version of the 

Briffa et al. (1998) series, using more 

conservative standardization techniques 

(Briffa and Osborn, 1999) is far more 

similar to the Mann et al. (1998) series 

than their earlier study reported.  

 

4. Barnett et al.’s statement that it is 

“debatable whether there is enough 

temperature proxy data to be 

representative of hemispheric, let alone 

global climate changes given…lack of 

large spatial coherence in the data” is 

incorrect on at least two counts. 

a) The ability to skillfully reconstruct 

northern hemisphere mean temperature 

with such data has been rigorously 

demonstrated with careful cross-

validation exercises by Mann et al.(1998; 
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1999) using independent large-scale 

temperature measurements from the 19th 

century, and the sparse available 

measurements several centuries back in 

time in Europe and North America, to 

test the pattern reconstructions.  

b) Highly significant coherence in these 

data has been clearly demonstrated; 

Mann et al.    (1995) showed that 

interdecadal (15-35 year) and 

multidecadal (50-100 year) frequency-

bands exhibit clearly enhanced amplitude 

climate variability in global proxy data 

during the past 5 centuries, even relative 

to the null hypothesis of spatially-

correlated colored climatic noise.  Such 

findings have been confirmed by other 

recent work (Delworth and Mann, in 

press) which not only demonstrate the 

robustness of the multidecadal signal in 

the proxy data, but show striking 

similarities (in both timescale and spatial 

pattern of the climate signal) to an 
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intrinsic multidecadal mode of variability 

evident in long integrations of the GFDL 

coupled ocean-atmosphere model. The 

latter establishes, indeed, a causal 

dynamical mechanism for the signal 

 

5.  Finally, we believe that relying on 

computer models without the validated 

ability to model century and longer 

timescale variability to estimate the 

actual low-frequency variability of the 

climate is thoroughly unwise. Despite the 

comments of Barnett et al. (1999), it is 

self-evident that global climate models 

can never be relied upon to give a 

definitive description of the natural 

variability of the true climate system. 

Models cannot estimate variability 

associated with processes or feedbacks 

that are not present in the models 

themselves. The potential non-linearities 

of small-scale processes that are not 

resolved, dynamical feedbacks which are 
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not accurately represented (cf. Cane et al, 

1997), and numerous potential surprises 

regarding the true global climate system 

(e.g., the role of gas hydrates) will 

forever limit the ability of models to 

accurately represent the true system.  The 

arguments of Barnett et al. fly in the face 

of the most basic tenet of natural science, 

whereby the real-word truth must always 

be the target for our theoretical  models.  

In the control integrations that Barnett et 

al. suggest we rely upon to estimate 

natural variability, the very factors that 

may have led to that variability are 

missing.  For example, there is absolutely 

no representation of long-term changes in 

solar irradiance forcing, volcanic forcing, 

astronomical variations, land use changes 

and other factors which may influence 

climate on decadal to millennial 

timescales.  Without a consideration of 

such effects, model-based estimates of 
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“natural variability” must necessarily be 

very imperfect approximations to reality.  

In contrast to the conclusion of 

Barnett et al., we argue that, in fact, paleo 

data offer the best and only hope of 

validating the low-frequency behavior of 

models.  They add a critical element to 

the detection and attribution problem that 

will never be possible from a comparison 

of 20th century model simulations and 

instrumental observations alone.  The 

paleo data allow us to look at potential 

forcing mechanisms prior to the era of 

anthropogenic forcing, potentially 

validating or testing model-based 

estimates of climate sensitivity.   

 

In summary, Barnett et al. (1999) 

completely undervalue the role of 

paleoclimatic data in assessing and 

documenting temperature variability. 

Indeed, the utility of these data is not 

only limited to the study of past 
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fluctuations in seasonal or annual 

temperature, but extends to precipitation, 

circulation patterns, the past behavior of 

the oceans and of the cryosphere, as well 

several important forcing factors such as 

atmospheric composition, solar irradiance 

changes and volcanic eruptions (Alverson 

et al.2000; Bradley, 1999).  Models are 

useful tools to understand the 

complexities of past and future climate 

variations, but they are no substitute for 

reality.  
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From: Raymond S. Bradley
To: mann@multiproxy.evsc.virginia.edu
Cc: mhughes@ltrr.arizona.edu
Subject: Nature letter
Date: Friday, July 21, 2000 1:13:10 PM

I fear that the revised analysis does not serve the original purpose in
showing a close [enough] coherence with the instrumental data.....it will
only provide ammunition to sceptics.  You are right in pointing out that
even this limited data set shows an enhanced rate of warming, but it does
not do this "well enough" to make a note to Nature worthwhile, in my
opinion.  Sorry to say that, as I know you worked hard on this & are
excited about the result.  But I would say it is better to wait until we
have a better, updated data set than to publish something that we may later
have to live down....
I wonder now if you can re-assess the pre-1400 study by systematically
eliminating each proxy, one by one, to determine which of these drove the
early millennial warming (or perhaps reduced it?) vis a vis the other data
series....?  This might provide clues as to the relative signal in the
Tropics v. extra-tropics, for example....or in the low frequency
contribution of tree ring data v. ice core....
Now you're going to tell me we already did this and it was published
.....OK, so I have a hard time keeping up with the literature!
What do you think?   Maybe let MKH be the arbitrator....
Ray

Raymond S. Bradley
Professor and Head of Department
Department of Geosciences
University of Massachusetts
Amherst, MA 01003-5820

Tel: 
Fax: 
Climate System Research Center: 
Climate System Research Center Web Page:
<http://www.geo.umass.edu/climate/climate.html>
Paleoclimatology Book Web Site (1999):
http://www.geo.umass.edu/climate/paleo/html
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From: Raymond S. Bradley
To: mann@multiproxy.evsc.virginia.edu; mhughes@ltrr.arizona.edu
Subject: BAMS
Date: Monday, July 31, 2000 1:44:14 PM

I called to find out what happened to our (revised) commentary on Barnett's
paper.  It has been sitting with TB...they contacted him last week to get
it moving--an editorial  decision is expected next week...once they hear
back from Barnett, I guess
ray
Raymond S. Bradley
Professor and Head of Department
Department of Geosciences
University of Massachusetts
Amherst, MA 01003-5820

Tel: 
Fax: 
Climate System Research Center: 
Climate System Research Center Web Page:
<http://www.geo.umass.edu/climate/climate.html>
Paleoclimatology Book Web Site (1999):
http://www.geo.umass.edu/climate/paleo/html
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu
Subject: Re: BANS
Date: Tuesday, October 24, 2000 10:55:15 AM

hi malcolm,

The paper has indeed been published:

Delworth, T.L., Mann, M.E., Observed and Simulated Multidecadal Variability
in the Northern Hemisphere, Climate Dynamics, 16, 661-676, 2000.

thanks for the heads up on this.

More soon re the noaa proposal soon,

mike

At 10:06 AM 10/24/00 -0700, you wrote:
>
>
>
>Dear Mike - In Ray's absence I have been sent the proofs of the BAMS reply
to
>Barnett et al to check. One question concerns the refernce to Delworth and
Mann
>2000 which is listed as being in press. Is there an update of its status?
>Cheers, Malcolm
>
>
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: Raymond S. Bradley
Cc: mhughes@ltrr.arizona.edu
Subject: Re: Bulletin Comment and Reply
Date: Friday, November 03, 2000 8:40:29 AM

Ray: I thought Malcolm took care of this in your absence! (Malcolm??)

m

At 07:49 AM 11/3/00 -0500, Raymond S. Bradley wrote:
>I just returned from Europe and so obviously have not seen the proofs.  I
>will go to the office this morning and could read them then, but that will
>not meet your deadline.  Please update me on what I should do now.
>Thanks
>Ray Bradley
>
>At 11:10 AM 10/23/00 -0400, you wrote:
>>Drs. Bradley and Barnett:
>>
>>We are preparing the page proofs for your papers, "Comments on 'Detection
>>and Attribution of Recent Climate Change: A Status Report'" and "Reply to
>>'Comments on Detection and Attribution of Recent Climate Change: A Status
>>Report.'" We will fax them to you this afternoon. I ask that you review
>>them as soon as possible and fax them back tomorrow morning at the latest.
>>
>>I apologize for allowing so little time to review your proofs. A senior
>>member of the Bulletin staff was forced to take extended medical leave,
>>which has hampered Bulletin production, and the proofs for your paper
>>happened to be ready at "crunch time." Our deadline to mail the issue to
>>press is today, but we do not want to delay publication of your papers.
>>Delaying publication would place them in the February 2001 issue. We are
>>therefore delaying our mailing until tomorrow.
>>
>>Again, I apologize for the short notice and appreciate your understanding.
>>Please contact me if you have any questions.
>>
>>Bryan Hanssen
>>Production Manager
>>Bulletin of the American Meteorological Society
>
>Raymond S. Bradley
>Professor and Head of Department
>Department of Geosciences
>University of Massachusetts
>Amherst, MA 01003-5820
>
>Tel: 
>Fax: 
>Climate System Research Center: 
>Climate System Research Center Web Page:
><http://www.geo.umass.edu/climate/climate.html>
>Paleoclimatology Book Web Site (1999):
>http://www.geo.umass.edu/climate/paleo/html
>
>
>
>
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>
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Raymond S. Bradley
To: mann@multiproxy.evsc.virginia.edu
Cc: mhughes@ltrr.arizona.edu
Subject: Fwd: Re: Bulletin Comment and Reply
Date: Friday, November 03, 2000 8:47:13 AM

Yes--bless his cotton socks, he did.  see ref. for citation
ray

>X-Sender: bhanssen@smtpgw.ametsoc.org
>X-Mailer: QUALCOMM Windows Eudora Pro Version 3.0.5 (32)
>Date: Fri, 03 Nov 2000 09:22:30 -0500
>To: "Raymond S. Bradley" <rbradley@geo.umass.edu>
>From: Bryan Hanssen <bhanssen@ametsoc.org>
>Subject: Re: Bulletin Comment and Reply
>
>Dr. Bradley:
>
>We had contacted your office, but apparently word did not reach you. To
>meet the deadline, we faxed proofs to your coauthor, Malcolm Hughes. He
>promptly reviewed the proofs, made corrections, and answered our queries.
>There is nothing you need to do at this time. Your paper will appear in the
>December issue of the Bulletin (vol. 81, pp. 2987-2990). If you have any
>questions, please contact me.
>
>Bryan Hanssen
>Production Manager
>Bulletin of the American Meteorological Society
>
>
>At 07:49 AM 11/3/2000 -0500, you wrote:
> >I just returned from Europe and so obviously have not seen the proofs.  I
> >will go to the office this morning and could read them then, but that will
> >not meet your deadline.  Please update me on what I should do now.
> >Thanks
> >Ray Bradley
> >
> >At 11:10 AM 10/23/00 -0400, you wrote:
> >>Drs. Bradley and Barnett:
> >>
> >>We are preparing the page proofs for your papers, "Comments on 'Detection
> >>and Attribution of Recent Climate Change: A Status Report'" and "Reply to
> >>'Comments on Detection and Attribution of Recent Climate Change: A Status
> >>Report.'" We will fax them to you this afternoon. I ask that you review
> >>them as soon as possible and fax them back tomorrow morning at the latest.
> >>
> >>I apologize for allowing so little time to review your proofs. A senior
> >>member of the Bulletin staff was forced to take extended medical leave,
> >>which has hampered Bulletin production, and the proofs for your paper
> >>happened to be ready at "crunch time." Our deadline to mail the issue to
> >>press is today, but we do not want to delay publication of your papers.
> >>Delaying publication would place them in the February 2001 issue. We are
> >>therefore delaying our mailing until tomorrow.
> >>
> >>Again, I apologize for the short notice and appreciate your understanding.
> >>Please contact me if you have any questions.
> >>
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> >>Bryan Hanssen
> >>Production Manager
> >>Bulletin of the American Meteorological Society
> >
> >Raymond S. Bradley
> >Professor and Head of Department
> >Department of Geosciences
> >University of Massachusetts
> >Amherst, MA 01003-5820
> >
> >Tel: 
> >Fax: 
> >Climate System Research Center: 
> >Climate System Research Center Web Page:
> ><http://www.geo.umass.edu/climate/climate.html>
> >Paleoclimatology Book Web Site (1999):
> >http://www.geo.umass.edu/climate/paleo/html
> >
> >
> >
> >
> >

Raymond S. Bradley
Professor and Head of Department
Department of Geosciences
University of Massachusetts
Amherst, MA 01003-5820

Tel: 
Fax: 
Climate System Research Center: 
Climate System Research Center Web Page:
<http://www.geo.umass.edu/climate/climate.html>
Paleoclimatology Book Web Site (1999):
http://www.geo.umass.edu/climate/paleo/html
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From: Michael E. Mann
To: Raymond S. Bradley
Cc: mhughes@ltrr.arizona.edu
Subject: Re: Fwd: Re: Bulletin Comment and Reply
Date: Friday, November 03, 2000 8:58:22 AM

Good deal, we've even got a date, volume, and page numbers!

It will be interesting to see how nasty Barnett decided to get in his
revised response. I think our colleagues all recognize that we are in the
right on this...

m

At 10:45 AM 11/3/00 -0500, Raymond S. Bradley wrote:
>Yes--bless his cotton socks, he did.  see ref. for citation
>ray
>
>
>>X-Sender: bhanssen@smtpgw.ametsoc.org
>>X-Mailer: QUALCOMM Windows Eudora Pro Version 3.0.5 (32)
>>Date: Fri, 03 Nov 2000 09:22:30 -0500
>>To: "Raymond S. Bradley" <rbradley@geo.umass.edu>
>>From: Bryan Hanssen <bhanssen@ametsoc.org>
>>Subject: Re: Bulletin Comment and Reply
>>
>>Dr. Bradley:
>>
>>We had contacted your office, but apparently word did not reach you. To
>>meet the deadline, we faxed proofs to your coauthor, Malcolm Hughes. He
>>promptly reviewed the proofs, made corrections, and answered our queries.
>>There is nothing you need to do at this time. Your paper will appear in the
>>December issue of the Bulletin (vol. 81, pp. 2987-2990). If you have any
>>questions, please contact me.
>>
>>Bryan Hanssen
>>Production Manager
>>Bulletin of the American Meteorological Society
>>
>>
>>At 07:49 AM 11/3/2000 -0500, you wrote:
>> >I just returned from Europe and so obviously have not seen the proofs.  I
>> >will go to the office this morning and could read them then, but that will
>> >not meet your deadline.  Please update me on what I should do now.
>> >Thanks
>> >Ray Bradley
>> >
>> >At 11:10 AM 10/23/00 -0400, you wrote:
>> >>Drs. Bradley and Barnett:
>> >>
>> >>We are preparing the page proofs for your papers, "Comments on 'Detection
>> >>and Attribution of Recent Climate Change: A Status Report'" and "Reply to
>> >>'Comments on Detection and Attribution of Recent Climate Change: A Status
>> >>Report.'" We will fax them to you this afternoon. I ask that you review
>> >>them as soon as possible and fax them back tomorrow morning at the
latest.
>> >>
>> >>I apologize for allowing so little time to review your proofs. A senior
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>> >>member of the Bulletin staff was forced to take extended medical leave,
>> >>which has hampered Bulletin production, and the proofs for your paper
>> >>happened to be ready at "crunch time." Our deadline to mail the issue to
>> >>press is today, but we do not want to delay publication of your papers.
>> >>Delaying publication would place them in the February 2001 issue. We are
>> >>therefore delaying our mailing until tomorrow.
>> >>
>> >>Again, I apologize for the short notice and appreciate your
understanding.
>> >>Please contact me if you have any questions.
>> >>
>> >>Bryan Hanssen
>> >>Production Manager
>> >>Bulletin of the American Meteorological Society
>> >
>> >Raymond S. Bradley
>> >Professor and Head of Department
>> >Department of Geosciences
>> >University of Massachusetts
>> >Amherst, MA 01003-5820
>> >
>> >Tel: 
>> >Fax: 
>> >Climate System Research Center: 
>> >Climate System Research Center Web Page:
>> ><http://www.geo.umass.edu/climate/climate.html>
>> >Paleoclimatology Book Web Site (1999):
>> >http://www.geo.umass.edu/climate/paleo/html
>> >
>> >
>> >
>> >
>> >
>
>Raymond S. Bradley
>Professor and Head of Department
>Department of Geosciences
>University of Massachusetts
>Amherst, MA 01003-5820
>
>Tel: 
>Fax: 
>Climate System Research Center: 
>Climate System Research Center Web Page:
><http://www.geo.umass.edu/climate/climate.html>
>Paleoclimatology Book Web Site (1999):
>http://www.geo.umass.edu/climate/paleo/html
>
>
>
>
>
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: Phil Jones; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; srutherford@gso.uri.edu; tcrowley@duke.edu
Cc: k.briffa@uea.ac.uk; jto@u.arizona.edu; drdendro@ldeo.columbia.edu; keith.alverson@pages.unibe.ch;

mmaccrac@comcast.net; jto@u.arizona.edu; mann@virginia.edu
Subject: Re: Fwd: Soon & Baliunas
Date: Tuesday, March 11, 2003 6:15:39 AM

Thanks Phil,

(Tom: Congrats again!)

The Soon & Baliunas paper couldn't have cleared a 'legitimate' peer review process
anywhere. That leaves only one possibility--that the peer-review process at Climate
Research has been hijacked by a few skeptics on the editorial board. And it isn't just
De Frietas, unfortunately I think this group also includes a member of my own
department...

The skeptics appear to have staged a 'coup' at "Climate Research" (it was a mediocre
journal to begin with, but now its a mediocre journal with a definite 'purpose'). 

Folks might want to check out the editors and review editors:

http://www.int-res.com/journals/cr/crEditors.html

In fact, Mike McCracken first pointed out this article to me, and he and I have
discussed this a bit. I've cc'd Mike in on this as well, and I've included Peck too. I
told Mike that I believed our only choice was to ignore this paper. They've already
achieved what they wanted--the claim of a peer-reviewed paper. There is nothing we
can do about that now, but the last thing we want to do is bring attention to this
paper, which will be ignored by the community on the whole...

It is pretty clear that thee skeptics here have staged a bit of a coup, even in the
presence of a number of reasonable folks on the editorial board (Whetton, Goodess,
...). My guess is that Von Storch is actually with them (frankly, he's an odd individual,
and I'm not sure he isn't himself somewhat of a skeptic himself), and without Von
Storch on their side, they would have a very forceful personality promoting their new
vision. 

There have been several papers by Pat Michaels, as well as the Soon & Baliunas
paper, that couldn't get published in a reputable journal.

This was the danger of always criticising the skeptics for not publishing in the "peer-
reviewed literature". Obviously, they found a solution to that--take over a journal!

So what do we do about this? I think we have to stop considering "Climate Research"
as a legitimate peer-reviewed journal. Perhaps we should encourage our colleagues
in the climate research community to no longer submit to, or cite papers in, this
journal.  We would also need to consider what we tell or request of our more
reasonable colleagues who currently sit on the editorial board...

What do others think?

mike
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At 08:49 AM 3/11/2003 +0000, Phil Jones wrote:

 Dear All,
       Apologies for sending this again. I was expecting a stack of emails
this morning in
 response, but I inadvertently left Mike off (mistake in pasting) and picked
up Tom's old
 address. Tom is busy though with another offspring !
     I looked briefly at the paper last night and it is appalling - worst word
I can think of today
 without the mood pepper appearing on the email ! I'll have time to read
more at the weekend
 as I'm coming to the US for the DoE CCPP meeting at Charleston. Added
Ed, Peck and Keith A.
 onto this list as well.   I would like to have time to rise to the bait, but I
have so much else on at
 the moment. As a few of us will be at the EGS/AGU meet in Nice, we
should consider what
 to do there.
     The phrasing of the questions at the start of the paper determine the
answer they get. They
 have no idea what multiproxy averaging does. By their logic, I could
argue 1998 wasn't the
 warmest year globally, because it wasn't the warmest everywhere. With
their LIA being 1300-
1900 and their MWP 800-1300, there appears (at my quick first reading)
no discussion of
 synchroneity of the cool/warm periods. Even with the instrumental
record, the early and late
 20th century warming periods are only significant locally at between 10-
20% of grid boxes.
      Writing this I am becoming more convinced we should do something -
even if this is just
 to state once and for all what we mean by the LIA and MWP. I think the
skeptics will use
 this paper to their own ends and it will set paleo back a number of years
if it goes
 unchallenged.

       I will be emailing the journal to tell them I'm having nothing more to
do with it until they
 rid themselves of this troublesome editor.  A CRU person is on the
editorial board, but papers
 get dealt with by the editor assigned by Hans von Storch.

 Cheers
 Phil

 Dear all,
      Tim Osborn has just come across this.  Best to ignore probably, so
don't let it spoil your
 day. I've not looked at it yet.  It results from this journal having a
number of editors. The
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 responsible one for this is a well-known skeptic in NZ.  He has let a few
papers through by
 Michaels and Gray in the past.  I've had words with Hans von Storch
about this, but got nowhere.
     Another thing to discuss in Nice !

 Cheers
 Phil

X-Sender: f055@pop.uea.ac.uk
X-Mailer: QUALCOMM Windows Eudora Version 5.1
Date: Mon, 10 Mar 2003 14:32:14 +0000
To: p.jones@uea
From: Tim Osborn <t.osborn@uea.ac.uk>
Subject: Soon & Baliunas

Dr Timothy J Osborn                 | phone:    
Senior Research Associate           | fax:      
Climatic Research Unit              | e-mail:   t.osborn@uea.ac.uk
School of Environmental Sciences    | web-site:
University of East Anglia __________|  
http://www.cru.uea.ac.uk/~timo/
Norwich  NR4 7TJ         | sunclock:
UK                       |  
http://www.cru.uea.ac.uk/~timo/sunclock.htm

Prof. Phil Jones
Climatic Research Unit        Telephone +
School of Environmental Sciences    Fax 
University of East Anglia
Norwich                          Email    p.jones@uea.ac.uk
NR4 7TJ
UK ----------------------------------------------------------------------------
                                                                                

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes; Tom Crowley
Cc: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; srutherford@gso.uri.edu; p.jones@uea.ac.uk;

mann@virginia.edu
Subject: Re: Fwd: Soon & Baliunas
Date: Tuesday, March 11, 2003 10:55:00 AM

HI Malcolm,

Thanks for the feedback--I largely concur. I do, though, think there is a
particular problem with "Climate Research".  This is where my colleague Pat
Michaels now publishes exclusively, and his two closest colleagues are on
the editorial board and review editor board. So I promise you, we'll see
more of this there, and I personally think there *is* a bigger problem with
the "messenger" in this case...

But the Soon and Baliunas paper is its own, separate issue too. I too like
Tom's latter idea, of a  more hefty multi-authored piece in an appropriate
journal (Paleoceanography? Holocene?) that seeks to correct a number of
misconceptions out there, perhaps using Baliunas and Soon as a case study
('poster child'?), but taking on a slightly greater territory too.

Question is, who would take the lead role. I *know* we're all very busy,

mike

  At 10:28 AM 3/11/03 -0700, Malcolm Hughes wrote:
>I'm with Tom on this. In a way it comes back to a rant of mine
>to which some of you have already been victim. The general
>point is that there are two arms of climatology:
>  neoclimatology - what you do based on instrumental records
>and direct, systematic observations in networks - all set in a
>very Late Holocene/Anthropocene time with hourly to decadal
>interests.
>paleoclimatology - stuff from rocks, etc., where major changes
>in the Earth system, including its climate, associated with
>major changes in boundary conditions, may be detected by
>examination of one or a handful of paleo records.
>Between these two is what we do - "mesoclimatology" -
>dealing with many of the same phenomena as neoclimatology,
>using documentary and natural archives to look at phenomena
>on interannual to millennial time scales. Given relatively small
>changes in boundary conditions (until the last couple of
>centuries), mesoclimatology has to work in a way that is very
>similar to neoclimatology. Most notably, it depends on heavily
>replicated networks of precisely dated records capable of
>being either calibrated, or whose relationship to climate may
>be modeled accuarately and precisely.
>Because this distinction is not recognized by many (e.g.
>Sonnechkin, Broecker, Karlen) we see an accumulation of
>misguided attempts at describing the climate of recent
>millennia. It would be better to head this off in general, rather
>than draw attention to a bad paper. After all, as Tom rightly
>says, we could all nominate really bad papers that have been
>published in journals of outstanding reputation (although there
>could well be differences between our lists).
>End of rant, Cheers, Malcolm
> > Hi guys,
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> >
> > junk gets published in lots of places.  I think that what could be
> > done is a short reply to the authors in Climate Research OR a SLIGHTLY
> > longer note in a reputable journal entitled something like "Continuing
> > Misconceptions About interpretation of past climate change."  I kind
> > of like the more pointed character of the latter and submitting it as
> > a short note with a group authorship carries a heft that a reply to a
> > paper, in no matter what journal, does not.
> >
> > Tom
> >
> >
> >
> > >  Dear All,
> > >        Apologies for sending this again. I was expecting a stack of
> > >emails this morning in
> > >  response, but I inadvertently left Mike off (mistake in pasting)
> > >and picked up Tom's old
> > >  address. Tom is busy though with another offspring !
> > >      I looked briefly at the paper last night and it is appalling -
> > >worst word I can think of today
> > >  without the mood pepper appearing on the email ! I'll have time to
> > >read more at the weekend
> > >  as I'm coming to the US for the DoE CCPP meeting at Charleston.
> > >Added Ed, Peck and Keith A.
> > >  onto this list as well.   I would like to have time to rise to the
> > >bait, but I have so much else on at
> > >  the moment. As a few of us will be at the EGS/AGU meet in Nice, we
> > >should consider what
> > >  to do there.
> > >      The phrasing of the questions at the start of the paper
> > >determine the answer they get. They
> > >  have no idea what multiproxy averaging does. By their logic, I
> > >could argue 1998 wasn't the
> > >  warmest year globally, because it wasn't the warmest everywhere.
> > >With their LIA being 1300-
> > >1900 and their MWP 800-1300, there appears (at my quick first
> > >reading) no discussion of
> > >  synchroneity of the cool/warm periods. Even with the instrumental
> > >record, the early and late
> > >  20th century warming periods are only significant locally at
> > >between 10-20% of grid boxes.
> > >       Writing this I am becoming more convinced we should do
> > >something - even if this is just
> > >  to state once and for all what we mean by the LIA and MWP. I think
> > >the skeptics will use
> > >  this paper to their own ends and it will set paleo back a number of
> > >
> > >years if it goes
> > >  unchallenged.
> > >
> > >        I will be emailing the journal to tell them I'm having
> > >nothing more to do with it until they
> > >  rid themselves of this troublesome editor.  A CRU person is on the
> > >editorial board, but papers
> > >  get dealt with by the editor assigned by Hans von Storch.
> > >
> > >  Cheers
> > >  Phil
> > >
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> > >  Dear all,
> > >       Tim Osborn has just come across this.  Best to ignore
> > >probably, so don't let it spoil your
> > >  day. I've not looked at it yet.  It results from this journal
> > >having a number of editors. The
> > >  responsible one for this is a well-known skeptic in NZ.  He has let
> > >
> > >a few papers through by
> > >  Michaels and Gray in the past.  I've had words with Hans von Storch
> > >
> > >about this, but got nowhere.
> > >      Another thing to discuss in Nice !
> > >
> > >  Cheers
> > >  Phil
> > >
> > >>X-Sender: f055@pop.uea.ac.uk
> > >>X-Mailer: QUALCOMM Windows Eudora Version 5.1
> > >>Date: Mon, 10 Mar 2003 14:32:14 +0000
> > >>To: p.jones@uea
> > >>From: Tim Osborn <t.osborn@uea.ac.uk>
> > >>Subject: Soon & Baliunas
> > >>
> > >>
> > >>
> > >>Dr Timothy J Osborn                 | phone:    
> > >>Senior Research Associate           | fax:      
> > >>Climatic Research Unit              | e-mail:   t.osborn@uea.ac.uk
> > >>School of Environmental Sciences    | web-site: University of East
> > >>Anglia __________|   http://www.cru.uea.ac.uk/~timo/ Norwich  NR4
> > >>7TJ         | sunclock: UK                       |
> > >>http://www.cru.uea.ac.uk/~timo/sunclock.htm
> > >
> > >Prof. Phil Jones
> > >Climatic Research Unit        Telephone +
> > >School of Environmental Sciences    Fax 
> > >University of East Anglia
> > >Norwich                          Email    p.jones@uea.ac.uk
> > >NR4 7TJ
> > >UK
> > >---------------------------------------------------------------------
> > >-------
> > >
> > >
> > >Attachment converted: Macintosh HD:Soon & Baliunas 2003.pdf (PDF
> > >/CARO) (00016021)
> >
> >
> > --
> > Thomas J. Crowley
> > Nicholas Professor of Earth Systems Science
> > Dept. of Earth and Ocean Sciences
> > Nicholas School of the Environment and Earth Sciences
> > Box 90227
> > 103  Old Chem Building Duke University
> > Durham, NC  27708
> >
> > tcrowley@duke.edu
> > 
> >   fax
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>
>Malcolm Hughes
>Professor of Dendrochronology
>Laboratory of Tree-Ring Research
>University of Arizona
>Tucson, AZ 85721
>520-621-6470
>fax 520-621-8229

_______________________________________________________________________
                      Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Phil Jones; Malcolm Hughes; Tom Crowley
Cc: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; srutherford@gso.uri.edu; k.briffa@uea.ac.uk; t.osborn@uea.ac.uk;

mann@virginia.edu
Subject: Re: Fwd: Soon & Baliunas
Date: Wednesday, March 12, 2003 6:14:24 AM

Dear All,

I like Phil's suggestion. I think such a piece would do a lot of good for the field. When something
as full of half-truths/mis-truths as  the S&B piece is put forth, it would be very useful to have a
peer-reviewed review like this, which we all have endorsed through co-authorship,  to point to
in response. This way, when we get the inevitable "so what do you have to say about this" from
our colleagues, we already have a self-contained, thorough rejoinder to point to. I'm sure we
won't all agree on every detail, but there is enough commonality in our views on the big issues
to make this worthwhile.

Perhaps Phil can go ahead and contact the editorial board at "Reviews of Geophysics" and see if
they're interested. If so, Phil and I (and anyone else interested) could take the lead with this,
and then we can entrain everyone else in as we proceed with a draft, etc.

mike

p.s. Keith: I hope you're feeling well, and that your recovery proceeds quickly!

At 10:02 AM 3/12/2003 +0000, Phil Jones wrote:

 Dear All,
     I agree with all the points being made and the multi-authored article would be a
good idea,
 but how do we go about not letting it get buried somewhere. Can we not address
the
 misconceptions by finally coming up with definitive dates for the LIA and MWP and
 redefining what we think the terms really mean? With all of us and more on the
paper, it should
 carry a lot of weight. In a way we will be setting the agenda for what should be
being done
 over the next few years.
     We do want a reputable journal but is The Holocene the right vehicle. It is
probably the
 best of its class of journals out there.  Mike and I were asked to write an article for
the EGS
 journal of Surveys of Geophysics. You've not heard of this - few have, so we
declined. However,
 it got me thinking that we could try for Reviews of Geophysics. Need to contact the
editorial
 board to see if this might be possible. Just a thought, but it certainly has a high
profile.
     What we want to write is NOT the scholarly review a la Jean Grove (bless her
soul) that
 just reviews but doesn't come to anything firm. We want a critical review that
enables
 agendas to be set. Ray's recent multi-authored piece goes a lot of the way so we
need
 to build on this.

 Cheers
 Phil

ABOR/MH/Priv-005055



At 12:55 11/03/03 -0500, Michael E. Mann wrote:

HI Malcolm,

Thanks for the feedback--I largely concur. I do, though, think there is a
particular problem with "Climate Research".  This is where my colleague
Pat Michaels now publishes exclusively, and his two closest colleagues are
on the editorial board and review editor board. So I promise you, we'll see
more of this there, and I personally think there *is* a bigger problem with
the "messenger" in this case...

But the Soon and Baliunas paper is its own, separate issue too. I too like
Tom's latter idea, of a  more hefty multi-authored piece in an appropriate
journal (Paleoceanography? Holocene?) that seeks to correct a number of
misconceptions out there, perhaps using Baliunas and Soon as a case
study ('poster child'?), but taking on a slightly greater territory too.

Question is, who would take the lead role. I *know* we're all very busy,

mike

 At 10:28 AM 3/11/03 -0700, Malcolm Hughes wrote:

I'm with Tom on this. In a way it comes back to a rant of mine
to which some of you have already been victim. The general
point is that there are two arms of climatology:
 neoclimatology - what you do based on instrumental records
and direct, systematic observations in networks - all set in a
very Late Holocene/Anthropocene time with hourly to decadal
interests.
paleoclimatology - stuff from rocks, etc., where major changes
in the Earth system, including its climate, associated with
major changes in boundary conditions, may be detected by
examination of one or a handful of paleo records.
Between these two is what we do - "mesoclimatology" -
dealing with many of the same phenomena as neoclimatology,
using documentary and natural archives to look at phenomena
on interannual to millennial time scales. Given relatively small
changes in boundary conditions (until the last couple of
centuries), mesoclimatology has to work in a way that is very
similar to neoclimatology. Most notably, it depends on heavily
replicated networks of precisely dated records capable of
being either calibrated, or whose relationship to climate may
be modeled accuarately and precisely.
Because this distinction is not recognized by many (e.g.
Sonnechkin, Broecker, Karlen) we see an accumulation of
misguided attempts at describing the climate of recent
millennia. It would be better to head this off in general, rather
than draw attention to a bad paper. After all, as Tom rightly
says, we could all nominate really bad papers that have been
published in journals of outstanding reputation (although there
could well be differences between our lists).
End of rant, Cheers, Malcolm
> Hi guys,
>
> junk gets published in lots of places.  I think that what could
be
> done is a short reply to the authors in Climate Research OR
a SLIGHTLY
> longer note in a reputable journal entitled something like
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"Continuing
> Misconceptions About interpretation of past climate
change."  I kind
> of like the more pointed character of the latter and
submitting it as
> a short note with a group authorship carries a heft that a
reply to a
> paper, in no matter what journal, does not.
>
> Tom
>
>
>
> >  Dear All,
> >        Apologies for sending this again. I was expecting a
stack of
> >emails this morning in
> >  response, but I inadvertently left Mike off (mistake in
pasting)
> >and picked up Tom's old
> >  address. Tom is busy though with another offspring !
> >      I looked briefly at the paper last night and it is
appalling -
> >worst word I can think of today
> >  without the mood pepper appearing on the email ! I'll
have time to
> >read more at the weekend
> >  as I'm coming to the US for the DoE CCPP meeting at
Charleston.
> >Added Ed, Peck and Keith A.
> >  onto this list as well.   I would like to have time to rise to
the
> >bait, but I have so much else on at
> >  the moment. As a few of us will be at the EGS/AGU meet
in Nice, we
> >should consider what
> >  to do there.
> >      The phrasing of the questions at the start of the paper
> >determine the answer they get. They
> >  have no idea what multiproxy averaging does. By their
logic, I
> >could argue 1998 wasn't the
> >  warmest year globally, because it wasn't the warmest
everywhere.
> >With their LIA being 1300-
> >1900 and their MWP 800-1300, there appears (at my quick
first
> >reading) no discussion of
> >  synchroneity of the cool/warm periods. Even with the
instrumental
> >record, the early and late
> >  20th century warming periods are only significant locally
at
> >between 10-20% of grid boxes.
> >       Writing this I am becoming more convinced we
should do
> >something - even if this is just
> >  to state once and for all what we mean by the LIA and
MWP. I think
> >the skeptics will use
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> >  this paper to their own ends and it will set paleo back a
number of
> >
> >years if it goes
> >  unchallenged.
> >
> >        I will be emailing the journal to tell them I'm having
> >nothing more to do with it until they
> >  rid themselves of this troublesome editor.  A CRU person
is on the
> >editorial board, but papers
> >  get dealt with by the editor assigned by Hans von Storch.
> >
> >  Cheers
> >  Phil
> >
> >  Dear all,
> >       Tim Osborn has just come across this.  Best to ignore
> >probably, so don't let it spoil your
> >  day. I've not looked at it yet.  It results from this journal
> >having a number of editors. The
> >  responsible one for this is a well-known skeptic in NZ. 
He has let
> >
> >a few papers through by
> >  Michaels and Gray in the past.  I've had words with Hans
von Storch
> >
> >about this, but got nowhere.
> >      Another thing to discuss in Nice !
> >
> >  Cheers
> >  Phil
> >
> >>X-Sender: f055@pop.uea.ac.uk
> >>X-Mailer: QUALCOMM Windows Eudora Version 5.1
> >>Date: Mon, 10 Mar 2003 14:32:14 +0000
> >>To: p.jones@uea
> >>From: Tim Osborn <t.osborn@uea.ac.uk>
> >>Subject: Soon & Baliunas
> >>
> >>
> >>
> >>Dr Timothy J Osborn                 | phone:    

> >>Senior Research Associate           | fax:      

> >>Climatic Research Unit              | e-mail:  
t.osborn@uea.ac.uk
> >>School of Environmental Sciences    | web-site: University
of East
> >>Anglia __________|   http://www.cru.uea.ac.uk/~timo/
Norwich  NR4
> >>7TJ         | sunclock: UK                       |
> >>http://www.cru.uea.ac.uk/~timo/sunclock.htm
> >
> >Prof. Phil Jones
> >Climatic Research Unit        Telephone +

> >School of Environmental Sciences    Fax +44 (0) 1603
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507784
> >University of East Anglia
> >Norwich                          Email    p.jones@uea.ac.uk
> >NR4 7TJ
> >UK
> >---------------------------------------------------------------------
> >-------
> >
> >
> >Attachment converted: Macintosh HD:Soon & Baliunas
2003.pdf (PDF
> >/CARO) (00016021)
>
>
> --
> Thomas J. Crowley
> Nicholas Professor of Earth Systems Science
> Dept. of Earth and Ocean Sciences
> Nicholas School of the Environment and Earth Sciences
> Box 90227
> 103  Old Chem Building Duke University
> Durham, NC  27708
>
> tcrowley@duke.edu
> 
>   fax

Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

_______________________________________________________________________

                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 

       http://www.evsc.virginia.edu/faculty/people/mann.shtml

Prof. Phil Jones
Climatic Research Unit        Telephone +
School of Environmental Sciences    Fax 
University of East Anglia
Norwich                          Email    p.jones@uea.ac.uk
NR4 7TJ
UK ----------------------------------------------------------------------------
                                                                                

______________________________________________________________
                    Professor Michael E. Mann
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           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Tom Crowley; Phil Jones
Cc: Malcolm Hughes; Tom Crowley; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; srutherford@gso.uri edu; k.briffa@uea.ac.uk;

t.osborn@uea.ac uk; mann@virginia.edu
Subject: Re: Fwd: Soon & Baliunas
Date: Wednesday, March 12, 2003 8:10:01 AM

Thanks Tom,

Either would be good, but Eos is an especially good idea. Both Ellen M-T and Keith Alverson are on
the editorial board there, so I think there would be some receptiveness to such a submission.t

I see this as complementary to other pieces that we have written or are currently writing (e.g. a
review that Ray, Malcolm, and Henry Diaz are doing for Science on the MWP) and this should proceed
entirely independently of that.

If there is group interest  in taking this tack, I'd be happy to contact Ellen/Keith about the potential
interest in Eos, or I'd be happy to let Tom or Phil to take the lead too...

Comments?

mike

At 09:15 AM 3/12/2003 -0500, Tom Crowley wrote:

 

Phil et al,
 
I suggest either BAMS or Eos - the latter would probably be better because it is shorter, quicker, has a wide
distribution, and all the points that need to be made have been made before.
 
rather than dwelling on Soon and Baliunas I think the message should be pointedly made against all of the
standard claptrap being dredged up.
 
I suggest two figures- one on time series and another showing the spatial array of temperatures at one point in
the Middle Ages.  I produced a few of those for the Ambio paper but already have one ready for the Greenland
settlement period 965-995 showing the regional nature of the warmth in that figure.  we could add a few new
sites to it, but if people think otherwise we could of course go in some other direction.
 
rather than getting into the delicate question of which paleo reconstruction to use I suggest that we show a
time series that is an eof of the different reconstructions - one that emphasizes the commonality of the
message.
 
Tom
 
 

Dear All,
     I agree with all the points being made and the multi-authored article would
be a good idea,
 but how do we go about not letting it get buried somewhere. Can we not
address the
 misconceptions by finally coming up with definitive dates for the LIA and MWP
and
 redefining what we think the terms really mean? With all of us and more on
the paper, it should
 carry a lot of weight. In a way we will be setting the agenda for what should
be being done
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 over the next few years.
     We do want a reputable journal but is The Holocene the right vehicle. It is
probably the
 best of its class of journals out there.  Mike and I were asked to write an
article for the EGS
 journal of Surveys of Geophysics. You've not heard of this - few have, so we
declined. However,
 it got me thinking that we could try for Reviews of Geophysics. Need to
contact the editorial
 board to see if this might be possible. Just a thought, but it certainly has a
high profile.
     What we want to write is NOT the scholarly review a la Jean Grove (bless
her soul) that
 just reviews but doesn't come to anything firm. We want a critical review that
enables
 agendas to be set. Ray's recent multi-authored piece goes a lot of the way so
we need
 to build on this.

 Cheers
 Phil

At 12:55 11/03/03 -0500, Michael E. Mann wrote: 

HI Malcolm,

Thanks for the feedback--I largely concur. I do, though, think there
is a particular problem with "Climate Research".  This is where my
colleague Pat Michaels now publishes exclusively, and his two closest
colleagues are on the editorial board and review editor board. So I
promise you, we'll see more of this there, and I personally think
there *is* a bigger problem with the "messenger" in this case...

But the Soon and Baliunas paper is its own, separate issue too. I too
like Tom's latter idea, of a  more hefty multi-authored piece in an
appropriate journal (Paleoceanography? Holocene?) that seeks to
correct a number of misconceptions out there, perhaps using
Baliunas and Soon as a case study ('poster child'?), but taking on a
slightly greater territory too.

Question is, who would take the lead role. I *know* we're all very
busy,

mike

 At 10:28 AM 3/11/03 -0700, Malcolm Hughes wrote: 

I'm with Tom on this. In a way it comes back to a rant of
mine
to which some of you have already been victim. The
general
point is that there are two arms of climatology:
 neoclimatology - what you do based on instrumental
records
and direct, systematic observations in networks - all set
in a
very Late Holocene/Anthropocene time with hourly to
decadal
interests.
paleoclimatology - stuff from rocks, etc., where major
changes
in the Earth system, including its climate, associated with
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major changes in boundary conditions, may be detected
by
examination of one or a handful of paleo records.
Between these two is what we do - "mesoclimatology" -
dealing with many of the same phenomena as
neoclimatology,
using documentary and natural archives to look at
phenomena
on interannual to millennial time scales. Given relatively
small
changes in boundary conditions (until the last couple of
centuries), mesoclimatology has to work in a way that is
very
similar to neoclimatology. Most notably, it depends on
heavily
replicated networks of precisely dated records capable of
being either calibrated, or whose relationship to climate
may
be modeled accuarately and precisely.
Because this distinction is not recognized by many (e.g.
Sonnechkin, Broecker, Karlen) we see an accumulation of
misguided attempts at describing the climate of recent
millennia. It would be better to head this off in general,
rather
than draw attention to a bad paper. After all, as Tom
rightly
says, we could all nominate really bad papers that have
been
published in journals of outstanding reputation (although
there
could well be differences between our lists).
End of rant, Cheers, Malcolm
> Hi guys,
>
> junk gets published in lots of places.  I think that what
could be
> done is a short reply to the authors in Climate
Research OR a SLIGHTLY
> longer note in a reputable journal entitled something
like "Continuing
> Misconceptions About interpretation of past climate
change."  I kind
> of like the more pointed character of the latter and
submitting it as
> a short note with a group authorship carries a heft that
a reply to a
> paper, in no matter what journal, does not.
>
> Tom
>
>
>
> >  Dear All,
> >        Apologies for sending this again. I was
expecting a stack of
> >emails this morning in
> >  response, but I inadvertently left Mike off (mistake
in pasting)
> >and picked up Tom's old
> >  address. Tom is busy though with another offspring
!
> >      I looked briefly at the paper last night and it is
appalling -
> >worst word I can think of today
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> >  without the mood pepper appearing on the email !
I'll have time to
> >read more at the weekend
> >  as I'm coming to the US for the DoE CCPP meeting
at Charleston.
> >Added Ed, Peck and Keith A.
> >  onto this list as well.   I would like to have time to
rise to the
> >bait, but I have so much else on at
> >  the moment. As a few of us will be at the EGS/AGU
meet in Nice, we
> >should consider what
> >  to do there.
> >      The phrasing of the questions at the start of the
paper
> >determine the answer they get. They
> >  have no idea what multiproxy averaging does. By
their logic, I
> >could argue 1998 wasn't the
> >  warmest year globally, because it wasn't the
warmest everywhere.
> >With their LIA being 1300-
> >1900 and their MWP 800-1300, there appears (at my
quick first
> >reading) no discussion of
> >  synchroneity of the cool/warm periods. Even with
the instrumental
> >record, the early and late
> >  20th century warming periods are only significant
locally at
> >between 10-20% of grid boxes.
> >       Writing this I am becoming more convinced we
should do
> >something - even if this is just
> >  to state once and for all what we mean by the LIA
and MWP. I think
> >the skeptics will use
> >  this paper to their own ends and it will set paleo
back a number of
> >
> >years if it goes
> >  unchallenged.
> >
> >        I will be emailing the journal to tell them I'm
having
> >nothing more to do with it until they
> >  rid themselves of this troublesome editor.  A CRU
person is on the
> >editorial board, but papers
> >  get dealt with by the editor assigned by Hans von
Storch.
> >
> >  Cheers
> >  Phil
> >
> >  Dear all,
> >       Tim Osborn has just come across this.  Best to
ignore
> >probably, so don't let it spoil your
> >  day. I've not looked at it yet.  It results from this
journal
> >having a number of editors. The
> >  responsible one for this is a well-known skeptic in
NZ.  He has let
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> >
> >a few papers through by
> >  Michaels and Gray in the past.  I've had words with
Hans von Storch
> >
> >about this, but got nowhere.
> >      Another thing to discuss in Nice !
> >
> >  Cheers
> >  Phil
> >
> >>X-Sender: f055@pop.uea.ac.uk
> >>X-Mailer: QUALCOMM Windows Eudora Version 5.1
> >>Date: Mon, 10 Mar 2003 14:32:14 +0000
> >>To: p.jones@uea
> >>From: Tim Osborn <t.osborn@uea.ac.uk>
> >>Subject: Soon & Baliunas
> >>
> >>
> >>
> >>Dr Timothy J Osborn                 | phone:    

> >>Senior Research Associate           | fax:      

> >>Climatic Research Unit              | e-mail:  
t.osborn@uea.ac.uk
> >>School of Environmental Sciences    | web-site:
University of East
> >>Anglia __________|  
http://www.cru.uea.ac.uk/~timo/ Norwich  NR4
> >>7TJ         | sunclock: UK                       |
> >>http://www.cru.uea.ac.uk/~timo/sunclock.htm
> >
> >Prof. Phil Jones
> >Climatic Research Unit        Telephone +

> >School of Environmental Sciences    Fax 

> >University of East Anglia
> >Norwich                          Email    p.jones@uea.ac.uk
> >NR4 7TJ
> >UK
> >----------------------------------------------------------------
-----
> >-------
> >
> >
> >Attachment converted: Macintosh HD:Soon &
Baliunas 2003.pdf (PDF
> >/CARO) (00016021)
>
>
> --
> Thomas J. Crowley
> Nicholas Professor of Earth Systems Science
> Dept. of Earth and Ocean Sciences
> Nicholas School of the Environment and Earth Sciences
> Box 90227
> 103  Old Chem Building Duke University
> Durham, NC  27708
>
> tcrowley@duke.edu
> 
>   fax
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Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

_______________________________________________________________________

                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 

       http://www.evsc.virginia.edu/faculty/people/mann.shtml

Prof. Phil Jones
Climatic Research Unit        Telephone +
School of Environmental Sciences    Fax 
University of East Anglia
Norwich                          Email    p.jones@uea.ac.uk
NR4 7TJ
UK ----------------------------------------------------------------------------
                                                                              

-- 

Thomas J. Crowley
Nicholas Professor of Earth Systems Science
Dept. of Earth and Ocean Sciences
Nicholas School of the Environment and Earth Sciences
Box 90227
103  Old Chem Building Duke University
Durham, NC  27708

tcrowley@duke.edu

  fax

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Tom Crowley; Phil Jones
Cc: Malcolm Hughes; Tom Crowley; rbradley@geo.umass.edu; mhughes@ltrr.arizona edu; srutherford@gso.uri.edu; k.briffa@uea.ac.uk;

t.osborn@uea.ac uk; mann@virginia.edu
Subject: Re: Fwd: Soon & Baliunas
Date: Wednesday, March 12, 2003 8:33:23 AM

p.s. The idea of both a representative time-slice spatial plot emphasizing the spatial variability of e.g. the
MWP or LIA, and an EOF analysis of all the records is a great idea. I'd like to suggest a small modification
of the latter:

I would suggest we show 2 curves, representing the 1st PC of two different groups, one of empirical
reconstructions, the other of model simulations, rather than just one in the time plot.

Group #1 could include:

1) Crowley & Lowery
2) Mann et al 1999
3) Bradley and Jones 1995
4) Jones et al, 1998
5) Briffa et al 200X? [Keith/Tim to provide their preferred MXD reconstruction]
6) Esper et al [yes, no?--one series that differs from the others won't make much of a difference]

I would suggest we scale the resulting PC to the CRU 1856-1960 annual Northern Hemisphere mean
instrumental record, which should overlap w/ all of the series, and which pre-dates the MXD decline issue...

Group #2 would include various model simulations using different forcings, and with slightly different
sensitivities. This could include 6 or so simulation results:

1) 3 series from Crowley (2000) [based on different solar/volcanic reconstructions],
2) 2 series from Gerber et al (Bern modeling group result) [based on different assumed sensitivities] 
1) Bauer et al series (Claussen group EMIC result) [includes 19th/20th century land use changes as a
forcing].

I would suggest that the model's 20th century mean is aligned with the 20th century instrumental N.Hem
mean for comparison (since this is when we know the forcings best).

I'd like to nominate Scott R. as the collector of the time series and the performer of the EOF analyses,
scaling, and plotting, since Scott already has many of the series and many of the appropriate analysis and
plotting tools set up to do this.

We could each send our preferred versions of our respective time series to Scott as an ascii attachment,
etc.

thoughts, comments?

thanks,

mike

At 10:08 AM 3/12/2003 -0500, Michael E. Mann wrote:

Thanks Tom,

Either would be good, but Eos is an especially good idea. Both Ellen M-T and Keith Alverson are
on the editorial board there, so I think there would be some receptiveness to such a
submission.t

I see this as complementary to other pieces that we have written or are currently writing (e.g. a
review that Ray, Malcolm, and Henry Diaz are doing for Science on the MWP) and this should
proceed entirely independently of that.

If there is group interest  in taking this tack, I'd be happy to contact Ellen/Keith about the
potential interest in Eos, or I'd be happy to let Tom or Phil to take the lead too...

Comments?
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mike

At 09:15 AM 3/12/2003 -0500, Tom Crowley wrote:

 

Phil et al,
 
I suggest either BAMS or Eos - the latter would probably be better because it is shorter, quicker, has a
wide distribution, and all the points that need to be made have been made before.
 
rather than dwelling on Soon and Baliunas I think the message should be pointedly made against all of
the standard claptrap being dredged up.
 
I suggest two figures- one on time series and another showing the spatial array of temperatures at one
point in the Middle Ages.  I produced a few of those for the Ambio paper but already have one ready for
the Greenland settlement period 965-995 showing the regional nature of the warmth in that figure.  we
could add a few new sites to it, but if people think otherwise we could of course go in some other
direction.
 
rather than getting into the delicate question of which paleo reconstruction to use I suggest that we
show a time series that is an eof of the different reconstructions - one that emphasizes the commonality
of the message.
 
Tom
 
 

Dear All,
     I agree with all the points being made and the multi-authored article
would be a good idea,
 but how do we go about not letting it get buried somewhere. Can we not
address the
 misconceptions by finally coming up with definitive dates for the LIA and
MWP and
 redefining what we think the terms really mean? With all of us and more
on the paper, it should
 carry a lot of weight. In a way we will be setting the agenda for what
should be being done
 over the next few years.
     We do want a reputable journal but is The Holocene the right vehicle.
It is probably the
 best of its class of journals out there.  Mike and I were asked to write an
article for the EGS
 journal of Surveys of Geophysics. You've not heard of this - few have, so
we declined. However,
 it got me thinking that we could try for Reviews of Geophysics. Need to
contact the editorial
 board to see if this might be possible. Just a thought, but it certainly has
a high profile.
     What we want to write is NOT the scholarly review a la Jean Grove
(bless her soul) that
 just reviews but doesn't come to anything firm. We want a critical review
that enables
 agendas to be set. Ray's recent multi-authored piece goes a lot of the
way so we need
 to build on this.

 Cheers
 Phil
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At 12:55 11/03/03 -0500, Michael E. Mann wrote: 

HI Malcolm,

Thanks for the feedback--I largely concur. I do, though, think
there is a particular problem with "Climate Research".  This is
where my colleague Pat Michaels now publishes exclusively,
and his two closest colleagues are on the editorial board and
review editor board. So I promise you, we'll see more of this
there, and I personally think there *is* a bigger problem with
the "messenger" in this case...

But the Soon and Baliunas paper is its own, separate issue too.
I too like Tom's latter idea, of a  more hefty multi-authored
piece in an appropriate journal (Paleoceanography? Holocene?)
that seeks to correct a number of misconceptions out there,
perhaps using Baliunas and Soon as a case study ('poster
child'?), but taking on a slightly greater territory too.

Question is, who would take the lead role. I *know* we're all
very busy,

mike

 At 10:28 AM 3/11/03 -0700, Malcolm Hughes wrote: 

I'm with Tom on this. In a way it comes back to a
rant of mine
to which some of you have already been victim.
The general
point is that there are two arms of climatology:
 neoclimatology - what you do based on
instrumental records
and direct, systematic observations in networks - all
set in a
very Late Holocene/Anthropocene time with hourly
to decadal
interests.
paleoclimatology - stuff from rocks, etc., where
major changes
in the Earth system, including its climate,
associated with
major changes in boundary conditions, may be
detected by
examination of one or a handful of paleo records.
Between these two is what we do -
"mesoclimatology" -
dealing with many of the same phenomena as
neoclimatology,
using documentary and natural archives to look at
phenomena
on interannual to millennial time scales. Given
relatively small
changes in boundary conditions (until the last
couple of
centuries), mesoclimatology has to work in a way
that is very
similar to neoclimatology. Most notably, it depends
on heavily
replicated networks of precisely dated records
capable of
being either calibrated, or whose relationship to
climate may
be modeled accuarately and precisely.
Because this distinction is not recognized by many
(e.g.
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Sonnechkin, Broecker, Karlen) we see an
accumulation of
misguided attempts at describing the climate of
recent
millennia. It would be better to head this off in
general, rather
than draw attention to a bad paper. After all, as
Tom rightly
says, we could all nominate really bad papers that
have been
published in journals of outstanding reputation
(although there
could well be differences between our lists).
End of rant, Cheers, Malcolm
> Hi guys,
>
> junk gets published in lots of places.  I think that
what could be
> done is a short reply to the authors in Climate
Research OR a SLIGHTLY
> longer note in a reputable journal entitled
something like "Continuing
> Misconceptions About interpretation of past
climate change."  I kind
> of like the more pointed character of the latter
and submitting it as
> a short note with a group authorship carries a
heft that a reply to a
> paper, in no matter what journal, does not.
>
> Tom
>
>
>
> >  Dear All,
> >        Apologies for sending this again. I was
expecting a stack of
> >emails this morning in
> >  response, but I inadvertently left Mike off
(mistake in pasting)
> >and picked up Tom's old
> >  address. Tom is busy though with another
offspring !
> >      I looked briefly at the paper last night and
it is appalling -
> >worst word I can think of today
> >  without the mood pepper appearing on the
email ! I'll have time to
> >read more at the weekend
> >  as I'm coming to the US for the DoE CCPP
meeting at Charleston.
> >Added Ed, Peck and Keith A.
> >  onto this list as well.   I would like to have
time to rise to the
> >bait, but I have so much else on at
> >  the moment. As a few of us will be at the
EGS/AGU meet in Nice, we
> >should consider what
> >  to do there.
> >      The phrasing of the questions at the start
of the paper
> >determine the answer they get. They
> >  have no idea what multiproxy averaging does.
By their logic, I
> >could argue 1998 wasn't the
> >  warmest year globally, because it wasn't the
warmest everywhere.
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> >With their LIA being 1300-
> >1900 and their MWP 800-1300, there appears
(at my quick first
> >reading) no discussion of
> >  synchroneity of the cool/warm periods. Even
with the instrumental
> >record, the early and late
> >  20th century warming periods are only
significant locally at
> >between 10-20% of grid boxes.
> >       Writing this I am becoming more
convinced we should do
> >something - even if this is just
> >  to state once and for all what we mean by the
LIA and MWP. I think
> >the skeptics will use
> >  this paper to their own ends and it will set
paleo back a number of
> >
> >years if it goes
> >  unchallenged.
> >
> >        I will be emailing the journal to tell them
I'm having
> >nothing more to do with it until they
> >  rid themselves of this troublesome editor.  A
CRU person is on the
> >editorial board, but papers
> >  get dealt with by the editor assigned by Hans
von Storch.
> >
> >  Cheers
> >  Phil
> >
> >  Dear all,
> >       Tim Osborn has just come across this. 
Best to ignore
> >probably, so don't let it spoil your
> >  day. I've not looked at it yet.  It results from
this journal
> >having a number of editors. The
> >  responsible one for this is a well-known
skeptic in NZ.  He has let
> >
> >a few papers through by
> >  Michaels and Gray in the past.  I've had words
with Hans von Storch
> >
> >about this, but got nowhere.
> >      Another thing to discuss in Nice !
> >
> >  Cheers
> >  Phil
> >
> >>X-Sender: f055@pop.uea.ac.uk
> >>X-Mailer: QUALCOMM Windows Eudora
Version 5.1
> >>Date: Mon, 10 Mar 2003 14:32:14 +0000
> >>To: p.jones@uea
> >>From: Tim Osborn <t.osborn@uea.ac.uk>
> >>Subject: Soon & Baliunas
> >>
> >>
> >>
> >>Dr Timothy J Osborn                 | phone:   

> >>Senior Research Associate           | fax:     
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> >>Climatic Research Unit              | e-mail:  
t.osborn@uea.ac.uk
> >>School of Environmental Sciences    | web-
site: University of East
> >>Anglia __________|  
http://www.cru.uea.ac.uk/~timo/ Norwich  NR4
> >>7TJ         | sunclock: UK                       |
> >>http://www.cru.uea.ac.uk/~timo/sunclock.htm
> >
> >Prof. Phil Jones
> >Climatic Research Unit        Telephone +

> >School of Environmental Sciences    Fax 

> >University of East Anglia
> >Norwich                          Email   
p.jones@uea.ac.uk
> >NR4 7TJ
> >UK
> >---------------------------------------------------------
------------
> >-------
> >
> >
> >Attachment converted: Macintosh HD:Soon &
Baliunas 2003.pdf (PDF
> >/CARO) (00016021)
>
>
> --
> Thomas J. Crowley
> Nicholas Professor of Earth Systems Science
> Dept. of Earth and Ocean Sciences
> Nicholas School of the Environment and Earth
Sciences
> Box 90227
> 103  Old Chem Building Duke University
> Durham, NC  27708
>
> tcrowley@duke.edu
> 
>   fax

Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

_______________________________________________________________________

                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX:

       http://www.evsc.virginia.edu/faculty/people/mann.shtml

Prof. Phil Jones
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Climatic Research Unit        Telephone +
School of Environmental Sciences    Fax 
University of East Anglia
Norwich                          Email    p.jones@uea.ac.uk
NR4 7TJ
UK ----------------------------------------------------------------------------
                                                                              

-- 

Thomas J. Crowley
Nicholas Professor of Earth Systems Science
Dept. of Earth and Ocean Sciences
Nicholas School of the Environment and Earth Sciences
Box 90227
103  Old Chem Building Duke University
Durham, NC  27708

tcrowley@duke.edu

  fax

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Scott Rutherford
To: Michael E. Mann
Cc: Tom Crowley; Phil Jones; Malcolm Hughes; rbradley@geo.umass.edu; k.briffa@uea.ac.uk; t.osborn@uea.ac.uk
Subject: Re: Soon & Baliunas
Date: Wednesday, March 12, 2003 8:53:31 AM

Dear All,

First, I'd be willing to handle the data and the plotting/mapping. Second, regarding Mike's
suggestions, if we use different reference periods for the reconstructions and the models
we need to be extremely careful about the differences. Not having seen what this will look
like, I suggest that we start with the same instrumental reference period for both (1856-
1960). If you are willing to send me your series please send the raw (i.e. unfiltered) series.
That way I can treat them all the same. We can then decide how we want to display the
results.

Finally, Tom's suggestion of Eos struck me as a great way to get a short, pointed story out
to the most people (though I have no feel for the international distribution). My sense
(being relatively new to this field compared to everyone else) is that within the neo- and
mesoclimate research community there is a (relatively small?) group of people who don't
or won't "get it" and there is nothing we can do about them aside from continuing to
publish quality work in quality journals (or calling in a Mafia hit). Those (e.g. us) who are
engrossed in the issues and are aware of all the literature should be able to distinguish
between well done and poor work. Should then the intent of this proposed contribution be
to education those who are not directly involved in MWP/LIA issues including those both
on the perifery of the issue as well as those outside? If so, then the issue that Phil raised
about not letting it get buried is significant and I think Eos is a great way to get people to
see it.

Cheers,

Scott

On Wednesday, March 12, 2003, at 10:32 AM, Michael E. Mann wrote:

p.s. The idea of both a representative time-slice spatial plot emphasizing the
spatial variability of e.g. the MWP or LIA, and an EOF analysis of all the records
is a great idea. I'd like to suggest a small modification of the latter:

I would suggest we show 2 curves, representing the 1st PC of two different
groups, one of empirical reconstructions, the other of model simulations, rather
than just one in the time plot.

Group #1 could include:

1) Crowley & Lowery
2) Mann et al 1999
3) Bradley and Jones 1995
4) Jones et al, 1998
5) Briffa et al 200X? [Keith/Tim to provide their preferred MXD reconstruction]
6) Esper et al [yes, no?--one series that differs from the others won't make
much of a difference]

I would suggest we scale the resulting PC to the CRU 1856-1960 annual
Northern Hemisphere mean instrumental record, which should overlap w/ all of
the series, and which pre-dates the MXD decline issue...
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Group #2 would include various model simulations using different forcings, and
with slightly different sensitivities. This could include 6 or so simulation results:

1) 3 series from Crowley (2000) [based on different solar/volcanic
reconstructions],
2) 2 series from Gerber et al (Bern modeling group result) [based on different
assumed sensitivities]
1) Bauer et al series (Claussen group EMIC result) [includes 19th/20th century
land use changes as a forcing].

I would suggest that the model's 20th century mean is aligned with the 20th
century instrumental N.Hem mean for comparison (since this is when we know
the forcings best).

I'd like to nominate Scott R. as the collector of the time series and the
performer of the EOF analyses, scaling, and plotting, since Scott already has
many of the series and many of the appropriate analysis and plotting tools set
up to do this.

We could each send our preferred versions of our respective time series to
Scott as an ascii attachment, etc.

thoughts, comments?

thanks,

mike

At 10:08 AM 3/12/2003 -0500, Michael E. Mann wrote:

Thanks Tom,

Either would be good, but Eos is an especially good idea. Both Ellen M-T and
Keith Alverson are on the editorial board there, so I think there would be some
receptiveness to such a submission.t

I see this as complementary to other pieces that we have written or are
currently writing (e.g. a review that Ray, Malcolm, and Henry Diaz are doing for
Science on the MWP) and this should proceed entirely independently of that.

If there is group interest  in taking this tack, I'd be happy to contact Ellen/Keith
about the potential interest in Eos, or I'd be happy to let Tom or Phil to take
the lead too...

Comments?

mike

At 09:15 AM 3/12/2003 -0500, Tom Crowley wrote:
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Phil et al,
 
I suggest either BAMS or Eos - the latter would probably be better because it is
shorter, quicker, has a wide distribution, and all the points that need to be
made have been made before.
 
rather than dwelling on Soon and Baliunas I think the message should be
pointedly made against all of the standard claptrap being dredged up.
 
I suggest two figures- one on time series and another showing the spatial array
of temperatures at one point in the Middle Ages.  I produced a few of those for
the Ambio paper but already have one ready for the Greenland settlement
period 965-995 showing the regional nature of the warmth in that figure.  we
could add a few new sites to it, but if people think otherwise we could of
course go in some other direction.
 
rather than getting into the delicate question of which paleo reconstruction to
use I suggest that we show a time series that is an eof of the different
reconstructions - one that emphasizes the commonality of the message.
 
Tom
 
 

Dear All,
     I agree with all the points being made and the multi-authored article would
be a good idea,
 but how do we go about not letting it get buried somewhere. Can we not
address the
 misconceptions by finally coming up with definitive dates for the LIA and MWP
and
 redefining what we think the terms really mean? With all of us and more on
the paper, it should
 carry a lot of weight. In a way we will be setting the agenda for what should
be being done
 over the next few years.
     We do want a reputable journal but is The Holocene the right vehicle. It is
probably the
 best of its class of journals out there.  Mike and I were asked to write an
article for the EGS
 journal of Surveys of Geophysics. You've not heard of this - few have, so we
declined. However,
 it got me thinking that we could try for Reviews of Geophysics. Need to
contact the editorial
 board to see if this might be possible. Just a thought, but it certainly has a
high profile.
     What we want to write is NOT the scholarly review a la Jean Grove (bless
her soul) that
 just reviews but doesn't come to anything firm. We want a critical review that
enables
 agendas to be set. Ray's recent multi-authored piece goes a lot of the way so
we need
 to build on this.
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 Cheers
 Phil

At 12:55 11/03/03 -0500, Michael E. Mann wrote:

HI Malcolm,

Thanks for the feedback--I largely concur. I do, though, think there is a
particular problem with "Climate Research".  This is where my colleague Pat
Michaels now publishes exclusively, and his two closest colleagues are on the
editorial board and review editor board. So I promise you, we'll see more of this
there, and I personally think there *is* a bigger problem with the "messenger"
in this case...

But the Soon and Baliunas paper is its own, separate issue too. I too like Tom's
latter idea, of a  more hefty multi-authored piece in an appropriate journal
(Paleoceanography? Holocene?) that seeks to correct a number of
misconceptions out there, perhaps using Baliunas and Soon as a case study
('poster child'?), but taking on a slightly greater territory too.

Question is, who would take the lead role. I *know* we're all very busy,

mike

 At 10:28 AM 3/11/03 -0700, Malcolm Hughes wrote:

I'm with Tom on this. In a way it comes back to a rant of mine
to which some of you have already been victim. The general
point is that there are two arms of climatology:
 neoclimatology - what you do based on instrumental records
and direct, systematic observations in networks - all set in a
very Late Holocene/Anthropocene time with hourly to decadal
interests.
paleoclimatology - stuff from rocks, etc., where major changes
in the Earth system, including its climate, associated with
major changes in boundary conditions, may be detected by
examination of one or a handful of paleo records.
Between these two is what we do - "mesoclimatology" -
dealing with many of the same phenomena as neoclimatology,
using documentary and natural archives to look at phenomena
on interannual to millennial time scales. Given relatively small
changes in boundary conditions (until the last couple of
centuries), mesoclimatology has to work in a way that is very
similar to neoclimatology. Most notably, it depends on heavily
replicated networks of precisely dated records capable of
being either calibrated, or whose relationship to climate may
be modeled accuarately and precisely.
Because this distinction is not recognized by many (e.g.
Sonnechkin, Broecker, Karlen) we see an accumulation of
misguided attempts at describing the climate of recent
millennia. It would be better to head this off in general, rather
than draw attention to a bad paper. After all, as Tom rightly
says, we could all nominate really bad papers that have been
published in journals of outstanding reputation (although there
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could well be differences between our lists).
End of rant, Cheers, Malcolm
> Hi guys,
>
> junk gets published in lots of places.  I think that what could be
> done is a short reply to the authors in Climate Research OR a SLIGHTLY
> longer note in a reputable journal entitled something like "Continuing
> Misconceptions About interpretation of past climate change."  I kind
> of like the more pointed character of the latter and submitting it as
> a short note with a group authorship carries a heft that a reply to a
> paper, in no matter what journal, does not.
>
> Tom
>
>
>
> >  Dear All,
> >        Apologies for sending this again. I was expecting a stack of
> >emails this morning in
> >  response, but I inadvertently left Mike off (mistake in pasting)
> >and picked up Tom's old
> >  address. Tom is busy though with another offspring !
> >      I looked briefly at the paper last night and it is appalling -
> >worst word I can think of today
> >  without the mood pepper appearing on the email ! I'll have time to
> >read more at the weekend
> >  as I'm coming to the US for the DoE CCPP meeting at Charleston.
> >Added Ed, Peck and Keith A.
> >  onto this list as well.   I would like to have time to rise to the
> >bait, but I have so much else on at
> >  the moment. As a few of us will be at the EGS/AGU meet in Nice, we
> >should consider what
> >  to do there.
> >      The phrasing of the questions at the start of the paper
> >determine the answer they get. They
> >  have no idea what multiproxy averaging does. By their logic, I
> >could argue 1998 wasn't the
> >  warmest year globally, because it wasn't the warmest everywhere.
> >With their LIA being 1300-
> >1900 and their MWP 800-1300, there appears (at my quick first
> >reading) no discussion of
> >  synchroneity of the cool/warm periods. Even with the instrumental
> >record, the early and late
> >  20th century warming periods are only significant locally at
> >between 10-20% of grid boxes.
> >       Writing this I am becoming more convinced we should do
> >something - even if this is just
> >  to state once and for all what we mean by the LIA and MWP. I think
> >the skeptics will use
> >  this paper to their own ends and it will set paleo back a number of
> >
> >years if it goes
> >  unchallenged.
> >
> >        I will be emailing the journal to tell them I'm having
> >nothing more to do with it until they
> >  rid themselves of this troublesome editor.  A CRU person is on the
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> >editorial board, but papers
> >  get dealt with by the editor assigned by Hans von Storch.
> >
> >  Cheers
> >  Phil
> >
> >  Dear all,
> >       Tim Osborn has just come across this.  Best to ignore
> >probably, so don't let it spoil your
> >  day. I've not looked at it yet.  It results from this journal
> >having a number of editors. The
> >  responsible one for this is a well-known skeptic in NZ.  He has let
> >
> >a few papers through by
> >  Michaels and Gray in the past.  I've had words with Hans von Storch
> >
> >about this, but got nowhere.
> >      Another thing to discuss in Nice !
> >
> >  Cheers
> >  Phil
> >
> >>X-Sender: f055@pop.uea.ac.uk
> >>X-Mailer: QUALCOMM Windows Eudora Version 5.1
> >>Date: Mon, 10 Mar 2003 14:32:14 +0000
> >>To: p.jones@uea
> >>From: Tim Osborn <t.osborn@uea.ac.uk>
> >>Subject: Soon & Baliunas
> >>
> >>
> >>
> >>Dr Timothy J Osborn                 | phone:    
> >>Senior Research Associate           | fax:      
> >>Climatic Research Unit              | e-mail:   t.osborn@uea.ac.uk
> >>School of Environmental Sciences    | web-site: University of East
> >>Anglia __________|   http://www.cru.uea.ac.uk/~timo/ Norwich  NR4
> >>7TJ         | sunclock: UK                       |
> >>http://www.cru.uea.ac.uk/~timo/sunclock.htm
> >
> >Prof. Phil Jones
> >Climatic Research Unit        Telephone +
> >School of Environmental Sciences    Fax 
> >University of East Anglia
> >Norwich                          Email    p.jones@uea.ac.uk
> >NR4 7TJ
> >UK
> >---------------------------------------------------------------------
> >-------
> >
> >
> >Attachment converted: Macintosh HD:Soon & Baliunas 2003.pdf (PDF
> >/CARO) (00016021)
>
>
> --
> Thomas J. Crowley
> Nicholas Professor of Earth Systems Science
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> Dept. of Earth and Ocean Sciences
> Nicholas School of the Environment and Earth Sciences
> Box 90227
> 103  Old Chem Building Duke University
> Durham, NC  27708
>
> tcrowley@duke.edu
> 
>   fax

Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

_______________________________________________________________________

                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.shtml

Prof. Phil Jones
Climatic Research Unit        Telephone +
School of Environmental Sciences    Fax 
University of East Anglia
Norwich                          Email    p.jones@uea.ac.uk
NR4 7TJ
UK ----------------------------------------------------------------------------
                                                                              

-- 

Thomas J. Crowley
Nicholas Professor of Earth Systems Science
Dept. of Earth and Ocean Sciences
Nicholas School of the Environment and Earth Sciences
Box 90227
103  Old Chem Building Duke University
Durham, NC  27708

tcrowley@duke.edu

  fax
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______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________
Scott Rutherford 

University of Virginia University of Rhode Island
Environmental Sciences Graduate School of Oceanography
Clark Hall South Ferry Road
Charlottesville, VA 22903 Narragansett, RI 02882
srutherford@virginia.edu srutherford@gso.uri.edu
phone:  
fax:  
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From: Michael E. Mann
To: Scott Rutherford
Cc: Tom Crowley; Phil Jones; Malcolm Hughes; rbradley@geo.umass.edu; k.briffa@uea.ac.uk; t.osborn@uea.ac.uk; mann@virginia.edu
Subject: Re: Soon & Baliunas
Date: Wednesday, March 12, 2003 9:09:01 AM

Thanks Scott,

I concur. We may want to  try a few different alignment/scaling choices in the end, and then
just vote on which we like the best,

Anxious to here others' thoughts on all of this,

mike

At 10:53 AM 3/12/2003 -0500, Scott Rutherford wrote:

Dear All, 

First, I'd be willing to handle the data and the plotting/mapping. Second, regarding
Mike's suggestions, if we use different reference periods for the reconstructions and
the models we need to be extremely careful about the differences. Not having seen
what this will look like, I suggest that we start with the same instrumental reference
period for both (1856-1960). If you are willing to send me your series please send
the raw (i.e. unfiltered) series. That way I can treat them all the same. We can then
decide how we want to display the results. 

Finally, Tom's suggestion of Eos struck me as a great way to get a short, pointed
story out to the most people (though I have no feel for the international
distribution).  My sense (being relatively new to this field compared to everyone else)
is that within the neo- and mesoclimate research community there is a (relatively
small?) group of people who don't or won't "get it" and there is nothing we can do
about them aside from continuing to publish quality work in quality journals (or
calling in a Mafia hit).  Those (e.g. us) who are engrossed in the issues and are
aware of all the literature should be able to distinguish between well done and poor
work.  Should then the intent of this proposed contribution be to education those
who are not directly involved in MWP/LIA issues including those both on the perifery
of the issue as well as those outside? If so, then the issue that Phil raised about not
letting it get buried is significant and I think Eos is a great way to get people to see
it. 

Cheers, 

Scott 

On Wednesday, March 12, 2003, at 10:32 AM, Michael E. Mann wrote: 

p.s. The idea of both a representative time-slice spatial plot emphasizing
the spatial variability of e.g. the MWP or LIA, and an EOF analysis of all
the records is a great idea. I'd like to suggest a small modification of the
latter: 

I would suggest we show 2 curves, representing the 1st PC of two
different groups, one of empirical reconstructions, the other of model
simulations, rather than just one in the time plot. 

Group #1 could include: 

1) Crowley & Lowery 
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2) Mann et al 1999 
3) Bradley and Jones 1995 
4) Jones et al, 1998 
5) Briffa et al 200X? [Keith/Tim to provide their preferred MXD
reconstruction] 
6) Esper et al [yes, no?--one series that differs from the others won't
make much of a difference] 

I would suggest we scale the resulting PC to the CRU 1856-1960 annual
Northern Hemisphere mean instrumental record, which should overlap w/
all of the series, and which pre-dates the MXD decline issue... 

Group #2 would include various model simulations using different
forcings, and with slightly different sensitivities. This could include 6 or so
simulation results: 

1) 3 series from Crowley (2000) [based on different solar/volcanic
reconstructions], 
2) 2 series from Gerber et al (Bern modeling group result) [based on
different assumed sensitivities] 
1) Bauer et al series (Claussen group EMIC result) [includes 19th/20th
century land use changes as a forcing]. 

I would suggest that the model's 20th century mean is aligned with the
20th century instrumental N.Hem mean for comparison (since this is when
we know the forcings best). 

I'd like to nominate Scott R. as the collector of the time series and the
performer of the EOF analyses, scaling, and plotting, since Scott already
has many of the series and many of the appropriate analysis and plotting
tools set up to do this. 

We could each send our preferred versions of our respective time series
to Scott as an ascii attachment, etc. 

thoughts, comments? 

thanks, 

mike 

At 10:08 AM 3/12/2003 -0500, Michael E. Mann wrote: 

Thanks Tom, 

Either would be good, but Eos is an especially good idea. Both Ellen M-T
and Keith Alverson are on the editorial board there, so I think there would
be some receptiveness to such a submission.t 

I see this as complementary to other pieces that we have written or are
currently writing (e.g. a review that Ray, Malcolm, and Henry Diaz are
doing for Science on the MWP) and this should proceed entirely
independently of that. 

If there is group interest  in taking this tack, I'd be happy to contact
Ellen/Keith about the potential interest in Eos, or I'd be happy to let Tom
or Phil to take the lead too... 

Comments? 
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mike 

At 09:15 AM 3/12/2003 -0500, Tom Crowley wrote: 

  

Phil et al, 
  
I suggest either BAMS or Eos - the latter would probably be better because it is shorter,
quicker, has a wide distribution, and all the points that need to be made have been made
before. 
  
rather than dwelling on Soon and Baliunas I think the message should be pointedly made
against all of the standard claptrap being dredged up. 
  
I suggest two figures- one on time series and another showing the spatial array of
temperatures at one point in the Middle Ages.  I produced a few of those for the Ambio
paper but already have one ready for the Greenland settlement period 965-995 showing
the regional nature of the warmth in that figure.  we could add a few new sites to it, but if
people think otherwise we could of course go in some other direction. 
  
rather than getting into the delicate question of which paleo reconstruction to use I suggest
that we show a time series that is an eof of the different reconstructions - one that
emphasizes the commonality of the message. 
  
Tom 
  
  

Dear All, 
     I agree with all the points being made and the multi-authored article
would be a good idea, 
 but how do we go about not letting it get buried somewhere. Can we not
address the 
 misconceptions by finally coming up with definitive dates for the LIA and
MWP and 
 redefining what we think the terms really mean? With all of us and more
on the paper, it should 
 carry a lot of weight. In a way we will be setting the agenda for what
should be being done 
 over the next few years. 
     We do want a reputable journal but is The Holocene the right vehicle.
It is probably the 
 best of its class of journals out there.  Mike and I were asked to write an
article for the EGS 
 journal of Surveys of Geophysics. You've not heard of this - few have, so
we declined. However, 
 it got me thinking that we could try for Reviews of Geophysics. Need to
contact the editorial 
 board to see if this might be possible. Just a thought, but it certainly has
a high profile. 
     What we want to write is NOT the scholarly review a la Jean Grove
(bless her soul) that 
 just reviews but doesn't come to anything firm. We want a critical review
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that enables 
 agendas to be set. Ray's recent multi-authored piece goes a lot of the
way so we need 
 to build on this. 

 Cheers 
 Phil 

At 12:55 11/03/03 -0500, Michael E. Mann wrote: 

HI Malcolm, 

Thanks for the feedback--I largely concur. I do, though, think there is a
particular problem with "Climate Research".  This is where my colleague
Pat Michaels now publishes exclusively, and his two closest colleagues are
on the editorial board and review editor board. So I promise you, we'll see
more of this there, and I personally think there *is* a bigger problem with
the "messenger" in this case... 

But the Soon and Baliunas paper is its own, separate issue too. I too like
Tom's latter idea, of a  more hefty multi-authored piece in an appropriate
journal (Paleoceanography? Holocene?) that seeks to correct a number of
misconceptions out there, perhaps using Baliunas and Soon as a case
study ('poster child'?), but taking on a slightly greater territory too. 

Question is, who would take the lead role. I *know* we're all very busy, 

mike 

 At 10:28 AM 3/11/03 -0700, Malcolm Hughes wrote: 

I'm with Tom on this. In a way it comes back to a rant of mine 
to which some of you have already been victim. The general 
point is that there are two arms of climatology: 
 neoclimatology - what you do based on instrumental records 
and direct, systematic observations in networks - all set in a 
very Late Holocene/Anthropocene time with hourly to decadal 
interests. 
paleoclimatology - stuff from rocks, etc., where major changes 
in the Earth system, including its climate, associated with 
major changes in boundary conditions, may be detected by 
examination of one or a handful of paleo records. 
Between these two is what we do - "mesoclimatology" - 
dealing with many of the same phenomena as neoclimatology, 
using documentary and natural archives to look at phenomena 
on interannual to millennial time scales. Given relatively small 
changes in boundary conditions (until the last couple of 
centuries), mesoclimatology has to work in a way that is very 
similar to neoclimatology. Most notably, it depends on heavily 
replicated networks of precisely dated records capable of 
being either calibrated, or whose relationship to climate may 
be modeled accuarately and precisely. 
Because this distinction is not recognized by many (e.g. 
Sonnechkin, Broecker, Karlen) we see an accumulation of 
misguided attempts at describing the climate of recent 
millennia. It would be better to head this off in general, rather 
than draw attention to a bad paper. After all, as Tom rightly 
says, we could all nominate really bad papers that have been 
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published in journals of outstanding reputation (although there 
could well be differences between our lists). 
End of rant, Cheers, Malcolm 
> Hi guys, 
> 
> junk gets published in lots of places.  I think that what could be 
> done is a short reply to the authors in Climate Research OR a SLIGHTLY

> longer note in a reputable journal entitled something like "Continuing 
> Misconceptions About interpretation of past climate change."  I kind 
> of like the more pointed character of the latter and submitting it as 
> a short note with a group authorship carries a heft that a reply to a 
> paper, in no matter what journal, does not. 
> 
> Tom 
> 
> 
> 
> >  Dear All, 
> >        Apologies for sending this again. I was expecting a stack of 
> >emails this morning in 
> >  response, but I inadvertently left Mike off (mistake in pasting) 
> >and picked up Tom's old 
> >  address. Tom is busy though with another offspring ! 
> >      I looked briefly at the paper last night and it is appalling - 
> >worst word I can think of today 
> >  without the mood pepper appearing on the email ! I'll have time to 
> >read more at the weekend 
> >  as I'm coming to the US for the DoE CCPP meeting at Charleston. 
> >Added Ed, Peck and Keith A. 
> >  onto this list as well.   I would like to have time to rise to the 
> >bait, but I have so much else on at 
> >  the moment. As a few of us will be at the EGS/AGU meet in Nice, we

> >should consider what 
> >  to do there. 
> >      The phrasing of the questions at the start of the paper 
> >determine the answer they get. They 
> >  have no idea what multiproxy averaging does. By their logic, I 
> >could argue 1998 wasn't the 
> >  warmest year globally, because it wasn't the warmest everywhere. 
> >With their LIA being 1300- 
> >1900 and their MWP 800-1300, there appears (at my quick first 
> >reading) no discussion of 
> >  synchroneity of the cool/warm periods. Even with the instrumental 
> >record, the early and late 
> >  20th century warming periods are only significant locally at 
> >between 10-20% of grid boxes. 
> >       Writing this I am becoming more convinced we should do 
> >something - even if this is just 
> >  to state once and for all what we mean by the LIA and MWP. I think

> >the skeptics will use 
> >  this paper to their own ends and it will set paleo back a number of 
> > 
> >years if it goes 
> >  unchallenged. 
> > 
> >        I will be emailing the journal to tell them I'm having 
> >nothing more to do with it until they 
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> >  rid themselves of this troublesome editor.  A CRU person is on the 
> >editorial board, but papers 
> >  get dealt with by the editor assigned by Hans von Storch. 
> > 
> >  Cheers 
> >  Phil 
> > 
> >  Dear all, 
> >       Tim Osborn has just come across this.  Best to ignore 
> >probably, so don't let it spoil your 
> >  day. I've not looked at it yet.  It results from this journal 
> >having a number of editors. The 
> >  responsible one for this is a well-known skeptic in NZ.  He has let 
> > 
> >a few papers through by 
> >  Michaels and Gray in the past.  I've had words with Hans von Storch

> > 
> >about this, but got nowhere. 
> >      Another thing to discuss in Nice ! 
> > 
> >  Cheers 
> >  Phil 
> > 
> >>X-Sender: f055@pop.uea.ac.uk 
> >>X-Mailer: QUALCOMM Windows Eudora Version 5.1 
> >>Date: Mon, 10 Mar 2003 14:32:14 +0000 
> >>To: p.jones@uea 
> >>From: Tim Osborn <t.osborn@uea.ac.uk> 
> >>Subject: Soon & Baliunas 
> >> 
> >> 
> >> 
> >>Dr Timothy J Osborn                 | phone:     
> >>Senior Research Associate           | fax:       
> >>Climatic Research Unit              | e-mail:   t.osborn@uea.ac.uk 
> >>School of Environmental Sciences    | web-site: University of East 
> >>Anglia __________|   http://www.cru.uea.ac.uk/~timo/ Norwich 
NR4 
> >>7TJ         | sunclock: UK                       | 
> >>http://www.cru.uea.ac.uk/~timo/sunclock.htm 
> > 
> >Prof. Phil Jones 
> >Climatic Research Unit        Telephone +  
> >School of Environmental Sciences    Fax  
> >University of East Anglia 
> >Norwich                          Email    p.jones@uea.ac.uk 
> >NR4 7TJ 
> >UK 
> >--------------------------------------------------------------------- 
> >------- 
> > 
> > 
> >Attachment converted: Macintosh HD:Soon & Baliunas 2003.pdf (PDF 
> >/CARO) (00016021) 
> 
> 
> -- 
> Thomas J. Crowley 
> Nicholas Professor of Earth Systems Science 
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> Dept. of Earth and Ocean Sciences 
> Nicholas School of the Environment and Earth Sciences 
> Box 90227 
> 103  Old Chem Building Duke University 
> Durham, NC  27708 
> 
> tcrowley@duke.edu 
>  
>   fax 

Malcolm Hughes 
Professor of Dendrochronology 
Laboratory of Tree-Ring Research 
University of Arizona 
Tucson, AZ 85721 
520-621-6470 
fax 520-621-8229 

_______________________________________________________________________

                     Professor Michael E. Mann 
          Department of Environmental Sciences, Clark Hall 
                      University of Virginia 
                     Charlottesville, VA 22903 
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
 

       http://www.evsc.virginia.edu/faculty/people/mann.shtml 

Prof. Phil Jones 
Climatic Research Unit        Telephone +  
School of Environmental Sciences    Fax  
University of East Anglia 
Norwich                          Email    p.jones@uea.ac.uk 
NR4 7TJ 
UK ----------------------------------------------------------------------------
                                                                               

-- 

Thomas J. Crowley 
Nicholas Professor of Earth Systems Science 
Dept. of Earth and Ocean Sciences 
Nicholas School of the Environment and Earth Sciences 
Box 90227 
103  Old Chem Building Duke University 
Durham, NC  27708 

tcrowley@duke.edu 
 
  fax 

______________________________________________________________ 
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                    Professor Michael E. Mann 
           Department of Environmental Sciences, Clark Hall 
                      University of Virginia 
                     Charlottesville, VA 22903 
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml 

______________________________________________________________ 
                    Professor Michael E. Mann 
           Department of Environmental Sciences, Clark Hall 
                      University of Virginia 
                     Charlottesville, VA 22903 
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________ 
                      Scott Rutherford  

University of Virginia          University of Rhode Island 
Environmental Sciences          Graduate School of Oceanography 
Clark Hall                                      South Ferry Road 
Charlottesville, VA 22903       Narragansett, RI 02882 
srutherford@virginia.edu                srutherford@gso.uri.edu 
phone:             
fax:                       

</blockquote></x-html>

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Scott Rutherford
Cc: Tom Crowley; Phil Jones; Malcolm Hughes; rbradley@geo.umass.edu; k.briffa@uea.ac.uk; t.osborn@uea.ac.uk; mann@virginia.edu
Subject: Re: Soon & Baliunas
Date: Wednesday, March 12, 2003 9:09:01 AM

Thanks Scott,

I concur. We may want to  try a few different alignment/scaling choices in the end, and then
just vote on which we like the best,

Anxious to here others' thoughts on all of this,

mike

At 10:53 AM 3/12/2003 -0500, Scott Rutherford wrote:

Dear All, 

First, I'd be willing to handle the data and the plotting/mapping. Second, regarding
Mike's suggestions, if we use different reference periods for the reconstructions and
the models we need to be extremely careful about the differences. Not having seen
what this will look like, I suggest that we start with the same instrumental reference
period for both (1856-1960). If you are willing to send me your series please send
the raw (i.e. unfiltered) series. That way I can treat them all the same. We can then
decide how we want to display the results. 

Finally, Tom's suggestion of Eos struck me as a great way to get a short, pointed
story out to the most people (though I have no feel for the international
distribution).  My sense (being relatively new to this field compared to everyone else)
is that within the neo- and mesoclimate research community there is a (relatively
small?) group of people who don't or won't "get it" and there is nothing we can do
about them aside from continuing to publish quality work in quality journals (or
calling in a Mafia hit).  Those (e.g. us) who are engrossed in the issues and are
aware of all the literature should be able to distinguish between well done and poor
work.  Should then the intent of this proposed contribution be to education those
who are not directly involved in MWP/LIA issues including those both on the perifery
of the issue as well as those outside? If so, then the issue that Phil raised about not
letting it get buried is significant and I think Eos is a great way to get people to see
it. 

Cheers, 

Scott 

On Wednesday, March 12, 2003, at 10:32 AM, Michael E. Mann wrote: 

p.s. The idea of both a representative time-slice spatial plot emphasizing
the spatial variability of e.g. the MWP or LIA, and an EOF analysis of all
the records is a great idea. I'd like to suggest a small modification of the
latter: 

I would suggest we show 2 curves, representing the 1st PC of two
different groups, one of empirical reconstructions, the other of model
simulations, rather than just one in the time plot. 

Group #1 could include: 

1) Crowley & Lowery 
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2) Mann et al 1999 
3) Bradley and Jones 1995 
4) Jones et al, 1998 
5) Briffa et al 200X? [Keith/Tim to provide their preferred MXD
reconstruction] 
6) Esper et al [yes, no?--one series that differs from the others won't
make much of a difference] 

I would suggest we scale the resulting PC to the CRU 1856-1960 annual
Northern Hemisphere mean instrumental record, which should overlap w/
all of the series, and which pre-dates the MXD decline issue... 

Group #2 would include various model simulations using different
forcings, and with slightly different sensitivities. This could include 6 or so
simulation results: 

1) 3 series from Crowley (2000) [based on different solar/volcanic
reconstructions], 
2) 2 series from Gerber et al (Bern modeling group result) [based on
different assumed sensitivities] 
1) Bauer et al series (Claussen group EMIC result) [includes 19th/20th
century land use changes as a forcing]. 

I would suggest that the model's 20th century mean is aligned with the
20th century instrumental N.Hem mean for comparison (since this is when
we know the forcings best). 

I'd like to nominate Scott R. as the collector of the time series and the
performer of the EOF analyses, scaling, and plotting, since Scott already
has many of the series and many of the appropriate analysis and plotting
tools set up to do this. 

We could each send our preferred versions of our respective time series
to Scott as an ascii attachment, etc. 

thoughts, comments? 

thanks, 

mike 

At 10:08 AM 3/12/2003 -0500, Michael E. Mann wrote: 

Thanks Tom, 

Either would be good, but Eos is an especially good idea. Both Ellen M-T
and Keith Alverson are on the editorial board there, so I think there would
be some receptiveness to such a submission.t 

I see this as complementary to other pieces that we have written or are
currently writing (e.g. a review that Ray, Malcolm, and Henry Diaz are
doing for Science on the MWP) and this should proceed entirely
independently of that. 

If there is group interest  in taking this tack, I'd be happy to contact
Ellen/Keith about the potential interest in Eos, or I'd be happy to let Tom
or Phil to take the lead too... 

Comments? 
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mike 

At 09:15 AM 3/12/2003 -0500, Tom Crowley wrote: 

  

Phil et al, 
  
I suggest either BAMS or Eos - the latter would probably be better because it is shorter,
quicker, has a wide distribution, and all the points that need to be made have been made
before. 
  
rather than dwelling on Soon and Baliunas I think the message should be pointedly made
against all of the standard claptrap being dredged up. 
  
I suggest two figures- one on time series and another showing the spatial array of
temperatures at one point in the Middle Ages.  I produced a few of those for the Ambio
paper but already have one ready for the Greenland settlement period 965-995 showing
the regional nature of the warmth in that figure.  we could add a few new sites to it, but if
people think otherwise we could of course go in some other direction. 
  
rather than getting into the delicate question of which paleo reconstruction to use I suggest
that we show a time series that is an eof of the different reconstructions - one that
emphasizes the commonality of the message. 
  
Tom 
  
  

Dear All, 
     I agree with all the points being made and the multi-authored article
would be a good idea, 
 but how do we go about not letting it get buried somewhere. Can we not
address the 
 misconceptions by finally coming up with definitive dates for the LIA and
MWP and 
 redefining what we think the terms really mean? With all of us and more
on the paper, it should 
 carry a lot of weight. In a way we will be setting the agenda for what
should be being done 
 over the next few years. 
     We do want a reputable journal but is The Holocene the right vehicle.
It is probably the 
 best of its class of journals out there.  Mike and I were asked to write an
article for the EGS 
 journal of Surveys of Geophysics. You've not heard of this - few have, so
we declined. However, 
 it got me thinking that we could try for Reviews of Geophysics. Need to
contact the editorial 
 board to see if this might be possible. Just a thought, but it certainly has
a high profile. 
     What we want to write is NOT the scholarly review a la Jean Grove
(bless her soul) that 
 just reviews but doesn't come to anything firm. We want a critical review
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that enables 
 agendas to be set. Ray's recent multi-authored piece goes a lot of the
way so we need 
 to build on this. 

 Cheers 
 Phil 

At 12:55 11/03/03 -0500, Michael E. Mann wrote: 

HI Malcolm, 

Thanks for the feedback--I largely concur. I do, though, think there is a
particular problem with "Climate Research".  This is where my colleague
Pat Michaels now publishes exclusively, and his two closest colleagues are
on the editorial board and review editor board. So I promise you, we'll see
more of this there, and I personally think there *is* a bigger problem with
the "messenger" in this case... 

But the Soon and Baliunas paper is its own, separate issue too. I too like
Tom's latter idea, of a  more hefty multi-authored piece in an appropriate
journal (Paleoceanography? Holocene?) that seeks to correct a number of
misconceptions out there, perhaps using Baliunas and Soon as a case
study ('poster child'?), but taking on a slightly greater territory too. 

Question is, who would take the lead role. I *know* we're all very busy, 

mike 

 At 10:28 AM 3/11/03 -0700, Malcolm Hughes wrote: 

I'm with Tom on this. In a way it comes back to a rant of mine 
to which some of you have already been victim. The general 
point is that there are two arms of climatology: 
 neoclimatology - what you do based on instrumental records 
and direct, systematic observations in networks - all set in a 
very Late Holocene/Anthropocene time with hourly to decadal 
interests. 
paleoclimatology - stuff from rocks, etc., where major changes 
in the Earth system, including its climate, associated with 
major changes in boundary conditions, may be detected by 
examination of one or a handful of paleo records. 
Between these two is what we do - "mesoclimatology" - 
dealing with many of the same phenomena as neoclimatology, 
using documentary and natural archives to look at phenomena 
on interannual to millennial time scales. Given relatively small 
changes in boundary conditions (until the last couple of 
centuries), mesoclimatology has to work in a way that is very 
similar to neoclimatology. Most notably, it depends on heavily 
replicated networks of precisely dated records capable of 
being either calibrated, or whose relationship to climate may 
be modeled accuarately and precisely. 
Because this distinction is not recognized by many (e.g. 
Sonnechkin, Broecker, Karlen) we see an accumulation of 
misguided attempts at describing the climate of recent 
millennia. It would be better to head this off in general, rather 
than draw attention to a bad paper. After all, as Tom rightly 
says, we could all nominate really bad papers that have been 
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published in journals of outstanding reputation (although there 
could well be differences between our lists). 
End of rant, Cheers, Malcolm 
> Hi guys, 
> 
> junk gets published in lots of places.  I think that what could be 
> done is a short reply to the authors in Climate Research OR a SLIGHTLY

> longer note in a reputable journal entitled something like "Continuing 
> Misconceptions About interpretation of past climate change."  I kind 
> of like the more pointed character of the latter and submitting it as 
> a short note with a group authorship carries a heft that a reply to a 
> paper, in no matter what journal, does not. 
> 
> Tom 
> 
> 
> 
> >  Dear All, 
> >        Apologies for sending this again. I was expecting a stack of 
> >emails this morning in 
> >  response, but I inadvertently left Mike off (mistake in pasting) 
> >and picked up Tom's old 
> >  address. Tom is busy though with another offspring ! 
> >      I looked briefly at the paper last night and it is appalling - 
> >worst word I can think of today 
> >  without the mood pepper appearing on the email ! I'll have time to 
> >read more at the weekend 
> >  as I'm coming to the US for the DoE CCPP meeting at Charleston. 
> >Added Ed, Peck and Keith A. 
> >  onto this list as well.   I would like to have time to rise to the 
> >bait, but I have so much else on at 
> >  the moment. As a few of us will be at the EGS/AGU meet in Nice, we

> >should consider what 
> >  to do there. 
> >      The phrasing of the questions at the start of the paper 
> >determine the answer they get. They 
> >  have no idea what multiproxy averaging does. By their logic, I 
> >could argue 1998 wasn't the 
> >  warmest year globally, because it wasn't the warmest everywhere. 
> >With their LIA being 1300- 
> >1900 and their MWP 800-1300, there appears (at my quick first 
> >reading) no discussion of 
> >  synchroneity of the cool/warm periods. Even with the instrumental 
> >record, the early and late 
> >  20th century warming periods are only significant locally at 
> >between 10-20% of grid boxes. 
> >       Writing this I am becoming more convinced we should do 
> >something - even if this is just 
> >  to state once and for all what we mean by the LIA and MWP. I think

> >the skeptics will use 
> >  this paper to their own ends and it will set paleo back a number of 
> > 
> >years if it goes 
> >  unchallenged. 
> > 
> >        I will be emailing the journal to tell them I'm having 
> >nothing more to do with it until they 
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> >  rid themselves of this troublesome editor.  A CRU person is on the 
> >editorial board, but papers 
> >  get dealt with by the editor assigned by Hans von Storch. 
> > 
> >  Cheers 
> >  Phil 
> > 
> >  Dear all, 
> >       Tim Osborn has just come across this.  Best to ignore 
> >probably, so don't let it spoil your 
> >  day. I've not looked at it yet.  It results from this journal 
> >having a number of editors. The 
> >  responsible one for this is a well-known skeptic in NZ.  He has let 
> > 
> >a few papers through by 
> >  Michaels and Gray in the past.  I've had words with Hans von Storch

> > 
> >about this, but got nowhere. 
> >      Another thing to discuss in Nice ! 
> > 
> >  Cheers 
> >  Phil 
> > 
> >>X-Sender: f055@pop.uea.ac.uk 
> >>X-Mailer: QUALCOMM Windows Eudora Version 5.1 
> >>Date: Mon, 10 Mar 2003 14:32:14 +0000 
> >>To: p.jones@uea 
> >>From: Tim Osborn <t.osborn@uea.ac.uk> 
> >>Subject: Soon & Baliunas 
> >> 
> >> 
> >> 
> >>Dr Timothy J Osborn                 | phone:     
> >>Senior Research Associate           | fax:       
> >>Climatic Research Unit              | e-mail:   t.osborn@uea.ac.uk 
> >>School of Environmental Sciences    | web-site: University of East 
> >>Anglia __________|   http://www.cru.uea.ac.uk/~timo/ Norwich 
NR4 
> >>7TJ         | sunclock: UK                       | 
> >>http://www.cru.uea.ac.uk/~timo/sunclock.htm 
> > 
> >Prof. Phil Jones 
> >Climatic Research Unit        Telephone +  
> >School of Environmental Sciences    Fax  
> >University of East Anglia 
> >Norwich                          Email    p.jones@uea.ac.uk 
> >NR4 7TJ 
> >UK 
> >--------------------------------------------------------------------- 
> >------- 
> > 
> > 
> >Attachment converted: Macintosh HD:Soon & Baliunas 2003.pdf (PDF 
> >/CARO) (00016021) 
> 
> 
> -- 
> Thomas J. Crowley 
> Nicholas Professor of Earth Systems Science 
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> Dept. of Earth and Ocean Sciences 
> Nicholas School of the Environment and Earth Sciences 
> Box 90227 
> 103  Old Chem Building Duke University 
> Durham, NC  27708 
> 
> tcrowley@duke.edu 
>  
>   fax 

Malcolm Hughes 
Professor of Dendrochronology 
Laboratory of Tree-Ring Research 
University of Arizona 
Tucson, AZ 85721 
520-621-6470 
fax 520-621-8229 

_______________________________________________________________________

                     Professor Michael E. Mann 
          Department of Environmental Sciences, Clark Hall 
                      University of Virginia 
                     Charlottesville, VA 22903 
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
 

       http://www.evsc.virginia.edu/faculty/people/mann.shtml 

Prof. Phil Jones 
Climatic Research Unit        Telephone +  
School of Environmental Sciences    Fax  
University of East Anglia 
Norwich                          Email    p.jones@uea.ac.uk 
NR4 7TJ 
UK ----------------------------------------------------------------------------
                                                                               

-- 

Thomas J. Crowley 
Nicholas Professor of Earth Systems Science 
Dept. of Earth and Ocean Sciences 
Nicholas School of the Environment and Earth Sciences 
Box 90227 
103  Old Chem Building Duke University 
Durham, NC  27708 

tcrowley@duke.edu 
 
  fax 

______________________________________________________________ 
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                    Professor Michael E. Mann 
           Department of Environmental Sciences, Clark Hall 
                      University of Virginia 
                     Charlottesville, VA 22903 
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml 

______________________________________________________________ 
                    Professor Michael E. Mann 
           Department of Environmental Sciences, Clark Hall 
                      University of Virginia 
                     Charlottesville, VA 22903 
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________ 
                      Scott Rutherford  

University of Virginia          University of Rhode Island 
Environmental Sciences          Graduate School of Oceanography 
Clark Hall                                      South Ferry Road 
Charlottesville, VA 22903       Narragansett, RI 02882 
srutherford@virginia.edu                srutherford@gso.uri.edu 
phone:             
fax:                       

</blockquote></x-html>

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Tim Osborn; Tom Crowley; Phil Jones
Cc: mann@virginia.edu; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; srutherford@gso.uri.edu; k.briffa@uea.ac.uk
Subject: Re: Fwd: Soon & Baliunas
Date: Wednesday, March 12, 2003 9:30:32 AM

HI Tim,

Thanks for your message. This is certainly a possible problem, but there are many variables here [not the least of
which is the choice of scaling the series to an extratropical summer mean, which as we have argued before, we don't
think is appropriate for a full N. Hem mean because of changes in meridional temperature gradient over time, and the
choice of calibration period--I wonder if 1856-1960 or 1856-1980 gives a more stable result).

So I would elect that we proceed w/ doing this as described in my previous message, and see how it turns out--if the
problem you have indicated rears its head, then we can either throw out the EOF-based result or at least downplay it,
and emphasize, as you say, the "cloud" of all of the different reconstructions.

But why don't we try this out first and see what happens, your proviso not withstanding?

mike

At 04:16 PM 3/12/2003 +0000, Tim Osborn wrote:

This is an excellent idea, Mike, IN PRINCIPLE at least.  In practise, however, it raises some interesting
results (as I have found when attempting this myself) that may be difficult to avoid getting bogged down
with discussing.

The attached .pdf figure shows an example of what I have produced (NB. please don't circulate this further,
as it is from work that is currently being finished off - however, I'm happy to use it here to illustrate my
point).

I took 7 reconstructions and re-calibrated them over a common period and against an observed target
series (in this case, land-only, Apr-Sep, >20N - BUT I GET SIMILAR RESULTS WITH OTHER CHOICES, and
this re-calibration stage is not critical).  You will have seen figures similar to this in stuff Keith and I have
published.  See the coloured lines in the attached figure.

In this example I then simply took an unweighted average of the calibrated series, but the weighted
average obtained via an EOF approach can give similar results.  The average is shown by the thin black line
(I've ignored the potential problems of series covering different periods).  This was all done with raw,
unsmoothed data, even though 30-yr smoothed curves are plotted in the figure.

The thick black line is what I get when I re-calibrate the average record against my target observed series. 
THIS IS THE IMPORTANT BIT.  The *re-calibrated* mean of the reconstructions is nowhere near the mean
of the reconstructions.  It has enhanced variability, because averaging the reconstructions results in a
redder time series (there is less common variance between the reconstructions at the higher frequencies
compared with the lower frequencies, so the former averages out to leave a smoother curve) and the re-
calibration is then more of a case of fitting a trend (over my calibration period 1881-1960) to the observed
trend.  This results in enhanced variability, but also enhanced uncertainty (not shown here) due to fewer
effective degrees of freedom during calibration.

Obviously there are questions about observed target series, which series to include/exclude etc., but the
same issue will arise regardless: the analysis will not likely lie near to the middle of the cloud of published
series and explaining the reasons behind this etc. will obscure the message of a short EOS piece.

It is, of course, interesting - not least for the comparison with borehole-based estimates - but that is for a
separate paper, I think.

My suggestion would be to stick with one of these options:
(i) a single example reconstruction;
(ii) a plot of a cloud of reconstructions;
(iii) a plot of the "envelope" containing the cloud of reconstructions (perhaps also the envelope would
encompass their uncertainty estimates), but without showing the individual reconstruction best guesses.

How many votes for each?

Cheers

Tim

At 15:32 12/03/03, Michael E. Mann wrote:

p.s. The idea of both a representative time-slice spatial plot emphasizing the spatial variability of
e.g. the MWP or LIA, and an EOF analysis of all the records is a great idea. I'd like to suggest a
small modification of the latter:

ABOR/MH/Priv-005098



I would suggest we show 2 curves, representing the 1st PC of two different groups, one of
empirical reconstructions, the other of model simulations, rather than just one in the time plot.

Group #1 could include:

1) Crowley & Lowery
2) Mann et al 1999
3) Bradley and Jones 1995
4) Jones et al, 1998
5) Briffa et al 200X? [Keith/Tim to provide their preferred MXD reconstruction]
6) Esper et al [yes, no?--one series that differs from the others won't make much of a
difference]

I would suggest we scale the resulting PC to the CRU 1856-1960 annual Northern Hemisphere
mean instrumental record, which should overlap w/ all of the series, and which pre-dates the
MXD decline issue...

Group #2 would include various model simulations using different forcings, and with slightly
different sensitivities. This could include 6 or so simulation results:

1) 3 series from Crowley (2000) [based on different solar/volcanic reconstructions],
2) 2 series from Gerber et al (Bern modeling group result) [based on different assumed
sensitivities]
1) Bauer et al series (Claussen group EMIC result) [includes 19th/20th century land use changes
as a forcing].

I would suggest that the model's 20th century mean is aligned with the 20th century
instrumental N.Hem mean for comparison (since this is when we know the forcings best).

I'd like to nominate Scott R. as the collector of the time series and the performer of the EOF
analyses, scaling, and plotting, since Scott already has many of the series and many of the
appropriate analysis and plotting tools set up to do this.

We could each send our preferred versions of our respective time series to Scott as an ascii
attachment, etc.

thoughts, comments?

thanks,

mike

At 10:08 AM 3/12/2003 -0500, Michael E. Mann wrote:

Thanks Tom,

Either would be good, but Eos is an especially good idea. Both Ellen M-T and Keith
Alverson are on the editorial board there, so I think there would be some
receptiveness to such a submission.t

I see this as complementary to other pieces that we have written or are currently
writing (e.g. a review that Ray, Malcolm, and Henry Diaz are doing for Science on
the MWP) and this should proceed entirely independently of that.

If there is group interest  in taking this tack, I'd be happy to contact Ellen/Keith
about the potential interest in Eos, or I'd be happy to let Tom or Phil to take the lead
too...

Comments?

mike

At 09:15 AM 3/12/2003 -0500, Tom Crowley wrote:

Phil et al,
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I suggest either BAMS or Eos - the latter would probably be better
because it is shorter, quicker, has a wide distribution, and all the points
that need to be made have been made before.

rather than dwelling on Soon and Baliunas I think the message should be
pointedly made against all of the standard claptrap being dredged up.

I suggest two figures- one on time series and another showing the spatial
array of temperatures at one point in the Middle Ages.  I produced a few
of those for the Ambio paper but already have one ready for the
Greenland settlement period 965-995 showing the regional nature of the
warmth in that figure.  we could add a few new sites to it, but if people
think otherwise we could of course go in some other direction.

rather than getting into the delicate question of which paleo
reconstruction to use I suggest that we show a time series that is an eof
of the different reconstructions - one that emphasizes the commonality of
the message.

Tom

Dear All,
     I agree with all the points being made and the multi-
authored article would be a good idea,
 but how do we go about not letting it get buried somewhere.
Can we not address the
 misconceptions by finally coming up with definitive dates for
the LIA and MWP and
 redefining what we think the terms really mean? With all of us
and more on the paper, it should
 carry a lot of weight. In a way we will be setting the agenda
for what should be being done
 over the next few years.
     We do want a reputable journal but is The Holocene the
right vehicle. It is probably the
 best of its class of journals out there.  Mike and I were asked
to write an article for the EGS
 journal of Surveys of Geophysics. You've not heard of this -
few have, so we declined. However,
 it got me thinking that we could try for Reviews of
Geophysics. Need to contact the editorial
 board to see if this might be possible. Just a thought, but it
certainly has a high profile.
     What we want to write is NOT the scholarly review a la
Jean Grove (bless her soul) that
 just reviews but doesn't come to anything firm. We want a
critical review that enables
 agendas to be set. Ray's recent multi-authored piece goes a
lot of the way so we need
 to build on this.

 Cheers
 Phil

At 12:55 11/03/03 -0500, Michael E. Mann wrote:

HI Malcolm,

Thanks for the feedback--I largely concur. I do,
though, think there is a particular problem with
"Climate Research".  This is where my colleague Pat
Michaels now publishes exclusively, and his two
closest colleagues are on the editorial board and
review editor board. So I promise you, we'll see
more of this there, and I personally think there *is*
a bigger problem with the "messenger" in this
case...

But the Soon and Baliunas paper is its own,
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separate issue too. I too like Tom's latter idea, of a 
more hefty multi-authored piece in an appropriate
journal (Paleoceanography? Holocene?) that seeks
to correct a number of misconceptions out there,
perhaps using Baliunas and Soon as a case study
('poster child'?), but taking on a slightly greater
territory too.

Question is, who would take the lead role. I *know*
we're all very busy,

mike

 At 10:28 AM 3/11/03 -0700, Malcolm Hughes
wrote:

I'm with Tom on this. In a way it comes
back to a rant of mine
to which some of you have already been
victim. The general
point is that there are two arms of
climatology:
 neoclimatology - what you do based on
instrumental records
and direct, systematic observations in
networks - all set in a
very Late Holocene/Anthropocene time
with hourly to decadal
interests.
paleoclimatology - stuff from rocks, etc.,
where major changes
in the Earth system, including its
climate, associated with
major changes in boundary conditions,
may be detected by
examination of one or a handful of paleo
records.
Between these two is what we do -
"mesoclimatology" -
dealing with many of the same
phenomena as neoclimatology,
using documentary and natural archives
to look at phenomena
on interannual to millennial time scales.
Given relatively small
changes in boundary conditions (until
the last couple of
centuries), mesoclimatology has to work
in a way that is very
similar to neoclimatology. Most notably,
it depends on heavily
replicated networks of precisely dated
records capable of
being either calibrated, or whose
relationship to climate may
be modeled accuarately and precisely.
Because this distinction is not recognized
by many (e.g.
Sonnechkin, Broecker, Karlen) we see an
accumulation of
misguided attempts at describing the
climate of recent
millennia. It would be better to head
this off in general, rather
than draw attention to a bad paper.
After all, as Tom rightly
says, we could all nominate really bad
papers that have been
published in journals of outstanding
reputation (although there
could well be differences between our
lists).
End of rant, Cheers, Malcolm
> Hi guys,
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>
> junk gets published in lots of places.  I
think that what could be
> done is a short reply to the authors in
Climate Research OR a SLIGHTLY
> longer note in a reputable journal
entitled something like "Continuing
> Misconceptions About interpretation of
past climate change."  I kind
> of like the more pointed character of
the latter and submitting it as
> a short note with a group authorship
carries a heft that a reply to a
> paper, in no matter what journal,
does not.
>
> Tom
>
>
>
> >  Dear All,
> >        Apologies for sending this
again. I was expecting a stack of
> >emails this morning in
> >  response, but I inadvertently left
Mike off (mistake in pasting)
> >and picked up Tom's old
> >  address. Tom is busy though with
another offspring !
> >      I looked briefly at the paper last
night and it is appalling -
> >worst word I can think of today
> >  without the mood pepper
appearing on the email ! I'll have time to
> >read more at the weekend
> >  as I'm coming to the US for the
DoE CCPP meeting at Charleston.
> >Added Ed, Peck and Keith A.
> >  onto this list as well.   I would like
to have time to rise to the
> >bait, but I have so much else on at
> >  the moment. As a few of us will be
at the EGS/AGU meet in Nice, we
> >should consider what
> >  to do there.
> >      The phrasing of the questions at
the start of the paper
> >determine the answer they get. They
> >  have no idea what multiproxy
averaging does. By their logic, I
> >could argue 1998 wasn't the
> >  warmest year globally, because it
wasn't the warmest everywhere.
> >With their LIA being 1300-
> >1900 and their MWP 800-1300,
there appears (at my quick first
> >reading) no discussion of
> >  synchroneity of the cool/warm
periods. Even with the instrumental
> >record, the early and late
> >  20th century warming periods are
only significant locally at
> >between 10-20% of grid boxes.
> >       Writing this I am becoming
more convinced we should do
> >something - even if this is just
> >  to state once and for all what we
mean by the LIA and MWP. I think
> >the skeptics will use
> >  this paper to their own ends and it
will set paleo back a number of
> >
> >years if it goes
> >  unchallenged.
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> >
> >        I will be emailing the journal to
tell them I'm having
> >nothing more to do with it until they
> >  rid themselves of this troublesome
editor.  A CRU person is on the
> >editorial board, but papers
> >  get dealt with by the editor
assigned by Hans von Storch.
> >
> >  Cheers
> >  Phil
> >
> >  Dear all,
> >       Tim Osborn has just come
across this.  Best to ignore
> >probably, so don't let it spoil your
> >  day. I've not looked at it yet.  It
results from this journal
> >having a number of editors. The
> >  responsible one for this is a well-
known skeptic in NZ.  He has let
> >
> >a few papers through by
> >  Michaels and Gray in the past.  I've
had words with Hans von Storch
> >
> >about this, but got nowhere.
> >      Another thing to discuss in Nice
!
> >
> >  Cheers
> >  Phil
> >
> >>X-Sender: f055@pop.uea.ac.uk
> >>X-Mailer: QUALCOMM Windows
Eudora Version 5.1
> >>Date: Mon, 10 Mar 2003 14:32:14
+0000
> >>To: p.jones@uea
> >>From: Tim Osborn
<t.osborn@uea.ac.uk>
> >>Subject: Soon & Baliunas
> >>
> >>
> >>
> >>Dr Timothy J Osborn                 |
phone:    
> >>Senior Research Associate           |
fax:      
> >>Climatic Research Unit              |
e-mail:   t.osborn@uea.ac.uk
> >>School of Environmental
Sciences    | web-site: University of East
> >>Anglia __________|  
http://www.cru.uea.ac.uk/~timo/
Norwich  NR4
> >>7TJ         | sunclock:
UK                       |
>
>>
http://www.cru.uea.ac.uk/~timo/sunclock.htm

> >
> >Prof. Phil Jones
> >Climatic Research Unit       
Telephone +
> >School of Environmental Sciences   
Fax 
> >University of East Anglia
> >Norwich                          Email   
p.jones@uea.ac.uk
> >NR4 7TJ
> >UK
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> >--------------------------------------------
-------------------------
> >-------
> >
> >
> >Attachment converted: Macintosh
HD:Soon & Baliunas 2003.pdf (PDF
> >/CARO) (00016021)
>
>
> --
> Thomas J. Crowley
> Nicholas Professor of Earth Systems
Science
> Dept. of Earth and Ocean Sciences
> Nicholas School of the Environment
and Earth Sciences
> Box 90227
> 103  Old Chem Building Duke
University
> Durham, NC  27708
>
> tcrowley@duke.edu
> 
>   fax

Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

_______________________________________________________________________

                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark
Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone: 
   FAX: 

      
http://www.evsc.virginia.edu/faculty/people/mann.shtml

Prof. Phil Jones
Climatic Research Unit        Telephone +
School of Environmental Sciences    Fax 
University of East Anglia
Norwich                          Email    p.jones@uea.ac.uk
NR4 7TJ
UK -----------------------------------------------------------------------
-----

--

Thomas J. Crowley
Nicholas Professor of Earth Systems Science
Dept. of Earth and Ocean Sciences
Nicholas School of the Environment and Earth Sciences
Box 90227
103  Old Chem Building Duke University
Durham, NC  27708
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tcrowley@duke.edu

  fax

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

Dr Timothy J Osborn                 | phone:    
Senior Research Associate           | fax:      
Climatic Research Unit              | e-mail:   t.osborn@uea.ac.uk
School of Environmental Sciences    | web-site:
University of East Anglia __________|   http://www.cru.uea.ac.uk/~timo/
Norwich  NR4 7TJ         | sunclock:
UK                       |   http://www.cru.uea.ac.uk/~timo/sunclock.htm

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Tim Osborn; Tom Crowley; Phil Jones
Cc: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; srutherford@gso.uri.edu; k.briffa@uea.ac.uk;

mann@virginia.edu
Subject: Re: Fwd: Soon & Baliunas
Date: Wednesday, March 12, 2003 10:13:35 AM
Attachments: mannpersp2002.gif

Dear Tim,

Thanks for your rapid replies and your help. This is all very useful.

Well, lets see what this gives...

There are some notable differences just between our relative comparisons of the
different series which  must have something to do with the relative scaling and
aligning of the series. The position of Crowley and Lowery, in particular, is quite
inconsistent between our respective comparisons.  When we scale the various series
to the full N. Hem instrumental annual mean  CRU record 1856-1980, we get a a
very different relative ordering of the different series, as shown in the attached figure
from my Science perspective piece from last year

This should not, however,  influence the EOF decomposition if all series are zero-
mean and standardized prior to the EOF analysis, but the scaling and alignment of
the result, in the end, will be sensitive to all of these various issues. 

So, in short, lets see what we get, and then discuss any similarities/differences w/
your result, then make a decision as to what to show in the Eos piece. I'm sure we
can come up w/ something we're all happy with...

Please do send us your & Keith's preferred version of the MXD reconstruction--we'll
collect the others from the individual sources (most we already have, I think)...,

mike
At 04:53 PM 3/12/2003 +0000, Tim Osborn wrote:

At 16:29 12/03/03, Michael E. Mann wrote:

but there are many variables here [not the least of which is the
choice of scaling the series to an extratropical summer mean,
which as we have argued before, we don't think is appropriate
for a full N. Hem mean because of changes in meridional
temperature gradient over time, and the choice of calibration
period--I wonder if 1856-1960 or 1856-1980 gives a more
stable result).

True, but as I indicated I have tried alternatives.  The attached is what I
get with annual mean temperature as the target series - still taken only
from land >20N though [but I have extracted that domain from your
spatial reconstructions to produce the time series that I used for "Mann et
al." - which should make it reasonably appropriate back to 1400 at least]. 
I have also tried different calibration periods (including not calibrating
against instrumental data at all!).  All give qualitatively similar results - see
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attached .pdf and compare with the first one I sent.

The point is, that (I believe) the approach will introduce a *new* result
and while that is interesting it wouldn't be appropriate for a short EOS
piece - and having found this out, I was trying to save you the effort.

But, on reflection, it would be good if you went ahead and did this
anyway, because the results might well be useful to publish in another
paper, even if they weren't deemed suitable for the EOS piece.

I could provide the 7 series that I have used, but would prefer that you
got them from the original sources to ensure that you have the most up-
to-date/correct versions.

Cheers

Tim

Dr Timothy J Osborn                 | phone:    
Senior Research Associate           | fax:      
Climatic Research Unit              | e-mail:   t.osborn@uea.ac.uk
School of Environmental Sciences    | web-site:
University of East Anglia __________|   http://www.cru.uea.ac.uk/~timo/
Norwich  NR4 7TJ         | sunclock:
UK                       |   http://www.cru.uea.ac.uk/~timo/sunclock.htm

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Tim Osborn; Tom Crowley; Phil Jones
Cc: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; srutherford@gso.uri.edu; k.briffa@uea.ac.uk;

mann@virginia.edu
Subject: Re: Fwd: Soon & Baliunas
Date: Wednesday, March 12, 2003 10:13:35 AM
Attachments: mannpersp2002.gif

Dear Tim,

Thanks for your rapid replies and your help. This is all very useful.

Well, lets see what this gives...

There are some notable differences just between our relative comparisons of the
different series which  must have something to do with the relative scaling and
aligning of the series. The position of Crowley and Lowery, in particular, is quite
inconsistent between our respective comparisons.  When we scale the various series
to the full N. Hem instrumental annual mean  CRU record 1856-1980, we get a a
very different relative ordering of the different series, as shown in the attached figure
from my Science perspective piece from last year

This should not, however,  influence the EOF decomposition if all series are zero-
mean and standardized prior to the EOF analysis, but the scaling and alignment of
the result, in the end, will be sensitive to all of these various issues. 

So, in short, lets see what we get, and then discuss any similarities/differences w/
your result, then make a decision as to what to show in the Eos piece. I'm sure we
can come up w/ something we're all happy with...

Please do send us your & Keith's preferred version of the MXD reconstruction--we'll
collect the others from the individual sources (most we already have, I think)...,

mike
At 04:53 PM 3/12/2003 +0000, Tim Osborn wrote:

At 16:29 12/03/03, Michael E. Mann wrote:

but there are many variables here [not the least of which is the
choice of scaling the series to an extratropical summer mean,
which as we have argued before, we don't think is appropriate
for a full N. Hem mean because of changes in meridional
temperature gradient over time, and the choice of calibration
period--I wonder if 1856-1960 or 1856-1980 gives a more
stable result).

True, but as I indicated I have tried alternatives.  The attached is what I
get with annual mean temperature as the target series - still taken only
from land >20N though [but I have extracted that domain from your
spatial reconstructions to produce the time series that I used for "Mann et
al." - which should make it reasonably appropriate back to 1400 at least]. 
I have also tried different calibration periods (including not calibrating
against instrumental data at all!).  All give qualitatively similar results - see
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attached .pdf and compare with the first one I sent.

The point is, that (I believe) the approach will introduce a *new* result
and while that is interesting it wouldn't be appropriate for a short EOS
piece - and having found this out, I was trying to save you the effort.

But, on reflection, it would be good if you went ahead and did this
anyway, because the results might well be useful to publish in another
paper, even if they weren't deemed suitable for the EOS piece.

I could provide the 7 series that I have used, but would prefer that you
got them from the original sources to ensure that you have the most up-
to-date/correct versions.

Cheers

Tim

Dr Timothy J Osborn                 | phone:    
Senior Research Associate           | fax:      
Climatic Research Unit              | e-mail:   t.osborn@uea.ac.uk
School of Environmental Sciences    | web-site:
University of East Anglia __________|   http://www.cru.uea.ac.uk/~timo/
Norwich  NR4 7TJ         | sunclock:
UK                       |   http://www.cru.uea.ac.uk/~timo/sunclock.htm

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes; trenbert@ncar.ucar.edu
Cc: rbradley@geo.umass.edu; mann@virginia.edu; p.jones@uea.ac.uk
Subject: Re: Globe
Date: Wednesday, May 21, 2003 6:59:07 AM

Hi Malcolm,

I suspected this, but didn't want to assume it until I heard from you. My guess is the
same thing is true of Kevin...

So the question is, who is this guy--he appears to have been put up to this. Unexpected,
but not unprecedented, at a respective paper such as the Globe...

mike

At 07:03 AM 5/21/2003 -0700, you wrote:

Mike - of course not. He did not have me say anything I did not, but he
omitted my central point 
- that Soon et al did not apply these essential standards but rather compared
centuries with decades, 
material with poor chronology, uncalibrated against present, and so on.
> Kevin, Malcolm:
> 
> This piece appeared in the globe yesterday:
> http://www.boston.com/dailyglobe2/140/science/Coaxing_nature_to_reveal

> > _1_000_years _of_the_Earth_s_climate+.shtml
> 
> The piece seemed inappropriately uncritical given the emphasis of the
> story on Soon/Baliunas, and I'm wondering if the reporter adequately
> represented your comments and views in the piece,
> 
> mike
> ____________________________________________________________
> __
> Professor Michael E. Mann
>  Department of Environmental Sciences, Clark Hall
> University of Virginia
> Charlottesville, VA 22903
>
______________________________________________________________________

> _ e-mail: mann@virginia.edu Phone:  
> http://www.evsc.virginia.edu/faculty/people/mann.shtml

Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________
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                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Malcolm Hughes
To: Michael E. Mann
Cc: rbradley@geo.umass.edu; mann@virginia.edu
Subject: Re: Globe
Date: Wednesday, May 21, 2003 7:03:19 AM

Mike - of course not. He did not have me say anything I did not, but he omitted my central point
- that Soon et al did not apply these essential standards but rather compared centuries with decades,
material with poor chronology, uncalibrated against present, and so on. This
is, of course, the usual thing to be expected from journalists. Cheers, Malcolm
> Kevin, Malcolm:
>
> This piece appeared in the globe yesterday:
> http://www.boston.com/dailyglobe2/140/science/Coaxing_nature_to_reveal

> > _1_000_years _of_the_Earth_s_climate+.shtml
>
> The piece seemed inappropriately uncritical given the emphasis of the
> story on Soon/Baliunas, and I'm wondering if the reporter adequately
> represented your comments and views in the piece,
>
> mike
> ____________________________________________________________
> __
> Professor Michael E. Mann
>  Department of Environmental Sciences, Clark Hall
> University of Virginia
> Charlottesville, VA 22903
> ______________________________________________________________________
> _ e-mail: mann@virginia.edu Phone:  
> http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: trenbert@cgd.ucar.edu
To: mann@virginia.edu
Cc: mhughes@ltrr.arizona.edu; trenbert@ucar.edu; rbradley@geo.umass.edu; p.jones@uea.ac.uk
Subject: Re: Globe
Date: Wednesday, May 21, 2003 2:17:54 PM

> Hi Mike

It also seems to me that the quotes are probably correct but incomplete.
One point I made was that last January when the East coast was about 2 C
below normal it was 4C above normal in Boulder and California had the
warmest January on record, and so the perspective from Boston or
Washington was wrong.

I have just been asked to comment on this issue to a reporter for
Scientific American.
But I am on travel so it will have to wait...
Kevin

> Hi Malcolm,
> I suspected this, but didn't want to assume it until I heard from you.
> My guess is the same thing is true of Kevin...
> So the question is, who is this guy--he appears to have been put up to
> this. Unexpected, but not unprecedented, at a respective paper such as
> the Globe...
> mike
> At 07:03 AM 5/21/2003 -0700, you wrote:
> Mike - of course not. He did not
> have me say anything I did not, but he omitted my central point
> - that Soon et al did not apply these essential standards but rather
> compared centuries with decades,
> material with poor chronology, uncalibrated against present, and so on.
> &gt; Kevin, Malcolm:
> &gt;
> &gt; This piece appeared in the globe yesterday:
> &gt;
> http://www.boston.com/dailyglobe2/140/science/Coaxing nature to reveal
> &gt; &gt; _1_000_years _of_the_Earth_s_climate+.shtml
> &gt;
> &gt; The piece seemed inappropriately uncritical given the emphasis of
> the
> &gt; story on Soon/Baliunas, and I'm wondering if the reporter
> adequately
> &gt; represented your comments and views in the piece,
> &gt;
> &gt; mike
> &gt; ____________________________________________________________
> &gt; __
> &gt; Professor Michael E. Mann
> &gt;&nbsp; Department of Environmental Sciences, Clark Hall
> &gt; University of Virginia
> &gt; Charlottesville, VA 22903
> &gt;
> ______________________________________________________________________
> &gt; _ e-mail: mann@virginia.edu Phone:  (434)
> 982-2137
> &gt;
> http://www.evsc.virginia.edu/faculty/people/mann.shtml
> Malcolm Hughes
> Professor of Dendrochronology
> Laboratory of Tree-Ring Research
> University of Arizona
> Tucson, AZ 85721
> 520-621-6470
> fax 520-621-8229
>
> ______________________________________________________________
> &nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;
> Professor Michael E. Mann
> &nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp; Department
> of Environmental Sciences, Clark Hall
>
&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;

> University of Virginia
> &nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;
> Charlottesville, VA 22903
> _______________________________________________________________________
> e-mail: mann@virginia.edu&nbsp;&nbsp; Phone: nbsp;&nbsp;
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> FAX: 
> &nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;
> http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: mann@virginia.edu
Subject: memo; final draft
Date: Friday, May 23, 2003 10:08:59 AM
Attachments: BalliunasSoon.doc

Dear Colleague,

FYI: Here is the final version of a memo that Michael Oppenheimer of Princeton and I
have jointly written on the Soon/Baliunas papers. Please feel free to use this or quote
this.

best regards,

mike mann

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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Memo on recent papers by Soon and Baliunas 
 
Two recent papers by Soon and Baliunas, one appearing in "Journal of Energy and 
Environment (with 3 co-authors)1 and the other in "Climate Research"2, have been 
represented by the authors and in some press accounts as calling into question the 
significance of the human contribution to global warming.  Specifically, they claim that 
their work undermines the supposed finding of previous studies that the 20th century was 
the warmest of the past millennium.   
 
However, these studies (henceforth referred to as the "S&B" studies) do not actually 
address the question of the relative warmth of the 20th century, and the studies they 
criticize did not assert that the 20th century was in its entirety warmer than earlier 
centuries, despite what is implied by Soon and Baliunas.  
 
Nothing in either paper undermines in any way the conclusion of earlier studies that the 
average temperature of the late 20th century in the Northern Hemisphere was anomalous 
against the background of the past millennium, a conclusion that is now supported by 
more than a dozen independent studies by experts using paleo-climatic data.  
Furthermore, the latter finding supports many other studies that use thermometer data to 
show a human influence on hemispheric and global climate over the past 50 years. 
 
Specifically: 
 

1. Neither of the S&B papers actually provides any quantitative estimate of past 
temperatures let alone any assessment of uncertainties.  Instead, the papers only 
interpret, qualitatively, the variability of climate at specific locations by citing 
putative periods of 50-years or longer when climate of the past was unusually 'warm', 
'wet' or 'dry, (as inferred by the authors based on their interpretations of past 
published proxy records). There is no way that such a criterion can be used to judge 
variations in the average temperature of the Northern Hemisphere or the globe. 
Consequently, there is no basis whatsoever in the manuscripts for the implication in 
the press coverage put forward by the authors and organizations promoting them that 
global or hemispheric temperature during the Medieval period was in excess of that 
of the 20th century. 

 
2. The previously published proxy records the authors purport to have analyzed 

terminate at varying dates over the course of the 20th century, and many do not cover 
or adequately resolve the latter part of the 20th century--the interval that previous 
studies have established as being unusually warm in a millennial context  (see IPCC, 
2001). The authors claimed comparisons with the "20th century" thus actually 
constitute, in many cases, comparisons to the early 20th century--an established cold 
interval for the Northern Hemisphere and globe.  The authors’ conclusions therefore 
have little if any bearing on the relative warmth of the late 20th century. 

                                                 
1 W. Soon, S. Baliunas, C. Idso, S. Idso, D.R. Legates.  Reconstructing Climatic and Environmental 
Changes of the Past 1000 Years:  A Reappraisal.  Energy and Environment, pre-print, published 11 April 
2003. 
2 W. Soon and S. Baliunas. Proxy climatic and environmental changes of the past 1000 years, Climate 
Research 23, 89-110, 2003. 
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3. Even for each specific location studied, the authors made no attempt to examine 

whether temperatures were higher during the Medieval period than "today" (i.e., the 
late 20th century). 

 
4. Instead, the papers present only qualitative rather than quantitative inferences that 

often involve information regarding past precipitation and drought and other factors 
entirely unrelated to large-scale relative warmth.  If this criterion had been applied 
to the "Little Ice Age", it too would have been classified as a warm period! 

 
5. The only statement in the abstracts of their papers (e.g. of the "Climate Research" 

paper) that pertain to comparisons between Medieval and 20th century climate is: 
"Across the world, many records reveal that the 20th century is probably not the 
warmest [nor a uniquely extreme climatic period] of the last millennium." (brackets 
added-the bracketed statement is remarkably irrelevant to the issue at hand). This is 
hardly a new conclusion--it is well known to first-year graduate students in 
paleoclimatology familiar with standard texts (e.g. Bradley's classic introductory 
textbook "Paleoclimatology") that the "20th century" was not the warmest century of 
the past millennium for "many" proxy records. This conclusion has little, if anything, 
to do with conclusions regarding the relative warmth of the Northern Hemisphere on 
the whole during the late 20th century. 

 
6. Previous work by others (e.g. as summarized by IPCC, 2001) did not conclude that 

the global average temperature of the 20th century was higher than during earlier 
periods. Such previous work has, in contrast, found that the late 20th century is the 
warmest period in at least the past 1000 years for the average temperature of the 
Northern Hemisphere. In contrast, the early 20th century appears, in fact, to have 
been one of the coldest periods in the last 1000 years, and the mid 20th century 
warmth was probably roughly comparable to peak warmth in the earlier centuries of 
the past millennium.  There is insufficient data to generalize about the earth as a 
whole at this time. The authors entirely misrepresent the conclusions of past work, 
and never present any evidence on this point conflicting with the specific conclusions 
of such past work. 

 
7. Remarkably, the authors claim that warming prior to 1950 occurred before any 

'significant rise of anthropogenic CO2 in the air'.  This assertion is absolutely false. 
By 1950, the CO2 concentration (then approximately 310 parts per million or 'ppm') 
had experienced about 35% of its rise to current values (approximately 375 ppm) 
from pre-industrial values (approximately 275ppm). It is extremely unusual for such 
patently false statements to pass through the filter of supposed "peer-review". 

 
 
Michael E. Mann, University of Virginia 
Michael Oppenheimer, Princeton University 
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From: Michael E. Mann
To: mann@virginia.edu
Subject: *FINAL* version
Date: Friday, May 23, 2003 1:30:37 PM
Attachments: BaliunasSoon.doc

Dear All,

Attached is one last final revision of memo, based on some very useful feedback we
received from the first draft sent out.

Sorry to flood your email boxes. The attached is indeed the final version,

Mike M

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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Memo on recent papers by Soon and Baliunas 
 
Two recent papers by Soon and Baliunas, one appearing in "Journal of Energy and 
Environment” (with 3 co-authors)1 and the other in "Climate Research"2, have been 
represented by the authors and in some press accounts as calling into question the 
significance of the human contribution to global warming.  Specifically, they claim that 
their work undermines the finding of previous studies that the 20th century was the 
warmest of the past millennium.   
 
However, these studies (henceforth referred to as the "S&B" studies) do not actually 
address the question of the relative warmth of the 20th century, and the studies they 
criticize did not assert that the 20th century was in its entirety warmer than earlier 
centuries, despite what is implied by Soon and Baliunas.  
 
Nothing in either paper undermines in any way the conclusion of earlier studies that the 
average temperature of the late 20th century in the Northern Hemisphere was anomalous 
against the background of the past millennium, a conclusion that is now supported by 
more than a dozen independent studies by experts using paleo-climatic data. 
 
Specifically: 
 

1. Neither of the S&B papers actually provides any quantitative estimate of past 
temperatures let alone any assessment of uncertainties.  Instead, the papers only 
interpret, qualitatively, the variability of climate at specific locations by citing 
putative periods of 50-years or longer when climate of the past was unusually 'warm', 
'wet' or 'dry’, (using their own interpretations of the published proxy records). There 
is no way that such a  method can be used to judge variations in the average 
temperature of the Northern Hemisphere or the globe. Consequently, there is no basis 
whatsoever in the manuscripts for the implication (as given in the press coverage put 
forward by the authors and organizations promoting them) that global or hemispheric 
temperature during the Medieval period was in excess of that of the 20th century. 

 
2. The previously published proxy records the authors purport to have analyzed 

terminate at varying dates over the course of the 20th century, and many do not cover 
or adequately resolve the latter part of the 20th century--the interval that previous 
studies have established as being unusually warm in a millennial context  (see IPCC, 
2001). The present authors’ claimed comparisons with the "20th century" thus 
actually constitute, in many cases, comparisons to the early 20th century--an 
established cold interval for the Northern Hemisphere and globe.  The authors’ 
conclusions therefore have little if any bearing on the relative warmth of the late 20th 
century. 

 

                                                 
1 W. Soon, S. Baliunas, C. Idso, S. Idso, DR. Legates.  Reconstructing Climatic and Environmental 
Changes of the Past 1000 Years:  A Reappraisal.  Energy and Environment, pre-print, published 11 April 
2003. 
2 W. Soon and S. Baliunas. Proxy climatic and environmental changes of the past 1000 years, Climate 
Research 23, 89-110, 2003. 
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3. Even for each specific location studied, the authors made no attempt to examine 
whether temperatures were higher during the Medieval period than "today" (i.e., the 
late 20th century). 

 
4. The papers present only qualitative rather than quantitative inferences that often 

involve information regarding past precipitation and drought and other factors that 
are, at best, only poorly related to large-scale relative warmth.  If this method for 
defining an anomalous climatic period had been applied to the "Little Ice Age", it 
too would have been classified as a warm period! 

 
5. The only statement in the abstracts of their papers (e.g. of the "Climate Research" 

paper) that pertain to comparisons between Medieval and 20th century climate is: 
"Across the world, many records reveal that the 20th century is probably not the 
warmest [nor a uniquely extreme climatic period] of the last millennium." (brackets 
added- -- the bracketed statement is irrelevant to the issue at hand). This is hardly a 
new conclusion -- it is well known to first-year graduate students in paleoclimatology 
familiar with standard texts (e.g. Bradley's introductory textbook 
"Paleoclimatology") that the "20th century" was not the warmest century of the past 
millennium for "many" proxy records at the local scale. This conclusion has little, if 
anything, to do with conclusions regarding the relative warmth of the Northern 
Hemisphere average during the late 20th century. 

 
6. Previous work by others (e.g. as summarized by IPCC, 2001) did not conclude that 

the global average temperature of the 20th century as a whole was higher than during 
earlier periods. Such previous work has, in contrast, found only that the late 20th 
century is the warmest period in at least the past 1000 years for the average 
temperature of the Northern Hemisphere. In contrast, the early 20th century appears, 
in fact, to have been one of the colder periods in the last 1000 years, and the mid 20th 
century warmth was probably roughly comparable to peak warmth in the earlier 
centuries of the past millennium.  There is insufficient data to generalize about the  
Earth as a whole at this time.  

 
7. The authors claim that warming prior to 1950 occurred before any 'significant rise of 

anthropogenic CO2 in the air'.  This assertion is absolutely false, given any 
reasonable definition of the term 'significant'. By 1950, the CO2 concentration (then 
approximately 310 parts per million or 'ppm') had experienced about 35% of its rise 
to current values (approximately 375 ppm) from pre-industrial values (approximately 
275ppm).   

 
 
Michael E. Mann, University of Virginia 
Michael Oppenheimer, Princeton University 
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From: Michael E. Mann
To: Caspar M Ammann; Raymond Bradley; Keith Briffa; Tom Crowley; Malcolm Hughes; Phil Jones;

mann@virginia.edu; jto@u.arizona.edu; omichael@princeton.edu; Tim Osborn; Kevin Trenberth; Tom Wigley
Subject: letter to Senate
Date: Tuesday, July 22, 2003 11:33:05 AM
Attachments: EOS.senate letter-final.doc

Dear fellow Eos co-authors,

Given the continued assault on the science of climate change by some on Capitol Hill,
Michael and I thought it would be worthwhile to send this letter to various members
of the U.S. Senate, accompanied by a copy of our Eos article.

Can we ask you to consider signing on with Michael and me (providing your preferred
title and affiliation). We would like to get this out ASAP.

Thanks in advance,

Michael M and Michael O

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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Dear Senator:

In recent weeks, two nearly identical papers by researchers from the Harvard-Smithsonian

Center for Astrophysics have been circulated and used to support the claim that recent

hemispheric-scale warmth is not unprecedented in the context of the past millennium.1

We would like to clarify the record: such claims are inconsistent with the preponderance of

scientific evidence.

We have authored the attached article, published in the July 8, 2003 issue ofEos. the transactions

of the American Geophysical Union, in order to respond in detail to the claims made by authors

Willie Soon and Sallie Baliunas. Our article represents the robust consensus viewT of climate

scientists: late 20th century warmth was unprecedented over at least the past millennium. Such
anomalous warmth cannot be explained by natural factors; it is likely that anthropogenic factors

| played an important role. Evidence from paleoclimatic sources and modeling studies support the
view that there is a compelling basis for concern over future climate changes.

While the scientific community continues to engage in healthy debate over the details ofpast

climate change, the basic conclusions of the scientific research community remain constant:

human activities—primarily fossil fuel burning—are responsible for increasing greenhouse gas

concentrations, and increasing concentrations of greenhouse gases are wanning the planet. The

National Academy of Sciences' National Research Coimcil and the Intergovernmental Panel on

Climate Change have affirmed these conclusions, which are supported by the vast majority of the

scientific community.

Thank you for your interest in this critical issue.

Sincerely,

Michael E. Maim. Professor. Department of Environmental Sciences. University of Virginia

Michael Oppenheimer, Albeit G. Milbank Professor of Geosciences. Princeton University

pthers? [alphabetical] _ „ - -[ Formatted: Font: Italic

See e.g. "20th Century Climate Not So Hot", press-release. Harvard-Smithsonian Center for Astrophysics, March

31, 2003: http://cfa-www.harvard.edu/press/pr0310 html
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From: Michael E. Mann
To: Kevin Trenberth
Cc: Caspar M Ammann; Raymond Bradley; Keith Briffa; Tom Crowley; Malcolm Hughes; Phil Jones; jto@u.arizona.edu;

omichael@princeton.edu; Tim Osborn; Tom Wigley
Subject: Re: letter to Senate
Date: Tuesday, July 22, 2003 1:52:03 PM

Hi Kevin (and Caspar)

Thanks for your replies.

We tried to avoid making any recommendation with regard to policy, but I appreciate
nonetheless if you're uncomfortable with signing on to the statement.

I think its implicit here that we're signing this as individuals. At most academic institutions,
scientists are allowed, under principles of academic freedom, to sign on to such statements as
long as they don't state, or imply, that these represent the opinion of the institution
[incidentally, a U.Va 'colleague' of mine has flagrantly violated this latter condition in the past,
but it takes a lot to enforce such violations].  Perhaps NCAR has stricter guidelines, however,
and I wouldn't want to see you get into any hot water...

So we'll respectfully proceed w/out your signatures,

best regards,

mike

At 01:43 PM 7/22/2003 -0600, Kevin Trenberth wrote:

Hi all

I have some disquiet about this.  I understand the purpose of it but it really probably
comes under the heading of lobbying.  Some people are restricted in this and even at
UCAR I think we have to keep track of anything like this: I don't think we are free to
do it under UCAR or NCAR auspices.  I believe we are free to do this as individuals
but I think there are restrictions on us as members of NCAR.  If the letter were
simply to say here is an article FYI and nothing more it might be better in that
regard.
Now I am not sure about the details but there is a line here and we have to be
careful.  So I would prefer not to sign this.
Kevin

Michael E. Mann wrote:

Dear fellow Eos co-authors,

Given the continued assault on the science of climate change by some on
Capitol Hill, Michael and I thought it would be worthwhile to send this
letter to various members of the U.S. Senate, accompanied by a copy of
our Eos article.

Can we ask you to consider signing on with Michael and me (providing
your preferred title and affiliation). We would like to get this out ASAP.

Thanks in advance,

Michael M and Michael O

______________________________________________________________
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                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu  Phone:    FAX: 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

-- 
****************
Kevin E.
Trenberth                          
   e-mail:
trenbert@ucar.edu
Climate Analysis Section,
NCAR             
    www.cgd.ucar.edu/cas/
P. O. Box
300                  
   
Bou
8030              
     (fax)

Street address: 3080 Center Green Drive, Boulder, CO  80301

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Tom Wigley; Jonathan Overpeck
Cc: Caspar M Ammann; Raymond Bradley; Keith Briffa; Tom Crowley; Malcolm Hughes; Phil Jones; omichael@princeton edu; Tim Osborn;

Kevin Trenberth; mann@virginia.edu
Subject: Re: letter to Senate
Date: Tuesday, July 22, 2003 7:08:34 PM

Dear all,

OK then. Some folks in DC thought it would be helpful to have something like this to fight the
disinformation campaign being waged against the science. But I agree that it gets dangerous if 
climate scientists sign on to a statement that appears to be advocating policy. And given the
comments I've received from you all, its clear that this runs that danger.

I'll let folks know that a different approach needs to be considered.  I'll keep you posted of any
developments.

thanks,

mike

At 06:52 PM 7/22/2003 -0600, Tom Wigley wrote:

Folks,

I am inclined to agree with Peck. Perhaps a little more thought and time could lead to
something with much more impact?

Tom.
_____________________________

Jonathan Overpeck wrote:

Hi all - I'm not too comfortable with this, and would rather not sign - at least
not without some real time to think it through and debate the issue. It is
unprecedented and political, and that worries me.
My vote would be that we don't do this without a careful discussion first.
I think it would be more appropriate for the AGU or some other scientific org to
do this - e.g., in reaffirmation of the AGU statement (or whatever it's called) on
global climate change.
Think about the next step - someone sends another letter to the Senators, then
we respond, then...
I'm not sure we want to go down this path. It would be much better for the
AGU etc to do it.
What are the precedents and outcomes of similar actions? I can imagine a
special-interest org or group doing this like all sorts of other political actions,
but is it something for scientists to do as individuals?
Just seems strange, and for that reason I'd advise against doing anything with
out real thought, and certainly a strong majority of co-authors in support.
Cheers, Peck
 

Dear fellow Eos co-authors,

Given the continued assault on the science of climate change by
some on Capitol Hill, Michael and I thought it would be worthwhile
to send this letter to various members of the U.S. Senate,
accompanied by a copy of our Eos article.

Can we ask you to consider signing on with Michael and me
(providing your preferred title and affiliation). We would like to get
this out ASAP.

Thanks in advance,
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Michael M and Michael O

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

Attachment converted: Macintosh HD:EOS.senate letter-final.doc
(WDBN/MSWD) (00055FCF)

-- 
Jonathan T. Overpeck
Director, Institute for the Study of Planet Earth
Professor, Department of Geosciences
Mail and Fedex Address:
Institute for the Study of Planet Earth
715 N. Park Ave. 2nd Floor
University of Arizona
Tucson, AZ 85721
direct tel: +1 520 622-9065
fax: +1 520 792-8795
http://www.geo.arizona.edu/Faculty Pages/Overpeck.J.html
http://www.ispe.arizona.edu/

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes
Cc: Caspar M Ammann; Raymond Bradley; Keith Briffa; Tom Crowley; Malcolm Hughes
Subject: Re: letter to Senate
Date: Wednesday, July 23, 2003 4:28:36 AM

Thanks Malcolm,

This is what I have suggested now,

mike

At 09:57 PM 7/22/2003 -0700, Malcolm Hughes wrote:

Mikes - how about the suggestion someone made of simply drawing the 
attention of Senators (more likely their staff) to the EOS article? Cheers, 
Malcolm
> Dear all,
> 
> OK then. Some folks in DC thought it would be helpful to have
> something like this to fight the disinformation campaign being waged
> against the science. But I agree that it gets dangerous if climate
> scientists sign on to a statement that appears to be advocating
> policy. And given the comments I've received from you all, its clear
> that this runs that danger.
> 
> I'll let folks know that a different approach needs to be considered.
> I'll keep you posted of any developments.
> 
> thanks,
> 
> mike
> 
> At 06:52 PM 7/22/2003 -0600, Tom Wigley wrote:
>     Folks,
> 
>     I am inclined to agree with Peck. Perhaps a little more thought
>     and time could lead to something with much more impact?
> 
>     Tom.
>     _____________________________
> 
>     Jonathan Overpeck wrote:
>     Hi all - I'm not too comfortable with this, and would rather not
>     sign - at least not without some real time to think it through and
>     debate the issue. It is unprecedented and political, and that
>     worries me. My vote would be that we don't do this without a
>     careful discussion first. I think it would be more appropriate for
>     the AGU or some other scientific org to do this - e.g., in
>     reaffirmation of the AGU statement (or whatever it's called) on
>     global climate change. Think about the next step - someone sends
>     another letter to the Senators, then we respond, then... I'm not
>     sure we want to go down this path. It would be much better for the
>     AGU etc to do it. What are the precedents and outcomes of similar
>     actions? I can imagine a special-interest org or group doing this
>     like all sorts of other political actions, but is it something for
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>     scientists to do as individuals? Just seems strange, and for that
>     reason I'd advise against doing anything with out real thought,
>     and certainly a strong majority of co-authors in support. Cheers,
>     Peck
> 
>     Dear fellow Eos co-authors,
> 
>     Given the continued assault on the science of climate change by
>     some on Capitol Hill, Michael and I thought it would be worthwhile
>     to send this letter to various members of the U.S. Senate,
>     accompanied by a copy of our Eos article.
> 
>     Can we ask you to consider signing on with Michael and me 
>     (providing your preferred title and affiliation). We would like to
>     get this out ASAP.
> 
>     Thanks in advance,
> 
>     Michael M and Michael O
> 
>     _________________________________________________________
>     _____
>     Professor Michael E. Mann
>      Department of Environmental Sciences, Clark Hall
>     University of Virginia
>     Charlottesville, VA 22903
>     _________________________________________________________
>     ______________
>     e-mail: mann@virginia.edu Phone:  (434) 982-
>     2137 http://www.evsc.virginia.edu/faculty/people/mann.shtml
> 
> 
>     Attachment converted: Macintosh HD:EOS.senate letter-final.doc
>     (WDBN/MSWD) (00055FCF)
> 
>     -- 
>     Jonathan T. Overpeck
>     Director, Institute for the Study of Planet Earth
>     Professor, Department of Geosciences
>     Mail and Fedex Address:
>     Institute for the Study of Planet Earth
>     715 N. Park Ave. 2nd Floor
>     University of Arizona
>     Tucson, AZ 85721
>     direct tel: +1 520 622-9065
>     fax: +1 520 792-8795
>     http://www.geo.arizona.edu/Faculty Pages/Overpeck.J.htmlhttp://www
>     .ispe. arizona.edu/
> 
> 
> ____________________________________________________________
> __
>  Professor Michael E. Mann
>  Department of Environmental Sciences, Clark Hall
>  University of Virginia
>  Charlottesville, VA 22903

ABOR/MH/Priv-005130



>
______________________________________________________________________

> _ e-mail: mann@virginia.edu Phone:  FAX: 
>  http://www.evsc.virginia.edu/faculty/people/mann.shtml

Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

ABOR/MH/Priv-005131



From: Michael E. Mann
To: Tom Wigley; Michael Oppenheimer
Cc: Jonathan Overpeck; Caspar M Ammann; Raymond Bradley; Keith Briffa; Tom Crowley; Malcolm Hughes; Phil Jones; Tim Osborn; Kevin Trenberth; Ben

Santer; Steve Schneider; mann@virginia.edu
Subject: Re: letter to Senate
Date: Wednesday, July 23, 2003 8:19:27 PM

Tom,

Thanks for your email, and your (and Ben's) thoughtful comments on all of this...

I think the Eos piece has gone a long way to discrediting the 'science'  behind the "BS" papers (well, technically,
"SB", but I prefer the reverse order too). The paper Phil and I have in press in GRL (hopefully to appear within a
few weeks now) will reinforce this. But the BS papers certainly got a lot more mileage than they should have.
The fact that the forces of disinformation were able to get that much mileage out of these two awful papers
written by those  clowns should remain  a real cause for concern.

Their ability to repeatedly co-opt the Harvard news office  remains a real problem. Nobody I've talked to at
Harvard is happy about this, and there's been talk of action on the part of various of the faculty, but nobody
seems willing or able to  mount enough of an effort to get anything done about this. Apparently there was a
threat of a lawsuit against Harvard last time folks there tried to do something about Baliunas, and so they may
have lost their nerve. But I know our Harvard colleagues are not happy about continually having their institutional
name dragged through the mud. If someone has close ties w/ any individuals there who might be in a position to
actually get some action taken on this,  I'd highly encourage pursuing this.

Re, an NAS committee--this is an interesting idea. But I wonder if a committee on BS would be overkill, perhaps
giving these fools just the stage that they're looking for.  An alternative would be, as you say,  to take this on in
the context of another more general NAS panel. Coincidentally, there is already a  panel on "Radiative Forcing
Effects on Climate" which convenes this falI. I believe the panel makeup is now in the public domain (or will be
within days, on the NAS website) so there's no secret here. I'm on the panel. Daniel Jacob will be chairing it, and
others on it are Jeff Kiehl, Francis Zwiers, Roni Avissar, Judith Lean, Stuart Gaffin, Lynn Russell. Also on the
panel will be Ramanathan, Pielke Sr, Gerard Bond, Ulrike Lohmann, and Hadi Dowlatabadi (whom I don't know).
Its a somewhat odd makeup, and I suspect that consensus will not be easy (there are at least a couple obvious
trouble spots), but there is certainly a core group of reasonable folks on the panel, and this could be an
opportunity to clarify the state of the science on long-term forced variability (including e.g. comparisons of model
simulations and reconstructions of the past 1000 years). This, at least indirectly, would deal w/ the BS issue.

I'm interested in the thoughts of others on any of the above.

cheers,

mike

At 08:13 PM 7/23/2003 -0600, Tom Wigley wrote:

Folks,

Here are some thoughts about the Soon issue, partly arising from talking to Ben.

What is worrying is the way this BS paper has been hyped by various groups. The publicity has meant
that the work has entered the conciousness of people in Congress, and is given prominence in some
publications emanating from that sector. The work appears to have the imprimateur of Harvard, which
gives it added credibility.

So, what can we as a community do about this? My concerns are two-fold, and I think these echo all
of our concerns. The first is the fact that the papers are simply bad science and the conclusions are
incorrect. The second is that the work is being used quite openly for political purposes.

As scientists, even though we are aware of the second issue, we need to concentrate on exposing the
scientific flaws. We also need to do this in as authoritative a way as possible. I do not think it is
enough to speak as individuals or even as a group of recognized experts. Even as a group, we will not
be seen as having the 'power' of the Harvard stamp of approval.

What I think is necessary is to have the expressed support of both AGU and AMS. It would also be
useful to have Harvard disassociate themselves from the work. Most importantly, however, we need
the NAS to come into the picture. With these 4 institutions, together with us (and others) as experts,
pointing out clearly that the work is scientific rubbish, we can certainly win this battle.

I suggest that we try to get NAS to set up a committee to (best option) assess the science in the two
BS papers, or (less good, but still potentially very useful) assess the general issue of the paleo record
for global- or hemispheric-scale temperature changes over the past 1000 years. The second option
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seems more likely to be acceptable to NAS. This is arguably an issue of similar importance to the
issue of climate sensitivity uncertainties which NAS reviewed earlier this year (report still in
preparation).

I am not sure how to fold AGU and AMS into this -- ideas are welcome. Similarly, perhaps some of
you know some influential Harvard types better than I do and can make some suggestions here.

The only way to counter this crap is to use the biggest guns we can muster. The Administration and
Congress still seem to respect the NAS (even above IPCC) as a final authority, so I think we should
actively pursue this path.

Best wishes,
Tom.

Michael Oppenheimer wrote:

Dear All:
Since several of you are uncomfortable, it makes good sense to step back and
think about a more considered approach.  My view is that scientists are fully
justified in taking the initiative to explain their own work and its relevance in
the policy arena. If they don't, others with less scruples will be heard
instead.  But each of us needs to decide his or her own comfort zone.
In this case, the AGU press release provides suitable context, so it may be that
neither a separate letter nor another AGU statement would add much at this time.
But this episode is unlikely to be the last case where clarity from individuals
or groups of scientists will be important.
Michael

Tom Wigley wrote:

Folks,

I am inclined to agree with Peck. Perhaps a little more thought and time
could lead to something with much more impact?

Tom.
_____________________________

Jonathan Overpeck wrote:

Hi all - I'm not too comfortable with this, and would rather not sign -
at least not without some real time to think it through and debate
the
issue. It is unprecedented and political, and that worries me.

My vote would be that we don't do this without a careful discussion
first.

I think it would be more appropriate for the AGU or some other
scientific org to do this - e.g., in reaffirmation of the AGU statement
(or whatever it's called) on global climate change.

Think about the next step - someone sends another letter to the
Senators, then we respond, then...

I'm not sure we want to go down this path. It would be much better
for
the AGU etc to do it.

What are the precedents and outcomes of similar actions? I can
imagine a
special-interest org or group doing this like all sorts of other
political actions, but is it something for scientists to do as
individuals?
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Just seems strange, and for that reason I'd advise against doing
anything with out real thought, and certainly a strong majority of
co-authors in support.

Cheers, Peck

Dear fellow Eos co-authors,

Given the continued assault on the science of climate
change by some
on Capitol Hill, Michael and I thought it would be
worthwhile to send
this letter to various members of the U.S. Senate,
accompanied by a
copy of our Eos article.

Can we ask you to consider signing on with Michael and
me (providing
your preferred title and affiliation). We would like to get
this out ASAP.

Thanks in advance,

Michael M and Michael O

______________________________________________________________

                   Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                     University of Virginia
                    Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:   
FAX: 
       
http://www.evsc.virginia.edu/faculty/people/mann.shtml

Attachment converted: Macintosh HD:EOS.senate letter-
final.doc
(WDBN/MSWD) (00055FCF)

--

Jonathan T. Overpeck
Director, Institute for the Study of Planet Earth
Professor, Department of Geosciences

Mail and Fedex Address:

Institute for the Study of Planet Earth
715 N. Park Ave. 2nd Floor
University of Arizona
Tucson, AZ 85721
direct tel: +1 520 622-9065
fax: +1 520 792-8795
http://www.geo.arizona.edu/Faculty_Pages/Overpeck.J.html
http://www.ispe.arizona.edu/
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______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Tom Crowley; Michael Oppenheimer
Cc: Jonathan Overpeck; Caspar M Ammann; Raymond Bradley; Keith Briffa; Tom Crowley; Malcolm Hughes; Phil Jones; Tim Osborn; Kevin

Trenberth
Subject: Re: letter to Senate
Date: Thursday, July 24, 2003 7:47:10 AM

Hi Tom,

Basically, that's the tack I've suggested. Some NGO's thought the co-authors should draft a letter, etc.
In the end, I've suggested they simply send out a copy of our Eos article (which they're free, of
course, to do) to selected legislators. 

I think that's what's happening. Will keep you posted on any further developments,

mike

At 10:22 AM 7/24/2003 -0400, Tom Crowley wrote:

this has gotten too complicated.....

I doubt AGU is going to contact the senators on this officially - I am not sure they should. 
why doesn't Mike M., as the senior author on the paper, just send an information copy to
John McCain - practically the only Republican who has power and still seems somewhat
sane.  Mike does not need the permission of either his co-authors or AGU to do this - it is
simply an information item as a point of note.

Tom

Dear All:

Since several of you are uncomfortable, it makes good sense to step back and
think about a more considered approach.  My view is that scientists are fully
justified in taking the initiative to explain their own work and its relevance in
the policy arena. If they don't, others with less scruples will be heard
instead.  But each of us needs to decide his or her own comfort zone.

In this case, the AGU press release provides suitable context, so it may be that
neither a separate letter nor another AGU statement would add much at this
time.
But this episode is unlikely to be the last case where clarity from individuals
or groups of scientists will be important.

Michael

Tom Wigley wrote:

 Folks,

 I am inclined to agree with Peck. Perhaps a little more thought and
time
 could lead to something with much more impact?

 Tom.
 _____________________________

 Jonathan Overpeck wrote:
 > Hi all - I'm not too comfortable with this, and would rather not
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sign -
 > at least not without some real time to think it through and debate
the
 > issue. It is unprecedented and political, and that worries me.
 >
 > My vote would be that we don't do this without a careful
discussion first.
 >
 > I think it would be more appropriate for the AGU or some other
 > scientific org to do this - e.g., in reaffirmation of the AGU
statement
 > (or whatever it's called) on global climate change.
 >
 > Think about the next step - someone sends another letter to the
 > Senators, then we respond, then...
 >
 > I'm not sure we want to go down this path. It would be much
better for
 > the AGU etc to do it.
 >
 > What are the precedents and outcomes of similar actions? I can
imagine a
 > special-interest org or group doing this like all sorts of other
 > political actions, but is it something for scientists to do as
individuals?
 >
 > Just seems strange, and for that reason I'd advise against doing
 > anything with out real thought, and certainly a strong majority of
 > co-authors in support.
 >
 > Cheers, Peck
 >
 >
 >
 >> Dear fellow Eos co-authors,
 >>
 >> Given the continued assault on the science of climate change by
some
 >> on Capitol Hill, Michael and I thought it would be worthwhile to
send
 >> this letter to various members of the U.S. Senate, accompanied
by a

 > >> copy of our Eos article.
 > >>
 > >> Can we ask you to consider signing on with Michael and me (providing
 > >> your preferred title and affiliation). We would like to get this out ASAP.

 >>
 >> Thanks in advance,
 >>
 >> Michael M and Michael O
 >
 >>
______________________________________________________________

 >>                     Professor Michael E. Mann
 >>            Department of Environmental Sciences, Clark Hall
 >>                       University of Virginia
 >>                      Charlottesville, VA 22903
 >>
_______________________________________________________________________

 >> e-mail: mann@virginia.edu   Phone:    FAX:
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 >>          http://www.evsc.virginia.edu/faculty/people/mann.shtml
 >
 >>

 > >> Attachment converted: Macintosh HD:EOS.senate letter-final.doc

 >> (WDBN/MSWD) (00055FCF)
 >
 >
 >
 > --
 >
 > Jonathan T. Overpeck
 > Director, Institute for the Study of Planet Earth
 > Professor, Department of Geosciences
 >
 > Mail and Fedex Address:
 >
 > Institute for the Study of Planet Earth
 > 715 N. Park Ave. 2nd Floor
 > University of Arizona
 > Tucson, AZ 85721
 > direct tel: +1 520 622-9065
 > fax: +1 520 792-8795
 > http://www.geo.arizona.edu/Faculty_Pages/Overpeck.J.html
 > http://www.ispe.arizona.edu/

Content-Type: text/x-vcard; charset=us-ascii;
 name="omichael.vcf"
Content-Transfer-Encoding: 7bit
Content-Description: Card for Michael Oppenheimer
Content-Disposition: attachment;
 filename="omichael.vcf"

Attachment converted: Macintosh HD:omichael 2.vcf (TEXT/ttxt) (0001BAD6)

-- 
Thomas J. Crowley
Nicholas Professor of Earth Systems Science
Dept. of Earth and Ocean Sciences
Nicholas School of the Environment and Earth Sciences
Box 90227
103  Old Chem Building Duke University
Durham, NC  27708

tcrowley@duke.edu

  fax

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Jonathan Overpeck; Michael Oppenheimer
Cc: Caspar M Ammann; Raymond Bradley; Keith Briffa; Tom Crowley; Malcolm Hughes; Phil Jones; Tim Osborn; Kevin Trenberth;

ethompso@magnus acs.ohio-state.edu
Subject: Re: letter to Senate
Date: Thursday, July 24, 2003 10:03:19 AM

Thanks Peck,

These are interesting thoughts to mull over. Perhaps Ellen can comment at some point about whether
it would be possible to get AGU to take a more active role. I realize this could be a tricky issue...

Re, Michael contacting Donald Kennedy about some possible activity on AAAS' part, that seems like a
great idea too.

Now, back to putting out some fires (not the AZ kind, but the DC kind),

mike

At 09:24 AM 7/24/2003 -0700, Jonathan Overpeck wrote:

Hi all - the debate on whether or not our author team should send letters/reprints directly
to members of Congress is a tough one for sure. I think the ideal thing would be if AGU
would be willing to send a copy of our paper, along with their stand on climate change,
and an affirmation that this stand is even stronger now than it was x years ago when it
was first taken. The good press release was positive, but it's only part of what I think their
responsibility should be. I, for one, would be willing to co-sign a letter to the AGU pres
and whomever, to do just this. Then, it's not just a couple scientists who wrote a paper,
but the largest professional society in the field sending a message to Congress. I feel that
is their job. I've cc'd this to Ellen Mosley-Thompson as someone who might have thoughts
and influence.

I agree that we, as individuals have a responsibility too. But, would it make a difference?
Enough so to balance out doing something that is mostly w/o precedent. AGU could have a
much larger impact.

Have you seen...

http://www.washingtonpost.com/wp-dyn/articles/A40912-2003Jul10.html

This is a well written piece that should have impact. Although I do understand that some
in Congress really don't understand where the science stands, I think more of them are
smart enough to know (or have staff who know). The problem is less science, and more
politics - policy. The Anderson op ed piece hits the mark. Focusing on the science is only a
diversion in some respects (although, I think we need more science on the issue too).

I am not closed to the idea of action - indeed, I admire all of you for being leaders in this
area. However, I really want to make sure we've thought it all out before doing something
that is pretty rare. Let the political interests lobby Congress. In the meantime, the science
gets more and more rock hard on this issue thanks to the hard work of people like you.

I could be wrong... (not about the hard work ;))

One idea - it would help to have feedback from a conservative Congressman (they are all
men, right?) on this, or his staffer. I have one such friend, and he wouldn't like the idea.
I've tried to give him a balanced view of the issue, but he views it as political pressure.
This guy is very smart, so you see, the issue isn't all about the science. Any positive
feedback from the intended audience - not from Democrats (they already know that Soon
et al was politically motivated poor science).

cheers, Peck

Dear All:
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Since several of you are uncomfortable, it makes good sense to step back and
think about a more considered approach.  My view is that scientists are fully
justified in taking the initiative to explain their own work and its relevance in
the policy arena. If they don't, others with less scruples will be heard
instead.  But each of us needs to decide his or her own comfort zone.

In this case, the AGU press release provides suitable context, so it may be that
neither a separate letter nor another AGU statement would add much at this
time.
But this episode is unlikely to be the last case where clarity from individuals
or groups of scientists will be important.

Michael

Tom Wigley wrote:

 Folks,

 I am inclined to agree with Peck. Perhaps a little more thought and
time
 could lead to something with much more impact?

 Tom.
 _____________________________

 Jonathan Overpeck wrote:
 > Hi all - I'm not too comfortable with this, and would rather not
sign -
 > at least not without some real time to think it through and debate
the
 > issue. It is unprecedented and political, and that worries me.

 > >

 > My vote would be that we don't do this without a careful
discussion first.
 >
 > I think it would be more appropriate for the AGU or some other
 > scientific org to do this - e.g., in reaffirmation of the AGU
statement
 > (or whatever it's called) on global climate change.
 >
 > Think about the next step - someone sends another letter to the
 > Senators, then we respond, then...
 >
 > I'm not sure we want to go down this path. It would be much
better for
 > the AGU etc to do it.
 >
 > What are the precedents and outcomes of similar actions? I can
imagine a
 > special-interest org or group doing this like all sorts of other
 > political actions, but is it something for scientists to do as
individuals?
 >
 > Just seems strange, and for that reason I'd advise against doing
 > anything with out real thought, and certainly a strong majority of
 > co-authors in support.
 >
 > Cheers, Peck
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 >
 >
 >
 >> Dear fellow Eos co-authors,
 >>
 >> Given the continued assault on the science of climate change by
some
 >> on Capitol Hill, Michael and I thought it would be worthwhile to
send
 >> this letter to various members of the U.S. Senate, accompanied
by a
 >> copy of our Eos article.
 >>
 >> Can we ask you to consider signing on with Michael and me
(providing
 >> your preferred title and affiliation). We would like to get this out
ASAP.
 >>
 >> Thanks in advance,
 >>
 >> Michael M and Michael O
 >
 >>
______________________________________________________________

 >>                     Professor Michael E. Mann
 >>            Department of Environmental Sciences, Clark Hall
 >>                       University of Virginia
 >>                      Charlottesville, VA 22903
 >>
_______________________________________________________________________

 >> e-mail: mann@virginia.edu   Phone:    FAX:

 >>          http://www.evsc.virginia.edu/faculty/people/mann.shtml
 >
 >>
 >> Attachment converted: Macintosh HD:EOS.senate letter-
final.doc
 >> (WDBN/MSWD) (00055FCF)
 >
 >
 >
 > --
 >
 > Jonathan T. Overpeck
 > Director, Institute for the Study of Planet Earth
 > Professor, Department of Geosciences
 >
 > Mail and Fedex Address:
 >
 > Institute for the Study of Planet Earth
 > 715 N. Park Ave. 2nd Floor
 > University of Arizona
 > Tucson, AZ 85721
 > direct tel: +1 520 622-9065
 > fax: +1 520 792-8795
 > http://www.geo.arizona.edu/Faculty_Pages/Overpeck.J.html
 > http://www.ispe.arizona.edu/

Content-Type: text/x-vcard; charset=us-ascii;
 name="omichael.vcf"
Content-Transfer-Encoding: 7bit
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Content-Description: Card for Michael Oppenheimer
Content-Disposition: attachment;
 filename="omichael.vcf"

Attachment converted: Macintosh HD:omichael 1.vcf (TEXT/ttxt) (0005693F)

-- 
Jonathan T. Overpeck
Director, Institute for the Study of Planet Earth
Professor, Department of Geosciences

Mail and Fedex Address:

Institute for the Study of Planet Earth
715 N. Park Ave. 2nd Floor
University of Arizona
Tucson, AZ 85721
direct tel: +1 520 622-9065
fax: +1 520 792-8795
http://www.geo.arizona.edu/Faculty_Pages/Overpeck.J.html http://www.ispe.arizona.edu/

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

ABOR/MH/Priv-005142



From: Michael E. Mann
To: Michael Oppenheimer; malcolm Hughes
Subject: Fwd: Re: Final climate letter to Senate
Date: Thursday, July 24, 2003 6:42:33 PM

Michael, Malcolm:

Thought I should forward to you my response to Aaron Rappoport...

mike

Date: Thu, 24 Jul 2003 18:18:38 -0400
To: Aaron Rappaport <arappaport@ucsusa.org>
From: "Michael E. Mann" <mann@virginia.edu>
Subject: Re: Final climate letter to Senate
Cc: mann@virginia.edu

Hi Aaron,

I'll be happy to sign on to this, with only one proviso: Please don't go  forward
with this if you can't get at least a dozen of the scientists to be willing to sign
on. Otherwise, the skeptics will be able to undermine the credibility of the
letter, and specifically target the individual scientists who *do* sign on for their
criticism. That would be a disaster, and a total backfire of the effort.

To this effect, you may want to broader the request beyond those individual
that appeared in this email distribution list, because many of the those at NCAR,
NOAA, etc. will not be willing to sign on to anything that looks like it is vaguely
political. Michael Oppenheimer and I know this from efforts we've already taken
to do something similar in the past,By my count, that already stacks the cards
against you. especially given the short order request during a popular travel
period for scientists.

A few obvious names are missing from the list:  Ray Bradley (U. Mass), Tim
Barnett (Scripps Inst/UCSD), Richard Somerville (Scripps Inst/UCSD)

please keep me posted on how this goes.

Thanks,

Mike M

At 05:57 PM 7/24/2003 -0400, you wrote:

All,

Thanks very much to those of you who took the time to send in
comments
on the draft of our sign on letter affirming that the principal findings
of the IPCC and NRC reports continue to be consensus positions. 
After
much thought, we decided to shorten the letter considerably.  Its
final
version is pasted below, and we'd be grateful if you'd consider
signing
on.
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Several recent documents that misrepresent the state of the science
have been circulated to Senate offices. (See list several paragraphs
below.)  Our contact with many offices shows that these documents
have
been successful in confusing a number of Senators on the state of
climate science.  Rebuttals have been written, however in the
political
realm rebuttals can always be criticized as representing only the
opinions of their authors.   Our letter is intended to counter this
criticism by demonstrating that climate scientists continue to stand
behind the IPCC and NRC reports.  It does not endorse or oppose
any
legislation.

The issue is urgent because the Senate will debate next week
whether to
attach several climate change-related amendments to the energy
bill. 
The only one of these that would limit GHG emissions is the
McCain-Lieberman bill, and it won't pass this time around.  However,
the
debate is widely recognized as a test of whether or not climate
science
has political traction in the Senate, so its outcome will impact the
momentum of climate policy for the foreseeable future. 

The documents described above include:

* a publication from the Senate's Republican Policy Committee on
climate change, which stated "there is no scientific consensus on
climate change" and then recycled several outdated criticisms of
climate
change science; 
* the two recent articles by Soon and Baliunas;
* a Washington Post op-ed by former Energy Secretary James
Schlesinger
titled, "Climate Change: The Science Isn't Settled", which reiterated
Soon and Baliunas's assertions and then criticized model projections
of
future climate on grounds that solar activity was not properly
accounted
for and that the models were not verified against "the vast climate
swings" of the past thousand years;

To sign on just reply to me.  Because of short timelines, we'll need
to
have all signatures by noon EST next Monday, July 28.

Thanks again for your consideration,

Aaron

Aaron Rappaport, Ph.D
Washington Representative for Global Warming
Union of Concerned Scientists
202/ 223 - 6133 x132
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---------------Letter------------------------------------------------------------
----------

July YY, 2003

United States Senate
Washington, DC 20510

Dear Senators Frist and Daschle:

Two years have elapsed since the publication of the most recent
reports
by the Intergovernmental Panel on Climate Change (IPCC) and the
National
Research Council (NRC) on the state of the science of climate
change and
its impacts on the United States and the rest of the world.  As
scientists engaged in research on these subjects, we are writing to
confirm that the main findings of these documents continue to
represent
the consensus opinion of the scientific community.  Indeed, these
findings have been reinforced rather than weakened by research
reported
since the documents were released.

In brief, the findings are that: 

1)      Anthropogenic climate change, driven by emissions of
greenhouse
gases, is already underway and responsible for most of the observed
warming over the last 50 years - the largest warming that has
occurred
in the Northern Hemisphere during at least the past 1000 years; 
2)      Over the course of this century the Earth is expected to warm
an
additional 2.5 to 10.5 °F, depending on future emissions levels and
on
the climate sensitivity - a sustained global rate of change exceeding
any in the last 10,000 years;
3)      Temperature increases in most areas of the U.S. are expected
to
be considerably higher than these global means because of our
nation's
northerly location
 and large average distance from the oceans;
4)      Even under mid-range emissions assumptions, the projected
warming would cause substantial impacts in the U.S., including an
increased likelihood of heavy and extreme precipitation events,
exacerbated drought, and sea level rise;
5)      Almost all plausible emissions scenarios result in projected
temperatures that continue to increase well beyond the end of this
century, raising the possibility of eventual devastating impacts such
as
the disintegration of the Greenland and Antarctic ice sheets, leading
to
widespread coastal inundation; and,
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6)      Due to the long lifetimes of greenhouse gases in the
atmosphere,
the longer emissions increase, the faster they will ultimately have to
be decreased in order to avoid dangerous interference with the
climate
system.

Evidence that climate change is already underway includes the
instrumental record, which shows a surface temperature rise of
approximately 1°F over the 20th century, the accelerated sea level
rise
during that century relative to the last few thousand years, global
retreat of mountain glaciers, reduction in snow cover extent, earlier
thawing of lake and river ice, the increase in upper air water vapor
over most regions in the past several decades, and the 0.09°F
warming of
the world's deep oceans since the 1950's.

Evidence that the warmth of the Northern Hemisphere during the
second
half of the last century was unprecedented in the last 1000 years
comes
from three major reconstructions of past surface temperatures,
which
used indicators such as tree rings, corals, ice cores, and lake
sediments for years prior to 1860, and instrumental records for the
interval between 1865 and the present.

On the subject of human causation of this warmth, the NRC report
stated
that, "The IPCC's conclusion that most of the observed warming of
the
last 50 years is likely to have been due to the increase in
greenhouse
gas concentrations accurately reflects the current thinking of the
scientific community on this issue."  Indeed, computer simulations
do
not reproduce any of the late 20th century warmth if they include
only
natural climate forcings such as emissions from volcanoes and solar
activity.  The warmth is only captured when the simulations include
forcings from human-emitted greenhouse gases present in the
atmosphere.

In summary, the main conclusions of the IPCC and NRC reports
remain
robust consensus positions supported by the vast majority of
researchers
in the fields of climate change and its impacts.  The body of
research
carried out since the reports were issued tends to strengthen their
conclusions.

Sincerely,

______________________________________________________________
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                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Tom Wigley; Phil Jones; Keith Briffa; Michael Oppenheimer; Raymond Bradley; Malcolm Hughes; Jonathan

Overpeck; Kevin Trenberth; Tom Crowley; Ben Santer; Steve Schneider; Caspar Ammann
Subject: Re: letter to CR
Date: Thursday, July 31, 2003 8:41:11 AM

Thanks Tom,

Had a chance to look over this briefly, and it looks really good--you raise some good
questions, which I'll try to get around to responding to ASAP, after I put other
various fires...

I have one concern about submitting this to CR. My own personal feeling is that we
have collectively now entered into an implicit boycott of the journal (including
submission, reviewing, and perhaps(?) even citing). I think that Von Storch et al's
resignation from the editorial board raises the bar, in this regard, now. The best thing
is to let this journal waste away into utter disrepute, so that the skeptics can't use it
the way they've been trying to...

So if are to submit this piece to CR, we violate any such implicit boycott. Is there
another alternative? You've put a lot of work into this, and I'd hate to see the effort
wasted. I'm open to suggestions,

mike

At 09:20 AM 7/31/2003 -0600, Tom Wigley wrote:

Dear all,

I voluntered some time back to write a critique of the Soon and Balliunas
paper (which I refer to as BS) to send to CR. I still plan to do this, and
hope for your support. I think it is important to have a pointed and
specific critique of this work published in the journal in which the original
work appeared.

In beginning this task, I went through the paper again carefully. This
raised a number of issues in my mind, articulated as questions in the
attached Word document. I am not suggesting here that all of these
issues be raised in any critique. Rather, answers from you to the various
questions will help me in formulating a critique that I will then bounce off
you for improvement.

Thanks for your help,

Tom.

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

ABOR/MH/Priv-005148



e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Keith Briffa; Tom Wigley; Phil Jones; Michael Oppenheimer; Raymond Bradley; Malcolm Hughes; Jonathan Overpeck; Kevin

Trenberth; Tom Crowley; Ben Santer; Steve Schneider; Caspar Ammann
Subject: Re: letter to CR
Date: Thursday, July 31, 2003 9:18:29 AM

Dear all,

I'm open to Keith's suggestion. Submission to CR, w/ Holocene as a backup plan, might be a
reasonable way to do. Will provide some answers to Tom's inquiries which I expect will be
complimentary to Keith's comments...

I share Keith's concern also about keeping Ed Cook too much outside the loop. He is, by
necessity, a player in all of this...

Perhaps Keith, who knows him best, might contact Ed and see what his feelings are about
potentially becoming constructively involved with this effort (Keith?)...

mike

At 05:02 PM 7/31/2003 +0100, Keith Briffa wrote:

Tom et al.
I am glad you are still prepared to do this. I think it is important that a dispassionate
, more-detailed critique of the paper is published . The EOS letter was a position
statement , kept brief so as not to dilute the message. 
I have to leave work now but will respond tomorrow to some of your points ,
obviously including some comments on the tree-ring questions. However, in response
to Mike's comments re the target journal - I still favour a submission to CR , as the
publisher of the original piece. The fact that it may be "rejected out of hand" is good
in my opinion and merely serves to emphasize to the neutral , the bias in the
editorial regime there. Of course The Holocene , would then be glad to consider the
rejected paper in such an event.
 I am also forwarding your questions directly to Ed , as it would be inappropriate to
comment without keeping him in the loop, and a waste not to seek his response
about the Esper et al paper and wider tree-ring questions , at least. 
best wishes
Keith

At 11:40 AM 7/31/03 -0400, Michael E. Mann wrote:

Thanks Tom,

Had a chance to look over this briefly, and it looks really good--you raise
some good questions, which I'll try to get around to responding to ASAP,
after I put other various fires...

I have one concern about submitting this to CR. My own personal feeling
is that we have collectively now entered into an implicit boycott of the
journal (including submission, reviewing, and perhaps(?) even citing). I
think that Von Storch et al's resignation from the editorial board raises the
bar, in this regard, now. The best thing is to let this journal waste away
into utter disrepute, so that the skeptics can't use it the way they've been
trying to...

So if are to submit this piece to CR, we violate any such implicit boycott.
Is there another alternative? You've put a lot of work into this, and I'd
hate to see the effort wasted. I'm open to suggestions,

mike
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At 09:20 AM 7/31/2003 -0600, Tom Wigley wrote:

Dear all,

I voluntered some time back to write a critique of the Soon
and Balliunas paper (which I refer to as BS) to send to CR. I
still plan to do this, and hope for your support. I think it is
important to have a pointed and specific critique of this work
published in the journal in which the original work appeared.

In beginning this task, I went through the paper again
carefully. This raised a number of issues in my mind,
articulated as questions in the attached Word document. I am
not suggesting here that all of these issues be raised in any
critique. Rather, answers from you to the various questions will
help me in formulating a critique that I will then bounce off
you for improvement.

Thanks for your help,

Tom.

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

--
Professor Keith Briffa, 
Climatic Research Unit 
University of East Anglia 
Norwich, NR4 7TJ, U.K.
  
Phone:     
Fax: 

http://www.cru.uea.ac.uk/cru/people/briffa/

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Tom Wigley; Phil Jones; Keith Briffa; Michael Oppenheimer; Raymond Bradley; Malcolm Hughes; Jonathan

Overpeck; Kevin Trenberth; Tom Crowley; Ben Santer; Steve Schneider; Caspar Ammann; Gabi Hegerl
Subject: Re: letter to CR
Date: Thursday, July 31, 2003 11:39:29 AM
Attachments: BS CR-mann.doc

Dear Tom et al,

Attached are my comments on Tom's CR comment draft (my comments in red).

Interested in the thoughts and comments of others. Cheers,

mike

At 09:20 AM 7/31/2003 -0600, Tom Wigley wrote:

Dear all,

I voluntered some time back to write a critique of the Soon and Balliunas
paper (which I refer to as BS) to send to CR. I still plan to do this, and
hope for your support. I think it is important to have a pointed and
specific critique of this work published in the journal in which the original
work appeared.

In beginning this task, I went through the paper again carefully. This
raised a number of issues in my mind, articulated as questions in the
attached Word document. I am not suggesting here that all of these
issues be raised in any critique. Rather, answers from you to the various
questions will help me in formulating a critique that I will then bounce off
you for improvement.

Thanks for your help,

Tom.

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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         From Tom Wigley, July 31 2003. 
 

        I am still planning to write a comment on the BS paper to send to CR – although I 
suspect that it will be rejected out of hand by Kinne. 

 
I have some questions that arise from the BS CR paper and would appreciate your 
comments and/or answers. I do not propose to address all or even more than a few of 
these issues, but I would like to be forewarned to combat possible responses to my 
comments. 
 
Interestingly, a lot of these issues are dealt w/ by Phil and me in our article to be submitted 
to "Reviews of Geophysics"--we'll send out a draft once its ready. Some specific 
comments below (all my comments in red font) 
 
Mike 
 
(1) I note that BS do not specifically claim that the LIA was cold or that the MWE was 
warm, just that they contained ‘an objectively discernible climatic anomaly’ (p. 90 – and 
see also the last sentence in Section 4 on p. 96). Of course, BS do imply cold LIA and 
warm MWE, by seeking only cold anomalies in the LIA and warm anomalies in the MWE, 
but they are not specific.  Further, they do not say anything about contemporaneousness 
of anomalies.  I think the bottom line is that, with their definitions, they do prove their case. 
Do you agree with this? The main point is that this is a useless and meaningless result. I 
need to be careful with my wording here.  
 
This is exactly my thinking here as well.  
 
(2) On p. 91 (top, right) they say ‘multi-phased events’. What do you think this means? 
 
Well, though I can't really put my self inside their minds (and I really don't want to!) I 
assume they mean that there were intermittent 'bursts', rather than continuous, anomalous 
conditions--in other words, yet another wishy-washy criterion to guarantee their 'detection' 
of anomalous behavior. 
 
(3) They make the point that tree rings cannot give reliable information on time scales 
greater than about 50 years. I must say that, in spite of some valiant efforts to overcome 
this problem, I agree. Even claims to have overcome the problem must be difficult to prove 
since we have nothing with which to test the claims (or, even if we did have, I have yet to 
see a convincing validation). I may be out of date here – what is the latest word? [I note 
that most of the Mann-type reconstructions rely mainly on tree ring data, so this does 
seem a weakness. It does not relate to the validity of BS – but it is important. I note also 
that BS cite (p. 97) Jones et al. (1998) who say that it requires ‘considerable faith’ to use 
trees to get at the climate on the century time scale. Is Jones et al. hoist by their own 
petard, or is this opinion no longer valid?]  
 
There are valid criticisms to be made, and their remain issues here that still need to be resolved within the 
dendro community--I think you'll find Keith, Phil, me, Malcolm, Ray, Tim and just everybody else here in 
agreement on that. But BS of course discuss this in a disingenuous manner. As you allude to, some very 
conservative methodologies have now been developed for retaining meaningful climatic variance on 
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millennial timescales from tree-ring chronologies. Malcolm and Keith can speak about this far more 
intelligently than I can. And reconstructions based entirely on tree-ring data (that have been very 
conservatively standardized for growth-related trends) show good qualitative agreement w/ the multiproxy 
reconstructions that make use of a mix of proxy types. One key point conveniently ignored by the skeptics is 
that we have actually demonstrated reasonably convincingly in this paper: 
 
Mann, M.E., Gille, E., Bradley, R.S., Hughes, M.K., Overpeck, J.T., Keimig, F.T., Gross, W.,  Global  
Temperature Patterns in Past Centuries: An interactive presentation, Earth Interactions, 4-4, 1-29, 2000. 
 
That the low-frequency variations in our Northern Hemisphere mean temperature reconstruction are 
relatively robust with respect to the total disclusion of dendroclimatic indicators! This is available online 
here: 
 
http://www.ngdc.noaa.gov/paleo/ei/ei_nodendro.html 
 
Of course, we can only do this back to the mid 18th century, as there are few corals, ice cores, etc. that go 
back that much further. But at least back through the 18th century, the criticism that we underestimate the 
low-frequency variability based on the use of tree-ring information can clearly be demonstrated as fall. In 
our '99 GRL article, we showed that the critical millennial-length indicators in our network, and the resulting 
millennial hemispheric reconstruction,  retained significantly greater zero-frequency variance than would be 
expected for an AR(1) process, shedding doubt on the claim that there is a significant loss of trend with the 
indicators used. In large part, this may be because the critical tree-ring reconstructions (e.g. from the 
Western U.S.) were based on multi-millennial length chronologies, so that the "segment length curse" wasn't 
even an issue on millennial timescales. 
 
(4) Another point they make that I agree with is the possibly ephemeral nature of 
calibration relationships. I may have been one of the first to point out this problem (I think 
in: Wigley, T.M.L., 1983:  The role of statistics in climate impact analysis.  Proceedings of the Second International Meeting on 

Statistical Climatology, Lisbon, Portugal, Instituto Nacional de Meteorologia e Geofísica, 8.1.1–8.1.10), but it has recently 
been resurrected. How important is this? Has it been tested in the context of Mann-type 
reconstructions? 

 
 Yes, its been tested now in three papers (one of them based on the use of 'synthetic' 

proxy networks derived by statistical resampling of an infilled version of the instrumental 
record back to 1856: 

 
Mann, M.E., Rutherford, S., Climate Reconstruction Using 'Pseudoproxies', Geophysical Research 
Letters, 29 (10), 1501, doi: 10.1029/2001GL014554, 2002. 

 
  two of them based on analysis of long control and forced model simulations (GFDL and 

ECHAM, respectively): 
 

Rutherford, S., Mann, M.E., Delworth, T.L., Stouffer, R., Climate Field Reconstruction Under Stationary 
and Nonstationary Forcing, Journal of Climate, 16, 462-479, 2003. 
 
Zorita, E., F. González-Rouco, and S. Legutke, Testing the Mann et al. (1998) Approach to Paleoclimate 
Reconstructions in the Context of a 1000-Yr Control Simulation with the ECHO-G Coupled Climate Model. 
J. Climate, 16, 1378-1390, 2003. 
 
The various studies demonstrate that eigenvector-based reconstruction methods perform 
efficiently and without bias, given modest networks of indicators with reasonable signal-to-
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noise ratios, in both stationary and, perhaps more surprisingly, non-stationary forcing 
scenarios (the latter is demonstrated by Rutherford et al who alternatively train and 
reconstruct during intervals of stationary behavior and  significant anthropogenic warming 
in simulations with the GFDL R30 coupled model). 

 
         (5) They make some use of Esper et al. (2002). Much as I respect Ed Cook, one of the co-

authors, I thought this was a pretty poor paper. What is the current view? Has it been 
criticized in the literature?  

  
 With all due respect to Ed (who I both like and respect as a  

 it was a poor paper. I suspect (though I can't know for sure) that Ed regrets he was a co-
author on the paper. The  results and/or the interpretation of the results advanced by the authors, have been 
discussed in a critical context in the following 4 articles: 

 
Mann, M.E., Hughes, M.K., Tree-Ring Chronologies and Climate Variability, Science, 296, 848, 2002. 
Mann, M.E., The Value of Multiple Proxies, Science, 297, 1481-1482, 2002. 
Mann, M.E., Jones, P.D., Global Surface Temperatures over the Past two Millennia, Geophysical Research 
Letters, in press, 2003. 
Shindell, D.T., Schmidt, G.A., Miller, R., Mann, M.E., Volcanic and Solar forcing of "Little Ice Age" 
Surface Temperature Changes, Journal of Climate, in press, 2003 

 
         The following paper just submitted to Journal of Climate: 
 

Rutherford, S., Mann, M.E., Osborn, T.J., Bradley, R.S., Briffa, K.R., Hughes, M.K., Jones, P.D., Proxy-
based Northern Hemisphere Surface Temperature Reconstructions: Sensitivity to Methodology, Predictor 
Network, Target Season and Target Domain, Journal of Climate, submitted, 2003 

 
   demonstrates rather convincingly, in my mind,  that the greater amplitude variability in Esper et al 

relative to other hemispheric temperature reconstructions can be explained in terms of the 
restricted spatial (extratropical continental interiors) and season (summer) sampling contributing to 
the estimate. 

 
         (6) They state (p. 98, bottom right) that in many cases the warmest proxy-based climate 

was in the early 20th century. Does this not imply a radical inconsistency between the 
proxy and the instrumental record? How does one get around this? 

 
 One gets around this by recognizing that these bozos are full of it...Recall that they mis-interpret the 

evidence with regard to temperature information, and are quite selective as to which evidence they refer to 
anyway. This is yet another absolute mis-statement of fact by two scientists who know nothing about what 
they're writing about. 

 
         (7) On p. 98 (top right) they say that some glaciers have advanced since the 19th century. 

They do note that this could be because other factors than temperature influence glaciers; 
but just how common are these glacier anomalies? 

 
 I believe there is a discussion of this in IPCC '01. I believe that Mark Meier and others have shown that the 

mass balance changes in the 20th century looking globally across all the mountain glaciers, are clearly 
anomalous in the context of the past millennium. I don't have the exact reference handy. 

 
         (8) They raise just below this the old saw about recovery from the LIA. I could scotch this 

one easily using MAGICC with an idealized case of Maunder Minimum and Dalton(?) 
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Minimum forcing to show that the memory of these events must have long since 
disappeared – something I have done a few times in talks. Is this worth putting into the 
comment? 

 
 Yes, the skeptics continue to make this moronic statement. I suggest you hammer in the nail... 
 
         (9) I was reminded of this one by text on p. 99 where they cite Lamb (1965). We showed 

years ago that Lamb’s decadal climate indices were garbage (most accessible in: Wigley, 

T.M.L., 1985:  The reconstruction of European climate on decadal and shorter time scales.  (In) Environment and Quality of Life, First 
R&D Programme in the Field of Climatology (eds. R. Fantechi and A. Ghazi), Report EUR 9920 EN, Directorate-General, Science, 

Research and Development, Commission of the European Communities, Brussels, Belgium, 81–88. ) The value of 
mentioning this (we never publicized it while Hubert was alive) is that it illustrates their use 
of data that has been discredited. There are other examples of this – but we do not need 
to be comprehensive to demonstrate ignorance. 

 
 Yes, we all know that there were some problems w/ Lamb's stuff (though it may have been the best one 

could do w/ the available evidence) and moreover, these guys continue to misrepresent what Lamb actually 
said anyway (i.e., his definition of the MWP didn't involve global anomalies, or even mean temperature--
much of it deal w/ the incidence of extremes of temperature and changes in variance). There ought to be a 
way to clear the record while still being respectful to Lamb's memory. 

 
         (10) In the same vein, there are important works that they have ignored. One is the paper 

Larry Williams and I wrote that was one of the earliest to demonstrate the spatial 
differences in the timing of past changes (Williams, L.D. and Wigley, T.M.L., 1983:  A comparison of evidence for 

late Holocene summer temperature variations in the Northern Hemisphere.  Quaternary Research 20, 286–307). This may be 
worth mentioning since it shows how out of date their ideas are. They fall back on Lamb 
(1965) and Bryson et al. (1963) – see p. 104, right middle – for their ‘model’ of past 
change, but Larry and I discredited this idea 20 years ago.  

 
 Yes, Phil and I reference Williams and Wigley in our ROG paper, but this would be a good opportunity to 

provide a bit more historical background on this too. 
 
         (11) Another work that is ignored, not only by BS but also by most paleo people is 

Rothlisberger’s massive glacier chronology. A problem here is that this can be interpreted 
as supporting the idea of multiple LIAs, in turn supporting BS. My own view is that the 
Holocene really is speckled with LIAs, associated with Maunder Minimum type reductions 
in solar irradiance. To balance this, however, I have also pointed out two important issues. 
First, it is difficult to prove this statistically (see Wigley, T.M.L. and Kelly, P.M., 1990:  Holocene climatic change, 
14C wiggles and variations in solar irradiance.  Philosophical Transactions of the Royal Society A330, 547–560) : and, second, it 
would be very difficult to see these events due to the magnitude of internally-generated 
variability (see Wigley, T.M.L. and Raper, S.C.B., 1995:  Modelling low-frequency climate variability:  the greenhouse effect and 

the interpretation of paleoclimatic data.  (In) Natural Climate on Decade to Century Time Scales (eds. D.G. Martinson, K. Bryan, M. Ghil, 

M.M. Hall, T.R. Karl, E.S. Sarachik, S. Sorooshian and L.D. Talley), National Academy Press, Washington, D.C., 169–174). In my 

view these are critical issues – again largely ignored by the paleo community – but they 
could be noted in the more general context of an assessment of the BS paper.  The glacier 
data, by the way, provides a low-pass filter that may partly overcome the signal-to-noise 
problem quantified in the Wigley and Raper (1995) paper. 
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 I agree in principle. But its tricky. As discussed below (comment #15) the European glacier 
expansion/recessions appears more consistent with an NAO pattern of winter precip changes, than any 
summer-temperature related ablation changes. A pretty convincing argument for this is made here: 

 
Reichert, B.K., L. Bengtsson, and J. Oerlemans, Recent glacier retreat exceeds internal variability, J. Climate, 
15, 3069-3081, 2002. 

 
 So, what the glacial mass balance tells us about temperature changes isn't really that clear, in my view. I see 

the glacial mass balance as a good body of evidence to use as 'verification' based on forward modeling of 
glacial mass balance fed by either model or proxy-based scenarios of past precip and temp forcing. We're not 
there yet. Reichert, Bengtsson, and Oerlemans have made a lot of progress on this though... 

 
         (12) In a number of places BS rely on Bradley and Jones (1993) to support their views. 

This is worrying. Do Bradley and Jones consider this work to be unreliable and/or out-of-
date? 

 
 Bradley and Jones (1993) is roughly consistent w/ all of the other reconstruction (Mann et al, Crowley and 

Lowery, Jones et al, 1998) etc., certainly within the uncertainties. Of course, it all depends on how the record 
is scaled--but its odd that they would cite Bradley and Jones (1993) as somehow being inconsistent with the 
other estimates. Especially, since Bradley and Jones are co-authors on most of the other work that has 
replaced this. Again, a disingenuous and selective citation of past work. Phil, Ray? 

 
         (13) In a number of places BS rely on ice-core isotope data (e.g., Dansgaard et al.’s crap 

paper in 1975; and various paper dealing with Antarctica). How many of these works are 
credible (noting that Phil and I and Marsh wrote a paper some time back pointing out flaws 
in work on Antarctica – but perhaps more recent work is more credible?) 

 
 There is definitely a big question mark that has to be put next to any estimate of past temperature changes 

from ice core o18 based on the paleothermometer approach (which equates spatial and temporal gradients in 
o18/temperature relationships--something that Jouzel has shown is not valid). Note that the rest of us always 
explicitly calibrate any such data against the modern instrumental record, rather than relying on 
inappropriate a priori paleothermometer calibrations. 

 
         (14) BS state that one cannot combine instrumental and proxy records (can’t find the 

specific quote, but there is related text on p. 103, lines 8 to 10 of Section 6). The latter less 
all-embracing quote may be fair – but to say that different types of data cannot be 
combined is tantamount to rejection of the whole field of regression analysis (and, in so 
doing, all Mann-type studies). I think this is worth commenting on …..? 

 
 Yes, in fact, I presented the following "question" to Soon and Legates in the set of 

questions that they are asked to answer as a followup to their senate testimony yesterday: 
 

For Dr. Legates and Dr. Soon: Do you claim that  appropriate statistical methods do not exist for 
calibrating statistical predictors, including climate proxy records, against a target variable, such as 
the modern instrumental temperature record? 

 
(15) One set of data that I found relatively convincing is the ocean data compiled on p. 100 
(Winter et al., 2000; Keigwin, 1996; deMenocal et al. (2000); Evans et al. (2000). Just how 
credible is this work? 
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 As is typical, they've mis-represented every one of these studies. In many cases, they've plain lied.  First of 
all, there is a huge problem w/ Winter et al. Tom (C) wrote a great paper about this in Paleoceanography a 
few years ago: 

 
Crowley, T.J., T.M. Quinn, and W.T. Hyde, Validation of coral temperature calibrations, Paleoceanography, 
14 (5), 605-615, 1999. 

 
 The problem is that some in the coral community, like Winter, still calibrate coral o18 against the seasonal 

cycle in surface temperature based on about 10 years ago, and use that calibration to estimate mean changes 
on longer timescales. The problem is that the temperature and salinity influences on o18 often have a very 
different phasing on the seasonal timescale than on interannual timescales--estimates done in this way don't 
appear to have any skill on interannual or longer timescales. The mean changes estimated by Winter et al are 
absolutely meaningless. Curiously, John Christy was a co-author on the Winter et al paper--that's a bit 
bizarre, isn't it... 

 
 As for the Keigwin, 1996 and Demonocal papers, this is about the most dishonest selective citation of 

literature I've ever seen. Keigwin published a followup to this in '99: 
 

Keigwin, L.D., and R.S. Pickart, Slope Water Current over the Laurentian Pan on Interannual to Millennial 
Time Scales, Science,  286, 520-523, 1999. 

 
 in which he argued that the evidence from two cores shows that there was *not* synchronous warming or 

cooling in the basin but, rather, a dipole pattern reminiscient of the NAO (this is consistent w/ other evidence 
from Luterbacher and others, and the paper by Shindell et al a couple years ago suggesting a negative NAO 
response to solar forcing in the GISS model w/ interactive stratosphere). Demenocal now has more 
widespread Mg/Ca measurements around the North Atlantic (which, we must recognize, are a very imprecise 
paleothermometer in the first place), and they support this same interpretation (and NAO-like pattern of 
warming/cooling rather than sychronolous warming or synchronoous cooling over the North Atlantic in past 
centuries). Their conclusions are not published yet, but here is his AGU abstract from last year: 

 
deMenocal, P., Marchitto, T., Guilderson, T., C. Hillaire-Marcel, Amplitudes and phasing of surface and 
deep NW Atlantic ocean temperature changes during the late Holocene, AGU Fall meeting, December, 2002. 

 
 And Evans et al, they said nothing of the sort!! They weren't trying to reconstruct mean changes. Kim Cobb 

and Julie Cole have both published independent evidence that warming in the tropical Pacific in the late 20th 
century is unusual in a long-term context. 

  
         (15) Another proxy data source that may well be credible is tree line data (they mention 

Hiller et al., 2001, on p. 100 – but I note that earlier work like LaMarche’s is ignored). Can 
you comment? I note that such data cannot be used in Mann-type analyses, but this does 
not mean that it should not be used to provide peripheral low-frequency information. 

 
 Malcolm, Keith, Ray? 
 
         (16) Can someone comment on Kitagawa and Matsumoto (1995) – cited on p. 101 of BS? 
 
 Someone else? 
 
         (17) There is a nice example of the silliness of the BS method on p. 102 (5.3.2). They note 

that the LIA in South Africa had two cold intervals and one warm interval. In Fig. 1 they 
give this a ‘yes’, accepting the cold intervals to support their criterion for the LIA, but 
ignoring the warm interval. If these events had occurred during the MWE then they would 
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presumably have done the opposite and used the evidence to support the existence of the 
MWE. I think this is worth pointing out …..? 

 
 Yes, it nicely underscores the hypocrisy, and non-objectivity, of their approach. 
 
         (18) On p. 103 (right top) they cite evidence for the warmth of the LIA interval in Antarctica. 

They then go on to dismiss these data as ‘preliminary’. What is the latest word on this? If 
the LIA were warm in Antarctica, this would be important.  

 
 See Mann and Jones (GRL, in press--available off my website if I didn't already send it to you). It shows that 

the SH temperature history is uncertain at best at this point. That's why we try to stick to the NH for the 
timebeing... 

 
         (19) On p. 104 (left bottom) they criticize Mann reconstructions because these did not 

account for instrumental uncertainties. I would have thought this was a very minor 
consideration – comments? 

 
 Yes-this uncertainty is minimal compared to the regression uncertainties during the 20th century calibration 

period used.  That is evident in the optimal estimates and associated uncertainties for hemispheric and global 
mean temperatures shown in chapter 2 of the 2001 IPCC. In even simpler terms, the difference in the 
estimate of the Northern Hemisphere temperature from the available gridpoints used in Mann et al for 
calibration, and the "true" Northern Hemisphere mean based on more complete very recent decades, is 
minimal compared to the other uncertainties.  

 
         Sorry to burden you with all this detail. Perhaps you could just add responses in track 

mode? 
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From: Michael E. Mann
To: Caspar Ammann; rbradley@geo.umass.edu; Keith Briffa; tom crowley; Malcolm Hughes;

omichael@princeton.edu; Tim Osborn; Jonathan Overpeck; Scott Rutherford; Kevin Trenberth; Tom Wigley
Subject: Fwd: EOS: Soon et al reply
Date: Sunday, October 05, 2003 5:24:17 AM
Attachments: 89167 1 art file 1 1064954457.pdf

Comments?

Mike

Delivered-To: mem6u@virginia.edu
Date: Sat, 04 Oct 2003 12:33:04 -0400
From: Ellen Mosley-Thompson <thompson.4@osu.edu>
Subject: EOS: Soon et al reply
X-Sender: ethompso@pop.service.ohio-state.edu
To: "Michael E. Mann" <mann@virginia.edu>
Cc: lzirkel@agu.edu, jjacobs@agu.org
X-Mailer: QUALCOMM Windows Eudora Version 6.0.0.22

Dear Dr. Mann (and co-authors of the Forum piece that appeared in
EOS),

Dr. Willie Soon and his co-authors have submitted a reply to your Forum
piece that I have accepted.   Let me outline below the official AGU
procedure for replies so that you know the options available.  I have sent
these same instructions to Dr. Soon.

As you wrote the original piece you now have the opportunity to see their
comment (attached) on your Forum piece.  You may decide whether or
not to send a reply.  If you choose not to reply - their reply will be
published alone. 

Should you decide to reply then your response will be published along
with their comment on your paper.   One little twist is that if you submit a
reply, they are allowed to see the reply, but they can't comment on it.  
They have two options: they can let both their and your comments go
forward and be published together or (after viewing your reply) they also
have the option of withdrawing their comment. In the latter case, then
neither their comment or your reply to the comment will be published. 
Yes this is a little contorted, but these are the instructions that I received
from Judy Jacobs at AGU.  

I have attached the pdf of their comment.  Please let me know within the
next week whether you and your colleagues plan to prepare a reply.  If
so, then you would have several weeks to do this. 

I have copied Lee Zirkel and Judy Jacobs of AGU as this paper is out of
the ordinary and I want to be sure that I am handling all this correctly.

I look forward to hearing from you regarding your decision on a reply.

Best regards,
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Ellen Mosley-Thompson
EOS, Editor
cc: Judy Jacobs and Lee Zirkel 

attachment

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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On Past Temperatures and Anomalous Late-20th Century Warmth -- A Response 
 
We write in response to the Forum article by Mann et al.  (July 8, 2003, “M03”), noting 
first two points of apparent agreement with our work [Soon and Baliunas, 2003; Soon et 
al., 2003; “SB03”]: 
 
(1) studies of climatic and environmental changes (including temperature) on 

hemispheric- or global-scales over time periods of millennia based on paleoclimate 
proxies must contend with significant uncertainties, and 

(2) knowledge of past climatic changes does not have a direct bearing on the climatic 
effects of anthropogenic carbon dioxide added to the air during the 20th century and 
beyond. 

 
M03 relies mainly on a Northern Hemisphere reconstruction of average annual 
temperature by Mann et al. [1999]. Their reconstruction calibrates environmental proxies 
going back many centuries using the thermometer record that extends back only to the 
1860s.  Their Northern Hemisphere reconstruction prior to 1400 C.E. depends sensitively 
on tree growth from one region, namely, trees growing at high elevations in western 
North America.  
 
For some tree species, annual growth rings can be measured to yield a proxy for warm-
season temperature. The tree growth indices, based on the width of an annual growth 
ring, and the growth-ring density formed in late summer, yield a positive correlation with 
warm-season temperature where thermometry is available. The value of tree growth 
records is that some extend back many centuries, well beyond the period for which 
instrumental temperature measurements exist. However, the 20th century – the 
instrumental calibration period for the tree growth indices – shows declining patterns of 
tree growth, despite rising temperatures, especially at high northern-latitude sites. Several 
causes have been offered for the divergence of recent tree growth and summer 
temperature – for example, land use or soil property changes, changes in the length of the  
growing season, or even changes in the efficiencies of water and nutrient utilization 
through perhaps physiological adaptation [Graybill and Idso 1993; Jacoby and D’Arrigo 
1995; Briffa et al. 1998; Feng 1999; Barber et al. 2000; Jacoby et al. 2000; Knapp et al. 
2001], but none has been convincingly established.  
 
The resultant uncertainty in the calibration of tree growth to temperatures, combined with 
the general difficulties with the subtraction of biological growth trends [Briffa et al. 
1998], may explain the different results derived independently, for example, from 
measurements of several thousand boreholes drilled through rock and ice. Results for 
boreholes show that Mann et al. [1999] have significantly underestimated variations of 
the Northern Hemisphere annual mean temperature on timescales of several decades to 
centuries  [Huang et al. 2000], and that the 20th century may not be as warm as it was 
roughly 1000 years ago [Huang et al. 1997]. Additional discussions were given on pp. 
258-264 (see especially footnote 18 on pp. 261-262) of Soon et al. [2003]. 
 
Each proxy for a climate variable has sampling deficiencies related to its spatial and 
temporal resolution. Added to these difficulties is the problem of calibrating proxies to 
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temperature based on surface thermometer records which can have potentially large 
biases related to historical land use changes, the growth of cities (“urban heat island 
effect”), uneven spatial sampling, and instrumental or technique changes [Christy et al., 
2001; DeGaetano and Allen, 2002; Pielke et al., 2002; Arnfield, 2003; Chase et al., 2003; 
Davey and Pielke, 2003; Kalnay and Cai, 2003]. 
 
These are some of the reasons for the significant uncertainties that arise in reconstructing 
temperature on large spatial scales from proxy data that provide information at particular 
locations, and which may be influenced by variables other than temperature or in addition 
to temperature. SB03 attempted to overcome some of those uncertainties by carrying out 
an extensive survey of many different proxy studies. Results for each proxy were 
primarily based on the opinions of the researchers who constructed the proxies. Those 
results provide clear and widespread (not just Northern European) evidence for climate 
and environmental anomalies related to two periods previously defined by proxy 
researchers, namely the Medieval Warm Period (~800-1300, “MWP”) and Little Ice Age 
(~1300-1900, “LIA”). Here ‘anomalies’ are roughly viewed as 50-year or longer intervals 
of sustained warmth during the MWP and sustained cold during the LIA together with 
concurrent water, ice, chemical, and biological evidence during such intervals. 
 
Taken together, the results from available climate and environmental proxies suggest that 
neither higher temperatures (where a proxy has been related to temperature) nor more 
extreme climate variability (where a proxy relates to other climate or environmental 
variables) occurred in the 20th century than during the MWP.  
 
For the proxy data alone, the temperature reconstruction within the uncertainties of M03 
(Figure 1 of M03) and even the updated results in Mann and Jones [2003] are in general 
agreement with our assessment of climate proxies. For example, Figure 2 of Mann and 
Jones [2003] clearly shows temperatures in the MWP that are as high as those in the 20th 
century. 
 
Finally we comment on several assertions made by M03.  
 
M03 state that the “SB03 approach  ... defines a global ‘warm anomaly’ ...” SB03 wrote: 
“A global association for the Little Ice Age or Medieval Warm Period is premature 
because proxy data are geographically sparse and either or both phenomena could be 
multi-phased events acting under distinct local and regional constraints and modes.” [p. 
91, Soon and Baliunas, 2003].  
 
M03 caution against making  “the patently invalid assumption that hydrological 
influences can literally be equated with temperature influences in assessing past climate.”  
SB03 agree and noted that the MWP and LIA should be based on the temperature field 
but cautioned that thermal anomalies cannot be easily dissociated from hydrological, 
cryospheric, chemical, and biological influences, and historical accounts [pp. 235-239, 
243, Soon et al. 2003].  
 
M03 also caution that “any analysis (SB03) that considers simply ‘20th century’ mean 
conditions ... can provide only very limited insight into whether or not recent warming is 
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anomalous in a long-term and large-scale context.” SB03 distinguished between early and 
late 20th century climate anomalies, when the endpoints and the resolution of the proxies 
allowed such consideration. Observed early -20th -century and late-20th -century patterns 
of climate change were specifically noted [see p. 236, 243 and Figure 3 of Soon et al., 
2003]. The SB03 study recognizes various man-made factors of climate change 
throughout history and briefly discusses the topic of climatic forcing by anthropogenic 
carbon dioxide [see pp. 269-271 of Soon et al., 2003]. 
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From: Michael E. Mann
To: Caspar Ammann; rbradley@geo.umass.edu; Keith Briffa; tom crowley; Malcolm Hughes; omichael@princeton.edu; Tim

Osborn; Jonathan Overpeck; Scott Rutherford; Kevin Trenberth; Tom Wigley; Phil Jones
Cc: mann@virginia.edu
Subject: Fwd: EOS: Soon et al reply
Date: Sunday, October 05, 2003 1:19:34 PM

Dear Colleagues,

Sorry to have to bother you all with this-- I know how busy our schedules are, and this
comes at an unfortunately busy time for many of us I would guss. But I think we *do*
have to respond, and I'm hoping that the response can be, again, something we all sign
our names to.

I've asked Ellen for further guidance on the length limits of our response, and the due date
for our response. The criticisms are remarkably weak, and easy to reply to in my view.
S&B have thus unwittingly, in my view, provided us with a further opportunity to  expose
the most egregious of the myths perpetuated by the contrarians (S&B have managed to
cram them all  in there) in the format of a response to their comment.

THeir comment includes a statement about how the article is all based on Mann et al
[1999] which is pretty silly given what is stated in the article, and what is shown in Figure
1. It would be appropriate to begin our response by pointing out this obvious straw man.

Then there is some nonsense about the satellite record and urban heat islands that Phil,
Kevin, and Tom W might in particular want to speak to. And Malcolm and Keith might like
to speak to the comments on the supposed problems due to non-biological tree growth
effects (which even if they were correctly described, which they aren't, have little relevance
to several of the reconstructions shown, and all of the model simulation results shown).
There is one paragraph about Mann and Jones [2003] which is right from the Idsos' "Co2
science" website, and Phil and I and Tim Osborn and others have already spoken too. I will
draft a short comment on that.

I'd like to solicit individual comments, sentences or paragraphs, etc. from each of you on
the various points raised, and begin to assimilate this into a "response". I'll let you know
as soon as I learn from Ellen how much space we have to work with.

Sorry for the annoyance. I look forward to any contributions you can each provide towards
a collective response.

Thanks,

mike

Date: Sun, 05 Oct 2003 08:23:03 -0400
To: Caspar Ammann <ammann@ucar.edu>, rbradley@geo.umass.edu, Keith
Briffa <k.briffa@uea.ac.uk>, Tom Crowley, "Malcolm Hughes"
<mhughes@ltrr.arizona.edu>, omichael@princeton.edu, Tim Osborn
<t.osborn@uea.ac.uk>, Jonathan Overpeck <jto@u.arizona.edu>, Scott
Rutherford <srutherford@rwu.edu>, Kevin Trenberth
<trenbert@cgd.ucar.edu>, Tom Wigley <wigley@ucar.edu>
From: "Michael E. Mann" <mann@virginia.edu>
Subject: Fwd: EOS: Soon et al reply

Comments?
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Mike

Delivered-To: mem6u@virginia.edu
Date: Sat, 04 Oct 2003 12:33:04 -0400
From: Ellen Mosley-Thompson <thompson.4@osu.edu>
Subject: EOS: Soon et al reply
X-Sender: ethompso@pop.service.ohio-state.edu
To: "Michael E. Mann" <mann@virginia.edu>
Cc: lzirkel@agu.edu, jjacobs@agu.org
X-Mailer: QUALCOMM Windows Eudora Version 6.0.0.22

Dear Dr. Mann (and co-authors of the Forum piece that appeared in
EOS),

Dr. Willie Soon and his co-authors have submitted a reply to your
Forum piece that I have accepted.   Let me outline below the official
AGU procedure for replies so that you know the options available.  I
have sent these same instructions to Dr. Soon.

As you wrote the original piece you now have the opportunity to see
their comment (attached) on your Forum piece.  You may decide
whether or not to send a reply.  If you choose not to reply - their
reply will be published alone. 

Should you decide to reply then your response will be published
along with their comment on your paper.   One little twist is that if
you submit a reply, they are allowed to see the reply, but they can't
comment on it.   They have two options: they can let both their and
your comments go forward and be published together or (after
viewing your reply) they also have the option of withdrawing their
comment. In the latter case, then neither their comment or your
reply to the comment will be published.  Yes this is a little contorted,
but these are the instructions that I received from Judy Jacobs at
AGU.  

I have attached the pdf of their comment.  Please let me know
within the next week whether you and your colleagues plan to
prepare a reply.  If so, then you would have several weeks to do
this. 

I have copied Lee Zirkel and Judy Jacobs of AGU as this paper is out
of the ordinary and I want to be sure that I am handling all this
correctly.

I look forward to hearing from you regarding your decision on a
reply.

Best regards,

Ellen Mosley-Thompson
EOS, Editor
cc: Judy Jacobs and Lee Zirkel 

attachment
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______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Caspar Ammann; rbradley@geo.umass.edu; Keith Briffa; tom crowley; Malcolm Hughes; omichael@princeton.edu; Tim Osborn;

Jonathan Overpeck; Scott Rutherford; Kevin Trenberth; Tom Wigley; Phil Jones; mann@virginia.edu
Subject: Re: Fwd: EOS: Soon et al reply
Date: Sunday, October 05, 2003 1:24:53 PM

p.s. one other point that needs to be addressed in this: the supposed inconsistency w/
boreholes. There are two issues here: one involves whether the borehole GST estimates are
representative of past SAT variations, and there are now numerous peer-reviewed studies that
suggest the answer is "no". So its an 'apples and organges' issue, which is a diplomatic way of
putting it w/out getting into the specific disagreements between Pollack and coworkers, and
many of the rest of us (which would detract from our message). The other point is that Pollack
and others have indicated that they don't believe the boreholes have sensitivity to temperature
changes more than 500 years ago or so, and that these longer-term estimates that S&B refer to
that supposedly show a Medieval warm period, are not trusted by even Pollack and coworkers--I
believe Tom C (Tom?) has written on this at some point?

look forward to comments,

mike

At 04:19 PM 10/5/2003 -0400, Michael E. Mann wrote:

Dear Colleagues,

Sorry to have to bother you all with this-- I know how busy our schedules are, and
this comes at an unfortunately busy time for many of us I would guss. But I think we
*do* have to respond, and I'm hoping that the response can be, again, something
we all sign our names to.

I've asked Ellen for further guidance on the length limits of our response, and the
due date for our response. The criticisms are remarkably weak, and easy to reply to
in my view. S&B have thus unwittingly, in my view, provided us with a further
opportunity to  expose the most egregious of the myths perpetuated by the
contrarians (S&B have managed to cram them all  in there) in the format of a
response to their comment.

THeir comment includes a statement about how the article is all based on Mann et al
[1999] which is pretty silly given what is stated in the article, and what is shown in
Figure 1. It would be appropriate to begin our response by pointing out this obvious
straw man.

Then there is some nonsense about the satellite record and urban heat islands that
Phil, Kevin, and Tom W might in particular want to speak to. And Malcolm and Keith
might like to speak to the comments on the supposed problems due to non-biological
tree growth effects (which even if they were correctly described, which they aren't,
have little relevance to several of the reconstructions shown, and all of the model
simulation results shown). There is one paragraph about Mann and Jones [2003]
which is right from the Idsos' "Co2 science" website, and Phil and I and Tim Osborn
and others have already spoken too. I will draft a short comment on that.

I'd like to solicit individual comments, sentences or paragraphs, etc. from each of you
on the various points raised, and begin to assimilate this into a "response". I'll let
you know as soon as I learn from Ellen how much space we have to work with.

Sorry for the annoyance. I look forward to any contributions you can each provide
towards a collective response.

Thanks,
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mike

Date: Sun, 05 Oct 2003 08:23:03 -0400
To: Caspar Ammann <ammann@ucar.edu>, rbradley@geo.umass.edu,
Keith Briffa <k.briffa@uea.ac.uk>, Tom Crowley, "Malcolm Hughes"
<mhughes@ltrr.arizona.edu>, omichael@princeton.edu, Tim Osborn
<t.osborn@uea.ac.uk>, Jonathan Overpeck <jto@u.arizona.edu>, Scott
Rutherford <srutherford@rwu.edu>, Kevin Trenberth
<trenbert@cgd.ucar.edu>, Tom Wigley <wigley@ucar.edu>
From: "Michael E. Mann" <mann@virginia.edu>
Subject: Fwd: EOS: Soon et al reply

Comments?

Mike

Delivered-To: mem6u@virginia.edu
Date: Sat, 04 Oct 2003 12:33:04 -0400
From: Ellen Mosley-Thompson <thompson.4@osu.edu>
Subject: EOS: Soon et al reply
X-Sender: ethompso@pop.service.ohio-state.edu
To: "Michael E. Mann" <mann@virginia.edu>
Cc: lzirkel@agu.edu, jjacobs@agu.org
X-Mailer: QUALCOMM Windows Eudora Version 6.0.0.22

Dear Dr. Mann (and co-authors of the Forum piece that
appeared in EOS),

Dr. Willie Soon and his co-authors have submitted a reply to
your Forum piece that I have accepted.   Let me outline below
the official AGU procedure for replies so that you know the
options available.  I have sent these same instructions to Dr.
Soon.

As you wrote the original piece you now have the opportunity
to see their comment (attached) on your Forum piece.  You
may decide whether or not to send a reply.  If you choose not
to reply - their reply will be published alone. 

Should you decide to reply then your response will be
published along with their comment on your paper.   One little
twist is that if you submit a reply, they are allowed to see the
reply, but they can't comment on it.   They have two options:
they can let both their and your comments go forward and be
published together or (after viewing your reply) they also have
the option of withdrawing their comment. In the latter case,
then neither their comment or your reply to the comment will
be published.  Yes this is a little contorted, but these are the
instructions that I received from Judy Jacobs at AGU.  

I have attached the pdf of their comment.  Please let me know
within the next week whether you and your colleagues plan to
prepare a reply.  If so, then you would have several weeks to
do this. 

I have copied Lee Zirkel and Judy Jacobs of AGU as this paper
is out of the ordinary and I want to be sure that I am handling
all this correctly.
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I look forward to hearing from you regarding your decision on
a reply.

Best regards,

Ellen Mosley-Thompson
EOS, Editor
cc: Judy Jacobs and Lee Zirkel 

attachment

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Kevin Trenberth
To: Michael E. Mann
Cc: Caspar Ammann; rbradley@geo.umass.edu; Keith Briffa; tom crowley; Malcolm Hughes; omichael@princeton.edu; Tim Osborn;

Jonathan Overpeck; Scott Rutherford; Tom Wigley; Phil Jones
Subject: Re: Fwd: EOS: Soon et al reply
Date: Monday, October 06, 2003 8:17:27 AM
Attachments: KalnayCom3.doc

Hi Mike et al

Firstly, you should know that comments by myself and the group at NCDC (Vose et al) on the
Kalnay and Cai Nature paper were accepted (after a rebuttal and review process), and then fine
tuned.  But it is a slow process and Kalnay and Cai have yet to finalize their rebuttal.  I am
attaching FYI the "final" version of my comment.  NCDC deals with the problems with the
records.

My reaction to the reply is as follows:

The first page deals with comments on proxy records and their problems.  I think we should
agree that there are issues with proxy records, they are not the same as instrumental records
(which have their own problems), but they are all we have.  However, some are better than
others (e.g. borehole) and annual or better resolution is highly desirable in particular to make
sure that anomalies are synchronous.  The records are not really the issue here, it is there use
(and abuse).

There are several charges about only US or Northern Europe that can be quickly dealt with.
 However the main points are on p 2.

We know from the observational record that global or hemispheric means are typically small
residuals of large anomalies of opposite signs so that large warm spots occur simultaneously
with large cold regions (witness last winter).   

This fact means that we need high temporal resolution (annual or better) AND an ability to
compute hemispheric averages based on a network.  The Soon and Baliunas approach fails
dismally on both of these critical points.

BS point out that Fig 2 of Mann and Jones show some temperatures as high as those in the 20th
C.  (They are wrong, do they mean Fig 2 of  M03?)   You can counter that by looking at China
where this is far from true.

I would be inclined to respond with a fairly short minimalist but powerful rebuttal, focussing
mostly on the shortcomings of BS and not defending the M03 and other records.  It should point
out (again) that their methodolgy is fundamentally flawed and their conclusions are
demonstrably wrong.  For this, the shorter the better.

Regards
Kevin

Michael E. Mann wrote:

Dear Colleagues,

Sorry to have to bother you all with this-- I know how busy our schedules are, and
this comes at an unfortunately busy time for many of us I would guss. But I think we
*do* have to respond, and I'm hoping that the response can be, again, something
we all sign our names to.

I've asked Ellen for further guidance on the length limits of our response, and the
due date for our response. The criticisms are remarkably weak, and easy to reply to
in my view. S&B have thus unwittingly, in my view, provided us with a further
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opportunity to  expose the most egregious of the myths perpetuated by the
contrarians (S&B have managed to cram them all  in there) in the format of a
response to their comment.

THeir comment includes a statement about how the article is all based on Mann et al
[1999] which is pretty silly given what is stated in the article, and what is shown in
Figure 1. It would be appropriate to begin our response by pointing out this obvious
straw man.

Then there is some nonsense about the satellite record and urban heat islands that
Phil, Kevin, and Tom W might in particular want to speak to. And Malcolm and Keith
might like to speak to the comments on the supposed problems due to non-biological
tree growth effects (which even if they were correctly described, which they aren't,
have little relevance to several of the reconstructions shown, and all of the model
simulation results shown). There is one paragraph about Mann and Jones [2003]
which is right from the Idsos' "Co2 science" website, and Phil and I and Tim Osborn
and others have already spoken too. I will draft a short comment on that.

I'd like to solicit individual comments, sentences or paragraphs, etc. from each of you
on the various points raised, and begin to assimilate this into a "response". I'll let
you know as soon as I learn from Ellen how much space we have to work with.

Sorry for the annoyance. I look forward to any contributions you can each provide
towards a collective response.

Thanks,

mike

Date: Sun, 05 Oct 2003 08:23:03 -0400
To: Caspar Ammann <ammann@ucar.edu>, rbradley@geo.umass.edu,
Keith Briffa <k.briffa@uea.ac.uk>, Tom Crowley, "Malcolm Hughes"
<mhughes@ltrr.arizona.edu>, omichael@princeton.edu, Tim Osborn
<t.osborn@uea.ac.uk>, Jonathan Overpeck <jto@u.arizona.edu>, Scott
Rutherford <srutherford@rwu.edu>, Kevin Trenberth
<trenbert@cgd.ucar.edu>, Tom Wigley <wigley@ucar.edu>
From: "Michael E. Mann" <mann@virginia.edu>
Subject: Fwd: EOS: Soon et al reply

Comments?

Mike

Delivered-To: mem6u@virginia.edu
Date: Sat, 04 Oct 2003 12:33:04 -0400
From: Ellen Mosley-Thompson <thompson.4@osu.edu>
Subject: EOS: Soon et al reply
X-Sender: ethompso@pop.service.ohio-state.edu
To: "Michael E. Mann" <mann@virginia.edu>
Cc: lzirkel@agu.edu, jjacobs@agu.org
X-Mailer: QUALCOMM Windows Eudora Version 6.0.0.22

Dear Dr. Mann (and co-authors of the Forum piece that
appeared in EOS),

Dr. Willie Soon and his co-authors have submitted a reply to
your Forum piece that I have accepted.   Let me outline below
the official AGU procedure for replies so that you know the
options available.  I have sent these same instructions to Dr.
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Soon.

As you wrote the original piece you now have the opportunity
to see their comment (attached) on your Forum piece.  You
may decide whether or not to send a reply.  If you choose not
to reply - their reply will be published alone. 

Should you decide to reply then your response will be
published along with their comment on your paper.   One little
twist is that if you submit a reply, they are allowed to see the
reply, but they can't comment on it.   They have two options:
they can let both their and your comments go forward and be
published together or (after viewing your reply) they also have
the option of withdrawing their comment. In the latter case,
then neither their comment or your reply to the comment will
be published.  Yes this is a little contorted, but these are the
instructions that I received from Judy Jacobs at AGU.  

I have attached the pdf of their comment.  Please let me know
within the next week whether you and your colleagues plan to
prepare a reply.  If so, then you would have several weeks to
do this. 

I have copied Lee Zirkel and Judy Jacobs of AGU as this paper
is out of the ordinary and I want to be sure that I am handling
all this correctly.

I look forward to hearing from you regarding your decision on
a reply.

Best regards,

Ellen Mosley-Thompson
EOS, Editor
cc: Judy Jacobs and Lee Zirkel 

attachment

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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-- 
****************
Kevin E. Trenberth                              e-mail: trenbert@ucar.edu
Climate Analysis Section, NCAR                  du/cas/
P. O. Box 3000,                                 
Boulder, CO 80307                                (fax)

Street address: 1850 Table Mesa Drive, Boulder, CO  80303
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Comment on “Impact of urbanization and land-use change on climate” by E. Kalnay and 
M. Cai, Nature, 423, 528-531; doi 10.1038/nature01675 
 
 
9 September 2003 
 
Climate (Communication Arising): Impact of urbanization, land-use change, and 
other influences on climate 
 
Many important physical processes influence surface air temperatures. Kalnay and Cai1 
use the surface temperatures from NCEP/NCAR reanalyses (NNR) and their differences 
with observed station surface temperatures to infer a major impact of urbanization and 
land use change on climate in the United States on the grounds that the NNR did not 
include these effects.   However, the NNR also did not include effects of known changes 
in clouds, surface moisture, and other influences, which are more likely the explanations 
for their findings. While urban heat island effects are real in cities, direct estimates of 
effects of rural land use change indicate cooling, rather than warming, owing to greater 
reflection of sunlight.   
 
The NNR utilize upper air observations to produce global analyses every 6 hours of 
atmospheric fields using four-dimensional data assimilation that capitalizes on available 
multivariate data.   A consequence of the analysis procedures is that NNR do not include 
local surface influences or observations, so that land use and urbanization effects may 
contribute to differences with high quality observed station surface temperatures.  
However, the reanalyses also do not include effects of the changing atmospheric 
composition on radiation. Yet carbon dioxide concentrations in the atmosphere increased 
from 318 ppmv in 1960 to over 370 ppmv, about a 17% increase, in this time.  Nor do 
they deal with changes in surface wetness.  Positive trends in cloudiness and rainfall over 
the Mississippi River Basin have increased evaporation while decreasing potential 
evapotranspiration2, and these trends have an important influence on the surface heat 
balance. 
 
The NNR also does not assimilate clouds, and the depiction of clouds in the NNR is poor 
and the surface heat budget is seriously in error3.  Detailed studies of the surface heat 
budget and of why minimum temperatures are increasing at a faster rate than maximum 
temperatures reveal that the decreasing diurnal temperature range (DTR) is linked to the 
world-wide increases in cloud cover4.  Clouds reduce DTR by sharply decreasing surface 
solar radiation while reducing radiative heat losses at night.  Processes involved in DTR, 
including radiation, surface fluxes of sensible and latent heat, and soil moisture effects, 
have been extensively examined using comprehensive measurements from the First 
International Satellite Land Surface Climatology (ISLSCP) Field Experiment (FIFE) in 
Kansas4.   Changes in clouds, especially low clouds, largely determine the patterns of 
change of DTR.  Soil moisture also decreases DTR by increasing daytime surface 
evaporative cooling.  Empirical relationships4 using synoptic observations extend the 
results globally to show that DTR varies inversely with cloud cover and precipitation on 
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multiple time scales, in particular, over the United States.  The reported decreases in DTR 
are therefore consistent with the observed increases in cloud cover. 
 
Over the southern two-thirds of the eastern United States the DTR peaks in spring and 
autumn with minima in winter and mid-to-late summer5 and changes in DTR are 
traceable to the lengthening growing season, especially on sunny days, so that the 
increases in vegetation and associated evapotranspiration are important.  However, direct 
assessment of effects of changes in land use and vegetation6,7 find that conversion of 
forest to crop-land generally causes an increase in reflected sunlight that is greatest after 
the harvest in the autumn.  This results in a relative cooling, estimated in model studies to 
be in excess of 1˚C in autumn6, due to changes in land use, rather than warming1.   After 
the 1960s the biggest land-use changes have been for increases in crop-land area in the 
Midwest U.S. but with reforestation in the Northeast6.  By contrast, urban heat island 
effects are localized in cities whose stations are not used in compilations of climate 
change.  Also, changing snow cover is a contributing factor for DTR in winter over the 
United States8.  
 
Changes in cloudiness and surface moisture are likely the main sources of the 
discrepancies in trends found by Kalnay and Cai1 along with deficiencies in the NNR that 
omits these influences in computing the surface heat budget yet they are critical for 
getting surface air temperatures right. Influences of processes not in the NNR model will 
be included in variables whose observations are analyzed, but not in those variables 
computed from the model (including surface air temperature) – or else effects of 
urbanization and land-use change would also be included!  
 
Kevin E. Trenberth 
National Center for Atmospheric Research 
P.O. Box 3000 
Boulder CO 80307 
Email: trenbert@ucar.edu 
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From: Michael E. Mann
To: Kevin Trenberth
Cc: Caspar Ammann; rbradley@geo.umass.edu; Keith Briffa; tom crowley; Malcolm Hughes; omichael@princeton.edu; Tim Osborn; Jonathan

Overpeck; Scott Rutherford; Tom Wigley; Phil Jones; mann@virginia.edu
Subject: Re: Fwd: EOS: Soon et al reply
Date: Monday, October 06, 2003 8:36:31 AM

Thanks Kevin,

I agree w/ your take on this. We need to come up with a short, but powerful rebuttal. According to
Judy Jacobs, we're only allowed 750 words, so we will need to be even more sparing and precise in
our words that in the original Eos piece. By the way, we have 3 weeks to submit (i.e., our response is
due October 27).

We need to focus on the key new claims, while simply dismissing, by reference to earlier writings, the
recycled ones. The Kalnay et al paper seems to be the new darling of the contrarians, and you're
precise wording on this  will be very helpful. Phil, Tim and others should be able to put to rest, in one
or two sentences, the myths about urban heat bias on the CRU record. A few words from Malcolm
and Keith on the biological tree growth effects would help too. The comments on the various paleo
figures are confusing and inconsistent, but from what I can tell, just plain wrong. I'll draft some words
on that.

I'll just continue to assimilate info and suggestions from everyone over the next week or so, and then
try to put this in the form a rough draft rebuttal to send out.

Thanks for your quick reply. Looking forward to hearing back from others,

mike

At 09:16 AM 10/6/2003 -0600, Kevin Trenberth wrote:

Hi Mike et al

Firstly, you should know that comments by myself and the group at NCDC (Vose et al) on
the Kalnay and Cai Nature paper were accepted (after a rebuttal and review process), and
then fine tuned.  But it is a slow process and Kalnay and Cai have yet to finalize their
rebuttal.  I am attaching FYI the "final" version of my comment.  NCDC deals with the
problems with the records.

My reaction to the reply is as follows:

The first page deals with comments on proxy records and their problems.  I think we
should agree that there are issues with proxy records, they are not the same as
instrumental records (which have their own problems), but they are all we have.  However,
some are better than others (e.g. borehole) and annual or better resolution is highly
desirable in particular to make sure that anomalies are synchronous.  The records are not
really the issue here, it is there use (and abuse).

There are several charges about only US or Northern Europe that can be quickly dealt
with.  However the main points are on p 2.

We know from the observational record that global or hemispheric means are typically
small residuals of large anomalies of opposite signs so that large warm spots occur
simultaneously with large cold regions (witness last winter).   

This fact means that we need high temporal resolution (annual or better) AND an ability to
compute hemispheric averages based on a network.  The Soon and Baliunas approach fails
dismally on both of these critical points.

BS point out that Fig 2 of Mann and Jones show some temperatures as high as those in
the 20th C.  (They are wrong, do they mean Fig 2 of  M03?)   You can counter that by
looking at China where this is far from true.

I would be inclined to respond with a fairly short minimalist but powerful rebuttal,
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focussing mostly on the shortcomings of BS and not defending the M03 and other records. 
It should point out (again) that their methodolgy is fundamentally flawed and their
conclusions are demonstrably wrong.  For this, the shorter the better.

Regards
Kevin

Michael E. Mann wrote:

Dear Colleagues,

Sorry to have to bother you all with this-- I know how busy our schedules are,
and this comes at an unfortunately busy time for many of us I would guss. But
I think we *do* have to respond, and I'm hoping that the response can be,
again, something we all sign our names to.

I've asked Ellen for further guidance on the length limits of our response, and
the due date for our response. The criticisms are remarkably weak, and easy to
reply to in my view. S&B have thus unwittingly, in my view, provided us with a
further opportunity to  expose the most egregious of the myths perpetuated by
the contrarians (S&B have managed to cram them all  in there) in the format of
a response to their comment.

THeir comment includes a statement about how the article is all based on Mann
et al [1999] which is pretty silly given what is stated in the article, and what is
shown in Figure 1. It would be appropriate to begin our response by pointing
out this obvious straw man.

Then there is some nonsense about the satellite record and urban heat islands
that Phil, Kevin, and Tom W might in particular want to speak to. And Malcolm
and Keith might like to speak to the comments on the supposed problems due
to non-biological tree growth effects (which even if they were correctly
described, which they aren't, have little relevance to several of the
reconstructions shown, and all of the model simulation results shown). There is
one paragraph about Mann and Jones [2003] which is right from the Idsos'
"Co2 science" website, and Phil and I and Tim Osborn and others have already
spoken too. I will draft a short comment on that.

I'd like to solicit individual comments, sentences or paragraphs, etc. from each
of you on the various points raised, and begin to assimilate this into a
"response". I'll let you know as soon as I learn from Ellen how much space we
have to work with.

Sorry for the annoyance. I look forward to any contributions you can each
provide towards a collective response.

Thanks,

mike

Date: Sun, 05 Oct 2003 08:23:03 -0400
To: Caspar Ammann <ammann@ucar.edu>,
rbradley@geo.umass.edu, Keith Briffa <k.briffa@uea.ac.uk>, Tom
Crowley, "Malcolm Hughes" <mhughes@ltrr.arizona.edu>,
omichael@princeton.edu, Tim Osborn <t.osborn@uea.ac.uk>,
Jonathan Overpeck <jto@u.arizona.edu>, Scott Rutherford
<srutherford@rwu.edu>, Kevin Trenberth
<trenbert@cgd.ucar.edu>, Tom Wigley <wigley@ucar.edu>
From: "Michael E. Mann" <mann@virginia.edu>
Subject: Fwd: EOS: Soon et al reply

Comments?
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Mike

Delivered-To: mem6u@virginia.edu
Date: Sat, 04 Oct 2003 12:33:04 -0400
From: Ellen Mosley-Thompson <thompson.4@osu.edu>
Subject: EOS: Soon et al reply
X-Sender: ethompso@pop.service.ohio-state.edu
To: "Michael E. Mann" <mann@virginia.edu>
Cc: lzirkel@agu.edu, jjacobs@agu.org
X-Mailer: QUALCOMM Windows Eudora Version 6.0.0.22

Dear Dr. Mann (and co-authors of the Forum piece that
appeared in EOS),

Dr. Willie Soon and his co-authors have submitted a reply
to your Forum piece that I have accepted.   Let me
outline below the official AGU procedure for replies so
that you know the options available.  I have sent these
same instructions to Dr. Soon.

As you wrote the original piece you now have the
opportunity to see their comment (attached) on your
Forum piece.  You may decide whether or not to send a
reply.  If you choose not to reply - their reply will be
published alone. 

Should you decide to reply then your response will be
published along with their comment on your paper.   One
little twist is that if you submit a reply, they are allowed
to see the reply, but they can't comment on it.   They
have two options: they can let both their and your
comments go forward and be published together or
(after viewing your reply) they also have the option of
withdrawing their comment. In the latter case, then
neither their comment or your reply to the comment will
be published.  Yes this is a little contorted, but these are
the instructions that I received from Judy Jacobs at AGU. 

I have attached the pdf of their comment.  Please let me
know within the next week whether you and your
colleagues plan to prepare a reply.  If so, then you would
have several weeks to do this. 

I have copied Lee Zirkel and Judy Jacobs of AGU as this
paper is out of the ordinary and I want to be sure that I
am handling all this correctly.

I look forward to hearing from you regarding your
decision on a reply.

Best regards,

Ellen Mosley-Thompson
EOS, Editor
cc: Judy Jacobs and Lee Zirkel 

attachment

______________________________________________________________
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                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu  Phone:    FAX: 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu  Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

-- 
****************
Kevin E. Trenberth                              e-mail: trenbert@ucar.edu
Climate Analysis Section, NCAR                  u/cas/
P. O. Box 3000,                                 
Boulder, CO 80307                                (fax)

Street address: 1850 Table Mesa Drive, Boulder, CO  80303

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Tom Wigley
Cc: Caspar Ammann; rbradley@geo umass.edu; Keith Briffa; tcrowley@duke.edu; mhughes@ltrr arizona.edu; omichael@princeton.edu; t osborn@uea ac.uk;

jto@u.arizona edu; Scott Rutherford; Kevin Trenberth; Tom Wigley; mann@virginia edu; p.jones@uea.ac uk
Subject: Re: Fwd: EOS: Soon et al reply
Date: Wednesday, October 08, 2003 11:16:12 AM

Thanks Tom,

In fact, I'm almost done with a brief (<750 word) response that addresses all of these issues, and I'll be looking
forward to comments on this. Hope to send it out later today,

mike

At 12:05 PM 10/8/2003 -0600, Tom Wigley wrote:

Folks,

I agree with Kevin that any response should be brief.

On the second page of their comment, SBL quote some of the caveat statements in their earlier
papers. The irony is that they do not heed their own caveats. If taken literally, all these proxy data
problems would mean that one can draw no conclusions about the existence or otherwise of the MWE
or LIA as global phenomena. This is what we say (I hope -- at least I have said this in the paper cited
below) -- but our over-bold skeptics say that these anomalous intervals *did* exist. You can't have it
both ways -- and basically what BS are doing is a confidence trick.

What is still needed here is an analysis of the BS method to show that it could be used to prove
anything they wanted.

I am still concerned about 'our' dependence on treerings. Are our results really dependent on one
region pre 1400 as SNL state? Is the problem of nonclimate obfuscating factors in the 20th century
enough to screw up calibrations on moderate to long timescales? If not, we need to state and
document this clearly. Does this problem apply to both widths and densities? Are the borehole data
largely garbage? I recall a paper of Mike's on this issue that I refereed last year -- and there was
something in GRL (I think) very recently pointing out some serious potential problems.

Finally, did we really say what SBL claim we did in their p. 1 point (2)? Surely the primary motive for
all of this paleo work is that it DOES have a bearing on human-induced climate effects?

Tom.
++++++++++++++++++++++++++++++++++++++++++++==

Michael E. Mann wrote:

Thanks Kevin,
I agree w/ your take on this. We need to come up with a short, but powerful rebuttal.
According to Judy Jacobs, we're only allowed 750 words, so we will need to be even more
sparing and precise in our words that in the original Eos piece. By the way, we have 3
weeks to submit (i.e., our response is due October 27).
We need to focus on the key new claims, while simply dismissing, by reference to earlier
writings, the recycled ones. The Kalnay et al paper seems to be the new darling of the
contrarians, and you're precise wording on this  will be very helpful. Phil, Tim and others
should be able to put to rest, in one or two sentences, the myths about urban heat bias
on the CRU record. A few words from Malcolm and Keith on the biological tree growth
effects would help too. The comments on the various paleo figures are confusing and
inconsistent, but from what I can tell, just plain wrong. I'll draft some words on that.
I'll just continue to assimilate info and suggestions from everyone over the next week or
so, and then try to put this in the form a rough draft rebuttal to send out.
Thanks for your quick reply. Looking forward to hearing back from others,
mike
At 09:16 AM 10/6/2003 -0600, Kevin Trenberth wrote:

Hi Mike et al

Firstly, you should know that comments by myself and the group at NCDC
(Vose et al) on the Kalnay and Cai Nature paper were accepted (after a rebuttal
and review process), and then fine tuned.  But it is a slow process and Kalnay
and Cai have yet to finalize their rebuttal.  I am attaching FYI the "final" version
of my comment.  NCDC deals with the problems with the records.
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My reaction to the reply is as follows:

The first page deals with comments on proxy records and their problems.  I
think we should agree that there are issues with proxy records, they are not the
same as instrumental records (which have their own problems), but they are all
we have.  However, some are better than others (e.g. borehole) and annual or
better resolution is highly desirable in particular to make sure that anomalies
are synchronous.  The records are not really the issue here, it is there use (and
abuse).

There are several charges about only US or Northern Europe that can be
quickly dealt with.  However the main points are on p 2.

We know from the observational record that global or hemispheric means are
typically small residuals of large anomalies of opposite signs so that large warm
spots occur simultaneously with large cold regions (witness last winter).  

This fact means that we need high temporal resolution (annual or better) AND
an ability to compute hemispheric averages based on a network.  The Soon and
Baliunas approach fails dismally on both of these critical points.

BS point out that Fig 2 of Mann and Jones show some temperatures as high as
those in the 20th C.  (They are wrong, do they mean Fig 2 of  
M03?)   You can counter that by looking at China where this is far from true.

I would be inclined to respond with a fairly short minimalist but powerful
rebuttal, focussing mostly on the shortcomings of BS and not defending the
M03 and other records.  It should point out (again) that their methodolgy is
fundamentally flawed and their conclusions are demonstrably wrong.  For this,
the shorter the better.

Regards
Kevin

Michael E. Mann wrote:

Dear Colleagues,

Sorry to have to bother you all with this-- I know how busy our
schedules are, and this comes at an unfortunately busy time for
many of us I would guss. But I think we *do* have to respond, and
I'm hoping that the response can be, again, something we all sign
our names to.

I've asked Ellen for further guidance on the length limits of our
response, and the due date for our response. The criticisms are
remarkably weak, and easy to reply to in my view. S&B have thus
unwittingly, in my view, provided us with a further opportunity to  
expose the most egregious of the myths perpetuated by the
contrarians (S&B have managed to cram them all  in there) in the
format of a response to their comment.

THeir comment includes a statement about how the article is all
based on Mann et al [1999] which is pretty silly given what is stated
in the article, and what is shown in Figure 1. It would be appropriate
to begin our response by pointing out this obvious straw man.

Then there is some nonsense about the satellite record and urban
heat islands that Phil, Kevin, and Tom W might in particular want to
speak to. And Malcolm and Keith might like to speak to the
comments on the supposed problems due to non-biological tree
growth effects (which even if they were correctly described, which
they aren't, have little relevance to several of the reconstructions
shown, and all of the model simulation results shown). There is one
paragraph about Mann and Jones [2003] which is right from the
Idsos' "Co2 science" website, and Phil and I and Tim Osborn and
others have already spoken too. I will draft a short comment on
that.
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I'd like to solicit individual comments, sentences or paragraphs, etc.
from each of you on the various points raised, and begin to
assimilate this into a "response". I'll let you know as soon as I learn
from Ellen how much space we have to work with.

Sorry for the annoyance. I look forward to any contributions you can
each provide towards a collective response.

Thanks,

mike

Date: Sun, 05 Oct 2003 08:23:03 -0400
To: Caspar Ammann <ammann@ucar.edu>
<mailto:ammann@ucar.edu>, rbradley@geo.umass.edu
<mailto:rbradley@geo.umass.edu>, Keith Briffa
<k.briffa@uea.ac.uk> <mailto:k.briffa@uea.ac.uk>, Tom
Crowley, "Malcolm Hughes" <mhughes@ltrr.arizona.edu>
<mailto:mhughes@ltrr.arizona.edu>,
omichael@princeton.edu
<mailto:omichael@princeton.edu>, Tim Osborn
<t.osborn@uea.ac.uk> <mailto:t.osborn@uea.ac.uk>,
Jonathan Overpeck <jto@u.arizona.edu>
<mailto:jto@u.arizona.edu>, Scott Rutherford
<srutherford@rwu.edu> <mailto:srutherford@rwu.edu>,
Kevin Trenberth <trenbert@cgd.ucar.edu>
<mailto:trenbert@cgd.ucar.edu>, Tom Wigley
<wigley@ucar.edu> <mailto:wigley@ucar.edu>
From: "Michael E. Mann" <mann@virginia.edu>
<mailto:mann@virginia.edu>
Subject: Fwd: EOS: Soon et al reply

Comments?

Mike

Delivered-To: mem6u@virginia.edu
<mailto:mem6u@virginia.edu>
Date: Sat, 04 Oct 2003 12:33:04 -0400
From: Ellen Mosley-Thompson
<thompson.4@osu.edu>
<mailto:thompson.4@osu.edu>
Subject: EOS: Soon et al reply
X-Sender: ethompso@pop.service.ohio-
state.edu
<mailto:ethompso@pop.service.ohio-
state.edu>
To: "Michael E. Mann" <mann@virginia.edu>
<mailto:mann@virginia.edu>
Cc: lzirkel@agu.edu
<mailto:lzirkel@agu.edu>, jjacobs@agu.org
<mailto:jjacobs@agu.org>
X-Mailer: QUALCOMM Windows Eudora
Version 6.0.0.22

Dear Dr. Mann (and co-authors of the Forum
piece that appeared in EOS),

Dr. Willie Soon and his co-authors have
submitted a reply to your Forum piece that I
have accepted.   Let me outline below the
official AGU procedure for replies so that you
know the options available.  I have sent these
same instructions to Dr. Soon.

As you wrote the original piece you now have
the opportunity to see their comment
(attached) on your Forum piece.  You may
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decide whether or not to send a reply.  If you
choose not to reply - their reply will be
published alone.

Should you decide to reply then your response
will be published along with their comment on
your paper.   One little twist is that if you
submit a reply, they are allowed to see the
reply, but they can't comment on it.   They
have two options: they can let both their and
your comments go forward and be published
together or (after viewing your reply) they
also have the option of withdrawing their
comment. In the latter case, then neither their
comment or your reply to the comment will be
published.  Yes this is a little contorted, but
these are the instructions that I received from
Judy Jacobs at AGU. 
I have attached the pdf of their comment. 
Please let me know within the next week
whether you and your colleagues plan to
prepare a reply.  If so, then you would have
several weeks to do this.

I have copied Lee Zirkel and Judy Jacobs of
AGU as this paper is out of the ordinary and I
want to be sure that I am handling all this
correctly.

I look forward to hearing from you regarding
your decision on a reply.

Best regards,

Ellen Mosley-Thompson
EOS, Editor
cc: Judy Jacobs and Lee Zirkel

attachment

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu  <mailto:mann@virginia.edu
> Phone:    FAX: 
        
http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu  <mailto:mann@virginia.edu > Phone:
   FAX: 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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-- ****************
Kevin E. Trenberth                              e-mail: trenbert@ucar.edu
<mailto:trenbert@ucar.edu>
Climate Analysis Section, NCAR                  www.cgd.ucar.edu/cas/
<http://www.cgd.ucar.edu/cas/>
P. O. Box 3000,                                 
Boulder, CO 80307                                (fax)

Street address: 1850 Table Mesa Drive, Boulder, CO  80303

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Caspar Ammann; rbradley@geo.umass.edu; Keith Briffa; tcrowley@duke.edu; mhughes@ltrr.arizona.edu;

omichael@princeton.edu; t.osborn@uea.ac.uk; jto@u.arizona.edu; Scott Rutherford; Kevin Trenberth; Tom
Wigley; p.jones@uea.ac.uk; mann@virginia.edu

Subject: draft
Date: Wednesday, October 08, 2003 6:38:42 PM
Attachments: SoonReply.doc

Dear co-authors,

Attached is a draft response, incorporating suggestions Kevin, Tom W, and Michael. 
I've aimed to be as brief as possible, but hard to go much lower than 750 words and
still address all the key issues. 750 words, by the way, is our allotted limit.

Looking forward to any comments. Feel free to send an edited version if you prefer,
and I'll try to assimilate all of the suggested edits and suggestions into a single
revised draft. If you can get comments to me within the next couple days, that would
be very helpful as we're working on a late October deadline for the final version.

Thanks for your continued help,

mike

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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Soon and colleagues ('S03') begin their rebuttal to our Eos criticism  ('M03') of their previous work  ('SB03') with an 
assertion "knowledge of past climatic changes does not have a direct bearing on the climatic effects of 
anthropogenic carbon dioxide..." that is self-evidently at odds with the most basic principles of climate research. 
They follow with an equally puzzling assertion  that "M03 relies mainly on a Northern Hemisphere reconstruction 
of average annual temperature by Mann et al. [1999]". Our article, quite to the contrary, demonstrated that nearly a 
dozen different published estimates based on proxy data and model simulations give the same picture--anomalous 
late 20th century warmth that is unprecedented in what appears now to be at least  roughly the past two millennia. 
Our conclusions reflected the mainstream scientific viewpoint expressed by the 2001 report of the 
Intergovernmental Panel on Climate Change (IPCC) that anomalous hemispheric late 20th century warmth cannot 
be explained by natural factors.  
 
These straw man arguments set  the tone for the ensuing laundry list of myths and discredited claims that follow. 
While these are too numerous too address each in detail in the short space allotted, several are so at variance with 
the accepted science that they deserve special attention: 
 
1) The contention  that the conclusions expressed by M03 for the period prior to AD 1400 rely mainly "on tree 
growth from one region" belies the fact that several of the proxy estimates shown were based on composites of 
estimates from regions across the Northern Hemisphere, based on a majority of non-tree ring data. The claims of 
S03 regarding non-biological impacts on tree growth, even if valid, would thus be irrelevant. Nonetheless, the 
claims aren't valid.  Their assertion that "[20th century]tree growth indices...show declining patterns of tree growth, 
despite rising temperatures" is terribly misleading. The claim in question holds, in some cases, for tree-ring density 
measurements, rarely for annual ring widths, and almost entirely at higher latitudes. 
 
2) The statement by S03 that the Mann and Jones [2003] reconstruction "clearly shows temperatures in the MWP 
that are as high as those in the 20th century" is  both misleading and untrue.  It is misleading, because,  to state yet 
again one of our fundamental criticisms of SB03, it is only the hemispheric warmth of the  late 20th century, and not 
the entirety of the  "20th century", that is anomalous in a long-term context. The claim is untrue because the late 
20th century anomalies in the Northern Hemisphere reconstruction (which terminates in 1980) are clearly  the 
warmest in the roughly 1800 year history. The subsequent warmth of the past two decades as recorded by the 
instrumental record, moreover, is more than two standard errors warmer than any reconstructed interval. Mann and 
Jones clearly point out that  conclusions for the Southern Hemisphere (and globe), on the other hand, are still 
indeterminate, owing to a paucity of southern hemisphere data.   
 
3) The authors argue that evidence from borehole data  provide a conflicting view of past temperature histories. 
Quite to the contrary, borehole estimates were clearly shown  in M03  as being consistent with the other estimates 
within the published uncertainties, particularly once influences  on  ground surface temperatures that appear 
unrelated to past surface air temperature are accounted for. The authors cite supposed borehole evidence for 
medieval warmth, even though borehole researchers have come to the conclusion that  the sensitivity of the data to 
temperature changes is largely confined to the past 500 years [e.g. IPCC]. 
 
4) Finally, the authors promote the myth that "urban heat island"  effects lead to significant biases in  the 
instrumental record of surface temperature used to calibrate proxy data. They do so  based on a very selective 
citation and incorrect interpretation of the existing literature. In contrast to the authors claims, land use changes are 
known to have led to an overall cooling, not a warming, of global surface temperatures during the 19th and 20th 
century. 
 
Articles in Scientific American and the Chronicle of Higher Education, have quoted numerous other leading climate 
scientists as indicating that SB03 misrepresented not just mainstream scientific opinion, but the results of their own 
individual  research. The publisher of the journal in which their article appeared ("Climate Research")  stated in the 
New York Times that the review process of their paper  "failed to detect methodological flaws". The controversy has 
now led, since the publication of M03, to the resignation of the editor-in-chief and five other editors at that  journal. 
We feel it is time to move on. 
 
 
Michael Mann, Caspar Amman?, Raymond Bradley?, Keith Briffa?, Tom Crowley?, Malcolm Hughes?, Philip 
Jones?, Timothy Osborn?, Michael Oppenheimer?, Jonathan Overpeck?, Scott Rutherford?, Kevin Trenberth? 
Tom Wigley? 
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From: Phil Jones
To: Michael E. Mann; Caspar Ammann; rbradley@geo.umass.edu; Keith Briffa; tcrowley@duke.edu;

mhughes@ltrr.arizona.edu; omichael@princeton.edu; t.osborn@uea.ac.uk; jto@u.arizona.edu; Scott Rutherford; Kevin
Trenberth; Tom Wigley; mann@virginia.edu

Subject: Re: draft
Date: Thursday, October 09, 2003 8:18:49 AM

 Mike,
     Away Oct 11-16, so here are a few comments. A few times the tone could be a little
less
 antagonistic. We don't want to inflame things any further. So remove the word laundry.

 1. With the boreholes do we want to get one of the borehole group to sign up, eg Henry
Pollack?
 Would add a lot of weight to the last 500 year argument.

 2. On the UHI, there was a paper in a very recent issue of J. Climate by Tom Peterson,
arguing
 for the USA that this is non-existent. Issue with UHI is one of large versus local scale. One
 station doesn't influence large-scale averages. All studies which look at the UHI
comprehensively
 find very little effect (an order of magnitude smaller than the warming).  Also the warming
 in the 20th century is very similar between the NH and SH and between the land and
ocean
 components.

    Also, if we can't estimate temperature histories accurately, then SB can't say it was
 warmer in their MWP period. They believe the 20th century instrumental data when they
 want to.

 3. Keith is away till next week. I doubt we will have the space to do the 'tree issues'
justice.
 Best just to say that there are an (equal) number of non tree-based proxy series??

 4. Ray, Malcolm and Henry Diaz have a Science Perspectives piece coming out in the next
 couple of weeks on the MWP/E. This is also relevant.

 5. Don't think we will get away with the last paragraph. Whether we want it is an issue ??

 Shouldn't we be sticking to the science.

 Cheers
 Phil

 

At 21:37 08/10/2003 -0400, Michael E. Mann wrote:

Dear co-authors,

Attached is a draft response, incorporating suggestions Kevin, Tom W, and
Michael.  I've aimed to be as brief as possible, but hard to go much lower than
750 words and still address all the key issues. 750 words, by the way, is our
allotted limit.

Looking forward to any comments. Feel free to send an edited version if you
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prefer, and I'll try to assimilate all of the suggested edits and suggestions into a
single revised draft. If you can get comments to me within the next couple
days, that would be very helpful as we're working on a late October deadline
for the final version.

Thanks for your continued help,

mike

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

Prof. Phil Jones
Climatic Research Unit        Telephone +  
School of Environmental Sciences    Fax  
University of East Anglia                      
Norwich                          Email    p.jones@uea.ac.uk 
NR4 7TJ
UK                                                                                 --------------------------------------
--------------------------------------                                                                               

ABOR/MH/Priv-005190



From: Michael E. Mann
To: Phil Jones; Caspar Ammann; rbradley@geo.umass.edu; Keith Briffa; tcrowley@duke.edu; mhughes@ltrr.arizona.edu;

omichael@princeton.edu; t.osborn@uea.ac.uk; jto@u.arizona.edu; Scott Rutherford; Kevin Trenberth; Tom Wigley;
mann@virginia.edu

Subject: Re: draft
Date: Thursday, October 09, 2003 8:28:51 AM

Thanks Phil,

a few brief responses and inquiries below...

cheers,

mike

At 04:17 PM 10/9/03 +0100, Phil Jones wrote:

 Mike,
     Away Oct 11-16, so here are a few comments. A few times the tone could be a
little less
 antagonistic. We don't want to inflame things any further. So remove the word
laundry.

fair enough. You *should* have seen the first draft I wrote. This is quite toned down now...

 1. With the boreholes do we want to get one of the borehole group to sign up, eg
Henry Pollack?
 Would add a lot of weight to the last 500 year argument.

this has merit. unfortunately though I think it might open up a hornets nest of the author list is
not identical to the original list of authors on the Eos article. Other thoughts on this...

 2. On the UHI, there was a paper in a very recent issue of J. Climate by Tom
Peterson, arguing
 for the USA that this is non-existent. Issue with UHI is one of large versus local
scale. One
 station doesn't influence large-scale averages. All studies which look at the UHI
comprehensively
 find very little effect (an order of magnitude smaller than the warming).  Also the
warming
 in the 20th century is very similar between the NH and SH and between the land
and ocean
 components.

let me see if I can fit one or two sentences in on this and keep the article under the length.

    Also, if we can't estimate temperature histories accurately, then SB can't say it
was
 warmer in their MWP period. They believe the 20th century instrumental data when
they
 want to.

yes, one of a large number of amazing contradictions in their reasoning...

ABOR/MH/Priv-005191



 3. Keith is away till next week. I doubt we will have the space to do the 'tree issues'
justice.
 Best just to say that there are an (equal) number of non tree-based proxy series??

I do think we need to address their spurious description of the putative biological effects.  Any
way that you can get in touch w/ Keith for a response, perhaps just to this one point? Also,
Malcolm might want to comment on the current wording?

 4. Ray, Malcolm and Henry Diaz have a Science Perspectives piece coming out in the
next
 couple of weeks on the MWP/E. This is also relevant.

good!

 5. Don't think we will get away with the last paragraph. Whether we want it is an
issue ?? 
 Shouldn't we be sticking to the science.

ok, I wasn't sure myself--yet it is a powerful rebuke, and reminds people that the objection to
the validity of their work goes beyond just our article--and that's important. Does someone want
to try to rephrase this paragraph, maybe reducing it to a couple sentences?

 Cheers
 Phil

 

At 21:37 08/10/2003 -0400, Michael E. Mann wrote:

Dear co-authors,

Attached is a draft response, incorporating suggestions Kevin, Tom W,
and Michael.  I've aimed to be as brief as possible, but hard to go much
lower than 750 words and still address all the key issues. 750 words, by
the way, is our allotted limit.

Looking forward to any comments. Feel free to send an edited version if
you prefer, and I'll try to assimilate all of the suggested edits and
suggestions into a single revised draft. If you can get comments to me
within the next couple days, that would be very helpful as we're working
on a late October deadline for the final version.

Thanks for your continued help,

mike

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
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                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

Prof. Phil Jones
Climatic Research Unit        Telephone +  
School of Environmental Sciences    Fax  
University of East Anglia                      
Norwich                          Email    p.jones@uea.ac.uk 
NR4 7TJ
UK                                                                                 -------------------------------
---------------------------------------------
                                                                               

_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Tom Crowley
To: Michael E. Mann
Cc: Caspar Ammann; rbradley@geo.umass.edu; Keith Briffa; tcrowley@duke.edu; mhughes@ltrr.arizona.edu; omichael@princeton.edu;

t.osborn@uea.ac.uk; jto@u.arizona.edu; Scott Rutherford; Kevin Trenberth; Tom Wigley
Subject: Re: draft
Date: Thursday, October 09, 2003 9:39:20 AM

Hi, I don't understand why we cannot cite the borehole data for the MWP - that in a sense is the
only legitimate data set that shows a ~1 C cooling from the MWP to the LIA - forget the
deforestation problem for the moment, that is later in time -

if the borehole data for the MWP are legitimate then there is still a case for concluding that the
MWP was significantly warmer than the LIA

tom

Thanks Phil,

a few brief responses and inquiries below...

cheers,

mike

At 04:17 PM 10/9/03 +0100, Phil Jones wrote:

 Mike,
     Away Oct 11-16, so here are a few comments. A few times the tone
could be a little less
 antagonistic. We don't want to inflame things any further. So remove the
word laundry.

fair enough. You *should* have seen the first draft I wrote. This is quite toned down
now...

 1. With the boreholes do we want to get one of the borehole group to sign
up, eg Henry Pollack?
 Would add a lot of weight to the last 500 year argument.

this has merit. unfortunately though I think it might open up a hornets nest of the
author list is not identical to the original list of authors on the Eos article. Other thoughts
on this...

 2. On the UHI, there was a paper in a very recent issue of J. Climate by
Tom Peterson, arguing
 for the USA that this is non-existent. Issue with UHI is one of large versus
local scale. One
 station doesn't influence large-scale averages. All studies which look at the
UHI comprehensively
 find very little effect (an order of magnitude smaller than the warming). 
Also the warming
 in the 20th century is very similar between the NH and SH and between the
land and ocean
 components.

let me see if I can fit one or two sentences in on this and keep the article under the
length.
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    Also, if we can't estimate temperature histories accurately, then SB can't
say it was
 warmer in their MWP period. They believe the 20th century instrumental
data when they
 want to.

yes, one of a large number of amazing contradictions in their reasoning...

 3. Keith is away till next week. I doubt we will have the space to do the 'tree
issues' justice.
 Best just to say that there are an (equal) number of non tree-based proxy
series??

I do think we need to address their spurious description of the putative biological
effects.  Any way that you can get in touch w/ Keith for a response, perhaps just to this
one point? Also, Malcolm might want to comment on the current wording?

 4. Ray, Malcolm and Henry Diaz have a Science Perspectives piece coming
out in the next
 couple of weeks on the MWP/E. This is also relevant.

good!

 5. Don't think we will get away with the last paragraph. Whether we want it
is an issue ??
 Shouldn't we be sticking to the science.

ok, I wasn't sure myself--yet it is a powerful rebuke, and reminds people that the
objection to the validity of their work goes beyond just our article--and that's important.
Does someone want to try to rephrase this paragraph, maybe reducing it to a couple
sentences?

 Cheers
 Phil

 

At 21:37 08/10/2003 -0400, Michael E. Mann wrote:

Dear co-authors,

Attached is a draft response, incorporating suggestions Kevin,
Tom W, and Michael.  I've aimed to be as brief as possible, but
hard to go much lower than 750 words and still address all the
key issues. 750 words, by the way, is our allotted limit.

Looking forward to any comments. Feel free to send an edited
version if you prefer, and I'll try to assimilate all of the suggested
edits and suggestions into a single revised draft. If you can get
comments to me within the next couple days, that would be very
helpful as we're working on a late October deadline for the final
version.

Thanks for your continued help,

mike
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______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_____________________________________________________________________
__
e-mail: mann@virginia.edu   Phone:    FAX: 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

Prof. Phil Jones
Climatic Research Unit        Telephone +
School of Environmental Sciences    Fax 
University of East Anglia                     
Norwich                          Email    p.jones@uea.ac.uk
NR4 7TJ
UK                                                                                 ---------------------
-------------------------------------------------------
                                                                              

_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.shtml

-- 

Thomas J. Crowley
Nicholas Professor of Earth Systems Science
Dept. of Earth and Ocean Sciences
Nicholas School of the Environment and Earth Sciences
Box 90227
103  Old Chem Building Duke University
Durham, NC  27708

tcrowley@duke.edu

  fax
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From: Michael E. Mann
To: Tom Crowley
Cc: Caspar Ammann; rbradley@geo.umass.edu; Keith Briffa; tcrowley@duke.edu; mhughes@ltrr arizona.edu; omichael@princeton.edu;

t.osborn@uea.ac uk; jto@u.arizona edu; Scott Rutherford; Kevin Trenberth; Tom Wigley; mann@virginia.edu
Subject: Re: draft
Date: Thursday, October 09, 2003 11:16:54 AM

HI Tom,

My understanding of the papers from the borehole community ever since the 1997 GRL article by Huang et
al is that they no longer believe that the data has proper sensitivity to variations prior to about AD 1500--in
fact, I don't believe anyone in that community now feels they can meaningfully go farther back that that.
Huang contributed the section on boreholes in chapter 2 for IPCC (2001), and wrote the very words to that
effect...

Now, the possible influences on boreholes might lead to inferred trends in GST that are different from those
in  SAT is a different one. A number of independent recently published papers by (Beltrami et al; Stiglitz et
al; Mann and Schmidt) and others have demonstrated that there should be expectations for significant
differences between past SAT (what we care about) and GST variations (what boreholes in the best case
scenario see) due to snowcover influences, etc. We don't have time to discuss that in this very short piece,
so I tried, as briefly as possible, to cover our bases on this issue, in a way that doesn't really stir up the pot
w/ the borehole folks...

I'm interested in any further thoughts on the above,

mike

At 12:38 PM 10/9/03 -0400, Tom Crowley wrote:

Hi, I don't understand why we cannot cite the borehole data for the MWP - that in a sense is the
only legitimate data set that shows a ~1 C cooling from the MWP to the LIA - forget the
deforestation problem for the moment, that is later in time -

if the borehole data for the MWP are legitimate then there is still a case for concluding that the
MWP was significantly warmer than the LIA

tom

Thanks Phil,

a few brief responses and inquiries below...

cheers,

mike

At 04:17 PM 10/9/03 +0100, Phil Jones wrote:

 Mike,
     Away Oct 11-16, so here are a few comments. A few times the tone
could be a little less
 antagonistic. We don't want to inflame things any further. So remove the
word laundry.

fair enough. You *should* have seen the first draft I wrote. This is quite toned down
now...

 1. With the boreholes do we want to get one of the borehole group to
sign up, eg Henry Pollack?
 Would add a lot of weight to the last 500 year argument.

this has merit. unfortunately though I think it might open up a hornets nest of the
author list is not identical to the original list of authors on the Eos article. Other
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thoughts on this...

 2. On the UHI, there was a paper in a very recent issue of J. Climate by
Tom Peterson, arguing
 for the USA that this is non-existent. Issue with UHI is one of large
versus local scale. One
 station doesn't influence large-scale averages. All studies which look at
the UHI comprehensively
 find very little effect (an order of magnitude smaller than the warming). 
Also the warming
 in the 20th century is very similar between the NH and SH and between
the land and ocean
 components.

let me see if I can fit one or two sentences in on this and keep the article under the
length.

    Also, if we can't estimate temperature histories accurately, then SB
can't say it was
 warmer in their MWP period. They believe the 20th century instrumental
data when they
 want to.

yes, one of a large number of amazing contradictions in their reasoning...

 3. Keith is away till next week. I doubt we will have the space to do the
'tree issues' justice.
 Best just to say that there are an (equal) number of non tree-based
proxy series??

I do think we need to address their spurious description of the putative biological
effects.  Any way that you can get in touch w/ Keith for a response, perhaps just to
this one point? Also, Malcolm might want to comment on the current wording?

 4. Ray, Malcolm and Henry Diaz have a Science Perspectives piece
coming out in the next
 couple of weeks on the MWP/E. This is also relevant.

good!

 5. Don't think we will get away with the last paragraph. Whether we
want it is an issue ??
 Shouldn't we be sticking to the science.

ok, I wasn't sure myself--yet it is a powerful rebuke, and reminds people that the
objection to the validity of their work goes beyond just our article--and that's
important. Does someone want to try to rephrase this paragraph, maybe reducing it
to a couple sentences?

 Cheers
 Phil

 

At 21:37 08/10/2003 -0400, Michael E. Mann wrote:

Dear co-authors,

Attached is a draft response, incorporating suggestions Kevin,
Tom W, and Michael.  I've aimed to be as brief as possible,
but hard to go much lower than 750 words and still address all
the key issues. 750 words, by the way, is our allotted limit.
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Looking forward to any comments. Feel free to send an edited
version if you prefer, and I'll try to assimilate all of the
suggested edits and suggestions into a single revised draft. If
you can get comments to me within the next couple days, that
would be very helpful as we're working on a late October
deadline for the final version.

Thanks for your continued help,

mike

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX:

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

Prof. Phil Jones
Climatic Research Unit        Telephone +
School of Environmental Sciences    Fax 
University of East Anglia                     
Norwich                          Email    p.jones@uea.ac.uk
NR4 7TJ
UK                                                                                 ------------------
----------------------------------------------------------
                                                                             

_______________________________________________________________________

                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.shtml

-- 

Thomas J. Crowley
Nicholas Professor of Earth Systems Science
Dept. of Earth and Ocean Sciences
Nicholas School of the Environment and Earth Sciences
Box 90227
103  Old Chem Building Duke University
Durham, NC  27708

tcrowley@duke.edu

  fax

_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
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_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Kevin Trenberth
To: Michael E. Mann
Cc: Caspar Ammann; rbradley@geo.umass.edu; Keith Briffa; tcrowley@duke.edu; mhughes@ltrr.arizona.edu;

omichael@princeton.edu; t.osborn@uea.ac.uk; jto@u.arizona.edu; Scott Rutherford; Tom Wigley; p.jones@uea.ac.uk
Subject: Re: draft
Date: Thursday, October 09, 2003 11:49:03 AM
Attachments: SoonReply.doc

Hi all
Here are my suggested changes: toned down in several places.  Tracking turned on
Kevin

Michael E. Mann wrote:

Dear co-authors,

Attached is a draft response, incorporating suggestions Kevin, Tom W, and
Michael.  I've aimed to be as brief as possible, but hard to go much lower than
750 words and still address all the key issues. 750 words, by the way, is our
allotted limit.

Looking forward to any comments. Feel free to send an edited version if you
prefer, and I'll try to assimilate all of the suggested edits and suggestions into a
single revised draft. If you can get comments to me within the next couple
days, that would be very helpful as we're working on a late October deadline
for the final version.

Thanks for your continued help,

mike

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

-- 
****************
Kevin E. Trenberth                              e-mail: trenbert@ucar.edu
Climate Analysis Section, NCAR                  u/cas/
P. O. Box 3000,                                 
Boulder, CO 80307                                (fax)

Street address: 1850 Table Mesa Drive, Boulder, CO  80303
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Soon and colleagues ('S03') begin their rebuttal to our Eos criticism  ('M03') of their previous work  ('SB03') with an 
assertion "knowledge of past climatic changes does not have a direct bearing on the climatic effects of 
anthropogenic carbon dioxide..." that is self-evidently at odds with the most basic principles of climate research. 
They follow with an equally puzzling assertion  that "M03 relies mainly on a Northern Hemisphere reconstruction 
of average annual temperature by Mann et al. [1999]". Our article, quite to the contrary, demonstrated that nearly a 
dozen different published estimates based on proxy data and model simulations give the same picture--anomalous 
late 20th century warmth that is unprecedented in what appears now to be at least  roughly the past two millennia. 
Our conclusions reflected the mainstream scientific viewpoint expressed by the 2001 report of the 
Intergovernmental Panel on Climate Change (IPCC) that anomalous hemispheric late 20th century warmth cannot 
be explained by natural factors.  
 
These straw man arguments set  the tone for the ensuing laundry list of myths and discredited claims that follow. 
While these are too numerous too address each in detail in the short space allotted, several are so at variance with 
the accepted science that they deserve special attention: 
 
1) The contention  that the conclusions expressed by M03 for the period prior to AD 1400 rely mainly "on tree 
growth from one region" belies the fact that several of the proxy estimates shown were based on composites of 
estimates from regions across the Northern Hemisphere, based on a majority of non-tree ring data. The claims of 
S03 regarding non-biological impacts on tree growth, even if valid, would thus be irrelevant. Nonetheless, the 
claims aren't valid.  Their assertion that "[20th century]tree growth indices...show declining patterns of tree growth, 
despite rising temperatures" is terribly misleading; it . The claim in question holds, in some cases, for tree-ring 
density measurements, rarely for annual ring widths, and almost entirely at higher latitudes. 
 
2) The statement by S03 that the Mann and Jones [2003] reconstruction "clearly shows temperatures in the MWP 
that are as high as those in the 20th century" is  false.both misleading and untrue.  It is misleading, because,  to state 
yet again one of our fundamental criticisms of SB03, iIt is only the hemispheric warmth of the  late 20th century, 
and not the entirety of the  "20th century", that is anomalous in a long-term context. The claim is untrue because 
tThe late 20th century anomalies in the Northern Hemisphere reconstruction (which terminates in 1980) are clearly  
the warmest in the roughly 1800 year history. Moreover, tThe subsequent warmth of the past two decades as 
recorded by the instrumental record, moreover, is more than two standard errors warmer than any reconstructed 
interval. Mann and Jones clearly point out that  conclusions for the Southern Hemisphere (and globe), on the other 
hand, are still indeterminate, owing to a paucity of southern hemisphere data.   
 
3) The authors argue that evidence from borehole data  provide a conflicting view of past temperature histories. 
Quite tTo the contrary, borehole estimates were clearly shown  in M03  as being consistent with the other estimates 
within the published uncertainties, particularly once influences  on  ground surface temperatures that appear 
unrelated to past surface air temperature are accounted for. The authors cite supposed borehole evidence for 
medieval warmth, even though information from boreholes researchers have come to the conclusion that  the 
sensitivity of the data to temperature changes is largely confined to the past 500 years [e.g. IPCC]. 
 
4) Finally, the authors promote the myth that "urban heat island"  effects lead to significant biases in  the 
instrumental record of surface temperature used to calibrate proxy data. They do so  based on a very selective 
citation and incorrect interpretation of the existing literature. A recent thorough investigation of this (Peterson 2003) 
finds regrowth of trees in many cities in areas where thermometers are more likely to be.  In contrast to the authors 
claims, land use changes are thoughtknown to have led to an overall cooling, not a warming, of global surface 
temperatures during the 19th and 20th century. 
 
Articles in Scientific American and the Chronicle of Higher Education, have quoted numerous other leading climate 
scientists as indicating that SB03 misrepresented not just mainstream scientific opinion, but the results of their own 
individual  research. The publisher of the journal in which their article appeared ("Climate Research")  stated in the 
New York Times that the review process of their paper  "failed to detect methodological flaws". The controversy has 
now led, since the publication of M03, to the resignation of the editor-in-chief and five other editors at that  journal. 
We feel it is time to move on. 
 
 
Michael Mann, Caspar Amman?, Raymond Bradley?, Keith Briffa?, Tom Crowley?, Malcolm Hughes?, Philip 
Jones?, Timothy Osborn?, Michael Oppenheimer?, Jonathan Overpeck?, Scott Rutherford?, Kevin Trenberth? 
Tom Wigley? 
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From: Michael E. Mann
To: Kevin Trenberth
Cc: Caspar Ammann; rbradley@geo.umass.edu; Keith Briffa; tcrowley@duke.edu; mhughes@ltrr.arizona.edu;

omichael@princeton.edu; t.osborn@uea.ac.uk; jto@u.arizona.edu; Scott Rutherford; Tom Wigley; p.jones@uea.ac.uk;
mann@virginia.edu

Subject: Re: draft
Date: Thursday, October 09, 2003 12:02:33 PM

Dear All,

I like all of Kevin's changes. Please work with his version as a template for any additional
suggested changes. I'll incorporate the additional comments received from Phil and Tom W and
others afterwards...

thanks,

mike

At 12:48 PM 10/9/2003 -0600, Kevin Trenberth wrote:

Hi all
Here are my suggested changes: toned down in several places.  Tracking turned on
Kevin

Michael E. Mann wrote:

Dear co-authors,

Attached is a draft response, incorporating suggestions Kevin, Tom W,
and Michael.  I've aimed to be as brief as possible, but hard to go much
lower than 750 words and still address all the key issues. 750 words, by
the way, is our allotted limit.

Looking forward to any comments. Feel free to send an edited version if
you prefer, and I'll try to assimilate all of the suggested edits and
suggestions into a single revised draft. If you can get comments to me
within the next couple days, that would be very helpful as we're working
on a late October deadline for the final version.

Thanks for your continued help,

mike

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu  Phone:    FAX: 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

-- 
****************
Kevin E.
Trenberth                          
   e-mail:
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trenbert@ucar.edu
Climate Analysis Section,
NCAR             
    www.cgd.ucar.edu/cas/
P. O. Box
300                  
   
Bou
8030              
     (fax)

Street address: 1850 Table Mesa Drive, Boulder, CO  80303

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes
Subject: Re: draft
Date: Thursday, October 09, 2003 2:17:41 PM

hi malcolm,

thanks--we can wait for Ray's feedback as long as it isn't major (we need to be
finalizing the draft over the next 2 weeks)....

mike

p.s. we're confirmed on your seminar date, right?

At 02:25 PM 10/9/2003 -0700, Malcolm Hughes wrote:

Mike - I've had a hectic week, so I hope to get something to you 
about the draft tomorrow (Friday) am, my time. Ray leaves for 
Argentina this evening, so you may not hear from him for a 
week. Cheers, Malcolm
Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Malcolm Hughes
To: mann@virginia.edu
Subject: draft
Date: Thursday, October 09, 2003 2:26:06 PM

Mike - I've had a hectic week, so I hope to get something to you
about the draft tomorrow (Friday) am, my time. Ray leaves for
Argentina this evening, so you may not hear from him for a
week. Cheers, Malcolm
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From: Tim Osborn
To: Michael E. Mann
Cc: Caspar Ammann; rbradley@geo.umass.edu; Keith Briffa; tcrowley@duke.edu; mhughes@ltrr.arizona.edu;

omichael@princeton.edu; jto@u.arizona.edu; Scott Rutherford; Tom Wigley; p.jones@uea.ac.uk; Kevin
Trenberth

Subject: Re: draft
Date: Monday, October 13, 2003 7:24:12 AM

At 20:02 09/10/2003, Michael E. Mann wrote:
>Dear All,
>
>I like all of Kevin's changes. Please work with his version as a template
>for any additional suggested changes. I'll incorporate the additional
>comments received from Phil and Tom W and others afterwards...
>
>thanks,
>
>mike

Dear Mike and co-authors,

I've now had a chance to go through the drafts and comments etc.  Working
from Kevin's version, here are some suggestions to consider:

(1) Are you sure that what we saw is the final version of S03, after any
EOS editing, etc.?  Wouldn't want any of the S03 quotes used here to get
changed if they had to edit to reduce the length of their piece!

(2) Suggested re-ordering of the end of point (1): 'it holds in some cases
for tree-ring density measurements at higher latitudes, but rarely for
annual ring widths.'

(3) Suggested re-wording near start of point (2):  '"clearly shows
temperatures in the MWP that are as high as those in the 20th century" is
misleading because it is true for only the early 20th century.  The
hemispheric warmth of the late 20th century is anomalous in a long-term
context.' (with underlining of either 'late' or 'is' for emphasis).  Of
course, this suggestion needs to be checked carefully (e.g., is it only the
'early' 20th century that is exceeded by some earlier temperatures?).  But
it is an important change because it is not actually 'false' or 'untrue' if
some part of the 20th century was exceeded earlier - they don't specify
which part, so their statement is (probably deliberately) vague rather than
wrong.  The above suggestion simply points this out.

(4) Related to this comment, is the question of whether the actual
reconstruction (not instrumental observations) in the late 20th century
exceeds all reconstructed values (central estimates) prior to the 20th
century.  My copy of Mann and Jones (2003) has poor quality figures, so
this is hard for me to tell.  It appears that it might be true, but only
right at the end - i.e. the 1980 value of the filtered series.  If it is
really only at the end, and a 40-year smoothing filter is used, then I
would be concerned about this statement appearing in the response if it
depends upon applying the filter right up to the end of the record.  Doing
so requires some assumption about values past the end of the series.  This
in itself is problematic, but especially so if the assumption were that the
trend was extrapolated to produce values for input to the filter.  Of
course, if the straight 40-year mean from 1941-1980 of the reconstruction
exceeds all other 40-year means of the reconstruction, then I'd be happy
with the statement.
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(5) I don't like point (3) on the boreholes.  It relies on the "optimal"
borehole series of Mann et al. (2003), a result that I have some concerns
about and which is being used here to imply less uncertainty than really
exists over this issue.  In the EOS paper we included this and the
"non-optimal" gridded borehole series, so we were leaving open some
uncertainty.  I'm not saying that I prefer/believe the Huang et al. series
either, since I agree that extracting the temperature signal from the
borehole data is very difficult.  I just don't like to imply it has been
solved when it hasn't.

(6) Can we provide a supporting reference for the statement in point (4)
about land use changes leading to an overall cooling?

(7) I like the final paragraph as it is, possibly dropping the last "We
feel it is time to move on" line.

Cheers

Tim

Dr Timothy J Osborn
Climatic Research Unit
School of Environmental Sciences, University of East Anglia
Norwich  NR4 7TJ, UK

e-mail:   t.osborn@uea.ac.uk
phone:    
fax:      
web:      http://www.cru.uea.ac.uk/~timo/
sunclock: http://www.cru.uea.ac.uk/~timo/sunclock.htm
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From: Keith Briffa
To: Kevin Trenberth; Michael E. Mann
Cc: Caspar Ammann; rbradley@geo.umass.edu; tcrowley@duke.edu; mhughes@ltrr.arizona.edu;

omichael@princeton.edu; t.osborn@uea.ac.uk; jto@u.arizona.edu; Scott Rutherford; Tom Wigley;
p.jones@uea.ac.uk

Subject: Re: draft
Date: Monday, October 13, 2003 8:48:51 AM

Mike and all
Hi , just back from a trip and only now catching up with important emails.
Given
the restricted time and space available to furnish a response to SB comments ,
I offer the following mix of comment and specific wording changes:

I agree that the S+B response is designed to deflect criticism by confusing
the issues
rather than answering our points.
In fact they fail to address any of the 3 specific
issues we raised Namely , 1. the need for critical evaluation of proxy
inputs , 2. the
need for a consistent assimilation of widespread (dated and well resolved )
records,
3. the essential requirement for objective/quantitative calibration
(scaling) of the input
records to allow for assessment of the uncertainties when making
comparisons of different reconstructions and when comparing early with recent
temperatures.
  Their own , ill-conceived and largely subjective approach did not take
account of the uncertainties and problems in the use of palaeodata that
they chose to
highlight in their opening remarks.
I would be in favour of stating something to this effect at the outset of
our response.

Also , as regards the tree-ring bit , I fully concur with  the sense of
your text as
regards Section 1, but suggest the following wording (to replace ",rarely
for annual
ring widths, and almost entirely at higher latitudes.")
"but in certain high-latitude regions only. Where this is the case , these
relatively recent
(ie post 1950) data are not used in calibrating temperature
reconstructions. In many other
(even high-latitude) areas  density or ring-width records display no bias."

In the spirit of healthy debate - I agree with Tim's remarks , warning
against presenting a too
sanguine impression that the borehole debate is closed ( though I do think
it is closing!).
I also believe , as you already know, that the use of a recent padding
algorithm to extend
smoothed data to the present time, is inappropriate if it assumes the
continuation of a recent
trend. This is likely to confuse , rather than inform, the wider public
about the current climate state .

Finally , I repeat my earlier remarks (made before EOS piece published)
that we are missing
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an opportunity to say that a warm Medieval period per se is not a
refutation of anthropogenic
warming , {as its absence is no proof}, if we do not understand the role of
specific forcings (natural
and anthropogenic) that influenced medieval and current climates.

Cheers
Keith

At 12:48 PM 10/9/03 -0600, Kevin Trenberth wrote:
>Hi all
>Here are my suggested changes: toned down in several places.  Tracking
>turned on
>Kevin
>
>Michael E. Mann wrote:
>>Dear co-authors,
>>
>>Attached is a draft response, incorporating suggestions Kevin, Tom W, and
>>Michael.  I've aimed to be as brief as possible, but hard to go much
>>lower than 750 words and still address all the key issues. 750 words, by
>>the way, is our allotted limit.
>>
>>Looking forward to any comments. Feel free to send an edited version if
>>you prefer, and I'll try to assimilate all of the suggested edits and
>>suggestions into a single revised draft. If you can get comments to me
>>within the next couple days, that would be very helpful as we're working
>>on a late October deadline for the final version.
>>
>>Thanks for your continued help,
>>
>>mike
>>
>>______________________________________________________________
>>                     Professor Michael E. Mann
>>            Department of Environmental Sciences, Clark Hall
>>                       University of Virginia
>>                      Charlottesville, VA 22903
>>_______________________________________________________________________
>>e-mail: <mailto:mann@virginia.edu >mann@virginia.edu   Phone: (434)
>>924-7770   FAX: 
>>          http://www.evsc.virginia.edu/faculty/people/mann.shtml
>
>
>--
>****************
>Kevin E. Trenberth                              e-mail:
><mailto:trenbert@ucar.edu>trenbert@ucar.edu
>Climate Analysis Section,
>NCAR                  <http://www.cgd.ucar.edu/cas/>www.cgd.ucar.edu/cas/
>P. O. Box 3000,                                 
>Boulder, CO 80307                                (fax)
>
>Street address: 1850 Table Mesa Drive, Boulder, CO  80303
>

--
Professor Keith Briffa,
Climatic Research Unit
University of East Anglia
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Norwich, NR4 7TJ, U.K.

Phone: 
Fax: 

http://www.cru.uea.ac.uk/cru/people/briffa/
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From: Michael E. Mann
To: Tim Osborn
Cc: Caspar Ammann; rbradley@geo.umass.edu; Keith Briffa; tcrowley@duke.edu; mhughes@ltrr.arizona.edu;

omichael@princeton.edu; jto@u.arizona.edu; Scott Rutherford; Tom Wigley; p.jones@uea.ac.uk; Kevin
Trenberth; mann@virginia.edu

Subject: Re: draft
Date: Monday, October 13, 2003 9:53:24 AM

Dear Tim,

Thanks a bunch for your comments, which are very helpful.

I'm incorporating them along w/ others received into a revised version I hope to send
out later today.

Some responses/further clarification below,

mike

At 03:23 PM 10/13/2003 +0100, Tim Osborn wrote:

Dear Mike and co-authors,

I've now had a chance to go through the drafts and comments etc. 
Working from Kevin's version, here are some suggestions to consider:

(1) Are you sure that what we saw is the final version of S03, after any
EOS editing, etc.?  Wouldn't want any of the S03 quotes used here to get
changed if they had to edit to reduce the length of their piece!

My understanding is that this is the final version, and that they cannot change it at
this point. Ellen MT is double-checking  to double-check on this..

(2) Suggested re-ordering of the end of point (1): 'it holds in some cases
for tree-ring density measurements at higher latitudes, but rarely for
annual ring widths.'

thanks, trying to incorporate this along w/ Keith's suggestion into revised wording...

(3) Suggested re-wording near start of point (2):  '"clearly shows
temperatures in the MWP that are as high as those in the 20th century" is
misleading because it is true for only the early 20th century.  The
hemispheric warmth of the late 20th century is anomalous in a long-term
context.' (with underlining of either 'late' or 'is' for emphasis).  Of course,
this suggestion needs to be checked carefully (e.g., is it only the 'early'
20th century that is exceeded by some earlier temperatures?).  But it is
an important change because it is not actually 'false' or 'untrue' if some
part of the 20th century was exceeded earlier - they don't specify which
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part, so their statement is (probably deliberately) vague rather than
wrong.  The above suggestion simply points this out.

Yes, they have been vague enough to the point where their statements are
misleading but not false, depending on interpretation. Am working on wording to
clarify this further...

(4) Related to this comment, is the question of whether the actual
reconstruction (not instrumental observations) in the late 20th century
exceeds all reconstructed values (central estimates) prior to the 20th
century.  My copy of Mann and Jones (2003) has poor quality figures, so
this is hard for me to tell.  It appears that it might be true, but only right
at the end - i.e. the 1980 value of the filtered series.  If it is really only at
the end, and a 40-year smoothing filter is used, then I would be
concerned about this statement appearing in the response if it depends
upon applying the filter right up to the end of the record.  Doing so
requires some assumption about values past the end of the series.  This in
itself is problematic, but especially so if the assumption were that the
trend was extrapolated to produce values for input to the filter.  Of
course, if the straight 40-year mean from 1941-1980 of the reconstruction
exceeds all other 40-year means of the reconstruction, then I'd be happy
with the statement.

The proxy reconstruction was smoothed using a conventional 40 year smoothing filter
that assumes no trend beyond the data, so the last 40 years of the smooth have the
mean of the last 40 years of the reconstruction, in response to your question. 

Only the instrumental record shown in Mann and Jones was smoothed in a way that
minimizes the 2nd derivative of the smooth near the boundary (which is
mathematically equivalent to padding assuming continuation of the trend). More
discussion of this in separate response to keith's message to follow.I've eliminated
reference to the instrumental record, which seems a bit of a digression anyway. So,
as I interpret it, there shouldn't be an issue here now...

(5) I don't like point (3) on the boreholes.  It relies on the "optimal"
borehole series of Mann et al. (2003), a result that I have some concerns
about and which is being used here to imply less uncertainty than really
exists over this issue.  In the EOS paper we included this and the "non-
optimal" gridded borehole series, so we were leaving open some
uncertainty.  I'm not saying that I prefer/believe the Huang et al. series
either, since I agree that extracting the temperature signal from the
borehole data is very difficult.  I just don't like to imply it has been solved
when it hasn't.

I'm taking this and Keith's comments have been taken into account in rephrasing
this. This is offered as a possible, but not certain, conclusion, and a reference to a
paper looking at possible complicating factors (Beltrami and Kellman) has been
provided as a supporting reference.
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(6) Can we provide a supporting reference for the statement in point (4)
about land use changes leading to an overall cooling?

Yes, I've added a reference to Govindasamy et al (2001) which makes a compelling
case for this. This makes 5 references now, a couple more than I requested, but I'm
sure they'll allow that given that S03 has dozens of references...

(7) I like the final paragraph as it is, possibly dropping the last "We feel it
is time to move on" line.

Thanks. I do feel that the piece does need a short concluding statement. Is "We
believe that these developments speak for themselves." ok w/ people?

Cheers

Tim

Thanks again,

mike

Dr Timothy J Osborn
Climatic Research Unit
School of Environmental Sciences, University of East Anglia
Norwich  NR4 7TJ, UK

e-mail:   t.osborn@uea.ac.uk
phone:    
fax:      
web:      http://www.cru.uea.ac.uk/~timo/
sunclock: http://www.cru.uea.ac.uk/~timo/sunclock.htm

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Tom Wigley; Keith Briffa
Cc: Kevin Trenberth; Caspar Ammann; rbradley@geo.umass edu; tcrowley@duke.edu; mhughes@ltrr.arizona.edu; omichael@princeton edu;

t.osborn@uea.ac uk; jto@u.arizona edu; Scott Rutherford; p.jones@uea ac.uk; mann@virginia edu
Subject: Re: draft
Date: Monday, October 13, 2003 10:00:28 AM

Thanks Tom,

Working, at this very moment, on a way to broach the valid point raised by Keith w/out otherwise
conflicting w/ what we say. I think some careful wording can accomplish this. More soon,

mike

At 10:37 AM 10/13/2003 -0600, Tom Wigley wrote:

Folks,

Keith makes a good point about the existence of the MWE. Its existence (or not) does not have
any *direct* bearing on the reality of anthro warming. But one must be careful here not to
appear to support the statement of S03 that we criticize at the start of our response.

The past record *does* have a bearing on the confidence we place on anthro effects -- since it
is an important aspect of model validation. So the key word here is 'direct'.

I suggest looking again at the start of our response to make sure the issue here is clear.

Tom.
++++++++++++++++++++++++++++++++++==

Keith Briffa wrote:

Mike and all
Hi , just back from a trip and only now catching up with important emails. Given
the restricted time and space available to furnish a response to SB comments ,
I offer the following mix of comment and specific wording changes:
I agree that the S+B response is designed to deflect criticism by confusing the issues
rather than answering our points.
In fact they fail to address any of the 3 specific
issues we raised Namely , 1. the need for critical evaluation of proxy inputs , 2. the
need for a consistent assimilation of widespread (dated and well resolved ) records,
3. the essential requirement for objective/quantitative calibration (scaling) of the
input
records to allow for assessment of the uncertainties when making
comparisons of different reconstructions and when comparing early with recent
temperatures.
 Their own , ill-conceived and largely subjective approach did not take
account of the uncertainties and problems in the use of palaeodata that they chose
to
highlight in their opening remarks.
I would be in favour of stating something to this effect at the outset of our response.
Also , as regards the tree-ring bit , I fully concur with  the sense of your text as
regards Section 1, but suggest the following wording (to replace ",rarely for annual
ring widths, and almost entirely at higher latitudes.")
"but in certain high-latitude regions only. Where this is the case , these relatively
recent
(ie post 1950) data are not used in calibrating temperature reconstructions. In many
other
(even high-latitude) areas  density or ring-width records display no bias."
In the spirit of healthy debate - I agree with Tim's remarks , warning against
presenting a too
sanguine impression that the borehole debate is closed ( though I do think it is
closing!).
I also believe , as you already know, that the use of a recent padding algorithm to
extend
smoothed data to the present time, is inappropriate if it assumes the continuation of
a recent
trend. This is likely to confuse , rather than inform, the wider public about the
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current climate state .
Finally , I repeat my earlier remarks (made before EOS piece published) that we are
missing
an opportunity to say that a warm Medieval period per se is not a refutation of
anthropogenic
warming , {as its absence is no proof}, if we do not understand the role of specific
forcings (natural
and anthropogenic) that influenced medieval and current climates.
Cheers
Keith
At 12:48 PM 10/9/03 -0600, Kevin Trenberth wrote:

Hi all
Here are my suggested changes: toned down in several places.  Tracking
turned on
Kevin

Michael E. Mann wrote:

Dear co-authors,

Attached is a draft response, incorporating suggestions Kevin,
Tom W, and Michael.  I've aimed to be as brief as possible,
but hard to go much lower than 750 words and still address all
the key issues. 750 words, by the way, is our allotted limit.

Looking forward to any comments. Feel free to send an edited
version if you prefer, and I'll try to assimilate all of the
suggested edits and suggestions into a single revised draft. If
you can get comments to me within the next couple days, that
would be very helpful as we're working on a late October
deadline for the final version.

Thanks for your continued help,

mike

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: <mailto:mann@virginia.edu >mann@virginia.edu  
Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

-- 
****************
Kevin E. Trenberth                              e-mail:
<mailto:trenbert@ucar.edu>trenbert@ucar.edu
Climate Analysis Section, NCAR                  
<http://www.cgd.ucar.edu/cas/>www.cgd.ucar.edu/cas/
P. O. Box 3000,                                 
Boulder, CO 80307                                (fax)

Street address: 1850 Table Mesa Drive, Boulder, CO  80303

-- Professor Keith Briffa,
Climatic Research Unit
University of East Anglia
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Norwich, NR4 7TJ, U.K.
Phone: 
Fax: 
http://www.cru.uea.ac.uk/cru/people/briffa/

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Keith Briffa; Kevin Trenberth
Cc: Caspar Ammann; rbradley@geo.umass.edu; tcrowley@duke.edu; mhughes@ltrr.arizona.edu; omichael@princeton.edu; t.osborn@uea.ac.uk;

jto@u.arizona.edu; Scott Rutherford; Tom Wigley; p jones@uea.ac.uk; mann@virginia.edu
Subject: Re: draft
Date: Monday, October 13, 2003 11:17:26 AM
Attachments: SoonReply.doc

Dear All,

Thanks for all your comments, which are very helpful. I've done my best to address these within the
pretty tight constraints (750 words) allotted. We come in now at 746 words, just inside the strict 750
word limit that has been imposed on us.

We have 6 references now--I've asked folks at AGU if that's ok.

If people have any final comments on the draft, please let me know ASAP. For those who haven't yet
responded yet (Malcolm, Ray, Caspar, Scott, Peck), if you're happy w/ it as it currently stands, a 
simple "looks good as is now, sign my name to it too" would be great. I don't want to sign anyones
name to this w/ out some indication of approval. I realize some of you are still travelling and have
been unable to respond. I've asked AGU if we can have at least one more week before submitting...

Thanks again for your continued help,

mike

At 04:36 PM 10/13/2003 +0100, Keith Briffa wrote:

Mike and all
Hi , just back from a trip and only now catching up with important emails. Given
the restricted time and space available to furnish a response to SB comments ,
I offer the following mix of comment and specific wording changes:

I agree that the S+B response is designed to deflect criticism by confusing the issues
rather than answering our points.
In fact they fail to address any of the 3 specific
issues we raised Namely , 1. the need for critical evaluation of proxy inputs , 2. the
need for a consistent assimilation of widespread (dated and well resolved ) records,
3. the essential requirement for objective/quantitative calibration (scaling) of the input
records to allow for assessment of the uncertainties when making
comparisons of different reconstructions and when comparing early with recent
temperatures.
 Their own , ill-conceived and largely subjective approach did not take
account of the uncertainties and problems in the use of palaeodata that they chose to
highlight in their opening remarks.
I would be in favour of stating something to this effect at the outset of our response.

Also , as regards the tree-ring bit , I fully concur with  the sense of your text as
regards Section 1, but suggest the following wording (to replace ",rarely for annual
ring widths, and almost entirely at higher latitudes.")
"but in certain high-latitude regions only. Where this is the case , these relatively recent
(ie post 1950) data are not used in calibrating temperature reconstructions. In many other
(even high-latitude) areas  density or ring-width records display no bias."

In the spirit of healthy debate - I agree with Tim's remarks , warning against presenting a
too
sanguine impression that the borehole debate is closed ( though I do think it is closing!).
I also believe , as you already know, that the use of a recent padding algorithm to extend
smoothed data to the present time, is inappropriate if it assumes the continuation of a
recent
trend. This is likely to confuse , rather than inform, the wider public about the current
climate state .
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Finally , I repeat my earlier remarks (made before EOS piece published) that we are
missing
an opportunity to say that a warm Medieval period per se is not a refutation of
anthropogenic
warming , {as its absence is no proof}, if we do not understand the role of specific forcings
(natural
and anthropogenic) that influenced medieval and current climates.

Cheers
Keith

At 12:48 PM 10/9/03 -0600, Kevin Trenberth wrote:

Hi all
Here are my suggested changes: toned down in several places.  Tracking
turned on
Kevin

Michael E. Mann wrote:

Dear co-authors,

Attached is a draft response, incorporating suggestions Kevin, Tom
W, and Michael.  I've aimed to be as brief as possible, but hard to
go much lower than 750 words and still address all the key issues.
750 words, by the way, is our allotted limit.

Looking forward to any comments. Feel free to send an edited
version if you prefer, and I'll try to assimilate all of the suggested
edits and suggestions into a single revised draft. If you can get
comments to me within the next couple days, that would be very
helpful as we're working on a late October deadline for the final
version.

Thanks for your continued help,

mike

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: <mailto:mann@virginia.edu >mann@virginia.edu   Phone:
   FAX: 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

--
****************
Kevin E. Trenberth                              e-mail:
<mailto:trenbert@ucar.edu>trenbert@ucar.edu
Climate Analysis Section, NCAR                 
<http://www.cgd.ucar.edu/cas/>www.cgd.ucar.edu/cas/
P. O. Box 3000,                                 
Boulder, CO 80307                                (fax)

Street address: 1850 Table Mesa Drive, Boulder, CO  80303
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--
Professor Keith Briffa,
Climatic Research Unit
University of East Anglia
Norwich, NR4 7TJ, U.K.

Phone: 
Fax: 

http://www.cru.uea.ac.uk/cru/people/briffa/

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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Soon and colleagues ('S03') begin their rebuttal to our Eos criticism  ('M03') of their previous work  ('SB03') with 
the implausible claim that we agree with their assertion "knowledge of past climatic changes does not have a direct 
bearing on the climatic effects of anthropogenic carbon dioxide...".  Reconstructions of past temperature histories 
provide indeed one of several independent lines of evidence supporting  consensus scientific conclusion expressed in  
the 2001 report of the Intergovernmental Panel on Climate Change (IPCC) that anomalous hemispheric late 20th 
century warmth cannot be explained by natural factors.  S03 follow with an equally puzzling assertion  that "M03 
relies mainly on a Northern Hemisphere reconstruction of average annual temperature by Mann et al. [1999]". Our 
article, quite to the contrary, demonstrated that nearly a dozen different published estimates based on proxy data and 
model simulations give the same picture--anomalous late 20th century warmth that is unprecedented in  a millennial 
or longer context.  
 
These straw man arguments set  the tone for the ensuing list of myths and discredited claims that follow. Ironically, 
many of the criticisms raised would seem more appropriate applied to the ill-conceived and largely subjective 
approach taken by SB03..  While the claims made by S03 are too numerous to address each in detail  in the short 
space allotted, several are so at variance with the accepted science that they deserve special attention:  
 
1) The contention  that the conclusions expressed by M03 for the period prior to AD 1400 rely mainly "on tree 
growth from one region" belies the fact that several of the proxy estimates shown were based on composites of 
estimates from regions across the Northern Hemisphere, based on a majority or equal number of non-tree ring data. 
The claims of S03 regarding non-biological impacts on tree growth, even if valid, would thus be irrelevant. 
Nonetheless, the claims aren't valid.  Their assertion that "[20th century]tree growth indices...show declining 
patterns of tree growth, despite rising temperatures" is misleading; it holds in certain high-latitude regions only. 
Where this is the case, relatively recent (i.e. post 1950) data are not used in calibrating temperature reconstructions. 
In many other (even high-latitude) areas  density or ring-width records display no such bias. 
 
2) The statement by S03 that the Mann and Jones [2003] reconstruction "clearly shows temperatures in the MWP 
that are as high as those in the 20th century" is misleading if not false. Mann and Jones emphasize conclusions for 
the Northern Hemisphere, noting that those for the Southern Hemisphere (and globe), are  indeterminate due to a 
paucity of southern hemisphere data.  For the Northern Hemisphere, late 20th century warmth clearly is shown by 
Mann and Jones to be anomalous in a long-term (nearly two millennium) context, consistent with the conclusions of  
M03. 
 
3) The authors argue that evidence from borehole data  provide a conflicting view of past temperature histories. To 
the contrary, borehole estimates, as shown  in M03  appear to be consistent with other estimates within  estimated 
uncertainties, once spatial sampling issues are taken into account, and when an attempt is made to estimate possible 
influences such as snowcover changes  [e.g. Beltrami and Kellman, 2003] on the ground surface.  S03 cite supposed 
borehole evidence for medieval warmth, even though reliable information from boreholes is  confined to the past 
500 years [Huang et al, 2000; Folland et al, 2001]. 
 
4) Finally, the authors promote the myth that "urban heat island"  effects lead to significant biases in  the 
instrumental record of surface temperature used to calibrate proxy data. A recent case study of modern urban 
thermometer measurements in the U.S. [Peterson, 2003] supports previous findings that the influence of urban heat 
bias on estimates of global surface temperature change is minimal [Hansen et al, 1999]. 
 
5) In contrast to the authors claims, land use changes are believed  to have led to an overall cooling, not a warming, 
of global surface temperatures during the 19th and 20th century [Govindasamy et al, 2001]. 
 
Articles in Scientific American and the Chronicle of Higher Education, have quoted numerous other leading climate 
scientists as indicating that SB03 misrepresented not just mainstream scientific opinion, but the results of their own 
individual  research. The publisher of the journal in which their article appeared ("Climate Research")  stated in the 
New York Times that the review process of their paper  "failed to detect methodological flaws". The controversy has 
now led, since the publication of M03, to the resignation of the editor-in-chief and five other editors at that  journal. 
We believe that these developments speak for themselves. 
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From: Michael E. Mann
To: Keith Briffa; Kevin Trenberth
Cc: Caspar Ammann; rbradley@geo.umass.edu; tcrowley@duke.edu; mhughes@ltrr.arizona.edu; omichael@princeton.edu; t.osborn@uea.ac.uk;

jto@u.arizona.edu; Scott Rutherford; Tom Wigley; p jones@uea.ac.uk; ckfolland@meto.gov.uk; tkarl@ncdc.noaa.gov
Subject: Re: draft
Date: Monday, October 13, 2003 11:22:31 AM

Dear Keith,

Thanks a bunch for your comments, all of which are very helpful. I've attempted to incorporate these,
along w/ those of Tim, Tom W, in the latest draft, as per my previous email.

There is one point I wanted to comment on further, regarding the issue the how a potentially non-
stationary time series (e.g. one with a significant trend near the end) should or should not be
smoothed. The issue, happily, is not relevant to our Eos reply, because the proxy reconstruction
(which ends in 1980) was smoothed based on a procedure that does not assume a continuation of the
trend, the issue that seems controversial here.

However, I do think that this is particularly important in smoothing of the instrumental surface
temperature series. Those uninterested in this particular discussion need not read any further, but I
would encourage those interested (particular as it might involve decisions about how to smooth time
series in the next IPCC report) to read on...

mike

comment on "minimum roughness" constraint in smoothing time series with significant trends near the
end of the series:

I favor a "minimum roughness" constraint (which tends to retain trends near the end of a smooth) 
for smoothing of  a series with a significant trend near (either) end for the following reason.
Smoothing of a time series with a zero phase (i.e., centered) filter reflects a non-unique
transformation of the data. It is non-unique because there is no information on one half of the filter
center at either the beginning or end of the series. Because of that lack of information, an additional
a priori constraint has to be placed on the filtering process. This contraint reflects an assumption
about the data outside of the available interval. This can be cast (as often it is in the signal processing
literature) as an inverse problem w/ non--unique constraints. The typical constraints that are typically
employed [see Park, J., Envelope estimation for quasi-periodic geophysical signals in noise: A
multitaper approach, in Statistics in the Environmental and Earth Sciences, edited by A. T. Walden
and P. Guttorp, pp. 189-219, Edward Arnold, London, 1992.] involve a (i) "minimum norm", (ii)
"minimum slope", and (iii) "minimum roughness" solution for the underlying statistical model. A
possible way of insuring a reasonably objective smoothing of the time series is to minimize, among all
possible linear combinations of these 3 models, that which minimizes the mean-square-misfit with
respect to the raw data [see  Ghil, M., Allen, M.R., Dettinger, M.D., Ide, K., Kondrashov, D., Mann,
M.E., Robertson, A.W., Tian, Y., Varadi, F., Yiou, P., Advanced Spectral Methods for Climatic Time
Series, Reviews of  Geophysics, 40 (1), 1003, doi: 10.1029/2000RG000092, 2002.]

Such an approach will favor contraints (i) or (ii) for a data series with stationary behavior in the mean
near the end, and probably (iii) if there is non-stationary behavior (i.e. a long-term trend or, more
specifically, a statistically signfiicant trend over the last 1/2 smoothing filter window width).

(i) is called the "minimum norm" constraint because it chooses the smallest of all models for the
smoothed data--it involves the minimization of the 0th derivative of the smooth.  The implicit
assumption is that the mean outside the available interval is equal to the mean of the available data.
This is clearly wrong if there is a signfiicant trend.

(ii) is called a "minimum slope" inversion. In this case, the solution involves the minimization of the
mean-square first derivative of the model--the solution will favor a smooth that approaches the
boundary with zero slope--the implicit assumption is that the mean outside the available interval may
be different from the mean inside the available data, but that this reflects a step change in the mean
value rather than any trend near the boundary. Ad hoc methods which pad the end of the series with
e.g. the mean of the last 1/2 filter width, in essence, implement this constraint.

(iii) is called the "minimum roughness" solution because it minimizes the mean-square 2nd derivative
among all possible models. It favors a smooth with an inflection point at the boundary. and is
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consistent with the assumption that a trend exists as one approaches the boundary. Mathematically, it
is most simply implemented in the time domain by padding the series with an extension of the trend
over the past 1/2 filter width. However, the constraint can be implemented directly in the frequency-
domain inversion [Park, 1992; Ghil et al, 2002].  

This is the proper choice if there is a statistically significant trend within the final 1/2 smoothing
window width of the edge of the data. Objectively, it is defensible in those situations where this
choice minimizes the mean-square misfit with the raw data over all possible linear combinations of
choices (i), (ii), and (iii). For the global or hemispheric mean instrumental series from 1856-present,
that condition holds.

So my concern is the opposite of Keith's. I believe that smoothing routines that explicitly invoke an
assumption of stationarity are problematic when the series clearly is not stationary.
This assertion has a rigorous foundation in the inverse theory literature [see Park, 1992 and other
references therein] and is not a new or subjective approach.

Though the point is actually irrelevant to the discussion at hand for reasons mentioned earlier, I would
actually like to see this discussed, because I think that we (e.g. in IPCC '01) may have underplayed
the significance of recent warming by employing improper boundary conditions on smooths of records
like the global temperature or hemispheric temperature series. I've cc'd Chris Folland and Tom Karl in
on this discussion, for their comments...

Mike and all
Hi , just back from a trip and only now catching up with important emails. Given
the restricted time and space available to furnish a response to SB comments ,
I offer the following mix of comment and specific wording changes:

I agree that the S+B response is designed to deflect criticism by confusing the issues
rather than answering our points.
In fact they fail to address any of the 3 specific
issues we raised Namely , 1. the need for critical evaluation of proxy inputs , 2. the
need for a consistent assimilation of widespread (dated and well resolved ) records,
3. the essential requirement for objective/quantitative calibration (scaling) of the input
records to allow for assessment of the uncertainties when making
comparisons of different reconstructions and when comparing early with recent
temperatures.
 Their own , ill-conceived and largely subjective approach did not take
account of the uncertainties and problems in the use of palaeodata that they chose to
highlight in their opening remarks.
I would be in favour of stating something to this effect at the outset of our response.

Also , as regards the tree-ring bit , I fully concur with  the sense of your text as
regards Section 1, but suggest the following wording (to replace ",rarely for annual
ring widths, and almost entirely at higher latitudes.")
"but in certain high-latitude regions only. Where this is the case , these relatively recent
(ie post 1950) data are not used in calibrating temperature reconstructions. In many other
(even high-latitude) areas  density or ring-width records display no bias."

In the spirit of healthy debate - I agree with Tim's remarks , warning against presenting a
too
sanguine impression that the borehole debate is closed ( though I do think it is closing!).
I also believe , as you already know, that the use of a recent padding algorithm to extend
smoothed data to the present time, is inappropriate if it assumes the continuation of a
recent
trend. This is likely to confuse , rather than inform, the wider public about the current
climate state .

Finally , I repeat my earlier remarks (made before EOS piece published) that we are
missing
an opportunity to say that a warm Medieval period per se is not a refutation of
anthropogenic
warming , {as its absence is no proof}, if we do not understand the role of specific forcings
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(natural
and anthropogenic) that influenced medieval and current climates.

Cheers
Keith

At 12:48 PM 10/9/03 -0600, Kevin Trenberth wrote:

Hi all
Here are my suggested changes: toned down in several places.  Tracking
turned on
Kevin

Michael E. Mann wrote:

Dear co-authors,

Attached is a draft response, incorporating suggestions Kevin, Tom
W, and Michael.  I've aimed to be as brief as possible, but hard to
go much lower than 750 words and still address all the key issues.
750 words, by the way, is our allotted limit.

Looking forward to any comments. Feel free to send an edited
version if you prefer, and I'll try to assimilate all of the suggested
edits and suggestions into a single revised draft. If you can get
comments to me within the next couple days, that would be very
helpful as we're working on a late October deadline for the final
version.

Thanks for your continued help,

mike

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: <mailto:mann@virginia.edu >mann@virginia.edu   Phone:
   FAX: 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

--
****************
Kevin E. Trenberth                              e-mail:
<mailto:trenbert@ucar.edu>trenbert@ucar.edu
Climate Analysis Section, NCAR                 
<http://www.cgd.ucar.edu/cas/>www.cgd.ucar.edu/cas/
P. O. Box 3000,                                 
Boulder, CO 80307                                (fax)

Street address: 1850 Table Mesa Drive, Boulder, CO  80303

--
Professor Keith Briffa,
Climatic Research Unit
University of East Anglia
Norwich, NR4 7TJ, U.K.
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Phone: 
Fax: 

http://www.cru.uea.ac.uk/cru/people/briffa/

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes
Cc: rbradley@geo.umass.edu
Subject: Fwd: Re: draft
Date: Monday, October 13, 2003 11:42:08 AM

Hi guys,

Any suggestion as to where and how to reference this in the Eos reply? We only have a few
words to spare, so we need to be efficient. I think they'll allow us one more reference...

Malcolm: can you send a copy of the gallies to me?

Thanks,

mike

Delivered-To: mem6u@virginia.edu
From: Ray Bradley <rbradley@geo.umass.edu>
Date: Mon, 13 Oct 2003 14:34:48 -0400 (EDT)
Subject: Re: draft
To: mann@virginia.edu
X-Mailer: SquirrelMail (version 1.0.6)

You could reference Bradlety et al, Oct 17 in Science¨Climate in Medieval 
Time¨.....MKH final version

Ray

> 
> 
> Dear Tim,
> Thanks a bunch for your comments, which are very helpful.
> I'm incorporating them along w/ others received into a revised version
> I hope to send out later today.
> Some responses/further clarification below,
> mike
> At 03:23 PM 10/13/2003 +0100, Tim Osborn wrote:
> Dear Mike and co-authors,
> I've now had a chance to go through the drafts and comments etc.&nbsp;
> Working from Kevin's version, here are some suggestions to
> consider:
> (1) Are you sure that what we saw is the final version of S03, after
> any EOS editing, etc.?&nbsp; Wouldn't want any of the S03 quotes used
> here to get changed if they had to edit to reduce the length of their
> piece!
> My understanding is that this is the final version, and that they
> cannot change it at this point. Ellen MT is double-checking&nbsp; to
> double-check on this..
> 
> (2) Suggested re-ordering of the
> end of point (1): 'it holds in some cases for tree-ring density
> measurements at higher latitudes, but rarely for annual ring
> widths.'
> 
> thanks, trying to incorporate this along w/ Keith's suggestion into
> revised wording...
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> (3) Suggested re-wording near start
> of point (2):&nbsp; '&quot;clearly shows temperatures in the MWP that
> are as high as those in the 20th century&quot; is misleading because it
> is true for only the early 20th century.&nbsp; The hemispheric warmth
> of the late 20th century is anomalous in a long-term context.' (with
> underlining of either 'late' or 'is' for emphasis).&nbsp; Of course,
> this suggestion needs to be checked carefully (e.g., is it only the
> 'early' 20th century that is exceeded by some earlier
> temperatures?).&nbsp; But it is an important change because it is not
> actually 'false' or 'untrue' if some part of the 20th century was
> exceeded earlier - they don't specify which part, so their statement is
> (probably deliberately) vague rather than wrong.&nbsp; The above
> suggestion simply points this out.
> 
> Yes, they have been vague enough to the point where their statements
> are misleading but not false, depending on interpretation. Am working
> on wording to clarify this further...
> (4) Related to this comment, is the
> question of whether the actual reconstruction (not instrumental
> observations) in the late 20th century exceeds all reconstructed values
> (central estimates) prior to the 20th century.&nbsp; My copy of Mann
> and Jones (2003) has poor quality figures, so this is hard for me to
> tell.&nbsp; It appears that it might be true, but only right at the end
> - i.e. the 1980 value of the filtered series.&nbsp; If it is really
> only at the end, and a 40-year smoothing filter is used, then I would
> be
> concerned about this statement appearing in the response if it depends
> upon applying the filter right up to the end of the record.&nbsp; Doing
> so requires some assumption about values past the end of the
>series.&nbsp; This in itself is problematic, but especially so if the
>assumption were that the trend was extrapolated to produce values for
>input to the filter.&nbsp; Of course, if the straight 40-year mean from
>1941-1980 of the reconstruction exceeds all other 40-year means of the
>reconstruction, then I'd be happy with the statement.
> The proxy reconstruction was smoothed using a conventional 40 year
> smoothing filter that assumes no trend beyond the data, so the last 40
> years of the smooth have the mean of the last 40 years of the
> reconstruction, in response to your question. 
> Only the instrumental record shown in Mann and Jones was smoothed in a
> way that minimizes the 2nd derivative of the smooth near the boundary
> (which is mathematically equivalent to padding assuming continuation of
> the trend). More discussion of this in separate response to keith's
> message to follow.I've eliminated reference to the instrumental record,
> which seems a bit of a digression anyway. So, as I interpret it, there
> shouldn't be an issue here now...
> 
> (5) I don't like point (3) on the
> boreholes.&nbsp; It relies on the &quot;optimal&quot; borehole series
> of Mann et al. (2003), a result that I have some concerns about and
> which is being used here to imply less uncertainty than really exists
> over this issue.&nbsp; In the EOS paper we included this and the
> &quot;non-optimal&quot; gridded borehole series, so we were leaving
> open some uncertainty.&nbsp; I'm not saying that I prefer/believe the
> Huang et al. series either, since I agree that extracting the
> temperature signal from the borehole data is very difficult.&nbsp; I
> just don't like to imply it has been solved when it hasn't.
> 
> I'm taking this and Keith's comments have been taken into account in
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> rephrasing this. This is offered as a possible, but not certain,
> conclusion, and a reference to a paper looking at possible complicating
> factors (Beltrami and Kellman) has been provided as a supporting
> reference.
> (6) Can we provide a supporting
> reference for the statement in point (4) about land use changes leading
> to an overall cooling?
> 
> Yes, I've added a reference to Govindasamy et al (2001) which makes a
> compelling case for this. This makes 5 references now, a couple more
> than I requested, but I'm sure they'll allow that given that S03 has
> dozens of references...
> (7) I like the final paragraph as
> it is, possibly dropping the last &quot;We feel it is time to move
> on&quot; line.
> Thanks. I do feel that the piece does need a short concluding
> statement. Is &quot;We believe that these developments speak for
> themselves.&quot; ok w/ people?
> 
> Cheers
> Tim
> 
> Thanks again,
> mike
> 
> Dr Timothy J Osborn
> Climatic Research Unit
> School of Environmental Sciences, University of East Anglia
> Norwich&nbsp; NR4 7TJ, UK
> e-mail:&nbsp;&nbsp; t.osborn@uea.ac.uk
> phone:&nbsp;&nbsp;&nbsp; 
> fax:&nbsp;&nbsp;&nbsp;&nbsp;&nbsp; 
> web:&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;
> http://www.cru.uea.ac.uk/~timo/
>sunclock:
> http://www.cru.uea.ac.uk/~timo/sunclock.htm
> 
> 
> ______________________________________________________________
> 
&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbs

p;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;
> Professor Michael E. Mann
> &nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;
Department
> of Environmental Sciences, Clark Hall
> 
&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbs

p;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;
> University of Virginia
> 
&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbs

p;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;
> Charlottesville, VA 22903
>
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_______________________________________________________________________

> e-mail: mann@virginia.edu&nbsp;&nbsp; Phone: nbsp;&nbsp;
> FAX: 
> &nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;&nbsp;
> http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Malcolm Hughes
To: Keith Briffa; Kevin Trenberth; Michael E. Mann
Cc: Caspar Ammann; rbradley@geo.umass.edu; tcrowley@duke.edu; mhughes@ltrr.arizona.edu;

omichael@princeton.edu; t.osborn@uea.ac.uk; jto@u.arizona.edu; Scott Rutherford; Tom Wigley;
p.jones@uea.ac.uk; mann@virginia.edu

Subject: Re: draft
Date: Monday, October 13, 2003 6:43:43 PM
Attachments: draftmh.doc

The following section of this message contains a file attachment
prepared for transmission using the Internet MIME message format.
If you are using Pegasus Mail, or any another MIME-compliant system,
you should be able to save it or view it from within your mailer.
If you cannot, please ask your system administrator for assistance.

   ---- File information -----------
     File:  draftmh.doc
     Date:  13 Oct 2003, 18:36
     Size:  30208 bytes.
     Type:  Unknown
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Soon and colleagues ('S03'') fail to address any of the three specific issues we raised concerning their approach in

our Eos criticism fM03") of their previous work rSB03'Y These were the needs for: critical evaluation of proxy

data to be used: consistent assimilation of widespread, well dated and resolved records. :and the objective,

quantitative calibration of these records. This last requirement must be met if different reconstructions and early and

recent temperatures are to be compared, and is only attainable if the first two needs are also satisfied. Soon and

Eos criticism ('MOT) of their previous work ('SBO3') with

the implausible claim that we agree with their assertion that "knowledge ofpast climatic changes does not have a

direct bearing on the climatic effects of anthropogenic carbon dioxide...". Reconstructions ofpast temperature

eolleoguea ("S03') Thev (SOS') begin their rebuttal to

histories provide indeed one of several independent lines of evidence supporting consensus scientific conclusion

expressed m the 2001 report of the Intergovernmental Panel on Climate Change (IPCC) that anomalous

hemispheric late 20th century warmth cannot be explained by natural factors. S03 follow with an equally puzzling

assertion that "M03 relies mainly on a Northern Hemisphere reconstruction ofaverage annual temperature by

Mann et aI. [1999]". Our article, quite to the contrary, demonstrated that nearly a dozen different published

estimates based on proxy data and model simulations give the same picture—anomalous late 20th century warmth

that is unprecedented m a millennial or longer context.

I
many of the criticisms raised would seem more appropriate applied to the ill-conceived and largely subjective

approach taken by SB03.. While the claims made by S03 are too numerous to address each m detail in the short

space allotted, several are so at variance with the accepted science that they deserve special attention:

1) The contention that the conclusions expressed by M03 for the period prior to AD 1400 rely mainly "on tree

growth from one region" belies the fact that several of the proxy estimates shown were based on composites of

| estimates from regions across the Northern Hemisphere, some based on a majority or equal number ofnon-tree ring
data. The claims of S03 regarding non-biological impacts on tree growth, even ifvalid, would thus be irrelevant.

Nonetheless, the claims aren't valid. Their assertion that "[20th century]tree growth indices. ..show declining

patterns oftree growth, despite rising temperatures" is misleading; it holds m certain high-latitude regions only.

Where this is the case, relatively recent (i.e. post 1950) data are not used in calibrating temperature reconstructions.

| In many other (even high-latitude) areas density or ring-width records display no such bias.

2) The statement by S03 that the Mann and Jones [2003] reconstruction "clearly shows temperatures in the MWP

that are as high as those in the 20th century" is misleading ifnot false. Mann and Jones emphasize conclusions for

the Northern Hemisphere, noting that those for the Southern Hemisphere (and globe), are indeterminate due to a

paucity of southern hemisphere data. For the Northern Hemisphere, late 20th century warmth clearly is shown by

Mann and Jones to be anomalous m a long-term (nearly two millennium) context, consistent with the conclusions of

M03.

3) The authors argue that evidence from borehole data provide a conflicting view ofpast temperature histories. To

| the contrary, borehole estimates, as shown in M03 appear to be consistent with other estimates for recent centuries
within estimated uncertainties, once spatial sampling issues are taken mto account, and when an attempt is made to

estimate possible influences such as snowcover changes [e.g. Beltrami and Kellman, 2003] on the ground surface.

SQ3 make a comparison between a multi-centurv-scale fluctuation 'roughly 1000 years ago' and the 2(^h century. - - Formatted
not the few decades of the late 20. centurv to which M03 refer. .S03 cite suoposed borehole evidence for medieval _ 77 .

_____ _____________________ — — — —1 Formatted

confined to the post 500 year* [Huang et iil. 2000: ^			wnimth. even though reliable information from borehole?

Folland et aI. 20011. We note that Huang et al. (20001 chose to limit their assessment of ground surface temperature

(GST) history to the last 500 years, because of "" progressive inability to resolve the details of climate excursions m

the more remote oast' .

4) Finally, the authors promote the myth that "urban heat island" effects lead to significant biases m the

instrumental record of surface temperature used to calibrate proxy data. A recent case study of modem urban

thermometer measurements m the U.S. [Peterson, 2003] supports previous findings that the influence ofurban heat

bias on estimates ofglobal surface temperature change is minimal [Hansen et al, 1999].

5) In contrast to the authors claims, land use changes are believed to have led to an overall cooling, not a wanning.

of global surface temperatures during the 19th and 20th century [Govindasamy et al, 2001].

Articles in Scientific American and the Chronicle ofHigher Education, have quoted numerous other leading climate

scientists as indicating that SB03 misrepresented not just mainstream scientific opinion, but the results of their own

individual research. The publisher of the journal m which their article appeared ("Climate Research") stated m the

New York Times that the review process of their paper "failed to detect methodologicalflaws". The controversy has

now led, since the publication ofM03, to the resignation of the editor-in-chief and five other editors at that journal.

We believe that these developments speak for themselves.
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From: Michael E. Mann
To: Malcolm Hughes
Subject: Re: draft
Date: Monday, October 13, 2003 7:36:08 PM

Hi Malcolm,

Unfortunately, your changes add 150 words, and they're not going to let us go more
than 20 or so above the limit of 750 words. Can you give me one or two short
sentences that summary the paragraph you added--that's all we can keep...

Also, were you going to send the Science perspective piece, and did you have a
suggestion as to where it should be referenced?

Thanks,

mike

Also, At 06:58 PM 10/13/2003 -0700, you wrote:

<?xml version="1.0" ?> 
Dear Mike and all,
Please find attached some small edits that I propose (MS-Word *.doc file with
track changes turned on). The first change you will find is designed to incorporate
and give strong emphasis to Keith's very important point about keeping the focus
on the inadequacies of the SB approach, and their failure to deal with our specific
criticisms. This is far and away the most important point to make. 
The second main change I suggest concerns the words about boreholes. A careful
reading for the  papers they referred to simply does not  justify the wording in
Mike's most recent draft, since Huang, Pollack etc. never say exactly why they
stop at 500 years rather than 400 or 1000. It is, however, the case that the Huang
et al 1997 paper to which they refer has a multi-century hump about a thousand
years ago, but it can't be compared with a period of 25 or 30 years. I don't see
much point in the Folland et al citation, because it is not a primary source.
Finally, I am in two minds about the last paragraph of Mike's draft. On the one
hand, I understand the need to get the word out about the disquiet many feel
about the circumstances surrounding publication of the  SB et al papers, but I also
suspect that our scientific arguments alone are more than enough to undermine
their position. We may, in fact, be seen by many colleagues as making an ad
hominem attack, and so arouse the suspicion that our scientific case is not strong
enough to stand on its own. I suggest we think carefully before proceeding with
the last paragraph as it stands.
Cheers, Malcolm
> 
> Dear All,
> 
> Thanks for all your comments, which are very helpful. I've done my
> best to address these within the pretty tight constraints (750 words)
> allotted. We come in now at 746 words, just inside the strict 750 word
> limit that has been imposed on us.
> 
> We have 6 references now--I've asked folks at AGU if that's ok.
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> 
> If people have any final comments on the draft, please let me know
> ASAP. For those who haven't yet responded yet (Malcolm, Ray, Caspar,
> Scott, Peck), if you're happy w/ it as it currently stands, a simple
> "looks good as is now, sign my name to it too" would be great. I don't
> want to sign anyones name to this w/ out some indication of approval.
> I realize some of you are still travelling and have been unable to
> respond. I've asked AGU if we can have at least one more week before
> submitting...
> 
> Thanks again for your continued help,
> 
> mike
> 
> At 04:36 PM 10/13/2003 +0100, Keith Briffa wrote:
> 
>     Mike and all
>     Hi , just back from a trip and only now catching up with important
>     emails. Given the restricted time and space available to furnish a
>     response to SB comments , I offer the following mix of comment and
>     specific wording changes:
> 
>     I agree that the S+B response is designed to deflect criticism by
>     confusing the issues rather than answering our points. In fact
>     they fail to address any of the 3 specific issues we raised Namely
>     , 1. the need for critical evaluation of proxy inputs , 2. the
>     need for a consistent assimilation of widespread (dated and well
>     resolved ) records, 3. the essential requirement for
>     objective/quantitative calibration (scaling) of the input records
>     to allow for assessment of the uncertainties when making
>     comparisons of different reconstructions and when comparing early
>     with recent temperatures. Their own , ill-conceived and largely
>     subjective approach did not take account of the uncertainties and
>     problems in the use of palaeodata that they chose to highlight in
>     their opening remarks. I would be in favour of stating something
>     to this effect at the outset of our response.
> 
>     Also , as regards the tree-ring bit , I fully concur with the
>     sense of your text as regards Section 1, but suggest the following
>     wording (to replace ",rarely for annual ring widths, and almost
>     entirely at higher latitudes.") "but in certain high-latitude
>     regions only. Where this is the case , these relatively recent (ie
>     post 1950) data are not used in calibrating temperature
>     reconstructions. In many other (even high-latitude) areas density
>     or ring-width records display no bias."
> 
>     In the spirit of healthy debate - I agree with Tim's remarks ,
>     warning against presenting a too sanguine impression that the
>     borehole debate is closed ( though I do think it is closing!). I
>     also believe , as you already know, that the use of a recent
>     padding algorithm to extend smoothed data to the present time, is
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>     inappropriate if it assumes the continuation of a recent trend.
>     This is likely to confuse , rather than inform, the wider public
>     about the current climate state .
> 
>     Finally , I repeat my earlier remarks (made before EOS piece
>     published) that we are missing an opportunity to say that a warm
>     Medieval period per se is not a refutation of anthropogenic
>     warming , {as its absence is no proof}, if we do not understand
>     the role of specific forcings (natural and anthropogenic) that
>     influenced medieval and current climates.
> 
>     Cheers
>     Keith
> 
>     At 12:48 PM 10/9/03 -0600, Kevin Trenberth wrote:
>     Hi all
>     Here are my suggested changes: toned down in several
>     places.Tracking turned on Kevin
> 
>     Michael E. Mann wrote:
>     Dear co-authors,
> 
>     Attached is a draft response, incorporating suggestions Kevin, Tom
>     W, and Michael. I've aimed to be as brief as possible, but hard to
>     go much lower than 750 words and still address all the key issues.
>     750 words, by the way, is our allotted limit.
> 
>     Looking forward to any comments. Feel free to send an edited
>     version if you prefer, and I'll try to assimilate all of the
>     suggested edits and suggestions into a single revised draft. If
>     you can get comments to me within the next couple days, that would
>     be very helpful as we're working on a late October deadline for
>     the final version.
> 
>     Thanks for your continued help,
> 
>     mike
> 
>     _________________________________________________________
>     _____
>     Professor Michael E. Mann
>      Department of Environmental Sciences, Clark Hall
>     University of Virginia
>     Charlottesville, VA 22903
>     _________________________________________________________
>     ______________
>     e-mail: <mailto:mann@virginia.edu >mann@virginia.edu Phone: 
>      FAX: 
>     http://www.evsc.virginia.edu/faculty/people/mann.shtml
> 
> 
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>     --
>     ****************
>     Kevin E. Trenberthe-mail: 
>     <mailto:trenbert@ucar.edu>trenbert@ucar.edu
>     Climate Analysis Section, 
>     NCAR<http://www.cgd.ucar.edu/cas/>www.cgd.ucar.edu/cas/
>     P. O. Box 
>     Boulder, CO  (fax)
> 
>     Street address: 1850 Table Mesa Drive, Boulder, CO 80303
> 
>     --
>     Professor Keith Briffa,
>     Climatic Research Unit
>     University of East Anglia
>     Norwich, NR4 7TJ, U.K.
> 
>     Phone: 
>     Fax: 
> 
>     http://www.cru.uea.ac.uk/cru/people/briffa/
> 
> ____________________________________________________________
> __
> Professor Michael E. Mann
>  Department of Environmental Sciences, Clark Hall
> University of Virginia
> Charlottesville, VA 22903
>
______________________________________________________________________

> _ e-mail: mann@virginia.edu Phone:  
> http://www.evsc.virginia.edu/faculty/people/mann.shtml
- -
Malcolm K. Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
W. Stadium 105
University of Arizona
Tucson, AZ 85721
USA
e-mail: mhughes@ltrr.arizona.edu
telephone: 520-621-6470
fax:520-621-8229
www.ltrr.arizona.edu

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
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e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes; Keith Briffa; Kevin Trenberth
Cc: Caspar Ammann; rbradley@geo.umass.edu; tcrowley@duke.edu; mhughes@ltrr.arizona.edu;

omichael@princeton.edu; t.osborn@uea.ac.uk; jto@u.arizona.edu; Scott Rutherford; Tom Wigley;
p.jones@uea.ac.uk; mann@virginia.edu

Subject: Re: draft
Date: Monday, October 13, 2003 7:37:12 PM

Dear All,

I plan to send out another revised version tomorrow. A few brief comments:

1) Re boreholes, my apologies. The statement on why the borehole estimates are
confined to the past 500 years was not made in Huang et al (2000), but instead the
earlier paper by Pollack et al (1998): "The combination of the predominant depth range of
observations and the characteristic magnitude of noise has led us to choose five centuries as the
practical interval over which to develop climate reconstructions". Will substitute in the correct reference,
but keep the wording the same...

2) Regarding  the final paragraph, I've shortened the discussion (e.g. removed the bit
about the publisher) so as to downplay this, but haven't eliminated it all together. We
can have an up or down vote on whether or not to keep it once we finalize the draft...

3) Malcolm's revision of the first paragraph would be great if we had 900 words, but
we don't. The limit is 750, and they've indicated that they will be strict about this. So I'll
try to reduce Malcolm's additions to one or two summarizing sentences.

More tomorrow. Thanks,

mike

At 06:58 PM 10/13/2003 -0700, Malcolm Hughes wrote:

<?xml version="1.0" ?> 
Dear Mike and all,
Please find attached some small edits that I propose (MS-Word *.doc file with
track changes turned on). The first change you will find is designed to incorporate
and give strong emphasis to Keith's very important point about keeping the focus
on the inadequacies of the SB approach, and their failure to deal with our specific
criticisms. This is far and away the most important point to make. 
The second main change I suggest concerns the words about boreholes. A careful
reading for the  papers they referred to simply does not  justify the wording in
Mike's most recent draft, since Huang, Pollack etc. never say exactly why they
stop at 500 years rather than 400 or 1000. It is, however, the case that the Huang
et al 1997 paper to which they refer has a multi-century hump about a thousand
years ago, but it can't be compared with a period of 25 or 30 years. I don't see
much point in the Folland et al citation, because it is not a primary source.
Finally, I am in two minds about the last paragraph of Mike's draft. On the one
hand, I understand the need to get the word out about the disquiet many feel
about the circumstances surrounding publication of the  SB et al papers, but I also
suspect that our scientific arguments alone are more than enough to undermine
their position. We may, in fact, be seen by many colleagues as making an ad
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hominem attack, and so arouse the suspicion that our scientific case is not strong
enough to stand on its own. I suggest we think carefully before proceeding with
the last paragraph as it stands.
Cheers, Malcolm
> 
> Dear All,
> 
> Thanks for all your comments, which are very helpful. I've done my
> best to address these within the pretty tight constraints (750 words)
> allotted. We come in now at 746 words, just inside the strict 750 word
> limit that has been imposed on us.
> 
> We have 6 references now--I've asked folks at AGU if that's ok.
> 
> If people have any final comments on the draft, please let me know
> ASAP. For those who haven't yet responded yet (Malcolm, Ray, Caspar,
> Scott, Peck), if you're happy w/ it as it currently stands, a simple
> "looks good as is now, sign my name to it too" would be great. I don't
> want to sign anyones name to this w/ out some indication of approval.
> I realize some of you are still travelling and have been unable to
> respond. I've asked AGU if we can have at least one more week before
> submitting...
> 
> Thanks again for your continued help,
> 
> mike
> 
> At 04:36 PM 10/13/2003 +0100, Keith Briffa wrote:
> 
>     Mike and all
>     Hi , just back from a trip and only now catching up with important
>     emails. Given the restricted time and space available to furnish a
>     response to SB comments , I offer the following mix of comment and
>     specific wording changes:
> 
>     I agree that the S+B response is designed to deflect criticism by
>     confusing the issues rather than answering our points. In fact
>     they fail to address any of the 3 specific issues we raised Namely
>     , 1. the need for critical evaluation of proxy inputs , 2. the
>     need for a consistent assimilation of widespread (dated and well
>     resolved ) records, 3. the essential requirement for
>     objective/quantitative calibration (scaling) of the input records
>     to allow for assessment of the uncertainties when making
>     comparisons of different reconstructions and when comparing early
>     with recent temperatures. Their own , ill-conceived and largely
>     subjective approach did not take account of the uncertainties and
>     problems in the use of palaeodata that they chose to highlight in
>     their opening remarks. I would be in favour of stating something
>     to this effect at the outset of our response.
> 
>     Also , as regards the tree-ring bit , I fully concur with the
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>     sense of your text as regards Section 1, but suggest the following
>     wording (to replace ",rarely for annual ring widths, and almost
>     entirely at higher latitudes.") "but in certain high-latitude
>     regions only. Where this is the case , these relatively recent (ie
>     post 1950) data are not used in calibrating temperature
>     reconstructions. In many other (even high-latitude) areas density
>     or ring-width records display no bias."
> 
>     In the spirit of healthy debate - I agree with Tim's remarks ,
>     warning against presenting a too sanguine impression that the
>     borehole debate is closed ( though I do think it is closing!). I
>     also believe , as you already know, that the use of a recent
>     padding algorithm to extend smoothed data to the present time, is
>     inappropriate if it assumes the continuation of a recent trend.
>     This is likely to confuse , rather than inform, the wider public
>     about the current climate state .
> 
>     Finally , I repeat my earlier remarks (made before EOS piece
>     published) that we are missing an opportunity to say that a warm
>     Medieval period per se is not a refutation of anthropogenic
>     warming , {as its absence is no proof}, if we do not understand
>     the role of specific forcings (natural and anthropogenic) that
>     influenced medieval and current climates.
> 
>     Cheers
>     Keith
> 
>     At 12:48 PM 10/9/03 -0600, Kevin Trenberth wrote:
>     Hi all
>     Here are my suggested changes: toned down in several
>     places.Tracking turned on Kevin
> 
>     Michael E. Mann wrote:
>     Dear co-authors,
> 
>     Attached is a draft response, incorporating suggestions Kevin, Tom
>     W, and Michael. I've aimed to be as brief as possible, but hard to
>     go much lower than 750 words and still address all the key issues.
>     750 words, by the way, is our allotted limit.
> 
>     Looking forward to any comments. Feel free to send an edited
>     version if you prefer, and I'll try to assimilate all of the
>     suggested edits and suggestions into a single revised draft. If
>     you can get comments to me within the next couple days, that would
>     be very helpful as we're working on a late October deadline for
>     the final version.
> 
>     Thanks for your continued help,
> 
>     mike
> 
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>     _________________________________________________________
>     _____
>     Professor Michael E. Mann
>      Department of Environmental Sciences, Clark Hall
>     University of Virginia
>     Charlottesville, VA 22903
>     _________________________________________________________
>     ______________
>     e-mail: <mailto:mann@virginia.edu >mann@virginia.edu Phone: 
>      FAX: 
>     http://www.evsc.virginia.edu/faculty/people/mann.shtml
> 
> 
>     --
>     ****************
>     Kevin E. Trenberthe-mail: 
>     <mailto:trenbert@ucar.edu>trenbert@ucar.edu
>     Climate Analysis Section, 
>     NCAR<http://www.cgd.ucar.edu/cas/>www.cgd.ucar.edu/cas/
>     P. O. Box 
>     Boulder, CO  (fax)
> 
>     Street address: 1850 Table Mesa Drive, Boulder, CO 80303
> 
>     --
>     Professor Keith Briffa,
>     Climatic Research Unit
>     University of East Anglia
>     Norwich, NR4 7TJ, U.K.
> 
>     Phone: 
>     Fax: 
> 
>     http://www.cru.uea.ac.uk/cru/people/briffa/
> 
> ____________________________________________________________
> __
> Professor Michael E. Mann
>  Department of Environmental Sciences, Clark Hall
> University of Virginia
> Charlottesville, VA 22903
>
______________________________________________________________________

> _ e-mail: mann@virginia.edu Phone:  
> http://www.evsc.virginia.edu/faculty/people/mann.shtml
- -
Malcolm K. Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
W. Stadium 105
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University of Arizona
Tucson, AZ 85721
USA
e-mail: mhughes@ltrr.arizona.edu
telephone: 520-621-6470
fax:520-621-8229
www.ltrr.arizona.edu

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes; Keith Briffa; Kevin Trenberth
Cc: Caspar Ammann; rbradley@geo.umass.edu; tcrowley@duke.edu; mhughes@ltrr.arizona.edu; omichael@princeton.edu;

t.osborn@uea.ac.uk; jto@u.arizona.edu; Scott Rutherford; Tom Wigley; p.jones@uea.ac.uk; mann@virginia.edu
Subject: Re: draft
Date: Monday, October 13, 2003 7:50:16 PM
Attachments: SoonReply.doc

Dear All,

Attached is a revised version keeping some, but not all, of Malcolm's helpful additions on
the first paragraph (which address Keith and Kevin's concerns), and making the other
changes indicated. We're presently about 20 words over--they might let us get away w/
that...

Final comments? A "yes" or "no" from each author on keeping the final paragraph intact
(or largely getting rid of it) would be very helpful...

Thanks, and sorry for the multiple version. I think we're almost there,

mike

At 10:36 PM 10/13/2003 -0400, Michael E. Mann wrote:

Dear All,

I plan to send out another revised version tomorrow. A few brief comments:

1) Re boreholes, my apologies. The statement on why the borehole estimates
are confined to the past 500 years was not made in Huang et al (2000), but
instead the earlier paper by Pollack et al (1998): "The combination of the predominant
depth range of observations and the characteristic magnitude of noise has led us to choose five
centuries as the practical interval over which to develop climate reconstructions". Will substitute in
the correct reference, but keep the wording the same...

2) Regarding  the final paragraph, I've shortened the discussion (e.g. removed
the bit about the publisher) so as to downplay this, but haven't eliminated it all
together. We can have an up or down vote on whether or not to keep it once
we finalize the draft...

3) Malcolm's revision of the first paragraph would be great if we had 900
words, but we don't. The limit is 750, and they've indicated that they will be
strict about this. So I'll try to reduce Malcolm's additions to one or two
summarizing sentences.

More tomorrow. Thanks,

mike

At 06:58 PM 10/13/2003 -0700, Malcolm Hughes wrote:

<?xml version="1.0" ?> 
Dear Mike and all,
Please find attached some small edits that I propose (MS-Word *.doc file
with track changes turned on). The first change you will find is designed to
incorporate and give strong emphasis to Keith's very important point about
keeping the focus on the inadequacies of the SB approach, and their failure
to deal with our specific criticisms. This is far and away the most important
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point to make. 
The second main change I suggest concerns the words about boreholes. A
careful reading for the  papers they referred to simply does not  justify the
wording in Mike's most recent draft, since Huang, Pollack etc. never say
exactly why they stop at 500 years rather than 400 or 1000. It is, however,
the case that the Huang et al 1997 paper to which they refer has a multi-
century hump about a thousand years ago, but it can't be compared with a
period of 25 or 30 years. I don't see much point in the Folland et al citation,
because it is not a primary source.
Finally, I am in two minds about the last paragraph of Mike's draft. On the
one hand, I understand the need to get the word out about the disquiet
many feel about the circumstances surrounding publication of the  SB et al
papers, but I also suspect that our scientific arguments alone are more than
enough to undermine their position. We may, in fact, be seen by many
colleagues as making an ad hominem attack, and so arouse the suspicion
that our scientific case is not strong enough to stand on its own. I suggest
we think carefully before proceeding with the last paragraph as it stands.
Cheers, Malcolm
> 
> Dear All,
> 
> Thanks for all your comments, which are very helpful. I've done my
> best to address these within the pretty tight constraints (750 words)
> allotted. We come in now at 746 words, just inside the strict 750 word
> limit that has been imposed on us.
> 
> We have 6 references now--I've asked folks at AGU if that's ok.
> 
> If people have any final comments on the draft, please let me know
> ASAP. For those who haven't yet responded yet (Malcolm, Ray, Caspar,
> Scott, Peck), if you're happy w/ it as it currently stands, a simple
> "looks good as is now, sign my name to it too" would be great. I don't
> want to sign anyones name to this w/ out some indication of approval.
> I realize some of you are still travelling and have been unable to
> respond. I've asked AGU if we can have at least one more week before
> submitting...
> 
> Thanks again for your continued help,
> 
> mike
> 
> At 04:36 PM 10/13/2003 +0100, Keith Briffa wrote:
> 
>     Mike and all
>     Hi , just back from a trip and only now catching up with important
>     emails. Given the restricted time and space available to furnish a
>     response to SB comments , I offer the following mix of comment and
>     specific wording changes:
> 
>     I agree that the S+B response is designed to deflect criticism by
>     confusing the issues rather than answering our points. In fact
>     they fail to address any of the 3 specific issues we raised Namely
>     , 1. the need for critical evaluation of proxy inputs , 2. the
>     need for a consistent assimilation of widespread (dated and well
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>     resolved ) records, 3. the essential requirement for
>     objective/quantitative calibration (scaling) of the input records
>     to allow for assessment of the uncertainties when making
>     comparisons of different reconstructions and when comparing early
>     with recent temperatures. Their own , ill-conceived and largely
>     subjective approach did not take account of the uncertainties and
>     problems in the use of palaeodata that they chose to highlight in
>     their opening remarks. I would be in favour of stating something
>     to this effect at the outset of our response.
> 
>     Also , as regards the tree-ring bit , I fully concur with the
>     sense of your text as regards Section 1, but suggest the following
>     wording (to replace ",rarely for annual ring widths, and almost
>     entirely at higher latitudes.") "but in certain high-latitude
>     regions only. Where this is the case , these relatively recent (ie
>     post 1950) data are not used in calibrating temperature
>     reconstructions. In many other (even high-latitude) areas density
>     or ring-width records display no bias."
> 
>     In the spirit of healthy debate - I agree with Tim's remarks ,
>     warning against presenting a too sanguine impression that the
>     borehole debate is closed ( though I do think it is closing!). I
>     also believe , as you already know, that the use of a recent
>     padding algorithm to extend smoothed data to the present time, is
>     inappropriate if it assumes the continuation of a recent trend.
>     This is likely to confuse , rather than inform, the wider public
>     about the current climate state .
> 
>     Finally , I repeat my earlier remarks (made before EOS piece
>     published) that we are missing an opportunity to say that a warm
>     Medieval period per se is not a refutation of anthropogenic
>     warming , {as its absence is no proof}, if we do not understand
>     the role of specific forcings (natural and anthropogenic) that
>     influenced medieval and current climates.
> 
>     Cheers
>     Keith
> 
>     At 12:48 PM 10/9/03 -0600, Kevin Trenberth wrote:
>     Hi all
>     Here are my suggested changes: toned down in several
>     places.Tracking turned on Kevin
> 
>     Michael E. Mann wrote:
>     Dear co-authors,
> 
>     Attached is a draft response, incorporating suggestions Kevin, Tom
>     W, and Michael. I've aimed to be as brief as possible, but hard to
>     go much lower than 750 words and still address all the key issues.
>     750 words, by the way, is our allotted limit.
> 
>     Looking forward to any comments. Feel free to send an edited
>     version if you prefer, and I'll try to assimilate all of the
>     suggested edits and suggestions into a single revised draft. If
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>     you can get comments to me within the next couple days, that would
>     be very helpful as we're working on a late October deadline for
>     the final version.
> 
>     Thanks for your continued help,
> 
>     mike
> 
>     _________________________________________________________
>     _____
>     Professor Michael E. Mann
>      Department of Environmental Sciences, Clark Hall
>     University of Virginia
>     Charlottesville, VA 22903
>     _________________________________________________________
>     ______________
>     e-mail: <mailto:mann@virginia.edu >mann@virginia.edu Phone: 
>      FAX: 
>     http://www.evsc.virginia.edu/faculty/people/mann.shtml
> 
> 
>     --
>     ****************
>     Kevin E. Trenberthe-mail: 
>     <mailto:trenbert@ucar.edu>trenbert@ucar.edu
>     Climate Analysis Section, 
>     NCAR<http://www.cgd.ucar.edu/cas/>www.cgd.ucar.edu/cas/
>     P. O. Box 
>     Boulder, CO  (fax)
> 
>     Street address: 1850 Table Mesa Drive, Boulder, CO 80303
> 
>     --
>     Professor Keith Briffa,
>     Climatic Research Unit
>     University of East Anglia
>     Norwich, NR4 7TJ, U.K.
> 
>     Phone: 
>     Fax: 
> 
>     http://www.cru.uea.ac.uk/cru/people/briffa/
> 
>
____________________________________________________________
> __
> Professor Michael E. Mann
>  Department of Environmental Sciences, Clark Hall
> University of Virginia
> Charlottesville, VA 22903
>
______________________________________________________________________

> _ e-mail: mann@virginia.edu Phone:  (434) 982-
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2137
> http://www.evsc.virginia.edu/faculty/people/mann.shtml
- -
Malcolm K. Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
W. Stadium 105
University of Arizona
Tucson, AZ 85721
USA
e-mail: mhughes@ltrr.arizona.edu
telephone: 520-621-6470
fax:520-621-8229
www.ltrr.arizona.edu

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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Soon and colleagues ('S03') fail to address any of the three specific issues we raised  concerning their approach in 
our Eos criticism  ('M03') of their previous work  ('SB03'). These were the need for critical evaluation of proxy data 
to be used; consistent assimilation of widespread, well dated and resolved records; and the objective, quantitative 
calibration of these records.  S03, instead, start with the implausible claim  that we agree with their assertion 
"knowledge of past climatic changes does not have a direct bearing on the climatic effects of anthropogenic carbon 
dioxide...".  Reconstructions of past temperature histories do, indeed, have such a bearing. They provide one of 
several independent lines of evidence supporting the  consensus scientific conclusion expressed in  the 2001 report 
of the Intergovernmental Panel on Climate Change (IPCC) that anomalous hemispheric late 20th century warmth 
cannot be explained by natural factors.  S03 follow with an equally puzzling assertion  that "M03 relies mainly on a 
Northern Hemisphere reconstruction of average annual temperature by Mann et al. [1999]". Our article, quite to the 
contrary, demonstrated that nearly a dozen different published estimates based on proxy data and model simulations 
give the same picture--anomalous late 20th century warmth that is unprecedented in a millennial or longer context.  
 
These straw man arguments set  the tone for the ensuing list of myths and discredited claims that follow. Ironically, 
many of the criticisms raised might better be applied to the ill-conceived,  largely subjective approach taken by 
SB03.  While the claims made by S03 are too numerous to address each in detail, several are so at variance with the 
accepted science that they deserve special attention:  
 
1) The contention  that the conclusions expressed by M03 for the period prior to AD 1400 rely mainly "on tree 
growth from one region" belies the fact that several of the proxy estimates shown were based on composites of 
estimates from regions across the Northern Hemisphere, some based primarily on  non-tree ring proxy sources. The 
claims of S03 regarding non-climatic impacts on tree growth, even if valid, would thus be irrelevant. Nonetheless, 
the claims aren't valid.  Their assertion that "[20th century]tree growth indices...show declining patterns of tree 
growth, despite rising temperatures" is misleading. Declines in the response of tree-growth to temperature are found 
in certain high-latitude regions only. Where this is the case, relatively recent (i.e. post 1950) data are not used in 
calibrating temperature reconstructions. In many other (even high-latitude) areas  density or ring-width records 
display no such bias. 
 
2) The statement by S03 that the Mann and Jones [2003] reconstruction "clearly shows temperatures in the MWP 
that are as high as those in the 20th century" is misleading if not false. Mann and Jones emphasize conclusions for 
the Northern Hemisphere, noting that those for the Southern Hemisphere (and globe), are  indeterminate due to a 
paucity of southern hemisphere data.  For the Northern Hemisphere, late 20th century warmth clearly is shown by 
Mann and Jones to be anomalous in a long-term (nearly two millennium) context, consistent with the conclusions of  
M03. 
 
3) The authors argue that evidence from borehole data  provide a conflicting view of past temperature histories. To 
the contrary, borehole estimates, as shown  in M03  appear to be consistent with other estimates within  statistical 
uncertainties, once spatial sampling issues are taken into account, and when an attempt is made to estimate possible 
influences such as snowcover changes  [e.g. Beltrami and Kellman, 2003] on the ground surface.  S03 cite supposed 
borehole evidence for medieval warmth, even though borehole researchers indicate that reliable information is 
confined to the past 500 years [Pollack et al, 1998]. 
 
4) Finally, the authors promote the myth that "urban heat island"  effects lead to significant biases in  the 
instrumental record of surface temperature used to calibrate proxy data. A recent case study of modern urban 
thermometer measurements in the U.S. [Peterson, 2003] supports previous findings that the influence of urban heat 
bias on estimates of global surface temperature change is minimal [Hansen et al, 1999]. 
 
5) In contrast to the authors claims, land use changes are believed  to have led to an overall cooling, not a warming, 
of global surface temperatures during the 19th and 20th century [Govindasamy et al, 2001]. 
 
Articles in Scientific American and the Chronicle of Higher Education, have quoted numerous other leading climate 
scientists as indicating that SB03 misrepresented not just mainstream scientific opinion, but the results of their own 
individual  research.  The controversy over the  publication of their article has now led, since the publication of 
M03, to the resignation of the editor-in-chief and five other editors at the journal "Climate Research". We believe 
that these developments speak for themselves. 
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From: Malcolm Hughes
To: Malcolm Hughes; Keith Briffa; Kevin Trenberth; Michael E. Mann
Cc: Caspar Ammann; rbradley@geo.umass.edu; tcrowley@duke.edu; mhughes@ltrr.arizona.edu;

omichael@princeton.edu; t.osborn@uea.ac.uk; jto@u.arizona.edu; Scott Rutherford; Tom Wigley;
p.jones@uea.ac.uk; mann@virginia.edu

Subject: Re: draft
Date: Monday, October 13, 2003 10:50:24 PM
Attachments: draftmkh2.doc
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If you cannot, please ask your system administrator for assistance.
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I
our Eos criticism CM03') of their previous work CSB03'). These were the need for critical evaluation ofproxy data

to be used; consistent assimilation of widespread, well dated and resolved records; and the objective, quantitative

calibration of these records. S03, instead, start with the implausible claim that we agree with their assertion

"knowledge ofpast climatic changes does not have a direct bearing on the climatic effects of anthropogenic carbon

dioxide...". Reconstructions ofpast temperature histories do, indeed, have such a bearing. They provide one of

several independent lines ofevidence supporting the consensus scientific conclusion expressed in the 2001 report

of the Intergovernmental Panel on Climate Change (IPCC) that anomalous hemispheric late 20th century wrarmth

cannot be explained by natural factors. S03 follow with an equally puzzling assertion that "MO3 relies mainly on a

Northern Hemisphere reconstruction ofaverage annual temperature by Mann et al. [1999]". Our article, quite to the

contrary, demonstrated that nearly a dozen different published estimates based on proxy data and model simulations

give the same picture—anomalous late 20th century warmth that is unprecedented m a millennial or longer context.

I
many of the criticisms raised might better be applied to the ill-conceived, largely subjective approach taken by

SB03. While the claims made by S03 are too numerous to address each in detail, several are so at variance writh the

accepted science that they deserve special attention:

1) The contention that the conclusions expressed by MO3 for the period prior to AD 1400 rely mainly "on tree

growth from one region" belies the fact that several of the proxy estimates shown wrere based on composites of

estimates from regions across the Northern Hemisphere, some based primarily on non-tree ring proxy sources. The

claims of S03 regarding non-climatic impacts on tree growth, even ifvalid, would thus be irrelevant. Nonetheless,

the claims aren't valid. Their assertion that "[20th century]tree growth indices.. .show decliningpatterns oftree

growth, despite rising temperatures" is misleading. Declines in the response of tree-growth to temperature are found

cases, relatively recent (i.e. post 1950) data are

not used in calibrating temperature reconstructions. In many other (even high-latitude) areas -density or ring-width

records display no such bias.

2) The statement by S03 that the Mann and Jones [2003] reconstruction "clearly shows temperatures in the MWP

that are as high as those in the 20th century" is misleading ifnot false. Mann and Jones emphasize conclusions for

the Northern Hemisphere, noting that those for the Southern Hemisphere (and globe), are indeterminate due to a

paucity of southern hemisphere data. For the Northern Hemisphere, late 20th century warmth clearly is shown by

Mann and Jones to be anomalous m a long-term (nearly two millennium) context, consistent with the conclusions of

M03.

3) The authors SQ3 argue that evidence from borehole data- provide a conflicting view ofpast temperature histories.

To the contrary, borehole estimates for recent centuries, as shown in M03 appear to be consistent with other

estimates within statistical uncertainties, once spatial sampling issues and possible influences such as snowcover

changes Te g. Beltrami and Kellman. 20031 on the ground surface are taken into account,. and w hen an attempt n

made to estimate possible influences such as snowcover changes [e.g. Beltrami and Kellman. 2003] on the ground

Gurface. It is not meaningful to compare the late 20^c^tuiy wi^ ajmch longer penod_lj)00^years agojHradley et Formatted
al.. 20031 especially given the acknowledged limitations fPollack et al. 19981 of borehole data. S03 cite supposed

borehole evidence for medieval warmth, even though borehole researchers mdicate that reliable information-is

confined to the pnrjt 500 years _[Pollack et al. 1998].

I 4) Finally, the authorsthev promote the myth that "urban heat island" effects lead to significant biases m the

instrumental record of surface temperature used to calibrate proxy data. A recent case study of modem urban

thermometer measurements m the U.S. [Peterson, 2003] supports previous findings that the influence ofurban heat

bias on estimates ofglobal surface temperature change is minimal [Hansen et al, 1999].

I are believed to have led to an overall cooling, not a

warming, of global surface temperatures during the 19th and 20th century [Govindasamy et al, 2001].

Articles in Scientific American and the Chronicle ofHigher Education, have quoted numerous other leading climate

scientists as indicating that SB03 misrepresented not just mainstream scientific opinion, but the results of their own

individual research. The controversy over the publication of their articleSB03 has now led, since the publication

of M03, to the resignation of the editor-in-chief and five other editors at the journal "Climate Research" . We believe

that these developments speak for themselves.
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From: Malcolm Hughes
To: mann@virginia.edu
Subject: Science piece
Date: Monday, October 13, 2003 11:16:36 PM

Dear Mike  - please note that I am sending this only to you, as
it is under embargo until Thursday afternoon. There are two
files, effectively the proofs of the article and the graphic. The
article is not quite the final version, as we had them make
some changes to this version, but by fax. Even so, you'll get
the drift. Please do not pass this on before Friday. Cheers,
Malcolm
.
.

Attachments:
  D:\Projects\Bradley and Mann\medwarm\proofs.pdf
  D:\Projects\Bradley and Mann\medwarm\bradley5.pdf
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From: Tim Osborn
To: Michael E. Mann; Malcolm Hughes; Keith Briffa; Kevin Trenberth
Cc: Caspar Ammann; rbradley@geo.umass.edu; tcrowley@duke.edu; omichael@princeton.edu; jto@u.arizona.edu;

Scott Rutherford; Tom Wigley; p.jones@uea.ac.uk
Subject: Re: draft
Date: Tuesday, October 14, 2003 6:12:09 AM

Dear Mike,

At 03:49 14/10/2003, Michael E. Mann wrote:
>Final comments? A "yes" or "no" from each author on keeping the final
>paragraph intact (or largely getting rid of it) would be very helpful...

Yes.

>Thanks, and sorry for the multiple version. I think we're almost there,

I agree.  One final suggestion is that the following wording for the
borehole part (point 3) seems preferable to me:

--------------------
3) SO3 argue that borehole data provide a conflicting view of past
temperature histories.  To the contrary, the borehole estimates for recent
centuries shown in M03 may be consistent with other estimates, provided
consideration is given to statistical uncertainties, spatial sampling and
possible influences on the ground surface [e.g., snow cover
changes--Beltrami and Kellman, 2003].  It is not meaningful to compare the
late 20th century with a much longer period 1000 years ago [Bradley et al.,
2003], especially given the acknowledged limitations [Pollack et al., 1998]
of borehole data.
---------------------

This builds on Malcolm's suggested wording, with some re-ordering and also
the change of "appear to be consistent" to "may be consistent".  It also
feels a little shorter, though I've not counted the words!

Anyway, regardless of your acceptance or otherwise of this final
suggestion, I'm happy to be a signatory.

Regards

Tim

Dr Timothy J Osborn
Climatic Research Unit
School of Environmental Sciences, University of East Anglia
Norwich  NR4 7TJ, UK

e-mail:   t.osborn@uea.ac.uk
phone:    
fax:      
web:      http://www.cru.uea.ac.uk/~timo/
sunclock: http://www.cru.uea.ac.uk/~timo/sunclock.htm
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From: Michael E. Mann
To: Tim Osborn; Malcolm Hughes; Keith Briffa; Kevin Trenberth
Cc: Caspar Ammann; rbradley@geo.umass.edu; tcrowley@duke.edu; omichael@princeton.edu; jto@u.arizona.edu; Scott Rutherford;

Tom Wigley; p.jones@uea.ac.uk; mann@virginia.edu
Subject: Fwd: Re: question re Soon et al Eos reply
Date: Tuesday, October 14, 2003 6:26:50 AM

In response to Tim's concern...

mike

Delivered-To: mem6u@virginia.edu
Date: Tue, 14 Oct 2003 09:18:42 -0400
From: Judy Jacobs <JJacobs@agu.org>
Organization: AGU
User-Agent: Mozilla/5.0 (Windows; U; WinNT4.0; en-US; rv:1.4) Gecko/20030624
X-Accept-Language: en-us, en
To: "Michael E. Mann" <mann@virginia.edu>
Cc: thompson.4@osu.edu
Subject: Re: question re Soon et al Eos reply

Dear Michael,

The version you were allowed to examine is the one that will be printed in Eos.

Judy Jacobs
Michael E. Mann wrote:

Dear Ellen/Judy,
One question has emerged among my co-authors as we try to finalize our
draft.
Can we be assured that the version of the Soon et al paper that will
appear is identical to the one we were provided to review? We just want
to make sure that any statements that we quote *do* actually appear in
their piece!
Thanks in advance for your feedback on this,
mike
______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
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From: Michael E. Mann
To: Tim Osborn; Malcolm Hughes; Keith Briffa; Kevin Trenberth
Cc: Caspar Ammann; rbradley@geo.umass.edu; tcrowley@duke.edu; omichael@princeton.edu; jto@u.arizona.edu;

Scott Rutherford; Tom Wigley; p.jones@uea.ac.uk; mann@virginia.edu
Subject: Re: draft
Date: Tuesday, October 14, 2003 6:31:09 AM
Attachments: SoonReply.doc

Thanks Tim and Malcolm,

The latest round of suggestions were extremely helpful. I've accepted them w/ a few
minor tweaks (attached). We're at 765 words--I think AGU will let us get away w/
that...

So, comments from others?

Thanks,

mike

At 02:11 PM 10/14/2003 +0100, Tim Osborn wrote:

SO3 argue that borehole data provide a conflicting view of past
temperature histories.  To the contrary, the borehole estimates for recent
centuries shown in M03 may be consistent with other estimates, provided
consideration is given to statistical uncertainties, spatial sampling and
possible influences on the ground surface [e.g., snow cover changes--
Beltrami and Kellman, 2003].  It is not meaningful to compare the late
20th century with a much longer period 1000 years ago [Bradley et al.,
2003], especially given the acknowledged limitations [Pollack et al., 1998]
of borehole data.

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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Soon and colleagues ('S03') fail to address any of the three specific issues we raised  in our Eos criticism  ('M03') of 
their previous work  ('SB03'). These were the need for critical evaluation of proxy data to be used; consistent 
assimilation of widespread, well dated and resolved records; and the objective, quantitative calibration of these 
records [see also  Bradley et al, 2003].  S03, instead, start with the implausible claim  that we agree with their 
assertion "knowledge of past climatic changes does not have a direct bearing on the climatic effects of 
anthropogenic carbon dioxide...".  Reconstructions of past temperature histories do, indeed, have such a bearing. 
They provide one of several independent lines of evidence supporting the  consensus scientific conclusion expressed 
in  the 2001 report of the Intergovernmental Panel on Climate Change (IPCC) that anomalous hemispheric late 20th 
century warmth cannot be explained by natural factors.  S03 follow with an equally puzzling assertion  that "M03 
relies mainly on a Northern Hemisphere reconstruction of average annual temperature by Mann et al. [1999]". Our 
article, quite to the contrary, demonstrated that nearly a dozen different published estimates based on proxy data and 
model simulations give the same picture--anomalous late 20th century warmth that is unprecedented in a millennial 
or longer context.  
 
These straw man arguments set  the tone for the ensuing list of myths and discredited claims. Ironically, many of the 
criticisms raised might better be applied to the ill-conceived,  largely subjective approach taken by SB03.  While the 
claims made by S03 are too numerous to address each in detail, several are so at variance with the accepted science 
that they deserve special attention:  
 
1) The contention  that the conclusions expressed by M03 for the period prior to AD 1400 rely mainly "on tree 
growth from one region" belies the fact that several of the proxy estimates shown were based on composites of 
estimates from regions across the Northern Hemisphere, some based primarily on  non-tree ring proxy sources. The 
claims of S03 regarding non-climatic impacts on tree growth, even if valid, would thus be irrelevant. Nonetheless, 
the claims aren't valid.  Their assertion that "[20th century]tree growth indices...show declining patterns of tree 
growth, despite rising temperatures" is misleading. Declines in the response of tree-growth to temperature are found 
in certain high-latitude regions only. In such cases, relatively recent (i.e. post 1950) data are not used in calibrating 
temperature reconstructions. In many other (even high-latitude) areas  density or ring-width records display no such 
bias. 
 
2) The statement by S03 that the Mann and Jones [2003] reconstruction "clearly shows temperatures in the MWP 
that are as high as those in the 20th century" is misleading if not false. Mann and Jones emphasize conclusions for 
the Northern Hemisphere, noting that those for the Southern Hemisphere (and globe), are  indeterminate due to a 
paucity of southern hemisphere data.  For the Northern Hemisphere, late 20th century warmth clearly is shown by 
Mann and Jones to be anomalous in a long-term (nearly two millennium) context, consistent with the conclusions of  
M03. 
 
3) SO3 argue that borehole data provide a conflicting view of past temperature histories.  To the contrary, the 
borehole estimates for recent centuries shown in M03 are potentially consistent with other estimates, provided 
consideration is given to statistical uncertainties, spatial sampling and possible influences on the ground surface 
[e.g., snow cover changes--Beltrami and Kellman, 2003].  It is not meaningful to compare the late 20th century with 
much lower (millennial) resolution borehole information 1000 years ago, especially given the acknowledged 
limitations of borehole data beyond the past five centuries  [Pollack et al, 1998]. 
 
4) They promote the myth that "urban heat island"  effects lead to significant biases in  the instrumental record of 
surface temperature used to calibrate proxy data. A recent case study of modern urban thermometer measurements in 
the U.S. [Peterson, 2003] supports previous findings that the influence of urban heat bias on estimates of global 
surface temperature change is minimal [Hansen et al, 1999]. 
 
5) In contrast to their claims, land use changes are believed  to have led to an overall cooling, not a warming, of 
global surface temperatures during the 19th and 20th century [Govindasamy et al, 2001]. 
 
Articles in Scientific American and the Chronicle of Higher Education, have quoted numerous other leading climate 
scientists as indicating that SB03 misrepresented not just mainstream scientific opinion, but the results of their own 
individual  research.  The controversy over the  publication of SB03 has now led, since the publication of M03, to 
the resignation of the editor-in-chief and five other editors at the journal "Climate Research". We believe that these 
developments speak for themselves. 
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From: Keith Briffa
To: Michael E. Mann; Tim Osborn; Malcolm Hughes; Kevin Trenberth
Cc: Caspar Ammann; rbradley@geo.umass.edu; tcrowley@duke.edu; omichael@princeton.edu; jto@u.arizona.edu;

Scott Rutherford; Tom Wigley; p.jones@uea.ac.uk; mann@virginia.edu
Subject: Re: draft
Date: Tuesday, October 14, 2003 6:59:27 AM

I am happy to sign off on this version (or anything very near).
cheers
Keith

At 09:30 AM 10/14/03 -0400, Michael E. Mann wrote:
>Thanks Tim and Malcolm,
>
>The latest round of suggestions were extremely helpful. I've accepted them
>w/ a few minor tweaks (attached). We're at 765 words--I think AGU will let
>us get away w/ that...
>
>So, comments from others?
>
>Thanks,
>
>mike
>
>At 02:11 PM 10/14/2003 +0100, Tim Osborn wrote:
>>SO3 argue that borehole data provide a conflicting view of past
>>temperature histories.  To the contrary, the borehole estimates for
>>recent centuries shown in M03 may be consistent with other estimates,
>>provided consideration is given to statistical uncertainties, spatial
>>sampling and possible influences on the ground surface [e.g., snow cover
>>changes--Beltrami and Kellman, 2003].  It is not meaningful to compare
>>the late 20th century with a much longer period 1000 years ago [Bradley
>>et al., 2003], especially given the acknowledged limitations [Pollack et
>>al., 1998] of borehole data.
>
>______________________________________________________________
>                     Professor Michael E. Mann
>            Department of Environmental Sciences, Clark Hall
>                       University of Virginia
>                      Charlottesville, VA 22903
>_______________________________________________________________________
>e-mail: mann@virginia.edu   Phone:    FAX: 
>          http://www.evsc.virginia.edu/faculty/people/mann.shtml

--
Professor Keith Briffa,
Climatic Research Unit
University of East Anglia
Norwich, NR4 7TJ, U.K.

Phone: 
Fax: 

http://www.cru.uea.ac.uk/cru/people/briffa/
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From: Tom Wigley
To: Michael E. Mann
Cc: Tim Osborn; Malcolm Hughes; Keith Briffa; Kevin Trenberth; Caspar Ammann; rbradley@geo.umass.edu;

tcrowley@duke.edu; omichael@princeton.edu; jto@u.arizona.edu; Scott Rutherford; p.jones@uea.ac.uk
Subject: Re: draft
Date: Tuesday, October 14, 2003 7:00:46 AM

Some minor points ....

para. 2 -- should it be 'an' ensuing rather than 'the' ensuing?

para. 2 -- I still think 'each' (line 3) is unnecessary

para. 4 -- no comma after '(and globe)'

re boreholes, does the point about comparing late 20th century with a
'much longer period' 1000 years ago help us? Given that the 1000 years
ago data is highly lowpass filtered, if one *did* have a series with a
temporal resolution that allowed a legitimate comparison, then the
likelihood of a warmer interval 1000 years ago must be higher.

In any event, the time scale issue will not be meaningful to most
readers. The key point is the data reliability/uncertainty. I would just
say something like ...

".... taken into account. For times more than 500 years ago,
uncertainties in the borehole reconstructions preclude any useful
quantitative comparison."

Finally, I would like the last para. retained, but I suggest shorter
wording as ...

".... as indicating that SB03 misinterpreted and misrepresented the
paleoclimatological literature. The controversy ....".

My problem here is twofold. First, they really say nothing directly
about 'mainstream scientific opinion' (except that they clearly disagree
with it). At issue is not the mainstream opinion, but their
interpretation of the literature and their illogical conclusions.
Second, they may have misrepresented the results of their work, but we
do not address this issue so it comes here as a non sequitur. In fact,
just what such 'misrepresentation' consists of, and why it might be
judged as 'misrepresentation' is a subtle issue. Hence my revision --
which retains the word 'misrepresentation', but in a different context.

Tom.

+++++++++++++++++++++++++++++++==

Michael E. Mann wrote:
> Thanks Tim and Malcolm,
>
> The latest round of suggestions were extremely helpful. I've accepted
> them w/ a few minor tweaks (attached). We're at 765 words--I think AGU
> will let us get away w/ that...
>
> So, comments from others?
>
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> Thanks,
>
> mike
>
> At 02:11 PM 10/14/2003 +0100, Tim Osborn wrote:
>
>> SO3 argue that borehole data provide a conflicting view of past
>> temperature histories.  To the contrary, the borehole estimates for
>> recent centuries shown in M03 may be consistent with other estimates,
>> provided consideration is given to statistical uncertainties, spatial
>> sampling and possible influences on the ground surface [e.g., snow
>> cover changes--Beltrami and Kellman, 2003].  It is not meaningful to
>> compare the late 20th century with a much longer period 1000 years ago
>> [Bradley et al., 2003], especially given the acknowledged limitations
>> [Pollack et al., 1998] of borehole data.
>
> ______________________________________________________________
>                     Professor Michael E. Mann
>            Department of Environmental Sciences, Clark Hall
>                       University of Virginia
>                      Charlottesville, VA 22903
> _______________________________________________________________________
> e-mail: mann@virginia.edu   Phone:    FAX: 
>          http://www.evsc.virginia.edu/faculty/people/mann.shtml
>
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From: Michael Oppenheimer
To: Michael E. Mann
Cc: Tim Osborn; Malcolm Hughes; Keith Briffa; Kevin Trenberth; Caspar Ammann; rbradley@geo.umass.edu;

tcrowley@duke.edu; jto@u.arizona.edu; Scott Rutherford; Tom Wigley; p.jones@uea.ac.uk
Subject: Re: draft
Date: Tuesday, October 14, 2003 7:09:14 AM
Attachments: omichael.vcf

Michael:

I'm fine with the last paragraph.  However, the section on latitude dependence of tree-
growth data remains obscure.  In particular, the sentence "In such cases, relatively recent
(i.e. post 1950) data are not used in calibrating temperature reconstructions" leaves the
impression that data is rejected because it doesn't fit expectation.  For the uninitiated, you
need a few words on why this procedure is acceptable, like perhaps "because confounding
influences obscure the response to temperature" or whatever.

Michael

Michael

"Michael E. Mann" wrote:

Thanks Tim and Malcolm,

The latest round of suggestions were extremely helpful. I've accepted them w/
a few minor tweaks (attached). We're at 765 words--I think AGU will let us get
away w/ that...

So, comments from others?

Thanks,

mike

At 02:11 PM 10/14/2003 +0100, Tim Osborn wrote:

SO3 argue that borehole data provide a conflicting view of past
temperature histories.  To the contrary, the borehole estimates for
recent centuries shown in M03 may be consistent with other
estimates, provided consideration is given to statistical uncertainties,
spatial sampling and possible influences on the ground surface [e.g.,
snow cover changes--Beltrami and Kellman, 2003].  It is not
meaningful to compare the late 20th century with a much longer
period 1000 years ago [Bradley et al., 2003], especially given the
acknowledged limitations [Pollack et al., 1998] of borehole data.

______________________________________________________________

                    Professor Michael E. Mann 
           Department of Environmental Sciences, Clark Hall 
                      University of Virginia 
                     Charlottesville, VA 22903 
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX:  
        http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Kevin Trenberth
To: Michael E. Mann
Cc: Tim Osborn; Malcolm Hughes; Keith Briffa; Caspar Ammann; rbradley@geo.umass.edu; tcrowley@duke.edu;

omichael@princeton.edu; jto@u.arizona.edu; Scott Rutherford; Tom Wigley; p.jones@uea.ac.uk
Subject: Re: draft
Date: Tuesday, October 14, 2003 7:11:05 AM

Mike
I can go along with this version.  I do think the last paragraph could be shortened a tad
more.
Kevin

Michael E. Mann wrote:

Thanks Tim and Malcolm,

The latest round of suggestions were extremely helpful. I've accepted them w/
a few minor tweaks (attached). We're at 765 words--I think AGU will let us get
away w/ that...

So, comments from others?

Thanks,

mike

At 02:11 PM 10/14/2003 +0100, Tim Osborn wrote:

SO3 argue that borehole data provide a conflicting view of past
temperature histories.  To the contrary, the borehole estimates for
recent centuries shown in M03 may be consistent with other
estimates, provided consideration is given to statistical uncertainties,
spatial sampling and possible influences on the ground surface [e.g.,
snow cover changes--Beltrami and Kellman, 2003].  It is not
meaningful to compare the late 20th century with a much longer
period 1000 years ago [Bradley et al., 2003], especially given the
acknowledged limitations [Pollack et al., 1998] of borehole data.

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

-- 
****************
Kevin E. Trenberth                              e-mail: trenbert@ucar.edu
Climate Analysis Section, NCAR                  u/cas/
P. O. Box 3000,                                 
Boulder, CO 80307                                (fax)

Street address: 1850 Table Mesa Drive, Boulder, CO  80303
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From: Michael E. Mann
To: Michael Oppenheimer
Cc: Tim Osborn; Malcolm Hughes; Keith Briffa; Kevin Trenberth; Caspar Ammann; rbradley@geo.umass.edu; tcrowley@duke.edu;

jto@u.arizona.edu; Scott Rutherford; Tom Wigley; p.jones@uea.ac.uk
Subject: Re: draft
Date: Tuesday, October 14, 2003 7:12:46 AM

Hi Michael,

This is wording that Keith, Tim, and Malcolm came up with after multiple iterations.

So I'l leave it to them to reply and modify the wording where/if appropriate...

Thanks,

mike

At 10:09 AM 10/14/2003 -0400, Michael Oppenheimer wrote:

Michael: 

I'm fine with the last paragraph.  However, the section on latitude dependence of
tree-growth data remains obscure.  In particular, the sentence "In such cases,
relatively recent (i.e. post 1950) data are not used in calibrating temperature
reconstructions" leaves the impression that data is rejected because it doesn't fit
expectation.  For the uninitiated, you need a few words on why this procedure is
acceptable, like perhaps "because confounding influences obscure the response to
temperature" or whatever. 

Michael 

Michael 

"Michael E. Mann" wrote: 

Thanks Tim and Malcolm, 

The latest round of suggestions were extremely helpful. I've accepted
them w/ a few minor tweaks (attached). We're at 765 words--I think AGU
will let us get away w/ that... 

So, comments from others? 

Thanks, 

mike 

At 02:11 PM 10/14/2003 +0100, Tim Osborn wrote: 

SO3 argue that borehole data provide a conflicting view of past
temperature histories.  To the contrary, the borehole estimates
for recent centuries shown in M03 may be consistent with
other estimates, provided consideration is given to statistical
uncertainties, spatial sampling and possible influences on the
ground surface [e.g., snow cover changes--Beltrami and
Kellman, 2003].  It is not meaningful to compare the late 20th
century with a much longer period 1000 years ago [Bradley et
al., 2003], especially given the acknowledged limitations
[Pollack et al., 1998] of borehole data.
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______________________________________________________________

                    Professor Michael E. Mann 
           Department of Environmental Sciences, Clark Hall 
                      University of Virginia 
                     Charlottesville, VA 22903 
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
 

        http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Tom Wigley
Cc: Tim Osborn; Malcolm Hughes; Keith Briffa; Kevin Trenberth; Caspar Ammann; rbradley@geo.umass.edu; tcrowley@duke.edu;

omichael@princeton.edu; jto@u.arizona.edu; Scott Rutherford; p.jones@uea.ac.uk; mann@virginia.edu
Subject: Re: draft
Date: Tuesday, October 14, 2003 7:21:23 AM
Attachments: SoonReply.doc

Dear All,

I agree with each of Tom W's suggestions. Adopting them, by the way, brings us down to 738
words.

So pending any revised language from Keith/Malcolm in response to Michael O's comment on
paragraph 2, I'm putting out a last call for comments, sign-ons, etc...

Thanks,

mike

At 08:00 AM 10/14/2003 -0600, Tom Wigley wrote:

Some minor points ....

para. 2 -- should it be 'an' ensuing rather than 'the' ensuing?

para. 2 -- I still think 'each' (line 3) is unnecessary

para. 4 -- no comma after '(and globe)'

re boreholes, does the point about comparing late 20th century with a 'much longer
period' 1000 years ago help us? Given that the 1000 years ago data is highly lowpass
filtered, if one *did* have a series with a temporal resolution that allowed a
legitimate comparison, then the likelihood of a warmer interval 1000 years ago must
be higher.

In any event, the time scale issue will not be meaningful to most readers. The key
point is the data reliability/uncertainty. I would just say something like ...

".... taken into account. For times more than 500 years ago, uncertainties in the
borehole reconstructions preclude any useful quantitative comparison."

Finally, I would like the last para. retained, but I suggest shorter wording as ...

".... as indicating that SB03 misinterpreted and misrepresented the
paleoclimatological literature. The controversy ....".

My problem here is twofold. First, they really say nothing directly about 'mainstream
scientific opinion' (except that they clearly disagree with it). At issue is not the
mainstream opinion, but their interpretation of the literature and their illogical
conclusions. Second, they may have misrepresented the results of their work, but we
do not address this issue so it comes here as a non sequitur. In fact, just what such
'misrepresentation' consists of, and why it might be judged as 'misrepresentation' is a
subtle issue. Hence my revision -- which retains the word 'misrepresentation', but in
a different context.

Tom.

+++++++++++++++++++++++++++++++==

Michael E. Mann wrote:
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Thanks Tim and Malcolm,
The latest round of suggestions were extremely helpful. I've accepted
them w/ a few minor tweaks (attached). We're at 765 words--I think AGU
will let us get away w/ that...
So, comments from others?
Thanks,
mike
At 02:11 PM 10/14/2003 +0100, Tim Osborn wrote:

SO3 argue that borehole data provide a conflicting view of past
temperature histories.  To the contrary, the borehole estimates
for recent centuries shown in M03 may be consistent with
other estimates, provided consideration is given to statistical
uncertainties, spatial sampling and possible influences on the
ground surface [e.g., snow cover changes--Beltrami and
Kellman, 2003].  It is not meaningful to compare the late 20th
century with a much longer period 1000 years ago [Bradley et
al., 2003], especially given the acknowledged limitations
[Pollack et al., 1998] of borehole data.

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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Soon and colleagues ('S03') fail to address any of the three specific issues we raised  in our Eos criticism  ('M03') of 
their previous work  ('SB03'). These were the need for critical evaluation of proxy data to be used; consistent 
assimilation of widespread, well dated and resolved records; and the objective, quantitative calibration of these 
records [see also  Bradley et al, 2003].  S03, instead, start with the implausible claim  that we agree with their 
assertion "knowledge of past climatic changes does not have a direct bearing on the climatic effects of 
anthropogenic carbon dioxide...".  Reconstructions of past temperature histories do, indeed, have such a bearing. 
They provide one of several independent lines of evidence supporting the  consensus scientific conclusion expressed 
in  the 2001 report of the Intergovernmental Panel on Climate Change (IPCC) that anomalous hemispheric late 20th 
century warmth cannot be explained by natural factors.  S03 follow with an equally puzzling assertion  that "M03 
relies mainly on a Northern Hemisphere reconstruction of average annual temperature by Mann et al. [1999]". Our 
article, quite to the contrary, demonstrated that nearly a dozen different published estimates based on proxy data and 
model simulations give the same picture--anomalous late 20th century warmth that is unprecedented in a millennial 
or longer context.  
 
These straw man arguments set  the tone for an ensuing list of myths and discredited claims. Ironically, many of the 
criticisms raised might better be applied to the ill-conceived,  largely subjective approach taken by SB03.  While the 
claims made by S03 are too numerous to address in detail, several are so at variance with the accepted science that 
they deserve special attention:  
 
1) The contention  that the conclusions expressed by M03 for the period prior to AD 1400 rely mainly "on tree 
growth from one region" belies the fact that several of the proxy estimates shown were based on composites of 
estimates from regions across the Northern Hemisphere, some based primarily on  non-tree ring proxy sources. The 
claims of S03 regarding non-climatic impacts on tree growth, even if valid, would thus be irrelevant. Nonetheless, 
the claims aren't valid.  Their assertion that "[20th century]tree growth indices...show declining patterns of tree 
growth, despite rising temperatures" is misleading. Declines in the response of tree-growth to temperature are found 
in certain high-latitude regions only. In such cases, relatively recent (i.e. post 1950) data are not used in calibrating 
temperature reconstructions. In many other (even high-latitude) areas,  density or ring-width records display no such 
bias. 
 
2) The statement by S03 that the Mann and Jones [2003] reconstruction "clearly shows temperatures in the MWP 
that are as high as those in the 20th century" is misleading if not false. Mann and Jones emphasize conclusions for 
the Northern Hemisphere, noting that those for the Southern Hemisphere (and globe) are  indeterminate due to a 
paucity of southern hemisphere data.  For the Northern Hemisphere, late 20th century warmth clearly is shown by 
Mann and Jones to be anomalous in a long-term (nearly two millennium) context, consistent with the conclusions of  
M03. 
 
3) SO3 argue that borehole data provide a conflicting view of past temperature histories.  To the contrary, the 
borehole estimates for recent centuries shown in M03 are potentially consistent with other estimates, provided 
consideration is given to statistical uncertainties, spatial sampling and possible influences on the ground surface 
[e.g., snow cover changes--Beltrami and Kellman, 2003].  For times more than 500 years ago, uncertainties in the 
borehole reconstructions preclude any useful quantitative comparison [Pollack et al, 1998]. 
 
4) S03 promote the myth that "urban heat island"  effects lead to significant biases in  the instrumental record of 
surface temperature used to calibrate proxy data. A recent case study of modern urban thermometer measurements in 
the U.S. [Peterson, 2003] supports previous findings that the influence of urban heat bias on estimates of global 
surface temperature change is minimal [Hansen et al, 1999]. 
 
5) In contrast to their claims, land use changes are believed  to have led to an overall cooling, not a warming, of 
global surface temperatures during the 19th and 20th century [Govindasamy et al, 2001]. 
 
Articles in Scientific American and the Chronicle of Higher Education, have quoted numerous other leading climate 
scientists as indicating that SB03 misinterpreted the paleoclimatological literature. The controversy over the  
publication of SB03 has now led, since the publication of M03, to the resignation of the editor-in-chief and five 
other editors at the journal "Climate Research". We believe that these developments speak for themselves. 
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From: Michael E. Mann
To: Tim Osborn; Malcolm Hughes; Keith Briffa; Caspar Ammann; rbradley@geo.umass edu; tcrowley@duke.edu; omichael@princeton.edu;

jto@u.arizona edu; Scott Rutherford; Tom Wigley; p jones@uea.ac.uk; Kevin Trenberth; mann@virginia.edu
Subject: Fwd: Re: draft
Date: Tuesday, October 14, 2003 8:43:23 AM

Dear All, 

In response to Caspar's suggestion, which I agree with,  I propose rephrasing item "2" as follows:

2) The statement by S03 that the Mann and Jones [2003] reconstruction "clearly shows temperatures in the
MWP that are as high as those in the 20th century" is misleading if not false. M03 emphasize that it is the 
late, and not the early or mid 20th century warmth, that is outside the range of past variability. Mann and
Jones emphasize conclusions for the Northern Hemisphere, noting that those for the Southern Hemisphere
(and globe) are  indeterminate due to a paucity of southern hemisphere data. Consistent with M03, they
conclude that, late 20th century Northern Hemisphere mean temperatures are anomalous in a long-term
(nearly two millennium) context.

Any comments?

Thanks,

mike

Delivered-To: mem6u@virginia.edu
Date: Tue, 14 Oct 2003 09:18:37 -0600
From: Caspar Ammann <ammann@ucar.edu>
Organization: NCAR
User-Agent: Mozilla/5.0 (Windows; U; Windows NT 5.0; en-US; rv:1.4) Gecko/20030624
Netscape/7.1 (ax)
X-Accept-Language: en-us, en
To: "Michael E. Mann" <mann@virginia.edu>
Subject: Re: draft

Hi Mike,

it now looks good to me indeed including the new last paragraph following Tom's wording. The
only point I would highlight a little more is in point 2): Maybe it could be stated that the early
part of the 20th century is within the natural range whereas the late 20th century, the main
point of the AGU position statement and also in M03, is clearly outside. Please also add a second
'n' in my name...

Cheers, and thanks for your momentum on this,
Caspar

Michael E. Mann wrote:

Dear All,

I agree with each of Tom W's suggestions. Adopting them, by the way, brings us
down to 738 words.

So pending any revised language from Keith/Malcolm in response to Michael O's
comment on paragraph 2, I'm putting out a last call for comments, sign-ons, etc...

Thanks,

mike

At 08:00 AM 10/14/2003 -0600, Tom Wigley wrote:

Some minor points ....
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para. 2 -- should it be 'an' ensuing rather than 'the' ensuing?

para. 2 -- I still think 'each' (line 3) is unnecessary

para. 4 -- no comma after '(and globe)'

re boreholes, does the point about comparing late 20th century with a
'much longer period' 1000 years ago help us? Given that the 1000 years
ago data is highly lowpass filtered, if one *did* have a series with a
temporal resolution that allowed a legitimate comparison, then the
likelihood of a warmer interval 1000 years ago must be higher.

In any event, the time scale issue will not be meaningful to most readers.
The key point is the data reliability/uncertainty. I would just say
something like ...

".... taken into account. For times more than 500 years ago, uncertainties
in the borehole reconstructions preclude any useful quantitative
comparison."

Finally, I would like the last para. retained, but I suggest shorter wording
as ...

".... as indicating that SB03 misinterpreted and misrepresented the
paleoclimatological literature. The controversy ....".

My problem here is twofold. First, they really say nothing directly about
'mainstream scientific opinion' (except that they clearly disagree with it).
At issue is not the mainstream opinion, but their interpretation of the
literature and their illogical conclusions. Second, they may have
misrepresented the results of their work, but we do not address this issue
so it comes here as a non sequitur. In fact, just what such
'misrepresentation' consists of, and why it might be judged as
'misrepresentation' is a subtle issue. Hence my revision -- which retains
the word 'misrepresentation', but in a different context.

Tom.

+++++++++++++++++++++++++++++++==

Michael E. Mann wrote:

Thanks Tim and Malcolm,
The latest round of suggestions were extremely helpful. I've
accepted them w/ a few minor tweaks (attached). We're at
765 words--I think AGU will let us get away w/ that...
So, comments from others?
Thanks,
mike
At 02:11 PM 10/14/2003 +0100, Tim Osborn wrote:

SO3 argue that borehole data provide a conflicting
view of past temperature histories.  To the
contrary, the borehole estimates for recent
centuries shown in M03 may be consistent with
other estimates, provided consideration is given to
statistical uncertainties, spatial sampling and
possible influences on the ground surface [e.g.,
snow cover changes--Beltrami and Kellman, 2003]. 
It is not meaningful to compare the late 20th
century with a much longer period 1000 years ago
[Bradley et al., 2003], especially given the
acknowledged limitations [Pollack et al., 1998] of
borehole data.
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______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX:

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

-- 
Caspar M. Ammann
National Center for Atmospheric Research
Climate and Global Dynamics Division - Paleoclimatology
Advanced Study Program 
1850 Table Mesa Drive
Boulder, CO 80307-3000
email:
amman  
tel:      fax: 

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Malcolm Hughes
To: Tom Wigley; Michael E. Mann
Cc: Tim Osborn; Malcolm Hughes; Keith Briffa; Kevin Trenberth; Caspar Ammann; rbradley@geo.umass.edu;

tcrowley@duke.edu; omichael@princeton.edu; jto@u.arizona.edu; Scott Rutherford; p.jones@uea.ac.uk;
mann@virginia.edu

Subject: Re: draft
Date: Tuesday, October 14, 2003 9:24:17 AM

Dear Mike - count me in. Regarding Mike O's question, it might help to insert
'recent' before 'bias' at the end of para 1). As it stands the paragraph shows
that SB treat a problem related to a subset of the tree-ring data as if it applied
to all of them.It would probably take a couple of sentences more to
adequately answer Mike's reasonable concern and that would skew our text
too far towards defending our own work rather than our critique of SB, in my
view.
Given more space, the crucial issue is that there is reason to believe that the
weakening of the relationship between temperature and tree-ring density and
width in some extensive northern regions, largely restricted to decadal time
scales, is indeed anomalous. For example, the stability of the density/summer
temperature relationship has been demonstrated against instrumental records
as far back as the early 18th century in the case of Scotland. Thus the
justification for not using the post 1950 period for training of models for
retrodiction is that some new factor or combination of factors has come into
play since then in these cases.
Hope this helps! Keith can probably say it in 80% fewer words. Cheers,
Malcolm
.
.
.

 Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

ABOR/MH/Priv-005276



From: Caspar Ammann
To: Michael E. Mann
Cc: Tim Osborn; Malcolm Hughes; Keith Briffa; rbradley@geo umass.edu; tcrowley@duke.edu; omichael@princeton edu; jto@u.arizona.edu; Scott Rutherford;

Tom Wigley; p.jones@uea.ac uk; Kevin Trenberth
Subject: Re: Fwd: Re: draft
Date: Tuesday, October 14, 2003 9:26:37 AM

Mike,
looks good to me. It is one of these points where they can persuade journalists that they are 'correct' and it
actually got into newspapers and finally to the senate floor this way. The more we are able to explain why the
first half of the 20th century warmed up naturally, the more confidence we get on the detection of the
anthropogenic signal afterwards.
Caspar

Michael E. Mann wrote:

Dear All, 

In response to Caspar's suggestion, which I agree with,  I propose rephrasing item "2" as follows:

2) The statement by S03 that the Mann and Jones [2003] reconstruction "clearly shows temperatures
in the MWP that are as high as those in the 20th century" is misleading if not false. M03 emphasize
that it is the  late, and not the early or mid 20th century warmth, that is outside the range of past
variability. Mann and Jones emphasize conclusions for the Northern Hemisphere, noting that those for
the Southern Hemisphere (and globe) are  indeterminate due to a paucity of southern hemisphere
data. Consistent with M03, they conclude that, late 20th century Northern Hemisphere mean
temperatures are anomalous in a long-term (nearly two millennium) context.

Any comments?

Thanks,

mike

Delivered-To: mem6u@virginia.edu
Date: Tue, 14 Oct 2003 09:18:37 -0600
From: Caspar Ammann <ammann@ucar.edu>
Organization: NCAR
User-Agent: Mozilla/5.0 (Windows; U; Windows NT 5.0; en-US; rv:1.4) Gecko/20030624
Netscape/7.1 (ax)
X-Accept-Language: en-us, en
To: "Michael E. Mann" <mann@virginia.edu>
Subject: Re: draft

Hi Mike,

it now looks good to me indeed including the new last paragraph following Tom's wording.
The only point I would highlight a little more is in point 2): Maybe it could be stated that
the early part of the 20th century is within the natural range whereas the late 20th
century, the main point of the AGU position statement and also in M03, is clearly outside.
Please also add a second 'n' in my name...

Cheers, and thanks for your momentum on this,
Caspar

Michael E. Mann wrote:

Dear All,

I agree with each of Tom W's suggestions. Adopting them, by the way, brings
us down to 738 words.

So pending any revised language from Keith/Malcolm in response to Michael O's
comment on paragraph 2, I'm putting out a last call for comments, sign-ons,
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etc...

Thanks,

mike

At 08:00 AM 10/14/2003 -0600, Tom Wigley wrote:

Some minor points ....

para. 2 -- should it be 'an' ensuing rather than 'the' ensuing?

para. 2 -- I still think 'each' (line 3) is unnecessary

para. 4 -- no comma after '(and globe)'

re boreholes, does the point about comparing late 20th century with
a 'much longer period' 1000 years ago help us? Given that the 1000
years ago data is highly lowpass filtered, if one *did* have a series
with a temporal resolution that allowed a legitimate comparison,
then the likelihood of a warmer interval 1000 years ago must be
higher.

In any event, the time scale issue will not be meaningful to most
readers. The key point is the data reliability/uncertainty. I would just
say something like ...

".... taken into account. For times more than 500 years ago,
uncertainties in the borehole reconstructions preclude any useful
quantitative comparison."

Finally, I would like the last para. retained, but I suggest shorter
wording as ...

".... as indicating that SB03 misinterpreted and misrepresented the
paleoclimatological literature. The controversy ....".

My problem here is twofold. First, they really say nothing directly
about 'mainstream scientific opinion' (except that they clearly
disagree with it). At issue is not the mainstream opinion, but their
interpretation of the literature and their illogical conclusions. Second,
they may have misrepresented the results of their work, but we do
not address this issue so it comes here as a non sequitur. In fact,
just what such 'misrepresentation' consists of, and why it might be
judged as 'misrepresentation' is a subtle issue. Hence my revision --
which retains the word 'misrepresentation', but in a different
context.

Tom.

+++++++++++++++++++++++++++++++==

Michael E. Mann wrote:

Thanks Tim and Malcolm,
The latest round of suggestions were extremely helpful.
I've accepted them w/ a few minor tweaks (attached).
We're at 765 words--I think AGU will let us get away w/
that...
So, comments from others?
Thanks,
mike
At 02:11 PM 10/14/2003 +0100, Tim Osborn wrote:

SO3 argue that borehole data provide a
conflicting view of past temperature histories. 
To the contrary, the borehole estimates for
recent centuries shown in M03 may be
consistent with other estimates, provided
consideration is given to statistical
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uncertainties, spatial sampling and possible
influences on the ground surface [e.g., snow
cover changes--Beltrami and Kellman, 2003]. 
It is not meaningful to compare the late 20th
century with a much longer period 1000 years
ago [Bradley et al., 2003], especially given the
acknowledged limitations [Pollack et al., 1998]
of borehole data.

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:   
FAX: 
        
http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

-- 
Caspar M. Ammann
National Center for Atmospheric Research
Climate and Global Dynamics Division - Paleoclimatology
Advanced Study Program 
1850 Table Mesa Drive
Boulder, CO 80307-3000
email:
amman  
tel:      fax: 
    

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

-- 
Caspar M. Ammann
National Center for Atmospheric Research
Climate and Global Dynamics Division - Paleoclimatology
Advanced Study Program 
1850 Table Mesa Drive
Boulder, CO 80307-3000
email: ammann@ucar.edu    tel:      fax: 
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From: Michael E. Mann
To: Caspar Ammann
Cc: Tim Osborn; Malcolm Hughes; Keith Briffa; rbradley@geo.umass.edu; tcrowley@duke.edu; omichael@princeton.edu; jto@u.arizona.edu; Scott Rutherford; Tom

Wigley; p.jones@uea.ac.uk; Kevin Trenberth
Subject: Re: Fwd: Re: draft
Date: Tuesday, October 14, 2003 9:36:05 AM

thanks Caspar,

I agree--its important to emphasize this point, and I'm glad you recognized that we were underplaying it...

mike

At 10:25 AM 10/14/2003 -0600, Caspar Ammann wrote:

Mike,
looks good to me. It is one of these points where they can persuade journalists that they are 'correct' and
it actually got into newspapers and finally to the senate floor this way. The more we are able to explain
why the first half of the 20th century warmed up naturally, the more confidence we get on the detection of
the anthropogenic signal afterwards.
Caspar

Michael E. Mann wrote:

Dear All, 

In response to Caspar's suggestion, which I agree with,  I propose rephrasing item "2" as
follows:

2) The statement by S03 that the Mann and Jones [2003] reconstruction "clearly shows
temperatures in the MWP that are as high as those in the 20th century" is misleading if not
false. M03 emphasize that it is the  late, and not the early or mid 20th century warmth, that is
outside the range of past variability. Mann and Jones emphasize conclusions for the Northern
Hemisphere, noting that those for the Southern Hemisphere (and globe) are  indeterminate due
to a paucity of southern hemisphere data. Consistent with M03, they conclude that, late 20th
century Northern Hemisphere mean temperatures are anomalous in a long-term (nearly two
millennium) context.

Any comments?

Thanks,

mike

Delivered-To: mem6u@virginia.edu
Date: Tue, 14 Oct 2003 09:18:37 -0600
From: Caspar Ammann <ammann@ucar.edu>
Organization: NCAR
User-Agent: Mozilla/5.0 (Windows; U; Windows NT 5.0; en-US; rv:1.4)
Gecko/20030624 Netscape/7.1 (ax)
X-Accept-Language: en-us, en
To: "Michael E. Mann" <mann@virginia.edu>
Subject: Re: draft

Hi Mike,

it now looks good to me indeed including the new last paragraph following Tom's
wording. The only point I would highlight a little more is in point 2): Maybe it could
be stated that the early part of the 20th century is within the natural range whereas
the late 20th century, the main point of the AGU position statement and also in M03,
is clearly outside. Please also add a second 'n' in my name...

Cheers, and thanks for your momentum on this,
Caspar

Michael E. Mann wrote:

Dear All,
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I agree with each of Tom W's suggestions. Adopting them, by the way,
brings us down to 738 words.

So pending any revised language from Keith/Malcolm in response to
Michael O's comment on paragraph 2, I'm putting out a last call for
comments, sign-ons, etc...

Thanks,

mike

At 08:00 AM 10/14/2003 -0600, Tom Wigley wrote:

Some minor points ....

para. 2 -- should it be 'an' ensuing rather than 'the' ensuing?

para. 2 -- I still think 'each' (line 3) is unnecessary

para. 4 -- no comma after '(and globe)'

re boreholes, does the point about comparing late 20th century
with a 'much longer period' 1000 years ago help us? Given that
the 1000 years ago data is highly lowpass filtered, if one *did*
have a series with a temporal resolution that allowed a
legitimate comparison, then the likelihood of a warmer interval
1000 years ago must be higher.

In any event, the time scale issue will not be meaningful to
most readers. The key point is the data reliability/uncertainty. I
would just say something like ...

".... taken into account. For times more than 500 years ago,
uncertainties in the borehole reconstructions preclude any
useful quantitative comparison."

Finally, I would like the last para. retained, but I suggest
shorter wording as ...

".... as indicating that SB03 misinterpreted and misrepresented
the paleoclimatological literature. The controversy ....".

My problem here is twofold. First, they really say nothing
directly about 'mainstream scientific opinion' (except that they
clearly disagree with it). At issue is not the mainstream
opinion, but their interpretation of the literature and their
illogical conclusions. Second, they may have misrepresented
the results of their work, but we do not address this issue so it
comes here as a non sequitur. In fact, just what such
'misrepresentation' consists of, and why it might be judged as
'misrepresentation' is a subtle issue. Hence my revision --
which retains the word 'misrepresentation', but in a different
context.

Tom.

+++++++++++++++++++++++++++++++==

Michael E. Mann wrote:

Thanks Tim and Malcolm,
The latest round of suggestions were extremely
helpful. I've accepted them w/ a few minor tweaks
(attached). We're at 765 words--I think AGU will let
us get away w/ that...
So, comments from others?
Thanks,
mike
At 02:11 PM 10/14/2003 +0100, Tim Osborn wrote:

SO3 argue that borehole data provide a
conflicting view of past temperature
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histories.  To the contrary, the borehole
estimates for recent centuries shown in
M03 may be consistent with other
estimates, provided consideration is
given to statistical uncertainties, spatial
sampling and possible influences on the
ground surface [e.g., snow cover
changes--Beltrami and Kellman, 2003]. 
It is not meaningful to compare the late
20th century with a much longer period
1000 years ago [Bradley et al., 2003],
especially given the acknowledged
limitations [Pollack et al., 1998] of
borehole data.
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From: Michael E. Mann
To: Malcolm Hughes; Tom Wigley
Cc: Tim Osborn; Malcolm Hughes; Keith Briffa; Kevin Trenberth; Caspar Ammann; rbradley@geo.umass.edu;

tcrowley@duke.edu; omichael@princeton.edu; jto@u.arizona.edu; Scott Rutherford; p.jones@uea.ac.uk
Subject: Re: draft
Date: Tuesday, October 14, 2003 9:43:54 AM
Attachments: SoonReply.doc

Thanks Malcolm,

I agree, it would be nice to give this issue, which is nuanced and somewhat complex,
proper justice. But we can't. I think your minor change of wording helps. We're at
755 words--I think that'll be ok. Latest (final?) draft attached. The sentiment has
been overwhelmingly to keep the final paragraph, but in the shortened and
downplayed form as suggested by Tom W and others.

At this point,  we only need to hear from Tom C and Peck to sign off on this. Tom,
Peck, any comments". Again, I don't want to sign either of your names to this until I
at least have an "ok".

Thanks,

mike

At 09:39 AM 10/14/2003 -0700, Malcolm Hughes wrote:

Dear Mike - count me in. Regarding Mike O's question, it might help to
insert 
'recent' before 'bias' at the end of para 1). As it stands the paragraph
shows 
that SB treat a problem related to a subset of the tree-ring data as if it
applied 
to all of them.It would probably take a couple of sentences more to 
adequately answer Mike's reasonable concern and that would skew our
text 
too far towards defending our own work rather than our critique of SB, in
my 
view.
Given more space, the crucial issue is that there is reason to believe that
the 
weakening of the relationship between temperature and tree-ring density
and 
width in some extensive northern regions, largely restricted to decadal
time 
scales, is indeed anomalous. For example, the stability of the
density/summer 
temperature relationship has been demonstrated against instrumental
records 
as far back as the early 18th century in the case of Scotland. Thus the 
justification for not using the post 1950 period for training of models for 
retrodiction is that some new factor or combination of factors has come
into 
play since then in these cases.
Hope this helps! Keith can probably say it in 80% fewer words. Cheers, 
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Malcolm 
.
.
.

 Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229
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Soon and colleagues ('S03') fail to address any of the three specific issues we raised  in our Eos criticism  ('M03') of 
their previous work  ('SB03'). These were the need for critical evaluation of proxy data to be used; consistent 
assimilation of widespread, well dated and resolved records; and the objective, quantitative calibration of these 
records [see also  Bradley et al, 2003].  S03, instead, start with the implausible claim  that we agree with their 
assertion "knowledge of past climatic changes does not have a direct bearing on the climatic effects of 
anthropogenic carbon dioxide...".  Reconstructions of past temperature histories do, indeed, have such a bearing. 
They provide one of several independent lines of evidence supporting the  consensus scientific conclusion expressed 
in  the 2001 report of the Intergovernmental Panel on Climate Change (IPCC) that anomalous hemispheric late 20th 
century warmth cannot be explained by natural factors.  S03 follow with an equally puzzling assertion  that "M03 
relies mainly on a Northern Hemisphere reconstruction of average annual temperature by Mann et al. [1999]". Our 
article, quite to the contrary, demonstrated that nearly a dozen different published estimates based on proxy data and 
model simulations give the same picture--anomalous late 20th century warmth that is unprecedented in a millennial 
or longer context.  
 
These straw man arguments set  the tone for an ensuing list of myths and unsubstantiated claims. Ironically, many of 
the criticisms raised might better be applied to the ill-conceived,  largely subjective approach taken by SB03.  While 
the claims made by S03 are too numerous to address in detail, several are so at variance with the accepted science 
that they deserve special attention:  
 
1) The contention  that the conclusions expressed by M03 for the period prior to AD 1400 rely mainly "on tree 
growth from one region" belies the fact that several of the proxy estimates shown were based on composites of 
estimates from regions across the Northern Hemisphere, some based primarily on  non-tree ring proxy information. 
The claims of S03 regarding non-climatic impacts on tree growth, even if valid, would thus be irrelevant. However, 
the claims are not valid.  Their assertion that "[20th century]tree growth indices...show declining patterns of tree 
growth, despite rising temperatures" is misleading. Declines in the response of tree-growth to temperature are found 
in certain high-latitude regions only. In such cases, relatively recent (i.e. post 1950) data are not used in calibrating 
temperature reconstructions. In many other (even high-latitude) areas,  density or ring-width records display no such 
recent bias. 
 
2) The statement by S03 that the Mann and Jones [2003] reconstruction "clearly shows temperatures in the MWP 
that are as high as those in the 20th century" is misleading if not false. M03 emphasize that it is the  late, and not 
the early or mid 20th century warmth, that is outside the range of past variability. Mann and Jones emphasize 
conclusions for the Northern Hemisphere, noting that those for the Southern Hemisphere (and globe) are  
indeterminate due to a paucity of southern hemisphere data. Consistent with M03, they conclude that, late 20th 
century Northern Hemisphere mean temperatures are anomalous in a long-term (nearly two millennium) context. 
 
3) SO3 argue that borehole data provide a conflicting view of past temperature histories.  To the contrary, the 
borehole estimates for recent centuries shown in M03 are potentially consistent with other estimates, provided 
consideration is given to statistical uncertainties, spatial sampling and possible influences on the ground surface 
[e.g., snow cover changes--Beltrami and Kellman, 2003].  For times more than 500 years ago, uncertainties in the 
borehole reconstructions preclude any useful quantitative comparison [Pollack et al, 1998]. 
 
4) S03 promote the myth that "urban heat island"  effects lead to significant biases in  the instrumental record of 
surface temperature used to calibrate proxy data. A recent case study of modern urban thermometer measurements in 
the U.S. [Peterson, 2003] supports previous findings that the influence of urban heat bias on estimates of global 
surface temperature change is minimal [Hansen et al, 1999]. 
 
5) In contrast to their claims, land use changes are believed  to have led to an overall cooling, not a warming, of 
global surface temperatures during the 19th and 20th century [Govindasamy et al, 2001]. 
 
Articles in Scientific American and the Chronicle of Higher Education, have quoted numerous other leading climate 
scientists as indicating that SB03 misinterpreted the paleoclimatological literature. The controversy over the  
publication of SB03 has now led, since the publication of M03, to the resignation of the editor-in-chief and five 
other editors at the journal "Climate Research". We believe that these developments speak for themselves. 
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From: Michael E. Mann
To: Tom Wigley
Cc: Malcolm Hughes; Tim Osborn; Keith Briffa; Kevin Trenberth; Caspar Ammann; rbradley@geo.umass.edu; tcrowley@duke.edu;

omichael@princeton.edu; jto@u.arizona.edu; Scott Rutherford; p.jones@uea.ac.uk; mann@virginia.edu
Subject: Re: draft
Date: Tuesday, October 14, 2003 11:00:11 AM

Great,

Thanks a bunch Tom...Will make those changes. Awaiting word from Tom C and Peck before
signing off,

mike

At 11:45 AM 10/14/2003 -0600, Tom Wigley wrote:

Good job Mike -- and everyone else. Reads smoothly and punchily.

Still some grammar errors, like 'et al' instead of 'et al.'

Also, I think Caspar should just be 'NCAR', for consistency with me and Kevin.

TOM.
===========

Michael E. Mann wrote:

Thanks Malcolm,
I agree, it would be nice to give this issue, which is nuanced and
somewhat complex, proper justice. But we can't. I think your minor
change of wording helps. We're at 755 words--I think that'll be ok. Latest
(final?) draft attached. The sentiment has been overwhelmingly to keep
the final paragraph, but in the shortened and downplayed form as
suggested by Tom W and others.
At this point,  we only need to hear from Tom C and Peck to sign off on
this. Tom, Peck, any comments". Again, I don't want to sign either of
your names to this until I at least have an "ok".
Thanks,
mike
At 09:39 AM 10/14/2003 -0700, Malcolm Hughes wrote:

Dear Mike - count me in. Regarding Mike O's question, it might
help to insert
'recent' before 'bias' at the end of para 1). As it stands the
paragraph shows
that SB treat a problem related to a subset of the tree-ring
data as if it applied
to all of them.It would probably take a couple of sentences
more to
adequately answer Mike's reasonable concern and that would
skew our text
too far towards defending our own work rather than our
critique of SB, in my
view.
Given more space, the crucial issue is that there is reason to
believe that the
weakening of the relationship between temperature and tree-
ring density and
width in some extensive northern regions, largely restricted to
decadal time

ABOR/MH/Priv-005288



scales, is indeed anomalous. For example, the stability of the
density/summer
temperature relationship has been demonstrated against
instrumental records
as far back as the early 18th century in the case of Scotland.
Thus the
justification for not using the post 1950 period for training of
models for
retrodiction is that some new factor or combination of factors
has come into
play since then in these cases.
Hope this helps! Keith can probably say it in 80% fewer words.
Cheers,
Malcolm
.
.
.

 Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229
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From: Tom Crowley
To: Michael E. Mann
Cc: Tim Osborn; Malcolm Hughes; Keith Briffa; rbradley@geo.umass.edu; tcrowley@duke edu; omichael@princeton.edu;

jto@u arizona.edu; Scott Rutherford; Tom Wigley; p.jones@uea.ac.uk; Kevin Trenberth
Subject: Re: draft
Date: Wednesday, October 15, 2003 7:17:40 AM

Mike, I have been out of town and have not participated in the exchanges - the reply is nice - some
might raise eyebrows about the pointedness but I think BS deserve a bit of pointedness, so I am
happy to sign off on it.

A couple of minor points:

last para., first line, a comma does not seem necessary after "Education"

last para., last sentence - needs a bit more punch to close it out - something like "We believe these
developments speak for themselves with respect to the quality of the Soon and Baliunas criticisms."

you don't need another go-around on this last point if you don't like it - just think about it and I will
defer to whatever you decide without taking any longer on this.

thanks for all your work, tom

Great,

Thanks a bunch Tom...Will make those changes. Awaiting word from Tom C and Peck
before signing off,

mike

At 11:45 AM 10/14/2003 -0600, Tom Wigley wrote:

Good job Mike -- and everyone else. Reads smoothly and punchily.

Still some grammar errors, like 'et al' instead of 'et al.'

Also, I think Caspar should just be 'NCAR', for consistency with me and
Kevin.

TOM.
===========

Michael E. Mann wrote:

Thanks Malcolm,
I agree, it would be nice to give this issue, which is nuanced and
somewhat complex, proper justice. But we can't. I think your
minor change of wording helps. We're at 755 words--I think that'll
be ok. Latest (final?) draft attached. The sentiment has been
overwhelmingly to keep the final paragraph, but in the shortened
and downplayed form as suggested by Tom W and others.
At this point,  we only need to hear from Tom C and Peck to sign
off on this. Tom, Peck, any comments". Again, I don't want to
sign either of your names to this until I at least have an "ok".
Thanks,
mike
At 09:39 AM 10/14/2003 -0700, Malcolm Hughes wrote:

Dear Mike - count me in. Regarding Mike O's question,
it might help to insert
'recent' before 'bias' at the end of para 1). As it stands
the paragraph shows

ABOR/MH/Priv-005290



that SB treat a problem related to a subset of the tree-
ring data as if it applied
to all of them.It would probably take a couple of
sentences more to
adequately answer Mike's reasonable concern and that
would skew our text
too far towards defending our own work rather than
our critique of SB, in my
view.
Given more space, the crucial issue is that there is
reason to believe that the
weakening of the relationship between temperature
and tree-ring density and
width in some extensive northern regions, largely
restricted to decadal time
scales, is indeed anomalous. For example, the stability
of the density/summer
temperature relationship has been demonstrated
against instrumental records
as far back as the early 18th century in the case of
Scotland. Thus the
justification for not using the post 1950 period for
training of models for
retrodiction is that some new factor or combination of
factors has come into
play since then in these cases.
Hope this helps! Keith can probably say it in 80%
fewer words. Cheers,
Malcolm
.
.
.

 Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona

Tucson, AZ 85721

520-621-6470

fax 520-621-8229

______________________________________________________________

                    Professor Michael E. Mann

           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_____________________________________________________________________
__
e-mail: mann@virginia.edu   Phone:    FAX: 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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           Department of Environmental Sciences, Clark Hall
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e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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Thomas J. Crowley
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From: Michael E. Mann
To: Tom Crowley
Cc: Tim Osborn; Malcolm Hughes; Keith Briffa; rbradley@geo.umass edu; tcrowley@duke.edu; omichael@princeton.edu; jto@u.arizona.edu; Scott

Rutherford; Tom Wigley; p.jones@uea ac.uk; Kevin Trenberth; mann@virginia.edu
Subject: Re: draft
Date: Wednesday, October 15, 2003 9:22:58 AM
Attachments: SoonReply-final.doc

Thanks Tom,

I knew you'd been travelling, and appreciate you getting back to me as soon as you could.

I've attached a revised 'final' draft adopting your suggestion on the final sentence w/ a minor tweak.

Will await any comments/go ahead from Peck, and then I should be ready to submit.

Thanks to all, again, for the considerable help...

mike

At 10:16 AM 10/15/2003 -0400, Tom Crowley wrote:

Mike, I have been out of town and have not participated in the exchanges - the reply is nice -
some might raise eyebrows about the pointedness but I think BS deserve a bit of pointedness,
so I am happy to sign off on it.

A couple of minor points:

last para., first line, a comma does not seem necessary after "Education"

last para., last sentence - needs a bit more punch to close it out - something like "We believe
these developments speak for themselves with respect to the quality of the Soon and Baliunas
criticisms."

you don't need another go-around on this last point if you don't like it - just think about it and I
will defer to whatever you decide without taking any longer on this.

thanks for all your work, tom

Great,

Thanks a bunch Tom...Will make those changes. Awaiting word from Tom C and Peck
before signing off,

mike

At 11:45 AM 10/14/2003 -0600, Tom Wigley wrote:

Good job Mike -- and everyone else. Reads smoothly and punchily.

Still some grammar errors, like 'et al' instead of 'et al.'

Also, I think Caspar should just be 'NCAR', for consistency with me and
Kevin.

TOM.
===========

Michael E. Mann wrote:

Thanks Malcolm,
I agree, it would be nice to give this issue, which is nuanced
and somewhat complex, proper justice. But we can't. I think
your minor change of wording helps. We're at 755 words--I
think that'll be ok. Latest (final?) draft attached. The sentiment
has been overwhelmingly to keep the final paragraph, but in
the shortened and downplayed form as suggested by Tom W
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and others.
At this point,  we only need to hear from Tom C and Peck to
sign off on this. Tom, Peck, any comments". Again, I don't
want to sign either of your names to this until I at least have
an "ok".
Thanks,
mike
At 09:39 AM 10/14/2003 -0700, Malcolm Hughes wrote:

Dear Mike - count me in. Regarding Mike O's
question, it might help to insert
'recent' before 'bias' at the end of para 1). As it
stands the paragraph shows
that SB treat a problem related to a subset of the
tree-ring data as if it applied
to all of them.It would probably take a couple of
sentences more to
adequately answer Mike's reasonable concern and
that would skew our text
too far towards defending our own work rather
than our critique of SB, in my
view.
Given more space, the crucial issue is that there is
reason to believe that the
weakening of the relationship between temperature
and tree-ring density and
width in some extensive northern regions, largely
restricted to decadal time
scales, is indeed anomalous. For example, the
stability of the density/summer
temperature relationship has been demonstrated
against instrumental records
as far back as the early 18th century in the case of
Scotland. Thus the
justification for not using the post 1950 period for
training of models for
retrodiction is that some new factor or combination
of factors has come into
play since then in these cases.
Hope this helps! Keith can probably say it in 80%
fewer words. Cheers,
Malcolm
.
.
.

 Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229
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                    Professor Michael E. Mann
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Soon and colleagues ('S03') fail to address any of the three specific issues we raised  in our Eos criticism  ('M03') of 
their previous work  ('SB03'). These were the need for critical evaluation of proxy data to be used; consistent 
assimilation of widespread, well dated and resolved records; and the objective, quantitative calibration of these 
records [see also  Bradley et al., 2003].  S03, instead, start with the implausible claim  that we agree with their 
assertion "knowledge of past climatic changes does not have a direct bearing on the climatic effects of 
anthropogenic carbon dioxide...".  Reconstructions of past temperature histories do, indeed, have such a bearing. 
They provide one of several independent lines of evidence supporting the  consensus scientific conclusion expressed 
in  the 2001 report of the Intergovernmental Panel on Climate Change (IPCC) that anomalous hemispheric late 20th 
century warmth cannot be explained by natural factors.  S03 follow with an equally puzzling assertion  that "M03 
relies mainly on a Northern Hemisphere reconstruction of average annual temperature by Mann et al. [1999]". Our 
article, quite to the contrary, demonstrated that nearly a dozen different published estimates based on proxy data and 
model simulations give the same picture--anomalous late 20th century warmth that is unprecedented in a millennial 
or longer context.  
 
These straw man arguments set  the tone for an ensuing list of myths and unsubstantiated claims. Ironically, many of 
the criticisms raised might better be applied to the ill-conceived,  largely subjective approach taken by SB03.  While 
the claims made by S03 are too numerous to address in detail, several are so at variance with the accepted science 
that they deserve special attention:  
 
1) The contention  that the conclusions expressed by M03 for the period prior to AD 1400 rely mainly "on tree 
growth from one region" belies the fact that several of the proxy estimates shown were based on composites of 
estimates from regions across the Northern Hemisphere, some based primarily on  non-tree ring proxy information. 
The claims of S03 regarding non-climatic impacts on tree growth, even if valid, would thus be irrelevant. However, 
the claims are not valid.  Their assertion that "[20th century]tree growth indices...show declining patterns of tree 
growth, despite rising temperatures" is misleading. Declines in the response of tree-growth to temperature are found 
in certain high-latitude regions only. In such cases, relatively recent (i.e. post 1950) data are not used in calibrating 
temperature reconstructions. In many other (even high-latitude) areas,  density or ring-width records display no such 
recent bias. 
 
2) The statement by S03 that the Mann and Jones [2003] reconstruction "clearly shows temperatures in the MWP 
that are as high as those in the 20th century" is misleading if not false. M03 emphasize that it is the  late, and not 
the early or mid 20th century warmth, that is outside the range of past variability. Mann and Jones emphasize 
conclusions for the Northern Hemisphere, noting that those for the Southern Hemisphere (and globe) are  
indeterminate due to a paucity of southern hemisphere data. Consistent with M03, they conclude that, late 20th 
century Northern Hemisphere mean temperatures are anomalous in a long-term (nearly two millennium) context. 
 
3) SO3 argue that borehole data provide a conflicting view of past temperature histories.  To the contrary, the 
borehole estimates for recent centuries shown in M03 are potentially consistent with other estimates, provided 
consideration is given to statistical uncertainties, spatial sampling and possible influences on the ground surface 
[e.g., snow cover changes--Beltrami and Kellman, 2003].  For times more than 500 years ago, uncertainties in the 
borehole reconstructions preclude any useful quantitative comparison [Pollack et al., 1998]. 
 
4) S03 promote the myth that "urban heat island"  effects lead to significant biases in  the instrumental record of 
surface temperature used to calibrate proxy data. A recent case study of modern urban thermometer measurements in 
the U.S. [Peterson, 2003] supports previous findings that the influence of urban heat bias on estimates of global 
surface temperature change is minimal [Hansen et al., 1999]. 
 
5) In contrast to their claims, land use changes are believed  to have led to an overall cooling, not a warming, of 
global surface temperatures during the 19th and 20th century [Govindasamy et al., 2001]. 
 
Articles in Scientific American and the Chronicle of Higher Education have quoted numerous other leading climate 
scientists as indicating that SB03 misinterpreted the paleoclimatological literature. The controversy over the  
publication of SB03 has now led, since the publication of M03, to the resignation of the editor-in-chief and five 
other editors at the journal "Climate Research". As regards the merit of our criticisms of SB03, we believe these 
developments speak for themselves. 
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From: Jonathan Overpeck
To: Michael E. Mann
Cc: Tim Osborn; Malcolm Hughes; Keith Briffa; rbradley@geo.umass.edu; tcrowley@duke.edu;

omichael@princeton.edu; jto@u.arizona.edu; Scott Rutherford; Tom Wigley; p.jones@uea.ac.uk; Kevin
Trenberth; mann@virginia.edu

Subject: Re: draft
Date: Wednesday, October 15, 2003 5:01:17 PM

Hi Mike et al - I'm impressed with your job, and suspect that the
word limit in such a response is, in this case, only humane.

I also am impressed by how slippery S et al are. Maybe slippery isn't
the exact word...

As for comments, I could go with your final sentence, but also offer
up an alternative final sentence that is a bit less glib, and also
more direct:

"It is clear that we are not alone in finding the work of SB03 heavily flawed."

Nitpicker.... "i.e. post 1950" needs a comma after i.e.

Again, good job. Happy to sign on.

thx, Peck
--
Jonathan T. Overpeck
Director, Institute for the Study of Planet Earth
Professor, Department of Geosciences

Mail and Fedex Address:

Institute for the Study of Planet Earth
715 N. Park Ave. 2nd Floor
University of Arizona
Tucson, AZ 85721
direct tel: +1 520 622-9065
fax: +1 520 792-8795
http://www.geo.arizona.edu/Faculty Pages/Overpeck.J.html
http://www.ispe.arizona.edu/
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From: Michael E. Mann
To: Tom Wigley; Jonathan Overpeck
Cc: Tim Osborn; Malcolm Hughes; Keith Briffa; rbradley@geo.umass.edu; tcrowley@duke.edu;

omichael@princeton.edu; Scott Rutherford; p.jones@uea.ac.uk; Kevin Trenberth; mann@virginia.edu
Subject: Re: draft
Date: Wednesday, October 15, 2003 6:13:16 PM

Thanks Tom,

I like the all the suggested modifiers strung together. But, that'll put us way over the
word limit :)

"seriously" seems like a good choice, if there are no further objections,

mike

At 07:01 PM 10/15/2003 -0600, Tom Wigley wrote:

I like Peck's last sentence -- but I'm not so keen on 'heavily'. I cannot
picture what a heavy flaw is. How about 'seriously'?

Or, more on the light side ...

fatally?
irretrievably?
egregiously?
monstrously?
flagrantly? (nice alliteration)

... or, permutations of the above.

Tom.
+++++++++++++++++++++

Jonathan Overpeck wrote:

Hi Mike et al - I'm impressed with your job, and suspect that
the word limit in such a response is, in this case, only humane.
I also am impressed by how slippery S et al are. Maybe
slippery isn't the exact word...
As for comments, I could go with your final sentence, but also
offer up an alternative final sentence that is a bit less glib, and
also more direct:
"It is clear that we are not alone in finding the work of SB03
heavily flawed."
Nitpicker.... "i.e. post 1950" needs a comma after i.e.
Again, good job. Happy to sign on.
thx, Peck

______________________________________________________________
                    Professor Michael E. Mann
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           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Tom Wigley; Jonathan Overpeck
Cc: Tim Osborn; Malcolm Hughes; Keith Briffa; rbradley@geo.umass.edu; tcrowley@duke.edu;

omichael@princeton.edu; Scott Rutherford; p.jones@uea.ac.uk; Kevin Trenberth; mann@virginia.edu
Subject: Re: draft
Date: Wednesday, October 15, 2003 6:13:16 PM

Thanks Tom,

I like the all the suggested modifiers strung together. But, that'll put us way over the
word limit :)

"seriously" seems like a good choice, if there are no further objections,

mike

At 07:01 PM 10/15/2003 -0600, Tom Wigley wrote:

I like Peck's last sentence -- but I'm not so keen on 'heavily'. I cannot
picture what a heavy flaw is. How about 'seriously'?

Or, more on the light side ...

fatally?
irretrievably?
egregiously?
monstrously?
flagrantly? (nice alliteration)

... or, permutations of the above.

Tom.
+++++++++++++++++++++

Jonathan Overpeck wrote:

Hi Mike et al - I'm impressed with your job, and suspect that
the word limit in such a response is, in this case, only humane.
I also am impressed by how slippery S et al are. Maybe
slippery isn't the exact word...
As for comments, I could go with your final sentence, but also
offer up an alternative final sentence that is a bit less glib, and
also more direct:
"It is clear that we are not alone in finding the work of SB03
heavily flawed."
Nitpicker.... "i.e. post 1950" needs a comma after i.e.
Again, good job. Happy to sign on.
thx, Peck

______________________________________________________________
                    Professor Michael E. Mann
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                      University of Virginia
                     Charlottesville, VA 22903
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         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: lzirkel@agu.org; Ellen Mosley-Thompson; Judy Jacobs
Cc: Malcolm Hughes; Tim Osborn; Keith Briffa; Kevin Trenberth; Caspar Ammann; rbradley@geo.umass.edu;

tcrowley@duke.edu; omichael@princeton.edu; jto@u.arizona.edu; Scott Rutherford; p.jones@uea.ac.uk;
mann@virginia.edu; Tom Wigley

Subject: Re: 2003ES000453R (On Past Temperature and Anomalous Late-2...)
Date: Thursday, October 16, 2003 3:13:35 PM
Attachments: 101099 0 art file 0 1066341412.pdf

Dear Judy, Lee, and Ellen,

We have submitted our reply to Soon et al via GEMS. I've attached the pdf file for
confirmation (the manuscript # assigned was 2003ES000497).

Our reply came in at 763 words. We hope this is ok--please let us know if there is a
problem w/ that.

I look forward to hearing of any further developments.

Thanks for all your help w/ the process,

Mike

At 04:20 PM 10/13/2003 +0000, eos@agu.org wrote:

Content-Disposition: inline
Content-Length: 357
Content-Transfer-Encoding: binary
Content-Type: text/plain

Dear Dr. Mann,

I understand that Dr. Mosley-Thompson sent you, on 4 October, a copy of
the attached comment by Dr. Willie Soon on your 7/8/03 article. 

Have you decided to reply? 

Thanks.

Regards,
Lee

Please click on the link below to log in to the system.

<http://eos-submit.agu.org/cgi-bin/main.plex?
el=A3U6rO4A7eMC6J3A96oQFyD1vMcX6CGYEpMHIwZ>

______________________________________________________________
                    Professor Michael E. Mann
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           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
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e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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Soon and colleagues ('S03') fail to address any of the three specific issues we raised  in our Eos criticism  ('M03') of 
their previous work  ('SB03'). These were the need for critical evaluation of proxy data to be used; consistent 
assimilation of widespread, well dated and resolved records; and the objective, quantitative calibration of these 
records [see also  Bradley et al., 2003].  S03, instead, start with the implausible claim  that we agree with their 
assertion "knowledge of past climatic changes does not have a direct bearing on the climatic effects of 
anthropogenic carbon dioxide...".  Reconstructions of past temperature histories do, indeed, have such a bearing. 
They provide one of several independent lines of evidence supporting the  consensus scientific conclusion expressed 
in  the 2001 report of the Intergovernmental Panel on Climate Change (IPCC) that anomalous hemispheric late 20th 
century warmth cannot be explained by natural factors.  S03 follow with an equally puzzling assertion  that "M03 
relies mainly on a Northern Hemisphere reconstruction of average annual temperature by Mann et al. [1999]". Our 
article, quite to the contrary, demonstrated that nearly a dozen different published estimates based on proxy data and 
model simulations give the same picture--anomalous late 20th century warmth that is unprecedented in a millennial 
or longer context.  
 
These straw man arguments set  the tone for an ensuing list of myths and unsubstantiated claims. Ironically, many of 
the criticisms raised might better be applied to the ill-conceived,  largely subjective approach taken by SB03.  While 
the claims made by S03 are too numerous to address in detail, several are so at variance with the accepted science 
that they deserve special attention:  
 
1) The contention  that the conclusions expressed by M03 for the period prior to AD 1400 rely mainly "on tree 
growth from one region" belies the fact that several of the proxy estimates shown were based on composites of 
estimates from regions across the Northern Hemisphere, some based primarily on  non-tree ring proxy information. 
The claims of S03 regarding non-climatic impacts on tree growth, even if valid, would thus be irrelevant. However, 
the claims are not valid.  Their assertion that "[20th century]tree growth indices...show declining patterns of tree 
growth, despite rising temperatures" is misleading. Declines in the response of tree-growth to temperature are found 
in certain high-latitude regions only. In such cases, relatively recent (i.e., post 1950) data are not used in calibrating 
temperature reconstructions. In many other (even high-latitude) areas,  density or ring-width records display no such 
recent bias. 
 
2) The statement by S03 that the Mann and Jones [2003] reconstruction "clearly shows temperatures in the MWP 
that are as high as those in the 20th century" is misleading if not false. M03 emphasize that it is the  late, and not 
the early or mid 20th century warmth, that is outside the range of past variability. Mann and Jones emphasize 
conclusions for the Northern Hemisphere, noting that those for the Southern Hemisphere (and globe) are  
indeterminate due to a paucity of southern hemisphere data. Consistent with M03, they conclude that, late 20th 
century Northern Hemisphere mean temperatures are anomalous in a long-term (nearly two millennium) context. 
 
3) SO3 argue that borehole data provide a conflicting view of past temperature histories.  To the contrary, the 
borehole estimates for recent centuries shown in M03 are potentially consistent with other estimates, provided 
consideration is given to statistical uncertainties, spatial sampling and possible influences on the ground surface 
[e.g., snow cover changes--Beltrami and Kellman, 2003].  For times more than 500 years ago, uncertainties in the 
borehole reconstructions preclude any useful quantitative comparison [Pollack et al., 1998]. 
 
4) S03 promote the myth that "urban heat island"  effects lead to significant biases in  the instrumental record of 
surface temperature used to calibrate proxy data. A recent case study of modern urban thermometer measurements in 
the U.S. [Peterson, 2003] supports previous findings that the influence of urban heat bias on estimates of global 
surface temperature change is minimal [Hansen et al., 1999]. 
 
5) In contrast to their claims, land use changes are believed  to have led to an overall cooling, not a warming, of 
global surface temperatures during the 19th and 20th century [Govindasamy et al., 2001]. 
 
Articles in Scientific American and the Chronicle of Higher Education have quoted numerous other leading climate 
scientists as indicating that SB03 misinterpreted the paleoclimatological literature. The controversy over the  
publication of SB03 has now led, since the publication of M03, to the resignation of the editor-in-chief and five 
other editors at the journal "Climate Research".  It is clear that we are not alone in finding the work of SB03 
seriously flawed. 
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From: Michael E. Mann
To: Ray Bradley; Malcolm Hughes; Mike MacCracken; Steve Schneider; tom crowley; Tom Wigley; Jonathan

Overpeck; asocci@cox.net; Michael Oppenheimer; Keith Briffa; Phil Jones; Tim Osborn;
Tim_Profeta@lieberman.senate.gov; Ben Santer; Gabi Hegerl; Ellen Mosley-Thompson; Lonnie G. Thompson;
Kevin Trenberth

Cc: mann@virginia.edu
Subject: CONFIDENTIAL Fwd:
Date: Sunday, October 26, 2003 11:49:39 AM

Dear All,

This has been passed along to me by someone whose identity will remain in
confidence.

Who knows what trickery has been pulled or selective use of data  made. Its clear
that "Energy and Environment" is being run by the baddies--only a shill  for industry
would have republished the original Soon and Baliunas paper as submitted to
"Climate Research" without even editing it. Now apparently they're at it again...

My suggested response is:

1) to dismiss this as stunt, appearing in a so-called "journal" which is already known
to have defied standard practices of peer-review. It is clear, for example, that nobody
we know has been asked to "review" this so-called paper

2) to point out the claim is nonsense since the same basic result  has been obtained
by numerous other researchers, using different data, elementary compositing
techniques, etc.

Who knows what sleight of hand the authors of this thing have pulled. Of course, the
usual suspects are going to try to peddle this crap. The important thing is to deny
that this has any intellectual credibility whatsoever and, if contacted by any media, to
dismiss this for the stunt that it is..

Thanks for your help,

mike

 two people have a forthcoming 'Energy & Environment' paper
that's being unveiled tomoro (monday) that -- in the words of
one Cato / Marshall/ CEI type -- "will claim that Mann arbitrarily ignored paleo
data within his own record and substituted other data for missing values that dramatically
affected his results.  
        When his exact analysis is rerun with all the data and with no data substitutions, two
very large warming spikes will appear that are greater than the 20th century. 
        Personally, I'd offer that this was known by most people who understand Mann's
methodology:  it can be quite sensitive to the input data in the early centuries. Anyway,
there's going to be a lot of noise on this one, and knowing Mann's very thin skin I am
afraid he will react strongly, unless he has learned (as I hope he has) from the past...."

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
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                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Stephen H Schneider
Cc: Ray Bradley; Malcolm Hughes; Mike MacCracken; tom crowley; Tom Wigley; Jonathan Overpeck; asocci@cox.net; Michael

Oppenheimer; Keith Briffa; Phil Jones; Tim Osborn; Tim Profeta@lieberman.senate.gov; Ben Santer; Gabi Hegerl; Ellen
Mosley-Thompson; Lonnie G. Thompson; Kevin Trenberth; wuebbles@gale.atmos.uiuc.edu; m.hulme@uea.ac.uk;
rpomerance@aecs-inc.org; j.salinger@niwa.co.nz; mark.eakin@noaa.gov; solomon@al.noaa.gov

Subject: Re: CONFIDENTIAL Fwd:
Date: Monday, October 27, 2003 6:28:27 AM
Attachments: EandEResponse.doc

E&E Mission.pdf

Thanks Steve,

Yes, the timing is suspicious at best--this  appears yet another act of desperation by those
losing the battle on the scientific front. I will, naturally, resist the bait, while nonetheless
providing the material necessary to defend my colleagues and me against the scurrilous
claims. Any efforts that others can make in confronting the claims helps to deny them
what they're looking for (entraining me into the fray).

For this reason, I'm asking my friends and colleagues to consider responding on my behalf 
if contacted for their opinions on the matter.

I've prepared a response (attached word file) to what I anticipate the paper claims. I may
expand upon this once a copy of the paper is available, but I believe it may be important
to have an initial response on hand.

I anticipate that the mainstream media will  ignore their attempts at promoting this. But
CATO, API, etc. will certainly be trying to promote this inside the beltway as McCain-
Lieberman grows near,

Best regards,

mike

p.s. I've attached the official E&E "Mission Statement" written by Sonja Boehmer-
Christiansen, which I believe many of you will find eye opening...

At 10:19 PM 10/26/2003 -0800, Stephen H Schneider wrote:

Hang in there Mike, just take pride that you are hurting them and they
need to dissemble to get attention. It will fade in time, but the timing
is not accidental--all about the McCain-Lieberman climate bill to be voted
on this week. It will quiet down soon thereafter, so don't take the
bait--just point out soberly why they are wrong and that they have no
credible analysis to substitute for yours and the many real scientific
investigators who independently do the same kinds of work--we replicate to
gain confidence--and come up with similar conclusions. I'll attach my
"final" testimony and some answers to Senator McCain's questions motivated
by Sen. Inhofe's July28 Senate floor diatribes against me, Tom, you and
others--cleverly disguised to say if one reads us between the lines we
support THEIR positions. That makes responding in short paragraphs
impossible, so my answers are way too long for Congress, but to give
a paragraph would leave them guessing who was right and what happened. If
anyone has any edits to suggest, I need them by Monday afternoon at the
latest as COB monday McCain staff puts it up on the record I understand.
Even though I am virtually certain we shall lose on McCain-Lieberman, they
are forcing Senators to go on record for for against sensible climate
policy--a non trivial price some may pay politically if they guess worng
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what it means for their re-election (another reason why CATO et al are so
shrill right now because this is a real threat to them and anything goes
for them right now, including lies, character assainations etc--again,
take no bait!). SUch "fun", CHeers,
Steve
PS TOm, I presume you got plenty of questions too? Send me yours when you
get a chance.

On Sun, 26 Oct 2003, Michael E. Mann wrote:

> Dear All,
>
> This has been passed along to me by someone whose identity will remain in
> confidence.
>
> Who knows what trickery has been pulled or selective use of data  made. Its
clear
> that "Energy and Environment" is being run by the baddies--only a shill  for
> industry would have republished the original Soon and Baliunas paper as
submitted
> to "Climate Research" without even editing it. Now apparently they're at it
> again...
>
> My suggested response is:
>
> 1) to dismiss this as stunt, appearing in a so-called "journal" which is already
> known to have defied standard practices of peer-review. It is clear, for
example,
> that nobody we know has been asked to "review" this so-called paper
>
> 2) to point out the claim is nonsense since the same basic result  has been
> obtained by numerous other researchers, using different data, elementary
> compositing techniques, etc.
>
> Who knows what sleight of hand the authors of this thing have pulled. Of
course,
> the usual suspects are going to try to peddle this crap. The important thing
is to
> deny that this has any intellectual credibility whatsoever and, if contacted by
> any media, to dismiss this for the stunt that it is..
>
> Thanks for your help,
>
> mike
>
>
>        two people have a forthcoming 'Energy & Environment' paper that's
>       being unveiled tomoro (monday) that -- in the words of one Cato /
>       Marshall/ CEI type -- "will claim that Mann arbitrarily ignored paleo
>       data within his own record and substituted other data for missing
>       values that dramatically affected his results. 
>               When his exact analysis is rerun with all the data and with no
>       data substitutions, two very large warming spikes will appear that are
>       greater than the 20th century.
>               Personally, I'd offer that this was known by most people who
>       understand Mann's methodology:  it can be quite sensitive to the input
>       data in the early centuries. Anyway, there's going to be a lot of

ABOR/MH/Priv-005310



>       noise on this one, and knowing Mann's very thin skin I am afraid he
>       will react strongly, unless he has learned (as I hope he has) from the
>       past...."
>
> ______________________________________________________________
>                     Professor Michael E. Mann
>            Department of Environmental Sciences, Clark Hall
>                       University of Virginia
>                      Charlottesville, VA 22903
>
_______________________________________________________________________

> e-mail: mann@virginia.edu   Phone:    FAX: 
>          http://www.evsc.virginia.edu/faculty/people/mann.shtml
>

------
Stephen H. Schneider, Professor
Dept. of Biological Sciences
Stanford University
Stanford, CA 94305-5020 U.S.A.

Tel: 
Fax: 
shs@stanford.edu

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

ABOR/MH/Priv-005311



 
We have not yet seen the paper in question (we are only aware of its existence through emails that have been sent 
out to various individuals by industry/special interest groups that appear to be promoting the paper). Short of having 
even seen the paper, we can nonetheless conclude  a priori that it fails the most basic standards for a legitimate  
scientific research paper for the following reasons: 
 
1) The journal "Energy and Environment" in which its has been published, is not a scientific journal, it is a social 
science journal (see below). The journal does not obey standard practices of peer-review, as detailed further below.  
The paper in question thus does not constitute peer-reviewed science. Since the work has not been evaluated by 
scientists with the expertise necessary to judge its validity, there is no way to know whether the author's analysis is 
correct. There is no way to establish whether or not he performed the claimed calculations correctly, whether he has 
drawn correct conclusions from his calculations, or whether he has accurately cited other previous research findings.   
 
2) The journal in question, "Energy and Environment" has been  publicly discredited. As described by accounts in 
the popular media, the journal published  a previous paper  [Soon, W., S. Baliunas, C. Idso, S. Idso, and D.R. 
Legates, Reconstructing Climatic and Environmental Changes of the Past 1000 Years: A Reappraisal, Energy & 
Environment, 14:233-296, 2003] that was considered deeply flawed by mainstream scientific researchers. The 
circumstances surrounding the publication of the paper were found to be deeply suspicious.  
 
According to reporter Richard Monasterksy of the Chronicle of Higher Education, in his article "Storm Brews Over 
Global Warming" (September 5, 2003), the editor "Energy and Environment", Sonja Boehmer-Christiansen, admits 
to following a political agenda, rather than scientific standards of peer review, in  publishing this and presumably 
other articles: 
 
The two researchers [Soon and Baliunas], with three additional co-authors,  published a longer version of the 
[Climate Research] paper this spring in Energy and Environment, a journal geared mainly to social scientists. The 
journal's editor, Sonja Boehmer-Christiansen, a reader in geography at the University of Hull, in England, says she 
sometimes publishes scientific papers challenging the view  that global warming is a problem, because that position 
is often stifled in other outlets. "I'm following my political agenda -- a bit, anyway," she says. "But isn't that the right 
of the editor?" 
 
The editor regularly expresses hostility towards mainstream scientific findings supporting the existence of human-
induced climate change on posts to the newsgroup "climatesceptics@yahoogroups.com", and recently posted the 
following message below ("DA" apparently refers to Scientific American journalist David Appell and "Soon paper" 
appears to refer to the widely discredited paper of Soon et al that she had published previously): 
 
From:    "Sonja.B-C" <sonja.b-c@hull.ac.uk> 
To:      climatesceptics@yahoogroups.com 
Date:    Tue, 20 May 2003 19:12:13 +0100 
Subject: Re: [Climate Sceptics] Re.: Climate reconstructions (Soon et al)",  posting 10060 
---- 
 
Theo, Thanks for this, I needed to hear this.  
I hope that sad person D A, a journalist who wants to destroy the Soon  
paper, gets the message as wll (for he has joined the group). He still  
believes there is only one 'best' science (and from observation that  
is the  government of the time finds useful and funds. Who would fund  
climatology if it predicted cooling we could do nothing about  
immediately? We do need a better understanding of natural climate  
variability and climate before we can claim to talk about human  
contributions, and need much more data before we can talk about what  
is the warmest or coldest period since the last ice age.... Funny that  
the same journo has not even looked at the other science papers,  
including yours..here is a real challenge. 
Sonja 
 
 
This Energy & Environment paper apparently was, in fact,  the original (unedited) submitted version of an otherwise 
nearly identical paper published in the journal  "Climate Research".  Publication of the same article more than once 
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is frowned upon in scientific circles, and typically considered unethical. Professional societies (e.g. the American 
Geophysical Union) typically have an explicit policy against such duplication. Apparently the journal/editor of 
"Energy and Environment" observes no such policy.  Articles in Scientific American and the Chronicle of Higher 
Education have quoted numerous leading  climate scientists as indicating that Soon and colleagues misinterpreted 
the paleoclimatological literature and misrepresented the work of other scientists. The controversy over the   
publication of the paper has now led to the resignation of the editor-in-chief and five other editors  at the journal 
"Climate Research". That Ms. Boehmer-Christiansen, apparently, chose to re-publish this article in its original, 
unedited form in "Energy and Environment" seems to speak for itself. 
 
2) The author of the paper in question, Steven McIntyre, has no prior track record of research in the area of climate 
or paleoclimate that we could find based on a review of the "Science Citation Index", which revealed no 
publications in the fields of climate or paleoclimate.  Given that the authors claims are in direct conflict with those 
of  leading scientists in the field, that he has no record of training in this field, and that the claims were not submitted 
for legitimate scientific peer review, they cannot possibly be considered as having any scientific credibility without 
having first passed peer review in a legitimate peer-reviewed scientific journal. 
 
3) The paper in question purports to be a  direct criticism of a particular paper [Mann, M.E., R.S. Bradley, and M.K. 
Hughes,  Northern Hemisphere Temperatures During the Past Millennium: Inferences, Uncertainties, and 
Limitations,  Geophysical Research Letters, 26, 759-762, 1999]. Yet, the original authors were given no opportunity 
to review or comment on the paper. A survey that I have performed of  leading paleoclimate scientists who have 
done previous work in this area  (K. Briffa, R. Bradley, T. Crowley, M. Hughes,  P. Jones, T.  Osborn, J. Overpeck) 
reveals that none were in any way involved in any "review",  if there indeed even was any attempt at peer review for 
this paper. The circumstances surrounding the publication of this paper are thus deeply suspicious, and in keeping 
with the questionable circumstances surrounding previously published papers by the author and journal in question. 
 
4) If the author's scientific arguments had merit, the author most likely would have sought to  publish the work  in 
the respectable scientific literature and, in particular, a journal in which past work in this area has typically been 
published (e.g. leading journals such as Science, Nature, Geophysical Research Letters, Journal of Climate, The 
Holocene, Journal of Geophysical Research, Reviews of Geophysics, Paleoceanography, Climate Dynamics, etc.).  
By having chosen to publish the paper in an obscure (let alone discredited), social science journal, the author has 
circumvented any opportunity for a qualified review of the methods or claims contained within the paper. 
 
5) The authors' arguments plainly constitute a  "straw man". The author claims that a reanalysis he has performed in 
which he purports (there is no way to confirm this) to have used the same data and methods as the previous study by 
Mann et al (1999), in some way calls into question the primary conclusion from that study: that late 20th century 
Northern Hemisphere average temperatures are anomalous in the context of the past 1000 years taking into account 
uncertainties in the estimates. 
 
Yet this same basic finding has been multiply replicated over the past several years  by independent scientist based 
on various different data sources and methodologies. Several different studies have now yielded an essentially 
statistically indistinguishable history from that published by Mann et al  (see Folland et al, 2001; Briffa et al, 2001; 
Jones et al, 2001; Mann et al, 2003). More than a  dozen articles published since that study, have come to the 
identical conclusion that late 20th century Northern Hemisphere average warmth was likely unprecedented for  the 
at last the past 1000 years (recent work suggests likely even longer). The most recent study coming to this 
conclusion  was published by Bradley and coworkers in the prestigious journal "Science" only a couple weeks ago. 
So even if the author's analysis were valid (which we consider extremely unlikely), it would not even begin to 
confront the wealth of evidence supporting the primary conclusion of Mann et al (1999). The list of recent studies 
supporting this conclusion includes, but is not limited to, the following: 
 
Bauer, E., M. Claussen, and V. Brovkin, Assessing climate forcings of the earth system for the past 
millennium, Geophys. Res. Lett., 30 (6), doi: 10.1029/2002GL016639, 2003. 
 
Bradley, R.S., M.K Hughes and H.F. Diaz., Climate in Medieval Time. Science, 302, 404-405, 2003. 
 
Briffa, K.R., T.J. Osborn, F.H. Schweingruber, I.C. Harris, P.D. Jones, S.G. Shiyatov, S.G. and E.A. 
Vaganov, Low-frequency temperature variations from a northern tree-ring density network. J. 
Geophys. Res., 106, 2929-2941, 2001. 
 
Crowley, T.J., Causes of Climate Change over the Past 1000 Years, Science, 289, 270-277, 2000. 
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Crowley, T.J., and T. Lowery, How Warm Was the Medieval Warm Period?, Ambio, 29, 51-54, 2000. 
 
Folland, C.K., T.R. Karl, J.R. Christy, R.A. Clarke, G.V. Gruza, J. Jouzel, M.E. Mann, J. Oerlemans, M.J. 
Salinger, S.-W. Wang, Observed Climate Variability and Change, in Climate Change 2001: The 
Scientific Basis, edited by J.T. Houghton et al.., pp. 99–181, Cambridge Univ. Press, New York, 
2001. 
 
Gerber, S., F. Joos, P. Brügger, T. F. Stocker, M. E. Mann, S. Sitch, and M. Scholze, Constraining 
temperature variations over the last millennium by comparing simulated and observed atmospheric 
CO2, Climate Dynamics, 20, 281-299, 2003. 
 
Hegerl, G.C., T.J. Crowley, S.K. Baum, K-Y. Kim, and W. T. Hyde, Detection of volcanic, solar and 
greenhouse gas signals in paleo-reconstructions of Northern Hemispheric temperature. Geophys. 
Res. Lett., 30 (5), doi: 10.1029/2002GL016635, 2003. 
 
Jones, P.D., K.R. Briffa, T.P. Barnett and S.F.B. Tett, High-resolution palaeoclimatic records for the last 
millennium: Integration, interpretation and comparison with General Circulation Model control run 
temperatures, Holocene, 8, 455-471, 1998. 
 
Jones, P.D., M. New, D.E. Parker, S. Martin, and I.G. Rigor, Surface air temperature and its changes over 
the past 150 years, Reviews of Geophysics, 37, 173-199, 1999. 
 
Jones, P.D., T.J. Osborn, and K.R. Briffa, The Evolution of Climate Over the Last Millennium, Science, 
292, 662-667, 2001. 
 
Mann, M.E., Jones, P.D., Global surface temperature over the past two millennia, Geophysical Research Letters,  
30 (15), 1820, doi: 10.1029/2003GL017814, 2003.  
 
Mann, M.E., Ammann, C.M., Bradley, R.S., Briffa, K.R., Crowley, T.J., Hughes, M.K., Jones, P.D., Oppenheimer, 
M.,  Osborn, T.J., Overpeck, J.T., Rutherford, S., Trenberth, K.E., Wigley, T.M.L.,  
On Past Temperatures and Anomalous Late 20th Century Warmth, Eos, 84, 256-258, 2003. 
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ENERGY & ENVIRONMENT (Multi-Science, UK):  MISSION STATEMENT 

January 2003 
 

Energy & Environment (E&E) is an interdisciplinary journal aimed at ‘integrated’ policy 

making and as such at the social science and policy communities as well as natural scientists 

and technologists concerned with the direct and indirect environmental impacts of energy 

acquisition, transport, production and use.  A particular objective is to cover the social, 

economic and political dimensions of such issues at all levels.  Another aim is to act as forum 

for constructive and professional debate and the search for solutions in a policy area that 

remains in the fore of political debate and regulation. 

 

E&E has been published by Multi-Science (UK) since 1989 (www multi-science.co.uk) and 

was founded by Dr. David Everest, formerly chief scientist to the then UK Department of the 

Environment. He asked Dr. Sonja Boehmer-Christiansen to take over the editorship before he 

died in 1998.  She had previously worked with the Energy Group at SPRU, the Science and 

Technology Policy Unit at the University of Sussex, UK, with Professors John Surrey and Jim 

Skea who remain on the Editorial Board.  Professional perspectives range from engineering 

and economics to political and natural science. Contributors are asked to use language that 

bridges disciplinary divides.   

 

E&E appears 6 times a year, including one or two Special Issues devoted to a single subject 

(e.g. acid rain, nuclear policies in Europe, national climate policies) or a single conference 

(e.g. recently on energy efficiency, renewable energy sources or clean-coal technology). We 

also publish a selection of papers from the World Energy Council’s bi-annual congresses.  

Special Issues are prepared by a Guest Editor who is responsible for the selection of the 

papers, proof reading and an introductory editorial that may be quite long to allow him or her 

to give personal interpretations. Regular Issues include submitted and invited papers that are 

rigorously peer reviewed, as well as book reviews, conference reports, shorter personal view 

points and letters. A 'Fuel for Thought' item gathered by the editor is to keep readers informed 

about topical developments in key issue areas such as climate change policy, nuclear energy 

policy and developments in environmental science and technology. Currently the focus 

remains climate change science and policy responses and proposals as they relate to the 

Intergovernmental Panel on Climate Change and the Kyoto Protocol.  

 

E&E does not advertise and is run on a part-time basis from Hull University in England.  We 

seek to encourage communications between the many branches of the policy-making and 

research worlds that deal with the interaction of energy and environment issues, to be critical 
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as well as policy relevant and encourage excursions into theory and futuristic speculation.  

E&E has consistently striven to publish all ‘voices’ and challenge ‘political correctness’. 

Perhaps more so than any other European energy journal, the editor has made E&E a forum 

for more sceptical analyses of ‘global warming’. We look optimistically at the contributions 

being made and yet to be made by energy technology and policy in improving social and 

environmental conditions where this is most needed.  

 

The journal benefits from an able and active Editorial Board that has recently been 

rejuvenated.  Former members of the Energy and Environment Groups at SPRU remain 

closely involved, as do members from the Fraunhofer Institute in Germany and the Free 

University Berlin and the Fridtjof Nansen Institute in Norway. We have good continuing 

relations with academic departments in Singapore, Tasmania, Canada, Jordan and now Brazil 

and are specifically encouraging contributions from less developed countries dealing with 

energy-environment issues relating to poverty.  

 

Sonja Boehmer-Christiansen, Editor 

Linda Love, Editorial Assistant 
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From: Michael E. Mann
To: Phil Jones; Ray Bradley; Malcolm Hughes; Mike MacCracken; Steve Schneider; tom crowley; Tom Wigley; Jonathan Overpeck;

asocci@cox.net; Michael Oppenheimer; Keith Briffa; Tim Osborn; Tim Profeta@lieberman.senate.gov; Ben Santer; Gabi Hegerl;
Ellen Mosley-Thompson; Lonnie G. Thompson; Kevin Trenberth

Cc: mann@virginia.edu
Subject: Re: CONFIDENTIAL Fwd:
Date: Monday, October 27, 2003 6:37:18 AM

Thanks Phil,

Got your email just as I sent off my latest.

I agree fully with what you say--it is very difficult to repeat such an analysis exactly, and the
real point here is, who knows what this guy (Steven McIntyre--I don't know who the supposed
2nd author is) actually did. The Mann et al '99 paper was clear that the results were sensitive to
a small number of skillful predictors prior to AD 1400, and that non-climate biases had to be
corrected for in some of the longer series to get a skillfully cross-validated reconstruction.
Without knowing what the guy did, I'm guessing that  he doesn't even demonstrate that his
alternative "reconstruction" passes cross-validation. If not, its all moot...

But more fundamentally, this wasn't submitted to a legitimate peer-reviewed scientific journal.
Its a social science journal, and one that has shown a disdain for peer review (e.g. in publishing
the Soon et al Climate Research paper essentially in its original unedited form--and see the
recent documented comments of the editor).

I agree this might blow over, but the folks in DC, such as McCain and Lieberman,  who are
fighting to represent what the legitimate scientific community has to say, need to be prepared in
case the special interests try to use this. Hence, the short response I sent out.

cheers,

mike

At 01:23 PM 10/27/2003 +0000, Phil Jones wrote:

 Mike,
    Depending exactly on what it says I suggest we should do our best to ignore it.
E&E is
 edited ( a very loose use of the word) by Sonia Boehmer-Christiansen, who's
generally
 involved, in some way, in all skeptic stuff here in Britain.
    It is rather odd that the email said the two had rerun his (Mann's) exact analysis
and got
 quite different results. I know I couldn't do this, as when Keith, Tim and me wanted
to do
 some comparisons with MBH98 a few years ago a few of the series could not be
made 
 available. I'm not trying to make any sort of point here, just to state that repeating
an
 analysis with exactly the same data is normally very difficult. Missing values is an
odd
 phrase also, as all the series used are complete from first to last year.  If it isn't
MBH98/99
 then for M+J03 in GRL, there at least three series that are not available for use,
without
 contacting the authors of the original papers.

   So let's wait to see what it says. Suggested response would seem follow response
2.

 Cheers
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 Phil

At 13:47 26/10/2003 -0500, Michael E. Mann wrote:

Dear All,

This has been passed along to me by someone whose identity will remain
in confidence.

Who knows what trickery has been pulled or selective use of data  made.
Its clear that "Energy and Environment" is being run by the baddies--only
a shill  for industry would have republished the original Soon and Baliunas
paper as submitted to "Climate Research" without even editing it. Now
apparently they're at it again...

My suggested response is:

1) to dismiss this as stunt, appearing in a so-called "journal" which is
already known to have defied standard practices of peer-review. It is
clear, for example, that nobody we know has been asked to "review" this
so-called paper

2) to point out the claim is nonsense since the same basic result  has
been obtained by numerous other researchers, using different data,
elementary compositing techniques, etc.

Who knows what sleight of hand the authors of this thing have pulled. Of
course, the usual suspects are going to try to peddle this crap. The
important thing is to deny that this has any intellectual credibility
whatsoever and, if contacted by any media, to dismiss this for the stunt
that it is..

Thanks for your help,

mike

 two people have a forthcoming 'Energy &
Environment' paper that's being unveiled tomoro
(monday) that -- in the words of one Cato / Marshall/
CEI type -- "will claim that Mann arbitrarily ignored paleo data within his
own record and substituted other data for missing values that dramatically
affected his results.  
        When his exact analysis is rerun with all the data and with no data
substitutions, two very large warming spikes will appear that are greater than
the 20th century. 
        Personally, I'd offer that this was known by most people who
understand Mann's methodology:  it can be quite sensitive to the input data
in the early centuries. Anyway, there's going to be a lot of noise on this one,
and knowing Mann's very thin skin I am afraid he will react strongly, unless
he has learned (as I hope he has) from the past...."

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
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e-mail: mann@virginia.edu   Phone:    FAX: 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

Prof. Phil Jones
Climatic Research Unit        Telephone +  
School of Environmental Sciences    Fax  
University of East Anglia                      
Norwich                          Email    p.jones@uea.ac.uk 
NR4 7TJ
UK                                                                                 -------------------------------
---------------------------------------------
                                                                               

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Phil Jones; Ray Bradley; Malcolm Hughes; Mike MacCracken; Steve Schneider; tom crowley; Tom Wigley; Jonathan Overpeck; asocci@cox.net;

Michael Oppenheimer; Keith Briffa; Tim Osborn; Tim Profeta@lieberman.senate.gov; Ben Santer; Gabi Hegerl; Ellen Mosley-Thompson; Lonnie G.
Thompson; Kevin Trenberth

Subject: Re: CONFIDENTIAL Fwd:
Date: Monday, October 27, 2003 6:58:45 AM

Thanks Phil,

I guess we just have to wait and see what happens w/ this,

mike

At 01:50 PM 10/27/2003 +0000, Phil Jones wrote:

 Mike,
    Steve McIntyre is the person who asked me for the series he couldn't get from the M+J
 article. Told him I couldn't send them - back in August. He's sent emails to the Finn (Timo)
 saying some of the series weren't available, blaming us for using data that aren't readily
 available.
    Some years ago I sent him loads of temperature stations and discussed homogeneity issues,
 but never heard anything else. 
    From my recollection of the emails I suspect the article isn't likely to be up to much.

 Cheers
 Phil

At 08:35 27/10/2003 -0500, Michael E. Mann wrote:

Thanks Phil,

Got your email just as I sent off my latest.

I agree fully with what you say--it is very difficult to repeat such an analysis exactly,
and the real point here is, who knows what this guy (Steven McIntyre--I don't know
who the supposed 2nd author is) actually did. The Mann et al '99 paper was clear
that the results were sensitive to a small number of skillful predictors prior to AD
1400, and that non-climate biases had to be corrected for in some of the longer
series to get a skillfully cross-validated reconstruction. Without knowing what the guy
did, I'm guessing that  he doesn't even demonstrate that his alternative
"reconstruction" passes cross-validation. If not, its all moot...

But more fundamentally, this wasn't submitted to a legitimate peer-reviewed
scientific journal. Its a social science journal, and one that has shown a disdain for
peer review (e.g. in publishing the Soon et al Climate Research paper essentially in
its original unedited form--and see the recent documented comments of the editor).

I agree this might blow over, but the folks in DC, such as McCain and Lieberman, 
who are fighting to represent what the legitimate scientific community has to say,
need to be prepared in case the special interests try to use this. Hence, the short
response I sent out.

cheers,

mike

At 01:23 PM 10/27/2003 +0000, Phil Jones wrote:

 Mike,
    Depending exactly on what it says I suggest we should do our best to
ignore it. E&E is
 edited ( a very loose use of the word) by Sonia Boehmer-Christiansen,
who's generally
 involved, in some way, in all skeptic stuff here in Britain.
    It is rather odd that the email said the two had rerun his (Mann's)
exact analysis and got
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 quite different results. I know I couldn't do this, as when Keith, Tim and
me wanted to do
 some comparisons with MBH98 a few years ago a few of the series could
not be made 
 available. I'm not trying to make any sort of point here, just to state that
repeating an
 analysis with exactly the same data is normally very difficult. Missing
values is an odd
 phrase also, as all the series used are complete from first to last year.  If
it isn't MBH98/99
 then for M+J03 in GRL, there at least three series that are not available
for use, without
 contacting the authors of the original papers.

   So let's wait to see what it says. Suggested response would seem follow
response 2.

 Cheers
 Phil

At 13:47 26/10/2003 -0500, Michael E. Mann wrote:

Dear All,

This has been passed along to me by someone whose identity
will remain in confidence.

Who knows what trickery has been pulled or selective use of
data  made. Its clear that "Energy and Environment" is being
run by the baddies--only a shill  for industry would have
republished the original Soon and Baliunas paper as submitted
to "Climate Research" without even editing it. Now apparently
they're at it again...

My suggested response is:

1) to dismiss this as stunt, appearing in a so-called "journal"
which is already known to have defied standard practices of
peer-review. It is clear, for example, that nobody we know has
been asked to "review" this so-called paper

2) to point out the claim is nonsense since the same basic
result  has been obtained by numerous other researchers,
using different data, elementary compositing techniques, etc.

Who knows what sleight of hand the authors of this thing have
pulled. Of course, the usual suspects are going to try to
peddle this crap. The important thing is to deny that this has
any intellectual credibility whatsoever and, if contacted by any
media, to dismiss this for the stunt that it is..

Thanks for your help,

mike

 two people have a forthcoming 'Energy &
Environment' paper that's being unveiled
tomoro (monday) that -- in the words of one
Cato / Marshall/ CEI type -- "will claim that Mann
arbitrarily ignored paleo data within his own record and
substituted other data for missing values that dramatically
affected his results.  
        When his exact analysis is rerun with all the data and
with no data substitutions, two very large warming spikes will
appear that are greater than the 20th century. 
        Personally, I'd offer that this was known by most people
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who understand Mann's methodology:  it can be quite sensitive
to the input data in the early centuries. Anyway, there's going
to be a lot of noise on this one, and knowing Mann's very thin
skin I am afraid he will react strongly, unless he has learned
(as I hope he has) from the past...."

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX:

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

Prof. Phil Jones
Climatic Research Unit        Telephone +  
School of Environmental Sciences    Fax  
University of East Anglia                      
Norwich                          Email    p.jones@uea.ac.uk 
NR4 7TJ
UK                                                                                 ------------------
----------------------------------------------------------
                                                                               

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

Prof. Phil Jones
Climatic Research Unit        Telephone +  
School of Environmental Sciences    Fax  
University of East Anglia                      
Norwich                          Email    p.jones@uea.ac.uk 
NR4 7TJ
UK                                                                                 --------------------------------------------
--------------------------------                                                                               

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Michael Oppenheimer
Cc: Phil Jones; Ray Bradley; Malcolm Hughes; Mike MacCracken; Steve Schneider; tom crowley; Tom Wigley; Jonathan Overpeck; asocci@cox.net; Keith Briffa; Tim

Osborn; Tim Profeta@lieberman.senate.gov; Ben Santer; Gabi Hegerl; Ellen Mosley-Thompson; Lonnie G. Thompson; Kevin Trenberth; mann@virginia.edu
Subject: Re: CONFIDENTIAL Fwd:
Date: Monday, October 27, 2003 8:05:09 AM

Thanks Michael,

I recognize and heed the wisdom in these words. This sentiment come across loud and clear in both yours and others
comments. I'm  trying to do the "bare minimum" in providing others w/ the ammunition to fight the disinformation
effort, if necessary, walking that fine light between making sure that any spurious claims are addressed, but not
allowing myself to get into the fray. 

I'll just hang back for a while and see how this plays out...

Thanks again for the help and useful advice,

mike

At 09:52 AM 10/27/2003 -0500, Michael Oppenheimer wrote:

Mike: 

From my point of view, the critical thing now is that you NOT spend too much time or psychological energy
on this stuff.  I know that's a tall order, but it could effectively take you away from your real business for
much too long, and potentially exact an even higher price upon you. Your decision to let others do the
heavy lifting to the extent that's feasible is wise.  Also, at this point, it is unlikely that the vote would be
affected later this week by these goings-on.  All this sounds very familiar, reeking of what happened to
Ben.  Their real objective is to neutralize you by dragging you into time-consuming and eventually fruitless
fighting, and to send a message to other scientists who might be tempted to enter the public arena. 

Michael 

"Michael E. Mann" wrote: 

Thanks Phil, 

I guess we just have to wait and see what happens w/ this, 

mike 

At 01:50 PM 10/27/2003 +0000, Phil Jones wrote: 
  

 Mike, 
    Steve McIntyre is the person who asked me for the series he couldn't get from the
M+J 
 article. Told him I couldn't send them - back in August. He's sent emails to the Finn
(Timo) 
 saying some of the series weren't available, blaming us for using data that aren't
readily 
 available. 
    Some years ago I sent him loads of temperature stations and discussed
homogeneity issues, 
 but never heard anything else. 
    From my recollection of the emails I suspect the article isn't likely to be up to
much. 

 Cheers 
 Phil 
  

At 08:35 27/10/2003 -0500, Michael E. Mann wrote: 

Thanks Phil, 

Got your email just as I sent off my latest. 

I agree fully with what you say--it is very difficult to repeat such an
analysis exactly, and the real point here is, who knows what this guy
(Steven McIntyre--I don't know who the supposed 2nd author is) actually
did. The Mann et al '99 paper was clear that the results were sensitive to
a small number of skillful predictors prior to AD 1400, and that non-
climate biases had to be corrected for in some of the longer series to get
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a skillfully cross-validated reconstruction. Without knowing what the guy
did, I'm guessing that  he doesn't even demonstrate that his alternative
"reconstruction" passes cross-validation. If not, its all moot... 

But more fundamentally, this wasn't submitted to a legitimate peer-
reviewed scientific journal. Its a social science journal, and one that has
shown a disdain for peer review (e.g. in publishing the Soon et al Climate
Research paper essentially in its original unedited form--and see the
recent documented comments of the editor). 

I agree this might blow over, but the folks in DC, such as McCain and
Lieberman,  who are fighting to represent what the legitimate scientific
community has to say, need to be prepared in case the special interests
try to use this. Hence, the short response I sent out. 

cheers, 

mike 

At 01:23 PM 10/27/2003 +0000, Phil Jones wrote: 

 Mike, 
    Depending exactly on what it says I suggest we should do
our best to ignore it. E&E is 
 edited ( a very loose use of the word) by Sonia Boehmer-
Christiansen, who's generally 
 involved, in some way, in all skeptic stuff here in Britain. 
    It is rather odd that the email said the two had rerun his
(Mann's) exact analysis and got 
 quite different results. I know I couldn't do this, as when
Keith, Tim and me wanted to do 
 some comparisons with MBH98 a few years ago a few of the
series could not be made 
 available. I'm not trying to make any sort of point here, just
to state that repeating an 
 analysis with exactly the same data is normally very difficult.
Missing values is an odd 
 phrase also, as all the series used are complete from first to
last year.  If it isn't MBH98/99 
 then for M+J03 in GRL, there at least three series that are not
available for use, without 
 contacting the authors of the original papers. 

   So let's wait to see what it says. Suggested response would
seem follow response 2. 

 Cheers 
 Phil 

At 13:47 26/10/2003 -0500, Michael E. Mann wrote: 

Dear All, 

This has been passed along to me by someone
whose identity will remain in confidence. 

Who knows what trickery has been pulled or
selective use of data  made. Its clear that "Energy
and Environment" is being run by the baddies--only
a shill  for industry would have republished the
original Soon and Baliunas paper as submitted to
"Climate Research" without even editing it. Now
apparently they're at it again... 

My suggested response is: 

1) to dismiss this as stunt, appearing in a so-called
"journal" which is already known to have defied
standard practices of peer-review. It is clear, for
example, that nobody we know has been asked to
"review" this so-called paper 

2) to point out the claim is nonsense since the
same basic result  has been obtained by numerous
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other researchers, using different data, elementary
compositing techniques, etc. 

Who knows what sleight of hand the authors of this
thing have pulled. Of course, the usual suspects are
going to try to peddle this crap. The important
thing is to deny that this has any intellectual
credibility whatsoever and, if contacted by any
media, to dismiss this for the stunt that it is.. 

Thanks for your help, 

mike 
  
  

 two people have a forthcoming
'Energy & Environment' paper
that's being unveiled tomoro
(monday) that -- in the words of
one Cato / Marshall/ CEI type -- "will
claim that Mann arbitrarily ignored paleo data
within his own record and substituted other data
for missing values that dramatically affected his
results. 
        When his exact analysis is rerun with all
the data and with no data substitutions, two very
large warming spikes will appear that are greater
than the 20th century. 
        Personally, I'd offer that this was known by
most people who understand Mann's
methodology:  it can be quite sensitive to the
input data in the early centuries. Anyway, there's
going to be a lot of noise on this one, and
knowing Mann's very hin skin I am afraid he will
react strongly, unless he has learned (as I hope
he has) from the past...."

______________________________________________________________

                    Professor Michael E. Mann 
           Department of Environmental Sciences,
Clark Hall 
                      University of Virginia 
                     Charlottesville, VA 22903 
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone: 
   FAX:  

       
http://www.evsc.virginia.edu/faculty/people/mann.shtml

Prof. Phil Jones 
Climatic Research Unit        Telephone +  
School of Environmental Sciences    Fax  
University of East Anglia 
Norwich                          Email    p.jones@uea.ac.uk 
NR4 7TJ 
UK                                                                                 ----
------------------------------------------------------------------------

______________________________________________________________

                    Professor Michael E. Mann 
           Department of Environmental Sciences, Clark Hall 
                      University of Virginia 
                     Charlottesville, VA 22903 
_______________________________________________________________________
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e-mail: mann@virginia.edu   Phone:    FAX: 
 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

Prof. Phil Jones 
Climatic Research Unit        Telephone +  
School of Environmental Sciences    Fax  
University of East Anglia 
Norwich                          Email    p.jones@uea.ac.uk 
NR4 7TJ 
UK                                                                                 -------------------------------
---------------------------------------------

______________________________________________________________ 
                    Professor Michael E. Mann 
           Department of Environmental Sciences, Clark Hall 
                      University of Virginia 
                     Charlottesville, VA 22903 
_______________________________________________________________________ 
e-mail: mann@virginia.edu   Phone:    FAX:  
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Michael Oppenheimer
Cc: Phil Jones; Ray Bradley; Malcolm Hughes; Mike MacCracken; Steve Schneider; tom crowley; Tom Wigley; Jonathan Overpeck; asocci@cox.net; Keith Briffa; Tim

Osborn; Tim Profeta@lieberman.senate.gov; Ben Santer; Gabi Hegerl; Ellen Mosley-Thompson; Lonnie G. Thompson; Kevin Trenberth
Subject: Re: CONFIDENTIAL Fwd:
Date: Monday, October 27, 2003 10:56:45 AM

Nick Katz of USA Today called me asking about the story. I game him the low down as spelled out in the "response" I
drafted earlier, and encouraged him to get second opinions by other scientists in the field, naming some of you. Hope
you all don't mind...

mike

At 09:52 AM 10/27/2003 -0500, Michael Oppenheimer wrote:

Mike: 

From my point of view, the critical thing now is that you NOT spend too much time or psychological energy
on this stuff.  I know that's a tall order, but it could effectively take you away from your real business for
much too long, and potentially exact an even higher price upon you. Your decision to let others do the
heavy lifting to the extent that's feasible is wise.  Also, at this point, it is unlikely that the vote would be
affected later this week by these goings-on.  All this sounds very familiar, reeking of what happened to
Ben.  Their real objective is to neutralize you by dragging you into time-consuming and eventually fruitless
fighting, and to send a message to other scientists who might be tempted to enter the public arena. 

Michael 

"Michael E. Mann" wrote: 

Thanks Phil, 

I guess we just have to wait and see what happens w/ this, 

mike 

At 01:50 PM 10/27/2003 +0000, Phil Jones wrote: 
  

 Mike, 
    Steve McIntyre is the person who asked me for the series he couldn't get from the
M+J 
 article. Told him I couldn't send them - back in August. He's sent emails to the Finn
(Timo) 
 saying some of the series weren't available, blaming us for using data that aren't
readily 
 available. 
    Some years ago I sent him loads of temperature stations and discussed
homogeneity issues, 
 but never heard anything else. 
    From my recollection of the emails I suspect the article isn't likely to be up to
much. 

 Cheers 
 Phil 
  

At 08:35 27/10/2003 -0500, Michael E. Mann wrote: 

Thanks Phil, 

Got your email just as I sent off my latest. 

I agree fully with what you say--it is very difficult to repeat such an
analysis exactly, and the real point here is, who knows what this guy
(Steven McIntyre--I don't know who the supposed 2nd author is) actually
did. The Mann et al '99 paper was clear that the results were sensitive to
a small number of skillful predictors prior to AD 1400, and that non-
climate biases had to be corrected for in some of the longer series to get
a skillfully cross-validated reconstruction. Without knowing what the guy
did, I'm guessing that  he doesn't even demonstrate that his alternative
"reconstruction" passes cross-validation. If not, its all moot... 

But more fundamentally, this wasn't submitted to a legitimate peer-
reviewed scientific journal. Its a social science journal, and one that has
shown a disdain for peer review (e.g. in publishing the Soon et al Climate

ABOR/MH/Priv-005327



Research paper essentially in its original unedited form--and see the
recent documented comments of the editor). 

I agree this might blow over, but the folks in DC, such as McCain and
Lieberman,  who are fighting to represent what the legitimate scientific
community has to say, need to be prepared in case the special interests
try to use this. Hence, the short response I sent out. 

cheers, 

mike 

At 01:23 PM 10/27/2003 +0000, Phil Jones wrote: 

 Mike, 
    Depending exactly on what it says I suggest we should do
our best to ignore it. E&E is 
 edited ( a very loose use of the word) by Sonia Boehmer-
Christiansen, who's generally 
 involved, in some way, in all skeptic stuff here in Britain. 
    It is rather odd that the email said the two had rerun his
(Mann's) exact analysis and got 
 quite different results. I know I couldn't do this, as when
Keith, Tim and me wanted to do 
 some comparisons with MBH98 a few years ago a few of the
series could not be made 
 available. I'm not trying to make any sort of point here, just
to state that repeating an 
 analysis with exactly the same data is normally very difficult.
Missing values is an odd 
 phrase also, as all the series used are complete from first to
last year.  If it isn't MBH98/99 
 then for M+J03 in GRL, there at least three series that are not
available for use, without 
 contacting the authors of the original papers. 

   So let's wait to see what it says. Suggested response would
seem follow response 2. 

 Cheers 
 Phil 

At 13:47 26/10/2003 -0500, Michael E. Mann wrote: 

Dear All, 

This has been passed along to me by someone
whose identity will remain in confidence. 

Who knows what trickery has been pulled or
selective use of data  made. Its clear that "Energy
and Environment" is being run by the baddies--only
a shill  for industry would have republished the
original Soon and Baliunas paper as submitted to
"Climate Research" without even editing it. Now
apparently they're at it again... 

My suggested response is: 

1) to dismiss this as stunt, appearing in a so-called
"journal" which is already known to have defied
standard practices of peer-review. It is clear, for
example, that nobody we know has been asked to
"review" this so-called paper 

2) to point out the claim is nonsense since the
same basic result  has been obtained by numerous
other researchers, using different data, elementary
compositing techniques, etc. 

Who knows what sleight of hand the authors of this
thing have pulled. Of course, the usual suspects are
going to try to peddle this crap. The important
thing is to deny that this has any intellectual
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credibility whatsoever and, if contacted by any
media, to dismiss this for the stunt that it is.. 

Thanks for your help, 

mike 
  
  

 two people have a forthcoming
'Energy & Environment' paper
that's being unveiled tomoro
(monday) that -- in the words of
one Cato / Marshall/ CEI type -- "will
claim that Mann arbitrarily ignored paleo data
within his own record and substituted other data
for missing values that dramatically affected his
results. 
        When his exact analysis is rerun with all
the data and with no data substitutions, two very
large warming spikes will appear that are greater
than the 20th century. 
        Personally, I'd offer that this was known by
most people who understand Mann's
methodology:  it can be quite sensitive to the
input data in the early centuries. Anyway, there's
going to be a lot of noise on this one, and
knowing Mann's very hin skin I am afraid he will
react strongly, unless he has learned (as I hope
he has) from the past...."

______________________________________________________________

                    Professor Michael E. Mann 
           Department of Environmental Sciences,
Clark Hall 
                      University of Virginia 
                     Charlottesville, VA 22903 
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone: 
   FAX:  

       
http://www.evsc.virginia.edu/faculty/people/mann.shtml

Prof. Phil Jones 
Climatic Research Unit        Telephone +  
School of Environmental Sciences    Fax  
University of East Anglia 
Norwich                          Email    p.jones@uea.ac.uk 
NR4 7TJ 
UK                                                                                 ----
------------------------------------------------------------------------

______________________________________________________________

                    Professor Michael E. Mann 
           Department of Environmental Sciences, Clark Hall 
                      University of Virginia 
                     Charlottesville, VA 22903 
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

Prof. Phil Jones 

ABOR/MH/Priv-005329



Climatic Research Unit        Telephone +  
School of Environmental Sciences    Fax  
University of East Anglia 
Norwich                          Email    p.jones@uea.ac.uk 
NR4 7TJ 
UK                                                                                 -------------------------------
---------------------------------------------

______________________________________________________________ 
                    Professor Michael E. Mann 
           Department of Environmental Sciences, Clark Hall 
                      University of Virginia 
                     Charlottesville, VA 22903 
_______________________________________________________________________ 
e-mail: mann@virginia.edu   Phone:    FAX:  
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu
Subject: Re: In confidence
Date: Monday, January 26, 2004 12:08:49 PM
Importance: High

Ray, Malcolm:

This is confidential.

I've been in touch w/ individuals at both AAAS and AGU.  It looks like AGU is going to pull
the Soon et al paper from production, just as it was set to appear (tomorrow).

In their Figure 3 they've violated both AAAS's and AGU's copyright policy of only granting
permission for previously published figures to be shown in their entirely--looks like a clear
cut violation. AGU production staff are going to confirm this with me later.

Will keep you posted.

Mike

At 07:14 PM 1/25/2004 -0700, mhughes@ltrr.arizona.edu wrote:

Mike - I am in no position to comment on the technical side, but the tone is 
very restrained, which is probably good. It seems to me that this is just 
another case of their war of attrition, complete with the snide little poison-
pen constructions of sentences. It is also interesting to see who they cite in 
their bibliography. What is the policy of the AGU about manuscripts directly 
taking aim at a specific piece of work (in this case teh Mann and  Jones)? It 
seems they don't do what Climate Change is doing and send it out to one of
the 
authors of the attacked paper for review or coment. CHeers, Malcolm

Quoting "Michael E. Mann" <mann@virginia.edu>:

> 
> 
> HI Malcolm,
> 
> 
> I got the paper from a friendly source who happened to get it passed
> along to him. I'm passing it along to you guys, along w/ an article I've
> now submitted to GRL (submitted this within 24 hours of receipt of the
> Soon et al paper). Let me know what you think,
> 
> 
> Mike
> 
> 
> At 04:02 PM 1/25/2004 -0700, you wrote:
> 
> Mike and Ray - this was passed on
> to me by someone who wishes to remain 
> 
> anonymous - I am not a proctologist, but I seem to recall that people
> never talk 
> 
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> about having "a hemorrhoid" - they always seem to say
> "I've got hemorrhoids". 
> 
> CHeers, Malcolm 
> 
> 
> Be forewarned that Willie Soon is soon to publish an article 
> 
> > in Geophysical 
> 
> > Research Letters (online version later this month) that again 
> 
> > bashes Mann 
> 
> > et al primarily, but also now swipes at the CRU at East 
> 
> > Anglia as well as 
> 
> > the IPCC. The article *shows* how trends in late 20th century 
> 
> > temperature 
> 
> > in the Northern Hemisphere are an artifact of data 
> 
> > manipulation, and hence 
> 
> > the J-hook is "implausible." Sadly, the second author is
> none 
> 
> > other than 
> 
> > David Legates, a powerful climatologist.
> 
> > On 25 Jan 2004 at 16:34, Michael E. Mann wrote:
> 
> 
> > Ray, Malcolm:
> 
> > 
> 
> > Shall I let Nature know that we *will* be submitting a formal reply
> to
> 
> > the comment shortly, just to make sure there is no confusion on
> this
> 
> > point (it would indeed, as Malcolm points out, be awful if
> their
> 
> > comment went out for review w/ out our reply!)...
> 
> > 
> 
> > Please give me a heads up on this, and if you both agree, I'll send
> an
> 
> > email to the Nature folks letting them know that we will be
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> submitting
> 
> > a formal respons shortly,
> 
> > 
> 
> > mike
> 
> > 
> 
> > At 01:04 PM 1/24/2004 -0500, raymond s. bradley wrote:
> 
> >     hi mike:
> 
> >     i'm back and catching up--i did not get the
> latest attack from M
> 
> >     &M...can you send a copy thanks 
> ray
> 
> > 
> 
> >     At 10:54 AM 1/24/2004, you wrote:
> 
> >     Malcolm, Ray:
> 
> > 
> 
> >     I've been spending the past two days now
> examining the latest
> 
> >     round of criticisms from MM (clearly,
> they've retreated from their
> 
> >     original claims, which we've discredited in
> the Climatic Change
> 
> >     paper, so they're looking further to see if
> they can justify their
> 
> >     actions, e.g. eliminating our early
> data).
> 
> > 
> 
> >     I've done a series of additional analyses
> which address every one
> 
> >     of their latest claims, and the results are
> extremely re-assuring.
> 
> >     Our results are robust to every one of the
> criticisms. We can
> 
> >     drive this hope w/ a series of plots showing
> the results when we
> 
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> >     address each one of the issues raise
> including the standardization
> 
> >     of the proxies, the standardization of the
> ITRDB data in forming
> 
> >     the PCs, the weighting of the proxy data,
> the use of any padded
> 
> >     values, etc.
> 
> > 
> 
> >     I believe that our rebuke has to be stern
> here. I hope to have a
> 
> >     draft response, as well as a revised version
> of our response to
> 
> >     the earlier supplementary data issue inquiry
> promised before break
> 
> >     to Heike L, to you and Malcolm my monday
> morning for comments. I
> 
> >     feel better about this than I have yet
> before based on the
> 
> >     additional cross-checks. They clearly have
> nothing. Seems as if
> 
> >     they're trying to create smoke because there
> is no fire. We have
> 
> >     to make sure that people *understand that*
> though!
> 
> > 
> 
> >     more by the end of the weekend,
> 
> > 
> 
> >     mike
> 
> > 
> 
> >     At 12:23 PM 1/23/2004 -0700, Malcolm Hughes
> wrote:
> 
> >     Mike - two matters - first - the hotel
> glitch should now be fixed.
> 
> >     Second, Nature. Obviously, it is important
> that this crap not
> 
> >     appear in Nature at all, for all the reasons
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> you wrote, but it
> 
> >     would be a catastrophe if it appeared
> without a riposte, so I
> 
> >     assume we must stand ready to do that if
> Nature screw up and
> 
> >     accept MMs missive. By the way, the mother
> of a Canadian grad
> 
> >     student here reports McKittrick giving a
> public talk or press
> 
> >     account of it in which he allegedly said 1)
> climate change is
> 
> >     thermodynamically impossible; 2) climate has
> changed massively
> 
> >     over earth history; and 3) 30 years isn't
> long enough.
> 
> >     Consistency! CHeers, MalcolmMalcolm Hughes
> Professor of
> 
> >     Dendrochronology Laboratory of Tree-Ring
> Research University of
> 
> >     Arizona Tucson, AZ 85721 520-621-6470 fax
> 520-621-8229
> 
> > 
> 
> >    
> ___________________________________________________
> 
> >     ___________
> 
> >     Professor Michael E. Mann
> 
> >      Department of Environmental Sciences,
> Clark Hall
> 
> >     University of Virginia
> 
> >     Charlottesville, VA 22903
> 
> >    
> ______________________________________________________________
> 
> >     _________ e-mail: mann@virginia.edu Phone:
> 
> 
> >     
> 
> >    
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> http://www.evsc.virginia.edu/faculty/people/mann.shtml
> 
> > 
> 
> >     Raymond S. Bradley 
> 
> >     University Distinguished Professor
> 
> >     Director, Climate System Research
> Center*
> 
> >     Department of Geosciences, University of
> Massachusetts
> 
> >     Morrill Science Center
> 
> >     611 North Pleasant Street
> 
> >     AMHERST, MA 01003-9297
> 
> > 
> 
> >     Tel:  
> 
> >     Fax:  
> 
> >     *Climate System Research Center:
>  
> 
> >    
> <http://www.paleoclimate.org>
> 
> 
> >     Paleoclimatology Book Web Site:
> 
> >    
> http://www.geo.umass.edu/climate/paleo/html
> 
> 
> > 
> 
> > ____________________________________________________________
> 
> > __
> 
> >  Professor Michael E. Mann
> 
> >  Department of Environmental Sciences, Clark Hall
> 
> >  University of Virginia
> 
> >  Charlottesville, VA 22903
> 
> >
______________________________________________________________________

> 
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> > _ e-mail: mann@virginia.edu Phone:  FAX: 
> 
> >  http://www.evsc.virginia.edu/faculty/people/mann.shtml
> 
> 
> Malcolm Hughes
> 
> Professor of Dendrochronology
> 
> Laboratory of Tree-Ring Research
> 
> University of Arizona
> 
> Tucson, AZ 85721
> 
> 520-621-6470
> 
> fax 520-621-8229
> 
> ______________________________________________________________
> 
>                     Professor Michael E. Mann
> 
>            Department of Environmental Sciences, Clark Hall
> 
>                       University of Virginia
> 
>                      Charlottesville, VA 22903
> 
>
_______________________________________________________________________

> 
> e-mail: mann@virginia.edu   Phone:    FAX: 
> 
>          http://www.evsc.virginia.edu/faculty/people/mann.shtml
> 
>

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu
Cc: mann@virginia.edu
Subject: interested in your thoughts on this. I identify a number of possible problems
Date: Wednesday, September 05, 2001 3:03:00 PM

>Date: Wed, 5 Sep 2001 16:38:17 -0400
>To: mann@virginia.edu, jto@u.arizona.edu, mhughes@ltrr.arizona.edu,
>         rbradley@geo.umass.edu, tcrowley@nc.rr.com
>From: Edward Cook <drdendro@ldeo.columbia.edu>
>Subject: Esper/Cook paper
>Cc: Jan Esper <esper@wsl.ch>
>
>Hi guys,
>
>FYI, I am sending you a copy of the paper that Jan Esper and I have been
>working on (and off) since last Spring. We plan to submit it as a Report to
>Science reasonably soon. If you wish to make any substantive (hopefully
>constructive!) comments before next week, please send them to me so that I
>can look them over. There is still time for minor modifications.
>
>Cheers,
>
>Ed
>
>=================================
>Dr. Edward R. Cook
>Doherty Senior Scholar
>Tree-Ring Laboratory
>Lamont-Doherty Earth Observatory
>Palisades, New York  10964  USA
>Phone: 1-
>Fax:   1-
>Email: drdendro@ldeo.columbia.edu
>=================================

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: Edward Cook
Cc: mann@virginia.edu; jto@u.arizona.edu; mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu;

tcrowley@nc.rr.com; Jan Esper; srutherford@gso.uri.edu
Subject: Re: Esper/Cook paper
Date: Wednesday, September 05, 2001 4:32:24 PM

HI Ed,

Thanks for sending this. It seems to me an honest and balanced discussion
of the results of your work w/ Jan and some of the appropriate caveats are
duly noted.

Unfortunately, you catch me at a very busy time. Here, nonetheless, are a
few key points that I think need to be addressed based on quick reading. In
some cases, I may have missed in the manuscript where these issues are
already addressed and, if so, I apologize in advance. I'm sure Ray,
Malcolm, and others may have some other comments for you...

I hope you find these comments helpful.

Best regards and best of luck w/ the manuscript. Please keep me posted of
its progress,

mike

_______________________

1) If (as is likely) a good part of the 20th century warming is
anthropogenic, un-detrended correlations between different seasonal/spatial
means will be artificially too high. This is because the signature of
anthropogenic forcing, which is much wider in scale, masks the natural
correlation structure. A classic example is the cold-season NAO and N. Hem
annual mean temperature--the NAO doesn't project much on N. Hem annual mean
temperature at all,  but a spuriously significant correlation arises in
straight correlations between the undetrended series because both have
large positive trends in recent decades. Take away the trend, the
correlation disappears. I suspect there is a similar problem w/ the
seasonal/calender-mean extratropical N. Hem mean series correlations you
cite. In the case of the lowpassed series, the correlations will be almost
completely dominated by the trend, and there are probably only two
effective temporal degrees of freedom in the correlation, which is thus
almost forced to be close to unity.  Unless I've missed something here, it
appears that some work is left to establish that the correlations are real
and exist in the *detrended* series.

2) Looks like your reconstruction begins warming early in the 19th century.
The instrumental record shows no warming until the 20th century, with the
19th century flat (there is a blip associated with the 1877/1878 El Nino,
but that's about it).  Though the 19th century record is sparse, this
finding seems to robust among different  statistical infillings of the
record (e.g., GISST3.0, Kaplan et al, Rutherford et al).

In certain high-elevation ring width series, a spurious 19th century trend
appears to arise from co2 fertilization (see e.g. Graybill and Idso, etc.
and also discussion in Mann et al, 1999).  A similar trend is found in the
first PC of the North American ITRDB data before removing the co2 influence
from the high-elevation chronologies. We explicitly attempted to remove
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this bias (see Mann et al, 1999). Have you dealt with this? I think this
could be responsible for your pre-20th century warming trend.

3) How does the long-term r^2 on both >decadal and < decadal timescales
between MBH and your RCS series compare to the r^2 for the instrumental
record for the appropriate corresponding series (entire Northern hemisphere
Jan-Dec calender mean vs. extratropical  30-70N warm-season mean
respectively)  *AFTER* removing the 20th century trend from all series
first (see point #1 above). Furthermore, can you show that  14 sites you've
chosen are representative of the full 30-70N latitude band simply by
averaging the appropriate 14 regions from the Jones et al instrumental
temperature dataset. Just relying on previous spatial correlation estimates
for support of this assertion is not very satisfying.

In any case, my guess is that the appropriate r^2s mentioned above aren't
that different. If that indeed is the case,  this would favor the
conclusion  that it is simply the underlying seasonal and spatial sampling
differences are likely the explanation for the differences between the MBH
and your reconstruction.  It is already well acknowledged that
extratropical N. Hem shows a more distinct "LIA" and (perhaps) "MWP", and
it has been shown (eg., IPCC) that these are mainly responsible for the
differences between different previously published N. Hem. temperature
reconstructions...

4) Related to the above, Mann et al 2000 Earth Interactions article shows
the Mann et al temperature pattern reconstructions averaged over the 30-70
N band to yield an "extratropical" Northern Hemisphere series. This is
compared against the  *full* Northern Hemisphere, with the variability
clearly greater in the former case, consistent w/ the assertion that the
LIA (and "MWP") as defined in your study, are pronounced only in the
Northern Hemisphere extratropics. There is in fact a mechanism for this,
related to the influence of solar forcing on stratospheric processes
which  for an top-down NAO-like overprint, spelled out in a paper I'm
co-author on that is presently in review.

Incidentally, the Mann et al extratropical series (data, plot, and
discussion)  are available through the interactive web version of the Earth
Interactions article here:
http://www.ngdc.noaa.gov/paleo/ei/ei reconsa.html

5) Mann et al 2000 EI article also discussed in some detail the issue of
loss of low-frequency variability in tree ring indicators, and the careful
filtering process that we applied to the ITRDB to avoid this problem. We
also show there that the reconstruction of multi-century-scale variability
in past centuries is largely *insensitive* to the use of tree ring data at
all (ie, the low-frequency reconstruction based on all proxies, tree rings
only, or only tree rings are all quite similar, over the time frame--last
few centuries--during which there is enough multiproxy data to make such a
comparison). The comparison is available here:

http://www.ngdc.noaa.gov/paleo/ei/ei nodendro.html

6) Your "MWP" doesn't really agree with the typical MWP cited by Broecker
etc. It times with the putative Norse settlement/Greenland period (e.g.,
peak around AD 1000) but during much of the conventionally defined "MWP"
(e.g., 12th-14th centurys)--for what that conventional definition is
worth--your reconstruction actually looks a bit colder than ours! This
issue is nicely treated in the Crowley and Lowery article...I think that
the evidence by Broecker/Bond for a "1000 year oscillation in the global
thermohaline circulation" in the late Holocene is weak at best--there seems
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to be very other little confirmatory evidence, and I myself find quite
dubious the claim of a spectral peak of "1000+/500 years"[SIC] as claimed
by Bond et al. On the other hand, I believe there may be a dominant
millennial peak in solar irradiance forcing which expresses itself (see
point #4 above) as both moderate changes in N. Hem mean temperature
variability, and even higher-amplitude regional extratrpoical variability
associated with a stratospheric-forced NAO overprint. The thermohaline
circulation may respond to such atmospheric forcing (as shown by Visbeck et
al, etc.) rather than the other way around!

At 04:38 PM 9/5/01 -0400, Edward Cook wrote:
>Hi guys,
>
>FYI, I am sending you a copy of the paper that Jan Esper and I have been
>working on (and off) since last Spring. We plan to submit it as a Report to
>Science reasonably soon. If you wish to make any substantive (hopefully
>constructive!) comments before next week, please send them to me so that I
>can look them over. There is still time for minor modifications.
>
>Cheers,
>
>Ed
>
>=================================
>Dr. Edward R. Cook
>Doherty Senior Scholar
>Tree-Ring Laboratory
>Lamont-Doherty Earth Observatory
>Palisades, New York  10964  USA
>Phone: 1-
>Fax:   1-
>Email: drdendro@ldeo.columbia.edu
>=================================

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: Edward Cook
Cc: Michael E. Mann; jto@u.arizona.edu; mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu;

tcrowley@nc.rr.com; Jan Esper; srutherford@gso.uri.edu; drdendro@ldeo.columbia.edu
Subject: Re: Esper/Cook paper
Date: Thursday, September 06, 2001 7:28:53 AM

HI Ed,

Thanks for your responses, which are reasonable.

We do maintain some significant honest differences of opinion on a few
matters, which I've reiterated below:

1) I think the 19th century instrumental record is a whole lot better than
you give credit, and certainly is more trustworthy than even the best proxy
records. It'll take a *very* convincing argument to favor proxy data over
the 19th century instrumental record.

2) The correlations you cite still sound odd to me. What is the nature of
the highpass (what timescales are retained)? I would expect the interannual
correlation to be much smaller since ENSOs and the NAO have an almost
exclusively cold-season influence which expresses itself in the annual
calender mean but not the warm-season mean. Scott has computed these series
from our infilled Jones data and perhaps can compare with our own
calculations (Scott?). There may also be an important distinction between
the extratropical and tropical behavior in this case.

3)  The difference in amplitude and behavior of the tropics vs. the
extratropics is *real* and quite evident in the instrumental record. There
are a number of extratropical processes (e.g. the NAO) which have little
tropical influence, and little influence on the full Northern Hemisphere.
The NAO, for example, has a correlation of r=0.35 or so w/ extratropical
Northern Hemisphere winter temperature, but only r=0.09 with annual mean
full (0-90N) Northern Hemisphere temperature.  Clearly there is a big
difference in the behavior of extatropical vs. tropical northern hemisphere
temperature.

4) Regarding your correlation scale argument, if 14 tree ring series are
good enough to capture the entire Northern Hemisphere extratropics, why
don't you believe that our more than   a dozen tropical proxies can capture
the tropical band (wherein the correlation scale of temperature variability
is actually less!). Our own experiments w/ the Jones record and model data
(unpublished) suggest such a sampling should be more than adequate!

5) Re, high-elevation temperature sensitive  chronologies in the western
U.S. and co2 fertilization, I'll leave you and Malcolm to debate that one...

Cheers,

mike
At 09:03 AM 9/6/01 -0400, Edward Cook wrote:
>Hi Mike,
>
>Just a few comments on your commments, which are quite useful. I'll embed
>my comments in your comments below.
>
>Cheers,
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>
>Ed
>
> >_______________________
> >
> >1) If (as is likely) a good part of the 20th century warming is
> >anthropogenic, un-detrended correlations between different seasonal/spatial
> >means will be artificially too high. This is because the signature of
> >anthropogenic forcing, which is much wider in scale, masks the natural
> >correlation structure. A classic example is the cold-season NAO and N. Hem
> >annual mean temperature--the NAO doesn't project much on N. Hem annual mean
> >temperature at all,  but a spuriously significant correlation arises in
> >straight correlations between the undetrended series because both have
> >large positive trends in recent decades. Take away the trend, the
> >correlation disappears. I suspect there is a similar problem w/ the
> >seasonal/calender-mean extratropical N. Hem mean series correlations you
> >cite. In the case of the lowpassed series, the correlations will be almost
> >completely dominated by the trend, and there are probably only two
> >effective temporal degrees of freedom in the correlation, which is thus
> >almost forced to be close to unity.  Unless I've missed something here, it
> >appears that some work is left to establish that the correlations are real
> >and exist in the *detrended* series.
>
>I agree with you that correlations are highly sensitive to trend. I hp
>filtered the series to test what you have suggested. The correlation of
>warm-season (Apr-Sep) vs. annual (Jan-Dec) mean temps over the 30-70N
>extratropics drops from 0.87 to 0.74 after 15yr hp filtering. So, while the
>trend does inflate, as you suggest, the hp variations still correlate
>highly. However, tests of significance here are very dangerous because the
>series are not independent. So, the point of the exercise is really just to
>indicate the degree of similarity between annual and warm-season
>temperatures when averaged over large areas. When the same tests are
>applied to the 0-90N temperature data, the unfiltered correlation is 0.94
>and the hp correlation is 0.85. So, it does indeed appear that spatial
>averaging diminishes the difference between warm-season and annual.
>
> >
> >2) Looks like your reconstruction begins warming early in the 19th century.
> >The instrumental record shows no warming until the 20th century, with the
> >19th century flat (there is a blip associated with the 1877/1878 El Nino,
> >but that's about it).  Though the 19th century record is sparse, this
> >finding seems to robust among different  statistical infillings of the
> >record (e.g., GISST3.0, Kaplan et al, Rutherford et al).
> >
> >In certain high-elevation ring width series, a spurious 19th century trend
> >appears to arise from co2 fertilization (see e.g. Graybill and Idso, etc.
> >and also discussion in Mann et al, 1999).  A similar trend is found in the
> >first PC of the North American ITRDB data before removing the co2 influence
> >from the high-elevation chronologies. We explicitly attempted to remove
> >this bias (see Mann et al, 1999). Have you dealt with this? I think this
> >could be responsible for your pre-20th century warming trend.
>
>I agree that virtually all proxy estimates of past large-scale temperatures
>indicate a more gradual warming in the 19th century than does the
>instrumental data. And, as you say, the instrumental data appear to be
>robust to different methods of infilling. Yet, when Tom ran his EBM against
>the MBH series (presented at Charlottesville), the only period that he
>really couldn't fit well was the latter part of the 19th century. His EBM
>results matched more closely the gradual increase of the proxies. This is
>also indicated in his Science paper. So, if we accept Tom's results as
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>realistic during all other time periods, this is a problem. Personally, I
>don't think that the instrumental data, on a hemispheric to global average
>basis, is very good in quality in the 19th century and I suspect that a
>good deal of the problem lies with the instrumental data. This is only my
>suspicion however, with no proof to back it up.
>
>W.r.t. CO2 fertilization, I regard this as one of the great red herrings of
>the debate. The results of LaMarche et al. and Graybill and Idso are not
>very compelling to me. And they also appear to be largely restricted to
>stripbark growth forms. When full bark trees are examined, the highly
>anomalous growth increase is not strongly evident. The Duke FACE
>experiments done to date indicate that the response of trees to direct CO2
>fertilization is also highly plastic and adaptive such that the effect of
>elevated CO2 on growth is short lived. Admittedly, that experiment is on a
>different tree species in a low-elevation environment, but it still is
>informative. So, my present take on direct CO2 fertilization is "Show me".
>The cause of the anomalous trend in high-elevation stripbark trees remains
>to be explained. This is not to say that your correction was incorrect.
>Rather, it is simply not clear what source of variance you removed.
>Finally, the two Sierra Nevada series I used are from sites collected by
>Andy Lloyd and Lisa Graumlich. It is my understanding that the tree-ring
>data are from full-bark trees that do not show the anomalous increase seen
>in the stripbark trees.
>
> >
> >3) How does the long-term r^2 on both >decadal and < decadal timescales
> >between MBH and your RCS series compare to the r^2 for the instrumental
> >record for the appropriate corresponding series (entire Northern hemisphere
> >Jan-Dec calender mean vs. extratropical  30-70N warm-season mean
> >respectively)  *AFTER* removing the 20th century trend from all series
> >first (see point #1 above). Furthermore, can you show that  14 sites you've
> >chosen are representative of the full 30-70N latitude band simply by
> >averaging the appropriate 14 regions from the Jones et al instrumental
> >temperature dataset. Just relying on previous spatial correlation estimates
> >for support of this assertion is not very satisfying.
> >
> >In any case, my guess is that the appropriate r^2s mentioned above aren't
> >that different. If that indeed is the case,  this would favor the
> >conclusion  that it is simply the underlying seasonal and spatial sampling
> >differences are likely the explanation for the differences between the MBH
> >and your reconstruction.  It is already well acknowledged that
> >extratropical N. Hem shows a more distinct "LIA" and (perhaps) "MWP", and
> >it has been shown (eg., IPCC) that these are mainly responsible for the
> >differences between different previously published N. Hem. temperature
> >reconstructions...
>
>I will perform the correlations as you suggest against the instrumental
>data, although I might not put it in because of space limitations. I didn't
>want to get into this because it is really not the point of the paper.
>W.r.t. spatial representativeness, I used Phil's paper to suggest that the
>spatial temperature signal of the 14 sites is greater in coverage than the
>sites themselves would suggest. How much great is hard to say and I would
>never claim that those 14 sites are sufficient for the NH extratropics.
>However, the MBH reconstructions suffers from the same problem before AD
>1600, and especially before AD 1400, so we all have work to do here.
>
> >
> >4) Related to the above, Mann et al 2000 Earth Interactions article shows
> >the Mann et al temperature pattern reconstructions averaged over the 30-70
> >N band to yield an "extratropical" Northern Hemisphere series. This is
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> >compared against the  *full* Northern Hemisphere, with the variability
> >clearly greater in the former case, consistent w/ the assertion that the
> >LIA (and "MWP") as defined in your study, are pronounced only in the
> >Northern Hemisphere extratropics. There is in fact a mechanism for this,
> >related to the influence of solar forcing on stratospheric processes
> >which  for an top-down NAO-like overprint, spelled out in a paper I'm
> >co-author on that is presently in review.
> >
> >Incidentally, the Mann et al extratropical series (data, plot, and
> >discussion)  are available through the interactive web version of the Earth
> >Interactions article here:
> >http://www.ngdc.noaa.gov/paleo/ei/ei_reconsa.html
>
>I have no problem accepting the fact that variability in the extratropics
>is greater, which does imply that the MWP and LIA are stronger there as
>well. The question is how far down towards equatorical regions do these
>signals propagate and imprint themselves on surface air tempertures. I
>don't think that anyone has an answer to this question because the tropical
>proxies are so deficient there.  Therefore, I don't think that one can
>immediately dismiss the multi-centennial differences between our series as
>being reflective of nearly orthogonal modes of multi-centennial temperature
>variability and forcing. It is still an open question in my mind.
>
> >
> >5) Mann et al 2000 EI article also discussed in some detail the issue of
> >loss of low-frequency variability in tree ring indicators, and the careful
> >filtering process that we applied to the ITRDB to avoid this problem. We
> >also show there that the reconstruction of multi-century-scale variability
> >in past centuries is largely *insensitive* to the use of tree ring data at
> >all (ie, the low-frequency reconstruction based on all proxies, tree rings
> >only, or only tree rings are all quite similar, over the time frame--last
> >few centuries--during which there is enough multiproxy data to make such a
> >comparison). The comparison is available here:
> >
> >http://www.ngdc.noaa.gov/paleo/ei/ei nodendro.html
>
>I looked at your 'nodendro' results and the similarities with and without
>dendro are striking. Since your comparison doesn't go back before AD 1750,
>it is hard to know how generalizable these results are to the questions
>surrounding the MWP.
>
> >
> >6) Your "MWP" doesn't really agree with the typical MWP cited by Broecker
> >etc. It times with the putative Norse settlement/Greenland period (e.g.,
> >peak around AD 1000) but during much of the conventionally defined "MWP"
> >(e.g., 12th-14th centurys)--for what that conventional definition is
> >worth--your reconstruction actually looks a bit colder than ours! This
> >issue is nicely treated in the Crowley and Lowery article...I think that
> >the evidence by Broecker/Bond for a "1000 year oscillation in the global
> >thermohaline circulation" in the late Holocene is weak at best--there seems
> >to be very other little confirmatory evidence, and I myself find quite
> >dubious the claim of a spectral peak of "1000+/500 years"[SIC] as claimed
> >by Bond et al. On the other hand, I believe there may be a dominant
> >millennial peak in solar irradiance forcing which expresses itself (see
> >point #4 above) as both moderate changes in N. Hem mean temperature
> >variability, and even higher-amplitude regional extratrpoical variability
> >associated with a stratospheric-forced NAO overprint. The thermohaline
> >circulation may respond to such atmospheric forcing (as shown by Visbeck et
> >al, etc.) rather than the other way around!
>
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>I agree that the MWP in the mean RCS chronology does begin earlier than
>that suggested by other more local sources of information. Briffa gets much
>the same results in his Quat. Sci. Rev. paper using admittedly 3 of the
>same tree-ring sites that go back that far. Given the indications of a
>temporally and spatially complex 'MWP', more sites are needed to properly
>define it in space and time.
>
> >
> >At 04:38 PM 9/5/01 -0400, Edward Cook wrote:
> >>Hi guys,
> >>
> >>FYI, I am sending you a copy of the paper that Jan Esper and I have been
> >>working on (and off) since last Spring. We plan to submit it as a Report to
> >>Science reasonably soon. If you wish to make any substantive (hopefully
> >>constructive!) comments before next week, please send them to me so that I
> >>can look them over. There is still time for minor modifications.
> >>
> >>Cheers,
> >>
> >>Ed
> >>
> >>=================================
> >>Dr. Edward R. Cook
> >>Doherty Senior Scholar
> >>Tree-Ring Laboratory
> >>Lamont-Doherty Earth Observatory
> >>Palisades, New York  10964  USA
> >>Phone: 1-
> >>Fax:   1-
> >>Email: drdendro@ldeo.columbia.edu
> >>=================================
> >
> >_______________________________________________________________________
> >                     Professor Michael E. Mann
> >            Department of Environmental Sciences, Clark Hall
> >                       University of Virginia
> >                      Charlottesville, VA 22903
> >_______________________________________________________________________
> >e-mail: mann@virginia.edu   Phone:    FAX: 
> >         http://www.evsc.virginia.edu/faculty/people/mann.shtml
>
>
>=================================
>Dr. Edward R. Cook
>Doherty Senior Scholar
>Tree-Ring Laboratory
>Lamont-Doherty Earth Observatory
>Palisades, New York  10964  USA
>Phone: 1-
>Fax:   1-
>Email: drdendro@ldeo.columbia.edu
>=================================

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
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From: Michael E. Mann
To: Edward Cook
Cc: Michael E. Mann; jto@u.arizona.edu; mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu;

tcrowley@nc.rr.com; Jan Esper; srutherford@gso.uri.edu; drdendro@ldeo.columbia.edu
Subject: Re: Esper/Cook paper
Date: Thursday, September 06, 2001 11:01:08 AM

Hi Ed,

Fair enough on all points. Actually, I think the models *do* demonstrate
the differeence between true hemispheric mean and extratropical mean in
question, and this is something Scott Rutherford and I will be describing
in a publication to come out shortly....

As for the trpoical records, you are right, only a few before 1600--but
there are a dozen or so for the past several centuries, and some of the
most significant differences between our reconstrucitons are during the
"Little Ice Age"--during that period, we have adequate tropical
representation given, again, the standard correlation length arguments...

cheers,

mike

At 01:55 PM 9/6/01 -0400, Edward Cook wrote:
>Hi Mike,
>
>Honest differences of opinion are good for science because they often spawn
>good research to sort out the differences. So, I will briefly respond to
>your reiterations.
>
> >HI Ed,
> >
> >Thanks for your responses, which are reasonable.
> >
> >We do maintain some significant honest differences of opinion on a few
> >matters, which I've reiterated below:
> >
> >1) I think the 19th century instrumental record is a whole lot better than
> >you give credit, and certainly is more trustworthy than even the best proxy
> >records. It'll take a *very* convincing argument to favor proxy data over
> >the 19th century instrumental record.
>
>I agree that instrumental data is better in general and I freely admit that
>I am probably wrong here. However, I just worry about the imprecise
>(inaccurate?) methods used to correct for time of observation bias and
>shelter/exposure changes before max-min thermometers and Stephenson screens
>became standard. These corrections could introduce a systematic bias.
>
> >
> >2) The correlations you cite still sound odd to me. What is the nature of
> >the highpass (what timescales are retained)? I would expect the interannual
> >correlation to be much smaller since ENSOs and the NAO have an almost
> >exclusively cold-season influence which expresses itself in the annual
> >calender mean but not the warm-season mean. Scott has computed these series
> >from our infilled Jones data and perhaps can compare with our own
> >calculations (Scott?). There may also be an important distinction between
> >the extratropical and tropical behavior in this case.
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>
>I am using data directly from Phil's grid. The 0-90N comes from the CRU web
>site and the 30-70N data come from Tim Osborn at CRU who pulled off that
>zonal average for me. So, I am simply reporting what I have calculated from
>those data sets. The filter is approximately a 15yr hp using 10% lowess
>smoothing to provide the lp. This I admit is crude, but I seriously doubt
>that it will differ much if I use a proper digital filter. The lowess
>smoother preserves phase pretty well. However, I am going to do it again
>with a proper digital filter to convince myself and you(?) that the
>correlations are correct. I will let you know in a bit.
>
> >
> >3)  The difference in amplitude and behavior of the tropics vs. the
> >extratropics is *real* and quite evident in the instrumental record. There
> >are a number of extratropical processes (e.g. the NAO) which have little
> >tropical influence, and little influence on the full Northern Hemisphere.
> >The NAO, for example, has a correlation of r=0.35 or so w/ extratropical
> >Northern Hemisphere winter temperature, but only r=0.09 with annual mean
> >full (0-90N) Northern Hemisphere temperature.  Clearly there is a big
> >difference in the behavior of extatropical vs. tropical northern hemisphere
> >temperature.
>
>I agree with you here on the amplitude issue. That is a given. However, I
>don't believe that your argument is sufficient to explain the differences
>between our multi-centennial trends. Necessary perhaps, but not sufficient
>because it doesn't explain how such large multi-centennial differences
>arose. What do the coupled models say about this issue? Is there the same
>level of disagreement at multi-centennial timescales between zonally
>averaged temperatures in the tropics and extratropics in 1000 year model
>runs?
>
> >
> >4) Regarding your correlation scale argument, if 14 tree ring series are
> >good enough to capture the entire Northern Hemisphere extratropics, why
> >don't you believe that our more than   a dozen tropical proxies can capture
> >the tropical band (wherein the correlation scale of temperature variability
> >is actually less!). Our own experiments w/ the Jones record and model data
> >(unpublished) suggest such a sampling should be more than adequate!
>
>Fair point to a point, although I don't believe that I said that the 14
>series capture the "entire" NH extratropics. If I did, point it out to me
>and I will correct it. I guess I am thinking in terms of coverage of the
>past millennium, which is impossible on an annually resolved basis from
>tropical proxies. Once you get before AD 1600, what tropical series are
>still in your estimates? Only Quelccaya according to your list of proxies.
>
> >
> >5) Re, high-elevation temperature sensitive  chronologies in the western
> >U.S. and co2 fertilization, I'll leave you and Malcolm to debate that one...
>
>I am happy to debate this issue with anyone. The evidence for a direct CO2
>fertilization effect in tree rings is extremely weak and almost wholly
>circumstantial. Matching trends does not a causal mechanism make. A
>concomitant trend exists for N deposition as well, I suspect.
>
>These debates are fun, even if they don't necessarily lead to closure.
>
>Cheers,
>
>Ed
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>
>=================================
>Dr. Edward R. Cook
>Doherty Senior Scholar
>Tree-Ring Laboratory
>Lamont-Doherty Earth Observatory
>Palisades, New York  10964  USA
>Phone: 1-
>Fax:   1-
>Email: drdendro@ldeo.columbia.edu
>=================================

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: Edward Cook
Cc: Crowley Hegerl; mann@virginia.edu; jto@u.arizona.edu; mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu;

tcrowley@nc.rr.com; Jan Esper; srutherford@gso.uri.edu; p.jones@uea.ac.uk
Subject: Re: Esper/Cook paper
Date: Thursday, September 06, 2001 12:52:35 PM

Dear Ed, Tom, and others...

Again, all reasonable comments...

I'm very glad Tom brought up the issue of the self-consistently estimated
uncertainties in the Mann et al reconstruction. I think it is pretty
essential to show these uncertainties in any plot that argues for possible
significant discrepancies with the reconstruction.

I agree that it would be inappropriaate to use the uncertainties in the
annual values. However, Ed may not be aware that we have calculated the
uncertainties on the *low-frequency component* of the reconstruction
separately, which takes into account the issues of autocorrelation he
mentions explicitly. Showing the latter uncertainties in the comparison of
the different low-freqeuency smoothed series in IPCC really clarified this
issue a lot, and I think it would, along w/ showing the 30-70 N series,
clarify what are statistically significant low-frequency uncertainties, and
what are not.

I've attached separately to Ed the data for the the Mann et al
reconstruction smoothed on timescales > 40 years along w/ +/- two sigma
uncertaintiy limits for the smoothed reconstruction (as shown in e.g.
IPCC). I think a plot of both Mann and Cook/Esper reconstructions on top of
each other w/ these uncertainties shown would indeed clarify whether or not
there are significant discpreancies at the low-frequency (>40 year)
timescales...

Regarding the 19th century warming, I'm happy to maintain an honest
difference of opinion w/ Tom and others.. I think further work will clarify
this, and for the time being the issue of 19th century climate trends it no
doubt somewhat of an enigma...One important point though, the lack of
Stephenson screens or improper maintenance of them should lead to a *warm*
bias that increases back in time, and that is largely specific to the
warm-season (when solar insolation is greatest). This is NOT what is seen.
In other words, the signature of a stephenson screen bias in the 19th
instrumental record isn't there, so I think its hard to argue for it. I've
cc'd in Phil on this who might have some further thoughts...

mike

At 02:27 PM 9/6/01 -0400, Edward Cook wrote:
>Hi Tom,
>
>Thanks for the comments. I will embed my reply to your comments below.
>
>Cheers,
>
>Ed
>
> >Ed et al,
> >
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> >I think Mike nicely summarized the main points, so I will just add a couple:
> >
> >- your abstract needs to be explicit in its main conclusion with respect to
> >its main point about relative magnitude of MWP warmth
>
>Fair enough. I will look at it. However, the MWP results were an outcome of
>the analysis, not the intent of it.
>
> >
> >- it would be helpful if you also plotted Mann  and Esper on top of each
> >other, with error bars, so the reader could more easily see the
> >similiarities and differences - you might want to include Mann high lat as a
> >third smoothed plot in the intercomparison
>
>The main point of the paper was to show how multi-centennial growth trends
>due to climate could be preserved in long tree-ring records. The
>comparisons with MBH were made mainly to demonstrate the likely existence
>of a temperature signal in the mean RCS curve over the past millennium.
>Indeed, I am quite amazed at how well the two series agree up to the
>centennial timescale. The relative lack of agreement at multi-centennial
>timescales was so obvious that it needed to be pointed out and discussed.
>However, the scope of the paper and the severe restriction on length for a
>Report make it impossible to go into much more detail. Certainly, if the
>mean RCS curve is re-expressed in terms of temperature on the same scale as
>the MBH series, and the series are overlayed with confidence limits, the
>argument could be made that there is no significant difference between them
>because of the error bar overlaps. I don't believe that this would be a
>valid interpretation. These highly autocorrelated mean value functions are
>very constrained in how they can move within the confidence limits and the
>data they are based on are not random samples. So, even though the error
>bars may fully overlap, the differences in the mean value functions at
>multi-centennial timescales are likely to be *real* overall.
>
> >
> >- fyi we now have a mean annual reconstruction for 30-90N that resembles
> >what you have back to 1000 - used the exact same number of time series from
> >1078-1960 - unfortunately we havent submitted yet so it cannot be cited - it
> >would be nice if you could send a copy of your series to me so we can do a
> >correlation.
>
>I will do so after talking it over with Jan Esper.
>
> >
> >- I differ with Mike on one point - I am not ready to concede the reality of
> >the 19th century warming - all radiative forcing time series predict it and
> >there are enough questions about infilling techniques (for the same reason
> >Mike discussed about CO2-enforced large scale correlations) as to raise
> >questions about the basic assumptions of the infilling mechanism - models
> >will certainly agree better with reconstructions if the 19th century warming
> >is real
>
>I agree, but Mike should respond here.
>
> >
> >- climate scientists want temperature not z-scores - the reason Mann et al
> >made such an impact is that it made a prediction of a quantity that a broad
> >range of disciplines could relate to
>
>As I indicated above, the purpose of the paper was not to produce a new
>reconstruction of past temperatures. That is why I re-expressed both MBH
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>and the mean RCS curve as z-scores. I only wanted to describe the
>multi-centennial differences in relative terms, which I think is a valid
>thing to do even if it does not provide the physical units some would like.
>
> >
> >- fyi Crowley and Kim 1996 solar paper also discussed correlation between
> >seasonal and mean annual forcing - elaborated further in a response and
> >reply with Jacoby later on that year.  also Jim Hansen and Lebedeff point
> >out the length scale argument in their 1987 paper - that same lenght scale
> >shows up in both gcms and ebms - see Manabe and Broccoli 1985 jgr
> >
> >- please send a revised copy when you send it in; good luck!!
> >
> >Tom
>
>=================================
>Dr. Edward R. Cook
>Doherty Senior Scholar
>Tree-Ring Laboratory
>Lamont-Doherty Earth Observatory
>Palisades, New York  10964  USA
>Phone: 1-
>Fax:   1-
>Email: drdendro@ldeo.columbia.edu
>=================================

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: Edward Cook
Cc: Michael E. Mann; Crowley Hegerl; jto@u.arizona.edu; mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu;

tcrowley@nc.rr.com; Jan Esper; srutherford@gso.uri.edu
Subject: Re: Esper/Cook paper
Date: Thursday, September 06, 2001 1:19:59 PM

Hi Ed,

i sent them separately as emails to you. Did you not receive them yet? I'll
try sending them again if you haven't gotten them...

i don't see any reason that this issue would have to lengthen the paper at
all, in fact showing the two on the same plot (along w/ the uncertainties)
would shorten, not lengthen the paper, since you presently show the two
reconstructions on top of each other...

mike
At 04:08 PM 9/6/01 -0400, Edward Cook wrote:
>Hi Mike,
>
>Are you sending the file with smoothed reconstruction and 2*se limits in a
>separate email? I just want to make sure I get it to look at. I would
>honestly like to avoid going into this issue in the paper however because I
>am already over the nominal 2500 word limit and never intended to
>investigate this issue in any detail in the first place. I would prefer to
>see it investigated in another paper.
>
>The issue of self-consistent uncertainty estimates is interesting. One can
>think of the bootstrap confidence limits on the mean RCS chronology as
>*self consistent* because they are based only on the data and make no
>assumptions about the underlying distribution of the data each year. I
>don't think this is quite the same as your definition of self consistency,
>but it certainly seems analogous.
>
>Cheers,
>
>Ed
>
> >Dear Ed, Tom, and others...
> >
> >Again, all reasonable comments...
> >
> >I'm very glad Tom brought up the issue of the self-consistently estimated
> >uncertainties in the Mann et al reconstruction. I think it is pretty
> >essential to show these uncertainties in any plot that argues for possible
> >significant discrepancies with the reconstruction.
> >
> >I agree that it would be inappropriaate to use the uncertainties in the
> >annual values. However, Ed may not be aware that we have calculated the
> >uncertainties on the *low-frequency component* of the reconstruction
> >separately, which takes into account the issues of autocorrelation he
> >mentions explicitly. Showing the latter uncertainties in the comparison of
> >the different low-freqeuency smoothed series in IPCC really clarified this
> >issue a lot, and I think it would, along w/ showing the 30-70 N series,
> >clarify what are statistically significant low-frequency uncertainties, and
> >what are not.
> >
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> >I've attached separately to Ed the data for the the Mann et al
> >reconstruction smoothed on timescales > 40 years along w/ +/- two sigma
> >uncertaintiy limits for the smoothed reconstruction (as shown in e.g.
> >IPCC). I think a plot of both Mann and Cook/Esper reconstructions on top of
> >each other w/ these uncertainties shown would indeed clarify whether or not
> >there are significant discpreancies at the low-frequency (>40 year)
> >timescales...
> >
> >Regarding the 19th century warming, I'm happy to maintain an honest
> >difference of opinion w/ Tom and others.. I think further work will clarify
> >this, and for the time being the issue of 19th century climate trends it no
> >doubt somewhat of an enigma...One important point though, the lack of
> >Stephenson screens or improper maintenance of them should lead to a *warm*
> >bias that increases back in time, and that is largely specific to the
> >warm-season (when solar insolation is greatest). This is NOT what is seen.
> >In other words, the signature of a stephenson screen bias in the 19th
> >instrumental record isn't there, so I think its hard to argue for it. I've
> >cc'd in Phil on this who might have some further thoughts...
> >
> >mike
> >
> >At 02:27 PM 9/6/01 -0400, Edward Cook wrote:
> >>Hi Tom,
> >>
> >>Thanks for the comments. I will embed my reply to your comments below.
> >>
> >>Cheers,
> >>
> >>Ed
> >>
> >> >Ed et al,
> >> >
> >> >I think Mike nicely summarized the main points, so I will just add a
> >>couple:
> >> >
> >> >- your abstract needs to be explicit in its main conclusion with
> respect to
> >> >its main point about relative magnitude of MWP warmth
> >>
> >>Fair enough. I will look at it. However, the MWP results were an outcome of
> >>the analysis, not the intent of it.
> >>
> >> >
> >> >- it would be helpful if you also plotted Mann  and Esper on top of each
> >> >other, with error bars, so the reader could more easily see the
> >> >similiarities and differences - you might want to include Mann high lat
> >>as a
> >> >third smoothed plot in the intercomparison
> >>
> >>The main point of the paper was to show how multi-centennial growth trends
> >>due to climate could be preserved in long tree-ring records. The
> >>comparisons with MBH were made mainly to demonstrate the likely existence
> >>of a temperature signal in the mean RCS curve over the past millennium.
> >>Indeed, I am quite amazed at how well the two series agree up to the
> >>centennial timescale. The relative lack of agreement at multi-centennial
> >>timescales was so obvious that it needed to be pointed out and discussed.
> >>However, the scope of the paper and the severe restriction on length for a
> >>Report make it impossible to go into much more detail. Certainly, if the
> >>mean RCS curve is re-expressed in terms of temperature on the same scale as
> >>the MBH series, and the series are overlayed with confidence limits, the
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> >>argument could be made that there is no significant difference between them
> >>because of the error bar overlaps. I don't believe that this would be a
> >>valid interpretation. These highly autocorrelated mean value functions are
> >>very constrained in how they can move within the confidence limits and the
> >>data they are based on are not random samples. So, even though the error
> >>bars may fully overlap, the differences in the mean value functions at
> >>multi-centennial timescales are likely to be *real* overall.
> >>
> >> >
> >> >- fyi we now have a mean annual reconstruction for 30-90N that resembles
> >> >what you have back to 1000 - used the exact same number of time
> series from
> >> >1078-1960 - unfortunately we havent submitted yet so it cannot be cited
> >>- it
> >> >would be nice if you could send a copy of your series to me so we can
> do a
> >> >correlation.
> >>
> >>I will do so after talking it over with Jan Esper.
> >>
> >> >
> >> >- I differ with Mike on one point - I am not ready to concede the
> >>reality of
> >> >the 19th century warming - all radiative forcing time series predict
> it and
> >> >there are enough questions about infilling techniques (for the same
> reason
> >> >Mike discussed about CO2-enforced large scale correlations) as to raise
> >> >questions about the basic assumptions of the infilling mechanism - models
> >> >will certainly agree better with reconstructions if the 19th century
> >>warming
> >> >is real
> >>
> >>I agree, but Mike should respond here.
> >>
> >> >
> >> >- climate scientists want temperature not z-scores - the reason Mann
> et al
> >> >made such an impact is that it made a prediction of a quantity that a
> broad
> >> >range of disciplines could relate to
> >>
> >>As I indicated above, the purpose of the paper was not to produce a new
> >>reconstruction of past temperatures. That is why I re-expressed both MBH
> >>and the mean RCS curve as z-scores. I only wanted to describe the
> >>multi-centennial differences in relative terms, which I think is a valid
> >>thing to do even if it does not provide the physical units some would like.
> >>
> >> >
> >> >- fyi Crowley and Kim 1996 solar paper also discussed correlation between
> >> >seasonal and mean annual forcing - elaborated further in a response and
> >> >reply with Jacoby later on that year.  also Jim Hansen and Lebedeff point
> >> >out the length scale argument in their 1987 paper - that same lenght
> scale
> >> >shows up in both gcms and ebms - see Manabe and Broccoli 1985 jgr
> >> >
> >> >- please send a revised copy when you send it in; good luck!!
> >> >
> >> >Tom
> >>
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> >>=================================
> >>Dr. Edward R. Cook
> >>Doherty Senior Scholar
> >>Tree-Ring Laboratory
> >>Lamont-Doherty Earth Observatory
> >>Palisades, New York  10964  USA
> >>Phone: 1-
> >>Fax:   1-
> >>Email: drdendro@ldeo.columbia.edu
> >>=================================
> >
> >_______________________________________________________________________
> >                     Professor Michael E. Mann
> >            Department of Environmental Sciences, Clark Hall
> >                       University of Virginia
> >                      Charlottesville, VA 22903
> >_______________________________________________________________________
> >e-mail: mann@virginia.edu   Phone:    FAX: 
> >         http://www.evsc.virginia.edu/faculty/people/mann.shtml
>
>
>=================================
>Dr. Edward R. Cook
>Doherty Senior Scholar
>Tree-Ring Laboratory
>Lamont-Doherty Earth Observatory
>Palisades, New York  10964  USA
>Phone: 1-
>Fax:   1-
>Email: drdendro@ldeo.columbia.edu
>=================================

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: Malcolm Hughes
Cc: Edward Cook; Michael E. Mann; Crowley Hegerl; jto@u.arizona.edu; mhughes@ltrr.arizona.edu;

rbradley@geo.umass.edu; tcrowley@nc.rr.com; Jan Esper; srutherford@gso.uri.edu
Subject: Re: Esper/Cook paper
Date: Thursday, September 06, 2001 3:23:25 PM

Malcolm--thanks for clarifying: The co2 fertilization argument is somewhat
speculative, but what is significant is that there does appear to be a
non-temperature component to growth that emerges in some of the
high-elevation chronologies in the early 19th century (and that is what we
attempted to remove in MBH99); so it would be interesting to hear if there
is evidence for that in these chronologies...

mike
At 03:38 PM 9/6/01 -0700, Malcolm Hughes wrote:
>Dear Ed et al,
>This is a fascinating discussion, which I'm only able to skim over
>quickly until (I hope) I get a bit of time this weekend to read the mss
>carefully. One point that did come up in the discussion should,
>however, be cleared up quickly, namely the change in behavior of
>some of the long tree-ring records in Western North America about
>150 years ago. Ed is quite right that we do not know what caused this
>- I do think that some variant of direct carbon dioxide fertilization may
>have played a part, but as he said so might some other factors. In any
>case we don't know. I think that the formulation used in MBH99 - the
>GRL paper - is the best one for the time being, namely: "For our
>purposes, however, it suffices that we consider the residual [between
>the 1st PC of ITRDB N. American data and the Jacoby/D'Arrigo
>N.American dendroclimatic series] to be non-climatic in nature...".
>So, the relevant point here is whether there is evidence for any such
>century-scale non-climate related change in the last 150 years in the
>materials Ed and Jan have used - did you compare them with their
>regional temperatires?.
>I do note that when Henry Diaz and I (Hughes and Diaz, 1994)
>compared several long tree-ring reconstructions from around the
>world with instrumental temperature records (of course a correlation
>with annual values of seasonal temperatures) the reconstructions from
>the Sierra Nevada (both Lisa Graumlich's and Don Graybill's) came
>out worse than the Polar Urals, Tornetrask, and Rio Alerce from
>South America, and about the same as Tasmania.
>More later, Malcolm
>Malcolm Hughes
>Professor of Dendrochronology
>Laboratory of Tree-Ring Research
>University of Arizona
>Tucson, AZ 85721
>520-621-6470
>fax 520-621-8229

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: Edward Cook
Cc: Crowley Hegerl; mann@virginia.edu; jto@u.arizona.edu; mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu;

Jan Esper; srutherford@gso.uri.edu; mann@virginia.edu
Subject: Re: Esper/Cook paper
Date: Friday, September 07, 2001 5:40:43 AM

Guys,

Lets be careful here though, this is actually one of the major conundrums
in the climate change debate right now. The consensus now seems to be that
the free troposphere is warming considerably *less* than the surface (e.g.,
the National Academy Report from a year ago or so). The tropical glaciers
are melting at a level in the atmosphere where the radiosondes don't appear
to show warming! While Tom may be right that many of the models support an
increase in sensitivity w/ height in the atmosphere, it is precisely here
where  the vertical fingerprint runs in to trouble--the observations don't
support that. People like Henry Diaz, Nick Graham, Ben Santer, David
Parker, Phil Jones, etc. have been working hard to understand this
conundrum. The best explanation I've heard yet is that tropical glacier
metling is probably due to increased sublimation associated with a drying
of the upper tropical troposphere and consequent greater solar insolation,
but the effect probably can't be explained in terms of temperature! So, yet
again, the situation is more complicated...

mike

I discussed this at length w/ Phil a couple months ago.At 06:49 AM 9/7/01
-0400, Edward Cook wrote:
>Lonnie Thompson certainly believes that as well, as he watches his tropical
>ice caps disappear.
>
> >Hey guys, how do you know its not just warming at the upper elevations (due
> >to CO2?) and you have no instrumental records from that altitude to verify
> >it?  after all, sensitivity does increase with height and those records are
> >probably pretty sensitive to temperature changes.
> >
> >just a thought.................
> >
> >Tom
> >
> >
> >
> >----- Original Message -----
> >From: Malcolm Hughes <mhughes@ltrr.arizona.edu>
> >To: Edward Cook <drdendro@ldeo.columbia.edu>; Michael E. Mann
> ><mann@virginia.edu>
> >Cc: Michael E. Mann <mann@virginia.edu>; Crowley_Hegerl
> ><tcrowley@nc.rr.com>; <jto@u.arizona.edu>; <mhughes@ltrr.arizona.edu>;
> ><rbradley@geo.umass.edu>; <tcrowley@nc.rr.com>; Jan Esper <esper@wsl.ch>;
> ><srutherford@gso.uri.edu>
> >Sent: Thursday, September 06, 2001 5:38 PM
> >Subject: Re: Esper/Cook paper
> >
> >
> >> Dear Ed et al,
> >> This is a fascinating discussion, which I'm only able to skim over
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> >> quickly until (I hope) I get a bit of time this weekend to read the mss
> >> carefully. One point that did come up in the discussion should,
> >> however, be cleared up quickly, namely the change in behavior of
> >> some of the long tree-ring records in Western North America about
> >> 150 years ago. Ed is quite right that we do not know what caused this
> >> - I do think that some variant of direct carbon dioxide fertilization may
> >> have played a part, but as he said so might some other factors. In any
> >> case we don't know. I think that the formulation used in MBH99 - the
> >> GRL paper - is the best one for the time being, namely: "For our
> >> purposes, however, it suffices that we consider the residual [between
> >> the 1st PC of ITRDB N. American data and the Jacoby/D'Arrigo
> >> N.American dendroclimatic series] to be non-climatic in nature...".
> >> So, the relevant point here is whether there is evidence for any such
> >> century-scale non-climate related change in the last 150 years in the
> >> materials Ed and Jan have used - did you compare them with their
> >> regional temperatires?.
> >> I do note that when Henry Diaz and I (Hughes and Diaz, 1994)
> >> compared several long tree-ring reconstructions from around the
> >> world with instrumental temperature records (of course a correlation
> >> with annual values of seasonal temperatures) the reconstructions from
> >> the Sierra Nevada (both Lisa Graumlich's and Don Graybill's) came
> >> out worse than the Polar Urals, Tornetrask, and Rio Alerce from
> >> South America, and about the same as Tasmania.
> >> More later, Malcolm
> >> Malcolm Hughes
> >> Professor of Dendrochronology
> >> Laboratory of Tree-Ring Research
> >> University of Arizona
> >> Tucson, AZ 85721
> >> 520-621-6470
> >> fax 520-621-8229
>
>
>=================================
>Dr. Edward R. Cook
>Doherty Senior Scholar
>Tree-Ring Laboratory
>Lamont-Doherty Earth Observatory
>Palisades, New York  10964  USA
>Phone: 1-
>Fax:   1-
>Email: drdendro@ldeo.columbia.edu
>=================================

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: Ed Cook
Cc: Malcolm K. Hughes; Michael E. Mann; Crowley Hegerl; jto@u.arizona.edu; rbradley@geo.umass.edu; Jan

Esper; srutherford@gso.uri.edu; p.jones@uea.ac.uk; k.briffa@uea.ac.uk
Subject: Re: Esper/Cook paper
Date: Monday, September 10, 2001 7:29:08 AM

Hi Ed,

Just to reiterate one more key point---Superimposing the two series and
their uncertainties is not the whole story (although it is a definite
improvement over just showing the two reconstructions on top of each other
w/ know assessment of uncertainty). However, doing the above still only
poses the question:

       apple +/- [uncertainty in apple]  =?  orange +/- [uncertainty in orange]

As we discussed in a previous email exchange (based on the correlations you
calculated between instrumental series w/ the trend removed) ,  the two
reconstructions should probably only share about 60% or so variance in
common in the best case scenario, where there is no uncertainty at all,
owing simply to the differing target regions/season...

So we need to be very careful w/ the following statement which you made in
your previous email:

"If so, this would not mean that the series are not significantly different
from each
other. One can't dismiss the highly systematic differences at
multi-centennial timescales quite so easily."

I'm not sure you can justify that statement based on sound statistical
reasoning!

I agree w/ your following statement "Why these differences are there is the
crux question."

However,I hope the discussion will accurately reflect the fact that the
leading hypotheses to be rejected in answering that question are 1) random
uncertainty in the two series owing to differing data quality and sampling,
etc. can explain the difference  and 2)  systematic differences owing to
differing target region and seasonality can explain any residual
differences after (1).

That may be a tough standard to beat, but it *is* the approach that Tom,
Phil, Keith, and I have all been taking in addressing the issue of whether
our different reconstructions are or are not inconsistent and the
conclusion has in general been (see e.g. IPCC which was really a consensus
of many of us, though admittedly only I was a lead author) that, despite
notable differences in the low-frequency variability, the different
reconstructions probably cannot be considered inconsistent given the
uncertainties and differences in seasonality/spatial sampling. I have a
hard time understanding why the same standard should not be applied to
comparisons w/ your current reconstruction?

Does your RCS reconstruction really not fall in the mix of all the other
reconstructions? Is it truly an outlier w/ respect to Phil's, Tom's, MBH,
and other existing N. hem reconstructions that are based on different
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seasonality and regional sampling???

We've probably had enough discussion now on this point, so I'll leave it to
you to discuss the results in the way you see most fit, but I really hope
you take the above points into account, in fairness to the previous work...

I look forward to seeing the final manuscript in one form or another, in
any case,

cheers,

mike

At 08:10 AM 9/10/01 -0400, Ed Cook wrote:

>I do intend to put in a new Fig. 5 that will compare the mean RCS with MBH,
>including each series' confidence limits. This will be done on low-pass
>filtered data (probably 40 year because of what Mike has sent me). I am
>sure that there will be significant overlap of confidence limits,
>especially prior to AD 1600, when they are quite wide in MBH. If so, this
>would not mean that the series are not significantly different from each
>other. One can't dismiss the highly systematic differences at
>multi-centennial timescales quite so easily. Why these differences are
>there is the crux question.
>
>Cheers,
>
>Ed
>
> >Dear Ed and Jan,
> >I have a couple of general comments, and then some specific little things
> >that
> >may be helpful. It is possible that some of the answers to my questions
> >may be
> >in the two manuscripts in review or in press (TRR and Dendrochronologia) to
> >which you refer.
> >       It seems that your results are consistent with the general shape and
> >some of the detail of the MBH99 series, apart from departures before 1200
> >and in
> >the 19th century. As the two datasets are largely, but not completely,
> >independent, this is an important result. At the time when your
> >replication is
> >weakest, there appear to be differences between the linear and
> non-linear RCS
> >curves and the MBH series. Before about 1200 your dataset is dominated by
> >material from four sites, I think - Polar Urals, Mongolia, Quebec and the
> >Taimyr
> >Peninsula.  It therefore seems to me that it is important to make the
> >kinds of
> >direct graphical comparisons that Mike suggests of both your series and
> >the MBH
> >series (superimposed and with their confidence limits shown). Perhaps the
> >differences you note are not robust, and then there would seem to be little
> >reason to seek climatological explanations. I suggest that the graphical
> >comparison Mike suggests will be important since it should allow some
> >assessment
> >of the extent to which MBH and others have or have not underestimated
> >temperature in the AD 1000-1400 period, if your arguments hold up.
> >       I think that a reasonable reader would have some questions about this
> >particular application of the RCS approach. Maybe an expansion of the
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> >footnote
> >might help. How does the determination of the form of the regional
> >standardization curve itself depend on replication within each sampled
> >population? Do we know that the regional standardization curve does not vary
> >with time?  Or, do we know that the regional standardization curve does
> >not vary
> >with climate on multicentennial timescales? If so, how? Is it not quite
> >possible
> >that the level of the part of the curve for, say, trees between ages 100
> >and 300
> >is set by climate in the early life of the tree, or that it is itself
> >directly
> >determined by contemporaneous temperatures? A number of these questions
> >occur to
> >me because I have been struggling with RCS in the Yakutia material I have
> >been
> >working on with Gene Vaganov. We have a very good situation for the
> >application
> >of the method, with a couple of hundred samples for which we have pith - no
> >estimate needed. Even so, the resulting chronology, once calibrated, gives
> >impossible temperatures in the early part of the millennium. They imply mean
> >early summer temperatures of up to 18 degrees Celsius, which, at 70 degrees
> >north would have led to massive ecological and geomorphological change.
> I can
> >find no evidence for this. I would not be at all surprised if an
> >examination of
> >the Taimyr material you used were to show the same thing. I say this
> >because I
> >know Mukhtar Nuarzbaev's RCS chronology from the Taimyr shows these very
> high
> >levels at precisely the same time as the Yakutia material. Perhaps Mukhtar
> >and I
> >are misapplying the RCS method - a real possibility at least as far as I am
> >concerned. Alternatively, there is some problem with RCS that we have yet to
> >identify.
> >We are all stuck with a more fundamental problem, which is that we have no
> >way
> >to calibrate multicentennial variations. You have used one method of
> >producing
> >chronologies with greater low frequency variability, one that has some very
> >appealing characteristics. There are other ways the same objective could be
> >reached, but we do not have a simple way to choose between them in most
> >cases. I
> >do think it would be interesting to compare the RCS for the Sierra Nevada
> >material you used, if it contains enough samples to do that, with the Great
> >Basin upper forest border network, as highgraded to only contain samples
> with
> >minimum segment length of 500 years, and very conservatively detrended.
> >
> >Here are some specific points:
> >In the penultimate line on page 2 you refer to 1,205 tree ring series
> from 14
> >locations. Some readers will for sure be confused by the word "series" in
> >this
> >case - how about "core samples" or "radii" or "trees"?
> >Page 3 - I need to check this, but I think the segment lengths in the
> >relevant
> >series in the MBH99 analyses are much longer than 400 years.
> >Page 5 - The differences of timing in high values between the linear and
> >non-linear chronologies are actually quite striking. I think if you and I
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> >were
> >looking at a couple of subsamples from a single site we would put these
> >differences down to inadequate sample depth.
> >Page 6 - you talk about the two series (RCS and MBH) disagreeing strongly,
> >but
> >at the moment there is no basis available to the reader to see how strongly.
> >This comes back to Mike's suggestion of a direct graphical comparison with
> >confidence limits, etc.
> >
> >Hope this helps, Cheers, Malcolm
> >
>
>
>==================================
>Dr. Edward R. Cook
>Doherty Senior Scholar
>Tree-Ring Laboratory
>Lamont-Doherty Earth Observatory
>Palisades, New York 10964  USA
>Email:  drdendro@ldeo.columbia.edu
>Phone:  
>Fax:    
>==================================

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: Ed Cook
Cc: Malcolm K. Hughes; Crowley Hegerl; jto@u.arizona.edu; rbradley@geo.umass.edu; Jan Esper;

srutherford@gso.uri.edu; p.jones@uea.ac.uk; k.briffa@uea.ac.uk; mann@virginia.edu
Subject: Re: Esper/Cook paper
Date: Monday, September 10, 2001 12:52:20 PM

Thanks Ed,

This is extremely informative, and it looks pretty reasonable...Indeed, our
"LIA" is more pronounced in the Northern Hemishere extratropics, and gets
dampened out quite a bit by the lower amplitude tropical variability in our
domain. Admittedly, there is not much tropical proxy information prior to
1600 AD and fewer patterns calibrated (so, prior to then, our
reconstruction trends to prescribe that the tropical temperatures vary in
phase but at lower amplitude than the extratropics based on the information
in largely extratropical indicators).

But certainly during the "LIA" we have a good amount of both low and
high-lat information, and the decomposition into latitudinal range is very
meaningful.

To this end, it would be very useful to add the  MBH 30-70N annual mean
reconstruction (AD 1600-present, which I just sent you, based on same 40
year lowpass). I think this would clarify the LIA issue further...

Interestingly, Tom's EBM simulation, when run with a higher prescribed
sensitivity, gives a colder LIA, but also a much colder MWP ! That throws
in yet another monkey wrench into the whole situation, since we all seem to
get about the same level of warmth for the MWP (you, Phil, us, Keith, etc.).

cheers,

mike

p.s. just received Keith's email--I agree that showing Briffa et al, Jones
et al, would be useful, but I think that the above suggestion might clarify
further because it is the same reconstruction, same proxy data, but simply
different latitudinal temperature average...
At 02:51 PM 9/10/01 -0400, Ed Cook wrote:
>Hi Mike et al.,
>
>Okay, here is an overlay plot of MBH vs. RCS, with RCS scaled to the
>1900-1977 period of MBH, and with 95% confidence limits. This has been done
>for the 40-yr low-pass RCS data to be consistent with the low-pass MBH
>series you sent me. The 95% confidence limits of the RCS are also scaled
>appropriately. Since correlations with both instrumental and MBH are
>O(0.95) after even 20-year smoothing because of the trend, the RCS limits
>are effectively based on the bootstrap 95% limits of the 14 chronologies.
>Assuming that the original RCS C.I.s are reasonably accurate (which I think
>they are), what is apparent (to me anyway) is that the confidence limits of
>MBH are uniformly narrower after AD 1600. Prior to that, they are
>comparable to RCS back to ca. AD 1200 where RCS C.I.s get bigger. Of course
>this is an odd comparison because the confidence limits are not derived the
>same way. However, I do think that they are somewhat informative
>nonetheless. What is also apparent is the much great amplitude of
>variability in the RCS estimates. This is consistent with the understanding
>that extratropical temperatures are more variable than tropical
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>tempertures, which supports the idea that the MBH record does have more
>tropical temperature information in it. The other interesting thing about
>expressing the RCS data this way and overlaying it on MBH is the appearance
>that MBH is missing the LIA rather than the MWP, at least on
>multi-centennial timescales. This turns some of Broecker's criticism of the
>"hockey stick" on its head. I'm not sure where all this leads.
>
>Any comments and further suggestions are welcome as long as they come in by
>tomorrow. I am definately submitting the paper within a day or two.
>
>Cheers,
>
>Ed
>
>==================================
>Dr. Edward R. Cook
>Doherty Senior Scholar
>Tree-Ring Laboratory
>Lamont-Doherty Earth Observatory
>Palisades, New York 10964  USA
>Email:  drdendro@ldeo.columbia.edu
>Phone:  
>Fax:    
>==================================

_______________________________________________________________________
                      Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: drdendro@ldeo.columbia.edu
Subject: Esper et al
Date: Thursday, February 28, 2002 11:00:25 AM

Ed,

A colleague just indicated to me that the Esper et al paper is in press in Science. I
didn't hear anything from you about this, so I was wondering if that is the case, and
if so, if you could send a copy of this to me (e.g. as a pdf file). I expect that I'll be
asked by colleagues/etc my opinions of this paper, so it would be useful to see in the
form it is to appear,  prior to publication.

Thanks in advance,

mike

_______________________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; Scott Rutherford; mann@virginia.edu
Subject: Esper et al
Date: Thursday, March 21, 2002 8:37:59 AM
Attachments: treerings-comments.txt

For those of you who don't know, the paper by Esper, Cook, Schweingruber is
coming out in Science, Malcolm and I have received advanced copies for
comment w/ Science news staff. Unfortunately, there are some really
problematic aspects of the paper which I'll need to be upfront about in my
communication w/ the press. I intend to be as complimentary as possible,
but to point out some serious flaws.

I've sketched out some of the comments that I plan to share in any
interviews I do this, and have attached them to you for reference. I'd be
happy to discuss w/ the rest of you after you've seen the paper. I intend
to send a more refined set of comments to Ed Cook.

I have an interview w/ the Science news staff at 3pm, so any comments would
be appreciated.

Malcolm: Can you forward Ray and Scott a copy of the Esper et al paper. I
only have a slow modem connection, so I can't do this.

Thanks,

mike

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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treerings-comments (2).txt
In the brief time I have had to read the paper prior to its publication, I come
to these conclusions.

+The paper is a useful contribution. Brings important new data to the table which 
should 
help us increasingly pin down large-scale patterns of climate change in past 
centuries.

+This paper is important because it emphasizes the distinction between extratropical
and tropical
surface temperature changes in past centuries. The paper in Science by Hendy a 
couple
weeks ago highlights the fact that tropical surface temperature changes were much 
smaller
in past centuries, to the extent that a "Little Ice Age" isn't even evident in many 
regions
of the tropics. The MBH98 reconstruciton is full northern hemisphere, w/ half of the
surface temperature average representing the tropics.

We know that the "Little Ice Age" cooling and "Medieval Warm Period" warmth was much
greater
in the extratropics, and in particular, in the continental regions of the 
extratropics. This is 
consistent with the paper by Shindell, Schmidt, Mann, Rind, and Waple published 
in Science a couple months ago, which shows that changes in solar output lead to
considerable cooling and warming over extratropical continental regions, but little 
cooling
The tropics cover half the surface area of the earth. The Esper et al data, which 
cover only 
the terrestrial regions (and from only 14 regions) of the Northern Hemisphere, cover
a 
much smaller fraction.

-No mention that other full northern hemisphere temperature reconstructions 
(e.g., Crowley and Lowery and Jones et al) show results statistically 
indistinguishable
from MBH98 (the latter, when proper scaling issues are taken into account).

-Scaling is incorrect. Can't simply scale this record against the Mann et al record,
because they reprsent
two different regions. We know that the 20th century pattern of warming in the 
extratropics
is different from that of the tropics. Moreover, the spatial pattern of 20th century
warming
is unique, so the relationship between extratropical and tropical variations in the 
20th century
is likely quite different. What adds to the problem is that such  a short period 
(<100)
was used to scale one record to the other, and both records have been heavily 
smoothed, so the
trends at the end are underestimated.  If the authors had instead used, the actual
instrumental record available from 1856-present for the extratropical northern 
hemisphere to scale their
record, their reconstruction would be much closer to MBH98. Becauase of this, the 
quantitative 
comparisons shown are not meaningful. Frankly, I'm very surprised that the reviewers
and Science editorial staff
didn't catch this fairly significant oversight. The qualitative comparisons are 
nonetheless informative.
The authors should have simply plotted the two curves on top of each other in terms 
of standard
deviation units (as they had done in the earlier version of the manuscript I saw) 
rather

Page 1
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treerings-comments (2).txt
than the misleading plot they used in the final version.

-The argument about the thermohaline circulation is almost certainly not viable. 
Mark Cane, Richard Seager,
David Battisti, and co-workers have shown that changes in North Atlantic ocean 
circulation have 
barely any detectable influence at all on continental surface temperatures. What is 
more
likely is that that the NAO, through the mechanism of Shindell et al  (Science, 
december)
imparts a large extratropical cooling/warming when the full northern hemisphere 
cools/warm
considerably less, owing to the pattern of response of the climate to solar forcing 
over the
last millennium.

-RCS method--not clear that their samples are large enough for this, still untested.
So there is no
guarentee that the greater low-frequency variability is climatic, rather than 
biological
, in nature. Single very long tree ring chronologies (e.g., from western U.S., 
Mongolia)
that are long enough that biological growth trends aren't an issue (so they don't 
require RCS) stypically show
a result much closer to MBH98.

-The statement that warm-season and annual trends in northern hemisphere mean 
temperature
are statistically indistuingshable is patently false, as a cursory reading of e.g. 
the IPCC '2001
document shows. And any relationship in the 20th century will not hold up in earlier
centuries...
Again, I'm concerned that this statement passed the review process!

-comparisons w/ '90s based on tree ring data are perilous because of the known 
decline (greatest
in density, but also evident in ring widths). The passing and inconspicuous 
reference to
this fact is problematic. So the comparison between "MWP" and modern warmth is not 
especially meaningful.
Unfortunately, this flawed conclusion is emphasized in the paper.

Page 2
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; Scott Rutherford
Subject: Fwd: Esper et al
Date: Thursday, March 21, 2002 8:39:38 AM
Attachments: treerings-comments.txt

p.s. Shame on Keith and Phil for letting through may obvious mistakes,
gaffes, mis-statements. Do they not know better! (see my comments).

I will forward my comments to them as well, after we've discussed and I've
refined them a bit. I'm especially interested in Malcolm's additional
thoughts on their application of RCS--since I don't really understand it,
and whether its appropritate in the way they've done it.

I'm off now, back in C'ville later on this afternoon,

mike

>Date: Thu, 21 Mar 2002 10:41:27 -0500
>To: Malcolm Hughes, rbradley@geo.umass.edu, Scott Rutherford
><srutherford@gso.uri.edu>, mann@virginia.edu
>From: "Michael E. Mann" <mann@virginia.edu>
>Subject: Esper et al
>
>For those of you who don't know, the paper by Esper, Cook, Schweingruber
>is coming out in Science, Malcolm and I have received advanced copies for
>comment w/ Science news staff. Unfortunately, there are some really
>problematic aspects of the paper which I'll need to be upfront about in my
>communication w/ the press. I intend to be as complimentary as possible,
>but to point out some serious flaws.
>
>I've sketched out some of the comments that I plan to share in any
>interviews I do this, and have attached them to you for reference. I'd be
>happy to discuss w/ the rest of you after you've seen the paper. I intend
>to send a more refined set of comments to Ed Cook.
>
>I have an interview w/ the Science news staff at 3pm, so any comments
>would be appreciated.
>
>Malcolm: Can you forward Ray and Scott a copy of the Esper et al paper. I
>only have a slow modem connection, so I can't do this.
>
>Thanks,
>
>mike
>
>_______________________________________________________________________
>                     Professor Michael E. Mann
>            Department of Environmental Sciences, Clark Hall
>                       University of Virginia
>                      Charlottesville, VA 22903
>_______________________________________________________________________
>e-mail: mann@virginia.edu   Phone:    FAX: 
>         http://www.evsc.virginia.edu/faculty/people/mann.shtml

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
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                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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treerings-comments.txt
In the brief time I have had to read the paper prior to its publication, I come
to these conclusions.

+The paper is a useful contribution. Brings important new data to the table which 
should 
help us increasingly pin down large-scale patterns of climate change in past 
centuries.

+This paper is important because it emphasizes the distinction between extratropical
and tropical
surface temperature changes in past centuries. The paper in Science by Hendy a 
couple
weeks ago highlights the fact that tropical surface temperature changes were much 
smaller
in past centuries, to the extent that a "Little Ice Age" isn't even evident in many 
regions
of the tropics. The MBH98 reconstruciton is full northern hemisphere, w/ half of the
surface temperature average representing the tropics.

We know that the "Little Ice Age" cooling and "Medieval Warm Period" warmth was much
greater
in the extratropics, and in particular, in the continental regions of the 
extratropics. This is 
consistent with the paper by Shindell, Schmidt, Mann, Rind, and Waple published 
in Science a couple months ago, which shows that changes in solar output lead to
considerable cooling and warming over extratropical continental regions, but little 
cooling
The tropics cover half the surface area of the earth. The Esper et al data, which 
cover only 
the terrestrial regions (and from only 14 regions) of the Northern Hemisphere, cover
a 
much smaller fraction.

-No mention that other full northern hemisphere temperature reconstructions 
(e.g., Crowley and Lowery and Jones et al) show results statistically 
indistinguishable
from MBH98 (the latter, when proper scaling issues are taken into account).

-Scaling is incorrect. Can't simply scale this record against the Mann et al record,
because they reprsent
two different regions. We know that the 20th century pattern of warming in the 
extratropics
is different from that of the tropics. Moreover, the spatial pattern of 20th century
warming
is unique, so the relationship between extratropical and tropical variations in the 
20th century
is likely quite different. What adds to the problem is that such  a short period 
(<100)
was used to scale one record to the other, and both records have been heavily 
smoothed, so the
trends at the end are underestimated.  If the authors had instead used, the actual
instrumental record available from 1856-present for the extratropical northern 
hemisphere to scale their
record, their reconstruction would be much closer to MBH98. Becauase of this, the 
quantitative 
comparisons shown are not meaningful. Frankly, I'm very surprised that the reviewers
and Science editorial staff
didn't catch this fairly significant oversight. The qualitative comparisons are 
nonetheless informative.
The authors should have simply plotted the two curves on top of each other in terms 
of standard
deviation units (as they had done in the earlier version of the manuscript I saw) 
rather
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treerings-comments.txt
than the misleading plot they used in the final version.

-The argument about the thermohaline circulation is almost certainly not viable. 
Mark Cane, Richard Seager,
David Battisti, and co-workers have shown that changes in North Atlantic ocean 
circulation have 
barely any detectable influence at all on continental surface temperatures. What is 
more
likely is that that the NAO, through the mechanism of Shindell et al  (Science, 
december)
imparts a large extratropical cooling/warming when the full northern hemisphere 
cools/warm
considerably less, owing to the pattern of response of the climate to solar forcing 
over the
last millennium.

-RCS method--not clear that their samples are large enough for this, still untested.
So there is no
guarentee that the greater low-frequency variability is climatic, rather than 
biological
, in nature. Single very long tree ring chronologies (e.g., from western U.S., 
Mongolia)
that are long enough that biological growth trends aren't an issue (so they don't 
require RCS) stypically show
a result much closer to MBH98.

-The statement that warm-season and annual trends in northern hemisphere mean 
temperature
are statistically indistuingshable is patently false, as a cursory reading of e.g. 
the IPCC '2001
document shows. And any relationship in the 20th century will not hold up in earlier
centuries...
Again, I'm concerned that this statement passed the review process!

-comparisons w/ '90s based on tree ring data are perilous because of the known 
decline (greatest
in density, but also evident in ring widths). The passing and inconspicuous 
reference to
this fact is problematic. So the comparison between "MWP" and modern warmth is not 
especially meaningful.
Unfortunately, this flawed conclusion is emphasized in the paper.

Page 2
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From: Malcolm Hughes
To: Michael E. Mann
Subject: Re: Esper et al
Date: Thursday, March 21, 2002 9:21:17 AM

OK. Malcolm
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From: Michael E. Mann
To: Malcolm Hughes
Cc: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; Scott Rutherford; Michael E. Mann
Subject: Re: Fwd: Esper et al
Date: Thursday, March 21, 2002 1:16:16 PM

Thanks Malcolm,

Good points, all, and complementary to what I have to say.

mike

At 12:49 PM 3/21/02 -0700, Malcolm Hughes wrote:
>Please find the Esper et al supplementary materials attached. Mike 
>remember they refer to MBH99, not MBH98. I will be talking to the
>Science reporter at 4pm Eastern time.
>I have read the paper and the supplementary materials carefully, and
>I have to say that I am disturbed by the sloppiness of it, and
>confirmed in my fear that there is something really wrong with
>Science’s review and editorial procedures. This paper is going to
>have an enormous impact in the debate about climate change, and
>may well do damage to the use of tree rings, which bothers me a lot.
>I intend to make two main points, if I get a chance. First, as an
>experienced dendrochronologist, I find neither the methods nor the
>results convincing.
>*   regardless of method, their dataset is inadequate to describe
>     annual temperature in the “Northern Hemisphere
>     extratropics”, particularly for the crucial period before AD
>     1200. They themselves say (top right corner page 2251)
>     “…..This may reflect weakness of sample depth before the
>     year 1200, and the lack of uniform spatial representation as
>     the number of sites decreases back in time.” Figure 2 of the
>     supplementary materials shows that, during the period they
>     describe as the warmest of the so-called MWP, namely 950-
>     1045, trees from only 6 locations are used. In fact the total
>     number of samples appears to be between 50 and 70. Notice
>     the word samples. Dendrochronologists usually take two
>     cores per tree, and so this probably means that between 25
>     and 35 trees in total are being used to determine a
>     hemispheric temperature! I have checked the datasets to
>     which I have access, and this confirms that their “samples”
>     means “samples”, not trees. Contrast this with MBH99, with
>     its very cautious title. It is true that material from one region
>     is important (we point this out clearly), but the series we use
>     is based on 28 sites,  and therefore something more like 100
>     trees or way more, in this one region. Remember also that
>     these will be very much older trees than those used in Esper
>     et al., thus not suffering from the “segment length curse”. I
>     haven’t had a chance to check this number (of trees).
>*   RCS is a method that is far from well tested, even though the
>     authors give this impression. In particular, it is most
>     hazardous in the early life of trees. The pre-1200 part of
>     their record must be made up predominantly of material
>     from the early life of the trees, and this is particularly the
>     case in the crucial pre-1000 period, the very time on which
>     the political impact of this paper depends. The method
>     depends on knowing the exact biological age of the cambium
>     when it produced each ring, and to know that you must have
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>     pith present on each sample. In fact this is rarely the case,
>     and so they estimate how many rings are missing between
>     the first year of their sample and the pith. They claim that
>     this offset has little effect on their chronology, but I will not
>     be convinced until I see this exercise done with material
>     where the pith is present. The methodological paper they cite
>     to support this as being in press in Tree-Ring Research is
>     not in press, but in the review process. I will probably not
>     mention this to a reporter.
>*   The result of a deeper Little Ice Age in northern latitudes is
>     absolutely not new  Briffa’s age-banding beat them to it,
>     also with the idea of getting stronger low-frequency from
>     tree rings. I think there are problems with that, too, but I
>     think Briffa et al did a very much better job of it.
>Malcolm Hughes
>Professor of Dendrochronology
>Laboratory of Tree-Ring Research
>University of Arizona
>Tucson, AZ 85721
>520-621-6470
>fax 520-621-8229

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: Katie Greene
Subject: Re: tree ring paper
Date: Thursday, March 21, 2002 2:24:10 PM
Attachments: treerings-comments.doc

Dear Katie,

I've attached a written version of my comments on the Esper et al paper, in
case you find this helpful. Please let me know if I can be of any further help.

Best regards,

Mike M

At 06:08 PM 3/20/02 -0500, you wrote:
>Great.  After 3 tomorrow will be wonderful.
>
>Thank you for your help.
>
>Katie
>
>phone: 202-326-6480
>fax: 
>
>Science/ScienceNOW
>News Department
>1200 New York Ave
>Washington DC, 20005

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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Comments on Esper et al article submitted to Science,  "Low Frequency Signals..." by M.E. Mann 
 
The study is useful in certain respects: 
 
+It brings some important new tree ring data to the table which should help us increasingly pin down large-scale 
patterns of climate change in past centuries. 
 
+The studies main importance is that it emphasizes the distinction between extratropical and tropical surface 
temperature changes in past centuries. The MBH99 reconstruction is full northern hemisphere, using tree rings in 
extratropics, ice cores in poles and tropics, and corals in tropics and subtropics.  Half of the MBH99 surface 
temperature estimate comes from at tropical/subtropical latitudes (ie, areas below 30 degrees N).  We know that the 
"Little Ice Age" cooling and "Medieval Warm Period" warmth was of greater amplitude in the extratropics, and in 
particular, in the continental regions of the extratropics. The paper in Science by Hendy and coworkers a couple weeks 
ago highlights the fact that tropical surface temperature changes were much smaller in past centuries, to the extent that 
a "Little Ice Age" isn't even evident in many regions of the tropics.  The conclusion of greater extratropical 
warming/cooling in face of weaker tropical warming/cooling is furthermore consistent with the paper by Shindell, 
Schmidt, Mann, Rind, and Waple published  in Science a couple months ago, which shows that changes in solar output 
lead to considerable cooling and warming over extratropical continental regions, but little cooling (only a few tenths 
degrees C) for the entire (tropics+extratropics) Northern Hemisphere. 
 
In so far as the paper re-emphasizes this important point, it is a useful contribution. That having been said, 
however, several of my colleagues and I are quite surprised that Science chose to publish this paper. Given many 
of the problems spelled out below, its publication is premature, especially in a high-profile format such as 
Science. It is likely that many of the flawed conclusions regarding e.g. the comparison of modern and medieval 
warmth will be exploited by certain special interests. It is most unfortunate that Science chose to publish this 
paper. Here are the main problems: 
 
-The temperature scaling is completely inappropriate and incorrect. One can't simply scale this record against the Mann 
et al record, because they represent two different regions. We know that the 20th century pattern of warming in the 
extratropics is different from that of the tropics. Moreover, the spatial pattern of 20th century warming 
is unique, so the relationship between extratropical and tropical variations in the 20th century 
is likely quite different. What adds to the problem is that such  a short period (<100) was used to scale one record to the 
other, and both records have been heavily smoothed, so the trends at the end are underestimated.  If the authors had 
instead used, the actual (unsmoothed) instrumental record available from 1856-present for the extratropical northern 
hemisphere to scale their record, their reconstruction would be much closer to MBH99. The paper should have simply 
shown the two curves in terms of standard deviation units, rather than applying an incorrect temperature scale. 
 
-The comparisons argued by Esper et al between peak MWP warmth and late 20th century warmth are flawed on a 
number of levels.  The behavior of tree ring data in recent decades exhibits a known decline that is not seen in the past, 
and almost certainly underestimate the late 20th century warming. The multiproxy data used by MBH99 by and large 
do not suffer from any such problem, and the reconstruction through 1980 can be appropriately compared against, and 
extended with, the full 20th century instrumental temperature record. There is only a passing reference to this problem 
by Esper et al. Furthermore, the authors compared smoothed records, which largely smooth out the warming 
of the late 20th century, to compare modern and medieval levels of warmth. Because of the smoothing, and the above 
problem, their record shows no warming at all since the mid 20th century, in stark contrast with the known acceleration 
of warming in the 20th century instrumental record. Thus, the authors have actually only shown that their peak 
medieval warmth is comparable to *mid 20th* century warmth. This is the same conclusion reached earlier by both 
MBH99 and Crowley and Lowery (2001), so one wonder what exactly is new with regard to conclusions of the level of 
medieval warmth. 
 
-No mention that other full Northern Hemisphere temperature reconstructions  (e.g., Crowley and Lowery 1999 ; Jones 
et al, 1998) show results statistically indistinguishable from MBH99 (in the case of Jones et al, 1998--this is true when 
the record is scaled by the appropriate 1856-present instrumental series) 
 
-There are some real  concerns with regard to the sampling that contributes to the putative hemispheric estimate of 
Esper et al. Their data cover only  the terrestrial regions of the extratropics (and from only a maximum of 14 regions, of 
the Northern Hemisphere), so they are not even a representative extratropical  hemispheric estimate. Figure 2 of the  
supplementary materials shows that, during the period they describe as the warmest of the so-called MWP, namely 
950-1045, trees from only 6 locations are used.  This is certainly not a representative hemispheric estimate. 
 
-RCS method--not clear that their samples requirements for use of this method, which is still quite untested.  
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So there is no guarantee that the greater low-frequency variability is climatic, rather  than biological, in nature. Single 
very long tree ring chronologies (e.g., from western U.S., Mongolia) that are long enough that biological growth trends 
aren't an issue  (so they don't require any fancy, and relatively untested standardization approach) typically show 
a result much closer to MBH99 than to the Esper et al reconstruction. 
 
-The argument about the thermohaline circulation driving surface temperature changes is almost certainly not viable. 
Mark Cane, Richard Seager, David Battisti, and co-workers (paper in press, Proc Roy Acad, I believe)  have shown that 
changes in North Atlantic ocean circulation have  barely any detectable influence at all on continental surface 
temperatures in the Northern Hemisphere. What is more likely is that that the NAO, through the mechanism of Shindell 
et al  (Science, December 2001) imparts a large extratropical cooling/warming when the full northern hemisphere 
cools/warm considerably less, in response to solar forcing over the last millennium. Scientists at Princteon/GFDL (Tom 
Delworth and Keith Dixon) have shown that modest changes in North Atlantic Ocean circulation are expected to result 
from this change in the phase of the NAO, with Colder SSTs in the North Atlantic when the NAO is in the negative 
phase (LIA) and warmer SSTs when the NAO is in the positive phase (likely true of the "MWP"). 
 
-The statement that warm-season and annual trends in northern hemisphere mean  temperature are statistically 
indistinguishable is not defensible (correlations between the two records, which is what Esper et al use to bolster their 
argument,  can't possibly establish this, because they don't take into account the mismatch in amplitude of the trends for 
the different seasons, they simply indicate that both records have a trend--but we already knew that). It is well known 
that the patterns of temperature changes during summer and winter during the 20th century are fundamentally different. 
Any estimate based on a sparse sampling of the large-scale patterns will thus exhibit a large seasonal bias. More 
problematic is the assumption that a similar 20th century relationship between trends in different seasons holds up in 
the past. This is almost certainly not true because 20th century anthropogenic forcing has a unique seasonal spatial 
signature that is not shared by other, natural patterns of climate variability. 
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From: Michael E. Mann
To: k.briffa@uea.ac.uk; t.osborn@uea.ac.uk; p.jones@uea.ac.uk; tcrowley@duke.edu; rbradley@geo.umass.edu;

mhughes@ltrr.arizona.edu; drdendro@ldeo.columbia.edu; rkerr@aaas.org; bhanson@aaas.org
Subject: Briffa & Osborn piece
Date: Friday, March 22, 2002 10:37:36 AM
Attachments: treerings-comments.doc

Keith and Tim,

Sadly, your piece on the Esper et al paper is more flawed than even the paper itself. 
Ed, the AP release that appeared in the papers was even worse. Apparently you
allowed yourself to be quoted saying things that are inconsistent with what you told
me you had said.

You three all should have known better. Keith and Tim: Arguing you can scale the
relationship between full Northern Hemisphere and extratropical Northern
Hemisphere is *much* more problematic than even any of the seasonal issues you
discuss, and this isn't even touched on in your piece. The evidence of course
continues to mount (e.g., Hendy et al, Science, a couple weeks ago) that the tropical
SST in the past centuries varied far more less in past centuries. Hendy et al
specifically point out that there is little evidence of an LIA in the tropics in the data.
The internal inconsistency here  is remarkably ironic. The tropics play a very
important part in our reconstruction, with half of the surface temperature estimate
coming from latitudes below 30N. You know this, and in my opinion you have
knowingly misrepresented our work in your piece.

This will be all be straightened out in due course. In the meantime, there is a lot of
damage control that needs to be done and, in my opinion, you've done a disservice
to the honest discussions we had all had in the past, because you've misrepresented
the evidence. Many of us are very concerned with how Science dropped the ball as
far as the review process on this paper was concerned.  This never should have been
published in Science, for the reason's I outlined before (and have attached for those
of you who haven't seen them). I have to wonder why the functioning of the review
process broke down so overtly here,

Mike

_______________________________________________________________________

                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.shtml
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Comments on Esper et al article submitted to Science,  "Low Frequency Signals..." by M.E. Mann 
 
The study is useful in certain respects: 
 
+It brings some important new tree ring data to the table which should help us increasingly pin down large-scale 
patterns of climate change in past centuries. 
 
+The studies main importance is that it emphasizes the distinction between extratropical and tropical surface 
temperature changes in past centuries. The MBH99 reconstruction is full northern hemisphere, using tree rings in 
extratropics, ice cores in poles and tropics, and corals in tropics and subtropics.  Half of the MBH99 surface 
temperature estimate comes from at tropical/subtropical latitudes (ie, areas below 30 degrees N).  We know that the 
"Little Ice Age" cooling and "Medieval Warm Period" warmth was of greater amplitude in the extratropics, and in 
particular, in the continental regions of the extratropics. The paper in Science by Hendy and coworkers a couple weeks 
ago highlights the fact that tropical surface temperature changes were much smaller in past centuries, to the extent that 
a "Little Ice Age" isn't even evident in many regions of the tropics.  The conclusion of greater extratropical 
warming/cooling in face of weaker tropical warming/cooling is furthermore consistent with the paper by Shindell, 
Schmidt, Mann, Rind, and Waple published  in Science a couple months ago, which shows that changes in solar output 
lead to considerable cooling and warming over extratropical continental regions, but little cooling (only a few tenths 
degrees C) for the entire (tropics+extratropics) Northern Hemisphere. 
 
In so far as the paper re-emphasizes this important point, it is a useful contribution. That having been said, 
however, several of my colleagues and I are quite surprised that Science chose to publish this paper. Given many 
of the problems spelled out below, its publication is premature, especially in a high-profile format such as 
Science. It is likely that many of the flawed conclusions regarding e.g. the comparison of modern and medieval 
warmth will be exploited by certain special interests. It is most unfortunate that Science chose to publish this 
paper. Here are the main problems: 
 
-The temperature scaling is completely inappropriate and incorrect. One can't simply scale this record against the Mann 
et al record, because they represent two different regions. We know that the 20th century pattern of warming in the 
extratropics is different from that of the tropics. Moreover, the spatial pattern of 20th century warming 
is unique, so the relationship between extratropical and tropical variations in the 20th century 
is likely quite different. What adds to the problem is that such  a short period (<100) was used to scale one record to the 
other, and both records have been heavily smoothed, so the trends at the end are underestimated.  If the authors had 
instead used, the actual (unsmoothed) instrumental record available from 1856-present for the extratropical northern 
hemisphere to scale their record, their reconstruction would be much closer to MBH99. The paper should have simply 
shown the two curves in terms of standard deviation units, rather than applying an incorrect temperature scale. 
 
-The comparisons argued by Esper et al between peak MWP warmth and late 20th century warmth are flawed on a 
number of levels.  The behavior of tree ring data in recent decades exhibits a known decline that is not seen in the past, 
and almost certainly underestimate the late 20th century warming. The multiproxy data used by MBH99 by and large 
do not suffer from any such problem, and the reconstruction through 1980 can be appropriately compared against, and 
extended with, the full 20th century instrumental temperature record. There is only a passing reference to this problem 
by Esper et al. Furthermore, the authors compared smoothed records, which largely smooth out the warming 
of the late 20th century, to compare modern and medieval levels of warmth. Because of the smoothing, and the above 
problem, their record shows no warming at all since the mid 20th century, in stark contrast with the known acceleration 
of warming in the 20th century instrumental record. Thus, the authors have actually only shown that their peak 
medieval warmth is comparable to *mid 20th* century warmth. This is the same conclusion reached earlier by both 
MBH99 and Crowley and Lowery (2001), so one wonder what exactly is new with regard to conclusions of the level of 
medieval warmth. 
 
-No mention that other full Northern Hemisphere temperature reconstructions  (e.g., Crowley and Lowery 1999 ; Jones 
et al, 1998) show results statistically indistinguishable from MBH99 (in the case of Jones et al, 1998--this is true when 
the record is scaled by the appropriate 1856-present instrumental series) 
 
-There are some real  concerns with regard to the sampling that contributes to the putative hemispheric estimate of 
Esper et al. Their data cover only  the terrestrial regions of the extratropics (and from only a maximum of 14 regions, of 
the Northern Hemisphere), so they are not even a representative extratropical  hemispheric estimate. Figure 2 of the  
supplementary materials shows that, during the period they describe as the warmest of the so-called MWP, namely 
950-1045, trees from only 6 locations are used.  This is certainly not a representative hemispheric estimate. 
 
-RCS method--not clear that their samples requirements for use of this method, which is still quite untested.  
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So there is no guarantee that the greater low-frequency variability is climatic, rather  than biological, in nature. Single 
very long tree ring chronologies (e.g., from western U.S., Mongolia) that are long enough that biological growth trends 
aren't an issue  (so they don't require any fancy, and relatively untested standardization approach) typically show 
a result much closer to MBH99 than to the Esper et al reconstruction. 
 
-The argument about the thermohaline circulation driving surface temperature changes is almost certainly not viable. 
Mark Cane, Richard Seager, David Battisti, and co-workers (paper in press, Proc Roy Acad, I believe)  have shown that 
changes in North Atlantic ocean circulation have  barely any detectable influence at all on continental surface 
temperatures in the Northern Hemisphere. What is more likely is that that the NAO, through the mechanism of Shindell 
et al  (Science, December 2001) imparts a large extratropical cooling/warming when the full northern hemisphere 
cools/warm considerably less, in response to solar forcing over the last millennium. Scientists at Princteon/GFDL (Tom 
Delworth and Keith Dixon) have shown that modest changes in North Atlantic Ocean circulation are expected to result 
from this change in the phase of the NAO, with Colder SSTs in the North Atlantic when the NAO is in the negative 
phase (LIA) and warmer SSTs when the NAO is in the positive phase (likely true of the "MWP"). 
 
-The statement that warm-season and annual trends in northern hemisphere mean  temperature are statistically 
indistinguishable is not defensible (correlations between the two records, which is what Esper et al use to bolster their 
argument,  can't possibly establish this, because they don't take into account the mismatch in amplitude of the trends for 
the different seasons, they simply indicate that both records have a trend--but we already knew that). It is well known 
that the patterns of temperature changes during summer and winter during the 20th century are fundamentally different. 
Any estimate based on a sparse sampling of the large-scale patterns will thus exhibit a large seasonal bias. More 
problematic is the assumption that a similar 20th century relationship between trends in different seasons holds up in 
the past. This is almost certainly not true because 20th century anthropogenic forcing has a unique seasonal spatial 
signature that is not shared by other, natural patterns of climate variability. 
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From: Michael E. Mann
To: Scott Rutherford; mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; mann@virginia.edu
Subject: Re: Esper et al
Date: Friday, March 22, 2002 1:33:09 PM

Scott et al,

We'll want to incorporate the Esper and Cook data into our growing dataset
for the next round of reconstructions.

Scott: you may wish to contact Ed Cook directly to ask him for the actual
14 regional series they used in their reconstruction,

Mike

At 10:42 AM 3/21/02 -0500, Scott Rutherford wrote:
>I have a copy of the Esper paper, it says on the cover page To be
>submitted to Science, I assume that is the version everyone has?
>
>-Scott
>
>At 10:41 AM -0500 3/21/02, Michael E. Mann wrote:
>>For those of you who don't know, the paper by Esper, Cook, Schweingruber
>>is coming out in Science, Malcolm and I have received advanced copies for
>>comment w/ Science news staff. Unfortunately, there are some really
>>problematic aspects of the paper which I'll need to be upfront about in
>>my communication w/ the press. I intend to be as complimentary as
>>possible, but to point out some serious flaws.
>>
>>I've sketched out some of the comments that I plan to share in any
>>interviews I do this, and have attached them to you for reference. I'd be
>>happy to discuss w/ the rest of you after you've seen the paper. I intend
>>to send a more refined set of comments to Ed Cook.
>>
>>I have an interview w/ the Science news staff at 3pm, so any comments
>>would be appreciated.
>>
>>Malcolm: Can you forward Ray and Scott a copy of the Esper et al paper. I
>>only have a slow modem connection, so I can't do this.
>>
>>Thanks,
>>
>>mike
>>
>>_______________________________________________________________________
>>                     Professor Michael E. Mann
>>            Department of Environmental Sciences, Clark Hall
>>                       University of Virginia
>>                      Charlottesville, VA 22903
>>_______________________________________________________________________
>>e-mail: mann@virginia.edu   Phone:    FAX: 
>>         http://www.evsc.virginia.edu/faculty/people/mann.shtml
>>
>>Attachment converted: Pawcatuck:treerings-comments.txt (TEXT/ttxt) (0009A406)
>
>
>--
>______________________________________________
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>                       Scott Rutherford
>
>University of Virginia          University of Rhode Island
>Environmental Sciences          Graduate School of Oceanography
>Clark Hall                      South Ferry Road
>Charlottesville, VA 22903               Narragansett, RI 02882
>srutherford@virginia.edu                srutherford@gso.uri.edu
>phone:            

_______________________________________________________________________
                      Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Edward Cook
Cc: Scott Rutherford; mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu
Subject: Re: Esper et al paper
Date: Friday, March 22, 2002 1:34:57 PM

Ed,

I'm assuming you don't have any problem in making the 14 series used by Esper et al available
to us in our next round of hemispheric temperature reconstructions, (which Scott is in the
process of doing)? Thanks in advance for your help,

mike

At 05:29 PM 3/21/02 -0500, you wrote:

Hi Mike,

Obviously, I am sorry that you found the revised paper wanting and in some sense
unfair. That of course was never the intention of the paper. The changes in the
paper were due in part to the reviewers' comments and in part to the large degree of
editing and reduction that was required by Science. In that case, I tried (apparently
without success in your view) to maintain the same thrust of the paper as before. I
thought that I did a reasonable job in that regard. Perhaps I should have passed it
by you again, but I was out the door for more fieldwork shortly after the revision was
due back to Science. I certainly apologize if you feel that this was unfair. There was
never any intent on my part for this to be the case.

Thanks for the telephone call as well. I really do enjoy working with you and don't
want to jeopardize any future collaboration between us.

Regards,

Ed

Dear Ed,

I'm really sorry I couldn't be more supportive of the final version of the
manuscript. I fully expected to be able to be more positive in my
assessment.  I was frankly very disappointed when I saw the final version-
-it is overwhelmingly different from the version you shared with us
originally. Sadly, it seems to have suffered, and not benefited, from the
review process--a very odd scenario. I fault the reviewers as much (in
fact more) that I fault you for this. There are some really basic problems
that they didn't seem to catch.  I hope neither you nor your co-authors
take this personally.

I'm trying to be as diplomatic as I can be in my discussions w/ reporters,
etc. but I really wish you hadn't sprung this  on us w/ no warning of the
dramatic changes that were made. I'm forced to be somewhat critical,
because the flaws in some of your conclusions need to be pointed out, or
they will be exploited by those w/ alterior motives. You certainly must
have foreseen this, as must have the reviewers. I'm very disappointed,
very disappointed indeed.

I'm sharing my comments w/ Keith, Phil, Tim, Tom, Ray, and Malcolm. I
am resisting the temptation to write a letter of response to Science,
although my better judgement dictates that I should...
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Mike
_______________________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 

        http://www.evsc.virginia.edu/faculty/people/mann.shtml            

Attachment converted: Macintosh HD:treerings-comments.doc
(WDBN/MSWD) (0008C7BF)

-- 

=================================
Dr. Edward R. Cook
Doherty Senior Scholar
Tree-Ring Laboratory
Lamont-Doherty Earth Observatory
Palisades, New York  10964  USA
Phone: 1-
Fax:   1-
Email: drdendro@ldeo.columbia.edu
=================================

_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Malcolm Hughes
To: Scott Rutherford; mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; mann@virginia.edu; Michael E. Mann
Subject: Re: Esper et al
Date: Friday, March 22, 2002 3:04:28 PM

Mike - it's more complicated than that. Scott
and I should go through what we already have
(which is probably most of it) and then
identify what we need to ask for. This is
particularly relevant as we need to get the raw
data, not just the chronologies, so as to put
them through our quality control. I can go
ahead and liaise with Scott on this if yo agree.
Cheers, Malcolm
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From: Michael E. Mann
To: drdendro@ldeo.columbia.edu; k.briffa@uea.ac.uk; t.osborn@uea.ac.uk; p.jones@uea.ac.uk; tcrowley@duke.edu;

rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; drdendro@ldeo.columbia.edu; rkerr@aaas.org;
bhanson@aaas.org

Subject: RE: Briffa & Osborn piece
Date: Friday, March 22, 2002 4:06:38 PM

Ed (and others),

I was a bit flip in saying the paper shouldn't have been published. It's good
underlying work, and potentially quite relevant new data. What I meant is that it
shouldn't have been published in the form that it was, where a few mis-statements,
mis-scalings of records, etc. that easily should have been caught in the review
process readily allowed for the study to be taken out of context. The paper is already
being widely used in some circles to try to discredit the IPCC report, and this is most
unfortunate. The paper does nothing of the sort.

 I really truly believe that the review process failed here.  I politely would encourage
the Science editorial staff to consider why the review process failed in this case. 

best regards,

mike

At 04:06 PM 3/22/02 -0500, drdendro@ldeo.columbia.edu wrote:

Hi Mike and others,

I just read the AP release. As always, there is a bit of journalistic 
license that was applied to interpreting what I said. The opening 
statement in the release is utterly the  words of the reporter. Some of 
the quotes are probably accurate, but of course do not include 
qualifiers, etc. I also talked with this journo before talking with you and 
would phrase things a bit more carefully now after hearing your 
concerns. So, I am not deceiving you in what I told you over the phone. I 
would not express things the same way as you in any case, because I 
do think that we have some legitimate differences of opinion on some 
issues, although I think we agree much more than we disagree. Be 
that as it may, talking over the phone to journalists in a rapid-fire 
manner is not the best way to convey ideas and information and I 
would have re-phrased or re-expressed some of what was written if I 
had seen it before it was released. This was not an option provided to 
me.

I think that it is a bit harse to say that the paper should not have been 
published. While I might wish to change some wording in the paper 
and express things a bit differently knowing what I know now, I don't 
think that the paper is fatally flawed, like you do. I should also point out 
that I have received a number of emails from respected scientists in 
global change research who do not appear to share your opinion. On 
the other hand, I have also received a couple of emails from certified 
nuts, which is what you are obviously most concerned about. I am not 
happy with such people, but I have also been savaged by similar nuts 
like John Daly in the past. So, I guess I can't win.
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Finally, this whole global change debate totally sucks because it is so 
politicized. It reminds me too much of the ugly acid rain/forest decline 
debate that I was caught in the middle of  years ago. I am quite happy 
to leave global change to others in the future.

Ed

Original Message:
-----------------
From: Michael E. Mann mann@multiproxy.evsc.virginia.edu
Date: Fri, 22 Mar 2002 12:39:38 -0500
To: k.briffa@uea.ac.uk, t.osborn@uea.ac.uk, p.jones@uea.ac.uk, 
tcrowley@duke.edu, rbradley@geo.umass.edu, 
mhughes@ltrr.arizona.edu, drdendro@ldeo.columbia.edu, 
rkerr@aaas.org, bhanson@aaas.org
Subject: Briffa & Osborn piece

Keith and Tim,

Sadly, your piece on the Esper et al paper is more flawed than even the 
paper itself.
Ed, the AP release that appeared in the papers was even worse. 
Apparently 
you allowed yourself to be quoted saying things that are inconsistent 
with 
what you told me you had said.

You three all should have known better. Keith and Tim: Arguing you can 
scale the relationship between full Northern Hemisphere and 
extratropical 
Northern Hemisphere is *much* more problematic than even any of the 
seasonal issues you discuss, and this isn't even touched on in your 
piece. 
The evidence of course continues to mount (e.g., Hendy et al, Science, 
a 
couple weeks ago) that the tropical SST in the past centuries varied far 
more less in past centuries. Hendy et al specifically point out that there 
is little evidence of an LIA in the tropics in the data. The internal 
inconsistency here  is remarkably ironic. The tropics play a very 
important 
part in our reconstruction, with half of the surface temperature estimate 
coming from latitudes below 30N. You know this, and in my opinion you 
have 
knowingly misrepresented our work in your piece.

This will be all be straightened out in due course. In the meantime, 
there 
is a lot of damage control that needs to be done and, in my opinion, 
you've 
done a disservice to the honest discussions we had all had in the past, 
because you've misrepresented the evidence. Many of us are very 
concerned 
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with how Science dropped the ball as far as the review process on this 
paper was concerned.  This never should have been published in 
Science, for 
the reason's I outlined before (and have attached for those of you who 
haven't seen them). I have to wonder why the functioning of the review 
process broke down so overtly here,

Mike

_______________________________________________________
________________
                      Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________
________________
e-mail: mann@virginia.edu   Phone:    FAX:  

        http://www.evsc.virginia.edu/faculty/people/mann.shtml

--------------------------------------------------------------------
mail2web - Check your email from the web at
http://mail2web.com/ .

_______________________________________________________________________

                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes; Scott Rutherford; mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu
Subject: Re: Esper et al
Date: Friday, March 22, 2002 4:07:10 PM

Malcolm,

Sounds good to me. I expect that Ed will cooperate,

mike

p.s. Ray, I hope you're ok??? Haven't heard from you...

At 03:04 PM 3/22/02 -0700, Malcolm Hughes wrote:
>Mike - it's more complicated than that. Scott
>and I should go through what we already have
>(which is probably most of it) and then
>identify what we need to ask for. This is
>particularly relevant as we need to get the raw
>data, not just the chronologies, so as to put
>them through our quality control. I can go
>ahead and liaise with Scott on this if yo agree.
>Cheers, MalcolmMalcolm Hughes
>Professor of Dendrochronology
>Laboratory of Tree-Ring Research
>University of Arizona
>Tucson, AZ 85721
>520-621-6470
>fax 520-621-8229

_______________________________________________________________________
                      Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Subject: Good News
Date: Sunday, March 24, 2002 1:46:43 PM

Guys,

Some good news. Ed has agreed to try to work w/ me to co-author a letter to the
editor of Science that would seek to separate the erroneous spin from the facts, and
emphasize that their study does not invalidate the basic conclusions of MBH99. 

I think this could work out very well, for all involved, and keeping it to Ed and me
should simplify things, but will speak very loudly to the skeptics...

mike

_______________________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu
Subject: Mann and Cook letter to Science
Date: Monday, March 25, 2002 5:10:12 PM
Attachments: commentary-esperetal2002-final.doc

Dear Ray & Malcolm,

Here is a version (pending any last minute suggestions by Ed) of a letter
to the editor to be sent to Science jointly authored by Ed and myself.

If you have any major concerns/comments, etc. please let me know. We're
planning to finalize and send off tomorrow. Thanks,

mike

_______________________________________________________________________
                      Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml
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The recent article by Esper et al (1) brings important new data, and potentially important new processing approaches, 
to the use of dendroclimatic (tree-ring) information in  reconstructing past  climate patterns. The article, moreover, 
addresses important scientific questions involving  the spatial scale of past climate periods such as the so-called "Little 
Ice Age" and "Medieval Warm Period".  Unfortunately, the article has been misrepresented by some as supposedly 
contradicting previous studies of Northern Hemisphere temperature trends over the past millennium (2-4) and has 
incorrectly been argued to  invalidate the previously established conclusion (5) that late 20th century warming  appears 
to be unprecedented over at least the past millennium.  We take this opportunity to clarify the record. 
 
Mann et al and Esper et al both come to the quite similar conclusion that peak medieval warmth was comparable to 
that of the mid 20th century. Mann et al further note, however, that this earlier warmth is not comparable to the warmth 
of the past few decades, wherein hemispheric temperatures have risen several tenths of a degree C further above mid 
20th century levels.  This latter conclusion was based on comparison of the Mann et al hemispheric temperature 
reconstruction  (available through 1980) against the instrumental surface temperature record. The calibration (and 
validation) of the proxy record against the instrumental record allowed for a comparison of reconstructed temperature 
trends  with the full 20th century instrumental record, within the context of the substantial uncertainties in the long-
term reconstruction. Esper et al did not seek to address the issue of comparison with the full 20th century instrumental 
temperature record, so their study is in no way a refutation of the basic finding of Mann et al with regard to the 
anomalous nature of late 20th century warmth. In fact, had Esper et al sought this latter comparison, they too would 
have come to the similar conclusion that the warming at the end of the 20th century is relatively anomalous in the 
context of the long-term reconstruction. 
 
As Esper et al are very careful to note, their reconstruction targets the estimation of extratropical (and primarily, warm-
season) temperature changes over the past millennium, using an entirely extratropical (and, by its nature, terrestrial) 
tree-ring data set.  The Mann et al (3) reconstruction, in contrast, estimates temperature trends over the full Northern 
Hemisphere, using both extratropical (tree ring, ice core, and historical) and tropical (coral and high-elevation ice core) 
proxy data, and targeting the full Northern Hemisphere  temperature. Half of the surface area of the Northern 
Hemisphere temperature record estimated by Mann et al  lies at latitudes below 30N, while the Esper et al estimate is 
based entirely on latitudes above 30N.  This essential distinction is emphasized in the Esper et al article, but quite 
unfortunately is not addressed in the commentary by Briffa and Osborn (6). 
 
While Briffa and Osborn (6) note that the absolute differences between the two records are somewhat sensitive to the 
assumptions of scaling in the Esper et al temperature reconstruction, there are undoubtedly real differences between the 
two records, for reasons that can be at least partly understood. As noted by Esper et al, there is relatively greater multi-
century variability in their record than in the Northern Hemisphere reconstruction of Mann et al with the greatest 
differences between them seen in their expressions of  the Little Ice Age temperature variations. This does not 
contradict past evidence. Hendy et al  (7) have shown that there is far less (if any) cooling, for example, in the tropical 
Pacific during the "Little Ice Age", and argue that the main signature of the Little Ice Age is an increase in the poleward 
temperature gradient. Dynamical mechanisms have been provided that help explain the enhanced extratropical 
continental cooling in the Little Ice Age (8). In turn, the more moderate amplitude temperature variations inferred at the 
scale of the full Northern hemisphere (2-4) are consistent with model (4) simulations. Rather than indicating 
inconsistency with past temperature estimates, the Esper et al record underscores the mounting evidence for substantial 
differences between tropical and extratropical temperature trends in past centuries. 
 
Substantial uncertainties and gaps still remain in our knowledge of the regional details of climate variability in past 
centuries. Only through the continued development of high quality proxy records of tropical and extratropical climate 
and of the histories of climate forcings (4) used to drive models of past climate change, can we decrease the current 
level of uncertainty that exists with regard to the spatial details of past climate changes. We welcome the continued 
support of such essential research. 
 
Michael E. Mann, Department of Environmental Sciences, University of Virginia 
Edward R. Cook, Lamont Doherty Earth Observatory, Columbia University 
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From: Michael E. Mann
To: Edward Cook
Cc: Michael E. Mann; Jan Esper; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Subject: Re:
Date: Tuesday, March 26, 2002 7:19:23 AM

Ed,

I am very disappointed to hear this. I am genuinely perplexed that anyone would find
the content of our letter objectionable.  I will submit this letter without your co-
authorship, and probably with the co-authorship of other individuals. It will probably
experience some modification in this case.

I was quite pleased with the treatment that the issue received in the  New York
Times this morning, clearly benefiting from the discussions that Kenneth Chang had
with both you and myself.  Co-authoring the letter to Science  would have gone a
long way to resolving this issue in as non-confrontational a manner as possible. So
this is an unfortunate development,

Mike

At 09:05 AM 3/26/02 -0500, Edward Cook wrote:

Hi Mike,

I have obviously screwed up royally. I should have never agreed to co-
author the letter with you without first discussing it with Jan. He is very
unhappy with it and feels strongly that it might confuse things more than
clarify things from the perspective of our paper. So, Jan is strongly
opposed to me being an author on the letter to Science. Therefore, I feel
like I have no choice but to ask you to submit the letter without my name
on it. At this stage, I must stick with my co-author and not be seen as a
Lone Ranger here. It would not do any good for there to be a controversy
between the Jan and myself only days after the paper has come out.

Regardless, you should still submit the letter to Science because it does
clarify some issues that you feel were not properly or completely dealt
with in the paper. I recommend that you put me in as a personal
communication in the part of the letter that deals with 20th century
warming, if you want to. I have indicated that in the slightly modified
version of the letter that I have attached to this email.

You are probably pissed off at me for retracting my name. All I can do is
ask your forgiveness in agreeing too quickly to contribute without first
discussing it with Jan. It is all my fault.

Regards,

Ed
-- 
=================================
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Dr. Edward R. Cook
Doherty Senior Scholar
Tree-Ring Laboratory
Lamont-Doherty Earth Observatory
Palisades, New York  10964  USA
Phone: 1-
Fax:   1-
Email: drdendro@ldeo.columbia.edu
=================================

_______________________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: Malcolm Hughes
Subject: Re: a few changes
Date: Tuesday, March 26, 2002 9:18:25 AM

hi malcolm,

can you give me a call when you have the chance?

thanks,

mike

At 07:57 AM 3/26/02 -0700, you wrote:
>Dear Mike,
>There are a couple of minor changes to you letter with Ed
>that I would suggest:
>First line: I would remove the reference to important new
>data, because most, if not all, of the data have been used
>in published work, in some cases by us, so it is plain
>untrue. So your point "1)" could read  "1) brings
>important new processing approaches to the use of
>dendroclimatic...."
>
>Fourth line " has been misrepresented by some.." .
>Science could well say that it is not their function to
>correct misinterpretations in the press and elsewhere, so it
>would be good to modify this.Maybe : "Unfortunately, the
>article is open to misrepresentation as supposedly
>contradicting..."
>
>Fourth paragraph, first line. I would insert the word
>"correctly" after "Osborn (6)".
>
>It's a masterpiece of diplomacy, and reads clearly. Cheers,
>Malcolm
>Malcolm Hughes
>Professor of Dendrochronology
>Laboratory of Tree-Ring Research
>University of Arizona
>Tucson, AZ 85721
>520-621-6470
>fax 520-621-8229

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Cc: mann@virginia.edu
Subject: FYI
Date: Tuesday, March 26, 2002 10:36:19 AM

Guys,

Thought you'd be interested to know, just got a (completely unsolicited) call from
Dave Verardo. He just read the Times piece, and is quite upset that this article was
published in Science. He feels it was very sloppy, and very much shares my
sentiments on the whole matter. Dave also confirmed my suspicion that there is a
somewhat unholy agenda at work at Science right now. I won't mention the
individuals involved, but suffice it to say that cc'ing my original message to Brooks
Hanson was probably quite appropriate. If nothing else, it makes me feel better to
know that the ESH P.M. is behind us...

Ray: Malcolm is taking a crack at revising the letter to Science. Perhaps you'd be
willing to take one more look at his revised version and at least comment, even if
you choose not to sign on it.  If you still don't like it, I'm sure we'd both be willing to
reconsider whether or not to submit it...But, if nothing else, would be good to have
something we can all stand behind as our "official comment" on all this. Thanks in
advance,

mike

er et al pape

_______________________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu
Date: Thursday, March 28, 2002 6:31:05 AM

Hi Malcolm,

I should have mentioned, I'm off tomorrow morning for several days, so if
we can get this Science piece straightened away today, that would be great.
I don't expect it should take too much additional modification...

Thanks,

Mike

_______________________________________________________________________
                      Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes
Cc: rbradley@geo.umass.edu; mann@virginia.edu
Subject: Re: revised response
Date: Thursday, March 28, 2002 12:16:41 PM

Hi Malcolm,

Sorry to hear that Ray will not be an author. It certainly is too long now,
700 words is probably the limit of what they are likely to publish. Will
await Ray's feedback before trying to downsize and finalize,

thanks,

mike

At 12:06 PM 3/28/02 -0700, you wrote:
>Gentelmen, Here's my first cut at this. Ray
>will not be an author, but has agreed to take a
>look at it, which will be very helpful. My
>concern at the moment is that it's probably
>longer than they will accept. Strategic
>suggestions for cutting it would be welcome
>(to me). Cheers, MalcolmMalcolm Hughes
>Professor of Dendrochronology
>Laboratory of Tree-Ring Research
>University of Arizona
>Tucson, AZ 85721
>520-621-6470
>fax 520-621-8229

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: Malcolm Hughes
Cc: Malcolm Hughes; Michael E. Mann; rbradley@geo.umass.edu
Subject: Re: revised response
Date: Thursday, March 28, 2002 3:19:37 PM

HI Malcolm,

OK, well its clear this won't go out tomorrow. I'm not going to be home this evening,
and leave early tomorrow morning.

So I'll plan to take what ever feedback I've received by sunday afternoon (when I
return), prepare a final draft that is less than 700 words, and then send onto you for
final comments that evening.I can send off the letter to Science monday,

mike

At 03:13 PM 3/28/02 -0700, Malcolm Hughes wrote:

Mike - I'll take the computer on my trip, so I 
should be in e-mail contact over the next 
couple of days. I'm back in the office Monday, 
and I will check in this evening and tomorrow 
morning before departure. Cheers, 
MalcolmMalcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

_______________________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Raymond S. Bradley
To: Malcolm Hughes; mann@multiproxy.evsc.virginia.edu
Subject: Re: draft
Date: Saturday, March 30, 2002 8:27:09 PM

You make a good point re issues concerning RCS and sample size, and
possibly about extra-tropical v tropical changes (see below).  The rest
sets up an apparent conflict (seen by some mythic group) between Mann et al
& Esper /Cook.
I would stick to the two main points re RCS and low v higher latitude
changes.  But, relying too much on Hendy et al. 2002 [Science 295, 1511] as
representing "the tropics" seems a bit of a stretch--their data spans only
15-22S (actually the corals used in the paper are mostly from 17.8-18.9S)
.....so I would not cite this as some sort of proof of the hypothesis you
are proposing....it doesn't even relate to the NH!.  I think all you can do
is speculate that the reason for the difference between the two series may
be related to low v higher latitude differences but we have a long way to
go to demonstrate that.
Hope this helps...but I think your commentary must not be seen as a knee
jerk reaction to something that disagrees with MBH.  they clearly stated it
was a NH extra-tropical record. If others read something more into that,
you can't blame the authors.  But you can legitimately question some
technical aspects, like the RCS...that said, I think it's unlikely to be
published by Science.
ray

Raymond S. Bradley
Distinguished Professor and Head of Department
Department of Geosciences
University of Massachusetts
Amherst, MA 01003-5820

Tel: 
Fax: 
Climate System Research Center: 
Climate System Research Center Web Page:
<http://www.geo.umass.edu/climate/climate.html>
Paleoclimatology Book Web Site (1999):
http://www.geo.umass.edu/climate/paleo/html

ABOR/MH/Priv-005405



From: Michael E. Mann
To: Raymond S. Bradley
Cc: mann@virginia.edu; malcolm Hughes
Subject: Re: draft
Date: Sunday, March 31, 2002 4:35:56 PM

Hi Ray,

Thanks--I do appreciate the feedback, though I maintain some substantial differences
of opinion on the specifics of your comments. 

The Hendy et al record of tropical S. Hem temperature, from a statistical and
dynamical point of view, is as relevant to the full Northern Hemisphere  annual mean
temperature trends as an terrestrial extratropical (largely warm season) Northern
Hemisphere record such as Esper et al is. To me it would be very unfortunate not to
take any opportunity to clarify this distinction, which time and time again is used to
blur the science...

Science chose to publish the Briffa and Osborn piece, which muddles both the
latitudinal and late 20th century vs. mid 20th century trends. So I think these points
are both as important (if not more so) that the RCS issue. I actually think that the
latter has the least influence on the conclusions of these 3 issues.

But we can have an honest scientific disagreement on the above. I'll prepare a
revised version and submit w, Malcolm's approval. If Science chooses not to publish,
so be it.

 NYT and NPR Talk of the Nation gave me more than ample opportunity to correct
the record, so the Science piece is somewhat less important.  

I believe that this is a serious black mark on Science's editorial decision making, and
this is backed up from comments from NSF (Verardo), so I personally feel much
better about this now. And, to be honest, that's what matters to me...

mike

p.s. If you're interested in my interview on NPR's "Talk of the Nation" last Friday
("Science Friday" segment), it can be downloaded here:

http://www.npr.org/ramfiles/totn/20020329.totn.ram

or go to 

http://www.npr.org

and go to "Talk of the Nation"

My interview is towards the end of "segment 2".  Thought it might be relevant to the
"Faculty News" page...

At 10:26 PM 3/30/02 -0500, you wrote:

You make a good point re issues concerning RCS and sample size, and
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possibly about extra-tropical v tropical changes (see below).  The rest sets
up an apparent conflict (seen by some mythic group) between Mann et al
& Esper /Cook.
I would stick to the two main points re RCS and low v higher latitude
changes.  But, relying too much on Hendy et al. 2002 [Science 295, 1511]
as representing "the tropics" seems a bit of a stretch--their data spans
only 15-22S (actually the corals used in the paper are mostly from 17.8-
18.9S) .....so I would not cite this as some sort of proof of the hypothesis
you are proposing....it doesn't even relate to the NH!.  I think all you can
do is speculate that the reason for the difference between the two series
may be related to low v higher latitude differences but we have a long
way to go to demonstrate that.
Hope this helps...but I think your commentary must not be seen as a knee
jerk reaction to something that disagrees with MBH.  they clearly stated it
was a NH extra-tropical record. If others read something more into that,
you can't blame the authors.  But you can legitimately question some
technical aspects, like the RCS...that said, I think it's unlikely to be
published by Science.
ray

Raymond S. Bradley
Distinguished Professor and Head of Department
Department of Geosciences
University of Massachusetts
Amherst, MA 01003-5820

Tel: 
Fax: 
Climate System Research Center: 
Climate System Research Center Web Page:
<http://www.geo.umass.edu/climate/climate.html>
Paleoclimatology Book Web Site (1999):
http://www.geo.umass.edu/climate/paleo/html

_______________________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu
Cc: mann@virginia.edu
Subject: revised comment
Date: Sunday, March 31, 2002 8:36:59 PM
Attachments: MannHughes.doc

Hi Malcolm,

Attached is a further revised version. I've tried to take some of Ray's points into
account, and I've sought to shorten as much as possible. Its now in the range (<700
words) where I think it's got a better chance of publication. We can't lengthen, but
might be difficult to shorten much w/out loosing the message. 

I'll look forward to hearing back from tomorrow morning. Hopefully, we can send this
off tomorrow afternoon.

Certain groups (e.g. NRDC) have already indicted an interest in seeing our response
to Esper et al, so they can counter the skeptics, who are having a field day w/ Esper
et al.

If Science decides against it, there are others who will help us get this circulated
anyways,

Mike

_______________________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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The recent article by Esper et al (1) addresses important scientific questions involving  the spatial scale of past climate 
periods such as the so-called "Little Ice Age" and "Medieval Warm Period".  It also presents a valuable set of data and 
demonstrates a novel use of a promising technique. Unfortunately, it is open to misinterpretation as supposedly 
contradicting (2)  previous studies of Northern Hemisphere temperature trends over the past millennium (3-5) and the 
previously established conclusion (6) that late 20th century warming  appears to be unprecedented over at least the past 
millennium.  
 
Esper et al, like previous studies (3-5) come to the conclusion that peak 'medieval' warmth approximately one thousand 
years ago was comparable to that of the mid 20th century. However, unlike these previous studies, Esper et al did not 
compare the peak medieval warmth against that of the past few decades, wherein hemispheric temperatures have risen 
several tenths of a degree C further above mid 20th century levels.  Their study  is thus in no way a refutation of the 
basic finding (6) that  late 20th century warmth is anomalous in the context of at least the past millennium. 
 
The Esper et al reconstruction exhibits greater century-scale variability than the hemispheric reconstruction of  e.g. 
Mann et al (4), with the greatest differences seen in the level of cooling during the so-called 'Little Ice Age' (17th-19th 
centuries). Some of these differences are likely real.  Esper et al estimate extratropical (and primarily, warm-season) 
temperature changes, using an entirely extratropical (and, by its nature, terrestrial) tree-ring data set.  The Mann et al 
reconstruction, in contrast, estimates temperature trends over the full Northern Hemisphere, using both extratropical 
(tree ring, ice core, and historical) and tropical (coral, tree ring, and high-elevation ice core) proxy data, and targeting 
the full Northern Hemisphere  temperature. Half of the surface area of the Northern Hemisphere temperature record 
estimated by Mann et al  lies at latitudes below 30N, while the Esper et al estimate is based entirely on latitudes above 
30N.  Tropical surface temperatures are typically less variable than extratropical continental surface temperatures on 
almost all timescales, and mounting evidence suggests that the Little Ice Age is likely no different in this regard.  
Hendy et al  (7) have shown, for example,  that there is little if any cooling in a substantial region of  the tropical 
Pacific during the "Little Ice Age", and argue that the main signature of the Little Ice Age is an increase in the poleward 
temperature gradient. Such inferences are consistent with recently demonstrated dynamical mechanisms for enhanced 
extratropical continental cooling in the Little Ice Age (8). More moderate temperature variations at the scale of the full 
Northern hemisphere (3-5) are consistent with model (6) simulations. 
 
Some of the  differences between the two records likely represent an artifact of the regional curve standardization 
(RCS) technique used by Esper et al to remove non-climatic trend from tree-ring records. Esper et al themselves point 
out that “Successful use of the RCS method generally requires a large number of ring-width series because the method 
of detrending is not based on any explicit curve-fitting to the individual series…..”. Large numbers of samples were 
used in their study, but not for the period around and before AD 1000. Figure 2 of their “Supplementary materials” 
indicates that only 6 of the total of 14 sites covers this period, and that the total number of samples used for any one 
year is between 50 and 70. In fact, as it is the normal practice of dendrochronologists to take two samples per tree, this 
probably means that their estimate of extratropical Northern Hemisphere temperature is based on only between 25 and 
35 trees at six locations. This is a perilous basis for an estimate of  temperature on such a large geographic scale. 
 
Rather than indicating inconsistency with past temperature estimates, the Esper et al record underscores the mounting 
evidence for substantial differences between tropical and extratropical temperature trends in past centuries, and also 
underscores the need for a better understanding of novel but preliminary new techniques for interpreting climatic 
information from tree ring data alone. 
 
Michael E. Mann, Department of Environmental Sciences, University of Virginia 
Malcolm K. Hughes, Laboratory of Tree-Ring Research, University of Arizona 
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From: Malcolm Hughes
To: mann@virginia.edu
Subject: revised again
Date: Monday, April 01, 2002 11:50:58 AM

Dear Mike - please find attached the version
as modified by me. I have tried to tidy up a
few minor redundancies, and somewhat
modified the first paragraph to move it even
further away from the "response to phantom
critics" problem. I have made further changes
to the "RCS" paragraph, focussing especially
strongly on the replication problem in the
early part of their series, and quoting Ed and
Keith back at themselves on the limitations of
RCS, but not getting into any details. The
reason for focussing on the replication at the
beginning of their reconstruction, rather than
any other aspect of RCS is that this is a) the
weakest point of the their analysis and b) it's
point being picked on by those happy to
invalidate MBH 99, as seen even this morning
in the letters column of our local paper. We're
well 700 words on the text. Cheers, Malcolm

Attachments:
  D:\Projects\Bradley and Mann\controversy\espersupp1\malcolmmonday.doc

ABOR/MH/Priv-005410



From: Michael E. Mann
To: Malcolm Hughes
Cc: Scott Rutherford; rbradley@geo.umass.edu; mann@virginia.edu
Subject: Re: revised again
Date: Monday, April 01, 2002 12:19:48 PM
Attachments: MannHughes-final.doc

Hi Malcolm,

This looks great. I'd like to submit it as is now. I'll await final word
(drop me an email or phone call ASAP)  from you before submitting.

Thanks again for working w/ me on this. I think it is important to have
something in the scientific literature that clarifies these points, in
addition to the opportunities we were provided in the media (NYT and NPR).

Meanwhile, Scott is preparing some plots which I'll show at our EGS talk (
and which we can show in our paper that Scott is working on the comparison
of the multiproxy and MXD data), which clarifies the scaling issue in
comparing the Esper et al reconstructions w/ ours,

Mike

At 11:50 AM 4/1/02 -0700, you wrote:
>Dear Mike - please find attached the version
>as modified by me. I have tried to tidy up a
>few minor redundancies, and somewhat
>modified the first paragraph to move it even
>further away from the "response to phantom
>critics" problem. I have made further changes
>to the "RCS" paragraph, focussing especially
>strongly on the replication problem in the
>early part of their series, and quoting Ed and
>Keith back at themselves on the limitations of
>RCS, but not getting into any details. The
>reason for focussing on the replication at the
>beginning of their reconstruction, rather than
>any other aspect of RCS is that this is a) the
>weakest point of the their analysis and b) it's
>point being picked on by those happy to
>invalidate MBH 99, as seen even this morning
>in the letters column of our local paper. We're
>well 700 words on the text. Cheers,
>MalcolmMalcolm Hughes
>Professor of Dendrochronology
>Laboratory of Tree-Ring Research
>University of Arizona
>Tucson, AZ 85721
>520-621-6470
>fax 520-621-8229

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
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The recent article by Esper et al (1) addresses important scientific questions on the spatial scale of past climate periods 
such as the so-called "Little Ice Age" and "Medieval Warm Period".  It also presents a valuable set of data and 
demonstrates a novel use of a promising technique. As already indicated (2) the basis used for comparison with 
previous studies of Northern Hemisphere temperature trends over the past millennium (3-5) is flawed. For this and 
other important reasons, the previously established conclusion (6) that late 20th century warming  appears to be 
unprecedented over at least the past millennium still stands.  
 
Esper et al, like previous studies (3-5) conclude that peak warmth approximately one thousand years ago was 
comparable to that of the mid 20th century. However, unlike these previous studies they did not compare the peak 
medieval warmth against that of the past few decades, wherein hemispheric temperatures have risen several tenths of a 
degree C further above mid 20th century levels.  Their study is thus not a refutation of the basic finding (6) that  late 
20th century warmth is anomalous in the context of at least the past millennium. 
 
The Esper et al reconstruction exhibits greater century-scale variability than the hemispheric reconstruction of  e.g. 
Mann et al (4), with the greatest differences seen in the level of cooling during the so-called 'Little Ice Age' (17th-19th 
centuries). As they indicate, some of these differences may have a geographic basis.  Esper et al estimate extratropical 
(and primarily, warm-season) temperature changes, using an entirely extratropical tree-ring data set.  The Mann et al 
reconstruction, in contrast, estimates temperature trends over the full Northern Hemisphere, using both extratropical 
(tree ring, ice core, and historical) and tropical (coral, tree ring, and high-elevation ice core) proxy data, and targeting 
the full Northern Hemisphere  temperature. Half of the surface area of the Northern Hemisphere temperature record 
estimated by Mann et al  lies at latitudes below 30N, while the Esper et al estimate is based entirely on latitudes above 
30N.  Tropical surface temperatures are typically less variable than extratropical continental surface temperatures on 
almost all timescales.  Hendy et al  (7) have shown, for example,  that there is little if any cooling in a substantial 
region of  the tropical Pacific during the "Little Ice Age", and argue that the main signature of the Little Ice Age is an 
increase in the poleward temperature gradient. Such inferences are consistent with recently demonstrated dynamical 
mechanisms for enhanced extratropical continental cooling in the Little Ice Age (8). More moderate temperature 
variations at the scale of the full Northern hemisphere (3-5) are consistent with model (6) simulations. 
 
Esper et al  use  the regional curve standardization (RCS) technique in their estimation of  temperatures between AD 
800 and 1100 in spite of  the cautions of Cook et al (9) and their own injunction that “Successful use of the RCS 
method generally requires a large number of ring-width series because the method of detrending is not based on any 
explicit curve-fitting to the individual series…….”. Large numbers of samples were used in their study, but not for the 
period around AD 1000. Figure 2 of their “Supplementary materials” shows that only 6 of the total of 14 sites covers 
this period, and that the total number of samples used for any one year is between 50 and 70. Dendrochronologists 
usually take two samples per tree, so their estimate of extratropical Northern Hemisphere temperature is probably based 
on 25 to 35 trees spread across six locations. This is a perilous basis for an estimate of temperature on such a large 
geographic scale. 
 
Rather than refuting past temperature estimates, the Esper et al record underscores the mounting evidence for 
substantial differences between tropical and extratropical temperature trends in past centuries, the need for more 
records of millennial length, and for a better understanding of the situations under which multicentennial climatic 
information may be extracted from tree ring data. 
 
Michael E. Mann, Department of Environmental Sciences, University of Virginia 
Malcolm K. Hughes, Laboratory of Tree-Ring Research, University of Arizona 
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From: Michael E. Mann
To: bhanson@aaas.org
Cc: mhughes@ltrr.arizona.edu; mann@virginia.edu
Subject: Letter to Editor
Date: Monday, April 01, 2002 12:49:25 PM
Attachments: MannHughes-final.doc

Dear Brooks,

We wanted to specifically bring to your attention a letter to the editor that Malcolm
Hughes and I have submitted to Science. We believe that it is tremendously
important  to clarify several misconceptions that have been created by the publication
of the Esper et al paper several weeks ago in Science, for which we feel several
substantial flaws escaped correction during the peer review process. We have sought 
clarification of the underlying scientific issues in the context of the attached letter.
We have also submitted this letter  formally through the Science website (reference
number 17591).

Please let me know if I can provide any information that would be useful.

Best Regards,

Mike Mann

_______________________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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The recent article by Esper et al (1) addresses important scientific questions on the spatial scale of past climate periods 
such as the so-called "Little Ice Age" and "Medieval Warm Period".  It also presents a valuable set of data and 
demonstrates a novel use of a promising technique. As already indicated (2) the basis used for comparison with 
previous studies of Northern Hemisphere temperature trends over the past millennium (3-5) is flawed. For this and 
other important reasons, the previously established conclusion (6) that late 20th century warming  appears to be 
unprecedented over at least the past millennium still stands.  
 
Esper et al, like previous studies (3-5) conclude that peak warmth approximately one thousand years ago was 
comparable to that of the mid 20th century. However, unlike these previous studies they did not compare the peak 
medieval warmth against that of the past few decades, wherein hemispheric temperatures have risen several tenths of a 
degree C further above mid 20th century levels.  Their study is thus not a refutation of the basic finding (6) that  late 
20th century warmth is anomalous in the context of at least the past millennium. 
 
The Esper et al reconstruction exhibits greater century-scale variability than the hemispheric reconstruction of  e.g. 
Mann et al (4), with the greatest differences seen in the level of cooling during the so-called 'Little Ice Age' (17th-19th 
centuries). As they indicate, some of these differences may have a geographic basis.  Esper et al estimate extratropical 
(and primarily, warm-season) temperature changes, using an entirely extratropical tree-ring data set.  The Mann et al 
reconstruction, in contrast, estimates temperature trends over the full Northern Hemisphere, using both extratropical 
(tree ring, ice core, and historical) and tropical (coral, tree ring, and high-elevation ice core) proxy data, and targeting 
the full Northern Hemisphere  temperature. Half of the surface area of the Northern Hemisphere temperature record 
estimated by Mann et al  lies at latitudes below 30N, while the Esper et al estimate is based entirely on latitudes above 
30N.  Tropical surface temperatures are typically less variable than extratropical continental surface temperatures on 
almost all timescales.  Hendy et al  (7) have shown, for example,  that there is little if any cooling in a substantial 
region of  the tropical Pacific during the "Little Ice Age", and argue that the main signature of the Little Ice Age is an 
increase in the poleward temperature gradient. Such inferences are consistent with recently demonstrated dynamical 
mechanisms for enhanced extratropical continental cooling in the Little Ice Age (8). More moderate temperature 
variations at the scale of the full Northern hemisphere (3-5) are consistent with model (6) simulations. 
 
Esper et al  use  the regional curve standardization (RCS) technique in their estimation of  temperatures between AD 
800 and 1100 in spite of  the cautions of Cook et al (9) and their own injunction that “Successful use of the RCS 
method generally requires a large number of ring-width series because the method of detrending is not based on any 
explicit curve-fitting to the individual series…….”. Large numbers of samples were used in their study, but not for the 
period around AD 1000. Figure 2 of their “Supplementary materials” shows that only 6 of the total of 14 sites covers 
this period, and that the total number of samples used for any one year is between 50 and 70. Dendrochronologists 
usually take two samples per tree, so their estimate of extratropical Northern Hemisphere temperature is probably based 
on 25 to 35 trees spread across six locations. This is a perilous basis for an estimate of temperature on such a large 
geographic scale. 
 
Rather than refuting past temperature estimates, the Esper et al record underscores the mounting evidence for 
substantial differences between tropical and extratropical temperature trends in past centuries, the need for more 
records of millennial length, and for a better understanding of the situations under which multicentennial climatic 
information may be extracted from tree ring data. 
 
Michael E. Mann, Department of Environmental Sciences, University of Virginia 
Malcolm K. Hughes, Laboratory of Tree-Ring Research, University of Arizona 
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From: Michael E. Mann
To: Verardo, David J.
Cc: "Michael E. Mann"; "mhughes@ltrr.arizona.edu"
Subject: RE: Letter to Editor
Date: Monday, April 01, 2002 1:15:36 PM

Thanks a bunch Dave,

It feels good to get that kind of feedback, even if Science doesn't go with it.

Will keep you posted of what happens with this,

Mike

p.s. in case you're interested, I did an interview w/ NPR last Friday on this. I *think* (at
least, I hope!) it came  accross similarly well...

The interview can be downloaded here:
http://www.npr.org/ramfiles/totn/20020329.totn.ram
or go to
http://www.npr.org
and go to "Talk of the Nation"...

At 03:10 PM 4/1/02 -0500, Verardo, David J. wrote:

Positive beginning, substantive middle section that points out scientific
differences, and a strong finish supporting the need for careful examination
of paleo records. Nicely done!  

David J. Verardo
Director, Paleoclimate Program
National Science Foundation
GEO/ATM Room 775
4201 Wilson Boulevard
Arlington, VA  22230
tel: 
fax: 
email: dverardo@nsf.gov

> -----Original Message-----
> From: Michael E. Mann [SMTP:mann@virginia.edu]
> Sent: Monday, April 01, 2002 2:53 PM
> To:   bhanson@aaas.org
> Cc:   mhughes@ltrr.arizona.edu; mann@virginia.edu
> Subject:      Letter to Editor
> 
> Dear Brooks,
> 
> We wanted to specifically bring to your attention a letter to the editor
> that Malcolm Hughes and I have submitted to Science. We believe that it is
> tremendously important  to clarify several misconceptions that have been
> created by the publication of the Esper et al paper several weeks ago in
> Science, for which we feel several substantial flaws escaped correction
> during the peer review process. We have sought  clarification of the
> underlying scientific issues in the context of the attached letter. We
> have also submitted this letter  formally through the Science website
> (reference number 17591).
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> 
> Please let me know if I can provide any information that would be useful.
> 
> Best Regards,
> 
> Mike Mann
> 
> 
>
_______________________________________________________________________

>                     Professor Michael E. Mann
>            Department of Environmental Sciences, Clark Hall
>                       University of Virginia
>                      Charlottesville, VA 22903
>
_______________________________________________________________________

> e-mail: mann@virginia.edu   Phone:    FAX: 
>  
>
<http://www.evsc.virginia.edu/faculty/people/mann.shtml>://www.evsc.virgin
> ia.edu/faculty/people/mann. shtml
> <http://www.evsc.virginia.edu/faculty/people/mann.shtml>               <<
> File: MannHughes-final.doc >>

_______________________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: Scott Rutherford
Cc: Mike Mann; Malcolm Hughes; rbradley@geo.umass.edu
Subject: Re: esper figures
Date: Wednesday, April 03, 2002 11:56:52 AM
Attachments: esper-scaledcompare1980.jpg

Dear All,

For reference, the Esper et al record scaled to the instrumental annual
mean full northern hemisphere temperature 1856-1990, along w/ full
instrumental series, MBH99 and its uncertainties. There are some real
differences (as discussed in the Mann/Hughes piece), but they are far more
modest than would be implied by the comparisons shown in Esper et al,

mike

At 09:33 AM 4/3/02 -0500, Scott Rutherford wrote:
>MIke,
>
>jpg and eps figures attached.
>
>-Scott
>
>
>--
>______________________________________________
>                       Scott Rutherford
>
>University of Virginia          University of Rhode Island
>Environmental Sciences          Graduate School of Oceanography
>Clark Hall                      South Ferry Road
>Charlottesville, VA 22903               Narragansett, RI 02882
>srutherford@virginia.edu                srutherford@gso.uri.edu
>phone:            
>
>

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: jto@u.arizona.edu
Cc: mann@virginia.edu; mhughes@ltrr.arizona.edu
Subject: stuff
Date: Tuesday, April 09, 2002 9:47:00 AM
Attachments: MannHughes-final.doc

esper-scaledcompare1980.jpg

HI Peck,

I hope all is well, and that parenthood is treating you and Julie well.

I read a press release of yours this morning (actually, I found it through Steve
Milloy's "Junkscience" website which I check regularly to monitor his attacks against
me, Phil Jones, you, and anyone else he can slander). In any case, sounds
interesting....

Don't know the details, but I suspect this has something to do w/ the sensitivity
issue we've been talking about for some time. In that regard, I wanted to make sure
that you had our comment clarifying Esper et al (Malcolm and me, to appear in
Science we hope), and I've attached a plot which shows Epser et al when scaled
against the raw Jones annual N. Hem series, 1856-1990 (and during the 20th
century) which further clarifies these issues. The point of the latter figure is that
there are real differences, but they are not as dramatic as implied by the plots in
Esper et al and Briffa/Osborn commentary, and basically indicated where the
assumption that the extratropics scale as the full northern hemisphere (as they
roughly do during the 20th century) breaks down. Our argument would be that the
enhanced extratropical cooling evident at certain times (as shown in the plot) is
consistent w/ the mechanisms e.g. of Shindell et al.

I hope that helps, and let me know if I can provide any further clarification. This
issue will be coming up a lot for some time I believe,

mike

p.s. Needless to say, the Science letter should be kept in confidence while we await
word from them.

p.s. #2 the borehole re-analysis paper is presently in revision in GRL. We hope it will
be out in the not too distant future...

_______________________________________________________________________

                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.shtml
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The recent article by Esper et al (1) addresses important scientific questions on the spatial scale of past climate periods 
such as the so-called "Little Ice Age" and "Medieval Warm Period".  It also presents a valuable set of data and 
demonstrates a novel use of a promising technique. As already indicated (2) the basis used for comparison with 
previous studies of Northern Hemisphere temperature trends over the past millennium (3-5) is flawed. For this and 
other important reasons, the previously established conclusion (6) that late 20th century warming  appears to be 
unprecedented over at least the past millennium still stands.  
 
Esper et al, like previous studies (3-5) conclude that peak warmth approximately one thousand years ago was 
comparable to that of the mid 20th century. However, unlike these previous studies they did not compare the peak 
medieval warmth against that of the past few decades, wherein hemispheric temperatures have risen several tenths of a 
degree C further above mid 20th century levels.  Their study is thus not a refutation of the basic finding (6) that  late 
20th century warmth is anomalous in the context of at least the past millennium. 
 
The Esper et al reconstruction exhibits greater century-scale variability than the hemispheric reconstruction of  e.g. 
Mann et al (4), with the greatest differences seen in the level of cooling during the so-called 'Little Ice Age' (17th-19th 
centuries). As they indicate, some of these differences may have a geographic basis.  Esper et al estimate extratropical 
(and primarily, warm-season) temperature changes, using an entirely extratropical tree-ring data set.  The Mann et al 
reconstruction, in contrast, estimates temperature trends over the full Northern Hemisphere, using both extratropical 
(tree ring, ice core, and historical) and tropical (coral, tree ring, and high-elevation ice core) proxy data, and targeting 
the full Northern Hemisphere  temperature. Half of the surface area of the Northern Hemisphere temperature record 
estimated by Mann et al  lies at latitudes below 30N, while the Esper et al estimate is based entirely on latitudes above 
30N.  Tropical surface temperatures are typically less variable than extratropical continental surface temperatures on 
almost all timescales.  Hendy et al  (7) have shown, for example,  that there is little if any cooling in a substantial 
region of  the tropical Pacific during the "Little Ice Age", and argue that the main signature of the Little Ice Age is an 
increase in the poleward temperature gradient. Such inferences are consistent with recently demonstrated dynamical 
mechanisms for enhanced extratropical continental cooling in the Little Ice Age (8). More moderate temperature 
variations at the scale of the full Northern hemisphere (3-5) are consistent with model (6) simulations. 
 
Esper et al  use  the regional curve standardization (RCS) technique in their estimation of  temperatures between AD 
800 and 1100 in spite of  the cautions of Cook et al (9) and their own injunction that “Successful use of the RCS 
method generally requires a large number of ring-width series because the method of detrending is not based on any 
explicit curve-fitting to the individual series…….”. Large numbers of samples were used in their study, but not for the 
period around AD 1000. Figure 2 of their “Supplementary materials” shows that only 6 of the total of 14 sites covers 
this period, and that the total number of samples used for any one year is between 50 and 70. Dendrochronologists 
usually take two samples per tree, so their estimate of extratropical Northern Hemisphere temperature is probably based 
on 25 to 35 trees spread across six locations. This is a perilous basis for an estimate of temperature on such a large 
geographic scale. 
 
Rather than refuting past temperature estimates, the Esper et al record underscores the mounting evidence for 
substantial differences between tropical and extratropical temperature trends in past centuries, the need for more 
records of millennial length, and for a better understanding of the situations under which multicentennial climatic 
information may be extracted from tree ring data. 
 
Michael E. Mann, Department of Environmental Sciences, University of Virginia 
Malcolm K. Hughes, Laboratory of Tree-Ring Research, University of Arizona 
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu
Cc: Scott Rutherford
Subject: Fwd: Re: Esper et al series
Date: Wednesday, April 10, 2002 10:43:54 AM

Hi Malcolm,

So which data do we already have anyways?

mike

>Date: Wed, 10 Apr 2002 13:27:58 -0400
>To: "Michael E. Mann" <mann@multiproxy.evsc.virginia.edu>
>From: Edward Cook <drdendro@ldeo.columbia.edu>
>Subject: Re: Esper et al series
>
>Hi Mike,
>
>I certainly have no problem in giving you the series that I have control
>over, which isn't much honestly. Most of the raw ring-width measurements
>were obtained from Fritz Schweingruber by Jan Esper. I suppose that it
>would be best if you asked Jan for the individual site mean chronologies,
>allowing for the fact that Jan did a lot of RCS work on the individual
>site ring-width series before creating the site chronologies. I honestly
>don't know if he is around just now. I know that he is going over to do
>some sampling in Morocco relatively soon. However, if you are not in a
>huge rush to get the series, it should be possible. Alternatively, you
>could ask Fritz Schweingruber for the complete raw data files and have a
>go at them youself. The one data set that neither Jan nor I have any
>control over is Gordon's Mongolia data. I honestly doubt that he will be
>in any hurry to offer those data up until maybe next year sometime. That
>is all I can say on that. I don't know how much help I have been here.
>Data sharing can be a thorny issue for lots of reasons.
>
>Ed
>
>>Ed,
>>
>>Would it be possible to get from you the 14 series used by Esper et al to
>>include in our next series of reconstructions that Scott is performing. I
>>assume that they are available now that the paper is published?
>>
>>Thanks in advance,
>>
>>mike
>>
>>
>>_______________________________________________________________________
>>                      Professor Michael E. Mann
>>           Department of Environmental Sciences, Clark Hall
>>                       University of Virginia
>>                      Charlottesville, VA 22903
>>_______________________________________________________________________
>>e-mail: mann@virginia.edu   Phone:    FAX: 
>>        http://www.evsc.virginia.edu/faculty/people/mann.shtml
>
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>
>--
>=================================
>Dr. Edward R. Cook
>Doherty Senior Scholar
>Tree-Ring Laboratory
>Lamont-Doherty Earth Observatory
>Palisades, New York  10964  USA
>Phone: 1-
>Fax:   1-
>Email: drdendro@ldeo.columbia.edu
>=================================

_______________________________________________________________________
                      Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Edward Cook
Cc: Scott Rutherford; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; mann@virginia.edu
Subject: Re: Esper et al series
Date: Wednesday, April 10, 2002 10:59:41 AM

Hi Ed,

Well, I think we have a lot of the data already  (Malcolm?). The
distinction, I think, is between your RCS versions (which, based on your
message, I assume Esper prepared), and the versions of these data presently
in the public domain.

By cc of this to Scott, I'm requesting that he get in touch w/ Esper to see
above getting these. We would like to include them in our reconstructions
if possible, to see if and how they change our results.

cheers,

Mike

At 01:27 PM 4/10/02 -0400, you wrote:
>Hi Mike,
>
>I certainly have no problem in giving you the series that I have control
>over, which isn't much honestly. Most of the raw ring-width measurements
>were obtained from Fritz Schweingruber by Jan Esper. I suppose that it
>would be best if you asked Jan for the individual site mean chronologies,
>allowing for the fact that Jan did a lot of RCS work on the individual
>site ring-width series before creating the site chronologies. I honestly
>don't know if he is around just now. I know that he is going over to do
>some sampling in Morocco relatively soon. However, if you are not in a
>huge rush to get the series, it should be possible. Alternatively, you
>could ask Fritz Schweingruber for the complete raw data files and have a
>go at them youself. The one data set that neither Jan nor I have any
>control over is Gordon's Mongolia data. I honestly doubt that he will be
>in any hurry to offer those data up until maybe next year sometime. That
>is all I can say on that. I don't know how much help I have been here.
>Data sharing can be a thorny issue for lots of reasons.
>
>Ed
>
>>Ed,
>>
>>Would it be possible to get from you the 14 series used by Esper et al to
>>include in our next series of reconstructions that Scott is performing. I
>>assume that they are available now that the paper is published?
>>
>>Thanks in advance,
>>
>>mike
>>
>>
>>_______________________________________________________________________
>>                      Professor Michael E. Mann
>>           Department of Environmental Sciences, Clark Hall
>>                       University of Virginia
>>                      Charlottesville, VA 22903
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>>_______________________________________________________________________
>>e-mail: mann@virginia.edu   Phone:    FAX: 
>>        http://www.evsc.virginia.edu/faculty/people/mann.shtml
>
>
>--
>=================================
>Dr. Edward R. Cook
>Doherty Senior Scholar
>Tree-Ring Laboratory
>Lamont-Doherty Earth Observatory
>Palisades, New York  10964  USA
>Phone: 1-
>Fax:   1-
>Email: drdendro@ldeo.columbia.edu
>=================================

_______________________________________________________________________
                      Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Edward Cook; Malcolm Hughes
Cc: esper@wsl.ch; k.briffa@uea.ac.uk; t.osborn@uea.ac.uk; p.jones@uea.ac.uk; tcrowley@duke.edu;

rbradley@geo.umass.edu; jto@u.arizona.edu; srutherford@virginia.edu; mann@virginia.edu
Subject: Re: Your letter to Science
Date: Thursday, April 11, 2002 8:35:15 AM
Attachments: esper-scaledcompare1980.jpg

Ed, 

It will take some time to digest these comments, but my initial response is one of
some disappointment. I will resist the temptation to make the letter to Science
available to the others on this list, because of my fears of violating the embargo
policy (I know examples of where doing so has led to Science retracting a piece form
publication). So thanks for also resisting the temptation to do so...

But I must point out that the piece by Malcolm and me is  very similar in its content
to the letter of clarification that you and I originally crafted to send to Science some
weeks ago, before your co-author objected to your involvement!  If there is no
objection on your part, I'd be happy to send that to everyone, because it is not
under consideration in Science (a quite unfortunate development, as far as I'm
concerned). The only real change from that version is the discussion of the use of
RCS. That is in large part Malcolm's contribution, but I stand behind what Malcolm
says. I think there are some real sins of omission with regard to the use of RCS too,
and it would be an oversight on our part now to comment on these.

Finally, with regard to the scaling issues, let me simply attach a plot which speaks
more loudly than several pages possibly could The plot takes Epser et al (not
smoothed, but the annual values) and scales it against the full Northern Hemisphere
instrumental record 1856-1990 annual mean record, and compares against the entire
20th century instrumental record (1856-1999), as well as with MBH99 and its
uncertainties. 

Suppose that Esper et al is indeed representative of the full Northern Hemisphere
annual mean, as MBH99 purports to be. To the extent that differences emerge
between the two in assuming such a scaling, I interpret them as differences which
exist due to the fact that the extratropical Northern Hemisphere series and full
Northern Hemisphere series likely did not co-vary in the past the same way they co-
vary in the 20th century (when both are driven predominantly, in a relative sense, by 
anthropogenic forcing, rather than natural forcing and internal variability). What the
plot shows is quite remarkable. Scaled in this way, there is remarkably little
difference between Esper et al and MBH99 in the first place (the two reconstructions
are largely within the error estimates of MBH99!)!, but moreover, where they do
differ, this could be explainable in terms of patterns of enhanced mid-latitude
continental response that were discussed, for example, in Shindell et al (2001) in
Science last December. So I think this plot says a lot. Its say that there are some
statistically significant differences, but certainly no grounds to use Esper et al to
contradict MBH99 or IPCC '2001 as, sadly, I believe at least one of the published
pieces tacitly appears to want to do.

It is shame that such a plot, which I think is a far more meaningful comparison of
the two records, was not shown in either Esper et al or the Briffa & Osborn
commentary. I've always given the group of you adequate opportunity for
commentary on anything we're about to publish in Nature or Science. I am saddened
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that many of my colleagues (and, I have always liked to think friends) didn't affort
me the same opportunity before this all erupted in our face. It could have been easily
avoided. But that's water under the bridge.

Finally, before any more back-and-forths on this, I want to make sure that everyone
involved understands that none of this was in any way ever meant to be personal, at
least not on my part (and if it ever has, at least on my part, seemed that way, than I
offer my apologies--it was never intended that way). This is completely about the
"science". To the extent that I (and/or others) feel that the science has been mis-
represented in places, however, I personally will work very hard to make sure that a
more balanced view is available to the community. Especially because the
implications are so great in this case. This is what I sought to do w/ the NYT piece
and my NPR interview, and that is what I've sought to do (and Malcolm to, as far as
I'm concerned) with the letter to Science.  Being a bit sloppy w/ wording, and
omission, etc. is something we're all guilty of at times. But I do consider it somewhat
unforgivable when it is obvious how that sloppiness can be exploited. And you all
know exactly what I'm talking about!

So, in short, I think are some fundamental issues over which we're in disagreement,
and where those exist, I will not shy away from pointing them out. But I hope that is
not mis-interpreted as in any way personal.

I hope that suffices,

Mike

p.s. It seemed like an omission to not cc in Peck and Scott Rutherford on this
exchange, so I've done that. I hope nobody minds this addition...
At 10:57 AM 4/11/02 -0400, Edward Cook wrote:

Hi Mike and Malcolm,

I have received the letter that you sent to Science and
will respond to it here first in some detail and later in
edited and condensed form in Science.  Since much of
what you comment and criticize on has been
disseminated to a number of people in your (Mike's)
somewhat inflammatory earlier emails, I am also
sending this lengthy reply out to everyone on that
same email list, save those at Science.  I hadn't
responded in detail before, but do so now because your
criticisms will soon be in the public domain. 
However, I am not attaching your letter to Science to
this email since that is not yet in the public domain.  It
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is up to you to send out your submitted letter to
everyone if you wish.

I must say at the beginning that some parts of your
letter to Science are as "flawed" as your claims about
Esper et al. (hereafter ECS). The Briffa/Osborn
perspectives piece points out an important scaling
issue that indeed needs further examination. However,
to claim as you do that they show that the ECS 40-year
low-pass temperature reconstruction is "flawed" begs
the question:  "flawed" by how much? It is not at all
clear that scaling the annually resolved RCS
chronology to annually resolved instrumental
temperatures first before smoothing is the correct way
to do it. The ECS series was never created to examine
annual, or even decadal, time-scale temperature
variability.  Rather, as was clearly indicated in the
paper, it was created to show how one can preserve
multi-centennial climate variability in certain long
tree-ring records, as a refutation of Broecker's truly
"flawed" essay.  As ECS showed in their paper (Table
1), the high-frequency correlations with NH mean
annual temperatures after 20-year high-pass filtering is
only 0.15. That result was expected and it makes no
meaningful difference if one uses only extra-tropical
NH temperature data.  So, while the amplitude of the
temperature-scaled 40-year low-pass ECS series might
be on the high end (but still plausible given the
gridded borehole temperature record shown in
Briffa/Osborn), scaling on the annually resolved data
first would probably have the opposite effect of
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excessively reducing the amplitude.  I am willing to
accept an intermediate value, but probably not low
enough to satisfy you.  Really, the more important
result from ECS is the enhanced pattern of multi-
centennial variability in the NH extra-tropics over the
past 1100 years.  We can argue about the amplitude
later, but the enhanced multi-centennial variability can
not be easily dismissed.  I should also point out, again,
that you saw Fig. 3 in ECS BEFORE it was even
submitted to Science and never pointed out the
putative scaling "flaw" to me at that time.

With regards to the issue of the late 20th century
warming, the fact that I did not include some reference
to or plot of the up-to-date instrumental temperature
data (cf. Briffa/Osborn) is what I regard as a "sin of
omission".  What I said was that the estimated
temperatures during the MWP in ECS "approached"
those in the 20th century portion of that record up to
1990.  I don't consider the use of "approached" as an
egregious overstatement.  But I do agree with you that
I should have been a bit more careful in my wording
there. As you know, I have publicly stated that I never
intended to imply that the MWP was as warm as the
late 20th century (e.g., my New York Times
interview).  However, it is a bit of overkill to state
twice in the closing sentences of the first two
paragraphs of your letter that the ECS results do not
refute the unprecedented late 20th century warming.  I
would suggest that once is enough.
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ECS were also very clear about the extra-tropical
nature of their data.  So, what you say in your letter
about the reduced amplitude in your series coming
from the tropics, while perhaps worth pointing out
again, is beating a dead horse.  However, I must say
that the "sin of omission" in the Briffa/Osborn piece
concerning the series shown in their plot is a bit
worrying.  As they say in the data file of series used in
their plot (and in Keith's April 5 email response to
you), Briffa/Osborn only used your land temperature
estimates north of 20 degrees and recalibrated the
mean of those estimates to the same domain of land-
only instrumental temperatures using the same
calibration period for all of the other non-borehole
series in the same way.  I would have preferred it if
they had used your data north of 30N to make the
comparisons a bit more one-to-one.  However, I still
think that their results are interesting.  In particular,
they reproduce much of the reduced multi-centennial
temperature variability seen in your complete NH
reconstruction.  So, if the amplitude of scaled ECS
multi-centennial variability is far too high (as you
would apparently suggest), it appears that it is also too
low in your estimates for the NH extra-tropics north of
20N.  I think that we have to stop being so aggressive
in defending our series and try to understand the
strengths and weaknesses of each in order to improve
them.  That is the way that science is supposed to
work.

I must admit to being really irritated over the criticism
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of the ECS tree-ring data standardized using the RCS
method.  First of all, ECS acknowledged up front the
declining available data prior to 1200 and its possible
effect on interpreting an MWP in the mean record. 
ECS also showed bootstrap confidence intervals for
the mean of the RCS chronologies and showed where
the chronologies drop out. Even allowing for the
reduction in the number of represented sites before
1400 (ECS Fig. 2d), and the reduction in overall
sample size (ECS Fig. 2b), there is still some evidence
for significantly above average growth during two
intervals that can be plausibly assigned to the MWP.
Of course we would like to have had all 14 series
cover the past 1000-1200 years.  This doesn't mean
that we can't usefully examine the data in the more
weakly replicated intervals.  In any case, the
replication in the MWP of the ECS chronology is at
least as good as in other published tree-ring estimates
of large-scale temperatures (e.g., NH extra-tropical)
covering the past 1000+ years. It also includes more
long tree-ring records from the NH temperate latitudes
than ever before. So to state that "this is a perilous
basis for an estimate of temperature on such a large
geographic scale" is disingenuous, especially when it
is unclear how many millennia-long series are
contributing the majority of the temperature
information in the Mann/Bradley/Hughes (MBH)
reconstruction prior to AD 1400.  Let's be balanced
here.

I basically agree with the closing paragraph of your
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letter.  The ECS record was NEVER intended to refute
MBH.  It was intended, first and foremost, to refute
Broecker's essay in Science that unfairly attacked tree
rings.  To this extent, ECS succeeded very well.  The
comparison of ECS with MBH was a logical thing to
do given that it has been accepted by the IPCC as the
benchmark reconstruction of NH annual temperature
variability and change over the past millennium. 
Several other papers have made similar comparisons
between MBH and other even more geographically
restricted estimates of past temperature.  So, I don't
apologize in the slightest for doing so in ECS.  The
correlations in Table 2 between ECS and MBH were
primarily intended to demonstrate the probable large-
scale, low-frequency temperature signal in ECS
independent of explicitly calibrating the individual
RCS chronologies before aggregating them.  The
results should actually have pleased you because, for
the 20-200 year band, ECS and MBH have
correlations of 0.60 to 0.68, depending on the period
used.  Given that ECS is based on a great deal of new
data not used in MBH, this result validates to a
reasonable degree the temperature signal in MBH in
the 20-200 year band over the past 1000 years.

Given the incendiary and sometimes quite rude emails
that came out at the time when ECS and Briffa/Osborn
were published, I could also go into the whole
complaint about how the review process at Science
was "flawed".  I will only say that this is a very
dangerous game to get into and complaints of this kind
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can easily cut both ways.  I will submit an
appropriately edited and condensed version of this
reply to Science.

Regards,

Ed

-- 

=================================
Dr. Edward R. Cook
Doherty Senior Scholar
Tree-Ring Laboratory
Lamont-Doherty Earth Observatory
Palisades, New York  10964  USA
Phone: 1-
Fax:   1-
Email: drdendro@ldeo.columbia.edu
=================================

_______________________________________________________________________

                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Edward Cook
Cc: Michael E. Mann; Malcolm Hughes; esper@wsl.ch; k.briffa@uea.ac.uk; t.osborn@uea.ac.uk; p.jones@uea.ac.uk;

tcrowley@duke.edu; rbradley@geo.umass.edu; jto@u.arizona.edu; srutherford@virginia.edu
Subject: Re: Your letter to Science
Date: Thursday, April 11, 2002 9:34:55 AM

Hi Ed,

OK--thanks for your response. I'll let Malcolm respond to the technical issues regarding RC. I'm
not really qualified to do so myself anyway. Your other points are well taken...

Cheers,

Mike

At 12:09 PM 4/11/02 -0400, Edward Cook wrote:

Hi Mike,

Thanks for the reply. I too do not want to see anything personal in our
disagreements. It would be a shame if it got to that and it shouldn't. I don't think
that the science we are talking about is sufficiently known yet to claim the "truth",
which is why we are having some of our disagreements. I mainly wanted to clarify
some issues relating to some criticisms of the ECS results that I thought were not
totally fair. My biggest complaint is with Malcolm's contribution to your letter because
it really isn't fair to use such words as "perilous". ECS did not hide anything and
the uncertainties are clearly indicated in EGS Figs. 2 and 3. So, you can make your
own judgement. However, Malcolm's opinion does not invalidate the ECS record. If
Malcolm's statement is correct, than ALL previous estimates of NH temperature over
the past 1000 years are "perilous", especially before AD 1400 when the number of
series available declines significantly in most records.

Ed

Ed,

It will take some time to digest these comments, but my initial response
is one of some disappointment. I will resist the temptation to make the
letter to Science available to the others on this list, because of my fears of
violating the embargo policy (I know examples of where doing so has led
to Science retracting a piece form publication). So thanks for also resisting
the temptation to do so...

But I must point out that the piece by Malcolm and me is  very similar in
its content to the letter of clarification that you and I originally crafted to
send to Science some weeks ago, before your co-author objected to your
involvement!  If there is no objection on your part, I'd be happy to send
that to everyone, because it is not under consideration in Science (a quite
unfortunate development, as far as I'm concerned). The only real change
from that version is the discussion of the use of RCS. That is in large part
Malcolm's contribution, but I stand behind what Malcolm says. I think
there are some real sins of omission with regard to the use of RCS too,
and it would be an oversight on our part now to comment on these.

Finally, with regard to the scaling issues, let me simply attach a plot which
speaks more loudly than several pages possibly could The plot takes Epser
et al (not smoothed, but the annual values) and scales it against the full
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Northern Hemisphere instrumental record 1856-1990 annual mean record,
and compares against the entire 20th century instrumental record (1856-
1999), as well as with MBH99 and its uncertainties.

Suppose that Esper et al is indeed representative of the full Northern
Hemisphere annual mean, as MBH99 purports to be. To the extent that
differences emerge between the two in assuming such a scaling, I
interpret them as differences which exist due to the fact that the
extratropical Northern Hemisphere series and full Northern Hemisphere
series likely did not co-vary in the past the same way they co-vary in the
20th century (when both are driven predominantly, in a relative sense, by 
anthropogenic forcing, rather than natural forcing and internal variability).
What the plot shows is quite remarkable. Scaled in this way, there is
remarkably little difference between Esper et al and MBH99 in the first
place (the two reconstructions are largely within the error estimates of
MBH99!)!, but moreover, where they do differ, this could be explainable in
terms of patterns of enhanced mid-latitude continental response that were
discussed, for example, in Shindell et al (2001) in Science last December.
So I think this plot says a lot. Its say that there are some statistically
significant differences, but certainly no grounds to use Esper et al to
contradict MBH99 or IPCC '2001 as, sadly, I believe at least one of the
published pieces tacitly appears to want to do.

It is shame that such a plot, which I think is a far more meaningful
comparison of the two records, was not shown in either Esper et al or the
Briffa & Osborn commentary. I've always given the group of you adequate
opportunity for commentary on anything we're about to publish in Nature
or Science. I am saddened that many of my colleagues (and, I have
always liked to think friends) didn't affort me the same opportunity before
this all erupted in our face. It could have been easily avoided. But that's
water under the bridge.

Finally, before any more back-and-forths on this, I want to make sure
that everyone involved understands that none of this was in any way ever
meant to be personal, at least not on my part (and if it ever has, at least
on my part, seemed that way, than I offer my apologies--it was never
intended that way). This is completely about the "science". To the extent
that I (and/or others) feel that the science has been mis-represented in
places, however, I personally will work very hard to make sure that a
more balanced view is available to the community. Especially because the
implications are so great in this case. This is what I sought to do w/ the
NYT piece and my NPR interview, and that is what I've sought to do (and
Malcolm to, as far as I'm concerned) with the letter to Science.  Being a
bit sloppy w/ wording, and omission, etc. is something we're all guilty of
at times. But I do consider it somewhat unforgivable when it is obvious
how that sloppiness can be exploited. And you all know exactly what I'm
talking about!

So, in short, I think are some fundamental issues over which we're in
disagreement, and where those exist, I will not shy away from pointing
them out. But I hope that is not mis-interpreted as in any way personal.

I hope that suffices,

Mike

p.s. It seemed like an omission to not cc in Peck and Scott Rutherford on
this exchange, so I've done that. I hope nobody minds this addition...
At 10:57 AM 4/11/02 -0400, Edward Cook wrote:
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Hi Mike and Malcolm,

I have received the letter that you sent to
Science and will respond to it here first in
some detail and later in edited and condensed
form in Science.  Since much of what you
comment and criticize on has been
disseminated to a number of people in your
(Mike's) somewhat inflammatory earlier
emails, I am also sending this lengthy reply
out to everyone on that same email list, save
those at Science.  I hadn't responded in detail
before, but do so now because your criticisms
will soon be in the public domain.  However, I
am not attaching your letter to Science to this
email since that is not yet in the public
domain.  It is up to you to send out your
submitted letter to everyone if you wish.

I must say at the beginning that some parts of
your letter to Science are as "flawed" as your
claims about Esper et al. (hereafter ECS). The
Briffa/Osborn perspectives piece points out an
important scaling issue that indeed needs
further examination. However, to claim as you
do that they show that the ECS 40-year low-
pass temperature reconstruction is "flawed"
begs the question:  "flawed" by how much? It
is not at all clear that scaling the annually
resolved RCS chronology to annually resolved
instrumental temperatures first before
smoothing is the correct way to do it. The
ECS series was never created to examine
annual, or even decadal, time-scale
temperature variability.  Rather, as was clearly
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indicated in the paper, it was created to show
how one can preserve multi-centennial climate
variability in certain long tree-ring records, as
a refutation of Broecker's truly "flawed"
essay.  As ECS showed in their paper (Table
1), the high-frequency correlations with NH
mean annual temperatures after 20-year high-
pass filtering is only 0.15. That result was
expected and it makes no meaningful
difference if one uses only extra-tropical NH
temperature data.  So, while the amplitude of
the temperature-scaled 40-year low-pass ECS
series might be on the high end (but still
plausible given the gridded borehole
temperature record shown in Briffa/Osborn),
scaling on the annually resolved data first
would probably have the opposite effect of
excessively reducing the amplitude.  I am
willing to accept an intermediate value, but
probably not low enough to satisfy you. 
Really, the more important result from ECS is
the enhanced pattern of multi-centennial
variability in the NH extra-tropics over the
past 1100 years.  We can argue about the
amplitude later, but the enhanced multi-
centennial variability can not be easily
dismissed.  I should also point out, again, that
you saw Fig. 3 in ECS BEFORE it was even
submitted to Science and never pointed out the
putative scaling "flaw" to me at that time.

With regards to the issue of the late 20th
century warming, the fact that I did not
include some reference to or plot of the up-to-
date instrumental temperature data (cf.
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Briffa/Osborn) is what I regard as a "sin of
omission".  What I said was that the estimated
temperatures during the MWP in ECS
"approached" those in the 20th century portion
of that record up to 1990.  I don't consider the
use of "approached" as an egregious
overstatement.  But I do agree with you that I
should have been a bit more careful in my
wording there. As you know, I have publicly
stated that I never intended to imply that the
MWP was as warm as the late 20th century
(e.g., my New York Times interview). 
However, it is a bit of overkill to state twice in
the closing sentences of the first two
paragraphs of your letter that the ECS results
do not refute the unprecedented late 20th
century warming.  I would suggest that once is
enough.

ECS were also very clear about the extra-
tropical nature of their data.  So, what you say
in your letter about the reduced amplitude in
your series coming from the tropics, while
perhaps worth pointing out again, is beating a
dead horse.  However, I must say that the "sin
of omission" in the Briffa/Osborn piece
concerning the series shown in their plot is a
bit worrying.  As they say in the data file of
series used in their plot (and in Keith's April 5
email response to you), Briffa/Osborn only
used your land temperature estimates north of
20 degrees and recalibrated the mean of those
estimates to the same domain of land-only
instrumental temperatures using the same
calibration period for all of the other non-
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borehole series in the same way.  I would have
preferred it if they had used your data north of
30N to make the comparisons a bit more one-
to-one.  However, I still think that their results
are interesting.  In particular, they reproduce
much of the reduced multi-centennial
temperature variability seen in your complete
NH reconstruction.  So, if the amplitude of
scaled ECS multi-centennial variability is far
too high (as you would apparently suggest), it
appears that it is also too low in your
estimates for the NH extra-tropics north of
20N.  I think that we have to stop being so
aggressive in defending our series and try to
understand the strengths and weaknesses of
each in order to improve them.  That is the
way that science is supposed to work.
I must admit to being really irritated over the
criticism of the ECS tree-ring data
standardized using the RCS method.  First of
all, ECS acknowledged up front the declining
available data prior to 1200 and its possible
effect on interpreting an MWP in the mean
record.  ECS also showed bootstrap
confidence intervals for the mean of the RCS
chronologies and showed where the
chronologies drop out. Even allowing for the
reduction in the number of represented sites
before 1400 (ECS Fig. 2d), and the reduction
in overall sample size (ECS Fig. 2b), there is
still some evidence for significantly above
average growth during two intervals that can
be plausibly assigned to the MWP. Of course
we would like to have had all 14 series cover
the past 1000-1200 years.  This doesn't mean
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that we can't usefully examine the data in the
more weakly replicated intervals.  In any case,
the replication in the MWP of the ECS
chronology is at least as good as in other
published tree-ring estimates of large-scale
temperatures (e.g., NH extra-tropical)
covering the past 1000+ years. It also includes
more long tree-ring records from the NH
temperate latitudes than ever before. So to
state that "this is a perilous basis for an
estimate of temperature on such a large
geographic scale" is disingenuous, especially
when it is unclear how many millennia-long
series are contributing the majority of the
temperature information in the
Mann/Bradley/Hughes (MBH) reconstruction
prior to AD 1400.  Let's be balanced here.

I basically agree with the closing paragraph of
your letter.  The ECS record was NEVER
intended to refute MBH.  It was intended, first
and foremost, to refute Broecker's essay in
Science that unfairly attacked tree rings.  To
this extent, ECS succeeded very well.  The
comparison of ECS with MBH was a logical
thing to do given that it has been accepted by
the IPCC as the benchmark reconstruction of
NH annual temperature variability and change
over the past millennium.  Several other
papers have made similar comparisons
between MBH and other even more
geographically restricted estimates of past
temperature.  So, I don't apologize in the
slightest for doing so in ECS.  The
correlations in Table 2 between ECS and
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MBH were primarily intended to demonstrate
the probable large-scale, low-frequency
temperature signal in ECS independent of
explicitly calibrating the individual RCS
chronologies before aggregating them.  The
results should actually have pleased you
because, for the 20-200 year band, ECS and
MBH have correlations of 0.60 to 0.68,
depending on the period used.  Given that
ECS is based on a great deal of new data not
used in MBH, this result validates to a
reasonable degree the temperature signal in
MBH in the 20-200 year band over the past
1000 years.

Given the incendiary and sometimes quite
rude emails that came out at the time when
ECS and Briffa/Osborn were published, I
could also go into the whole complaint about
how the review process at Science was
"flawed".  I will only say that this is a very
dangerous game to get into and complaints of
this kind can easily cut both ways.  I will
submit an appropriately edited and condensed
version of this reply to Science.

Regards,

Ed
--
=================================
Dr. Edward R. Cook
Doherty Senior Scholar
Tree-Ring Laboratory
Lamont-Doherty Earth Observatory
Palisades, New York  10964  USA
Phone: 1-
Fax:   1-
Email: drdendro@ldeo.columbia.edu
=================================
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From: Michael E. Mann
To: Ed Cook
Cc: Malcolm Hughes; Michael E. Mann; Malcolm Hughes; esper@wsl.ch; k.briffa@uea.ac.uk; t.osborn@uea.ac.uk;

p.jones@uea.ac.uk; tcrowley@duke.edu; rbradley@geo.umass.edu; jto@u.arizona.edu; srutherford@virginia.edu
Subject: Re: Your letter to Science
Date: Friday, April 12, 2002 8:07:57 AM

Ed and others,

I thought I too should chime in here one last time...

I'll leave it to you, Malcolm, Keith and others to debate out the issue of any
additional uncertainties, biases, etc. that might arise from RCS in the presence of
limited samples. That is beyond my range of expertise. But since this is a new and
relatively untested approach, and it is on the basis of this approach that other
estimates are being argued to be "underestimates", we would indeed have been
remiss now to point this out in our letter.
The wording "perilous" perhaps should be changed, by I very much stand by the
overall sentiment expressed by Malcolm in our piece with regard to RCS.

One very important additional point that Malcolm makes in his message is that
conservative estimates of uncertainties, appropriate additional caveats, etc. were
indeed all provided in MBH99, and I have always been careful to interpret our results
in the context of these uncertainties and caveats. IPCC '2001 was careful to do so to,
and based its conclusions within the context of the uncertainties (hence the choice of
the conservative term "likely" in describing the apparently unprecedented nature of
late 20th century warmth) and, moreover, on the collective results of many
independent reconstructions. Briffa & Osborn would have you believe that IPCC
'2001's conclusions in this regard rested on MBH99 alone. Frankly, Keith and Tim, I
believe that is unfair to the IPCC, whether or not one cares about being fair to MBH
or not. 

What is unfortunate here then is that Esper et al has been "spun" i to argue that
MBH99 underestimates the quantity it purports to estimate, full Northern Hemisphere
annual mean temperature. Given the readily acknowledged level of uncertainty in
both estimates, combined with the   "apples and oranges" nature of the comparison
between the two (which I have sought to clarify in my letter to Science, and in my
messages to you all, and the comparison plot I provided),   I believe it is either
sloppy or disingenuous reasoning to argue that this is the case. The fact that this
sloppiness also readily serves the interests of the skeptics is quite unfortunate, but it
is indeed beside the point!

It would probably also be helpful for me to point out, without naming names, that
many of our most prominent colleagues in the climate research community, as well
government funding agency representatives,  have personally contacted me over the
past few weeks to express their dismay at the way they believe this study was spun.
I won't get into the blame game, because there's more than enough of that to go
around. But when the leaders of our scientific research community and our funding
managers personally alert us that they believe the credibility of our field has been
damaged, I think it is time for some serious reflection on this episode.

that's my final 2 cents,

Mike
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At 10:21 AM 4/12/02 -0400, Ed Cook wrote:

Just a few comments here and then I'm done.

Dear Ed and Mike and others,
All of our attempts, so far, to estimate hemisphere-scale
temperatures for the period around 1000 years ago are
based on far fewer data than any of us would like. None
of the datasets used so far has anything like the
geographical distribution that experience with recent
centuries indicates we need, and no-one has yet found a
convincing way of validating the lower-frequency
components of them against independent data. As Ed
wrote, in the tree-ring records that form the backbone of
most of the published estimates, the problem of poor
replication near the beginnings of records is particularly
acute, and ubiquitous. I would suggest that this problem
probably cuts in closer to 1600 than 1400 in the several
published series. Therefore, I accept that everything we
are doing is preliminary, and should be treated with
considerable caution.

Therefore, I would guess that you would apply the word "perilous" to
everyones' large-scale NH reconstructions covering the past 500-1000
years including those that you have been involved in. Why the sudden
increase in caution now? It sounds very self-serving to me for you to call
ECS "perilous" and not describe every other large-scale reconstruction in
that way as well.

I differ from Ed, and his co-authors,
in believing that these problems have a special
significance for the particular implementation of RCS
they used, in the light of one of their conclusions that
depends heavily on that implementation.
As I understand what Ed, Keith and Hal Fritts have
written at various times about RCS, and from my own
limited experience with the method, it is extremely
important to have strong replication, and I don't see 50-70
samples probably from 25-35 trees as a big sample. For
reference, most chronologies used in dendroclimatology
are based on 10-40 trees, that is 20-80 samples at 2 cores
per tree for a single "site", usually a few hectares.
Here are two passages from Briffa et al., 1992:
page 114, column 1, last paragraph, "For a chronology
composed of the same number of samples, one would
therefore expect a larger statistical uncertainty using this
approach than in a chronology produced using
standardization curves fitted to the data from individual
trees...............The RCS method therefore requires greater
chronology depth (i.e. greater sample replication) to
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provide the same level of confidence in its representation
of the hypothetical "true" chronology." ECS mention this
issue.

As I said in my previous email, we hid nothing in terms of the uncertainty
concerning the pre-1200 interval. Are you suggesting that we should not
have even shown those results? If so, that is ridiculous.

page 114, column 1, third paragraph, there is a discussion
of the problems arising from applying RCS when pith age
is not known, "In the ring-width data, the final
standardization curve probably slightly underestimates
the width of young trees and could therefore impart a
small positive bias to the standardized ring-width indices
for young rings in a number of series. However, this
effect will be insignificant when the biased indices are
realigned according to calendar growth years and
averaged with many other series." The problem here is
that this latter condition is not met (in my view), and the
"small positive bias" that may be retained could turn out
to be important to the most controversial conclusion of
ECS (the Medieval question).

I can't speak for Jan here, but most of the data he used came from
Schweingruber's lab. I believe that pains were taken to estimate the pith
offset and that Jan used this information in his RCS analyses. Jan would
be best to comment here. In any case, Jan has done a number of
experiments in which he has artificially added large pith offset errors into
the RCS analysis and the resulting bias is small. So, I do not believe that
your "view" is correct.

I also suspect that Keith
and colleagues underestimated both the size and
variability of the loss of years at the beginning of records,
but the point stands even if this is not so. So far as I can
see, ECS do not mention this issue, at least in the context
of a possible positive bias.

Are you claiming that the only possible bias is positive? I can show you
examples of a probable negative bias using RCS.

The discussion of RCS in the
supplementary materials seems to assume good
replication.

It was a generic description of the method. The replication is clearly
shown in the supplementary materials section as well as in the main
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paper. If you don't like the replication, that is your opinion. I would love
to have more replication as well. Who wouldn't. But we did show the
uncertainties, which you seem to ignore in your criticism. Ironically, the
ECS estimates of warmth in the MWP are not that dissimilar to those seen
in MBH, as ECS Fig. 3 shows. Are the MBH estimates of MWP warmth also
similarly biased?

ECS, as Ed rightly points out, clearly indicate, in both
words and diagrams at several points in their paper and in
the supplementary materials, that the number of sites and
number of samples they used decreases sharply before
1200. Even so, ECS gives  prominence (second sentence
of the abstract, for example) to the reconstruction in that
very period, and makes a comparison with the magnitude
of 20th-century warming. All the methods, and their
realizations so far, have significant problems. In our letter
(Mike and I) we draw attention to a specific problem with
this implementation of RCS that has a special bearing on
the reconstruction of a period to which ECS have drawn
attention. Hence the strong note of caution about the ECS
conclusion on the comparison between the 10th/11th and
late 20th centuries.
I hope it's clear from this that I don't disagree with the
general proposition that all existing reconstructions of
hemipsphere-scale temperatures 1000 years ago (or even
for all the first half of the second millennium AD) should
be viewed as very preliminary. If anyone is interested I
attach a short note on the replication in the year AD 1000
of records used in MBH99 to give an idea of what we are
up against.

There is obviously a lot more we can debate about here. I will simply stop
here by saying that I stand by the results shown in ECS and will say so in
my reply to your letter, pointing out that the use of the word "perilous"
could be just as easily be applied to MBH.

We all have a lot to do. I see four important tasks - 1)
more investigation of the strengths and limitations of
methods like RCS and age-banding - for example, how
many samples would have been enough in this case, does
the RC change through time? and so on; 2) use of tree-
ring records where the loss of low-frequency information
is least - those with long segments from open stands; 3)
the search for tree-ring parameters without age/size
related trend; 4) the development of completely
independent proxies with intrinsically better low-
frequency fidelity.
Cheers, Malcolm
The Briffa et al reference is to the 1992 paper, Climate
Dynamics, 7:111-119
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 Hi Ed,

 OK--thanks for your response. I'll let Malcolm
respond to the
 technical issues regarding RC. I'm not really
qualified to do so
 myself anyway. Your other points are well taken...

 Cheers,

 Mike

 At 12:09 PM 4/11/02 -0400, Edward Cook wrote:
     Hi Mike,

     Thanks for the reply. I too do not want to see
anything
     personal in our disagreements. It would be a
shame if it got to
     that and it shouldn't. I don't think that the
science we are
     talking about is sufficiently known yet to claim
the "truth",
     which is why we are having some of our
disagreements. I mainly
     wanted to clarify some issues relating to some
criticisms of the
     ECS results that I thought were not totally fair.
My biggest
     complaint is with Malcolm's contribution to your
letter because it
     really isn't fair to use such words as "perilous".
ECS did not
     hide anything and the uncertainties are clearly
indicated in EGS

 >     Figs. 2 and 3. So, you can make your own judgement.
However,

     Malcolm's opinion does not invalidate the ECS
record. If Malcolm's
     statement is correct, than ALL previous
estimates of NH
     temperature over the past 1000 years are
"perilous", especially
     before AD 1400 when the number of series
available declines
     significantly in most records.

     Ed

     Ed,

     It will take some time to digest these
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comments, but my
     initial response is one of some disappointment. I
will
     resist the temptation to make the letter to
Science
     available to the others on this list, because of
my fears of
     violating the embargo policy (I know examples
of where doing so
     has led to Science retracting a piece form
publication). So thanks
     for also resisting the temptation to do so...

     But I must point out that the piece by Malcolm
and me
     is very similar in its content to the letter of
clarification that
     you and I originally crafted to send to Science
some weeks ago,
     before your co-author objected to your
involvement! If there is no
     objection on your part, I'd be happy to send
that to everyone,
     because it is not under consideration in Science
(a quite
     unfortunate development, as far as I'm
concerned). The only real
     change from that version is the discussion of the
use of RCS. That
     is in large part Malcolm's contribution, but I
stand behind what

 >     Malcolm says. I think there are some real sins of
omission with

     regard to the use of RCS too, and it would be
an oversight on our
     part now to comment on these.

     Finally, with regard to the scaling issues, let me
simply
     attach a plot which speaks more loudly than
several
     pages possibly could The plot takes Epser et al
(not
     smoothed, but the annual values) and scales it
against the
     full Northern Hemisphere instrumental record
1856-1990
     annual mean record, and compares against the
entire 20th
     century instrumental record (1856-1999), as
well as with
     MBH99 and its uncertainties.
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     Suppose that Esper et al is indeed
representative of the
     fullNorthern Hemisphere annual mean, as
MBH99
     purports to be. To the extent that differences
emerge
     between the two in assuming such a scaling, I
interpret
     them as differences which exist due to the fact
that the
     extratropical Northern Hemisphere series and
full
     Northern Hemisphere series likely did not co-
vary in the
     past the same way they co-vary in the 20th
century (when
     both are driven predominantly, in a relative
sense, by
     anthropogenic forcing, rather than natural
forcing and
     internal variability). What the plot shows is quite
     remarkable. Scaled in this way, there is
remarkably little
     difference between Esper et al and MBH99 in
the first
     place (the two reconstructions are largely within
the error
     estimates of MBH99!)!, but moreover, where
they do
     differ, this could be explainable in terms of
patterns of
     enhanced mid-latitude continental response that
were
     discussed, for example, in Shindell et al (2001)
in
     Science last December. So I think this plot says
a lot. Its
     say that there are some statistically significant
     differences, but certainly no grounds to use
Esper et al to
     contradict MBH99 or IPCC '2001 as, sadly, I
believe at
     least one of the published pieces tacitly appears
to want
     to do.

     It is shame that such a plot, which I think is a
far more
     meaningful comparison of the two records, was
not
     shown in either Esper et al or the Briffa &
Osborn
     commentary. I've always given the group of you
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adequate
     opportunity for commentary on anything we're
about to
     publish in Nature or Science. I am saddened
that many of
     my colleagues (and, I have always liked to think
friends)
     didn't affort me the same opportunity before
this all
     erupted in our face. It could have been easily
avoided.
     But that's water under the bridge.

 >

     Finally, before any more back-and-forths on
this, I want
     to make sure that everyone involved
understands that
     none of this was in any way ever meant to be
personal, at
     least not on my part (and if it ever has, at least
on my
     part, seemed that way, than I offer my
apologies--it was
     never intended that way). This is completely
about the
     "science". To the extent that I (and/or others)
feel that the
     science has been mis-represented in places,
however, I personally
     will work very hard to make sure that a more
balanced view is
     available to the community. Especially because
the implications
     are so great in this case. This is what I sought
to do w/ the NYT
     piece and my NPR interview, and that is what
I've sought to do
     (and Malcolm to, as far as I'm concerned) with
the letter to
     Science. Being a bit sloppy w/ wording, and
omission, etc. is
     something we're all guilty of at times. But I do
consider it
     somewhat unforgivable when it is obvious how
that sloppiness can
     be exploited. And you all know exactly what I'm
talking about!

     So, in short, I think are some fundamental
issues over
     which we're in disagreement, and where those
exist, I will
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     not shy away from pointing them out. But I
hope that is
     not mis-interpreted as in any way personal.

     I hope that suffices,

 >

     Mike

     p.s. It seemed like an omission to not cc in Peck
and
     Scott Rutherford on this exchange, so I've done
that. I
     hope nobody minds this addition...
     At 10:57 AM 4/11/02 -0400, Edward Cook
wrote:
     Hi Mike and Malcolm,

     I have received the letter that you sent to
Science
     and will respond to it here first in some detail
and
     later in edited and condensed form in Science.
     Since much of what you comment and criticize
on
     has been disseminated to a number of people in
     your (Mike's) somewhat inflammatory earlier
     emails, I am also sending this lengthy reply out
to
     everyone on that same email list, save those at
     Science. I hadn't responded in detail before, but
     do so now because your criticisms will soon be
in
     the public domain. However, I am not attaching
     your letter to Science to this email since that is
     not yet in the public domain. It is up to you to
     send out your submitted letter to everyone if
you
     wish.

     I must say at the beginning that some parts of
     your letter to Science are as "flawed" as your
     claims about Esper et al. (hereafter ECS). The
     Briffa/Osborn perspectives piece points out an
     important scaling issue that indeed needs
further
     examination. However, to claim as you do that
     they show that the ECS 40-year low-pass
     temperature reconstruction is "flawed" begs the
     question: "flawed" by how much? It is not at all
     clear that scaling the annually resolved RCS
     chronology to annually resolved instrumental
     temperatures first before smoothing is the
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correct
     way to do it. The ECS series was never created
to
     examine annual, or even decadal, time-scale
     temperature variability. Rather, as was clearly
     indicated in the paper, it was created to show
how
     one can preserve multi-centennial climate
     variability in certain long tree-ring records, as a
     refutation of Broecker's truly "flawed" essay. As
     ECS showed in their paper (Table 1), the high-
     frequency correlations with NH mean annual
     temperatures after 20-year high-pass filtering is
     only 0.15. That result was expected and it
makes
     no meaningful difference if one uses only extra-
     tropical NH temperature data. So, while the
     amplitude of the temperature-scaled 40-year
low-
     pass ECS series might be on the high end (but
     still plausible given the gridded borehole
     temperature record shown in Briffa/Osborn),
     scaling on the annually resolved data first would
     probably have the opposite effect of excessively

 >     reducing the amplitude. I am willing to accept an

     intermediate value, but probably not low
enough
     to satisfy you. Really, the more important result
     from ECS is the enhanced pattern of multi-
     centennial variability in the NH extra-tropics
over
     the past 1100 years. We can argue about the
     amplitude later, but the enhanced multi-
centennial
     variability can not be easily dismissed. I should
     also point out, again, that you saw Fig. 3 in ECS
     BEFORE it was even submitted to Science and
     never pointed out the putative scaling "flaw" to
     me at that time.

     With regards to the issue of the late 20th
century
     warming, the fact that I did not include some
     reference to or plot of the up-to-date
instrumental
     temperature data (cf. Briffa/Osborn) is what I
     regard as a "sin of omission". What I said was
     that the estimated temperatures during the
MWP
     in ECS "approached" those in the 20th century
     portion of that record up to 1990. I don't
consider
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     the use of "approached" as an egregious
     overstatement. But I do agree with you that I
     should have been a bit more careful in my
     wording there. As you know, I have publicly
     stated that I never intended to imply that the
     MWP was as warm as the late 20th century
(e.g.,

 >     my New York Times interview). However, it is a

     bit of overkill to state twice in the closing
     sentences of the first two paragraphs of your
     letter that the ECS results do not refute the
     unprecedented late 20th century warming. I
     would suggest that once is enough.

     ECS were also very clear about the extra-
tropical
     nature of their data. So, what you say in your
     letter about the reduced amplitude in your
series
     coming from the tropics, while perhaps worth
     pointing out again, is beating a dead horse.
     However, I must say that the "sin of omission"
in
     the Briffa/Osborn piece concerning the series
     shown in their plot is a bit worrying. As they say
     in the data file of series used in their plot (and
in
     Keith's April 5 email response to you),
     Briffa/Osborn only used your land temperature
     estimates north of 20 degrees and recalibrated
the
     mean of those estimates to the same domain of
     land-only instrumental temperatures using the
     same calibration period for all of the other non-
     borehole series in the same way. I would have
     preferred it if they had used your data north of
     30N to make the comparisons a bit more one-
to-
     one. However, I still think that their results are
     interesting. In particular, they reproduce much
of
     the reduced multi-centennial temperature
     variability seen in your complete NH
     reconstruction. So, if the amplitude of scaled
     ECS multi-centennial variability is far too high
     (as you would apparently suggest), it appears
that
     it is also too low in your estimates for the NH
     extra-tropics north of 20N. I think that we have
     to stop being so aggressive in defending our
     series and try to understand the strengths and
     weaknesses of each in order to improve them.
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     That is the way that science is supposed to
work.
     I must admit to being really irritated over the
     criticism of the ECS tree-ring data standardized
     using the RCS method. First of all, ECS
     acknowledged up front the declining available
     data prior to 1200 and its possible effect on
     interpreting an MWP in the mean record. ECS
     also showed bootstrap confidence intervals for
     the mean of the RCS chronologies and showed
     where the chronologies drop out. Even allowing
     for the reduction in the number of represented
     sites before 1400 (ECS Fig. 2d), and the
     reduction in overall sample size (ECS Fig. 2b),
     there is still some evidence for significantly
     above average growth during two intervals that
     can be plausibly assigned to the MWP. Of
course

 >     we would like to have had all 14 series cover the

     past 1000-1200 years. This doesn't mean that
we
     can't usefully examine the data in the more
     weakly replicated intervals. In any case, the
     replication in the MWP of the ECS chronology is
     at least as good as in other published tree-ring
     estimates of large-scale temperatures (e.g., NH
     extra-tropical) covering the past 1000+ years. It
     also includes more long tree-ring records from
the
     NH temperate latitudes than ever before. So to
     state that "this is a perilous basis for an
estimate
     of temperature on such a large geographic
scale"
     is disingenuous, especially when it is unclear
how
     many millennia-long series are contributing the
     majority of the temperature information in the
     Mann/Bradley/Hughes (MBH) reconstruction
     prior to AD 1400. Let's be balanced here.

     I basically agree with the closing paragraph of
     your letter. The ECS record was NEVER
     intended to refute MBH. It was intended, first
     and foremost, to refute Broecker's essay in
     Science that unfairly attacked tree rings. To this
     extent, ECS succeeded very well. The
     comparison of ECS with MBH was a logical
     thing to do given that it has been accepted by
the

 >     IPCC as the benchmark reconstruction of NH
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     annual temperature variability and change over
     the past millennium. Several other papers have
     made similar comparisons between MBH and
     other even more geographically restricted
     estimates of past temperature. So, I don't
     apologize in the slightest for doing so in ECS.
     The correlations in Table 2 between ECS and
     MBH were primarily intended to demonstrate
the
     probable large-scale, low-frequency temperature
     signal in ECS independent of explicitly
     calibrating the individual RCS chronologies
     before aggregating them. The results should
     actually have pleased you because, for the 20-
200
     year band, ECS and MBH have correlations of
     0.60 to 0.68, depending on the period used.
     Given that ECS is based on a great deal of new
     data not used in MBH, this result validates to a
     reasonable degree the temperature signal in
MBH
     in the 20-200 year band over the past 1000
years.

     Given the incendiary and sometimes quite rude
     emails that came out at the time when ECS and
     Briffa/Osborn were published, I could also go
     into the whole complaint about how the review
     process at Science was "flawed". I will only say
     that this is a very dangerous game to get into
and
     complaints of this kind can easily cut both ways.
     I will submit an appropriately edited and
     condensed version of this reply to Science.

     Regards,

     Ed
     --
    
=================================

     Dr. Edward R. Cook
     Doherty Senior Scholar
     Tree-Ring Laboratory
     Lamont-Doherty Earth Observatory
     Palisades, New York 10964 USA
     Phone: 1-
     Fax: 1-
     Email: drdendro@ldeo.columbia.edu
    
=================================
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_____________________________________________

     __________________________
     Professor Michael E. Mann
      Department of Environmental Sciences, Clark
Hall
     University of Virginia
     Charlottesville, VA 22903
    
_____________________________________________

     __________________________
     e-mail: mann@virginia.edu Phone: 
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____________________________________________________

 ___________________
 Professor Michael E. Mann
  Department of Environmental Sciences, Clark Hall
 University of Virginia
 Charlottesville, VA 22903
 ____________________________________________________

 ___________________
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Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

-- 
==================================
Dr. Edward R. Cook
Doherty Senior Scholar
Tree-Ring Laboratory
Lamont-Doherty Earth Observatory
Palisades, New York 10964  USA
Email:  drdendro@ldeo.columbia.edu
Phone:  
Fax:    
==================================

_______________________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: Malcolm Hughes; rbradley@geo.umass.edu; Scott Rutherford
Cc: FYI@virginia.edu
Subject: Fwd: Re: science paper
Date: Friday, April 12, 2002 8:10:39 AM

In case you were wondering about the examples of "prominent scientists in
our field" that I was referring to in my latest message. Here is an example,

mike

>X-Authentication-Warning: sprite.cgd.ucar.edu: trenbert owned process
>doing -bs
>Date: Fri, 12 Apr 2002 08:47:29 -0600 (MDT)
>From: Kevin Trenberth <trenbert@cgd.ucar.edu>
>Reply-To: trenbert@ucar.edu
>MMDF-Warning:  Parse error in original version of preceding line at
>mail.virginia.edu
>To: "Michael E. Mann" <mann@virginia.edu>
>Subject: Re: science paper
>
>Hi Mike
>
>I was away in Australia and New Zealand for over 3 weeks and only got back on
>Tuesday.  So I am still catching up.
>
>My concerns on the article as it appeared and also on the commentary were
>considerable.  I discussed them with Jerry Meehl yesterday, and he was just
>browsing through my copies of Science.  I'll share the material you sent me
>with him if I may.
>
>To him I firstly expressed concern about spatial structure and how growth
>patterns in one area/latitude could be used for another region.  I do not
>pretend to fully understand the RCS procedure, but the description did not
>comfort me.  I also was concerned about summer vs annual: especially having
>two trends that dominate time series but which are different will lead to
>large correlations but the trends can still be quite different.  I seem to
>recall that one aspect of the LIA was that in your results the coldness in
>northern Atlantic was offset elsewhere, such as China?? but there are no
>trees in China in the Esper et al work.
>
>I did say that I was well aware that previous tree ring constructions very
>likely underestimated the century and longer time scale variability, and that
>you had to work with those data.  So it would not srprise me to see added low
>frequecy components.  But this study did not give me confidence that the
>added low frequencies were real.  And the great thing about your own
>contribution to the paleo work was the spatial reconstructions and proper
>accounting for the distribution of data.  You mention this in your comment
>about there being no low latitude data in the Esper et al set.
>
>On a different but perhaps related topic.  There were 2 papers that appeared
>in Science 1 february by Wielicki et al and Chen et al.  I wrote a letter to
>Science challenging their findings.  This letter has been widely distributed
>and a whole industry has been started by this dispute.  In particular Ingram
>at the UK Met Office and Dennis Hartmann at U Washington have done further
>extensive analaysis of the data and both have concluded, as I did, that most
>of what what shown in the decadal variability is not physical.  Another part
>of my comment suggested that a six month signal that emerged from the
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>analysis was a result of aliasing the diurnal cycle onto the annual cycle.
>This turns out to be true.  The ERBS satellite precesses with a return period
>for the diurnal cycle of 36 days or so.  Processed into monthly means, this
>aliases the diurnal cycle onto 6 month periods.  The Langley people
>reprocessed the data into 36 day chunks and the 6 months signal went away.
>Amazing.
>
>I can send you more on this if you wish.  But a couple of points.  1) These
>papers are mostly wrong.  It says something about Science editorial
>processes.  2) My letter will not be published evidently.  They said it was
>too long and perhaps techical but it would be considered for on line
>publication.  I have yet to hear from Science.  I got my comment down to 500
>words plus a figure.  The authors of each paper
>were supposedly given 3 weeks to respond.  I just received the Wielicki
>response from him this morning and I have yet to read it.
>It would be shameful, to me, if Science does not publish and publicize these
>corrections.
>
>However, circulation of my letter widely and having others involved in
>resolving the issues has not been a problem that I am aware of, unlike an
>original submission to Science.
>
>Best wishes
>Kevin
>
>
>On Thu, 11 Apr 2002, Michael E. Mann wrote:
>
> > Dear Kevin,
> >
> > Thanks for your email.  I hope all is well w/ you.
> >
> > If you were less than impressed, just imagine how horrified I was when this
> > thing appeared. I do find it to be remarkably bad judgement on the part
> > of  Science (Brooks Hanson, in particular, as I understand it) to have
> > published this.  The perspective by Osborn & Briffa was even worse--and
> > Keith Briffa certainly knows better.
> >
> > I agree that something like this looks bad for the entire paleo profession.
> > Dave Verardo of NSF Earth Systems History called me as soon as this thing
> > appeared, with the same sentiment--serious concern for the implications of
> > bad paleo work getting high profile media attention...
> >
> > Anyway, I've attached an NYT article from a couple weeks back where I
> > commented on the study, and if you're interested, you can also access an
> > interview I did on NPR's "Talk of the Nation, Science Friday" here:
> >
> > http://www.npr.org/ramfiles/totn/20020329.totn.ram
> > or go to
> > http://www.npr.org
> > and go to "Talk of the Nation"
> > My interview is towards the end of "segment 2".
> >
> > I tried to convey the flaws in the study as diplomatically as possible.
> > Meanwhile, I've written a letter to the editor (co-authored with Malcolm
> > Hughes) that should appear in Science sometime in the near future that gets
> > more directly to the heart of the flaws in the study.
> > I've attached that as well, but since it is under embargo,  please don't
> > distribute.
> >
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> > As I see it, there is quite a bit of damage control to be done here, and
> > I've been actively engaged in that over the past few weeks. I'd look
> > forward to hearing any additional comments you have on all of this...
> >
> > cheers,
> >
> > Mike
> >
> > At 05:08 PM 4/11/02 -0600, you wrote:
> > >Mike
> > >
> > >I suspect you are well aware of the recent paper in Science by Esper
> et al.
> > >  I have to say I was less than impressed and in fact it worries me
> that it
> > >  gives the whole field a bad name.  It seems to not take into account
> spatial
> > >  structure of climate.
> > >
> > >Anyway I wanted to get your reaction and wondered whether you or
> others have
> > >written a comment?
> > >
> > >Cheers
> > >Kevin
> > >
> > >
> > >---------------
> > >Kevin E. Trenberth                           e-mail: trenbert@ucar.edu
> > >Climate Analysis Section, NCAR, ML           www.cgd.ucar.edu/cas/
> > >P. O. Box 3000, [1850 Table Mesa Drive]      
> > >Boulder, CO 80307  [80305]                    (fax)
> > >*******************************
> >
> > _______________________________________________________________________
> >                      Professor Michael E. Mann
> >             Department of Environmental Sciences, Clark Hall
> >                        University of Virginia
> >                       Charlottesville, VA 22903
> > _______________________________________________________________________
> > e-mail: mann@virginia.edu   Phone:    FAX: 
> >          http://www.evsc.virginia.edu/faculty/people/mann.shtml
>
>
>---------------
>Kevin E. Trenberth                           e-mail: trenbert@ucar.edu
>Climate Analysis Section, NCAR, ML           www.cgd.ucar.edu/cas/
>P. O. Box 3000, [1850 Table Mesa Drive]      
>Boulder, CO 80307  [80305]                    (fax)
>*******************************

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: Keith Briffa; Ed Cook
Cc: Malcolm Hughes; Malcolm Hughes; esper@wsl.ch; t.osborn@uea.ac.uk; p.jones@uea.ac.uk; tcrowley@duke.edu;

rbradley@geo.umass.edu; jto@u.arizona.edu; srutherford@virginia.edu
Subject: Re: Your letter to Science
Date: Friday, April 12, 2002 9:33:07 AM

Whoaah...Please don't put words in my mouth Keith, especially such inflamatory word!

I was not attributing the entirety of  "spin" here (which is of a pretty massive scale) to
you! And I said I think such "spin", where it has occurred, is EITHER sloppy OR
disingenuous. You chose to assume I was talking about you in specific, and that I was
attributing the latter rather than the former. My actual words don't bear this out. In the
case of the Briffa & Osborn piece,  I actually tend to believe that sloppiness was the main
problem. In other cases of "spin" (e.g., the skeptics web pages of Daly and his ilk) it is
most clearly disingenousnous...I don't equate you with Daly and those folks by any stretch
of the imagination. Hopefully, you know that I respect you quite a bit as a scientist! But in
this case, I think you were sloppy. And the sloppiness had a real cost...

And as to whether or not your statements about IPCC are fair (I didn't use the word
"disservice"!), I'll leave that to each to decide. But personally, I think they were unfair,
because they opened up IPCC to criticism that is not merited by what is actually said or
shown in the iPCC report. Other IPCC authors who have contacted me feel the same way,
and perhaps there may be an official response on the part of IPCC authors. I don't know.

But I agree that any further discussion ought to take place in the peer-reviewed literature,

Mike

At 05:09 PM 4/12/02 +0100, Keith Briffa wrote:

I agree with the sentiments expressed by Tom . However, in his latest message
Mike clearly says that our perspectives piece did the IPCC a disservice. He then
accuses us of spinning the ECS paper to say  that MBH is an underestimate of
what it purports to be and that we have been sloppy and disingenuous. Frankly
this is too much to take . I am not going to let this ruin my weekend so I wait
until I have calmed down and find time next week to write a response. In the
meantime I just wanted to note that I disagree with these comments. Perhaps
the best place to continue this discussion is in the peer review literature. 
Keith 

At 11:11 AM 4/12/02 -0400, Michael E. Mann wrote:

Ed and others,

I thought I too should chime in here one last time...

I'll leave it to you, Malcolm, Keith and others to debate out the issue
of any additional uncertainties, biases, etc. that might arise from
RCS in the presence of limited samples. That is beyond my range of
expertise. But since this is a new and relatively untested approach,
and it is on the basis of this approach that other estimates are being
argued to be "underestimates", we would indeed have been remiss
now to point this out in our letter.
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The wording "perilous" perhaps should be changed, by I very much
stand by the overall sentiment expressed by Malcolm in our piece
with regard to RCS.

One very important additional point that Malcolm makes in his
message is that conservative estimates of uncertainties, appropriate
additional caveats, etc. were indeed all provided in MBH99, and I
have always been careful to interpret our results in the context of
these uncertainties and caveats. IPCC '2001 was careful to do so to,
and based its conclusions within the context of the uncertainties
(hence the choice of the conservative term "likely" in describing the
apparently unprecedented nature of late 20th century warmth) and,
moreover, on the collective results of many independent
reconstructions. Briffa & Osborn would have you believe that IPCC
'2001's conclusions in this regard rested on MBH99 alone. Frankly,
Keith and Tim, I believe that is unfair to the IPCC, whether or not
one cares about being fair to MBH or not. 

What is unfortunate here then is that Esper et al has been "spun" i
to argue that MBH99 underestimates the quantity it purports to
estimate, full Northern Hemisphere annual mean temperature. Given
the readily acknowledged level of uncertainty in both estimates,
combined with the   "apples and oranges" nature of the comparison
between the two (which I have sought to clarify in my letter to
Science, and in my messages to you all, and the comparison plot I
provided),   I believe it is either sloppy or disingenuous reasoning to
argue that this is the case. The fact that this sloppiness also readily
serves the interests of the skeptics is quite unfortunate, but it is
indeed beside the point!

It would probably also be helpful for me to point out, without
naming names, that many of our most prominent colleagues in the
climate research community, as well government funding agency
representatives,  have personally contacted me over the past few
weeks to express their dismay at the way they believe this study
was spun. I won't get into the blame game, because there's more
than enough of that to go around. But when the leaders of our
scientific research community and our funding managers personally
alert us that they believe the credibility of our field has been
damaged, I think it is time for some serious reflection on this
episode.

that's my final 2 cents,

Mike

_______________________________________________________________________

                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Ed Cook
Cc: Michael E. Mann; Malcolm Hughes; Malcolm Hughes; esper@wsl.ch; k.briffa@uea.ac.uk; t.osborn@uea.ac.uk; p.jones@uea.ac.uk;

tcrowley@duke.edu; rbradley@geo.umass.edu; jto@u.arizona.edu; srutherford@virginia.edu
Subject: Re: Your letter to Science
Date: Friday, April 12, 2002 11:00:39 AM

Thanks Ed,

And I agree we need to change the wording "perilous" (again, an oversight on our part in terms
of the delicacy of word choice) if, as I assume is the case, Science lets us make that change. Of
course, Science edits these things freely, so I'm worried that the letter will look nothing like
what we submitted anyways by the time Science is through with it. But we'll do our best to
insure appropriate word choice, etc.

Have a good weekend,

Mike

At 01:35 PM 4/12/02 -0400, Ed Cook wrote:

Hi Mike, Tom, etc,

Okay, I am quite happy to give this debate a rest, although I am sure that the issues
brought up will still be grounds for scientific debate. I admit to getting a bit riled
when I saw the ECS results on the MWP described as "perilous" because I regard
that as being an unfair characterization of the work presented. Be that as it may, my
reply to Science will be very carefully worded so as not to inflame the issues. Nuff
said. Have a good weekend. I certainly intend to do so.

Ed
 

Ed and others,

I thought I too should chime in here one last time...

I'll leave it to you, Malcolm, Keith and others to debate out the issue of
any additional uncertainties, biases, etc. that might arise from RCS in the
presence of limited samples. That is beyond my range of expertise. But
since this is a new and relatively untested approach, and it is on the basis
of this approach that other estimates are being argued to be
"underestimates", we would indeed have been remiss now to point this
out in our letter.
The wording "perilous" perhaps should be changed, by I very much stand
by the overall sentiment expressed by Malcolm in our piece with regard to
RCS.

One very important additional point that Malcolm makes in his message is
that conservative estimates of uncertainties, appropriate additional
caveats, etc. were indeed all provided in MBH99, and I have always been
careful to interpret our results in the context of these uncertainties and
caveats. IPCC '2001 was careful to do so to, and based its conclusions
within the context of the uncertainties (hence the choice of the
conservative term "likely" in describing the apparently unprecedented
nature of late 20th century warmth) and, moreover, on the collective
results of many independent reconstructions. Briffa & Osborn would have
you believe that IPCC '2001's conclusions in this regard rested on MBH99
alone. Frankly, Keith and Tim, I believe that is unfair to the IPCC, whether
or not one cares about being fair to MBH or not.
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What is unfortunate here then is that Esper et al has been "spun" i to
argue that MBH99 underestimates the quantity it purports to estimate,
full Northern Hemisphere annual mean temperature. Given the readily
acknowledged level of uncertainty in both estimates, combined with the  
"apples and oranges" nature of the comparison between the two (which I
have sought to clarify in my letter to Science, and in my messages to you
all, and the comparison plot I provided),   I believe it is either sloppy or
disingenuous reasoning to argue that this is the case. The fact that this
sloppiness also readily serves the interests of the skeptics is quite
unfortunate, but it is indeed beside the point!

It would probably also be helpful for me to point out, without naming
names, that many of our most prominent colleagues in the climate
research community, as well government funding agency representatives, 
have personally contacted me over the past few weeks to express their
dismay at the way they believe this study was spun. I won't get into the
blame game, because there's more than enough of that to go around. But
when the leaders of our scientific research community and our funding
managers personally alert us that they believe the credibility of our field
has been damaged, I think it is time for some serious reflection on this
episode.

that's my final 2 cents,

Mike

At 10:21 AM 4/12/02 -0400, Ed Cook wrote:

Just a few comments here and then I'm done.

Dear Ed and Mike and others,
All of our attempts, so far, to estimate hemisphere-
scale
temperatures for the period around 1000 years ago
are
based on far fewer data than any of us would like.
None
of the datasets used so far has anything like the
geographical distribution that experience with
recent
centuries indicates we need, and no-one has yet
found a
convincing way of validating the lower-frequency
components of them against independent data. As
Ed
wrote, in the tree-ring records that form the
backbone of
most of the published estimates, the problem of
poor
replication near the beginnings of records is
particularly
acute, and ubiquitous. I would suggest that this
problem
probably cuts in closer to 1600 than 1400 in the
several
published series. Therefore, I accept that
everything we
are doing is preliminary, and should be treated with
considerable caution.
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Therefore, I would guess that you would apply the word
"perilous" to everyones' large-scale NH reconstructions
covering the past 500-1000 years including those that you
have been involved in. Why the sudden increase in caution
now? It sounds very self-serving to me for you to call ECS
"perilous" and not describe every other large-scale
reconstruction in that way as well.

I differ from Ed, and his co-authors,
in believing that these problems have a special
significance for the particular implementation of
RCS
they used, in the light of one of their conclusions
that
depends heavily on that implementation.
As I understand what Ed, Keith and Hal Fritts have
written at various times about RCS, and from my
own
limited experience with the method, it is extremely
important to have strong replication, and I don't
see 50-70
samples probably from 25-35 trees as a big sample.
For
reference, most chronologies used in
dendroclimatology
are based on 10-40 trees, that is 20-80 samples at
2 cores
per tree for a single "site", usually a few hectares.
Here are two passages from Briffa et al., 1992:
page 114, column 1, last paragraph, "For a
chronology
composed of the same number of samples, one
would
therefore expect a larger statistical uncertainty
using this
approach than in a chronology produced using
standardization curves fitted to the data from
individual
trees...............The RCS method therefore requires
greater
chronology depth (i.e. greater sample replication) to
provide the same level of confidence in its
representation
of the hypothetical "true" chronology." ECS mention
this
issue.

As I said in my previous email, we hid nothing in terms of the
uncertainty concerning the pre-1200 interval. Are you
suggesting that we should not have even shown those results?
If so, that is ridiculous.

page 114, column 1, third paragraph, there is a
discussion
of the problems arising from applying RCS when
pith age
is not known, "In the ring-width data, the final
standardization curve probably slightly
underestimates
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the width of young trees and could therefore impart
a
small positive bias to the standardized ring-width
indices
for young rings in a number of series. However,
this
effect will be insignificant when the biased indices
are
realigned according to calendar growth years and
averaged with many other series." The problem
here is
that this latter condition is not met (in my view),
and the
"small positive bias" that may be retained could
turn out
to be important to the most controversial
conclusion of
ECS (the Medieval question).

I can't speak for Jan here, but most of the data he used came
from Schweingruber's lab. I believe that pains were taken to
estimate the pith offset and that Jan used this information in
his RCS analyses. Jan would be best to comment here. In any
case, Jan has done a number of experiments in which he has
artificially added large pith offset errors into the RCS analysis
and the resulting bias is small. So, I do not believe that your
"view" is correct.

I also suspect that Keith
and colleagues underestimated both the size and
variability of the loss of years at the beginning of
records,
but the point stands even if this is not so. So far as
I can
see, ECS do not mention this issue, at least in the
context
of a possible positive bias.

Are you claiming that the only possible bias is positive? I can
show you examples of a probable negative bias using RCS.

The discussion of RCS in the
supplementary materials seems to assume good
replication.

It was a generic description of the method. The replication is
clearly shown in the supplementary materials section as well as
in the main paper. If you don't like the replication, that is your
opinion. I would love to have more replication as well. Who
wouldn't. But we did show the uncertainties, which you seem
to ignore in your criticism. Ironically, the ECS estimates of
warmth in the MWP are not that dissimilar to those seen in
MBH, as ECS Fig. 3 shows. Are the MBH estimates of MWP
warmth also similarly biased?

ECS, as Ed rightly points out, clearly indicate, in
both
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words and diagrams at several points in their paper
and in
the supplementary materials, that the number of
sites and
number of samples they used decreases sharply
before
1200. Even so, ECS gives  prominence (second
sentence
of the abstract, for example) to the reconstruction
in that
very period, and makes a comparison with the
magnitude
of 20th-century warming. All the methods, and their
realizations so far, have significant problems. In our
letter
(Mike and I) we draw attention to a specific
problem with
this implementation of RCS that has a special
bearing on
the reconstruction of a period to which ECS have
drawn
attention. Hence the strong note of caution about
the ECS
conclusion on the comparison between the
10th/11th and
late 20th centuries.
I hope it's clear from this that I don't disagree with
the
general proposition that all existing reconstructions
of
hemipsphere-scale temperatures 1000 years ago (or
even
for all the first half of the second millennium AD)
should
be viewed as very preliminary. If anyone is
interested I
attach a short note on the replication in the year AD
1000
of records used in MBH99 to give an idea of what
we are
up against.

There is obviously a lot more we can debate about here. I will
simply stop here by saying that I stand by the results shown in
ECS and will say so in my reply to your letter, pointing out that
the use of the word "perilous" could be just as easily be
applied to MBH.

We all have a lot to do. I see four important tasks -
1)
more investigation of the strengths and limitations
of
methods like RCS and age-banding - for example,
how
many samples would have been enough in this
case, does
the RC change through time? and so on; 2) use of
tree-
ring records where the loss of low-frequency
information
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is least - those with long segments from open
stands; 3)
the search for tree-ring parameters without
age/size
related trend; 4) the development of completely
independent proxies with intrinsically better low-
frequency fidelity.
Cheers, Malcolm
The Briffa et al reference is to the 1992 paper,
Climate
Dynamics, 7:111-119

 Hi Ed,

 OK--thanks for your response. I'll let
Malcolm respond to the
 technical issues regarding RC. I'm not
really qualified to do so
 myself anyway. Your other points are
well taken...

 Cheers,

 Mike

 At 12:09 PM 4/11/02 -0400, Edward
Cook wrote:
     Hi Mike,

     Thanks for the reply. I too do not
want to see anything
     personal in our disagreements. It
would be a shame if it got to
     that and it shouldn't. I don't think
that the science we are
     talking about is sufficiently known
yet to claim the "truth",
     which is why we are having some of
our disagreements. I mainly
     wanted to clarify some issues
relating to some criticisms of the
     ECS results that I thought were not
totally fair. My biggest
     complaint is with Malcolm's
contribution to your letter because it
     really isn't fair to use such words as
"perilous". ECS did not
     hide anything and the uncertainties
are clearly indicated in EGS

 >     Figs. 2 and 3. So, you can make your own
judgement. However,

     Malcolm's opinion does not invalidate
the ECS record. If Malcolm's
     statement is correct, than ALL
previous estimates of NH
     temperature over the past 1000
years are "perilous", especially
     before AD 1400 when the number of
series available declines
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     significantly in most records.

     Ed

     Ed,

     It will take some time to digest these
comments, but my
     initial response is one of some
disappointment. I will
     resist the temptation to make the
letter to Science
     available to the others on this list,
because of my fears of
     violating the embargo policy (I know
examples of where doing so
     has led to Science retracting a piece
form publication). So thanks
     for also resisting the temptation to
do so...

     But I must point out that the piece
by Malcolm and me
     is very similar in its content to the
letter of clarification that
     you and I originally crafted to send
to Science some weeks ago,
     before your co-author objected to
your involvement! If there is no
     objection on your part, I'd be happy
to send that to everyone,
     because it is not under consideration
in Science (a quite
     unfortunate development, as far as
I'm concerned). The only real
     change from that version is the
discussion of the use of RCS. That
     is in large part Malcolm's
contribution, but I stand behind what

 >     Malcolm says. I think there are some real sins
of omission with

     regard to the use of RCS too, and it
would be an oversight on our
     part now to comment on these.

     Finally, with regard to the scaling
issues, let me simply
     attach a plot which speaks more
loudly than several
     pages possibly could The plot takes
Epser et al (not
     smoothed, but the annual values)
and scales it against the
     full Northern Hemisphere
instrumental record 1856-1990
     annual mean record, and compares
against the entire 20th
     century instrumental record (1856-
1999), as well as with
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     MBH99 and its uncertainties.

     Suppose that Esper et al is indeed
representative of the
     fullNorthern Hemisphere annual
mean, as MBH99
     purports to be. To the extent that
differences emerge
     between the two in assuming such a
scaling, I interpret
     them as differences which exist due
to the fact that the
     extratropical Northern Hemisphere
series and full
     Northern Hemisphere series likely did
not co-vary in the
     past the same way they co-vary in
the 20th century (when
     both are driven predominantly, in a
relative sense, by
     anthropogenic forcing, rather than
natural forcing and
     internal variability). What the plot
shows is quite
     remarkable. Scaled in this way, there
is remarkably little
     difference between Esper et al and
MBH99 in the first
     place (the two reconstructions are
largely within the error
     estimates of MBH99!)!, but
moreover, where they do
     differ, this could be explainable in
terms of patterns of
     enhanced mid-latitude continental
response that were
     discussed, for example, in Shindell et
al (2001) in
     Science last December. So I think
this plot says a lot. Its
     say that there are some statistically
significant
     differences, but certainly no grounds
to use Esper et al to
     contradict MBH99 or IPCC '2001 as,
sadly, I believe at
     least one of the published pieces
tacitly appears to want
     to do.

     It is shame that such a plot, which I
think is a far more
     meaningful comparison of the two
records, was not
     shown in either Esper et al or the
Briffa & Osborn
     commentary. I've always given the
group of you adequate
     opportunity for commentary on
anything we're about to
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     publish in Nature or Science. I am
saddened that many of
     my colleagues (and, I have always
liked to think friends)
     didn't affort me the same opportunity
before this all
     erupted in our face. It could have
been easily avoided.
     But that's water under the bridge.

 >

     Finally, before any more back-and-
forths on this, I want
     to make sure that everyone involved
understands that
     none of this was in any way ever
meant to be personal, at
     least not on my part (and if it ever
has, at least on my
     part, seemed that way, than I offer
my apologies--it was
     never intended that way). This is
completely about the
     "science". To the extent that I
(and/or others) feel that the
     science has been mis-represented in
places, however, I personally
     will work very hard to make sure
that a more balanced view is
     available to the community.
Especially because the implications
     are so great in this case. This is what
I sought to do w/ the NYT
     piece and my NPR interview, and
that is what I've sought to do
     (and Malcolm to, as far as I'm
concerned) with the letter to
     Science. Being a bit sloppy w/
wording, and omission, etc. is
     something we're all guilty of at times.
But I do consider it
     somewhat unforgivable when it is
obvious how that sloppiness can
     be exploited. And you all know
exactly what I'm talking about!

     So, in short, I think are some
fundamental issues over
     which we're in disagreement, and
where those exist, I will
     not shy away from pointing them
out. But I hope that is
     not mis-interpreted as in any way
personal.

     I hope that suffices,

 >

     Mike
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     p.s. It seemed like an omission to
not cc in Peck and
     Scott Rutherford on this exchange,
so I've done that. I
     hope nobody minds this addition...
     At 10:57 AM 4/11/02 -0400, Edward
Cook wrote:
     Hi Mike and Malcolm,

     I have received the letter that you
sent to Science
     and will respond to it here first in
some detail and
     later in edited and condensed form in
Science.
     Since much of what you comment
and criticize on
     has been disseminated to a number
of people in
     your (Mike's) somewhat
inflammatory earlier
     emails, I am also sending this
lengthy reply out to
     everyone on that same email list,
save those at
     Science. I hadn't responded in detail
before, but
     do so now because your criticisms
will soon be in
     the public domain. However, I am
not attaching
     your letter to Science to this email
since that is
     not yet in the public domain. It is up
to you to
     send out your submitted letter to
everyone if you
     wish.

     I must say at the beginning that
some parts of
     your letter to Science are as "flawed"
as your
     claims about Esper et al. (hereafter
ECS). The
     Briffa/Osborn perspectives piece
points out an
     important scaling issue that indeed
needs further
     examination. However, to claim as
you do that
     they show that the ECS 40-year low-
pass
     temperature reconstruction is
"flawed" begs the
     question: "flawed" by how much? It
is not at all
     clear that scaling the annually
resolved RCS
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     chronology to annually resolved
instrumental
     temperatures first before smoothing
is the correct
     way to do it. The ECS series was
never created to
     examine annual, or even decadal,
time-scale
     temperature variability. Rather, as
was clearly
     indicated in the paper, it was created
to show how
     one can preserve multi-centennial
climate
     variability in certain long tree-ring
records, as a
     refutation of Broecker's truly "flawed"
essay. As
     ECS showed in their paper (Table 1),
the high-
     frequency correlations with NH mean
annual
     temperatures after 20-year high-pass
filtering is
     only 0.15. That result was expected
and it makes
     no meaningful difference if one uses
only extra-
     tropical NH temperature data. So,
while the
     amplitude of the temperature-scaled
40-year low-
     pass ECS series might be on the high
end (but
     still plausible given the gridded
borehole
     temperature record shown in
Briffa/Osborn),
     scaling on the annually resolved data
first would
     probably have the opposite effect of
excessively

 >     reducing the amplitude. I am willing to accept
an

     intermediate value, but probably not
low enough
     to satisfy you. Really, the more
important result
     from ECS is the enhanced pattern of
multi-
     centennial variability in the NH extra-
tropics over
     the past 1100 years. We can argue
about the
     amplitude later, but the enhanced
multi-centennial
     variability can not be easily
dismissed. I should
     also point out, again, that you saw
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Fig. 3 in ECS
     BEFORE it was even submitted to
Science and
     never pointed out the putative
scaling "flaw" to
     me at that time.

     With regards to the issue of the late
20th century
     warming, the fact that I did not
include some
     reference to or plot of the up-to-date
instrumental
     temperature data (cf. Briffa/Osborn)
is what I
     regard as a "sin of omission". What I
said was
     that the estimated temperatures
during the MWP
     in ECS "approached" those in the
20th century
     portion of that record up to 1990. I
don't consider
     the use of "approached" as an
egregious
     overstatement. But I do agree with
you that I
     should have been a bit more careful
in my
     wording there. As you know, I have
publicly
     stated that I never intended to imply
that the
     MWP was as warm as the late 20th
century (e.g.,

 >     my New York Times interview). However, it is
a

     bit of overkill to state twice in the
closing
     sentences of the first two paragraphs
of your
     letter that the ECS results do not
refute the
     unprecedented late 20th century
warming. I
     would suggest that once is enough.

     ECS were also very clear about the
extra-tropical
     nature of their data. So, what you
say in your
     letter about the reduced amplitude in
your series
     coming from the tropics, while
perhaps worth
     pointing out again, is beating a dead
horse.
     However, I must say that the "sin of
omission" in
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     the Briffa/Osborn piece concerning
the series
     shown in their plot is a bit worrying.
As they say
     in the data file of series used in their
plot (and in
     Keith's April 5 email response to
you),
     Briffa/Osborn only used your land
temperature
     estimates north of 20 degrees and
recalibrated the
     mean of those estimates to the same
domain of
     land-only instrumental temperatures
using the
     same calibration period for all of the
other non-
     borehole series in the same way. I
would have
     preferred it if they had used your
data north of
     30N to make the comparisons a bit
more one-to-
     one. However, I still think that their
results are
     interesting. In particular, they
reproduce much of
     the reduced multi-centennial
temperature
     variability seen in your complete NH
     reconstruction. So, if the amplitude
of scaled
     ECS multi-centennial variability is far
too high
     (as you would apparently suggest), it
appears that
     it is also too low in your estimates
for the NH
     extra-tropics north of 20N. I think
that we have
     to stop being so aggressive in
defending our
     series and try to understand the
strengths and
     weaknesses of each in order to
improve them.
     That is the way that science is
supposed to work.
     I must admit to being really irritated
over the
     criticism of the ECS tree-ring data
standardized
     using the RCS method. First of all,
ECS
     acknowledged up front the declining
available
     data prior to 1200 and its possible
effect on
     interpreting an MWP in the mean
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record. ECS
     also showed bootstrap confidence
intervals for
     the mean of the RCS chronologies
and showed
     where the chronologies drop out.
Even allowing
     for the reduction in the number of
represented
     sites before 1400 (ECS Fig. 2d), and
the
     reduction in overall sample size (ECS
Fig. 2b),
     there is still some evidence for
significantly
     above average growth during two
intervals that
     can be plausibly assigned to the
MWP. Of course

 >     we would like to have had all 14 series cover
the

     past 1000-1200 years. This doesn't
mean that we
     can't usefully examine the data in the
more
     weakly replicated intervals. In any
case, the
     replication in the MWP of the ECS
chronology is
     at least as good as in other
published tree-ring
     estimates of large-scale
temperatures (e.g., NH
     extra-tropical) covering the past
1000+ years. It
     also includes more long tree-ring
records from the
     NH temperate latitudes than ever
before. So to
     state that "this is a perilous basis for
an estimate
     of temperature on such a large
geographic scale"
     is disingenuous, especially when it is
unclear how
     many millennia-long series are
contributing the
     majority of the temperature
information in the
     Mann/Bradley/Hughes (MBH)
reconstruction
     prior to AD 1400. Let's be balanced
here.

     I basically agree with the closing
paragraph of
     your letter. The ECS record was
NEVER
     intended to refute MBH. It was

ABOR/MH/Priv-005479



intended, first
     and foremost, to refute Broecker's
essay in
     Science that unfairly attacked tree
rings. To this
     extent, ECS succeeded very well. The
     comparison of ECS with MBH was a
logical
     thing to do given that it has been
accepted by the

 >     IPCC as the benchmark reconstruction of NH

     annual temperature variability and
change over
     the past millennium. Several other
papers have
     made similar comparisons between
MBH and
     other even more geographically
restricted
     estimates of past temperature. So, I
don't
     apologize in the slightest for doing so
in ECS.
     The correlations in Table 2 between
ECS and
     MBH were primarily intended to
demonstrate the
     probable large-scale, low-frequency
temperature
     signal in ECS independent of
explicitly
     calibrating the individual RCS
chronologies
     before aggregating them. The results
should
     actually have pleased you because,
for the 20-200
     year band, ECS and MBH have
correlations of
     0.60 to 0.68, depending on the
period used.
     Given that ECS is based on a great
deal of new
     data not used in MBH, this result
validates to a
     reasonable degree the temperature
signal in MBH
     in the 20-200 year band over the
past 1000 years.

     Given the incendiary and sometimes
quite rude
     emails that came out at the time
when ECS and
     Briffa/Osborn were published, I could
also go
     into the whole complaint about how
the review
     process at Science was "flawed". I
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will only say
     that this is a very dangerous game
to get into and
     complaints of this kind can easily cut
both ways.
     I will submit an appropriately edited
and
     condensed version of this reply to
Science.

     Regards,

     Ed
     --
    
=================================

     Dr. Edward R. Cook
     Doherty Senior Scholar
     Tree-Ring Laboratory
     Lamont-Doherty Earth Observatory
     Palisades, New York 10964 USA
     Phone: 1-
     Fax: 1-
     Email: drdendro@ldeo.columbia.edu
    
=================================

    
_____________________________________________

     __________________________
     Professor Michael E. Mann
      Department of Environmental
Sciences, Clark Hall
     University of Virginia
     Charlottesville, VA 22903
    
_____________________________________________

     __________________________
     e-mail: mann@virginia.edu Phone:
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     Dr. Edward R. Cook
     Doherty Senior Scholar
     Tree-Ring Laboratory
     Lamont-Doherty Earth Observatory
     Palisades, New York 10964 USA
     Phone: 1-
     Fax: 1-
     Email: drdendro@ldeo.columbia.edu
    
=================================

 >
____________________________________________________

 ___________________
 Professor Michael E. Mann
  Department of Environmental Sciences,
Clark Hall
 University of Virginia
 Charlottesville, VA 22903
 ____________________________________________________

 ___________________
 e-mail: mann@virginia.edu Phone:

 
 
 
http://www.evsc.virginia.edu/faculty/people/mann.shtml

Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

--
==================================
Dr. Edward R. Cook
Doherty Senior Scholar
Tree-Ring Laboratory
Lamont-Doherty Earth Observatory
Palisades, New York 10964  USA
Email:  drdendro@ldeo.columbia.edu
Phone:  
Fax:    
==================================

_______________________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
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                    Professor Michael E. Mann
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From: Michael E. Mann
To: Ed Cook
Cc: Malcolm Hughes; Malcolm Hughes; esper@wsl.ch; k.briffa@uea.ac.uk; t.osborn@uea.ac.uk; p.jones@uea.ac.uk;

tcrowley@duke.edu; rbradley@geo.umass.edu; jto@u.arizona.edu; srutherford@virginia.edu
Subject: Re: Your letter to Science
Date: Friday, April 12, 2002 2:34:23 PM

Dear Ed, Tom, Keith, etc.

In keeping w/ the spirit of Tom's and Keith's emails, I wanted to stress, before we all break for
the weekend, that this is ultimately about the science, its not personal. If my comments seemed
to assail e.g. Keith's motives or integrity, etc. I believe that they were misunderstood (as  I tried
to clarify that in my previous message), but I can see that there was a potential for
misunderstanding of my message (precision in wording is very important) given the high levels
of sensitivity in this debate. So I wanted to leave no uncertainty about that. And of course, I
very much apologize to Keith (and Tim) if they took them my comments that way. They, again,
were most decidedly not intended that way.

I hope we can resolve the scientific issues objectively, and w/out injecting or any personal
feelings into any of this. There are some substantial scientific differences here, lets let them play
out the way they are supposed to, objectively, and in the peer reviewed literature.

Enjoy the weekend all.

cheers,

Mike

At 01:35 PM 4/12/02 -0400, Ed Cook wrote:

Hi Mike, Tom, etc,

Okay, I am quite happy to give this debate a rest, although I am sure that the issues
brought up will still be grounds for scientific debate. I admit to getting a bit riled
when I saw the ECS results on the MWP described as "perilous" because I regard
that as being an unfair characterization of the work presented. Be that as it may, my
reply to Science will be very carefully worded so as not to inflame the issues. Nuff
said. Have a good weekend. I certainly intend to do so.

Ed
 

Ed and others,

I thought I too should chime in here one last time...

I'll leave it to you, Malcolm, Keith and others to debate out the issue of
any additional uncertainties, biases, etc. that might arise from RCS in the
presence of limited samples. That is beyond my range of expertise. But
since this is a new and relatively untested approach, and it is on the basis
of this approach that other estimates are being argued to be
"underestimates", we would indeed have been remiss now to point this
out in our letter.
The wording "perilous" perhaps should be changed, by I very much stand
by the overall sentiment expressed by Malcolm in our piece with regard to
RCS.

One very important additional point that Malcolm makes in his message is
that conservative estimates of uncertainties, appropriate additional
caveats, etc. were indeed all provided in MBH99, and I have always been
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careful to interpret our results in the context of these uncertainties and
caveats. IPCC '2001 was careful to do so to, and based its conclusions
within the context of the uncertainties (hence the choice of the
conservative term "likely" in describing the apparently unprecedented
nature of late 20th century warmth) and, moreover, on the collective
results of many independent reconstructions. Briffa & Osborn would have
you believe that IPCC '2001's conclusions in this regard rested on MBH99
alone. Frankly, Keith and Tim, I believe that is unfair to the IPCC, whether
or not one cares about being fair to MBH or not.

What is unfortunate here then is that Esper et al has been "spun" i to
argue that MBH99 underestimates the quantity it purports to estimate,
full Northern Hemisphere annual mean temperature. Given the readily
acknowledged level of uncertainty in both estimates, combined with the  
"apples and oranges" nature of the comparison between the two (which I
have sought to clarify in my letter to Science, and in my messages to you
all, and the comparison plot I provided),   I believe it is either sloppy or
disingenuous reasoning to argue that this is the case. The fact that this
sloppiness also readily serves the interests of the skeptics is quite
unfortunate, but it is indeed beside the point!

It would probably also be helpful for me to point out, without naming
names, that many of our most prominent colleagues in the climate
research community, as well government funding agency representatives, 
have personally contacted me over the past few weeks to express their
dismay at the way they believe this study was spun. I won't get into the
blame game, because there's more than enough of that to go around. But
when the leaders of our scientific research community and our funding
managers personally alert us that they believe the credibility of our field
has been damaged, I think it is time for some serious reflection on this
episode.

that's my final 2 cents,

Mike

At 10:21 AM 4/12/02 -0400, Ed Cook wrote:

Just a few comments here and then I'm done.

Dear Ed and Mike and others,
All of our attempts, so far, to estimate hemisphere-
scale
temperatures for the period around 1000 years ago
are
based on far fewer data than any of us would like.
None
of the datasets used so far has anything like the
geographical distribution that experience with
recent
centuries indicates we need, and no-one has yet
found a
convincing way of validating the lower-frequency
components of them against independent data. As
Ed
wrote, in the tree-ring records that form the
backbone of
most of the published estimates, the problem of
poor
replication near the beginnings of records is
particularly
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acute, and ubiquitous. I would suggest that this
problem
probably cuts in closer to 1600 than 1400 in the
several
published series. Therefore, I accept that
everything we
are doing is preliminary, and should be treated with
considerable caution.

Therefore, I would guess that you would apply the word
"perilous" to everyones' large-scale NH reconstructions
covering the past 500-1000 years including those that you
have been involved in. Why the sudden increase in caution
now? It sounds very self-serving to me for you to call ECS
"perilous" and not describe every other large-scale
reconstruction in that way as well.

I differ from Ed, and his co-authors,
in believing that these problems have a special
significance for the particular implementation of
RCS
they used, in the light of one of their conclusions
that
depends heavily on that implementation.
As I understand what Ed, Keith and Hal Fritts have
written at various times about RCS, and from my
own
limited experience with the method, it is extremely
important to have strong replication, and I don't
see 50-70
samples probably from 25-35 trees as a big sample.
For
reference, most chronologies used in
dendroclimatology
are based on 10-40 trees, that is 20-80 samples at
2 cores
per tree for a single "site", usually a few hectares.
Here are two passages from Briffa et al., 1992:
page 114, column 1, last paragraph, "For a
chronology
composed of the same number of samples, one
would
therefore expect a larger statistical uncertainty
using this
approach than in a chronology produced using
standardization curves fitted to the data from
individual
trees...............The RCS method therefore requires
greater
chronology depth (i.e. greater sample replication) to
provide the same level of confidence in its
representation
of the hypothetical "true" chronology." ECS mention
this
issue.

As I said in my previous email, we hid nothing in terms of the
uncertainty concerning the pre-1200 interval. Are you
suggesting that we should not have even shown those results?
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If so, that is ridiculous.

page 114, column 1, third paragraph, there is a
discussion
of the problems arising from applying RCS when
pith age
is not known, "In the ring-width data, the final
standardization curve probably slightly
underestimates
the width of young trees and could therefore impart
a
small positive bias to the standardized ring-width
indices
for young rings in a number of series. However,
this
effect will be insignificant when the biased indices
are
realigned according to calendar growth years and
averaged with many other series." The problem
here is
that this latter condition is not met (in my view),
and the
"small positive bias" that may be retained could
turn out
to be important to the most controversial
conclusion of
ECS (the Medieval question).

I can't speak for Jan here, but most of the data he used came
from Schweingruber's lab. I believe that pains were taken to
estimate the pith offset and that Jan used this information in
his RCS analyses. Jan would be best to comment here. In any
case, Jan has done a number of experiments in which he has
artificially added large pith offset errors into the RCS analysis
and the resulting bias is small. So, I do not believe that your
"view" is correct.

I also suspect that Keith
and colleagues underestimated both the size and
variability of the loss of years at the beginning of
records,
but the point stands even if this is not so. So far as
I can
see, ECS do not mention this issue, at least in the
context
of a possible positive bias.

Are you claiming that the only possible bias is positive? I can
show you examples of a probable negative bias using RCS.

The discussion of RCS in the
supplementary materials seems to assume good
replication.

It was a generic description of the method. The replication is
clearly shown in the supplementary materials section as well as
in the main paper. If you don't like the replication, that is your
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opinion. I would love to have more replication as well. Who
wouldn't. But we did show the uncertainties, which you seem
to ignore in your criticism. Ironically, the ECS estimates of
warmth in the MWP are not that dissimilar to those seen in
MBH, as ECS Fig. 3 shows. Are the MBH estimates of MWP
warmth also similarly biased?

ECS, as Ed rightly points out, clearly indicate, in
both
words and diagrams at several points in their paper
and in
the supplementary materials, that the number of
sites and
number of samples they used decreases sharply
before
1200. Even so, ECS gives  prominence (second
sentence
of the abstract, for example) to the reconstruction
in that
very period, and makes a comparison with the
magnitude
of 20th-century warming. All the methods, and their
realizations so far, have significant problems. In our
letter
(Mike and I) we draw attention to a specific
problem with
this implementation of RCS that has a special
bearing on
the reconstruction of a period to which ECS have
drawn
attention. Hence the strong note of caution about
the ECS
conclusion on the comparison between the
10th/11th and
late 20th centuries.
I hope it's clear from this that I don't disagree with
the
general proposition that all existing reconstructions
of
hemipsphere-scale temperatures 1000 years ago (or
even
for all the first half of the second millennium AD)
should
be viewed as very preliminary. If anyone is
interested I
attach a short note on the replication in the year AD
1000
of records used in MBH99 to give an idea of what
we are
up against.

There is obviously a lot more we can debate about here. I will
simply stop here by saying that I stand by the results shown in
ECS and will say so in my reply to your letter, pointing out that
the use of the word "perilous" could be just as easily be
applied to MBH.

We all have a lot to do. I see four important tasks -
1)
more investigation of the strengths and limitations
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of
methods like RCS and age-banding - for example,
how
many samples would have been enough in this
case, does
the RC change through time? and so on; 2) use of
tree-
ring records where the loss of low-frequency
information
is least - those with long segments from open
stands; 3)
the search for tree-ring parameters without
age/size
related trend; 4) the development of completely
independent proxies with intrinsically better low-
frequency fidelity.
Cheers, Malcolm
The Briffa et al reference is to the 1992 paper,
Climate
Dynamics, 7:111-119

 Hi Ed,

 OK--thanks for your response. I'll let
Malcolm respond to the
 technical issues regarding RC. I'm not
really qualified to do so
 myself anyway. Your other points are
well taken...

 Cheers,

 Mike

 At 12:09 PM 4/11/02 -0400, Edward
Cook wrote:
     Hi Mike,

     Thanks for the reply. I too do not
want to see anything
     personal in our disagreements. It
would be a shame if it got to
     that and it shouldn't. I don't think
that the science we are
     talking about is sufficiently known
yet to claim the "truth",
     which is why we are having some of
our disagreements. I mainly
     wanted to clarify some issues
relating to some criticisms of the
     ECS results that I thought were not
totally fair. My biggest
     complaint is with Malcolm's
contribution to your letter because it
     really isn't fair to use such words as
"perilous". ECS did not
     hide anything and the uncertainties
are clearly indicated in EGS

 >     Figs. 2 and 3. So, you can make your own
judgement. However,
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     Malcolm's opinion does not invalidate
the ECS record. If Malcolm's
     statement is correct, than ALL
previous estimates of NH
     temperature over the past 1000
years are "perilous", especially
     before AD 1400 when the number of
series available declines
     significantly in most records.

     Ed

     Ed,

     It will take some time to digest these
comments, but my
     initial response is one of some
disappointment. I will
     resist the temptation to make the
letter to Science
     available to the others on this list,
because of my fears of
     violating the embargo policy (I know
examples of where doing so
     has led to Science retracting a piece
form publication). So thanks
     for also resisting the temptation to
do so...

     But I must point out that the piece
by Malcolm and me
     is very similar in its content to the
letter of clarification that
     you and I originally crafted to send
to Science some weeks ago,
     before your co-author objected to
your involvement! If there is no
     objection on your part, I'd be happy
to send that to everyone,
     because it is not under consideration
in Science (a quite
     unfortunate development, as far as
I'm concerned). The only real
     change from that version is the
discussion of the use of RCS. That
     is in large part Malcolm's
contribution, but I stand behind what

 >     Malcolm says. I think there are some real sins
of omission with

     regard to the use of RCS too, and it
would be an oversight on our
     part now to comment on these.

     Finally, with regard to the scaling
issues, let me simply
     attach a plot which speaks more
loudly than several
     pages possibly could The plot takes
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Epser et al (not
     smoothed, but the annual values)
and scales it against the
     full Northern Hemisphere
instrumental record 1856-1990
     annual mean record, and compares
against the entire 20th
     century instrumental record (1856-
1999), as well as with
     MBH99 and its uncertainties.

     Suppose that Esper et al is indeed
representative of the
     fullNorthern Hemisphere annual
mean, as MBH99
     purports to be. To the extent that
differences emerge
     between the two in assuming such a
scaling, I interpret
     them as differences which exist due
to the fact that the
     extratropical Northern Hemisphere
series and full
     Northern Hemisphere series likely did
not co-vary in the
     past the same way they co-vary in
the 20th century (when
     both are driven predominantly, in a
relative sense, by
     anthropogenic forcing, rather than
natural forcing and
     internal variability). What the plot
shows is quite
     remarkable. Scaled in this way, there
is remarkably little
     difference between Esper et al and
MBH99 in the first
     place (the two reconstructions are
largely within the error
     estimates of MBH99!)!, but
moreover, where they do
     differ, this could be explainable in
terms of patterns of
     enhanced mid-latitude continental
response that were
     discussed, for example, in Shindell et
al (2001) in
     Science last December. So I think
this plot says a lot. Its
     say that there are some statistically
significant
     differences, but certainly no grounds
to use Esper et al to
     contradict MBH99 or IPCC '2001 as,
sadly, I believe at
     least one of the published pieces
tacitly appears to want
     to do.

     It is shame that such a plot, which I
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think is a far more
     meaningful comparison of the two
records, was not
     shown in either Esper et al or the
Briffa & Osborn
     commentary. I've always given the
group of you adequate
     opportunity for commentary on
anything we're about to
     publish in Nature or Science. I am
saddened that many of
     my colleagues (and, I have always
liked to think friends)
     didn't affort me the same opportunity
before this all
     erupted in our face. It could have
been easily avoided.
     But that's water under the bridge.

 >

     Finally, before any more back-and-
forths on this, I want
     to make sure that everyone involved
understands that
     none of this was in any way ever
meant to be personal, at
     least not on my part (and if it ever
has, at least on my
     part, seemed that way, than I offer
my apologies--it was
     never intended that way). This is
completely about the
     "science". To the extent that I
(and/or others) feel that the
     science has been mis-represented in
places, however, I personally
     will work very hard to make sure
that a more balanced view is
     available to the community.
Especially because the implications
     are so great in this case. This is what
I sought to do w/ the NYT
     piece and my NPR interview, and
that is what I've sought to do
     (and Malcolm to, as far as I'm
concerned) with the letter to
     Science. Being a bit sloppy w/
wording, and omission, etc. is
     something we're all guilty of at times.
But I do consider it
     somewhat unforgivable when it is
obvious how that sloppiness can
     be exploited. And you all know
exactly what I'm talking about!

     So, in short, I think are some
fundamental issues over
     which we're in disagreement, and
where those exist, I will
     not shy away from pointing them
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out. But I hope that is
     not mis-interpreted as in any way
personal.

     I hope that suffices,

 >

     Mike

     p.s. It seemed like an omission to
not cc in Peck and
     Scott Rutherford on this exchange,
so I've done that. I
     hope nobody minds this addition...
     At 10:57 AM 4/11/02 -0400, Edward
Cook wrote:
     Hi Mike and Malcolm,

     I have received the letter that you
sent to Science
     and will respond to it here first in
some detail and
     later in edited and condensed form in
Science.
     Since much of what you comment
and criticize on
     has been disseminated to a number
of people in
     your (Mike's) somewhat
inflammatory earlier
     emails, I am also sending this
lengthy reply out to
     everyone on that same email list,
save those at
     Science. I hadn't responded in detail
before, but
     do so now because your criticisms
will soon be in
     the public domain. However, I am
not attaching
     your letter to Science to this email
since that is
     not yet in the public domain. It is up
to you to
     send out your submitted letter to
everyone if you
     wish.

     I must say at the beginning that
some parts of
     your letter to Science are as "flawed"
as your
     claims about Esper et al. (hereafter
ECS). The
     Briffa/Osborn perspectives piece
points out an
     important scaling issue that indeed
needs further
     examination. However, to claim as
you do that
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     they show that the ECS 40-year low-
pass
     temperature reconstruction is
"flawed" begs the
     question: "flawed" by how much? It
is not at all
     clear that scaling the annually
resolved RCS
     chronology to annually resolved
instrumental
     temperatures first before smoothing
is the correct
     way to do it. The ECS series was
never created to
     examine annual, or even decadal,
time-scale
     temperature variability. Rather, as
was clearly
     indicated in the paper, it was created
to show how
     one can preserve multi-centennial
climate
     variability in certain long tree-ring
records, as a
     refutation of Broecker's truly "flawed"
essay. As
     ECS showed in their paper (Table 1),
the high-
     frequency correlations with NH mean
annual
     temperatures after 20-year high-pass
filtering is
     only 0.15. That result was expected
and it makes
     no meaningful difference if one uses
only extra-
     tropical NH temperature data. So,
while the
     amplitude of the temperature-scaled
40-year low-
     pass ECS series might be on the high
end (but
     still plausible given the gridded
borehole
     temperature record shown in
Briffa/Osborn),
     scaling on the annually resolved data
first would
     probably have the opposite effect of
excessively

 >     reducing the amplitude. I am willing to accept
an

     intermediate value, but probably not
low enough
     to satisfy you. Really, the more
important result
     from ECS is the enhanced pattern of
multi-
     centennial variability in the NH extra-
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tropics over
     the past 1100 years. We can argue
about the
     amplitude later, but the enhanced
multi-centennial
     variability can not be easily
dismissed. I should
     also point out, again, that you saw
Fig. 3 in ECS
     BEFORE it was even submitted to
Science and
     never pointed out the putative
scaling "flaw" to
     me at that time.

     With regards to the issue of the late
20th century
     warming, the fact that I did not
include some
     reference to or plot of the up-to-date
instrumental
     temperature data (cf. Briffa/Osborn)
is what I
     regard as a "sin of omission". What I
said was
     that the estimated temperatures
during the MWP
     in ECS "approached" those in the
20th century
     portion of that record up to 1990. I
don't consider
     the use of "approached" as an
egregious
     overstatement. But I do agree with
you that I
     should have been a bit more careful
in my
     wording there. As you know, I have
publicly
     stated that I never intended to imply
that the
     MWP was as warm as the late 20th
century (e.g.,

 >     my New York Times interview). However, it is
a

     bit of overkill to state twice in the
closing
     sentences of the first two paragraphs
of your
     letter that the ECS results do not
refute the
     unprecedented late 20th century
warming. I
     would suggest that once is enough.

     ECS were also very clear about the
extra-tropical
     nature of their data. So, what you
say in your
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     letter about the reduced amplitude in
your series
     coming from the tropics, while
perhaps worth
     pointing out again, is beating a dead
horse.
     However, I must say that the "sin of
omission" in
     the Briffa/Osborn piece concerning
the series
     shown in their plot is a bit worrying.
As they say
     in the data file of series used in their
plot (and in
     Keith's April 5 email response to
you),
     Briffa/Osborn only used your land
temperature
     estimates north of 20 degrees and
recalibrated the
     mean of those estimates to the same
domain of
     land-only instrumental temperatures
using the
     same calibration period for all of the
other non-
     borehole series in the same way. I
would have
     preferred it if they had used your
data north of
     30N to make the comparisons a bit
more one-to-
     one. However, I still think that their
results are
     interesting. In particular, they
reproduce much of
     the reduced multi-centennial
temperature
     variability seen in your complete NH
     reconstruction. So, if the amplitude
of scaled
     ECS multi-centennial variability is far
too high
     (as you would apparently suggest), it
appears that
     it is also too low in your estimates
for the NH
     extra-tropics north of 20N. I think
that we have
     to stop being so aggressive in
defending our
     series and try to understand the
strengths and
     weaknesses of each in order to
improve them.
     That is the way that science is
supposed to work.
     I must admit to being really irritated
over the
     criticism of the ECS tree-ring data
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standardized
     using the RCS method. First of all,
ECS
     acknowledged up front the declining
available
     data prior to 1200 and its possible
effect on
     interpreting an MWP in the mean
record. ECS
     also showed bootstrap confidence
intervals for
     the mean of the RCS chronologies
and showed
     where the chronologies drop out.
Even allowing
     for the reduction in the number of
represented
     sites before 1400 (ECS Fig. 2d), and
the
     reduction in overall sample size (ECS
Fig. 2b),
     there is still some evidence for
significantly
     above average growth during two
intervals that
     can be plausibly assigned to the
MWP. Of course

 >     we would like to have had all 14 series cover
the

     past 1000-1200 years. This doesn't
mean that we
     can't usefully examine the data in the
more
     weakly replicated intervals. In any
case, the
     replication in the MWP of the ECS
chronology is
     at least as good as in other
published tree-ring
     estimates of large-scale
temperatures (e.g., NH
     extra-tropical) covering the past
1000+ years. It
     also includes more long tree-ring
records from the
     NH temperate latitudes than ever
before. So to
     state that "this is a perilous basis for
an estimate
     of temperature on such a large
geographic scale"
     is disingenuous, especially when it is
unclear how
     many millennia-long series are
contributing the
     majority of the temperature
information in the
     Mann/Bradley/Hughes (MBH)
reconstruction
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     prior to AD 1400. Let's be balanced
here.

     I basically agree with the closing
paragraph of
     your letter. The ECS record was
NEVER
     intended to refute MBH. It was
intended, first
     and foremost, to refute Broecker's
essay in
     Science that unfairly attacked tree
rings. To this
     extent, ECS succeeded very well. The
     comparison of ECS with MBH was a
logical
     thing to do given that it has been
accepted by the

 >     IPCC as the benchmark reconstruction of NH

     annual temperature variability and
change over
     the past millennium. Several other
papers have
     made similar comparisons between
MBH and
     other even more geographically
restricted
     estimates of past temperature. So, I
don't
     apologize in the slightest for doing so
in ECS.
     The correlations in Table 2 between
ECS and
     MBH were primarily intended to
demonstrate the
     probable large-scale, low-frequency
temperature
     signal in ECS independent of
explicitly
     calibrating the individual RCS
chronologies
     before aggregating them. The results
should
     actually have pleased you because,
for the 20-200
     year band, ECS and MBH have
correlations of
     0.60 to 0.68, depending on the
period used.
     Given that ECS is based on a great
deal of new
     data not used in MBH, this result
validates to a
     reasonable degree the temperature
signal in MBH
     in the 20-200 year band over the
past 1000 years.

     Given the incendiary and sometimes
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quite rude
     emails that came out at the time
when ECS and
     Briffa/Osborn were published, I could
also go
     into the whole complaint about how
the review
     process at Science was "flawed". I
will only say
     that this is a very dangerous game
to get into and
     complaints of this kind can easily cut
both ways.
     I will submit an appropriately edited
and
     condensed version of this reply to
Science.

     Regards,

     Ed
     --
    
=================================

     Dr. Edward R. Cook
     Doherty Senior Scholar
     Tree-Ring Laboratory
     Lamont-Doherty Earth Observatory
     Palisades, New York 10964 USA
     Phone: 1-
     Fax: 1-
     Email: drdendro@ldeo.columbia.edu
    
=================================

    
_____________________________________________

     __________________________
     Professor Michael E. Mann
      Department of Environmental
Sciences, Clark Hall
     University of Virginia
     Charlottesville, VA 22903
    
_____________________________________________

     __________________________
     e-mail: mann@virginia.edu Phone:

     
    
http://www.evsc.virginia.edu/faculty/people/mann.sht

     ml
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     --

    
=================================

     Dr. Edward R. Cook
     Doherty Senior Scholar
     Tree-Ring Laboratory
     Lamont-Doherty Earth Observatory
     Palisades, New York 10964 USA
     Phone: 1-
     Fax: 1-
     Email: drdendro@ldeo.columbia.edu
    
=================================

 >
____________________________________________________

 ___________________
 Professor Michael E. Mann
  Department of Environmental Sciences,
Clark Hall
 University of Virginia
 Charlottesville, VA 22903
 ____________________________________________________

 ___________________
 e-mail: mann@virginia.edu Phone:

 
 
 
http://www.evsc.virginia.edu/faculty/people/mann.shtml

Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

--
==================================
Dr. Edward R. Cook
Doherty Senior Scholar
Tree-Ring Laboratory
Lamont-Doherty Earth Observatory
Palisades, New York 10964  USA
Email:  drdendro@ldeo.columbia.edu
Phone:  
Fax:    
==================================
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_______________________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 

        http://www.evsc.virginia.edu/faculty/people/mann.shtml           

_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Scott Rutherford
Cc: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; mann@virginia.edu
Subject: Esper et al
Date: Saturday, April 13, 2002 9:18:39 AM

Hi Scott,

One additional thought on the borehole revisions--an excellent way to
negate the comments of reviewer B will be to include Esper et al, as we
have re-scaled it. Can you modify Figure 3, panel c to include the Esper et
al scaled to full N. Hem 1856-1990 (but shown as piecewise linear trends)
and send me a copy of the figure. Given reviewer A's comments, we may have
to re-think the figures a bit. In particular, can display all of the
relevant information of Figure 3 in 2, rather than 3, panels (making each
panel accordingly larger) and if so, any suggestions as to what we show? in
the two panels? I'm interested in anyones thoughts on this...

All of the figures will have to be revised (including Figure 1) w/ the new
straight-averaged gridded borehole data. Also, we'll need to substitute the
new results from the multivariate regression, p values, chi-squared values,
etc. Probably easiest to let you modify the file "grlformatted.doc" first,
incorporating the new statistical results and new figures, and then I'll
modify the text afterwards. Will send on to Ray and Malcolm first, along w/
my letter to editor.

We need to have this submitted before I leave for EGS (Friday), so ideally
we can have this submitted by Wednesday. Please do what you can before you
leave for C'ville, and let me know when you get into town.

Drive safely...

Thanks,

mike

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: Tim Osborn; Ed Cook
Cc: Malcolm Hughes; esper@wsl.ch; k.briffa@uea.ac.uk; p.jones@uea.ac.uk; tcrowley@duke.edu;

rbradley@geo.umass.edu; jto@u.arizona.edu; srutherford@virginia.edu; mann@virginia.edu
Subject: Re: Your letter to Science
Date: Monday, April 15, 2002 9:45:57 AM

HI Tim,

Thanks for your message. Yes, you guys have us beat on the early monday end of
things!

Your points are all taken. I think we all agree there is much work left to be done,
more than enough for all of us to continue to be involved in constructive
collaboration, etc. Scott and I, for example, are almost done writing up the work
based on  your visit w/ us last year, and will send the initial draft on to you, Keith,
and the others involved in the near future. It will be a good chance to try to address
a lot of these questions in an article of adequate length to discuss the nuances that
unfortunately cannot be addressed in a shorter piece.

I also appreciate your more detailed comments about the comparisons, etc. Your
points are all reasonable ones. We can maintain an honest difference about how well
those points were conveyed in the Science piece (for example, you can imagine how
the statement in your piece "This record has a smaller amplitude of century-to-
century variability, and is consistently at or near the upper limit of alternate records
produced by other researchers" might indeed have been interpreted as setting
MBH99 apart as, in your words, an "outlier"). 

We have good reason to believe that our reconstruction *will* in fact nderestimate
extratropical temperature means but far less so full globe/hemisphere-means prior to
the 18th century because the basis functions that primarily set the extratropics apart
from the full hemispheric patterns  (e.g., NAO type patterns and other anomaly
patterns largely carried by EOFs #2 and #3) start to drop out from our basis set
prior to the 18th century, while the pattern that best resolves the full global and/or
hemispheric mean (with note from MBH98,  particularly large loadings primarily in the
tropics and subtropics) still remains. That is why we have never published an
*extratropical* temperature reconstruction prior to the 18th century. I would be
happy to discuss this point with you and Keith and others in more detail. Thus, I
have compared Esper et al w/ our records in the manner described in my previous
email, which I think allows us to diagnose the extent to which differing high-latitude
and full-hemispheric patterns may, at times, explain the somewhat modest
differences between the records when similarly scaled to the full hemispheric 1856-
1990 mean, and always, within  the context of the diagnosed uncertainties. There is
no guarentee, as you say, that the uncertainties are correct, but I personally believe
they'll stand up over time. You can call me on this 10 years from now, and somebody
will owe somebody a beer...

In any case, I hope and fully expect we can all continue to all be engaged in
constructive interaction & hopefully continued collaboration.  It will require some
sensitivity on all our part to the larger issues surrounding our work, and the way it
gets presented to the broader community, but I don't think that should be all that
difficult.

I look forward to these more constructive interactions. I'll do my best to foster them,
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Mike

At 01:57 PM 4/15/02 +0100, Tim Osborn wrote:

Dear all,

well, the time zone may let you have the last word before the weekend,
but we can get the first word in on a Monday morning!

At 22:35 12/04/02, Michael E. Mann wrote:

In keeping w/ the spirit of Tom's and Keith's emails, I wanted
to stress, before we all break for the weekend, that this is
ultimately about the science, its not personal. If my comments
seemed to assail e.g. Keith's motives or integrity, etc. I believe
that they were misunderstood (as  I tried to clarify that in my
previous message), but I can see that there was a potential for
misunderstanding of my message (precision in wording is very
important) given the high levels of sensitivity in this debate. So
I wanted to leave no uncertainty about that. And of course, I
very much apologize to Keith (and Tim) if they took them my
comments that way. They, again, were most decidedly not
intended that way.

Thanks for clarifying that, Mike.  I think that both Keith and I interpreted
your earlier e-mail as being more critical of us than you actually meant it
to be.

Most issues surrounding the recent Esper et al. and Briffa & Osborn pieces
seem to have been covered adequately already.  There are just a couple
of issues on which I'd like to add a few comments, hopefully clarifying the
situation rather than opening up more avenues for debate.

The first relates to the purpose and style of the Briffa & Osborn piece. 
Perspectives are brief, non-technical and not peer-reviewed.  Our
instructions were: "The Perspective should provide an overview of recent
research in the field and explain to the general reader why the work is
particularly exciting."  Is it any surprise then that we should focus on the
new insights provided by the Esper et al. work, and that it suggests a
different climate history than earlier work?  And that the constraints of the
perspectives format (in terms of length, audience and style) prevented us
from listing ALL the caveats and uncertainties related to this and earlier
reconstructions and that might be of relevance to their intercomparison? 
I don't think it is surprising, nor do I think we should be criticised for it.

Moreover, despite the constraints of the perspectives format, I think we
were very careful with our wording to avoid misleading the reader.  The
reference to the IPCC, for example, was not at all sloppy - the opposite, in
fact, since it was very carefully worded: the IPCC Synthesis Report is
referred to, rather than the full TAR, and it is quite true that there is a
focus on the reconstruction of Mann et al. in the former.  As Mike says,
IPCC conclusions were based on other work too.  But I'd guess that many
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of the readers of our perspective won't have read the full IPCC report, so
we thought it valid to focus on the difference between the new work and
that shown in the Synthesis Report (which more will have seen).  To do
this is certainly not unfair to the IPCC.  It would only have been unfair if
we had implied that the IPCC had ignored this new work - but of course
we weren't doing that, because how could one expect the TAR to consider
work that is published a year after the TAR itself?  We were similarly
careful with our wording in our brief mention of the MWP, by saying it is
"more pronounced" in Esper et al. - this doesn't mean it is warmer than
the others (and thus has no implications for the IPCC conclusion of recent
unusual warmth), rather it is pronounced because it is followed by
stronger cooling.

The second issue is our re-calibration of the reconstructions.  While it
hasn't been explicitly stated, I get the impression that this is considered
by some to be a poor thing to do.  The particular re-calibration we do has
a number of effects, including making the Mann et al. reconstruction
appear more consistently at the top of the range of alternatives.  But
please let me assure you (Mike, Ray and Malcolm) that the reason for re-
calibrating the records is definitely *not* to make your record appear as
an outlier, and I hope you believe me.  Indeed, in Jones, Osborn & Briffa
(2001: Science 292, 662-667) we showed various NH records *without*
applying our re-calibration.

We produced our first comparison of records for an earlier Science
perspectives piece in 1999 (Briffa & Osborn, 1999) and thought it would
be useful to do a re-calibration to remove some of the reasons for inter-
reconstruction differences (which can be due to: different proxy data,
different statistical methods, different calibration target and different
calibration period).  The latter two reasons were removed by re-calibrating
against a common target series and over a common period.  We updated
this in Briffa et al. (2001) and acknowledged that the target series (in
terms of its spatial and seasonal definition) may not be optimal in all
cases.  Indeed, it may be especially sub-optimal for Mann et al., because
their reconstruction approach combines the proxy records to optimally
reconstruct full NH, annual mean T (whereas we have selected land north
of 20N, warm-season T as our target for the recalibration).  Despite this,
we felt justified in doing the recalibration because the Mann et al. series
still outperformed the others in terms of its correlation with the
instrumental record over the calibration period!  In our latest piece, we
have updated the intercomparison in two ways (as well as including new
series): (i) we took the spatially-resolved gridded reconstructions of Mann
et al. and extracted only land boxes north of 20N; and (ii) we used
annual, not warm-season, temperature as the target.  The first of these
(as explained by Keith and I in an earlier e-mail, which is repeated below
because it didn't get sent to all of you firs time round) deals with all the
points raised by Mike about tropical versus extratropical differences.  I
would again argue that we were not sloppy, because these changes to
our intercomparison were carefully thought out.

So that explains what we have done and why.  There is some sensitivity,
clearly, to calibration choices, which implies to me that the true
uncertainty ranges are probably larger than those estimated solely from
the statistical properties of calibration residuals (as used by Briffa et al.,
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and [I think] by Mann et al.).  There is clearly more progress to be made!

Best regards to you all

Tim

------------------------------------------

Date: Fri, 05 Apr 2002 17:17:55 +0100
To: "Michael E. Mann"
<mann@multiproxy.evsc.virginia.edu>,p.jones@uea.ac.uk,
 tcrowley@duke.edu,rbradley@geo.umass.edu,mhughes@ltrr.arizona.edu,

 drdendro@ldeo.columbia.edu,rkerr@aaas.org,bhanson@aaas.org

From: Keith Briffa <k.briffa@uea.ac.uk>
Subject: Re: Briffa & Osborn piece
Cc: Tim Osborn <t.osborn@uea.ac.uk>

Dear Mike, (and interested colleagues)

Given the list of people to whom you have chosen to circulate
your message(s), we thought we should make a short,
somewhat formal, response here.  I am happy to reserve my
informal response until we are face to face! We did not
respond earlier because we had more pressing tasks to deal
with. This is not the place to go into a long or over-detailed
response to all of your comments but a few brief remarks
might help to clear up a couple of misconceptions.

You consider our commentary on Ed and Jan's paper

"more flawed than even the paper itself"

on the basis that scaling the relationship between full Northern
Hemisphere and extratropical Northern Hemisphere is *much*
more problematic than even any of the seasonal issues we
discuss.  In fact we did not do this.  The curve labelled
“Mann99” in our figure was, in fact, based on the average of
only the land areas, north of 20 degrees N, extracted from
your spatially-resolved reconstructions.  We then scaled it by
calibration against the instrumental annual temperatures from
the same region.  This is, just as you stress in your comments
on the Esper et al. paper, what should have been done.  We
think that this single point addresses virtually of all your
concerns.  We can, of course, argue about what this means for
the pre-1400 part of your reconstruction, when only 1 EOF
was reconstructed, but the essential message is that we did
our best to exclude the tropics (and the oceans too!) from your
series so that it could more readily be compared with the other
records.

The fact that we have used only the extra-tropical land from
your data is not clear from the text, so we can see why you
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may not have appreciated this, but we think you will concede
that this fact negates much of what you say and that we acted
"more correctly" than you realised.  Blame *Science* for being
so mean with their space allocation if you want!  Remember
that this was an unrefereed piece and we felt justified in
concentrating on one issue; that of the importance of the
method of scaling and its effect on apparent "absolute"
reconstruction levels.  In our draft, we went on to say that this
was crucial for issues of simple model sensitivity studies and
climate detection, citing the work of Tom Crowley and Myles
Allen, but this fell foul of the editor's knife.

You also express concerns about the calibration of Esper et al.
(e.g., you say "if the authors had instead used the actual
(unsmoothed) instrumental record … for the extratropical
northern hemisphere to scale their record, their reconstruction
would be much closer to MBH99").
This point is wholly consistent with our discussion in the
perspective piece, and indeed we show that in absolute terms
the records are closer when Esper et al. is calibrated using
unsmoothed data  but since the variance is also reduced, the
significance of the differences may be just as high.

Finally, we have to say that we do not feel constrained in what
we say to the media or write in the scientific or popular press,
by what the sceptics will say or do with our results.  We can
only strive to do our best and address the issues honestly. 
Some "sceptics" have their own dishonest agenda - we have
no doubt of that.  If you believe that I, or Tim, have any other
objective but to be open and honest about the uncertainties in
the climate change debate, then I am disappointed in you also.

Best regards

Keith (and Tim)

------------------------------------------

Dr Timothy J Osborn                 | phone:    
Senior Research Associate           | fax:      
Climatic Research Unit              | e-mail:   t.osborn@uea.ac.uk
School of Environmental Sciences    | web-site:
University of East Anglia __________|   http://www.cru.uea.ac.uk/~timo/
Norwich  NR4 7TJ         | sunclock:
UK                       |   http://www.cru.uea.ac.uk/~timo/sunclock.htm

_______________________________________________________________________

                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
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e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Scott Rutherford
Cc: Malcolm Hughes
Date: Tuesday, April 16, 2002 9:44:54 AM

Scott: Can you send Malcolm a copy of the revised Figure 3c ASAP showing
the Esper et al comparison....

_______________________________________________________________________
                      Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes
Cc: Scott Rutherford; mann@virginia.edu
Subject: Re: postdoc
Date: Thursday, April 18, 2002 12:30:45 PM

OK Malcolm,

Enjoy, and don't catch Montezuma's revenge. I had it in Oaxaca once...

I'm off to Nice tomorrow morning. Incidentally, my EGS talk is posted here
in powerpoint:

ftp://holocene.evsc.virginia.edu/pub/mann/Talks/egs02.ppt

  feel free to download, use whatever transparencies you like, etc. There
are some nice new comparisons Scott has made up of the Esper et al, and
borehole recons in there,

talk to you later,

mike

At 12:27 PM 4/18/02 -0700, you wrote:
>Looks good. I'll be out of contact now until
>Tuesday  - IAI project meeting in
>Oaxaca,Mexico. Cheers, MAlcolmMalcolm
>Hughes
>Professor of Dendrochronology
>Laboratory of Tree-Ring Research
>University of Arizona
>Tucson, AZ 85721
>520-621-6470
>fax 520-621-8229

_______________________________________________________________________
                      Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Etta Kavanagh
Cc: mhughes@ltrr.arizona.edu; mann@virginia.edu
Subject: Re: Your letter to SCIENCE
Date: Wednesday, April 24, 2002 6:44:57 AM
Attachments: Mann.edit3.doc

Dear Etta,

Thanks very much for your message, and the attached edited version of the
text. It looks very good-- I've attached a modified version responding to
your inquiries (Malcolm Hughes should make sure I've got his zip code
right) and I've suggested one minor change of wording as indicated in
paragraph 4 (w/ red font and cross-out text), since the word "perilous" was
considered unfair by our colleagues (based on my personal correspondence w/
Ed Cook)--we believe the revised wording is less confrontational, and
appropriately more specific.

As I'll be travelling for the next couple days, please consult w/ my
co-author Malcolm Hughes if there is any additional information that we
need to provide you.

Thanks again for dealing with this in such a timely fashion.

Best regards,

Mike Mann

At 03:19 PM 4/23/02 -0400, you wrote:
>Dear Dr. Mann,
>
>We are interested in publishing your letter to SCIENCE. Please find
>attached my edited version of the text. I have some questions about the
>text, which are shown in bold. Please look over my changes and questions
>and return your comments to me by 10 a.m. Thursday morning (April 25).
>Thank you very much for your assistance.
>
>Best regards,
>Etta Kavanagh
>Associate Letters Editor
>tel: 202-326-6520
>fax: 202-789-5316
>ekavanag@aaas.org
>
>Department e-mail: science_letters@aaas.org
>

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml             

ABOR/MH/Priv-005526



Head 
The recent report by Esper et al. (“Low-
frequency signals in long tree-ring 
chronologies for reconstructing past 
temperature variability,” 22 March, p. 
2250) addresses important scientific 
questions on the spatial scale of past 
climate periods such as the so-called 
“Little Ice Age” and “Medieval Warm 
Period.” It also presents a valuable set of 
data and demonstrates a novel use of a 
promising technique. As already indicated 
(1), the basis used by Esper et al. for 
comparison with previous studies of 
Northern Hemisphere (NH) temperature 
trends over the past millennium (2–4) is 
flawed. For this and other important 
reasons, the previously established 
conclusion (5) that late 20th century 
warming appears to be unprecedented over 
at least the past millennium still stands.  

Esper et al., like previous studies (2–4), 
conclude that peak warmth about 1000 
years ago was comparable to that of the 
mid-20th century. However, unlike these 
previous studies, they did not compare the 
peak medieval warmth against that of the 
past few decades, wherein hemispheric 
temperatures have risen several tenths of a 
degree Celsius further above mid-20th 
century levels. Their report is thus not a 
refutation of the basic finding (5) that late 
20th century warmth is anomalous in the 
context of at least the past millennium. 

The Esper et al. reconstruction exhibits 
greater century-scale variability than the 
hemispheric reconstruction of, e.g., Mann 
et al. (3), with the greatest differences seen 
in the level of cooling during the so-called 
Little Ice Age (17th to 19th centuries). As 
they indicate, some of these differences 
may have a geographic basis. Esper et al. 
estimate extratropical (and primarily, 
warm-season) temperature changes, using 
an entirely extratropical tree-ring data set. 
In contrast, the Mann et al. reconstruction 
estimates temperature trends over the full 
NH, using both extratropical (tree ring, ice 
core, and historical) and tropical (coral, 
tree ring, and high-elevation ice core) 
proxy data and targeting the full NH 
temperature. Half of the surface area of the 
NH temperature record estimated by Mann 
et al. lies at latitudes below 30°N, whereas 
the Esper et al. estimate is based entirely 
on latitudes above 30°N. Tropical surface 
temperatures are typically less variable 
than extratropical continental surface 
temperatures on almost all time scales. For 
example, Hendy et al. (6) have shown that 

there is little if any cooling in a substantial 
region of the tropical Pacific during the 
Little Ice Age, and they argue that the 
main signature of the Little Ice Age is an 
increase in the poleward temperature 
gradient. Such inferences are consistent 
with recently demonstrated dynamical 
mechanisms for enhanced extratropical 
continental cooling in the Little Ice Age 
(7). More moderate temperature variations 
at the scale of the full NH (2–4) are 
consistent with model (5) simulations. 

Esper et al. use the regional curve 
standardization (RCS) technique in their 
estimation of temperatures between 800 
and 1100 A.D. in spite of the cautions of 
Cook et al. (8) and their own injunction 
that “Successful use of the RCS method 
generally requires a large number of ring-
width series because the method of 
detrending is not based on any explicit 
curve-fitting to the individual series…” (p. 
2251). Large numbers of samples were 
used in their study, but not for the period 
around 1000 A.D. Their Supplemental fig. 
2 (9) shows that only 6 of the total of 14 
sites cover this period and that the total 
number of samples used for any one year 
is between 50 and 70. Dendrochronologists 
usually take two samples per tree, so their 
estimate of extratropical NH temperature is 
probably based on 25 to 35 trees spread 
across six locations, providing a spatially 
more limited basis than in previous studies 
(2-4) for estimating large-scale 
temperature changes.. This is a perilous 
basis for an estimate of temperature on 
such a large geographic scale, p. 

Rather than refuting past temperature 
estimates, the Esper et al. record 
underscores the mounting evidence for 
substantial differences between tropical 
and extratropical temperature trends in past 
centuries and the need for more records of 
millennial length and for a better 
understanding of the situations under 
which multicentennial climatic information 
may be extracted from tree-ring data. 

Michael E. Mann1 and Malcolm K. Hughes2 
1Department of Environmental Sciences, 
University of Virginia, Charlottesville, VA 
XXXXX22903, USA. 2Laboratory of Tree-Ring 
Research, University of Arizona, Tucson, AZ 
XXXXX85721, USA. [Please provide complete 
mailing addresses.] 
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From: Malcolm Hughes
To: mann@virginia.edu
Subject: Science letter
Date: Thursday, April 25, 2002 2:46:31 PM

Dear Mike - I've just returned from Oaxaca and a day and
night lost to Monteczuma's Revenge. I'm afraid that the
change you made to the letter opens a can of worms best
avoided at this stage. For example - the density of records
might be greater in the Esper et al than in some of the
others (just because they're spread over two hemispheres).
Therefore, I suggest we simply use their own point - that
they don't have enough samples. I attach my draft of this,
and will sort out the details tomorrow (Friday). 

 CHeers, Malcolm

Attachments:
  D:\Projects\Bradley and Mann\controversy\espersupp1\MANNHUGHES WED.doc
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From: Michael E. Mann
To: Malcolm Hughes
Subject: Re: Science letter
Date: Friday, April 26, 2002 5:17:20 PM

Hi Malcolm,

Unfortunately, I just returned to this message from you.  Your change is
fine with me. However, I believe she needed the final copy today. If you
didn't hear back from her after your previous message, we should probably
assume it went to press as is.

Please let me know if you've had any confirmation from her. Thanks,

Mike

At 02:46 PM 4/25/02 -0700, you wrote:
>Dear Mike - I've just returned from Oaxaca and a day and
>night lost to Monteczuma's Revenge. I'm afraid that the
>change you made to the letter opens a can of worms best
>avoided at this stage. For example - the density of records
>might be greater in the Esper et al than in some of the
>others (just because they're spread over two hemispheres).
>Therefore, I suggest we simply use their own point - that
>they don't have enough samples. I attach my draft of this,
>and will sort out the details tomorrow (Friday). 

. CHeers, MalcolmMalcolm Hughes
>Professor of Dendrochronology
>Laboratory of Tree-Ring Research
>University of Arizona
>Tucson, AZ 85721
>520-621-6470
>fax 520-621-8229

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: Etta Kavanagh
Cc: mann@virginia.edu; mhughes@ltrr.arizona.edu
Subject: Re: Your letter to SCIENCE
Date: Saturday, April 27, 2002 4:54:26 AM

Dear Etta,

If just returned from travel, and read the correspondence from you and with
Malcolm Hughes. You can indicate me as the corresponding author. Meanwhile,
I understand that Malcolm is providing you w/ the additional information
indicated below.

Malcolm will also provide you  with a final revision of the letter that
resolves the the remaining wording problem brought to my attention in his
email. I expect that we will have this all to you early Monday. Please let
me know if that presents any difficulty.

Thanks again for your help,

Mike Mann

At 10:33 AM 4/24/02 -0400, Etta Kavanagh wrote:
>Just two quick questions about the letter. Should one of you be indicated
>as the corresponding author? And can you provide the end page number for
>the article cited in reference 8 (E. Cook, K. Briffa, S. Shiyatov, V.
>Mazepa, in Methods of Dendrochronology: Applications in the Environmental
>Sciences, E. Cook and L. Kairiukstis, Eds. (Kluwer, Dordrecht,
>Netherlands, 1990). pp. 119-XXX)? Thanks very much for your help.
>
>Best regards,
>Etta Kavanagh
>
> >>> "Michael E. Mann" <mann@virginia.edu> 04/24/02 09:47AM >>>
>Dear Etta,
>
>Thanks very much for your message, and the attached edited version of the
>text. It looks very good-- I've attached a modified version responding to
>your inquiries (Malcolm Hughes should make sure I've got his zip code
>right) and I've suggested one minor change of wording as indicated in
>paragraph 4 (w/ red font and cross-out text), since the word "perilous" was
>considered unfair by our colleagues (based on my personal correspondence w/
>Ed Cook)--we believe the revised wording is less confrontational, and
>appropriately more specific.
>
>As I'll be travelling for the next couple days, please consult w/ my
>co-author Malcolm Hughes if there is any additional information that we
>need to provide you.
>
>Thanks again for dealing with this in such a timely fashion.
>
>Best regards,
>
>Mike Mann
>
>At 03:19 PM 4/23/02 -0400, you wrote:
> >Dear Dr. Mann,
> >
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> >We are interested in publishing your letter to SCIENCE. Please find
> >attached my edited version of the text. I have some questions about the
> >text, which are shown in bold. Please look over my changes and questions
> >and return your comments to me by 10 a.m. Thursday morning (April 25).
> >Thank you very much for your assistance.
> >
> >Best regards,
> >Etta Kavanagh
> >Associate Letters Editor
> >tel: 202-326-6520
> >fax: 202-789-5316
> >ekavanag@aaas.org
> >
> >Department e-mail: science_letters@aaas.org
> >
>
>_______________________________________________________________________
>                      Professor Michael E. Mann
>             Department of Environmental Sciences, Clark Hall
>                        University of Virginia
>                       Charlottesville, VA 22903
>_______________________________________________________________________
>e-mail: mann@virginia.edu   Phone:    FAX: 
>          http://www.evsc.virginia.edu/faculty/people/mann.shtml

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Malcolm Hughes
To: Michael E. Mann
Cc: mann@virginia.edu; mhughes@ltrr.arizona.edu
Subject: Re: Your letter to SCIENCE
Date: Saturday, April 27, 2002 11:37:55 AM

Mike - I checked with her yesterday (Friday)
and it's OK if she has it all by Monday. I'll see
to it later today. Cheers, Malcolm
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From: Malcolm Hughes
To: Michael E. Mann
Cc: mann@virginia.edu; mhughes@ltrr.arizona.edu
Subject: Re: Your letter to SCIENCE
Date: Saturday, April 27, 2002 11:37:55 AM

Mike - I checked with her yesterday (Friday)
and it's OK if she has it all by Monday. I'll see
to it later today. Cheers, Malcolm
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From: Michael E. Mann
To: Malcolm Hughes
Subject: Re: Your letter to SCIENCE
Date: Saturday, April 27, 2002 1:08:56 PM

Thanks Malcolm,

Sounds good...

Mike

At 11:37 AM 4/27/02 -0700, you wrote:
>Mike - I checked with her yesterday (Friday)
>and it's OK if she has it all by Monday. I'll see
>to it later today. Cheers, MalcolmMalcolm
>Hughes
>Professor of Dendrochronology
>Laboratory of Tree-Ring Research
>University of Arizona
>Tucson, AZ 85721
>520-621-6470
>fax 520-621-8229

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: Raymond S. Bradley; Malcolm Hughes; Scott Rutherford
Subject: Re: draft
Date: Thursday, May 02, 2002 3:20:48 PM

Guys:

Check out the Mann and Hughes letter in the latest Science (available online):

http://www.sciencemag.org/cgi/content/full/296/5569/848

cheers,

mike

At 10:26 PM 3/30/02 -0500, Raymond S. Bradley wrote:

You make a good point re issues concerning RCS and sample size, and
possibly about extra-tropical v tropical changes (see below).  The rest sets
up an apparent conflict (seen by some mythic group) between Mann et al
& Esper /Cook.
I would stick to the two main points re RCS and low v higher latitude
changes.  But, relying too much on Hendy et al. 2002 [Science 295, 1511]
as representing "the tropics" seems a bit of a stretch--their data spans
only 15-22S (actually the corals used in the paper are mostly from 17.8-
18.9S) .....so I would not cite this as some sort of proof of the hypothesis
you are proposing....it doesn't even relate to the NH!.  I think all you can
do is speculate that the reason for the difference between the two series
may be related to low v higher latitude differences but we have a long
way to go to demonstrate that.
Hope this helps...but I think your commentary must not be seen as a knee
jerk reaction to something that disagrees with MBH.  they clearly stated it
was a NH extra-tropical record. If others read something more into that,
you can't blame the authors.  But you can legitimately question some
technical aspects, like the RCS...that said, I think it's unlikely to be
published by Science.
ray

Raymond S. Bradley
Distinguished Professor and Head of Department
Department of Geosciences
University of Massachusetts
Amherst, MA 01003-5820

Tel: 
Fax: 
Climate System Research Center: 
Climate System Research Center Web Page:
<http://www.geo.umass.edu/climate/climate.html>
Paleoclimatology Book Web Site (1999):
http://www.geo.umass.edu/climate/paleo/html
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_______________________________________________________________________

                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.shtml

ABOR/MH/Priv-005536



From: Raymond S. Bradley
To: mann@multiproxy.evsc.virginia.edu; Malcolm Hughes
Subject: Re: Sorry Again!
Date: Friday, May 10, 2002 3:39:57 PM

no objections from me--god speed!
ray

At 02:52 PM 5/10/02 -0700, you wrote:
>OK by me, Malcolm
> > Dear All,
> >
> > I like Malcolm's revised version a lot. Malcolm has a knack for saying
> > what I ought have said, but was too pissed off to say...
> >
> > I've suggested a few ever-so-minor changes (attached). If there are no
> > objections, I'll send this out to Alan over the weekend.
> >
> > Thanks,
> >
> > Mike

Raymond S. Bradley
Distinguished Professor and Head of Department
Department of Geosciences
University of Massachusetts
Amherst, MA 01003-5820

Tel: 
Fax: 
Climate System Research Center: 
Climate System Research Center Web Page: <http://www.paleoclimate.org>
Paleoclimatology Book Web Site (1999):
http://www.geo.umass.edu/climate/paleo/html
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From: Michael E. Mann
To: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; Scott Rutherford; mann@virginia.edu
Subject: Fwd: Request for a response to a letter from Science
Date: Monday, May 20, 2002 2:26:28 PM
Attachments: 18978.doc

The onslaught continues...

I talked to Etta Kavanagh on the phone. Apparently, she didn't even know we had
submitted a paper to Science two months ago, and were told that the debate was
best left for the specialized literature at this point by Jesse Smith.  I informed her
that I thought it was a bit unfair that we would be told this, and that Science would
then consider publishing this letter. She is getting in touch w/ Jesse Smith to get
more information, and I expect to hear back from her soon,

Mike

X-Mailer: Novell GroupWise Internet Agent 5.5.5.1
Date: Mon, 20 May 2002 16:55:49 -0400
From: Brian White <bwhite@aaas.org>
To: mann@virginia.edu
MMDF-Warning:  Parse error in original version of preceding line at
mail.virginia.edu
Cc: Etta Kavanagh <ekavanag@aaas.org>
Subject: Request for a response to a letter from Science

Dear Dr. Mann,
 
We have received the following letter and would like to have your written response. Please
be sure to list all response authors, and send it via e-mail.  If we decide to publish the
exchange, we will notify you so that you may revise your response, if you wish, for
publication.  If the letter is rejected, a copy of your response will be sent to the author,
unless you request otherwise.  Should you decide a response is not necessary, we would
appreciate a message letting us know that you have chosen not to respond.
 
To maintain a timely flow of letters, we will need to proceed with our selection process for
the letter unless we hear from you within 2 weeks to notify us of the necessity for more
time to prepare your reply.  If you send a response after that time, however, it may appear
in a subsequent issue if the letter in question was published.
 
The letter text is pasted below, and a Word file of the letter is attached to this e-mail for
your convenience.
 
Thank you for your help.
 
Sincerely,
 
Etta Kavanagh
Associate Letters Editor
 
Voice 202-326-6520
Fax   202-789-5316
science_letters@aaas.org
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Climate Variability Validation
 
In their recent report ("Low-frequency signals in long tree-ring chronologies for
reconstructing past temperature variability," 22 March, p. 2250), Esper et al. present a
reconstruction of the Northern Hemisphere temperature over the last millennium. This
reconstruction, here called ECS, shows a temperature history between the 11th and 19th
centuries that is significantly cooler than that presented in the widely-cited Mann et al.
reconstruction (1), referred to here as MBH. Given the importance of an accurate
reconstruction of climate history in understanding the causes of recent climate change, it is
desirable to have an independent validation of the reconstructions. Borehole temperatures
can serve such a purpose. 
 
The thermal regime of the upper few hundred meters of the continental crust is influenced
by the surface temperature at its upper boundary and by the flow of heat outward from
the interior of the Earth. Temperature changes at the surface impose a downward-
propagating transient anomaly on the steady-state subsurface temperature field associated
with the outward heat flux. Implicit in both MBH and ECS is a transient anomaly profile that
would be imprinted on the subsurface by each of these surface temperature histories.
These anomaly profiles can be calculated, and compared to observed subsurface
temperatures, to see if the predicted profiles resemble the observed subsurface signature.
Because borehole data lose resolving power and tree-ring reconstructions have greater
uncertainty in the more remote past, our validation experiment focuses on the most recent
five centuries of the reconstructions. We have calculated synthetic subsurface temperature
anomalies for the past five centuries from both ECS and MBH, using as a baseline their
respective means from 1200-1499. These two profiles are shown in the figure, along with
the mean subsurface temperature anomaly profile from an ensemble of 213 boreholes, all
located in the Northern Hemisphere and logged in the 1990s.
The subsurface temperature anomaly predicted by the ECS reconstruction is much closer to
the borehole observations than is the anomaly predicted by the MBH reconstruction. Below
a depth of around 70m, the MBH reconstruction, because of its long multi-century cooling
trend, predicts a negative subsurface temperature anomaly, a characteristic that is absent
in the ECS prediction and in the borehole observations. 
 
Mann and Hughes (2), in their comment on Esper at al., argue that ECS is essentially an
extra-tropical record from the continents, whereas MBH utilizes both tropical and extra-
tropical data from both continents and oceans. We acknowledge that borehole profiles are
also principally extra-tropical continental data.  However, to account for the fundamental
difference between the negative thermal anomaly predicted by the MBH model and the
positive anomaly predicted by the ECS reconstruction and observed in the boreholes, would
require an extraordinary contrast between the tropics and the extra-tropical continents at
hemispheric scale. 
 
SHAOPENG HUANG AND HENRY N. POLLACK*
 
Department of Geological Sciences, University of Michigan, Ann Arbor, MI 48109-1063, USA
 
*To whom correspondence should be addressed. 
E-mail: hpollack@umich.edu
 
    References
1. M. E. Mann, R. S. Bradley, M. K. Hughes, Geophys. Res. Lett. 26, 759 (1999). 
2. M. E. Mann, M. K. Hughes, Science  296, 848 (2002) 
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Subsurface temperature anomalies observed in 213 boreholes, and as computed from the
MBH and ECS proxy reconstructions.
 

_______________________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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Climate Variability Validation 
 
In their recent report ("Low-frequency signals in long tree-ring chronologies for 
reconstructing past temperature variability," 22 March, p. 2250), Esper et al. present a 
reconstruction of the Northern Hemisphere temperature over the last millennium. This 
reconstruction, here called ECS, shows a temperature history between the 11th and 19th 
centuries that is significantly cooler than that presented in the widely-cited Mann et al. 
reconstruction (1), referred to here as MBH. Given the importance of an accurate 
reconstruction of climate history in understanding the causes of recent climate change, it 
is desirable to have an independent validation of the reconstructions. Borehole 
temperatures can serve such a purpose.  
 
The thermal regime of the upper few hundred meters of the continental crust is influenced 
by the surface temperature at its upper boundary and by the flow of heat outward from 
the interior of the Earth. Temperature changes at the surface impose a downward-
propagating transient anomaly on the steady-state subsurface temperature field associated 
with the outward heat flux. Implicit in both MBH and ECS is a transient anomaly profile 
that would be imprinted on the subsurface by each of these surface temperature histories. 
These anomaly profiles can be calculated, and compared to observed subsurface 
temperatures, to see if the predicted profiles resemble the observed subsurface signature. 
Because borehole data lose resolving power and tree-ring reconstructions have greater 
uncertainty in the more remote past, our validation experiment focuses on the most recent 
five centuries of the reconstructions. We have calculated synthetic subsurface 
temperature anomalies for the past five centuries from both ECS and MBH, using as a 
baseline their respective means from 1200-1499. These two profiles are shown in the 
figure, along with the mean subsurface temperature anomaly profile from an ensemble of 
213 boreholes, all located in the Northern Hemisphere and logged in the 1990s. 
The subsurface temperature anomaly predicted by the ECS reconstruction is much closer 
to the borehole observations than is the anomaly predicted by the MBH reconstruction. 
Below a depth of around 70m, the MBH reconstruction, because of its long multi-century 
cooling trend, predicts a negative subsurface temperature anomaly, a characteristic that is 
absent in the ECS prediction and in the borehole observations.  
 
Mann and Hughes (2), in their comment on Esper at al., argue that ECS is essentially an 
extra-tropical record from the continents, whereas MBH utilizes both tropical and extra-
tropical data from both continents and oceans. We acknowledge that borehole profiles are 
also principally extra-tropical continental data.  However, to account for the fundamental 
difference between the negative thermal anomaly predicted by the MBH model and the 
positive anomaly predicted by the ECS reconstruction and observed in the boreholes, 
would require an extraordinary contrast between the tropics and the extra-tropical 
continents at hemispheric scale.  
 
SHAOPENG HUANG AND HENRY N. POLLACK* 
 
Department of Geological Sciences, University of Michigan, Ann Arbor, MI 48109-1063, 
USA 
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*To whom correspondence should be addressed.  
E-mail: hpollack@umich.edu 
 
    References 
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From: Michael E. Mann
To: Brian White
Cc: mann@virginia.edu; Etta Kavanagh; mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu
Subject: Re: Request for a response to a letter from Science
Date: Monday, May 20, 2002 4:53:12 PM
Attachments: Science submission.txt

JGR-preprint.pdf

Dear Etta,

This email follows up my phone conversation with you earlier today. As I had
mentioned before, I don't feel that it is appropriate for Science to print this letter
from Huang and Pollack, given that the misconceptions perpetuated by their piece
are more than adequately de-bunked in a far more rigorous treatment of the subject
matter that is contained in a manuscript my co-authors and I originally submitted to
Science  in February. The decision letter for this latter manuscript from Jesse Smith,
which I attach, indicates that Science considered the underlying issues best sorted
out in the technical literature. This is indeed what we chose to do, submitting an
expanded and detailed version of our manuscript entitled "Optimal Surface
Temperature Reconstructions Using Terrestrial Borehole Data" to the Journal of 
Geophysical Research, where we expect a decision of acceptance shortly. I am thus
surprised that Science would now re-open these issues, based on  an almost 
substanceless contribution from  Huang and Pollack instead!

I would prefer not to have to spend  time crafting an additional response to Pollack
and Huang for Science, when a paper that discredits their use of borehole data in
estimating past surface temperature trends and the flawed nature of their
comparisons with instrumental and proxy climate data, is to appear soon in the
specialized literature. I have attached a copy of our latter manuscript for reference,
and would encourage you  to determine whether or not the Huang and Pollack letter
has any scientific merit, in the context of  the results we have demonstrated  in our
manuscript. 

Of course, should Science choose not to reject the Huang and Pollack letter out of
hand, we would indeed like to be given the opportunity to summarize the results of
our own analysis (which soundly discredits their claims) in response,  with, we would
respectfully request, equal journal space, and a figure of our own.  However, we
think that it would be unwise for Science to provide valuable journal space to allow
Huang and Pollack to re-hash their discredited arguments.

If you feel that an additional outside opinion is necessary to come to a decision on
this matter, I would encourage you to seek one from Dr. Phillip Jones of the
University of East Anglia, a highly respected climatologist and paleoclimatologist, who
has examined both the borehole and proxy-based climate reconstructions in some
detail.

Thanks in advance for your consideration of the above. We look forward to hearing
back from you as soon as possible regarding your disposition on the matter, so that
we can determine how best to proceed. 

Thanks for your consideration of the above.

Sincerely,
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Mike Mann

At 04:55 PM 5/20/02 -0400, Brian White wrote:

Dear Dr. Mann,
 
We have received the following letter and would like to have your written response. Please
be sure to list all response authors, and send it via e-mail.  If we decide to publish the
exchange, we will notify you so that you may revise your response, if you wish, for
publication.  If the letter is rejected, a copy of your response will be sent to the author,
unless you request otherwise.  Should you decide a response is not necessary, we would
appreciate a message letting us know that you have chosen not to respond.
 
To maintain a timely flow of letters, we will need to proceed with our selection process for
the letter unless we hear from you within 2 weeks to notify us of the necessity for more
time to prepare your reply.  If you send a response after that time, however, it may appear
in a subsequent issue if the letter in question was published.
 
The letter text is pasted below, and a Word file of the letter is attached to this e-mail for
your convenience.
 
Thank you for your help.
 
Sincerely,
 
Etta Kavanagh
Associate Letters Editor
 
Voice 202-326-6520
Fax   202-789-5316
science letters@aaas.org
 
 
EK/bw
= = = = = = = = = = = = = = = = = = =
 
 
 
Climate Variability Validation
 
In their recent report ("Low-frequency signals in long tree-ring chronologies for
reconstructing past temperature variability," 22 March, p. 2250), Esper et al. present a
reconstruction of the Northern Hemisphere temperature over the last millennium. This
reconstruction, here called ECS, shows a temperature history between the 11th and 19th
centuries that is significantly cooler than that presented in the widely-cited Mann et al.
reconstruction (1), referred to here as MBH. Given the importance of an accurate
reconstruction of climate history in understanding the causes of recent climate change, it is
desirable to have an independent validation of the reconstructions. Borehole temperatures
can serve such a purpose. 
 
The thermal regime of the upper few hundred meters of the continental crust is influenced
by the surface temperature at its upper boundary and by the flow of heat outward from
the interior of the Earth. Temperature changes at the surface impose a downward-
propagating transient anomaly on the steady-state subsurface temperature field associated
with the outward heat flux. Implicit in both MBH and ECS is a transient anomaly profile that
would be imprinted on the subsurface by each of these surface temperature histories.
These anomaly profiles can be calculated, and compared to observed subsurface
temperatures, to see if the predicted profiles resemble the observed subsurface signature.
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Because borehole data lose resolving power and tree-ring reconstructions have greater
uncertainty in the more remote past, our validation experiment focuses on the most recent
five centuries of the reconstructions. We have calculated synthetic subsurface temperature
anomalies for the past five centuries from both ECS and MBH, using as a baseline their
respective means from 1200-1499. These two profiles are shown in the figure, along with
the mean subsurface temperature anomaly profile from an ensemble of 213 boreholes, all
located in the Northern Hemisphere and logged in the 1990s.
The subsurface temperature anomaly predicted by the ECS reconstruction is much closer to
the borehole observations than is the anomaly predicted by the MBH reconstruction. Below
a depth of around 70m, the MBH reconstruction, because of its long multi-century cooling
trend, predicts a negative subsurface temperature anomaly, a characteristic that is absent
in the ECS prediction and in the borehole observations. 
 
Mann and Hughes (2), in their comment on Esper at al., argue that ECS is essentially an
extra-tropical record from the continents, whereas MBH utilizes both tropical and extra-
tropical data from both continents and oceans. We acknowledge that borehole profiles are
also principally extra-tropical continental data.  However, to account for the fundamental
difference between the negative thermal anomaly predicted by the MBH model and the
positive anomaly predicted by the ECS reconstruction and observed in the boreholes, would
require an extraordinary contrast between the tropics and the extra-tropical continents at
hemispheric scale. 
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Science submission.txt

Dear Dr. Mann,

Thank you for submitting your manuscript "Reconciling Borehole and Proxy-based 
Estimates of Temperature Trends in Past Centuries" to Science.  Despite having 
encouraged you to send the paper to us after your pre-submission inquiry, we regret 
to say that we have decided not to seek in-depth review for it.  The paper was 
considered carefully by several members of the editorial staff and, while we agree 
that the reconciliation of borehole and proxy-based estimates of past temperature is
important, our consensus was that the results that you present are more appropriate 
for a disciplinary journal.

We receive many more high-quality papers than we have space to print, and so are 
able to send for in-depth peer review only those manuscripts most likely to be 
published in Science.  In addition to the usual criteria for publication in 
specialized journals, we select papers on the basis of their scope, focus, 
importance to their own field, general scientific significance, novelty, and their 
relation to other papers that are being considered or have been accepted recently.  
Therefore, our decision is not necessarily a reflection of the quality of your 
research but rather of our stringent space limitations.  We appreciate your having 
given Science a chance to consider your paper, though.

You will also receive a copy of this decision by regular mail.

Sincerely,

Jesse Smith

=======================
Dr. Jesse Smith
Associate Editor
----------------------------------------------
Science
1200 New York Avenue, NW
Washington, DC 20005
USA
----------------------------------------------
hjsmith@aaas.org
=======================
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Abstract.  We derive an optimal hemispheric 
temperature reconstruction from terrestrial 
borehole temperature profiles spanning the past 
five centuries. The raw borehole temperature data 
display prominent discrepancies with instrumental 
surface temperature records during the 20th 
century, resulting in an extremely weak 
relationship between the spatial information in the 
two datasets. The combined spatial signal and 
noise/bias in the borehole dataset is efficiently 
represented by its two leading eigenvectors. The 
first eigenvector appears to reflect the sizeable 
influence of non-climate related bias in the 
borehole data, while the second eigenvector is 
identified with a weak but detectable surface 
temperature signal. Exploiting this 
eigendecomposition, application of optimal signal 
estimation methods yields a hemispheric borehole 
temperature reconstruction that is largely 
consistent with instrumental data available in past 
centuries, and is indistinguishable in its major 
features from several published long-term 
temperature reconstructions based on climate 
proxy data. 

1. Introduction 

Sub-surface terrestrial borehole temperature 
profiles can be used to obtain an estimate of 
ground surface temperature changes back in time 

[Harris and Chapman, 1997; Pollack et al., 1998; 
Huang et al., 2000; Harris and Chapman, 2001]. 
An advantage of these estimates over those from 
conventional proxy climate data, is that they do 
not require calibration against independent surface 
temperature data. Previous estimates of 
hemispheric ground surface temperature change 
from boreholes indicate a net temperature change 
of 0.8°C to 1.0°C [Pollack et al., 1998; Huang et 
al., 2000] from AD 1500 to present, contrasting 
with proxy-based estimates of hemispheric 
surface temperature [Bradley and Jones, 1993; 
Jones et al., 1998; Mann et al., 1998; Mann et al., 
1999; Crowley and Lowery, 2000; Briffa et 
al,.2001], which typically estimate a net warming 
of about 0.5°C. The proxy reconstructions appear 
consistent with model-based, theoretical estimates 
of temperature trends over the past millennium 
[Free and Robock, 1999; Crowley, 2000]. The 
model estimates, however, depend on sensitivity 
to radiative forcing assumed; if the previous 
borehole-based trends are correct, they imply a 
higher climate sensitivity than do the proxy-based 
reconstructions. 

Contributions to the borehole thermal profile 
from non-thermal factors, such as sub-surface 
fluid flow, vertical and lateral inhomogeneities in 
bedrock properties, and variable topography can 
lead to potentially large errors in individual 
borehole surface temperature estimates. Such 
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errors can presumably be reduced (though not 
eliminated) by averaging many borehole profiles 
within a particular region. However, other 
systematic errors or biases cannot be eliminated 
by simple averaging. In regions with seasonal 
snowcover, the ground is partially insulated from 
cold-season air temperatures, which moreover 
leads to a potential insensitivity of the underlying 
ground temperature to outbreaks of cold air 
masses, biasing putative estimates of annual mean 
temperature. Spring ground warming may be 
damped and delayed by melting and evaporation 
of accumulated winter snowcover, and melting of 
permafrost can have similar effects. 
Anthropogenic land use changes may further 
contaminate the surface temperature signal 
contained in ground temperatures, particularly 
during the 20th century [Skinner and Majorowicz, 
1999]. All of these influences will compromise 
the relationship between borehole-based ground 
temperature estimates and the true annual surface 
air temperature trends of interest [Mann, 2000]. 
Another source of potential bias regards how best 
to separate the transient component of the 
borehole profile, presumably representative of 
ground surface temperature changes, from the 
background geothermal heat flux profile [Harris 
and Chapman, 1997; Pollack et al., 1998; Huang 
et al., 2000; Harris and Chapman, 2001]. Certain 
borehole researchers, such as Harris and 
Chapman,  [1997; 2001, henceforth "HC01"] 
favor the selective use of relatively deep (greater 
than 200m) boreholes from which the background 
profile is asymptotically identifiable, while others, 
such as Huang et al., [2000  (henceforth 
"HPS00")], seek to estimate the background and 
transient components simultaneously, often from 
relatively shallow (less than 200m) borehole 
profiles.  In this latter case in particular (though 
not exclusively), an incorrect separation of these 
respective climatic and non-climatic components 
could lead to a systematic bias in the estimated 
rates of ground temperature change. 

HPS00 use a Bayesian inverse method to 
estimate centennial rates of ground surface 
temperature change from borehole profiles, 

integrating these back in time to obtain century-
long trends in ground surface temperature trends 
for the past five centuries at each of 616 borehole 
sites over the globe. Averaging the 453 individual 
borehole site temperature reconstructions 
available over the Northern Hemisphere, HPS00 
obtain a reconstruction of Northern Hemisphere 
mean ground temperature back to AD 1500. Since 
they reference the mean of their 20th century 
reconstruction to that of the 20th century 
instrumental record, errors in their estimated rates, 
unless they fortuitously cancel, will lead to an 
increasingly biased temperature estimate back in 
time. HPS00 argue for a favorable agreement 
between their mean 20th century trend and the 
20th century trend in the (combined land air and 
sea surface) Northern Hemisphere mean annual 
surface temperature series [Jones et al., 1999]. 
However, important discrepancies are evident 
between their reconstruction and early 
instrumental temperature data, as well as other 
long-term proxy-based temperature 
reconstructions. We show that such apparent 
discrepancies are an artifact of the contamination 
of past borehole-based hemispheric temperature 
estimates by systematic biases such as are 
discussed above. 

We describe the instrumental and borehole data 
used in our analysis in section 2. In section 3, we 
describe the methodology by which the optimal 
surface temperature signal in the borehole data is 
identified and reconstructed. We discuss and 
interpret the results of this analysis in section 4, 
and present our conclusions in section 5. 

2. Data 

We use the same 453 Northern Hemisphere 
borehole temperature reconstructions as HPS00 
[available at the NOAA World Data Center for 
Paleoclimatology 
(http://www.ngdc.noaa.gov/paleo/paleo.html)]. To 
insure that the information in the borehole and 
instrumental temperature data sets are represented 
in a spatially commensurate manner, however, we 
average the borehole records onto the 5ox5o 
spatial grid of the instrumental surface 
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temperature data [Jones et al.,1999]. The gridding 
process yields 94 gridpoints out of a total of 1296 
required to cover the Northern Hemisphere. 
Spatial sampling experiments with the 
instrumental record suggest that the sampling bias 
associated with estimating the full Northern 
Hemisphere mean temperature from this sparse 
and almost exclusively extratropical grid is 
relatively minimal during the 20th century. 
However, a bias in estimating past hemispheric 
temperature trends from this limited spatial 
sampling is likely if, as is suggested from 
previous work [Mann et al, 2000; Shindell et al, 
2001; Hendy et al, 2001; Esper et al, 2002; Mann 
and Hughes, 2002], there are significant 
differences between extratropical and tropical 
surface temperature trends in past centuries.  The 
implications of such potential sampling biases in 
the estimate of true, full Northern Hemisphere 
temperature variations in past centuries, is 
discussed later. 

HPS00 use the entire 20th century for 
comparing instrumental and borehole warming 
trends. In the context of their analysis, this 
represents an assumption that the 20th century 
warming rates measured by boreholes are 
representative of the entire 20th century. 
However, the median logging date (1978) of the 
boreholes used in their analysis is closer to 1980. 
Moreover, since there is some loss of information 
in the near-surface portion of the borehole 
profiles, even recently logged borehole records 
may not record the accelerated observed warming 
of the past couple of decades. We thus use a more 
conservative interval 1900-1980 as our standard 
for comparing borehole and instrumental data, but 
we will also examine the sensitivity to the precise 
interval over which the data are compared. 

The noise and bias contributions discussed 
above contaminate any underlying surface 
temperature signal in the borehole data, yielding a 
quite low signal-to-noise ratio. The borehole data 
exhibit a spatial distribution of positive and 
negative trends over the first three centuries, in 
fact, that is statistically indistinguishable from a 
random distribution. Only for the 19th century 

(p<0.20) and 20th century (p<0.05) do the 
histograms of the raw data show evidence of non-
random spatial structure (Figure 1). The long-term 
trend constructed by a simple arithmetic 
averaging of the borehole data as presented by 
HPS00 thus represents a small residual of much 
larger nearly canceling random trends. 

While HPS00 demonstrate a favorable 
comparison between the 20th century hemispheric 
mean trend in borehole and instrumental 
temperature data, a comparison of the spatial 
patterns in the two datasets indicates prominent 
discrepancies at co-located gridpoints (Figure 2), 
with more than one in four (27/94) of the borehole 
gridpoint trends exhibiting the wrong sign. A 
pattern correlation of r=0.09 (1900-1980) 
indicates an extremely weak, and statistically 
insignificant relationship between the spatial 
information in the two datasets (this conclusion is 
robust with respect to the precise interval over 
which it is assumed the borehole trends are 
representative: r=0.11 for the interval 1900-1998; 
r=0.15 for the interval 1900-1960). The 
discrepancy is particularly large over much of 
North America, where boreholes show greater 
warming, perhaps due to land use changes 
[Skinner and Majorowicz, 1999]. The complete 
lack of agreement in simply the sign of trends for 
the five highest latitude (Arctic) gridpoints points 
to the added complications in interpreting annual 
ground surface temperature trends in regions of 
permafrost and/or extended seasonal snowcover 
[see e.g. Beltrami, 1996]. 

A proper estimate of hemispheric surface 
temperature must therefore identify the weak 
surface temperature signal contained within the 
borehole data, and separate that signal from the 
contributions of spatial noise and systematic bias 
if a meaningful reconstruction is to be expected. 
We use optimal spatial signal estimation methods 
commonly used in anthropogenic climate signal 
fingerprinting [Mitchell et al., 2001] to isolate this 
surface temperature signal and its uncertainty, as 
detailed in the "Methods" section below. 

 
3. Methods 
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Given the N=6 (t=1500,1600,...,2000),  M=94 
gridpoint borehole temperature reconstructions, 
we can expand the associated MxN data matrix in 
its empirical orthogonal eigenvector basis set: 

B =∑λk uk
Tvk (1) 

Where λk is the variance resolved by the kth 
eigenvector, uk is its normalized spatial pattern 
(Empirical Orthogonal Function or 'EOF') and vk 

is its normalized temporal pattern (principal 
component or 'PC'). In this case, the sum extends 
over k=1,..,N basis empirical eigenvectors.  We 
retain only the first two eigenvectors (see Figure 
3), which are the only eigenvectors determined to 
be statistically significant by the traditional 'Rule 
N' criterion [Preisendorfer, 1988]. These two 
eigenvectors span the majority of the variance 
(first eigenvector: 64% + second eigenvector: 
27% = 91% of total) in data, allowing for a useful 
two-dimensional state space representation of the 
vast majority of combined signal+noise/bias 
information in the borehole dataset.  The first 
eigenvector represents the axis of maximum 
spatial variance in the dataset. Essentially the 
same results are obtained if the first three 
eigenvectors are used instead, so the results of the 
analysis are robust with respect to precisely how 
many eigenvectors are retained. 

We then simply find the optimal expression of 
the pattern of the 20th century surface temperature 
trend signal within the spatial information in the 
borehole network through regressing the spatial 
information in the two associated EOFs against 
that in the instrumental record, 

Î=aû1+bû2 +e (2) 

where û1 and û2 are the centered, normalized 
spatial eigenvectors u1 and u2, Î is the centered, 
normalized pattern of trend in the 20th century 
instrumental record, a and b are regression 
coefficients and e is the residual error term. The 
residuals e from this regression are normally 
distributed (i.e. they pass a χ-squared normality 

test at α=0.05) and not serially correlated (p>0.3) 
so that statistical inferences (e.g., the standard 
error estimates for the regression coefficients) 
from a traditional analysis of variance (ANOVA) 
are valid. The angle of rotation in two-
dimensional EOF space between the direction of 
maximum variance in the borehole data (the EOF 
#1 axis)  and the optimal estimate of the target 
warming pattern is given by, 

φ=tan-1(b/a)  (3) 

The optimal estimate of the surface temperature 
signal component of  the borehole data matrix B  
is then simply given by the rotation in two-
dimensional EOF space, 

B=cosφ λ1 u1
Tv1+ sinφ λ2 u2

Tv2
 (4) 

where B  is an MxN matrix containing the surface 
temperature signal in B. An areally-weighted 
average of the M rows of B provides the optimal 
estimate of the Northern Hemisphere mean 
surface temperature signal, with the residual 
variance interpreted as an estimate of the 
noise/bias. The uncertainties in the optimal 
reconstruction are readily determined from the 
standard errors in the regression coefficients in (2) 
which translate to uncertainties in the rotation 
described by (4). 

If the contribution of noise and bias were 
small, one would expect the optimal projection to 
yield φ≈0 (i.e., the surface temperature signal 
would lie along  the direction of maximum 
variance in the borehole data). Remarkably, 
however, we find that the optimal rotation angle is 
essentially orthogonal to this axis (i.e., along the 
EOF #2 axis). Using the standard period 1900-
1980 to estimate the instrumental trend pattern Î  
in (2), we find an optimal angle of projection φ= π 
/2, with the associated spatial regression 
indicating essentially zero partial correlation with 
the EOF #1 pattern, and a weak, but modestly 
significant partial correlation (rP =0.174) with the 
EOF #2 pattern. (this partial correlation is 
significant at the p=0.1 level if a one-sided null 
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hypothesis is adopted, or at the p=0.05 level if a 
two-sided test is used; the latter could be 
motivated by a priori considerations, since a 
negative spatial correlation between the borehole 
and instrumental data would be rejected as 
physically inconsistent). The associated resolved 
spatial variance is small (r2=0.03) and the 
resulting uncertainties in the optimal 
reconstruction accordingly large. The resolved 
variance is, however, as discussed above, 
statistically significant,  and notably greater than 
that resolved by the raw borehole data (i.e., the 
square r2=0.008 of the spatial pattern correlation 
r=0.09 cited earlier). Similar results holds for the 
case where Î  is determined from the 1900-1998 
instrumental record (i.e., the full 20th century, as 
assumed in the comparisons shown by HPS00). If  
Î  is determined from an earlier 1900-1960 
interval (or a 1900-1940 interval), the optimal 
signal projection lies roughly along the angle  
φ= π /4  in EOF space. For no choice of 
instrumental interval, however, is the optimal 
angle of projection close to φ=0. The Northern 
Hemisphere temperature estimates resulting for 
different choices of the period of determination of  
Î  all lie essentially within the uncertainties 
estimated for the standard (1900-1980) case. 

4. Discussion 

The combined signal and noise/bias in the 
borehole data, as shown above, can efficiently be 
represented by a two-dimensional phase space 
spanned by the two leading eigenvectors. This 
affords a particularly elegant approach to 
examining the signal, and noise+bias 
contributions to the data variance. The 
instrumental surface temperature signal in the 
borehole data is seen to be only marginally 
detectable (at the p=0.1 or p=0.05 level 
depending on the null hypothesis invoked). The 
signal, moreover, is observed as being aligned 
essentially entirely along the axis of the second 
eigenvector in the two-dimensional phase space, 
with the noise/bias contribution instead projecting 
most strongly along the axis of the leading 

eigenvector, the axis of maximum variance in the 
data set. 

The time-history (Principal Component or 
"PC") for the leading eigenvector (resolving 64% 
of the total variance in the borehole data) exhibits 
a nearly linear trend (Figure 3) in its associated 
spatial pattern (Empirical Orthogonal Function or 
"EOF"). The nearly linear trend in the PC of the 
first eigenvector is consistent with a roughly 
constant error in the parameterized century-long 
borehole rate estimates, integrating to a spurious 
long-term trend in the estimated surface 
temperature. Such a long-term trend could result 
from the source of bias discussed earlier, wherein 
the contribution of the background geothermal 
heat flux profile is imperfectly separated from the 
transient borehole profiles in the ground 
temperature history estimation process [Harris and 
Chapman, 1997; Pollack et al., 1998; Huang et al., 
2000; Harris and Chapman, 2001], imposing a 
spurious trend of non-climatic origin in the 
ground temperature estimates.  It is also possible 
that a mean bias in regional and large-scale 
borehole temperature estimates results from the 
spatial averaging of surface temperature 
reconstructions estimated from individual 
boreholes with varying levels of contribution from 
other previously discussed sources of non-climatic 
bias. For these reasons, integrated surface heat 
flux changes, rather than mean ground 
temperature changes, may constitute a more 
physically meaningful large-scale mean 
diagnostic of the information available in 
borehole temperature profiles [Beltrami et al, 
2000; Beltrami 2001; Beltrami et al, 2002]. 
However, it is not our purpose to establish the 
ultimate source of non-climatic bias in borehole 
data, as this will require further research into the 
diverse factors, climatic and non-climatic, which 
can influence borehole profiles. 

The second eigenvector (resolving 27% of the 
variance) exhibits a more variable temporal 
history (Figure 4), with a negative trend from 
1500-1700, stationary behavior from 1700-1800, 
and a positive trend from 1800-present.  Since the 
optimal projection is along the axis of the latter 
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eigenvector, this temporal behavior also 
constitutes the temporal behavior of the optimal 
borehole surface temperature reconstruction. As 
the surface temperature signal is only weakly 
detected in the borehole data, the borehole 
temperature reconstruction necessarily exhibits 
large uncertainties, as shown (Figure 4). The 
optimal borehole hemispheric temperature 
reconstruction is nonetheless inconsistent with the 
HPS00 reconstruction within estimated 
uncertainties. It is, however, well within mutual 
uncertainty estimates of the Mann et al [1999] 
proxy-based annual Northern Hemisphere surface 
temperature reconstruction (Figure 3b) [shown 
both as smoothed annual record, and in terms of 
piecewise continuous century-scale trends and  
associated uncertainties, insuring in the latter case 
comparability with the centennial resolution 
borehole estimates]. Interestingly, the optimal 
borehole reconstruction shows much greater 
similarity in its general temporal pattern to 
independent borehole temperature reconstructions 
exhibiting a localized interval of cold 
temperatures in the 17th-19th centuries [e.g., 
Beltrami et al, 2000], rather than to the monotonic 
cooling back in time shown by HPS00. In fact, the 
HPS00 estimate is in conflict not only with the 
optimal borehole temperature reconstruction 
presented above, and the Mann et al 
reconstruction, but in fact, the available Northern 
Hemisphere mean surface temperature trend 
estimated from the long instrumental surface 
temperature records available back through the 
mid 18th century (Figure 4). 

There has been considerable recent discussion 
[e.g., Esper et al, 2002; Briffa and Osborn, 2002; 
Mann and Hughes, 2002] of differences between 
various proxy-based reconstructions of Northern 
Hemisphere mean temperature spanning roughly 
the past millennium. Many of these differences 
are associated simply with an intrinsic 
incomparability between reconstructions that 
represent different seasonal and latitudinal 
emphases in the underlying proxy data and target 
region for reconstruction [see Briffa and Osborn, 
2002; Mann and Hughes, 2002]. Arguably the 

most appropriate comparison of the different 
reconstructions is shown in Figure 5a. Shown, 
firstly, are reconstructions of full Northern 
Hemisphere annual mean temperatures based 
either on explicit calibration of diverse (tropical 
and extratropical) proxy data calibrated against 
the full Northern Hemisphere instrumental surface 
temperature record [Mann et al, 1999, Crowley 
and Lowery, 2000] or the modeled surface 
temperature response of the full Northern 
Hemisphere to estimated radiative forcing 
changes [Crowley, 2000]. Shown secondly, are 
records that implicitly represent extratropical (and 
primarily warm-season) Northern Hemisphere 
temperature variations [Jones et al, 1998, Esper et 
al, 2002], but have been rescaled against the 
annual mean full Northern Hemisphere 
instrumental surface temperature record of Jones 
et al [1999] from 1856-1980 to allow direct 
comparison with the other reconstructions of full 
Northern Hemisphere temperature. Using such a 
convention, any differences between the true 
Northern Hemisphere estimates and the rescaled 
extratropical estimates prior to the mid 19th 
century can be interpreted as indicating a change 
in the relationship between extratropical and full 
Northern Hemisphere mean surface temperature 
variations prior to that time. Such changes should 
be expected if the primary influences on 
hemispheric-mean or global-mean surface 
temperatures during the pre-Anthropogenic era 
(e.g., solar and volcanic forcing, and internal 
variability) are different from those (e.g., 
Anthropogenic forcing) dominating  more  recent 
variations. 

Adopting the above convention for 
comparison, nearly all of the proxy 
reconstructions (Figure 5a) are seen to be 
internally consistent (i.e., well within the 
uncertainties of the Mann et al reconstruction). 
Only the Esper et al reconstruction hints at a 
potentially statistically significant difference with 
the others. Although there are unresolved 
technical issues regarding the appropriateness of 
the application of the "Regional Curve 
Standardization (RCS)" method in the latter 
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estimate, which could lead to spurious low-
frequency variability that is non-climatic in nature 
[Mann and Hughes, 2002], there is nonetheless a 
suggestion of cooler temperatures, for example, 
from the early 17th through early 19th centuries, 
in the Esper et al reconstruction. Compelling 
evidence suggests that these differences may 
indeed in large part be real [see Mann and 
Hughes, 2002], associated with enhanced cooling 
in the Northern Hemisphere continental centers 
during the height of the "Little Ice Age" [Shindell 
et al, 2001], which is accompanied by far more 
moderate cooling in the tropics [see e.g. the 
review of available evidence provided by Hendy 
et al, 2001] and thus the Northern Hemisphere 
(tropics+extratropics) on the whole. A recent 
study [Gerber et al, 2002] has used observed pre-
anthropogenic atmospheric CO2 variations over 
the past millennium as an entirely independent 
constraint on past Northern Hemisphere 
temperature variations that implicitly integrates 
both tropical and extratropical response.  Using a 
global energy balance model coupled to a global 
carbon balance model, forced by natural radiative 
output changes similar to those used by Crowley 
[2000], Gerber et al [2002] show that the 
observed pre-anthropogenic atmospheric CO2 
variations are consistent with the moderate 
amplitude variations in full Northern Hemisphere 
temperatures implied by e.g. the Mann et al 
reconstruction, but not with a higher amplitude 
variability that would be inferred if the Esper et al 
extratropical reconstruction were indeed to be 
interpreted as indicative of the amplitude of full 
Northern Hemisphere mean temperature 
variations. 

It is instructive to furthermore compare the 
borehole temperature reconstructions against 
various proxy-based temperature that have been 
fit with piecewise continuous century-scale trends 
in a manner directly comparable with the century-
scale borehole surface temperature estimates 
(Figure 5b). Shown also in these comparisons are 
the Mann et al Northern Hemisphere temperature 
reconstruction based both  on proxy data sets 
consisting of only non-tree ring, and only tree 

ring indicators [Mann et al., 2000]. In all cases, 
the proxy reconstructions are consistent with the 
optimal borehole estimates reported here within 
indicated uncertainties. In combination with 
previous regional comparisons of tree-ring and 
borehole reconstructions [Beltrami et al., 1995; 
Majorowicz and Skinner, 2001], these latter 
comparisons refute the argument [Broecker, 2001] 
that the use of tree-ring indicators (carefully 
screened for low-frequency content as discussed 
by Mann et al [1998], and in combination with 
other proxies) leads to any  inherent loss of 
resolution of  century-scale climate variability 
relative to e.g. borehole data. It is not necessary to 
analyze tree ring data with the 'RCS' method (as 
in Esper et al [2002]) to come to this conclusion. 

The optimal borehole reconstruction does 
exhibit a slightly colder mid 17th-mid 19th 
century, than the full Northern Hemisphere proxy 
reconstructions (and a colder late 18th/19th 
century than the available Northern Hemisphere 
mean instrumental record), and it is observed to 
be intermediate in its primary features between 
the Mann et al full Northern Hemisphere 
temperature reconstruction, and the (appropriately 
scaled) Esper et al extratropical Northern 
Hemisphere temperature reconstruction. This 
latter observation is consistent with the existence 
of real, though evidently modest, differences 
between extratropical and full Northern 
Hemisphere temperature trends in past centuries 
as discussed earlier, since the borehole data, like 
the Esper et al tree-ring data, are almost entirely 
extratropical in nature. 

4. Conclusions 

Application of signal detection techniques to 
previously published borehole temperature 
reconstructions yields a surface temperature signal 
that is consistent with proxy-based estimates of 
hemispheric surface temperature changes in past 
centuries. It is thus incorrect to argue [Broecker, 
2001; see also the response by Bradley et al, 
2001] that information from terrestrial borehole 
are in conflict with conclusions regarding past 
hemispheric temperature changes from other 
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proxy-based reconstructions. Rather, the 
information contained in borehole data, properly 
interpreted, reinforces conclusions based on other 
proxy indicators. The analysis presented in this 
study also highlights the importance of taking into 
account differences in regional sampling (e.g., 
extratropical only vs. full Northern Hemisphere 
emphasis) in properly comparing estimates of 
Northern Hemisphere mean temperature variation 
in past centuries.  Finally, by reconciling the 
estimates of past temperature change from 
boreholes and proxy climate indicators, our 
analysis tends to support low-to-medium range 
estimates [Crowley, 2000; Gerber et al, 2002] of 
climate sensitivity. 
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Figure 1. Histogram of distribution of trends 
among the 453 individual Northern Hemisphere 
borehole reconstructions of HPS00 for each of the 
past five centuries. 
 
Figure 2. Comparison of linear 20th century 
gridpoint trends 1900-1980 with the (94 
gridpoint) borehole grid mask applied for (a) 
gridded borehole reconstructions, (b) instrumental 
surface temperature record and (c) difference 
between borehole and instrumental trends. Scales 
are oC for the instrumental gridpoint data and 
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nominal oC (based on HPS00 inversion) for the 
borehole gridpoint data. 
 
Figure 3. Spatial and temporal patterns for the 
two leading eigenvectors of the gridded borehole 
data. The spatial patterns (EOF #1 and EOF #2) 
are shown in a) and b), while their trends from 
1500-1980 are described by their corresponding 
Principal Component (PC) time series (c). Note 
that the PC series are, by construction, centered at 
their long-term mean, so that the patterns of the 
two EOFs exhibit a mean offset from any 
corresponding 20th century patterns. 
 
Figure 4. Borehole-based reconstructions of 
Northern Hemisphere mean temperature and 
instrumental Northern Hemisphere annual mean 
surface temperature [Jones et al., 1999; light 
gray)] extended to 1753 (light blue) with the 
available gridpoint data [see e.g., Mann et al, 
1998]. A) HPS00 Northern Hemisphere 
temperature reconstruction compared with 
optimal borehole estimate (using 1900-1980 target 
instrumental temperature signal) along with its 
95% confidence interval (light green shading), the 
noise/bias contribution to the hemisphere mean 
(long dashed), and combined projection of signal 
and noise/bias (short dashed). Also shown are 
results based on using other intervals to estimation 
the surface temperature signal. B) Comparison of 
the optimal borehole estimate (with 95% 
confidence interval) and HPS00 borehole 
reconstructions with Mann et al [1999] 
reconstruction [latter shown both as smoothed (40 
year lowpassed) annual values, and piecewise 
continuous linear trend estimates with its 
associated 95% confidence interval]. 
 
Figure 5. Comparisons between different 
Northern Hemisphere temperature 
reconstructions and the instrumental Northern 
Hemisphere temperature record shown in Figure 
4. A) Comparison between various proxy-based 
Northern Hemisphere temperature 
reconstructions as discussed in text. Shown are 
smoothed (40 year lowpassed) reconstructions 

and, in the case of the Mann et al 
reconstruction, the associated 95% confidence 
interval. B) Comparison of optimal borehole 
reconstruction (and 95% confidence interval) 
with piecewise continuous linear trends fit to 
various proxy-based hemispheric temperature 
reconstructions. The Jones et al. [1998] and 
Esper et al [2002] extratropical summer 
temperature reconstructions have been scaled to 
the full Northern Hemisphere 1856-1980 annual 
mean. All other proxy-series shown are based 
on original published calibrations, but aligned to 
a 1961-1990 reference period mean. 
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From: Michael E. Mann
To: drind@giss.nasa.gov
Cc: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; dshindell@giss.nasa.gov; Gavin Schmidt; Tom Crowley
Subject: Science review
Date: Wednesday, May 22, 2002 9:55:02 AM
Attachments: newlowpassreconlongbw.jpg

Dear David,

I just read you "review" piece from the April 26th Science ('The Sun's Role in Climate
Variations') with interest. Given certain comments you make in the paper, I felt it was
important to provide you with some information you may not be aware of. Some of
the comments you make represent incorrect characterizations of the work of us or
others, and since I'm sure it isn't your intention to be unfair or misleading, I thought
you would appreciate some specific feedback that corrects some of the
misconceptions expressed by your piece.

The problems are largely in the footnotes, where these sorts of things can most
easily escape the scrutiny of peer-review and/or the oversight process of the editor.
Fortunately, this also means that they were probably largely un-noticed by the
Science readership, but these should nonetheless be corrected for the record.

Let me deal w/ this on a comment-specific basis below:

59. M. E. Mann, R. S. Bradley, M. K. Hughes, Nature 392, 779 (1998) [CrossRef][ISI]
. 
60. The issue of the magnitude of tropical cooling during the Maunder Minimum time
period is quite controversial, and important as an indication of tropical sensitivity in
general. The comparison shown in Fig. 3 was made between the GISS GCM, with a
sensitivity of close to 1°C/W m2 and an observed temperature reconstruction that
indicated about twice as much cooling for the 1650-1700 time period as the
reconstruction in (59). 

This is inappropriately selective use and citation of the available evidence. It is quite
odd to cite Bradley and Jones (1993), which is nearly 10 years old, when it has been
revised and updated many times over, since. Jones et al (1998) is essentially an
updated version of Bradley and Jones (ie, similar data and method), and was more
accurately scaled against the instrumental record because it not limited to decadal
resolution. Mann et al (1998;1999) is another update, albeit using far greater
numbers of proxy data, and a different methodology, but employing  higher (annual)
resolution, which again allows for a more appropriate calibration of the proxy
information against the instrumental record than was possible with Bradley and Jones
(1993). It has been shown (IPCC, 2001) that the Mann et el reconstruction, after
taking into account  regional representation considerations (since e.g. many other
reconstructions are largely extratropical, in their emphasis) is consistent with the
Jones et al (1998) reconstructions of Northern Hemisphere temperature as well as
Crowley and Lowery (2000), and even Esper et al  when scaling issues and latitudinal
representation are taken into account (see recent Science letter by Mann and Hughes
and also the attached plot which compares the different reconstructions properly
scaled, and within estimated uncertainties--incidentally, the plot shows that Huang
and Pollack borehole reconstruction is the only one inconsistent w/ e.g. Mann et al
within estimated uncertainties and latitudinal sampling considerations--and a paper
soon to appear solves this enigma by removing a large pattern of bias from the
borehole data).  Why don't you ask the original authors (Ray and Phil) if they favor 
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the use of Bradley and Jones (1993) over more recently published hemispheric
surface temperature reconstructions? Using this outdated reconstruction simply
because it implies a larger solar sensitivity seems dangerously selective to me,
especially since others (e.g. Crowley, Robock) argue that volcanic, rather than solar,
forcing is the dominant global-mean forcing in past centuries. If the latter is true, the
assumption that solar sensitivity can be inferred from hemispheric temperature
reconstructions directly is almost entirely flawed to start out with...

GISS GCM, with a sensitivity of close to 1°C/W m2 and an observed temperature
reconstruction that indicated about twice as much cooling for the 1650-1700 time
period as the reconstruction in (59). 

You should have pointed out to the Science readership here that  the sensitivity  in
the model simulation you have employed is about twice that of almost all current
generation coupled models (the latest version of the NCAR CSM coupled model has a
sensitivity of about 1.8 deg C for a co2 doubling, that works out to about 0.5 C/
W/m^2, again, about half your number--and consistent with the Mann et al
reconstruction!

The latter produced minimal tropical response, a result which is based upon the
utilization in creating EOFs of a few widely scattered coral observations, whose ability
to reconstruct paleo-temperatures is complicated by salinity effects. 

This summary of our methodological approach is incorrect in just about every
conceivable way. In our approach no EOFs  of the proxy data are never estimated.
Individual proxy indicators are calibrated against the EOFs of the global surface
temperature field, and an inverse problem is solved to determine the optimal scores
on the various PC series associated with these EOFs from the information in the
proxy network back in time. The  tropical indicators themselves consist of tree rings,
corals, and ice cores (including the ice core information you mention below), and
both tropical and extratropical indicators are used to reconstruct patterns of surface
temperature that have large tropical loadings (for example, an extratropical record
with a close relationship with ENSO in, say, northern Mexico, contributes towards
specifying patterns of variability related to ENSO, along with corals and tropical ice
cores).  The method estimates the reconstructions of such patterns from all available
evidence and, to the extent, that the evidence is sparse, the reconstructions of those
patterns are more uncertain, but not biased towards the mean as you completely
falsely state to be the case. We have demonstrated the latter in a manuscript in
press in GRL:

Mann, M.E., Rutherford, S., Climate Reconstruction Using 'Pseudoproxies',
Geophysical Research Letters, in press, 2002
 ftp://holocene.evsc.virginia.edu/pub/mann/Pseudoproxy02-preprint.pdf

coral observations, whose ability to reconstruct paleo-temperatures is complicated by
salinity effects. 

Previous work by coral paleoclimatologists has demonstrated   that surface
temperature influences dominate over salinity influences on o18 fractionation in
almost all cases, owing to the weak dependence of o18 fractionation on salinity
variations relative to temperature variations. This is verified now by the ability to
separate temperature and salinity effects through the simultaneous use of Sr/Ca and
o18 ratios. The only exceptions are in strongly convective regions like the Pacific
warm pool. 
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The statement in any case, however, represents yet another fundamental
misconception of our methodological approach--a surface salinity indicator (ie,
essentially a local precipitation indicator) indicator in say, an appropriately ENSO-
sensitive region (e.g., the western Pacific warm pole), would, in our method, largely
be used, along with all other evidence, to specify the amplitude of the large-scale
ENSO pattern (and only through doing so, would it help to specify the associated
surface temperature influence). A coral salinity indicator is not, in our approach, ever
used to estimate local temperature influences. The statement expresses a
misunderstanding of  the nature of our approach to large-scale temperature
reconstruction, and confuses our approach with local calibration based paleoclimate
reconstructions.

61. L. G. Thompson et al. [Science 269, 46 (1995)] show tropical ice core data that
indicates a temperature difference of greater than 1°C (Ô18O>1 per mil) between the
late 1600s and late 1800s. 

Such a reliance on ice core delta o18, with its extreme potential temporal sampling
bias, in face of all of the tropical coral SST evidence, which continues to suggest
moderate tropical cooling (see Hendy et al in Science a couple months ago) is also
remarkably selective. To favor a few isolated ice core delta o18 measurements from
tropical mountain glaciers, with all of the uncertainties associated with uneven and
limited seasonal sampling of snow accumulation, and circulation and precipitation
fractionation influences (all of which I'm sure Lonnie would happily admit to), over far
more widespread coral data (which almost uniformly suggested relatively little change
in tropical temperatures over the interval you specify), that don't suffer from such
temporal sampling issues (since they are constantly sampling water properties) seems
unusually selective.

In contrast, the reconstruction in (59) shows no temperature change between those
time periods. That is one reason why (59) shows essentially no correlation between
temperature and solar irradiance for the 19th century. 

This statement could not be more incorrect. The instrumental data available several
centuries back, as well as most published full hemispheric temperature
reconstructions, shows the late 19th century to be the coldest or among the coldest
periods of the past few centuries (see attached plot). Given the evidence from the
instrumental data, this observation is hardly in dispute. Volcanic forcing is almost
certainly the dominant forcing during the early and mid 19th century, overwhelming
any possible signal of solar irradiance changes in magnitude. That, combined with
internal variability, almost guarantees a lack of correlation with solar irradiance
forcing and hemispheric mean temperature during the 19th century. The comment
made ignores all of these considerations.

[from main text]: On the longer time scale, the Little Ice Age growth of glaciers in
Western Europe is similarly unexplained by this mechanism alone. These glaciers
respond to winter mass balance (snow accumulation) and summer temperatures
(58). The AO [or the North Atlantic Oscillation (NAO)] has little direct expression
during summer, and the negative phase produces negative mass balances for these
glaciers during winter (58). 

Use of glacial mass balance to directly infer past climate change is tenuous at best
[see IPCC, 2001]. However, glacial mass balance can be forward modeled in away
that can provide meaningful insights into whether or not they are consistent with past
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climate variability. In a paper in press in the Journal of Climate  (“Recent glacial
retreat exceeds internal variability“ Reichert and  Bengtsson use such an approach
(based on a coupled model with statistical downscaling to the level of individual
glaciers) to show the observed changes in glacial mass balance can be explained by
the model's internal variability alone [which is consistent with the internal variability in
e.g. the Mann et al reconstruction as diagnosed from the residual of forced variability
by Crowley (Science, 2000)] without any need at all to appeal to forced variability.

62. Additional questions concerning the tropical temperature reconstruction arise
from modeling studies. The simulation discussed in (54), which produced
extratropical temperature responses (and AO phase changes) in general agreement
with (59) has tropical temperature changes twice as large as those in (59); without
that magnitude of tropical response, the planetary wave refraction and tendency for
negative phase of the AO would have been greatly reduced in the model.

As clearly shown in Shindell et al (2001) the reconstruction actually shows about half
the amplitude of cooling in Europe than does the the model, and that is consistent
with a lower amplitude of tropical cooling as well. The inconsistency between tropical
and extratropical cooling claimed, does not in fact exist, but there is somewhat of an
inconsistency between the overall amplitude of the full response, and possible
reasons for this were commented on in Shindell et al (2001). One possible reason is
the well acknowledge loss of resolved regional climate variance in the
reconstructions, but in this case, since the wealth of evidence doesn't support
widespread tropical cooling, and does indeed affirm our reconstructions of both
annual European temperature variations and a negative NAO anomaly following the
Late Maunder Minimum ( Luterbacher and co-workers, published and in-press) back
at least through the mid 18th century In fact, the instrumental data available back
through the 19th century directly verifies our reconstruction of annual mean
temperatures in the European region. It is therefore extremely difficult to challenge
that aspect of our reconstructions, especially based on something as tenuous as
glacial mass balance.

_______________________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: rbradley@geo.umass.edu; Malcolm Hughes
Cc: mann@virginia.edu
Subject: A bit of good news. Will keep you posted...
Date: Wednesday, May 22, 2002 12:13:53 PM

>X-Mailer: Novell GroupWise Internet Agent 5.5.5.1
>Date: Wed, 22 May 2002 15:01:07 -0400
>From: Jesse Smith <hjsmith@aaas.org>
>To: mann@virginia.edu
>MMDF-Warning:  Parse error in original version of preceding line at
>mail.virginia.edu
>Cc: juppenbrink@science-int.co.uk
>MMDF-Warning:  Parse error in original version of preceding line at
>mail.virginia.edu
>Subject: Re: Science review
>X-MIME-Autoconverted: from quoted-printable to 8bit by
>multiproxy.evsc.Virginia.EDU id KAA07252
>
>Dear Mike,
>
>Thank you for copying me onto the recipient list of the message to David
>Rind.  I think that you are correct when you said that most of the readers
>of Science probably didn't notice the points which you addressed, and that
>you did well to contact David directly rather than sending us a
>letter.  At any rate, I appreciate the chance to see your comments because
>they help sensitize me to some of the finer points in the debate.
>
>I have had a chance to talk to our Perspective editor, Julia Uppenbrink,
>about your idea that you would like to write something for us about
>multiproxy climate reconstructions, and she was open to the
>suggestion.  We decided that what would be best would be a Perspective
>that discussed in general terms what multiproxy climate records actually
>tell us.  What the piece should cover is basic information that will be of
>interest to readers from all disciplines - it is a Perspective, after all
>- including issues like from what data these records are constructed, what
>these reconstructions say and what they don't say, the strengths of the
>approach as well as its limitations, and whatever else you think will help
>the average reader better understand what these records say.    The piece
>should not focus on your own work, nor should it criticize particular
>results of other groups.   What it should be is a primer on the correct
>interpretation of multiproxy climate records.  If you would like to write
>something along those lines, in that format, you can contact Julia
>(jupppenbrink@science-int.co.uk) and she will give you the details about
>length, schedule, etc. that you need to know.  Please send a copy of
>whatever you send to her to me, too.
>
>Feel free to call or email me if you have any more questions.
>
>Cheers,
>
>Jesse
>
>
>
>
>=======================
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>Dr. Jesse Smith
>Associate Editor
>----------------------------------------------
>Science
>1200 New York Avenue, NW
>Washington, DC 20005
>USA
>----------------------------------------------
>(202) 326-6556
>(202) 408-1256 (FAX)
>hjsmith@aaas.org
>=======================

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Malcolm Hughes
To: Michael E. Mann
Cc: mann@virginia.edu
Subject: Re: A bit of good news. Will keep you posted...
Date: Wednesday, May 22, 2002 1:17:48 PM

Mike   - looks like an valuable opportunity,
Cheers, Malcolm
>
> >X-Mailer: Novell GroupWise Internet Agent 5.5.5.1
> >Date: Wed, 22 May 2002 15:01:07 -0400
> >From: Jesse Smith <hjsmith@aaas.org>
> >To: mann@virginia.edu
> >MMDF-Warning:  Parse error in original version of preceding line at
> >mail.virginia.edu Cc: juppenbrink@science-int.co.uk MMDF-Warning:
> >Parse error in original version of preceding line at
> >mail.virginia.edu Subject: Re: Science review X-MIME-Autoconverted:
> >from quoted-printable to 8bit by multiproxy.evsc.Virginia.EDU id
> >KAA07252
> >
> >Dear Mike,
> >
> >Thank you for copying me onto the recipient list of the message to
> >David Rind.  I think that you are correct when you said that most of
> >the readers of Science probably didn't notice the points which you
> >addressed, and that you did well to contact David directly rather
> >than sending us a letter.  At any rate, I appreciate the chance to
> >see your comments because they help sensitize me to some of the finer
> >points in the debate.
> >
> >I have had a chance to talk to our Perspective editor, Julia
> >Uppenbrink, about your idea that you would like to write something
> >for us about multiproxy climate reconstructions, and she was open to
> >the suggestion.  We decided that what would be best would be a
> >Perspective that discussed in general terms what multiproxy climate
> >records actually tell us.  What the piece should cover is basic
> >information that will be of interest to readers from all disciplines
> >- it is a Perspective, after all - including issues like from what
> >data these records are constructed, what these reconstructions say
> >and what they don't say, the strengths of the approach as well as its
> >limitations, and whatever else you think will help the average reader
> >better understand what these records say.    The piece should not
> >focus on your own work, nor should it criticize particular results of
> >other groups.   What it should be is a primer on the correct
> >interpretation of multiproxy climate records.  If you would like to
> >write something along those lines, in that format, you can contact
> >Julia (jupppenbrink@science-int.co.uk) and she will give you the
> >details about length, schedule, etc. that you need to know.  Please
> >send a copy of whatever you send to her to me, too.
> >
> >Feel free to call or email me if you have any more questions.
> >
> >Cheers,
> >
> >Jesse
> >
> >
> >
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> >
> >=======================
> >Dr. Jesse Smith
> >Associate Editor
> >----------------------------------------------
> >Science
> >1200 New York Avenue, NW
> >Washington, DC 20005
> >USA
> >----------------------------------------------
> >(202) 326-6556
> >(202) 408-1256 (FAX)
> >hjsmith@aaas.org
> >=======================
>
> ______________________________________________________________________
> _
>                      Professor Michael E. Mann
>             Department of Environmental Sciences, Clark Hall
>                        University of Virginia
>                       Charlottesville, VA 22903
> ______________________________________________________________________
> _ e-mail: mann@virginia.edu   Phone:    FAX: (434)
> 982-2137
>          http://www.evsc.virginia.edu/faculty/people/mann.shtml      
>               
>
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From: Michael E. Mann
To: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; Scott Rutherford
Subject: Fwd: Re: Huang and Pollack?
Date: Friday, May 24, 2002 12:39:24 PM

Dear All,

Huang and Pollack letter dismissed, as it ought to have been...

Will be seeking comments from you next month on my perspective piece, which
I promised to provide to Julia Uppenbrink by mid-July.

Happy memorial day weekend to all. Cheers,

mike

>X-Mailer: Novell GroupWise Internet Agent 5.5.5.1
>Date: Fri, 24 May 2002 11:03:36 -0400
>From: Etta Kavanagh <ekavanag@aaas.org>
>To: mann@virginia.edu
>MMDF-Warning:  Parse error in original version of preceding line at
>mail.virginia.edu
>Subject: Re: Huang and Pollack?
>X-MIME-Autoconverted: from quoted-printable to 8bit by
>multiproxy.evsc.Virginia.EDU id HAA08629
>
>Dear Dr. Mann,
>
>I apologize for not having gotten back to you. I hadn't heard anything
>back from Jesse Smith, but given your exchange with him, I plan to go
>ahead and reject the letter. With this type of letter, where it is
>referring to a previous publication in Science, we advise the letter
>writer to contact the original author directly if they wish to pursue the
>matter. Thanks for your input on this matter.
>
>Best regards,
>
>
>Etta Kavanagh
>Associate Letters Editor
>SCIENCE
>ekavanag@aaas.org
>
>Department e-mail: science_letters@aaas.org
>
> >>> "Michael E. Mann" <mann@virginia.edu> 05/24/02 10:02AM >>>
>Dear Etta,
>
>I  wanted to check back with you regarding the status of your disposition
>on the Huang and Pollack letter.
>
>I did discuss the matter w/ Jesse Smith--and he agreed that there was
>little substance to the letter, and that he would be happy if it was
>dropped w/out further consideration.
>
>However, I wanted to make sure I know where the matter stands right now as
>far as you're concerned?
>
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>Thanks in advance for getting back,
>
>Mike
>
>
>_______________________________________________________________________
>                      Professor Michael E. Mann
>             Department of Environmental Sciences, Clark Hall
>                        University of Virginia
>                       Charlottesville, VA 22903
>_______________________________________________________________________
>e-mail: mann@virginia.edu   Phone:    FAX: 
>          http://www.evsc.virginia.edu/faculty/people/mann.shtml

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml             

ABOR/MH/Priv-005572



From: Michael E. Mann
To: Malcolm Hughes
Subject: Re: Esper
Date: Monday, July 01, 2002 4:16:49 PM
Attachments: esper-cook.dat

HI Malcolm,

The reconstruction, as received by Ed is attached,

mike

At 01:24 PM 7/1/2002 -0700, you wrote:

Mike - do you have a version of the Esper 
"reconstruction" that I can legitimately use in a 
proposal? So far as I can see it is not available 
through NGDC or through "Science" and there 
is nothing decipherable at either the Lamont or 
WSL web site.
I am writing a proposal to CCDD to 
investigate the validity of the assumptions on 
which RCS and AB are based, specifically as 
they affect large-scale temp reconstructions, 
and I'm building a diagram to illustrate the 
need. 
Cheers, Malcolm
.
.
Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

_______________________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

il: mann@virginia.edu   Phone:    FAX: 

     http://www.evsc.virginia.edu/faculty/people/mann.shtml
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Hi Mike and Tom,

Here are the pre-prints of the Esper/Cook paper as finally 
accepted by Science after review and substantial revision, both 
the report and the supplemental materials. The actual wording of 
the published paper will differ slightly because of the pedantic 
editors at Science. I have also included the mean tree-ring 
record with bootstrap confidence limits for your interest. The 
area represented by this record is roughly 30-70N.

Cheers,

Ed

  YEAR    N    MEAN    2.5%   97.5%
   831    6   0.696   0.340   0.906
   832    6   0.800   0.659   0.979
   833    6   0.856   0.643   1.007
   834    6   0.893   0.718   1.017
   835    6   0.888   0.747   1.298
   836    6   0.935   0.758   1.181
   837    6   0.981   0.785   1.322
   838    6   1.015   0.859   1.270
   839    6   1.013   0.730   1.502
   840    6   1.166   0.934   1.722
   841    6   1.222   0.934   1.449
   842    6   1.249   1.136   1.438
   843    6   1.216   1.058   1.406
   844    6   1.134   0.903   1.445
   845    6   1.020   0.839   1.279
   846    6   0.996   0.815   1.157
   847    6   0.900   0.527   1.170
   848    6   0.986   0.707   1.166
   849    6   1.130   0.940   1.430
   850    6   1.174   0.987   1.299
   851    6   1.132   0.859   1.322
   852    6   0.934   0.689   1.304
   853    6   1.142   1.021   1.330
   854    6   0.809   0.616   0.940
   855    6   0.825   0.733   0.971
   856    6   0.961   0.719   1.336
   857    6   0.851   0.424   1.014
   858    6   0.783   0.415   1.076
   859    6   0.825   0.499   1.010
   860    6   0.766   0.497   0.988
   861    6   0.744   0.464   1.061

1
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   862    6   0.897   0.514   1.084
   863    6   0.833   0.552   1.014
   864    6   0.765   0.542   0.913
   865    6   0.753   0.441   0.976
   866    6   0.788   0.509   0.985
   867    6   0.801   0.542   1.172
   868    6   0.773   0.403   1.010
   869    6   0.815   0.435   1.022
   870    6   0.884   0.666   1.185
   871    6   0.936   0.629   1.175
   872    6   1.041   0.774   1.351
   873    6   1.016   0.608   1.292
   874    6   1.050   0.637   1.323
   875    6   1.123   0.788   1.473
   876    6   1.174   0.863   1.608
   877    6   1.019   0.603   1.191
   878    6   1.187   0.797   1.450
   879    6   1.213   0.842   1.462
   880    6   1.135   0.772   1.492
   881    6   1.035   0.764   1.223
   882    6   1.189   0.771   1.423
   883    6   1.040   0.614   1.244
   884    6   0.891   0.531   1.233
   885    6   1.165   0.921   1.387
   886    6   0.946   0.562   1.188
   887    6   1.218   0.984   1.482
   888    6   1.047   0.786   1.236
   889    6   1.157   0.905   1.372
   890    6   1.195   0.782   1.435
   891    6   1.166   1.008   1.516
   892    6   1.301   1.101   1.560
   893    6   1.211   0.998   1.530
   894    6   1.314   1.007   1.542
   895    6   1.405   1.219   1.650
   896    6   1.112   0.892   1.291
   897    6   1.352   1.128   1.539
   898    6   1.302   1.109   1.386
   899    6   1.165   0.939   1.435
   900    6   1.027   0.920   1.095
   901    6   1.033   0.924   1.186
   902    6   0.988   0.842   1.068
   903    6   0.722   0.549   0.876
   904    6   0.977   0.761   1.127
   905    6   0.886   0.729   1.030
   906    6   0.749   0.551   0.878
   907    6   0.741   0.639   0.922
   908    6   0.811   0.739   0.919
   909    6   0.835   0.695   0.975
   910    6   0.929   0.765   1.176
   911    6   0.943   0.715   1.185
   912    6   0.914   0.730   1.039
   913    6   0.816   0.667   1.017
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   914    6   0.948   0.771   1.093
   915    6   1.208   0.841   1.634
   916    6   0.911   0.771   1.105
   917    6   0.945   0.647   1.122
   918    6   0.953   0.838   1.096
   919    6   0.937   0.764   1.078
   920    6   0.862   0.657   0.955
   921    6   0.999   0.815   1.151
   922    6   0.966   0.808   1.078
   923    6   0.963   0.780   1.108
   924    6   1.010   0.784   1.131
   925    6   0.913   0.739   1.064
   926    6   1.002   0.864   1.130
   927    6   1.086   0.953   1.390
   928    6   1.019   0.624   1.285
   929    6   1.090   0.912   1.282
   930    6   0.985   0.757   1.183
   931    6   1.108   0.907   1.399
   932    6   1.050   0.827   1.379
   933    6   1.098   0.790   1.301
   934    6   1.103   0.869   1.426
   935    6   1.011   0.853   1.410
   936    6   1.240   1.115   1.466
   937    6   1.140   0.925   1.292
   938    6   1.139   1.045   1.278
   939    6   1.162   0.871   1.370
   940    6   0.933   0.634   1.098
   941    6   1.098   0.855   1.286
   942    6   1.000   0.827   1.105
   943    6   1.088   0.947   1.223
   944    6   0.959   0.759   1.077
   945    6   0.989   0.785   1.331
   946    6   0.997   0.902   1.160
   947    6   0.874   0.681   1.006
   948    6   0.928   0.828   1.174
   949    6   1.021   0.885   1.167
   950    6   0.926   0.746   1.085
   951    6   1.056   0.855   1.247
   952    6   0.962   0.615   1.147
   953    6   1.090   0.793   1.446
   954    6   1.055   0.838   1.281
   955    6   0.981   0.773   1.088
   956    6   0.906   0.705   1.205
   957    6   1.050   0.690   1.286
   958    6   0.806   0.454   0.983
   959    6   1.022   0.887   1.145
   960    6   1.165   1.037   1.307
   961    6   0.990   0.717   1.213
   962    6   0.990   0.760   1.352
   963    6   1.228   1.094   1.360
   964    6   1.022   0.863   1.224
   965    6   1.242   0.980   1.688
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   966    6   1.340   1.111   1.508
   967    6   1.102   0.779   1.314
   968    6   1.288   1.043   1.490
   969    6   1.136   0.868   1.474
   970    6   1.243   0.904   1.475
   971    6   1.142   0.928   1.292
   972    6   1.208   0.928   1.677
   973    6   1.129   0.810   1.386
   974    6   1.171   0.768   1.505
   975    6   1.010   0.831   1.325
   976    6   0.985   0.741   1.162
   977    6   1.188   1.080   1.397
   978    6   1.252   1.076   1.411
   979    6   1.080   0.691   1.441
   980    6   1.203   0.981   1.504
   981    6   1.098   0.830   1.260
   982    6   1.256   0.993   1.472
   983    6   1.223   0.708   1.545
   984    6   1.356   1.182   1.674
   985    6   1.176   0.910   1.606
   986    6   1.294   0.958   1.518
   987    6   1.253   0.974   1.507
   988    6   1.301   1.137   1.450
   989    6   1.506   1.332   1.885
   990    6   1.469   1.114   1.909
   991    6   1.191   1.059   1.359
   992    6   1.225   0.958   1.369
   993    6   1.352   1.194   1.472
   994    6   1.407   1.177   1.566
   995    6   1.529   1.093   3.049
   996    6   1.290   0.897   1.702
   997    6   1.107   0.843   1.621
   998    6   1.201   0.996   1.466
   999    6   1.271   0.958   1.555
  1000    6   1.209   0.998   1.451
  1001    6   1.220   0.832   1.505
  1002    6   1.025   0.789   1.228
  1003    6   1.024   0.818   1.279
  1004    6   1.118   0.981   1.326
  1005    6   1.211   0.877   1.486
  1006    6   1.157   0.734   1.480
  1007    6   1.254   1.172   1.402
  1008    6   1.142   0.925   1.416
  1009    6   0.961   0.800   1.304
  1010    6   1.067   0.989   1.131
  1011    6   1.042   0.959   1.083
  1012    6   1.052   0.838   1.231
  1013    6   1.077   0.863   1.207
  1014    6   1.140   0.826   1.377
  1015    6   1.127   0.904   1.460
  1016    6   1.211   0.889   1.496
  1017    6   1.224   0.985   1.432
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  1018    6   1.183   0.990   1.381
  1019    6   1.249   1.061   1.401
  1020    6   1.429   1.242   1.954
  1021    6   1.256   0.922   1.643
  1022    6   1.237   1.058   1.459
  1023    6   1.152   1.024   1.414
  1024    6   1.226   1.030   1.590
  1025    6   1.015   0.791   1.175
  1026    6   1.208   0.877   1.495
  1027    6   1.447   1.220   1.778
  1028    6   1.313   1.016   1.652
  1029    6   1.199   0.957   1.543
  1030    6   1.316   1.163   1.469
  1031    6   1.206   0.913   1.361
  1032    6   1.062   0.793   1.170
  1033    6   1.223   0.907   1.633
  1034    6   1.162   0.897   1.562
  1035    6   1.143   0.793   1.820
  1036    6   1.078   0.854   1.551
  1037    6   1.149   0.895   1.393
  1038    6   1.132   0.891   1.346
  1039    6   1.072   0.860   1.413
  1040    6   1.128   0.792   1.584
  1041    6   1.084   0.844   1.422
  1042    6   1.034   0.744   1.160
  1043    6   1.143   0.740   1.524
  1044    6   1.141   0.920   1.438
  1045    6   1.027   0.833   1.748
  1046    6   1.075   0.865   1.296
  1047    6   0.959   0.734   1.246
  1048    6   1.149   0.898   1.483
  1049    6   1.085   0.866   1.397
  1050    6   1.138   0.854   1.366
  1051    6   0.935   0.744   1.199
  1052    6   1.119   0.821   1.352
  1053    6   0.988   0.702   1.167
  1054    6   0.895   0.746   1.015
  1055    6   0.949   0.691   1.288
  1056    6   0.996   0.809   1.270
  1057    6   1.068   0.833   1.360
  1058    6   0.943   0.739   1.196
  1059    6   0.861   0.509   1.090
  1060    6   0.726   0.545   0.948
  1061    6   1.089   0.749   1.407
  1062    6   1.061   0.687   1.413
  1063    6   0.956   0.708   1.270
  1064    6   1.119   0.983   1.298
  1065    6   1.116   0.919   1.331
  1066    6   1.184   0.947   1.383
  1067    6   1.048   0.932   1.206
  1068    6   0.861   0.691   0.990
  1069    6   0.858   0.636   1.002
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  1070    6   0.892   0.711   1.032
  1071    6   0.871   0.700   1.051
  1072    7   0.950   0.732   1.086
  1073    7   1.022   0.809   1.123
  1074    7   1.081   0.907   1.290
  1075    7   1.210   1.027   1.488
  1076    7   1.168   0.915   1.606
  1077    7   1.101   0.901   1.321
  1078    7   1.207   0.903   1.790
  1079    7   1.224   0.871   1.587
  1080    7   1.297   0.969   1.952
  1081    7   1.354   1.002   1.862
  1082    7   1.195   1.053   1.396
  1083    7   1.203   0.953   1.537
  1084    7   1.209   0.976   1.505
  1085    7   1.190   0.979   1.424
  1086    7   1.079   0.608   1.223
  1087    7   1.213   0.981   1.456
  1088    7   1.090   0.909   1.338
  1089    7   1.232   1.041   1.510
  1090    7   1.203   1.002   1.334
  1091    7   1.239   1.040   1.541
  1092    7   1.141   0.940   1.397
  1093    7   1.144   0.934   1.556
  1094    7   1.318   1.131   1.482
  1095    7   1.246   1.143   1.421
  1096    7   0.934   0.763   1.065
  1097    7   1.114   0.946   1.314
  1098    7   0.905   0.628   1.134
  1099    7   0.969   0.834   1.187
  1100    7   1.031   0.781   1.168
  1101    7   1.004   0.761   1.197
  1102    7   1.073   0.891   1.267
  1103    7   0.922   0.765   1.148
  1104    7   1.045   0.873   1.207
  1105    7   1.005   0.697   1.138
  1106    7   1.087   0.858   1.249
  1107    8   1.182   0.932   1.624
  1108    8   1.126   0.812   1.565
  1109    8   0.991   0.667   1.340
  1110    8   0.937   0.713   1.368
  1111    8   1.051   0.874   1.290
  1112    8   1.063   0.817   1.258
  1113    8   1.079   0.884   1.315
  1114    8   0.928   0.681   1.232
  1115    8   0.911   0.668   1.089
  1116    8   1.017   0.767   1.228
  1117    8   0.933   0.696   1.141
  1118    8   0.885   0.742   1.164
  1119    8   0.921   0.722   1.268
  1120    8   0.954   0.763   1.146
  1121    8   0.807   0.567   0.945
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  1122    8   0.819   0.684   0.956
  1123    8   0.931   0.733   1.092
  1124    8   0.828   0.698   1.002
  1125    8   0.819   0.677   0.930
  1126    8   0.835   0.729   0.926
  1127    9   0.977   0.762   1.342
  1128    9   1.003   0.764   1.308
  1129    9   0.963   0.788   1.473
  1130    9   1.017   0.754   1.345
  1131    9   0.989   0.845   1.204
  1132    9   0.884   0.764   1.016
  1133    9   0.926   0.669   1.133
  1134    9   0.906   0.781   1.063
  1135    9   0.894   0.709   1.069
  1136    9   0.793   0.654   0.900
  1137    9   0.867   0.738   1.040
  1138    9   0.873   0.704   1.130
  1139    9   0.932   0.744   1.112
  1140    9   0.784   0.641   0.946
  1141    9   0.899   0.705   1.068
  1142    9   1.074   0.766   1.469
  1143    9   1.042   0.830   1.479
  1144    9   1.022   0.711   1.386
  1145    9   0.847   0.619   1.141
  1146    9   0.907   0.729   1.380
  1147    9   0.932   0.782   1.249
  1148    9   0.966   0.734   1.256
  1149    9   0.973   0.763   1.199
  1150    9   0.936   0.726   1.437
  1151    9   0.811   0.614   1.204
  1152    9   0.967   0.714   1.318
  1153    9   0.962   0.660   1.239
  1154    9   0.896   0.662   1.223
  1155    9   1.035   0.742   1.354
  1156    9   1.007   0.801   1.343
  1157    9   1.040   0.808   1.375
  1158    9   0.964   0.769   1.289
  1159    9   1.172   0.894   1.633
  1160    9   1.085   0.887   1.453
  1161    9   0.974   0.830   1.161
  1162    9   1.034   0.819   1.312
  1163    9   1.099   0.866   1.311
  1164    9   1.098   0.829   1.413
  1165    9   1.141   0.861   1.559
  1166    9   1.047   0.794   1.375
  1167    9   1.006   0.769   1.216
  1168    9   1.169   0.932   1.480
  1169    9   1.087   0.845   1.349
  1170    9   0.981   0.780   1.218
  1171    9   0.973   0.762   1.383
  1172    9   1.001   0.752   1.272
  1173    9   0.944   0.726   1.134
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  1174    9   0.973   0.662   1.154
  1175   10   0.990   0.832   1.198
  1176   10   0.997   0.842   1.224
  1177   10   0.894   0.681   1.136
  1178   10   0.905   0.793   1.059
  1179   10   0.863   0.737   1.034
  1180   10   0.836   0.698   0.993
  1181   10   0.959   0.786   1.128
  1182   10   0.876   0.696   1.011
  1183   10   0.967   0.844   1.163
  1184   10   0.979   0.730   1.172
  1185   10   0.909   0.715   1.151
  1186   10   0.861   0.699   1.047
  1187   10   0.943   0.770   1.134
  1188   10   1.003   0.845   1.234
  1189   10   0.980   0.834   1.183
  1190   10   1.036   0.894   1.295
  1191   10   0.902   0.716   1.019
  1192   10   0.971   0.774   1.118
  1193   10   1.005   0.746   1.221
  1194   10   0.883   0.723   1.040
  1195   10   1.003   0.839   1.243
  1196   10   0.845   0.707   1.010
  1197   10   0.925   0.777   1.100
  1198   10   0.908   0.749   1.068
  1199   10   0.978   0.861   1.234
  1200   10   0.806   0.699   0.917
  1201   10   0.802   0.701   0.892
  1202   10   0.923   0.802   1.090
  1203   10   0.899   0.714   1.053
  1204   10   0.841   0.706   0.981
  1205   10   0.789   0.670   0.959
  1206   10   0.698   0.597   0.888
  1207   10   0.692   0.593   0.870
  1208   10   0.856   0.693   1.113
  1209   10   0.876   0.781   1.116
  1210   10   0.742   0.640   0.878
  1211   10   0.872   0.767   1.006
  1212   10   0.901   0.807   1.013
  1213   10   0.833   0.704   1.030
  1214   10   0.896   0.787   1.034
  1215   10   0.926   0.785   1.133
  1216   10   0.867   0.768   1.101
  1217   10   0.773   0.619   0.942
  1218   10   0.827   0.701   0.932
  1219   10   0.844   0.715   0.994
  1220   10   0.885   0.740   0.982
  1221   10   0.958   0.831   1.033
  1222   10   1.001   0.880   1.143
  1223   10   1.025   0.894   1.152
  1224   10   1.023   0.817   1.168
  1225   10   1.041   0.883   1.197
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  1226   10   0.954   0.786   1.049
  1227   10   0.915   0.764   1.074
  1228   10   0.932   0.760   1.072
  1229   10   0.998   0.778   1.351
  1230   10   0.809   0.585   0.985
  1231   10   0.922   0.777   1.139
  1232   10   0.858   0.714   1.067
  1233   10   0.848   0.689   0.940
  1234   10   0.795   0.649   0.968
  1235   10   0.711   0.608   0.862
  1236   10   0.681   0.517   0.826
  1237   10   0.704   0.519   0.833
  1238   10   0.738   0.624   0.854
  1239   10   0.807   0.656   0.908
  1240   10   0.880   0.726   1.037
  1241   10   0.899   0.737   1.077
  1242   10   0.873   0.722   1.080
  1243   10   0.840   0.677   0.958
  1244   10   0.811   0.682   0.954
  1245   10   0.884   0.713   1.007
  1246   11   0.849   0.741   0.972
  1247   11   0.802   0.692   0.958
  1248   11   0.905   0.753   1.018
  1249   11   0.893   0.757   0.997
  1250   11   0.882   0.731   0.996
  1251   11   0.841   0.688   0.959
  1252   11   0.867   0.737   1.023
  1253   11   0.992   0.867   1.111
  1254   11   0.799   0.660   0.927
  1255   11   0.881   0.728   0.988
  1256   11   0.908   0.716   0.997
  1257   11   0.948   0.771   1.046
  1258   11   0.802   0.670   0.965
  1259   11   0.763   0.626   0.905
  1260   11   0.856   0.596   0.951
  1261   11   0.832   0.688   0.987
  1262   11   0.898   0.657   1.072
  1263   11   0.719   0.575   0.840
  1264   11   0.781   0.575   0.899
  1265   11   0.803   0.656   0.946
  1266   11   0.820   0.621   0.959
  1267   11   0.811   0.619   0.915
  1268   11   0.876   0.694   0.984
  1269   11   0.894   0.750   1.013
  1270   11   0.806   0.689   0.908
  1271   11   0.851   0.712   1.031
  1272   11   0.891   0.768   1.055
  1273   11   0.822   0.711   0.994
  1274   11   0.877   0.732   1.024
  1275   11   0.957   0.764   1.065
  1276   11   0.880   0.723   0.980
  1277   11   0.899   0.718   0.987
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  1278   11   0.883   0.696   1.014
  1279   11   0.932   0.774   1.027
  1280   11   0.840   0.718   0.906
  1281   11   0.917   0.733   1.059
  1282   11   0.867   0.710   1.016
  1283   11   0.957   0.722   1.148
  1284   11   0.871   0.733   1.039
  1285   11   0.843   0.706   0.949
  1286   11   0.878   0.765   1.019
  1287   11   0.837   0.712   0.933
  1288   11   0.850   0.722   0.996
  1289   11   0.844   0.678   1.112
  1290   11   0.840   0.708   1.005
  1291   11   0.836   0.729   0.971
  1292   10   0.855   0.732   0.958
  1293   10   0.707   0.607   0.855
  1294   10   0.740   0.665   0.826
  1295   10   0.751   0.641   0.881
  1296   10   0.725   0.615   0.839
  1297   10   0.668   0.576   0.804
  1298   10   0.780   0.646   0.857
  1299   10   0.781   0.677   0.879
  1300   10   0.731   0.616   0.885
  1301   10   0.945   0.764   1.079
  1302   10   0.856   0.692   0.985
  1303   10   0.955   0.765   1.175
  1304   10   0.912   0.751   1.044
  1305   10   0.836   0.734   0.946
  1306   10   0.893   0.786   1.079
  1307   10   0.874   0.752   0.990
  1308   10   0.899   0.755   1.000
  1309   10   0.840   0.698   0.994
  1310   10   0.950   0.865   1.128
  1311   11   0.940   0.812   1.081
  1312   11   0.867   0.770   0.940
  1313   11   1.034   0.904   1.139
  1314   11   1.012   0.891   1.169
  1315   11   1.003   0.886   1.164
  1316   12   0.934   0.823   1.028
  1317   12   1.018   0.896   1.179
  1318   12   0.950   0.816   1.043
  1319   12   0.963   0.837   1.096
  1320   12   0.953   0.853   1.087
  1321   12   1.055   0.981   1.160
  1322   12   0.999   0.938   1.099
  1323   12   1.047   0.963   1.180
  1324   13   1.027   0.834   1.156
  1325   13   1.070   0.937   1.199
  1326   13   1.114   0.999   1.270
  1327   13   1.199   1.070   1.403
  1328   13   1.072   0.892   1.265
  1329   13   1.005   0.821   1.178
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  1330   13   0.974   0.826   1.220
  1331   13   1.028   0.890   1.163
  1332   13   0.920   0.803   1.088
  1333   13   0.962   0.817   1.099
  1334   13   0.914   0.830   1.028
  1335   13   0.876   0.679   1.032
  1336   13   0.765   0.585   0.961
  1337   13   0.858   0.683   0.995
  1338   13   0.806   0.685   0.982
  1339   13   0.867   0.682   1.020
  1340   13   0.821   0.697   0.998
  1341   13   0.879   0.773   1.049
  1342   13   0.864   0.759   0.980
  1343   13   0.942   0.804   1.049
  1344   13   0.893   0.758   1.016
  1345   13   0.847   0.729   1.044
  1346   13   0.785   0.703   0.884
  1347   13   0.717   0.606   0.907
  1348   13   0.713   0.586   0.864
  1349   13   0.751   0.592   0.865
  1350   13   0.700   0.606   0.793
  1351   13   0.744   0.635   0.880
  1352   14   0.777   0.685   0.925
  1353   14   0.757   0.648   0.906
  1354   14   0.769   0.655   0.895
  1355   14   0.874   0.735   1.050
  1356   14   0.934   0.806   1.057
  1357   14   0.897   0.760   1.009
  1358   14   0.882   0.771   1.033
  1359   14   0.914   0.817   1.016
  1360   14   0.821   0.728   0.912
  1361   14   0.869   0.756   1.008
  1362   14   0.955   0.824   1.160
  1363   14   0.912   0.794   1.027
  1364   14   0.896   0.712   1.046
  1365   14   0.891   0.740   1.018
  1366   14   0.907   0.793   1.038
  1367   14   0.980   0.839   1.110
  1368   14   0.967   0.867   1.052
  1369   14   0.975   0.900   1.080
  1370   14   0.926   0.840   1.025
  1371   14   0.979   0.830   1.109
  1372   14   0.935   0.839   1.085
  1373   14   0.942   0.867   1.028
  1374   14   0.954   0.805   1.048
  1375   14   0.916   0.808   1.082
  1376   14   1.039   0.902   1.187
  1377   14   0.950   0.866   1.058
  1378   14   1.031   0.926   1.132
  1379   14   0.878   0.799   0.984
  1380   14   0.890   0.779   1.057
  1381   14   0.956   0.822   1.113

11

ABOR/MH/Priv-005584



  1382   14   0.969   0.852   1.148
  1383   14   0.942   0.808   1.088
  1384   14   0.983   0.817   1.120
  1385   14   0.985   0.762   1.135
  1386   14   0.918   0.836   0.993
  1387   14   0.964   0.863   1.096
  1388   14   1.039   0.913   1.214
  1389   14   1.011   0.882   1.272
  1390   14   0.965   0.845   1.203
  1391   14   0.890   0.768   1.036
  1392   14   0.859   0.739   0.966
  1393   14   0.894   0.761   1.015
  1394   14   0.931   0.810   1.069
  1395   14   0.994   0.863   1.096
  1396   14   0.928   0.783   1.051
  1397   14   0.925   0.734   1.071
  1398   14   0.955   0.804   1.086
  1399   14   0.929   0.810   1.056
  1400   14   0.873   0.717   1.019
  1401   14   0.894   0.725   1.046
  1402   14   0.884   0.785   0.957
  1403   14   0.948   0.755   1.074
  1404   14   0.924   0.743   1.048
  1405   14   0.951   0.769   1.075
  1406   14   1.055   0.868   1.219
  1407   14   1.020   0.877   1.164
  1408   14   0.991   0.867   1.130
  1409   14   1.058   0.914   1.227
  1410   14   1.002   0.863   1.159
  1411   14   1.051   0.875   1.192
  1412   14   0.940   0.777   1.103
  1413   14   0.957   0.793   1.108
  1414   14   0.894   0.773   0.994
  1415   14   0.968   0.816   1.075
  1416   14   0.927   0.760   1.051
  1417   14   0.946   0.803   1.125
  1418   14   0.929   0.806   1.044
  1419   14   0.946   0.808   1.125
  1420   14   0.936   0.756   1.057
  1421   14   0.925   0.792   1.022
  1422   14   0.945   0.832   1.062
  1423   14   0.909   0.765   1.077
  1424   14   1.025   0.885   1.219
  1425   14   1.041   0.860   1.252
  1426   14   0.951   0.704   1.122
  1427   14   1.009   0.835   1.213
  1428   14   1.042   0.826   1.216
  1429   14   1.049   0.887   1.222
  1430   14   1.040   0.870   1.180
  1431   14   1.051   0.899   1.235
  1432   14   1.025   0.894   1.165
  1433   14   1.063   0.951   1.246
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  1434   14   1.135   0.973   1.273
  1435   14   1.107   0.914   1.301
  1436   14   1.065   0.953   1.177
  1437   14   1.105   0.988   1.205
  1438   14   1.071   0.966   1.169
  1439   14   1.086   0.990   1.265
  1440   14   1.084   0.938   1.191
  1441   14   1.039   0.938   1.132
  1442   14   1.042   0.905   1.195
  1443   14   1.031   0.883   1.166
  1444   14   1.016   0.922   1.213
  1445   14   1.082   0.889   1.248
  1446   14   0.947   0.837   1.055
  1447   14   1.048   0.906   1.168
  1448   14   0.928   0.782   1.045
  1449   14   0.967   0.840   1.091
  1450   14   1.020   0.921   1.125
  1451   14   0.939   0.763   1.046
  1452   14   0.915   0.729   0.997
  1453   14   0.877   0.759   0.968
  1454   14   0.867   0.789   0.982
  1455   14   0.837   0.767   0.928
  1456   14   0.795   0.710   0.901
  1457   14   0.842   0.727   0.971
  1458   14   0.763   0.620   0.865
  1459   14   0.765   0.680   0.869
  1460   14   0.792   0.662   0.892
  1461   14   0.838   0.682   0.981
  1462   14   0.765   0.634   0.863
  1463   14   0.859   0.730   1.005
  1464   14   0.895   0.766   1.115
  1465   14   0.875   0.721   1.169
  1466   14   0.799   0.707   0.873
  1467   14   0.833   0.716   0.917
  1468   14   0.795   0.651   0.896
  1469   14   0.887   0.770   0.975
  1470   14   0.894   0.816   1.012
  1471   14   0.892   0.712   1.002
  1472   14   0.894   0.768   1.106
  1473   14   0.887   0.670   1.158
  1474   14   0.969   0.845   1.183
  1475   14   0.981   0.782   1.308
  1476   14   1.056   0.843   1.328
  1477   14   0.956   0.819   1.059
  1478   14   0.979   0.838   1.225
  1479   14   0.894   0.767   1.108
  1480   14   0.958   0.758   1.138
  1481   14   0.898   0.744   1.023
  1482   14   0.947   0.812   1.067
  1483   14   0.936   0.824   1.082
  1484   14   0.906   0.766   1.012
  1485   14   0.971   0.864   1.086
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  1486   14   0.984   0.845   1.116
  1487   14   0.977   0.846   1.110
  1488   14   0.979   0.868   1.150
  1489   14   1.097   0.976   1.216
  1490   14   1.088   0.990   1.270
  1491   14   0.992   0.861   1.191
  1492   14   0.997   0.823   1.134
  1493   14   0.976   0.824   1.204
  1494   14   0.919   0.723   1.055
  1495   14   0.942   0.785   1.071
  1496   14   1.000   0.775   1.178
  1497   14   1.000   0.850   1.165
  1498   14   0.922   0.792   1.054
  1499   14   0.988   0.872   1.134
  1500   14   1.020   0.922   1.138
  1501   14   1.059   0.960   1.223
  1502   14   1.027   0.913   1.174
  1503   14   1.011   0.846   1.135
  1504   14   1.086   0.949   1.227
  1505   14   1.081   0.910   1.206
  1506   14   1.046   0.912   1.162
  1507   14   1.106   0.995   1.344
  1508   14   1.056   0.961   1.155
  1509   14   1.046   0.903   1.147
  1510   14   1.177   1.060   1.307
  1511   14   1.064   0.974   1.175
  1512   14   1.140   1.030   1.232
  1513   14   1.078   0.955   1.268
  1514   14   1.044   0.893   1.178
  1515   14   1.004   0.873   1.099
  1516   14   0.994   0.891   1.124
  1517   14   1.019   0.877   1.195
  1518   14   0.922   0.808   0.986
  1519   14   1.055   0.921   1.132
  1520   14   1.046   0.949   1.130
  1521   14   1.070   0.961   1.200
  1522   14   1.083   0.966   1.175
  1523   14   0.958   0.834   1.121
  1524   14   1.067   0.928   1.180
  1525   14   1.072   0.925   1.203
  1526   14   1.085   0.975   1.188
  1527   14   1.134   1.022   1.273
  1528   14   1.055   0.893   1.185
  1529   14   0.931   0.766   1.090
  1530   14   1.009   0.840   1.154
  1531   14   0.976   0.847   1.148
  1532   14   0.964   0.790   1.090
  1533   14   0.971   0.827   1.105
  1534   14   1.003   0.924   1.109
  1535   14   1.114   0.927   1.267
  1536   14   1.106   1.000   1.226
  1537   14   1.185   1.061   1.294
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  1538   14   1.099   0.962   1.288
  1539   14   1.157   1.023   1.308
  1540   14   1.111   0.994   1.276
  1541   14   1.020   0.856   1.220
  1542   14   1.099   0.991   1.176
  1543   14   0.977   0.873   1.045
  1544   14   1.018   0.914   1.105
  1545   14   1.064   0.952   1.142
  1546   14   1.028   0.908   1.158
  1547   14   1.068   0.948   1.159
  1548   14   1.082   0.991   1.156
  1549   14   1.036   0.914   1.093
  1550   14   1.026   0.963   1.101
  1551   14   1.038   0.953   1.165
  1552   14   1.052   0.935   1.124
  1553   14   1.096   0.995   1.211
  1554   14   0.997   0.909   1.094
  1555   14   0.997   0.880   1.089
  1556   14   1.039   0.902   1.132
  1557   14   1.096   0.957   1.198
  1558   14   1.048   0.930   1.149
  1559   14   1.101   0.889   1.238
  1560   14   1.114   0.982   1.291
  1561   14   1.080   0.967   1.233
  1562   14   1.127   0.946   1.267
  1563   14   1.130   0.994   1.275
  1564   14   1.184   1.060   1.319
  1565   14   1.197   1.045   1.383
  1566   14   1.159   1.032   1.300
  1567   14   1.169   1.026   1.312
  1568   14   1.102   0.951   1.306
  1569   14   1.112   0.915   1.280
  1570   14   1.086   0.887   1.231
  1571   14   0.980   0.883   1.066
  1572   14   1.016   0.886   1.156
  1573   14   1.016   0.924   1.111
  1574   14   1.001   0.885   1.111
  1575   14   1.118   1.018   1.241
  1576   14   0.947   0.750   1.107
  1577   14   1.049   0.958   1.154
  1578   14   0.938   0.832   1.080
  1579   14   0.851   0.767   0.974
  1580   14   0.889   0.735   1.008
  1581   14   0.897   0.802   0.962
  1582   14   0.931   0.777   1.028
  1583   14   1.021   0.876   1.168
  1584   14   0.947   0.832   1.026
  1585   14   0.895   0.777   1.008
  1586   14   1.005   0.890   1.113
  1587   14   0.957   0.798   1.068
  1588   14   0.943   0.818   1.066
  1589   14   0.866   0.736   1.023
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  1590   14   0.897   0.755   1.004
  1591   14   0.835   0.697   0.952
  1592   14   0.900   0.804   0.984
  1593   14   0.873   0.739   1.006
  1594   14   0.981   0.868   1.084
  1595   14   0.907   0.823   1.043
  1596   14   0.867   0.699   0.979
  1597   14   0.905   0.808   1.022
  1598   14   0.948   0.765   1.091
  1599   14   0.989   0.859   1.097
  1600   14   0.939   0.818   1.051
  1601   14   0.745   0.612   0.851
  1602   14   0.745   0.620   0.916
  1603   14   0.857   0.706   1.039
  1604   14   0.922   0.809   1.048
  1605   14   0.820   0.728   0.897
  1606   14   0.798   0.678   0.882
  1607   14   0.828   0.690   0.988
  1608   14   0.782   0.668   0.954
  1609   14   0.766   0.629   0.886
  1610   14   0.772   0.681   0.886
  1611   14   0.840   0.744   0.942
  1612   14   0.809   0.670   0.914
  1613   14   0.784   0.582   0.933
  1614   14   0.840   0.717   0.989
  1615   14   0.815   0.665   0.926
  1616   14   0.887   0.748   0.991
  1617   14   0.872   0.743   1.004
  1618   14   0.744   0.601   0.871
  1619   14   0.794   0.702   0.909
  1620   14   0.800   0.689   0.908
  1621   14   0.845   0.731   0.960
  1622   14   0.735   0.616   0.882
  1623   14   0.820   0.733   0.929
  1624   14   0.806   0.683   0.917
  1625   14   0.890   0.807   0.971
  1626   14   0.863   0.755   0.953
  1627   14   0.862   0.733   0.942
  1628   14   0.795   0.729   0.890
  1629   14   0.887   0.741   0.996
  1630   14   0.848   0.720   0.960
  1631   14   0.800   0.657   0.908
  1632   14   0.828   0.714   0.957
  1633   14   0.813   0.689   0.927
  1634   14   0.828   0.701   0.933
  1635   14   0.838   0.706   0.946
  1636   14   0.854   0.740   0.972
  1637   14   0.921   0.770   1.035
  1638   14   0.863   0.770   0.975
  1639   14   0.884   0.733   0.991
  1640   14   0.995   0.842   1.141
  1641   14   0.797   0.640   0.963
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  1642   14   0.723   0.554   0.858
  1643   14   0.774   0.642   0.908
  1644   14   0.692   0.578   0.840
  1645   14   0.813   0.645   0.933
  1646   14   0.836   0.683   0.999
  1647   14   0.766   0.568   0.937
  1648   14   0.877   0.722   1.010
  1649   14   0.853   0.770   0.951
  1650   14   0.904   0.803   1.018
  1651   14   0.928   0.808   1.024
  1652   14   0.877   0.763   0.963
  1653   14   0.835   0.689   0.940
  1654   14   0.832   0.645   0.951
  1655   14   0.914   0.736   1.103
  1656   14   0.972   0.841   1.110
  1657   14   0.917   0.750   1.068
  1658   14   0.975   0.878   1.080
  1659   14   0.973   0.809   1.108
  1660   14   1.030   0.902   1.177
  1661   14   1.036   0.885   1.174
  1662   14   0.995   0.835   1.115
  1663   14   0.924   0.787   1.100
  1664   14   1.079   0.921   1.296
  1665   14   1.025   0.872   1.239
  1666   14   1.027   0.868   1.231
  1667   14   0.934   0.762   1.201
  1668   14   1.005   0.824   1.175
  1669   14   0.980   0.804   1.128
  1670   14   0.900   0.781   0.995
  1671   14   0.972   0.839   1.128
  1672   14   1.031   0.873   1.158
  1673   14   1.003   0.865   1.141
  1674   14   0.915   0.763   1.058
  1675   14   0.889   0.747   0.968
  1676   14   0.875   0.767   1.107
  1677   14   0.850   0.707   0.983
  1678   14   0.918   0.747   1.081
  1679   14   0.892   0.738   1.020
  1680   14   0.916   0.788   1.076
  1681   14   0.822   0.676   1.017
  1682   14   0.921   0.765   1.044
  1683   14   1.043   0.880   1.197
  1684   14   0.952   0.763   1.071
  1685   14   0.935   0.824   1.066
  1686   14   0.982   0.780   1.155
  1687   14   0.999   0.857   1.112
  1688   14   0.997   0.875   1.179
  1689   14   1.029   0.858   1.146
  1690   14   0.988   0.873   1.162
  1691   14   1.051   0.932   1.168
  1692   14   1.023   0.913   1.156
  1693   14   1.106   0.926   1.252
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  1694   14   1.087   0.939   1.272
  1695   14   1.066   0.931   1.213
  1696   14   0.963   0.802   1.102
  1697   14   1.010   0.889   1.163
  1698   14   0.953   0.800   1.066
  1699   14   0.794   0.674   0.913
  1700   14   0.858   0.783   0.959
  1701   14   0.842   0.698   0.954
  1702   14   0.926   0.789   1.043
  1703   14   0.889   0.737   1.073
  1704   14   0.924   0.770   1.088
  1705   14   0.841   0.629   0.960
  1706   14   0.872   0.755   1.003
  1707   14   1.020   0.842   1.148
  1708   14   0.985   0.850   1.175
  1709   13   0.960   0.872   1.049
  1710   13   0.882   0.759   0.993
  1711   13   0.898   0.799   1.016
  1712   13   0.944   0.843   1.065
  1713   13   1.002   0.915   1.082
  1714   13   0.922   0.816   1.101
  1715   13   1.002   0.886   1.187
  1716   13   0.974   0.854   1.067
  1717   13   0.992   0.891   1.110
  1718   13   0.969   0.819   1.081
  1719   13   0.971   0.882   1.166
  1720   13   0.951   0.837   1.075
  1721   13   0.949   0.868   1.032
  1722   13   1.027   0.920   1.109
  1723   13   0.910   0.791   1.024
  1724   13   1.061   0.927   1.165
  1725   13   1.093   0.969   1.245
  1726   13   0.990   0.889   1.078
  1727   13   1.129   1.046   1.257
  1728   13   0.994   0.859   1.116
  1729   13   1.053   0.929   1.162
  1730   13   1.041   0.930   1.160
  1731   13   0.985   0.887   1.136
  1732   13   1.023   0.916   1.169
  1733   13   0.947   0.848   1.031
  1734   13   1.034   0.901   1.184
  1735   13   0.953   0.822   1.079
  1736   13   0.945   0.833   1.102
  1737   13   0.965   0.878   1.044
  1738   13   0.997   0.931   1.055
  1739   13   0.964   0.863   1.068
  1740   13   0.905   0.802   0.989
  1741   13   0.907   0.790   1.024
  1742   13   0.919   0.802   1.005
  1743   13   0.937   0.831   1.012
  1744   13   0.946   0.825   1.034
  1745   13   0.940   0.851   1.047

18

ABOR/MH/Priv-005591



  1746   13   0.940   0.846   1.023
  1747   13   1.010   0.928   1.115
  1748   13   0.977   0.900   1.095
  1749   13   0.923   0.797   1.037
  1750   13   0.960   0.880   1.063
  1751   13   0.970   0.885   1.080
  1752   13   0.993   0.887   1.087
  1753   13   0.959   0.858   1.081
  1754   13   1.010   0.945   1.077
  1755   13   0.949   0.839   1.120
  1756   13   1.010   0.881   1.119
  1757   13   1.092   0.975   1.180
  1758   13   1.020   0.886   1.131
  1759   13   1.000   0.891   1.101
  1760   13   0.997   0.873   1.143
  1761   13   1.057   0.929   1.215
  1762   13   1.057   0.884   1.229
  1763   13   1.080   0.962   1.264
  1764   13   0.950   0.856   1.065
  1765   13   1.018   0.907   1.176
  1766   13   1.077   0.922   1.221
  1767   13   1.072   0.964   1.230
  1768   13   0.984   0.904   1.113
  1769   13   1.006   0.882   1.158
  1770   13   0.933   0.791   1.109
  1771   13   0.994   0.879   1.165
  1772   13   1.036   0.935   1.174
  1773   13   1.013   0.871   1.196
  1774   13   1.047   0.912   1.199
  1775   13   1.104   0.941   1.236
  1776   13   0.992   0.855   1.101
  1777   13   1.073   0.966   1.251
  1778   13   1.079   1.021   1.162
  1779   13   1.022   0.914   1.167
  1780   13   1.016   0.902   1.146
  1781   13   1.067   0.949   1.281
  1782   13   0.997   0.905   1.190
  1783   13   0.931   0.835   1.055
  1784   13   1.092   0.941   1.244
  1785   13   1.061   0.958   1.211
  1786   13   1.085   0.933   1.291
  1787   13   1.049   0.939   1.159
  1788   13   0.944   0.829   1.033
  1789   13   1.008   0.891   1.091
  1790   13   0.982   0.814   1.084
  1791   13   1.004   0.869   1.127
  1792   13   0.964   0.864   1.128
  1793   13   0.971   0.846   1.075
  1794   13   1.052   0.928   1.203
  1795   13   1.018   0.917   1.146
  1796   13   1.029   0.903   1.163
  1797   13   1.020   0.885   1.136
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  1798   13   1.075   0.859   1.235
  1799   13   1.070   0.971   1.233
  1800   13   0.945   0.811   1.120
  1801   13   1.125   0.993   1.346
  1802   13   1.057   0.951   1.159
  1803   13   1.006   0.877   1.219
  1804   13   1.074   0.940   1.187
  1805   13   1.045   0.927   1.129
  1806   13   1.013   0.875   1.126
  1807   13   1.003   0.886   1.171
  1808   13   1.040   0.855   1.161
  1809   13   1.012   0.866   1.127
  1810   13   0.888   0.740   1.067
  1811   13   0.953   0.780   1.079
  1812   13   0.811   0.713   0.967
  1813   13   0.879   0.776   0.993
  1814   13   0.854   0.742   0.952
  1815   13   0.830   0.744   0.936
  1816   13   0.761   0.666   0.889
  1817   13   0.884   0.787   1.031
  1818   13   0.800   0.670   0.930
  1819   13   0.817   0.694   0.930
  1820   13   0.815   0.670   0.909
  1821   13   0.773   0.672   0.881
  1822   13   0.833   0.740   0.935
  1823   13   0.944   0.794   1.074
  1824   13   0.872   0.754   0.988
  1825   13   0.909   0.773   1.051
  1826   13   1.041   0.907   1.234
  1827   13   1.022   0.913   1.272
  1828   12   0.988   0.835   1.194
  1829   12   1.020   0.820   1.157
  1830   12   0.948   0.834   1.148
  1831   12   1.000   0.853   1.174
  1832   12   1.028   0.914   1.141
  1833   12   0.942   0.829   1.060
  1834   12   1.030   0.874   1.145
  1835   12   0.990   0.875   1.111
  1836   12   0.937   0.799   1.082
  1837   12   0.854   0.729   1.026
  1838   12   0.841   0.651   1.014
  1839   12   0.938   0.812   1.101
  1840   12   0.942   0.806   1.123
  1841   12   0.882   0.748   1.074
  1842   12   0.983   0.761   1.151
  1843   12   0.888   0.749   1.076
  1844   12   0.948   0.758   1.095
  1845   12   0.950   0.745   1.102
  1846   12   1.065   0.921   1.210
  1847   12   0.960   0.859   1.119
  1848   12   1.081   0.961   1.187
  1849   12   0.984   0.842   1.118
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  1850   12   0.994   0.890   1.154
  1851   12   0.988   0.796   1.122
  1852   12   1.097   0.923   1.220
  1853   12   1.047   0.908   1.194
  1854   12   1.062   0.846   1.216
  1855   12   1.026   0.799   1.186
  1856   12   1.048   0.906   1.190
  1857   12   0.975   0.815   1.155
  1858   12   1.043   0.919   1.203
  1859   12   1.024   0.877   1.134
  1860   12   1.087   0.963   1.249
  1861   12   1.178   1.022   1.308
  1862   12   1.070   0.937   1.207
  1863   12   1.035   0.865   1.216
  1864   12   1.027   0.860   1.139
  1865   12   1.027   0.867   1.151
  1866   12   1.094   0.937   1.389
  1867   12   1.038   0.778   1.304
  1868   12   1.073   0.909   1.207
  1869   12   0.930   0.792   1.141
  1870   12   1.040   0.821   1.151
  1871   12   1.033   0.910   1.242
  1872   12   1.001   0.747   1.136
  1873   12   0.942   0.739   1.072
  1874   12   0.956   0.787   1.092
  1875   12   0.950   0.812   1.077
  1876   12   1.009   0.832   1.122
  1877   12   1.038   0.889   1.120
  1878   12   1.012   0.885   1.153
  1879   12   1.039   0.916   1.179
  1880   12   1.094   0.961   1.210
  1881   12   1.044   0.920   1.249
  1882   12   1.091   0.948   1.285
  1883   12   1.083   0.916   1.212
  1884   12   1.013   0.873   1.181
  1885   12   0.936   0.782   1.179
  1886   12   1.050   0.894   1.254
  1887   12   0.986   0.872   1.163
  1888   12   0.963   0.801   1.075
  1889   12   0.974   0.786   1.169
  1890   12   0.983   0.890   1.138
  1891   12   1.092   0.896   1.227
  1892   12   1.067   0.899   1.185
  1893   12   0.978   0.833   1.158
  1894   12   1.055   0.912   1.243
  1895   12   1.080   0.867   1.254
  1896   12   1.150   0.965   1.306
  1897   12   1.183   0.987   1.323
  1898   12   1.091   0.924   1.226
  1899   12   1.010   0.835   1.139
  1900   12   1.071   0.896   1.219
  1901   12   1.155   1.009   1.337
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  1902   12   1.119   1.027   1.250
  1903   12   1.022   0.878   1.195
  1904   12   1.099   0.974   1.290
  1905   12   1.037   0.915   1.229
  1906   12   1.130   0.962   1.305
  1907   12   1.052   0.887   1.218
  1908   12   1.156   1.005   1.274
  1909   12   1.194   0.986   1.331
  1910   12   1.131   0.984   1.284
  1911   12   1.131   0.951   1.344
  1912   12   1.021   0.883   1.213
  1913   12   0.952   0.821   1.180
  1914   12   1.035   0.912   1.219
  1915   12   1.132   0.991   1.222
  1916   12   1.035   0.932   1.162
  1917   12   1.055   0.887   1.285
  1918   12   1.094   0.932   1.236
  1919   12   1.130   0.980   1.253
  1920   12   1.093   0.943   1.200
  1921   12   1.122   0.939   1.393
  1922   12   1.214   1.056   1.345
  1923   12   1.196   1.064   1.290
  1924   12   1.144   1.039   1.276
  1925   12   1.118   1.006   1.223
  1926   12   1.102   0.965   1.263
  1927   12   1.199   1.061   1.359
  1928   12   1.187   1.032   1.319
  1929   12   1.087   0.948   1.289
  1930   12   1.178   0.963   1.358
  1931   12   1.126   0.982   1.274
  1932   12   1.200   1.068   1.433
  1933   12   1.157   1.033   1.347
  1934   12   1.164   0.980   1.289
  1935   12   1.271   1.142   1.439
  1936   12   1.255   1.120   1.410
  1937   12   1.301   1.192   1.422
  1938   12   1.323   1.195   1.426
  1939   12   1.147   1.024   1.279
  1940   12   1.184   0.970   1.407
  1941   12   1.162   0.998   1.372
  1942   12   1.224   1.019   1.355
  1943   12   1.187   0.979   1.372
  1944   12   1.202   1.059   1.360
  1945   12   1.253   1.043   1.407
  1946   12   1.259   1.088   1.454
  1947   12   1.146   0.920   1.303
  1948   11   1.324   1.140   1.538
  1949   11   1.112   0.883   1.334
  1950   11   1.333   1.151   1.701
  1951   11   1.196   1.010   1.419
  1952   11   1.231   1.107   1.397
  1953   11   1.299   1.151   1.456
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  1954   11   1.229   1.043   1.500
  1955   11   1.303   1.158   1.511
  1956   11   1.294   1.140   1.600
  1957   11   1.292   1.167   1.530
  1958   11   1.338   1.175   1.523
  1959   11   1.327   1.091   1.574
  1960   11   1.248   1.079   1.544
  1961   11   1.198   1.088   1.328
  1962   11   1.207   1.051   1.391
  1963   11   1.212   1.026   1.394
  1964   11   1.232   1.005   1.384
  1965   11   1.199   1.027   1.360
  1966   11   1.154   0.988   1.406
  1967   11   1.330   1.090   1.552
  1968   11   1.175   0.999   1.457
  1969   11   1.315   1.051   1.599
  1970   11   1.178   1.010   1.433
  1971   11   1.021   0.862   1.197
  1972   11   1.082   0.938   1.262
  1973   11   1.152   0.957   1.401
  1974   11   1.136   0.895   1.380
  1975   11   1.169   0.900   1.455
  1976   10   1.209   1.035   1.639
  1977   10   1.268   0.993   1.615
  1978   10   1.212   0.965   1.442
  1979   10   1.195   1.006   1.369
  1980   10   1.217   0.970   1.607
  1981    9   1.216   0.987   1.421
  1982    9   1.265   1.026   1.470
  1983    9   1.264   1.032   1.661
  1984    9   1.332   1.080   1.575
  1985    9   1.271   1.003   1.604
  1986    9   1.265   0.981   1.617
  1987    9   1.167   0.975   1.492
  1988    8   1.215   0.977   1.466
  1989    8   1.237   0.877   1.504
  1990    8   1.317   1.063   1.658
  1991    6   1.215   0.923   1.640
  1992    6   1.263   0.993   1.771
--
=================================
Dr. Edward R. Cook
Doherty Senior Scholar
Tree-Ring Laboratory
Lamont-Doherty Earth Observatory
Palisades, New York  10964  USA
Phone: 1-
Fax:   1-
Email: drdendro@ldeo.columbia.edu
=================================
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From: Michael E. Mann
To: drdendro@ldeo.columbia.edu
Subject: are you there?
Date: Friday, September 27, 2002 8:25:22 AM

Ed,

I haven't gotten any comments back from you on the PDSI paper. We'd like to submit this
soon, so I'd appreciate your comments ASAP. 

On an un-related topic, your GRL paper "Evidence for a 'Medieval..." had a very unfortunate
error in it, which serves to undersell our reconstruction. We used *27* series back to AD
1000, not *12* (there were 12 indicators, because we replaced a group of 24 tree ring
records available in North America with their leading 3 PCs--I was pretty sure you knew that,
hence my disappointment with the glaring error in fact...

I'm have some more serious criticisms of the paper (particularly with regard to statements
made which I think it is quite clear cannot  be supported by the data), but we can talk about
that in person sometime,

mike

_______________________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

il: mann@virginia.edu   Phone:    FAX: 

     http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Cc: mann@virginia.edu
Subject: draft (rough!)
Date: Friday, July 14, 2000 12:57:37 PM
Attachments: shortcomm00.doc

Untitled attachment 00473.txt

Dear Ray, Malcolm,

I'm almost embarassed to send the draft to you in this state, but I at
least wanted you to have the figure in question, and the relevant
numbers/info, along w/ my skeletal text, so Malcolm has it before leaving.
Does you guys want to take turns modifying this now, and then get it back
to me?

Let me know what you think. Thanks,

mike

p.s. note the length restrcitions for a "SHort correspondance" (check out a
recent copy of Nature for some examples of these). We can't get a whole lot
longer than present, and we're only allowed a handful of refs. So we'll
need to use the "Supplementary Info" from our previous Nature article as a
reference, to attribute the different individual proxy data discussed...
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Untitled attachment 00473.txt

_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html

Page 1
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Recent Warming Recorded  by  "Proxy" Climate 

Records 

Michael E.  Mann*, Raymond S. Bradley,  & Malcolm K. Hughes 

*Department of Environmental Sciences, University of Virginia, Charlottesville, 

Virginia, USA;  **Geosciences Department, University of Massachusetts, Amherst, 

Massachusetts, USA; ***Laboratory of Tree Ring Research, University of Arizona, 

Tucson Arizona, USA. 

Malcolm: Style tag for any footnotes linked to authors (e.g. Present address: Department of...).?? 

Paleoclimate "proxy" climate data, such as tree rings, corals, and ice cores, and 

the few available long historical records have been used (REFS) to reconstruct 

temperature histories for the Northern Hemisphere in past centuries.  In certain 

cases,  these reconstructions have been "verified" (REF:US) by showing that they 

adequately describe independent instrumental measurements not used in the 

calibration process. However, there has been a recent acceleration of warming in 

the 1980s and 1990s, and certain types of biological proxy information have been 

shown to be susceptible to changes in their response to climate in recent decades 

(REFS).  Thus, it is  legitimate to ask whether or not such paleoclimate proxy 

indicators can reproduce this recent  warming. Here we show that, in fact, 

paleoclimate indicators calibrated during the period 1902-1980 closely reproduce 

the warming of the following decade. This finding both provides independent 

evidence of the recent surface warming recorded by instrumental sea surface and 

land air temperature measurements, and also validates the robustness of  

paleoclimate calibrations used to reconstruct surface temperatures in past 

centuries. 
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Mann et al have 112 different proxy indicators in their network available from 1980 

back to  AD 1820, and fewer progressively farther back in time. (27 Back to AD 1000). 

At the other limit, there are relatively few paleoclimate proxy indicators available after 

1980. Mann et al (1999) show that  uncertainties are dramatically expanded for such a 

sparse network (e.g., for the  14 indicators available prior to AD 1400). Thus,  MBH98. 

chose to terminate the calibration period at 1980. Of the 112 available from 1820-1980, 

only 20 are available through 1985., only 12 through 1988, and only 7 through 1990. 

The data nonetheless exhibits a global coverage, and consists of diverse proxy-based 

information  includes (see MBH98 Supplementary Information for details) 3 corals 

records (2 from the Red Sea, 1 from New Caledonia),  1 historical record (Central 

England), 4 ice core isotope records (Greenland, "Penny" (from where), Dunde from 

Tibet, and Svalbard), and  12  tree ring records (2 from China, 2 from Spain, 3 from the 

Northern Treeline of Eurasia, 1 from Mongolia, 1 from Tasmania, and 3 from the 

southeastern United States). Of these, 6 are no longer available  through 1985 (Dunde, 

Svalbard, southeastern U.S., and  Central England), and only 7 remain through 1990 (3 

coral records, Penny, Mongolia, and 2 Eurasian treeline). Only 2 records (Eurasian 

treeline) are available after 1992. 

Using the methods and data described in detail by MBH98 (ref), we use this sparse 

subset of proxy indicators available through 1990 to estimate hemispheric temperature 

changes, based on a calibration against the instrumental record from 1902-1980. The 

comparison between the reconstruction and instrumental record during the 20th century 

is shown in Figure 1. The variance explained in the independent two  "validation" 

periods 1854-1901 (41%) and 1981-1990  (60%) shows no loss relative to  that 

explained during the calibration period. The greater value (60%) in the latter case, is not 

significantly different from the calibration value, however, given the short (N=10) 

nature of the sample. While, the variance resolved by this very sparse set of indicators 
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available through the 1980s is considerably less than that resolved in reconstructions 

using the full network of available proxy indicators by MBH98, it nonetheless 

independetly captures the continued warming and positive trend of the 1980s based on 

pre-1980 climate information. 

We conclude that (a) the warming trend recorded by the instrumental record is 

independently validated from information contained in the sparse set of proxy indicators 

available in more recent decades and (b) The.  It nonetheless remains important to 

understand why certain types of proxy information (e.g., high-latitude tree ring density 

records) show a decline in their temperature response in recent decades (refs) and, 

wherever possible, to update our archives of proxy climate information through the  

present.  However, "multiproxy" estimates based on different types of of proxy 

information appear to suffer no loss of ability to record recent large-scale temperature 

changes. 

. 

<p> Style tag for all text in indented paragraphs (the bulk of body text in Review 

Articles and Articles and all body text in Letters). 

 

Figure 1a Network Available Through 1980, 1985, and 1990. 

 

Figure 1b Reconstruction of 20th century based on proxy network available after 

1980, shown along with the instrumental Northern Hemisphere Temperature Series 

(show through 1999!). 
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<fd> Style tag for displayed matter (e.g. displayed equations: a + b = c (1)). 

<meth1ttl> Style tag for the heading ‘Methods’. 

<meth1hd> Style tag for any non-indented paragraphs within the Methods section. If 

there are no bold subheadings, this will just be the first paragraph after the ‘Methods’ 

heading. If there are bold subheadings, the <meth1hd> style needs to be applied to each 

paragraph beginning with the subheading. Bold font should be  applied manually to the 

subheading (plus closing full point) (e.g. DNA cloning. The partially purified dimer...). 

<meth1> Style tag for indented paragraphs within methods section. 

<received> Style tag for received and accepted dates (omit if these are unknown). 

<bibcit> Style tag for references (e.g. 1. Stacey, F. D., Brown, K. & Smith, L. 

Maintenance of genomic methylation. Mol. Cell Biol. 32, 123–125 (1999).). 
 
<supp> Style tag for supplementary information line ‘Supplementary information is available on Nature’s 
World-Wide Web site (http://www.nature.com) or as paper copy from the London editorial office of 
Nature’. 
 
<ack> Style tag for the Acknowledgements. 

<corr> Style tag for the correspondence line (e.g. Correspondence and requests for 

materials should be addressed to M.E.M. (e-mail: mann@virginia.edu).). 

<LEGEND> Style tag for figure legends (there is no need to make ‘Figure X’ 

bold). 

<TBLTTL> Style tag for titles of tables. 

<TBLROW> Style tag for all material within a table, with the exception of the 

title and any footnotes. 
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<TBLFN> Style tag for footnotes to tables (e.g. Measurement recorded at 30 

(C.). 

<BX> Style tag for box heading and body text within a box. 
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From: Malcolm Hughes
To: Michael E. Mann
Subject: Re: draft (rough!)
Date: Friday, July 14, 2000 2:52:16 PM

Mike - I couldn't find the figures - could you send them separately?
Cheers, Malcolm
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From: Michael E. Mann
To: Malcolm Hughes
Subject: Re: draft (rough!)
Date: Friday, July 14, 2000 11:20:20 PM

hi malcolm,

only one figure. It should be located at the end of the word file. I don't
have it on my laptop at home, so can you double-check. It is in the version
of the word file that I sent, so it would be very strange if it didn't come
through, though it might be a mac-vs-pc issue???

mike

At 02:52 PM 7/14/00 -0700, you wrote:
>Mike - I couldn't find the figures - could you send them separately?
>Cheers, Malcolm
>Malcolm Hughes
>Professor of Dendrochronology
>Laboratory of Tree-Ring Research
>University of Arizona
>Tucson, AZ 85721
>520-621-6470
>fax 520-621-8229
>
>
_______________________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.html             
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From: Malcolm Hughes
To: Michael E. Mann
Cc: rbradley@geo.umass.edu
Subject: Re: draft (rough!)
Date: Saturday, July 15, 2000 6:24:41 PM

Dear Mike and Ray,
I like the general tone and direction of the draft. I have inserted a
number of more or less detailed comments, using the Word
comment capability. I have marked their rough position in the text
with three asterisks *** (see attached version). MOving the cursor
over the  general area of the asterisks should bring up the
comments. Let me know if you have a problem with this.
There are three more substantive comments I would make:
1) If at all possible, the exercise should be repeated without the
central England and any other instrumental records - I can just
imagine our dear friends jumping right on that point;
2) I think the diagram would be greatley enhanced if the original
reconsruction (using all 112) for the calib period were shown along
with the present two lines - again, I confidently predict that the
conclusion will be drawn that the reconstruction line shown is the
best we can do, if we don't show this extra line;
3) we need to insert a sentence indicating that we have work in hand
to repeat th excercise of this short comment with a much bigger
data set, but that we restricted ourselves to this at the moment for
clarity of comparison with our earlier work.
I'll probably be out of e-mail contact until he 24th. Cheers, Malcolm

Attachments:
  C:\Projects\Bradley and Mann\shortcomm\shortcomm00.doc
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From: Malcolm Hughes
To: Michael E. Mann
Cc: rbradley@geo.umass.edu
Subject: Re: draft (rough!)
Date: Saturday, July 15, 2000 6:24:41 PM

Dear Mike and Ray,
I like the general tone and direction of the draft. I have inserted a
number of more or less detailed comments, using the Word
comment capability. I have marked their rough position in the text
with three asterisks *** (see attached version). MOving the cursor
over the  general area of the asterisks should bring up the
comments. Let me know if you have a problem with this.
There are three more substantive comments I would make:
1) If at all possible, the exercise should be repeated without the
central England and any other instrumental records - I can just
imagine our dear friends jumping right on that point;
2) I think the diagram would be greatley enhanced if the original
reconsruction (using all 112) for the calib period were shown along
with the present two lines - again, I confidently predict that the
conclusion will be drawn that the reconstruction line shown is the
best we can do, if we don't show this extra line;
3) we need to insert a sentence indicating that we have work in hand
to repeat th excercise of this short comment with a much bigger
data set, but that we restricted ourselves to this at the moment for
clarity of comparison with our earlier work.
I'll probably be out of e-mail contact until he 24th. Cheers, Malcolm

Attachments:
  C:\Projects\Bradley and Mann\shortcomm\shortcomm00.doc
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From: Michael E. Mann
To: Malcolm Hughes
Cc: rbradley@geo.umass.edu
Subject: Re: draft (rough!)
Date: Monday, July 17, 2000 8:34:43 AM

Hi, I guess Malcolm is gone now?

I agree w/ all of the comments below, and am currently revising the figure
and doing the additional analysis suggested.

Will try to provide a rough draft within a couple days. Ray, maybe then you
can take the next crack at it?

mike

At 06:23 PM 7/15/00 -0700, Malcolm Hughes wrote:
>Dear Mike and Ray,
>I like the general tone and direction of the draft. I have inserted a
>number of more or less detailed comments, using the Word
>comment capability. I have marked their rough position in the text
>with three asterisks *** (see attached version). MOving the cursor
>over the  general area of the asterisks should bring up the
>comments. Let me know if you have a problem with this.
>There are three more substantive comments I would make:
>1) If at all possible, the exercise should be repeated without the
>central England and any other instrumental records - I can just
>imagine our dear friends jumping right on that point;
>2) I think the diagram would be greatley enhanced if the original
>reconsruction (using all 112) for the calib period were shown along
>with the present two lines - again, I confidently predict that the
>conclusion will be drawn that the reconstruction line shown is the
>best we can do, if we don't show this extra line;
>3) we need to insert a sentence indicating that we have work in hand
>to repeat th excercise of this short comment with a much bigger
>data set, but that we restricted ourselves to this at the moment for
>clarity of comparison with our earlier work.
>I'll probably be out of e-mail contact until he 24th. Cheers, Malcolm
>Malcolm Hughes
>Professor of Dendrochronology
>Laboratory of Tree-Ring Research
>University of Arizona
>Tucson, AZ 85721
>520-621-6470
>fax 520-621-8229
>The following section of this message contains a file attachment
>prepared for transmission using the Internet MIME message format.
>If you are using Pegasus Mail, or any another MIME-compliant system,
>you should be able to save it or view it from within your mailer.
>If you cannot, please ask your system administrator for assistance.
>
>   ---- File information -----------
>     File:  shortcomm00.doc
>     Date:  15 Jul 2000, 18:11
>     Size:  113664 bytes.
>     Type:  Unknown
>
>Attachment Converted: "c:\eudora\attach\shortcomm00.doc"
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From: Michael E. Mann
To: Ray Bradley
Cc: mhughes@ltrr.arizona.edu; mann@virginia.edu
Subject: short communication
Date: Tuesday, July 18, 2000 10:54:17 AM
Attachments: shortcomm00.doc

Untitled attachment 00449.txt

Hi Ray (& Malcolm if you're reading your email!),

I'm pretty happy w/ this now. I've actually found that we can do a skillful
reconstruction up through 1992, so that's where I stop now. The match is
even more impressive when you continue it through 1992. Clearly the network
is capturing the acceleration of warming following the calibration period.
I've left the CET record out entirely, and don't even mention this. It is
implicit in our presentation of this as truly "proxy" based record...

Right now, its at 617 words + 1 display item. Their guidelines say 500
words+1 display item, but I've noticed that many of their published short
communications run over this, so I think we can submit it at this length,
and let them tell us to shorten if necessary.

We definitely don't want to length it though.

Ray, do you want to take a crack at revising now, then we'll wait for
Malcolm to return for his final comments, before sending off?

mike
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Untitled attachment 00449.txt

_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html

Page 1
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Recent Warming Recorded  by  Proxy Climate 

Indicators 

Michael E.  Mann*, Raymond S. Bradley**,  & Malcolm K. Hughes*** 

*Department of Environmental Sciences, University of Virginia, Charlottesville, 

Virginia, USA;  **Geosciences Department, University of Massachusetts, Amherst, 

Massachusetts, USA; ***Laboratory of Tree Ring Research, University of Arizona, 

Tucson Arizona, USA. 

***MKH present address: Harvard Forest, P.O.Box 68, Petersham, MA 01366 

Paleoclimate proxy climate data, such as tree rings, corals, and ice cores, have been 

used1,2,3,4 to reconstruct temperature histories for the Northern Hemisphere in past 

centuries, based on calibration against 20th century instrumental temperature 

data. These reconstructions in certain cases  have  been "verified"1,2 by showing 

that they adequately describe independent pre-20th century instrumental 

measurements not used in the calibration period. However, some biological proxy 

information (high-latitude tree ring annual band density measurements) have been 

shown not to reflect the most recent warming5.  We show here  that a diverse 

though sparse set of paleoclimate indicators calibrated during the period 1902-1980 

nonetheless closely reproduces the observed acceleration of warming through the 

1990s. 

Mann et al1,2  used over 400 proxy series (condensed into 112 independent indicators) to 

reconstruct global temperature pattern from back to  AD 1820, with fewer indicators 

available progressively farther back in time. The uncertainties are considerably  

expanded for the  sparse network of   14 indicators available prior to AD 1400. The  

upper limit of the calibration period  is constrained by the very small number of 
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paleoclimate proxy indicators available after 1980. Thus, Mann et al chose to terminate 

the calibration period at 1980. Of the 112 available from 1820-1980, only 19 are 

available from 1820-through 1985, only 12 through 1988, 7 through 1990, 5 through 

1992, and only 2 after 1992 (see the supplementary information in ref. 1). While it is 

now possible to enhance this network, we choose here to work with the original network 

of Mann et al1 for consistency of interpretation. 

The data available through the 1980s, though sparse, nonetheless exhibit a global 

coverage, and consist of diverse proxy-based information . The network available after 

1980  includes1 3 corals records (2 from the Red Sea, 1 from New Caledonia), 4 ice core 

isotope records (Greenland and Baffin Island, Tibet, and Svalbard), and  12  tree ring 

records (2 from China, 2 from Southern Europe, 3 from the Northern Treeline of 

Eurasia, 1 from Mongolia, 1 from Tasmania, and 3 from the Southeastern United 

States). Of these,  the 2 Red Sea coral records, Baffin Island Ice Core, and  Mongolia, 

and 1 Eurasian tree-ring record are available through 1992.  

Using the methods and data described in detail by Mann et al1,2   we use this sparse 

subset of proxy indicators available through 1992 to estimate hemispheric temperature 

changes, based on a calibration against the instrumental record from 1902-1980.  It is 

not possible to obtain a skilful reconstruction beyond 1992 with the 2 records available. 

For the network available through 1992, the variance explained in the  "verification" 

period 1854-1901 (41%) is quite similar to that in the calibration period (35%), 

indicating, even with this sparse network, skilful ability to reconstruct Northern 

Hemisphere mean temperatures. Moreover, substantial variance  is explained in the 

additional verification interval 1981-1992 (70%-though note that this value is not 

statistically distinguishable from the smaller percentages cited previously, given the 

short [N=12] nature of the interval).  
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While the roughly 40% Northern Hemisphere temperature variance calibrated by this 

very sparse set of indicators available through 1992 is considerably less than that 

(roughly 70% in both calibration and verification periods) resolved in reconstructions 

using the full network of available proxy indicators by Mann et al used1, it nonetheless 

independently captures the acceleration of warming through the 1990s based on pre-

1980 climate information (Figure 1). 

Thus, the  post-1980 warming trend of the instrumental record is independently 

reproduced by  the sparse set of available proxy indicators through the 1990s. Moreover 

climate reconstructions based on even such sparse proxy indicators, are clearly able 

capture recent warmth outside of the range observed during the earlier calibration 

interval. This latter observation substantiates the validity of  previous assessments  of 

past climate change using multiproxy climate networks1,2,3,4 

1. Mann, M.E., Bradley, R.S. &  Hughes, M.K. Nature, 392, 779-787 (1998). 

2. Mann, M.E., Bradley, R.S. & Hughes, M.K. Geophys Res. Lett., 26, 759-762 (1999). 

3 Jones, P.D., K.R. Briffa, T.P. Barnett, and S.F.B. Tett, The Holocene, 8 (4), 455-471, 

(1998). 

4. Overpeck, J. et al, Science, 278, 1251-1256 (1997). 

5. Briffa, K.R., F.H. Schweingruber, P.D. Jones, T.J. Osborn, S.G. Shiyatov & 

Vaganov, E.A. Nature, 678-682 (1998). 

6. Jones, P.D., M. New, D.E. Parker, S. Martin, and J.G. Rigor, Reviews of Geophysics, 

37 (2), 173-199 (1999). 
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Correspondence and requests for materials should be addressed to M.E.M. (e-

mail: mann@virginia.edu). 

Figure 1. Reconstructions of Northern Hemisphere Mean Annual Temperatures 

Based on The Sparse Set of  Proxy Records Available After 1980, along with 

the Instrumental Northern Hemisphere Temperature Record (6). Shown For 

Comparison is the Reconstructed Northern Hemisphere Reconstruction Based 

on the Full 112 Indicators Available Through 1980 (1). 
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From: Michael E. Mann
To: Ray Bradley
Cc: mhughes@ltrr.arizona.edu
Subject: Re: short communication
Date: Tuesday, July 18, 2000 11:02:38 AM

p.s. I'd like to suggest Overpeck, Karl, Crowley, Cook as reviewers. Any
alternative suggestions, objections, etc?
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: Ray Bradley
Cc: mhughes@ltrr.arizona.edu; mann@virginia.edu
Subject: close call
Date: Wednesday, July 19, 2000 1:24:55 PM
Attachments: shortcomm00.doc

Untitled attachment 00455.txt

Ray,

I still wasn't comfortable w/ the fact that the 1981-1990 period had so
much greater trend. It turns out that with such a small a number of
indicators, as we saw w/ the co2-enhancement effect on the western U.S.
tree ring data, 1 indicator w/ a spurious trend can potentially distort
things. So I took a careful look at what was going on here...

One of the indicators we were using in this case is a coral (Red Sea)
c13 record. This has a huge recent trend which I assume is anthropogenic,
but not climatic! If we eliminate that (but still using the Red Sea o18
record in the network), we get a similar reconstruction prior to about
1970, but a lesser trend since then. And the 1981-1992 explained variance
is 45%, more in line w/ the other calibration/verification explained
variances (35% and 44% respectively). The new results makes  more sense...

Now the recent warming in the reconstruction is less dramatic, but
consistent w/ the underestimate of the 20th century warming in the
calibration period, and the point still remains that the post-1980
reconstruction shows the acceleration of warming...

The revised draft w/ revised figure is attached...

mike
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Untitled attachment 00455.txt

_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html

Page 1
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Recent Warming Recorded  by  Proxy Climate 

Indicators 

Michael E.  Mann*, Raymond S. Bradley**,  & Malcolm K. Hughes*** 

*Department of Environmental Sciences, University of Virginia, Charlottesville, 

Virginia, USA;  **Geosciences Department, University of Massachusetts, Amherst, 

Massachusetts, USA; ***Laboratory of Tree Ring Research, University of Arizona, 

Tucson Arizona, USA. 

***MKH present address: Harvard Forest, P.O.Box 68, Petersham, MA 01366 

Paleoclimate proxy climate data, such as tree rings, corals, and ice cores, have been 

used1,2,3,4 to reconstruct temperature histories for the Northern Hemisphere in past 

centuries, based on calibration against 20th century instrumental temperature 

data. These reconstructions in certain cases  have  been "verified"1,2 by showing 

that they adequately describe independent pre-20th century instrumental 

measurements not used in the calibration period. However, some biological proxy 

information (high-latitude tree ring annual band density measurements) have been 

shown not to reflect the most recent warming5.  We show here  that a diverse 

though sparse set of paleoclimate indicators calibrated during the period 1902-1980 

nonetheless reproduces the observed acceleration of warming through the 1990s. 

Mann et al1,2  used over 400 proxy series (condensed into 112 independent indicators) to 

reconstruct global temperature pattern from back to  AD 1820, with fewer indicators 

available progressively farther back in time. The uncertainties are considerably  

expanded for the  sparse network of   14 indicators available prior to AD 1400. The  

upper limit of the calibration period  is constrained by the very small number of 

paleoclimate proxy indicators available after 1980. Thus, Mann et al chose to terminate 
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the calibration period at 1980. Of the 112 available from 1820-1980, only 18 are 

available from 1820-through 1985, only 11 through 1988, 6 through 1990, 4 through 

1992, and only 2 after 1992 (see the supplementary information in ref. 1). While it is 

now possible to enhance this network, we choose here to work with the original network 

of Mann et al1 for consistency of interpretation. 

The data available through the 1980s, though sparse, nonetheless exhibit a global 

coverage, and consist of diverse proxy-based information . The network available after 

1980  includes1 2  coral records (Red Sea and  New Caledonia), 4 ice core isotope 

records (Greenland, Baffin Island, Tibet, and Svalbard), and  12  tree ring records (2 

from China, 2 from Southern Europe, 3 from the Northern Treeline of Eurasia, 1 from 

Mongolia, 1 from Tasmania, and 3 from the Southeastern United States). Of these,  the 

Red Sea coral record, Baffin Island Ice Core, and  Mongolia, and 1 Eurasian tree-ring 

record are available through 1992.  

Using the methods and data described in detail by Mann et al1,2   we use this sparse 

subset of proxy indicators available through 1992 to estimate hemispheric temperature 

changes, based on a calibration against the instrumental record from 1902-1980.  It is 

not possible to obtain a skilful reconstruction beyond 1992 with the 2 records available. 

For the network available through 1992, the variance explained in the  "verification" 

periods 1854-1901 (41%)  and 1981-1992 (44%) are quite similar to that in the 

calibration period (35%), indicating, even with this sparse network, cross-validated skill 

in  reconstructing Northern Hemisphere mean temperatures.  The  roughly 40% 

Northern Hemisphere temperature variance calibrated by this very sparse set of 

indicators available through 1992 is considerably less than that (roughly 70% in both 

calibration and verification periods) resolved in reconstructions using the full network 

of available proxy indicators by Mann et al used1. The magnitude of variability 

resolved, including the amplitude of the warming trend, is thus underestimated. 
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Nonetheless, the network independently captures the acceleration of warming through 

the 1990s based on pre-1980 climate information (Figure 1). 

Thus, the  post-1980 warming trend of the instrumental record is independently 

reproduced by  the sparse set of available proxy indicators through the 1990s. Moreover 

climate reconstructions based on even such sparse proxy indicators, are clearly able 

capture recent warmth outside of the range observed during the earlier calibration 

interval. This latter observation substantiates the validity of  previous assessments  of 

past climate change using multiproxy climate networks1,2,3,4 

1. Mann, M.E., Bradley, R.S. &  Hughes, M.K. Nature, 392, 779-787 (1998). 

2. Mann, M.E., Bradley, R.S. & Hughes, M.K. Geophys Res. Lett., 26, 759-762 (1999). 

3 Jones, P.D., K.R. Briffa, T.P. Barnett, and S.F.B. Tett, The Holocene, 8 (4), 455-471, 

(1998). 

4. Overpeck, J. et al, Science, 278, 1251-1256 (1997). 

5. Briffa, K.R., F.H. Schweingruber, P.D. Jones, T.J. Osborn, S.G. Shiyatov & 

Vaganov, E.A. Nature, 678-682 (1998). 

6. Jones, P.D., M. New, D.E. Parker, S. Martin, and J.G. Rigor, Reviews of Geophysics, 

37 (2), 173-199 (1999). 

Correspondence and requests for materials should be addressed to M.E.M. (e-

mail: mann@virginia.edu). 

Figure 1. Reconstructions of Northern Hemisphere Mean Annual Temperatures 

Based on The Sparse Set of  Proxy Records Available After 1980, along with 

the Instrumental Northern Hemisphere Temperature Record (6). Shown For 
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Comparison is the Reconstructed Northern Hemisphere Reconstruction Based 

on the Full 112 Indicators Available Through 1980 (1). 
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From: Michael E. Mann
To: Raymond S. Bradley; mann@multiproxy.evsc.virginia.edu
Cc: mhughes@ltrr.arizona.edu
Subject: Re: Nature letter
Date: Friday, July 21, 2000 1:29:47 PM

HI Ray,

Well, there is no time in the forseeable future where I can do any
additional analyses. W/ everything else going on (including 2 courses to
prepare for Fall), Scott Rutherford is really carrying the load, and is
busy w/ other analyses right now. Eventually, we will be able to
sysematically address all of this in more detail when scott gets around to
doing the analyses using the expanded data from Malcolm (and any you have
to provide).

The analysis I did was simply to show that the warming *does* persist in
our reconstructions based on the data we used in our previous publications,
through the 1990s. This contradicts claims that proxies show cooling over
that period of time. I feel that we protect ourselves by stressing the fact
that the very sparse data necessarily undercalibrate the variance and trend
in the calibration period, so it isn't suprising they do so during the
post-calibration period. The skeptics will always mis-represent what we've
done, so that can't be our standard. The point is that the skeptics get
more marginalized each time, because when a reporter cites a criticism of
theirs, we can directly counteract it from published, peer-reviewed
science. This is yet another case where we will be able to prevent them
from making the spurious claim that proxies don't show warming after 1980.

Anyways, lets wait for Malcolm's comments on this. I would prefer to have
you as a co-author on this, but I  am willing to publish this solo if you
and Malcolm are not comfortable with it...

Around for 1 more day before leaving for BC...

mike

At 04:13 PM 7/21/00 -0400, Raymond S. Bradley wrote:
>I fear that the revised analysis does not serve the original purpose in
>showing a close [enough] coherence with the instrumental data.....it will
>only provide ammunition to sceptics.  You are right in pointing out that
>even this limited data set shows an enhanced rate of warming, but it does
>not do this "well enough" to make a note to Nature worthwhile, in my
>opinion.  Sorry to say that, as I know you worked hard on this & are
>excited about the result.  But I would say it is better to wait until we
>have a better, updated data set than to publish something that we may later
>have to live down....
>I wonder now if you can re-assess the pre-1400 study by systematically
>eliminating each proxy, one by one, to determine which of these drove the
>early millennial warming (or perhaps reduced it?) vis a vis the other data
>series....?  This might provide clues as to the relative signal in the
>Tropics v. extra-tropics, for example....or in the low frequency
>contribution of tree ring data v. ice core....
>Now you're going to tell me we already did this and it was published
>.....OK, so I have a hard time keeping up with the literature!
>What do you think?   Maybe let MKH be the arbitrator....
>Ray
>
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>
>Raymond S. Bradley
>Professor and Head of Department
>Department of Geosciences
>University of Massachusetts
>Amherst, MA 01003-5820
>
>Tel: 
>Fax: 
>Climate System Research Center: 
>Climate System Research Center Web Page:
><http://www.geo.umass.edu/climate/climate.html>
>Paleoclimatology Book Web Site (1999):
>http://www.geo.umass.edu/climate/paleo/html
>
>
>
>
>
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: Raymond S. Bradley; mann@multiproxy.evsc.virginia.edu
Cc: mhughes@ltrr.arizona.edu
Subject: Re: Nature letter
Date: Friday, July 21, 2000 1:29:47 PM

HI Ray,

Well, there is no time in the forseeable future where I can do any
additional analyses. W/ everything else going on (including 2 courses to
prepare for Fall), Scott Rutherford is really carrying the load, and is
busy w/ other analyses right now. Eventually, we will be able to
sysematically address all of this in more detail when scott gets around to
doing the analyses using the expanded data from Malcolm (and any you have
to provide).

The analysis I did was simply to show that the warming *does* persist in
our reconstructions based on the data we used in our previous publications,
through the 1990s. This contradicts claims that proxies show cooling over
that period of time. I feel that we protect ourselves by stressing the fact
that the very sparse data necessarily undercalibrate the variance and trend
in the calibration period, so it isn't suprising they do so during the
post-calibration period. The skeptics will always mis-represent what we've
done, so that can't be our standard. The point is that the skeptics get
more marginalized each time, because when a reporter cites a criticism of
theirs, we can directly counteract it from published, peer-reviewed
science. This is yet another case where we will be able to prevent them
from making the spurious claim that proxies don't show warming after 1980.

Anyways, lets wait for Malcolm's comments on this. I would prefer to have
you as a co-author on this, but I  am willing to publish this solo if you
and Malcolm are not comfortable with it...

Around for 1 more day before leaving for BC...

mike

At 04:13 PM 7/21/00 -0400, Raymond S. Bradley wrote:
>I fear that the revised analysis does not serve the original purpose in
>showing a close [enough] coherence with the instrumental data.....it will
>only provide ammunition to sceptics.  You are right in pointing out that
>even this limited data set shows an enhanced rate of warming, but it does
>not do this "well enough" to make a note to Nature worthwhile, in my
>opinion.  Sorry to say that, as I know you worked hard on this & are
>excited about the result.  But I would say it is better to wait until we
>have a better, updated data set than to publish something that we may later
>have to live down....
>I wonder now if you can re-assess the pre-1400 study by systematically
>eliminating each proxy, one by one, to determine which of these drove the
>early millennial warming (or perhaps reduced it?) vis a vis the other data
>series....?  This might provide clues as to the relative signal in the
>Tropics v. extra-tropics, for example....or in the low frequency
>contribution of tree ring data v. ice core....
>Now you're going to tell me we already did this and it was published
>.....OK, so I have a hard time keeping up with the literature!
>What do you think?   Maybe let MKH be the arbitrator....
>Ray
>
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>
>Raymond S. Bradley
>Professor and Head of Department
>Department of Geosciences
>University of Massachusetts
>Amherst, MA 01003-5820
>
>Tel: 
>Fax: 
>Climate System Research Center: 
>Climate System Research Center Web Page:
><http://www.geo.umass.edu/climate/climate.html>
>Paleoclimatology Book Web Site (1999):
>http://www.geo.umass.edu/climate/paleo/html
>
>
>
>
>
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: Raymond S. Bradley; mann@multiproxy.evsc.virginia.edu
Cc: mhughes@ltrr.arizona.edu
Subject: Re: Nature letter
Date: Friday, July 21, 2000 1:33:14 PM

Hi again,

Sorry, forgot to respond to one of your questions. Re, the early millennium
warming in our pre-1400 reconstruction. As we mention in the GRL paper,
much of that pre-1400 reconstruction comes from the 1st PC of the Western
tree ring data (and much of that PC comes from the California
high-elevation bristlecone pine chronologies). That was the only indicator
in our network prior to 1400 (ie, prior to the Jacoby northern treeline and
mongolia series) which really did a good job in
calibrating/cross-validating against the instrumental record...

Hopefully, we will have much more robust proxy data to hinge the early
reconstructions on next time around...

mike

At 04:13 PM 7/21/00 -0400, Raymond S. Bradley wrote:
>I fear that the revised analysis does not serve the original purpose in
>showing a close [enough] coherence with the instrumental data.....it will
>only provide ammunition to sceptics.  You are right in pointing out that
>even this limited data set shows an enhanced rate of warming, but it does
>not do this "well enough" to make a note to Nature worthwhile, in my
>opinion.  Sorry to say that, as I know you worked hard on this & are
>excited about the result.  But I would say it is better to wait until we
>have a better, updated data set than to publish something that we may later
>have to live down....
>I wonder now if you can re-assess the pre-1400 study by systematically
>eliminating each proxy, one by one, to determine which of these drove the
>early millennial warming (or perhaps reduced it?) vis a vis the other data
>series....?  This might provide clues as to the relative signal in the
>Tropics v. extra-tropics, for example....or in the low frequency
>contribution of tree ring data v. ice core....
>Now you're going to tell me we already did this and it was published
>.....OK, so I have a hard time keeping up with the literature!
>What do you think?   Maybe let MKH be the arbitrator....
>Ray
>
>
>Raymond S. Bradley
>Professor and Head of Department
>Department of Geosciences
>University of Massachusetts
>Amherst, MA 01003-5820
>
>Tel: 
>Fax: 
>Climate System Research Center: 
>Climate System Research Center Web Page:
><http://www.geo.umass.edu/climate/climate.html>
>Paleoclimatology Book Web Site (1999):
>http://www.geo.umass.edu/climate/paleo/html
>
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>
>
>
>
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: Raymond S. Bradley; mann@multiproxy.evsc.virginia.edu
Cc: mhughes@ltrr.arizona.edu
Subject: Re: Nature letter
Date: Friday, July 21, 2000 1:33:14 PM

Hi again,

Sorry, forgot to respond to one of your questions. Re, the early millennium
warming in our pre-1400 reconstruction. As we mention in the GRL paper,
much of that pre-1400 reconstruction comes from the 1st PC of the Western
tree ring data (and much of that PC comes from the California
high-elevation bristlecone pine chronologies). That was the only indicator
in our network prior to 1400 (ie, prior to the Jacoby northern treeline and
mongolia series) which really did a good job in
calibrating/cross-validating against the instrumental record...

Hopefully, we will have much more robust proxy data to hinge the early
reconstructions on next time around...

mike

At 04:13 PM 7/21/00 -0400, Raymond S. Bradley wrote:
>I fear that the revised analysis does not serve the original purpose in
>showing a close [enough] coherence with the instrumental data.....it will
>only provide ammunition to sceptics.  You are right in pointing out that
>even this limited data set shows an enhanced rate of warming, but it does
>not do this "well enough" to make a note to Nature worthwhile, in my
>opinion.  Sorry to say that, as I know you worked hard on this & are
>excited about the result.  But I would say it is better to wait until we
>have a better, updated data set than to publish something that we may later
>have to live down....
>I wonder now if you can re-assess the pre-1400 study by systematically
>eliminating each proxy, one by one, to determine which of these drove the
>early millennial warming (or perhaps reduced it?) vis a vis the other data
>series....?  This might provide clues as to the relative signal in the
>Tropics v. extra-tropics, for example....or in the low frequency
>contribution of tree ring data v. ice core....
>Now you're going to tell me we already did this and it was published
>.....OK, so I have a hard time keeping up with the literature!
>What do you think?   Maybe let MKH be the arbitrator....
>Ray
>
>
>Raymond S. Bradley
>Professor and Head of Department
>Department of Geosciences
>University of Massachusetts
>Amherst, MA 01003-5820
>
>Tel: 
>Fax: 
>Climate System Research Center: 
>Climate System Research Center Web Page:
><http://www.geo.umass.edu/climate/climate.html>
>Paleoclimatology Book Web Site (1999):
>http://www.geo.umass.edu/climate/paleo/html
>
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>
>
>
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Malcolm Hughes
To: Michael E. Mann
Cc: rbradley@geo.umass.edu
Subject: Re: close call
Date: Monday, July 31, 2000 3:00:26 PM

Dear Mike - I have read and re-read the draft, and have come to the
conclusion that it would be a mistake to publish it. I would also urge
you not to publish it. I think my enthusiasm aroused by the first
version of the figure allowed me to ignore the most important
problem. In the 1999 GRL paper the dangers of using too few
proxies for a hemispheric reconstruction were rehearsed - that was
our intention. That this new version of your post-1980 calculations
should be so sensitive to the omission of a single record is very
worrying indeed. It should also be noted that nothing much happens
in the 'new' reconstruction until the last three years. I fear this would
give a wonderful opportunity to those who would discredit the
approach we used in MBH 1998 and 1999. They would almost
certainly seize it to attack the use of the MBH99 reconstruction in
the IPCC.
On reflection, I think it would be much wiser for use to keep our
powder dry, and if challenged in a creditable forum point out that we
are working on assembling a dense and high quality proxy data set
that comes out nearer to present.
When will you next be in Amherst? Cheers, Malcolm
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From: Michael E. Mann
To: Malcolm Hughes
Cc: rbradley@geo.umass.edu
Subject: Re: close call
Date: Wednesday, August 02, 2000 8:47:26 AM

Hi Malcolm,

OK--I'll happily to defer to yours/Ray's collective judgement here...Wasted
effort. Oh well...

While I actually think it does disprove the assertion they often make, I'm
inclined now to agree that there are enough weak points that it might just
open up other holes for them to attack us on...

So we'll forge ahead. Scott is presently finishing up some methods stuff
and model analyses which we've been doing w/ the GFDL gang. Once that is
done, it is on to the other stuff. I'll be in Amherst of Aug 10 (breiefly!)
and from Aug 15-18th. Will be in touch beforehand to try to make plans...

mike

At 03:00 PM 7/31/00 -0700, Malcolm Hughes wrote:
>Dear Mike - I have read and re-read the draft, and have come to the
>conclusion that it would be a mistake to publish it. I would also urge
>you not to publish it. I think my enthusiasm aroused by the first
>version of the figure allowed me to ignore the most important
>problem. In the 1999 GRL paper the dangers of using too few
>proxies for a hemispheric reconstruction were rehearsed - that was
>our intention. That this new version of your post-1980 calculations
>should be so sensitive to the omission of a single record is very
>worrying indeed. It should also be noted that nothing much happens
>in the 'new' reconstruction until the last three years. I fear this would
>give a wonderful opportunity to those who would discredit the
>approach we used in MBH 1998 and 1999. They would almost
>certainly seize it to attack the use of the MBH99 reconstruction in
>the IPCC.
>On reflection, I think it would be much wiser for use to keep our
>powder dry, and if challenged in a creditable forum point out that we
>are working on assembling a dense and high quality proxy data set
>that comes out nearer to present.
>When will you next be in Amherst? Cheers, Malcolm
>
>Malcolm Hughes
>Professor of Dendrochronology
>Laboratory of Tree-Ring Research
>University of Arizona
>Tucson, AZ 85721
>520-621-6470
>fax 520-621-8229
>
>
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
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e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: Malcolm Hughes
Subject: Re: close call
Date: Wednesday, August 02, 2000 9:38:31 AM

thanks Malcolm,

will be in touch soon...

mike

At 09:45 AM 8/2/00 -0700, you wrote:
>Dear Mike - I don't think of it as completely weasted efort, because
>you found out something important about one of the data sources.
>For reference re: your trips here:
>my home phone number until the end of August is . I
>include my Harvard Forest contact details at the end of the
>message. Nice job in the Science commentary!
>Cheers, Malcolm
>
>Hughes contact details in Massachusetts:
>Regular Mail address:
>Malcolm K. Hughes
>Harvard Forest
>P.O.Box 68
>324 N. Main Street
>Petersham, MA 01366
>
>Fedex/UPS shipping address:
>Malcolm K. Hughes
>Harvard Forest
>324 N. Main Street
>Petersham, MA 01366
>Tel: 978-724-3302
>
>Phone number for Hughes at Harvard Forest:
>978-724-3302 ext. 255
>Malcolm Hughes
>Professor of Dendrochronology
>Laboratory of Tree-Ring Research
>University of Arizona
>Tucson, AZ 85721
>520-621-6470
>fax 520-621-8229
>
>
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Malcolm Hughes
To: Michael E. Mann
Subject: Re: close call
Date: Wednesday, August 02, 2000 9:45:43 AM

Dear Mike - I don't think of it as completely weasted efort, because
you found out something important about one of the data sources.
For reference re: your trips here:
my home phone number until the end of August is  I
include my Harvard Forest contact details at the end of the
message. Nice job in the Science commentary!
Cheers, Malcolm

Hughes contact details in Massachusetts:
Regular Mail address:
Malcolm K. Hughes
Harvard Forest
P.O.Box 68
324 N. Main Street
Petersham, MA 01366

Fedex/UPS shipping address:
Malcolm K. Hughes
Harvard Forest
324 N. Main Street
Petersham, MA 01366
Tel: 978-724-3302

Phone number for Hughes at Harvard Forest:
978-724-3302 ext. 255
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From: Michael E. Mann
To: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Cc: mann@virginia.edu; srutherford@virginia.edu
Subject: borehole paper
Date: Thursday, June 07, 2001 8:41:56 AM

Hi Ray (in Europe) and Malcolm,

Scott and I are finalizing the results of the borehole analysis. They are
more surprising than even we expected, and will certainly merit the Nature
submission we had talked about.
We expect to have a draft within the next day or two. I will attach this to
both of you, w/ figures embedded, as a word97 document.

I think we can now make a concise and convincing argument that Huang et al
didn't weight the boreholes appropriately, and, if you do weight the data
reasonably (using a number of methods, one as simple as weighting the
boreholes by their linear correlation coefficient w/ the instrumental
record), you get something much closer to Mann et al (or Jones et al,
etc.). We lay out the story pretty nicely, formulating the whole problem as
linear regression problem where you can choose the weights borehole data in
the simplest, but entirely un-optimal (ie, uniform as in Huang et al) way,
or in an increasingly more objectively optimal manner. And as you do this,
you get closer and closer to Mann et al. The map of weights also gives us
some good insights into the sources of bias in the borehole data. Your
feedback on my interpretation here will be very useful...

We also show that the results using Mann et al no-dendro or Mann et al
dendro-only give similar century-scale trends, and similar to the properly
weighted boreholes. Including this (which is just a couple extra traces in
one of the plot panels) should satisfy Malcolm's concern that we get this
result out more prominently as well.

Now, I'm not sure we'll want to show any more results than what Scott and I
are already planning on showing, though I know Frank has some other
interesting results, many of which are probably redundant w/ what we have
done (e.g. the gridding scheme). Given
all the work that Frank has put in, I'd like to suggest that we offer him
co-authorship on the paper, even if we don't actually use his own analyses
per se. I'll leave this to Ray to decide...

A manuscript should be shortly forthcoming. I'm hoping I can then get
comments within the next week from both of you. I will be in Amherst from
June 15-20th, and Scott and I talked about the possibility of us all (sans
Malcolm, unfortunately) meeting at Raos the morning of the 19th to discuss
any final revisions of the manuscript.

cheers,

mike

_______________________________________________________________________
                      Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
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        http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm K. Hughes
Cc: mann@virginia.edu; rbradley@geo.umass.edu
Subject: Re: borehole paper
Date: Thursday, June 07, 2001 10:51:51 AM

Thanks Malcolm,

Tom Karl worked hard to get the wording changed (in consultation w/
me--hence my mention in the acknowledgements) on the paleo stuff. It was
actually much worse in the original draft. If Broecker, Wallace, and
Lindzen had had their way, it would have been a hatchet job on us.
Fortunately the others were there to keep them in check...

The panel saw our response to the Broecker piece, though it didn't appear
when it was supposed to. Do you know when this is slated to appear? This week?

Thanks,

mike

At 10:35 AM 6/7/01 -0700, you wrote:
>Mike - the stuff relevant to recent centuries is on pp 28 and 29, and teh
>URL is
>http://www.nap.edu/catalog/10139.html?onpi webextra6
>Cheers, Malcolm

_______________________________________________________________________
                      Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes
Subject: Re: borehole paper
Date: Thursday, June 07, 2001 11:11:11 AM

Hi Malcolm,

That was my take too. Tom really did neutralize the efforts of Wallace,
Broecker, et al (interesting--I never put those two last names back-to-back
like that before. Makes you think...)

more soon,

mike

At 11:31 AM 6/7/01 -0700, you wrote:
>Dear Mike - it was slated for 5/25 I think, but didn't yet appear. It
>seems that you and Tom did a pretty good job, as, for readers
>without knowledge of what was going on, the effect on our work is
>probably no worse than neutral.Cheers, Malcolm
>Malcolm Hughes
>Professor of Dendrochronology
>Laboratory of Tree-Ring Research
>University of Arizona
>Tucson, AZ 85721
>520-621-6470
>fax 520-621-8229

_______________________________________________________________________
                      Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Malcolm Hughes
To: Michael E. Mann
Subject: Re: borehole paper
Date: Thursday, June 07, 2001 11:31:10 AM

Dear Mike - it was slated for 5/25 I think, but didn't yet appear. It
seems that you and Tom did a pretty good job, as, for readers
without knowledge of what was going on, the effect on our work is
probably no worse than neutral.Cheers, Malcolm
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From: Michael E. Mann
To: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; Scott Rutherford; mann@virginia.edu
Subject: manuscript
Date: Sunday, June 10, 2001 1:06:27 PM
Attachments: borehole01-draft1.0.doc

Dear All,

Here is a fairly refined draft of the manuscript (word97 w/ figures
imbedded as gif files at the end). Scott and I have put a lot of time into
this over the past few intensive weeks, and we think we've covered most of
the bases, so I think it's pretty close to being submittable at this point,
but I'd like feedback from you first. Ray: if you think it is appropriate
to have Frank's name on this too (I think it is, but if not, we can put him
in the acknowledgements), you should provide a copy to him too. The plan is
for Scott, Ray, and me to sign off on any final changes during our meeting
at Rao's in Amherst on June 19th, and for me to have it submitted before
the NOAA panel meeting, when I'll present some of these results.
So the sooner I have feedback, the better.

After getting feedback from you all, I'll first send an inquiry to Heike L.
(i.e., with the abstract/introduction of the paper) feeling out Nature's
interest in a submission of the full manuscript (I'd prefer Nature, but we
can go w/ Science if we don't get positive feedback from H.L.). Regarding
suggested reviewers, I'd like to go w/ the following

1) Beltrami
2) Harris
3) Crowley
4) Jones or Briffa (preference?)

Any other thoughts regarding the above?

I'd also like to request respectfully that neither Henry Pollack or Peck be
chosen as reviewers. Of course Peck is a good guy, and qualified to review
this, but I have the feeling he can't be objective here, because he really
seems fixated on this idea of higher sensitivity, which only the Huang et
al record gives, and I think this may cloud his objective assessment of the
manuscript. Crowley is similarly biased, perhaps, but I feel he is more
open minded to critically and fairly evaluating the evidence first...

Looking forward to feedback ASAP. Cheers,

mike

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
          http://www.evsc.virginia.edu/faculty/people/mann.shtml             

ABOR/MH/Priv-005642



RECONCILING BOREHOLE AND PROXY-BASED ESTIMATES OF TEMPERATURE 
TRENDS IN PAST CENTURIES 

 
Michael E. Mann(1) 
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Raymond Bradley(2) 
Malcolm Hughes(3) 

Frank Keimig(2) 
 

1. Department of Environmental Sciences, University of Virginia, Charlottesville, VA 22902 
2. Geosciences Department, University of Massachusetts, Amherst, MA 01002 
3. Laboratory of Tree Ring Research, University of Arizona, Tucson AZ 
 
Estimated trends  in Northern Hemisphere ground temperature based on terrestrial borehole 
temperature profiles (Harris and Chapman, 1997; Pollack et al, 1998; Huang et al, 2000--henceforth 
"H00"; Harris and Chapman, 2001) have been argued, in previous compilations, to show a greater 
cooling in the past five centuries than reconstructions of hemispheric surface temperature trends 
based on a combinations of high and medium resolution "proxy" climate indicators such as tree 
rings, corals, ice cores, lake and ocean sediments, and historical documentary records calibrated 
against the modern instrumental temperature record (e.g. Bradley and Jones, 1993; Mann et al, 
1998; 1999--henceforth "MBH99"; Jones et al, 1998; Crowley and Lowery, 2000).  While the proxy-
based temperature estimates appear most consistent with model-based, theoretical estimates of 
temperature trends over the past millennium (Free and Robock 1999; Crowley, 2001; Mann, 2000), 
these latter estimates exhibit a strong dependence on the sensitivity to radiative forcing assumed in 
the model; if the larger borehole-based trends estimated by Huang et al (2000) are correct, they 
imply a moderately higher climate sensitivity than do  the proxy-based reconstructions.  Resolving 
the discrepancy between borehole and conventional proxy climate indicators is thus essential for a 
better understanding of long-term natural climate variability, and for constraining, from an 
empirical perspective, the true sensitivity of the climate to radiative forcing (Crowley, 2001). We 
show that borehole-based estimates of surface temperature changes available over the past five 
centuries, when properly combined and calibrated to form a hemispheric surface temperature 
reconstruction, are in fact consistent with, and independently validate, proxy-based hemispheric 
temperature reconstructions. 
 
An apparent advantage of geothermal borehole data vis a vis conventional proxy indicators is that they 
seem to provide an absolute estimate of temperatures, independently of any need for calibration against the 
instrumental surface temperature record. Using the temperature information contained directly down the 
borehole, temperature profiles are used, in combination with a simple heat diffusion inverse model, to 
estimate ground surface temperature changes back in time (Pollack et al, 1997; Huang et al, 2000; Harris 
and Chapman, 1997; 2000). It is typically assumed (e.g. H00) that boreholes sample annual mean ground 
temperature variations. However, in regions with seasonal snowcover, the ground will be insulated, to 
varying degree, from cold-season air temperature variations. Changes over time in the duration and extent 
of insulating seasonal snowcover can thus influence the borehole temperature profiles, independently of 
annual temperature variations. Indeed, a number of other factors may influence borehole thermal profiles, 
including inhomogeneities in the sub-surface not adequately represented in the parameterizations of the 
diffusion model, sub-surface fluid heat advection, changes in permafrost depth in polar regions, and human 
and anthropogenic land usage changes. Any such factors will compromise the relationship between putative 
reconstructions of annual ground temperature and the actual annual surface temperature trends in the same 
region (see e.g. Skinner and Majorowicz, 1999). In fact, plausible, if somewhat ad hoc, corrections for 
land-usage effects alone can bring the estimates of H00 in line w/ the proxy-based estimates (Mann, 2001). 
It can thus be argued that boreholes, just as other types of proxy climate information (see e.g. Mann et al, 
1998), must indeed be calibrated against actual surface temperature measurements for a reliable 
reconstruction of past temperature trends. Furthermore, this calibration should be subject to an independent 
verification based on statistical cross-validation.  
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Hemispheric temperature reconstructions from borehole data have recently been attempted by assimilating 
networks of borehole information, based on two distinct methods of obtaining past temperature histories 
from borehole information at a given borehole site. This includes the approach of Harris and Chapman 
(1997; 2001) whereby a single pre-instrumental mean ground temperature is estimated from the borehole 
temperature profile, and that of Pollack and coworkers (Pollack et al, 1998; H00) who use a Bayesian 
inverse method to estimate rates of ground surface temperature change for each of the past 5 centuries. H00 
estimate temperature reconstructions at each borehole site by integrating these rates back in time, leading to 
putative centennial-resolution temperature histories over the past 500 years. H00 average a set of 439 
individual such borehole site temperature reconstructions available over the Northern Hemisphere (out of a 
global distribution of 616 sites) to obtain a reconstruction of Northern Hemisphere mean temperature over 
the past 500 years. They claim a close agreement with the annual instrumental Northern Hemisphere mean 
surface (combined land air and sea surface) temperature record (Jones et al, 1999).  However, there are 
some important discrepancies with the instrumental record as discussed in more detail below. There are 
even more substantial discrepancies between the H00 reconstruction and other long-term proxy-based 
reconstructions of hemispheric temperature variations. We demonstrate below that such discrepancies, 
rather than resulting from any fundamentally inconsistent information in the borehole and instrumental or  
proxy data sources, can be explained in terms of how the individual borehole reconstructions must be 
appropriately weighted in forming a representative hemispheric mean temperature estimate. 
 
We use the same 439 Northern Hemisphere borehole temperature reconstructions of H00 but, for 
convenience, average and grid them onto a 5 x 5 latitude/longitude grid commensurate with the 
instrumental surface temperature grid of Jones et al (1999). This yields 91 gridpoints (Figure 1) out of a 
total of 1024 covering the Northern Hemisphere. The sampling is almost entirely in the middle latitudes, 
with only terrestrial regions represented, and covers less than 10% of the total area of the Northern 
Hemisphere. Without appropriate calibration against the full Northern Hemisphere temperature record, the 
simple arithmetic averaging approach of H00 will impose a sampling bias in the estimate of true Northern 
Hemisphere mean surface temperature. More importantly, however, there are notable discrepancies 
between the pattern of 20th century trends in the gridded borehole temperature reconstructions and 
instrumental temperature record for the same gridpoints (Figure 1), with more than one in four  (25/91) of 
the borehole gridpoints exhibiting the wrong sign trend for the 20th century. The discrepancy  (Figure 1, 
lower panel) is particularly large over western North America, where the boreholes show greater warming, 
likely due to the influence of anthropogenic land usage changes in the past century (Skinner and 
Majorowicz, 1999). A large discrepancy is also observed in the Arctic region, where the available borehole 
gridpoints show strong cooling while the same instrumental temperature gridpoints shows strong warming. 
This seems to conflict with the suggestion by H00 that the borehole estimates are consistent with estimated 
Arctic (e.g. Overpeck et al, 1997) temperature trends.  We suspect that this discrepancy arises from the fact 
that warmer Arctic temperatures may be leading to a melting of permafrost which goes into latent, rather 
than sensible heating of the ground, combined perhaps with increased exposure of the ground to cold air 
outbreaks owing to decreases in winter snow or ice over.  The borehole trends show far less spatial 
coherence, in general, than the instrumental temperature trends (Figure 1). The approach of H00 imposes 
uniform weight on the borehole data, regardless of signal-to-noise considerations. This is problematic in 
estimating a hemispheric mean temperature because it is evident from the considerations above that the 
borehole data contain a considerable amount of spatial noise and non-temperature related influences which 
will contaminate any underlying coherent temperature signal. A proper estimate of hemispheric ground 
temperature from these data must appropriately identify the actual temperature signal in the dataset. 
 
One can formulate more generally the reconstruction of hemispheric mean temperature T from the borehole 
temperature reconstructions bi  as a linear regression problem: 

 
Where r and s are the slope and constant respectively in a linear regression of B against the instrumental 
temperature calibration series TC , and where B is a weighted combination of the borehole (individual or 
gridded) reconstructions, 
 
 

 (1)      srBTR 
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The character of the hemispheric temperature reconstruction prior to the calibration interval will be 
determined, in large part, by  the weights ci, so it is essential that these weights be chosen as appropriately 
as possible. Calibrating  B to the full Northern Hemisphere mean temperature series nominally removes the 
regional sampling bias in the H00 estimate discussed earlier. Because the regression coefficients r and s 
determine the relationship with the instrumental record, the reconstruction TR will also show some 
sensitivity to the precise calibration interval used, with greater sensitivity resulting in the less robust 
weighting approaches.  We use the Jones et al (1999) Northern Hemisphere annual mean temperature 
estimates from 1856-1998  for the calibration series TC . One could argue that the most appropriate 
calibration interval is 1900-1980. The 1980 upper termination  is appropriate because it is close to the 
median logging date (1977) for the network of boreholes used (i.e., since the borehole network, on the 
average, can only have seen warming observed through around 1980, it is inappropriate to calibrate in the 
enhanced warming of the past two decades).  The 1900 lower termination is motivated by the fact that the 
19th century (and, to a lesser extent, early 20th century) Jones et al (1999) hemispheric estimates are 
slightly biased (on the cold side) due to an extratropical sampling bias in the time-evolving mask used [this 
small bias is easily corrected for (Rutherford et al, 2001), and its impact here, though non-zero, is relatively 
minimal]. However, on the other hand, a 1900-1980 calibration suffers from the fact that there are only two 
degrees of freedom (mean and slope) in the calibration of the century-resolution borehole reconstructions, 
while an 1856-1980 calibration interval provides 3 degrees of freedom (a mean and a hinge with separate 
19th and 20th century slopes) and therefore provides a potentially more robust calibration. We thus 
investigate the sensitivity of the reconstruction to three different calibration intervals: 1) 1856-1980, 2) 
1900-1980, and 3) 1900-1998. We note that the latter two calibration intervals allow for the possibility of 
independent cross-validation of the 19th century borehole trends [with the calibration and cross-validation 
periods having  two and one statistical degrees of freedom respectively--one degree of freedom is lost in the 
cross-validation period owing to the required piecewise continuity of the 19th and 20th century trends]. 
 
There are a number of simple weighting schemes that can readily be motivated. Perhaps the least defensible 
of these is that of  (1) uniform weights (ci=1), which is equivalent to the methodology used by H00, 
although H00 do not calibrate their estimate against the instrumental record. Using the calibrated H00 
(uniform) weighting scheme applied to the 439 individual borehole records yields a reconstruction similar 
to, if slightly warmer than, the uncalibrated H00 reconstruction (whose mean we have referenced to the 
period 1900-1980 for comparison to the instrumental record; Figure 2, panel a). The reconstructions, 
however, shows considerable sensitivity to the calibration interval used. Using the entire 20th century 
(1900-1998), which forces the borehole data to conform to the warming trend of the full 20th century, leads 
to a greater cooling back in time, and a slightly colder reconstruction than H00, while using the interval 
1856-1980 interval yields less cooling back in time, and a significantly warmer reconstruction than H00. 
This result arises from the fact that the 19th century instrumental series actually exhibits a cooling trend 
counter to the strong warming 19th trend in the H00 reconstruction (or any uniform weighting of the 
borehole data), and strongly constrains the amount of 19th century cooling allowed by the borehole 
reconstruction, if used for calibration. The most defensible "uniform" weighting scheme involves forming a 
weighted sum of the 91 gridded borehole series,, accounting  for  their areal representation over the 
hemisphere  (i.e., using a latitudinal weighting factor ci=cos[i], where i is the latitude of the associated 
borehole gridpoint). This, nevertheless, yields a reconstruction (Figure 2, panel a) that is qualitatively 
similar to the H00 reconstruction. Though the amplitude of the reconstruction is variable, any uniform 
weighting of the borehole data imposes a monotonic cooling back in time to 1500, and a hemispheric 
temperature reconstruction of past centuries that is significantly colder than that of MBH99.  Moreover, 
because of this long-term monotonic trend, a small increase in the calibrated modern warming trend 
extrapolates to significantly colder baseline temperature during the 15th-18th centuries. The H00 
reconstruction itself resolves 53% percent of the 1900-1980 decadal instrumental temperature variance, but 
only 6% of  the variance during the 1856-1899 period. The calibrated H00 reconstruction (and any best-fit 
linear trend to the instrumental record) resolves 54% of the decadal temperature variance over the 1900-
1980 calibration period [the figure is 73% for 1900-1998 calibration, the larger number owing to the greater 
relative prominence of the recent trend]. However, the verification 1856-1899 resolved variances are 
negative (-26%) for the 1900-1998 calibration, and a modest 36% for the 1900-1980 calibration.  A 
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moderately better cross-validation resolved variance results from the latitude-weighted borehole 
reconstruction (37%). In each of these cases, however, the skillfulness of verification is limited by the fact 
that the uniform weighting scheme imposes a warming 19th century, counter to the cooling trend in the 
instrumental record. The monotonic long-term warming trend that arises in the uniform weighting scheme 
represents a very small residual of cancellation of much larger, nearly spatially random positive and 
negative trends over the first 4 centuries (this is less true for the 20th century). . Because of the very low 
signal-to-noise ratios in the individual borehole reconstructions, the uniform weighting scheme is far from 
the optimal weighting scheme, and the long-term trend will be seen to be  highly sensitive to perturbing the 
weights from their uniform values. The sensitivity of the reconstruction to the precise calibration interval 
used arising in the uniform weighting approach (Figure 1) will be seen to diminish, moreover, as the 
methodology takes into account signal vs. noise issues in weighting the borehole data. 
 
A preferable approach (2) involves weighting the borehole gridpoint data by the strength of their 
relationship with local temperature trends, based on a local linear regression between the borehole and 
associated instrumental temperature gridpoint data  (ci= ri cos[i], where ri is the correlation coefficient 
between the borehole and temperature gridpoint series during the calibration interval). The associated 
pattern of weights is shown in Figure 3. This approach appropriately gives greater weight to boreholes in 
areas where the signal-to-noise in the associated temperature trend signal is greatest. The method also 
allows for a negative relationship between the borehole and temperature gridpoint trends (which, as shown 
earlier, occurs for more than one in four gridpoints). Such a relationship might arise, for example, as 
discussed earlier, in polar areas where surface air warming has influenced seasonal permafrost, or in areas 
with increased seasonal snow cover where the warming ground temperature is an artifact of increased 
insulation of the ground from cold winter air outbreaks in a scenario of anomalously  cold but snowy 
winters. The local regression-based weighting approach, however, cannot identify and remove patterns of 
trend that are associated with non-climatic (i.e., land-usage change) effects. This local regression weighting 
scheme yields a hemispheric temperature reconstruction that is considerably warmer in past centuries than 
the H00 reconstruction, though still somewhat colder, in general, that the MBH99 reconstruction (Figure 2, 
panel b. The reconstruction is far less sensitive to the precise calibration interval used than in the uniform 
weighting scheme.  For the 1856-1980 calibration, the borehole reconstruction is nearly within the 
uncertainties of the MBH99 reconstruction, and the earliest (15th) century estimates from the borehole 
reconstruction are consistent with the MBH99 reconstruction within estimated uncertainties. The 
reconstructed 19th century warming trend is strongly diminished, though still positive, and the cross-
validation resolved variance (44%) is only moderately lower than the 1900-1980 calibration resolved 
variance of 54%. 
 
A third, and, we assert, yet more optimal approach  (3) generalizes upon the local regression weight scheme 
discussed above, but uses both local and non-local information to weigh the borehole gridpoint data by the 
strength of their relationship with large-scale patterns of variance in both the instrumental temperature data 
and long-term borehole reconstructions.  To accomplish this, we use technique developed for imputing 
values for missing data based on an iterative estimate of the covariance structure of the incomplete dataset 
(Schneider, 2000; Rutherford et al, 2001). We apply this technique to the joint borehole and instrumental 
gridpoint data formulated as a single combined dataset in which values for the instrumental series are 
prescribed as absent prior to the calibration interval, but are optimally infilled based on the covariance 
information in the available data. We can then readily diagnose the set of weights on the borehole gridpoint 
data that yield the optimal temperature pattern reconstructions. This approach favors the weighting of 
borehole gridpoints which correlate during the calibration period w/ patterns of variance in the instrumental 
data, but also penalizes those boreholes which covary least well w/ the other borehole data during the entire 
5 century interval. Figure 2 (panel c) shows the resulting reconstruction. It is noteworthy that the long-term 
reconstruction is largely robust with respect to the calibration interval used, with only slight differences 
between the 1856-1980 and 1900-1980 calibrations. For both calibration periods, the borehole hemispheric 
temperature reconstruction is statistically indistinguishable from the MBH99 reconstruction. The borehole 
reconstruction based on 20th century calibration independently  produces the 19th century cooling, trend in 
the instrumental temperature record (and MBH reconstruction) and yields a remarkably high (80%) cross-
validation resolved variance for the 1856-1899 period (this is larger than the 54% calibration period 
resolved variance primarily because of the lesser prominence of decadal variability, relative to trend, during 
this period of the instrumental record). Interestingly, the resulting trend is also similar to the borehole 
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temperature reconstructions of  Skinner and Majorowicz (1999) for northwestern North America and 
Beltrami et al (1995) for eastern Canada,  using alternative functional space inversion techniques to that 
used by H00. In the latter case, the reconstruction was also shown to be similar to temperature 
reconstructions from tree ring information (Beltrami et al, 1995).  
 
The resulting spatial distribution of weights from the covariance-based approach is shown in Figure 3. It is 
instructive to  compare with the pattern of weights based on local calibration weighting method. A 
considerably larger fraction of the borehole gridpoints are ascribed negative weights (50% vs. 29% in the 
case of local regression weighting approach).  Unlike the local regression weights, the covariance-based 
weighting scheme allows for the removal of patterns of warming in the borehole data that are not identified 
as relating to observed large-scale temperature changes. The negative gridpoint weights do not indicate, in 
the covariance-based approach,  the assumption of a negative local relationship between the borehole and  
temperature gridpoint data. Rather, they imply that a combination of positive and negative weights on 
different patterns of variance in the borehole data can be used to remove patterns of bias in the borehole 
data network that appear unrelated to large-scale patterns of variation in the instrumental calibration period. 
Such patterns of bias are evident in the discrepancy between the 20th century gridpoint temperature and 
borehole trends (Figure 1, lower panel).  Negative weights thus arise in regions where this pattern of bias 
has larger projections in certain regions, even if the local temperature relationship is a positive one. 
Substantial negative weights are observed (for both calibration periods) in particular, over large parts of 
North America (especially western North America) where borehole 20th century trends show too much 
warming relative to the instrumental record  (Figure 1, lower panel). We interpret these negative weights 
here, as well as perhaps in other regions, as an attempt of the covariance algorithm to remove this spurious 
pattern of ground warming (likely associated with land usage changes--i.e., Skinner and Majorowicz, 1999) 
in calibrating a surface temperature relationship.  By removing this spurious pattern from the calibrated 
relationship, the method effectively, teases out a substantial pattern of 19th and 20th century warming in 
the borehole data, which it identifies as non-temperature related, from the large-scale surface warming 
pattern, yielding for example a 19th century cooling trend, while still matching the observed 20th century 
hemispheric warming. 
 
The borehole-based reconstruction of hemispheric temperature variations are most directly comparable to 
proxy-based estimates of annual hemispheric mean temperatures  (e.g. Mann et al, 1998;1999; Crowley and 
Lowery, 2000) and less comparable to those of  hemispheric/mid-latitude warm-season (Jones et al, 1998; 
Briffa et al, 2001) or, in particular, high-latitude warm-season (Overpeck et al, 1997) temperatures. These 
latter reconstructions, nonetheless, can be recalibrated against the instrumental full hemisphere annual 
mean series for comparison. Figure 4 compares the borehole temperature reconstructions from  the 
covariance-based weighting scheme described above, to the best-fit piecewise continuous linear centennial 
trends for a number of different proxy-based Northern Hemisphere temperature reconstructions. The 
borehole reconstruction is observed to be statistically indistinguishable not only from the MBH99 
reconstruction, but also other recent proxy-based reconstructions (Crowley and Lowery 1999; and Jones et 
al, 1998--the latter, if calibrated against the 1856-1980 instrumental record). Also shown  for comparison 
are the MBH99 reconstruction based both on only non-tree ring, and only tree ring indicators (see Mann et 
al, 2001). The considerable overall similarity between even the tree-ring only proxy reconstruction and the 
optimal borehole temperature reconstructions refute the argument (Broecker, 2001) that tree-ring 
indicators, when appropriately processed and quality-controlled, are inherently less able to resolve century-
scale variability than borehole data (Beltrami et al, 1995 have indeed already demonstrated otherwise). 
 
In summary, we have shown that previous estimates of ground temperature changes over the past five 
centuries based on uniformly weighted means of spatial borehole data are not a reliable estimate of surface 
air temperature variations in past centuries. As one introduces a weighting method which, in an 
increasingly plausible manner, distinguishes between signal and noise in the data, one achieves an estimate 
of hemispheric temperature change that is increasingly close to previously published proxy-based estimates 
(Mann et al, 1998; MBH99; Jones et al, 1998; Crowley and Lowery, 2000). The most defensible weighting 
scheme, which takes into account the coherence within the borehole data and between borehole and 
instrumental data, and effectively removes non-temperature related patterns of bias from the borehole data, 
yields a reconstruction of Northern Hemisphere surface temperature variation which is statistically 
indistinguishable from the MBH99 reconstruction, and other independent proxy-based reconstructions of 
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Northern Hemisphere temperature changes (e.g. Crowley and Lowery, 2000). It is thus incorrect to argue 
(e.g. Broecker, 2001; and response by Bradley et al, 2001) that the information from terrestrial borehole 
data conflict with conclusions regarding past hemispheric temperature changes from MBH99 or other 
proxy-based reconstructions. Rather, it appears that borehole data, properly analyzed, reinforce conclusions 
based on other proxy information. There would, moreover, appear to be considerable merit in efforts to 
combine borehole and other low-resolution proxy climate indicators with high-resolution information from 
tree rings, corals, ice cores, and other high-resolution proxy data, in reconstructions of large-scale 
temperature patterns over the past millennium and further.  Such efforts are currently underway, and should 
lead to increasingly robust estimates of past climate change. 
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FIGURE CAPTIONS 
 
Figure 1 
 
Comparison of linear 20th century gridpoint trends 1900-1980 with the (91 gridpoint) borehole grid mask 
applied  for (top) gridded borehole reconstructions, (middle) instrumental surface temperature record and 
(c) difference between borehole and instrumental trends. Scales are oC for the instrumental gridpoint data 
and nominal oC (based on H00 inversion) for the borehole gridpoint data.  
 
Figure 2 
 
Comparison of borehole reconstructions using different weighting schemes described in text, with MBH99 
reconstruction. The MBH99 reconstruction is smoothed on timescales longer than 40 years (thick magenta) 
with best-fit  century piecewise continuous linear trends (thick magenta, dashed),  shown for comparison 
with borehole, along with the associated   95% uncertainty (yellow shaded) region (see MBH99; Mann, 
2000).  Raw instrumental Northern Hemisphere series (light gray) is shown for comparison. A)  
Comparisons between Huang et al hemispheric reconstruction (referenced to the 1900-1980 mean of the 
instrumental record) and calibrated borehole reconstructions based on the uniform weighting scheme 
(scheme "1" in text), using different calibration periods and/or areal corrections, B) Comparison with 
calibrated borehole reconstructions based on local-regression weighting scheme  (scheme "2" in text), C) 
Comparisons with calibrated borehole reconstructions based on covariance-based weighting scheme 
(scheme "3" in text). 
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Figure 3 
 
Spatial map of relative weights on borehole gridpoint data, based on (a) local calibration method (scheme 
"2" in text), and (b) covariance-based weighting method (scheme "3" in text). Weights are shown based on 
both 1900-1980 and 1856-1980 calibration periods. For comparison, the simple uniform weighting scheme 
approach (scheme "1" in text) would have spatially-uniform weights, while the areally-adjusted uniform 
weighting scheme would show all positive weights, with only a small zonally-uniform variation with 
latitude. 
 
Figure 4 
 
Comparison of H00 and alternative borehole-based hemispheric trend reconstructions with best-fit 
piecewise continuous linear centennial scale trends for alternative proxy-based hemispheric temperature 
reconstructions, showing the 95% uncertainty region for the MBH99 centennial trend series. In the case of 
the Jones et al (1998) reconstruction, which is nominally an extratropical warm-season estimate, the series 
has been re-calibrated to the full Northern Hemisphere annual mean instrumental record based on both 
1856-1980 and 1900-1980 calibration periods. All other proxy-series shown are based on the original 
published calibrations, but aligned to conform to a 1961-1990 zero reference period. Raw instrumental 
Northern Hemisphere series (light gray) is shown for comparison. 
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Estimated trends  in Northern Hemisphere ground temperature based on terrestrial borehole 
temperature profiles (Harris and Chapman, 1997; Pollack et al, 1998; Huang et al, 2000--henceforth 
"H00"; Harris and Chapman, 2001) have been argued, in previous compilations, to show a greater 
cooling back in time over the past five centuries than reconstructions of hemispheric surface 
temperature trends based on a combinations of high and medium resolution "proxy" climate 
indicators such as tree rings, corals, ice cores, lake and ocean sediments, and historical documentary 
records calibrated against the modern instrumental temperature record (e.g. Bradley and Jones, 
1993; Mann et al, 1998; 1999--henceforth "MBH99"; Jones et al, 1998; Crowley and Lowery, 2000).  
While the proxy-based temperature estimates appear most consistent with model-based, theoretical 
estimates of temperature trends over the past millennium (Free and Robock 1999; Crowley, 2001; 
Mann, 2000), these latter estimates exhibit a strong dependence on the sensitivity to radiative forcing 
assumed in the model; if the larger borehole-based trends estimated by Huang et al (2000) are 
correct, they imply a moderately higher climate sensitivity than do  the proxy-based reconstructions.  
Resolving the discrepancy between borehole and conventional proxy climate indicators is thus 
essential for a better understanding of long-term natural climate variability, and for constraining, 
from an empirical perspective, the true sensitivity of the climate to radiative forcing (Crowley, 2001). 
We show that borehole-based estimates of surface temperature changes available over the past five 
centuries, when properly combined and calibrated to form a hemispheric surface temperature 
reconstruction, are in fact consistent with, and independently validate, proxy-based hemispheric 
temperature reconstructions. 
 
An apparent advantage of geothermal borehole data vis a vis conventional proxy indicators is that they 
seem to provide an absolute estimate of temperatures, independently of any need for calibration against the 
instrumental surface temperature record. Using the temperature information contained directly down the 
borehole, temperature profiles are used, in combination with a simple heat diffusion inverse model, to 
estimate ground surface temperature changes back in time (Pollack et al, 1997; Huang et al, 2000; Harris 
and Chapman, 1997; 2000). It is typically assumed (e.g. H00) that boreholes sample annual mean ground 
temperature variations. However, in regions with seasonal snowcover, the ground will be insulated, to 
varying degree, from cold-season air temperature variations. Changes over time in the duration and extent 
of insulating seasonal snowcover can thus influence the borehole temperature profiles, independently of 
annual temperature variations. Indeed, a number of other factors may influence borehole thermal profiles, 
including inhomogeneities in the sub-surface not adequately represented in the parameterizations of the 
diffusion model, sub-surface fluid heat advection, changes in permafrost depth in polar regions, and human 
and anthropogenic land usage changes. Any such factors will compromise the relationship between putative 
reconstructions of annual ground temperature and the actual annual surface temperature trends in the same 
region (see e.g. Skinner and Majorowicz, 1999). In fact, plausible, if somewhat ad hoc, corrections for 
land-usage effects alone can bring the estimates of H00 in line w/ the proxy-based estimates (Mann, 2001). 
It can thus be argued that boreholes, just as other types of proxy climate information (see e.g. Mann et al, 
1998), must indeed be calibrated against actual surface temperature measurements for a reliable 
reconstruction of past temperature trends. Furthermore, this calibration should be subject to an independent 
verification based on statistical cross-validation.  
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Hemispheric temperature reconstructions from borehole data have recently been attempted by assimilating 
networks of borehole information, based on two distinct methods of obtaining past temperature histories 
from borehole information at a given borehole site. This includes the approach of Harris and Chapman 
(1997; 2001) whereby a single pre-instrumental mean ground temperature is estimated from the borehole 
temperature profile, and that of Pollack and coworkers (Pollack et al, 1998; H00) who use a Bayesian 
inverse method to estimate rates of ground surface temperature change for each of the past 5 centuries. H00 
estimate temperature reconstructions at each borehole site by integrating these rates back in time, leading to 
putative centennial-resolution temperature histories over the past 500 years. H00 average a set of 439 
individual such borehole site temperature reconstructions available over the Northern Hemisphere (out of a 
global distribution of 616 sites) to obtain a reconstruction of Northern Hemisphere mean temperature over 
the past 500 years. They claim a close agreement with the annual instrumental Northern Hemisphere mean 
surface (combined land air and sea surface) temperature record (Jones et al, 1999).  However, there are 
some important discrepancies with the instrumental record as discussed in more detail below. There are 
even more substantial discrepancies between the H00 reconstruction and other long-term proxy-based 
reconstructions of hemispheric temperature variations. We demonstrate below that such discrepancies, 
rather than resulting from any fundamentally inconsistent information in the borehole and instrumental or  
proxy data sources, can be explained in terms of how the individual borehole reconstructions must be 
appropriately weighted in forming a representative hemispheric mean temperature estimate. 
 
We use the same 439 Northern Hemisphere borehole temperature reconstructions of H00 but, for 
convenience, average and grid them onto a 5 x 5 latitude/longitude grid commensurate with the 
instrumental surface temperature grid of Jones et al (1999). This yields 91 gridpoints (Figure 1) out of a 
total of 1024 covering the Northern Hemisphere. The sampling is almost entirely in the middle latitudes, 
with only terrestrial regions represented, and covers less than 10% of the total area of the Northern 
Hemisphere. Without appropriate calibration against the full Northern Hemisphere temperature record, the 
simple arithmetic averaging approach of H00 will impose a sampling bias in the estimate of true Northern 
Hemisphere mean surface temperature. More importantly, however, there are notable discrepancies 
between the pattern of 20th century trends in the gridded borehole temperature reconstructions and 
instrumental temperature record for the same gridpoints (Figure 1), with more than one in four  (25/91) of 
the borehole gridpoints exhibiting the wrong sign trend for the 20th century. The discrepancy  (Figure 1, 
lower panel) is particularly large over western North America, where the boreholes show greater warming, 
likely due to the influence of anthropogenic land usage changes in the past century (Skinner and 
Majorowicz, 1999). A large discrepancy is also observed in the Arctic region, where the available borehole 
gridpoints show strong cooling while the same instrumental temperature gridpoints shows strong warming. 
This seems to conflict with the suggestion by H00 that the borehole estimates are consistent with estimated 
Arctic (e.g. Overpeck et al, 1997) temperature trends.  We suspect that this discrepancy arises from the fact 
that warmer Arctic temperatures may be leading to a melting of permafrost which goes into latent, rather 
than sensible heating of the ground, combined perhaps with increased exposure of the ground to cold air 
outbreaks owing to decreases in winter snow or ice over.  The borehole trends show far less spatial 
coherence, in general, than the instrumental temperature trends (Figure 1). The approach of H00 imposes 
uniform weight on the borehole data, regardless of signal-to-noise considerations. This is problematic in 
estimating a hemispheric mean temperature because it is evident from the considerations above that the 
borehole data contain a considerable amount of spatial noise and non-temperature related influences which 
will contaminate any underlying coherent temperature signal. A proper estimate of hemispheric ground 
temperature from these data must appropriately identify the actual temperature signal in the dataset. 
 
One can formulate more generally the reconstruction of hemispheric mean temperature T from the borehole 
temperature reconstructions bi  as a linear regression problem: 

 
Where r and s are the slope and constant respectively in a linear regression of B against the instrumental 
temperature calibration series TC , and where B is a weighted combination of the borehole (individual or 
gridded) reconstructions, 
 
 

 (1)      srBTR 
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The character of the hemispheric temperature reconstruction prior to the calibration interval will be 
determined, in large part, by  the weights ci, so it is essential that these weights be chosen as appropriately 
as possible. Calibrating  B to the full Northern Hemisphere mean temperature series nominally removes the 
regional sampling bias in the H00 estimate discussed earlier. Because the regression coefficients r and s 
determine the relationship with the instrumental record, the reconstruction TR will also show some 
sensitivity to the precise calibration interval used, with greater sensitivity resulting in the less robust 
weighting approaches.  We use the Jones et al (1999) Northern Hemisphere annual mean temperature 
estimates from 1856-1998  for the calibration series TC . One could argue that the most appropriate 
calibration interval is 1900-1980. The 1980 upper termination  is appropriate because it is close to the 
median logging date (1977) for the network of boreholes used (i.e., since the borehole network, on the 
average, can only have seen warming observed through around 1980, it is inappropriate to calibrate in the 
enhanced warming of the past two decades).  The 1900 lower termination is motivated by the fact that the 
19th century (and, to a lesser extent, early 20th century) Jones et al (1999) hemispheric estimates are 
slightly biased (on the cold side) due to an extratropical sampling bias in the time-evolving mask used [this 
small bias is easily corrected for (Rutherford et al, 2001), and its impact here, though non-zero, is relatively 
minimal]. However, on the other hand, a 1900-1980 calibration suffers from the fact that there are only two 
degrees of freedom (mean and slope) in the calibration of the century-resolution borehole reconstructions, 
while an 1856-1980 calibration interval provides 3 degrees of freedom (a mean and a hinge with separate 
19th and 20th century slopes) and therefore provides a potentially more robust calibration. We thus 
investigate the sensitivity of the reconstruction to three different calibration intervals: 1) 1856-1980, 2) 
1900-1980, and 3) 1900-1998. We note that the latter two calibration intervals allow for the possibility of 
independent cross-validation of the 19th century borehole trends [with the calibration and cross-validation 
periods having  two and one statistical degrees of freedom respectively--one degree of freedom is lost in the 
cross-validation period owing to the required piecewise continuity of the 19th and 20th century trends]. 
 
There are a number of simple weighting schemes that can readily be motivated. Perhaps the least defensible 
of these is that of  (1) uniform weights (ci=1), which is equivalent to the methodology used by H00, 
although H00 do not calibrate their estimate against the instrumental record. Using the calibrated H00 
(uniform) weighting scheme applied to the 439 individual borehole records yields a reconstruction similar 
to, if slightly warmer than, the uncalibrated H00 reconstruction (whose mean we have referenced to the 
period 1900-1980 for comparison to the instrumental record; Figure 2, panel a). The reconstructions, 
however, shows considerable sensitivity to the calibration interval used. Using the entire 20th century 
(1900-1998), which forces the borehole data to conform to the warming trend of the full 20th century, leads 
to a greater cooling back in time, and a slightly colder reconstruction than H00, while using the interval 
1856-1980 interval yields less cooling back in time, and a significantly warmer reconstruction than H00. 
This result arises from the fact that the 19th century instrumental series actually exhibits a cooling trend 
counter to the strong warming 19th trend in the H00 reconstruction (or any uniform weighting of the 
borehole data), and strongly constrains the amount of 19th century cooling allowed by the borehole 
reconstruction, if used for calibration. The most defensible "uniform" weighting scheme involves forming a 
weighted sum of the 91 gridded borehole series,, accounting  for  their areal representation over the 
hemisphere  (i.e., using a latitudinal weighting factor ci=cos[i], where i is the latitude of the associated 
borehole gridpoint). This, nevertheless, yields a reconstruction (Figure 2, panel a) that is qualitatively 
similar to the H00 reconstruction. Though the amplitude of the reconstruction is variable, any uniform 
weighting of the borehole data imposes a monotonic cooling back in time to 1500, and a hemispheric 
temperature reconstruction of past centuries that is significantly colder than that of MBH99.  Moreover, 
because of this long-term monotonic trend, a small increase in the calibrated modern warming trend 
extrapolates to significantly colder baseline temperature during the 15th-18th centuries. The H00 
reconstruction itself resolves 53% percent of the 1900-1980 decadal instrumental temperature variance, but 
only 6% of  the variance during the 1856-1899 period. The calibrated H00 reconstruction (and any best-fit 
linear trend to the instrumental record) resolves 54% of the decadal temperature variance over the 1900-
1980 calibration period [the figure is 73% for 1900-1998 calibration, the larger number owing to the greater 
relative prominence of the recent trend]. However, the verification 1856-1899 resolved variances are 
negative (-26%) for the 1900-1998 calibration, and a modest 36% for the 1900-1980 calibration.  A 
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moderately better cross-validation resolved variance results from the latitude-weighted borehole 
reconstruction (37%). In each of these cases, however, the skillfulness of verification is limited by the fact 
that the uniform weighting scheme imposes a warming 19th century, counter to the cooling trend in the 
instrumental record. The monotonic long-term warming trend that arises in the uniform weighting scheme 
represents a very small residual of cancellation of much larger, nearly spatially random positive and 
negative trends over the first 4 centuries (this is less true for the 20th century). . Because of the very low 
signal-to-noise ratios in the individual borehole reconstructions, the uniform weighting scheme is far from 
the optimal weighting scheme, and the long-term trend will be seen to be  highly sensitive to perturbing the 
weights from their uniform values. The sensitivity of the reconstruction to the precise calibration interval 
used arising in the uniform weighting approach (Figure 1) will be seen to diminish, moreover, as the 
methodology takes into account signal vs. noise issues in weighting the borehole data. 
 
A preferable approach (2) involves weighting the borehole gridpoint data by the strength of their 
relationship with local temperature trends, based on a local linear regression between the borehole and 
associated instrumental temperature gridpoint data  (ci= ri cos[i], where ri is the correlation coefficient 
between the borehole and temperature gridpoint series during the calibration interval). The associated 
pattern of weights is shown in Figure 3. This approach appropriately gives greater weight to boreholes in 
areas where the signal-to-noise in the associated temperature trend signal is greatest. The method also 
allows for a negative relationship between the borehole and temperature gridpoint trends (which, as shown 
earlier, occurs for more than one in four gridpoints). Such a relationship might arise, for example, as 
discussed earlier, in polar areas where surface air warming has influenced seasonal permafrost, or in areas 
with increased seasonal snow cover where the warming ground temperature is an artifact of increased 
insulation of the ground from cold winter air outbreaks in a scenario of anomalously  cold but snowy 
winters. The local regression-based weighting approach, however, cannot identify and remove patterns of 
trend that are associated with non-climatic (i.e., land-usage change) effects. This local regression weighting 
scheme yields a hemispheric temperature reconstruction that is considerably warmer in past centuries than 
the H00 reconstruction, though still somewhat colder, in general, that the MBH99 reconstruction (Figure 2, 
panel b. The reconstruction is far less sensitive to the precise calibration interval used than in the uniform 
weighting scheme.  For the 1856-1980 calibration, the borehole reconstruction is nearly within the 
uncertainties of the MBH99 reconstruction, and the earliest (15th) century estimates from the borehole 
reconstruction are consistent with the MBH99 reconstruction within estimated uncertainties. The 
reconstructed 19th century warming trend is strongly diminished, though still positive, and the cross-
validation resolved variance (44%) is only moderately lower than the 1900-1980 calibration resolved 
variance of 54%. 
 
A third, and, we assert, yet more optimal approach  (3) generalizes upon the local regression weight scheme 
discussed above, but uses both local and non-local information to weigh the borehole gridpoint data by the 
strength of their relationship with large-scale patterns of variance in both the instrumental temperature data 
and long-term borehole reconstructions.  To accomplish this, we use technique developed for imputing 
values for missing data based on an iterative estimate of the covariance structure of the incomplete dataset 
(Schneider, 2000; Rutherford et al, 2001). We apply this technique to the joint borehole and instrumental 
gridpoint data formulated as a single combined dataset in which values for the instrumental series are 
prescribed as absent prior to the calibration interval, but are optimally infilled based on the covariance 
information in the available data. We can then readily diagnose the set of weights on the borehole gridpoint 
data that yield the optimal temperature pattern reconstructions. This approach favors the weighting of 
borehole gridpoints which correlate during the calibration period w/ patterns of variance in the instrumental 
data, but also penalizes those boreholes which covary least well w/ the other borehole data during the entire 
5 century interval. Figure 2 (panel c) shows the resulting reconstruction. It is noteworthy that the long-term 
reconstruction is largely robust with respect to the calibration interval used, with only slight differences 
between the 1856-1980 and 1900-1980 calibrations. For both calibration periods, the borehole hemispheric 
temperature reconstruction is statistically indistinguishable from the MBH99 reconstruction. The borehole 
reconstruction based on 20th century calibration independently  produces the 19th century cooling trend in 
the instrumental temperature record (and MBH reconstruction) and yields a remarkably high (80%) cross-
validation resolved variance for the 1856-1899 period (this is larger than the 54% calibration period 
resolved variance primarily because of the lesser prominence of decadal variability, relative to trend, during 
this period of the instrumental record). Interestingly, the resulting trend is also similar to the borehole 
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temperature reconstructions of  Skinner and Majorowicz (1999) for northwestern North America and 
Beltrami et al (1995) for eastern Canada,  using alternative functional space inversion techniques to that 
used by H00. In the latter case, the reconstruction was also shown to be similar to temperature 
reconstructions from tree ring information (Beltrami et al, 1995).  
 
The resulting spatial distribution of weights from the covariance-based approach is shown in Figure 3. It is 
instructive to  compare with the pattern of weights based on local calibration weighting method. A 
considerably larger fraction of the borehole gridpoints are ascribed negative weights (50% vs. 29% in the 
case of local regression weighting approach).  Unlike the local regression weights, the covariance-based 
weighting scheme allows for the removal of patterns of warming in the borehole data that are not identified 
as relating to observed large-scale temperature changes. The negative gridpoint weights do not indicate, in 
the covariance-based approach,  the assumption of a negative local relationship between the borehole and  
temperature gridpoint data. Rather, they imply that a combination of positive and negative weights on 
different patterns of variance in the borehole data can be used to remove patterns of bias in the borehole 
data network that appear unrelated to large-scale patterns of variation in the instrumental record during the 
calibration period. Such patterns of bias are evident in the discrepancy between the 20th century gridpoint 
temperature and borehole trends (Figure 1, lower panel).  Negative weights thus arise in regions where this 
pattern of bias has larger projections in certain regions, even if the local temperature relationship is a 
positive one. Substantial negative weights are observed (for both calibration periods) in particular, over 
large parts of North America (especially western North America) where borehole 20th century trends show 
too much warming relative to the instrumental record  (Figure 1, lower panel). We interpret these negative 
weights here, as well as perhaps in other regions, as an attempt of the covariance algorithm to remove this 
spurious pattern of ground warming (likely associated with land usage changes--i.e., Skinner and 
Majorowicz, 1999) in calibrating a surface temperature relationship.  By removing this spurious pattern 
from the calibrated relationship, the method effectively, teases out a substantial pattern of 19th and 20th 
century warming in the borehole data, which it identifies as non-temperature related, yielding for example a 
19th century cooling trend, while still matching the observed 20th century hemispheric warming. 
 
The borehole-based reconstruction of hemispheric temperature variations are most directly comparable to 
proxy-based estimates of annual hemispheric mean temperatures  (e.g. Mann et al, 1998;1999; Crowley and 
Lowery, 2000) and less comparable to those of  hemispheric/mid-latitude warm-season (Jones et al, 1998; 
Briffa et al, 2001) or, in particular, high-latitude warm-season (Overpeck et al, 1997) temperatures. These 
latter reconstructions, nonetheless, can be recalibrated against the instrumental full hemisphere annual 
mean series for comparison. Figure 4 compares the borehole temperature reconstructions from  the 
covariance-based weighting scheme described above, to the best-fit piecewise continuous linear centennial 
trends for a number of different proxy-based Northern Hemisphere temperature reconstructions. The 
borehole reconstruction is observed to be statistically indistinguishable not only from the MBH99 
reconstruction, but also other recent proxy-based reconstructions (Crowley and Lowery 1999; and Jones et 
al, 1998--the latter, if calibrated against the 1856-1980 instrumental record). Also shown  for comparison 
are the MBH99 reconstruction based both on only non-tree ring, and only tree ring indicators (see Mann et 
al, 2001). The considerable overall similarity between even the tree-ring only proxy reconstruction and the 
optimal borehole temperature reconstructions refute the argument (Broecker, 2001) that tree-ring 
indicators, when appropriately processed and quality-controlled, are inherently less able to resolve century-
scale variability than borehole data (Beltrami et al, 1995 have indeed already demonstrated otherwise). 
 
In summary, we have shown that previous estimates of ground temperature changes over the past five 
centuries based on uniformly weighted means of spatial borehole data are not a reliable estimate of surface 
air temperature variations in past centuries. As one introduces a weighting method which, in an 
increasingly plausible manner, distinguishes between signal and noise in the data, one achieves an estimate 
of hemispheric temperature change that is increasingly close to previously published proxy-based estimates 
(Mann et al, 1998; MBH99; Jones et al, 1998; Crowley and Lowery, 2000). The most defensible weighting 
scheme, which takes into account the coherence within the borehole data and between borehole and 
instrumental data, and effectively removes non-temperature related patterns of bias from the borehole data, 
yields a reconstruction of Northern Hemisphere surface temperature variation which is statistically 
indistinguishable from the MBH99 reconstruction, and other independent proxy-based reconstructions of 
Northern Hemisphere temperature changes (e.g. Crowley and Lowery, 2000). It is thus incorrect to argue 
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(e.g. Broecker, 2001; and response by Bradley et al, 2001) that the information from terrestrial borehole 
data conflict with conclusions regarding past hemispheric temperature changes from MBH99 or other 
proxy-based reconstructions. Rather, it appears that borehole data, properly analyzed, reinforce conclusions 
based on other proxy information. There would, moreover, appear to be considerable merit in efforts to 
combine borehole and other low-resolution proxy climate indicators with high-resolution information from 
tree rings, corals, ice cores, and other high-resolution proxy data, in reconstructions of large-scale 
temperature patterns over the past millennium and further.  Such efforts are currently underway, and should 
lead to increasingly robust estimates of past climate change. 
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FIGURE CAPTIONS 
 
Figure 1 
 
Comparison of linear 20th century gridpoint trends 1900-1980 with the (91 gridpoint) borehole grid mask 
applied  for (top) gridded borehole reconstructions, (middle) instrumental surface temperature record and 
(c) difference between borehole and instrumental trends. Scales are oC for the instrumental gridpoint data 
and nominal oC (based on H00 inversion) for the borehole gridpoint data.  
 
Figure 2 
 
Comparison of borehole reconstructions using different weighting schemes described in text, with MBH99 
reconstruction. The MBH99 reconstruction is smoothed on timescales longer than 40 years (thick magenta) 
with best-fit  century piecewise continuous linear trends (thick magenta, dashed),  shown for comparison 
with borehole, along with the associated   95% uncertainty (yellow shaded) region (see MBH99; Mann, 
2000).  Raw instrumental Northern Hemisphere series (light gray) is shown for comparison. A)  
Comparisons between Huang et al hemispheric reconstruction (referenced to the 1900-1980 mean of the 
instrumental record) and calibrated borehole reconstructions based on the uniform weighting scheme 
(scheme "1" in text), using different calibration periods and/or areal corrections, B) Comparison with 
calibrated borehole reconstructions based on local-regression weighting scheme  (scheme "2" in text), C) 
Comparisons with calibrated borehole reconstructions based on covariance-based weighting scheme 
(scheme "3" in text). 
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Figure 3 
 
Spatial map of relative weights on borehole gridpoint data, based on (a) local calibration method (scheme 
"2" in text), and (b) covariance-based weighting method (scheme "3" in text). Weights are shown based on 
both 1900-1980 and 1856-1980 calibration periods. For comparison, the simple uniform weighting scheme 
approach (scheme "1" in text) would have spatially-uniform weights, while the areally-adjusted uniform 
weighting scheme would show all positive weights, with only a small zonally-uniform variation with 
latitude. 
 
Figure 4 
 
Comparison of H00 and alternative borehole-based hemispheric trend reconstructions with best-fit 
piecewise continuous linear centennial scale trends for alternative proxy-based hemispheric temperature 
reconstructions, showing the 95% uncertainty region for the MBH99 centennial trend series. In the case of 
the Jones et al (1998) reconstruction, which is nominally an extratropical warm-season estimate, the series 
has been re-calibrated to the full Northern Hemisphere annual mean instrumental record based on both 
1856-1980 and 1900-1980 calibration periods. All other proxy-series shown are based on the original 
published calibrations, but aligned to conform to a 1961-1990 zero reference period. Raw instrumental 
Northern Hemisphere series (light gray) is shown for comparison. 
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From: Michael E. Mann
To: Ray Bradley; mhughes@ltrr.arizona.edu; Scott Rutherford
Cc: mann@virginia.edu
Subject: borehole paper
Date: Wednesday, June 13, 2001 12:51:42 PM

Dear All,

Now that I know everyone is in the country, is it possible to get comments
(at least the initial round) to me either this evening or tomorrow morning?
That way I can try to revise the draft, and get Scott to revise figures as
necessary when he is in friday morning, so that I can bring a
nearly-finalized draft w/ me to Amherst (I come up late friday evening).

Thanks in advance for the help,

mike

_______________________________________________________________________
                      Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Raymond S. Bradley
To: mann@multiproxy.evsc.virginia.edu; srutherford@virginia.edu; mhughes@ltrr.arizona.edu
Subject: Comments on Borehole paper
Date: Thursday, June 14, 2001 6:28:20 AM
Attachments: borehole01-draft1.1.doc

Untitled attachment 00491.txt

I’ve gone over the ms and suggested changes using the “Track changes”
option in WORD.  Hopefully you latex guys can figure this out….

I have a few of concerns:
1) There is no point in showing on Fig 2 any data after 1980, as it’s
irrelevant.  Similarly we should excise this part of any text
discussion.  The actual median date of the NH borehole logging is
(conveniently) 1978.9 (not 1977) so there is no point at all in using data
from the last 2 decades.  All data should end (or be concatenated back
from) 1980.
2) I am concerned that the borehole trend data provide only 2 estimates in
the relevant calibration period  values for trends in the 1800s and 1900s
(or rather two single values, at 1800 and 1900, from which we infer the
trends…or was it that H00 extracted the 1800 & 1900 point values from their
estimated trends…).  How then can we justify a calibration against
instrumental data that start in 1856?  If one wanted to be awkward, one
could argue that the trends 1800-1856 were exactly opposite to those after
1856, confounding this approach…how do we respond to that?  Indeed, this is
a critical point as we point out the sign of trend differences at many
sites in the 19th century, yet we are in a sense comparing apples &
oranges…..[of course in our own reconstruction the overall 19th century
trend was negative, but that’s not just based on the instrumental data….]
3) In the final figure, I do not follow how Jones et al changes so
dramatically when calibrated  to the 1856-1980 period v. 1900-1980….
4) the point about signal to noise problems in the borehole data, and the
residual tiny signal (p.4, para 1) is a crucial one that should be given
more prominence.  I suggest a figure that simply plots all 400+ borehole
trends to illustrate this, or some histograms that show the distribution of
trends by century, for all sites.
5) the procedure for gridding the data needs to be explained  was it an
inverse-distance weighting scheme (which is generally the procedure adopted
for the instrumental data).  I believe Frank did it this way  was that the
data set used?

Other changes are in the ms, attached.
Finally, cAN sCOTT SEND ME BETTER COPIES OF figure 2HARD TO DISTINGUISH THE
LINES

I look forward to you responses to these points
ray
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Raymond S. Bradley
Professor and Head of Department
Department of Geosciences
University of Massachusetts
Amherst, MA 01003-5820

Tel: 
Fax: 
Climate System Research Center: 
Climate System Research Center Web Page: 
<http://www.geo.umass.edu/climate/climate.html>
Paleoclimatology Book Web Site (1999): 
http://www.geo.umass.edu/climate/paleo/html
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RECONCILING BOREHOLE AND PROXY-BASED ESTIMATES OF 
TEMPERATURE TRENDS IN PAST CENTURIES 

 
Michael E. Mann(1) 
Scott Rutherford(1) 

Raymond S.Bradley(2) 
Malcolm Hughes(3) 

Frank Keimig(2) 
 

1. Department of Environmental Sciences, University of Virginia, Charlottesville, VA 
22902 
2. Department of Geosciences Department, University of Massachusetts, Amherst, MA 
0100201003 
3. Laboratory of Tree Tree-?Ring Research, University of Arizona, Tucson AZ [zip?] 
 
 
comments in parentheses  [….]  are for you to consider 
 
 
Estimated tTrends  in Northern Hemisphere ground temperature based on 
estimated from terrestrial borehole temperature profiles (Harris and Chapman, 
1997; Pollack et al, 1998; Huang et al, 2000--henceforth "H00"; Harris and 
Chapman, 2001) have been argued, in previous compilations, to show a greater 
cooling back in time over the past five[I THINK WE NEED TO CHANGE THE 
CONCEPT OF “COOLING BACK IN TIME” TO “WARMING FORWARD IN 
TIME”]  show much lower temperatures in recent  
centuries than reconstructions of hemispheric surface temperature trends based on 
a combinations of high and medium resolution "proxy" climate indicators (such as 
tree rings, corals, ice cores, lake and ocean sediments, and historical documentary 
records) that have been calibrated against the modern instrumental temperature 
record (e.g. Bradley and Jones, 1993; Mann et al, 1998; 1999--henceforth 
"MBH99"; Jones et al, 1998; Crowley and Lowery, 2000)[C & L did not “calibrate” 
anything, they just scaled the mean].  While tThe proxy-based temperature 
estimates appear mostare consistent with model-based, theoretical estimates of 
temperature trends over the past millennium (Free and Robock 1999; Crowley, 
2001; Mann, 2000), these latter estimates exhibit a but these models are strongly 
dependence dependent on the sensitivity to radiative forcing that is assumed in the 
model; if the larger borehole-based trends estimated by Huang et al (2000) are 
correct, they imply a moderately higher climate sensitivity than do  the proxy-based 
reconstructions.  Resolving the discrepancy between borehole and conventional 
proxy climate indicators is thus essential for a better understanding of long-term 
natural climate variability, and for constraining, from an empirical perspective, the 
true sensitivity of the climate to radiative forcing (Crowley, 2001). We show that 
borehole-based estimates of surface temperature changes available over the past five 
centuries, when properly combined and calibrated to form a hemispheric surface 
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temperature reconstruction, are in fact consistent with, and independently validate, 
proxy-based hemispheric temperature reconstructions. 
 
An apparent advantage of geothermal borehole data vis a vis conventional proxy climate 
indicators is that they seem to provide an absolute estimate of past temperatures,  that is 
independently of any need for calibration against the instrumental surface temperature 
record. Using the temperature information contained directly down the borehole, 
temperature profiles are used, in combination with a simple heat diffusion inverse model, 
to estimate ground surface temperature changes back in time (Pollack et al, 1997; Huang 
et al, 2000; Harris and Chapman, 1997; 2000). It is typically assumed (e.g. H00) that 
boreholes sample mean annual mean ground temperature variations. However, in regions 
with seasonal snowcover, the ground will be insulated, to varying degree, from cold-
season air temperature variations. Changes over time in the duration and extent of 
insulating seasonal snowcover can thus influence the borehole temperature profiles, 
independently of annual temperature variations. Indeed, a number of other factors may 
influence borehole thermal profiles, including inhomogeneities in the sub-surface not 
adequately represented in the parameterizations of the diffusion model, sub-surface fluid 
heat advection, changes in permafrost depth in polar regions, and human and 
anthropogenic land usage changes. Any such factors will compromise the relationship 
between putative reconstructions of annual ground temperature and the actual annual 
surface temperature trends in the same region (see e.g. Skinner and Majorowicz, 1999). 
In fact, plausible, if somewhat ad hoc, corrections for land usage effects alone can bring 
the estimates of H00 in line w/ the proxy based estimates (Mann, 2001). It can thus be 
argued thatHence boreholes, just aslike other types of proxy climate information (see e.g. 
Mann et al, 1998), must indeed be calibrated against actual surface temperature 
measurements for a reliable reconstruction of past temperature trends. Furthermore, this 
calibration should be subject to an independent verification based on statistical cross-
validation.  
 
Hemispheric Large-scale temperature reconstructions from borehole data have recently 
been attempted by assimilating networks of borehole information, based on two distinct 
methods of obtaining past temperature histories from borehole information at a given 
borehole site. This includes the approach of Harris and Chapman (1997; 2001) whereby a 
single pre-instrumental mean ground temperature is estimated from the borehole 
temperature profile, and that of Pollack and coworkers (Pollack et al, 1998; H00) who use 
a Bayesian inverse method to estimate rates of century-long trends in ground surface 
temperature change for each of the past 5 centuries. H00 estimate temperature 
reconstructions at each borehole site by integrating these rates back in time, leading to 
putative centennial resolution temperature histories over the past 500 years. H00 average 
a set of 439 individual such borehole site temperature reconstructions available over the 
Northern Hemisphere (out of a global distribution of 616 sites) to obtain a reconstruction 
of Northern Hemisphere mean temperature over the past 500 years. They claim a close 
agreement with the annual instrumental Northern Hemisphere mean surface (combined 
land air and sea surface) temperature record (Jones et al, 1999).  However, there are some 
important discrepancies with the instrumental record as discussed in more detail below. 
There are even more substantial discrepancies between the H00 reconstruction and other 
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long-term proxy-based reconstructions ofhemispheric temperature variations. We

fundamentally inconsistent information in the borehole-Mwk_instrumental or -proxy data

sources, and they can be explained in terms of how the individual borehole

reconstructions must be appropriately weighted ia-to forming a representative

hemispheric mean temperature estimate.

We use the same 439 Northern Hemisphere borehole temperature reconstructions of HOO

but. for convenience, average and grid them onto a 5 x 5 latitude/longitude grid

| rEXPLAIN PROCEDURE: cf procedure used in instrumental data processing!
commensurate with the instrumental surface temperature grid of Jones et al (1999). This

yields 91 gridpoints (Figure 1) out of a total of 1024 covering the Northern Hemisphere.

The sampling is almost entirely in the middle latitudes, with only terrestrial regions

represented, and covers less than 10% of the total area of the Northern Hemisphere.

Without appropriate calibration against the foil Northern Hemisphere temperature record,

the simple arithmetic averaging approach of HOO will impose a sampling bias in the

estimate of true Northern Hemisphere mean surface temperature. More importantly,

however, there are notable discrepancies between the pattern of 20th century trends in the

gridded borehole temperature reconstructions and instrumental temperature record for the

same gridpoints (Figure 1), with more than one in four (25/91)rCHECK—A QUICK

GLANCE CAME UP WITH <25 DISCREPANCIES..! of the borehole gridpoints

exhibiting the wrong sign in trend for the 20th century. The discrepancy (Figure 1.

lower panel) is particularly large over western North America, where the boreholes show

| greater warming, likely due to the influence of anthropogenic land usageuse changes in
the past century (Skinner and Majorowicz. 1999). A large discrepancy is also observed in

the Arctic region, where the available borehole gridpoints show strong cooling while the

same instrumental temperature gridpoints shows strong warming. This seems to conflict

with the suggestion by HOO that the borehole estimates are consistent with estimated

Arctic (e.g. Overpeck et al, 1997) temperature trends. We suspect that this discrepancy

arises from the fact that wanner Arctic temperatures may be leading to a melting of

permafrost which goes into latent, rather than sensible heating of the ground, combined

perhaps with increased exposure of the ground to cold air outbreaks owing to decreases in

winter snow or ice over.

flS IT WORTH MAKING A BIG DEAL OUT OF THIS—THERE .ARE ONLY 3 GRID

BOXES NORTH OF 60N AND OVERPECK ET AL DATA WERE ALL >60N1

Jhe borehole trends showfar Iess_ spatial coherence,_ in general, than the instrumental \ Formatted
temperature trends (Figure 1). The approach ofHOO imposes uniform weight on the

borehole data, regardless ofsignal-to-noise considerations. This is problematic in

estimating a hemispheric mean temperature because it is evidentfrom the considerations

above that the borehole data contain a considerable amount ofspatial noise and non-

temperature related influences which will contaminate any underlying coherent

temperature signal. A proper estimate ofhemispheric ground temperaturefrom these

data must appropriately identify the actual temperature signal in the dataset.

rITALICISED TEXT SEEMS TO ME TO BE THE CRUCIAL POINT—CAN IT BE

MOVED UP TOWARDS THE FRONT OF THIS PARAGRAPH?!
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One can formulate more generally the reconstruction of hemispheric mean temperature T 
from the borehole temperature reconstructions bi  as a linear regression problem: 

 
Where r and s are the slope and constant respectively in a linear regression of B against 
the instrumental temperature calibration series TC , and where B is a weighted 
combination of the borehole (individual or gridded) reconstructions, 
 

 
 
The character of the hemispheric temperature reconstruction prior to the calibration 
interval will be determined, in large part, by  the weights ci, so it is essential that these 
weights be chosen as appropriately as possible. Calibrating  B to the full Northern 
Hemisphere mean temperature series nominally removes the regional sampling bias in 
the H00 estimate discussed earlier. Because the regression coefficients r and s determine 
the relationship with the instrumental record, the reconstruction TR will also show some 
sensitivity to the precise calibration interval used, with greater sensitivity resulting in the 
less robust weighting approaches.  We use the Jones et al (1999) Northern Hemisphere 
annual mean temperature estimates from 1856-1998  for the calibration series TC . One 
could argue that tThe most appropriate calibration interval is 1900-1980. The 1980 upper 
termination  is appropriate because it is close to the median logging date (19771979) for 
the network of boreholes used (i.e., since the borehole network, on the average, can only 
have seen warming observed through around 1980, it is inappropriate to calibrate in the 
enhanced warming of the past two decades).  The 1900 lower termination is motivated by 
the fact that the 19th century (and, to a lesser extent, early 20th century) Jones et al 
(1999) hemispheric estimates are slightly biased (on the cold side) due to an extratropical 
sampling bias in the time-evolving mask used [this small bias is easily corrected for 
(Rutherford et al, 2001), and its impact here, though non-zero, is relatively minimal]. 
However, on the other hand, a 1900-1980 calibration suffers from the fact that there are 
only two degrees of freedom (mean and slope) in the calibration of the century-resolution 
borehole reconstructions, while an 1856-1980 calibration interval provides 3 degrees of 
freedom (a mean and a hinge with separate 19th and 20th century slopes) and therefore 
provides a potentially more robust calibration. We thus investigate the sensitivity of the 
reconstruction to three different calibration intervals: 1) 1856-1980, 2) 1900-1980, and 3) 
1900-1998. We note that the latter two calibration intervals allow for the possibility of 
independent cross-validation of the 19th century borehole trends [with the calibration and 
cross-validation periods having  two and one statistical degrees of freedom respectively--
one degree of freedom is lost in the cross-validation period owing to the required 
piecewise continuity of the 19th and 20th century trends]. 
 
There are a number of simple weighting schemes that can readily be motivatedused. 
Perhaps the least defensible of these is that of  (1) uniform weights (ci=1), which is 
equivalent to the methodology used by H00, although H00 do not calibrate their estimate 

 (1)      srBTR 

 (2)      
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| against the iiiatnimentnl record. fBEEN THERE. POKE THAT! Using the calibrated H00
(uniform) weighting scheme applied to the 439 individual borehole records yields a

reconstruction similar to, if slightly wanner than, the imcahbrated H00 reconstruction

(wiiose mean we have referenced to the period 1900-1980 for comparison to the

instrumental record; Figure 2, panel a). The reconstructions, however, shows

considerable sensitivity to the calibration interval used, romit the following discussion re

1900-1998 datalUsing the entir e 20th century (1900-1998). which forces the borehole

data to conform to the wanning trend of the hill 20th century, leads to a greater cooling

back hi time, and a slightly colder reconstniction than H00, while using the interv al 1856

1980 interval yields less cooling back hi time, and a significantly wanner reconstniction

than H00. This result arises from the fact that the 19th century instrumental series

actually exhibits a cooling trend counter f in contrast to the strong wanning 19th century

warming trend hi the H00 reconstmction-Aor any mhfonn weighting of the borehole

data), and this strongly constrains the amount of 19th century cooling allowed by the

borehole reconstniction. ifused for calibration. The most defensible "uniform" weighting

scheme involves forming a weighted sum of the 91 gridded borehole series,, accounting

for their areal representation over the hemisphere (i.e., using a latitudinal weighting

factor Cj=eos[<J>i]. where <)>i is the latitude of the associated borehole gridpohit). Tins,

nevertheless, yields a reconstniction (Figure 2, panel a) that is qualitatively similar to the

H00 reconstruction. Though the amplitude of the reconstniction is variable, any imifoim

weighting of the borehole data imposes a monotonic cooling back hi time to 1500, and a

hemispheric temperature reconstruction ofpast centuries that is significantly colder than

that of MBH99. Moreover, because of this long-tenn monotonic trend, a small increase

hi the calibrated modem wanning trend extrapolates to significantly colder baseline

temperature during the 15th- 18th centuries. The H00 reconstniction itself resolves 53%

percent of the 1900-1980 decadal histnunental temperature variance, but only 6% of the

variance during the 1856-1899 period. The calibrated H00 reconstniction (and any best-

fit linear trend to the instrumental record) resolves 54% of the decadal temperature

variance over the 1900-1980 calibration period [the figure is 73% for 1900 1998

calibration, the larger number owhig to the greater relative prominence of the recent

trend] . However, the verification 1856-1899 resolved variances are negative ( 26%) for

the 1900 1998 calibration, and a modest is 36% for the 1900-1980 calibration. A

moderately better cross-validation resolved variance results from the latitude-weighted

borehole reconstniction 13 7%HIS THIS WORTH MENTIONING EVEN? it leads to one

more confusing line on the figure. . ..]. hi each of these cases, however, the skillfulness of

verification is limited by the fact that the uniform weighting scheme imposes a wanning 	

19th century, counter to the cooling trend in the instrumental record.Jhe monotonic longy_ \ Formatted
term warming trend that arises in the uniform weighting scheme represents a very small

residuaI that results from theefcancellation ofmuch larger, nearly spatially random

positive and negative trends over thefirst 4 centuries (this is less truefor the 20th

century). . Because ofthe very low signal-to-noise ratios in the individual borehole

reconstructions, the uniform weighting scheme isfarfrom the optimal weighting scheme,

and the long-term trend will be seen to be is^highly sensitive tpjrerturbingthe weights_	

3
Formatted

Formatted
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will be seen to diminishes'L moreover, as the_ methodology takes_ into account signal vs.	„ - - { Formatted
noise issues in weighting the borehole data.

(this italicsed section makes a crucial point and deserves a fiame—see mv notes]

A preferable approach (2) involves weighting the borehole gridpoint data by the strength

of then relationship with local temperature trends, based on a local linear regression

between the borehole and associated instrumental temperature gridpoint data (c,-= r,

cos[<t>J, where r, is the correlation coefficient between the borehole and temperature

gridpoint series during the calibration interval). The associated pattern ofweights is

shown in Figure 3. Tins approach appropriately gives greater weight to boreholes in areas

where the signal-to-noise in the associated temperature fiend signal is greatest. The

method also allows for a negative relationship between the borehole and temperatine

gridpoint trends (which, as shown earlier, occurs for more than one in four gridpoints).

Such a relationship might arise. for example, as discussed earlier, in polar arena where

surface ah wanning has influenced seasonal pemiafiost. or in areas with increased

seasoned snow cover where the wanning ground temperature is nil artifact of increased

insulation of the ground from cold winter air outbreaks in a scenar io of anomalously cold

but snowy winters. The local regression based weighting approach, however, cannot

identity and remove patterns of trend that arc associated with non climatic (i.e.. land

. . .lTtiis local regression weighting scheme yields a

hemispheric temperature reconstruction that is considerably warmer hi past centuries than

the H00 reconstniction. though still somewhat colder, in general, that the MBH99

reconstruction (Figure 2, panel b. The reconstniction is far less sensitive to the precise

calibration interval used than hi the uniform weighting scheme. For the 1856-1980

calibration, the borehole reconstniction is nearly within the uncertainties of the MBH99

reconstniction, and the earliest (15th) century estimates from the borehole reconstniction

are consistent with the MBH99 reconstruction within estimated uncertainties. The

reconstructed 19th century wanning trend is strongly diminished, though still positive,

and the cross-validation resolved variance (44%) is only moderately lower than die 1900

1980 calibration resolved variance of 54%.

| A third, and. we assert. yet more optimal approach -(^generalizes upon the local
regression weight scheme discussed above, but uses both local and non-local information

to weigh the borehole gridpoint data by the strength of their relationship with large-scale

patterns of variance in both the instrumental temperature data and long-term borehole

reconstructions. To accomplish this, we use a_technique developed for imputing

estimating values fw-ofmissing data based on an iterative estimate of the covariance

structure of the incomplete dataset (Schneider, 2000; Rutherford et al. 2001). We apply

this technique to the joint borehole and instrumental gridpoint data formulated as a single

combined dataset in which values for the instrumental series are prescribed as absent

prior to the calibration interval, but are optimally infilled based on the covariance

information in the available data. We can then readily diagnose the set ofweights on the

borehole gridpoint data that yield the optimal temperature pattern reconstructions. Tins

approach favors the weighting ofborehole gridpoints which correlate dining the

calibration period w/ patterns ofvariance hi the instrumental data, but also penalizes

those boreholes which covary least well w/ the other borehole data dining the entire 5

century interval. Figure 2 (panel c) shows the resulting reconstruction. It is noteworthy
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that the long-term reconstruction is largely robust with respect to the calibration interval 
used, with only slight differences between the 1856-1980 and 1900-1980 calibrations. 
For both calibration periods, the borehole hemispheric temperature reconstruction is 
statistically indistinguishable from the MBH99 reconstruction. The borehole 
reconstruction based on 20th century calibration independently  produces the 19th 
century cooling trend in the instrumental temperature record (and MBH reconstruction) 
and yields a remarkably high (80%) cross-validation resolved variance for the 1856-1899 
period (this is larger than the 54% calibration period resolved variance primarily because 
of the lesser prominence of decadal variability, relative to trend, during this period of the 
instrumental record). Interestingly, the resulting trend is also similar to the borehole 
temperature reconstructions of  Skinner and Majorowicz (1999) for northwestern North 
America and Beltrami et al (1995) for eastern Canada,  using alternative functional space 
inversion techniques to that used by H00. In the latter case, the reconstruction was also 
shown to be similar to temperature reconstructions from tree ring information (Beltrami 
et al, 1995).  
 
The resulting spatial distribution of weights from the covariance-based approach is 
shown in Figure 3. It is instructive to  compare with the pattern of weights based on local 
calibration weighting method. A considerably larger fraction of the borehole gridpoints 
are ascribed negative weights (50% vs. 29% in the case of local regression weighting 
approach).  Unlike the local regression weights, the covariance-based weighting scheme 
allows for the removal of patterns of warming in the borehole data that are not identified 
as relating to observed large-scale temperature changes. The negative gridpoint weights 
do not indicate, in the covariance-based approach,  the assumption of a negative local 
relationship between the borehole and  temperature gridpoint data. Rather, they imply 
that a combination of positive and negative weights on different patterns of variance in 
the borehole data can be used to remove patterns of bias in the borehole data network that 
appear unrelated to large-scale patterns of variation in the instrumental record during the 
calibration period. Such patterns of bias are evident in the discrepancy between the 20th 
century gridpoint temperature and borehole trends (Figure 1, lower panel).  Negative 
weights thus arise in regions where this pattern of bias has larger projections in certain 
regions, even if the local temperature relationship is a positive one. Substantial negative 
weights are observed (for both calibration periods) in particular, over large parts of North 
America (especially western North America) where borehole 20th century trends show 
too much warming relative to the instrumental record  (Figure 1, lower panel). We 
interpret these negative weights here, as well as perhaps in other regions, as an attempt of 
the covariance algorithm to remove this spurious pattern of ground warming (likely 
associated with land usageuse changes--i.e., Skinner and Majorowicz, 1999) in 
calibrating a surface temperature relationship.  By removing this spurious pattern from 
the calibrated relationship, the method effectively, teases out a substantial pattern of 19th 
and 20th century warming in the borehole data, which it identifies as non-temperature 
related, yielding for example a 19th century cooling trend, while still matching the 
observed 20th century hemispheric warming. 
 
The borehole-based reconstruction of hemispheric temperature variations are most 
directly comparable to proxy-based estimates of annual hemispheric mean temperatures  
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(e.g. Mann et al. 1998:1999; Crowley and Lowery, 2000) and less comparable to those of

hemispheric/mid-latitiide warm-season (Jones et al. 1998; Briffa et al, 2001) or. in

| particular, high-latitude warm-season (Overpeck et al, 1997) temperatures. These latter
reconstructions, nonetheless, can be recalibrated against the instrumental frill hemisphere

annual mean series for comparison. Figure 4 compares the borehole temperature

reconstructions from the covariance-based weighting scheme described above, to the

Jjest-fSt piecewise continuous linear centennial f???? come aaain??rephrase

this! Mtrends for a number of different proxy-based Northern Hemisphere temperature

reconstructions. Tire borehole reconstruction is observed to be statistically

indistinguishable not only from the MBH99 reconstruction, but also other recent proxy-

based reconstructions (Crowley and Lowery 1999; and Jones et al, 1998—the latter, if

calibrated against the 1856-1980 instrumental record). Also shown for comparison are

the MBH99 reconstruction based both on only non-tree ring, and only tree ring indicators

(see Mann et al, 2001). The considerable overall similarity between even the ytree-ring

only)) proxy reconstruction and the optimal borehole temperature reconstructions refute

the argument (Broecker. 2001) that tr ee-ring indicators, when appropriately processed

and quality-controlled, ar e inherently less able to resolve century-scale variability than

borehole data (Beltrami et al, 1995 have indeed already demonstrated otherwise).

^ - -{ Formatted

hi summary, we have shown that previous estimates of ground temperature changes over

the past five centuries based on uniformly weighted means of spatial borehole data are

not a reliable estimate of surface ah temperature variations hi past centuries. As one

| introduces a weighting method winch, m an increasingly plausible manner, distinguishes
between signal and noise hi the data, one achieves an estimate of hemispheric

estimates (Maim et al, 1998; MBH99; Jones et al, 1998; Crowley and Lowery, 2000). The

most defensible weighting scheme, which takes into account the coherence within the

borehole data and between borehole and instrumental data, and effectively removes non-

temperature related patterns of bias from the borehole data, yields a reconstruction of

Northern Hemisphere surface temperature variation which is statistically

indistinguishable from the MBH99 reconstruction, and other independent proxy-based

reconstructions ofNorthern Hemisphere temperature changes (e.g. Crowley and Lowery,

2000). It is thus incorrect to ar gue (e.g. Broecker, 2001; and response by Bradley et al.

2001) that the information from terrestrial borehole data conflict with conclusions

regarding past hemispheric temperature changes from MBH99 or other proxy-based

reconstructions. Rather, it appears that borehole data, properly analyzed, reinforce

| conclusions based on other proxy information. Moreover. There would, moreover, appear
to be considerable merit in efforts to combine borehole and other low-resolution proxy

climate indicators with high-resolution information from tree rings, corals, ice cores, and

other high-resolution proxy data, in reconstructions of large-scale temperature patterns

over the past millennium and further. Such efforts are currently underway, and should

lead to increasingly robust estimates ofpast climate change.
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FIGURE CAPTIONS 
 
Figure 1 
 
Comparison of linear 20th century gridpoint trends 1900-1980 with the (91 gridpoint) 
borehole grid mask applied  for (top) gridded borehole reconstructions, (middle) 
instrumental surface temperature record and (c) difference between borehole and 
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instrumental trends. Scales are oC for the instrumental gridpoint data and nominal oC 
(based on H00 inversion) for the borehole gridpoint data.  
 
Figure 2 
 
Comparison of borehole reconstructions using different weighting schemes described in 
text, with MBH99 reconstruction. The MBH99 reconstruction is smoothed on timescales 
longer than 40 years (thick magenta) with best-fit  century piecewise continuous linear 
trends (thick magenta, dashed),  shown for comparison with borehole, along with the 
associated   95% uncertainty (yellow shaded) region (see MBH99; Mann, 2000).  Raw 
instrumental Northern Hemisphere series (light gray) is shown for comparison. A)  
Comparisons between Huang et al hemispheric reconstruction (referenced to the 1900-
1980 mean of the instrumental record) and calibrated borehole reconstructions based on 
the uniform weighting scheme (scheme "1" in text), using different calibration periods 
and/or areal corrections, B) Comparison with calibrated borehole reconstructions based 
on local-regression weighting scheme  (scheme "2" in text), C) Comparisons with 
calibrated borehole reconstructions based on covariance-based weighting scheme 
(scheme "3" in text). 
 
Figure 3 
 
Spatial map of relative weights on borehole gridpoint data, based on (a) local calibration 
method (scheme "2" in text), and (b) covariance-based weighting method (scheme "3" in 
text). Weights are shown based on both 1900-1980 and 1856-1980 calibration periods. 
For comparison, the simple uniform weighting scheme approach (scheme "1" in text) 
would have spatially-uniform weights, while the areally-adjusted uniform weighting 
scheme would show all positive weights, with only a small zonally-uniform variation 
with latitude. 
 
Figure 4 
 
Comparison of H00 and alternative borehole-based hemispheric trend reconstructions 
with best-fit piecewise continuous linear centennial scale trends for alternative proxy-
based hemispheric temperature reconstructions, showing the 95% uncertainty region for 
the MBH99 centennial trend series. In the case of the Jones et al (1998) reconstruction, 
which is nominally an extratropical warm-season estimate, the series has been re-
calibrated to the full Northern Hemisphere annual mean instrumental record based on 
both 1856-1980 and 1900-1980 calibration periods. All other proxy-series shown are 
based on the original published calibrations, but aligned to conform to a 1961-1990 zero 
reference period. Raw instrumental Northern Hemisphere series (light gray) is shown for 
comparison. 
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FIGURE 4 
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From: Raymond S. Bradley
To: mann@multiproxy.evsc.virginia.edu; mhughes@ltrr.arizona.edu; srutherford@virginia.edu
Subject: Borehole trend question
Date: Thursday, June 14, 2001 7:26:01 AM

Maybe a dumb question, but shouldn't we eliminate all borehole grids that
show a negative trend in the 20th century, WHERE the associated
instrumental data are positive in trend?  These are fundamentally wrong,
and so should not be considered as meaningful at all.  This is not the same
as our using all sorts of trends to reconstruct modes of temperature
variation, since areas of both + and - trend can be meaningfully explained
in term of circulation....but the borehole cooling where temperatures have
risen is just physically wrong...so why consider it?

Ray

At 08:14 PM 6/13/01 -0400, you wrote:

>>Date: Wed, 13 Jun 2001 20:09:35 -0400
>>To: "Malcolm K. Hughes" <mhughes@ltrr.arizona.edu>
>>From: "Michael E. Mann" <mann@virginia.edu>
>>Subject: Re: Data Request
>>Cc: "Michael E. Mann" <mann@virginia.edu>, rbradley@geo.umass,
>>srutherford@virginia.edu, mann@virginia.edu
>>
>>Thanks a bunch Malcolm--your suggestions/changes are very helpful. You
>>and Scott caught several of the same problems, so clearly we're covering
>>our bases.
>>
>>We *could* eliminate the 1900-1998 calibration. Scott and I thought it
>>was useful to span the range of possible calibration periods (since
>>*some* of the boreholes do extend that recently, but the average borehole
>>termination date is 1977). What does Ray (Ray?) think about this?
>>
>>Will be straightforward to incorporate yours and Scott suggestions.
>>Waiting on Ray, then ready to finalize the draft.
>>
>>One additional question for everyone though: Is it worth showing in panel
>>b of Figure 2 the "local calibration weights" where only positive weights
>>are allowed (ie, negative weights are censored). Readers might want to
>>see what the effect of including negative weights is, distinct from the
>>effect of variable positive weights proportional to the strength of
>>correlation. I've attached the comparison of these, which Scott prepared.
>>We could show additionally, say the 1856-1980 positive-only weights
>>result, and still not clutter up Figure 2 panel b too much. This seems to
>>me to be the only remaining issue, unless Ray uncovers some others...
>>
>>Thanks,
>>
>>mike
>>
>>At 03:41 PM 6/13/01 -0700, Malcolm K. Hughes wrote:
>>>Dear Mike - I have made some suggested small modifications to the borehole
>>>manuscript - I like it. They are indicated in yellow highlight on the edited
>>>version I attach to this message. he only substantive question I have is
>>>tht I
>>>don't see the point of the 1900-1998 calibration - I think we should
>>>dump it.
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>>>There are comments all the way through to the figure legends. Cheers,Malcolm
>>
>>_______________________________________________________________________
>>                     Professor Michael E. Mann
>>            Department of Environmental Sciences, Clark Hall
>>                       University of Virginia
>>                      Charlottesville, VA 22903
>>_______________________________________________________________________
>>e-mail: mann@virginia.edu   Phone:    FAX: 
>>          http://www.evsc.virginia.edu/faculty/people/mann.shtml
>
>_______________________________________________________________________
>                     Professor Michael E. Mann
>            Department of Environmental Sciences, Clark Hall
>                       University of Virginia
>                      Charlottesville, VA 22903
>_______________________________________________________________________
>e-mail: mann@virginia.edu   Phone:    FAX: 
>          http://www.evsc.virginia.edu/faculty/people/mann.shtml
>

Raymond S. Bradley
Professor and Head of Department
Department of Geosciences
University of Massachusetts
Amherst, MA 01003-5820

Tel: 
Fax: 
Climate System Research Center: 
Climate System Research Center Web Page:
<http://www.geo.umass.edu/climate/climate.html>
Paleoclimatology Book Web Site (1999):
http://www.geo.umass.edu/climate/paleo/html
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From: Michael E. Mann
To: Raymond S. Bradley
Cc: mann@multiproxy.evsc.virginia.edu; srutherford@virginia.edu; mhughes@ltrr.arizona.edu
Subject: Re: Comments on Borehole paper
Date: Thursday, June 14, 2001 7:40:05 AM

Hi Ray,

Thanks for the comments. This is just the kind of critical reading the
manuscript needed.

Unfortunately, Scott is off for the day and probably can't get to this
stuff until tomorrow. In the meantime, I'll work on revising the text in
accordance w/ everyones' suggestions.

Let me address some of the points Ray raises (Ray, I'll call you to discuss
some other details):

1) Seems like the jury is in on the post 1980 stuff. Scott: lets eliminate
the 1900-1998 reconstruction from Figure 2a, and only show the borehole
trends through 1980 (but lets leave the fuzzy gray instrumental record
showing through 1998 in all cases). I'll modify the text accordingly.

2) The Jones et al (1998) record changes so dramatically with regard to the
calibration period because it has a strong cooling then warming in the 19th
century that looks nothing like the 19th century instrumental record. So
when rescaled to match both 19th and 20th century, it forces a much smaller
20th century cooling. Scott can doublecheck, but I believe this is right.
Re: Crowley and Lowery and use of term "calibration", I'm pretty sure they
averaged all the normalized series, then scaled the record by the
instrumental record (I can doublecheck). In my book this is "calibration"
in the same manner as Lean et al or Bradley and Jones. Am I missing
something here?

3) Re: gridding scheme. Yes, I think Scott did this a bit differently
(uniform averages over the grid square). I'd be surprised if it makes a big
difference, but  Scott: can you contact Frank (frank@geo.umass.edu) and
compare the results w/ him from the two gridding schemes and verify whether
or not there is any significant difference between the two? I don't think
the gridding scheme needs much explanation, but we should say "uniform
average of all boreholes within the grid square" or "inverse distanct
weighting scheme" depending on which we use. I'd hate to redo the analysis,
so lets be convinced that Frank's scheme gives significant differences
before we decide to redo any analyses. But at least then we can comment
that we tried it both ways, gave similar answers, etc.

4) Re: showing the histograms, this is not a bad idea. We can afford one
more small plot, and this is an important one. Scott: can you prepare an
additional figure showing 5 histograms (one for each century) of the trend
magnitudes for all 400+ individual boreholes used?

5) Re Figures, Scott: can you place the jpeg and postscript versions of the
figures on anonymous ftp and then indicate to Ray/Malcolm where to download
them from.

6) Re: 19 century calibration, you are right--we are in essence assuming
that the rate they calculate for the 19th century is representative of the
latter half of the 19th century. Your point is, well, maybe this masks
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opposite sign half-century trends in the borehole estimate. This is
possible, but the warming trend from 1500-present is *so* monotonic and
accerates positively in such a manner that it seems overwhelmingly
reasonable to assume that using their estimated average 19th century
composite trend must, if anything, underestimate the trend the composite
would yield over a latter 19th century 50 year interval. If we assumed an
even greater slope in the borehole composite during the 19th century, it
would force the estimates down even more to match the lack of
warming/cooling in the instrumental record.  So, if anything, we are
underestimating the leverage of the additional 19th century information in
our 1856-1980 calibration by using the full 19th century trend. Does this
seem reasonable. I'll try to change the wording to at least recognize the
caveat and give this justification...

cheers,

mike

At 09:25 AM 6/14/01 -0400, Raymond S. Bradley wrote:
>I’ve gone over the ms and suggested changes using the “Track changes”
>option in WORD.  Hopefully you latex guys can figure this out….
>
>I have a few of concerns:
>1) There is no point in showing on Fig 2 any data after 1980, as it’s
>irrelevant.  Similarly we should excise this part of any text
>discussion.  The actual median date of the NH borehole logging is
>(conveniently) 1978.9 (not 1977) so there is no point at all in using data
>from the last 2 decades.  All data should end (or be concatenated back
>from) 1980.
>2) I am concerned that the borehole trend data provide only 2 estimates in
>the relevant calibration period  values for trends in the 1800s and 1900s
>(or rather two single values, at 1800 and 1900, from which we infer the
>trends…or was it that H00 extracted the 1800 & 1900 point values from
>their estimated trends…).  How then can we justify a calibration against
>instrumental data that start in 1856?  If one wanted to be awkward, one
>could argue that the trends 1800-1856 were exactly opposite to those after
>1856, confounding this approach…how do we respond to that?  Indeed, this
>is a critical point as we point out the sign of trend differences at many
>sites in the 19th century, yet we are in a sense comparing apples &
>oranges…..[of course in our own reconstruction the overall 19th century
>trend was negative, but that’s not just based on the instrumental data….]
>3) In the final figure, I do not follow how Jones et al changes so
>dramatically when calibrated  to the 1856-1980 period v. 1900-1980….
>4) the point about signal to noise problems in the borehole data, and the
>residual tiny signal (p.4, para 1) is a crucial one that should be given
>more prominence.  I suggest a figure that simply plots all 400+ borehole
>trends to illustrate this, or some histograms that show the distribution
>of trends by century, for all sites.
>5) the procedure for gridding the data needs to be explained  was it an
>inverse-distance weighting scheme (which is generally the procedure
>adopted for the instrumental data).  I believe Frank did it this way  was
>that the data set used?
>
>Other changes are in the ms, attached.
>Finally, cAN sCOTT SEND ME BETTER COPIES OF figure 2HARD TO DISTINGUISH
>THE LINES
>
>I look forward to you responses to these points
>ray
>
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>
>
>Raymond S. Bradley
>Professor and Head of Department
>Department of Geosciences
>University of Massachusetts
>Amherst, MA 01003-5820
>
>Tel: 
>Fax: 
>Climate System Research Center: 
>Climate System Research Center Web Page:
><http://www.geo.umass.edu/climate/climate.html>
>Paleoclimatology Book Web Site (1999):
>http://www.geo.umass.edu/climate/paleo/html
>
>

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
          http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: Raymond S. Bradley
Cc: mann@multiproxy.evsc.virginia.edu; mhughes@ltrr.arizona.edu; srutherford@virginia.edu
Subject: Re: Borehole trend question
Date: Thursday, June 14, 2001 7:46:11 AM
Attachments: all.v.possweights.gif

HI Ray,

I might not be following you here. That is basically what that additional
plot I sent to you yesterday shows (attached it again). Eliminating
gridpoints w/ negative weights in the local regression method is equivalent
to not using the gridpoints where the trend in the borehole gridpoint is
opposite to that in instrumental gridpoint. My suggestion was that we show
that additional calculation for the 1856-1980  calibration. The only
apparent distinction w/ what you describe below is that we're also
eliminating borehole gridpoints that show warming when the instrumental
record shows cooling, by doing the above. Do you mean to suggest we
shouldn't be doing the latter, or is there a simple misunderstanding? Thanks,

mike

the At 10:24 AM 6/14/01 -0400, Raymond S. Bradley wrote:
>Maybe a dumb question, but shouldn't we eliminate all borehole grids that
>show a negative trend in the 20th century, WHERE the associated
>instrumental data are positive in trend?  These are fundamentally wrong,
>and so should not be considered as meaningful at all.  This is not the
>same as our using all sorts of trends to reconstruct modes of temperature
>variation, since areas of both + and - trend can be meaningfully explained
>in term of circulation....but the borehole cooling where temperatures have
>risen is just physically wrong...so why consider it?
>
>Ray
>
>At 08:14 PM 6/13/01 -0400, you wrote:
>
>>>Date: Wed, 13 Jun 2001 20:09:35 -0400
>>>To: "Malcolm K. Hughes" <mhughes@ltrr.arizona.edu>
>>>From: "Michael E. Mann" <mann@virginia.edu>
>>>Subject: Re: Data Request
>>>Cc: "Michael E. Mann" <mann@virginia.edu>, rbradley@geo.umass,
>>>srutherford@virginia.edu, mann@virginia.edu
>>>
>>>Thanks a bunch Malcolm--your suggestions/changes are very helpful. You
>>>and Scott caught several of the same problems, so clearly we're covering
>>>our bases.
>>>
>>>We *could* eliminate the 1900-1998 calibration. Scott and I thought it
>>>was useful to span the range of possible calibration periods (since
>>>*some* of the boreholes do extend that recently, but the average
>>>borehole termination date is 1977). What does Ray (Ray?) think about this?
>>>
>>>Will be straightforward to incorporate yours and Scott suggestions.
>>>Waiting on Ray, then ready to finalize the draft.
>>>
>>>One additional question for everyone though: Is it worth showing in
>>>panel b of Figure 2 the "local calibration weights" where only positive
>>>weights are allowed (ie, negative weights are censored). Readers might
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>>>want to see what the effect of including negative weights is, distinct
>>>from the effect of variable positive weights proportional to the
>>>strength of correlation. I've attached the comparison of these, which
>>>Scott prepared. We could show additionally, say the 1856-1980
>>>positive-only weights result, and still not clutter up Figure 2 panel b
>>>too much. This seems to me to be the only remaining issue, unless Ray
>>>uncovers some others...
>>>
>>>Thanks,
>>>
>>>mike
>>>
>>>At 03:41 PM 6/13/01 -0700, Malcolm K. Hughes wrote:
>>>>Dear Mike - I have made some suggested small modifications to the borehole
>>>>manuscript - I like it. They are indicated in yellow highlight on the
>>>>edited
>>>>version I attach to this message. he only substantive question I have
>>>>is tht I
>>>>don't see the point of the 1900-1998 calibration - I think we should
>>>>dump it.
>>>>There are comments all the way through to the figure legends.
>>>>Cheers,Malcolm
>>>
>>>_______________________________________________________________________
>>>                     Professor Michael E. Mann
>>>            Department of Environmental Sciences, Clark Hall
>>>                       University of Virginia
>>>                      Charlottesville, VA 22903
>>>_______________________________________________________________________
>>>e-mail: mann@virginia.edu   Phone:    FAX: 
>>>          http://www.evsc.virginia.edu/faculty/people/mann.shtml
>>
>>_______________________________________________________________________
>>                     Professor Michael E. Mann
>>            Department of Environmental Sciences, Clark Hall
>>                       University of Virginia
>>                      Charlottesville, VA 22903
>>_______________________________________________________________________
>>e-mail: mann@virginia.edu   Phone:    FAX: 
>>          http://www.evsc.virginia.edu/faculty/people/mann.shtml
>
>Raymond S. Bradley
>Professor and Head of Department
>Department of Geosciences
>University of Massachusetts
>Amherst, MA 01003-5820
>
>Tel: 
>Fax: 
>Climate System Research Center: 
>Climate System Research Center Web Page:
><http://www.geo.umass.edu/climate/climate.html>
>Paleoclimatology Book Web Site (1999):
>http://www.geo.umass.edu/climate/paleo/html
>
>
>

_______________________________________________________________________
                     Professor Michael E. Mann
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            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
          http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: srutherford@virginia.edu
Cc: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; mann@virginia.edu
Subject: one additional calculation
Date: Thursday, June 14, 2001 10:58:51 AM

Hi Scott,

It occured to me that we need to perform one additional calculation: the
spatial correlation between the borehole gridpoint data and the
instrumental gridpoint data over the 92 gridpoints. Can you do this as soon
as you have the chance and let me know the result.

If you haven't computed one of these before, the idea is very basic. Take
each dataset and compute its domain mean, substract that off from each of
the 92 gridpoints. This gives two zero-mean 92-long sequences. Compute the
linear correlation for these two sequences just as you would for two
92-long time series. For significance, we can assume that there are no more
than about 20 degrees of freedom in the surface temperature field over the
domain sampled by those 92 gridpoints. In a one-sided test for positive
correlation of the two patterns, a p=0.1 would require r=0.3. My suspicion
is that we'll get a somewhat lower number than that. Anxious to see...

mike

_______________________________________________________________________
                      Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Raymond S. Bradley
To: mann@multiproxy.evsc.virginia.edu
Cc: mhughes@ltrr.arizona.edu
Subject: Houston--we have a problem
Date: Thursday, June 14, 2001 1:06:00 PM
Attachments: diff.doc

Untitled attachment 00503.txt

Here are the plots showing differences between straight borehole means and
inverse-distance weighted means for all available grid boxes.  The
differences are often large and it requires that we re-visit the
calculations Scott has made.  And I think Frank is now a co-author...
ray

ABOR/MH/Priv-005696



Untitled attachment 00503.txt
Raymond S. Bradley
Professor and Head of Department
Department of Geosciences
University of Massachusetts
Amherst, MA 01003-5820

Tel: 
Fax: 
Climate System Research Center: 
Climate System Research Center Web Page: 
<http://www.geo.umass.edu/climate/climate.html>
Paleoclimatology Book Web Site (1999): 
http://www.geo.umass.edu/climate/paleo/html

Page 1
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19th century range of differences: -.14 to .17 
20th century range of differences: -.43 to .59 
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From: Michael E. Mann
To: srutherford@virginia.edu
Cc: mhughes@ltrr.arizona.edu; Raymond S. Bradley; mann@virginia.edu
Subject: Re: Houston--we have a problem
Date: Thursday, June 14, 2001 1:12:39 PM
Attachments: diff.doc

Scott:

See below email (and attachment) from Ray. Please to call me immediately if
you are reading your email today! We've got real trouble. I knew in my gut
we should have used Frank's gridding of the data, and fault myself for not
insisting on this earlier...

mike

At 04:03 PM 6/14/01 -0400, Raymond S. Bradley wrote:
>Here are the plots showing differences between straight borehole means and
>inverse-distance weighted means for all available grid boxes.  The
>differences are often large and it requires that we re-visit the
>calculations Scott has made.  And I think Frank is now a co-author...
>ray
>
>
>
>Raymond S. Bradley
>Professor and Head of Department
>Department of Geosciences
>University of Massachusetts
>Amherst, MA 01003-5820
>
>Tel: 
>Fax: 
>Climate System Research Center: 
>Climate System Research Center Web Page:
><http://www.geo.umass.edu/climate/climate.html>
>Paleoclimatology Book Web Site (1999):
>http://www.geo.umass.edu/climate/paleo/html
>
>

_______________________________________________________________________
                      Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml
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19th century range of differences: -.14 to .17 
20th century range of differences: -.43 to .59 
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From: Michael E. Mann
To: Raymond S. Bradley
Cc: mhughes@ltrr.arizona.edu; mann@virginia.edu
Subject: Re: Houston--we have a problem
Date: Thursday, June 14, 2001 1:18:15 PM

Ray: I think it would be very helpful to everyone if Frank can report these
in terms of % difference (e.g. [uniform-distance weighted/ [distance
weighted]). The % might not
be that huge. If we're talking about number in the 10% range in general,
I'm not too worried. We need to see the % errors!

Thanks,

mike

At 04:03 PM 6/14/01 -0400, Raymond S. Bradley wrote:
>Here are the plots showing differences between straight borehole means and
>inverse-distance weighted means for all available grid boxes.  The
>differences are often large and it requires that we re-visit the
>calculations Scott has made.  And I think Frank is now a co-author...
>ray
>
>
>
>Raymond S. Bradley
>Professor and Head of Department
>Department of Geosciences
>University of Massachusetts
>Amherst, MA 01003-5820
>
>Tel: 
>Fax: 
>Climate System Research Center: 
>Climate System Research Center Web Page:
><http://www.geo.umass.edu/climate/climate.html>
>Paleoclimatology Book Web Site (1999):
>http://www.geo.umass.edu/climate/paleo/html
>
>

_______________________________________________________________________
                      Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Frank Keimig
Cc: rbradley@geo.umass.edu; srutherford@virginia.edu; mann@virginia.edu; mhughes@ltrr.arizona.edu
Subject: Re: Fwd: Re: Houston--we have a problem
Date: Friday, June 15, 2001 6:18:26 AM

Hi Frank,

Thanks--
I agree--for small trends that isn't very useful. But for trends of, say,
absolute value > 0.4 or 0.5 I think this will be helpful. If you have the
results anyway, would be useful for you to send them along.

Meanwhile, Scott is supposed to get in touch w/ you to compare the
different gridding results and see if we can get to the bottom of it. I
think we may need to use your inverse-distance weighted gridding after all,
so much for "cheaper, better, faster"...

thanks for the help. We want to include you as an author on the paper, Ray
will give you a draft...

mike

At 09:10 AM 6/15/01 -0400, you wrote:
>Ray and Mike,
>
>I calculated the % difference at each borehole grid point.  However, the
>results are
>not useful.  Small trends can give a very large % difference.  For example
>if the
>trend with no weighting is .03 and the trend with distance weighting is
>.01 (trends
>very close in value) the % difference is 200%.  There was one % difference
>over
>900%.
>
>Frank
>
>"Raymond S. Bradley" wrote:
>
> > >Frank: Scott will be in touch about this tomorrow, as it is potentially a
> > >problem....but see Mike's comment below.  I guess you can do this
> pretty easily
> >
> > ray
> >
> > >Can frank report these in terms of % difference (e.g. [uniform-distance
> > >weighted/ [distance weighted]). The % might not
> > >be that huge. If we're talking about number in the 10% range in general,
> > >I'm not too worried. We need to see the % errors!
> > >
> > >Thanks,
> > >
> > >mike
> >
> > Raymond S. Bradley
> > Professor and Head of Department
> > Department of Geosciences
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> > University of Massachusetts
> > Amherst, MA 01003-5820
> >
> > Tel: 
> > Fax: 
> > Climate System Research Center: 
> > Climate System Research Center Web Page:
> > <http://www.geo.umass.edu/climate/climate.html>
> > Paleoclimatology Book Web Site (1999):
> > http://www.geo.umass.edu/climate/paleo/html
>
>--
>Frank Keimig
>Department of Geosciences
>University of Massachusetts
>Amherst, MA 01003
>
>Fax: 

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
          http://www.evsc.virginia.edu/faculty/people/mann.shtml             

ABOR/MH/Priv-005703



From: Michael E. Mann
To: Scott Rutherford
Cc: Mike Mann; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Subject: Re: spatial correlation
Date: Friday, June 15, 2001 2:31:07 PM

Great, just what I wanted to hear.

Malcolm, Ray: these are the pattern correlations between the borehole and
instrumental temperature gridpoint trends (correct gridpoints now!) for
1900-1980.

Completely statistically insignificant!

Scott and I are working on revising all the results w/ Frank's correct
gridding of the borehole data. Looks like things will hold up pretty well
w/ the correct grid, and inverse-distance weighting scheme...

mike

At 05:21 PM 6/15/01 -0400, Scott Rutherford wrote:
>Two data series, 94 NH gridpoints, each with zero mean. 20th century
>borehole trends gridded versus jones infilled data
>
>uniform weighting r=0.0915
>i.d. weighting r=0.0836
>--
>______________________________________________
>                       Scott Rutherford
>
>University of Virginia  University of Rhode Island
>Environmental Sciences  Graduate School of Oceanography
>Clark Hall                      South Ferry Road
>Charlottesville, VA 22903       Narragansett, RI 02882
>srutherford@virginia.edu        srutherford@gso.uri.edu
>phone:    
>fax:      

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
          http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: Scott Rutherford; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; frank Keimig
Cc: mann@virginia.edu
Subject: revised draft
Date: Monday, June 18, 2001 2:46:59 PM
Attachments: borehole01-draft3.6.doc

Dear all,

here is the revised draft taking into account all comments, but still
pending the final revised results from Scott.

Ray, Scott, and I will meet tomorrow to try to finalize.

Thanks,

mike

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
          http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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RECONCILING BOREHOLE AND PROXY-BASED ESTIMATES OF TEMPERATURE 
TRENDS IN PAST CENTURIES 

 
Michael E. Mann(1) 
Scott Rutherford(1) 

Raymond S. Bradley(2) 
Malcolm Hughes(3) 

Frank Keimig(2) 
 

1. Department of Environmental Sciences, University of Virginia, Charlottesville, VA 22902 
2. Department of Geosciences, University of Massachusetts, Amherst, MA 01002 
3. Laboratory of Tree-Ring Research, University of Arizona, Tucson AZ 85721 
 
Trends in Northern Hemisphere ground temperature estimated from terrestrial borehole 
temperature profiles (Harris and Chapman, 1997; Pollack et al, 1998; Huang et al, 2000--henceforth 
"H00"; Harris and Chapman, 2001) have been argued to demonstrate colder conditions during the 
16th-19th centuries than "proxy" based reconstructions of hemispheric surface temperature change 
(H00).  The proxy-based reconstructions employ combinations of high and medium resolution 
indicators such as tree rings, corals, ice cores, lake and ocean sediments, and historical documentary 
records  that have been scaled or "calibrated" against the modern instrumental temperature record 
(e.g. Bradley and Jones, 1993; Mann et al, 1998; 1999--henceforth "MBH99"; Jones et al, 1998; 
Crowley and Lowery, 2000; Briffa et al, 2001) . These reconstructions are consistent with model-
based, theoretical estimates of temperature trends over the past millennium (Free and Robock 1999; 
Crowley, 2001; Mann, 2000). The model estimates, however, are strongly dependent on the sensitivity 
to radiative forcing assumed; if the larger borehole-based trends estimated by Huang et al (2000) are 
correct, they imply higher climate sensitivity than do the proxy-based reconstructions.  Resolving this 
apparent discrepancy is thus essential for a better understanding of long-term natural climate 
variability, and for constraining, from an empirical perspective, the true sensitivity of the climate to 
radiative forcing (Crowley, 2001). We show that borehole-based estimates of surface temperature 
changes for the past five centuries, when appropriately combined and calibrated to form a 
hemispheric surface temperature reconstruction, are in fact consistent with, and independently 
validate, proxy-based hemispheric temperature reconstructions. 
 
An apparent advantage of geothermal borehole data vis a vis conventional proxy indicators is that they 
provide temperature estimates that need not be calibrated against the instrumental surface temperature 
record. Borehole temperature profiles are combined with a simple heat diffusion inverse model, to estimate 
ground surface temperature changes back in time (Pollack et al, 1997; Huang et al, 2000; Harris and 
Chapman, 1997; 2000). It is typically assumed (e.g. H00) that boreholes sample mean annual ground 
temperature variations. However, in regions with seasonal snowcover, the ground will be insulated, to 
varying degree, from cold-season air temperature variations.  Moreover, spring warming of the ground may 
be damped, relative to the overlying atmosphere, by the process of  melting and evaporation of  
accumulated winter snowcover. Changes over time in the duration and extent of seasonal snowcover can 
thus influence the borehole temperature profiles, largely independently of mean annual temperature 
variations.  Indeed, a number of other factors may influence borehole thermal profiles, including 
inhomogeneities in the sub-surface not adequately represented in the parameterizations of the diffusion 
model, sub-surface fluid heat advection, changes in permafrost in polar regions, and human and 
anthropogenic land use changes. Any such factors will compromise the relationship between putative 
borehole-based ground temperature estimates and the actual annual surface temperature trends in the same 
region (see e.g. Skinner and Majorowicz, 1999). It can thus be argued that boreholes, like other types of 
proxy climate information (see e.g. Mann et al, 1998), must be calibrated against actual surface temperature 
measurements for a reliable reconstruction of past temperature trends. Furthermore, this calibration should 
be subject to an independent verification based on statistical cross-validation.  
 
Large-scale temperature reconstructions from borehole data have recently been attempted by assimilating 
networks of borehole information, based on two distinct methods of obtaining past temperature histories 
from borehole information at a given borehole site. This includes the approach of Harris and Chapman 

ABOR/MH/Priv-005706



(1997; 2001) whereby a single pre-instrumental mean ground temperature is estimated from the borehole 
temperature profile, and that of Pollack and coworkers (Pollack et al, 1998; H00) who use a Bayesian 
inverse method to estimate rates of ground surface temperature change for each of the past five centuries. 
H00 estimate temperature reconstructions at each borehole site by integrating these rates back in time, 
leading to a piecewise continuous sequence of century-long temperature trends over the past 500 years. 
Since they align the 20th century trend with the instrumental record, any errors in the rates, unless they 
fortuitously cancel, will lead to an increasingly biased estimate of mean temperature back in time. H00 
average a set of 453 individual borehole site temperature reconstructions available over the Northern 
Hemisphere (out of a global distribution of 616 sites) to obtain a reconstruction of Northern Hemisphere 
mean temperature over the past 500 years. They claim a close agreement with the annual instrumental 
Northern Hemisphere mean surface (combined land air and sea surface) temperature record (Jones et al, 
1999).  However, there are some important discrepancies with the instrumental record as discussed in more 
detail below. There are even greater discrepancies between the H00 reconstruction and other long-term 
proxy-based reconstructions of hemispheric temperature variations. We demonstrate below that such 
discrepancies do not result from any fundamentally inconsistent information in the borehole, instrumental 
or  proxy data sources, but, instead, can be explained in terms of how the individual borehole 
reconstructions must be weighted to form a representative hemispheric mean temperature estimate. 
 
We use the same 453 Northern Hemisphere borehole temperature reconstructions of H00 but, for 
convenience, average them onto the Jones et al (1999)  instrumental surface temperature (5 ox5o 
latitude/longitude) grid, using the same inverse-distance gridding scheme as Jones et al (1999). This 
provides 94 gridpoints (Figure 1) out of a total of 1296 covering the Northern Hemisphere. The sampling is 
almost entirely in the middle latitudes, with only terrestrial regions represented, and covers less than 10% 
of the total area of the Northern Hemisphere. Without appropriate calibration against the full Northern 
Hemisphere temperature record, the simple arithmetic averaging approach of H00 will impose a sampling 
bias in the estimate of true Northern Hemisphere mean surface temperature. More importantly, however, 
there are notable discrepancies between the pattern of 20th century trends in the gridded borehole 
temperature reconstructions and instrumental temperature record for the same gridpoints (Figure 1), with 
more than one in four  (27/94) of the borehole gridpoint trends exhibiting the wrong sign for the 20th 
century. The pattern correlation of  r=0.08 (with approximately M=20 spatial degrees of freedom), 
indicates a lack of any statistically significant similarity between the spatial pattern of trends in the two 
datasets. The discrepancy  (Figure 1, lower panel) is particularly large over North America, where the 
boreholes show greater warming, likely due to the influence of anthropogenic land use changes in the past 
century (Skinner and Majorowicz, 1999). A notable discrepancy is also observed in the Arctic region, 
where the available borehole gridpoints show cooling while the same instrumental temperature gridpoints 
shows warming. Though the sampling is quite limited (only five available gridpoints), this observation 
seems to conflict with the suggestion by H00 that the borehole estimates are consistent with estimated 
Arctic (e.g. Overpeck et al, 1997) temperature trends.  We suspect that this discrepancy arises in large part 
from the fact that warmer Arctic temperatures may be associated with a melting of permafrost which goes 
into latent, rather than sensible heating of the ground. This may be combined with increased exposure of 
the ground surface to cold air outbreaks owing to decreases in winter snow or ice over.  
 
The approach of H00 imposes uniform weight on the borehole data, regardless of signal-to-noise 
considerations. This is problematic in estimating a hemispheric mean temperature because it is evident 
from the considerations above that the borehole data contain a considerable amount of spatial noise and 
non-temperature related influences which will contaminate any underlying coherent temperature signal. A 
proper estimate of hemispheric ground temperature from these data must appropriately identify the actual 
temperature signal in the dataset. One can formulate more generally the reconstruction of hemispheric 
mean temperature T from the borehole temperature reconstructions bi  as a linear regression problem: 

 
Where r and s are the slope and constant respectively in a linear regression of B against the instrumental 
temperature calibration series TC , and where B is a weighted combination of the borehole (individual or 
gridded) reconstructions, 
 

 (1)      srBTR 
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Owing to the centennial temporal resolution of the borehole reconstructions, the calibration is relatively 
deficient in temporal degrees of freedom, particularly in the case of 20th century-only calibration, which 
amounts simply to a centering and scaling of the trend in (1). However, the stability of the calibration 
benefits from the relatively abundant (M20) spatial degrees of freedom contributing to the sum in  (2). 
The character of the hemispheric temperature reconstruction prior to the calibration interval will be 
determined, in large part, by  the spatial gridpoint weights ci. Because the regression coefficients r and s 
determine scale and center the relationship with the instrumental record, the reconstruction TR will also 
show some sensitivity to the precise calibration interval used, with greater sensitivity resulting from the less 
robust weighting approaches. We use the Jones et al (1999) Northern Hemisphere annual mean temperature 
estimates from 1856-1998  for the calibration series TC . Calibrating  B to the full Northern Hemisphere 
mean temperature series in (1) nominally removes the regional sampling bias in the H00 estimate discussed 
earlier. An appropriate calibration interval is 1900-1980. The 1980 upper termination is appropriate 
because it corresponds to the mean logging date for the network of boreholes used (the borehole network, 
on the average, have not sampled the enhanced warming of subsequent decades).  The 1900 lower 
termination is motivated by the fact that the 19th century (and, to a lesser extent, early 20th century) Jones 
et al (1999) hemispheric estimates are slightly biased (on the cold side) due to an extratropical sampling 
bias in the time-evolving mask used [this small bias is easily corrected for (Rutherford et al, 2001), and its 
impact here, though non-zero, is relatively minimal]. On the other hand, a 1900-1980 calibration suffers 
from the fact that there are only two temporal degrees of freedom (mean and slope), while an 1856-1980 
interval provides 3 degrees of freedom (a mean and a hinge with separate 19th and 20th century slopes) and 
therefore provides a potentially more robust calibration. We thus investigate the sensitivity of the 
reconstruction to two different calibration intervals: 1) 1856-1980, and 2) 1900-1980. We note that the 
latter calibration intervals allow for the possibility of independent cross-validation of the 19th century 
borehole trends [with the calibration and cross-validation periods having  two and one temporal degrees of 
freedom respectively--one degree of freedom is lost in the cross-validation period owing to the required 
piecewise continuity of the 19th and 20th century trends]. The 1856-1980 calibration assumes that the 
estimated full 19th century borehole trend is representative of the trend during the latter 19th century. This 
assumption is conservative with regard to the leverage provided by the 19th century instrumental data, 
owing to the differing signs of the late 19th century instrumental and H00 reconstructed 19th century 
trends. 
 
There are a number of simple weighting schemes that can be used. Perhaps the least defensible of these is 
that of  (1) uniform weights (ci=1), which is essentially equivalent to the methodology used by H00 
(although H00 do not calibrate their estimate). Using the calibrated H00 (uniform) weighting scheme 
applied to the 439 individual borehole records yields a reconstruction similar to, if slightly warmer than, the 
uncalibrated H00 reconstruction (whose mean we have referenced to the period 1900-1980 for comparison 
to the instrumental record; Figure 2, panel a). The reconstructions, however, shows considerable sensitivity 
to the calibration interval used. Using the 1856-1980 interval yields less cooling back in time, and a 
significantly warmer reconstruction than H00. This result arises from the fact that the 19th century 
instrumental series actually exhibits a cooling trend counter to the strong 19th century warming trend in the 
H00 reconstruction (or any uniform weighting of the borehole data), and strongly constrains the amount of 
19th century cooling allowed by the borehole reconstruction, if used for calibration. The most defensible 
"uniform" weighting scheme involves forming a weighted sum of the 91 gridded borehole series,, 
accounting  for  their areal representation over the hemisphere  (i.e., using a latitudinal weighting factor 
ci=cos[i], where i is the latitude of the associated borehole gridpoint). This, nevertheless, yields a 
reconstruction (Figure 2, panel a) that is qualitatively similar to the H00 reconstruction. Though the 
amplitude of the reconstruction is variable, any uniform weighting of the borehole data imposes a 
monotonic trend since 1500, with a hemispheric temperature reconstruction of past centuries that is 
significantly colder than that of MBH99.  Moreover, a small increase in the calibrated 20th century slope 
extrapolates to significantly colder baseline temperature during the 15th-18th centuries. The H00 
reconstruction itself resolves 53% percent of the 1900-1980 decadal instrumental temperature variance, but 

 (2)      
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only 6% of  the variance during the 1856-1899 period. The calibrated H00 reconstruction (and any best-fit 
linear trend to the instrumental record) resolves 54% of the decadal temperature variance over the 1900-
1980 calibration period. However, the verification 1856-1899 resolved variance is a modest 36% for the 
1900-1980 calibration.  A moderately better cross-validation resolved variance results from the latitude-
weighted borehole reconstruction (37%). In each of these cases, however, the skillfulness of verification is 
limited by the fact that the uniform weighting scheme imposes a warming 19th century, counter to the 
cooling trend in the instrumental record. The monotonic long-term warming trend that arises in the uniform 
weighting scheme represents a very small residual that results from the cancellation of much larger, nearly 
spatially random positive and negative trends over the first 4 centuries (Figure 3). Because of the very low 
signal-to-noise ratios in the individual borehole reconstructions, the uniform weighting scheme is far from 
the optimal weighting scheme, and the long-term trend is  highly sensitive to perturbing the weights from 
their uniform values. However, the sensitivity of the reconstruction to the precise calibration interval used 
diminishes as the methodology takes into account signal vs. noise issues in weighting the borehole data. 
 
A preferable approach (2) involves weighting the borehole gridpoint data by the strength of their 
relationship with local temperature trends, based on a local linear regression between the borehole and 
associated instrumental temperature gridpoint data  (ci= ri cos[i], where ri is the correlation coefficient 
between the borehole and temperature gridpoint series during the calibration interval). The associated 
pattern of weights is shown in Figure 4. This approach appropriately gives greater weight to boreholes in 
areas where the signal-to-noise in the associated temperature trend signal is greatest. The method allows for 
a negative relationship between the borehole and temperature gridpoint trends (which, as shown earlier, 
occurs for more than one in four gridpoints) which could arise for physically plausible reasons (e.g. if  
warming air temperatures are associated with decreases in  permafrost or decreases in insulating winter 
snowcover and increased ground exposure). However, we also investigate the case where a negative 
relationship is considered unphysical, and gridpoints with negative weights are simply censored from the 
weighted average. Irregardless, the local regression weighting scheme yields a hemispheric temperature 
reconstruction that is considerably warmer in past centuries than the H00 reconstruction, though still 
somewhat colder, in general, than the MBH99 reconstruction (Figure 2, panel b). The reconstruction is far 
less sensitive to the precise calibration interval used than in the uniform weighting scheme.  For the 1856-
1980 calibration, the borehole reconstruction is nearly within the uncertainties of the MBH99 
reconstruction, and the earliest (16th century) estimates from the borehole reconstruction are consistent 
with the MBH99 reconstruction within estimated uncertainties. The reconstructed 19th century warming 
trend is strongly diminished, though still positive, and the cross-validation resolved variance (44%) is only 
moderately lower than the 1900-1980 calibration resolved variance of 54%. It is important to note, 
however, that the local regression-based weighting approach cannot identify and remove patterns of trend 
that are associated with non-climatic (i.e., land-usage change) effects. 
 
A third, yet better approach generalizes upon the local regression weight scheme discussed above, but uses 
both local and non-local information to weigh the borehole gridpoint data by the strength of their 
relationship with large-scale patterns of variance in the instrumental and borehole data.  To accomplish this, 
we use a technique for imputing missing values in an incomplete dataset based on an iterative estimate of 
the underlying covariance structure of the dataset (Schneider, 2000). We apply this technique to the joint 
borehole and instrumental gridpoint data formulated as a single combined dataset in which values for the 
instrumental series are prescribed as absent prior to the calibration interval, but are optimally infilled based 
on the covariance information in the available data. We can then readily diagnose the set of weights on the 
borehole gridpoint data that yield the optimal temperature pattern reconstructions. This approach favors the 
weighting of borehole gridpoints which correlate during the calibration period with patterns of variance in 
the instrumental data, but also penalizes those boreholes which covary least well with the other borehole 
data during the entire five century interval. Because use is made of the covariance information in the long-
term borehole data, an implicitly greater number (six) of temporal degrees of freedom are available to 
constrain the optimal weights, yielding a more robust estimate. Figure 2 (panel c) shows the resulting 
reconstruction. It is noteworthy that the long-term reconstruction is largely robust with respect to the 
calibration interval used, with only slight differences between the 1856-1980 and 1900-1980 calibrations. 
For both calibration periods, the borehole hemispheric temperature reconstruction is statistically 
indistinguishable from the MBH99 reconstruction. The borehole reconstruction based on 20th century 
calibration independently produces the 19th century cooling trend in the instrumental temperature record 
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(and MBH reconstruction) and yields a high (80%) cross-validation resolved variance for the independent 
1856-1899 period (this is larger than the 54% calibration period resolved variance primarily because of the 
lesser prominence of decadal variability, relative to trend, during this period of the instrumental record). 
Interestingly, the resulting trend is also similar to the borehole temperature reconstructions of  Skinner and 
Majorowicz (1999) for northwestern North America and Beltrami et al (1995) for eastern Canada,  using 
alternative functional space inversion techniques to that used by H00. In the latter case, the reconstruction 
was also shown to be similar to temperature reconstructions from tree ring information. 
 
The resulting spatial distribution of weights from the covariance-based approach is shown in Figure 4. It is 
instructive to compare with the pattern of weights based on local calibration weighting method. A 
considerably larger fraction of the borehole gridpoints are ascribed negative weights (50% vs. 29% in the 
case of local regression weighting approach).  Unlike the local regression weights, the covariance-based 
weighting scheme allows for the removal of patterns of warming in the borehole data that are not identified 
as relating to observed large-scale temperature changes.   In the covariance-based approach, the negative 
gridpoint weights do not necessarily indicate a negative local relationship between the borehole and  
temperature gridpoint data. Rather, they imply that a combination of positive and negative weights on 
different patterns of variance in the borehole data can be used to remove patterns of bias in the borehole 
data network that appear unrelated to large-scale patterns of variation in the instrumental record during the 
calibration period. Such patterns of bias are evident in the discrepancy between the 20th century gridpoint 
temperature and borehole trends (Figure 1, lower panel).  Negative weights thus arise in regions where this 
pattern of bias has larger projections, even if the local temperature relationship is a positive one. Substantial 
negative weights are observed (for both calibration periods) in particular, over large parts of North America 
(especially western North America) where borehole 20th century trends show too much warming relative to 
the instrumental record  (Figure 1, lower panel). We interpret these negative weights here, as well as 
perhaps in other regions, as an attempt of the covariance algorithm to remove this spurious pattern of 
ground warming (likely associated with land use changes--i.e., Skinner and Majorowicz, 1999) in 
calibrating a surface temperature relationship.  By removing this spurious pattern from the calibrated 
relationship, the method teases out a substantial pattern of 19th and 20th century warming in the borehole 
data identified as unrelated to observed surface temperature changes, yielding for example a 19th century 
hemispheric cooling trend, while still matching the observed 20th warming trend. 
 
Borehole-based reconstructions of hemispheric temperature variations are most directly comparable to 
proxy-based estimates of annual hemispheric mean temperatures  (e.g. Mann et al, 1998;1999; Crowley and 
Lowery, 2000) and less comparable to those of  hemispheric/mid-latitude warm-season (Jones et al, 1998; 
Briffa et al, 2001) or, in particular, high-latitude warm-season (Overpeck et al, 1997) temperatures. These 
latter reconstructions, nonetheless, can be recalibrated against the instrumental full hemisphere annual 
mean series for comparison. Figure 5 compares the borehole temperature reconstructions from  the 
covariance-based weighting scheme described above, to the best-fit  piecewise linear trends (fit as a 
piecewise continuous sequence of century-long segments)  for a number of different proxy-based Northern 
Hemisphere temperature reconstructions. The borehole reconstruction is observed to be statistically 
indistinguishable not only from the MBH99 reconstruction, but also other recent proxy-based 
reconstructions (Crowley and Lowery 1999; and Jones et al, 1998--the latter, if calibrated against the mean 
annual 1856-1980 instrumental record). Also shown  for comparison are the MBH99 reconstruction based 
both on only non-tree ring, and only tree ring indicators (see Mann et al, 2001). The considerable overall 
similarity between even the tree-ring only proxy reconstruction and the optimal borehole temperature 
reconstructions refute the argument (Broecker, 2001) that tree-ring indicators, when appropriately 
processed and quality-controlled, are inherently less able to resolve century-scale variability than borehole 
data (Beltrami et al, 1995 and Majorowicz and Skinner, 2001, have indeed already demonstrated 
otherwise). 
 
We have shown that previous estimates of ground temperature changes over the past five centuries based 
on uniformly weighted means of spatial borehole data are not a reliable estimate of surface air temperature 
variations in past centuries. As one introduces a weighting method which distinguishes between signal and 
noise in the data in an increasingly more optimal manner, one achieves an estimate of hemispheric 
temperature change that is increasingly close to previously published proxy-based estimates (Mann et al, 
1998; MBH99; Jones et al, 1998; Crowley and Lowery, 2000). The optimal weighting scheme, which takes 
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into account coherence both within the borehole data and between borehole and instrumental data, and 
effectively removes patterns of bias (e.g. due to land-usage changes) from the borehole data, yields a 
reconstruction of Northern Hemisphere surface temperature variation which is statistically 
indistinguishable from proxy-based reconstructions of Northern Hemisphere temperature changes (e.g. 
MBH99;  Crowley and Lowery, 2000). It is thus incorrect to argue (e.g. Broecker, 2001; see response by 
Bradley et al, 2001) that the information from terrestrial borehole data conflict with conclusions regarding 
past hemispheric temperature changes from MBH99 or other proxy-based reconstructions. Rather, it 
appears that borehole data, properly analyzed, reinforce conclusions based on other proxy information. 
Moreover, there would  appear to be considerable merit in efforts to combine borehole and other low-
resolution proxy climate indicators with high-resolution information from tree rings, corals, ice cores, and 
other high-resolution proxy data, in reconstructions of large-scale temperature patterns over the past 
millennium and further.  Such efforts are currently underway, and should lead to increasingly robust 
estimates of past climate change. 
 
Acknowledgements: 
 
The authors thank Henry Pollack for kindly making available the borehole temperature reconstruction used 
in this study, and acknowledge helpful discussions w/ H. Pollack, P. Jones, T. Crowley, J. Overpeck, and R. 
Harris. The authors gratefully acknowledge ongoing support for this work from the Earth Systems History 
Program (NOAA and NSF), and Department of Energy. 
 
REFERENCES: 
 
Pollack, H. N., Huang, S. & Shen, P.-Y. Climate Change Record in Subsurface Temperatures: A Global 
Perspective. Science 282, 279-281 (1998). 
 
Huang, S., Pollack, H. N. & Shen, P.-Y. Temperature Trends Over the Past Five Centuries Reconstructed 
from Borehole Temperature. Nature 403, 756-758 (2000). 
 
Harris, R. N. & Chapman, D. S. Borehole Temperatures and a Baseline for 20th-Century Global Warming 
Estimates. Science 275, 1618-1621 (1997). 
 
Harris, R. N. & Chapman, D. S. Mid-Latitude (30'-60' N) climatic warming inferred by combining borehole 
temperatures with surface air temperatures. Geophysical Research Letters 28, 747-750 (2001). 
 
Bradley, R. S. & Jones, P. D. "Little Ice Age" summer temperature variations:  their nature and relevance to 
recent global warming trends. The Holocene 3, 367-376 (1993). 
 
Jones, P. D., Briffa, K. R., Barnett, T. P. & Tett, S. F. B. High-Resolution Paleoclimatic Records for the 
Last Millennium: Interpretation, Integration and Comparison with Circulation Model Control-Run 
Temperatures. The Holocene 8, 455-471 (1998). 
 
Mann, M. E., Bradley, R. S. & Hughes, M. K. Global-scale temperature patterns and climate forcing over 
the past six centuries. Nature 392, 779-787 (1998). 
 
Mann, M. E., Bradley, R. S. & Hughes, M. K. Northern Hemisphere Temperatures During the Past 
Millennium: Inferences, Uncertainties, and Limitations. Geophysical Research Letters 26, 759-762 (1999). 
 
Crowley, T. J. & Lowery, T. How Warm Was the Medieval Warm Period? Ambio 29, 51-54 (2000). 
 
Briffa, K. R. et al. Low-frequency temperature variations from a northern tree ring density network. 
Journal of Geophysical Research 106, 2929-2941 (2001). 
 
Free, M. & Robock, A. Global Warming in the Context of the Little Ice Age. Journal of Geophysical 
Research 104, 19,057-19,070 (1999). 
 

ABOR/MH/Priv-005711



Crowley, T. J. Causes of Climate Change Over the Past 1000 Years. Science 289, 270-277 (2000). 
 
Mann, M. E., Lessons for a New Millennium. Science 289, 253-254 (2000). 
 
Skinner, W. R. & Majorowicz, J. A. Regional climatic warming and associated twentieth century land-
cover changes in north-western North America. Climate Research 12, 39-52 (1999). 
 
Jones, P. D., New, M., Parker, D. E., Martin, S. & Rigor, J. G. Surface Air Temperature and its Changes 
over the Past 150 Years. Reviews of Geophysics 37, 173-199 (1999). 
 
Overpeck, J. et al. Arctic Environmental Change of the Last Four Centuries. Science 278, 1251-1256 
(1997). 
 
Rutherford, S., Mann, M.E., Delworth, T.L., Stouffer, R., The Performance of Covariance-Based Methods 
of Climate Field Reconstruction Under Stationary and Nonstationary Forcing, Journal of Climate, 
submitted (2001). 
 
Schneider, T., Analysis of Incomplete Climate Data: Estimation of Mean Values and Covariance Matrices 
and Imputation of Missing Values. Journal of Climate 14, 853-871 (2001). 
 
Beltrami, H., Chapman , D.S., Archambault, S., & Bergeron, Y. Reconstruction of high resolution ground 
temperature histories combining dendrochronological and geothermal data. Earth and Planetary Letters 
136, 437-445 (1995). 
 
Mann, M.E., Gille, E., Bradley, R.S., Hughes, M.K., Overpeck, J.T., Keimig, F.T., Gross, W.,  Global  
Temperature Patterns in Past Centuries: An interactive presentation, Earth Interactions, 4-4, 1-29 (2000). 
 
Broecker, W.S., Was the Medieval Warm Period Global? Science, 291, 1497 (2001). 
 
Majorowicz, J.A. & Skinner, W.R., Reconstruction of the surface warming history of western interior 
Canada from borehole temperature profiles and other climate information. Climate Research, 16, 157-2001 
(2001). 
 
Bradley, R.S., Briffa, K..R., Crowley, T.J., Hughes, M.K., Jones, P.D, & Mann, M.E., Scope of Medieval 
Warming. Science,  292, 2011-2012 (2001). 
 
FIGURE CAPTIONS 
 
Figure 1 
 
Comparison of linear 20th century gridpoint trends 1900-1980 with the (91 gridpoint) borehole grid mask 
applied  for (a) gridded borehole reconstructions, (b) instrumental surface temperature record and (c) 
difference between borehole and instrumental trends. Scales are oC for the instrumental gridpoint data and 
nominal oC (based on H00 inversion) for the borehole gridpoint data.  
 
Figure 2 
 
Comparison of borehole reconstructions using different weighting schemes described in text, with MBH99 
reconstruction. The MBH99 reconstruction is smoothed on timescales longer than 40 years (thick magenta) 
with best-fit  century piecewise continuous linear trends (thick magenta, dashed),  shown for comparison 
with borehole, along with the associated   95% uncertainty (yellow shaded) region (see MBH99; Mann, 
2000).  Raw instrumental Northern Hemisphere series (light gray) is shown for comparison. A)  
Comparisons between Huang et al hemispheric reconstruction (referenced to the 1900-1980 mean of the 
instrumental record) and calibrated borehole reconstructions based on the uniform weighting scheme 
(scheme "1" in text), using different calibration periods and/or areal corrections, B) Comparison with 
calibrated borehole reconstructions based on local-regression weighting scheme  (scheme "2" in text), C) 
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Comparisons with calibrated borehole reconstructions based on covariance-based weighting scheme 
(scheme "3" in text). 
 
Figure 3 
 
Histogram of distribution of trends among the 439 individual Northern Hemisphere borehole 
reconstructions of H00 for each of the past five centuries. 
 
Figure 4 
 
Spatial map of relative weights on borehole gridpoint data, based on (a) local calibration method (scheme 
"2" in text), and (b) covariance-based weighting method (scheme "3" in text). Weights are shown based on 
both 1900-1980 and 1856-1980 calibration periods. For comparison, the simple uniform weighting scheme 
approach (scheme "1" in text) would have spatially-uniform weights, while the areally-adjusted uniform 
weighting scheme would show all positive weights, with only a small zonally-uniform variation with 
latitude. 
 
Figure 5 
 
Comparison of H00 and alternative borehole-based hemispheric trend reconstructions with best-fit 
piecewise continuous linear centennial scale trends for alternative proxy-based hemispheric temperature 
reconstructions, showing the 95% uncertainty region for the MBH99 centennial trend series. In the case of 
the Jones et al (1998) reconstruction, which is nominally an extratropical warm-season estimate, the series 
has been re-calibrated to the full Northern Hemisphere annual mean instrumental record based on both 
1856-1980 and 1900-1980 calibration periods. All other proxy-series shown are based on the original 
published calibrations, but aligned to conform to a 1961-1990 zero reference period. Raw instrumental 
Northern Hemisphere series (light gray) is shown for comparison. 
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interest in considering this paper  for a formal review. If requested, we can provide you
with a high-quality pdf version of the manuscript (including figures) in Nature format.
We're hoping for an accelerated review process for this manuscript, so we'd appreciate
as prompt a response as possible.

Thanks in advance for you help.

best regards,

mike mann

__________________________________________________________________________

RECONCILING BOREHOLE AND OTHER PROXY-BASED ESTIMATES OF
TEMPERATURE TRENDS IN PAST CENTURIES
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1. Department of Environmental Sciences, University of Virginia, Charlottesville, VA 22902
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Trends in Northern Hemisphere ground temperature estimated from
terrestrial borehole temperature profiles (Harris and Chapman, 1997; Pollack
et al, 1998; Huang et al, 2000--henceforth "H00"; Harris and Chapman, 2001)
appear to demonstrate colder conditions during the 16th-19th centuries than
"proxy" based reconstructions of hemispheric surface temperature change
(H00).  Proxy-based reconstructions employ combinations of high and
medium resolution indicators such as tree rings, corals, ice cores, lake and
ocean sediments, and historical documentary records  that have been scaled
or "calibrated" against the modern instrumental temperature record (e.g.
Bradley and Jones, 1993; Mann et al, 1998; 1999--henceforth "MBH99"; Jones
et al, 1998; Crowley and Lowery, 2000; Briffa et al, 2001) . These
reconstructions are consistent with model-based, theoretical estimates of
temperature trends over the past millennium (Free and Robock 1999;
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Crowley, 2001; Mann, 2000). The model estimates, however, are strongly
dependent on the sensitivity to radiative forcing assumed; if the larger
borehole-based trends estimated by Huang et al (2000) are correct, they
imply higher climate sensitivity than do the proxy-based reconstructions. 
Resolving this apparent discrepancy is thus essential, not only for a better
understanding of long-term natural climate variability but,  for constraining,
from an empirical perspective, the sensitivity of the climate to radiative
forcing (Crowley, 2001). We show that borehole-based estimates of surface
temperature changes for the past five centuries, when appropriately
combined and calibrated to form a hemispheric surface temperature
reconstruction, are in fact consistent with, and independently validate, proxy-
based hemispheric temperature reconstructions.

An apparent advantage of geothermal borehole data vis a vis  conventional proxy
indicators is that they provide temperature estimates that need not be calibrated against
the instrumental surface temperature record. Borehole sub-surface temperature profiles
are combined with a simple heat diffusion inverse model, to estimate ground surface
temperature changes back in time (Pollack et al, 1997; Huang et al, 2000; Harris and
Chapman, 1997; 2000). It is typically assumed (e.g. H00) that boreholes sample mean
annual ground temperature variations. However, in regions with seasonal snowcover, the
ground will be insulated, to varying degree, from cold-season air temperature variations. 
Moreover, spring warming of the ground may be damped, relative to the overlying
atmosphere, by the process of  melting and evaporation of  accumulated winter
snowcover. Changes over time in the duration and extent of seasonal snowcover can
thus influence the borehole temperature profiles, largely independently of mean annual
temperature variations.  Indeed, a number of other factors may influence borehole
thermal profiles, including inhomogeneities in the sub-surface not adequately
represented in the parameterizations of the diffusion model, sub-surface fluid heat
advection, changes in permafrost in polar regions, and human and anthropogenic land
use changes. Any such factors will compromise the relationship between borehole-based
ground temperature estimates and the actual annual surface air temperature trends in
the same region (see e.g. Skinner and Majorowicz, 1999). Thus boreholes, like
conventional proxy climate indicators, must be calibrated against actual surface air
temperature measurements for a reliable reconstruction of past temperature trends.
Furthermore, this calibration should be subject to an independent verification based on
statistical cross-validation. 

Large-scale temperature reconstructions from borehole data have recently been
attempted by assimilating networks of borehole information, based on two distinct
methods of obtaining past temperature histories from borehole information at a given
borehole site. This includes the approach of Harris and Chapman (1997; 2001) whereby
a single pre-instrumental mean ground temperature is estimated from the borehole
temperature profile, and that of Pollack and coworkers (Pollack et al, 1998; H00) who
use a Bayesian inverse method to estimate rates of ground surface temperature change
for each of the past five centuries. H00 estimate temperature reconstructions at each
borehole site by integrating these rates back in time, leading to a piecewise continuous
sequence of century-long temperature trends over the past 500 years. Since they align
the 20th century trend with the instrumental record, any errors in the rates, unless they
fortuitously cancel, will lead to an increasingly biased estimate of mean temperature
back in time. H00 average a set of 453 individual borehole site temperature
reconstructions available over the Northern Hemisphere (out of a global distribution of
616 sites) to obtain a reconstruction of Northern Hemisphere mean temperature over the
past 500 years. They claim a close agreement with the annual instrumental Northern
Hemisphere mean surface (combined land air and sea surface) temperature record
(Jones et al, 1999).  However, there are some important discrepancies with the
instrumental record as discussed in more detail below. There are even greater
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discrepancies between the H00 reconstruction and other long-term proxy-based
reconstructions of hemispheric temperature variations. We demonstrate below that such
discrepancies do not result from any fundamentally inconsistent information in the
borehole, instrumental or  proxy data sources, but, instead, can be explained in terms of
how the individual borehole reconstructions must be weighted to form a representative
hemispheric mean temperature estimate.

_______________________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml            
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From: Michael E. Mann
To: Langenberg, Heike
Cc: mann@virginia.edu
Subject: RE: prospective submission
Date: Wednesday, June 20, 2001 12:13:32 PM

Dear Heike,

Thanks for your reply.

We *do* indeed think the manuscript merits publication as a "letter" rather
than a shorter correspondence, because it represents a fundamental
re-interpretation of the information contained in borehole data than what
has been published before (by either Pollack et al, *or* others in that
community).

The supposed (we stress this qualifier) discrepancy between borehole and
other proxy-based estimates of past temperature changes has formed the
basis of a fundamental debate in the paleoclimate community during the past
few years. By addressing this issue, we think we have made a major step
forward in resolving what has been considered a substantial uncertainty
regarding the true history of climate change in past centuries.  The
publication of our manuscript as part of a "brief communication exchange"
would belie its more fundamental importance, and we would just as soon
publish elsewhere if this is Nature's disposition.

My inclination at this point then is to go ahead, as you suggest, and
electronically submit the full manuscript to Nature as a *letter* (I will
inform you when I have done so, and forward the pdf file of the paper to
you directly FYI, realizing that the latter action does not itself
constitute an official submission). I'll look forward to hearing back from
you at that point regarding your disposition on the manuscript.

Thanks in advance for your help, and best regards,

mike

At 06:14 PM 6/20/01 +0100, you wrote:
>Dear Dr Mann,
>
>thanks for your presubmission enquiry. While your manuscript sounds
>interesting in principle, from what you have sent, it seems to me that your
>contribution mainly represents a critique of the paper by Huang et al
>(2000), and would therefore most appropriately be considered as a Brief
>Communication exchange.
>Of course, based on only three paragraphs, it is hard to be entirely sure
>which would be the best course of action, so if you feel that the paper
>should not be published as a comment on Huang et al., feel free to send it
>in as a letter.
>
>In any case, we will judge it when we see it, and we will get back to you
>with an initial decision promptly.
>
>Please refer to our Guide to Authors (published in many issues of Nature and
>on our website at http://www.nature.com) for information regarding length,
>format, number of copies, etc., and submit electronically through our
>website (please note that we cannot accept submissions by e-mail).
>
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>We look forward to seeing the paper in due course.
>
>Best wishes,
>
>Heike Langenberg
>
>Senior Editor
>
>
>
>
>-----Original Message-----
>From: Michael E. Mann [mailto:mann@virginia.edu]
>Sent: 19 June 2001 19:57
>To: H.Langenberg@nature.com
>Cc: mann@virginia.edu; srutherford@virginia.edu; rbradley@geo.umass.edu;
>mhughes@ltrr.arizona.edu; frank@geo.umass.edu
>Subject: prospective submission
>
>
>Dear Dr. Langenberg,
>
>Pasted in below as text are the title, author list, and first 3 paragraphs
>of a manuscript which my colleagues and I intend to submit for publication.
>The paper addresses and resolves apparent discrepancies in borehole and
>other proxy-based reconstructions of  hemispheric temperature variations
>during the past five centuries. We believe that the implications are of wide
>interest, and that the paper is appropriate for the diverse Nature
>readership.
>
>I would greatly appreciate any initial feedback you can provide us regarding
>Nature's interest in considering this paper  for a formal review. If
>requested, we can provide you with a high-quality pdf version of the
>manuscript (including figures) in Nature format. We're hoping for an
>accelerated review process for this manuscript, so we'd appreciate as prompt
>a response as possible.
>
>Thanks in advance for you help.
>
>best regards,
>
>mike mann
>
>__________________________________________________________________________
>
>RECONCILING BOREHOLE AND OTHER PROXY-BASED ESTIMATES OF TEMPERATURE TRENDS
>IN PAST CENTURIES
>
>Michael E. Mann(1)
>Scott Rutherford(1)
>Raymond S. Bradley(2)
>Malcolm Hughes(3)
>Frank Keimig(2)
>
>
>1. Department of Environmental Sciences, University of Virginia,
>Charlottesville, VA 22902
>2. Department of Geosciences, University of Massachusetts, Amherst, MA 01002
>3. Laboratory of Tree-Ring Research, University of Arizona, Tucson AZ 85721
>
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>Trends in Northern Hemisphere ground temperature estimated from terrestrial
>borehole temperature profiles (Harris and Chapman, 1997; Pollack et al,
>1998; Huang et al, 2000--henceforth "H00"; Harris and Chapman, 2001) appear
>to demonstrate colder conditions during the 16th-19th centuries than "proxy"
>based reconstructions of hemispheric surface temperature change (H00).
>Proxy-based reconstructions employ combinations of high and medium
>resolution indicators such as tree rings, corals, ice cores, lake and ocean
>sediments, and historical documentary records  that have been scaled or
>"calibrated" against the modern instrumental temperature record (e.g.
>Bradley and Jones, 1993; Mann et al, 1998; 1999--henceforth "MBH99"; Jones
>et al, 1998; Crowley and Lowery, 2000; Briffa et al, 2001) . These
>reconstructions are consistent with model-based, theoretical estimates of
>temperature trends over the past millennium (Free and Robock 1999; Crowley,
>2001; Mann, 2000). The model estimates, however, are strongly dependent on
>the sensitivity to radiative forcing assumed; if the larger borehole-based
>trends estimated by Huang et al (2000) are correct, they imply higher
>climate sensitivity than do the proxy-based reconstructions.  Resolving this
>apparent discrepancy is thus essential, not only for a better understanding
>of long-term natural climate variability but,  for constraining, from an
>empirical perspective, the sensitivity of the climate to radiative forcing
>(Crowley, 2001). We show that borehole-based estimates of surface
>temperature changes for the past five centuries, when appropriately combined
>and calibrated to form a hemispheric surface temperature reconstruction, are
>in fact consistent with, and independently validate, proxy-based hemispheric
>temperature reconstructions.
>
>An apparent advantage of geothermal borehole data vis a vis  conventional
>proxy indicators is that they provide temperature estimates that need not be
>calibrated against the instrumental surface temperature record. Borehole
>sub-surface temperature profiles are combined with a simple heat diffusion
>inverse model, to estimate ground surface temperature changes back in time
>(Pollack et al, 1997; Huang et al, 2000; Harris and Chapman, 1997; 2000). It
>is typically assumed (e.g. H00) that boreholes sample mean annual ground
>temperature variations. However, in regions with seasonal snowcover, the
>ground will be insulated, to varying degree, from cold-season air
>temperature variations.  Moreover, spring warming of the ground may be
>damped, relative to the overlying atmosphere, by the process of  melting and
>evaporation of  accumulated winter snowcover. Changes over time in the
>duration and extent of seasonal snowcover can thus influence the borehole
>temperature profiles, largely independently of mean annual temperature
>variations.  Indeed, a number of other factors may influence borehole
>thermal profiles, including inhomogeneities in the sub-surface not
>adequately represented in the parameterizations of the diffusion model,
>sub-surface fluid heat advection, changes in permafrost in polar regions,
>and human and anthropogenic land use changes. Any such factors will
>compromise the relationship between borehole-based ground temperature
>estimates and the actual annual surface air temperature trends in the same
>region (see e.g. Skinner and Majorowicz, 1999). Thus boreholes, like
>conventional proxy climate indicators, must be calibrated against actual
>surface air temperature measurements for a reliable reconstruction of past
>temperature trends. Furthermore, this calibration should be subject to an
>independent verification based on statistical cross-validation.
>
>Large-scale temperature reconstructions from borehole data have recently
>been attempted by assimilating networks of borehole information, based on
>two distinct methods of obtaining past temperature histories from borehole
>information at a given borehole site. This includes the approach of Harris
>and Chapman (1997; 2001) whereby a single pre-instrumental mean ground
>temperature is estimated from the borehole temperature profile, and that of
>Pollack and coworkers (Pollack et al, 1998; H00) who use a Bayesian inverse
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>method to estimate rates of ground surface temperature change for each of
>the past five centuries. H00 estimate temperature reconstructions at each
>borehole site by integrating these rates back in time, leading to a
>piecewise continuous sequence of century-long temperature trends over the
>past 500 years. Since they align the 20th century trend with the
>instrumental record, any errors in the rates, unless they fortuitously
>cancel, will lead to an increasingly biased estimate of mean temperature
>back in time. H00 average a set of 453 individual borehole site temperature
>reconstructions available over the Northern Hemisphere (out of a global
>distribution of 616 sites) to obtain a reconstruction of Northern Hemisphere
>mean temperature over the past 500 years. They claim a close agreement with
>the annual instrumental Northern Hemisphere mean surface (combined land air
>and sea surface) temperature record (Jones et al, 1999).  However, there are
>some important discrepancies with the instrumental record as discussed in
>more detail below. There are even greater discrepancies between the H00
>reconstruction and other long-term proxy-based reconstructions of
>hemispheric temperature variations. We demonstrate below that such
>discrepancies do not result from any fundamentally inconsistent information
>in the borehole, instrumental or  proxy data sources, but, instead, can be
>explained in terms of how the individual borehole reconstructions must be
>weighted to form a representative hemispheric mean temperature estimate.
>
>
>
>_______________________________________________________________________
>                     Professor Michael E. Mann
>            Department of Environmental Sciences, Clark Hall
>                       University of Virginia
>                      Charlottesville, VA 22903
>_______________________________________________________________________
>e-mail: mann@virginia.edu   Phone:    FAX: 
>          http://
><http://www.evsc.virginia.edu/faculty/people/mann.shtml%A0%A0%A0%A0%A0%A0%A0
>%A0%A0%A0%A0%A0%A0> www.evsc.virginia.edu /faculty/people/mann.shtml
><http://www.evsc.virginia.edu/faculty/people/mann.shtml%A0%A0%A0%A0%A0%A0%A0
>%A0%A0%A0%A0%A0%A0>

_______________________________________________________________________
                      Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; srutherford@virginia.edu; frank@geo.umass.edu;

mann@virginia.edu
Subject: Nature manuscript
Date: Wednesday, June 20, 2001 12:48:03 PM
Attachments: borehole01-draft4.0.doc

Dear All,

Attached is the final draft (prior to conversion to Nature reference format
and submission) of the article, w/ the final versions of the Figures based
on Scott's reanalysis using Frank's i.d. weighted borehole grid.

The paper is actually long for even a "letter" but I'll let Nature suggest
ways to shorten if they feel it is necessary. I'm almost leaning towards
submitting to Science, but lets see what Nature says when the receive the
full manuscript...

Please get back to me ASAP (within 24 hours) if you have any final
comments. I want to get this submitted tomorrow afternoon. Thanks in advance,

mike

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
          http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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RECONCILING BOREHOLE AND OTHER PROXY-BASED ESTIMATES OF TEMPERATURE 
TRENDS IN PAST CENTURIES 

 
Michael E. Mann(1) 
Scott Rutherford(1) 

Raymond S. Bradley(2) 
Malcolm Hughes(3) 

Frank Keimig(2) 
 

1. Department of Environmental Sciences, University of Virginia, Charlottesville, VA 22902 
2. Department of Geosciences, University of Massachusetts, Amherst, MA 01002 
3. Laboratory of Tree-Ring Research, University of Arizona, Tucson AZ 85721 
 
Trends in Northern Hemisphere ground temperature estimated from terrestrial borehole 
temperature profiles (Harris and Chapman, 1997; Pollack et al, 1998; Huang et al, 2000--henceforth 
"H00"; Harris and Chapman, 2001) appear to demonstrate colder conditions during the 16th-19th 
centuries than "proxy" based reconstructions of hemispheric surface temperature change (H00).  
Proxy-based reconstructions employ combinations of high and medium resolution indicators such as 
tree rings, corals, ice cores, lake and ocean sediments, and historical documentary records  that have 
been scaled or "calibrated" against the modern instrumental temperature record (e.g. Bradley and 
Jones, 1993; Mann et al, 1998; 1999--henceforth "MBH99"; Jones et al, 1998; Crowley and Lowery, 
2000; Briffa et al, 2001) . These reconstructions are consistent with model-based, theoretical 
estimates of temperature trends over the past millennium (Free and Robock 1999; Crowley, 2001; 
Mann, 2000). The model estimates, however, are strongly dependent on the sensitivity to radiative 
forcing assumed; if the larger borehole-based trends estimated by Huang et al (2000) are correct, 
they imply higher climate sensitivity than do the proxy-based reconstructions.  Resolving this 
apparent discrepancy is thus essential, not only for a better understanding of long-term natural 
climate variability but,  for constraining, from an empirical perspective, the sensitivity of the climate 
to radiative forcing (Crowley, 2001). We show that borehole-based estimates of surface temperature 
changes for the past five centuries, when appropriately combined and calibrated to form a 
hemispheric surface temperature reconstruction, are in fact consistent with, and independently 
validate, proxy-based hemispheric temperature reconstructions. 
 
An apparent advantage of geothermal borehole data vis a vis  conventional proxy indicators is that they 
provide temperature estimates that need not be calibrated against the instrumental surface temperature 
record. Borehole sub-surface temperature profiles are combined with a simple heat diffusion inverse model, 
to estimate ground surface temperature changes back in time (Pollack et al, 1997; Huang et al, 2000; Harris 
and Chapman, 1997; 2000). It is typically assumed (e.g. H00) that boreholes sample mean annual ground 
temperature variations. However, in regions with seasonal snowcover, the ground will be insulated, to 
varying degree, from cold-season air temperature variations.  Moreover, spring warming of the ground may 
be damped, relative to the overlying atmosphere, by the process of  melting and evaporation of  
accumulated winter snowcover. Changes over time in the duration and extent of seasonal snowcover can 
thus influence the borehole temperature profiles, largely independently of mean annual temperature 
variations.  Indeed, a number of other factors may influence borehole thermal profiles, including 
inhomogeneities in the sub-surface not adequately represented in the parameterizations of the diffusion 
model, sub-surface fluid heat advection, changes in permafrost in polar regions, and human and 
anthropogenic land use changes. Any such factors will compromise the relationship between borehole-
based ground temperature estimates and the actual annual surface air temperature trends in the same region 
(see e.g. Skinner and Majorowicz, 1999). Thus boreholes, like conventional proxy climate indicators, must 
be calibrated against actual surface air temperature measurements for a reliable reconstruction of past 
temperature trends. Furthermore, this calibration should be subject to an independent verification based on 
statistical cross-validation.  
 
Large-scale temperature reconstructions from borehole data have recently been attempted by assimilating 
networks of borehole information, based on two distinct methods of obtaining past temperature histories 
from borehole information at a given borehole site. This includes the approach of Harris and Chapman 
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(1997; 2001) whereby a single pre-instrumental mean ground temperature is estimated from the borehole 
temperature profile, and that of Pollack and coworkers (Pollack et al, 1998; H00) who use a Bayesian 
inverse method to estimate rates of ground surface temperature change for each of the past five centuries. 
H00 estimate temperature reconstructions at each borehole site by integrating these rates back in time, 
leading to a piecewise continuous sequence of century-long temperature trends over the past 500 years. 
Since they align the 20th century trend with the instrumental record, any errors in the rates, unless they 
fortuitously cancel, will lead to an increasingly biased estimate of mean temperature back in time. H00 
average a set of 453 individual borehole site temperature reconstructions available over the Northern 
Hemisphere (out of a global distribution of 616 sites) to obtain a reconstruction of Northern Hemisphere 
mean temperature over the past 500 years. They claim a close agreement with the annual instrumental 
Northern Hemisphere mean surface (combined land air and sea surface) temperature record (Jones et al, 
1999).  However, there are some important discrepancies with the instrumental record as discussed in more 
detail below. There are even greater discrepancies between the H00 reconstruction and other long-term 
proxy-based reconstructions of hemispheric temperature variations. We demonstrate below that such 
discrepancies do not result from any fundamentally inconsistent information in the borehole, instrumental 
or  proxy data sources, but, instead, can be explained in terms of how the individual borehole 
reconstructions must be weighted to form a representative hemispheric mean temperature estimate. 
 
We use the same 453 Northern Hemisphere borehole temperature reconstructions of H00 but, for 
convenience, average them onto the Jones et al (1999)  instrumental surface temperature (5 ox5o 
latitude/longitude) grid, using the same inverse-distance gridding scheme as Jones et al (1999). This 
provides 94 gridpoints (Figure 1) out of a total of 1296 covering the Northern Hemisphere. The sampling is 
almost entirely in the middle latitudes, with only terrestrial regions represented, and covers less than 10% 
of the total area of the Northern Hemisphere. Without appropriate calibration against the full Northern 
Hemisphere temperature record, the simple arithmetic averaging approach of H00 will impose a sampling 
bias in the estimate of true Northern Hemisphere mean surface temperature. More importantly, however, 
there are notable discrepancies between the pattern of 20th century trends in the gridded borehole 
temperature reconstructions and instrumental temperature record for the same gridpoints (Figure 1), with 
more than one in four  (27/94) of the borehole gridpoint trends exhibiting the wrong sign for the 20th 
century. The pattern correlation of  r=0.08 (with approximately M=20 spatial degrees of freedom), 
indicates a lack of any statistically significant similarity between the spatial pattern of trends in the 
borehole and instrumental temperature datasets. The discrepancy  (Figure 1, lower panel) is particularly 
large over North America, where the boreholes show greater warming, likely due to the influence of 
anthropogenic land use changes in the past century (Skinner and Majorowicz, 1999). A notable discrepancy 
is also observed in the Arctic region, where the available borehole gridpoints show cooling while the same 
instrumental temperature gridpoints shows warming. Though the sampling is quite limited (only five 
available gridpoints), this observation seems to conflict with the suggestion by H00 that the borehole 
estimates are consistent with estimated Arctic (e.g. Overpeck et al, 1997) temperature trends.  We suspect 
that this discrepancy arises in large part from the fact that warmer Arctic temperatures may be associated 
with a melting of permafrost which goes into latent, rather than sensible heating of the ground. This may be 
combined with increased exposure of the ground surface to cold air outbreaks owing to decreases in winter 
snow or ice over.  
 
The approach of H00 imposes uniform weight on the borehole data, regardless of signal-to-noise 
considerations. This is problematic in estimating a hemispheric mean temperature because it is evident 
from the considerations above that the borehole data contain a considerable amount of spatial noise and 
non-temperature related influences which will contaminate any underlying coherent temperature signal. A 
proper estimate of hemispheric ground temperature from these data must appropriately identify the actual 
temperature signal in the dataset. One can formulate more generally the reconstruction of hemispheric 
mean temperature T from the borehole temperature reconstructions bi  as a linear regression problem: 

 
Where r and s are the slope and constant respectively in a linear regression of B against the instrumental 
temperature calibration series TC , and where B is a weighted combination of the borehole (individual or 
gridded) reconstructions, 

 (1)      srBTR 
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Owing to the centennial temporal resolution of the borehole reconstructions, the calibration is relatively 
deficient in temporal degrees of freedom, particularly in the case of 20th century-only calibration, which 
amounts simply to a centering and scaling of the trend in (1). However, the stability of the calibration 
benefits from the relatively abundant (M20) spatial degrees of freedom contributing to the sum in  (2). 
The character of the hemispheric temperature reconstruction prior to the calibration interval will be 
determined, in large part, by  the spatial gridpoint weights ci. Because the regression coefficients r and s 
determine scale and center the relationship with the instrumental record, the reconstruction TR will also 
show some sensitivity to the precise calibration interval used, with greater sensitivity resulting from the less 
robust weighting approaches. We use the Jones et al (1999) Northern Hemisphere annual mean temperature 
estimates from 1856-1998  for the calibration series TC . Calibrating  B to the full Northern Hemisphere 
mean temperature series in (1) nominally removes the regional sampling bias in the H00 estimate discussed 
earlier. An appropriate calibration interval is 1900-1980. The 1980 upper termination is appropriate 
because it corresponds to the mean logging date for the network of boreholes used (the borehole network, 
on the average, have not sampled the enhanced warming of subsequent decades).  The 1900 lower 
termination is motivated by the fact that the 19th century (and, to a lesser extent, early 20th century) Jones 
et al (1999) hemispheric estimates are slightly biased (on the cold side) due to an extratropical sampling 
bias in the time-evolving mask used [this small bias is easily corrected for (Rutherford et al, 2001), and its 
impact here, though non-zero, is relatively minimal]. On the other hand, a 1900-1980 calibration suffers 
from the fact that there are only two temporal degrees of freedom (mean and slope), while an 1856-1980 
interval provides 3 degrees of freedom (a mean and a hinge with separate 19th and 20th century slopes) and 
therefore provides a potentially more robust calibration. We thus investigate the sensitivity of the 
reconstruction to two different calibration intervals: 1) 1856-1980, and 2) 1900-1980. We note that the 
latter calibration intervals allow for the possibility of independent cross-validation of the 19th century 
borehole trends [with the calibration and cross-validation periods having  two and one temporal degrees of 
freedom respectively--one degree of freedom is lost in the cross-validation period owing to the required 
piecewise continuity of the 19th and 20th century trends]. The 1856-1980 calibration assumes that the 
estimated full 19th century borehole trend is representative of the trend during the latter 19th century. This 
assumption is conservative owing to the differing signs of the late 19th century instrumental and H00 
reconstructed 19th century trends. 
 
There are a number of simple weighting schemes that can be used. Perhaps the least defensible of these is 
that of  (1) uniform weights (ci=1), which is essentially equivalent to the methodology used by H00 
(although H00 do not calibrate their estimate). Using the calibrated H00 (uniform) weighting scheme 
applied to the 439 individual borehole records yields a reconstruction similar to, if slightly warmer than, the 
uncalibrated H00 reconstruction (whose mean we have referenced to the period 1900-1980 for comparison 
to the instrumental record; Figure 2, panel a). The reconstructions, however, shows considerable sensitivity 
to the calibration interval used. Using the 1856-1980 interval yields less cooling back in time, and a 
significantly warmer reconstruction than H00. This result arises from the fact that the 19th century 
instrumental series actually exhibits a cooling trend counter to the strong 19th century warming trend in the 
H00 reconstruction (or any uniform weighting of the borehole data), and strongly constrains the amount of 
19th century cooling allowed by the borehole reconstruction, if used for calibration. The most appropriate 
"uniform" weighting scheme involves forming a weighted sum of the 94 gridded borehole series, 
accounting  for  their areal representation over the hemisphere  (i.e., using a latitudinal weighting factor 
ci=cos[i], where i is the latitude of the associated borehole gridpoint). Though the amplitude of the 
reconstruction varies depending on the details of the calibration, any uniform weighting of the borehole 
data imposes a monotonic trend since 1500, with a hemispheric temperature reconstruction of past centuries 
that is significantly colder than that of MBH99 (this is also true, though to a lesser extent, with the pre-
instrumental mean temperature borehole estimates of Harris and Chapman, 2001).  Moreover, a small 
increase in the calibrated 20th century slope extrapolates to significantly colder baseline temperature during 
the 15th-18th centuries. The H00 reconstruction  resolves 53% percent of the 1900-1980 decadal 
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instrumental temperature variance, nearly identical to the 54% resolved variance for the 1900-1980 
calibrated reconstructions. The verification 1856-1899 resolved variance (36% for the 1900-1980 calibrated 
H00 reconstruction; 28% for the latitude-weighted gridpoint calibration), shows  a considerably better 
match, however, than does the uncalibrated H00 reconstruction which shares only 6% common variance 
with the 1856-1899 instrumental record. In each of these cases the skillfulness of verification is limited by 
the fact that the uniform weighting scheme imposes a warming 19th century, counter to the cooling trend in 
the instrumental record. The monotonic long-term warming trend that arises in the uniform weighting 
scheme represents a very small residual that results from the cancellation of much larger, nearly spatially 
random positive and negative trends over the first 4 centuries (Figure 3). Because of the very low signal-to-
noise ratios in the individual borehole reconstructions, the uniform weighting scheme is far from the 
optimal weighting scheme, and the long-term trend is  highly sensitive to perturbing the weights from their 
uniform values. However, the sensitivity of the reconstruction to the precise calibration interval used 
diminishes as the methodology takes into account signal vs. noise issues in weighting the borehole data. 
 
A preferable approach (2) involves weighting the borehole gridpoint data by the strength of their 
relationship with local temperature trends, based on a local linear regression between the borehole and 
associated instrumental temperature gridpoint data  (ci= ri cos[i], where ri is the correlation coefficient 
between the borehole and temperature gridpoint series during the calibration interval). The associated 
pattern of weights is shown in Figure 4. This approach appropriately gives greater weight to boreholes in 
areas where the signal-to-noise in the associated temperature trend signal is greatest. The method allows for 
a negative relationship between the borehole and temperature gridpoint trends (which, as shown earlier, 
occurs for more than one in four gridpoints) which could arise for physically plausible reasons (e.g. if  
warming air temperatures are associated with decreases in  permafrost or decreases in insulating winter 
snowcover and increased ground exposure). However, we also investigate the case where a negative 
relationship is considered unphysical, and negative gridpoints weights are simply set to zero. In either case,  
the local regression weighting scheme yields a hemispheric temperature reconstruction that is considerably 
warmer in past centuries than the H00 reconstruction, though still somewhat colder, in general, than the 
MBH99 reconstruction (Figure 2, panel b). The reconstruction is less sensitive to the precise calibration 
interval used than in the uniform weighting scheme.  For the 1856-1980 calibration, the borehole 
reconstruction is nearly within the uncertainties of the MBH99 reconstruction, and the earliest (16th 
century) estimates from the borehole reconstruction are roughly consistent with the MBH99 reconstruction. 
The 19th century warming trend is strongly diminished, though still positive, and the 1856-1899 cross-
validation resolved variance (42%) is only moderately lower than the 54% calibration resolved variance. It 
is important to note, however, that the local regression-based weighting approach cannot identify and 
remove patterns of trend that are associated with non-climatic (i.e., land-use change) effects. 
 
A third, yet better approach generalizes upon the local regression weight scheme discussed above, but uses 
both local and non-local information to weigh the borehole gridpoint data by the strength of their 
relationship with large-scale patterns of variance in the instrumental and borehole data.  To accomplish this, 
we use a technique for imputing missing values in an incomplete dataset based on an iterative estimate of 
the underlying covariance structure of the dataset (Schneider, 2000). We apply this technique to the joint 
borehole and instrumental gridpoint data formulated as a single combined dataset in which values for the 
instrumental series are prescribed as absent prior to the calibration interval, but are optimally infilled based 
on the covariance information in the available data. We can then readily diagnose the set of weights on the 
borehole gridpoint data that yield the optimal temperature pattern reconstructions. This approach favors the 
weighting of borehole gridpoints which correlate during the calibration period with patterns of variance in 
the instrumental data, but also penalizes those boreholes which covary least well with the other borehole 
data during the entire five century interval. Because use is made of the covariance information in the long-
term borehole data, an implicitly greater number (six) of temporal degrees of freedom are available to 
constrain the optimal weights, yielding a more robust estimate. Figure 2 (panel c) shows the resulting 
reconstruction. It is noteworthy that the long-term reconstruction is largely robust with respect to the 
calibration interval used, with only slight differences between the 1856-1980 and 1900-1980 calibrations. 
For both calibration periods, the borehole hemispheric temperature reconstruction is statistically 
indistinguishable from the MBH99 reconstruction. The borehole reconstruction based on 20th century 
calibration independently produces the 19th century cooling trend in the instrumental temperature record 
(and MBH99 reconstruction) and yields a high (80%) cross-validation resolved variance for the 
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independent 1856-1899 period (this is larger than the 54% calibration period resolved variance primarily 
because of the lesser prominence of decadal variability, relative to trend, during this period of the 
instrumental record). Interestingly, the resulting trend is also similar to the borehole temperature 
reconstructions of  Skinner and Majorowicz (1999) for northwestern North America and Beltrami et al 
(1995) for eastern Canada,  using alternative functional space inversion techniques to that used by H00. In 
the latter case, the reconstruction was also shown to be similar to temperature reconstructions from tree ring 
information. 
 
The resulting spatial distribution of weights from the covariance-based approach is shown in Figure 4. It is 
instructive to compare with the pattern of weights based on local calibration weighting method. A 
considerably larger fraction of the borehole gridpoints are ascribed negative weights (50% vs. 29% in the 
case of local regression weighting approach for the 1900-1980 calibration interval).  Unlike the local 
regression weights, the covariance-based weighting scheme allows for the removal of patterns of warming 
in the borehole data that are not identified as relating to observed large-scale temperature changes.   In the 
covariance-based approach, the negative gridpoint weights do not necessarily indicate a negative local 
relationship between the borehole and  temperature gridpoint data. Rather, they imply that a combination of 
positive and negative weights on different patterns of variance in the borehole data can be used to remove 
patterns of bias in the borehole data network that appear unrelated to large-scale patterns of variation in the 
instrumental record during the calibration period. Such patterns of bias are evident in the discrepancy 
between the 20th century gridpoint temperature and borehole trends (Figure 1, lower panel).  Negative 
weights thus arise in regions where this pattern of bias has larger projections, even if the local temperature 
relationship is a positive one. Substantial negative weights are observed (for both calibration periods) in 
particular, over large parts of North America (especially western North America) where borehole 20th 
century trends show too much warming relative to the instrumental record  (Figure 1, lower panel). We 
interpret these negative weights here, as well as perhaps in other regions, as an attempt by the covariance 
algorithm to remove this spurious pattern of ground warming (likely associated with land use changes) in 
calibrating a surface temperature relationship.  By removing this spurious pattern from the calibrated 
relationship, the method teases out a substantial pattern of 19th and 20th century warming in the borehole 
data identified as unrelated to observed surface temperature changes, yielding for example a 19th century 
hemispheric cooling trend, while still matching the observed 20th warming trend. 
 
Borehole-based reconstructions of hemispheric temperature variations are most directly comparable to 
proxy-based estimates of annual hemispheric mean temperatures  (e.g. Mann et al, 1998;1999; Crowley and 
Lowery, 2000) and less comparable to those of  hemispheric/mid-latitude warm-season (Jones et al, 1998; 
Briffa et al, 2001) or, in particular, high-latitude warm-season (Overpeck et al, 1997) temperatures. These 
latter reconstructions, nonetheless, can be recalibrated against the instrumental full hemisphere annual 
mean series for comparison. Figure 5 compares the borehole temperature reconstructions from  the 
covariance-based weighting scheme described above, to the best-fit  piecewise linear trends (fit as a 
piecewise continuous sequence of century-long segments)  for a number of different proxy-based Northern 
Hemisphere temperature reconstructions. The borehole reconstruction is observed to be statistically 
indistinguishable not only from the MBH99 reconstruction, but also other recent proxy-based 
reconstructions (Crowley and Lowery 1999; and Jones et al, 1998--the latter, if calibrated against the mean 
annual 1856-1980 instrumental record). Also shown  for comparison are the MBH99 reconstruction based 
both on only non-tree ring, and only tree ring indicators (see Mann et al, 2001). The considerable overall 
similarity between even the tree-ring only proxy reconstruction and the optimal borehole temperature 
reconstructions refute the argument (Broecker, 2001) that tree-ring indicators are inherently less able to 
resolve century-scale variability than borehole data (Beltrami et al, 1995 and Majorowicz and Skinner, 
2001, have indeed already demonstrated otherwise). 
 
We have shown that previous estimates of ground temperature changes over the past five centuries based 
on uniformly weighted means of spatial borehole data are not a reliable estimate of surface air temperature 
variations in past centuries. As one introduces a weighting method which distinguishes between signal and 
noise in the data in an increasingly more optimal manner, one achieves an estimate of hemispheric 
temperature change that is increasingly close to previously published proxy-based estimates (Mann et al, 
1998; MBH99; Jones et al, 1998; Crowley and Lowery, 2000). The optimal weighting scheme, which takes 
into account coherence both within the borehole data and between borehole and instrumental data, and 
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effectively removes patterns of bias (e.g. due to land-use changes) from the borehole data, yields a 
reconstruction of Northern Hemisphere surface temperature variation which is statistically 
indistinguishable from proxy-based reconstructions of Northern Hemisphere temperature changes. It is thus 
incorrect to argue (e.g. Broecker, 2001) that the information from terrestrial borehole data conflict with 
conclusions regarding past hemispheric temperature changes from MBH99 or other proxy-based 
reconstructions. Rather, it appears that borehole data, properly analyzed, reinforce conclusions based on 
other proxy information. Moreover, there would  appear to be considerable merit in efforts to combine 
borehole and other low-resolution proxy climate indicators with high-resolution information from tree 
rings, corals, ice cores, and other high-resolution proxy data, in reconstructions of large-scale temperature 
patterns over the past millennium and further.  Such efforts are currently underway, and should lead to 
increasingly robust estimates of past climate change. 
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FIGURE CAPTIONS 
 
Figure 1 
 
Comparison of linear 20th century gridpoint trends 1900-1980 with the (91 gridpoint) borehole grid mask 
applied  for (a) gridded borehole reconstructions, (b) instrumental surface temperature record and (c) 
difference between borehole and instrumental trends. Scales are oC for the instrumental gridpoint data and 
nominal oC (based on H00 inversion) for the borehole gridpoint data.  
 
Figure 2 
 
Comparison of borehole reconstructions using different weighting schemes described in text, with MBH99 
reconstruction. The MBH99 reconstruction is smoothed on timescales longer than 40 years (thick magenta) 
with best-fit  century piecewise continuous linear trends (thick magenta, dashed),  shown for comparison 
with borehole, along with the associated   95% uncertainty (yellow shaded) region (see MBH99; Mann, 
2000).  Raw instrumental Northern Hemisphere series (light gray) is shown for comparison. A)  
Comparisons between Huang et al hemispheric reconstruction (referenced to the 1900-1980 mean of the 
instrumental record) and calibrated borehole reconstructions based on the uniform weighting scheme 
(scheme "1" in text), using different calibration periods and/or areal corrections, B) Comparison with 
calibrated borehole reconstructions based on local-regression weighting scheme  (scheme "2" in text), C) 
Comparisons with calibrated borehole reconstructions based on covariance-based weighting scheme 
(scheme "3" in text). 
 
Figure 3 
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Histogram of distribution of trends among the 439 individual Northern Hemisphere borehole 
reconstructions of H00 for each of the past five centuries. 
 
Figure 4 
 
Spatial map of relative weights on borehole gridpoint data, based on (a) local calibration method (scheme 
"2" in text), and (b) covariance-based weighting method (scheme "3" in text). Weights are shown based on 
both 1900-1980 and 1856-1980 calibration periods. For comparison, the simple uniform weighting scheme 
approach (scheme "1" in text) would have spatially-uniform weights, while the areally-adjusted uniform 
weighting scheme would show all positive weights, with only a small zonally-uniform variation with 
latitude. 
 
Figure 5 
 
Comparison of H00 and alternative borehole-based hemispheric trend reconstructions with best-fit 
piecewise continuous linear centennial scale trends for alternative proxy-based hemispheric temperature 
reconstructions, showing the 95% uncertainty region for the MBH99 centennial trend series. In the case of 
the Jones et al (1998) reconstruction, which is nominally an extratropical warm-season estimate, the series 
has been re-calibrated to the full Northern Hemisphere annual mean instrumental record based on both 
1856-1980 and 1900-1980 calibration periods. All other proxy-series shown are based on the original 
published calibrations, but aligned to conform to a 1961-1990 zero reference period. Raw instrumental 
Northern Hemisphere series (light gray) is shown for comparison. 
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From: Malcolm Hughes
To: Michael E. Mann
Subject: Re: Nature manuscript
Date: Wednesday, June 20, 2001 10:44:05 PM

Dear Mike - looks good.. I found some very small typos:
page 3 line 17, 'has', not 'have'
page 3, line 26 "interval", no 's'
page 5 line 10 insert "this" after"compare"?
Cheers, Malcolm
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From: Raymond S. Bradley
To: Michael E. Mann
Cc: mhughes@ltrr.arizona.edu; srutherford@virginia.edu
Subject: Re: Nature manuscript
Date: Thursday, June 21, 2001 6:34:50 AM

looks fine to me.
 From Nature's initial response, there is the potential to view this as an
assault on Huang & Pollack, though your reply was correct.  Nevertheless,
it would serve us to consider adding in something about Harris et al'
pre-20th century estimates, as we discussed in Rao's.  This would blunt
that point a bit...
Ray

Raymond S. Bradley
Professor and Head of Department
Department of Geosciences
University of Massachusetts
Amherst, MA 01003-5820

Tel: 
Fax: 
Climate System Research Center: 
Climate System Research Center Web Page:
<http://www.geo.umass.edu/climate/climate.html>
Paleoclimatology Book Web Site (1999):
http://www.geo.umass.edu/climate/paleo/html
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From: Michael E. Mann
To: Langenberg, Heike
Cc: mann@virginia.edu
Subject: RE: prospective submission
Date: Thursday, June 21, 2001 7:26:23 AM

Dear Heike,

We'll do as you suggest. Thanks for the help,

mike

At 10:16 AM 6/21/01 +0100, you wrote:
>Dear Mike,
>
>thanks for letting me know. There is no need to forward the PDF file of the
>manuscript to me as well as submit electronically, a short note to me on
>submission is fine to alert me.
>
>I look forward to seeing the paper, then.
>
>Cheers,
>Heike
>
>-----Original Message-----
>From: Michael E. Mann [mailto:mann@multiproxy.evsc.virginia.edu]
>Sent: 20 June 2001 20:26
>To: Langenberg, Heike
>Cc: mann@virginia.edu
>Subject: RE: prospective submission
>
>
>Dear Heike,
>
>Thanks for your reply.
>
>We *do* indeed think the manuscript merits publication as a "letter" rather
>than a shorter correspondence, because it represents a fundamental
>re-interpretation of the information contained in borehole data than what
>has been published before (by either Pollack et al, *or* others in that
>community).
>
>The supposed (we stress this qualifier) discrepancy between borehole and
>other proxy-based estimates of past temperature changes has formed the
>basis of a fundamental debate in the paleoclimate community during the past
>few years. By addressing this issue, we think we have made a major step
>forward in resolving what has been considered a substantial uncertainty
>regarding the true history of climate change in past centuries.  The
>publication of our manuscript as part of a "brief communication exchange"
>would belie its more fundamental importance, and we would just as soon
>publish elsewhere if this is Nature's disposition.
>
>My inclination at this point then is to go ahead, as you suggest, and
>electronically submit the full manuscript to Nature as a *letter* (I will
>inform you when I have done so, and forward the pdf file of the paper to
>you directly FYI, realizing that the latter action does not itself
>constitute an official submission). I'll look forward to hearing back from
>you at that point regarding your disposition on the manuscript.
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>
>Thanks in advance for your help, and best regards,
>
>mike
>
>At 06:14 PM 6/20/01 +0100, you wrote:
> >Dear Dr Mann,
> >
> >thanks for your presubmission enquiry. While your manuscript sounds
> >interesting in principle, from what you have sent, it seems to me that your
> >contribution mainly represents a critique of the paper by Huang et al
> >(2000), and would therefore most appropriately be considered as a Brief
> >Communication exchange.
> >Of course, based on only three paragraphs, it is hard to be entirely sure
> >which would be the best course of action, so if you feel that the paper
> >should not be published as a comment on Huang et al., feel free to send it
> >in as a letter.
> >
> >In any case, we will judge it when we see it, and we will get back to you
> >with an initial decision promptly.
> >
> >Please refer to our Guide to Authors (published in many issues of Nature
>and
> >on our website at http://www.nature.com) for information regarding length,
> >format, number of copies, etc., and submit electronically through our
> >website (please note that we cannot accept submissions by e-mail).
> >
> >We look forward to seeing the paper in due course.
> >
> >Best wishes,
> >
> >Heike Langenberg
> >
> >Senior Editor
> >
> >
> >
> >
> >-----Original Message-----
> >From: Michael E. Mann [mailto:mann@virginia.edu]
> >Sent: 19 June 2001 19:57
> >To: H.Langenberg@nature.com
> >Cc: mann@virginia.edu; srutherford@virginia.edu; rbradley@geo.umass.edu;
> >mhughes@ltrr.arizona.edu; frank@geo.umass.edu
> >Subject: prospective submission
> >
> >
> >Dear Dr. Langenberg,
> >
> >Pasted in below as text are the title, author list, and first 3 paragraphs
> >of a manuscript which my colleagues and I intend to submit for publication.
> >The paper addresses and resolves apparent discrepancies in borehole and
> >other proxy-based reconstructions of  hemispheric temperature variations
> >during the past five centuries. We believe that the implications are of
>wide
> >interest, and that the paper is appropriate for the diverse Nature
> >readership.
> >
> >I would greatly appreciate any initial feedback you can provide us
>regarding
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> >Nature's interest in considering this paper  for a formal review. If
> >requested, we can provide you with a high-quality pdf version of the
> >manuscript (including figures) in Nature format. We're hoping for an
> >accelerated review process for this manuscript, so we'd appreciate as
>prompt
> >a response as possible.
> >
> >Thanks in advance for you help.
> >
> >best regards,
> >
> >mike mann
> >
> >__________________________________________________________________________
> >
> >RECONCILING BOREHOLE AND OTHER PROXY-BASED ESTIMATES OF TEMPERATURE TRENDS
> >IN PAST CENTURIES
> >
> >Michael E. Mann(1)
> >Scott Rutherford(1)
> >Raymond S. Bradley(2)
> >Malcolm Hughes(3)
> >Frank Keimig(2)
> >
> >
> >1. Department of Environmental Sciences, University of Virginia,
> >Charlottesville, VA 22902
> >2. Department of Geosciences, University of Massachusetts, Amherst, MA
>01002
> >3. Laboratory of Tree-Ring Research, University of Arizona, Tucson AZ 85721
> >
> >Trends in Northern Hemisphere ground temperature estimated from terrestrial
> >borehole temperature profiles (Harris and Chapman, 1997; Pollack et al,
> >1998; Huang et al, 2000--henceforth "H00"; Harris and Chapman, 2001) appear
> >to demonstrate colder conditions during the 16th-19th centuries than
>"proxy"
> >based reconstructions of hemispheric surface temperature change (H00).
> >Proxy-based reconstructions employ combinations of high and medium
> >resolution indicators such as tree rings, corals, ice cores, lake and ocean
> >sediments, and historical documentary records  that have been scaled or
> >"calibrated" against the modern instrumental temperature record (e.g.
> >Bradley and Jones, 1993; Mann et al, 1998; 1999--henceforth "MBH99"; Jones
> >et al, 1998; Crowley and Lowery, 2000; Briffa et al, 2001) . These
> >reconstructions are consistent with model-based, theoretical estimates of
> >temperature trends over the past millennium (Free and Robock 1999; Crowley,
> >2001; Mann, 2000). The model estimates, however, are strongly dependent on
> >the sensitivity to radiative forcing assumed; if the larger borehole-based
> >trends estimated by Huang et al (2000) are correct, they imply higher
> >climate sensitivity than do the proxy-based reconstructions.  Resolving
>this
> >apparent discrepancy is thus essential, not only for a better understanding
> >of long-term natural climate variability but,  for constraining, from an
> >empirical perspective, the sensitivity of the climate to radiative forcing
> >(Crowley, 2001). We show that borehole-based estimates of surface
> >temperature changes for the past five centuries, when appropriately
>combined
> >and calibrated to form a hemispheric surface temperature reconstruction,
>are
> >in fact consistent with, and independently validate, proxy-based
>hemispheric
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> >temperature reconstructions.
> >
> >An apparent advantage of geothermal borehole data vis a vis  conventional
> >proxy indicators is that they provide temperature estimates that need not
>be
> >calibrated against the instrumental surface temperature record. Borehole
> >sub-surface temperature profiles are combined with a simple heat diffusion
> >inverse model, to estimate ground surface temperature changes back in time
> >(Pollack et al, 1997; Huang et al, 2000; Harris and Chapman, 1997; 2000).
>It
> >is typically assumed (e.g. H00) that boreholes sample mean annual ground
> >temperature variations. However, in regions with seasonal snowcover, the
> >ground will be insulated, to varying degree, from cold-season air
> >temperature variations.  Moreover, spring warming of the ground may be
> >damped, relative to the overlying atmosphere, by the process of  melting
>and
> >evaporation of  accumulated winter snowcover. Changes over time in the
> >duration and extent of seasonal snowcover can thus influence the borehole
> >temperature profiles, largely independently of mean annual temperature
> >variations.  Indeed, a number of other factors may influence borehole
> >thermal profiles, including inhomogeneities in the sub-surface not
> >adequately represented in the parameterizations of the diffusion model,
> >sub-surface fluid heat advection, changes in permafrost in polar regions,
> >and human and anthropogenic land use changes. Any such factors will
> >compromise the relationship between borehole-based ground temperature
> >estimates and the actual annual surface air temperature trends in the same
> >region (see e.g. Skinner and Majorowicz, 1999). Thus boreholes, like
> >conventional proxy climate indicators, must be calibrated against actual
> >surface air temperature measurements for a reliable reconstruction of past
> >temperature trends. Furthermore, this calibration should be subject to an
> >independent verification based on statistical cross-validation.
> >
> >Large-scale temperature reconstructions from borehole data have recently
> >been attempted by assimilating networks of borehole information, based on
> >two distinct methods of obtaining past temperature histories from borehole
> >information at a given borehole site. This includes the approach of Harris
> >and Chapman (1997; 2001) whereby a single pre-instrumental mean ground
> >temperature is estimated from the borehole temperature profile, and that of
> >Pollack and coworkers (Pollack et al, 1998; H00) who use a Bayesian inverse
> >method to estimate rates of ground surface temperature change for each of
> >the past five centuries. H00 estimate temperature reconstructions at each
> >borehole site by integrating these rates back in time, leading to a
> >piecewise continuous sequence of century-long temperature trends over the
> >past 500 years. Since they align the 20th century trend with the
> >instrumental record, any errors in the rates, unless they fortuitously
> >cancel, will lead to an increasingly biased estimate of mean temperature
> >back in time. H00 average a set of 453 individual borehole site temperature
> >reconstructions available over the Northern Hemisphere (out of a global
> >distribution of 616 sites) to obtain a reconstruction of Northern
>Hemisphere
> >mean temperature over the past 500 years. They claim a close agreement with
> >the annual instrumental Northern Hemisphere mean surface (combined land air
> >and sea surface) temperature record (Jones et al, 1999).  However, there
>are
> >some important discrepancies with the instrumental record as discussed in
> >more detail below. There are even greater discrepancies between the H00
> >reconstruction and other long-term proxy-based reconstructions of
> >hemispheric temperature variations. We demonstrate below that such
> >discrepancies do not result from any fundamentally inconsistent information
> >in the borehole, instrumental or  proxy data sources, but, instead, can be
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> >explained in terms of how the individual borehole reconstructions must be
> >weighted to form a representative hemispheric mean temperature estimate.
> >
> >
> >
> >_______________________________________________________________________
> >                     Professor Michael E. Mann
> >            Department of Environmental Sciences, Clark Hall
> >                       University of Virginia
> >                      Charlottesville, VA 22903
> >_______________________________________________________________________
> >e-mail: mann@virginia.edu   Phone:    FAX: 
> >          http://
> ><http://www.evsc.virginia.edu/faculty/people/mann.shtml%A0%A0%A0%A0%A0%A0%A
>0>%A0%A0%A0%A0%A0%A0> www.evsc.virginia.edu /faculty/people/mann.shtml
> ><http://www.evsc.virginia.edu/faculty/people/mann.shtml%A0%A0%A0%A0%A0%A0%A
>0>%A0%A0%A0%A0%A0%A0>
>
>_______________________________________________________________________
>                       Professor Michael E. Mann
>            Department of Environmental Sciences, Clark Hall
>                        University of Virginia
>                       Charlottesville, VA 22903
>_______________________________________________________________________
>e-mail: mann@virginia.edu   Phone:    FAX: 
>         http://www.evsc.virginia.edu/faculty/people/mann.shtml

_______________________________________________________________________
                      Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm K. Hughes; Raymond S. Bradley
Cc: srutherford@virginia.edu; mann@virginia.edu
Subject: Re: Nature manuscript
Date: Thursday, June 21, 2001 7:47:59 AM

HI Malcolm,

Ray is referring to the Harris and Chapman paper (which we reference in the
manuscrip).

I did add in a bit more about Harris and Chapman (as we discussed) in the
revised draft. However, H.L. only saw the first 3 paragraphs anyways. I'm
hoping that when she sees the full paper, she will see that it is indeed
more than an attack on Huang and Pollack. She may be sensitive to this,
because they were criticized for publishing Huang and Pollack (it was
closed to being "over my dead body", but Peck and one other gave it a good
review), and she is the one who made the decision.

There is the possibility that she does not want to highlight a "mistake" of
hers, by giving us full letter/article prominence, and may prefer to give
them an opportunity to respond. If I get early indications that she is
going to be a bit difficult w/ this, I'll withdraw and submit to Science. I
think Science would be happy to publish this.

So lets just go ahead and get this submitted w/out further delay (Malcolm:
thanks for catching the typos, etc. Will fix those first), and then proceed
from there?

If no objections, will do so later on today. Thanks,

mike

At 06:54 AM 6/21/01 -0700, Malcolm K. Hughes wrote:
>Dear Ray - could you send the bibliographic details for the Harris et al
>paper,
>please? Cheers, Malcolm
>
>Quoting "Raymond S. Bradley" <rbradley@geo.umass.edu>:
>
> > looks fine to me.
> >  From Nature's initial response, there is the potential to view this as
> > an
> > assault on Huang & Pollack, though your reply was correct.
> > Nevertheless,
> > it would serve us to consider adding in something about Harris et al'
> > pre-20th century estimates, as we discussed in Rao's.  This would blunt
> > that point a bit...
> > Ray
> >
> >
> > Raymond S. Bradley
> > Professor and Head of Department
> > Department of Geosciences
> > University of Massachusetts
> > Amherst, MA 01003-5820
> >
> > Tel: 

ABOR/MH/Priv-005747



> > Fax: 
> > Climate System Research Center: 
> > Climate System Research Center Web Page:
> > <http://www.geo.umass.edu/climate/climate.html>
> > Paleoclimatology Book Web Site (1999):
> > http://www.geo.umass.edu/climate/paleo/html
> >
> >
> >
> >
>
>
>
>Professor Malcolm K. Hughes
>Laboratory of Tree-Ring Research
>W.Stadium 105
>University of Arizona
>Tucson, AZ 85721
>phone 520-621-6470
>fax 520-621-8229

_______________________________________________________________________
                      Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Ray Bradley; Malcolm Hughes; srutherford@virginia.edu; mann@virginia.edu
Subject: submission to Science?
Date: Thursday, January 03, 2002 5:31:39 PM

Dear All,

This follows up on discussions I've had w/ both Scott and Malcolm (haven't been able
to track Ray down yet). There seems to be a common sentiment for re-submission to
Science, with some changes in wording/emphasis (and a few additional
checks/calculations by Scott to cover our bases) and a carefully worded letter.

I'd like to send Jesse Smith a short email w/ the abstract of the paper, requesting his
feedback for potential interest. Suggestions appreciated,

Mike
______________
Dear Dr. Smith,

I would like to request pre-submission feedback from you regarding a prospective
submission to Science by my co-authors (S. Rutherford, R. Bradley, and M. Hughes)
and me entitled "Reconciling Borehole and Proxy-Based Estimates of Temperature
Trends in Past Centuries"

Our paper follows up on a study published in Nature by Huang et al (2000) using
terrestrial borehole data to attempt to reconstruct a history of Northern Hemisphere
temperature changes over the past five centuries. Their results yield significant
discrepancies with other estimates based on conventional climate "proxy" indicators,
but are based on  what many in the paleoclimate research community feel are deep
flaws in methodology and data quality. Heike Langenberg of Nature (who presided
over the editorial process for the Huang et al paper, and published it despite multiple
negative reviews) doesn't appear to be interested in publishing any criticism of the
Huang et al paper. 

The implications of the apparent discrepancies between temperature reconstructions
from boreholes and those from other more conventional "proxy" indicators are wide-
ranging, and we feel that our study, which resolves these apparent discrepancies
through the use of "optimal detection" techniques (such as are used in greenhouse
fingerprint detection) to isolate the true surface temperature signal contained in
borehole data, makes a fundamental contribution to clarifying the true nature of
climate trends in past centuries. In so doing, our analysis also better constrains, for
example, the likely sensitivity of the climate system to radiative forcing.

The abstract is provided below. We would appreciate any feedback you can provide
as to Science's interest in considering this manuscript for publication.

Thanks in advance for your feedback,

Mike Mann

Northern Hemisphere ground temperatures estimated from terrestrial borehole
temperature profiles1-4 appear to indicate colder conditions during the 16th-19th
centuries than "proxy" reconstructions of hemispheric surface air temperature
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based on tree rings, corals, ice cores, lake and ocean sediments, and historical
documentary records5-10. The proxy reconstructions appear consistent with
model-based, theoretical estimates of temperature trends over the past
millennium11,12. The model estimates, however, are strongly dependent on the
sensitivity to radiative forcing assumed; if the larger borehole-based trends are
correct, they imply higher climate sensitivity than do the proxy-based
reconstructions.  Resolving this apparent discrepancy is thus essential, not only
for a more reliable knowledge of long-term natural climate variability but,  for
constraining the sensitivity of the climate to radiative forcing12. We resolve this
apparent discrepancy by using conventional spatial signal estimation methods
to show that the  hemispheric surface temperature signal contained in  borehole
data, properly estimated, is in fact consistent with, and independently validates,
proxy-based hemispheric temperature reconstructions.

_______________________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Malcolm Hughes
To: Michael E. Mann; Ray Bradley; Malcolm Hughes; srutherford@virginia.edu; mann@virginia.edu
Subject: Re: submission to Science?
Date: Thursday, January 03, 2002 8:23:24 PM

Mike - I would go with your draft letter, with the exception
that I would quite definitely delete the sentence referring to
Nature and Heidi Langenberg. Let's give Science a chance to
decide on the merits of the abstract and the  scientific
background you give. Cheers, Malcolm
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From: Michael E. Mann
To: Malcolm Hughes
Cc: Michael E. Mann; Ray Bradley; srutherford@virginia.edu
Subject: Re: submission to Science?
Date: Thursday, January 03, 2002 8:24:59 PM

Thanks Malcolm--this echos Ray's comments as well.

I'll delete the offending sentences, and send to Jesse Smith,

Mike

At 08:23 PM 1/3/02 -0700, Malcolm Hughes wrote:
>Mike - I would go with your draft letter, with the exception
>that I would quite definitely delete the sentence referring to
>Nature and Heidi Langenberg. Let's give Science a chance to
>decide on the merits of the abstract and the  scientific
>background you give. Cheers, MalcolmMalcolm Hughes
>Professor of Dendrochronology
>Laboratory of Tree-Ring Research
>University of Arizona
>Tucson, AZ 85721
>520-621-6470
>fax 520-621-8229

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Malcolm Hughes
To: mann@virginia.edu; srutherford@virginia.edu; ray Bradley
Subject: Luterbacher
Date: Thursday, January 03, 2002 11:01:47 PM

Here's the text of the message I propose sending to the Swiss
guys - we should probably also send something similar to Phil
Jones. What do you think? Malcolm:
Dear Heinz and Juerg,
Many thanks for the Christmas card. I have a request. Mike
Mann, Scott Rutherford, Ray Bradley and I are preparing a
proposal to continue our large-scale reconstruction work. One
of its major emphases will be the use of proxies to reconstruct
sea level pressure on a hemispheric scale for as far back as the
available paleoclimatic data will allow. Obviously, the work in
which you have been involved, reconstructing both pressure
over a very significant sector of the Northern Hemisphere, and
the North Atlantic Oscillation, has provided a wonderful basis
for comparison for any effort such as the one we propose.
Therefore, we very much hope that it will be possible for us to
collaborate in this way, using your reconstructions as an
independent source of verification data back to AD 1675, of
course, in consultation with you.
If you agree, it would be very helpful if you could fax a letter
saying this to me at 1-520-621-8229. If you have any
questions about this, please do not hesitate to contact me.
Happy New Year! Malcolm

ABOR/MH/Priv-005815



From: Malcolm Hughes
To: Michael E. Mann
Cc: Michael E. Mann; Ray Bradley; srutherford@virginia.edu
Subject: Re: submission to Science?
Date: Thursday, January 03, 2002 11:07:35 PM

Looks good to me, Malcolm
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From: Raymond S. Bradley
To: Michael E. Mann; mhughes@ltrr.arizona.edu; srutherford@virginia.edu
Subject: Re: submission to Science?
Date: Friday, January 04, 2002 7:59:18 AM

The phrase I questioned is this:

>, but are based on what many in the paleoclimate research community feel
>are deep flaws in methodology and data quality.

I don't see what this adds to the manuscript submission and I suggest that
it be omitted.
Ray

Raymond S. Bradley
Professor and Head of Department
Department of Geosciences
University of Massachusetts
Amherst, MA 01003-5820

Tel: 
Fax: 
Climate System Research Center: 
Climate System Research Center Web Page:
<http://www.geo.umass.edu/climate/climate.html>
Paleoclimatology Book Web Site (1999):
http://www.geo.umass.edu/climate/paleo/html
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Although the climate has repeatedly swung between warm and cold
over the Earth's 4.5-billion-year history, the usual interpretation is that
the climate has been quite stable since the end of the last ice age
10,000 years ago.

"This record suggests that the amplitude of natural variability is larger
than the other records have suggested in the past," Dr. Cook said.

The data may help scientists refine their climate models to provide
better predictions of future warming.

An earlier reconstruction of temperatures over the past millennium by
Dr. Michael E. Mann, a professor of environmental sciences at the
University of Virginia, found a much smaller temperature rise in the
Medieval Warm Period, but the different numbers do not necessarily
contradict each other.

Dr. Mann's data covered the entire Northern Hemisphere — in addition
to tree rings, he included other indicators of past temperature like coral
reefs and ice cores from Greenland. Temperatures in the tropics vary
much less than those in the higher latitudes, he said.

Because the authors of the Science paper averaged their data over 40
years to smooth out year-to-year fluctuations, their temperature curve
does not reflect the most recent warming.

"They've kind of smoothed out of the record," Dr. Mann said. "It
doesn't support the conclusion that the medieval warmth was
comparable to the latter 20th century warmth."

Rather, the peak temperatures in the Medieval Warm Period are similar
to those seen in the first half of the 20th century, and that warming,
most scientists agree, was induced naturally, by a brightening of the
sun.
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The recent article by Esper et al (1) addresses important scientific questions on the spatial scale of past climate periods 
such as the so-called "Little Ice Age" and "Medieval Warm Period".  It also presents a valuable set of data and 
demonstrates a novel use of a promising technique. As already indicated (2) the basis used for comparison with 
previous studies of Northern Hemisphere temperature trends over the past millennium (3-5) is flawed. For this and 
other important reasons, the previously established conclusion (6) that late 20th century warming  appears to be 
unprecedented over at least the past millennium still stands.  
 
Esper et al, like previous studies (3-5) conclude that peak warmth approximately one thousand years ago was 
comparable to that of the mid 20th century. However, unlike these previous studies they did not compare the peak 
medieval warmth against that of the past few decades, wherein hemispheric temperatures have risen several tenths of a 
degree C further above mid 20th century levels.  Their study is thus not a refutation of the basic finding (6) that  late 
20th century warmth is anomalous in the context of at least the past millennium. 
 
The Esper et al reconstruction exhibits greater century-scale variability than the hemispheric reconstruction of  e.g. 
Mann et al (4), with the greatest differences seen in the level of cooling during the so-called 'Little Ice Age' (17th-19th 
centuries). As they indicate, some of these differences may have a geographic basis.  Esper et al estimate extratropical 
(and primarily, warm-season) temperature changes, using an entirely extratropical tree-ring data set.  The Mann et al 
reconstruction, in contrast, estimates temperature trends over the full Northern Hemisphere, using both extratropical 
(tree ring, ice core, and historical) and tropical (coral, tree ring, and high-elevation ice core) proxy data, and targeting 
the full Northern Hemisphere  temperature. Half of the surface area of the Northern Hemisphere temperature record 
estimated by Mann et al  lies at latitudes below 30N, while the Esper et al estimate is based entirely on latitudes above 
30N.  Tropical surface temperatures are typically less variable than extratropical continental surface temperatures on 
almost all timescales.  Hendy et al  (7) have shown, for example,  that there is little if any cooling in a substantial 
region of  the tropical Pacific during the "Little Ice Age", and argue that the main signature of the Little Ice Age is an 
increase in the poleward temperature gradient. Such inferences are consistent with recently demonstrated dynamical 
mechanisms for enhanced extratropical continental cooling in the Little Ice Age (8). More moderate temperature 
variations at the scale of the full Northern hemisphere (3-5) are consistent with model (6) simulations. 
 
Esper et al  use  the regional curve standardization (RCS) technique in their estimation of  temperatures between AD 
800 and 1100 in spite of  the cautions of Cook et al (9) and their own injunction that “Successful use of the RCS 
method generally requires a large number of ring-width series because the method of detrending is not based on any 
explicit curve-fitting to the individual series…….”. Large numbers of samples were used in their study, but not for the 
period around AD 1000. Figure 2 of their “Supplementary materials” shows that only 6 of the total of 14 sites covers 
this period, and that the total number of samples used for any one year is between 50 and 70. Dendrochronologists 
usually take two samples per tree, so their estimate of extratropical Northern Hemisphere temperature is probably based 
on 25 to 35 trees spread across six locations. This is a perilous basis for an estimate of temperature on such a large 
geographic scale. 
 
Rather than refuting past temperature estimates, the Esper et al record underscores the mounting evidence for 
substantial differences between tropical and extratropical temperature trends in past centuries, the need for more 
records of millennial length, and for a better understanding of the situations under which multicentennial climatic 
information may be extracted from tree ring data. 
 
Michael E. Mann, Department of Environmental Sciences, University of Virginia 
Malcolm K. Hughes, Laboratory of Tree-Ring Research, University of Arizona 
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From: Malcolm Hughes
To: michael E. Mann
Cc: rbradley@geo.umass.edu
Subject: borehole mss
Date: Tuesday, May 07, 2002 6:54:25 PM

Dear Mike,
I've been thinking some more about the various possible
ways forward that we discussed today, and I've also been
talking with Ray. Trying to stand back and focus on our
prime objectives leads me to the following thoughts:
1) The big idea is to get the interesting and very relevant
results on the relationship between the borehole data and
the instrumental data, and their implications for
reconstructions, published in a suitable journal. Although
rapid publication would be desirable, we should focus
primarily on getting the results out in a good place so
readers can reach their own judgements about the methods
and results. Life is too short, and we have too much else
to do on this project, to spend our time reforming the
procedures of journals right now.
2) We should avoid all appearance (and reality) of
pressuring any journal or organization. This will likely not
work, and even if it does will give the impression that we
are trying to do an end run around the normal process. I
do not believe that we could convince any organization
that their editor had "screwed" us, whatever we might
think. Our energy should go into getting the thing
published by positive methods. Therefore I, on reflection,
think it would be a very bad idea to try an accelerated
schedule through another AGU journal.
3) The manuscript is about borehole data, and therefore
any editor is certainly going to send it to at least one
borehole person to review. This is inescapable. Therefore
we could, perhaps, seize the initiative, as Ray suggests, by
approaching an Editor, saying "we've got something here
that's hotly controversial to this group, but of potential
interest to a much wider group, so how about publishing
this as part of a debate?". Two possibilities we might
consider are Climatic Change, and the new Holocene
rapid publication option.
In this way, especially adopting some of Phil's
suggestions, we get the issue and the (to me) compelling
results before the community. We can guess what the
"borehole" response will be, and folks can then decide
what they can believe - clearly laid out methods and
results or protestations of  "it's not fair to do this to our
borehole data".
Cheers, Malcolm
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From: Michael E. Mann
To: Malcolm Hughes
Subject: Re: borehole mss
Date: Tuesday, May 07, 2002 6:57:12 PM

Malcolm,

Lets talk ASAP. I've already put a couple hours in to this email, so I want
to make sure we're all on the same page before I waste more time on this.

I tried calling you at all your phone numbers, no answer. Can you call me
at  ASAP?

Thanks,

mike

At 06:54 PM 5/7/02 -0700, you wrote:
>Dear Mike,
>I've been thinking some more about the various possible
>ways forward that we discussed today, and I've also been
>talking with Ray. Trying to stand back and focus on our
>prime objectives leads me to the following thoughts:
>1) The big idea is to get the interesting and very relevant
>results on the relationship between the borehole data and
>the instrumental data, and their implications for
>reconstructions, published in a suitable journal. Although
>rapid publication would be desirable, we should focus
>primarily on getting the results out in a good place so
>readers can reach their own judgements about the methods
>and results. Life is too short, and we have too much else
>to do on this project, to spend our time reforming the
>procedures of journals right now.
>2) We should avoid all appearance (and reality) of
>pressuring any journal or organization. This will likely not
>work, and even if it does will give the impression that we
>are trying to do an end run around the normal process. I
>do not believe that we could convince any organization
>that their editor had "screwed" us, whatever we might
>think. Our energy should go into getting the thing
>published by positive methods. Therefore I, on reflection,
>think it would be a very bad idea to try an accelerated
>schedule through another AGU journal.
>3) The manuscript is about borehole data, and therefore
>any editor is certainly going to send it to at least one
>borehole person to review. This is inescapable. Therefore
>we could, perhaps, seize the initiative, as Ray suggests, by
>approaching an Editor, saying "we've got something here
>that's hotly controversial to this group, but of potential
>interest to a much wider group, so how about publishing
>this as part of a debate?". Two possibilities we might
>consider are Climatic Change, and the new Holocene
>rapid publication option.
>In this way, especially adopting some of Phil's
>suggestions, we get the issue and the (to me) compelling
>results before the community. We can guess what the
>"borehole" response will be, and folks can then decide
>what they can believe - clearly laid out methods and
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>results or protestations of  "it's not fair to do this to our
>borehole data".
>Cheers, MalcolmMalcolm Hughes
>Professor of Dendrochronology
>Laboratory of Tree-Ring Research
>University of Arizona
>Tucson, AZ 85721
>520-621-6470
>fax 520-621-8229

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: Malcolm Hughes
Cc: michael E. Mann; rbradley@geo.umass.edu
Subject: Re: borehole mss
Date: Tuesday, May 07, 2002 7:24:26 PM

HI Malcolm,

Unfortunately, I can't seem to reach you by phone, and we're all going back in forth
w/ me talking to Ray, Malcolm talking to Ray, Malcolm emailing me, etc. with lots of
wires now appearing to be getting crossed.

I've heard you both loud and clear...

So let me clarify how I would like to proceed:

My idea is actually quite similar to Ray's, w/ Steve Schneider and Climatic Change.
However, I feel that Robock and JGR-Atmosphers is a better way to go, at least in
the short term, because the paper is already essentially in the right format, and its
the same organization so easy to transfer reviews, etc.

The other implicit "cost" here is Scott's time. We can't afford (or at least, I can't
afford) to have him spending all his time reformatting this paper for different
journals. So the path of least resistance is to have this go over to JGR-Atmospheres.
I believe this would be far more effort and time efficient. I think it is perfectly
appropriate to request GRL to turn over the reviews to the JGR editor, and to allow
the JGR editor to solicit whatever additional reviews, etc. he feels is appropriate to
make his own decision. I don't consider this "pressuring" anyone, it is simply
recognizing the editor's point about JGR-Atmospheres being more appropriate, and
making the appropriate resources available to the JGR-Atmosphere editor to expedite
matters in a way that is  fair to us. I don't believe that this request would be
considered "unreasonable" by anyone, and I'm willing to forgo the idea of any letter
of "complaint" replacing it simply by a letter of "request" to the GRL chief editor.

As I discussed with Ray (right before I got this email from Malcolm), I would like to
talk to Alan Robock tomorrow, see what his attitude is towards this. If he has any
problem w/ this scenario, I won't pursue it further. But if he thinks this is reasonable,
I would like to ask the chief editor at GRL if he would be willing to turn over the
manuscript to him  (GRL manuscript + online supplemental methods section = JGR
paper w/ methods Appendix) along w/ the reviews. I would point out, though, that
the issue of format could have been resolved two months ago, and this is one good
reason for trying to expedite matters. 

I don't think there is anything inappropriate about this, and I believe it is our best
option in terms of getting this out in a timely fashion, and in an appropriate venue.

If Robock isn't comfortable w/ this scenaior, I'll happily defer to the scenario
suggested by Ray (and reitered by Malcolm below), e.g. consultation w/ Steve
Schneider and potential submission there w/ solicitation from the boreholers.

Does this sounds reasonable?

If there are no objections to the above scenario, I'll contact Alan tomorrow to get
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some feedback, and then get back to you both. Then we can decide how to proceed.

Please let me know this evening if at all possible!

thanks,

mike

At 06:54 PM 5/7/02 -0700, Malcolm Hughes wrote:

Dear Mike,
I've been thinking some more about the various possible 
ways forward that we discussed today, and I've also been 
talking with Ray. Trying to stand back and focus on our 
prime objectives leads me to the following thoughts: 
1) The big idea is to get the interesting and very relevant 
results on the relationship between the borehole data and 
the instrumental data, and their implications for 
reconstructions, published in a suitable journal. Although 
rapid publication would be desirable, we should focus 
primarily on getting the results out in a good place so 
readers can reach their own judgements about the methods 
and results. Life is too short, and we have too much else 
to do on this project, to spend our time reforming the 
procedures of journals right now.
2) We should avoid all appearance (and reality) of 
pressuring any journal or organization. This will likely not 
work, and even if it does will give the impression that we 
are trying to do an end run around the normal process. I 
do not believe that we could convince any organization 
that their editor had "screwed" us, whatever we might 
think. Our energy should go into getting the thing 
published by positive methods. Therefore I, on reflection, 
think it would be a very bad idea to try an accelerated 
schedule through another AGU journal.
3) The manuscript is about borehole data, and therefore 
any editor is certainly going to send it to at least one 
borehole person to review. This is inescapable. Therefore 
we could, perhaps, seize the initiative, as Ray suggests, by 
approaching an Editor, saying "we've got something here 
that's hotly controversial to this group, but of potential 
interest to a much wider group, so how about publishing 
this as part of a debate?". Two possibilities we might 
consider are Climatic Change, and the new Holocene 
rapid publication option.
In this way, especially adopting some of Phil's 
suggestions, we get the issue and the (to me) compelling 
results before the community. We can guess what the 
"borehole" response will be, and folks can then decide 
what they can believe - clearly laid out methods and 
results or protestations of  "it's not fair to do this to our 
borehole data".
Cheers, MalcolmMalcolm Hughes
Professor of Dendrochronology
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Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

_______________________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Raymond S. Bradley
To: Michael E. Mann
Cc: mhughes@ltrr.arizona.edu
Subject: Re: borehole mss
Date: Tuesday, May 07, 2002 8:15:45 PM

sounds fine to me

ray

At 10:28 PM 5/7/02 -0400, you wrote:
>HI Malcolm,
>
>Unfortunately, I can't seem to reach you by phone, and we're all going
>back in forth w/ me talking to Ray, Malcolm talking to Ray, Malcolm
>emailing me, etc. with lots of wires now appearing to be getting crossed.
>
>I've heard you both loud and clear...
>
>So let me clarify how I would like to proceed:
>
>My idea is actually quite similar to Ray's, w/ Steve Schneider and
>Climatic Change. However, I feel that Robock and JGR-Atmosphers is a
>better way to go, at least in the short term, because the paper is already
>essentially in the right format, and its the same organization so easy to
>transfer reviews, etc.
>
>The other implicit "cost" here is Scott's time. We can't afford (or at
>least, I can't afford) to have him spending all his time reformatting this
>paper for different journals. So the path of least resistance is to have
>this go over to JGR-Atmospheres. I believe this would be far more effort
>and time efficient. I think it is perfectly appropriate to request GRL to
>turn over the reviews to the JGR editor, and to allow the JGR editor to
>solicit whatever additional reviews, etc. he feels is appropriate to make
>his own decision. I don't consider this "pressuring" anyone, it is simply
>recognizing the editor's point about JGR-Atmospheres being more
>appropriate, and making the appropriate resources available to the
>JGR-Atmosphere editor to expedite matters in a way that is  fair to us. I
>don't believe that this request would be considered "unreasonable" by
>anyone, and I'm willing to forgo the idea of any letter of "complaint"
>replacing it simply by a letter of "request" to the GRL chief editor.
>
>As I discussed with Ray (right before I got this email from Malcolm), I
>would like to talk to Alan Robock tomorrow, see what his attitude is
>towards this. If he has any problem w/ this scenario, I won't pursue it
>further. But if he thinks this is reasonable, I would like to ask the
>chief editor at GRL if he would be willing to turn over the manuscript to
>him  (GRL manuscript + online supplemental methods section = JGR paper w/
>methods Appendix) along w/ the reviews. I would point out, though, that
>the issue of format could have been resolved two months ago, and this is
>one good reason for trying to expedite matters.
>
>I don't think there is anything inappropriate about this, and I believe it
>is our best option in terms of getting this out in a timely fashion, and
>in an appropriate venue.
>
>If Robock isn't comfortable w/ this scenaior, I'll happily defer to the
>scenario suggested by Ray (and reitered by Malcolm below), e.g.
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>consultation w/ Steve Schneider and potential submission there w/
>solicitation from the boreholers.
>
>Does this sounds reasonable?
>
>If there are no objections to the above scenario, I'll contact Alan
>tomorrow to get some feedback, and then get back to you both. Then we can
>decide how to proceed.
>
>Please let me know this evening if at all possible!
>
>thanks,
>
>mike
>
>At 06:54 PM 5/7/02 -0700, Malcolm Hughes wrote:
>>Dear Mike,
>>I've been thinking some more about the various possible
>>ways forward that we discussed today, and I've also been
>>talking with Ray. Trying to stand back and focus on our
>>prime objectives leads me to the following thoughts:
>>1) The big idea is to get the interesting and very relevant
>>results on the relationship between the borehole data and
>>the instrumental data, and their implications for
>>reconstructions, published in a suitable journal. Although
>>rapid publication would be desirable, we should focus
>>primarily on getting the results out in a good place so
>>readers can reach their own judgements about the methods
>>and results. Life is too short, and we have too much else
>>to do on this project, to spend our time reforming the
>>procedures of journals right now.
>>2) We should avoid all appearance (and reality) of
>>pressuring any journal or organization. This will likely not
>>work, and even if it does will give the impression that we
>>are trying to do an end run around the normal process. I
>>do not believe that we could convince any organization
>>that their editor had "screwed" us, whatever we might
>>think. Our energy should go into getting the thing
>>published by positive methods. Therefore I, on reflection,
>>think it would be a very bad idea to try an accelerated
>>schedule through another AGU journal.
>>3) The manuscript is about borehole data, and therefore
>>any editor is certainly going to send it to at least one
>>borehole person to review. This is inescapable. Therefore
>>we could, perhaps, seize the initiative, as Ray suggests, by
>>approaching an Editor, saying "we've got something here
>>that's hotly controversial to this group, but of potential
>>interest to a much wider group, so how about publishing
>>this as part of a debate?". Two possibilities we might
>>consider are Climatic Change, and the new Holocene
>>rapid publication option.
>>In this way, especially adopting some of Phil's
>>suggestions, we get the issue and the (to me) compelling
>>results before the community. We can guess what the
>>"borehole" response will be, and folks can then decide
>>what they can believe - clearly laid out methods and
>>results or protestations of  "it's not fair to do this to our
>>borehole data".
>>Cheers, MalcolmMalcolm Hughes
>>Professor of Dendrochronology
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>>Laboratory of Tree-Ring Research
>>University of Arizona
>>Tucson, AZ 85721
>>520-621-6470
>>fax 520-621-8229
>
>_______________________________________________________________________
>                     Professor Michael E. Mann
>            Department of Environmental Sciences, Clark Hall
>                       University of Virginia
>                      Charlottesville, VA 22903
>_______________________________________________________________________
>e-mail: mann@virginia.edu   Phone:    FAX: 
>         http://www.evsc.virginia.edu/faculty/people/mann.shtml

Raymond S. Bradley
Distinguished Professor and Head of Department
Department of Geosciences
University of Massachusetts
Amherst, MA 01003-5820

Tel: 
Fax: 
Climate System Research Center: 
Climate System Research Center Web Page: <http://www.paleoclimate.org>
Paleoclimatology Book Web Site (1999):
http://www.geo.umass.edu/climate/paleo/html
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From: Michael E. Mann
To: Raymond S. Bradley
Cc: Michael E. Mann; mhughes@ltrr.arizona.edu
Subject: Re: borehole mss
Date: Tuesday, May 07, 2002 8:31:00 PM

Hi Ray,

Thanks--talked to Malcolm too, and I think we're all on the same page now.

Will talk to Alan tomorrow morning, and let you guys know what he says.

More soon,

mike

At 11:15 PM 5/7/02 -0400, Raymond S. Bradley wrote:
>sounds fine to me
>
>ray
>
>At 10:28 PM 5/7/02 -0400, you wrote:
>>HI Malcolm,
>>
>>Unfortunately, I can't seem to reach you by phone, and we're all going
>>back in forth w/ me talking to Ray, Malcolm talking to Ray, Malcolm
>>emailing me, etc. with lots of wires now appearing to be getting crossed.
>>
>>I've heard you both loud and clear...
>>
>>So let me clarify how I would like to proceed:
>>
>>My idea is actually quite similar to Ray's, w/ Steve Schneider and
>>Climatic Change. However, I feel that Robock and JGR-Atmosphers is a
>>better way to go, at least in the short term, because the paper is
>>already essentially in the right format, and its the same organization so
>>easy to transfer reviews, etc.
>>
>>The other implicit "cost" here is Scott's time. We can't afford (or at
>>least, I can't afford) to have him spending all his time reformatting
>>this paper for different journals. So the path of least resistance is to
>>have this go over to JGR-Atmospheres. I believe this would be far more
>>effort and time efficient. I think it is perfectly appropriate to request
>>GRL to turn over the reviews to the JGR editor, and to allow the JGR
>>editor to solicit whatever additional reviews, etc. he feels is
>>appropriate to make his own decision. I don't consider this "pressuring"
>>anyone, it is simply recognizing the editor's point about JGR-Atmospheres
>>being more appropriate, and making the appropriate resources available to
>>the JGR-Atmosphere editor to expedite matters in a way that is  fair to
>>us. I don't believe that this request would be considered "unreasonable"
>>by anyone, and I'm willing to forgo the idea of any letter of "complaint"
>>replacing it simply by a letter of "request" to the GRL chief editor.
>>
>>As I discussed with Ray (right before I got this email from Malcolm), I
>>would like to talk to Alan Robock tomorrow, see what his attitude is
>>towards this. If he has any problem w/ this scenario, I won't pursue it
>>further. But if he thinks this is reasonable, I would like to ask the
>>chief editor at GRL if he would be willing to turn over the manuscript to
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>>him  (GRL manuscript + online supplemental methods section = JGR paper w/
>>methods Appendix) along w/ the reviews. I would point out, though, that
>>the issue of format could have been resolved two months ago, and this is
>>one good reason for trying to expedite matters.
>>
>>I don't think there is anything inappropriate about this, and I believe
>>it is our best option in terms of getting this out in a timely fashion,
>>and in an appropriate venue.
>>
>>If Robock isn't comfortable w/ this scenaior, I'll happily defer to the
>>scenario suggested by Ray (and reitered by Malcolm below), e.g.
>>consultation w/ Steve Schneider and potential submission there w/
>>solicitation from the boreholers.
>>
>>Does this sounds reasonable?
>>
>>If there are no objections to the above scenario, I'll contact Alan
>>tomorrow to get some feedback, and then get back to you both. Then we can
>>decide how to proceed.
>>
>>Please let me know this evening if at all possible!
>>
>>thanks,
>>
>>mike
>>
>>At 06:54 PM 5/7/02 -0700, Malcolm Hughes wrote:
>>>Dear Mike,
>>>I've been thinking some more about the various possible
>>>ways forward that we discussed today, and I've also been
>>>talking with Ray. Trying to stand back and focus on our
>>>prime objectives leads me to the following thoughts:
>>>1) The big idea is to get the interesting and very relevant
>>>results on the relationship between the borehole data and
>>>the instrumental data, and their implications for
>>>reconstructions, published in a suitable journal. Although
>>>rapid publication would be desirable, we should focus
>>>primarily on getting the results out in a good place so
>>>readers can reach their own judgements about the methods
>>>and results. Life is too short, and we have too much else
>>>to do on this project, to spend our time reforming the
>>>procedures of journals right now.
>>>2) We should avoid all appearance (and reality) of
>>>pressuring any journal or organization. This will likely not
>>>work, and even if it does will give the impression that we
>>>are trying to do an end run around the normal process. I
>>>do not believe that we could convince any organization
>>>that their editor had "screwed" us, whatever we might
>>>think. Our energy should go into getting the thing
>>>published by positive methods. Therefore I, on reflection,
>>>think it would be a very bad idea to try an accelerated
>>>schedule through another AGU journal.
>>>3) The manuscript is about borehole data, and therefore
>>>any editor is certainly going to send it to at least one
>>>borehole person to review. This is inescapable. Therefore
>>>we could, perhaps, seize the initiative, as Ray suggests, by
>>>approaching an Editor, saying "we've got something here
>>>that's hotly controversial to this group, but of potential
>>>interest to a much wider group, so how about publishing
>>>this as part of a debate?". Two possibilities we might
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>>>consider are Climatic Change, and the new Holocene
>>>rapid publication option.
>>>In this way, especially adopting some of Phil's
>>>suggestions, we get the issue and the (to me) compelling
>>>results before the community. We can guess what the
>>>"borehole" response will be, and folks can then decide
>>>what they can believe - clearly laid out methods and
>>>results or protestations of  "it's not fair to do this to our
>>>borehole data".
>>>Cheers, MalcolmMalcolm Hughes
>>>Professor of Dendrochronology
>>>Laboratory of Tree-Ring Research
>>>University of Arizona
>>>Tucson, AZ 85721
>>>520-621-6470
>>>fax 520-621-8229
>>
>>_______________________________________________________________________
>>                     Professor Michael E. Mann
>>            Department of Environmental Sciences, Clark Hall
>>                       University of Virginia
>>                      Charlottesville, VA 22903
>>_______________________________________________________________________
>>e-mail: mann@virginia.edu   Phone:    FAX: 
>>         http://www.evsc.virginia.edu/faculty/people/mann.shtml
>
>Raymond S. Bradley
>Distinguished Professor and Head of Department
>Department of Geosciences
>University of Massachusetts
>Amherst, MA 01003-5820
>
>Tel: 
>Fax: 
>Climate System Research Center: 
>Climate System Research Center Web Page: <http://www.paleoclimate.org>
>Paleoclimatology Book Web Site (1999):
>http://www.geo.umass.edu/climate/paleo/html
>
>
>

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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Climate reconstruction using ‘Pseudoproxies’
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[1] We test the performance of proxy based climate field

reconstruction methods using sets of synthetic proxy climate

indicators. ‘Pseudoproxies’ are constructed through the

degradation of instrumental surface temperature data by additive

noise with variable statistical properties. Experiments are

performed using pseudoproxy networks of varying spatial and

seasonal representation and with varying noise attributes.

Implications for sampling strategies for improved paleoclimate

reconstructions are discussed. INDEX TERMS: 1620 Global

Change: Climate dynamics (3309); 1694 Global Change:

Instruments and techniques; 3309 Meteorology and Atmospheric

Dynamics: Climatology (1620); 3344 Meteorology and

Atmospheric Dynamics: Paleoclimatology

1. Introduction

[2] Reconstructions of global climate in past centuries rely on the
ability of relatively sparse sets of proxy data to resolve large scale
patterns of variance in pre instrumental climate fields [e.g. Fritts et
al., 1971; Bradley and Jones, 1993; Overpeck et al., 1997;Mann et
al., 1998, 1999; Jones et al., 1998]. The skill of such reconstructions
can be established through cross validation with independent with
held instrumental data [e.g.,Mann et al., 1998]. Addressing broader
questions regarding the sensitivity to spatial sampling, data quality,
and prospects for improved reconstructions, however, requires
simulation of the paleoclimate reconstruction process.
[3] Kutzbach and Guetter [1980] first considered the problem

of determining what network of proxy information (precipitation
and temperature estimates from pollen) is required to reconstruct
large scale patterns of past climate (sea level pressure). Bradley
[1996] later examined sampling strategies for proxy based recon
struction of global mean temperature based on experiments with
instrumental and climate model data. Evans et al. [1998] consid
ered the impact of sampling distribution and regional signal
strength variations in suggesting strategies for reconstructing
tropical SST from multiple coral proxy records. To date, however,
no studies have systematically simulated the global climate field
reconstruction process using synthetic datasets with statistical
character emulating that of actual and potentially available global
multiproxy networks. Such is the purpose of this study.

2. Data and Methods

2.1. Instrumental Surface Temperature Data

[4] We make use of all nearly complete (<30% missing annual
data, with a requirement of a minimum of 6 months data in a given
year) land air/sea surface temperature gridpoint data from 1856
1998 [Jones et al., 1999], with missing data infilled using the
Regularized Expectation Maximization (‘RegEm’) technique
described by Schneider [2000]. This process is used to yield
1312 annual (Jan Dec) and 1118 warm season (Apr Sep) infilled,
continuous 143 year gridpoint series. The infilled annual mean
surface temperature field will serve as our target for subsequent
reconstructions.

2.2. Pseudoproxy Data

[5] Networks of pseudoproxy data are generated through the
degradation of the instrumental surface temperature gridpoint data
by an additive noise component. A given network of MPRX

pseudoproxy indicators of length N 143 years is constructed
from the random selection (without replacement) of MPRX of the
available MINSTR surface temperature gridpoints. For each of the
MPRX instrumental gridpoint series, we generated an additive noise
series an AR(1) process with autocorrelation as a priori specified
for that indicator, and with amplitude chosen to insure the signal/
noise ratio a priori specified for that proxy indicator. The pseudo
proxy network is subsequently used in experiments seeking to
reconstruct the surface temperature field itself, as described below.
[6] We examine sensitivity to the attributes of the pseudoproxy

network in the following ways: 1) We vary the number and
location of pseudoproxies to test the sensitivity to spatial sampling,
2) We use a mix of annual and warm season mean gridpoint series
to represent the variable seasonal sensitivity within the proxy
network (it is unnecessary to additionally include cold season
indicators, since a cold season half year mean is not statistically
independent from a combination of annual and warm half year
information), 3) We vary signal to noise (‘SNR’) ratios in the
pseudoproxies to test the sensitivity to proxy data quality, 4) We
vary the structure of the noise from ‘blue’ to ‘white’ to ‘red’
(through the noise autocorrelation ‘r’) to test the effects of
preferential loss of resolved variance by the proxy at high or
low frequencies. The noise parameters cab either be fixed, or
allowed to vary within the network with some specified ensemble
variance to simulate the variation in these attributes expected in
actual multiproxy data networks. We do not consider the additional
possible bias due to age model uncertainties (i.e., dating errors). It
should nonetheless be noted that the indicators used in previous
multiproxy reconstructions by Mann et al. [1998, 1999] were
based almost exclusively on multiply replicated chronologies,
minimizing the influence of this latter potential source of bias.

2.3. Calibration and Cross-Validation

[7] Annual mean temperature patterns are reconstructed based
on calibration of the (potentially seasonally mixed) information in
the pseudoproxy network against the M 1312 annual mean
surface temperature gridpoint series during a training period of
duration equal to half the full available (143 year) interval. A split
calibration/verification procedure was used wherein both the
1856 1927 and 1928 1998 periods were alternatively used for
both calibration and for verification (i.e., independent testing of the
reconstructions with withheld instrumental data). The results
obtained were similar in both cases. We focus, however, on the
‘early miss’ experiments in which the later data are used for
calibration, and for which the influence of non stationarity in the
climate is minimized [see Rutherford et al., 2002].
[8] The calibration technique is a generalization of the Mann et

al. [1998, 1999] approach making more complete use of the data
covariance information [see Schneider, 2001; Rutherford et al.,
2002]. Calibration is accomplished through estimating the corre
lation matrix of the merged pseudoproxy + instrumental surface
temperature data series. The reconstruction uses the calibrated
covariance information to estimate the (missing) gridpoint temper
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ature from only the (available) pseudoproxy indicators during the
independent reconstruction (and, in this case, verification) interval.
[9] For the purposes of simplicity, only temperature indicators

are considered. Actual multiproxy data are potentially sensitive to
other climate variables (e.g., precipitation). Since the calibration
method makes no assumptions of a local relationship between the
proxy indicator and the large scale temperature field, the impact of
non temperature influences is largely accommodated through
SNRs which vary within the pseudoproxy indicator ensemble.
For example, large precipitation anomalies are typically associated
with a local low pressure anomaly, which is in turn associated,
albeit not necessarily in a simple linear manner, with significant
advective surface temperature variations in other regions. Thus, a
precipitation sensitive proxy indicator provides information about
the large scale temperature field, though with a non local and
potentially weaker effective signal.
[10] We made use of two distinct diagnostics of the data

variance resolved by the reconstructions [see e.g. Cook et al.,
1994] including the reduction of error (‘RE’) which uses the
calibration period climatology as a baseline (this is called ‘b’ by
Mann et al., [1999]), and the coefficient of efficiency (‘CE’) which
instead employs the verification period climatology as a baseline:

RE ¼ 1
XN
i 1

ð ŷi yiÞ2
.XN

i 1

ð ŷi yicÞ
2 ð1Þ

CE ¼ 1
XN
i 1

ð ŷi yiÞ2
.XN

i 1

ð ŷ yivÞ
2 ð2Þ

RE 0 and CE 0 represent the scores for a reconstruction which
simply specifies the climatological mean, and thus only positive
values of the statistics indicate statistically significant skill. CE 0
is a more challenging threshold since, unlike RE, CE does not

reward reconstructing an observed change in mean relative to the
calibration period. Verification RE and CE scores are computed for
both global domain mean temperature (‘Glb’) and for the full
multivariate field [‘Mlt’ in this latter case the sums in (1) and (2)
extend both over time and over the MINSTR annual mean
temperature gridpoints].
[11] Uncertainties in the reconstructions can be estimated from

the residual uncalibrated verification period variance. We also
examine the spectra of calibration residuals for evidence of system
atic bias associated with preferential loss of reconstructed variance
at high or low frequencies.

3. Results

[12] A number of experiments were performed with pseudo
proxy networks of varying sampling density, SNR, noise autocor
relation, and mix of seasonal influence. Table 1 summarizes results
from a number of these experiments in which these sampling/noise
parameters were varied. Allowing the noise parameters to vary
randomly in space within each experiment yielded results indistin
guishable from experiments in which they were fixed at an
ensemble mean so that, for simplicity, results from the former are
not shown. Some general observations from these experiments are:

i) Reconstructive skill is insensitive to the mix of seasonal vs.
annual information over a fairly large fractional range.

ii) Reconstructive skill is largely insensitive to the spectrum of
the noise, though, as discussed below, the spectrum of verification
residuals (which has implications for the nature of uncertainties in
reconstructed values) is not.

iii) At denser concentrations of available pseudoproxy net
works, there is relatively little sensitivity to the precise distribution
of the pseudoproxies. At lower concentrations (e.g., less than 100

Table 1. Reconstruction Experiments for Different Pseudoproxy Network Indicating Experiment Group (w/ Number of Experiments in

Parentheses), Number of Pseudoproxies (MPRX), % of Surface Temperature Gridpoint Data Represented, % Annual (vs Warm Season)

Indicators in Network (A%), Ensemble Mean Signal to Noise Ratio (SNR), Ensemble Mean Noise Autocorrelation (r), and RE and CE

Statistics for Full Field (‘Mlt’) and Global Mean (‘Glb’) Series

# MPR

EARLY VERIF RE CE

% A% SNR r Mlt Glb Mlt Glb

1 (2) 656 50 100 1 0.0 0.480 0.970 0.270 0.870
2 (2) 50 0.5 0.0 0.340 0.945 0.090 0.640
3 (2) 367 70 100 1 0.0 0.470 0.970 0.260 0.800
4 (2) 50 0.5 0.5 0.330 0.935 0.065 0.570
5 (2) 197 85 100 1 0.0 0.445 0.985 0.225 0.880
6 (4) 0.5 0.280 0.925 0.00 0.525
7 (3) 50 0.5 0.275 0.930 0.01 0.520
8 (2) 0.5 0.290 0.910 0.01 0.375
9 (2) 0.5 0.305 0.890 0.055 0.470
10(2) 112 91.5 100 1 0.0 0.415 0.960 0.185 0.765
11(1) 30 0.385 0.965 0.145 0.780
12(2) 0.7 0.305 0.925 0.045 0.610
13(4) 0.5 0.275 0.875 0.015 0.335
14(3) 50 0.270 0.845 0.010 0.305
15(2) 30 0.265 0.845 0.015 0.370
16(2) 100 0.5 0.280 0.860 0.015 0.290
17(2) 0.5 0.280 0.855 0.030 0.380
18(3) 0.4 0 0.250 0.810 0.01 0.240
18A 0.240 0.780 0.02 0.125
18B 0.245 0.840 0.01 0.375
19(2) 50 0.5 0.255 0.810 0.005 0.185
19A 0.255 0.790 0.005 0.235
20(2) 100 0.9 0.300 0.855 0.035 0.210
21(2) 0.3 0.200 0.690 0.030 0.080
22(2) 63 95.0 100 1 0 0.380 0.955 0.14 0.72
23(2) 0.5 0.245 0.785 0.00 0.18
24(2) 37 98.5 100 1 0 0.360 0.920 0.12 0.75
26(1) 20 95.5 100 1 0 0.320 0.860 0.095 0.62
28(1) 13 99 100 1 0 0.275 0.750 0.055 0.185
29(1) 50 0.5 0.12 0.305 0.00 0.04
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closely resembles that for actual proxy data Indeed, an SNR of0.4

is equal to an average shared variance between proxy and instru

mental gridpoint of r 0.29, (r2 0.08), which is typical of
estimates of local temperature correlations with multiproxy indi

cators [see e.g. Jones et al., 1998],

[14] Global mean temperature reconstructions arc compared

against the actual infilled verification period global mean temper

ature series (Figure 2). Also shown are the corresponding residuals

and their associated spectra. For pseudoproxies with a white noise

component, the spectrum of residuals is itself approximately white.

For pseudoproxies with a red noise component, on the other hand,

the spectrum of residuals shows similar evidence of redness. If

actual proxy indicators have a red noise error component, which is

equivalent to die preferential loss of lower frequency information,

estimates ofuncertainties in the longest timescales of variation will

be larger than is indicated from the nominal unresolved variance,

and must be taken into account in estimating appropriate confi

dence intervals [e.g. Mann etal., 1999],

[15] At relatively modest percentages ofmissing data, the recon

structive skill is relatively insensitive to the precise spatial sampling

(because most spatial degrees of freedom in the field are sampled).

However, greater sensitivity is observed at lower sampling densities

(particularly at lower SNR. The resolvability ofENSO scale temper

ature patterns of variance depend somewhat sensitively, for exam

pie, on how well the eastern tropical Pacific is sampled. Figure 3

compares the actual infilled instrumental surface temperature pattern

for 1877(a), a known strong El Nino year, along w/ reconstructions

based on 1 12 randomly distributed pseudoproxies with (b) no noise,

and with (c, d) SNR of 0.4 for two different random realizations.

Note that distribution (c), with greater sampling in the eastern and

central tropical Pacific, more feithfully captures the El Nino related

pattern ofwarmth for that year than another distribution (b) with the

4

2-
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Pseudoproxy

Instrumental

4
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0

-2 .

-4
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Figure 1. Sample 'Pseudoproxy' series for two gridpoint

locations (top) 37. 5N, 22.5E and (bottom) 12.5N, 32. 5W from

experiment 18A (Table 1) along with the associated actual

instrumental annual mean temperature series.

pseudoproxies) this is less true. There is more discussion of this in

the context of a specific example below.

[13] In Figure 1 we show two sample 'pseudoproxy' indicators

along with the corresponding instrumental annual gridpoint surface

temperature series taken from one such experiment ('ISA: white
noise component w/ SNR 0.4, 112 annual mean only temper

ature pseudoproxies available). Visually, the comparison between a

typical pseudoproxy and corresponding surface temperature series

same global sampling density and SNR
[16] It is of interest to compare the results of the pseudoproxy

experiments with those obtained for actual multiproxy reconstruc

tions [Mann et al., 1998, 1999]. For example, experiment 19A in

Table 1, with SNL 0.4, p 0.5, and 50/50 split between annual vs.

warm season indicators compares favorably with the results

obtained using the 'RegEm' approach on e.g. the same 112

indicators proxy indicators of Mann et al. [1998] that are available
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Figure 2. Global mean surface temperature reconstruction (red) along with actual infilled data (blue) for experiments 18A and 19A.

Residuals are shown (green) along with the corresponding spectrum of residuals (right) based on multiple taper procedure described by

Mann and Lees [1996].
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60 reconstruct instrumental surface temperature patterns over inde
40 pendent intervals in time support conclusions from cross validation

20 results ft>r actual proxy reconstructions, regarding the indicated
levels of reconstructive skill. These results furthermore place upper

limits on the possible resolved variance in proxy based paleocli

mate reconstruction, based on experiments using "perfect" (noise

free) proxies. Finally, the results of these experiments support at
-60 least two distinct strategies for improved proxy based large scale

™ 60 surface temperature pattern reconstructions. Similar levels of
| resolved spatial variance can be obtained by a strategy of wide

spread sampling (hundreds ofproxies) with relatively low SNRs, or

more selective sampling with a smaller number ofproxy indicators

with higher signal to noise ratios. In the latter case, in particular,

-2° certain regions are likely to be of particular importance in such
-40 strategies (e.g. the tropical Pacific). Initial experiments with forced

-60 and control model simulations using noise free indicators are

described by Rutherford et al. [2002], Similar experiments generat

ing long synthetic proxy climate time series are currently underway.

• |] 40 Such experiments should allow us to investigate implications on
20 longer timescales that cannot be addressed with experiments, such

as are described here, based on resampling the instrumental record.
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on the fidelity of Ihe reconstructed pattern.

back to 1 820 (Gib 0.82, Mlt 0.25). Though the intent here is to

address the underlying sampling issues as generally as possible, it is

worth noting that an experiment using the approximate actual

locations of 1he 112 indicators used by Mann et al. [1998] yields

quite similar results (Gib 0.85, Mlt 0.26). Taking this as a

baseline estimate of the fidelity of global surface temperature
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networks, it is possible to use the results of these experiments (i.e.
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either on the acquisition ofmore widespread or higher quality proxy
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4. Conclusions

[17] The results of the experiments using synthetic 'pseudo

proxy' indicators derived from the instrumental record itself to
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From: Michael E. Mann
To: Raymond S. Bradley
Cc: mhughes@ltrr.arizona.edu; srutherford@virginia.edu
Subject: Re: this just in...
Date: Friday, November 01, 2002 10:05:28 AM

Hi Ray,

Yes, I just got the same message from Majorowicz (pronounced "Mahorawitts"!). Will read it
over, but unlikely to make any further modifications at this point!

mike

At 11:51 AM 11/1/2002 -0500, you wrote:

Date: Sat, 02 Nov 2002 09:35:36 -0700
From: "Dr. Jacek Majorowicz" <majorowicz@shaw.ca>
Subject: majorowicz/jgr
To: rbradley@geo.umass.edu
Organization: Northern Geothermal
X-Mailer: Microsoft Outlook Express 6.00.2720.3000

Dear Sir:
Enclosed is across Canada study of warming/cooling patterns from well
temperature data which I have just published in October issue of JGR
Red.
I hope that it may be of interest to you.
With best regards
Majorowicz
Edmonton, Canada

Raymond S. Bradley
Distinguished Professor and Head of Department
Department of Geosciences
Morrill Science Center
611  North Pleasant Street
AMHERST, MA 01003-9297

Tel: 
Fax: 
Climate System Research Center: 
Climate System Research Center Web Page: <http://www.paleoclimate.org>
Paleoclimatology Book Web Site: http://www.geo.umass.edu/climate/paleo/html

_______________________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

il: mann@virginia.edu   Phone:    FAX: 
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         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes
Subject: Re: Fwd: 2002JD002532R Decision Letter
Date: Saturday, November 09, 2002 1:29:22 PM

thanks, I've already posted this on my website under the 'reprints' section, and sent the link
to various colleagues who are interested in this debate (Trenberth, Briffa, Crowley, Overpeck,
etc.) and also sent copies to Jesse Smith and Dick Kerr at Science--who knows, they might
decided its interesting enough to do a bit of publicity.

Also, I've alerted Mark Eakin so that we can provide the data online at the time of publication.

Will keep you posted,

mike

At 01:18 PM 11/9/2002 -0700, you wrote:

Mike - congratulations. Malcolm
.
.
Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

_______________________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

il: mann@virginia.edu   Phone:    FAX: 

     http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Malcolm Hughes
To: mann@virginia.edu
Subject: update
Date: Tuesday, December 03, 2002 9:27:47 PM

Dear Mike - just checking in. I will not make it to AGU. I just
got back from a (not very fruitful) meeting in Japan, and
realized that I have a huge backlog of unfulfilled
commitments, including the work on our new dataset, so I
canned my attendance in order to try to catch up. I will go to
EGS, and will be in touch about an abstract probably
sometime in the next three weeks before I head off to Europe
on Dec 25 for a couple of weeks family stuff.
The one interesting thing about the Japan meeting is that a
bunch of borehole types were there, mainly Japanese, but also
Cermak and Safanda from the Czech Republic. The latter
seems to be a very careful guy, who takes the view that they
can't really say anything meaningful about anything other than
decadal features in GST in the 20th century and century-scale
in the 19th, and nothing before that. Probably not too popular
with some of their colleagues. 
I really regret not having the chance to meet with you and
other folks at AGU, but I decided that I should put a premium
on getting some work done rather than talking about old work.
I'd be really interested to hear how it all goes. When do you
return to Virginia from NYC? Cheers, Malcolm
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu
Subject: boreholes
Date: Saturday, April 26, 2003 9:47:01 AM

Hi Malcolm,

You (and perhaps Peck and others) might like to view my EGS talk which can be
downloaded here (powerpoint format):

ftp://holocene.evsc.virginia.edu/pub/mann/egs03.ppt

One thing I've shown there (which isn't actually in either paper) is that the simple
arithmetic mean of the boreholes vastly overestimates the warming in the co-located
instrumental SAT gridpoints over the period 1900-1980 (the Pollack papers claim they
get a good fit to the instrumental record, but upon inspection the boreholes are
warming way to much, since the majority of them don't actually capture the last
couple decades, and it is only by extrapolation of his 20th century rate (which really
reflects 1900-1980 on the average) that the overall warming look reasonable.

he gridded areally weighted boreholes actually show a better match in terms of the
amplitude of the 1900-1980 boreholes. And, of course, one expects to
underestimate  the actual warming w/ a set of indicators (the boreholes) that
calibrate little of the spatial variance in the instrumental data, thus our optimal
reconstruciton, not surprisingly has less temporal variance (including less warming in
the 20th century) than the raw or gridded borehole estimates.

 tried to raise this as a red herring in his EGS talk and I caught him
on it. Henry may try the same,

mike

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu
Subject: Re: book from April meeting
Date: Thursday, September 16, 2004 8:09:58 AM

HI Malcolm,

I've given this some thought, and I think I better decline for the following reasons.  I
have to coordinate our efforts on the current NOAA proposal so that we get these
revised multiproxy reconstructions done and written up over the next several months.
This is a key priority. On top of this, Henry Pollack has now agreed to work w/ me to
write a joint paper trying to reconcile (to the extent possible) the borehole vs. other
evidence, and that may take a fair amount of time.

So I'm not sure I could produce a book chapter even on the extended timeline you
mentioned.

I think you guys can probably cover quite effectively the material I would have
covered between the contributions in chapters 1,2,4, and 5. So I don't think that me
opting out would threaten the success of the volume. But if you feel strongly
otherwise, let me know...

I hope you don't mind too much,

Mike

At 06:08 PM 9/13/2004, Malcolm Hughes wrote:

<?xml version="1.0" ?> 
Dear colleagues,
This is a very belated follow-up to a conversation we (the organizers and keynote
speakers) had at the April meeting in Tucson. We have managed to get a
publisher (The University of Arizona Press) interested in producing a book at an
affordable price. We very much hope that your schedule and commitments will
allow you to take part in the writing of this book. 
Please take a look at the draft prospectus (attached), in particular at the details of
the chapter to which your name is presently attached. You will also notice that
there is a proposed schedule for the development of the book.
Would you still be interested in contributing to this book? Do you think that your
contribution could fit the rather general description given in the draft prospectus,
and in particular the general objective of the book as described at the beginning
of the prospectus? We very much hope your answer to all of these questions will
be yes, but of course we will willingly engage in discussion with you about the
topic and structure of your potential contribution, including recruiting co-authors
to work with you (you can find the abstracts of talks and posters from the April
meeting at: http://www.ltrr.arizona.edu/~mhughes/April04conf/program.htm . ).
If you think it’s a good idea, and that you could, in principle, contribute, do you
expect to be able to write and revise your chapter within the time frame described
in the prospectus (see “Procedure and Schedule”)? Please let us know as soon as
possible, and in any event, in the next two or three weeks, so that we have time to
work with you on the outline of the chapter so as to make the book fit together.
Please reply to mhughes@ltrr.arizona.edu , with the words ”focus book’ in the
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subject field.
We think that this could be a valuable book, and that the time is more than ripe
for it. Our field is increasingly touching on important or controversial matters of
interest far outside its specialist confines. This book could be a valuable tool in
communicating with colleagues who need to understand what we’re up to, its
strengths, limitations, and future possibilities.
Best regards, Malcolm Hughes, Henry Diaz and Tom Swetnam
.
.
.
.
- -
Malcolm K. Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
W. Stadium 105
University of Arizona
Tucson, AZ 85721
USA
e-mail: mhughes@ltrr.arizona.edu
telephone: 520-621-6470
fax:520-621-8229
www.ltrr.arizona.edu
The following section of this message contains a file attachment
prepared for transmission using the Internet MIME message format.
If you are using Pegasus Mail, or any other MIME-compliant system,
you should be able to save it or view it from within your mailer.
If you cannot, please ask your system administrator for assistance.

   ---- File information -----------
     File: prospectus as sent to authors.doc
     Date:  13 Sep 2004, 14:47
     Size:  30720 bytes.
     Type:  Unknown

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Ray Bradley; k.briffa@uea.ac.uk; mhughes@ltrr.arizona.edu; Phil Jones; t.osborn@uea.ac.uk
Subject: rough draft
Date: Thursday, November 14, 2002 1:40:27 AM
Attachments: nhproxy.doc

Dear All,

Attached is a rough draft of the intercomparison paper we've been promising for some time.
Its involved a vast array of different experiments, and significant CPU time, hence the delay
in finally getting a draft of the results together.  As you'll see, there are still some details that
need to be filled in and checks that need to be made (comments or inquiries are in red font).
While Scott looks into those, though, I wanted to give everyone a chance to look at the draft
and provide any feedback they may have at this stage, to help us get moving in finalizing a
draft.

My own feeling is that Journal of Climate would be an appropriate place to submit this, but
I'm open to other thoughts on this...

Please provide any comments to Scott (or feel free to cc to the whole group as well).

Looking forward to your feedback.

cheers,

mike

_______________________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

il: mann@virginia.edu   Phone:    FAX: 

     http://www.evsc.virginia.edu/faculty/people/mann.shtml
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An intercomparison of Proxy-based Northern Hemisphere Surface Temperature 
Reconstructions:  Sensitivity to  Methodology, Predictor network, Target Season, 
and Target Domain 
 
Scott Rutherford, Michael E. Mann, Raymond S. Bradley, Keith R. Briffa, Malcolm K. 
Hughes, Philip D. Jones, Timothy J. Osborn 
 
to be submitted to Journal of Climate (other  Suggestions?) 
 
ABSTRACT: 
 
Results are presented from a set of intercomparison experiments designed to control for 
various factors that may influence reconstructions of large-scale temperature patterns in 
past  centuries. The factors controlled for include (1) the methodology used to assimilate 
proxy data into a climate reconstruction, (2) the proxy data network used, (3) the target 
season , and (4) the spatial domain of the reconstruction. Estimates of hemispheric mean 
temperature trends are formed through spatial averaging of large-scale reconstructed 
surface temperature patterns. The reconstructed patterns are based on the 'local 
calibration' of proxy and instrumental data and from a more elaborate multivariate 
climate field reconstruction (CFR) approach. The experiments compare results based 
both on the global 'multiproxy' data set used by Mann and coworkers and the 
extratropical Northern Hemisphere maximum late wood tree-ring density ('MXD') set 
used by Briffa and coworkers. Northern hemisphere mean estimates are compared for the 
full Northern hemisphere (tropics and extratropics, land and ocean), and extratropical 
continents only, using differing (cold-season half year, warm-season half year, and 
annual mean) seasonal target windows for the reconstructions. These comparisons 
demonstrate the importance of considering the target region and seasonality of the 
reconstruction, while the details of the proxy network used or reconstruction 
methodology used appear to be of secondary importance.  While our results confirm the 
expected dependence of the details of hemispheric temperature reconstructions on 
seasonal, spatial, and methodological considerations,  they also establish the generally 
robustness nature of previously published estimates of Northern Hemisphere mean 
temperatures trends in past centuries. 
 
1. Introduction: 
 
Both the dramatic increase in global temperatures during the 20th century (e.g. Folland et 
al, 2001) and the similarity of the pattern of warming to model predictions (e.g. Mitchell 
et al, 2001) are suggestive of an anthropogenic influence on 20th century global 
warming. However, any definitive detection of such influence rests on the assumption 
that the natural variability of the climate on century and longer timescales is small 
compared to observed 20th century temperature trends. Such an assumption requires 
further evidence regarding how global temperatures have varied on multi-century 
timescales. Since there are no widespread instrumental surface temperature estimates 
prior to the mid 19th century (e.g. Jones et al, 1999), such evidence must come either 
from model simulations or paleoclimate data sources (see Mann et al, 2001).  Models can 
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be used to reconstruct estimated past histories of climate change from estimates of past 
changes in natural forcing of climate resulting from volcanic eruptions and variable solar 
output (e.g. Cubasch et al, 1997; Free and Robock, 1999; Brovkin et al, 1999; Crowley, 
2000; Shindell et al, 2001; Gerber et al, 2002; Bauer et al, 2002), but these 
reconstructions are limited by the accuracy of the estimated forcing history as well as the 
parameterization in the model (e.g. the sensitivity of the model to radiative forcing). 
Moreover, models can estimate only the externally forced component of past climate 
variability. Observed climate variability arises from both external and internal 
mechanisms The only means of reconstructing the history of the true climate must 
therefore involve empirical evidence of past climate variability. Such empirical evidence 
comes from proxies of climate variability derived from the environment itself (Le Roy 
Ladurie, 1971; Wigley et al, 1981; Crowley and North, 1991; Bradley and Jones, 1995; 
Bradley, 1999).  
 
It is essential that reconstructions based on proxy indicators be compared to and 
independently validated against temporally overlapping instrumental records to assess the 
reliability of the reconstruction. Such "cross-validation" exercises are possible only with 
high-resolution (annual or seasonally-resolved) proxy data, such as tree rings (e.g. Fritts 
et al, 1971; Fritts, 1991; Briffa et al, 1994;1998ab;2001), corals (e.g. Evans et al, 2002; 
Hendy et al, 2002), ice cores (O'Brien et al, 1995; Appenzeller et al, 1998; Meeker and 
Mayewski, 2002), lake sediments (Hughen et al, 2000), long available historical and 
instrumental series (Pfister et al, 1998), and “multiproxy” assemblages combining all of 
these sources of information (Bradley and Jones, 1993; Hughes and Diaz, 1994; 
Overpeck et al, 1997; Mann 2001; 2002ab; Mann et al, 1998; 1998; Crowley and 
Lowery, 2000; Folland et al, 2001; Jones et al, 2001; Cook et al, 2002; Luterbacher et al, 
2002).  Cross validation cannot be performed for reconstructions based on coarsely 
resolved climate indicators such as deep ocean sediment cores, lake level reconstructions, 
glacial moraine evidence, pollen, or terrestrial and ice borehole temperature data. 

 
Annually-resolved proxy indicators have been used to reconstruct indices of climate 
variability such as the North Atlantic Oscillation (NAO) (D'Arrigo et al, 1993; 
Appenzeller et al, 1998; Cullen et al, 1999; Mann, 2002b; Cook et al, 2002), the Pacific 
Decadal Oscillation (PDO) (Biondi et al, 2001), the El Niño/Southern Oscillation 
(ENSO) [including the Niño3 (Mann et al, 2000ab) and Southern Oscillation (Stahle et al, 
1998) Indices], and hemispheric or large-scale mean temperature series (Jacoby and 
D'arrigo, 1989; Bradley and Jones, 1993; Overpeck et al, 1997; Jones et al, 1998; 
Crowley and Lowery, 2000). Spatial fields such as Sea Level Pressure (SLP—Fritts, 
1991; Luterbacher et al, 2002; Meeker and Mayewski, 2002), terrestrial surface air 
temperature (SAT—Briffa et al, 1994;1998ab;2001), continental drought (Cook et al, 
1999), sea surface temperature (SST—Evans et al, 2002) and the combined global 
SAT/SST temperature field (Mann et al, 1998;1999) have also been reconstructed from 
networks of annually-resolved proxy data. Such reconstructed fields have been spatially-
averaged to yield estimates of hemispheric mean temperature (e.g. Briffa et al, 1998ab; 
Mann et al, 1998;1999) or indices such as the Niño3 index of ENSO (Mann et al, 
2000ab).  Spatial field reconstructions offer the advantage that vital spatial information is 
retained which can provide insight into the mechanisms or forcing underlying observed 
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variability (e.g. Briffa et al, 1994; Cook et al, 1997; Delworth and Mann, 2000; Shindell 
et al, 2001; Waple et al, 2002; Braganza et al, 2002). 
 
Of particular interest in this study are the various recent reconstructions of Northern 
Hemisphere temperature from proxy data networks (Bradley and Jones, 1993; Overpeck 
et al, 1997; Briffa et al, 1998ab;2001; Mann et al, 1998;1999; Mann, 2002a; Crowley and 
Lowery, 2000). Different reconstructions show notable overall similarity (Mann, 1999; 
2001; 2002a; Briffa and Osborn, 2002; Jones et al, 2001; Folland et al, 2001). For 
example, the late 20th century warmth is  unprecedented in the context of the past 1000 
years in all reconstructions (e.g. Folland et al, 2001; Mann, 2002a). In addition, the 
empirical reconstructions show considerable similarity to independent estimates based on 
experiments with climate models of varying complexity forced by estimates of past 
radiative forcing (Free and Robock, 1999; Brovkin et al, 1999; Crowley, 2000; Shindell 
et al, 2001; Gerber et al, 2002; Bauer et al, 2002). Moderate differences, however, are 
also evident. Certain reconstructions, for example, suggest significantly greater peak 
cooling over the past 1000 years than do other reconstructions (Esper et al, 2002; Osborn 
and Briffa, 2002; Mann and Hughes, 2002; Mann, 2002a). It is thus essential to 
understand, as best as possible, the sources of the differences evident among different 
Northern Hemisphere temperature reconstructions. 
 
This undertaking is complicated by the fact that several distinct factors in varying 
combinations could be responsible for the observed differences.  One factor (1) is the 
method employed to assimilate the information from proxy data networks into a 
reconstruction of past climate. The simplest methods average together a set of 
standardized proxy series believed to represent a particular quantity (e.g. global 
temperature, or an index of ENSO) into a composite, which is then scaled against an 
appropriate target index. For example, a composite of northern hemisphere proxy 
indicators assumed to reflect surface temperatures can be scaled against the instrumental 
northern hemispheric mean temperature record during the period that proxy and 
instrumental data overlap, to yield a northern hemisphere mean temperature 
reconstruction based on proxy data (e.g. Bradley and Jones, 1993; Crowley and Lowery, 
2000).  Similarly, one can composite indicators believed to be sensitive to ENSO and 
scale the composite to the instrumental SOI index to yield an SOI reconstruction (Stahle 
et al, 1998). Alternatively, a large number of local or regional regressions between proxy 
indicators and instrumental data can be used to build up a reconstruction of an entire field 
(e.g. terrestrial surface air temperature). Such 'local calibration' approaches assume a 
local relationship between predictor (e.g. maximum tree-ring latewood density) and 
climate variable (e.g. summer surface air temperature). A more elaborate approach, 
related to more general methods of Climate Field Reconstruction (CFR) (see Smith et al, 
1996; Kaplan et al, 1997; Schneider, 2001; Rutherford and Mann, 2002; Rutherford et al, 
2002) seeks to reconstruct a large-scale field from a proxy data network by performing a 
multivariate calibration of the large-scale information in the proxy data network against 
instrumental data (e.g., Fritts et al, 1971; Guiot, 1985;1988; Fritts, 1991; Mann et al, 
1998; 1999; 2000ab; Mann and Rutherford, 2002; Luterbacher et al, 1998; Evans et al, 
2002).  Because the large-scale field is simultaneously calibrated against the full 
information in the network, an a priori local relationship between proxy indicator and 
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climatic variable need not be assumed in this latter approach. This large-scale CFR 
approach allows for the use of a larger number of  indicators in the reconstruction of a 
particular climate field (e.g. surface temperature) than in the 'local calibration' approach. 
For example, an indicator of convection/rainfall in the central tropical Pacific indicative 
of ENSO variability can be used to calibrate the predominant surface temperature 
patterns associated with ENSO back in time. In this manner, a large-scale climate field 
can often be efficiently reconstructed from a relatively modest network of indicators (e.g. 
Bradley, 1996; Evans et al, 1998, Mann and Rutherford, 2002). Such methods arguably 
invoke stronger assumptions regarding the stationarity of relationships between proxy 
indicators and large-scale patterns of climate variability than the 'local calibration' 
approach. For example, changes in the base state of the tropical Pacific climate could 
affect the relationship between convection in the central tropical Pacific, and the deduced 
pattern of SST variation in the eastern tropical Pacific.  Experiments with model 
simulations, however, suggest that such non-stationarity of relationships is unlikely to 
impact large-scale CFR approaches for the range of variability inferred for recent past 
centuries (Rutherford et al, 2002). It is likely, however, that the more significant 
variations which have occurred in the more distant past (e.g. the mid-Holocene—Bush et 
al, 1999; Clement et al, 2000) would require a more careful consideration of such issues 
in, for example,  the  reconstruction of climate variability over the entire Holocene 
period. 
 
A second factor is (2) the character of the proxy predictor network used in the 
reconstruction.  Different proxy networks may be comprised of markedly different types 
of proxy information.  Some proxy networks that have been used for large-scale climate 
reconstruction consist of only one specific type of proxy information (e.g. tree-ring 
maximum latewood density measurements—Briffa et al, 1998ab;2001), while other 
'multiproxy' networks combine several types of proxy information (tree ring width and 
density measurements, indicators derived from corals, ice corals, lake sediments, and 
historical documentary records—Mann et al, 1998;1999;2000ab). Proxy networks differ, 
sometimes greatly, in the seasonality and meteorological nature of information contained 
in the network. Extratropical high-latitude tree-ring networks typically provide warm-
season temperature information, while tree-ring information from lower-latitude semi-
arid/Mediterranean or tropical environments, corals, ice cores, and documentary records 
provide variable seasonal information regarding distinct climate variables. In addition, 
proxy networks often differ dramatically in the number of proxies used, ranging from a 
handful of very long proxies (Jones et al, 1998; Crowley and Lowery, 2000; Esper et al., 
2002) to a potentially much larger (e.g. hundreds—e.g., Mann et al, 1998;1999; Briffa et 
al, 1998;1999;2001) but temporally-variable set of proxies. The sampling variance in 
hemispheric estimates based on the latter is likely to be smaller than that in the former, 
but increases back in time leading to expanding uncertainties back in time (e.g. Mann et 
al, 1999).  
 
A related, but distinct, factor involves (3)  the target season of the reconstruction (annual 
mean, boreal warm season or boreal cold season). The target season is, to some extent, 
constrained by the proxies used. However, when the precise mix of seasonal information 
in the proxy network is not a priori known, the optimal season to be targeted by the 

ABOR/MH/Priv-006414



reconstruction cannot be objectively specified beforehand but must, instead, be evaluated 
via cross validation. A final related factor is (4) the target region for reconstruction. 
Tropical SSTs are, for example, typically less variable than extratropical, continental 
surface air temperatures, so a target reconstruction of the entire Northern hemisphere 
(land and ocean, tropics and extratropics--e.g. Jones et al, 1998; Mann et al, 1999; 
Crowley and Lowery, 2000) is likely to yield smaller amplitude variability than a target 
reconstruction of extratropical continental temperatures (e.g. Briffa et al, 
1998;1999;2001; Esper et al, 2002). Therefore, one must mask global (land air and SST) 
reconstructions appropriately (e.g. Folland et al, 2001) before comparing to terrestrial 
extratropical surface temperature reconstructions in the hemispheric mean. 
 
These various factors may combine in subtle but important ways to impact the resulting 
hemispheric temperature reconstructions. For example, hemispheric temperature 
reconstructions based on extratropical summer-sensitive proxy networks are likely to 
contain a signal of significantly greater cooling in response to volcanic forcing than do 
annual full Northern Hemisphere temperature reconstructions (Mann, 2002a; Shindell et 
al, 2002).  In such a case, the effects of factors (3) and (4) must be considered when 
comparing reconstructions.  Reconstructions using CFR methods that attempt to 
reconstruct an entire field (e.g. global SST and SAT) from a global proxy network 
consisting of both land and ocean proxies tend to reconstruct smaller anomalies over the 
tropical oceans than over the continental land regions (e.g. Mann et al, 1998). Through a 
combination of all four factors discussed above, such an approach is expected to produce 
hemispheric (ocean and land) mean temperature estimates that exhibit considerably less 
variability than do reconstructions of extratropical continental surface air temperatures 
based on averaging local/regional calibration of terrestrial proxy and SAT data. 
 
To date, there are no systematic studies of the relative impacts of these different factors 
on published large-scale surface temperature reconstructions. Such is the purpose of the 
present study. We attempt to systematically control for each factor separately in the 
comparison of different estimates of past temperature variability. We have produced 
hemispheric averages of the reconstructed surface temperature field based on large-scale 
CFR approach employing a Regularized Expectation Maximization Method (RegEM—
Schneider, 2001; Mann and Rutherford, 2002; Rutherford et al, 2002) to relate the 
information in instrumental and proxy data sets.  We also employ a variant of this method 
based on hybrid-frequency domain calibration/reconstruction approach. We analyze two 
independent proxy networks, the global (land and ocean, tropical and extratropical) 
multiproxy network of Mann et al. (1998) and the northern extratropical, terrestrial 
maximum latewood density (MXD) tree-ring network of Briffa et al (1998ab;2001). For 
each of the two proxy networks, reconstructions are sought based on three different target 
seasons (annual mean, boreal cold-season and boreal warm-season). The resulting 
Northern Hemisphere mean temperature reconstructions are compared based on averages 
over distinct spatial domains (full Northern Hemisphere land and ocean, extratropical 
land regions only).  We also compare our results to other recently published Northern 
Hemisphere temperature reconstructions (Mann et al, 1998;1999; Briffa et al, 
1998ab;2001; Esper et al, 2002).  
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In section 2, we describe the instrumental data and the two proxy datasets used in the 
study. In section 3, we discuss the distinct reconstruction methodologies compared (local 
regression vs. CFR with RegEM). In section 4, we present the results of the various 
analyses, using cross-validation statistics to guide our interpretation of the skill of 
reconstructions, and the dependence of skill on methodology, proxy network, and 
seasonal and spatial sampling considerations. We present our conclusions in section 5. 
 
2. Data 
 
A. Instrumental Surface Temperature Data 
 

For purposes of both calibration of proxy data and comparison of the resulting 
reconstructions with the modern instrumental record, make use  of the 5° latitude by 5° 
longitude  Climatic Research Unit (CRU) global  gridpoint surface temperature dataset 
which consists of surface air temperature (SAT) over land and sea surface temperature 
(SST) over the oceans (Jones et al., 1999).  Although these data are available for 1856 
through 2002, we only use the period 1856-1980 for calibration as discussed below.  
However, we often present the data through 2000 to permit evaluation of the 
reconstructions in the context of the entire 20th Century instrumental record.  We 
averaged the monthly mean data, for later purposes, into annual (calendar), warm (April 
to September)- and cold-season (October to March) averages.  The averaged (and raw) 
data are both temporally and spatially incomplete due to a lack of available data at a 
given location and time.  In particular, the data coverage during the 19th Century is 
relatively sparse compared to that of the latter half of the 20th Century.  To reduce the 
computer time required for reconstructions and cross-validation exercises using the 
RegEM method, it is desirable, and for all practical purposes, necessary, to have a 
complete instrumental record for CFR.  By using the completed instrumental data for 
calibration instead of the incomplete data, the CPU time required for performing a 
reconstruction (or a cross-validation experiment) decreases almost ten-fold.  To produce a 
complete instrumental field we infilled the missing instrumental values for seasonal and 
annual mean values using the RegEM method as described by Schneider (2001) [see also 
Mann and Rutherford, 2002 and Rutherford et al., 2002].  The completed northern 
hemisphere instrumental data (grid centers at 2.5°N through 67.5°N for 1856-1998) are 
retained.  
 
B. Proxy Data 
 
We used two independent proxy networks to assess the sensitivity of the temperature 
reconstructions to the proxy network used.   The first of these, used previously by Mann 
and co-workers (Mann et al 1998, 1999, 2000ab; Mann 2002b), is a 'multiproxy'  dataset 
which has been used to reconstruct global patterns of annual mean surface temperature 
(SAT over land and SST over ocean) change. The other data set, used previously by 
Briffa and coworkers (Briffa et al, 1998ab; 2001), consists entirely of tree-ring maximum 
latewood density data, and has generally been used to reconstruct extratropical terrestrial 
summer SAT changes. We also combined the two networks into a third 'combined' 
network and present results from all three proxy datasets. 
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i. Multiproxy/PC dataset 
 
The multiproxy/PC network (Mann et al., 1998) consists of a combination of tree ring 
chronologies (ring width and density), ice cores (stable isotope and other geochemical 
data), coral records (stable isotope and fluorescence data) and long historical and 
instrumental records (temperature and precipitation). In areas with spatially dense tree-
ring networks,  a principal components analysis was used to extract the leading principal 
components (PCs) from the network. These PCs were used in place of the actual tree-ring 
network in the multiproxy dataset to  yield a more spatially homogenous sampling of 
proxy indicators. While a total of 419 total proxies were used,   a consequently smaller 
set of 112 indicators comprises the  'Multiproxy/PC' network (Figure 1a).  Note that the 
network includes proxies from the tropics and extratropics in both the northern and 
southern hemispheres. Twenty two of the indicators (but a significantly larger number of 
actual proxy data) extend back to at least 1400 AD.  Many of the indicators in the 
network end at or near 1980, motivating a 1980 upper end termination to the calibration 
interval.   
 
In contrast with the MXD network discussed below, the individual proxies contributing 
to the 'multiproxy/PC' network are not chosen as being strictly proxies of  local 
temperature variation. Rather, the proxy network is chosen to sample a mixed suite of 
seasonal, spatial, and meteorological responses, based on the principle (e.g. Mann et al, 
1998) that such a suite of information can efficiently resolve the large-scale information 
in the chosen large-scale climate field of interest (surface temperature in this case). 
Experiments using synthetic proxy data appear to substantiate this assumption--see Mann 
and Rutherford, 2002.  
 
ii. 'MXD' dataset 
 
The MXD network was compiled using an age banding method wherein trees of similar 
ages are averaged to create long chronologies (Briffa et al., 2001).  The age-banding 
method preserves low frequency information in tree ring data that may be reduced when 
more conventional methods to remove long-term growth trends  are used.  The network 
consists of 387 chronologies that are gridded to a 5° latitude by 5° longitude resolution.  
The resulting network covers 115 gridpoints in the extratropical northern hemisphere 
(Figure 1a) with XX [Scott??]  proxies extending back to 1400 A.D.  After roughly 1960, 
the trends in the MXD chronologies deviate from those of the co-located instrumental 
gridpoint SAT data, for reasons that are not yet entirely understood  (Briffa et al., 1998b).  
When using this network for CFR we only calibrate from 1856 to 1960 to avoid this 
problem. 
 
The MXD network is heavily weighted toward warm season (April through September in 
our case) temperatures, and this is arguably the optimal seasonal window to use for 
calibration of these data. Recognizing, nonetheless, that the data may contain some cold-
season information as well, and for the sake of completeness of our analysis, we also 
consider cold-season and annual reconstructions from these data.  
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[Keith, Tim, Malcolm: We need to be very clear about the version of the data set that was 
used (i.e. regional age-banding etc.) with a brief discussion of the advantages and 
disadvantages. Can people please expand on this?]  
 
3. CFR Reconstruction Methodology 
 
A. RegEM Approach 
 
Various methods have been applied to the problem of CFR from sparse data (Smith et al, 
1996; Kaplan et al, 1997; Schneider 2001), including applications to paleoclimate field 
reconstruction (Mann et al, 1998; Luterbacher et al, 2002; Evans et al, 2002). We here  
use the regularized expectation algorithm (RegEM) described by Schneider (2001), 
which offers several theoretical advantages over others methods of CFR. The regularized 
EM (RegEM) method employed in this study (see Schneider, 2001 and references 
therein), is an iterative method for estimating missing data through the estimation of 
means and covariances from an incomplete data field to impute missing values in a 
manner that makes optimal use of the spatial and temporal information in the dataset. 
When a reconstruction is sought from proxy data based on calibration against modern 
instrumental measurements, the combined (proxy-plus-instrumental dataset can be 
viewed as an incomplete data matrix, which contains both instrumental data (surface 
temperature gridpoint values arranged with rows representing the years and columns 
representing grid points) and proxy data (proxy time series with rows representing the 
years and columns representing the proxy used). Missing values in this matrix represent 
the unknown pre-instrumental surface temperature values, and are considered as values to 
be imputed through an iterative infilling of the data matrix which makes use of the 
covariance information between all available (instrumental and proxy) data.  In analogy 
with conventional paleoclimate reconstruction approaches (see e.g. Rutherford and Mann, 
2002), a calibration interval can be defined as the time interval over which the proxy and 
instrumental data overlap, while a verification interval is defined by additional cross-
validation experiments in which an appropriate subset of the available instrumental data 
are withheld from the process (e.g., through their specification as missing values in the 
initial matrix). Schneider (2001) provides a detailed description of the regularized EM 
algorithm, including a comparison with conventional methods such as principal 
components regression, and application to the infilling of missing values in climate field 
data, while Rutherford et al (2002) and Rutherford and Mann (2002) discuss specific 
applications to paleoclimate reconstruction. The RegEM method has been shown to 
perform well even in the presence of significant anthropogenic non-stationarity of the 
climate, as long as the basic patterns underlying low-frequency variability are captured in 
calibration (e.g. Rutherford et al, 2002).   
 
We have modified the application of the method to improve its performance for long-
term CFR.  This includes (1) a stepwise approach where we reconstruct the field  back in 
time, one century at a time, using all available information (instrumental and 
reconstructed) back to 1400 and (2) a hybrid frequency domain approach where both the 
proxies and the instrumental calibration data are decomposed into two frequency bands 
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prior to reconstruction.  These modifications are discussed below.  
 
B. Stepwise Modification of RegEM 
 
All reconstructions in this study were obtained through application of the RegEM 
approach in a stepwise fashion back in time.  The reconstruction is performed one 
century at a time,  using all available climate field information (both instrumental field 
and proxy-reconstructed extension thereof) in the calibration process for the 
reconstruction of each subsequent century back in time  For example, in the first 
reconstruction step the (infilled) instrumental data are available from 1856 to 1980 and 
the proxies extend back to 1400 AD.  This leaves 455 years in which the entire 1008 
northern hemisphere gridpoints (2.5°N to 67.5°N at 5° centers) are missing.  Rather than 
reconstruct all 455 years at one step, we first reconstruct 1800-1855, producing a 
complete northern hemisphere field (1008) gridpoints from 1800 to 1980.  We then use 
the completed 1800-1980 data as input into the next step with the proxies extending back 
to 1700.  In this step the interval 1700-1799 is reconstructed.  The process continues until 
the reconstruction is complete back to the targeted beginning date (in this case, AD 
1400).  The approach more naturally incorporates patterns of low-frequency variability in 
the calibration process, and leads to a progressively better defined distinction between 
patterns of high- and low-frequency variance in the 'hybrid frequency-domain' approach 
described below. 
 
C. Hybrid Frequency-Domain Modification of RegEM 
 
Another modification we made to the basic RegeEM method (Schneider, 2001; 
Rutherford and Mann, 2002; Rutherford et al, 2002) is the use of a hybrid frequency-
domain approach.  In this case, the combined  proxy/instrumental data set is effectively 
split into two distinct data sets, through application of a high-pass [Scott, true?] filter to 
the data. The high-pass component of the data defines the 'high-frequency' component, 
while the residual [Scott, is this correct?] defines the 'low-frequency' component. The 
'split' frequency can be varied arbitrarily, but reasonable constraints on the appropriate 
choice are, at the high-frequency end, the Nyquist frequency (f=0.5 cycle/yr for annual or 
seasonal mean data) divided by two or so (i.e., f=0.25 cycle/yr) and, at the low-frequency 
end, the Rayleigh frequency (f=0.01 cycle/yr for e.g. 100 years of data) multiplied by two 
or so (i.e., f=0.02 cycle/yr). This corresponds to a high-frequency/low-frequency band 
split at periods between 4 year and 50 year for an e.g. 100 year interval.  As described 
below, cross-validation experiments motivate the choice f=0.05 cycle/yr (20 year period) 
for the split frequency in almost all cases. 
 
There are two primary motivations for the hybrid frequency-domain approach. One 
motivation involves the statistical character of the proxy data itself. Different types of 
proxy data exhibit fundamentally different frequency-domain fidelity characteristics. 
Conservatively standardized tree-ring data based on short constituent segments are likely 
to resolve relatively little frequency at multidecadal or longer timescales (e.g. Cook et al, 
1995). Very conservatively standardized tree-ring data, on the other hand, may resolve 
interannual through century-scale variability equally well. Other proxy indicators, such as 
varved lake sediments may best preferentially resolve decadal and lower-frequency 
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variability, while interannual variability is less reliably resolved (e.g. Bradley, 1999). The 
other motivation for the hybrid approach involves the fact that the underlying patterns of 
variance in the climate differ between higher (e.g. interannual) frequencies, where 
processes such as ENSO and the NAO dominate the variability, and the lower-
frequencies where, for example, multidecadal patterns of ocean-atmosphere variability in 
the North Atlantic (e.g. Delworth and Mann, 2000) or the response of the climate to 
global radiative forcing variations (e.g. Crowley, 2000) may play the key role. 
Distinguishing between patterns of high and low-frequency variability may thus provide 
a more efficient means of calibration of the large-scale patterns of climate variability. 
 
Our approach involves the use of only two distinct bands of variance in the calibration 
process. Strictly speaking, there is no reason that this approach couldn't be generalized to 
employ a  larger number of distinct bands. In fact, in the limit of an increasingly large 
number of distinct frequency bands, this approach would  become analagous to the  
'spectral canonical regression' approach described by Guiot (1985), in which the 
calibration process is performed explicitly in the frequency domain rather than the time 
domain.  In such a case, however,  the deficient statistical degrees of freedom in 
calibrating the lowest-frequency bands of variance leads inevitably to a  poorly 
constrained characterization of variability in the lowest-frequencies. Employing a two 
band 'hybrid' calibration approach represents a tradeoff between the ability to adequately 
distinguish distinct patterns of variability with respect to timescale, and yet retain 
adequate statistical degrees of freedom to characterize and calibrate  both bands of 
variability. 
 
In our hybrid frequency-domain calibration approach, the RegEM method is applied 
separately to the calibration and reconstruction of the high- and low-frequency 
variability. The results of the two independent reconstructions  are then  recombined to 
yield a complete reconstruction. The proxy data are weighted by the percent of their total 
variance that is resolved in the particular frequency band under consideration.  For 
example, a proxy dominated by interannual variability, with very little low-frequency 
variability (e.g. an ENSO-sensitive tree-ring indicator that has been very conservatively 
standardized) would be assigned a weight of nearly unity in the high-frequency band 
calibration, and a weight of nearly zero in the high-frequency band. In contrast, a 
pentadally-smoothed varved sediment record that contains little or no interannual 
variability, but prominent decadal and multidecadal variability might get an opposite 
pattern of weightings. Such weightings would insure that the noise-dominated low-
frequency and high-frequency components of the two respective proxy indicators would 
make little contribution to the calibration of the overall low- and high-frequency 
components of the climate reconstruction. The instrumental data are also weighted with 
respect to the relative prominent of low vs. high-frequency variability in the two 
calibrations. 
 
D. Experimental Approach 
  

We performed a wide array of CFR experiments based on different target seasons 
and different proxy indicator networks. Experiments were performed, moreover, based on 
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different variants of the basic RegEM CFR approach including (a) employing both 
conventional and  hybrid frequency-domain approach, using a variable choices for the 
frequency split in the hybrid approach, and (b) allowing or not allowing for  lags between 
predictor (proxy indicator) and predictand (instrumental surface temperature data) and (c) 
use of pre-whitened vs. raw predictor/predictand data.  Results based on the particular 
RegEM CFR approach used in this study were compared directly against results using  
common predictor datasets (multiproxy/PC and MXD), but alternative reconstruction 
methodologies [the eigenvector-based CFR approach of Mann et al (1998) and the local-
calibration approach used by Briffa et al (1998ab;2001), respectively] to assess the 
impact of using different reconstruction methodologies with common data. The spatial 
reconstructions are averaged over the full Northern Hemisphere domain as well as over 
sub-regions of the domain to examine the sensitivity of 'hemispheric mean' estimates  to 
the actual region sampled. 

Tests were thus performed using each of the three proxy indicator networks, 
'multiproxy/PC', 'MXD' and 'combined',  using seasonal target predictands corresponding 
to boreal warm season (average of April to September), boreal cold season (average of 
October to March) and the annual calendar mean surface temperature.  In the case of the 
hybrid frequency domain method,  frequency band splits were tested at 5, 10, 20 and 25 
year period.  Experiments were performed in which the indicators were lagged  (both 
forward and backward) relative to the instrumental data, under the assumption that some 
proxies may reflect, at least in part,  a lagged or running average response to climate. The 
proxy data were thus lagged  at -1, 0 and +1 years both independently and in various 
combinations (e.g. -1 and 0 only, +1 and 0 only, and -1,0, and +1). Use of lagged 
versions of the proxy indicator network in addition to the nominal network itself 
increases the effective size of the predictor network. Including the proxy network at both 
lag 0 and at lag -1, for example, produces a predictor network of 224 indicators (twice the 
nominal 112 indicators) for the multiproxy/PC network. We also investigated the results 
of applying the RegEM approach  to  pre-whitened, rather than raw,  predictor and 
predicand data.  In this latter scheme, a simple first-order [AR(1)] autoregressive model 
of serial persistence structure is fit to both predictor and predictand data, and only the 
residual innovation terms are used in the calibration process. The serial correlation 
structure estimated for the predictand data is subsequently added back to the 
reconstructed time series.  This approach is arguably advisable (e.g. Cook et al, 1999) 
when the predictors and predictand exhibit different levels of persistence (e.g. due to the 
contributions from both climatic and non-climatic sources of temporal persistence in 
drought-sensitive tree-ring proxy data), although it also has potential drawbacks as 
discussed later. 

The relative skill of the reconstructions with respect to the variable parameters of 
the CFR approach are addressed by the results of 'verification' or 'cross-validation' 
experiments, as described below. 

 
E. Cross-Validation Procedure 

 
For the various reconstructions based on each of the different proxy predictor 

networks and seasonal target windows, a series of verification diagnostics were 
calculated to independently evaluate the skill of the reconstruction outside the calibration 
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interval.  First, we conducted full field verifications by removing all instrumental values 
(actual and previously infilled using RegEM) from 1856 through 1900 and reconstructing 
those values using only the information in the proxy network.  The verification scores 
were calculated only using available instrumental values from gridpoints that were 
initially 95 percent complete in the original instrumental data (a total of 210 gridpoints).  
Values that were previously infilled using RegEM to produce the initially complete 
instrumental field (see section 2A) are not used when calculating verifications scores. We 
refer to these verification scores as the “full field” verification scores. We calculated 
verification scores both for the full predictor network (available back to at least 1800), 
and on a century-by-century basis, using only the predictor network available during each 
century, to  assessing the fidelity of the reconstruction back in time as the indicator 
network becomes increasingly sparse. We refer to these verification scores as the 
“available proxy” scores. 

We also made use of a small number of (ten) long instrumental gridpoint  
temperature series from western Europe and England that extend into the mid-to-
late1700s.  These instrumental records are part of the multiproxy/PC network used by 
Mann et al (1998) and this study.  However, these records can also serve as verification 
data by removing them from the proxy network and reconstructing them using the 
information available in the other (non-instrumental) proxies.  We calculated verification 
scores for these 10 long instrumental temperature records between 1755 and 1900.  By 
1755 only two records remain.  For simplicity, only the annual mean series (as in Mann et 
al, 1998) were used as predictors or for cross-validation. 

For each verification experiment (e.g. MXD network, boreal warm season, full 
field or multiproxy/PC network, annual mean, long verification) we calculated reduction 
of error (RE) and coefficient of efficiency (CE) verification skill diagnostics. RE=0 and 
CE=0  represent the scores for a reconstruction which simply specifies the climatological 
mean, and thus only positive values of the statistics indicate statistically significant skill. 
CE=0 is a more challenging threshold since, unlike RE, CE does not reward the 
reconstruction of an observed change in mean relative to the calibration period. 
Verification RE and CE scores are computed for both mean temperature and for the full 
multivariate field. For the multivariate case (mult), each gridpoint (210 gridpoints in the 
case of the full field verification and 10 in the long verification case) and year in the 
verification set  is used to calculate the verification scores  For the case of the mean time 
series (mean), all the gridpoints in the verification set are spatially averaged and the 
verification statistics calculated on the average time series.  Again, the verification set 
consists only of values that were initially available in the original instrumental data set 
prior to infilling.   

 
 

 
(1) 
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The verification skill diagnostics are also used to estimate self-consistent uncertainties in 
the reconstructions.  Using the 'available proxy' verification residuals, self-consistent 
uncertainties can be estimated for each gridpoint back in time. The gridpoint uncertainties 
are then propagated to estimate the uncertainty in the northern hemisphere mean 
reconstruction accounting for effective spatial degrees of freedom in the northern 
hemisphere temperature field. Estimating the uncertainty in this manner requires that the 
verification residuals are consistent with Gaussian white noise.  We verified this 
assumption by examining spectra of the northern hemisphere residuals (Figure 2-top), 
and the histograms of the gridpoint residuals (Figure 2-bottom) [performing chi-squared 
tests of the gridpoint residuals (=0.05) in the latter case]. 
 
4. Results 
 
In this section, we summarize the results of the verification exercises and the attributes of 
the reconstructions for the various experiments discussed above.  We first considered the 
sensitivity of the results to details of the RegEM CFR approach. This includes examining 
the effect of pre-whitening of predictors and predictand prior to calibration (Cook et al., 
1999; Zhang et al, 2002). In two test cases (multiproxy/PC annual mean reconstruction 
and MXD boreal warm season reconstruction) such a procedure did not result in any 
consistent improvement of the verification scores.  We note, furthermore, that calibration 
of  pre-whitened predictor and predictand data may be problematic when, as in this study, 
low-frequency variability is of particular interest, since such an approach admits only a 
limited representation (e.g. first-order autoregressive model) of the temporal dependence 
structure of the data. We therefore concluded that this step was both unhelpful and 
undesirable, and it is not included in the results presented below.  
 
The verification skill diagnostics for the different lags indicated that a proxy lag of zero 
years invariably produced the best verification skill diagnostics, with one important 
exception. While  the optimal multiproxy/PC network cold-season reconstruction was 
obtained when  the year of the proxies coincided with the year in which the cold season 
begins, this was not the case for the MXD network. In the latter case,  the optimal cold-
season reconstructions was instead  achieved when the MXD proxies were temporally 
aligned with the year in which the cold season ends.  This finding is not surprising since a 
tree growing during the warm season cannot respond to the climate of the following cold 
season.  By aligning the MXD proxies with the year in which the cold season ends, the 
trees may potentially respond to the climate of the preceding cold season (e.g. through 
antecedent soil moisture or soil temperature conditions).  In no case, was a combination 
of lags (e.g. 0 and +1) found to provide optimal results. In the subsequent tables and 
figures, only the optimal results with respect to  choice of  lag (0 in all cases except MXD 
cold-season reconstruction; +1 for this latter case) are presented. 
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We employed the hybrid frequency-band calibration approach discussed earlier using 
several different choices for the frequency band split (5, 10, 20 and 25 year period) and 
found  the 20 year period split to give superior results in almost all cases (in some cases, 
the skill for the 20 year split was no better than for the 10 or 25 year split, but it was 
never worse).  We considered results from the standard non-hybrid method (referred to as 
“non-hybrid”), the hybrid method with a 20 year split (referred to as “hybrid-20”) and a 
combination of the two (referred to as “mixed-hybrid”) where the low frequency 
component of the reconstruction is taken from the hybrid-20 case but the high frequency 
component is taken from the non-hybrid case [This latter approach allows both high- and 
low-frequency spatial patterns of variability in the instrumental record to be used to 
calibrate the high-frequency component of the reconstruction, but only the low-frequency 
instrumental patterns are used to calibrate the low-frequency component of the 
reconstructions]. A comparison of the Northern Hemisphere mean temperature 
reconstruction for the three different hybrid approaches (non-hybrid, hybrid-20 and 
mixed-hybrid) is shown in Figure 3 for the multiproxy/PC network, annual mean case. .  
The hybrid-20 and mixed-hybrid reconstructions are seen to be broadly similar, but the 
mixed-hybrid reconstruction exhibits greater amplitude high-frequency variability.  In 
contrast, the non-hybrid exhibits relatively little low-frequency variability.  These 
comparisons are discussed in more detail below in terms of the cross-validation skill 
estimates. 
 
A. Overview of  Cross-Validation Results 
 
The results of the cross validation or 'verification' experiments are summarized in Tables 
1 (full network) and 2 ('available proxy' network).  Choosing which application of 
RegEM (non-hybrid, hybrid-20 or mixed-hybrid) performs best depends on which 
verification scores are examined.  For example, in the case of the multiproxy/PC network 
annual verification, the non-hybrid method gives the best multivariate RE/CE 
combination (25/7), the hybrid-20 approach gives the best verification scores for the 
northern hemisphere mean (71/44).  If one considers the same analysis but withholds the 
long instrumental data from the multiproxy/PC indicator network (labeled “No inst.” in 
Table 1) then the non-hybrid and mixed-hybrid approaches give the best verification 
scores for both the full field and long verifications.  It is also instructive to examine the 
verification scores for the 'available proxy' cases (Table 2).  In this case the various 
verification experiments are conducted using the proxies available over different 
centuries.  These verifications give an indication of how well the different approaches 
perform as proxies drop out of the network going back in time.  Examination of Tables 1 
and 2 leads to the following observations: (1) Different applications (non-hybrid, hybrid-
20 and mixed-hybrid) of the RegEM method produce different verification scores based 
on the proxy network used, target season of the reconstruction, and the number of 
available proxies; (2) In general, the hybrid-20 approach produces the best all-around 
verification scores; (3) the multiproxy/PC network is best suited for annual and cold 
season reconstructions; (4) the MXD network is best suited for annual and warm season 
reconstructions; (5) the combined network provides the best overall annual and warm 
season verification scores, is comparable to the multiproxy/PC network and better than 
the MXD network for the cold season.  The fact that the combined network does only 
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marginally better than the two independent networks alone suggests that most of the 
degrees of freedom in the northern hemisphere surface temperature field are sampled by 
the independent networks (depending on network and season), and that the primary 
limiting factor governing the skillfulness of current proxy-based  large-scale temperature 
reconstructions may be the quality of the network (e.g. the effective signal-to-noise ratios 
of the underlying proxy data, and the availability of records in key regions such as the 
tropical Pacific), rather than the size of the network.  The combined network nonetheless 
does about as well or better than the best independent network for any particular seasona 
and time interval.  The combined network thus appears to be the most skillful and robust 
of the three networks tested.   
 
B. Methodological Intercomparison 
 
We compare results using the RegEM methodology with previously published results 
using the same proxy indicator networks, but a different methodological approach, and a 
potentially different target region.  In doing so, we control for the proxy network used, 
and the target season of the reconstruction in comparing the different reconstructions. 
 
i.  Comparison with Mann et al (1998) Annual Northern Hemisphere Reconstruction 
 
Although both the Mann et al. and RegEM methods make use of covariance information 
in the calibration/reconstruction process, they do so in a quite different manner  
(Schneider et al., 2001; Rutherford et al., 2002). We compared the RegEM and Mann et 
al. (1998) surface temperature reconstruction by using the same set subset of the  
instrumental surface temperature data set for calibration/cross-validation, the same 
multiproxy/PC network, and the same calendar annual-mean target season. In this 
comparison, we also compare the results for the same global target region (see e.g. Mann 
et al, 1998, Figure 1),  The results of the comparison are summarized in Table 3.  In the 
top half of the table the verification experiments used all 112 proxies, including the long 
instrumental records.  Verification scores are presented for the full field (in this case the 
219 gridpoints that Mann et al. used for verification) and from 1856 to 1900.  In the case 
of the RegEM method, non-hybrid, hybrid-20 and mixed-hybrid results are shown.  The 
bottom half of the table summarizes the verification scores when the long instrumental 
records are withheld from the predictor network.  In this case there are two sets of scores, 
one set for the full field verification for 1856 to 1980 and a second set of long verification 
(using the withheld long instrumental proxies for verification) scores that cover 1820-
1900.   
 
The results of the comparisons demonstrate that the 'optimal' choice is dependent on the 
specific skill diagnostic that is chosen. If we consider the full field verification where the 
long instrumental records are available as proxies, the RegEM non-hybrid method out-
performs the Mann et al., method, while the mixed-hybrid method performs about as 
well.  If the long instrumental records are withheld from the proxy network, the Mann et 
al. method outperforms RegEM in the full field verification but only marginally for the 
long verification where fewer verification data points render small differences in the 
verification scores insignificant. Based on the 'available proxy' skill diagnostics (Table 2) 
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we infer that the 'hybrid-20' method is increasingly preferred over the other methods as 
the predictor network becomes sparser back in time. 
 
It is instructive to compare the RegEM and Mann et al (1998) northern hemisphere mean 
surface temperature reconstructions (i.e., the areally-weighted spatial average of the 
pattern reconstructions over the Northern Hemisphere region of the global domain--
Figure 4). We have chosen, in this example, the mixed-hybrid RegEM reconstruction. As 
shown earlier (Figure 3), the non-hybrid reconstruction and mixed-hybrid RegEM 
reconstructions are similar, while the non-hybrid reconstruction  fails to reconstruct the 
multidecadal cold period in the mid/late 15th century. The mixed-hybrid RegEM 
reconstruction is observed to be remarkably  similar in character to the Mann et al. 
reconstruction, and  the two reconstructions are indistinguishable, with the exception of a 
few individual years (e.g. 1499 and 1500) wherein the RegEM reconstruction exhibits 
greater amplitude fluctuations. 
 
ii.  Comparison with Briffa et al (2001) Warm-Season Extratropical Terrestrial Northern 
Hemisphere Reconstruction 
 
The MXD network used here is the same network used by Briffa et al. (1998a, 2001) to 
reconstruct northern hemisphere temperature using a local regression method.  We 
compare our warm season MXD-based northern hemisphere mean reconstruction to that 
of Briffa et al. in Figure 5.  In this comparison we control for the proxy network (both use 
the MXD network) and the target season (warm season) and investigate the effects of 
both the target region and reconstruction method. 
 
Briffa et al. reconstructed the 115 gridpoints that make up the proxy network we use 
(Figure 1b).  Figure 5a shows the difference between the Briffa et al. reconstruction 
(mean of 115 northern hemisphere gridpoints) and the RegEM northern hemisphere 
reconstruction of the full northern hemisphere mean (1002 gridpoints) [Scott, is this the 
hybrid-20 version of the reconstruction, the non-hybrid, or the mixed?].  Clearly, the 
Briffa et al. “northern hemisphere” reconstruction has greater interannual variability and 
is on average slightly cooler in past centuries than the RegEM reconstruction.  Since the 
proxy network and the target season are the same, the observed differences are due to 
methodology and target region.  We begin to control for target region by limiting our 
“northern hemisphere” mean to extratropical gridpoints on land, also shown on Figure 5a.  
This simple control on target region, diminishes the discrepancy between the 
reconstructions.  Finally, we control precisely for target region by masking our spatial 
reconstruction so that we can compare the mean reconstruction only over the 115 
gridpoints that Briffa et al. reconstructed (Figure 5b).  In this case the discrepancies 
largely disappear and the remaining (quite modest) differences are presumably due to the 
application of different reconstruction methodologies (RegEM CFR approach vs. spatial 
mean of the Briffa et al 'local calibration' based reconstructions). 
 
[Tim:  Originally, as you may recall, we were going to have a whole separate paper 
related to detailed comparisons of the MXD reconstructions using the two methods--this 

ABOR/MH/Priv-006426



might be a good place to allude to a separate paper if it is still in the works, or to provide 
any additional details on this that you think are important, if not]. 
 
It is useful to further compare RegEM warm-season Northern Hemisphere mean 
reconstructions  against the  Esper et al. (2002) Northern Hemisphere summer 
temperature reconstruction (Figure 6). The Esper et al (2002) reconstruction is based on 
yet a different set of warm-season sensitive tree-ring data from the Briffa et al 
reconstruction, and a different (quite sparse) spatial sampling of tree-ring temperature 
estimates [14 tree-ring chronologies from the extratropical northern hemisphere 
continents--see Esper et al, 2002, Figure 1].  Compared to RegEM warm-season 
reconstructions using either the MXD or combined networks (Figure 6a) the Esper et al. 
(2002) reconstruction exhibits higher amplitude variability and suggests a cooler climate 
during the 15th and 17th centuries and, to a lesser extent,  the first half of the 18th Century.  
The differences between these reconstructions diminish when we control for differing 
target spatial domains. The  extratropical land RegEM reconstruction (Figure 6b) has 
moderately higher amplitude variability than does the full northern hemisphere mean 
(Figure 6a) and is, in general, slightly cooler in past centuries.  Finally, we compare 
(Figure 6c) the Esper et al. (2002) reconstruction with the RegEM  reconstruction 
averaged over the same regions used by Esper et al (this corresponds to the mean over 12 
of the 14 gridpoints corresponding to the Esper et al tree-ring sites,  since one site is north 
of our reconstruction domain and a second does not have adequate instrumental data to be 
included in our reconstruction). In this case, the RegEM reconstruction is observed, in 
fact, to exhibit greater, not less,  amplitude variability than the Esper et al. (2002) 
reconstruction.  The Esper et al. (2002) reconstruction appears to indicate a slightly 
cooler mean climate during the 17th and perhaps first half of the 18th Centuries than do 
the RegEM reconstructions, but the RegEM reconstruction (the  MXD and combined 
reconstructions; less so the multiproxy/PC reconstruction) indicate greater amplitude 
peak cooling events. The differences are, moreover, within the estimated uncertainties. 
The Esper et al reconstruction thus appears to be smoother in nature, but not 
systematically colder or more  variable in past centuries then the other reconstructions, 
once seasonal and spatial sampling are controlled for.  This observation contrasts with 
inferences that might appear to be drawn from previous comparisons which did not 
accounted for such sampling issues (Esper et al, 2002; see also Briffa and Osborn, 2002; 
Mann and Hughes, 2002).  
 
C. Intercomparison With Respect to  Proxy Indicator Networks and Target Season 
 
i. Hemispheric Mean Comparisons 
 
As noted in the verification results section, different proxy networks appear to be best 
suited to reconstructing somewhat different seasonal windows of temperature variability.  
For the annual case, for example, any of the three networks (multiproxy/PC, MXD and 
combined) are reasonable choices for use in reconstruction with the combined network 
being arguably the best based on the available-proxy verification scores.  Figure 7 shows 
the annual, warm season and cold season reconstructions produced by the different proxy 
networks.  For the annual case (Figure 7a), the multiproxy/PC and combined networks 
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produce a similar reconstruction.  Indeed, all three reconstructions are similar back to 
about 1650.  Similar statements can be made about the warm and cold season 
reconstructions (Figures 7b,c).  The main difference between the different reconstructions 
is that the MXD network consistently indicates a cooler late 16th and early-to-mid 17th 
Centuries regardless of season.  This is still true if one only considers the extratropical 
land mean (Figure 6b).  
 
Finally, we compare the seasonal reconstructions produced by the combined network 
(Figure 7d).  All three seasonal reconstructions are very similar at both interannual and 
longer time scales.  In fact, the warm season and annual reconstructions are nearly 
indistinguishable. [SCOTT: THIS IS EXPECTED FOR THE FULL NORTHERN 
HEMISPHERE MEAN, BUT WE NEED TO SEE HOW THE DIFFERENT 
SEASONAL RECONSTRUCTIONS COMPARE FOR THE EXTRATROPICAL AND 
EXTRATROPICAL TERRESTRIAL REGIONS ONLY--THIS IS WHERE WE 
WOULD EXPECT GREATER DIFFERENCES, FOR THEORETICAL REASONS--
WE NEED AN ADDITIONAL FIGURE MAKING THESE LETTER COMPARISONS] 
 
ii.   Spatial Pattern Comparisons 
 
Because we reconstruct the full northern hemisphere field it is possible to examine the 
spatial temperature anomaly patterns for particular years in the past.  Some particularly 
interesting years are 1601, the year following the Huaynaputina (Peru) eruption; 1783, 
the year of the Laki eruption in Iceland and an exceptionally cold winter in parts of North 
America and Europe; 1791, an El Nino year (Quinn and Neal 1992); 1816, the “Year 
Without a Summer” following the Tambora eruption in 1815; and 1834, an exceptionally 
warm year in Europe (Mann et al., 1998).   
 
a. Annual 
 
For the annual calendar mean, the spatial patterns derived from the three proxy networks 
are, in general, similar (Figure 8).  All three networks show a similar spatial arrangement 
of the anomaly pattern, but with varying intensity.  The spatial reconstructions produced 
via the Combined network appear to fall between those of the MXD- and multiproxy/PC-
based reconstructions, with greater weight given to the multiproxy/PC network.  This is 
consistent with the better annual multivariate verification scores of the multiproxy/PC 
network relative to the MXD network (at least with the full proxy network available, 
including long instrumental records which extend back to about 1750).  As is apparent in 
the northern hemisphere mean reconstructions (Figure 8), the MXD network typically 
produces an overall cooler pattern response than the multiproxy/PC and combined 
networks to major volcanic eruptions (e.g., 1601, 1783, 1816). This is not surprising 
since the MXD network appears predominantly reflective of warm-season conditions 
based on the the spatial verification scores (Table 2 and 3), implying a greater sensitivity 
of continental temperatures to  volcanic forcing (Mann, 2002; Shindell et al, 2002).   
 
b. Warm Season 
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The general comments regarding the annual spatial reconstructions apply to those for the 
warm season with the following exceptions.  The temperature anomaly patterns for 1791 
show a different structure and the MXD and multiproxy/PC networks do not appear as 
end-members (Figure 8b).  For example, over North America both the multiproxy/PC and 
MXD networks indicate relative warmth, but the combined network indicates relatively 
cool conditions.  The same can be said of Fennoscandia, though perhaps to a lesser 
degree.  This suggests that the strengths of the two independent proxy networks (at least 
in the case with all the proxies available included in the networks; Table 1) work together 
in the combined network.  It should be noted, however, that the warm-season multivariate 
verification scores for the multiproxy/PC network are inferior to those for the annual 
scores, or the warm-season multivariate scores for the combined and MXD networks 
(Tables 1 and 2).  The multivariate verification scores for the three networks (Table 1) 
suggest that the MXD network should dominate the reconstruction based on the 
combined network.  This does not appear to be true in all cases, although one could argue 
for a generally stronger MXD-network influence relative to that of the multiproxy/PC 
network. 
 
c. Cold Season 
 
For the cold season spatial patters, the differences between the reconstructions appear 
even more pronounced (Figure 8c).  For example, compare the reconstructions afforded 
by the three networks for 1783 and 1815.  It appears that the multiproxy/PC network is 
dominating the reconstruction based on the combined network.  This is again consistent 
with the multivariate verification scores for the cold season where the MXD network 
performs poorly relative to the multiproxy/PC and combined networks. As expected, the 
historically strong El Nino of 1791/1792  is particularly evident in the cold-season 1791 
(ie, 1791/1792) pattern. The first winter following the major explosive eruptions of 1601 
and 1815 shows evidence of a dynamical winter continental warming which contrasts 
with the summer cooling found during the first several summers following these events 
(Kirchner et al, 1999; Shindell et al, 2002). This winter dynamical warming partly offsets 
the stronger summer cooling in the annual mean response. 
 
The combined reconstruction may not be a mixture of patterns or a blend of relative 
temperatures from the multiproxy/PC and MXD networks. For example, the 
exceptionally cold/warm centers in eastern Europe shown in the 1783/1815 
reconstructions lie outside the reconstructions of the two independent networks. This is 
similar to the situation described for the warm season 1791 reconstruction. [SCOTT, I 
HAVE SOME CONCERNS ABOU THIS--SINCE YOU FOUND THAT MXD GAVE 
THE BEST COLD SEASON RECONSTRUCTION FOR LAG +1, WHILE 
PC/MULTIPROXY GAVE THE BEST RECONSTRUCTION FOR LAG 0, I'M 
WONDERING IF THE 'COMBINED' CONSISTS OF MXD LAG+1 AND 
MULTIPROXY/PC LAG 0. IF NOT, THEN THE 'COMBINED' RESULTS ARE 
PROBABLY NOT MEANINGFUL FOR THE COLD-SEASON BECAUSE YOU'RE 
MIXING APPLES AND ORANGES. THIS WOULD EXPLAIN THE ODD RESULTS 
DESCRIBED HERE. IN THIS CASE, WE NEED TO GO BACK AND USE THE 
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OPTIMAL LAGS FOR EACH INDEPENDENT DATASET IN THE 'COMBINED' 
ANALYSES. PLEASE CLARIFY WHAT WAS DONE.] 
 
5. Conclusions 
 
Comparisons both within the suite of reconstructions we performed and between our 
reconstructions and those previously published (Mann et al., 1998; Briffa et al., 1998, 
2002; Esper et al., 2002) allow us to evaluate the effects of methodology, target season, 
target region, and proxy network on climate reconstructions.  Based on the comparisons 
within our suite of reconstructions we reach the following conclusions.  
 
1) Reconstructions of different target seasons but using the same method, proxy network 
and target region are generally similar.  In the northern hemisphere mean, the warm 
season and annual mean reconstructions are nearly indistinguishable while the cold 
season reconstruction differs, though not greatly, from the other seasons. [SCOTT THIS 
IS ONLY TRUE FOR THE FULL NORTHERN HEMISPHERE MEAN. WE NEED TO 
EVALUATE THIS FOR THE EXTRATROPICAL AND EXTRATROPICAL 
CONTINENTAL DOMAINS] This is less true of the spatial reconstructions where the 
same proxy network can give different spatial patterns for different seasons, particularly 
with regard to the cold season, as one might expect.  In addition, different proxy networks 
are best suited to reconstructing different seasons, as illustrated by our verification scores 
(Tables 1 and 2).  This result illustrates the importance of evaluating the proxy network 
with regard to the best target season for reconstruction.  
 
2) Different proxy networks produce similar reconstructions using the same method, 
target season and region when the full proxy network is available.  These reconstructions 
begin to differ as network becomes sparse back in time (Figure 6).  For the networks used 
in our suite of tests, this suggests that the full networks sample most of the degrees of 
freedom in the northern hemisphere temperature field.  As proxies drop out of the 
network back in time the reconstructions diverge as the degrees of freedom sampled 
becomes more variable.  This conclusion is further supported by the observation that the 
combined network does not do much better than individual full MXD and multiproxy/PC 
networks, but is more robust overall with regard to season and proxies available back in 
time. 
 
3) For the Combined network, the reconstructed spatial patterns are, in general, 
dominated by the independent network that has the best verification scores, although the 
reconstruction typically lies between those of the two independent networks.  This is not 
strictly the case, however.  There are examples where the reconstruction based on the 
Combined network is neither a mixture or a blend of the two independent networks 
[NEED TO CHECK THE LAG ISSUE IN THE COMBINED, AS DISCUSSED 
ABOVE]. 
 
 
4)  When controlled for proxy network, target season and target region, mean 
reconstructions based on different methods [i.e., our RegEM CFR method vs Briffa et al., 
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(1998, 2001) local/regional regression approach or Mann et al (1998) eigenvector-based 
approach] yield nearly indistinguishable results for hemispheric mean reconstructions. 
 
5) When we allow both the network and the method to vary, but still control for season 
and target region (i.e. comparing our CFR reconstruction to that of Esper et al., 2002) the 
reconstructions are still similar over most of the 1400-1856 period, though differences are 
evident over particular time intervals. These differences generally fall well within the 
estimated uncertainties. 
 
As a general conclusion, the use of different reconstruction methods, proxy networks, 
target seasons, and target regions produce somewhat different northern hemisphere mean 
reconstructions, but all of the northern hemisphere mean reconstructions are similar (e.g., 
within estimated uncertainties) when differing target spatial domain and seasonality are 
controlled for--the sensitivity to the particular proxy network used or methodology used 
appears to be less important. 
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Analysis Multiproxy/PC MXD Combined 

 Ann. 
 

No 
inst. 

Cold Warm Ann. Cold Warm Ann. No 
inst. 

Cold Warm 

non-
hybrid 

25/7 
69/38 

 

9/-12 
57/15 
15/6 
23/14 

11/-12
61/8 

 

11/-4 
33/6 

14/-7 
56/16 
24/11 
26/12 

6/-17 
45/-17 

14/0 
50/26 

 
 

25/7 
71/43 

 

14/-6 
62/25 
21/12 
27/18 

10/-14
58/2 

16/2 
42/12 

20-year 
hybrid 

22/4 
71/44 

8/-13 
57/16 
13/3 
18/9 

10/-13
61/10

10/-7 
40/15 

14/-7 
55/15 
26/14 
29/14 

8/-16 
56/7 

12/-3 
38/9 

19/0 
68/37 

11/-9 
61/23 
20/11 
29/21 

7/-17
54/-7

13/-2 
42/12 

mixed-
hybrid 

23/5 
66/33 

9/-13 
56/14 
15/6 
23/14 

9/-14 
62/11

8/-7 
36/-1 

12/-10
54/12 
26/14 
29/17 

5/-18 
55/4 

11/-4 
39/10 

 
 

21/2 
64/29 

12/-9 
55/12 
21/13 
28/20 

7/-17
55/-6

14/0 
34/0 

 
Table 1.  RegEM-method verification scores based on full network (112 predictors in the 
PC/proxy case, ???SCOTT?? XX indicators in the MXD case) for different seasons and 
proxy networks.  Results are presented as RE/CE pairs.  For table cells with two rows of 
verification scores, those scores are 1856-1900 multiviariate and 1856-1900 northern 
hemisphere mean.  Where applicable, cells with addition rows include 1755-1900 
multivariate and 1755-1900 mean verification scores using the long instrumental records 
for verification.  “No inst.” indicates the instrumental records present in the proxy 
network have been witheld from the network. 
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Analysis Multiproxy/PC MXD Combined 

 Ann. 
 

Cold Warm Ann. Cold Warm Ann. Cold Warm

Network back to 1750, proxies only 
nohybrid 8/-14 

55/11 
8/-16 
54/-8 

6/-10 
32/-3 

N/A N/A N/A 14/-7 
66/33 

7/-17 
60/6 

13/-2 
41/10 

20-year 
hybrid 

8/-14 
57/15 

7/-17 
54/-7 

3/-13 
18/-24

N/A N/A N/A 10/-11 
61/23 

5/-20 
58/2 

11/-4 
39/8 

mixed 7/-15 
52/7 

5/-19 
52/-11 

3/-13 
9/-37 

N/A N/A N/A 11/-10 
61/23 

5/-20 
59/5 

12/-4 
34/0 

Network back to 1700 
nohybrid 6/-16 

54/9 
10/-14 
59/5 

4/-12 
17/-25

13/-8 
56/16 

6/-18 
45/-16 

12/-3 
41/13

12/-9 
60/22 

8/-16 
62/11 

11/-4 
21/-19 

20-year 
hybrid 

7/-14 
56/13 

8/-15 
59/5 

3/-14 
23/-17

13/-8 
55/15 

4/-20 
53/8 

11/-4 
33/1 

12/-9 
57/16 

5/-19 
58/3 

11/-5 
30/-6 

mixed 6/-16 
51/4 

8/-16 
59/4 

3/-14 
14/-30

12/-9 
55/15 

4/-20 
52/-2 

9/-6 
29/-5 

12/-9 
58/18 

6/-18 
61/9 

10/-5 
21/-20 

Network back to 1600 
nohybrid 6/-15 

52/6 
10/-13 
60/6 

4/-12 
22/-20

12/-9 
48/2 

7/-16 
40/-27 

10/-6 
31/-2 

11/-9 
54/9 

10/-14 
60/7 

9/-7 
11/-34 

20-year 
hybrid 

8/-14 
53/7 

10/-13 
60/7 

1/-16 
23/-17

13/-8 
52/10 

5/-18 
53/0 

9/-6 
27/-8 

11/-9 
52/6 

7/-17 
59/4 

8/-7 
21/-21 

mixed 6/-16 
47/-4 

8/-16 
60/5 

1/-16 
10/-37

11/-10 
53/11 

6/-18 
50/-5 

7/-9 
24/-12

11/-10 
51/5 

7/-16 
61/9 

8/-8 
8/-39 

Network back to 1500 
nohybrid 7/-15 

44/-10
11/-12 
61/8 

4/-13 
15/-28

11/-10 
46/-3 

7/-16 
39/-29 

10/-6 
36/5 

11/-10 
51/3 

10/-14 
59/3 

7/-9 
13/-33 

20-year 
hybrid 

6/-16 
51/5 

9/-14 
60/8 

-3/-20
10/-36

12/-10 
50/4 

7/-17 
54/4 

9/-6 
34/3 

11/-10 
53/8 

7/-17 
58/3 

8/-8 
30/-7 

mixed 5/-17 
44/-10

9/-15 
60/6 

-3/-20
-1/-54

9/-13 
42/-10 

5/-18 
50/-8 

6/-10 
16/-24

9/-12 
48/-3 

7/-17 
58/2 

6/-10 
14/-30 

Network back to 1400 
nohybrid 8/-13 

47/-3 
10/-13 
61/8 

6/-10 
27/-10

11/-10 
49/-3 

8/-15 
42/-21 

9/-7 
36/6 

11/-10 
51/4 

10/-14 
58/2 

9/-7 
29/-7 

20-year 
hybrid 

6/-15 
49/0 

10/-14 
62/10 

2/-15 
12/-33

10/-11 
48/2 

6/-17 
53/0 

5/-11 
20/-18

11/-10 
54/9 

9/-15 
61/9 

8/-8 
22/-18 

mixed 6/-16 
40/-18

8/-16 
60/6 

1/-15 
0/-52 

8/-14 
41/-11 

5/-19 
48/-10 

3/-14 
-2/-50

10/-11 
47/-5 

8/-16 
60/7 

6/-10 
5/-44 

Table 2.  Verification scores for the different proxy networks and seasons using only the 
proxies available over different centuries.  The verifications scores are presented as 
RE/CE pairs for the multivariate (top row in each table cell) and northern hemisphere 
mean (bottom row in each table cell) cases.  
N/A: The MXD proxy network is nearly complete by 1700 [SCOTT, THIS DOESN'T MAKE 
ANY SENSE--IF YOU MEAN THAT THE RESULTS ARE THE SAME IN THIS CASE AS IN TABLE 
1, YOU SHOULD SAY SO OR REPEAT THE RESULTS]Ann.: Annual 
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 RegEM Mann et al. (1998) 
Analysis mult 

RE/CE 
1820-1900 

mult 
RE/CE 

1856-1900

globe 
RE/CE 

1856-1900

mult 
RE/CE 

1820-1900

mult 
RE/CE 

1856-1900 

globe 
RE/CE 

1856-1900 
no hybrid N/A 25/3 78/51 N/A 22/?? 76/?? 
hybrid 20 N/A 20/-3 73/40 N/A N/A N/A 
mixed N/A 22/-1 72/38 N/A N/A N/A 
       

No long instrumental or historical records as proxies 
       
nohybrid  10/-5 5/-23 55/-3 19/N/A 11/N/A 65/N/A 
hybrid20 12/4 4/-24 53/-5 N/A N/A N/A 
mixed 15/0 6/-21 55/-2 N/A N/A N/A 
 
Table 3: Comparison of verification scores between the Mann et al. (1998) method and 
the RegEM method used here, based on reconstructions using the full network of 112 
predictors.  The same gridpoints used by Mann et al. (1998) for calibration and for 
verification were used in the RegEM cases. The scores are presented as RE/CE 
combinations for both the multivariate (mult) and global mean (globe) cases.  Here, the 
global mean is the average of all the available Mann et al. (1998) verification gridpoints, 
not just those in the northern hemisphere. 
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Figure 1: Distribution of proxies for the two networks used in this study.  (a) the 
multiproxy/PC network of Mann et al. (1998). (b) the age-banded maximum latewood 
density (MXD) network of Briffa et al. (2001).  
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Figure 2a.  Spectra of northern hemisphere mean verification residuals. (left) 
multiproxy/PC using only indicators available at 1400 for verification (top) and all 
indicators (bottom).  (right) the same for the MXD network.   The verification time series 
is 45 years long. The spectra are largely consistent with white noise, though there is 
evidence of a statistically significant deficit of resolved variability at bidecadal timescales 
(all cases) and secular timescales (MXD data). 
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Figure 2b.  Histogram of residuals for each gridpoint and year for the multiproxy/PC 
verfication using the proxy network available to 1400 (top) and the full network (bottom). 
The distribution is essentially normal in both cases. 
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Figure 3:  Comparisons of non-hybrid, hybrid-20, and hybrid-mixed reconstruction for 
annual mean using the multiproxy/PC network.  Also shown is the instrumental record 
consisting of the few available data from 1750-1856 (Mann, 2002a) and the Jones et al. 
(1999) data for 1856-2000. [SCOTT: LONG INSTRUMENTAL RECORD NEEDS TO 
BE MORE CLEARLY DISTINGUISHED FROM RECENT RECORD, AND BOTH 
NEED TO BE LESS OBTRUSIVE IN THE PLOT] 
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Figure 4.  Comparison between the RegEM-based mixed-hybrid annual mean 
reconstruction (using the Mann et al. multiproxy/PC network) and Mann et al (1998) 
showing overlapping uncertainties in both estimates. Also shown is the long instrumental 
record (see caption for Figure 3) for comparison. [SCOTT: SEE COMMENT IN 
FIGURE 3]  
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Figure 5.  Comparison between the Briff et al. (1998, 2001) northern hemisphere mean 
and the RegEM (mixed-hybrid) MXD summer mean reconstruction.  (a) The RegEM full 
northern hemisphere mean and extratropical land only mean versus Briffa et al.  (b) 
Comparison using the RegEM reconstructed gridpoints that coincide with those 
reconstructed by Briffa et al.  Here we are using the same proxy network and target 
season and progressively controlling for target region. 
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Figure 6. Comparison between the Esper et al. (2002) “northern hemisphere mean” and 
the RegEM (mixed-hybrid) MXD and Combined-network summer mean reconstructions.  
The low frequency (>40 years) of the Esper et al. (2002) time series has been scaled to 
the low frequency of the instrumental record from 1856 to 1980 in each case.  The three 
panels show the progression of controlling for different target regions.  The differences in 
the bottom panel between the reconstructions are due to the different proxy networks and 
methods (in the case of Esper et al., 2002) used to produce the reconstructions.   
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Figure 7.  Comparisons of the RegEM-based results for different seasons and proxy 
networks.  (a) annual mean reconstruction using the three proxy networks 
(multiproxy/PC, MXD and Combined).  (b) warm season comparison and (c) cold season 
comparison.  (d) shows the three seasonal reconstructions produced by the Combined 
network.  In the top three panels the yellow field is the two-sigma uncertainty in the mean 
reconstruction. 
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Figure 8. Spatial maps. 9 pages to be combined by season into three pages. 
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Figure 8.  Maps of the full field reconstruction for interesting years using the three 
different proxy networks (multiproxy/PC, MXD and Combined) to reconstruct three 
seasonal targets.  The years shown are the following: 1601, the year following the 
Huaynaputina (Peru) eruption; 1783, the year of the Laki eruption in Iceland; 1791, an El 
Nino year (Quinn and Neal 1992); 1816, the “Year Without a Summer” following the 
Tambora eruption in 1815; and 1834, an exceptionally warm year in Europe (Mann et al., 
1998).  
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From: Michael E. Mann
To: Scott Rutherford
Cc: Ray Bradley; k.briffa@uea.ac.uk; mhughes@ltrr.arizona.edu; Phil Jones; t.osborn@uea.ac.uk
Subject: Fwd: rough draft
Date: Thursday, November 14, 2002 12:21:48 PM

Oops Scott,

Forgot to send to you. I'm forwarding you the revised draft, and I'm asking the others to send their
comments/suggestions/etc to you to incorporate,

Mike

Date: Thu, 14 Nov 2002 03:21:21 -0500
To: Ray Bradley <rbradley@geo.umass.edu>, k.briffa@uea.ac.uk,
mhughes@ltrr.arizona.edu, Phil Jones <p.jones@uea.ac.uk>, t.osborn@uea.ac.uk
From: "Michael E. Mann" <mann@virginia.edu>
Subject: rough draft

Dear All,

Attached is a rough draft of the intercomparison paper we've been promising for some
time. Its involved a vast array of different experiments, and significant CPU time, hence
the delay in finally getting a draft of the results together.  As you'll see, there are still
some details that need to be filled in and checks that need to be made (comments or
inquiries are in red font). While Scott looks into those, though, I wanted to give
everyone a chance to look at the draft and provide any feedback they may have at this
stage, to help us get moving in finalizing a draft.

My own feeling is that Journal of Climate would be an appropriate place to submit this,
but I'm open to other thoughts on this...

Please provide any comments to Scott (or feel free to cc to the whole group as well).

Looking forward to your feedback.

cheers,

mike

_______________________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

mann@virginia.edu   Phone:    FAX: 

 http://www.evsc.virginia.edu/faculty/people/mann.shtml

_______________________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
____________________________________ ________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.e ple/mann.
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From: Scott Rutherford
To: Michael E. Mann
Cc: Ray Bradley; k.briffa@uea.ac.uk; mhughes@ltrr.arizona.edu; Phil Jones; t.osborn@uea.ac.uk
Subject: Re:
Date: Thursday, November 14, 2002 7:04:00 PM

Mike et al.,

I had a brief look at the comments and I will incorporate them with others that
everyone sends. I wanted to make a couple points while everyone has a look at the
draft:

1) For the combined network, each independent network was given the lag that
produced the best results in the independent tests.

2) Unless otherwise stated, all reconstructions in the figures are for the mixed-hybrid
case.

3) The frequency split for the hybrid method was done as stated in the draft. (high-
pass and residual were used)

Looking forward to comments and suggestions.

Regards,

Scott

On Thursday, November 14, 2002, at 02:28 PM, Michael E. Mann wrote:

Dear All,

I don't know if this went out the first time. Been having some minor
email problems...

Attached is a rough draft of the intercomparison paper we've been
promising for some time. Its involved a vast array of different
experiments, and significant CPU time, hence the delay in finally getting
a draft of the results together.  As you'll see, there are still some details
that need to be filled in and checks that need to be made (comments or
inquiries are in red font). While Scott looks into those, though, I wanted
to give everyone a chance to look at the draft and provide any feedback
they may have at this stage, to help us get moving in finalizing a draft.

My own feeling is that Journal of Climate would be an appropriate place
to submit this, but I'm open to other thoughts on this...

Please provide any comments to Scott (or feel free to cc to the whole
group as well).

Looking forward to your feedback.
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cheers,

mike

_______________________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

mann@virginia.edu   Phone:    FAX: 

 http://www.evsc.virginia.edu/faculty/people/mann.shtml

<nhproxy.doc>

______________________________________________
Scott Rutherford 

University of Virginia University of Rhode Island
Environmental Sciences Graduate School of Oceanography
Clark Hall South Ferry Road
Charlottesville, VA 22903 Narragansett, RI 02882
srutherford@virginia.edu srutherford@gso.uri.edu
phone:  
fax:  
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From: Michael E. Mann
To: Scott Rutherford
Cc: Ray Bradley; k.briffa@uea.ac.uk; mhughes@ltrr.arizona.edu; Phil Jones; t.osborn@uea.ac.uk
Subject: Re:
Date: Thursday, November 14, 2002 10:20:09 PM

Thanks Scott,

Also looking forward to the feedback from everyone,

Mike

At 09:03 PM 11/14/2002 -0500, Scott Rutherford wrote:

Mike et al., 

I had a brief look at the comments and I will incorporate them with others that
everyone sends. I wanted to make a couple points while everyone has a look at
the draft: 

1) For the combined network, each independent network was given the lag that
produced the best results in the independent tests. 

2)  Unless otherwise stated, all reconstructions in the figures are for the mixed-
hybrid case. 

3) The frequency split for the hybrid method was done as stated in the draft.
(high-pass and residual were used) 

Looking forward to comments and suggestions. 

Regards, 

Scott 

On Thursday, November 14, 2002, at 02:28 PM, Michael E. Mann wrote: 

Dear All, 

I don't know if this went out the first time. Been having some minor
email problems... 

Attached is a rough draft of the intercomparison paper we've been
promising for some time. Its involved a vast array of different
experiments, and significant CPU time, hence the delay in finally
getting a draft of the results together.  As you'll see, there are still
some details that need to be filled in and checks that need to be made
(comments or inquiries are in red font). While Scott looks into those,
though, I wanted to give everyone a chance to look at the draft and
provide any feedback they may have at this stage, to help us get
moving in finalizing a draft. 

My own feeling is that Journal of Climate would be an appropriate place
to submit this, but I'm open to other thoughts on this... 

Please provide any comments to Scott (or feel free to cc to the whole
group as well). 
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Looking forward to your feedback. 

cheers, 

mike 

_______________________________________________________________________

                    Professor Michael E. Mann 
           Department of Environmental Sciences, Clark Hall 
                      University of Virginia 
                     Charlottesville, VA 22903 
_______________________________________________________________________

mann@virginia.edu   Phone:    FAX: 
 

http://www.evsc.virginia.edu/faculty/people/mann.shtml

<nhproxy.doc>

______________________________________________ 
                      Scott Rutherford  

University of Virginia          University of Rhode Island 
Environmental Sciences          Graduate School of Oceanography 
Clark Hall                                      South Ferry Road 
Charlottesville, VA 22903       Narragansett, RI 02882 
srutherford@virginia.edu                srutherford@gso.uri.edu 
phone:             
fax:                       

</blockquote></x-html>

_______________________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

il: mann@virginia.edu   Phone:    FAX: 

     http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Gabi Hegerl
Subject: Re:
Date: Thursday, November 21, 2002 1:16:44 PM

HI Gabi,

The paper is interesting, and is worthy of publishing, in my opinion, with some additional minor revisions.
I have only two additional comments:

1) The statement that Briffa et al and, especially, Esper et al  "process tree-ring data in such a way that
"low-frequency information is preserved" is misleading because it implies this isn't true in other studies
(Malcolm Hughes was quite careful to insure that this was also the case with the tree-ring data that we
used in our study) and, moreover, it implies that the additional variability that is included is climatic in
nature. That is far from accepted.  In the Esper et al reconstruction in particular, there is a considerable
likelihood that a sizeable fraction of the additional variability that is evident is non-climatic in nature (see
Mann, M.E., Hughes, M.K., Tree-Ring Chronologies and Climate Variability, Science, 296, 848, 2002). So
there is an important caveat that is missing here...

2) One other important thing that I think is missing is any discussion of the results of using the
instrumental record alone.

I believe MBH99 has a higher correlation with the full available instrumental record (annual mean, entire
Northern Hemisphere) from 1856-1960 than the other proxy series, so I'd be surprised if the conclusions
for sensitivity to GHG from M99 could be all that different from using the instrumental record itself, over
the period 1856-1960?? This is implied by omission. Now, its also  hard to believe that any earlier
information (pre-1856) can be useful for detecting anthropogenic forcing anyways, so why not just
compare the results of explicitly using the instrumental record itself (?) back to 1856, at least for the
anthropogenic forcing detection? This could be done for annual full Northern Hemisphere mean as well
as extratropical continents and summer only (to simulate Briffa et al and Esper et al sampling), providing
a proper baseline for comparison for the anthropogenic detection analysis. This seems like a major
omission to me.

Unless such a baseline for comparison is provided, the interpretation of the differences from using
different series is not clear. This doesn't mean that such an analysis has to be provided here (perhaps its
too much to fit into a GRL), but if such an analysis is not available for comparison here, than there are
some important caveats that need to be made. The use of a phrase such as "all reconstructions except
for one"  in the abstract, without appropriate qualification (which implies it is the reconstructions, rather
than these issues of seasonality and spatial sampling, that is responsible for the differences) is in this
case misleading and potentially inflammatory in nature, and really needs to be changed.

I hope that these comments are helpful,

Mike

At 12:32 PM 11/21/2002 -0500, you wrote:

Hi Mike,

Thanks for inviting us! I can only speak for myself, I;d have LOVED to go,
but we have a new family member scheduled to show up feb 20, so I assume
by then we won';t be ready to travel. I gave Tom the ok, but he hesitates
and I might well regret the "ok" by then when being alone with a super-jealous 2-yr old and
a tiny baby. HOpe all will go ok, if it does, this should
hopefully complete the family and avoid that our son is stuck alone in the
house with two aging parents, then he should have somebody to gang up with.
;)

Hey, I did submit that paper, I'll attach a preprint. I could not discuss
data differences as much as I wanted (trying to fit it to GRL), but I tried.
comments appreciated!

Gabi
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Dear Tom & Gabi,

On behalf of myself and my co-conveners Phil Jones, Christian Dullo, and Jean
Jouzel, I'd like to invite either or both of you (jointly) to give a presentation on
'Detection of Forcing in Paleoclimate Reconstructions of the Past 1000 Years' (or a
related topic) in our session on 'Climate of the Last Millennium' at the Spring '03
joint EGS/AGU meeting in Nice, France.

More information on the session is provided below. Please take note of the due
dates for abstract submission, and let me know if you have any questions.

We look forward to hearing back from you.

Best regards,

Mike

___________________________________________________________________________

EGS - AGU - EUG Joint Assembly, Nice, France, 06-11 April 2003

CL11.08: /Climate of the last millennium: reconstructions, analyses and
explanation of regional and seasonal changes

/Convener:* Mann, M. *Co-Convener(s):* Dullo, W.; Jouzel, J.; Jones, P.

*Deadline for Support Applications: 01 December 2002
Deadline for Receipt of Abstracts: 15 January 2003

*In the context of the detection and attribution of human influences on climate it
is vital to assess the magnitude of natural climate variability. The instrumental
record is relatively short and may be already contaminated by human influences. It
is thus vital to gain as much information as possible about past climates and in the
above context the last 1000 years is the most important. This symposium seeks
presentations on proxy climatic reconstructions of this period on various timescales
from interannual (eg from trees, historical records, ice cores, corals, sponges, and
lake sediments etc) to century ( eg from sediment cores). Preference will be given
both to the exploration of new archives and to the integration of a number of
different records together, particularly from different proxies, and attempts to
improve understanding of what factors might have caused the variations seen in
the millennium on the decadal-to-century timescale. We also seek contributions
that compare paleoclimate reconstructions with results from climate models forced
with estimates of past forcing factors such as measures of solar output variations
and the number and severity of climatically-important volcanic eruptions.
_______________________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

irginia.edu   Phone:    FAX:

http://www.evsc.virginia.edu/faculty/people/mann.shtml

-- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
Gabriele Hegerl - NOTE CHANGE IN ADDRESS FORMAT
Department of Earth and Ocean Sciences,
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Nicholas School for the Environment,
Box 90227
Duke University, Durham NC 27708
Ph:  fax  
email: hegerl@duke.edu, http://www.env.duke.edu/faculty/bios/hegerl.html

_______________________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
____________________________________ ________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.e ple/mann.
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From: Malcolm Hughes
To: Michael E. Mann; Scott Rutherford
Cc: Ray Bradley
Subject: Re:
Date: Wednesday, December 25, 2002 2:29:13 PM

Just to let you know I will be largely out of e-mail contact from today until
January 7. Once back, I should be able to send some comments on the
Osborne et al paper. One important question - how are the weights
determined when dealing with high and low frequencies? More later, Happy
New Year, Malcolm
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From: Michael E. Mann
To: Tim Osborn; Scott Rutherford
Cc: k.briffa@uea.ac.uk; Phil Jones; Ray Bradley; mhughes@ltrr.arizona.edu; mann@virginia.edu
Subject: Re: RegEM manuscript
Date: Monday, January 06, 2003 7:17:08 AM

Thanks very much Tim,

Your comments are extremely helpful.

I'm open to eliminating the comparison w/ Esper et al --but lets see if there is a consensus of
the group as to what to do here. We're anxiously awaiting comments from the others...

thanks again,

mike

p.s. Scott can be reached at either U.Va or U.RI email equally well (I believe the former is
forwarded to the latter)..

At 12:16 PM 1/6/2003 +0000, Tim Osborn wrote:

Dear Scott and Mike,

Over the Christmas break I (finally!) had time to read the RegEM manuscript in
detail.  Phil had already read and annotated a copy - so I've added my annotations
to that and will mail it to you today.  Mike asked for comments to go to Scott, so
please tell me which address I should use (Rhode Island or Virginia?).

I spoke to Keith and he has partly read it too, and will provide separate comments
soon.

Overall, I think the paper is a very nice piece of work and I'm pleased to be
involved with it.  The results regarding robustness with respect to proxy data,
method, region and season are definitely good to publish.

Among the many comments annotated on the manuscript, a few are repeated here
so that all authors may respond if they wish:

(1) Given the overwhelming number of values in the Tables, I suggest halving
them by dropping all the CE values (keeping just RE values).  As the paper points
out, getting the verification period mean right is rewarded by RE but not by CE. 
Since we are interested in changes in the mean, I don't think that's a problem.  CE
is fine in addition, but dropping it would provide benefits of reducing manuscript
size - and especially the size of the tables.

(2) The "mixed-hybrid" approach sounds dubious to me - more
justification/explanation of why it is needed (and hence why it captures more
variance than the simpler splitting into high- and low-frequency components
method).

(3) It is not clear to me that the paragraph and figure on the comparison with
Esper et al. are either correct or necessary.  They also are problematic because it
would appear that we (Briffa & Osborn) were contradicting our earlier paper when
in fact we aren't.  The paper is already long and to remove these parts would
therefore be helpful anyway.  The comparison with Esper et al. is important - but
much better dealt with in a separate paper where it could be developed in more
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detail and with more room to explain the approach and its implications.

(4) I still hope to write up some more detailed comparisons of the reconstructions
using just the MXD data but different methods and will let Mike/Scott know my
plans on this soon.

Happy new year to you all.

Tim

Dr Timothy J Osborn                 | phone:    
Senior Research Associate           | fax:      
Climatic Research Unit              | e-mail:   t.osborn@uea.ac.uk
School of Environmental Sciences    | web-site:
University of East Anglia __________|   http://www.cru.uea.ac.uk/~timo/
Norwich  NR4 7TJ         | sunclock:
UK                       |   http://www.cru.uea.ac.uk/~timo/sunclock.htm

_______________________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

il: mann@virginia.edu   Phone:    FAX: 

     http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Phil Jones; Scott Rutherford; Malcolm Hughes; Raymond Bradley; Tim Osborn; Keith Briffa
Cc: mann@virginia.edu
Subject: Re: revised NH comparison manuscript
Date: Monday, June 09, 2003 8:14:13 AM

Thanks Phil,

I think "Journal of Climate" might be the most appropriate for our target audience.

Thoughts from others,

mike

At 08:59 AM 6/9/2003 +0100, Phil Jones wrote:

 Scott,

        Attached are some suggested changes to the manuscript. Note the
few comments
 about global changes to the present version. There are are also some
suggestions for making
 the tables clearer.
      The paper is hard going in the results section, so maybe the
conclusions could be
 expanded a little.

      Keith and Tim here will send additional comments at some stage. I'm
off for three weeks
 on June 22 and am trying to get loads of things finished, so I've rushed
through this a bit. It reads
 well up to section 4, but there is a lot to get through and a lot to take in.
Hope comments
 are useful.

 Cheers
 Phil

 Cheers
 Phil

Prof. Phil Jones
Climatic Research Unit        Telephone +
School of Environmental Sciences    Fax 
University of East Anglia
Norwich                          Email    p.jones@uea.ac.uk
NR4 7TJ
UK ----------------------------------------------------------------------------
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______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Tim Osborn
To: Michael E. Mann; Phil Jones; Scott Rutherford; Malcolm Hughes; Raymond Bradley; Keith Briffa
Cc: mann@virginia.edu
Subject: Re: revised NH comparison manuscript
Date: Monday, June 09, 2003 8:30:49 AM

At 16:13 09/06/2003, Michael E. Mann wrote:
>Thanks Phil,
>
>I think "Journal of Climate" might be the most appropriate for our target
>audience.
>
>Thoughts from others,

I think the paper is most suited to J Climate too.

Cheers

Tim

Dr Timothy J Osborn
Climatic Research Unit
School of Environmental Sciences, University of East Anglia
Norwich  NR4 7TJ, UK

e-mail:   t.osborn@uea.ac.uk
phone:    
fax:      
web:      http://www.cru.uea.ac.uk/~timo/
sunclock: http://www.cru.uea.ac.uk/~timo/sunclock.htm
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From: Michael E. Mann
To: Tim Osborn; Phil Jones; Scott Rutherford; Malcolm Hughes; Raymond Bradley; Keith Briffa
Cc: mann@virginia.edu
Subject: Re: revised NH comparison manuscript
Date: Monday, June 09, 2003 8:39:07 AM

Thanks Tim,

Sounds like we have quorum on this then. J Climate it is (if no loud objections from
anyone else)...

mike

At 04:30 PM 6/9/2003 +0100, Tim Osborn wrote:

At 16:13 09/06/2003, Michael E. Mann wrote:

Thanks Phil,

I think "Journal of Climate" might be the most appropriate for
our target audience.

Thoughts from others,

I think the paper is most suited to J Climate too.

Cheers

Tim

Dr Timothy J Osborn
Climatic Research Unit
School of Environmental Sciences, University of East Anglia
Norwich  NR4 7TJ, UK

e-mail:   t.osborn@uea.ac.uk
phone:    
fax:      
web:      http://www.cru.uea.ac.uk/~timo/
sunclock: http://www.cru.uea.ac.uk/~timo/sunclock.htm

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Malcolm Hughes
To: Michael E. Mann
Cc: mann@virginia.edu
Subject: Re: revised NH comparison manuscript
Date: Monday, June 09, 2003 3:50:25 PM

Journal of CLimate and JGR Atmospheres both seem fine for
this to me, Cheers, Malcolm
> Thanks Tim,
>
> Sounds like we have quorum on this then. J Climate it is (if no loud
> objections from anyone else)...
>
> mike
>
> At 04:30 PM 6/9/2003 +0100, Tim Osborn wrote:
>     At 16:13 09/06/2003, Michael E. Mann wrote:
>     Thanks Phil,
>
>     I think "Journal of Climate" might be the most appropriate for our
>     target audience.
>
>     Thoughts from others,
>
>     I think the paper is most suited to J Climate too.
>
>     Cheers
>
>     Tim
>
>
>
>     Dr Timothy J Osborn
>     Climatic Research Unit
>     School of Environmental Sciences, University of East Anglia
>     Norwich NR4 7TJ, UK
>
>     e-mail: t.osborn@uea.ac.uk
>     phone: 
>     fax: 
>     web:http://www.cru.uea.ac.uk/~timo/
>     sunclock: http://www.cru.uea.ac.uk/~timo/sunclock.htm
>
> ____________________________________________________________
> __
> Professor Michael E. Mann
>  Department of Environmental Sciences, Clark Hall
> University of Virginia
> Charlottesville, VA 22903
> ______________________________________________________________________
> _ e-mail: mann@virginia.edu Phone:  
> http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes
Subject: Re: revised NH comparison manuscript
Date: Monday, June 09, 2003 4:02:57 PM

Thanks Malcolm,

It sounds like "J. Climate" is the most popular choice...

, then ending up in Sapporo for IUGG).

Hope to be in touch,

mike

At 03:50 PM 6/9/2003 -0700, you wrote:

Journal of CLimate and JGR Atmospheres both seem fine for 
this to me, Cheers, Malcolm
> Thanks Tim,
> 
> Sounds like we have quorum on this then. J Climate it is (if no loud
> objections from anyone else)...
> 
> mike
> 
> At 04:30 PM 6/9/2003 +0100, Tim Osborn wrote:
>     At 16:13 09/06/2003, Michael E. Mann wrote:
>     Thanks Phil,
> 
>     I think "Journal of Climate" might be the most appropriate for our
>     target audience.
> 
>     Thoughts from others,
> 
>     I think the paper is most suited to J Climate too.
> 
>     Cheers
> 
>     Tim
> 
> 
> 
>     Dr Timothy J Osborn
>     Climatic Research Unit
>     School of Environmental Sciences, University of East Anglia
>     Norwich NR4 7TJ, UK
> 
>     e-mail: t.osborn@uea.ac.uk
>     phone: 
>     fax: 
>     web:http://www.cru.uea.ac.uk/~timo/
>     sunclock: http://www.cru.uea.ac.uk/~timo/sunclock.htm
> 
> ____________________________________________________________
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> __
> Professor Michael E. Mann
>  Department of Environmental Sciences, Clark Hall
> University of Virginia
> Charlottesville, VA 22903
>
______________________________________________________________________

> _ e-mail: mann@virginia.edu Phone:  
> http://www.evsc.virginia.edu/faculty/people/mann.shtml

Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Scott Rutherford
To: Malcolm Hughes; Raymond Bradley; Tim Osborn; Keith Briffa; Phil Jones; Mann Mike
Subject: Re: revised NH comparison manuscript
Date: Friday, July 11, 2003 12:29:24 PM

Dear All,

This is a reminder that I would like your comments on the revised NH
comparison manuscript by mid next week so I can incorporate everyone's
comments and submit a manuscript by late this month. If I don't hear
from you by 5:00pm EDT on Wednesday, July 16, I will assume that you
are comfortable submitting the manuscript as it is.

The general consensus was to send it to Journal of Climate. This means
that we have to have all authors sign the copyright form when the
manuscript is submitted. I will let everyone know when I submit the
manuscript and will e-mail a PDF of the copyright form for everyone to
sign and fax to AMS to be followed by hard copy.

Regards,

Scott

On Tuesday, June 3, 2003, at 02:51 PM, Scott Rutherford wrote:

>
>
> Attached to this e-mail is a revision of the northern hemisphere
> comparison manuscript. First some general comments. I tried as best as
> possible to incorporate everyone's suggestions. Typically this meant
> adding/deleting or clarifying text. There were cases where we
> disagreed with the suggested changes and tried to clarify in the text
> why.
>
> In this next round of changes I encourage everyone to make specific
> suggestions in terms of wording and references (e.g. Rutherford et al.
> GRL 1967 instead of "see my GRL paper").  I also encourage everyone to
> make suggestions directly in the file in coloured text or by using
> Microsquish Word's "Track Changes" function (this will save me
> deciphering cryptic penmanship; although I confess, my writing is
> worse than anyone's). If you would prefer to use the editing functions
> in Adobe Acrobat let me know and I will send a PDF file. If you still
> feel strongly that I have not adequately addressed an issue please say
> so.  I will incorporate the suggestions from this upcoming round into
> a manuscript to be submitted. After review, everyone will get a crack
> at it again.
>
> I will not detail every change made (if anyone wants the file with the
> changes tracked I can send it).  Here are the major changes:
>
> 1) removal of mixed-hybrid approach and revised discussions/figures
> 2) removal of CE scores from the verification tables
> 3) downscaling of the Esper comparison to a single figure panel and
> one paragraph.
> 4) revised discussion of spatial maps and revised figure (figure 8).
> 5) seasonal comparisons have been revised
>
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> Several suggestions have been made for where to submit. These are
> listed on page 1 of the manuscript. Please indicate your preference
> ASAP and I will tally the votes.
>
> I would like to submit by late July, so if you could please get me
> comments by say July 15 that would be great. I will send out a
> reminder in early July.  If I don't hear from you by July 15 I will
> assume that you are comfortable with the manuscript.
>
> Please let me know if you have difficulty with the file or would
> prefer a different format.
>
> Regards,
>
> Scott
>
> <nhcomparison_v7_1.doc>
> ______________________________________________
>                     Scott Rutherford 
>
> Marine Research Scientist
> Graduate School of Oceanography
> University of Rhode Island
> e-mail: srutherford@gso.uri.edu
> phone: 
> fax: 
> snail mail:
> South Ferry Road
> Narragansett, RI 02882
______________________________________________
                      Scott Rutherford 

Marine Research Scientist
Graduate School of Oceanography
University of Rhode Island
e-mail: srutherford@gso.uri.edu
phone: 
fax: 
snail mail:
South Ferry Road
Narragansett, RI 02882
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From: Michael E. Mann
To: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Subject: Fwd: Re: *FINAL* version
Date: Tuesday, July 15, 2003 7:26:30 AM

Date: Fri, 11 Jul 2003 23:48:20 -0400
From: "Lonnie G. Thompson" <thompson.3@osu.edu>
Subject: Re: *FINAL* version
X-Sender: lgthomps@pop.service.ohio-state.edu
To: "Michael E. Mann" <mann@virginia.edu>
X-Mailer: QUALCOMM Windows Eudora Version 5.1

Hi Mike:  Congratulations on your marriage.  I actually reviewed your GRL paper!

Best wishes for the summer.

Lonnie

At 05:42 PM 7/11/2003 -0400, you wrote:

Hi Lonnie,

Thanks--too late for us to include in the reconstruction Phil and I have in press in GRL, but we
can discuss in our 'Reviews of Geophysics' article we're trying to finalize.

We had you pegged as someone we wanted to send a draft of for comments, but given your
travel schedule, I guess we'll have to wait.

Did you see the 'Eos' article? Ellen was very kind in shepherding that through...

good luck in Peru!

mike

IAt 12:13 PM 7/11/2003 -0400, you wrote:

Hi Mike: I am getting the last items taken care of before my departure at 1:30 PM
tomorrow for
6 weeks of ice core drilling in Andes of Peru. One of the items is the decadal isotope
data for
Huascaran, Quelccaya, Sajama, Guliya, Dunde and Dasuopu sites. Ellen will be
forwarding these
data set to you shortly.

Best wishes,

Lonnie

At 02:13 PM 5/27/2003 -0400, you wrote:

Dear Ellen (hi Lonnie),

Any further word on the possibility of an Eos "forum" invitation for this?

A number of other scientists (Phil Jones and others) would be interested
in signing their names to the memo (or a revised form of it), and I'll let
them know once I get further word from you.

thanks again for the suggestion, and for looking into this,

mike

At 05:20 PM 5/23/2003 -0400, Ellen Mosley-Thompson wrote:

Hi Mike,
This response is very good.  Do you plan to submit this
somewhere?  I guess I am asking how you plan to see that
this is widely disseminated?  I think it is critical that your reply
reach a very broad audience.  I know this took a lot of time (to
get it just right).  I wonder if it might be worth exploring
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whether EOS might consider this as a forum piece?  You may
already have plans for this, but if not, I could check with Fred
Spilhaus about it.  Let me know if I can help.
Have a good weekend.
Ellen
cc: Lonnie (who is in Austria)

At 04:29 PM 05/23/2003 -0400, you wrote:

Dear All,

Attached is one last final revision of memo, based
on some very useful feedback we received from the
first draft sent out.

Sorry to flood your email boxes. The attached is
indeed the final version,

Mike M

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences,
Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone: 
   FAX: 

        
http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX:

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes
Subject: Re: back
Date: Monday, July 21, 2003 10:41:25 PM

Thanks Malcolm,

Interestingly, Lorraine is out in Tucson right now. She's at a cell biology conference
out at some resort/spa outside Tucson. Apparently, there's been some rain out there!

I talked a bit w/ Ray today over some related matters. Would be happy to talk
tomorrow or any other time this week. Do either of you know how to set up a 3
person conference call?

mike

At 04:55 PM 7/21/2003 -0700, you wrote:

Gentlemen - I'm back, but dazed. Given Ray's departure date, 
looks like tomorrow, Tuesday 22nd is our best chance to talk. 
Feel free to call me on my cellphone to fix a time (then I can 
take the call on a landline) -  
My recollection from Nice was of a discussion about the RIG 
article, but I don't recall the GRL paper. All goes to show how 
individual human memory is. As your earlier e-mails suggest 
the best antidote is communication, so let's talk. Cheers
Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Nigel Marsh
Subject: Re: Temperature reconstructions.
Date: Tuesday, December 16, 2003 5:24:37 AM

Dear Mr. Marsh,

Thanks for your inquiry.

The file "pcproxy.txt" is not a correct representation of the full MBH98 data, it is only
representative of the network of 112 indicators back to AD 1820.  There are also
some minor errors in that file that occurred during transcription to text format. This
file was prepared for MM upon special request by them, of my associate Scott
Rutherford, and it is not supported by us. 

All original data have been available here in ASCII format for some time, and this is
the data that MM were originally encouraged to use by me:

ftp://holocene.evsc.virginia.edu/pub/MBH98/

The different sub directories within the main directories contain all of the various sub-
networks used back in time in the stepwise reconstruction described by MBH98. Note
that older networks are not simply subgroups of younger networks, because the PC
series of the various tree-ring regional datasets were necessarily calculated over
different time intervals (e.g. a different PCA was performed on the ITRDB data from
1400-1980 than from 1820-1980). Misunderstanding of this essential fact was
probably the fatal error that rendering the spurious results presented by MM.

The surface temperature record used by MBH98 was the 1993 version of the CRU
data set (which is available back to 1854), and not the newer version (which is only
available back to 1856) that you refer to. Unfortunately, I do not believe that CRU
currently supports or archives previous versions of their temperature dataset.

We will be making available all of these data (the original CRU temperature dataset
and  the full MBH98 proxy dataset, with thorough documentation on data and
methods) in an especially user friendly format shortly so that scientists such as
yourself can readily reproduce the results.

This will be announced in "Nature" when it is available.

Best regards,

Mike Mann

At 12:39 PM 12/16/2003 +0100, you wrote:

Dear Michael Mann

Recently, I have been trying to reproduce your reconstructed temperature
curve back to 1400 as published in MBH98 (later I would like to look at
your more recent work from 2003).  My main aim is to understand the
implications of the 'weak stationarity' assumption, but first I need to
correctly understand the exact methods used. I can obtain something
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similar to MBH98 from my own reconstructions, but there are differences
which I don't fully understand so I was hoping you might be able to clarify
a few points for me.  I have of course seen the recent work by McIntyre
and McKitrick (MM) and your response, but should add that my initial
interest was independent of this.

From the data obtained at your ftp website:
ftp://eclogite.geo.umass.edu/pub/mann/MANNETAL98/ I have tried to
reproduce your results by; 1) making a straightforward eignevector (EV)
reconstruction using the 5 available rpc's etc. and 2) projecting the proxy
data found in pcproxy.txt (originally obtained from:
ftp://holocene.evsc.virginia.edu/pub/sdr/) to generate a full set of rpc's
and then perform the EV reconstruction.  Attached is a plot of the
resulting nh averages which are described below.  For ease of viewing i've
applied a 5 year running mean to all curves.

1) I find some differences between your reconstructed nhmean (2nd
column nhmean.dat, red curve in attached fig.) and that obtained from a
nh average of an EV reconstruction (blue curve in attached fig.) using the
5 available rpc's (rpcXX.out), first 5 eof fields (eofXX.out), and first 5
s.d.'s (2nd column, tpca-eigenvals.out).  Since only EV 1 and 2 are used
prior to 1600, the lack of agreement over this period cannot be due to
truncating the reconstruction to the first 5 EV's.  Am I right in assuming
that the difference may be due to the Z-transform (mean/variance
normalisation) which needs to be accounted for in the EV reconstruction
before perfect agreement can be achieved?  If so is it possible to obtain
the relevant mean and variances used? I assume these originate from the
gridpoint surface data available at CRU UEA? However, the temperature
anomalies referenced in MBH98 were relative to the base period 1950-
1979, which is no longer available at the CRU website as they now
provide data relative to a base period 1961-1990.

2) I obtain another estimate of the nh mean (green curve in attached
fig.), by performing the calibration and reconstruction procedure as
described in the methods section of MBH98.  Here I've used proxies as
found in pcproxy.txt and performed the calibration/reconstruction using
the relevant pc's as indicated in MBH98 and obtained from the ftp site
(pcXX.out).  Again there are differences prior to 1600 which I would not
have expected. I understand from the published discussion between MM
and yourselves that there may be some problems with the file
pcproxy.txt.  Does there now exist a correct file for reproducing the
results of MBH98, and if so how or where can I obtain a copy?  I am
somewhat reluctant to trust the one produced by MM.  Further, is it
correct that some additional weighting should be applied to each proxy
time series in the calibration/reconstruction procedure?  How are these
weights obtained?  Apparently a file containing weights is available at:
ftp://holocene.evsc.virginia.edu/pub/MBH98/PCS/multiproxy.inf,  however,
this is not mentioned in the methods section of MBH98 so I am uncertain
how and where to apply it.  I have tried including these weights in the pc
reconstruction phase, but this further degrades the agreement in nh
mean's. Of course this could be as much a result of incorrect proxy data
as incorrect application of the weights.  Your help in clarifying this point
would be appreciated.
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If you do have time to respond to these queries I would be most grateful.

many thanks

Nigel Marsh

-- 
Nigel Marsh
Danish Space Research Institute
Juliane Maries Vej 30, DK-2100 Copenhagen OE, Denmark.
Tel: +45 35325740 | Fax: +45 35362475 | Home: +45 35357564

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Cc: Scott Rutherford; mann@virginia.edu
Subject: Fwd: Mann et al 1998
Date: Friday, December 19, 2003 10:48:19 AM

Hi Ray,

Well said!

Lets see what they say. I'm placing on my calander "Jan 31st" as the deadline to
respond to the various inquiries. Meanwhile, we can address any remaining data
issues in the time being.

Scott: We could approach Dave Stahle for some specific information on which
chronologies are which, and what the proper references are. Can you send me the
names of the chronologies we definitely used from Stahle's dataset, and I'll forward
to him for any further information he can provide. 

Thanks all,

mike

X-Sender: rbradley@eclogite.geo.umass.edu
X-Mailer: QUALCOMM Windows Eudora Version 6.0.1.1
Date: Fri, 19 Dec 2003 12:38:19 -0500
To: H.Langenberg@nature.com
From: "raymond s. bradley" <rbradley@geo.umass.edu>
Subject: Mann et al 1998
Cc: mhughes@ltrr.arizona.edu, mann@multiproxy.evsc.virginia.edu,
   srutherford@rwu.edu

Hi Heike:
With reference to the questions posed (endlessly, it seems) by McIntyre
and colleague, this is to let you know that we are preparing a complete
response which will be our last word on the matter.
These inquiries have taken an enormous amount of Mike Mann's time. 
You no doubt recognise that this work was carried out in 1996-1997 so
there are questions that require some thought to try and recall why a
particular decision was made 6 or 7 years ago.  The implication that data
selections were made to deliberately fix the results are contemptuous and
insulting.  Nobody seems to have asked the question as to why in
McIntyre's "audit" and "correction" of our work, he comes up with a
totally implausible result that - if true --- would show that the onset of the
main phase of the "Little Ice Age" occurred at a time when temperatures
were as warm as in the 20th century --a remarkable result indeed.   
Despite this asinine result, you can rest assured, we are doing the best
job we can to supplement what we had previously provided to document
our data and procedures, and will provide what is necessary to respond to
the questions posed.  I would note, however, that the US NSF is satisfied
that we have met our obligations already in this matter....nevertheless,
we are prepared to go the extra mile to be as open and clear as we can
be.  
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it's not likely that we can provide a final response before the end of
tat month.  We don't want to come up with something incomplete that
will then provide fodder for another round of queries.
Sincerely
Ray

Raymond S. Bradley
University Distinguished Professor
Director, Climate System Research Center*
Department of Geosciences, University of Massachusetts
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel: 
Fax: 
*Climate System Research Center: 
        <http://www.paleoclimate.org>
Paleoclimatology Book Web Site:
http://www.geo.umass.edu/climate/paleo/html

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes
Cc: rbradley@geo.umass.edu
Subject: Re: Fwd: Mann et al 1998
Date: Friday, December 19, 2003 10:58:25 AM

thanks Malcolm,

Happy holidays to both of you. Lets hope that we can put this thing behind us
quickly in the near year...

mike

At 11:11 AM 12/19/2003 -0700, Malcolm Hughes wrote:

Dear Ray - many thanks for doing this. This 
morning went completely crazy, with the 
dishwasher flooding thew kitchen and a key 
jamming in the foront door as I try to get to the 
airport. Now I'm on the way! CHeers and Happy 
winter solstice, etc. , Malcolm
.
.Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: raymond s. bradley
To: mann@multiproxy.evsc.virginia.edu; mhughes@ltrr.arizona.edu
Subject: Fwd: RE: Mann et al 1998
Date: Friday, December 19, 2003 1:02:52 PM

>From: "Langenberg, Heike" <H.Langenberg@nature.com>
>To: "'raymond s. bradley'" <rbradley@geo.umass.edu>
>Subject: RE: Mann et al 1998
>Date: Fri, 19 Dec 2003 19:00:21 -0000
>X-Mailer: Internet Mail Service (5.5.2653.19)
>
>Hi Ray,
>
>thanks for the note. We look forward to receiving your point-by-point
>responses by the end of January, then.
>
>Best wishes,
>Heike
>
>-----Original Message-----
>From: raymond s. bradley [mailto:rbradley@geo.umass.edu]
>Sent: 19 December 2003 17:38
>To: H.Langenberg@nature.com
>Cc: mhughes@ltrr.arizona.edu; mann@multiproxy.evsc.virginia.edu;
>srutherford@rwu.edu
>Subject: Mann et al 1998
>
>
>Hi Heike:
>With reference to the questions posed (endlessly, it seems) by McIntyre and
>colleague, this is to let you know that we are preparing a complete
>response which will be our last word on the matter.
>These inquiries have taken an enormous amount of Mike Mann's time.  You no
>doubt recognise that this work was carried out in 1996-1997 so there are
>questions that require some thought to try and recall why a particular
>decision was made 6 or 7 years ago.  The implication that data selections
>were made to deliberately fix the results are contemptuous and
>insulting.  Nobody seems to have asked the question as to why in McIntyre's
>"audit" and "correction" of our work, he comes up with a totally
>implausible result that - if true --- would show that the onset of the main
>phase of the "Little Ice Age" occurred at a time when temperatures were as
>warm as in the 20th century --a remarkable result indeed.    Despite this
>asinine result, you can rest assured, we are doing the best job we can to
>supplement what we had previously provided to document our data and
>procedures, and will provide what is necessary to respond to the questions
>posed.  I would note, however, that the US NSF is satisfied that we have
>met our obligations already in this matter....nevertheless, we are prepared
>to go the extra mile to be as open and clear as we can be. 

 it's not likely
>that we can provide a final response before the end of tat month.  We don't
>want to come up with something incomplete that will then provide fodder for
>another round of queries.
>Sincerely
>Ray
>
>Raymond S. Bradley
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>University Distinguished Professor
>Director, Climate System Research Center*
>Department of Geosciences, University of Massachusetts
>Morrill Science Center
>611 North Pleasant Street
>AMHERST, MA 01003-9297
>
>Tel: 
>Fax: 
>*Climate System Research Center: 
>          <http://www.paleoclimate.org>
>Paleoclimatology Book Web Site: http://www.geo.umass.edu/climate/paleo/html
>
>
>
>
>
>********************************************************************************
>DISCLAIMER: This e-mail is confidential and should not be used by anyone
>who is not the original intended recipient. If you have received this
>e-mail in error please inform the sender and delete it from your mailbox
>or any other storage mechanism. Neither Macmillan Publishers Limited nor
>any of its agents accept liability for any statements made which are
>clearly the sender's own and not expressly made on behalf of Macmillan
>Publishers Limited or one of its agents. Please note that neither
>Macmillan Publishers Limited nor any of its agents accept any
>responsibility for viruses that may be contained in this e-mail or its
>attachments and it is your responsibility to scan the email and
>attachments (if any). No contracts may be concluded on behalf of Macmillan
>Publishers Limited or its agents by means of e-mail communication.
>Macmillan Publishers Limited Registered in England and Wales with
>registered number 785998 Registered Office Brunel Road, Houndmills,
>Basingstoke RG21 6XS
>********************************************************************************

Raymond S. Bradley
University Distinguished Professor
Director, Climate System Research Center*
Department of Geosciences, University of Massachusetts
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel: 
Fax: 
*Climate System Research Center: 
         <http://www.paleoclimate.org>
Paleoclimatology Book Web Site: http://www.geo.umass.edu/climate/paleo/html
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From: Michael E. Mann
To: Scott Rutherford; Bradley Raymond; Hughes Malcolm; Jones Phil; Osborn Tim; Briffa Keith; mann@virginia.edu
Subject: Re: J. Climate reviews
Date: Friday, January 16, 2004 1:08:06 PM

Dear All,

The first review is insightful and helpful, the 2nd review provides relatively little
insight. It promotes a number of myths, and plays gratuitous homage to the work of
the Hamburg group (a hint as to where the reviewer might be from!). However,
where reasonable points are raised by this reviewer, too they should be dealt with
too.

I don't think the paper can be split up, but it can probably be shortened a bit. I
propose Scott and I take the first stab at revising and responding to reviewer
comments, and then send it on to the others. Scott and I had discussed  plan to
make the matlab codes and data used available in a website mentioned in the paper,
to avoid any possible criticisms of availability. Is there any problem in posting the
version of the MXD data set used publiclly (Tim, Keith?), and any other thoughts on
this?

Please feel free to send any comments, while Scott and I begin to work on the
revised version...

Thanks,

mike

I At 02:25 PM 1/16/2004 -0500, Scott Rutherford wrote:

Dear All,

Attached are the reviews from the Journal of Climate manuscript. One
generally good, one generally weird.

Scott

______________________________________________
                      Scott Rutherford  

Assistant Professor
Dept. of Natural Sciences
Roger Williams University
e-mail: srutherford@rwu.edu
phone: 
snail mail:
One Ferry Road
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Bristol, RI 02809

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

ABOR/MH/Priv-006509



From: Michael E. Mann
To: Tim Osborn; Scott Rutherford; Bradley Raymond; Hughes Malcolm; Jones Phil; Briffa Keith
Cc: mann@virginia.edu
Subject: Re: J. Climate reviews
Date: Monday, January 19, 2004 6:26:12 AM
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At 20:07 16/01/2004, Michael E. Mann wrote:

Dear All,

The first review is insightful and helpful, the 2nd review provides
relatively little insight. It promotes a number of myths, and plays
gratuitous homage to the work of the Hamburg group (a hint as to where
the reviewer might be from!). However, where reasonable points are
raised by this reviewer, too they should be dealt with too.

I don't think the paper can be split up, but it can probably be shortened a
bit. I propose Scott and I take the first stab at revising and responding to
reviewer comments, and then send it on to the others. Scott and I had
discussed  plan to make the matlab codes and data used available in a
website mentioned in the paper, to avoid any possible criticisms of
availability. Is there any problem in posting the version of the MXD data
set used publiclly (Tim, Keith?), and any other thoughts on this?

Please feel free to send any comments, while Scott and I begin to work
on the revised version...

Thanks,

mike

I At 02:25 PM 1/16/2004 -0500, Scott Rutherford wrote:

Dear All,

Attached are the reviews from the Journal of Climate
manuscript. One generally good, one generally weird.

Scott
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______________________________________________
                      Scott Rutherford

Assistant Professor
Dept. of Natural Sciences
Roger Williams University
e-mail: srutherford@rwu.edu
phone: 
snail mail:
One Ferry Road
Bristol, RI 02809

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

Dr Timothy J Osborn
Climatic Research Unit
School of Environmental Sciences, University of East Anglia
Norwich  NR4 7TJ, UK

e-mail:   t.osborn@uea.ac.uk
phone:    
fax:      
web:      http://www.cru.uea.ac.uk/~timo/
sunclock: http://www.cru.uea.ac.uk/~timo/sunclock.htm

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Tim Osborn; Scott Rutherford; Bradley Raymond; Hughes Malcolm; Jones Phil; Briffa Keith
Cc: mann@virginia.edu
Subject: Re: J. Climate reviews
Date: Monday, January 19, 2004 6:26:12 AM
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Tim

At 20:07 16/01/2004, Michael E. Mann wrote:

Dear All,

The first review is insightful and helpful, the 2nd review provides
relatively little insight. It promotes a number of myths, and plays
gratuitous homage to the work of the Hamburg group (a hint as to where
the reviewer might be from!). However, where reasonable points are
raised by this reviewer, too they should be dealt with too.

I don't think the paper can be split up, but it can probably be shortened a
bit. I propose Scott and I take the first stab at revising and responding to
reviewer comments, and then send it on to the others. Scott and I had
discussed  plan to make the matlab codes and data used available in a
website mentioned in the paper, to avoid any possible criticisms of
availability. Is there any problem in posting the version of the MXD data
set used publiclly (Tim, Keith?), and any other thoughts on this?

Please feel free to send any comments, while Scott and I begin to work
on the revised version...

Thanks,

mike

I At 02:25 PM 1/16/2004 -0500, Scott Rutherford wrote:

Dear All,

Attached are the reviews from the Journal of Climate
manuscript. One generally good, one generally weird.

Scott
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______________________________________________
                      Scott Rutherford

Assistant Professor
Dept. of Natural Sciences
Roger Williams University
e-mail: srutherford@rwu.edu
phone: 
snail mail:
One Ferry Road
Bristol, RI 02809

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

Dr Timothy J Osborn
Climatic Research Unit
School of Environmental Sciences, University of East Anglia
Norwich  NR4 7TJ, UK

e-mail:   t.osborn@uea.ac.uk
phone:    
fax:      
web:      http://www.cru.uea.ac.uk/~timo/
sunclock: http://www.cru.uea.ac.uk/~timo/sunclock.htm

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Subject: FYI
Date: Sunday, November 14, 2004 9:03:50 AM
Attachments: pseudoproxy-jclimlett.pdf

supplementary.pdf

Ray, Malcolm,

FYI, this has been submitted to "Journal of Climate" as a letter (Andrew Weaver
invited me to submit it there).

Please don't pass along to others until further notice...

Thanks,

mike

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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Supplementary  Figure 1 
 
a. 
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Supplementary Figure 1

a.
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b. 

Plot of  each of the 12 (decadally-smoothed) pseudoproxy series along with the corresponding 
actual (decadally-smoothed) model gridpoint temperature  series for CPS experiment using 
network "A" with (a) SNR=1.0 and (b) SNR=0.25. 
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Supplementary  Figure 2 
 

 
 
Comparison  of  CPS reconstructions for SNR=1.0, 1856-1980 calibration period, for three 
independent networks ( A, B, and C--see Table 1) of 12 Pseudoproxy locations. 
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Abstract 

We investigate the performance of two widely used statistical approaches to reconstructing past climate 

histories from climate 'proxy' data such as tree-rings, corals, and ice cores. These investigations employ 

synthetic 'pseudoproxy' data derived from a state-of-the-art simulation of forced climate changes over the 

past 1200 years. Our experiments suggest that both statistical approaches are likely to yield faithful 

reconstructions of the true climate history within estimated uncertainties, given estimates of the signal and 

noise attributes of actual networks of climate proxy data. 
 

1. Introduction 

Two different statistical methods are primarily used to reconstruct past climate from proxy data. 

These include pattern-based Climate Field Reconstruction (CFR) approaches that assimilate 

proxy records into a reconstruction of the underlying patterns of past climate change (e.g. Fritts 

et al, 1971; Mann et al, 1998--henceforth 'MBH98'; Evans et al, 2002; Luterbacher et al, 2002; 

Rutherford et al, 2004), and simple regression approaches such as the 'composite-plus-scale' 

(CPS) approach (Bradley and Jones, 1993; Jones et al, 1998; Crowley and Lowery, 2000; Briffa 

et al, 2001; Esper et al, 2002; Mann and Jones, 2003; Crowley et al, 2003), in which composites 

of proxy data are regressed or scaled against a single target time series such as Northern 

Hemisphere mean annual temperature. The former approach offers the advantage of estimating 

spatial patterns of climate variability as well as hemispheric or global mean values, while the 

latter approach offers the advantage of a simpler statistical estimation procedure.  

 

A number of recent studies have investigated the fidelity of CFR approaches to paleoclimate 

reconstruction (Mann and Rutherford, 2002; Rutherford et al, 2003; Zorita et al, 2003; Von 

Storch et al, 2004). These studies demonstrate that biases in CFR reconstruction may arise when 

the calibration period boundary conditions (e.g. radiative forcing) are significantly different from 
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those in prior periods. However, such biases appear unlikely given the moderate estimated 

ranges of climate forcing in recent past centuries (Rutherford et al, 2003).  One study by Von 

Storch et al (2004), however, argues that this bias may be substantial based on experiments using 

the GKSS coupled climate model. The model, however, was driven by  unusually large changes 

in radiative forcing in past centuries, including peak-to-peak changes in solar forcing on 

centennial timescales (~1 W/m2) that are several times larger than the most recent estimates 

(~0.15 W/m2--see Lean et al, 2002; Foukal et al, 2004). Their simulated Northern Hemisphere 

(NH) mean temperature history exhibits considerably larger amplitude long-term variations than 

is observed in other modeling studies (Jones and Mann, 2004), calling into question whether any 

general conclusions can be drawn from the study (Osborn and Briffa, 2004). No past studies 

have sought to test the more widespread, alternative 'CPS' approach to reconstructing past 

changes in hemispheric mean temperature. 

 

Expanding upon past studies, we investigate both CFR and CPS approaches to reconstructing 

past temperature histories from proxy data, using synthetic 'pseudoproxy' data derived from a 

state-of-the-art simulation of the climate of the past millennium (AD 850-1999) employing the 

NCAR CSM 1.4 coupled ocean-atmosphere model (Ammann et al, 2004). The model resolves 

reasonably well important modes of known climate variability, such as the El Nino/Southern 

Oscillation and its large-scale teleconnections, and has a low-to-mid-range (see Cubasch et al, 

2001) climate sensitivity of 2oC/2xCO2. In the simulation analyzed, the model has been forced 

with estimated natural and anthropogenic radiative forcing estimates within conventionally 

accepted ranges (see Jones and Mann, 2004). The simulation yields NH annual mean temperature 

variations that are modestly greater in amplitude than most other model estimates (though lesser 

in amplitude than those in the Von Storch et al study), insuring that the simulation represents an 

appropriately challenging test bed for investigating the fidelity of statistical climate 
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reconstruction approaches. The model's NH series, the pseudoproxy networks and corresponding 

model gridpoint temperature series, and the reconstructed NH series are provided electronically 

for both CPS and CFR experiments at: http://holocene.evsc.virginia.edu'/supplements/Pseudoproxy04. 

 

2. Methods 

A. Composite-Plus-Scale Method ("CPS") 

Our implementation of the 'CPS' method is similar to that used in past studies (e.g. Bradley and 

Jones, 1993, Jones et al, 1998, Crowley and Lowery, 2000; Briffa et al, 2001) wherein roughly a 

dozen proxy series, each of which is assumed to represent a linear combination of local 

temperature variations and an additive 'noise' component, are composited and scaled or regressed 

against the instrumental hemispheric annual mean temperature record to form a hemispheric 

mean temperature reconstruction. We formed various networks of a dozen randomly selected 

model gridpoints over the region of the Northern Hemisphere and tropics sampled by the 20th 

century instrumental record (Figure 1a). Pseudoproxy series were formed through summing each 

gridpoint annual mean temperature series with a realization of white noise, allowing for various 

relative amplitudes of noise variance [which we express in terms of the signal-to-noise ('SNR') 

amplitude ratio--see Mann and Rutherford (2002)]. Following a procedure typical of past studies 

employing the CPS approach, each pseudoproxy series was decadally smoothed and 

standardized. A weighted composite was formed based alternatively on (a) a simple areal 

weighting, and (b) areal weighting coupled with an additional weighting by the correlation with 

the corresponding actual gridpoint temperature series over the  calibration period. The composite 

was then scaled to have the same mean and decadal standard deviation as the actual NH series 

over a modern calibration interval (we used both 1856-1980 and 1900-1980 calibration intervals, 

representative of the varying calibration intervals that have been used in actual reconstructions). 

Diagnostics of reconstructive skill included both Reduction of Error or 'RE' and squared Pearson 
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correlation r2 standard metrics. We favored the more conservative estimates of verification 

unresolved variance indicated from r2, since the RE statistic rewards changes in mean prior to the 

20th century, which in the simulation are too large compared to the actual instrumental NH 

temperature record  (see Jones and Mann, 2004). Uncertainties were estimated from the 

unresolved decadal variance (1- r2) during the independent, pre-calibration 'verification' period. 

For experiments using a 1900-1980 calibration interval, an 1855-1899 verification interval was 

used, to mimic the cross-validation intervals that have been used in previous studies (Mann et al 

1998; Mann and Rutherford, 2002; Rutherford et al, 2003; 2004). For experiments using an 

1856-1980 calibration interval, the full available 850-1855 period was instead used for 

verification.  Experiments were performed with several different random networks of 12 

pseudoproxy indicators, and with four different values of SNR=0.25, 0.5, 1.0 and ∞ (i.e., use of 

the actual gridpoint temperature series with no noise contribution).  

 

B. Composite Field Reconstruction Method ("CFR") 

Our implementation of the CFR approach makes use of the Regularized Expectation 

Maximization ('RegEM') method of Schneider (2001) which employs an iterative method for 

estimating data covariances and missing values. This approach, which has been applied to the 

problem of CFR in several recent studies (Rutherford et al, 2003; Mann and Rutherford, 2003; 

Zhang et al, 2003; Rutherford et al, 2004) is similar to PCA-based approaches (e.g. Mann et al, 

1998; Evans et al, 2002; Luterbacher et al, 2002) but uses more complete use of data covariance 

information (see Schneider, 2001). We use the specific implementation of RegEM described by 

Rutherford et al (2004) which also employs a separate calibration of high (shorter than 20 year 

period) and low frequency (longer than 20 year period) components of the annual mean data 

['MATLAB' source code available at website listed earlier]. This method has been shown to yield 

a very similar hemispheric mean temperature reconstruction to that of MBH98 when applied to 

ABOR/MH/Priv-006625



the same network of multiple proxy indicators (Rutherford et al, 2004--see Figure 3 therein).  We 

formed pseudoproxy indicators at the 104 distinct locations used by MBH98 (Figure 1b) using 

the method described above for the 'CPS' approach above.  We used the same four alternative 

SNR choices and two alternative calibration intervals used in the CPS approach. The statistical 

verification procedure as described above for the CPS approach was applied to the decadal mean 

CFR results.  
 

3. Results 

In the CPS experiments, we found that a SNR of 1.0 most closely resembled the attributes of 

actual proxy reconstructions (Mann et al, 1998; Rutherford et al, 2004; Mann and Jones, 2003), 

in terms of the NH mean variance resolved (see Table 1) during the calibration (roughly 70%) 

and verification periods (roughly 60-70%), while lower SNR values (i.e., 0.25) yielded 

significantly lower estimates of reconstructive skill in calibration (<50%) and verification 

(<20%) than is indicated for actual reconstructions. For SNR=1.0, the reconstructions (Figure 2a) 

and reconstructive skill (Table 1) are observed to be relatively insensitive to whether the short 

(1900-1980) or long (1856-1980) calibration interval is used, the specific location of the 12 

pseudoproxy sites (compare experiments A,B,C in Table 1--a visual comparison of the three 

reconstructions is provided in Supplementary Figure 2), or which of the two weighting schemes 

was used in the composite. At lower SNR (0.25 or 0.5), use of a combined 19th/20th century 

calibration interval (as in Mann and Jones, 2003) appears to yield a more reliable reconstruction 

than use of 20th century only interval (as in Bradley and Jones, 1993; Jones et al, 1998, Crowley 

and Lowery, 2000).  For SNR=1.0, a modest underestimate of long-term changes in mean is 

evident, with the reconstructed hemispheric mean showing a systematic small positive bias 

relative to the actual mean series, though this bias well within the estimate uncertainties. This 

result is consistent with the suggestion that simple regression-based methods employing a short 

calibration period are likely to underestimate long-term variability (Osborn and Briffa, 2004). 
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Only for the lowest SNR ratio (0.25), however, does this underestimate become prominent 

(Figure 2b). The CPS approach faithfully captures the large, short-term post-volcanic cooling 

events.  

 

For the CFR experiments, the results for SNR=1.0 (Figure 3a) again yielded a similar 

verification resolved variance (60-70%) to that observed for actual proxy reconstructions for 

both choices of calibration period. As in the CPS experiments, there is some slight sensitivity of 

the resulting reconstruction to which (short or long) calibration period is used, with a long 

calibration period (as used by Rutherford et al, 2004) yielding a  moderately more skillful 

reconstruction.  There is a surprising insensitivity of the low-frequency features of the 

reconstruction to the precise value of the SNR.. For none of the SNR ratios was there any 

evidence of a systematic underestimate of low-frequency variability in the CFR experiments 

(Figure 3b), a result that conflicts dramatically with the claims made by von Storch et al (2004). 

The CFR approach does, however, systematically underestimate the amplitude of the larger post-

volcanic cooling events, a finding which is unsurprising. The climatic response to volcanic 

forcing represents a particular challenge for a pattern-based CFR method in this context, since 

only a small number of moderate volcanic forcing events are contained within the calibration 

interval, and these events are quite small in comparison with the much larger events present in 

the pre-calibration interval. The spatial pattern of response to volcanic forcing is consequently 

not well captured in the calibration period. CFR approaches have been shown to yield a 

systematic underestimate of variance under precisely such circumstances (Rutherford et al, 

2002).  This bias, as expected, becomes more prominent at lower values of SNR. 

 

4. Conclusions 
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We find no evidence for the suggestion (Von Storch et al, 2004) that real world proxy-based 

reconstructions of NH mean temperature changes are likely to suffer from any systematic 

underestimate of low-frequency variability. Our conclusions are based on experiments using  (a) 

a model simulation exhibiting reasonable ENSO variability and large-scale teleconnections, (b) 

employing conventional estimates of natural radiative forcing histories, and (c) the use of 

'pseudoproxy' networks with  signal-vs-noise characteristics chosen to match those inferred for 

actual proxy-based reconstructions.  Our findings suggest that both standard methodologies that 

have been used in proxy-based reconstruction (CPS and CFR) are likely to provide a faithful 

estimate of actual past hemispheric temperature histories, within estimated uncertainties. On the 

other hand, apparent complementary strengths and weaknesses emerge in comparing the results 

of the two approaches. The CFR approach appears to systematically underestimate high-

frequency changes associated with the cooling response to explosive volcanism, but shows no 

evidence of any systematic bias in the reconstructed low-frequency variability. The CPS 

approach, by, contrast, shows no tendency to underestimate post-volcanic event cooling, but does 

exhibit a tendency to moderately underestimate long-term variations in the mean.  We encourage 

similar future experiments using coupled ocean-atmosphere models and appropriate 

experimental designs for simulating proxy-based climate reconstruction approaches. 
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Figure and Table Captions 

 

Table 1.  Comparisons of Reconstructive Skill For Both "CPS" and "CFR" experiments using  

"Pseudoproxy" networks of varying signal-to-noise ratio, spatial distribution, calibration interval, 

and (in CPS case), weighting scheme. 

 

Figure 1. Map indicating locations of (a) The 12 pseudoproxy indicators used in CPS 

experiments A,B, and C and (b) the 104 pseudoproxy indicators used in the CFR experiments 

(chosen to match the locations used by Mann et al, 1998). 

 

Figure 2  "Pseudoproxy" reconstruction of decadal mean Northern Hemisphere mean 

temperature based on CPS approach. We show results using (a) the SNR value (1.0) most 

consistent with actual proxy networks (results for network 'A' shown) and two alternative 

calibration intervals (1856-1980 and 1900-1980) and (b) all 4 SNR values and an 1856-1980 

calibration interval.  Statistical uncertainties (shading of two standard error region) for SNR=1.0, 

and actual model decadal mean NH series are also shown.  

 

Figure 3  "Pseudoproxy" reconstruction of decadal mean Northern Hemisphere mean 

temperature based on CFR approach. We show results using (a) the SNR value (1.0) most 

consistent with actual proxy networks (see text) and two alternative calibration intervals (1856-

1980 and 1900-1980) and (b) all 4 SNR values and an 1856-1980 calibration interval.  Statistical 

uncertainties (shading of two standard error region) for SNR=1.0 based on 1856-1899 residuals 

from 1900-1980 calibration are shown.  Actual decadal mean model NH series is shown for 

comparison.  
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Table 1 
_________________________________________________________________________________________ 
Type   Network  SNR   Weighting Calib Period  Calib RE Verif RE   r2 

_________________________________________________________________________________________________________________________________________ 
CPS 12 prox  (A)  ∞ Unif  1856-1980 0.74  0.93  0.77 
   "                 "             "    "  1900-1980 0.77  0.941  0.771 
   "                 "                    1.0 Unif  1856-1980 0.73  0.89  0.68 
   "                 "                       "             "  1900-1980 0.72  0.891  0.681   
   "                 "                       "          Corr  1900-1980 0.71  0.881  0.671 
   "                 "                       "             "           1856-1980 0.72  0.88  0.67 
   "                  "    (B)    "             "           "  0.74  0.91  0.67 
   "                  "    (C)    "             "                                 "                 0.69  0.87  0.59 
   "                  "    (A) 0.5    "  1900-1980 0.34  0.741  0.581 
   "                  "                      "             "  1856-1980 0.42  0.83  0.58 
   "         "        0.25    "  1900-1980 0.52  0.281  0.141  
   "                  "                      "             "  1856-1980 0.30  0.58  0.19 
_________________________________________________________________________________________________________________________________________ 
CFR "MBH98" ∞ NA  1856-1980 NA  0.90  0.59  
   "                  "                   1.0 NA  1900-1980 NA  0.931  0.601 
   "                  "                   1.0 NA  1856-1980 NA  0.92  0.71 
   "                  "                   0.5 NA                 "  NA  0.91  0.66 
   "                  "                   0.25 NA         "  NA  0.87  0.38 
_________________________________________________________________________________________________________________________________________ 
1  An 1856-1899 verification interval was used in this experiment (an 850-1855 verification interval was used for 
experiments employing an 1856-1980 calibration interval).
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FIGURE 2 
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Abstract 

We investigate two widely used statistical approaches to reconstructing past climate histories from 

climate 'proxy' data such as tree-rings, corals, and ice cores, using synthetic 'pseudoproxy' data derived 

from a simulation of forced climate changes over the past 1200 years. Our experiments suggest that both 

statistical approaches should yield reliable reconstructions of the true climate history within estimated 

uncertainties, given estimates of the signal and noise attributes of actual proxy data networks. 
 

1. Introduction 

Two distinct types of methods have primarily been used to reconstruct past large-scale climate 

histories from proxy data. One group, so-called Climate Field Reconstruction  ('CFR') methods,  

assimilate proxy records into a reconstruction of the underlying patterns of past climate change 

(e.g. Fritts et al., 1971; Cook et al, 1994; Mann et al., 1998--henceforth 'MBH98'; Evans et al., 

2002; Luterbacher et al., 2002; Rutherford et al., 2004; Zhang et al, 2005). The other group, 

simple so-called 'composite-plus-scale' (CPS) methods (Bradley and Jones, 1993; Jones et al., 

1998; Crowley and Lowery, 2000; Briffa et al., 2001; Esper et al., 2002; Mann and Jones, 2003--

henceforth 'MJ03'; Crowley et al., 2003), composite a number of proxy series and  regress or 

scale the resulting composite against a target (e.g. Northern Hemisphere temperature) 

instrumental series. CFR methods offer the advantage of estimating spatial patterns, while CPS 

methods involve a simpler statistical procedure.  

 

It is difficult to compare the performance of alternative approaches to proxy-based climate 

reconstruction because no adequate ‘ground truth’ is available for evaluating the fidelity of long-

term reconstructions. Climate model simulations can, however, can be used to provide a 

simulated ground truth, resting on physically-based first principles, which can be exploited for 

the testing of competing methodologies. With a climate model simulation, we can sample the 
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climate model field of interest (e.g. the surface temperature field) at selected sites (i.e., model 

gridboxes), to produce a set of local climate time series. We can then add noise, representative of 

real-world observational uncertainties, to these series to create synthetic proxies. Such 

'pseudoproxies' then represent imperfect local climate indicators that possess similar properties to 

actual climate proxy data. We can then apply different climate reconstruction methods to 

'pseudoproxy' networks that are constructed to have properties similar to those that have been 

used in past studies to produce hypothetical reconstructions. Observing how well the actual 

climate model results can be recovered from the reconstruction over an independent 

('verification') period provides us then with an objective assessment of the reliability of the 

method, given the assumed properties of the pseudoproxy data. Surprisingly, these types of 

exercises have not previously been applied to assess the performance of CPS methods. They 

have been used, however, to investigate the fidelity of CFR methods (Mann and Rutherford, 

2002; Rutherford et al., 2003; Zorita et al., 2003; Von Storch et al., 2004). 

 

The conclusions of such exercises are only meaningful if the climate model results are 

reasonably realistic. Most previous studies employing these tests suggest that that CFR methods 

are likely to produce faithful estimates of long-term trends given the statistical attributes inferred 

for actual proxy data and the history of climate forcing estimated over past centuries (e.g. 

Crowley, 2000). One study by Von Storch et al. (2004--henceforth 'VS04'), however, concludes 

that a substantial bias may arise  in proxy-based estimates of long-term temperature changes 

using CFR methods. VS04 based this conclusion on experiments using a simulation of the GKSS 

coupled model (similar experiments described by VS04 using an alternative simulation of the 

HadCM3 coupled model showed little such bias).  The GKSS simulation was forced with 

unusually large changes in natural radiative forcing in past centuries [the peak-to-peak solar 

forcing changes on centennial timescales (~1 W/m2) were about twice that used in other studies 
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(e.g. Crowley, 2000) and much larger than the most recent estimates (~0.15 W/m2--see Lean et 

al., 2002; Foukal et al., 2004)]. A substantial component of the low-frequency variability in the 

GKSS simulation, furthermore, appears to have been a 'spin-up' artifact: the simulation was 

initialized from a very warm 20th century state at AD 1000, prior to the application of pre-

anthropogenic radiative forcing, leading to a long-term drift in mean temperature (Goosse et al., 

2005). CFR methods are known to perform poorly in capturing patterns of variability that are 

entirely or largely missing during the calibration period (Rutherford et al, 2003).  The long-term 

model drift in the GKSS simulation contributes an unphysical pattern of variance in early 

centuries that is likely almost entirely absent from the later 20th century calibration period used 

by VS04.  The large changes in solar forcing assumed by VS04 also occur largely before the 

20th century. These arguably unrealistic features in the GKSS simulation make the simulation 

potentially inappropriate for use in testing climate reconstruction methods. 

 

We investigate here both the CFR and CPS approaches, using networks of synthetic 

'pseudoproxy' data (see Mann and Rutherford, 2002) constructed to have attributes similar to 

actual proxy networks used in past CFR and CPS studies, respectively. The pseudoproxy data are 

derived from a simulation of the climate of the past millennium (AD 850-1999) using the NCAR 

CSM  ("Climate System Model") 1.4 coupled ocean-atmosphere model (Ammann et al., 2005a), 

which we believe to be appropriately realistic for use in testing climate reconstruction methods.  

The model has a climate sensitivity of 2oC/2xCO2, somewhat lower than that for the GKSS 

model (3.2oC/2xCO2).  Unlike VS04, however, the model has been forced with estimated natural 

and anthropogenic radiative forcing estimates that are within conventionally accepted ranges, 

though perhaps slightly higher than used in most other simulations (see Jones and Mann, 2004). 

The surface temperature field shows no evidence of any long-term drift in the mean. This 

simulation is characterized by forced Northern Hemisphere (NH) annual mean temperature 
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variations in past centuries that are modestly greater in amplitude than most other simulations 

(Jones and Mann, 2004), ensuring that the simulation represents an appropriately challenging, 

but fair, test bed for investigating the fidelity of statistical climate reconstruction approaches. 

The actual and reconstructed NH series, temperature pseudoproxy and gridbox series for both 

CPS and CFR experiments are available at:  

http://fox.rwu.edu/~rutherfo/supplements/forreviewers/Pseudoproxy05/  

 

2. Methods 

A. Composite-Plus-Scale Method ("CPS") 

Our implementation of the 'CPS' method is similar to that used in past studies (e.g. Bradley and 

Jones, 1993, Jones et al., 1998, Crowley and Lowery, 2000; Briffa et al., 2001; Esper et al., 

2002;  MJ03) wherein roughly a dozen proxy series, each of which is assumed to represent a 

linear combination of local temperature variations and an additive 'noise' component, are 

composited (typically at decadal resolution-see, e.g., Bradley and Jones, 1993; Crowley and 

Lowery, 2000; Esper et al., 2002; MJ03) and scaled (e.g. as described below) against a 

hemispheric mean temperature series to form a hemispheric reconstruction. The rationale for 

such an approach is that the surface temperature field over, e.g., the Northern Hemisphere only 

possesses a dozen or less spatial degrees of freedom on interannual and longer timescales (e.g. 

Briffa and Jones, 1993).   

 

We formed three different networks of a dozen randomly selected model gridboxes (restricted to 

the region of the Northern Hemisphere and tropics that is sampled by the 20th century 

instrumental record to simulate the coverage of real-world proxy networks--see Figure 1a).  

Pseudoproxy time series (see Supplementary Figure 1) were formed through summing each 

gridbox annual mean temperature series with a realization of white noise (a reasonable 
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assumption for representing observational error--the effects of the noise 'color' were investigated 

by Mann and Rutherford, 2002), allowing for various relative amplitudes of noise variance 

[expressed as a signal-to-noise ratio ('SNR') of amplitudes--see Mann and Rutherford (2002)]. 

Experiments were performed for the four different values of SNR: 0.25, 0.5, 1.0 and ∞ (i.e., no 

added noise).  

 

Following the typical CPS procedure (e.g. Bradley and Jones, 1993; Crowley and Lowery, 2000; 

Esper et al, 2002; MJ03), each pseudoproxy series was decadally smoothed (using a 10 point 

Butterworth filter with optimal boundary constraints as described by Mann, 2004) and 

standardized. A weighted composite was formed based alternatively on (a) a simple areal 

weighting (i.e., weighting by cosine of the latitude of the gridbox), and (b) areal weighting 

coupled with an additional weighting by the calibration period correlation with the corresponding 

observed gridbox temperature series (as in MJ03). The composite was then scaled to have the 

same mean and decadal standard deviation as the actual NH series over a modern calibration 

interval (we used both 1856-1980 and 1900-1980 calibration intervals, representative of the 

varying calibration intervals that have been used in actual reconstructions).  

 

We calculated the 'Reduction of Error' ('RE') reconstructive skill diagnostics during both the 

calibration period and an independent, pre-calibration 'verification' period (see e.g. Cook et al, 

1994; Rutherford et al, 2005, and references therein).  We also calculated alternative Coefficient 

of Efficiency ('CE') and squared Pearson correlation (r2) verification skill metrics. We favored 

the more conservative estimates of skill provided by  r2 since RE is inflated in these particular 

experiments by unusually large pre-20th century mean temperature changes. Uncertainties were 

conservatively estimated from the unresolved variance (1- r2). For experiments using a 1900-

1980 calibration interval, an 1855-1899 verification interval was used, to mimic the verification 
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intervals that have been used in previous studies (Mann et al. 1998; Mann and Rutherford, 2002; 

Rutherford et al., 2003; 2005). For experiments using an 1856-1980 calibration interval, the full 

available 850-1855 period was instead used for verification.  Statistical significance of resolved 

variance metrics were calculated through Monte Carlo simulations based on the null hypothesis 

of AR(1) red noise with the serial correlation and variance of the actual model NH series over 

the calibration period. 

 

B. Climate Field Reconstruction Method ("CFR") 

Our implementation of the CFR approach makes use of the Regularized Expectation 

Maximization ('RegEM') method of Schneider (2001) which has been applied to CFR in several 

recent studies (Mann and Rutherford, 2002; Rutherford et al., 2003; Zhang et al., 2003; 

Rutherford et al., 2004). The method is similar to PCA-based approaches (e.g. MBH98; Evans et 

al., 2002; Luterbacher et al., 2002) but employs an iterative estimate of data covariances to make  

more complete use of the available information (see Schneider, 2001). As in Rutherford et al. 

(2005), we tested: (i) straight application of RegEM, (ii) a 'hybrid frequency-domain calibration' 

approach that employs separate calibrations of high (shorter than 20 year period) and low 

frequency (longer than 20 year period) components of the annual mean data that are 

subsequently composited to form a single reconstruction, and (iii) a 'stepwise' version of RegEM 

in which the reconstruction itself is increasingly used in calibrating successively older segments 

['MATLAB' source codes available at website given above]. As in Rutherford et al (2005), the 

reconstruction was initialized with the mean of all of the predictors (i.e., the pseudoproxies) over 

the pre-calibration interval. This choice speeds convergence, but the final reconstruction is 

insensitive, as it must be to be reliable, to the initial condition (see Supplementary Table and 

Supplementary Figure 2). 
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The RegEM method has been shown to yield a very similar hemispheric mean temperature 

reconstruction to that of MBH98 when applied to the same network of multiple proxy indicators 

(Rutherford et al., 2005) (Figure 2), suggesting that conclusions regarding real-world proxy 

reconstructions are not likely to be dependent upon the precise method of CFR used. Similar 

experiments to those performed here, but using the MBH98 PCA-based approach, are described 

by Ammann et al. (2005b). Following Zorita et al (2003), VS04, and Rutherford et al (2005), our 

CFR analyses make use annual mean data, and the precise MBH98 multiproxy network 

locations.  

 

Using the method described above, we formed pseudoproxy indicators at the 104 unique 

locations (Figure 1b) used by MBH98.  We used the same four values, SNR=0.25, 0.5, 1.0 and ∞ 

and same two alternative calibration intervals described above. The statistical verification 

procedure, and uncertainty estimation procedures described above were applied to the 

(decadally-smoothed) CFR results. It should be noted that, in contrast with the CPS method, 

traditional calibration metrics of resolved variance are not available in RegEM. Statistical 

significance of verification metrics was estimated using the same Monte Carlo significance 

estimation procedure described above. 
 

3. Results 

In the CPS experiments, we found that a SNR of 1.0 most closely resembled the attributes of 

actual proxy reconstructions (Mann et al., 1998; Rutherford et al., 2005; Mann and Jones, 2003), 

in terms of the NH mean variance resolved (see Table 1) during the calibration (roughly 70%) 

and verification periods (roughly 45-70%), while lower SNR values (i.e., 0.25) yielded 

significantly lower estimates of reconstructive skill in calibration (<50%) and verification 

(<20%) than indicated for actual reconstructions. For SNR=1.0, the reconstructions (Figure 3a) 

are observed to be relatively insensitive to whether the short (1900-1980) or long (1856-1980) 

ABOR/MH/Priv-006645



 

9 

9

calibration interval is used, the specific location of the 12 pseudoproxy sites (comparisons of the 

results for the 3 different networks are provided in the Table 1 and Figure 4), or which of the two 

weighting schemes was used in the composite (see Table 1). At lower SNR (0.25 or 0.5), use of a 

combined 19th/20th century calibration interval (as in Mann and Jones, 2003) appears to yield a 

more reliable reconstruction than a 20th century only interval (as in Bradley and Jones, 1993; 

Jones et al., 1998, Crowley and Lowery, 2000).  For SNR=1.0, a modest underestimate of long-

term changes in mean is evident, though this bias is well within the estimated uncertainties. This 

result is consistent with the suggestion that simple regression-based methods employing a short 

calibration period are likely to underestimate long-term variability (Osborn and Briffa, 2004) [It 

is worthy of special note that this argument does not clearly apply for CFR methods]. Only for 

the lowest SNR ratio (0.25) does this underestimate become significant (Figure 3b). The CPS 

approach faithfully captures the large, short-term volcanic coolings.  

 

For the CFR experiments, we focus on the results of the hybrid frequency-domain version of 

RegEM favored by Rutherford et al (2005). The other versions of the method (straight RegEM 

and stepwise RegEM) yielded similar results (Supplementary Table). As with the CPS 

experiments, SNR=1.0 (Figure 5a) yielded a similar verification resolved variance (60-80% 

depending on calibration period used) to that observed for actual proxy reconstructions. As in the 

CPS experiments, there is a slight sensitivity to which (short or long) calibration period is used, 

with a long calibration period (as used by Rutherford et al., 2005) yielding a moderately more 

skillful reconstruction (Table 1).   

 

There is a surprising insensitivity, however, of the low-frequency features of the reconstruction 

to the precise value of  SNR in the CFR experiments; for no SNR was there any evidence of a 

systematic underestimate of low-frequency variability (Figure 5b), a result that conflicts 
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dramatically with the claims of von Storch et al. (2004).  As discussed above, we suspect that the 

reason for the difference lies, at least partly, in certain unrealistic features of the GKSS 

simulation used by VS04. The possible additional impacts of  the use of differing CFR 

methodologies are also currently being explored (Ammann et al, 2005b). 

 

The CFR approach does appear to systematically underestimate the amplitude of the larger 

volcanic cooling events, a finding that is unsurprising. The climatic response to volcanic forcing 

represents a particular challenge for the CFR method, since only a small number of moderate 

volcanic forcing events are contained within the calibration interval, and these events are quite 

small in comparison with the much larger events present in the pre-calibration interval. The 

spatial patterns of response to volcanic forcing are consequently not well captured in the 

calibration period. CFR approaches have been shown to yield a systematic underestimate of 

variance under precisely such circumstances (Rutherford et al., 2003).  This bias, as expected, 

becomes more prominent at lower values of SNR. 

 

4. Conclusions 

 

We find no evidence for the suggestion (e.g. VS04) that real world proxy-based reconstructions 

of NH mean temperature changes are likely to suffer from any systematic underestimate of low-

frequency variability.  Our findings suggest that both standard methods that have been used in 

proxy-based reconstruction (CPS and CFR) are likely to provide a faithful estimate of actual 

long-term hemispheric temperature histories, within estimated uncertainties. On the other hand, 

apparent complementary strengths and weaknesses emerge in comparing the two approaches. 

The CFR approach systematically underestimates high-frequency changes associated with the 

cooling response to explosive volcanism, but shows no evidence of any systematic bias in the 

ABOR/MH/Priv-006647



 

11 

11

reconstructed low-frequency variability. The CPS approach, by, contrast, shows no tendency to 

underestimate volcanic cooling, but does exhibit a tendency to moderately underestimate long-

term variations in the mean, although this becomes significant only at signal-to-noise ratios 

lower than is inferred for real-world proxy data.  We encourage similar future experiments using 

coupled ocean-atmosphere models and appropriate experimental designs for simulating proxy-

based climate reconstruction approaches. 
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Figure Captions 

 

Figure 1.  Spatial distributions of (a) each of the 3 random networks of 12 pseudoproxies used in 

the various CPS experiments ("A", "B", and "C") and (b) the 104 pseudoproxies used in the CFR 

experiments. 

 

Figure 2. Comparison between annual mean NH reconstruction using the MBH98 multiproxy 

dataset and (i)  PCA-based method (blue) of MBH98, and (ii) hybrid frequency-domain RegEM 

method, 1856-1980 calibration (green), of Rutherford et al. (2005). Instrumental annual mean 

NH series of Jones et al. (1999) is shown for comparison (red), along with the two standard error 

uncertainty intervals for both the MBH98 and Rutherford et al. (2005) reconstructions. 

 

Figure 3.  "Pseudoproxy" reconstruction of decadal mean Northern Hemisphere mean 

temperature based on CPS approach. We show results using (a) the SNR value (1.0) most 

consistent with actual proxy networks (results for network 'A' shown) and two alternative 

calibration intervals (1856-1980 and 1900-1980) and (b) all 4 SNR values and an 1856-1980 

calibration interval.  Statistical uncertainties (shading of two standard error region) for SNR=1.0, 

and actual model decadal mean NH series are also shown. 

 

Figure 4.  Comparison  of  CPS reconstructions for SNR=1.0 (1856-1980 calibration period) for 

using the three different random networks A, B, and C show in Figure 1. 

 

Figure 5.  "Pseudoproxy" reconstruction of Northern Hemisphere mean temperature based on 

CFR approach compared with model NH series (decadally-smoothed data are shown) for (a) 

SNR=1.0 using two alternative calibration intervals (1856-1980 and 1900-1980). Uncertainties 
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(yellow shading indicates two standard error region) are shown for the latter of the two 

calibration intervals, based on 1856-1899 verification period residuals. (b) all 4 SNR values and 

an 1856-1980 calibration interval.  Statistical uncertainties (shading of two standard error region) 

are shown for lowest SNR value (0.25) based on pre-1856 verification residuals.  

 

Table 1     
_________________________________________________________________________________________ 
Type   Network  SNR   Weighting Calib Period  Calibration stats Verification stats 

        RE         RE  CE   r2 

_________________________________________________________________________________________________________________________________________ 
CPS 12 prox  (A)  ∞ Unif  1856-1980 0.74  0.93 0.77 0.77 
   "                 "             "    "  1900-1980 0.77  0.841 0.631 0.641 
   "                 "                    1.0    "  1856-1980 0.73  0.88 0.65 0.68 
   "                 "                       "             "  1900-1980 0.72  0.811 0.451 0.451   
   "                 "                       "          Corr  1900-1980 0.71  0.801 0.451 0.461 
   "                 "                       "             "           1856-1980 0.72  0.87 0.64 0.67 
   "                  "    (B)    "             "           "  0.74  0.91 0.67 0.68 
   "                  "    (C)    "             "                                 "                 0.69  0.88 0.58 0.59 
   "                  "    (A) 0.5    "  1900-1980 0.34  0.611 0.02 0.161 
   "                  "                      "             "  1856-1980 0.42  0.83 0.54 0.59 
   "         "        0.25    "  1900-1980 0.52  -0.161 -1.191 0.151  
   "                  "                      "             "  1856-1980 0.30  0.59 -0.09 0.20 
_________________________________________________________________________________________________________________________________________ 
CFR "MBH98" ∞ NA  1856-1980 NA  0.97 0.83 0.85  
   "                  "                   1.0 NA  1900-1980 NA  0.931 0.55 0.621 
   "                  "                   1.0 NA  1856-1980 NA  0.96 0.80 0.83 
   "                  "                   0.5 NA                 "  NA  0.94 0.72 0.74 
   "                  "                   0.25 NA         "  NA  0.87 0.39 0.38 
_________________________________________________________________________________________________________________________________________ 
1  An 1856-1899 verification interval was used in this experiment (an 850-1855 verification interval was used for 
experiments employing an 1856-1980 calibration interval). 

Comparisons of Calibration and Verification Reconstructive Skill for Both "CPS" and "CFR" 
experiments using  "Pseudoproxy" networks of varying signal-to-noise (SNR) ratio, spatial 
distribution, calibration interval, and (in CPS case), weighting scheme. Statistical significance of 
verification skill metrics from Monte Carlo simulations exceeds 95% significance level unless 
otherwise indicated (boldface: significant at <90% level; italicized: significant between 90% and 
95% level). 
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FIGURE 4 
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FIGURE 5 
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Supplementary Figure 1 

 
a. 
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b. 

 
 

  
 

Plot of  each of the 12 (decadally-smoothed) pseudoproxy series along with the 
corresponding actual (decadally-smoothed) model gridpoint temperature  series 
for CPS experiment using network "A" with (a) SNR=1.0 and (b) SNR=0.25. 
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Supplementary  Figure 2 
 

Comparison of CFR Reconstructions for The Two Different Initial Conditions After Satisfying 
Convergence Criterion at Indicated Number of Iterations (SNR=1.0, 1856-1980 calibration 
period--see Supplementary Table).  
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 Hybrid non-

stepwise, 
verification 
mean is the 
initial guess 

Hybrid non-
stepwise 
verification 
mean is the 
initial guess 

Hybrid non-
stepwise 
calibration 
mean is the 
initial guess 

Short 
calibration; 
1856-1899 
verification 
Hybrid non-
stepwise 

Stepwise using 
verification 
mean for initial 
guess* 

Non hybrid 
non stepwise, 
verification 
mean is initial 
guess 

Hybrid non-
stepwise, 
verification 
mean is the 
initial guess 

Hybrid non-
stepwise, 
verification 
mean is the 
initial guess 

Iterations 
low/high 

SNR INF SNR 1.0 SNR1.0 SNR1.0 SNR1.0 SNR1.0 SNR 0.5 SNR 0.25 

20/20 0.87/0.38/0.42 0.89/0.48/0.60 -0.14/-4.50/0.02 0.86/0.09/0.66 N/A 0.97/0.84/0.89 0.89/0.47/0.57 0.84/0.21/0.22 
20/40 0.87/0.38/0.43 0.89/0.48/0.61 -0.13/-4.50/0.02 0.86/0.08/0.65 N/A  0.89/0.47/0.57 0.84/0.21/0.22 

(20/30 iters.) 
20/60 0.87/0.38/0.43 0.89/0.48/0.61 N/A 0.86/0.08/0.65 N/A  N/A N/A 
40/20 0.93/0.64/0.71 0.94/0.72/0.79 -0.07/-4.50/0.03 0.92/0.47/0.51 N/A  0.93/0.65/0.70 0.86/0.31/0.32 
40/40 0.93/0.64/0.71 0.94/0.73/0.79 -0.07/-4.20/0.03 0.92/0.46/0.51 N/A  0.93/0.65/0.70  
40/60 0.93/0.64/0.71 0.94/0.73/0.79 N/A 0.92/0.46/0.51 N/A  N/A N/A 
60/20 0.95/0.76/0.81 0.95/0.79/0.82 -0.00/-3.86/0.04 0.93/0.55/0.56 N/A  0.94/0.70/0.73 0.87/0.35/0.35 
80/20 0.96/0.80/0.83 0.96/0.80/0.83 0.07/-3.50/0.06 0.93/0.56/0.58 N/A  0.94/0.71/0.74 0.87/0.36/0.36 
80/60 0.96/0.81/0.83 0.96/0.80/0.83 N/A 0.93/0.56/0.58 N/A  N/A N/A 

100/20 0.96/0.82/0.84 0.96/0.80/0.83 0.15/-3.10/0.07 0.93/0.56/0.60 N/A  0.94/0.72/0.74 0.87/0.37/0.37 
200/20 0.97/0.83/0.85 0.96/0.81/0.83 0.96/0.81/0.82 0.93/0.55/0.62 N/A  0.94/0.72/0.74 0.87/0.39/0.39 
300/20 0.97/0.84/0.85 0.96/0.81/0.83 0.96/0.81/0.82 0.93/0.55/0.62 N/A  0.94/0.72/0.74 0.87/0.38/0.38 

     0.97/0.84/0.86    
* For the stepwise case, the number of iterations varies with each step (100 years per step). Each step was run until the stopping criterion used in the other 
simulations was reached. For the low frequency this ranged from 9 to 300 iterations depending on the step. For the high frequency the number of iterations 
ranged from 10 to 39 depending on the step. 
 
Supplementary Table 1.  Northern-Hemisphere-mean verification RE, CE and r2 (listed as RE/CE/r2) for various CFR experiments 
showing how the verification statistics change with the number of iterations performed.  Statistics that are significant at the 95% level 
are shown in bold. All verifications are calculated from 850 through 1855 except as indicated in the first row of the table. 
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu
Subject: Fwd: Re: progress
Date: Friday, March 19, 2004 12:31:29 PM

Date: Fri, 19 Mar 2004 12:26:05 -0700
From: Eugene Wahl <wahl@ucar.edu>
User-Agent: Mozilla/5.0 (Windows; U; Windows NT 5.1; en-US; rv:1.6) Gecko/20040113
X-Accept-Language: en-us, en
To: "Michael E. Mann" <mann@virginia.edu>
Subject: Re: progress

Hello Mike:

Finally...in response to your first message from last week.  Yes, I/we (primarily me, but
also Doug Nychka and Caspar) are interested in being a "guinea pig" for your extended
description of the MBH 98 algorigthm.  This is essentially what we have been doing
anyway.  I believe I largely understood the alrogithm from your published descriptions
(especially the 1999 GRL and 2000 ENSO papers), and have designed a "rough draft" of it
(not yet for production, but for testing) in "R", but there are a few remaining uncertainties
as to the exact method in a couple of places that I was going to want to check with you
anyway.  (This is what I was describing as we drove here from the airport.)  I'm very
interested to see if I was getting it right in principle even before seeing your more detalied
description.  If I was, then that in itself is an indication that what you had described
before was (at least conceptually) adequate.  

Don't go out of your way to hurry the algorithm.  At the pace you've been describing, I'm
sure it will be timely for me to use whenever you are ready.  I'm right now focusing on
getting the testing going for what I have written, and on getting really used to "R", which
is a new language for me.  The algorithm and the exact data you used (and making sure
my design for the inputting and preprocessing the data is identical to your methods--
which, of course, is actually part of the algorithm in the widest sense) should definitely
make replication possible.  This is where we've been headed, as I mentioned.

Also, you can count on complete confidentiality.  No data or any part of the algorithm will
be transmitted to other workers unless you tell me it is appropriate to do so.  I am
assuming that Caspar and Doug here would be OK to share these with.  Please let me
know if you have any concerns for that kind of sharing here.

Finally, thanks for the info on the RegEM, and your paper in revision.  I will start to get
into them as soon as I can.  Caspar and I want to work with both the MBH98 and the
RegEM method, so this is great for us.  I was particularly interested to hear from you
about a different way to deal with retention of  the PC series, since the use of
Preisendorfer's rule N seemed to me to open a way (at least in concept) to underoptimal
utilization of the information in the PC series.  My sense in this is based on experience with
optimizing cutoff criteria in the Modern Analog Technique (MAT) for microfossil-based
environmental reconstructions (utilizing the Receiver Operating Curve method).  In that
context, the use of very strict cutoff criteria for identifying analogs with modern
assemblages (the primary basis of the calibration method) can be shown to lead to
suboptimal utlitization of the climate information carried by pollen assemblages.  This has
been underappreciated by the pollen-based community, who have been tending to set very
strict cutoffs to strongly reduce false positive analogies in terms of vegetation closeness. 
This actually ends up throwing out useful climate information that is carried by slightly less
close analogy relationships (in fact, huge numbers of false negatives are generated in the
quest to lower false positives).

FYI, I've attached two papers on ROC and the MAT, in case you might be interested.  They
are simply developed and explained, largely using graphical exposition rather than
analytical development to be more "user-friendly" to the palynological community, but are
solid first introductions to the use of ROC methods in this context--which are very
powerful.
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Peace, Gene

Michael E. Mann wrote:

Hey Gene,

Thanks for getting back. Sounds like you've been busy since I saw you last!

We're in the process of finalizing our algorithm description, and I hope to send
this on to you within the next day or so.

look forward to hearing back from you when you've had a chance to catch your
breath!

cheers,

mike

At 04:34 PM 3/17/2004 -0700, Eugene Wahl wrote:

Hi Mike:

Great to hear from you.

Sorry for the delay.  I'm just getting back into "gear" from teaching
a
semester's worth of material in 6 days (!), at a school in Indiana.

I'm only going through mail right now.  I'll get back to you in
greater
detail tomorrow.

Peace, Gene

"Michael E. Mann" wrote:
> 
> Dear Eugene,
> 
> Was great meeting you and talking w/ you and Caspar (and
Malcolm) the
> other day. Sorry you couldn't stay longer, but I guess we'll see
you
> again next month in Tucson, right?  I look forward to the
possibility
> of closer collaboration along the  lines we had discussed. I've cc'd
> my co-authors (Malcolm, and also Ray Bradley) on this message
so
> they're in the loop on this.
> 
> Let me address a number of loosely related items:
> 
> 1. Your interest in the methods behind our '98 article is actually a
> fortuitous coincidence from my perspective. As I mentioned, we've
been
> drafting an updated description of our '98 analysis to give
additional
> methodological details not in the original publication.  I'm busy
> working on a more detailed description of the algorithm, as I had
> mentioned,  and we've designed (please use only confidentially--
this
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> has not been make publicly available) an updated ftp site that
> provides all of the data (proxy and instrumental) used, and some
> additional details on the data. It's available (again, not for public
> release!) in this hidden directory:
> 
>
ftp://holocene.evsc.virginia.edu/pub/sdr/temp/nature/MANNETAL98/
> 
> I'm working on finalizing the updated description of the method
> algorithm, which will be placed in the "METHODS" subdirectory of
this
> website once it's finalized. We're actually QUITE interested in
> knowing is whether an independent third party (which you, in
essence,
> are!) is able to reproduce our results from the information
provided,
> including the more detailed description of algorithm.
> 
> Any possibility you would be interested in being a "guinea pig" for
us
> in this regard :)   Seems like it could be helpful to you in your
> efforts to understand our method, and it would be a tremendous
service
> to us.  So let me know if you think you'd be interested in giving
this
> a stab, and I'll get you the updated algorithm description as soon
as
> I've finalized it. Then you should have everything we believe is
> necessary to reproduce our results...
> 
> 2. The "RegEM" method. I'm attaching, in a separate email, Tapio
> Schneider's original paper on this. The two papers we've published
> using the method are available on my website here:
> http://holocene.evsc.virginia.edu/Mann/articles/articles.html
> 
> Specifically these two:
> 
> Rutherford, S., Mann, M.E., Delworth, T.L., Stouffer, R., Climate
> Field Reconstruction Under Stationary and Nonstationary Forcing,
> Journal of Climate, 16, 462-479, 2003.
> 
> Mann, M.E., Rutherford, S., Climate Reconstruction Using
> 'Pseudoproxies', Geophysical Research Letters, 29 (10), 1501, doi:
> 10.1029/2001GL014554, 2002.
> 
> 3. Finally, I'm attaching (in a separate email) the draft of the
> Rutherford et al J. Climate paper (in revision) which looks at the
> issues of methodology, seasonal and spatial sampling, and proxy
> network used, in hemispheric temperature reconstructions back to
AD
> 1400.
> 
> I look forward to hearing back from you.
> 
> best regards,
> 
> mike
> 
>
______________________________________________________________

>                     Professor Michael E. Mann
>            Department of Environmental Sciences, Clark Hall
>                       University of Virginia

ABOR/MH/Priv-006665



>                      Charlottesville, VA 22903
>
_______________________________________________________________________

> e-mail: mann@virginia.edu   Phone:    FAX: (434)
> 982-2137
>          http://www.evsc.virginia.edu/faculty/people/mann.shtml

-- 
Eugene R. Wahl
Advanced Studies Program &
Environmental and Societal Impacts Group
National Center for Atmospheric Research
3450 Mitchell Lane
Boulder, CO 80301    303.497.2890

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu
Subject: Fwd: Re: progress
Date: Friday, March 19, 2004 12:31:29 PM

Date: Fri, 19 Mar 2004 12:26:05 -0700
From: Eugene Wahl <wahl@ucar.edu>
User-Agent: Mozilla/5.0 (Windows; U; Windows NT 5.1; en-US; rv:1.6) Gecko/20040113
X-Accept-Language: en-us, en
To: "Michael E. Mann" <mann@virginia.edu>
Subject: Re: progress

Hello Mike:

Finally...in response to your first message from last week.  Yes, I/we (primarily me, but
also Doug Nychka and Caspar) are interested in being a "guinea pig" for your extended
description of the MBH 98 algorigthm.  This is essentially what we have been doing
anyway.  I believe I largely understood the alrogithm from your published descriptions
(especially the 1999 GRL and 2000 ENSO papers), and have designed a "rough draft" of it
(not yet for production, but for testing) in "R", but there are a few remaining uncertainties
as to the exact method in a couple of places that I was going to want to check with you
anyway.  (This is what I was describing as we drove here from the airport.)  I'm very
interested to see if I was getting it right in principle even before seeing your more detalied
description.  If I was, then that in itself is an indication that what you had described
before was (at least conceptually) adequate.  

Don't go out of your way to hurry the algorithm.  At the pace you've been describing, I'm
sure it will be timely for me to use whenever you are ready.  I'm right now focusing on
getting the testing going for what I have written, and on getting really used to "R", which
is a new language for me.  The algorithm and the exact data you used (and making sure
my design for the inputting and preprocessing the data is identical to your methods--
which, of course, is actually part of the algorithm in the widest sense) should definitely
make replication possible.  This is where we've been headed, as I mentioned.

Also, you can count on complete confidentiality.  No data or any part of the algorithm will
be transmitted to other workers unless you tell me it is appropriate to do so.  I am
assuming that Caspar and Doug here would be OK to share these with.  Please let me
know if you have any concerns for that kind of sharing here.

Finally, thanks for the info on the RegEM, and your paper in revision.  I will start to get
into them as soon as I can.  Caspar and I want to work with both the MBH98 and the
RegEM method, so this is great for us.  I was particularly interested to hear from you
about a different way to deal with retention of  the PC series, since the use of
Preisendorfer's rule N seemed to me to open a way (at least in concept) to underoptimal
utilization of the information in the PC series.  My sense in this is based on experience with
optimizing cutoff criteria in the Modern Analog Technique (MAT) for microfossil-based
environmental reconstructions (utilizing the Receiver Operating Curve method).  In that
context, the use of very strict cutoff criteria for identifying analogs with modern
assemblages (the primary basis of the calibration method) can be shown to lead to
suboptimal utlitization of the climate information carried by pollen assemblages.  This has
been underappreciated by the pollen-based community, who have been tending to set very
strict cutoffs to strongly reduce false positive analogies in terms of vegetation closeness. 
This actually ends up throwing out useful climate information that is carried by slightly less
close analogy relationships (in fact, huge numbers of false negatives are generated in the
quest to lower false positives).

FYI, I've attached two papers on ROC and the MAT, in case you might be interested.  They
are simply developed and explained, largely using graphical exposition rather than
analytical development to be more "user-friendly" to the palynological community, but are
solid first introductions to the use of ROC methods in this context--which are very
powerful.
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Peace, Gene

Michael E. Mann wrote:

Hey Gene,

Thanks for getting back. Sounds like you've been busy since I saw you last!

We're in the process of finalizing our algorithm description, and I hope to send
this on to you within the next day or so.

look forward to hearing back from you when you've had a chance to catch your
breath!

cheers,

mike

At 04:34 PM 3/17/2004 -0700, Eugene Wahl wrote:

Hi Mike:

Great to hear from you.

Sorry for the delay.  I'm just getting back into "gear" from teaching
a
semester's worth of material in 6 days (!), at a school in Indiana.

I'm only going through mail right now.  I'll get back to you in
greater
detail tomorrow.

Peace, Gene

"Michael E. Mann" wrote:
> 
> Dear Eugene,
> 
> Was great meeting you and talking w/ you and Caspar (and
Malcolm) the
> other day. Sorry you couldn't stay longer, but I guess we'll see
you
> again next month in Tucson, right?  I look forward to the
possibility
> of closer collaboration along the  lines we had discussed. I've cc'd
> my co-authors (Malcolm, and also Ray Bradley) on this message
so
> they're in the loop on this.
> 
> Let me address a number of loosely related items:
> 
> 1. Your interest in the methods behind our '98 article is actually a
> fortuitous coincidence from my perspective. As I mentioned, we've
been
> drafting an updated description of our '98 analysis to give
additional
> methodological details not in the original publication.  I'm busy
> working on a more detailed description of the algorithm, as I had
> mentioned,  and we've designed (please use only confidentially--
this
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> has not been make publicly available) an updated ftp site that
> provides all of the data (proxy and instrumental) used, and some
> additional details on the data. It's available (again, not for public
> release!) in this hidden directory:
> 
>
ftp://holocene.evsc.virginia.edu/pub/sdr/temp/nature/MANNETAL98/
> 
> I'm working on finalizing the updated description of the method
> algorithm, which will be placed in the "METHODS" subdirectory of
this
> website once it's finalized. We're actually QUITE interested in
> knowing is whether an independent third party (which you, in
essence,
> are!) is able to reproduce our results from the information
provided,
> including the more detailed description of algorithm.
> 
> Any possibility you would be interested in being a "guinea pig" for
us
> in this regard :)   Seems like it could be helpful to you in your
> efforts to understand our method, and it would be a tremendous
service
> to us.  So let me know if you think you'd be interested in giving
this
> a stab, and I'll get you the updated algorithm description as soon
as
> I've finalized it. Then you should have everything we believe is
> necessary to reproduce our results...
> 
> 2. The "RegEM" method. I'm attaching, in a separate email, Tapio
> Schneider's original paper on this. The two papers we've published
> using the method are available on my website here:
> http://holocene.evsc.virginia.edu/Mann/articles/articles.html
> 
> Specifically these two:
> 
> Rutherford, S., Mann, M.E., Delworth, T.L., Stouffer, R., Climate
> Field Reconstruction Under Stationary and Nonstationary Forcing,
> Journal of Climate, 16, 462-479, 2003.
> 
> Mann, M.E., Rutherford, S., Climate Reconstruction Using
> 'Pseudoproxies', Geophysical Research Letters, 29 (10), 1501, doi:
> 10.1029/2001GL014554, 2002.
> 
> 3. Finally, I'm attaching (in a separate email) the draft of the
> Rutherford et al J. Climate paper (in revision) which looks at the
> issues of methodology, seasonal and spatial sampling, and proxy
> network used, in hemispheric temperature reconstructions back to
AD
> 1400.
> 
> I look forward to hearing back from you.
> 
> best regards,
> 
> mike
> 
>
______________________________________________________________

>                     Professor Michael E. Mann
>            Department of Environmental Sciences, Clark Hall
>                       University of Virginia

ABOR/MH/Priv-006669



>                      Charlottesville, VA 22903
>
_______________________________________________________________________

> e-mail: mann@virginia.edu   Phone:    FAX: (434)
> 982-2137
>          http://www.evsc.virginia.edu/faculty/people/mann.shtml

-- 
Eugene R. Wahl
Advanced Studies Program &
Environmental and Societal Impacts Group
National Center for Atmospheric Research
3450 Mitchell Lane
Boulder, CO 80301    303.497.2890

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu
Cc: rbradley@geo.umass.edu
Subject: Re: Fwd: Re: progress
Date: Friday, March 19, 2004 2:33:48 PM

yep..will keep you guys posted.

mike

At 01:40 PM 3/19/2004 -0700, mhughes@ltrr.arizona.edu wrote:

THis is very good news,Cheers, Malcolm
Quoting "Michael E. Mann" <mann@virginia.edu>:

> 
> 
> 
> 
> Date: Fri, 19 Mar 2004 12:26:05
> -0700
> 
> From: Eugene Wahl <wahl@ucar.edu>
> 
> User-Agent: Mozilla/5.0 (Windows; U; Windows NT 5.1; en-US; rv:1.6)
> Gecko/20040113
> 
> X-Accept-Language: en-us, en
> 
> To: "Michael E. Mann" <mann@virginia.edu>
> 
> Subject: Re: progress
> 
> 
> Hello Mike:
> 
> 
> 
> Finally...in response to your first message from last week.  Yes,
> I/we (primarily me, but also Doug Nychka and Caspar) are interested in
> being a "guinea pig" for your extended description of the MBH
> 98 algorigthm.  This is essentially what we have been doing
> anyway.  I believe I largely understood the alrogithm from your
> published descriptions (especially the 1999 GRL and 2000 ENSO papers),
> and have designed a "rough draft" of it (not yet for
> production, but for testing) in "R", but there are a few
> remaining uncertainties as to the exact method in a couple of places that
> I was going to want to check with you anyway.  (This is what I was
> describing as we drove here from the airport.)  I'm very interested
> to see if I was getting it right in principle even before seeing your
> more detalied description.  If I was, then that in itself is an
> indication that what you had described before was (at least conceptually)
> adequate.  
> 
> 
> Don't go out of your way to hurry the algorithm.  At the pace you've
> been describing, I'm sure it will be timely for me to use whenever you
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> are ready.  I'm right now focusing on getting the testing going for
> what I have written, and on getting really used to "R", which
> is a new language for me.  The algorithm and the exact data you used
> (and making sure my design for the inputting and preprocessing the data
> is identical to your methods--which, of course, is actually part of the
> algorithm in the widest sense) should definitely make replication
> possible.  This is where we've been headed, as I 
> mentioned.
> 
> 
> Also, you can count on complete confidentiality.  No data or any
> part of the algorithm will be transmitted to other workers unless you
> tell me it is appropriate to do so.  I am assuming that Caspar and
> Doug here would be OK to share these with.  Please let me know if
> you have any concerns for that kind of sharing here.
> 
> 
> Finally, thanks for the info on the RegEM, and your paper in
> revision.  I will start to get into them as soon as I can. 
> Caspar and I want to work with both the MBH98 and the RegEM method, so
> this is great for us.  I was particularly interested to hear from
> you about a different way to deal with retention of  the PC series,
> since the use of Preisendorfer's rule N seemed to me to open a way (at
> least in concept) to underoptimal utilization of the information in the
> PC series.  My sense in this is based on experience with optimizing
> cutoff criteria in the Modern Analog Technique (MAT) for
> microfossil-based environmental reconstructions (utilizing the Receiver
> Operating Curve method).  In that context, the use of very strict
> cutoff criteria for identifying analogs with modern assemblages (the
> primary basis of the calibration method) can be shown to lead to
> suboptimal utlitization of the climate information carried by pollen
> assemblages.  This has been underappreciated by the pollen-based
> community, who have been tending to set very strict cutoffs to strongly
> reduce false positive analogies in terms of vegetation closeness. 
> This actually ends up throwing out useful climate information that is
> carried by slightly less close analogy relationships (in fact, huge
> numbers of false negatives are generated in the quest to lower false
> positives).
> 
> 
> FYI, I've attached two papers on ROC and the MAT, in case you might be
> interested.  They are simply developed and explained, largely using
> graphical exposition rather than analytical development to be more
> "user-friendly" to the palynological community, but are solid
> first introductions to the use of ROC methods in this context--which are
> very powerful.
> 
> 
> Peace, Gene
> 
> 
> 
> 
> 
> Michael E. Mann wrote:
> 
> Hey Gene,
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> 
> 
> Thanks for getting back. Sounds like you've been busy since I saw you
> last!
> 
> 
> We're in the process of finalizing our algorithm description, and I hope
> to send this on to you within the next day or so.
> 
> 
> look forward to hearing back from you when you've had a chance to catch
> your breath!
> 
> 
> cheers,
> 
> 
> mike
> 
> 
> At 04:34 PM 3/17/2004 -0700, Eugene Wahl wrote:
> 
> Hi Mike:
> 
> 
> Great to hear from you.
> 
> 
> Sorry for the delay.  I'm just getting back into "gear"
> from teaching a
> 
> semester's worth of material in 6 days (!), at a school in
> Indiana.
> 
> 
> I'm only going through mail right now.  I'll get back to you in
> greater
> 
> detail tomorrow.
> 
> 
> Peace, Gene
> 
> 
> 
> 
> 
> "Michael E. Mann" wrote:
> 
> > 
> 
> > Dear Eugene,
> 
> > 
> 
> > Was great meeting you and talking w/ you and Caspar (and Malcolm)
> the
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> 
> > other day. Sorry you couldn't stay longer, but I guess we'll see
> you
> 
> > again next month in Tucson, right?  I look forward to the
> possibility
> 
> > of closer collaboration along the  lines we had discussed. I've
> cc'd
> 
> > my co-authors (Malcolm, and also Ray Bradley) on this message
> so
> 
> > they're in the loop on this.
> 
> > 
> 
> > Let me address a number of loosely related items:
> 
> > 
> 
> > 1. Your interest in the methods behind our '98 article is actually
> a
> 
> > fortuitous coincidence from my perspective. As I mentioned, we've
> been
> 
> > drafting an updated description of our '98 analysis to give
> additional
> 
> > methodological details not in the original publication.  I'm
> busy
> 
> > working on a more detailed description of the algorithm, as I
> had
> 
> > mentioned,  and we've designed (please use only
> confidentially--this
> 
> > has not been make publicly available) an updated ftp site that
> 
> > provides all of the data (proxy and instrumental) used, and
> some
> 
> > additional details on the data. It's available (again, not for
> public
> 
> > release!) in this hidden directory:
> 
> > 
> 
> >
> ftp://holocene.evsc.virginia.edu/pub/sdr/temp/nature/MANNETAL98/
> 
> > 
> 
> > I'm working on finalizing the updated description of the 
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> method
> 
> > algorithm, which will be placed in the "METHODS"
> subdirectory of this
> 
> > website once it's finalized. We're actually QUITE interested 
> in
> 
> > knowing is whether an independent third party (which you, in
> essence,
> 
> > are!) is able to reproduce our results from the information
> provided,
> 
> > including the more detailed description of algorithm.
> 
> > 
> 
> > Any possibility you would be interested in being a "guinea
> pig" for us
> 
> > in this regard :)   Seems like it could be helpful to you
> in your
> 
> > efforts to understand our method, and it would be a tremendous
> service
> 
> > to us.  So let me know if you think you'd be interested in
> giving this
> 
> > a stab, and I'll get you the updated algorithm description as soon
> as
> 
> > I've finalized it. Then you should have everything we believe
> is
> 
> > necessary to reproduce our results...
> 
> > 
> 
> > 2. The "RegEM" method. I'm attaching, in a separate email,
> Tapio
> 
> > Schneider's original paper on this. The two papers we've
> published
> 
> > using the method are available on my website here:
> 
> >
> http://holocene.evsc.virginia.edu/Mann/articles/articles.html
> 
> > 
> 
> > Specifically these two:
> 
> > 
> 
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> > Rutherford, S., Mann, M.E., Delworth, T.L., Stouffer, R.,
> Climate
> 
> > Field Reconstruction Under Stationary and Nonstationary
> Forcing,
> 
> > Journal of Climate, 16, 462-479, 2003.
> 
> > 
> 
> > Mann, M.E., Rutherford, S., Climate Reconstruction Using
> 
> > 'Pseudoproxies', Geophysical Research Letters, 29 (10), 1501,
> doi:
> 
> > 10.1029/2001GL014554, 2002.
> 
> > 
> 
> > 3. Finally, I'm attaching (in a separate email) the draft of
> the
> 
> > Rutherford et al J. Climate paper (in revision) which looks at
> the
> 
> > issues of methodology, seasonal and spatial sampling, and 
> proxy
> 
> > network used, in hemispheric temperature reconstructions back to
> AD
> 
> > 1400.
> 
> > 
> 
> > I look forward to hearing back from you.
> 
> > 
> 
> > best regards,
> 
> > 
> 
> > mike
> 
> > 
> 
> >
______________________________________________________________
> 
> >                    
> Professor Michael E. Mann
> 
> >           
> Department of Environmental Sciences, Clark Hall
> 
> >                      
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> University of Virginia
> 
> >                     
> Charlottesville, VA 22903
> 
> >
>
_______________________________________________________________________

> 
> > e-mail:
> mann@virginia.edu  
> Phone:    FAX: (434)
> 
> > 982-2137
> 
> >         
> http://www.evsc.virginia.edu/faculty/people/mann.shtml
> 
> 
> -- 
> 
> Eugene R. Wahl
> 
> Advanced Studies Program &
> 
> Environmental and Societal Impacts Group
> 
> National Center for Atmospheric Research
> 
> 3450 Mitchell Lane
> 
> Boulder, CO 80301    303.497.2890
> 
> ______________________________________________________________
> 
>                    
> Professor Michael E. Mann
> 
>            Department
> of Environmental Sciences, Clark Hall
> 
>                      
> University of Virginia
> 
>                     
> Charlottesville, VA 22903
> 
>
_______________________________________________________________________

> 
> e-mail:
> mann@virginia.edu  
> Phone:    FAX: 
> 
>         
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> http://www.evsc.virginia.edu/faculty/people/mann.shtml
> 
> 
> 
> 
> 
> ______________________________________________________________
> 
>                     Professor Michael E. Mann
> 
>            Department of Environmental Sciences, Clark Hall
> 
>                       University of Virginia
> 
>                      Charlottesville, VA 22903
> 
>
_______________________________________________________________________

> 
> e-mail: mann@virginia.edu   Phone:    FAX: 
> 
>          http://www.evsc.virginia.edu/faculty/people/mann.shtml
> 
> 
>

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu
Cc: rbradley@geo.umass.edu
Subject: Re: Fwd: Re: progress
Date: Friday, March 19, 2004 2:33:48 PM

yep..will keep you guys posted.

mike

At 01:40 PM 3/19/2004 -0700, mhughes@ltrr.arizona.edu wrote:

THis is very good news,Cheers, Malcolm
Quoting "Michael E. Mann" <mann@virginia.edu>:

> 
> 
> 
> 
> Date: Fri, 19 Mar 2004 12:26:05
> -0700
> 
> From: Eugene Wahl <wahl@ucar.edu>
> 
> User-Agent: Mozilla/5.0 (Windows; U; Windows NT 5.1; en-US; rv:1.6)
> Gecko/20040113
> 
> X-Accept-Language: en-us, en
> 
> To: "Michael E. Mann" <mann@virginia.edu>
> 
> Subject: Re: progress
> 
> 
> Hello Mike:
> 
> 
> 
> Finally...in response to your first message from last week.  Yes,
> I/we (primarily me, but also Doug Nychka and Caspar) are interested in
> being a "guinea pig" for your extended description of the MBH
> 98 algorigthm.  This is essentially what we have been doing
> anyway.  I believe I largely understood the alrogithm from your
> published descriptions (especially the 1999 GRL and 2000 ENSO papers),
> and have designed a "rough draft" of it (not yet for
> production, but for testing) in "R", but there are a few
> remaining uncertainties as to the exact method in a couple of places that
> I was going to want to check with you anyway.  (This is what I was
> describing as we drove here from the airport.)  I'm very interested
> to see if I was getting it right in principle even before seeing your
> more detalied description.  If I was, then that in itself is an
> indication that what you had described before was (at least conceptually)
> adequate.  
> 
> 
> Don't go out of your way to hurry the algorithm.  At the pace you've
> been describing, I'm sure it will be timely for me to use whenever you
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> are ready.  I'm right now focusing on getting the testing going for
> what I have written, and on getting really used to "R", which
> is a new language for me.  The algorithm and the exact data you used
> (and making sure my design for the inputting and preprocessing the data
> is identical to your methods--which, of course, is actually part of the
> algorithm in the widest sense) should definitely make replication
> possible.  This is where we've been headed, as I 
> mentioned.
> 
> 
> Also, you can count on complete confidentiality.  No data or any
> part of the algorithm will be transmitted to other workers unless you
> tell me it is appropriate to do so.  I am assuming that Caspar and
> Doug here would be OK to share these with.  Please let me know if
> you have any concerns for that kind of sharing here.
> 
> 
> Finally, thanks for the info on the RegEM, and your paper in
> revision.  I will start to get into them as soon as I can. 
> Caspar and I want to work with both the MBH98 and the RegEM method, so
> this is great for us.  I was particularly interested to hear from
> you about a different way to deal with retention of  the PC series,
> since the use of Preisendorfer's rule N seemed to me to open a way (at
> least in concept) to underoptimal utilization of the information in the
> PC series.  My sense in this is based on experience with optimizing
> cutoff criteria in the Modern Analog Technique (MAT) for
> microfossil-based environmental reconstructions (utilizing the Receiver
> Operating Curve method).  In that context, the use of very strict
> cutoff criteria for identifying analogs with modern assemblages (the
> primary basis of the calibration method) can be shown to lead to
> suboptimal utlitization of the climate information carried by pollen
> assemblages.  This has been underappreciated by the pollen-based
> community, who have been tending to set very strict cutoffs to strongly
> reduce false positive analogies in terms of vegetation closeness. 
> This actually ends up throwing out useful climate information that is
> carried by slightly less close analogy relationships (in fact, huge
> numbers of false negatives are generated in the quest to lower false
> positives).
> 
> 
> FYI, I've attached two papers on ROC and the MAT, in case you might be
> interested.  They are simply developed and explained, largely using
> graphical exposition rather than analytical development to be more
> "user-friendly" to the palynological community, but are solid
> first introductions to the use of ROC methods in this context--which are
> very powerful.
> 
> 
> Peace, Gene
> 
> 
> 
> 
> 
> Michael E. Mann wrote:
> 
> Hey Gene,
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> 
> 
> Thanks for getting back. Sounds like you've been busy since I saw you
> last!
> 
> 
> We're in the process of finalizing our algorithm description, and I hope
> to send this on to you within the next day or so.
> 
> 
> look forward to hearing back from you when you've had a chance to catch
> your breath!
> 
> 
> cheers,
> 
> 
> mike
> 
> 
> At 04:34 PM 3/17/2004 -0700, Eugene Wahl wrote:
> 
> Hi Mike:
> 
> 
> Great to hear from you.
> 
> 
> Sorry for the delay.  I'm just getting back into "gear"
> from teaching a
> 
> semester's worth of material in 6 days (!), at a school in
> Indiana.
> 
> 
> I'm only going through mail right now.  I'll get back to you in
> greater
> 
> detail tomorrow.
> 
> 
> Peace, Gene
> 
> 
> 
> 
> 
> "Michael E. Mann" wrote:
> 
> > 
> 
> > Dear Eugene,
> 
> > 
> 
> > Was great meeting you and talking w/ you and Caspar (and Malcolm)
> the
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> 
> > other day. Sorry you couldn't stay longer, but I guess we'll see
> you
> 
> > again next month in Tucson, right?  I look forward to the
> possibility
> 
> > of closer collaboration along the  lines we had discussed. I've
> cc'd
> 
> > my co-authors (Malcolm, and also Ray Bradley) on this message
> so
> 
> > they're in the loop on this.
> 
> > 
> 
> > Let me address a number of loosely related items:
> 
> > 
> 
> > 1. Your interest in the methods behind our '98 article is actually
> a
> 
> > fortuitous coincidence from my perspective. As I mentioned, we've
> been
> 
> > drafting an updated description of our '98 analysis to give
> additional
> 
> > methodological details not in the original publication.  I'm
> busy
> 
> > working on a more detailed description of the algorithm, as I
> had
> 
> > mentioned,  and we've designed (please use only
> confidentially--this
> 
> > has not been make publicly available) an updated ftp site that
> 
> > provides all of the data (proxy and instrumental) used, and
> some
> 
> > additional details on the data. It's available (again, not for
> public
> 
> > release!) in this hidden directory:
> 
> > 
> 
> >
> ftp://holocene.evsc.virginia.edu/pub/sdr/temp/nature/MANNETAL98/
> 
> > 
> 
> > I'm working on finalizing the updated description of the 
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> method
> 
> > algorithm, which will be placed in the "METHODS"
> subdirectory of this
> 
> > website once it's finalized. We're actually QUITE interested 
> in
> 
> > knowing is whether an independent third party (which you, in
> essence,
> 
> > are!) is able to reproduce our results from the information
> provided,
> 
> > including the more detailed description of algorithm.
> 
> > 
> 
> > Any possibility you would be interested in being a "guinea
> pig" for us
> 
> > in this regard :)   Seems like it could be helpful to you
> in your
> 
> > efforts to understand our method, and it would be a tremendous
> service
> 
> > to us.  So let me know if you think you'd be interested in
> giving this
> 
> > a stab, and I'll get you the updated algorithm description as soon
> as
> 
> > I've finalized it. Then you should have everything we believe
> is
> 
> > necessary to reproduce our results...
> 
> > 
> 
> > 2. The "RegEM" method. I'm attaching, in a separate email,
> Tapio
> 
> > Schneider's original paper on this. The two papers we've
> published
> 
> > using the method are available on my website here:
> 
> >
> http://holocene.evsc.virginia.edu/Mann/articles/articles.html
> 
> > 
> 
> > Specifically these two:
> 
> > 
> 
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> > Rutherford, S., Mann, M.E., Delworth, T.L., Stouffer, R.,
> Climate
> 
> > Field Reconstruction Under Stationary and Nonstationary
> Forcing,
> 
> > Journal of Climate, 16, 462-479, 2003.
> 
> > 
> 
> > Mann, M.E., Rutherford, S., Climate Reconstruction Using
> 
> > 'Pseudoproxies', Geophysical Research Letters, 29 (10), 1501,
> doi:
> 
> > 10.1029/2001GL014554, 2002.
> 
> > 
> 
> > 3. Finally, I'm attaching (in a separate email) the draft of
> the
> 
> > Rutherford et al J. Climate paper (in revision) which looks at
> the
> 
> > issues of methodology, seasonal and spatial sampling, and 
> proxy
> 
> > network used, in hemispheric temperature reconstructions back to
> AD
> 
> > 1400.
> 
> > 
> 
> > I look forward to hearing back from you.
> 
> > 
> 
> > best regards,
> 
> > 
> 
> > mike
> 
> > 
> 
> >
______________________________________________________________
> 
> >                    
> Professor Michael E. Mann
> 
> >           
> Department of Environmental Sciences, Clark Hall
> 
> >                      
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> University of Virginia
> 
> >                     
> Charlottesville, VA 22903
> 
> >
>
_______________________________________________________________________

> 
> > e-mail:
> mann@virginia.edu  
> Phone:    FAX: (434)
> 
> > 982-2137
> 
> >         
> http://www.evsc.virginia.edu/faculty/people/mann.shtml
> 
> 
> -- 
> 
> Eugene R. Wahl
> 
> Advanced Studies Program &
> 
> Environmental and Societal Impacts Group
> 
> National Center for Atmospheric Research
> 
> 3450 Mitchell Lane
> 
> Boulder, CO 80301    303.497.2890
> 
> ______________________________________________________________
> 
>                    
> Professor Michael E. Mann
> 
>            Department
> of Environmental Sciences, Clark Hall
> 
>                      
> University of Virginia
> 
>                     
> Charlottesville, VA 22903
> 
>
_______________________________________________________________________

> 
> e-mail:
> mann@virginia.edu  
> Phone:    FAX: 
> 
>         
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> http://www.evsc.virginia.edu/faculty/people/mann.shtml
> 
> 
> 
> 
> 
> ______________________________________________________________
> 
>                     Professor Michael E. Mann
> 
>            Department of Environmental Sciences, Clark Hall
> 
>                       University of Virginia
> 
>                      Charlottesville, VA 22903
> 
>
_______________________________________________________________________

> 
> e-mail: mann@virginia.edu   Phone:    FAX: 
> 
>          http://www.evsc.virginia.edu/faculty/people/mann.shtml
> 
> 
>

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu
Subject: Fwd: Re: progress
Date: Friday, March 19, 2004 2:41:46 PM

X-Sender: mem6u@multiproxy.evsc.virginia.edu
X-Mailer: QUALCOMM Windows Eudora Version 5.2.1
Date: Fri, 19 Mar 2004 16:36:33 -0500
To: Eugene Wahl <wahl@ucar.edu>
From: "Michael E. Mann" <mann@virginia.edu>
Subject: Re: progress

Hi Eugene,

Thanks--I'm very happy to hear this. Please let me know if you can use any further information
from me. Will forward the new enhanced algorithm description when available but hopefully, as
you say, its not essential to reproduce the results.

Thanks for sending the two paper--I look forward to reading more about these techniques.

Looking forward to being in touch,

mike

At 12:26 PM 3/19/2004 -0700, Eugene Wahl wrote:

Hello Mike:

Finally...in response to your first message from last week.  Yes, I/we (primarily me,
but also Doug Nychka and Caspar) are interested in being a "guinea pig" for your
extended description of the MBH 98 algorigthm.  This is essentially what we have
been doing anyway.  I believe I largely understood the alrogithm from your published
descriptions (especially the 1999 GRL and 2000 ENSO papers), and have designed a
"rough draft" of it (not yet for production, but for testing) in "R", but there are a few
remaining uncertainties as to the exact method in a couple of places that I was going
to want to check with you anyway.  (This is what I was describing as we drove here
from the airport.)  I'm very interested to see if I was getting it right in principle even
before seeing your more detalied description.  If I was, then that in itself is an
indication that what you had described before was (at least conceptually) adequate.  

Don't go out of your way to hurry the algorithm.  At the pace you've been describing,
I'm sure it will be timely for me to use whenever you are ready.  I'm right now
focusing on getting the testing going for what I have written, and on getting really
used to "R", which is a new language for me.  The algorithm and the exact data you
used (and making sure my design for the inputting and preprocessing the data is
identical to your methods--which, of course, is actually part of the algorithm in the
widest sense) should definitely make replication possible.  This is where we've been
headed, as I mentioned.

Also, you can count on complete confidentiality.  No data or any part of the algorithm
will be transmitted to other workers unless you tell me it is appropriate to do so.  I
am assuming that Caspar and Doug here would be OK to share these with.  Please
let me know if you have any concerns for that kind of sharing here.

Finally, thanks for the info on the RegEM, and your paper in revision.  I will start to
get into them as soon as I can.  Caspar and I want to work with both the MBH98
and the RegEM method, so this is great for us.  I was particularly interested to hear
from you about a different way to deal with retention of  the PC series, since the use
of Preisendorfer's rule N seemed to me to open a way (at least in concept) to
underoptimal utilization of the information in the PC series.  My sense in this is based
on experience with optimizing cutoff criteria in the Modern Analog Technique (MAT)
for microfossil-based environmental reconstructions (utilizing the Receiver Operating
Curve method).  In that context, the use of very strict cutoff criteria for identifying
analogs with modern assemblages (the primary basis of the calibration method) can
be shown to lead to suboptimal utlitization of the climate information carried by
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pollen assemblages.  This has been underappreciated by the pollen-based
community, who have been tending to set very strict cutoffs to strongly reduce false
positive analogies in terms of vegetation closeness.  This actually ends up throwing
out useful climate information that is carried by slightly less close analogy
relationships (in fact, huge numbers of false negatives are generated in the quest to
lower false positives).

FYI, I've attached two papers on ROC and the MAT, in case you might be interested. 
They are simply developed and explained, largely using graphical exposition rather
than analytical development to be more "user-friendly" to the palynological
community, but are solid first introductions to the use of ROC methods in this
context--which are very powerful.

Peace, Gene

Michael E. Mann wrote:

Hey Gene,

Thanks for getting back. Sounds like you've been busy since I saw you
last!

We're in the process of finalizing our algorithm description, and I hope to
send this on to you within the next day or so.

look forward to hearing back from you when you've had a chance to catch
your breath!

cheers,

mike

At 04:34 PM 3/17/2004 -0700, Eugene Wahl wrote:

Hi Mike:

Great to hear from you.

Sorry for the delay.  I'm just getting back into "gear" from
teaching a
semester's worth of material in 6 days (!), at a school in
Indiana.

I'm only going through mail right now.  I'll get back to you in
greater
detail tomorrow.

Peace, Gene

"Michael E. Mann" wrote:
> 
> Dear Eugene,
> 
> Was great meeting you and talking w/ you and Caspar (and
Malcolm) the
> other day. Sorry you couldn't stay longer, but I guess we'll
see you
> again next month in Tucson, right?  I look forward to the
possibility
> of closer collaboration along the  lines we had discussed.
I've cc'd
> my co-authors (Malcolm, and also Ray Bradley) on this
message so
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> they're in the loop on this.
> 
> Let me address a number of loosely related items:
> 
> 1. Your interest in the methods behind our '98 article is
actually a
> fortuitous coincidence from my perspective. As I mentioned,
we've been
> drafting an updated description of our '98 analysis to give
additional
> methodological details not in the original publication.  I'm
busy
> working on a more detailed description of the algorithm, as I
had
> mentioned,  and we've designed (please use only
confidentially--this
> has not been make publicly available) an updated ftp site
that
> provides all of the data (proxy and instrumental) used, and
some
> additional details on the data. It's available (again, not for
public
> release!) in this hidden directory:
> 
>
ftp://holocene.evsc.virginia.edu/pub/sdr/temp/nature/MANNETAL98/

> 
> I'm working on finalizing the updated description of the
method
> algorithm, which will be placed in the "METHODS"
subdirectory of this
> website once it's finalized. We're actually QUITE interested
in
> knowing is whether an independent third party (which you,
in essence,
> are!) is able to reproduce our results from the information
provided,
> including the more detailed description of algorithm.
> 
> Any possibility you would be interested in being a "guinea
pig" for us
> in this regard :)   Seems like it could be helpful to you in
your
> efforts to understand our method, and it would be a
tremendous service
> to us.  So let me know if you think you'd be interested in
giving this
> a stab, and I'll get you the updated algorithm description as
soon as
> I've finalized it. Then you should have everything we believe
is
> necessary to reproduce our results...
> 
> 2. The "RegEM" method. I'm attaching, in a separate email,
Tapio
> Schneider's original paper on this. The two papers we've
published
> using the method are available on my website here:
> http://holocene.evsc.virginia.edu/Mann/articles/articles.html
> 
> Specifically these two:
> 
> Rutherford, S., Mann, M.E., Delworth, T.L., Stouffer, R.,
Climate
> Field Reconstruction Under Stationary and Nonstationary
Forcing,
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> Journal of Climate, 16, 462-479, 2003.
> 
> Mann, M.E., Rutherford, S., Climate Reconstruction Using
> 'Pseudoproxies', Geophysical Research Letters, 29 (10),
1501, doi:
> 10.1029/2001GL014554, 2002.
> 
> 3. Finally, I'm attaching (in a separate email) the draft of the
> Rutherford et al J. Climate paper (in revision) which looks at
the
> issues of methodology, seasonal and spatial sampling, and
proxy
> network used, in hemispheric temperature reconstructions
back to AD
> 1400.
> 
> I look forward to hearing back from you.
> 
> best regards,
> 
> mike
> 
>
______________________________________________________________

>                     Professor Michael E. Mann
>            Department of Environmental Sciences, Clark Hall
>                       University of Virginia
>                      Charlottesville, VA 22903
>
_______________________________________________________________________

> e-mail: mann@virginia.edu   Phone:    FAX:
(434)
> 982-2137
>         
http://www.evsc.virginia.edu/faculty/people/mann.shtml

-- 
Eugene R. Wahl
Advanced Studies Program &
Environmental and Societal Impacts Group
National Center for Atmospheric Research
3450 Mitchell Lane
Boulder, CO 80301    303.497.2890

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
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         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Tim Osborn; Scott Rutherford; Bradley Raymond; Hughes Malcolm; Briffa Keith; Jones Phil; mann@virginia.edu
Subject: Re: revised manuscript
Date: Wednesday, June 16, 2004 6:51:25 AM

HI Tim,

Thanks--your suggestions (w/ Keith and Phil) all are very helpful, and improve the
manuscript significantly. This was exactly what was needed! 

A couple minor clarifications on some points that were raised:

1. In discussing how spatial reconstructions are averaged to get hemispheric means,
we just meant that, not that these spatial reconstructions were the results of CFR
approaches. I believe it is true that Briffa et al, 1998a does average gridpoint
reconstructions to get a hemispheric mean, right? We should clarify the wording to
make sure that this is clear. The issue of different approaches (CFR vs local
calibration) is discussed later in the paper...

2. Re, McINtyre/McKitrick: they didn't identify any "errors" at all. They (a) used an
incorrect spreadsheet representation of the data (which Scott prepared based on a
misunderstanding of precisely what they were looking for, since the predictors cannot
be included in a single matrix because of the stepwise nature) and (b) used different
versions of certain series that were on the NGDC site. There were some minor errors
in the supplementary information, and we have a corrigendum in press in "Nature"
that makes note of these. I agree that we should add a sentence clarifying how PCs
were calculated in the PC/proxy network at the beginning of that section.

3. You're right that RE is not necessarily less than r^2 in calibration. That statement
is rightfully removed...

4. I believe that including weights in the hybrid approach that are proportional to the
fraction of variance resolved by the indicator is essential. In fact, we know that we
get completely wild results if we don't do that. The reason is that an indicator that
has essentially no low-frequency variability left (say, an already pre-whitened tree-
ring chronology) has essentially only noise left in the low-frequency band. Now, if
you use the weighting convention we use, it gets almost no weight. On the other
hand, if you give it full weight in that band, you magnify that tiny bit of residual noise
up to the full amplitude of all other indicators, and now you've got completely noise
competing w/ other series that have much more signal. I think a sentence needs to
be added to clarify this point, and also a sentence added that indicates that highly
unconstrained results are possible if this is not done. The example of weights of 0
and 1 is an extreme limiting case, which is probably never realized (Scott?).

5., Re the ECHO-G simulations, yes we can certainly downplay the discussion of this
in our response. However, I stand by the claim that they appear to use a solar
forcing that is about twice that of Crowley's! In the talk they gave in Nice (Phil was
there), they showed their solar constant varying between 1362 and 1368 W/m^2
over the past millennium! That is much larger than Crowley. As no details are
provided in the Gonzalez-Rouco paper, this is very difficult to discern. However, the
huge Medieval peak, and the claim that 40% of 20th century warming is solar-driven
(they make both claims) is ONLY consistent w/ a much larger solar forcing then
anyone else has used. Christiensen's group has used Crowley's forcings on the same
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exact model, and gets nothing near the amplitude of variability they got (like the
GKSS paper, I believe this paper is in submission). There is something very odd in
what the GKSS group has done, and I think Phil agrees w/ this. It would be
unfortunate if the issue of precisely how large a solar forcing they used isn't
examined closely before they publish their results in more detail. 

But I agree we don't need to get into this in the paper or the response. We can
make the point, as you suggested, that as shown in Jones and Mann, the
reconstructions are broadly consistent with the vast majority of simulations that have
been done...

I don't think it should be a problem waiting about a week for Scott to resubmit (in
time for the Osborn et al '04 paper to have been submitted). We still need to give
Malcolm and Ray a chance to get back w/ any additional comments, if they have
them...

cheers,

mike

At 07:00 AM 6/16/2004, Tim Osborn wrote:

Dear Scott et al.

the manuscript reads well - the results section in particular does a good
job at presenting the sequence of many experiments in a logical and
structured way.

We've combined all our (me, Keith and Phil) comments together, and put
them in the attached files (one for the manuscript, one for the response
to the editor).

Many are simple changes.  Some are questions/comments for you, that
I've put in CAPITALS.  I've also written an improved description of the
MXD data.

And the "Osborn et al. (in preparation)" paper that describes the gridding
and low-frequency aspects of the MXD data (as well as our "local"
calibration of it) is now referred to as Osborn et al. (2004, submitted to
Global and Planetary Change).  It is not, in fact, submitted as I write, but
should be very soon - a full draft is complete and I have comments from
Phil and Fritz, and Keith is halfway through providing his comments.  I'll
let you know as soon as its submitted - it would be preferable if you could
hold off returning your revised manuscript until we have actually sent off
Osborn et al. - it should be done by the end of the week.  Then "Osborn
et al. (submitted)" will be true!

Cheers

Tim

At 19:15 28/05/2004, Scott Rutherford wrote:

Dear All,
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Attached is a revision of the Northern Hemisphere comparison
for J. Climate. Also attached is a reply to reviewers.  (both
microsoft word format)

I've been getting extensions for the submission of the revision
and would like to try to get it in around June 15. If you want
to make suggestions/comments directly in the text, please use
Microsoft Word's "track changes" feature if possible. There are
a few highlighted parts that need particular attention.

Please let me know if you have question or difficulty with the
files.

Regards,

Scott

______________________________________________
                      Scott Rutherford

Assistant Professor
Dept. of Natural Sciences
Roger Williams University
e-mail: srutherford@rwu.edu
phone: 
snail mail:
One Ferry Road
Bristol, RI 02809

Dr Timothy J Osborn
Climatic Research Unit
School of Environmental Sciences, University of East Anglia
Norwich  NR4 7TJ, UK

e-mail:   t.osborn@uea.ac.uk
phone:    
fax:      
web:      http://www.cru.uea.ac.uk/~timo/
sunclock: http://www.cru.uea.ac.uk/~timo/sunclock.htm

______________________________________________________________
                    Professor Michael E. Mann
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           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Tim Osborn; Scott Rutherford; Bradley Raymond; Hughes Malcolm; Briffa Keith; Jones Phil; mann@virginia.edu
Subject: Re: revised manuscript
Date: Wednesday, June 16, 2004 6:51:25 AM

HI Tim,

Thanks--your suggestions (w/ Keith and Phil) all are very helpful, and improve the
manuscript significantly. This was exactly what was needed! 

A couple minor clarifications on some points that were raised:

1. In discussing how spatial reconstructions are averaged to get hemispheric means,
we just meant that, not that these spatial reconstructions were the results of CFR
approaches. I believe it is true that Briffa et al, 1998a does average gridpoint
reconstructions to get a hemispheric mean, right? We should clarify the wording to
make sure that this is clear. The issue of different approaches (CFR vs local
calibration) is discussed later in the paper...

2. Re, McINtyre/McKitrick: they didn't identify any "errors" at all. They (a) used an
incorrect spreadsheet representation of the data (which Scott prepared based on a
misunderstanding of precisely what they were looking for, since the predictors cannot
be included in a single matrix because of the stepwise nature) and (b) used different
versions of certain series that were on the NGDC site. There were some minor errors
in the supplementary information, and we have a corrigendum in press in "Nature"
that makes note of these. I agree that we should add a sentence clarifying how PCs
were calculated in the PC/proxy network at the beginning of that section.

3. You're right that RE is not necessarily less than r^2 in calibration. That statement
is rightfully removed...

4. I believe that including weights in the hybrid approach that are proportional to the
fraction of variance resolved by the indicator is essential. In fact, we know that we
get completely wild results if we don't do that. The reason is that an indicator that
has essentially no low-frequency variability left (say, an already pre-whitened tree-
ring chronology) has essentially only noise left in the low-frequency band. Now, if
you use the weighting convention we use, it gets almost no weight. On the other
hand, if you give it full weight in that band, you magnify that tiny bit of residual noise
up to the full amplitude of all other indicators, and now you've got completely noise
competing w/ other series that have much more signal. I think a sentence needs to
be added to clarify this point, and also a sentence added that indicates that highly
unconstrained results are possible if this is not done. The example of weights of 0
and 1 is an extreme limiting case, which is probably never realized (Scott?).

5., Re the ECHO-G simulations, yes we can certainly downplay the discussion of this
in our response. However, I stand by the claim that they appear to use a solar
forcing that is about twice that of Crowley's! In the talk they gave in Nice (Phil was
there), they showed their solar constant varying between 1362 and 1368 W/m^2
over the past millennium! That is much larger than Crowley. As no details are
provided in the Gonzalez-Rouco paper, this is very difficult to discern. However, the
huge Medieval peak, and the claim that 40% of 20th century warming is solar-driven
(they make both claims) is ONLY consistent w/ a much larger solar forcing then
anyone else has used. Christiensen's group has used Crowley's forcings on the same
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exact model, and gets nothing near the amplitude of variability they got (like the
GKSS paper, I believe this paper is in submission). There is something very odd in
what the GKSS group has done, and I think Phil agrees w/ this. It would be
unfortunate if the issue of precisely how large a solar forcing they used isn't
examined closely before they publish their results in more detail. 

But I agree we don't need to get into this in the paper or the response. We can
make the point, as you suggested, that as shown in Jones and Mann, the
reconstructions are broadly consistent with the vast majority of simulations that have
been done...

I don't think it should be a problem waiting about a week for Scott to resubmit (in
time for the Osborn et al '04 paper to have been submitted). We still need to give
Malcolm and Ray a chance to get back w/ any additional comments, if they have
them...

cheers,

mike

At 07:00 AM 6/16/2004, Tim Osborn wrote:

Dear Scott et al.

the manuscript reads well - the results section in particular does a good
job at presenting the sequence of many experiments in a logical and
structured way.

We've combined all our (me, Keith and Phil) comments together, and put
them in the attached files (one for the manuscript, one for the response
to the editor).

Many are simple changes.  Some are questions/comments for you, that
I've put in CAPITALS.  I've also written an improved description of the
MXD data.

And the "Osborn et al. (in preparation)" paper that describes the gridding
and low-frequency aspects of the MXD data (as well as our "local"
calibration of it) is now referred to as Osborn et al. (2004, submitted to
Global and Planetary Change).  It is not, in fact, submitted as I write, but
should be very soon - a full draft is complete and I have comments from
Phil and Fritz, and Keith is halfway through providing his comments.  I'll
let you know as soon as its submitted - it would be preferable if you could
hold off returning your revised manuscript until we have actually sent off
Osborn et al. - it should be done by the end of the week.  Then "Osborn
et al. (submitted)" will be true!

Cheers

Tim

At 19:15 28/05/2004, Scott Rutherford wrote:

Dear All,
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Attached is a revision of the Northern Hemisphere comparison
for J. Climate. Also attached is a reply to reviewers.  (both
microsoft word format)

I've been getting extensions for the submission of the revision
and would like to try to get it in around June 15. If you want
to make suggestions/comments directly in the text, please use
Microsoft Word's "track changes" feature if possible. There are
a few highlighted parts that need particular attention.

Please let me know if you have question or difficulty with the
files.

Regards,

Scott

______________________________________________
                      Scott Rutherford

Assistant Professor
Dept. of Natural Sciences
Roger Williams University
e-mail: srutherford@rwu.edu
phone: 
snail mail:
One Ferry Road
Bristol, RI 02809

Dr Timothy J Osborn
Climatic Research Unit
School of Environmental Sciences, University of East Anglia
Norwich  NR4 7TJ, UK

e-mail:   t.osborn@uea.ac.uk
phone:    
fax:      
web:      http://www.cru.uea.ac.uk/~timo/
sunclock: http://www.cru.uea.ac.uk/~timo/sunclock.htm

______________________________________________________________
                    Professor Michael E. Mann
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           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Tim Osborn; Scott Rutherford; Bradley Raymond; Hughes Malcolm; Briffa Keith; Jones Phil; mann@virginia.edu
Subject: Re: revised manuscript
Date: Wednesday, June 16, 2004 9:01:31 AM

Thanks Tim,

OK, I think we're pretty much in agreement on everything then. See below...

thanks,

mike

At 11:49 AM 6/16/2004, Tim Osborn wrote:

Hi Mike,

a few follow-ups to some of your points:

At 14:50 16/06/2004, Michael E. Mann wrote:

1. In discussing how spatial reconstructions are averaged to
get hemispheric means, we just meant that, not that these
spatial reconstructions were the results of CFR approaches. I
believe it is true that Briffa et al, 1998a does average gridpoint
reconstructions to get a hemispheric mean, right?

No, you're wrong: it is NOT true that the "NH" series in Briffa98a was the
average of gridpoint reconstructions.  We averaged uncalibrated MXD
series into regions, and then the regions into a single series.  That was
then calibrated by linear regression against the temperature target.  So
Briffa et al. 1998a falls into the second group - i.e. those that go direct to
the target index (rather than to a field first, from which the target index is
subsequently computed/averaged).

The slightly confusing aspect is that we also showed maps in Briffa et al.
1998a, but these were uncalibrated (just tree-density anomalies).  Our
first attempt at actually doing a spatial field reconstruction with the data is
(finally) written up in Osborn et al. - though we've shown maps that result
from this work in various other papers.  It's not the ideal order to write
these things up, but that's just how it's happened due to various
pressures to do various pieces of work.  I just hope that the Osborn et al.
paper is accepted without requiring changes to the reconstruction method
- if that were to happen then other papers (including Rutherford et al.)
that have already used the results would be inconsistent.  As I said, it's
not an ideal order to do things, but if Osborn et al. is accepted then it'll be
ok!

OK, I stand corrected. Scott: we can refer to Osborn et al (2004) here then, but not
the other Briffa et al papers...
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2. Re, McINtyre/McKitrick: they didn't identify any "errors" at
all.

Good!

4. I believe that including weights in the hybrid approach that
are proportional to the fraction of variance resolved by the
indicator is essential. In fact, we know that we get completely
wild results if we don't do that...

I understand that now.  Thanks for explaining.

I think a sentence needs to be added to clarify this point...

Yes - unless its in there already and I missed it!.

We should say (1) that different proxies are given different weights in the
low and high-frequency reconstructions, and (2) how those weights were
computed.

From what Mike says I infer that the answer to (2) is: the weight used
was based on the ratio of the series' variance that was in the <20-year
band to the variance in the >20-year band.  So, if a series has a strongly
red spectrum, it's relative weight in the >20-year reconstructions will be
much higher than it's relative weight in the <20-year reconstructions. 
And vice versa for a series with a blue spectrum.

Yep. Scott, it might be worth adding a sentence to clarify this...

5., However, I stand by the claim that they appear to use a
solar forcing that is about twice that of Crowley's! In the talk
they gave in Nice (Phil was there), they showed their solar
constant varying between 1362 and 1368 W/m^2 over the
past millennium!

You're correct that they used a stronger forcing.

I have their data - the range is 1362.22 in 1458 to 1368.55 in 1989 -
making a range of 6.33 W/m^2 (equivalent to a forcing of 1.1 W/m^2). 
In the period with sunspot observations, their minimum is 1362.99 (late
1600s) making a range of 5.56 W/m^2 (equivalent to a forcing of 0.96
W/m^2).
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IPCC give the total solar irradiance change over this period a range of 3
to 5.5 W/m^2 (though acknowledge even bigger uncertainty both lower
and higher).

So the GKSS group have used a forcing larger than Crowley's (though
perhaps not double - I'd have to check) and it is also at the top of the
IPCC range (though still not outside the range of possibilities).

Hope you find these figures of interest, even if not directly relevant to the
current manuscript.

thanks--this sounds right. I thought it was about double, but I'd have to check too.
In any case, I do think its outside of the range of what is reasonable, especially since
Judith Lean and everyone else in that community is now even saying that even the
Lean et al '95 reconstruction is probably a significant overestimate!  So the next IPCC
is likely to give an even lower range. So where I differ is that i think they've used an 
indefensible amplitude of solar forcing, and personally I really feel that they need to
be called on it. I suspected that the reviewer is in fact a GKSS person...

Cheers

Tim

Dr Timothy J Osborn
Climatic Research Unit
School of Environmental Sciences, University of East Anglia
Norwich  NR4 7TJ, UK

e-mail:   t.osborn@uea.ac.uk
phone:    
fax:      
web:      http://www.cru.uea.ac.uk/~timo/
sunclock: http://www.cru.uea.ac.uk/~timo/sunclock.htm

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Scott Rutherford
To: Michael E. Mann
Cc: Tim Osborn; Bradley Raymond; Hughes Malcolm; Briffa Keith; Jones Phil
Subject: Re: revised manuscript
Date: Wednesday, June 16, 2004 1:14:20 PM

Thanks all for your comments and suggestions.

Geez, I spend half a day with my daughter and you guys solve the world's problems in the
few hours I'm gone.

Regards,

Scott

On Wednesday, June 16, 2004, at 12:00 PM, Michael E. Mann wrote:

Thanks Tim,

OK, I think we're pretty much in agreement on everything then. See below...

thanks,

mike

At 11:49 AM 6/16/2004, Tim Osborn wrote:

Hi Mike,

a few follow-ups to some of your points:

At 14:50 16/06/2004, Michael E. Mann wrote:

1. In discussing how spatial reconstructions are averaged to get hemispheric
means, we just meant that, not that these spatial reconstructions were the
results of CFR approaches. I believe it is true that Briffa et al, 1998a does
average gridpoint reconstructions to get a hemispheric mean, right?

No, you're wrong: it is NOT true that the "NH" series in Briffa98a was the
average of gridpoint reconstructions.  We averaged uncalibrated MXD series
into regions, and then the regions into a single series.  That was then calibrated
by linear regression against the temperature target.  So Briffa et al. 1998a falls
into the second group - i.e. those that go direct to the target index (rather than
to a field first, from which the target index is subsequently
computed/averaged).

The slightly confusing aspect is that we also showed maps in Briffa et al. 1998a,
but these were uncalibrated (just tree-density anomalies).  Our first attempt at
actually doing a spatial field reconstruction with the data is (finally) written up
in Osborn et al. - though we've shown maps that result from this work in
various other papers.  It's not the ideal order to write these things up, but
that's just how it's happened due to various pressures to do various pieces of
work.  I just hope that the Osborn et al. paper is accepted without requiring
changes to the reconstruction method - if that were to happen then other
papers (including Rutherford et al.) that have already used the results would be
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inconsistent.  As I said, it's not an ideal order to do things, but if Osborn et al.
is accepted then it'll be ok!

OK, I stand corrected. Scott: we can refer to Osborn et al (2004) here then, but
not the other Briffa et al papers...

2. Re, McINtyre/McKitrick: they didn't identify any "errors" at all.

Good!

4. I believe that including weights in the hybrid approach that are proportional
to the fraction of variance resolved by the indicator is essential. In fact, we
know that we get completely wild results if we don't do that...

I understand that now.  Thanks for explaining.

I think a sentence needs to be added to clarify this point...

Yes - unless its in there already and I missed it!.

We should say (1) that different proxies are given different weights in the low
and high-frequency reconstructions, and (2) how those weights were
computed.

From what Mike says I infer that the answer to (2) is: the weight used was
based on the ratio of the series' variance that was in the <20-year band to the
variance in the >20-year band.  So, if a series has a strongly red spectrum, it's
relative weight in the >20-year reconstructions will be much higher than it's
relative weight in the <20-year reconstructions.  And vice versa for a series
with a blue spectrum.

Yep. Scott, it might be worth adding a sentence to clarify this...

5., However, I stand by the claim that they appear to use a solar forcing that is
about twice that of Crowley's! In the talk they gave in Nice (Phil was there),
they showed their solar constant varying between 1362 and 1368 W/m^2 over
the past millennium!

You're correct that they used a stronger forcing.

I have their data - the range is 1362.22 in 1458 to 1368.55 in 1989 - making a
range of 6.33 W/m^2 (equivalent to a forcing of 1.1 W/m^2).  In the period
with sunspot observations, their minimum is 1362.99 (late 1600s) making a
range of 5.56 W/m^2 (equivalent to a forcing of 0.96 W/m^2).

IPCC give the total solar irradiance change over this period a range of 3 to 5.5
W/m^2 (though acknowledge even bigger uncertainty both lower and higher).

So the GKSS group have used a forcing larger than Crowley's (though perhaps
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not double - I'd have to check) and it is also at the top of the IPCC range
(though still not outside the range of possibilities).

Hope you find these figures of interest, even if not directly relevant to the
current manuscript.

thanks--this sounds right. I thought it was about double, but I'd have to check
too. In any case, I do think its outside of the range of what is reasonable,
especially since Judith Lean and everyone else in that community is now even
saying that even the Lean et al '95 reconstruction is probably a significant
overestimate!  So the next IPCC is likely to give an even lower range. So where
I differ is that i think they've used an  indefensible amplitude of solar forcing,
and personally I really feel that they need to be called on it. I suspected that
the reviewer is in fact a GKSS person...

Cheers

Tim

Dr Timothy J Osborn
Climatic Research Unit
School of Environmental Sciences, University of East Anglia
Norwich  NR4 7TJ, UK

e-mail:   t.osborn@uea.ac.uk
phone:    
fax:      
web:      http://www.cru.uea.ac.uk/~timo/
sunclock: http://www.cru.uea.ac.uk/~timo/sunclock.htm

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________
Scott Rutherford 

Assistant Professor
Dept. of Natural Sciences
Roger Williams University
e-mail: srutherford@rwu.edu
phone: 
snail mail:
One Ferry Road
Bristol, RI 02809
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From: Michael E. Mann
To: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Subject: Fwd: Re: conference call 6-18-04
Date: Friday, June 18, 2004 6:01:33 AM

Ray, Malcolm

Just in case you were wondering, Eugene and Caspar are making good progress on
their reproduction of MBH98--see the message below. I told them that they should
also automate the calibration/cross-validation statistics, so users can see how the
verification falls apart as the network is further and further censored...

mike

Date: Fri, 18 Jun 2004 01:31:20 -0600
From: Caspar Ammann <ammann@ucar.edu>
Organization: NCAR
User-Agent: Mozilla/5.0 (Windows; U; Windows NT 5.0; en-US; rv:1.4)
Gecko/20030624 Netscape/7.1 (ax)
X-Accept-Language: en-us, en
To: Eugene Wahl <wahl@ucar.edu>, "Michael E. Mann"
<mann@virginia.edu>,
   Scott Rutherford <srutherford@rwu.edu>
Subject: Re: conference call 6-18-04

Hi everybody,

I'll definitely join in for the call. Thanks Gene for setting this up! And sorry
about the quiescence from my quarters. I was gone for a AAAS meeting in
Utah and now have 3 visitors and 2 students at NCAR at the same time...
I'm very glad to read about the progress and concur with the idea about
publication independent of MBH. It really has to be isolated in order to
have the most impact on the debate. We really appreciate all your help
Mike and hope the results will calm the seas... however, we already know
that it won't be quiet afterwards. But as we learned today from Timo,
'new results replace old ones...' right? The advantage will be that we will
be able to offer a free software tool written in a statistics language that is
independent from Mike's original code and people can go through all sorts
of exercises. We'll make a nice web page on this and we could invite
others to apply it and send some figures of what they get for different
combinations (reference periods, proxy networks). We will also add the
model analysis where we can show how close the reconstruction comes to
the full model information. This should do the job of lowering some nails
in a coffin when applied to the full forcing runs, complementing on you
guys work with control simulations.

Talk to you tomorrow,
Caspar

PS Mike, I looked at the new CCSM3 model output we get at high
resolution. A preliminary glance at the output (although only optically from
a NINO3 plot) seemed to show some response of ENSO to the volcanic
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eruptions... I'm going to look into this as all 6 ensemble member datasets
arrive here at the Massstore... Imagine Alan Robocks eyes when a global
coupled model actually does this... ;-)

Eugene Wahl wrote:

Hi Mike, Scott, Caspar:

We're on for Friday, June 18, 4-5 pm EDT (2-3 MDT).

The protocol is that you call 1-800-955-9331 from 
wherever you are, and
give my name, Eugene Wahl, as the chairperson of the 
call.  It is
set up
for a four-person conference to last the one hour and 
then cease.

Just in case you need it, I have copied below other 
information sent
with the confirmation of the call being set up.

CHAIRPERSON:           
CYNTHIA SCHMIDT / EUGENE WALL
CONFIRMATION NUMBER:    24667039
DATE:                  
Friday, June 18, 2004
TIME:                  
2:00 pm  (MDT)
DURATION:              
1 hour
LINES RESERVED:         DIAL IN:
4   DIAL OUT: 0
DIAL IN NUMBER(s):      800-955-9331

[I don't know who Cynthia Schmidt is, either a person 
here at NCAR or
with Sprint, the call vendor.  But it is good to have 
her name and
the
conf. # in case they are asked for.]

Talk to you tomorrow.

Peace, Gene

 

Eugene Wahl wrote:

Hi all:

OK I will go ahead with setting up the call.  
Caspar, if you can
join
that will be great, I'll set it up for that 
case.
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I'll let you all know if there is any problem 
setting it up that
precludes going ahead--which I don't expect.

Talk to you tomorrow, 4-5 EDT (2-3 CDT).

P.S. Mike:  I'll probably be sending out a 
message on the MBH98
re-creation later in the pm, and I got the 
phone # you sent.

Peace, Gene

   

 

-- 
Caspar M. Ammann
National Center for Atmospheric Research
Climate and Global Dynamics Division - Paleoclimatology
1850 Table Mesa Drive
Boulder, CO 80307-3000
email:
amman  
tel:      fax: 

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: mhughes@ltrr arizona.edu; rbradley@geo.umass.edu; Scott Rutherford
Subject: Fwd: RE: Nature corrigendum Mann02478
Date: Tuesday, June 22, 2004 5:26:55 AM
Attachments: Jul1 newlast.pdf

oops, here it is...

Date: Tue, 22 Jun 2004 08:01:43 -0400
To: "Ashman, Dinah" <D.Ashman@nature.com>
From: "Michael E. Mann" <mann@virginia.edu>
Subject: RE: Nature corrigendum Mann02478
Cc: rbradley@geo.umass.edu, mhughes@ltrr.arizona.edu, "Scott Rutherford"
<srutherford@rwu.edu>

Thanks very much Dinah,

Mike

At 05:24 AM 6/22/2004, Ashman, Dinah wrote:

Dear Mike
 
At long last, your Corrigendum (attached for info, it's now too late to make changes) will appear in the 1
July issue of Nature.
 
Best wishes
Dinah

-----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu]
Sent: 16 March 2004 17:15
To: Ashman, Dinah
Subject: RE: Nature corrigendum Mann02478

Thanks very much Dinah,
We look forward to any status updates.
best regards,
Mike

__________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml 

********************************************************************************

DISCLAIMER: This e-mail is confidential and should not be used by anyone who is
not the original intended recipient. If you have received this e-mail in error please
inform the sender and delete it from your mailbox or any other storage mechanism.
Neither Macmillan Publishers Limited nor any of its agents accept liability for any
statements made which are clearly the sender's own and not expressly made on
behalf of Macmillan Publishers Limited or one of its agents. Please note that neither
Macmillan Publishers Limited nor any of its agents accept any responsibility for
viruses that may be contained in this e-mail or its attachments and it is your
responsibility to scan the e-mail and attachments (if any). No contracts may be
concluded on behalf of Macmillan Publishers Limited or its agents by means of e-mail
communication. Macmillan Publishers Limited Registered in England and Wales with
registered number 785998 Registered Office Brunel Road, Houndmills, Basingstoke
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                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

ABOR/MH/Priv-006712



folding transition states: success and failure hinge on the degree of frustration. Proc. Natl Acad. Sci.

USA 97, 634–639 (2000).
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Supplementary Information accompanies the paper on www.nature.com/nature.
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corrigendum

Global-scale temperature
patterns and climate forcing
over the past six centuries

Michael E. Mann, Raymond S. Bradley & Malcolm K. Hughes

Nature 392, 779 787 (1998).
.............................................................................................................................................................................

It has been drawn to our attention (S. McIntyre and R. McKitrick)
that the listing of the ‘proxy’ data set in the Supplementary
Information published with this Article contained several errors.
In Table 1 we provide a list of the records that were either mistakenly
included in the Supplementary Information, or mistakenly left out.
A small number of other corrections of the original listing include
(see Table 1) corrections of the citations originally provided, or
corrections of the start years for certain series.

The full, corrected listing of the data is supplied as Supplementary
Information to this corrigendum. Also provided as Supplementary
Information are a documented archive of the complete data
(instrumental and ‘proxy’ climate series) used in our original

study, and an expanded description of the methodological details
of our original study.

None of these errors affect our previously published results1. A

1. Mann, M. E., Bradley, R. S. & Hughes, M. K. Global-scale temperature patterns and climate forcing

over the past six centuries. Nature 392, 779–787 (1998).

2. Bradley, R. S. & Jones, P. D. “Little ice age” summer temperature variations: their nature and relevance

to recent global warming trends. The Holocene 3, 367–376 (1993).

3. Briffa, K. R. et al. Fennoscandian summers from AD500: temperature changes on short and long

timescales. Clim. Dyn. 7, 111–119 (1992).

4. Stahle, D. W. et al. Experimental dendroclimatic reconstruction of the Southern Oscillation. Bull. Am.

Meteorol. Soc. 79, 2137–2152 (1998).

5. Mann, M. E. et al. Global temperature patterns in past centuries: An interactive presentation. Earth

Inter. 4-4, 1–29 (2000).

Supplementary Information accompanies this corrigendum on www.nature.com/nature.

Table 1 Errors in ‘proxy’ data set listing in ref. 1

Series (34) listed in original Supplementary Information but not used in ref. 1.*
.............................................................................................................................................................................

FRAN003; ITAL015 and ITAL015X; SPAI026 and SPAI047; NEWZ056; ARGE030,
ARGE060 and ARGE065; CHIL015, CHIL016, CHIL017 and CHIL018; AK006 and
AK006X; CA070; CANA053, CANA053X, CANA096, CANA096X, CANA099, CANA106
and CANA110; WA019, WA025, WA027, WA033, WA039, WA041, WA071, WA074,
WA086, WA088 and WA091; VAGANOV55

.............................................................................................................................................................................

Series (2) used in ref. 1 but not listed in original Supplementary Information
.............................................................................................................................................................................

Unpublished Southwest US/Mexico Density series (D. W. Stahle, personal
communication)

Unpublished Southwest US/Mexico Latewood Width series (D. W. Stahle, personal
communication)

.............................................................................................................................................................................

Additional minor corrections
.............................................................................................................................................................................

(1) The Central England and Central European temperature records used by ref. 1 were
the summer season versions of these series as used by ref. 2.

(2) The ‘long instrumental’ series used in ref. 1 are station temperature and precipitation
station data from the NOAA Climate Data centre gridded at 58 latitude/longitude
resolution.

(3) The start year for the ‘Central Europe’ series of ref. 1 is AD 1525.

(4) The ‘Western North America Dendro density’ series used in ref. 1 should properly be
attributed to ref. 3.

(5) The Stahle et al. Southwestern/Mexico late wood width and maximum density data
used in ref. 1 should properly be attributed to ref. 4 (the formal reference was not
available at the time of ref. 1), or, in two cases, unpublished data (D. W. Stahle,
personal communication).

(6) For one of the 12 ‘Northern Treeline’ records of Jacoby et al. used in ref. 1 (the
‘St Anne River’ series), the values used for AD 1400 03 were equal to the value for the
first available year (AD 1404).

.............................................................................................................................................................................

*These series, all of which come from the International Tree Ring Data Bank (ITRDB), met all the tests
used for screening of the ITRDB data used in ref. 1 (see ref. 5), except one—namely, that in 1997,
either it could not be ascertained by the authors how these series had been standardized by the
original contributors, or it was known that the series had been aggressively standardized, removing
multidecadal to century-scale fluctuations.
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From: Ashman  Dinah
To: "Michael E. Mann"; Scott Rutherford
Cc: rbradley@geo.umass edu; mhughes@ltrr.arizona.edu
Subject: RE: Nature corrigendum Mann02478 (1 July issue)
Date: Friday, June 25, 2004 8:40:35 AM
Importance: High

Dear Mike and Scott
 
The web team have informed me that one of your Suppl Info files is still missing. Apparently, the very last link/file
"mbh98datasummaryadd-delete.txt" is missing from the PROXY folder. Please could you re-supply this file as soon as possible, as
it goes live early next week.
 
With best wishes
Dinah

Dinah Ashman 
Subeditor, Nature 
4-6 Crinan Street 
London N1 9 XW 
tel.: +44 (0)207 843 4540 
fax:  
e-mail: d.ashman@nature.com

-----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu]
Sent: 22 June 2004 13:02
To: Ashman, Dinah
Cc: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; Scott Rutherford
Subject: RE: Nature corrigendum Mann02478

Thanks very much Dinah,

Mike

At 05:24 AM 6/22/2004, Ashman, Dinah wrote:

Dear Mike
 
At long last, your Corrigendum (attached for info, it's now too late to make changes) will appear in the 1 July
issue of Nature.
 
Best wishes
Dinah

-----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu]
Sent: 16 March 2004 17:15
To: Ashman, Dinah
Subject: RE: Nature corrigendum Mann02478

Thanks very much Dinah,

We look forward to any status updates.

best regards,

Mike

__________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml 
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********************************************************************************

DISCLAIMER: This e-mail is confidential and should not be used by anyone who is not the
original intended recipient. If you have received this e-mail in error please inform the
sender and delete it from your mailbox or any other storage mechanism. Neither
Macmillan Publishers Limited nor any of its agents accept liability for any statements made
which are clearly the sender's own and not expressly made on behalf of Macmillan
Publishers Limited or one of its agents. Please note that neither Macmillan Publishers
Limited nor any of its agents accept any responsibility for viruses that may be contained in
this e-mail or its attachments and it is your responsibility to scan the e-mail and
attachments (if any). No contracts may be concluded on behalf of Macmillan Publishers
Limited or its agents by means of e-mail communication. Macmillan Publishers Limited
Registered in England and Wales with registered number 785998 Registered Office Brunel
Road, Houndmills, Basingstoke RG21 6XS< br>
********************************************************************************

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Ian German Mesner
Cc: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; Scott Rutherford
Subject: corrigendum
Date: Wednesday, June 30, 2004 5:24:52 PM
Attachments: MBH98-corrigendum04.pdf

Hi Ian,

Can you do us a favor. Can you place a link to the attached "corrigendum" next to
the link to the Mann et al (1998) Nature article link on the "Articles" webpage (similar
to what you did for the Mann et al, 2004 JGR paper last month).

Also, could you add a link to both this corrigendum and a link to the "revised
supplementary information website":
ftp://holocene.evsc.virginia.edu/pub/sdr/temp/nature/MANNETAL98/
on the Mann et al 1998 Nature article "Research" page:

http://holocene.evsc.virginia.edu/shared/research/old/mbh98.html

Thanks in advance for your help,

mike

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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folding transition states: success and failure hinge on the degree of frustration. Proc. Natl Acad. Sci.

USA 97, 634–639 (2000).

29. Bramson, H. N., Thomas, N. E. & Kaiser, E. T. The use of N-methylated peptides and depsipeptides to

probe the binding of heptapeptide substrates to cAMP-dependent protein kinase. J. Biol. Chem. 260,

5452–5457 (1985).

30. Gruebele, M., Sabelko, J., Ballew, R. & Ervin, J. Laser temperature jump induced protein refolding.
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Supplementary Information accompanies the paper on www.nature.com/nature.
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corrigendum

Global-scale temperature
patterns and climate forcing
over the past six centuries

Michael E. Mann, Raymond S. Bradley & Malcolm K. Hughes

Nature 392, 779 787 (1998).
.............................................................................................................................................................................

It has been drawn to our attention (S. McIntyre and R. McKitrick)
that the listing of the ‘proxy’ data set in the Supplementary
Information published with this Article contained several errors.
In Table 1 we provide a list of the records that were either mistakenly
included in the Supplementary Information, or mistakenly left out.
A small number of other corrections of the original listing include
(see Table 1) corrections of the citations originally provided, or
corrections of the start years for certain series.

The full, corrected listing of the data is supplied as Supplementary
Information to this corrigendum. Also provided as Supplementary
Information are a documented archive of the complete data
(instrumental and ‘proxy’ climate series) used in our original

study, and an expanded description of the methodological details
of our original study.

None of these errors affect our previously published results1. A

1. Mann, M. E., Bradley, R. S. & Hughes, M. K. Global-scale temperature patterns and climate forcing

over the past six centuries. Nature 392, 779–787 (1998).

2. Bradley, R. S. & Jones, P. D. “Little ice age” summer temperature variations: their nature and relevance

to recent global warming trends. The Holocene 3, 367–376 (1993).

3. Briffa, K. R. et al. Fennoscandian summers from AD500: temperature changes on short and long

timescales. Clim. Dyn. 7, 111–119 (1992).

4. Stahle, D. W. et al. Experimental dendroclimatic reconstruction of the Southern Oscillation. Bull. Am.

Meteorol. Soc. 79, 2137–2152 (1998).

5. Mann, M. E. et al. Global temperature patterns in past centuries: An interactive presentation. Earth

Inter. 4-4, 1–29 (2000).

Supplementary Information accompanies this corrigendum on www.nature.com/nature.

Table 1 Errors in ‘proxy’ data set listing in ref. 1

Series (34) listed in original Supplementary Information but not used in ref. 1.*
.............................................................................................................................................................................

FRAN003; ITAL015 and ITAL015X; SPAI026 and SPAI047; NEWZ056; ARGE030,
ARGE060 and ARGE065; CHIL015, CHIL016, CHIL017 and CHIL018; AK006 and
AK006X; CA070; CANA053, CANA053X, CANA096, CANA096X, CANA099, CANA106
and CANA110; WA019, WA025, WA027, WA033, WA039, WA041, WA071, WA074,
WA086, WA088 and WA091; VAGANOV55

.............................................................................................................................................................................

Series (2) used in ref. 1 but not listed in original Supplementary Information
.............................................................................................................................................................................

Unpublished Southwest US/Mexico Density series (D. W. Stahle, personal
communication)

Unpublished Southwest US/Mexico Latewood Width series (D. W. Stahle, personal
communication)

.............................................................................................................................................................................

Additional minor corrections
.............................................................................................................................................................................

(1) The Central England and Central European temperature records used by ref. 1 were
the summer season versions of these series as used by ref. 2.

(2) The ‘long instrumental’ series used in ref. 1 are station temperature and precipitation
station data from the NOAA Climate Data centre gridded at 58 latitude/longitude
resolution.

(3) The start year for the ‘Central Europe’ series of ref. 1 is AD 1525.

(4) The ‘Western North America Dendro density’ series used in ref. 1 should properly be
attributed to ref. 3.

(5) The Stahle et al. Southwestern/Mexico late wood width and maximum density data
used in ref. 1 should properly be attributed to ref. 4 (the formal reference was not
available at the time of ref. 1), or, in two cases, unpublished data (D. W. Stahle,
personal communication).

(6) For one of the 12 ‘Northern Treeline’ records of Jacoby et al. used in ref. 1 (the
‘St Anne River’ series), the values used for AD 1400 03 were equal to the value for the
first available year (AD 1404).

.............................................................................................................................................................................

*These series, all of which come from the International Tree Ring Data Bank (ITRDB), met all the tests
used for screening of the ITRDB data used in ref. 1 (see ref. 5), except one—namely, that in 1997,
either it could not be ascertained by the authors how these series had been standardized by the
original contributors, or it was known that the series had been aggressively standardized, removing
multidecadal to century-scale fluctuations.

letters to nature

NATURE | VOL 430 | 1 JULY 2004 | www.nature.com/nature 105

ABOR/MH/Priv-006788



From: Michael E. Mann
To: Steve Schneider
Cc: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; mann@virginia.edu
Subject: stuff
Date: Wednesday, July 07, 2004 1:14:51 PM

Hi Steve,

I hope you're enjoying the summer so far. Looking forward to crossing paths
sometime...

Wanted to talk to you about the manuscript, now that we have received the reviews
and your cover letter.

With the exception of the MM comments, which are almost entirely spurious and/or
specious (the few legitimate criticisms of theirs have been dealt with elsewhere,
including a corrigendum to our original "Supplementary Information" data listing we
published last week in Nature), the reviewers comments were helpful, and we
appreciate the generally supportive nature of them. The critical comments of reviewer
#3 regarding tone, etc. are well taken. We tried hard to assure that the tone was
tough (as it should be) but fair, but we're open to the criticism that we still haven't
achieved the right balance. Regarding his/her other main point, that other
reconstructions shown in our Figure 1 comparison suggest a warm 15th century, I
must say we are somewhat baffled.  All of the other reconstructions shown in this
figure suggest a colder 15th century than MBH98. We suspect the reviewer was
confused, though its hard to see what the source of that confusion might be. If you
look at the graphic yourself, you'll see why we're confused by this comment.

In any case, however, this is probably all moot now. As you know, things have
progressed considerably since we first submitted the paper, and unfortunately the
paper may no longer be worth publishing. Another manuscript soon to be in press in
"Journal of Climate":

Rutherford, S., Mann, M.E., Osborn, T.J., Bradley, R.S., Briffa, K.R., Hughes,
M.K., Jones, P.D., Proxy-based Northern Hemisphere Surface Temperature
Reconstructions: Sensitivity to Methodology, Predictor Network, Target Season
and Target Domain, Journal of Climate, in revision, 2004.

demonstrates the flaws in the MM03 analysis, and the robust nature of the MBH98
analysis from an entirely different tack (it shows that the same result is achieved
using the MBH98 dataset and an entirely indpenedent statistical methodology,
dealing w/ all of the data criticisms too). An independent analysis by NCAR
researchers, soon to be submitted (venue not yet known) reproduces the MBH98
result using the published data and methodology, and calls deeply into question the
analysis and claims of MM03. As it is by an entirely independent group, it will hold far
more weight than a rebutal by us to MM03 anyway.

Finally, as alluded to in MM's review, they have submitted a comment to Nature and
we have submitted a reply. Our reply discredits their claims, including the latest
(new) claims alluded to in their comments, and the content effectively would pre-
empt the CC paper were it to be published. So if Nature runs their comment and our
reply (we expect to know in a month or so), the CC paper would be superfluous. If
they don't, then it might still be worth us going forward w/ the CC paper, but even
this is unclear given the other developments mentioned above.
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So if it is ok w/ you, we would like to see how this all plays out before proceeding
further, as it might be a waste of time on everyone's part (yours, ours, and the
reviewers) to proceed depending on these other developments. By the end of the
summer, this should all be resolved.

Thanks for your patience and understanding through this process. Please let me
know if there is anything else we should discuss in the meantime...

Thanks,

Mike

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Stephen H Schneider
To: Michael E. Mann
Cc: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu
Subject: Re: stuff
Date: Wednesday, July 07, 2004 4:29:56 PM

Hi ALL. ANY WAY THE CLIMATIC CHANGE PROCESS CAN HELP GET THIS PROPERLY IN
FRONT OF THE SCIENTIFIC COMMUNITY AND TO GET A BUILDING CASE FOR THE BEST
SCIENCE IS GOOD. SO JUST WAIT AND THEN DECIDE WHAT IS BEST FOR YOU. IF YOU
WANT TO CONTINUE THE PROCESSS, IT IS STANDARD--YOU DO REVISION, RESPOND TO
REVIEWERS COMMENTS OR NOT, AND IF NOT, EXPLAIN IN COVER LETTER ETC. SO
WE'LL PUT IT ON ICE UNTIL YOU SAY WHAT YOU WANT TO DO. OF COURSE, YOU
COULD USE CC AS A PLACE TO PUT LONGER ARGUMENTS THAN YOU'D BE ALLOWED
BECAUSE OF SPACE LIMITS AT NATURE, SO THERE MAY EVEN BE A DOUBLE STRATEGY
TO CONSIDER. HOPEFULLLY THIS WILL ALL BE HISTORY SOON, BUT I DOUBT IT
INASMUCH AS THE "HOCKEY STICK" IS VIEWED BY SOME AS A WEAPON AGAINST
ENTRPRENEURIAL FREEDOM. CHEERS, STEVE

On Wed, 7 Jul 2004, Michael E. Mann wrote:

> Hi Steve,
>
> I hope you're enjoying the summer so far. Looking forward to crossing
> paths sometime...
>
> Wanted to talk to you about the manuscript, now that we have received the
> reviews and your cover letter.
>
> With the exception of the MM comments, which are almost entirely spurious
> and/or specious (the few legitimate criticisms of theirs have been dealt
> with elsewhere, including a corrigendum to our original "Supplementary
> Information" data listing we published last week in Nature), the
> reviewers comments were helpful, and we appreciate the generally
> supportive nature of them. The critical comments of reviewer #3 regarding
> tone, etc. are well taken. We tried hard to assure that the tone was
> tough (as it should be) but fair, but we're open to the criticism that we
> still haven't achieved the right balance. Regarding his/her other main
> point, that other reconstructions shown in our Figure 1 comparison
> suggest a warm 15th century, I must say we are somewhat baffled.  All of
> the other reconstructions shown in this figure suggest a colder 15th
> century than MBH98. We suspect the reviewer was confused, though its hard
> to see what the source of that confusion might be. If you look at the
> graphic yourself, you'll see why we're confused by this comment.
>
> In any case, however, this is probably all moot now. As you know, things
> have progressed considerably since we first submitted the paper, and
> unfortunately the paper may no longer be worth publishing. Another
> manuscript soon to be in press in "Journal of Climate":
>  *  Rutherford, S., Mann, M.E., Osborn, T.J., Bradley, R.S., Briffa,
>     K.R., Hughes, M.K., Jones, P.D., Proxy-based Northern Hemisphere
>     Surface Temperature Reconstructions: Sensitivity to Methodology,
>     Predictor Network, Target Season and Target Domain, Journal of
>     Climate, in revision, 2004.
> demonstrates the flaws in the MM03 analysis, and the robust nature of the
> MBH98 analysis from an entirely different tack (it shows that the same
> result is achieved using the MBH98 dataset and an entirely indpenedent
> statistical methodology, dealing w/ all of the data criticisms too). An
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> independent analysis by NCAR researchers, soon to be submitted (venue not
> yet known) reproduces the MBH98 result using the published data and
> methodology, and calls deeply into question the analysis and claims of
> MM03. As it is by an entirely independent group, it will hold far more
> weight than a rebutal by us to MM03 anyway.
>
> Finally, as alluded to in MM's review, they have submitted a comment to
> Nature and we have submitted a reply. Our reply discredits their claims,
> including the latest (new) claims alluded to in their comments, and the
> content effectively would pre-empt the CC paper were it to be published.
> So if Nature runs their comment and our reply (we expect to know in a
> month or so), the CC paper would be superfluous. If they don't, then it
> might still be worth us going forward w/ the CC paper, but even this is
> unclear given the other developments mentioned above.
>
> So if it is ok w/ you, we would like to see how this all plays out before
> proceeding further, as it might be a waste of time on everyone's part
> (yours, ours, and the reviewers) to proceed depending on these other
> developments. By the end of the summer, this should all be resolved.
>
> Thanks for your patience and understanding through this process. Please
> let me know if there is anything else we should discuss in the
> meantime...
>
> Thanks,
>
> Mike
>
> ______________________________________________________________
>                     Professor Michael E. Mann
>            Department of Environmental Sciences, Clark Hall
>                       University of Virginia
>                      Charlottesville, VA 22903
> _______________________________________________________________________
> e-mail: mann@virginia.edu   Phone:    FAX: 
>          http://www.evsc.virginia.edu/faculty/people/mann.shtml
>

------
Stephen H. Schneider
Professor, Dept. of Biological Sciences;
Co-Director, Center for Environmental Science and Policy
Stanford University
Stanford, CA 94305-5020 U.S.A.

Tel: 
Fax: 
e-mail: shs@stanford.edu
website: http://stephenschneider.stanford.edu
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From: Michael E. Mann
To: Stephen H Schneider
Cc: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; mann@virginia.edu
Subject: Re: stuff
Date: Wednesday, July 07, 2004 4:51:22 PM

Thanks Steve,

This sounds like a wise strategy--will keep the CC paper "in reserve" for the time being...

Re, your take on the bigger picture here, I agree. Attacking our result (and, primarily, me)
alone is in keeping w/ their standard playbook--ad hominem attacks and attempts at
personal character assassination. But the science here is becoming increasingly strong, as
more than a dozen independent model estimates/empirical reconstructions continue to
reinforce the same basic result. So they've got an increasingly more difficult task ahead of
them. Apparently,  through emails that have been relayed to me, they've now been going
after Crowley, Briffa, Jones, and  even NSF program managers now, apparently interested
in taking on the entire community. At times, its amusing. In a few months, if we're lucky,
the political environment may no longer be so favorable for them...

Will keep you posted on developments at our end...

cheers,

mike

At 07:29 PM 7/7/2004, Stephen H Schneider wrote:

Hi ALL. ANY WAY THE CLIMATIC CHANGE PROCESS CAN HELP GET THIS
PROPERLY IN
FRONT OF THE SCIENTIFIC COMMUNITY AND TO GET A BUILDING CASE FOR
THE BEST
SCIENCE IS GOOD. SO JUST WAIT AND THEN DECIDE WHAT IS BEST FOR
YOU. IF YOU
WANT TO CONTINUE THE PROCESSS, IT IS STANDARD--YOU DO REVISION,
RESPOND TO
REVIEWERS COMMENTS OR NOT, AND IF NOT, EXPLAIN IN COVER LETTER
ETC. SO
WE'LL PUT IT ON ICE UNTIL YOU SAY WHAT YOU WANT TO DO. OF COURSE,
YOU
COULD USE CC AS A PLACE TO PUT LONGER ARGUMENTS THAN YOU'D BE
ALLOWED
BECAUSE OF SPACE LIMITS AT NATURE, SO THERE MAY EVEN BE A DOUBLE
STRATEGY
TO CONSIDER. HOPEFULLLY THIS WILL ALL BE HISTORY SOON, BUT I DOUBT
IT
INASMUCH AS THE "HOCKEY STICK" IS VIEWED BY SOME AS A WEAPON
AGAINST
ENTRPRENEURIAL FREEDOM. CHEERS, STEVE

On Wed, 7 Jul 2004, Michael E. Mann wrote:

> Hi Steve,
>
> I hope you're enjoying the summer so far. Looking forward to crossing
> paths sometime...
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>
> Wanted to talk to you about the manuscript, now that we have received the
> reviews and your cover letter.
>
> With the exception of the MM comments, which are almost entirely spurious
> and/or specious (the few legitimate criticisms of theirs have been dealt
> with elsewhere, including a corrigendum to our original "Supplementary
> Information" data listing we published last week in Nature), the
> reviewers comments were helpful, and we appreciate the generally
> supportive nature of them. The critical comments of reviewer #3 regarding
> tone, etc. are well taken. We tried hard to assure that the tone was
> tough (as it should be) but fair, but we're open to the criticism that we
> still haven't achieved the right balance. Regarding his/her other main
> point, that other reconstructions shown in our Figure 1 comparison
> suggest a warm 15th century, I must say we are somewhat baffled.  All of
> the other reconstructions shown in this figure suggest a colder 15th
> century than MBH98. We suspect the reviewer was confused, though its hard
> to see what the source of that confusion might be. If you look at the
> graphic yourself, you'll see why we're confused by this comment.
>
> In any case, however, this is probably all moot now. As you know, things
> have progressed considerably since we first submitted the paper, and
> unfortunately the paper may no longer be worth publishing. Another
> manuscript soon to be in press in "Journal of Climate":
>  *  Rutherford, S., Mann, M.E., Osborn, T.J., Bradley, R.S., Briffa,
>     K.R., Hughes, M.K., Jones, P.D., Proxy-based Northern Hemisphere
>     Surface Temperature Reconstructions: Sensitivity to Methodology,
>     Predictor Network, Target Season and Target Domain, Journal of
>     Climate, in revision, 2004.
> demonstrates the flaws in the MM03 analysis, and the robust nature of the
> MBH98 analysis from an entirely different tack (it shows that the same
> result is achieved using the MBH98 dataset and an entirely indpenedent
> statistical methodology, dealing w/ all of the data criticisms too). An
> independent analysis by NCAR researchers, soon to be submitted (venue not
> yet known) reproduces the MBH98 result using the published data and
> methodology, and calls deeply into question the analysis and claims of
> MM03. As it is by an entirely independent group, it will hold far more
> weight than a rebutal by us to MM03 anyway.
>
> Finally, as alluded to in MM's review, they have submitted a comment to
> Nature and we have submitted a reply. Our reply discredits their claims,
> including the latest (new) claims alluded to in their comments, and the
> content effectively would pre-empt the CC paper were it to be published.
> So if Nature runs their comment and our reply (we expect to know in a
> month or so), the CC paper would be superfluous. If they don't, then it
> might still be worth us going forward w/ the CC paper, but even this is
> unclear given the other developments mentioned above.
>
> So if it is ok w/ you, we would like to see how this all plays out before
> proceeding further, as it might be a waste of time on everyone's part
> (yours, ours, and the reviewers) to proceed depending on these other
> developments. By the end of the summer, this should all be resolved.
>
> Thanks for your patience and understanding through this process. Please
> let me know if there is anything else we should discuss in the
> meantime...
>
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> Thanks,
>
> Mike
>
> ______________________________________________________________
>                     Professor Michael E. Mann
>            Department of Environmental Sciences, Clark Hall
>                       University of Virginia
>                      Charlottesville, VA 22903
>
_______________________________________________________________________

> e-mail: mann@virginia.edu   Phone:    FAX: 
>          http://www.evsc.virginia.edu/faculty/people/mann.shtml
>

------
Stephen H. Schneider
Professor, Dept. of Biological Sciences;
Co-Director, Center for Environmental Science and Policy
Stanford University
Stanford, CA 94305-5020 U.S.A.

Tel: 
Fax: 
e-mail: shs@stanford.edu
website: http://stephenschneider.stanford.edu

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu
Cc: rbradley@geo.umass.edu
Subject: Re: stuff
Date: Wednesday, July 07, 2004 4:52:45 PM

HI Malcolm,

I'll try to zerox and send off tomorrow, if I have a chance before departing on travel again
friday for the next week...

mike

At 06:54 PM 7/7/2004, mhughes@ltrr.arizona.edu wrote:

Mike - could you please pass on the reviews and Steve's cover letter? Thanks, 
Malcolm

Quoting "Michael E. Mann" <mann@virginia.edu>:

> 
> 
> Hi Steve,
> 
> 
> I hope you're enjoying the summer so far. Looking forward to crossing
> paths sometime...
> 
> 
> Wanted to talk to you about the manuscript, now that we have received the
> reviews and your cover letter.
> 
> 
> With the exception of the MM comments, which are almost entirely spurious
> and/or specious (the few legitimate criticisms of theirs have been dealt
> with elsewhere, including a corrigendum to our original
> "Supplementary Information" data listing we published last week
> in Nature), the reviewers comments were helpful, and we appreciate the
> generally supportive nature of them. The critical comments of reviewer #3
> regarding tone, etc. are well taken. We tried hard to assure that the
> tone was tough (as it should be) but fair, but we're open to the
> criticism that we still haven't achieved the right balance. Regarding
> his/her other main point, that other reconstructions shown in our Figure
> 1 comparison suggest a warm 15th century, I must say we are somewhat
> baffled.  All of the other reconstructions shown in this figure
> suggest a colder 15th century than MBH98. We suspect the reviewer was
> confused, though its hard to see what the source of that confusion might
> be. If you look at the graphic yourself, you'll see why we're confused by
> this comment.
> 
> 
> In any case, however, this is probably all moot now. As you know, things
> have progressed considerably since we first submitted the paper, and
> unfortunately the paper may no longer be worth publishing. Another
> manuscript soon to be in press in "Journal of Climate":
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> 
> Rutherford, S., Mann, M.E., Osborn, T.J., Bradley, R.S.,
> Briffa, K.R., Hughes, M.K., Jones, P.D., Proxy-based Northern Hemisphere
> Surface Temperature Reconstructions: Sensitivity to Methodology,
> Predictor Network, Target Season and Target Domain, Journal of
> Climate, in revision, 2004. 
> demonstrates the flaws in the MM03 analysis, and the robust nature
> of the MBH98 analysis from an entirely different tack (it shows that the
> same result is achieved using the MBH98 dataset and an entirely
> indpenedent statistical methodology, dealing w/ all of the data
> criticisms too). An independent analysis by NCAR researchers, soon to be
> submitted (venue not yet known) reproduces the MBH98 result using the
> published data and methodology, and calls deeply into question the
> analysis and claims of MM03. As it is by an entirely independent group,
> it will hold far more weight than a rebutal by us to MM03
> anyway.
> 
> 
> Finally, as alluded to in MM's review, they have submitted a comment to
> Nature and we have submitted a reply. Our reply discredits their claims,
> including the latest (new) claims alluded to in their comments, and the
> content effectively would pre-empt the CC paper were it to be published.
> So if Nature runs their comment and our reply (we expect to know in a
> month or so), the CC paper would be superfluous. If they don't, then it
> might still be worth us going forward w/ the CC paper, but even this is
> unclear given the other developments mentioned above.
> 
> 
> So if it is ok w/ you, we would like to see how this all plays out before
> proceeding further, as it might be a waste of time on everyone's part
> (yours, ours, and the reviewers) to proceed depending on these other
> developments. By the end of the summer, this should all be
> resolved.
> 
> 
> Thanks for your patience and understanding through this process. Please
> let me know if there is anything else we should discuss in the
> meantime...
> 
> 
> Thanks,
> 
> 
> Mike
> 
> 
> ______________________________________________________________
> 
>                    
> Professor Michael E. Mann
> 
>            Department
> of Environmental Sciences, Clark Hall
> 
>                      
> University of Virginia
> 
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>                     
> Charlottesville, VA 22903
> 
>
_______________________________________________________________________

> 
> e-mail: mann@virginia.edu   Phone:   
> FAX: 
> 
>         
> http://www.evsc.virginia.edu/faculty/people/mann.shtml
> 
> 
>

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Scott Rutherford; Bradley Raymond; Hughes Malcolm
Subject: Re: Fwd: changes to Suppl Info for 1 July issue
Date: Friday, July 30, 2004 5:21:39 AM

That's fine. From now on, we'll make any necessary updates on our website.

We did the responsible thing in notifying them, in any case...

Mike

At 07:41 AM 7/30/2004, Scott Rutherford wrote:

Begin forwarded message:

From: "Ashman, Dinah" <D.Ashman@nature.com>
Date: Fri Jul 30, 2004  7:33:57  AM US/Eastern
To: "'Scott Rutherford'" <srutherford@rwu.edu>
Subject: changes to Suppl Info for 1 July issue

Dear Scott

Thank you for your suggestion, but it is Nature's policy not to change
Supplementary Information that has already been published. (In fact, it
should not be altered once it has been accepted and refereed, but in
practice we do sometimes update Supplementary Information at that  
stage.)
If the errors/omissions are such as to warrant a Corrigendum, please  
submit
such a suggestion. It seems to me, however, that the changes are minor  
and
so it will probably be best to provide the additional information to  
any
readers who contact you with related queries.

I'm sorry not to be able to update the files as you request and hope  
that
you do see the reasons behind our policy.

Best wishes
Dinah

Dinah Ashman
Subeditor, Nature
4-6 Crinan Street
London N1 9 XW
tel.: +44 (0)207 843 4540
fax: 
e-mail: d.ashman@nature.com

-----Original Message-----
From: Scott Rutherford [mailto:srutherford@rwu.edu]
Sent: 30 July 2004 12:13
To: Dinah Ashman
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Cc: Mann Mike; Bradley Raymond; Hughes Malcolm
Subject:

Dear Dinah,

It has come to our attention that a few small additional details may be
useful to add to the "Supplementary Information" we provided you
earlier this month (as linked to in July 1 edition of Nature) for those
seeking to reproduce our results. In the directory "INSTRUMENTAL" there
is a description file "README" that describes the instrumental data set
used. The gridpoint locations of the 1082 temperature gridpoint series
used for calibration are already provided in the file "gridpoints.loc"
in that directory. However, the gridpoint locations of the 219
gridpoint series used for verification are not, and some users might
want access to that information. The description of how these 1082 and
219 series were obtained was incomplete. We have thus expanded the
descriptions of items 2 and 5 in the README  description file along
with the other changes indicated below.

The following text has been changed in the file
"/INSTRUMENTAL/README":

"2. Gridbox locations for the 1082 instrumental surface
temperature gridpoint series used for calibration
('gridpoints-cal.loc').
The order of spatial coordinates for the 1082 spatial loadings in the
EOF
patterns (see "1" above) is the same as in
this file. In addition, the locations of the 219 gridpoints used for
verification over the 1854-1901 interval are provided in
'gridpoints-ver.loc'."

"5.  A simple fortran
program ('getdata.txt') to read in the data contained in
'anomalies-new'.
MBH98 made use of all nearly continuous monthly gridpoint surface
temperature records [1082 gridpoints containing no single gap greater
than 36 months in duration over the 1902-1980 period used for
calibration, and a subset of 219 gridpoints available back to 1854 with
no single gap greater than 24  months in duration, and no more than
10 years (120 months) of total missing values over the 1854-1980  
period,
for verification].  Any remaining gaps were linearly
interpolated."

The 2nd paragraph  of item "1. Initial Processing..." in the file
"/METHODS/AlgorithmDescription.txt"  should be expanded to the
following:

"Surface temperature anomaly [Jones et al (1995) version of the CRU
instrumental
surface air temperature dataset, available from 1854-1993, represented
as
anomalies from 1951-1970 base period] with nearly continuous monthly
sampling were used. For the verification data,
gridpoints with a single gap greater than 24 months in duration, or  
with
more than 120 total missing months of data over the period 1854-1980
were
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eliminated. This yielded 219 gridpoints back to 1854. For the
calibration
data, gridpoints with a single gap greater than 36 months over the
period
1902-1980 were eliminated. This yielded 1082 calibration gridpoints  
back
to 1902.  Remaining temporal gaps within  these monthly anomaly
series were filled through linear interpolation.

Finally, we corrected a typo in the file "/METHODS/README".  In this
file the calibration period was mistakenly listed as 1902-1993 but
should be 1902-1980 as is stated elsewhere.

In summary, the following files were changed as indicated.

/INSTRUMENTAL/README    (text changed)
/METHODS/README (typo fixed)
/METHODS/AlgorithmDescription.txt (text changed)
/INSTRUMENTAL/gridpoints.loc (name changed to "gridpoints-ver.loc")
/INSTRUMENTAL/gridpoints-cal.loc (file added)
mbh98index.html (file names and links changed as necessary)

For your convenience, the changed/added files are attached to this
e-mail. Please let us know if you have any questions.

Regards,

Scott

***********************************************************************
*********
DISCLAIMER: This e-mail is confidential and should not be used by  
anyone who is not the original intended recipient. If you have  
received this e-mail in error please inform the sender and delete it  
from your mailbox or any other storage mechanism. Neither Macmillan  
Publishers Limited nor any of its agents accept liability for any  
statements made which are clearly the sender's own and not expressly  
made on behalf of Macmillan Publishers Limited or one of its agents.  
Please note that neither Macmillan Publishers Limited nor any of its  
agents accept any responsibility for viruses that may be contained in  
this e-mail or its attachments and it is your responsibility to scan  
the e-mail and attachments (if any). No contracts may be concluded on  
behalf of Macmillan Publishers Limited or its agents by means of  
e-mail communication. Macmillan Publishers Limited Registered in  
England and Wales with registered number 785998 Registered Office  
Brunel Road, Houndmills, Basingstoke RG21 6XS
***********************************************************************
*********

______________________________________________
Assistant Professor
Dept. of Natural Sciences
Roger Williams University
e-mail: srutherford@rwu.edu
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http://fox.rwu.edu/~rutherfo
phone: 
snail mail:
One Ferry Road
Bristol, RI 02809

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Nigel Marsh
Cc: Scott Rutherford
Subject: Re: Comments to Corrigendum
Date: Friday, July 30, 2004 5:54:32 AM

Dear Nigel,

Thanks for your message. 

1. We've provided some further details on how the 1082 and 219 surface temperature gridpoints
were updated to clarify your earlier inquiry. Please see the updated information at our webpage:

ftp://holocene.evsc.virginia.edu/pub/sdr/temp/nature/MANNETAL98/

2. I'm very happy to see that you've very nearly reproduced our published results. Given the slight
nature of the differences, I wonder if it is may be a matter of 'diminishing returns' to figure out why
there are some small differences over certain periods. 

In any case, I've provided some brief response below. I've also cc'd to my colleague Scott Rutherford
who may be able to provide some further insights, as he has been working w/ the data and methods
now more closely than I have during the past couple years (our '98 article is now is more than 6
years old!)

Thanks for your attempts to reproduce our results. Again, I'm happy to see that you've reproduced
our results in larger part. I look forward to staying in touch,

Mike Mann

p.s. I appreciate you recent work on solar forcing of climate change. You may be interested in some
work I've been involved in looking at mechanisms of solar forcing of climate in past centuries:

Shindell, D.T., Schmidt, G.A., Miller, R.L., Mann, M.E., Volcanic and Solar Forcing of Climate Change
during the Preindustrial Era, Journal of Climate, 16, 4094-4107, 2003.  

Shindell, D.T., Schmidt, G.A., Mann, M.E., Rind, D., Waple, A., Solar forcing of regional climate
change during the Maunder Minimum, Science, 7, 2149-2152, 2001.

Mann, M.E., Cane, M.A., Zebiak, S.E., Clement, A., Volcanic and Solar Forcing of the Tropical Pacific
Over the Past 1000 Years, Journal of Climate, in revision, 2004. [available once in press]]

At 08:09 AM 7/30/2004, Nigel Marsh wrote:

Dear Mike Mann

I have now almost reproduced your MBH98 results using the Instrument PC's/EOF's and
Proxy data available at the Nature webpage.  However, there are a few small problems
which I describe below.  I hope you don't mind me pestering you about these things, but
now I've started I want to finish, and make sure I fully understand the proceedure and it's
implications for myself.

1) Attached is a figure similar to MBH98 fig. 5. The 5 figures on the left hand side are a
plot of the first 5 reconstructed PC's (rPC's) from the Nature webpage in green, my own
reconstructions using the instrument PC's and Proxy data from the Nature webpage in
black, and the difference between the two offset by +0.1 in red. Black vertical lines
indicate the start of each step in the reconstruction process and the dotted vertical line at
1650 indicates a possible additional step for which no proxy data or description is
apparent.  From the red line you will see that on the whole my reconstructions agree with
those published at the Nature webpage except over the periods 1750-1760, 1650-1700,
1450-1500, and 1400-1450.  These differences suggest that the proxy data contained in
the files data1400.txt, data1450.txt and data1750.txt are not the same as those that were
used to create the rPC's published at the Nature webpage, i.e., the green ones.  Is this
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the case and are there any updated files available? Further should there not be a 12th
proxy data file covering the period starting at 1650, i.e., data1650.txt?  This could explain
the disagreement over the period 1650-1700 in rPC1 and rPC2, and also the extension of
rPC5 back to 1650 when according to the methods description it should only be
reconstructed back to 1700.

There was no change in the proxy data used at 1650, only a change in the number of PCs selected
for retention. I'm at a loss to understand the reasons for the small differences over certain periods.

2) The right hand figure shows the reconstructed Northern hemisphere temperatures
using the EOF's and Eigenvalues from the Nature webpage with my first 5 rPC's (black)
and the Nature webpage 5 rPC's (green).  
The difference between these two curves is plotted in red offset by +0.3.  This indicates
that the differences seen in the individual rPC's are also apparent in the recombined
northern hemisphere average.  Also plotted is the reconstructed nh mean included in the
file nhmean.txt (blue).  The difference between this latter reconstruction and the green
reconstruction is shown in red with an offset of -0.5.  From 1400-1599 there is perfect
agreement, from 1600 onwards this breaks down probably due to not including rPC's 7, 9,
11, 14, 15,and 16 - are these available online somewhere or is it possible for you to send
them to me?

We did not archive these on our website, since they are not initial data but rather, an intermediate
product, of our analysis. So it would take me some time to find these. Since you have been able to
reproduce the other RPCs (with small differences), I would anticipate that you should readily be able
to  reproduce these from scratch too.   The difference in RPCs used would easily explain the small
discrepancies you observe.

3) Finally, I still do not understand the role of the weights included in the files
datalistXXXX.txt. The above reconstructions were performed without using the weights at
all.  If I did apply them to the proxy data before calibration and reconstruction any
agreement with the published rPC's/nh temperatures disappeared.  I have used the
selected proxy data in files dataXXXX.txt from the Nature webpage, and the resolvable
PC's for each period as read from MBH98.  Perhaps the weights are used when
ascertaining which PC's each proxy data network is capable of resolving?  Can you clarify?

The rationale for the weights is discussed in item 3 of the enhanced methods description on our
website:

ftp://holocene.evsc.virginia.edu/pub/sdr/temp/nature/MANNETAL98/METHODS/AlgorithmDescription.txt

As noted there, it makes very little difference in the overall reconstruction whether these weights, or
uniform weights, are used.

Many thanks for you time.

Happy to be of help. I'm sorry I can't devote more time to getting to the bottom of the small
remaining discrepancies, but perhaps Scott has some insights here too. In any case I am once again
pleased to see that you have very closely, if not exactly, reproduced our results.

cheers, Nige

-- 
Nigel Marsh
Danish Space Research Institute
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Juliane Maries Vej 30, DK-2100 Copenhagen OE, Denmark.
Tel: +45 35325740 | Fax: +45 35362475

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Cc: Scott Rutherford
Subject: Fwd: Comments to Corrigendum
Date: Friday, July 30, 2004 7:21:04 AM
Attachments: MARSHplot nhmean reconstruct.pdf

FYI, this guy basically appears to reproduce our results--though I'm wary of him as
he is a solar skeptic.

Meanwhile, Gene and Caspar are about to forward their comment to Nature. I've
forwarded a draft and my comments on it,

Mike

Date: Fri, 30 Jul 2004 14:09:25 +0200
From: Nigel Marsh <ndm@dsri.dk>
User-Agent: Mozilla/5.0 (Windows; U; Windows NT 5.1; en-US; rv:1.4)
Gecko/20030624 Netscape/7.1 (ax)
X-Accept-Language: en, en-us
To: "Michael E. Mann" <mann@virginia.edu>
Subject: Comments to Corrigendum

Dear Mike Mann

I have now almost reproduced your MBH98 results using the Instrument
PC's/EOF's and Proxy data available at the Nature webpage.  However,
there are a few small problems which I describe below.  I hope you don't
mind me pestering you about these things, but now I've started I want to
finish, and make sure I fully understand the proceedure and it's
implications for myself.

1) Attached is a figure similar to MBH98 fig. 5. The 5 figures on the left
hand side are a plot of the first 5 reconstructed PC's (rPC's) from the
Nature webpage in green, my own reconstructions using the instrument
PC's and Proxy data from the Nature webpage in black, and the difference
between the two offset by +0.1 in red. Black vertical lines indicate the
start of each step in the reconstruction process and the dotted vertical
line at 1650 indicates a possible additional step for which no proxy data or
description is apparent.  From the red line you will see that on the whole
my reconstructions agree with those published at the Nature webpage
except over the periods 1750-1760, 1650-1700, 1450-1500, and 1400-
1450.  These differences suggest that the proxy data contained in the files
data1400.txt, data1450.txt and data1750.txt are not the same as those
that were used to create the rPC's published at the Nature webpage, i.e.,
the green ones.  Is this the case and are there any updated files
available? Further should there not be a 12th proxy data file covering the
period starting at 1650, i.e., data1650.txt?  This could explain the
disagreement over the period 1650-1700 in rPC1 and rPC2, and also the
extension of rPC5 back to 1650 when according to the methods
description it should only be reconstructed back to 1700.

2) The right hand figure shows the reconstructed Northern hemisphere
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temperatures using the EOF's and Eigenvalues from the Nature webpage
with my first 5 rPC's (black) and the Nature webpage 5 rPC's (green).  
The difference between these two curves is plotted in red offset by +0.3. 
This indicates that the differences seen in the individual rPC's are also
apparent in the recombined northern hemisphere average.  Also plotted is
the reconstructed nh mean included in the file nhmean.txt (blue).  The
difference between this latter reconstruction and the green reconstruction
is shown in red with an offset of -0.5.  From 1400-1599 there is perfect
agreement, from 1600 onwards this breaks down probably due to not
including rPC's 7, 9, 11, 14, 15,and 16 - are these available online
somewhere or is it possible for you to send them to me?

3) Finally, I still do not understand the role of the weights included in the
files datalistXXXX.txt. The above reconstructions were performed without
using the weights at all.  If I did apply them to the proxy data before
calibration and reconstruction any agreement with the published rPC's/nh
temperatures disappeared.  I have used the selected proxy data in files
dataXXXX.txt from the Nature webpage, and the resolvable PC's for each
period as read from MBH98.  Perhaps the weights are used when
ascertaining which PC's each proxy data network is capable of resolving? 
Can you clarify?

Many thanks for you time.

cheers, Nige

-- 
Nigel Marsh
Danish Space Research Institute
Juliane Maries Vej 30, DK-2100 Copenhagen OE, Denmark.
Tel: +45 35325740 | Fax: +45 35362475

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: rbradley@geo.umass.edu; Malcolm Hughes
Subject: Fwd: Re: READ BEFORE PRIOR MESSAGE Re: Nature article
Date: Friday, July 30, 2004 7:22:31 AM
Attachments: MBH98 recreation for Nature.doc

I think these guys are sending this to Nature today, hopefully in time for their decision on
the MM comment/reply exchange...

Mike

X-Sender: mem6u@multiproxy.evsc.virginia.edu
X-Mailer: QUALCOMM Windows Eudora Version 6.1.1.1
Date: Thu, 29 Jul 2004 07:47:11 -0400
To: Eugene Wahl <wahl@ucar.edu>, wahle@alfred.edu
From: "Michael E. Mann" <mann@virginia.edu>
Subject: Re: READ BEFORE PRIOR MESSAGE  Re: Nature article
Cc: Scott Rutherford <srutherford@rwu.edu>, Caspar Ammann
<ammann@ucar.edu>,
   mann@virginia.edu

Gene,

This looks great, and I would go ahead and submit w/ only a few changes (see
below). Just to be safe, I would suggest waiting until Scott and Caspar can
resolve the issues of precisely which instrumental data were used. But I don't
think this is likely to  influence your comment. (Incidentally, I'm quite sure you
don't have any "competing interests"--that would mean, you stand to gain
financially from the results in the paper, etc..typically, it would apply to patents,
etc...I don't know of any circumstances where this applies in our field. Its just a
formality...).

My minor suggestions are:

I. Give the actual NH mean verification RE scores for the different
reconstructions, in the figure caption and perhaps prominently in the 3 different
figure panels too...

II. For the IPCC reference, I would cite the actual chapter in the scientific
assessment report, rather than the summary for policy makers. That ref is:

Folland, C.K., Karl, T.R., Christy, J.R., Clarke, R. A., Gruza, G.V., Jouzel, J.,
Mann, M.E., Oerlemans, J., Salinger, M.J., Wang, S.-W., Observed Climate
Variability and Change, in Climate Change 2001: The Scientific Basis, Houghton,
J.T., et al. (eds.), Cambridge Univ. Press, Cambridge, 99-181, 2001.

III. I would suggest some minor changes in wording in these places:

1. first sentence: "A recent published article^3 (and following it, a number of
editorials in certain media outlets) has called into question..."
[NOTE: I DON'T THINK NATURE WILL LET YOU FORMALLY CITE NEWSPAPERS
ARTICLES, ETC., SO ITS BEST TO WORD THIS MORE GENERALLY AS
INDICATED ABOVE]

2. 3rd paragraph, first sentence, 2nd clause, change to:
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"1) that censoring by ref(3) of the majority of proxy data used by MBH98^6
during the period 1400-1500 in their claimed "correction" leads to
inappropriately high NH temperatures  that are at odds not just with MBH98
but  other empirically-based reconstructions^7;"

3. Last paragraph, final sentence, change to:

"In conclusion, we find..."

4. Last paragraph, second sentence, change to:

"We find no reason to suggest that the MBH98 et seq. reconstruction (or the
numerous other reconstructions consistent with it^7) should not..." 

Otherwise, I would say submit this ASAP, definitely no later than tomorrow
morning east coast time...

Cheers,

Mike

At 04:42 AM 7/29/2004, Eugene Wahl wrote:

Hello again gang:

Attached is a newer, better, appropriately formatted version
of the text for the article.  Ignore the version sent a couple
of hours ago.  The pdf of the figure remains the same as in the
last message.

Also, please note the questions I raise for you, Caspar and Mike, in
the last message.

Well, I'm cooked!  These long nights are hard.  I'll catch up mid-
morning sometime.

Peace, Gene

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

ABOR/MH/Priv-006834



REPLICATION OF THE MANN, BRADLEY, HUGHES (1998) CLIMATE 
RECONSTRUCTION, AND EXAMINATION OF ISSUES CONCERNING ITS USE 
 
Eugene R. Wahl (Department of Environmental Studies, Alfred University, USA) * 
Caspar Ammann (Climate and Global Dynamics Division, National Center for Atmospheric 
Research, USA) 
 
Recent scientific3 and popular4 articles have called into question the repeatability and validity of 
the "hockey stick" reconstruction of surface temperatures during the last millennium1, often cited 
as "MBH98" et seq.2.  These critiques are crucial to address because the "hockey stick" result of 
anomalous 20th century warming is prominent in important assessments of anthropogenic 
climate change, including the IPCC Third Assessment5.  Here we report successful re-creation of 
MBH98 method and results, along with examination of scenarios concerning its use that have 
recently been at issue. 
 
Our re-creation is highly similar to the original (Fig. 1a), the remaining slight differences being 
due to the methodological simplification we made of using an annual time step throughout the 
reconstruction process1,2.  All the calibrations in our re-creations pass statistical validity tests, 
using the “Reduction of Error” (RE) statistic6 based on both the full data grid and the NH 
average. 
 
We examined two scenarios concerning issues about the “hockey stick” result:  1) that criticism 
concerning the proxy series used between 1400-15003 has resulted in over 80% of the available 
proxies being “censored”6 in an attempt to "correct" the MBH98 result3, leading to 
inappropriately high NH temperature reconstructions in the 15th century at odds with other 
empirically-based reconstructions7; and 2) that the use of principal component (PC) summaries 
of regional tree-ring data and infilling of proxy data in the periods 1400-1404 and 1972-1981 
leads to problematic results for the 15th century3,6.  Regarding (1), exclusion of all the N. 
American data from the International Tree Ring Data Base included by MBH98, along with 
latewood density series from N. American Southwest1 and two series from N. American tree 
line1, does yield anomalously high NH temperature reconstructions for the 15th century (Fig 1b).  
However, this result does not pass calibration validity tests, having negative RE scores that show 
it does not contain meaningful reconstruction skill.  Regarding (2), the use of all the proxy data 
series individually coupled with eliminating the years of infilling from the reconstruction and 
calibration periods has only a small impact on the 15th century reconstructions (Fig. 1c), 
primarily a reduction in the temperature dip centered ~1460.  This result is also noted by other 
paleoclimatologists6, using an independent climate reconstruction technique applied to the same 
data.  These "all proxy" reconstructions pass calibration validity tests with as much or more skill 
than the original reconstructions. 
 
In conclusion, we have demonstrated that the MBH98 method can be successfully re-created, 
and that the "hockey stick" result derived using this method is robust both in relation to some 
recent criticisms and to an important methodological simplification.  We find no reason to 
suggest that the MBH98 et seq. results should not continue as a useful benchmark of the 
dynamics of past surface temperatures.  We are now preparing our version of the MBH98 
algorithm for open access, in the public-domain "R" programming language.  This tool will 
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include user-friendly facilities for independent scenario examination; it will be located at the 
web-site of the National Center for Atmospheric Research (NCAR), USA (http://www.ncar.edu). 
 
* Science Center 118 
1 Saxon Drive 
Alfred NY 14802 
 
607.871.2604 (office) 
607.871.2198 (fax) 
 
wahle@alfred.edu 
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2.  Mann, M.E, Bradley, R.S. & Hughes, M.K. Geophysical Research Letters 26, 759-762 
(1999). 
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Figure 1 
 
a.  Annual reconstruction of NH temperature, from independent application of MBH98 
methodology (thin grey line with annual data points); thick grey line is 49-year (Gaussian) 
running average.  Thick black line is 49-year (Gaussian) running average of original MBH98 
reconstructions.  Thin black line with open diamonds shows instrumental data for 1981-1995.  R2 
of grey and black running averages = 0.94; mean absolute deviation = 0.026°; max absolute 
deviation = 0.073°.  Re-creation of MBH98 methodology was developed from published articles, 
with statistical oversight from D. Nychka and programming assistance from C. Tebaldi of 
NCAR.  Raw data available at M.E. Mann's ftp site were used to obtain results.  Personal 
communication with M.E. Mann helped to clarify a few technical issues. 
 
b.  Same as a for grey lines and thin black line with diamonds.  Orange line and data points are 
annual reconstructions for 1400-1499 based on excluding all but three N. American tree ring 
series. 
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c.  Same as a for grey lines and thin black line with diamonds.  Green line and data points are 
annual reconstructions for 1404-1499 based on all proxy series used individually, with 1902-
1971 calibration period. 
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From: Michael E. Mann
To: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Subject: Fwd: Nature article
Date: Friday, July 30, 2004 3:13:26 PM
Attachments: MBH recreation NATURE-changes.doc

MBH recreation NATURE fig1 Wahl.pdf

Ray, Malcolm:

Here is what Caspar and Gene have submitted it to Nature. Things are looking better
and better for us in this exchange. At the very least, I would think Nature would have
to either publish all 3, or none at all...Either way, we win...

Mike

Subject: Nature article
Date: Fri, 30 Jul 2004 18:02:46 -0400
X-MS-Has-Attach: yes
X-MS-TNEF-Correlator: 
Thread-Topic: Nature article
Thread-Index: AcR2QuwNwfA5MCEcSC+iIKkedQec/gAPb+jg
From: "Wahl, Eugene R" <wahle@alfred.edu>
To: "Michael E. Mann" <mann@virginia.edu>, "Eugene Wahl"
<wahl@ucar.edu>,
   "Scott Rutherford" <srutherford@rwu.edu>, "Caspar Ammann"
<ammann@ucar.edu>

Hello all:

The submission to Nature is now in, and the final files are copied as
attachments.  Thanks so much for your help, Mike and Scott.

I had hoped to have it in by noon today, but:  1) I did not get the
comments from Caspar until about noon, and needed some time to
incorporate them in the text and meet the word limit; and 2) had another
hard-drive freeze on my laptop and had to come in and get things going
on my office computer.

In the end, they will have it tomorrow or Monday, depending on when the
editors actually work, which given the time difference was probably what
would have happened anyway.

I think it will all go well from a timing standpoint, and expect a
decision to be based on the science itself.

Now, off to other pressing issues, and class preparation!  And to a day
off-maybe we'll visit Niagara Falls, for the first time in 32 years for
me.

Again thanks, and thanks to you Caspar for getting me the text with
changes as soon as you did given the computer problems you faced.
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Peace, Gene

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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Robustness of spatial climate reconstructions  

Eugene R. Wahl, National Center for Atmospheric Research (NCAR) & Alfred University, USA 

Caspar M. Ammann, National Center for Atmospheric Research, USA 

 

Reconstructing climate from a limited number of high-resolution proxy records is a difficult task.  

Several approaches have been used to develop hemispheric temperature reconstructions over the 

last millennium1.  At the simplest, direct averaging of individual records with appropriate spatial 

weighting is straightforward and easily reproducible.  It has been suggested that additional 

information can be extracted from the spatial distribution of temperature anomalies and non-

temperature proxy records2,3 (references hereafter called "MBH").  However, the protocols 

involved in reconstructions such as MBH are complex.  Reproducibility could be dependent on 

exact implementation of procedures as well as data availability.  

 

Repeatability and validity of the MBH "hockey stick" reconstruction of last millennium 

temperatures have recently been called into question4.  It is important to assess these critiques 

because MBH is prominent in international assessments of climate change5.  Here we report 

successful reproduction of the MBH method, and examination of scenarios concerning its use.  

 

Our results are essentially identical to the original over the period we reconstructed, that of the 

first MBH article2 (Fig. 1a).  The remaining differences are related to the simplification we made 

of using a consistent annual time step throughout the reconstruction process2,3.  All our 

calibrations pass validity tests, using the “Reduction of Error” (RE) statistic6 with both the full 

data grid and the NH average. 
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Using our implementation, we examine two recently raised issues4:   

 

First, criticism concerning the proxy series used between 1400-15004 has apparently resulted in 

most of the available proxies being censored6 in an attempt to "correct" the MBH result4, leading 

to inappropriately high NH temperature reconstructions in the 15th century at odds with both 

MBH and other empirical reconstructions1.  We find that exclusion of all the N. American data 

from the International Tree Ring Data Base included by MBH, along with additional series from 

the N. American Southwest and N. American tree line2, does yield higher NH temperatures for 

the 15th century (Fig. 1b, orange line).  However, these results fail calibration validity tests, 

having negative RE scores.  (RE < 0 indicates no reconstruction skill6.) 

 

Second, use of principal component summaries to replace large tree-ring data sets and infilling of 

proxy data (during 1400-1404 and 1972-1981) also have been questioned as leading to 

problematic results for the 15th century4,6.  We find that inclusion of all individual tree-ring 

records coupled with eliminating the years of infilling from the reconstruction and calibration 

periods has only a small impact on the 15th century reconstructions (Fig. 1b, green line), 

consistent with results from other paleoclimatologists applying an independent spatial 

reconstruction technique to the same data6.  These reconstructions pass calibration validity tests 

with higher RE scores than the original reconstructions. 

 

In conclusion, we have reproduced MBH and shown that the method is robust in relation to some 

recent criticisms and to an important methodological simplification.  We find no reason to 
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consider dropping the MBH results as a benchmark of past surface temperatures. To stimulate 

further verification, we are establishing open access to our algorithm in the public-domain "R" 

language, accessible at the NCAR website 

(http://www.cgd.ucar.edu/ccr/millennium/MBH.html). 

  

1.  Jones, P.D. & Mann, M.E. Rev. Geophys. 42, RG2002/2003RG000143, 1-42 (2004). 

2.  Mann, M.E, Bradley, R.S. & Hughes, M.K. Nature 392, 779-787 (1998). 

3.  Mann, M.E, Bradley, R.S. & Hughes, M.K. Geophys. Res. Lett. 26, 759-762 (1999). 

4.  McIntyre, S. & McKitrick, R. Energy and Environment 14, 751-771 (2003). 

5.  Folland, C.K. et al. in Climate Change 2001: The Scientific Basis, (eds. Houghton, J.T., et al.) 

99-181 (Cambridge Univ. Press, Cambridge, 2001).  

6.  Rutherford, S. et al. J. Clim. (in press). 

 

Correspondence and requests for materials should be addressed to: 

Eugene R. Wahl     wahle@alfred.edu 

Division of Environmental Studies, Alfred University, 1 Saxon Drive, Alfred NY 14802     

607.871.2604 (office)    607.871.2198 (fax)  

 

Figure 1  Re-creation and examination of Mann et al. (1998) climate reconstruction 

 a.  Annual reconstruction of NH temperature, from independent application of MBH 

methodology (thin grey line with annual data points); thick grey line is 49-year (Gaussian) 

running average.  Thick black line is 49-year (Gaussian) running average of original MBH 

reconstructions.  Thin black line with open diamonds shows instrumental data for 1981-1995.  R2 

ABOR/MH/Priv-006842



of grey and black running averages = 0.94; mean abs. deviation = 0.026°; max abs. deviation = 

0.073°.  Zero reference level is 1902-1980 mean, anomalies are in °C.  RE values for NH 

average T range between 0. 28 for 1400-1449 calibration and 0. 74 for 1820-1980 calibration2. 

 b.  Same as a for grey lines and thin black line with diamonds.  Orange line shows annual 

reconstructions for 1400-1499 based on excluding most N. American tree ring series.  RE values 

for NH average T for the exclusion scenarios are -0.48 for 1400-1449 calibration and -.057 for 

1450-1499 calibration.  Green line shows annual reconstructions for 1404-1499 based on all 

proxy series used individually, with 1902-1971 calibration period.  RE values for NH average T 

for the "all proxy" scenarios are 0.63 for 1404-1449 calibration and 0.73 for 1450-1499 

calibration. 

Re-creation of MBH methodology was developed from published articles2,3, with 

statistical and programming aid from D. Nychka and C. Tebaldi of NCAR.  Raw data available 

at M.E. Mann's ftp site were used to obtain results.  Personal communication with M.E. Mann 

helped clarify a few technical issues. 
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From: Scott Rutherford
To: Mann Mike; Bradley Raymond; Hughes Malcolm; Briffa Keith; Jones Phil; Osborn Tim
Subject: J. Climate Manuscript
Date: Tuesday, September 07, 2004 11:29:27 AM

Dear All,

I spoke with Andrew Weaver, editor for J. Climate, this morning and he
gave me a verbal "Accept without revision". The next step is to prepare
the data files for web access. The MBH data are already available. I'll
be taking care of the Matlab code. What do Keith and Tim want to do
about the MXD data?

Thanks to all for your contributions.

Cheers,

Scott

______________________________________________
Assistant Professor
Dept. of Natural Sciences
Roger Williams University
e-mail: srutherford@rwu.edu
http://fox.rwu.edu/~rutherfo
phone: 
snail mail:
One Ferry Road
Bristol, RI 02809
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From: Michael E. Mann
To: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; Drew Shindell; Gavin Schmidt; Caspar Ammann; Scott

Rutherford
Subject: comment on "Von Storch et al", for submission to Science, Friday Sep 27
Date: Monday, September 27, 2004 6:40:55 PM
Attachments: VonStorchReply04.doc

Dear All,

I intend to submit a comment on the Von Storch et al paper as soon as it appears in
"Science Express" (Friday, I believe). 

I've attached a draft. I'd like to invite both comments and potential co-authorship,
should you be interested *I'd be happy to submit this alone if others don't want to
get caught up in the controversy).

I look forward to hearing back from you in either case,

Mike

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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A recent article by Von Storch et al (1) explores the reconstruction of past climate change from high-resolution proxy 
indicators, using synthetic  proxy records ("pseudoproxies") derived from model simulations to test empirical climate 
reconstructions methods. My colleagues and I performed such experiments previously (2), as have the same (GKSS) 
group using a different simulation (3). These latter analyses showed that pattern-based reconstruction approaches yield 
little or no bias if changes in external radiative forcing outside of the calibration interval are not large compared to 
those within the calibration interval. This assumption holds, in fact, for nearly all estimates of the forced variability of 
the climate over the past 1000 years (4) since anthropogenic forcing Greenhouse gas forcing (roughly 2W/m2 over the 
20th century is far larger than most estimates of natural pre-anthropogenic radiative forcing (approximately 0.5W/m2 
peak amplitude on century timescales). 
 
However, Von Storch et al (1) employ an unusually large estimate of pre-20th century natural radiative forcing, 
including a net solar radiative forcing estimate (>1W/m2) that exceeds most estimates (see e.g. Fig 7 in ref. 4) by a 
factor of two, and is outside the range specified by the IPCC (5).  By contrast with other simulations (see e.g. Fig 8, ref. 
4) for which 20th century warming is greater than the peak century-scale variability prior to the 20th century, the 
opposite is true in the case of (1): their pre-20th century-scale variations are almost twice as large as the trend during 
their 20th century calibration period. As demonstrated previously by us (2), statistical reconstructions will indeed 
under-predict the true long-term trends in such a situation--but this situation is unique to the radiative forcing scenario 
of (1), and is not shared by other studies (4). In their accompanying commentary, Osborn and Briffa (6) indeed note 
that the unusually large amplitude of low-frequency variability in this model may significantly overestimate any  true 
low-frequency calibration bias.  
 
Despite  implications by the authors (1) and commenters (6),   the previously used pattern-based proxy reconstruction 
approach that the authors focus on (7) explicitly takes into account loss of low-frequency variance due to the limited 
regression period in estimating uncertainties. The authors in that study (7) examined the spectrum of the "residuals" 
(difference between the actual and reconstructed climate). Where they found evidence, prior to AD 1600, for enhanced 
regression uncertainty at the longest (multidecadal-to-century) timescales resolved, they inflated the estimates of the 
uncertainties accordingly to account for the estimated additional lost low-frequency variance. The resulting uncertainty 
range (1oC peak-to-peak), in fact accommodates the estimate by (1) of the potential calibration bias.  The conclusion 
that late 20th century warmth is anomalous in a long-term context (5,7,8) fully takes into account the expanded 
regression  uncertainties at low-frequencies.  Moreover, separate calibration of the low-frequency 
(multidecadal/century-scale) and high-frequency (interannual) variability in proxy-based climate reconstruction yields 
little effect on the resulting reconstruction (9), casting further doubt as to whether the analysis by (1) applies to the real 
world. 
 
The authors' experimental design, moreover, which assumes that all proxy indicators reflect local temperature 
variations, is not faithful to actual multiproxy networks. In reality, many of the most important proxy records are 
related to the large-scale temperature field, not through a local temperature relationship, but through non-local 
relationships to large-scale climate signals (e.g. the influence of the El Nino phenomenon on local drought or 
precipitation changes recorded by a particular proxy). The model used by (1) does not faithfully reproduce the true El 
Nino phenomenon, the most important natural global climate signal.  In the real word, this signal leads to much 
stronger relationships between certain individual proxy records and global-scale climate patterns. 
 
The authors argue for a more favorable comparison of their result to one particular temperature reconstruction that 
exhibits larger variability than many others (10). The greater variability appears to arise, in large part, from a restricted 
warm-season, continental, extratropical sampling emphasis in the  data used (9, 11, 12). Ironically, the methodology 
employed in that study,  a composite of locally-scaled estimates,  is shown by the authors here (1) to be more, not less, 
prone than the pattern-based methods (7,9)  to the regression bias in question. In reality, applications of these different 
(local and pattern-based) approaches actually yield quite similar past hemispheric temperature histories  (see Figure 5 
in ref. 4). Moreover, it has recently been shown that both the local regression method and pattern-based regression 
methods yield nearly indistinguishable results when applied to the same actual proxy data network (9).  
 
For all of these reasons, we suggest that the authors conclusions have little applicability to real-world climate 
reconstructions. Exercises with coupled climate models employing more realistic past radiative forcing scenarios 
should provide improved insights into the relative strengths and limitations of different statistical climate reconstruction 
methods. 
 
Michael E. Mann, Department of Environmental Sciences, University of Virginia 
 
References: 
 
1. H. Von Storch et al , Science (in press). 
2. S. Rutherford, M.E. Mann, T.L. Delworth, and R. Stouffer, Journal of Climate, 16, 462-479, 2003.  
3. E. Zorita, F. Gonzalez-Rouco, and S. Legutke, J. Climate, 16, 1378-1390, 2003 
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4. P.D. Jones, and  Mann, M.E., Reviews of Geophysics, 42, RG2002, doi: 10.1029/2003RG000143 (2004) 
5. R. T. Watson et al., Eds., Climate Change 2001: Synthesis Report (Cambridge Univ. Press, Cambridge and New 
York, 2001) 
6. T.J. Osborn and Briffa, K.R.,  Science (in press). 
7. M. E. Mann, R. S. Bradley, M. K. Hughes, Geophys. Res. Let. 26, 759 (1999) 
8. M.E. Mann, Ammann, C.M., Bradley, R.S., Briffa, K.R., Crowley, T.J., Hughes, M.K., Jones, P.D., Oppenheimer, 
M., Osborn, T.J., Overpeck, J.T., Rutherford, S., Trenberth, K.E., Wigley, T.M.L.,Eos, 84, 256-258 (2003) 
9. S. Rutherford,  Mann, M.E., Osborn, T.J., Bradley, R.S., Briffa, K.R., Hughes, M.K., Jones, P.D., Journal of Climate 
(in press). 
10. J. Esper, E.R. Cook, F. H. Schweingruber, Science, 295, 225 (2002) 
11. M.E. Mann, The Value of Multiple Proxies, Science, 297, 1481-1482, 2002.  
12. D.T. Shindell, G.A. Schmidt, R.L. Miller, and Mann, M.E., Journal of Climate, 16, 4094-4107, 2003. 
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From: Malcolm Hughes
To: Michael E. Mann
Subject: Re: comment on "Von Storch et al", for submission to Science, Friday Sep 27
Date: Tuesday, September 28, 2004 3:44:15 AM

Dear Mike - I'm not able to look at this carefully this week, being on the road with
very limited e-mail access, and I don't think I have anything of value to add, so
there is no virtue in my being an author. There was one sentence in your second
paragraph that could do with some clarification:
However, Von Storch et al (1) employ an unusually large estimate of pre-20th
century natural radiative forcing, including a net solar radiative forcing estimate
(>1W/m2) that exceeds most estimates (see e.g. Fig 7 in ref. 4) by a factor of two,
and is outside the range specified by the IPCC (5). By contrast with other
simulations (see e.g. Fig 8, ref. 4) for which 20th century warming is greater than
the peak century-scale variability prior to the 20th century, the opposite is true in
the case of (1): their pre-20th century-scale variations are almost twice as large as
the trend during their 20th century calibration period. As demonstrated previously by
us (2), statistical reconstructions will indeed under-predict the true long-term trends
in such a situation--but this situation is unique to the radiative forcing scenario of
(1), and is not shared by other studies (4). In their accompanying commentary,
Osborn and Briffa (6) indeed note that the unusually large amplitude of low-
frequency variability in this model may significantly overestimate any true low-
frequency calibration bias. 
I think you need a couple of wods to remove any ambiguity about "this situation".
Cheers, Malcolm

On 27 Sep 2004 at 21:40, Michael E. Mann wrote:

> 
> Dear All,
> 
> I intend to submit a comment on the Von Storch et al paper as soon as
> it appears in "Science Express" (Friday, I believe). 
> 
> I've attached a draft. I'd like to invite both comments and potential
> co-authorship, should you be interested *I'd be happy to submit this
> alone if others don't want to get caught up in the controversy).
> 
> I look forward to hearing back from you in either case,
> 
> Mike
> ____________________________________________________________
> __
> Professor Michael E. Mann
> Department of Environmental Sciences, Clark Hall
> University of Virginia
> Charlottesville, VA 22903
>
______________________________________________________________________

> _ e-mail: mann@virginia.edu Phone:  
> http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; Drew Shindell; Gavin Schmidt; Caspar Ammann; Scott Rutherford
Subject: Re: comment on "Von Storch et al", for submission to Science, Friday Sep 27
Date: Tuesday, September 28, 2004 4:02:14 AM
Attachments: VonStorchReply04.doc

Dear All,

Attached is a revised version clarifying a number of issues.

Looking forward to your responses,

Mike

At 09:40 PM 9/27/2004, Michael E. Mann wrote:

Dear All,

I intend to submit a comment on the Von Storch et al paper as soon as it
appears in "Science Express" (Friday, I believe). 

I've attached a draft. I'd like to invite both comments and potential co-
authorship, should you be interested *I'd be happy to submit this alone if
others don't want to get caught up in the controversy).

I look forward to hearing back from you in either case,

Mike

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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A recent article by Von Storch et al (1) explores the reconstruction of past climate change from high-resolution proxy 
indicators, using synthetic  proxy records ("pseudoproxies") derived from model simulations to test empirical climate 
reconstruction methods. My colleagues and I performed such experiments previously (2), as have the same (GKSS) 
group using a different simulation (3). All of these analyses (1-3) are in agreement in finding that pattern-based 
reconstruction approaches yield little or no bias if changes in external radiative forcing outside of the calibration 
interval are not large compared to those within the calibration interval. This assumption holds, in fact, for nearly all 
estimates of the forced variability of the climate over the past 1000 years (4) since anthropogenic Greenhouse gas 
forcing (roughly 2W/m2 over the 20th century) is far larger than most estimates of natural pre-anthropogenic radiative 
forcing (approximately 0.5W/m2 peak amplitude on century timescales). 
 
However, Von Storch et al (1) employ an unusually large estimate of pre-20th century natural radiative forcing, 
including a net solar radiative forcing estimate (>1W/m2) that exceeds most estimates  by a factor of two (see e.g. Fig 7 
in ref. 4), and is outside the range specified by the IPCC (5).  By contrast with other simulations (see e.g. Fig 8, ref. 4) 
for which 20th century warming is greater than the peak century-scale variability prior to the 20th century, the opposite 
is true in the case of (1). Indeed, their pre-20th century radiative forcing changes are considerably greater than those 
during their 20th century calibration period. As demonstrated previously by us (2), statistical reconstructions will 
indeed under-predict the true long-term trends in such a radiative forcing scenario. But this scenarios is unique to (1), 
and not common to other modeling studies (4). In their accompanying commentary, Osborn and Briffa (6) indeed note 
that the unusually large amplitude of low-frequency variability in this model may impose a significant overestimate of 
low-frequency calibration bias.  
 
Despite  implications by the authors (1) and commenters (6),   the previously used pattern-based proxy reconstruction 
approach that the authors focus on (7) explicitly takes into account loss of low-frequency variance due to the limited 
regression period in estimating uncertainties. The authors in that study (7) examined the spectrum of the "residuals" 
(difference between the actual and reconstructed climate). Where (prior to AD 1600), they found evidence for enhanced 
regression uncertainty at the longest (multidecadal-to-century) timescales resolved, they inflated the estimates of the 
uncertainties accordingly. The resulting 95% uncertainty range (1oC peak-to-peak), in fact accommodates the estimate 
by (1) of the potential calibration bias.  The conclusion that late 20th century warmth is anomalous in a long-term 
context (5,7,8) fully takes into account the expanded regression  uncertainties at low-frequencies.  Moreover, separate 
calibration of the low-frequency (multidecadal/century-scale) variability in proxy-based climate reconstruction yields 
little change (9), casting further doubt as to whether the analysis by (1) applies to the real world. 
 
The authors' experimental design, which assumes that all proxy indicators reflect local temperature variations, is not 
faithful to actual multiproxy networks. In reality, many of the most important proxy records are related to the large-
scale temperature field, not through a local temperature relationship, but through relationships to large-scale climate 
signals (e.g. the influence of the El Nino phenomenon on local drought or precipitation changes recorded by a 
particular proxy). The model used by (1) does not faithfully reproduce the true El Nino phenomenon, the most 
important natural global climate signal.  In the real word, this signal leads to much stronger relationships between 
certain individual proxy records and key global climate patterns. 
 
The authors argue for a more favorable comparison of their model result to one particular temperature reconstruction 
that exhibits larger variability than many others (10), but which nonetheless confirms the anomalous nature of late 20th 
century warmth (11).  That greater variability appears to arise, in large part, from a restricted warm-season, continental, 
extratropical sampling (9, 12, 13). Ironically, the methodology employed in that study, a composite of locally-scaled 
estimates, is shown by the authors here (1) to be more--not less-- prone than the pattern-based methods (7,9)  to the 
potential regression bias. In reality, applications of 'local' and 'pattern-based' approaches yield quite similar past 
hemispheric temperature histories (see Figure 5 in ref. 4).  It was recently shown, in fact, that both  'local'  and 'pattern-
based' approaches yield nearly indistinguishable results when applied to the same actual proxy data network (9).  
 
We conclude that the authors' conclusions have little applicability to real-world climate reconstructions. Exercises with 
coupled climate models employing more realistic past radiative forcing scenarios (4) may provide improved insights 
into the relative strengths and limitations of different statistical climate reconstruction methods. 
 
Michael E. Mann, Department of Environmental Sciences, University of Virginia 
 
References: 
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From: Michael E. Mann
To: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; Drew Shindell; Gavin Schmidt; Caspar Ammann
Cc: Scott Rutherford; mann@virginia.edu
Subject: submitted to Science
Date: Friday, October 01, 2004 5:33:41 AM
Attachments: VonStorchReply04.doc

Dear All,

Attached is the final version of the comment that Scott and I have submitted to
"Science" on the von Storch et al paper. Thanks to those of you who provided input.
We will keep you posted of the status,

mike

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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A recent article by Von Storch et al (1) uses synthetic climate "proxy" records derived from model simulations to test 
empirical proxy-based climate reconstruction methods. We previously performed similar experiments (2,3), as have the 
same (GKSS) group using a different simulation (4). All of these analyses are in agreement in demonstrating that 
pattern-based reconstruction approaches yield at most a moderate underestimation bias in reconstructing low-frequency 
variability if changes in external radiative forcing outside of the calibration interval are not large compared to those 
within the calibration interval. When using a 20th century calibration interval, this assumption holds for nearly all 
estimates of the forced variability of the climate over the past 1000 years, since modern anthropogenic Greenhouse gas 
forcing (more than 2W/m2) is far larger than most estimates (5) of natural pre-anthropogenic radiative forcing 
(approximately 0.5W/m2 peak amplitude on century timescales). Von Storch et al (1), however, employ an unusually 
large estimate of pre-20th century natural radiative forcing, including a net solar radiative forcing change (>1W/m2) 
that exceeds previously employed estimates by a factor of two (see e.g. Fig 7 in ref. 5), and more recent, downwardly 
revised estimates (6), by more than a factor of five. 
 
By contrast with other simulations for which 20th century warming is greater than the century-scale variations over 
prior centuries (see e.g. Fig 8, ref. 5), the opposite is true in (1). In contrast with these other studies, the pre-20th 
century radiative forcing changes in (1) are considerably greater than those during their 20th century calibration period. 
As demonstrated previously by us (2), statistical reconstructions will under-predict the true long-term trends in such a 
radiative forcing scenario. But this scenario is unique to (1), and not common to other studies (5). In their commentary, 
Osborn and Briffa (7) note that the unusually large amplitude of low-frequency variability in this model may impose a 
significant overestimate of the calibration bias.  
 
A proper application of the pattern-based proxy reconstruction approach (8) used by the authors, would in  fact  have 
accounted for potential loss of low-frequency variance due to calibration bias.  The correct procedure (8) employs an 
examination of the spectrum of the calibration "residuals" (difference between the actual and reconstructed climate). 
Prior to AD 1600, where the residuals in (8) showed evidence for enhanced regression uncertainty at  
multidecadal/century timescales, the uncertainties were expanded using an appropriate variance inflation factor, 
yielding a 95% uncertainty range (~1oC) that nearly overlaps the calibration bias estimated by (1).  The conclusion that 
late 20th century warmth is anomalous in a long-term context (4,8,9) fully takes into account these expanded 
uncertainties at low-frequencies.  Separate calibration of the low-frequency (multidecadal/century-scale) variability, an 
alternative approach (10) to reducing the calibration bias discussed by (1), yields little influence on the resulting proxy-
based climate reconstructions over the past few centuries. The latter finding casts doubt on any significant bias in actual 
proxy-based climate reconstructions, at least over this timeframe. 
 
The authors' experimental design, which assumes that all proxy indicators reflect local temperature variations, is not 
faithful to real networks of proxy data. In reality, many of the most important proxy records are related to the large-
scale temperature field, not through a local temperature relationship, but through other relationships to large-scale 
climate signals (e.g. the influence of the El Nino phenomenon on local drought or precipitation changes recorded by a 
particular proxy) that are exploited in pattern-based reconstruction approaches.  The model used by (1) does not 
faithfully reproduce the true El Nino phenomenon, an important global-scale mode of climate variability on centennial 
(11) as well as interannual timescales.   In the real word, this signal leads to strong relationships between certain well-
chosen proxy records and large-scale climate patterns. These relationships are not faithfully represented in the authors' 
analysis. 
 
While the authors focus on pattern-based approaches (2-4,8,10),  the bias identified applies equally, or more, to the 
other hemispheric temperature reconstructions that have been produced based on simple scaling or regression against 
the 20th century instrumental record (see e.g. Fig 5, ref. 5). Yet the authors favor one particular such temperature 
reconstruction (12) because it exhibits larger variability than many others (6) [though it confirms the anomalous nature 
of late 20th century warmth (13)].  However, this enhanced variability appears to arise from a more restricted, warm-
season, continental, extratropical emphasis (10, 14, 15), rather than any of the issues raised by (1). 
 
We conclude that the authors' conclusions may have little applicability to actual proxy-based climate reconstructions. 
Their analysis thus does not call into question previous conclusions regarding the anomalous nature of late 20th century 
warmth. Nonetheless, continued exercises based on the use of climate models exhibiting reliable global-scale climate 
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teleconnections, and employing realistic past radiative forcing scenarios, should provide improved insights into the 
relative strengths and limitations of alternative statistical climate reconstruction methods. 
 
Michael E. Mann, Department of Environmental Sciences, University of Virginia 
Scott Rutherford, Department of Environmental Science, Roger Williams University 
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From: Michael E. Mann
To: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; Drew Shindell; Gavin Schmidt; Caspar Ammann
Cc: Scott Rutherford
Subject: Re: submitted to Science
Date: Friday, October 01, 2004 6:03:12 AM

p.s. confidentally, I'm told that Gabi Hegerl and Myles Allen might be submitting their own
separate comment to Science, somewhat critical of the von Storch et al paper (they have
been playing around w/ the loss-of-variance issue too, and come to far less dramatic
conclusions).

The only news coverage this has gotten so far is "New Scientist" (online), and I'd say it
was pretty "fair and balanced":

http://www.newscientist.com/news/news.jsp?id=ns99996470

I think Andy Revkin at NYT is going to run an article too, but it hasn't appeared yet.
Knowing Andy, I'm sure it will be quite fair.

Mike

At 08:31 AM 10/1/2004, Michael E. Mann wrote:

Dear All,

Attached is the final version of the comment that Scott and I have submitted to
"Science" on the von Storch et al paper. Thanks to those of you who provided
input. We will keep you posted of the status,

mike

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; Drew Shindell; Gavin Schmidt; Caspar Ammann
Cc: Scott Rutherford
Subject: Re: submitted to Science
Date: Friday, October 01, 2004 6:32:29 AM
Attachments: Foukaletal-Science04.pdf

Talk about timing! I wonder if the Science editors are aware of the irony in publishing this
at the same time as von Storch!

mike

http://www.newswise.com/articles/view/507352/?sc=wire

At 08:31 AM 10/1/2004, Michael E. Mann wrote:

Dear All,

Attached is the final version of the comment that Scott and I have submitted to
"Science" on the von Storch et al paper. Thanks to those of you who provided
input. We will keep you posted of the status,

mike

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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cules that inhibit mitotic entry, anaphase, or
the UPS. Verma et al. designed a reporter
system consisting of the destruction box do-
main of the frog cyclin B1 fused to lu-
ciferase, an enzyme that generates a lumi-
nescent signal. The authors screened 109,113
small molecules against interphase extracts
from frog oocytes for sustained lumines-
cence when the extracts were stimulated to
enter mitosis. They identified 22 candidate
inhibitors of proteolysis. Sixteen of the com-
pounds no longer inhibited luciferase degra-
dation when added to prestimulated extracts,
suggesting that their mode of action may be
to inhibit either mitotic entry or APC/C acti-
vation. The six remaining compounds were
candidates for inhibitors of cyclin B1 degra-
dation itself. Three of the compounds also
blocked the degradation of β-catenin, a pro-
tein that is ubiquitinated by a different E3 lig-
ase, indicating that they may be general in-
hibitors of ubiquitin-dependent proteolysis.
Importantly, the three compounds that
blocked the degradation of cyclin B andβ-catenin did not affect either cyclin B
ubiquitination or the proteolytic activity
of the proteasome core, suggesting that
these small molecules blocked an un-
known target.

To define the mechanism of inhibition,
Verma et al. used a reconstituted UPS system
consisting of purified proteasomes and ubiq-
uitinated Sic1 (UbSic1), a well-characterized
proteasomal substrate that is degraded at the
G1- to S-phase transition of the cell cycle in
budding yeast (8). Addition of a proteasome
inhibitor together with ubistatin A or B did
not result in the accumulation of deubiquiti-
nated UbSic1. This suggested to the authors
that ubistatins appear to act at or upstream of
the isopeptidase that removes polyubiquitin
before the targeted proteins enter the protea-
some core. Indeed, both ubistatins bound di-
rectly to polyubiquitin chains as assessed by
mobility shift and nuclear magnetic reso-
nance experiments, and blocked binding of
polyubiquitin to ubiquitin receptor proteins.
In a further validation of substrate specificity,
ubistatin A failed to block in vitro proteolysis
of ornithine decarboxylase, a ubiquitin-inde-
pendent proteasome substrate. Finally, mi-
croinjection of ubistatin A into mammalian
cells inhibited the degradation of a synthetic
UPS substrate. Together, these experiments
demonstrate the power of screening in multi-
ple model systems where the target pathway
is highly conserved. 

Verma et al. were able to adopt a rational
candidate strategy to determine the mecha-
nism of inhibition because their screen was
built around a well-characterized cellular
pathway. Despite the elegance of this partic-
ular example, target identification remains
the Achilles’ heel of chemical phenotype
screening. Recently, whole-genome reagents,

such as the systematic gene deletion mutants
of budding yeast and systematic RNA inter-
ference knockdown libraries, have spurred
the development of genomic techniques for
identifying the targets of small-molecule in-
hibitors (9). The advent of techniques for
rapid identification of small-molecule targets
should encourage a renaissance in forward
chemical genetic screening. 

The Verma et al. study also raises two
important general points. Because the func-
tion of the UPS is essential to the cell, it
would seem an unlikely therapeutic target.
However, this pathway is under scrutiny by
those developing chemotherapeutics be-
cause general UPS inhibitors appear to se-
lectively kill transformed tumor cells, such
as the blood cells involved in multiple
myeloma and acute myelogenous leukemia
(10). For example, Bortezomib, a protea-
some inhibitor that blocks the protease ac-
tive site, was recently approved for treating
multiple myeloma patients. In addition, pro-
teasome inhibitors appear to function as se-
lective chemosensitizers or radiosensitizers
in a variety of tumor cells (10). The mecha-
nism of the enhanced sensitivity of tumor
cells to proteasome inhibition is the subject
of speculation. Inhibition of the proteasome
may subtly alter cell cycle, checkpoint, or

apoptotic networks that rely on UPS-mediat-
ed steps. The susceptibility of cancer cells to
proteasome inhibition suggests that an at-
tack aimed at several networks simultane-
ously may be a viable strategy to combat
multigenic diseases (11). Finally, the ubis-
tatins reinforce the notion that it is indeed
possible to disrupt protein-protein interac-
tions with small molecules (12). Several oth-
er steps in the UPS may also be susceptible
to modulation by small molecules (see the
figure). In all, this research reveals new op-
portunities for developing therapeutics that
have targets beyond enzyme active sites, and
gets at the very heart of biological specifici-
ty, the regulation of protein interactions (13).
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T
he global warming observed over the
past century has been attributed to both
natural and human forcings (1). One of

the natural forcings may be variations in solar
activity, which appear to be correlated with
climate change (2). Climate models have used
reconstructions of solar irradiance to repro-
duce important aspects of past global warm-
ing (3). However, recent studies of Sun-like
stars call for a reevaluation of the influence of
solar activity variations on climate.

Analyses of space-borne solar radiome-
try since 1978 [for example, (4)] confirm
that the Sun brightens during periods of
high activity, when bright magnetic struc-
tures more than compensate for the dim-
ming caused by sunspots. However, over an
11-year sunspot cycle, the irradiance varies

by only about 0.08% probably too little
for a meaningful influence on climate. The
question, then, is whether the sunspot cycle
is superimposed on irradiance variations of
similar or greater magnitude that take place
over periods longer than 11 years.

The apparent identification of a solar
component in past climate variations in recent
model studies (see the figure) rests on the as-
sumption that such variations over longer pe-
riods exist. The solar forcing used in these
models includes both the sunspot cycle and a
more speculative long-term component. The
amplitude of this second component is rough-
ly five times that of the magnetic modulation
during sunspot cycles. It is based on evidence
for luminosity variations in Sun-like stars (5)
and on a hypothesized long-term relationship
between the Sun’s magnetic field and its lu-
minosity (6). However, the scientific basis for
this component is much less robust than for
the sunspot-cycle component.

Stellar observations (5) have suggested
that Sun-like stars have low-activity phases
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during which the magnetic
activity is even lower than
during minima in the sunspot
cycle. Extrapolation of the
Sun’s radiometrically ob-
served irradiance to this low-
activity level suggests that so-
lar irradiance in the 17th cen-
tury may have been 0.25%
lower than today (7, 8).
Reconstructions of irradiance
variations based directly (7)
or indirectly (8) on the stellar
evidence have been used in
numerous climate studies,
some of which form the basis
of the Intergovernmental
Panel on Climate Change’s
conclusions on the relative
roles of different external cli-
mate forcings (1).

Additional evidence for
large multidecadal solar lu-
minosity variations came
from photometric studies of
Sun-like stars, some of
which exhibited cyclic vari-
ations 3 to 5 times those ob-
served radiometrically in the
Sun (9). This finding sug-
gested that similarly large luminosity vari-
ations may have occurred on the Sun in the
recent past. However, concerns were soon
raised as to whether the stars studied in (9)
and in (5) were truly Sun-like that is,
with very similar mass, age, and chemical
composition to the Sun because the high-
dispersion data required for such identifi-
cation are relatively difficult to obtain. 

Of the stars considered to date, only 18
Scorpii (HR6060) seems to be a sufficient-
ly close solar analog for comparison with
the Sun’s present irradiance behavior (10).
Furthermore, if the model of Lean et al. (7)
correctly describes the Sun’s past activity, it
requires disappearance of the prominent
photospheric magnetic network as recently
as the 1920s (11). This magnetic network
was discovered in the early 1890s, and its
area has exhibited no significant changes
since at least 1915. The model is therefore
unlikely to be correct.

Recent results raise further concerns
about the scientific basis of the irradiance re-
constructions used in recent climate models.
First, the bimodal distribution of stellar mag-
netic activity cited in (5) as evidence for low-
activity phases in Sun-like stars is not found
when more homogeneous samples of stars
are studied in more detail (12, 13). Second,
wide-band photometry of 18 solar analogs
(14) shows no evidence of luminosity varia-
tions greater than 0.05%. The data so far do
not support the earlier conclusion that the
Sun’s irradiance variability of 0.08% is lower

than that of similar stars. Searches for large-
amplitude multidecadal variations in solar
output have also been unsuccessful (15).

A further claim that the 11-year sunspot
cycle might be superimposed on substan-
tial long-term variations comes from varia-
tions in the interplanetary magnetic field
(IMF) identified in the “aa” index, a daily
and half-daily index of geomagnetic activi-
ty that dates back to 1868 (6, 16). The IMF
is a measure of changes in the “open” mag-
netic flux of the Sun. These changes have,
in turn, a statistical relationship with solar
irradiance variations. The aa index in-
creased gradually between 1900 and about
1955, possibly indicating a decadal-time-
scale increase in irradiance. However, both
the data calibration and the connection to
irradiance variations (17) have been ques-
tioned. Furthermore, the statistical rela-
tionship between the IMF and irradiance is
significant only on the monthly time scale,
not on the interannual time scale. Any rela-
tionship on longer time scales must there-
fore remain speculative. 

The reason for the apparent constancy of
the Sun’s luminosity, despite its vigorous
convection, is probably the enormous ther-
mal inertia of atmospheric layers below the
shallow photosphere. Without this inertia,
the large irradiance fluctuations caused by
spots and faculae would be rapidly canceled
by compensating temperature variations
outside these localized structures (15).

Lean et al. recently accepted (17) that

the long-term irradiance variations used in
climate models in the past decade may be a
factor of ~5 larger than can be justified.
The full impact of this changed outlook on
attempts to explain past climate variations
and estimates of climate sensitivity to ex-
ternal forcing remains to be seen. 

Some recent climate models incorpo-
rate the possible effects of solar ultraviolet
(UV) flux variations on climate via their
effect on stratospheric ozone, which might
influence the propagation of planetary
waves and hence the latitudinal heat distri-
bution in the troposphere. However, the
correlation between 20th-century global
temperature changes and a reconstruction
of UV flux is relatively low (18). It is
therefore unclear whether UV effects can
add significantly to the strength of the di-
rect solar irradiance changes usually con-
sidered in climate modeling. Other studies
suggesting that solar plasma and field out-
puts (including cosmic ray influences)
might affect climate remain speculative. 

The absence of convincing evidence
does not rule out long-term luminosity
variations of the Sun. It does, however, em-
phasize the need for more reproducible so-
lar radiometry, more accurate photometry,
and studies of larger samples of Sun-like
stars. New technologies including cryo-
genic radiometers, thermal imagers, and
automated photometric telescopes are
now available to provide these advances. It
should then be possible to move beyond
modeling based on speculative irradiance
changes toward a more physically based
understanding of Sun-climate relations.
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Apparent magnitude of solar forcings. (Top) Top of atmosphere so
lar forcing (red) from (7), showing the sunspot cycle component sepa
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el using best estimate parameters (19). Forcings and responses are ze
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From: Michael E. Mann
To: Etta Kavanagh
Cc: Scott Rutherford
Subject: Re: Your Letter submission to SCIENCE
Date: Friday, October 15, 2004 5:53:27 AM
Attachments: VonStorchReply04-submitted.doc

Dear Etta,

Attached is our revised contribution, submitted now as a "technical comment" for Science.
It is slightly more than 750 words in the main text (785 words), but hopefully within the
range of 'flexibility' you mentioned below.

We hope that this comment, and any response by the authors to it, will help to clarify the
scientific issues involved for the Science readership.

We look forward to any updates in status,

Best regards,

Mike Mann

At 12:19 PM 10/14/2004, Etta Kavanagh wrote:
Dear Dr. Mann,

Technical Comments are generally around 750 words in length, but the
length limits are rather flexible as they appear online, so in its
current form, your submission would be fine. Also, a figure could be
included.

Best regards,

Etta Kavanagh
Associate Letters Editor
SCIENCE
ekavanag@aaas.org

Department e-mail: science_letters@aaas.org

>>> Michael E. Mann <mann@virginia.edu>10/14/04 11:18AM >>>
Dear Etta,

Thanks for getting back to me on this. I thought it might be a tad
longfor  a letter, but wasn't sure.

Could you let me know know what are length constraints on atechnical
commentwoujld be ? Would there be an opportunity toinclude a figure
ifI
chose that option?

Thanks for your help,

Mike Mann

At 11:09 AM 10/14/2004, Etta Kavanagh wrote:
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Dear Dr. Mann,

Thank you for your submission. In its current form, it is toolongfor
a Letter to the Editor. If you would like to submit a version of 500
words or less, we can consider it as a letter. If you would preferto
keep the submission at its current length, it can be considered as a
Technical Comments. Technical Comments appear online only, with an
abstract appearing in the print version (at the end of the Letters
section). Please let me know which option you would like topursue.

Best regards,

Etta Kavanagh
Associate Letters Editor
SCIENCE
ekavanag@aaas.org 

Department e-mail: science_letters@aaas.org 
______________________________________________________________
                  Professor Michael E. Mann
           DepartmentofEnvironmental Sciences, Clark Hall
                    University of Virginia
                   Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:   
       http://www.evsc.virginia.edu/faculty/people/mann.shtml
______________________________________________________________
                   Professor Michael E. Mann
           Departmentof Environmental Sciences, Clark Hall
                     University of Virginia
                    Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:   FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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A recent article by Von Storch et al (1) uses synthetic climate "proxy" records derived from a simulation of the 'GKSS' 
climate model and additive noise to test empirical proxy-based climate reconstruction methods. We previously 
performed similar experiments (2,3), as have the same (GKSS) group using a different simulation (4). All of these 
analyses are in agreement in demonstrating that pattern-based reconstruction approaches yield at most a moderate 
underestimation bias in reconstructing low-frequency variability if changes in external radiative forcing outside of the 
calibration interval are not large compared to those within the calibration interval. When using a 20th century 
calibration interval, this assumption holds for nearly all estimates of the forced variability of the climate over the past 
1000 years, since modern anthropogenic Greenhouse gas forcing (more than 2W/m2) is far larger than most estimates 
(5) of natural pre-anthropogenic radiative forcing (approximately 0.5W/m2 peak amplitude on century timescales). Von 
Storch et al (1), however, employ in their GKSS simulation an unusually large estimate of pre-20th century natural 
radiative forcing, including a net solar radiative forcing change (>1W/m2) that exceeds previously employed estimates 
by a factor of two (see e.g. Fig 7 in ref. 5), and more recent, downward revised estimates (6), by more than a factor of 
five. 
 
Consequently, by contrast with other simulations for which 20th century warming is greater than the century-scale 
variations over prior centuries, the opposite is true in the GKSS simulation (see Figure). In contrast with these other 
studies, the pre-20th century radiative forcing changes used in (1) are considerably greater than those during their 20th 
century calibration period. As demonstrated previously by us (2), statistical reconstructions will under-predict the true 
long-term trends in such a radiative forcing scenario. But this scenario is unique to (1), and not common to other 
studies (5). In their commentary, Osborn and Briffa (7) note that the unusually large amplitude of low-frequency 
variability in the GKSS simulation may impose a significant overestimate of the calibration bias.  
 
The GKSS model used, though it may produce "El Nino-like" variability, does not faithfully reproduce the real world 
El Nino/Southern Oscillation (ENSO) phenomenon, an important global-scale mode of climate variability.  Recent 
empirical evidence (8) as well as experiments using a low order model of the tropical Pacific climate that properly 
resolves the essential 'Bjerknes Feedbacks'  (9) suggests that ENSO responses  not resolved in the GSKK simulation 
may have led to offsetting changes in tropical Pacific surface temperatures in past centuries, including tropical 
'warming' during the Maunder Minimum period and tropical cooling during the Medieval period . Such a response 
would further tend to diminish the amplitude of long-term hemispheric temperatures changes. 
 
A proper application of the pattern-based proxy reconstruction approach (10) used by the authors, would in  fact  have 
accounted for potential loss of low-frequency variance due to calibration bias.  The correct procedure (10) employs an 
analysis  of the spectrum of the calibration "residuals" (difference between the actual and reconstructed climate). Prior 
to AD 1600, where the residuals in (10) showed evidence for enhanced regression uncertainty at  multidecadal/century 
timescales, the uncertainties were expanded using an appropriate variance inflation factor, yielding a 95% uncertainty 
range (~1oC) that nearly overlaps the calibration bias estimated by (1).  The conclusion that late 20th century warmth is 
anomalous in a long-term context (4,10,11) fully takes into account these expanded uncertainties at low-frequencies.  
Separate calibration of the low-frequency (multidecadal/century-scale) variability, an alternative approach to reducing 
the calibration bias discussed by (1), yields little influence on the resulting proxy-based climate reconstructions over 
the past few centuries (12). The latter finding casts doubt on any significant bias in actual proxy-based climate 
reconstructions, at least over this timeframe. 
 
Finally, while the authors focus on pattern-based approaches (2-4,10,12),  the bias identified applies equally, or more, 
to other quite similar hemispheric temperature reconstructions that have been produced based on simple scaling or 
regression against the 20th century instrumental record (see e.g. Fig 5, ref. 5). Yet the authors favor one particular such 
temperature reconstruction (13) because it exhibits greater variability than others (6) [though it in fact confirms the 
anomalous nature of late 20th century warmth (14)].  The enhanced variability in (13)  appears, however, to arise from 
a more restricted, warm-season, continental, extratropical emphasis (12, 15, 16), rather than any of the issues raised by 
(1). 
 
We conclude that the authors' conclusions may have little applicability to actual proxy-based climate reconstructions. 
Their analysis thus does not call into question previous conclusions regarding the anomalous nature of late 20th century 
warmth. Nonetheless, continued exercises based on the use of climate models exhibiting reliable global-scale climate 
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teleconnections, and employing realistic past radiative forcing scenarios, should provide improved insights into the 
relative strengths and limitations of alternative statistical climate reconstruction methods. 
 
Michael E. Mann, Department of Environmental Sciences, University of Virginia 
Scott Rutherford, Department of Environmental Science, Roger Williams University 
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Figure Caption:  Model-based estimates of northern hemisphere temperature variations over the past two millennia (reprinted 
from ref. 5, (c) American Geophysical Union).  Shown are 40 year smoothed series. The simulations are based on varying radiative 
forcing histories employing a hierarchy of models including one-dimensional energy based models (Crowley-ref 17), two-
dimensional reduced complexity models (Bauer et al-ref. 18; Bertrand et al-ref 19; Gerber et al.-ref 20), and full three-dimensional 
atmosphere-ocean general circulation ('GKSS'-ref 1; 'CSM'--Ammann et al., submitted). Shown for comparison is the instrumental 
northern hemisphere record 1856-2003, and the proxy-based estimate of Mann and Jones (ref 21) extended through 1995 (see ref 5) 
with its 95% confidence interval. Models have been aligned vertically to have the same mean over the common 1856-1980 period as 
the instrumental series (which is assigned zero mean during the 1961-1990 reference period).  
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From: Michael E. Mann
To: Etta Kavanagh
Cc: Scott Rutherford
Subject: Re: Your Letter submission to SCIENCE
Date: Friday, October 15, 2004 5:53:27 AM
Attachments: VonStorchReply04-submitted.doc

Dear Etta,

Attached is our revised contribution, submitted now as a "technical comment" for Science.
It is slightly more than 750 words in the main text (785 words), but hopefully within the
range of 'flexibility' you mentioned below.

We hope that this comment, and any response by the authors to it, will help to clarify the
scientific issues involved for the Science readership.

We look forward to any updates in status,

Best regards,

Mike Mann

At 12:19 PM 10/14/2004, Etta Kavanagh wrote:
Dear Dr. Mann,

Technical Comments are generally around 750 words in length, but the
length limits are rather flexible as they appear online, so in its
current form, your submission would be fine. Also, a figure could be
included.

Best regards,

Etta Kavanagh
Associate Letters Editor
SCIENCE
ekavanag@aaas.org

Department e-mail: science_letters@aaas.org

>>> Michael E. Mann <mann@virginia.edu>10/14/04 11:18AM >>>
Dear Etta,

Thanks for getting back to me on this. I thought it might be a tad
longfor  a letter, but wasn't sure.

Could you let me know know what are length constraints on atechnical
commentwoujld be ? Would there be an opportunity toinclude a figure
ifI
chose that option?

Thanks for your help,

Mike Mann

At 11:09 AM 10/14/2004, Etta Kavanagh wrote:
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Dear Dr. Mann,

Thank you for your submission. In its current form, it is toolongfor
a Letter to the Editor. If you would like to submit a version of 500
words or less, we can consider it as a letter. If you would preferto
keep the submission at its current length, it can be considered as a
Technical Comments. Technical Comments appear online only, with an
abstract appearing in the print version (at the end of the Letters
section). Please let me know which option you would like topursue.

Best regards,

Etta Kavanagh
Associate Letters Editor
SCIENCE
ekavanag@aaas.org 

Department e-mail: science_letters@aaas.org 
______________________________________________________________
                  Professor Michael E. Mann
           DepartmentofEnvironmental Sciences, Clark Hall
                    University of Virginia
                   Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:   
       http://www.evsc.virginia.edu/faculty/people/mann.shtml
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                   Professor Michael E. Mann
           Departmentof Environmental Sciences, Clark Hall
                     University of Virginia
                    Charlottesville, VA 22903
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e-mail: mann@virginia.edu   Phone:   FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml
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                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
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e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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A recent article by Von Storch et al (1) uses synthetic climate "proxy" records derived from a simulation of the 'GKSS' 
climate model and additive noise to test empirical proxy-based climate reconstruction methods. We previously 
performed similar experiments (2,3), as have the same (GKSS) group using a different simulation (4). All of these 
analyses are in agreement in demonstrating that pattern-based reconstruction approaches yield at most a moderate 
underestimation bias in reconstructing low-frequency variability if changes in external radiative forcing outside of the 
calibration interval are not large compared to those within the calibration interval. When using a 20th century 
calibration interval, this assumption holds for nearly all estimates of the forced variability of the climate over the past 
1000 years, since modern anthropogenic Greenhouse gas forcing (more than 2W/m2) is far larger than most estimates 
(5) of natural pre-anthropogenic radiative forcing (approximately 0.5W/m2 peak amplitude on century timescales). Von 
Storch et al (1), however, employ in their GKSS simulation an unusually large estimate of pre-20th century natural 
radiative forcing, including a net solar radiative forcing change (>1W/m2) that exceeds previously employed estimates 
by a factor of two (see e.g. Fig 7 in ref. 5), and more recent, downward revised estimates (6), by more than a factor of 
five. 
 
Consequently, by contrast with other simulations for which 20th century warming is greater than the century-scale 
variations over prior centuries, the opposite is true in the GKSS simulation (see Figure). In contrast with these other 
studies, the pre-20th century radiative forcing changes used in (1) are considerably greater than those during their 20th 
century calibration period. As demonstrated previously by us (2), statistical reconstructions will under-predict the true 
long-term trends in such a radiative forcing scenario. But this scenario is unique to (1), and not common to other 
studies (5). In their commentary, Osborn and Briffa (7) note that the unusually large amplitude of low-frequency 
variability in the GKSS simulation may impose a significant overestimate of the calibration bias.  
 
The GKSS model used, though it may produce "El Nino-like" variability, does not faithfully reproduce the real world 
El Nino/Southern Oscillation (ENSO) phenomenon, an important global-scale mode of climate variability.  Recent 
empirical evidence (8) as well as experiments using a low order model of the tropical Pacific climate that properly 
resolves the essential 'Bjerknes Feedbacks'  (9) suggests that ENSO responses  not resolved in the GSKK simulation 
may have led to offsetting changes in tropical Pacific surface temperatures in past centuries, including tropical 
'warming' during the Maunder Minimum period and tropical cooling during the Medieval period . Such a response 
would further tend to diminish the amplitude of long-term hemispheric temperatures changes. 
 
A proper application of the pattern-based proxy reconstruction approach (10) used by the authors, would in  fact  have 
accounted for potential loss of low-frequency variance due to calibration bias.  The correct procedure (10) employs an 
analysis  of the spectrum of the calibration "residuals" (difference between the actual and reconstructed climate). Prior 
to AD 1600, where the residuals in (10) showed evidence for enhanced regression uncertainty at  multidecadal/century 
timescales, the uncertainties were expanded using an appropriate variance inflation factor, yielding a 95% uncertainty 
range (~1oC) that nearly overlaps the calibration bias estimated by (1).  The conclusion that late 20th century warmth is 
anomalous in a long-term context (4,10,11) fully takes into account these expanded uncertainties at low-frequencies.  
Separate calibration of the low-frequency (multidecadal/century-scale) variability, an alternative approach to reducing 
the calibration bias discussed by (1), yields little influence on the resulting proxy-based climate reconstructions over 
the past few centuries (12). The latter finding casts doubt on any significant bias in actual proxy-based climate 
reconstructions, at least over this timeframe. 
 
Finally, while the authors focus on pattern-based approaches (2-4,10,12),  the bias identified applies equally, or more, 
to other quite similar hemispheric temperature reconstructions that have been produced based on simple scaling or 
regression against the 20th century instrumental record (see e.g. Fig 5, ref. 5). Yet the authors favor one particular such 
temperature reconstruction (13) because it exhibits greater variability than others (6) [though it in fact confirms the 
anomalous nature of late 20th century warmth (14)].  The enhanced variability in (13)  appears, however, to arise from 
a more restricted, warm-season, continental, extratropical emphasis (12, 15, 16), rather than any of the issues raised by 
(1). 
 
We conclude that the authors' conclusions may have little applicability to actual proxy-based climate reconstructions. 
Their analysis thus does not call into question previous conclusions regarding the anomalous nature of late 20th century 
warmth. Nonetheless, continued exercises based on the use of climate models exhibiting reliable global-scale climate 
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teleconnections, and employing realistic past radiative forcing scenarios, should provide improved insights into the 
relative strengths and limitations of alternative statistical climate reconstruction methods. 
 
Michael E. Mann, Department of Environmental Sciences, University of Virginia 
Scott Rutherford, Department of Environmental Science, Roger Williams University 
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Figure Caption:  Model-based estimates of northern hemisphere temperature variations over the past two millennia (reprinted 
from ref. 5, (c) American Geophysical Union).  Shown are 40 year smoothed series. The simulations are based on varying radiative 
forcing histories employing a hierarchy of models including one-dimensional energy based models (Crowley-ref 17), two-
dimensional reduced complexity models (Bauer et al-ref. 18; Bertrand et al-ref 19; Gerber et al.-ref 20), and full three-dimensional 
atmosphere-ocean general circulation ('GKSS'-ref 1; 'CSM'--Ammann et al., submitted). Shown for comparison is the instrumental 
northern hemisphere record 1856-2003, and the proxy-based estimate of Mann and Jones (ref 21) extended through 1995 (see ref 5) 
with its 95% confidence interval. Models have been aligned vertically to have the same mean over the common 1856-1980 period as 
the instrumental series (which is assigned zero mean during the 1961-1990 reference period).  
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From: Michael E. Mann
To: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Subject: Fwd: Nature ms 2004-01-14277: posting of refs" reports
Date: Monday, November 15, 2004 7:26:40 AM

From: "Cotter, Rosalind" <R.Cotter@nature.com>
To: "'stephen.mcintyre@utoronto.ca'" <stephen.mcintyre@utoronto.ca>
Cc: "'mann@multiproxy.evsc.virginia.edu'" <mann@multiproxy.evsc.virginia.edu>
Subject: Nature ms 2004-01-14277: posting of refs' reports
Date: Mon, 15 Nov 2004 14:25:00 -0000
X-Mailer: Internet Mail Service (5.5.2653.19)

Dear Dr McIntyre

Further to your message of 31 October, the three reviewers of your Brief
Communication Arising exchange with Mann et al. have agreed to allow their
reports to be posted on your website. Here are their permissions, as
requested:

Reviewer #1 of 14277: NA, this was the reply from the criticised Nature
authors

Reviewer #1 of 14277A (revised ms)  

I do not necessarily find it useful that (parts of) my and other 
referees' comments appeared on the web and were open for discussion. 
However, I also do not take this issue too seriously, and wouldn't 
mind if the review is shown again on McIntyre's website.

Reviewer #2 

I have no objection to my anonymous comments appearing on a
website, provided that *both* sets of authors are content with
this.

Reviewer #3 

Although I am not very happy that excerpts of the evaluation
have appeared on the internet without previous warning, 
in this specific case I would grant the permission to post them,
to contribute to a wider discussion on the topic of the climate 
of the last millennium.

Yours sincerely
Rosalind Cotter
Editor, Brief Communications

********************************************************************************

DISCLAIMER: This e-mail is confidential and should not be used by anyone who is not the
original intended recipient. If you have received this e-mail in error please inform the
sender and delete it from your mailbox or any other storage mechanism. Neither
Macmillan Publishers Limited nor any of its agents accept liability for any statements made
which are clearly the sender's own and not expressly made on behalf of Macmillan
Publishers Limited or one of its agents. Please note that neither Macmillan Publishers
Limited nor any of its agents accept any responsibility for viruses that may be contained in
this e-mail or its attachments and it is your responsibility to scan the e-mail and
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attachments (if any). No contracts may be concluded on behalf of Macmillan Publishers
Limited or its agents by means of e-mail communication. Macmillan Publishers Limited
Registered in England and Wales with registered number 785998 Registered Office Brunel
Road, Houndmills, Basingstoke RG21 6XS
********************************************************************************

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Marcel Crok; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Cc: mann@virginia.edu
Subject: Re: questions regarding MBH98
Date: Tuesday, January 04, 2005 9:39:58 AM
Attachments: Supplementary3.pdf

Dear Mr. Crok,

Below are some responses to your questions. Unfortunately, I  will be unable to reply
in any more detail for more than another week due to surgery I am having (and
post-surgery recovery), so you should direct further inquiries to my colleagues
Bradley and Hughes, as well as the other scientists I mention below.

I hope you are not fooled by any of the "myths" about the hockey stick that are
perpetuated by contrarians, right-wing think tanks, and fossil fuel industry
disinformation. These myths are each dispelled here. 

http://www.realclimate.org/index.php?p=11

Of particular relevant here is "myth #1" (that the "hockey stick" depends only on
Mann et al--more than a dozen other estimates from proxy data and model
simulations get essentially the same result (i.e., the results agree within the
estimated uncertainties). See:

http://www.realclimate.org/index.php?p=7#figures

I must begin by emphasizing that  McIntyre and McKitrick are not taken seriously in
the scientific community. Neither are scientists, and one (McKitrick) is prone to
publishing entirely invalid results apparently without apology (see below). "New
Scientist" considered running an article (by David Paterson) on the MM claims. The
editor decided not to run an article, concluding that their claims were suspicious and
spurious after interviews with numerous experts and after it was revealed that they
had suspiciously close ties with the fossil fuel/energy industry. See e.g.:
http://www.environmentaldefense.org/article.cfm?
contentid=3804&CFID=21084385&CFTOKEN=29888831
You can see what USA Today science report Dan Vergano had to say about MM here:
http://www.usatoday.com/weather/climate/2003-11-18-warming-debate_x.htm

I therefore hope that you will treat their claims with appropriate suspicion, and I that
hope you will solicit comments from paleoclimate experts such as Phil Jones, Keith
Briffa, Jonathan Overpeck, and Tom Crowley, and not rely upon comments from
individuals who have little expertise in this area.

You should also discuss with Caspar Ammann and Gene Wahl of NCAR
(ammann@ucar.edu, wahle@alfred.edu). They have independently discredited (paper
in press, I believe) McIntyre and McKitrick. They independently reproduce the results
of MBH98, and reproduce the skill in these results. They also show that the results of
McIntyre and McKitrick can only be reproduced through a censoring of the dataset.

In summary. please keep in mind that McIntyre and MckItrick (1) never published
their results in a peer-reviewed scientific journal ("Energy and Environment" is not
considered a scientific journal, but a "social science" journal), (2) The claims, which
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you repeat below, were REJECTED by Nature because the reviewers and editors did
not believe they had made their case, and (3) There are now 2 peer-reviewed
articles discrediting MM, one that is in press:

Rutherford, S., Mann, M.E., Osborn, T.J., Bradley, R.S., Briffa, K.R., Hughes, M.K.,
Jones, P.D., Proxy-based Northern Hemisphere Surface Temperature Reconstructions:
Sensitivity to Methodology, Predictor Network, Target Season and Target Domain,
Journal of Climate, in press (2005).

and another by Ammann and Wahl (whom you should contact for more information,
as mentioned above).

Replies to your specific inquiries provided below:

Best regards,

Mike Mann

At 10:22 AM 1/4/2005, Marcel Crok wrote:

Dear dr Mann, dr Bradley and dr Hughes, 

I am working on a long (10 page) cover story on the Hockey Stick for Natuurwetenschap &
Techniek, a Dutch monthly science magazine which is comparable with Scientific American.

I have made a detailed analysis of MBH98 and also of the work of McIntyre & McKitrick
(MM) and Von Storch & Zorita. I also studied your latest comment on MM04 on the weblog
www.realclimate.org (dd 4 December)

You should be aware that a comment is in press in "Science" casting significant doubt
on the claims of Von Storch and Zorita, and another paper, in review, suggests that
their conclusions are incorrect, . A 3rd paper, by the Danish Meteorological Institute
(DMI) group using the same model as von Storch, cannot reproduce the von Stroch
results (they find much less variability than von Storch), suggesting that their were
some serious problems with the von Storch simulation as well as with their analysis of
the simulation results. I would suggest that you get in touch with these individuals
(e.g. Keith Briffa: k.briffa@uea.ac.uk or Martin Stendel: mas@dmi.dk) for a more
balanced view of the Von Storch claims. 

In my opinion there are some issues still open on which I would like to hear your
comment. This could be done by email, but I would prefer to call one of you and discuss
the topic by phone. 

Here are the issues: 
1) How do you explain the existence of the directory BACKTO_1400-CENSORED on Mann's
ftp-server? MM show that it contains the results of the calculation of the NOAMER PC's
without using the bristlecone pine series, giving a higher NH temperature in the 15th
century. 

It is sad that McIntyre and McKitrick have been reduced to scouring our website for
things like this, to take out of context, and make false and misleading assertions. We
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performed a set of sensitivity tests to determine if a skillful reconstruction was
available without correcting certain high-elevation tree-ring chronologies for
sensitivity to possible non-climatic (e.g. co2-fertilization) effects. These calculations
were performed as part of these analyses, after MBH98. This is all discussed quite
clearly in our follow-up paper to MBH98 published in the journal GRL in 1999:

Mann, M.E., Bradley, R.S. and Hughes, M.K., Northern Hemisphere Temperatures
During the Past Millennium: Inferences, Uncertainties, and Limitations, Geophysical
Research Letters, 26, 759-762, 1999. 

This claim by MM is just another in  a series of disingenuous (off the record: plainly
dishonest) allegations by them about our work.

2) Their is a severe debate between you and MM about the skill of the calculation. You
claim a high RE-statistic. MM show that their simulated hockey sticks also give a high RE-
statistic but a very low R^2 statistic.

We showed in our reply to the REJECT MM comment to Nature, that they incorrectly
calculated all of their verification statistics, because they didn't account for the
changing spatial sampling of the Northern Hemisphere temperature record back in
time. See the attached supplementary information ("supplementary3.pdf"--read page
2) that was provided to the reviewers of the rejected comment by McIntyre and
McKitrick.  Keep in mind that the reviewers of their Nature comment, who had the
expertise and full available material to judge whether or not MM's claims were
plausible, decided that they were not.

Our reconstruction passes both RE and R^2 verification statistics if calculated
correctly. Wahl and Ammann (in press) reproduce our RE results (which are twice as
high as those estimated by MM), and cannot reproduce MM's results. There is little, if
anything correct, in what MM have published or claimed. Again, none of their claims
have passed a legitimate scientific peer review process!

See also Rutherford et al (in press--see above) for an extensive discussion of cross-
validation, and the relative merits of different metrics (RE vs CE vs r2). It is well
known to any scientists in meteorology or climatology that RE is the preferred metric
for skill validation because it accounts for changes in mean and variance prior to the
calibration interval (which R^2 does not!). The preferred use of RE dates back to the
famous paper by Lorenz in evaluated skill in meteorological forecasts.

It must be stated that McKitrick has been shown to be prone to making major errors
in his published work. You should refer to the discussions here:
http://www.realclimate.org/index.php?p=41

and here:
http://cgi.cse.unsw.edu.au/~lambert/cgi-bin/blog/2004/08#mckitrick6

particularly interesting, in the context of this discussion, is his failure in an
independent context (the Michaels and McKitrick paper discussed in the first link) to
understand the issue of cross-validation! That is, in both the McIntyre and McKitrick
'03 paper, and the Michaels and McKitrick '05 paper, the authors failed to even
understand the importance of performing cross-validation! Such papers could never
be published in a respected scientific journal.
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In MBH98 you didn't calculate the R^2 statistic, but in Mann and Jones (2003) you did. I
asked Eduardo Zorita questions about this and he said he would calculate both. Why didn't
you calculate the R^2 in MBH98?

Repeating what I said above, see Rutherford et al (in press--see above) for an
extensive discussion of cross-validation, and the relative merits of different metrics
(RE vs CE vs R^2). It is well known to any scientists in meteorology or climatology
that RE is the preferred metric for skill validation because it accounts for changes in
mean and variance prior to the calibration interval (which R^2 does not!). The
preferred use of RE dates back to the famous paper by Lorenz in evaluated skill in
meteorological forecasts.

3) On the weblog www.realclimate.org you state that MM should use 5 PC's in the
NOAMER-network if they use conventional PCA. Especially the PC4 is important while it
accounts for the bristlecone pine series. This means that the overall result in MBH98
depends on a single PC4. This is in contrary with the claimed robustness of the MBH98
method. Do you agree now that the robustness of MBH98 is lower than originally claimed?

Not at all. I think you've misunderstood  what is shown on the RealClimate site. We
show that we get essentially the same result, even if you don't use PCA on the
network at all, but use all 95 records available separately. This is, in our view, the
simplest possible demonstration one could imagine that MM's claims are false. The
MBH98 reconstruction doesn't depend on whether PCA is used or not, let alone the
centering convention (which, as noted below, simply changes the order of the leading
patterns). The earliest part of the reconstruction does depend on certain key
chronologists. This was discussed in some detail in our followup paper (the GRL
article referred to earlier) more than 5 years ago, where we are quite clear about the
sensitivity of the earliest reconstructed values (15th century and earlier) to certain
important North American data. So if one eliminate important data from the dataset,
as McIntyre and McKitrick have done in every case, one will get a different
reconstruction. But such a reconstruction, as it will fail cross-validation, would never
be taken seriously by any legitimate scientist!

I must also refer you to this page here:
http://www.realclimate.org/index.php?p=7
(see also http://www.realclimate.org/index.php?p=11), where it is made quite clear
that numerous reconstructions using entirely different data, and different methods
(or models) come to nearly the same conclusions (i.e., the reconstructions are
consistent within the estimated uncertainties). It is the fact that numerous groups
come up with the same result that suggests that the "hockey stick" is indeed robust.

I am looking forward to discuss these issues with one of you. If for time or other reasons
you're not able to respond to this email before friday, January 7, could you please give me
a short reply.

Yours sincerely, 
Marcel Crok 
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Marcel Crok, editor 
Natuurwetenschap & Techniek 

Adres: 
PO Box 256 
1110 AG Diemen 
The Netherlands 

tel ++31 20 5310 951 
gsm ++31 6 16 236 275 
email mcrok@natutech.nl 
http://www.natutech.nl 

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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Supplementary Information # 3

Calibration and Verification

Here is a comparison of calibration/verification statistics for different experiments. Calibration is 1902-1980 unless

otherwise indicated.

Table 1.

Experiment Calibration RE Verification (1854-1901) RE

1 . MBH98. network used to reconstruct back to AD 1400

2. MBH98. network used to reconstruct back to AD 1820

3. MBH98 redo. 95 indiv prox back to AD 1403 (1902-1971 calib)

4. MBH98 redo. 94 indiv prox back to AD 1400 (1902-1971 calib)

0.76 0.69

0.42 0.51

0.60 0.39

0.59 0.33

5. MM04 reproduction. RPC standardization enforced

6. MM04 reproduction, RPC standardization not enforced

0.21 -0.16

-0.76-0.52

Negative calibration RE in exp. (6) results from the lack of enforcement (MM04) of the protocol ofMBH98 in

which RPCs are scaled to have same variance as corresponding PC series dining calibration interval. If this protocol

is followed (exp 5), positive calibration RE is obtained, but verification RE is still negative. Pre AD 1 600

reconstruction is similar for both exp (5) and exp (6), and fails statistical verification in both cases. This is due both

to a clear mean offset from the actual 1854-1901 NH instrumental record, and a spurious increase in variance (the

latter more pronounced for exp. 6) (See Figure 1—note that the calculation of verification statistics must make use of

the mask of available 19th century observations, an important detail that MM04 failed to take into account—see

discussion below).
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Calculation of Verification Statistics for NH mean series 
 
MM04 have made a serious error in how they have calculated verification statistics (both RE and the flawed R2 
diagnostic they promote) for reconstructed NH mean temperature series.  They have not taken into account the 
changing nature of the distribution of observations that contribute to the Jones et al (1999)  'variable grid' 
instrumental NH series available at the CRU website, which they used for statistical verification back to 1856 (note 
that the version of the CRU dataset used by MBH98 is available back to 1854).  The MBH98 Northern Hemisphere 
reconstruction represents a 'frozen grid' spatial average over the region sampled by the instrumental record during 
the 1902-1980 calibration interval (1082 global gridpoints indicated by gray shading in Figure 2). In order to 
evaluate the fidelity of the reconstruction over the earlier interval (1854-1901) one must apply the mask of the 
(considerably sparser) available instrumental observations over that earlier interval (219 global gridpoints indicated 
by 'checkerboard' pattern in Figure 2). The reconstruction and instrumental record must be averaged over this 
sparser region to avoid a spatial bias in the comparison. Properly applying the mask of available observations during 
the verification interval before computing a NH mean from the MBH98 reconstruction, yields a very close 
relationship with the instrumental record over the verification interval (Figure 3), and the high RE statistics reported 
in Table 1. 
 
MM04 make an incorrect "apples and oranges" statistical comparison of an instrumental 19th century NH record 
based on spatially sparse observations against a reconstructed NH mean over that interval that is based on averaging 
the spatial reconstructions over the far more widespread region of the Northern Hemisphere available during the 
20th century.  This explains their vast underestimate of the  RE (and R2) statistics for the MBH98 reconstruction, and 
biases their other RE and  R2 statistics as well.  
 
 
 

FIGURE 2. Distribution of the (1082) 
nearly continuous available land air/sea 
surface temperature gridpoint data 
available from 1902 onward used for 
calibration by MBH98 (grey shaded) The 
squares indicate the subset of 219 
gridpoints with nearly continuous records 
extending back to 1854  used for 
verification. Northern Hemisphere (NH) 
temperature is estimated as areally-
weighted (ie, cosine latitude) averages 
over the Northern hemisphere domain. 
The rectangle in the eastern equatorial 
Pacific (the 'Nino3' region) can be 
ignored. 
 
FIGURE 3. Instrumental NH mean 
temperature (black) averaged over 
1082 gridpoints available from 1902-
1980 and 219 gridpoints available 
from 1854-1901.  MBH98 Northern 
Hemisphere mean reconstruction is 
shown restricted to the same 1082 
gridpoints 1902-1980 (blue) and the 
same 219 gridpoints 1854-1901(red). 
The calibration and verification scores 
are given in Table 1 (experiment 1). 
[from Mann, M.E., Gille, E., Bradley, 
R.S., Hughes, M.K., Overpeck, J.T., 
Keimig, F.T., Gross, W. , Global 
Temperature Patterns in Past 
Centuries: An interactive presentation, 
Earth Interactions, 4-4, 1-29,2000.]  
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From: Michael E. Mann
To: Marcel Crok
Cc: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Subject: Re: questions regarding MBH98
Date: Friday, January 07, 2005 8:05:45 AM

Dear Marcel,

You might want to see this new post on "RealClimate" as well: "On Yet Another False
Claim by McIntyre and McKitrick"

http://www.realclimate.org/index.php?p=98

best regards,

Mike Mann

At 10:22 AM 1/4/2005, you wrote:

Dear dr Mann, dr Bradley and dr Hughes, 

I am working on a long (10 page) cover story on the Hockey Stick for Natuurwetenschap &
Techniek, a Dutch monthly science magazine which is comparable with Scientific American.

I have made a detailed analysis of MBH98 and also of the work of McIntyre & McKitrick
(MM) and Von Storch & Zorita. I also studied your latest comment on MM04 on the weblog
www.realclimate.org (dd 4 December)

In my opinion there are some issues still open on which I would like to hear your
comment. This could be done by email, but I would prefer to call one of you and discuss
the topic by phone. 

Here are the issues: 
1) How do you explain the existence of the directory BACKTO_1400-CENSORED on Mann's
ftp-server? MM show that it contains the results of the calculation of the NOAMER PC's
without using the bristlecone pine series, giving a higher NH temperature in the 15th
century. 

2) Their is a severe debate between you and MM about the skill of the calculation. You
claim a high RE-statistic. MM show that their simulated hockey sticks also give a high RE-
statistic but a very low R^2 statistic. In MBH98 you didn't calculate the R^2 statistic, but in
Mann and Jones (2003) you did. I asked Eduardo Zorita questions about this and he said
he would calculate both. Why didn't you calculate the R^2 in MBH98?

3) On the weblog www.realclimate.org you state that MM should use 5 PC's in the
NOAMER-network if they use conventional PCA. Especially the PC4 is important while it
accounts for the bristlecone pine series. This means that the overall result in MBH98
depends on a single PC4. This is in contrary with the claimed robustness of the MBH98
method. Do you agree now that the robustness of MBH98 is lower than originally claimed?

I am looking forward to discuss these issues with one of you. If for time or other reasons
you're not able to respond to this email before friday, January 7, could you please give me
a short reply.

Yours sincerely, 
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Marcel Crok 

Marcel Crok, editor 
Natuurwetenschap & Techniek 

Adres: 
PO Box 256 
1110 AG Diemen 
The Netherlands 

tel ++31 20 5310 951 
gsm ++31 6 16 236 275 
email mcrok@natutech.nl 
http://www.natutech.nl 

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Stefan Rahmstorf; Raymond Bradley; Malcolm Hughes
Subject: Re: German newspaper "Welt"
Date: Tuesday, January 11, 2005 7:49:30 AM

HI Stefan,

I don't remember ever talking to this guy. I can't remember for sure if he tried to
contact me.  Its possible he left a phone message for me at some point while I was
travelling. I don't always return these, and I don't always remember the names. This
name doesn't sound familiar though.

If he had sent an email, I would have responded--I don't have any record of any
email from this individual,

If had attempted to contact us for comment and failed, isn't it his responsibility to
mention this (e.g. "Neither Mann nor his colleagues could be reached for comment". 
If there is no such statement, I would assume he did not make a legitimate attempt
to contact us...

Mike

At 06:42 AM 1/11/2005, Stefan Rahmstorf wrote:

Hi Mike, Raymond and Malcolm,

quick question - could you please check it for me?
Has the German journalist Axel Bojanowski ever contacted you about the
Mann et al. corrigendum?
He wrote a really bad article on it in early August in "Welt am Sonntag".
In a book I'm writing, I'm disecting this article as a classic example of bad
press coverage of climate science.
If he has not contacted you, I'll add a criticism that he didn't even speak
to you before publishing this, so I need reliable feedback from you.
At every opportunity here I'm trying to emphasise that it is bad practice
for a science journalist to cover the work of scientists without any attempt
at talking to them. In a world of e-mail and cheap international phone
calls, there is no excuse for that.

Hope you can help,
Stefan

-- 
Stefan Rahmstorf
www.ozean-klima.de
www.realclimate.org

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
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e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Scott Rutherford; rbradley@geo.umass.edu; Zhang, Zhihua; Malcolm Hughes; mann@virginia.edu
Subject: finalizing the proxy data set and proceeding!
Date: Friday, January 28, 2005 10:21:02 AM
Importance: High

Dear All,

The continued attacks by the contrarians against MBH98 make it ever so more
important to make quick progress on the revised reconstructions, fully documenting
the data, methodolgy (w/ source codes), etc.

So it's time for us to finalize the dataset. 

It appers to me that between the various series Scott has gotten ahold of and Ray
has now provided us (including corals, speleothems, and sediments), all that is left is
for us to resolve the issue w/ the ITRDB data to be used including any redundancy,
and flagging chrnologies potentially impacted by non-climatic 19th/20th century
trends (e.g. some of the western chronologies).

I understand that Malcolm is working w/ Scott and Zhang on this at present. Once
we have this resolved, we should be able to immediately complete our database w/
metadata, etc. and Scott and Zhang should be able to proceed w/ some preliminary
reconstructions.

Within a few weeks, we should have all of the above issues dealt with, the database
finalized, and we should be able to proceed with the revised reconstructions.

Meanwhile, Scott and I are working on finalizing an automated Monte Carlo
procedure to establish significance for all RE, CE, and r verification values.

Is this consistent w/ everyone else's understanding? 

Thanks,

Mike

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Phil Jones; rbradley@geo.umass.edu; tom crowley; tom crowley; mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu;

Keith Briffa
Subject: Fwd: Re: FW: "hockey stock" methodology misleading
Date: Friday, February 04, 2005 1:54:04 PM

Date: Fri, 04 Feb 2005 15:52:53 -0500
To: Andy Revkin <anrevk@nytimes.com>
From: "Michael E. Mann" <mann@virginia.edu>
Subject: Re: FW: "hockey stock" methodology misleading

Hi Andy,

The McIntyre and McKitrick paper is pure scientific fraud. I think you'll find this
reinforced by just about any legitimate scientist in our field you discuss this
with.

Please see the RealClimate response:
http://www.realclimate.org/index.php?p=111

and also:
http://www.realclimate.org/index.php?p=114

The Moberg et al paper is at least real science. But there are some real
problems with it (you'll want to followup w/ people like Phil Jones for a 2nd
opinion). 

While the paper actually reinforces the main conclusion of previous studies (it
also finds the late 20th century to be the warmest period of the past two
millennia), it challenges various reconstructions
using tree-ring information (which includes us, but several others such as Jones
et al, Crowley, etc). I'm pretty sure, by the way, that a very similar version of
the paper was rejected previously by Science. A number of us are therefore
very surprised that Nature is publishing it, given a number of serious problems:

Their method for combining frequencies is problematic and untested:

A. they only use a handful of records, so there is a potentially large sampling
bias.

B. worse, they use different records for high-frequencies and low-frequencies,
so the bias isn't even the same--the reconstruction is apples and oranges. 

C. The wavelet method is problematic. We have found in our own work that
you cannot simply combine the content in different at like frequencies, because
different proxies have different signal vs. noise characteristics at different
frequencies--for some records, there century-scale variability is likely to be pure
noise. They end up therfore weighting noise as much as signal. For some of the
records used, there are real age model problems. The timescale isn't known to
better than +/- a couple hundred years in several cases. So when they average
these records together, the century-scale variability is likely to be nonsense.

D. They didn't do statistical verification. This is absolutely essential for such
reconstructions (see e.g. the recent Cook et al and Luterbacher et al papers in
Science). They should have validated their reconstruction against long-
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instrumental records, as we and many others have. Without having done so,
there is no reason to believe the reconstruction has any reliability. This is a
major problem w/ the paper. It is complicated by the fact that they don't
produce a pattern, but just a hemispheric mean--that makes it difficult to do a
long-term verification. But they don't attempt any sort of verification at all!
There are some decades known to be warm from the available instrumental
records (1730s, some in the 16th century) which the Moberg reconstruction
completely misses--the reconstruction gives the impression that all years are
cold between 1500 and 1750. The reconstruction would almost certainly  fail
cross-validation against long instrumental records. If so, it is an unreliable
estimate of past changes. We're surprised the Nature Reviewers didn't catch
this.

E. They also didn't validate their method against a model (where I believe it
would likely fail). We have done so w/ our own "hybrid frequency-domain"
method that combines information separately at low and high-frequencies, but
taking into account the problem mentioned above. This is described in:

Rutherford, S., Mann, M.E., Osborn, T.J., Bradley, R.S., Briffa, K.R., Hughes,
M.K., Jones, P.D., Proxy-based Northern Hemisphere Surface Temperature
Reconstructions: Sensitivity to Methodology, Predictor Network, Target Season
and Target Domain, Journal of Climate, in press (2005).

In work that is provisionally accepted in "Journal of Climate" (draft attached),
we show that our method gives the correct history using noisy "pseudoproxy"
records derived from a climate model simulation with large past changes in
radiative forcing. Moberg et al have not tested their method in such a manner.

F. They argue selectively for favorable comparison w/ other work:
(1)  Esper et al: when authors rescaled the reconstruction using the full
instrumental record (Cook et al, 2004), they found it to be far more similar to
Mann et al, Crowley and Lowery, Jones et al, and the roughly dozen or so other
empirical and model estimates consistent w/ it. Several studies, moreover [see
e.g.: Shindell, D.T., Schmidt, G.A., Mann, M.E., Faluvegi, G., Dynamic winter
climate response to large tropical volcanic eruptions since 1600, Journal of
Geophysical Research, 109, D05104, doi: 10.1029/2003JD004151, 2004.] show
that extratropical, land-only summer temperatures, which Esper et al
emphasises, are likely to  biased towards greater variability--so its an apples
and oranges comparison anyway.
(2) von Storch et al: There are some well known problems here: (a) their
forcing is way too large (Foukal at al in Science a couple months back indicates
maybe 5 times too large), DKMI uses same model, more conventional forcings,
and get half the amplitude and another paper submitted recently by the
Belgium modeling group suggests that some severe spin-up/initialization
problems give the large century-scale swings in the model--these are not
reproducible.
(3) Boreholes: They argue that Boreholes are "physical measurements" but
many papers in the published literature have detailed the various biases in
using continental ground surface temperature to estimate past surface air
temperature changes--changing snow cover gives rise to a potentially huge bias
(see e.g. : Mann, M.E., Schmidt, G.A., Ground vs. Surface Air Temperature
Trends: Implications for Borehole Surface Temperature
Reconstructions,Geophysical Research Letters, 30 (12), 1607, doi:
10.1029/2003GL017170, 2003). 

Methods that try to correct for this give smaller amplitude changes from
borehole temperatures:
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Mann, M.E., Rutherford, S., Bradley, R.S., Hughes, M.K., Keimig, F.T., Optimal
Surface Temperature Reconstructions using Terrestrial Borehole Data, Journal of
Geophysical Research, 108 (D7), 4203, doi: 10.1029/2002JD002532, 2003]
[Correction(Rutherford and Mann, 2004)] 

Most reconstructions and model estimates still *sandwich" the Mann et al
reconstruction. See e.g. figure 5 in: Jones, P.D., Mann, M.E., Climate Over Past
Millennia, Reviews of Geophysics, 42, RG2002, doi: 10.1029/2003RG000143,
2004. 

Ironically, MM say our 15th century is too cold, while Moberg et al say its too
warm. Hmmm....

To recap, I hope you don't mention MM at all. It really doesn't deserve any
additional publicity. Moberg et al is more deserving of discussion, but, as
outlined above, there are some real problems w/ it. I have reason to believe
that Nature's own commentary by Schiermeier will actually be somewhat critical
of it.

I'm travelling and largely unavailable until monday. If you need to talk, you
can  possibly reach me at 434-227-6969 over the weekend.

I hope this is of some help. Literally got to run now...

mike

At 02:14 PM 2/4/2005, Andy Revkin wrote:

Hi all,

There is a fascinating paper coming in Nature next week (Moberg of
Stockholm Univ., et al) that uses mix of sediment and tree ring data
to get a new view of last 2,000 years. Very warped hockeystick shaft
(centuries-scale variability very large) but still pronounced 'unusual'
1990's blade.

i'd like your reaction/thoughts for story i'll write for next thursday's
Times.

also, is there anything about the GRL paper forthcoming from Mc &
Mc that warrants a response?

I can send you the Nature paper as pdf if you agree not to
redistribute it (you know the embargo rules).

that ok?

thanks for getting in touch!

andy

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
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_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
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                     Charlottesville, VA 22903
_______________________________________________________________________
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         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Phil Jones; rbradley@geo.umass.edu; tom crowley; tom crowley; mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; Keith

Briffa; Caspar Ammann
Subject: Fwd: Re: FW: "hockey stock" methodology misleading
Date: Friday, February 04, 2005 2:05:00 PM
Attachments: moberg03265.pdf

sorry, forgot to attach the paper...

mike

Date: Fri, 04 Feb 2005 15:54:15 -0500
To: Phil Jones <p.jones@uea.ac.uk>, rbradley@geo.umass.edu, Tom Crowley, Tom
Crowley, mhughes@ltrr.arizona.edu, rbradley@geo.umass.edu, Keith Briffa
<k.briffa@uea.ac.uk>
From: "Michael E. Mann" <mann@virginia.edu>
Subject: Fwd: Re: FW: "hockey stock" methodology misleading

Date: Fri, 04 Feb 2005 15:52:53 -0500
To: Andy Revkin <anrevk@nytimes.com>
From: "Michael E. Mann" <mann@virginia.edu>
Subject: Re: FW: "hockey stock" methodology misleading

Hi Andy,

The McIntyre and McKitrick paper is pure scientific fraud. I think you'll find
this reinforced by just about any legitimate scientist in our field you
discuss this with.

Please see the RealClimate response:
http://www.realclimate.org/index.php?p=111

and also:
http://www.realclimate.org/index.php?p=114

The Moberg et al paper is at least real science. But there are some real
problems with it (you'll want to followup w/ people like Phil Jones for a
2nd opinion). 

While the paper actually reinforces the main conclusion of previous
studies (it also finds the late 20th century to be the warmest period of the
past two millennia), it challenges various reconstructions
using tree-ring information (which includes us, but several others such as
Jones et al, Crowley, etc). I'm pretty sure, by the way, that a very similar
version of the paper was rejected previously by Science. A number of us
are therefore very surprised that Nature is publishing it, given a number
of serious problems:

Their method for combining frequencies is problematic and untested:

A. they only use a handful of records, so there is a potentially large
sampling bias.

B. worse, they use different records for high-frequencies and low-
frequencies, so the bias isn't even the same--the reconstruction is apples
and oranges. 

C. The wavelet method is problematic. We have found in our own work
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that you cannot simply combine the content in different at like
frequencies, because different proxies have different signal vs. noise
characteristics at different frequencies--for some records, there century-
scale variability is likely to be pure noise. They end up therfore weighting
noise as much as signal. For some of the records used, there are real age
model problems. The timescale isn't known to better than +/- a couple
hundred years in several cases. So when they average these records
together, the century-scale variability is likely to be nonsense.

D. They didn't do statistical verification. This is absolutely essential for
such reconstructions (see e.g. the recent Cook et al and Luterbacher et al
papers in Science). They should have validated their reconstruction
against long-instrumental records, as we and many others have. Without
having done so, there is no reason to believe the reconstruction has any
reliability. This is a major problem w/ the paper. It is complicated by the
fact that they don't produce a pattern, but just a hemispheric mean--that
makes it difficult to do a long-term verification. But they don't attempt
any sort of verification at all! There are some decades known to be warm
from the available instrumental records (1730s, some in the 16th century)
which the Moberg reconstruction completely misses--the reconstruction
gives the impression that all years are cold between 1500 and 1750. The
reconstruction would almost certainly  fail cross-validation against long
instrumental records. If so, it is an unreliable estimate of past changes.
We're surprised the Nature Reviewers didn't catch this.

E. They also didn't validate their method against a model (where I believe
it would likely fail). We have done so w/ our own "hybrid frequency-
domain" method that combines information separately at low and high-
frequencies, but taking into account the problem mentioned above. This is
described in:

Rutherford, S., Mann, M.E., Osborn, T.J., Bradley, R.S., Briffa, K.R.,
Hughes, M.K., Jones, P.D., Proxy-based Northern Hemisphere Surface
Temperature Reconstructions: Sensitivity to Methodology, Predictor
Network, Target Season and Target Domain, Journal of Climate, in press
(2005).

In work that is provisionally accepted in "Journal of Climate" (draft
attached), we show that our method gives the correct history using noisy
"pseudoproxy" records derived from a climate model simulation with large
past changes in radiative forcing. Moberg et al have not tested their
method in such a manner.

F. They argue selectively for favorable comparison w/ other work:
(1)  Esper et al: when authors rescaled the reconstruction using the full
instrumental record (Cook et al, 2004), they found it to be far more
similar to Mann et al, Crowley and Lowery, Jones et al, and the roughly
dozen or so other empirical and model estimates consistent w/ it. Several
studies, moreover [see e.g.: Shindell, D.T., Schmidt, G.A., Mann, M.E.,
Faluvegi, G., Dynamic winter climate response to large tropical volcanic
eruptions since 1600, Journal of Geophysical Research, 109, D05104, doi:
10.1029/2003JD004151, 2004.] show that extratropical, land-only summer
temperatures, which Esper et al emphasises, are likely to  biased towards
greater variability--so its an apples and oranges comparison anyway.
(2) von Storch et al: There are some well known problems here: (a) their
forcing is way too large (Foukal at al in Science a couple months back
indicates maybe 5 times too large), DKMI uses same model, more
conventional forcings, and get half the amplitude and another paper
submitted recently by the Belgium modeling group suggests that some
severe spin-up/initialization problems give the large century-scale swings
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in the model--these are not reproducible.
(3) Boreholes: They argue that Boreholes are "physical measurements"
but many papers in the published literature have detailed the various
biases in using continental ground surface temperature to estimate past
surface air temperature changes--changing snow cover gives rise to a
potentially huge bias (see e.g. : Mann, M.E., Schmidt, G.A., Ground vs.
Surface Air Temperature Trends: Implications for Borehole Surface
Temperature Reconstructions,Geophysical Research Letters, 30 (12),
1607, doi: 10.1029/2003GL017170, 2003). 

Methods that try to correct for this give smaller amplitude changes from
borehole temperatures:

Mann, M.E., Rutherford, S., Bradley, R.S., Hughes, M.K., Keimig, F.T.,
Optimal Surface Temperature Reconstructions using Terrestrial Borehole
Data, Journal of Geophysical Research, 108 (D7), 4203, doi:
10.1029/2002JD002532, 2003] [Correction(Rutherford and Mann, 2004)] 

Most reconstructions and model estimates still *sandwich" the Mann et al
reconstruction. See e.g. figure 5 in: Jones, P.D., Mann, M.E., Climate Over
Past Millennia, Reviews of Geophysics, 42, RG2002, doi:
10.1029/2003RG000143, 2004. 

Ironically, MM say our 15th century is too cold, while Moberg et al say its
too warm. Hmmm....

To recap, I hope you don't mention MM at all. It really doesn't deserve
any additional publicity. Moberg et al is more deserving of discussion, but,
as outlined above, there are some real problems w/ it. I have reason to
believe that Nature's own commentary by Schiermeier will actually be
somewhat critical of it.

I'm travelling and largely unavailable until monday. If you need to talk,
you can  possibly reach me at 434-227-6969 over the weekend.

I hope this is of some help. Literally got to run now...

mike

At 02:14 PM 2/4/2005, Andy Revkin wrote:

Hi all,

There is a fascinating paper coming in Nature next week
(Moberg of Stockholm Univ., et al) that uses mix of sediment
and tree ring data to get a new view of last 2,000 years. Very
warped hockeystick shaft (centuries-scale variability very large)
but still pronounced 'unusual' 1990's blade.

i'd like your reaction/thoughts for story i'll write for next
thursday's Times.

also, is there anything about the GRL paper forthcoming from
Mc & Mc that warrants a response?

I can send you the Nature paper as pdf if you agree not to
redistribute it (you know the embargo rules).

that ok?
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thanks for getting in touch!

andy

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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                    Professor Michael E. Mann
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         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
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techniques and other data types, and also to use data from more

Highly variable Northern Hemisphere regions than previously examined.
** " "A view has been expressed that only tree ring and other high

teniDeratUreS reconstructed from resolution data are useful for quantitative large scale temperature
_ reconstructions3,8. Tree ring data, however, have a well documented

low- and high-resolution proxy data difficulty in reliably reproducing multicentennial temperature
variability17. Special standardization techniques for extracting

multicentennial information exist616, but they do not ensure an

accurate reconstruction10. Natural archives with lower temporal
resolution (often various sediments) have potential for providing

climate information at multicentennial timescales that may not be

captured by tree ring data9. Low resolution data, on the other hand,

can sometimes have dating errors ofup to more than 100 yr (ref. 9).

Such errors are intolerable at interannual to multidecadal time

Anders Moberg1, Dmitry M. Sonechkin2, Karin Holmgren3,
Nina M. Datsenko2 & Wibjorn Karlen 3

1 Department of Meteorology, Stockholm University, SE 106 91 Stockholm,
Sweden

2Dynamical Stochastical Laboratory, Hydrometeorological Research Centre of
Russia, Bolshoy Predtechensky Lane 11/13, Moscow 123242, Russia

3Department ofPhysical Geography and Quaternary Geology, Stockholm
University, SE 106 91 Stockholm, Sweden

A number of reconstructions of millennial scale climate varia

bility have been carried out in order to understand patterns of

natural climate variability, on decade to century timescales, and

the role of anthropogenic forcing1 8. These reconstructions have

mainly used tree ring data and other data sets of annual to

decadal resolution. Lake and ocean sediments have a lower

time resolution, but provide climate information at multicen

tcnnial timescales that may not be captured by tree ring data9,10.
Here we reconstruct Northern Hemisphere temperatures for the

past 2,000 years by combining low resolution proxies with tree

ring data, using a wavelet transform technique" to achieve

timescale dependent processing of the data. Our reconstruction

shows larger multicentennial variability than most previous

multi proxy reconstructions' 4-7, but agrees well with tempera
tures reconstructed from borehole measurements" and with
temperatures obtained with a general circulation model13*14.

According to our reconstruction, high temperatures similar

to those observed in the twentieth century before 1990

occurred around AD 1000 to 1100, and minimum temperatures

that are about 0.7 K below the average of 1961 90 occurred

around ad 1600. This large natural variability in the past suggests

an important role of natural multicentennial variability that is

likely to continue.

Global temperatures are currently rising, and future scenarios

suggest large changes in precipitation patterns and temperatures13.
Reconstructing past climate is essential for enhanced understanding

of climate variability, and provides necessary background knowl

edge for improving predictions of future changes. From multi

proxy combinations' 4,7 of climate proxy data (for example, from

tree rings, corals and ice cores), or from reconstructions based solely

on tree ring data5 6,16> past surface temperatures have been inferred

by calibration to instrumental temperature data using statistical

relationships. Past surface temperature changes have also been

inferred from temperature profiles along deep terrestrial bore

holes'2, where physical laws rather than statistical relations are

used to estimate temperature trends. Borehole measurements'2

and some reconstructions based on tree ring data6,16 indicate a

larger warming trend in the past 500 yr than do multi proxy

reconstructions' 4'7.

Although differences in the amplitude ofcentennial temperature

variability have been discussed in the literature815, the picture
with relatively small variability (shown by multi proxy reconstruc

tions' 4|7) is arguably best known by a wider audience. One reason

for this is the prominent role that the multi proxy reconstruction by

Mann et al.'-2 had in the latest IPCC report15 and in public media.

Recent findings14, however, suggest that considerable underestima
tion of centennial Northern Hemisphere temperature variability

may result when regression based methods, like those used by

Mann et al.',2, are applied to noisy proxy data with insufficient

spatial representativity. It is thus important to explore other
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scales8, but if these data are used only for longer timescales the errors

become relatively small in relation to the timescales of interest.

Our aim is to combine low frequency climate information

(contained in low resolution proxy data) with high frequency

information (from tree ring data) in order to derive a 2,000 yr

long Northern Hemisphere temperature reconstruction in which we

avoid using each proxy type at timescales where it is most unreliable,

but instead use it only where it has its greatest advantages. To

achieve this, we developed a method that allows a timescale

dependent data decomposition by application of a wavelet trans

form" technique.

The number of available 2,000 yr long local to regional scale

temperature proxy series is very limited8. We found seven tree ring
series and eleven low resolution proxy series. For the period before

ad 1400, this number is similar to previous reconstructions' 7.

Among the eleven low resolution series were nine already calibrated

to local/regional temperatures for different Northern Hemisphere

regions, whereas two were only available in original proxy data

units. The data set includes climatic information from the North

American and Eurasian continents and from the Atlantic and Indian

oceans (Fig. 1, Table 1; see Supplementary Information for further

details and references).

Various averages (see Methods) of the nine already calibrated

low resolution series (Table 1, site numbers 2 10) depict, when low

pass filtered to highlight multicentennial variability (Fig. 2a), a

temperature maximum in the ninth or tenth centuries and a

V,
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Figure 1 Locations of proxy data sites. Shown are the locations of eleven low resolution

proxy records (blue circles, numerals 1 1 1, see Table 1 for site details) and seven tree

ring series (red triangles, letters A G). Dashed latitude lines Indicate the Equator, the

Tropic of Cancer and the Arctic Circle. See Supplementary Information for further details

and references. ABOR/MH/Priv-006893
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minimum in the sixteenth century, with a total range of 0.6 to 0.9 K.
This is a substantially larger multicentennial temperature range
compared to previous multi proxy reconstructions1 4,7, exemplified
in Fig. 2a with the Northern Hemisphere reconstruction by Mann
and Jones7. The conflicting views provided by the low resolution
series and this reconstruction illustrate a clear need for further
research to determine the size of natural low frequency climate
variability.

Simple averages of temperature proxy series, such as those shown
in Fig. 2a, can yield adequate estimates of Northern Hemisphere
century scale mean temperature anomalies14. But to obtain a
reconstruction covering a complete range of timescales we created
a wavelet transform11, supposed to be approximately representative
for the Northern Hemisphere (Fig. 2e), such that only information
from the tree ring records contributes to timescales less than 80 yr
and all eleven low resolution proxies contribute only to the longer
timescales (see Methods for details). From the wavelet transform,
which was calculated using standardized (that is, unitless) proxy
series, a dimensionless reconstruction was obtained by calculating
the inverse wavelet transform11. Given the small number of tree ring
series, their contribution is best thought of as an approximation
of the statistical character of variability at ,80 yr scales. A sample
size of eleven low resolution series is reasonable for reconstructing
.80 yr variability, given that the number of spatial degrees
of freedom on the entire globe is about five at centennial time
scales18. The contribution from each low resolution proxy series to
the total variance at .80 yr scales in the Northern Hemisphere

reconstruction is given in Table 1.
To calibrate the reconstruction, its mean value and variance

were adjusted to agree with the instrumental record of Northern
Hemisphere annual mean temperatures19 in the overlapping period
AD 1856 1979 (Fig. 2b). This technique avoids the problem with
underestimation of low frequency variability associated with
regression based calibration methods14. Jack knifed estimates
(light blue curves in Fig. 2b) of the low frequency component
(.80 yr scales, dark blue), where each of the eleven low resolution
proxies are excluded one at a time, are all very similar, demonstrat
ing that the reconstruction is robust to the omission of any single
low resolution proxy series.

The reconstruction depicts two warm peaks around AD 1000 and
1100 and pronounced coolness in the sixteenth and seventeenth
centuries, with an overall temperature range for the low frequency
component (.80 yr scales) of about 0.65 K. This amplitude can be
compared with that in the smoothed and averaged low resolution
series in Fig. 2a, where the data used had been calibrated to
temperatures by their original investigators. The size of the overall
amplitudes of the series in Fig. 2a (0.6 0.9 K) and Fig. 2b (0.65 K,
blue curve) indicates that the reconstructed multicentennial varia
bility in Fig. 2b has not been inflated by the standardization, the
wavelet processing and the subsequent calibration technique. The
peaks in medieval times are at the same level as much of
the twentieth century, although the post 1990 warmth seen in the
instrumental data (green curve in Fig. 2b) appears to be
unprecedented.

Table 1 Summary information for low-resolution proxy series

No.* Site† Proxy type and
interpretation‡

Dating type
(max. dating error)

First,
last year AD#

Sample resolution
(no. of samples)§

Variance
fraction (%) in
.80 yr scales

Proxyff NH{
...................................................................................................................................................................................................................................................................................................................................................................

1 Agassiz Ice Cap,
Ellesmere Island,
Canada,
818N, 738W

Ice melt, layer stratigraphy,
summer T

Annual layer,
theoretical model,
ash layers (^10%)

9, 1961 5 (393) 2.4 0.3

2 GRIP borehole,
Greenland,
738N, 388W

Borehole T, annual T Theoretical model 300, 1996 50 (40) 89.2 12.5

3 Conroy Lake,
Eastern US,
468N, 688W

Pollen, lake sediments,
summer T

Annual laminations 35, 1968 7 40 (68) 69.2 9.7

4 Chesapeake Bay,
Eastern US,
388N, 768W

Shells, Mg/Ca variation,
spring T

14C (^160 yr),
210Pb and 137Cs

5, 1995 1 65 (427) 30.8 4.3

5 N. Sargasso Sea,
338N, 578W

Foraminifera, d18O,
annual SST

14C (^160 yr) 300, 1925 50 150 (30) 65.0 9.1

6 NE Caribbean Sea,
188N, 678W

Foraminifera, d18O,
annual SST

14C (^200 yr) 133, 1950 30 160 (26) 99.6 14.0

7 Lake Tsuolbmajavri,
N. Finland,
688N, 228E

Diatoms, lake sediments,
summer T

14C (^169 yr) 300, 1950 ,70 (29) 61.5 9.9

8 Søylegrotta Cave,
Mo i Rana,
N. Norway,
668N, 138E

Stalagmite, d18O,
annual T

230Th/234U (^46 yr) 300, 1938 ,20 (103) 47.3 7.6

9 Shihua Cave,
Beijing, China,
408N, 1168E

Stalagmite, layer thickness,
summer T

Layer counting (^5 yr) 300, 1985 1 (1985) 32.2 5.2

10 China, 20 428N,
80 1308E

Composite of 9 records,
annual T

Layer counting,
14C (^200 yr)

0, 1990 10 (200) 89.8 14.5

11 Arabian Sea,
188N, 588E

% Globigerina bulloides,
up-welling, monsoons,
summer and winter T

14C (^100 yr) 300, 1986 15 180 (63) 78.6 12.7

...................................................................................................................................................................................................................................................................................................................................................................

*Numbered as in Fig. 1.
†References and further site details are given in Supplementary Information.
‡T, temperature; SST, sea surface temperature.
#Negative numbers mean years before AD 1.
§Sample resolution in years. Number of samples after year AD 1 given in parentheses.
ffFor each proxy, the fraction of its total variance that occurs in its .80-yr scales (wavelet scales 10–22, see Methods) is listed.
{For each proxy, its contribution (in %) to the total variance in the low-frequency component (wavelet scales 10–22) of the Northern Hemisphere (NH) temperature reconstruction is listed. These
contributions are determined by the values in the second to last column. The resulting contributions by data from different regions are geographically well distributed; Arctic 12.9, Eastern US 14.0,
Fennoscandia 17.6, China 19.7, Oceans 35.8. Furthermore, the five proxies that are annual mean temperature indicators (nos 2, 5, 6, 8, 10) together contribute 57.8% of the variance in the low-frequency
component of the NH reconstruction.
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13.25.27Changes in radiative forcing due to variability in solar irradiance,

the amount ofaerosols from volcanic eruptions and greenhouse gas

concentrations have been important agents causing climatic varia

bility in the past millennium1,8,20 Reconstructions of the tern

poral evolution of these variables have been used to drive climate
models, ranging from simple energy balance models to fully coupled

atmosphere ocean general circulation models8,13,14,20,22-23'25. The
Northern Hemisphere temperature series obtained from such an

experiment with the coupled model ECHO G13,14,25,26 for the ad

1000 1990 period (Fig. 2c) is qualitatively remarkably similar to our

multi proxy reconstruction, although the model shows a somewhat

larger variability. Particularly strong qualitative similarity is seen at

timescales longer than centennial (compare the two wavelet trans

form patterns, Fig. 2e, f), but some high frequency details are also in

good agreement (for example, the double peaks around ad 1000

and 1 100, and two short cooling periods at ad 1460 and 1820). The

model's variability before the twentieth century is largely deter

mined by the combined effects of the reconstructed solar and

volcanic forcing (that is, natural forcing) that was used in the

integration13,25, whereas the notably strong warming in the model

data after ad 1 900 is largely due to rapidly increasing concentrations

of anthropogenic greenhouse gases

our reconstruction and the ECHO G model series supports the case

of a rather pronounced hemispheric low frequency temperature

variability resulting from the climate system's response to natural

changes in radiative forcing.

As in all palaeoclimate reconstructions, there are uncertainties in

this one. Efforts to quantify uncertainties in the low frequency

component are illustrated with blue bands of different colours in

Fig. 2d. Accounting for the total uncertainty, the cooling from the

maxima around ad 1000 and 1100 to the minimum near ad 1600 is

between 0.3 K and 1.1 K for the >80 yr component. Only the

smallest value is similar to the corresponding temperature change

in previous multi proxy reconstructions' 4|7. (Compare with the

reconstruction of Mann et al.la, which is also shown in Fig. 2d

(orange curve, yellow uncertainty range) after smoothing to show

>80 yr variability.) In contrast, the warming trend depicted by our

reconstruction in the past 500 yr is entirely consistent with estimates

of Northern Hemisphere ground surface temperature (GST) trends

from temperature measurements in nearly 700 boreholes12.
Although trends at individual borehole sites are very noisy, hemi

spheric mean GST trends are robust to different aggregation and

. The similarity between
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Figure 2 Estimations of Northern Hemisphere mean temperature variations, a, Previous

multi proxy reconstruction (MJ: from Mann and Jones', black line) with ±2 s.d.

uncertainty (grey shading), and various averages (blue, green, magenta; see Methods) of

smoothed low resolution temperature indicators (nos 2 10 in Table 1). b, Ourmulti prroy

reconstruction ad 1 1979 (red) with Its >80 yr component ad 133 1925 (blue) and Its

jack knifed estimates (light blue), and the Instrumental record19 (green), c, Forced

ECHO G model13,14,26. d, Low frequency component of multi proxy reconstruction in b

(blue curve) with confidence intervals for three separate uncertainties. The innermost

medium bluebandshowstheuncertalntyduetovarlanceamongthelow resolution proxy 1961 90 average.
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series. The two outer bands show the uncertainty In the variance scaling factor (light blue)

and the constant adjustment (outermost blue band) separately. Each uncertainty is

Illustrated with an approximate 95% confidence interval (see Supplementary Information).

Also shown are ground surface temperatures estimated from boreholes12 with their

uncertainty interval (brown; see Methods), and the >80 yr component of a previous

multi proxy reconstruction (MBH: from Mann efa/.1,2, orange) with ±2 s.d. uncertainty
(yellow), e, f, Wavelet transform (see Methods) of the series In b and c where warm/cold

anomalies are red/blue. Temperature anomalies In a, b and d are with respect to the
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weighting schemes12 (illustrated by the two brown curves in Fig. 2d),
and show a warming of ,1 K during the interval AD 1500 2000, of
which about half fell in the twentieth century.

There are several reasons for the notable differences between our
and previous multi proxy reconstructions. The reconstruction of
Mann and Jones7 has a large amount of data in common with ours,
but these workers combined tree ring data with decadally resolved
proxies without any separate treatment at different timescales.
Furthermore, our data set contains some centennially resolved
data from the oceans, while Mann and Jones used only annually
to decadally resolved data from continents or from locations very
near the coast. Different calibration methods (regression in the
work of Mann and Jones versus variance scaling in this study) are
another reason. Possible explanations for the small low frequency
variability in the multi proxy reconstruction of Mann et al.1,2 have
recently been discussed in detail elsewhere14.

Our multi proxy reconstruction achieves a relatively large multi
centennial variability by separately considering the information in
tree ring data and low resolution proxy records. Much more effort,
however, is needed to develop new proxy data series and to
determine how proxy data should best be chosen, combined and
calibrated. The wavelet approach allows for separate weighting of
proxies at different timescales. A goal for further research could be
to determine how such weighting should be undertaken, while
simultaneously taking spatial representativity into account. New
experiments with distorted ‘pseudoproxy’ data14,28,29 from forced
general circulation model runs, using various types of distortions,
should be useful in this context.

We find no evidence for any earlier periods in the last two
millennia with warmer conditions than the post 1990 period in
agreement with previous similar studies1 4,7. The main implication
of our study, however, is that natural multicentennial climate
variability may be larger than commonly thought, and that much
of this variability could result from a response to natural changes in
radiative forcings. This does not imply that the global warming in
the last few decades15,19 has been caused by natural forcing factors
alone, as model experiments that use natural only forcings fail
to reproduce this warming15,23,27,30. Nevertheless, our findings
underscore a need to improve scenarios for future climate
change by also including forced natural variability which could
either amplify or attenuate anthropogenic climate change
significantly. A

Methods
Wavelet transformation
The wavelet transform11 (WT) decomposes a time series into time–frequency space,
enabling the identification of both the dominant modes of variability and how those
modes vary with time. We used the Mexican hat11 wavelet, after linear interpolation to
annual resolution, to decompose each proxy series into 22 wavelet ‘voices’. These are 22
separate time series, where each depict the variability in the original series at each of
the timescales near the Fourier periods 4, 4

p
2, 8, 8

p
2, …, 4,096

p
2 yr. This ranges

from the smallest possible scale for the Mexican hat wavelet up to a few times the
length of the 2,000-yr-long time interval of interest. Before calculating the WT, padding
with surrogate data to extend the proxy series from their last value to the year AD 2300
was applied to limit boundary effects at the longest timescales. As padding data we
used the mean value for the last 50 yr with data in each series. For those records that do not
have data back at least to 300 BC, similar padding was also made at the beginning of
records.

Averaging of calibrated low-resolution temperature indicators
Nine low-resolution proxy series (Table 1) are available as calibrated local/regional
temperature indicators (numbers 2–10). Five are annual mean (nos 2, 5, 6, 8, 10), one is a
spring (no. 4) and three are summer (nos 3, 7, 9) temperature indicators.
Multicentennial variability (highlighting .340-yr scales) in these series was extracted by
first applying the WT to each series and then the inverse WT only for wavelet voices 14–
22. Timescales of .340 yr are long enough to ensure that only information at frequencies
lower than the Nyquist frequency for the most poorly resolved proxy series are used.
Figure 2a shows arithmetic (green) and cos-latitude weighted (blue) averages of all nine
indicators. Jack-knifed estimates of the cos-latitude weighted averages, where each of the
nine indicators were removed one at a time, are also shown (magenta). These series are
plotted in Fig. 2a for the period AD 133–1925 (when all have data) such that their mean

values agree with the Mann and Jones reconstruction7 in the interval AD 200–1925.
Minor differences between the arithmetic and cos-latitude weighted series indicate
robustness to weighting choice. The similarity among the jack-knifed estimates indicates
that the overall temperature range is relatively little affected by the removal of any
individual indicator.

Timescale-dependent reconstruction
The multi-proxy reconstruction in Fig. 2b was constructed as follows. First, the data set of
19 proxy series in Fig. 1 was divided into two half-hemispheric subsets (western and
eastern half). After wavelet transformation of each individual proxy series into 22 voices as
described above (here using standardized series obtained by subtracting the mean and
dividing by the standard deviation, after linear interpolation to annual resolution), a
scale-by-scale averaging of wavelet voices was undertaken. For each wavelet scale from 1 to
9 (Fourier timescales,80 yr), the voices from the individual tree-ring series were averaged
and, similarly, for each wavelet scale from 10 to 22 (Fourier timescales .80 yr) the
corresponding voices from the individual low-resolution proxy series were averaged.
Merging of the tree-ring-data average voices 1–9 with the low-resolution-data average
voices 10–22 gave one complete WT with voices 1–22 for each half-hemispheric subset.
The average of these two WTs then gave the whole-hemispheric WT shown in Fig. 2e.
The rationale for dividing into half-hemispheric subsets is similar to that used in
gridding; namely, to ensure that regions with many data series are weighted the same
as regions (of the same size) with few data series. However, for our data set, little
difference would be obtained if all data were placed in one whole-hemispheric set. A
dimensionless Northern Hemisphere temperature reconstruction was obtained by
calculating the inverse transform. Finally, this time series was calibrated by adjusting
its variance and mean value to be the same as in the instrumental data19 in the
overlapping period AD 1856–1979 (Fig. 2b). Separate estimates of uncertainties due to
variance among individual low-resolution proxy data and in the determination of the
variance scaling factor and constant adjustment term are explained in Supplementary
Information.

Plotting GST trends
The two curves for GST trends12 shown in Fig. 2d correspond to the upper and lower
bounds for different area- and occupancy-weighted GST reconstructions, as illustrated in
figure 3 of ref. 12. To help visual comparison with our multi-proxy reconstruction, the
GST trends are plotted with reference to the AD 1961–90 average in Fig. 2d. This was
achieved by shifting the GST trend-curves such that they cross the zero level at 1958.5,
which is the time when the twentieth century linear trend of the Northern Hemisphere
instrumental surface air temperature19 (anomalies with respect to AD 1961–90) crosses the
zero level. (The same technique was used in figure 5 of ref. 12.)
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From: Michael E. Mann
To: Malcolm Hughes; rbradley@geo.umass edu
Subject: Fwd: RE: MANN AND JONES 2003
Date: Sunday, February 27, 2005 7:01:48 PM

Date: Fri, 25 Feb 2005 14:24:47 +0000
From: "Folland, Chris" <chris.folland@metoffice.gov.uk>
Subject: RE: MANN AND JONES 2003
To: "Michael E. Mann" <mann@virginia.edu>
Thread-Topic: MANN AND JONES 2003
Thread-Index: AcUbQTsY/bzN+2iVQt6eVDrXz4FhmwAAJPgw
X-MS-Has-Attach: yes
X-MS-TNEF-Correlator: 
X-UVA-Virus-Scanned: by amavisd-new at fork11.mail.virginia.edu
X-Spam-Status: No, hits=1.1 tagged_above=1.0 required=5.0 tests=HTML_20_30,
 HTML_FONTCOLOR_BLUE, HTML_MESSAGE, SUBJ_ALL_CAPS
X-Spam-Level: x

Dear Mike
 
Thanks. Will look at this new work. Hans latest paper, attached, is about the idea that your technique creates hockey sticks
artificially. He shows that it does not though there is a theoretical question mark over centring on recent data, a common
practice.
 
Chris
 
 

Professor Chris Folland 

Head of Climate Variability Research 

Global climate data sets are available from http://www.hadobs.org 

Met Office, Hadley Centre, Fitzroy Rd, Exeter, Devon  EX1 3PB United Kingdom
Email: chris.folland@metoffice.gov.uk
Tel: +44 (0)1392 886646
Fax: (in UK)  0870 900 5050
        (International) +44 (0)113 336 1072)<http://www.metoffice.gov.uk 

Also: Hon. Professor of School of Environmental Sciences, University of East Anglia 

-----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu] 
Sent: 25 February 2005 13:29
To: Folland, Chris
Cc: Phil Jones
Subject: RE: MANN AND JONES 2003

Hi Chris,

Thanks. From what I've seen of the ZOD of IPCC, the paleo chapter is in good hands--a good
balance between the recognized uncertainties, and the consensus that the basic conclusions of
IPCC '01 (e.g. that late 20th century warmth is anomalous in the long-term context) likely stand.
We were cautious enough in what we stated in the '01 report, in my view, that our key
conclusions should stand!

I haven't seen this recent work by von Storch, but very interested to here more. If what you say
is true, it sounds like a retraction of several of the claims he made in his Science paper would be
in order. We of course used EOFs from the modern period, and his criticism was directed against
us!

We indeed have a paper provisionally accepted as a letter in "Journal of Climate" which suggests
that there is no bias in using CFR methods to reconstruct long-term trends of the sort implied by
von Storch. We're in the process of making final revisions. I've attached the submitted version
(the final version will be somewhat different). Please don't redistribute. Will keep you posted,

We also have a response to Nature on the Moberg et al paper. The method he used produces
spurious low-frequency variability. Will update you once we know the fate of our submission...
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cheers,

mike

At 04:10 AM 2/25/2005, Folland, Chris wrote:

Dear Mike

 
Thanks very much. Pleased to see the new work by Hans von Storch shows that hockey sticks
don't get created in reality when palaeodata EOFS are centred on a recent period. We of course
do the same with SST EOFs- though it appears there is a potential theoretical problem in both
cases not likely to be realised in practice. But it does need some thinking about. Interested to see
if you make any changes we could learn from. But I have always been worried about the Little
Ice Age being too warm. It does look as if some changes are needed to reproduce that. Overall
though I believe the current controversy does not affect conclusions about global warming from a
palaeodata perspective - unless it means the climate sensitivity is at the higher end - as it does
not look as if the reconstruction of the Medieval warm optimum will be much affected so IPCC
conclusions may still stand. We were suitably cautious in our interpretation of the relation
between that and current climate. But there are other potential explanations for the colder Little
Ice Age than climate sensitivity.

 
Best wishes

 
Chris

 

 
Professor Chris Folland 

Head of Climate Variability Research 

Global climate data sets are available from http://www.hadobs.org 

Met Office, Hadley Centre, Fitzroy Rd, Exeter, Devon  EX1 3PB United Kingdom
Email: chris.folland@metoffice.gov.uk
Tel: +44 (0)1392 886646
Fax: (in UK)  0870 900 5050
        (International) +44 (0)113 336 1072)<http://www.metoffice.gov.uk 

Also: Hon. Professor of School of Environmental Sciences, University of East Anglia

-----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu]
Sent: 24 February 2005 22:38
To: Folland, Chris; p.jones
Subject: Re: MANN AND JONES 2003

Hi Chris,
Just got  your email. You should be able to get all of the data from the
NGDC site here:

http://holocene.evsc.virginia.edu/Mann/research/research.html
The smoothing routine is available as Matlab here:

http://holocene.evsc.virginia.edu/Mann/tools/tools.html
I've got to run right now, but let me know if you need any further info
and I'll try to get back ASAP.
I hope the above is helpful.
Talk to you soon,
mike
At 09:49 AM 2/24/2005, Folland, Chris wrote:

Dear Mike and Phil 

I am not sure I actually sent this last week though I saved it!. Please
see urgently the first item in the message. The second is less urgent.
Thanks 
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Chris 

To:    mann mike; p.jones
Subject:       MANN AND JONES 2003
Dear Mike and Phil 

Sir John Houghton is very interested in using the Mann and Jones
global temperature curve and the interhemispheric curve from 200AD
to date just as in your GRL paper. This is for a review paper on global
warming by Sir John. Would you be willing to let us have the data to
replot the diagrams in black and white? It’s the bottom two diagrams
of the panel showing these curves.
On the same tack, we are very interested in your smoothing software.
It think it includes the tweak that better keeps the trend at the
beginning and end of a data set. We would like to consider using this
for the 1861-2004 global temperature curve with filtering that we can
choose. Would it be possible to let us have this software with some
explanations of it?
If this is OK, please send to Jen Hardwick in the Hadley Centre, copied
to me.   There is some hurry for the GRL diagram data as Sir John has
a very tight deadline. So if we are to use this we would need it asap.
The software is definitely less urgent if it can be made available. Is it
FORTRAN 90?
Best wishes 

Chris 

Professor Chris Folland 

Head of Climate Variability Research 

Global climate data sets are available from http://www.hadobs.org 

Met Office, Hadley Centre, Fitzroy Rd, Exeter, Devon, EX1 3PB United
Kingdom
Email: chris.folland@metoffice.gov.uk
Tel: +44 (0)1392 886646
Fax: (in UK)  0870 900 5050
        (International) +44 (0)113 336 1072)
http://www.metoffice.gov.uk 

Also: Hon. Professor of School of Environmental Sciences, University
of East Anglia

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml 

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
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         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: phuybers@mit.edu
Cc: Malcolm Hughes; rbradley@geo.umass.edu
Subject: Re: individual proxy records
Date: Thursday, May 05, 2005 11:07:53 AM

Dear Peter,

A colleague of mine has alerted me to the fact that a version of your paper is now posted on
the internet, presumably the final version.

I was disappointed that the final version did not take into account two important points I tried
to bring to your attention, and one additional point that must be raised:

These are that:

(1) the main features of the MBH98 reconstruction are insensitive to whether PCA was used at
all to represent the North American ITRDB network, as shown in the Rutherford et al (in press,
J Climate) paper I sent you

(2) That the conclusions of von Storch et al (2004), which you cite, have been seriously called
into question by another paper, in press in Journal of Climate, which I sent you. von Storch et
al (pers. communication, as relayed by D. Ritson of Stanford) may in fact have identified an
error in their code which would render their results incorrect.

(3) Finally, the issue of non-climatic influences on some of the western North American tree-
ring series was not raised by MM05. It was prominently raised by *us* originally our '99
followup article to MBH98 in GRL:

Mann, M.E., Bradley, R.S. and Hughes, M.K., Northern Hemisphere Temperatures During the
Past Millennium: Inferences, Uncertainties, and Limitations, Geophysical Research Letters, 26,
759-762, 1999. 

available here:
ftp://holocene.evsc.virginia.edu/pub/mann/MBH1999.pdf

If you have any questions about the above, I would be happy to discuss these with you. I
would hope that a revised version of your submission would clarify these issues so as not to
mislead the GRL readership on the points raised above.

Thanks in advance,

Mike Mann

At 01:00 PM 4/29/2005, Peter Huybers wrote:

Dear Mike Mann,

Thank you for your earlier help in providing me with the proxy data you
used in reconstructing Northern Hemisphere temperatures.  In the mean time
I have been reproducing the results of McIntyre and McKitrick's 2005 GRL
paper (MM05), and believe I've come across some discrepancies in their
calculations.

One outstanding issue involves the RE value MM05 report in their table 3
(0.46).  Using MM05's emulation of the AD1400 temperature estimate, it is
necessary to calculate RE statistic dividing by the variance of the proxy
estimate, rather than the variance of the instrumental record.  When the
RE statistic is computed in what I think is the correct manner, a much
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lower RE value is obtained.  I infer that MM05's emulation is probably
wrong, but cannot rule out MM05's suggestion that the RE value you
reported is too high. To sort this out I would like to compute these
statistics using your AD1400 reconstruction of temperatures.  Is this
available?

I'll be submitting a comment on this and some of the other discrepancies
in MM05's paper to GRL shortly which, if you're interested, I'm happy to
send you.

Peter

--------------------------------------
Peter Huybers 
Woods Hole Oceanographic Institute
Geology and Geophysics Department
phuybers@whoi.edu (508)289-3653
---------------------------------------

On Tue, 8 Mar 2005, Michael E. Mann wrote:

> Dear Peter,
> 
> All of the proxy data used in our '98 article, including the individual tree-ring
series as well as PC summaries, are available on Nature's
> supplementary website:
> 
> http://www.nature.com/nature/journal/v430/n6995/suppinfo/nature02478.html
> 
> An independent group of researchers has  reproduced our results using these
data and the method as described (as I understand it, the manuscript is
> in press).
> 
> In our '99 GRL article, the ITRDB North American PC series were based on the
same network of tree-ring series used in the '98 article. Obviously
> only a smaller number of series extend back to AD 1000.
> 
> The PCA results are available here:
>
ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/ITRDB/NOAMER/BACKTO_1000/
> while the list of tree-ring series used are available here:
>
ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/ITRDB/NOAMER/BACKTO_1000/noamer-
itrdb-ad1000.txt
> and all of the individual North American tree-ring series are all available here:
> ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/ITRDB/NOAMER/
> 
> Note that PC#1 was adjusted as described by our article to account for non-
climatic influences. The adjusted PC series is available here:
>
ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/ITRDB/NOAMER/BACKTO_1000-
FIXED/
> 
> I trust this information will be adequate for your purposes.
> 
> Best regards,
> 
> Mike Mann
> 
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> At 10:01 AM 3/8/2005, Peter Huybers wrote:
> 
>       Professor Michael Mann,
> 
>       I'm a post-doc at WHOI working on annually resolved reconstructions of
>       climate variability. Having followed recent discussions regarding
>       reconstructions of past temperature variability, it appears useful to make
>       an independent assessment of past temperature variability.  Specifically,
>       my objective is to understand what inferences can confidently be made from
>       the proxy network you used in your 1998 Nature and 1999 GRL articles.  My
>       agenda is simply to understand past climate variability. I hope you will
>       agree that an independent study of the proxy records will be useful to
>       reorient discussion toward improving our understanding of past temperature
>       variations.
> 
>       The data you posted relating to your 1998 Nature article (to include the
>       individual proxy records from which PCs were computed) has been helpful.
>       Most of the data for your 1999 GRL is also available, but I do not see the
>       underlying tree ring chronologies used for calculating the ITRDB principal
>       components.  Though these chronologies are available at the NGDC website,
>       in practice I'm unable to ascertain exactly which chronologies were
>       included in the calculation.  Can you provide me with the underlying tree
>       ring data used for calculating the itrdb-namer-pc1 through pc3 files for
>       your 1999 GRL paper?
> 
>       Sincerely,
>       Peter
> 
>       --------------------------------------
>       Peter Huybers
>       Woods Hole Oceanographic Institute
>       Geology and Geophysics Department
>       phuybers@whoi.edu (508)289-3653
>       ---------------------------------------
> 
> ______________________________________________________________
>                     Professor Michael E. Mann
>            Department of Environmental Sciences, Clark Hall
>                       University of Virginia
>                      Charlottesville, VA 22903
>
_______________________________________________________________________

> e-mail: mann@virginia.edu   Phone:    FAX: 
>          http://www.evsc.virginia.edu/faculty/people/mann.shtml
>

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: phuybers@mit.edu
Cc: Malcolm Hughes; rbradley@geo.umass.edu
Subject: Re: individual proxy records
Date: Friday, May 06, 2005 12:29:42 PM

HI Peter,

Thanks for your comments.

If you believe the von Storch results are of general validity,  I'll be interested in where you
think there is a flaw in the conclusions of the Rutherford et al J. Climate letter in press, which I
sent you.

The model results and code (RegEM) from the paper will all be posted for public access upon
publication of the paper (within a month or two at this point) so we'd be very interested to
know what flaws, if any, can be found with those results, which in fact suggest that the bias is
*not* real, or at least is not of a general nature. To our knowledge, Von Storch et al (2004)
have not made available their data or code, which makes direct comparison difficult.

I too hope to stay in touch for future discussions of these and related matters,

Mike

At 03:16 PM 5/6/2005, Peter Huybers wrote:

Dear Mike Mann,

The comment I sent you was, in fact, the final version already submitted.  
On re-reading my prior e-mail to you, I realize this was not clear, and I
apologize for any confusion.  Note, the submitted version was a bit too
long --- GRL asked me to cut a few words out --- and so the version now
posted on the web is slightly truncated.

In writing the comment, for focus and brevity, I confined discussion
primarily to what normalization should be used for the NOAMER records and
to inaccuracies in McIntyre and McKitrick's [2005] Monte Carlo results.  
Both points suggest McIntyre and McKitrick's 2005 article exaggerates the
criticism of your original 1998 paper --- my comment is, on the whole,
supportive of your results.

At this point, I do not anticipate submitting a revised version of the
comment to GRL.  This is foremost because, in this brief comment, I do not
want to address the larger issue of how important said biases are in the
actual temperature reconstructions --- these are best taken up elsewhere
in the literature. e.g. in the Rutherford et al article --- but may take a
while to sort out.  Second, regarding the von Storch et al (2004) article,
I have reproduced these results in a more simplified context, and at it
appears to me that this bias is real.  Finally, I bring up MM05's mention
of the non-climatic influence on some of the NOAMER records only to make
the point that exclusion or down-weighting of these records would have to
be explicitly stated --- there is not the space to further discuss these
non-climatic influences.  It should also be noted that revision of the
article and resubmission could give the unfortunate appearance that my
comments are not impartial, distracting from the main point that there are
serious questions about and errors in MM05's GRL article.

I intend to continue studying the problem and the material you sent me, 
and I hope you will be open to further questions and discussions in 
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the future.  

All the best,
Peter

--------------------------------------
Peter Huybers 
Woods Hole Oceanographic Institute
Geology and Geophysics Department
phuybers@whoi.edu (508)289-3653
---------------------------------------

On Thu, 5 May 2005, Michael E. Mann wrote:

> Dear Peter,
> 
> A colleague of mine has alerted me to the fact that a version of your
> paper is now posted on the internet, presumably the final version.
> 
> I was disappointed that the final version did not take into account two
> important points I tried to bring to your attention, and one additional
> point that must be raised:
> 
> These are that:
> 
> (1) the main features of the MBH98 reconstruction are insensitive to
> whether PCA was used at all to represent the North American ITRDB
> network, as shown in the Rutherford et al (in press, J Climate) paper I
> sent you
> 
> (2) That the conclusions of von Storch et al (2004), which you cite,
> have been seriously called into question by another paper, in press in
> Journal of Climate, which I sent you. von Storch et al (pers.
> communication, as relayed by D. Ritson of Stanford) may in fact have
> identified an error in their code which would render their results
> incorrect.
> 
> (3) Finally, the issue of non-climatic influences on some of the western
> North American tree-ring series was not raised by MM05. It was
> prominently raised by *us* originally our '99 followup article to MBH98
> in GRL:
> 
> Mann, M.E., Bradley, R.S. and Hughes, M.K., Northern Hemisphere
> Temperatures During the Past Millennium: Inferences, Uncertainties, and
> Limitations, Geophysical Research Letters, 26, 759-762, 1999.
> 
> available here: ftp://holocene.evsc.virginia.edu/pub/mann/MBH1999.pdf
> 
> If you have any questions about the above, I would be happy to discuss
> these with you. I would hope that a revised version of your submission
> would clarify these issues so as not to mislead the GRL readership on
> the points raised above.
> 
> Thanks in advance,
> 
> Mike Mann
> 
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>Date: Mon, 2 May 2005 23:29:37 -0400 (EDT)
>From: Peter Huybers <phuybers@ocean.mit.edu>
>To: Michael E. Mann <mann@virginia.edu>
>Subject: Re: individual proxy records
>
>Dear Mike Mann,
>
>A comment on MM05's paper is attached.  I hope you find it sensible. I'd
>be interested in any comments, questions, or suggestions you might have.  
>I also sent a copy to Caspar Ammann and Eugene Wahl.
>
>All the best, Peter

On Fri, 29 Apr 2005, Michael E. Mann wrote:

> Hi Peter,
>
> Thanks for your email. It would take me quite a while to dig this up.
>
> So let me instead refer to you to Caspar Ammann at NCAR (and Gene Wahl)
> who have also independently reproduced the MBH98 results including the
> RE values for the reconstructions, and have found numerous serious
> errors w/ MM05.
>
> My understanding is that they have submitted two related manuscripts,
> and will also be making their code available online shortly.
>
> Please feel free to contact them for more information, mentioning that I
> directed them to you:
>
> Caspar Ammann: ammann@ucar.edu
> Eugene Wahl: wahle@alfred.edu
>
> If you can't resolve this by discussion w/ them, I'll be happy to see if
> I can find the data in question.
>
> I look forward to seeing your manuscript.
>
> Best regards,
>
> Mike Mann
>

> At 01:00 PM 4/29/2005, Peter Huybers wrote:
>       Dear Mike Mann,
> 
>       Thank you for your earlier help in providing me with the proxy data you
>       used in reconstructing Northern Hemisphere temperatures.  In the mean time
>       I have been reproducing the results of McIntyre and McKitrick's 2005 GRL
>       paper (MM05), and believe I've come across some discrepancies in their
>       calculations.
> 
>       One outstanding issue involves the RE value MM05 report in their table 3
>       (0.46).  Using MM05's emulation of the AD1400 temperature estimate, it is
>       necessary to calculate RE statistic dividing by the variance of the proxy
>       estimate, rather than the variance of the instrumental record.  When the
>       RE statistic is computed in what I think is the correct manner, a much
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>       lower RE value is obtained.  I infer that MM05's emulation is probably
>       wrong, but cannot rule out MM05's suggestion that the RE value you
>       reported is too high. To sort this out I would like to compute these
>       statistics using your AD1400 reconstruction of temperatures.  Is this
>       available?
> 
>       I'll be submitting a comment on this and some of the other discrepancies
>       in MM05's paper to GRL shortly which, if you're interested, I'm happy to
>       send you.
> 
>       Peter
> 
>       --------------------------------------
>       Peter Huybers
>       Woods Hole Oceanographic Institute
>       Geology and Geophysics Department
>       phuybers@whoi.edu (508)289-3653
>       ---------------------------------------
> 
>       On Tue, 8 Mar 2005, Michael E. Mann wrote:
> 
>       > Dear Peter,
>       >
>       > All of the proxy data used in our '98 article, including the individual tree-
ring series as well as PC summaries, are available on
>       Nature's
>       > supplementary website:
>       >
>       >
http://www.nature.com/nature/journal/v430/n6995/suppinfo/nature02478.html
>       >
>       > An independent group of researchers has  reproduced our results using
these data and the method as described (as I understand it, the
>       manuscript is
>       > in press).
>       >
>       > In our '99 GRL article, the ITRDB North American PC series were based on
the same network of tree-ring series used in the '98 article.
>       Obviously
>       > only a smaller number of series extend back to AD 1000.
>       >
>       > The PCA results are available here:
>       >
ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/ITRDB/NOAMER/BACKTO_1000/
>       > while the list of tree-ring series used are available here:
>       >
ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/ITRDB/NOAMER/BACKTO 1000/noamer-
itrdb-ad1000.txt
>       > and all of the individual North American tree-ring series are all available
here:
>       > ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/ITRDB/NOAMER/
>       >
>       > Note that PC#1 was adjusted as described by our article to account for
non-climatic influences. The adjusted PC series is available
>       here:
>       >
ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/ITRDB/NOAMER/BACKTO 1000-
FIXED/
>       >
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>       > I trust this information will be adequate for your purposes.
>       >
>       > Best regards,
>       >
>       > Mike Mann
>       >
>       > At 10:01 AM 3/8/2005, Peter Huybers wrote:
>       >
>       >       Professor Michael Mann,
>       >
>       >       I'm a post-doc at WHOI working on annually resolved reconstructions
of
>       >       climate variability. Having followed recent discussions regarding
>       >       reconstructions of past temperature variability, it appears useful to
make
>       >       an independent assessment of past temperature variability. 
Specifically,
>       >       my objective is to understand what inferences can confidently be
made from
>       >       the proxy network you used in your 1998 Nature and 1999 GRL
articles.  My
>       >       agenda is simply to understand past climate variability. I hope you will
>       >       agree that an independent study of the proxy records will be useful to
>       >       reorient discussion toward improving our understanding of past
temperature
>       >       variations.
>       >
>       >       The data you posted relating to your 1998 Nature article (to include
the
>       >       individual proxy records from which PCs were computed) has been
helpful.
>       >       Most of the data for your 1999 GRL is also available, but I do not see
the
>       >       underlying tree ring chronologies used for calculating the ITRDB
principal
>       >       components.  Though these chronologies are available at the NGDC
website,
>       >       in practice I'm unable to ascertain exactly which chronologies were
>       >       included in the calculation.  Can you provide me with the underlying
tree
>       >       ring data used for calculating the itrdb-namer-pc1 through pc3 files for
>       >       your 1999 GRL paper?
>       >
>       >       Sincerely,
>       >       Peter
>       >
>       >       --------------------------------------
>       >       Peter Huybers
>       >       Woods Hole Oceanographic Institute
>       >       Geology and Geophysics Department
>       >       phuybers@whoi.edu (508)289-3653
>       >       ---------------------------------------

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 

ABOR/MH/Priv-006909



         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Raymond S. Bradley
To: mann@multiproxy.evsc.virginia.edu; mhughes@ltrr.arizona.edu; srutherford@virginia.edu;

frank@geo.umass.edu
Subject: fyi
Date: Wednesday, May 23, 2001 11:30:31 AM

Once refs are fixed, I will send this to Science:

S. F. Singer states, “…the overwhelming balance of evidence shows no
appreciable warming trend in the past 60 years; hence, it is unlikely to be
significant in  the future.” (1).  He is wrong on both counts.  The
evidence for warming over the last 60 years is unequivocal.  The change in
temperature has led to a major reduction in the mass of alpine glaciers in
almost all parts of the world (2-4), an increase in permafrost thawing at
high latitudes (5) and at high altitudes (6), a reduction in the extent and
thickness of Arctic and Antarctic sea-ice (7-9), later freeze-up and
earlier break-up dates of ice on rivers and lakes (10), an increase in the
calving rate of Antarctic ice shelves (11).  There is no evidence or reason
to think that these systems have a lag response to warming of 50 years or
more (e.g. 12).  There have also been shifts in the distribution of plant
and animal species, latitudinally and altitudinally (13, 14), changes in
the phenology of plant leafing and flowering (15) and the storage of
significant quantities of heat in the near-surface ocean (16) as well as an
overall rise in sea-level driven by both continental ice melting and a
steric change due to the increase in overall ocean temperature (17).  Thus,
regardless of arguments over instrumental versus satellite-based estimates
of warming in recent decades (18) there are multiple indicators of warming
in the 20th century that paint a vivid picture of the global-scale
environmental consequences of the temperature increase.  Going forward in
time, the accelerating rate of fossil fuel consumption will drive global
temperatures to levels not seen in at least a millennium, and probably
higher than for many thousands of years.  This scenario will play out in a
world whose population will increase by 50% over the next century.
Singer and like-minded colleagues can continue to ignore the overwhelming
evidence all around them or continue to bury their heads in the sand.  If
they do so, they would also note remarkable increases in borehole
temperatures over the last millennium (19, 20)  another diagnostic
indicator of all they seek to deny.
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18.  National Research Council, Reconciling Observations of Global
Temperature Change (National Academy Press, Washington, D.C. (2000).
19.  S. Huang et al., Nature 403, 756 (2000)
20.  R.N. Harris, D.S. Chapman, Geophys. Res. Lett. 28, 747 (2001).
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From: Michael E. Mann
To: Phil Jones
Cc: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; mann@virginia.edu
Subject: Re: JCL4202 Review
Date: Friday, July 19, 2002 6:27:37 AM

HI Phil,

I just took a look at it. This is very upsetting.  It is unforgiveable that Science would publish
crap like this without any critical review.  There is such a profound misunderstanding and
ignorance on his part, that it is difficult to put in words. There are blatant untruths about the
processing of the tree ring data that never should have been permitted, even in a perspective
piece, and the fact that only our reconstruction, and not the many others that show similar
behavior, is cited does a dis-service. Perhaps you might want to send a note to Julia
Uppenbrink? I've grown tired of taking the lead in responding to this crap. It would be useful
if she heard from someone else that she has made a critical mistake.

Interestingly, I also (upon request) was granted a perspective piece (I submitted it a week
ago, but haven't heard back from Julia Uppenbrink yet) that debunks just about everything
that it said there. I will forward to you once it is finalized.

I think you see now why it is so important that our borehole paper be published!

mike

At 11:10 AM 7/19/2002 +0100, you wrote:

 Mike,

      Just seen the perspectives piece in Science in the Jul12 issue. Doesn't seem to
help at
 all. Totally distorts the low-freq in trees.  If the LIA lasted for 200 years from say
1550-1750,
 I don't see how the boreholes would see it, according to his argument. A way to
show this
 would be to take a range of theoretical 1000 year curves and put them through
the reverse
 of the borehole inversion.  His figure is useless.

    Hope you manage to track Tim Oke down.

 Cheers
 Phil

Prof. Phil Jones
Climatic Research Unit        Telephone +
School of Environmental Sciences    Fax 
University of East Anglia
Norwich                          Email    p.jones@uea.ac.uk
NR4 7TJ
UK ----------------------------------------------------------------------------
                                                                                

_______________________________________________________________________
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                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

il: mann@virginia.edu   Phone:    FAX: 

     http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu
Subject: Fwd: Re: FW: Climate: Change could come like lightning
Date: Wednesday, March 17, 2004 6:49:34 AM
Attachments: ReportforPentagon.pdf

SRcomments.doc

Delivered-To: mem6u@virginia.edu
X-Sender: f028@pop.uea.ac.uk
X-Mailer: QUALCOMM Windows Eudora Version 5.2.1
Date: Wed, 17 Mar 2004 10:16:27 +0000
To: mann@virginia.edu
From: Phil Jones <p.jones@uea.ac.uk>
Subject: Fwd: Re: FW: Climate: Change could come like lightning
X-UEA-MailScanner-Information: Please contact the ISP for more
information
X-UEA-MailScanner: Found to be clean

 Mike,
     You've probably seen the attached - not Tom's comments. It makes
the skeptics seem
 reasonable ! Seems to have been written by the same people who
thought invading Iraq
 was a good idea. The climate scenario is ludicrous and the political ones
even worse.
 No-one in Europe would move to Morocco, Algeria and Egypt. The Hague
is 6 miles inland
 and wasn't affected by the 1953 storm. Holland has the most
overdesigned coastal defences
 in the world. Typical US vision of the rest of the world - Tarawa and
Tuvulu are down there
 near New Zealand. The're further away from NZ than Alaska is from you !
What is your
 country coming to !

       Not heard back from AGU yet. They did a good job, even though it
was a pain to go
 through it all. Had to redo Fig 4 as I'd left a curve in I meant to take out
(Tarussov's). Also
 can't believe I labelled Fig 6 (NAO) wrong.  We should get the proofs to
go through soon,
 so need to synchronize our changes/additions.  I thought it best to
change the caption to
 Fig 8 to pers. comms. for the GKSS and CSM (Hans and Caspar).

      Can you believe GKSS doesn't stand for anything? Wonder what AGU
will make of that !

 Cheers
 Phil
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Date: Mon, 15 Mar 2004 16:07:19 -0700
From: Tom Wigley <wigley@cgd.ucar.edu>
Organization: NCAR/CGD
User-Agent: Mozilla/5.0 (Windows; U; Windows NT 5.0; en-US;
rv:1.4) Gecko/20030624 Netscape/7.1 (ax)
X-Accept-Language: en-us, en
To: Phil Jones <p.jones@uea.ac.uk>
Subject: Re: FW: Climate: Change could come like lightning

Content-Type: text/plain; charset=ISO-8859-1; format=flowed
X-MIME-Autoconverted: from 8bit to quoted-printable by
tablemtn.cgd.ucar.edu id i2FN53B4024868

Phil,

Not heard of Morrill.

Will attach my critique of the Pentagon report -- presume you
have the report
(attached anyway). It cost $100,000!!!!

I reviewed the script for this film last year for an organization
(NGO) that thought
they might use it as a jump-off for an educational outreach
program on climate change.
I said the film was crap. However, I think it was better than
the Pentagon report.

Saw M&C on plane coming back from Oz. Very enjoyable.

Can't recall whether I asked if you would be around just prior
to Easter. I will get
to Norwich on Thurs April 9, and leave on Sat. Planning to stay
at Keith and Sarah's.

Cheers,
Tom.
_____________________________

Phil Jones wrote:

 Tom,
    Have you met Carrie Morrill?  Presumably
someone at NCAR talked about the work.
 Mixes up local and global changes a lot.
    Seriously though have you heard anything about
the Pentagon report? I had a couple of
 calls a couple of weeks ago about and didn't take
them that seriously. Is there a report?
 I did check at the time and it wasn't April 1.
    Also that film is mentioned !!  Saw Master and
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Commander (a good film - worth seeing)
 and the Day after Tomorrow was featured as
coming soon !  Talked about days etc, but not
 about turning sea water to glaciers - presumably
the reverse.
    Weird press release !

 Cheers
 Phil

-----Original Message-----
From: Jack Saporito
[mailto:jack@areco.org]
Sent: Monday, March 15, 2004 3:22 AM
To: 1-AviationWatch
Subject: Climate: Change could come
like lightning

Climate: Change could come like
lightning
        By Dan Whipple
United Press International
3/9/04

A weekly series by UPI on the possible
human impact on global climate
change.

--

BOULDER, Colo., March 8 (UPI) -- Those
who think global climate change
requires many years to unfold might
want to take note of other worldwide
temperature alterations in the past
15,000 years, which occurred, in
geological terms, quick as a flash.

"Climate has changed abruptly in the
past," said Carrie Morrill, a
postdoctoral fellow at the National
Center for Atmospheric Research who
has
just completed a paper on the subject.

For example, Morrill explained, there was
a 14 degree Fahrenheit rise at the
end of a period called the Younger
Dryas -- a climate period that occurred
nearly 12,000 years ago, just after the
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last ice age ended. While scientists
are worried about the potential impact
of a 2 degree or 3 degree F. global
increase over the next century, the 14
degree rise occurred "in a period of
decades," she said. "Future climate
change probably won't be gradual."

Concerns about a possible lightning-like
climate shift are beginning to
emerge from a number of quarters,
including some surprising sources. For
example, a new Pentagon report speaks
of temperature rises overwhelming the
world's infrastructure over the next 20
years, causing flooding, energy
shortages, drought, famine and rioting.
Nations might mass troops on their
borders, threaten neighbors, and even
wage nuclear war as they attempted to
deal with the severe upheavals in their
environments and economies, the
report states.

The report, "An Abrupt Climate Change
Scenario And Its Implications For
United States National Security,"
characterizes these possibilities as
remote but "plausible."

The idea of such a rapid shift in climate
-- from moderate to glacial or the
reverse in only a decade or two -- seems
counterintuitive. But there is
little doubt it has happened in the past.

Two events have been particularly well
studied. They occurred at the
beginning and end of the Younger
Dryas. About 11,600 years ago, there
was a
rapid drop in temperature, followed
about 1,000 years later by an equally
rapid increase.

Then about 8,200 years ago, there was
a another rapid change -- another
temperature decline. This occurrence,
called the 8ka event, has been
especially well documented. Average
temperatures, as computed from data
derived from Greenland ice cores, fell
nearly 11 degrees F. in a few
decades.
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Moreover, this dramatic temperature
change was not restricted to the Arctic,
or even to the northern hemisphere.
Paleoclimate records for Venezuela show
a virtually identical pattern for both time
and temperature, as do global
proxy records. All indications are that
the the 8ka event was global, steep
and rapid.

Morrill examined 105 different proxy
records that can be used to track
climate conditions covering about the
last 15,000 years. These records
include data collected from ice cores,
marine sediments, lake sediments and
fossils such as ostracods that
demonstrate the impact of climate over
time.
Because of the wide range of records,
she was able to narrow the time focus
of the data to 150 year increments or
better.

Her analysis shows two new periods of
abrupt climate change -- one occurring
5,500 years to 5,800 years ago, and the
other from 4,000 years to 4,800
years ago. During both periods, the
climate in the tropics became drier; in
the Mediterranean, colder and drier; in
the high latitudes, colder, and in
the mid-latitudes, colder and wetter.

"Technically, an abrupt climate change
occurs when the climate system is
forced to cross some threshold,
triggering a transition to a new state at
a
rate determined by the climate system
itself and faster than the cause,"
according to a definition developed by
the National Research Council.

Abrupt change needs a trigger, an
amplifier -- some mechanism to have the
trigger affect a large area -- and a
source of persistence. It turns out
lots of triggers have been identified, for
example, an accumulation of
carbon dioxide in the atmosphere, as is
occurring now.
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A paper in Science in March 2003 by
Penn State glaciologist Richard Alley
and others, noted: "... the drying of the
Sahara during the latter part of
the Holocene, and the ice age ...
oscillations, are linked in time and
mechanistically to orbital forcing. The
Sahara dried as the African monsoon
weakened in response to reductions in
summertime incoming solar radiation
... Triggers may be fast (e.g., outburst
floods from glacier-dammed lakes),
slow (continental drift, orbital forcing) or
somewhere between
(human-produced greenhouse gases)
and may even be chaotic; multiple
triggers
also may contribute."

Although potential triggers for abrupt
climate change have been fairly well
identified, mechanisms that can spread
the impacts globally are less
obvious.

"Global circulation models, forced by
hypothesized causes of abrupt climate
changes, often simulate some regional
changes rather well, underestimate
others, and fail to generate sufficiently
widespread anomaly patterns,"
according to the paper by Alley et al.

In her research, Morrill looked at the
possibility the El Niño-Southern
Oscillation phenomenon could serve as a
globalizer for temperature changes
in the tropics. El Niños, which are
triggered by changes in tropical Pacific
Ocean sea surface temperatures, are
known to affect climate across North
and
South America, and perhaps even parts
of Europe.

The results seem inconclusive, however,
at least as they relate to the rapid
climate changes Morrill identified during
the Holocene. She found the El
Niño was stronger at the last glacial
maximum -- about 21,000 years ago --
weaker during the mid-Holocene, and
stronger now.
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Whatever the scientific uncertainties,
rapid climate change is about to hit
popular culture. The film "The Day After
Tomorrow" is scheduled to be
released in May. It depicts rapid climate
change -- from the trailers,
apparently in the matter of days, not
decades -- that causes tidal waves to
sweep over Manhattan and turns all that
sea water into glaciers.

"Most ecological and economic systems
have the ability to adapt to a
changing environment," the Science
paper said. "Slower changes allow
response with less disruption in both
ecosystems and economies. Abrupt
changes are particularly harmful where
the individual entities have long
lifetimes or are relatively immobile;
damages also increase with the
abruptness and unpredictability of the
climate change and are likely to be
larger if the system is unmanaged."

Long-lived and relatively immobile
unmanaged ecosystems such as mature
forests and coral reefs thus are likely to
be especially sensitive to
climate change, the paper continued.
"Specific attention to vulnerable
sectors such as these is warranted," its
authors wrote. ===========

** NOTICE: In accordance with Title 17
U.S.C. Section 107, this material is
distributed without profit to those who
have expressed a prior interest in
receiving the included information for
research and educational purposes. **

Prof. Phil Jones
Climatic Research Unit        Telephone +

School of Environmental Sciences    Fax 

University of East Anglia
Norwich                          Email   
p.jones@uea.ac.uk
NR4 7TJ
UK ----------------------------------------------------------
------------------ 
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Prof. Phil Jones
Climatic Research Unit        Telephone +
School of Environmental Sciences    Fax 
University of East Anglia
Norwich                          Email    p.jones@uea.ac.uk
NR4 7TJ
UK ----------------------------------------------------------------------------
                                                                                 

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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COMMENTS ON THE REPORT ‘AN ABRUPT CLIMATE CHANGE 
SCENARIO AND ITS IMPLICATIONS FOR UNITED STATES NATIONAL 
SECURITY’ BY PETER SCHWARTZ AND DOUG RANDALL 
 
A year ago I was asked to review the script for a film that was soon to go into production. The 
film was set in a future greenhouse world with a radically changed and rapidly changing 
climate. My clients, a non-profit organization for whom I gave my services pro bono, hoped 
that the film might be used as the basis for an educational awareness program. I was asked 
to comment on the scientific credibility of the film. Unfortunately for my clients, the film was 
little more than a load of pseudo-scientific garbage. The report by Schwartz and Randall is 
similar.  
 
The report (‘SR’ below) claims to describe (in the words of its authors) a ‘climate change 
scenario ….. that is plausible’, albiet admittedly ‘extreme’. They use the word ‘plausible’ on a 
number of occasions; elsewhere, for example, they say ‘our goal is ….. to portray a plausible 
scenario’. Their scenario is based on the assumption of an instantaneous (i.e., occurring over 
less than one year) shut down of North Atlantic deep water production (which they refer to as 
‘the ocean’s thermohaline conveyer’ – mixing up two separate aspects of the ocean 
circulation). They then assume that, as a consequence, most of the Northern Hemisphere will 
cool by 5–10oF over the next 10 years, while the Southern Hemisphere will warm by a slightly 
smaller amount. They use a poorly documented and poorly understood event in the 
paleoclimatic record (at 8200BP) as an analog for the future, and, apparently, to justify both 
the magnitude and timing of their hypothesized future event. They further claim that the 
credibility of their scenario has been endorsed by ‘scientists at the world’s most prestigious 
institutions’. 
 
Apart from the naïve science and simplistic acceptance of climatic determinism, and the 
grammatical and typographical errors, SR fails to impress in a number of other areas. For 
example, it is conventional when expressing ‘scientific’ ideas and opinions, a word I use here 
over-generously, to document one’s sources. For literature sources, no references are given. 
Three items are mentioned in the text, two papers from Nature, and a recent U.S. National 
Academy of Sciences (NAS) report on abrupt climate change. There are 100s of relevant 
papers in the scientific literature, so citing just two is a clear and deliberate distortion of the 
mainstream scientific opinion. The extremely brief mention of the NAS report is also selective 
and a complete misrepresentation of that report. For personal sources, three scientists are 
mentioned by name in the report (compare this with the implication of the claim noted above, 
that their ideas have been endorsed by ‘scientists at the world’s most prestigious 
institutions’). I note in passing that one of the scientists mentioned by name is known for his 
extreme views on thermohaline circulation changes. 
 
This lack of documentation might be excusable if the authors themselves had some credibility 
in the area of climate change and/or climate change impacts. They have not – they appear to 
be little more than rank amateurs. I have a good knowledge of the literature and the leading 
and less-than-leading players in these fields – and I have never heard of these people. 
 
For a scenario of the future to be useful for policy-making purposes, it must have some finite 
probability of occurrence. The authors admit that their scenario is unlikely; they say, for 
example, that ‘the risk of abrupt climate change ….. (is) ….. quite possibly small’ (by this they 
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presumably mean ‘probability’ rather than ‘risk’ -- the word ‘risk’ is conventionally used to 
concatenate probability of occurrence and damage costs). The probability of occurrence of 
the SR scenario is not just ‘small’ – it is zero. It is physically impossible for the North Atlantic’s 
thermohaline circulation (THC) to shut down anywhere near as rapidly as the authors 
assume; and, even if this were possible, thermal inertia of the climate system would 
guarantee that the climate consequences would evolve far more gradually than assumed and 
would be less severe and less widespread than assumed. These changes would, 
furthermore, be much larger over Europe than elsewhere; and here they would be 
superimposed on an anthropogenically-induced warming trend. By reducing the magnitude of 
these changes, the effects in Europe of a rapid North Atlantic THC reduction may well be 
beneficial. 
 
The central thesis of the authors, that the 8200BP event can be used as an analog for the 
future, is unsupportable. This event occurred when the boundary conditions (particularly 
snow and ice cover, and the patterns and magnitudes of precipitation) were radically different 
from today. It is generally accepted that these boundary conditions provided quite special 
circumstances that allowed the 8200BP event to occur – conditions that simply do not exist 
today. Furthermore, changes in the mass balance of the Greenland ice sheet, which combine 
the offsetting effects of warming with the likelihood of contemporaneous precipitation 
increases, are extremely unlikely to produce enough melt-water to affect the Northern 
Hemisphere THC significantly on the decadal timescales envisaged by SR. Equally, expected 
precipitation change signals, though they differ from model to model, are unanimous in 
projecting changes that are much less than the natural variability that the North Atlantic has 
been experiencing (and coping with) for 1000s of years. 
 
To estimate the global-scale effects of a complete and instantaneous shutdown of the North 
Atlantic THC, I have used the MAGICC model. Shutting of the THC, even globally, does not, 
of course, stop the transport of surface water into the deeper ocean, so the ocean continues 
to be a source of large thermal inertia that slows down the rate of response of the climate 
system to any type of perturbation. When MAGICC is calibrated against coupled AOGCMs, 
as was done for the IPCC Third Assessment Report (TAR), the effect of a North Atlantic THC 
shutdown is to produce a slight increase in the rate of global-mean warming. In order to 
produce global-scale cooling, more extreme assumptions must be made about the nature of 
THC change – and even then the reduction in global-mean warming relative to the base case 
is only a few hundredths of a degree Celsius over 2010–2050. (There is a corresponding, but 
equally slight, increase in the rate of sea level rise, amounting to less than 1cm over 2010–
2050, due to a slight increase in oceanic thermal expansion that outweighs the effect of 
reduced land-based ice melt.) 
 
In a word – preposterous! 
 
Tom Wigley, 
National Center for Atmospheric Research, 
Boulder, CO 80307, USA. 
 
March 1, 2004.  
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From: Michael E. Mann
To: Caspar Ammann
Cc: Eugene Wahl
Subject: Re: Fwd: canada.com Story
Date: Thursday, July 15, 2004 7:37:11 AM

Thanks a bunch Caspar,

mike

At 10:31 AM 7/15/2004, Caspar Ammann wrote:

Hi Mike,
thanks for these updates. Indeed they should make a compelling argument why this
note needs to get out as fast as possible. We are going to put all efforts in for
finishing this short piece quickly.
Cheers,
Caspar

Michael E. Mann wrote:

Caspar, Gene:

As you can see, the skeptics are trying to rev up their attacks again,
making your analysis more timely than ever. We're all obviously very
interested in the timeline for when you plan to submit your piece to
Nature. Its more important now then ever! You could even cite these
scurrlious attacks to Nature as a compelling reason for them to publish
your analysis...

I'm forwarding you a few emails...

MIke

X-Sender: rbradley@eclogite.geo.umass.edu
X-Mailer: QUALCOMM Windows Eudora Version 6.0.1.1
Date: Thu, 15 Jul 2004 01:30:03 -0400
To: mann@multiproxy.evsc.virginia.edu
From: "raymond s. bradley" <rbradley@geo.umass.edu>
Subject: Fwd: canada.com Story

I just had to respond to this one...see attached
Ray

From: mrspi@triumf.ca
To: rbradley@geo.umass.edu
Date: Wed, 14 Jul 2004 18:23:18 -0400
Subject: canada.com Story
X-OriginalArrivalTime: 14 Jul 2004 22:23:18.0510
(UTC) FILETIME=[29F3E0E0:01C469F1]
X-MIME-Autoconverted: from quoted-printable to
8bit by eclogite.geo.umass.edu id SAA14144

Dear rbradley@geo.umass.edu,

Your friend mrspi@triumf.ca thought you might be
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interested in this canada.com story:

"Global warming theory faces the big chill"

http://www.canada.com/calgary/calgaryherald/news/story.html?
id=f20e7b2f-8e3b-4a46-9576-1b5c9f5e6573

Tim Ball has published articles in the Vancouver
Sun, July 12, 2004 and the Herald, July 14, 2004. I
have rebuttaled the Sun article, but perhaps you
might like to respond this this.

_______________________________________
This is a free service courtesy of
canada.com (http://www.canada.com
<http://www.canada.com/>)

*Raymond S. Bradley
*Director, *Climate System Research Center***
Department of Geosciences, University of Massachusetts
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

*Tel: 
Fax: 
**Climate System Research Center: 
        *<http://www.paleoclimate.org
<http://www.paleoclimate.org/>>
*/Paleoclimatology/* Book Web Site:
http://www.geo.umass.edu/climate/paleo/html_
_

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

-- 
Caspar M. Ammann
National Center for Atmospheric Research
Climate and Global Dynamics Division - Paleoclimatology
1850 Table Mesa Drive
Boulder, CO 80307-3000
email: ammann@ucar.edu    tel:      fax: 

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
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                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: f028
Cc: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Subject: RE: Data information
Date: Monday, August 16, 2004 12:22:28 PM

Hey Phil,

Hate to bother you again, but had to about this.

BBC just put this article out:

http://news.bbc.co.uk/1/hi/sci/tech/3569604.stm

It's pretty good! Several great quotes from you. Thanks for keeping the journalist
straight on all the facts. The end result is an article that appropriately, further
marginalizes the claims of the Soonses, Legateses, et al...

cheers,

mike
At 01:05 PM 8/16/2004, f028 wrote:

Mike,
   Also, the series in RoG are on the CRU site, go to temp,
 them paleo data. In Geneva this week, thanks for replying.
 Cheers
 Phil

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes
Subject: Re: (Fwd) Re: [Trl-l] new web site
Date: Friday, December 10, 2004 2:22:07 PM

thanks Malcolm,

yeah, Gavin is reading this right now. We''ll probably have a blog out on this
sometime soon. Will keep you posted,

Mike

At 04:15 PM 12/10/2004, Malcolm Hughes wrote:

Mike - I thought you might be interested in this response, 
Cheers, Malcolm
------- Forwarded message follows -------
Return-Path: <tswetnam@ltrr.arizona.edu>
Received: fromno schulman.ltrr.arizona.edu ([unix socket])
        by schulman.ltrr.arizona.edu (Cyrus v2.1.9) with LMTP; Fri, 10 Dec
2004 14:08:18 -0700
X-Sieve: CMU Sieve 2.2
Received: from ring.ltrr.arizona.edu (ring.ltrr.arizona.edu
[128.196.218.202])
        by schulman.ltrr.arizona.edu (8.12.8/8.12.2/LTRR) with ESMTP id
iBAL8Iqu015765
        for <mhughes@schulman.ltrr.arizona.edu>; Fri, 10 Dec 2004
14:08:18 -0700
Received: from gci-net.com (mail.gci-net.com [216.183.68.100])
        by ring.ltrr.arizona.edu (8.12.10/8.12.10/LTRR) with ESMTP id
iBAL8HLl006175
        for <mhughes@ltrr.arizona.edu>; Fri, 10 Dec 2004 14:08:17 -0700
Received: from [216.183.76.36] (account tswetnam HELO SEGI2)
  by gci-net.com (CommuniGate Pro SMTP 4.1.5)
  with ESMTP id 10803544 for mhughes@ltrr.arizona.edu; Fri, 10 Dec 2004
14:04:51 -0700
Message-ID: <001001c4defc$5f0b08a0$6401a8c0@SEGI2>
Reply-To: "Thomas  Swetnam" <tswetnam@ltrr.arizona.edu>
From: "Thomas  Swetnam" <tswetnam@ltrr.arizona.edu>
To: "Malcolm Hughes" <mhughes@ltrr.arizona.edu>
References: <41B98B42.744.37C947@localhost>
Subject: Re: [Trl-l] new web site
Date: Fri, 10 Dec 2004 14:08:15 -0700
MIME-Version: 1.0
Content-Type: text/plain;
        format=flowed;
        charset="iso-8859-1";
        reply-type=original
Content-Transfer-Encoding: 7bit
X-Priority: 3
X-MSMail-Priority: Normal
X-Mailer: Microsoft Outlook Express 6.00.2900.2180
X-MimeOLE: Produced By Microsoft MimeOLE V6.00.2900.2180
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Malcolm,

This looks good.   I hope there will be some response to or 
discussion
of the new Michael Crichton book.  I just read a review of it, 
and
then saw at Cosco.  Its a novel with wacko environmentalists 
and
politically motivated climatologists, and he includes a screed
attacking climate change science in an appendix, plus a 
bibliography
with anti-climate change papers ... the usual suspects..none of 
the
Mann et al papers cited.  According to the review I read, 
Crichton is
a right winger, and has used his book plots in the past to push 
his
views.

Tom

----- Original Message ----- 
From: "Malcolm Hughes" <mhughes@ltrr.arizona.edu>
To: <trl-l@ltrr.arizona.edu>
Sent: Friday, December 10, 2004 11:40 AM
Subject: [Trl-l] new web site

> Colleagues in the Lab may be interested in a new website established
> by a group of distinguished climate scientists: www.realclimate.org
>
> .
> .
> .Malcolm Hughes
> Professor of Dendrochronology
> Laboratory of Tree-Ring Research
> University of Arizona
> Tucson, AZ 85721
> 520-621-6470
> fax 520-621-8229
>
> _______________________________________________
> Trl-l mailing list
> Trl-l@ltrr.arizona.edu
> https://schulman.ltrr.arizona.edu/mailman/listinfo/trl-l
> 

------- End of forwarded message -------Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
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Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Phil Jones; Tom Wigley
Cc: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu; t.osborn@uea.ac.uk; wigley@ucar.edu; keith Briffa; Gavin

Schmidt
Subject: Re: Other issues
Date: Friday, January 21, 2005 6:02:38 AM

Thanks Phil,

Yeah--this looks bad too. IJC has published some decent stuff, but lots of crap.
Didn't R.G. Currie publish nearly all of his notorious solar-looney papers there?

"New Hope Environmental Sciences" is, it may not surprise anyone, a front
organization. It's entirely funded by Pat Michaels, through sources of funding whose
dubiousness you can only begin to imagine. As for U.Va/Michales/Cato, lets just say,
something *should* have been done a long time ago. That it hasn't, is telling for the
institution, and does not reflect positively on them in my own current deliberations.
More news on that front shortly I hope...

Mike

At 04:27 AM 1/21/2005, Phil Jones wrote:

 Dear All,

          Been away, but just gone through all the emails. There is another
 poor paper out recently - attached. Tom Karl and Pasha Groisman are
 already working on a response to this one as well. It seems no-one at
 NCDC reviewed this, despite the tone in the first paragraph.
    Whoever reviewed it didn't even question the use of
 INCHES throughout as the rainfall unit !! I'll raise this with the IJC editor
when
 I see him next.  IJC has some good papers, but some recent papers
 have been accepted with one review and getting even that takes ages.
 IJC had that appalling paper on Sahel drought earlier in 2004.  Several of
 us wrote a comment (which with a phone call got reviewed quickly)
 which came out in August. I need to check with the editor, but the last
 I heard was that the response to the comment has been rejected - heard
 this from the reviewer (not me) !

    What is the New Hope Environmental Sciences at Charlottesville? 5
Boar's
 Head Lane sounds like an English village address - village with pub,
church,
 village shop, bus every other Thursday - oh and a research institute !

   Also doesn't UVa get irked by Michaels giving his Cato affiliation top
billing?

      I have been turning down most reviewing requests, over
 the last 6 months because just too much else to do, but none of the
 papers I'm asked to do are contentious in any way. I've been doing
 those that I think are, even if they take time.
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 Cheers
 Phil

Prof. Phil Jones
Climatic Research Unit        Telephone +
School of Environmental Sciences    Fax 
University of East Anglia
Norwich                          Email    p.jones@uea.ac.uk
NR4 7TJ
UK ----------------------------------------------------------------------------
                                                                                 

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Subject: being reviewed by Nature
Date: Wednesday, March 09, 2005 7:30:05 PM
Attachments: MobergComment-final.doc

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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COMMENT ON "Highly variable Northern Hemisphere 
temperatures reconstructed from low- and high-resolution 
proxy data" By A. Moberg et al 

 
 

Michael E. Mann1, Philip D. Jones2, Scott Rutherford3, Caspar Ammann4, Eugene Wahl5, 
Timothy J.  Osborn2,  Keith R. Briffa2 

 
1 Department of Environmental Sciences, University of Virginia, Clark Hall, Charlottesville, 
Virginia, USA 

2 Climatic Research Unit, University of East Anglia, Norwich, U.K. 
 
3 Department  of Environmental Sciences, Roger Williams University, Bristol, R.I. 
 
4 Climate Global Dynamics Division, National Center for Atmospheric Research, 1850 Table 
Mesa Drive, Boulder, CO, USA 
 
5 Department of Environmental Studies, Alfred University, Alfred NY, USA 
 

 
Moberg et al1 (henceforth 'M05') use a compositing approach applied separately to high 

and low-resolution climate "proxy" indicators to produce a reconstruction of Northern 

Hemisphere average temperature over the past 2000 years. While their reconstruction reinforces 

key conclusions from other past work such as the anomalous nature of late 20th century 

warmth2,3, it  also argues for greater variability in past centuries than most past reconstructions 

and model simulations2.  If real, this result would indicate a greater amplitude of multi-centennial 

natural variability, with a potential concomitant implication of larger sensitivity in the response 

of climate to radiative forcing. We demonstrate, however, that method employed in M05 likely 

introduces an unreasonable, and potentially spurious, amplification of low-frequency variability 

in the final composite series. Hence, the M05 reconstruction likely overestimates the amplitude 

of actual past large-scale temperature variations. 
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M05 make use of the so-called "composite-plus-scale" or "CPS" method used in some 

other previous work4-9. In this method, a small number (typically about a dozen) of long proxy 

indicators with decadal or annual resolution, demonstrably indicative of past temperature 

variability,  are standardized and then averaged (possibly with some areal weighting), and the 

resulting series scaled (typically, to have the same mean and variance as the target series, e.g. the 

instrumental NH series) over some modern overlapping 'calibration' interval (e.g. 1856-1980). 

Unlike past applications, however, M05 use both high and lower-resolution proxy data, and 

employ distinct sub-grouping,  including 11 lower-resolution proxies and 7 high-pass filtered 

tree-ring reconstructions, to form separate composites of the low- and high-frequency variations 

respectively. Their approach involves standardizes all proxies by their individual standard 

deviations before filtering. This means that the low-resolution proxies, which lose relatively little 

variance when low-pass filtered, are given near unit weight in the low-frequency composite, 

while the high-resolution ("tree-ring") proxies, which possess substantial both low and high-

frequency variability, lose a significant fraction of their variance when high-pass filtered, and as 

a consequence, are attributed less weight. Since M05 produce a temperature reconstruction by 

scaling the sum of the low- and high-frequency composites by the standard deviation of the 

instrumental record, the method is prone to artificially inflating the low-frequency component. 

As shown below, this appears to prove problematic for the M05 method and results. 

We first revisit the Mann and Jones8 (henceforth "MJ03") CPS reconstruction which M05 

emphasize in their comparisons with past work. We implement our close approximation to the 

M05 scheme, using the same data used by MJ03. We first standardized  all 8 decadally-smoothed 

NH proxies used by MJ03 by their decadal standard deviations (6 of the records are decadally-

resolved over the full interval used, while 2 of records, ice borehole temperature records, are 
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decadally-resolved during the most recent centuries, but have decreasing resolution back in 

time). We then, as M05, formed separate areally-weighted composites of the tree-ring  (3 series) 

and other (5 records), after application of conventional low-pass filtering10  to accomplish the 

same result as the wavelet decomposition used by M05 in isolating the high (<80 year period) 

and low (>80 year period) frequencies from the respective data subgroups.  Following M05, we 

then added the low- and high-frequency composites, and scaled the resulting series to have the 

same mean and decadal variance as the instrumental NH series over the 1856-1980 period. As 

shown in Figure 1, this alternative procedure provides a significant increase in the low-frequency 

variability relative to the original MJ03 reconstruction. Though the precise timing of cold and 

warm periods is different, the amplitude of variability between the peak Medieval (9th-11th 

century) warmth and the peak 15th-17th century cooling is remarkably similar.  The M05 

method clearly produces enhanced low-frequency variability. But is the enhanced variability 

likely real? 

To address this question, we applied both the standard CPS and M05 approaches to various sets 

of a dozen "pseudoproxies" derived11 from a long forced simulation of the NCAR CSM1.4 

coupled model12. The "pseudoproxies" were randomly selected annual mean temperature 

gridpoint series from the model, degraded though the addition of white noise to emulate the 

character of real-world climate proxies.  MJ03 emphasized proxies demonstrating relatively high 

decadal correlations with overlapping instrumental records (typically r>0.5), implying signal-to-

noise amplitude ratios (SNR) in excess of 0.5. By contrast, M05 make use of several low-

resolution proxies not included by MJ03 since their reliability as long-term temperature 

indicators could not be assessed. While the effective SNR in this dataset is therefore unknown, 

and quite possibly lower than 0.5, we will nonetheless adopt SNR=0.5 as a conservative choice. 
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Mann et al11 tested the CPS method using 3 different random networks ("A", "B", and "C") of 12 

pseudoproxies for a range of SNR values (0.25 through 1.0).  The actual and reconstructed NH 

series, temperature pseudoproxy and gridpoint series used in these experiments are available at: 

"http://fox rwu.edu/~rutherfo/supplements/forreviewers/Pseudoproxy05/ CPSresults/NetworkA".  We 

make use of one of these experiments ("A") with SNR=0.5 as a demonstration of a more general 

result. To emulate the M05 procedure, we split the set into 1/3 (4 proxies) for the high-frequency 

composite, and 2/3 (8 proxies) for the low-frequency composite (see Figure 2).  To simulate the 

characteristics of the various centennial-resolution proxies (e.g. lake and ocean sediments) used 

by M05, we smoothed (with an 80 year low-pass filter) the 8 low-frequency proxies before 

proceeding. We then standardized all series by their nominal standard deviation, and composited 

the high-frequency and low-frequency components separately. We then added the two 

composites together, and scaled the resulting series to have same mean and decadal variance as 

the model's actual NH series over the 1856-1980 interval.  

 
While the specific results depend on the precise random network used, precisely which 

subsets of indicators are reserved for the two different frequency bands, and of course the SNR 

value employed, the basic conclusions from this example hold in general. The results are 

demonstrated in Figure 3, which shows a comparison of the true model NH series (red),  the 

reconstruction using the standard CPS approach based on the 12 decadally-resolved 

pseudoproxies (blue), and the M04 scheme (green) using the same 12 pseudoproxies (but with 

the further smoothing discussed above applied to the  8 "low-resolution" proxies).  The CPS 

method tends to modestly underestimate the low frequency variance at moderate SNR for 

reasons discussed in more detail elsewhere11,14. This is observed here as well, though the 

reconstruction lies well within the uncertainties of the true series. However, the reconstruction 
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that results from the M05 scheme lies well outside the uncertainty estimates of the true series. 

The fact that the M05 scheme significantly overestimates the true low-frequency variability in 

just this example alone indicates that the approach likely cannot be considered reliable when 

applied to real-world proxies.  Alternative "Climate Field Reconstruction"(CFR) techniques, 

which also incorporate frequency-dependent calibration13,14, by contrast show no low-frequency 

bias for a wide range of SNR values11.  

We conclude that the M04 methodology and resulting reconstruction are not reliable. 

Non-trivial differences do exist between various current climate reconstructions and model 

simulations of the past one-to-two millennia2, differences deserving of further investigation. The 

use of model simulations to test alternative statistical reconstruction methodologies11,15-17 

remains a promising approach to furthering these investigations. 

 

 

Correspondence and requests for materials should be addressed to M.E.Mann (e-mail: 
mann@virginia.edu).  
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Figure 1.  Comparison of MJ03 reconstruction based on standard CPS approach (blue), 

with application of our approximation of M04 method to same dataset, as discussed in 

text (green--note that the standard CPS reconstruction has slightly greater variance 

than the original MJ03 reconstruction8 because the full 1856-1980 instrumental NH 

series has been used to set the mean and variance).  Shading indicates two standard 

error uncertainties in the standard CPS reconstruction. Shown for comparison are the 

Moberg et al reconstruction (smoothed on timescales >80 years--black) and 

instrumental series (red). Thin lines are decadally-smoothed series, thick lines indicate 

multidecadal (>80 year) timescale variations. For all series, 'zero' anomaly corresponds 

to mean over a 1961-1990 reference period. 
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Figure 2. Distribution of the 12 Pseudoproxy Records used in standard CPS and M04

methods. Separate symbols indicate the sub-networks used in high-frequency and low-

frequency calibration.

Figure 3. Comparison of reconstructions using standard CPS (blue) and M04 (green) *	 Formatted: indent: Left: o", nrst line: o".
Line spacing: Double, Tab stops: Not at 0.39"

reconstruction based on Pseudoproxies derived from forced model simulation. Shown

for comparison in the true model NH history (red). Shading indicates two standard error

uncertainties in the standard CPS reconstruction.
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From: Michael E. Mann
To: Tom Wigley
Cc: Gavin Schmidt; Eric Steig; Stefan Rahmstorf; Steve Schneider; Caspar Ammann; Tim Osborn; Phil Jones;

rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; Keith Briffa; John P. Holdren; Tom Crowley; Kevin Trenberth; Michael
Oppenheimer

Subject: Re:
Date: Wednesday, June 29, 2005 8:49:19 AM

If Dan Vergano at USA Today is saying the story is breaking, I can only assume that Science has
already issued an embargoed press release? Perhaps others know more?

mike

At 11:31 AM 6/29/2005, Tom Wigley wrote:

The Mears et al. paper was submitted jointly to Science in May along with a paper by
Santer et al. As Science embargoes papers, authors (and others) cannot comment on
these
papers until they are released.

Tom.
==============

Michael E. Mann wrote:

Dear All,

Just wanted to give you a heads up. This (below) is the kind of thing I am
generally telling journalists who contact me for comment. 

Mike

p.s. I might just get a lucky break -it appears that the Mears et al story is
starting to break (a reporter at USA Today already has asked me about
it),
________________________

Because of the legal issues involved, my public response to this is
necessarily minimal. But I'm comfortable in going on record w/ the
following statement (in italics)

I am pleased that the U.S. congress has shown in interest in the issue of
climate change. I am confident that when congress takes a look at the
science, they will join with the consensus of the world's scientists that the
earth is indeed warming, and that human activity has played a primary
role in the warming observed in recent decades.  

It is my intent to comply with the committee's request. They have asked
for a substantial amount of material, and it will take some time to compile
this.

I won't get into the specifics of the request, for reasons given above.
However, I would suggest that you contact other U.S. scientists who can
comment freely, such as Caspar Ammann, Tom Wigley, and Kevin
Trenberth (all at NCAR), Tom Crowley at Duke University, John Holdren at
Harvard (president elect of the AAAS), Michael Oppenheimer (Princeton),
Steve Schneider at Stanford University, Gavin Schmidt at NASA/GISS in
New York, Eric Steig at Univ. of Washington, and perhaps some European
scientists as well (Phil Jones, Keith Briffa, or Tim Osborn of UEA/CRU in
the UK, Stefan Rahmstorf of the Univ. of Potsdam).
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Also, you should note that many of the issues in involved have already
been dealt w/ publicly on the RealClimate.org website (see response to an
editorial in last week's Wall Street editorial).

I'm sorry I cannot be more responsive at this time, but I hope you
understand the sensitivity of the situation,

thanks,

mike

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu
Cc: mann@virginia.edu
Subject: EGS Apr 25-29 Nice "2000
Date: Wednesday, November 17, 1999 6:32:03 PM
Attachments: egs-abs00.txt

Untitled attachment 00734.txt

Dear Ray/Malcolm,

Just a reminder about the special session Phil, Jean, and I are convening
in Nice in April on climate of the past millennium. Last year (in the Hague)
was a big success. Ray: I recall you can't go. Malcolm: any chance of you
coming.
It'll be fun (and you should be all recovered by then?).

Anyways, I wanted to provide you guys w/ a copy of the abstract I was
planning on submitting for my own talk at this session (attached as a text
file), co-authored by the 3 of us. You'll note it assumes as yet not-finalized
results on the seasonal recons (will update you soon!).
Please give me your comments ASAP, and I'll incorporate before sending off
(the abstracts are due Dec 15th, and I need to send off before I leave for AGU).

talk to you soon,

mike

p.s. Malcolm--I was very impressed w/ the comparison of your drought time
series and the MBH98 PC 5 series. THe comparison looks better than you even
led me to believe! I think Ray concurred it looked pretty good? That's an
exciting result...
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egs-abs00.txt
Abstract for EGS Nice Spring '99

Title: Seasonal Proxy-Reconstructed Temperature Patterns in Past Centuries

authors: Michael E. Mann, Raymond S. Bradley, Malcolm K. Hughes

Recent paleoclimate studies seeking to reconstruct patterns of temperature
variation in past centuries from climate proxy data have typically focused on
warm-season conditions (e.g. Bradley and Jones, 1993; Overpeck et al, 1997;
Jones et al, 1998; Briffa et al, 1998)
Mann et al  (1998), in contrast, demonstrated verifiable skill in 
reconstructions of annual-mean global surface temperature patterns back to AD 1400,
based on calibration of the modern surface temperature record against diverse
"multiproxy" data networks of dendroclimatic, ice-core, coral, and historical
indicators. Additional, more recent analyses show that
skillful independent cold- and warm-season surface temperature patterns are 
resolvable from these multiproxy data networks several centuries back in time.
Here, we present reconstructions of large-scale surface temperature patterns 
for both boreal cold- and warm-half year intervals. 
We discuss insights into the seasonality of patterns of forced and unforced
climate variability during past few centuries based on these seasonal 
reconstructions.

Page 1
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Untitled attachment 00734.txt
_______________________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.html              

Page 1
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From: Michael E. Mann
To: Caspar Ammann
Cc: Raymond S. Bradley; Malcolm Hughes; Bette Otto-Bliesner
Subject: Re: Janice Lough, volcanoes and ENSO
Date: Wednesday, January 12, 2000 4:25:37 PM

HI Caspar,

That sounds excellent.

I agree that there are distinct processes that are probably relevant here.
Using the CZ model will allow you to test one particular purely tropical,
and purely oceanic mechanism, and that is the strength of doing that
analysis. The CSM model, on the other hand, will allow you to look at
atmospheric and extratropical mechanisms that are undoubtedly important as
well. So this should be a very complementary way of approaching the problem.

I look forward to hearing how this progresses. Thanks again for the update,

mike

At 03:58 PM 1/12/00 -0700, Caspar Ammann wrote:
>Mike,
>
>thanks for your message. I have the papers of Lough and Fritts, except
>the one in the special Tambora book (Harrington). It seems not possible
>to get this book easily, now your email finally forced me to order it
>interlibrary. In my talk at AGU I presented the figure 2c of the 1987
>paper, which shows this strong (stat. significant) link of cool SE and
>warm NW after strong low latitude eruptions, very similar to ENSO. This
>leads to the question, if this :
>
>a) is indeed something like "ENSO triggered by volcanoes" what we see,
>
>or
>
>b) if the volcanic forcing creates a surface temperature response in
>these locations as a result of modification of Northern Hemisphere
>general circulation (Rossby Wave pattern, strength of warm air advection
>from the south) that regionally resembles an ENSO pattern, although in
>the Pacific the thermocline does not produce a change.
>
>It is a good starting point for the modeling. How does the atmospheric
>response look like at times with strong volcanic perturbation? Is there
>a shift in the storm-tracks that is independent of the phase in ENSO, or
>is the stormtrack only linked to ENSO (probably/surely not, but are
>there others that produce same as during ENSO)? In the latter case the
>model would have to be able to respond with ENSO after the tropical
>eruptions to produce a correct regional pattern over North America.
>
>This is great. Thanks to Malcolm and Mike! I think it would be good to
>get other proxy datasets that have a strong ENSO response from other
>locations. E.g. what is there in the western equatorial Pacific? Don't
>like these corals too much anymore after listening to Quinn at AGU...
>But if we have a network of those we can independently test each of
>these regions to the model response.
>
>About the model: I talked to Mark Cane, and he suggested I look into Tim
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>Eichlers work. I did not find any publication, but sent Tim a request
>for some detail about that. I'll let you know what comes out of there.
>After that, I will get in touch with Steve Zebiak to set up the model. I
>have good datasets to force the Zebiak-Cane model, although I would have
>to adapt it for their radiative scheme (spectral resolution).
>For the comparison with CSM : With highest priority I'm currently
>running the sensitivity experiments with the atmospheric standalone
>version, after that (roughly February/March?) the coupled experiments
>will come.
>
>Caspar
>
>--
>Caspar Ammann
>NCAR CGD
>Boulder, CO 80307
>email: ammann@ucar.edu
>tel: 
>
>
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html

ABOR/MH/Priv-006970



From: Michael E. Mann
To: mhughes@ltrr.arizona.edu
Subject: Re: amherst
Date: Thursday, January 18, 2001 11:11:45 AM

HI Malcolm,

You should hear more about the workshop soon. You can give me a tentative
subject area/title for what you'd like to present, and I'll work it into a
preliminary program...

mike

At 10:29 AM 1/18/01 -0700, you wrote:
>Dear Mike - obviously my earlier e-mail didn't reach you. I'm now back in
>Tucson, sabbatical over. One question that I know Ray will ask you. What is
>expected of us for the Charlottesville workshop - -participating in
discussion,
>papers? I hope the Hawaii meeting, or at least the snorkelling, went well.
>Cheers, Malcolm
>
>Quoting "Michael E. Mann" <mann@multiproxy.evsc.virginia.edu>:
>
>> Hi Ray, Malcolm:
>>
>> Looks like I'll be in town in Amherst from Feb 8-12 (plus or minus a
>> day),
>> and was hoping this would be a chance for us to get together. Are you
>> both
>> going to be around? Let me know when you have the chance. Thanks,
>>
>> mike
>> _______________________________________________________________________
>>                      Professor Michael E. Mann
>>           Department of Environmental Sciences, Clark Hall
>>                       University of Virginia
>>                      Charlottesville, VA 22903
>> _______________________________________________________________________
>> e-mail: mann@virginia.edu   Phone:    FAX: 
>>        http://www.evsc.virginia.edu/faculty/people/mann.html
>>
>>
>
>
>
>
>
>
_______________________________________________________________________
                     Professor Michael E. Mann
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          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: Thomas R Karl
Cc: trenbert@ucar.edu; Michael E. Mann; rbradley@geo.umass.edu; tom crowley; mhughes@ltrr.arizona.edu; Phil.

Jones; k.briffa@uea.ac.uk; Folland Chris
Subject: Re: NRC report on climate change
Date: Monday, June 11, 2001 7:41:41 AM

Hi Tom,

Thanks for your message. I know how hard you worked to make the report as
balanced as possible, and realize this experience must have been a bit
frustrating for you, after all the careful and hard work you and Chris put
into our IPCC chapter. While the idea that the limited panel involved in
the NAS report can provide an improved or more objective assessment of the
science relative to IPCC  seems, of course, ridiculous to a lot of us. But
I'm very thankful you were on the panel. Needless to say, my criticism
below is in no way directed towards you, but rather some of the other panel
members whom I think did a real injustice to the science.

Having seen the list of authors and reviewers of the report, I think I have
a pretty good idea what the source of a good deal of that skepticism is and
I think much of it is spurious and unfair. There are legitimate caveats and
uncertainties--I think we've been very honest about these in our
publication, and we (as Phil, Keith, and others) are working earnestly to
improve the reconstructions. But the claims we make (e.g. the anomalousness
of recent warmth) are guided by the substantial uncertainties in the
reconstructions, which of course take into account uncertainty due to
increasingly sparse information back in time, and I have yet to see any
legitimate argument that our reconstruction (or Phils, Toms, Keiths, etc.)
is "wrong" within the context of the diagnosed uncertainties.
Unfortunately, much of the criticsm that has been advanced recently is
knee-jerk and unsubstantiated, particularly with regard to
dendroclimatological issues (which Malcolm and Keith can comment on best).
Much of this has to do w/ a lack of understanding of tree ring information
(to be honest Tom, I didn't see one name in the list of authors or
reviewers of the NAS report whom I think is qualified to comment on
dendroclimatological climate reconstruction and its strengths and
weaknesses, and that is a real problem. In such a vaccum it is easy, for
example, for Wally to wave around some highly non-standard, un
peer-reviewed tree-ring analysis that he has been promoting (which Ed Cook
himself, a co-author on this, admits makes use of a questionable
standardization approach), in an attempt to dismiss all other climate
reconstructions which use tree ring information.

The criticism that there are only "4 useful sites" for reconstructing
climate over the past 1000 years is especially irksome and ignorant. Does
Tom C. agree that there are only 4 meaningful records that contribute to
his reconstruction? Does Phil, or Keith? Where does that number come from?
The same source as R.L.'s GHG sensitivity factor of 1.0 (i.e., the ether) I
suspect.

The discussion of paleo in the report (which I realize you had very limited
control over) is disturbingly misleading and flawed to many of us who
actually work in this area. There are throwaway statements about millennial
trends of 2 C in global temperatures being typical during the early
Holocene that have no basis in fact. They are again probably based on this
increasingly disturbing notion that Arctic ice core borehole thermometry or
other ice core information tells us anything at all about the hemisphere
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let alone globe. A small number of scientists are really misleading the
scientific community in this regard. How odd that the panel was  happy to
claim that there were millennial periods with 2 degree C warming in global
temperature during the holocene (for which there is no reliable empirical
evidence whatsoever) and yet focuses its skepticism on much more detailed
and careful  assessments of the most recent millennium. I think you can see
why some of us are frustrated by this type of inconsistency, and suspect
some degree of bias or agenda at work. There was a clear bias in the panel
in the promotion of ice cores (which sample a very limited portion of the
globe and are very questionable in their ability to say *anything* about
hemispheric or global temperature variations). I am disturbed by this
because the NAS report shouldn't have been promoting a particular specific
area of funding. It seems to have.

Finally, with regard to one of the primary supposed discrepancies in the
paleo record of the past 1000 years, temperature reconstructions from
boreholes vs. other proxies, I'll be presenting some results in Chicago
which I think you'll all find quite elucidating. Turns out there is no
discrepancy after all. More on that soon. I'll also try to confront both
the "real" and "imagined" sources of uncertainty and bias in
paleoreconstructions in my presentation there, and we should all be able to
have a very healthy discussion of this.

I really think that there was a bias in this panel which cannot be
considered representative of the community as a whole. So I vote that we
not over-react. I'm anxious to see Lindzen, Broecker, or Mike Wallace
publish a peer-reviewed critical analysis of proxy data over the past 1000
years. Until that day, I take their comments w/ a shaker of salt...

mike

At 09:41 AM 6/11/01 -0400, Thomas R Karl wrote:
>Kevin,
>
>I agree with most of your points. It was a very interesting Panel.  I should
>emphasize however, that the Paleo record (at least the last 1000 years)
>has many
>critics, and we really need to show how the data prior to 1600 stands
>up.  Some
>contend there are only 4 good sites in the first part of the record.  I am
>not sure
>of this, perhaps Mike and others will explain this in Chicago.
>
>Regards, Tom
>
>Kevin Trenberth wrote:
>
> > FYI
> >
> > Some comments on the NRC/NAS report on the IPCC and global warming
> >
> > Kevin Trenberth
> > 6/7/2001
> >
> > While the report overall is an endorsement of the IPCC report and the
> > process, it has a lot of "buts" in it, and the overall tone is to somewhat
> > downplay the problem.  It does not focus on policy relevant issues. The
> > report was done in a very hurried fashion and perhaps as a result,
> there are
> > several factual errors or misstatements and there are errors of
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> omission.  My
> > impression is that it tends to overstate the caveats and need for
> questioning
> > of results and understate the certainties and likelihoods.
> >
> > 1. In dealing with natural variability, there are two aspects that are
> >    mixed in this report.  There is natural variability of climate
> >    that is tied to external forcings, such as variations in the sun,
> >    volcanoes, and the orbital variations of the Earth around the sun.  The
> >    latter is the driver for the major ice ages and interglacials.  The
> second
> >    kind of natural variability is that internal to the climate system
> arising
> >    from interactions between the atmosphere and ocean, such as El Nino, for
> >    instance.  This variability occurs even in an unchanging climate.
> >
> >    In the section dealing with this and in the summary, both kinds of
> >    variability are discussed as if they are the second kind.  Glacial to
> >    interglacial differences are discussed without any mention of the known
> >    causes and as if these can happen without a cause.  This is
> misleading at
> >    best. A consequence is that there is no clear statement that the
> >    recent warming is outside the realm of natural variability - and that a
> >    cause is needed.  And the cause is human induced changes in the
> >    atmospheric composition.
> >
> > 2. The report does not clearly address issues in attribution of recent
> >    climate change to human activities.  At the end of p 3 in the summary it
> >    makes an equivocal statement.  It avoids the issue that the recent
> >    temperature increase is outside any estimates of natural variability
> >    without any forcings.  What else is the warming due to?
> >
> >    On p 14, it does not sum up the forcings and make a clear statement
> about
> >    the total.  Nowhere does it say that the recent warming has to be
> because
> >    of an increase in heating.  This reasoning also put limits on how large
> >    aerosol cooling can be.
> >
> >   On p 17, the ambiguity over the term "natural forcing" is used to say
> that
> >   a causal link can not be unequivocally established.  It does not mention
> >   estimates of variability from the paleo record and how well they
> agree (or
> >   not) with model estimates.
> >
> >   It does not note on p 17 that many models show the signal of
> greenhouse gas
> >   effects emerging from the noise of natural variability about 1980.  The
> >   attribution statement is weak.
> >
> > 3. Several statements about the hydrological cycle, rainfall, and
> warming are
> >    misleading and even wrong.  One direct consequence of this is that
> >    statements about changes in extremes are missing, understated and
> incorrect.
> >    Another is to understate the threats in the tropics and subtropics.
> >
> >    It begins in the first sentence of the summary: "Greenhouse gases are
> >    accumulating as a result of human activities, causing surface air
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> >    temperatures and subsurface temperatures to rise."  Later in the
> paragraph
> >    it states "Secondary effects are suggested by computer model simulations
> >    and basic physical reasoning.  These include increases in rainfall rates
> >    and increased susceptibility of semi-arid regions to drought."
> >    While the first statement is true, is is misleading.  The increased
> >    greenhouse gases cause increased heating (also called radiative
> forcing in
> >    this report).  It is also referred to as "warming".  The latter term is
> >    ambiguous and misused in this report, by confusing where it should mean
> >    "heating" versus where it should mean "increased temperature".  So while
> >    some of the increased heating does in fact cause an increase in surface
> >    temperature, much of the heating goes into evaporation of surface
> >    moisture. This changes the moisture content of the atmosphere and
> >    rainfall.  This increase in the hydrological cycle is NOT a secondary
> >    effect, it is a primary one.
> >
> >    Moreover, the increase in atmospheric moisture content is much
> greater than
> >    the increase in evaporation, because it is controlled by the temperature
> >    (which determines the water holding capacity of the atmosphere
> through the
> >    so-called Clausius Clapeyron effect) while the evaporation is controlled
> >    by the surface heating.  For doubled CO2, evaporation and the overall
> >    hydrological cycle speeds up by about 3%, but the moisture in the
> >    atmosphere increases by about 6% per degree C, or about 15% for a
> doubling
> >    of CO2.
> >
> >    The rainfall intensity is determined by the available moisture, and
> so it
> >    increases at about the latter rate.  But the total precipitation
> increases
> >    only at the former rate, and so the frequency of precipitation must
> >    decrease in some way.  This also means that the residence time for water
> >    vapor increases in a world with increased heating.  The increased drying
> >    means increased risk of drought everywhere, not just semi-arid
> locations,
> >    and increased intensity increases risk of floods.  These increases
> in risk
> >    of extremes are direct consequences and are not adequately
> mentioned.  In
> >    the section on "Future climate change", p 19, one statement is
> wrong: "An
> >    increase in the recycling rate of water in the hydrological cycle is
> >    anticipated in response to higher global average temperatures."  The
> >    increased hydrological cycle is in response to increased heating, not
> >    increased temperatures (and may not occur if only the temperature is
> >    increased).  The term "recycling" is normally used to refer to
> moisture that
> >    evaporates and precipitates in the same catchment, and is misleading
> here.
> >
> >    A consequence of all this is that in the summary on p 4 in
> addressing the
> >    question "What will be the consequences of global warming (e.g., extreme
> >    weather, ...)...", there is no statement about increased risks of
> extremes
> >    of floods and droughts, and heat waves.  It also underplays the risks of
> >    increases in pests and diseases (like fungal diseases) in agriculture.

ABOR/MH/Priv-006976



> >
> > 4) The report contends that emissions in the last decade have averaged less
> >    than in IPCC predictions, notably for CO2 and methane. However, the
> IS92c
> >    scenario had flat CO2 emissions till 2020 and then declining
> emissions to
> >    2100, and for methane values projected are quite close to those
> observed.
> >    In any case they are not forecasts but scenarios, to be used for
> planning
> >    purposes.  Statements in the summary on p 4 and on p19 are misleading.
> >    Also, the claim that CO2 emissions will accelerate for mid-range
> estimates
> >    is not true: those have emissions increasing at a close to constant
> rate.
> >
> > 5) The report dodges the issue of what is a "safe" level of
> concentration of
> >    greenhouse gases, and has a strong US bias.  It does not list on p
> 21, for
> >    instance, the vulnerability of small island States to sea level rise and
> >    of poorer countries to all aspects of climate change.  Again it avoids
> >    discussion of changes in extremes.  It is also incorrect in stating "The
> >    largest changes occur consistently in the regions of the middle to high
> >    latitudes."  This is true only for temperature and NOT for precipitation
> >    (also p 8) perhaps because of the issues raised in item 2).
> >    Therefore it understates the threats to tropical countries.
> >
> > Some details:
> >
> > p 6: The accepted value of forcing for doubled CO2 with a stratosphere in
> > adjustment (which occurs rapidly) is 3.5 W m-2, not 4.
> >
> > p 11: sheep are just as much a source of methane as cows and cattle.
> >
> > p 24: the list of variables needed for an observing system should include
> > those for the ocean.
> >
> > ---------------
> > Kevin E. Trenberth                           e-mail: trenbert@ucar.edu
> > Climate Analysis Section, NCAR, ML           www.cgd.ucar.edu/cas/
> > P. O. Box 3000, [1850 Table Mesa Drive]      
> > Boulder, CO 80307  [80305]                    (fax)
> > *******************************

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
          http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: Keith Briffa; rbradley@geo.umass.edu; jto@u.arizona.edu; storch@gkss.de; weber@knmi.nl;

wanner@giub.unibe.ch; jcole@geo.arizona.edu; tom crowley
Cc: mhughes@ltrr.arizona.edu; mann@virginia.edu
Subject: Re: Eos meeting report article
Date: Friday, June 15, 2001 8:21:59 AM

Thanks Keith,

If *everybody* could have their comments to me by next wednesday, we'll be
in good shape.  I've taken the liberty, incidentally, of including Malcolm
Hughes as co-author. We never got a rapporteur report from Julie Jones  for
the drought session, but Malcolm has offered to help make sure that the
material from that session is adequately represented in the report (which
it *isn't* in my draft).

Thanks in advance,

mike

At 04:12 PM 6/15/01 +0100, Keith Briffa wrote:
>Hi Mike et al.
>thanks for the draft - if OK with  you will respond monday. If that's too
>late go ahead. Cheers all
>Keith
>
>At 01:33 PM 6/13/01 -0400, Michael E. Mann wrote:
>>Dear All,
>>
>>Here is a draft meeting report (attached as word97 document, in proper
>>Eos meeting report format) I've prepared for submission to Eos. They
>>request submission within two months (but up to three months if
>>necessary) after the meeting, so we're in relatively good shape if we can
>>come up w/ a final draft within a few weeks.
>>
>>I've tried to select a representative group of 4  European and  4 U.S.
>>co-authors, of which you are included. I don't mean to be presumptious,
>>so please let me know if you wish to decline co-authorship on the
>>report.  I don't think we can add any more authors to the list (9 is a
>>long list for an Eos meeting report), but also if you think there is a
>>glaring omission, let me know. Also, we're about maxed out w/ the number
>>of references, though we can add one or two if absolutely necessary.
>>
>>Regarding length, we're at about 1800 words right now, and the suggested
>>limit is 1500 (ie worked hard to get it down to 1800) so we can't
>>lengthen it. Additions have to come at the expense of deletions as far as
>>the text is concerned.
>>
>>I'd like to get your feedback on the report ASAP.  I imagine it will be
>>difficult to satisfy everyone w/ regard to the precise wording and
>>emphasis, so I'll try to do my best to compromise. It would be helpful to
>>limit your comments to your key concerns/omissions/errors, and if you
>>think rewording is required of a particular sentence or group of
>>sentences, please indicate your preferred re-wording.
>>
>>Please do not send me a whole edited version of the document. It will be
>>very difficult to synthesis 8 whole different versions of the report.
>>
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>>I look forward to having your comments within a week, and to finalizing a
>>report for submission to Eos within two weeks.
>>
>>Thanks for your help,
>>
>>mike
>>
>>_______________________________________________________________________
>>                     Professor Michael E. Mann
>>            Department of Environmental Sciences, Clark Hall
>>                       University of Virginia
>>                      Charlottesville, VA 22903
>>_______________________________________________________________________
>>e-mail: mann@virginia.edu   Phone:    FAX: 
>>          http://www.evsc.virginia.edu/faculty/people/mann.shtml
>
>--
>Dr. Keith Briffa, Climatic Research Unit, University of East Anglia,
>Norwich, NR4 7TJ, United Kingdom
>Phone:     Fax: 
>

_______________________________________________________________________
                      Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml

ABOR/MH/Priv-006979



From: Michael E. Mann
To: Julie Jones; Julia Cole; rbradley@geo.umass.edu; jto@u.arizona.edu; Hans.von.Storch@gkss.de;

weber@knmi.nl; wanner@giub.unibe.ch; k.briffa@uea.ac.uk; Martin Widmann; mhughes@ltrr.arizona.edu
Cc: mann@virginia.edu
Subject: Re: EOS report
Date: Thursday, July 05, 2001 8:38:12 AM
Attachments: meetingreport-revised.doc

Dear all,

Attached is the final version of the Eos report which takes into account
all comments received. It has been submitted in this form. Further
revisions can be made, if necessary, following receipt of the
reviewer/editor comments. I will forward these to you when the time comes,
and will keep you all posted of any progress in the status of the report.

Thanks again for your help,

mike
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WORKSHOP IN CHARLOTTESVILLE FOCUSES ON RECONSTRUCTING THE CLIMATE 
OF THE LATE HOLOCENE  
 
The late Holocene is the most appropriate period in which to gauge the natural variability of 
modern and future climate, as the basic boundary conditions have not changed significantly over 
this interval (the last few millennia). Because widespread instrumental data sources are not 
available before the mid-19th century, a description of past climate depends on paleoclimatic data 
sources and the use of climate models. We envisioned that a meeting of researchers with distinct 
approaches to the study of past climate would significantly advance our understanding of Late 
Holocene climate history. To this end, a group of paleoclimate researchers and climate modelers 
came together to discuss and compare such approaches in a recent workshop ("Reconstructing Late 
Holocene Climate") held in Charlottesville, Virginia. The workshop was sponsored by the U.S. 
government (NSF and NOAA-sponsored Earth Systems History program), IGBP/PAGES, the 
National Research Program of the Netherlands, the Swiss National Climate Research Program, the 
German Federal Research Ministry and the German GKSS Research Center.  
 
Three distinct approaches to reconstructing recent climate history have emerged. These include (1) 
the calibration of proxy climate indicators against modern instrumental records to estimate past 
climate variability (e.g., Mann et al, 1998; Urban et al. 2000; Luterbacher et al. 1999), (2) forward 
modeling of the forced component of climate change, using estimates of past climate forcings to 
drive climate model integrations (e.g. Rind et al. 1999; Crowley, 2000), and (3) the assimilation of 
paleoclimate data directly into climate model integrations, using statistical models to upscale the 
proxy data to large-scale patterns of atmospheric circulation, in a conceptually similar way to the 
assimilation of meteorological information into numerical weather forecasting models (Weber and 
von Storch 1999; von Storch et al. 2000). In addition, climate  models are also being used to model 
proxy indicators themselves using  process-based forward proxy models (Weber and von Storch 
1999). 
 
The three above approaches to reconstructing past climate history have complementary strengths 
and weaknesses. The first method assumes that relationships between proxy indicators and climate 
remain stable over time, and offers the advantage that the unique trajectory taken by the observed 
climate is estimated. The second approach estimates only the forced component of past climate 
variability, and it may be compromised by uncertainties in past radiative forcing, as well as by 
imperfect representation of modeled physical processes. The third approach represents a hybrid of 
the first two; it prescribes the dynamical evolution of the system from climate physics but is 
"nudged" toward the observed climate by the proxy data. This method is more resistant to biases 
specific to purely empirical or model-based approaches but it is relatively untested. 
 
An important workshop theme involved the resolution of discrepancies in large-scale temperature 
reconstructions. Several multicentury reconstructions of Northern Hemisphere temperature based 
on diverse and widespread proxy data (tree rings, corals, ice cores, sediments, and documentary 
information) were compared. Although these multiproxy reconstructions yield similar conclusions 
regarding the course of hemispheric temperature change during the past 1000 years, those 
emphasizing higher-latitude summer data exhibit a more distinct "Little Ice Age" (LIA) during the 
16th-19th centuries. 
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The ability of multiproxy reconstructions to capture long-term temperature variability was 
discussed in detail. Borehole temperature reconstructions (Huang et al, 2000), which capture low-
frequency variability only, portray a colder past few centuries than multiproxy estimates, but 
considerable uncertainty remains in the interpretation of the borehole data owing to possible non-
temperature influences. A new 'Age Band Decomposition' method for obtaining enhanced low-
frequency variability from dendroclimatic reconstructions seems promising (Briffa et al. 2001), but 
further work is necessary to eliminate possible differences in the impacts of ecological stresses on 
trees of different ages. The need for an accurate reconstruction of the  low-frequency component of 
variability is critical, because larger past temperature changes imply a greater climate sensitivity to 
radiative forcings both past and future.  
 
Additional biases may be introduced to paleoclimate reconstructions by spatial domain and 
calibration interval statistics. Existing multiproxy temperature reconstructions are heavily weighted 
towards the Northern Hemisphere extratropics, though tropical information from corals and high-
elevation ice cores have been used where available (e.g. Mann et al, 1998). Since half of the surface 
area of the hemisphere resides in the tropics and sub-tropics, this sampling bias remains a source of 
uncertainty. Different multiproxy temperature reconstructions were shown to converge when 
differences in the target seasonality and spatial domain were taken into account. Possible biases 
introduced by stationarity assumptions were also addressed. Results from forced and control 
coupled model integrations demonstrate that calibration of paleoclimate indicators against a non-
stationary 20th century is unlikely to introduce significant bias in reconstructions of past climate 
patterns if the full covariance information is used, over a century or longer calibration period.  
 
Considerable focus was also placed on reconstructing regional patterns of climate variability, such 
as the El Nino Southern Oscillation (ENSO), the North Atlantic Oscillation (NAO), the Antarctic 
Oscillation (AAO), and regional hydrologic change. A frequency-domain analysis of a Pacific SST 
reconstruction that combines tree ring and coral data suggests that these sources provide 
information on different timescales. Results from multiple coral records imply unusual behavior of 
the tropical Indo-Pacific in the mid-late 19th century, with enhanced decadal variability and 
attenuated interannual variability in ENSO-sensitive regions. Extratropical decadal Pacific climate 
variability was argued  not to be distinct from tropical Pacific variability; thus efforts to reconstruct 
a distinct "Pacific Decadal Oscillation" index from proxy data may be misplaced. 
 
Although discrepancies are evident between independent NAO reconstructions in the recent 
literature, a new NAO reconstruction that verifies well against the longest instrumental records was 
shown to be possible if a combined 19th/20th century calibration period is used. Emerging 
evidence was discussed that the NAO, rather than hemispheric or global changes, may be primarily 
responsible for the distinct LIA and Medieval Warm Period in Europe and the North Atlantic (e.g. 
Keigwin and Pickart, 1999). Patterns in long instrumental records appear to support this 
interpretation during the past few centuries. As in the tropical Pacific, Eurasian climate records also 
suggest unusual behavior in the 19th century; a coordinated look at this interval was proposed.  
 
Extreme variations in regional hydrologic balance were demonstrated from many sites, including 
East Africa (e.g. Verschuren et al. 1998) and the US Great Plains, where drought fluctuations 
correspond with solar variability on century time scales. In many parts of the world, major 
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population centers have been influenced by significant changes in hydrologic balance over the late 
Holocene, particularly in the intervals around 4200 and 8200 years BP. In the past few centuries, 
droughts in the US tend to occur with a few characteristic spatial patterns, which may be associated 
with specific forcings such as La Niña.  
 
A variety of modeling experiments offered complementary information about recent climate 
variability. An energy balance model (EBM) forced by estimated changes in radiative forcing (solar 
radiation, volcanic activity, greenhouse gas concentrations and aerosols) was used to estimate the 
temperature response over the past millennium. A similar GCM experiment simulated the last 500 
years. The model simulations explain most decade-century scale variations in reconstructed 
Northern Hemisphere temperature over the past millennium. In the EBM, however, discrepancies 
are observed during the 19th century; the modeled hemispheric temperature increases while proxy 
and instrumental records show slight cooling. A high prescribed EBM sensitivity to radiative 
forcing is more consistent with the large past cooling shown by borehole data; a moderate 
sensitivity agrees more closely with multiproxy hemispheric temperature reconstructions. The 
GCM results support a higher temperature sensitivity.  
 
Process-based models of glaciers and sea level were used to generate synthetic records of these 
low-frequency proxies on the basis of intermediate-complexity model  and GCM simulations, using 
unforced runs as well as orbital and solar-forced runs. Simulated synthetic data were used to 
validate the model's response in fields that are not well constrained by existing proxy data, such as 
the hydrological cycle, and to analyze mechanisms underlying reconstructed low-frequency 
variations. Such process-based models make it possible to perform model-data intercomparisons on 
the level of the proxy itself rather than using reconstructed climatic variables. However, they 
require a detailed understanding of local meteorological processes as well as the complicated 
(physical, biological or chemical) processes determining the proxy itself. A promising, though quite 
preliminary, new model of tree-ring growth was also presented. 
 
A relatively untested, but promising, approach to paleoclimate reconstruction, termed DATUN 
(Data Assimilation Through Upscaling and Nudging), was discussed at length. The aim of this 
method is to obtain a physically-based best guess of large-scale atmospheric states during the last 
millenium with annual temporal resolution. In the first step, statistical upscaling models are 
formulated to reconstruct modes of continental and hemispheric-scale climate variability that are 
strongly linked to variability in proxy data. Promising results were demonstrated for the AAO and 
the NAO, estimated from tree ring data. In the second step, the large-scale variability in the coupled 
atmosphere-ocean GCM is "nudged" towards states which are both close to these reconstructions 
and consistent with model physics. Preliminary results were described based on the nudging of the 
Arctic Oscillation (closely related to the NAO). The DATUN concept is appealing, but there was a 
strong argument for an intercomparison of results using a range of models, with differing 
sensitivities and physical parameterizations, before a more robust evaluation of this approach can 
be made.  
 
The key result of the workshop was an informed, open discussion of the strengths and weaknesses 
of various approaches to paleoclimate reconstruction and modeling. Several recommendations 
emerged:  
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 An expanded network of paleoclimate data is needed to reduce uncertainties in empirical 
reconstructions of climate change. More data in low-latitude regions, much of the Southern 
Hemisphere, and Africa are particularly needed, as are better regional records, particularly of 
ENSO and hydrologic variability. An internationally coordinated effort is required to update 
many important proxy networks. 

 It is important to explore in greater detail the assumption of temporal stability in the 
relationships between climate and proxy data during the late 20th century. 

 Improving climate reconstructions of the late Holocene will require the use of lower-resolution 
proxies such as lake and ocean sediments, speleothems, and sclerosponges that provide 
sufficient resolution to resolve decade-century scale variability.  

 Understanding the sensitivity of large-scale temperature to radiative forcing requires that we 
resolve apparent discrepancies among temperature reconstructions from different data sources. 
It is also important to better constrain the histories of radiative forcings prior to about AD 1600.  

 It is important to continue to develop and validate forward proxy models, using process-
oriented (experimental and theoretical) approaches. Such models can potentially exploit a 
wealth of biological, chemical, and physical information contained in proxy records. 

 There should be an emphasis on developing projects that involve international, 
multidisciplinary efforts. Participants supported the idea of an international feasibility study 
involving a paleoclimate proxy reanalysis for the 20th century. The study would focus on issues 
in forward modeling, data assimilation, proxy calibration, and the identification of significant 
gaps in information. Such a study could provide a framework for prioritizing the collection of 
new proxy data.  

 
The Workshop on Reconstructing Late Holocene Climate was held in Charlottesville Virginia, 
April 17-20, 2001.  
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From: Michael E. Mann
To: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; Scott Rutherford
Cc: mann@virginia.edu
Subject: abstract to EGS Spring "02
Date: Wednesday, January 09, 2002 1:01:03 PM

Dear All,

I'm co-convening once again a special session at the EGS meeting in Nice this
Spring:

PC2. Study of past climates: Climate variability and forcing during the past millennium (co-
sponsored by OA)
Convener: Dullo, W.; Co-Convener(s): Jones, P., Jouzel, J., Mann, M.
Information, Organizer, Schedule, Contributions, Oral Programme, Poster Programme, Publication and
Report
For Organizers & PC only: Organizer Session Form & Overviews, PC Overviews, Oral Draft Programme,
Poster Draft Programme 

Is anyone else interested in submitting to this session?

Since I have to attend anyways, I was going to submit the following abstract. Please
let me know if you have any suggested changes, and please confirm your willingness
to be a co-author on the abstract ASAP. Thanks,

mike

Climate Change and Forcing over the Past 500 Years

M.E. Mann, R.S. Bradley, M.K. Hughes, S. Rutherford 

We will address some recent advances in our knowledge of climate change in past
centuries, and its possible underlying natural and anthropogenic factors. Issues to be
discussed involve (1) the possible dynamical underpinnings of the "Little Ice Age"--a
period during which temperatures in certain regions, such as Europe, appear to have
exhibited a cooling that is significantly larger than that estimated in both empirical
climate reconstructions and model simulations of past temperatures at the
hemispheric scale and (2) the resolution of apparent discrepancies between the
information on past surface temperature change provided by perturbations in the
geothermal information measured from sub-surface borehole profiles in terrestrial
regions of the Northern Hemisphere and reconstructions of hemispheric temperature
trends from more conventional "proxy" climate indicators.

_______________________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; Scott Rutherford
Subject: Re: abstract to EGS Spring "02
Date: Thursday, January 10, 2002 8:22:03 AM

Dear All,

I was going w/ alphabetical ordering of names, but the reasonable suggestion was made
that the order should be me, Scott, and then Ray & Malcolm.

Let me know if you have any other comments. I have to send this out today,

mike

At 03:03 PM 1/9/02 -0500, Michael E. Mann wrote:

Dear All,

I'm co-convening once again a special session at the EGS meeting in Nice this
Spring:

PC2. Study of past climates: Climate variability and forcing during the past millennium
(co-sponsored by OA)
Convener: Dullo, W.; Co-Convener(s): Jones, P., Jouzel, J., Mann, M.
Information, Organizer, Schedule, Contributions, Oral Programme, Poster Programme, Publication
and Report
For Organizers & PC only: Organizer Session Form & Overviews, PC Overviews, Oral Draft
Programme, Poster Draft Programme 

Is anyone else interested in submitting to this session?

Since I have to attend anyways, I was going to submit the following abstract.
Please let me know if you have any suggested changes, and please confirm
your willingness to be a co-author on the abstract ASAP. Thanks,

mike

Climate Change and Forcing over the Past 500 Years

M.E. Mann, R.S. Bradley, M.K. Hughes, S. Rutherford 

We will address some recent advances in our knowledge of climate change in
past centuries, and its possible underlying natural and anthropogenic factors.
Issues to be discussed involve (1) the possible dynamical underpinnings of the
"Little Ice Age"--a period during which temperatures in certain regions, such as
Europe, appear to have exhibited a cooling that is significantly larger than that
estimated in both empirical climate reconstructions and model simulations of
past temperatures at the hemispheric scale and (2) the resolution of apparent
discrepancies between the information on past surface temperature change
provided by perturbations in the geothermal information measured from sub-
surface borehole profiles in terrestrial regions of the Northern Hemisphere and
reconstructions of hemispheric temperature trends from more conventional
"proxy" climate indicators.

_______________________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
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                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml            

_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; Scott Rutherford
Cc: mann@virginia.edu
Subject: Re: abstract to EGS Spring "02
Date: Thursday, January 10, 2002 9:49:42 AM

HI Malcolm,

Sounds good to me. Will make the chance and submit,

mike

At 09:47 AM 1/10/02 -0700, Malcolm Hughes wrote:
>I's like a week in France, but, no time. Have fun!
>The abstract ooks great to me, most recent proposed author order also fine. I
>do however, have a question about the passage :
>" the possible dynamical underpinnings of the "Little Ice Age"--a period
>during which temperatures in certain regions, such as Europe, appear to have
>exhibited a cooling that is significantly larger than that estimated in both
>empirical climate reconstructions and model simulations of past temperatures
>at the hemispheric scale"
>how about? :
>"the possible dynamical underpinnings of the "Little Ice Age" - a period of
>much stronger cooling in certain regions, such as Europe, than elsewhere at
>the hemispheric scale, as estimated in both empirical climate reconstructions
>and model simulations"
>Cheers, MalcolmMalcolm Hughes
>Professor of Dendrochronology
>Laboratory of Tree-Ring Research
>University of Arizona
>Tucson, AZ 85721
>520-621-6470
>fax 520-621-8229

_______________________________________________________________________
                      Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: cdullo@geomar.de
Cc: p.jones@uea.ac.uk; jouzel@lsce.saclay.cea.fr; mann@virginia.edu
Subject: EGS submission
Date: Thursday, January 10, 2002 10:24:15 AM
Attachments: mannetal.pdf

Dear Christian et al,

Attached (in pdf format) is an abstract I've submitted on the part of my
co-authors and me for an oral presentation at our PC2 session in the Spring
EGS.

Please let me know if any questions. Looking forward to seeing how the
session shapes up. Best regards,

mike

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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CLIMATE CHANGE AND FORCING OVER THE
PAST 500 YEARS
M.E. Mann (1), S. Rutherford(1), R.S. Bradley (2), and M.K. Hughes(3)
(1) Department of Environmental Sciences, University of Virginia, (2) Department of
Geosciences, University of Massachusetts, (3) Laboratory of Tree-Ring Research, University
of Arizona

We will address some recent advances in our knowledge of climate change in past
centuries, and its possible underlying natural and anthropogenic factors. Issues to be
discussed involve (1) the possible dynamical underpinnings of the "Little Ice Age" -
a period of much stronger cooling in certain regions, such as Europe, than elsewhere
at the hemispheric scale, as estimated in both empirical climate reconstructions and
model simulations and (2) the resolution of apparent discrepancies between the infor-
mation on past surface temperature change provided by perturbations in the geother-
mal information measured from sub-surface borehole profiles in terrestrial regions of
the Northern Hemisphere and reconstructions of hemispheric temperature trends from
more conventional "proxy" climate indicators.

1
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From: Michael E. Mann
To: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; Scott Rutherford; dshindell@giss.nasa.gov; gavin@isis.giss.nasa.gov
Cc: mann@virginia.edu
Subject: "Perspective"
Date: Wednesday, July 10, 2002 9:19:38 AM
Attachments: Sciperspect02.doc

fig1.pdf

Dear All:

Attached is (final?) draft of a "perspective" article I've been solicited to write for Science,
along with an accompanying Figure. I'd appreciate any comments or feedback you might be
able to provide before I send this off to Science. I'd plan to send if off Friday, so if you can
get back to me within the next day or so that would be particularly helpful.

Thanks in advance,

mike

_______________________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

il: mann@virginia.edu   Phone:    FAX: 

     http://www.evsc.virginia.edu/faculty/people/mann.shtml

ABOR/MH/Priv-006993



 
 

THE "MULTIPROXY" APPROACH TO CLIMATE 
RECONSTRUCTION 

 
Michael E. Mann 
 
The climate record of previous centuries may arguably provide the most convincing evidence of  
anthropogenic influences on recent climate change. Existing reconstructions of Northern 
Hemisphere temperatures in past centuries, though uncertain and only available over roughly the 
past 1000 years, provide evidence that the warming of the late 20th century is unprecedented in at 
least the past millennium (1-4). As widespread, direct measurements of surface temperature are 
only available about one century back in time, it is necessary to use indirect indicators or "proxy" 
measures of climate variability provided by natural archives in our environment, to reconstruct 
changes further back.  Moreover, for a reliable reconstruction of past changes, it is essential that 
reconstructions based on these indirect "proxy" indicators be compared and independently 
"validated" against instrumental records during common intervals of overlap. Such exercises are 
possible only with high-resolution (annual or seasonally-resolved) proxy data, and not with 
coarsely resolved climate indicators such as pollen, ocean sediment cores (with a few exceptions), 
lake level reconstructions, glacial moraine evidence, and terrestrial and ice borehole data. While 
these latter data are valuable for the insight they provide into broad patterns of climate variability 
on longer timescales, attempts to reconstruct climate patterns over the past few centuries have 
thus employed annually resolved indicators, such as tree rings, corals, ice cores, lake sediments, 
and the few available multi-century historical and instrumental series (4). 
 
Unfortunately, no one such proxy source alone is adequate for reconstructing large-scale patterns 
of past climate.  Tree-ring data are the most widespread source of annual proxy climate 
information, but they are limited in a number of ways. They only provide information in sub-
polar terrestrial regions, and generally only extratropical species are useful for climate 
reconstruction. Thus, tree ring data are poorly representative of the full surface of the globe. The 
issue of how best to estimate climate variability on multi-centennial timescales from tree ring 
data, moreover, remains unresolved (5-7), rendering long-term estimates based solely on tree ring 
data somewhat perilous. Most tree-ring data describe warm-season conditions, while  cold-season 
information is more limited. This seasonal specificity may give a misleading view of temperature 
changes from extratropical continental tree-ring data alone, as solar forcing exhibits greater 
variations over the continents (8), and volcanic forcing, probably the dominant forcing of 
hemispheric and global mean temperature prior to anthropogenic influences (9), leads to opposite 
temperature changes in summer (cooling) and winter (cooling) over the continents (10). For this 
reason,  tree-ring reconstructions of warm-season extratropical continental temperature changes 
provide invaluable measures of past volcanic forcing (11), but precisely because of their 
particularly sensitive response to volcanic cooling. Coral information (e.g. oxygen isotopes and 
chemical species ratios that respond to both temperature and salinity changes near the ocean 
surface), in contrast, offer information regarding tropical and sub-tropical climate changes, 
represent maritime regions, and continuously sample their environment over the full year. 
However,  very long, multi-century records are rare, and the nature of the possible influence of 
'vital effects' (e.g. non-climatic influences on the coral's aragonite chemistry) has not yet been 
confidently established.  Ice cores typically provide information from polar regions (and, in some 
cases, high-elevation tropical and extratropical environments), so that they are spatially 
complimentary to tree-rings and corals, but they sample a very small fraction of the global 
surface. An incontrovertible interpretation of ice core oxygen isotopes in terms of e.g. 
atmospheric temperature variability, moreoever, remains elusive,and precise annual dating is 
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difficult. Finally, long  historical documentary climate records, arguably the most reliable "proxy" 
information of all, are restricted to only  a few locations in Europe and east Asia. 
 
A "multiproxy" approach, which seeks to  exploit the complementary strengths of each of these 
diverse sources of proxy information, is thus favored in reconstructing  large-scale climate 
changes in past centuries.  Such an approach has been taken to the reconstruction of climate 
indices, such as the North Atlantic Oscillation (NAO) index (12), and to the reconstruction of 
large-scale temperature(13) and Sea Level Pressure (14) patterns, as well as to the reconstruction 
of hemispheric mean temperature (2-4). Several distinct methods  have been employed in  
assimilating the multiproxy data into a climate reconstruction. The simplest methods average 
together a set of standardized proxy series believed to track a particular quantity (e.g., surface 
temperature)  into a hemispheric or global composite, which is then scaled against an appropriate 
target index (e.g. the instrumental  hemispheric temperature series) to yield a reconstruction of 
that index (1,3). A more elaborate approach employs a multivariate calibration of the information 
in the proxy data against the instrumental record (13,14,15). In the latter case, an estimate of 
hemispheric mean temperature can, for example, be derived by averaging over the reconstructed 
surface temperature patterns (13). Information regarding the underlying spatial pattern is 
however, retained. This latter approach thus provides a distinct advantage over the simpler 
compositing approach when, for example, information regarding the spatial patterns of response 
to forcing is sought (8). Because an a priori local relationship between proxy indicator and 
climatic variable (e.g., temperature) is not assumed in this latter approach, but instead, the large-
scale field is simultaneously calibrated against the full information in the network, there is greater 
reliance in on the relationship between the proxy data and instrumental climate patterns during 
the calibration period. One concern that might arise is that the calibrated relationship determined 
from the non-stationary 20th century period, during which anthropogenic forcing has played a 
prominent role, may yield a biased reconstruction of the past.  However, tests using forced and 
control model simulations show that the methodology appears insensitive to such potential non-
stationarity given an adequate length (e.g., 20th century) calibration period (16).  
 
***[Figure 1: Northern Hemisphere Temperature Histories. Multiproxy reconstructions of 
the Northern Hemisphere annual mean temperature (2-4) are shown along with four different 
model simulations, with varying sensitivities, based on estimated radiative forcings (5-8). Also 
shown is an reconstruction of summer extratropical continental  Northern Hemisphere 
temperatures (8).  All reconstructions have been scaled  to the full Northern Hemisphere 
instrumental record (17) over a common 1856-1980 period of overlap for comparison, and the 
95% region of uncertainty range for (3) is shown for comparison. All series have been  smoothed 
on timescales > 40 year period to highlight the long-term variations. ]*** 
 
Coupled with model simulations results, multiproxy reconstructions can provide estimates of the 
roles of natural and anthropogenic forcing on past climate change, and can inform our assessment 
of the prospects for future changes. Figure 1 shows several multiproxy reconstructions of the 
Northern Hemisphere annual mean temperature (2-4) along with three different model 
simulations based on estiamted forcings (9, 18, 19). One of these simulations was coupled to a 
predictive carbon cycle model, indicating that a moderate sensitivity to radiative forcing (1.5 to 
2.5oC for CO2 doubling)  is not only most consistent with the multiproxy hemispheric temperature 
reconstructions (2-4) but also, with pre-anthropogenic natural variations in CO2 concentration 
(18). Another of these includes the role of land-use changes, which improves the agreement with 
reconstructions and instrumental data indicating a cold late 19th century than simulations without 
this forcing (9,19). Shown for comparison is a recent tree-ring reconstruction of Northern 
Hemisphere extratropical, continental summer temperature (5), which exhibits significant greater 
cooling at various times that is evident in any multiproxy or model estimates. This probably 
arises from enhanced extratropical continental responses to forcing (e.g., the enhanced continental 
cooling signature of volcanic forcing) discussed earlier. 
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As the spatial and temporal details of climate changes during the past millennium are increasingly 
resolved through expanded and refined multiproxy data networks, it should soon be  possible to 
use high-resolution reconstructions of the recent past as a template for calibrating networks of 
longer, lower resolution proxy data. This latter possibility holds prospects for reconstructing the 
spatial details of climate changes over several millennia, potentially resolving key details 
regarding the climate changes of the entire post-glacial ("Holocene") period of the past 10,000 
years. 
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From: Michael E. Mann
To: Malcolm Hughes; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; Scott Rutherford;

dshindell@giss.nasa.gov; gavin@isis.giss.nasa.gov
Subject: Re: "Perspective"
Date: Monday, July 15, 2002 10:48:48 AM

HI Malcolm,

Thanks for the comments. I sent the draft off on Friday, as required by the
deadline, but I'll try to incorporate your suggestions into the revisions,

mike

At 10:47 AM 7/15/02 -0700, Malcolm Hughes wrote:
>Dear Mike - sorry I couldn't get back to you by Friday -
>life is a little frantic as I leave for almost a month on
>Wednesday.
>I like the article, and have only a few minor suggestions.
>These are shown in the attached "track changes" version
>of the mss.Some need a little explanation, so here goes:
>
>Second para:  "They only provide information in subpolar
>terrestrial regions.." - it doesn't seem too subpolar here,
>and good material relevant to this (regular douglas fir, like
>those here) are being sampled by Stahle as far south as
>Oaxaca (17degrees N). The change I suggest is a little
>denser, but I think it captures the reality better. In the next
>sentence, I suggest that if you were going to stick with
>"poorly representative" you ought to really also say, "but
>better than anything else". I hope the change I suggest
>gets round this.
>I also suggest a change to the sentence about "Most tree-
>ring data describe warm-season conditions...". I think it's
>probably wrong - we have more moisture-sensitive sites
>from regions where winter ppt is important in the western
>US alone, than all the summer-temp responding
>Schweingruber chronologies for the world.  I think the
>suggested change deals with this.
>End of second paragraph - I think that precise annual
>dating need not be difficult in regions where they have
>replicate cores - it's just that most ice core folks didn't get
>the point. The suggested change might help.
>There are two or three typo- type things later in the mss.
>Hope this helps! Cheers, Malcolm
>
>
>
> >
> > Dear All:
> >
> > Attached is (final?) draft of a "perspective" article I've been
> > solicited to write for Science, along with an accompanying Figure. I'd
> > appreciate any comments or feedback you might be able to provide
> > before I send this off to Science. I'd plan to send if off Friday, so
> > if you can get back to me within the next day or so that would be
> > particularly helpful.
> >
> > Thanks in advance,
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> >
> > mike
> > _____________________________________________
> > __________________________
> > Professor Michael E. Mann
> >  Department of Environmental
> > Sciences, Clark Hall
> > University of Virginia
> > Charlottesville, VA 22903
> > _____________________________________________
> > __________________________
> > e-mail: mann@virginia.edu Phone: (804) 924-
> > 7770FAX: 
> > http://www.evsc.virginia.edu/faculty/
> > people/mann.shtml
>
>Malcolm Hughes
>Professor of Dendrochronology
>Laboratory of Tree-Ring Research
>University of Arizona
>Tucson, AZ 85721
>520-621-6470
>fax 520-621-8229

_______________________________________________________________________
                      Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu
Subject: oops, wrong email first time...
Date: Monday, August 12, 2002 5:05:56 PM

Message-Id: <5.1.1.6.0.20020812173044.022f7270@multiproxy.evsc.virginia.edu>
X-Sender: mann@multiproxy.evsc.virginia.edu
X-Mailer: QUALCOMM Windows Eudora Version 5.1.1
Date: Mon, 12 Aug 2002 19:56:58 -0400
To: rbradley@geo.umass.edu, k.briffa@uea.ac.uk, mhughes@lttr.arizona.edu,
        p.jones@uea.ac.uk, t.osborn@uea.ac.uk, srutherford@virginia.edu,
        mann@virginia.edu
From: "Michael E. Mann" <mann@virginia.edu>
Subject: AGU abstract
Mime-Version: 1.0
Content-Type: text/html; charset="iso-8859-1"
Content-Transfer-Encoding: quoted-printable

Dear all,

The following is an abstract for a talk I've been invited to give at the winter AGU
meeting in a session on "Climate of the Past 2000 Years". I would like to summarize
the collaborative work that was begun by Scott, Tim and myself a couple summers ago
during Tim's visit here. Scott is working on finalizing the results of our analyses now,
and a draft should be available for review shortly that compares reconstructions based
on our covariance-based reconstruction method, using (i)  multiproxy, (ii) MXD, and (ii)
combined multiproxy+MXD datasets for different (cold, warm, annual) target seasonal
windows.   I'd like to invite everyone listed below to be authors on both this abstract,
and the paper that we're in the process of drafting, describing the results. I've kept the
abstract intentionally vague, so that we can work out an interpretation of the results
that we're all comfortable with in the months ahead, prior to the talk, and submission
of the paper.

I look forward to confirmation of your interest in being a co-author, and any  feedback
you have. I'd like to submit this by the end of the week, which will be my last
opportunity to do so prior to the AGU abstract deadline, owing to my travel schedule.

thanks in advance for getting back to me ASAP.

best regards,

Mike
____________________________________________________________________________=
_
Progress in Proxy-Based Reconstruction of Surface Temperature Variations in Past
Centuries

Michael E. Mann
Raymond Bradley
Keith Briffa
Malcolm Hughes
Philip Jones
Timothy Osborn
Scott Rutherford

Results are presented from a set experiments designed to control for the various
factors that may influence reconstructions of large-scale temperature patterns in past
centuries,  including (a) the choice actual proxy data used, (b) the reconstruction
methodology, (c) the spatial domain of the reconstruction and (d) the seasonal window
targeted. These experiments compare results based both on the global multiproxy data
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set used by Mann and coworkers and the extratropical Northern Hemisphere maximum
latewood tree-ring density set used by Briffa and coworkers. Estimates of hemispheric
mean temperature trends are formed both through averaging of   large-scale patterns
reconstructed from full proxy data network, and through simple compositing of regional
temperature reconstructions. Northern hemisphere mean estimates are compared for
the full Northern hemisphere (tropics and extratropics, land and ocean), and
extratropical continents only, and using various (cold-season half year, warm-season
half year, and annual mean) seasonal targets for the reconstructions. Implications of
these experiments for the robustness of proxy-based reconstructions of past large-scale
temperature trends are discussed.

            &nbs=
p;       Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
            &nbs=
p;         University of Virginia
            &nbs=
p;        Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml<= /html>

_______________________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
____________________________________ ________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.e ple/mann.
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From: Malcolm Hughes
To: Michael E. Mann
Subject: Re: oops, wrong email first time...
Date: Tuesday, August 27, 2002 2:25:31 PM

Mike - I don't know if I replied to this from
distant points, so, if not, I'm interested in
being in, Cheers, Malcolm

>     Message-Id:
>     <5.1.1.6.0.20020812173044.022f7270@multiproxy.evsc.virg
>     inia.edu>
>     X-Sender: mann@multiproxy.evsc.virginia.edu
>     X-Mailer: QUALCOMM Windows Eudora Version 5.1.1
>     Date: Mon, 12 Aug 2002 19:56:58 -0400
>     To: rbradley@geo.umass.edu, k.briffa@uea.ac.uk,
>     mhughes@lttr.arizona.edu,
>      p.jones@uea.ac.uk, t.osborn@uea.ac.uk,
>     srutherford@virginia.edu,
>      mann@virginia.edu
>     From: "Michael E. Mann" <mann@virginia.edu>
>     Subject: AGU abstract
>     Mime-Version: 1.0
>     Content-Type: text/html; charset="iso-8859-1"
>     Content-Transfer-Encoding: quoted-printable
>
>     Dear all,
>
>     The following is an abstract for a talk I've been invited to give
>     at the winter AGU meeting in a session on "Climate of the Past
>     2000 Years". I would like to summarize the collaborative work that
>     was begun by Scott, Tim and myself a couple summers ago during
>     Tim's visit here. Scott is working on finalizing the results of
>     our analyses now, and a draft should be available for review
>     shortly that compares reconstructions based on our
>     covariance-based reconstruction method, using (i) multiproxy, (ii)
>     MXD, and (ii) combined multiproxy+MXD datasets for different
>     (cold, warm, annual) target seasonal windows. I'd like to invite
>     everyone listed below to be authors on both this abstract, and the
>     paper that we're in the process of drafting, describing the
>     results. I've kept the abstract intentionally vague, so that we
>     can work out an interpretation of the results that we're all
>     comfortable with in the months ahead, prior to the talk, and
>     submission of the paper.
>
>     I look forward to confirmation of your interest in being a co-
>     author, and any feedback you have. I'd like to submit this by the
>     end of the week, which will be my last opportunity to do so prior
>     to the AGU abstract deadline, owing to my travel schedule.
>
>     thanks in advance for getting back to me ASAP.
>
>     best regards,
>
>     Mike
>     _________________________________________________
>     ___________________________= _
>     Progress in Proxy-Based Reconstruction of Surface
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>     Temperature Variations in Past Centuries
>
>     Michael E. Mann
>     Raymond Bradley
>     Keith Briffa
>     Malcolm Hughes
>     Philip Jones
>     Timothy Osborn
>     Scott Rutherford
>
>     Results are presented from a set experiments designed to
>     control for the various factors that may influence
>     reconstructions of large-scale temperature patterns in past
>     centuries, including (a) the choice actual proxy data used, (b)
>     the reconstruction methodology, (c) the spatial domain of the
>     reconstruction and (d) the seasonal window targeted. These
>     experiments compare results based both on the global multiproxy
>     data set used by Mann and coworkers and the extratropical Northern
>     Hemisphere maximum latewood tree- ring density set used by Briffa
>     and coworkers. Estimates of hemispheric mean temperature trends
>     are formed both through averaging of large-scale patterns
>     reconstructed from full proxy data network, and through simple
>     compositing of regional temperature reconstructions. Northern
>     hemisphere mean estimates are compared for the full Northern
>     hemisphere (tropics and extratropics, land and ocean), and
>     extratropical continents only, and using various (cold-season half
>     year, warm-season half year, and annual mean) seasonal targets for
>     the reconstructions. Implications of these experiments for the
>     robustness of proxy-based reconstructions of past large-scale
>     temperature trends are discussed.
>
>     &nbs=
>     p; Professor Michael E. Mann
>      Department of Environmental Sciences, Clark Hall
>     &nbs=
>     p; University of Virginia
>     &nbs=
>     p; Charlottesville, VA 22903
>     _________________________________________________
>     ______________________
>     e-mail: mann@virginia.edu Phone: 
>     
>     http://www.evsc.virginia.edu/faculty/people/mann.shtml
>     <= /html>
> _____________________________________________
> __________________________
> Professor Michael E. Mann
>  Department of Environmental
> Sciences, Clark Hall
> University of Virginia
> Charlottesville, VA 22903
> _____________________________________________
> __________________________
> e-mail: mann@virginia.edu Phone: (434) 924-
> 7770FAX: 
> http://www.evsc.virginia.edu/faculty/
> people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes
Subject: Re: oops, wrong email first time...
Date: Tuesday, September 03, 2002 2:16:59 PM

Thanks Malcolm,

I assumed that was the case (hope you don't mind my presumptiousness!),

mike

At 02:25 PM 8/27/2002 -0700, you wrote:

Mike - I don't know if I replied to this from 
distant points, so, if not, I'm interested in 
being in, Cheers, Malcolm

>     Message-Id: 
>     <5.1.1.6.0.20020812173044.022f7270@multiproxy.evsc.virg
>     inia.edu>
>     X-Sender: mann@multiproxy.evsc.virginia.edu
>     X-Mailer: QUALCOMM Windows Eudora Version 5.1.1
>     Date: Mon, 12 Aug 2002 19:56:58 -0400
>     To: rbradley@geo.umass.edu, k.briffa@uea.ac.uk, 
>     mhughes@lttr.arizona.edu,
>      p.jones@uea.ac.uk, t.osborn@uea.ac.uk, 
>     srutherford@virginia.edu,
>      mann@virginia.edu
>     From: "Michael E. Mann" <mann@virginia.edu>
>     Subject: AGU abstract
>     Mime-Version: 1.0
>     Content-Type: text/html; charset="iso-8859-1"
>     Content-Transfer-Encoding: quoted-printable
> 
>     Dear all,
> 
>     The following is an abstract for a talk I've been invited to give
>     at the winter AGU meeting in a session on "Climate of the Past
>     2000 Years". I would like to summarize the collaborative work that
>     was begun by Scott, Tim and myself a couple summers ago during
>     Tim's visit here. Scott is working on finalizing the results of
>     our analyses now, and a draft should be available for review
>     shortly that compares reconstructions based on our
>     covariance-based reconstruction method, using (i) multiproxy, (ii)
>     MXD, and (ii) combined multiproxy+MXD datasets for different
>     (cold, warm, annual) target seasonal windows. I'd like to invite
>     everyone listed below to be authors on both this abstract, and the
>     paper that we're in the process of drafting, describing the
>     results. I've kept the abstract intentionally vague, so that we
>     can work out an interpretation of the results that we're all
>     comfortable with in the months ahead, prior to the talk, and
>     submission of the paper.
> 
>     I look forward to confirmation of your interest in being a co-
>     author, and any feedback you have. I'd like to submit this by the
>     end of the week, which will be my last opportunity to do so prior
>     to the AGU abstract deadline, owing to my travel schedule.
> 
>     thanks in advance for getting back to me ASAP.
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> 
>     best regards,
> 
>     Mike
>     _________________________________________________
>     ___________________________= _
>     Progress in Proxy-Based Reconstruction of Surface 
>     Temperature Variations in Past Centuries
> 
>     Michael E. Mann
>     Raymond Bradley
>     Keith Briffa
>     Malcolm Hughes
>     Philip Jones
>     Timothy Osborn
>     Scott Rutherford
> 
>     Results are presented from a set experiments designed to 
>     control for the various factors that may influence 
>     reconstructions of large-scale temperature patterns in past 
>     centuries, including (a) the choice actual proxy data used, (b)
>     the reconstruction methodology, (c) the spatial domain of the
>     reconstruction and (d) the seasonal window targeted. These
>     experiments compare results based both on the global multiproxy
>     data set used by Mann and coworkers and the extratropical Northern
>     Hemisphere maximum latewood tree- ring density set used by Briffa
>     and coworkers. Estimates of hemispheric mean temperature trends
>     are formed both through averaging of large-scale patterns
>     reconstructed from full proxy data network, and through simple
>     compositing of regional temperature reconstructions. Northern
>     hemisphere mean estimates are compared for the full Northern
>     hemisphere (tropics and extratropics, land and ocean), and
>     extratropical continents only, and using various (cold-season half
>     year, warm-season half year, and annual mean) seasonal targets for
>     the reconstructions. Implications of these experiments for the
>     robustness of proxy-based reconstructions of past large-scale
>     temperature trends are discussed.
> 
>     &nbs=
>     p; Professor Michael E. Mann
>      Department of Environmental Sciences, Clark Hall
>     &nbs=
>     p; University of Virginia
>     &nbs=
>     p; Charlottesville, VA 22903
>     _________________________________________________
>     ______________________
>     e-mail: mann@virginia.edu Phone:  
>     
>     http://www.evsc.virginia.edu/faculty/people/mann.shtml
>     <= /html> 
> _____________________________________________
> __________________________
> Professor Michael E. Mann
>  Department of Environmental 
> Sciences, Clark Hall
> University of Virginia
> Charlottesville, VA 22903
> _____________________________________________
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> __________________________
> e-mail: mann@virginia.edu Phone: (434) 924-
> 7770FAX: 
> http://www.evsc.virginia.edu/faculty/
> people/mann.shtml

Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

_______________________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

il: mann@virginia.edu   Phone:    FAX: 

     http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu
Subject: Fwd: Re:
Date: Thursday, November 21, 2002 1:14:58 PM
Attachments: paleodetn3.pdf.2.pdf

X-Sender: hegerl@mail-he.acpub.duke.edu
Date: Thu, 21 Nov 2002 12:32:05 -0500
To: "Michael E. Mann" <mann@virginia.edu>
From: Gabi Hegerl <hegerl@duke.edu>
Subject: Re:

Hi Mike,

Hey, I did submit that paper, I'll attach a preprint. I could not discuss
data differences as much as I wanted (trying to fit it to GRL), but I tried.
comments appreciated!

Gabi

Dear Tom & Gabi,

On behalf of myself and my co-conveners Phil Jones, Christian Dullo, and Jean
Jouzel, I'd like to invite either or both of you (jointly) to give a presentation on
'Detection of Forcing in Paleoclimate Reconstructions of the Past 1000 Years' (or a
related topic) in our session on 'Climate of the Last Millennium' at the Spring '03
joint EGS/AGU meeting in Nice, France.

More information on the session is provided below. Please take note of the due
dates for abstract submission, and let me know if you have any questions.

We look forward to hearing back from you.

Best regards,

Mike

___________________________________________________________________________

EGS - AGU - EUG Joint Assembly, Nice, France, 06-11 April 2003

CL11.08: /Climate of the last millennium: reconstructions, analyses and
explanation of regional and seasonal changes

/Convener:* Mann, M. *Co-Convener(s):* Dullo, W.; Jouzel, J.; Jones, P.

*Deadline for Support Applications: 01 December 2002
Deadline for Receipt of Abstracts: 15 January 2003

*In the context of the detection and attribution of human influences on climate it
is vital to assess the magnitude of natural climate variability. The instrumental
record is relatively short and may be already contaminated by human influences. It
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is thus vital to gain as much information as possible about past climates and in the
above context the last 1000 years is the most important. This symposium seeks
presentations on proxy climatic reconstructions of this period on various timescales
from interannual (eg from trees, historical records, ice cores, corals, sponges, and
lake sediments etc) to century ( eg from sediment cores). Preference will be given
both to the exploration of new archives and to the integration of a number of
different records together, particularly from different proxies, and attempts to
improve understanding of what factors might have caused the variations seen in
the millennium on the decadal-to-century timescale. We also seek contributions
that compare paleoclimate reconstructions with results from climate models forced
with estimates of past forcing factors such as measures of solar output variations
and the number and severity of climatically-important volcanic eruptions.
_______________________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

irginia.edu   Phone:    FAX:

http://www.evsc.virginia.edu/faculty/people/mann.shtml

-- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
Gabriele Hegerl - NOTE CHANGE IN ADDRESS FORMAT
Department of Earth and Ocean Sciences,
Nicholas School for the Environment,
Box 90227
Duke University, Durham NC 27708
Ph:  fax  
email: hegerl@duke.edu, http://www.env.duke.edu/faculty/bios/hegerl.html

_______________________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
____________________________________ _________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.e ple/mann.
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HEGERL ET AL.: SIGNAL DETECTION IN PALEOC'LIMATE DATA 7
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Figure 1. Detection result s for the updated Crowley and

Lowery [2000] reconstruction of decadal Northern Hemi
spheric mean temperature (north of 30N). Upper panel: Pa-

leo reconstruction (black) compared to the best estimate of
the combined forced response (red), middle panel: response

attributed to individual forcings (fat lines) and their 5-95%

uncertainty range (thin lines), lower panel: residual vari
ability attributed to internal climate variability and errors
in reconstruction and forced response. An asterisk de
notes a response that is detected at the 5% significance level.

Table 1. Estimated signal amplitudes (unitless) as scaling fac

tors by which energy balance model simulations need to be scaled

for best agreement with observations ( ~ 1 " indicates a correct am

plitude of the simulation) and 5-95% uncertainty levels Signals

that, are detected at the 5% significance level (one-sided) are

shown in bold, an arrow u J." ( " 1*") denotes that the signal ampli
tude is significantly smaller (larger) than simulated B01 refers to

the Briffa et al [2001] record, CLH to the updated Crowley and

Lowery record [2000], M99 to the Mann et al , [1999] data and
E02 to the Es-per et al [2002] record, the period of the analysis is

given in the second mw The bottom row lists the standard devia

tion (K) of the (decadally smoothed for annual records) residual,

and the percent variance explained by the external forcing (in

brackets)

record

period

CLH

1400-1940 1400-1900 1400-1900

B01 M99 E02 CLII

1400-1900 1000-1900

volcano

solar

0.92 ±0.21 1.22 ±0.39 0.65 ± 0.23 4. 1.01 ±0.34 1.14 ± 0.40

-0.1 ±0.83 4- 0.18 ± 0.48 4- 0.44 ±0.00 -0.18 ±0.90 4 0.03 ± 0.07
ghg+aer 1.11 ±0.55 1.13 ±0.26 0.20 ± 0.34 4 1.88 ± 0.57 t 0.96 ±0.42

res std. 0.09(57%) 0.08(77%) 0.07(49%) 0.13(07%) 0.10(57%)
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Figure 2. As figure! 1. but. based on the Biiffa at al. [2001]
reconstruction of NH growing season temperature over land

(north of 20N).
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Figure 3. Comparison of the average response to volcanic
eruptions in the energy balance model and the Briffa at al.

[2001] reconstruction from the year of the eruption (year 1)
to the next major eruption. 5-95% uncertainty ranges for

the observed response are given by the dotted Units (note
that sample size decreases with time).
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From: Michael E. Mann
To: Malcolm Hughes
Subject: Re: update
Date: Wednesday, December 04, 2002 7:15:26 AM

Hi Malcolm,

Thanks for your message--sorry you're not making it to AGU. Will miss you there. But I
sometimes feel I spend too much time going to meetings, etc. too, so I can appreciate...

I will look forward to seeing you in EGS though. Are you submitting an abstract to our (me,
Phil, Jean Jouzel) session  on "Climate of the Past Millennium" at EGS, or were you planning
on submitting to a different session? If ours, Ray is already giving a broad talk on the MWP
and LIA, so let me know what you think you might want to talk about...

Let me and Scott know any comments you have on the manuscript we sent you. We've asked
Tim/Keith to clarify the details of the MXD dataset that was used, but I Scott has given it a
reasonable discussion...

I'm back in Charlottesville around the first of the year.

Talk to you soon,

mike

At 09:27 PM 12/3/2002 -0700, you wrote:

Dear Mike - just checking in. I will not make it to AGU. I just 
got back from a (not very fruitful) meeting in Japan, and 
realized that I have a huge backlog of unfulfilled 
commitments, including the work on our new dataset, so I 
canned my attendance in order to try to catch up. I will go to 
EGS, and will be in touch about an abstract probably 
sometime in the next three weeks before I head off to Europe 
on Dec 25 for a couple of weeks family stuff. 
The one interesting thing about the Japan meeting is that a 
bunch of borehole types were there, mainly Japanese, but also 
Cermak and Safanda from the Czech Republic. The latter 
seems to be a very careful guy, who takes the view that they 
can't really say anything meaningful about anything other than 
decadal features in GST in the 20th century and century-scale 
in the 19th, and nothing before that. Probably not too popular 
with some of their colleagues.  
I really regret not having the chance to meet with you and 
other folks at AGU, but I decided that I should put a premium 
on getting some work done rather than talking about old work. 
I'd be really interested to hear how it all goes. When do you 
return to Virginia from NYC? Cheers, MalcolmMalcolm 
Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

_______________________________________________________________________

                    Professor Michael E. Mann
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           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

il: mann@virginia.edu   Phone:    FAX: 

     http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Raymond S. Bradley
To: mann@multiproxy.evsc.virginia.edu; mhughes@ltrr.arizona.edu; hfd@cdc.noaa.gov
Subject: EGS
Date: Wednesday, January 15, 2003 10:52:05 AM

I submitted this abstract--hope you are OK with this.
Mike--I do not want to do a poster
ray
CLIMATE IN MEDIEVAL TIME

R. S. Bradley (1), M.K. Hughes (2), H.F. Diaz (3)
(1) Climate System Research Center, Department of Geosciences, University
of Massachusetts, Amherst (2) Laboratory of Tree-Ring Research, University
of Arizona, Tucson (3) NOAA/OAR/CDC, Boulder,
Colorado.  (rbradley@geo.umass.edu/Fax: 

The original argument for a Medieval Warm Epoch (MWE) was made by Lamb
(1965) based largely on evidence from western Europe.  Much of the evidence
he cited was anecdotal but he suggested that temperatures between A.D. 1000
and 1200 were about 1-2ºC above present values(probably meaning the 1931-60
average).  Hughes and Diaz (1994) reviewed a wide range of paleoclimatic
data about the MWE, much of it reported since Lambs classic work.  They
found no clear support for there having been a globally extensive warm
epoch in the MWE, or indeed within a longer interval stretching from the
9th to the early 15th century.  However, there is evidence for strong
hydrological variability during this interval.
What is our current understanding of the climate in Medieval time?  Here,
we examine recently reported data, with an emphasis on regions beyond the
North Atlantic margins, and provide a summary of how climate in Medieval
time may have differed from that in the 20th century.
Hughes, M.K. and H.F. Diaz 1994.  Was there a Medieval Warm Periodand if
so, where and when?  Climatic Change 26, 109-142.
Lamb, H.H. 1965.  The early Medieval warm epoch and its sequel.
Palaeogeography, Palaeoclimatology, Palaeoecology, 1, 13-37.
its

Raymond S. Bradley
Distinguished Professor
Director, Climate System Research Center*
Department of Geosciences
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel: 
Fax: 
*Climate System Research Center: 
         <http://www.paleoclimate.org>
Paleoclimatology Book Web Site: http://www.geo.umass.edu/climate/paleo/html
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From: Michael E. Mann
To: Malcolm Hughes; Raymond S. Bradley
Subject: Re: one thought
Date: Sunday, January 19, 2003 5:42:48 PM

Thanks Malcolm,

Very interesting--so do you think this is co2?

mike

At 05:47 PM 1/19/2003 -0700, Malcolm Hughes wrote:

For your info, please find attached the abstract I have 
submitted to the high elev paleo session at EGS. Cheers, 
MalcolmMalcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

_______________________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

il: mann@virginia.edu   Phone:    FAX: 

     http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Malcolm Hughes
To: Michael E. Mann
Subject: Re: one thought
Date: Monday, January 20, 2003 12:30:19 PM

I still don't know. If it were carbon dioxide, one would expect similar patterns
on other continents in similarly arid mountain ranges, but they have not been
found. This problem really bothers me, so I am worrying away at it, trying to
get a more refined definition fo the conditions under which this occurs. It's
worth noting that, some others (e.g. Lisa Graumlich) did not find the same
thing in some of the datasets we are using - she used less conservative
standardization.
Paul Sheppard in our lab is looking again at the hypothesis that there was
fertilization by nitrogen pollution from central and southern California, by
direct analyses of wood chemistry, but he's some way from results. Hapy New
Year! MAlcolm
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From: Tim Osborn
To: Michael E. Mann; Caspar Ammann; Raymond S. Bradley; Keith Briffa; Tom Crowley; mhughes@ltrr.arizona.edu;

Michael Oppenheimer; jto@u.arizona.edu; Scott Rutherford; Kevin Trenberth; Tom Wigley
Cc: Phil Jones
Subject: Re: EOS copyright and reprints
Date: Tuesday, June 24, 2003 5:12:55 AM
Attachments: EosForum2003 revised24June.pdf

EosReprint orders.pdf
Untitled attachment 00754.txt

Dear all,

The revised version of the EOS forum article is attached; the latest
changes were the inclusion of Malcolm Hughes as an author and corrections
to one of the affiliations.  There was discussion about some of the curves
in the figures, but in the end it seemed that no changes to figures or
captions were agreed upon, so none were made.

In Phil's absence (and after some detective work finding Phil's AGU
username/password!), I've submitted this version back to EOS.

Phil also asked me to deal with the copyright transfer and reprint order
form.  Phil has signed the copyright form on everyone's behalf so there's
no need for anyone else to sign it.  We've all been closely involved in
drafting the article, so I'm assuming that you all give consent for the
copyright transfer.

The reprint order form is also attached.  Phil said "Tim will send round
the reprint forms to all. Tell Tim if you want any. Seems like the pdf will
do."  So please let me know if you want some or not; if you do then how
many and we may need to liaise over purchase orders etc.

Best regards

Tim
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On Past Temperatures and Anomalous late-20th Century Warmth  
 
Mann, M.E., Ammann, C.M., Bradley, R.S., Briffa, K.R., Crowley, T.J., Hughes, M.K., Jones, P.D., 
Oppenheimer, M., Osborn, T.J., Overpeck, J.T., Rutherford, S., Trenberth, K.E., Wigley, T.M.L. (author 
affiliations at end) 
 
Evidence from paleoclimatic sources and modeling studies support AGU's official position 
statement on "Climate Change and Greenhouse Gases," that there is a compelling basis for 
concern over future climate changes, including increases in global-mean surface temperatures, 
due to increased concentrations of greenhouse gases, primarily from fossil-fuel burning. More 
specifically, a number of reconstructions of large-scale temperature changes over the past 
millennium support the conclusion that late-20th century warmth was unprecedented over at least 
the past millennium.  Modeling and statistical studies indicate that such anomalous warmth cannot 
be fully explained by natural factors but, instead, require a significant anthropogenic forcing of 
climate that emerged during the 19th and 20th centuries. 
 
Two (nearly identical) recent papers [Soon and Baliunas, 2003 and Soon et al., 2003--henceforth 
both referred to as 'SB03'] challenge this view, and have been used to support the claim that recent 
hemispheric-scale warmth is not unprecedented in the context of the past millennium (see e.g. 
"20th Century Climate Not So Hot", press-release, Harvard-Smithsonian Center for Astrophysics, 
March 31, 2003: http://cfa-www.harvard.edu/press/pr0310.html). Such claims are inconsistent 
with the preponderance of scientific evidence. We therefore review these claims in the light of the 
fact that they have found their way into the media and have been read into the U.S. Senate record. 
 
Instrumental data for use in computing global mean surface temperatures are only available for 
about the past 150 years [Jones et al., 1999]. Estimates of surface temperature changes further 
back in time must make use of historical documents and natural archives or "proxy" indicators, 
such as tree rings, corals, ice cores and lake sediments, to reconstruct the patterns of past climate 
change. Due to the paucity of data in the Southern Hemisphere, recent studies have emphasized 
the reconstruction of Northern Hemisphere (NH), rather than global mean temperatures over 
roughly the past 1000 years. A large number of such reconstructions  [Mann et al., 1999; Jones et 
al., 1998; Crowley and Lowery, 2000] now support the conclusion that the hemispheric-mean 
warmth of the late 20th century (i.e., the past few decades) is likely unprecedented in the last 1000 
years [Jones et al., 2001; Folland et al., 2001]. Preliminary evidence [Mann and Jones, 2003] 
suggests that such a conclusion may well hold for at least the past two millennia (Figure 1). 
Climate model simulations employing estimates of natural and anthropogenic radiative forcing 
changes [Crowley, 2000; Gerber et al., 2002; Bauer et al., 2003] agree well, for the most part, 
with the proxy-based reconstructions (Figure 1). The simulations, furthermore, show that it is not 
possible to explain the anomalous late 20th century warmth without the contribution from 
anthropogenic forcing factors [e.g., Crowley, 2000] and that the role of anthropogenic forcing can 
clearly be detected in the proxy-based temperature reconstructions [Hegerl et al., 2003].  Here, we 
raise the following key points regarding recent assertions (SB03) challenging these findings: 
 
(1) In drawing inferences regarding past regional temperature changes from proxy records, it is 
essential to assess proxy data for actual sensitivity to past temperature variability. Seminal work 
in the reconstruction of past climate [Lamb, 1965]  examined  a number of different variables, 
including hydrological indicators, for insights into past climate change, but only in a particular 
region (Europe) where the synoptic-scale relationship between temperature and hydrological 
variability was fairly well  established and understood. The existence of possible underlying 
dynamical relationships between temperature and hydrological variability should not be confused 
with the patently invalid assumption that hydrological influences can literally be equated with 
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temperature influences in assessing past climate (e.g. during Medieval times). Such a criterion is 
implicit, for example, in the SB03 approach that defines a global 'warm anomaly' as a period 
during which various regions appear to indicate climate anomalies that can be classified as being 
either 'warm', 'wet', or 'dry' relative to '20th century' conditions.  Such a criterion, ad absurdum,  
could be used to define any period of climate as 'warm' or 'cold' and thus makes no meaningful 
contribution to discussions of past climate change. 
 
(2) It is essential to distinguish [e.g. by compositing or otherwise assimilating different proxy 
information in a consistent manner—e.g., Jones et al., 1998; Mann et al., 1998, 1999; Briffa et al., 
2001] between regional temperature anomalies and anomalies in hemispheric mean temperature 
which must represent an average of temperature estimates over a sufficiently large number of 
distinct regions [see e.g. Folland et al., 2001; Trenberth and Otto-Bliesner, 2003]. It is well 
known that weather patterns have a wave-like character to them. This character ensures that 
certain regions tend to warm (due, for example, to a southerly flow in the Northern Hemisphere 
winter mid-latitudes) when other regions cool (due to the corresponding northerly flow that must 
occur elsewhere).  
 
In a similar vein, the specification of a warm period, requires that warm anomalies in different 
regions should be synchronous and not merely required to occur during any 50 year period within 
a very broad interval in time, such as AD 800-1300, as in SB03.  Figure 2 demonstrates the 
considerable spatial variability in temperature variations of the past millennium, and the false 
impression one might gain regarding hemispheric-scale temperature changes from the apparent 
temperature changes in any particular region. The specific notions of the 'Little Ice Age' and 
'Medieval Warm Period' arose, understandably, from the Eurocentric origins of historical 
climatology [e.g. Lamb, 1965]. While relative hemispheric warmth during the 10th, 11th and 12th 
centuries, and cool conditions during the 15th to the early 20th century are evident from 
reconstructions of hemispheric-mean temperature (Figure 1), the specific periods of coldness and 
warmth differ from region to region (Figure 2) from those for the Northern Hemisphere as a 
whole. Rather than indicating inconsistency, the difference between such regional and 
hemispheric-scale anomalies follows naturally from the physics governing atmospheric 
variability. 
 
(3) It is essential, in forming a climate reconstruction, to define carefully a base period for modern 
conditions against which past conditions may be quantitatively compared. It is, furthermore, 
important to identify and, where possible, quantify uncertainties and demonstrate, using 
independent data, the reliability of any reconstructions [Mann et al., 1999; Jones et al., 2001]. The 
conclusions of the most recent IPCC report [Folland et al., 2001] that late-20th century mean 
warmth likely exceeds that of any time during the past millennium for the Northern Hemisphere, 
is based on a careful comparison of temperatures during the most recent decades with 
reconstructions of past temperatures, taking into account the uncertainties in those 
reconstructions. As it is only the past few decades during which Northern Hemisphere 
temperatures have exceeded the bounds of natural variability, any analysis (SB03) that considers 
simply  '20th century' mean conditions, or interprets past temperatures using the evidence from 
proxy indicators not capable of resolving decadal-timescale trends, can provide only very limited 
insight into whether or not recent warming is anomalous in a long-term and large-scale context. 
 
Healthy debate with regard to the details of past climate change exists within the peer-reviewed 
scientific climate literature [Briffa and Osborn, 2002; Huang et al., 2000; Folland et al., 2001; 
Esper et al., 2002; Mann et al., 2003], and it remains a challenge to reduce uncertainties and 
properly synthesize global means. Nevertheless, the conclusion that late- 20th century 
hemispheric-scale warmth is anomalous in a long-term (at least millennial) context, and that 
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anthropogenic factors likely play an important role in explaining the anomalous recent warmth is 
a robust consensus view. 
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Figure 1. Comparison of proxy-based NH temperature reconstructions [Jones et al., 1998; Mann et aL,

1999; Crowley and Lowery, 2000] with model simulations of NH mean temperature changes over the past

millennium based on estimated radiative forcing histories [Crowley, 2000; Gerber et aI., 2002—results

shown for both a 1 .5°C/2*CC>2 and 2.5°C/2*CC>2 sensitivity. Bauer et al, 2003). Also shown are two
independent reconstructions of warm-season extratropical continental NH temperatures [Briffa et al., 2001;

Esper et al., 2002] and an extension back through the past two thousand years based on eight long

reconstructions [Mann and Jones, 2003]. All reconstructions have been scaled to the annual, hill Northern

Hemisphere mean, over an overlapping period (1856-1980). using the NH instrumental record [Jones et a!.,

1999] for comparison, and have been smoothed on time scales of >40 years to highlight the long-term

variations. The smoothed instrumental record (1856-2000) is also shown. The gray/red shading indicates

estimated two-standard error uncertainties in the Mann et al. [1999] and Mann and Jones [2003]

reconstructions. Also shown are reconstructions of ground surface temperatures (GST) based on

appropriately areally-averaged [Briffa and Osboin, 2002; Mann et a!., 2003] continental borehole data

[Huang et al., 2000], and hemispheric surface air temperature trends, determined by optimal regression

[Mann et al., 2003] from the GST estimates. All series ar e shown with respect to the 1961-90 base period.
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Figure 2. Temporal histories of nine temperature-sensitive proxy records, chosen to illustrate a variety of

proxy types, NH locations and spatial and seasonal representation. All series have been smoothed with a

40-year low-pass filter, then normalised so that the filtered series have unit standard deviation over 125 1 —

1 980 (when all series have data) and the wwfiltered series (to avoid edge effects of the filter) have zero

mean over 1961—1990 (to facilitate comparison with Figure 1). Series have been offset by steps of 7

standard deviations for display purposes. Blue (red) shading indicates filtered values below (above) the

1961—1990 means (the latter are shown by thin horizontal lines). Original sources for each series are:

"Western US" [Mann et al., 1999]: "Chesapeake Bay" [Cronin et al.. 2003]; "W. Greenland" [Fisher et al.,

1996]: "Tometrask" [Grudd et al., 2002]; "Low Countries" [vow Engelen et al., 2001); "Yamal"

[Hantemirov and Shiyatov, 2002, reprocessed in Briffa, 2000]; "Taimyr" [Naurzbaev et al., 2002];

"Mongolia" [D'Airigo et al., 2001]; "China" [Yang et al. 2002].
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From: Michael E. Mann
To: Raymond S. Bradley; mhughes@ltrr.arizona.edu; srutherford@virginia.edu
Subject: Re: conference call
Date: Tuesday, July 22, 2003 11:10:13 AM

Ray,

That's the day I'm heading up to  DC to testify, and I don't get back until
late the next day.

What about Wednesday 2:00 PM EDT (11am Malcolm time)?

If I get the go-ahead from all of you, I'll look into how to set up a
conference call,

mike

At 01:46 PM 7/22/03 -0400, Raymond S. Bradley wrote:
>MKH & i discussed a time for a conference call--how about next Monday,
>7/28,  at 2pm our time (11am Malcolm's time)....if this is OK, can you ask
>your dept secretary how to organise this?  Our staff are all AWOL...
>MKH's number will be:
>520-621-6470.  Mine will be: 
>ray
>
>
>
>Raymond S. Bradley
>Distinguished Professor
>Director, Climate System Research Center*
>Department of Geosciences
>Morrill Science Center
>611 North Pleasant Street
>AMHERST, MA 01003-9297
>
>Tel: 
>Fax: 
>*Climate System Research Center: 
>         <http://www.paleoclimate.org>
>Paleoclimatology Book Web Site: http://www.geo.umass.edu/climate/paleo/html
>
>
>

_______________________________________________________________________
                      Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes; fenbiao@ltrr.arizona.edu; jeffrey.park@yale.edu
Cc: mann@virginia.edu
Subject: Re: draft AGU abstract
Date: Wednesday, September 03, 2003 5:29:38 AM

Thanks Malcolm,

This looks just fine to me. I'd parse the wording a bit differently towards the end to
present the MTM-SVD and multiwavelet methods "as two alternative strategies for
constraining the timing and periodicity of oscillatory behavior".

This is particularly important since we may only (!) have MTM-SVD results by the
time AGU rolls around. That having been said, would it make sense for Jeff and me
to work w/ Fenbiao so that he can also run the multiwavelet analysis on the proxy
data? [Jeff, wasn't sure whether you wanted to run these yourself, or help advise
Fenbiao on doing this--I suppose it depends on who busy your fall teaching schedule
is...]

cheers,

mike

At 07:20 PM 9/2/2003 -0700, Malcolm Hughes wrote:

Dear Mike, Jeff and Fenbiao,
Partly in order to push Fenbiao and myself into bringing our project to
some 
final result, I propose submitting something like the attached draft
abstract for 
Caspar Amman's session (PP11) at the Fall AGU meeting. It is deliberately

vague, and indeed you will recognize much of it from the abstract of the 
proposal. We do have results for a run with a smaller data set back to AD 
1400, and have now almost all data needed for runs to 1200, 1000, and 
perhaps earlier with a much bigger data set. I hope you will agree to be
listed 
as co-authors,but in any case you can be sure that you will be hearing
more 
from us about the work in the next few weeks. I'd also welcome
suggestions 
for improving the abstract. I'd be grateful for a rapid response as I must
send 
this off this evening (Wednesday) so as to beat Thursday morning's
deadline. 
Sorry for the short notice, Cheers, Malcolm
.
.
. Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
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fax 520-621-8229

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

ABOR/MH/Priv-007035



From: Michael E. Mann
To: Malcolm Hughes; Malcolm Hughes; fenbiao@ltrr.arizona.edu; jeffrey.park@yale.edu
Subject: Re: draft AGU abstract
Date: Wednesday, September 03, 2003 9:54:29 AM

thanks malcolm, that sounds good.

Revised manuscript looks fine. I say go ahead and submit unless anyone else has any
comments on it...

mike

At 09:59 AM 9/3/2003 -0700, Malcolm Hughes wrote:

Dear Mike - thanks for the suggestion. In fact I've removed all reference to 
the multiwavelet version just in case we don't get that far in good time for the

AGU. The revised version is attached. I agree that it would make sense for 
you and Jeff to work with Fenbiao (rather than me in the first instance) on the

multiwavelet analysis. Fenbiao is in the office next to mine, so we are able to 
work closely on this, when I'm here. Let me know if the abstract change is 
OK with you, Cheers, Malcolm
> Thanks Malcolm,
> 
> This looks just fine to me. I'd parse the wording a bit differently
> towards the end to present the MTM-SVD and multiwavelet methods "as
> two alternative strategies for constraining the timing and periodicity
> of oscillatory behavior".
> 
> This is particularly important since we may only (!) have MTM-SVD
> results by the time AGU rolls around. That having been said, would it
> make sense for Jeff and me to work w/ Fenbiao so that he can also run
> the multiwavelet analysis on the proxy data? [Jeff, wasn't sure
> whether you wanted to run these yourself, or help advise Fenbiao on
> doing this--I suppose it depends on who busy your fall teaching
> schedule is...]
> 
> cheers,
> 
> mike
> 
> At 07:20 PM 9/2/2003 -0700, Malcolm Hughes wrote:
>     Dear Mike, Jeff and Fenbiao,
>     Partly in order to push Fenbiao and myself into bringing our
>     project to some final result, I propose submitting something like
>     the attached draft abstract for Caspar Amman's session (PP11) at
>     the Fall AGU meeting. It is deliberately vague, and indeed you
>     will recognize much of it from the abstract of the proposal. We do
>     have results for a run with a smaller data set back to AD 1400,
>     and have now almost all data needed for runs to 1200, 1000, and
>     perhaps earlier with a much bigger data set. I hope you will agree
>     to be listed as co-authors,but in any case you can be sure that
>     you will be hearing more from us about the work in the next few
>     weeks. I'd also welcome suggestions for improving the abstract.
>     I'd be grateful for a rapid response as I must send this off this
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>     evening (Wednesday) so as to beat Thursday morning's deadline.
>     Sorry for the short notice, Cheers, Malcolm . . . Malcolm Hughes
>     Professor of Dendrochronology Laboratory of Tree-Ring Research
>     University of Arizona Tucson, AZ 85721 520-621-6470 fax
>     520-621-8229
> ____________________________________________________________
> __
> Professor Michael E. Mann
>  Department of Environmental Sciences, Clark Hall
> University of Virginia
> Charlottesville, VA 22903
>
______________________________________________________________________

> _ e-mail: mann@virginia.edu Phone:  
> http://www.evsc.virginia.edu/faculty/people/mann.shtml

Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: martinez@ltrr.arizona.edu
Cc: mhughes@ltrr.arizona.edu
Subject: Fwd: Reimbursement
Date: Saturday, April 17, 2004 12:20:41 PM

HI Ana,

Just a friendly reminder regarding the reimbursement. I sent the hotel receipt attn to you,
to the tree-ring lab, last week.

Please confirm receipt of this and please update me on the processing of the
reimbursement, as soon you're able to.

Thanks in advance for your help,

mike

Date: Sat, 10 Apr 2004 19:30:07 -0400
To: martinez@ltrr.arizona.edu
From: "Michael E. Mann" <mann@virginia.edu>
Subject: Reimbursement 

Hi Ana,

I had a question about the reimbursement.

My hotel cost total comes to a bit over $500 ($560.75) because of taxes.

Is it possible for me to get the full $560.75 reimbursed, and to what address
should I send my hotel receipt?

Thanks in advance for your help,

Mike M

At 12:40 PM 3/25/2004 -0700, martinez@ltrr.arizona.edu wrote:

Hello Dr. Mann,

My name is Ana Martinez and I am preparing paper work for the 
Tree Rings and Climate Conference in April. To get your 
reimbursed, I need your home address for the paper work please. 
We will get you a check before you leave. 

Please let me know if you have any questions.

Thank You,
Ana Martinez
Administrative Assistant
Tree-Ring Lab
University of Arizona
520-621-6469

______________________________________________________________

ABOR/MH/Priv-007038



                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: martinez@ltrr.arizona.edu
Cc: Malcolm Hughes
Subject: Re: Reimbursement
Date: Monday, April 19, 2004 5:06:34 PM

ok...thanks Ana,

mike

At 05:01 PM 4/19/2004 -0700, martinez@ltrr.arizona.edu wrote:

Hi Mike, I need to check with Malcolm on this ok. I will let you know.

Thanks, Ana

P.S. please send your receipt to me.
University of Arizona
Tree-Ring Lab
105 W. Stadium, Bldg. 58T
Tucson, AZ  85721
Attn: Ana Martinez
On 10 Apr 2004 at 19:30, Michael E. Mann wrote:

> Hi Ana,
> 
> I had a question about the reimbursement.
> 
> My hotel cost total comes to a bit over $500 ($560.75) because of
> taxes.
> 
> Is it possible for me to get the full $560.75 reimbursed, and to what
> address should I send my hotel receipt?
> 
> Thanks in advance for your help,
> 
> Mike M
> 
> At 12:40 PM 3/25/2004 -0700, martinez@ltrr.arizona.edu wrote:
>     Hello Dr. Mann,
> 
>     My name is Ana Martinez and I am preparing paper work for the Tree
>     Rings and Climate Conference in April. To get your reimbursed, I
>     need your home address for the paper work please. We will get you
>     a check before you leave. 
> 
>     Please let me know if you have any questions.
> 
>     Thank You,
>     Ana Martinez
>     Administrative Assistant
>     Tree-Ring Lab
>     University of Arizona
>     520-621-6469
> ______________________________________________________________
> Professor Michael E. Mann
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>  Department of Environmental Sciences, Clark Hall
> University of Virginia
> Charlottesville, VA 22903
>
______________________________________________________________________

> _ e-mail: mann@virginia.edu Phone:  
> http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu
Cc: nrg2p@virginia.edu
Subject: Arizona proposal
Date: Friday, November 10, 2000 5:31:07 PM

Malcolm,

Can you help? Thanks....

m

>X-Sender: nrg2p@unix.mail.virginia.edu
>Date: Fri, 10 Nov 2000 18:07:26 -0500
>To: Michael Mann <mann@virginia.edu>
>From: Neal Grandy <nrg2p@virginia.edu>
>Subject: Arizona proposal
>
>Mike,
>
>Do you know the dates on Arizona's proposal? I need to plug those in.
>
>Thanks,
>Neal
>
>Neal R. Grandy
>Grants Administrator, Environmental Sciences
>University of Virginia, P.O. Box 400123
>Charlottesville, VA  22904-4123
>Tel:    Fax: 
>
>
>
_______________________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.html             
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu
Cc: nrg2p@virginia.edu
Subject: Arizona proposal
Date: Friday, November 10, 2000 5:31:07 PM

Malcolm,

Can you help? Thanks....

m

>X-Sender: nrg2p@unix.mail.virginia.edu
>Date: Fri, 10 Nov 2000 18:07:26 -0500
>To: Michael Mann <mann@virginia.edu>
>From: Neal Grandy <nrg2p@virginia.edu>
>Subject: Arizona proposal
>
>Mike,
>
>Do you know the dates on Arizona's proposal? I need to plug those in.
>
>Thanks,
>Neal
>
>Neal R. Grandy
>Grants Administrator, Environmental Sciences
>University of Virginia, P.O. Box 400123
>Charlottesville, VA  22904-4123
>Tel:    Fax: 
>
>
>
_______________________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.html             
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu
Subject: Re: UPDATE
Date: Saturday, November 11, 2000 11:21:26 AM

Dear Malcolm,

Got it.

But I have to request that you avoid, if at all possible, sending such large
attachments over the weekend, or after hours, because I only have a slow
modem connection at home, and this wreaks havoc on my ability to read any
further mail until it is read off the server.

If you can send during normal hours, or else post in an anonymous ftp area
for me to download, that is much preferable.

Sorry for the complication, and thanks in advance for understanding,

hope you're having a good weekend,

mike

At 09:10 AM 11/11/00 -0700, mhughes@ltrr.arizona.edu wrote:
>Gentlemen - please ignore the version of the statement of work I sent
yesterday
>(Friday). A better version now exists and it is attached to this message, both
>as MS-Word and as *.pdf. Please look for the areas in yellow highlight, which
>may well contain specific questions addressed to one of you. Cheers, Malcolm
>
>
>Attachment Converted: C:\Program Files\Eudora\Attach\statement of work2.doc
>
>Attachment Converted: C:\Program Files\Eudora\Attach\statementof work2.pdf
>
_______________________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.html             
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu; jeffrey.park@yale.edu; Ray Bradley
Subject: Re: prior work
Date: Monday, November 13, 2000 3:00:43 PM

Hi Malcolm (and Ray, Jeff)

Finally a chance to look over these.

Re: "prior work", looks good. The only problem is that various papers
involving Jeff and me (including the Mann/Park/Bradley '95 paper) were not
related to either of these grants (in fact, truth be told, to the extent
that work was actually supported, it was through a combination of Jeff's
various geophysics grants, and some of my adviser's climate dynamics
grants!). So we shouldn't be citing Mann and Park '96,'99 or
Mann/Park/Bradley '95 as work supported by either grant...

Re: "statement of work", here are my (short) responses.

1) pg. 4,  paragraph beginning "Mahasenan et al" (the !997 should be 1997,
right). Should modify this to say,

"Following up on the earlier study by Mann et al (1995), Mahasenan et al
(1997) found periods of...to be the 'most predominant..."

We also might want to cite here:

Baliunas, S., P. Frick, D. Sokoloff, and W. Soon, Time scales and trends in
the Central England Temperature  data (1659-1990): A wavelet analysis,
Geophysical Research Letters, 24 (11), 1351-1354, 1997.,

who argue for evidence for a 100+/- 15 year oscillation in CET based on
wavelet analysis. Yes, these are the same infamous Baliunas and Soon!

2) page, 8, inquiry by Malcolm "MIKE: could you include a short piece of
text...why this is so":

OK, I was just going to rely on refering the reader to Mann and Park (1999)
in the previous sentence but we could add:

"This results, essentially, from the fact that a reconstruction based
on a sum of a small number of reconstructed eigenvectors approximates the data
as a superposition of standing global patterns. When the data contain an
oscillatory climate signal with spatially propogating features, these will
be poorly approximated in a such a reconstruction. A direct
frequency-domain analysis thus avoids the loss of information regarding
propogation features in the assimilation of the proxy data into an
eigenvector-based reconstruction (see Mann and Park, 1999 for a thorough
discussion).

3) page, 8, inquiry by Malcolm "MIKE: do you think a little more explicit...
or at least...why these methods rather than others":

This was what I thought I was doing w/ the following sentence "It exploits
the optimal properties...", but we could expand a bit to clarify:

"It exploits the optimal properties of multiple taper spectral analysis in
isolating narrowband patterns of climate variability that are statistically
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significant relative to the null hypothesis of spatially-correlated colored
climate noise. The use of multiple tapers allows for a spatiotemporal
decomposition that is performed locally in the frequency-domain, as opposed
to other methods. This important distinction allows for a higher
signal-to-noise ratio in the detection of narrowband spatiotemporal signals
than
conventional methods, and it allows for an extremely flexible null
hypothesis of spatially-correlated coloured noise with a smoothly varying
spectrum to be invoked in signal detection."

4) Figure 1: Malcolm: I think we might be able to achieve better continuity
in the proposal if you were to show the comparison of MBH98 PC #5 with the
tree-ring PDO reconstruction here. Any particular reason not to do this?

Well, that's my feedback for now. Let me know if you need more info at this
time. Otherwise, I'll await the next stage of the draft and respond at that
time, once Ray and Jeff have added their two cents.

cheers,

mike

At 11:53 AM 11/11/00 -0700, mhughes@ltrr.arizona.edu wrote:
>Here's the draft Prior work section - ideas for shortening would be
welcome as
>it currently exceeds the 2 page limit. The publication list tells the story>
>Mike - I assume that all of those publications were to some degree funded
>through one or other of these two grants. It's a small attachemnt - sorry
for
>problems caused by sending the earlier, large document. Once I'm back in
Tucson
>in January it will be easy to avoid such problems, but in the meantime I
will
>have to be very concious of them. Cheers, Malcolm
>
>
>Attachment Converted: "c:\eudora\attach\Prior work.doc"
>
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html

ABOR/MH/Priv-007046



From: Michael E. Mann
To: mhughes@ltrr.arizona.edu
Cc: nrg2p@virginia.edu
Subject: dates
Date: Monday, November 13, 2000 3:02:39 PM

Dear Malcolm,

Just a friendly reminder. Our grants administrator, Neal Grandy (cc'd in on
the message), needs to
know when U.A. needs to have the paperwork from us, so we can make sure
things get processed in advance (it takes several days for us to get our
own internal subcontract paperwork through the U.Va system. Kind of like
counting votes in Florida!).

When you have the chance, please send on the info, cc'ing directly to Neal
if you would. Thanks for the help,

mike
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu
Cc: nrg2p@virginia.edu
Subject: dates
Date: Monday, November 13, 2000 3:02:39 PM

Dear Malcolm,

Just a friendly reminder. Our grants administrator, Neal Grandy (cc'd in on
the message), needs to
know when U.A. needs to have the paperwork from us, so we can make sure
things get processed in advance (it takes several days for us to get our
own internal subcontract paperwork through the U.Va system. Kind of like
counting votes in Florida!).

When you have the chance, please send on the info, cc'ing directly to Neal
if you would. Thanks for the help,

mike
_______________________________________________________________________
                     Professor Michael E. Mann
          Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
       http://www.evsc.virginia.edu/faculty/people/mann.html
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From: Neal Grandy
To: Malcolm Hughes <mhughes@ltrr.arizona.edu>
Cc: Michael Mann
Subject: Fwd: dates
Date: Monday, November 13, 2000 3:44:51 PM

Professor Hughes,

In regard to Mike Mann's message, the dates I need are the dates of the
proposal. That is, the "from" and "to" dates. Knowing when you need it will
help, of course, but since it is due  Nov. 30th I am trying to get UVA
approvals by early next week. (In other words, we'll be done long before
Florida is, or at least long before the election is decided!)

Thanks,
Neal

>X-Sender: mann@multiproxy.evsc.virginia.edu
>X-Mailer: QUALCOMM Windows Eudora Light Version 3.0.6 (32)
>Date: Mon, 13 Nov 2000 17:13:44 -0500
>To: mhughes@ltrr.arizona.edu
>From: "Michael E. Mann" <mann@multiproxy.evsc.virginia.edu>
>Subject: dates
>Cc: nrg2p@virginia.edu
>
>Dear Malcolm,
>
>Just a friendly reminder. Our grants administrator, Neal Grandy (cc'd in on
>the message), needs to
>know when U.A. needs to have the paperwork from us, so we can make sure
>things get processed in advance (it takes several days for us to get our
>own internal subcontract paperwork through the U.Va system. Kind of like
>counting votes in Florida!).
>
>When you have the chance, please send on the info, cc'ing directly to Neal
>if you would. Thanks for the help,
>
>mike
>_______________________________________________________________________
>                      Professor Michael E. Mann
>           Department of Environmental Sciences, Clark Hall
>                       University of Virginia
>                      Charlottesville, VA 22903
>_______________________________________________________________________
>e-mail: mann@virginia.edu   Phone:    FAX: 
>        http://www.evsc.virginia.edu/faculty/people/mann.html

Neal R. Grandy
Grants Administrator, Environmental Sciences
University of Virginia, P.O. Box 400123
Charlottesville, VA  22904-4123
Tel:    Fax: 
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From: Neal Grandy
To: Malcolm Hughes <mhughes@ltrr.arizona.edu>
Cc: Michael Mann
Subject: Fwd: dates
Date: Monday, November 13, 2000 3:44:51 PM

Professor Hughes,

In regard to Mike Mann's message, the dates I need are the dates of the
proposal. That is, the "from" and "to" dates. Knowing when you need it will
help, of course, but since it is due  Nov. 30th I am trying to get UVA
approvals by early next week. (In other words, we'll be done long before
Florida is, or at least long before the election is decided!)

Thanks,
Neal

>X-Sender: mann@multiproxy.evsc.virginia.edu
>X-Mailer: QUALCOMM Windows Eudora Light Version 3.0.6 (32)
>Date: Mon, 13 Nov 2000 17:13:44 -0500
>To: mhughes@ltrr.arizona.edu
>From: "Michael E. Mann" <mann@multiproxy.evsc.virginia.edu>
>Subject: dates
>Cc: nrg2p@virginia.edu
>
>Dear Malcolm,
>
>Just a friendly reminder. Our grants administrator, Neal Grandy (cc'd in on
>the message), needs to
>know when U.A. needs to have the paperwork from us, so we can make sure
>things get processed in advance (it takes several days for us to get our
>own internal subcontract paperwork through the U.Va system. Kind of like
>counting votes in Florida!).
>
>When you have the chance, please send on the info, cc'ing directly to Neal
>if you would. Thanks for the help,
>
>mike
>_______________________________________________________________________
>                      Professor Michael E. Mann
>           Department of Environmental Sciences, Clark Hall
>                       University of Virginia
>                      Charlottesville, VA 22903
>_______________________________________________________________________
>e-mail: mann@virginia.edu   Phone:    FAX: 
>        http://www.evsc.virginia.edu/faculty/people/mann.html

Neal R. Grandy
Grants Administrator, Environmental Sciences
University of Virginia, P.O. Box 400123
Charlottesville, VA  22904-4123
Tel:    Fax: 
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From: Michael E. Mann
To: Neal Grandy
Cc: Malcolm Hughes <mhughes@ltrr.arizona.edu>; Michael Mann
Subject: Re: Fwd: dates
Date: Monday, November 13, 2000 3:52:17 PM

Oops. My mistake. Thanks for clarifying Neal,

mike

At 05:46 PM 11/13/00 -0500, Neal Grandy wrote:
>Professor Hughes,
>
>In regard to Mike Mann's message, the dates I need are the dates of the
>proposal. That is, the "from" and "to" dates. Knowing when you need it will
>help, of course, but since it is due  Nov. 30th I am trying to get UVA
>approvals by early next week. (In other words, we'll be done long before
>Florida is, or at least long before the election is decided!)
>
>Thanks,
>Neal
>
>>X-Sender: mann@multiproxy.evsc.virginia.edu
>>X-Mailer: QUALCOMM Windows Eudora Light Version 3.0.6 (32)
>>Date: Mon, 13 Nov 2000 17:13:44 -0500
>>To: mhughes@ltrr.arizona.edu
>>From: "Michael E. Mann" <mann@multiproxy.evsc.virginia.edu>
>>Subject: dates
>>Cc: nrg2p@virginia.edu
>>
>>Dear Malcolm,
>>
>>Just a friendly reminder. Our grants administrator, Neal Grandy (cc'd in on
>>the message), needs to
>>know when U.A. needs to have the paperwork from us, so we can make sure
>>things get processed in advance (it takes several days for us to get our
>>own internal subcontract paperwork through the U.Va system. Kind of like
>>counting votes in Florida!).
>>
>>When you have the chance, please send on the info, cc'ing directly to Neal
>>if you would. Thanks for the help,
>>
>>mike
>>_______________________________________________________________________
>>                      Professor Michael E. Mann
>>           Department of Environmental Sciences, Clark Hall
>>                       University of Virginia
>>                      Charlottesville, VA 22903
>>_______________________________________________________________________
>>e-mail: mann@virginia.edu   Phone:    FAX: 
>>        http://www.evsc.virginia.edu/faculty/people/mann.html
>
>Neal R. Grandy
>Grants Administrator, Environmental Sciences
>University of Virginia, P.O. Box 400123
>Charlottesville, VA  22904-4123
>Tel:    Fax: 
>
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>
>
_______________________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.html             
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From: Neal Grandy
To: mhughes@ltrr.arizona.edu
Cc: Michael Mann
Subject: Re: Fwd: dates
Date: Monday, November 13, 2000 4:38:52 PM

Malcolm,

Got it. Thanks!

Neal

At 04:28 PM 11/13/2000 -0700, mhughes@ltrr.arizona.edu wrote:
>Dear Neal (and Mike if you're listening in),
>NOAA have asked us to use 5/1/01 as the starting date, and the plan is to
>go for
>an 18month grant, making the last date 10/31/02. I'd be grateful if you could
>let me know if you get this message, as I did send it some days back and it
>obviously didn't reach you. The University of Arizona is closed today for
>Veterans' Day, but I hope to talk to our SPonsored Projects office
>tomorrow(Tuesday) to set a timetable for the submission over the next ten
>days.
>Cheers, Malcolm
>
>Quoting Neal Grandy <nrg2p@virginia.edu>:
>
> > Professor Hughes,
> >
> > In regard to Mike Mann's message, the dates I need are the dates of the
> > proposal. That is, the "from" and "to" dates. Knowing when you need it
> > will
> > help, of course, but since it is due  Nov. 30th I am trying to get UVA
> > approvals by early next week. (In other words, we'll be done long before
> >
> > Florida is, or at least long before the election is decided!)
> >
> > Thanks,
> > Neal
> >
> > >X-Sender: mann@multiproxy.evsc.virginia.edu
> > >X-Mailer: QUALCOMM Windows Eudora Light Version 3.0.6 (32)
> > >Date: Mon, 13 Nov 2000 17:13:44 -0500
> > >To: mhughes@ltrr.arizona.edu
> > >From: "Michael E. Mann" <mann@multiproxy.evsc.virginia.edu>
> > >Subject: dates
> > >Cc: nrg2p@virginia.edu
> > >
> > >Dear Malcolm,
> > >
> > >Just a friendly reminder. Our grants administrator, Neal Grandy (cc'd
> > in on
> > >the message), needs to
> > >know when U.A. needs to have the paperwork from us, so we can make sure
> > >things get processed in advance (it takes several days for us to get
> > our
> > >own internal subcontract paperwork through the U.Va system. Kind of
> > like
> > >counting votes in Florida!).
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> > >
> > >When you have the chance, please send on the info, cc'ing directly to
> > Neal
> > >if you would. Thanks for the help,
> > >
> > >mike
> > >_______________________________________________________________________
> > >                      Professor Michael E. Mann
> > >           Department of Environmental Sciences, Clark Hall
> > >                       University of Virginia
> > >                      Charlottesville, VA 22903
> > >_______________________________________________________________________
> > >e-mail: mann@virginia.edu   Phone:    FAX: 
> > >        http://www.evsc.virginia.edu/faculty/people/mann.html
> >
> > Neal R. Grandy
> > Grants Administrator, Environmental Sciences
> > University of Virginia, P.O. Box 400123
> > Charlottesville, VA  22904-4123
> > Tel:    Fax: 
> >
> >

Neal R. Grandy
Grants Administrator, Environmental Sciences
University of Virginia, P.O. Box 400123
Charlottesville, VA  22904-4123
Tel:    Fax: 
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From: Michael E. Mann
To: Neal Grandy
Cc: mhughes@ltrr.arizona.edu; Michael Mann
Subject: Re: Fwd: dates
Date: Monday, November 13, 2000 8:06:59 PM

Got it Malcolm,

thanks--looks like your u.va email may be acting up again!

mike

At 06:40 PM 11/13/00 -0500, Neal Grandy wrote:
>Malcolm,
>
>Got it. Thanks!
>
>Neal
>
>At 04:28 PM 11/13/2000 -0700, mhughes@ltrr.arizona.edu wrote:
>>Dear Neal (and Mike if you're listening in),
>>NOAA have asked us to use 5/1/01 as the starting date, and the plan is to
>>go for
>>an 18month grant, making the last date 10/31/02. I'd be grateful if you could
>>let me know if you get this message, as I did send it some days back and it
>>obviously didn't reach you. The University of Arizona is closed today for
>>Veterans' Day, but I hope to talk to our SPonsored Projects office
>>tomorrow(Tuesday) to set a timetable for the submission over the next ten
>>days.
>>Cheers, Malcolm
>>
>>Quoting Neal Grandy <nrg2p@virginia.edu>:
>>
>> > Professor Hughes,
>> >
>> > In regard to Mike Mann's message, the dates I need are the dates of the
>> > proposal. That is, the "from" and "to" dates. Knowing when you need it
>> > will
>> > help, of course, but since it is due  Nov. 30th I am trying to get UVA
>> > approvals by early next week. (In other words, we'll be done long before
>> >
>> > Florida is, or at least long before the election is decided!)
>> >
>> > Thanks,
>> > Neal
>> >
>> > >X-Sender: mann@multiproxy.evsc.virginia.edu
>> > >X-Mailer: QUALCOMM Windows Eudora Light Version 3.0.6 (32)
>> > >Date: Mon, 13 Nov 2000 17:13:44 -0500
>> > >To: mhughes@ltrr.arizona.edu
>> > >From: "Michael E. Mann" <mann@multiproxy.evsc.virginia.edu>
>> > >Subject: dates
>> > >Cc: nrg2p@virginia.edu
>> > >
>> > >Dear Malcolm,
>> > >
>> > >Just a friendly reminder. Our grants administrator, Neal Grandy (cc'd
>> > in on
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>> > >the message), needs to
>> > >know when U.A. needs to have the paperwork from us, so we can make sure
>> > >things get processed in advance (it takes several days for us to get
>> > our
>> > >own internal subcontract paperwork through the U.Va system. Kind of
>> > like
>> > >counting votes in Florida!).
>> > >
>> > >When you have the chance, please send on the info, cc'ing directly to
>> > Neal
>> > >if you would. Thanks for the help,
>> > >
>> > >mike
>> > >_______________________________________________________________________
>> > >                      Professor Michael E. Mann
>> > >           Department of Environmental Sciences, Clark Hall
>> > >                       University of Virginia
>> > >                      Charlottesville, VA 22903
>> > >_______________________________________________________________________
>> > >e-mail: mann@virginia.edu   Phone:    FAX: 
>> > >        http://www.evsc.virginia.edu/faculty/people/mann.html
>> >
>> > Neal R. Grandy
>> > Grants Administrator, Environmental Sciences
>> > University of Virginia, P.O. Box 400123
>> > Charlottesville, VA  22904-4123
>> > Tel:    Fax: 
>> >
>> >
>
>Neal R. Grandy
>Grants Administrator, Environmental Sciences
>University of Virginia, P.O. Box 400123
>Charlottesville, VA  22904-4123
>Tel:    Fax: 
>
>
>
_______________________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.html             
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From: Michael E. Mann
To: Malcolm K. Hughes
Cc: Michael E. Mann; Scott Rutherford; Ray Bradley
Subject: Re: ESH proposal
Date: Tuesday, January 01, 2002 12:28:34 PM

Hi Malcolm,

(happy New Year to everyone!)

Thanks for the quick response.

I agree entirely, the extension of the temperature reconstructions back in
time is *very* important, and I see the SLP reconstructions as occuring in
parallel w/ that.

The only tricky thing is in deciding exactly how to divide our description
of all this between "previous work" that is in progress associated w/ our
current funding (we did promise these extensions back in time, but we have
to try to anticipate what we'll actually have done by the end of next
summer, and what is reasonable to propose as "new" research to be funded.
Personally, I don't think we can be held to everything we promised, so I
think we can take a bit of liberty w/ what we're actually calling "new"...

So we have to finesse this issue a bit as we iron out the proposal, and
I've tried to sketch out where I think the break between these two most
naturally falls, but this is free to evolve...

Re, Luterbacher et al, etc. Yes, I think that would be a great idea. Can
you perhaps work on that angle, drafting some sentences along these lines
and fitting them into the appropriate place in the proposal, and
contracting Juerg (on all our part) soliciting his potential interest in
collaboration?

Will be available all week, so feel free to email or phone (home) me,

mike

At 08:16 PM 12/31/01 -0700, Malcolm K. Hughes wrote:
>Dear Mike - a first quick question - it's clearly a good idea to move on to
>circulation, etc., but we should probably also plan to continue extending the
>temperature reconstructions back in time. WHat do you think? Another
>point is that a similar collaboration to that you propose with Ed Cook
>could almost certainly be set up with Wanner and Luterbacher, probably at
>no cost. CHeers, Malcolm
>
>
>
>Quoting "Michael E. Mann" <mann@virginia.edu>:
>
> > Dear Scott (et al):
> >
> > I won't blame you if you don't even look at this email until tomorrow.
> > However, I wanted to get this in your court as soon as possible to give
> > us
> > as much of a head start in finalizing this as possible.
> >
> > Attached is a (rough) draft of the proposal.
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> >
> > A fair amount of work still needs to be done. I have put place-holders
> > and/or captions for figures that I have in mind to show, but we can
> > include
> > the actual figures later (better to keep the document small while we
> > iterate). The important thing is to get a sense of the over all strategy
> >
> > and emphasis I'm proposing, so you can provide any feedback on the big
> > picture as soon as possible.
> >
> > I'm requesting that Scott act from here on as the coordinator (Scott:
> > please let me know if this is a problem). Scott can incorporate
> > subsequent
> > changes and comments, both his and yours, into one central copy of the
> > proposal, and deal w/ format issues, etc. Scott: I'm forwarding you
> > separately the NSF proposal format guidelines. We need to coordinate w/
> > Neal Grandy (nrg2p@virginia.edu) regarding budgets & statements of work,
> >
> > etc., and need to get our CVs and C&Ps together in a format acceptable
> > by
> > NSF Fastline (best to get these to Scott in the form of word files, and
> > let
> > Scott render these in appropriate pdf format--NSF is very particular
> > about
> > which pdf documents are and are not acceptable (I've forwarded a
> > relevant
> > email).
> >
> > I will forward the various emails/letters I get form collaborators to
> > Scott
> > to be included in our proposal. As I see it, we need to have this in
> > close-to-final-shape by next sunday (when I'm hoping that Ray, Scott,
> > and I
> > can meet in Amherst: Ray, Scott--does this work???), so we can finalize
> > the
> > paperwork and get the budgets in on time, etc.
> >
> > Please let me know if any question/comments.
> >
> > Happy New Year,
> >
> > Mike
> >
> > _______________________________________________________________________
> >                      Professor Michael E. Mann
> >             Department of Environmental Sciences, Clark Hall
> >                        University of Virginia
> >                       Charlottesville, VA 22903
> > _______________________________________________________________________
> > e-mail: mann@virginia.edu   Phone:    FAX: 
> >          http://www.evsc.virginia.edu/faculty/people/mann.shtml
> >
>
>
>
>Professor Malcolm K. Hughes
>Laboratory of Tree-Ring Research
>W.Stadium 105
>University of Arizona
>Tucson, AZ 85721
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>phone 520-621-6470
>fax 520-621-8229

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: Malcolm K. Hughes
Cc: Michael E. Mann; Scott Rutherford; Ray Bradley
Subject: Re: ESH proposal
Date: Tuesday, January 01, 2002 12:28:34 PM

Hi Malcolm,

(happy New Year to everyone!)

Thanks for the quick response.

I agree entirely, the extension of the temperature reconstructions back in
time is *very* important, and I see the SLP reconstructions as occuring in
parallel w/ that.

The only tricky thing is in deciding exactly how to divide our description
of all this between "previous work" that is in progress associated w/ our
current funding (we did promise these extensions back in time, but we have
to try to anticipate what we'll actually have done by the end of next
summer, and what is reasonable to propose as "new" research to be funded.
Personally, I don't think we can be held to everything we promised, so I
think we can take a bit of liberty w/ what we're actually calling "new"...

So we have to finesse this issue a bit as we iron out the proposal, and
I've tried to sketch out where I think the break between these two most
naturally falls, but this is free to evolve...

Re, Luterbacher et al, etc. Yes, I think that would be a great idea. Can
you perhaps work on that angle, drafting some sentences along these lines
and fitting them into the appropriate place in the proposal, and
contracting Juerg (on all our part) soliciting his potential interest in
collaboration?

Will be available all week, so feel free to email or phone (home) me,

mike

At 08:16 PM 12/31/01 -0700, Malcolm K. Hughes wrote:
>Dear Mike - a first quick question - it's clearly a good idea to move on to
>circulation, etc., but we should probably also plan to continue extending the
>temperature reconstructions back in time. WHat do you think? Another
>point is that a similar collaboration to that you propose with Ed Cook
>could almost certainly be set up with Wanner and Luterbacher, probably at
>no cost. CHeers, Malcolm
>
>
>
>Quoting "Michael E. Mann" <mann@virginia.edu>:
>
> > Dear Scott (et al):
> >
> > I won't blame you if you don't even look at this email until tomorrow.
> > However, I wanted to get this in your court as soon as possible to give
> > us
> > as much of a head start in finalizing this as possible.
> >
> > Attached is a (rough) draft of the proposal.
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> >
> > A fair amount of work still needs to be done. I have put place-holders
> > and/or captions for figures that I have in mind to show, but we can
> > include
> > the actual figures later (better to keep the document small while we
> > iterate). The important thing is to get a sense of the over all strategy
> >
> > and emphasis I'm proposing, so you can provide any feedback on the big
> > picture as soon as possible.
> >
> > I'm requesting that Scott act from here on as the coordinator (Scott:
> > please let me know if this is a problem). Scott can incorporate
> > subsequent
> > changes and comments, both his and yours, into one central copy of the
> > proposal, and deal w/ format issues, etc. Scott: I'm forwarding you
> > separately the NSF proposal format guidelines. We need to coordinate w/
> > Neal Grandy (nrg2p@virginia.edu) regarding budgets & statements of work,
> >
> > etc., and need to get our CVs and C&Ps together in a format acceptable
> > by
> > NSF Fastline (best to get these to Scott in the form of word files, and
> > let
> > Scott render these in appropriate pdf format--NSF is very particular
> > about
> > which pdf documents are and are not acceptable (I've forwarded a
> > relevant
> > email).
> >
> > I will forward the various emails/letters I get form collaborators to
> > Scott
> > to be included in our proposal. As I see it, we need to have this in
> > close-to-final-shape by next sunday (when I'm hoping that Ray, Scott,
> > and I
> > can meet in Amherst: Ray, Scott--does this work???), so we can finalize
> > the
> > paperwork and get the budgets in on time, etc.
> >
> > Please let me know if any question/comments.
> >
> > Happy New Year,
> >
> > Mike
> >
> > _______________________________________________________________________
> >                      Professor Michael E. Mann
> >             Department of Environmental Sciences, Clark Hall
> >                        University of Virginia
> >                       Charlottesville, VA 22903
> > _______________________________________________________________________
> > e-mail: mann@virginia.edu   Phone:    FAX: 
> >          http://www.evsc.virginia.edu/faculty/people/mann.shtml
> >
>
>
>
>Professor Malcolm K. Hughes
>Laboratory of Tree-Ring Research
>W.Stadium 105
>University of Arizona
>Tucson, AZ 85721
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>phone 520-621-6470
>fax 520-621-8229

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Scott Rutherford
To: Mike Mann; Ray Bradley; Malcolm Hughes
Subject: proposal
Date: Wednesday, January 02, 2002 9:50:17 AM

Dear all,

I've been concentrating my work on sections 2.6 and 3.1 of the proposal.
I plan on working on more of section 3 after lunch.  In addition, I've
got a bunch of figures ready to go or will have them ready by this
afternoon.

If you have comments ready to go and can get them to me by the end of
the day,  I will try to incorporate everything by this evening and send
out an updated proposal.

Regarding the extension back in time issue. I too agree that it is very
important to both extend the hemispheric mean and usefull spatial
reconstructions as far back as the proxies permit.  Anticipating what we
will have done by the end of the summer is one sticky point. But even if
we are close to finishing extended reconstructions, we can use the first
month or two of this proposal (assuming it gets funded) to tie up loose
ends while working in parallel on other aspects of the proposed work
(e.g. methodological refinement using the long model runs and SLP
reconstructions).  Do you think it would be good just to put a catch all
in the proposal saying that as more and longer proxies become available
over the life of the proposal we will include them in any revised
reconstructions based on the refined methodology (section 3.1). We
already say that we will revise the SAT reconstructions as necessary
based on the refined methodology. We could extend that to incorporate
new proxies.

Happy New Year to all.

-scott

______________________________________________
                      Scott Rutherford 

University of Virginia          University of Rhode Island
Environmental Sciences          Graduate School of Oceanography
Clark Hall                                      South Ferry Road
Charlottesville, VA 22903       Narragansett, RI 02882
srutherford@virginia.edu                srutherford@gso.uri.edu
phone:            
fax:                      
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From: Scott Rutherford
To: Ray Bradley; Malcolm Hughes
Subject: proposal
Date: Thursday, January 03, 2002 11:15:20 AM

Ray and Malcolm,

Do you have any major revisions/additions/deletions to the proposal,
particularly the proposed work, before I send out what I've changed?

Thanks,

Scott
______________________________________________
                      Scott Rutherford 

University of Virginia          University of Rhode Island
Environmental Sciences          Graduate School of Oceanography
Clark Hall                                      South Ferry Road
Charlottesville, VA 22903       Narragansett, RI 02882
srutherford@virginia.edu                srutherford@gso.uri.edu
phone:            
fax:                      
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From: Michael E. Mann
To: Scott Rutherford
Cc: Malcolm Hughes; Ray Bradley; mann@virginia.edu; Neal Grandy
Subject: Re: proposal
Date: Friday, January 04, 2002 9:51:41 AM
Attachments: cv-short.pdf

mann-cp01.pdf

Scott:

Attached in pdf format (using adobe distiller rather than pdf writer, so it
should be acceptable format to NSF) are my short CV and Current &
Pending.  We'll need similar from you, Ray, and Malcolm...

Ray & Malcolm. Have we resolved to simply do sub-contracts from U.Va to the
respective institutions? If so, we'll need to give our grants administrator
Neal a heads up on this, and start the budget work ASAP...

mike

At 11:18 AM 1/4/02 -0500, you wrote:
>Mike,
>
>I already e-mailed a clarification to Ray, and am feverishly putting
>Malcolm's comments in along with the text that you sent.
>
>-Scott
>
>On Friday, January 4, 2002, at 11:11 AM, Michael E. Mann wrote:
>
>>HI Scott,
>>
>> From Ray's message, it looks like there is still a misunderstanding here??
>>
>>In any event, please send me the revised version of the proposal (taking
>>into account Malcolm's comments and any you can get from Ray) by
>>mid-afternoon, so I can make comments and return one more revision to you
>>before I leave (I'll be busy this evening, and leave tomorrow morning for
>>Amherst).
>>
>>Thanks,
>>
>>mike
>>
>>_______________________________________________________________________
>>                     Professor Michael E. Mann
>>            Department of Environmental Sciences, Clark Hall
>>                       University of Virginia
>>                      Charlottesville, VA 22903
>>_______________________________________________________________________
>>e-mail: mann@virginia.edu   Phone:    FAX: 
>>         http://www.evsc.virginia.edu/faculty/people/mann.shtml
>>
>______________________________________________
>                       Scott Rutherford
>
>University of Virginia          University of Rhode Island
>Environmental Sciences          Graduate School of Oceanography
>Clark Hall                                      South Ferry Road
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>Charlottesville, VA 22903       Narragansett, RI 02882
>srutherford@virginia.edu                srutherford@gso.uri.edu
>phone:            
>fax:                      
>

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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MICHAEL E. MANN 
Assistant Professor 

University of Virginia, Department of Environmental Sciences, Charlottesville, VA 22904 
Tel:  FAX  email: mann@virginia.edu 

http://www.evsc.virginia.edu/faculty/people/mann.shtml 
 

Education 
1998  Ph.D. Yale University, Department of Geology & Geophysics 
1993  M.Phil.Yale University, Department of Geology & Geophysics 
1991  M.Phil.Yale University, Department of Physics 
1991 M.S. Yale University, Department of Physics 
1989  A.B. (double), University of California-Berkeley, Applied Math, Physics (Honors) 

Honors and Awards: 
1998  Council of Graduate Schools' Distinguished Dissertation Award, nominated 
1997  Phillip M. Orville Prize for outstanding dissertation in the earth sciences, Yale University 
1996  Alexander Hollaender Distinguished Postdoctoral Fellowship (DOE) 
1989  Josiah Willard Gibbs Prize for outstanding research and scholarship in Physics, Yale University 

Professional Experience (1996-present): 
8/99-  Assistant Professor, University of Virginia, Department of Environmental Sciences 
1998-99  Research Assistant Professor, University of Massachusetts, Department of Geosciences 
1997-98  Adjunct Assistant Professor, University of Massachusetts, Department of Geosciences 
1996-98   Alexander Hollaender Distinguished Postdoctoral Research Fellow (DOE) 

Professional Activities: 
2002  Organizing committee, National Academy of Science Frontiers of Sciences symposium 
2002 Co-convener/organizer (w/ H. Von Storch, R. Brazdil) , theme session ``Understanding the Late Maunder 

Minimum climate anomaly”, Annual Spring meeting, American Geophysical Union 
2002 Co-convener/organizer (w/ J. Jouzel, P.Jones), special session `` Climate of the past millennium”, 27th 

General Assembly,  European Geophysical Society  
2001-  Member, advisory board, Earth Interactions (American Geophysical Union) 
2001 Chair/Organizer, session on "Climate Change Detection/Attribution", National Academy of Science 

Frontiers of Science annual symposium, Irvine, California, Nov 8-10,  
2001 Organizer and Host, PAGES/CLIVAR workshop on Reconstructing Late Holocene Climate,  Charlottesville, 

Virginia, April 17-20, 2001. 
2001 Co-convener (w/ J. Jouzel, P.Jones), special session `` Climate of the past millennium”, 26th General 

Assembly,  European Geophysical Society 2001  
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2000- Member of Working Group, International PAGES/CLIVAR 
2000- Panel member, NOAA Climate Change Data and Detection Program 
2000-  Editor, Journal of Climate 
2000 Co-convener (w/ J. Jouzel, P.Jones), special session `` Climate of the past millennium”, 25th General 

Assembly,  European Geophysical Society  
1999-  Scientific adviser to U.S. Government (White House OSTP) on climate change 
1999 Co-convener (w/ J. Jouzel), special session ``Data and model studies of climate changes over the last 
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1999 Invited adviser, NOAA Global Change and Climate Panel, Boulder, CO 
1999    Guest editor, special issue of Climatic Change, in review 
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CO 
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1998- Contributing author, Chapters 7,8,12, Intergovernmental Panel on Climate Change (IPCC), Third 

Assessment Report 
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Reconstruction…”, Annual Fall meeting, American Geophysical Union 
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Research Interests: 

(1) Climate signal detection and climate change attribution; (2) Statistical and time series analysis methods; (3) High-
resolution paleoclimate reconstruction; (4) Study of forced and internal variability in coupled ocean-atmosphere 
models; and  model/data intercomparison; (5) Simplified coupled ocean-atmosphere modeling; (6) Use of climate 
scenarios to drive process-oriented models of geophysical phenomena 
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• Mann, M.E., Bradley, R.S., Hughes, M.K., Long-term variability in the El Nino Southern Oscillation and 

associated teleconnections, Diaz, H.F. & Markgraf, V. (eds) El Nino and the Southern Oscillation: Multiscale 
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412, 2000.  
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• Mann, M.E., Lessons For a New Millennium, Science, 289, 253-254, 2000. 
• Mann, M.E., Climate During the Past Millennium, Weather  (invited contribution), 56, 91-101, 2001. 
• Shindell, D.T., Schmidt, G.A., Mann, M.E., Rind, D., Waple, A., Solar forcing of regional climate change during 
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Source of Support: COLUMBIA UNIV (LAMONT DOHERTY)/NOAA 

Total Award Amount $28,849 Total Award Period Covered: 4/1/01-3/31/03 

Location of Project Charlottesville, VA 

Person-Months Per Year Committed to the Project.       Cal:   Acad: 0.25 Sumr 

Support:     Current  X  Pending   Submission Planned in Near Future  *Transfer of Support 

Project/Proposal Title: Global multidecadal to century-scale climate oscillations during the last 1000 years 

 

 
Source of Support: UNIV. OF ARIZONA/NOAA 

Total Award Amount:  $22,861 Total Award Period Covered:  5/1/01-4/30/02 

Location of Project:  Charlottesville, VA 

Person-Months Per Year Committed to the Project. Cal:       Acad: 0.25 Sumr:  

*If this project has previously been funded by another agency, please list and furnish information for immediately preceding funding period. 
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Current and Pending Support: M.E. Mann 

See GPG Section II.D.8 for guidance on information to include on this form.) 

The following information should be provided for each investigator and other senior personnel.  Failure to provide this information may delay 
i ti f t i l Other agencies (including NSF) to which this proposal has been/will be submitted. 

Investigator:  M.E. Mann none 

Support:  Current   X Pending    Submission Planned in Near Future   *Transfer of Support  

Project/Proposal Title: Remote Observations of Ice Sheet Surface Temperature: Toward Multi-Proxy Reconstruction of Antarctic Climate 
Variability 

 
 
Source of Support:  NSF  (OPP-Antarctic Glaciology) 

Total Award Amount:  $ 132,948 Total Award Period Covered: 10/1/01-9/30/04 (3 years) 

Location of Project:  Charlottesville, VA 

Person-Months Per Year Committed to the Project.       Cal:  Acad:  Sumr:  1 (yr 2); 1.5 (yr 3) 

Support:  Current  X  Pending   Submission Planned in Near Future   *Transfer of Support 

Project/Proposal Title: Decadal variability in the tropical Indo-Pacific: Integrating paleoclimatic and coupled  model results 

 
 
Source of Support: UNIV. OF ARIZONA/NASA 

Total Award Amount: $139,710 Total Award Period Covered:4/1/02-3/31/05 (3 years) 

Location of Project: Charlottesville, VA 

Person-Months Per Year Committed to the Project.       Cal:   Acad:  Sumr: 1/yr 

Support:     Current   X Pending   Submission Planned in Near Future  *Transfer of Support 

Project/Proposal Title:  

 
      
Source of Support:   

Total Award Amount: Total Award Period Covered:  

Location of Project:   

Person-Months Per Year Committed to the Project.  Cal:   Acad:  Sumr:  

Support:   Current   Pending   Submission Planned in Near Future  *Transfer of Support 

Project/Proposal Title:  

 

 
Source of Support:  

Total Award Amount Total Award Period Covered:  

Location of Project  

Person-Months Per Year Committed to the Project.       Cal:   Acad: Sumr 

Support:     Current   Pending   Submission Planned in Near Future  *Transfer of Support 

Project/Proposal Title:  

 

 
Source of Support:  

Total Award Amount:   Total Award Period Covered: 

Location of Project:   

Person-Months Per Year Committed to the Project. Cal:       Acad:  Sumr:  

*If this project has previously been funded by another agency, please list and furnish information for immediately preceding funding period. 

NSF Form 1239 (7/95)                               USE ADDITIONAL SHEETS AS NECESSARY 
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From: Michael E. Mann
To: Neal Grandy
Cc: Michael E. Mann; Scott Rutherford; Malcolm Hughes; Ray Bradley
Subject: Re: proposal
Date: Friday, January 04, 2002 12:08:53 PM

Dear All,

Neal makes a reasonably compelling case for doing this as a collaborative proposal. What do you think?

mike

At 02:10 PM 1/4/02 -0500, Neal Grandy wrote:

Mike and Scott, et al.,

It's probably easier logistically to do a three-way collaborative proposal:

1.It avoids a double hit on overhead on the two subcontracts, since UVA adds overhead to the
first $25K of each subcontract. 

2. We (UVA) would not have to collect signed cover pages and budget pages, plus statement of
work, from each subcontractor. Since this is due on Jan. 15th, this would save valuable time.

3. NSF would fund each collaborating institution separately, which means UMass and Arizona
wouldn't have to wait around for UVA to set up their subcontract.

To set up a collaborative proposal:
(a) UVA puts a full proposal together -- project summary, full project description, Mann and
Rutherford as PI and co-PI, budget and notes for UVA, plus UVA bios and current and pending.
UVA text needs to address, inter alia, each collaborator's contribution to the project.
(b) UMass and Arizona need to put budgets and notes in their proposals, together with their
bios and current and pending, plus any facilities statements and supplementary docs, but no
text.
(c) UMass and Arizona have to create PINs for their proposals (there's a button link in the
proposal set-up in Fastlane), and give their temporary proposal IDs and PIN numbers to UVA.
UVA then creates links to those proposals, and Fastlane merges everything when it's submitted.
(I believe UMass and Arizona still have to submit their proposals to NSF via Fastlane, but when
we look at the proposal from our end it will have everything merged together.)

Those are the basics. If the folks at UMass and Arizona have any questions, I would be happy to
talk them through it, or work with their grants folks to set it up properly. Or they can look at
NSF 02-2, the Grant Proposal Guide, which has a short section on collaborative proposals.

Neal

At 11:52 AM 1/4/2002 -0500, Michael E. Mann wrote:

Scott:

Attached in pdf format (using adobe distiller rather than pdf writer, so it should be
acceptable format to NSF) are my short CV and Current & Pending.  We'll need
similar from you, Ray, and Malcolm...

Ray & Malcolm. Have we resolved to simply do sub-contracts from U.Va to the
respective institutions? If so, we'll need to give our grants administrator Neal a heads
up on this, and start the budget work ASAP...

mike

At 11:18 AM 1/4/02 -0500, you wrote:

Mike,
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I already e-mailed a clarification to Ray, and am feverishly putting
Malcolm's comments in along with the text that you sent.

-Scott

On Friday, January 4, 2002, at 11:11 AM, Michael E. Mann wrote:

HI Scott,

From Ray's message, it looks like there is still a
misunderstanding here??

In any event, please send me the revised version of the
proposal (taking into account Malcolm's comments and any
you can get from Ray) by mid-afternoon, so I can make
comments and return one more revision to you before I leave
(I'll be busy this evening, and leave tomorrow morning for
Amherst).

Thanks,

mike

_______________________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX:

        http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________
                      Scott Rutherford

University of Virginia          University of Rhode Island
Environmental Sciences          Graduate School of Oceanography
Clark Hall                                      South Ferry Road
Charlottesville, VA 22903       Narragansett, RI 02882
srutherford@virginia.edu                srutherford@gso.uri.edu
phone:            
fax:                      

_______________________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml            

Neal R. Grandy
Grants Administrator, Univ. of Virginia
Dept. of Environmental Sciences
291 McCormick Rd., P.O. Box 400123
Charlottesville, VA  22904-4123
Tel:    Fax: 
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_______________________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Raymond S. Bradley
To: mann@multiproxy.evsc.virginia.edu; mhughes@ltrr.arizona.edu
Subject: budget issue
Date: Friday, January 04, 2002 12:10:56 PM

I see from your proposed budget notes that you propose to have  2 @50% time
graduate students at UVa....I wonder if we can justify 2 grads, a 50%
post-doc, plus 4 months PI time/year (yours @ 2mo/year, & presumably MKH &
me @ 1 month...?).  Rough guess is that this will be ~$95-100K/year in
personnel costs....plus fringe & IC...My guess is that reviewers will
regard this as overweight on personnel time...apart from it adding up to
~$430k over 3 years
What do you'all think?

ray

Raymond S. Bradley
Professor and Head of Department
Department of Geosciences
University of Massachusetts
Amherst, MA 01003-5820

Tel: 
Fax: 
Climate System Research Center: 
Climate System Research Center Web Page:
<http://www.geo.umass.edu/climate/climate.html>
Paleoclimatology Book Web Site (1999):
http://www.geo.umass.edu/climate/paleo/html
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From: Michael E. Mann
To: Raymond S. Bradley
Cc: mann@multiproxy.evsc.virginia.edu; mhughes@ltrr.arizona.edu
Subject: Re: budget issue
Date: Friday, January 04, 2002 12:16:07 PM

Hi Ray,

Well my reasoning was that 2 mo/year salary +  50% postdoc + 2 grads is
approximately
equivalent in personnel costs to what I asked for last time (2.5 mo/year
salary + full time post doc + 1 grad), in fact probably a bit cheaper...

But I'm willing to drop one of the grads if you guys think that would help,

mike

At 02:05 PM 1/4/02 -0500, Raymond S. Bradley wrote:
>I see from your proposed budget notes that you propose to have  2 @50%
>time graduate students at UVa....I wonder if we can justify 2 grads, a 50%
>post-doc, plus 4 months PI time/year (yours @ 2mo/year, & presumably MKH &
>me @ 1 month...?).  Rough guess is that this will be ~$95-100K/year in
>personnel costs....plus fringe & IC...My guess is that reviewers will
>regard this as overweight on personnel time...apart from it adding up to
>~$430k over 3 years
>What do you'all think?
>
>ray
>
>
>
>Raymond S. Bradley
>Professor and Head of Department
>Department of Geosciences
>University of Massachusetts
>Amherst, MA 01003-5820
>
>Tel: 
>Fax: 
>Climate System Research Center: 
>Climate System Research Center Web Page:
><http://www.geo.umass.edu/climate/climate.html>
>Paleoclimatology Book Web Site (1999):
>http://www.geo.umass.edu/climate/paleo/html
>
>
>

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Scott Rutherford
To: Mike Mann; Ray Bradley; Malcolm Hughes
Subject: proposal
Date: Friday, January 04, 2002 12:16:26 PM
Attachments: nsf-esh02-1.4-nofigs

Untitled attachment 00776.txt

Gents,

Attached is a new iteration of the proposal that I think takes into
account all of Malcolm's comments some additional text from Mike, and my
edits (I did a most of my major edits  on Sections 2.6 and 3.1). As you
can see there is still a lot of tidying up to do, but I wanted people to
see the areas that are being worked on.

Malcolm: Two of your notes came through empty; the one on the title and
the one at the end of the very first page.

Some info:
• I've tried to keep major changes in blue

• questions and comments in red

•Figure captions in green mean that I have the figure ready to go, red
means I don't. If anyone has electronic versions of the figures I'm
missing please send them to me (prefer postscript but can deal with
almost anything).  I haven't inserted figures yet to keep the file size
small.  I will put the figures in on the next iteration and put the full
deal on ftp.

I will try to put together one more (cleaner) version before Mike, Ray
and I meet on Sunday. Also, I will begin setting up the Fastlane
submission today and see if I can go ahead and post everyone's C&P and
Bio.

Regards,

Scott
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PROJECT SUMMARY 
 

Reconstruction and Analysis of Patterns of Climate Variability Over the Past Couple 
Millennia 

 
The proposed work extends past research employing a global database of multiproxy climate indicators in 
annual and seasonal paleoclimate reconstructions. A variety of analyses and model/data comparisons will 
be performed to allow additional insight into the patterns, mechanisms, and forcings governing climate 
variability and change over the timeframe of the past one-to-two millennia . The proposed activities 
exploit existing collaborations with other researchers engaged in complementary work in the areas of 
empirical paleoclimate reconstruction and paleoclimate modeling. The emphasis of the proposed work is 
three-fold: 

1) Continued testing and refinement of paleoclimate reconstruction methodologies. This involves the 
testing of alternative climate field reconstruction (CFR) strategies using networks of 'Pseudoproxies'. 
Current experiments based on pseudoproxy data networks diagnosed from a resampling of the available 
instrumental record will be extended by resampling surface temperature fields from long integrations of 
state-of-the art coupled models (in collaboration with T. Delworth of GFDL). These integrations will 
include the effects of both unforced and forced (e.g. volcanic and solar) variability, to provide a 
reasonably faithful representation of century and multi-century natural variability prior to anthropogenic 
influence. Although not a substitute for independent verification of proxy-based reconstructions, the use 
of realistic surrogates for actual proxy data will provide estimates of the long term fidelity ¿capability? of 
currently used paleoclimate reconstruction techniques on timescales longer than can be resolved in cross-
validation experiments using the instrumental record.   

2) Multiproxy reconstructions of large-scale seasonal atmospheric circulation patterns.  Specifically, this 
involves the application of current CFR methodologies and available multiproxy data networks to the 
reconstruction of patterns of Sea Level Pressure (SLP) over the past few centuries. We plan, in 
collaboration with European colleagues, to compare our SLP reconstruction with those they have 
produced for the European and North Atlantic sectors based on early pressure records back to 1780 (Jones 
et all, 1999), or other documentary evdence for the North Atlantic Oscillation and the EU index back to 
1675. Furthermore, we will compare our SLP reconstructions will be compared to the latest available 
seasonal surface temperature reconstructions, as well as existing continental drought reconstructions (in 
collaboration with Cook of Lamont/Columbia and Woodhouse of NOAA/CIRES) for insights into the 
oceanic and atmospheric dynamics underlying climate variability over the past few centuries one-to-two 
millennia.  Various indices of SST (e.g., the "PDO" and Nino3) and atmospheric (e.g., the NAO/AO) 
variability will be used for inferences regarding mechanism of climate variability and to strengthen long-
term detection/attribution exercises (e.g. as in Braganza et al, 2001; Covey et a, 2001; Crowley, 2000). 

2b) In parallel with both the reconstruction of large-scale seasonal atmospheric circulation patterns, and 
the methodological refinements outlined above, we will work to improve the spatial and temporal 
coverage of our seasonal and annual temperature reconstructions, and to improve the fidelity of the 
reconstructions on all time scales by incorporating additional proxy records as they become available. 

3) Systematic investigation of mechanisms and forcings of past climate variability. These investigations 
will make use of both the climate indices discussed above and the full spatial information available in the 
reconstructions. A detailed analysis of the reconstructed patterns of climate variability in the North 
Atlantic sector will be undertaken (these activities are synergistic w/ a NOAA-funded grant to reconstruct 
the AO/NAO index with E. Cook and R. D'Arrigo of Lamont/Columbia), such as the NAO and related 
patterns of decadal variability, exploiting the enhance fidelity of  low-frequency variability expected in 
the most recent/proposed seasonal surface temperature and SLP reconstructions. These more resolved 
reconstructions should allow for direct comparisons with the predictions of the forced response of the 
North Atlantic atmospheric circulation and impacts on the thermohaline circulation (in collaboration with 
D. Shindell and G. Schmidt of NASA/GISS and T. Delworth of GFDL). Previous model/data 
comparisons of forced large-scale climate variability have focused on global energy balance balances 
(e.g., Crowley, 2000) which do not resolve certain important tropical coupled-ocean atmosphere 
processes. We this limitation in mind, we intend to focus on the additional possible response of tropical 
ocean-atmosphere dynamics,  through comparisons of observed tropical variability with forcing 
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experiments employing the Cane-Zebiak model of tropical coupled ocean-atmosphere dynamics (in 
collaboration w/ M. Cane, LDEO).  
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PROJECT DESCRIPTION
Reconstruction and Analysis of Patterns of Climate Change During the Past Two Millennia

Results from prior NSF support

Patterns of Organized Climatic Variability: Spatio-Ternporal Analysis of Global Distributed

Climate Proxy Records and Long-term Model Integrations

Comment [MEM1]: Number Ray?Grant ESH ATM-9626833

4/1/96 - 3/31/98. $178,730, P.I.: R.S. Bradley, co-investigators: M.E. Mann, M.K. Hughes

The goal of this study was to assimilate a global database of high-resolution (annual or seasonal) proxy

climate indicators which could be used to describe patterns of climate variability during the past several

centuries. Once assimilated, these data were calibrated against modem instrumental surface temperatures

to yield estimated patterns of surface temperature several centuries back in time. These reconstructed

surface temperature patterns were diagnosed for inferences into low-frequency natural variability, and

were compared to estimates of possible candidate forcing agents (e.g., greenhouse gas concentrations,

solar irradiance variations, and the history of explosive volcanic eniptions). The basic methodology,

features of the reconstructed climate during the past six centuries, and inferences into possible

relationships between climate variations and external forcing mechanisms were discussed by Mann et al

(1998). Investigations of the long-term changes in the ENSO phenomenon evident from these

reconstructions are addressed by Mann et al (2000a). Extensions of Northern Hemisphere (NH) mean

temperature a frill millennium in time, and the inherent associated uncertainties were also investigated

(Mann et al, 1999). Comparisons of model-produced and observed patterns of variability during the past

few centuries have also been made (Delworth and Mann, 2000).

The reconstructions have been made accessible over the internet via the NOAA paleoclimatology website

(http://wwwngdc.noaa.gov/paleo/paleo.html), and in an interactive, online publication (Mann et al,

2000b). This work has led to roughly a dozen publications, a highly cited reconstruction of NH annual

mean temperatures back in time, and widely publicized implications for the detection of human influence

on climate. This proposal has also helped support Anne Waple's progress towards her dissertation in

Geosciences at the University ofMassachusetts.

Multiproxy Climate Reconstruction: Extension in Space and Time, and Model/Data Inter-

comparison,

Grant ESH NA96GP0404 (NOAA/NSF joint)
1/1/99 - 8/31/02, $382,000, P.I.: M.E. Mann, co-investigators: R.S. Bradley, M.K. Hughes

Comment [MEM2]: Number Ray?

This project led to advances in the areas of (1) statistical paleoclimate reconstruction, (2) empirical and

model-based studies of natural climate variability, and (3) climate change model/data comparison and

model validation. Seasonally-specific analyses have led to

calibrated/cross-validated) cold-season Nino3 index as reconstruction ofpast ENSO behavior (Mann et al,

2000b). The reconstructions are also available in an interactive, online publication (Mann et al, 2000b).

Investigations of the spatial-patterns of sensitivity to solar irradiance forcing and comparisons with

considerably improved (better

modeling results have been made (Shindell et al, 2001; Waple et al, 2002). Comparisons of the Mann et al

(1998) reconstructions with other empirical and model-based estimates of changes in surface temperature,

and analyses of patterns related to the NAO, ENSO, and forced climate variability have been made

(Bradley et al 2000, Cullen et al 2001, Mann et al 2000ab, Mann 2001abcd:2002). Tests using surface

temperature field output from control and anthropogenic forced coupled model simulations have been

used to investigate the potential impact of calibration period non-stationarity (e.g. associated with

anthropogenic forcing) on covariance based reconstructions of past climate patterns (Rutherford et al,

2002a). These tests suggest that such potential non-stationarity does not in general bias reconstruction of

past surface temperature trends. An improved methodology based on the Regularized Expectation

Maximization (RegEM) method (Rutherford et al, 200 lab) has been employed, along w/ a split low-

frequency/high-frequency band calibration and reconstruction approach that allows for a more natural
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inclusion of proxies with lower than annual resolution (e.g., lake and sediment cores), and exploits the 
complimentary frequency-domain fidelity of differing proxy indicators. 
 
This sensitivity of reconstructions of Northern Hemisphere mean surface temperature to different methods 
and proxy data have been investigated. Collaboration with colleagues at the Climatic Research Unit, 
University of East Anglia (T. Osborn and K. Briffa)  has clarified the role of spatial sampling, seasonality 
of indicators, and methodology in understanding differences between varying estimates. This work 
suggests that there are no true discrepancies between the different estimates (Rutherford et al., in 
preparation, 2002b; Osborn et al., 2002, in preparation).  Additional analyses have further shown that 
apparent discrepancies between proxy-based hemispheric temperature reconstructions and independent 
estimates from borehole data can be rectified when the noise/bias contribution in the borehole data is 
properly taken into account (Mann et al, 2002).  Current work during the completion phase of this project 
involves the assimilation of a combined low and high-frequency indicator network, using the revised 
hybrid frequency-domain approach discussed above, to yield an improved set of proxy reconstructions of 
seasonal surface temperature patterns back through the past one-to-two millennia.  
 
This work has led to  (at the time of the writing of this proposal) 11 peer-reviewed publications (4 
published, 3 in the press, 4 submitted), with results that featured prominently in several chapters of the 
2001 IPCC report (e.g., Folland et al, 2001).  This proposal has also helped support Brad Adams' and 
Zhihua Zhang's progress towards their dissertations in the Department of Environmental Sciences at the 
University of Virginia, and has furthered the post-graduate scientific development of University of 
Virginia postdoctoral researcher Dr. Scott Rutherford. 
 
1. Introduction 
 
Considerable progress has been made in recent years regarding our knowledge and understanding of the 
climate variability of the climate of the late Holocene (i.e., the past one-to-two millennia). This progress 
has resulted both from improved techniques and data for reconstructing past climate patterns from proxy 
data (e.g., Bradley and Jones, 1993; Hughes and Diaz, 1994; Mann et al, 1995; Overpeck et al, 1997; 
Jones et al, 1998; 2001; Briffa et al, 1998; Mann et al, 1998; 1999; 2000ab; Briffa and Osborn, 1999; 
Cook et al, 1999; Schmutz et al, 1999; Luterbacher et al, 1999; Folland et al, 2000; Briffa et al, 2001; 
Cook et al, 2002) and better constraint on the forcings and dynamical mechanisms in modeling climate 
changes in past centuries (e.g. Crowley and Kim, 1996; Cubasch et al, 1997; Free and Robock, 1999; 
Delworth and Mann, 2000; Crowley, 2000; Shindell et al, 2001; Bond et al, 2001; Waple et al, 2002).  
The study of the climate of the late Holocene has now reached a level of maturity where insights from 
empirical reconstructions and modeling approaches are being brought together in a synthesizing 
framework (e.g. Mann et al, 2001). 
 
Despite this progress, a number of significant unresolved issues remain. Though different hemispheric 
temperature reconstructions appear to be within the estimated uncertainties (Mann 2000; Briffa et al, 
2001; Folland et al, 2001), the amplitude of estimated hemispheric temperature changes in past centuries 
varies somewhat among different proxy estimates Proxy-based estimates moreover appear to suggest 
smaller amplitude variations in past centuries than independent estimates from terrestrial boreholes 
(Pollack et al, 1998; Huang et al, 1999), though recent analyses suggest that the latter estimates are within 
the uncertainties of the proxy estimates when sources of bias in  borehole data are accounted for (Mann, 
2001a; Mann et al, 2002). Regional patterns of climate anomalies in past centuries are even less well 
constrained, with mixed evidence from high-resolution (e.g. Luterbacher et al, 1998; Pfister, 1998; Mann 
et al, 1998) and low-resolution (Demenocal et al, 2000; Bond et al, 2001) indicators. Given the differing 
age model control and resolution of such estimates, putative discrepancies (e.g., Broecker, 2001; Bradley 
et al, 2001) are difficult to resolve. 
 
The best available evidence suggests that enhanced regional climate anomalies in part of the Northern 
Hemisphere (e.g., Europe) often used to define the so-called "Medieval Warm Period" and "Little Ice 
Age" likely arise from the response of the extratropical atmospheric circulation to external forcing (e.g., 
Shindell et al, 2001) projecting relatively weakly onto annual, hemispheric temperature estimates (Mann 
et al, 1999; Crowley et al, 2000; Mann, 2001a; Shindell et al, 2001; Mann et al, 1999). The possible role 
of ocean circulation responses to such changes, however, remains unknown (see Shindell et al, 2001) and 
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could help explain (see e.g. Delworth and Dixon, 2001) the patterns evident in North Atlantic oceanic 
proxy indicators (e.g., Keigwin, 1996; Keigwin and Pickart, 1999; Demenocal et al, 2000; Bond et al, 
2001).  
 
The relative importance of internal variability (such as might be associated with instabilities in the 
thermohaline circulation, c f. Broecker et al, 1999) and external forcing (e.g., Shindell et al, 2001; Bond et 
al, 2001; Crowley et al, 2001) in governing the major century-scale variations are still unresolved, though 
the evidence appears to support a modest role for the thermohaline circulation in governing hemispheric 
mean temperature changes (Crowley, 2000). The estimated patterns of solar forcing on surface 
temperature patterns of the past few centuries  (Waple et al, 2002) shows evidence of similarities with 
model predictions both in terms of the AO/NAO pattern of atmospheric circulation response in the 
extratropics (see Shindell et a, 2001) and coupled ocean-atmosphere processes (related to ENSO) 
important in the tropical Pacific (see  Cane et al, 1997).  The possible role of ENSO-scale feedbacks has 
not been incorporated into model estimates of externally-forced hemispheric or global temperature 
changes in past centuries (e.g., Crowley, 2000).  The behavior of the El Nino/Southern Oscillation is only 
reasonably well resolved by proxy reconstructions over the past few centuries (Stahle et al, 1998; Mann et 
al, 1999a; Mann, 2001a; Jones et al, 2001; Folland et al, 2001) and reconstructions of the NAO in past 
centuries are still somewhat uncertain (see e.g. Schmutz et al, 2001, Jones et al, 2001; Cullen et all, 2001; 
Cook et al, 2002).  
 
Such current limitations obscure the roles of various plausible processes and mechanisms in governing the 
climate variability of the late Holocene. Longer, more spatially and seasonally-resolved reconstructions of 
surface temperature and sea level pressure, combined with more detailed model/data comparisons should 
allow for a more confident establishment of the roles of internal and external mechanisms, and regional 
vs. hemispheric/global patterns of response, in the climate variations of late Holocene. Such assessments 
are not only of interest for the insights they can provide into the workings of the climate system, but they 
hold important implications for climate sensitivity estimates and projections of future climate change 
(e.g., Overpeck, 2000; Crowley, 2001; Mann, 2001). 

 
2. Previous Work 
 
2.1.  Mann et al  Surface Temperature Reconstructions 
 
Global multiproxy climate data were used to calibrate global-scale patterns of temperature on a yearly 
basis, several centuries in time by Mann et al (1998) (henceforth "MBH98"). The annual surface 
temperature pattern reconstructions described by MBH98 employed a multiproxy network consisting of 
diverse high-quality annual resolution proxy climate indicators and long historical or instrumental records 
(details and references provided in MBH98). Unlike conventional transfer function approaches to 
paleoclimate reconstruction (e.g. Fritts et al, 1971; Cook et al, 1994), the climate field reconstruction 
(CFR) methodology used by MBH98 does not assume a fixed relationship between a given proxy 
indicator (e.g., a  particular coral or tree-ring series) and a given predictand (i.e., principal component of 
the global temperature field) over the calibration interval. Instead, the best common choice of values for 
the small number of principal components was  determined from the mutual statistical information 
present in the network of multiproxy data on a year-by-year basis. The reconstruction approach is thus 
relatively resistant to errors or biases (e.g., dating errors) specific to any small number of indicators, in 
contrast to most conventional approaches. This becomes important when dealing with multiproxy data 
(e.g., ice cores or varves), some of which may contain significant uncertainties with age models [age 
model uncertainty is less important in reconstructions based strictly on tree ring data--e.g. Briffa et al, 
1998; Cook et al, 1999--which are typically composed from massively replicated chronologies]. The 
reliability of these reconstructions was demonstrated by cross-validation with independent data and 
uncertainties back in time were assessed. The methodological details and numerous aspects and features 
of these reconstructions are described in detail in the literature (Bradley et al, 2000; Braganza et al, 2002; 
Covey et al, 2002; Cullen et al, 2000; Delworth and Mann, 2000; Folland et al, 2000; Mann et al, 
1998;1999;2000ab;2001;2002; Mann 2000;2001abcd; Shindell et al, 2001; Waple et al, 2002). These 
reconstructions serve as a benchmark for recent and proposed extensions of paleoclimatic reconstructions 
described henceforth. 
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2.2 Seasonally-resolved Surface Temperature Reconstructions  
 
Mann et al (2001b) describe seasonally resolved surface temperature pattern reconstructions over the past 
few centuries, based on the separate application of the Mann et al (1998) calibration procedure to  distinct 
(i.e., Northern hemisphere cold season=Oct-Mar; warm=Apr-Sep) half-year intervals. The diverse 
seasonal windows of variability recorded by different proxy indicators lead to complimentary strengths of 
the multiproxy network in recording distinct seasonal variations. While less variance is resolved in 
calibration/cross-validation in these seasonal temperature reconstructions (owing to the smaller amount of 
information available in the multiproxy network of MBH98 for any particular season), skillful 
reconstructions were possible back through the 17th century for both seasons. These  seasonally-distinct 
reconstructions allow for a more faithful reconstruction of climate anomalies associated with known 
seasonal phenomena such as the cold-season influences associated with the NAO--(see Mann, 2002) or 
the cold-season Nino3 reconstruction (Figure 1) which provides a better representation of the ENSO 
signal than the annual mean Nino3 (see Mann et al, 2001b; Mann 2001b).  
  

 
 
 
 
 
 
 
2.3 Methodological Advances 
 
2.3.1 RegEM approach: One key  recent advance involves our application of a refinement of the Mann et 
al (1998) methodology, exploiting a newly developed Regularized Expectation Maximization (RegEM) 
CFR Algorithm (Schneider, 2000).  This method was originally developed for imputing missing values in 
instrumental data sets by T. Schneider of Courant Institute, New York University (Schneider, 2001). In 
collaboration w/ T. Schneider, we have adapted the method to climate field reconstruction from proxy 
data. We are currently applying this  refined methodology in revised seasonal surface temperature 
reconstructions (Rutherford et al, 2002a).  Cross-validation results from some initial comparisons 
(Rutherford et al, 2002b) indicate that the RegEM method may provide slightly more robust climate field 
reconstructions than previous methods (e.g., MBH98 approach).  
 
2.3.2 Hybrid Frequency-Domain Calibration: A simple generalization of  current (e.g., MBH98 and 
RegEM) CFR approaches involves  the decomposition of the calibration and reconstruction process into 
two distinct frequency bands: (1) a low-frequency band, resolvable by most non-dendroclimatic indicators 
(non-varved lake sediments, , and the subset of dendroclimatic indicators which preserve low-frequency 
(ie, century-scale) variability, and (2) a high-frequency band resolvable by all interannual interannual 
proxy indicators (tree-rings, corals, ice cores, speleothems, historical records). 
 
The choice of the cutoff frequency f0 represents a tradeoff between, at the low frequency end, having 
sufficient degrees of freedom to calibrate the proxy network in the low-frequency band with the relatively 
short instrumental record and, at the high frequency end, providing a natural separation of the multiproxy 
network between the annual resolution indicators which can resolve the highest frequency variations, and 
the coarser resolution indicators which  resolve decadal or perhaps only century-scale and long-term 
variations—initial experiments suggeset that the choice f0=0.05 cycle/yr (i.e., roughly 20 year period) 
appears to be optimal (Rutherford et al, 2002b). However, the ability to cross-validate the low frequency 
component (f0 < 0.05 cycles/yr) of the reconstuction is restricted by the relatively short instrumental data. 
As proposed below (Section 3.1), methodological experiments using model-produced 'pseudoproxies' 
may help constrain the appropriate choice. 
 
The eigenvectors of the instrumental record would be separately assessed for the low and high-frequency 
bands in a manner similar to that described by Allan et al (1999). This hybrid calibration approach 
provides the additional benefit of insuring a more physical eigenvector decomposition of the instrumental 
temperature data, since the dominant high-frequency patterns are associated with processes (e.g., ENSO 
and the NAO) which are quite distinct from those processes associated with decadal and lower-frequency 

Figure 1: Cold-season Nino3 temperature index reconstruction (AD 1650-1980)  and instrumental series (1902-
1998) [from Mann et al, 2001b].  The shaded band indicates 95% confidence limits for the Nino3 reconstruction. 
The Stahle et al (1998) SOI reconstruction has been rescaled to have both the same  sign and standard deviation 
as the  Nino3 reconstruction; the two reconstructions, based on independent methods and partially independent 
data, have a linear correlation r=0.64 during the pre-calibration interval of mutual overlap (1707-1901). The 
magnitude of the 1997/98 event is shown for comparison. 
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patterns (ie, secular warming, multidecadal Atlantic variability, and Pacific decadal variability--see e.g. 
Folland et al, 1984; Kushnir, 1994; Schlesinger and Ramankutty, 1994; Mann and Park, 1994;1996; Allan 
et al, 1998).  Even within the NAO, the multidecadal pattern is different than that seen on interannual 
timescales.  In the case where patterns are similar in both frequency-bands the hybrid approach is neither 
benificial nor detremental. 

The RPCs and the temperature pattern reconstructions are, in this approach, determined from separate 
applications of the calibration/reconstruction procedure within these two distinct frequency bands 
(Guiot????, Rutherford et al, 2002b).  
 
In contrast to the procedure of MBH98, wherein uniform weights are assumed for each of the 
standardized proxy indicators, each proxy indicator is weighted by the proportion of the total variance of 
that indicator within the particular frequency band (low or high) being reconstructed. For example, if a 
tree ring record has been very liberally standardized, and has very little low-frequency variability left 
compared to the amplitude of high-frequency variability contained in the record, it gets a considerably 
lower weight in the low frequency reconstruction than some indicator that has all of its variance in the 
low-frequency band (e.g., sediment core).  This step insures that proxy climate indicators compete to 
calibrate climate patterns in proportion to their strength in resolving climate variations in the particular 
frequency band of interest. The full reconstructions are then by summing the high-frequency and low-
frequency temperature pattern reconstructions. This approach would retain the high-frequency 
information of the annual resolution multiproxy reconstructions described by MBH98 (and allow the 
usage of additional annual resolution data not used by MBH98 to calibrate and reconstruct the  high-
frequency patterns). However, it would allow the annual resolution and coarser resolution proxy data to 
compete to describe the lowest-frequency patterns of variation in the instrumental record, favoring within 
that set those indicators which best calibrate the observed patterns of low-frequency climate variability in 
the 20th century instrumental record. 
 

 
Figure 2.  Example of hybrid frequency band calibration and reconstruction method.  Low (a) and high 

(b) frequency calibration and verificaiton period for the northern hemisphere mean.  The low 
and high frequency bands are indpendently calibrated and reconstructed then combined to 
produce the final reconstruction (c). 

 
2.3.3 Testing Impacts of Non-Stationarity: Covariance-based CFR approaches (e.g., MBH98; Kaplan et 
al, 1998; Schneider, 2000) assume that the fundamental spatial patterns of variation which the climate 
has exhibited during the past century are similar to those by which it has varied during past recent 
centuries. Studies of instrumental surface temperature patterns suggest that such a form of stationarity 
holds up at least on multidecadal timescales, during the past century (Kaplan et al. 1998). However, one 
key question that has remained regards whether or not the calibration of proxy data against non-stationary 
late 20th century instrumental data will produce a biased reconstruction of past temperature trends?  This 
question has been investigated (Rutherford et al, 2002a) using data based on sparse subsampling of 
climate field data from both control and forced integrations of the Geophysical Fluid Dynamics 
Laboratory (GFDL) R30 coupled ocean-atmosphere model (in collaboration with T. Delworth and R. 
Stouffer) and from infilled instrumental data. Cross-validation results from these experiments indicate 
that covariance-based CFR reconstructions of large-scale temperature trends in prior centuries are 
approximately unbiased even when a non-stationary (e.g., 20th century) interval  is used as a calibration 
period. Generalization to the case of 'pseudoproxies' where the sparse network of data imperfectly 
represents the true underlying temperature field, are described below (section 2.3.4). 
 

 
 

Figure 3.  Results of split calibration verification non-stationary test using GCM output from a forced 
integration .  Each plot shows the reconstructed mean (solid blue line), the mean of the actual complete 
data (dashed blue), and the two-sigma uncertainties on the reconstruction (dotted).  (a) shows the 
reconstruction for the early half of the test interval based on calibrating with the highly non-stationary 
later half.  (b) shows the reconstruction of the highly non-stationary later half based on calibrating with 
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the early half.  Analysis of residuals shows that in (a) the reconstruction is nearly unbiased, whereas in (b) 
the reconstruction underestimates the actual mean. 
 
2.3.4 Testing Sampling Strategies with 'Pseudoproxies': We have recently tested the performance of 
proxy-based climate field reconstruction methods using sets of synthetic proxy climate indicators (Mann 
and Rutherford, 2002). These 'pseudoproxies' are constructed through the degradation of instrumental 
surface temperature data by additive noise with variable statistical properties (mean signal-to-noise ratio, 
noise autocorrelation level, and proxy network sampling density). Cross-validation experiments are 
performed using pseudoproxy networks of varying spatial and seasonal representation and with varying 
noise attributes to reconstruct independent intervals of the instrumental record. The results of these 
experiments support conclusions from  cross-validation results for actual proxy-reconstructions (e.g., 
MBH98; Rutherford et al, 2002b), regarding the indicated levels of reconstructive skill. The results 
furthermore place upper limits on the possible resolved variance in proxy-based paleoclimate 
reconstruction, based on experiments using "perfect" (noise-free) proxies.  These experiments support at 
least two distinct strategies for improved proxy-based large-scale surface temperature pattern 
reconstructions. Similar levels of resolved spatial variance can be obtained by a strategy of widespread 
sampling (hundreds of proxies) with relatively low signal-to-noise ratios, or more selective sampling 
with a smaller number of  proxy indicators with higher signal-to-noise ratios.  In the latter case, in 
particular,  certain regions are likely to be of particular importance in such strategies (e.g. the tropical 
Pacific). Initial experiments with forced and control model simulations using noise-free indicators (a 
special limiting case of the 'Pseudoproxy' experiments) are described by Rutherford et al (2002a). Similar 
experiments generating  long synthetic proxy climate time series from model output (as discussed later in 
the 'Proposed Research' section) should allow for the investigation of implications on longer timescales 
that cannot be addressed with experiment based on resampling the instrumental record. 

[FIGURE 4: RESULT FROM MANN AND RUTHERFORD PSEUDOPROXY PAPER] 
 
2.4 Paleoreconstruction Intercomparison 
 
A variety of methods and data have been used over the past few years to reconstruct hemispheric 
temperature trends.  Certain studies (e.g., Briffa et al, 1998;2001) relate a particular proxy record (tree 
ring density) locally to an at-site instrumental record of some a priori selected meteorological variable 
(e.g. temperature,), during some a priori selected seasonal (e.g., summer) window.  In contrast, the 
MBH98 approach (or the RegEM generalization of the approach described by Rutherford et al, 2000ab; 
Mann and Rutherford, 2002) uses a covariance-based CFR methodology, making the assumption that 
whatever combination of local meteorological variables influence the proxy record, they find expression 
in one or more of the largest-scale patterns of annual climate variability. Ice core and coral proxy 
indicators reflect, in general, a variety of seasonal influences. Many extratropical tree ring (ring widths 
and density) series primarily reflect warm-season temperature influences (see e.g., Bradley and Jones, 
1993).  Tree ring width series in subtropical semiarid regions, however, are reflective in large part of 
cold-season precipitation influences. These influences are, in turn, tied to larger-scale atmospheric 
circulation variations (e.g., the PNA or NAO atmospheric patterns) that have important influences on 
large-scale temperature patterns (e.g., the PNA--Trenberth, 1990; Mann and Park and NAO--Hurrell, 
1995). When a proxy indicator represents some complex combination of local meteorological and 
seasonal influences, the covariance-based CFR approach makes more complete use of the available 
information in the calibration process than do conventional approaches, but implicit in the approaches are 
e.g. assumptions of stationarity of the eigenstructure of the data (see section 2.3.3). Another advantage of 
the covariance-based CFR approach is that it naturally allows  for reconstructions of a multiple climate 
fields (e.g., surface temperature and SLP) during independent seasonal windows (e.g., cold vs. warm 
season) using the same underlying proxy dataset. 
 
The sensitivity of Northern Hemisphere mean temperature reconstructions to different methods and proxy 
networks has been tested, in collaboration with colleagues (T. Osborn and K. Briffa) at the Climatic 
Research Unit, University of East Anglia. Specific comparisons have been made between (1) local-
calibration-based and covariance-based CFR warm-season surface temperature reconstructions using 
extratropical maximum latewood tree ring density (MXD) networks (e.g., Briffa et al, 1998;2001). and (2) 
annual mean reconstructions using the covariance-based CFR approach and the MBH98 tropical & 
extratropical multiproxy network (e.g., MBH98; Mann et al, 1999; Rutherford et al, 2000a) and the MXD 
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network.  There are two major findings of this work.  First is the importance of comparing reconstructions 
that have the same target reconstruction area.  Regional reconstructions can produce significantly 
different results when compared to full-hemisphere reconstructions (Figure 5a,b).  It is important to use 
only the reconstructed gridpoints when comparing reconstructions based on different methods and proxy 
networks.  Second, when properly compared, different methodological approaches using different proxy 
networks produce similar reconstructions back to at least 1400 A.D. (Figure 5b,c; Rutherford et al., in 
preparation; Osborn et al., in preparation).   
 
In other paleotemperature reconstruction intercomparison work, optimal signal detection techniques have 
been applied to borehole data to investigate putative discrepancies between borehole and conventional 
proxy estimates of surface temperature trends in past centuries. These analyses (Mann et al, 2002)  
suggest that such apparent discrepancies are due to the projection of a large noise/bias component of 
variance in the borehole data which, when accounted for, leads to consistent estimates of temperature 
trends in past centuries. 
 
 

 
 

 
 

[FIGURE 5: SCOTT NEED A REPRESENTATIVE FIGURE FROM RUTHERFORD ET AL 2002B] 
 

 
 
[FIGURE 6: FIGURE FROM MANN ET AL 2002 BOREHOLE PAPER] 
 
2.5 Model/Data Comparison 
 
Recent studies invoking statistical comparisons of reconstructions of surface temperature with model-
estimates of internal and externally-forced variability show favorable what?. Crowley (2000) has shown 
that between 40% and 60% of the low-frequency variability in the Northern Hemisphere temperature 
reconstructions of both Mann et al (1999) and Crowley and Lowery (2000) can be explained in terms of 
the response to a combination of natural and anthropogenic forcing (Figure 7). The 20th century warming, 
however, can only be explained by anthropogenic (greenhouse gas plus sulphate aerosol) forcing. 
Crowley's model under-predicts the observed cooling of the late 19th century, which may arise from 
albedo changes associated with anthropogenic land-cover changes which are not incorporated in his 
analysis (see Mann, 2000). Equally importantly, Crowley shows that the spectrum of the residuals (i.e. the 
remaining component after this forced variability is accounted for) agrees almost precisely with that of 
unforced variability from control runs of coupled models. Delworth and Mann (2000) have demonstrated 
a favorable comparison between a  pattern of  enhanced internal multidecadal variability in the GFDL 
coupled model and a similar pattern of variability found in the MBH98 reconstructions of the past few 
centuries. 
 
Waple et al (2002), furthermore, find compelling similarities between  the results of experiments with a 
coupled model forced with estimated solar irradiance variations in past centuries (Cubasch et al, 1997) 
and the spatial patterns of correlation between empirical temperature reconstructions and reconstructions 
of solar radiative forcing during the period 1650-1850 preceding the apparent emergence of an 
anthropogenic climate change signal (ie, Mann et al, 1998). Within these analyses is evidence that the 
more pronounced European "Little Ice Age" (and  perhaps "Medieval Warm Period") is consistent with a 
response of the AO/NAO pattern to solar irradiance forcing (Shindell et al, 2001).  
 
 
 

 
 
 

 
2.6 Expanded Spatial Sampling and Extension Back in Time (in progress) 

Fig. 7:  Comparison of empirical and EBM-estimated millennial changes in Northern Hemisphere 
annual mean temperatures during the past millennium, smoothed to highlight variations on 
timescales greater than 40 years. The two-standard error uncertainty range for the Mann et al 
reconstruction is shown by the shaded region. 
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Both aspects of this currently ongoing work are based on increasing the number of available proxy records that can 
be used for CFR.  This is done by (1) including additional proxy records that have been developed since previous 
reconstructions (e.g. Mann et al. 1998) and (2) by using the hybrid calibration procedure discussed above.  The 
hybrid calibration procedure allows for the inclusion of dendroclimatic climate indicators in the International Tree 
Ring Data Bank (ITRDB) that were previously excluded from the proxy network because of their poor low-
frequency (century-scale and longer term) resolution. Relaxing that requirement permits a more than three-fold 
increase in the usable tree-ring series from the ITRDB compared to MBH98. This is allowing us to improve the 
resolution of spatial variance associated with the high-frequency patterns of variance wherin the number of spatial 
degrees of freedom are presumably greatest. In addition, we are using mid-resolution (multidecadal) data not 
included in the previous multiproxy reconstructions (e.g., records of glacial recession/advancement, high-resolution 
sediment core data, and numerous lake level and lake sediment core data) to better resolve the low-frequency 
patterns of variance. While geothermal borehole data can also complement the spatial sampling afforded by 
multiproxy network (see Pollack et al, 1998) their combination with conventional multiproxy data, as discussed 
earlier and in Mann et al. (2002a), raises complications which are beyond the scope of this proposal. 
 
The largest single increase in the available proxies since the previous reconstructions is the dendrochronological 
maximum latewood density (MXD) network of Briffa et al., 2001.  Briffa et al (2001) use an age banding technique 
to improve the retention of low frequency climatic information which might otherwise be reduced or removed by 
conventional standaridization methods during chronology development. The nature of the MXD network makes it 
best suited for warm-season temperature, but our preliminary results also show it quite capable of skillfull annual-
mean temperature reconstructions with verification scores comparable to those of the multiproxy network.  The 
inclusion of this network approximately doubles the total number of available proxies at any given time (from 112 to 
223 in the 19th century and from 22 to 48 at 1400).  Like the existing multiproxy network, however, the MXD 
network is limited to post 1400 AD reconstructions. 
 
Equally important to increasing the number of proxy records suitable for CFR in the last several centuries is the 
incorporation of very long proxy records that permit the reconstruction of hemispheric mean quantities past the last 
millenium.  These include newly available annually resolved data, such as dendroclimatic reconstructions that 
extend to before 1000 AD (e.g. D’Arrigo et al., 2001), and ice core data (e.g.,Mayewski et al, 1994; Thompson and 
Mosley-Thompson 1989) which were not used in our previous reconstructions. Furthermore the hybrid frequency 
band approach also allows us to include other sources of information with lower temporal resolution but long 
temporal coverage, such as well-dated records of glacial advance and retreat, high resolution lacustrine and varved 
or high deposition rate sediment records (e.g., Keigwin, 1996; Laird et al., 1996; Verschuren et al., 2000), banded 
speleothems and historical documentary data from China and Europe (e.g. Pfister, 1998)   An example of how these 
lower-resolution long proxy records can complement annually-resolved proxies is proveded by the Nino3 
reconstruction of Mann et al. (2000b). A tendency for positive values of the cold-season Nino3 reconstruction 
(which can be interpreted as a negative peak in the SOI) around 1700 (see Jones et al, 2000) is associated with a 
peak in the level of lake Naivasha (Verschuren et al, 2000), which resides in a region typically wet during El Nino 
events, consistent with positive ENSO-like conditions.  
 
When completed, the temperature-field reconstructions from the expanded (both in space and time) proxy network 
will providethe base upon which some of the proposed work will build.  In addition to extending the estimation of 
hemispheric mean temperature beyond 1000 AD, the larger spatial sampling of the expanded proxy network also 
will allow for reconstruction of regional or larger patterns farther back in time than previous reconstructions. 
 
 
3. Proposed Research 
 
The proposed work extends past work employing a global database of multiproxy climate indicators of 
mixed high (annual) and medium (multidecadal) resolution for state-of-the-art seasonal and annual 
paleoclimate reconstructions. Making use of these reconstructions, a number of analyses and comparisons 
will be performed to provide insight into the patterns, mechanisms, and forcings of climate variability and 
change during the past couple millennia.  
 
3.1. Continued testing and refinement of paleoclimate reconstruction methodologies 
 
We plan additional experiments to test the performance of alternative approaches to paleoclimate 
reconstruction using 'pseudoproxies' derived from model generated surface temperature and sea level 
pressure data for methodological refinement and, if necessary, revised seasonal surface temperature 
reconstructions based on results of these experiments.  then application to SLP (see "2" below).   
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Cross-validation of century timescale variability in paleoclimate reconstructions is possible only on a very 
limited basis, using the  because there are relatively small number of few instrumental data available two 
or more centuries back in time. This limitation leads to a relatively large uncertainty in the choice, for 
example, of the optimal frequency cutoff in the hybrid frequency-domain calibration approach discussed 
above (Rutherford et al, 2002b), particularly as one moves toward lower frequencies.  We propose to 
exploit the availability of multi-century scale information in surface data fields (temperature and SLP) 
available in long integrations of the Geophysical Fluid Dynamics Laboratory (GFDL) coupled models 
(both low resolution, R15 and high resolution, R30) in collaboration with individuals at the Geophysical 
Fluid Dynamics Laboratory GFDL (T. Delworth and R. Stouffer).  We will test the multiproxy 
reconstruction methodology with surface temperature patterns from millennial integrations of use 
millennial integrations of both the low-resolution (R15) GFDL coupled model  (which exhibits a 
millennial-scale mean drift that is similar in magnitude to that exhibited in the actual millennial 
temperature reconstructions of Mann et al., 1999). and millennial integrations of a higher resolution (R30) 
version of the coupled model (T. Delworth, pers. comm.). The model integrations have been shown to 
faithfully represent decadal (Delworth and Mehta, 1998) and multidecadal (Delworth et al, 1993;1997) 
climate variability in the Atlantic, the COWL pattern of Northern Hemisphere temperature variations 
(Broccoli et al, 1998), and the spectrum of observed climate variability on annual-to-decadal timescales in 
general (Stouffer et al, 1999). The R30 model shows evidence of significant ENSO-like variability 
(Knutson et al, 1999).  The model-produced temperature fields thus afford a perfect opportunity to test 
reconstruction methodologies in a simulated climate where the exact history over a ~1000 year period is 
known..   
 
We will perform experiments similar to those described earlier (section 2.3.4). The experiments will 
involve producing "pseudo-proxy" networks from the model surface temperature and SLP fields.  In the 
simplest case, the pseudo-proxies will be linear combinations of actual model gridpoint data and additive 
noise chosen to have signal/noise ratios similar to typical climate proxy records. The multiproxy 
reconstruction approach described in this proposal will then be applied to reconstruct several centuries of 
past model data from the available pseudoproxy network.  The reconstruction methods will be evaluated 
by comparing the reconstructed data with the actual complete model output using conventional reduction 
of variance and coefficient of efficiency statistics (Cook et al., 1999).  In addition, we will use This  
training periods will be taken from both unforced (control) and forced simulations to more fully examine 
the range of possible past variability.   
 
We will perform these experiments using both the Mann et al. (1998) and the RegEM-based (Schneider, 
2001) CFR methods.  In our previous work (Section 2.3.1) we have found that the RegEM-based method 
may provide slightly more robust CFR than the Mann et al. (1998) method.  However, as noted above, 
these results are based on relatively short (approximately 1856-1900) verification periods, or on only a 
few (~10) long (~240 year) instrumental time series.  The millenial integrations of the coupled models 
will allow us to directly compare these methods over long, spatially complete verification periods.  [Mike, 
Ray, Malcolm:  I think it is important to do this. With complete data it doesn’t take long to get the Mann 
et all method to work (Zhang has already done the bulk of the work in Matlab-izing the code, and if we 
keep the number of proxies the same over time, or change it at one point in the verification period, it 
shouldn’t be a major burden.)  One thing Mike and I have been a bit concerned about is what seems to be 
exceptionally smooth long reconstructions produced by RegEM.  Here is a chance to test exactly what’s 
going on over a long verification period]   
 
If the results of these analyses warrant, we will produce new surface air temperature reconstructions using 
the refinements made to the reconstruction method described above.  In addition, should new proxy series 
that have the potential to extend the reconstructions farther into the past than our previous reconstructions 
(Section 2.6) become available during the life of the proposed research, those proxies will be incorporated 
into a new reconstruction of surface air temperature using the refined method. [Malcolm et al, do you 
want to expand the extension back in time, or do you think just this line is enough? Also, I know we 
talked about putting the extension back in time with SLP but in putting it in it seemed to follow with the 
methodological refinement.  What do you think?] 
 
 
3.2 Application of statistical reconstruction methodologies and available multiproxy data networks to 
the development of large-scale seasonal Sea Level Pressure (SLP) reconstructions in past centuries 
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We propose to apply the recently developed methodologies and recently assembled multiproxy data 
described above to the reconstruction of seasonal sea level pressure patterns. There is considerable 
information regarding atmospheric circulation patterns in existing multiproxy databases. In the case of 
dendroclimatic indicators, for example, ring width variations in arid and semiarid subtropical 
environments are often reflective of cold-season precipitation variations, which may be indicative of 
large-scale extratropical cold-season atmospheric circulation variations (such as the PNA and NAO 
patterns). Coral indicators of salinity and tree ring drought indicators provide further seasonal 
atmospheric circulation information. This information can be synthesized at the hemispheric scale in a 
similar manner to that used for seasonal surface temperature reconstructions described earlier in this 
proposal. Related work has been attempted at regional scales in  the past using tree ring data at the scale 
of individual ocean basins (e.g., Fritts et al, 1971), or indices of atmospheric circulation such as the SOI 
(Stahle et al, 1998), or coral data (e.g. Cole and Fairbanks, 1990) of the SOI or reconstructions of the 
NAO (Luterbacher et al, 1998; Cullen et al, 2001; Cook et al, 2001). We expect that recent improvements 
in methodological approaches and the exploitation of large-scale teleconnected variability in a global 
multiproxy network, will allow for skillful SLP reconstructions at the hemispheric scale.  
 
The SLP reconstructions will employ, for calibration purposes, existing Northern Hemisphere SLP data 
available back to 1899 (Trenberth and Paolino, 1980) combined with more sparse available southern 
hemisphere and tropical data (Rayner et al, 1996), and serially complete global seasonal (cold and warm 
half year) instrumental fields will be computed based on the procedure of Rutherford et al (2002a). This 
procedure is similar to eigenvector-based methods used for the infilling of large-scale instrumental 
surface temperature and SLP data (e.g., Basnett et al, 1997; Kaplan et al, 1997); but employs a more 
complete use of the available covariance information in the data using the RegEM method of Schneider et 
al (2000). The resulting seasonal instrumental SLP fields will be employed in proxy-based 
reconstructions of the SLP fields in past centuries. These analyses are synergistic with an independently 
proposed project (Steig, Weinbrenner, Mann) to reconstruct atmospheric circulation patterns in the polar 
Southern Hemisphere and currently funded collaborative activities (M. Mann in collaboration with E. 
Cook and R. D'Arrigo of the Lamont Doherty Earth Observatory/Columbia) targeting the reconstruction 
of the AO/NAO phenomenon in past centuries. The proposed analyses will take a more 
global/hemispheric approach to reconstructing seasonal atmospheric circulation patterns, which is 
complementary to the more targeted atmospheric circulation reconstruction projects. 
 

3.3 Mechanisms and Forcings 

We intend to engage in collaborations with climate modelers to compare patterns of observed climate 
variation of the past few centuries to couple of millennia with those generated in model simulations as a 
consequence of both internal and forced variability, to allow for a more fundamental understanding of this 
observed climate variability. We intend to concentrate on three particular issues: 
 

1. Dynamical insight from multiple climate fields: We will use the state-of-the art global annual and 
seasonal reconstructions of surface temperature and sea level pressure variations over the past several 
centuries/couple millennia as a baseline for diagnosing inter-relationships between patterns of past 
variability in different climate fields. We will compare the reconstructed climate fields (surface air 
temperature and SLP) with existing continental drought reconstructions (in collaboration with Cook of 
Lamont/Columbia and Woodhouse of NOAA/CIRES [Malcolm: do you want to include/expand on your 
e-mail comment “Another point is that a similar collaboration to that you propose with Ed Cook could 
almost certainly be set up with Wanner and Luterbacher, probably at no cost.”]) for insights into the 
oceanic and atmospheric dynamics underlying climate variability over the past few one-to-two millennia.  
Various indices of SST (e.g., the "PDO" and Nino3) and atmospheric (e.g., the NAO/AO) variability will 
be used for inferences regarding mechanism of climate variability and to strengthen long-term 
detection/attribution exercises (e.g. as in Braganza et al, 2001; Covey et a, 2001; Crowley, 2000). 

2. AO/NAO forcing and North Atlantic Patterns of Climate Variability: This exploits collaborations w/ 
individuals at NASA/GISS (G. Schmidt and D. Shindell) in seeking to understand forced patterns of 
winter-season climate variability in the Northern Hemisphere.  This work proposes to build on fruitful 
initial collaborations examining the role of the response of the atmospheric circulation to solar irradiance 
changes in explaining observed spatial patterns of  temperature change estimated in past centuries 
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(Shindell et al., 2001). Proposed extensions of this work involve an examination of the additional role of 
oceanic dynamical responses to atmospheric forcing in explaining patterns of surface temperature 
variation estimated for the Northern Hemisphere over the past 1000 years. Evidence both from high 
deposition-rate sediment cores, which resolve climate changes at relatively low resolution (century-scale) 
in situ in the North Atlantic ocean, and hemispheric-scale climate reconstructions from a variety of high-
resolution proxy sources, will be employed.  The proposed comparisons will also make use of new 
seasonal hemispheric surface temperature and sea level pressure reconstructions employing both high and 
low-resolution indicators expected to be available over the next several months. The proposed analyses 
will help to elucidate the role of  natural radiative forcing changes in governing patterns of climate (e.g., 
surface temperature and atmospheric circulation) variation in past centuries, with implications for an 
improved understanding of past climate epochs such as the "Little Ice Age" and so-called "Medieval 
Warm Period". 
 

 

 

[FIGURE 8: Shindell et al (2001)] 

3. Role of forcing in past tropical SST changes: These analyses are synergistic with an  independent  
proposed projct (Mehta, Cole, Mann) to reconstruct patterns of surface temperature and SLP in the Indo-
Pacific region.  Improved reconstructions of ENSO will be used to test dynamical mechanisms (in 
collaboration w/ M. Cane of Lamont/Columbia). For example, the apparent tendency for El Nino 
conditions during the late 17th/early 18th century discussed above. Can this be explained in terms of 
forcings (volcanic or solar?).  

[Mike: expand superposed epoch analysis, spatial patterns.] 

 [FIGURE 9: Representative Adams NINO3 superposed epoch analysis plot] 

 
4. Work Plan 
 
Year 1:  

 GISS comparison experiments (Mann in collaboration w/ Shindell and Schmidt during Mann's 
sabbatical at NASA/GISS Fall '02). 

 Additional experiments using pseudoproxies for methodological refinement;  
 Revised seasonal surface temperature reconstructions as necessary based on results of these 

experiments;  
 Assemble instrumental SLP data required for SLP reconstructions 
 Perform large-scale seasonal SLP reconstructions 
 Finalize superposed epoch analyses 
 Acquisition and quality control of newly available proxy data. 
 

Year 2:  
 Finalize seasonal SLP and (if necessary) temperature reconstructions 
 Analyses of  spatial patterns for key indices (NAO, SOI, PDO) 
 Cane-Zebiak experiments, comparisons w/ results from superposed epoch analyses and empirical 

estimates of tropical solar forcing patterns 
 Continue analysis of reconstructions for inferences into observed spatial and temporal patterns of  

climate variability during the past millennium; continue model comparisons; 
 Analyses of internal consistency in SLP/Temp/drought reconstructions and dynamical 

interpretation; 
 Acquisition and quality control of newly available proxy data. 

 
Year 3:  

 Continue and Finalize model/data comparisons; 
 Revised surface air temperature and SLP reconstructions using any refinements to the 

methodology and the latest proxy network. 
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Budget Justification 
 
 
1. PI:  
 
Michael E. Mann (Assistant Professor, University of Virginia; PI) developed and performed the 
multiproxy reconstruction analyses described previously [Mann et al, 1998abcd], and will 
continue to devote the majority of his time to the continuation of this work, and the activities 
described in this proposal. We request 2 months summer salary for each of the 3 years for Dr. 
Mann. Dr. Mann is independently funded by the University of Virginia on a sabbatical leave to 
take place at NASA/GISS in Fall '02 during which time he plans to contribute a significant 
component of his 6 month leave (calendar year) leave towards the proposed project at no cost to 
NSF. 
 
2. Other Personnel: 
 
Scott Rutherford (Postdoctoral Research Associate, University of Virginia) has played an 
important role in the methodological paleoclimate reconstructions advances and additional 
analyses performed during the most recent round of funding (Rutherford et al, 2002ab; Mann and 
Rutherford 2002; Mann et al, 2002) and will continue to devote 6 months/year of effort towards 
this project.  
 
 
Raymond S. Bradley (Professor, University of Massachusetts) has supervised the analysis and 
interpretation of proxy and historical climate data used in the multiproxy climate reconstructions. 
His expertise we continue to be essential as we seek to broaden the database of indicators for use 
in our paleoclimate reconstructions. Prof. Bradley requests XXX  month/year of salary, to help 
support his participation in this project. 
 
Malcolm K. Hughes (Professor, University of Virginia) has provided essential assistance in the 
assimilation of an appropriate network of dendroclimatic proxy indicators for use in high-
resolution, long-term climate reconstruction. Prof. Hughes assistance will be essential in the 
continued updating of the available proxy data network, and the re-evaluation of existing 
archives for use in the revised proxy-reconstruction procedures described in this proposal. We 
request  XXX  month/year of salary, to help support his participation in this project. 
 
We request a modest travel budget to allow for travel of PI and/or co-PIs between Virginia and 
the host institutions of the various consultants (NOAA/GFDL Princeton, Lamont 
Doherty/Columbia University, New York, NASA/GISS New York, NOAA/CIRES Boulder CO) 
who will be advising on testing of methodologies, comparison with coupled model simulation 
results, and comparison of reconstructions and model results. 
 
We also request full-time funding for two graduate students at the University of Virginia who 
will assist in the analysis of model results and comparison of model-produced and proxy-
reconstructed patterns. 
 
3. Travel:  
 
We request funds for travel to the Fall American Geophysical Union Meeting by the PI and co-
PIs for the purpose of reporting on the progress of the project, and interacting with other 
members of the paleoclimate and climate modeling communities.  
 
4. Publications: 
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We request funds which will cover colour page charges/reprint costs for 2 to 3 journal 
articles. 
 
5. Equipment: 
 
We request funds for a PC and basic required hardware and software for use by 
our research group in project-related activities. 
 

ABOR/MH/Priv-007097



Untitled attachment 00776.txt

______________________________________________
         Scott Rutherford

  University of Virginia University of Rhode Island
  Environmental Sciences Graduate School of Oceanography

     Clark Hall South Ferry Road
 Charlottesville, VA 22903 Narragansett, RI 02882

  srutherford@virginia.edu srutherford@gso.uri.edu
  phone: 

   fax: 

Page 1

ABOR/MH/Priv-007098



From: Scott Rutherford
To: Mike Mann; Ray Bradley; Malcolm Hughes
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Sorry, I didn't completely address one of Malcolm's comments in the last
version. The latest version (1.5) is attached.

-Scott
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PROJECT SUMMARY 
 

Reconstruction and Analysis of Patterns of Climate Variability Over the Past Couple 
Millennia 

 
The proposed work extends past research employing a global database of multiproxy climate indicators in 
annual and seasonal paleoclimate reconstructions. A variety of analyses and model/data comparisons will 
be performed to allow additional insight into the patterns, mechanisms, and forcings governing climate 
variability and change over the timeframe of the past one-to-two millennia . The proposed activities 
exploit existing collaborations with other researchers engaged in complementary work in the areas of 
empirical paleoclimate reconstruction and paleoclimate modeling. The emphasis of the proposed work is 
three-fold: 

1) Continued testing and refinement of paleoclimate reconstruction methodologies. This involves the 
testing of alternative climate field reconstruction (CFR) strategies using networks of 'Pseudoproxies'. 
Current experiments based on pseudoproxy data networks diagnosed from a resampling of the available 
instrumental record will be extended by resampling surface temperature fields from long integrations of 
state-of-the art coupled models (in collaboration with T. Delworth of GFDL). These integrations will 
include the effects of both unforced and forced (e.g. volcanic and solar) variability, to provide a 
reasonably faithful representation of century and multi-century natural variability prior to anthropogenic 
influence. Although not a substitute for independent verification of proxy-based reconstructions, the use 
of realistic surrogates for actual proxy data will provide estimates of the long term fidelity ¿capability? of 
currently used paleoclimate reconstruction techniques on timescales longer than can be resolved in cross-
validation experiments using the instrumental record.   

2) Multiproxy reconstructions of large-scale seasonal atmospheric circulation patterns.  Specifically, this 
involves the application of current CFR methodologies and available multiproxy data networks to the 
reconstruction of patterns of Sea Level Pressure (SLP) over the past few centuries. We plan, in 
collaboration with European colleagues, to compare our SLP reconstruction with those they have 
produced for the European and North Atlantic sectors based on early pressure records back to 1780 (Jones 
et all, 1999), or other documentary evdence for the North Atlantic Oscillation and the EU index back to 
1675 (Luterbacher et al., 1999) and SLP over Europe for periods as early as 1675 (Luterbacker et al., 
2000). These records provide a valuable opportunity to ¿verify? our SLP and circulation indices. 
Furthermore, we will compare our SLP reconstructions will be compared to the latest available seasonal 
surface temperature reconstructions, as well as existing continental drought reconstructions (in 
collaboration with Cook of Lamont/Columbia and Woodhouse of NOAA/CIRES) for insights into the 
oceanic and atmospheric dynamics underlying climate variability over the past few centuries one to two 
millennia.  Various indices of SST (e.g., the "PDO" and Nino3) and atmospheric (e.g., the NAO/AO) 
variability will be used for inferences regarding mechanism of climate variability and to strengthen long-
term detection/attribution exercises (e.g. as in Braganza et al, 2001; Covey et a, 2001; Crowley, 2000). 

2b) In parallel with both the reconstruction of large-scale seasonal atmospheric circulation patterns, and 
the methodological refinements outlined above, we will work to improve the spatial and temporal 
coverage of our seasonal and annual temperature reconstructions, and to improve the fidelity of the 
reconstructions on all time scales by incorporating additional proxy records as they become available. 

3) Systematic investigation of mechanisms and forcings of past climate variability. These investigations 
will make use of both the climate indices discussed above and the full spatial information available in the 
reconstructions. A detailed analysis of the reconstructed patterns of climate variability in the North 
Atlantic sector will be undertaken (these activities are synergistic w/ a NOAA-funded grant to reconstruct 
the AO/NAO index with E. Cook and R. D'Arrigo of Lamont/Columbia), such as the NAO and related 
patterns of decadal variability, exploiting the enhance fidelity of  low-frequency variability expected in 
the most recent/proposed seasonal surface temperature and SLP reconstructions. These more resolved 
reconstructions should allow for direct comparisons with the predictions of the forced response of the 
North Atlantic atmospheric circulation and impacts on the thermohaline circulation (in collaboration with 
D. Shindell and G. Schmidt of NASA/GISS and T. Delworth of GFDL). Previous model/data 
comparisons of forced large-scale climate variability have focused on global energy balance balances 
(e.g., Crowley, 2000) which do not resolve certain important tropical coupled-ocean atmosphere 
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processes. We this limitation in mind, we intend to focus on the additional possible response of tropical 
ocean-atmosphere dynamics,  through comparisons of observed tropical variability with forcing 
experiments employing the Cane-Zebiak model of tropical coupled ocean-atmosphere dynamics (in 
collaboration w/ M. Cane, LDEO).  
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PROJECT DESCRIPTION
Reconstruction and Analysis of Patterns of Climate Change During the Past Two Millennia

Results from prior NSF support

Patterns of Organized Climatic Variability: Spatio-Ternporal Analysis of Global Distributed

Climate Proxy Records and Long-term Model Integrations

Comment [MEM1]: Number Ray?Grant ESH ATM-9626833

4/1/96 - 3/31/98. $178,730, P.I.: R.S. Bradley, co-investigators: M.E. Mann, M.K. Hughes

The goal of this study was to assimilate a global database of high-resolution (annual or seasonal) proxy

climate indicators which could be used to describe patterns of climate variability during the past several

centuries. Once assimilated, these data were calibrated against modem instrumental surface temperatures

to yield estimated patterns of surface temperature several centuries back in time. These reconstructed

surface temperature patterns were diagnosed for inferences into low-frequency natural variability, and

were compared to estimates of possible candidate forcing agents (e.g., greenhouse gas concentrations,

solar irradiance variations, and the history of explosive volcanic emptions). The basic methodology,

features of the reconstructed climate during the past six centuries, and inferences into possible

relationships between climate variations and external forcing mechanisms were discussed by Mann et al

(1998). Investigations of the long-term changes in the ENSO phenomenon evident from these

reconstructions are addressed by Mann et al (2000a). Extensions of Northern Hemisphere (NH) mean

temperature a frill millennium in time, and the inherent associated uncertainties were also investigated

(Mann et al, 1999). Comparisons of model-produced and observed patterns of variability during the past

few centuries have also been made (Delworth and Mann, 2000).

The reconstructions have been made accessible over the internet via the NOAA paleocliinatology website

(http://wwwngdc.noaa.gov/paleo/paleo.html), and in an interactive, online publication (Mann et al,

2000b). This work has led to roughly a dozen publications, a highly cited reconstruction of NH annual

mean temperatures back in time, and widely publicized implications for the detection of human influence

on climate. This proposal has also helped support Anne Waple's progress towards her dissertation in

Geosciences at the University ofMassachusetts.

Multiproxy Climate Reconstruction: Extension in Space and Time, and Model/Data Inter-

comparison,

Grant ESH NA96GP0404 (NOAA/NSF joint)
1/1/99 - 8/31/02, $382,000, P.I.: M.E. Mann, co-investigators: R.S. Bradley, M.K. Hughes

Comment [MEM2]: Number Ray?

This project led to advances in the areas of (1) statistical paleoclimate reconstruction, (2) empirical and

model-based studies of natural climate variability, and (3) climate change model/data comparison and

model validation. Seasonally-specific analyses have led to

calibrated/cross-validated) cold-season Nino3 index as reconstruction ofpast ENSO behavior (Mann et al,

2000b). The reconstructions are also available in an interactive, online publication (Mann et al, 2000b).

Investigations of the spatial-patterns of sensitivity to solar irradiance forcing and comparisons with

considerably improved (better

modeling results have been made (Shindell et al, 2001; Waple et al, 2002). Comparisons of the Mann et al

(1998) reconstructions with other empirical and model-based estimates of changes in surface temperature,

and analyses of patterns related to the NAO, ENSO, and forced climate variability have been made

(Bradley et al 2000, Cullen et al 2001, Mann et al 2000ab, Mann 2001abcd:2002). Tests using surface

temperature field output from control and anthropogenic forced coupled model simulations have been

used to investigate the potential impact of calibration period non-stationarity (e.g. associated with

anthropogenic forcing) on covariance based reconstructions of past climate patterns (Rutherford et al,

2002a). These tests suggest that such potential non-stationarity does not in general bias reconstruction of

past surface temperature trends. An improved methodology based on the Regularized Expectation

Maximization (RegEM) method (Rutherford et al, 200 lab) has been employed, along w/ a split low-

frequency/high-frequency band calibration and reconstruction approach that allows for a more natural
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inclusion of proxies with lower than annual resolution (e.g., lake and sediment cores), and exploits the 
complimentary frequency-domain fidelity of differing proxy indicators. 
 
This sensitivity of reconstructions of Northern Hemisphere mean surface temperature to different methods 
and proxy data have been investigated. Collaboration with colleagues at the Climatic Research Unit, 
University of East Anglia (T. Osborn and K. Briffa)  has clarified the role of spatial sampling, seasonality 
of indicators, and methodology in understanding differences between varying estimates. This work 
suggests that there are no true discrepancies between the different estimates (Rutherford et al., in 
preparation, 2002b; Osborn et al., 2002, in preparation).  Additional analyses have further shown that 
apparent discrepancies between proxy-based hemispheric temperature reconstructions and independent 
estimates from borehole data can be rectified when the noise/bias contribution in the borehole data is 
properly taken into account (Mann et al, 2002).  Current work during the completion phase of this project 
involves the assimilation of a combined low and high-frequency indicator network, using the revised 
hybrid frequency-domain approach discussed above, to yield an improved set of proxy reconstructions of 
seasonal surface temperature patterns back through the past one-to-two millennia.  
 
This work has led to  (at the time of the writing of this proposal) 11 peer-reviewed publications (4 
published, 3 in the press, 4 submitted), with results that featured prominently in several chapters of the 
2001 IPCC report (e.g., Folland et al, 2001).  This proposal has also helped support Brad Adams' and 
Zhihua Zhang's progress towards their dissertations in the Department of Environmental Sciences at the 
University of Virginia, and has furthered the post-graduate scientific development of University of 
Virginia postdoctoral researcher Dr. Scott Rutherford. 
 
1. Introduction 
 
Considerable progress has been made in recent years regarding our knowledge and understanding of the 
climate variability of the climate of the late Holocene (i.e., the past one-to-two millennia). This progress 
has resulted both from improved techniques and data for reconstructing past climate patterns from proxy 
data (e.g., Bradley and Jones, 1993; Hughes and Diaz, 1994; Mann et al, 1995; Overpeck et al, 1997; 
Jones et al, 1998; 2001; Briffa et al, 1998; Mann et al, 1998; 1999; 2000ab; Briffa and Osborn, 1999; 
Cook et al, 1999; Schmutz et al, 1999; Luterbacher et al, 1999; Folland et al, 2000; Briffa et al, 2001; 
Cook et al, 2002) and better constraint on the forcings and dynamical mechanisms in modeling climate 
changes in past centuries (e.g. Crowley and Kim, 1996; Cubasch et al, 1997; Free and Robock, 1999; 
Delworth and Mann, 2000; Crowley, 2000; Shindell et al, 2001; Bond et al, 2001; Waple et al, 2002).  
The study of the climate of the late Holocene has now reached a level of maturity where insights from 
empirical reconstructions and modeling approaches are being brought together in a synthesizing 
framework (e.g. Mann et al, 2001). 
 
Despite this progress, a number of significant unresolved issues remain. Though different hemispheric 
temperature reconstructions appear to be within the estimated uncertainties (Mann 2000; Briffa et al, 
2001; Folland et al, 2001), the amplitude of estimated hemispheric temperature changes in past centuries 
varies somewhat among different proxy estimates Proxy-based estimates moreover appear to suggest 
smaller amplitude variations in past centuries than independent estimates from terrestrial boreholes 
(Pollack et al, 1998; Huang et al, 1999), though recent analyses suggest that the latter estimates are within 
the uncertainties of the proxy estimates when sources of bias in  borehole data are accounted for (Mann, 
2001a; Mann et al, 2002). Regional patterns of climate anomalies in past centuries are even less well 
constrained, with mixed evidence from high-resolution (e.g. Luterbacher et al, 1998; Pfister, 1998; Mann 
et al, 1998) and low-resolution (Demenocal et al, 2000; Bond et al, 2001) indicators. Given the differing 
age model control and resolution of such estimates, putative discrepancies (e.g., Broecker, 2001; Bradley 
et al, 2001) are difficult to resolve. 
 
The best available evidence suggests that enhanced regional climate anomalies in part of the Northern 
Hemisphere (e.g., Europe) often used to define the so-called "Medieval Warm Period" and "Little Ice 
Age" likely arise from the response of the extratropical atmospheric circulation to external forcing (e.g., 
Shindell et al, 2001) projecting relatively weakly onto annual, hemispheric temperature estimates (Mann 
et al, 1999; Crowley et al, 2000; Mann, 2001a; Shindell et al, 2001; Mann et al, 1999). The possible role 
of ocean circulation responses to such changes, however, remains unknown (see Shindell et al, 2001) and 
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could help explain (see e.g. Delworth and Dixon, 2001) the patterns evident in North Atlantic oceanic 
proxy indicators (e.g., Keigwin, 1996; Keigwin and Pickart, 1999; Demenocal et al, 2000; Bond et al, 
2001).  
 
The relative importance of internal variability (such as might be associated with instabilities in the 
thermohaline circulation, c f. Broecker et al, 1999) and external forcing (e.g., Shindell et al, 2001; Bond et 
al, 2001; Crowley et al, 2001) in governing the major century-scale variations are still unresolved, though 
the evidence appears to support a modest role for the thermohaline circulation in governing hemispheric 
mean temperature changes (Crowley, 2000). The estimated patterns of solar forcing on surface 
temperature patterns of the past few centuries  (Waple et al, 2002) shows evidence of similarities with 
model predictions both in terms of the AO/NAO pattern of atmospheric circulation response in the 
extratropics (see Shindell et a, 2001) and coupled ocean-atmosphere processes (related to ENSO) 
important in the tropical Pacific (see  Cane et al, 1997).  The possible role of ENSO-scale feedbacks has 
not been incorporated into model estimates of externally-forced hemispheric or global temperature 
changes in past centuries (e.g., Crowley, 2000).  The behavior of the El Nino/Southern Oscillation is only 
reasonably well resolved by proxy reconstructions over the past few centuries (Stahle et al, 1998; Mann et 
al, 1999a; Mann, 2001a; Jones et al, 2001; Folland et al, 2001) and reconstructions of the NAO in past 
centuries are still somewhat uncertain (see e.g. Schmutz et al, 2001, Jones et al, 2001; Cullen et all, 2001; 
Cook et al, 2002).  
 
Such current limitations obscure the roles of various plausible processes and mechanisms in governing the 
climate variability of the late Holocene. Longer, more spatially and seasonally-resolved reconstructions of 
surface temperature and sea level pressure, combined with more detailed model/data comparisons should 
allow for a more confident establishment of the roles of internal and external mechanisms, and regional 
vs. hemispheric/global patterns of response, in the climate variations of late Holocene. Such assessments 
are not only of interest for the insights they can provide into the workings of the climate system, but they 
hold important implications for climate sensitivity estimates and projections of future climate change 
(e.g., Overpeck, 2000; Crowley, 2001; Mann, 2001). 

 
2. Previous Work 
 
2.1.  Mann et al  Surface Temperature Reconstructions 
 
Global multiproxy climate data were used to calibrate global-scale patterns of temperature on a yearly 
basis, several centuries in time by Mann et al (1998) (henceforth "MBH98"). The annual surface 
temperature pattern reconstructions described by MBH98 employed a multiproxy network consisting of 
diverse high-quality annual resolution proxy climate indicators and long historical or instrumental records 
(details and references provided in MBH98). Unlike conventional transfer function approaches to 
paleoclimate reconstruction (e.g. Fritts et al, 1971; Cook et al, 1994), the climate field reconstruction 
(CFR) methodology used by MBH98 does not assume a fixed relationship between a given proxy 
indicator (e.g., a  particular coral or tree-ring series) and a given predictand (i.e., principal component of 
the global temperature field) over the calibration interval. Instead, the best common choice of values for 
the small number of principal components was  determined from the mutual statistical information 
present in the network of multiproxy data on a year-by-year basis. The reconstruction approach is thus 
relatively resistant to errors or biases (e.g., dating errors) specific to any small number of indicators, in 
contrast to most conventional approaches. This becomes important when dealing with multiproxy data 
(e.g., ice cores or varves), some of which may contain significant uncertainties with age models [age 
model uncertainty is less important in reconstructions based strictly on tree ring data--e.g. Briffa et al, 
1998; Cook et al, 1999--which are typically composed from massively replicated chronologies]. The 
reliability of these reconstructions was demonstrated by cross-validation with independent data and 
uncertainties back in time were assessed. The methodological details and numerous aspects and features 
of these reconstructions are described in detail in the literature (Bradley et al, 2000; Braganza et al, 2002; 
Covey et al, 2002; Cullen et al, 2000; Delworth and Mann, 2000; Folland et al, 2000; Mann et al, 
1998;1999;2000ab;2001;2002; Mann 2000;2001abcd; Shindell et al, 2001; Waple et al, 2002). These 
reconstructions serve as a benchmark for recent and proposed extensions of paleoclimatic reconstructions 
described henceforth. 
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2.2 Seasonally-resolved Surface Temperature Reconstructions  
 
Mann et al (2001b) describe seasonally resolved surface temperature pattern reconstructions over the past 
few centuries, based on the separate application of the Mann et al (1998) calibration procedure to  distinct 
(i.e., Northern hemisphere cold season=Oct-Mar; warm=Apr-Sep) half-year intervals. The diverse 
seasonal windows of variability recorded by different proxy indicators lead to complimentary strengths of 
the multiproxy network in recording distinct seasonal variations. While less variance is resolved in 
calibration/cross-validation in these seasonal temperature reconstructions (owing to the smaller amount of 
information available in the multiproxy network of MBH98 for any particular season), skillful 
reconstructions were possible back through the 17th century for both seasons. These  seasonally-distinct 
reconstructions allow for a more faithful reconstruction of climate anomalies associated with known 
seasonal phenomena such as the cold-season influences associated with the NAO--(see Mann, 2002) or 
the cold-season Nino3 reconstruction (Figure 1) which provides a better representation of the ENSO 
signal than the annual mean Nino3 (see Mann et al, 2001b; Mann 2001b).  
  

 
 
 
 
 
 
 
2.3 Methodological Advances 
 
2.3.1 RegEM approach: One key  recent advance involves our application of a refinement of the Mann et 
al (1998) methodology, exploiting a newly developed Regularized Expectation Maximization (RegEM) 
CFR Algorithm (Schneider, 2000).  This method was originally developed for imputing missing values in 
instrumental data sets by T. Schneider of Courant Institute, New York University (Schneider, 2001). In 
collaboration w/ T. Schneider, we have adapted the method to climate field reconstruction from proxy 
data. We are currently applying this  refined methodology in revised seasonal surface temperature 
reconstructions (Rutherford et al, 2002a).  Cross-validation results from some initial comparisons 
(Rutherford et al, 2002b) indicate that the RegEM method may provide slightly more robust climate field 
reconstructions than previous methods (e.g., MBH98 approach).  
 
2.3.2 Hybrid Frequency-Domain Calibration: A simple generalization of  current (e.g., MBH98 and 
RegEM) CFR approaches involves  the decomposition of the calibration and reconstruction process into 
two distinct frequency bands: (1) a low-frequency band, resolvable by most non-dendroclimatic indicators 
(non-varved lake sediments, , and the subset of dendroclimatic indicators which preserve low-frequency 
(ie, century-scale) variability, and (2) a high-frequency band resolvable by all interannual interannual 
proxy indicators (tree-rings, corals, ice cores, speleothems, historical records). 
 
The choice of the cutoff frequency f0 represents a tradeoff between, at the low frequency end, having 
sufficient degrees of freedom to calibrate the proxy network in the low-frequency band with the relatively 
short instrumental record and, at the high frequency end, providing a natural separation of the multiproxy 
network between the annual resolution indicators which can resolve the highest frequency variations, and 
the coarser resolution indicators which  resolve decadal or perhaps only century-scale and long-term 
variations—initial experiments suggeset that the choice f0=0.05 cycle/yr (i.e., roughly 20 year period) 
appears to be optimal (Rutherford et al, 2002b). However, the ability to cross-validate the low frequency 
component (f0 < 0.05 cycles/yr) of the reconstuction is restricted by the relatively short instrumental data. 
As proposed below (Section 3.1), methodological experiments using model-produced 'pseudoproxies' 
may help constrain the appropriate choice. 
 
The eigenvectors of the instrumental record would be separately assessed for the low and high-frequency 
bands in a manner similar to that described by Allan et al (1999). This hybrid calibration approach 
provides the additional benefit of insuring a more physical eigenvector decomposition of the instrumental 
temperature data, since the dominant high-frequency patterns are associated with processes (e.g., ENSO 
and the NAO) which are quite distinct from those processes associated with decadal and lower-frequency 

Figure 1: Cold-season Nino3 temperature index reconstruction (AD 1650-1980)  and instrumental series (1902-
1998) [from Mann et al, 2001b].  The shaded band indicates 95% confidence limits for the Nino3 reconstruction. 
The Stahle et al (1998) SOI reconstruction has been rescaled to have both the same  sign and standard deviation 
as the  Nino3 reconstruction; the two reconstructions, based on independent methods and partially independent 
data, have a linear correlation r=0.64 during the pre-calibration interval of mutual overlap (1707-1901). The 
magnitude of the 1997/98 event is shown for comparison. 
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patterns (ie, secular warming, multidecadal Atlantic variability, and Pacific decadal variability--see e.g. 
Folland et al, 1984; Kushnir, 1994; Schlesinger and Ramankutty, 1994; Mann and Park, 1994;1996; Allan 
et al, 1998).  Even within the NAO, the multidecadal pattern is different than that seen on interannual 
timescales.  In the case where patterns are similar in both frequency-bands the hybrid approach is neither 
benificial nor detremental. 

The RPCs and the temperature pattern reconstructions are, in this approach, determined from separate 
applications of the calibration/reconstruction procedure within these two distinct frequency bands 
(Guiot????, Rutherford et al, 2002b).  
 
In contrast to the procedure of MBH98, wherein uniform weights are assumed for each of the 
standardized proxy indicators, each proxy indicator is weighted by the proportion of the total variance of 
that indicator within the particular frequency band (low or high) being reconstructed. For example, if a 
tree ring record has been very liberally standardized, and has very little low-frequency variability left 
compared to the amplitude of high-frequency variability contained in the record, it gets a considerably 
lower weight in the low frequency reconstruction than some indicator that has all of its variance in the 
low-frequency band (e.g., sediment core).  This step insures that proxy climate indicators compete to 
calibrate climate patterns in proportion to their strength in resolving climate variations in the particular 
frequency band of interest. The full reconstructions are then by summing the high-frequency and low-
frequency temperature pattern reconstructions. This approach would retain the high-frequency 
information of the annual resolution multiproxy reconstructions described by MBH98 (and allow the 
usage of additional annual resolution data not used by MBH98 to calibrate and reconstruct the  high-
frequency patterns). However, it would allow the annual resolution and coarser resolution proxy data to 
compete to describe the lowest-frequency patterns of variation in the instrumental record, favoring within 
that set those indicators which best calibrate the observed patterns of low-frequency climate variability in 
the 20th century instrumental record. 
 

 
Figure 2.  Example of hybrid frequency band calibration and reconstruction method.  Low (a) and high 

(b) frequency calibration and verificaiton period for the northern hemisphere mean.  The low 
and high frequency bands are indpendently calibrated and reconstructed then combined to 
produce the final reconstruction (c). 

 
2.3.3 Testing Impacts of Non-Stationarity: Covariance-based CFR approaches (e.g., MBH98; Kaplan et 
al, 1998; Schneider, 2000) assume that the fundamental spatial patterns of variation which the climate 
has exhibited during the past century are similar to those by which it has varied during past recent 
centuries. Studies of instrumental surface temperature patterns suggest that such a form of stationarity 
holds up at least on multidecadal timescales, during the past century (Kaplan et al. 1998). However, one 
key question that has remained regards whether or not the calibration of proxy data against non-stationary 
late 20th century instrumental data will produce a biased reconstruction of past temperature trends?  This 
question has been investigated (Rutherford et al, 2002a) using data based on sparse subsampling of 
climate field data from both control and forced integrations of the Geophysical Fluid Dynamics 
Laboratory (GFDL) R30 coupled ocean-atmosphere model (in collaboration with T. Delworth and R. 
Stouffer) and from infilled instrumental data. Cross-validation results from these experiments indicate 
that covariance-based CFR reconstructions of large-scale temperature trends in prior centuries are 
approximately unbiased even when a non-stationary (e.g., 20th century) interval  is used as a calibration 
period. Generalization to the case of 'pseudoproxies' where the sparse network of data imperfectly 
represents the true underlying temperature field, are described below (section 2.3.4). 
 

 
 

Figure 3.  Results of split calibration verification non-stationary test using GCM output from a forced 
integration .  Each plot shows the reconstructed mean (solid blue line), the mean of the actual complete 
data (dashed blue), and the two-sigma uncertainties on the reconstruction (dotted).  (a) shows the 
reconstruction for the early half of the test interval based on calibrating with the highly non-stationary 
later half.  (b) shows the reconstruction of the highly non-stationary later half based on calibrating with 
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the early half.  Analysis of residuals shows that in (a) the reconstruction is nearly unbiased, whereas in (b) 
the reconstruction underestimates the actual mean. 
 
2.3.4 Testing Sampling Strategies with 'Pseudoproxies': We have recently tested the performance of 
proxy-based climate field reconstruction methods using sets of synthetic proxy climate indicators (Mann 
and Rutherford, 2002). These 'pseudoproxies' are constructed through the degradation of instrumental 
surface temperature data by additive noise with variable statistical properties (mean signal-to-noise ratio, 
noise autocorrelation level, and proxy network sampling density). Cross-validation experiments are 
performed using pseudoproxy networks of varying spatial and seasonal representation and with varying 
noise attributes to reconstruct independent intervals of the instrumental record. The results of these 
experiments support conclusions from  cross-validation results for actual proxy-reconstructions (e.g., 
MBH98; Rutherford et al, 2002b), regarding the indicated levels of reconstructive skill. The results 
furthermore place upper limits on the possible resolved variance in proxy-based paleoclimate 
reconstruction, based on experiments using "perfect" (noise-free) proxies.  These experiments support at 
least two distinct strategies for improved proxy-based large-scale surface temperature pattern 
reconstructions. Similar levels of resolved spatial variance can be obtained by a strategy of widespread 
sampling (hundreds of proxies) with relatively low signal-to-noise ratios, or more selective sampling 
with a smaller number of  proxy indicators with higher signal-to-noise ratios.  In the latter case, in 
particular,  certain regions are likely to be of particular importance in such strategies (e.g. the tropical 
Pacific). Initial experiments with forced and control model simulations using noise-free indicators (a 
special limiting case of the 'Pseudoproxy' experiments) are described by Rutherford et al (2002a). Similar 
experiments generating  long synthetic proxy climate time series from model output (as discussed later in 
the 'Proposed Research' section) should allow for the investigation of implications on longer timescales 
that cannot be addressed with experiment based on resampling the instrumental record. 

[FIGURE 4: RESULT FROM MANN AND RUTHERFORD PSEUDOPROXY PAPER] 
 
2.4 Paleoreconstruction Intercomparison 
 
A variety of methods and data have been used over the past few years to reconstruct hemispheric 
temperature trends.  Certain studies (e.g., Briffa et al, 1998;2001) relate a particular proxy record (tree 
ring density) locally to an at-site instrumental record of some a priori selected meteorological variable 
(e.g. temperature,), during some a priori selected seasonal (e.g., summer) window.  In contrast, the 
MBH98 approach (or the RegEM generalization of the approach described by Rutherford et al, 2000ab; 
Mann and Rutherford, 2002) uses a covariance-based CFR methodology, making the assumption that 
whatever combination of local meteorological variables influence the proxy record, they find expression 
in one or more of the largest-scale patterns of annual climate variability. Ice core and coral proxy 
indicators reflect, in general, a variety of seasonal influences. Many extratropical tree ring (ring widths 
and density) series primarily reflect warm-season temperature influences (see e.g., Bradley and Jones, 
1993).  Tree ring width series in subtropical semiarid regions, however, are reflective in large part of 
cold-season precipitation influences. These influences are, in turn, tied to larger-scale atmospheric 
circulation variations (e.g., the PNA or NAO atmospheric patterns) that have important influences on 
large-scale temperature patterns (e.g., the PNA--Trenberth, 1990; Mann and Park and NAO--Hurrell, 
1995). When a proxy indicator represents some complex combination of local meteorological and 
seasonal influences, the covariance-based CFR approach makes more complete use of the available 
information in the calibration process than do conventional approaches, but implicit in the approaches are 
e.g. assumptions of stationarity of the eigenstructure of the data (see section 2.3.3). Another advantage of 
the covariance-based CFR approach is that it naturally allows  for reconstructions of a multiple climate 
fields (e.g., surface temperature and SLP) during independent seasonal windows (e.g., cold vs. warm 
season) using the same underlying proxy dataset. 
 
The sensitivity of Northern Hemisphere mean temperature reconstructions to different methods and proxy 
networks has been tested, in collaboration with colleagues (T. Osborn and K. Briffa) at the Climatic 
Research Unit, University of East Anglia. Specific comparisons have been made between (1) local-
calibration-based and covariance-based CFR warm-season surface temperature reconstructions using 
extratropical maximum latewood tree ring density (MXD) networks (e.g., Briffa et al, 1998;2001). and (2) 
annual mean reconstructions using the covariance-based CFR approach and the MBH98 tropical & 
extratropical multiproxy network (e.g., MBH98; Mann et al, 1999; Rutherford et al, 2000a) and the MXD 
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network.  There are two major findings of this work.  First is the importance of comparing reconstructions 
that have the same target reconstruction area.  Regional reconstructions can produce significantly 
different results when compared to full-hemisphere reconstructions (Figure 5a,b).  It is important to use 
only the reconstructed gridpoints when comparing reconstructions based on different methods and proxy 
networks.  Second, when properly compared, different methodological approaches using different proxy 
networks produce similar reconstructions back to at least 1400 A.D. (Figure 5b,c; Rutherford et al., in 
preparation; Osborn et al., in preparation).   
 
In other paleotemperature reconstruction intercomparison work, optimal signal detection techniques have 
been applied to borehole data to investigate putative discrepancies between borehole and conventional 
proxy estimates of surface temperature trends in past centuries. These analyses (Mann et al, 2002)  
suggest that such apparent discrepancies are due to the projection of a large noise/bias component of 
variance in the borehole data which, when accounted for, leads to consistent estimates of temperature 
trends in past centuries. 
 
 

 
 

 
 

[FIGURE 5: SCOTT NEED A REPRESENTATIVE FIGURE FROM RUTHERFORD ET AL 2002B] 
 

 
 
[FIGURE 6: FIGURE FROM MANN ET AL 2002 BOREHOLE PAPER] 
 
2.5 Model/Data Comparison 
 
Recent studies invoking statistical comparisons of reconstructions of surface temperature with model-
estimates of internal and externally-forced variability show favorable what?. Crowley (2000) has shown 
that between 40% and 60% of the low-frequency variability in the Northern Hemisphere temperature 
reconstructions of both Mann et al (1999) and Crowley and Lowery (2000) can be explained in terms of 
the response to a combination of natural and anthropogenic forcing (Figure 7). The 20th century warming, 
however, can only be explained by anthropogenic (greenhouse gas plus sulphate aerosol) forcing. 
Crowley's model under-predicts the observed cooling of the late 19th century, which may arise from 
albedo changes associated with anthropogenic land-cover changes which are not incorporated in his 
analysis (see Mann, 2000). Equally importantly, Crowley shows that the spectrum of the residuals (i.e. the 
remaining component after this forced variability is accounted for) agrees almost precisely with that of 
unforced variability from control runs of coupled models. Delworth and Mann (2000) have demonstrated 
a favorable comparison between a  pattern of  enhanced internal multidecadal variability in the GFDL 
coupled model and a similar pattern of variability found in the MBH98 reconstructions of the past few 
centuries. 
 
Waple et al (2002), furthermore, find compelling similarities between  the results of experiments with a 
coupled model forced with estimated solar irradiance variations in past centuries (Cubasch et al, 1997) 
and the spatial patterns of correlation between empirical temperature reconstructions and reconstructions 
of solar radiative forcing during the period 1650-1850 preceding the apparent emergence of an 
anthropogenic climate change signal (ie, Mann et al, 1998). Within these analyses is evidence that the 
more pronounced European "Little Ice Age" (and  perhaps "Medieval Warm Period") is consistent with a 
response of the AO/NAO pattern to solar irradiance forcing (Shindell et al, 2001).  
 
 
 

 
 
 

 
2.6 Expanded Spatial Sampling and Extension Back in Time (in progress) 

Fig. 7:  Comparison of empirical and EBM-estimated millennial changes in Northern Hemisphere 
annual mean temperatures during the past millennium, smoothed to highlight variations on 
timescales greater than 40 years. The two-standard error uncertainty range for the Mann et al 
reconstruction is shown by the shaded region. 
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Both aspects of this currently ongoing work are based on increasing the number of available proxy records that can 
be used for CFR.  This is done by (1) including additional proxy records that have been developed since previous 
reconstructions (e.g. Mann et al. 1998) and (2) by using the hybrid calibration procedure discussed above.  The 
hybrid calibration procedure allows for the inclusion of dendroclimatic climate indicators in the International Tree 
Ring Data Bank (ITRDB) that were previously excluded from the proxy network because of their poor low-
frequency (century-scale and longer term) resolution. Relaxing that requirement permits a more than three-fold 
increase in the usable tree-ring series from the ITRDB compared to MBH98. This is allowing us to improve the 
resolution of spatial variance associated with the high-frequency patterns of variance wherin the number of spatial 
degrees of freedom are presumably greatest. In addition, we are using mid-resolution (multidecadal) data not 
included in the previous multiproxy reconstructions (e.g., records of glacial recession/advancement, high-resolution 
sediment core data, and numerous lake level and lake sediment core data) to better resolve the low-frequency 
patterns of variance. While geothermal borehole data can also complement the spatial sampling afforded by 
multiproxy network (see Pollack et al, 1998) their combination with conventional multiproxy data, as discussed 
earlier and in Mann et al. (2002a), raises complications which are beyond the scope of this proposal. 
 
The largest single increase in the available proxies since the previous reconstructions is the dendrochronological 
maximum latewood density (MXD) network of Briffa et al., 2001.  Briffa et al (2001) use an age banding technique 
to improve the retention of low frequency climatic information which might otherwise be reduced or removed by 
conventional standaridization methods during chronology development. The nature of the MXD network makes it 
best suited for warm-season temperature, but our preliminary results also show it quite capable of skillfull annual-
mean temperature reconstructions with verification scores comparable to those of the multiproxy network.  The 
inclusion of this network approximately doubles the total number of available proxies at any given time (from 112 to 
223 in the 19th century and from 22 to 48 at 1400).  Like the existing multiproxy network, however, the MXD 
network is limited to post 1400 AD reconstructions. 
 
Equally important to increasing the number of proxy records suitable for CFR in the last several centuries is the 
incorporation of very long proxy records that permit the reconstruction of hemispheric mean quantities past the last 
millenium.  These include newly available annually resolved data, such as dendroclimatic reconstructions that 
extend to before 1000 AD (e.g. D’Arrigo et al., 2001), and ice core data (e.g.,Mayewski et al, 1994; Thompson and 
Mosley-Thompson 1989) which were not used in our previous reconstructions. Furthermore the hybrid frequency 
band approach also allows us to include other sources of information with lower temporal resolution but long 
temporal coverage, such as well-dated records of glacial advance and retreat, high resolution lacustrine and varved 
or high deposition rate sediment records (e.g., Keigwin, 1996; Laird et al., 1996; Verschuren et al., 2000), banded 
speleothems and historical documentary data from China and Europe (e.g. Pfister, 1998)   An example of how these 
lower-resolution long proxy records can complement annually-resolved proxies is proveded by the Nino3 
reconstruction of Mann et al. (2000b). A tendency for positive values of the cold-season Nino3 reconstruction 
(which can be interpreted as a negative peak in the SOI) around 1700 (see Jones et al, 2000) is associated with a 
peak in the level of lake Naivasha (Verschuren et al, 2000), which resides in a region typically wet during El Nino 
events, consistent with positive ENSO-like conditions.  
 
When completed, the temperature-field reconstructions from the expanded (both in space and time) proxy network 
will providethe base upon which some of the proposed work will build.  In addition to extending the estimation of 
hemispheric mean temperature beyond 1000 AD, the larger spatial sampling of the expanded proxy network also 
will allow for reconstruction of regional or larger patterns farther back in time than previous reconstructions. 
 
 
3. Proposed Research 
 
The proposed work extends past work employing a global database of multiproxy climate indicators of 
mixed high (annual) and medium (multidecadal) resolution for state-of-the-art seasonal and annual 
paleoclimate reconstructions. Making use of these reconstructions, a number of analyses and comparisons 
will be performed to provide insight into the patterns, mechanisms, and forcings of climate variability and 
change during the past couple millennia.  
 
3.1. Continued testing and refinement of paleoclimate reconstruction methodologies 
 
We plan additional experiments to test the performance of alternative approaches to paleoclimate 
reconstruction using 'pseudoproxies' derived from model generated surface temperature and sea level 
pressure data for methodological refinement and, if necessary, revised seasonal surface temperature 
reconstructions based on results of these experiments.  then application to SLP (see "2" below).   
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Cross-validation of century timescale variability in paleoclimate reconstructions is possible only on a very 
limited basis, using the  because there are relatively small number of few instrumental data available two 
or more centuries back in time. This limitation leads to a relatively large uncertainty in the choice, for 
example, of the optimal frequency cutoff in the hybrid frequency-domain calibration approach discussed 
above (Rutherford et al, 2002b), particularly as one moves toward lower frequencies.  We propose to 
exploit the availability of multi-century scale information in surface data fields (temperature and SLP) 
available in long integrations of the Geophysical Fluid Dynamics Laboratory (GFDL) coupled models 
(both low resolution, R15 and high resolution, R30) in collaboration with individuals at the Geophysical 
Fluid Dynamics Laboratory GFDL (T. Delworth and R. Stouffer).  We will test the multiproxy 
reconstruction methodology with surface temperature patterns from millennial integrations of use 
millennial integrations of both the low-resolution (R15) GFDL coupled model  (which exhibits a 
millennial-scale mean drift that is similar in magnitude to that exhibited in the actual millennial 
temperature reconstructions of Mann et al., 1999). and millennial integrations of a higher resolution (R30) 
version of the coupled model (T. Delworth, pers. comm.). The model integrations have been shown to 
faithfully represent decadal (Delworth and Mehta, 1998) and multidecadal (Delworth et al, 1993;1997) 
climate variability in the Atlantic, the COWL pattern of Northern Hemisphere temperature variations 
(Broccoli et al, 1998), and the spectrum of observed climate variability on annual-to-decadal timescales in 
general (Stouffer et al, 1999). The R30 model shows evidence of significant ENSO-like variability 
(Knutson et al, 1999).  The model-produced temperature fields thus afford a perfect opportunity to test 
reconstruction methodologies in a simulated climate where the exact history over a ~1000 year period is 
known..   
 
We will perform experiments similar to those described earlier (section 2.3.4). The experiments will 
involve producing "pseudo-proxy" networks from the model surface temperature and SLP fields.  In the 
simplest case, the pseudo-proxies will be linear combinations of actual model gridpoint data and additive 
noise chosen to have signal/noise ratios similar to typical climate proxy records. The multiproxy 
reconstruction approach described in this proposal will then be applied to reconstruct several centuries of 
past model data from the available pseudoproxy network.  The reconstruction methods will be evaluated 
by comparing the reconstructed data with the actual complete model output using conventional reduction 
of variance and coefficient of efficiency statistics (Cook et al., 1999).  In addition, we will use This  
training periods will be taken from both unforced (control) and forced simulations to more fully examine 
the range of possible past variability.   
 
We will perform these experiments using both the Mann et al. (1998) and the RegEM-based (Schneider, 
2001) CFR methods.  In our previous work (Section 2.3.1) we have found that the RegEM-based method 
may provide slightly more robust CFR than the Mann et al. (1998) method.  However, as noted above, 
these results are based on relatively short (approximately 1856-1900) verification periods, or on only a 
few (~10) long (~240 year) instrumental time series.  The millenial integrations of the coupled models 
will allow us to directly compare these methods over long, spatially complete verification periods.  [Mike, 
Ray, Malcolm:  I think it is important to do this. With complete data it doesn’t take long to get the Mann 
et all method to work (Zhang has already done the bulk of the work in Matlab-izing the code, and if we 
keep the number of proxies the same over time, or change it at one point in the verification period, it 
shouldn’t be a major burden.)  One thing Mike and I have been a bit concerned about is what seems to be 
exceptionally smooth long reconstructions produced by RegEM.  Here is a chance to test exactly what’s 
going on over a long verification period]   
 
If the results of these analyses warrant, we will produce new surface air temperature reconstructions using 
the refinements made to the reconstruction method described above.  In addition, should new proxy series 
that have the potential to extend the reconstructions farther into the past than our previous reconstructions 
(Section 2.6) become available during the life of the proposed research, those proxies will be incorporated 
into a new reconstruction of surface air temperature using the refined method. [Malcolm et al, do you 
want to expand the extension back in time, or do you think just this line is enough? Also, I know we 
talked about putting the extension back in time with SLP but in putting it in it seemed to follow with the 
methodological refinement.  What do you think?] 
 
 
3.2 Application of statistical reconstruction methodologies and available multiproxy data networks to 
the development of large-scale seasonal Sea Level Pressure (SLP) reconstructions in past centuries 
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We propose to apply the recently developed methodologies and recently assembled multiproxy data 
described above to the reconstruction of seasonal sea level pressure patterns. There is considerable 
information regarding atmospheric circulation patterns in existing multiproxy databases. In the case of 
dendroclimatic indicators, for example, ring width variations in arid and semiarid subtropical 
environments are often reflective of cold-season precipitation variations, which may be indicative of 
large-scale extratropical cold-season atmospheric circulation variations (such as the PNA and NAO 
patterns). Coral indicators of salinity and tree ring drought indicators provide further seasonal 
atmospheric circulation information. This information can be synthesized at the hemispheric scale in a 
similar manner to that used for seasonal surface temperature reconstructions described earlier in this 
proposal. Related work has been attempted at regional scales in  the past using tree ring data at the scale 
of individual ocean basins (e.g., Fritts et al, 1971), or indices of atmospheric circulation such as the SOI 
(Stahle et al, 1998), or coral data (e.g. Cole and Fairbanks, 1990) of the SOI or reconstructions of the 
NAO (Luterbacher et al, 1998; Cullen et al, 2001; Cook et al, 2001). We expect that recent improvements 
in methodological approaches and the exploitation of large-scale teleconnected variability in a global 
multiproxy network, will allow for skillful SLP reconstructions at the hemispheric scale.  
 
The SLP reconstructions will employ, for calibration purposes, existing Northern Hemisphere SLP data 
available back to 1899 (Trenberth and Paolino, 1980) combined with more sparse available southern 
hemisphere and tropical data (Rayner et al, 1996), and serially complete global seasonal (cold and warm 
half year) instrumental fields will be computed based on the procedure of Rutherford et al (2002a). This 
procedure is similar to eigenvector-based methods used for the infilling of large-scale instrumental 
surface temperature and SLP data (e.g., Basnett et al, 1997; Kaplan et al, 1997); but employs a more 
complete use of the available covariance information in the data using the RegEM method of Schneider et 
al (2000). The resulting seasonal instrumental SLP fields will be employed in proxy-based 
reconstructions of the SLP fields in past centuries. These analyses are synergistic with an independently 
proposed project (Steig, Weinbrenner, Mann) to reconstruct atmospheric circulation patterns in the polar 
Southern Hemisphere and currently funded collaborative activities (M. Mann in collaboration with E. 
Cook and R. D'Arrigo of the Lamont Doherty Earth Observatory/Columbia) targeting the reconstruction 
of the AO/NAO phenomenon in past centuries. The proposed analyses will take a more 
global/hemispheric approach to reconstructing seasonal atmospheric circulation patterns, which is 
complementary to the more targeted atmospheric circulation reconstruction projects. 
 

3.3 Mechanisms and Forcings 

We intend to engage in collaborations with climate modelers to compare patterns of observed climate 
variation of the past few centuries to couple of millennia with those generated in model simulations as a 
consequence of both internal and forced variability, to allow for a more fundamental understanding of this 
observed climate variability. We intend to concentrate on three particular issues: 
 

1. Dynamical insight from multiple climate fields: We will use the state-of-the art global annual and 
seasonal reconstructions of surface temperature and sea level pressure variations over the past several 
centuries/couple millennia as a baseline for diagnosing inter-relationships between patterns of past 
variability in different climate fields. We will compare the reconstructed climate fields (surface air 
temperature and SLP) with existing continental drought reconstructions (in collaboration with Cook of 
Lamont/Columbia and Woodhouse of NOAA/CIRES [Malcolm: do you want to include/expand on your 
e-mail comment “Another point is that a similar collaboration to that you propose with Ed Cook could 
almost certainly be set up with Wanner and Luterbacher, probably at no cost.”]) for insights into the 
oceanic and atmospheric dynamics underlying climate variability over the past few one-to-two millennia.  
Various indices of SST (e.g., the "PDO" and Nino3) and atmospheric (e.g., the NAO/AO) variability will 
be used for inferences regarding mechanism of climate variability and to strengthen long-term 
detection/attribution exercises (e.g. as in Braganza et al, 2001; Covey et a, 2001; Crowley, 2000). 

2. AO/NAO forcing and North Atlantic Patterns of Climate Variability: This exploits collaborations w/ 
individuals at NASA/GISS (G. Schmidt and D. Shindell) in seeking to understand forced patterns of 
winter-season climate variability in the Northern Hemisphere.  This work proposes to build on fruitful 
initial collaborations examining the role of the response of the atmospheric circulation to solar irradiance 
changes in explaining observed spatial patterns of  temperature change estimated in past centuries 
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(Shindell et al., 2001). Proposed extensions of this work involve an examination of the additional role of 
oceanic dynamical responses to atmospheric forcing in explaining patterns of surface temperature 
variation estimated for the Northern Hemisphere over the past 1000 years. Evidence both from high 
deposition-rate sediment cores, which resolve climate changes at relatively low resolution (century-scale) 
in situ in the North Atlantic ocean, and hemispheric-scale climate reconstructions from a variety of high-
resolution proxy sources, will be employed.  The proposed comparisons will also make use of new 
seasonal hemispheric surface temperature and sea level pressure reconstructions employing both high and 
low-resolution indicators expected to be available over the next several months. The proposed analyses 
will help to elucidate the role of  natural radiative forcing changes in governing patterns of climate (e.g., 
surface temperature and atmospheric circulation) variation in past centuries, with implications for an 
improved understanding of past climate epochs such as the "Little Ice Age" and so-called "Medieval 
Warm Period". 
 

[FIGURE 8: Shindell et al (2001)] 

3. Role of forcing in past tropical SST changes: These analyses are synergistic with an  independent  
proposed projct (Mehta, Cole, Mann) to reconstruct patterns of surface temperature and SLP in the Indo-
Pacific region.  Improved reconstructions of ENSO will be used to test dynamical mechanisms (in 
collaboration w/ M. Cane of Lamont/Columbia). For example, the apparent tendency for El Nino 
conditions during the late 17th/early 18th century discussed above. Can this be explained in terms of 
forcings (volcanic or solar?).  

[Mike: expand superposed epoch analysis, spatial patterns.] 

 [FIGURE 9: Representative Adams NINO3 superposed epoch analysis plot] 

 
4. Work Plan 
 
Year 1:  

 GISS comparison experiments (Mann in collaboration w/ Shindell and Schmidt during Mann's 
sabbatical at NASA/GISS Fall '02). 

 Additional experiments using pseudoproxies for methodological refinement;  
 Revised seasonal surface temperature reconstructions as necessary based on results of these 

experiments;  
 Assemble instrumental SLP data required for SLP reconstructions 
 Perform large-scale seasonal SLP reconstructions 
 Finalize superposed epoch analyses 
 Acquisition and quality control of newly available proxy data. 
 

Year 2:  
 Finalize seasonal SLP and (if necessary) temperature reconstructions 
 Analyses of  spatial patterns for key indices (NAO, SOI, PDO) 
 Cane-Zebiak experiments, comparisons w/ results from superposed epoch analyses and empirical 

estimates of tropical solar forcing patterns 
 Continue analysis of reconstructions for inferences into observed spatial and temporal patterns of  

climate variability during the past millennium; continue model comparisons; 
 Analyses of internal consistency in SLP/Temp/drought reconstructions and dynamical 

interpretation; 
 Acquisition and quality control of newly available proxy data. 

 
Year 3:  

 Continue and Finalize model/data comparisons; 
 Revised surface air temperature and SLP reconstructions using any refinements to the 

methodology and the latest proxy network. 
 Publication of results 
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Budget Justification 
 
 
1. PI:  
 
Michael E. Mann (Assistant Professor, University of Virginia; PI) developed and performed the 
multiproxy reconstruction analyses described previously [Mann et al, 1998abcd], and will 
continue to devote the majority of his time to the continuation of this work, and the activities 
described in this proposal. We request 2 months summer salary for each of the 3 years for Dr. 
Mann. Dr. Mann is independently funded by the University of Virginia on a sabbatical leave to 
take place at NASA/GISS in Fall '02 during which time he plans to contribute a significant 
component of his 6 month leave (calendar year) leave towards the proposed project at no cost to 
NSF. 
 
2. Other Personnel: 
 
Scott Rutherford (Postdoctoral Research Associate, University of Virginia) has played an 
important role in the methodological paleoclimate reconstructions advances and additional 
analyses performed during the most recent round of funding (Rutherford et al, 2002ab; Mann and 
Rutherford 2002; Mann et al, 2002) and will continue to devote 6 months/year of effort towards 
this project.  
 
 
Raymond S. Bradley (Professor, University of Massachusetts) has supervised the analysis and 
interpretation of proxy and historical climate data used in the multiproxy climate reconstructions. 
His expertise we continue to be essential as we seek to broaden the database of indicators for use 
in our paleoclimate reconstructions. Prof. Bradley requests XXX  month/year of salary, to help 
support his participation in this project. 
 
Malcolm K. Hughes (Professor, University of Virginia) has provided essential assistance in the 
assimilation of an appropriate network of dendroclimatic proxy indicators for use in high-
resolution, long-term climate reconstruction. Prof. Hughes assistance will be essential in the 
continued updating of the available proxy data network, and the re-evaluation of existing 
archives for use in the revised proxy-reconstruction procedures described in this proposal. We 
request  XXX  month/year of salary, to help support his participation in this project. 
 
We request a modest travel budget to allow for travel of PI and/or co-PIs between Virginia and 
the host institutions of the various consultants (NOAA/GFDL Princeton, Lamont 
Doherty/Columbia University, New York, NASA/GISS New York, NOAA/CIRES Boulder CO) 
who will be advising on testing of methodologies, comparison with coupled model simulation 
results, and comparison of reconstructions and model results. 
 
We also request full-time funding for two graduate students at the University of Virginia who 
will assist in the analysis of model results and comparison of model-produced and proxy-
reconstructed patterns. 
 
3. Travel:  
 
We request funds for travel to the Fall American Geophysical Union Meeting by the PI and co-
PIs for the purpose of reporting on the progress of the project, and interacting with other 
members of the paleoclimate and climate modeling communities.  
 
4. Publications: 
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We request funds which will cover colour page charges/reprint costs for 2 to 3 journal 
articles. 
 
5. Equipment: 
 
We request funds for a PC and basic required hardware and software for use by 
our research group in project-related activities. 
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From: Raymond S. Bradley
To: Michael E. Mann; mhughes@ltrr.arizona.edu
Subject: Re: budget estimates
Date: Friday, January 04, 2002 1:04:11 PM

After talking with MKH, I suggest this:
RA + 50% Post-doc + Mike 2 mo@UVa
RA + 0.5 mo Su MKH @ U of A
1 mo SU RSB @ UMass.

If we do this via 3 collab. proposals, this will lower the total (disperse
it) and make the total horsepower about the same.
My budget over 3 years, with overhead and 2k/yr for travel will be around
27,000 in year 1, x 3 plus infl= about $83,000.
I guess MKH on this basis would be ~$105K, and yours will be ~$300k
Total thus would be ~$0.5M/3 years...
Does this mesh with your calculations?
How does that sound?  If too much I can reduce mine to 50% 1 mo summer...
ray

Raymond S. Bradley
Professor and Head of Department
Department of Geosciences
University of Massachusetts
Amherst, MA 01003-5820

Tel: 
Fax: 
Climate System Research Center: 
Climate System Research Center Web Page:
<http://www.geo.umass.edu/climate/climate.html>
Paleoclimatology Book Web Site (1999):
http://www.geo.umass.edu/climate/paleo/html
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From: Michael E. Mann
To: Raymond S. Bradley
Cc: Michael E. Mann; mhughes@ltrr.arizona.edu; Neal Grandy
Subject: Re: budget estimates
Date: Friday, January 04, 2002 1:15:08 PM

Hi Ray,

I think this will work. We need the total to be under 0.5M in my opinion,
so lets see if the totals over all 3 institutions come out under that when
the budgets are fully worked out [Neal: can you work out the rough numbers
for the U.Va contract given the specifications below?]

If they don't, we might have to think about cutting further,

mike

At 02:58 PM 1/4/02 -0500, Raymond S. Bradley wrote:
>After talking with MKH, I suggest this:
>RA + 50% Post-doc + Mike 2 mo@UVa
>RA + 0.5 mo Su MKH @ U of A
>1 mo SU RSB @ UMass.
>
>If we do this via 3 collab. proposals, this will lower the total (disperse
>it) and make the total horsepower about the same.
>My budget over 3 years, with overhead and 2k/yr for travel will be around
>27,000 in year 1, x 3 plus infl= about $83,000.
>I guess MKH on this basis would be ~$105K, and yours will be ~$300k
>Total thus would be ~$0.5M/3 years...
>Does this mesh with your calculations?
>How does that sound?  If too much I can reduce mine to 50% 1 mo summer...
>ray
>
>Raymond S. Bradley
>Professor and Head of Department
>Department of Geosciences
>University of Massachusetts
>Amherst, MA 01003-5820
>
>Tel: 
>Fax: 
>Climate System Research Center: 
>Climate System Research Center Web Page:
><http://www.geo.umass.edu/climate/climate.html>
>Paleoclimatology Book Web Site (1999):
>http://www.geo.umass.edu/climate/paleo/html
>
>
>

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
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         http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Malcolm Hughes
To: Michael E. Mann; rbradley@geo.umass.edu
Cc: Michael E. Mann; mhughes@ltrr.arizona.edu; Neal Grandy
Subject: Re: budget estimates
Date: Friday, January 04, 2002 2:50:12 PM

We're working up some numbers and I'll get back to youwith
them as soon as I have them, Malcolm
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From: Malcolm Hughes
To: Raymond S. Bradley; mann@virginia.edu; scott Rutherford
Subject: Re: budget estimates
Date: Friday, January 04, 2002 9:09:41 PM

Ray's guess seems to be uncannily close to correct, i.e. $105K
total including indirect. I agree with Mike about keeping it
under $500K. One issue I have been thinking about
thisevening, is the need for some serious work on the validity
of Age-banding and regional curve standardization for
retaining low-freq in tree ring series. I have serious
doubts(based on quite a lot of work and data) about both of
these methods as currently applied, but I think our proposed
project would be the ideal context in which to test them, as the
issues can only be resolved by reference to external  (i.e. non-
tree-ring) data. I think this will turn out to be important to the
usefulness of our attmepred extension back beyond AD 1000.
This strikes me as potentially a good focus for a bright grad
student, who would, of course, also be needed to work with us
on the assimilation of further proxy data. What do you think?
If need be, I could probably crank out a short paragraph
pronto. Cheers, Malcolm
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From: Michael E. Mann
To: Malcolm Hughes
Cc: Raymond S. Bradley; mann@virginia.edu; scott Rutherford
Subject: Re: budget estimates
Date: Friday, January 04, 2002 9:18:11 PM

This doesn't sound like a bad idea to me, Malcolm.

I think we should include a short paragraph about this in either the
methodology (first component) or revised reconstruction (second component)
section of our proposed work.

Do you want to try to fire something off to Scott to include?

mike

At 09:09 PM 1/4/02 -0700, Malcolm Hughes wrote:
>Ray's guess seems to be uncannily close to correct, i.e. $105K
>total including indirect. I agree with Mike about keeping it
>under $500K. One issue I have been thinking about
>thisevening, is the need for some serious work on the validity
>of Age-banding and regional curve standardization for
>retaining low-freq in tree ring series. I have serious
>doubts(based on quite a lot of work and data) about both of
>these methods as currently applied, but I think our proposed
>project would be the ideal context in which to test them, as the
>issues can only be resolved by reference to external  (i.e. non-
>tree-ring) data. I think this will turn out to be important to the
>usefulness of our attmepred extension back beyond AD 1000.
>This strikes me as potentially a good focus for a bright grad
>student, who would, of course, also be needed to work with us
>on the assimilation of further proxy data. What do you think?
>If need be, I could probably crank out a short paragraph
>pronto. Cheers, MalcolmMalcolm Hughes
>Professor of Dendrochronology
>Laboratory of Tree-Ring Research
>University of Arizona
>Tucson, AZ 85721
>520-621-6470
>fax 520-621-8229

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Malcolm Hughes
To: Michael E. Mann
Cc: Raymond S. Bradley; mann@virginia.edu; scott Rutherford
Subject: Re: budget estimates
Date: Friday, January 04, 2002 9:30:41 PM

OK, Malcolm
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From: Michael E. Mann
To: Malcolm Hughes
Subject: Re: budget estimates
Date: Friday, January 04, 2002 9:35:44 PM

Malcolm,

You need a return before the beginning of your "signature".

Otherwise, you'll keep on appearing as "MalcolmMalcolm Hughes" at the end
of your emails!

Just thought I should let you know :)

mike

At 09:30 PM 1/4/02 -0700, you wrote:
>OK, MalcolmMalcolm Hughes
>Professor of Dendrochronology
>Laboratory of Tree-Ring Research
>University of Arizona
>Tucson, AZ 85721
>520-621-6470
>fax 520-621-8229

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Malcolm Hughes
To: Michael E. Mann
Subject: Re: budget estimates
Date: Friday, January 04, 2002 9:41:06 PM

THanks, Mike
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From: Scott Rutherford
To: Mike Mann; Ray Bradley; Malcolm Hughes
Subject: proposal with figs
Date: Saturday, January 05, 2002 2:40:29 PM

Dear all,

I've put the latest version of the proposal with nearly all the figures
on anonymous ftp (ftp://holocene.evsc.virginia.edu/pub/sdr/nsf-
esh02-2.0). I will continue to e-mail the text-only version until we are
near the end to keep file sizes down.

Mike, I had scanned the Shindell figure (at least the one I think you
wanted to use) but can't download Figure 9 (~10mb) from home, well I
could but it would be ugly over a phone line, so I haven't inserted that
one yet.

-Scott

______________________________________________
                      Scott Rutherford 

University of Virginia          University of Rhode Island
Environmental Sciences          Graduate School of Oceanography
Clark Hall                                      South Ferry Road
Charlottesville, VA 22903       Narragansett, RI 02882
srutherford@virginia.edu                srutherford@gso.uri.edu
phone:            
fax:                      
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From: Raymond S. Bradley
To: mann@multiproxy.evsc.virginia.edu; srutherford@virginia.edu; mhughes@ltrr.arizona.edu
Subject: what"s the proposed start date?
Date: Sunday, January 06, 2002 3:05:04 PM

Raymond S. Bradley
Professor and Head of Department
Department of Geosciences
University of Massachusetts
Amherst, MA 01003-5820

Tel: 
Fax: 
Climate System Research Center: 
Climate System Research Center Web Page:
<http://www.geo.umass.edu/climate/climate.html>
Paleoclimatology Book Web Site (1999):
http://www.geo.umass.edu/climate/paleo/html
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From: Michael E. Mann
To: Raymond S. Bradley
Cc: mann@multiproxy.evsc.virginia.edu; srutherford@virginia.edu; mhughes@ltrr.arizona.edu; neal Grandy
Subject: Re: what"s the proposed start date?
Date: Monday, January 07, 2002 7:33:03 AM

I was assuming September 1st, since our first one runs out Aug 31,

mike

At 05:00 PM 1/6/02 -0500, Raymond S. Bradley wrote:

>Raymond S. Bradley
>Professor and Head of Department
>Department of Geosciences
>University of Massachusetts
>Amherst, MA 01003-5820
>
>Tel: 
>Fax: 
>Climate System Research Center: 
>Climate System Research Center Web Page:
><http://www.geo.umass.edu/climate/climate.html>
>Paleoclimatology Book Web Site (1999):
>http://www.geo.umass.edu/climate/paleo/html
>
>
>

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Scott Rutherford
To: Mike Mann; Ray Bradley; Malcolm Hughes
Subject: proposal on ftp
Date: Monday, January 07, 2002 10:09:41 AM

Dear all,

The latest version of the proposal (4.0) is on its way to anonymous ftp
(ftp://holocene.evsc.virginia.edu/pub/sdr/nsf-esh02-4.0).  It has all
the figures and captions.  There are sill a few references to add (in
red) and I have one question (also in red).  We are at nearly 14 full
pages, but I can squeeze a little more out of the last couple figures.

-Scott
______________________________________________
                      Scott Rutherford 

University of Virginia          University of Rhode Island
Environmental Sciences          Graduate School of Oceanography
Clark Hall                                      South Ferry Road
Charlottesville, VA 22903       Narragansett, RI 02882
srutherford@virginia.edu                srutherford@gso.uri.edu
phone:            
fax:                      
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From: Michael E. Mann
To: Scott Rutherford
Cc: Mike Mann; Ray Bradley; Malcolm Hughes
Subject: Re: proposal with figs
Date: Monday, January 07, 2002 1:09:27 PM

Scott,

Ray has the Eos reference. Ask him to send it to you. Thanks,

mike

At 04:40 PM 1/5/02 -0500, Scott Rutherford wrote:
>Dear all,
>
>I've put the latest version of the proposal with nearly all the figures on
>anonymous ftp (ftp://holocene.evsc.virginia.edu/pub/sdr/nsf-
>esh02-2.0). I will continue to e-mail the text-only version until we are
>near the end to keep file sizes down.
>
>Mike, I had scanned the Shindell figure (at least the one I think you
>wanted to use) but can't download Figure 9 (~10mb) from home, well I could
>but it would be ugly over a phone line, so I haven't inserted that one yet.
>
>-Scott
>
>______________________________________________
>                       Scott Rutherford
>
>University of Virginia          University of Rhode Island
>Environmental Sciences          Graduate School of Oceanography
>Clark Hall                                      South Ferry Road
>Charlottesville, VA 22903       Narragansett, RI 02882
>srutherford@virginia.edu                srutherford@gso.uri.edu
>phone:            
>fax:                      
>

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Scott Rutherford
To: Mike Mann; Ray Bradley; Malcolm Hughes
Subject: new version
Date: Wednesday, January 09, 2002 12:21:55 PM

Dear All,

OK, we're almost there. The latest version (4.3) is on its way to
anonymous ftp (ftp://holocene.evsc.virginia.edu/pub/sdr/nsf-esh02-4.3). 
All the figures are in and formated. I had to change the page margins to
comply with NSF requirements and that made things longer (and totally
screwed up the figure placement which I spent the better part of today
fixing- I hate Word).  I had to shorten the Project Summary a bit to get
it to fit on one page, but the project description length looks to be ok.

The only things missing are three references highlighted in red in the
text (If anyone has them handy please put them in).  Ray/Malcolm there
are red XXXX in the budget justification that need your attention.

Regards,

Scott
______________________________________________
                      Scott Rutherford 

University of Virginia          University of Rhode Island
Environmental Sciences          Graduate School of Oceanography
Clark Hall                                      South Ferry Road
Charlottesville, VA 22903       Narragansett, RI 02882
srutherford@virginia.edu                srutherford@gso.uri.edu
phone:            
fax:                      
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From: Michael E. Mann
To: Scott Rutherford
Cc: mann@virginia.edu; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Subject: Re: new version
Date: Wednesday, January 09, 2002 12:48:05 PM

Hi Scott,

Its looking very good. We're almost there.

A few quick comments:

1) Cullen et al 2000 is a typo. Its "Cullen et al 2001", which is in the
references.

2) In response to your inquiry on page 12, you can just say that we'll try
different random networks, including some which qualitatively resemble
actual proxy distributions. you should note here that as shown by Mann and
Rutherford (2000), the sensitivity to the precise location of proxies is
quite small for networks the size of those used by e.g. Mann et al or
Briffa et al...

3) Check fonts, bold/non-bold text, etc. On page 11, there is section (2.6)
that is (accidentally I assume) in "10" font. The section above it is all
bold, I'm assuming that is a mistake too...

4) Handler et al reference is actually Handler (1984), not 1983 as I
mistakenly had it. The reference is:

      Handler, P. : Possible association of stratospheric aerosols and El
Niño type events :
      Geophysical Research Letters, vol.11, no.11, p. 1121-4, 1984

5) Will try to get you letters from various collaborators in appropriate
format tomorrow, when I actually make it into work...

mike

At 02:21 PM 1/9/02 -0500, you wrote:
>Dear All,
>
>OK, we're almost there. The latest version (4.3) is on its way to
>anonymous ftp (ftp://holocene.evsc.virginia.edu/pub/sdr/nsf-esh02-4.3).
>All the figures are in and formated. I had to change the page margins to
>comply with NSF requirements and that made things longer (and totally
>screwed up the figure placement which I spent the better part of today
>fixing- I hate Word).  I had to shorten the Project Summary a bit to get
>it to fit on one page, but the project description length looks to be ok.
>
>The only things missing are three references highlighted in red in the
>text (If anyone has them handy please put them in).  Ray/Malcolm there are
>red XXXX in the budget justification that need your attention.
>
>Regards,
>
>Scott
>______________________________________________
>                       Scott Rutherford
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>
>University of Virginia          University of Rhode Island
>Environmental Sciences          Graduate School of Oceanography
>Clark Hall                                      South Ferry Road
>Charlottesville, VA 22903       Narragansett, RI 02882
>srutherford@virginia.edu                srutherford@gso.uri.edu
>phone:            
>fax:                      
>

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Raymond S. Bradley
To: srutherford@virginia.edu; mann@multiproxy.evsc.virginia.edu; mhughes@ltrr.arizona.edu
Subject: NSF fastlane
Date: Thursday, January 10, 2002 10:51:29 AM

FASTLANE!!!!!-HA!! what a joke.  I just wasted the best part of 2 hours
trying to figure out how to download an EXCEL budget...failed miserably.
I also tried to set up a PIN for UMASS --imaginatively, I chose 123--but
may have inadvertently changed your chosen PIN.  I'm abandoning this all
for now in frustration.
Any advice on downloading the NSF-derived Excel budget worksheet would be
appreciated!!  I'm at home..
ray

Raymond S. Bradley
Professor and Head of Department
Department of Geosciences
University of Massachusetts
Amherst, MA 01003-5820

Tel: 
Fax: 
Climate System Research Center: 
Climate System Research Center Web Page:
<http://www.geo.umass.edu/climate/climate.html>
Paleoclimatology Book Web Site (1999):
http://www.geo.umass.edu/climate/paleo/html
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From: Michael E. Mann
To: Raymond S. Bradley; srutherford@virginia.edu; mhughes@ltrr.arizona.edu; Neal Grandy
Subject: Re: NSF fastlane
Date: Thursday, January 10, 2002 10:52:28 AM

Neal or Scott: Any idea of what the problem may be here?

Thx,

mike

At 12:47 PM 1/10/02 -0500, Raymond S. Bradley wrote:
>FASTLANE!!!!!-HA!! what a joke.  I just wasted the best part of 2 hours
>trying to figure out how to download an EXCEL budget...failed miserably.
>I also tried to set up a PIN for UMASS --imaginatively, I chose 123--but
>may have inadvertently changed your chosen PIN.  I'm abandoning this all
>for now in frustration.
>Any advice on downloading the NSF-derived Excel budget worksheet would be
>appreciated!!  I'm at home..
>ray
>
>
>Raymond S. Bradley
>Professor and Head of Department
>Department of Geosciences
>University of Massachusetts
>Amherst, MA 01003-5820
>
>Tel: 
>Fax: 
>Climate System Research Center: 
>Climate System Research Center Web Page:
><http://www.geo.umass.edu/climate/climate.html>
>Paleoclimatology Book Web Site (1999):
>http://www.geo.umass.edu/climate/paleo/html
>
>
>

_______________________________________________________________________
                      Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Scott Rutherford
To: Ray Bradley; Malcolm Hughes; Mike Mann; Neal Grandy
Subject: fastlane
Date: Thursday, January 10, 2002 1:52:27 PM

Ray and Malcolm,

I just spoke with Neal regarding the fastlane stuff. Something that I
wasn't clear to me is now clear.  UMass and U. Arizona must set up
separate proposals and upload your own budgets, budget notes, a cover
sheet with each of you as the PI, Bio's, Current and Pending,
facilities, basically everything except the project summary and project
description.  That even means that Ray and Malcolm are NOT listed as
co-pi's on the UVa proposal.  You should use the following as the title
Collaborative Research: Reconstruction and Analysis of Patterns of
Climate Variability Over the Last One to Two Millennia.

Ask Neal if you have questions.

Cheers,

Scott

______________________________________________
                      Scott Rutherford 

University of Virginia          University of Rhode Island
Environmental Sciences          Graduate School of Oceanography
Clark Hall                                      South Ferry Road
Charlottesville, VA 22903       Narragansett, RI 02882
srutherford@virginia.edu                srutherford@gso.uri.edu
phone:            
fax:                      
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From: Scott Rutherford
To: Mike Mann; Ray Bradley; Malcolm Hughes; Neal Grandy
Subject: proposal final comments
Date: Friday, January 11, 2002 12:40:13 PM

Hello all,

I would like to upload the proposal to fastlane on Monday if that works
for everyone.  That leaves a day in case the network here, there, or
somewhere in between goes kablooey.  Let me know if you have any final
comments.

-Scott

______________________________________________
                      Scott Rutherford 

University of Virginia          University of Rhode Island
Environmental Sciences          Graduate School of Oceanography
Clark Hall                                      South Ferry Road
Charlottesville, VA 22903       Narragansett, RI 02882
srutherford@virginia.edu                srutherford@gso.uri.edu
phone:            
fax:                      
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From: Michael E. Mann
To: Scott Rutherford; Ray Bradley; Malcolm Hughes; Neal Grandy
Subject: Re: proposal final comments
Date: Friday, January 11, 2002 1:07:41 PM

OK Thanks Scott,

So is the final version posted for us to download now?

mike

At 02:40 PM 1/11/02 -0500, Scott Rutherford wrote:
>Hello all,
>
>I would like to upload the proposal to fastlane on Monday if that works
>for everyone.  That leaves a day in case the network here, there, or
>somewhere in between goes kablooey.  Let me know if you have any final
>comments.
>
>-Scott
>
>______________________________________________
>                       Scott Rutherford
>
>University of Virginia          University of Rhode Island
>Environmental Sciences          Graduate School of Oceanography
>Clark Hall                                      South Ferry Road
>Charlottesville, VA 22903       Narragansett, RI 02882
>srutherford@virginia.edu                srutherford@gso.uri.edu
>phone:            
>fax:                      
>

_______________________________________________________________________
                      Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Scott Rutherford
Cc: mann@virginia.edu; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Subject: final comments from M.E.M
Date: Saturday, January 12, 2002 2:39:50 PM

Scott, a number of remaining issues, necessary changes, typos to fix, etc. below.

Please let me know if any questions about any of the below. Otherwise, I don't need to
see again before submission, but please let me know when the final version is
available for download.

Thanks for your efforts,

mike

____________________

1) on page 1 of project summary, change

"Previous model/data comparisons of forced large-scale climate variability have focused on global
energy balances (e.g., Crowley, 2000)... "

to

"Previous model/data comparisons of hemispheric or global temperature changes in past centuries have
focused on global energy balances (e.g., Crowley, 2000)... "

2) Typo, Near end of section 2.1.  My color blindness almost prevented me from
seeing this, but look carefully at:

Covey et al, 2002; Cullen et al, 2000; Delworth and Mann, 2000; Folland et al, 2000; Mann et al,
1998;1999;2000ab;2001;2002; Mann 2000;2001abcd; Shindell et al, 2001; Waple et al, 2002). 

Mann et al 1999 has a blue "9" at the end. Any reason for this?

3)  In section 2.3.2, reference to "Evans et al (2001)" (red font). This isn't in the
"references". I assume Malcolm or Ray added this one. We either need the full
reference for this, or we have to drop it...

4) Stouffer et al (1999) needs to be updated:

Stouffer, R. J., Hegerl, G. & Tett, S. A Comparison of Surface Air Temperature Variability in Three 1000-Yr
Coupled Ocean-Atmosphere Model Integrations. Journal of Climate 13, 513-537 (2000).

Also, format isn't quite right...

5) Near the end of section 2.4 there is a format problem w/ paragraph break before
"In other paleotemperature..."

6) Reference for Mann et al 2002a:
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Mann, M.E., Rutherford, S., Bradley, R.S., Hughes, M.K., Keigmig, F.T., (2002a) Reconciling Borehole
and Proxy-Based Estimates of Temperature Trends in Past Centuries, Nature, submitted.

needs to be converted to

Mann, M.E., Rutherford, S., Bradley, R.S., Hughes, M.K., Keigmig, F.T., (2002a) Reconciling Borehole
and Proxy-Based Estimates of Temperature Trends in Past Centuries, submitted.

7) There is a problem w/ the use of "Mann et al (2002a)" since there is only *one*
Mann et al (2002). The other is "Mann and Rutherford (2002)", not "Mann et al
(2002b)". Make sure this is consistent throughout the proposal

8) typo, end of first paragraph in section 3.1, 2 "periods":

"1000 year period is known.. "

9) section 3.2, end of 1st paragraph. There is something wrong with this:

"Related work has been attempted at regional scales in  the past using tree ring data at the scale of
individual ocean basins (e.g., Fritts et al, 1971), or indices of atmospheric circulation such as the SOI
(Stahle et al, 1998), or coral data (e.g. Cole and Fairbanks, 1990) of the SOI or reconstructions of the
NAO (Luterbacher et al, 1998; Cullen et al, 2001; Cook et al, 2001)." 

Please incorporate the following revised wording:

"Related work has been attempted at regional scales in  the past using tree ring data to reconstruct SLP
patterns at the scale of individual ocean basins (e.g., Fritts et al, 1971), or using tree-rings and other
proxies to reconstruct of indices of atmospheric circulation such as the SOI (Stahle et al, 1998; Cole and
Fairbanks, 1990) or NAO (Luterbacher et al, 1998; Cullen et al, 2001; Cook et al, 2001)"

10) Same paragraph as above. As indicated by Ray, need to replace any usages of
"exploit" or "exploitation" w/ e.g., "take advantage of". Should do a global search on
this...

11) section 3.3, item "2". I still don't like this sentence:

This work proposes to build on fruitful initial collaborations examining the role of the response of the
atmospheric circulation to solar irradiance changes in explaining observed spatial patterns of
temperature change estimated in past centuries possibly associated with forcing modulated through the
tropics (Shindell et al., 2001; Figure 8). 

lets change to:

This work proposes to build on fruitful initial collaborative work examining the role of solar radiative
forcing of  tropical convection, and it coupling with extratropical stratospheric and tropospheric planetary
wave dynamics in explaining observed spatial patterns of temperature change estimated in past
centuries (Shindell et al., 2001; Figure 8). 

12) Same paragraph, there is a *crucial* missing piece of information here:

"Proposed extensions of this work involve an examination of the additional role of oceanic dynamical
responses to atmospheric forcing in explaining patterns of surface temperature variation estimated for
the Northern Hemisphere over the past 1000 years. "

We need to add to the end of that statement:
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"This will be accomplished through examining the response of the North Atlantic thermohaline circulation
(THC) to NAO/AO-related surface heat and momentum fluxes consistent with sustained changes in the
AO/NAO in past centuries that are implied by previous work. Delworth and Dixon (2001) demonstrate an
additional North Atlantic basin-wide component of cooling (warming) in response to a negative (positive)
anomaly in the NAO due to forced changes in the strength of THC, and associated meridional oceanic
heat transport. This additional ocean dynamical component is presumably important, in combination with
the direct influence of the NAO, in explaining patterns of surface temperature variability in the North
Atlantic sector in past centuries (e.g., deMenocal et al, 2000; Bond et al, 2001). In collaboration with D.
Shindell and G. Schmidt of NASA/GISS and T. Delworth of GFDL, we intend to explore this issue by
employing the AO/NAO response to solar irradiance forcing estimated by Shindell et al (2001)  and
driving the GFDL coupled model w/ the associated surface flux anomalies in past centuries, following the
approach of Delworth and Dixon (2001). This will provide an estimate of the influence of solar forcing on
Northern Hemisphere temperature patterns in past centuries arising from the combined effects of the
direct AO/NAO response (as in Shindell et al, 2001),  and changes in meridional heat transport by the
THC mediated through this response. Similar experiments are planned w/ the GISS coupled ocean-
atmosphere model, which should be available to perform experiments within the next year or so."

13) The following statement:

Evidence both from high deposition-rate sediment cores, which resolve climate changes at relatively low
resolution (century-scale) in situ in the North Atlantic ocean, and hemispheric-scale climate
reconstructions from a variety of high-resolution proxy sources, will be employed. 

also needs modification to:

To bolster empirical reconstructions of  climate changes in the North Atlantic sector, against which
these model predictions are to be compared, we will employ  proxy cliamte evidence both from high
deposition-rate sediment cores, which resolve climate changes at relatively low resolution (century-
scale) in situ in the North Atlantic ocean, and hemispheric-scale climate reconstructions from a variety
of high-resolution proxy sources, in our revised climate reconstructions (see sections 3.1 and 3.2
above).

14) Under "workplan":

The statement:

GISS comparison experiments (Mann in collaboration with Shindell and Schmidt during Mann's
sabbatical at NASA/GISS Fall '02).

should be changed to:

GISS/GFDL comparison experiments (Mann in collaboration with Shindell and Schmidt  of NASA/GISS
and Delworth of GFDL during Mann's sabbatical at NASA/GISS Fall '02).

15) Under "personnel"

A) need to modify:

Michael E. Mann (Assistant Professor, University of Virginia; PI) developed and performed the
multiproxy reconstruction analyses described previously [Mann et al, 1998abcd], 

to 

Michael E. Mann (Assistant Professor, University of Virginia; PI) developed and performed the
multiproxy reconstruction analyses described previously [Mann et al, 1998;1999;2000ab]
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B) need to modify:

"We also request full-time funding for one graduate students"

to

"We also request full-time funding for one graduate student"

C) Need to assure uniformity in font size (11pt)

_______________________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: Scott Rutherford
Cc: Mike Mann; Ray Bradley; Malcolm Hughes; Neal Grandy; sas2u@virginia.edu
Subject: Re: proposal 6106378 "submitted"
Date: Tuesday, January 15, 2002 9:46:11 AM

Thanks Scott...

Mike

At 09:06 AM 1/15/02 -0500, Scott Rutherford wrote:
>Dear all,
>
>I have just pushed the "Allow SRO Access" button on Fastlane. We are done.
>
>-Scott
>______________________________________________
>                       Scott Rutherford
>
>University of Virginia          University of Rhode Island
>Environmental Sciences          Graduate School of Oceanography
>Clark Hall                                      South Ferry Road
>Charlottesville, VA 22903       Narragansett, RI 02882
>srutherford@virginia.edu                srutherford@gso.uri.edu
>phone:            
>fax:                      
>

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: Raymond S. Bradley
Cc: mann@multiproxy.evsc.virginia.edu; mhughes@ltrr.arizona.edu
Subject: Re: let"s get serious now!
Date: Saturday, March 23, 2002 11:24:29 AM

Ray,

Thanks--yes, this is intruiging. Perhaps we could get someone like Steve
Schneider or Jim Hansen to nominate us. But it seems somewhat a bit tricky.
Are you sure nobody has already nominated us?

I've been told that are work has come up in discussions of the McArthur
prize, but so far nothing to show for it...

If I have an opportunity to plug this to Jim, I will (don't know if I
mentioned, but I'm doing my sabbattical next fall at NASA/GISS),

mike

At 01:17 PM 3/23/02 -0500, Raymond S. Bradley wrote:
>check this out:
>http://www.dandavidprize.com/
>
>They award a $1M prize each year to studies of "the past, present and future".
>Well, I modestly think that our 1000 year reconstruction (whether right or
>wrong) had a major impact on the IPCC process, and played some role in
>convincing people that the time had come to sign on to Kyoto....it
>effectively became an icon of the IPCC....
>so--why not?  Of course, we can't nominate ourselves, and would need to
>find somebody who is internationally recognised & influential to nominate
>us (Wally?!!!!).  Maybe Steve Schneider..?
>We missed the Dec 2001 deadline which is a $1M mistake, but maybe next
>time around?
>Any thoughts?
>Here are the procedural details...
>Ray
>
>
>Application
>
>
>      PRIZE FIELDS OF ENDEAVOR FOR 2002:
>
>      PAST - History
>      PRESENT - Information and Contemporary Society
>      FUTURE - Life Sciences
>
>
>
>
>      The Dan David Prize is an equal opportunity enterprise, and prizes
> are bestowed on the basis of merit,
>      without any discrimination based on gender, race, ethnicity, color,
> religion, language, nationality,
>      disability, or any other social and/or political affiliation.
>
>
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>      Self-nomination is not allowed.
>
>
>      In accordance to its complete discretion, the DDP will call upon
> leading academic, research, and public
>      institutions; prominent NGOs; highly-ranked colleges and
> universities; outstanding public and
>      academic figures, and former laureates of the DDP all over the
> world, to nominate exceptionally strong
>      candidates that comply with the DDP's requirements.
>
>
>      If you have been asked by the DDP to nominate, please follow the
> instructions.
>
>      Nominations should be submitted to the DDP in writing along with all
> the material relevant to the review
>      process.
>
>      The relevant material includes:
>
>
>         Curriculum vitae of the nominee. In the case of an organization -
> a detailed prospectus.
>
>
>         A precis of the work for which the nominee is being proposed.
> This should be a brief description of
>         the contributions of the individual/organization, their
> importance, and their impact in 250 words or
>         less. [See Application Form].
>
>         Click to download at no charge Adobe's Acrobat Reader.
>         This format was chosen to allow the user to zoom in and out,
>         pan the documents in any direction and print them.
>
>
>
>
>         A more detailed description of the nature of the work and
> contribution of an individual or
>         organization that supports the receipt of the Dan David Prize.
> This description, limited to two
>         typewritten pages, should describe the work, its importance, and
> its impact, and the influence it has
>         had and is projected to continue to have in the field or area
> represented. [See Application Form]
>
>
>         A list of the nominee's publications or relevant works. This
> should include no more than 20 citations
>         with brief (1-2 sentence) annotations emphasizing those
> contributions that support the candidacy of
>         the nominee for the DDP, together with three copies of two of the
> most relevant publications.
>
>
>         Two supporting and detailed letters from internationally
> recognized public and/or scientific figures in
>         the relevant field.
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>
>
>
>
>
>      Please send all the material to:
>      Dr. Gad Barzilai
>      Director
>      Dan David Prize
>      Eitan Berglas Bldg/119
>      Tel Aviv University 69978,
>      Tel Aviv, Israel.
>
>      Due date: December 15, 2001. Applications received after the due
> date will not be reviewed.
>      It is strongly recommended to send the material well in advance,
> since the review committees will
>      begin working promptly after the deadline.
>
>
>      All nominations are to be submitted in English.
>
>
>      All nominations should be typed in Times New Roman or Arial, 12
> point, and according to the DDP's
>      specific guidelines. The nominator's form should be carefully
> completed. [See Application Form]
>
>
>      Informal nominations are NOT accepted.
>
>
>      If the major publications of a nominee are not in English, the
> relevant review committee may seek the
>      assistance of an additional jury, as required. If no competent jury
> is found to the satisfaction of the
>      relevant review committee, it may demand translations of the
> publications into English, and the
>      nominee or the nominator will cover the costs. The DDP will inform
> the nominator concerning these
>      possible costs of translations and will ask permission to proceed
> with the review.
>
>
>      Nominators will be notified of the DDP's decision on their nomination.
>
>Raymond S. Bradley
>Distinguished Professor and Head of Department
>Department of Geosciences
>University of Massachusetts
>Amherst, MA 01003-5820
>
>Tel: 
>Fax: 
>Climate System Research Center: 
>Climate System Research Center Web Page:
><http://www.geo.umass.edu/climate/climate.html>
>Paleoclimatology Book Web Site (1999):
>http://www.geo.umass.edu/climate/paleo/html
>
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>
>

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: Michael E. Mann
Cc: Raymond S. Bradley; mhughes@ltrr.arizona.edu
Subject: Re: let"s get serious now!
Date: Saturday, March 23, 2002 11:30:09 AM

p.s. I don't know what's happened to my spelling! I apologize!!!

mike

At 01:28 PM 3/23/02 -0500, Michael E. Mann wrote:
>Ray,
>
>Thanks--yes, this is intruiging. Perhaps we could get someone like Steve
>Schneider or Jim Hansen to nominate us. But it seems somewhat a bit
>tricky. Are you sure nobody has already nominated us?
>
>I've been told that are work has come up in discussions of the McArthur
>prize, but so far nothing to show for it...
>
>If I have an opportunity to plug this to Jim, I will (don't know if I
>mentioned, but I'm doing my sabbattical next fall at NASA/GISS),
>
>mike
>
>At 01:17 PM 3/23/02 -0500, Raymond S. Bradley wrote:
>>check this out:
>>http://www.dandavidprize.com/
>>
>>They award a $1M prize each year to studies of "the past, present and
>>future".
>>Well, I modestly think that our 1000 year reconstruction (whether right
>>or wrong) had a major impact on the IPCC process, and played some role in
>>convincing people that the time had come to sign on to Kyoto....it
>>effectively became an icon of the IPCC....
>>so--why not?  Of course, we can't nominate ourselves, and would need to
>>find somebody who is internationally recognised & influential to nominate
>>us (Wally?!!!!).  Maybe Steve Schneider..?
>>We missed the Dec 2001 deadline which is a $1M mistake, but maybe next
>>time around?
>>Any thoughts?
>>Here are the procedural details...
>>Ray
>>
>>
>>Application
>>
>>
>>      PRIZE FIELDS OF ENDEAVOR FOR 2002:
>>
>>      PAST - History
>>      PRESENT - Information and Contemporary Society
>>      FUTURE - Life Sciences
>>
>>
>>
>>
>>      The Dan David Prize is an equal opportunity enterprise, and prizes
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>> are bestowed on the basis of merit,
>>      without any discrimination based on gender, race, ethnicity, color,
>> religion, language, nationality,
>>      disability, or any other social and/or political affiliation.
>>
>>
>>      Self-nomination is not allowed.
>>
>>
>>      In accordance to its complete discretion, the DDP will call upon
>> leading academic, research, and public
>>      institutions; prominent NGOs; highly-ranked colleges and
>> universities; outstanding public and
>>      academic figures, and former laureates of the DDP all over the
>> world, to nominate exceptionally strong
>>      candidates that comply with the DDP's requirements.
>>
>>
>>      If you have been asked by the DDP to nominate, please follow the
>> instructions.
>>
>>      Nominations should be submitted to the DDP in writing along with
>> all the material relevant to the review
>>      process.
>>
>>      The relevant material includes:
>>
>>
>>         Curriculum vitae of the nominee. In the case of an organization
>> - a detailed prospectus.
>>
>>
>>         A precis of the work for which the nominee is being proposed.
>> This should be a brief description of
>>         the contributions of the individual/organization, their
>> importance, and their impact in 250 words or
>>         less. [See Application Form].
>>
>>         Click to download at no charge Adobe's Acrobat Reader.
>>         This format was chosen to allow the user to zoom in and out,
>>         pan the documents in any direction and print them.
>>
>>
>>
>>
>>         A more detailed description of the nature of the work and
>> contribution of an individual or
>>         organization that supports the receipt of the Dan David Prize.
>> This description, limited to two
>>         typewritten pages, should describe the work, its importance, and
>> its impact, and the influence it has
>>         had and is projected to continue to have in the field or area
>> represented. [See Application Form]
>>
>>
>>         A list of the nominee's publications or relevant works. This
>> should include no more than 20 citations
>>         with brief (1-2 sentence) annotations emphasizing those
>> contributions that support the candidacy of
>>         the nominee for the DDP, together with three copies of two of
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>> the most relevant publications.
>>
>>
>>         Two supporting and detailed letters from internationally
>> recognized public and/or scientific figures in
>>         the relevant field.
>>
>>
>>
>>
>>
>>      Please send all the material to:
>>      Dr. Gad Barzilai
>>      Director
>>      Dan David Prize
>>      Eitan Berglas Bldg/119
>>      Tel Aviv University 69978,
>>      Tel Aviv, Israel.
>>
>>      Due date: December 15, 2001. Applications received after the due
>> date will not be reviewed.
>>      It is strongly recommended to send the material well in advance,
>> since the review committees will
>>      begin working promptly after the deadline.
>>
>>
>>      All nominations are to be submitted in English.
>>
>>
>>      All nominations should be typed in Times New Roman or Arial, 12
>> point, and according to the DDP's
>>      specific guidelines. The nominator's form should be carefully
>> completed. [See Application Form]
>>
>>
>>      Informal nominations are NOT accepted.
>>
>>
>>      If the major publications of a nominee are not in English, the
>> relevant review committee may seek the
>>      assistance of an additional jury, as required. If no competent jury
>> is found to the satisfaction of the
>>      relevant review committee, it may demand translations of the
>> publications into English, and the
>>      nominee or the nominator will cover the costs. The DDP will inform
>> the nominator concerning these
>>      possible costs of translations and will ask permission to proceed
>> with the review.
>>
>>
>>      Nominators will be notified of the DDP's decision on their nomination.
>>
>>Raymond S. Bradley
>>Distinguished Professor and Head of Department
>>Department of Geosciences
>>University of Massachusetts
>>Amherst, MA 01003-5820
>>
>>Tel: 
>>Fax: 
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>>Climate System Research Center: 
>>Climate System Research Center Web Page:
>><http://www.geo.umass.edu/climate/climate.html>
>>Paleoclimatology Book Web Site (1999):
>>http://www.geo.umass.edu/climate/paleo/html
>>
>>
>
>_______________________________________________________________________
>                     Professor Michael E. Mann
>            Department of Environmental Sciences, Clark Hall
>                       University of Virginia
>                      Charlottesville, VA 22903
>_______________________________________________________________________
>e-mail: mann@virginia.edu   Phone:    FAX: 
>         http://www.evsc.virginia.edu/faculty/people/mann.shtml
>

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu
Cc: mann@virginia.edu; nrg2p@virginia.edu
Subject: sub-contract
Date: Tuesday, May 07, 2002 6:01:01 AM

Hi Malcolm,

Do you know what the status of the sub-contract from U. Arizona to U.Va is?
I was hoping to support Zhang on this, at least partially, this summer--but
no word yet. Thanks in advance,

mike

p.s. I've cc'd our grants administrator Neal Grandy. Perhaps someone from
U. Arizona Grants & Contracts can contact us w/ information? Thanks in
advance for the help...

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Malcolm Hughes
To: Michael E. Mann
Subject: Re: sub-contract
Date: Tuesday, May 07, 2002 7:19:41 AM

Mike - I've forwarded your message to Phyllis
Gress, our admin person, and asked her to
follow up on both subcontracts, yours and
Jeff's. Although we have had permission to
spend since January 1, the formal paperwork
from NOAA only showed up in the last week
or ten days. This, apparently, is typical.
Sorry about the radio silence over the weekend
- I had a couple of minor crises going on.
Anyway, I think the exchange of letters
worked out OK. I have not received any
feedback, but I think we managed to raise
some important questions. The reader may find
the comment about us overemphasizing the
latitudinal differences a bit odd, in the context
of their having made the point so strongly
themselves. They largely conceded the scaling
point, at least as far as the Briffa/Osborne
version, and perhaps further. On RCS- we
raised the question, and their main response
was the boot-strapping test and a general
assertion that some of the other
reconstructions were as weak as theirs in this
respect. What they didn't answer was the
special vulnerability of RCS to small numbers.
My guess is that some readers will pick up on
this, but that others will not.
Now, onward and upward! Cheers, Malcolm
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From: Michael E. Mann
To: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; Scott Rutherford
Cc: mann@virginia.edu; nrg2p@virginia.edu
Subject: Fwd: ESH proposal
Date: Friday, May 10, 2002 9:53:29 AM

Guys, talked to Dave,

So once again it is the old switcharoo, NOAA is going to fund us instead of
NSF. We'll need to formally withdraw the proposal from NSF since another
agency (NOAA) is funding it instead. I need to talk to Chris this afternoon
about the details, before he heads off to Arizona to learn about tree rings
from Malcolm!

mike

>From: "Verardo, David J." <dverardo@nsf.gov>
>To: "'mann@virginia.edu'" <mann@virginia.edu>
>Subject: ESH proposal
>Date: Fri, 10 May 2002 12:32:04 -0400
>X-Mailer: Internet Mail Service (5.5.2653.19)
>
>Mike,
>Give me a call.
>Dave
>
>David J. Verardo
>Director, Paleoclimate Program
>National Science Foundation
>GEO/ATM Room 775
>4201 Wilson Boulevard
>Arlington, VA  22230
>tel: 
>fax: 
>email: dverardo@nsf.gov

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: Verardo, David J.; "rbradley@geo.mass.edu"; "mhughes@ltrr.arizona.edu"
Cc: "Christopher D Miller"; Neal Grandy
Subject: Re: ESH
Date: Friday, May 10, 2002 10:24:30 AM

Dear Dave,

Thanks very much for your phone call and this great news. Of course, we
continue to be very grateful to both NOAA and NSF for jointly funding this
research over the years, and are excited that we will be funded to continue
with it..

I'm of course happy to have the U.Va proposal formally withdrawn from NSF.

I'll try to reach Chris this afternoon.

Thanks again,

Mike

At 12:49 PM 5/10/02 -0400, Verardo, David J. wrote:
>Gentlemen,
>The NSF-NOAA ESH program is interested in funding your collaborative
>submission to the 2002 competition.  Chris Miller and I have agreed that the
>proper programmatic strategy is to have the proposal withdrawn from the NSF
>and resubmitted to NOAA.  You should contact Chris and negotiate budgets
>directly with him.
>
>I will withdraw your proposals from the NSF on the basis of the project
>being funded by another federal agency.
>
>Please acknowledge your understanding of this message by return email to me.
>
>Congratulations and best of luck with your research.
>Dave
>
>David J. Verardo
>Director, Paleoclimate Program
>National Science Foundation
>GEO/ATM Room 775
>4201 Wilson Boulevard
>Arlington, VA  22230
>tel: 
>fax: 
>email: dverardo@nsf.gov

_______________________________________________________________________
                      Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
        http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Christopher.D.Miller@noaa.gov
Cc: mann@virginia.edu; mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu
Subject: Proposal
Date: Friday, May 10, 2002 2:33:50 PM

Dear Chris,

We believe that we can trim the total budget by approximately 44K without
severely impeding our ability to carry out the proposed work. Any more than
that would probably begin to compromise the project.

Both Hughes and Bradley can get by without graduate student support for
year #1, so we can cut one year of graduate student support from both the
Arizona and U.Mass sub-contracts. Its difficult for me to find other items
in the budget that can easily be scratched.
In this scenario, the approximate budgets would be:

             U.Va    U.Mass  Arizona  Total
Year #1: 109K    21K       14K     144K
Year #2 104K    44K         7K      185K
Year #3 102K    46K       38K      186K
_________________________________________________________
Total     315K  111K       89K       515K

Please let us know if this sounds ok, or if we need to discuss further.
Once we get the go ahead from you, each of the institutions involved will
go ahead and contact Irma Dupree to begin the processing of the appropriate
forms for NOAA.

As I understand it, Dave V is going about "withdrawing" our proposal from
NSF, and there is nothing further we need to do about this at our ends?

Thanks again for your help.

Cheers,

Mike

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Malcolm Hughes
To: Michael E. Mann
Cc: mann@virginia.edu; mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu
Subject: Re: Proposal
Date: Friday, May 10, 2002 2:55:40 PM

Mike - there's a type in the budget in your
message to Chris Miller - the AZ budget in
year 2 is $37K, not $7k. Cheers, Malcolm

> Dear Chris,
>
> We believe that we can trim the total budget by approximately 44K
> without severely impeding our ability to carry out the proposed work.
> Any more than that would probably begin to compromise the project.
>
> Both Hughes and Bradley can get by without graduate student support
> for year #1, so we can cut one year of graduate student support from
> both the Arizona and U.Mass sub-contracts. Its difficult for me to
> find other items in the budget that can easily be scratched. In this
> scenario, the approximate budgets would be:
>
>              U.Va    U.Mass  Arizona  Total
> Year #1: 109K    21K       14K     144K
> Year #2 104K    44K         7K      185K
> Year #3 102K    46K       38K      186K
> _________________________________________________________
> Total     315K  111K       89K       515K
>
> Please let us know if this sounds ok, or if we need to discuss
> further. Once we get the go ahead from you, each of the institutions
> involved will go ahead and contact Irma Dupree to begin the processing
> of the appropriate forms for NOAA.
>
> As I understand it, Dave V is going about "withdrawing" our proposal
> from NSF, and there is nothing further we need to do about this at our
> ends?
>
> Thanks again for your help.
>
> Cheers,
>
> Mike
>
>
> ______________________________________________________________________
> _
>                      Professor Michael E. Mann
>             Department of Environmental Sciences, Clark Hall
>                        University of Virginia
>                       Charlottesville, VA 22903
> ______________________________________________________________________
> _ e-mail: mann@virginia.edu   Phone:    FAX: (434)
> 982-2137
>          http://www.evsc.virginia.edu/faculty/people/mann.shtml      
>               
>
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From: Michael E. Mann
To: christopher.d.miller@noaa.gov
Cc: Michael E. Mann; William L Murray; mann@virginia.edu; mhughes@ltrr.arizona.edu
Subject: Re: Proposal
Date: Friday, May 10, 2002 7:41:08 PM

Thanks Chris,

By the way--Malcolm alerted me to a typo (year #2 for Arizona is "37K" not
"7K"), but this is just an isolated typo--all the totals are correct as
indicated...

Mike

At 05:49 PM 5/10/02 -0700, Chris Miller wrote:
>Mike, We'll work with your revised numbers.  So go ahead and submit your
>paperwork.
>
>Chris
>
>"Michael E. Mann" wrote:
> >
> > Dear Chris,
> >
> > We believe that we can trim the total budget by approximately 44K without
> > severely impeding our ability to carry out the proposed work. Any more than
> > that would probably begin to compromise the project.
> >
> > Both Hughes and Bradley can get by without graduate student support for
> > year #1, so we can cut one year of graduate student support from both the
> > Arizona and U.Mass sub-contracts. Its difficult for me to find other items
> > in the budget that can easily be scratched.
> > In this scenario, the approximate budgets would be:
> >
> >              U.Va    U.Mass  Arizona  Total
> > Year #1: 109K    21K       14K     144K
> > Year #2 104K    44K         7K      185K
> > Year #3 102K    46K       38K      186K
> > _________________________________________________________
> > Total     315K  111K       89K       515K
> >
> > Please let us know if this sounds ok, or if we need to discuss further.
> > Once we get the go ahead from you, each of the institutions involved will
> > go ahead and contact Irma Dupree to begin the processing of the appropriate
> > forms for NOAA.
> >
> > As I understand it, Dave V is going about "withdrawing" our proposal from
> > NSF, and there is nothing further we need to do about this at our ends?
> >
> > Thanks again for your help.
> >
> > Cheers,
> >
> > Mike
> >
> > _______________________________________________________________________
> >                      Professor Michael E. Mann
> >             Department of Environmental Sciences, Clark Hall
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> >                        University of Virginia
> >                       Charlottesville, VA 22903
> > _______________________________________________________________________
> > e-mail: mann@virginia.edu   Phone:    FAX: 
> >          http://www.evsc.virginia.edu/faculty/people/mann.shtml

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: mhughes@ltrr.arizona.edu; rbradley@geo.umass.edu
Cc: nrg2p@virginia.edu
Subject: Fwd: Re: Proposal
Date: Saturday, May 11, 2002 5:01:05 AM

Dear All:

So Chris basically seems to have approved our revised budget. Ignoring the
typo pointed out by Malcolm ("7K" at Arizona in year 2 should be "37K") and
some minor adjustments in the budget point out by Ray, I think that all we
have to do is contact Irma Dupress and process the appropriate NOAA budget
papers at our respective institutions.

Chris indicated that if complete this by early June, we should be fine for
a September 1 start!

cheers,

mike

>Date: Fri, 10 May 2002 17:49:03 -0700
>From: Chris Miller <christopher.d.miller@noaa.gov>
>Reply-To: christopher.d.miller@noaa.gov
>Organization: NOAA/OGP
>X-Mailer: Mozilla 4.79 (Macintosh; U; PPC)
>X-Accept-Language: en
>To: "Michael E. Mann" <mann@virginia.edu>
>CC: William L Murray <William.L.Murray@noaa.gov>
>Subject: Re: Proposal
>
>Mike, We'll work with your revised numbers.  So go ahead and submit your
>paperwork.
>
>Chris
>
>"Michael E. Mann" wrote:
> >
> > Dear Chris,
> >
> > We believe that we can trim the total budget by approximately 44K without
> > severely impeding our ability to carry out the proposed work. Any more than
> > that would probably begin to compromise the project.
> >
> > Both Hughes and Bradley can get by without graduate student support for
> > year #1, so we can cut one year of graduate student support from both the
> > Arizona and U.Mass sub-contracts. Its difficult for me to find other items
> > in the budget that can easily be scratched.
> > In this scenario, the approximate budgets would be:
> >
> >              U.Va    U.Mass  Arizona  Total
> > Year #1: 109K    21K       14K     144K
> > Year #2 104K    44K         7K      185K
> > Year #3 102K    46K       38K      186K
> > _________________________________________________________
> > Total     315K  111K       89K       515K
> >
> > Please let us know if this sounds ok, or if we need to discuss further.
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> > Once we get the go ahead from you, each of the institutions involved will
> > go ahead and contact Irma Dupree to begin the processing of the appropriate
> > forms for NOAA.
> >
> > As I understand it, Dave V is going about "withdrawing" our proposal from
> > NSF, and there is nothing further we need to do about this at our ends?
> >
> > Thanks again for your help.
> >
> > Cheers,
> >
> > Mike
> >
> > _______________________________________________________________________
> >                      Professor Michael E. Mann
> >             Department of Environmental Sciences, Clark Hall
> >                        University of Virginia
> >                       Charlottesville, VA 22903
> > _______________________________________________________________________
> > e-mail: mann@virginia.edu   Phone:    FAX: 
> >          http://www.evsc.virginia.edu/faculty/people/mann.shtml

_______________________________________________________________________
                     Professor Michael E. Mann
            Department of Environmental Sciences, Clark Hall
                       University of Virginia
                      Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml             
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From: Michael E. Mann
To: Malcolm Hughes
Subject: project summary
Date: Tuesday, August 10, 2004 1:13:04 PM
Attachments: nsf-esh04-summary.doc

Hi Malcolm,

here is the project summary. More to come (hopefully within the next week)...

Mike

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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PROJECT SUMMARY  
 

Mechanisms of Climate Change and Variability During the Late Holocene 
 

The proposed project will build on previous efforts to both reconstruct and model patterns of climate 
variability during past millennia.  This project will make use of detailed proxy-based reconstructions of 
large-scale surface temperature and atmospheric circulation patterns over the past two millennia. 
Comparisons will be made with forced climate model simulations in collaboration with colleagues at 
three different climate modeling centers (NASA/GISS, NCAR, and ECBILT-CLIO) to elucidate plausible 
mechanisms underlying patterns of climate variability over this timeframe. Concurrent with these 
activities, preliminary extensions of climate reconstructions to the past 3-5 millennia will be attempted 
based on the use of coarsely resolved proxy climate indicators. The Intellectual Merit of the project is 
characterized by three inter-related scientific research components: 

1. Empirical proxy-based climate reconstruction: This component will involve (a) preliminary 
extensions of large-scale temperature reconstructions over the past 3-5 millennia based on the careful 
consideration of a restricted set of less temporally resolve proxy temperature records in conjunction 
with (b) testing of sparse sampling strategies for large-scale climate reconstruction based on the use 
of 'pseudoproxy' networks derived from long climate model simulations (see "2" below). 

2. Modeling of past climate changes: This component will involve a set of experiments designed to 
assess the underlying external and dynamical factors consistent with reconstructed patterns of past 
climate change. These experiments will include (a) specified SST forcing of atmosphere-only models 
(GISS and NCAR) using proxy-reconstructed of observed SST changes; (b) external radiative forcing 
of an atmospheric model with interactive stratospheric photochemistry and mixed-layer ocean (GISS) 
and (c) external radiative forcing of a fully coupled ocean-atmosphere model (NCAR; ECBILT). 
These modeling experiments will also be used in tests of proxy network sampling strategies (see "1" 
above). 

3. Model/Data comparison: This component will involve the quantitative assessment of the extent to 
which model simulations can explain observed patterns of changes in surface temperature, 
atmospheric circulation, and continental drought. These assessments will draw upon established tools 
including multivariate frequency-domain analyses, pattern correlations, and composite analysis.  

Broader Impacts of the proposed research involve significant expected progress towards addressing key 
outstanding issues regarding the spatial and temporal details of past changes in the Earth's climate, the 
factors underlying those changes, and implications for our understanding of future climate change. 
Among the primary issues to be investigated are: 

1) The role of combined natural and anthropogenic radiative forcing in explaining hemispheric and 
global mean temperature changes over the past 1000-2000 years 

2) The nature of the response of tropical Pacific coupled ocean-atmosphere dynamics to changes in 
external radiative forcing. 

3) The role of tropical Pacific climate changes in explaining larger-scale patterns of climate (surface 
temperature and atmospheric circulation) variability and change  

4) The role of both tropical Pacific and tropical Atlantic SST forcing in explaining patterns of North 
American drought. 

5) The nature of the response of the Northern and Southern Annular modes (NAM and SAM) to 
changes in external radiative forcing. 

6) The role of changes in the NAM and SAM in explaining observed patterns of large-scale climate  
(surface temperature and atmospheric circulation) variability and change  
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From: Michael E. Mann
To: rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu
Subject: draft of ESH proposal
Date: Friday, August 13, 2004 1:39:23 PM
Attachments: nsf-esh04.doc

Dear Ray, Malcolm

Attached is a draft of the proposal to be submitted to ESH in October. Please pay
particular attention to those places where you've been flagged (yellow highlighted
"Malcolm" and "Ray").

I'm hoping to get comments back from everyone by labor day, so I can begin to
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PROJECT SUMMARY  
 

Mechanisms of Climate Change and Variability During the Late Holocene 
 

The proposed project will build on previous efforts to both reconstruct and model patterns of climate 
variability during past millennia.  This project will make use of detailed proxy-based reconstructions of 
large-scale surface temperature and atmospheric circulation patterns over the past two millennia. 
Comparisons will be made with forced climate model simulations in collaboration with colleagues at 
three different climate modeling centers (NASA/GISS, NCAR, and ECBILT) to elucidate plausible 
mechanisms underlying patterns of climate variability over this timeframe. Concurrent with these 
activities, preliminary extensions of climate reconstructions to the past 3-5 millennia will be attempted 
based on the use of coarsely resolved proxy climate indicators. The Intellectual Merit of the project is 
characterized by three inter-related scientific research components: 

1. Empirical proxy-based climate reconstruction: This component will involve (a) preliminary 
extensions of large-scale temperature reconstructions over the past 3-5 millennia based on the careful 
consideration of a restricted set of less temporally resolve proxy temperature records in conjunction 
with (b) testing of sparse sampling strategies for large-scale climate reconstruction based on the use 
of 'pseudoproxy' networks derived from long climate model simulations (see "2" below). 

2. Modeling of past climate changes: This component will involve a set of experiments designed to 
assess the underlying external and dynamical factors consistent with reconstructed patterns of past 
climate change. These experiments will include (a) specified SST forcing of atmosphere-only models 
(GISS and NCAR) using proxy-reconstructed of observed SST changes; (b) external radiative forcing 
of an atmospheric model with interactive stratospheric photochemistry and mixed-layer ocean (GISS) 
and (c) external radiative forcing of a fully coupled ocean-atmosphere model (NCAR; ECBILT). 
These modeling experiments will also be used in tests of proxy network sampling strategies (see "1" 
above). 

3. Model/Data comparison: This component will involve the quantitative assessment of the extent to 
which model simulations can explain observed patterns of changes in surface temperature, 
atmospheric circulation, and continental drought. These assessments will draw upon established tools 
including multivariate frequency-domain analyses, pattern correlations, and composite analysis.  

Broader Impacts of the proposed research involve significant expected progress towards addressing key 
outstanding issues regarding the spatial and temporal details of past changes in the Earth's climate, the 
factors underlying those changes, and implications for our understanding of future climate change. 
Among the primary issues to be investigated are: 

1) The role of combined natural and anthropogenic radiative forcing in explaining large-scale 
temperature changes over the past 1000-2000 years 

2) The nature of the response of tropical Pacific coupled ocean-atmosphere dynamics to changes in 
external radiative forcing. 

3) The role of tropical Pacific climate changes in explaining larger-scale patterns of climate (surface 
temperature and atmospheric circulation) variability and change in past centuries 

4) The role of both tropical Pacific and tropical Atlantic SST forcing in explaining patterns of North 
American drought in past centuries 

5) The nature of the response of the Northern and Southern Annular modes (NAM and SAM) to 
changes in external radiative forcing. 

6) The role of changes in the NAM and SAM in explaining observed patterns of large-scale climate  
(surface temperature and atmospheric circulation) variability and change  in past centuries 
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PROJECT DESCRIPTION 

Mechanisms of Climate Change and Variability During the Late Holocene 

Results from prior NSF support 

Multiproxy Climate Reconstruction: Extension in Space and Time, and Model/Data Inter-comparison 
Earth Systems History (ESH) NOAA/NSF joint  (NOAA NA96GP0404) 
1/1/99 - 8/31/02, $382,000 (U.Va award), P.I.: M.E. Mann, co-investigators: R.S. Bradley, M.K. 
Hughes 

This project built on previous work by Mann and colleagues reconstructing large-scale surface 
temperature patterns in past centuries (Mann et al, 1998). Seasonally-resolved versions of the Mann et al 
(1998) surface temperature reconstructions (Mann et al, 2000b) were produced, and proxy climate 
reconstructions were analyzed for insights into the nature of long-term internal climate variability (e.g. 
Braganza et al, 2003; Covey et al, 2003) including analysis of modes of climate variability related to the  
El Nino/Southern Oscillation or 'ENSO' (Mann et al, 2000ab; Mann 2001ab), the North Atlantic 
Oscillation or 'NAO' (Cullen et al, 2001; Mann 2001ab; Mann 2002a; Cook et al, 2002), and multidecadal 
North Atlantic ocean-atmosphere processes (Delworth and Mann, 2000). The role of external forcing in 
climate changes in past centuries was examined at the hemispheric-mean scale (Mann 2000; Mann, 
2002b; Gerber et al, 2002) and in terms of spatial patterns of forced response  (Shindell et al, 2001; Waple 
et al, 2002).  The possible role of biases related to dendroclimatic processing and standardization issues in 
paleoclimate reconstruction were examined (Mann et al, 2000b; Mann and Hughes, 2002). Discrepancies 
between borehole and proxy-based temperature reconstructions were examined, and signal-detection 
techniques were used to produce optimal borehole surface temperature estimates (Mann et al., 2003).  

Methodological refinements of  the original Mann et al (1998) climate field reconstruction (CFR) 
approach were introduced  (Mann and Rutherford, 2002; Rutherford et al, 2003), and the fidelity of CFR 
was tested using networks of ''pseudoproxies''  obtained by resampling the instrumental surface 
temperature record using sparse networks of data of varying size and additive noise level (Mann and 
Rutherford, 2002). These tests supported conclusions from previous studies regarding the level of 
statistical skill in proxy-based climate reconstruction, placing limits on the potential skill and suggesting 
alternative strategies for improved proxy-based surface temperature pattern reconstructions.   The issue of 
whether or not calibration of proxy data against non-stationary late 20th century instrumental data may 
produce a biased reconstruction was addressed through analyses of control and forced integrations of the 
Geophysical Fluid Dynamics Laboratory (GFDL) R30 coupled ocean-atmosphere model and instrumental 
temperature records, establishing that climate reconstructions of the 19th and previous centuries are 
unbiased when the 20th century is used as a calibration period (Rutherford et al., 2003).  
 
This project resulted in more than 20 peer-reviewed publications. Results from this project were featured 
prominently in several chapters of the 2001 IPCC report, and the numerous resulting datasets were made 
publicly available through the NOAA World Data Center for Paleoclimatology.  This proposal has also 
helped support Brad Adams' and Zhihua Zhang's progress towards their dissertations in the Department of 
Environmental Sciences at the University of Virginia, and has furthered the post-graduate scientific 
development of University of Virginia postdoctoral researcher Dr. Scott Rutherford. 

Reconstruction and Analysis of Patterns of Climate Variability Over the Last One to Two Millennia 
Earth Systems History (ESH) NOAA/NSF joint  (NOAA NA16GP2913) 
9/1/02 - 8/31/04, $315,000 (U.Va award), P.I.: M.E. Mann, co-investigators and collaborators: R.S. 
Bradley, M.K. Hughes, T. Delworth, R. Stouffer, M. Cane, S. Zebiak 
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This project, currently in progress, has built on previous proxy climate reconstruction and model/data 
intercomparison work by Mann and colleagues. Among the accomplishments thusfar are  the 
development of a hybrid frequency domain approach (Rutherford et al 2004) to climate field 
reconstruction, which has been found to yield verification scores that are comparable or better than the 
non-hybrid approach (Rutherford et al, 2004), and allows for the inclusion of proxies with lower than 
annual resolution (e.g., lake and high-resolution ocean sediments) in climate field reconstruction (CFR). 

In collaboration with colleagues at the Climatic Research Unit (CRU) of the University of East Anglia, an 
analysis was performed of the sensitivity of Northern Hemisphere surface temperature reconstructions to 
different methods and proxy networks (Rutherford et al, 2004) and have applied  the 'RegEM' Climate 
Field Reconstruction (CFR) technique developed under a prior award to the improved reconstruction of 
proxy-based continental  drought in the conterminous United States in past centuries (Zhang et al, 2004).  
In collaboration w/ colleague P. Jones of  CRU, an extension of proxy-based estimates of hemispheric and 
global-mean temperature changes back to AD 2000 has been performed (Mann and Jones, 2003), and in 
collaboration w/ colleagues N. Andronova and M. Schlesinger, these hemispheric reconstructions have 
been used to  assess the sensitivity of the climate system to radiative forcing based on comparisons with 
forced EBM model simulations (Andronova et al, 2004).   Progress has also been made in elucidating 
possible dynamical mechanisms consistent with reconstructed climate histories. This progress includes 
the analysis of the role of radiative (volcanic and solar) forcing of the Arctic Oscillation on past seasonal 
temperature changes based on experiments with a stratosphere-resolving climate model in collaboration 
with D. Shindell and G. Schmidt of NASA/GISS (Shindell et al, 2003, 2004), and publication of an 
analysis describing a statistical linkage between long-term volcanic forcing and ENSO-related climate 
variability (Adams et al, 2003). In collaboration with Columbia Univ. colleagues M. Cane and S. Zebiak, 
and A. Clement of University of Miami, a compelling theoretical mechanism for natural (volcanic and 
solar) radiative forcing of the El Nino/Southern Oscillation (ENSO) over the past 1000 years has been 
described (Mann et al, 2004), explaining both the empirical evidence of linkages between explosive 
volcanism and El Nino events detailed by Adams et al (2003),  and the evidence for century-scale 
variations in tropical Pacific climate conditions in past centuries. These changes can potentially explain 
long-term changes in drought conditions in the western U.S. over the past 1000 years, which hold 
implications for assessing present-day drought vulnerability to radiative forcing of climate.  

Heading into the final stages of the project, the groundwork has been laid for proceeding with detailed 
proxy-based reconstructions of global patterns of seasonal Sea Level Pressure and Surface Temperature 
spanning the past two millennia, based on the revised systematic methodology described by Rutherford et 
al (2004) to assimilate networks of proxy indicators into CFR. These reconstructions are based on 
dynamically constructed proxy networks based on  an appropriate set of a priori criteria and screening 
process targeted to produce optimal verification scores for the  particular seasonal window and climate 
field of interest. The resulting reconstructions will be available for analysis by the completion of this 
project. Concurrently, we are making progress on the analysis of networks of synthetic proxy data or 
'pseudoproxies' to test the CFR approach developed under our previous award.  

This project produced 14 peer-reviewed publications published, in press, or submitted at the time of this 
proposal, including two recent reviews of climate change during the late Holocene years (Jones and 
Mann, 2004; Schmidt et al, 2004). Several sets have been made available to the NOAA World Data 
Center for Paleoclimatology, and the graphical interface designed for selecting proxy networks in CFR in 
this project will be made available upon completion of this project.  The masters thesis of University of 
Virginia graduate student Brad Adams, which was supported by this project,  resulted in a high profile 
article in  Nature (2003) detailing empirical proxy-based evidence for a relationship between explosive 
tropical volcanic forcing of climate and probability of El Nino events over the past several centuries. This 
project has also supported the progress of Zhihua Zhang's towards his dissertations in the Department of 
Environmental Sciences at the University of Virginia, and has furthered the professional development of 
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University of Virginia postdoctoral researcher Dr. Scott Rutherford, who has since taken a faculty 
position at Roger Williams University in Rhode Island. 
 
Remote Observations of Ice Sheet Surface Temperature: Toward Multi-Proxy Reconstruction of 
Antarctic Climate Variability 
NSF Office of Polar Programs, Antarctic Oceans and Climate System Program  
9/02 - 8/05, $133,000 (U.Va award), P.I.s: M.E. Mann (Univ. of Virginia), E. Steig (Univ. 
Washington), D. Weinbrenner (Univ. Washington) 
 
This project is aimed at reconstructing patterns of climate variability in Antarctica over the past one to 
two millennia based on calibration of annual resolution ice core oxygen isotopes against modern 
instrumental data. This involves the development of statistically reliable, spatially extensive estimates of 
surface temperature variations over the past century, based on cross-calibration of ground-based 
instrumental and satellite data. An 'infilled' version of the instrumental surface temperature record 
available over Antarctic during the 20th century has been produced using the covariance-based 
spatiotemporal infilling techniques described by Rutherford et al (2003). This record has, in turn, been 
statistically merged with satellite skin temperature measurements over Antarctic available during the past 
two decades to yield a spatially-extensive long-term instrumental surface temperature dataset.  The 
remainder of the project will be devoted to using this dataset to calibration currently available long-term 
annually resolved ice core oxygen isotopic records to yield a preliminary reconstruction of long-term 
temperature trends in Antarctica. 

A manuscript describing Antarctic surface temperature reconstructions over the historical period (Steig, 
Schneider, Mann, Rutherford, and Weinbrenner) is currently in preparation. This proposal has supported 
in part the professional development of U.Va graduate student Zhihua Zhang. 
 
1. Introduction 
 
Considerable progress has been made over the past several years with regard to our knowledge and 
understanding of the climate variability of the period spanned by the past one-to-two millennia (see Jones 
and Mann, 2004).  One important development has been the generation of multiple independent (or quasi-
independent) proxy-based reconstructions of hemispheric and global mean temperature changes in past 
centuries (see Mann et al, 1998;1999; Jones et al, 1998; Briffa et al, 1998; Briffa and Osborn, 1999; 
Crowley and Lowery, 2000; Huang et al, 2003; Folland et al, 2001; Jones et al, 2001; Mann 2001a; Esper 
et al, 2002; Mann and Jones, 2003; Crowley et al, 2003) and  numerous independent attempts to model 
hemispheric mean temperature changes using climate models of varying complexity forced by estimated 
past radiative forcing histories (Rind et al, 1999; Free and Robock, 1999; Crowley, 2000; Bertrand et al., 
2002; Gerber et al, 2003; Bauer et al, 2003; Hegerl et al, 2003; Goose et al, 2003; Gonzales-Rouco et al, 
2003, Crowley et al, 2003; Andronova et al, 2004; Crowley, 2004). Comparisons of model and 
observations at the hemispheric-mean scale yield a  generally consistent picture (Jones et al, 2001; Mann 
et al, 2003; Crowley et al, 2003; Jones and Mann, 2004; Schmidt et al, 2004), suggesting anomalous late 
20th century warmth in the context of at least the past one-to-two millennia  (Mann et al, 2003; Jones and 
Mann, 2004; Rutherford et al, 2004; Cook et al., 2004; Crowley, 2004) that appears to be associated with 
anthropogenic forcing (Crowley, 2000; Crowley et al, 2003; Hegerl et al, 2003; Andronova et al, 2004).  

Insights into regional responses and the underlying dynamical mechanisms are equally, if not more, 
important to our understanding of past climate changes. Significant progress has also been made in recent 
years in attempting more spatially and seasonally-resolved temperature reconstructions (Mann et al, 2000; 
Rutherford et al, 2004), and targeted reconstructions for key specific regions such as Europe (e.g. 
Luterbacher et al, 2004) and the tropical Pacific (e.g. Evans et al, 2003). Analyses have been performed 
addressing the influence of statistical methodology and type of proxy network used on spatial temperature 
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reconstructions, suggesting that alternative reconstructions appear consistent when seasonal and spatial 
sampling details are controlled for (Rutherford et al, 2004). 

Recent efforts have also emphasized proxy reconstructions of modes of climate variability such as  such 
as the North Atlantic Oscillation (NAO)/Arctic Oscillation(AO) (Appenzeller et al, 1998; Luterbacher et 
al., 1999; Schmutz et al, 2000; Cullen et al., 2001; Mann, 2002a; Cook et al., 2002a; D'Arrigo et al, 
2003b), the Antarctic Oscillation (AAO) (Jones and Widmann, 2003), the PDO index (Minobe, 1997; 
Biondi et al., 2001, Gedalof et al, 2002), the 'Atlantic Multidecadal Oscillation' or 'AMO' (Delworth and 
Mann, 2000; D'Arrigo et al, 2003a; Gray et al, 2003; 2004) and indices of the El Nino/Southern 
Oscillation including the SOI (Stahle et al., 1998) and  Niño3 (Mann et al., 2000a,b; Evans et al., 2002). 
In addition, detailed reconstructions of continental drought from tree-ring data have been performed in 
recent years (Cook et al, 1997;1999; Zhang et al, 2004). 

These regionally and seasonally detailed reconstructions, and reconstructions of particular modes of 
climate variability can, in conjunction with regionally-focused climate modeling experiments, allow us an 
opportunity to infer the dynamical mechanisms underlying observed patterns of past climate variability. 
Experiments using the NASA/GISS model suggest that the dynamical response of the AO/NAO or 
"Northern Annular Mode" (NAM) to past radiative forcing changes can explain some important features 
in reconstructed climate changes of past centuries (Shindell et al, 2001, 2003, 2004). The response of the 
NAM to solar forcing, for example, may explain the greater cooling observed in Europe during the 
17th/early 18th century height of the European "Little Ice Age" (Shindell et al, 2001), while the 
seasonally-opposite response of dynamically-induced winter warming and radiative induced summer 
cooling emphasizing the extratropical continents (Shindell et al, 2003, 2004), may explain evidence of 
enhanced summer extratropical cooling during certain intervals in the past (Mann et al, 2003; Mann and 
Schmidt, 2003; Shindell et al, 2003, Rutherford et al, 2004). Changes in the North Atlantic meridional 
overturning circulation in response to may also be important on multidecadal and multi-century to 
millennial timescales (Bond et al, 2001; Waple et al, 2002; Goose et al, 2003). 

The possible role of ENSO-scale feedbacks has not been incorporated into model estimates of externally-
forced hemispheric or global temperature changes in past centuries (e.g., Rind et al, 1999; Crowley, 2000; 
Goose et al, 2003).  Coupled ocean-atmosphere models used thusfar in forced millennial simulations 
(Gonzales-Rouco et al, 2003; Goose et al, 2003) do not faithfully reproduce the Bjerknes feedbacks 
governing coupled ocean-atmosphere variability in the tropical Pacific (though simulations in progress 
with the NCAR CCSM3 coupled model may realistically resolve such variability--Amman et all, pers. 
comm.). However, simulations employing the low-order 'Cane-Zebiak' model (Zebiak and Cane, 1997) 
model of the tropical coupled ocean-atmosphere dynamics using estimated tropical solar and volcanic 
radiative forcing over the past millennium, reproduce (Mann et al, 2004) some important empirical 
observations, including an observed relationship between explosive tropical volcanic forcing and the 
enhanced probability of ENSO conditions (Adams et al, 2003), and  regarding climate variability in past 
centuries.   They suggest... ENSO: Evans, Cobb, Waple et al, Adams et al, Mann et al (2004) and 
evidence from fossil corals in the central tropical Pacific spanning various intervals of the past 1000 years   
for an El Niño-like state during the otherwise generally cold 17th century  (e.g. Crowley, 2000; Mann et 
al, 2003) and a La Niña-like state during the otherwise relatively mild  12th/13th centuries (Crowley, 
2000; Mann et al, 2003). These results suggests a possible damping of the hemispheric-mean temperature 
changes estimated in the previous simulations discussed above that resolve possible ENSO-scale 
responses (see Mann et al, 2004) and may help to explain apparent evidence that extratropical temperature 
changes in past centuries (e.g. Esper et al, 2002) have been greater in amplitude than tropical (Hendy et 
al, 2002) or full hemispheric-scale (e.g. Mann et al, 2003) temperature changes. 

Possible such changes in tropical Pacific may provide an understanding of past changes in patterns of 
continental drought. Verschuren et al (2000) provide lake-level evidence in equatorial east Africa (Kenya) 
for  peak wet conditions during the mid-7th to the mid-18th centuries, and dry conditions during the early 
(11th-13th) centuries of the millennium,  reminiscent of anomalies typically associated with El Niño and 
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FIGURE 1  Maps of the full field 
reconstruction for interesting years 
using the three different proxy 
networks (multiproxy/PC, MXD and 
Combined) to reconstruct three 
seasonal targets.  The years shown 
are the following: 1600, the year of 
the Huaynaputina (Peru) eruption; 
1783, the year of the Laki eruption 
in Iceland; 1791, an El Nino year 
(Quinn and Neal 1992); 1816, the 
“Year Without a Summer” 
following the Tambora eruption in 
1815; and 1834, an exceptionally 
warm year in Europe (Mann et al., 
1998).  

La Niña conditions, respectively. A similar pattern of drought in earlier centuries and wet conditions in 
later centuries in the desert southwest of North America (Woodhouse and Overpeck, 1998) also favors 
interpretation in terms of the radiatively forced changes in ENSO in past centuries described by Mann et 
al (2004).   

Within a time frame of the next several half year, more spatially extensive, seasonally-resolved 
reconstructions of surface temperature and atmospheric circulation over the past 1-2 millennia currently 
under preparation by Rutherford and coworkers, will be submitted for publication and available for 
analysis and comparison with reconstructions of related climate fields (e.g. North American summer 
drought reconstructions) and climate model simulation results. In conjunction with concurrent advances 
in modeling of climate changes on this timeframe, including experiments using high resolution coupled 
ocean-atmosphere models capable of resolving ENSO-scale responses models that resolve coupled 
stratospheric/tropospheric processes, the detailed analysis of these reconstructions will provide an as-yet 
unparalleled opportunity to both characterize and understand, on a more fundamental level, the climate 
variability of the late Holocene. Such assessments may not only provide additional insight into the factors 
underlying past climate variability and change, but in addition may hold important implications for our 
understanding  of possible future climate change. 

 
2. Previous Work 
 
2.1. Proxy-Based Reconstructions Surface Temperature, Sea Level Pressure, and Continental 
Drought 

Building on earlier work (e.g. Bradley and Jones, 1993; Overpeck et al, 1997; Jones et al 1998; Mann et 
al, 1998; Briffa et al, 1998), Climate Field Reconstruction (CFR) techniques have recently been applied to 
more spatially extensive and seasonally resolved proxy data to yield seasonal reconstructions of surface 
air and sea surface temperature patterns spanning the past several centuries (Mann et al, 2000; Evans et al, 
2002; Rutherford et al, 2004). The spatially- and seasonally-resolved information in these reconstructions 
(Figure 1) has formed the basis for a number of studies seeking to identify the signature of expected 
patterns of response to known forcings of past climate (Shindell et al, 2003; 2004; Braganza et al, 2003; 
Adams et al, 2003).  
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Further building on these developments, Mann and colleagues are in the process of preparing a more 
extensive set of reconstructions of seasonal (cold-and warm-half year) large-scale surface temperature 
and sea level pressure spanning more than the past millennium. These reconstructions are based on a 
considerably expanded database (Figure 2) from that used by Mann and coworkers in previous years 
including a large number of previously unused annually-resolved tree-ring, coral, and ice core proxy 
records, and other lower-resolution, decadally resolved proxy indicators. An expansion of the data base 
has been accomplished by including additional proxy records that have been developed in the recent past, 
and by using the hybrid calibration procedure discussed below, which allows for the use of mid-
resolution data not included in the previous multiproxy reconstructions (e.g., decadally, but not annually 
resolved,  lake and sediment core data, and other more coarsely resolved proxy records) that can be used 
to better resolve low-frequency patterns of variance, and allows for the inclusion of dendroclimatic 
climate indicators in the International Tree Ring Data Bank (ITRDB) that were previously excluded from 
the proxy network because of their poor retention of low-frequency variability. Relaxing that requirement 
permits a more than three-fold increase in the usable tree-ring series from the ITRDB than were used by 
Mann et al (1998).  In addition, we are making use of an age banded version (Osborn et al, 2004) of the 
maximum latewood density (MXD) network originally developed by Briffa and coworkers (Briffa et al, 
1996;1998;2001)  developed to improve the retention of low frequency climatic information that might 
otherwise be reduced or removed by conventional standardization methods during chronology 
development. 

he recently developed 'hybrid' methodology described by Rutherford et al (2004) is currently being used 
to assimilate these networks of annual and decadal resolution proxy indicators into CFR in separate high 
(interannual) and low-frequency (decadal and longer period) bands.  By dynamically building different 
proxy networks using a variety of selection criteria and a screening process tailored to a particular field 
(surface temperature or sea level pressure), season (annual, cold-season or warm-season), and frequency 
band (low or high), proxy networks are chosen to produce optimal seasonal climate field reconstructions 
(as determined from  verification skill diagnostics) in these analyses. Based on initial analyses, these 
reconstructions are expected to exhibit greatest skill at regional scales during the past four or five 
centuries, while spatially coarse trends are expected one to two millennia back in time. The surface 
temperature reconstructions make use of the spatially infilled instrumental surface temperature record of 
Rutherford et al (2003) available back to 1856 (similar analyses have been performed by Smith et al, 
1996; Kaplan et al, 1998), for calibration, while the sea level pressure reconstructions make use of the 
infilled instrumental Sea Level Pressure record of Zhang and Mann (2004), available back to 1871. The 
resulting reconstructions will be completed by the beginning of the proposed project. Preliminary results 
are shown in Figure 3. 
 
 
 
 
 
[FIGURE 2-SCOTT/ZHANG SHOW MAP OF REVISED PROXY NETWORK!] 
  
 
 
 
 
 
 
[FIGURE 3--SCOTT/ZHANG SHOW PRELIMINARY RESULTS FROM SURFACE 
TEMPERATURE AND/OR  SLP RECONSTRUCTIONS] 
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FIGURE 4  Reconstructions of North American 
Palmer Drought Severity (PDSI) Index from Zhang 
et al (2004). Shown is the spatial PDSI 
reconstruction for a particular year (top) and the 
time series for the spatial region (region '5' from 
Zhang et al) spanned by the desert southwest of the 
U.S. (bottom--uncertainties shown by gray 
shading). 

Zhang et al (2004) have recently produced spatially complete reconstructions of the Palmer Drought 
Severity Index (PDSI) over the conterminous U.S. back to AD 1700 (see Figure 4), complimenting 
previous analyses by Cook and coworkers (Cook et al 1997;1999). These more recent drought 
reconstructions make use of a statistical approach known as "Regularized Expectation Maximization" or 
"RegEM" with some preferred statistical properties (Schneider, 2001; Rutherford et al, 2003; 2004), 
achieving a high level of verified statistical skill (Zhang et al, 2004).  While extensions of these 
reconstructions back over the past millennium are currently underway, at least for certain regions such as 
the western U.S. (E. Cook, pers. comm.), these currently available continental-scale reconstructions 
provide a baseline for the evaluation of detailed patterns of continental North American drought over the  
past several centuries. Longer millennial-scale, but more regionally-isolated evidence of drought 
variations in North America are available from lake sediment data (Laird et al, 1996). 
 

The state-of-the-art reconstructions of large-scale surface temperature, atmospheric circulation, and 
continental drought described above will provide the baseline for the analysis and comparison with 
results from modeling studies, described in this proposal.  These comparisons will focus on the past 
several centuries over which the most detailed regional information will be available, but it is expected 
that more limited but still useful regionally-resolved information will be available more than a 
millennium back in time. 
 
2.2. CFR Sampling Strategies 

The analysis of both model simulations (e.g. Shindell et al, 2003; Mann and Schmidt, 2003) and 
empirical reconstructions (Mann et al, 2003; Rutherford et al, 2004) demonstrates the importance of 
considering spatial and seasonal sampling dials in interpretation both  spatial patterns, and large-scale 
means from CFR results. For example,  biased estimates of hemispheric annual mean temperature 
variations are likely if using networks emphasizing only warm-season and continent-only conditions 
(Shindell et al, 2003; Mann et al, 2003; 2004; Rutherford et al, 2004; Mann et al, 2004). This is one 
example of the importance of careful network design and spatial/seasonal sampling strategies in pursuing 
proxy-based CFR.  

One important tool in the design of strategies for improved proxy-based CFR has been the testing of 
reconstruction strategies based on the analysis of synthetic networks of indicators taken from model 
simulations (Bradley, 1996; Zorita et al, 2003; Rutherford et al, 2003) or based on resampling of the 
instrumental record (Evans et al, 1998; Mann and Rutherford, 2002).  Mann and Rutherford (2002) 
analyzed reconstructions using ''pseudoproxy'' networks obtained by resampling the instrumental surface 
temperature record with gridpoint subsets of varying distribution and sparseness, seasonal window, and 
additive noise level (representing the 'signal-to-noise' of proxy), and character ('white', 'red', or 'blue'). 
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These tests demonstrated the increasing importance of the precise spatial location of indicators as 
networks become increasingly sparse (e.g., in the neighborhood of 20 or so independent samples). 
Rutherford et al (2003) took a similar strategy, constructing varyingly sparse networks of 'indicators' 
instead from the surface temperature field output of control and forced integrations of the Geophysical 
Fluid Dynamics Laboratory (GFDL) R30 coupled ocean-atmosphere model. This primary aim of this 
latter study was to test the influence of anthropogenic non-stationarity on the calibration/reconstruction 
process using 'noise-free' model pseudoproxy networks (i.e., simple sparse subsets of gridpoints from the 
actual model surface temperature field. This study yielded, among other insights,  the conclusion that 
unbiased proxy reconstructions result even in the presence of anthropogenic influence on the 20th 
century temperature record used for calibration.  

More recent experiments, currently in progress, combine the approaches of Mann and Rutherford (2002) 
and Rutherford et al (2003), designing pseudoproxy networks from long integrations of the Geophysical 
Fluid Dynamics Laboratory’s (GFDL) coupled General Circulation Model (GCM), and using both forced 
and long-term control simulations to examine issues related to the longer-term stationarity of CFR 
results. The derivation of pseudoproxy networks from these model integrations allows for a far more 
flexible set of experiments. Using a combined 900 yr control run with a  natural multi-century cooling 
trend and a 225 year forced run the long-term performance of the hybrid frequency-domain RegEM  CFR 
approach described by Rutherford et al (2004) is being investigated with respect to the length of the 
calibration period, and allowing for varying distribution and sparseness, seasonal window, and additive 
noise level and character.  Preliminary results (Figure 5) show... [SCOTT?? (briefly!)]. 
 
 
 
 
 
[FIGURE 5-SCOTT: GFDL PSEUDOPROXY EXPERIMENT RESULT] 
 
 
 
 
 
 
 
2.3. Model/Data Comparison and Establishing Underlying  Dynamical Mechanisms 
 
A large number of simulations of Northern Hemisphere mean temperature spanning the past millennium 
or longer have been performed over the past few years (see Figure 7)  using the full hierarchy of available 
climate models and estimates of past natural and anthropogenic radiative forcing histories  (Bertrand et 
al., 2002; Gerber et al, 2003; Bauer et al, 2003; Hegerl et al, 2003; Goose et al, 2003; Gonzales-Rouco et 
al, 2003, Crowley et al, 2003; Andronova et al, 2004; Schmidt et al, 2004; Crowley, 2004). These 
simulations have yielded a number of important conclusions  including (a) The modeled late 20th century  
hemispheric-mean warmth is anomalous in a long-term context, (b) this anomalous warmth can only be 
explained by anthropogenic (greenhouse gas plus sulfate aerosol) forcing and (c) the modeled natural 
variability is consistent with long-term proxy-based reconstructions within published uncertainties.  The 
comparisons of modeled and reconstructed hemispheric temperature histories implies a sensitivity of the 
climate to radiative forcing consistent with the typical range of estimates of 1.5-4.5oC/2xCO2 (see Jones 
and Mann, 2004). Experiments with a coupled climate/carbon cycle model by Gerber et al (2003) suggest 
a low-to-medium range sensitivity based on additional constraints from the observed CO2 record.  

Several of the simulations over-predict the net warming that has occurred since the early/mid 19th century 
as evident from the instrumental record (and reconstructions), leading to the appearance of colder 
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temperatures in past centuries when aligned with the modern instrumental record (Figure 6).  Simulations 
that take into account 19th and 20th century land use changes (Bauer et al in Figure 6), however, more 
closely match the observations, suggesting the importance of including land use changes as a significant 
19th and 20th century external radiative forcing (Govindasamy et al, 2001). One model simulation that 
produces especially large-amplitude variations (e.g. "GKSS" in Figure 6) assumes an extremely high 
amplitude solar forcing (nearly 8W/m2 change in solar constant over the course of the simulation), leading 
to substantial solar-forced hemispheric mean temperature changes in the past.   By contrast, other studies 
find little evidence to support such a substantial solar forcing of hemispheric mean temperature changes 
(e.g. Crowley, Gerber et al, and CSM in Figure 6; see also Hegerl et al, 2003).  
 
FIGURE 6  Model-based estimates of 
northern hemisphere temperature 
variations over the past two millennia 
(from Jones and Mann, 2004).  Shown 
are 40 year smoothed series. The 
simulations are based on varying 
radiative forcing histories (see Figure 
7), employing a hierarchy of models 
including one-dimensional energy 
based models (Crowley, 2000), two-
dimensional reduced complexity 
models (Bauer et al., 2003; Bertrand et 
al., 2002; Gerber et al., 2003), and full three-dimensional atmosphere-ocean general circulation ('GKSS'--
Gonzalez-Rouco et al, 2003; 'CSM'--Ammann et al., submitted). Shown for comparison is instrumental northern 
hemisphere record 1856-2003, and the proxy-based estimate of Mann and Jones (2003) extended through 1995 (see 
Jones and Mann, 2004) with its 95% confidence interval. Models have been aligned vertically to have the same 
mean over the common 1856-1980 period as the instrumental series (which is assigned zero mean during the 1961-
1990 reference period).  
 
A significant limitation in these previous  coarse-scale studies  is that the models used in these studies do 
not satisfactorily resolve important dynamical processes with the climate  that may in fact mediate much 
of the response to radiative forcing changes, and thus may be of primary  importance in interpreting 
reconstructed patterns of past climate change. These dynamical processes include (a) detailed 
stratospheric dynamics, photochemistry, and stratosphere/troposphere dynamical coupling (which have an 
important influence on the behavior of the Annular Modes, e.g. the AO/NAO--e.g. Shindell et al, 
1999;2001), and (b) the tropical wave dynamics (i.e., the Bjerknes feedbacks) responsible for ENSO, and 
potentially the forced response of the climate (e.g. Cane et al, 1997).   Other more targeted studies, using 
models capable of resolving these processes, have been recently used to examine more closely the 
potential role of such dynamical responses to forcing in interpreting climate changes in past centuries.   
Indeed, much of the recent progress in interpreting paleoreconstructions of climate in past centuries has 
come from more regionally focused studies using models capable of addressing such dynamical changes 
in the climate. 

Ongoing collaborative work with the NASA GISS modeling group (Shindell et al, 2001;2003;2004) has 
identified a prominent role in the planetary wave response to past radiative forcing changes in explaining 
observed patterns of spatial temperature change in past centuries. While solar forcing leads to only 
moderate changes in hemispheric mean temperature, the reinforcing seasonal patterns of continental 
summer cooling (due to decreased summer irradiance combined with the lesser thermal inertia over land) 
and regional temperature changes  associated with a dynamical stratospherically-forced tendency towards 
the negative phase of the NAO/AO during the Northern winter, leads to a tendency of strong cooling in 
some regions, such as Europe, but warming in other regions during times of decreased solar irradiance. 
This prediction matches the spatial pattern of response to solar forcing estimated from  proxy-
reconstructed surface temperature patterns  (Shindell et al, 2001).  The response to solar forcing contrasts 
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with the response to explosive tropical volcanic forcing which is associated with a tendency for

continental summer wanning, but an offsetting tendency for dynamically-induced winter wanning in

substantial regions of the continents. This latter response results from the differential heating/cooling of

lower stratosphere/upper troposphere associated with volcanic aerosol forcing, which leads, through

thermal wind considerations, to a tendency for the positive phase of the NAO/AO (see also Robock ,

2000). While volcanic forcing exhibits a greater hemispheric-mean temperature influence, due to the

substantially greater associated radiative forcing changes, the tendency for seasonally-opposite direct

radiative and dynamical responses leads to a muted pattern of spatial variation. The combination of the

responses to the two natural forcings matches well obseived proxy-reconstructed patterns of temperature

change in past centuries (Figure 7).
Proxy data reconstruction, 1660-80 vs 1770-90, ANN surface temperature
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FIGURE 7 (top) Reconstructed and (bottom)

simulated annual average temperature
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The reconstructed surface temperatures are
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The model-predicted spatial pattern of radiatively induced continental summer cooling combined with

dynamically induced winter wanning in substantial regions of the continents is in good agreement

between the simulations and post-volcanic event composites detennined from seasonally-resolved proxy-

reconstnicted temperature patterns (Shindell et al, 2004; see also Figure 1). The seasonally-opposing

trends over continental regions associated with volcanic forcing appears to explain (see Mann, 2002b;

Shindell et al. 2004: Rutherford et al, 2004) the greater amplitude variations in surface temperature

reconstructions that emphasize continental regions and summer season conditions (e.g. Esper et al, 2002;

Huang et al. 2000). Analyses underway for the past two millennia described in section 2. 1 should soon

complement current isolated longer-term evidence (Keigwin and Pickart. 1999: Noren et al. 2002; Rirnbu

et al. 2003) for a prominent role of the AO/NAO on region climate variability over the past several
millennia

Other recent modeling work has focused on the response of the tropical Pacific to natural radiative forcing

changes over the past 1000 years. Maim et al (2004) investigated the response of El Nino to natural

radiative forcing changes over the past 1000 years based on numerical experiments employing the

Zebiak-Cane (Zebiak and Cane, 1987) model of the tropical Pacific coupled ocean-atmosphere system.

Previously published empirical results (Adams et al, 2003) demonstrating a statistically significant

tendency towards El Nino conditions in response to past volcanic radiative forcing are reproduced in the

model experiments. A combination of responses to past changes hi volcanic and solar radiative forcing

closely reproduces changes hi the mean state and interannual variability hi El Niiio in past centuries

recorded from fossil corals (Cobb et al. 2003). These experiments suggest that the dynamics of El Nino

may have played an important role in the response of the global climate to past changes hi radiative

forcing hi past centuries. The ENSO-scale response isolated hi this study implies both a decrease hi the

.6 .8
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amplitude of the global or hemispheric-mean warming (cooling) associated with increased (decreased) 
radiative forcing in past centuries, and a decrease (increase) in  the poleward temperature gradient 
between equator and midlatitudes in response to increased (decreased) radiative forcing.  Such a response 
would argue for somewhat lower amplitude variability in actual hemispheric or global mean temperature 
in past centuries than is predicted by models which either do no resolve at all, or resolve incompletely, the 
physics underlying ENSO (e.g. Rind et al, 1999; Crowley, 2000; Gonzalez-Rouco et al, 2003). This 
response would furthermore help to explain apparent evidence that extratropical temperature changes in 
past centuries (e.g. Esper et al, 2002) have been greater in amplitude than tropical (Hendy et al, 2002) or 
full hemispheric-scale (e.g. Mann et al, 2003) temperature changes.  
 
FIGURE 8  Comparison (from Mann et al, 2004)  of 
the ensemble annual mean Niño3 response to 
combined natural radiative forcing (volcanic+solar) 
over the interval AD 1000-1999 (gray--anomaly in oC 
relative to AD1950-1980 reference period; 40 year 
smoothed values shown by thick maroon curve) with 
reconstructions of ENSO behavior from Palmyra 
coral oxygen isotopes (blue--the annual means of the 
published monthly isotope data are shown). The coral 
data are scaled as described in the ttext, with warm-
event (cold-event) conditions associated with negative 
(positive) isotopic departures. Thick dashed lines 
indicate averages of the scaled coral data for the 
three available time segments (blue) and the 
ensemble-mean averages from the model (red) for the 
corresponding time intervals. The associated inter-
fourth quartile range for the model means (the 
interval within which the mean lies for 50% of the model realizations) is also shown. The ensemble mean is not at 
the center of this range, due to the skewed nature of the underlying distribution of the model Niño3 series. Also 
shown (green curve) is the 40 year smoothed model result based on the response to volcanic forcing only, with the 
mean shifted to match that of the coral segments. 
 
The conclusions from Mann et al (2004) of an El Niño-like state during the otherwise generally cold  17th 
century  (e.g. Crowley, 2000; Mann et al, 2003) and a La Niña-like state during the otherwise relatively 
mild  12th/13th centuries (Crowley, 2000; Mann et al, 2003) appears to be consistent with changes 
observed in ENSO-sensitive drought regions.  Verschuren et al (2000) provide lake-level evidence in 
equatorial east Africa (Kenya) for  peak wet conditions during the mid-17th to the mid-18th centuries, and 
dry conditions during the early (11th-13th) centuries of the millennium,  reminiscent of anomalies 
typically associated with El Niño and La Niña conditions, respectively. A similar pattern of drought in 
earlier centuries and wet conditions in later centuries in the desert southwest of North America 
(Woodhouse and Overpeck, 1998) favors this interpretation as well.   
 
3. Proposed Research 
 
3.1 Empirical proxy-based climate reconstruction  

The proposed work attempt to extend reconstructions further back in time, over the past several millennia, 
based on the analysis of available proxy archives for course resolution proxy indicators possessing 
reliable information about temperature variations on multi-millennial timescales. [RAY, THIS IS 
REALLY  YOUR STUFF-PLEASE FEEL FREE TO EXPAND BRIEFLY]. ALSO, MALCOLM: ANY 
THOUGHTS ABOUT POSSIBLE USE OF SELECT TREE-RING RECORDS ON THESE 
TIMESCALES]. Hemispheric or global mean temperature composites estimates will be determined based 
on compositing approaches used in earlier studies using multiproxy temperature indicators to reconstruct 
hemispheric and global mean temperatures (Bradley and Jones, 1993; Jones et al, 1998; Crowley and 
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Lowery, 2000; Mann and Jones, 2003). The possibility of using CFR approaches (Mann et al, 1998; 
Evans et al, 2002; Luterbacher et al, 1999;2000;2004; Rutherford et al, 2003; 2004) applied to these more 
coarsely resolved indicators (potentially including, in this case, non-temperature proxy records) will also 
be investigated. The strategy, here, would be to use available higher-resolution surface temperature field 
reconstructions over the past two millennia (rather than the instrumental surface temperature record) as a 
template for calibration of the longer-term (multi-millennial) temperature proxy data. These analyses will 
be guided by the use of models and  analyses of the instrumental record to determine optimal sampling 
strategies (Bradley, 1996; Evans et al, 1998; Mann and Rutherford, 2002; Zorita et al, 2003; Rutherford et 
al, 2003), building on current work in this area described in section 2.2.  The optimal sampling 
experiments will make use of available climate field output from the GFDL R30 simulations used 
previously (section 2.2), and more realistic natural and anthropogenic forced millennial simulations (see 
section 3.2) of the coupled NCAR CCSM1 model and ECBILT model (in collaboration with H. Goosse 
of the University of Louvain, Belgium [HUGUES: ANY COMMENTS HERE?]). These experiments 
will be particularly important in guiding the proposed extensions, as we expect that only on the order of 
10-30 (guess! Ray?) proxy records with reliable regional temperature information on these timescales. 
With such sparse networks, the reliability of the resulting reconstruction is likely to be more sensitive to 
the precise location of available proxy information (see Mann and Rutherford, 2002). [SCOTT AND 
GENE: CARE TO ELABORATE ON ANY OF THIS (BRIEFLY)]. 
 

3.2 Modeling of past climate changes  

Several different models and modeling experiments will be used to analyze to investigate processes and 
forcings that may be responsible for past observed climate changes.  

a. Specified SST forcing of atmosphere 

Here we will use proxy estimates of Sea Surface Temperature diagnosed to drive atmospheric GCMs to 
assess possible SST forcing of large-scale atmospheric circulation changes in past centuries. In one set of 
experiments (collaborative with Schmidt and Shindell at NASA/GISS [GAVIN/DREW: ANYTHING 
TO ADD HERE?]) we will use the GISS ModelE atmosphere forced with proxy-reconstructed Sea 
Surface Temperatures patterns (as described in section 2.1) available with greatest spatial detail back to 
AD 1600 to diagnose the large-scale atmospheric response to estimated past SST forcing. In another set 
of experiments (collaborative with Ammann at NCAR), we will drive the NCAR CSM1 atmosphere with 
a reconstruction over the past millennium of tropical Pacific SSTs only (using the coral-based Nino3 
estimate described in Mann et al, 2004) to diagnose the large-scale atmospheric response to ENSO 
variability in past centuries.  Of particular interest here is the potential relationship between tropical SST 
forcing and patterns of continental drought in North America and Africa in past centuries. This work is 
synergistic with and complimentary too a separate collaboration between Mann and colleagues at Lamont 
Doherty/Columbia (M. Cane, S. Zebiak) and U. Miami (A. Clement) to diagnose the response of ENSO 
to past radiative forcing, a current collaboration between Mann, Ammann and N. Graham of Scripps Inst. 
Of Oceanography aimed at diagnosing the relationship between ENSO and western drought in past 
centuries from proxy records and climate model simulations [CASPAR: ANYTHING YOU'D LIKE TO 
ADD HERE?], and a currently funded project involving coral-based reconstructions of IndoPacific 
climate changes in past centuries involving Mann and collaborators J. Cole (Univ. Arizona) and V. Mehta 
(CRCES, Maryland). 

b) External radiative forcing of the atmosphere 

Here we will focus on experiments using the GISS atmospheric model with interactive stratospheric 
photochemistry and mixed-layer ocean (GISS), similar to that used in previous studies (Shindell et al, 
2001;2003;2004). In particular, using the expanded seasonal reconstructions of both temperature and SLP 
described in section 2.1, we hope to address (see section 3.3) the role of the NAM response to solar and 
volcanic radiative forcing. These analyses will expand on the analyses of Shindell et al (2001;2003;2004) 
by focusing on a longer timeframe (past millennium or further, rather than just the past few centuries) and 
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looking at both SLP and temperature fields as diagnostics of the atmospheric dynamical response to 
forcing [DREW/GAVIN: ANYTHING TO ADD HERE?]. Building on these past studies, the behavior 
of the Southern Annual Mode (SAM) or "Antarctic Oscillation" over the past millennium will also be 
analyzed. These latter analyses will be synergistic with a currently funded NSF project involving Mann 
and collaborators E. Steig and D. Weinbrenner at the University of Washington aimed at reconstructing 
past Antarctic climate patterns  (including the SAM) from high-resolution ice core data. 

c) External radiative forcing of coupled ocean-atmosphere model  

Here, we will make use of simulations using coupled ocean-atmosphere models (NCAR CCSM1 coupled 
model in collaboration w/ C. Amman of NCAR and we will collaborate with H. Goosse of Louvain in 
similar experiments using the ECBILT model. The model experiments will be forced by detailed 
estimates of past radiative natural and anthropogenic radiative forcing histories to address the response of 
the large-scale climate system to past radiative forcing [CASPAR, HUGUES COMMENTS?]. These 
modeling experiments will also be used in tests of proxy network sampling strategies as described in 
section 3.1 above. 

The NCAR simulations make use [CASPAR?] of the coupled CCSM1 ocean-atmosphere model which 
includes faithful representation of the ocean and atmospheric processes underlying tropical Pacific 
coupled ocean-atmosphere dynamics and can thus provide insights into the potential response of such 
dynamics to past radiative forcing changes, building on preliminary studies based on a low-order 
modeling approach  (Mann et al, 2004). Particular focus will be payed to ENSO-scale responses (and 
implications for continental drought patterns in past centuries). These simulations will be complimentary 
to those obtained by the specified SST experiments described in section "a" above. While the specified 
SST approach seeks to investigate relationships based on what is interpreted to be the particular unique 
realization of the tropical Pacific climate and extratropical responses exhibited by the actual climate, the 
coupled modeling approach will yield an ensemble of possible realizations in response to estimated 
radiative forcing histories. The resulting ensemble may or may not envelope the actual observed climate 
trajectory depending on the extent to which the response of the model to past radiative forcing actually 
captures the processes relevant to the observed  history. The role of other large-scale dynamical responses 
involving the Annual Modes and changes in meridional overturning ocean circulation, will also be 
investigated in these simulations. 

The NCAR model will be forced by estimated natural (volcanic and solar) radiative forcing changes over 
the past one to two millennia. A range of solar and volcanic forcing estimates have been used in past 
studies (e.g. Crowley et al. 2003; Bertrand et al, 2003; Ammann et al, 2003--see Figure 7 of Jones and 
Mann, 2004 for a comparison of different estimates) The radiative forcing estimates of Ammann et al 
(2003) will be used, as they offer both seasonal and  latitudinal resolution, and  certain dynamical 
responses to radiative forcing appear to depend on such details (Shindell et al, 2003;2004; Mann et al, 
2004). Given recent evidence (Lean et al, 2002) that estimates of long-term solar radiative forcing used in 
most other recent studies (Crowley, 2000; Shindell et al, 2001; 2003; Bertrand et al., 2002; Gerber et al, 
2003; Bauer et al, 2003; Hegerl et al, 2003; Goose et al, 2003; Gonzales-Rouco et al, 2003, Crowley et al, 
2003; Andronova et al, 2004; Schmidt et al, 2004; Crowley, 2004) are potentially overestimated, we 
intend to use both the previous estimates of Ammann et al (2003), and a newer, more conservative 
estimate of past solar irradiance change (Ammann, pers. comm.) based only on the 11 year solar cycle, as 
motivated by Lean et al (2002). This will allow us to examine the sensitivity of estimates to the assumed 
long-term solar forcing (see also Mann et al, 2004). In addition to the anthropogenic (greenhouse gas and 
sulphate aerosol) forcings, we will (CASPAR: REASONABLE TO PROPOSE?) include estimates of  
radiative forcing due to 19th and 20th century land use changes (Ramankutty and Foley, 1999; see also 
Bauer et al, 2003).  

In addition, experiments will be performed to address possible pre-industrial non-natural (human) 
influence on atmospheric CO2 levels (CASPAR, BILL: COMMENTS?). While one past study has 
interpreted pre-industrial CO2  changes over the past 1000 years as entirely due to changes in terrestrial 
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carbon uptake resulting from surface temperature changes themselves (Gerber et al, 2002), this 
conclusion depends on an averaging of different ice core CO2 histories with potentially inconsistent age 
models. If one uses instead the single (Law Dome) record with highest  (multidecadal) temporal 
resolution (Etheridge et al., 1996), the pre-industrial estimates show greater than 10ppm peak-to-peak 
variations, which are in fact radiatively significant, and could plausibly have arisen from human 
influences:  pandemics/disease and other population fluctuations in various regions of the world during 
various periods over the past 2000 years. We propose to address this issue by prescribing the CO2 changes 
as a "forcing" over the past 1000-2000 years, potentially decreasing the estimate by various fractions (e.g. 
0.75, 0.5) to allow for varying levels to which the  CO2 variations may represent a 'response' (e.g. Gerber 
et al, 2003)  rather than  'forcing'.  The CO2 series to be used as a forcing will be based on  a composite of 
Law and Taylor dome cores, using age model adjustments and linear interpolations between available 
dates as appropriate.  
 
A separate set of experiments are being performed by collaborator H. Goose [HUGUES: COMMENTS 
HERE? DO I HAVE THIS RIGHT?] using several different versions of the  ECBILT model driven by 
natural (volcanic, solar from Ammann et al, 2003) and anthropogenic (greenhouse gas and aerosol) 
forcing over the past 1000 years. Experiments are being performed using ECBILT-CLIO, a fully coupled 
3-D atmosphere-ocean-sea-ice model, and ECBILT-CLIO3-VECODE which additional includes an 
interactive dynamic vegetation model (DVM) 'Vecode'. In the ECBILT-CLIO3-VECODE, experiments, 
greenhouse gases are prescribed over the whole period and forcing by  natural volcanc, solar, and land-
use change is provided. In other experiments with ECBILT-CLIO2,  pre-industrial greenhouse gas 
concentrations and land surface properties are constant. While the ECBILT model does not resolve 
ENSO-scale dynamics, it has been used with considerable success to analyze possible feedbacks and 
delays in the large-scale climate response to radiative forcing changes associated with the behavior of the 
meridional overturning ocean circulation. Such responses appear to  include a delay of temperature 
changes in  Southern Hemisphere temperatures in response to radiative forcing changes (Goosse et al, 
2004). These simulation results should thus provide insight into existing empirical evidence of 
multidecadal/century-scale variability associated with changes in the meridional overturning circulation 
and "Atlantic Multidecadal Oscillation" (e.g. Delworth and Mann, 2000; D'Arrigo et al, 2003a; Gray et al, 
2003;2004) and connections with radiative forcing (Cubasch et al, 1997; Bond et al, 2001; Waple et al, 
2002).  Possible influence on drought (Gray et al, 2003).  Influence on drought, conbined with pacific 
influence on drought Gray et al, 2003). 
 

3.3 Model/Data Comparison 

Conclusions regarding the forcings and processes underlying reconstructed past climate histories  will 
draw upon standard statistical univariate and multivariate approaches to the problem of model/data 
comparisons: 

a) Composite  Analyses: 

To establish whether a model-predicted response to an episodic (e.g. volcanic) forcing exists in an 
empirical climate reconstruction, we will apply 'superposed epoch analyses' (e.g. Adams et al, 2003; 
Mann et al '04) in the case of time series (e.g. Nino3 vs. volcanic events) or conventional composite 
analyses (e.g. as in Shindell et al, 2004 with respect to the evaluation of post-volcanic seasonal large-scale 
surface temperature response) in the case of spatial fields. 

b) Model/Data Misfit Analyses  

We will use simple objective metrics, such as mean-square error ('MSE') (or potential alternative penalty 
functions) to characterize the degree of misfit between an observed and model-predicted time series. 
When a set of alternative forcing scenarios are used in a set of simulations (see section 3.2 "c"), such an 
objective metric can be used to determine the set of forcings (and their amplitudes) most consistent with a 

ABOR/MH/Priv-007184



reconstructed target index such as the Northern Hemisphere mean temperature, or Nino3 index of the 
tropical Pacific climate.  Applying such metrics, we will seek to identify the forcing histories most 
consistent with empirical, reconstructed past climate changes.  Such an approach will, for example, be 
taken to assessing the relative apportioning of forcing vs. response that is most consistent with past 
hemispheric temperature changes and CO2 histories as discussed in section 3.2 (In addition, other strictly 
empirical comparison, such as a convolution filter accommodating timescale dependent lags, applied to 
CO2 and temperature records, might be attempted).  

For comparisons of fields, rather than time series, we will also use  standard available methods. 
Correlation fields will be used  to provide a empirical estimate of the spatial pattern of response to a 
forcing (e.g. the spatial pattern of correlation of surface temperature reconstructions against reconstructed 
solar forcing indices--e.g. Waple et al, 2002). When both a model and empirical pattern of response are 
available (e.g. Shindell et al, 2001;2003) both conventional spatial correlation and multivariate penalty 
functions (e.g. spatially-integrated MSE) will be used to assess the level of agreement between model-
predicted and empirically-estimated response. Such comparisons might be restricted to particular 
frequency-bands of interest (e.g. Waple et al, 2002).  An example of such an application in this project 
would be the statistical comparison of  spatial patterns of multidecadal timescale (e.g. 40-100 year band-
passed) reconstructed drought or Sea Level Pressure against the corresponding model-predicted fields, 
identically filtered, produced in a specified SST forcing simulation (see section 3.2 "a"), over a particular 
common interval (e.g. AD 1600-1900). 

c) Frequency-Domain analyses:  We will use the MTM-SVD approach (see Mann and Park, 1999 for an 
extensive review) which has previously been applied to networks of proxy data (e.g. Mann et al, 1995) or 
proxy-reconstructed surface temperature fields (Delworth and Mann, 2000; Mann et al, 2000a) to identify 
coupled patterns of variability with preferred timescales that are evident simultaneously in reconstructed 
fields of surface temperature, sea level pressure, and continental drought (see e.g. Zhang and Mann, 2004 
for such an application). Of particular interest will be the identification of coherent patterns of climate 
response on timescales associated with specific radiative forcings (e.g. solar--i.e., 11 year, 22 year and 70-
80 year timescales--see Waple et al, 2002).  

 
4. Work Plan/Division of Labor 
 
Year 1:  

 ? 
 ? 
  

 
Year 2:  

 ? 
 ? 
  

 
Year 3:  

 ? 
 ? 
  

 
Year 4:  

 ? 
 ? 
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Division of Labor: 

P.I. Mann will coordinate the 3 main components of the project with the assistance of a project-supported 
postdoctoral research associate. The specific breakdown of responsibilities is as follows: 

1. Empirical proxy-based climate reconstruction  

P.I.s: Mann (???); Bradley (Univ. Mass); Hughes (Univ. Arizona),  Rutherford (Roger Williams Univ);; 
Wahl (Alfred Univ) 

Collaborator/s: Goosse (Louvain, Belgium) 

2. Modeling of past climate changes:  

P.I.s: Mann (consulting role) 

Collaborator/s: Schmidt, Shindell and Columbia Univ. graduate student (NASA/GISS and Columbia); 
Ammann (NCAR);   Goosse (Louvain); Ruddiman (Univ. of Virginia) 

3. Model/Data comparison:  

P.I.s: Mann and ??? post-doctoral research associate
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Budget Justification 
 
Personnel: 
 
Michael E. Mann (XXX Professor, XX University XX) will be the coordinator for this project, playing a 
prominent role in each of the 3 core components of the project (participating in empirical reconstructions 
and investigation of sampling strategies, the design of modeling experiments, and model/data comparison 
activities). We request 2 months summer salary for each of the 4 years for Dr. Mann. 
 
We request support for a postdoctoral research associate who will devote 12 months/year for each year of 
this project, assisting P.I. Mann w/ the coordination of the various project activities including a focus on 
data/model comparisons analyses. We also request 4 months/year towards the salary of a technical 
assistant to U.Va. who will devote the majority of his/her time to this project. Mann will provide the 
remaining 8 months support  from internal funds at XX University. 
 
We also request full-time funding for one graduate student at XX University  who will assist in the 
analysis of model results and comparison of model-produced and proxy-reconstructed patterns. 
experiments 
 
Fringe benefit rates for XX University, are XX% on summer effort by faculty with nine-month 
appointments (Mann) and by graduate research assistants, and YY% on salary for Research Associates. 
 
Travel:  
 
A modest travel budget is requested to attend an annual meeting of PI and collaborators in either XX or 
the host institutions of the various consultants (NASA/GISS New York, NCAR, Boulder CO, Amherst 
MA) who will be advising on testing of methodologies, comparison with coupled model simulation 
results, and comparison of reconstructions and model results. 
 
We request funds for travel to the Fall American Geophysical Union Meeting for the purpose of reporting 
on the progress of the project, and interacting with other members of the paleoclimate and climate 
modeling communities.  
 
Publications: 
 
We request funds to cover color page charges/reprint costs for 4 to 5 journal articles. 
 
Equipment: 
 
We request funds for a PC and basic required hardware (disk drives) for the servers for data storage, as 
well as software licenses (e.g., MATLAB), for use in project-related activities. 
 
Materials and Supplies: 
 
Funds are requested to support the purchase of technical software (e.g., MATLAB) and software licenses  
for use in project-related activities. 
 
Tuition: 
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The XX University XX requires that graduate research assistants be supported for the in-state portion of 
their tuition. Tuition rates in this proposal are based on the current rates for the 2001-2002 academic year 
($5,188) and inflated 4% each year, as follows: Year 1 -- $5396; Year 2 -- $5,611; and Year 3 -- $5836. 
 
Indirect Costs: 
 
The indirect cost (F&A) rate approved by DHHS for use by the XX University XX is 48%. That rate is 
applied to Modified Total Indirect Costs, which in this proposal are Total Direct Costs minus equipment 
and tuition. 
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We intend to engage in collaborations with climate modelers to compare patterns of observed climate 
variation of the past few centuries to one to two millennia with those generated in model simulations as a 
consequence of both internal and forced variability, to allow for a more fundamental understanding of this 
observed climate variability. We intend to concentrate on three particular issues: 
 
1. Dynamical insight from multiple climate fields: We will use the state-of-the art global annual and 
seasonal reconstructions of surface temperature and sea level pressure variations over the past one to two 
millennia as a baseline for diagnosing inter-relationships between patterns of past variability in different 
climate fields. We plan, in collaboration with European colleagues, to compare our SLP reconstructions 
with those they have produced for the European and North Atlantic sectors based on early pressure 
records back to 1780 (Jones et all, 1999), or other documentary evidence for the North Atlantic 
Oscillation and the EU index back to 1675 (Luterbacher et al., 1999) and SLP over Europe for periods as 
early as 1675 (Luterbacher et al., 2000). These records provide a valuable opportunity to verify our SLP 
and circulation indices.  We will compare the reconstructed climate fields (surface air temperature and 
SLP) with existing continental drought reconstructions (in collaboration with Cook of Lamont/Columbia 
and Woodhouse of NOAA/CIRES for insights into the oceanic and atmospheric dynamics underlying 
climate variability over the past few one-to-two millennia.  Various indices of SST (e.g., the "PDO" and 
Nino3) and atmospheric (e.g., the NAO/AO) variability will be used for inferences regarding mechanism 
of climate variability and to strengthen long-term detection/attribution exercises (e.g. as in Braganza et al, 
2001; Covey et a, 2001; Crowley, 2000). 

2. AO/NAO forcing and North Atlantic Patterns of Climate Variability: This makes us of collaborations 
with individuals at NASA/GISS (G. Schmidt and D. Shindell) in seeking to understand forced patterns of 
winter-season climate variability in the Northern Hemisphere. This work proposes to build on fruitful 
initial collaborations examining the role of the response of the atmospheric circulation to solar irradiance 
changes in explaining observed spatial patterns of temperature change estimated in past centuries possibly 
associated with forcing modulated through the tropics (Shindell et al., 2001; Figure 8). Proposed 
extensions of this work involve an examination of the additional role of oceanic dynamical responses to 
atmospheric forcing in explaining patterns of surface temperature variation estimated for the Northern 
Hemisphere over the past 1000 years. Evidence both from high deposition-rate sediment cores, which 
resolve climate changes at relatively low resolution (century-scale) in situ in the North Atlantic ocean, 
and hemispheric-scale climate reconstructions from a variety of high-resolution proxy sources, will be  
employed.  The proposed comparisons will also make use of new seasonal hemispheric surface 
temperature and sea level pressure reconstructions employing both high and low-resolution indicators 
expected to be available over the next several months. The proposed analyses will help to elucidate the 
role of  natural radiative forcing changes in governing patterns of climate (e.g., surface temperature and 
atmospheric circulation) variation in past centuries and tropical/extratropical interactions, with 
implications for an improved understanding of past climate epochs such as the "Little Ice Age" and so-
called "Medieval Warm Period". 
 
3. Role of forcing in past tropical SST changes: These analyses are synergistic with an  independent 
proposed project (Mehta, Cole, Mann) to reconstruct patterns of surface temperature and SLP in the Indo-
Pacific region.  Improved reconstructions of ENSO will be used to test the viability of theoretical 
mechanisms of the response of tropical Pacific ocean-atmosphere dynamics to radiative forcing (Cane et 
al, 1997). Preliminary analyses indicate the viability of an ENSO-like response to volcanic (negative 
radiative) forcing in past centuries (Figure 9), a possibility originally proposed based on limited modern 
instrumental data (Handler, 1984), but recently extended over the past few centuries using paleoclimate 
data (C. Ammann, Ph.D. thesis; University of Massachusetts, unpublished; B. Adams et al, M.S. Thesis, 
University of Virginia, unpublished). The results of these empirical comparisons will be compared 
directly against results of experiments (in collaboration with M. Cane of Lamont/Columbia) employing 
volcanic forcing reconstructions (e.g., Crowley, 2000) to drive multi-century simulations of the Cane-
Zebiak (Zebiak and Cane, 1987) model of the tropical Pacific ocean-atmosphere system, which predicts a 
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positive (i.e., El Nino-like) response to negative tropical radiative forcing.  These experiments will be 
extended to estimate the response of the tropical Pacific ocean-atmosphere system to combined solar and 
volcanic radiative forcing over the past few centuries. Such experiments will be used to test, for example, 
the viability of external radiative forcing in explaining the apparent tendency for El Nino conditions 
during the late 17th/early 18th century discussed earlier. We believe that such experiments are essential to 
estimate the potential for tropical ocean-atmosphere dynamical responses in modifying the 
hemispheric/global pattern of climate response to external forcing in past centuries, and as such, these 
experiments will be complementary to similar recent experiments with global energy-balance models 
(Crowley, 2000).  
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From: raymond s. bradley
To: Michael E. Mann
Cc: mhughes@ltrr.arizona.edu
Subject: Re: draft of ESH proposal
Date: Saturday, August 21, 2004 9:06:15 AM

Mike--I'll be in Norway & the UK until 9/4 so will read this en route & comment when I get
the chance.  as I recall the deadline is in October..?
ray

At 04:33 PM 8/13/2004, you wrote:

Dear Ray, Malcolm

Attached is a draft of the proposal to be submitted to ESH in October. Please
pay particular attention to those places where you've been flagged (yellow
highlighted "Malcolm" and "Ray").

I'm hoping to get comments back from everyone by labor day, so I can begin to
produce a final version, and can start working out budgets...

Feel free to ignore this until after the weekend!

Thanks,

Mike

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

Raymond S. Bradley 
Director, Climate System Research Center*
Department of Geosciences, University of Massachusetts
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel:  
Fax:  
*Climate System Research Center:  
        <http://www.paleoclimate.org> 
Paleoclimatology Book Web Site: http://www.geo.umass.edu/climate/paleo/html 
Publications (download .pdf files):
http://www.geo.umass.edu/faculty/bradley/bradleypub.html

ABOR/MH/Priv-007197



From: Michael E. Mann
To: raymond s. bradley
Cc: mhughes@ltrr.arizona.edu
Subject: Re: draft of ESH proposal
Date: Saturday, August 21, 2004 9:08:57 AM

hi ray,

thanks--

I'm hoping to finalize a draft by 2nd week in september, so your timeline should work fine.

Enjoy your travels!

cheers,

mike

At 12:06 PM 8/21/2004, raymond s. bradley wrote:

Mike--I'll be in Norway & the UK until 9/4 so will read this en route & comment when
I get the chance.  as I recall the deadline is in October..?
ray

At 04:33 PM 8/13/2004, you wrote:

Dear Ray, Malcolm

Attached is a draft of the proposal to be submitted to ESH in October.
Please pay particular attention to those places where you've been flagged
(yellow highlighted "Malcolm" and "Ray").

I'm hoping to get comments back from everyone by labor day, so I can
begin to produce a final version, and can start working out budgets...

Feel free to ignore this until after the weekend!

Thanks,

Mike

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

Raymond S. Bradley 
Director, Climate System Research Center*
Department of Geosciences, University of Massachusetts
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297
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Tel:  
Fax:  
*Climate System Research Center:  
        <http://www.paleoclimate.org> 
Paleoclimatology Book Web Site: http://www.geo.umass.edu/climate/paleo/html 
Publications (download .pdf files):
http://www.geo.umass.edu/faculty/bradley/bradleypub.html

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: raymond s. bradley
Cc: mhughes@ltrr.arizona.edu
Subject: Re: draft of ESH proposal
Date: Saturday, August 21, 2004 2:12:40 PM
Attachments: mczc-jclimate-inpress04.pdf

Hey Guys,

Thought you might be interested in a copy of this. Its now in press in "Journal of Climate".

Feel free to pass it along...

Off to the Adirondacks now!

mike

At 12:06 PM 8/21/2004, raymond s. bradley wrote:

Mike--I'll be in Norway & the UK until 9/4 so will read this en route & comment when
I get the chance.  as I recall the deadline is in October..?
ray

At 04:33 PM 8/13/2004, you wrote:

Dear Ray, Malcolm

Attached is a draft of the proposal to be submitted to ESH in October.
Please pay particular attention to those places where you've been flagged
(yellow highlighted "Malcolm" and "Ray").

I'm hoping to get comments back from everyone by labor day, so I can
begin to produce a final version, and can start working out budgets...

Feel free to ignore this until after the weekend!

Thanks,

Mike

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 

         http://www.evsc.virginia.edu/faculty/people/mann.shtml

Raymond S. Bradley 
Director, Climate System Research Center*
Department of Geosciences, University of Massachusetts
Morrill Science Center
611 North Pleasant Street
AMHERST, MA 01003-9297

Tel:  
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*Climate System Research Center:  
        <http://www.paleoclimate.org> 
Paleoclimatology Book Web Site: http://www.geo.umass.edu/climate/paleo/html 
Publications (download .pdf files):
http://www.geo.umass.edu/faculty/bradley/bradleypub.html

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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Abstract 

We investigate the response of El Niño to natural  radiative forcing changes over the past 1000 

years based on  numerical experiments employing the Zebiak-Cane  (Zebiak and Cane, 1987) 

model of the tropical Pacific coupled ocean-atmosphere system. Previously published empirical 

results (Adams et al, 2003) demonstrating a statistically significant tendency towards El Niño 

conditions in response to past volcanic radiative forcing are reproduced in the model 

experiments. A combination of responses to past changes in volcanic and solar radiative forcing 

closely reproduces changes in the mean state and interannual variability in El Niño in past 

centuries recorded from fossil corals. Our experiments suggest that the dynamics of El Niño may 

have played an important role in the response of the global climate to past changes in radiative 

forcing. 
 

1. Introduction 

The El Niño-Southern Oscillation (ENSO) is associated with a quasi-periodic (3-7 year 

timescale) warming (El Niño) and cooling (La Niña) of the eastern and central tropical Pacific 

Ocean surface that influences global-scale climate. Bjerknes (1969) identified the fundamental 

ocean-atmospheric feedbacks (the "Bjerknes Feedbacks") at the core of this instability in the 

tropical ocean-atmosphere system, and a body of work in past decades has elucidated the factors 

underlying its natural interannual oscillatory behavior. Only more recently has the role of ENSO 

in anthropogenic climate change (Meehl and Washington, 1996; Trenberth and Hoar, 1997; 

Rajagopalan et al., 1997; Cane et al., 1997; Knutson et al., 1997; Noda et al., 1999; Timmermann 

et al, 1999; Collins, 2000ab; Boer et al., 2000; Meehl et al., 2000), or longer-term natural climate 

changes (Clement et al., 2000; Liu et al., 2000) been investigated.  
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Previous studies employing the  simplified Zebiak-Cane (henceforth "ZC") model of the  tropical 

Pacific coupled ocean-atmosphere system (Zebiak and Cane, 1987), have been used to 

investigate the potential response of ENSO to anomalous radiative forcing , including that 

associated with anthropogenic greenhouse gas concentration increases (Clement et al., 1996, 

Cane et al, 1997).  Those studies described an "ocean thermostat" mechanism in which a heating 

of the tropical Pacific leads to a cooling of the eastern part of the basin. This result arises from 

the different surface temperature response in the eastern and western Pacific: In the west, where 

the thermocline is deep, the response to a surface heating is largely thermodynamic and the 

mixed layer adjusts with an increased temperature. In the east where the thermocline is shallow, 

cooling by vertical advection offsets the surface heating producing a smaller temperature 

response. The increased zonal SST gradient accelerates the trade winds, which leads to further 

thermocline shoaling and cooling by vertical advection in the east, further accelerating the winds. 

This 'climatological' Bjerknes feedback, akin to that which operates on interannual timescales, 

leads to a cooling of the eastern equatorial Pacific in response to a heating of the basin. Clement 

et al. (1996) and Cane et al. (1997) referred to this response as "La Niña-like" since there is a 

cooling in the east, as during a La Niña event, but there is also a warming in the west, which 

does not generally occur during a La Niña. Further, such a response is "La Niña-like" (and the 

reverse pattern of response to a cooling of the basin is "El Niño-like") in that it resembles the 

characteristic ENSO pattern, but rather than being  associated with a distinct ENSO event, it is 

associated with a shift in both mean state and variability towards such conditions on a multi-year 

or even multidecadal timescale. In this paper, we will thus use the terminology "El Niño-like" to 

mean a warmer eastern equatorial Pacific and increased ENSO variability, and "La Niña-like" to 

mean a cooler eastern equatorial Pacific and decreased variability 
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The feedbacks governing the above response are often not well-represented in coarser resolution 

global coupled models (Latif et al, 2001). The response of the zonal gradient in the tropical 

Pacific of such models to heating of the surface by higher levels of greenhouse gases is quite 

model-dependent (Collins, 2000b), possibly due to the behavior of certain feedbacks in the 

models (e.g. cloud radiative feedbacks) that respond differently in different models, and are 

admittedly absent in the ZC model. 

 

Here we investigate the response of ENSO to estimated changes in natural radiative forcing 

associated with explosive volcanic and solar radiative forcing changes over the past 1000 years. 

Several new and distinct insights from the paleoclimate record of the past few centuries guide 

these investigations:  (i) An analysis of reconstructed sea surface temperature (SST) patterns 

over the past few centuries (Waple et al., 2002) indicates greater warming in the western Pacific 

warm pool than in the central or eastern tropical Pacific in association with estimated past 

increases in solar irradiance, reminiscent of a La Niña-like anomaly in response to increased 

solar irradiance. (ii) An empirical analysis of proxy-based reconstructions over the past 3 

centuries (Adams et al., 2003) finds statistical evidence for a tendency for El Niño conditions 

during the first few years following explosive tropical volcanic eruptions  (with a  tendency for a 

subsequent rebound into La Niña conditions). This evidence seems to substantiate previous 

claims of a relationship between tropical volcanic eruptions and El Niño events based on the 

relatively short instrumental record (Handler, 1984) though such claims are controversial (e.g.  

Nicholls, 1990; Robock, 2000).  (iii) Century-scale changes in the state of ENSO appear to have 

varied oppositely with those in hemispheric or global mean temperature over the past 

millennium. Cobb et al  (2003) provide evidence  (in terms of both mean state and interannual 

variability) for an El Niño-like state during the otherwise generally cold  17th century  (e.g. 

Crowley, 2000; Mann et al, 2003) and a La Niña-like state during the otherwise relatively mild  
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12th/13th centuries (Crowley, 2000; Mann et al, 2003). Hendy et al (2002), similarly, find 

evidence for a relative absence of cooling in the tropical Pacific during the otherwise cold late 

16th-19th centuries, while Jones et al (2001) show evidence for a shift to an El Niño-like mean 

state during the late 17th century/early 18th century. Verschuren et al (2000) provide lake-level 

evidence in equatorial east Africa (Kenya) for  peak wet conditions during the mid-17th to the 

mid-18th centuries, and dry conditions during the early (11th-13th) centuries of the millennium,  

reminiscent of anomalies typically associated with El Niño and La Niña conditions, respectively. 

A similar pattern of drought in earlier centuries and wet conditions in later centuries in the desert 

southwest of North America (Woodhouse and Overpeck, 1998) favors this interpretation as well.   

 

Each of the above observations seems to suggest a relationship that is consistent with the 

thermostat mechanism of Clement et al. (1996) whereby the temperature of the eastern equatorial 

Pacific varies negatively with changes in radiative forcing as discussed earlier. In this study, we 

propose  an internally-consistent framework, that is, the influence of the "thermostat" mechanism 

of Clement et al (1996) active in the ZC model,  for explaining each of these  observations, 

employing experiments with a relatively  simple model of the coupled tropical Pacific  ocean-

atmosphere system forced by estimated changes in past natural radiative forcing.  

 

2. Methods 

 

Experiments are performed with the ZC model of the tropical coupled Pacific ocean-atmosphere 

system (Zebiak and Cane, 1987).  While global coupled ocean-atmosphere models are capable of 

simulating ENSO (albeit with some shortcomings- Latif et al. 2001), such models are too 

computationally expensive to perform many 1000 year long integrations. Isolation of the signals 

of interest in this study requires, as discussed below, ensembles of multiple realizations of 
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millennial forcing scenarios. Moreover, in a global coupled model tropical and extratropical 

processes and coupling between them must be considered in analyzing the response of the model 

to a particular forcing scenario. By contrast any response that is observed in our experiments 

employing the ZC model must, by design, arise from intrinsic tropical Pacific climate 

mechanisms.  

 

Naturally, there are other potentially important potential responses associated with cloud 

radiative feedbacks, or large-scale monsoonal responses, or extratropical feedbacks on the 

tropics,  that are not included in the ZC model. However, that our model results are in agreement 

with data, as shown below, suggests that the essence of the response, the dynamical thermostat of 

Clement et al (1996), is a potentially important mechanism operating in nature.  This mechanism 

is observed in at least one global coupled ocean-atmosphere model (Otto Bliesner et al., 2003). It 

is possible that we are getting the right answer for the wrong reason, or an incomplete answer, 

and that the observed changes are due to processes absent in the ZC model. Similar experiments 

carried out with global coupled ocean-atmosphere models would provide additional insights to 

those offered by our analysis.   

 

It should be noted that changes in mean state cannot be separated from changes in interannual 

variability in these experiments. Intervals of increased variability (increased frequency and 

amplitude of individual interannual events) are associated with a mean warming of the eastern 

equatorial Pacific in the ZC model (though not in all coupled models--e.g. Arblaster et al, 2003). 

This is due to the skewness of the variability about the base (zero anomaly) state in the model, 

with El Niño events typically characterized by large positive departures, and La Niña events 

somewhat weaker negative departures. As Niño3 warming associated with an El Niño event is 

greater than the cooling associated with a La Niña event, increases in the amplitude of 
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interannual variability are associated with a more "El Niño" like mean state in the ZC model, 

while decreases in the amplitude of interannual variability are associated with a more "La Niña" 

like mean state. It should also be noted that the response of ENSO dynamics in the ZC model to 

radiative forcing is not linear. Clement et al (1996) show that there is high sensitivity for small 

forcing, and lower sensitivity for large forcing. The non-linearity of the response also means that 

the response to combined (e.g. solar+volcanic) radiative forcing is not simply the sum of the two 

responses. 
 

Model Experimental Design. Consistent with the ZC model formulation, the radiative forcing is 

imposed as an anomalous surface heat flux into the ocean mixed layer. We performed separate 

experiments employing (a) volcanic only forcing, (b) solar forcing only, and (c) combined (solar 

+ volcanic) natural forcing, over the interval AD 1000-1999. To isolate the signal of the model's 

forced response from the considerable internal variability of the ZC model, we calculate mean 

responses from an ensemble of realizations of the response of the model to the different 1000 

year forcing scenarios. The initial conditions of each realization differ; each is started using 

different random conditions from a control simulation with fixed (AD 1000-1999 mean) 

radiative forcing. We employ Crowley's (2000) solar and volcanic radiative forcing estimates 

over the past 1000 years, with some minor modifications. Since Crowley (2000) provides 

radiative forcing estimates representative of the hemispheric mean, we scale the estimates by a 

factor of 1.57  to yield an estimate of the associated equatorial radiative forcing required by the 

ZC model. This scaling assumes a cosine latitudinal dependence of top-of-the-atmosphere 

radiative forcing anomalies associated with uniform changes in solar constant or optical depth. 

We ignore the slight latitudinal dependence of the forcing within the tropical domain (30oS to 

30oN) of the ZC model. For simplicity, all volcanic eruptions are assumed to occur during the 

January of the eruption year and responses are examined on a calendar (Jan-Dec) annual mean 

basis.  All imposed radiative forcings are assumed uniform within the year, prescribed on an 
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annual basis. Additional experiments demonstrate essentially identical results (i) if the volcanic 

forcing is instead prescribed on a monthly basis (through fitting of a smooth exponential decay to 

the annual mean radiative forcing estimates associated with each individual event) , (ii) whether 

eruptions are assumed to occur during the boreal summer or winter and (iii) whether the mean 

response is diagnosed based on a traditional calendar (Jan-Dec) or boreal winter centered (Jun-

May) annual mean basis. 

 

As  a diagnostic of the model's ENSO behavior, we evaluate  the Niño3 index of model SST 

anomalies in the  eastern tropical Pacific region closely associated with El Niño and La Niña 

events (90-150° W and 5°S-5°N). We adopt the convention that the "year" date is defined by the 

January of the winter during which an El Niño event occurs.   

 

Radiative Forcing Estimates.  The hemispheric volcanic radiative forcing of Crowley (2000) is 

based on contributions from both extratropical and tropical explosive eruptions. However, the 

relevant forcings are the ones that can provide a  tropical volcanic dust veil over the tropical 

Pacific domain of interest.  This forcing is provided by eruptions occurring within the  tropical 

band 30oS to 30oN. .  It should be noted that Adams et al (2003) for this same reason, considered 

only tropical eruptions in examining the empirical evidence for the response of ENSO to past 

volcanic forcing. We thus remove from Crowley's (2000) volcanic radiative forcing series all 

events that have not been confirmed, based on available historical or geological information 

(Simpkin and Siebert, 1994), or bipolar ice core volcanic aerosol deposit evidence (Crowley, 

2000), as being of tropical origin. The timing of certain eruptions has been shifted by one or two 

years based on a recent reevaluation of the volcanic forcing chronologies (T. Crowley, personal 

communication).  Solar radiative forcing histories are somewhat uncertain, and a number of 

different reconstructions of solar irradiance have been produced in recent years (Crowley, 2000; 
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Lean et al, 1995; 2002), highlighting the uncertainty that still exists in the history of this forcing. 

We have used the solar irradiance reconstruction of Crowley (2000) based on a splice of the 

Lean et al (1995) estimate with Be10 cosmogenic isotope evidence back to AD 1000, smoothing 

the resulting series with a 40 year low pass filter to insure  homogenous frequency-domain 

fidelity to the imposed forcing over time. The reconstruction is in the lower range of existing 

solar irradiance reconstructions, roughly 40% smaller in amplitude than Lean et al (1995), 

smaller than several other reconstructions considered by Crowley (2000), and far smaller than 

the very large solar forcing recently used by Gonzalez-Rouco et al (2003).  However, the 

amplitude is about twice as large as alternative reconstructions based purely on the amplitude of 

the 11 year solar cycle (Lean et al, 2002).   We have thus chosen what we consider a "mid range" 

estimate of this uncertain long-term forcing. Modestly different results would be obtained if 

other solar forcing histories were used.  

 

We do not consider in this study the potential impact of modern (19th and 20th century) 

anthropogenic forcing. While Cane et al (1997) examined the possible influence of 

anthropogenic greenhouse gas concentration changes on 20th century ENSO trends, the 

magnitude and spatial pattern of total anthropogenic radiative forcing due to the combined 

effects of greenhouse gas and aerosol radiative forcing is not yet well constrained (Ramaswamy 

et al, 2001).  Certain impacts, such as production of aerosol from biomass burning in Indonesia, 

for example, may represent a significant, yet difficult to estimate radiative forcing over parts of 

the Indo-Pacific domain (Hauglustaine et al., 1999). Furthermore, the complicating impact of 

extratropical feedbacks associated with the subduction of extratratropical water masses may be 

more significant in a non-stationary scenario of steadily increasing forcing, suggesting the 

greater possibility of  potentially offsetting extratropical feedbacks in such a scenario. We defer 

any discussion of potential anthropogenic impacts to future investigation. 
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4. Results 

 

In Figure 1, we show the ensemble mean Niño3 response of the model to tropical volcanic and 

solar radiative forcing over the past 1000 years.  For an ensemble of 100 realizations of the 

response to  the 1000 year volcanic forcing scenario, an El Niño-like response (and weaker 

subsequent La Niña-El Niño cycling)  is clearly observed in response to each tropical volcanic 

forcing event. For more modest ensembles (5 and 20 realizations, taken from the first 5 and first 

20, respectively, of the 100 realization ensemble), the response to the weaker volcanic forcing 

events is largely lost in the noise of the ZC model internal variability.  However, the response to 

the greater magnitude eruptions (especially the AD 1259 eruption and the eruptions of the early 

19th century) are evident even in the most modest   (5 realization) ensemble. In fact, the 

responses to the largest eruptions are typically evident in individual realizations, consistent with 

the proposition that the signal should be detectable in the unique realization that the earth's 

climate has actually experienced over the past 1000 years.  

 

The ensemble-mean Niño3 response to volcanic forcing, which consists of individual impulsive 

forcings , is modest, averaging roughly to a 0.2oC anomaly per -1 W/m2 forcing (it should be 

noted that the response of the model to radiative forcing is not linear in the radiative forcing--see 

e.g. Clement et al, 1996). Interestingly, while the solar irradiance forcing is roughly an order of 

magnitude smaller than the volcanic forcing in its peak amplitude, the lower-frequency nature of 

the associated forcing (which is long compared to the interannual timescales characterizing El 

Niño events) allows a more equilibrated response to the forcing. On 40 year and longer 

timescales, the ensemble-mean Niño3 and solar forcing time series are strongly negatively 

correlated  (r= -0.77, significant at the p=0.001 level taking into account serial correlation) with 
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the response lagging the forcing by 5-20 years (average of 14 years), which is likely due to ocean 

adjustment processes in the model. The typical ensemble-mean Niño3  response on the 

centennial timescale is approximately 0.5oC per -1  W/m2  (compare the right and left scales of 

variation in Figure 1c). Thus, while solar forcing is considerably weaker in peak amplitude to the 

volcanic forcing, the lower-frequency nature of the forcing appears to allow a substantially larger 

Niño3 response. 

 

In Figure 2, we show the results of a  "Superposed Epoch Analysis" ("SEA"), similar to that used 

by used by Adams et al (2003) to  identify the Niño3 response to tropical volcanic radiative 

forcing based on proxy-reconstruction of volcanic forcing and ENSO indices back through the 

mid 17th century. The SEA approach (see e.g. Panofsky and Brier, 1965; Bradley et al, 1987; 

Sear et al, 1987; Mass and Portman, 1989) composites anomalies by their lead/lag relative to the 

timing of explosive volcanic eruption events to establish whether or not a statistically significant 

response to volcanic forcing is evident in some list of events. These analyses demonstrate the 

composite behavior preceding, coinciding with, and following tropical volcanic eruptions. Fig 2a 

show the results using moderate eruptions (radiative forcing exceeding -2 W/m2) between AD 

1649 and 1868, the pre-instrumental period considered by Adams et al (2003) which includes 7 

eruptions (AD 1674, 1681, 1695, 1809, 1815, 1831, 1835).  In Fig 2b we show the results based 

on  the 7 largest eruptions (radiative forcing exceeding -4 W/m2) over the full AD 1000-1999 

period  (the eruptions were in AD 1259, 1453, 1601, 1641, 1809, 1815, and 1831). We 

determined (positive and negative) 95% confidence levels for the post-eruption anomalies from 

the distribution of the pre-eruption composites. For both eruption lists, the results are highly 

reminiscent of the empirical results of Adams et al (2003), showing a significant multi-year 

ENSO response. The response is characterized by a tendency for El Niño conditions to emerge in 

the year of the eruption, weaken, and exhibit damped subsequent oscillations between La Niña 
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and El Niño conditions in subsequent years. Based on the 100 realizations, the probability of an 

El Niño event  (Niño3 anomaly > 1°C) occurring in the year following a larger eruption (as in 

Fig 2b) is 63%; for the eruptions between 1649 and 1868 (Fig 2a) it is 55%.  For comparison, the 

probability over all years is 33%. The approximate doubling of the probability of a warm event 

in the year following the eruption is similar to that observed by Adams et al (2003).  

 

It should be stressed that these results suggest a statistical, rather than deterministic, relationship 

between volcanic forcing and ENSO-like response. As discussed earlier (e.g. in the context of 

the discussion of Figure 1b), in any one single realization of the actual climate, there is a sizable 

probability that an El Niño event will not occur. Only for the largest amplitude forcing events 

(e.g. AD 1259) is an El Niño-like response expected to be observed in almost any independent 

realization of the climate based on our experiments. For the relatively modest amplitude volcanic 

eruptions of the 20th century (which contrast with numerous larger eruptions in prior centuries), 

it is difficult to relate the observed actual sequence of El Niño events to explosive volcanism (see 

Nicholls 1990, Robock, 2000, Adams et al, 2003).  Indeed, the fact that most El Niño events 

during the late 19th and 20th century appear to predictable more than a year in advance without 

including the effects of volcanic forcing (Chen et al, 2004) speaks to the likelihood that internal 

variability, rather than explosive volcanism, dominates the observed recent history of ENSO. 

The similarity in timing between certain notable recent El Niño events and large tropical forcing 

events (e.g. the 1982 El Chichón eruption and the 1991 Pinatubo eruption) may in fact be 

entirely coincidental. Our results, as the empirical results of Adams et al (2003), suggest, 

however, that some changes in the statistical attributes of ENSO are in fact likely to be related to 

changes in explosive volcanic forcing over multidecadal or longer intervals. 
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In Figure 3, we show the Niño3 response (100 realization ensemble mean) for  the combined 

solar +volcanic forcing from AD 1000-1999. Peak-to-peak variations on multidecadal and 

century timescales (Figure 3b)  range from 0.2o to 0.4oC, indicating climatically significant long-

term change in ENSO mean state. Also shown is a history of ENSO inferred from oxygen 

isotopes in fossil corals. The corals, collected at Palmyra in the tropical central Pacific, are from 

intermittent time periods over the past millennium (viz. Fig. 3). The corals are interpreted as 

indicating warm-event (cold-event) conditions for negative (positive) isotopic departures, based 

on extrapolation from recent conditions (Cobb et al, 2003). ENSO-related salinity and 

temperature influences in the region of Palmyra (which are currently associated with wet and 

warm conditions during a warm-event), have a mutually reinforcing influence on oxygen 

isotopic fractionation (negative isotopic departures during warm-events). An important caveat in 

this regard is that Palmyra lies  at the fringe of the cold-tongue region of the eastern tropical 

Pacific, a region where the relationship between SST changes and patterns of 

convection/precipitation might have changed as the mean climate changed.  If so, then the 

quantitative relationship between isotopic departure and indices of ENSO such as the Niño3 

index, may not be stationary over time. It is unlikely, however, that sign of the relationship 

between ENSO indicators and isotopic departures, would have changed back in time. 

 

The coral data have been standardized to have the same mean and annual standard deviation as 

the composite Niño3 series when averaged over all 3 overlapping segments. The means and 

standard deviations of the individual segments are allowed to vary.  This imposes an implicit 

amplitude scale on the Niño3 history inferred from the isotope data. If, instead, the isotope data 

are scaled based on the relationship between 20th century coral segment (not shown) and the 

overlapping instrumental Niño3 record, the inferred changes in Niño3 are approximately twice as 
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large. As discussed above, however, it is not clear that such a 20th century scaling will precisely 

hold back in time. 

 

As the coral reconstruction provides only one realization of the history of ENSO in past 

centuries, it would be quite surprising if the ensemble mean response of even a perfect model 

would match the observations exactly, especially at the seasonal to interannual timescale where 

intrinsic ENSO variability dominates, and where dating uncertainties in the coral records make 

precise comparisons perilous. However, the agreement between predicted and observed low-

frequency changes in mean state, which should be more robust based on statistical sampling 

considerations, is notable: cold late 12th/early13th century central/eastern tropical Pacific SSTs, 

moderate 14th/early 15th century central/eastern tropical Pacific SSTs, and warm late 17th 

century central/eastern tropical Pacific SSTs occur in both model and observations. For each of 

the three available segments the means of the observations and the model ensemble are 

consistent within the sampling distribution from the ensemble. Moreover, the late 17th century 

and late 12th/early 13th century means are nearly statistically distinct in the model simulations 

(the inter-fourth quartile range for the mean of the latter period  lies entirely above the ensemble 

average mean of the earlier period, indicating that the mean of the later period would be expected 

to be higher than that of the earlier period in roughly 7 out of every 8 realizations).  Given the 

model prediction, we can therefore conclude that the later period would be likely to have a 

greater mean than the earlier period in the one observed realization (i.e., that provided by the 

coral data) with a roughly 90% probability. A close similarity is also found in the changes in the 

amplitude of interannual variability between different time intervals. The numerous large El 

Niño events of the late 17th century and the lack of large El Niño events in the late 12th/early 

13th century are similar for both model and observations; in the model, this difference is 

associated primarily with an abundance and absence, respectively, of large volcanic forcing 
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events at those times.  The increase in standard deviation in the 17th century interval relative to 

the 12th/13th century interval is statistically significant for both the coral observations and the 

model simulations (observations: 0.19 vs. 0.15, model: 0.21 vs. 0.16; p<0.1 for the difference in 

both cases). A comparison with the low-frequency changes in Niño3 due to volcanic forcing only 

(Figure 3c) indicates that many of the low-frequency changes in mean and variability arise from 

volcanic forcing alone, with solar forcing generally playing a secondary role. Thus, the results 

shown are likely to be qualitatively correct even in the face of relatively large uncertainties in the 

amplitude of solar radiative forcing in past centuries. 

 

A caveat that should be noted in the comparisons with the coral records is that if the alternative 

scaling  discussed above is used (based on the statistical relationship between the model coral 

data and instrumental record during the 20th century), the differences in means between the 

different coral segments are roughly twice as large, and the differences between the 12th/13th 

and 17th century intervals fall moderately outside the interfourth quartile range of the model 

simulations. There are at least 4 possible reasons for this discrepancy: (1) the model is 

underestimating the true response of the system to natural radiative forcing changes, (2) the true 

natural radiative forcing over the tropical Pacific in past centuries is greater than assumed in the 

radiative forcing estimates used, (3) the actual climate history is, in part, the result of a relatively 

unusual realization of the internal variability, or (4) long-term changes in mean state have 

changed the precise relationship between ENSO precipitation and temperature changes in the 

Palmyra region, and thus, the quantitative interpretation of the isotope departures in terms of e.g. 

Niño3 temperatures. It is difficult to determine, at present, which of these explanations is most 

viable. As additional fossil coral evidence is recovered from the tropical central Pacific for other 

time periods, it should be possible to further examine the relationship between natural radiative 

forcing and past changes in the tropical Pacific. Observations from the mid 13th century 
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following the very large AD 1259 eruption, or during the early 19th century period of relatively 

intense tropical explosive volcanic activity should, given our simulations, indicate a pronounced  

tendency towards an  El Niño state. Anthropogenic impacts, which are increasingly important 

subsequent to the mid 19th century, are not considered in this study. Cane et al (1997) suggest 

the possibility of a cooling central/eastern equatorial Pacific in response to downward longwave 

forcing by increasing greenhouse gas concentrations, consistent with the mechanisms discussed 

in this study. However, we caution the reader that the response to anthropogenic radiative forcing 

may, as discussed earlier, be more complicated than that associated with the natural radiative 

forcing changes considered in this study. 

 

5. Conclusions 

 

Our model experiments reproduce the empirical  observations of a short-term ENSO response to 

explosive tropical eruptions, as well as the tendency for  an El Niño-like state in the tropical 

Pacific  during the so-called "Little Ice Age" and a La Niña-like state during the "Medieval 

Warm Period.”.  In the modern climate, moderate El Niño conditions are associated with a 

relative warming on the order of tenths of a degree (oC) in global mean temperatures. Moreover, 

such conditions are associated with a pattern of widespread tropical warming but weaker 

warming or even cooling in some regions of the extratropics (Seager et al, 2003).  The response 

of the tropical Pacific to radiative forcing isolated in this study thus implies both a decrease in 

the amplitude of the global or hemispheric-mean warming (cooling) associated with increased 

(decreased) radiative forcing in past centuries, and a decrease (increase) in  the poleward 

temperature gradient between equator and midlatitudes in response to increased (decreased) 

radiative forcing.  Such a response would argue for somewhat lower amplitude variability in 

actual hemispheric or global mean temperature in past centuries than is predicted by models 
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which either do no resolve at all, or resolve incompletely, the physics underlying ENSO (e.g. 

Rind et al, 1999; Crowley, 2000; Gonzalez-Rouco et al, 2003). This response would furthermore 

help to explain apparent evidence that extratropical temperature changes in past centuries (e.g. 

Esper et al, 2002) have been greater in amplitude than tropical (Hendy et al, 2002) or full 

hemispheric-scale (e.g. Mann et al, 2003) temperature changes. Future experiments using higher 

resolution global coupled ocean-atmosphere models should provide further insights into the 

response of the tropical Pacific to past radiative forcing changes. 
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Figure 1  Ensemble-mean ZC Niño3  response to natural radiative forcing experiments over the 

period AD 1000-1999. a) Response to tropical volcanic radiative forcing (red-- anomaly in oC 

relative to AD 1000-1999 mean; scale provided on left axis) based on ensemble of 100 

realizations. Radiative forcing (blue) is shown in W/m2 (scale provided on right axis).  b) 

Comparison of ensemble-mean responses to volcanic forcing (as in 'a') based on more modest 

ensembles of 20 (orange) and 5 (yellow) realizations. c) Response to solar radiative forcing (red-

-anomaly in oC relative to AD 1950-1980 reference period) based on  ensemble of 100 

realizations. Maroon curve represents 40 year smoothed response.  Solar radiative forcing (blue) 

shown in W/m2 (relative to AD 1000-1999 mean).  

 

Figure 2  Superposed Epoch Analyses (SEA) for  volcanic forcing experiments based on 

composites of (a) the 7 volcanic events exceeding -2 W/m2 over the AD 1649-1868 period and 

(b) the 7 volcanic forcing events exceeding  -4 W/m2 over the AD 1000-1999 period. Anomalies 

represent departures relative to the pre-eruption mean. Vertical solid lines indicate the timing of 

occurrence of the eruption, values prior to the eruption are shown as a scatter plot, while post 

eruption values are shown as a continuous curve, to emphasize the structure in the post-eruption 

response. The horizontal dashed lines indicates +/- two standard error (approximate 95% 

confidence) intervals, while horizontal solid line indicates the composite pre-eruption mean. 

Year "0" defines the year during which the eruption occurs. Unlike Adams et al (2003)  we have 

not normalized event magnitudes prior to compositing.  

 

Figure 3  Comparison of the ensemble annual mean Niño3 response to  the combined natural 

radiative forcing (volcanic+solar) over the interval AD 1000-1999. a) Response (red--anomaly in 
oC relative to AD 1000-1999 mean) to radiative forcing (blue) based on ensemble of 100 

realizations. b) Comparison of model ensemble-mean Niño3 (gray--anomaly in oC relative to AD 

ABOR/MH/Priv-007223



 23

1950-1980 reference period; 40 year smoothed values shown by thick maroon curve) with 

reconstructions of ENSO behavior from Palmyra coral oxygen isotopes (blue--the annual means 

of the published monthly isotope data are shown). The coral data are scaled as described in the 

text,  with  warm-event (cold-event) conditions associated with negative (positive) isotopic 

departures. Thick dashed lines indicate  averages of the scaled coral data for the three available 

time segments (blue) and the ensemble-mean averages from the model (red) for the 

corresponding time intervals. The associated inter-fourth quartile range for  the model means (the 

interval within which the mean lies for 50% of the model realizations) is also shown. The 

ensemble mean is not at the center of this range, due to the skewed nature of the underlying 

distribution of the model Niño3 series. Also shown (green curve) is the 40 year smoothed model 

result based on the response to volcanic forcing only, with the  mean shifted to match that of the 

coral segments.  
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From: Malcolm Hughes
To: mann@virginia.edu
Subject: proposal
Date: Friday, September 03, 2004 6:20:02 PM

Mike - please find attached a version of the proposal that I have edited. I have
addes a couple of sentences, roughtly where requested by you, and a bunch of
references, in a separate list at the end of the text. These are not yet integrated
with your bibliography.
Apart from as much as possible, how much less than $50k do you need the co-
PI budgets to be? Am I right in thinking you are looking at 4 years?
Have a great Labor Day weekend, cheers, Malcolm
.
.

Attachments:
  G:\nsf-esh04mkh.doc
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From: Michael E. Mann
To: Gavin Schmidt; Drew Shindell; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; Bill Ruddiman; Caspar

Ammann; Eugene R; Scott Rutherford; Hugues Goosse
Cc: Grace Cole; mann@virginia.edu
Subject: ESH proposal
Date: Monday, September 13, 2004 6:45:05 AM
Attachments: nsf-esh04.doc

Dear Collaborators:

Attached is a revised (near final, hopefully) version of the ESH proposal, taking into
account all of the contributions, suggestions, criticisms, etc. I've received from you.
I'm sorry if some of your contributions have been edited for brevity--there simply isn't
enough room for quite as much detail and specifics as we might like to include in a
proposal of this breadth. It's my hope that we'll get the benefit of the doubt here, in
particular because of the strength of the previously funded work.

There is no room for any net expansion of the proposal, as it is already a few lines
over the 15 page limit. At this point, I would like to solicit final comments, mostly at
this point to assure factual accuracy in what is said, and to make sure there are no
problems w/ what is proposed. Also, any typos, format errors, missing or superfluous
references, etc. that you notice would be appreciated.

Please get me any final comments within the next week.

Meanwhile, I would like to start getting the budget, etc. together. I'll need standard
2-page CVs and "current and pending" from anyone who plans to submit a budget
(either for themselves or for graduate student support). I'd also like to get an idea of
what each persons projected total budget will be at this point (including overhead),
so I know what the total will look like. I'm trying to keep this under 1M over 4 years
to make it as competitive as possible.  For unfunded collaborators, I'll simply need a
letter indicating interest in collaboration on the project--I have this from Hugues
already, but not yet from Caspar! (Caspar??).

We're going to be doing this as a "collaborative research" proposal, w/ U.Va the lead
institution. That means that the actual proposal will be submitted by U.Va., but each
participating institution (doesn't include unfunded collaborators) will have to submit
separate linked cover pages, budget paperwork, CVs and current and pending,
through fastlane, and this will have to be linked to the main (U.Va) fastlane proposal.

I've cc'd our wonderful U.Va grants administrator Grace Cole on this. Grace will be
helping us get everything together on fastlane. I want to start early, so that we don't
put unnecessary pressure on Grace and the U.Va office of sponsored programs as the
deadline grows near. I'd like to have everything done more than a week in advance
of the (Oct 13) deadline...

Thanks all. Looking forward to any final responses on the proposal, and to moving
ahead w/ getting all of the details together for submission,

mike

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
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                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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PROJECT SUMMARY  
 

Mechanisms of Climate Change and Variability During the Late Holocene 
 

The proposed project will build on previous efforts to both reconstruct and model patterns of climate 
variability during past millennia.  This project will make use of detailed proxy-based reconstructions of 
large-scale surface temperature and atmospheric circulation patterns over the past two millennia. 
Comparisons will be made with forced climate model simulations in collaboration with colleagues at 
three different climate modeling centers (NASA/GISS, NCAR, and ECBILT-CLIO) to elucidate plausible 
mechanisms underlying patterns of climate variability over this timeframe. Concurrent with these 
activities, preliminary extensions of climate reconstructions to the past 3-5 millennia will be attempted 
based on the use of coarsely resolved proxy climate indicators. The Intellectual Merit of the project is 
characterized by three inter-related scientific research components: 

1. Empirical proxy-based climate reconstruction: This component will involve preliminary extensions of 
large-scale temperature reconstructions over the past 3-5 millennia based on the careful consideration 
of a restricted set of less temporally resolve proxy temperature records in conjunction with testing of 
sampling strategies for large-scale climate reconstruction based on long climate model simulations (see 
"2" below). 

2. Modeling of past climate changes: This component will involve a set of experiments designed to assess 
the underlying external and dynamical factors consistent with reconstructed patterns of past climate 
change. These experiments will include (a) specified SST forcing of atmosphere-only models (GISS 
and NCAR) using proxy-reconstructed of observed SST changes; (b) external radiative forcing of an 
atmospheric model with interactive stratospheric photochemistry and mixed-layer ocean (GISS) and (c) 
external radiative forcing of fully coupled ocean-atmosphere models (NCAR; ECBILT). These 
modeling experiments will also be used in tests of proxy network sampling strategies (see "1" above). 

3. Model/Data comparison: This component will involve the quantitative assessment of the extent to 
which model simulations can explain observed patterns of changes in surface temperature, atmospheric 
circulation, and continental drought. These assessments will draw upon established statistical tools 
including multivariate frequency-domain analyses, pattern correlations, and compositing approaches, 
and a more recently developed approach to using paleoclimate proxy data to constraining the optimal 
realization in an ensemble of a forced coupled model simulations.  

Broader Impacts of the proposed research involve significant expected progress towards addressing key 
outstanding issues regarding the spatial and temporal details of past changes in the Earth's climate, the 
factors underlying those changes, and implications for our understanding of future climate change. 
Among the primary issues to be investigated are: 

1) The role of combined natural and anthropogenic radiative forcing in explaining large-scale temperature 
changes over the past 1000-2000 years 

2) The nature of the response of tropical Pacific coupled ocean-atmosphere dynamics to changes in 
external radiative forcing. 

3) The role of tropical Pacific climate changes in explaining larger-scale patterns of climate (surface 
temperature and atmospheric circulation) variability and change in past centuries 

4) The role of both tropical Pacific and tropical Atlantic SST forcing in explaining patterns of North 
American drought in past centuries 

5) The nature of the response of the Northern and Southern Annular modes (NAM and SAM) to changes 
in external radiative forcing. 

6) The role of changes in the NAM and SAM in explaining observed patterns of large-scale climate  
(surface temperature and atmospheric circulation) variability and change  in past centuries 

ABOR/MH/Priv-007231



PROJECT DESCRIPTION 

Mechanisms of Climate Change and Variability During the Late Holocene 

Results from prior NSF support 

Multiproxy Climate Reconstruction: Extension in Space and Time, and Model/Data Inter-comparison 
Earth Systems History (ESH) NOAA/NSF joint  (NOAA NA96GP0404) 
1/1/99 - 8/31/02, $382,000 (U.Va award), P.I.: M.E. Mann, co-investigators: R.S. Bradley, M.K. 
Hughes 

This project built on previous work by Mann and colleagues reconstructing large-scale surface 
temperature patterns in past centuries (Mann et al, 1998). Seasonally-resolved versions of the Mann et al 
(1998) surface temperature reconstructions (Mann et al, 2000b) were produced, and proxy climate 
reconstructions were analyzed for insights into the nature of long-term internal climate variability (e.g. 
Braganza et al, 2003; Covey et al, 2003) including analysis of modes of climate variability related to the  
El Niño/Southern Oscillation or 'ENSO' (Mann et al, 2000ab; Mann 2001ab), the North Atlantic 
Oscillation or 'NAO' (Cullen et al, 2001; Mann 2001ab; Mann 2002a; Cook et al, 2002), and multidecadal 
North Atlantic ocean-atmosphere processes (Delworth and Mann, 2000). The role of external forcing in 
climate changes in past centuries was examined at the hemispheric-mean scale (Mann 2000; Mann, 
2002b; Gerber et al, 2002) and in terms of spatial patterns of forced response  (Shindell et al, 2001; Waple 
et al, 2002).  The possible role of biases related to dendroclimatic processing and standardization issues in 
paleoclimate reconstruction were examined (Mann et al, 2000b; Mann and Hughes, 2002). Discrepancies 
between borehole and proxy-based temperature reconstructions were examined, and signal-detection 
techniques were used to produce optimal borehole surface temperature estimates (Mann et al., 2003).  

Methodological refinements of  the original Mann et al (1998) climate field reconstruction (CFR) 
approach were introduced  (Mann and Rutherford, 2002; Rutherford et al, 2003), and the fidelity of CFR 
was tested using networks of ''pseudoproxies''  obtained by resampling the instrumental surface 
temperature record using sparse networks of data of varying size and additive noise level (Mann and 
Rutherford, 2002). These tests supported conclusions from previous studies regarding the level of 
statistical skill in proxy-based climate reconstruction, placing limits on the potential skill and suggesting 
alternative strategies for improved proxy-based surface temperature pattern reconstructions.   The issue of 
whether or not calibration of proxy data against non-stationary late 20th century instrumental data may 
produce a biased reconstruction was addressed through analyses of control and forced integrations of the 
Geophysical Fluid Dynamics Laboratory (GFDL) R30 coupled ocean-atmosphere model and instrumental 
temperature records, establishing that climate reconstructions of the 19th and previous centuries are 
unbiased when the 20th century is used as a calibration period (Rutherford et al., 2003).  
 
This project resulted in more than 20 peer-reviewed publications. Results from this project were featured 
prominently in several chapters of the 2001 IPCC report, and the numerous resulting datasets were made 
publicly available through the NOAA World Data Center for Paleoclimatology.  This proposal has also 
helped support Brad Adams' and Zhihua Zhang's progress towards their dissertations in the Department of 
Environmental Sciences at the University of Virginia, and has furthered the post-graduate scientific 
development of University of Virginia postdoctoral researcher Dr. Scott Rutherford. 

Reconstruction and Analysis of Patterns of Climate Variability Over the Last One to Two Millennia 
Earth Systems History (ESH) NOAA/NSF joint  (NOAA NA16GP2913) 
9/1/02 - 8/31/04, $315,000 (U.Va award), P.I.: M.E. Mann, co-investigators and collaborators: R.S. 
Bradley, M.K. Hughes, T. Delworth, R. Stouffer, M. Cane, S. Zebiak 

This project, currently in progress, has built on previous proxy climate reconstruction and model/data 
intercomparison work by Mann and colleagues. Among the accomplishments thusfar are  the 
development of a hybrid frequency domain approach (Rutherford et al 2004) to climate field 

ABOR/MH/Priv-007232



reconstruction, which has been found to yield verification scores that are comparable or better than the 
non-hybrid approach (Rutherford et al, 2004), and allows for the inclusion of proxies with lower than 
annual resolution (e.g., lake and high-resolution ocean sediments) in climate field reconstruction (CFR). 

In collaboration with colleagues at the Climatic Research Unit (CRU) of the University of East Anglia, an 
analysis was performed of the sensitivity of Northern Hemisphere surface temperature reconstructions to 
different methods and proxy networks (Rutherford et al, 2004) and have applied  the 'RegEM' Climate 
Field Reconstruction (CFR) technique developed under a prior award to the improved reconstruction of 
proxy-based continental  drought in the conterminous United States in past centuries (Zhang et al, 2004).  
In collaboration w/ colleague P. Jones of  CRU, an extension of proxy-based estimates of hemispheric and 
global-mean temperature changes back to AD 2000 has been performed (Mann and Jones, 2003), and in 
collaboration w/ colleagues N. Andronova and M. Schlesinger, these hemispheric reconstructions have 
been used to  assess the sensitivity of the climate system to radiative forcing based on comparisons with 
forced EBM model simulations (Andronova et al, 2004).   Progress has also been made in elucidating 
possible dynamical mechanisms consistent with reconstructed climate histories. This progress includes 
the analysis of the role of radiative (volcanic and solar) forcing of the Arctic Oscillation on past seasonal 
temperature changes based on experiments with a stratosphere-resolving climate model in collaboration 
with D. Shindell and G. Schmidt of NASA/GISS (Shindell et al, 2003, 2004), and publication of an 
analysis describing a statistical linkage between long-term volcanic forcing and ENSO-related climate 
variability (Adams et al, 2003). In collaboration with Columbia Univ. colleagues M. Cane and S. Zebiak, 
and A. Clement of University of Miami, a compelling theoretical mechanism for natural (volcanic and 
solar) radiative forcing of the El Niño/Southern Oscillation (ENSO) over the past 1000 years has been 
described (Mann et al, 2004), explaining both the empirical evidence of linkages between explosive 
volcanism and El Niño events detailed by Adams et al (2003),  and the evidence for century-scale 
variations in tropical Pacific climate conditions in past centuries. These changes can potentially explain 
long-term changes in drought conditions in the western U.S. over the past 1000 years, which hold 
implications for assessing present-day drought vulnerability to radiative forcing of climate.  

Heading into the final stages of the project, the groundwork has been laid for proceeding with detailed 
proxy-based reconstructions of global patterns of seasonal Sea Level Pressure and Surface Temperature 
spanning the past two millennia, based on the revised systematic methodology described by Rutherford et 
al (2004) to assimilate networks of proxy indicators into CFR. These reconstructions are based on 
dynamically constructed proxy networks based on  an appropriate set of a priori criteria and screening 
process targeted to produce optimal verification scores for the  particular seasonal window and climate 
field of interest. The resulting reconstructions will be available for analysis by the completion of this 
project. Concurrently, we are making progress on the analysis of networks of synthetic proxy data or 
'pseudoproxies' to test the CFR approach developed under our previous award.  

This project produced 14 peer-reviewed publications published, in press, or submitted at the time of this 
proposal, including two recent reviews of climate change during the late Holocene years (Jones and 
Mann, 2004; Schmidt et al, 2004). Several sets have been made available to the NOAA World Data 
Center for Paleoclimatology, and the graphical interface designed for selecting proxy networks in CFR in 
this project will be made available upon completion of this project.  The masters thesis of University of 
Virginia graduate student Brad Adams, which was supported by this project,  resulted in a high profile 
article in  Nature (2003) detailing empirical proxy-based evidence for a relationship between explosive 
tropical volcanic forcing of climate and probability of El Niño events over the past several centuries. This 
project has also supported the progress of Zhihua Zhang's towards his dissertations in the Department of 
Environmental Sciences at the University of Virginia, and has furthered the professional development of 
University of Virginia postdoctoral researcher Dr. Scott Rutherford, who has since taken a faculty 
position at Roger Williams University in Rhode Island. 
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Remote Observations of Ice Sheet Surface Temperature: Toward Multi-Proxy Reconstruction of 
Antarctic Climate Variability 
NSF Office of Polar Programs, Antarctic Oceans and Climate System Program  
9/02 - 8/05, $133,000 (U.Va award), P.I.s: M.E. Mann (Univ. of Virginia), E. Steig (Univ. 
Washington), D. Weinbrenner (Univ. Washington) 
 
This project is aimed at reconstructing patterns of climate variability in Antarctica over the past one to 
two millennia based on calibration of annual resolution ice core oxygen isotopes against modern 
instrumental data. This involves the development of statistically reliable, spatially extensive estimates of 
surface temperature variations over the past century, based on cross-calibration of ground-based 
instrumental and satellite data. An 'infilled' version of the instrumental surface temperature record 
available over Antarctic during the 20th century has been produced using the covariance-based 
spatiotemporal infilling techniques described by Rutherford et al (2003). This record has, in turn, been 
statistically merged with satellite skin temperature measurements over Antarctic available during the past 
two decades to yield a spatially-extensive long-term instrumental surface temperature dataset.  The 
remainder of the project will be devoted to using this dataset to calibration currently available long-term 
annually resolved ice core oxygen isotopic records to yield a preliminary reconstruction of long-term 
temperature trends in Antarctica. 

A manuscript describing Antarctic surface temperature reconstructions over the historical period (Steig, 
Schneider, Mann, Rutherford, and Weinbrenner) is currently in preparation. This proposal has supported 
in part the professional development of U.Va graduate student Zhihua Zhang. 
 
1. Introduction 
 
Considerable progress has been made over the past several years with regard to our knowledge and 
understanding of the climate variability of the period spanned by the past one-to-two millennia (see Jones 
and Mann, 2004).  One important development has been the generation of several proxy-based 
reconstructions of hemispheric and global mean temperature changes in past centuries (see Mann et al, 
1998;1999; Jones et al, 1998; Briffa et al, 1998; Briffa and Osborn, 1999; Crowley and Lowery, 2000; 
Huang et al, 2003; Folland et al, 2001; Jones et al, 2001; Mann 2001a; Esper et al, 2002; Mann and Jones, 
2003; Crowley et al, 2003) and  numerous independent attempts to model hemispheric mean temperature 
changes using climate models of varying complexity forced by estimated past radiative forcing histories 
(Rind et al, 1999; Free and Robock, 1999; Crowley, 2000; Bertrand et al., 2002; Gerber et al, 2003; Bauer 
et al, 2003; Hegerl et al, 2003; Goose et al, 2003; Gonzales-Rouco et al, 2003, Crowley et al, 2003; 
Andronova et al, 2004; Crowley, 2004). Comparisons of model and observations at the hemispheric-mean 
scale yield a  generally consistent picture (Jones et al, 2001; Mann et al, 2003; Crowley et al, 2003; Jones 
and Mann, 2004; Schmidt et al, 2004; Goosse et al, 2004a), suggesting anomalous late 20th century 
warmth in the context of at least the past one-to-two millennia  (Mann et al, 2003; Jones and Mann, 2004; 
Rutherford et al, 2004; Cook et al., 2004; Crowley, 2004) that appears to be associated with 
anthropogenic forcing (Crowley, 2000; Crowley et al, 2003; Hegerl et al, 2003; Andronova et al, 2004).  

Insights into regional responses and the underlying dynamical mechanisms are equally, if not more, 
important to our understanding of past climate changes. Building on other past work (Briffa et al, 
1992;1998; Mann et al, 1998), significant progress has also been made in recent years in attempting more 
spatially and seasonally-resolved temperature reconstructions (Mann et al, 2000; Rutherford et al, 2004), 
and targeted reconstructions for key specific regions such as Europe (e.g. Luterbacher et al, 2004) and the 
tropical Pacific (e.g. Evans et al, 2003). Analyses have been performed addressing the influence of 
statistical methodology and type of proxy network used on spatial temperature reconstructions, suggesting 
that alternative reconstructions appear consistent when seasonal and spatial sampling details are 
controlled for (Rutherford et al, 2004). 
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Recent efforts have also emphasized proxy reconstructions of modes of climate variability such as  such 
as the North Atlantic Oscillation (NAO)/Arctic Oscillation(AO) (Appenzeller et al, 1998; Luterbacher et 
al., 1999; Schmutz et al, 2000; Cullen et al., 2001; Mann, 2002a; Cook et al., 2002a; D'Arrigo et al, 
2003b), the Antarctic Oscillation (AAO) (Jones and Widmann, 2003), the PDO index (Minobe, 1997; 
Biondi et al., 2001, Gedalof et al, 2002), the 'Atlantic Multidecadal Oscillation' or 'AMO' (Delworth and 
Mann, 2000; D'Arrigo et al, 2003a; Gray et al, 2003; 2004) and indices of the El Niño/Southern 
Oscillation including the SOI (Stahle et al., 1998) and  Niño3 (Mann et al., 2000a,b; Evans et al., 2002). 
In addition, detailed reconstructions of continental drought from tree-ring data have been performed in 
recent years (Cook et al, 1997;1999; Zhang et al, 2004). 

These regionally and seasonally detailed reconstructions, and reconstructions of particular modes of 
climate variability can, in conjunction with regionally-focused climate modeling experiments, allow us an 
opportunity to infer the dynamical mechanisms underlying observed patterns of past climate variability. 
Experiments using the NASA/GISS model suggest that the dynamical response of the AO/NAO or 
"Northern Annular Mode" (NAM) to past radiative forcing changes can explain some important features 
in reconstructed climate changes of past centuries (Shindell et al, 2001, 2003, 2004). The response of the 
NAM to solar forcing, for example, may explain the greater cooling observed in Europe during the 
17th/early 18th century height of the European "Little Ice Age" (Shindell et al, 2001), while the 
seasonally-opposite response of dynamically-induced winter warming and radiative induced summer 
cooling emphasizing the extratropical continents (Shindell et al, 2003, 2004), may explain evidence of 
enhanced summer extratropical cooling during certain intervals in the past (Mann et al, 2003; Mann and 
Schmidt, 2003; Shindell et al, 2003, Rutherford et al, 2004). Changes in the North Atlantic meridional 
overturning circulation in response to may also be important on multidecadal and multi-century to 
millennial timescales (Bond et al, 2001; Waple et al, 2002; Goosse et al, 2004a). 

The possible role of ENSO-scale feedbacks has not been incorporated into model estimates of externally-
forced hemispheric or global temperature changes in past centuries (e.g., Rind et al, 1999; Crowley, 
2000).  Coupled ocean-atmosphere models used thusfar in forced millennial simulations (Gonzales-Rouco 
et al, 2003; Goosse et al, 2004a) do not faithfully reproduce the Bjerknes feedbacks governing coupled 
ocean-atmosphere variability in the tropical Pacific (though simulations in progress with the NCAR 
CCSM3 coupled model may realistically resolve such variability--Amman et all, pers. comm.). However, 
simulations employing the low-order 'Cane-Zebiak' model (Zebiak and Cane, 1997) model of the tropical 
coupled ocean-atmosphere dynamics using estimated tropical solar and volcanic radiative forcing over the 
past millennium, reproduce (Mann et al, 2004) some important empirical observations, including an 
observed relationship between explosive tropical volcanic forcing and the enhanced probability of ENSO 
conditions (Adams et al, 2003), and evidence from fossil corals in the central tropical Pacific spanning 
various intervals of the past 1000 years   for an El Niño-like state during the otherwise generally cold 17th 
century  (e.g. Crowley, 2000; Mann et al, 2003) and a La Niña-like state during the otherwise relatively 
mild  12th/13th centuries (Crowley, 2000; Mann et al, 2003). These results suggests a possible damping 
of the hemispheric-mean temperature changes estimated in the previous simulations discussed above that 
resolve possible ENSO-scale responses (see Mann et al, 2004) and may help to explain apparent evidence 
that extratropical temperature changes in past centuries (e.g. Esper et al, 2002) have been greater in 
amplitude than tropical (Hendy et al, 2002) or full hemispheric-scale (e.g. Mann et al, 2003) temperature 
changes. 

Possible such changes in tropical Pacific may provide an understanding of past changes in patterns of 
continental drought. Verschuren et al (2000) provide lake-level evidence in equatorial east Africa (Kenya) 
for  peak wet conditions during the mid-7th to the mid-18th centuries, and dry conditions during the early 
(11th-13th) centuries of the millennium,  reminiscent of anomalies typically associated with El Niño and 
La Niña conditions, respectively. A similar pattern of drought in earlier centuries and wet conditions in 
later centuries in the desert southwest of North America (e.g. Hughes and Graumlich, 1996; Woodhouse 
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FIGURE 1  Maps of the full field reconstruction for interesting years using 
the three different proxy networks (multiproxy/PC, MXD and Combined) to 
reconstruct three seasonal targets.  The years shown are the following: 1600, 
the year of the Huaynaputina (Peru) eruption; 1783, the year of the Laki 
eruption in Iceland; 1791, an El Nino year (Quinn and Neal 1992); 1816, the 
“Year Without a Summer” following the Tambora eruption in 1815; and 
1834, an exceptionally warm year in Europe (Mann et al., 1998).

and Overpeck, 1998; Cook et al, 2004) also favors interpretation in terms of the radiatively forced 
changes in ENSO in past centuries described by Mann et al (2004).   

In the next half year, more spatially extensive, seasonally-resolved reconstructions of surface temperature 
and atmospheric circulation over the past 1-2 millennia currently under preparation by Rutherford and 
coworkers, will be submitted for publication and available for analysis and comparison with 
reconstructions of related climate fields (e.g. North American summer drought reconstructions) and 
climate model simulation results. In conjunction with concurrent advances in modeling of climate 
changes on this timeframe, including experiments using high resolution coupled ocean-atmosphere 
models capable of resolving ENSO-scale responses models that resolve coupled stratospheric-
tropospheric processes, the detailed analysis of these reconstructions will provide an as-yet unparalleled 
opportunity to both characterize and understand, on a more fundamental level, the climate variability of 
the late Holocene. Such assessments may not only provide additional insight into the factors underlying 
past climate variability and change, but in addition may hold important implications for our understanding  
of possible future climate change. 

 
2. Previous Work 
 
2.1. Proxy-Based Reconstructions Surface Temperature, Sea Level Pressure, and Continental 
Drought 

Building on earlier work (e.g. Bradley and Jones, 1993; Overpeck et al, 1997; Jones et al 1998; Mann et 
al, 1998; Briffa et al, 1998), Climate Field Reconstruction (CFR) techniques have recently been applied to 
more spatially extensive and seasonally 
resolved proxy data to yield seasonal 
reconstructions of surface air and sea 
surface temperature patterns spanning 
the past several centuries (Mann et al, 
2000; Evans et al, 2002; Rutherford et 
al, 2004). The spatially- and seasonally-
resolved information in these 
reconstructions (Figure 1) has formed 
the basis for a number of studies 
seeking to identify the signature of 
expected patterns of response to known 
forcings of past climate (Shindell et al, 
2003; 2004; Braganza et al, 2003; 
Adams et al, 2003).  
 
Further building on these developments, 
Mann and colleagues are in the process 
of preparing a more extensive set of 
reconstructions of seasonal (cold-and 
warm-half year) large-scale surface 
temperature and sea level pressure 
spanning more than the past 
millennium. These reconstructions are 
based on a considerably expanded database (Figure 2) from that used by Mann and coworkers in previous 
years including a large number of previously unused annually-resolved tree-ring, coral, and ice core proxy 
records, and other lower-resolution, decadally resolved proxy indicators. An expansion of the data base 
has been accomplished by including additional proxy records that have been developed in the recent past, 
and by using the hybrid calibration procedure discussed below, which allows for the use of mid-resolution 
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SCOTT TO PROVIDE!!! 

FIGURE 2  Updated network of proxy indicators being used in 
large-scale reconstructions of seasonal surface temperature and 
sea level pressure patterns over the past one-to-two millennia. 

data not included in the previous multiproxy reconstructions (e.g., decadally, but not annually resolved,  
lake and sediment core data, and other more coarsely resolved proxy records) that can be used to better 
resolve low-frequency patterns of variance, and allows for the inclusion of dendroclimatic climate 
indicators in the International Tree Ring Data Bank (ITRDB) that were previously excluded from the 
proxy network because of their poor retention of low-frequency variability. Relaxing that requirement 
permits a more than three-fold increase in the usable tree-ring series from the ITRDB than were used by 
Mann et al (1998).  In addition, we are making use of an age banded version (Osborn et al, 2004) of the 
maximum latewood density (MXD) network originally developed by Briffa and coworkers (Briffa et al, 
1996;1998;2001)  developed to improve the retention of low frequency climatic information that might 
otherwise be reduced or removed by conventional standardization methods during chronology 
development. 

The recently developed 'hybrid' methodology described by Rutherford et al (2004) is currently being used 
to assimilate these networks of annual and decadal resolution proxy indicators into CFR in separate high 
(interannual) and low-frequency (decadal and longer period) bands.  By dynamically building different 
proxy networks using a variety of selection criteria and a screening process tailored to a particular field 
(surface temperature or sea level pressure), season (annual, cold-season or warm-season), and frequency 
band (low or high), proxy networks are chosen to produce optimal seasonal climate field reconstructions 
(as determined from  verification skill diagnostics) in these analyses. Based on initial analyses, these 
reconstructions are expected to exhibit greatest skill at regional scales during the past four or five 
centuries, while spatially coarse trends are expected one to two millennia back in time. The surface 
temperature reconstructions make use of the spatially infilled instrumental surface temperature record of 
Rutherford et al (2003) available back to 1856 (similar analyses have been performed by Smith et al, 
1996; Kaplan et al, 1998), for calibration, while the sea level pressure reconstructions make use of the 
infilled instrumental Sea Level Pressure record of Zhang and Mann (2004), available back to 1871. 
resulting reconstructions will be completed by the beginning of the proposed project.  
 
Zhang et al (2004) have recently produced 
spatially complete reconstructions of the Palmer 
Drought Severity Index (PDSI) over the 
conterminous U.S. back to AD 1700 (see Figure 
3), complimenting previous analyses by Cook 
and coworkers (Cook et al 1997;1999). These 
more recent drought reconstructions make use of 
a statistical approach known as "Regularized 
Expectation Maximization" or "RegEM" with 
some preferred statistical properties (Schneider, 
2001; Rutherford et al, 2003; 2004), achieving 
a high level of verified statistical skill (Zhang 
et al, 2004).  Reconstructions covering  the past millennium or longer exist, for example for certain 
regions such as the western and southeastern U.S. (e.g. Stine, 1994; Hughes and Graumlich, 1996; Ni et 
al, 2002; Cook et al, in press).  Several of these were designed to retain multi-decadal to multi-century 
variability, and so may be compared to other sources of information such as lake sediments and 
geomorphology (Laird et al, 1996). On the other hand, the shorter continental-scale reconstructions (Cook 
et al 1997;1999; Zhang et al., 2004) provide a large continental-scale baseline for the evaluation of 
detailed patterns of North American drought over the past several centuries. 
 
The state-of-the-art reconstructions of large-scale surface temperature, atmospheric circulation, and 
continental drought described above will provide the baseline for the analysis and comparison with results 
from modeling studies, described in this proposal.  These comparisons will focus on the past several 
centuries over which the most detailed regional information will be available, but it is expected that more 
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FIGURE 3  Reconstructions of North American Palmer 
Drought Severity (PDSI) Index from Zhang et al (2004). Shown 
is the spatial PDSI reconstruction for a particular year (top) 
and the time series for the spatial region (region '5' from Zhang 
et al) spanned by the desert southwest of the U.S. (bottom--
uncertainties shown by gray shading). 

limited but still useful regionally-resolved information will be available more than a millennium back in 
time. 

2.2. CFR Sampling Strategies 

The analysis of both model simulations (e.g. Shindell et al, 2003; Mann and Schmidt, 2003) and 
empirical reconstructions (Mann et al, 2003; Rutherford et al, 2004) demonstrates the importance of 
considering spatial and seasonal sampling details 
in interpretation both  spatial patterns, and large-
scale means from CFR results. For example,  
biased estimates of hemispheric annual mean 
temperature variations are likely if networks 
emphasizing only warm-season and continent-only 
conditions are used (Shindell et al, 2003; Mann et 
al, 2003; 2004; Rutherford et al, 2004; Mann et al, 
2004). This is one example of the importance of 
careful network design and spatial/seasonal 
sampling strategies in pursuing proxy-based 
CFR.  

One important tool in the design of strategies for 
improved proxy-based CFR has been the testing 
of reconstruction strategies based on the analysis 
of synthetic networks of indicators taken from 
model simulations (Bradley, 1996; Zorita et al, 
2003; Rutherford et al, 2003) or based on 
resampling of the instrumental record (Evans et 
al, 1998; Mann and Rutherford, 2002).  Mann 
and Rutherford (2002) analyzed reconstructions using ''pseudoproxy'' networks obtained by resampling 
the instrumental surface temperature record with gridpoint subsets of varying distribution and sparseness, 
seasonal window, and additive noise level (representing the 'signal-to-noise' of proxy), and character 
('white', 'red', or 'blue'). These tests demonstrated the increasing importance of the precise spatial location 
of indicators as networks become increasingly sparse (e.g., in the neighborhood of 20 or so independent 
samples). Rutherford et al (2003) took a similar strategy, constructing varyingly sparse networks of 
'indicators' instead from the surface temperature field output of control and forced integrations of the 
Geophysical Fluid Dynamics Laboratory (GFDL) R30 coupled ocean-atmosphere model. This primary 
aim of this latter study was to test the influence of anthropogenic non-stationarity on the 
calibration/reconstruction process using 'noise-free' model pseudoproxy networks (i.e., simple sparse 
subsets of gridpoints from the actual model surface temperature field. This study yielded, among other 
insights,  the conclusion that unbiased proxy reconstructions can be obtained even in the presence of 
anthropogenic influence on the 20th century temperature record used for calibration.  

More recent experiments, currently in progress, combine the approaches of Mann and Rutherford (2002) 
and Rutherford et al (2003), designing pseudoproxy networks from long integrations of the Geophysical 
Fluid Dynamics Laboratory’s (GFDL) coupled General Circulation Model (GCM), and using both forced 
and long-term control simulations to examine issues related to the longer-term stationarity of CFR results. 
The derivation of pseudoproxy networks from these model integrations allows for a far more flexible set 
of experiments. Using a combined 900 yr control run with a  natural multi-century cooling trend and a 
225 year forced run the long-term performance of the hybrid frequency-domain RegEM  CFR approach 
described by Rutherford et al (2004) is being investigated with respect to the length of the calibration 
period, and allowing for varying distribution and sparseness, seasonal window, and additive noise level 
and character.   
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2.3. Model/Data Comparison and Establishing Underlying  Dynamical Mechanisms 
 
A large number of simulations of Northern Hemisphere mean temperature spanning the past millennium 
or longer have been performed over the past few years (see Figure 4)  using the full hierarchy of available 
climate models and estimates of past natural and anthropogenic radiative forcing histories  (Bertrand et 
al., 2002; Gerber et al, 2003; Bauer et al, 2003; Hegerl et al, 2003; Goose et al, 2003; Gonzales-Rouco et 
al, 2003, Crowley et al, 2003; Andronova et al, 2004; Schmidt et al, 2004; Crowley, 2004). These 
simulations have yielded a number of important conclusions  including (a) the modeled late 20th century  
hemispheric-mean warmth is anomalous in a long-term context, (b) this anomalous warmth can only be 
explained by anthropogenic (greenhouse gas plus sulfate aerosol) forcing and (c) the modeled natural 
variability is consistent with long-term proxy-based reconstructions within published uncertainties.  The 
comparisons of modeled and reconstructed hemispheric temperature histories implies a sensitivity of the 
climate to radiative forcing consistent with the typical range of estimates of 1.5-4.5oC/2xCO2 (see Jones 
and Mann, 2004). Experiments with a coupled climate/carbon cycle model by Gerber et al (2003) suggest 
sensitivity sensitivity in the lower half of that range, based on additional constraints from the observed 
CO2 record.  

Several of the simulations over-predict the net warming that has occurred since the early/mid 19th century 
as evident from the instrumental record (and reconstructions), leading to the appearance of colder 
temperatures in past centuries when aligned with the modern instrumental record (Figure 4).  Simulations 
that take into account 19th and 20th century land use changes (Bauer et al in Figure 4), however, more 
closely match the observations, suggesting the importance of including land use changes as a significant 
19th and 20th century external radiative forcing (Govindasamy et al, 2001). One model simulation that 
produces especially large-amplitude variations (e.g. "GKSS" in Figure 4) assumes an extremely high 
amplitude solar forcing (nearly 8W/m2 change in solar constant over the course of the simulation), leading 
to substantial solar-forced hemispheric mean temperature changes in the past.   By contrast, other studies 
do not support such a substantial solar forcing of hemispheric mean temperature changes (e.g. Crowley, 
Gerber et al, and CSM in Figure 4; see also Hegerl et al, 2003).  
FIGURE 4  Model-based estimates of 
northern hemisphere temperature variations 
over the past two millennia (from Jones and 
Mann, 2004).  Shown are 40 year smoothed 
series. The simulations are based on varying 
radiative forcing histories (see Figure 7), 
employing a hierarchy of models including 
one-dimensional energy based models 
(Crowley, 2000), two-dimensional reduced 
complexity models (Bauer et al., 2003; 
Bertrand et al., 2002; Gerber et al., 2003), 
and full three-dimensional atmosphere-ocean 
general circulation ('GKSS'--Gonzalez-Rouco 
et al, 2003; 'CSM'--Ammann et al., submitted). Shown for comparison is instrumental northern hemisphere record 1856-2003, 
and the proxy-based estimate of Mann and Jones (2003) extended through 1995 (see Jones and Mann, 2004) with its 95% 
confidence interval. Models have been aligned vertically to have the same mean over the common 1856-1980 period as the 
instrumental series (which is assigned zero mean during the 1961-1990 reference period).  

A significant limitation in these previous  coarse-scale studies  is that the models used in these studies do 
not satisfactorily resolve important dynamical processes with the climate  that may in fact mediate much 
of the response to radiative forcing changes, and thus may be of primary  importance in interpreting 
reconstructed patterns of past climate change. These dynamical processes include (a) detailed 
stratospheric dynamics, photochemistry, and stratosphere/troposphere dynamical coupling (which have an 
important influence on the behavior of the Annular Modes, e.g. the AO/NAO--e.g. Shindell et al, 
1999;2001), and (b) the tropical wave dynamics (i.e., the Bjerknes feedbacks) responsible for ENSO, and 
potentially the forced response of the climate (e.g. Cane et al, 1997).   Other more targeted studies, using 
models capable of resolving these processes, have been recently used to examine more closely the 
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FIGURE 5  (top) Reconstructed and (bottom) simulated 
annual average temperature difference between 1660–80 
and 1770–90. The reconstructed surface temperatures are 
based on a multiproxy estimate using tree rings, ice cores, 
corals, and historical data (Mann et al. 1998). Model results 
are based on the sum of the response in two simulations: one 
incorporating reconstructed solar irradiance changes 
during this period and one using volcanic forcing scaled to 
changes over this time. 

potential role of such dynamical responses to forcing in interpreting climate changes in past centuries.   
Indeed, much of the recent progress in interpreting paleoreconstructions of climate in past centuries has 
come from more regionally focused studies using models capable of addressing such dynamical changes 
in the climate. 

Ongoing collaborative work with the NASA GISS modeling group (Shindell et al, 2001;2003;2004) has 
identified a prominent role in the planetary wave response to past radiative forcing changes in explaining 
observed patterns of spatial temperature change in past centuries. While solar forcing leads to only 
moderate changes in hemispheric mean temperature, the reinforcing seasonal patterns of continental 
summer cooling (due to decreased summer irradiance combined with the lesser thermal inertia over land) 
and regional temperature changes  associated with a dynamical stratospherically-forced tendency towards 
the negative phase of the NAO/AO during the Northern winter, leads to a tendency of strong cooling in 
some regions, such as Europe, but warming in other regions during times of decreased solar irradiance. 
This prediction matches the spatial pattern of response to solar forcing estimated from  proxy-
reconstructed surface temperature patterns  (Shindell et al, 2001).  The response to solar forcing contrasts 
with the response to explosive tropical volcanic 
forcing which is associated with a tendency for 
continental summer cooling, but an offsetting 
tendency for dynamically-induced winter warming in 
substantial regions of the continents. This latter 
response results from the differential heating/cooling 
of lower stratosphere/upper troposphere associated 
with volcanic aerosol forcing, which leads, through 
thermal wind  
considerations, to a tendency  for the positive phase 
of the NAO/AO (see also Robock , 2000). While 
volcanic forcing exhibits a greater hemispheric-mean 
temperature influence, due to the substantially 
greater associated radiative forcing changes, the 
tendency for seasonally-opposite direct radiative and 
dynamical responses leads to a muted pattern of 
spatial variation. The combination of the responses 
to the two natural forcings matches well observed 
proxy-reconstructed patterns of temperature change 
in past centuries (Figure 5).  
 
The model-predicted spatial pattern of radiatively 
induced continental summer cooling combined with 
dynamically induced winter warming in substantial 
regions of the continents is in good agreement between the simulations and post-volcanic event 
composites determined from seasonally-resolved proxy-reconstructed temperature patterns (Shindell et al, 
2004; see also Figure 1). The seasonally-opposing trends over continental regions associated with 
volcanic forcing appears to explain (see Mann, 2002b; Shindell et al, 2004; Rutherford et al, 2004) the 
greater amplitude variations in surface temperature reconstructions that emphasize continental regions 
and summer season conditions (e.g. Esper et al, 2002; Huang et al, 2000). Analyses underway for the past 
two millennia described in section 2.1 should soon complement current isolated longer-term evidence 
(Keigwin and Pickart, 1999; Noren et al, 2002; Rimbu et al, 2003) for a prominent role of the AO/NAO 
on region climate variability over the past several millennia. 

Other recent modeling work has focused on the response of the tropical Pacific to natural radiative forcing 
changes over the past 1000 years. Mann et al (2004) investigated the response of El Niño to natural  
radiative forcing changes over the past 1000 years based on  numerical experiments employing the 
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Zebiak-Cane  (Zebiak and Cane, 1987) model of the tropical Pacific coupled ocean-atmosphere system. 
Previously published empirical results (Adams et al, 2003) demonstrating a statistically significant 
tendency towards El Niño conditions in response to past volcanic radiative forcing are reproduced in the 
model experiments. A combination of responses to past changes in volcanic and solar radiative forcing 
closely reproduces (Figure 6) changes in the mean state and interannual variability in El Niño in past 
centuries recorded from fossil corals (Cobb et al, 2003). These experiments suggest that the dynamics of 
El Niño may have played an important role in the response of the global climate to past changes in 
radiative forcing in past centuries. The ENSO-scale  response  isolated in this study implies both a 
decrease in the amplitude of the global or hemispheric-mean warming (cooling) associated with increased 
(decreased) radiative forcing in past centuries, and a decrease (increase) in  the poleward temperature 
gradient between equator and midlatitudes in response to increased (decreased) radiative forcing.  Such a 
response would argue for somewhat lower amplitude variability in actual hemispheric or global mean 
temperature in past centuries than is predicted by models which either do no resolve at all, or resolve 
incompletely, the physics underlying ENSO (e.g. Rind et al, 1999; Crowley, 2000; Gonzalez-Rouco et al, 
2003). This response would furthermore help to explain apparent evidence that extratropical temperature 
changes in past centuries (e.g. Esper et al, 2002) have been greater in amplitude than tropical (Hendy et 
al, 2002) or full hemispheric-scale (e.g. Mann et al, 2003) temperature changes.  
 
FIGURE 6  Comparison (from Mann et al, 2004)  of the 
ensemble annual mean Niño3 response to combined natural 
radiative forcing (volcanic+solar) over the interval AD 
1000-1999 (gray--anomaly in oC relative to AD1950-1980 
reference period; 40 year smoothed values shown by thick 
maroon curve) with reconstructions of ENSO behavior from 
Palmyra coral oxygen isotopes (blue--the annual means of 
the published monthly isotope data are shown). The coral 
data are scaled as described in the text, with warm-event 
(cold-event) conditions associated with negative (positive) 
isotopic departures. Thick dashed lines indicate averages of 
the scaled coral data for the three available time segments 
(blue) and the ensemble-mean averages from the model 
(red) for the corresponding time intervals. The associated 
inter-fourth quartile range for the model means (the interval 
within which the mean lies for 50% of the model realizations) is also shown. The ensemble mean is not at the center of this range, 
due to the skewed nature of the underlying distribution of the model Niño3 series. Also shown (green curve) is the 40 year 
smoothed model result based on the response to volcanic forcing only, with the mean shifted to match that of the coral segments. 

The conclusions from Mann et al (2004) of an El Niño-like state during the otherwise generally cold  17th 
century  (e.g. Crowley, 2000; Mann et al, 2003) and a La Niña-like state during the otherwise relatively 
mild  12th/13th centuries (Crowley, 2000; Mann et al, 2003) appears to be consistent with changes 
observed in ENSO-sensitive drought regions.  Verschuren et al (2000) provide lake-level evidence in 
equatorial east Africa (Kenya) for  peak wet conditions during the mid-17th to the mid-18th centuries, and 
dry conditions during the early (11th-13th) centuries of the millennium,  reminiscent of anomalies 
typically associated with El Niño and La Niña conditions, respectively. A similar pattern of drought in 
earlier centuries and wet conditions in later centuries in the desert southwest of North America (Hughes 
and Graumlich, 1996; Woodhouse and Overpeck, 1998) favors this interpretation as well.   
 
3. Proposed Research 
 
3.1 Empirical proxy-based climate reconstruction  

The proposed work will attempt to extend reconstructions further back in time, over the past several 
millennia.  Numerous published paleoclimate reconstructions exist for the Holocene, based on a variety of 
proxies.  These include: from lake sediments, pollen, diatoms, chironomids, varves, isotopes in silica or 
carbonates; from ice cores: oxygen isotopes, other glaciochemical parameters and melt percentages; from 
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(a few) high deposition rate marine sites: diatom, alkenone or foram-based paleotemperature 
recoinstructions; from speleothems: oxygen isotopes.  A number of multi-millennial tree-ring records 
have also been developed in recent years (e.g. Salzer and Kipfmueller, 2004). They differ in the extent to 
which they might faithfully retain multi-century to millennial information. We will investigate their 
possible use on multi-millennial timescales by a thorough investigation of composition and 
standardization issues and, wherever possible, comparisons with other natural archives in the same 
regions. We will strive to use those records with the most reliable chronologies and highest resolution 
(preferably multi-decadal or better). Records with century-scale resolution we be used as necessary to 
provide optimum spatial coverage if higher resolution records can not be identified.  Chronological 'age 
model' reliability of long-term proxies ranges from annually resolved and cross-dated (e.g., tree-rings), to 
annually resolved with occasional chronological fixes (e.g., ice cores with volcanic horizons, varved 
sediments with tephras), to high precision TIMS-dated records (such as speleothems), or high precision 
radiocarbon-dated records with no reservoir effects (e.g. macrofossil-dated lake sediments), and finally, to 
records with larger uncertainties and significant reservoir corrections (e.g. marine and some lake 
sediments. We will primarily focus on  records in the upper range of age model reliability. As in previous 
approaches (e.g. Mann et al, 1998), we will make use both of proxies  that possess a strong 
paleotemperature signal, and proxy indicators that  capture variance in major components of the climate 
system (such as the monsoons, positions of ITCZ, or circumpolar winds), as both may capture variance in 
major components of the climate system that are related to the large-scale fields (surface temperature and 
sea level pressure) of interest. 

These extended proxy datasets will be used in several distinct ways: (1) Long proxy series, either directly, 
or in the form of a reconstructed climate field (see below), will be used as a constraint in the 
determination of the optimal realization of the climate consistent with estimated long-term radiative 
forcing using the an ensemble of simulations with the ECBILT-CLIO model as described in section 3.2c; 
(2) Hemispheric or global mean temperature series will be determined based on compositing approaches 
used in earlier studies (Bradley and Jones, 1993; Jones et al, 1998; Crowley and Lowery, 2000; Mann and 
Jones, 2003) applied to paleotemperature proxies and (3) Spatial climate reconstructions will be attempted 
through the application of CFR approaches (Mann et al, 1998; Evans et al, 2002; Luterbacher et al, 
1999;2000;2004; Rutherford et al, 2003; 2004) to available proxy indicators.  Such reconstructions will 
use existing annually-resolved reconstructions of surface temperature and sea level pressure spanning 
several centuries (rather than the shorter instrumental record) as a template for calibration of the longer-
term (multi-millennial) proxy data. 

These analyses will be guided by experiments using models to examine sensitivity to spatial sampling 
considerations and to determine optimal sampling strategies (Bradley, 1996; Evans et al, 1998; Mann and 
Rutherford, 2002; Zorita et al, 2003; Rutherford et al, 2003). We will examine the characteristics of 
simulated climate proxies within the model "worlds" (designed to have similar statistical properties to 
real-world proxies), in terms of how their inherent noise and location affect their ability to achieve high 
quality climate field reconstructions. These experiments will be particularly important in guiding the 
proposed extensions, as we expect that only on the order of 50 or so (rather than hundreds) of reliable 
region proxy records for use in CFR over several millennia, suggesting (Mann and Rutherford, 2002) that 
reconstructions will likely be more sensitive to the precise mix of available proxy information. These 
experiments will extend the preliminary work reported in section 2.2 in by (a) employing more realistic 
natural and anthropogenic forced millennial-scale simulations of coupled models (see section 3.2c) to 
examine the fidelity of proxy-based CFR across very low-frequency alterations in climate forcings and 
response; (b) by using integrations of two different coupled models (NCAR CCSM1 model and ECBILT-
CLIO model) to examine the sensitivity to the specific dynamics and teleconnections associated with a 
particular model, and (c) by employing both PCA-based (e.g. Mann et al. 1998;1999; Luterbacher et al, 
1999;2000;2004; Evans et al, 2002) and RegEM (Schneider, 2001; Rutherford et al., 2003; 2004) 
approaches to CFR to examine the sensitivity of conclusions to method of CFR used.  
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3.2 Modeling of past climate changes  

Several different models and modeling experiments will be used to analyze to investigate processes and 
forcings that may be responsible for past observed climate changes. These analyses will take advantage of 
already planned modeling experiments by our collaborators. Where possible, we will include controls to 
insure similar experimental design among model results being compared (for example, parallel SST-
forced simulations will be performed using both CCSM and GISS atmospheric models, and simulations 
using the CCSM and ECBILT-CLIO models will be performed using the same radiative forcing 
histories). In other cases, simulations will take advantage attributes specific to particular models 
(investigation of the impacts of stratospheric responses, ozone feedbacks and spectral dependence in the 
will be made in experiments using the GISS model, while large ensembles of the coupled ocean-
atmosphere response to past radiative forcing will be obtained using the ECBILT-CLIO model).   

a. Specified SST forcing of atmosphere 

Here we will use proxy-based  reconstructions of SST to drive atmospheric GCMs to assess possible SST 
forcing of large-scale atmospheric circulation changes (and drought) in past centuries. The proxy SST 
forcing will be diagnosed both from the large-scale spatial reconstructions of surface temperature in  past 
centuries discussed in section 2.1, and a separate reconstruction of tropical Pacific SSTs over certain 
intervals of the past millennium derived by Mann et al (2004) using  Palmyra coral data (Cobb et al, 
2003). In one set of experiments (collaborative with Schmidt and Shindell at NASA/GISS) we will use 
force the GISS ModelE atmosphere with these estimates,  diagnosing the large-scale atmospheric 
response to the estimated past SST forcing with respect both to the behavior of the AO/NAO (see 
Shindell et al, 2001;2003;2004) and with respect to the atmospheric circulation response (and associated 
patterns of drought) over North America.  In another set of experiments (collaborative with Ammann at 
NCAR), we will drive the NCAR CSM1 atmosphere with the same SST estimates, focusing in particular 
on the relationship between tropical SST forcing and patterns of continental drought in North America in 
past centuries. This work is synergistic with a separate collaboration between Mann and colleagues at 
Lamont Doherty/Columbia (M. Cane, S. Zebiak) and U. Miami (A. Clement) to diagnose the response of 
ENSO to past radiative forcing using a low-order model, a current collaboration between Mann, Ammann 
and N. Graham of Scripps Inst. Of Oceanography aimed at diagnosing the relationship between ENSO 
and western drought in past centuries from proxy records and climate model simulations, and a currently 
funded project involving coral-based reconstructions of IndoPacific climate changes in past centuries 
involving Mann and collaborators J. Cole (Univ. Arizona) and V. Mehta (CRCES, Maryland). 

b) External radiative forcing of atmospheric dynamics 

Here we will focus on experiments using the GISS atmospheric model with interactive stratospheric 
photochemistry and mixed-layer ocean, similar to that used in previous studies (Shindell et al, 
2001;2003;2004). In particular, using the expanded seasonal reconstructions of both temperature and SLP 
described in section 2.1, we hope to address (see section 3.3) the role of the NAM response to solar and 
volcanic radiative forcing. These analyses will expand on the analyses of Shindell et al (2001;2003;2004) 
by focusing on a longer timeframe (past millennium or further, rather than just the past few centuries) and 
looking at both SLP and temperature fields as diagnostics of the atmospheric dynamical response to 
forcing. Building on these past studies, the behavior of the Southern Annual Mode (SAM) or "Antarctic 
Oscillation" over the past millennium will also be analyzed. These latter analyses will be synergistic with 
a currently funded NSF project involving Mann and collaborators E. Steig and D. Weinbrenner at the 
University of Washington aimed at reconstructing past Antarctic climate patterns  (including the SAM) 
from high-resolution ice core data. 

c) External radiative forcing of coupled ocean-atmosphere dynamics 

Here, we will make use of simulations using coupled ocean-atmosphere models (NCAR CCSM3 coupled 
model in collaboration w/ C. Amman of NCAR and ECBILT-CLIO coupled model in collaboration with 
H. Goosse of  the University of Louvain, Belgium). The models will be forced by detailed estimates of 
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past radiative natural and anthropogenic radiative forcing histories to address the response of the large-
scale climate system to past radiative forcing. These modeling experiments will also be used in tests of 
proxy network sampling strategies as described in section 3.1 above. 

The NCAR simulations make use of the coupled CCSM3 ocean-atmosphere model which includes, 
among other features, a relativley faithful representation of the ocean and atmospheric processes 
underlying tropical Pacific coupled ocean-atmosphere dynamics. These simulations can thus provide 
insights into the potential response of such dynamics to past radiative forcing changes, building on 
preliminary studies based on a low-order modeling approach  (Mann et al, 2004). Particular focus will be 
given to diagnosing ENSO-scale responses (and implications for continental drought patterns in past 
centuries). These simulations will be complimentary to those obtained by the specified SST experiments 
described in section "a" above using the CSM1 model. While the specified SST approach seeks to 
investigate relationships based on what is interpreted to be the particular unique realization of the tropical 
Pacific climate and extratropical responses exhibited by the actual climate, the coupled modeling 
approach will yield an ensemble of possible realizations in response to estimated radiative forcing 
histories. The resulting ensemble may or may not encompass the envelope of the actual observed climate 
trajectory depending on the extent to which the response of the model to past radiative forcing actually 
captures the processes relevant to the observed history. The role of other large-scale dynamical responses 
involving the Annular Modes and changes in meridional overturning ocean circulation will also be 
investigated in these simulations. 

The CCSM3 model will be forced by estimated natural (volcanic and solar) radiative forcing changes 
over the past one to two millennia. A range of solar and volcanic forcing estimates have been used in past 
studies (e.g. Crowley et al. 2003; Bertrand et al, 2003; Ammann et al, 2003--see Figure 7 of Jones and 
Mann, 2004 for a comparison of different estimates) The radiative forcing estimates of Ammann et al 
(2003) will be used, as they offer both seasonal and  latitudinal resolution, and  certain dynamical 
responses to radiative forcing appear to depend on such details (Shindell et al, 2003;2004; Mann et al, 
2004). Given recent evidence (Lean et al, 2002) that estimates of long-term solar radiative forcing used in 
most other recent studies (Crowley, 2000; Shindell et al, 2001; 2003; Bertrand et al., 2002; Gerber et al, 
2003; Bauer et al, 2003; Hegerl et al, 2003; Goose et al, 2003; Gonzales-Rouco et al, 2003, Crowley et al, 
2003; Andronova et al, 2004; Schmidt et al, 2004; Crowley, 2004) are potentially overestimated, we 
intend to use both the previous estimates of Ammann et al (2003), and a newer, more conservative 
estimate of past solar irradiance change (Ammann, pers. comm.) based only on the 11 year solar cycle, as 
motivated by Lean et al (2002). This will allow us to examine the sensitivity of estimates to the assumed 
long-term solar forcing (see also Mann et al, 2004). In addition to the anthropogenic (greenhouse gas and 
sulphate aerosol) forcings, we will include estimates of  radiative forcing due to 19th and 20th century 
land use changes (Ramankutty and Foley, 1999; see also Bauer et al, 2003). Finally, experiments will be 
performed to address possible pre-industrial non-natural (human) influence on atmospheric CO2 levels. 
While one past study has interpreted pre-industrial CO2  changes over the past 1000 years as entirely due 
to changes in terrestrial carbon uptake resulting from surface temperature changes themselves (Gerber et 
al, 2002), this conclusion depends on an averaging of different ice core CO2 histories with potentially 
inconsistent age models. If one uses instead the single (Law Dome) record with highest  (multidecadal) 
temporal resolution (Etheridge et al., 1996), the pre-industrial estimates show greater than 10ppm peak-
to-peak variations, which are in fact radiatively significant, and could plausibly have arisen from human 
influences:  pandemics/disease and other population fluctuations in various regions of the world during 
various periods over the past 2000 years. We propose to address this issue by prescribing the CO2 changes 
as a "forcing" over the past 1000-2000 years, potentially decreasing the estimate by various fractions (e.g. 
0.75, 0.5) to allow for varying levels to which the  CO2 variations may represent a 'response' (e.g. Gerber 
et al, 2003)  rather than  'forcing'.  The CO2 series to be used as a forcing will be based on  a composite of 
Law and Taylor dome cores, using age model adjustments and linear interpolations between available 
dates as appropriate.  
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A separate set of experiments will be performed using two versions of the ECBILT-CLIO climate model 
driven by natural (volcanic, solar) and anthropogenic (greenhouse gas and aerosol) forcing over the past 
1000-2000 years. Experiments are being performed using ECBILT-CLIO2, a fully coupled 3-D low-
resolution atmosphere-ocean-sea-ice model, and ECBILT-CLIO3-VECODE which additionally includes 
an interactive dynamic vegetation model (DVM) 'Vecode'. In the ECBILT-CLIO3-VECODE, 
experiments, greenhouse gases are prescribed over the whole period and forcing by  natural volcanic and 
solar changes as well as by land-use change is provided. In other experiments with ECBILT-CLIO2, pre-
industrial greenhouse gas concentrations and land surface properties are constant. The experiments with 
ECBILT-CLIO3-VECODE are driven by different estimates of past radiative changes, including those 
used by Ammann et al (2003). While the ECBILT model does not resolve ENSO-scale dynamics, it has 
been used with considerable success to analyze possible feedbacks and delays in the large-scale climate 
response to radiative forcing changes associated with the behavior of the meridional overturning ocean 
circulation. Such responses appear to  include a delay of temperature changes in  Southern Hemisphere 
temperatures in response to radiative forcing changes (Goosse et al, 2004a). These simulation results 
should thus provide insight into existing empirical evidence of multidecadal/century-scale variability 
associated with changes in the meridional overturning circulation and the "Atlantic Multidecadal 
Oscillation" (e.g. Delworth and Mann, 2000; D'Arrigo et al, 2003a; Gray et al, 2003;2004) which may 
have connections with radiative forcing (Cubasch et al, 1997; Bond et al, 2001; Waple et al, 2002) and 
may  influence pattern of North American drought (Gray et al, 2003).  

The relative simplicity of the ECBIL-CLIO model allows for multiple millennial-length simulations, 
allowing for an additional novel approach to combining empirical data and model results over millennial 
timeframes. For each radiative forcing scenario, an ensemble of 15 to 25 simulations will be performed to 
provide an estimate of the natural variability as well as forced response. Empirical proxy data will be used 
as a constraint on the members of the ensemble, using a penalty function approach (see section 3.3b) to 
determine the particular realization most consistent with empirical observations (either networks of proxy 
indicators reflecting a particular variable of interest such as surface temperature, as in Goosse et al, 
2004b, or available climate field reconstructions for surface temperature or SLP). This provides a natural 
approach to allowing for the possibility that atmospheric and oceanic variations recorded in empirical data 
represent a combination of forced response present and natural modes of variability. One limitation may 
be the inability of the model to produce realistic forced responses of internal modes (such as the AO and 
NAO) due to limitations in representation of stratospheric processes and tropical coupled ocean-
atmosphere dynamics in the model. Comparisons with results described above using CCSM3 and GISS 
models should provide insight on the extent of such possible limitations. 

3.3 Model/Data Comparison 

Conclusions regarding the forcings and processes underlying reconstructed past climate histories  will 
draw upon standard statistical univariate and multivariate approaches to the problem of model/data 
comparisons: 

a) Composite  Analyses: 

To establish whether a model-predicted response to an episodic (e.g. volcanic) forcing exists in an 
empirical climate reconstruction, we will apply 'superposed epoch analyses' (e.g. Adams et al, 2003; 
Mann et al '04) in the case of time series (e.g. Niño3 vs. volcanic events) or conventional composite 
analyses (e.g. as in Shindell et al, 2004 with respect to the evaluation of post-volcanic seasonal large-scale 
surface temperature response) in the case of spatial fields. 

b) Model/Data Misfit Analyses  

We will use simple objective metrics, such as mean-square error ('MSE') (or potential alternative penalty 
functions) to characterize the degree of misfit between an observed and model-predicted time series. 
When a set of alternative forcing scenarios are used in a set of simulations (see section 3.2 "c"), such an 
objective metric can be used to determine the set of forcings (and their amplitudes) most consistent with a 
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reconstructed target index such as the Northern Hemisphere mean temperature, or Niño3 index of the 
tropical Pacific climate, helping identify the forcing histories most consistent with empirical, 
reconstructed past climate changes.  Such an approach will, for example, be taken to assessing the relative 
apportioning of forcing vs. response that is most consistent with past hemispheric temperature changes 
and CO2 histories as discussed in section 3.2 (In addition, other strictly empirical comparison, such as a 
convolution filter accommodating timescale dependent lags, applied to CO2 and temperature records, 
might be attempted). Correlation fields will be used  to evaluate the spatial patterns of response to a 
forcing (e.g. the spatial pattern of correlation of surface temperature reconstructions against reconstructed 
solar forcing indices--e.g. Waple et al, 2002). When both a model and empirical pattern of response are 
available (e.g. Shindell et al, 2001;2003) both conventional spatial correlation and multivariate penalty 
functions (e.g. spatially-integrated MSE) will be used to assess the level of agreement between model-
predicted and empirically-estimated response. Such quantitative comparisons should not pre-empt 
qualitative comparisons of spatial patterns in model vs. observation, since systematic model biases (e.g. 
spatial shifts in storm track locations) may impair quantitative measures of comparison. Comparisons 
might be restricted to particular frequency-bands of interest (e.g. Waple et al, 2002).  An example of such 
an application would be the statistical comparison of  spatial patterns of multidecadal timescale (e.g. 40-
100 year band-passed) reconstructed drought or Sea Level Pressure against the corresponding model-
predicted fields, identically filtered, produced in a specified SST forcing simulation (see section 3.2 "a"), 
over a particular common interval (e.g. AD 1600-1900).  

Using the ECBILT-CLIO experiments, we will use the multivariate penalty-function approach 
(essentially, weighted multivaraite MSE) of Goosse et al (2004b) applied to networks of proxy data 
and/or proxy-based climate field reconstructions to determine which realization in an ensemble of 15-25 
simulations of the coupled model is optimally consistent with empirical evidence, given a particular 
radiative forcing scenario  (see sections 3.1 and 3.2c for related discussion) 

c) Frequency-Domain analyses:  We will use the MTM-SVD approach (see Mann and Park, 1999 for an 
extensive review) which has previously been applied to networks of proxy data (e.g. Mann et al, 1995) or 
proxy-reconstructed surface temperature fields (Delworth and Mann, 2000; Mann et al, 2000a) to identify 
coupled patterns of variability with preferred timescales that are evident simultaneously in reconstructed 
fields of surface temperature, sea level pressure, and continental drought (see e.g. Zhang and Mann, 2004 
for such an application). Of particular interest will be the identification of coherent patterns of climate 
response on timescales associated with specific radiative forcings (e.g. solar--i.e., 11 year, 22 year and 70-
80 year timescales--see Waple et al, 2002).  

4. Work Plan/Division of Labor 
 
Year 1:  Proxy-based paleoclimate reconstructions from prior project processed for analysis/comparisons; Modeling experiments 
initiated by all 3 modeling groups (GISS, NCAR, ECBILT-CLIO); Network of multi-millennial climate proxy data obtained; 
Year 2:  Continue modeling experiments; Initiate model/data comparisons; sampling strategy experiments performed using 
available model simulations;  
Year 3:  Model simulation experiments completed; continue model/data comparison analyses (including experiments 
constraining ECBILT-CLIO realization based on 2K+ proxy data). 
Year 4:  Finalize model/data comparison analyses; publish remaining unpublished results from project 

P.I. Mann will coordinate the 3 main components of the project and will have  either an advisory or direct 
role in each of the components of the project, with the assistance of a project-supported postdoctoral 
research associate at U.Va. The specific breakdown of responsibilities among investigators and 
collaborators is as follows: 
1. Empirical proxy-based climate reconstruction and sampling strategies:  P.I.s: Mann (U.Va; consulting role); Bradley (Univ. 
Mass; extension of proxy records); Hughes (Univ. Arizona; extension of proxy records),  Rutherford (Roger Williams Univ; 
sampling experiments w/ RegEM); Wahl (Alfred Univ; sampling experiments using PCA techniques) 

2. Modeling of past climate changes: P.I.s: Mann (U.Va; consulting role); Schmidt and Shindell (Columbia Univ; GISS model 
simulations); Ruddiman (Univ. of Virginia; long-term CO2 forcing estimates; convolution filter approach); Unfunded 
collaborators:  Ammann (NCAR; CSM/CCSM simulations);  Goosse (Louvain; ECBILT-CLIO simulations); 
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3. Model/Data comparison: P.I.s: Mann (w/ post-doctoral research associate; all analyses); Unfunded collaborators:  Goosse 
(Louvain; ensemble simulation constrains w/ paleodata)
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Budget Justification 
 
Personnel: 
 
Michael E. Mann (Assistant Professor, University of Virginia) will be the coordinator for this project, 
playing a prominent role in each of the 3 core components of the project (empirical reconstructions , 
investigation of sampling strategies, design of modeling experiments, and model/data comparison 
activities). We request 2 months summer salary/year on the project for Dr. Mann. 
 
We request support for a postdoctoral research associate to be determined who will devote 12 
months/year for each year of this project, assisting P.I. Mann w/ the coordination of the various project 
activities including a focus on data/model comparisons analyses. 
 
We also request funding for a graduate student in years 2-4 at the University  of Virginia (1/2 GRA 
during the academic year + 3 months summer support,  to be supplemented by a Teaching Assistantship 
during the academic year) who will assist in the analysis of model results and comparison of model-
produced and proxy-reconstructed patterns. experiments 
 
Fringe benefit rates for the University of Virginia are XX% on summer effort by faculty with nine-month 
appointments (Mann) and by graduate research assistants, and YY% on salary for Research Associates. 
 
Travel:  
 
A modest travel budget is requested to attend an annual meeting of PI and collaborators in either XX or 
the host institutions of the various consultants (NASA/GISS New York, NCAR, Boulder CO, Amherst 
MA) who will be advising on testing of methodologies, comparison with coupled model simulation 
results, and comparison of reconstructions and model results. 
 
We request funds for travel to the Fall American Geophysical Union Meeting for the purpose of reporting 
on the progress of the project and holding a meeting among the various collaborators on the project.  
 
Publications: 
 
We request funds to cover color page charges/reprint costs for 4 to 5 journal articles. 
 
Equipment: 
 
No funds are requested. The P.I and graduate student will make use of currently available computer 
resources. 
 
Materials and Supplies: 
 
Funds are requested to support the purchase of technical software (e.g., MATLAB) and software licenses  
for use in project-related activities and miscellaneous charges for zeroxing, etc. 
 
Tuition: 
 
The XX University XX requires that graduate research assistants be supported for the in-state portion of 
their tuition. Tuition rates in this proposal are based on the current rates for the 2004-2005 academic year 
($5,188) and inflated 4% each year, as follows: Year 1 -- $5396; Year 2 -- $5,611; and Year 3 -- $5836. 
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Indirect Costs: 
 
The indirect cost (F&A) rate approved by DHHS for use by the XX University XX is XX%. That rate is 
applied to Modified Total Indirect Costs, which in this proposal are Total Direct Costs minus equipment 
and tuition. 
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From: Michael E. Mann
To: Gavin Schmidt; Drew Shindell; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; Bill Ruddiman; Caspar Ammann;

Eugene R; Scott Rutherford; Hugues Goosse
Cc: Grace Cole
Subject: Fwd: ESH proposal
Date: Monday, September 13, 2004 7:32:38 AM

Dear All,

As Ray pointed out, you should ignore the superfluous request on my part "I'll need
standard 2-page CVs and "current and pending" from anyone who plans to submit a
budget".

Each P.I. will submit that separately themselves. These all go into individual fastlane
submissions as "Collaborative research".  I alone will submit the project summary, text &
references, and my own budget.  Collaborators submit just the cover pages, cv. budgets &
C & P, linked to the main (U.Va) proposal by a pin number they must select and pass on
to Grace and me. As I mentioned before, Grace will help to coordinate this.

Thanks,

Mike

Date: Mon, 13 Sep 2004 09:42:32 -0400
To: Gavin Schmidt <gschmidt@giss.nasa.gov>, Drew Shindell
<dshindell@giss.nasa.gov>, rbradley@geo.umass.edu,
mhughes@ltrr.arizona.edu, Bill Ruddiman <rudds2@ntelos.net>, "Caspar
Ammann" <ammann@ucar.edu>, "Eugene R" <wahle@alfred.edu>, "Scott
Rutherford" <srutherford@rwu.edu>, Hugues Goosse <hgs@astr.ucl.ac.be>
From: "Michael E. Mann" <mann@virginia.edu>
Subject: ESH proposal
Cc: "Grace Cole" <glc3a@virginia.edu>, mann@virginia.edu

Dear Collaborators:

Attached is a revised (near final, hopefully) version of the ESH proposal, taking
into account all of the contributions, suggestions, criticisms, etc. I've received
from you. I'm sorry if some of your contributions have been edited for brevity--
there simply isn't enough room for quite as much detail and specifics as we
might like to include in a proposal of this breadth. It's my hope that we'll get
the benefit of the doubt here, in particular because of the strength of the
previously funded work.

There is no room for any net expansion of the proposal, as it is already a few
lines over the 15 page limit. At this point, I would like to solicit final comments,
mostly at this point to assure factual accuracy in what is said, and to make sure
there are no problems w/ what is proposed. Also, any typos, format errors,
missing or superfluous references, etc. that you notice would be appreciated.

Please get me any final comments within the next week.

Meanwhile, I would like to start getting the budget, etc. together. I'll need
standard 2-page CVs and "current and pending" from anyone who plans to
submit a budget (either for themselves or for graduate student support). I'd
also like to get an idea of what each persons projected total budget will be at
this point (including overhead), so I know what the total will look like. I'm trying
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to keep this under 1M over 4 years to make it as competitive as possible.  For
unfunded collaborators, I'll simply need a letter indicating interest in
collaboration on the project--I have this from Hugues already, but not yet from
Caspar! (Caspar??).

We're going to be doing this as a "collaborative research" proposal, w/ U.Va the
lead institution. That means that the actual proposal will be submitted by U.Va.,
but each participating institution (doesn't include unfunded collaborators) will
have to submit separate linked cover pages, budget paperwork, CVs and
current and pending, through fastlane, and this will have to be linked to the
main (U.Va) fastlane proposal.

I've cc'd our wonderful U.Va grants administrator Grace Cole on this. Grace will
be helping us get everything together on fastlane. I want to start early, so that
we don't put unnecessary pressure on Grace and the U.Va office of sponsored
programs as the deadline grows near. I'd like to have everything done more
than a week in advance of the (Oct 13) deadline...

Thanks all. Looking forward to any final responses on the proposal, and to
moving ahead w/ getting all of the details together for submission,

mike

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Gavin Schmidt; Drew Shindell; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; Bill Ruddiman; Caspar Ammann; Eugene R;

Scott Rutherford; Hugues Goosse
Cc: Grace Cole
Subject: Fwd: ESH proposal
Date: Monday, September 13, 2004 9:18:47 AM

dear all,

a couple additional minor details:

1. each investigator submitting a budget needs to also submit a budget justification w/ their
budget. For a sample, see the budget justification I've included for the U.Va component, in the
draft proposal I sent...

2. U.Va, as the primary institution, will need a brief letter from each funded investigator. This is
just a short paragraph (no more than one page!) on official instutional stationary) simply stating
the role that you will play in the proposal.

This can be sent to us as pdf (if you scan it), or FAXed attention to "Grace Cole" to 

Thanks in advance,

Mike

Date: Mon, 13 Sep 2004 10:32:50 -0400
To: Gavin Schmidt <gschmidt@giss.nasa.gov>, Drew Shindell
<dshindell@giss.nasa.gov>, rbradley@geo.umass.edu, mhughes@ltrr.arizona.edu, Bill
Ruddiman <rudds2@ntelos.net>, "Caspar Ammann" <ammann@ucar.edu>, "Eugene
R" <wahle@alfred.edu>, "Scott Rutherford" <srutherford@rwu.edu>, Hugues Goosse
<hgs@astr.ucl.ac.be>
From: "Michael E. Mann" <mann@virginia.edu>
Subject: Fwd: ESH proposal
Cc: "Grace Cole" <glc3a@virginia.edu>

Dear All,

As Ray pointed out, you should ignore the superfluous request on my part "I'll need
standard 2-page CVs and "current and pending" from anyone who plans to submit a
budget".

Each P.I. will submit that separately themselves. These all go into individual fastlane
submissions as "Collaborative research".  I alone will submit the project summary,
text & references, and my own budget.  Collaborators submit just the cover pages,
cv. budgets & C & P, linked to the main (U.Va) proposal by a pin number they must
select and pass on to Grace and me. As I mentioned before, Grace will help to
coordinate this.

Thanks,

Mike

Date: Mon, 13 Sep 2004 09:42:32 -0400
To: Gavin Schmidt <gschmidt@giss.nasa.gov>, Drew Shindell
<dshindell@giss.nasa.gov>, rbradley@geo.umass.edu,
mhughes@ltrr.arizona.edu, Bill Ruddiman <rudds2@ntelos.net>, "Caspar
Ammann" <ammann@ucar.edu>, "Eugene R" <wahle@alfred.edu>,
"Scott Rutherford" <srutherford@rwu.edu>, Hugues Goosse
<hgs@astr.ucl.ac.be>
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From: "Michael E. Mann" <mann@virginia.edu>
Subject: ESH proposal
Cc: "Grace Cole" <glc3a@virginia.edu>, mann@virginia.edu

Dear Collaborators:

Attached is a revised (near final, hopefully) version of the ESH proposal,
taking into account all of the contributions, suggestions, criticisms, etc.
I've received from you. I'm sorry if some of your contributions have been
edited for brevity--there simply isn't enough room for quite as much detail
and specifics as we might like to include in a proposal of this breadth. It's
my hope that we'll get the benefit of the doubt here, in particular because
of the strength of the previously funded work.

There is no room for any net expansion of the proposal, as it is already a
few lines over the 15 page limit. At this point, I would like to solicit final
comments, mostly at this point to assure factual accuracy in what is said,
and to make sure there are no problems w/ what is proposed. Also, any
typos, format errors, missing or superfluous references, etc. that you
notice would be appreciated.

Please get me any final comments within the next week.

Meanwhile, I would like to start getting the budget, etc. together. I'll need
standard 2-page CVs and "current and pending" from anyone who plans
to submit a budget (either for themselves or for graduate student
support). I'd also like to get an idea of what each persons projected total
budget will be at this point (including overhead), so I know what the total
will look like. I'm trying to keep this under 1M over 4 years to make it as
competitive as possible.  For unfunded collaborators, I'll simply need a
letter indicating interest in collaboration on the project--I have this from
Hugues already, but not yet from Caspar! (Caspar??).

We're going to be doing this as a "collaborative research" proposal, w/
U.Va the lead institution. That means that the actual proposal will be
submitted by U.Va., but each participating institution (doesn't include
unfunded collaborators) will have to submit separate linked cover pages,
budget paperwork, CVs and current and pending, through fastlane, and
this will have to be linked to the main (U.Va) fastlane proposal.

I've cc'd our wonderful U.Va grants administrator Grace Cole on this.
Grace will be helping us get everything together on fastlane. I want to
start early, so that we don't put unnecessary pressure on Grace and the
U.Va office of sponsored programs as the deadline grows near. I'd like to
have everything done more than a week in advance of the (Oct 13)
deadline...

Thanks all. Looking forward to any final responses on the proposal, and to
moving ahead w/ getting all of the details together for submission,

mike

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: (434) 982-
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         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

ABOR/MH/Priv-007260



From: Michael E. Mann
To: Malcolm Hughes
Subject: Re: budget
Date: Monday, September 20, 2004 3:02:48 PM

HI Malcolm,

This budget is too big. It needs to come in at about 120K at the most for us to be
within the budget I've discussed w/ Verardo.

If you cut out a year of the Graduate Student support (3 years rather than 4), it
should come in at about the right level...

Thanks,

MIke

At 06:17 PM 9/20/2004, Malcolm Hughes wrote:

Mike - please find attached rough budget. Once I hear from you 
whether the size is OK, I'll put it through the formal process here 
and let you know the result. Cheers, Malcolm
.
.Malcolm Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
University of Arizona
Tucson, AZ 85721
520-621-6470
fax 520-621-8229

The following section of this message contains a file attachment
prepared for transmission using the Internet MIME message format.
If you are using Pegasus Mail, or any other MIME-compliant system,
you should be able to save it or view it from within your mailer.
If you cannot, please ask your system administrator for assistance.

   ---- File information -----------
     File: Malcolmbudget920.xls
     Date:  20 Sep 2004, 15:15
     Size:  17920 bytes.
     Type:  Excel-sheet

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes
Cc: Grace Cole; mann@virginia.edu
Subject: Re: budget
Date: Monday, September 20, 2004 3:15:19 PM

HI Malcolm,

No need to cut more, that' comes in just perfect. I'll make note of the estimate
$120,859, and you should go ahead and starting sending through the UA paperwork. 

Do you have a proposal temp ID # and PIN yet? Please pass that along to me and
Grace once you have that...

Thanks,

Mike

At 06:35 PM 9/20/2004, Malcolm Hughes wrote:

<?xml version="1.0" ?> 
Dear Mike - no problem. In fact, if year 4 is completely removed,  and the the
computer is removed, the total is   $120,859 . Cut more? Cheers, Malcolm
.
. 
- -
Malcolm K. Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
W. Stadium 105
University of Arizona
Tucson, AZ 85721
USA
e-mail: mhughes@ltrr.arizona.edu
telephone: 520-621-6470
fax:520-621-8229
www.ltrr.arizona.edu

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: Malcolm Hughes
Cc: Grace Cole
Subject: Re: budget
Date: Monday, September 20, 2004 3:19:18 PM

oops, never mind. I see you sent this already. Is the following correct?

  

Thanks,

mike

At 06:14 PM 9/20/2004, Michael E. Mann wrote:

HI Malcolm,

No need to cut more, that' comes in just perfect. I'll make note of the estimate
$120,859, and you should go ahead and starting sending through the UA
paperwork. 

Do you have a proposal temp ID # and PIN yet? Please pass that along to me
and Grace once you have that...

Thanks,

Mike

At 06:35 PM 9/20/2004, Malcolm Hughes wrote:

<?xml version="1.0" ?> 
Dear Mike - no problem. In fact, if year 4 is completely removed,  and the
the computer is removed, the total is   $120,859 . Cut more? Cheers, Malcolm
.
. 
- -
Malcolm K. Hughes
Professor of Dendrochronology
Laboratory of Tree-Ring Research
W. Stadium 105
University of Arizona
Tucson, AZ 85721
USA
e-mail: mhughes@ltrr.arizona.edu
telephone: 520-621-6470
fax:520-621-8229
www.ltrr.arizona.edu

______________________________________________________________

                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
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                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________
e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Malcolm Hughes
To: Michael E. Mann
Subject: Re: budget
Date: Monday, September 20, 2004 3:35:09 PM

Dear Mike - no problem. In fact, if year 4 is completely removed, and the the
computer is removed, the total is $120,859 . Cut more? Cheers, Malcolm
.
. 
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From: Malcolm Hughes
To: Michael E. Mann
Subject: Re: budget
Date: Monday, September 20, 2004 3:42:51 PM

Should be correct - let me know if it doesn't work. CHeers, Malcolm
.
.
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From: Michael E. Mann
To: Grace Cole
Cc: mhughes@ltrr.arizona.edu
Subject: RE: Mike Mann"s NSF porposal
Date: Friday, September 24, 2004 2:22:53 PM

Grace,

One small problem--my C & P appears to have an extra (blank) page included in it.

Malcolm Hughes should be in touch w/ you shortly about linking his proposal. He
leaves monday, so we may need to work w/ his grants administrator directly to get
this cleared away. 

Thanks,

Mike

At 05:13 PM 9/24/2004, you wrote:

Thanks so much -I have linked you!  

Grace Jeannette Lipscomb
Grants Administrator
The University of Virginia
Environmental Science
Clark Hall
PO Box 400123
291 McCormick Road
Charlottesville, VA 22904
Phone: 
Fax: 
email: glc3a@Virginia.edu
 

-----Original Message-----
From: Scott Rutherford [mailto:srutherford@rwu.edu] 
Sent: Friday, September 24, 2004 4:02 PM
To: Grace Cole
Cc: Mann Mike
Subject: Re: Mike Mann's NSF porposal

Grace,

My proposal number is 6215039 and the 

Scott

On Sep 24, 2004, at 4:52 PM, Grace Cole wrote:
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> Hello all,
>
> I have successfully linked all the proposals.  You can view the entire 
> proposal at temporary proposal # 6410330.  The proposal will be 
> submitted on 10/1/04 so please have the final versions of all your 
> entry in by the am of
> 10/1. I have added this proposal to the C&P for both Mike and Bill as a
> pending, please add to your own C&P's so that we are consistent in 
> those.
> Scott, I will have to have your temp. id and pin # no later than 
> Tuesday -
> you can continue to update, edit, change, etc. but must link by 
> Tuesday,
> please and thank you.
>
> Thank you all for working so quickly to accomplish this proposal prep. 
> Please let me know and copy hw4b if you have any questions or
concerns 
> for me.  Scott, I will be available to the phone on Tuesday only, so 
> if questions come up please call then or you can call Henry at
> 
>
> Happy Weekend to all!
>
>
>
> Grace Jeannette Lipscomb
> Grants Administrator
> The University of Virginia
> Environmental Science
> Clark Hall
> PO Box 400123
> 291 McCormick Road
> Charlottesville, VA 22904
> Phone: 
> Fax: 
> email: glc3a@Virginia.edu
>
>
>
> -----Original Message-----
> From: Malcolm Hughes [mailto:mhughes@ltrr.arizona.edu]
> Sent: Friday, September 24, 2004 3:10 PM
> To: glc3a@virginia.edu
> Cc: pgress@ltrr.arizona.edu
> Subject: Mike Mann's NSF porposal
>
>
> Dear Grace - I am one of the collaborating PIs with Mike in his NSF 
> proposal. I will be on travel next week, so I am letting you know that 
> our administrative
> associate,
> Phyllis Gress, should be able to handle any necessary interactions 
> with our
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> Sponsored
> Projects Office. I have copied this e-mail to Phyllis, whose telephone
> number is 520- 621-2191. Many thanks for your help, Malcolm Hughes .
.
> Malcolm Hughes Professor of Dendrochronology Laboratory of Tree-
Ring
> Research University of Arizona Tucson, AZ 85721 520-621-6470 fax
> 520-621-8229
>
>
>
>
>
>
______________________________________________
Dr. Scott Rutherford
Assistant Professor
Dept. of Natural Sciences
Roger Williams University
e-mail: srutherford@rwu.edu
http://fox.rwu.edu/~rutherfo
phone: 
snail mail:
One Ferry Road
Bristol, RI 02809

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Michael E. Mann
To: wahl@ucar.edu; Scott Rutherford; Gavin Schmidt; Drew Shindell; rbradley@geo.umass.edu;

mhughes@ltrr.arizona.edu; mann@virginia.edu
Cc: glc3a@virginia.edu; sas2u@virginia.edu; meachams@alfred.edu
Subject: ESH proposal
Date: Friday, October 01, 2004 1:14:14 PM
Importance: High

Dear co-PIs,

Due to some misunderstandings and technical glitches, we will not be able the
proposal to ESH today as originally planned.

There is no reason to submit your linked proposal today. In fact, it would be best if
you do not.
Our office of sponsored programs will be going over the proposal early next week to
make sure it is ready for submission.

Then, sometime mid-week, we will submit, and everyone else will be informed and at
that time, should go ahead an submit their linked proposal. At that point, Alfred
University will need to go in and remove the redundant project summary that was
accidentally submitted by them (they can't do that now, because our proposal has
not yet been submitted).

At that point, the proposal will be ready for submission.

I will be travelling all that week and mostly unavailable by email. Therefore, this
process will, in my absence, be coordinate by the U.Va grants administrators, Grace
Cole and Sandra Schluge.

Their contact information is:

Grace Cole:  glc3a@virginia.edu
Sandra Schluge:  sas2u@virginia.edu

You should hear from either or both of them next week.

Thanks for your patience,

Mike

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Grace Cole
To: "Gavin Schmidt"; "Drew Shindell"; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; "Bill Ruddiman"; "Caspar

Ammann"; "Eugene R"; "Scott Rutherford"; "Hugues Goosse"
Cc: "Michael E. Mann"
Subject: RE: ESH proposal
Date: Wednesday, October 06, 2004 5:25:56 AM

Hello all,  just an update to let you know that UVA has submitted the NSF ESH proposal.  If you have not
submitted your part yet, you can now submit.  Many thanks
 
 
Grace Jeannette Lipscomb
Grants Administrator
The University of Virginia
Environmental Science
Clark Hall
PO Box 400123
291 McCormick Road
Charlottesville, VA 22904
Phone: 
Fax: 
email: glc3a@Virginia.edu
 

-----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu] 
Sent: Monday, September 13, 2004 8:43 AM
To: Gavin Schmidt; Drew Shindell; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; Bill Ruddiman;
Caspar Ammann; Eugene R; Scott Rutherford; Hugues Goosse
Cc: Grace Cole; mann@virginia.edu
Subject: ESH proposal

Dear Collaborators:

Attached is a revised (near final, hopefully) version of the ESH proposal, taking into
account all of the contributions, suggestions, criticisms, etc. I've received from you.
I'm sorry if some of your contributions have been edited for brevity--there simply isn't
enough room for quite as much detail and specifics as we might like to include in a
proposal of this breadth. It's my hope that we'll get the benefit of the doubt here, in
particular because of the strength of the previously funded work.

There is no room for any net expansion of the proposal, as it is already a few lines
over the 15 page limit. At this point, I would like to solicit final comments, mostly at
this point to assure factual accuracy in what is said, and to make sure there are no
problems w/ what is proposed. Also, any typos, format errors, missing or superfluous
references, etc. that you notice would be appreciated.

Please get me any final comments within the next week.

Meanwhile, I would like to start getting the budget, etc. together. I'll need standard
2-page CVs and "current and pending" from anyone who plans to submit a budget
(either for themselves or for graduate student support). I'd also like to get an idea of
what each persons projected total budget will be at this point (including overhead),
so I know what the total will look like. I'm trying to keep this under 1M over 4 years
to make it as competitive as possible.  For unfunded collaborators, I'll simply need a
letter indicating interest in collaboration on the project--I have this from Hugues
already, but not yet from Caspar! (Caspar??).

We're going to be doing this as a "collaborative research" proposal, w/ U.Va the lead
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institution. That means that the actual proposal will be submitted by U.Va., but each
participating institution (doesn't include unfunded collaborators) will have to submit
separate linked cover pages, budget paperwork, CVs and current and pending,
through fastlane, and this will have to be linked to the main (U.Va) fastlane proposal.

I've cc'd our wonderful U.Va grants administrator Grace Cole on this. Grace will be
helping us get everything together on fastlane. I want to start early, so that we don't
put unnecessary pressure on Grace and the U.Va office of sponsored programs as the
deadline grows near. I'd like to have everything done more than a week in advance
of the (Oct 13) deadline...

Thanks all. Looking forward to any final responses on the proposal, and to moving
ahead w/ getting all of the details together for submission,

mike

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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From: Grace Cole
To: "Gavin Schmidt"; "Drew Shindell"; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; "Bill Ruddiman"; "Caspar

Ammann"; "Eugene R"; "Scott Rutherford"; "Hugues Goosse"
Cc: "Michael E. Mann"
Subject: RE: ESH proposal
Date: Wednesday, October 06, 2004 5:25:56 AM

Hello all,  just an update to let you know that UVA has submitted the NSF ESH proposal.  If you have not
submitted your part yet, you can now submit.  Many thanks
 
 
Grace Jeannette Lipscomb
Grants Administrator
The University of Virginia
Environmental Science
Clark Hall
PO Box 400123
291 McCormick Road
Charlottesville, VA 22904
Phone: 
Fax: 
email: glc3a@Virginia.edu
 

-----Original Message-----
From: Michael E. Mann [mailto:mann@virginia.edu] 
Sent: Monday, September 13, 2004 8:43 AM
To: Gavin Schmidt; Drew Shindell; rbradley@geo.umass.edu; mhughes@ltrr.arizona.edu; Bill Ruddiman;
Caspar Ammann; Eugene R; Scott Rutherford; Hugues Goosse
Cc: Grace Cole; mann@virginia.edu
Subject: ESH proposal

Dear Collaborators:

Attached is a revised (near final, hopefully) version of the ESH proposal, taking into
account all of the contributions, suggestions, criticisms, etc. I've received from you.
I'm sorry if some of your contributions have been edited for brevity--there simply isn't
enough room for quite as much detail and specifics as we might like to include in a
proposal of this breadth. It's my hope that we'll get the benefit of the doubt here, in
particular because of the strength of the previously funded work.

There is no room for any net expansion of the proposal, as it is already a few lines
over the 15 page limit. At this point, I would like to solicit final comments, mostly at
this point to assure factual accuracy in what is said, and to make sure there are no
problems w/ what is proposed. Also, any typos, format errors, missing or superfluous
references, etc. that you notice would be appreciated.

Please get me any final comments within the next week.

Meanwhile, I would like to start getting the budget, etc. together. I'll need standard
2-page CVs and "current and pending" from anyone who plans to submit a budget
(either for themselves or for graduate student support). I'd also like to get an idea of
what each persons projected total budget will be at this point (including overhead),
so I know what the total will look like. I'm trying to keep this under 1M over 4 years
to make it as competitive as possible.  For unfunded collaborators, I'll simply need a
letter indicating interest in collaboration on the project--I have this from Hugues
already, but not yet from Caspar! (Caspar??).

We're going to be doing this as a "collaborative research" proposal, w/ U.Va the lead
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institution. That means that the actual proposal will be submitted by U.Va., but each
participating institution (doesn't include unfunded collaborators) will have to submit
separate linked cover pages, budget paperwork, CVs and current and pending,
through fastlane, and this will have to be linked to the main (U.Va) fastlane proposal.

I've cc'd our wonderful U.Va grants administrator Grace Cole on this. Grace will be
helping us get everything together on fastlane. I want to start early, so that we don't
put unnecessary pressure on Grace and the U.Va office of sponsored programs as the
deadline grows near. I'd like to have everything done more than a week in advance
of the (Oct 13) deadline...

Thanks all. Looking forward to any final responses on the proposal, and to moving
ahead w/ getting all of the details together for submission,

mike

______________________________________________________________
                    Professor Michael E. Mann
           Department of Environmental Sciences, Clark Hall
                      University of Virginia
                     Charlottesville, VA 22903
_______________________________________________________________________

e-mail: mann@virginia.edu   Phone:    FAX: 
         http://www.evsc.virginia.edu/faculty/people/mann.shtml
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